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,QWURGXFWLRQ

7KH�QHZHU�WHFKQLTXHV�WKDW�KDYH�EHHQ�GHYHORSHG�IRU�FRUQHDO
WUDQVSODQWDWLRQ�DUH�OLPLWHG�WR�JUDIWLQJ�RQO\�WKH�GLVHDVHG�OD\HUV�
ZKLOH� OHDYLQJ� WKH� KRVW¶V� KHDOWK\� FRUQHDO� OD\HUV� XQWRXFKHG�
'HVFHPHW¶V� 6WULSSLQJ� $XWRPDWHG� (QGRWKHOLDO� .HUDWRSODVW\
�'6$(.��>���@�UHFHQWO\�EHFDPH�WKH�JROG�VWDQGDUG�WHFKQLTXH�IRU
HQGRWKHOLDO� NHUDWRSODVW\��7KH�KRVW� FRUQHD� LV�SUHSDUHG�XVLQJ�D
VWDQGDUGL]HG� PLFURNHUDWRPH� WR� FXW� WKH� DQWHULRU� FRUQHD� DQG
UHWDLQ�WKH�SRVWHULRU�VWURPD�ZLWK�'HVFHPHW¶V�0HPEUDQH�DQG�WKH
(QGRWKHOLXP�
7KH� IXQFWLRQDO� RXWFRPH� RI� '6$(.� LV� SDUWO\� OLPLWHG� E\� VXE�

RSWLPDO�RSWLFDO� UHVXOWV��ZKLFK�DUH�GLUHFWO\� UHODWHG� WR� WKH�VKDSH
RI� WKH� JUDIW�� *UDIWV� URXWLQHO\� SUHSDUHG� ZLWK� PHFKDQLFDO
PLFURNHUDWRPHV�DUH�W\SLFDOO\�WKLQQHU�FHQWUDOO\�WKDQ�SHULSKHUDOO\�
\LHOGLQJ� D� K\SHURSLF� VKLIW� �QHJDWLYH� OHQV� HIIHFW�� WKDW
QHFHVVLWDWHV� DGGLWLRQDO� RSWLFDO� FRUUHFWLRQ� LQ� WKH� VSHFWDFOHV� RI
WKH� RSHUDWHG� H\H�� 7KH�PHDQ� SRVWRSHUDWLYH� K\SHURSWLF� VKLIW� LV
�����'��ZLWK�LQWHU�VXEMHFW�YDULDELOLW\�LQ�UHIUDFWLRQ�LQ�WKH�RUGHU�RI
���� WR�����'� >����@�� ,Q�RUGHU� WR�REWDLQ�PRUH�XQLIRUP�DQG�XOWUD�
WKLQ�'6$(.� OHQWLFXOHV�� GRXEOH�SDVV�PLFURNHUDWRPH� FXWV� KDYH
EHHQ� SURSRVHG�� ZKHUH� WKH� VHFRQG� FXW� VWDUWV� IURP� WKH� HQG� RI
WKH�ILUVW�FXW�>��@��7KLV�WHFKQLTXH��KRZHYHU��LV�VWLOO�RYHUVKDGRZHG

E\� D� QRQ�QHJOLJLEOH� UDWH� RI� PLFURNHUDWRPH�UHODWHG
FRPSOLFDWLRQV���������RFFXUULQJ�GXULQJ�GRQRU�WLVVXH�SUHSDUDWLRQ
>��@�
,Q� DQ� DWWHPSW� WR� IXUWKHU� LPSURYH� WKH� RSWLFDO� TXDOLW\� RI� WKH

JUDIWHG� H\H�� 'HVFHPHW¶V� PHPEUDQH� HQGRWKHOLDO� NHUDWRSODVW\
�'0(.�>��@�ZDV�SURSRVHG��D�VXUJLFDO�YDULDQW�ZKHUH�WKH�FRUQHDO
HQGRWKHOLXP�DORQJ�ZLWK�LWV�'HVFHPHW¶V�PHPEUDQH�DUH�PDQXDOO\
GHWDFKHG� IURP� WKH� GRQRU� FRUQHD� DQG� WUDQVSODQWHG�� '0(.
SURYLGHV� EHWWHU� YLVXDO� RXWFRPH� WKDQ� '6$(.�� EXW� LW� LV
WHFKQLFDOO\� PRUH� FKDOOHQJLQJ�� HYHQ� LQ� WKH� KDQGV� RI� WKH� PRVW
H[SHULHQFHG�VXUJHRQV�>��@��7KHUH�LV�QR�FOHDU�FRQVHQVXV�RQ�WKH
RSWLPDO� WKLFNQHVV� RI� WKH� HQGRWKHOLDO� JUDIW� VLQFH� WKHUH� LV� D
WHQXRXV� UHODWLRQVKLS� EHWZHHQ� WKH� JUDIW� WKLFNQHVV� DQG� YLVXDO
DFXLW\�>�����@��)HPWRVHFRQG�ODVHUV�KDYH�EHHQ�XVHG�WR�SUHSDUH
FRUQHDO�JUDIWV�E\�PDNLQJ�SODQDU�FXWV� LQ�WKH�FRUQHD�>��@��ZKLFK
OHDGV�WR�JUDIW�RI�XQHYHQ�WKLFNQHVV��L�H��WKLFNHU�DW�WKH�HGJH�DQG
WKLQQHU� LQ� WKH� FHQWHU�� $� WHFKQLTXH� IRU� SUHSDULQJ� XQLIRUP
WKLFNQHVV�JUDIW�XVLQJ�D�IHPWRVHFRQG�ODVHU��)6/��KDV�DOVR�EHHQ
GHVFULEHG� >��@� LQ� ZKLFK� WKH� FRUQHD� LV� DSSODQDWHG� IURP� LWV
HQGRWKHOLDO�VLGH�
7KH� LGHDO� HQGRWKHOLDO� JUDIW� PXVW� KDYH� D� XQLIRUP� SURILOH� WR

