
*(127<3,&�$1'�3+(127<3,&�&+$5$&7(5,=$7,21�2)�

"MDBMJHFOFT�KBWBFOTJT * ��- � 327(17,$/�$6�$1�())(&7,9(�

%,2'(*5$'(5

67$/,6�1250$�(7+,&$ ��2('-,-212 ��(1'$1*�6(0,$57, ��-$.$�:,'$'$
��� ��� ��� ���

DQG�75,�-2.2�5$+$5-2
�����

�
� � ��,QGRQHVLD)DFXOW\�RI �1XUVLQJ�DQG�+HDOWK�6FLHQFHV��8QLYHUVLWDV�0XKDPPDGL\DK�6HPDUDQJ �6HPDUDQJ �����

�
%LRWHFKQRORJ\�6WXG\�3URJUDP��*UDGXDWH�6FKRRO��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD

�
)DFXOW\�RI �%LRORJ\��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD

�
)DFXOW\�RI �%LRORJ\��8QLYHUVLWDV�-HQGHUDO�6RHGLUPDQ��3XUZRNHUWR��������,QGRQHVLD
�
)DFXOW\�RI �$JULFXOWXUH��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD

�
)DFXOW\�RI �0DWKHPDWLFV�DQG�1DWXUDO�6FLHQFH��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVLD

�
D/337�8QLW�,,,�/DERUDWRU\��8QLYHUVLWDV�*DGMDK�0DGD��<RJ\DNDUWD��������,QGRQHVL

5HFHLYHG����'HFHPEHU������$FFHSWHG����1RYHPEHU�����

$%675$&7

� 8WLOL]DWLRQ�RI �JO\FHURO�E\�OLSDVH�SURGXFLQJ�EDFWHULD�RIIHUV�JUHDW�EHQHILWV�IRU�IDW�DQG�RLO�ZDVWH�GHJUDGDWLRQ�DQG�
ZDWHUZDVWH�WUHDWPHQW��1HYHUWKHOHVV��WKHUH�KDYH�EHHQ�ODFN�RI �UHSRUWV�DERXW�WKH�DYDLODELOLW\�RI �QRQ�SDWKRJHQLF��OLSDVH�
SURGXFLQJ�EDFWHULD��ZKLFK�FRXOG�QDWXUDOO\�GHJUDGH�JO\FHURO�SURGXFHG�IURP�WKH�OLSRO\VLV�SURFHVV�E\�OLSDVH��7KLV�VWXG\�
UHSRUWHG�D�QHZO\�LGHQWLILHG�VSHFLHV�RI �UKL]REDFWHULD��$OFDOLJHQHV�MDYDHQVLV�-*���ZKLFK�LV�QRW�RQO\�DEOH�WR�SURGXFH�KLJK�
OHYHO�RI �OLSDVH��EXW�DOVR�DEOH�WR�GHJUDGH�JO\FHURO�PROHFXOHV��,GHQWLILFDWLRQ�RI �VWUDLQ�-*��ZDV�FDUULHG�RXW�XVLQJ�6(0�
�6FDQQLQJ�(OHFWURQ�0LFURVFRSH���%'�3KRHQL[�����$XWRPDWHG�0LFURELRORJ\�6\VWHP�DQG���6�U51$�JHQH�DQDO\VLV�WR�
GHWHUPLQH�LWV�WD[RQRP\�VWDWXV��7KH�DELOLW\�RI �WKH�VWUDLQ�WR�PHWDEROL]H�JO\FHURO�ZDV�LQYHVWLJDWHG�ERWK�JHQRW\SLFDOO\�DQG�
SKHQRW\SLFDOO\�XVLQJ�GHJHQHUDWH�3&5�DQG�D�JO\FHURO�PLQLPDO�PHGLXP��,GHQWLILFDWLRQ�WHVW�UHVXOWV�VKRZHG�WKDW�VWUDLQ�
-*��EHORQJV�WR�JHQXV�$OFDOLJHQHV��ZLWK�WKH�FORVHVW�UHODWLRQVKLS�ZLWK�$��IDHFDOLV�DQG�$��DTXDWLOLV������QXFOHRWLGH�VLPLODULW\�
PD[LPXP���'HJHQHUDWH�3&5�UHVXOWHG�LQ�D�����ES�VHTXHQFH�VKRZLQJ�����VLPLODULW\�ZLWK�JOS.�RI �&DQGLGDWXV�6RGDOLV�
SLHUDQWRQLXV�623(��D�NH\�JHQH�LQYROYHG�LQ�JO\FHURO�PHWDEROLVP��,Q�YLWUR�JO\FHURO�XWLOL]DWLRQ�WHVW�UHVXOW�VKRZHG�WKDW�
$OFDOLJHQHV�VS��-*��ZDV�DEOH�WR�JURZ�RQ�JO\FHURO�DHURELFDOO\��EXW�QRW�DQDHURELFDOO\��,W�LV�FRQFOXGHG�WKDW�$OFDOLJHQHV�VS��-*��
SRVVHVVHV�JHQHV�FRGLQJ�IRU�JO\FHURO�PHWDEROLVP�DQG�WKLV�WUDLW�LV�SKHQRW\SLFDOO\�H[SUHVVHG��WKXV�PDNLQJ�WKH�VWUDLQ�
SRWHQWLDO�WR�EH�XVHG�DV�DQ�HIIHFWLYH�IDW�DQG�RLO�ELRGHJUDGHU��

� .H\ZRUGV��$OFDOLJHQHV��ELRGHJUDGDWLRQ��GHJHQHUDWH�3&5��JOS.��JO\FHURO�PHWDEROLVP
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6WUDLQ�-*��LV�D�VRLO�UKL]REDFWHULXP�RULJLQDWHG�
IURP�URRW�RI �=HD�PD\V�FXOWLYDWHG�LQ�DQ�DJULFXOWXUDO�
ODQG� LQ� 3XUZRNHUWR�� &HQWUDO� -DYD� 3URYLQFH��
,QGRQHVLD�� 3UHYLRXVO\� UHJDUGHG� DV� $]RVSLULOOXP�
VSHFLHV��WKH�VWUDLQ�FRXOG�JURZ�LQ�D�PL[WXUH�RI �EUDQ�
DQG�FDVVDYD�PHGLXP�FRQWDLQLQJ�IDWV�IRU���ZHHNV�
�2HGMLMRQR� �������(WKLFD�HW�DO������D������E��HW�DO� �
6WUDLQ�-*��LV�DQ�DWWUDFWLYH�UHVHDUFK�REMHFW�EHFDXVH�
VWUDLQ�-*��LV�FDSDEOH�RI �SURGXFLQJ�TXLWH�KLJK�OHYHO�
RI � OLSDVH� �/HVWDUL� HW� DO�� ������ ������� (Q]\PH�

DFWLYLW\�RI �FUXGH�OLSDVH�H[WUDFW�SURGXFHG�E\�VWUDLQ�
-*��ZDV����8�P/��ZKLFK�ZDV�FRQVLGHUHG�KLJKHU�
WKDQ� WKRVH� SUHYLRXVO\� UHSRUWHG� DERXW� %DFLOOXV�
VXEWLOLV�����%&/���������8�P/��DQG�RWKHU�ZLOG�
W\SH�UKL]REDFWHULDO�VWUDLQV�LVRODWHG�IURP�VRLO��VXFK�
DV�3VHXGRPRQDV�VSS���%DFLOOXV�VS���6WDSK\ORFRFFXV�DXUHXV�
DQG�0LFURFRFFXV�OXWHQV�����WR����8�P/���/HVWDUL�HW�DO��
������/HVXLVVH�HW�DO��������&KDUXODWKD�HW�DO���������
1HYHUWKHOHVV��WKH�WD[RQRP\�VWDWXV�RI �VWUDLQ�-*��LV�
XQFOHDU�EHFDXVH�D�SRO\SKDVLF�VWXG\�KDV�QRW�EHHQ�
FRQGXFWHG�
%LRORJLFDO� XWLOL]DWLRQ� RI � JO\FHURO� KDV� EHHQ�

REVHUYHG� LQ� OLSDVH� SURGXFLQJ� EDFWHULD�� VXFK� DV�
$QDHURYLEULR�JO\FHULQL�VS��QRY���6HUUDWLD�PDUFHVFHQV�DQG��&RUUHVSRQGLQJ�DXWKRU��QRUPD#XQLPXV�DF�LG
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3VHXGRPRQDV�DHUXJLQRVD� �6FKDXGHU�	�6FKLQN�������
3UDVDG� 	� 0DQMXQDWK� ������� +RZHYHU�� QRW� DOO�
OLSDVH� SURGXFLQJ� EDFWHULD� FDQ� XWLOL]H� JO\FHURO�
UHOHDVHG� IURP� WKH� OLSRO\VLV� SURFHVV� DOORZLQJ�
HIIHFWLYH� GHJUDGDWLRQ� RI � IDW� DQG� RLO� ZDVWH�� )RU�
H[DPSOH�� EDFWHULDO� VWUDLQ� %XUNKROGHULD� DUERULV�
6/�%���ZKLFK�VHFUHWHV�OLSDVH�DQG�DVVLPLODWHV�IDWW\�
DFLGV� FDQQRW� XWLOL]H� JO\FHURO� DV� D� FDUERQ� VRXUFH�
�0DWVXRND� HW� DO�� ������� 2Q� WKH� RWKHU� KDQG��
DSSOLFDWLRQV� LQYROYLQJ�JO\FHURO�PHWDEROLVP�KDYH�
EHHQ� UHSRUWHG� � VSHFLHV�RI �JHQHUD� ��IURP .OHEVLHOOD
&LWUREDFWHU (QWHUREDFWHU &ORVWULGLXP /DFWREDFLOOXV�� �� �� ��
%DFLOOXV 3URSLRQLEDFWHULXP $QDHURELRVSLULOOXP��� � DQG�
�<D]GDQL�	�*RQ]DOHV� ������� �� WKH�8QIRUWXQDWHO\
SRWHQWLDO�XVHV�RI �WKHVH�RUJDQLVPV� �OLPLWHG�GXH�DUH
WR� LVVXHV� LQFOXGLQJ�SDWKRJHQLFLW\� �0XUDUND� HW� DO��
������
.H\� HQ]\PHV� LQ� JO\FHURO� PHWDEROLVP� RI �

EDFWHULD� DUH� *�3'+� �JO\FHURO���SKRVSKDWH�
GHK\GURJHQDVH��DQG�*.��JO\FHURO�NLQDVH��FRGHG�
E\�VWUXFWXUDO�JOS'�DQG�JOS.�JHQHV��3HWWLJUHZ�HW�DO��
������+ROPEHUJ�HW�DO���������([SUHVVLRQ�RI �WZR�
JHQHV � HQFRG LQJ � J O \FH UR O �� �SKRVSKD WH �
GHK\GURJHQDVH�DQG�JO\FHURO�NLQDVH��WKH�JOS'�DQG�
JOS.�� ZDV� QHFHVVDU\� DQG� VXIILFLHQW� WR� HQDEOH�
JURZWK�RI �&RU\QHEDFWHULXP�JOXWDPLFXP�RQ�JO\FHURO�DV�
WKH�VROH�FDUERQ�DQG�HQHUJ\�VRXUFH��/LWVDQRY�HW�DO��
������
:LOOLDPV� �� ������� UHSRUWHG� WKDW� D�*UDP�HW� DO

QHJDWLYH�VWUDLQ�� 10����KDV�3VHXGRPRQDV�DHUXJLQRVD�
DELOLW\� WR� K\GURO\VH� GLDF\OJO\FHURO� XVLQJ� LWV�
H[WUDFHOOXODU� OLSDVHV� WR� IRUP� JO\FHURO� DQG� IDWW\�
DFLGV� DQG� DOVR� KDV� DELOLW\� WR� SHUIRUP� JO\FHURO�
XSWDNH�� 5HVXOWV� RI � WKH� VWXG\� E\� :LOOLDPV� ��HW� DO
�������GHPRQVWUDWHG�WKDW�ZDVKHG�FHOOV�RI �VWUDLQ�
3�� DHUDJLQRVD�10��� SUHSDUHG� IURP� FHOOV� JURZQ�
RQ�EDWFK�FXOWXUH�ZLWK�JO\FHURO�DV�FDUERQ�VRXUFH�
H[KLELWHG� KLJK� JO\FHURO� XSWDNH�� JO\FHURO� NLQDVH�
DQG� JO\FHURO���SKRVSKDWH� GHK\GURJHQDVH�
DFWLYLWLHV�
7 RI � VWUDLQ� -*��KH� DELOLW\� WR� SURGXFH� OLSDVH�

HQ]\PH � WKH� VWUDLQ�� LV� DQ� LQGLFDWLRQ� WKDW FRXOG�
SRWHQWLDOO\� EH� PLFURELDO� GHJUDGDWLRQ�RI �XVHG� LQ�
IDWV�DQG�RLOV��ZKLFK�LV�LPSRUWDQW�IRU�WKH�WUHDWPHQW�
RI � ZDVWHZDWHU� IURP� UHVWDXUDQWV� DQG� IRRG�
LQGXVWULHV� �0DWVXRND� � ������� $OVR��HW� DO�
LQYHVWLJDWLRQ� RI � QHZ� VWUDLQ� ZKLFK� LV� QRQ�
SDWKRJHQLF�� IDFXOWDWLYH� DQDHURELF� DQG� HDV\�WR�
JURZ�ZLWK�DGHTXDWH�JHQHWLF�LQIRUPDWLRQ�HQDEOLQJ�
JHQHWLF�PDQLSXODWLRQ�LV�LPSRUWDQW�WR�OHDG�WRZDUG�
HIIHFWLYH� PLFURELDO� GHJUDGDWLRQ�� 7KHUHIRUH�� WKLV�
VWXG\�ZDV�DLPHG� LGHQWLI\ NH\�JHQHV�LQYROYHG�LQ�WR� �

JO\FHURO�PHWDEROLVP�DQG�WR�LQYHVWLJDWH�WKH�DELOLW\�
RI �VWUDLQ�-*��LQ�SHUIRUPLQJ�JO\FHURO�PHWDEROLVP�
DV�DQ�HIIHFWLYH�ELRGHJUDGHU�

0$7(5,$/6�$1'�0(7+2'6

%DFWHULDO�6WUDLQ

� 5KL]REDFWHULDO� VWUDLQ� -*�� XVHG� LQ� WKLV� VWXG\�
ZDV� NLQGO\� SURYLGHG� E\� 0U� 2HGMLMRQR� �DV�
JHQHURXV� JLIW�� IURP� 0LFURELRORJ\� /DERUDWRU\��
)DFXOW\� RI � %LRORJ\�� 8QLYHUVLWDV� -HQGHUDO�
6RHGLUPDQ��,QGRQHVLD�

6XEFXOWXUH� DQG� &XOWLYDWLRQ� RI � *O\FHURO�
'HJUDGLQJ�%DFWHULDO�6WUDLQ

� 6WUDLQ� -*��SUHYLRXVO\� UHFHLYHG�DV� FXOWXUH�RQ�
QXWULHQW�DJDU�PHGLXP�ZDV�LPPHGLDWHO\�VWRUHG�DW�
����&��6HYHUDO�SODWHV�DQG�WXEHV�FRQWDLQLQJ�LQVWDQW�
���J�/�1$��1XWULHQW�$JDU������J�/�76$��7U\SWLF�
6R\� $JDU�� ZLWK� ��� VKHHS� EORRG�� ��� J�/�
0DF&RQNH\�DQG���J�/�1%��1XWULHQW�%URWK���ZHUH�
SUHSDUHG�� 6WUDLQ� -*�� ZDV� WKHQ� SXULILHG� XVLQJ�
VLQJOH�FHOO� FRORQ\� WHFKQLTXH�� &RORQLHV� KDYLQJ�
FLUFXODU�� UHJXODU� DQG� IODW� VKDSHV� ZLWK� ZKLWH�
\HOORZLVK�FRORU�ZHUH�VHOHFWHG�DQG�JURZQ�RQ�ERWK�
1$�DQG�1%�PHGLD�DW�����&�IRU����KRXUV��6LQJOH�
FRORQLHV� IURP� WKH� SXUH� FXOWXUH� ZHUH� DOVR�
LQRFXODWHG�RQ�76$�KDYLQJ����VKHHS�EORRG�DQG�
0DF&RQNH\� SODWHV� DW� VLPLODU� WHPSHUDWXUH�
FRQGLWLRQ�WR�LGHQWLI\�WKH�SRVVLELOLW\�RI �VWUDLQ�-*��
LQ� H[KLELWLQJ� SDWKRJHQLF� FKDUDFWHULVWLFV�� RQH� RI �
ZKLFK�LV�FDXVLQJ�EORRG�KDHPRO\VLV��3XUH�FXOWXUHV�
RQ�1$�ZHUH�XVHG� IRU�GLUHFW�FRORQ\�3&5��3&5�
XVLQJ� EDFWHULDO� FHOOV� DV� WHPSODWH� ZLWKRXW� SULRU�
'1$�H[WUDFWLRQ��

3K\ORJHQHWLF�$QDO\VLV

� $�FODGRJUDP�ZDV�FUHDWHG�XVLQJ�QHLJKERU�MRLQLQJ�
DOJRULWKP� GHYHORSHG� E\� 6DLWRX� DQG�1HL� �������
EDVHG�RQ� WKH� REWDLQHG� VHTXHQFH�RI � ��6� U51$�
JHQH� RI � EDFWHULXP� -J��� ,WV� KRPRORJV� LQ� RWKHU�
UKL]REDFWHULD� UHWULHYHG� IURP�*HQ%DQN�GDWDEDVH�
ZHUH� FUHDWHG� XVLQJ� 0(*$� ���� VRIWZDUH�� 7KH�
HVWLPDWHV�FDOFXODWLRQV�RQ�HYROXWLRQDU\�GLYHUJHQFH�
DPRQJ� VHTXHQFHV� ZHUH� GHWHUPLQHG� XVLQJ�
PD[LPXP�FRPSRVLWH�OLNHOLKRRG�PRGHO��7DPXUD�HW�
DO�� ������ ������� $OO� UHTXLUHG� DOLJQPHQWV� ZHUH�
FDUULHG� RXW� XVLQJ� &OXVWDO:� �7KRPSVRQ� HW� DO��
������

�
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0Q&O ��+ 2�� ����� J�/�&D&O ��+ 2�� ������ J�/�� � � �

)H62 ��+ 2�DQG���J�/�\HDVW�H[WUDFW��,QWR�����P/�� �

RI � WKH� PLQLPXP� PHGLXP�� �� /� VWDUWHU� ZDV�¬

LQWURGXFHG� LQ� WZR� ODUJHU� WXEHV� XQGHU� DVHSWLF�
FRQGLWLRQ�� �LQFXEDWHG�DW�����&�IRU����KRXUV��2QH�
WXEH� ZDV� SXW� LQ� DQ� DQDHURELF� MDU� �$QDHURFXOW��
0HUFN��ZKLFK�FDS�ZDV�ORRVHO\�SODFHG�RQ�WKH�WXEH�
WR�DOORZ�JDV�H[FKDQJH��EXW�DYRLGLQJ�HYDSRUDWLRQ��
WKH�MDU�ZDV�SODFHG�RQ�D�VKDNHU��7KH�RWKHU�WXEH�ZDV�
DOVR�SXW�RQ�D�VKDNHU�ZLWK�WLJKWO\�SODFHG�FDS��7KLV�
H[SHULPHQW� ZDV� FDUULHG� RXW� LQ� WULSOLFDWHV�� 7KH�
IHUPHQWDWLRQ�ZDV� QRQ�S+� FRQWUROOHG� DQG� QRQ�
VWLUUHG��GXH�WR�WKH�ORZ�UHDFWLRQ�YROXPH��$IWHU����
KRXUV�RI �IHUPHQWDWLRQ��WKH����P/�IHUPHQWDWLRQ�
VDPSOH� ZDV� DFLGLILHG� WR� S+�  � ���� ZLWK� ����
+ 32 ��7KH�S+�ZDV�FKHFNHG�XVLQJ�S+�LQGLFDWRU�� �

VWULSV� �S+� ���� WR� ����� 0HUFN��� � 7KH� DFLGLILHG�
IHUPHQWDWLRQ� VDPSOH� ZDV� FHQWULIXJHG� DW� ������
USP� ������� [� J�� IRU� ���PLQXWHV� LQ� D� %HFNPDQ�
$YDQWL� -����� FHQWULIXJH� DW� URRP� WHPSHUDWXUH��
$IWHU�FHQWULIXJDWLRQ��VXSHUQDWDQWV�ZHUH�FROOHFWHG�
DQG� ILOWHUHG� WKURXJK� D� �����P�SRUH�VL]H� ILOWHU�
�0LOLSRUH�� 'HQPDUN��� $V� PXFK� DV� �� P/�
VXSHUQDWDQW� RI � IHUPHQWDWLRQ� VDPSOH� ZDV�
VXEMHFWHG� WR� JDV� FKURPDWRJUDSK\� ²� PDVV�
VSHFWURVFRS\��*&�06��DVVD\�

*&�06�$VVD\�RI �*O\FHURO�8WLOL]DWLRQ

� *DV� FKURPDWRJUDSK\�PDVV� VSHFWURVFRS\�
�*&�06�� DVVD\V� ZHUH� SHUIRUPHG� WR� GHWHFW�
SRVVLEOH�JURZWK� VWUDLQ�-*��LQ�PLQLPDO�JO\FHURO�RI �
EURWK� XQGHU� DHURELF� FRQGLWLRQ� DQG� WR� LGHQWLI\�
JO\FHURO� IHUPHQWDWLRQ�SURGXFWV�ZKLFK�PLJKW�EH�
H[SUHVVHG� E\ LWV� JO\FHURO�� JHQHV� LQYROYHG� LQ�
PHWDEROLVP &RPSRVLWLRQ RI � WZR� VDPSOHV��� �
�DHURELF� DQG� DQDHURELF� LVRODWHV�� ZDV� DQDO\]HG�
XVLQJ� *&� VSHFWURSKRWRPHWHU� *'� �����
6+,0$'=8� HTXLSSHG� ZLWK� 06� GHWHFWRU�� D�
5DVWHN�5;L��06� �FROXPQ��DQG�+H�SRO\VLOR[LODQH
�KHOLXP��DV�WKH�FDUULHU�JDV�IRU�WKH�SUHVHQFH�RI �DQ\�
SRVVLEOH�IHUPHQWDWLRQ�SURGXFWV��(DFK�VDPSOH�ZDV�
SUHSDUHG�E\�DGGLQJ���� /�RI ��1�+&O�WR�D����� /�¬ ¬

RI �FHOO�IUHH�VDPSOH��.LP��������+HOLXP�JDV�DV�WKH�
FDUULHU�JDV�ZDV�XVHG�� FROXPQ�7KH�WHPSHUDWXUHV�RI �
RYHQ�� ���� � �LQMHFWRU�DQG�GHWHFWRU�ZHUH �& ���� �&�
DQG� ��� �&�� UHVSHFWLYHO\�� 7KH� WHPSHUDWXUH��
JUDGLHQW� ZDV� DV� IROORZV�� �� �&� IRU� �� PLQXWHV���
UDPSHG�DW�����&�WR���� �&� �SHU�PLQXWH��ZLWK����
PLQXWHV�KROG�WLPH PRGH�ZDV�VSOLW��7KH�LQMHFWLRQ� ��
FROXPQ�IORZ�ZDV������P/�PLQXWH� WRWDODQG�WKH� �
IORZ�ZDV����P/�PLQXWH�

'HJHQHUDWH�3ULPHU'� HVLJQ

� 6HTXHQFHV� RI � JOS.V� UHTXLUHG� WR� GHVLJQ�
GHJHQHUDWH� SULPHUV� ZHUH� REWDLQHG� IURP�
*HQ%DQN�� *OREDO� DOLJQPHQWV� ZHUH� SHUIRUPHG�
XVLQJ�&OXVWDO:��7KRPSVRQ�HW�DO��������DQG�ZHUH�
XVHG� DV� LQSXW� IRU� 3ULPDFODGH� �*DGEHUU\� HW� DO��
������� $� SDLU� RI � SULPHUV� KDYLQJ� WKH� OHDVW�
SRVVLELOLW\� RI � KDLUSLQ� IRUPDWLRQ�� VHOI�
FRPSOHPHQWDULW\�DQG�GLPHUL]DWLRQ�ZDV�VHOHFWHG�

*HQH�,VRODWLRQ

� $PSOLILFDWLRQ� E\� FRORQ\� 3&5� XVLQJ� WKH�
GHVLJQHG� SULPHUV� DLPLQJ� WR� DPSOLI\� WKH� � JOS.� �
SDUWLDO�UHJLRQ��*.)�DQG�*.5��ZDV�SHUIRUPHG�LQ�
D����¬/�UHDFWLRQ�YROXPH�DW�DQQHDOLQJ�WHPSHUDWXUH�
RI� ��� �&� ZLWK� RWKHU� 3&5� SDUDPHWHUV� VHW� DV�
SUHYLRXVO\�GHVFULEHG��(WKLFD� HW�DO������E���������
7KH�LVRODWHG�'1$�IURP�WKLV�SURFHVV�ZDV�SXULILHG��
IROORZHG� E\� VHTXHQFLQJ�� 7KH� VHTXHQFLQJ� RI � DOO�
3&5� SURGXFWV� ZDV� FRQGXFWHG� XVLQJ� %LJ'\H��
7HUPLQDWRU� Y���� VHTXHQFHU� V\VWHP� �$SSOLHG�
%LRV\VWHP��86$���7KH�REWDLQHG�VHTXHQFHV�ZHUH�
UHDG\�IRU�DQDO\VLV�

%/$67�DQG�6HTXHQFH�$QDO\VLV

� 7KH� VHTXHQFH� RI � SDUWLDO� JOS.� DQG� ��� U51$�
JHQHV� ZHUH� GHSRVLWHG� LQ� *HQ%DQN� WR� REWDLQ�
DFFHVVLRQ� QXPEHU�� +RPRORJ\� DQDO\VHV� ZHUH�
SHUIRUPHG�XVLQJ�%/$67Q�DQG�%/$67[��$OWVFKXO�
HW� DO�� ������� 7KH� DOLJQPHQWV� EDVHG� RQ� GHGXFHG�
DPLQR� DFLGV� ZHUH� FRQGXFWHG� XVLQJ� &OXVWDO:�
�7KRPSVRQ� HW� DO�� ������� 7KH� SK\ORJHQHWLF�
UHODWLRQVKLS�RI �WKH�REWDLQHG�VHTXHQFH�ZLWK�RWKHU�
VHTXHQFHV� UHIHUUHG� E\� %/$67� IURP� RWKHU�
RUJDQLVPV� DOUHDG\� GHSRVLWHG� LQ� *HQ%DQN� ZDV�
GHWHUPLQHG�XVLQJ�0(*$������7DPXUD�HW�DO��������
������

*O�WJUSP�*O\FHURO�8WLOL]DWLRQ�7HVW

� LQ�YLWUR�$�VPDOO�VFDOH� JO\FHURO�XWLOL]DWLRQ�WHVW�ZDV�
SHUIRUPHG�WR�LGHQWLI\�WKH�DELOLW\�RI �-*��LVRODWH�LQ�
XWLOL]LQJ� JO\FHURO� ERWK� LQ� DHURELF� DQG� DQDHURELF�
FRQGLWLRQV��)RU�VWDUWHU��FXOWXUHG�EDFWHULDO�FHOOV����
¬/����KRXUV��IURP�1%�PHGLXP�ZDV�DGGHG�LQWR�D�
UHDFWLRQ� WXEHV� FRQWDLQLQJ��� P/� RI � DXWRFODYHG�
PLQLPDO� PHGLXP� ORDGHG� ZLWK� ��� J�/� JO\FHURO��
�����J�/�0J&O �������J�/�1D0R2 ��+ 2�������� � �

J�/� .+ 32 �� ����� J�/� . +32 �� ����� J�/�� � � �

�1+ � 62 �� ����� J�/� 1+ &O�� ������ J�/�� � � �
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3KHQRW\SLF�&KDUDFWHUL]DWLRQ

