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7KH�DURPDWLF�ELV�DPLGLQH�� FRPSRXQG�SHQWDPLGLQH� LV
FXUUHQWO\� LQ�ZLGHVSUHDG� FOLQLFDO� XVH� IRU� WKH� WUHDWPHQW�RI
3HQHXPRF\VWLV� FDULQLL� SQHXPRQLD� �3&3�� LQ� $,'6� SD�
WLHQWV��� ,WV� DQDORJXHV� DUH� HIIHFWLYH� DJDLQVW� D� QXPEHU� RI
PLFURELDO�LQIHFWLRQV�LQFOXGLQJ�7U\SDQRVRPD�UKRGHVLHQVLV�
*LDUGLD� ODPEOLD�� &U\SWRVSRULGLXP� SDUYXP�� DQG� DOVR
DJDLQVW� OHLVKPDQLDVLV����� 3HQWDPLGLQH� LV� VWLOO� EHLQJ� XVHG
DJDLQVW� DQWLPRQ\�UHVLVWDQW� OHLVKPDQLDVLV��� 3HQWDPLGLQH
DQDORJXHV�KDYH�D�JRRG�FRUUHODWLRQ�ZLWK�'1$�ELQGLQJ�DI�
ILQLW\��DV�HVWLPDWHG�E\�VWDELOLVDWLRQ�RI�WKH�'1$�KHOL[�WR�FRLO
WKHUPDO�GHQDWXUDWLRQ�WUDQVLWLRQ��7P���)RRWSULQWLQJ�VWXGLHV
KDYH�DOVR�VKRZQ�WKDW�WKH�PROHFXOH�ELQGV�WR�$7�ULFK�UHJLRQV
RI�GXSOH[�'1$���7KXV��WKH�PRGH�RI�DQWLPLFURELDO�DFWLRQ
IRU� WKHVH� GLFDWLRQLF� PROHFXOHV� KDV� EHHQ� OLQNHG� WR� WKHLU
VHOHFWLYH�ELQGLQJ�WR�WKH�PLQRU�JURRYH�RI�'1$�DW�$7�ULFK

VLWHV�DQG�WKHLU�DELOLW\�WR�VHOHFWLYHO\�LQWHUIHUH�ZLWK�WKH�QRU�
PDO�IXQFWLRQLQJ�RI�WKH�SDUDVLWH�WRSRLVRPHUDVHV��WKRXJK�WKLV
KDV� QRW� EHHQ� SURYHQ� \HW�� ,Q� WKH� DQWLJLDUGLDO� DFWLYLW\�� IRU
LQVWDQFH��WKH�ELQGLQJ�WR�'1$�PLQRU�JURRYH�DQG�WKH�UHVXOW�
LQJ�FRPSOH[�LV�WKRXJKW�WR�EH�UHVSRQVLEOH�IRU�LQKLELWLRQ�RI
DQ�$73�GHSHQGHQW�JLDUGLDO�WRSRLVRPHUDVH��7KH�;�UD\�FU\V�
WDO�VWUXFWXUH�RI�SHQWDPLGLQH�ERXQG�WR�WKH�'1$�VHTXHQFH
G�&*&*$$77&*&*���KDV�EHHQ�GHWHUPLQHG�DQG�VKRZV
ELQGLQJ� ZLWKLQ� WKH� $7�ULFK� UHJLRQ� RI� WKH� '1$� PLQRU
JURRYH���7KH�LQWHUHVW�LQ�WKH�UDWLRQDO�GHVLJQ�DQG�V\QWKHVLV�RI
VHTXHQFH� VHOHFWLYH� RU� VSHFLILF� '1$� ELQGLQJ� DJHQWV� KDV
EHHQ� FRQWLQXRXVO\� VRXJKW��$OWKRXJK� VHOHFWLYH� FRQWURO� RI
JHQH�IXQFWLRQ�LV�FXUUHQWO\�EHLQJ�DVVHVVHG�XVLQJ�V\QWKHWLF
ROLJRQXFOHRWLGHV�WDUJHWHG�WRZDUG�HLWKHU�P51$��DQWLVHQVH
DSSURDFK�����RU�GXSOH[�'1$��DQWLJHQ�VWUDWHJ\����ORZ�PR�
OHFXODU� ZHLJKW� PROHFXOHV� WKDW� ELQG� WR� GRXEOH�VWUDQGHG