DYRLG� DEHUUDWLRQV� DQG� VKRXOG� EH� WKLFN� HQRXJK� WR� HDVH
PDQLSXODWLRQ� >��@�� :H� SURSRVH� KHUH� D� QHZ� LQVWUXPHQW� IRU
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SUHSDULQJ�VXFK�GRQRU�FRUQHDO�JUDIWV��LQ�ZKLFK�D�ORZ�HQHUJ\�)6/
V\VWHP� LV� XVHG� DV� ERWK� D� OLJKW� VRXUFH� IRU� RSWLFDO� FRKHUHQFH
WRPRJUDSK\��2&7��>�����@�DQG�IRU�FXWWLQJ�WKH�JUDIW�LOOXPLQDWLQJ
IURP� WKH�HQGRWKHOLDO� VLGH�� ,Q� RXU� WHFKQLTXH�� WKH� VDPH� ODVHU� LV
XWLOL]HG� WR� REWDLQ� WKUHH�GLPHQVLRQDO� ��'�� 2&7� LPDJHV� RI� WKH
GRQRU� WLVVXH� IRU�JXLGLQJ� WKH�GLVVHFWLRQ�DQG�REWDLQLQJ�JUDIWV�RI
XQLIRUP� WKLFNQHVV�ZLWK� QR� DSSODQDWLRQ� RU� FRQWDFW��:H� EHOLHYH
WKLV� GHYLFH� DOORZV� DQ� RSWLPDO� SURFHGXUH� IRU� SUHSDULQJ
FRQVLVWHQWO\�WKLQ�SRVWHULRU�JUDIWV�IRU�WUDQVSODQWDWLRQ�

0DWHULDOV�DQG�0HWKRGV

$OO� H[SHULPHQWV� ZHUH� FRQGXFWHG� LQ� DFFRUGDQFH� ZLWK� WKH
'HFODUDWLRQ� RI� +HOVLQNL�� 7KH� VFKHPDWLF� RI� WKH� H[SHULPHQWDO
V\VWHP�XVHG�LQ�WKLV�ZRUN�LV�VKRZQ�LQ�)LJXUH����7KH�EHDP�RI�D
QRQ�DPSOLILHG� IHPWRVHFRQG� ODVHU� �0DL� 7DL�� 1HZSRUW�� RSHUDWHG
DW� ���� QP� ZDYHOHQJWK� ZDV� GLYLGHG� XVLQJ� D� ZHGJH� EHDP
VSOLWWHU�� 7KH� UHIOHFWHG� DQG� WUDQVPLWWHG� EHDPV� ZHUH� GLUHFWHG
WRZDUGV� D� UHIHUHQFH�PLUURU� DQG� WKH� FRUQHD�� UHVSHFWLYHO\�� 7KH
VDPH�ODVHU�V\VWHP�ZDV�RSHUDWHG� LQ� WZR�PRGHV��2&7� LPDJLQJ
PRGH� >�����@� DQG� FRUQHDO� SKRWR�GLVUXSWLRQ� PRGH�� E\� RQO\
YDU\LQJ�SRZHU�
,Q�LPDJLQJ�PRGH��WKH�ODVHU�EHDP�ZDV�IRFXVHG�DW�WKH�FRUQHD

SODFHG� LQ� D� JODVV�ERWWRP� SHWUL� GLVK� ILOOHG� ZLWK� 2SWLVRO�*6
�%DXVFK� DQG� /RPE��5RFKHVWHU��1<��� WKURXJK� WKH� FRPELQDWLRQ
RI� D� UHPRYDEOH� OHQV� �5/�� I ���� PP�� DQG� D� KLJK� QXPHULFDO
DSHUWXUH� �1$ ����� ZRUNLQJ� GLVWDQFH�  � ���� PP�� ZDWHU
LPPHUVLRQ�REMHFWLYH��2O\PSXV��7RN\R��-DSDQ���7KH�UHPRYDEOH
OHQV�ZDV�VRPHWLPHV�XVHG�WR�LQFUHDVH�WKH�RYHUDOO�GHSWK�RI�IRFXV
DW�WKH�FRUQHD��GHSHQGLQJ�RQ�VDPSOH�FXUYDWXUH��DQG�SODFHG���
FP� EHIRUH� WKH� REMHFWLYH�� ,Q� WKLV� FRQILJXUDWLRQ�� WKH� REMHFWLYH
UHFHLYHG� D� GLYHUJLQJ� EHDP� WKDW� LV� IRFXVHG� EH\RQG� LWV� QDWXUDO

)LJXUH�����6FKHPDWLF�RI�WKH�RSWLFDO�V\VWHP�XVHG�IRU�FRUQHDO
GLVVHFWLRQ� DQG� LPDJLQJ�� � 7KH� DEEUHYLDWHG� FRPSRQHQWV� DUH�
PRYDEOH� OHQV� �0/��� SRODUL]DWLRQ� PDLQWDLQLQJ� ILEHU� �30)��
FROOLPDWRU� �&��� &���� WUDQVPLVVLRQ� GLIIUDFWLRQ� JUDWLQJ� �7'*��
DFKURPDWLF� OHQV� �$&/��� ZHGJH� EHDP� VSOLWWHU� DQG� FKDUJHG
FRXSOHG�GHYLFH�FDPHUD��&&'�FDPHUD���
GRL����������MRXUQDO�SRQH���������J���

ZRUNLQJ� GLVWDQFH�� 7KH� ODVHU� SRZHU� DW� WKH� VDPSOH� LQ� LPDJLQJ
PRGH�ZDV�VHW�����P:�DIWHU�WKH�REMHFWLYH��/DVHU�OLJKW�UHIOHFWHG
E\� WKH� UHIHUHQFH� PLUURU� DQG� EDFNVFDWWHUHG� IURP� WKH� FRUQHD
ZHUH� FRPELQHG� XVLQJ� D� ILEHU� FROOLPDWRU� �&��� DQG� GLUHFWHG
WRZDUGV� D� FXVWRP� PDGH� VSHFWURPHWHU� XVLQJ� D� SRODUL]DWLRQ
PDLQWDLQLQJ�ILEHU��30)���7KH�VSHFWURPHWHU�VLPSO\�FRQVLVWHG�RI
D�FROOLPDWRU��&����D�WUDQVPLVVLRQ�GLIIUDFWLRQ�JUDWLQJ�������OLQHV�
PP��� DQ� DFKURPDWLF� OHQV� �$&� OHQV�� I ���� PP�� DQG� D� OLQHDU
&&'� FDPHUD� �&&'������ (QWZLFNOXQJVEXHUR� 6WUHVLQJ�� %HUOLQ�
*HUPDQ\�� ZLWK� ����� SL[HOV� DQG� RSHUDWHG� DW� �� N+]� OLQH� VFDQ
UDWH�� $� )DVW� )RXULHU� WUDQVIRUP� �))7�� ZDV� SHUIRUPHG� RQ� WKH
VSHFWURPHWHU�GDWD� WR�REWDLQ� WKH�D[LDO�VFDQ�RI� WKH�FRUQHD��7KH
GDWD�SRLQWV�LQ�WKH�)RXULHU�WUDQVIRUPHG�GDWD��D[LDO�VFDQ��GR�QRW
KDYH�UHDO�GLVWDQFH�XQLWV�DQG�WKXV�WKH�V\VWHP�ZDV�FDOLEUDWHG�LQ
RUGHU� WR�REWDLQ� WKH�GLVWDQFH�SHU�SRLQW� LQ� WKH�)RXULHU� WUDQVIRUP
>��@��7KH�FDOLEUDWLRQ�RI�WKH�V\VWHP�ZDV�SHUIRUPHG�E\�UHSODFLQJ
FRUQHD�ZLWK�D�PLUURU�DQG�PRYLQJ�LW�LQ�VWHSV�RI������P�DQG�WKH
FRUUHVSRQGLQJ� ))7� SHDN� SRVLWLRQ� ZDV� WUDFNHG�� 7KUHH�
GLPHQVLRQDO� YROXPHWULF� )RXULHU�'RPDLQ� 2&7� LPDJHV� RI� WKH
FRUQHD� ZHUH� DFTXLUHG� E\� UDVWHU� VFDQQLQJ� WKH� FRUQHD� XVLQJ
PRWRUL]HG� VWDJHV�� 8VLQJ� WKHVH� SRVWHULRU� LOOXPLQDWLRQ� 2&7
LPDJHV�� WKH� FRUQHDO� HQGRWKHOLXP� ZDV� VHJPHQWHG� E\� ORFDWLQJ
WKH�ILUVW�PD[LPD�RI�WKH�LQWHQVLW\�GHULYDWLYH�LQ�WKH�D[LDO�GLUHFWLRQ�
7KHVH� YDOXHV� ZHUH� XVHG� WR� H[WUDFW� WKH� �'�FXUYDWXUH� RI� WKH
FRUQHDO� HQGRWKHOLXP� E\� ILWWLQJ� D� VHFRQG� RUGHU� SRO\QRPLDO� IRU
HYHU\�WZR�GLPHQVLRQDO�VHW�RI�D[LDO�VFDQV��%�6FDQ���DQG�VWRUHG
IRU�ODWHU�XVH�GXULQJ�WKH�GLVVHFWLRQ�
,Q�SKRWR�GLVUXSWLRQ�PRGH�� WKH� OHQV� �5/��ZDV� UHPRYHG� IURP

WKH� EHDP� SDWK� VR� WKDW� WKH� REMHFWLYH� UHFHLYHV� D� SDUDOOHO� ODVHU
EHDP� DOORZLQJ� DFKLHYLQJ� WKH� PLQLPXP� SRVVLEOH� ODVHU� IRFDO
YROXPH� DIWHU� WKH� REMHFWLYH�� 7KH� ODVHU� ZDV� IRFXVHG� LQ� FRUQHD
VROHO\�E\�WKH�REMHFWLYH�DQG�WKH�SRZHU�ZDV�LQFUHDVHG��7KH�ODVHU
SRZHU� DQG� WKH� SXOVH� GXUDWLRQ� DIWHU� WKH� REMHFWLYH� ZHUH
PHDVXUHG� WR� EH� ������ P:� DQG� ������ IV� UHVSHFWLYHO\�� 7KH
PRYHPHQW�RI�WKH�WZR�D[LV�PRWRUL]HG�VWDJH��7KRUODEV��1HZWRQ�
1-�� KROGLQJ� WKH� FRUQHD� DQG� WKH� PRWRUL]HG� ]�D[LV� KROGLQJ� WKH
REMHFWLYH� DORQJ� WKH� �'� VXUIDFH� GHWHUPLQHG� IURP� WKH� 2&7
LPDJHV� ZDV� FRQWUROOHG� XVLQJ� /DE9LHZ� �1DWLRQDO� ,QVWUXPHQWV�
$XVWLQ�� 7;�� VR� WKDW� WKH� IRFDO� YROXPH� ZDV� PDLQWDLQHG� DW� D
FRQVWDQW�XVHU�GHILQHG�GHSWK� IURP� WKH�HQGRWKHOLDO�VXUIDFH��7KH
2&7�V\VWHP�ZDV�FDOLEUDWHG�XVLQJ�2SWLVRO�
&RUQHDV� XQVXLWDEOH� IRU� WUDQVSODQWDWLRQ� LQ� KXPDQV� ZHUH