� 3KHQRW\SLF� FKDUDFWHUL]DWLRQ� ZDV� FRQGXFWHG�
EDVHG� RQ� DQDO\VLV� RI � EDFWHULDO� FHOO�PRUSKRORJ\��
ELRFKHPLFDO�WHVWV��WHVWV�RI �WKH�DELOLW\�RI �WKH�VWUDLQ�
WR�GHJUDGH�JO\FHURO�VXEVWUDWH��0RUSKRORJLFDO�WHVWV�
ZHUH� FRQGXFWHG� WR� H[DPLQH� WKH� FRORQ\�
PRUSKRORJ\� RI � VWUDLQ� -*�� RQ� QXWULHQW��
0DF&RQNH\� DQG� 76$� DJDU�PHGLD� LQFOXGLQJ� WKH�
VKDSH��FRORU��HQG��HOHYDWLRQ�DQG�VWUXFWXUH�RI �WKH�
FRORQLHV��2EVHUYDWLRQ�RQ�VWUDLQ
V�FHOO�PRUSKRORJ\�
ZDV� FRQGXFWHG� XVLQJ� 6FDQQLQJ� (OHFWURQ�
0LFURVFRSH� �6(0�� ZLWK� �����[� PDJQLILFDWLRQ��
)RU�6(0�REVHUYDWLRQ�� IUHVK�EDFWHULDO� FHOOV�ZHUH�
VXVSHQGHG�LQ�D�SKRVSKDWH�EXIIHUHG�VDOW�VROXWLRQ��
7KH� FHOOV� ZHUH� WKHQ� IL[HG� ZLWK� �����
JOXWDUDOGHK\GH�� ZDVKHG� VHYHUDO� WLPHV� DQG�
GHK\GUDWHG�LQ�D�VHULHV�RI �HWKDQRO�FRQFHQWUDWLRQV��
$IWHU� WKH� FHOOV� ZHUH� VSXWWHU� FRDWHG� ZLWK� JROG�
SDOODGLXP�� WKH\� ZHUH� REVHUYHG� ZLWK� DQ� 6(0�
�PRGHO�-60������)��-(2/��-DSDQ��DW���N9�
� *UDP VWDLQLQJ� ZDV� SHUIRUPHG�� EDVHG� RQ�
SUHYLRXVO\�UHSRUWHG�PHWKRG��+XFNHU��������)RU�
ELRFKHPLFDO� WHVW DXWRPDWHG� V\VWHP� %'��� DQ�
3KRHQL[���� ZLWK�SURWRFROV�VXJJHVWHG��ZDV�XWLOL]HG�
E\� WKH�PDQXDO�RI � WKH� LQVWUXPHQW��&XOWXUH� IURP�
VROLG�PHGLXP�ZDV�ILUVW�VXVSHQGHG�LQ�3KRHQL[ �,'�

70

EURWK�WR�DGMXVW� LQ�����²�����0F)DUODQG�WXUELGLW\�
XVLQJ� D� &U\VWDO� 6SHF� QHSKHORPHWHU�� $� GURS� RI �
3KRHQL[�$67�LQGLFDWRU�VROXWLRQ�ZDV�DGGHG�WR�HDFK�
3KRHQL[ �$67�EURWK� WXEH� SULRU� WR� LQRFXODWLRQ�

70

ZLWK� ��� �/� RI � WKH� VXVSHQVLRQ� LQ� D� ILQDO�
FRQFHQWUDWLRQ�RI ���[�����&)8�P/���10,&�,'���
3KRHQL[ � SDQHOV� ZHUH� LQRFXODWHG� ZLWKLQ� ���

70

PLQXWHV� RI � LQLWLDO� SUHSDUDWLRQ�� 3DQHOV� ZHUH�
VFDQQHG�DQG�SODFHG�LQWR�WKH�3KRHQL[ �LQVWUXPHQW�

70

IRU�LQFXEDWLRQ�DW�����&���IROORZHG�E\�UHDGLQJ��

3K\ORJHQHWLF� &KDUDFWHUL]DWLRQ� RI � *O\FHURO�
'HJUDGLQJ�%DFWHULDO�6WUDLQV

� * H Q RP L F � '1$ � I R U � S K\ O R J H Q H W L F �
FKDUDFWHUL]DWLRQ�ZDV�H[WUDFWHG�DQG�SXULILHG�XVLQJ�
3XUH/LQN��4XLFN�*HO�([WUDFWLRQ�.LW� IROORZLQJ�
LQVWUXFWLRQV�RI �LWV�PDQXIDFWXUHU��3URPHJD��������
7KH���6�U51$�JHQHV�ZHUH�DPSOLILHG�XVLQJ�3&5�
Z L W K � S U L P H U V � R I � � � I � � � 
 �
$*$*777*$7&&7**&&7&$*��
�� DQG�
����U� ��
�**77$&&77*77$&*$&77��
���
7KH���6�U51$�JHQH�DPSOLILFDWLRQ�ZDV�FDUULHG�RXW�
XVLQJ� JHQRPLF� '1$� RI � WKH� VWUDLQ� DV� WHPSODWH�
�7XUQHU� ��������3&5��7KHUPDO�&\FOHU�$SSOLHG�HW�DO�
%LRV\VWHP�� ZDV� SHUIRUPHG� WR� DPSOLI\� WKH� ��6�

U51$�JHQHV�LQ�D�ILQDO�YROXPH�RI ���� /��ZKLFK�¬

FRQVLVWHG�RI �JHQRPLF�'1$�����QJ�� /������ /��¬ ¬

�I�� ����U� SULPHUV� ���� 0�� �� /� HDFK�� �����¬ ¬

SRO\PHUDVH�NLW� DQG���� /�G+ 2��$PSOLILFDWLRQ�¬ �

ZDV�FDUULHG�RXW�DW�����&�IRU���PLQXWHV�����F\FOHV�DW�
����&�IRU����VHFRQGV�����F\FOHV�DW�����&�IRU����
VHFRQGV�����F\FOHV�DW�����&�IRU���PLQXWHV�DQG�WKH�
ILQDO�H[WHQVLRQ�DW�����&�IRU���PLQXWHV�
� 7KH�VHTXHQFHV�RI �WKH���6�U51$�JHQHV�IURP�
HDFK�LVRODWH�ZHUH�XVHG�DV�TXHU\�WR�GHWHUPLQH�WKH�
JHQHV� DQG� VSHFLHV�RI � LWV� FORVHVW�SURWHREDFWHULDO�
UHODWLYH� XVLQJ� %/$671� �$OWVFKXO� � �������HW� DO�
6XEVHTXHQWO\�� VHTXHQFHV� ZHUH� DOLJQHG� XVLQJ�
&/867$/�;�SURJUDP�GHYHORSHG�E\�7KRPSVRQ�
HW�DO����������3K\ORJHQHWLF�WUHHV�ZHUH�LQIHUUHG�E\�
WKH� QHLJKERU�MRLQLQJ� PHWKRG� �6DLWRX� 	� 1HL��
������ ZLWK� WKH� SK\ORJHQHWLF� DQDO\VLV� SDFNDJH�
0(*$������ZKLFK�LQFOXGHG�WKH�XVH�RI �WRROV�WR�
SORW� WKH� WUHH� WRSRORJLHV��7R�SURYLGH�FRQILGHQFH�
HVWLPDWHV�IRU�EUDQFK�VXSSRUW��D�ERRWVWUDS�DQDO\VLV�
ZDV�SHUIRUPHG�LQ�������UHSOLFDWLRQV��)HOVHQVWHLQ�
�������5HIHUHQFH�VHTXHQFHV�RI ���6�U51$�JHQHV�
ZHUH� REWDLQHG� IURP� *HQEDQN�� ZKLFK� ZHUH�
LQFOXGHG�LQ�WKH�SK\ORJHQHWLF�DQDO\VLV��&KDHUXQ�HW�
DO HW�DO��������6\D
GL� ��������

5(68/76�$1'�',6&866,21

7D[RQRP\�6WDWXV�RI �6WUDLQ�-J�

� 7D[RQRP\� VWDWXV� RI � VWUDLQ� -*�� ZDV�
GHWHUPLQHG�XVLQJ�SRO\SKDVLF�DSSURDFK�LQYROYLQJ�
PRUSKRORJLFDO�� ELRFKHPLFDO� DQG� PROHFXODU�
LGHQWLILFDWLRQV�� *URZWK� RI � VLQJOH� FRORQLHV� RI �
VWUDLQ� -*�� ZDV� ILUVW� REWDLQHG� IURP� FRORQ\�
SXULILFDWLRQ�XVLQJ�1$�PHGLXP�VKRZLQJ�GLIIHUHQW�
UHVXOWV�RQ�WKUHH�SODWHV�FRQWDLQLQJ�1$��76$�ZLWK�
��� VKHHS� EORRG� DQG� 0DF&RQNH\� DJDU��
0RUSKRORJ\� RI � FRORQLHV� JURZQ� RQ� WKH� WKUHH�
PHGLD�LV�GLVSOD\HG�LQ�)LJXUH���
� 6WUDLQ� -*�� FRXOG� JURZ� RQ� 1$�� D� FRPPRQ�
PHGLXP�IRU�D�ZLGH�YDULHW\�RI �EDFWHULD��GLVSOD\LQJ�
URXQG�� LUUHJXODU�� VPRRWK�� IODW� VKDSHV� ZLWK�
\HOORZLVK� FRORU� �)LJ�� ���� � 6WUDLQ� -*��FRXOG� DOVR�
JURZ� RQ�76$�PHGLD� FRQWDLQLQJ� EORRG�ZLWKRXW�
FDXVLQJ� KDHPRO\VLV� W\SLFDOO\� H[SRVHG� E\�
SDWKRJHQLF� EDFWHULD� DWWDFNLQJ� EORRG�� 2Q� 76$�
PHGLXP�� VWUDLQ� -*�� VKRZHG� SXQFWLIRUP�� GU\��
LUUHJXODU� VKDSHV� ZLWK� JUH\LVK� FRORU�� $IWHU� WKH�
*UDP�VWDLQLQJ� SURFHVV�� VWUDLQ� -*�� VKRZHG�
FKDUDFWHULVWLFV�DV�D�*UDP�QHJDWLYH�EDFWHULXP��7KH�

�
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DELOLW\� RI � VWUDLQ� -*�� WR� JURZ�RQ� YDULRXV�PHGLD�
ZLWKRXW�WKH�QHHG�RI �VWULFW�WHPSHUDWXUH�FRQGLWLRQ�
RU� VSHFLILF� WUHDWPHQW� VKRZHG� WKDW� WKH�
UKL]REDFWHULXP�ZDV�HDV\�WR�JURZ��+RZHYHU��LW�GLG�
QRW�VKRZ�JURZWK�RQ�0DF&RQNH\�DJDU�SODWH ��
� 0DF&RQNH\� PHGLXP� LV� FRPPRQO\� XVHG� WR�
FXOWLYDWH� *UDP�QHJDWLYH�� HQWHULF�� SDWKRJHQLF�
EDFWHULD��$OOHQ��������,QDELOLW\�RI �WKH�EDFWHULD�WR�
JURZ�RQ�0DF&RQNH\�DJDU�PHGLXP�LV�DOVR�D�W\SLFDO�
VLJQ� WKDW� WKH�EDFWHULD�FRXOG�QRW� IHUPHQW� ODFWRVH�
�$OOHQ� ����� �� 5HVXOWV� RI � WKLV� VWXG\� VKRZHG� WKDW�
VWUDLQ�-*��ZDV�DEOH�WR�JURZ�ERWK�RQ�FRPSOH[�DQG�
EORRG� FRQWDLQLQJ� PHGLD� ZLWKRXW� FDXVLQJ� EORRG�
KDHPRO\VHV�� LQGLFDWLQJ� WKDW� WKH� VWUDLQ� FRXOG� EH�
FDWHJRUL]HG�DV�DQ�RSSRUWXQLVWLF�RUJDQLVP��EXW�QRW�
VLJQLILFDQWO\�SDWKRJHQLF�
� &HOOXODU�PRUSKRORJ\�RI �VWUDLQ�-*��ZDV�IXUWKHU�
H[DPLQHG� XVLQJ� 6FDQQLQJ� (OHFWURQ� 0LFURVFRS\�
�6(0��VKRZLQJ�WKH�DSSHDUDQFH�RI �VWUDLQ�-*��FHOOV�

DV�URGV�RU�FRFFREDFLOOL�KDYLQJ�ZLGWK�RI �����������
�P��)LJ�����
� $FFRUGLQJ�WR�6(0�UHVXOW��W\SLFDO�FHOOV�RI �VWUDLQ�
-*��ZHUH�VOLJKWO\�YDULHG�LQ�VL]H��EXW�EDVLFDOO\�ZHUH�
URG�VKDSHG�RFFXUULQJ�DV�VLQJOH��LQ�SDLUV�RU�VKRUW�
FKDLQV��,Q�WHUPV�RI �PRUSKRORJLFDO�FKDUDFWHULVWLFV��
WKH�SXQFWLIRUP�VKDSHG�FRORQLHV�RI �VWUDLQ�-*��RQ�
76$� PHGLXP� PDWFKHG� WKH� FKDUDFWHULVWLFV� RI �
*UDP�QHJDWLYH� UKL]REDFWHULD�� ��$OFDOLJHQHV
EHORQJLQJ� WR� VXE�SK\OXP� ��&HOOV�%HWDSURWHREDFWHULD
RI �VWUDLQ�-*��GLG�QRW�VKRZ�DQ\�FXUYHG�RU�YLEULRLG�
VKDSHV�� \HW� RQO\� VWUDLJKW� URGV� RU� FRFFREDFLOOL�
KDYLQJ�VL]HV�RI �����²�����[�����²������P��ZKLFK�
ZHUH� VPDOOHU� WKDQ� PRVW� � PHPEHUV�� 7KH�%DFLOOXV
%HUJH\
V� PDQXDO� VWDWHV� WKDW� � DUH�$OFDOLJHQHV
PHPEHUV�RI �WKH�FODVV� �%HWDSURWHREDFWHULD
� %LRFKHPLFDO�DVVD\�RQ�VWUDLQ� -*��ZDV�FDUULHG�
RXW�XVLQJ�%'��%HFNWRQ�'LFNLQVRQ��3KRHQL[�����
$XWRPDWHG�0LFURELRORJ\�6\VWHP�

�
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������ �$ % &

)LJXUH���2EVHUYHG�JURZWK�RI �EDFWHULDO�VWUDLQ�-*��RQ�YDULRXV�DJDU�PHGLD�DIWHU����KRXU�LQFXEDWLRQ�DW�����&��$��*URZWK�RQ�
QXWULHQW�DJDU��%��*URZWK�RQ�76$�DJDU�SODWH�FRQWDLQLQJ����EORRG��&��1R�JURZWK�ZDV�REVHUYHG�RQ�0DF&RQNH\�
DJDU�SODWH

)LJXUH������&HOOV�RI �EDFWHULDO�VWUDLQ�-*��REVHUYHG�XQGHU�6FDQQLQJ�(OHFWURQ�0LFURVFRSH��6(0��-(2/�������/9����N9�
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)LJXUH������%'�3KRHQL[�����VFUHHQLQJ�UHSRUW�RQ�VWUDLQ�-*�

� )RUW\�IRXU� ELRFKHPLFDO� FKDUDFWHULVWLFV� RI �
VWUDLQ� -*�� ZHUH� VKRZQ� DV� WKH� RXWSXW� RI � %'�
3KRHQL[� ���� $XWRPDWHG� 0LFURELRORJ\� 6\VWHP�
�)LJ������%DVHG�RQ�WKH�%'�3KRHQL[�VFUHHQLQJ�UHDG�
RXW��VWUDLQ�-*��ZDV�GHWHFWHG�DV�VSHFLHV�$OFDOLJHQHV�
IDHFDOLV�UKL]REDFWHULXP�ZLWK�����FRQILGHQFH�
� *HQRW\SLF� LGHQWLILFDWLRQ�RI � VWUDLQ� -*�� UHOLHG�
RQ�WKH�DQDO\VLV�RI ���6�U51$�JHQH�XVLQJ�XQLYHUVDO�
RU� VSHFLHV�VWUDLQ� VSHFLILF� SULPHUV��$PSOLILFDWLRQ�

RI �SDUWLDO���6�U51$�JHQH�IURP�VWUDLQ�-*��XVLQJ�
JHQRPLF�'1$� DV� WHPSODWH� �VHHQ� DV� D� EDQG� DW�
a������ ES�� UHVXOWHG� LQ� VLQJOH� '1$� EDQG� RQ�
7$(�HOHFWURSKRUHVLV�JHO�ZLWK�D�VL]H�RI �a������ES�
�)LJ������7KH�'1$�EDQG�ZDV�H[FLVHG� IURP�JHO��
SXULILHG� DQG� VHTXHQFHG� UHVXOWLQJ� LQ� ������ES�
QXFOHRWLGH� VHTXHQFH��ZKLFK�ZDV� WKHQ�GHSRVLWHG�
LQ� *HQ%DQN� XQGHU� DFFHVVLRQ� QXPEHU� RI �
$E�������

)LJXUH���*HO�HOHFWURSKRUHVLV�DQDO\VLV�RI �3&5�SURGXFWV�XVLQJ�*.)�DQG�*.5�SULPHUV��0� �0DUNHU��/DQH��� �$PSOLILHG�
'1$�IUDJPHQW�XVLQJ�*.)��DQG�*.5�SULPHUV
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*HQHWLF�FKDUDFWHUL]DWLRQ�RI �$OFDOLJHQHV�MDYDHQVLV�-*��SRWHQWLDO�DV�DQ�HIIHFWLYH�ELRGHJUDGHU

� 5HVXOWV� RI � LGHQWLILFDWLRQ� WHVWV� UHYHDOHG� WKDW�
VWUDLQ� -*�� EHORQJV� WR� � JHQXV�� QDPHO\�$OFDOLJHQHV
$OFDOLJHQHV� VS�� -*��� $OWKRXJK� WKH� UHVXOWV� RI �
PRUSKRORJLFDO�DQG�ELRFKHPLFDO�WHVWV�VKRZHG�WKDW�
WKH� VWUDLQ� UHVHPEOHG� � KDYLQJ�$OFDOLJHQHV� IDHFDOLV
FRFFREDFLOOXV�FHOO�VKDSHV�DQG�KDYLQJ�%'�3KRHQL[�
FRQILGHQFH�RI ������WKH�SK\ORJHQHWLFDO�IHDWXUHV�RI �
WKH�VWUDLQ�EDVHG�RQ���6�U51$�H[SRVHG��RQO\�KDG�
���� VLPLODULW\� WR� WKH� FORVHVW� VSHFLHV� LQ�
SK\ORJHQHWLF�WUHH��)LJ�����
� 7KH� VLPLODULW\� OHYHO� ZDV� EHORZ� WKH� VXLWDEOH�
VLPLODULW\� FXW�RII � IRU� WKH� LGHQWLILFDWLRQ� RI � QHZ�
WD[D� DW� JHQXV� DQG� VSHFLHV� OHYHOV� EDVHG� RQ� ��6�
U51$�JHQH��ZKLFK�DUH�����DQG������UHVSHFWLYHO\�
�'UDQFRXUW� �������HW�DO�
� %DVHG�RQ�SK\ORJHQHWLF�DQDO\VLV�DQG�UHVXOWV�RI �
PRUSKRORJLFDO� DQG� ELRFKHPLFDO� WHVWV�� LQ�
DFFRUGDQFH� ZL WK� %HUJH\ 
V � 0DQXDO � RI �
'HWHUPLQDWLYH�%DFWHULRORJ\��*DUULW\� ��������D�HW�DO�
QRYHO�VSHFLHV�RI �WKH�JHQXV� �LVRODWHG�IURP�$OFDOLJHQHV
URRW�RI � �FXOWLYDWHG�LQ�D�ODQG�RI �&HQWUDO�-DYD�=HD�PD\V
3URYLQFH��,QGRQHVLD�� � �VWUDLQ�-*��$OFDOLJHQHV MDYDHQVLV
LV�SURSRVHG�

'HWHFWLRQ�RI �JOS.