$UWLFOH

�7KLV�ZRUN�ZDV�SUHVHQWHG�DW�;,;�$QQXDO�0HHWLQJ�RI�%UD]LOLDQ�&KHPLFDO
6RFLHW\�� 6HFWLRQ� RI� 46$5� DQG�0ROHFXODU�0RGHOOLQJ�� ������ 3RoRV� GH
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'1$�LQ�D�QRQLQWHUFDODWLYH��VHTXHQFH�GLUHFWHG�PDQQHU�FRQ�
WLQXH�WR�EH�DQ�DOWHUQDWLYH�IRFXV�RI�DWWHQWLRQ����0RUHRYHU�
WKHUH�LV�D�JUHDW�GHDO�RI�LQWHUHVW�LQ�GHVLJQLQJ�QRYHO�OLJDQGV
IRU� ELRORJLFDOO\� LPSRUWDQW� UHFHSWRUV� EDVHG� SULPDULO\� RQ
NQRZOHGJH�RI�WKH�WKUHH�GLPHQVLRQDO�VWUXFWXUH�RI�WKH�UHFHS�
WRU��7KLV�VWUXFWXUH�EDVHG�OLJDQG�GHVLJQ�KDV�WKH�SRWHQWLDO�WR
JUHDWO\�LQFUHDVH�WKH�QXPEHU�RI�OHDG�FRPSRXQGV�GLVFRYHUHG
IRU�WKH�GHYHORSPHQW�RI�QHZ�WKHUDSHXWLF�DJHQWV��7KLV�SDUD�
GLJP� LV� F\FOLFDO� LQ� QDWXUH�� DQG� WKH� LQIRUPDWLRQ� RQ� WKH
UHFHSWRU�LV�XVHG�WR�GHVLJQ�SXWDWLYH�OLJDQGV�ZKLFK�DUH�V\Q�
WKHVLVHG� DQG� WKHQ� HYDOXDWHG� IRU� ELQGLQJ� WR� WKH� WDUJHWHG
UHFHSWRU��%\�WKH�FRPSDULVRQ�RI�SUHGLFWHG�YHUVXV�REVHUYHG
ELQGLQJ�SURSHUWLHV��UDWLRQDOO\�VHOHFWHG�OLJDQG�PRGLILFDWLRQV
FDQ�WKHQ�EH�HPSOR\HG�LQ�VXEVHTXHQW�GHVLJQ�F\FOHV�WR�LP�
SURYH�ERWK�WKH�GHVLJQ�PHWKRGRORJ\�DQG�WKH�ELQGLQJ�DIILQLW\
DQG�VHOHFWLYLW\�RI�LWV�UHVXOWLQJ�OLJDQGV�

7KH�WR[LFLW\�DQG�VLGH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�XVH�RI
SHQWDPLGLQH�DQG�LWV�DQDORJXHV�KDYH�OHG�WR�H[WHQVLYH�LQYHV�
WLJDWLRQV�WR�LGHQWLI\�D�GHULYDWLYH�RI�SHQWDPLGLQH�ZKLFK�LV
PRUH�DFWLYH�DQG�OHVV�WR[LF�WKDQ�WKH�SDUHQW�GUXJ�

:LWK� WKH� DGYHQW� RI� WKH� DFTXLUHG� LPPXQRGHILFLHQF\
V\QGURPH��$,'6���WKH�WKHUDSHXWLF�LPSRUWDQFH�RI�SHQWDPLG�
LQH��3(17$0���KDV�JUHDWO\�LQFUHDVHG�������3HQWDPLGLQH�LV
DV�HIIHFWLYH�DV�WULPHWKRSULP�VXOIDPHWKR[D]ROH��703�6;��
IRU� WKH� WUHDWPHQW� RI�3QHXPRF\VWLV� FDULQLL� SQHXPRQLD� LQ
SHUVRQV�ZLWK�$,'6��3�� FDULQLL� SQHXPRQLD� RFFXUV� LQ� DS�
SUR[LPDWHO\� ���� RI� KXPDQ� LPPXQRGHILFLHQF\� YLUXV
�+,9��LQIHFWHG� LQGLYLGXDOV�������+RZHYHU��SHQWDPLGLQH� LV
FRQVLGHUHG�VHFRQG�OLQH�LQ�WKH�WUHDWPHQW�GXH�WR�LWV�WR[LFLW\�
%XW��LWV�ZLGHVSUHDG�XVH�KDV�FRPH�ZLWK�DQ�LQFUHDVHG�DZDUH�
QHVV�RI�LWV�SRWHQWLDO�EHQHILWV�DQG�DGYHUVH�HIIHFWV��7KXV��LQ
DQ�DWWHPSW�WR�FLUFXPYHQW�WKH�WR[LFLWLHV�DVVRFLDWHG�ZLWK�LWV
XVH��WKH�GHYHORSPHQW�RI�HLWKHU�QHZHU�GUXJV�RU�PHWKRGV�IRU
LWV� GHOLYHU\� KDYH� EHHQ� HYDOXDWHG� IRU� ERWK� WKHUDS\� DQG
SUHYHQWLRQ�RI�3��FDULQLL�

3HQWDPLGLQH�LV�DQ�DURPDWLF�GLDPLGLQH�WKDW�ZDV�IRXQG�WR
KDYH�VLJQLILFDQW�DQWL�SURWR]RD�DFWLYLW\�LQ�VWXGLHV�RI�H[SHUL�
PHQWDO�$IULFDQ�WU\SDQRVRPHV�LQ������������7KH�SHQWDPLGL�
QH�H[KLELWHG�DQWL�SURWR]RDO�DFWLYLW\�ZKHQ�VFUHHQHG� LQ�YLWUR
DJDLQVW�/HLVKPDQLD�PH[LFDQD�DPD]RQHQVLV���

7KH�PRGH� RI� DFWLRQ� LV� VWLOO� XQFHUWDLQ�� ,W� LV� NQRZQ� WR
LQWHUIHUH�ZLWK�QXPHURXV�FHOOXODU�SURFHVV��,W�KDV�EHHQ�VKRZQ
WR�ELQG�WR�'1$�LQ�D�QRQLQWHUFDODWLYH�PDQQHU�WR�$7�ULFK
UHJLRQV�RI�PLQRU�JURRYH�GXSOH[�'1$��7KLV�SUHGLFWLRQ�KDV
EHHQ�FRQILUPHG�E\�FU\VWDOORJUDSKLF�DQG�105�DQDO\VLV�RI
SHQWDPLGLQH�GRGHFDQXFOHRWLGH� FRPSOH[HV���� ���� 7KH� PR�
OHFXODU�PRGHOLQJ�VWXG\�IRU�D�UHSUHVHQWDWLYH�VHW�RI�SHQWDPLG�
LQH� DQDORJXHV� ZDV� UHSRUWHG� DV� D� WRRO� IRU� SUHGLFWLQJ� WKH
ELQGLQJ�HQHUJ\�ZLWK�D�PRGHO�'1$�LQ�RUGHU�WR�WU\�DQG�EHWWHU
XQGHUVWDQG�WKHLU�VWUXFWXUH�DFWLYLW\�UHODWLRQVKLSV���

7KLV�VWXG\�H[DPLQHV�WKH�DSSOLFDELOLW\�RI�WKH�PHWKRGRO�
RJ\�LQ�GHULYLQJ�QHZ�GUXJ�PROHFXOHV�WKDW�ZRXOG�EH�EHWWHU
ELQGHUV� WKDQ� SHQWDPLGLQH� LWVHOI�� PDLQO\� WKRVH� ZLWK� FRQ�
VWUDLQHG�VWUXFWXUHV����7KH�FU\VWDOORJUDSKLF�VWUXFWXUH�IRU�WKH

SHQWDPLGLQH�>��@�DQG�DOVR�SURSDPLGLQH�GRGHFDQXFOHRWLGH
FRPSOH[HV��� ZHUH� XVHG� DV� VWDUWLQJ� SRLQWV� IRU� PROHFXODU
PRGHOLQJ�

0HWKRGV

,QLWLDO� VWUXFWXUHV� IRU� PROHFXOHV� ZHUH� EXLOW� XVLQJ� WKH
0DFUR0RGHO�YHUVLRQ�����SURJUDP����7KLV�SURJUDP�ZDV�DOVR
XVHG�IRU�PDQLSXODWLRQ�DQG�LQWHUDFWLYH�GRFNLQJ�PDQRHXYUHV
XVLQJ�D�6LOLFRQ�*UDSKLFV��'���*��$WRP�FHQWUHG�FKDUJHV
IRU�HDFK�PROHFXOH�ZHUH�FDOFXODWHG�IURP�01'2�ZDYHIXQF�
WLRQV� DQG�GHULYHG�0(3�FKDUJHV�ZHUH� ILWWHG� WR� WKH� HQWLUH
PROHFXOHV�� $GGLWLRQDO� $0%(5� IRUFH� ILHOG��� SDUDPHWHUV
UHTXLUHG�IRU�WKH�GLFDWLRQLF�ELVDPLGLQH�OLJDQGV�ZHUH�VHW�DV
IROORZV��WKH�/HQQDUG�-RQHV�HQHUJ\�ZDV�VHW�WR�������DQG�WKH
GLVWDQFH�GHSHQGHQW�GLHOHFWULF�FRQVWDQW�WR����7KLV�DYRLGV�DQ\
K\GURJHQ�ERQGLQJ�WR�SKRVSKDWH�JURXSV�RI�WKH�'1$�VWUDQGV�
7KH� UHVXOWV� REWDLQHG� IRU� SURSDPLGLQH� DQG� SHQWDPLGLQH
FRPSDUH�YHU\�ZHOO�ZLWK�WKRVH�SUHYLRXVO\�SXEOLVKHG�DQG�QR
H[SOLFLW�ZDWHU�RU�FRXQWHU�LRQ�ZHUH�QHHGHG��7KH�DPLGLQLXP
JURXSV�ZHUH�VHW�FRSODQDU�WR�SKHQ\O�ULQJV��&DOFXODWHG�0(3
FKDUJHV�DQG�$0%(5�IRUFH�ILHOG�SDUDPHWHUV�DUH�DYDLODEOH
IURP�WKH�DXWKRUV�XSRQ�UHTXHVW�

,QLWLDO� FRRUGLQDWHV� IRU� WKH� ���PHU� '1$� GXSOH[� KRVW
ZHUH� WDNHQ�IURP�WKH�FU\VWDO�VWUXFWXUH�RI� WKH�SHQWDPLGLQH
����G�&*&*$$77&*&*���FRPSOH[���DQG�ZHUH�XVHG� WR
JHQHUDWH�VWUXFWXUHV�RI�HTXLYDOHQW�����VWRLFKLRPHWU\�IRU�HDFK
'1$�OLJDQG�FRPSOH[��&RRUGLQDWHV�IRU�HDFK�GUXJ�PROHFXOH
ZHUH�VXSHULPSRVHG�XSRQ�WKRVH�IRU�WKH�UHIHUHQFH�SHQWDPLG�
LQH� OLJDQG� DW� LWV� FU\VWDOORJUDSKLF� �©�$$77� ELQGLQJ� VLWH
ZLWKLQ� WKH� '1$� PLQRU� JURRYH�� &RPSRXQGV� ZKLFK� DUH
HVVHQWLDOO\�LVRVWUXFWXUDO�ZLWK�SHQWDPLGLQH�ZLWK�UHVSHFW�WR
WKH� GLVXEVWLWXWHG� OLQNHU�� DIIRUGHG� H[DFW� RYHUOD\V� EXW� WKH
RWKHUV�ZHUH�PDQRHXYUHG�WR�DGRSW�WKH�¦LVRKHOLFDO§�FRQIRU�
PDWLRQ�RI�SHQWDPLGLQH�

7KH�'1$�OLJDQG�FRPSOH[HV�ZHUH�LQLWLDOO\�UHJXODULVHG
E\� VWHHSHVW� GHVFHQW� 00� WR� UHGXFH� SRRU� LQWHUPROHFXODU
VWHULF�FRQWDFWV��E\�XVLQJ��L��¦EHOO\§�W\SH�00�UHILQHPHQW
�����F\FOHV��WR�PLQLPLVH�WKH�HQHUJ\�RI�WKH�ERXQG�OLJDQG
DORQH�DQG��LL��00�PLQLPLVDWLRQ�������F\FOHV��E\�FRQMXJDWH
JUDGLHQW�DQG��LLL��00�PLQLPLVDWLRQ�������F\FOHV��RI�WKH

XQUHVWUDLQHG� FRPSOH[� WR� DQ� 506� HQHUJ\� JUDGLHQW� RI� d
����N-��PRO�� 0'� IRU� HDFK� FRPSOH[� ZHUH� VXEVHTXHQWO\
SHUIRUPHG�IRU����SV��LQWHJUDWLRQ�WLPH�VWHS� �����IV��DW����
.��$OO� ERQGV�ZHUH� FRQVWUDLQHG� XVLQJ� WKH� 6+$.(� DOJR�

ULWKP��6\VWHPV�UHDFKHG�HTXLOLEULXP�DW�WLPHV�d���SV��$WRPLF
FRRUGLQDWHV�ZHUH�DYHUDJHG�IRU�����VWUXFWXUHV�DQG�WKH�ILQDO
RQHV�ZHUH�VXEMHFWHG�WR�D�ILQDO�00�UHOD[DWLRQ�WR�JHQHUDWH
WKH�UHILQHG�FRPSOH[�

1RQERQGHG�HQHUJ\�WHUPV�ZHUH�LQFOXGHG�XS�WR�����c�IRU
YDQ� GHU�:DDOV� LQWHUDFWLRQV� DQG� ���c� IRU� FKDUJH�FKDUJH
HOHFWURVWDWLFV��7KH�VROYHQW�HIIHFW�ZDV�VLPXODWHG�E\�WKH�XVH

RI�D�GLVWDQFH�GHSHQGHQW�GLHOHFWULF�FRQVWDQW�RI�WKH�IRUP�H� 
�ULM���

��� 0RQWDQDUL�HW��DO -��%UD]��&KHP��6RF�



%LQGLQJ�HQHUJLHV�ZHUH�FDOFXODWHG�DV���

(S�L�� �(�L�LQ�ERXQG�FRQIRUPDWLRQ����(�L�PLQLPLVHG�

(S� �(S�GUXJ����(S�'1$�

(LQW� �(�'1$���OLJDQG�FRPSOH[���>(�'1$�LGHDOLVHG��
� � � � � � � � � � � � ��(�OLJDQG�JOREDO�PLQLPXP@

(ELQG� �(LQW���(S ���

ZKHUH� (S� LV� WKH� SHUWXUEDWLRQ� HQHUJ\� FDOFXODWHG� DV� WKH
GLIIHUHQFH�RI�(S�L��IRU�ERWK�GUXJ�DQG�%�'1$�ERXQG�DQG
PLQLPLVHG� FRQIRUPDWLRQV�� (LQW�� UHIOHFWV� WKH� LQWHUDFWLRQ
HQHUJ\�EHWZHHQ�WKH�GUXJ�DQG�%�'1$�ZLWK�QR�SHUWXUEDWLRQ
FRXQWLQJ�ZKLOH�(ELQG�GRHV�LQFOXGH�WKH�SHUWXUEDWLRQ�WHUP�

0ROHFXODU�PRGHOLQJ�VWXGLHV���KDYH�VXJJHVWHG�WKDW�WKH
PLQLPXP�HQHUJ\�FRQIRUPDWLRQ�IRU�WKH�EHQ]DPLGLQH�V\VWHP
LV� RQH� LQ� ZKLFK� WKH� DPLGLQLXP� JURXS� LV� FRSODQDU� ZLWK
UHVSHFW� WR� WKH� SKHQ\O� ULQJ�� $QG�� WKLV� LV� UHIOHFWHG� LQ� WKH
FU\VWDOORJUDSKLF� VWUXFWXUH�� WKH� DPLGLQLXP� JURXSV� DUH
WZLVWHG�RXW�RI�WKH�SODQHV�RI�WKH�SKHQ\O�ULQJV�E\����DW�WKH
�©�HQG�DQG�����DW�WKH��©�HQG����+RZHYHU��LW�KDV�EHHQ�SRLQWHG
RXW�WKDW�GXH�WR�VWHULF�FODVKHV�EHWZHHQ�RUWKR�K\GURJHQV�RI
SKHQ\O� ULQJ�DQG� WKH�DPLGLQLXP�JURXS�ZRXOG�EULQJ� WKHP
ERWK�WR�EH�RXW�RI�SODQH�E\���������7KLV�LV�DOVR�LQ�DJUHHPHQW
ZLWK�D�VHDUFK�RI�WKH�&DPEULGJH�&U\VWDOORJUDSKLF�'DWDEDVH

WKDW� JLYHV� D�PHDQ� RI� ��� r� ���� IRU� WKH� WZLVWHG� DQJOHV���
1HYHUWKHOHVV��ZH�KDYH�VHW�WKH�LQLWLDO�WZLVWHG�DQJOH�WR�EH��R