REWDLQHG� ZLWKLQ� ��� KRXUV� DIWHU� GHDWK� �4XHEHF� (\H� %DQN�
0RQWUHDO��4&��&DQDGD��� SUHVHUYHG� LQ�2SWLVRO�*6� DW� ��&�� DQG
XVHG� ZLWKLQ� WZR� ZHHNV� DIWHU� GHDWK� >�����@�� 7KH� PHDQ� �
VWDQGDUG�GHYLDWLRQ�GRQRU�DJH�ZDV�������\HDUV�DQG�WKH�PDOH�WR
IHPDOH� UDWLR� ZDV� ������� 7KH� FRUQHDV� ZHUH� FXW� ZLWK� D� ��PP
FLUFXODU� WUHSKLQH� �:HFN�� 6RODQ� 0HGWURQLFV�� -DFNVRQYLOOH�� )/�
DQG�ZHUH�SODFHG� LQ�SHWUL� GLVKHV� ILOOHG�ZLWK�2SWLVRO��HQGRWKHOLDO
VLGH�GRZQ�ZLWK�QR�DSSODQDWLRQ��7KH�FRUQHDV�ZHUH�WUHSKLQHG�VR
WKDW� WKH� KHLJKW� RI� WKH� FHQWUDO� FRUQHD� IDOO� ZLWKLQ� WKH� ZRUNLQJ
GLVWDQFH� RI� WKH� REMHFWLYH�� )L[DWLRQ� WR� WKH� SHWUL� GLVK� ZDV� QRW
UHTXLUHG�DQG� ODVHU�FXWV�ZHUH�SHUIRUPHG�XS� WR� WKH�HGJH�RI� WKH
FRUQHDO� EXWWRQV�� 6WURPDO� ODPHOODU� GLVVHFWLRQV�ZHUH� SHUIRUPHG
ZLWK�D�SRVWHULRU�DSSURDFK��L�H��LOOXPLQDWLQJ�IURP�WKH�HQGRWKHOLDO
VLGH��� IRFXVLQJ� WKH� IHPWRVHFRQG� ODVHU� DW� GLIIHUHQW� LQWHQGHG
GHSWKV�� HLWKHU� LQ� VWHSV� ����� ±� ���� ±� ���� �� ��� �P�� RU� LQ� D
FRQWLQXRXV� PRGH�� IURP� ]HUR� �LQWUDHQGRWKHOLDO� FHQWUDO� SKRWR�

2FW�*XLGHG�'LVVHFWLRQ�IRU�7KLQ�&RUQHDO�*UDIWV
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GLVUXSWLRQ��WR������P��+LJK�UHVROXWLRQ�LPDJHV�DQG�WKLFNQHVVHV
ZHUH�REWDLQHG�ODWHU�ZLWK�D�VSHFWUDO�UDGDU�2&7��7KRUODEV��
&RUQHDO� EXWWRQV� ZHUH� VWDLQHG� ZLWK� WU\SDQ� EOXH� �YLWDO� VWDLQ�

DQG� DOL]DULQ� UHG� 6� �6LJPD�� 2DNYLOOH�� 21�� &DQDGD�>��@� DQG
SKRWRJUDSKHG� �6WH5(2� 'LVFRYHU\� 9���� &DUO� =HLVV� &DQDGD�
7RURQWR��21��&DQDGD���'HDG�HQGRWKHOLDO�FHOOV�DSSHDUHG�LQ�EOXH
DQG� DQ� LPDJH� DQDO\VLV� DOJRULWKP� ZDV� GHVLJQHG� IRU
TXDQWLILFDWLRQ�� 7KH� EOXH� FRPSRQHQW� RI� DOO� SL[HOV� RI� WKH� 5*%
LPDJHV�ZDV� H[WUDFWHG� DQG� DQ� DXWRPDWHG� WKUHVKROG� EDVHG� RQ
LQWHU�FODVV� YDULDQFH>��@� ZDV� DSSOLHG� WR� FUHDWH� ELQDU\� LPDJH
ZKHUH� EDFNJURXQG� SL[HOV� UHSUHVHQWHG� GHDG� FHOOV� DQG
IRUHJURXQG� SL[HOV�� KHDOWK\� DUHDV�� (QGRWKHOLDO� LQWHJULW\� ZDV
DVVHVVHG� IRU�YDULRXV�GLVVHFWLRQ�GHSWKV��&RUQHDO�JUDIWV� WKLFNHU
WKDQ� ��� �P� ZHUH� VHSDUDWHG� XVLQJ� WZR� ILQH� IRUFHSV� DQG� WKH
HQGRWKHOLDO�LQWHJULW\�ZDV�DVVHVVHG�DIWHU�JUDIW�VHSDUDWLRQ�

5HVXOWV

6WURPDO�GLVVHFWLRQV�ZHUH�SHUIRUPHG�ZLWK�WKLV�LQVWUXPHQW��DQG
WKHLU� SKRWR�GLVUXSWLRQ� GHSWK� DFFXUDF\� DQG� RSWLPXP� GHSWK� IRU
HQGRWKHOLDO�FHOO�GHDWK�ZDV�DQDO\]HG��)LJXUH��$�VKRZV�DQ�2&7
LPDJH� RI� D� ��� ȝP� GHHS� SUH�'HVFHPHW� GLVVHFWLRQ� RI� D
UHSUHVHQWDWLYH�FRUQHDO�VDPSOH�
:KHQ����ȝP�ZDV�VHW�DV�LQWHQGHG�GHSWK��WKH�PHDQ�VWDQGDUG

GHYLDWLRQ� SKRWR�GLVUXSWLRQ� GHSWK� REWDLQHG� ZDV� ����� PLFURQV
DORQJ� WKH� VDPSOH� �Q ���� 7KH� VDPSOH� VKRZQ� LQ� )LJXUH� �%
LOOXVWUDWHV� RXU� FDSDELOLW\� WR� SHUIRUP� GLVVHFWLRQV� DW� VSHFLILF
DUELWUDU\� GHSWKV�� DQG�HYHQ� WR� FKDQJH� LW� GXULQJ� WKH�SURFHGXUH�
1RQ�RYHUODSSLQJ�FXWV�SHUIRUPHG�LQ�WKH�VDPH�FRUQHD�DW�����P�
�����P�������P�DQG������P�IURP�WKH�HQGRWKHOLDO�VXUIDFH�DUH
VKRZQ�

)LJXUH�����3KRWR�GLVUXSWLRQ�GHSWK�DFFXUDF\����$��7KH�SKRWR�
GLVUXSWLRQ�ZDV�VHW� DW� ����P� IURP� WKH�HQGRWKHOLDO� VXUIDFH�DQG
WKH�PHDQ� ��VWDQGDUG� GHYLDWLRQ��PHDVXUHG�GLVWDQFH�ZDV�����
�P� WKURXJKRXW� WKH� �� PP� GLVVHFWLRQ� �%�� 7KLV� PLFURJUDSK
LOOXVWUDWHV� WKH� DELOLW\� WR� YDU\� WKH� SKRWR�GLVUXSWLRQ� GHSWK� DORQJ
WKH� FRUQHD�� )URP� OHIW� WR� ULJKW�� WKH� SKRWR�GLVUXSWLRQ� GHSWK�ZDV
VHW� DW� ��� �P�� ���� �P�� ���� �P�� ���� �P� IURP� WKH� HQGRWKHOLDO
VXUIDFH�
GRL����������MRXUQDO�SRQH���������J���

(QGRWKHOLDO�LQWHJULW\��DVVHVVHG�DV�GHVFULEHG�DERYH��UHYHDOHG
QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ� ODVHU�WUHDWHG�DQG�XQWUHDWHG
UHJLRQV� IRU� D� SKRWR�GLVUXSWLRQ� GHSWK� RI� ��� �P�� )LJXUH� �
LOOXVWUDWHV�WKH�FRPSDULVRQ�EHWZHHQ�WZR�DGMDFHQW�UHJLRQV�ZLWKLQ
HDFK�FRUQHD��RQH�WUHDWHG���î��PP�VWULSV�RI�SKRWR�GLVUXSWLRQ�DW
D� GHSWK� RI� ��� �P�� DQG� WKH� RWKHU� XQWUHDWHG� �Q �� FRUQHDV��
6LPLODU� SHUFHQWDJHV� RI� KHDOWK\� HQGRWKHOLDO� FHOOV� ZHUH
GRFXPHQWHG�LQ�ERWK�UHJLRQV�

)LJXUH� ��� � (QGRWKHOLDO� FHOO� GHDWK� DERYH� SKRWR�GLVUXSWHG
�3'�� DQG� QRQ�SKRWR�GLVUXSWHG� �$�� %ULJKW� ILHOG
VWHUHRPLFURVFRS\�LPDJH�RI�WKH�FRUQHD�FRQWDLQLQJ�ERWK�WKH
SKRWR�GLVUXSWHG� DQG�QRQ�SKRWR�GLVUXSWHG� VHFWLRQV�� � )URP
WKH�LPDJH��SKRWR�GLVUXSWHG�DQG�QRQ�SKRWR�GLVUXSWHG�DUHDV�FDQ
QRW� EH� LGHQWLILHG�� �%��'DUN� ILHOG� LPDJH�RI� WKH� VDPH� VHFWLRQ� RI
WKH�FRUQHD�ZKHUH�IRFXV�ZDV�DGMXVWHG�WR�REVHUYH�WKH�SUHVHQFH
RI�WKH�SKRWR�GLVUXSWHG�DUHD���&��7KH�UDWLR�RI�KHDOWK\�FHOO�DUHDV
WR� WRWDO� DUHD� DQDO\]HG� LV� SORWWHG� LQ� WKH� UHJLRQ� ZKHUH� ZH
SHUIRUPHG� WKH� ODVHU� WUHDWPHQW�DW�����P�GHSWK�DQG�DQ�HTXDOO\
ELJ� UHJLRQ� EHVLGH�� 1R� VLJQLILFDQW� GLIIHUHQFH� ZDV� REVHUYHG
EHWZHHQ�WKH�WZR�UDWLRV��S ������W�WHVW���7KH�GDWD�ZDV�WHVWHG�IRU
QRUPDOLW\� XVLQJ� 6KDSLUR�:LON� WHVW� DQG� ZDV� IRXQG� WR� EH� ZLWK
QRUPDO�GLVWULEXWLRQ�
GRL����������MRXUQDO�SRQH���������J���
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&RUQHDO� JUDIWV� VHSDUDWLRQ� DIWHU� SKRWR�GLVUXSWLRQ� ZDV� HDV\
DQG� LQGXFHG�QR� VLJQLILFDQW� IROGLQJ�RU� UROOLQJ�RI� WKH�JUDIWV� DIWHU
GHWDFKPHQW��0HDVXUHG� HQGRWKHOLDO� FHOO� GHDWK� DIWHU� VHSDUDWLRQ
ZDV�OHVV�WKDQ����
2QH� NH\� SDUDPHWHU� LQYHVWLJDWHG� ZDV� WKH� PLQLPXP� VDIH

SKRWR�GLVUXSWLRQ�GHSWK�� L�H�� WKH�VPDOOHVW�GLVWDQFH�EHWZHHQ� WKH
HQGRWKHOLDO�FHOO� OD\HU�DQG� WKH� ODVHU� IRFDO�YROXPH��VXFK� WKDW�QR
VLJQLILFDQW�HQGRWKHOLDO�FHOO�GHDWK�FRXOG�EH�REVHUYHG��7R�TXDQWLI\
WKLV��ZH�SHUIRUPHG�SODQDU� �IODW��FXWV� IRU�ZKLFK�ZH� LQWHQWLRQDOO\
IRFXVHG�WKH�ODVHU�ZLWKLQ�WKH�HQGRWKHOLDO�FHOO� OD\HU�DW�WKH�FHQWHU
RI� FRUQHD��'XH� WR� WKH� FXUYDWXUH�RI� WKH� FRUQHD�DQG� WKH�SODQDU
QDWXUH�RI� WKH�FXW�SHUIRUPHG�� WKH�GHSWK�RI� WKH�SKRWR�GLVUXSWLRQ
ZDV� PLQLPXP� LQ� WKH� FHQWHU� �ODVHU� IRFXVVHG� LQWR� WKH
HQGRWKHOLXP��DQG�LQFUHDVHG�WRZDUGV�WKH�SHULSKHU\��$IWHU�SKRWR�
GLVUXSWLRQ�� FRUQHDV�ZHUH� VWDLQHG�DQG�TXDQWLILHG� IRU� FHOO� GHDWK
�Q ���DV�GHVFULEHG�DERYH��,Q�WKLV�FDVH��D�UHFWDQJXODU�UHJLRQ�RI
LQWHUHVW� �����î�����P��ZDV�VHOHFWHG��EHJLQQLQJ�DW� WKH�FHQWHU
RI� WKH�FRUQHD�ZKHUH�GDPDJH� WR�HQGRWKHOLDO�FHOOV�ZDV�HYLGHQW�
DQG�GLVSODFHG� LQ�VWHSV�RI�����P�WRZDUGV� WKH�SHULSKHU\��ZKLFK
FRUUHVSRQGHG� WR� LQFUHDVHG� GLVVHFWLRQ� GHSWK�� 7KH� UDWLR� RI
KHDOWK\� WR� WRWDO� DUHD� LV� VKRZQ� LQ� )LJXUH� �� IRU� WKH� LQGLYLGXDO
VDPSOHV�DQG�WKHLU�DYHUDJH��7KH�PHDQ�VXUYLYDO�UDWLR�ZDV�IRXQG
WR� LQFUHDVH� IURP� ��� IRU� LQWUDHQGRWKHOLDO� SKRWR�GLVUXSWLRQ�� WR
����� IRU� D� SKRWR�GLVUXSWLRQ� GHSWK� RI� ��� �P�� DQG� PRUH� WKDQ
����DW�D�GHSWK�RI�����P�IURP�WKH�SRVWHULRU�VXUIDFH�

'LVFXVVLRQ�DQG�&RQFOXVLRQ

)HPWRVHFRQG�ODVHUV�KDYH�EHHQ�ZLGHO\�XVHG�LQ�SUHSDUDWLRQ�RI
FRUQHDO� IODSV� LQ�/$6,.�>��@�ZKHUH�DSSODQDWLRQ�RI� WKH�HSLWKHOLDO
VLGH� RI� FRUQHD� DQG� VKDOORZ� ODVHU� GLVVHFWLRQV� DUH� URXWLQHO\
REWDLQHG�� )XUWKHUPRUH�� WKH\� KDYH� EHHQ� ZLGHO\� XVHG� IRU
SHQHWUDWLQJ�NHUDWRSODVW\�>��@��ERWK�IRU�SDWLHQW�DQG�GRQRU�WLVVXH
>��@�� +RZHYHU�� WKLV� IXQFWLRQDOLW\� FDQQRW� HDVLO\� EH� H[WHQGHG� WR
SUHSDUH� JUDIWV� IRU� (QGRWKHOLDO� .HUDWRSODVW\� �(.�� >��������@�
)LUVWO\�� FRUQHDO� K\GUDWLRQ� DQG� WKH� VXEVHTXHQW� VFDWWHULQJ
UHSUHVHQW� D� PDMRU� REVWDFOH� IRU� GHHS� SHQHWUDWLRQ� RI
IHPWRVHFRQG� SXOVHV�� ZKLFK� FDQ� KDUGO\� EH� IRFXVHG� DV� GHSWK
LQFUHDVHV�� 7KLV� IXQGDPHQWDO� LVVXH� KDV� IRUFHG� WHFKQRORJ\
GHYHORSPHQWV� WR� VZLWFK� WR� PRUH� LQIUDUHG� ZDYHOHQJWKV� IRU
PLQLPL]LQJ� VFDWWHULQJ�� 7KLV� FKDQJH� UHTXLUHV� D� FRPSOHWHO\
GLIIHUHQW� ODVHU� WHFKQRORJ\��ZKLFK� LV�QRW� UHDGLO\�DYDLODEOH� LQ� WKH
PDUNHW�� DQG� GHVSLWH� UHFHQW� LPSUHVVLYH� SURJUHVV� LQ� WKLV� QHZ
ILHOG��LW�LV�VWLOO�D�ODERUDWRU\�PHWKRGRORJ\�>��@��6HFRQGO\��WKH�XVH
RI� DSSODQDWLRQ� FDQ� EH� SUREOHPDWLF�� :KHQ� DSSOLHG� RQ� WKH
HSLWKHOLXP��LW�FUHDWHV�GLVWRUWLRQV�DQG�ULSSOHV�LQ�WKH�LQQHU�OD\HUV
RI� WKH� FRUQHD� >��@� WKDW� ZRXOG� UHQGHU� QRQ�XQLIRUP� JUDIWV� DIWHU
SODQDU� FXWV�� )XUWKHUPRUH�� DSSODQDWLRQ� DQG� FRQWDFW� WR� WKH
FRUQHDO� HQGRWKHOLXP� UHTXLUH� JUHDWHU� FDUH�� RWKHUZLVH� LW� FDQ
SURYRNH� HQGRWKHOLDO� FHOO� GHDWK�� ZKLFK� LV� FULWLFDO� IRU� WKH� SRVW�
RSHUDWLYH�YLVXDO�RXWFRPH�DQG�ORQJ�WHUP�JUDIW�VXUYLYDO�
7KLV� QHZ� GHYLFH� ZH� SURSRVH� LV� EDVHG� RQ� D� QRQ�FRQWDFW

SRVWHULRU� DSSURDFK�� 2&7� LPDJHV� DUH� XWLOL]HG� WR� REWDLQ� D� �'
UHSUHVHQWDWLRQ�RI� WKH� VDPSOH�RQFH�SODFHG�RQ� WKH�KROGHU��7KLV
LQIRUPDWLRQ�DOORZV�D�XQLIRUP�GLVVHFWLRQ�DW�YHU\�VKDOORZ�GHSWKV�
WKXV� DYRLGLQJ� VFDWWHULQJ� HIIHFWV�� )XUWKHUPRUH�� QRQ�DPSOLILHG
IHPWRVHFRQG� ODVHUV� IRFXVHG�ZLWK�KLJK�1$�RSWLFV�KDYH�SURYHQ
WR� \LHOG� VLJQLILFDQWO\� VPDOOHU� FDYLWDWLRQ� EXEEOHV�� ZKLFK� LV

HVVHQWLDO� WR� GLVVHFW� WKH� FRUQHDO� VWURPD� D� IHZ� PLFURQV� DZD\
IURP�WKH�IUDJLOH�HQGRWKHOLDO�FHOOV��0RUHRYHU�ZH�VKRZHG�WKDW�WKH
VDPH� ODVHU� VRXUFH� DOVR� SURYLGHV� HQRXJK� EDQGZLGWK� IRU� ORZ�
FRKHUHQFH� LQWHUIHURPHWU\� LPDJLQJ�� 8VLQJ� WKH� VDPH� ODVHU
VRXUFH�IRU�ERWK�LPDJLQJ�DQG�GLVVHFWLQJ�DOORZV�SHUIHFW�PDWFKLQJ
RI� IRFXVLQJ�� ZKLOH� PLQLPL]LQJ� FDOLEUDWLRQV�� RSWLFDO� GHVLJQ� DQG
FRVW�
7KH� WKLFNQHVV� RI� WKH� JUDIWV� FRXOG� EH� FRQWUROOHG� ZLWK

DSSUR[LPDWHO\� ���P�DFFXUDF\�DORQJ���PP�GLDPHWHU� FXWV�ZLWK
RXU� SURWRW\SH�� DQG� QR� VLJQLILFDQW� GDPDJH� WR� WKH� HQGRWKHOLDO
FHOOV� ZDV� IRXQG� IRU� SKRWR�GLVUXSWLRQ� GHSWKV� EH\RQG� ��� �P�
)XUWKHUPRUH��ZH�KDYH�VKRZQ�WKDW�WKH�GLVVHFWLRQ�GHSWK�FDQ�EH
YDULHG� ZLWKLQ� D� VDPSOH�� ZKLFK� DOORZV� WR� WDLORU� WKH� JUDIWV� DV
GHVLUHG� DQG� VHHN� UHIUDFWLYH� FRPSHQVDWLRQ�� 3UHYLRXV� VWXGLHV
ZKHUH�IHPWRVHFRQG�ODVHUV�ZHUH�XVHG�IRU�SUHSDULQJ�HQGRWKHOLDO
JUDIWV� UHSRUWHG� LQWHUIDFH� KD]H� >��@� DQG� D� ORZHU� YLVXDO� DFXLW\
>��@� WKDQ� WKDW� XVXDOO\� VHHQ� DIWHU� SHQHWUDWLQJ� NHUDWRSODVW\� RU
'6$(.�� 7KLV� FDQ� EH� DWWULEXWHG� WR� WKH� GLVWRUWLRQ� RI� WKH� LQQHU
FRUQHDO� OD\HUV� FDXVHG� E\� WKH� DSSODQDWLRQ� RI� WKH� IURQW� FRUQHDO
VXUIDFH�GXULQJ�WKH�FXWWLQJ�SURFHGXUH�>��@��:RXQG�KHDOLQJ�RI�WKH
SRVWHULRU� VWURPDO� ODPHOODH� DIWHU� IHPWRVHFRQG� ODVHU� GLVVHFWLRQ
PLJKW� DOVR� EH� GLIIHUHQW� IURP� WKDW� RI� WKH� DQWHULRU� OD\HUV�� 7KH

)LJXUH� ��� � (QGRWKHOLDO� FHOO� GHDWK� DV� D� IXQFWLRQ� RI� SKRWR�
GLVUXSWLRQ� GHSWK�� � 3ODQDU� FXWV� LQ� ZKLFK� ZH� LQWHQWLRQDOO\
IRFXVHG�WKH�ODVHU�ZLWKLQ�WKH�HQGRWKHOLDO�FHOO� OD\HU� LQ�WKH�FHQWHU
RI�FRUQHD�ZHUH�SHUIRUPHG��'XH�WR�WKH�FXUYDWXUH�RI� WKH�FRUQHD
DQG�WKH�SODQDU�FXW�SHUIRUPHG��WKH�GHSWK�RI�WKH�SKRWR�GLVUXSWLRQ
ZDV�PLQLPXP�DW�WKH�FHQWHU��ZKHUH�FHOO�GHDWK�LV�REVHUYHG��DQG
LQFUHDVHG� WRZDUGV� WKH� SHULSKHU\� �ZKHUH� QR� FHOO� GHDWK� LV
REVHUYHG��� $IWHU� GLVVHFWLRQ�� FRUQHDV�ZHUH� VWDLQHG�ZLWK� WU\SDQ
EOXH� DQG� DOL]DULQ� UHG� 6� DQG� SKRWRJUDSKHG�� 7KH� UDWLR� RI� WKH
QXPEHU�RI�SL[HOV� LQ�D� UHJLRQ�RI� LQWHUHVW� WKDW�EHORQJ� WR�KHDOWK\
FHOOV� WR� WKH� WRWDO� QXPEHU� RI� SL[HOV� LV� SORWWHG�� 7KH� FRORUHG
V\PEROV� UHSUHVHQW� WKH�GDWD� IRU�VL[�GLIIHUHQW�VDPSOHV�DQG� WKHLU
DYHUDJH� UHSUHVHQWHG� E\� EODFN� VROLG� OLQH�� 7KH� KHDOWK\� UDWLR
LQFUHDVHG�WR�����DW�D�SKRWR�GLVUXSWLRQ�GHSWK�RI�����P�DQG�WR
PRUH�WKDQ�����DW�D�GHSWK�RI�����P�
GRL����������MRXUQDO�SRQH���������J���
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JUDIWV�SUHSDUHG� LQ�RXU�VWXG\�ZHUH�QRW� WUDQVSODQWHG� LQ�SDWLHQWV�
SUHFOXGLQJ�RXU�DELOLW\�WR�DVVHVV�SRVWRSHUDWLYH�YLVXDO�DFXLW\�
2YHUDOO�� RXU� SURRI�RI�FRQFHSW� H[SHULPHQWV� GHPRQVWUDWH� WKDW

WKLV� LQVWUXPHQW�FRXOG�EH�SDUWLFXODUO\�XVHIXO� LQ�H\H�EDQN�VHWXSV
ZKHUH�WKH�DELOLW\�WR�SURGXFH�SUHFXW�WLVVXH�RI�FXVWRPL]HG�VKDSH
FDQ� UHQGHU�D�VLJQLILFDQW� LPSURYHPHQW� LQ�TXDOLW\��+HQFH��JUDIWV
RI� FRQVWDQW� WKLFNQHVV�ZLWKLQ� IHZ�PLFURQV�ZLOO�PLQLPL]H� RSWLFDO
DEHUUDWLRQV��WKXV�RSWLPL]LQJ�YLVXDO�RXWFRPH�

$XWKRU�&RQWULEXWLRQV

&RQFHLYHG� DQG� GHVLJQHG� WKH� H[SHULPHQWV�� 6&� ,%� .6�
3HUIRUPHG�WKH�H[SHULPHQWV��.6�1+��$QDO\]HG�WKH�GDWD��.6�,%
6&�� &RQWULEXWHG� UHDJHQWV�PDWHULDOV�DQDO\VLV� WRROV�� ,%� 6&�
:URWH�WKH�PDQXVFULSW��.6�,%�6&�

5HIHUHQFHV

�� 3ULFH� ):� -U��� 3ULFH�02� ������� 'HVFHPHW
V� VWULSSLQJ� ZLWK� HQGRWKHOLDO
NHUDWRSODVW\�LQ�����H\HV��(DUO\�FKDOOHQJHV�DQG�WHFKQLTXHV�WR�HQKDQFH
GRQRU� DGKHUHQFH�� -� &DWDUDFW� 5HIUDFW� 6XUJ� ���� ��������� GRL���������
M�MFUV��������������3XE0HG�����������

�� 3ULFH�02�� 3ULFH� ):� -U�� ������� 'HVFHPHW
V� VWULSSLQJ� ZLWK� HQGRWKHOLDO
NHUDWRSODVW\��FRPSDUDWLYH�RXWFRPHV�ZLWK�PLFURNHUDWRPH�GLVVHFWHG�DQG
PDQXDOO\�GLVVHFWHG�GRQRU� WLVVXH��2SKWKDOPRORJ\�����������������GRL�
��������M�RSKWKD��������������3XE0HG�����������

�� %DKDU� ,�� .DLVHUPDQ� ,�� 0F$OOXP� 3�� 6ORPRYLF� $�� 5RRWPDQ� '� ������
&RPSDULVRQ�RI�SRVWHULRU�ODPHOODU�NHUDWRSODVW\�WHFKQLTXHV�WR�SHQHWUDWLQJ
NHUDWRSODVW\�� 2SKWKDOPRORJ\� ����� ����������� GRL���������M�RSKWKD�
�������������3XE0HG�����������

�� &RYHUW� '-�� .RHQLJ� 6%� ������� 'HVFHPHW� VWULSSLQJ� DQG� DXWRPDWHG
HQGRWKHOLDO� NHUDWRSODVW\� �'6$(.�� LQ� H\HV� ZLWK� IDLOHG� SHQHWUDWLQJ
NHUDWRSODVW\��&RUQHD��������������GRL���������,&2��E���H�����IF��I�
3XE0HG�����������

�� 'XSSV� :-� -U��� 4LDQ� <�� 0HLVOHU� '0� ������� 0XOWLYDULDWH� PRGHO� RI
UHIUDFWLYH� VKLIW� LQ� 'HVFHPHW�VWULSSLQJ� DXWRPDWHG� HQGRWKHOLDO
NHUDWRSODVW\�� -� &DWDUDFW� 5HIUDFW� 6XUJ� ���� ��������� GRL���������M�MFUV�
�������������3XE0HG�����������

�� +RO]� +$�� 0H\HU� --�� (VSDQGDU� /�� 7DELQ� *&�� 0LIIOLQ� 0'� HW� DO�� ������
&RUQHDO� SURILOH� DQDO\VLV� DIWHU� 'HVFHPHW� VWULSSLQJ� HQGRWKHOLDO
NHUDWRSODVW\� DQG� LWV� UHODWLRQVKLS� WR� SRVWRSHUDWLYH� K\SHURSLF� VKLIW�� -
&DWDUDFW� 5HIUDFW� 6XUJ� ���� ��������� GRL���������M�MFUV�������������
3XE0HG�����������

�� -XQ� %�� .XR� $1�� $IVKDUL� 1$�� &DUOVRQ� $1�� .LP� 7� ������� 5HIUDFWLYH
FKDQJH� DIWHU� GHVFHPHW� VWULSSLQJ� DXWRPDWHG� HQGRWKHOLDO� NHUDWRSODVW\
VXUJHU\� DQG� LWV� FRUUHODWLRQ�ZLWK� JUDIW� WKLFNQHVV� DQG� GLDPHWHU�� &RUQHD
�����������GRL���������,&2��E���H������D�F���3XE0HG�����������

�� .RHQLJ�6%��&RYHUW�'-��'XSSV�:-�-U���0HLVOHU�'0��������9LVXDO�DFXLW\�
UHIUDFWLYH�HUURU��DQG�HQGRWKHOLDO�FHOO�GHQVLW\�VL[�PRQWKV�DIWHU�'HVFHPHW
VWULSSLQJ�DQG�DXWRPDWHG�HQGRWKHOLDO�NHUDWRSODVW\��'6$(.���&RUQHD����
���������GRL���������,&2��E���H������������3XE0HG�����������

�� 3ULFH�02��3ULFH�):�-U���6WRHJHU�&��6RSHU�0��/RFNH�*'�HW�DO�� ������
&HQWUDO� WKLFNQHVV� YDULDWLRQ� LQ� SUHFXW� '6$(.� GRQRU� JUDIWV�� -� &DWDUDFW
5HIUDFW� 6XUJ� ���� ����������� GRL���������M�MFUV�������������� 3XE0HG�
���������

��� 5DR� 6.�� /HXQJ� &.�� &KHXQJ� &<�� /L� (<�� &KHQJ� $&� HW� DO�� ������
'HVFHPHW� VWULSSLQJ� HQGRWKHOLDO� NHUDWRSODVW\�� HIIHFW� RI� WKH� VXUJLFDO
SURFHGXUH� RQ� FRUQHDO� RSWLFV�� $P� -� 2SKWKDOPRO� ����� ��������� GRL�
��������M�DMR��������������3XE0HG�����������

��� 6FRUFLD� 9�� 0DWWHRQL� 6�� 6FRUFLD� *%�� 6FRUFLD� *�� %XVLQ� 0� ������
3HQWDFDP� $VVHVVPHQW� RI� 3RVWHULRU� /DPHOODU� *UDIWV� WR� ([SODLQ
+\SHURSL]DWLRQ� DIWHU� 'HVFHPHW� 6WULSSLQJ� $XWRPDWHG� (QGRWKHOLDO
.HUDWRSODVW\�� 2SKWKDOPRORJ\� ����� ����������� GRL���������M�RSKWKD�
�������������3XE0HG�����������

��� <RR� 6+�� .\PLRQLV�*'�� 'HREKDNWD� $$�� ,GH� 7��0DQQV� )� HW� DO�� ������
2QH�\HDU� UHVXOWV�DQG�DQWHULRU� VHJPHQW�RSWLFDO� FRKHUHQFH� WRPRJUDSK\
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