� 'HJHQHUDWH� 3&5� FRORQ\� XVLQJ� *.)� ��
�
$7&**&$7&$&&$$&&$*&��
�� DQG� *.5�
��
�� **<&$&57&&7&*&&$7&� ��
�� SULPHUV�
GHVLJQHG� XVLQJ� 3ULPDFODGH� UHVXOWHG� LQ� D� VLQJOH�
EDQG� RQ� JHO� HOHFWURSKRUHVLV� FRUUHVSRQGLQJ� WR�
'1$� VL]H� RI � DURXQG� ���� ES� �)LJ�� ��� $IWHU��
VHTXHQFLQJ��LW�ZDV�REWDLQHG�DV�����ES�QXFOHRWLGH�

VHTXHQFH�GHSRVLWHG�LQ�*HQ%DQN�GDWDEDVH�XQGHU�
DFFHVVLRQ� QXPEHU� RI � $%�������� 5HVXOW� IURP�
%/$67Q� VHDUFK� LQGLFDWHG� WKDW� WKH� VHTXHQFH�
VKDUHG� ���� VLPLODULW\� ZLWK� RI �JOS.� &DQGLGDWXV�
6RGDOLV� SLHUDQWRQLXV� 623(� $7&&� �������
VXJJHVWLQJ�WKDW�LW�LV�OLNHO\�SDUW�RI �JHQH�HQFRGLQJ�
JO\FHURO�NLQDVH��7KLV� UHVXOW�ZDV� LQ� OLQH�ZLWK� WKH�
SUHYLRXV�VWXG\�UHYHDOLQJ�WKH�SUHVHQFH�RI � �LQ�JOS'
VWUDLQ� -*��� DQRWKHU� NH\� JHQH� UHVSRQVLEOH� IRU�
JO\FHURO�XWLOL]DWLRQ��(WKLFD� �����D��UHYHDOLQJ�HW�DO�
WKDW� JHQRW\SLFDOO\� VWUDLQ� -*�� KDV� DELOLW\� WR�
PHWDEROL]H�JO\FHURO�

*O\FHURO�'HJUDGDWLRQ�E\�6WUDLQ�-J�

� 5HVXOWV� RI � WKH� � WHVW� VKRZHG� WKDW�LQ� YLWUR
$OFDOLJHQHV� VS�� -*�� FRXOG� JURZ� RQ� PLQLPDO�
PHGLXP� FRQWDLQLQJ� JO\FHURO� DV� FDUERQ� VRXUFH�
DHURELFDOO\��EXW�QRW�DQDHURELFDOO\��$IWHU����KRXUV��
WXUELGLW\�RI �PHGLXP�LQ�DHURELF�VDPSOH�UHDFKHG�
2'  ���DV�VLJQ�RI �EDFWHULDO�JURZWK��ZKLFK�ZDV�����

ODWHU� FRQILUPHG� E\� UHVXOWV� RI � *&� DVVD\V�� 7KH�
REWDLQHG� *&� FKURPDWRJUDP� �)LJ�� ��� RI � ERWK�
DHURELF� DQG� DQDHURELF� VDPSOHV� ZHUH� DOLJQHG�
VKRZLQJ� VKLIWHG� UHWHQWLRQ� WLPH� �W5�� E\� ����
PLQXWHV� EHWZHHQ� WZR� VLQJOH� SHDNV� RI � ERWK�
VDPSOHV��ZKLFK�ZHUH�LGHQWLILHG�DV�JO\FHURO�E\�PDVV�
VSHFWUD�VKRZLQJ�VLJQLILFDQFH�LGHQWLW\��6,��OHYHO�RI �
��� DQG� ����� UHVSHFWLYHO\�� ZLWK� JO\FHURO�
FRPSRXQG�EDVHG�RQ�PDVV�VSHFWUDO�PDWFKLQJ�ZLWK�
UHIHUHQFH� OLEUDU\�� 7KHUH� ZDV� QR� VLJQLILFDQW�
VXEVWDQFH�RWKHU�WKDQ�JO\FHURO�GHWHFWHG�E\�*&�RQ�
ERWK�DHURELF� LQ�DQDHURELF�VDPSOHV��7KH�VL]H�RI �

)LJXUH��� $�FODGRJUDP�VKRZLQJ�SRVLWLRQ�RI �VWUDLQ�-*��VWUDLQ�EDVHG�RQ���6�U51$�JHQH�VHTXHQFH�UHODWLYH�WR�RWKHU�EDFWHULD
� �1RWH��7KLV�FODGRJUDP�ZDV�FUHDWHG�XVLQJ�0(*$������D�SURJUDP�GHYHORSHG�E\�7DPXUD�HW�DO�������
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JO\FHURO�SHDN�DUHD�RI �DQDHURELF�VDPSOH�ZDV�ODUJHU�
WKDQ� WKDW� RI � DHURELF� VDPSOH� LQGLFDWLQJ� WKDW� WKH�
FRQFHQWUDWLRQ�RI �JO\FHURO�LQ�DQDHURELF�VDPSOH�ZDV�
KLJKHU�WKDQ�WKDW�LQ�DHURELF�VDPSOH��6LQFH�WKHUH�ZDV�
QR�JURZWK� LQ�DQDHURELF� VDPSOH�� LW�ZDV�DVVXPHG�
WKDW� JO\FHURO� TXDQWLW\� LQ� DQDHURELF� VDPSOHV�
UHSUHVHQWHG� WKH� LQLWLDO� JO\FHURO� TXDQWLW\� RI � WKH�
VDPSOHV��7KXV��WKH�ORZHU�JO\FHURO�FRQFHQWUDWLRQ�LQ�
DHURELF� VDPSOH� DIWHU����KRXUV� LQFXEDWLRQ�ZDV� D�
VLJQ�WKDW�JO\FHURO�LQ�WKH�PHGLXP�ZDV�DHURELFDOO\�
XWLOL]HG�E\�VWUDLQ�-J��
� ,GHQWLILFDWLRQ�RQ�VWUDLQ�-*��XVLQJ�SRO\SKDVLF�
DSSURDFK�FRQVLVWLQJ�RI �SKHQRW\SLF�DQG�JHQRW\SLF�
WHVWV� KDV� EHHQ� FRQGXFWHG� LQ� WKLV� VWXG\�� %\�
HYDOXDWLQJ� PRUSKRORJLFDO�� ELRFKHPLFDO� DQG�
SK\ORJHQHWLFDO� IHDWXUHV� RI � VWUDLQ� -*�� EDVHG� RQ�
LQIRUPDWLRQ� IURP� %HUJH\
V� PDQXDO�� WKH�
UKL]REDFWHULXP�ZDV�FODVVLILHG�DV�JHQXV� ��$OFDOLJHQHV
QDPHO\� �VS��-*���$V�VWDWHG�E\�'UDQFRXUW�$OFDOLJHQHV
HW�DO��������������VLPLODULW\�LV�D�VXLWDEOH�FXWRII �IRU�
LGHQWLILFDWLRQ�DW�VSHFLHV�OHYHO�DQG�����VLPLODULW\�LV�
VXLWDEOH�FXWRII �IRU�LGHQWLILFDWLRQ�DW�JHQXV�OHYHO�WR�
GHWHUPLQH�QHZ�VSHFLHV�EDVHG�RQ���6�U51$�JHQH�� �
7KLV� PHDQV� WKDW� VWUDLQ� -*�� KDV� KLJK� OHYHO� RI �
QRYHOW\��ERWK�LQ�JHQXV�DQG�VSHFLHV�OHYHOV�

� 5HVXOWV�RI �JO\FHURO�XWLOL]DWLRQ�WHVWV�IRU�VWUDLQ�
-*��VKRZHG�WKDW�WKH�VWUDLQ��ZKLFK�ZDV�SUHYLRXVO\�
NQRZQ� DV� OLSDVH� SURGXFHU�� DOVR� KDV� DQ� DFWLYH�
DHURELF�JO\FHURO�PHWDEROLVP��$V�VWDWHG�LQ�%HUJH\
V�
PDQXDO�� �DQG� LWV�VXEVSHFLHV� � �$�� IDHFDOLV $�� IDHFDOLV
VXEVS�� � DQG� � VXEVS�� ��IDHFDOLV $�� IDHFDOLV SDUDIDHFDOLV
XVXDOO\�KDYH�QR�DELOLW\�WR�JURZ�RQ�JO\FHURO�� �$��ODWXV
ZDV�IRXQG�WR�KDYH�WKH�DELOLW\�WR�XWLOL]H�JO\FHURO��
EXW� QR� DVVRFLDWHG� GDWD� ZDV� IRXQG� IRU� WKH� UHVW�
PHPEHUV�RI �JHQXV� ��*DUULW\� ��������$OFDOLJHQHV HW�DO�
7KHUHIRUH�� VWUDLQ� -*�� KDV� XQLTXHQHVV��
GLVWLQJXLVKLQJ�WKH�VWUDLQ�IURP�RWKHU�PHPEHUV�RI �
JHQXV� �LQ�WHUPV�RI �JO\FHURO�XWLOL]DWLRQ�$OFDOLJHQHV
� *O\FHURO� XWLOL]DWLRQ� SURSHUW\� RI � VWUDLQ� -*��
DOVR�VKRZV�WKH�DELOLW\�RI �WKH�VWUDLQ�WR�HIIHFWLYHO\�
GHJUDGH�IDW��,W�LV�SRVVLEOH�IRU�VWUDLQ�-*��WR�GHJUDGH�
IDW� XVLQJ� OLSDVH� SURGXFHG� E\� LWVHOI � DQG�
VXEVHTXHQWO\�PHWDEROL]H� JO\FHURO� UHVXOWHG� IURP�
WKLV�GHJUDGDWLRQ�SURFHVV��7KH�DELOLW\�RI �VWUDLQ�-*��
WR�SURGXFH�OLSDVH�HQ]\PH�DORQJ�ZLWK�WKH�DELOLW\�WR�
XWLOL]H�JO\FHURO�DHURELFDOO\� LV�D�VWURQJ� LQGLFDWLRQ�
WKDW� WKH� VWUDLQ� FRXOG� SRWHQWLDOO\� EH� XVHG� DV� DQ�
HIIHFWLYH�GHJUDGHU�RI �RLOV�DQG�IDWV��6XFK�DELOLW\�LV�
HVVHQWLDO�IRU�DSSOLFDWLRQ�LQ�ZDVWHZDWHU�WUHDWPHQW�
LQFOXGLQJ� LQ� JUHDVH�WUDSV� LQVWDOOHG� IRU� WKH�

�
)LJXUH��� &KURPDWRJUDP� RI � OLTXLG� FRQWDLQLQJ� JO\FHURO� PLQLPDO� PHGLXP� DQG� EDFWHULDO� VWUDLQ� XQGHU� DHURELF� �WRS�� DQG�

DQDHURELF��EHORZ��FRQGLWLRQV�IRU����KRXUV
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*HQHWLF�FKDUDFWHUL]DWLRQ�RI �$OFDOLJHQHV�MDYDHQVLV�-*��SRWHQWLDO�DV�DQ�HIIHFWLYH�ELRGHJUDGHU

WUHDWPHQW� RI � ZDVWHZDWHU� IURP� UHVWDXUDQWV� DQG�
IRRG�LQGXVWULHV�DV�LQLWLDOO\�GHYHORSHG�E\�0DWVXRND�
HW�DO���������

&21&/86,216

� $�QHZ� WD[D�RI � JHQXV�$OFDOLJHQHV� LGHQWLILHG� LQ�
WKLV� VWXG\��$OFDOLJHQHV� VS�� -*��� SRVVHVVHV� D� JHQH�
LQYROYHG� LQ� JO\FHURO� PHWDEROLVP� DQG� KDV� DFWLYH�
JO\FHURO�PHWDEROLVP�VKRZQ�E\�LWV�DELOLW\�WR�JURZ�
RQ�D�PLQLPDO�JO\FHURO�PHGLXP��6WUDLQ�-*��DOVR�KDV�
DELOLW\� WR�SURGXFH� OLSDVH� HQ]\PH� LQGLFDWLQJ� WKDW�
VWUDLQ�-*��FRXOG�SRWHQWLDOO\�EH�XVHG�DV�HIIHFWLYH�
PLFURELDO� GHJUDGHUV� RI � IDWV� DQG� RLOV� IRU�
DSSOLFDWLRQ�LQ�ZDVWHZDWHU�WUHDWPHQW�

$&.12:/('*(0(176

� 7KH� PDQXVFULSW� ZDV� GUDPDWLFDOO\� LPSURYHG�
DIWHU� UHFHLYLQJ� WHFKQLFDO� VXSSRUW� IURP� &OLQLFDO�
3URJUDP� RQ� $UWLFOHV� :ULWLQJ� LQ� ,QWHUQDWLRQDO�
-RXUQDO�� 'LUHFWRUDWH� RI � ,QWHOOHFWXDO� 3URSHUW\�
0DQDJHPHQW��0LQLVWU\�RI �5HVHDUFK��7HFKQRORJ\�
DQG�+LJKHU�(GXFDWLRQ��.HPHQULVWHN�'LNWL��RI �WKH�
5HSXEOLF� RI � ,QGRQHVLD�� 7KH� DXWKRUV� DOVR�
DFNQRZOHGJH� DQG� WKDQN� 2YHUVHDV� 6HPLQDU�
$VVLVWDQFH� 3URJUDP�� 'LUHFWRUDWH� *HQHUDO� RI �
5HVHDUFK� DQG� 'HYHORSPHQW� 5HLQIRUFHPHQW� RI �
.HPHQULVWHN�'LNWL��IRU�WKH�VXSSRUW�LQ�SXEOLVKLQJ�
WKLV�SDSHU�
� 'HHS�JUDWLWXGH�LV�GXH�WR�0U�7UL�-RNR�5DKDUMR�
IURP� /DERUDWRULXP� 3HQHOLWLDQ� 3XVDW� 7HUSDGX�
�/337��� 8QLYHUVLWDV� *DGMDK� 0DGD�� <RJ\DNDUWD��
,QGRQHVLD��IRU�ILQDQFLDO�VXSSRUW�DQG�VXSHUYLVLRQ�
WR� FDUU\� RXW� WKLV� VWXG\�� �*UHDW� JUDWLWXGH� LV� DOVR�
H[WHQGHG� WR� 0U� 2HGMLMRQR� IURP� 0LFURELRORJ\�
/DERUDWRU\�� )DFXOW\� RI � %LRORJ\�� 8QLYHUVLWDV�
-HQGHUDO� 6RHGLUPDQ�� ,QGRQHVLD�� IRU� SURYLGLQJ�
OLYLQJ�PDWHULDOV�XVHG�LQ�WKLV�VWXG\�

5()(5(1&(6

$OOHQ� 0(�� ������ 0DF&RQNH\� DJDU� SODWHV� SURWRFRO��
:DVKLQJWRQ� �86��� $PHULFDQ� 6RFLHW\� IRU�
0LFURELRORJ\��S������

$OWVFKXO�6)��0DGGHQ�7/��6FKlIIHU�$$��=KDQJ�-��=KDQJ�=��
0LOOHU� :�� /LSPDQ� '-�� ������ *DSSHG� %/$67�
DQG� 36,�%/$67�� $� QHZ� JHQHUDWLRQ� RI � SURWHLQ�
GDWDEDVH� VHDUFK� SURJUDPV�� 1XFOHLF� $FLGV� 5HV��
�������²����

&KDHUXQ�6.��+DVQL�6��6DQZDQL�(��0RHLV�05��������0HUFXU\�
�+J��UHVLVWDQW� EDFWHULD� LQ� +J�SROOXWHG� JROG� PLQH�
VLWHV� RI � %DQGXQJ� :HVW� -DYD� 3URYLQFH�� ,QGRQHVLD�
0LFURELRO���������

&KDUXODWKD� 5�� 3UDEKDNDU� 6�� 6LYDPDQL� 3�� .DQGHHSDQ� &��
7LDJDUDMDQ� 9�� ������ &KDUDFWHUL]DWLRQ� RI � FOLQLFDO�
DSS O L F D W LRQ � R I � H[ W U DFH O O X O D U � O L SD VH � E\ �
PLFURRUJDQLVPV�IURP�VRLO��,QW�-�&XUU�6FL��������

'UDQFRXUW�0��%ROOHW�&��&DUOLR]�$��0DUWHOLQ�5��*D\UDO�-3��
5DRXOW� '�� ���� � ��6� ULERVRPDO� '1$� VHTXHQFH��
DQDO\VLV�RI �D�ODUJH�FROOHFWLRQ�RI �HQYLURQPHQWDO�DQG�
FOLQLFDO� XQLGHQWLILDEOH� EDFWHULDO� LVRODWHV�� -� &OLQ�
0LFURELRO��� �������� �

(WKLFD�61��+DPPL�0.��/HVWDUL�3��6HPLDUWL�(��:LGDGD�-��
5DKDUMR�7-������D��$PSOLILFDWLRQ�RI � �VS��$]RVSLULOOXP
-*�� �JHQH�IUDJPHQW�XVLQJ�GHJHQHUDWH�SULPHUV�JOS'
JHQHUDWHG�E\�ZHE�EDVHG�WRROV��-�0LFURELRO�%LRWHFK�
)RRG�6FL���������

(WKLFD�61��1DWDQLQJW\DV�'5��/HVWDUL�3��,VWLQL�,��6HPLDUWL�(��
:LGDGD� -�� 5DKDUMR� 7-�� ����E�� &RPSDUDWLYH�
HYDOXDWLRQ�RI �FRQYHQWLRQDO�YHUVXV�UDSLG�PHWKRGV�IRU�
DPSOLILDEOH� JHQRPLF� '1$� LVRODWLRQ� RI � FXOWXUHG�
$]RVSLULOOXP�VS��-*���,QGR�-�&KHP�����������

(WKLFD�61��6HPLDUWL�(��:LGDGD� -��2HGMLMRQR��5DKDUMR�7-��
������ &KDUDFWHUL]DWLRQ� RI �PRD&� DQG� D� QRQWDUJHW�
JHQH�IUDJPHQWV�RI �IRRG�ERUQH�SDWKRJHQ�$OFDOLJHQHV�
VS��-*��XVLQJ�GHJHQHUDWH�FRORQ\�DQG�DUELWUDU\�3&5V��
-� )RRG� 6DI � ���H������� $YDLODEOH� IURP��
KWWSV���GRL�RUJ���������MIV�������

)HOVHQVWHLQ� -�� ������ 3K\ORJHQLHV� DQG� WKH� FRPSDUDWLYH�
PHWKRG��$P�1DW�������������

*DGEHUU\�0'��0DOFRPEHU� 67��'RXVW�$1��.HOORJJ�($��
������3ULPDFODGH���D�IOH[LEOH�WRRO�WR�ILQG�FRQVHUYHG�
3&5� SU LPHUV � DF URVV � PX O W LS O H � VSHF L H V� �
%LRLQIRUPDWLFV�����������

*DUULW\� *0�� %HOO� -$�� /LOEXUQ� 7�� ������ &ODVV� ,��
$OSKDSURWHREDFWHULD� FODVV�� QRY�� ,Q�� %UHQQHU� '-��

�.ULHJ�15��6WDOH\�-7��HGLWRUV��%HUJH\·V�0DQXDO �RI �
6\VWHPDWLF�%DFWHULRORJ\��%RVWRQ��86���6SULQJHU������
S�

+ROPEHUJ�&��%HLMHU�/��5XWEHUJ�%��5XWEHUJ�/ ���� *O\FHURO��� ��
FDWDEROLVP�LQ�%DFLOOXV�VXEWLOLV��QXFOHRWLGH�VHTXHQFH�RI �
WKH� JHQHV� HQFRGLQJ� JO\FHURO� NLQDVH� �JOS.�� DQG�
JO\FHURO���SKRVSKDWH� GHK\GURJHQDVH� �JOS'��� -�
*HQHUDO�0LFURELRO���� �������� �

+XFNHU�*-��������$�QHZ�PRGLILFDWLRQ�DQG�DSSOLFDWLRQ�RI �
WKH� -�%DFWHULRO���������*UDP�VWDLQ��

.LP� <-�� ������0RGHOLQJ� DQG� DSSOLFDWLRQ� RI � DTXHRXV� ��
SKDVH�V\VWHP�LQ�D�E�H�IHUPHQWDWLRQ�SURFHVV��0DVWHU�
7KHVLV�� � 0DU\ODQG� �86��� $GYLVRU� :HLJDQG� :$��
8QLYHUVLW\�RI �0DU\ODQG�

/HVWDUL� 3�� +DQGD\DQL� 61�� 2HGMLMRQR�� ������ %LRFKHPLFDO�
SURSHUWLHV� RI � FUXGH� H[WUDFHOOXODU� OLSDVH� IURP�
$]RVSLULOOXP�VS��-*���0ROHNXO���������

/HVWDUL�3��5DKDUMR�7-��0DWVMHK�6��+DU\DGL�:��������3DUWLDO�
SXULILFDWLRQ� DQG� ELRFKHPLFDO� FKDUDFWHUL]DWLRQ� RI �



H[WUDFHOOXODU� OLSDVH� IURP� � VS�� -*��$]RVSLULOOXP
EDFWHULD��$,3�&RQIHUHQFH�3URFHHGLQJV���������� �S��
�������

/HVXLVVH�(��6FKDQFN�.��&ROVRQ�&��������3XULILFDWLRQ�DQG�
SUHOLPLQDU\� FKDUDFWHUL]DWLRQ� RI � WKH� H[WUDFHOOXODU�
OLSDVH�RI � ������DQ�H[WUHPHO\�EDVLF�S+�%DFLOOXV�VXEWLOLV
WROHUDQW�HQ]\PH��(XU�-�%LRFKHP������������

/LWVDQRY�%��%URFNHU�0 %RWW�0 ���� *O\FHURO�DV�D�VXEVWUDWH��� �� ��
IRU�DHURELF�VXFFLQDWH�SURGXFWLRQ�LQ�PLQLPDO�PHGLXP�
ZLWK�&RU\QHEDFWHULXP�JOXWDPLFXP��0LFURE �%LRWHFKQRO�LDO
� ����� ���

0DWVXRND�+��0LXUD�$��+RUL�.��������6\PELRWLF�HIIHFWV�RI �D�
OLSDVH�VHFUHWLQJ� EDFWHULXP�� �%XUNKROGHULD� DUERULV
6/�%��� DQG� D� JO\FHURO�DVVLPLODWLQJ� \HDVW�� &DQGLGD�
F\OLQGUDFHD� 6/�%��� RQ� WULDF\OJO\FHURO� GHJUDGDWLRQ�� -�
%LRVFL�%LRHQJ��������²��

0XUDUND�$��'KDUPDGL�<��<D]GDQL� 66��*RQ]DOH]�5 ������ ��
)HUPHQWDWLYH�XWLOL]DWLRQ�RI �JO\FHURO�E\�(VFKHULFKLD�FROL�
DQG�LWV�LPSOLFDWLRQV�IRU�WKH�SURGXFWLRQ�RI �IXHOV�DQG�
FKHPLFDOV��$SS�(QYLURQ�0LFURELRO��� �������� �

2HGMLMRQR�� 5\DQGLQL� '�� 3HUPLDUWL�� ������ )RUPXODVL�
ELRIHUWLOL]HU�GDUL�NXOWXU�FDPSXUDQ�EDNWHUL�SHPILNVDVL�
QLWURJHQ� GDQ� SHODUXW� IRVIDW� SDGD�PHGLXP�RQJJRN�
GDQ�GHGDN�>5HVHDUFK�UHSRUW��XQSXEOLVKHG@��5HWULHYHG�
IURP� )DNXOWDV� %LRORJL� 8QLYHUVLWDV� -HQGHUDO�
6RHGLUPDQ�

3HWWLJUHZ ':�� 0D� '3�� &RQUDG� &$�� -RKQVRQ� -5 ���� �� � ��
(VFKHULFKLD� FROL� JO\FHURO� NLQDVH�� &ORQLQJ� DQG�
VHTXHQFLQJ� RI � WKH� JOS.� JHQH� DQG� WKH� SULPDU\�
VWUXFWXUH�RI �WKH�HQ]\PH��-�%LRO�&KHP���� ������ �

3UDVDG�03��0DQMXQDWK�.��������(IIHFW�RI �PHGLD�DQG�SURFHVV�
SDUDPHWHUV� LQ� WKH� HQKDQFHPHQW� RI � H[WUDFHOOXODU�
OLSDVH�SURGXFWLRQ�E\�EDFWHULDO�LVRODWHV�IURP�LQGXVWULDO�
HIIOXHQWV��,QW�-�0LFURELRO�5HV����������

3URPHJD ���� ���� ��:L]DUG��*HQRPLF�'1$�SXULILFDWLRQ�NLW
WHFKQLFDO� PDQXDO� �7P������ 6HFWLRQ����*�� ,VRODWLQJ�

JHQRPLF� '1$� IURP� JUDP�SRVLWLYH� DQG� JUDP�
QHJDWLYH�EDFWHULD ��0DGLVRQ��86����UHYLVHG�'HFHPEHU
3URPHJD�&RUSRUDWLRQ�

6DLWRX�1��1HL�0��������7KH�QHLJKERU�MRLQLQJ�PHWKRG��$�
QHZ�PHWKRG�IRU�UHFRQVWUXFWLQJ�SK\ORJHQHWLF�WUHHV��
0RO�%LRO�(YRO����������

6FKDXGHU�5��6FKLQN�%�������� �VS��QRY���DQ�$QDHURYLEULR�JO\FHULQL
DQDHURELF� EDFWHULXP� IHUPHQWLQJ� JO\FHURO� WR�
SURSLRQDWH�� FHOO� PDWWHU� DQG� K\GURJHQ�� $UFK�
0LFURELRO�����������

6\D
GL�<.��:DK\XQL�(7��5DKD\X�(6��&DK\DQWR�01��������
&HOOXORVH� SURGXFHG� E\� �*OXFRQDFHWREDFWHU� [\OLQXV
%7&&�%�����,-67�������������

7DPXUD�.��1HL�0��.XPDU�6��������3URVSHFWV�IRU�LQIHUULQJ�
YHU\�ODUJH�SK\ORJHQLHV�E\�XVLQJ�WKH�QHLJKERU�MRLQLQJ�
PHWKRG��31$6���������� ���

7DPXUD�.�� 6WHFKHU�*��3HWHUVRQ�'��)LOLSVNL�$��.XPDU� 6��
������ 0(*$� ��� 0ROHFXODU� HYROXWLRQDU\� JHQHWLFV�
DQDO\VLV�YHUVLRQ������0RO�%LRO�(YRO�������� ���

7KRPSVRQ� -'�� *LEVRQ� 7�� +LJJLQV� '*�� ������ 0XOWLSOH�
VHTXHQFH�DOLJQPHQW�XVLQJ�&OXVWDO:�DQG�&OXVWDO;��
&XUU 3URWRFROV�%LRLQIRUPDWLFV��²���

7XUQHU� 6�� 3U\HU� .0�� 0LDR� 93�� 3DOPHU� -'�� ������
,QYHVWLJDWLQJ� GHHS� SK\ORJHQHWLF� UHODWLRQVKLSV�
DPRQJ�F\DQREDFWHULD�DQG�SODVWLGV�E\�VPDOO�VXEXQLW�
U51$�VHTXHQFH�DQDO\VLV��-�(XN�0LFURELRO��������
���

:LOOLDP�6*��*UHHQZRRG�-$��-RQHV�&:��������7KH�HIIHFW�RI �
QXWULHQW� OLPLWDWLRQ� RQ� JO\FHURO� XSWDNH� DQG�
PHWDEROLVP�LQ�FRQWLQXRXV�FXOWXUHV�RI �3VHXGRPRQDV�
DHUXJLQRVD��0LFURELRORJ\����������������

<D]GDQL� 66 *RQ]DOH]� 5 ���� $QDHURELF� IHUPHQWDWLRQ��� �� ��
RI � JO\FHURO�� D� SDWK� WR� HFRQRPLF� YLDELOLW\� IRU� WKH�
ELRIXHOV� LQGXVWU\�� &XUU� 2SLQ � %LRWHFKQRO� ��LRQ �
��� ����
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