EXW�DOORZ�WRUVLRQ�GXH�WR�DQ\�LQWHUDFWLRQ�ZLWKLQ�WKH�PLQRU
JURRYH�

5HVXOWV�DQG�'LVFXVVLRQ

%LQGLQJ�RI�SHQWDPLGLQH�DQW�LWV�DQDORJXHV

7DEOH� �� VKRZV� WKH� FDOFXODWHG� ELQGLQJ� HQWKDOSLHV� DQG
RWKHU� FRPSRQHQW� HQHUJLHV� IRU� HDFK� PLQLPLVHG� FRPSOH[
VWUXFWXUH��7KH�(ELQG�YDOXHV�IRU�WKH�SHQWDPLGLQH�DQDORJXHV
FRPSDUH�TXLWH�ZHOO�ZLWK�WKRVH�SUHYLRXVO\�SXEOLVKHG���DQG
WKH�VDPH�SDWWHUQ�RI� LQWHUDFWLRQV�FDQ�EH�GUDZQ��7KXV��ZH
VKDOO�QRW�KDYH�WR�IXUWKHU�DQDO\VH�WKLV�

%LQGLQJ�RI�IXUDQ�DQG�LWV�DQDORJXHV

+RZ�PROHFXOHV�LQWHUDFW�ZLWK�WKH�PLQRU�JURRYH�RI�WKH
QXFOHLF�DFLGV�KDV�LQWULJXHG�FKHPLVWV�DQG�ELRORJLVWV��7KH\
FDQ� EH� VXPPDULVHG� DV� IROORZV���� �L�� JHQRPH� UHJXODWRU\
SURWHLQV�VKRZ�DIILQLW\�IRU�QRQ�VSHFLILF�VLWHV���LL��WKLV�QRQ�
VSHFLILF� ELQGLQJ� LV� ODUJHO\� ¨HOHFWURVWDWLF©� LQ� QDWXUH�� �LLL�
VSHFLILF� ELQGLQJ� LQYROYHV� WKH� LQWHUDFWLRQ� RI� D� PDWUL[� RI
'1$�K\GURJHQ�ERQG�GRQRUV�DQG�DFFHSWRUV��ORFDWHG�LQ�WKH
JURRYH���LY��FORVH�YDQ�GHU�:DDOV�FRQWDFWV��6PDOO�PROHFXOHV
SULPDULO\� ELQG� LQ� WKH� QDUURZ� PLQRU� JURRYH� RI� %�'1$
ZKHUHDV�ODUJHU�PROHFXOHV�VXFK�DV�SURWHLQV�XWLOLVH�WKH�ZLGH
PDMRU�JURRYH��7KH�H[WHQVLYHO\�VWXGLHG�DQWLWXPRU�DQWLELRW�
LFV�QHWURSVLQ�DQG�GLVWDP\FLQ�ELQG�WR�WKH�PLQRU�JURRYH�RI
'1$�DW�$7�VHTXHQFHV����7KHVH�PROHFXOHV�FDQ�EH�UHJDUGHG

9RO�����1R��������� 0ROHFXODU�5HFRJQLWLRQ�RI�%�'1$�0LQRU�*URRYH�%LQGHUV ���

7DEOH����%LQGLQJ�HQHUJLHV�IRU�VWXG\�FRPSRXQGV��(�LQ�N-�0RO���

/LJDQG '(�ELQG� (�LQW� (
�'1$��
OLJDQG�

(
�'1$�
�ERXQG�

(
/LJDQG

(
/LJDQG
�ERXQG�

(S�O� (S�'1$� (S

SHQWDPLGLQH ������� ������� ��������� ��������� ����� ����� ����� ����� �����

SURSDPLGLQH ������� ������� ��������� ��������� ����� ����� ���� ����� �����

LVRVW��& ������� ������� ��������� ��������� ����� ����� ���� ����� �����

LVRVW��& ������� ������� ��������� ��������� ����� ����� ���� ����� �����

LPLGLVR& ������� ������� ��������� ��������� ������ ������ ���� ����� ������

LPLGWDXWR& ������� ������� ��������� ��������� ������ ������ ���� ����� ������

LPLGWDXWRPH ������� ������� ��������� ��������� ������ ������ ���� ����� ������

LPLGGQD�& ������� ������� ��������� ��������� ������ ������ ���� ����� ������

LPLGGQD�& ������� ������� ��������� ��������� ������ ������ ���� ����� ������

LPLG&+ ������� ������� ��������� ��������� ������ ������ ���� ����� ������

IXUDQ&�& ������� ������� ��������� ��������� ������ ������ ���� ����� ������

IXUDQ ������� ������� ��������� ��������� ������ ������ ���� ����� ������

S\� ������� ������� ��������� ��������� ������ ������ ���� ����� ������

S\� ������� ������� ��������� ��������� ������ ������ ���� ����� ������

�L��(� �N-�PRO���LL��(�'1$�� �����������N-�PRO� �LGHDOLVHG�%�'1$�HQHUJ\���LLL��G(�ELQG�� �(QHUJ\�IRU�ELQGLQJ��LQFOXGHV�WKH�SHUWXUEDWLRQ�WHUP���(�LQW�
 �(QHUJ\�ZLWK�QR�SHUWXUEDWLRQ�WHUP��(�'1$�OLJDQG�� �RXWSXW�(QHUJ\�IRU�WKH�FRPSOH[��(�'1$�ERXQG� �%�'1$�HQHUJ\�LQ�WKH�ERXQG�FRQIRUPDWLRQ��(OLJDQG
 �(QHUJ\�IRU�WKH�ORZHVW�GUXJ�FRQIRUPHU��(OLJDQG�ERXQG� �(QHUJ\�IRU�ERXQG�GUXJ�WR�%�'1$��(S�O���(S�'1$��DQG�(S�SHUWXUEDWLRQ�HQHUJLHV�FDOFXODWHG
DFFRUGLQJ�WR�(T����



DV� EHLQJ� DVVHPEOHG� ZLWK� FDWLRQLF� HQGV� UHVSRQVLEOH� IRU
HOHFWURVWDWLF�LQWHUDFWLRQV�DQG�1+�JURXSV�UHVXOWLQJ�LQ�K\GUR�
JHQ�ERQGLQJ�WKDW�ZRXOG�EH�QHHGHG�IRU�ELQGLQJ�WKRXJK�QRW
EHLQJ� HVVHQWLDO�� 7KH� HOHFWURVWDWLF� DWWUDFWLRQ� RI� GRXEO\
FKDUJHG�HQGV�UHDGV�WKH�$7�VHTXHQFH�ZKLFK�LV�WKH�GHHSHVW
QHJDWLYH� SRWHQWLDO� ZHOO� LQ� WKH� PLQRU� JURRYH� RI� '1$���
1HYHUWKHOHVV��ZH�KDYH�VKRZQ��E�WKDW�IRU�D�VHW�RI����ELVDPLG�
LQHV�DFWLYH�DJDLQVW�/HLVKPDQLD�PH[LFDQD�DPD]RQHQVLV�WKH
46$5�PRGHO�GRHV�LQFOXGH�WKH�PLQLPDO�HOHFWURVWDWLF�SRWHQ�
WLDO� DV� EHLQJ� LPSRUWDQW� IRU� ELQGLQJ� WR� $7� VHTXHQFH� RI
%�'1$��7KH�UHSODFHPHQW�RI�WKH�S\UUROH�ULQJV�ZLWK�LPLGD�
]ROH�PRLHWLHV�DOWHUV�WKH�UHFRJQLWLRQ�IURP�$7�WR�*&�EDVH
SDLUV��%\�H[DPLQLQJ�WKH�PROHFXODU�PRGHOV�RI�D�QXPEHU�RI
DU\OGLDPLGLQHV� LW� VHHPV� WKDW� WKH\� IDOO� LQWR� D� SDUWLFXODU
VSDWLDO�FODVV�

'HSHQGLQJ�XSRQ�WKH�VSDFHU�JURXS�WKH�DIILQLW\�RI�ERWK
HQGV�FDQ�DOVR�DOWHU�WKH�UHFRJQLWLRQ��7KH�VKDSH�GHSHQGHQFH
KDV�DOVR�EHHQ�UHFRJQLVHG��)RU�LQVWDQFH��WKH�WZR�SKHQ\O�ULQJV
RI�WKH�ERXQG�SHQWDPLGLQH�PROHFXOH�FDQ�EH�WZLVWHG�E\����
ZLWK� UHVSHFW� WR� HDFK� RWKHU���� 2WKHU� VWXGLHV� VXJJHVW� WKDW
ELQGHUV�KDYH�D�¨FRQFDYH�IDFH©�WR�DOORZ�¨LVRKHOLFLW\©�ZLWK
WKH�PLQRU�JURRYH������

2XU� LQWHUHVW� LQ� WKH�GHVLJQ�RI� VHTXHQFH�VSHFLILF�'1$
ELQGLQJ�DJHQWV�KDV�OHG�XV�WR�H[SORUH�WKH�PROHFXODU�UHFRJ�
QLWLRQ�SURSHUWLHV�MXVW�RXWOLQHG�

$V�D�¦EHQFK�WHVW§�ZH�VKDOO�GLVFXVV�WKH�UHVXOWV�REWDLQHG
VR�IDU�IRU�FRPSRXQG�IXUDQ�&�&��+RZHYHU��VLPLODU�FRQFOX�
VLRQV�FDQ�EH�GUDZQ�IRU�WKH�RWKHU�OLJDQGV��7KH�IXUDQ�&�&�LV
D�EHWWHU�ELQGHU�WKDQ�SHQWDPLGLQH�DFFRUGLQJ�WR�RXU�FDOFXOD�
WLRQV�� 7KH� ¨IXUDQ� VSDFHU� JURXS©� VSDQV� WKH� WZR� DURPDWLF
DPLGLQHV�RQO\�WR�DQ�H[WHQW�RI���c�DV�PHDVXUHG�EHWZHHQ�WKH
WZR� LSVR� SKHQ\O� SRVLWLRQV�� )LJ�� ��� 7KXV�� ELQGLQJ� RI� WKH
VKRUWHU�IXUDQ�DQDORJXH�LV�SUHGLFWHG�WR�EH�PRUH�IDYRXUDEOH
E\������N-�PRO�UHODWLYH�WR�SHQWDPLGLQH��%R\NLQ�HW�DO��KDYH
UHFHQWO\�VKRZQ�WKDW�LQ�IDFW�WKLV�IXUDQ�GHULYDWLYH�LV�D�EHWWHU
ELQGHU�WR�$7�'1$�WKDQ�SHQWDPLGLQH����7KH�IXUDQ�&�&�OLHV
DFURVV�WKH�XSSHU�$7�EDVH�SDLUV��7KH�IXUDQ�&�&�LV�DOPRVW
SODQDU�� 7KH� IXUDQ� ULQJ� LV� WZLVWHG� E\� FD�� ��� RXW� RI� WKH

��� 0RQWDQDUL�HW��DO -��%UD]��&KHP��6RF�
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)LJXUH����0RGH�RI�ELQGLQJ�IRU�)XUDQ�&�&�

)LJXUH����6WHUHRYLHZ�RI�IXUDQ�&�&�ZLWKLQ�WKH�PLQRU�JURRYH�



ELVDPLGLQH�SODQHV��+RZHYHU��WKHUH�LV�D�KLJKHU�FKDLQ�WRUVLRQ
LQ� WKRVH� DQJOHV� GXH� WR� DQ� LQWHUDFWLRQ� RI� WKH� DPLGLQLXP
JURXSV�ZLWKLQ�WKH�JURRYH��7KH�WZR�WRUVLRQ�DQJOHV�DUH����DQG
�����7KH�WZR�GLKHGUDO�DQJOHV�IRU�WKH�DPLGLQLXP�JURXSV�DUH
��� DQG� ����� )LJV�� �� DQG� ��� 7KHVH� WZLVWV� EULQJ� WKH� GUXJ
PROHFXOH�WR�PDWFK�WKH�SLWFK�RI�WKH�'1$�DQG�UHVXOWV�LQ�D
JRRG�LVRKHOLFDO�ILW�WR�WKH�PLQRU�JURRYH���

7KH�FU\VWDO�VWUXFWXUH�RI�WKH�FRPSOH[�EHWZHHQ�WKH�IXUDQ
GHULYDWLYH� DQG� G�&*&*$$77&*&*��� KDV� EHHQ� GH�
VFULEHG������DQG�LW�LV�LQ�DJUHHPHQW�ZLWK�WKH�ILQGLQJV�ZH�KDYH
PDGH�LQ�WKLV�SDSHU�

&RQFOXVLRQV

,W�VHHPV�WKDW�WKH�DERYH�GDWD�FDQ�EH�UHJDUGHG�DV�D�JRRG
ZD\�RI� UDQNLQJ� WKHVH�GUXJ�PROHFXOHV�DV� WKH\�ELQG� WR�%�
'1$��6RPH�RI�WKHP�KDYH�VKRZQ�7P�YDOXHV�WKDW�DUH�EHWWHU
WKDQ�SHQWDPLGLQH��L�H��WKHVH�GUXJV�PD\�ELQG�EHWWHU�WKDQ�WKH
ODWWHU��,W�LV�HQFRXUDJLQJ�WR�FRQWLQXH�ZLWKLQ�WKLV�DUHD�RI�VWXG\
DQG�WKH�PHWKRG�RXWOLQHG�FDQ�EH�XVHG�LQ�RUGHU�WR�DOORZ�D
EHWWHU�LQVLJKW�LQWR�WKH�ELQGLQJ�SULRU�WR�WKH�V\QWKHVLV�RI�VXFK
FRPSRXQGV��0RUHRYHU��LW�FDQ�EH�UHFDOOHG�WKDW�WKH�PRUH�ULJLG
WKH�OLQNHU�EHWZHHQ�WKH�WZR�ELVDPLGLQH�ULQJV�WKH�EHWWHU�WKH
ELQGLQJ��7KXV��ZH�DUH�SXUVXLQJ�WKLV�LQ�WKH�V\QWKHVLV�RI�QHZ
OLJDQGV�ZLWK�WKLV�FKDUDFWHULVWLF��DQG�VRPH�SUHOLPLQDU\�UH�
VXOWV�KDYH�DOUHDG\�VKRZQ�WKLV�WR�EH�WKH�FDVH�

$FNQRZOHGJPHQWV

2QH�RI�XV� �&$0��ZRXOG� OLNH� WR� WKDQN�&13T�IRU� WKH
JUDQWV�

5HIHUHQFHV

��*UDYHV��'�&���&KDU\�5HGG\�� 6���%HFNHU�+DSDN��0�
0RO��&HO��3UREHV�������������

��%DVVHOLQ�� 0��� %DGHW� 'HQLVRW�� 0�$��� /DZUHQFH�� )��
5REHUW�*HUR��0��([S��3DUDVLWRO����������������

��%DVVHOLQ�� 0��� /DZUHQFH�� )��� 5REHUW� *HUR�� 0�� %LR�
FKHP��-�����������������

��.DQGSDO�� 0��� 7HNZDQL�� %�/��� &KDXKDQ�� 3�0�6��
%KDGXUL��$�3��/LIH�6FL���������������

��0DWHVRL��'���.LWWOHU��/���%HOO��$���8QJHU��(���/REHU��*�
%LRFKHP��0RO��%LRO��,QW����������������

�� -HQNLQV�� 7�&��� /DQH��$�1��%LRFKHP��%LRSK\V�� $FWD�
*HQH�6WUXFW��([S������������������

��$JUDZDO��6��0RO��0HG��7RGD\������������
��/H'RDQ��7���(WRUH��)���0D'))��7HQX��-�3��$QQ��0HG�

,QW�����������������
��0RVHU��+�(��,Q�3HUSHFWLYHV�LQ�0HGLFLQDO�&KHPLVWU\�
7HVWD��%���.\EXU]�� (��� )XKUHU��:���*LJHU��5���(GV��
9&+��:HLKHLP��������S������

��� �D��=KDR��5�/���2UHVNL��%���/RZQ��-�:��%LRRUJ��0HG�

&KHP�/HW�����������������E��3LQGXU��8���)LVFKHU��*�
&XU��0HG��&KHP���������������

���0RQWJRPHU\��$�%���/XFH��-�0���7XUQHU��-���/LQ��(�7��
'HEV��5�-��&RUNHU\��.�-���%UXQHWWH��(�1���+RSHZHOO�
3�&��/DQFHW��������������

���*D]]DUG��%�*��-��$QWLPLFURE��&KHPRWKHU�����������
���

���:LVSHOZH\��%���3HDUVRQ��5�'�� ,QIHFW��&RQWURO�+RVS�
(SLGHPLRO����������������

9RO�����1R��������� 0ROHFXODU�5HFRJQLWLRQ�RI�%�'1$�0LQRU�*URRYH�%LQGHUV ���

)LJXUH����6WHUHRYLHZ�RI�IXUDQ�&�&�VKRZLQJ�WKH�¦LVRKHOLFLW\§�WR�%�'1$�



���'RQNRU�� ,�2��� 4XHHQHU�� 6�)��� 'DOWRQ�� -�7�� %LRRUJ�
0HG��&KHP��/HW����������������

��� 6DQWDPDXUR��-�7���6WRUHU��'�(��0HG��&OLQ��1RUWK�$P�

��������������
���0LOOHU��5�)���/HQRXU\��-���&RUEHWW��(�/���)HOWRQ��-�0��

'HFRFN��.�0��-��$QWLPLFURE��&KHPRWK���������������
���.LQJ�� +��� /RXULH�� (�0��� <RUNH�� :�� $QQ�� 3URS�

0HG�3DUDVLWRO����������������
���/RXULH��(�0���<RUNH��:��$QQ��3URS��0HG�3DUDVLWRO�

��������������
���*ROGEHUJ��%���<DUOHWW��1���6XIULQ��-���/OR\G��'���%DF�

FKL��&�-��)$6(%�-����������������
���%HOO��&�$���+DOO�� -�(���.\OOH��'�(���*URJO��0���2KH�

PHQJ��.�$���$OOHQD��0�$���7LGZHOO��5�5�� -��$QWLPL�
FURE��&KHPRWKHU�����������������

���(GZDUGV��.�-���-HQNLQV��7�&���1HLGOH��6��%LRFKHPLVWU\
���������������

��� -HQNLQV��7�&���/DQH��$�1���1HLGOH��6���%URZQ��'�*�
(XU��-��%LRFKHP������������������

��� �D��*UHHQLGJH�� 3�$��� -HQNLQV�� 7�&���1HLGOH�� 6��0RO�

3KDUPDFRO������������������E��0RQWDQDUL��&�$���7XWH�
0�6���%HH]HU��$�(���0LWKFHOO��-�&��-��&RPSXW��$LGHG
0RO��'HV���������������

���=KDQJ��4���:KLWH��$�7���0DOEUXH��0���+XDQJ��7�/��
4XHHQHU��6�)���'RQNRU��,�2��)$6(%�-����������������

���1XQQ��&�0���1HLGOH��6��-��0HG��&KHP�����������������
���0DFUR0RGHO��9�����8QLYHUVLW\�RI�&ROXPELD�
���:HLQHU��6�-���.ROOPDQ��3�$���&DVH��'�$���6LQJK��8�&��

*KLR��&���$ODJDQR��*���3URIHWD��6��:HLQHU��3��-��$P�
&KHP��6RF�����������������

���2UR]FR��0���/DXJKWRQ��&�$���+HU]\N��3���1HLGOH��6�
-�%LRPRO��6WUXFW��'\Q���������������

��� 6DQVRP��&�(���/DXJKWRQ�&�$���1HLGOH��6���6FKZDOEH�
&�+��� 6WHYHQV�� 0�)�*�� $QWL�&DQFHU� 'UXJ� 'HVLJQ
�������������

���&RU\��0���7LGZHOO��5�5���)DLUOH\��7�$��-��0HG��&KHP�

��������������
���/RZH��3�5���6DQVRP��&�(���6FKZDOEH��&�+���6WHYHQV�

0�)�*��-��&KHP��6RF���&KHP��&RPPXQ�������������
���%HUJ�� 2�*��� :LQWHU�� 5�%��� YRQ� +LSSHO�� 3�+�� 7,%6

���������
���/HH��0���.URZLFNL��.���6KHD��5�*���/RZQ��-�:���3RQ�

5�7��-��0RO��5HFRJQ��������������

���3XOOPDQ��%��$GY��'UXJ�5HV��������������
���.RSND�� 0�� /��� <RRQ�� &��� *RRGVHOO�� '��� 3MXUD�� 3��

'LFNHUVRQ��5��(���3URF��1DWO��$FDG��6FL��86$����������
�����

���*RRGVHO��'���'LFNHUVRQ��5�(��-��0HG��&KHP�����������
����

���%R\NLQ��'�:���.XPDU��$��� 6S\FKDOD�� -��� =KRX��0��
/RPEDUG\��5�-���:LOVRQ��:�'���'\NVWUD��&�&���-RQHV�
6�.���+DOO��-�(���7LGZHOO��5�5���/DXJKWRQ��&���1XQQ�
&�0���1HLGOH��6��-��0HG�&KHP�����������������

���/DXJKWRQ��&�$���7DQLRXV��)���1XQQ��&�0���%R\N\Q�
'�:���:LOVRQ��'���1HLGOH��6��%LRFKHPLVWU\����������
�����

���7UHQW��-�2���&ODUN��*�5���.XPDU��$���:LOVRQ��:�'��
%R\NLQ��'�:���+DOO�� -�(���7LGZHOO��5�5���%ODJ%XUQ�
%�/���1HLGOH��6��-��0HG��&KHP�����������������

��� 0RQWDQDUL�HW��DO -��%UD]��&KHP��6RF�


