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6WDWHPHQW���RI���RULJLQDOLW\��
�
7KH� �FRQWHQW� �RI� �WKLV� �WKHVLV�� �DQG� �WKH� �UHVHDUFK� �WR� �ZKLFK� �LW� �UHIHUV�� �DUH� �WKH��ZRUN��RI��WKH��$XWKRU�� � � � � � � � � � � � � � � � � �
XQOHVV��RWKHUZLVH��QRWHG���7KH��ZRUN��DQG��LGHDV��RI��RWKHUV��DUH��IXOO\��DFNQRZOHGJHG��LQ��DFFRUGDQFH�� � � � � � � � � � � � � �
ZLWK���WKH���VWDQGDUG���UHIHUHQFLQJ���SUDFWLFHV���LQ���WKH���GLVFLSOLQH���
�

�
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&RS\ULJKW���GHFODUDWLRQ��
�
7KH��FRS\ULJKW��RI��WKLV��WKHVLV��UHVWV��ZLWK��WKH��DXWKRU���8QOHVV��RWKHUZLVH��LQGLFDWHG���LWV��FRQWHQWV��DUH�� � � � � � � � � � � � � � �
OLFHQVHG� �XQGHU� �D� �&UHDWLYH� �&RPPRQV� �$WWULEXWLRQ�1RQ��&RPPHUFLDO�������,QWHUQDWLRQDO��/LFHQFH�� � � � � � � � � �
�&&���%<�1&�����
�
8QGHU��WKLV��OLFHQFH���\RX��PD\��FRS\��DQG��UHGLVWULEXWH��WKH��PDWHULDO��LQ��DQ\��PHGLXP��RU��IRUPDW���<RX�� � � � � � � � � � � � � � � �
PD\� �DOVR� �FUHDWH� �DQG� �GLVWULEXWH��PRGLILHG��YHUVLRQV��RI��WKH��ZRUN���7KLV��LV��RQ��WKH��FRQGLWLRQ��WKDW��� � � � � � � � � � � � � � � �
\RX���FUHGLW���WKH���DXWKRU���DQG���GR���QRW���XVH���LW����RU���DQ\���GHULYDWLYH���ZRUNV����IRU���D���FRPPHUFLDO���SXUSRVH����
�
:KHQ� �UHXVLQJ� �RU� �VKDULQJ� �WKLV� �ZRUN�� �HQVXUH� �\RX� �PDNH� �WKH� �OLFHQFH� �WHUPV��FOHDU��WR��RWKHUV��E\�� � � � � � � � � � � � � � � �
QDPLQJ� �WKH� �OLFHQFH� �DQG� �OLQNLQJ� �WR� �WKH� �OLFHQFH� �WH[W�� �:KHUH� �D� �ZRUN� �KDV� �EHHQ� �DGDSWHG�� �\RX�� � � � � � � � � � � � � � � �
VKRXOG���LQGLFDWH���WKDW���WKH���ZRUN���KDV���EHHQ���FKDQJHG���DQG���GHVFULEH���WKRVH���FKDQJHV����
�
3OHDVH��VHHN��SHUPLVVLRQ��IURP��WKH��FRS\ULJKW��KROGHU��IRU��XVHV��RI��WKLV��ZRUN��WKDW��DUH��QRW��LQFOXGHG�� � � � � � � � � � � � � � � �
LQ���WKLV���OLFHQFH���RU���SHUPLWWHG���XQGHU���8.���&RS\ULJKW���/DZ���
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$EVWUDFW��
7KH� �PLFURELDO� �FRPPXQLWLHV� �OLYLQJ� �LQ� �WKH� �JXW� �H[LVW� �LQ� �V\PELRVLV� �ZLWK� �WKH� �KRVW� �DQG� �SHUIRUP�� � � � � � � � � � � � � � �

ELRORJLFDO� �IXQFWLRQV� �WKDW� �DUH� �IXQGDPHQWDO� �WR� �KXPDQ� �SK\VLRORJ\�� �(YLGHQFH� �IURP� �DQLPDO� �VWXGLHV�� � � � � � � � � � � �

VXJJHVWV� �WKDW� �GLVWXUELQJ� �KRVW�PLFUREH� �LQWHUDFWLRQV� �GXULQJ� �GHYHORSPHQWDO� �SKDVHV� �KDV� �ODVWLQJ�� � � � � � � � � �

FRQVHTXHQFHV���EXW��HYLGHQFH��LQ��KXPDQV��LV��ODFNLQJ���$EHUUDQW��PHWDEROLVP��ZDV��LQYHVWLJDWHG��GXULQJ�� � � � � � � � � � � �

WZR��SHULRGV��RI��GHYHORSPHQW�����SUHJQDQF\��DQG��HDUO\��FKLOGKRRG�����WR��GHILQH��IXQFWLRQDO��DVVRFLDWLRQV�� � � � � � � � � � � � � �

EHWZHHQ���WKH���JXW���PLFURELRWD���DQG���DVSHFWV���RI���DOWHUHG���GHYHORSPHQW����

�

0DWHUQDO� �REHVLW\� �LV� �DVVRFLDWHG� �ZLWK� �IHWDO� �RYHUJURZWK�� �EXW��WKH��UHODWLRQVKLS��EHWZHHQ��REHVLW\���WKH�� � � � � � � � � � � � �

PDWHUQDO� �JXW� �PLFURELRWD� �DQG� �QHRQDWDO� �RXWFRPHV� �KDV� �QRW� �EHHQ� �WKRURXJKO\� �LQYHVWLJDWHG�� �7KLV�� � � � � � � � � � � �

WKHVLV��GHWDLOV��ORQJLWXGLQDO��VKLIWV��LQ��JHVWDWLRQDO��PHWDEROLVP��ZLWK��PDWHUQDO��ERG\��PDVV��LQGH[���ZKLFK�� � � � � � � � � � � � �

ZHUH��OLQNHG��WR��HOHYDWHG��LQVXOLQ��UHVLVWDQFH��GXULQJ��SUHJQDQF\���HOHYDWHG��QHRQDWDO��LQVXOLQ��OHYHOV��DQG�� � � � � � � � � � � � �

KLJK� �ELUWK� �ZHLJKW�� �$� �GLUHFW� �DVVRFLDWLRQ� �EHWZHHQ� �WKH� �PDWHUQDO� �JXW� �PLFURELRWD� �DQG� �QHRQDWDO�� � � � � � � � � � � � �

RXWFRPHV� �ZDV� �QRW� �REVHUYHG�� �+RZHYHU�� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH�� �ZKLFK� �LV� �WKRXJKW� �WR�� � � � � � � � � � � �

FRQWULEXWH� �WR� �IHWDO� �RYHUJURZWK�� �ZDV� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �EDFWHULD�GHULYHG� �PHWDEROLWHV��� � � � � � � � � �

2EHVH� �ZRPHQ� �ZLWK� �D� �SUHYLRXV� �ZHLJKW� �ORVV� �VXUJHU\� �KDG� �UHGXFHG� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ�� � � � � � � � � � � � �

SUHJQDQF\�� �ZKLFK� �ZDV� �DVVRFLDWHG��ZLWK��FKDQJHV��LQ��JXW��PLFURELDO��FRPSRVLWLRQ��DQG��KRVW�PLFUREH�� � � � � � � � � � � �

FR�PHWDEROLVP�� �7KH� �LGHQWLILHG� �PHWDEROLWHV� �ZHUH��OLQNHG��WR��ORZHU��ELUWK��ZHLJKW���GHPRQVWUDWLQJ��WKH�� � � � � � � � � � � �

PHWDEROLVP��RI��WKH��PDWHUQDO��JXW��PLFURELRWD��PD\��LQIOXHQFH��IHWDO��JURZWK��HLWKHU��GLUHFWO\���RU��WKURXJK�� � � � � � � � � � � � � �

PRGXODWLRQ��RI��PDWHUQDO��LQVXOLQ��UHVLVWDQFH���,Q��DGGLWLRQ��WR��SURVSHFWLYH��DVVRFLDWLRQV���UHWURVSHFWLYH�� � � � � � � � � � �

PLFURELRWD�DVVRFLDWHG� �VLJQDWXUHV� �RI� �DOWHUHG� �QHXURGHYHORSPHQW� �ZHUH� �VRXJKW� �LQ� �D� �FKLOGKRRG�� � � � � � � � � �

FRKRUW�� �EXW� �FRXOG� �QRW� �EH� �LGHQWLILHG�� �+RZHYHU�� �VXEJURXSV� �RI� �FKLOGUHQ� �ZLWK� �$XWLVP� �6SHFWUXP�� � � � � � � � � � � � �

'LVRUGHU� �ZHUH� �GLVWLQJXLVKHG� �EDVHG� �RQ� �SDWWHUQV� �RI� �KRVW�PLFUREH� �FR�PHWDEROLVP� �RI� �GLHWDU\�� � � � � � � � � � �

SURWHLQ����ZKLFK���PD\���EH���DVVRFLDWHG���ZLWK���JDVWURLQWHVWLQDO���G\VIXQFWLRQ����

�

&ROOHFWLYHO\���WKLV��WKHVLV��GHFLSKHUV��VHYHUDO��DVVRFLDWLRQV��EHWZHHQ��PLFURELDO��DQG��PHWDEROLF��SURILOHV��� � � � � � � � � � �

GHPRQVWUDWLQJ� �WKH� �V\VWHPLF� �FDSDFLW\� �RI� �JXW� �PLFUREHV� �WR� �LQIOXHQFH� �KXPDQ� �PHWDEROLVP�� �7KH�� � � � � � � � � � � �

UHVXOWV� �SUHVHQWHG� �KHUHLQ� �SURYLGH� �D� �IRXQGDWLRQ� �IRU� �LQYHVWLJDWLQJ� �PHFKDQLVWLF� �OLQNV� �EHWZHHQ� �WKH�� � � � � � � � � � � �

PHWDEROLF��DFWLYLW\��RI��WKH��JXW��PLFURELRWD��GXULQJ��SUHJQDQF\��DQG��IHWDO��GHYHORSPHQW���EXW��SURVSHFWLYH�� � � � � � � � � � � � �

ELUWK� �FRKRUWV� �DUH� �QHHGHG� �WR� �VWXG\� �WKH� �UHODWLRQVKLS� �EHWZHHQ� �JXW� �PLFURELDO� �FRPPXQLWLHV� �DQG�� � � � � � � � � � � � �

DOWHUHG���QHXURGHYHORSPHQW���
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$FNQRZOHGJHPHQWV��
)LUVW��DQG��IRUHPRVW���D��JUHDW��GHDO��RI��WKDQNV��LV��GXH��WR��P\��VXSHUYLVRUV���3URI��(ODLQH��+ROPHV��DQG��'U�� � � � � � � � � � � � � � � � � �

-RUDP� �3RVPD�� �,� �DP� �JUDWHIXO� �IRU� �WKHLU� �FRQWLQXRXV�� �XQIDOWHULQJ��VXSSRUW��WKURXJKRXW��WKLV��MRXUQH\���,�� � � � � � � � � � � � � �

IHHO� �IRUWXQDWH� �WR� �KDYH� �KDG� �VXFK� �SHUVRQDEOH� �VXSHUYLVRUV� �ZKR� �KDYH� �DOVR� �KHOSHG� �PH� �JURZ��DV��D�� � � � � � � � � � � � � � � �

VFLHQWLVW���,��ZRXOG��DOVR��OLNH��WR��WKDQN��3URI��-HUHP\��1LFKROVRQ��IRU��KLV��PHQWRUVKLS��DQG��HQWKXVLDVP��LQ�� � � � � � � � � � � � � � � �

$XWLVP� �UHVHDUFK�� �7KDQNV� �LV��DOVR��GXH��WR��3URI��-XOLDQ��0DUFKHVL���ZKR��RIIHUHG��IULHQGO\��VXSSRUW��DQG�� � � � � � � � � � � � � � �

JXLGDQFH� �WKURXJKRXW� �P\� �3K'�� �,� �ZRXOG� �OLNH� �WR� �H[SUHVV� �P\� �JUDWLWXGH� �WR� �WKH� �675$7L*5$'�� � � � � � � � � � � � � �

SURJUDPPH� �IRU� �LWV� �ILQDQFLDO� �VXSSRUW� �DQG� �SOHQWLIXO� �QHWZRUNLQJ� �RSSRUWXQLWLHV�� �DQG� �WR� �WKH� �.ULVWLDQ�� � � � � � � � � � � � �

*HUKDUG� �-HEVHQ� �)RXQGDWLRQ� �IRU� �WKHLU� �JHQHURXV� �JUDQW� �ZKLFK� �HQDEOHG� �XV� �WR� �VWXG\� �$XWLVP�� � � � � � � � � � � � �

6SHFWUXP� �'LVRUGHU�� �,� �DOVR� �ZRXOG� �QRW� �EH� �ZKHUH� �,� �DP� �WRGD\� �ZLWKRXW� �WKH� �VXSSRUW� �RI� �'U� �$QWKRQ\�� � � � � � � � � � � � � � � � �

:LOOLDPVRQ����7KDQN���\RX���IRU���HYHU\WKLQJ���\RX���KDYH���GRQH���IRU���PH����$QWKRQ\���

�
2Q� �D� �SHUVRQDO� �OHYHO�� �,� �DP� �JUDWHIXO� �IRU� �PDQ\� �SHRSOH� �ZKR� �KDYH� �VXSSRUWHG��PH��WKURXJK��WKH��SDVW�� � � � � � � � � � � � � � � � �

IRXU� �\HDUV�� �DQG� �HVSHFLDOO\� �WKH� �SDVW� �IHZ� �PRQWKV�� �0LFKDHO�� �,� �NQRZ� �WKLV� �KDV� �EHHQ� �VXFK� �D� �UROOHU�� � � � � � � � � � � � � � � � �

FRDVWHU� �IRU� �ERWK� �RI� �XV�� �EXW� �,� �FRXOG� �QRW� �KDYH� �GRQH� �LW��ZLWKRXW��\RXU��ORYH���VXSSRUW��DQG���DERYH��DOO��� � � � � � � � � � � � � � � � � � �

SDWLHQFH�� �,� �FDQ¶W� �WKDQN� �\RX� �HQRXJK� �IRU� �\RXU� �FRQVLVWHQW� �XQGHUVWDQGLQJ��DQG��HQFRXUDJHPHQW���7R�� � � � � � � � � � � � �

WKH��3DXOV��DQG��%ROWRQV���7KDQN��\RX��IRU��ZHOFRPLQJ��PH��LQWR��\RXU��IDPLO\��ZLWK��RSHQ��DUPV���<RX��KDYH�� � � � � � � � � � � � � � � � �

PDGH� �EHLQJ� �DZD\� �IURP� �P\� �RZQ� �IDPLO\� �VR� �PXFK� �HDVLHU�� �7R� �P\� �IDPLO\�� �,��NQRZ��\RX��DUH��HDJHUO\�� � � � � � � � � � � � � � � � � �

ZDLWLQJ��IRU��XV��WR��DUULYH��RQ��D��PRUH��SHUPDQHQW��YLVLW���<RXU��ORYH��DQG��VXSSRUW��IURP��³DFURVV��WKH��SRQG´�� � � � � � � � � � � � � � � � � �

KDV� �PDGH� �WKH� �\HDUV� �DZD\� �IURP� �KRPH� �EHDUDEOH���EXW��,��FDQ¶W��ZDLW��WR��EH��EDFN��DQG��HDW��WDFRV��ZLWK�� � � � � � � � � � � � � � � � � � �

\RX��DOO���7R��P\��&60���0'5���IULHQGV��IURP��WKH��SDVW��DQG��SUHVHQW���<RX��KDYH��PDGH��6$)��VXFK��D��IXQ�� � � � � � � � � � � � � � � � � � �

ZRUNLQJ��HQYLURQPHQW���,��IHHO��VR��OXFN\��WR��KDYH��PHW��HDFK��RQH��RI��\RX��DQG��ZLOO��PLVV��\RX��GHDUO\���$QG�� � � � � � � � � � � � � � � � � � �

WR� �P\� �QRQ�,PSHULDO� �IULHQGV� ��LQ� �WKH� �86� �DQG� �WKH� �8.��� �<RX� �KDYH� �DOO� �EHHQ��ZRQGHUIXOO\��VXSSRUWLYH�� � � � � � � � � � � � � � � �

WKURXJK��WKLV��DQG��,��KRSH��\RX��NQRZ��KRZ��PXFK��,��YDOXH��RXU��IULHQGVKLS���7KH��=RRP�)DFH7LPH��GDWHV�� � � � � � � � � � � � � � � �

KDYH���NHSW���PH���VDQH���WKH���SDVW���FRXSOH���PRQWKV���DQG���,���FDQ¶W���ZDLW���WR���VRFLDO���XQ�GLVWDQFH���ZLWK���\RX����

�
,��ZDQW��WR��JLYH��D��VSHFLDO��VKRXW�RXW��WR��WKH��IULHQGV��ZKR��RIIHUHG��LQYDOXDEOH��DGYLFH��DQG��VXJJHVWLRQV�� � � � � � � � � � � � � � � �

GXULQJ� �WKH� �ZULWLQJ� �SHULRG�� �DQG��WR��WKRVH��ZKR��KDYH��EHHQ��SHUVLVWHQWO\��FKHHULQJ��PH��RQ���HVSHFLDOO\�� � � � � � � � � � � � � � �

$OOLVRQ�� �*RQoDOR�� �*RUGDQD�� �0DULQH�� �0DUWKD�� �1DQ�� �1DWDVD�� �2ORI�� �6LPRQH� �DQG� �6ROO\��� �)LQDOO\�� �,�� � � � � � � � � � � � �

ZDQW���WR���GHGLFDWH���WKLV���WKHVLV���WR���*UDQGDG����ZKR���ZRXOG���KDYH���EHHQ���VR���SURXG���RI���WKLV���DFKLHYHPHQW����
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&RQWULEXWLRQV���RI���RWKHUV��
�
'U��0DNULQD��6DYYLGRX��OHG��WKH��SUHJQDQF\��VWXG\��DW��&KHOVHD��	��:HVWPLQVWHU��+RVSLWDO����&KDSWHU�� � � � � � � � � � � � �
�� �DQG�&KDSWHU� ������ �6KH� �DQG� �KHU� �WHDP� ��HVSHFLDOO\� �'U��7DQ\D��0DULF��DQG��'U��&KLGLPPD��.DQX��� � � � � � � � � � � � � � � �
HQUROOHG��SDWLHQWV���UHFRUGHG��PHWDGDWD��DQG��FROOHFWHG��WKH��VDPSOHV��WKDW��ZHUH��DQDO\VHG��IRU��WKLV�� � � � � � � � � � � � �
WKHVLV�� �'U� �.DQX� �FRQWULEXWHG� �WR� �WKH� ��+� �105� �H[SHULPHQWV� �RQ� �VHUXP� �VDPSOHV� �UHSRUWHG� �LQ�� � � � � � � � � � � � � �
&KDSWHU��������DQG���FDOFXODWHG���23/6�'$���PRGHOV���IRU���WKHVH���VDPSOHV���
�
'U� �,YDQ� �6HUUDQR� �&RQWUHUDV� �SHUIRUPHG� �WKH� ��'� �105� �H[SHULPHQWV� ��&26<�� �72&6<�� �+64&��� � � � � � � � � � � �
ZKLFK� �ZHUH� �LQVWUXPHQWDO� �IRU� �LGHQWLI\LQJ��VRPH��RI��WKH��PHWDEROLWHV��UHSRUWHG��LQ�&KDSWHU�����DQG�� � � � � � � � � � � � � �
&KDSWHU���������
�
3DWLHQW� �HQUROOPHQW� �DQG� �FRRUGLQDWLRQ� �IRU� �WKH� �-HEVHQ� �VWXG\� ���&KDSWHU� ����� �ZHUH� �OHG� �E\� �/XFLD�� � � � � � � � � � � � � �
*X]PDQ���DQG���'U���'HQQLV���'L[RQ���DW���WKH���&HQWHU���IRU���$XWLVP���DQG���5HODWHG���'LVRUGHUV����
�
'U��-XOLH��0F'RQDOG��JHQHUDWHG��WKH��UDZ����6��U51$��JHQH��DPSOLFRQ��VHTXHQFLQJ��GDWD��SUHVHQWHG�� � � � � � � � � � � � �
LQ����&KDSWHU���������DQG����&KDSWHU��������
�
��+� �105� �H[SHULPHQWV� �GHWDLOHG� �LQ� &KDSWHU� ��� �ZHUH� �FDUULHG� �RXW� �E\� �WKH� �,PSHULDO� �3KHQRPH�� � � � � � � � � � � � � �
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&RXQFLO� �DQG� �1DWLRQDO� �,QVWLWXWH� �IRU� �+HDOWK� �5HVHDUFK� ��JUDQW� �QXPEHU� �0&B3&B��������� � � � � � � � � �
,QIUDVWUXFWXUH� �VXSSRUW� �ZDV� �SURYLGHG� �E\� �WKH� �1DWLRQDO� �,QVWLWXWH� �IRU� �+HDOWK� �5HVHDUFK� ��1,+5��� � � � � � � � � � � �
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&RQWHQWV��
�

/LVW���RI���)LJXUHV� ����

/LVW���RI���7DEOHV� ����

$EEUHYLDWLRQV� ����

&KDSWHU����� ����

��������*XW���PLFURELRWD�KRVW���PHWDEROLF���LQWHUDFWLRQV� ����
����������0DFURQXWULHQW���PHWDEROLVP� ����
����������%DFWHULDO���FDWDEROLVP� ����
����������%LOH���DFLG���PHWDEROLVP� ����
����������0LFURELDO���ELRV\QWKHVLV���RI���KRVW�HVVHQWLDO���FRPSRXQGV� ����
����������'UXJ���PHWDEROLVP� ����
����������0HDVXULQJ���KRVW�PLFUREH���FR�PHWDEROLVP� ����

��������*XW���PLFURELRWD���DQG���KXPDQ���GHYHORSPHQW� ����
����������0DWHUQDO���JXW���PLFURELRWD���GXULQJ���SUHJQDQF\� ����
����������0DWXUDWLRQ���RI���WKH���JXW���PLFURELRWD���LQ���RIIVSULQJ� ����
����������'HYHORSPHQWDO���GHILFLWV���DVVRFLDWHG���ZLWK���WKH���JXW���PLFURELRWD� ����

��������*XW���PLFURELRWD���LQ���KHDOWK���DQG���GLVHDVH� ����
����������2EHVLW\� ����
����������$XWLVP���6SHFWUXP���'LVRUGHU� ����

��������6FRSH���RI���WKHVLV� ����

&KDSWHU����� ����

��������&RKRUWV� ����
����������&:+���VWXG\� ����
����������-HEVHQ���VWXG\� ����

��������0HWDEROLF���SURILOLQJ� ����
������������+���105���VSHFWURVFRS\� ����
����������6DPSOH���SUHSDUDWLRQ� ����
����������'DWD���DFTXLVLWLRQ� ����
����������'DWD���SUH�SURFHVVLQJ� ����
����������0HWDEROLWH���DQQRWDWLRQ� ����

��������*XW���EDFWHULDO���FRPPXQLW\���SURILOLQJ� ����
������������6���U51$���JHQH���DPSOLFRQ���VHTXHQFLQJ� ����
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����������/LEUDU\���SUHSDUDWLRQ� ����
����������'DWD���DFTXLVLWLRQ� ����
����������'DWD���SUH�SURFHVVLQJ� ����
����������1RUPDOLVDWLRQ���DQG���GLYHUVLW\���HVWLPDWHV� ����

��������6WDWLVWLFV� ����
����������/LQHDU���GLPHQVLRQDOLW\���UHGXFWLRQ���WHFKQLTXHV� ����

������������3ULQFLSDO���FRPSRQHQW���DQDO\VLV� ����
������������3DUWLDO���OHDVW���VTXDUHV���UHJUHVVLRQ� ����
������������&URVV�YDOLGDWLRQ� ����
������������5HOHYDQFH���QHWZRUNV� ����

����������5DQGRP���IRUHVWV� ����
����������/LQHDU���PL[HG�HIIHFWV���PRGHOV� ����
����������7LPH���VHULHV���DQDO\VLV� ����
����������&RUUHODWLRQ� ����
����������&RUUHFWLRQ���IRU���PXOWLSOH���K\SRWKHVLV���WHVWLQJ� ����

&KDSWHU����� ����

��������,QWURGXFWLRQ� ����

��������0DWHULDOV���DQG���PHWKRGV� ����
����������6WXG\���SRSXODWLRQ����VDPSOLQJ���DQG���FOLQLFDO���GDWD� ����
����������0HWDEROLF���SURILOLQJ���RI���ELRIOXLGV� ����
����������,QWHJUDWLRQ���RI���PHWDEROLWH���GDWD���ZLWK���FOLQLFDO���RXWFRPHV� ����

��������5HVXOWV���DQG���GLVFXVVLRQ� ����
����������&KDUDFWHULVWLFV���RI���WKH���VWXG\���SDUWLFLSDQWV� ����
����������$VVRFLDWLRQV���EHWZHHQ���PDWHUQDO���DQG���QHRQDWDO���RXWFRPHV� ����
����������6DPSOLQJ���VXPPDU\� ����
����������%0,�DVVRFLDWHG���VHUXP���PHWDEROLWHV� ����
����������%0,�DVVRFLDWHG���XULQH���PHWDEROLWHV� ����
����������&OLQLFDO���DVVRFLDWLRQV� ����

&KDSWHU����� ����

��������,QWURGXFWLRQ� ����

��������0DWHULDOV���DQG���PHWKRGV� ����
����������6WXG\���SRSXODWLRQ����VDPSOLQJ���DQG���FOLQLFDO���GDWD� ����
����������0HWDEROLF���SURILOLQJ���RI���ELRIOXLG� ����
����������*XW���EDFWHULDO���FRPPXQLW\���SURILOLQJ� ����
����������,QWHJUDWLYH���DQDO\VLV���RI���PHWDEROLF���DQG���JXW���EDFWHULDO���GDWD� ����
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��������5HVXOWV���DQG���GLVFXVVLRQ� ����
����������&KDUDFWHULVWLFV���RI���WKH���VWXG\���SDUWLFLSDQWV� ����
����������$VVRFLDWLRQV���EHWZHHQ���PDWHUQDO���DQG���QHRQDWDO���RXWFRPHV� ����
����������6DPSOLQJ���VXPPDU\� ����
����������6HUXP���PHWDEROLWHV���DVVRFLDWHG���ZLWK���SUHYLRXV���EDULDWULF���VXUJHU\� ����
����������8ULQH���PHWDEROLWHV���DVVRFLDWHG���ZLWK���SUHYLRXV���EDULDWULF���VXUJHU\� ����
����������0DODEVRUSWLYH���PHWDEROLF���SURILOH���LV���FRQVLVWHQWO\���DOWHUHG���WKURXJKRXW���JHVWDWLRQ� ����
����������0DODEVRUSWLYH���PHWDEROLF���SKHQRW\SH���LV���DVVRFLDWHG���ZLWK���D���VKLIW���LQ���WKH���JXW���PLFURELRWD������
����������&OLQLFDO���DVVRFLDWLRQV� �����

&KDSWHU����� �����

��������,QWURGXFWLRQ� �����

��������0DWHULDOV���DQG���PHWKRGV� �����
����������6WXG\���SRSXODWLRQ����VDPSOLQJ���DQG���FOLQLFDO���GDWD� �����
����������0HWDEROLF���SURILOLQJ� �����
����������*XW���EDFWHULDO���FRPPXQLW\���SURILOLQJ� �����
����������'DWD���LQWHJUDWLRQ� �����
����������*XW���EDFWHULDO���DVVRFLDWLRQV���ZLWK���VWXG\���JURXSV���DQG���PHWDERW\SHV� �����

��������5HVXOWV���DQG���GLVFXVVLRQ� �����
����������&KDUDFWHULVWLFV���RI���WKH���VWXG\���SDUWLFLSDQWV� �����
����������6DPSOLQJ���VXPPDU\� �����
����������0HWDEROLF���DQG���JXW���EDFWHULDO���SKHQRW\SHV���DUH���QRW���RYHUWO\���DVVRFLDWHG���ZLWK���$6'� �����
����������)DHFDO���PHWDERORPH���LQ���$6'� �����
����������8ULQDU\���PHWDEROLWHV���UHODWHG���WR���WKH���$6'���IDHFDO���PHWDERORPH� �����
����������*XW���EDFWHULD���UHODWHG���WR���$6'���PHWDERORPH� �����
����������+RVW�PLFUREH���FR�PHWDEROLVP���LV���DOWHUHG���LQ���FKLOGUHQ���ZLWK���$6'���FRPSDUHG���WR���QHXURW\SLFDO�� �
������������SDUWLFLSDQWV� �����
����������$6'�DVVRFLDWHG���PHWDERW\SHV���GLVSOD\���GLIIHUHQWLDO���PLFURELRWD� �����

&KDSWHU����� �����

��������6XPPDU\���RI���NH\���UHVXOWV� �����
����������0DWHUQDO���REHVLW\���LPSDFWV���SUHJQDQF\� �����
����������3UHYLRXV���PDODEVRUSWLYH���VXUJHU\���LPSDFWV���SUHJQDQF\� �����
����������*XW���PLFURELDO���DOWHUDWLRQV���LQ���$XWLVP���6SHFWUXP���'LVRUGHU���DUH���FRQGLWLRQDO� �����
����������2YHUDOO���OLPLWDWLRQV� �����

��������)XWXUH���ZRUN� �����

��������*HQHUDO���FRQFOXVLRQ� �����
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5HIHUHQFHV� �����

$SSHQGL[���$�������0HWDEROLWH���,GHQWLILFDWLRQ� �����

$SSHQGL[���%�������$GGLWLRQDO���GDWD� �����
&KDSWHU����� �����
&KDSWHU����� �����
&KDSWHU����� �����

$SSHQGL[���&�������5���SDFNDJHV���DQG���SDFNDJH���YHUVLRQV� �����
&KDSWHU����� �����
&KDSWHU����� �����
&KDSWHU����� �����
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/LVW���RI���)LJXUHV��
&KDSWHU������

��� 0HWDEROLF���SKHQRW\SLQJ��
��� 0DMRU���PLFURELRWD�DVVRFLDWHG���PHWDEROLWHV���LQYHVWLJDWHG���LQ���WKLV���WKHVLV��

&KDSWHU������
��� 6WXG\���GHVLJQ���DQG���PDWHUQDO���VDPSOLQJ��
��� ��+���105���WKHRU\���DQG���GDWD���DFTXLVLWLRQ��
��� ��+���105���VSHFWUDO���DOLJQPHQW��
��� 3UREDELOLVWLF���TXRWLHQW���QRUPDOLVDWLRQ��
��� 105���H[SHULPHQWV��
��� ��6���U51$���JHQH��
��� ��6���U51$���JHQH���DPSOLFRQV���ZLWK���DWWDFKHG���DGDSWHUV���DQG���LQGLFHV��
��� ,OOXPLQD���VHTXHQFLQJ���E\���V\QWKHVLV���FKHPLVWU\��
��� 3ULQFLSDO���FRPSRQHQW���DQDO\VLV��
���� 3DUWLDO���OHDVW���VTXDUHV���UHJUHVVLRQ��
���� 0XOWL�EORFN���SDUWLDO���OHDVW���VTXDUHV���UHJUHVVLRQ��
���� 5REXVW���DSSUR[LPDWLRQ���RI���FRUUHODWLRQ���EDVHG���RQ���3/6���ORDGLQJV��
���� 5DQGRP���IRUHVWV���FODVVLILHU��

&KDSWHU������
��� 2YHUYLHZ���RI���DQDO\WLFDO���ZRUNIORZ���IRU���PHWDEROLF���SURILOLQJ��
��� $VVRFLDWLRQV���EHWZHHQ���PDWHUQDO���DQG���QHRQDWDO���RXWFRPHV��
��� 1HRQDWDO���VL]H���DQG���JHVWDWLRQDO���DJH���DUH���DVVRFLDWHG���ZLWK���QHRQDWDO���LQVXOLQ���OHYHOV���DW���ELUWK��
��� 6DPSOLQJ���VXPPDU\���E\���JURXS��
��� 6HUXP���PHGLDQ������+���105���VSHFWUXP���ZLWK���DQQRWDWHG���PHWDEROLWHV��
��� 6HUXP���PHWDEROLWH���FRQFHQWUDWLRQV���WKURXJKRXW���SUHJQDQF\��
��� 0HWDEROLWH���FRQFHQWUDWLRQV���LQ���XPELOLFDO���FRUG���VDPSOHV���E\���VWXG\���JURXS��
��� 0HWDEROLWH���FRQFHQWUDWLRQV���LQ���PDWHUQDO���VHUXP���FRPSDUHG���WR���XPELOLFDO���FRUG���VHUXP��
��� 8ULQH���PHGLDQ������+���105���VSHFWUXP���ZLWK���DQQRWDWHG���PHWDEROLWHV��
���� 8ULQH���PHWDEROLWH���FRQFHQWUDWLRQV���WKURXJKRXW���SUHJQDQF\��
���� 7LPH���VHULHV���DQDO\VLV���RI���LPSRUWDQW���PLFURELRWD�DVVRFLDWHG���PHWDEROLWHV��
���� ,QWHJUDWLYH���DQDO\VLV���RI���PHWDEROLWH���DQG���FOLQLFDO���GDWD��

&KDSWHU������
��� 1HRQDWDO���LQVXOLQ���LV���DVVRFLDWHG���ZLWK���IDW���PDVV���DQG���ZHLJKW���DW���ELUWK��
��� 6XPPDU\���RI���GDWD���FROOHFWLRQ���E\���JURXS��
��� 6HUXP���PHGLDQ������+���105���VSHFWUXP���ZLWK���DQQRWDWHG���PHWDEROLWHV��
��� 8ULQH���PHGLDQ������+���105���VSHFWUXP���ZLWK���DQQRWDWHG���PHWDEROLWHV��
��� /RQJLWXGLQDO���PRGHOOLQJ���RI���GLVFULPLQDQW���PHWDEROLWHV��
��� *XW���EDFWHULDO���DOWHUDWLRQV���LQ���PDODEVRUSWLYH���SDWLHQWV��
��� 'LIIHUHQWLDOO\���DEXQGDQW���DPSOLFRQ���VHTXHQFH���YDULDQWV���LQ���PDODEVRUSWLYH���SDWLHQWV��
��� ,QWHJUDWHG���VLJQDWXUH���RI���SUHYLRXV���PDODEVRUSWLYH���VXUJHU\��
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��� 3URWHLQ�UHODWHG���PHWDEROLWHV���FRUUHODWH���ZLWK���PDWHUQDO���LQVXOLQ���UHVLVWDQFH���DQG���IHWDO�ELUWK��
ZHLJKW��

&KDSWHU������
��� 2YHUYLHZ���RI���VWDWLVWLFDO���ZRUNIORZ��
��� 3DUWLFLSDQWV���E\���HWKQLFLW\���DQG���VWDWH��
��� 6DPSOLQJ���VXPPDU\��
��� &URVV�YDOLGDWHG���VFRUHV���IURP���RUWKRJRQDO���SDUWLDO���OHDVW���VTXDUHV���GLVFULPLQDQW���DQDO\VLV���RI��

PHWDEROLF���DQG���JXW���EDFWHULDO���SURILOHV��
��� 6SDUVH���SULQFLSDO���FRPSRQHQW���DQDO\VLV���RI���IDHFDO������+���105���GDWD���IURP���FKLOGUHQ���ZLWK���$6'��
��� )DHFDO������+���105���VSHFWUXP��
��� $VVRFLDWLRQV���EHWZHHQ���IDHFDO���PHWDEROLWHV���DQG���$6'���FKDUDFWHULVWLFV��
��� 8ULQH������+���105���VSHFWUXP��
��� $VVRFLDWLRQV���EHWZHHQ���XULQDU\���PHWDEROLWHV���DQG���$6'���FKDUDFWHULVWLFV��
���� $VVRFLDWLRQV���EHWZHHQ���PHWDEROLWHV���DQG���PLFURELRWD���LQ���$6'��
���� &RPSDULVRQ���RI���PHWDEROLF���SKHQRW\SHV���EHWZHHQ���VWXG\���JURXSV��
���� &RUUHODWLRQV���EHWZHHQ���SURWHLQ�UHODWHG���PHWDEROLWHV���DQG���IDHFDO���VKRUW�FKDLQ���IDWW\���DFLGV��
���� 0HWDERW\SH���SUHGLFWLRQ���IURP���JXW���EDFWHULDO���SURILOHV��
���� 6XPPDU\���RI���PHWDERW\SHV���E\���VWXG\���JURXS��
���� 9DULDEOH���LPSRUWDQFH���IURP���UDQGRP���IRUHVWV���PRGHO��
���� $VVRFLDWLRQV���EHWZHHQ���EDFWHULDO���JHQHUD���DQG���VWXG\���JURXSV��
���� $VVRFLDWLRQV���EHWZHHQ���EDFWHULDO���JHQHUD����VWXG\���JURXSV���DQG���PHWDERW\SHV��

&KDSWHU������
��� 2EVHUYHG���PHWDEROLF���UHODWLRQVKLS���EHWZHHQ���PDWHUQDO���REHVLW\���DQG���QHRQDWDO���RXWFRPHV��
��� 0DODEVRUSWLYH���VXUJHU\�LQGXFHG���FKDQJHV���LQ���SURWHLQ���PHWDEROLVP��
��� 5HODWLRQVKLS���EHWZHHQ���LQWHVWLQDO���WUDQVLW���WLPH���DQG���SURWHLQ���SXWUHIDFWLRQ���LQ���WKH���FRORQ��
�
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/LVW���RI���7DEOHV��
&KDSWHU������

��� ��6���U51$���JHQH���9��9����SULPHU���VHTXHQFHV��
&KDSWHU������

��� 3DUWLFLSDQW���FKDUDFWHULVWLFV��
��� 23/6���PRGHO���VWDWLVWLFV���IRU���VHUXP���VDPSOHV��
��� 5HVXOWV���IURP���WLPH���VHULHV���PRGHOOLQJ���RI���VHUXP����PHWDEROLWHV��
��� 23/6���PRGHO���VWDWLVWLFV���IRU���XULQH���VDPSOHV��
��� 5HVXOWV���IURP���WLPH���VHULHV���PRGHOOLQJ���RI���XULQH���PHWDEROLWHV��

&KDSWHU������
��� 3DUWLFLSDQW���FKDUDFWHULVWLFV��
��� 23/6�'$���PRGHO���VWDWLVWLFV���IRU���VHUXP���VDPSOHV��
��� 23/6�'$���PRGHO���VWDWLVWLFV���IRU���XULQH���VDPSOHV��

&KDSWHU������
��� 3DUWLFLSDQW���FKDUDFWHULVWLFV��
��� $VVRFLDWLRQV���EHWZHHQ���PHWDEROLWH���OHYHOV���DQG���FKDUDFWHULVWLFV���LQ���QHXURW\SLFDO���LQGLYLGXDOV��
��� 5DQGRP���IRUHVWV���PRGHO���VWDWLVWLFV��
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$EEUHYLDWLRQV��
�
��+���105����3URWRQ���1XFOHDU���0DJQHWLF���5HVRQDQFH���6SHFWURVFRS\��

�'������GLPHQVLRQDO��

�'������GLPHQVLRQDO��

$6'����$XWLVP���6SHFWUXP���'LVRUGHU��

%&$$����%UDQFKHG�&KDLQ���$PLQR���$FLG��

%&)$����%UDQFKHG�&KDLQ���)DWW\���$FLG��

%0,����%RG\���0DVV���,QGH[��

ES����EDVH���SDLUV��

&$5'����&HQWHU���IRU���$XWLVP���DQG���5HODWHG���'LVRUGHUV��

&16����&HQWUDO���1HUYRXV���6\VWHP��

&26<����&RUUHODWLRQ���6SHFWURVFRS\��

&30*����&DUU±3XUFHOO±0HLERRP±*LOO��

&:+����&KHOVHD���	���:HVWPLQVWHU���+RVSLWDO��

'1$����'HR[\ULERQXFOHLF���$FLG��

(16����(QWHULF���1HUYRXV���6\VWHP��

)'5����)DOVH���'LVFRYHU\���5DWH��

),'����)UHH���,QGXFWLRQ���'HFD\��

),6+����)OXRUHVFHQFH����,Q���6LWX����+\EULGL]DWLRQ��

)07����)DHFDO���0LFURELRWD���7UDQVSODQW��

*&�06����*DV���&KURPDWRJUDSK\�0DVV���6SHFWURPHWU\��

*'0����*HVWDWLRQDO���'LDEHWHV���0HOOLWXV��

*O\F$����1��DFHW\O���*O\FRSURWHLQV��

*3&5����*�SURWHLQ�FRXSOHG���UHFHSWRUV��

+E$�F����JO\FDWHG���KDHPRJORELQ��

+'$&����KLVWRQH���GHDFHW\ODVHV��

+20$�,5����+RPHRVWDWLF���0RGHO���$VVHVVPHQW���IRU���,QVXOLQ���5HVLVWDQFH��

+64&����+HWHURQXFOHDU���6LQJOH���4XDQWXP���&RKHUHQFH��
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,%'����,QIODPPDWRU\���%RZHO���'LVHDVH��

,%6����,UULWDEOH���%RZHO���6\QGURPH��

,6����LQGR[\O���VXOIDWH��

/&�06����/LTXLG���&KURPDWRJUDSK\�0DVV���6SHFWURPHWU\��

/36����OLSRSRO\VDFFKDULGH��

0$/����0DODEVRUSWLYH��

06(3����0HDQ���6TXDUHG���(UURU���RI���3UHGLFWLRQ��

1*6����1H[W�*HQHUDWLRQ���6HTXHQFLQJ��

12(6<����1XFOHDU���2YHUKDXVHU���(IIHFW���6SHFWURVFRS\��

1:����1RUPDO���:HLJKW��

2%����2EHVH��

22%����2XW�2I�%DJ��

23/6����2UWKRJRQDO���3DUWLDO���/HDVW���6TXDUHV�3URMHFWLRQV���WR���/DWHQW���6WUXFWXUHV��

278����2SHUDWLRQDO���7D[RQRPLF���8QLW��

2:����2YHUZHLJKW��

3$*����SKHQ\ODFHW\OJOXWDPLQH��

3&$����3ULQFLSDO���&RPSRQHQW���$QDO\VLV��

3&5����3RO\PHUDVH���&KDLQ���5HDFWLRQ��

3&6����S��FUHV\O���VXOIDWH��

3+3$����S�K\GUR[\SKHQ\ODFHWDWH��

3/6����3DUWLDO���/HDVW���6TXDUHV�3URMHFWLRQV���WR���/DWHQW���6WUXFWXUHV��

SSP����SDUWV���SHU���PLOOLRQ��

T3&5����TXDQWLWDWLYH����UHDO�WLPH����3RO\PHUDVH���&KDLQ���5HDFWLRQ��

5(6����5HVWULFWLYH���

U51$����ULERVRPDO���5LERQXFOHLF���$FLG��

563$����5HFXUVLYH���6HJPHQW�ZLVH���3HDN���$OLJQPHQW��

6&)$����6KRUW�&KDLQ���)DWW\���$FLG��

V3&$����VSDUVH���3ULQFLSDO���&RPSRQHQW���$QDO\VLV��

V3/6����VSDUVH���3DUWLDO���/HDVW���6TXDUHV�3URMHFWLRQV���WR���/DWHQW���6WUXFWXUHV��

VSS�����VSHFLHV��
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70$����WULPHWK\ODPLQH��

70$2����WULPHWK\ODPLQH���1�R[LGH��

72&6<����7RWDO���&RUUHODWLRQ���6SHFWURVFRS\���

763������WULPHWK\O�VLO\O�>�����������+���@SURSLRQLF���DFLG��

8.����8QLWHG���.LQJGRP��

�
�

����



�

&KDSWHU������

� ,QWURGXFWLRQ��

��� *XW���PLFURELRWD�KRVW���PHWDEROLF���LQWHUDFWLRQV��
7KH� �KXPDQ� �ERG\� �FRQWDLQV� �HQWLUH� �HFRV\VWHPV� �RI��PLFURRUJDQLVPV���UHIHUUHG��WR��DV��PLFURELRPHV������ � � � � � � � � � � �

DQG� �ZH� �DUH� �RQO\� �EHJLQQLQJ� �WR� �DSSUHFLDWH� �WKHLU� �FRQWULEXWLRQ� �WR� �VWDWHV� �RI� �KHDOWK� �DQG� �GLVHDVH������ � � � � � � � � � � � � � �

'LIIHUHQW��DUHDV��RI��WKH��ERG\��KDUERXU��GLVWLQFW��PLFURELDO��FRPPXQLWLHV��ZKLFK��FRQWDLQ��SRSXODWLRQV��RI�� � � � � � � � � � � � �

EDFWHULD�� �YLUXVHV�� �IXQJL�� �DUFKDHD� �DQG� �RWKHU� �PLFUREHV�� �7KH� �FRPPXQLWLHV� �DUH� �VKDSHG� �E\� �WKH�� � � � � � � � � � � � �

XQLTXH� �PLFURHQYLURQPHQWV����� �IRUPLQJ� �HFRORJLFDO� �QLFKHV� �WKURXJKRXW� �DQG� �RQ� �WKH� �ERG\�� �7KH� �JXW�� � � � � � � � � � � �

PLFURELRWD���WKH��FROOHFWLRQ��RI��PLFUREHV��UHVLGLQJ��LQ��WKH��JDVWURLQWHVWLQDO��WUDFW������LV��FXUUHQWO\��RI��PXFK�� � � � � � � � � � � � � �

LQWHUHVW��LQ��FOLQLFDO��UHVHDUFK��EHFDXVH��RI��LWV��DELOLW\��WR��LQIOXHQFH��KXPDQ��KHDOWK��DQG��GLVHDVH������:KLOH�� � � � � � � � � � � � � � �

WKH� �EDFWHULD� �LQKDELWLQJ� �WKH� �ODUJH� �LQWHVWLQH� �DUH� �FXUUHQWO\� �WKH� �PRVW� �H[WHQVLYHO\� �FKDUDFWHULVHG�� � � � � � � � � � � �

PHPEHUV��RI��WKH��KXPDQ��JXW��PLFURELRWD���WKHLU��DFWLYLWLHV��DQG��KRZ��WKHVH��DIIHFW��WKH��KRVW��DUH��VWLOO��RQO\�� � � � � � � � � � � � � � � � �

ORRVHO\� �XQGHUVWRRG�� �%LRFKHPLFDO� �SURFHVVHV� �RFFXUULQJ� �ZLWKLQ� �WKH� �KXPDQ� �ERG\� �FRQVXPH� �DQG�� � � � � � � � � � �

SURGXFH� �PHWDEROLWHV�� �VPDOO� �PROHFXOHV� �WKDW� �DUH� �VWDUW� �SRLQWV�� �LQWHUPHGLDWHV� �DQG� �HQGSRLQWV� �RI�� � � � � � � � � � � �

FKHPLFDO��UHDFWLRQV���0HWDEROLWHV��DUH��IRXQG��LQ��DOO��ELRIOXLGV��DQG���ZKHQ��FRQVLGHUHG��WRJHWKHU���GHSLFW�� � � � � � � � � � � � �

WKH� �FROOHFWLYH� �ELRFKHPLVWU\� �RI� �WKH� �KRVW� �DQG� �LWV� �UHVLGHQW� �PLFUREHV� �DV� �ZHOO� �DV� �H[WHUQDO� �IDFWRUV�� � � � � � � � � � � � � � �

LQFOXGLQJ� �GLHWDU\� �SUHIHUHQFHV�� �SKDUPDFHXWLFDO� �XVDJH� �DQG� �HQYLURQPHQWDO� �H[SRVXUHV��� ���)LJXUH�� � � � � � � � �

������� �0LFURELDOO\� �V\QWKHVLVHG� �PHWDEROLWHV� �PDNH� �XS� �D� �SURSRUWLRQ� �RI� �WKH� �PHWDERORPH� ��� �WKH� �WRWDO�� � � � � � � � � � � � � �

FRPSRVLWLRQ� �RI� �PHWDEROLWHV� �SUHVHQW� �LQ� �D� �ELRORJLFDO� �VDPSOH� ��� �RI� �KXPDQ� �WLVVXHV��RU��ELRIOXLGV��DQG�� � � � � � � � � � � � � � �

FDQ��SHUIRUP��LPSRUWDQW��VLJQDOOLQJ��IXQFWLRQV��ZLWKLQ��WKH��KRVW���0HWDEROLF��SURILOLQJ��KDV��EHFRPH��D��NH\�� � � � � � � � � � � � � �

WRRO��IRU��GHWDLOLQJ��ERWK��KRVW��DQG��JXW��PLFURELDO��PHWDEROLVP���DOORZLQJ��XV��WR��XQGHUVWDQG��WKH��ZD\V��LQ�� � � � � � � � � � � � � � � �

ZKLFK���WKHVH���WZR���HQWLWLHV���FR�H[LVW���LQ���V\PELRVLV����

�

&XUUHQW� �NQRZOHGJH� �LQGLFDWHV� �WKDW� �JXW� �EDFWHULD� �SULPDULO\� �DVVLVW� �ZLWK� �WKH� �GLJHVWLRQ� �RI� �QXWULHQWV�� � � � � � � � � � � � �

ZKLFK� �DUH� �LQGLJHVWLEOH� �E\� �KXPDQ� �PHWDEROLVP����� �%DFWHULD� �DOVR� �PHWDEROLVH��H[RJHQRXV��FKHPLFDOV�� � � � � � � � � � �

VXFK��DV��SKDUPDFHXWLFDOV������LQIOXHQFLQJ��KRVW��UHVSRQVHV��WR��GUXJV���0LFURELDO��PHWDEROLVP��JHQHUDWHV�� � � � � � � � � � �

FRPSRXQGV� �WKDW� �DUH� �HVVHQWLDO� �IRU� �KRVW� �SK\VLRORJ\� �LQFOXGLQJ� �YLWDPLQV�� �DPLQR� �DFLGV�� �VWHURLG�� � � � � � � � � � � �

KRUPRQHV� �DQG� �QHXURWUDQVPLWWHUV������0LFUREH�JHQHUDWHG��FRPSRXQGV��DFW��ORFDOO\��LQ��WKH��JXW��EXW��DUH�� � � � � � � � � � � �

�



&+$37(5��������,1752'8&7,21��

¶

DOVR� �DEVRUEHG� �LQWR� �KRVW� �FLUFXODWLRQ� �DQG� �FDQ� �DFW� �DV� �VLJQDOOLQJ� �PROHFXOHV�� �PRGXODWLQJ� �V\VWHPLF�� � � � � � � � � � � � �

IXQFWLRQ������ �,W� �LV� �HYLGHQW� �WKDW� �WKH� �JXW� �PLFURELRWD� �LQIOXHQFHV� �PDQ\� �DVSHFWV� �RI� �KXPDQ� �KHDOWK�� �RXU�� � � � � � � � � � � � � � �

XQGHUVWDQGLQJ� �RI� �WKHVH� �KRVW�PLFURELDO� �LQWHUDFWLRQV� �KDV� �WKH� �SRWHQWLDO��WR��SURSHO��FOLQLFDO��UHVHDUFK�� � � � � � � � � � � �

DQG���WUDQVIRUP���PHGLFDO���SUDFWLFH����RIIHULQJ���QHZ���DYHQXHV���IRU���WKHUDSHXWLF���LQWHUYHQWLRQ���

�

�

)LJXUH� ������ �0HWDEROLF� �SKHQRW\SLQJ�� 0HWDEROLF� �SURILOHV� �FDQ� �EH�� � � � � � � �
DFTXLUHG� �IURP��ELRIOXLGV���W\SLFDOO\��XULQH���EORRG��DQG��IDHFHV���WR��JLYH��D�� � � � � � � � � � �
VQDSVKRW��RI��WKH��ELRFKHPLFDO��UHDFWLRQV��RFFXUULQJ��LQ��WKH��KXPDQ��ERG\�� � � � � � � � � �
DW� �D� �JLYHQ� �WLPH�� �7KHVH� �SURILOHV� �UHIOHFW� �KRVW� �JHQHWLFV�� �OLIHVW\OH�� � � � � � � � � �
FKRLFHV���HQYLURQPHQWDO��LQIOXHQFHV��DQG��DFWLYLW\��RI��WKH��JXW��PLFURELRWD��� � � � � � � � �
*XW� �EDFWHULD� �IURP� �IDHFDO� �VDPSOHV� �FDQ� �EH� �SURILOHG� �LQ� �SDUDOOHO� �WR�� � � � � � � � � � �
GHWHUPLQH���WKH���VSHFLHV���FRQWULEXWLQJ���WR���WKH���KRVW���SKHQRW\SH���

����� 0DFURQXWULHQW���PHWDEROLVP��

7KH� �IRRG� �ZH� �HDW�� �DPRQJ� �RWKHU� �IDFWRUV�� �VKDSHV� �WKH� �FRPSRVLWLRQ� �RI� �WKH� �JXW� �PLFURELRWD���±��� �DQG�� � � � � � � � � � � � � � �

GLFWDWHV��PXFK��RI��WKH��NQRZQ��EDFWHULDO��PHWDEROLVP��LQ��WKH��FRORQ���+XPDQV��FRQVXPH��WKUHH��W\SHV��RI�� � � � � � � � � � � � � � �

PDFURQXWULHQWV��ZKLFK��VHUYH��DV��IXHO��IRU��WKH��ERG\���FDUERK\GUDWHV���H�J���VWDUFK���VXJDUV���ILEUH����OLSLGV�� � � � � � � � � � � � � �

�H�J�� �WULJO\FHULGHV�� �FKROHVWHURO�� �DQG� �SURWHLQV�� �'LJHVWLRQ� �EHJLQV� �LQ� �WKH� �RUDO� �FDYLW\� �ZKHUH� �IRRG��LV�� � � � � � � � � � � � � �

KRPRJHQLVHG� �E\� �WKH� �DFWLRQ� �RI� �FKHZLQJ�� �,Q� �WKH� �PRXWK�� �VDOLYDU\� �DP\ODVH� �SURYLGHV� �WKH� �LQLWLDO�� � � � � � � � � � � � � �

K\GURO\VLV� �RI� �VWDUFKHV�� �DQG� �OLQJXDO� �OLSDVH� �EHJLQV� �WKH� �GLJHVWLRQ� �RI� �IDWV�������7KH��EROXV���RU��FKHZHG�� � � � � � � � � � � � � � �

����



&+$37(5��������,1752'8&7,21��

IRRG�� �WKHQ� �WUDYHOV� �WR� �WKH� �VWRPDFK� �ZKHUH� �JDVWULF� �DFLG� �DQG� �HQ]\PHV� �LQLWLDWH� �WKH� �GLJHVWLRQ� �RI�� � � � � � � � � � � � � � �

SURWHLQV� �ZKLOH� �WKH� �VWRPDFK� �FRQWHQWV� �DUH� �PL[HG� �E\� �PXVFXODU� �FRQWUDFWLRQV�� �/LSLG� �GLJHVWLRQ�� � � � � � � � � � � �

FRQWLQXHV��LQ��WKH��VWRPDFK���7KH��UHVXOWLQJ��FK\PH��LV��WKHQ��SXVKHG��LQWR��WKH��VPDOO��LQWHVWLQH���WKH��PDLQ�� � � � � � � � � � � � � � � �

VLWH��RI��FKHPLFDO��GLJHVWLRQ��DQG��QXWULHQW��DEVRUSWLRQ���:LWK��WKH��KHOS��RI��SDQFUHDWLF��HQ]\PHV��DQG��ELOH��� � � � � � � � � � � � � � �

QXWULHQWV��DUH��IXUWKHU��GHJUDGHG��LQWR��DEVRUEDEOH��SDUWLFOHV���$W��WKLV��SRLQW���VRPH��FDUERK\GUDWHV��KDYH�� � � � � � � � � � � � �

EHHQ��EURNHQ��GRZQ��LQWR��PRQRVDFFKDULGHV���VLPSOH��VXJDUV���RU��ROLJRVDFFKDULGHV���OLSLGV��KDYH��EHHQ�� � � � � � � � � � � �

EURNHQ� �GRZQ��WR��IDWW\��DFLGV��DQG��JO\FHURO���DQG��SURWHLQV��KDYH��EHHQ��EURNHQ��GRZQ��WR��SHSWLGHV��DQG�� � � � � � � � � � � � � � � �

DPLQR� �DFLGV������ �$V� �WKH��GLJHVWHG��SDUWLFOHV��PRYH��DORQJ��WKH��OHQJWK��RI��WKH��VPDOO��LQWHVWLQH���QXWULHQWV�� � � � � � � � � � � � � � �

�LQFOXGLQJ� �YLWDPLQV� �DQG� �PLQHUDOV�� �DUH� �DEVRUEHG� �LQWR� �WKH� �EORRGVWUHDP� �IRU� �XVH� �E\� �WLVVXHV� �DQG�� � � � � � � � � � � � � �

RUJDQV�� �%DFWHULD� �OLNHO\� �FRQWULEXWH� �WR� �QXWULHQW� �PHWDEROLVP� �LQ� �WKH� �VPDOO� �LQWHVWLQH������ �WKRXJK� �WR� �D�� � � � � � � � � � � � � �

OHVVHU���H[WHQW���WKDQ���LQ���WKH���ODUJH���LQWHVWLQH���

�

8QGLJHVWHG��PDWHULDOV��SDVV��WKURXJK��WKH��VPDOO��LQWHVWLQH��DQG��LQWR��WKH��ODUJH��LQWHVWLQH���'LHWDU\��ILEUH��� � � � � � � � � � � � � �

D� �W\SH� �RI� �FRPSOH[� �FDUERK\GUDWH�� �LV� �QRW� �EURNHQ� �GRZQ� �E\� �KXPDQ� �HQ]\PHV� �EXW� �LV� �D� �SULPDU\�� � � � � � � � � � � � � � � �

VXEVWUDWH� �IRU� �PDQ\� �EDFWHULDO��JHQHUD��UHVLGLQJ��LQ��WKH��FRORQ������7KH��SULQFLSDO��SURGXFWV��RI��DQDHURELF�� � � � � � � � � � � � � �

EDFWHULDO� �FDUERK\GUDWH� �IHUPHQWDWLRQ� �LQ� �WKH� �JXW� �DUH� �VKRUW�FKDLQ� �IDWW\� �DFLGV� ��6&)$V�� �EXW\UDWH��� � � � � � � � � � � �

SURSLRQDWH� �DQG� �DFHWDWH������� ���)LJXUH� �������� �6&)$V� �DUH� �UHFRJQLVHG� �DV� �LPSRUWDQW� �PRGXODWRUV� �RI�� � � � � � � � � � � �

KXPDQ� �KHDOWK� �ZLWK� �D� �GLYHUVH� �UDQJH� �RI� �SK\VLRORJLFDO� �HIIHFWV�� �%XW\UDWH� �LV� �WKH� �SULPDU\� �VRXUFH� �RI�� � � � � � � � � � � � � � �

HQHUJ\��IRU��FRORQLF��HSLWKHOLDO��FHOOV���� �DQG��KDV��PDQ\��EHQHILFLDO��UROHV��SHUWDLQLQJ��WR��LQIODPPDWLRQ���JXW�� � � � � � � � � � � � � �

EDUULHU� �LQWHJULW\� �DQG� �FRORQLF� �KRPHRVWDVLV������ �7KH� �NQRZQ� �SK\VLRORJLFDO� �HIIHFWV� �RI� �6&)$V� �DUH�� � � � � � � � � � � �

SULPDULO\� �PHGLDWHG� �WKURXJK� �WZR� �PHFKDQLVPV� ��� �LQKLELWLRQ��RI��KLVWRQH��GHDFHW\ODVHV���+'$&V���DQG�� � � � � � � � � � � �

DFWLYDWLRQ� �RI� �*�SURWHLQ�FRXSOHG� �UHFHSWRUV� ��*3&5V����� ��� �ZKLFK� �DUH� �LQYROYHG� �LQ� �UHJXODWLQJ� �JHQH�� � � � � � � � � � � �

H[SUHVVLRQ���PHWDEROLVP��DQG��LQIODPPDWLRQ�� �6&)$V��SURGXFHG��LQ��WKH��JXW��DUH��UHDGLO\��DEVRUEHG��LQWR�� � � � � � � � � � � � �

FLUFXODWLRQ��������� �OHDYLQJ� �D� �VPDOO� �IUDFWLRQ� �RI� �WKH� �WRWDO� �6&)$V� �SURGXFHG� �WR� �EH� �H[FUHWHG� �LQ� �WKH�� � � � � � � � � � � � � � �

IDHFHV��������� �/LNH� �GLHWDU\� �ILEUH�� �SRO\SKHQROV� �DOVR� �SDVV� �WKURXJK� �WKH� �VPDOO� �LQWHVWLQH� �LQ� �ODUJH�� � � � � � � � � � � � �

TXDQWLWLHV� �DQG� �XQGHUJR� �H[WHQVLYH� �ELRWUDQVIRUPDWLRQ� �E\� �JXW� �EDFWHULD������ �3RO\SKHQROV� �DUH�� � � � � � � � � �

PLFURQXWULHQWV� �IRXQG� �LQ� �YHJHWDEOHV�� �IUXLW� �DQG� �ZKROH� �JUDLQV� �WKDW� �KDYH� �ELRDFWLYH� �SURSHUWLHV��� � � � � � � � � � � �

%DFWHULDO� �PHWDEROLVP� �RI� �WKHVH� �FRPSRXQGV� �DIIHFWV� �WKHLU� �ELRDYDLODELOLW\� �DQG� �ELRDFWLYLW\�� �WKXV�� � � � � � � � � � �

PRGXODWLQJ���WKHLU���KHDOWK���EHQHILWV���

�

$V� �FDUERK\GUDWH� �DYDLODELOLW\� �GHFUHDVHV� �DORQJ� �WKH� �OHQJWK� �RI� �WKH� �ODUJH� �LQWHVWLQH�� �PHWDEROLVP� �RI�� � � � � � � � � � � � �

SURWHLQV� �WKDW� �HVFDSHG� �SULPDU\� �GLJHVWLRQ� �LQFUHDVHV��������� �+\GURO\VLV� �RI� �SURWHLQV� �DQG� �DQDHURELF�� � � � � � � � � � �

EDFWHULDO��IHUPHQWDWLRQ��RI��SHSWLGHV��DQG��DPLQR��DFLGV���D��SURFHVV��FDOOHG��SXWUHIDFWLRQ���DOVR��SURGXFHV�� � � � � � � � � � � � �

����
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6&)$V� �DV� �ZHOO� �DV� �EUDQFKHG�FKDLQ� �IDWW\� �DFLGV� ��%&)$V��� �EXW� �WKH� �PDLQ� �SURGXFWV� �RI� �SURWHLQ�� � � � � � � � � � � � � �

SXWUHIDFWLRQ� �DUH� �SKHQROV�� �LQGROHV�� �DPLQHV�� �DPPRQLD� �DQG� �K\GURJHQ� �VXOILGH���±��� ���)LJXUH� ��������� � � � � � � � � � �

8QOLNH� �6&)$V� �DQG� �%&)$V�� �WKH� �PDLQ� �SXWUHIDFWLRQ� �PHWDEROLWHV� �DUH� �SRWHQWLDOO\� �WR[LF�� �7KHVH�� � � � � � � � � � � �

PHWDEROLWHV��KDYH��EHHQ��VKRZQ��WR��H[HUW��JHQRWR[LF��DQG��F\WRWR[LF��HIIHFWV���GHFUHDVH��WKH��LQWHJULW\��RI�� � � � � � � � � � � � � �

WKH� �LQWHVWLQDO� �EDUULHU�� �DQG� �DUH� �XUHPLF� �WR[LQV������±����� �7KH� �GHWULPHQWDO� �HIIHFWV� �RI� �SXWUHIDFWLRQ�� � � � � � � � � � � �

PHWDEROLWHV� �KDYH� �QRW��EHHQ��GLUHFWO\��GHPRQVWUDWHG��LQ��KXPDQV�������EXW��FRORQLF��SURWHLQ��IHUPHQWDWLRQ�� � � � � � � � � � � �

PD\� �EH� �UHOHYDQW� �WR� �LQIODPPDWRU\� �ERZHO� �GLVHDVH� ��,%'��� �LUULWDEOH� �ERZHO� �V\QGURPH� ��,%6�� �DQG�� � � � � � � � � � � � �

FRORUHFWDO��FDQFHU����������+RZHYHU���VRPH��DPLQR��DFLG�GHULYHG��JXW��EDFWHULDO��PHWDEROLWHV��DUH��LQYROYHG�� � � � � � � � � � �

LQ� �QRUPDO� �SK\VLRORJ\� �VXFK� �DV� �WKH� �QHXURDFWLYH� �FRPSRXQGV� ���DPLQREXWU\DWH���*$%$����VHURWRQLQ�� � � � � � � � � � �

DQG� �KLVWDPLQH�� �ZKLFK� �FDQ� �EH� �SURGXFHG� �IURP� �EDFWHULDO� �PHWDEROLVP� �RI� �JOXWDPDWH�� �W\URVLQH� �DQG�� � � � � � � � � � � � �

KLVWLGLQH�� �UHVSHFWLYHO\������ �7KHVH� �PROHFXOHV� �FRQWULEXWH� �WR� �FKHPLFDO� �FRPPXQLFDWLRQ� �ZLWKLQ� �WKH�� � � � � � � � � �

JXW�EUDLQ���D[LV���RU���KRVW���LQIODPPDWRU\���UHVSRQVHV���

�
0RVW��GLHWDU\��IDW��LV��PHWDEROLVHG��EHIRUH��UHDFKLQJ��WKH��ODUJH��LQWHVWLQH���� �EXW��EDFWHULD��DUH��LQYROYHG��LQ�� � � � � � � � � � � � � � �

WKH��PHWDEROLVP��RI��OLSLGV��WKDW��GR��DUULYH��WKHUH���������$Q��LPSRUWDQW��JURXS��RI��OLSLG�UHODWHG��PHWDEROLWHV��LV�� � � � � � � � � � � � � � �

WKH��SURGXFWV��RI��FKROLQH��GHJUDGDWLRQ�������&KROLQH��LV��DQ��HVVHQWLDO��QXWULHQW��WKDW��QHHGV��WR��EH��REWDLQHG�� � � � � � � � � � � � � � �

IURP� �WKH� �GLHW��VLQFH��WKH��ERG\��GRHV��QRW��SURGXFH��D��VXIILFLHQW��DPRXQW���,W��KDV��EHHQ��VKRZQ��WKDW��WKH�� � � � � � � � � � � � � � � � � �

JXW��PLFURELRWD��FDQ��PRGLI\��FKROLQH��ELRDYDLODELOLW\��LQ��WKH��KRVW��E\��WUDQVIRUPLQJ��LW��WR��WULPHWK\ODPLQH�� � � � � � � � � � � � � �

�70$����� �ZKLFK��FRXOG��FRQWULEXWH��WR��FKROLQH��GHILFLHQF\���70$��LV��WUDQVSRUWHG��WR��WKH��OLYHU��ZKHUH��LW��LV�� � � � � � � � � � � � � � � �

R[LGLVHG� �WR� �WULPHWK\ODPLQH� �1�R[LGH� ��70$2��� �D� �PHWDEROLWH� �WKDW� �KDV� �EHHQ� �VKRZQ� �WR� �SURPRWH�� � � � � � � � � � � � �

DWKHURVFOHURVLV��������� �*LYHQ� �WKH� �KLJK� �DPRXQWV� �RI� �70$2� �LQ� �ILVK�� �FRQVXPSWLRQ� �RI� �ZKLFK� �LV�� � � � � � � � � � � � �

DVVRFLDWHG� �ZLWK� �KHDOWK\� �RXWFRPHV�� �WKLV� �PHWDEROLWH� �PD\� �EH� �D� �PDUNHU� �RI� �GLVHDVH� �UDWKHU� �WKDQ� �D�� � � � � � � � � � � � � � �

PHGLDWRU�������

�

�

����
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¶

�

)LJXUH��������0DMRU��PLFURELRWD�DVVRFLDWHG��PHWDEROLWHV��LQYHVWLJDWHG��LQ��WKLV��WKHVLV��)LJXUH��LV��EDVHG��RQ�� � � � � � � � � � � � �
LQIRUPDWLRQ� �IURP� �+ROPHV� �HW� �DO������ �DQG� �2OLSKDQW� �	� �$OOHQ�9HUFRH����� $$� �DPLQR� �DFLG�� �%&$$� �EUDQFKHG�FKDLQ�� � � � � � � � � � � � � �
DPLQR���DFLG����%&)$���EUDQFKHG�FKDLQ���IDWW\���DFLG����6&)$���VKRUW�FKDLQ���IDWW\���DFLG���

����� %DFWHULDO���FDWDEROLVP��

%DFWHULD��\LHOG��HQHUJ\��WKURXJK��WKH��FDWDEROLVP��RI��RUJDQLF��FRPSRXQGV���5HVSLUDWLRQ���WKH��FRPSOHWH�� � � � � � � � � � � �

R[LGDWLRQ� �RI� �RUJDQLF� �FRPSRXQGV� �WR� �FDUERQ� �GLR[LGH� �DQG� �ZDWHU�� �FDQ� �RFFXU� �LQ� �WKH� �SUHVHQFH� �RU�� � � � � � � � � � � � � � �

DEVHQFH� �RI� �R[\JHQ� �DQG��JHQHUDWHV��HQHUJ\��E\��SURGXFLQJ��DGHQRVLQH��WULSKRVSKDWH���$73���WKURXJK�� � � � � � � � � � � �

JOXFRVH��GLVVLPLODWLRQ��SDWKZD\V���H�J���JO\FRO\VLV����WKH��WULFDUER[\OLF��DFLG���7&$���F\FOH��RU��JO\R[\ODWH�� � � � � � � � � � � �

F\FOH���DQG��R[LGDWLYH��SKRVSKRU\ODWLRQ���,Q��DHURELF��UHVSLUDWLRQ���R[\JHQ��LV��WKH��ILQDO��HOHFWURQ��DFFHSWRU�� � � � � � � � � � � � �

ZKLOH� �D� �FRPSRXQG� �RWKHU� �WKDQ� �R[\JHQ� ��H�J�� �IXPDUDWH�� �VXOIDWH�� �QLWUDWH�� �LV� �WKH� �ILQDO� �HOHFWURQ�� � � � � � � � � � � � � �

DFFHSWRU��LQ��DQDHURELF��UHVSLUDWLRQ���)HUPHQWDWLRQ��LV��DQRWKHU��DQDHURELF��FDWDEROLF��SURFHVV���,W��GLIIHUV�� � � � � � � � � � � �

IURP� �UHVSLUDWLRQ� �LQ� �WKDW� �WKH� �7&$��F\FOH��DQG��R[LGDWLYH��SKRVSKRU\ODWLRQ��DUH��QRW��XWLOLVHG���WKHUHIRUH�� � � � � � � � � � � � � �

OHVV��$73��LV��JHQHUDWHG���3\UXYDWH��LV��XVHG��DV��D��ILQDO��HOHFWURQ��DFFHSWRU���\LHOGLQJ��SURGXFWV��VXFK��DV�� � � � � � � � � � � � � � � �

RUJDQLF���DFLGV����H�J����ODFWLF���DFLG����DFHWLF���DFLG�����HWKDQRO���DQG���FDUERQ���GLR[LGH����

�

%DFWHULD��SUHIHUHQWLDOO\��XWLOLVH��VSHFLILF��FDUERQ��VRXUFHV��RYHU��RWKHUV���$V��GLVFXVVHG��LQ��WKH��SUHFHGLQJ�� � � � � � � � � � � � �

VHFWLRQ�� �PDQ\� �VSHFLHV� �SUHVHQW� �LQ� �WKH� �KXPDQ� �ODUJH� �LQWHVWLQH� �SULPDULO\� �PHWDEROLVH� �GLHWDU\��ILEUH��� � � � � � � � � � � � �

EXW� �SURWHLQ� �PHWDEROLVP� �EHFRPHV� �PRUH� �SURPLQHQW� �DV� �FDUERK\GUDWH� �DYDLODELOLW\� �GHFUHDVHV�� �,Q�� � � � � � � � � � �

DGGLWLRQ� �WR� �VXEVWUDWH� �DYDLODELOLW\�� �FKHPLFDO� �FRPSRVLWLRQV�� �DQG� �FKHPLFDO� �VWUXFWXUHV�� �EDFWHULDO�� � � � � � � � � �

UHJXODWRU\� �PHFKDQLVPV� �DOVR� �GLFWDWH� �ZKLFK� �VXEVWUDWH� �LV� �XWLOLVHG� �ILUVW�� �2QH� �VXFK� �SDUDGLJP��� � � � � � � � � � � �

FDWDEROLWH� �UHSUHVVLRQ�� �LQYROYHV� �LQKLELWLRQ� �RI� �PHWDEROLVP� �RI� �QRQ�SUHIHUUHG� �VXEVWUDWHV� �ZKLOH� �WKH�� � � � � � � � � � �

SUHIHUUHG�� �UDSLGO\� �PHWDEROLVDEOH� �VXEVWUDWH� �LV� �DYDLODEOH������ �)RU� �H[DPSOH�� �LQ��WKH��SUHVHQFH��RI��ERWK�� � � � � � � � � � � � �

JOXFRVH��DQG��ODFWRVH��(VFKHULFKLD��FROL��ZLOO��XWLOLVH��DOO��DYDLODEOH��JOXFRVH��EHIRUH��ODFWRVH��LV��XWLOLVHG���,Q�� � � � � � � � � � � � � � �

����
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EDWFK��FXOWXUHV���WKH��SUHVHQFH��RI��IHUPHQWDEOH��FDUERK\GUDWH��VRXUFHV��UHVXOWV��LQ��D����������UHGXFWLRQ�� � � � � � � � � � � � �

LQ� �WKH� �SURGXFWLRQ� �RI��SXWUHIDFWLRQ��PHWDEROLWHV��E\��JXW��PLFURELRWD����������GHPRQVWUDWLQJ��WKH��LQKLELWLRQ�� � � � � � � � � � � �

RI��SURWHLQ��IHUPHQWDWLRQ��ZKLOH��FDUERK\GUDWHV��DUH��DYDLODEOH���7U\SWRSKDQDVH���WKH��EDFWHULDO��HQ]\PH�� � � � � � � � � � �

UHVSRQVLEOH� �IRU� �FDWDO\VLQJ� �LQGROH� �IRUPDWLRQ� �IURP� �WU\SWRSKDQ�� �LV��VXEMHFW��WR��FDWDEROLWH��UHSUHVVLRQ�� � � � � � � � � � � �

E\���JOXFRVH����D���PDLQ���FRPSRQHQW���RI���FDUERK\GUDWH���PROHFXOHV�������

����� %LOH���DFLG���PHWDEROLVP��

%LOH� �LV� �D� �IOXLG� �SURGXFHG� �E\� �WKH� �OLYHU���VWRUHG��LQ��WKH��JDOOEODGGHU��DQG��VHFUHWHG��LQWR��WKH��GXRGHQXP�� � � � � � � � � � � � � � � � �

�ILUVW� �SRUWLRQ� �RI� �WKH� �VPDOO� �LQWHVWLQH�� �WR� �DLG� �GLJHVWLRQ�� �%LOH��FRQWDLQV��SULPDU\��ELOH��DFLGV��ZKLFK��DUH�� � � � � � � � � � � � � � � �

FRQMXJDWHG� �WR� �JO\FLQH� �RU� �WDXULQH� �WR� �IRUP� �ELOH� �VDOWV�� �%LOH� �VDOWV� �IDFLOLWDWH� �WKH� �HPXOVLILFDWLRQ� �DQG�� � � � � � � � � � � � � � �

DEVRUSWLRQ� �RI� �OLSLGV�� �2YHU� ����� �RI� �WKH� �VHFUHWHG� �ELOH� �VDOWV� �DUH� �UHDEVRUEHG� �LQ� �WKH� �LOHXP� ��ILQDO�� � � � � � � � � � � � � � � �

SRUWLRQ��RI��WKH��VPDOO��LQWHVWLQH���DQG��WUDQVSRUWHG��EDFN��WR��WKH��OLYHU��ZKHUH��WKH\��ZLOO��EH��UHXVHG��LQ��ELOH��� � � � � � � � � � � � � � � � � �

WKLV� �HQWHURKHSDWLF� �FLUFXODWLRQ� �RFFXUV� �PXOWLSOH� �WLPHV� �GXULQJ� �D� �PHDO������ �%LOH� �VDOWV��DUH��PRGLILHG��E\�� � � � � � � � � � � � � �

JXW� �EDFWHULD� �WR� �SURGXFH� �GHFRQMXJDWHG� �DQG� �VHFRQGDU\� �ELOH� �DFLGV������ �7KHVH� �PRGLILFDWLRQV�� � � � � � � � � � �

FRQWULEXWH� �WR� �ELOH� �DFLG� �UHF\FOLQJ�� �SHUPLWWLQJ� �WKH� �UHDEVRUSWLRQ� �RI��VRPH��ELOH��DFLGV��IURP��WKH��FRORQ�� � � � � � � � � � � � � � �

EDFN� �LQWR� �HQWHURKHSDWLF� �FLUFXODWLRQ�� �+RZHYHU�� �VRPH��VHFRQGDU\��ELOH��DFLGV��KDYH��WR[LF��SURSHUWLHV�� � � � � � � � � � � �

DQG� �KDYH� �EHHQ� �LPSOLFDWHG� �LQ� �FRORQ� �DQG� �OLYHU� �FDQFHUV������ �$QLPDO�EDVHG� �GLHWV� �LQFUHDVH� �WKH�� � � � � � � � � � � � �

DEXQGDQFH��RI��ELOH�WROHUDQW��EDFWHULD��LQ��WKH��JXW��DQG��WKH��FRQFHQWUDWLRQV��RI��VHFRQGDU\��ELOH��DFLGV��LQ�� � � � � � � � � � � � � � �

WKH� �IDHFHV������ �LQ� �UHVSRQVH� �WR� �LQFUHDVHG� �IDW� �LQWDNH� �DQG� �VXEVHTXHQW� �LQFUHDVH� �LQ� �ELOH� �VHFUHWLRQ��� � � � � � � � � � � � � �

+HQFH� �ERWK� �WKH� �GLHW��DQG��WKH��JXW��PLFURELRWD��FRQWULEXWH��WR��WKH��FRPSRVLWLRQ��RI��WKH��FLUFXODWLQJ��ELOH�� � � � � � � � � � � � � � � �

DFLG� �SRRO� �DQG� �WKHUHIRUH� �SOD\� �D� �UROH� �LQ� �ELOH� �DFLG�PHGLDWHG� �PHWDEROLF� �VLJQDOOLQJ�� �DV� �ZHOO� �DV� �WKH�� � � � � � � � � � � � � � � �

GHWULPHQWDO���HIIHFWV���RI���PRGLILHG���ELOH���DFLGV���

����� 0LFURELDO���ELRV\QWKHVLV���RI���KRVW�HVVHQWLDO���FRPSRXQGV��

,Q��DGGLWLRQ��WR��H[WUDFWLQJ��QXWULHQWV��IURP��WKH��GLHW���WKH��JXW��PLFURELRWD��KDV��DQ��LPSUHVVLYH��FDSDFLW\��WR�� � � � � � � � � � � � � � � �

V\QWKHVLVH� �FRPSRXQGV� �WKDW� �DUH� �HVVHQWLDO� �IRU� �KRVW� �SK\VLRORJ\�� �%DFWHULD� �LQ��WKH��JXW��FRQWULEXWH��WR�� � � � � � � � � � � � � �

WKH� �DPLQR� �DFLG� �SRRO� �WKURXJK�GH� �QRYR�V\QWKHVLV���SULPDULO\��XVLQJ��DPPRQLD��GHULYHG��IURP��GLHWDU\�� � � � � � � � � � � � � �

QLWURJHQ� �VRXUFHV������ �%DFWHULD� �DOVR� �V\QWKHVLVH� �HVVHQWLDO� �YLWDPLQV� �VXFK� �DV� �ELRWLQ�� �FREDODPLQ�� � � � � � � � � � �

�YLWDPLQ��%��������IRODWH���SDQWRWKHQDWH���YLWDPLQ��%�������ULERIODYLQ���YLWDPLQ��%�������WKLDPLQH���YLWDPLQ��%������DQG�� � � � � � � � � � � � �

YLWDPLQ� �.��������� �)URP� �D� �JHQRPLF� �VFUHHQ� �RI� ����� �EDFWHULD� �FRPPRQ� �WR� �WKH� �KXPDQ� �JXW�� �LW� �ZDV�� � � � � � � � � � � � � � � �

UHSRUWHG� �WKDW� �HDFK� �RI� �WKH� �HLJKW� �%� �YLWDPLQV� �LQYHVWLJDWHG� �ZDV� �V\QWKHVLVHG� �E\� ���±���� �RI� �WKH�� � � � � � � � � � � � � � �

VWUDLQV������ �7KH� �H[WHQW� �WR� �ZKLFK��KXPDQV��UHO\��RQ��WKH��PLFURELDO��VXSSO\��RI��YLWDPLQV��LV��QRW��FOHDU���EXW�� � � � � � � � � � � � � � � � �

����
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WKH� �ODUJH� �LQWHVWLQH� �LV� �FDSDEOH� �RI� �DEVRUELQJ� �EDFWHULD�SURGXFHG�� �ZDWHU�VROXEOH� �YLWDPLQV������� � � � � � � � � �

$GGLWLRQDOO\���FRQYHQWLRQDO��UDWV��ZHUH��VKRZQ��WR��EH��SURWHFWHG��IURP��YLWDPLQ��.��GHILFLHQF\��ZKHQ��IHG��D�� � � � � � � � � � � � � � �

YLWDPLQ��.�GHILFLHQW��GLHW���ZKLOH��JHUP�IUHH��UDWV��H[KLELWHG��V\PSWRPV��RI��YLWDPLQ��.��GHILFLHQF\��RQ��WKH�� � � � � � � � � � � � � �

VDPH� �GLHW������ �$GPLQLVWUDWLRQ� �RI� �YLWDPLQ� �.� �UHYHUVHG� �WKH� �V\PSWRPV� �LQ� �JHUP�IUHH� �PLFH��� � � � � � � � � � � �

GHPRQVWUDWLQJ��DQ��H[RJHQRXV��VRXUFH��RI��YLWDPLQ��.��ZDV��UHTXLUHG��LQ��UDWV��ODFNLQJ��D��JXW��PLFURELRWD��� � � � � � � � � � � � � � �

7KH� �UHODWLRQVKLS� �EHWZHHQ� �WKH� �JXW� �PLFURELRWD� �DQG� �KRVW� �YLWDPLQ� �.� �GHILFLHQF\� �ZDV� �VLPLODUO\�� � � � � � � � � � � � �

LOOXVWUDWHG� �LQ� �D� �VPDOO� ��Q ���� �VWXG\� �RI� �KRVSLWDOLVHG� �HOGHUO\� �SDWLHQWV������ �$OO� �SDWLHQWV� �UHFHLYHG�� � � � � � � � � � � � �

SDUHQWHUDO� �DGPLQLVWUDWLRQ� �RI� �QXWULHQWV� �ZLWKRXW� �YLWDPLQ� �.�� �7KH� �DQWLELRWLF�WUHDWHG� �SDWLHQWV�� � � � � � � � � �

GHYHORSHG��V\PSWRPV��RI��YLWDPLQ��.��GHILFLHQF\��ZKLOH��WKRVH��ZLWKRXW��DQWLELRWLF��WUHDWPHQW��VKRZHG��QR�� � � � � � � � � � � � �

V\PSWRPV� �RI� �YLWDPLQ� �.� �GHILFLHQF\�� �DJDLQ� �GHPRQVWUDWLQJ� �WKH� �KRVW¶V� �DELOLW\� �WR� �XWLOLVH�� � � � � � � � � � � �

EDFWHULD�SURGXFHG���YLWDPLQV���

����� 'UXJ���PHWDEROLVP��

/LNH� �GLHW�� �WKH� �SKDUPDFHXWLFDO� �FRPSRXQGV� �LQJHVWHG� �FDQ� �DIIHFW� �WKH� �FRPSRVLWLRQ� �DQG� �IXQFWLRQ��RI�� � � � � � � � � � � � �

WKH� �JXW� �PLFURELRWD�� �,Q� �DGGLWLRQ� �WR� �REYLRXV� �DQWL�PLFURELDO� �DFWLRQV� �VXFK� �DV� �WKRVH� �RI� �DQWLELRWLFV��� � � � � � � � � � � � � �

VRPH��SKDUPDFHXWLFDOV��ZLWK��LQLWLDO��KRVW��WDUJHWV��KDYH��EHHQ��VKRZQ��WR��LQKLELW��WKH��JURZWK��RI��EDFWHULD�� � � � � � � � � � � � � � �

FRPPRQ��WR��WKH��KXPDQ��JXW�������+RZHYHU���VRPH��GUXJV��FDQ��DOVR��EH��GLUHFWO\��RU��LQGLUHFWO\��PHWDEROLVHG�� � � � � � � � � � � � � � �

E\� �WKH� �JXW� �PLFURELRWD����� �%DFWHULDO� �PHWDEROLVP� �RI� �SKDUPDFHXWLFDO� �FRPSRXQGV� �LV� �LQFUHDVLQJO\�� � � � � � � � � � �

UHFRJQLVHG� �DV� �D� �VXEVWDQWLDO� �FRQWULEXWRU� �WR� �GUXJ� �HIILFDF\� �DQG� �WR[LFLW\������ �3URGUXJV�� �OLNH� �WKRVH�� � � � � � � � � � � � �

GHYHORSHG��WR��GHOLYHU����DPLQR��VDOLF\OLF��DFLG��WR��WKH��FRORQ��IRU��,%'��WUHDWPHQW���H[SORLW��WKH��HQ]\PDWLF�� � � � � � � � � � � � � � �

SRWHQWLDO� �RI� �WKH� �JXW� �PLFURELRWD� �WR� �K\GURO\VH� �DQG� �WKXV� �DFWLYDWH� �WKH� �GUXJ� �ZKHQ� �LW� �UHDFKHV� �WKH�� � � � � � � � � � � � � � � �

FRORQ�������2WKHU��SKDUPDFHXWLFDOV���VXFK��DV��WKH��FDUGLDF��GUXJ��GLJR[LQ���FDQ��EH��LQDFWLYDWHG��E\��WKH��JXW�� � � � � � � � � � � � � � �

PLFURELRWD���� �WKURXJK� �GHWR[LILFDWLRQ� �SURFHVVHV�� �%DFWHULDO� �PHWDEROLVP� �RI� �FHUWDLQ� �GUXJV� �DOVR�� � � � � � � � � �

PHGLDWHV� �WKHLU� �WR[LFLW\� �WR� �WKH� �KRVW�� �)RU� �H[DPSOH�� �WKH� �EDFWHULDO� �HQ]\PH� �ȕ�JOXFXURQLGDVH� �LV�� � � � � � � � � � � � �

UHVSRQVLEOH� �IRU� �WKH� �WR[LFLW\� �RI� �VRPH� �DQWL�FDQFHU� �GUXJV���� ��VXFK� �DV� �LULQRWHFDQ�� �DQG� �QRQVWHURLGDO�� � � � � � � � � � � � �

DQWL�LQIODPPDWRU\� �GUXJV� ��16$,'V������� �*OXFXURQLGDWLRQ� �LV� �D� �FRPPRQ� �SKDVH� �,,� �GHWR[LILFDWLRQ�� � � � � � � � � �

SDWKZD\� �ZKLFK� �PDNHV� �FRPSRXQGV� �PRUH� �ZDWHU�VROXEOH� �DQG� �WKHUHE\� �PDUNV� �WKHP��IRU��H[FUHWLRQ��� � � � � � � � � � � �

ȕ�JOXFXURQLGDVH��FOHDYHV��WKH��JOXFXURQLF��DFLG��IURP��WKHVH��FRPSRXQGV���UHOHDVLQJ��WKH��DFWLYH��IRUP��RI�� � � � � � � � � � � � �

WKH� �GUXJ� �LQ� �WKH� �JDVWURLQWHVWLQDO� �WUDFW� �DQG� �FDXVLQJ� �JDVWURLQWHVWLQDO� �VLGH� �HIIHFWV�� �,QKLELWLQJ� �WKLV�� � � � � � � � � � � � �

HQ]\PH��DOOHYLDWHV��WKH��LQWROHUDEOH��HIIHFWV��RI��LULQRWHFDQ��WR[LFLW\��LQ��PLFH���SHUPLWWLQJ��KLJKHU��GRVDJH�� � � � � � � � � � � � �

ZKLFK� �XOWLPDWHO\� �LPSURYHV� �WKH� �GUXJ¶V� �HIILFDF\������ �%DFWHULDO� �PHWDEROLVP� �PD\� �DOVR� �LQIOXHQFH� �WKH�� � � � � � � � � � � �

KRVW¶V� �DELOLW\� �WR� �GHWR[LI\� �GUXJ� �PHWDEROLWHV� �WKURXJK� �VXOIDWLRQ�� �+LJK� �XULQDU\��FRQFHQWUDWLRQV��RI��WKH�� � � � � � � � � � � � �
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KRVW�PLFUREH� �FR�PHWDEROLWH� S��FUHV\O� �VXOIDWH� �ZHUH� �VKRZQ� �WR� �EH� �LQGLFDWLYH� �RI� �GHFUHDVHG� �KRVW�� � � � � � � � � � � �

VXOIDWLRQ���FDSDFLW\����OLPLWLQJ���WKH���VXOIDWLRQ���RI���WR[LF���SDUDFHWDPRO���PHWDEROLWHV�������

����� 0HDVXULQJ���KRVW�PLFUREH���FR�PHWDEROLVP��

)DHFDO��VDPSOHV��DUH��D��XVHIXO��LQGLFDWRU��RI��EDFWHULDO��PHWDEROLVP��LQ��WKH��JXW���+RZHYHU���WKH��GLIIHUHQW�� � � � � � � � � � � � � � �

UDWHV��RI��DEVRUSWLRQ��IRU��GLIIHUHQW��FRPSRXQGV��VRPHWLPHV��PDNHV��WKH��LQWHUSUHWDWLRQ��RI��WKHLU��FOLQLFDO�� � � � � � � � � � � � �

VLJQLILFDQFH� �FKDOOHQJLQJ������ �0HWDEROLWHV� �WKDW��DUH��QRW��XWLOLVHG��LQ��WKH��JXW��DUH��HLWKHU��H[FUHWHG��LQ��WKH�� � � � � � � � � � � � � � �

IDHFHV� �RU� �WDNHQ� �XS� �LQWR� �FLUFXODWLRQ�� �$� �FRPSDULVRQ� �EHWZHHQ� �JHUP�IUHH� �DQG� �FRQYHQWLRQDO� �PLFH�� � � � � � � � � � � � �

VKRZHG��WKDW��PDQ\��EORRG��PHWDEROLWHV��ZHUH��RQO\��SURGXFHG��ZKHQ��WKH��JXW��PLFURELRWD��ZDV��SUHVHQW��� � � � � � � � � � � � � �

DQG��WKH��FRQFHQWUDWLRQV��RI��§�����RI��EORRG��PHWDEROLWHV��ZHUH��VLJQLILFDQWO\��DOWHUHG��E\��WKH��SUHVHQFH�� � � � � � � � � � � � � �

RU��DEVHQFH��RI��WKH��JXW��PLFURELRWD�������7KH��EORRG��PHWDERORPH���RU��WKH��FROOHFWLRQ��RI��VPDOO��PROHFXOHV�� � � � � � � � � � � � � � �

LQ� �D� �EORRG� �VDPSOH�� �LV� �DOVR� �D� �UHOLDEOH� �SUHGLFWRU� �RI� �DOSKD�GLYHUVLW\� �LQ� �WKH� �JXW������ �SURYLGLQJ� �IXUWKHU�� � � � � � � � � � � � � � � �

HYLGHQFH��RI��D��V\VWHPLF��JXW��PLFURELDO��VLJQDWXUH���&LUFXODWLQJ��EORRG��LV��FRQWLQXRXVO\��ILOWHUHG��WKURXJK�� � � � � � � � � � � � �

WKH��NLGQH\V���UHPRYLQJ��H[FHVV��ZDWHU��DQG��ZDVWH��IURP��WKH��ERG\��ZKLFK��LV��WKHQ��VWRUHG��LQ��WKH��EODGGHU�� � � � � � � � � � � � � � � � �

DV� �XULQH�� �8ULQH�� �DOWKRXJK� �D� �ZDVWH� �SURGXFW�� �UHIOHFWV� �WKH� �ELRFKHPLFDO� �SURFHVVHV� �WKDW� �KDYH�� � � � � � � � � � � � �

RFFXUUHG� �LQ� �WKH� �ERG\� �DQG� �FRQWDLQV� �D� �FRQVLGHUDEOH� �QXPEHU� �RI� �PLFURELRWD�DVVRFLDWHG�� � � � � � � � � � �

PHWDEROLWHV���±������8ULQH��DOVR��SURYLGHV��D��WLPH�DYHUDJHG��PHWDEROLF��SURILOH���L�H��XULQH��FROOHFWV��LQ��WKH�� � � � � � � � � � � � �

EODGGHU�� �FRPSDUHG� �WR� �WKH� �VQDSVKRW� �LQ� �WLPH� �SURYLGHG� �E\� �D� �EORRG� �VDPSOH�� �$OWKRXJK� �WKH� �WKUHH�� � � � � � � � � � � � � � �

ELRIOXLGV� �GHVFULEHG� �KHUH� �FRQWDLQ� �FRPSOHPHQWDU\� �LQIRUPDWLRQ� �DERXW� �KRVW� �DQG� �PLFURELDO�� � � � � � � � � �

PHWDEROLVP�� �HDFK��ZLOO��JLYH��D��XQLTXH��YLHZ��RI��WKH��V\VWHP���%\��FRPELQLQJ��WKH��LQIRUPDWLRQ��JOHDQHG�� � � � � � � � � � � � � � �

IURP��WKHVH��GLIIHUHQW��FRPSDUWPHQWV���D��KROLVWLF��YLHZ��RI��JXW��PLFURELRWD�KRVW��FR�PHWDEROLVP��FDQ��EH�� � � � � � � � � � � � �

DFKLHYHG����

��� *XW���PLFURELRWD���DQG���KXPDQ���GHYHORSPHQW��
0LFURELDO��LQIOXHQFH��RQ��KXPDQ��KHDOWK��KDV��EHHQ��GHPRQVWUDWHG��DW��DOO��VWDJHV��RI��OLIH���IURP��ELUWK��XQWLO�� � � � � � � � � � � � � � � �

JHULDWULF��\HDUV�������7KH��FULWLFDO��GHYHORSPHQWDO��ZLQGRZ���VWDUWLQJ��IURP��SUHJQDQF\��DQG��FRQWLQXLQJ��LQWR�� � � � � � � � � � � �

HDUO\� �FKLOGKRRG���LV��D��SHULRG��RI��GHYHORSPHQWDO��SODVWLFLW\��GXULQJ��ZKLFK��PDQ\��IDFWRUV��FRQWULEXWH��WR�� � � � � � � � � � � � � �

DQ� �LQGLYLGXDO¶V� �ORQJ�WHUP� �GLVHDVH� �ULVN������ �0DWHUQDO� �KHDOWK� �DQG� �QXWULWLRQ� �DUH� �LPSRUWDQW� �IRU� �WKH�� � � � � � � � � � � � �

SURSHU� �PDWXUDWLRQ� �RI� �KHU� �IHWXV�� �EXW� �HYLGHQFH� �VXJJHVWV� �HQYLURQPHQWDO� �FXHV� LQ� �XWHUR�� LQFOXGLQJ�� � � � � � � � � � � � �

WKRVH��IURP��WKH��YDJLQDO��DQG��JXW��PLFURELRWD����DOVR��KDYH��D��SURJUDPPLQJ��HIIHFW��RQ��WKH��RIIVSULQJ���7KLV�� � � � � � � � � � � � � � � �

SDUDGLJP��LV��VXSSRUWHG��E\��HSLGHPLRORJLFDO��REVHUYDWLRQV��OLQNLQJ��ORZ��ELUWK��ZHLJKW���D��PDQLIHVWDWLRQ�� � � � � � � � � � � �
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RI��DQ��DGYHUVH��LQWUDXWHULQH��HQYLURQPHQW���WR��LQFUHDVHG��ULVNV��IRU��FKLOGKRRG��VWXQWLQJ���FDUGLRYDVFXODU�� � � � � � � � � � � �

GLVHDVH� �DQG� �DOO�FDXVH� �PRUWDOLW\�������7KH��IHWRSODFHQWDO��XQLW��GHULYHV��LWV��QXWULHQWV��IURP��WKH��PDWHUQDO�� � � � � � � � � � � � �

VXSSO\���GHSHQGLQJ��RQ��ERWK��VXEVWUDWH��DYDLODELOLW\��DQG��WUDQVSRUW��HIILFLHQF\�������*LYHQ��WKH��VXEVWDQWLDO�� � � � � � � � � � � �

FRQWULEXWLRQ� �RI� �WKH� �PDWHUQDO� �JXW� �PLFURELRWD� �WR� �PDWHUQDO� �PHWDEROLVP� �DQG� �WKH� �FLUFXODWLQJ�� � � � � � � � � � � �

PHWDEROLWH� �SRRO�� �LW� �LV� �FRQFHLYDEOH� �WKDW� �WKH� �PDWHUQDO� �JXW� �PLFURELRWD� �LQIOXHQFHV� �WKH� �LQWUDXWHULQH�� � � � � � � � � � � � �

HQYLURQPHQW��DQG��LPSDFWV��IHWDO��JURZWK���)URP��ELUWK���WKH��PDWXUDWLRQ��RI��WKH��QHRQDWDO��JXW��PLFURELRWD�� � � � � � � � � � � � � �

SDUDOOHOV� �WKH� �PDWXUDWLRQ� �RI� �RWKHU� �ERG\� �V\VWHPV������ �7KH� �ILUVW� �IHZ� �\HDUV� �RI� �OLIH� �DUH� �FUXFLDO� �IRU�� � � � � � � � � � � � � � � �

LPPXQH���PHWDEROLF��DQG��QHXURORJLFDO��GHYHORSPHQW���ZKLFK��UHO\��RQ��H[WHUQDO��FXHV���6LJQDOV��IURP��WKH�� � � � � � � � � � � � �

JXW��PLFURELRWD��DUH��WKRXJKW��WR��EH��NH\��PRGXODWRUV��RI��VHYHUDO��GHYHORSPHQWDO��SDWKZD\V��GXULQJ��WKLV�� � � � � � � � � � � � � �

SHULRG� �RI� �SODVWLFLW\�� �GLVUXSWLQJ� �WKH� �GHYHORSPHQWDO� �WUDMHFWRU\� �RI� �WKH� �JXW� �PLFURELRWD� �PD\� �KDYH�� � � � � � � � � � � � �

ORQJ�WHUP��FRQVHTXHQFHV�������$URXQG��WKH��DJH��RI��WKUHH���WKH��JXW��PLFURELRWD��EHJLQV��WR��UHVHPEOH��WKDW�� � � � � � � � � � � � � �

RI��DQ��DGXOW���EXW��WKHUH��LV��D��ODFN��RI��GDWD��GHWDLOLQJ��WKH��FRPSRVLWLRQ��RI��WKH��JXW��PLFURELDO��FRPPXQLW\�� � � � � � � � � � � � � � � � � �

LQ� �FKLOGUHQ� �RYHU� �WKUHH� �\HDUV� �ROG������ �+RZHYHU�� �WKH� �HYLGHQFH� �WKDW� �H[LVWV� �VXJJHVWV� �FRQWLQXHG�� � � � � � � � � � � � �

HYROXWLRQ� �RI� �WKH� �JXW� �PLFURELRWD� �SDVW� �DJH� �WKUHH������ �SRWHQWLDOO\� �H[WHQGLQJ� �WKH� �ZLQGRZ� �IRU�� � � � � � � � � � � � �

PLFURELRPH�EDVHG� �LQWHUYHQWLRQV� �WR� �RSWLPLVH� �KXPDQ� �GHYHORSPHQW� �DQG� �UHGXFH� �IXWXUH� �GLVHDVH�� � � � � � � � � �

ULVN����

����� 0DWHUQDO���JXW���PLFURELRWD���GXULQJ���SUHJQDQF\��

3UHJQDQF\� �LV� �D� �SHULRG� �RI� �SURIRXQG� �SK\VLRORJLFDO� �DQG� �ELRFKHPLFDO� �FKDQJHV� �ZLWK� �VLJQLILFDQW�� � � � � � � � � � � �

UHPRGHOOLQJ��RI��KRVW��PHWDEROLVP��WR��DFFRPPRGDWH��WKH��JURZLQJ��IHWXV����������7KH��H[WHQW��WR��ZKLFK��WKH�� � � � � � � � � � � � � �

PDWHUQDO��JXW��PLFURELRWD��LV��LQYROYHG��LQ��SUHJQDQF\�UHODWHG��SK\VLRORJ\��LV��FXUUHQWO\��XQNQRZQ���6RPH�� � � � � � � � � � � �

VWXGLHV� �KDYH� �VKRZQ� �WKDW� �SUHJQDQF\� �LQGXFHV� �D� �VKLIW� �LQ� �WKH� �PDWHUQDO��JXW��PLFURELRWD������� �EXW��RQH�� � � � � � � � � � � � � � �

VWXG\��ZLWK��ZHHNO\��VDPSOLQJ��GHWHUPLQHG��WKDW��WKH��PDWHUQDO��JXW��PLFURELRWD��ZDV��VWDEOH��WKURXJKRXW�� � � � � � � � � � � � �

JHVWDWLRQ������ �2QH� �RI� �WKH� �FOHDUHVW� �GHPRQVWUDWLRQV� �RI� �PLFURELDO� �LPSDFW� �RQ� �PDWHUQDO� �PHWDEROLVP�� � � � � � � � � � � �

GXULQJ� �SUHJQDQF\� �LV� �WKDW� �ZKHQ��WUDQVSODQWHG��LQ��JHUP�IUHH��PLFH���WKH��WKLUG���EXW��QRW��ILUVW���WULPHVWHU�� � � � � � � � � � � � � � �

PDWHUQDO��JXW��PLFURELRPH��LQGXFHG��LQIODPPDWLRQ���ZHLJKW��JDLQ��DQG��LQVXOLQ��UHVLVWDQFH�������PLPLFNLQJ�� � � � � � � � � � �

WKH� �DGDSWLYH� �FKDQJHV� �WKDW� �RFFXU� �GXULQJ� �SUHJQDQF\�� �)XUWKHUPRUH�� �WKH� �DEVHQFH� �RI� �D� �PDWHUQDO�� � � � � � � � � � � � �

PLFURELRWD� �LQ� �URGHQWV� �UHVXOWV� �LQ� �RIIVSULQJ� �ZLWK� �GHILFLWV� �LQ� �LPPXQH� �DQG� �QHXUDO� �IXQFWLRQ������� � � � � � � � � � � � �

GHPRQVWUDWLQJ� �WKDW� �PLFUREHV� �IDFLOLWDWH� �SURSHU� �GHYHORSPHQW�� �7KH� �PHFKDQLVPV� �RI� �WKHVH�� � � � � � � � � �

LQWHUDFWLRQV� �OLNHO\� �LQYROYH� �PHWDEROLF� �DQG� �HQGRFULQH��VLJQDOV��IURP��WKH��PDWHUQDO��JXW��PLFURELRWD��WR�� � � � � � � � � � � � �

WKH� �GHYHORSLQJ� �IHWXV�� �)RU� �H[DPSOH�� �EDFWHULD�GHULYHG� �PROHFXOHV� �ZHUH� �GHWHFWHG� �LQ� �WKH� �SODFHQWD�� � � � � � � � � � � �

DQG� �IHWDO� �FLUFXODWLRQ� �DIWHU� �SUHJQDQW� �PLFH� �ZHUH� �FRORQLVHG� �ZLWK� �D� �VWUDLQ� �RI�(VFKHULFKLD� �FROL� �RQO\�� � � � � � � � � � � � � � �

����
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GXULQJ� �JHVWDWLRQ������ �7KLV� �WUDQVLHQW�� �PRQRFRORQLVDWLRQ� �VWLPXODWHG� �SRVWQDWDO� �GHYHORSPHQW� �RI� �WKH�� � � � � � � � � �

LQQDWH� �LPPXQH� �V\VWHP� �LQ� �WKH� �RIIVSULQJ�� �,Q� �DQRWKHU� �DQLPDO� �PRGHO� �RI� �SUHJQDQF\�� �6&)$V� �ZHUH�� � � � � � � � � � � � � �

VKRZQ� �WR� �WUDQVORFDWH� �IURP� �WKH� �PDWHUQDO� �FRORQ� ��WKURXJK��WKH��EORRGVWUHDP���WR��WKH��HPEU\R��ZKHUH�� � � � � � � � � � � � � �

WKH\� �ZHUH� �VHQVHG� �E\� �HPEU\RQLF� �*3&5V������ �7KLV� �PDWHUQDO�HPEU\RQLF� �VLJQDOOLQJ� �SURWHFWHG�� � � � � � � � � �

RIIVSULQJ� �IURP� �WKH��KLJK��IDW��GLHW�LQGXFHG��REHVLW\��WKDW��ZDV��REVHUYHG��LQ��WKH��RIIVSULQJ��RI��JHUP�IUHH�� � � � � � � � � � � � � � �

FRXQWHUSDUWV�� �$LUZD\� �LQIODPPDWLRQ�� �D� �SUR[\� �IRU� �DVWKPD�� �FRXOG� �DOVR� �EH� �SUHYHQWHG� �LQ� �WKH� �QH[W�� � � � � � � � � � � � � �

JHQHUDWLRQ���E\���LQRFXODWLQJ���JHUP�IUHH���PLFH���ZLWK���D���FRQVRUWLXP���RI���6&)$�SURGXFLQJ���EDFWHULD�������

�

$� �OLQN� �EHWZHHQ� �PDWHUQDO� �JXW� �PLFURELDO� �FRPSRVLWLRQ� �GXULQJ� �SUHJQDQF\�� �IHWDO� �GHYHORSPHQW� �DQG�� � � � � � � � � � � �

RIIVSULQJ� �RXWFRPHV� �KDV� �DOVR� �EHHQ� �REVHUYHG� �LQ� �KXPDQV�� �EXW� �WKH� �PHFKDQLVPV� �KDYH� �QRW� �EHHQ�� � � � � � � � � � � � � �

GHILQHG���7KH��PDWHUQDO��JXW��PLFURELRWD��KDV��EHHQ��LPSOLFDWHG��LQ��SUHWHUP��ELUWK��DQG��ORZ��ELUWK��ZHLJKW�� � � � � � � � � � � � � � �

DOWKRXJK� �WKH� �YDJLQDO� �PLFURELRWD� �OLNHO\� �SOD\V� �D� �ODUJHU� �UROH� �LQ� �WKH� �IRUPHU������ �%RWK� �SURELRWLF� �DQG�� � � � � � � � � � � � � � �

DQWLELRWLF��XVDJH��GXULQJ��SUHJQDQF\��DUH��DVVRFLDWHG��ZLWK��DOOHUJLF��RXWFRPHV��LQ��RIIVSULQJ�������3UHQDWDO�� � � � � � � � � � � �

DQG� �SRVWQDWDO� �SURELRWLF� �VXSSOHPHQWDWLRQ�� �LQ� �FRQMXQFWLRQ� �EXW� �QRW� �DORQH�� �PD\� �SURWHFW� �RIIVSULQJ�� � � � � � � � � � � �

IURP� �GHYHORSLQJ� �HF]HPD�� �2Q� �WKH� �RWKHU� �KDQG�� �DQWLELRWLF� �WUHDWPHQW� �GXULQJ� �SUHJQDQF\� �PD\�� � � � � � � � � � � �

LQFUHDVH� �D� �FKLOG¶V� �ULVN� �RI� �GHYHORSLQJ��DVWKPD���7KH��H[LVWLQJ��GDWD��LV��FRQYLQFLQJ��WKDW��WKH��PDWHUQDO�� � � � � � � � � � � � � � �

JXW� �PLFURELRWD� �KDV� �WKH� �SRWHQWLDO� �WR� �H[HUW� �WUDQVJHQHUDWLRQDO� �HIIHFWV�� �SRWHQWLDOO\� �E\� �SULPLQJ� �WKH�� � � � � � � � � � � � �

RIIVSULQJ� �LPPXQH� �V\VWHP�� �+RZHYHU�� �ODUJH� �ORQJLWXGLQDO� �VWXGLHV� �RI� �PRWKHU�FKLOG� �SDLUV� �ZLWK�� � � � � � � � � � �

H[WHQVLYH� �FOLQLFDO� �PHWDGDWD� �ZLOO� �EH� �UHTXLUHG� �WR� �XQGHUVWDQG� �ZKLFK� �KRVW�PLFURELRPH��LQWHUDFWLRQV�� � � � � � � � � � �

GXULQJ���SUHJQDQF\���DUH���LPSRUWDQW���IRU���KXPDQ���GHYHORSPHQW���

����� 0DWXUDWLRQ���RI���WKH���JXW���PLFURELRWD���LQ���RIIVSULQJ��

0LFURELDO��FRORQLVDWLRQ��RI��WKH��SODFHQWD��DQG��IHWXV��LQ��KHDOWK\��SUHJQDQFLHV��UHPDLQV��D��FRQWURYHUVLDO�� � � � � � � � � � � � �

WRSLF�������)URP��ELUWK���DQ��LQIDQW¶V��JXW��PLFURELRWD��LV��VKDSHG��E\��H[SRVXUHV���ZLWK��LWV��LQLWLDO��FRPSRVLWLRQ�� � � � � � � � � � � � � � �

UHIOHFWLQJ� �WKH� �PDWHUQDO� �PLFURELRWD�� �GHOLYHU\� �PRGH� ��YDJLQDO� �RU� �VNLQ� �EDFWHULD�� �DQG� �DQWLELRWLF�� � � � � � � � � � � �

H[SRVXUH����������ZKLOH��VXEVHTXHQW��FRORQLVDWLRQ��UHIOHFWV��WKH��ERG\��VLWH��KDELWDW�������&RQVLVWHQW��SDWWHUQV�� � � � � � � � � � �

RI� �EDFWHULDO� �DVVHPEO\� �LQ� �WKH� �LQIDQW� �JXW� �DUH� �REVHUYHG� �DFURVV� �FRKRUWV� �DQG� �FRQWLQHQWV� �LQ�� � � � � � � � � � � � � �

YDJLQDOO\�ERUQ��FKLOGUHQ��ZLWKRXW��DQWLELRWLF��WUHDWPHQW�������LOOXVWUDWLQJ��XELTXLWRXV��LQWHUDFWLRQV��EHWZHHQ�� � � � � � � � �

WKH� �GHYHORSLQJ� �FKLOG� �DQG� �LWV� �UHVLGHQW� �PLFUREHV�� %LILGREDFWHULXP��� �D� �JHQXV� �UHFRJQLVHG� �IRU� �LWV�� � � � � � � � � � � � �

FDSDFLW\��WR��IHUPHQW��KXPDQ��PLON��ROLJRVDFFKDULGHV�������LQLWLDOO\��LQFUHDVHV��LQ��DEXQGDQFH��LQ��WKH��LQIDQW�� � � � � � � � � � � � �

JXW� �WKHQ� �VWDUWV� �WR� �GHFUHDVH� �DURXQG� �WKH� �DJH� �RI� �ZHDQLQJ������ �7KH� �UHODWLYH� �DEXQGDQFH� �RI�� � � � � � � � � � � � � �

3URWHREDFWHULD� LQ� �WKH� �JXW� GHFUHDVHV� �RYHU� �WKH� �ILUVW� �����PRQWKV��RI��OLIH��ZKLOH�&ORVWULGLD� LQFUHDVHV��� � � � � � � � � � � � � � �

����
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7KLV� �LQYHUVH� �UHODWLRQVKLS� �PDUNV� �WKH� �WUDQVLWLRQ� �IURP� �D� �FRPPXQLW\� �FRPSRVHG� �RI� �IDFXOWDWLYH� �DQG�� � � � � � � � � � � � �

REOLJDWH� �DQDHUREHV�� �WR� �D� �SULPDULO\� �DQDHURELF� �FRPPXQLW\���� �WKDW� �LV� �PRUH� �VXLWDEOH� �IRU� �GHJUDGLQJ�� � � � � � � � � � � � �

GLHWDU\� �ILEUH�� �$OWKRXJK� �LQIDQW� �GLHW� ��EUHDVW�� �RU� �IRUPXOD�IHHGLQJ�� �VKDSHV� �WKH� �JXW� �PLFURELRWD�� �WKH�� � � � � � � � � � � � �

REVHUYDWLRQV��DERYH��UHPDLQHG��VLJQLILFDQWO\��DVVRFLDWHG��ZLWK��DJH��DIWHU��DGMXVWLQJ��IRU��GLHW���LQGLFDWLQJ�� � � � � � � � � � � �

XQLYHUVDO��WUHQGV��LQ��WKH��GHYHORSPHQWDO��WUDMHFWRU\��RI��WKH��JXW��PLFURELRWD���7KH��FRPPXQLW\��FRQWLQXHV�� � � � � � � � � � � � �

WR� �HYROYH� �DQG� �LQFUHDVH��LQ��FRPSOH[LW\��GXULQJ��WKH��ILUVW��\HDUV��RI��OLIH���JXLGHG��E\��WKH��LQWURGXFWLRQ��RI�� � � � � � � � � � � � � � � � �

VROLG� �IRRG� �DQG� �HQYLURQPHQWDO� �H[SRVXUHV������ �+RVW�PLFUREH� �FR�PHWDEROLWHV� �DUH� �LQFUHDVLQJO\�� � � � � � � � �

SURGXFHG��GXULQJ��WKH��ILUVW��WZR��\HDUV��RI��OLIH�������VKRZLQJ��DQ��LQFUHDVH��LQ��IXQFWLRQDO��SRWHQWLDO��ZLWK��WKH�� � � � � � � � � � � � � � � �

FKDQJLQJ���FRPPXQLW\���VWUXFWXUH����

����� 'HYHORSPHQWDO���GHILFLWV���DVVRFLDWHG���ZLWK���WKH���JXW���PLFURELRWD��

&ROOHFWLYH��HYLGHQFH��IURP��DQLPDO��PRGHOV��DQG��HSLGHPLRORJLFDO��VWXGLHV��VKRZ��WKDW��WKH��HDUO\�OLIH��JXW�� � � � � � � � � � � � �

PLFURELRPH� �SOD\V� �D� �NH\� �UROH� �LQ� �KXPDQ� �GHYHORSPHQW�� �$� �OHDGLQJ� �WKHRU\� �DWWULEXWHV� �WKH� �GUDPDWLF�� � � � � � � � � � � � � �

ULVH� �LQ� �WKH� �LQFLGHQFH� �RI� �QRQ�FRPPXQLFDEOH� �GLVHDVHV�� �SDUWLFXODUO\� �LPPXQH�UHODWHG��GLVRUGHUV���WR�� � � � � � � � � � �

LQWHUUXSWLRQV� �LQ� �WKH� �QRUPDO� �SURJUHVVLRQ� �RI� �PLFURELDO� �HVWDEOLVKPHQW� �LQ� �DQG� �RQ� �WKH� �ERG\�� �ZKLFK�� � � � � � � � � � � � � �

OLNHO\� �GLVUXSWV� �GHYHORSPHQWDO� �VLJQDOV� �WR� �WKH� �KRVW������ �7KHVH� �LQWHUUXSWLRQV� �EHJLQ� �DW� �ELUWK� �ZLWK�� � � � � � � � � � � � �

FKLOGUHQ� �GHOLYHUHG� �E\� �FDHVDUHDQ� �VHFWLRQ�� �3DVVDJH� �WKURXJK� �WKH� �ELUWK� �FDQDO� �LQRFXODWHV� �WKH�� � � � � � � � � � � �

QHRQDWH� �ZLWK� �WKH� �PDWHUQDO� �YDJLQDO� �PLFURELRWD� �ZKHUHDV� �FDHVDUHDQ� �GHOLYHU\� �LQRFXODWHV� �WKH�� � � � � � � � � � �

QHRQDWH��ZLWK��WKH��PDWHUQDO��VNLQ��PLFURELRWD���(SLGHPLRORJLFDO��VWXGLHV��KDYH��DVVRFLDWHG��FDHVDUHDQ�� � � � � � � � � � �

GHOLYHU\� �ZLWK� �YDULRXV� �GHWULPHQWDO� �RXWFRPHV� �LQ� �WKH� �RIIVSULQJ� �VXFK� �DV� �DVWKPD�� �,%'�� �REHVLW\��DQG�� � � � � � � � � � � � � �

IRRG� �DOOHUJLHV������ �6LPLODUO\�� �GLVUXSWLQJ� �WKH� �HDUO\�OLIH� �JXW� �PLFURELRWD� �ZLWK� �DQWLELRWLFV� �PD\��LQFUHDVH�� � � � � � � � � � � �

WKH� �ULVN� �RI� �GHYHORSLQJ��DVWKPD���,%'���REHVLW\��DQG��DOOHUJLHV�������,QIDQWV��ERUQ��E\��FDHVDUHDQ��GHOLYHU\�� � � � � � � � � � � � � �

VKRZ� �GHOD\HG� �YHUWLFDO� �WUDQVPLVVLRQ� �RI� �PDWHUQDO� �PLFURELRWD� �DQG� �QRWDEO\� �ODFN� �DSSURSULDWH�� � � � � � � � � � �

SRSXODWLRQV��RI�%DFWHURLGHV�VSS���LQ��WKH��JXW��GXULQJ��WKH��ILUVW��IHZ��PRQWKV��RI��OLIH�������7KH��JXW��PLFURELRWD�� � � � � � � � � � � � � � � � �

RI� �FDHVDUHDQ�ERUQ� �LQIDQWV� �FDQ� �UHFRYHU� �E\� �DJH� �RQH� �EXW� �WKH� �GHOD\HG� �FRORQLVDWLRQ� �GXULQJ� �WKLV�� � � � � � � � � � � � � �

FULWLFDO��ZLQGRZ��PD\��KDYH��ODVWLQJ��HIIHFWV���$QWLELRWLF��SHUWXUEDWLRQ��RI��ELILGREDFWHULD��SRSXODWLRQV��DOVR�� � � � � � � � � � � �

GLVUXSWV� �WKH� �QRUPDO� �FRORQLVDWLRQ� �SDWWHUQ� �RI� �WKH� �LQIDQW� �JXW������ %LILGREDFWHULXP� �VSS�� DUH� �NH\�� � � � � � � � � � � � �

PHPEHUV� �RI� �WKH� �LQIDQW��JXW��PLFURELRWD���� �ZKRVH��DEXQGDQFH��SHDNV��GXULQJ��WKH��ILUVW��IHZ��PRQWKV��RI�� � � � � � � � � � � � � � �

OLIH�� �$IWHU��DQWLELRWLF��WUHDWPHQW���SRSXODWLRQV��RI��ELILGREDFWHULD��PD\��QRW��UHFRYHU��ZLWKLQ��WKLV��ZLQGRZ��� � � � � � � � � � � � �

7KH� �SRWHQWLDO� �IRU� �FRUUHFWLQJ� �JXW� �EDFWHULDO� �DEHUUDWLRQV� �LQ� �HDUO\�OLIH� �WR� �LPSURYH� �GHYHORSPHQWDO�� � � � � � � � � � � �

RXWFRPHV� �KDV� �EHHQ� �GHPRQVWUDWHG� �LQ� �PRXVH� �PRGHOV�� �2QH� �VXFK� �VWXG\� �UHSRUWHG� �WKDW�� � � � � � � � � � � �

����
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VXSSOHPHQWDWLRQ� �ZLWK� %DFWHURLGHV� �IUDJLOLV� �DW� �ZHDQLQJ� �LPSURYHG� �LPPXQH� �DQG� �JDVWURLQWHVWLQDO�� � � � � � � � � �

SDWKRSK\VLRORJ\����DQG���DPHOLRUDWHG���EHKDYLRXUDO���GHILFLWV���LQ���D���PRXVH���PRGHO���RI���DXWVLP�������� �

��� *XW���PLFURELRWD���LQ���KHDOWK���DQG���GLVHDVH��
$V��DQ��LQWHJUDO��FRPSRQHQW��RI��KXPDQ��SK\VLRORJ\���WKH��JXW��PLFURELRWD��QRW��RQO\��FRQIHUV��EHQHILW��WR��LWV�� � � � � � � � � � � � � � � �

KRVW��EXW��PD\��DOVR��EH��LQYROYHG��LQ��GLVHDVH��SDWKRJHQHVLV���+RZHYHU���SURYLQJ��D��FDXVDO��OLQN��EHWZHHQ�� � � � � � � � � � � � � � �

WKH� �JXW� �PLFURELRPH� �DQG� �GLVHDVH� �SKHQRW\SHV� �LQ� �KXPDQV� �LV� �FKDOOHQJLQJ�� �1HYHUWKHOHVV��� � � � � � � � � � �

XQGHUVWDQGLQJ� �WKH� �FRPSRVLWLRQDO� �DQG� �IXQFWLRQDO� �FKDQJHV� �REVHUYHG� �LQ� �GLVHDVH�DVVRFLDWHG�� � � � � � � � �

FRPPXQLWLHV� �PD\� �LQIRUP� �RQ� �GLVHDVH� �SDWKRORJ\� �DQG� �RSHQ� �QHZ� �DYHQXHV� �IRU� �WUHDWPHQWV��� � � � � � � � � � � �

&RPSRVLWLRQDOO\�� �WKH� �JXW� �PLFURELRWD� �LV� �KLJKO\� �LQGLYLGXDOLVHG� �DQG� �ODUJHO\� �GHSHQGV� �RQ� �DJH�� �GLHW��� � � � � � � � � � � � �

SKDUPDFHXWLFDO� �XVDJH�� �OLIHVW\OH� �DQG� �KHDOWK� �VWDWXV���±������7KH��PHWDEROLF��SDWKZD\V��HQFRGHG��LQ��WKH�� � � � � � � � � � � �

JHQRPHV� �RI� �HDFK� �FRPPXQLW\� ��WKH� �PHWDJHQRPH�� �DUH� �UHPDUNDEO\� �FRQVLVWHQW����� �VXJJHVWLQJ� �D�� � � � � � � � � � �

³KHDOWK\´��PLFURELRWD��GHSHQGV��RQ��D��FRUH��VHW��RI��JHQHV��RU��PHWDEROLF��FDSDELOLWLHV��UDWKHU��WKDQ��D��FRUH�� � � � � � � � � � � � � � � �

VHW��RI��VSHFLHV�������1HYHUWKHOHVV���YDULDWLRQ��LQ��WKH��JXW��PLFURELRWD���DWWULEXWHG��WR��D��FDVH��FRPSDUHG��WR��D�� � � � � � � � � � � � � � � �

FRQWURO� �SRSXODWLRQ�� �KDV� �EHHQ� �GRFXPHQWHG� �LQ� �D� �QXPEHU� �RI� �JDVWURLQWHVWLQDO� �DQG�� � � � � � � � � � �

H[WUD�JDVWURLQWHVWLQDO� �GLVRUGHUV������ �7ZR� �VXFK� �FRQGLWLRQV� �DUH� �LQYHVWLJDWHG� �LQ� �WKLV� �WKHVLV� �LQ� �WKH�� � � � � � � � � � � �

FRQWH[W���RI���KXPDQ���GHYHORSPHQW����PDWHUQDO���REHVLW\���DQG���$XWLVP���6SHFWUXP���'LVRUGHU����$6'����

����� 2EHVLW\��

7KH� �SUHYDOHQFH� �RI� �REHVLW\� �DQG� �WKH��H[SRQHQWLDO��LQFUHDVH��LQ��LWV��LQFLGHQFH��DUH��JOREDO��FRQFHUQV������� � � � � � � � � � � � � �

2EHVLW\���GHILQHG��DV��H[FHVVLYH��IDW��DFFXPXODWLRQ��UHVXOWLQJ��LQ��D��ERG\��PDVV��LQGH[���%0,���RI������NJ�P���� � � � � � � � � � � � � � � �

RU� �JUHDWHU�� �LV� �D� �SUHYHQWDEOH� �FRQGLWLRQ� �WKDW� �LV� �DVVRFLDWHG� �ZLWK� �D� �PXOWLWXGH� �RI� �PHGLFDO�� � � � � � � � � � � � � �

FRPRUELGLWLHV�� �2EHVH� �LQGLYLGXDOV� �KDYH� �D� �KLJK� �ULVN� �RI� �FDUGLRYDVFXODU� �GLVHDVHV�� �GLDEHWHV��� � � � � � � � � � �

PXVFXORVNHOHWDO� �GLVRUGHUV� �DQG� �VRPH� �FDQFHUV�� �ZKLFK� �XOWLPDWHO\� �LQFUHDVH� �WKH� �ULVN� �RI� �PRUWDOLW\��� � � � � � � � � � � �

$EQRUPDO� �DFFXPXODWLRQ� �RI� �IDW� �LV� �FDXVHG� �E\� �DQ� �LPEDODQFH� �EHWZHHQ� �FDORULF� �LQWDNH� �DQG� �HQHUJ\�� � � � � � � � � � � � � �

H[SHQGLWXUH�� �,QFUHDVLQJ��FRQVXPSWLRQ��RI��IRRGV��WKDW��DUH��KLJK��LQ��IDW��DQG��VXJDU��FRPELQHG��ZLWK��WKH�� � � � � � � � � � � � � � �

LQFUHDVLQJO\��VHGHQWDU\��OLIHVW\OH��RI��WKH��:HVWHUQ��ZRUOG��KDV��IXHOOHG��WKH��REHVLW\��HSLGHPLF���*LYHQ��WKH�� � � � � � � � � � � � � �

PHWDEROLF� �FDSDFLW\� �RI� �WKH� �JXW� �PLFURELRWD� �DQG� �LWV� �UROH� �LQ� �HQHUJ\� �KDUYHVW������ �JXW� �EDFWHULDO�� � � � � � � � � � � � � �

FRPSRVLWLRQ� �LQ� �UHODWLRQ� �WR� �KRVW� �%0,� �KDV� �EHHQ� �DQ� �DUHD� �RI� �IRFXV� �LQ� �PLFURELRPH� �UHVHDUFK��� � � � � � � � � � � � � � �

0HWD�DQDO\VHV� �KDYH� �IDLOHG� �WR� �LGHQWLI\� �D� �FRQVLVWHQW� �WD[RQRPLF� �VLJQDWXUH� �DVVRFLDWHG� �ZLWK�� � � � � � � � � � �

REHVLW\������������ �EXW� �KDYH��IRXQG��WKDW��DOSKD�GLYHUVLW\��LV��VLJQLILFDQWO\��UHGXFHG��LQ��REHVH��LQGLYLGXDOV������� � � � � � � � � � � �

'HVSLWH� �WKH� �ODFN� �RI� �D� �JXW� �PLFURELDO� �VLJQDWXUH� �IRU� �REHVLW\�� �FRQVLVWHQW� �FKDQJHV� �LQ�� � � � � � � � � � � � �

����
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PLFURELRWD�DVVRFLDWHG� �PHWDEROLWHV� �KDYH� �EHHQ� �UHSRUWHG���±������ �+LSSXUDWH�� �D� �KRVW�PLFUREH�� � � � � � � �

FR�PHWDEROLWH� �RI� �EHQ]RLF� �DFLG�� �ZDV� �QHJDWLYHO\� �DVVRFLDWHG� �ZLWK� �%0,� �LQ� �WZR� �VWXGLHV�������� �ZKLOH�� � � � � � � � � � � � �

70$2�� �D� �SURGXFW� �RI� �WKH� �EDFWHULDO��EUHDNGRZQ��RI��GLHWDU\��FKROLQH���ZDV��SRVLWLYHO\��DVVRFLDWHG��ZLWK�� � � � � � � � � � � � � �

%0,� �DFURVV� �PXOWLSOH� �VWXGLHV��������+LJKHU��IDHFDO��6&)$��FRQFHQWUDWLRQV���������� �EXW��ORZHU��EORRG��6&)$�� � � � � � � � � � � �

FRQFHQWUDWLRQV���� �KDYH� �DOVR� �EHHQ� �UHSRUWHG� �LQ� �REHVH� �LQGLYLGXDOV�� �EXW� �WKH��UHOHYDQFH��RI��6&)$V��LQ�� � � � � � � � � � � � � �

REHVLW\��LV��QRW��HQWLUHO\��XQGHUVWRRG���)RU��H[DPSOH���DFHWDWH��KDV��EHHQ��VKRZQ��WR��VXSSUHVV��DSSHWLWH������ � � � � � � � � � � � � �

EXW� �DOVR� �WR� �SURPRWH� �PHWDEROLF� �V\QGURPH������� �*LYHQ� �WKH� �FHQWUDO� �UROH� �WKDW� �6&)$V� �SOD\� �LQ��KXPDQ�� � � � � � � � � � � � � � �

PHWDEROLVP����WKH���UHODWLRQVKLS���EHWZHHQ���WKHVH���PHWDEROLWHV���DQG���REHVLW\���LV���OLNHO\���FRPSOH[���

�

$PLQR� �DFLG� �PHWDEROLVP� �LV� �FRQVLVWHQWO\� �DOWHUHG� �LQ� �REHVH� �LQGLYLGXDOV�� �ZKLFK� �H[KLELW� �HOHYDWHG�� � � � � � � � � � � �

FRQFHQWUDWLRQV��RI��EUDQFKHG�FKDLQ��DQG��DURPDWLF��DPLQR��DFLGV��LQ��FLUFXODWLRQ��������%&$$V��LQ��SDUWLFXODU�� � � � � � � � � � � �

DUH� �DOVR� �DVVRFLDWHG� �ZLWK� �W\SH� ��� �GLDEHWHV� �PHOOLWXV����±������ �D��FRPPRQ��FRPRUELGLW\��RI��REHVLW\���DQG�� � � � � � � � � � � � � �

KDYH� �EHHQ� �VKRZQ� �WR� �LQGXFH� �LQVXOLQ� �UHVLVWDQFH� �LQ� �PLFH� �RQ� �D� �KLJK� �IDW� �GLHW������� �+LJK� �EORRG�� � � � � � � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �%&$$V� �LQ� �LQVXOLQ�UHVLVWDQW� �LQGLYLGXDOV� �ZHUH� �SRVLWLYHO\� �DVVRFLDWHG��ZLWK��%&$$�� � � � � � � � � � �

ELRV\QWKHWLF� �SRWHQWLDO� �LQ� �WKH� �JXW��������7KLV��UHODWLRQVKLS��ZDV��PDLQO\��DWWULEXWHG��WR��WKH��DEXQGDQFH��RI�� � � � � � � � � � � � � �

3UHYRWHOOD� �FRSUL��� ,QRFXODWLQJ� �PLFH� �ZLWK� 3�� �FRSUL� �LQFUHDVHG� �EORRG� �%&$$� �OHYHOV� �DQG� �LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH�� �GHPRQVWUDWLQJ� �D� �FDXVDO� �UHODWLRQVKLS� �EHWZHHQ� �WKH� �JXW� �PLFURELRWD� �DQG�� � � � � � � � � �

REHVLW\�DVVRFLDWHG��LQVXOLQ��UHVLVWDQFH���$OWKRXJK��WKH��UHODWLRQVKLS��EHWZHHQ��WKH��JXW��PLFURELRWD��DQG�� � � � � � � � � � �

REHVLW\� �LV� �HTXLYRFDO�� �WKH� �SRWHQWLDO� �RI� �WUHDWLQJ� �REHVLW\� �DQG� �LWV� �FRPRUELGLWLHV� �WKURXJK� �WKH� �JXW�� � � � � � � � � � � � � �

PLFURELRWD� �LV� �SURPLVLQJ�� �5HFHQWO\�� �D� �SURELRWLF� �VWUDLQ� �ZDV� �VKRZQ� �WR� �FRUUHFW� �REHVLW\�DVVRFLDWHG�� � � � � � � � � � � �

PHWDEROLF��GHILFLWV��LQ��PLFH��ZLWK��GLHW�LQGXFHG��REHVLW\��������7UDQVSODQWLQJ��WKH��IDHFDO��YLURPH��IURP��PLFH�� � � � � � � � � � � � �

ZLWK� �D� �OHDQ� �SKHQRW\SH� �WR� �PLFH� �ZLWK� �DQ� �REHVH� �SKHQRW\SH� �ZDV� �DOVR� �VKRZQ� �WR� �UHGXFH� �KLJK�IDW�� � � � � � � � � � � � � � � �

GLHW�LQGXFHG� �ZHLJKW� �JDLQ� �DQG� �LPSURYH� �JOXFRVH� �WROHUDQFH������� �6XFK� �DSSURDFKHV� �DUH� �FUXFLDO� �WR�� � � � � � � � � � � �

DGGUHVV� �WKH� �JURZLQJ� �REHVLW\� �HSLGHPLF�� �HVSHFLDOO\� �LQ� �FDVHV� �ZKHUH� �GLHWDU\� �DQG� �OLIHVW\OH�� � � � � � � � � � � �

LQWHUYHQWLRQV���DUH���LQHIIHFWLYH���

����� $XWLVP���6SHFWUXP���'LVRUGHU��

1HXURGHYHORSPHQWDO� �GLVRUGHUV� �KDYH� �JDLQHG� �DWWHQWLRQ� �DV� �PDQLIHVWDWLRQV� �RI� �DOWHUHG� �JXW�EUDLQ�� � � � � � � � � �

VLJQDOOLQJ�� �DOWKRXJK� �WKH� �HYLGHQFH� �LV� �ODFNLQJ� �LQ� �KXPDQ� �VWXGLHV������� �7KH� �ELGLUHFWLRQDO�� � � � � � � � � � �

FRPPXQLFDWLRQ� �V\VWHP� �WKDW� �H[LVWV� �EHWZHHQ� �WKH��JDVWURLQWHVWLQDO��WUDFW��DQG��WKH��EUDLQ���WHUPHG��WKH�� � � � � � � � � � � � �

JXW�EUDLQ��D[LV���LV��PHGLDWHG��E\��WKH��JXW��PLFURELDO��FRPPXQLW\�������7KH��JXW���LQQHUYDWHG��E\��WKH��HQWHULF�� � � � � � � � � � � � � � �

QHUYRXV� �V\VWHP� ��(16��� �LV� �D� �SULPDU\� �KRVW�PLFUREH� �LQWHUIDFH� �LQ� �WKH� �KXPDQ� �ERG\�� �,Q� �DGGLWLRQ� �WR�� � � � � � � � � � � � � � �

����
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ORFDO� �HIIHFWV�� �PLFUREHV� �UHVLGLQJ� �LQ� �WKH� �JXW� �FDQ� �VLJQDO� �WR� �V\VWHPLF� �RUJDQV� �WKURXJK� �D� �YDULHW\� �RI�� � � � � � � � � � � � � � � �

QHXUDO�� �HQGRFULQH�� �LPPXQH� �DQG� �PHWDEROLF� �SDWKZD\V������� �&RPPXQLFDWLRQ� �EHWZHHQ� �WKH��(16��DQG�� � � � � � � � � � �

WKH� �FHQWUDO� �QHUYRXV� �V\VWHP���&16���FDQ��RFFXU��WKURXJK��WKH��YDJXV��QHUYH���ZKLFK��FDQ��EH��DFWLYDWHG�� � � � � � � � � � � � � � �

E\� �JXW� �EDFWHULD�� �*XW� �EDFWHULD� �DUH� �DOVR� �LQYROYHG� �LQ� �WKH� �SURGXFWLRQ� �RI� �D� �QXPEHU� �RI�� � � � � � � � � � � � � � �

QHXURWUDQVPLWWHUV� �LQFOXGLQJ� �VHURWRQLQ�� �GRSDPLQH�� �QRUDGUHQDOLQH�� �*$%$�� �DFHW\OFKROLQH� �DQG�� � � � � � � �

KLVWDPLQH������ �6WLPXODWLRQ� �RI� �F\WRNLQH� �SURGXFWLRQ� �HQDEOHV� �WKH� �JXW� �PLFURELRWD� �WR� �DFWLYDWH� �WKH�� � � � � � � � � � � �

K\SRWKDODPLF�SLWXLWDU\�DGUHQDO� �D[LV� �ZKLFK� �UHJXODWHV� �WKH� �VWUHVV� �UHVSRQVH��������7KH��YDULRXV��URXWHV�� � � � � � � � � �

RI� �FRPPXQLFDWLRQ� �EHWZHHQ� �WKH� �JXW� �PLFURELRWD� �DQG� �WKH� �&16� �VXJJHVW� �WKDW�� �LQ� �DGGLWLRQ� �WR� �LWV�� � � � � � � � � � � � � � �

LQYROYHPHQW� �LQ��GHYHORSPHQWDO��SDWKZD\V���WKH��JXW��PLFURELRWD��PD\��DOVR��SOD\��DQ��DFWLYH��UROH��LQ��WKH�� � � � � � � � � � � � � � �

PDLQWHQDQFH���RI���EHKDYLRXUV���DVVRFLDWHG���ZLWK���DOWHUHG���QHXURGHYHORSPHQW���

�

7KH� �JXW�EUDLQ� �D[LV� �LQFRUSRUDWHV� �QHXUDO�� �LPPXQH� �DQG� �PHWDEROLF� �VLJQDOOLQJ�� �DOO� �RI� �ZKLFK� �DUH�� � � � � � � � � � � � �

SURSRVHG� �WR� �EH� �DIIHFWHG� �LQ� �$6'������� �$6'� �LV� �D� �QHXURGHYHORSPHQWDO� �GLVRUGHU� �FKDUDFWHULVHG� �E\�� � � � � � � � � � � � �

LPSDLUHG� �FRPPXQLFDWLRQ� �DQG� �VRFLDELOLW\�� �ZLWK� �XQNQRZQ� �DHWLRORJ\� �DQG� �PXOWLSOH� �FRPRUELGLWLHV�� � � � � � � � � �

�GLVFXVVHG� �LQ�&KDSWHU��������7ZR��GHFDGHV��DJR���D��UHSRUW��RI��LPSURYHG��DXWLVWLF��V\PSWRPV��ZKLOH��WKH�� � � � � � � � � � � � � � �

FKLOGUHQ� �ZHUH� �WDNLQJ� �DQ� �RUDO� �DQWLELRWLF����� �LJQLWHG� �LQWHUHVW��LQ��WKH��$6'�DVVRFLDWHG��JXW��PLFURELRWD��� � � � � � � � � � � � �

7KH��SUHYDOHQFH��RI��JDVWURLQWHVWLQDO��G\VIXQFWLRQ��LQ��FKLOGUHQ��ZLWK��$6'���DQG��WKH��SRVLWLYH��FRUUHODWLRQ�� � � � � � � � � � � � �

EHWZHHQ� �WKH� �VHYHULWLHV� �RI� �JDVWURLQWHVWLQDO� �DQG� �EHKDYLRXUDO� �V\PSWRPV����������� �VXSSRUW� �WKH� �QRWLRQ�� � � � � � � � � � �

WKDW��WKH��JXW��PLFURELRWD��LV��D��FRQVLGHUDEOH��IDFWRU��LQ��$6'��SDWKRSK\VLRORJ\���HLWKHU��FDXVDOO\��RU��DV��D�� � � � � � � � � � � � � � � �

FRQWULEXWRU��WR��WKH��V\PSWRPDWRORJ\���/LNH��ZLWK��REHVLW\���D��GHILQLWLYH��PLFURELRWD�DVVRFLDWHG��VLJQDWXUH�� � � � � � � � � � �

LQ� �$6'� �KDV� �QRW� �EHHQ� �LGHQWLILHG� �WR� �GDWH���DOWKRXJK��PRVW��VWXGLHV��KDYH��UHSRUWHG��D��SHUWXUEDWLRQ��LQ�� � � � � � � � � � � � � � � �

JXW� �PLFURELDO� �FRPSRVLWLRQ� �RU� �DFWLYLW\����±������ �0HWDEROLF� �SURILOLQJ� �VWXGLHV� �KDYH� �IRXQG� �WKDW� �JXW�� � � � � � � � � � � �

EDFWHULDO� �PHWDEROLVP��LV��GLVUXSWHG��LQ��$6'��EXW��DJDLQ���WKHUH��LV��QR��FRQVHQVXV��RQ��WKH��GLUHFWLRQDOLW\�� � � � � � � � � � � � � � �

RI� �WKH� �PHWDEROLF� �FKDQJHV�� �)RU� �H[DPSOH�� �XULQDU\� �H[FUHWLRQ� �RI� �SKHQROV� �DQG� �LQGROHV� �ZDV�� � � � � � � � � � � � �

LQFUHDVHG����±���� �RU� �GHFUHDVHG��������� �LQ� �FKLOGUHQ� �ZLWK� �$6'� �FRPSDUHG� �WR� �FKLOGUHQ� �ZLWK� �W\SLFDO�� � � � � � � � � � � �

GHYHORSPHQW�� �7KH� �SUHVHQFH� �RI� �JDVWURLQWHVWLQDO� �V\PSWRPV�� �ZKLFK� �ZHUH� �QRW� �IDFWRUHG� �LQWR� �WKH�� � � � � � � � � � � �

DQDO\VHV� �RI� �WKH� �DIRUHPHQWLRQHG� �VWXGLHV�� �LV� �D� �SRWHQWLDO� �FRQIRXQGHU������� �WKHVH� �GDWD� �VKRXOG� �EH�� � � � � � � � � � � � �

FROOHFWHG� �DQG� �LQFOXGHG� �DV� �D� �FRYDULDWH� �ZKHQ� �DQDO\VLQJ� �GDWD� �SHUWDLQLQJ� �WR� �FKLOGUHQ� �ZLWK� �$6'��� � � � � � � � � � � � � �

6WRRO� �FRQVLVWHQF\� �PD\� �EH� �PRUH� �YDULDEOH� �LQ� �WKH� �$6'� �SRSXODWLRQ� �FRPSDUHG� �WR� �QHXURW\SLFDO�� � � � � � � � � � � � �

FRQWUROV� �GXH� �WR��WKH��SUHYDOHQFH��RI��JDVWURLQWHVWLQDO��G\VIXQFWLRQ���7KLV��IDFWRU��KDV��D��ODUJH��HIIHFW��RQ�� � � � � � � � � � � � � � �

WKH���IDHFDO���PLFURELRWD�������DQG���FRQVHTXHQWO\����WKH���PLFURELRWD�DVVRFLDWHG���PHWDEROLWH���SURILOH���������

�

����
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7KH� �KHWHURJHQHLW\� �LQ� �$6'� �FOLQLFDO� �SUHVHQWDWLRQ� �DQG� �ODFN� �RI� �VXIILFLHQWO\� �SRZHUHG� �VWXGLHV�� � � � � � � � � � � �

FRQWULEXWH� �WR� �WKH� �LQFRQVLVWHQFLHV� �REVHUYHG� �ZKHQ� �VWXG\LQJ� �WKLV� �SRSXODWLRQ����������� �'LIIHUHQWLDO�� � � � � � � � � �

ILQGLQJV� �LQ��WKH��IDHFDO��EDFWHULDO��FRPSRVLWLRQ��DQG��PHWDEROLWH��SURILOH��KDYH��EHHQ��UHSRUWHG��EHWZHHQ�� � � � � � � � � � � � �

VXEW\SHV� �RI� �$6'������� �XQGHUVFRULQJ� �WKH� �LPSRUWDQFH� �RI� �FRQVLGHULQJ� �$6'� �DV� �D� �VSHFWUXP� �DQG�� � � � � � � � � � � � �

LQYHVWLJDWLQJ� �YDULDWLRQ� �ZLWKLQ� �WKH� �SRSXODWLRQ�� �5DWKHU� �WKDQ� �D� �GLVWLQFW� �EDFWHULDO� �RU� �PHWDEROLF�� � � � � � � � � � � �

VLJQDWXUH�� �PXOWLSOH� �$6'� �SKHQRW\SHV� �OLNHO\� �H[LVW��ZKLFK��UHIOHFW��YDU\LQJ��GHJUHHV��RI��$6'��VHYHULW\��� � � � � � � � � � � � �

GLIIHUHQW��SDWWHUQV��RI��FRPRUELGLWLHV��DQG��JDVWURLQWHVWLQDO��VWDWXV���'LIIHUHQWLDWLQJ��$6'��VXEW\SHV��PD\�� � � � � � � � � � �

HQKDQFH� �WUHDWPHQW� �HIILFDF\� �LQ� �VSHFLILF� �JURXSV� �RI� �FKLOGUHQ� �DQG� �PD\� �XQFRYHU� �WDUJHWV� �IRU� �QRYHO�� � � � � � � � � � � � � �

WUHDWPHQWV�� �5HFHQWO\�� �WKH� �EHQHILFLDO� �HIIHFWV� �RI� �IDHFDO� �PLFURELRWD� �WUDQVSODQW� ��)07�� �RQ� �ERWK�� � � � � � � � � � � �

JDVWURLQWHVWLQDO� �DQG� �EHKDYLRXUDO� �V\PSWRPV��LQ��FKLOGUHQ��ZLWK��$6'��ZHUH��VKRZQ��WR��EH��PDLQWDLQHG�� � � � � � � � � � � � �

WZR��\HDUV��DIWHU��WUHDWPHQW��������:KLOH��WKH��UHVXOWV��DUH��SURPLVLQJ���VDIHU��DOWHUQDWLYHV��WR��)07��QHHG��WR�� � � � � � � � � � � � � � �

EH� �GHYHORSHG� �GXH� �WR� �WKH� �KLJK� �ULVN� �SRVHG� �E\� �LQWURGXFLQJ� �D� �OLYH�� �XQFKDUDFWHULVHG� �PLFURELDO�� � � � � � � � � � � � � �

FRPPXQLW\� �LQWR� �D� �SDWLHQW������� �)RUPXODWLQJ� �VSHFLILF� �FRQVRUWLD� �RI� �PLFURRUJDQLVPV� �RU� �FRFNWDLOV� �RI�� � � � � � � � � � � �

PHWDEROLWHV� �PHDQW� �WR� �WUHDW� �$6'� �SDWLHQWV� �ZLWK� �FHUWDLQ� �SKHQRW\SHV� �ZRXOG� �UHGXFH� �WKH� �ULVN� �RI�� � � � � � � � � � � � � �

WUDQVIHUULQJ���SDWKRJHQV���DQG���XQNQRZQ���GLVHDVH�SRWHQWLDWLQJ���PLFUREHV���

��� 6FRSH���RI���WKHVLV��
$� �SULPDU\� �JRDO��RI��FOLQLFDO��UHVHDUFK��LV��WR��LPSURYH��XQGHUVWDQGLQJ��RI��KXPDQ��SDWKRSK\VLRORJ\��DQG�� � � � � � � � � � � � � �

LGHQWLI\� �SURSK\ODFWLF� �PHDVXUHV�� �&XUUHQW� �NQRZOHGJH� �DERXW� �WKH� �UROH� �RI� �WKH� �JXW� �PLFURELRPH� �LQ�� � � � � � � � � � � � �

KXPDQ��GHYHORSPHQW��LV��OLPLWHG���7KH��SXUSRVH��RI��WKH��ZRUN��SUHVHQWHG��LQ��WKLV��WKHVLV��ZDV��WR��LGHQWLI\�� � � � � � � � � � � � � � � �

PHWDEROLF� �OLQNV� �EHWZHHQ� �WKH� �KXPDQ� �JXW� �PLFURELRWD� �DQG� �DOWHUHG� �GHYHORSPHQW�� �JHQHUDWLQJ�� � � � � � � � � � �

K\SRWKHVHV� �WR� �WHVW� �ZLWK� �IXWXUH� LQ� �YLWUR� DQG� LQ� �YLYR� H[SHULPHQWV�� �)LUVW�� �PDWHUQDO�� � � � � � � � � � � � �

PLFURELRWD�DVVRFLDWHG� �PHWDEROLVP� �GXULQJ� �JHVWDWLRQ� �ZDV� �LQYHVWLJDWHG� �ZLWK� �UHJDUG� �WR� �IHWDO�� � � � � � � � � �

GHYHORSPHQW��&KDSWHU� ��� �GHWDLOV� �D� �QHWZRUN� �RI� �PHWDEROLF� �FKDQJHV� �LQ� �REHVH��ZRPHQ��WKURXJKRXW�� � � � � � � � � � � � �

SUHJQDQF\� �WKDW� �ZHUH� �XOWLPDWHO\� �OLQNHG� �WR� �HOHYDWHG� �LQVXOLQ� �OHYHOV� �DQG� �KLJK� �ELUWK� �ZHLJKW� �LQ� �WKH�� � � � � � � � � � � � � � �

QHRQDWHV���+RZHYHU���DV��UHSRUWHG��LQ�&KDSWHU�������ZRPHQ��ZLWK��D��KLJK��%0,��DQG��SUHYLRXV��ZHLJKW��ORVV�� � � � � � � � � � � � � � � �

VXUJHU\��ZHUH��SURWHFWHG��IURP��REHVLW\�LQGXFHG��LQVXOLQ��UHVLVWDQFH��GXULQJ��SUHJQDQF\��DQG��ZHUH��OHVV�� � � � � � � � � � � �

OLNHO\� �WR� �KDYH� �ODUJH� �QHRQDWHV�� �7KHVH��GLIIHUHQWLDO��RXWFRPHV��ZHUH��DVVRFLDWHG��ZLWK��VWUXFWXUDO��DQG�� � � � � � � � � � � � �

IXQFWLRQDO� �FKDQJHV� �LQ� �WKH� �JXW� �PLFURELRPH���EXW��WKH��FDXVDO��QDWXUH��RI��WKHVH��FKDQJHV��LV��\HW��WR��EH�� � � � � � � � � � � � � � � � �

GHWHUPLQHG�� �,Q� �DGGLWLRQ� �WR� �WKH� �SURVSHFWLYH� �VWXG\�� �DQ� �REVHUYDWLRQDO� �VWXG\� �ZDV� �XQGHUWDNHQ� �WR�� � � � � � � � � � � � �

LQYHVWLJDWH��PHWDEROLF��UHODWLRQVKLSV��EHWZHHQ��WKH��JXW��PLFURELRPH��DQG��DOWHUHG��QHXURGHYHORSPHQW��� � � � � � � � � �

&KDSWHU� ��� GHWDLOV� �ILQGLQJV� �IURP� �D� �FKLOGKRRG� �FRKRUW� �IRFXVHG� �RQ� �$6'�� �5HWURVSHFWLYH�� � � � � � � � � � � �
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PLFURELRWD�DVVRFLDWHG� �VLJQDWXUHV� �RI� �DOWHUHG� �QHXURGHYHORSPHQW� �ZHUH� �QRW� �LGHQWLILHG�� �VXJJHVWLQJ�� � � � � � � � �

SURVSHFWLYH� �ELUWK� �FRKRUWV� �PD\� �EH� �QHFHVVDU\� �WR� �FDWFK��VLJQDWXUHV��WKDW��SUHFHGH��$6'��V\PSWRPV��� � � � � � � � � � � � �

1HYHUWKHOHVV�� �$6'� �ZDV� �DVVRFLDWHG� �ZLWK� �PHWDEROLF� �VLJQDWXUHV� �RI� �JDVWURLQWHVWLQDO� �G\VIXQFWLRQ�� � � � � � � � � �

UHODWHG� �WR� �WKH� �JXW� �PLFURELRWD�� �7KH� �REVHUYDWLRQDO� �ILQGLQJV� �IURP� �WKHVH� �WZR� �SURMHFWV� �DUH�� � � � � � � � � � � � �

VXPPDULVHG� �LQ� &KDSWHU� ����� �DORQJ� �ZLWK� �SRWHQWLDO� �PHFKDQLVWLF� �H[SHULPHQWV� �WR� �IROORZ� �XS� �WKH�� � � � � � � � � � � � �

K\SRWKHVHV���JHQHUDWHG���IURP���WKLV���ZRUN���
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� 0DWHULDOV���DQG���0HWKRGV��
0RGHUQ� �PHGLFLQH� �WUDQVIRUPHG� �WKH� �ZRUOG� �ZLWK� �K\JLHQH�� �DQWLELRWLFV�� �YDFFLQHV� �DQG� �KHDOWK�� � � � � � � � � � �

HGXFDWLRQ�� �'HVSLWH� �LWV� �VXFFHVV� �HUDGLFDWLQJ� �GHDGO\� �GLVHDVHV�� �UHGXFLQJ� �PRUWDOLW\� �DQG� �LPSURYLQJ�� � � � � � � � � � �

ORQJHYLW\�� �WKH� �ULVH� �RI� �FKURQLF� �QRQ�FRPPXQLFDEOH� �GLVHDVHV� �LV� �D� �JURZLQJ� �WKUHDW� �WR� �KHDOWKFDUH�� � � � � � � � � � � � �

V\VWHPV��ZRUOGZLGH��������8QGHUVWDQGLQJ��GLVHDVH��SKHQRW\SHV��WR��ZRUN��WRZDUG��HIILFDFLRXV��WUHDWPHQWV�� � � � � � � � � �

DQG��SURSK\ODFWLF��PHDVXUHV��UHPDLQV��D��WRS��UHVHDUFK��SULRULW\���1RQ�FRPPXQLFDEOH��GLVHDVHV��XVXDOO\�� � � � � � � � � � �

DULVH��IURP��LQWHUDFWLRQV��EHWZHHQ��JHQHWLF���HQYLURQPHQWDO��DQG��OLIHVW\OH��IDFWRUV���UHVXOWLQJ��LQ��FRPSOH[�� � � � � � � � � � � �

SKHQRW\SHV���6\VWHPV�OHYHO��DSSURDFKHV��DUH��QHFHVVDU\��WR��SURYLGH��D��FRPSUHKHQVLYH��LOOXVWUDWLRQ��RI�� � � � � � � � � � �

HDFK� �GLVHDVH� �DQG� �WR� �DVFHUWDLQ� �DFWLRQDEOH� �WDUJHWV�� �7KH� �SUHVHQW� �ZRUN� �GHWDLOV� �KLJK�WKURXJKSXW�� � � � � � � � � � � �

SKHQRW\SLF��SURILOLQJ���³RPLFV´���RI��PXOWLSOH��KXPDQ��ELRVSHFLPHQ��VDPSOH��W\SHV��XVLQJ��WZR��DQDO\WLFDO�� � � � � � � � � � � �

SODWIRUPV� �DQG� �VWDWLVWLFDO� �DQDO\VLV� �RI� �WKH� �UHVXOWLQJ� �SURILOHV� �WR� �GHFLSKHU� �GLVHDVH�� �YHUVXV�� � � � � � � � � � � �

KHDOWK�DVVRFLDWHG� �ELRORJ\�� �7KLV� �FKDSWHU� �SURYLGHV� �DQ� �RYHUYLHZ� �RI� �WKH� �FRKRUW� �VWXGLHV� �DQG� �WKH�� � � � � � � � � � � � �

PHWKRGV���XVHG���WR���LQWHUURJDWH���WKH���SRSXODWLRQV���

��� &RKRUWV��
7KLV� �WKHVLV� �GHWDLOV� �REVHUYDWLRQV� �IURP� �WZR� �KXPDQ� �FRKRUWV� �IRFXVLQJ� �RQ� �WZR� �VWDJHV� �RI� �KXPDQ�� � � � � � � � � � � � � �

GHYHORSPHQW�� ���� �SUHJQDQF\� �DQG� ���� �FKLOGKRRG�� �7KH� �SUHJQDQF\� �VWXG\� �FDUULHG� �RXW� �DW� �&KHOVHD� �	�� � � � � � � � � � � � � �

:HVWPLQVWHU� �+RVSLWDO� ��&:+�� �DLPHG� �WR� �FKDUDFWHULVH� �JHVWDWLRQDO� �PHWDEROLF� �GLVWXUEDQFHV�� � � � � � � � �

DVVRFLDWHG��ZLWK��PDWHUQDO��REHVLW\���GDWDVHW�����&KDSWHU�������RU��SUHYLRXV��EDULDWULF��VXUJHU\���GDWDVHW������ � � � � � � � � � � � � �

&KDSWHU� ������ �DQG� �WKH� �DVVRFLDWLRQ� �EHWZHHQ� �PDWHUQDO� �PHWDEROLVP� �DQG� �QHRQDWDO� �RXWFRPHV�� �$�� � � � � � � � � � � �

FRKRUW� �RI� �FKLOGUHQ� �ZLWK� �$XWLVP� �6SHFWUXP� �'LVRUGHU� ��$6'��� �WKHLU� �QHXURW\SLFDO� �VLEOLQJV� �DQG�� � � � � � � � � � � �

XQUHODWHG� �QHXURW\SLFDO� �FRQWUROV� �ZDV� �DOVR� �LQYHVWLJDWHG� �WR� �XQFRYHU� �KRVW�PLFUREH� �LQWHUDFWLRQV�� � � � � � � � � �

DVVRFLDWHG� �ZLWK� �DOWHUHG� �QHXURGHYHORSPHQW� ���&KDSWHU� ������ �)URP� �HDFK� �LQGLYLGXDO� �VWXGLHG�� �D�� � � � � � � � � � �

FRPELQDWLRQ� �RI� �ELRVSHFLPHQV� �ZDV� �FROOHFWHG� �DQG� �SURILOHG�� �RIWHQ� �IRU� �PXOWLSOH� �SRLQWV� �LQ� �WLPH�� �WR�� � � � � � � � � � � � � �

XQGHUVWDQG� �WKH� �G\QDPLF� �LQWHUSOD\� �EHWZHHQ� �WKH� �JXW� �PLFURELRWD�� �KRVW� �PHWDEROLVP� �DQG� �KXPDQ�� � � � � � � � � � � �

KHDOWK���7RJHWKHU���XWLOLVLQJ��GDWD��IURP�������LQGLYLGXDOV��DQG���������FOLQLFDO��VDPSOHV���WKH��WZR��SURMHFWV�� � � � � � � � � � � � � �
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KLJKOLJKW� �WKH� �LQIOXHQFH� �RI� �EDFWHULD� �UHVLGLQJ� �LQ� �WKH� �JXW� �RQ� �KRVW� �PHWDEROLVP�� �DQG� �WKH� �FOLQLFDO�� � � � � � � � � � � � � � �

UHOHYDQFH���RI���WKLV���LQWHUDFWLRQ���LQ���KXPDQ���GHYHORSPHQW��� �

����� &:+���VWXG\��

7KH��SDWLHQW��FRKRUW��LV��SDUW��RI��DQ��RQJRLQJ��SURVSHFWLYH��VWXG\����±�������7KH��VWXG\��ZDV��DSSURYHG��E\��WKH�� � � � � � � � � � � � � � � �

:HVW� �/RQGRQ� �5HVHDUFK� �(WKLFV� �&RPPLWWHH� ��1R�� ����/2������� �DQG� �LQIRUPHG� �FRQVHQW� �ZDV�� � � � � � � � � � �

REWDLQHG� �IURP� �DOO� �SDUWLFLSDQWV�� �3UHJQDQW� �ZRPHQ� �ZHUH� �UHFUXLWHG� �EHWZHHQ� �0D\� ������ �DQG� �$SULO�� � � � � � � � � � � � �

������ �3DUWLFLSDQWV� �ZHUH� �HQUROOHG� �GXULQJ� �SUHJQDQF\� �DQG� �IROORZHG� �XQWLO��GHOLYHU\����)LJXUH����������$W�� � � � � � � � � � � � �

HDFK� �KRVSLWDO��YLVLW����7������������7������������7������������7������������7������������ZHHNV��JHVWDWLRQ��DQG�� � � � � � � � � � � � � � � �

7�����GHOLYHU\����EORRG��VHUXP��DQG��XULQH��VDPSOHV��ZHUH��FROOHFWHG���DQG��ELRPHWULFV��ZHUH��UHFRUGHG���$W�� � � � � � � � � � � � � �

7��� �7�� �DQG� �7��� �IDHFDO� �VDPSOHV� �ZHUH� �FROOHFWHG� �IURP� �D� �VXEVHW� �RI� �SDUWLFLSDQWV� ��GDWDVHW� ������ � � � � � � � � � � � � � �

7UDQV�DEGRPLQDO� �XOWUDVRXQG� �VFDQV� �ZHUH� �SHUIRUPHG� �DW� �7��� �7�� �DQG� �7�� �WR� �HVWLPDWH� �IHWDO� �ZHLJKW�� � � � � � � � � � � � � �

DQG� �FDOFXODWH� �SHUFHQWLOHV� �IRU� �WKH� �JHVWDWLRQ�� �$W� �7����D��IXOO��RUDO��JOXFRVH��WROHUDQFH��WHVW������K�������J��� � � � � � � � � � � � � � � � � �

ZDV��FRQGXFWHG��DV��D��GLDJQRVWLF��WHVW��IRU��WKH��GHYHORSPHQW��RI��JHVWDWLRQDO��GLDEHWHV����� �DQG��PDWHUQDO�� � � � � � � � � � � � � �

LQVXOLQ��UHVLVWDQFH��ZDV��FDOFXODWHG��XVLQJ��WKH��KRPHRVWDWLF��PRGHO��DVVHVVPHQW��IRU��LQVXOLQ��UHVLVWDQFH�� � � � � � � � � � � �

�+20$�,5����

����20$ 5¬ IDVWLQJ¬VHUXP¬LQVXOLQ¬��8 /�¬[¬IDVWLQJ¬JOXFRVH¬�PPRO /� ���� ¬+ ,  ¬ � � � �

3ODVPD��JO\FDWHG��KDHPRJORELQ���+E$�F���ZDV��DOVR��PHDVXUHG��DW��WKLV��WLPH��SRLQW��WR��DVVHVV��WKH��ORQJ�� � � � � � � � � � � � � � �

WHUP� �JOXFRVH� �FRQWURO�� �+E$�F� �LV� �DQRWKHU� �GLDJQRVWLF� �PDUNHU� �IRU� �GLDEHWHV�� �%LUWK� �ZHLJKW� �DQG�� � � � � � � � � � � � �

SHUFHQWLOHV��ZHUH��UHFRUGHG��DW��7���DQG���ZKHUH��SRVVLEOH���XPELOLFDO��FRUG��EORRG��VHUXP��DQG��QHRQDWDO�� � � � � � � � � � � � � �

XULQH� �ZHUH� �FROOHFWHG�� �,QVXOLQ� �DQG��JOXFRVH��OHYHOV��ZHUH��PHDVXUHG��LQ��FRUG��VDPSOHV��DQG��QHRQDWDO�� � � � � � � � � � � � � �

LQVXOLQ���UHVLVWDQFH���ZDV���FDOFXODWHG����$OO���VDPSOHV���ZHUH���VWRUHG���DW�������&���IRU���IXWXUH���DQDO\VLV���
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)LJXUH��������6WXG\��GHVLJQ��DQG��PDWHUQDO��VDPSOLQJ����3DUWLFLSDQWV��ZHUH��VHHQ��DW��ILYH��WLPH��SRLQWV��GXULQJ�� � � � � � � � � � � � � � �
SUHJQDQF\���7������7����DQG��DW��GHOLYHU\���7�����8ULQH��DQG��EORRG��VHUXP��VDPSOHV��ZHUH��FROOHFWHG��DW��HDFK��YLVLW�� � � � � � � � � � � � � � � � � �
ZKLOH� �IDHFDO��VDPSOHV��ZHUH��FROOHFWHG��DW��7����7���DQG��7����)HWDO��JURZWK��VFDQV��ZHUH��SHUIRUPHG��DW��7����7��� � � � � � � � � � � � � � � � � �
DQG���7�����$Q���RUDO���JOXFRVH���WROHUDQFH���WHVW����2*77����ZDV���SHUIRUPHG���DW���7����

����� -HEVHQ���VWXG\��

&KLOGUHQ� �ZHUH� �UHFUXLWHG� �IRU� �WKH� �VWXG\� �WKURXJK� �WKH� �&HQWHU� �IRU� �$XWLVP� �DQG� �5HODWHG� �'LVRUGHUV�� � � � � � � � � � � � � �

�&$5'�� �DW� �YDULRXV� �ORFDWLRQV� �WKURXJKRXW� �WKH� �8QLWHG� �6WDWHV��EHWZHHQ��'HFHPEHU��������DQG��-XQH�� � � � � � � � � � � � �

������ �7KH� �VWXG\� �ZDV� �DSSURYHG� �E\� �WKH��&$5'��,QVWLWXWLRQDO��5HYLHZ��%RDUG���,5%��������������DQG�� � � � � � � � � � � � � �

LQIRUPHG� �FRQVHQW� �ZDV� �REWDLQHG� �IURP� �D� �OHJDO� �JXDUGLDQ� �IRU� �HDFK� �SDUWLFLSDWLQJ� �FKLOG�� �,QGLYLGXDOV�� � � � � � � � � � � � �

ZHUH� �DVNHG� �WR� �GRQDWH� �D� �IDHFDO� �DQG� �D� �XULQH� �VDPSOH� �XSRQ��HQWHULQJ��WKH��VWXG\��ZLWK��WKH��RSWLRQ��RI�� � � � � � � � � � � � � � � � � �

GRQDWLQJ� �DGGLWLRQDO� �XULQH� �DQG� �IDHFDO� �VDPSOHV� �PRQWKO\� �IRU��XS��WR�����PRQWKV���%LRVSHFLPHQV��ZHUH�� � � � � � � � � � � � � �

FROOHFWHG��E\��WKH��FDUHJLYHU���VWRUHG��DW������&��XSRQ��FROOHFWLRQ��DQG��NHSW��IUR]HQ��XQWLO��EHLQJ��VWRUHG��DW�� � � � � � � � � � � � � � � �

����&��ZLWKLQ��D��&$5'��FHQWUH���6DPSOHV��ZHUH��VKLSSHG��WR��,PSHULDO��&ROOHJH��/RQGRQ��RQ��GU\��LFH��LQ����� � � � � � � � � � � � � � � � �

EDWFKHV�� �)RU� �HDFK� �FROOHFWLRQ� �WLPH� �SRLQW�� �FDUHJLYHUV� �ZHUH� �DVNHG� �WR� �FRPSOHWH� �D� �TXHVWLRQQDLUH�� � � � � � � � � � � � �

GHWDLOLQJ� �WKH� �FKLOG¶V� �DJH�� �KHLJKW�� �ZHLJKW�� �FXUUHQW� �PHGLFDO� �LVVXHV�� �PHGLFDWLRQV� �DQG� �GLHWDU\�� � � � � � � � � � � �

LQIRUPDWLRQ����

��� 0HWDEROLF���SURILOLQJ��

+LVWRULFDOO\�� �VPDOO� �SDQHOV� �RI� �NQRZQ� �PHWDEROLWHV� �ZHUH� �XVHG� �WR� �GHWHFW� �DEHUUDQW� �SK\VLRORJ\� �DQG�� � � � � � � � � � � � �

GLDJQRVH� �GLVHDVH���+LJK�WKURXJKSXW��DQDO\WLFDO��PHWKRGV��QRZ��DOORZ��WKH��XQWDUJHWHG��GHWHFWLRQ��DQG�� � � � � � � � � � �

����
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PHDVXUHPHQW��RI��KXQGUHGV��WR��WKRXVDQGV��RI��PHWDEROLWHV��IURP��D��VLQJOH��ELRVSHFLPHQ���SHUPLWWLQJ��D�� � � � � � � � � � � � �

GHWDLOHG��ELRFKHPLFDO��SURILOH��RI��DQ��LQGLYLGXDO��WKDW��UHIOHFWV��D��KROLVWLF��SK\VLRORJLFDO��YLHZ���0HWDEROLF�� � � � � � � � � � � � �

SURILOLQJ���DOVR��UHIHUUHG��WR��DV��PHWDERORPLFV��RU��PHWDERQRPLFV���LV��SULPDULO\��DFFRPSOLVKHG��ZLWK��WKH�� � � � � � � � � � � � �

IROORZLQJ� �DQDO\WLFDO� �SODWIRUPV�� �SURWRQ��QXFOHDU��PDJQHWLF��UHVRQDQFH������+��105���VSHFWURVFRS\��DQG�� � � � � � � � � � �

PDVV� �VSHFWURPHWU\�EDVHG� �WHFKQLTXHV� �VXFK� �DV� �OLTXLG� �FKURPDWRJUDSK\� �FRXSOHG� �WR� �PDVV�� � � � � � � � � �

VSHFWURPHWU\���/&�06����JDV��FKURPDWRJUDSK\��FRXSOHG��WR��PDVV��VSHFWURPHWU\���*&�06���DQG��PDVV�� � � � � � � � � � �

VSHFWURPHWU\� �LPDJLQJ�� ��+� �105� �VSHFWURVFRS\� �DQG� �/&�06� �DUH� �PRVW� �FRPPRQO\��XVHG��IRU��JOREDO�� � � � � � � � � � � � �

PHWDEROLF� �SURILOLQJ� �RI� �KXPDQ� �ELRIOXLGV�� ��+� �105� �LV� �D� �QRQ�GHVWUXFWLYH� �DQDO\WLFDO� �PHWKRG� �WKDW� �LV�� � � � � � � � � � � � � �

UREXVW� �EXW� �ODFNV� �VHQVLWLYLW\�� �UHVXOWLQJ� �LQ� �IHZHU� �GHWHFWHG� �PHWDEROLWHV� �WKDQ� �/&�06�� �$OWKRXJK�� � � � � � � � � � � �

/&�06��LV��D��KLJKO\��VHQVLWLYH��DQDO\WLFDO��PHWKRG���UHVXOWV��DUH��QRW��DV��UHSURGXFLEOH��DV��WKRVH��REWDLQHG�� � � � � � � � � � � � � � �

IURP� ��+� �105������� �%RWK� �SODWIRUPV� �SURYLGH� �FRPSOHPHQWDU\� �LQIRUPDWLRQ�� �DQG� �PXOWLSOH� �DVVD\V� �ZLOO�� � � � � � � � � � � �

SURYLGH��D��FRPSOHWH��SLFWXUH��RI��WKH��PHWDERORPH���+RZHYHU���JLYHQ��WKH��HDVH��RI��VDPSOH��SUHSDUDWLRQ��� � � � � � � � � � � � � �

QRQ�GHVWUXFWLYH� �DQG� �TXDQWLWDWLYH� �QDWXUH�� �UHSURGXFLELOLW\�� �ORZ� �FRVW� �DQG� �UHODWLYHO\� �IDVW� �DQDO\VLV�� � � � � � � � � � �

RIIHUHG� �E\� ��+� �105� �VSHFWURVFRS\�� �LW� �LV� �DQ� �LGHDO� �ILUVW� �VWHS� �LQ� �DQ� �H[SORUDWRU\� �PHWDERORPLFV�� � � � � � � � � � � � � � �

ZRUNIORZ���DQG���ZDV���WKH���SODWIRUP���XVHG���IRU���JHQHUDWLQJ���PHWDERORPLFV���GDWD���WKURXJKRXW���WKLV���WKHVLV��� �

����� ��+���105���VSHFWURVFRS\��

105� �VSHFWURVFRS\� �LV� �D� �IXQGDPHQWDO� �WRRO� �IRU� �PHWDEROLF� �SURILOLQJ������� �,W� �HQDEOHV� �WKH� �GHWHFWLRQ� �RI�� � � � � � � � � � � � � �

VSHFLILF��DWRPLF��QXFOHL��LQ��D��FRPSOH[��PDWUL[��VXFK��DV��D��KXPDQ��ELRIOXLG���6LQFH��K\GURJHQ��LV��WKH��PRVW�� � � � � � � � � � � � � � � � �

DEXQGDQW� �HOHPHQW� �LQ� �ELRORJLFDO� �PROHFXOHV�� ��+� �105� �VSHFWURVFRS\� �LV� �RIWHQ� �XVHG� �IRU� �PHWDEROLF�� � � � � � � � � � � � �

SURILOLQJ� �DOWKRXJK� �RWKHU� �QXFOHL� ��VXFK� �DV� ���&� �DQG� ���1�� �FDQ� �\LHOG� �105� �VSHFWUD�� �&HUWDLQ� �DWRPLF�� � � � � � � � � � � � � � �

QXFOHL� �KDYH� �D� �TXDQWXP� �PHFKDQLFDO� �SURSHUW\� �FDOOHG� �QXFOHDU� �VSLQ� ��,��� �DQ� �LQWULQVLF� �DQJXODU�� � � � � � � � � � � � �

PRPHQWXP�� �ZKLFK� �JLYHV� �WKHP� �FKDUDFWHULVWLF� �PDJQHWLF� �SURSHUWLHV�� �7KH� �QXFOHXV� �RI� �D� �K\GURJHQ�� � � � � � � � � � � �

DWRP� �FRQWDLQV� �D� �VLQJOH� �SRVLWLYHO\� �FKDUJHG� �SURWRQ� �JLYLQJ� �LW��DQ��DWRPLF��PDVV��RI��DSSUR[LPDWHO\������ � � � � � � � � � � � � � �

1XFOHL��ZLWK��DQ��RGG��PDVV��ZLOO��KDYH��KDOI�LQWHJHU��VSLQV��DQG��LQ��WKH��FDVH��RI��K\GURJHQ���, ò���7KH��VSLQ�� � � � � � � � � � � � � � � � � �

QXPEHU��RI��D��QXFOHXV��GLFWDWHV��WKH��QXPEHU��RI��SRVVLEOH��RULHQWDWLRQV��RU��HQHUJ\��OHYHOV����,������,Q��WKH�� � � � � � � � � � � � � � � �

DEVHQFH��RI��DQ��H[WHUQDO��PDJQHWLF��ILHOG���QXFOHL��VSLQ��LQ��UDQGRP��GLUHFWLRQV���:KHQ��D��PDJQHWLF��ILHOG�� � � � � � � � � � � � � � �

LV��DSSOLHG���WKH��PDJQHWLF��PRPHQW��DVVRFLDWHG��ZLWK��WKH��QRQ�]HUR��VSLQ��ZLOO��SUHFHVV��DURXQG��WKH��D[LV�� � � � � � � � � � � � � � �

RI� �WKH� �PDJQHWLF� �ILHOG� �DQG� �WKH� �RULHQWDWLRQV� �RI� �WKH� �QXFOHL� �ZLOO� �EH� �VSOLW� �RYHU� �WZR� ����ò����� �HQHUJ\�� � � � � � � � � � � � � � � � �

OHYHOV� ���)LJXUH� ����D���� �7KH� �QXFOHL� �DOLJQ� �ZLWK� ��ORZ� �HQHUJ\� �VWDWH�� �P �ò�� �RU� �DJDLQVW� ��KLJK� �HQHUJ\�� � � � � � � � � � � � � � �

VWDWH���P �ò���WKH��PDJQHWLF��ILHOG��DQG��WKH��HQHUJ\��GLIIHUHQFH��EHWZHHQ��WKH��WZR��VWDWHV��LV��GHSHQGHQW�� � � � � � � � � � � � � � �

RQ��WKH��VWUHQJWK��RI��WKH��PDJQHWLF��ILHOG���7KH��UDWH��RI��SURFHVVLRQ��RI��WKH��QXFOHL���WKH��/DUPRU��IUHTXHQF\��� � � � � � � � � � � � � � � � �

����
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¶

LV��SURSRUWLRQDO��WR��WKH��VWUHQJWK��RI��WKH��PDJQHWLF��ILHOG��DQG��WKH��J\URPDJQHWLF��UDWLR���UDWLR��RI��QXFOHDU�� � � � � � � � � � � � � � � �

PDJQHWLF���PRPHQW���WR���QXFOHDU���DQJXODU���PRPHQWXP����������

�

�

)LJXUH� ������ ��+� �105� �WKHRU\� �DQG� �GDWD� �DFTXLVLWLRQ�� �D�� �,Q� �WKH� �DEVHQFH� �RI� �DQ� �H[WHUQDO�� � � � � � � � � � � � � � �
PDJQHWLF� �ILHOG�� �K\GURJHQ� �QXFOHL� �VSLQ� �LQ� �UDQGRP� �GLUHFWLRQV�� �:KHQ� �D� �PDJQHWLF� �ILHOG� �LV�� � � � � � � � � � � � �
DSSOLHG���QXFOHL��RULHQW��WKHPVHOYHV��ZLWK��RU��DJDLQVW��WKH��PDJQHWLF��ILHOG��E���$��UDGLRIUHTXHQF\�� � � � � � � � � � � � �
SXOVH��SHUSHQGLFXODU��WR��WKH��H[WHUQDO��PDJQHWLF��ILHOG��FDXVHV��DQ��H[FLWDWLRQ��DQG��DV��WKH��QXFOHL�� � � � � � � � � � � � � �
UHOD[��EDFN��WR��HTXLOLEULXP���WKHLU��SUHFHVVLRQV��DUH��GHWHFWHG���IUHH��LQGXFWLRQ��GHFD\���),'����7KH�� � � � � � � � � � � � �
VLJQDOV���DUH���WKHQ���WUDQVIRUPHG���LQWR���IUHTXHQFLHV���

�
6LQFH� �D� �PDMRULW\� �RI� �SURWRQ� �QXFOHL� �ZLOO� �RULHQW� �WKHPVHOYHV� �ZLWK� �WKH� �DSSOLHG� �PDJQHWLF� �ILHOG� ��ORZ�� � � � � � � � � � � � � � �

HQHUJ\��VWDWH����WKHUH��LV��D��QHW��PDJQHWLVDWLRQ��LQ��WKLV��GLUHFWLRQ���7KH��RULHQWDWLRQV��RI��WKHVH��QXFOHL��FDQ�� � � � � � � � � � � � � � � �

EH� �IOLSSHG� �IURP� �ORZ� �WR� �KLJK� �HQHUJ\� �VWDWHV� �E\� �VXSSO\LQJ� �D� �VSHFLILF� �DPRXQW� �RI� �HQHUJ\� �ZLWK� �D�� � � � � � � � � � � � � � � � �

UDGLRIUHTXHQF\��SXOVH��SHUSHQGLFXODU��WR��WKH��H[WHUQDO��PDJQHWLF��ILHOG����)LJXUH�����E�����7KH��IUHTXHQF\�� � � � � � � � � � � �

UHTXLUHG��WR��FDXVH��WKLV��H[FLWDWLRQ��LV��HTXDO��WR��WKH��/DUPRU��IUHTXHQF\��DQG��WR��WKH��GLIIHUHQFH��LQ��HQHUJ\�� � � � � � � � � � � � � � � � �

EHWZHHQ��WKH��VSLQ��VWDWHV���1XFOHL��FDQ��DEVRUE��WKLV��HQHUJ\��FDXVLQJ��WKH��PDJQHWLF��PRPHQW��WR��RSSRVH�� � � � � � � � � � � � � � �

WKH��DSSOLHG��PDJQHWLF��ILHOG���KLJK��HQHUJ\��VWDWH����$IWHU��WKH��UDGLRIUHTXHQF\��SXOVH���QXFOHL��UHOD[��EDFN�� � � � � � � � � � � � � �

WR��WKH��ORZ��HQHUJ\��VWDWH��DQG��WKHLU��SUHFHVVLRQV��DUH��REVHUYHG���JHQHUDWLQJ��D��VLJQDO��FDOOHG��WKH��IUHH�� � � � � � � � � � � � � � � �

����
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LQGXFWLRQ� �GHFD\� ��),'��� �'XULQJ� �WKLV� �UHOD[DWLRQ� �WLPH�� �VLJQDOV� �IURP� �DOO� �SURWRQV� �LQ� �D� �VDPSOH� �DUH�� � � � � � � � � � � � � � �

VLPXOWDQHRXVO\� �DFTXLUHG�� �7R� �VHSDUDWH� �VLJQDOV� �IURP��SURWRQV��LQ��GLIIHUHQW��FKHPLFDO��HQYLURQPHQWV��� � � � � � � � � � �

WKH� �),'� �LV� �FRQYHUWHG� �IURP� �WKH� �WLPH�GRPDLQ� �WR� �WKH� �IUHTXHQF\�GRPDLQ� �XVLQJ� �)RXULHU�� � � � � � � � � � � �

WUDQVIRUPDWLRQ������� �7KH� �WUDQVIRUPDWLRQ� �UHVXOWV� �LQ� �WKH� �105��VSHFWUXP��ZKHUH��SHDNV��UHSUHVHQW��WKH�� � � � � � � � � � � �

LQWHQVLWLHV� �RI� �UHVRQDQFHV� �RI� �SURWRQV� �FRQWDLQHG� �ZLWKLQ� �WKH� �VDPSOH�� �7KH� �LQWHQVLW\� �RI� �D� �SHDN� �LV�� � � � � � � � � � � � � � �

GLUHFWO\� �SURSRUWLRQDO� �WR� �WKH� �QXPEHU� �RI� �SURWRQV� �REVHUYHG�� �KHQFH� �LW� �LV� �D� �GLUHFW� �UHDGRXW� �RI� �WKH�� � � � � � � � � � � � � � � �

FRQFHQWUDWLRQ� �RI� �WKH� �UHOHYDQW� �PROHFXOH� �LQ� �WKH� �RULJLQDO� �VDPSOH�� �6LQFH� �HDFK� �FKHPLFDOO\�� � � � � � � � � � � �

LQHTXLYDOHQW��SURWRQ��ZLOO��UHVRQDWH��DW��GLIIHUHQW��IUHTXHQFLHV���HYHU\��PROHFXOH��LQ��WKH��RULJLQDO��VDPSOH�� � � � � � � � � � � � �

ZLOO���EH���UHSUHVHQWHG���DV���D���XQLTXH���ILQJHUSULQW���LQ���WKH���105���VSHFWUXP����

����� 6DPSOH���SUHSDUDWLRQ��
��+� �105� �VSHFWUD� �FDQ� �EH� �REWDLQHG� �IURP� �PDQ\� �GLIIHUHQW� �ELRVSHFLPHQ� �W\SHV� �WR� �SURYLGH� �D�� � � � � � � � � � � � � �

PXOWLIDFHWHG��YLHZ��RI��KXPDQ��ELRFKHPLVWU\��DQG��KRVW�PLFURELDO��LQWHUDFWLRQV���6LQFH��XULQH��DQG��IDHFDO�� � � � � � � � � � � �

VDPSOHV� �FDQ� �EH� �FROOHFWHG� �FRQYHQLHQWO\� �DQG� �QRQ�LQYDVLYHO\�� �DQG� �EORRG� �LV� �URXWLQHO\� �FROOHFWHG� �DW�� � � � � � � � � � � � �

GRFWRU� �YLVLWV�� �WKHVH��DUH��FRPPRQO\��XVHG��LQ��KXPDQ��PHWDERORPLFV��VWXGLHV��DQG��ZHUH��WKH��IRFXV��RI�� � � � � � � � � � � � � � �

WKLV��ZRUN���8SRQ��FROOHFWLRQ���WKH��VDPSOHV��ZHUH��VWRUHG��DW������&��XQWLO��SUHSDUDWLRQ��DQG��DQDO\VLV���7KH�� � � � � � � � � � � � � � �

XQLTXH� �FKDUDFWHULVWLFV� �RI� �HDFK� �ELRIOXLG� �QHFHVVLWDWH� �GLIIHUHQW� �WUHDWPHQW� �SULRU� �WR� �DQDO\VLQJ� �WKH�� � � � � � � � � � � �

FKHPLFDO��FRPSRVLWLRQ��E\���+��105��VSHFWURVFRS\���8ULQH��LV��FRPSRVHG��RI����±�����ZDWHU��������PDNLQJ�� � � � � � � � � � � � �

WKH� �VDPSOH� �SUHSDUDWLRQ� �UHODWLYHO\� �VLPSOH�� �XULQH� �ZDV� �GHIURVWHG� �DQG� �FHQWULIXJHG� �WR� �UHPRYH� �DQ\�� � � � � � � � � � � � �

ODUJH� �SDUWLFOHV� �WKHQ� �VXSHUQDWDQW� �ZDV� �PL[HG� �ZLWK� �DQ� �105�VXLWDEOH� �EXIIHU�� �$W� �FROOHFWLRQ�� �EORRG�� � � � � � � � � � � � �

QHHGV� �WR� �EH� �SDUWLWLRQHG� �WR� �HLWKHU� �SODVPD� �RU� �VHUXP������� �3ODVPD� �LV� �WKH� �PDLQ� �IOXLG� �FRPSRQHQW� �RI�� � � � � � � � � � � � � � � �

EORRG� �ZLWKRXW� �UHG� �EORRG� �FHOOV�� �ZKLWH� �EORRG� �FHOOV� �DQG� �SODWHOHWV�� �6HUXP� �FDQ� �EH� �REWDLQHG� �E\�� � � � � � � � � � � � � � �

DOORZLQJ� �WKH� �EORRG� �WR� �FORW�� �WKXV� �FORWWLQJ� �IDFWRUV� �DUH� �UHPRYHG� �IURP� �WKH� �VDPSOH�� �$OWKRXJK� �ERWK�� � � � � � � � � � � � � � �

SODVPD� �DQG� �VHUXP� �VDPSOHV� �DUH� �VXLWDEOH��IRU��PHWDEROLF��SURILOLQJ��DQG��ZRXOG��OLNHO\��OHDG��WR��VLPLODU�� � � � � � � � � � � � � � �

ELRORJLFDO��FRQFOXVLRQV��������VHUXP��LV��QRW��DIIHFWHG��E\��DGGLQJ��DQ��DQWLFRDJXODQW���$OO��GDWD��SHUWDLQLQJ��WR�� � � � � � � � � � � � � �

EORRG� �LQ� �WKLV� �WKHVLV� �ZDV� �IURP� �VHUXP� �VDPSOHV�� �3ULRU� �WR� �DQDO\VLV�� �VHUXP� �ZDV� �GHIURVWHG��� � � � � � � � � � � � � �

FHQWULIXJHG��DQG��VXSHUQDWDQW��ZDV��PL[HG��ZLWK��DQ��105�VXLWDEOH��EXIIHU���7KH��SUHSDUDWLRQ��RI��IDHFDO�� � � � � � � � � � � � �

VDPSOHV��IRU���+��105��VSHFWURVFRS\��UHTXLUHV��DGGLWLRQDO��VWHSV��GXH��WR��WKH��H[WHQW��RI��XQZDQWHG��VROLG�� � � � � � � � � � � � � � �

PDWHULDO���$��W\SLFDO��IDHFDO��VDPSOH��LV�������SDUWLFXODWH��ZDVWH��ZKLFK��LQFOXGHV��EDFWHULDO��ELRPDVV��DQG�� � � � � � � � � � � � � �

XQGLJHVWHG��GLHWDU\��FRPSRQHQWV��������7R��UHPRYH��WKH��VROLG��SDUWLFOHV���WKH��VDPSOHV��ZHUH��H[WHQVLYHO\�� � � � � � � � � � � �

KRPRJHQLVHG��LQ��DQ��105�VXLWDEOH��EXIIHU��DQG��WKHQ��ILOWHUHG���5HJDUGOHVV��RI��ELRVSHFLPHQ��W\SH���WKH�� � � � � � � � � � � � �

EXIIHU� �UHTXLUHG� �WR� �DQDO\VH� �VDPSOHV� �E\� �105� �FRQWDLQV� �GHXWHUDWHG� �ZDWHU� ��'���2��� �VDOWV� �ZLWK�� � � � � � � � � � � � �

����
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QRQ�H[FKDQJHDEOH� �K\GURJHQ� �DWRPV� ��VXFK� �DV� �SKRVSKDWHV�� �DQG� �VRGLXP� �D]LGH� ��WR� �SUHYHQW�� � � � � � � � � � �

PLFURELDO� �JURZWK��� �'HXWHULXP� �LRQV� �UHVRQDWH� �DW� �D� �GLIIHUHQW� �IUHTXHQF\��WKDQ��K\GURJHQ��DWRPV��DQG�� � � � � � � � � � � � �

WKH� �VLJQDO� �FDQ� �WKHUHIRUH� �EH� �XVHG� �WR� �FRPSHQVDWH� �IRU� �GULIWV� �LQ� �PDJQHWLF� �ILHOG� �VWUHQJWK� ��ORFN�� � � � � � � � � � � � � � �

V\VWHP��� �'HWDLOHG� �PHWKRGV� �IRU� �VDPSOH� �SUHSDUDWLRQ� �DUH� �FRQWDLQHG� �ZLWKLQ� �HDFK� �VXEVHTXHQW�� � � � � � � � � � �

FKDSWHU���

����� 'DWD���DFTXLVLWLRQ��

'LIIHUHQW��SXOVH��VHTXHQFHV��FDQ��EH��XVHG��GHSHQGLQJ��RQ��WKH��GHVLUHG��VLJQDOV���3XOVH��VHTXHQFHV��DUH�� � � � � � � � � � � � � �

D� �VHW� �RI� �LQVWUXFWLRQV� �JLYHQ� �WR� �WKH� �105� �VSHFWURPHWHU��WKDW��GLFWDWH��ZKLFK��VSHFWUDO��VLJQDOV��ZLOO��EH�� � � � � � � � � � � � � � � �

UHFRUGHG� �LQ� �WKH� �VSHFWUXP�� �$� �VWDQGDUG� �RQH�GLPHQVLRQDO� ���'�� ��+� �105� �H[SHULPHQW�� �QXFOHDU�� � � � � � � � � � � �

2YHUKDXVHU� �HIIHFW� �VSHFWURVFRS\� ��12(6<�� �ZLWK� �ZDWHU� �VXSSUHVVLRQ� ��WR� �HOLPLQDWH� �VLJQDOV� �IURP�� � � � � � � � � � �

SURWRQV��LQ��ZDWHU���ZDV��SHUIRUPHG��RQ��DOO��VDPSOHV��GHVFULEHG��LQ��WKLV��WKHVLV����'�12(6<��LV��WKH��PRVW�� � � � � � � � � � � � � � � �

SRSXODU��SXOVH��VHTXHQFH��IRU��FROOHFWLQJ��PHWDEROLF��LQIRUPDWLRQ��IURP��ELRORJLFDO��VDPSOHV��DV��LW��JLYHV�� � � � � � � � � � � � �

D� �JHQHUDO� �RYHUYLHZ� �RI� �DOO� �PROHFXOHV� �SUHVHQW� �LQ� �WKH� �ELRIOXLG������� �+RZHYHU�� �EORRG�EDVHG� �VDPSOHV�� � � � � � � � � � � � �

FRQWDLQ��PDFURPROHFXOHV��VXFK��DV��OLSRSURWHLQV��ZKLFK��RYHUVKDGRZ��WKH��VLJQDOV��IURP��ORZ��PROHFXODU�� � � � � � � � � � � �

ZHLJKW� �PHWDEROLWHV� �LQ� ��'�12(6<� �VSHFWUD�� �7KH��&DUU±3XUFHOO±0HLERRP±*LOO���&30*���VSLQ�HFKR�� � � � � � � � �

VHTXHQFH� �FDQ� �EH� �XVHG� �WR� �VHOHFWLYHO\� �DFTXLUH� �VLJQDOV� �IURP� �WKH� �ORZ� �PROHFXODU� �ZHLJKW�� � � � � � � � � � � � �

PHWDEROLWHV������� �,Q� �DGGLWLRQ� �WR��12(6<��H[SHULPHQWV���&30*��H[SHULPHQWV��ZLWK��ZDWHU��VXSSUHVVLRQ�� � � � � � � � � � �

ZHUH� �DOVR� �SHUIRUPHG� �IRU� �DOO� �VHUXP� �VDPSOHV�� �7R� �DLG� �ZLWK� �VWUXFWXUH� �HOXFLGDWLRQ� ��VHH� ���������� � � � � � � � � � � � � �

WZR�GLPHQVLRQDO� ���'�� �H[SHULPHQWV� �ZHUH� �DOVR� �UXQ������� �-�UHVROYHG� �VSHFWUD� �ZHUH� �DFTXLUHG� �IRU� �DOO�� � � � � � � � � � � �

VDPSOHV� �WR� �SURYLGH� �LQIRUPDWLRQ� �RQ� �WKH� �PXOWLSOLFLW\� �DQG� �FRXSOLQJ� �SDWWHUQV� �RI� �UHVRQDQFHV�� �)RU�� � � � � � � � � � � � �

XQLGHQWLILHG� �VLJQDOV�� �FRUUHODWLRQ� �VSHFWURVFRS\� ��&26<��� �WRWDO��FRUUHODWLRQ��VSHFWURVFRS\���72&6<��� � � � � � � � �

DQG��KHWHURQXFOHDU��VLQJOH��TXDQWXP��FRKHUHQFH���+64&���H[SHULPHQWV��ZHUH��UXQ��RQ��D��VLQJOH��VDPSOH�� � � � � � � � � � � � �

ZLWK���WKH���KLJKHVW���FRQFHQWUDWLRQ���RI���WKH���XQLGHQWLILHG���VLJQDOV���

����� 'DWD���SUH�SURFHVVLQJ��

,Q� ��+� �105� �VSHFWURVFRS\�� �DQ� �LQWHUQDO� �UHIHUHQFH� �VWDQGDUG��FDQ��EH��XVHG��WR��FDOLEUDWH��WKH��VSHFWUD��� � � � � � � � � � � � � � �

+HUH�� �VRGLXP� ����WULPHWK\OVLO\O�� �SURSLRQDWH���������G��� ��763���GHXWHUDWHG���ZDV��XVHG��DV��LW��VKRZV��D�� � � � � � � � � � � �

VLQJOH��UHVRQDQFH��DW��YHU\��ORZ��IUHTXHQF\��LQ��ZDWHU��������7KLV��VLJQDO��LV��XVHG��WR��FDOFXODWH��WKH��FKHPLFDO�� � � � � � � � � � � � � � � �

VKLIWV���� ����RI���WKH���UHVRQDQFHV���REVHUYHG���ZKLFK���DUH���UHSRUWHG���LQ���SDUWV���SHU���PLOOLRQ����SSP����

�SSP�¬ ¬ ¬ƣ  ¬ I UHTXHQF\¬RI ¬VSHFWURPHWHU¬�0+]�
I UHTXHQF\¬RI ¬VLJQDO¬�+]�¬ ¬I UHTXHQF\¬RI ¬UHIHUHQFH¬�+]� ��� ¬¬�

����
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¶

6LQFH� �GLIIHUHQW� �PDJQHWLF� �ILHOG� �VWUHQJWKV� �FDQ� �EH� �XVHG�� �UHIHUHQFLQJ� �WKH� �VLJQDOV� �WR� �D� �VSHFLILF�� � � � � � � � � � � � � �

UHVRQDQFH� �DQG� �QRUPDOLVLQJ� �E\� �WKH� �VSHFWURPHWHU� �IUHTXHQF\� �UHVXOWV� �LQ� �GDWD� �WKDW� �LV� �FRPSDUDEOH�� � � � � � � � � � � � �

DFURVV� �GLIIHUHQW� �SODWIRUPV�� �LQGHSHQGHQW� �RI� �WKH� �ILHOG� �VWUHQJWK�� �,Q� �WKLV� �FDVH�� �D� ����� �0+]� �105�� � � � � � � � � � � � � � �

VSHFWURPHWHU� �ZDV� �XVHG�� �$FTXLUHG� �VSHFWUD� �ZHUH� �DXWRPDWLFDOO\� �SKDVHG� ��PDNLQJ� �WKH� �SHDNV� �DV�� � � � � � � � � � � �

QDUURZ� �DQG� �V\PPHWULF� �DV� �SRVVLEOH��� �EDVHOLQH� �FRUUHFWHG� �DQG��UHIHUHQFHG��WR��763���  �������LQ��WKH�� � � � � � � � � � � � � �

%UXNHU� �7RS6SLQ� ����� �VRIWZDUH�� �5DZ� �GDWD� �ZHUH� �GLJLWLVHG� �LQ� �0$7/$%� �YHUVLRQ� �5����E� ��7KH�� � � � � � � � � � � � �

0DWK:RUNV�� �,QF��� �1DWZLFN�� �0$�� �XVLQJ� �LQ�KRXVH� �VFULSWV� �GHYHORSHG� �E\� �'U� �7LP� �(EEHOV�������� � � � � � � � � � � �

%LRORJLFDOO\� �LUUHOHYDQW� �VLJQDOV� ��H�J�� �763� �DQG� �ZDWHU�� �ZHUH� �UHPRYHG��IURP��WKH��VSHFWUD���&KHPLFDO�� � � � � � � � � � � � �

VKLIWV� �DUH� �VHQVLWLYH� �WR� �S+��DQG��RWKHU��VDPSOH�GHSHQGHQW��RU��WHFKQLFDO��IDFWRUV����� �QHFHVVLWDWLQJ��WKH�� � � � � � � � � � � � �

XVH��RI��DQ��DOJRULWKP��WR��DOLJQ��SHDNV��DFURVV��DOO��VDPSOHV��LQ��D��GDWDVHW���+HUH���VSHFWUD��ZHUH��DOLJQHG�� � � � � � � � � � � � � � � � �

XVLQJ� �WKH� �UHFXUVLYH� �VHJPHQW�ZLVH� �SHDN� �DOLJQPHQW� ��563$�� �DOJRULWKP������� �7KH� �JRDO� �RI��WKH��563$�� � � � � � � � � � � � �

DOJRULWKP��LV��WR��UHSRVLWLRQ��DOO��SHDNV��LQ��DQ��105��VSHFWUXP��WR��PDWFK��D��UHIHUHQFH��VSHFWUXP����)LJXUH�� � � � � � � � � � � � � � � �

��������7KH��UHIHUHQFH��VSHFWUXP��LV��FKRVHQ��E\��ILQGLQJ��WKH��VSHFWUXP��WKDW��LV��PRVW��VLPLODU��WR��DOO��RWKHU�� � � � � � � � � � � � � � � � �

VSHFWUD� �LQ� �WKH��GDWDVHW���$OLJQPHQW��LV��GRQH��LQ��VHJPHQWV��DQG��UHFXUVLYHO\���FRUUHFWLRQ��LV��SHUIRUPHG�� � � � � � � � � � � � � �

WKHQ��VHJPHQWV��DUH��GLYLGHG��LQWR��VPDOOHU��VHJPHQWV��WR��LPSURYH��DOLJQPHQW��DQG��WKLV��FRQWLQXHV��XQWLO�� � � � � � � � � � � � � �

QR���IXUWKHU���DOLJQPHQW���LV���UHTXLUHG����

�

)LJXUH���������+��105��VSHFWUDO��DOLJQPHQW��'XH��WR��VOLJKW��YDULDWLRQV��LQ��FKHPLFDO��VKLIWV��D�����SHDNV�� � � � � � � � � � � � � � �
QHHG���WR���EH���DOLJQHG�����E�����VR���WKDW���VSHFWUDO���YDULDEOHV���DUH���FRPSDUDEOH���DFURVV���VDPSOHV���

$QRWKHU��VDPSOH�GHSHQGHQW��IDFWRU��ZKLFK��FDXVHV��XQZDQWHG��YDULDWLRQ��DFURVV��VDPSOHV��LQ��D��GDWDVHW�� � � � � � � � � � � �

LV��GLOXWLRQ���%LRORJLFDO��VDPSOHV��KDYH��YDU\LQJ��ZDWHU��FRQWHQW��ZKLFK��LV��LQIOXHQFHG��E\��DQ��LQGLYLGXDO¶V�� � � � � � � � � � � � � �

����
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¶

¶

¶

GLHW�� �IOXLG� �LQWDNH� �DQG� �IUHTXHQF\� �RI� �GHIDHFDWLRQ������� �7R� �VFDOH� �VDPSOHV� �WR� �WKH� �VDPH� �HIIHFWLYH�� � � � � � � � � � � � � �

FRQFHQWUDWLRQ���HDFK��GDWDVHW��ZDV��QRUPDOLVHG��ZLWK��WKH��SUREDELOLVWLF��TXRWLHQW��QRUPDOLVDWLRQ���341��� � � � � � � � � � �

PHWKRG������� �,Q� �WKH� �341� �PHWKRG�� �WKH� �PRVW� �SUREDEOH� �GLOXWLRQ� �IDFWRU� �IRU� �HDFK� �VSHFWUXP� �LV�� � � � � � � � � � � � � �

GHWHUPLQHG��E\��FRPSDULQJ��LW��WR��D��UHIHUHQFH���PHGLDQ���VSHFWUXP���$��TXRWLHQW��LV��FDOFXODWHG��IRU��HDFK�� � � � � � � � � � � � � � �

VSHFWUDO��YDULDEOH��E\��GLYLGLQJ��LWV��YDOXH��E\��WKH��YDOXH��RI��WKH��FRUUHVSRQGLQJ��YDULDEOH��LQ��WKH��UHIHUHQFH�� � � � � � � � � � � � � � � �

VSHFWUXP����)LJXUH����������7KH��PHGLDQ��TXRWLHQW��LV��WKHQ��XVHG��DV��WKH��GLOXWLRQ��IDFWRU���HYHU\��YDULDEOH��LQ�� � � � � � � � � � � � � � � �

WKH���VSHFWUXP���LV���GLYLGHG���E\���WKH���GLOXWLRQ���IDFWRU���WR���FDOFXODWH���D���QRUPDOLVHG���VSHFWUXP���

�

)LJXUH��������3UREDELOLVWLF��TXRWLHQW��QRUPDOLVDWLRQ��(DFK��VSHFWUXP�� � � � � � �
LV� �QRUPDOLVHG� �ZLWK� �UHVSHFW� �WR� �D� �UHIHUHQFH� ��PHGLDQ�� �VSHFWUXP�� �$�� � � � � � � � � �
TXRWLHQW� ��4�� �LV� �FDOFXODWHG��IRU��HDFK��VSHFWUDO��YDULDEOH���VLPSOLILHG��IRU�� � � � � � � � � �
LOOXVWUDWLRQ���DQG��WKH��PHGLDQ��TXRWLHQW��LV��XVHG��DV��WKH��GLOXWLRQ��IDFWRU��WR�� � � � � � � � � � � �
QRUPDOLVH���WKH���VSHFWUXP���

����� 0HWDEROLWH���DQQRWDWLRQ��

(DFK� ��'� ��+� �105� �VSHFWUXP� �GHWDLOV� �WHQV��RI��WKRXVDQGV��RI��GDWD��SRLQWV��IURP��D��ELRORJLFDO��VDPSOH��� � � � � � � � � � � � � � � �

7KH� �GDWD� �SRLQWV� �DUH� �RUJDQLVHG� �LQWR� �SHDNV� �ZKLFK� �LQGLFDWH� �WKH� �LQWHQVLW\� �RI��D��VLJQDO��DW��D��VSHFLILF�� � � � � � � � � � � � � � � � �

UHVRQDQFH��IUHTXHQF\���,Q��WKH��VLPSOHVW��FDVH���D��PROHFXOH��FDQ��EH��UHSUHVHQWHG��E\��D��VLQJOH��SHDN���$�� � � � � � � � � � � � � � � �

VLQJOH���+��105��SHDN��LQGLFDWHV��DOO��K\GURJHQ��DWRPV��LQ��WKH��PROHFXOH��DUH��HTXLYDOHQW���H�J���PHWKDQH��� � � � � � � � � � � � � � �

����
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&+������ �7KH� �SRVLWLRQ� �RI� �WKH� �SHDN� �LQ� �WKH� �VSHFWUXP� ��FKHPLFDO� �VKLIW�� �GHSHQGV� �RQ� �WKH� �PROHFXODU�� � � � � � � � � � � � � � �

HQYLURQPHQW� �DURXQG� �WKH� �REVHUYHG� �SURWRQ�� �(OHFWURQV� �DURXQG� �WKH� �QXFOHXV� �VKLHOG� �LW� �IURP� �WKH�� � � � � � � � � � � � �

DSSOLHG� �PDJQHWLF� �ILHOG�� �7KH� �HOHFWURQHJDWLYLW\� �RI� �WKH� �RWKHU� �DWRPV� �LQ� �WKH� �PROHFXOH� �DIIHFW� �WKH�� � � � � � � � � � � � � �

HOHFWURQ� �GHQVLW\� �DURXQG� �WKH� �SURWRQ�� �0RUH� �HOHFWURQHJDWLYH� �DWRPV� �DWWUDFW� �HOHFWURQV�� �HIIHFWLYHO\�� � � � � � � � � � �

GHVKLHOGLQJ� �WKH� �SURWRQ� �IURP� �WKH� �H[WHUQDO� �PDJQHWLF� �ILHOG��ZKLFK��DOORZV��LW��WR��UHVRQDWH��DW��D��KLJKHU�� � � � � � � � � � � � � � � �

IUHTXHQF\�� �&RQYHUVHO\�� �SURWRQV� �FORVH� �WR� �OHVV��HOHFWURQHJDWLYH��DWRPV��LQ��D��PROHFXOH��ZLOO��EH��PRUH�� � � � � � � � � � � � � �

VKLHOGHG���IURP���WKH���H[WHUQDO���PDJQHWLF���ILHOG���DQG���ZLOO���WKHUHIRUH���UHVRQDWH���DW���D���ORZHU���IUHTXHQF\���

�

0ROHFXOHV��ZLWK��PRUH��FRPSOH[��VWUXFWXUHV��ZLOO��KDYH��QRQHTXLYDOHQW��K\GURJHQV��UHVXOWLQJ��LQ��PXOWLSOH�� � � � � � � � � � � �

VLJQDOV� �SHUWDLQLQJ� �WR� �WKH� �VDPH� �PROHFXOH�� �,Q� �DGGLWLRQ�� �GXH� �WR� �D� �SKHQRPHQRQ� �FDOOHG� �VSLQ�VSLQ�� � � � � � � � � � � � � �

FRXSOLQJ�� �WKH� �UHVRQDQFH� �IRU� �D� �SURWRQ� �ZLOO� �EH� �VSOLW� �LQWR� �1� ��� ��� �SHDNV� �ZKHUH� �1� �LV��WKH��QXPEHU��RI�� � � � � � � � � � � � � � � � � � � �

K\GURJHQV� �RQ� �WKH� �DWRP� �DGMDFHQW� �WR� �LW���7KH��UDWLR��RI��LQWHQVLWLHV��RI��WKH��VSOLW��SHDNV��XVXDOO\��IROORZV�� � � � � � � � � � � � � � � � �

3DVFDO¶V� �WULDQJOH� ���)LJXUH� ����D���� �-�UHVROYHG� �VSHFWUD� �FDQ� �EH� �XVHG� �WR� �YHULI\� �VSOLWWLQJ� �SDWWHUQV� �IRU�� � � � � � � � � � � � � �

HDFK� �UHVRQDQFH� ���)LJXUH� ����E��� �DQG� �WR� �UHVROYH� �RYHUODSSLQJ� �SHDNV�� �'XH� �WR� �WKH� �KLJK� �QXPEHU� �RI�� � � � � � � � � � � � � � �

SHDNV� �REVHUYHG� �LQ� �D� �VLQJOH� ��+� �105� �VSHFWUXP� �DFTXLUHG� �IURP� �D� �KXPDQ� �ELRVSHFLPHQ�� �SHDNV�� � � � � � � � � � � � � �

UHSUHVHQWLQJ� �WKH� �VDPH� �PROHFXOH� �QHHG� �WR� �EH� �LGHQWLILHG� �XVLQJ� �VWDWLVWLFDO� �PHWKRGV� �VXFK� �DV�� � � � � � � � � � � � �

6WDWLVWLFDO��7RWDO��&RUUHODWLRQ��6SHFWURVFRS\���672&6<��������DQG��6XEVH7��2SWLPL]DWLRQ��E\��5HIHUHQFH�� � � � � � � � � �

0DWFKLQJ� ��67250���������672&6<��FDOFXODWHV��FRYDULDQFH��DQG��FRUUHODWLRQ��EHWZHHQ��WKH��LQWHQVLW\��RI�� � � � � � � � � � �

WKH��SHDN��RI��LQWHUHVW��DQG��WKH��LQWHQVLWLHV��RI��DOO��RWKHU��VSHFWUDO��YDULDEOHV��WR��YLVXDOLVH��ERWK��VWUXFWXUDO�� � � � � � � � � � � � � � � �

DQG��ELRORJLFDO��DVVRFLDWLRQV���7KLV��PHWKRG��LV��DOVR��LPSOHPHQWHG��LQ��67250��EXW��LV��RQO\��DSSOLHG��WR��D�� � � � � � � � � � � � � � � �

VXEVHW��RI��VSHFWUD��FRQWDLQLQJ��WKH��SHDN��RI��LQWHUHVW���2QFH��DOO��YLVLEOH��SHDNV��DUH��LGHQWLILHG��IRU��D��JLYHQ�� � � � � � � � � � � � � � � � �

PROHFXOH�� �WKDW� �PROHFXOH� �FDQ� �EH� �DQQRWDWHG� �E\� �PDWFKLQJ� �FKHPLFDO� �VKLIWV�� �PXOWLSOLFLWLHV� �DQG�� � � � � � � � � � � �

-�FRXSOLQJV� ��IUHTXHQFLHV� �EHWZHHQ� �VSOLW� �SHDNV�� �WR� �UHIHUHQFH� �GDWDEDVHV� �VXFK� �DV� �+XPDQ�� � � � � � � � � � �
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REWDLQHG� �IRU� �DPELJXRXV� �DQQRWDWLRQV� �E\� �UXQQLQJ� ��'� �105� �H[SHULPHQWV� ���)LJXUH� ����F�G��� �ZKLFK�� � � � � � � � � � � �

SURYLGH� �LQIRUPDWLRQ� �DERXW� �WKH� �LQWHUDFWLRQV� �EHWZHHQ� �QXFOHL�� �$� �&26<� �VSHFWUXP� �ZLOO� �GHWDLO�� � � � � � � � � � � �
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EHWZHHQ� �DOO� �SURWRQV� �RI� �D� �VSLQ� �V\VWHP�� �8VLQJ� �WKHVH��H[SHULPHQWV���DGGLWLRQDO��SURWRQ��UHVRQDQFHV�� � � � � � � � � � � � �

IURP� �WKH��PROHFXOH��RI��LQWHUHVW��FDQ��EH��LGHQWLILHG���+64&��H[SHULPHQWV��GHWDLO��WKH��FKHPLFDO��VKLIW��IRU�� � � � � � � � � � � � � � �

WKH��FDUERQ�������&���DWWDFKHG��WR��HDFK��SURWRQ���)LQDO��PHWDEROLWH��LGHQWLWLHV��DUH��FRQILUPHG��E\��VSLNLQJ��LQ�� � � � � � � � � � � � � � �
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)LJXUH� ������ �105� �H[SHULPHQWV�� �D�� ��'� �SURWRQ� �105� �H[SHULPHQWV� �GHWDLO� �UHVRQDQFHV�� � � � � � � � � � �
ZKLFK��FDQ��EH��VSOLW��GHSHQGLQJ��RQ��WKH��QXPEHU��RI��QHLJKERXULQJ��SURWRQV���Q����7KH��UDWLR��RI�� � � � � � � � � � � � � � �
WKH��SHDN��LQWHQVLWLHV��IROORZV��3DVFDO¶V��WULDQJOH��E���7KH��VSOLWWLQJ��SDWWHUQ���RU��PXOWLSOLFLW\���RI�� � � � � � � � � � � � �
HDFK� �UHVRQDQFH� �FDQ� �EH� �FRQILUPHG��ZLWK��-�UHVROYHG��VSHFWUD��ZKHUH��SURWRQ��UHVRQDQFHV�� � � � � � � � � � �
DUH��SORWWHG��RQ��WKH��[�D[LV���I����DQG��FRXSOLQJ��FRQVWDQWV��DUH��SORWWHG��RQ��WKH��\�D[LV���I����F���$�� � � � � � � � � � � � � � � � �
&26<� �VSHFWUXP���SLFWXUHG��KHUH���ZLOO��KDYH��FURVV�SHDNV��IRU��SURWRQV��WKDW��DUH�������ERQGV�� � � � � � � � � � � � �
DSDUW��ZKLOH��72&6<���QRW��SLFWXUHG���ZLOO��VKRZ��FRUUHODWLRQV��EHWZHHQ��DOO��SURWRQV��RI��D��VSLQ�� � � � � � � � � � � � � �
V\VWHP��G�� �+64&� �H[SHULPHQWV� �JLYH��WKH��FKHPLFDO��VKLIW��IRU��WKH��SURWRQV���I����DV��ZHOO��DV�� � � � � � � � � � � � � � �
WKH���FDUERQ��������&����DWWDFKHG����I�����

��� *XW���EDFWHULDO���FRPPXQLW\���SURILOLQJ��

7HFKQRORJLFDO� �DGYDQFHV� �LQ� �'1$� �VHTXHQFLQJ��KDYH��VXEVWDQWLDOO\��HQKDQFHG��RXU��DELOLW\��WR��LGHQWLI\�� � � � � � � � � � � �

EDFWHULDO� �VSHFLHV� �OLYLQJ� �LQ� �FRPSOH[� �FRPPXQLWLHV�� �3ULRU� �WR� �WKH� �DGYHQW� �RI� �QH[W�JHQHUDWLRQ�� � � � � � � � � � � �

VHTXHQFLQJ���1*6����EDFWHULD��ZHUH��VWXGLHG��WKURXJK��FXOWXULQJ���WDUJHWHG��PROHFXODU��ELRORJ\��PHWKRGV�� � � � � � � � � � �

�H�J�� �IOXRUHVFHQFH� LQ� �VLWX� �K\EULGL]DWLRQ� ��),6+����TXDQWLWDWLYH��SRO\PHUDVH��FKDLQ��UHDFWLRQ���T3&5���� � � � � � � � � � �

DQG� �6DQJHU� �VHTXHQFLQJ�� �7KHVH� �DSSURDFKHV�� �WKRXJK� �VWLOO� �YDOXDEOH� �LQ� �PLFURELRPH� �UHVHDUFK��� � � � � � � � � � �

FDQQRW��FDSWXUH��WKH��GLYHUVLW\��RI��WKH��JXW��PLFURELRWD������7KH��6DQJHU��PHWKRG���ZKLFK��RQO\��VHTXHQFHV��D�� � � � � � � � � � � � � � �

VLQJOH� �IUDJPHQW� �RI� �'1$� �DW� �D� �WLPH�� �LV� �ORZ�WKURXJKSXW� �DQG� �KDV� �EHHQ� �VXSHUVHGHG� �E\� �PHWKRGV�� � � � � � � � � � � � � � �

ZKLFK� �VHTXHQFH� �PLOOLRQV� �RI� �'1$� �IUDJPHQWV� �LQ� �SDUDOOHO�� �,Q� �EDFWHULDO� �FRPPXQLW\� �SURILOLQJ�� �WKHVH�� � � � � � � � � � � � �
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'1$��IUDJPHQWV��JLYH��LQIRUPDWLRQ��DERXW��WKH��WD[RQRPLF��RU��JHQHWLF��FRPSRVLWLRQ��RI��WKH��FRPPXQLW\��� � � � � � � � � � � � �

,Q��WKH��FRQWH[W��RI��PHWDEROLF��SURILOLQJ���WKLV��DGGHG��OD\HU��RI��LQIRUPDWLRQ��LV��LPSRUWDQW��IRU��WHDVLQJ��DSDUW�� � � � � � � � � � � � � � � �

KRVW� �PHWDEROLVP� �DQG� �PLFURELRWD�DVVRFLDWHG� �PHWDEROLVP�� �'1$� �VHTXHQFLQJ� �FDQ� �SURYLGH� �D�� � � � � � � � � �

EOXHSULQW� �IRU� �WKH� �PHWDEROLF� �FDSDFLW\� �RI� �WKH� �PLFURELRWD� ��GLUHFWO\� �RU� �LQIHUUHG� �IURP� �WD[RQRPLF�� � � � � � � � � � � � �

LQIRUPDWLRQ��� �DQG� �PHWDEROLF� �SURILOLQJ� �JLYHV� �HYLGHQFH� �IRU� �ZKLFK� �PROHFXODU� �PHFKDQLVPV� �DUH�� � � � � � � � � � �

LQYRNHG���

����� ��6���U51$���JHQH���DPSOLFRQ���VHTXHQFLQJ��

7R��VWXG\��WKH��FRPSRVLWLRQ��RI��WKH��JXW��PLFURELRWD���WZR��PDLQ��DSSURDFKHV��DUH��HPSOR\HG���WD[RQRPLF�� � � � � � � � � � � � � �

SURILOLQJ��WR��GHWHUPLQH��WKH��W\SHV��RI��PLFUREHV��SUHVHQW��DQG��PHWDJHQRPLF��SURILOLQJ��WR��GHWHUPLQH��WKH�� � � � � � � � � � � � � �

JHQHV� �FRQWDLQHG� �ZLWKLQ� �WKH� �FRPPXQLW\�� �$OWKRXJK� �PHWDJHQRPLF� �VHTXHQFLQJ� �SURYLGHV� �IDU� �PRUH�� � � � � � � � � � �

LQIRUPDWLRQ� �DERXW� �WKH� �FRPPXQLW\� �VXFK� �DV� �LWV� �IXQFWLRQDO� �FDSDFLW\� �DQG� �PHWDEROLF� �SRWHQWLDO�� �WKLV�� � � � � � � � � � � � �

PHWKRG� �LV� �FRQVLGHUDEO\� �PRUH� �H[SHQVLYH� �WKDQ� �WD[RQRPLF��SURILOLQJ���,Q��WKLV��WKHVLV���WKH��WD[RQRPLF�� � � � � � � � � � � � �

DSSURDFK��ZDV��XVHG���7D[RQRPLF��SURILOLQJ��RI��PLFUREHV��LV��DFFRPSOLVKHG��XVLQJ��D��PDUNHU��JHQH��DQG�� � � � � � � � � � � � � �

YDULDWLRQV� �LQ� �LWV� �VHTXHQFH� �WR� �GLIIHUHQWLDWH� �GLVWLQFW� �EDFWHULDO� �JURXSV�� �)RU� �EDFWHULD�� �WKH� �PRVW�� � � � � � � � � � � � �

FRPPRQO\� �XVHG� �PDUNHU� �JHQH� �LV� �WKH� ���6� �ULERVRPDO� �51$� ��U51$�� �JHQH� �GXH� �WR� �LWV� �VORZ�� � � � � � � � � � � � � � �

HYROXWLRQDU\� �UDWH�� �SUHVHQFH� �LQ� �EDFWHULDO� �JHQRPHV� �DQG� �DEVHQFH� �LQ� �WKH� �KXPDQ� �JHQRPH������� �7KH�� � � � � � � � � � � � �

��6� �U51$� �JHQH� �LV� ������ �EDVH� �SDLUV� ��ES���DQG��FRQVLVWV��RI�����K\SHUYDULDEOH��UHJLRQV����)LJXUH���������� � � � � � � � � � � � � � � �

:LWKLQ� �WKH� �K\SHUYDULDEOH� �UHJLRQV�� �JHQHWLF� �VHTXHQFHV� �GLIIHU� �VXEVWDQWLDOO\� �LQ� �GLVSDUDWH� �EDFWHULDO�� � � � � � � � � � �

JURXSV�� �7KH� �YDULDEOH� �UHJLRQV� �DUH� �IODQNHG� �E\� �FRQVHUYHG��UHJLRQV��ZKHUH��WKH��VHTXHQFH��LV��VLPLODU�� � � � � � � � � � � � � �

DFURVV� �PDQ\� �GLIIHUHQW� �W\SHV� �RI� �EDFWHULD���7KH��FRQVHUYHG��UHJLRQV��DFW��DV��SULPHU��ELQGLQJ��VLWHV��IRU�� � � � � � � � � � � � � � �

SRO\PHUDVH� �FKDLQ� �UHDFWLRQ� ��3&5�� �DQG� �WKH� �YDULDEOH� �UHJLRQV� �DUH� �DPSOLILHG�� �7KH� �DPSOLILHG�� � � � � � � � � � � �

VHTXHQFHV� �DFW� �DV��EDUFRGHV��IRU��WD[RQRPLF��LGHQWLILFDWLRQ��DQG��SK\ORJHQHWLF��DQDO\VLV���7KH��SRUWLRQ�� � � � � � � � � � � �

RI��WKH����6��U51$��JHQH��WKDW��LV��VHTXHQFHG��LV��OLPLWHG��E\��WKH��SODWIRUP��XVHG���HDFK��SODWIRUP��ZLOO��KDYH�� � � � � � � � � � � � � � � � � �

D��OLPLW��IRU��WKH��QXPEHU��RI��EDVH��SDLUV��LQ��D��'1$��IUDJPHQW��WKDW��LW��FDQ��DFFXUDWHO\��UHDG���UHDG��OHQJWK���� � � � � � � � � � � � � � � � � � �

)RU��WKLV��UHDVRQ���RQH��WR��WKUHH��YDULDEOH��UHJLRQV��DUH��W\SLFDOO\��WDUJHWHG��IRU��EDFWHULDO��SURILOLQJ��DQG��WKH�� � � � � � � � � � � � � � � �

QXPEHU���RI���VDPSOHV���LQFOXGHG���LQ���D���VHTXHQFLQJ���UXQ���LV���OLPLWHG���
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)LJXUH� ������ ���6� �U51$� �JHQH��7KH� ���6� �U51$� �JHQH� �LV� �DURXQG� ������ �EDVH� �SDLUV� �ORQJ� �DQG��KDV����� � � � � � � � � � � � � � � � � �
UHJLRQV� �ZKHUH� �VHTXHQFHV� �DUH� �K\SHUYDULDEOH� �DPRQJ� �GLIIHUHQW� �EDFWHULDO� �JURXSV�� �+\SHUYDULDEOH�� � � � � � � � � �
UHJLRQV� �DUH� �IODQNHG� �E\��UHJLRQV��ZKHUH��VHTXHQFHV��DUH��FRQVHUYHG��DPRQJ��PDQ\��EDFWHULD���*HQHWLF�� � � � � � � � � � � � �
VHTXHQFHV� �ZLWKLQ� �WKH� �K\SHUYDULDEOH� �UHJLRQV� �FDQ� �EH� �XVHG� �IRU� �WD[RQRPLF� �FODVVLILFDWLRQ� �DQG�� � � � � � � � � � � �
SK\ORJHQHWLF���DQDO\VLV���RI���EDFWHULD����)LJXUH���LV���EDVHG���RQ���LQIRUPDWLRQ���IURP���<DQJ�����HW���DO�����������

����� /LEUDU\���SUHSDUDWLRQ���

$OWKRXJK� �EDFWHULDO� �'1$� �LVRODWHG� �IURP� �JDVWURLQWHVWLQDO� �WUDFW� �WLVVXH� �VDPSOHV��FDQ��EH��DQDO\VHG��WR�� � � � � � � � � � � � �

GHWHUPLQH� �WKH� �FRPSRVLWLRQ� �RI� �WKH� �JXW� �PLFURELRWD���IDHFDO��VDPSOHV��DUH��W\SLFDOO\��SUHIHUUHG��GXH��WR�� � � � � � � � � � � � � �

WKH� �QRQ�LQYDVLYH� �FROOHFWLRQ�� �KLJK��EDFWHULDO��EXUGHQ��DQG��ORZ��KRVW��'1$��FRQWHQW���+RZHYHU���LW��PXVW�� � � � � � � � � � � � � �

EH� �QRWHG� �WKDW� �WKH� �EDFWHULDO� �FRPPXQLWLHV� �DVVRFLDWHG� �ZLWK� �JXW� �WLVVXH� �DUH� �GLIIHUHQW� �IURP� �WKRVH�� � � � � � � � � � � � � �

SDVVHG��LQ��WKH��VWRRO��������7KH��GDWD��SUHVHQWHG��LQ��WKLV��WKHVLV��LV��EDVHG��H[FOXVLYHO\��RQ��IDHFDO��VDPSOHV��� � � � � � � � � � � � � � � �

'1$��ZDV��H[WUDFWHG��IURP�������PJ��RI��HDFK��VDPSOH��XVLQJ��WKH��3RZHU/\]HU��3RZHU6RLO��'1$��,VRODWLRQ�� � � � � � � � � � � � � � �

.LW� ��0R� �%LR�� �&DUOVEDG�� �&$�� �86$��� �6DPSOHV� �ZHUH� �KRPRJHQLVHG� �E\� �EHDG� �EHDWLQJ� �LQ� �D� �%XOOHW�� � � � � � � � � � � � � � �

%OHQGHU� �6WRUP� ��&KHPELR� �/WG��� �6W�� �$OEDQV�� �8.�� �IRU� ��� �PLQ� �DW� �VSHHG� ��� �WR� �HQVXUH� �FHOO� �O\VLV�� �7KH�� � � � � � � � � � � � � � � � � �

4XELW� �IOXRURPHWULF� �DVVD\� ��7KHUPR� �)LVKHU� �6FLHQWLILF�� �&DUOVEDG�� �&$�� �86$�� �ZDV� �XVHG��WR��TXDQWLI\�� � � � � � � � � � � � �

'1$�� �7KH� �9��9�� �UHJLRQ� �RI� �WKH� ���6� �U51$� �JHQH� �ZDV� �DPSOLILHG� �E\� �3&5� �XVLQJ� �D� �PL[WXUH� �RI� ���� � � � � � � � � � � � � � � � � �

IRUZDUG��SULPHUV��DW��������������)�<0���)�%RUUHOOLD���)&KORURIOH[���)�%LIGR���DQG�����UHYHUVH��SULPHU�� � � � � � � � �

����5��� �HDFK� �ZLWK� �DQ� �RYHUKDQJ� �DGDSWHU� �VHTXHQFH������� �3ULPHU� �VHTXHQFHV� �DUH� �GHWDLOHG� �LQ�7DEOH�� � � � � � � � � � � � �

������ �$� �VHFRQG� �3&5� �ZDV� �SHUIRUPHG� �WR� �DWWDFK� �PXOWLSOH[LQJ� �LQGLFHV� �DQG� �,OOXPLQD� �VHTXHQFLQJ�� � � � � � � � � � � � �

DGDSWHUV� �WR� �RYHUKDQJ� �DGDSWHUV� �RQ� �DPSOLFRQ� �VHTXHQFHV� ���)LJXUH� ���������0XOWLSOH[LQJ��LQGLFHV��DGG�� � � � � � � � � � � �

XQLTXH� �EDUFRGHV� �WR� �DPSOLFRQV� �LQ� �HDFK� �VDPSOH� �WR� �HQDEOH� �PDVVLYHO\� �SDUDOOHO� �VHTXHQFLQJ���HDFK�� � � � � � � � � � � � �

VHTXHQFH��FDQ��EH��WUDFHG��EDFN��WR��WKH��RULJLQDO��VDPSOH���6HTXDO3UHS��1RUPDOL]DWLRQ��3ODWH��.LWV���/LIH�� � � � � � � � � � � � � �

7HFKQRORJLHV�� �3DLVOH\�� �8.�� �ZHUH� �XVHG� �WR��FOHDQ��DQG��QRUPDOLVH��3&5��UHDFWLRQV��ZKLFK��ZHUH��WKHQ�� � � � � � � � � � � � � �

SRROHG��LQWR��OLEUDULHV���/LEUDULHV��ZHUH��TXDQWLILHG��XVLQJ��WKH��1(%1H[W��/LEUDU\��4XDQW��.LW��IRU��,OOXPLQD�� � � � � � � � � � � � � �

�1HZ���(QJODQG���%LRODEV����+LWFKLQ����8.����SULRU���WR���EHLQJ���VHTXHQFHG���
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)LJXUH� ������ ���6� �U51$� �JHQH� �DPSOLFRQV� �ZLWK� �DWWDFKHG� �DGDSWHUV� �DQG� �LQGLFHV�� $PSOLFRQ� �3&5�� � � � � � � � � � � � �
DPSOLILHV� �WKH� �WDUJHWHG� �YDULDEOH� �UHJLRQ�V���ZLWK��SULPHUV��ZKLFK��ELQG��WR��FRQVHUYHG��UHJLRQV��IODQNLQJ��WKH�� � � � � � � � � � � � � �
UHJLRQ� �RI� �LQWHUHVW�� ���6� �SULPHUV� �FRQWDLQ� �RYHUKDQJ� �DGDSWHUV� �ZKLFK� �DOORZ� �ELQGLQJ� �RI� �WKH� �PXOWLSOH[�� � � � � � � � � � � � � �
LQGLFHV���DQG���VHTXHQFLQJ���DGDSWHUV���LQ���D���VHFRQG���3&5����LQGH[���3&5���� �

����� 'DWD���DFTXLVLWLRQ��

$PSOLFRQ��OLEUDULHV��ZHUH��VHTXHQFHG��RQ��WKH��,OOXPLQD��0L6HT��SODWIRUP���6DQ��'LHJR���&$���86$���XVLQJ�� � � � � � � � � � � � � �

WKH� �0L6HT� �5HDJHQW� �.LW� �Y�� ��SDLUHG�HQG� ����� �ES��� �,OOXPLQD� �XVHV� �FORQDO� �DPSOLILFDWLRQ� �DQG�� � � � � � � � � � � � �

VHTXHQFLQJ� �E\� �V\QWKHVLV� �FKHPLVWU\����� �WKDW� �WDNHV� �SODFH� �RQ� �D� �JODVV� �VOLGH� �FDOOHG��D��IORZ��FHOO���7KH�� � � � � � � � � � � � � � � �

IORZ��FHOO��FRQWDLQV��ROLJRQXFOHRWLGHV��WKDW��DUH��FRPSOHPHQWDU\��WR��WKH��VHTXHQFHV��OLJDWHG��WR��WKH��HQGV�� � � � � � � � � � � � � �

RI��WKH��DPSOLFRQV����)LJXUH����������HQDEOLQJ��K\EULGL]DWLRQ��RI��WKH��DPSOLFRQV��WR��WKH��IORZ��FHOO���$��FOXVWHU�� � � � � � � � � � � � � � � �

RI� �FORQDO� �VHTXHQFHV� �LV� �JHQHUDWHG� �IRU� �HDFK� �VHTXHQFH� �K\EULGLVHG� �WR� �WKH� �IORZ� �FHOO�� �$IWHU� �FOXVWHU�� � � � � � � � � � � � � � �

JHQHUDWLRQ���VHTXHQFLQJ��RI��UHDG������IRUZDUG���WDNHV��SODFH���$��FRPSOHPHQW��WR��HDFK��FORQDO��IUDJPHQW�� � � � � � � � � � � � � �

LQ� �HDFK� �FOXVWHU� �LV� �V\QWKHVLVHG� �E\� �LQFRUSRUDWLQJ� �IOXRUHVFHQWO\� �ODEHOOHG� �QXFOHRWLGHV�� �$IWHU� �HDFK�� � � � � � � � � � � �

EDVH� �LV� �LQFRUSRUDWHG�� �WKH� �IORZ� �FHOO� �LV� �LPDJHG� �DQG� �WKH� �HPLVVLRQ� �ZDYHOHQJWK� �DQG� �LQWHQVLW\��IURP�� � � � � � � � � � � � � � �

HDFK��FOXVWHU��DUH��XVHG��WR��LGHQWLI\��WKH��EDVH����)LJXUH����������,Q��WKLV��FDVH���WKH��F\FOH��ZDV��UHSHDWHG������� � � � � � � � � � � � � � � � � �

WLPHV� �WR� �JHW� �D� �UHDG� �OHQJWK� �RI�������ES��IRU��HDFK��DPSOLFRQ���)RU��SDLUHG�HQG��VHTXHQFLQJ���D��VHFRQG�� � � � � � � � � � � � � � � � �

������ES���UHDG���ZDV���WKHQ���JHQHUDWHG���IRU���WKH���UHYHUVH���GLUHFWLRQ����UHDG���������

����
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�
)LJXUH� ������ �,OOXPLQD� �VHTXHQFLQJ� �E\� �V\QWKHVLV� �FKHPLVWU\�� '1$�� � � � � � � �
DPSOLFRQV� �DUH� �K\EULGLVHG� �RQ� �WKH� �IORZ� �FHOO� �DQG� �FORQDO� �FOXVWHUV� �DUH�� � � � � � � � � � �
JHQHUDWHG��IRU��HDFK��DPSOLFRQ���)RU��HDFK��FORQDO��VHTXHQFH���IOXRUHVFHQWO\�� � � � � � � � �
ODEHOOHG��QXFOHRWLGHV��DUH��XVHG��WR��V\QWKHVLVH��D��FRPSOHPHQW��VWUDQG���$IWHU�� � � � � � � � � �
HDFK��QXFOHRWLGH��LV��LQFRUSRUDWHG���WKH��HPLVVLRQ��ZDYHOHQJWK��DQG��LQWHQVLW\�� � � � � � � � �
RI� �WKH� �FOXVWHU� �LV� �XVHG� �WR� �GHWHUPLQH� �WKH� �EDVH�� �7KH� �QXPEHU� �RI� �F\FOHV�� � � � � � � � � � � � �
�QXFOHRWLGHV� �LQFRUSRUDWHG� �DQG� �LPDJHG�� �GLFWDWHV� �WKH� �OHQJWK� �RI� �WKH�� � � � � � � � �
VHTXHQFHG���UHDG���

����� 'DWD���SUH�SURFHVVLQJ��

)DVWT��VHTXHQFH��ILOHV��IURP��SRROHG��OLEUDULHV��ZHUH��GHPXOWLSOH[HG���VRUWHG��LQWR��VHSDUDWH��ILOHV��EDVHG�� � � � � � � � � � � � �

RQ��WKH��PXOWLSOH[LQJ��LQGLFHV���DQG��SULPHU��VHTXHQFHV��ZHUH��UHPRYHG��XVLQJ��FXWDGDSW��������5DZ��UHDGV�� � � � � � � � � � � � �

ZHUH� �SURFHVVHG� �LQ� �WKH� �5� ��YHUVLRQ� �������� �VWDWLVWLFDO� �HQYLURQPHQW����� �IROORZLQJ� �D� �SXEOLVKHG�� � � � � � � � � � � �

ZRUNIORZ����� �ZKLFK��LQFOXGHV��DPSOLFRQ��GHQRLVLQJ���3ULRU��WR��DPSOLFRQ��GHQRLVLQJ���UHDGV��ZHUH��WULPPHG�� � � � � � � � � � � �

�IRUZDUG��WULPPHG��WR�������ES���UHYHUVH��WULPPHG��WR�������ES���WR��UHPRYH��ORZ��TXDOLW\��EDVH��SDLUV��DW��WKH�� � � � � � � � � � � � � � � � � �

�¶� �HQGV� �RI� �WKH� �UHDGV�� �7KH� �SRRUHU� �TXDOLW\� �RI� �UHYHUVH� �UHDGV� �LV� �D� �NQRZQ� �SURSHUW\� �RI� �,OOXPLQD�� � � � � � � � � � � � � � � � �

VHTXHQFLQJ��GDWD��������7KH��GHQRLVLQJ��DOJRULWKP���³'$'$�´��������XWLOLVHV��HUURU��SURILOHV���EDVHG��RQ��TXDOLW\�� � � � � � � � � � � �

VFRUHV� �IRU� �EDVH� �FDOOV�� �JHQHUDWHG� �GXULQJ� �WKH� �VHTXHQFLQJ� �UXQ� �WR� �FRUUHFW� �VHTXHQFLQJ� �HUURUV��� � � � � � � � � � � � �

7UDGLWLRQDOO\�� �VHTXHQFLQJ� �HUURUV� �ZHUH� �LJQRUHG�� �VHTXHQFH� �YDULDQWV� �ZHUH� �FOXVWHUHG� �E\� �VLPLODULW\�� � � � � � � � � � �

�XVXDOO\� ������ �DQG� �WKH� �UHVXOWLQJ� �FOXVWHUV�� �FDOOHG� �RSHUDWLRQDO� �WD[RQRPLF� �XQLWV� ��278V��� �ZHUH�� � � � � � � � � � � �

DVVLJQHG� �D� �WD[RQRPLF� �ODEHO�� �7KLV� �DSSURDFK� �GLPLQLVKHV� �WUXH�� �ELRORJLFDOO\�UHOHYDQW� �YDULDWLRQ�� � � � � � � � � �

����
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FRQWDLQHG� �ZLWKLQ� �WKH� �FRPPXQLWLHV� �VLQFH� �PDQ\� �GLVWLQFW� �EDFWHULDO� �VSHFLHV� �KDYH� �YHU\� �VLPLODU�� � � � � � � � � � � �

�!������� ���6� �U51$� �JHQH� �VHTXHQFHV������� �$PSOLFRQ� �VHTXHQFH� �HUURU� �FRUUHFWLRQ� �SHUPLWV� �WKH�� � � � � � � � � � �

DQDO\VLV� �RI� �XQLTXH� �VHTXHQFH� �YDULDQWV� �LQVWHDG� �RI� �278V�� �SURYLGLQJ� �ILQH�VFDOH� �UHVROXWLRQ� �RI� �WUXH�� � � � � � � � � � � � �

YDULDWLRQ� �ZLWKLQ� �WKH� �EDFWHULDO� �FRPPXQLWLHV������� �$IWHU� �DPSOLFRQ� �GHQRLVLQJ�� �SDLUHG� �IRUZDUG� �DQG�� � � � � � � � � � �

UHYHUVH��UHDGV��ZHUH��PHUJHG��ZLWK��D��PLQLPXP��RYHUODS��RI������ES���5HDGV��ZLWKRXW��DQ��H[DFW��PDWFKLQJ�� � � � � � � � � � � � � � � �

SDLU� �ZHUH� �UHPRYHG�� �&KLPHULF� �UHDGV�� �WKRVH� �FRPSRVHG� �RI� �WZR� �GLIIHUHQW��SDUHQW��UHDGV���ZHUH��DOVR�� � � � � � � � � � � � � �

UHPRYHG�� �)RU� �HDFK� �VHTXHQFH�� �WD[RQRP\� �ZDV��DVVLJQHG��ZLWK��UHIHUHQFH��WR��WKH��5'3����� �GDWDEDVH�� � � � � � � � � � � � �

DQG� �DVVLJQPHQWV� �RI� �VWDWLVWLFDOO\� �VLJQLILFDQW� �WD[D� �ZHUH� �FRQILUPHG� �ZLWK� �WD[RQRPLF� �DVVLJQPHQWV�� � � � � � � � � � �

XVLQJ��WKH��6,/9$����� �GDWDEDVH���7R��FRQVWUXFW��D��SK\ORJHQHWLF��WUHH��IRU��FRPSDULQJ��WKH��UHODWHGQHVV��RI�� � � � � � � � � � � � � �

WKH��VHTXHQFHV���WKH��5��SDFNDJH��³SKDQJRUQ´����� �ZDV��XVHG���7KH��VHTXHQFHV��ZHUH��DOLJQHG���+DPPLQJ�� � � � � � � � � � � � �

GLVWDQFHV���ZHUH���FDOFXODWHG���DQG���WKH���WUHH���ZDV���EXLOW���XVLQJ���WKH���QHLJKERXU�MRLQLQJ���PHWKRG���

����� 1RUPDOLVDWLRQ���DQG���GLYHUVLW\���HVWLPDWHV��
$V��SUHYLRXVO\��GLVFXVVHG���WKH��QXPEHU��RI��UHDGV��REWDLQHG��IRU��HDFK��VDPSOH���VHTXHQFLQJ��GHSWK���LV��D�� � � � � � � � � � � � � � �

IXQFWLRQ��RI��WKH��VHTXHQFLQJ��SODWIRUP��XVHG��DQG��FDQ��YDU\��VLJQLILFDQWO\��EHWZHHQ��VDPSOHV���HVSHFLDOO\�� � � � � � � � � � � � �

ZKHQ� �PXOWLSOH� �VHTXHQFLQJ� �UXQV� �ZHUH� �UHTXLUHG�� �7KH� �VHTXHQFLQJ� �GHSWK� �RI� �D� �VDPSOH� �ZLOO� �DIIHFW�� � � � � � � � � � � � � �

EDFWHULDO� �GLYHUVLW\� �HVWLPDWHV� �DV� �WKH� �QXPEHU� �RI� �GLVWLQFW� �EDFWHULD� �GHWHFWHG� �ZLOO� �LQFUHDVH��ZLWK��WKH�� � � � � � � � � � � � � �

QXPEHU� �RI� �UHDGV� �REWDLQHG�� �7R� �E\SDVV� �WKLV� �DUWHIDFW�� �VHTXHQFLQJ� �GHSWK� �LV� �QRUPDOLVHG� �DFURVV�� � � � � � � � � � � � �

VDPSOHV� �EXW� �WKH� �PHWKRG� �RI� �QRUPDOLVDWLRQ� �GHSHQGV� �RQ� �WKH� �GRZQVWUHDP� �DQDO\VLV�� �7R� �HVWLPDWH�� � � � � � � � � � � � �

DOSKD�GLYHUVLW\�� �WKH� �QXPEHUV� �DQG��SURSRUWLRQV��RI��GLVWLQFW��EDFWHULDO��WD[D��SUHVHQW��ZLWKLQ��D��VDPSOH��� � � � � � � � � � � � �

UDUHIDFWLRQ� �ZDV� �DSSOLHG���5DUHIDFWLRQ��QRUPDOLVHV��VHTXHQFLQJ��GHSWK��E\��UDQGRPO\��VXEVDPSOLQJ��D�� � � � � � � � � � �

VHW� �QXPEHU��RI��UHDGV��IURP��HDFK��VDPSOH���XVXDOO\��WKH��PLQLPXP��VHTXHQFLQJ��GHSWK��LQ��WKH��GDWDVHW��� � � � � � � � � � � � � � �

7KLV� �DSSURDFK� �LV� �KLJKO\� �FULWLFLVHG� �GXH� �WR� �WKH� �YROXPH� �RI� �GDWD� �WKDW� �LV� �LJQRUHG������� �+RZHYHU�� �LQ�� � � � � � � � � � � � � � � �

PLFURELDO� �HFRORJ\�� �LW� �UHPDLQV� �WKH� �VWDQGDUG� �PHWKRG� �IRU� �QRUPDOLVLQJ� �SULRU� �WR� �HVWLPDWLQJ�� � � � � � � � � � � �

DOSKD�GLYHUVLW\���

�

)RU��FDOFXODWLQJ��EHWD�GLYHUVLW\����GLV�VLPLODULW\��PHDVXUHPHQWV��EHWZHHQ��VDPSOHV���WRWDO��VXP��VFDOLQJ�� � � � � � � � � �

�UHODWLYH� �DEXQGDQFH�� �RU��ORJ��WUDQVIRUPDWLRQV��FDQ��EH��XVHG��������7RWDO��VXP��VFDOLQJ��QRUPDOLVHV��HDFK�� � � � � � � � � � � � �

VDPSOH� �E\� �LWV� �VHTXHQFLQJ� �GHSWK�� �FRQYHUWLQJ� �FRXQWV� �WR� �SURSRUWLRQV�� �ZKLOH� �ORJ� �WUDQVIRUPDWLRQV�� � � � � � � � � � � �

PDNH� �WKH� �GLVWULEXWLRQV� �RI� �WKH� �DEXQGDQFH� �GDWD� �OHVV� �VNHZHG� �RU� �PRUH� �QRUPDO�� �$OWKRXJK� �WKHVH�� � � � � � � � � � � � � �

PHWKRGV� �UHPRYH� �VRPH� �XQZDQWHG� �WHFKQLFDO� �YDULDWLRQ� �IURP� �WKH� �GDWD�� �WKH\� �LJQRUH� �WKH�� � � � � � � � � � � �

FRPSRVLWLRQDO� �SURSHUWLHV� �RI� �FRXQW� �GDWD� �DQG� �PD\� �LQWURGXFH� �DUWHIDFWV������� �7KH� �FHQWUHG� �ORJ�UDWLR�� � � � � � � � � � � �

����
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WUDQVIRUPDWLRQ����� �ZDV� �DSSOLHG� �WR� �PLFURELRPH� �FRXQW� �GDWD� �SULRU� �WR� �PXOWLYDULDWH� �PRGHOOLQJ� �WR�� � � � � � � � � � � �

DFFRXQW� �IRU� �FRPSRVLWLRQDOLW\�� �7KLV� �WUDQVIRUPDWLRQ� �QRUPDOLVHV� �HDFK� �VDPSOH� ��� ��� � � � � � � � [ � � ���¬[ @[  > � ¬[� ¬ ' �

EDVHG� �RQ� �WKH� �JHRPHWULF� �PHDQ� ��� �� �RI� �WKH� �FRXQWV� �LQ� �WKDW� �VDPSOH�� �7KH� �JHRPHWULF� �PHDQ�� � � � � �[�* � � � � � � � � � �

LQGLFDWHV� �WKH� �FHQWUDO� �WHQGHQF\� �RI� �WKH� �FRXQWV� �LQ� �D� �VDPSOH�� �HIIHFWLYHO\� �DFFRXQWLQJ� �IRU� �GLIIHUHQW�� � � � � � � � � � � � � �

UDQJHV���RI���QXPEHUV���DFURVV���VDPSOHV���

�[� ¬ ¬*  ª' [ ��¬[� [� � ' �

¬¬ ORJ� �� ORJ� �� ���¬ORJ� �@¬[FOU  >
[�

*�[� ¬ [�
*�[� ¬ ['

*�[� �

��� 6WDWLVWLFV��

7KH� �SURILOLQJ� �PHWKRGV� �HPSOR\HG� �LQ� �RPLFV� �VFLHQFHV� �JHQHUDWH� �ODUJH� �GDWDVHWV� �IRU� �ZKLFK� �ERWK�� � � � � � � � � � � � �

PXOWLYDULDWH��DQG��XQLYDULDWH��VWDWLVWLFDO��DQDO\VHV��DUH��XVHG��WR��XQFRYHU��SDWWHUQV��DQG��GUDZ��ELRORJLFDO�� � � � � � � � � � � � �

FRQFOXVLRQV���0XOWLYDULDWH��PHWKRGV��DUH��VXLWDEOH��IRU��KLJK�GLPHQVLRQDO��GDWD���L�H���ZKHUH��YDULDEOHV��!�� � � � � � � � � � � �

REVHUYDWLRQV�� �HVSHFLDOO\� �ZKHQ� �WKH� �GDWD� �DUH� �PXOWLFROOLQHDU� ��L�H���ZKHQ��WKHUH��LV��VWURQJ��FRUUHODWLRQ�� � � � � � � � � � � � �

EHWZHHQ� �PHDVXUHG� �YDULDEOHV��� �8VLQJ� �PXOWLYDULDWH� �PHWKRGV�� �UHODWLRQVKLSV� �EHWZHHQ� �PDQ\� �GDWD�� � � � � � � � � �

IHDWXUHV� �FDQ� �EH� �VXPPDULVHG�� �2Q� �WKH� �RWKHU� �KDQG�� �XQLYDULDWH� �PHWKRGV� �VXPPDULVH� �LQIRUPDWLRQ�� � � � � � � � � � � �

DERXW� �LQGLYLGXDO� �IHDWXUHV� �LQ� �WKH� �GDWD�� �7KH� �EDVLF� �FRQFHSWV� �RI� �WKH� �VWDWLVWLFDO��PHWKRGV��DSSOLHG��LQ�� � � � � � � � � � � � � � �

WKLV� �WKHVLV� �DUH� �GHVFULEHG��EHORZ��ZKLOH��VSHFLILF��GHVFULSWLRQV��RI��WKH��PHWKRGV��XVHG��DUH��GHWDLOHG��LQ�� � � � � � � � � � � � � � �

WKH� �VXEVHTXHQW� �FKDSWHUV�� �$OO� �FDOFXODWLRQV� �ZHUH� �SHUIRUPHG� �LQ� �WKH� �5� ��YHUVLRQ� �������� �VWDWLVWLFDO�� � � � � � � � � � � � �

HQYLURQPHQW��������

����� /LQHDU���GLPHQVLRQDOLW\���UHGXFWLRQ���WHFKQLTXHV��

0XOWLYDULDWH� �PHWKRGV� �VXFK� �DV� �SURMHFWLRQ�EDVHG� �OLQHDU� �GLPHQVLRQDOLW\� �UHGXFWLRQ� �WHFKQLTXHV� �DUH�� � � � � � � � � �

XVHIXO��IRU��YLVXDOLVLQJ��RYHUDOO��VWUXFWXUH��LQ��D��GDWDVHW���VXPPDULVLQJ��UHODWLRQVKLSV��EHWZHHQ��YDULDEOHV�� � � � � � � � � � � �

DQG� �VHOHFWLQJ� �LQGLYLGXDO� �YDULDEOHV� �ZLWK� �ELRORJLFDO� �UHOHYDQFH� �WR� �WKH� �UHVHDUFK� �TXHVWLRQ�� �7KHVH�� � � � � � � � � � � �

PHWKRGV��FDQ��EH��XQVXSHUYLVHG���PRGHOV��DUH��DJQRVWLF��WR��VDPSOH��FODVVLILFDWLRQ��RU��JURXS��ODEHOV���RU�� � � � � � � � � � � � � �

VXSHUYLVHG���PRGHOV��DUH��WUDLQHG��WR��SUHGLFW��VSHFLILF��RXWFRPHV����:KLOH��XQVXSHUYLVHG��PHWKRGV��DUH�� � � � � � � � � � � �

XVHG� �WR� �VXPPDULVH� �JOREDO� �YDULDWLRQ� �LQ��D��GDWDVHW���VXSHUYLVHG��PHWKRGV��DUH��HPSOR\HG��WR��LGHQWLI\�� � � � � � � � � � � � � �

YDULDWLRQ� �WKDW� �LV� �VSHFLILF� �WR� �D� �JURXS� �ZLWKLQ� �WKH� �GDWDVHW� �RU� �UHODWHG� �WR� �D� �FRYDULDWH�� �3ULRU� �WR�� � � � � � � � � � � � � � � � �

PXOWLYDULDWH� �PRGHOOLQJ�� �DXWRVFDOLQJ� �ZDV� �DSSOLHG� �WR� �PHDQ�FHQWUH� �WKH� �GDWD� �DQG� �WUDQVIRUP� �LW� �WR�� � � � � � � � � � � � �

XQLW�YDULDQFH�� �$XWRVFDOLQJ� �VWDQGDUGLVHV� �WKH� �YDOXHV� �IRU� �HDFK� �YDULDEOH� ��PHDQ ��� �YDULDQFH ����� � � � � � � � � �

����
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HQVXULQJ� �HDFK� �YDULDEOH� �LV� �FRQVLGHUHG� �HTXDOO\� �LQ� �WKH� �PRGHO� �UHJDUGOHVV� �RI� �GLIIHUHQFHV� �LQ�� � � � � � � � � � � � �

PDJQLWXGH���

������� 3ULQFLSDO���FRPSRQHQW���DQDO\VLV��

3ULQFLSDO� �FRPSRQHQW� �DQDO\VLV����� ��3&$�� �LV� �DQ� �XQVXSHUYLVHG� �WHFKQLTXH� �ZKLFK� �VXPPDULVHV�� � � � � � � � � �

YDULDQFH� �LQ� �D� �GDWDVHW��XVLQJ��GLPHQVLRQDOLW\��UHGXFWLRQ���'LPHQVLRQV��DUH��UHGXFHG��E\��VXPPDULVLQJ�� � � � � � � � � � � �

VLPLODU� �LQIRUPDWLRQ� �LQWR� �D� �PLQLPDO� �QXPEHU� �RI� �QHZ� �YDULDEOHV� �FDOFXODWHG� �WKURXJK� �PDWUL[�� � � � � � � � � � � �

GHFRPSRVLWLRQ� ���)LJXUH� �������� �7KHVH� �QHZ� �ODWHQW� �YDULDEOHV� �DUH� �WKH� �SULQFLSDO� �FRPSRQHQWV�� �D�� � � � � � � � � � � �

FRPSRQHQW� �ZLOO� �FDSWXUH� �D� �VXEVHW� �RI� �YDULDWLRQ� �LQ� �WKH� �GDWDVHW� �ZLWK� �HDFK� �VXFFHVVLYH� �FRPSRQHQW�� � � � � � � � � � � � � �

FDSWXULQJ��YDULDWLRQ��WKDW��LV��RUWKRJRQDO���XQFRUUHODWHG���WR��WKH��SUHYLRXV���7KH��QXPEHU��RI��FRPSRQHQWV�� � � � � � � � � � � � �

FDOFXODWHG��IRU��D��3&$��PRGHO��LV��GHWHUPLQHG��IRU��HDFK��GDWDVHW��EXW��LV��GHSHQGHQW��RQ��WKH��SHUFHQWDJH�� � � � � � � � � � � � � � � �

RI��YDULDQFH��H[SODLQHG��E\��HDFK��FRPSRQHQW���7KH��JRDO��LV��WR��PD[LPLVH��WKH��H[SODLQHG��YDULDQFH��LQ��DV�� � � � � � � � � � � � � � � �

IHZ� �ODWHQW� �YDULDEOHV� �DV� �SRVVLEOH�� �(DFK� �FRPSRQHQW� �KDV� �WZR� �DVVRFLDWHG� �YHFWRUV�� �VFRUHV� �DQG�� � � � � � � � � � � � �

ORDGLQJV���(YHU\��REVHUYDWLRQ���RU��LQGLYLGXDO��LQ��WKLV��FDVH���IURP��WKH��RULJLQDO��GDWD��PDWUL[��ZLOO��KDYH��D�� � � � � � � � � � � � � � � �

VFRUH� �IRU� �HDFK� �FRPSRQHQW�� �7KH� �VFRUHV� �DUH� �OLQHDU� �FRPELQDWLRQV� �RI� �DOO� �RULJLQDO� �YDULDEOHV� �ZKLFK�� � � � � � � � � � � � � �

GHSHQG��RQ��WKH��ORDGLQJV���/RDGLQJV��DUH��ZHLJKWV��IRU��HDFK��YDULDEOH��ZKLFK��LQGLFDWH��WKHLU��LQIOXHQFH��LQ�� � � � � � � � � � � � � � �

WKH� �VXEVHW� �RI� �YDULDWLRQ� �H[SODLQHG� �IRU� �D� �VSHFLILF� �FRPSRQHQW�� �,QGLYLGXDOV� �ZLWK� �VLPLODU��VFRUHV��DUH�� � � � � � � � � � � � � �

PRUH� �VLPLODU� ��VLPLODU� �YDOXHV� �RI� �WKH� �RULJLQDO� �YDULDEOHV�� �WR� �HDFK� �RWKHU� �WKDQ� �LQGLYLGXDOV� �ZLWK� �OHVV�� � � � � � � � � � � � � � �

VLPLODU� �VFRUHV�� �HQDEOLQJ� �WKH� �GHWHFWLRQ� �RI� �JOREDO� �SDWWHUQV� �LQ� �WKH� �GDWD�� �3&$� �LV� �DOVR� �XVHIXO� �IRU�� � � � � � � � � � � � � � � �

LGHQWLI\LQJ� �RXWOLHUV� �LQ� �D� �GDWDVHW�� �WKHVH� �VDPSOHV� �XVXDOO\� �FRQWDLQ� �DEQRUPDO� �YDOXHV� �IRU� �VRPH�� � � � � � � � � � � � �

YDULDEOH�V�� �PDNLQJ� �WKHP� �LQFRPSDUDEOH� �ZLWK� �WKH��UHVW��RI��WKH��VDPSOHV���&RPPRQO\���VXFK��VDPSOHV�� � � � � � � � � � � � �

DUH� �FRQWDPLQDWHG� �ZLWK� �H[RJHQRXV� �FRPSRXQGV� ��H�J�� �GUXJ� �PHWDEROLWHV�� �DQG� �PLJKW� �QHHG� �WR� �EH�� � � � � � � � � � � � �

H[FOXGHG���IURP���IXUWKHU���DQDO\VHV���VLQFH���OLQHDU���PXOWLYDULDWH���PHWKRGV���DUH���VHQVLWLYH���WR���RXWOLHUV����

�

����
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¶

�

)LJXUH� ������ �3ULQFLSDO� �FRPSRQHQW� �DQDO\VLV�� /DWHQW� �YDULDEOHV�� � � � � � �
�FRPSRQHQWV�� �DUH� �FDOFXODWHG� �IURP� �WKH� �RULJLQDO� �GDWD� �PDWUL[����;����� � � � � � � � �
6FRUHV� ���W��� �DQG� �ORDGLQJV� ���S��� �DUH� �FDOFXODWHG� �WKURXJK� �PDWUL[�� � � � � � � � �
GHFRPSRVLWLRQ��LQ��VXFK��D��ZD\��WKDW��WKH��ILUVW��FRPSRQHQW��ZLOO��KDYH�� � � � � � � � � � �
PD[LPXP���YDULDQFH�����,QG���LQGLYLGXDO����9DU���YDULDEOH���

�

$Q� �H[WHQVLRQ� �RI� �WKH� �FODVVLF� �3&$� �DOJRULWKP�� �VSDUVH� �3&$����� ��V3&$��� �FDQ� �EH� �XVHG� �IRU�� � � � � � � � � � � � � �

XQVXSHUYLVHG��IHDWXUH��VHOHFWLRQ���$V��LQ��3&$���GLPHQVLRQDOLW\��LV��UHGXFHG��E\��OLQHDUO\��FRPELQLQJ��WKH�� � � � � � � � � � � � �

RULJLQDO� �YDULDEOHV� �LQWR� �ODWHQW� �YDULDEOHV�� �EXW� �VSDUVLW\� �LV� �LQWURGXFHG� �VXFK��WKDW��HDFK��FRPSRQHQW��LV�� � � � � � � � � � � � � �

FRPSRVHG� �RI� �D� �VXEVHW��RI��YDULDEOHV���WKH��LPSRUWDQW��IHDWXUHV���7KLV��LV��DFFRPSOLVKHG��E\��SHQDOLVLQJ�� � � � � � � � � � � � � �

�ZHLJKW �����YDULDEOHV���ZLWK���ORZ���YDULDWLRQ���DFURVV���VDPSOHV���WKXV���UHPRYLQJ���QRQ�LQIRUPDWLYH���IHDWXUHV����

������� 3DUWLDO���OHDVW���VTXDUHV���UHJUHVVLRQ��

7KH� �IXQGDPHQWDO� �FRQFHSW� �EHKLQG� �SDUWLDO� �OHDVW� �VTXDUHV� ��3/6�� �UHJUHVVLRQ������� �DOVR� �FDOOHG�� � � � � � � � � � �

SURMHFWLRQV� �WR� �ODWHQW� �VWUXFWXUHV������� �LV� �VLPLODU� �WR� �3&$�� �7KH� �JRDO� �LV� �WR� �UHGXFH� �GLPHQVLRQDOLW\� �E\�� � � � � � � � � � � � � � �

FDOFXODWLQJ��ODWHQW��YDULDEOHV��WKURXJK��PDWUL[��GHFRPSRVLWLRQ���+RZHYHU���3/6��PRGHOV��WKH��FRYDULDQFH�� � � � � � � � � � �

VWUXFWXUH� �EHWZHHQ� �WZR� �GDWD� �PDWULFHV��;� �SUHGLFWRUV�� �DQG�<��RXWFRPHV����DQG��FRYDULDQFH��ZLOO��EH�� � � � � � � � � � � � � �

PD[LPLVHG� �LQ� �WKH� �ILUVW� �FRPSRQHQW� ���)LJXUH� ����������$OWKRXJK��WKH��LQLWLDO��XVH��RI��3/6��ZDV��PDLQO\��WR�� � � � � � � � � � � � � � � �

SUHGLFW� <� IURP� ;��� �YDULDQWV� �RI� �WKH� �DOJRULWKP� �KDYH� �EHHQ� �GHYHORSHG� �LQ� �ZKLFK� ;� DQG� <� SOD\� �D�� � � � � � � � � � � � � � � � � �

����
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V\PPHWULF��UROH��LQ��WKH��PRGHO��DQG��WKH��DQDO\VLV��LV��VLPLODU��WR��FDQRQLFDO��FRUUHODWLRQ��������7KH��PHWKRG��LV�� � � � � � � � � � � � � � � �

UHIHUUHG��WR��DV��3/6��GLVFULPLQDQW��DQDO\VLV���3/6�'$���ZKHQ��WKH��JRDO��LV��WR��FODVVLI\��REVHUYDWLRQV��LQWR�� � � � � � � � � � � � � � �

JURXSV� �WKHUHIRUH� �WKH� �RXWFRPH� �LV� �FDWHJRULFDO�� �$V��ZLWK��3&$���VSDUVH��YHUVLRQV��RI��3/6���V3/6��DQG�� � � � � � � � � � � � � � �

V3/6�'$�� �H[LVW����� �ZKHUH� �SHQDOLVDWLRQ� �LV� �LQWURGXFHG� �RQ� �WKH� �SDLU� �RI� �ORDGLQJ� �YHFWRUV� �VR� �HDFK�� � � � � � � � � � � � � �

FRPSRQHQW��LV��FRPSRVHG��RI��D��VXEVHW��RI��YDULDEOHV��DQG�RU��RXWFRPHV���V3/6��PHWKRGV��DUH��VXSHULRU�� � � � � � � � � � � � � �

WR� �QRQ�VSDUVH��PHWKRGV��ZKHQ��WKH��JRDO��RI��WKH��DQDO\VLV��LV��IHDWXUH��VHOHFWLRQ��������$QRWKHU��YDULDQW��RI�� � � � � � � � � � � � � � �

3/6� �WKDW��LV��FRPPRQO\��XVHG��WR��PRGHO��PHWDERORPLFV��GDWD��LV��RUWKRJRQDO��3/6���23/6���������+HUH���D�� � � � � � � � � � � � � � �

VLQJOH��SUHGLFWLYH��FRPSRQHQW��LV��FDOFXODWHG��DQG��VXEVHTXHQW��FRPSRQHQWV��PRGHO��LQIRUPDWLRQ��WKDW��LV�� � � � � � � � � � � �

XQFRUUHODWHG��ZLWK���RUWKRJRQDO��WR��<��$OWKRXJK��WKH��SUHGLFWLYH��SHUIRUPDQFH��LV��QRW��FKDQJHG��ZLWK��WKH�� � � � � � � � � � � � � �

RUWKRJRQDO��VLJQDO��FRUUHFWLRQ���LQWHUSUHWDELOLW\��RI��WKH��PRGHO��PD\��EH��LPSURYHG��VLQFH��LQIRUPDWLYH��DQG�� � � � � � � � � � � � �

XQLQIRUPDWLYH���YDULDWLRQ���DUH���VHSDUDWHG���������

�

�

)LJXUH� ������� �3DUWLDO� �OHDVW� �VTXDUHV� �UHJUHVVLRQ��5HODWLRQVKLSV� �EHWZHHQ� �WZR�� � � � � � � � �
GDWD� �PDWULFHV�� ;� �DQG� <��� �DUH� �PRGHOOHG� �WR� �PD[LPLVH� �WKH� �FRYDULDQFH� �EHWZHHQ�� � � � � � � � � � � �
ODWHQW� �YDULDEOHV�� �7KLV� �LV� �DFFRPSOLVKHG� �WKURXJK� �PDWUL[� �GHFRPSRVLWLRQ� �WR�� � � � � � � � �
FDOFXODWH� �VFRUHV� ���W� �DQG� X��� �DQG� �ORDGLQJV� ���S� �DQG�T��� �YHFWRUV� �ZKLFK� �VXPPDULVH�� � � � � � � � � � � � �
VLPLODU���LQIRUPDWLRQ���IURP����;����DQG����<������,QG���LQGLYLGXDO���

�

3/6��FDQ��DOVR��EH��XVHG��WR��PRGHO��UHODWLRQVKLSV��EHWZHHQ��PRUH��WKDQ��WZR��GDWDVHWV��XVLQJ��PXOWL�EORFN�� � � � � � � � � � � � � � �

PHWKRGV������� �&RPSOHPHQWDU\��LQIRUPDWLRQ��LV��H[WUDFWHG��IURP��UHODWHG��GDWDVHWV���L�H���PXOWLSOH��DVVD\V�� � � � � � � � � � �

FRQGXFWHG��RQ��WKH��VDPH��VDPSOHV��RU��PXOWLSOH��VDPSOH��W\SHV��FROOHFWHG��IURP��WKH��VDPH��LQGLYLGXDOV��� � � � � � � � � � � � � �

DQG��PRGHOOHG��LQ��D��VXSHUYLVHG��RU��XQVXSHUYLVHG��PDQQHU���DV��D��GLVFULPLQDQW��RU��UHJUHVVLRQ��DQDO\VLV�� � � � � � � � � � � � � �

DQG� �ZLWK� �RU� �ZLWKRXW� �VSDUVLW\�� �,Q� �PXOWL�EORFN� �3/6� �PHWKRGV�� �WKHUH� �DUH� �WZR� �OHYHOV� �RI� �DQDO\VLV�� � � � � � � � � � � � � � �

��)LJXUH� ��������� �$W� �WKH� �VXE� �OHYHO�� �3/6� �FRPSRQHQWV� �DUH� �FDOFXODWHG� �IRU� �HDFK� �EORFN� ���;�����;��� �«�;�Q���� � � � � � � � � � � � � � � � �

����
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ZLWK� �UHVSHFW� �WR�<�DQG��VFRUHV����W����W���«�W�Q����DUH��FRPELQHG��LQ��D��VXSHU��EORFN����7�����$W��WKH��VXSHU��OHYHO��� � � � � � � � � � � � � � � � � � � � �

DQRWKHU� �LWHUDWLRQ� �RI� �3/6� �LV� �SHUIRUPHG� �EHWZHHQ� 7� DQG� <��� �&RYDULDQFH� �LV� �PD[LPLVHG� �EHWZHHQ�� � � � � � � � � � � � � �

FRPSRQHQWV���RI����;����EORFNV���DQG���EHWZHHQ���FRPSRQHQWV���RI����;����DQG����<�����

�

�

)LJXUH� ������� �0XOWL�EORFN� �SDUWLDO� �OHDVW� �VTXDUHV� �UHJUHVVLRQ��7KH� �SDUWLDO� �OHDVW��VTXDUHV��DOJRULWKP��LV�� � � � � � � � � � � � �
DSSOLHG��DW��WKH��VXE��OHYHO��IRU��HDFK��EORFN����;�����;��� �«�;�Q����DQG�<��WKHQ��VFRUHV����W������W��� �«��W�Q����DUH��FRPELQHG��LQWR�� � � � � � � � � � � � � � � � � � � � � � �
D��VXSHU��EORFN����7�����$QRWKHU��LWHUDWLRQ��RI��WKH��DOJRULWKP��LV��SHUIRUPHG��DW��WKH��VXSHU��OHYHO��ZKHUH��FRYDULDQFH�� � � � � � � � � � � � � � � � �
EHWZHHQ����7����DQG����<����LV���PD[LPLVHG���

������� &URVV�YDOLGDWLRQ��

)RU� �HDFK� �3/6� �PRGHO�� �SHUIRUPDQFH� �ZDV� �DVVHVVHG� �XVLQJ� �FURVV�YDOLGDWLRQ�� �7KH��FURVV�YDOLGDWLRQ�� � � � � � � � � � �

SURFHGXUH� �LQYROYHV� �VSOLWWLQJ� �WKH� �GDWD� �LQWR� �D� �QXPEHU� �RI� �WHVW� �VHWV� �DQG� �IRU� �HDFK� �WHVW� �VHW�� �D� �QHZ�� � � � � � � � � � � � � � � � � �

PRGHO��LV��FDOFXODWHG��EDVHG��RQ��DOO��GDWD��QRW��LQFOXGHG��LQ��WKH��WHVW��VHW���WUDLQLQJ��VHW����7KH��SHUIRUPDQFH�� � � � � � � � � � � � � � � � �

RI� �WKH��QHZ��PRGHO��LV��HYDOXDWHG��EDVHG��RQ��LWV��DELOLW\��WR��SUHGLFW��FRUUHFW��YDOXHV��IRU��WKH��WHVW��GDWD���,Q�� � � � � � � � � � � � � � � � � � �

RWKHU� �ZRUGV�� �D� �PRGHO� �SHUIRUPV� �ZHOO� �LI� �WKH� �HUURU� �LQ� �SUHGLFWLRQ� �LV� �ORZ� �IRU� �WKH� �OHIW� �RXW� �VDPSOHV��� � � � � � � � � � � � � � � � � �

3HUIRUPDQFH� �ZDV� �PHDVXUHG� �EDVHG� �RQ� �WKH� �IROORZLQJ��PHWULFV���PHDQ��VTXDUHG��HUURU��RI��SUHGLFWLRQ�� � � � � � � � � � � � �

�06(3�������� �5���<� �DQG� �4���<������� �06(3� �LV� �D� �PHDVXUH� �RI� �WKH� �HUURU� �EHWZHHQ� �WKH� �³UHDO´� �YDOXHV�� � � � � � � � � � � � � � �

FDOFXODWHG� �IURP� �D� �IXOO� �PRGHO� ��QR� �OHIW� �RXW� �GDWD�� �DQG� �WKH� �SUHGLFWHG��YDOXHV���FDOFXODWHG��RQ��OHIW��RXW�� � � � � � � � � � � � � � � � �

GDWD��� �5���<� �DQG� �4���<� �DUH� �PHDVXUHV� �RI� �WKH� �JRRGQHVV� �RI� �ILW� �DQG� �SUHGLFWLYH� �DELOLW\� �RI� �WKH� �PRGHO��� � � � � � � � � � � � � � � � �

UHVSHFWLYHO\�� �7KHVH� �PHWULFV� �LQGLFDWH� �WKH� �IUDFWLRQ� �RI� �YDULDWLRQ� �LQ� �<� �WKDW� �FDQ� �EH� �H[SODLQHG� ��5���<��� � � � � � � � � � � � � � �

DQG��SUHGLFWHG���4���<���E\��WKH��PRGHO���7KHUH��DUH��QR��VWDQGDUG��DFFHSWDEOH��YDOXHV��RI��5���<��DQG��4���<���EXW�� � � � � � � � � � � � � � � � �

LW� �KDV� �EHHQ� �SURSRVHG� �WKDW� �4���<� �YDOXHV� �RI� ������� ������ �DQG� ������ �FDQ� �EH� �LQWHUSUHWHG� �DV� �ZHDN��� � � � � � � � � � � � � � � � �

����
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PRGHUDWH� �DQG� �VWURQJ� �HYLGHQFH� �IRU� �SUHGLFWDELOLW\���UHVSHFWLYHO\��������ZKLOH��WKH��5���<��YDOXH��VKRXOG��EH�� � � � � � � � � � � � �

FORVH� �WR� �4���<���+LJK��GLVSDULW\��EHWZHHQ��WKHVH��WZR��YDOXHV��LQGLFDWHV��RYHUILWWLQJ��������D��FDVH��ZKHQ��WKH�� � � � � � � � � � � � � � �

PRGHO���FDQ���H[SODLQ���WKH���WUDLQLQJ���GDWD���ZHOO����EXW���FDQQRW���EH���JHQHUDOLVHG���WR���QHZ���GDWD����

������� 5HOHYDQFH���QHWZRUNV��

,Q��DGGLWLRQ��WR��GHVFULELQJ��DVVRFLDWLRQV��EHWZHHQ��GDWD��IHDWXUHV��DQG��RXWFRPHV���3/6��PRGHOV��FDQ��EH�� � � � � � � � � � � � � �

XVHG� �WR� �FDOFXODWH� �DVVRFLDWLRQV� �EHWZHHQ� �IHDWXUHV� �WR� �YLVXDOLVH��WKH��FRUUHODWLRQ��VWUXFWXUH��EHWZHHQ�� � � � � � � � � � � �

GDWDVHWV�� �7KLV� �LV� �DFFRPSOLVKHG� �E\� �H[WUDFWLQJ� �SDLUZLVH� �DVVRFLDWLRQV� �EHWZHHQ� �IHDWXUHV� �DFURVV�� � � � � � � � � � �

GDWDVHWV������� �&RUUHODWLRQ� �EHWZHHQ� �WZR� �YDULDEOHV� �LV� �DSSUR[LPDWHG� �EDVHG� �RQ� �WKHLU� �SURMHFWLRQV� �LQ�� � � � � � � � � � � �

ODWHQW� �VSDFH�� �WKH� �DQJOH� �EHWZHHQ� �WKH� �WZR� �YHFWRUV� �LQGLFDWHV� �WKHLU� �GHJUHH� �RI� �UHODWHGQHVV� �LQ� �WKH�� � � � � � � � � � � � � � �

PRGHO� ���)LJXUH� ��������� �8VLQJ� �WKLV� �DSSUR[LPDWLRQ�� �D� �FRUUHODWLRQ� �PDWUL[� �FDQ� �EH� �LQIHUUHG� �IURP� �WKH�� � � � � � � � � � � � � �

PRGHO��DQG��D��UHOHYDQFH��QHWZRUN����� �FDQ��EH��JHQHUDWHG���IRU��HYHU\��FRUUHODWLRQ��FRHIILFLHQW���DQ��HGJH��LV�� � � � � � � � � � � � � � �

GUDZQ� �EHWZHHQ� �WKH� �WZR� �YDULDEOHV� ��QRGHV��� �$GGLWLRQDOO\�� �D� 3� YDOXH� �ZDV� �FDOFXODWHG� �IRU� �HDFK�� � � � � � � � � � � � � �

FRUUHODWLRQ���FRHIILFLHQW���WKURXJK���SHUPXWDWLRQ���WHVWLQJ����

�

�

)LJXUH� ������� �5REXVW� �DSSUR[LPDWLRQ� �RI� �FRUUHODWLRQ� �EDVHG� �RQ� �3/6� �ORDGLQJV�� �D��� � � � � � � � � � �
3DLUZLVH� �FRUUHODWLRQV� �EHWZHHQ� �IHDWXUHV� ��YDULDEOHV�� �LQ� �GLIIHUHQW� �GDWDVHWV� �DUH�� � � � � � � � �
DSSUR[LPDWHG� �EDVHG� �RQ� �WKHLU� �SURMHFWLRQV� �LQ� �ODWHQW� �VSDFH� �DQG� �WKH� �DQJOH��EHWZHHQ��WKH�� � � � � � � � � � � � �
WZR��YHFWRUV���7ZR��YHFWRUV��ZLWK��DQ��DFXWH��DQJOH���FRV�Į�!����LQGLFDWH��D��SRVLWLYH��FRUUHODWLRQ�� � � � � � � � � � � � �
ZKLOH� �WZR� �YHFWRUV� �ZLWK� �DQ� �REWXVH� �DQJOH� ��FRV�ș����� �LQGLFDWH� �D� �QHJDWLYH� �FRUUHODWLRQ��� � � � � � � � � � � �
3HUSHQGLFXODU��YHFWRUV���FRV�ȕ�§����LQGLFDWH��QR��FRUUHODWLRQ��EHWZHHQ��WKH��WZR��YDULDEOHV���E��� � � � � � � � � � �
$��UHOHYDQFH��QHWZRUN��LV��JHQHUDWHG��E\��GUDZLQJ��DQ��HGJH��EHWZHHQ��WZR��YDULDEOHV��IRU��HDFK�� � � � � � � � � � � � � �
FRUUHODWLRQ���)LJXUH���D���DGDSWHG��IURP��*RQ]iOH]��HW��DO������ ��&UHDWLYH��&RPPRQV��$WWULEXWLRQ�� � � � � � � � � � �
/LFHQVH���KWWS���FUHDWLYHFRPPRQV�RUJ�OLFHQVHV�E\��������

����
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����� 5DQGRP���IRUHVWV��

,Q��&KDSWHU������WKH��UDQGRP��IRUHVWV��DOJRULWKP��ZDV��XVHG��WR��EXLOG��D��FODVVLILHU��IRU��SUHGLFWLQJ��PHWDEROLF�� � � � � � � � � � � � � � � �

SKHQRW\SHV� �IURP� �PLFURELRPH� �GDWD�� �5DQGRP� �IRUHVWV� �LV� �D� �VLPSOH� �VXSHUYLVHG��PDFKLQH��OHDUQLQJ�� � � � � � � � � � � �

PHWKRG� �LQ� �ZKLFK� �D� �ODUJH� �QXPEHU� �RI� �GHFLVLRQ� �WUHHV� �RSHUDWH� �DV� �DQ� �HQVHPEOH������� �7KH� �LQGLYLGXDO�� � � � � � � � � � � � � � �

WUHHV� �FRQVLGHU� �D� �UDQGRP� �VXEVHW� �RI� �YDULDEOHV� �E\� �ZKLFK� �VSOLW� �WR� �REVHUYDWLRQV� ���)LJXUH� ��������� �%\�� � � � � � � � � � � � � � �

GHIDXOW�� �D��VXEVHW��RI��REVHUYDWLRQV���Ҁ���DUH��XVHG��WR��WUDLQ��WKH��GHFLVLRQ��WUHHV��WR��LGHQWLI\��WKH��FRUUHFW�� � � � � � � � � � � � � � � � �

FODVVHV��DQG��WKH��PRGHO��SHUIRUPDQFH��LV��HYDOXDWHG��RQ��WKH��OHIW��RXW���RXW�RI�EDJ���22%���VDPSOHV���)RU�� � � � � � � � � � � � � � �

FODVVLILFDWLRQ�� �HDFK� �22%� �VDPSOH� �LV� �DVVLJQHG� �WKH� �FODVV� �ZLWK� �WKH� �PRVW� �YRWHV�� �WKH��PRVW��SRSXODU�� � � � � � � � � � � � � � �

GHFLVLRQ�� �DPRQJ� �WKH� �WUHHV�� �7KH� �22%� �HUURU� �UDWH�� �D� �FRPPRQ� �PHWULF� �IRU� �HYDOXDWLQJ� �D� �UDQGRP�� � � � � � � � � � � � � � �

IRUHVWV� �PRGHO�� �LV� �WKH� �SHUFHQWDJH� �RI� �22%� �VDPSOHV� �WKDW� �DUH� �LQFRUUHFWO\� �FODVVLILHG�� �9DULDEOH�� � � � � � � � � � � � �

LPSRUWDQFH� �LV� �UDQNHG� �EDVHG� �RQ� �WKH� �PHDQ� �GHFUHDVH� �LQ� �DFFXUDF\� �REVHUYHG��ZKHQ��WKH��YDOXHV��RI�� � � � � � � � � � � � � � �

WKDW� �YDULDEOH� �DUH� �SHUPXWHG��LQ��22%��VDPSOHV���$��ODUJH��PHDQ��GHFUHDVH��LQ��DFFXUDF\��LQGLFDWHV��WKH�� � � � � � � � � � � � � � �

SHUPXWHG��YDULDEOH��LV��LPSRUWDQW��IRU��WKH��FODVVLILHU���2QFH��WXQHG��IRU��WKH��DSSURSULDWH��QXPEHU��RI��WUHHV�� � � � � � � � � � � � � � �

DQG� �WKH� �QXPEHU� �RI� �FDQGLGDWH� �YDULDEOHV� �WR� �WU\� �DW� �HDFK� �VSOLW�� �WKH� �PRGHO� �FDQ� �EH� �XVHG� �WR� �SUHGLFW�� � � � � � � � � � � � � � � � � �

FODVVHV���RI���QHZ���VDPSOHV���

�

�

)LJXUH���������5DQGRP��IRUHVWV��FODVVLILHU��$��ODUJH��QXPEHU��RI��GHFLVLRQ�� � � � � � � � � �
WUHHV� �DUH� �WUDLQHG� �WR� �FODVVLI\� �REVHUYDWLRQV� �EDVHG� �RQ� �D� �VXEVHW� �RI�� � � � � � � � � � �
YDULDEOHV�� �(DFK� �YDULDEOH� �LV� �XVHG� �WR� �VSOLW� �WKH� �REVHUYDWLRQV� ��\HV�QR���� � � � � � � � � �
)RU��D��JLYHQ��RXW�RI�EDJ��VDPSOH���WKH��FODVV��ZLWK��WKH��PRVW��YRWHV��DPRQJ�� � � � � � � � � � � �
WKH���WUHHV���ZLQV���

�

����
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����� /LQHDU���PL[HG�HIIHFWV���PRGHOV��

/LQHDU��PL[HG�HIIHFWV��PRGHOV��DLP��WR��H[SODLQ��YDULDWLRQ��LQ��D��VLQJOH��YDULDEOH��WKDW��LV��GXH��WR��ERWK��IL[HG�� � � � � � � � � � � � � � � � �

HIIHFWV��DQG��UDQGRP��HIIHFWV��������,Q��WKH��FDVH��RI��FOLQLFDO��GDWD���IL[HG��HIIHFWV��DUH��LQIRUPDWLRQ��FROOHFWHG�� � � � � � � � � � � � � � �

DERXW� �WKH� �LQGLYLGXDOV� �VXFK� �DV� �JHQGHU�� �DJH� �RU� �RWKHU� �FRYDULDWHV� �WKDW� �DUH� �LQWHUHVWLQJ� �IRU� �PDNLQJ�� � � � � � � � � � � � � � �

ELRORJLFDO� �LQWHUSUHWDWLRQV� �DERXW� �WKH� �GDWD�� �5DQGRP� �HIIHFWV� �DUH� �LQIRUPDWLRQ� �DVVRFLDWHG� �ZLWK� �WKH�� � � � � � � � � � � �

UDQGRP� �VDPSOLQJ� �RI� �SDWLHQWV� �VXFK� �DV� �WKH� �LQGLYLGXDO� ��IRU� �D� �UHSHDWHG� �PHDVXUHV� �GHVLJQ�� �RU� �WKH�� � � � � � � � � � � � � � �

ORFDWLRQ��RI��WKH��FOLQLF��ZKHUH��WKH\��ZHUH��HQUROOHG���7KH��JRDO��LV��WR��DGMXVW��IRU��XQZDQWHG��YDULDWLRQ��WKDW�� � � � � � � � � � � � � � � � �

PD\��KDYH��EHHQ��LQWURGXFHG��GXH��WR��WKLV��YDULDEOH��ZKLOH��LGHQWLI\LQJ��VXEVHWV��RI��YDULDWLRQ��WKDW��FDQ��EH�� � � � � � � � � � � � � � � �

DWWULEXWHG��WR��HDFK��RI��WKH��IL[HG��HIIHFWV���$��UHJUHVVLRQ��FRHIILFLHQW��LV��FDOFXODWHG��IRU��HDFK��IL[HG��HIIHFW�� � � � � � � � � � � � � � � �

�SUHGLFWRU�� �ZKLFK� �LQGLFDWHV� �WKH� �VWUHQJWK� �DQG� �GLUHFWLRQ� �RI� �LWV� �DVVRFLDWLRQ� �ZLWK� �WKH� �GHSHQGHQW�� � � � � � � � � � � � �

YDULDEOH� ��UHVSRQVH��� �7KH� �VLJQLILFDQFH� �RI� �HDFK� �DVVRFLDWLRQ� �ZDV� �HYDOXDWHG� �XVLQJ� �WKH�� � � � � � � � � � �

.HQZDUG�5RJHU���DSSUR[LPDWLRQ��������IRU���GHQRPLQDWRU���GHJUHHV���RI���IUHHGRP����)����VWDWLVWLFV����

����� 7LPH���VHULHV���DQDO\VLV��

/LQHDU� �PL[HG�HIIHFWV� �PRGHOV� �DUH� �VXLWDEOH� �IRU� �PRGHOOLQJ� �OLQHDU� �UHODWLRQVKLSV�� �EXW� �QRQ�OLQHDU�� � � � � � � � � � �

PHWKRGV� �DUH� �QHFHVVDU\� �WR� �PRGHO� �G\QDPLF� �UHODWLRQVKLSV� �VXFK� �DV� �FKDQJHV� �LQ� �PHWDEROLF�� � � � � � � � � � � �

SKHQRW\SHV��RYHU��WLPH���+HUH���D��VSOLQH�ILWWLQJ��PHWKRG����� �ZDV��XVHG��WR��FRQGHQVH��WKH��PHDVXUHPHQWV�� � � � � � � � � � � � �

IRU� �HDFK� �LQGLYLGXDO� �LQWR� �D� �VPRRWK�� �FRQWLQXRXV� �IXQFWLRQ� �RI� �WLPH�� �7KH� �FXUYH� �WKHQ� �EHFRPHV� �WKH�� � � � � � � � � � � � � � �

IXQGDPHQWDO� �XQLW� �RI� �DQDO\VLV� �PHDQLQJ��WUDMHFWRULHV��FDQ��EH��FRPSDUHG��UDWKHU��WKDQ��LQGLYLGXDO��WLPH�� � � � � � � � � � � � �

SRLQWV�� �0HDQ� �FXUYHV� �DUH� �WKHQ� �FDOFXODWHG� ��H�J�� IRU� �FDVH� �DQG� �FRQWURO�� �DQG� �VLJQLILFDQFH� �FDQ� �EH�� � � � � � � � � � � � � � �

DVVHVVHG� �E\� �SHUPXWDWLRQ� �WHVWLQJ�� �$� 3� YDOXH� �LV� �GHULYHG� �DV� �WKH� �SUREDELOLW\� �WKDW� �WKH� �GLVWDQFH�� � � � � � � � � � � � � � �

EHWZHHQ� �WKH� �JURXS� �PHDQ� �FXUYHV� �LV� �JUHDWHU� �ZKHQ� �JURXS� �ODEHOV� �DUH� �VKXIIOHG� �WKDQ� �ZKHQ�� � � � � � � � � � � � � �

DSSURSULDWH���ODEHOV���DUH���DVVLJQHG��� �

����� &RUUHODWLRQ��

)RU� �QRUPDOO\� �GLVWULEXWHG� �GDWD�� �3HDUVRQ¶V� �FRUUHODWLRQ� �FRHIILFLHQWV����� �ZHUH� �FDOFXODWHG� �ZKLOH�� � � � � � � � � �

6SHDUPDQ¶V� �UDQN� �FRUUHODWLRQ� �FRHIILFLHQWV����� �ZHUH� �FDOFXODWHG� �IRU� �GDWD� �ZLWK��VNHZHG��GLVWULEXWLRQV��� � � � � � � � � � �

6SHDUPDQ¶V� �FRUUHODWLRQ� �LV� �HVVHQWLDOO\� �3HDUVRQ¶V� �FRUUHODWLRQ� �FDOFXODWHG� �RQ� �WKH� �UDQNV� �RI� �WKH�� � � � � � � � � � � �

YDULDEOHV�� �WKHUHIRUH� �LW� �LV� �QRW� �VHQVLWLYH� �WR� �RXWOLHUV�� �,Q� �VRPH� �LQVWDQFHV�� �SDUWLDO� �3HDUVRQ� �RU�� � � � � � � � � � � � � �

6SHDUPDQ� �FRUUHODWLRQ� �FRHIILFLHQWV� �ZHUH� �FDOFXODWHG�� �$� �SDUWLDO� �FRUUHODWLRQ� �GHVFULEHV� �WKH� �OLQHDU�� � � � � � � � � � �

DVVRFLDWLRQ� �EHWZHHQ��WZR��YDULDEOHV��DIWHU��HOLPLQDWLQJ��WKH��HIIHFW��RI��RQH��RU��PRUH��FRYDULDWHV��������)RU�� � � � � � � � � � � � � �

����
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YDULDEOHV� �ZLWK� �UHSHDWHG� �PHDVXUHV� ��GLIIHUHQW� �WLPH� �SRLQWV� �IRU� �HDFK� �LQGLYLGXDO�� �ZKHUH� �D� �OLQHDU�� � � � � � � � � � � � �

UHODWLRQVKLS� �ZDV� �H[SHFWHG�� �DQDO\VLV� �RI� �FRYDULDQFH� �ZDV� �XVHG� �WR��FDOFXODWH��FRUUHODWLRQV��EHWZHHQ�� � � � � � � � � � � �

WZR� �YDULDEOHV� �ZKLOH� �FRQWUROOLQJ� �IRU� �LQWHU�LQGLYLGXDO� �YDULDELOLW\�� �D� �PHWKRG� �QDPHG� �UHSHDWHG�� � � � � � � � � � �

PHDVXUHV� �FRUUHODWLRQ������� �3DUDOOHO� �UHJUHVVLRQ� �OLQHV� �DUH� �ILW� �IRU� �HDFK� �LQGLYLGXDO� �ZLWK� �GLIIHUHQW�� � � � � � � � � � � �

LQWHUFHSWV���DOORZLQJ��PXOWLSOH��PHDVXUHPHQWV��IURP��HDFK��LQGLYLGXDO��WR��EH��PRGHOOHG��ZLWKRXW��YLRODWLQJ�� � � � � � � � � � � �

WKH� �DVVXPSWLRQ� �WKDW� �REVHUYDWLRQV� �DUH� �LQGHSHQGHQW�� �$� �FRUUHODWLRQ� �FRHIILFLHQW� �RI� ��������� �LV�� � � � � � � � � � � �

GHVFULEHG���DV���PRGHUDWH���FRUUHODWLRQ���������

����� &RUUHFWLRQ���IRU���PXOWLSOH���K\SRWKHVLV���WHVWLQJ��

3HUIRUPLQJ��D��ODUJH��QXPEHU��RI��VWDWLVWLFDO��WHVWV��LQFUHDVHV��WKH��ULVN��RI��UHMHFWLQJ��QXOO��K\SRWKHVHV��E\�� � � � � � � � � � � � � � �

FKDQFH������� �7KURXJKRXW� �WKLV� �WKHVLV�� �WKH� �UDWH� �RI� �W\SH� �,� �HUURUV� �ZDV� �UHGXFHG� �XVLQJ� �WKH�� � � � � � � � � � � � � �

%HQMDPLQL�+RFKEHUJ� �SURFHGXUH����� �ZKLFK� �FRQWUROV� �WKH� �H[SHFWHG� �SURSRUWLRQ� �RI� �IDOVH� �GLVFRYHULHV��� � � � � � � � � �

WKH��)DOVH��'LVFRYHU\��5DWH���)'5����E\��FRQVLGHULQJ��WKH��QXPEHU��RI��WHVWV��SHUIRUPHG��DQG��WKH��UDQNV��RI�� � � � � � � � � � � � � � � �

WKH��UHVXOWLQJ�3�YDOXHV���:KHUH��PXOWLSOH��K\SRWKHVLV��WHVWV��ZHUH��SHUIRUPHG��3�YDOXHV��ZHUH��DGMXVWHG�� � � � � � � � � � � � � �

DV� �IROORZV�� 3� YDOXHV� �ZHUH� �UDQNHG� �LQ� �DVFHQGLQJ� �RUGHU� �DQG� �PXOWLSOLHG� �E\� �WKH� �QXPEHU� �RI� �WHVWV�� � � � � � � � � � � � � � � �

SHUIRUPHG� �WKHQ� �HDFK� �SURGXFW��ZDV��GLYLGHG��E\��WKH��UDQN��RI��WKH�3�YDOXH���7KH��QXOO��K\SRWKHVLV��ZDV�� � � � � � � � � � � � � � � � �

WKHQ���RQO\���UHMHFWHG���LI���WKH���UHVXOWLQJ���YDOXH����)'5����ZDV���OHVV���WKDQ���WKH���GHILQHG���WKUHVKROG����ܤ ��������

����



�

&KDSWHU������

� 0HWDEROLF���SHUWXUEDWLRQV���LQ���REHVH���ZRPHQ��
GXULQJ���SUHJQDQF\��
�
'XULQJ� �JHVWDWLRQ�� �VXEVWDQWLDO� �PHWDEROLF� �DGDSWDWLRQV� �RFFXU� �WR� �VXSSRUW� �WKH� �QHHGV� �RI� �WKH�� � � � � � � � � � � �

GHYHORSLQJ��IHWRSODFHQWDO��XQLW���7KLV��FKDSWHU��GHWDLOV��REHVLW\�DVVRFLDWHG��PDWHUQDO��PHWDEROLVP��RYHU�� � � � � � � � � �

WKH��FRXUVH��RI��SUHJQDQF\��DV��ZHOO��DV��UHODWLRQVKLSV��EHWZHHQ��DOWHUHG��PDWHUQDO��PHWDEROLVP��DQG��ERWK�� � � � � � � � � � � � � �

PDWHUQDO� �DQG� �QHRQDWDO��RXWFRPHV���&OLQLFDO��VDPSOHV��ZHUH��FROOHFWHG��IURP��D��8.��FRKRUW��RI��ZRPHQ�� � � � � � � � � � � � � �

DW� ��� �WLPH� �SRLQWV�� �DQG� �IURP� �WKH� �QHRQDWHV� �RI� �WKHVH� �ZRPHQ��DW��GHOLYHU\���3URWRQ��QXFOHDU��PDJQHWLF�� � � � � � � � � � � � � � � �

UHVRQDQFH������+��105���VSHFWURVFRS\��ZDV��XVHG��WR��SURILOH��ORQJLWXGLQDO��FKDQJHV��LQ��FLUFXODWLQJ���EORRG�� � � � � � � � � � � � �

VHUXP���DQG��H[FUHWHG���XULQH���PHWDEROLWHV���2EHVH���FRPSDUHG��WR��QRUPDO��ZHLJKW���SUHJQDQFLHV��ZHUH�� � � � � � � � � � � �

FKDUDFWHULVHG� �E\� �FKDQJHV� �LQ� �DPLQR� �DFLG� �PHWDEROLVP� �LQFOXGLQJ� �EUDQFKHG�FKDLQ� �DPLQR� �DFLGV�� � � � � � � � � � �

�%&$$V��� �GHFUHDVHG� �FRQFHQWUDWLRQV� �RI� �VKRUW�FKDLQ� �IDWW\� �DFLGV� ��6&)$V��� �FKDQJHV� �LQ� �HQHUJ\�� � � � � � � � � � �

PHWDEROLVP� �DQG� �HOHYDWHG� �LQIODPPDWLRQ�� �%0,�DVVRFLDWHG� �PHWDEROLWHV� �LQ� �PDWHUQDO� �VHUXP� �DQG�� � � � � � � � � �

XULQH� �WKURXJKRXW� �SUHJQDQF\� �ZHUH� �KLJKO\� �FRUUHODWHG� �ZLWK� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �ZKLOH� �WKH�� � � � � � � � � � � �

FLUFXODWLQJ� �PHWDEROLWHV� �WUDQVIHUUHG� �WR� �WKH� �IHWXV�� �PHDVXUHG� �LQ� �XPELOLFDO� �FRUG� �VHUXP�� �ZHUH�� � � � � � � � � � � �

FRUUHODWHG� �ZLWK� �XPELOLFDO� �FRUG� �LQVXOLQ� �DQG� �ELUWK��ZHLJKW���7KH��SUHVHQW��GDWD��VXJJHVW��WKDW��HOHYDWHG�� � � � � � � � � � � � � �

PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH��UHODWHG��WR��KLJK��%0,��GXULQJ��SUHJQDQF\��LQFUHDVHV��WKH��UDWH��RI��WUDQVIHU�� � � � � � � � � � � � � �

RI��VHOHFWHG��VHUXP��PHWDEROLWHV��IURP��PDWHUQDO��FLUFXODWLRQ��WR��WKH��IHWXV���DQG��WKDW��WKHVH��PHWDEROLWHV�� � � � � � � � � � � � � �

LQIOXHQFH���IHWDO���LQVXOLQ���VHFUHWLRQ���DQG���JURZWK���

��� ,QWURGXFWLRQ��

0DWHUQDO� �REHVLW\� �LV� �D� �PDMRU� �ULVN� �IDFWRU� �IRU� �DGYHUVH� �REVWHWULF� �RXWFRPHV� �DQG� �ORQJ�WHUP�� � � � � � � � � � � � �

FDUGLRPHWDEROLF� �FRPSOLFDWLRQV� �LQ� �RIIVSULQJ�� �6WXGLHV� �KDYH� �VKRZQ� �WKDW� �KLJK��SUH�SUHJQDQF\��ERG\�� � � � � � � � � � �

PDVV��LQGH[���%0,���LV��DVVRFLDWHG��ZLWK��LQFUHDVHG��ULVN��RI��PLVFDUULDJH���SUHWHUP��ELUWK���GHYHORSPHQW��RI�� � � � � � � � � � � � � �

JHVWDWLRQDO� �GLDEHWHV� �PHOOLWXV� ��*'0��� �K\SHUWHQVLYH� �GLVRUGHUV� �DQG� �FDHVDUHDQ� �GHOLYHU\����±������� � � � � � � � �

2EHVH� �PRWKHUV� �DUH� �DOVR� �PRUH� �OLNHO\� �WR� �JLYH� �ELUWK� �WR� �ODUJH� �IRU� �JHVWDWLRQDO� �DJH� �QHRQDWHV� �ZLWK�� � � � � � � � � � � � � � � �

KLJKHU� �IDW� �PDVV� �SHUFHQWDJHV��������� �DQG� �KLJKHU� �LQVXOLQ� �UHVLVWDQFH����� �WKDQ� �QRQ�REHVH� �PRWKHUV��� � � � � � � � � � �

�
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'LHWDU\� �DQG� �OLIHVW\OH� �LQWHUYHQWLRQV� �KDYH� �QRW� �EHHQ� �VKRZQ� �WR� �DGHTXDWHO\� �UHGXFH� �PDWHUQDO�� � � � � � � � � � � �

FRPSOLFDWLRQV� �DQG� �IHWDO� �RYHUJURZWK������� �VXJJHVWLQJ� �DGGLWLRQDO� �PHFKDQLVPV� �DUH� �DW� �SOD\�� �2EHVLW\�� � � � � � � � � � �

KDV��EHHQ��DVVRFLDWHG��ZLWK��FKDQJHV��LQ��JXW��PLFURELDO��FRPPXQLW\��VWUXFWXUH�����������EXW��WKHUH��LV��D��ODFN�� � � � � � � � � � � � � � �

RI� �FRQVHQVXV� �DERXW� �ZKLFK�� �LI� �DQ\�� �EDFWHULDO� �WD[D� �FKDQJH� �ZLWK� �%0,�������������� �DQG� �ZKHWKHU� �DQ\�� � � � � � � � � � � � � �

REVHUYHG� �FKDQJHV� �DUH� �LQVWHDG� �DVVRFLDWHG� �ZLWK� �GLHWDU\� �GLIIHUHQFHV������ �6LPLODUO\�� �WKH� �UROH� �RI� �JXW�� � � � � � � � � � � � �

EDFWHULD� �GXULQJ� �SUHJQDQF\� �LV� �QRW� �FRPSOHWHO\� �XQGHUVWRRG� �EXW� �LW� �LV� �FRQFHLYDEOH�� �JLYHQ� �WKDW� �WKH�� � � � � � � � � � � � � �

PLFURELRPH� �LV� �KLJKO\� �PHWDEROLFDOO\� �DFWLYH���WKDW��PDWHUQDO��JXW��PLFUREHV��SOD\��DQ��LPSRUWDQW��UROH��LQ�� � � � � � � � � � � � � �

IHWDO���GHYHORSPHQW���DQG���PD\���FRQWULEXWH���WR���FRQIHUUHG���FKURQLF���KHDOWK���ULVNV��������

�

7R� �GDWH�� �IHZ� �VWXGLHV� �KDYH� �IRFXVHG� �RQ� �%0,�UHODWHG� �YDULDWLRQ� �LQ� �WKH� �JXW� �PLFURELRWD� �GXULQJ�� � � � � � � � � � � � � �

JHVWDWLRQ��DQG��LWV��HIIHFWV��RQ��SUHJQDQF\��RXWFRPHV���7KHVH��UHSRUWV��VKRZ��WKDW��DEXQGDQFHV��RI��VRPH�� � � � � � � � � � � � � �

EDFWHULDO��WD[D��YDU\��LQ��SUHJQDQW��ZRPHQ��ZLWK��D��KLJK��%0,���������������DOWKRXJK��WKH��DIIHFWHG��WD[D��DUH��QRW�� � � � � � � � � � � � � � � �

FRQVLVWHQW��EHWZHHQ��VWXGLHV���+RZHYHU���WKHVH��VWXGLHV��VKRZ��WKDW��%0,�DVVRFLDWHG��DOWHUDWLRQV��LQ��JXW�� � � � � � � � � � � �

EDFWHULDO� �FRPSRVLWLRQ� �DUH� �UHODWHG� �WR� �H[FHVVLYH� �JHVWDWLRQDO� �ZHLJKW� �JDLQ�������������� �PDWHUQDO�� � � � � � � � � �

FKROHVWHURO� �DQG� �IROLF� �DFLG� �OHYHOV������� �DQG� �KLJK� �ELUWK� �ZHLJKW������� �5HJDUGOHVV� �RI� �GLIIHUHQFHV� �LQ�� � � � � � � � � � � � �

FRPPXQLW\� �FRPSRVLWLRQV�� �PHWDERORPLFV� �VWXGLHV� �VXJJHVW� �JXW� �PLFURELDO� �DFWLYLW\� �LV� �DOWHUHG� �LQ�� � � � � � � � � � �

LQGLYLGXDOV� �ZLWK� �D� �KLJK� �%0,���������� �&RQFHQWUDWLRQV� �RI� �6&)$V���PDMRU��IHUPHQWDWLRQ��SURGXFWV��RI��WKH�� � � � � � � � � � � � �

JXW��PLFURELRWD���DUH��DOWHUHG��LQ��WKH��IDHFHV��DQG��EORRG��RI��QRQ�SUHJQDQW��REHVH��DGXOWV���±��� �DQG��REHVH�� � � � � � � � � � � � � � �

FKLOGUHQ����������� �0DWHUQDO� �FLUFXODWLQJ� �6&)$V� �LQ� �WKH� �ODWH� �WKLUG� �WULPHVWHU� �RI� �SUHJQDQF\� �KDYH� �EHHQ�� � � � � � � � � � � � �

VKRZQ� �WR� �FRUUHODWH� �ZLWK� �PDWHUQDO� �OHSWLQ� �DQG� �DGLSRQHFWLQ� �OHYHOV�� �JHVWDWLRQDO� �ZHLJKW� �JDLQ� �DQG�� � � � � � � � � � � � �

QHRQDWDO� �ERG\� �ZHLJKW������� �,QFUHDVHG� �H[FUHWLRQ� �RI� �6&)$� �DFHWDWH� �DQG� �GHFUHDVHG� �H[FUHWLRQ� �RI�� � � � � � � � � � � �

KLSSXUDWH�� �DQ� �LPSRUWDQW� �KRVW�PLFURELDO� �FR�PHWDEROLWH�� �KDYH� �DOVR� �EHHQ� �UHSRUWHG� �LQ� �REHVH�� � � � � � � � � � �

SUHJQDQFLHV������� �7KHVH� �ILQGLQJV� �KLJKOLJKW� �WKH� �LPSRUWDQFH� �RI� �ORRNLQJ� �EH\RQG� �JXW� �PLFURELDO�� � � � � � � � � � �

FRPPXQLW\� �FRPSRVLWLRQ� �DQG� �LQYHVWLJDWLQJ� �IXQFWLRQDO� �GLIIHUHQFHV� �LQ� �EDFWHULDO� �FRPPXQLWLHV� �RI�� � � � � � � � � �

REHVH��LQGLYLGXDOV���SDUWLFXODUO\��GXULQJ��SUHJQDQF\��ZKHQ��IHWDO��H[SRVXUH��WR��PDWHUQDO��PHWDEROLWHV��LV�� � � � � � � � � � � �

FULWLFDO���WR���LWV���KHDOWK�����������

�

,Q� �KHDOWK\� �SUHJQDQFLHV�� �FRQVLGHUDEOH� �SK\VLRORJLFDO� �DGDSWDWLRQV� �RFFXU� �DIIHFWLQJ� �FDUGLRYDVFXODU��� � � � � � � � �

UHQDO���UHVSLUDWRU\���LPPXQH��DQG��PHWDEROLF��IXQFWLRQ����������6RPH��RI��WKHVH��DGDSWDWLRQV��DFWXDOO\��PLPLF�� � � � � � � � � � � �

PHWDEROLF��V\QGURPH��LQ��QRQ�SUHJQDQW��LQGLYLGXDOV������������$��SURJUHVVLYH��ULVH��LQ��LQVXOLQ��UHVLVWDQFH������ � � � � � � � � � �

DQG��V\VWHPLF��LQIODPPDWLRQ����� �RFFXU��GXULQJ��QRUPDO��SUHJQDQF\��DQG��WKLV��LV��HQKDQFHG��LQ��RYHUZHLJKW�� � � � � � � � � � � � �

RU��REHVH��ZRPHQ����������������(OHYDWHG��LQIODPPDWRU\��PDUNHUV��GXULQJ��SUHJQDQF\��DUH��DVVRFLDWHG��ZLWK�� � � � � � � � � � �

FKDQJHV� �LQ� �WKH� �JXW� �PLFURELRWD�������� �DQG� �WUDQVSODQWDWLRQ� �RI� �WKH� �WKLUG�� �EXW� �QRW� �ILUVW�� �WULPHVWHU�� � � � � � � � � � � � � �

����
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PDWHUQDO� �JXW� �PLFURELRPH� �LQGXFHV� �V\PSWRPV� �RI� �PHWDEROLF� �V\QGURPH� �LQ� �JHUP�IUHH� �PLFH������� � � � � � � � � � �

%LRPDUNHUV��RI��LQIODPPDWLRQ��LQ��RYHUZHLJKW��RU��REHVH��SUHJQDQW��ZRPHQ��KDYH��DOVR��EHHQ��DVVRFLDWHG�� � � � � � � � � � � � �

ZLWK� �LQFUHDVHG� �%&$$� �OHYHOV� �DQG� �LQVXOLQ� �UHVLVWDQFH������� �%&$$V� �DUH� �HVVHQWLDO� �DPLQR� �DFLGV�� � � � � � � � � � � �

DFTXLUHG� �WKURXJK� �WKH� �GLHW� �DQG� �V\QWKHVLVHG� �E\� �EDFWHULD����������� �7KHVH� �PHWDEROLWHV� �DUH� �VWURQJ��� � � � � � � � � � � �

FRQVLVWHQW� �ELRPDUNHUV� �RI� �REHVLW\�UHODWHG� �LQVXOLQ� �UHVLVWDQFH����±�������� �WKDW� �DUH� �LQGHSHQGHQW� �RI�� � � � � � � � � �

SURWHLQ� �LQWDNH����� �EXW� �DUH� �UHODWHG� �WR� �YDULDWLRQV� �LQ� �WKH� �JXW� �PLFURELRPH������� �,Q� �DGGLWLRQ� �WR��PDWHUQDO�� � � � � � � � � � � � � � �

SUHJQDQF\� �RXWFRPHV�� �WKH� �PDWHUQDO� �PHWDEROLF� �SURILOH� �DOVR� �SUHGLFWV� �IHWDO� �DQG� �QHRQDWDO�� � � � � � � � � � �

RXWFRPHV����±������ �KLJKOLJKWLQJ� �WKH� �LPSRUWDQFH� �RI� �XQGHUVWDQGLQJ� �PDWHUQDO� �SDWKRSK\VLRORJLFDO�� � � � � � � �

PHFKDQLVPV���WR���LPSURYH���REVWHWULF���RXWFRPHV���LQ���REHVH���ZRPHQ���

�

)HZ� �VWXGLHV� �KDYH� �HPSOR\HG� �XQWDUJHWHG� �PHWDEROLF� �SURILOLQJ� �LQ� �GHWDLOHG� �ORQJLWXGLQDO� �VWXGLHV� �RI�� � � � � � � � � � � �

SUHJQDQF\����±���� �DQG� �HYHQ� �IHZHU��KDYH��IRFXVHG��RQ��REHVH��SUHJQDQFLHV��������'DWD��IURP��WKH��FXUUHQW�� � � � � � � � � � � � �

OLWHUDWXUH��LV��OLPLWHG��E\��LQVXIILFLHQW��QXPEHUV��RI��WLPH��SRLQWV���������DQG��WKH��XVH��RI��OLQHDU��PHWKRGV��WR�� � � � � � � � � � � � � � � � �

DQDO\VH��WKH��KLJKO\��G\QDPLF��UHPRGHOOLQJ��RI��PHWDEROLVP��GXULQJ��SUHJQDQF\���+HUH���ERWK��EORRG��DQG�� � � � � � � � � � � � �

XULQH� �VDPSOHV� �FROOHFWHG� �GXULQJ� ��� �GLIIHUHQW� �KRVSLWDO� �YLVLWV� �SURYLGH� �PXOWLSOH� �YLHZV� �RI� �KRVW� �DQG�� � � � � � � � � � � � � �

KRVW�PLFUREH��PHWDEROLVP��DV��ZHOO��DV��D��VXIILFLHQW��QXPEHU��RI��VDPSOLQJ��SRLQWV��WR��SHUIRUP��QRQ�OLQHDU�� � � � � � � � � � � � � �

WLPH� �VHULHV� �DQDO\VLV�� �,Q� �FRQMXQFWLRQ� �ZLWK� �WKH� �H[WHQVLYH� �FOLQLFDO� �FKDUDFWHULVDWLRQ� �RI� �WKH� �SUHVHQW�� � � � � � � � � � � � �

FRKRUW� �DQG� �WKHLU� �QHRQDWHV� �SOXV� �WKH� �QHRQDWDO� �ELRIOXLG� �VDPSOHV�� �WKH��FXUUHQW��VWXG\��LV��XQLTXH��DQG�� � � � � � � � � � � � � � �

SRZHUIXO�� �)XWXUH��IROORZ�XS��RI��WKHVH��RIIVSULQJ��ZLOO��DOORZ��XQSUHFHGHQWHG��DQDO\VLV��RI��WKH��HIIHFWV��RI�� � � � � � � � � � � � � �

PDWHUQDO��REHVLW\�DVVRFLDWHG��SHUWXUEDWLRQV��LQ��PHWDEROLVP��RQ��IHWDO��SURJUDPPLQJ��DQG��IXWXUH��KHDOWK�� � � � � � � � � � �

ULVN���

��� 0DWHULDOV���DQG���PHWKRGV��

����� 6WXG\���SRSXODWLRQ����VDPSOLQJ���DQG���FOLQLFDO���GDWD��

7KH� �SRSXODWLRQ�� �D� �VXEVHW� �RI� �SDWLHQWV� �IURP� �WKH� �&KHOVHD� �	��:HVWPLQVWHU��+RVSLWDO���&:+���VWXG\��� � � � � � � � � � � � � �

DORQJ��ZLWK��FOLQLFDO��VDPSOLQJ��DQG��PHWDGDWD��FROOHFWLRQ��LV��GHWDLOHG��LQ����������)RU��WKLV��VXESRSXODWLRQ�� � � � � � � � � � � � � �

�GDWDVHW� ����� �WKH� �DLP� �ZDV� �WR� �FRPSDUH� �QRUPDO� �ZHLJKW� �YHUVXV��REHVH��SUHJQDQFLHV���WKHUHIRUH��WKH�� � � � � � � � � � � � � �

IROORZLQJ��H[FOXVLRQ��FULWHULD��ZHUH��DSSOLHG���SUHYLRXV��EDULDWULF��VXUJHU\���PLVFDUULDJH���VWLOO��ELUWK���7\SH�� � � � � � � � � � � �

����GLDEHWHV���PHOOLWXV���DQG���ZLWKGUDZDO���IURP���WKH���VWXG\���

�

����



&+$37(5��������2%(6,7<���$1'���35(*1$1&<��

¶

3DUWLFLSDQWV� �ZHUH� FODVVLILHG� �DV� �QRUPDO� �ZHLJKW� ��1:�� �FRQWUROV� �ZLWK� �%0,� ����� �NJ�P������RYHUZHLJKW�� � � � � � � � � � � � �

�2:�� �ZLWK� �%0,� ��������� �NJ�P��� �RU� �REHVH� ��2%�� �ZLWK� �%0,� ����� �NJ�P����� �+\SRWKHVLV� �WHVWV� �ZHUH�� � � � � � � � � � � � � � �

SHUIRUPHG� �IRU� �HDFK� �FDVH� �JURXS� ��2:� �RU� �2%�� �ZLWK� �1:� �DV� �WKH� �UHIHUHQFH� �JURXS�� �*URXSZLVH�� � � � � � � � � � � � � � �

GLIIHUHQFHV� �LQ� �FOLQLFDO� �YDULDEOHV� �ZLWK� �QXPHULFDO� �YDOXHV� �ZHUH� �HYDOXDWHG� �ZLWK� �6WXGHQW
V� �W�WHVW��RU�� � � � � � � � � � � � �

:LOFR[RQ� �UDQN� �VXP� ��0DQQ�:KLWQH\�� �WHVW� �IRU� �QRUPDOO\� �DQG� �QRQ�QRUPDOO\� �GLVWULEXWHG� �GDWD��� � � � � � � � � � �

UHVSHFWLYHO\�� �2QH�WDLOHG� �WHVWV� �ZHUH� �SHUIRUPHG� �IRU� �YDULDEOHV� �UHODWHG� �WR� �%0,�� �LQVXOLQ� �UHVLVWDQFH�� � � � � � � � � � � �

DQG� �QHRQDWDO� �VL]H� �VLQFH� �WKHVH� �YDOXHV� �DUH� �H[SHFWHG� �WR� �EH� �JUHDWHU� �LQ� �WKH� �FDVH� �JURXSV��� � � � � � � � � � � � � � �

&KL�VTXDUHG��WHVWV��ZHUH��XVHG��IRU��FDWHJRULFDO��YDULDEOHV��XQOHVV��DQ\��REVHUYDWLRQV��KDG��IHZHU��WKDQ�� � � � � � � � � � � � �

�� �YDOXHV�� �WKHQ� �D� �)LVKHU¶V� �H[DFW� �WHVW� �ZDV� �XVHG�� �$VVRFLDWLRQV� �EHWZHHQ� �PDWHUQDO� �DQG��QHRQDWDO�� � � � � � � � � � � � � �

RXWFRPHV��ZHUH��DOVR��DVVHVVHG��ZLWK��FRUUHODWLRQ��DQDO\VHV���)RU��YDULDEOHV��ZLWK��PXOWLSOH��WLPH��SRLQW�� � � � � � � � � � � � �

PHDVXUHPHQWV�� �UHSHDWHG� �PHDVXUHV� �FRUUHODWLRQ� ��SDFNDJH� �³UPFRUU´������� �ZDV� �XVHG�� �3DUWLDO�� � � � � � � � �

FRUUHODWLRQ���6SHDUPDQ���SDFNDJH��³SSFRU´��������ZDV��XVHG��IRU��YDULDEOHV��ZLWK��D��VLQJOH��PHDVXUHPHQW��� � � � � � � � � � � �

FRHIILFLHQWV��ZHUH��DGMXVWHG��IRU��PDWHUQDO��DJH���)DOVH��GLVFRYHU\��UDWHV����)'5����ZHUH��FDOFXODWHG��ZLWK�� � � � � � � � � � � � �

WKH� �%HQMDPLQL�+RFKEHUJ����� �SURFHGXUH� �DQG� �DQ� �DOSKD� �RI� ������ �ZDV� �XVHG� �WKURXJKRXW�� �$OO�� � � � � � � � � � � �

FDOFXODWLRQV��ZHUH��H[HFXWHG��LQ��WKH��5���YHUVLRQ����������VWDWLVWLFDO��HQYLURQPHQW��������$��OLVW��RI��SDFNDJHV�� � � � � � � � � � � � � �

DQG���SDFNDJH���YHUVLRQV���XVHG���FDQ���EH���IRXQG���LQ����$SSHQGL[���&�����

����� 0HWDEROLF���SURILOLQJ���RI���ELRIOXLGV��

6DPSOH� �3UHSDUDWLRQ�� 6HUXP� �DQG� �XULQH� �VDPSOHV� �ZHUH� �SUHSDUHG� �DFFRUGLQJ� �WR� �D� �SXEOLVKHG�� � � � � � � � � � � �

SURWRFRO������� �)RU� �VHUXP�� ����� ��/� �RI� �VDPSOH� �ZDV� �PL[HG� �ZLWK� ����� ��/� �VHUXP� �EXIIHU� �������� �0�� � � � � � � � � � � � � � � �

1D+���32����� ����P0��763������P0��1D1�����������'���2���S+���������)RU��XULQH���������/��RI��VDPSOH��ZDV��PL[HG�� � � � � � � � � � � � � � � � � � �

ZLWK� ���� ��/� �XULQH� �EXIIHU� ������ �0� �.+���32����� ����P0��763������P0��1D1������'���2���S+���������6DPSOHV��ZHUH�� � � � � � � � � � � � � � � � � � �

WKHQ��FHQWULIXJHG��IRU�����PLQ��DW�������J��DQG����&���6XSHUQDWDQW��ZDV��WUDQVIHUUHG��WR�����PP��6DPSOH-HW�� � � � � � � � � � � � � � � �

WXEHV� ��%UXNHU� �%LRVSLQ� �/WG�� �3DUW� �1R�� �=��������� �WXEH��FDSV��ZHUH��VHDOHG��ZLWK��320��EDOOV���%UXNHU�� � � � � � � � � � � � � � �

%LRVSLQ���/WG����3DUW���1R����=����������

����
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�

)LJXUH� ������ �2YHUYLHZ� �RI� �DQDO\WLFDO� �ZRUNIORZ� �IRU� �PHWDEROLF� �SURILOLQJ��'DWD� �ZHUH� �DFTXLUHG�� � � � � � � � � � � �
IURP� �SUHSDUHG� �XULQH� �DQG� �VHUXP� �VDPSOHV� �E\� ��+� �105� �VSHFWURVFRS\� ���� �WKHQ� �VSHFWUD� �ZHUH�� � � � � � � � � � � � � �
SUH�SURFHVVHG��������2XWO\LQJ��VSHFWUD��ZHUH��GHWHFWHG��DW��HDFK��WLPH��SRLQW��E\��3&$������DQG��WKRVH��ZLWK�� � � � � � � � � � � � � � � �
FRQWDPLQDQWV��RU��GUXJ��PHWDEROLWHV��ZHUH��UHPRYHG���)HDWXUHV��DVVRFLDWHG��ZLWK��%0,��ZHUH��VHOHFWHG��DW�� � � � � � � � � � � � �
HDFK��WLPH��SRLQW��E\��23/6������DQG��VLJQLILFDQW��IHDWXUHV��ZHUH��DQQRWDWHG��������(DFK��VHPL�TXDQWLILHG�� � � � � � � � � � � � � �
PHWDEROLWH� �DQG� �HDFK� �TXDQWLILHG� ��%�,�48$17�� �PHWDEROLWH� �ZDV� �PRGHOOHG� �ORQJLWXGLQDOO\� ���� �DQG�� � � � � � � � � � �
WKRVH� �VLJQLILFDQWO\� �LQFUHDVHG� �RU� �GHFUHDVHG� �LQ� �REHVH� �ZRPHQ� �WKURXJKRXW� �WKH� �WLPH� �FRXUVH� �ZHUH�� � � � � � � � � � � � �
LQFOXGHG��LQ��PXOWL�EORFN��3/6��PRGHOV��WR��LQWHJUDWH��PHWDEROLWH���VHUXP��DQG��XULQH���FRQFHQWUDWLRQV��ZLWK�� � � � � � � � � � � � �
FOLQLFDO� �YDULDEOHV� ������ 3&$� �SULQFLSDO� �FRPSRQHQW� �DQDO\VLV�� ��2�3/6� ��RUWKRJRQDO�� �SDUWLDO� �OHDVW�� � � � � � � � � � �
VTXDUHV���

�

� �

����
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$FTXLVLWLRQ��DQG��SUH�SURFHVVLQJ��RI��VSHFWUDO��GDWD����+��105��VSHFWUD��ZHUH��DFTXLUHG��RQ��D��%UXNHU�� � � � � � � � � � � � � �

���� �0+]� �VSHFWURPHWHU� ��%UXNHU� �%LR6SLQ�� �IROORZLQJ� �D� �SXEOLVKHG� �PHWKRG����� �DQG� �XVLQJ� �%UXNHU¶V�� � � � � � � � � � � �

$YDQFH�� �,Q� �9LWUR� �'LDJQRVWLFV� �UHVHDUFK� ��,9'U���VWDQGDUG��RSHUDWLQJ��SURFHGXUHV���([SHULPHQWV��IRU�� � � � � � � � � � �

VHUXP� �VDPSOHV� �ZHUH� �UXQ� �DW� ����� �.� �XVLQJ� �D��&DUU�3XUFHOO0HLERRP�*LOO���&30*���VSLQ�HFKR��SXOVH�� � � � � � � � � � � � �

VHTXHQFH� �ZLWK� �ZDWHU� �SUHVDWXUDWLRQ� ��%UXNHU� �SXOVH� �SURJUDP�� �FSPJSU�G��� �([SHULPHQWV� �IRU� �XULQH�� � � � � � � � � � �

VDPSOHV� �ZHUH� �UXQ� �DW� ����� �.� �XVLQJ� �D� �VWDQGDUG� �RQH�GLPHQVLRQDO� �VSHFWURVFRS\� �SXOVH� �VHTXHQFH�� � � � � � � � � � � � �

ZLWK� �ZDWHU� �SUHVDWXUDWLRQ� ��QRHV\JSSU�G��� �-�UHVROYHG� �H[SHULPHQWV� ��MUHVJSSUTI�� �ZHUH��DOVR��UXQ��IRU�� � � � � � � � � � �

DOO� �VDPSOHV� �WR� �LQFUHDVH� �FDSDFLW\� �IRU� �VWUXFWXUDO� �LGHQWLILFDWLRQ� �RI� �PROHFXOHV�� �5DZ� �VSHFWUD� �ZHUH�� � � � � � � � � � � � �

SUH�SURFHVVHG��DV��GHVFULEHG��LQ����������4XDQWLILFDWLRQ��PRGXOHV��RI��%UXNHU¶V��$YDQFH���,9'U��SODWIRUP�� � � � � � � � � � � �

ZHUH� �DOVR� �UXQ� �RQ� �WKH� �DFTXLUHG� �VHUXP� ��%�,�48$17�36��� �DQG� �XULQH� ��%�,�48$17�85���� � � � � � � � � � �

QRUPDOLVHG��WR��FUHDWLQLQH���GDWD��WR��REWDLQ��FRQFHQWUDWLRQV��RI������PROHFXOHV��IRU��HDFK��VDPSOH���7KHVH�� � � � � � � � � � � � � �

TXDQWLILHG��PHWDEROLWHV��ZHUH��XVHG��LQ��ORQJLWXGLQDO��PRGHOOLQJ��DQG��LQWHJUDWLRQ��ZLWK��FOLQLFDO��GDWD��RQO\�� � � � � � � � � � � � �

LI���WKH���PHWDEROLWH���ZDV���GHWHFWHG���LQ���PRUH���WKDQ���������RI���VDPSOHV���

�

0XOWLYDULDWH� �PRGHOOLQJ� �DQG� �IHDWXUH� �VHOHFWLRQ�� )LUVW�� �SULQFLSDO� �FRPSRQHQW� �DQDO\VLV� ��3&$��� � � � � � � � � �

SDFNDJH� �³PL[2PLFV´������� �ZDV� �XVHG� �WR� �LGHQWLI\� �H[WUHPH� �RXWOLHUV�� �(DFK� �RXWO\LQJ� �VSHFWUXP� �ZDV�� � � � � � � � � � � �

LQVSHFWHG� �DQG� �WKRVH� �ZLWK� �KLJK� �FRQFHQWUDWLRQV� �RI� �JOXFRVH� �RU� �GUXJ� �PHWDEROLWHV� �ZHUH� �H[FOXGHG�� � � � � � � � � � � � �

SULRU� �WR� �VXSHUYLVHG� �PRGHOOLQJ�� �2UWKRJRQDO� �SDUWLDO� �OHDVW� �VTXDUHV� ��23/6�� �SDFNDJH� �³URSOV´��� � � � � � � � � � �

UHJUHVVLRQ��ZDV��SHUIRUPHG��ZLWK��RQH��SUHGLFWLYH��FRPSRQHQW��IRU��HDFK��ELRIOXLG��DQG��HDFK��WLPH��SRLQW�� � � � � � � � � � � � � �

VHSDUDWHO\� �WR� �LGHQWLI\� �VSHFWUDO� �YDULDEOHV� �DVVRFLDWHG� �ZLWK� �%0,�� �0RGHOV� �ZHUH� �WXQHG� �XVLQJ����IROG�� � � � � � � � � � � � �

FURVV�YDOLGDWLRQ��WR��GHWHUPLQH��WKH��RSWLPDO��QXPEHU��RI��RUWKRJRQDO��FRPSRQHQWV��E\��FRPSDULQJ��5���<�� � � � � � � � � � � �

DQG� �4���<��PHWULFV���VHH�������������9DULDEOHV��ZKLFK��KDG��D��FRUUHODWLRQ��FRHIILFLHQW���DEVROXWH��YDOXH���RI�� � � � � � � � � � � � � �

������RU���JUHDWHU���ZLWK���WKH���SUHGLFWLYH���FRPSRQHQW���DQG����)'5������������ZHUH���DQQRWDWHG����

�

/RQJLWXGLQDO� �DQDO\VLV�� )RU� �HDFK� �%0,�DVVRFLDWHG� �PHWDEROLWH� �DQQRWDWHG� �LQ� �WKH� �FURVV�VHFWLRQDO�� � � � � � � � � �

DQDO\VLV���D��UHSUHVHQWDWLYH��SHDN��ZDV��VHOHFWHG��DQG��LQWHJUDWHG��WR��FDOFXODWH��UHODWLYH��FRQFHQWUDWLRQ��� � � � � � � � � � � �

)RU� �HDFK� �VHPL�TXDQWLILHG� �PHWDEROLWH� �DQG� �HDFK� �TXDQWLILHG� �PHWDEROLWH�� �ORQJLWXGLQDO� �JURXS�� � � � � � � � � �

GLIIHUHQFHV��EHWZHHQ��1:��DQG��2%��ZRPHQ��RU��EHWZHHQ��2%��ZRPHQ��ZLWKRXW��*'0��DQG��2%��ZRPHQ�� � � � � � � � � � � � � � �

ZLWK� �*'0� �ZHUH� �DVVHVVHG� �XVLQJ� �WKH� �VSOLQH�ILWWLQJ� �DSSURDFK� �LPSOHPHQWHG� �LQ� �WKH� �5� �SDFNDJH�� � � � � � � � � � � � �

³VDQWD5´����VHH�����������3DUWLFLSDQWV��ZLWK��OHVV��WKDQ��IRXU��WLPH��SRLQWV��ZHUH��H[FOXGHG��IURP��WLPH��VHULHV�� � � � � � � � � � � � � � �

DQDO\VLV��3�YDOXHV� �ZHUH� �FDOFXODWHG� �EDVHG� �RQ����������SHUPXWDWLRQV��RI��WKH��PRGHO��DQG��GLVWDQFHV�� � � � � � � � � � � � � �

EHWZHHQ��JURXS��PHDQ��FXUYHV���0HWDEROLWHV��ZLWK��VLJQLILFDQWO\��GLIIHUHQW��FRQFHQWUDWLRQV��EHWZHHQ��WKH�� � � � � � � � � � �

JURXSV��WKURXJKRXW��WKH��WLPH��VHULHV��DQG��DIWHU��FRUUHFWLRQ��IRU��PXOWLSOH��K\SRWKHVLV��WHVWV��ZHUH��FDUULHG�� � � � � � � � � � � � � �

����



&+$37(5��������2%(6,7<���$1'���35(*1$1&<��

¶

IRUZDUG��IRU��DVVRFLDWLRQ��WR��FOLQLFDO��RXWFRPHV���6LQFH��XPELOLFDO��FRUG��VDPSOHV��UHSUHVHQWHG��D��VLQJOH�� � � � � � � � � � � � �

WLPH� �SRLQW�� �JURXS� �GLIIHUHQFHV� �LQ� �PHWDEROLWH� �FRQFHQWUDWLRQV� �ZHUH� �DVVHVVHG� �XVLQJ� �WKH� �:LOFR[RQ�� � � � � � � � � � � �

UDQN��VXP��WHVW���UDWKHU��WKDQ��WLPH��VHULHV��DQDO\VLV���WR��GHWHUPLQH��LI��WKH��PDWHUQDO��REHVLW\�DVVRFLDWHG�� � � � � � � � � � � � � �

PHWDEROLF���SURILOH���ZDV���UHIOHFWHG���LQ���QHRQDWDO���VDPSOHV���

����� ,QWHJUDWLRQ���RI���PHWDEROLWH���GDWD���ZLWK���FOLQLFDO���RXWFRPHV��

0XOWL�EORFN��SDUWLDO��OHDVW��VTXDUHV���3/6���UHJUHVVLRQ����VHH�������������DV��LPSOHPHQWHG��LQ��³PL[2PLFV´��� � � � � � � � � � � �

ZDV� �XVHG� �WR� �LQWHJUDWH� �PDWHUQDO� �PHWDEROLWH� �GDWD� �ZLWK� �PDWHUQDO� �DQG� �QHRQDWDO� �FOLQLFDO�� � � � � � � � � � � �

PHDVXUHPHQWV���6HSDUDWH��PRGHOV��ZHUH��FDOFXODWHG��IRU��VHUXP��DQG��XULQH��PHWDEROLWHV���ZLWK��HDFK�;�� � � � � � � � � � � � �

PDWUL[��FRQWDLQLQJ��GDWD��IURP��D��VLQJOH��WLPH��SRLQW��ZKLOH��WKH�<��PDWUL[��FRQWDLQHG��RXWFRPH��YDULDEOHV��� � � � � � � � � � � � � � �

&RUUHODWLRQ� �QHWZRUNV� �ZHUH� �FDOFXODWHG� �DV� �GHVFULEHG��LQ����������DQG��FRUUHODWLRQV��ZLWK�)'5��������� � � � � � � � � � � � �

ZHUH��SORWWHG��XVLQJ��&\WRVFDSH����� ��YHUVLRQ�����������$��VLQJOH�EORFN��3/6��PRGHO��ZDV��DOVR��FDOFXODWHG�� � � � � � � � � � � � �

IRU� �XPELOLFDO� �FRUG� �VHUXP� �PHWDEROLWHV��WR��GHWHUPLQH��UHODWLRQVKLSV��EHWZHHQ��WKH��FRUG��PHWDERORPH�� � � � � � � � � � � �

��;��� �DQG� �QHRQDWDO� �RXWFRPHV� ���<���� �+HUH�� �PHWDEROLWHV� �ZLWK� �VLJQLILFDQW� �JURXS� �GLIIHUHQFHV� �LQ� �WKH�� � � � � � � � � � � � �

PDWHUQDO� �VHUXP� �DQG� �PHWDEROLWHV� �ZLWK� �VLJQLILFDQW� �JURXS� �GLIIHUHQFHV� �LQ� �WKH� �FRUG� �VHUXP� �ZHUH�� � � � � � � � � � � � �

LQFOXGHG���LQ���WKH���PRGHO���

��� 5HVXOWV���DQG���GLVFXVVLRQ��

����� &KDUDFWHULVWLFV���RI���WKH���VWXG\���SDUWLFLSDQWV��

2I��WKH�������ZRPHQ��HQUROOHG��LQ��WKH��VWXG\���WKH��IROORZLQJ��ZHUH��H[FOXGHG��IURP��WKH��SUHVHQW��DQDO\VLV��� � � � � � � � � � � � � � � �

ZRPHQ��ZLWK��D��SUHYLRXV��EDULDWULF��VXUJHU\���Q ������WKRVH��ZKR��KDG��D��PLVFDUULDJH��RU��VWLOO��ELUWK���Q ����� � � � � � � � � � � � � � � �

7\SH� ��� �GLDEHWLFV� ��Q ��� �DQG� �ZLWKGUDZDOV� ��Q ���� �7KH� �ILQDO� �VWXG\� �SRSXODWLRQ� �FRQVLVWHG� �RI� ������ � � � � � � � � � � � � �

ZRPHQ��ZKR��ZHUH��FODVVLILHG��DV��1:��FRQWUROV���Q ������2:���Q �����RU��2%���Q �����EDVHG��RQ��%0,��DW�� � � � � � � � � � � � � � � � �

7�� �������� �ZHHNV� �JHVWDWLRQ��� �$OWKRXJK� �SUH�SUHJQDQF\� �%0,� �ZDV� �SUHIHUDEOH�� �WKLV� �GDWD� �ZDV� �QRW�� � � � � � � � � � � � �

DYDLODEOH� �DQG� �JLYHQ� �WKDW� �RQO\� ��� �NJ� �DUH� �XVXDOO\� �JDLQHG� �LQ� �WKH� �ILUVW� �WULPHVWHU��������HDUO\��SUHJQDQF\�� � � � � � � � � � � � � � � �

%0,� �ZDV� �GHHPHG� �VXLWDEOH�� �7KH��2%��JURXS��ZDV��FRPSRVHG��RI��IHZHU��&DXFDVLDQ��LQGLYLGXDOV���ZDV�� � � � � � � � � � � � � �

\RXQJHU� �DQG� �PRUH� �OLNHO\� �WR� �GHYHORS� �*'0� �WKDQ� �WKH� �FRQWURO� �JURXS� ���7DEOH����������0DWHUQDO��LQVXOLQ�� � � � � � � � � � � � � � �

UHVLVWDQFH��ZDV��KLJKHU��LQ��ERWK��2:��DQG��2%��JURXSV��WKDQ��LQ��1:���EXW��+E$�F��ZDV��KLJKHU��RQO\��LQ��WKH�� � � � � � � � � � � � � � � � � � �

2%� �JURXS�� �$V��H[SHFWHG���2:��DQG��2%��PRWKHUV��KDG��D��KLJKHU��SUHYDOHQFH��RI��ODUJH��IRU��JHVWDWLRQDO�� � � � � � � � � � � � � � � �

DJH� ��ELUWK� �ZHLJKW� �!��WK� �SHUFHQWLOH�� �QHRQDWHV� �WKDQ� �FRQWUROV�� �EXW� �WKLV� �ZDV� �RQO\� �VWDWLVWLFDOO\�� � � � � � � � � � � � �
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VLJQLILFDQW��LQ��WKH��2%��JURXS���1HYHUWKHOHVV���2:��DQG��2%��ZRPHQ��JDYH��ELUWK��WR��VLJQLILFDQWO\��KHDYLHU�� � � � � � � � � � � � � � �

EDELHV� �WKDQ� �1:� �ZRPHQ�� �1HRQDWDO� �IDW� �PDVV��SHUFHQWDJH��DQG��XPELOLFDO��FRUG��LQVXOLQ��OHYHOV��ZHUH�� � � � � � � � � � � � � �

ERWK���KLJKHU���LQ���WKH���2%���JURXS���FRPSDUHG���WR���FRQWUROV���

�

0DWHUQDO� �DQG� �QHRQDWDO� �ELRSK\VLFDO� �DQG� �ELRFKHPLFDO� �FKDUDFWHULVWLFV� �LQ� �WKH� �SUHVHQW��FRKRUW��ZHUH�� � � � � � � � � � � �

FRQVLVWHQW��ZLWK��FXUUHQW��PHGLFDO��NQRZOHGJH��RI��WKH��HIIHFWV��RI��REHVLW\��RQ��SUHJQDQF\���2EHVH��ZRPHQ�� � � � � � � � � � � � � �

KDYH� �KLJKHU� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ� �SUHJQDQF\��DQG��KDYH��ODUJHU��EDELHV��ZLWK��JUHDWHU��DGLSRVLW\�� � � � � � � � � � � � �

FRPSDUHG� �WR� �ZRPHQ� �ZLWK� �D� �QRUPDO� �SUH�SUHJQDQF\� �%0,������� �2QH� �VWXG\� �KDV� �DOVR� �VKRZQ� �WKDW�� � � � � � � � � � � � � �

QHRQDWHV� �IURP� �REHVH� �PRWKHUV� �DUH� �PRUH� �OLNHO\� �WR� �EH� �ERUQ� �ZLWK� �LQVXOLQ� �UHVLVWDQFH������� �1HRQDWDO�� � � � � � � � � � � � � �

LQVXOLQ��OHYHOV��LQ��WKH��SUHVHQW��FRKRUW��ZHUH��KLJKHU��LQ��WKH��2%��JURXS��FRPSDUHG��WR��WKH��1:��JURXS���EXW�� � � � � � � � � � � � � � � � � �

WKH��GLIIHUHQFH��LQ��LQVXOLQ��UHVLVWDQFH��ZDV��QRW��VWDWLVWLFDOO\��VLJQLILFDQW����7DEOH����������*HVWDWLRQDO��DJH��DW�� � � � � � � � � � � � � �

GHOLYHU\� �ZDV� �VLPLODU� �EHWZHHQ� �WKH� �VWXG\� �JURXSV� �GHVSLWH� �UHSRUWV� �WKDW� �RYHUZHLJKW� �DQG� �REHVH�� � � � � � � � � � � � �

ZRPHQ� �KDYH� �D� �KLJKHU� �ULVN� �RI� �GHOLYHULQJ� �SUHWHUP� �FRPSDUHG� �WR��ZRPHQ��ZLWK��D��KHDOWK\��ZHLJKW�������� � � � � � � � � � � � � � �

7KH��SUHVHQW��FRKRUW��DOVR��GLG��QRW��VKRZ��VWDWLVWLFDOO\��VLJQLILFDQW��HYLGHQFH��RI��REHVH��ZRPHQ��KDYLQJ��D�� � � � � � � � � � � � � � �

���� �WLPHV� �KLJKHU� �ULVN� �RI� �FDHVDUHDQ��GHOLYHU\��FRPSDUHG��WR��QRQ�REHVH��ZRPHQ��DV��ZDV��SUHYLRXVO\�� � � � � � � � � � � � � �

UHSRUWHG� �LQ� �D� �ODUJH� �PHWD�DQDO\VLV������� �+RZHYHU�� �WKH� �SUHYDOHQFH� �RI� �FDHVDUHDQ� �GHOLYHU\� �ZDV�� � � � � � � � � � � �

VXEVWDQWLDOO\� �KLJKHU� �LQ� �WKH� �2%� �JURXS� �ZLWK� �DOPRVW� �KDOI� �RI� �WKH� �ZRPHQ� �GHOLYHULQJ� �QRQ�YDJLQDOO\��� � � � � � � � � � � � � �

%LUWK� �E\� �FDHVDUHDQ� �VHFWLRQ� �KDV� �ORQJ�WHUP� �LPSOLFDWLRQV� �IRU� �WKH� �KHDOWK� �RI� �WKH� �RIIVSULQJ��������� �DQG�� � � � � � � � � � � � � �

KDV��EHHQ��VKRZQ��WR��LPSDFW��WKH��GHYHORSPHQW��RI��WKH��LQIDQW¶V��JXW��PLFURELRWD��GXULQJ��WKH��ILUVW��PRQWKV�� � � � � � � � � � � � � � � �

RI��OLIH��������DOWKRXJK��LW��LV��XQFOHDU��LI��WKLV��HIIHFW��LV��PRUH��UHODWHG��WR��IDFWRUV��DVVRFLDWHG��ZLWK��FDHVDUHDQ�� � � � � � � � � � � � � � � � �

GHOLYHU\���VXFK���DV���DQWLELRWLF���XVDJH���������

7DEOH� ������ �3DUWLFLSDQW� �FKDUDFWHULVWLFV�� 9DOXHV� �UHSRUWHG� �DUH� �PHDQ� ��� �VWDQGDUG� �GHYLDWLRQ��� � � � � � � � � � �
6WDWLVWLFDO���WHVWV���ZHUH���SHUIRUPHG���ZLWK���QRUPDO���ZHLJKW���DV���WKH���UHIHUHQFH���JURXS���

��
"]gZ<Y���qIQOPj��

¥[ÞÄÂ¦��
$pIgqIQOPj��

¥[ÞÂÈ¦�� �� $DIhI��
¥[ÞÈÂ¦�� ��

�!����<j���0Â���¥XO�ZÃ¦�� ÃÂ�Å���á���Â�È�� ÃÈ�Â���á���Â�Ç�� �� ÄÈ�Æ���á���È�� ��

!<jIg[<Y�� � � +����p<YkI�� � +����p<YkI��

�jP[QEQjs�� ÊÁ�ÄÚ���
<kE<hQ<[�� ÉÉ�ÃÚ���
<kE<hQ<[�� Â�� ÇÊÚ���
<kE<hQ<[�� Á�ÁÅÁ��

�OI�� ÄÃ�Æ���á���Ä�Ç�� ÄÄ�Â���á���Å�Ä�� Á�ÆÂÇ�� ÃÊ�Ã���á���Æ�Â�� Â�ÅÉ��ÁÄ��

!<jIg[<Y���N<hjQ[O���Q[hkYQ[���¥Z1�Z ¦�� Æ�Ê���á���Ã�Â�� É�Â���á���Ã�É�� Ä�ÃÊ��ÁÄ�� ÂÅ�Ã���á���Ç�Ã�� Å�ÉÉ��ÂÃ��

!<jIg[<Y���N<hjQ[O���OYkE]hI���¥ZZ]Y� ¦�� Å�Ä���á���Á�Å�� Å�Å���á���Á�Ç�� Á�ÂÆÁ�� Å�Ç���á���Á�È�� Â�ÊÇ��ÁÄ��

!<jIg[<Y����$!���.�� Â�Â���á���Á�Å�� Â�Ç���á���Á�È�� Å�ÁÁ��ÁÄ�� Ä���á���Â�Ç�� Â�ÊÄ��ÂÂ��

����



&+$37(5��������2%(6,7<���$1'���35(*1$1&<��

!<jIg[<Y����D�ÂE���¥ZZ]Y�Z]Y¦�� ÄÁ�Â���á���Ã�Æ�� ÄÁ�Æ���á���Ä�Ä�� Á�ÃÄÁ�� ÄÃ���á���Å�Ã�� Å�ÂÅ��ÁÄ��

�Ihj<jQ][<Y���GQ<DIjIh���ZIYYQjkh�� ÁÚ���9Ih�� Æ�ÊÚ���9Ih�� Á�ÄÆÅ�� ÂÃ�ÈÚ���9Ih�� Á�ÁÄÄ��

"I][<j<Y�� � � � � �

�Ihj<jQ][<Y���<OI���<j���GIYQpIgs���¥qIIXh¦�� ÄÊ�É���á���Â�Ç�� ÄÊ�Ç���á���Â�� Á�ÈÅÆ�� ÄÊ�Ã���á���Â�Ç�� Á�ÁÊÄ��

�IYQpIgs���Z]GI�� ÃÊÚ���
�hIEjQ][�� ÄÆ�ÄÚ���
�hIEjQ][�� Á�ÊÁÄ�� ÅÊ�ÄÚ���
�hIEjQ][�� Á�ÁÊÃ��

/Ir���]N���D<Ds�� ÅÉ�ÅÚ���!<YI�� ÃÊ�ÅÚ���!<YI�� Á�ÄÄÃ�� ÆÇ�ÄÚ���!<YI�� Á�ÆÁÂ��

�QgjP���qIQOPj���¥O¦�� ÄÄÁÂ���á���ÆÄÄ�Ã�� ÄÇÃÄ�Ê���á���ÅÉÄ�Æ�� Á�ÁÃÁ�� ÄÅÆÉ�Â���á���ÇÂÃ�Æ�� Á�ÁÊÊ��

�QgjP���qIQOPj���dIgEI[jQYI�� ÅÃ�Ã���á���ÄÁ�Â�� ÇÆ�Æ���á���ÃÈ�Ã�� Å�ÈÉ��ÁÄ�� ÆÊ���á���ÄÅ�Ä�� È�ÊÃ��ÁÄ��

 <gOI���N]g���OIhj<jQ][<Y���<OI�� Ê�ÈÚ���9Ih�� ÃÊ�ÅÚ���9Ih�� Á�ÁÊÂ�� ÃÉ�ÃÚ���9Ih�� Á�ÁÃÈ��

"I][<j<Y���N<j���Z<hh���¥O¦�� ÇÁÂ�È���á���ÃÂÆ�Ê�� ÇÉÊ�Æ���á���ÂÇÉ�Ç�� Á�ÁÆÅ�� ÇÉÁ�É���á���ÃÂÁ�Æ�� Á�ÁÃÂ��

"I][<j<Y���N<j���Z<hh���¥Ú¦�� ÂÈ�Ê���á���Å�È�� ÂÉ�È���á���Ä�� Á�ÂÅÇ�� ÂÊ�Å���á���Å�Ä�� Á�ÁÃÉ��

1ZDQYQE<Y���E]gG���Q[hkYQ[���¥Z1�Z ¦�� Æ�È���á���Å�Ê�� È�Ç���á���Æ�Ê�� Á�ÁÉÇ�� ÂÁ�È���á���ÃÁ�É�� Á�ÁÄÆ��

1ZDQYQE<Y���E]gG���OYkE]hI���¥ZZ]Y� ¦�� Å�É���á���Â�Æ�� Å�Æ���á���Â�Æ�� Á�ÈÈÊ�� Å�Ã���á���Â�Â�� Á�ÊÇÄ��

1ZDQYQE<Y���E]gG����$!���.�� Â�Ä���á���Â�Å�� Â�Ç���á���Â�Æ�� Á�ÂÉÄ�� Ã�Ä���á���Æ�Ä�� Á�ÂÂÇ��

�!����D]Gs���Z<hh���Q[GIr�����$!���.���P]ZI]hj<jQE���Z]GIY���]N���Q[hkYQ[���gIhQhj<[EI�����D�ÀE���OYsE<jIG���P<IZ]OY]DQ[����0À���ÀÁ�ÀÃ���qIIXh���OIhj<jQ][��
�

����� $VVRFLDWLRQV���EHWZHHQ���PDWHUQDO���DQG���QHRQDWDO���RXWFRPHV��

$V� �H[SHFWHG���IHWDO��JURZWK��GXULQJ��JHVWDWLRQ��H[KLELWHG��D��VWURQJ��SRVLWLYH��FRUUHODWLRQ��ZLWK��PDWHUQDO�� � � � � � � � � � � � �

ZHLJKW� �DQG� �%0,�� �EXW� �OHVV� �VR� �ZLWK� �ZDLVW�WR�KLS� �UDWLR� �DQG� �EORRG� �SUHVVXUH� ���)LJXUH� ����D����� � � � � � � � � � � � � �

:DLVW�WR�KLS� �UDWLR� �LV� �D� �SRRU� �LQGLFDWRU� �RI� �YLVFHUDO��DGLSRVLW\����� �DQG��IHWDO��JURZWK��LV��SURSRVHG��WR��EH�� � � � � � � � � � � � � � � �

GLUHFWO\� �UHODWHG� �WR� �PDWHUQDO� �DGLSRVLW\������� �$OWKRXJK� �JHVWDWLRQDO� �DJH� �DW� �GHOLYHU\� �ZDV� �VLPLODU�� � � � � � � � � � � �

EHWZHHQ� �WKH� �VWXG\� �JURXSV� ���7DEOH� ������� �DQG� �QRW� �DVVRFLDWHG� �ZLWK� �PDWHUQDO��%0,����)LJXUH�����E�����LW�� � � � � � � � � � � � � � �

KDG� �DQ� �LQYHUVH� �FRUUHODWLRQ� �ZLWK� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �LQGLFDWLQJ� �WKDW� �SUHYLRXV� �UHSRUWV� �RI�� � � � � � � � � � � � �

HDUO\� �GHOLYHU\� �LQ� �REHVH� �ZRPHQ����� �PD\� �EH� �UHODWHG� �WR� �REHVLW\�DVVRFLDWHG� �HOHYDWLRQ� �LQ� �LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH�� �8PELOLFDO� �FRUG� �LQVXOLQ� �OHYHOV� �ZHUH� �VLJQLILFDQWO\� �FRUUHODWHG� �ZLWK� �PDWHUQDO� �%0,� �DQG�� � � � � � � � � � � �

PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �ZKLOH� �QHRQDWDO� �LQVXOLQ� �UHVLVWDQFH� �ZDV� �UHODWHG� �WR� �PDWHUQDO� �IDVWLQJ�� � � � � � � � � � � �

JOXFRVH�� �7KLV� �UHVXOW� �LV� �FRQVLVWHQW� �ZLWK� �³3HGHUVHQ¶V� �K\SRWKHVLV´�� �PDWHUQDO� �K\SHUJO\FDHPLD� �DQG�� � � � � � � � � � �

LQFUHDVHG� �WUDQVSODFHQWDO� �WUDQVIHU� �RI� �JOXFRVH� �FDXVHV� �IHWDO� �K\SHUJO\FDHPLD� �ZKLFK� �VWLPXODWHV�� � � � � � � � � �

LQVXOLQ� �VHFUHWLRQ� �E\� �IHWDO� �EHWD� �FHOOV� �DQG� �OHDGV� �WR� �PDFURVRPLD�� �RU� �KLJKHU� �WKDQ� �DYHUDJH� �ELUWK�� � � � � � � � � � � � � � �

ZHLJKW���������)HWDO���LQVXOLQ���SURGXFWLRQ���DOVR���PHGLDWHV���IDW���GHSRVLWLRQ��������

����
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)LJXUH� ������ �$VVRFLDWLRQV� �EHWZHHQ� �PDWHUQDO� �DQG� �QHRQDWDO� �RXWFRPHV�� �D�� �5HSHDWHG� �PHDVXUHV�� � � � � � � � � � �
FRUUHODWLRQ� �FRHIILFLHQWV� �DUH� �SORWWHG� �ZLWK� �WKH� �FRORXU� �UHSUHVHQWLQJ��VWDWLVWLFDO��VLJQLILFDQFH��DQG��HUURU��EDUV�� � � � � � � � � � � � �
GHQRWLQJ� ����� �FRQILGHQFH� �LQWHUYDOV�� E�� �3DUWLDO� �6SHDUPDQ¶V� �FRUUHODWLRQ� �FRHIILFLHQWV� ��DGMXVWHG� �IRU�� � � � � � � � � � �
PDWHUQDO� �DJH�� �DUH� �SORWWHG� �ZLWK� �UHG� �DQG� �EOXH� �OLQHV� �UHSUHVHQWLQJ� �SRVLWLYH� �DQG� �QHJDWLYH� �FRUUHODWLRQV��� � � � � � � � � � � � � �
UHVSHFWLYHO\���7KH��OLQH��ZLGWKV��LQGLFDWH��VWDWLVWLFDO��VLJQLILFDQFH��%0,��ERG\��PDVV��LQGH[���:+5��ZDLVW�WR�KLS�� � � � � � � � � � � � �
UDWLR�� �'%3� �GLDVWROLF� �EORRG� �SUHVVXUH�� �6%3� �V\VWROLF� �EORRG� �SUHVVXUH�� �+20$�,5� �KRPHRVWDWLF� �PRGHO�� � � � � � � � � � � �
DVVHVVPHQW���IRU���LQVXOLQ���UHVLVWDQFH����*$���JHVWDWLRQDO���DJH����%:���ELUWK���ZHLJKW����)0���IDW���PDVV����

�
7KH� �ODFN� �RI� �FRUUHODWLRQ� �EHWZHHQ� �PDWHUQDO��PHDVXUHV��DQG��QHRQDWDO��JOXFRVH��LV��OLNHO\��GXH��WR��IHWDO�� � � � � � � � � � � � � � �

XSWDNH��DQG��XWLOLVDWLRQ��RI��JOXFRVH��DV��LW��LV��WKH��SULPDU\��HQHUJ\��VXEVWUDWH��IRU��WKH��IHWXV��������1HRQDWDO�� � � � � � � � � � � � � � � �

IDW� �PDVV� �ZDV� �PRVWO\� �UHODWHG� �WR� �PDWHUQDO� �%0,� �ZKLOH� �ELUWK� �ZHLJKW� �SHUFHQWLOH� �ZDV� �SRVLWLYHO\�� � � � � � � � � � � � � �

DVVRFLDWHG��ZLWK��PDWHUQDO��%0,��DQG��PDWHUQDO��LQVXOLQ��UHVLVWDQFH���EXW��WKHVH��DVVRFLDWLRQV��ZHUH��QRW�� � � � � � � � � � � � �

VLJQLILFDQW� �DIWHU� �FRUUHFWLQJ� �IRU� �)'5�� �$OWKRXJK� �PDWHUQDO� �PHDVXUHV� �VKRZHG� �ZHDN� �DVVRFLDWLRQV�� � � � � � � � � � �

ZLWK� �QHRQDWDO� �ELUWK� �ZHLJKW� �DQG� �IDW� �PDVV� ���)LJXUH� ����E���� �WKHVH� �JURZWK� �PHDVXUHV� �ZHUH� �KLJKO\�� � � � � � � � � � � � � �

FRUUHODWHG� �ZLWK� �QHRQDWDO� �LQVXOLQ� ���)LJXUH� �������� �DJDLQ� �VXSSRUWLQJ� �3HGHUVHQ¶V� �K\SRWKHVLV�� �7KH�� � � � � � � � � � �

LQYHUVH��DVVRFLDWLRQ��EHWZHHQ��QHRQDWDO��LQVXOLQ��DQG��JHVWDWLRQDO��DJH��DW��GHOLYHU\����)LJXUH�����F����KDV�� � � � � � � � � � � � �

EHHQ� �UHSRUWHG� �LQ��SUHWHUP��ELUWKV��DQG��SHUVLVWV��LQ��HDUO\��FKLOGKRRG��������7RJHWKHU��WKHVH��UHVXOWV��GHWDLO�� � � � � � � � � � � � � �

PDWHUQDO��REHVLW\�LQGXFHG��IHWDO��K\SHULQVXOLQDHPLD���WKH��DVVRFLDWHG��IHWDO��RYHUJURZWK��DQG��SRWHQWLDO�� � � � � � � � � �

LQIOXHQFH��RQ��OHQJWK��RI��JHVWDWLRQ���%LUWK��ZHLJKW��LQ��SDUWLFXODU��LV��WKRXJKW��WR��EH��D��GHWHUPLQDQW��RI��IXWXUH�� � � � � � � � � � � � � � � � �

REHVLW\� �DQG� �PHWDEROLF� �V\QGURPH����������� �ZKLFK� �XQGHUVFRUHV� �WKH� �LPSRUWDQFH� �RI� �GHILQLQJ�� � � � � � � � � �

UHODWLRQVKLSV���EHWZHHQ���PDWHUQDO���LQVXOLQ���UHVLVWDQFH���DQG���IHWDO���GHYHORSPHQW���

�

����
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)LJXUH� ������ �1HRQDWDO� �VL]H� �DQG� �JHVWDWLRQDO� �DJH� �DUH� �DVVRFLDWHG� �ZLWK� �QHRQDWDO� �LQVXOLQ� �OHYHOV� �DW�� � � � � � � � � � � � � �
ELUWK��1HRQDWDO� �LQVXOLQ� �PHDVXUHPHQWV� �FRPSDUHG� �WR�D�� �ELUWK��ZHLJKW��SHUFHQWLOH��E���QHRQDWDO��IDW��PDVV�� � � � � � � � � � � � � �
DQG� F�� �JHVWDWLRQDO� �DJH� �DW� �GHOLYHU\�� �3HDUVRQ� �FRUUHODWLRQ� �FRHIILFLHQWV� �DUH� �GLVSOD\HG� �DV� �ZHOO� �DV� �OLQHDU�� � � � � � � � � � � � � � �
UHJUHVVLRQ� �OLQHV� ��EODFN�� �DQG� ����� �FRQILGHQFH� �LQWHUYDOV� ��OLJKW� �JUH\��� �3RLQWV��DUH��FRORXUHG��E\��PDWHUQDO�� � � � � � � � � � � � � �
ZHLJKW���FODVV�����1:���QRUPDO���ZHLJKW����2:���RYHUZHLJKW����2%���REHVH���

����� 6DPSOLQJ���VXPPDU\��

)URP��WKH�������ZRPHQ��LQFOXGHG��LQ��WKH��SUHVHQW��DQDO\VLV���WKH��IROORZLQJ��VDPSOHV��ZHUH��VWXGLHG�������� � � � � � � � � � � � � � �

PDWHUQDO��VHUXP��������PDWHUQDO��XULQH�������FRUG��VHUXP��DQG������QHRQDWDO��XULQH����)LJXUH����������'XH��WR�� � � � � � � � � � � � � � � �

WKH��RQJRLQJ��QDWXUH��RI��WKH��VWXG\���PDQ\��ZRPHQ���SDUWLFXODUO\��LQ��WKH��2%��JURXS���KDG��QRW��FRPSOHWHG�� � � � � � � � � � � � � � � �

WKH� �VWXG\� �DW� �WKH� �WLPH� �WKHVH� �VDPSOHV� �ZHUH� �DQDO\VHG�� �7KHVH� �SDWLHQWV� �ZHUH� �LQFOXGHG� �LQ� �WKH�� � � � � � � � � � � � � � �

DQDO\VLV���WKHLU��GDWD��ZHUH��XVHG��LQ��FURVV�VHFWLRQDO��IHDWXUH��VHOHFWLRQ��EXW��H[FOXGHG��IURP��ORQJLWXGLQDO�� � � � � � � � � � � � �

DQDO\VHV���

����
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)LJXUH� ������ �6DPSOLQJ� �VXPPDU\� �E\� �JURXS�� 6DPSOLQJ� �HYHQWV� �DUH�� � � � � � � � �
UHSUHVHQWHG� �E\� �SRLQWV�� �3RLQWV� �DUH� �FRORXUHG� �EDVHG� �RQ��ZKLFK��ELRIOXLGV��ZHUH�� � � � � � � � � � �
FROOHFWHG���DW���WKDW���WLPH���SRLQW�����1:���QRUPDO���ZHLJKW����2:���RYHUZHLJKW����2%���REHVH���

����� %0,�DVVRFLDWHG���VHUXP���PHWDEROLWHV��

2I� �DOO� �PDWHUQDO� �VHUXP� �VDPSOHV� �DQDO\VHG� ��VHH�)LJXUH� ���6���� �$SSHQGL[� �%���� �D��VLQJOH��RXWOLHU��ZDV�� � � � � � � � � � � � � � �

GHWHFWHG� �DW� �7�� �GXH� �WR� �KLJK� �FRQFHQWUDWLRQ� �RI� �PDQQLWRO� ��VHH�)LJXUH� ����� �$SSHQGL[��$�����D��FRPPRQ�� � � � � � � � � � � � � � � �

LQJUHGLHQW� �LQ� �SKDUPDFHXWLFDOV�� �7KLV� �VDPSOH� �ZDV� �UHPRYHG� �IURP� �IXUWKHU� �DQDO\VHV�� �:RPHQ� �ZKR�� � � � � � � � � � � �

GHYHORSHG� �*'0� ��LQGLYLGXDOV� �Q ���� �VDPSOHV� �Q ���� �ZHUH� �H[FOXGHG� �IURP� �IHDWXUH� �VHOHFWLRQ� �WR�� � � � � � � � � � � �

DYRLG��VHOHFWLQJ��YDULDEOHV��DVVRFLDWHG��ZLWK��WKH��FRQGLWLRQ��UDWKHU��WKDQ��REHVLW\�DVVRFLDWHG��YDULDEOHV��� � � � � � � � � � �

&URVV�VHFWLRQDO� �PRGHOV� �DW� �HDFK� �WLPH� �SRLQW� �LQGLFDWHG� �WKDW� �PDWHUQDO� �VHUXP� �PHWDERORPHV� �ZHUH�� � � � � � � � � � � �

FRUUHODWHG��ZLWK��%0,��WKURXJKRXW��JHVWDWLRQ����7DEOH����������6SHFWUDO��YDULDEOHV��VHOHFWHG��LQ��DW��OHDVW��RQH�� � � � � � � � � � � � � �

PRGHO���WLPH��SRLQW���ZHUH��DQQRWDWHG����)LJXUH���������DQG��LQFOXGHG��LQ��WLPH��VHULHV��DQDO\VLV��DORQJ��ZLWK�� � � � � � � � � � � � � � �

TXDQWLILHG� �PHWDEROLWHV�� �/RDGLQJV� �SORWV� �IRU� �HDFK� �23/6� �PRGHO� �DUH� �VKRZQ� �LQ� )LJXUH� ���6��� � � � � � � � � � � � �

����
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�$SSHQGL[��%����/LSLG��VSHFLHV��ZHUH��H[FOXGHG��DV���+��105��VSHFWUD��GR��QRW��SURYLGH��HQRXJK��UHVROXWLRQ�� � � � � � � � � � � � � � �

IRU���GHWDLOHG���DQQRWDWLRQ���RI���OLSLGV���

�

7DEOH����������23/6���PRGHO���VWDWLVWLFV���IRU���VHUXP���VDPSOHV��

0QZI���d]Q[j�� /<ZdYIh�� .�Ã�9�� -�Ã�9��

0Â�� [ÞÉÆ�� Á�ÈÁÊ�� Á�ÄÊÃ��

0Ã�� [ÞÈÆ�� Á�ÈÂÂ�� Á�ÄÁÉ��

0Ä�� [ÞÈÆ�� Á�ÈÂÈ�� Á�ÄÂÆ��

0Å�� [ÞÈÁ�� Á�ÈÈÅ�� Á�ÂÆÈ��

0Æ�� [ÞÇÇ�� Á�ÈÅ�� Á�ÂÆÂ��

1ZDQYQE<Y���
]gG�� [ÞÆÈ�� Á�ÉÅÊ�� �Á�ÃÈÉ��

0À� �ÀÀ�ÀÃ� �qIIXh� �OIhj<jQ][�� �0Á� �Á¿�ÁÃ� �qIIXh� �OIhj<jQ][�� �0Â� �ÁÇ�Â¿� �qIIXh�� � � � � � � � � � �
OIhj<jQ][����0Ã���Â¿�ÂÂ���qIIXh���OIhj<jQ][����0Ä���ÂÄ�ÂÆ���qIIXh���OIhj<jQ][��

�

�
)LJXUH� ������ �6HUXP� �PHGLDQ� ��+� �105� �VSHFWUXP� �ZLWK� �DQQRWDWHG� �PHWDEROLWHV�� �$� �PHGLDQ� �VHUXP�� � � � � � � � � � � � �
VSHFWUXP� �LV� �SORWWHG�� �9DULDEOHV� �VHOHFWHG� �LQ� �DW� �OHDVW� �RQH� �WLPH� �SRLQW� �RI� �WKH� �FURVV�VHFWLRQDO� �DQDO\VLV� �DUH�� � � � � � � � � � � � � � � �
DQQRWDWHG�� �6HH� 7DEOH� ��� ��$SSHQGL[� �$�� �IRU� �DQQRWDWLRQ� �GHWDLOV�� �� ���PHWK\OKLVWLGLQH�� ��� �W\URVLQH�� ���� � � � � � � � � � � � � �
'�ȕ�K\GUR[\EXW\UDWH������FKROLQH������XQNQRZQ��������FUHDWLQH������JOXWDPLQH������1�DFHW\O��JO\FRSURWHLQV���*O\F$���� � � � � � � � � � � � �
����DFHWDWH���������DODQLQH���������XQNQRZQ�����������YDOLQH���������LVROHXFLQH����D�X����DUELWUDU\���XQLWV����

�

����
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,Q��WRWDO�������%0,�DVVRFLDWHG��PHWDEROLWHV��ZHUH��H[WUDFWHG��IURP��WKH��FURVV�VHFWLRQDO��DQDO\VLV��DQG������ � � � � � � � � � � � �

TXDQWLILHG� �PHWDEROLWHV� ��FUHDWLQLQH�� �JOXWDPDWH�� �JO\FLQH�� �KLVWLGLQH�� �OHXFLQH�� �SKHQ\ODODQLQH��� � � � � � � �

WKUHRQLQH�� �FLWUDWH�� �ODFWDWH�� �DFHWRDFHWDWH�� �DFHWRQH�� �S\UXYDWH� �DQG� �JOXFRVH�� �ZHUH� �LQFOXGHG��� � � � � � � � � �

&RQFHQWUDWLRQV� �RI� ��� �PHWDEROLWHV� �ZHUH� �VLJQLILFDQWO\� �FKDQJHG� �WKURXJKRXW� �SUHJQDQF\� �LQ� �2%�� � � � � � � � � � �

FRPSDUHG� �WR� �1:� �ZRPHQ� ���7DEOH� �������� �6L[� �RI� �WKHVH� �PHWDEROLWHV� �UHPDLQHG� �VLJQLILFDQW� �DIWHU�� � � � � � � � � � � � �

DGMXVWLQJ� �IRU� �PXOWLSOH� �K\SRWKHVLV� �WHVWV�� �3URWHLQRJHQLF� �DPLQR� �DFLGV� �DODQLQH� ���)LJXUH� ����D����� � � � � � � � � � �

JOXWDPLQH����)LJXUH�����F����DQG��W\URVLQH����)LJXUH�����H����ZHUH��GHFUHDVHG��LQ��WKH��2%��JURXS��DORQJ��ZLWK�� � � � � � � � � � � � � � �

DFHWDWH� ���)LJXUH� ����E��� �DQG� ���PHWK\OKLVWLGLQH� ���)LJXUH� ����I���� �*O\F$�� �D� �FRPSRVLWH� �VLJQDO� �IURP�� � � � � � � � � � � �

1��DFHW\O� �JO\FRSURWHLQV� �DQG� �D� �PDUNHU� �RI� �V\VWHPLF� �LQIODPPDWLRQ����������� �LQFUHDVHG� �WKURXJKRXW�� � � � � � � � � �

SUHJQDQF\� �LQ� �ERWK� �JURXSV� �EXW� �ZDV� �PDUNHGO\� �KLJKHU� �LQ� �WKH� �2%� �JURXS� ���)LJXUH� ����G���� �)RXU�� � � � � � � � � � � � � � �

%0,�DVVRFLDWHG� �PHWDEROLWH� �FRQFHQWUDWLRQV� �ZHUH� �DOWHUHG� �LQ� �2%� �ZRPHQ� �ZKR� �GHYHORSHG� �*'0�� � � � � � � � � � �

��7DEOH� �������� �DOWKRXJK� �WKHVH� �GLIIHUHQFHV� �ZHUH� �QRW� �VLJQLILFDQW� �DIWHU� �DGMXVWLQJ� �IRU� �PXOWLSOH�� � � � � � � � � � � �

K\SRWKHVLV� �WHVWV�� �7KLV� �ZDV� �GXH� �WR� �ODUJH� �FRQILGHQFH� �LQWHUYDOV� �LQ� �WKH� �*'0� �JURXS� �VLQFH��RQO\������ � � � � � � � � � � � � � � �

SDWLHQWV���LQ���WKLV���GDWDVHW���GHYHORSHG���*'0���

�
7DEOH����������5HVXOWV���IURP���WLPH���VHULHV���PRGHOOLQJ���RI���VHUXP���PHWDEROLWHV��

!]GIY�� +�� ��.�� �hh]EQ<jQ][��
qQjP���
<hI�� !Ij<D]YQjI��

� Á�ÁÅÊÄ�� Á�ÂÅÃÅ�� �� 
P]YQ[I��

� Á�ÁÁÃÊ�� Á�ÁÂÆÂ�� �� �Ykj<ZQ[I��

� Á�ÁÁÁÇ�� Á�ÁÁÇÂ�� �� �YsE���

� Á�ÁÁÃÄ�� Á�ÁÂÅÊ�� �� �EIj<jI��

"7���ph���$��� Á�ÁÁÁÂ�� Á�ÁÁÃÇ�� �� �Y<[Q[I��

� Á�ÁÁÉÉ�� Á�ÁÄÉÂ�� �� 0sg]hQ[I��

� Á�ÁÁÁÈ�� Á�ÁÁÇÂ�� �� Â�ZIjPsYPQhjQGQ[I��

� Á�ÁÄÇÁ�� Á�ÂÂÈÁ�� �� 1[X[]q[�Â��

�� Á�ÁÃÄÈ�� Á�ÁÉÉÁ�� �� �Ykj<Z<jI��

� Á�ÁÃÃÊ�� Á�ÂÇÄÉ�� �� �Y<[Q[I��

$����ph�����!�� Á�ÁÃÃÉ�� Á�ÂÇÄÉ�� �� 6<YQ[I��

� Á�ÁÃÆÃ�� Á�ÂÇÄÉ�� �� �EIj]<EIj<jI��

�� Á�ÁÂÉÅ�� Á�ÂÇÄÉ�� �� �YkE]hI��
"7���[]gZ<Y���qIQOPj����$����]DIhI������!���OIhj<jQ][<Y���GQ<DIjIh���ZIYYQjkh�����YsE����"�<EIjsY��
OYsE]dg]jIQ[h����"/���[]j���hQO[QNQE<[j��
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7KH� �GHFUHDVH� �LQ� �VRPH� �PDWHUQDO� �SURWHLQRJHQLF� �DPLQR� �DFLGV� �WKURXJKRXW� �SUHJQDQF\�� �QDPHO\�� � � � � � � � � � �

JOXWDPLQH�� �W\URVLQH� �DQG� �DODQLQH� ��LQ� �HDUO\� �JHVWDWLRQ��� �LV� �FRQVLVWHQW� �ZLWK� �LQFUHDVHG� �SURWHLQ�� � � � � � � � � � � �

V\QWKHVLV����� �DQG� �SODFHQWDO� �XSWDNH� �WR� �DFFRPPRGDWH� �IHWDO� �SURWHLQ� �V\QWKHVLV������� �,Q� �DFFRUGDQFH��� � � � � � � � � � �

DPLQR��DFLG��FRQFHQWUDWLRQV��DUH��UHSRUWHG��WR��EH��KLJKHU��LQ��IHWDO��SODVPD��WKDQ��LQ��PDWHUQDO��SODVPD�������� � � � � � � � � � � � � � �

/RZHU� �DPLQR� �DFLG� �FRQFHQWUDWLRQV� �LQ� �2%� �ZRPHQ� �GXULQJ� �JHVWDWLRQ� �FRXOG� �LQGLFDWH� �LQFUHDVHG�� � � � � � � � � � � �

WUDQVIHU� �RI� �WKHVH� �PHWDEROLWHV� �WR� �VXSSRUW� �WKH� �JURZWK� �RI� �WKH� �ODUJHU� �IHWXV�� �6HUXP� �JOXWDPLQH� �ZDV�� � � � � � � � � � � � � � �

SUHYLRXVO\� �VKRZQ� �WR� �LQYHUVHO\� �FRUUHODWH� �ZLWK� �%0,� �DQG� �ULVN� �RI� �GLDEHWHV������� �7KH� �VDPH� �VWXG\�� � � � � � � � � � � � � �

VKRZHG��WKH��DGPLQLVWUDWLRQ��RI��JOXWDPLQH��LPSURYHG��JOXFRVH��WROHUDQFH��DQG��EORRG��SUHVVXUH��LQ��PLFH��� � � � � � � � � � � � �

7KLV� �VXJJHVWV� �JOXWDPLQH� �VXSSOHPHQWDWLRQ� �LV� �D� �SRWHQWLDO� �WKHUDSHXWLF� �IRU� �PLWLJDWLQJ� �WKH� �ULVN� �RI�� � � � � � � � � � � � �

JHVWDWLRQDO� �GLDEHWHV� �DQG� �K\SHUWHQVLYH� �GLVRUGHUV� �LQ� �REHVH� �SUHJQDQFLHV������� �2Q� �WKH� �FRQWUDU\��� � � � � � � � � � �

W\URVLQH� �DQG� �DODQLQH� �DUH� �HOHYDWHG� �LQ� �REHVH� �FRPSDUHG� �WR� �OHDQ� �QRQ�SUHJQDQW� �LQGLYLGXDOV����� �DQG�� � � � � � � � � � � � �

SRVLWLYHO\��DVVRFLDWHG��ZLWK��LQVXOLQ��UHVLVWDQFH��������VXJJHVWLQJ��ORZHU��VHUXP��FRQFHQWUDWLRQV��RI��WKHVH�� � � � � � � � � � �

PHWDEROLWHV� �LQ� �2%� �ZRPHQ� �LQ� �WKLV� �FRKRUW� �ZHUH��SUHJQDQF\�UHODWHG���6LQFH��DODQLQH��DQG��JOXWDPLQH�� � � � � � � � � � � � �

DUH� �WZR� �PDLQ� �JOXFRJHQLF� �DPLQR� �DFLGV�� �GHSOHWLRQ� �RI� �WKHVH� �VXEVWUDWHV� �LQ� �2%� �ZRPHQ� �GXULQJ�� � � � � � � � � � � � � �

SUHJQDQF\���FRXOG���DOVR���EH���UHODWHG���WR���XSUHJXODWLRQ���RI���JOXFRQHRJHQHVLV�������������

�

7KH� �REVHUYDWLRQ� �RI� �UHGXFHG� �FLUFXODWLQJ� �FRQFHQWUDWLRQV� �RI� �DFHWDWH�� �D� �PDMRU� �6&)$� �SURGXFHG��E\�� � � � � � � � � � � � �

JXW��EDFWHULD���LQ��SUHJQDQW��REHVH��ZRPHQ��KDV��QRW��EHHQ��UHSRUWHG��EXW��LV��DQ��LQWHUHVWLQJ��ILQGLQJ��JLYHQ�� � � � � � � � � � � � � � � �

WKH� �UHFHQW� �PRXVH� �VWXG\� �OLQNLQJ� �ORZ� �PDWHUQDO� �6&)$V� �WR� �KLJK� �IDW� �GLHW�LQGXFHG� �REHVLW\� �LQ�� � � � � � � � � � � � � �

RIIVSULQJ������ �'HFUHDVHG� �VHUXP� �DFHWDWH� �LQ� �KXPDQV� �KDV� �DOVR� �EHHQ� �DVVRFLDWHG� �ZLWK��DQ��LQFUHDVHG�� � � � � � � � � � � � �

ULVN� �RI� �SUH�HFODPSVLD������� �D� �K\SHUWHQVLYH� �GLVRUGHU� �WKDW� �LV� �FRPPRQ� �LQ� �REHVH� �SUHJQDQFLHV�������� � � � � � � � � � � �

)XUWKHUPRUH�� �DFHWDWH� �VXSSOHPHQWDWLRQ� �KDV� �EHHQ� �VKRZQ� �WR� �SUHYHQW� �K\SHUWHQVLRQ� �LQ� �PLFH�������� � � � � � � � � � �

6HUXP��DFHWDWH��ZDV��LQFUHDVHG��LQ��REHVH��SUHJQDQW��ZRPHQ��ZLWK��LPSURYHG��GLHW��DQG��SK\VLFDO��DFWLYLW\�� � � � � � � � � � � � � �

GXULQJ��D��UDQGRPLVHG��FRQWURO��WULDO��LQYHVWLJDWLQJ��WKH��HIIHFWV��RI��D��OLIHVW\OH��LQWHUYHQWLRQ��RQ��JHVWDWLRQDO�� � � � � � � � � � � � � �

PHWDEROLF� �SURILOHV������� �7KH� �VDPH� �VWXG\� �IRXQG� �WKDW� �*O\F$� �LQFUHDVHG� �GXULQJ� �REHVH� �SUHJQDQFLHV�� � � � � � � � � � � �

ZLWKRXW� �WKH� �LQWHUYHQWLRQ� �DW� �D� �UDWH� �KLJKHU� �WKDQ� �WKDW� �RI� �KHDOWK\��SUHJQDQFLHV��������,QIODPPDWLRQ��LV��D�� � � � � � � � � � � � � � �

KDOOPDUN� �PHWDEROLF� �DGDSWDWLRQ� �GXULQJ� �SUHJQDQF\������� �EXW� �KHLJKWHQHG� �PDWHUQDO� �LQIODPPDWLRQ�� � � � � � � � �

GXULQJ��JHVWDWLRQ��LV��VWURQJO\��DVVRFLDWHG��ZLWK��DGYHUVH��PDWHUQDO��DQG��QHRQDWDO��RXWFRPHV����� �DQG��KDV�� � � � � � � � � � � � �

EHHQ� �OLQNHG� �WR� �DOWHUHG� �QHXURGHYHORSPHQW������� �DGLSRVLW\����� �DQG� �FKURQLF� �LPPXQH�PHGLDWHG�� � � � � � � � �

GLVHDVHV����� �LQ� �RIIVSULQJ�� �7KH� �PHWDEROLWH� ���PHWK\OKLVWLGLQH���HQULFKHG��LQ��VHUXP��RI��WKH��1:��JURXS��� � � � � � � � � � � � �

PD\��EH��DVVRFLDWHG��ZLWK��GLHWDU\��SUHIHUHQFHV��DV��LW��LV��GHULYHG��IURP��WKH��PHWDEROLVP��RI��WKH��GLSHSWLGH�� � � � � � � � � � � � � � � �

DQVHULQH���IRXQG���LQ���DQLPDO���PHDW����HVSHFLDOO\���SRXOWU\��������

�

����
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)LJXUH� ������ �6HUXP� �PHWDEROLWH� �FRQFHQWUDWLRQV� �WKURXJKRXW� �SUHJQDQF\��7LPH� �VHULHV� �DQDO\VLV� �RI�� � � � � � � � � � �
%0,�DVVRFLDWHG� �PHWDEROLWHV��FRPSDULQJ��QRUPDO��ZHLJKW���1:���ZRPHQ��WR��REHVH���2%���ZRPHQ���&XUYHV�� � � � � � � � � � � �
UHSUHVHQW��JURXS��PHDQV��DQG��VKDGHG��DUHDV��GHQRWH�������FRQILGHQFH��EDQGV���0HWDEROLWHV��SORWWHG��KDYH�� � � � � � � � � � � � �
VLJQLILFDQWO\� ���)'5���������DOWHUHG��VHUXP��FRQFHQWUDWLRQV��WKURXJKRXW��WKH��WLPH��FRXUVH���&RQFHQWUDWLRQV�� � � � � � � � � � �
DUH���LQ���DUELWUDU\���XQLWV���

�
2YHUDOO�� �WKH� �PHWDEROLF� �SURILOHV� �RI� �XPELOLFDO� �FRUG� �VHUXP� �VDPSOHV� �ZHUH� �QRW� �DVVRFLDWHG� �ZLWK�� � � � � � � � � � � � �

PDWHUQDO� �%0,� ���7DEOH� �������� �8QLYDULDWH� �DQDO\VLV� �UHYHDOHG� �VXEWOH� �GLIIHUHQFHV� �LQ� �LQGLYLGXDO�� � � � � � � � � � �

PHWDEROLWH��FRQFHQWUDWLRQV��EHWZHHQ��WKH��VWXG\��JURXSV����)LJXUH�����D����DOWKRXJK��QR��GLIIHUHQFHV��ZHUH�� � � � � � � � � � � �

VLJQLILFDQW� �DIWHU� �FRUUHFWLRQ� �IRU� �PXOWLSOH� �K\SRWKHVLV� �WHVWV�� �%&$$V� �LVROHXFLQH� �DQG� �YDOLQH� �ZHUH�� � � � � � � � � � � �

LQFUHDVHG� �LQ� �FRUG� �VHUXP� �IURP� �QHRQDWHV� �ZLWK� �2:� �DQG� �2%� �PRWKHUV� �ZLWK� �WKH� �KLJKHVW� �DYHUDJH�� � � � � � � � � � � � � � �

FRQFHQWUDWLRQV� �IRXQG� �LQ� �WKRVH� �ZKRVH��PRWKHUV��GHYHORSHG��*'0���%&$$V��DUH��FRQVLVWHQWO\��OLQNHG�� � � � � � � � � � � �

ZLWK� �REHVLW\� �DQG� �LQVXOLQ� �UHVLVWDQFH����±�������� �EXW� �DUH� �DOVR� �LPSRUWDQW� �IRU� �IHWDO� �JURZWK������� �7KH� �IDFW�� � � � � � � � � � � � � �

WKDW��PDWHUQDO��DQG��IHWDO��FRQFHQWUDWLRQV��RI��WKHVH��DPLQR��DFLGV��DUH��WLJKWO\��FRUUHODWHG��������� �LQGLFDWHV�� � � � � � � � � � � � �

WKH\� �FRXOG� �EH� �LQYROYHG� �LQ� �SURJUDPPLQJ� �WKH� �IHWXV� �IRU� �IXWXUH� �PHWDEROLF� �IXQFWLRQ������� �0DWHUQDO�� � � � � � � � � � � � �

SURGXFWV� �RI� �%&$$� �PHWDEROLVP� �DUH� �DOVR� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �IHWDO� �JURZWK������� �&RUG� �VHUXP�� � � � � � � � � � � � �

FUHDWLQH�� �KLVWLGLQH�� �ODFWDWH� �DQG� �S\UXYDWH� �ZHUH� �QHJDWLYHO\� �FRUUHODWHG� �ZLWK��PDWHUQDO��%0,����)LJXUH�� � � � � � � � � � � �

���E�����ZKLFK���OLNHO\���UHIOHFWV���LQFUHDVHG���XWLOLVDWLRQ���RI���WKHVH���PHWDEROLWHV���LQ���ODUJHU���IHWXVHV���

�
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)LJXUH� ������ �0HWDEROLWH� �FRQFHQWUDWLRQV� �LQ� �XPELOLFDO� �FRUG��VDPSOHV��E\��VWXG\��JURXS���D���0HWDEROLWH�� � � � � � � � � � � � �
FRQFHQWUDWLRQV� �DUH��SORWWHG��E\��VWXG\��JURXS���$��VHSDUDWH��ER[SORW��LV��VKRZQ��IRU��QHRQDWHV��ZKRVH��PRWKHUV�� � � � � � � � � � � � � � �
GHYHORSHG��JHVWDWLRQDO��GLDEHWHV���*'0���E���0HWDEROLWH��FRQFHQWUDWLRQV��DUH��SORWWHG��DFFRUGLQJ��WR��PDWHUQDO�� � � � � � � � � � � �
%0,� �ZLWK� �D� �OLQHDU� �UHJUHVVLRQ� �OLQH� �DQG� �FRQILGHQFH� �LQWHUYDOV�� �6SHDUPDQ¶V� �FRUUHODWLRQ� �FRHIILFLHQWV� �DUH�� � � � � � � � � � � � �
GLVSOD\HG��IRU��HDFK��SORW���&RQFHQWUDWLRQV��DUH��UHSRUWHG��LQ��DUELWUDU\��XQLWV��RU���IRU��TXDQWLILHG��PHWDEROLWHV���LQ�� � � � � � � � � � � � � � �
PPRO�/�����1:���QRUPDO���ZHLJKW����2:���RYHUZHLJKW����2%���REHVH����
3������������

3������������

�
3DLUHG��DQDO\VLV��RI��PDWHUQDO��DQG��FRUG��VHUXP��PHWDEROLWH��FRQFHQWUDWLRQV��LQGLFDWHG��VLJQLILFDQW��IHWDO�� � � � � � � � � � � �

XSWDNH� �RI� �DPLQR� �DFLGV�� �ODFWDWH�� �FUHDWLQH� �DQG� �DFHWDWH� ���)LJXUH� �������� �0DWHUQDO� �DPLQR� �DFLGV� �DUH�� � � � � � � � � � � � � �

FRQVLGHUHG� �WR� �EH� �NH\� �GHWHUPLQDQWV� �IRU� �IHWDO� �JURZWK������� �VR� �KLJK� �FRQFHQWUDWLRQV� �RI� �WKHVH�� � � � � � � � � � � � �

PHWDEROLWHV� �LQ� �WKH� �XPELOLFDO��FRUG��DUH��H[SHFWHG������������/DFWDWH��LV��DQRWKHU��PDMRU��HQHUJ\��VXEVWUDWH�� � � � � � � � � � � � �

IRU� �WKH� �IHWXV�� �VHFRQGDU\� �WR� �JOXFRVH� �DQG� �DPLQR� �DFLGV������� �WKHUHIRUH� �KLJK� �XPELOLFDO� �FRUG�� � � � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �ODFWDWH� �DUH� �DOVR� �H[SHFWHG�� �,Q� �DGGLWLRQ� �WR� �WKH� �PDWHUQDO� �VXSSO\�� �ODFWDWH� �LV�� � � � � � � � � � � � � �

SURGXFHG� �IURP� �JOXFRVH� �LQ� �WKH� �SODFHQWD������� �ZKLFK� �PD\� �H[SODLQ� �WKH� �VHHPLQJO\� �OHVV� �FRQVLVWHQW�� � � � � � � � � � � � �

WUDQVIHU� �RI��WKLV��PHWDEROLWH��IURP��PRWKHU��WR��IHWXV���/HVV��LV��NQRZQ��DERXW��IHWDO��FUHDWLQH��PHWDEROLVP�� � � � � � � � � � � � � � �

EXW� �LQ� �PLFH�� �WKH� �IHWXV� �UHOLHV� �RQ� �PDWHUQDO� �FUHDWLQH� �XQWLO� �ODWH� �SUHJQDQF\������� �&UHDWLQH�� � � � � � � � � � � � �

VXSSOHPHQWDWLRQ� �GXULQJ� �SUHJQDQF\� �LQFUHDVHV� �SODFHQWDO� �FRQFHQWUDWLRQ� �DQG� �SURWHFWV� �WKH� �IHWXV�� � � � � � � � � �

IURP� �K\SR[LF� �LQVXOW������� �$QRWKHU� �VWXG\� �LQ� �PLFH� �VKRZHG� �WKDW� �PDWHUQDO� �DFHWDWH� �DOVR� �FURVVHV� �WKH�� � � � � � � � � � � � � �

SODFHQWD� �DQG� �LQIOXHQFHV� �DFHWDWH� �FRQFHQWUDWLRQ� �LQ� �WKH� �IHWXV������� �0DWHUQDO� �VHUXP� �DFHWDWH� �GXULQJ�� � � � � � � � � � � �

SUHJQDQF\� �LV� �LPSRUWDQW� �IRU� �SURSHU��LPPXQH��GHYHORSPHQW��LQ��RIIVSULQJ����� �DQG��VXSSUHVVHV��DOOHUJLF�� � � � � � � � � � � �

DLUZD\� �GLVHDVH������� �*O\F$� �ZDV� �WKH� �RQO\� �REHVLW\�DVVRFLDWHG� �PHWDEROLWH� �WKDW� �UHPDLQHG� �KLJKHU� �LQ�� � � � � � � � � � � �
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PDWHUQDO� �VDPSOHV� �UHIOHFWLQJ� �WKH� �VHOHFWLYH� �WUDQVSRUW� �RI� �QXWULHQWV� �WR� �WKH� �IHWXV������ �7KH� �SDLUHG�� � � � � � � � � � � � �

REVHUYDWLRQV� �RI� �KLVWLGLQH� �DQG��S\UXYDWH��EHWZHHQ��PDWHUQDO��DQG��XPELOLFDO��FRUG��VDPSOHV��ZHUH��QRW�� � � � � � � � � � � � �

FRUUHODWHG���ZKLFK��PD\��LQGLFDWH��OHVV��UHOLDQFH��RQ��WKH��PDWHUQDO��VXSSO\��RI��WKHVH��PHWDEROLWHV���,Q��IDFW��� � � � � � � � � � � � � � �

LW���KDV���EHHQ���VKRZQ���WKDW���WKH���SODFHQWD���SURGXFHV���S\UXYDWH���������

�

�
)LJXUH� ������ �0HWDEROLWH��FRQFHQWUDWLRQV��LQ��PDWHUQDO��VHUXP��FRPSDUHG��WR��XPELOLFDO��FRUG��VHUXP��� � � � � � � � � � � �
0HWDEROLWH��FRQFHQWUDWLRQV��DUH��SORWWHG��LQ��DUELWUDU\��XQLWV��RU���IRU��TXDQWLILHG��PHWDEROLWHV���LQ��PPRO�/���)RU�� � � � � � � � � � � � � �
PDWHUQDO��VDPSOHV���7����WKH��ODVW��WLPH��SRLQW��EHIRUH��GHOLYHU\���ZDV��XVHG��3�YDOXHV��DUH��IURP��D��:LOFR[RQ�� � � � � � � � � � � � � � � � �
VLJQHG�UDQN���WHVW�����

3������������
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����� %0,�DVVRFLDWHG���XULQH���PHWDEROLWHV��
0DQ\� �RXWO\LQJ� �XULQH� �VSHFWUD�� �HVSHFLDOO\� �DW� �7��� �ZHUH� �GHWHFWHG� �E\� �3&$� ��VHH� )LJXUH� ���6����� � � � � � � � � � � � � �

$SSHQGL[� �%���� �2XWOLHUV� �FRQWDLQHG� �KLJK� �FRQFHQWUDWLRQV� �RI� �SDUDFHWDPRO� �PHWDEROLWHV� ��Q ���� �VHH�� � � � � � � � � � �

)LJXUH� ����� �$SSHQGL[� �$��� �RU� �KLJK� �FRQFHQWUDWLRQV� �RI� �JOXFRVH� ��Q ��� �VHH� )LJXUH� ����� �$SSHQGL[� �$����� � � � � � � � � � � � � � �

7KHVH� �VDPSOHV�� �DORQJ� �ZLWK� �VDPSOHV� �FROOHFWHG� �IURP� �ZRPHQ� �ZKR� �GHYHORSHG� �*'0� ��LQGLYLGXDOV�� � � � � � � � � � � �

Q ���� �VDPSOHV� �Q ����� �ZHUH� �H[FOXGHG� �IURP� �FURVV�VHFWLRQDO� �IHDWXUH� �VHOHFWLRQ�� �'XH� �WR� �WKH� �KLJK�� � � � � � � � � � � � �

QXPEHU� �RI� �PDWHUQDO� �VDPSOHV� �H[FOXGHG� �DW� �7��� �WKLV� �WLPH� �SRLQW� �ZDV� �QRW� �LQFOXGHG� �LQ� �WKH�� � � � � � � � � � � � � � �

FURVV�VHFWLRQDO� �DQDO\VLV�� �$V� �REVHUYHG� �LQ� �PDWHUQDO� �VHUXP�� �PDWHUQDO� �XULQH� �PHWDERORPHV� �ZHUH�� � � � � � � � � � �

FRUUHODWHG��ZLWK��%0,��DW��DOO��WLPH��SRLQWV��GXULQJ��JHVWDWLRQ����7DEOH����������6SHFWUDO��YDULDEOHV��VHOHFWHG��LQ�� � � � � � � � � � � � � � �

DW��OHDVW��RQH��PRGHO��ZHUH��DQQRWDWHG����)LJXUH���������DQG��LQFOXGHG��LQ��WLPH��VHULHV��DQDO\VLV��DORQJ��ZLWK�� � � � � � � � � � � � � � � �

TXDQWLILHG� �PHWDEROLWHV�� �6HH�)LJXUH� ���6�� ��$SSHQGL[� �%�� �IRU� �LQGLYLGXDO� �ORDGLQJV� �SORWV� �IURP� �HDFK�� � � � � � � � � � � � �

23/6� �PRGHO�� �0XOWLYDULDWH� �DQDO\VLV� �RI� �QHRQDWDO� �XULQH� �ZDV� �QRW� �SHUIRUPHG��GXH��WR��FRQWDPLQDWLRQ�� � � � � � � � � � � � �

ZLWK���FRPSRXQGV���IURP���FRWWRQ���ZRRO��������XVHG���WR���FROOHFW���WKH���VDPSOH���

�

�

����
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¶

¶

7DEOH����������23/6���PRGHO���VWDWLVWLFV���IRU���XULQH���VDPSOHV��

0QZI���d]Q[j�� /<ZdYIh�� .�Ã�9�� -�Ã�9��

0Â�� [ÞÊÈ�� Á�ÈÁÂ�� Á�ÄÂÊ��

0Ã�� [ÞÊÂ�� Á�ÈÁÈ�� Á�ÄÂÇ��

0Ä�� [ÞÉÅ�� Á�ÈÅÄ�� Á�ÄÆÉ��

0Å�� [ÞÈÉ�� Á�ÉÁÄ�� Á�ÄÈÊ��

0Æ�� [ÞÈÇ�� Á�ÈÉÆ�� Á�ÃÉÄ��

0À���ÀÀ�ÀÃ���qIIXh���OIhj<jQ][����0Á���Á¿�ÁÃ���qIIXh���OIhj<jQ][����0Â���ÁÇ�Â¿���qIIXh��
OIhj<jQ][����0Ã���Â¿�ÂÂ���qIIXh���OIhj<jQ][����0Ä���ÂÄ�ÂÆ���qIIXh���OIhj<jQ][��

�

�
)LJXUH��������8ULQH��PHGLDQ���+��105��VSHFWUXP��ZLWK��DQQRWDWHG��PHWDEROLWHV���$��PHGLDQ��XULQH��VSHFWUXP�� � � � � � � � � � � � � �
LV� �SORWWHG�� �9DULDEOHV��VHOHFWHG��LQ��DW��OHDVW��RQH��WLPH��SRLQW��RI��WKH��FURVV�VHFWLRQDO��DQDO\VLV��DUH��DQQRWDWHG��� � � � � � � � � � � � � � � �
6HH� 7DEOH� ��� ��$SSHQGL[� �$�� �IRU� �DQQRWDWLRQ� �GHWDLOV�� ��� �KLSSXUDWH�� ���� �XQNQRZQ���� ����� � � � � � � � � � � � �
SKHQ\ODFHW\OJOXWDPLQH� ��3$*��� ���� �FUHDWLQLQH�� ���� �XQNQRZQ���� ���� �GLPHWK\ODPLQH�� ���� �R[DORDFHWDWH�� ����� � � � � � � � � � �
1�DFHW\O� �JO\FRSURWHLQV� ��*O\F$��� ���� �DODQLQH�� ���� ���K\GUR[\LVREXW\UDWH�� ���� ���K\GUR[\LVRYDOHUDWH�� ����� � � � � � � � � �
PHWK\OPDORQDWH���������GHR[\WKUHRQLF��DFLG�����'7$����������GHR[\HU\WKURQLF��DFLG�����'($��������YDOLQH���D�X��� � � � � � � � � � � �
DUELWUDU\���XQLWV����
�
2I� �WKH� ���� �PHWDEROLWHV� �H[WUDFWHG� �IURP� �WKH� �FURVV�VHFWLRQDO� �DQDO\VLV� �DQG� �WKH� ���� �TXDQWLILHG�� � � � � � � � � � � � �

PHWDEROLWHV� ��EHWDLQH�� �FUHDWLQH�� �JO\FLQH�� �JXDQLGLQRDFHWDWH���1�1�GLPHWK\OJO\FLQH���DFHWDWH���FLWUDWH��� � � � � � � �

IRUPDWH�� �ODFWDWH�� �SUROLQH� �EHWDLQH�� �VXFFLQDWH�� �WDUWUDWH�� �DFHWRDFHWDWH�� �DFHWRQH�� �S\UXYDWH� �DQG�� � � � � � � � � �

����



&+$37(5��������2%(6,7<���$1'���35(*1$1&<��

¶

'�JOXFRVH��� ���� �FRPSRXQGV� �ZHUH��VLJQLILFDQWO\��LQFUHDVHG��RU��GHFUHDVHG��LQ��2%��ZRPHQ��FRPSDUHG�� � � � � � � � � � � �

WR� �1:� �ZRPHQ� �WKURXJKRXW� �SUHJQDQF\� ���7DEOH� �������� �(LJKWHHQ� �PHWDEROLWHV� �UHPDLQHG� �VLJQLILFDQW�� � � � � � � � � � �

DIWHU� �FRUUHFWLQJ� �IRU� �PXOWLSOH��K\SRWKHVLV��WHVWV���$V��LQ��WKH��VHUXP���QR��XULQH��PHWDEROLWHV��DVVRFLDWHG�� � � � � � � � � � � � � �

ZLWK���*'0���UHPDLQHG���VLJQLILFDQW���DIWHU���FRUUHFWLQJ���IRU���PXOWLSOH���K\SRWKHVLV���WHVWV�����7DEOH������������
�

7DEOH����������5HVXOWV���IURP���WLPH���VHULHV���PRGHOOLQJ���RI���XULQH���PHWDEROLWHV��

!]GIY�� +�� ��.�� �hh]EQ<jQ][��
qQjP���
<hI�� !Ij<D]YQjI��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� 
gI<jQ[Q[I��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� �QZIjPsY<ZQ[I��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� 1[X[]q[�Ä��

� Á�ÁÁÁÄ�� Á�ÁÁÁÊ�� �� 6<YQ[I��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� Ã�PsGg]rsQh]Dkjsg<jI��

� Á�ÁÂÄÇ�� Á�ÁÃÉÂ�� �� Ä�PsGg]rsQh]p<YIg<jI��

� Á�ÁÂÆÊ�� Á�ÁÄÁÉ�� �� !IjPsYZ<Y][<jI��

� Á�ÁÃÅÈ�� Á�ÁÅÃÆ�� �� Å�GI]rsjPgI][QE���<EQG��

� Á�ÁÂÉÂ�� Á�ÁÄÄÁ�� �� +����

"7���ph���$��� Á�ÁÁÁÄ�� Á�ÁÁÁÊ�� �� �Y<[Q[I��

� Á�ÁÁÈÄ�� Á�ÁÂÈÅ�� �� �Ij<Q[I��

� Á�ÁÁÆÆ�� Á�ÁÂÆÆ�� �� �k<[QGQ[]<EIj<jI��

� Á�ÁÅÁÈ�� Á�ÁÇÇÅ�� �� �Qddkg<jI��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� �EIj<jI��

� Á�ÁÁÇÃ�� Á�ÁÂÇÁ�� �� 
Qjg<jI��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� �]gZ<jI��

� Á�ÁÁÁÂ�� Á�ÁÁÁÅ�� �� /kEEQ[<jI��

� Á�ÁÁÁÃ�� Á�ÁÁÁÉ�� �� �EIj][I��

�� Á�ÁÂÄÃ�� Á�ÁÃÉÂ�� �� $r<Y]<EIj<jI��

� Á�ÁÁÇÉ�� Á�ÂÁÆÅ�� �� �YsE���

� Á�ÁÃÊÂ�� Á�ÂÉÁÅ�� �� �Ij<Q[I��

$����ph�����!�� Á�ÁÁÅÇ�� Á�ÂÁÆÅ�� �� 
gI<jQ[I��

� Á�ÁÂÁÊ�� Á�ÂÂÃÇ�� �� �EIj][I��

� Á�ÁÃÄÂ�� Á�ÂÈÊÁ�� �� ���YkE]hI��
"7� �[]gZ<Y� �qIQOPj�� �$�� �]DIhI�� ���!��OIhj<jQ][<Y� �GQ<DIjIh� �ZIYYQjkh�� �+��� �dPI[sY<EIjsYOYkj<ZQ[I��� � � � � � � � � � �
�YsE����"�<EIjsY���OYsE]dg]jIQ[h����"/���[]j���hQO[QNQE<[j��
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&RQVLVWHQW� �ZLWK� �VHUXP� �ILQGLQJV�� �ORZHU� �FRQFHQWUDWLRQV� �RI� �DODQLQH� ���)LJXUH� �����E��� �DQG� �DFHWDWH�� � � � � � � � � � � �

��)LJXUH� �����I��� �ZHUH� �H[FUHWHG� �GXULQJ� �SUHJQDQF\��LQ��2%��FRPSDUHG��WR��1:��ZRPHQ���,Q��FRQWUDVW��WR�� � � � � � � � � � � � � � �

ORQJLWXGLQDO��REVHUYDWLRQV��LQ��VHUXP���FRQFHQWUDWLRQV��RI��DODQLQH��WHQGHG��WR��LQFUHDVH��RYHU��WKH��FRXUVH�� � � � � � � � � � � � �

RI� �JHVWDWLRQ�� �,QFUHDVHG� �H[FUHWLRQ� �RI� �VSHFLILF� �DPLQR� �DFLGV� �LQFOXGLQJ� �DODQLQH� �ZDV� �SUHYLRXVO\�� � � � � � � � � � � �

UHSRUWHG� �LQ� �D� �FURVV�VHFWLRQDO� �VWXG\� �ZKHUH� �XULQH� �PHWDEROLF� �SURILOHV� �RI� �����QRQ�SUHJQDQW��ZRPHQ�� � � � � � � � � � � � �

DQG� ���� �SUHJQDQW� �ZRPHQ� �DW� �GLIIHUHQW��VWDJHV��RI��JHVWDWLRQ��ZHUH��VWXGLHG��������$PLQRDFLGXULD��GXULQJ�� � � � � � � � � � � � �

SUHJQDQF\� �LV� �QRW� �FRPSOHWHO\� �XQGHUVWRRG������� �EXW� �LV� �WKRXJKW� �WR� �EH� �DVVRFLDWHG� �ZLWK�� � � � � � � � � � � �

SUHJQDQF\�UHODWHG��FKDQJHV��LQ��JORPHUXODU��ILOWUDWLRQ��UDWH��DQG��WXEXODU��UHDEVRUSWLRQ��������.HWRQXULD��LV�� � � � � � � � � � �

DOVR��FRPPRQ��GXULQJ��SUHJQDQF\��������ORZ��OHYHOV��RI��DFHWRQH����)LJXUH������D����ZHUH��GHWHFWHG��LQ��XULQH�� � � � � � � � � � � � � �

WKURXJKRXW� �SUHJQDQF\� �ZLWK� �ORZHU��FRQFHQWUDWLRQV��LQ��WKH��2%��JURXS���.HWRQH��ERGLHV���SURGXFHG��E\�� � � � � � � � � � � � �

WKH� �PHWDEROLVP� �RI� �IDWW\� �DFLGV� �ZKHQ� �FDUERK\GUDWH� �VWRUHV� �DUH��GHSOHWHG���DUH��W\SLFDOO\��DVVRFLDWHG�� � � � � � � � � � � � �

ZLWK� �GLDEHWHV� �RU� �IDVWLQJ�� �EXW� �PHWDEROLVP� �RI��OLSLGV��LV��XSUHJXODWHG��GXULQJ��SUHJQDQF\��WR��FRQVHUYH�� � � � � � � � � � � � � �

JOXFRVH� �DQG��DPLQR��DFLGV��IRU��WKH��IHWXV��������6LQFH��NHWRQH��ERGLHV��FDQ��DOVR��EH��XWLOLVHG��E\��WKH��IHWXV�� � � � � � � � � � � � � � � � �

DV� �IXHO������� �GLIIHULQJ� �XULQDU\� �DFHWRQH� �OHYHOV� �EHWZHHQ� �1:��DQG��2%��PRWKHUV��FRXOG��UHIOHFW��GLIIHUHQW�� � � � � � � � � � � � � �

UDWHV���RI���WUDQVSRUW���LQWR���WKH���SODFHQWD����

�

/RZHU��FRQFHQWUDWLRQV��RI��EHWDLQH����)LJXUH������G����ZHUH��DOVR��H[FUHWHG��LQ��WKH��2%��FRPSDUHG��WR��1:�� � � � � � � � � � � � � � �

JURXS�� �ZKLFK��LV��FRQVLVWHQW��ZLWK��ORZHU��FLUFXODWLQJ��OHYHOV��RI��LWV��SUHFXUVRU���FKROLQH���GHWHFWHG��LQ��2%�� � � � � � � � � � � � � � �

VHUXP� ���7DEOH� �������� �:KLOH� �WKHVH� �WZR� �PHWDEROLWHV� �DUH� �VWURQJO\� �OLQNHG� �WR� �GLHWDU\��LQWDNH���WKH\��DUH�� � � � � � � � � � � � � � �

HVVHQWLDO� �IRU� �KXPDQ� �SK\VLRORJ\� �DQG� �LPSRUWDQW� �GXULQJ� �IHWDO� �GHYHORSPHQW������� �0DWHUQDO� �SODVPD�� � � � � � � � � � �

FKROLQH� �DQG� �EHWDLQH� �FRQFHQWUDWLRQV� �LQ� �WKH� �VHFRQG� �WULPHVWHU� �KDYH� �EHHQ� �VKRZQ� �WR� �SRVLWLYHO\�� � � � � � � � � � � � �

FRUUHODWH� �ZLWK� �LQIDQW� �FRJQLWLYH� �VFRUHV� �DW� ���� �PRQWKV������� �FRQYH\LQJ� �WKH� �LPSRUWDQFH� �RI� �PDWHUQDO�� � � � � � � � � � � � �

QXWULWLRQ� �GXULQJ� �SUHJQDQF\�� �'LPHWK\ODPLQH�� �D� �PLFURELRWD�DVVRFLDWHG� �PHWDEROLWH� �RI� �FKROLQH�������� � � � � � � � �

ZDV� �H[FUHWHG� �LQ� �KLJKHU� �DPRXQWV� �LQ� �WKH� �2%� �FRPSDUHG� �WR� �1:� �JURXS� ���)LJXUH� �����J���� �,Q� �PLFH��� � � � � � � � � � � � � � � �

FRQYHUVLRQ� �RI� �FKROLQH� �WR� �PHWK\ODPLQHV� �E\� �JXW� �EDFWHULD� �UHGXFHV� �FKROLQH� �ELRDYDLODELOLW\� �DQG�� � � � � � � � � � � �

SUHGLVSRVHV� �WKH� �KRVW� �WR� �LPSDLUHG��JOXFRVH��KRPHRVWDVLV��DQG��QRQ�DOFRKROLF��IDWW\��OLYHU��GLVHDVH�������� � � � � � � � � � � �

+LJK� �H[FUHWLRQ� �RI� �GLPHWK\ODPLQH� �LQ� �WKH� �SUHVHQW� �FRKRUW� �PD\� �EH� �DQRWKHU� �LQGLFDWRU� �RI�� � � � � � � � � � � � �

REHVLW\�DVVRFLDWHG� �SHUWXUEDWLRQ��LQ��WKH��JXW��PLFURELRWD��DQG��VXEVHTXHQW��FKROLQH��GHILFLHQF\��GXULQJ�� � � � � � � � � � �

SUHJQDQF\���)RUPDWH���DQRWKHU��SURGXFW��RI��FKROLQH��PHWDEROLVP����� �DQG��D��PDMRU��JXW��EDFWHULD�GHULYHG�� � � � � � � � � � � �

6&)$��������ZDV��DOVR��UHGXFHG��LQ��2%��FRPSDUHG��WR��1:��XULQH��WKURXJKRXW��SUHJQDQF\����)LJXUH������K����� � � � � � � � � � � � � �

)RUPDWH� �LV� �D� �FHQWUDO� �PROHFXOH� �LQ� �RQH� �FDUERQ� �PHWDEROLVP� �DQG� �HYLGHQFH� �IURP� �DQLPDO� �VWXGLHV�� � � � � � � � � � � � � �

VXJJHVWV��WKDW��IRUPDWH��LV��LPSRUWDQW��IRU��HPEU\RQLF��GHYHORSPHQW��������/RZ��IRUPDWH��GXULQJ��SUHJQDQF\�� � � � � � � � � � � �

KDV� �DOVR� �EHHQ� �DVVRFLDWHG� �ZLWK� �SUHWHUP� �ELUWK������� �5HGXFHG� �FRQFHQWUDWLRQV� �RI��IRUPDWH���H[FUHWHG��� � � � � � � � � � � �

����
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DQG��DFHWDWH���FLUFXODWLQJ��DQG��H[FUHWHG���DUH��VRPHZKDW��LQFRQVLVWHQW��ZLWK��SUHYLRXV��UHSRUWV��RI��KLJKHU�� � � � � � � � � � � � �

IDHFDO� �FRQFHQWUDWLRQV� �RI� �6&)$� �LQ� �QRQ�SUHJQDQW� �REHVH� �LQGLYLGXDOV����������� �DQG� �RQH� �UHSRUW� �RI�� � � � � � � � � � � �

LQFUHDVHG��H[FUHWLRQ��RI��DFHWDWH��LQ��REHVH��SUHJQDQW��ZRPHQ��DW��D��VLQJOH��ILUVW��WULPHVWHU��WLPH��SRLQW�������� � � � � � � � � � � � � � �

+RZHYHU�� �QHJDWLYH� �FRUUHODWLRQV� �RI� �XULQDU\� �IRUPDWH� �ZLWK� �%0,������ �VHUXP� �DFHWDWH� �ZLWK� �%0,���� �DQG�� � � � � � � � � � � � �

VHUXP� �DFHWDWH� �ZLWK� �YLVFHUDO� �DGLSRVH� �WLVVXH����� �KDYH� �EHHQ� �REVHUYHG� �RXWVLGH� �RI� �SUHJQDQF\��� � � � � � � � � � � �

)XUWKHUPRUH�� �FLUFXODWLQJ� �6&)$� �FRQFHQWUDWLRQV� �KDYH� �EHHQ� �VKRZQ� �WR� �EH� �LQGHSHQGHQW� �RI� �IDHFDO�� � � � � � � � � � � �

FRQFHQWUDWLRQV������� �ZKLFK� �DUH� �SRRU� �PHDVXUHV� �RI� �6&)$� �SURGXFWLRQ� �GXH� �WR� �UDSLG� �PXFRVDO�� � � � � � � � � � � �

DEVRUSWLRQ� �DQG� �PHWDEROLVP��E\��HSLWKHOLDO��FHOOV�������7KHVH��GDWD��VXJJHVW��WKH��SUHVHQW��UHVXOWV��VKRXOG�� � � � � � � � � � � � �

QRW���EH���FRPSDUHG���WR���VWXGLHV���LQYHVWLJDWLQJ���IDHFDO���6&)$���FRPSRVLWLRQV����

�

)RUPDWH� �DQG� �DFHWDWH� �DUH� �DOVR� �LPSRUWDQW� �SUHFXUVRUV� �LQ� �WKH� �FLWULF� �DFLG� �F\FOH�� �&RQVLVWHQW� �ZLWK�� � � � � � � � � � � � � �

UHGXFHG� �H[FUHWLRQ� �RI� �WKHVH� �SUHFXUVRUV�� �GHFUHDVHG� �FRQFHQWUDWLRQV� �RI� �FLWULF� �DFLG� �F\FOH�� � � � � � � � � � �

LQWHUPHGLDWHV��FLWUDWH����)LJXUH������H�����VXFFLQDWH����)LJXUH������P����DQG��R[DORDFHWDWH����)LJXUH������N���� � � � � � � � � � �

ZHUH� �REVHUYHG� �LQ� �XULQH� �RI� �2%� �ZRPHQ�� �1HJDWLYH��FRUUHODWLRQV��EHWZHHQ��XULQDU\��FLWUDWH�VXFFLQDWH�� � � � � � � � � � � �

DQG� �%0,� �ZHUH� �DOVR� �UHSRUWHG� �LQ� �D� �ODUJH� �HSLGHPLRORJLFDO� �VWXG\� �RI� �QRQ�SUHJQDQW��LQGLYLGXDOV�������,Q�� � � � � � � � � � � � � �

DGGLWLRQ� �WR� �UHGXFHG� �DYDLODELOLW\� �RI� �HQHUJ\� �VXEVWUDWHV�� �GHFUHDVHG� �H[FUHWLRQ� �RI� �FLWULF� �DFLG� �F\FOH�� � � � � � � � � � � � �

LQWHUPHGLDWHV� �FRXOG� �EH� �H[SODLQHG� �E\� �KLJK�IDW� �GLHW�LQGXFHG� �VXSSUHVVLRQ� �RI� �WKH� �FLWULF� �DFLG�� � � � � � � � � � � �

F\FOH��������� �RU��FKDQJHV��LQ��UHQDO��IXQFWLRQ�������+LJK��H[FUHWLRQ��RI��FUHDWLQLQH���D��PHWDEROLWH��RI��FUHDWLQH��� � � � � � � � � � � � � �

LV� �ZHOO�HVWDEOLVKHG� �LQ� �REHVH� �VXEMHFWV����� �DQG� �FUHDWLQLQH� �H[FUHWLRQ��GHFUHDVHV��RYHU��WKH��FRXUVH��RI�� � � � � � � � � � � � �

KHDOWK\� �SUHJQDQFLHV������� �WZR� �REVHUYDWLRQV� �WKDW� �ZHUH� �FRQILUPHG� �LQ� �WKH� �FXUUHQW� �VWXG\� ���)LJXUH�� � � � � � � � � � � �

����F�����*XDQLGLQRDFHWDWH���D��FUHDWLQH��SUHFXUVRU���ZDV��H[FUHWHG��LQ��ORZHU��DPRXQWV��LQ��2%��FRPSDUHG�� � � � � � � � � � � � �

WR� �1:� �ZRPHQ� ���)LJXUH� �����L���� �UHIOHFWLQJ� �WKH� �LQFUHDVHG� �QHHG� �IRU� �FUHDWLQH� �PHWDEROLVP� �LQ�� � � � � � � � � � � � �

LQGLYLGXDOV���ZLWK���D���KLJK���%0,���������

����
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)LJXUH� ������� �8ULQH� �PHWDEROLWH� �FRQFHQWUDWLRQV� �WKURXJKRXW� �SUHJQDQF\��/RQJLWXGLQDO� �PRGHOOLQJ��RI�� � � � � � � � � �
%0,�DVVRFLDWHG� �PHWDEROLWHV� �FRPSDULQJ� �QRUPDO� �ZHLJKW� ��1:�� �ZRPHQ� �WR��REHVH���2%���ZRPHQ���&XUYHV�� � � � � � � � � � � �
UHSUHVHQW� �JURXS� �PHDQV� �DQG� �VKDGHG��DUHDV��GHQRWH�������FRQILGHQFH��EDQGV���0HWDEROLWHV��SORWWHG��KDYH�� � � � � � � � � � � � �
VLJQLILFDQWO\����)'5���������DOWHUHG��XULQH��FRQFHQWUDWLRQV��WKURXJKRXW��WKH��WLPH��FRXUVH���&RQFHQWUDWLRQV��DUH�� � � � � � � � � � � �
LQ���DUELWUDU\���XQLWV���RU���PPRO�/���IRU���TXDQWLILHG���PHWDEROLWHV����

����
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$QRWKHU� �PHWDEROLWH� �WKDW� �ZDV� �HOHYDWHG� �LQ� �WKH� �XULQH� �RI� �2%� �ZRPHQ� �GXULQJ� �SUHJQDQF\� �ZDV�� � � � � � � � � � � � � �

��GHR[\WKUHRQLF� �DFLG� ���)LJXUH� �����R���� �([FUHWLRQ� �RI� �WKLV� �PHWDEROLWH� �LQFUHDVHG� �ZLWK� �JHVWDWLRQ� �LQ�� � � � � � � � � � � �

ERWK� �JURXSV�� �1RW� �PXFK� �LV� �NQRZQ��DERXW��WKH��ELRORJLFDO��VLJQLILFDQFH��RI��WKLV��PHWDEROLWH���EXW��LW��LV��D�� � � � � � � � � � � � � � � � �

SURGXFW� �RI� �WKUHRQLQH� �PHWDEROLVP� �SUHVHQW� �LQ� �QRUPDO� �KXPDQ� �XULQH����� �DQG� �KDV� �EHHQ� �VKRZQ� �WR�� � � � � � � � � � � � � �

LQFUHDVH��GXULQJ��SUHJQDQF\������������6LJQLILFDQW��LQFUHDVHV��LQ��H[FUHWLRQ��RI��YDOLQH����)LJXUH������S����DQG�� � � � � � � � � � � �

%&$$� �PHWDEROLWHV� ���K\GUR[\LVRYDOHUDWH� ���)LJXUH� �����U���� ���K\GUR[\LVREXW\UDWH� ���)LJXUH� �����T���� � � � � � � �

DQG��PHWK\OPDORQDWH����)LJXUH������M����ZHUH��DOVR��GHWHFWHG��LQ��WKH��2%��FRPSDUHG��WR��1:��JURXS��GXULQJ�� � � � � � � � � � � � � � �

JHVWDWLRQ�� �,Q� �DGGLWLRQ� �WR� �WKH� �SUHYLRXV� �DVVRFLDWLRQV� �EHWZHHQ� �WKHVH� �PHWDEROLWHV�� �REHVLW\� �DQG�� � � � � � � � � � � �

LQVXOLQ� �UHVLVWDQFH��������±������������������ ���K\GUR[\LVRYDOHUDWH� �DQG� ���K\GUR[\LVREXW\UDWH� �KDYH� �EHHQ�� � � � � � �

OLQNHG� �WR� �*'0������� �$V� �SUHYLRXVO\� �GLVFXVVHG�� �PDWHUQDO� �%&$$V� �DUH� �LPSRUWDQW� �IRU� �IHWDO�� � � � � � � � � � � �

GHYHORSPHQW����� �DQG� �DUH� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �IHWDO� �ZHLJKW������� �+RZHYHU���H[FHVV��DPRXQWV��RI�� � � � � � � � � � � �

%&$$V� �DQG� �WKHLU� �PHWDEROLWHV� �PD\� �FRQWULEXWH� �WR� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ� �SUHJQDQF\� �DQG� �PD\�� � � � � � � � � � � � �

LQIOXHQFH��LQVXOLQ��UHVLVWDQFH��LQ��RIIVSULQJ��������7KH��UROH��RI��WKH��JXW��PLFURELRWD��LQ��%&$$��PHWDEROLVP��LV�� � � � � � � � � � � � � � �

QRW� �FRPSOHWHO\� �XQGHUVWRRG� �EXW� �JXW� �EDFWHULD� �FDQ� �ERWK� �V\QWKHVLVH� �DQG� �XWLOLVH� �%&$$V��������������� � � � � � � � � � � �

$GGLWLRQDOO\�� �XULQDU\� ���K\GUR[\LVREXW\UDWH� �KDV� �EHHQ� �VKRZQ� �WR� �SRVLWLYHO\� �FRUUHODWH� �ZLWK� �IDHFDO�� � � � � � � � � � �

)DHFDOLEDFWHULXP� �SUDXVQLW]LL������� �7KH� �XQNQRZQ� �PHWDEROLWH� �H[KLELWHG� �D� �UHPDUNDEO\� �VLPLODU�� � � � � � � � �

H[FUHWLRQ� �SDWWHUQ� �WR� ���K\GUR[\LVREXW\UDWH� ���)LJXUH� �����Q����LQGLFDWLQJ��LW��PD\��EH��SDUW��RI��WKH��VDPH�� � � � � � � � � � � � � �

%&$$� �GHJUDGDWLRQ� �SDWKZD\� �DOWKRXJK� �VWUXFWXUDOO\�� �WKHVH� �WZR� �PHWDEROLWHV� �DUH� �YHU\� �GLIIHUHQW�� � � � � � � � � � �

��7DEOH���������$SSHQGL[���$�����

�

0LFURELRWD�DVVRFLDWHG� �PHWDEROLWH� �SKHQ\ODFHW\OJOXWDPLQH� ��3$*�� �ZDV� �IRXQG� �LQ� �ORZHU� �XULQDU\�� � � � � � � � �

FRQFHQWUDWLRQV� �LQ� �WKH��2%��FRPSDUHG��WR��WKH��1:��JURXS����)LJXUH������O�����3$*��LV��SURGXFHG��WKURXJK�� � � � � � � � � � � � � � �

JXW� �EDFWHULDO��SXWUHIDFWLRQ��RI��SURWHLQ��LQ��WKH��ODUJH��LQWHVWLQH���� �DQG��LV��D��PDMRU��XULQDU\��PDUNHU��RI��JXW�� � � � � � � � � � � � � � � � �

PLFURELDO� �PHWDEROLVP�� �LW� �LV� �RQH� �RI� �WKH� �PDLQ� �H[FUHWHG� �KRVW�PLFUREH� �FR�PHWDEROLWHV� �DORQJ� �ZLWK�� � � � � � � � � � � � �

KLSSXUDWH� �DQG� S��FUHV\O� �VXOIDWH������� �/RQJLWXGLQDO� �DQDO\VLV� �RI� �KLSSXUDWH� �DQG� �3&6� �DUH� �VKRZQ� �LQ�� � � � � � � � � � � � �

)LJXUH� ���������+LSSXUDWH��ZDV��H[FUHWHG��LQ��VLJQLILFDQWO\��ORZHU��DPRXQWV��LQ��WKH��2%��FRPSDUHG��WR��WKH�� � � � � � � � � � � � � � �

FRQWURO��JURXS���EXW��GXH��WR��WKH��KLJK��LQWHULQGLYLGXDO��YDULDELOLW\��LQ��KLSSXUDWH��H[FUHWLRQ��LQ��FRQWUROV���WKLV�� � � � � � � � � � � � � � �

DVVRFLDWLRQ��ZDV��QRW��VLJQLILFDQW��DIWHU��DGMXVWLQJ��IRU��PXOWLSOH��K\SRWKHVLV��WHVWV����7DEOH����������2XWVLGH�� � � � � � � � � � � � �

RI� �SUHJQDQF\�� �UHGXFHG� �KLSSXUDWH� �H[FUHWLRQ� �LV� �D� �FRQVLVWHQW� �ILQGLQJ� �LQ� �REHVLW\���������� �([FUHWLRQ� �RI�� � � � � � � � � � � � �

3$*�3&6� �DQG� �KLSSXUDWH� �DUH� �LQIOXHQFHG� �E\� �LQWDNH� �RI� �SURWHLQ����� �DQG� �SRO\SKHQRO�ULFK� �IRRGV�������� � � � � � � � � � � �

UHVSHFWLYHO\�� �EXW� �WKHLU� �SURGXFWLRQ� �UHOLHV��H[WHQVLYHO\��RQ��WKH��PHWDEROLVP��RI��JXW��EDFWHULD�����������7KH�� � � � � � � � � � � � �

ORQJLWXGLQDO��H[FUHWLRQ��RI��3$*��DQG��3&6��LQ��WKH��SUHVHQW��FRKRUW��DUH��LQWHUHVWLQJ��JLYHQ��WKDW��WKH��WUHQG�� � � � � � � � � � � � � � � �

ZDV��YHU\��GLIIHUHQW��LQ��1:��FRPSDUHG��WR��2%��ZRPHQ��ZLWK��1:��3$*�3&6��FRQFHQWUDWLRQV��ULVLQJ��XQWLO�� � � � � � � � � � � � � � �

����
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WKH��EHJLQQLQJ��RI��WKH��WKLUG��WULPHVWHU��WKHQ��IDOOLQJ��WR��WKH��OHYHO��RI��2%��ZRPHQ��E\��WKH��HQG��RI��WKH��WKLUG�� � � � � � � � � � � � � � � � � � � �

WULPHVWHU�� �2%� �3$*�3&6� �FRQFHQWUDWLRQV� �UHPDLQHG� �UHODWLYHO\� �VWDEOH� �WKURXJKRXW� �JHVWDWLRQ��� � � � � � � � �

6XFFLQDWH� �DOVR� �H[KLELWHG� �GLIIHUHQW� �WUHQGV� �LQ� �WKH� �WZR� �VWXG\��JURXSV��ZLWK��1:��VXFFLQDWH��H[FUHWLRQ�� � � � � � � � � � � � � �

LQFUHDVLQJ� �LQ� �WKH� �WKLUG� �WULPHVWHU� �ZKLOH� �2%� �VXFFLQDWH� �ZDV� �H[FUHWHG� �DW� �D� �FRQVWDQW� �UDWH� �GXULQJ�� � � � � � � � � � � � � � �

SUHJQDQF\���,Q��DGGLWLRQ��WR��EHLQJ��D��SURPLQHQW��KRVW��PHWDEROLWH���VXFFLQDWH��LV��DOVR��SURGXFHG��E\��JXW�� � � � � � � � � � � � � � �

EDFWHULD� �DQG� �LV� �D� �SULPDU\� �FURVV�IHHGLQJ� �PHWDEROLWH� �EHWZHHQ��PHPEHUV��RI��WKH��JXW��PLFURELRWD�������� � � � � � � � � � � � �

7KHVH� �UHVXOWV� �FRXOG� �LQGLFDWH� �GLIIHUHQWLDO� �DGDSWDWLRQV� �RI� �WKH� �JXW��PLFURELRWD��WR��SUHJQDQF\��LQ��1:�� � � � � � � � � � � � � �

ZRPHQ� �WKDW� �DUH� �DEVHQW� �LQ� �2%� �ZRPHQ�� �7KH� �DVVRFLDWLRQV� �EHWZHHQ� �%0,�� �FKROLQH� ��QHJDWLYH���� � � � � � � � � � � � �

EHWDLQH� ��QHJDWLYH�� �DQG� �GLPHWK\ODPLQH� ��SRVLWLYH�� �SURPSWHG� �WKH� �ORQJLWXGLQDO� �DQDO\VLV� �RI�� � � � � � � � � �

WULPHWK\ODPLQH� �1�R[LGH� ��70$2��� �D� �KRVW�PLFUREH� �FR�PHWDEROLWH� �RI� �FKROLQH� �DQG� �EHWDLQH������� � � � � � � � � �

+RZHYHU����70$2���ZDV���QRW���DVVRFLDWHG���ZLWK���REHVLW\���GXULQJ���SUHJQDQF\���LQ���WKH���SUHVHQW���FRKRUW���

)LJXUH� ������� �7LPH� �VHULHV� �DQDO\VLV� �RI� �LPSRUWDQW� �PLFURELRWD�DVVRFLDWHG� �PHWDEROLWHV�� /RQJLWXGLQDO�� � � � � � � � � �
PRGHOOLQJ� �RI� �KRVW�PLFUREH� �FR�PHWDEROLWHV� �KLSSXUDWH��S��FUHV\O� �VXOIDWH� ��3&6�� �DQG��WULPHWK\ODPLQH��1�R[LGH�� � � � � � � � � � �
�70$2�� �FRPSDULQJ� �QRUPDO� �ZHLJKW� ��1:���ZRPHQ��WR��REHVH���2%���ZRPHQ���&XUYHV��UHSUHVHQW��JURXS��PHDQV�� � � � � � � � � � � � � �
DQG���VKDGHG���DUHDV���GHQRWH���������FRQILGHQFH���EDQGV����&RQFHQWUDWLRQ���LV���LQ���DUELWUDU\���XQLWV����D�X������

����� &OLQLFDO���DVVRFLDWLRQV��
5HODWLRQVKLSV� �EHWZHHQ� �PDWHUQDO� �PHWDEROLF� �SURILOH� �DQG� �PDWHUQDO� �RU� �QHRQDWDO� �RXWFRPHV� �ZHUH�� � � � � � � � � � �

DVVHVVHG� �XVLQJ� �PXOWL�EORFN� �3/6� �UHJUHVVLRQ� ���)LJXUH� �����D���� �&RUUHODWLRQV� �EDVHG� �RQ� �YDULDEOH�� � � � � � � � � � �

ORDGLQJV� �LQ� �WKH� �PRGHOV� �UHYHDOHG� �WKDW� �PDWHUQDO� �IDVWLQJ� �LQVXOLQ� �DQG� �LQVXOLQ� �UHVLVWDQFH� �OHYHOV�� � � � � � � � � � � � �

PLG�SUHJQDQF\� �ZHUH� �KLJKO\� �UHODWHG� �WR� �VHUXP� �DQG� �XULQH� �PHWDEROLWH� �FRQFHQWUDWLRQV� �WKURXJKRXW�� � � � � � � � � � �

SUHJQDQF\�� �$V� �LQGLFDWHG� �LQ� �D� �SUHYLRXV� �DQLPDO� �VWXG\��������XULQDU\��GLPHWK\ODPLQH��ZDV��VLJQLILFDQWO\�� � � � � � � � � � � �

SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �DW� �DOO� �WLPH� �SRLQWV� �GXULQJ� �JHVWDWLRQ�� �8ULQH�� � � � � � � � � � � � �

��K\GUR[\LVREXW\UDWH��DOVR��SRVLWLYHO\��FRUUHODWHG��ZLWK��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��DW��DOO��WLPH��SRLQWV��� � � � � � � � � � � �

ZKLFK� �ZDV� �H[SHFWHG� �JLYHQ� �LWV� �UHSRUWHG��DVVRFLDWLRQ��ZLWK��GLDEHWHV������������7KHVH��WZR��DVVRFLDWLRQV�� � � � � � � � � � � �

SRLQW� �WR� �D� �VWURQJ� �OLQN� �EHWZHHQ� �JXW� �EDFWHULDO� �PHWDEROLVP� �DQG� �LQFUHDVHG� �PDWHUQDO� �LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH� �GXULQJ� �SUHJQDQF\�� �0DWHUQDO� �LQVXOLQ� �UHVLVWDQFH�� �ZKLFK� �LV� �DVVRFLDWHG� �ZLWK�� � � � � � � � � �

����
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LQIODPPDWLRQ������� �ZDV� �DOVR� �VWURQJO\� �FRUUHODWHG� �ZLWK� �VHUXP� �LQIODPPDWRU\� �PDUNHU��������� �*O\F$��� � � � � � � � � �

$PLQR��DFLGV���DPLQR��DFLG��GHULYDWLYHV���FLWULF��DFLG��F\FOH��LQWHUPHGLDWHV��DQG��D��NHWRQH��ERG\��IRXQG��LQ�� � � � � � � � � � � � � � �

ORZHU� �FRQFHQWUDWLRQV� �LQ� �2%� �FRPSDUHG� �WR� �1:� �SUHJQDQW� �ZRPHQ� ��DODQLQH�� �EHWDLQH�� �JOXWDPLQH��� � � � � � � � � � � �

��PHWK\OKLVWLGLQH���W\URVLQH���FLWUDWH���VXFFLQDWH��DQG��DFHWRQH���H[KLELWHG��D��QHJDWLYH��UHODWLRQVKLS��ZLWK�� � � � � � � � � � �

PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �WKDW� �ZDV� �VWURQJHU� �ZLWK� �IDVWLQJ� �LQVXOLQ� �WKDQ� �IDVWLQJ� �JOXFRVH� �OHYHOV��� � � � � � � � � � � � �

7KLV��FRQIOLFWV��ZLWK��SUHYLRXV��UHSRUWV��LQ��QRQ�SUHJQDQW��LQGLYLGXDOV��ZKHUH��DODQLQH��DQG��W\URVLQH��ZHUH�� � � � � � � � � � � � �

SRVLWLYHO\� �DVVRFLDWHG� �ZLWK� �LQVXOLQ� �UHVLVWDQFH��������������� �DV� �ZHOO� �DV� �RQH� �UHSRUW� �LQ� �QRQ�REHVH�� � � � � � � � � � � �

SUHJQDQW� �ZRPHQ� �ZKHUH� �DODQLQH� �PHDVXUHG� �DW� �RQH� �WLPH� �SRLQW� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH��������&RQYHUVHO\���JOXWDPLQH��KDV��EHHQ��DVVRFLDWHG��ZLWK��WKH��LQVXOLQ��VHQVLWLYH��SKHQRW\SH������ � � � � � � � � � �

DQG��ZLWK��D��UHGXFHG��ULVN��RI��GHYHORSLQJ��GLDEHWHV��������ZKLFK��DUH��FRQVLVWHQW��ZLWK��REVHUYDWLRQV��LQ��WKH�� � � � � � � � � � � � � � �

SUHVHQW� �FRKRUW�� �6LQFH� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ� �SUHJQDQF\� �LV� �GHVLJQHG� �WR� �VKXQW� �DGHTXDWH�� � � � � � � � � � � �

DPRXQWV� �RI� �JOXFRVH��WR��WKH��JURZLQJ��IHWXV��������QHJDWLYH��FRUUHODWLRQV��EHWZHHQ��PHWDEROLWHV��WKDW��DUH�� � � � � � � � � � � � �

DOVR� �WUDQVIHUUHG� �WR� �WKH� �IHWXV� ���)LJXUH���������DQG��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��VHHP��SODXVLEOH���7KLV�� � � � � � � � � � � � � �

VXJJHVWV� �WKH� �GHJUHH� �RI� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �DQG� �WKH� �GHJUHH� �RI� �QXWULHQW� �WUDQVIHU� �WR� �WKH�� � � � � � � � � � � � � � �

IHWXV���DUH���UHODWHG�������������

�
8ULQDU\� �DODQLQH�� �EHWDLQH�� �FLWUDWH� �DQG� �DFHWDWH� �H[KLELWHG� �WKH� �PRVW� �FRQVLVWHQW� �FRUUHODWLRQV�� � � � � � � � � � �

�QHJDWLYH�� �ZLWK� �PDWHUQDO� �IDVWLQJ� �JOXFRVH� ���)LJXUH� �����D���� �$FHWDWH� �ZDV� �WKH� �RQO\� �PHWDEROLWH� �WR�� � � � � � � � � � � � �

H[KLELW� �FRUUHODWLRQV� ��QHJDWLYH�� �ZLWK� �+E$�F�� �3UHYLRXV� �VWXGLHV� �KDYH� �VKRZQ� �EHQHILFLDO� �HIIHFWV� �RI�� � � � � � � � � � � �

DFHWDWH� �RQ� �JOXFRVH� �KRPHRVWDVLV� �LQ� �KXPDQV� �DOWKRXJK��UHVXOWV��DUH��QRW��DOZD\V��FRQVLVWHQW��������7KH�� � � � � � � � � � � � �

HIIHFWV� �DUH� �WKRXJKW� �WR� �EH� �PHGLDWHG� �WKURXJK� �LPSURYHPHQWV� �LQ� �DGLSRVH� �WLVVXH� �IXQFWLRQLQJ�� �OLSLG�� � � � � � � � � � � � �

PHWDEROLVP�� �JOXFRVH�VWLPXODWHG��LQVXOLQ��VHFUHWLRQ��DQG��LQVXOLQ��VHQVLWLYLW\��������/HVV��LV��NQRZQ��DERXW�� � � � � � � � � � �

WKH� �UROH� �RI� �IRUPDWH� �LQ� �JOXFRVH� �KRPHRVWDVLV�� �EXW� �OLNH� �DFHWDWH�� �WKLV� �6&)$� �FDQ� �DFWLYDWH� �VRPH� �*�� � � � � � � � � � � � � � � �

SURWHLQ�FRXSOHG� �UHFHSWRUV� �ZKLFK� �DUH� �GLUHFWO\� �LQYROYHG� �LQ� �WKH� �GHYHORSPHQW� �RI� �REHVLW\�LQGXFHG�� � � � � � � � � � �

LQVXOLQ��UHVLVWDQFH��������5HGXFHG��OHYHOV��RI��IRUPDWH��DQG��EHWDLQH��LQ��FRQMXQFWLRQ��ZLWK��LQFUHDVHG��OHYHOV�� � � � � � � � � � � � �

RI��GLPHWK\ODPLQH��PD\��DOVR��EH��LQGLFDWLYH��RI��GLVUXSWHG��FKROLQH��PHWDEROLVP��ZKLFK��FDQ��SUHGLVSRVH�� � � � � � � � � � � � �

WKH� �KRVW��WR��LQVXOLQ��UHVLVWDQFH��������7KLV��LGHD��LV��VXSSRUWHG��E\��WKH��SUHVHQW��GDWD��ZKHUH��IRUPDWH��DQG�� � � � � � � � � � � � � � � �

EHWDLQH��ZHUH��LQYHUVHO\��FRUUHODWHG��ZLWK��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��ZKLOH��GLPHWK\ODPLQH��H[KLELWHG�� � � � � � � � � � �

D���SRVLWLYH���FRUUHODWLRQ���ZLWK���WKH���SKHQRW\SH����
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)LJXUH� ������� �,QWHJUDWLYH� �DQDO\VLV� �RI� �PHWDEROLWH� �DQG� �FOLQLFDO� �GDWD�� �D�� �6LJQLILFDQW� ���)'5� ��������� � � � � � � � � � � � �
FRUUHODWLRQV� �EHWZHHQ� �VHUXP� �RU� �XULQH� �PHWDEROLWHV� �DQG� �PDWHUQDO� �RU� �QHRQDWDO� �RXWFRPHV�� �:LGWKV� �RI�� � � � � � � � � � � � �
HGJHV��GHSLFW��WKH��QXPEHU��RI��WLPH��SRLQWV��LQ��ZKLFK��WKH��FRUUHODWLRQ��ZDV��VLJQLILFDQW��E���6LJQLILFDQW����)'5�� � � � � � � � � � � � � � � �
������� �FRUUHODWLRQV� �EHWZHHQ� �XPELOLFDO� �FRUG� �PHWDEROLWHV� �DQG� �QHRQDWDO� �RXWFRPHV�� �3RVLWLYH� �DQG�� � � � � � � � � � �
QHJDWLYH��FRUUHODWLRQV��DUH��VKRZQ��LQ��UHG��DQG��EOXH���UHVSHFWLYHO\���6HH�7DEOHV���6���DQG���6����$SSHQGL[�� � � � � � � � � � � � � � �
%�� �IRU� �WDEXODWHG� �YDOXHV�� ��'7$� ���GHR[\WKUHRQLF� �DFLG�� ���+,9� ���K\GUR[\LVRYDOHUDWH�� ���0+�� � � � � � � � � �
��PHWK\OKLVWLGLQH�� �3$*� �SKHQ\ODFHW\OJOXWDPLQH�� �+E$�F� �JO\FDWHG� �KDHPRJORELQ�� �+20$�,5�� � � � � � �
KRPHRVWDWLF� �PRGHO� �DVVHVVPHQW��IRU��LQVXOLQ��UHVLVWDQFH�����+,%����K\GUR[\LVREXW\UDWH���*O\F$��1�DFHW\O�� � � � � � � � � �
JO\FRSURWHLQV����%:���ELUWK���ZHLJKW���
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:KLOH� �PDWHUQDO� �PHWDEROLWHV� �ZHUH��RQO\��ZHDNO\��UHODWHG��WR��QHRQDWDO��LQVXOLQ��DQG��LQVXOLQ��UHVLVWDQFH�� � � � � � � � � � � � �

OHYHOV� ���)LJXUH� �����D�����PHWDEROLWH��FRQFHQWUDWLRQV��LQ��XPELOLFDO��FRUG��VHUXP��ZHUH��KLJKO\��UHODWHG��WR�� � � � � � � � � � � � �

QHRQDWDO� �RXWFRPHV� ���)LJXUH� �����E���� �$PLQR� �DFLGV� �DQG� �HQHUJ\� �PHWDEROLWHV� �ZHUH� �SRVLWLYHO\�� � � � � � � � � � �

FRUUHODWHG� �ZLWK� �QHRQDWDO� �LQVXOLQ�� �LQVXOLQ� �UHVLVWDQFH� �DQG� �ELUWK� �ZHLJKW� �SHUFHQWLOH� �EXW� �ZHUH� �QRW�� � � � � � � � � � � � �

UHODWHG��WR��QHRQDWDO��IDW��PDVV���+RZHYHU���QHRQDWDO��IDW��PDVV��PD\��EH��PRUH��UHODWHG��WR��OLSLG��VSHFLHV�� � � � � � � � � � � � � � � �

WKDQ��VPDOO��PROHFXOHV��������$OWKRXJK��XPELOLFDO��FRUG��DFHWDWH��DQG��YDOLQH��ZHUH��DVVRFLDWHG��ZLWK��KLJKHU�� � � � � � � � � � � � �

QHRQDWDO� �LQVXOLQ� �OHYHOV�� �WKHVH� �PHWDEROLWHV���DORQJ��ZLWK��W\URVLQH��DQG��LVROHXFLQH���ZHUH��DVVRFLDWHG�� � � � � � � � � � � �

ZLWK��ORZHU��QHRQDWDO��JOXFRVH��OHYHOV���7KLV��FRXOG��EH��H[SODLQHG��E\��WKH��GLUHFW��LQIOXHQFH��RI��DFHWDWH������ � � � � � � � � � � � � � �

DQG� �EUDQFKHG�FKDLQ�DURPDWLF� �DPLQR� �DFLGV����� �RQ� �LQVXOLQ� �VHFUHWLRQ� �DQG� �VXEVHTXHQW� �JOXFRVH�� � � � � � � � � �

XSWDNH���,Q��DGGLWLRQ���LQFUHDVLQJ��SODFHQWDO��DPLQR��DFLG��OHYHOV��KDV��EHHQ��VKRZQ��WR��FRUUHFW��IHWDO��EHWD�� � � � � � � � � � � � � � �

FHOO��GHILFLWV���SURYLQJ��WKHLU��UROH��LQ��HIIHFWLYH��LQVXOLQ��VHFUHWLRQ��������$ODQLQH��ZDV��WKH��RQO\��PHWDEROLWH��LQ�� � � � � � � � � � � � � � �

XPELOLFDO���FRUG���VDPSOHV���WR���FRUUHODWH����SRVLWLYH����ZLWK���QHRQDWDO���LQVXOLQ���UHVLVWDQFH����

�

7RJHWKHU� �ZLWK� �FXUUHQW� �PHGLFDO� �NQRZOHGJH� �RI� �PHWDEROLF� �DGDSWDWLRQV� �GXULQJ� �SUHJQDQF\�� �WKHVH�� � � � � � � � � � �

ILQGLQJV� �LQGLFDWH� �WKDW� �WKH��PDWHUQDO��PHWDEROLF��SKHQRW\SH��GXULQJ��SUHJQDQF\���DOWKRXJK��LQIOXHQFHG�� � � � � � � � � � �

E\� �REHVLW\�� �PD\� �DOVR� �EH� �KLJKO\� �GHSHQGHQW� �RQ� �PDWHUQDO�IHWDO� �PHWDEROLWH� �WUDQVIHU��ZKLFK��LV��OLNHO\�� � � � � � � � � � � � � �

LQIOXHQFHG��E\��PDWHUQDO��LQVXOLQ��UHVLVWDQFH���(OHYDWHG��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��FDXVHV��PDWHUQDO�� � � � � � � � � � �

K\SHUJO\FDHPLD� �DQG� �JOXFRVH� �WUDQVIHU��WR��WKH��IHWXV��LV��VXEVHTXHQWO\��LQFUHDVHG���7KH��SUHVHQW��GDWD�� � � � � � � � � � � � �

VXJJHVW� �WKDW� �RWKHU� �PDWHUQDO� �FLUFXODWLQJ� �PHWDEROLWHV�� �SDUWLFXODUO\� �DPLQR� �DFLGV�� �PD\� �DOVR� �EH�� � � � � � � � � � � �

WUDQVIHUUHG��WR��WKH��IHWXV��DW��D��KLJKHU��UDWH��LQ��SUHJQDQFLHV��ZLWK��KLJK��PDWHUQDO��LQVXOLQ��UHVLVWDQFH���DV�� � � � � � � � � � � � � � � �

LQGLFDWHG� �E\� �WKH� �QHJDWLYH� �FRUUHODWLRQV� �EHWZHHQ� �WKHVH� �PHWDEROLWHV� �DQG� �PDWHUQDO� �+20$�,5� �DV�� � � � � � � � � � � �

ZHOO��DV��WKH��ORZHU��FRQFHQWUDWLRQV��RI��WKHVH��PHWDEROLWHV��LQ��2%��FRPSDUHG��WR��1:��ZRPHQ��WKURXJKRXW�� � � � � � � � � � � � � � �

SUHJQDQF\�� �7KH� �UHVXOWLQJ� �IHWDO� �PHWDEROLF� �SKHQRW\SH� �LV� �GHSHQGHQW� �RQ� �WKH� �VHOHFWLYH� �XSWDNH� �RI�� � � � � � � � � � � � �

PDWHUQDO� �PHWDEROLWHV� �DQG� �PD\� �SOD\� �D� �UROH� �LQ� �IHWDO� �K\SHULQVXOLQDHPLD� �IROORZHG� �E\� �IHWDO�� � � � � � � � � � � � �

RYHUJURZWK�� �7KH� �SUHVHQW� �GDWD� �VXJJHVW� �WKDW� �PDQLSXODWLRQ� �RI� �WKH� �JXW� �PLFURELRWD� �WR� �UHJXODWH�� � � � � � � � � � � � �

PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ� �SUHJQDQF\� �VKRXOG� �EH� �LQYHVWLJDWHG� �LQ� �PRXVH� �PRGHOV� �WR�� � � � � � � � � � � �

GHWHUPLQH���LWV���SRWHQWLDO���IRU���PHGLDWLQJ���REHVLW\�UHODWHG���IHWDO���RYHUJURZWK����
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�
%DULDWULF��VXUJHU\���SDUWLFXODUO\��WKH��PDODEVRUSWLYH��W\SH���LQGXFHV��D��GUDVWLF��DQG��SHUVLVWHQW��VKLIW��LQ��JXW�� � � � � � � � � � � � � �

PLFURELDO� �FRPPXQLW\� �VWUXFWXUH�� �7KH� �DOWHUHG� �DFWLYLW\� �RI��WKH��JXW��PLFURELRWD��LQ��EDULDWULF��SDWLHQWV��LV�� � � � � � � � � � � � � �

EHOLHYHG� �WR� �EH� �LQYROYHG� �LQ� �LPSURYHPHQWV� �LQ� �REHVLW\�UHODWHG� �FRPRUELGLWLHV�� �EXW� �LWV� �HIIHFW� �RQ�� � � � � � � � � � � � �

SUHJQDQF\� �RXWFRPHV� �KDV��QRW��EHHQ��LQYHVWLJDWHG���/RQJLWXGLQDO��PHWDEROLF��SURILOLQJ��RI�������ZRPHQ�� � � � � � � � � � � �

ZDV� �SHUIRUPHG� �WR� �LGHQWLI\� �FKDQJHV� �LQ� �KRVW�PLFUREH� �FR�PHWDEROLVP� �UHODWHG� �WR� �EDULDWULF� �VXUJHU\�� � � � � � � � � � � �

WKDW� �SHUVLVW� �WKURXJKRXW� �SUHJQDQF\�� �DQG� �WKDW� �PD\� �EH� �UHODWHG� �WR� �QHRQDWDO� �RXWFRPHV�� �%ORRG�� � � � � � � � � � � � �

�VHUXP�� �DQG� �XULQH� �VDPSOHV� �ZHUH� �FROOHFWHG� �DW� �VL[� �WLPH� �SRLQWV� �DQG� �DQDO\VHG� �E\� ��+� �105�� � � � � � � � � � � � � � �

VSHFWURVFRS\�� �:KLOH� �QR� �FKDQJHV� �LQ� �PHWDEROLVP� �ZHUH� �LGHQWLILHG� �LQ� �ZRPHQ� �ZLWK� �SUHYLRXV�� � � � � � � � � � � �

UHVWULFWLYH� �VXUJHU\�� �WKRVH� �ZLWK� �D� �SUHYLRXV��PDODEVRUSWLYH��VXUJHU\��VKRZHG��VLJQLILFDQW��FKDQJHV��LQ�� � � � � � � � � � � �

EUDQFKHG�FKDLQ� �DQG� �DURPDWLF� �DPLQR� �DFLG� �PHWDEROLVP� �WKDW� �ZHUH� �OLQNHG� �WR� �D� �VKLIW� �LQ� �WKH� �JXW�� � � � � � � � � � � � � � �

PLFURELRWD��WRZDUG��IDFXOWDWLYH��DQDHUREHV��DQG��VSHFLHV��W\SLFDOO\��IRXQG��LQ��WKH��XSSHU��JDVWURLQWHVWLQDO�� � � � � � � � � � � �

WUDFW���7KH��JHVWDWLRQDO��PHWDEROLF��VLJQDWXUH��ZDV��FRUUHODWHG��ZLWK��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��EXW��GLG�� � � � � � � � � � � � �

QRW� �KDYH� �D� �VWURQJ� �DVVRFLDWLRQ� �ZLWK� �QHRQDWDO� �RXWFRPHV�� �+RZHYHU�� �SKHQ\ODFHW\OJOXWDPLQH�� �D�� � � � � � � � � � �

KRVW�PLFURELDO��FR�PHWDEROLWH��WKDW��ZDV��HOHYDWHG��LQ��WKH��XULQH��RI��PDODEVRUSWLYH��PRWKHUV���ZDV��DOVR�� � � � � � � � � � � � �

HOHYDWHG� �LQ� �WKH� �XULQH� �RI� �QHRQDWHV� �ERUQ� �IURP� �WKHVH� �PRWKHUV�� �7KLV� �REVHUYDWLRQ� �VXJJHVWV� �WKH�� � � � � � � � � � � � � �

DOWHUHG� �PDWHUQDO� �PHWDEROLF� �SKHQRW\SH� �KDV� �WKH� �SRWHQWLDO� �WR� �LPSDFW� �WKH� �FKLOG�� �ZKLFK� �PD\� �KDYH�� � � � � � � � � � � � � �

ORQJ�WHUP� �KHDOWK� �LPSOLFDWLRQV�� �7KH� �GDWD� �SUHVHQWHG� �LQ� �WKLV� �FKDSWHU� �KDV� �EHHQ� �SXEOLVKHG����� ��VHH�� � � � � � � � � � � � �

$SSHQGL[���'�����

��� ,QWURGXFWLRQ��
'XH��WR��WKH��DVVRFLDWHG��FRPRUELGLWLHV��DQG��LQFUHDVHG��KHDOWK��ULVNV��LPSRVHG��E\��REHVLW\���ZHLJKW��ORVV�� � � � � � � � � � � � � �

WUHDWPHQWV� �DUH� �LPSRUWDQW� �IRU� �DGGUHVVLQJ� �WKLV� �JOREDO� �HSLGHPLF�� �:KHQ� �GLHWDU\� �DQG� �OLIHVW\OH�� � � � � � � � � � � �

LQWHUYHQWLRQV� �IDLO�� �EDULDWULF� �VXUJHU\� �LV� �DQ� �DOWHUQDWLYH� �RSWLRQ�� �%DULDWULF� �SURFHGXUHV� �IDOO� �LQWR� �WZR�� � � � � � � � � � � � �

FDWHJRULHV�� �UHVWULFWLYH� �WUHDWPHQWV�� �VXFK� �DV� �JDVWULF� �EDQGLQJ�� �DLP� �WR� �OLPLW� �IRRG� �LQWDNH� �DQG�� � � � � � � � � � � � �

PDODEVRUSWLYH� �WUHDWPHQWV�� �VXFK� �DV� �JDVWULF� �E\SDVV�� �DLP� �WR� �GHFUHDVH� �QXWULHQW� �DEVRUSWLRQ�������� � � � � � � � � � �
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PHWK\OPDORQDWH�������FUHDWLQLQH�������S�FUHV\O��VXOIDWH�������S�K\GUR[\SKHQ\ODFHWDWH�������SKHQ\ODFHW\OJOXWDPLQH��� � � � � � � � � �
�����XQNQRZQ���������LQGR[\O���VXOIDWH���

����� 0DODEVRUSWLYH���PHWDEROLF���SURILOH���LV���FRQVLVWHQWO\���DOWHUHG��

WKURXJKRXW���JHVWDWLRQ��

7R� �DYRLG� �VSXULRXV� �ILQGLQJV�� �HDFK� �PHWDEROLWH� �LGHQWLILHG� �LQ� �WKH� �FURVV�VHFWLRQDO� �DQDO\VLV� �RI� �WKH�� � � � � � � � � � � � �

PDWHUQDO� �VDPSOHV� �ZDV� �VXEMHFWHG� �WR� �WLPH� �VHULHV� �DQDO\VLV� �ZLWK� �WKH� �JRDO� �RI� �HVWDEOLVKLQJ� �D�� � � � � � � � � � � � � �

PHWDEROLF� �VLJQDWXUH� �RI� �PDODEVRUSWLYH� �VXUJHU\� �WKDW� �SHUVLVWHG� �WKURXJKRXW��SUHJQDQF\���3DWLHQWV��LQ�� � � � � � � � � � �

WKH� �0$/� �JURXS��KDG��FRQVLVWHQWO\��UHGXFHG��VHUXP��FRQFHQWUDWLRQV��RI��EUDQFKHG�FKDLQ��DPLQR��DFLGV�� � � � � � � � � � � �

�%&$$V���OHXFLQH��DQG��LVROHXFLQH��DV��ZHOO��DV��EUDQFKHG�FKDLQ��IDWW\��DFLG���%&)$���LVREXW\UDWH����)LJXUH�� � � � � � � � � � � � �

���D���� �$V��GLVFXVVHG��LQ��WKH��SUHYLRXV��FKDSWHU���%&$$V��DUH��DVVRFLDWHG��ZLWK��REHVLW\�UHODWHG��LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH����±���������� �'LPLQLVKHG� �FLUFXODWLRQ� �RI� �%&$$V� �LQ� �ZRPHQ� �ZLWK� �D� �SUHYLRXV� �PDODEVRUSWLYH�� � � � � � � � � � �

VXUJHU\� �LV� �LQ� �OLQH� �ZLWK� �WKH� �UHGXFHG� �LQVXOLQ� �UHVLVWDQFH� �REVHUYHG� �LQ� �WKLV��SRSXODWLRQ��FRPSDUHG��WR�� � � � � � � � � � � � � � �

%0,�PDWFKHG� �ZRPHQ� �ZLWKRXW� �EDULDWULF� �VXUJHU\�� �7KH� �FRPSRVLWH� �VLJQDO� �IURP� 1��DFHW\O�� � � � � � � � � �

JO\FRSURWHLQV�����*O\F$����D��PDUNHU��RI��V\VWHPLF��LQIODPPDWLRQ������������ZDV��DOVR��GHFUHDVHG��LQ��WKH��0$/�� � � � � � � � � � � �
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JURXS�� �WKRXJK� �RQO\� �LQ� �WKH� �WKLUG� �WULPHVWHU� �RI� �SUHJQDQF\�� �,Q� �WKH� �SUHYLRXV� �FKDSWHU�� �DQ� �DEQRUPDO�� � � � � � � � � � � � � � �

LQFUHDVH��LQ��LQIODPPDWLRQ��LQ��REHVH��ZRPHQ��RYHU��WKH��FRXUVH��RI��JHVWDWLRQ��ZDV��GHPRQVWUDWHG���7KH�� � � � � � � � � � � � � �

SUHVHQW��GDWD��VKRZHG��D��SUHYLRXV��PDODEVRUSWLYH��VXUJHU\��DWWHQXDWHG��WKH��ULVH��LQ��SUHJQDQF\�UHODWHG�� � � � � � � � � � � �

LQIODPPDWLRQ�� �&RQWUROOLQJ� �V\VWHPLF� �LQIODPPDWLRQ� �GXULQJ� �SUHJQDQF\� �PD\� �SURWHFW� �DJDLQVW� �ERWK�� � � � � � � � � �

PDWHUQDO� �DQG� �QHRQDWDO� �DGYHUVH� �RXWFRPHV������� �DV� �ZHOO� �DV� �FKURQLF� �KHDOWK� �FRPSOLFDWLRQV� �LQ�� � � � � � � � � � � �

RIIVSULQJ�� �$V� �SUHYLRXVO\� �GLVFXVVHG�� �HOHYDWHG� �PDWHUQDO� �LQIODPPDWLRQ� �GXULQJ� �SUHJQDQF\� �LV�� � � � � � � � � �

DVVRFLDWHG� �ZLWK� �DOWHUHG� �QHXURGHYHORSPHQW������� �DGLSRVLW\����� �DQG� �FKURQLF� �LPPXQH�PHGLDWHG�� � � � � � � �

GLVHDVHV��������LQ���RIIVSULQJ���

�

7KH��PRVW��VWULNLQJ��PHWDEROLF��GLIIHUHQFH��EHWZHHQ��0$/��DQG��1%6��ZRPHQ��FDPH��IURP��KRVW�PLFUREH�� � � � � � � � � � � � �

FR�PHWDEROLWHV� �RI� �SURWHLQ� �SXWUHIDFWLRQ�� �3KHQ\ODFHW\OJOXWDPLQH� ��3$*��� S��FUHV\O� �VXOIDWH� ��3&6���� � � � � � � � �

LQGR[\O��VXOIDWH���,6���DQG�S��K\GUR[\SKHQ\ODFHWDWH���3+3$���ZHUH��H[FUHWHG��LQ��KLJKHU��FRQFHQWUDWLRQV�� � � � � � � � � � �

LQ� �ZRPHQ� �ZLWK��D��SUHYLRXV��PDODEVRUSWLYH��SURFHGXUH��FRPSDUHG��WR��WKRVH��ZLWK��VLPLODU��%0,��EXW��QR�� � � � � � � � � � � � � � �

KLVWRU\� �RI� �EDULDWULF� �VXUJHU\� ���)LJXUH� ����D���� �7KLV� �XULQDU\� �VLJQDWXUH� �UHIOHFWV� �LQFUHDVHG� �EDFWHULDO�� � � � � � � � � � � �

IHUPHQWDWLRQ��RI��DURPDWLF��DPLQR��DFLGV��LQ��WKH��JXW�����������0DODEVRUSWLYH��VXUJHULHV��UHVXOW��LQ��GHFUHDVHG�� � � � � � � � � � � � �

FOHDYDJH��DQG��DEVRUSWLRQ��RI��GLHWDU\��SURWHLQ��������K\SRWKHWLFDOO\��DOORZLQJ��PRUH��XQGLJHVWHG��SURWHLQ��WR�� � � � � � � � � � � �

UHDFK��WKH��ODUJH��LQWHVWLQH��ZKHUH��LW��LV��PHWDEROLVHG��E\��UHVLGHQW��EDFWHULD���UHOHDVLQJ��IUHH��DPLQR��DFLGV�� � � � � � � � � � � � � � �

ZKLFK��DUH��WUDQVIRUPHG��WR��SKHQROV��DQG��LQGROHV��E\��EDFWHULDO��HQ]\PHV���VHH�)LJXUH����������+LQGHUHG�� � � � � � � � � � � � � �

GLJHVWLRQ��DQG��PDODEVRUSWLRQ��RI��SURWHLQ��FRXOG��DOVR��H[SODLQ��WKH��UHGXFWLRQ��LQ��FLUFXODWLQJ��OHXFLQH��DQG�� � � � � � � � � � � � � �

LVROHXFLQH� �REVHUYHG� �LQ� �0$/� �SDWLHQWV� �VLQFH� �VHUXP� �FRQFHQWUDWLRQV� �DUH� �GLUHFWO\� �UHODWHG� �WR� �WKH�� � � � � � � � � � � � �

DEVRUSWLRQ��RI��%&$$V��LQ��WKH��VPDOO��LQWHVWLQH�������,Q��DGGLWLRQ���UHGXFHG��H[FUHWLRQ��RI��Į�NHWRLVRYDOHUDWH��� � � � � � � � � � � � �

D� �PHWDEROLWH� �RI� �YDOLQH�� �LQ� �0$/� �SDWLHQWV� �LV� �FRQVLVWHQW� �ZLWK� �LPSDLUHG� �DEVRUSWLRQ� �RI� �%&$$V��� � � � � � � � � � � � � �

,QFUHDVHG� �SURWHLQ� �SXWUHIDFWLRQ� �LQ� �WKH� �JXW� �LV� �JHQHUDOO\� �FRQVLGHUHG� �GHWULPHQWDO� �WR� �KXPDQ� �KHDOWK�� � � � � � � � � � � � �

GXH� �WR� �WKH� �SRWHQWLDO� �WR[LFLW\� �RI� �WKH� �SKHQROLF� �DQG� �LQGROLF� �FRPSRXQGV� �IRUPHG� �E\� �WKLV�� � � � � � � � � � � � � �

SURFHVV�������������� �2QH� �0$/�DVVRFLDWHG� �KRVW�PLFUREH� �FR�PHWDEROLWH�� �3$*�� �ZDV� �VLJQLILFDQWO\�� � � � � � � �

HOHYDWHG��LQ��XULQH��RI��QHRQDWHV��IURP��WKH��0$/��JURXS��FRPSDUHG��WR��QHRQDWDO��XULQH��IURP��HLWKHU��1%6�� � � � � � � � � � � � � � � �

RU� �5(6� �JURXSV� ���)LJXUH� ����E���� �VXJJHVWLQJ� �WKH� �0$/� �PHWDEROLF� �SKHQRW\SH� �KDV� �WKH� �SRWHQWLDO� �WR�� � � � � � � � � � � � � �

LPSDFW� �RIIVSULQJ�� �'XH� �WR� �WKH� �VPDOO� �QXPEHU� �RI� �LQIDQW� �XULQH� �VDPSOHV� �FROOHFWHG� �LQ� �WKH� �SUHVHQW�� � � � � � � � � � � � � � �

FRKRUW�� �WKLV��REVHUYDWLRQ��VKRXOG��EH��WUHDWHG��ZLWK��FDXWLRQ���+RZHYHU���LQYHVWLJDWLRQ��RI��WKH��HIIHFWV��RI�� � � � � � � � � � � � � �

LQFUHDVHG���IHWDO���H[SRVXUH���WR���SKHQROLF���DQG���LQGROLF���FRPSRXQGV���LV���ZDUUDQWHG����
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)LJXUH� ������ �/RQJLWXGLQDO��PRGHOOLQJ��RI��GLVFULPLQDQW��PHWDEROLWHV���D���)RU��HDFK��PHWDEROLWH��LGHQWLILHG�� � � � � � � � � � � �
LQ� �WKH� �FURVV�VHFWLRQDO� �DQDO\VLV�� �VLJQLILFDQFH� �ZDV� �DVVHVVHG� �E\� �WLPH� �VHULHV� �DQDO\VLV� ��³VDQWD5´��� E��� � � � � � � � � � � � �
5HODWLYH��FRQFHQWUDWLRQV��RI��SKHQ\ODFHW\OJOXWDPLQH���3$*���LQ��QHRQDWDO��XULQH��GHSHQG��RQ��PDWHUQDO��VXUJHU\�� � � � � � � � � � � �
VWDWXV��D�X�� �DUELWUDU\� �XQLWV�� �
3������ ��0DQQ�:KLWQH\� �8� �WHVW��� �*O\F$��1�DFHW\O��JO\FRSURWHLQV���,6��LQGR[\O�� � � � � � � � � � � � �
VXOIDWH����3&6���S�FUHV\O���VXOIDWH����3+3$���S�K\GUR[\SKHQ\ODFHWDWH���

�

7KH� �HIIHFW� �RI� �SUHYLRXV� �PDODEVRUSWLYH� �VXUJHU\� �RQ� �PDWHUQDO� �SURWHLQ� �PHWDEROLVP� �LV� �VHHPLQJO\�� � � � � � � � � � � �

ELDVHG��WRZDUG��DURPDWLF��DPLQR��DFLGV���W\URVLQH���WU\SWRSKDQ��DQG��SKHQ\ODODQLQH����ZKLFK��PD\��UHIOHFW�� � � � � � � � � � � �

VXUJHU\�LQGXFHG� �FKDQJHV� �LQ� �WKH� �JXW� �PLFURELRWD� �RI� �0$/� �ZRPHQ�� �,VREXW\UDWH�� �D� �%&)$� �ZKLFK�� � � � � � � � � � � � �

RULJLQDWHV� �IURP� �EDFWHULDO� �PHWDEROLVP� �RI� �%&$$� �YDOLQH������� �ZDV� �UHGXFHG� �LQ� �FRQFHQWUDWLRQ� �LQ� �WKH�� � � � � � � � � � � � �

0$/��FRPSDUHG��WR��WKH��1%6��JURXS����)LJXUH�����D�����/LWWOH��LV��NQRZQ��DERXW��WKH��IXQFWLRQDO��VLJQLILFDQFH�� � � � � � � � � � � � � � �

RI� �%&)$V� �LQ� �KXPDQ� �KHDOWK�� �EXW� �XQOLNH� �PHWDEROLWHV� �RI� �DURPDWLF� �DPLQR� �DFLGV�� �%&)$V� �DUH� �QRW�� � � � � � � � � � � � � � �

JHQHUDOO\� �FRQVLGHUHG� �WR� �EH� �WR[LF�� �&RQFHQWUDWLRQ� �GLIIHUHQFHV� �LQ� �YDOLQH� �EHWZHHQ� �0$/� �DQG� �1%6�� � � � � � � � � � � � �
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SDWLHQWV� �ZHUH� �QRW� �GHWHFWHG� �GXULQJ� �SUHJQDQF\�� �EXW� �XULQDU\� �H[FUHWLRQ� �RI� �YDOLQH� �DW� �WKH� �WLPH� �RI�� � � � � � � � � � � � � � �

GHOLYHU\� �LQFUHDVHG� �LQ� �WKH� �1%6� �JURXS�� �WKLV� �WUHQG� �ZDV� �QRW� �REVHUYHG� �LQ� �WKH� �0$/� �JURXS�� �7KH�� � � � � � � � � � � � � � � �

RSSRVLWH� �SDWWHUQ� �ZDV� �REVHUYHG� �LQ� �WKH� �H[FUHWLRQ� �RI� �'�ȕ�K\GUR[\EXW\UDWH���D��NHWRQH��ERG\���$W��WKH�� � � � � � � � � � � � � �

WLPH��RI��GHOLYHU\���0$/��SDWLHQWV��H[FUHWHG��KLJK��FRQFHQWUDWLRQV��RI��WKLV��PHWDEROLWH��EXW��1%6��SDWLHQWV�� � � � � � � � � � � � � �

GLG� �QRW�� �7KH� �WZR� �VWXG\� �JURXSV� �FOHDUO\� �H[KLELW� �D� �GLIIHUHQWLDO� �UHVSRQVH� �WR� �ODERXU�� �,Q� �SDUWLFXODU��� � � � � � � � � � � � � � �

ZRPHQ� �ZLWK� �D� �SUHYLRXV� �PDODEVRUSWLYH� �VXUJHU\� �PD\� �EH� �PRUH� �SURQH� �WR� �HQWHULQJ� �NHWRVLV� �GXULQJ�� � � � � � � � � � � � � �

ODERXU���'HVSLWH��WKH��GLIIHUHQWLDO��ILQGLQJV��DW��7����WKH��PHWDEROLVPV��RI��WKH��WZR��VWXG\��JURXSV��FRQYHUJH�� � � � � � � � � � � � � � �

DW� �WKLV� �WLPH� �SRLQW� �ZKLFK� �ZDV� �DOVR� �HYLGHQW� �LQ� �WKH� �FURVV�VHFWLRQDO� �23/6�'$� �PRGHO� ���7DEOH� ��������� � � � � � � � � � � � � � �

7KH� �ODERXU� �SURFHVV� �LWVHOI� �LQGXFHV� �PHWDEROLF� �FKDQJHV����� �ZKLFK� �OLNHO\� �RYHUVKDGRZHG� �WKH�� � � � � � � � � � �

PDODEVRUSWLYH� �VLJQDWXUH�� �8ULQDU\� �H[FUHWLRQ� �RI� �FUHDWLQLQH�� �ZKLFK� �ZDV� �PXFK� �KLJKHU� �LQ��1%6��WKDQ�� � � � � � � � � � � � �

0$/� �SDWLHQWV� �GXULQJ� �WKH� �ILUVW� �WZR� �WULPHVWHUV� �EXW� �QRW� �WKH� �WKLUG�� �VKRZV� �WKDW� �VRPH�� � � � � � � � � � � � � �

SUHJQDQF\�UHODWHG��PHWDEROLF��FKDQJHV��FDQ��DOVR��RYHUVKDGRZ��WKH��PDODEVRUSWLYH��VLJQDWXUH��GXULQJ�� � � � � � � � � �

JHVWDWLRQ�� �7KH� �WUDMHFWRULHV� �RI� �JOXWDPLQH� �DQG� �PHWK\OPDORQDWH� �H[KLELW� �WKH� �XWLOLW\� �RI� �FROOHFWLQJ�� � � � � � � � � � � �

ORQJLWXGLQDO� �PHWDEROLF� �GDWD� �DQG� �DQDO\VLQJ� �LW� �DV� �D� �WLPH� �VHULHV�� �,Q� �DGGLWLRQ� �WR� �PRGHOOLQJ� �WKH�� � � � � � � � � � � � � � �

G\QDPLFV��RI��PHWDEROLVP���SDUWLFXODUO\��GXULQJ��D��SHULRG��RI��GUDVWLF��PHWDEROLF��DGDSWDWLRQV���WKH��UDWH��RI�� � � � � � � � � � � � � �

LGHQWLI\LQJ���IDOVH���SRVLWLYHV���LV���UHGXFHG����

����� 0DODEVRUSWLYH���PHWDEROLF���SKHQRW\SH���LV���DVVRFLDWHG���ZLWK���D��

VKLIW���LQ���WKH���JXW���PLFURELRWD��

*XW��EDFWHULDO��SURILOHV��EHWZHHQ��1%6��DQG��0$/��JURXSV��ZHUH��FRPSDUHG��DW��WKUHH��WLPH��SRLQWV��GXULQJ�� � � � � � � � � � � � � � �

SUHJQDQF\��ZKLFK��UHSUHVHQWHG��WKH��HQG��RI��WKH��ILUVW���7�����PLGGOH��RI��WKH��VHFRQG���7����DQG��PLGGOH��RI�� � � � � � � � � � � � � � � � �

WKH� �WKLUG� ��7��� �WULPHVWHU�� �$� �VLQJOH� �IDHFDO� �VDPSOH� �IURP� �WKH� �1%6� �JURXS��ZDV��H[FOXGHG��GXH��WR��ORZ�� � � � � � � � � � � � � � � � �

VHTXHQFLQJ� �GHSWK� �������� �UHDGV��� �$IWHU� �WKH� �H[FOXVLRQ�� �WKH��PHDQ��VHTXHQFLQJ��GHSWK��ZDV���������� � � � � � � � � � � � �

�������� �VWDQGDUG� �GHYLDWLRQ�� �DQG� �WKH� �PLQLPXP� �VHTXHQFLQJ� �GHSWK� �ZDV� ��������� �0$/� �SDWLHQWV�� � � � � � � � � � � �

WHQGHG� �WR� �KDYH� �KLJKHU� �DOSKD�GLYHUVLW\� �WKDQ� �1%6� �SDWLHQWV� ���)LJXUH�����D����DOWKRXJK��WKLV��ZDV��RQO\�� � � � � � � � � � � � � �

VWDWLVWLFDOO\� �VLJQLILFDQW� �DW� �7��� �*XW� �PLFURELDO� �FRPPXQLW\� �VWUXFWXUH� �ZDV� �VWDEOH� �WKURXJKRXW�� � � � � � � � � � �

SUHJQDQF\���EXW��ZDV��VXEVWDQWLDOO\��DOWHUHG��LQ��WKH��0$/��FRPSDUHG��WR��WKH��1%6��JURXS����)LJXUH�����E����� � � � � � � � � � � � � � �

7KH� �DOWHUDWLRQ� �ZDV� �GULYHQ� �E\� �LQFUHDVHG� �UHODWLYH� �DEXQGDQFH� �RI� �WKUHH� �JHQHUD�� (QWHURFRFFXV��� � � � � � � � � � � �

(VFKHULFKLD�6KLJHOOD� DQG� 6WUHSWRFRFFXV� ���)LJXUH� ����F���� �7KH� �GLIIHUHQWLDO� �DEXQGDQFH� �RI� �WKHVH�� � � � � � � � � �

JHQHUD� �PDQLIHVWHG� �DW� �DOO� �WD[RQRPLF� �UDQNV��5RWKLD� DQG� �LWV� �IDPLO\�0LFURFRFFDFHDH� �ZHUH� �DOVR�� � � � � � � � � � � � �

IRXQG� �LQ� �KLJKHU� �DEXQGDQFH� �LQ� �0$/� �SDWLHQWV� �ZKLOH�$QDHURVWLSHV� �ZDV� �WKH� �RQO\� �JHQXV� �IRXQG� �LQ�� � � � � � � � � � � � � � �
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ORZHU��DEXQGDQFH��LQ��WKHVH��SDWLHQWV���7D[D��ZKLFK��RQO\��GLVSOD\HG��GLIIHUHQWLDO��DEXQGDQFH��DW��D��VLQJOH�� � � � � � � � � � � � � �

WLPH���SRLQW���DUH���QRW���SORWWHG����EXW���DUH���UHSRUWHG���LQ����7DEOH�����6������$SSHQGL[���%�����

�

�
)LJXUH� ������ �*XW� �EDFWHULDO� �DOWHUDWLRQV� �LQ� �PDODEVRUSWLYH� �SDWLHQWV�� D�� �$OSKD�GLYHUVLW\� ��6KDQQRQ��� � � � � � � � � � �
HVWLPDWHV� �IRU��QR��EDULDWULF��VXUJHU\���1%6���DQG��PDODEVRUSWLYH���0$/���JURXSV��DW����±�����7�������±������7���� � � � � � � � � � � � � � �
DQG����±�����7����ZHHNV��JHVWDWLRQ��E���%HWD�GLYHUVLW\���%UD\�&XUWLV��GLVVLPLODULW\���ZLWK��SULQFLSDO��FRRUGLQDWHV�� � � � � � � � � � � �
DQDO\VLV��RUGLQDWLRQ���0$/���EOXH���DQG��1%6���SXUSOH���SDWLHQWV��DW��7����FLUFOH����7����WULDQJOH����DQG��7����VTXDUH��� � � � � � � � � � � � � � � �
DUH� �SORWWHG�� 3� �YDOXH� �REWDLQHG� �IURP� �SHUPXWDWLRQDO� �PXOWLYDULDWH� �DQDO\VLV� �RI� �YDULDQFH��F�� �'LIIHUHQWLDOO\�� � � � � � � � � � � � �
DEXQGDQW���0DQQ�:KLWQH\��8��WHVW���)'5����������WD[D��LQ��WKH��0$/��FRPSDUHG��WR��WKH��1%6��JURXS���

�3�������� � � � � � � � � � � � � � � � �
�0DQQ�:KLWQH\���8���WHVW�����16���QRW���VLJQLILFDQW���
�
�

�
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7KH� �ILQGLQJV� �SHUWDLQLQJ� �WR� �WKH� �JXW� �PLFURELRWD� �RI� �SUHJQDQW� �0$/� �SDWLHQWV� �DUH� �FRQVLVWHQW� �ZLWK�� � � � � � � � � � � � � �

SUHYLRXV� �UHSRUWV� �RI� �LQFUHDVHG� �DEXQGDQFH� �RI� �IDFXOWDWLYH� �DQDHUREHV�� �HVSHFLDOO\�� � � � � � � � �

*DPPDSURWHREDFWHULD��� �LQ� �IDHFDO� �VDPSOHV� �IURP� �QRQ�SUHJQDQW� �SDWLHQWV� �SRVW�JDVWULF� �E\SDVV�� � � � � � � � �

VXUJHU\����±�������$V��GLVFXVVHG��SUHYLRXVO\���WKH��DQDWRPLFDO��UHDUUDQJHPHQW��RI��D��JDVWULF��E\SDVV��UHVXOWV�� � � � � � � � � � � �

LQ� �GHFUHDVHG� �S+� �DQG� �LQFUHDVHG� �R[\JHQ� �LQ� �WKH� �JXW� �DV� �ZHOO� �DV� �LPSDLUHG� �GLJHVWLRQ����������� �7KHVH�� � � � � � � � � � � � � � �

IDFWRUV��FRQWULEXWH��WR��WKH��FKDQJHV��REVHUYHG��LQ��WKH��JXW��PLFURELRWD��SRVW�VXUJHU\���7KH��FXUUHQW��VWXG\�� � � � � � � � � � � � � �

LV��WKH��ILUVW��WR��GHPRQVWUDWH��WKDW��WKH��VKLIW��LQ��WKH��JXW��EDFWHULDO��FRPPXQLW\��LQGXFHG��E\��JDVWULF��E\SDVV�� � � � � � � � � � � � � � � � �

LV� �SHUVLVWHQW� �WKURXJKRXW� �SUHJQDQF\�� �)XUWKHU� �VWXGLHV� �WR� �LQYHVWLJDWH� �WKH� �HIIHFWV� �RI� �WKH� �JDVWULF�� � � � � � � � � � � � �

E\SDVV�LQGXFHG� �JXW� �PLFURELRWD��RQ��IHWDO��KHDOWK��DQG��RIIVSULQJ��RXWFRPHV��DUH��ZDUUDQWHG��JLYHQ��WKH�� � � � � � � � � � � � �

SRWHQWLDO� �SDWKRJHQLFLW\� �RI� �WKH� �LPSOLFDWHG� �EDFWHULD�� �,QFUHDVHG� �UHODWLYH� �DEXQGDQFH� �RI� �IDFXOWDWLYH�� � � � � � � � � � �

DQDHUREHV�� �SDUWLFXODUO\� �HQWHUREDFWHULD�� �LQ� �WKH� �JXW� �LV� �DVVRFLDWHG� �ZLWK� �LQIODPPDWRU\� �ERZHO�� � � � � � � � � � �

GLVHDVH����� �DQG��FRORUHFWDO��FDQFHU�������(QWHUREDFWHULDFHDH�DUH��W\SLFDOO\��SUHVHQW��LQ��ORZ��GHQVLWLHV��LQ�� � � � � � � � � � � �

WKH��KHDOWK\��KXPDQ��JXW���EXW��EORRPV��RI�(QWHUREDFWHULDFHDH�DUH��RIWHQ��REVHUYHG��LQ��WKH��LQIODPHG��JXW�� � � � � � � � � � � � � � �

ZKLFK� �DSSHDUV� �WR� �EH� �D� �IDYRXUDEOH� �HQYLURQPHQW� �IRU� �WKLV� �JURXS� �RI� �EDFWHULD������� �+HUH���WKH��UHODWLYH�� � � � � � � � � � � � � � �

LQFUHDVH� �LQ�(QWHUREDFWHULDFHDH�ZDV� �DWWULEXWHG��WR��LQFUHDVHG��DEXQGDQFH��RI�(VFKHULFKLD�6KLJHOOD�� � � � � � � � � �

ZLWK��VRPH��DPSOLFRQ��VHTXHQFH��YDULDQWV��LGHQWLILHG��DV�(���FROL���)LJXUH����������$OWKRXJK��VRPH��VWUDLQV�� � � � � � � � � � � � � �

RI�(�� �FROL�KDYH� �YLUXOHQFH� �SURSHUWLHV�� �PDQ\� �DUH� �QRUPDO� �UHVLGHQWV� �RI� �WKH� �KXPDQ��JDVWURLQWHVWLQDO�� � � � � � � � � � � � � �

WUDFW�� �+RZHYHU�� �VRPH� �FRPPHQVDO� (�� �FROL� VWUDLQV� �FDQ� �SURPRWH� �LQWHVWLQDO� �LQIODPPDWLRQ� �E\�� � � � � � � � � � � �

WULJJHULQJ���WKH���UHOHDVH���RI���SURLQIODPPDWRU\���F\WRNLQHV���������
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)LJXUH� ������ �'LIIHUHQWLDOO\� �DEXQGDQW� �DPSOLFRQ� �VHTXHQFH� �YDULDQWV� �LQ� �PDODEVRUSWLYH�� � � � � � � � �
SDWLHQWV��$PSOLFRQ��VHTXHQFH��YDULDQWV��VLJQLILFDQWO\����)'5����������DVVRFLDWHG��ZLWK��WKH��0$/�� � � � � � � � � � �
JURXS��DUH��SORWWHG��ZLWK��WKHLU��WD[RQRPLF��DVVLJQPHQWV��DQG��SK\ORJHQHWLF��UHODWHGQHVV���3RLQWV�� � � � � � � � � � �
UHSUHVHQW� �HIIHFW� �VL]HV� �ZLWK� �UHIHUHQFH� �WR� �WKH� �1%6� �JURXS� �DV� �ZHOO� �PHDQ� �DEXQGDQFHV�� � � � � � � � � � � � �
�QRUPDOLVHG�����%ODFN���EDUV���UHSUHVHQW���VWDQGDUG���HUURU���

�
0DQ\� �GLIIHUHQW� 6WUHSWRFRFFXV� �VSS�� �ZHUH� �DOVR� �PRUH� �DEXQGDQW� �LQ� �IDHFDO� �VDPSOHV� �IURP� �0$/�� � � � � � � � � � � � �

FRPSDUHG��WR��1%6��SDWLHQWV����)LJXUH���������6WUHSWRFRFFXV�VSS���DUH��W\SLFDOO\��PRUH��DEXQGDQW��LQ��WKH�� � � � � � � � � � � � � �

XSSHU� �JDVWURLQWHVWLQDO� �WUDFW� �WKDQ� �LQ� �WKH� �FRORQ�� �WKH\� �DUH� �GRPLQDQW� �VSHFLHV� �LQ� �WKH� �RUDO� �FDYLW\�������� � � � � � � � � � � � � � �

VWRPDFK����� �DQG��VPDOO��LQWHVWLQH��������7KH��LPSOLFDWLRQV��IRU��WKH��WUDQVORFDWLRQ��RI��WKHVH��EDFWHULD��WR��WKH�� � � � � � � � � � � � � �

FRORQ��DUH��XQNQRZQ��EXW��OLNH�(���FROL����VRPH�6WUHSWRFRFFXV�VSS���DUH��ZHOO�NQRZQ��SDWKRJHQV���2I��WKH�� � � � � � � � � � � � � � �

�� �VSHFLHV� �LGHQWLILHG� �LQ� �WKH� �SUHVHQW� �GDWD�� �DOO� �KDYH� �EHHQ� �LPSOLFDWHG� �LQ� �YDULRXV� �LQIHFWLRQV�������� � � � � � � � � � � � � �

(QWHURFRFFXV� �IDHFDOLV������� �D� �VSHFLHV� �FORVHO\� �UHODWHG� �WR�6WUHSWRFRFFXV��DQG�5RWKLD����� ZHUH�ERWK�� � � � � � � � � � � �

IRXQG� �LQ� �KLJKHU� �DEXQGDQFH� �LQ� �0$/� �FRPSDUHG� �WR� �1%6� �SDWLHQWV� �DQG� �DUH� �DOVR� �RSSRUWXQLVWLF�� � � � � � � � � � � � � �

SDWKRJHQV�� �7KH� �SDWKRJHQLF� �SRWHQWLDO� �RI� �WKH��0$/�DVVRFLDWHG��JXW��PLFURELRWD��FRXOG��FRQWULEXWH��WR�� � � � � � � � � � � �

WKH���LQFUHDVHG���ULVN���RI���GHYHORSLQJ���FRORQ���FDQFHU���IROORZLQJ���EDULDWULF���VXUJHU\��������
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)LJXUH� ������ �,QWHJUDWHG� �VLJQDWXUH� �RI� �SUHYLRXV� �PDODEVRUSWLYH� �VXUJHU\�� �D�� �6FRUH� �SORWV� �IURP�� � � � � � � � � � � �
PXOWL�EORFN� �3/6�'$� �VKRZ� �VDPSOHV� �IURP� �HDFK� �ELRIOXLG� �W\SH� �SURMHFWHG� �LQ� �ODWHQW� �VSDFH�� �'LVFULPLQDWLRQ�� � � � � � � � � � � � �
EHWZHHQ��QR��EDULDWULF��VXUJHU\���1%6���DQG��PDODEVRUSWLYH���0$/���SDWLHQWV��LV��DFKLHYHG��RQ��FRPSRQHQW�����E��� � � � � � � � � � � � � � �
(DFK� �YDULDEOH���FRORXUHG��E\��ELRIOXLG���IURP��WKH��PRGHO��LV��SORWWHG��EDVHG��RQ��LWV��FRUUHODWLRQ���3HDUVRQ���ZLWK�� � � � � � � � � � � � � � � �
HDFK� �FRPSRQHQW�� �9DULDEOHV� �ZLWK� �D� �KLJK� �FRUUHODWLRQ� �RQ� �HLWKHU� �FRPSRQHQW��DUH��KLJKOLJKWHG��F���3DLUZLVH�� � � � � � � � � � � � � �
FRUUHODWLRQV� ��VHH� ���������� �EHWZHHQ� �YDULDEOHV� �DORQJ� �FRPSRQHQW� ��� �DUH� �SORWWHG�� DOSKD�.,9��� � � � � � � � � � �
Į�NHWRLVRYDOHUDWH�� �'�EHWD�+%�� �'�ȕ�K\GUR[\EXW\UDWH�� �,6�� �LQGR[\O� �VXOIDWH�� �3$*�� �SKHQ\ODFHW\OJOXWDPLQH��� � � � � � � �
3&6����S�FUHVRO���VXOIDWH����3+3$����S�K\GUR[\SKHQ\ODFHWDWH���

�
'DWD� �IURP� �WKH� �WKUHH� �ELRIOXLGV� �ZHUH� �LQWHJUDWHG� �XVLQJ� �PXOWL�EORFN� �3/6�'$�� �)DHFDO� �VDPSOHV�� � � � � � � � � � � �

SURYLGHG� �WKH� �PRVW� �GLVFULPLQDWLRQ� �EHWZHHQ� �0$/� �DQG� �1%6� �SDWLHQWV�� �ZKLOH� �VHUXP� �VDPSOHV�� � � � � � � � � � � �

SURYLGHG� �WKH� �OHDVW� �GLVFULPLQDWLRQ� ���)LJXUH� ����D���� �$� �JURXS� �RI� ��� �EDFWHULDO� �JHQHUD� ���(QWHURFRFFXV��� � � � � � � � � � � � �

(VFKHULFKLD�6KLJHOOD�� �+ROGHPDQHOOD�� �5RWKLD� �DQG� �6WUHSWRFRFFXV��� �ZHUH� �WLJKWO\� �FOXVWHUHG��ZLWK��WKH�� � � � � � � � � �

XULQDU\��SURWHLQ��IHUPHQWDWLRQ��PHWDEROLWHV���3$*���3&6���,6��DQG��3+3$����DQG��WKLV��FOXVWHU��ZDV��KLJKO\�� � � � � � � � � � � � � �

DVVRFLDWHG� �ZLWK� �WKH� �0$/� �JURXS� ���)LJXUH� ����E���� �*HQHUD� �DQG��PHWDEROLWHV��LQ��WKH��DIRUHPHQWLRQHG�� � � � � � � � � � � � �

FOXVWHU��ZHUH��QHJDWLYHO\��FRUUHODWHG��ZLWK��OHXFLQH���LVROHXFLQH��DQG��LVREXW\UDWH����)LJXUH�����F�����ZKLFK�� � � � � � � � � � � �
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ZHUH��KLJKO\��DVVRFLDWHG��ZLWK��WKH��1%6��JURXS���7KH��PXOWL�ELRIOXLG��0$/��VLJQDWXUH��GHPRQVWUDWHV��WKDW�� � � � � � � � � � � � �

WKH� �PDODEVRUSWLYH� �FRQGLWLRQ� �DIIHFWV� �PDWHUQDO� �SURWHLQ� �PHWDEROLVP�� �ZKLFK�� �LQ� �DGGLWLRQ� �WR� �WKH�� � � � � � � � � � � �

DQDWRPLFDO��DQG��SK\VLRORJLFDO��FKDQJHV��WR��WKH��JDVWURLQWHVWLQDO��WUDFW���OLNHO\��IDYRXUV��WKH��SUROLIHUDWLRQ�� � � � � � � � � � � �

RI� �VSHFLILF� �EDFWHULD� �LQ� �WKH� �FRORQ�� �7KH� �VSHFLHV� �WKDW� �EORRP� �LQ� �WKH� �FRORQ� �IROORZLQJ� �PDODEVRUSWLYH�� � � � � � � � � � � � � � �

VXUJHU\��DUH��SUHVXPDEO\��SURWHRO\WLF��DQG��SUHIHUHQWLDOO\��IHUPHQW��DURPDWLF��DPLQR��DFLGV��WU\SWRSKDQ��� � � � � � � � � � �

W\URVLQH� �DQG��SKHQ\ODODQLQH���ZKLFK��JLYH��ULVH��WR��LQGROH��S��FUHVRO��DQG��SKHQ\ODFHWDWH���UHVSHFWLYHO\��� � � � � � � � � � � �

3+3$��FDQ��EH��SURGXFHG��IURP��ERWK��W\URVLQH��DQG��SKHQ\ODFHWDWH������(���FROL�DQG�(���IDHFDOLV�SURGXFH�� � � � � � � � � � � � � � �

ERWK� �SKHQROV� �DQG� �LQGROHV� �IURP� �W\URVLQH� �DQG� �WU\SWRSKDQ�� �UHVSHFWLYHO\����������� �)ROORZLQJ� �EDFWHULDO�� � � � � � � � � � �

WUDQVIRUPDWLRQ� �RI� �WKH� �DURPDWLF� �DPLQR� �DFLGV�� �LQGROH� �DQG�S��FUHVRO� �DUH� �VXOIDWHG� �WR� �,6� �DQG� �3&6��� � � � � � � � � � � � � � �

UHVSHFWLYHO\���ZKLOH��SKHQ\ODFHWDWH��LV��FRQMXJDWHG��WR��JOXWDPLQH��IRUPLQJ��3$*���3$*��DQG��3&6��ZHUH�� � � � � � � � � � � � �

SUHYLRXVO\� �VKRZQ��WR��FRUUHODWH��ZLWK��WKH��SK\OXP�3URWHREDFWHULD� LQ��JHQHUDO�������6WUHSWRFRFFXV�VSS��� � � � � � � � � � � �

KDYH� �QRW� �EHHQ� �VKRZQ� �WR� �SURGXFH� �WKH� �DERYH� �PHWDEROLWHV�� �EXW� �WKHVH� �VSHFLHV� �KDYH� �SURWHRO\WLF�� � � � � � � � � � � � � �

DFWLYLW\����� �DQG� �DUH� �LQYROYHG� �LQ� �WKH� �SXWUHIDFWLYH� �SURFHVV������� �ZKLFK� �OLNHO\� �FRQWULEXWHV� �WR� �WKH� �0$/�� � � � � � � � � � � � � �

VLJQDWXUH���

�

7KH��GDWD��SUHVHQWHG��KHUH��LV��WKH��ILUVW��UHSRUW��RI��LQFUHDVHG��KRVW�PLFUREH��FR�PHWDEROLVP��RI��DURPDWLF�� � � � � � � � � � � � � �

DPLQR��DFLGV��LQ��KXPDQV��SRVW�PDODEVRUSWLYH��VXUJHU\���D��PHWDEROLF��FKDQJH��WKDW��KDV��EHHQ��UHSRUWHG�� � � � � � � � � � � � �

LQ� �JDVWULF� �E\SDVV�RSHUDWHG� �URGHQWV����������� �7KH� �XSUHJXODWLRQ� �RI� �EDFWHULDO� �SURWHLQ� �IHUPHQWDWLRQ�� � � � � � � � � �

IROORZLQJ��JDVWULF��E\SDVV��KDV��EHHQ��REVHUYHG������������� �WKURXJK��WKH��VDPSOLQJ��RI��IDHFDO��VDPSOHV���EXW�� � � � � � � � � � � � �

WKH� �SUHVHQW� �VWXG\� �KDV� �JRQH� �D� �VWHS� �IXUWKHU�� �GHPRQVWUDWLQJ� �DQ� �LQWHUDFWLRQ� �EHWZHHQ� �WKH� �DOWHUHG�� � � � � � � � � � � � � �
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'LVLQWHJUDWLYH��'LVRUGHU���DQG��3HUYDVLYH��'HYHORSPHQWDO��'LVRUGHU��±��1RW��2WKHUZLVH��6SHFLILHG���7KH�� � � � � � � � � � �

FRUH� �EHKDYLRXUDO� �V\PSWRPV� �RI� �WKHVH� �GLVRUGHUV� �DUH� �JHQHUDOO\� �VLPLODU� �EXW� �YDU\� �LQ� �VHYHULW\��� � � � � � � � � � � � �

+RZHYHU�� �HDFK� �SDWLHQW� �ZLOO� �H[KLELW� �D� �XQLTXH� �VHW� �RI� �FOLQLFDO� �IHDWXUHV�� �FUHDWLQJ� �D� �YDVWO\�� � � � � � � � � � � � � �

KHWHURJHQHRXV� �SRSXODWLRQ� �UHSUHVHQWLQJ� �D� �VSHFWUXP� �RI� �FDVHV�� �,Q��SUDFWLFH���GLVWLQFWLRQV��EHWZHHQ�� � � � � � � � � � �

WKH� �SHUYDVLYH� �GHYHORSPHQWDO� �GLVRUGHUV� �DUH� �GLIILFXOW� �WR� �DVFHUWDLQ�� �OHDGLQJ� �WR� �LQFRQVLVWHQW�� � � � � � � � � � �

GLDJQRVHV��DPRQJ��GLIIHUHQW��FOLQLFV��������)URP���������WKH��ILIWK��HGLWLRQ��RI��WKH��'LDJQRVWLF��DQG��6WDWLVWLFDO�� � � � � � � � � � � � � �

0DQXDO��RI��0HQWDO��'LVRUGHUV���'60�,9���KDV��LQFRUSRUDWHG��DOO��RI��WKHVH��FRQGLWLRQV��XQGHU��WKH��VLQJOH�� � � � � � � � � � � � � �

XPEUHOOD� �GLDJQRVLV��RI��$6'��������UHPRYLQJ��WKH��DPELJXLW\��RI��$6'��VXEW\SHV���6WLOO���WKHUH��LV��D��FOLQLFDO�� � � � � � � � � � � � � � �

QHHG��WR��PRYH��EH\RQG��EHKDYLRXUDO��FKDUDFWHULVDWLRQ��WR��VWUDWLI\��WKH��SDWLHQW��SRSXODWLRQ��DQG��SURYLGH�� � � � � � � � � � � � �

WDUJHWHG� �WUHDWPHQWV� �WKDW� �DUH� �IRUPXODWHG� �IRU� �LQGLYLGXDO� �FDVHV� �RU� �JURXSV� �RI� �FKLOGUHQ� �WKDW� �H[KLELW�� � � � � � � � � � � � � �

VLPLODU� �SKHQRW\SHV�� �$� �PXOWLIDFHWHG� �V\VWHPV� �ELRORJ\� �DSSURDFK� �PXVW� �EH� �XQGHUWDNHQ� �WR�� � � � � � � � � � �

XQGHUVWDQG��WKH��ELRFKHPLFDO��PHFKDQLVPV��WKDW��FRQWULEXWH��WR��WKH��SKHQRW\SLF��GLYHUVLW\��REVHUYHG��LQ�� � � � � � � � � � � �

$6'���

�

,Q��WKH��8QLWHG��6WDWHV���WKH��PRVW��UHFHQW��HVWLPDWHV���IURP���������DUH��WKDW��$6'��DIIHFWV�����LQ��HYHU\������ � � � � � � � � � � � � � � � � �

FKLOGUHQ��DQG��LV�������WLPHV��PRUH��SUHYDOHQW��LQ��PDOHV��WKDQ��LQ��IHPDOHV��������:RUOGZLGH���WKH��SUHYDOHQFH�� � � � � � � � � � � � � � �

UDWH��LV��DSSUR[LPDWHO\������������7KH��FDXVH��RI��$6'��LV��XQNQRZQ���DOWKRXJK��LW��LV��OLNHO\��PXOWLIDFWRULDO��ZLWK�� � � � � � � � � � � � � � � �

FRQWULEXWLRQV� �IURP� �ERWK� �JHQHWLF� �DQG��HQYLURQPHQWDO��IDFWRUV���*HQHWLFDOO\��SUHGLVSRVHG��LQGLYLGXDOV�� � � � � � � � � �

PLJKW� �DFFXPXODWH� �LQVXOWV� �IURP� �SUHQDWDO� �DQG� �SRVWQDWDO� �HYHQWV� �VXFK� �DV� �PDWHUQDO� �LPPXQH�� � � � � � � � � � � �

DFWLYDWLRQ�� �PDWHUQDO� �SKDUPDFHXWLFDO� �GUXJ� �XVDJH�� �DQG� �H[SRVXUH� �WR� �SROOXWDQWV� �RU� �WR[LFDQWV�������� � � � � � � � � � �

&RPSDULVRQ� �RI� �PRQR]\JRWLF� �DQG� �GL]\JRWLF� �WZLQ� �SDLUV� �KDV� �SURYHQ� �WKDW� �WKH� �VKDUHG��HQYLURQPHQW�� � � � � � � � � � � � �

KDV� �D� �VXEVWDQWLDO� �HIIHFW� �RQ� �WKH� �FRQFRUGDQFH� �UDWHV� �RI� �$6'������� �7KLV� �FRPSOH[� �LQWHUSOD\��EHWZHHQ�� � � � � � � � � � � � � �

JHQHV�� �HQYLURQPHQW�� �DQG� �WKH� �LPPXQH� �V\VWHP� �FRXOG� �DOVR� �H[SODLQ� �WKH� �KHWHURJHQHRXV�� � � � � � � � � � �

PDQLIHVWDWLRQV� �DQG� �RFFXUUHQFH� �RI� �FRPRUELG� �PHGLFDO� �FRQGLWLRQV� �REVHUYHG� �LQ� �WKH� �$6'�� � � � � � � � � � �

SRSXODWLRQ������� �)RU� �SDWLHQWV� �ZLWK� �$6'�� �TXDOLW\� �RI� �OLIH� �LV� �VLJQLILFDQWO\� �GHFUHDVHG� �E\� �PXOWLSOH�� � � � � � � � � � � � �

FRPRUELG��DIIOLFWLRQV���$XWLVP��KDV��WUDGLWLRQDOO\��EHHQ��YLHZHG��DV��D��QHXURGHYHORSPHQWDO��GLVRUGHU���\HW�� � � � � � � � � � � �

LW� �LV� �EHFRPLQJ� �FOHDU� �WKDW� �WKH� �HQWLUH� �ERG\� �V\VWHP� �LV� �DIIHFWHG�� �7KHVH� �FKLOGUHQ� �FRPPRQO\� �VXIIHU�� � � � � � � � � � � � � � �

IURP� �JDVWURLQWHVWLQDO� �LVVXHV� �DQG� �LPPXQH� �G\VIXQFWLRQ� �DV� �ZHOO� �DV� �DGGLWLRQDO� �QHXURORJLFDO�� � � � � � � � � � �

FRQGLWLRQV�� �&RPRUELGLWLHV� �FDQ� �UDQJH� �IURP� �PRRG� �GLVRUGHUV�� �VOHHS� �GLVRUGHUV�� �DQ[LHW\�� �DWWHQWLRQ�� � � � � � � � � � �
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¶

GHILFLW��GLVRUGHUV���DQG��HSLOHSV\��WR��DXWRLPPXQLW\���DOOHUJLHV���PLWRFKRQGULDO��GLVRUGHUV��DQG��PHWDEROLF�� � � � � � � � � � �

GLVRUGHUV������� �7KH� �XQGHUO\LQJ� �V\VWHPLF� �SDWKRORJ\� �RI� �$6'� �DQG� �LWV� �DVVRFLDWHG� �FRQGLWLRQV� �LV�� � � � � � � � � � � �

FRPSOH[���EXW��DW��WKH��LQWHUVHFWLRQ��RI��QHXUDO���LPPXQH���DQG��JDVWURLQWHVWLQDO��SK\VLRORJ\���VLWV��DQ��HQWLW\�� � � � � � � � � � � � � �

WKDW��DFWV��DV��D��VLJQLILFDQW��PHGLDWRU��RI��VHYHUDO��FRPPXQLFDWLRQ��D[HV��LQ��WKH��KXPDQ��ERG\��������7KH��JXW�� � � � � � � � � � � � � � � �

PLFURELRWD� �LV� �QRZ� �FRQVLGHUHG� �D� �IXQGDPHQWDO� �FRQVWLWXHQW� �RI� �KXPDQ� �ELRORJ\�� �WKHUHIRUH� �LW� �LV�� � � � � � � � � � � � �

SUREDEOH��WKDW��WKLV��HQWLW\��SOD\V��D��UROH��LQ��D��YDULHW\��RI��KHDOWK��FRQGLWLRQV���,W��KDV��DOVR��EHHQ��VKRZQ��WKDW�� � � � � � � � � � � � � � � � � � �

JDVWURLQWHVWLQDO��G\VIXQFWLRQ��FRUUHODWHV��ZLWK��$6'��V\PSWRP��VHYHULW\������������SURYLGLQJ��HYLGHQFH��WKDW�� � � � � � � � � �

WKH� �JXW� �PLFURELRWD� �PLJKW� �EH� �LQYROYHG� �LQ� �WKH� �SHUVLVWHQFH� �RI� �VRPH� �DXWLVWLF� �EHKDYLRXUV�� �,W� �LV�� � � � � � � � � � � � � � �

SRVVLEOH��WKDW��GLHWDU\��SDWWHUQV��RU��HDWLQJ��EHKDYLRXUV��FRPPRQ��WR��WKHVH��FKLOGUHQ����� �FRQWULEXWH��WR��WKLV�� � � � � � � � � � � � � �

SKHQRPHQRQ����KRZHYHU���WKH���HYLGHQFH���WR���GDWH���LV���LQFRQFOXVLYH���DQG���PXVW���EH���LQYHVWLJDWHG���IXUWKHU���

�

6XIILFLHQW� �OLWHUDWXUH� �H[LVWV� �WR� �VXSSRUW� �WKDW� �WKHUH� �LV� �VRPH� �H[WHQW� �RI� �JXW� �PLFURELDO� �G\VIXQFWLRQ� �LQ�� � � � � � � � � � � � � � �

FKLOGUHQ� �GLDJQRVHG� �ZLWK� �$6'�� �+RZHYHU�� �D� �GHILQLWLYH� �$6'�DVVRFLDWHG� �VLJQDWXUH� �KDV� �QRW� �EHHQ�� � � � � � � � � � � �

LGHQWLILHG����±������ �'XH� �WR� �WKH� �KHWHURJHQHLW\� �LQ� �WKLV� �SRSXODWLRQ�� �ODUJH� �VDPSOH� �VL]HV� �DUH��QHFHVVDU\�� � � � � � � � � � � � �

DQG��ZLWKLQ�JURXS��YDULDWLRQ��PXVW��EH��LQYHVWLJDWHG���7R��H[SORUH��KRVW�PLFUREH��PHWDEROLF��LQWHUDFWLRQV��� � � � � � � � � � �

ZKLFK� �YDU\� �DFURVV� �WKH� �$6'� �SRSXODWLRQ� �DQG� �ZLWK� �UHVSHFW� �WR� �QHXURW\SLFDO� �FKLOGUHQ�� �D� �ODUJH�� � � � � � � � � � � � � �

PXOWL�VLWH��FRKRUW��ZDV��VWXGLHG���)DHFDO��DQG��XULQH��VDPSOHV��ZHUH��FROOHFWHG��IURP��FKLOGUHQ��DW��PXOWLSOH�� � � � � � � � � � � � � �

WLPH��SRLQWV���PHWDEROLF���IDHFDO��DQG��XULQH���DQG��IDHFDO��EDFWHULDO��SURILOHV��ZHUH��DFTXLUHG��XVLQJ��SURWRQ�� � � � � � � � � � � � � �

QXFOHDU� �PDJQHWLF� �UHVRQDQFH� �����+� �105�� �VSHFWURVFRS\� �DQG� ���6� �ULERVRPDO� �51$� ��U51$�� �JHQH�� � � � � � � � � � � �

DPSOLFRQ� �VHTXHQFLQJ�� �UHVSHFWLYHO\�� �7KH� �EUHDGWK� �RI� �WKH� �GDWD� �FROOHFWHG� �VXUSDVVHV� �WKDW� �RI� �DQ\�� � � � � � � � � � � � �

RWKHU���SXEOLVKHG���FRKRUW���WR���GDWH����DOORZLQJ���XQSUHFHGHQWHG���SKHQRW\SLF���FKDUDFWHULVDWLRQ���RI���$6'���

��� 0DWHULDOV���DQG���PHWKRGV��

����� 6WXG\���SRSXODWLRQ����VDPSOLQJ���DQG���FOLQLFDO���GDWD��

7KH� �SRSXODWLRQ� �DQG� �GHVLJQ� �RI� �WKH� �VWXG\� �DUH� �GHWDLOHG� �LQ� �������� �)RU� �DOO� �PHWDGDWD� �FROOHFWHG��� � � � � � � � � � � � � � �

K\SRWKHVLV� �WHVWV� �ZHUH� �SHUIRUPHG� �LQ� �D� �SDLUZLVH� �PDQQHU� ��17&� �YV��$6'���6,%��YV��$6'��RU��17&��YV�� � � � � � � � � � � � � � � � �

6,%��� �'LIIHUHQFHV� �LQ� �QXPHULFDO� �YDULDEOHV� �ZHUH� �HYDOXDWHG� �ZLWK��6WXGHQW
V��W�WHVW��RU��:LOFR[RQ��UDQN�� � � � � � � � � � � � �

VXP� ��0DQQ�:KLWQH\�� �WHVW� �IRU� �QRUPDOO\� �DQG� �QRQ�QRUPDOO\� �GLVWULEXWHG� �GDWD�� �UHVSHFWLYHO\��� � � � � � � � � �

&KL�VTXDUHG� �RU� �)LVKHU¶V� �H[DFW� ��YDULDEOHV� �ZLWK� �IHZHU� �WKDQ� ��� �REVHUYDWLRQV�� �WHVWV� �ZHUH� �XVHG� �IRU�� � � � � � � � � � � � � �

FDWHJRULFDO� �YDULDEOHV��3�YDOXHV� �ZHUH� �DGMXVWHG� �DFFRUGLQJ��WR��WKH��IDOVH��GLVFRYHU\��UDWH����)'5����DQG�� � � � � � � � � � � � � �

DQ� �DOSKD� �RI� ������ �ZDV� �XVHG� �WKURXJKRXW���$OO��FDOFXODWLRQV��ZHUH��H[HFXWHG��LQ��WKH��5���YHUVLRQ���������� � � � � � � � � � � � � � � �
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VWDWLVWLFDO� �HQYLURQPHQW������� �$� �OLVW� �RI� �SDFNDJHV� �DQG� �SDFNDJH� �YHUVLRQV� �XVHG� �FDQ� �EH� �IRXQG� �LQ�� � � � � � � � � � � � � �

$SSHQGL[���&�����

����� 0HWDEROLF���SURILOLQJ��

$QDO\VLV� �RI��ELRVSHFLPHQV���0HWDEROLWHV��ZHUH��H[WUDFWHG��IURP��IDHFDO��VDPSOHV��XVLQJ��DFHWRQLWULOH�� � � � � � � � � � �

EXIIHU� ��$&1��+���2� ������� �FRQWDLQLQJ� ���� �Z�Y� �VRGLXP� �D]LGH� �DQG� �EHDG�EHDWLQJ�� �7XEHV� �FRQWDLQLQJ�� � � � � � � � � � � �

�����ȝO��EXIIHU��������PJ��IDHFHV��DQG�������PP��=LUFRQLD��EHDGV���6WUDWHFK���ZHUH��VKDNHQ��IRU������VHF��LQ��D�� � � � � � � � � � � � � � � � � � �

%LRVSHF��EHDG�EHDWHU��DQG��FHQWULIXJHG��IRU������PLQ��DW����������[��J��DQG����&���6XSHUQDWDQW��ZDV��ILOWHUHG�� � � � � � � � � � � � � � � �

WKURXJK��������ȝP��6SLQ�;���FHQWULIXJH��WXEH��ILOWHUV���&RUQLQJ���DQG��VWRUHG��DW������&���*OREDO��PHWDEROLF�� � � � � � � � � � � � � �

SURILOHV� �RI� �IDHFDO� �H[WUDFWV� �DQG� �XULQH� �VDPSOHV� �ZHUH� �DFTXLUHG� �E\� ��+� �105� �VSHFWURVFRS\� �DW� �WKH�� � � � � � � � � � � � � � �

,PSHULDO� �3KHQRPH� �&HQWUH� ��,PSHULDO� �&ROOHJH� �/RQGRQ�� �8.��� �$� �VWDQGDUG� �RQH�GLPHQVLRQDO� �SXOVH�� � � � � � � � � � �

VHTXHQFH��ZLWK��ZDWHU��SUHVDWXUDWLRQ��ZDV��XVHG��������-�UHVROYHG��H[SHULPHQWV��ZHUH��DOVR��UXQ��RQ��HDFK�� � � � � � � � � � � � �

VDPSOH���WR���DVVLVW���ZLWK���PHWDEROLWH���LGHQWLILFDWLRQ��������

�

0RGHOOLQJ� �RI� �PHWDEROLF� �SURILOHV�� �5DZ� �VSHFWUDO� �GDWD� �ZHUH� �SUH�SURFHVVHG� �XVLQJ� �DQ� �LQ�KRXVH�� � � � � � � � � � � �

SLSHOLQH������� �'DWD� �ZHUH� �QRUPDOLVHG� �XVLQJ� �WKH� �SUREDELOLVWLF� �TXRWLHQW� �QRUPDOLVDWLRQ� �PHWKRG����� �DQG�� � � � � � � � � � �

PXOWLYDULDWH� �PRGHOOLQJ� ��VHH� ������ �IRU� �GHWDLOHG� �PHWKRGV�� �ZDV� �FRQGXFWHG� �RQ� �DXWRVFDOHG� �GDWD��� � � � � � � � � � � �

3ULQFLSDO� �FRPSRQHQW� �DQDO\VLV� ��3&$�� �ZDV� �XVHG� �WR� �LGHQWLI\� �H[WUHPH� �RXWOLHUV�� �6SHFWUD� �ZLWK�� � � � � � � � � � � �

FRQWDPLQDQWV� �RU� �GUXJ� �PHWDEROLWHV� �ZHUH� �H[FOXGHG�� �)RU� �DOO� �LQLWLDO� �DQDO\VHV�� �RQH� �WLPH� �SRLQW� �IURP�� � � � � � � � � � � � � �

HDFK� �SDUWLFLSDQW� �ZDV� �XVHG�� �2UWKRJRQDO� �SDUWLDO� �OHDVW� �VTXDUHV� �GLVFULPLQDQW� �DQDO\VLV� ��23/6�'$��� � � � � � � � � � �

ZDV� �HPSOR\HG� �WR� �LGHQWLI\� �JURXS�ZLVH� �GLIIHUHQFHV� �LQ� �PHWDEROLF� �SURILOHV���0RGHOV��ZHUH��HYDOXDWHG�� � � � � � � � � � � �

XVLQJ����IROG��FURVV��YDOLGDWLRQ���6SDUVH��3&$���V3&$���ZDV��DSSOLHG��WR��$6'��IDHFDO��PHWDEROLF��SURILOHV�� � � � � � � � � � � � � �

��)LJXUH���������WR��VHOHFW��PLFURELRWD�DVVRFLDWHG��PHWDEROLWHV��WKDW��YDULHG��DFURVV��WKH��$6'��SRSXODWLRQ��� � � � � � � � � � � �

7KH� �VSDUVLW\� �LQWURGXFHG� �HQVXUHV� �WKDW� �QRQ�LQIRUPDWLYH� �YDULDEOHV� �DUH� �QRW� �VHOHFWHG�� �6SHFWUDO�� � � � � � � � � � �

YDULDEOHV��ZLWK��D��FRUUHODWLRQ��FRHIILFLHQW��RI��_���_��RU��KLJKHU��RQ��FRPSRQHQW�����ZHUH��DQQRWDWHG���DQG��D�� � � � � � � � � � � � � � � �

UHSUHVHQWDWLYH� �SHDN� �IRU� �HDFK� �PHWDEROLWH� �ZDV� �LQWHJUDWHG� �WR� �FDOFXODWH� �UHODWLYH� �FRQFHQWUDWLRQ���7R�� � � � � � � � � � � �

GHWHUPLQH� �ZKLFK� �XULQDU\� �PHWDEROLWHV� �LQ� �$6'� �ZHUH� �DVVRFLDWHG� �ZLWK� �WKH� �VHOHFWHG� �IDHFDO�� � � � � � � � � � � �

PHWDEROLWHV���D��SDUWLDO��OHDVW��VTXDUHV���3/6���UHJUHVVLRQ��PRGHO��RI��IDHFDO��PHWDEROLWHV����;����DQG��XULQH�� � � � � � � � � � � � � �
��+��105��VSHFWUD����<����ZDV��JHQHUDWHG���)RU��WKLV��PRGHO���³FDQRQLFDO´��PRGH��ZDV��XVHG��DV��WKH��JRDO��ZDV�� � � � � � � � � � � � � � � � �

QRW� �WR� �SUHGLFW� �WKH� �XULQH� �PHWDEROLWHV� �EXW� �WR� �FDOFXODWH� �FRUUHODWLRQV� �EHWZHHQ� �WKH� �WZR� �GDWDVHWV��� � � � � � � � � � � � � �

8ULQDU\��VSHFWUDO��YDULDEOHV��WKDW��FRUUHODWHG����_���_���ZLWK��WKH��IDHFDO��PHWDEROLWHV��ZHUH��DQQRWDWHG��DQG�� � � � � � � � � � � � �

PHWDEROLWH� �UHODWLYH� �FRQFHQWUDWLRQV� �ZHUH� �FDOFXODWHG� �E\� �LQWHJUDWLQJ� �D� �UHSUHVHQWDWLYH� �SHDN��� � � � � � � � � �

�����
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¶

0XOWLYDULDWH� �PRGHOV� �ZHUH� �FDOFXODWHG� �XVLQJ� �WKH� �5� �SDFNDJH� �³PL[2PLFV´������� �H[FHSW��IRU��23/6�'$�� � � � � � � � � � � �

ZKLFK���ZDV���FDOFXODWHG���XVLQJ���³0HWDER0DWH´���

�

�

)LJXUH� ������ �2YHUYLHZ� �RI� �VWDWLVWLFDO� �ZRUNIORZ�� )ROORZLQJ� �VSHFWUDO� �SUH�SURFHVVLQJ�� �IHDWXUH�� � � � � � � � � �
VHOHFWLRQ��ZDV��SHUIRUPHG��XVLQJ��VSDUVH��SULQFLSDO��FRPSRQHQW��DQDO\VLV���V3&$���RQ��IDHFDO��GDWD��IURP�� � � � � � � � � � � � �
WKH��$6'��JURXS��WR��LGHQWLI\��PHWDEROLWHV��WKDW��YDULHG��DFURVV��WKH��SRSXODWLRQ��������8ULQH��PHWDEROLWHV��LQ�� � � � � � � � � � � � � � �
$6'� �WKDW� �ZHUH� �UHODWHG� �WR� �WKH� �VHOHFWHG� �IDHFDO� �PHWDEROLWHV� �ZHUH� �LGHQWLILHG� �XVLQJ� �SDUWLDO� �OHDVW�� � � � � � � � � � � � � �
VTXDUHV� ��3/6�� �UHJUHVVLRQ� �WR� �LQWHJUDWH� �WKH� �WZR� �GDWDVHWV� ������ �6HOHFWHG� �VSHFWUDO� �IHDWXUHV� �IURP�� � � � � � � � � � � � �

�����
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¶

¶

HLWKHU� �GDWDVHW� �ZHUH� �DQQRWDWHG� ���� �DQG� �FOLQLFDO� �DVVRFLDWLRQV� �ZLWK� �WKHVH� �PHWDEROLWHV� �DQG� �$6'�� � � � � � � � � � � � �
FRPRUELGLWLHV��ZHUH��DVVHVVHG��XVLQJ��OLQHDU��PL[HG�HIIHFWV���/0(���PRGHOV��������7KH��PHWDEROLWHV��ZHUH�� � � � � � � � � � � �
LQWHJUDWHG� �ZLWK� �IDHFDO� �PLFURELRPH� �GDWD� �JHQHUDWHG��XVLQJ����6��U51$��JHQH��DPSOLFRQ��VHTXHQFLQJ�� � � � � � � � � � � �
���� �WR� �GHWHUPLQH� �PLFURELRWD�PHWDEROLWH� �UHODWLRQVKLSV� �LQ� �WKH� �$6'� �SRSXODWLRQ�� �$� �UDQGRP� �IRUHVWV�� � � � � � � � � � � �
FODVVLILHU��ZDV��WUDLQHG��RQ��PLFURELRPH��GDWD��WR��FODVVLI\��PHWDERW\SHV���LGHQWLILHG��LQ��IDHFDO��PHWDEROLWH�� � � � � � � � � � � � �
GDWD���IRU��HDFK��LQGLYLGXDO��LQ��WKH��VWXG\��������/0(��PRGHOV��ZHUH��XVHG��WR��GHWHUPLQH��EDFWHULDO��JHQHUD�� � � � � � � � � � � � � � � �
DVVRFLDWHG���ZLWK���HDFK���VWXG\���JURXS���DQG���ZLWKLQ���HDFK���PHWDERW\SH������������

�

6WDWLVWLFDO� �DQDO\VLV�� /LQHDU� �PL[HG�HIIHFWV� �PRGHOV� ��5� �SDFNDJH� �³OPH�´�� �ZHUH� �XVHG� �WR� �WHVW� �WKH�� � � � � � � � � � � � �

DVVRFLDWLRQ� �EHWZHHQ� �PHWDEROLWHV� �DQG� �SRWHQWLDO� �FRQIRXQGLQJ� �YDULDEOHV� �ZKLOH� �FRQWUROOLQJ� �IRU� �WKH�� � � � � � � � � � �

UDQGRP� �HIIHFW� �RI� �GLIIHUHQW� �UHFUXLWPHQW� �FHQWUHV�� �*HQGHU�� �DJH�� �WKH� �SUHVHQFH� �RI� �FRPRUELGLWLHV�� � � � � � � � � � � �

�SV\FKLDWULF�� �DWWHQWLRQ� �GHILFLW�� �DOOHUJLHV�� �DVWKPD�� �ORZHU� �JDVWURLQWHVWLQDO��� �GLHW� ��FRQVXPSWLRQ� �RI�� � � � � � � � � �

PHDW��RU��GDLU\���DQG��GLHWDU\��VXSSOHPHQWV���SURELRWLFV���PHODWRQLQ���%�����ILVK��RLO���KHUEDO��VXSSOHPHQWV��� � � � � � � � � � � � �

ZHUH� �LQFOXGHG� �DV��IL[HG��HIIHFWV��LQ��WKH��PRGHO��3��YDOXHV��ZHUH��FDOFXODWHG��ZLWK��WKH��.HQZDUG�5RJHU�� � � � � � � � � � � � � � �

DSSUR[LPDWLRQ����� �LPSOHPHQWHG� �LQ� �³SENUWHVW´����� ��VHH� ��������� �)DHFDO� �VDPSOHV� �ZLWK� ��+� �105� �GDWD�� � � � � � � � � � � �

ZHUH� �FOXVWHUHG� �LQWR� �³PHWDERW\SHV´� ��JURXSV� �RI� �PHWDEROLFDOO\� �VLPLODU� �LQGLYLGXDOV�� �XVLQJ� ���PHDQV�� � � � � � � � � � �

FOXVWHULQJ���RQ���WKH���UHODWLYH���FRQFHQWUDWLRQV���RI���VHOHFWHG���PHWDEROLWHV���

����� *XW���EDFWHULDO���FRPPXQLW\���SURILOLQJ��

'HWDLOV� �SHUWDLQLQJ� �WR� �WKH� �SURFHVVLQJ� �RI��IDHFDO��VDPSOHV��DQG��VXEVHTXHQW��VHTXHQFLQJ��RI��WKH����6�� � � � � � � � � � � � � �

U51$��JHQH��DUH��SURYLGHG��LQ��������DQG����������7R��LQYHVWLJDWH��JURXS�ZLGH��WD[RQRPLF��GLIIHUHQFHV��LQ�� � � � � � � � � � � � � �

WKH� �JXW� �PLFURELRWD�� �WKH� �ILUVW� �WLPH� �SRLQW� �IURP� �HDFK� �SDUWLFLSDQW� �ZDV� �PRGHOOHG� �XVLQJ� �23/6�'$��� � � � � � � � � � � � � �

$EXQGDQFH� �GDWD� �ZDV� �ILOWHUHG� �WR� �UHPRYH� �WD[D� �ZLWK� �OHVV� �WKDQ� ���� �SUHYDOHQFH� �DQG� �D� �FHQWUHG�� � � � � � � � � � � � � � �

ORJ�UDWLR� �WUDQVIRUPDWLRQ� ��ZLWK� �D� �SVHXGRFRXQW� �RI� ��� �DGGHG� �WR� �HDFK� �YDOXH� �WR� �DYRLG� �ORJ����� �ZDV�� � � � � � � � � � � � � � �

DSSOLHG� �WR� �DFFRXQW� �IRU� �FRPSRVLWLRQDOLW\����� ��VHH� ��������� �7KH� �PXOWLYDULDWH� �PRGHO� �ZDV� �FDOFXODWHG�� � � � � � � � � � � �

XVLQJ���WKH���5���SDFNDJH���³0HWDER0DWH´���DQG���ZDV���HYDOXDWHG���XVLQJ�����IROG���FURVV���YDOLGDWLRQ���

����� 'DWD���LQWHJUDWLRQ��

$VVRFLDWLRQV� �EHWZHHQ� �EDFWHULDO� �JHQHUD� �DQG� �VHOHFWHG� ��IDHFDO� �DQG� �XULQH�� �PHWDEROLWHV� �ZHUH�� � � � � � � � � � �

DVVHVVHG� �XVLQJ� �3/6� �UHJUHVVLRQ� �DV� �LPSOHPHQWHG� �LQ� �³PL[2PLFV´�� �$EXQGDQFH� �GDWD� �ZDV�� � � � � � � � � � �

DJJUHJDWHG��DW��JHQXV��OHYHO���*HQHUD��SUHVHQW��LQ��OHVV��WKDQ�������RI��LQGLYLGXDOV��ZHUH��UHPRYHG��DQG��D�� � � � � � � � � � � � � � � �

FHQWUHG� �ORJ�UDWLR� �WUDQVIRUPDWLRQ� �ZDV� �DSSOLHG�� �7KH� �PXOWLYDULDWH� �PRGHO� �ZDV� �FDOFXODWHG� �ZLWK�� � � � � � � � � � �

PLFURELRPH��GDWD��DV��WKH��SUHGLFWRUV����;��PDWUL[���DQG��PHWDEROLWH��GDWD��DV��WKH��RXWFRPHV����<��PDWUL[����$�� � � � � � � � � � � � � � � �

UHOHYDQFH� �QHWZRUN� �ZDV��JHQHUDWHG��XVLQJ��D��SDLUZLVH��VLPLODULW\��PDWUL[��LQIHUUHG��IURP��WKH��PRGHO��E\�� � � � � � � � � � � � � �

�����
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FDOFXODWLQJ��WKH��FRUUHODWLRQV��EHWZHHQ��WKH��YDULDEOHV��SURMHFWHG��LQ��ODWHQW��VSDFH���7KH��UHVXOWLQJ��YDOXHV�� � � � � � � � � � � � �

DUH� �UREXVW� �DSSUR[LPDWLRQV��RI��3HDUVRQ��FRUUHODWLRQ����� ��VHH�������������$��6DQNH\��GLDJUDP���SDFNDJH�� � � � � � � � � � � �

³QHWZRUN'�´����ZDV���XVHG���WR���YLVXDOLVH���WKH���UHOHYDQFH���QHWZRUN���

����� *XW���EDFWHULDO���DVVRFLDWLRQV���ZLWK���VWXG\���JURXSV���DQG��

PHWDERW\SHV��

3UHGLFWLRQ� �RI� �PHWDERW\SHV� �IURP� �PLFURELRPH� �GDWD�� �7R� �IXUWKHU� �LQYHVWLJDWH� �WKH� �UHODWLRQVKLS�� � � � � � � � � � �

EHWZHHQ��WKH��JXW��PLFURELRWD��DQG��IDHFDO��PHWDERORPH���DV��ZHOO��DV��WKH��SHUVLVWHQFH��RI��WKH��REVHUYHG�� � � � � � � � � � � � � � �

SKHQRW\SHV� �RYHU� �WLPH�� �D� �UDQGRP� �IRUHVWV� ��VHH� �������� �PRGHO� ��SDFNDJH� �³UDQGRP)RUHVW´�� �ZDV�� � � � � � � � � � � �

WUDLQHG� �RQ� ���6� �U51$� �VHTXHQFLQJ� �GDWD� �WR� �FODVVLI\� �IDHFDO� �VDPSOHV� �LQWR� �WZR� �PHWDERW\SHV� ��WZR�� � � � � � � � � � � � � �

FOXVWHUV� �DV� �GHILQHG� �LQ���������� �$EXQGDQFH� �GDWD� �ZHUH� �DJJUHJDWHG� �DW� �JHQXV� �OHYHO� �DQG� �ILOWHUHG� �WR�� � � � � � � � � � � � � � �

LQFOXGH��RQO\��JHQHUD��SUHVHQW��LQ��DW��OHDVW�������RI��VDPSOHV��WKHQ��WKH��FHQWUHG��ORJ�UDWLR��WUDQVIRUPDWLRQ�� � � � � � � � � � � � � � �

ZDV� �DSSOLHG�� �$� �UDQGRP� �IRUHVWV� �PRGHO� �ZDV� �WUDLQHG� �RQ��D��GDWDVHW��FRQWDLQLQJ��RQH��UDQGRP��IDHFDO�� � � � � � � � � � � � � � �

VDPSOH� �IURP� �HDFK� �LQGLYLGXDO�� �7KH� �PRGHO� �ZDV� �ILUVW� �DVVHVVHG� �EDVHG� �RQ� �WKH� �WUDLQLQJ� �GDWD� �XVLQJ�� � � � � � � � � � � � � � �

SHUPXWDWLRQ���Q �������WHVWLQJ��DQG��OHDYH�RQH�RXW��FURVV�YDOLGDWLRQ���WKHQ��WKH��PRGHO��ZDV��WHVWHG��RQ�� � � � � � � � � � � �

WKH� �UHPDLQLQJ� �VDPSOHV� �WR� �DQVZHU� �WZR� �TXHVWLRQV�� ���� �FDQ��WKH��FRPSRVLWLRQ��RI��WKH��JXW��PLFURELRWD�� � � � � � � � � � � � � � �

SUHGLFW� �WKH��PHWDEROLF��SKHQRW\SH��LQ��WKH��FKLOGUHQ��XQGHU��VWXG\��DQG������LV��WKH��PHWDEROLF��SKHQRW\SH�� � � � � � � � � � � � � � �

VWDEOH� �LQ� �WKHVH� �FKLOGUHQ� �RYHU� �WLPH"� �6WDWLVWLFV� �IRU� �PRGHO� �SHUIRUPDQFH� �EDVHG� �RQ� �D� �FRQIXVLRQ�� � � � � � � � � � � � � �

PDWUL[� �RI� �WKH� �REVHUYHG� �DQG� �SUHGLFWHG� �FODVVHV� �ZHUH� �FDOFXODWHG� �ZLWK� �WKH� �5� �SDFNDJH� �³FDUHW´��3�� � � � � � � � � � � � � � �

YDOXHV��ZHUH��FDOFXODWHG��E\��WHVWLQJ��ZKHWKHU��WKH��RYHUDOO��DFFXUDF\��UDWH��ZDV��JUHDWHU��WKDQ��WKH��UDWH��RI�� � � � � � � � � � � � � � � �

WKH���ODUJHVW���FODVV����DQG���E\���0F1HPDU¶V���WHVW��������ZKLFK���LV���EDVHG���RQ���WKH���LQFRUUHFW���SUHGLFWLRQV����

�

'LIIHUHQWLDO��DEXQGDQFH��DFFRUGLQJ��WR��VWXG\��JURXS��DQG��PHWDERW\SH��7KH��RYHUDOO��PHWDERW\SH�� � � � � � � � � � �

IRU� �HDFK� �LQGLYLGXDO� �ZDV� �GHWHUPLQHG� �EDVHG� �RQ� �PHWDERW\SH� �FODVVLILFDWLRQV� �DW� �DOO� �VDPSOLQJ� �WLPH�� � � � � � � � � � � � �

SRLQWV� �IRU� �WKDW� �LQGLYLGXDO�� �,I��FODVVLILFDWLRQV��ZHUH��QRW��FRQVLVWHQW��DFURVV��PXOWLSOH��VDPSOLQJ��SRLQWV��� � � � � � � � � � � � �

WKH� �PHWDERW\SH� �ZDV� �ODEHOOHG� �³DPELJXRXV´�� �/LQHDU� �PL[HG�HIIHFWV� �PRGHOV� �ZHUH� �FDOFXODWHG� �IRU�� � � � � � � � � � �

HDFK��RI��WKH��WRS�������EDVHG��RQ��PHDQ��GHFUHDVH��LQ��DFFXUDF\���PRVW��LPSRUWDQW��JHQHUD��LQ��WKH��UDQGRP�� � � � � � � � � � � � � � � � �

IRUHVWV� �FODVVLILHU�� �)LUVW�� �WKH� �PRGHOV� �ZHUH� �FDOFXODWHG� �ZLWK� �VWXG\� �JURXS��DQG��DJH��DV��IL[HG��HIIHFWV��� � � � � � � � � � � � � � �

EXW� �ZLWKRXW� �LQFOXGLQJ� �PHWDERW\SH�� �$QRWKHU� �VHW� �RI� �PRGHOV� �ZDV� �JHQHUDWHG�� �DIWHU� �H[FOXGLQJ�� � � � � � � � � � � �

LQGLYLGXDOV� �ZLWK� �DQ� �DPELJXRXV� �PHWDERW\SH�� �WR� �LQYHVWLJDWH� �WKH� �DVVRFLDWLRQV� �EHWZHHQ� �JHQHUD�� � � � � � � � � � �

DEXQGDQFHV���VWXG\��JURXSV���DJH��DQG��PHWDERW\SH��DV��ZHOO��DV��WKH��LQWHUDFWLRQ��EHWZHHQ��VWXG\��JURXS�� � � � � � � � � � � � � �

�����
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DQG� �PHWDERW\SH�� �$OO� �PRGHOV� �ZHUH� �DGMXVWHG� �IRU� �UHSHDWHG� �VDPSOLQJ� �DQG� �GLIIHUHQW� �UHFUXLWPHQW�� � � � � � � � � � � �

FHQWUHV���

��� 5HVXOWV���DQG���GLVFXVVLRQ��

����� &KDUDFWHULVWLFV���RI���WKH���VWXG\���SDUWLFLSDQWV��

&KLOGUHQ� �GLDJQRVHG� �ZLWK� �$6'� ��Q ������ �WKHLU� �QHXURW\SLFDO� �VLEOLQJV� ��6,%�� �Q ����� �DQG� �XQUHODWHG�� � � � � � � � � � � �

QHXURW\SLFDO� �FRQWUROV� ��17&�� �Q ����� �ZHUH� �UHFUXLWHG� �IURP� ���� �RIILFHV� �ORFDWHG� �DFURVV� ���� �VWDWHV�� � � � � � � � � � � � �

��)LJXUH� �������� �$V� �H[SHFWHG�� �PDOHV� �ZHUH� �RYHU�UHSUHVHQWHG� �LQ� �WKH� �$6'� �JURXS� ���7DEOH� ������� �VLQFH�� � � � � � � � � � � � � �

PDOHV��DUH�������WLPHV��PRUH��OLNHO\��WR��GHYHORS��$6'��WKDQ��IHPDOHV��������&KLOGUHQ��UDQJHG��IURP��DJHV�����WR�� � � � � � � � � � � � � � � � �

��� �DQG� �ZHUH� �VLJQLILFDQWO\� �ROGHU� �LQ� �WKH� �$6'��JURXS��WKDQ��WKH��QHXURW\SLFDO��JURXSV���OLNHO\��EHFDXVH�� � � � � � � � � � � � � � �

$6'� �LV� �W\SLFDOO\� �GLDJQRVHG� �DURXQG� �DJH� ����� �ZLWK� �OHVV� �VHYHUH� �FDVHV� �GLDJQRVHG� �HYHQ� �ODWHU�������� � � � � � � � � � � � � �

&RPRUELGLWLHV��DQG��VXSSOHPHQW��FRQVXPSWLRQ��ZHUH��PRUH��SUHYDOHQW��LQ��WKH��$6'��FRPSDUHG��WR��ERWK�� � � � � � � � � � � � �

6,%� �DQG� �17&� �JURXSV�� �7KH� �SUHYDOHQFH� �RI� �DWWHQWLRQ� �GHILFLW� �GLVRUGHUV� �DQG� �ILVK� �RLO� �FRQVXPSWLRQ�� � � � � � � � � � � � � �

ZHUH� �DOVR��KLJKHU��LQ��VLEOLQJV��FRPSDUHG��WR��FRQWUROV���6HL]XUH��GLVRUGHUV���DWWHQWLRQ��GHILFLW��GLVRUGHUV�� � � � � � � � � � � � �

DQG� �SV\FKLDWULF� �GLVRUGHUV� ��H�J�� �DQ[LHW\�� �GHSUHVVLRQ�� �DUH� �FRPPRQ� �FRPRUELGLWLHV� �RI� �$6'�� �DQG�� � � � � � � � � � � �

PDQ\��FKLOGUHQ��ZLWK��$6'��VXIIHU��IURP��PXOWLSOH��FRQFXUUHQW��FRPRUELGLWLHV������������,Q��DGGLWLRQ��WR��FHQWUDO�� � � � � � � � � � � � �

QHUYRXV� �V\VWHP� �GHILFLWV�� �$6'� �LV� �DOVR� �DVVRFLDWHG� �ZLWK� �LPPXQH����� �DQG� �JDVWURLQWHVWLQDO������ � � � � � � � � � �

G\VIXQFWLRQ�� �,Q� �WKH� �FXUUHQW� �FRKRUW�� �DVWKPD� �ZDV� �HTXDOO\� �SUHYDOHQW� �DPRQJ� �$6'� �DQG� �17&�� �EXW�� � � � � � � � � � � � � �

VHDVRQDO��DOOHUJLHV��ZHUH��UHSRUWHG��LQ��D��KLJKHU��SHUFHQWDJH��RI��$6'��FKLOGUHQ��WKDQ��ERWK��VLEOLQJV��DQG�� � � � � � � � � � � � � � �

FRQWUROV���/RZHU��JDVWURLQWHVWLQDO��DIIOLFWLRQV���H�J���GLDUUKRHD���FRQVWLSDWLRQ���ZHUH��VLJQLILFDQWO\��KLJKHU�� � � � � � � � � �

LQ� �WKH� �$6'� �JURXS� �WKDQ� �6,%� �DQG� �17&� �JURXSV� �ZKLFK� �LV� �FRQVLVWHQW� �ZLWK� �FXUUHQW� �OLWHUDWXUH����� �DQG�� � � � � � � � � � � � � � � �

SRLQWV� �WR� �D� �SRWHQWLDO� �OLQN� �EHWZHHQ� �$6'� �DQG� �WKH� �JXW� �PLFURELRWD�� �,Q� �DFFRUGDQFH�� �KLJK� �SURELRWLF�� � � � � � � � � � � � � � �

XVDJH��ZDV��REVHUYHG��LQ��WKH��$6'��JURXS��GXH��WR��WKH��FRPPRQ��EHOLHI��WKDW��VRPH��$6'��V\PSWRPV��DUH�� � � � � � � � � � � � � � � � �

UHODWHG� �WR� �GHILFLWV� �LQ� �WKH� �JXW� �PLFURELRWD������� �+LJK� �XVDJH� �RI� �PHODWRQLQ� �ZDV� �DOVR� �REVHUYHG� �LQ� �WKH�� � � � � � � � � � � � � � � �

$6'� �JURXS�� �ZKLFK� �ILWV� �ZLWK� �HYLGHQFH� �WKDW� �VOHHS� �GLVRUGHUV�� �ZKLFK��PD\��EH��FDXVHG��E\��GHILFLWV��LQ�� � � � � � � � � � � � � � � �

PHODWRQLQ��V\QWKHVLV��������DUH��FRPPRQ��LQ��WKHVH��FKLOGUHQ��������9LWDPLQV��DQG��RWKHU��GLHWDU\��VXSSOHPHQWV�� � � � � � � � � � � �

DUH� �RIWHQ� �DGPLQLVWHUHG� �WR� �FKLOGUHQ� �ZLWK� �$6'����� �DV� �FRPSOHPHQWDU\� �DQG� �DOWHUQDWLYH� �PHGLFLQH�� � � � � � � � � � � �

SUDFWLFHV����������� �)LVK� �RLO�� �ZKLFK� �FRQWDLQV� �RPHJD��� �IDWW\� �DFLGV� �WKDW� �DUH� �LPSRUWDQW� �IRU� �QHXURQDO�� � � � � � � � � � � � �

GHYHORSPHQW������� �ZDV� �DOVR� �FRPPRQO\� �XVHG� �LQ� �WKH� �$6'� �JURXS�� �(YLGHQFH� �VKRZV� �WKDW�� � � � � � � � � � � �

VXSSOHPHQWDWLRQ��RI��RPHJD����IDWW\��DFLGV��PD\��LPSURYH��VRPH��$6'��V\PSWRPV��LQFOXGLQJ��VWHUHRW\S\�� � � � � � � � � � � �

DQG� �K\SHUDFWLYLW\�� �DOWKRXJK� �WKH� �HIIHFW� �VL]H��LV��VPDOO��������7KH��FKDUDFWHULVWLFV��RI��WKH��SUHVHQW��FRKRUW�� � � � � � � � � � � � � �

�����
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DUH� �LQGLFDWLYH� �RI� �WKH� �NQRZQ� �KHWHURJHQHLW\� �RI� �WKH� �$6'� �SRSXODWLRQ�� �(DFK� �FDVH� �LV� �XQLTXH� �LQ� �LWV�� � � � � � � � � � � � � � � �

FOLQLFDO���SUHVHQWDWLRQ����FRUH���V\PSWRP���VHYHULW\��������DQG���SDWWHUQ���RI���FRPRUELG���PHGLFDO���FRQGLWLRQV���������

�

�
)LJXUH����������3DUWLFLSDQWV���E\���HWKQLFLW\���DQG���VWDWH�����7KH���QXPEHU���RI���SDUWLFLSDQWV���LV��
SORWWHG���IRU����D�����HDFK���UHSRUWHG���HWKQLFLW\���DQG����E�����HDFK���VWDWH���ZKHUH���UHFUXLWPHQW���WRRN��
SODFH���

�
7DEOH� ������ �3DUWLFLSDQW� �FKDUDFWHULVWLFV�� 9DOXHV� �UHSRUWHG� �DUH� �SHUFHQWDJHV� �H[FHSW� �DJH� �ZKLFK� �LV�� � � � � � � � � � � �
SUHVHQWHG��DV��PHDQ�����VWDQGDUG��GHYLDWLRQ���6WDWLVWLFDO��WHVWV��ZHUH��SHUIRUPHG��DV��SDLUZLVH��FRPSDULVRQV�� � � � � � � � � � � � �
EHWZHHQ���VWXG\���JURXSV���

�� 
][jg]Y��
¥[ÞÂÃÃ¦��

/QDYQ[O��
¥[ÞÂÄÃ¦��

+���p<YkI��
¥/QDYQ[O���̄ ��

][jg]Y¦��

�/���
¥[ÞÃÊÉ¦��

+���p<YkI��
¥�/����̄ ��

][jg]Y¦��

+���p<YkI��
¥�/����̄ ��
/QDYQ[O¦��

�I[GIg�� ÆÅ�ÂÚ���!<YI�� ÅÅ�ÈÚ���!<YI�� Á�ÂÈÁ�� ÉÅ�ÇÚ���!<YI�� É�ÉÊ��ÂÂ�� Å�ÃÅ��ÂÈ��

�OI���<j���NQghj���E]YYIEjQ][�� Å�É���á���Ã�È�� Æ�Ä���á���Ã�É�� Á�ÂÆÇ�� Æ�Ê���á���Ã�Ã�� Ç�ÇÆ��ÁÇ�� Ç�ÇÃ��ÁÄ��

�jP[QEQjs�� ÄÉ�ÆÚ���
<kE<hQ<[�� ÅÈÚ���
<kE<hQ<[�� Á�ÃÂÉ�� ÄÉ�ÊÚ���
<kE<hQ<[�� Á�ÊÈÆ�� Á�ÂÇÇ��


]Z]gDQGQjQIh���<[G���!IGQE<jQ][h�� �� �� �� �� ��

+hsEPQ<jgQE���E]Z]gDQGQjQIh�� ÁÚ���9Ih�� ÄÚ���9Ih�� Á�ÁÆÅ�� ÂÁ�ÈÚ���9Ih�� Â�ÈÁ��ÁÅ�� È�ÅÂ��ÁÄ��

������!IGQE<jQ][�� ÁÚ���9Ih�� Ã�ÄÚ���9Ih�� Á�ÃÅÉ�� ÂÁ�ÂÚ���9Ih�� Ä�ÂÈ��ÁÆ�� Æ�ÁÇ��ÁÄ��

�jjI[jQ][���GINQEQj���GQh]gGIg�� ÁÚ���9Ih�� Ä�ÉÚ���9Ih�� Á�ÁÄÂ�� ÂÇ�ÂÚ���9Ih�� Ã�ÇÇ��ÁÇ�� Ä�ÁÅ��ÁÅ��

������!IGQE<jQ][�� ÁÚ���9Ih�� Â�ÆÚ���9Ih�� Á�ÅÊÊ�� ÂÁ�ÂÚ���9Ih�� Ä�ÂÈ��ÁÆ�� Â�ÁÊ��ÁÄ��

�dQYIdhs�� ÁÚ���9Ih�� ÁÚ���9Ih�� ��� Ä�ÅÚ���9Ih�� Á�ÁÅÂ�� Á�ÁÄÅ��

������!IGQE<jQ][�� ÁÚ���9Ih�� ÁÚ���9Ih�� ��� Ã�ÄÚ���9Ih�� Á�ÃÁÂ�� Á�ÂÁÇ��

�hjPZ<�� È�ÅÚ���9Ih�� Ã�ÄÚ���9Ih�� Á�ÁÆÇ�� È�ÈÚ���9Ih�� Á�ÊÁÇ�� Á�ÁÃÊ��

�����
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������!IGQE<jQ][�� È�ÅÚ���9Ih�� Ã�ÄÚ���9Ih�� Á�ÁÈÆ�� È�ÈÚ���9Ih�� Â�� Á�ÁÃÊ��

�YYIgOQIh�� ÂÁ�ÈÚ���9Ih�� ÂÂ�ÅÚ���9Ih�� Á�ÉÈÆ�� ÂÊ�ÂÚ���9Ih�� Á�ÁÄÆ�� Á�ÁÅÄ��

������!IGQE<jQ][�� ÂÁ�ÈÚ���9Ih�� ÂÁ�ÇÚ���9Ih�� Â�� ÂÊ�ÂÚ���9Ih�� Á�ÁÅÊ�� Á�ÁÅÁ��

1ddIg��������E][GQjQ][h�� Á�ÉÚ���9Ih�� Á�ÉÚ���9Ih�� Á�ÊÇÁ�� Å�ÅÚ���9Ih�� Á�ÁÇÈ�� Á�ÁÆÄ��

������!IGQE<jQ][�� Á�ÉÚ���9Ih�� Á�ÉÚ���9Ih�� Â�� ÅÚ���9Ih�� Á�ÂÃÁ�� Á�ÁÈÅ��

 ]qIg��������E][GQjQ][h�� Ã�ÆÚ���9Ih�� Â�ÆÚ���9Ih�� Á�ÆÊÃ�� ÂÃ�ÂÚ���9Ih�� Â�ÇÊ��ÁÄ�� Ä�ÃÈ��ÁÅ��

������!IGQE<jQ][�� ÁÚ���9Ih�� ÁÚ���9Ih�� Á�ÆÄÁ�� É�ÂÚ���9Ih�� Ã�ÊÃ��ÁÅ�� Â�ÅÉ��ÁÅ��

�[jQDQ]jQEh�� ÁÚ���9Ih�� Á�ÉÚ���9Ih�� Â�� Ã�ÄÚ���9Ih�� Á�ÃÁÂ�� Á�ÅÅÅ��

/kddYIZI[jh�� �� �� �� �� �� ��

!kYjQpQj<ZQ[�� ÄÅ�ÅÚ���9Ih�� ÄÉ�ÇÚ���9Ih�� Á�ÆÈÃ�� ÅÃ�ÇÚ���9Ih�� Á�ÂÅÊ�� Á�ÆÁÆ��

+g]DQ]jQEh�� Ã�ÆÚ���9Ih�� Ç�ÂÚ���9Ih�� Á�ÃÃÁ�� ÂÊ�ÆÚ���9Ih�� Â�ÁÅ��ÁÇ�� Ç�ÅÈ��ÁÅ��

�[jQZQEg]DQ<Yh�� ÁÚ���9Ih�� ÁÚ���9Ih�� Á�ÆÄÁ�� Ã�ÈÚ���9Ih�� Á�ÂÂÃ�� Á�ÂÂÄ��

!IY<j][Q[�� Ã�ÆÚ���9Ih�� Ç�ÉÚ���9Ih�� Á�ÂÅÁ�� ÂÄ�ÉÚ���9Ih�� Ä�ÃÃ��ÁÅ�� Á�ÁÆÇ��

�QOIhjQpI���I[vsZIh�� Á�ÉÚ���9Ih�� ÁÚ���9Ih�� Á�ÅÉÁ�� Å�ÅÚ���9Ih�� Á�ÁÈÇ�� Á�ÁÂÃ��

�]Y<jI�� Á�ÉÚ���9Ih�� Á�ÉÚ���9Ih�� Â�� Ã�ÄÚ���9Ih�� Á�ÅÅÈ�� Á�ÅÅÅ��

6Qj<ZQ[����ÂÃ�� ÁÚ���9Ih�� Á�ÉÚ���9Ih�� Â�� Å�ÅÚ���9Ih�� Á�ÁÂÄ�� Á�ÁÈÅ��

�QhP���]QY�� Á�ÉÚ���9Ih�� È�ÇÚ���9Ih�� Á�ÁÂÂ�� ÂÂ�ÂÚ���9Ih�� Â�ÂÅ��ÁÅ�� Á�ÄÅÈ��

�IgD<Y���hkddYIZI[jh�� ÁÚ���9Ih�� ÁÚ���9Ih�� Á�ÆÄÁ�� Å�ÈÚ���9Ih�� Á�ÁÂÄ�� È�ÁÈ��ÁÄ��

�g][�� Â�ÇÚ���9Ih�� Ã�ÄÚ���9Ih�� Â�� Ä�ÈÚ���9Ih�� Á�ÄÇÄ�� Á�ÆÇÆ��

àÂ����<IE<Y���h<ZdYIh���G][<jIG�� ÅÁ�ÃÚ���9Ih�� ÅÁ�ÊÚ���9Ih�� � ÅÄ�ÇÚ���9Ih�� � �

àÂ���1gQ[I���h<ZdYIh���G][<jIG�� ÅÂÚ���9Ih�� ÅÊ�ÃÚ���9Ih�� �� ÅÅ�ÄÚ���9Ih�� �� ��

�/����<kjQhZ���hdIEjgkZ���GQh]gGIg���������O<hjg]Q[jIhjQ[<Y�� � � � �

�

����� 6DPSOLQJ���VXPPDU\��

)URP� �WKH� ����� �FKLOGUHQ� �UHFUXLWHG��IRU��WKH��SUHVHQW��VWXG\��������IDHFDO��DQG�������XULQH��VDPSOHV��ZHUH�� � � � � � � � � � � � � � � �

FROOHFWHG��DQG��DQDO\VHG���%HWZHHQ����������RI��WKH��SDUWLFLSDQWV��LQ��HDFK��JURXS��GRQDWHG��VDPSOHV��RQ�� � � � � � � � � � � � � �

DW� �OHDVW� ��� �VHSDUDWH� �RFFDVLRQV� ���7DEOH� �������� �+RZHYHU�� �ORQJLWXGLQDO� �VDPSOLQJ� ��PRUH� �WKDQ� ��� �WLPH�� � � � � � � � � � � � � �

SRLQWV�� �ZDV� �RQO\� �REWDLQHG� �IURP� �$6'��SDUWLFLSDQWV��DQG��RQH��QHXURW\SLFDO��VLEOLQJ����)LJXUH�������������� � � � � � � � � � � � � �

XULQH� �VSHFWUD� �DQG������IDHFDO��VSHFWUD��ZHUH��H[FOXGHG��IRU��FRQWDPLQDWLRQ��RU��KLJK��FRQFHQWUDWLRQV��RI�� � � � � � � � � � � � � �

GUXJ� �PHWDEROLWHV� ��VHH� �H[DPSOHV� �LQ�)LJXUHV� ������� �$SSHQGL[��$����)URP��WKH��VHTXHQFLQJ��GDWD���WZR�� � � � � � � � � � � � � �

�����
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VDPSOHV� �ZHUH� �H[FOXGHG� �IRU� �ORZ� �VHTXHQFLQJ� �GHSWK� �������� �UHDGV��� �,QLWLDO� �DQDO\VHV� �ZHUH��EDVHG�� � � � � � � � � � � � �

RQO\� �RQ� �RQH� �WLPH� �SRLQW� �IURP� �HDFK� �LQGLYLGXDO� ��$6'� �Q ����� �6,%� �Q ���� �17&��Q ������7KH��HDUOLHVW�� � � � � � � � � � � � � � � �

WLPH��SRLQW��ZLWK��DOO��DVVD\V��FRPSOHWHG���IDHFDO���+��105���XULQH���+��105��DQG��IDHFDO����6��U51$��JHQH�� � � � � � � � � � � � � � � � �

DPSOLFRQ� �VHTXHQFLQJ�� �ZDV� �VHOHFWHG�� �&KLOGUHQ� �ZLWKRXW� �DOO� �DVVD\V� �FRPSOHWHG� �IRU� �D� �VLQJOH� �WLPH�� � � � � � � � � � � � �

SRLQW���ZHUH���H[FOXGHG����Q �������IURP���LQLWLDO���DQDO\VHV����EXW���ZHUH���LQFOXGHG���LQ���WKH���PHWDERW\SH���DQDO\VLV���

�

�
)LJXUH��������6DPSOLQJ��VXPPDU\��7KH��QXPEHU��RI��LQGLYLGXDOV��ZKR��GRQDWHG��VDPSOHV��DW��HDFK��WLPH�� � � � � � � � � � � � � �
SRLQW��IRU��HDFK��VWXG\��JURXS��DUH��GHWDLOHG���1XPEHUV��RI��LQGLYLGXDOV��ZKR��GRQDWHG��PDWFKHG��XULQH��DQG�� � � � � � � � � � � � � � �
IDHFDO���VDPSOHV���DUH���UHSRUWHG���VHSDUDWHO\���IURP���WKRVH���ZKR���GRQDWHG���RQO\���RQH���ELRVSHFLPHQ���W\SH���

����� 0HWDEROLF���DQG���JXW���EDFWHULDO���SKHQRW\SHV���DUH���QRW���RYHUWO\��
DVVRFLDWHG���ZLWK���$6'��

)DHFDO� �DQG� �XULQDU\� �PHWDEROLF� �SURILOHV� �DQG� �JXW� �EDFWHULDO� �SURILOHV� �ZHUH��FRPSDUHG��EHWZHHQ��$6'�� � � � � � � � � � � � �

DQG��17&��JURXSV��E\��3/6�'$���6WXG\��JURXSV��FRXOG��QRW��EH��GLVFULPLQDWHG����)LJXUH����������DV��LQGLFDWHG�� � � � � � � � � � � � � � �

E\��ORZ��4���<��YDOXHV��DQG��ODUJH��GLVFUHSDQFLHV��EHWZHHQ��5���<��DQG��4���<��YDOXHV��LQ��DOO��PRGHOV���$OWKRXJK�� � � � � � � � � � � � � � � �

SUHYLRXV��VWXGLHV��KDYH��UHSRUWHG��SKHQRW\SLF��GLIIHUHQFHV��LQ��FKLOGUHQ��ZLWK��$6'��FRPSDUHG��WR��WKRVH�� � � � � � � � � � � � �

ZLWK� �W\SLFDO� �GHYHORSPHQW� �XVLQJ� �PHWDERORPLFV� ��XULQH����±�������� �DQG� �IDHFHV����������� �DQG� �QH[W�� � � � � � � � � �

JHQHUDWLRQ� �VHTXHQFLQJ� ��IDHFHV��������±������� �FRQVLVWHQW� �$6'�DVVRFLDWHG� �VLJQDWXUHV� �KDYH� �QRW��EHHQ�� � � � � � � � �

LGHQWLILHG����±������ �7R� �GDWH�� �SXEOLVKHG� �VWXGLHV� �KDYH� �LQYHVWLJDWHG� �VPDOO� �FRKRUWV� �UDQJLQJ� �IURP������WR�� � � � � � � � � � � � �

�����
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�����SDUWLFLSDQWV���,Q��DGGLWLRQ���PDQ\��RI��WKH��DIRUHPHQWLRQHG��VWXGLHV��KDYH��IRFXVHG��RQ��PRUH��VHYHUH�� � � � � � � � � � � � � �

FDVHV� �RI� �$XWLVP��������������������� �DQG��FKLOGUHQ��ZLWK��D��YDULHW\��RI��JDVWURLQWHVWLQDO��LVVXHV���7KH��FXUUHQW�� � � � � � � � � � � � �

SRSXODWLRQ��LV��PRUH��WKDQ��GRXEOH��WKH��VL]H��RI��DQ\��SXEOLVKHG��VWXG\��DQG��UHSUHVHQWV��FKLOGUHQ��DFURVV�� � � � � � � � � � � � � � �

WKH� �VSHFWUXP�� �7KLV� �SUHVHQWV� �D� �VLJQLILFDQW� �FKDOOHQJH� �IRU� �FDVH�FRQWURO� �FODVVLILFDWLRQ� �JLYHQ� �WKH�� � � � � � � � � � � �

KHWHURJHQHLW\���RI���WKH���GLVRUGHU���

�

�
)LJXUH��������&URVV�YDOLGDWHG��VFRUHV��IURP��RUWKRJRQDO��SDUWLDO��OHDVW��VTXDUHV��GLVFULPLQDQW��DQDO\VLV�� � � � � � � � � � �
RI��PHWDEROLF��DQG��JXW��EDFWHULDO��SURILOHV���D���)DHFDO��DQG�E���XULQH���+��105��GDWD��DV��ZHOO��DV�F���IDHFDO����6�� � � � � � � � � � � � � � � � � � � �
GDWD� �ZHUH� �PRGHOOHG� �WR� �FRPSDUH� �SKHQRW\SHV� �EHWZHHQ� �FKLOGUHQ� �ZLWK� �$6'� �DQG��XQUHODWHG��QHXURW\SLFDO�� � � � � � � � � � � � �
FRQWUROV���'LVFULPLQDWLRQ��EHWZHHQ��VWXG\��JURXSV��ZDV��QRW��DFKLHYHG��XVLQJ��DQ\��RI��WKHVH��DVVD\V���5���<��DQG�� � � � � � � � � � � � � � �
4���<���PHWULFV���ZHUH���FDOFXODWHG���XVLQJ�����IROG���FURVV�YDOLGDWLRQ����&9����

����� )DHFDO���PHWDERORPH���LQ���$6'��
6LQFH� �$6'� �LV� �D� �KHWHURJHQHRXV� �GLVRUGHU� �SRWHQWLDOO\� �DVVRFLDWHG� �ZLWK� �GLVUXSWLRQ� �RI� �WKH� �JXW�� � � � � � � � � � � � �

PLFURELRWD���YDULDWLRQ��LQ��IDHFDO��PHWDEROLWH��SURILOHV��ZLWKLQ��WKLV��JURXS��RI��FKLOGUHQ��ZDV��DVVHVVHG��E\�� � � � � � � � � � � � � �

V3&$� ���)LJXUH� �������� �7KH��ODUJHVW��VRXUFH��RI��YDULDWLRQ��LQ��$6'��PHWDEROLF��SURILOHV���RU��WKH��YDULDEOHV�� � � � � � � � � � � � � � �

DVVRFLDWHG��ZLWK��FRPSRQHQW�������)LJXUH�����������ZHUH��VLJQDOV��IURP��DURPDWLF��DPLQR��DFLGV���WU\SWRSKDQ��� � � � � � � � � � � � �

SKHQ\ODODQLQH� �DQG� �W\URVLQH��� �EUDQFKHG�FKDLQ� �DPLQR� �DFLGV� ��OHXFLQH�� �LVROHXFLQH� �DQG� �YDOLQH���� � � � � � � � � �

JO\FLQH���O\VLQH���DVSDUWDWH���PHWKLRQLQH���JOXWDPDWH���DODQLQH��DQG��XUDFLO���VHH�7DEOH�����LQ��$SSHQGL[��$�� � � � � � � � � � � � � �

IRU� �DQQRWDWLRQ� �GHWDLOV��� �'XH� �WR� �RYHUODSSLQJ� �VLJQDOV� �LQ� �WKH� ��+� �105� �VSHFWUD�� �UHODWLYH�� � � � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �O\VLQH� �ZHUH� �QRW� �FDOFXODWHG�� �8UDFLO�� �WKH� �RQO\� �QRQ�DPLQR� �DFLG� �PHWDEROLWH�� � � � � � � � � � � �

VHOHFWHG�� �LV� �D� �S\ULPLGLQH� �WKDW� �KDV� �PDQ\� �IXQFWLRQV� �LQ� �WKH� �KXPDQ� �ERG\�� �6WXGLHV� �LQ� �PLFH� �KDYH�� � � � � � � � � � � � � � � �

VKRZQ� �WKDW� �IDHFDO� �FRQFHQWUDWLRQV��RI��XUDFLO��GHFUHDVH��VLJQLILFDQWO\��DIWHU��DQWLELRWLF��WUHDWPHQW������������ � � � � � � � � � �

VXJJHVWLQJ� �WKLV� �PHWDEROLWH� �LV� �DOVR� �DVVRFLDWHG��ZLWK��WKH��JXW��PLFURELRWD���$PLQR��DFLGV��LQ��WKH��ODUJH�� � � � � � � � � � � � � � �

LQWHVWLQH� �DULVH� �IURP� �EDFWHULDO� �ELRV\QWKHVLV� �DV� �ZHOO� �DV� �EDFWHULDO� �FDWDEROLVP� �RI� �SURWHLQ���������� �*XW�� � � � � � � � � � � � �

EDFWHULD��SUHIHUHQWLDOO\��IHUPHQW��FDUERK\GUDWHV��RYHU��SURWHLQV�����������EXW��DV��FDUERK\GUDWH��DYDLODELOLW\�� � � � � � � � � �

�����
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¶

GHFUHDVHV� �DORQJ� �WKH� �OHQJWK� �RI� �WKH� �ODUJH� �LQWHVWLQH�� �SURWHLQV� �EHFRPH� �LPSRUWDQW� �VXEVWUDWHV���������� � � � � � � � � � � �

7KHVH� �SURWHLQV���HQGRJHQRXV��RU��WKRVH��WKDW��KDYH��HVFDSHG��KRVW��SULPDU\��GLJHVWLRQ���DUH��VXEMHFWHG�� � � � � � � � � � � � �

WR��EDFWHULDO��SURWHDVHV��������� �DQG��SHSWLGDVHV����� �WKHQ��IUHH��DPLQR��DFLGV��FDQ��EH��IXUWKHU��IHUPHQWHG��WR�� � � � � � � � � � � � � �

VKRUW�FKDLQ� �IDWW\� �DFLGV� ��6&)$V��� �SKHQROV�� �LQGROHV�� �EUDQFKHG�FKDLQ� �IDWW\� �DFLGV� ��%&)$V�� �DQG�� � � � � � � � � � �

DPLQHV���������������ZKLFK���DUH���DEVRUEHG���LQWR���FLUFXODWLRQ���RU���XWLOLVHG���E\���FRORQLF���HSLWKHOLDO���FHOOV���������

�

�

)LJXUH��������6SDUVH��SULQFLSDO��FRPSRQHQW��DQDO\VLV��RI��IDHFDO���+��105��GDWD��IURP��FKLOGUHQ��ZLWK��$6'��� � � � � � � � � � � � � � �
6FRUH� �SORWV� �DUH� �VKRZQ��ZLWK��SRLQWV��FRORXUHG��E\��PHWDEROLWH��UHODWLYH��FRQFHQWUDWLRQV��LQ��DUELWUDU\��XQLWV��$�� � � � � � � � � � � � � � �
JUDGLHQW���RI���DPLQR���DFLG���FRQFHQWUDWLRQV���FDQ���EH���REVHUYHG���ZLWKLQ���WKH���$6'���JURXS�����3&���SULQFLSDO���FRPSRQHQW���

�����
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¶
�

)LJXUH��������)DHFDO���+��105��VSHFWUXP��$��UHSUHVHQWDWLYH��IDHFDO���+��105��VSHFWUXP��IURP��WKH��$6'��JURXS�� � � � � � � � � � � � � � � �
ZLWK� �IHDWXUHV� �WKDW� �FRUUHODWH� �ZLWK� �WKH� �ILUVW� �FRPSRQHQW� �RI� �WKH� �$6'� �V3&$� �PRGHO��KLJKOLJKWHG���EOXH����6HH�� � � � � � � � � � � � � � � �
7DEOH� ��� �LQ� �$SSHQGL[� �$� �IRU� �DQQRWDWLRQ� �GHWDLOV�� �� �WU\SWRSKDQ�� ��� �XUDFLO�� ��� �SKHQ\ODODQLQH�� ��� �W\URVLQH�� ���� � � � � � � � � � � � � � � � �
JO\FLQH�� ��� �O\VLQH�� ��� �DVSDUWDWH�� ��� �PHWKLRQLQH�� ��� �JOXWDPDWH�������DODQLQH�������EUDQFKHG�FKDLQ��DPLQR��DFLGV�� � � � � � � � � � � � � � �
�OHXFLQH����LVROHXFLQH����YDOLQH�����D�X����DUELWUDU\���XQLWV���
�

2I��WKH��IDHFDO��DPLQR��DFLGV��LGHQWLILHG��LQ��WKH��$6'��JURXS���DVSDUWDWH���JO\FLQH��DQG��JOXWDPDWH��FDQ��DFW�� � � � � � � � � � � � � � � �

DV� �QHXURWUDQVPLWWHUV���,Q��WKH��KXPDQ��JXW���WKHVH��WKUHH��DPLQR��DFLGV��FDQ��EH��SURGXFHG��E\��EDFWHULD��� � � � � � � � � � � � � � �

DUH� �UHDGLO\� �IHUPHQWHG� �E\� �EDFWHULD� �DQG� �DUH� �LQFRUSRUDWHG� �LQWR� �EDFWHULDO� �FHOOV������ �DIIHFWLQJ� �WKHLU�� � � � � � � � � � � � �

ELRDYDLODELOLW\�� �*OXWDPDWH� �LV� �DOVR� �D� �SUHFXUVRU� �WR� �WKH� �SULPDU\� �LQKLELWRU\� �QHXURWUDQVPLWWHU�� � � � � � � � � � �

��DPLQREXWU\DWH� ��*$%$�� �ZKLFK� �FDQ� �EH� �SURGXFHG� �YLD� �KRVW� �RU� �EDFWHULDO� �GHFDUER[\ODWLRQ� �RI�� � � � � � � � � � � �

JOXWDPDWH������� �6XSSOHPHQWDWLRQ� �ZLWK� �D� �*$%$�SURGXFLQJ� �SURELRWLF� �VWUDLQ� �RI� %LILGREDFWHULXP�� � � � � � � � �

GHQWLXP� KDV� �EHHQ� �VKRZQ� �WR� �DWWHQXDWH� �YLVFHUDO� �K\SHUVHQVLWLYLW\� �LQ� �UDWV������� �D� �SKHQRW\SH� �WKDW� �LV�� � � � � � � � � � � � � �

DVVRFLDWHG� �ZLWK��IXQFWLRQDO��ERZHO��GLVRUGHUV���$QRWKHU��VWXG\��VKRZHG��D�/DFWREDFLOOXV��EUHYLV�VWUDLQ�� � � � � � � � � � � �

SURGXFLQJ� �ODUJH� �DPRXQWV� �RI� �*$%$� �UHVFXHG� �GHSUHVVLYH� �EHKDYLRXUV� �LQ� �PLFH������� �)XUWKHUPRUH��� � � � � � � � � � �

DGPLQLVWUDWLRQ� �RI� �D� /DFWREDFLOOXV� �UKDPQRVXV� �VWUDLQ� �WR� �KHDOWK\� �PLFH� �LQFUHDVHG� �JOXWDPDWH��� � � � � � � � � � �

JOXWDPLQH� �DQG� �*$%$� �FRQFHQWUDWLRQV� �LQ� �WKH� �EUDLQ������� �7KH� �VDPH� �VWUDLQ� �LQGXFHG� �QHXURFKHPLFDO�� � � � � � � � � � � �

DQG��EHKDYLRXUDO��FKDQJHV��LQ��PLFH��WKDW��ZHUH��GHSHQGHQW��RQ��WKH��YDJXV��QHUYH��������D��PDMRU��JXW�EUDLQ�� � � � � � � � � � � � � � �

FRPPXQLFDWLRQ� �URXWH������� �2WKHU� �VWXGLHV� �KDYH� �VKRZQ� �WKDW� �JHUP�IUHH� �PLFH� �KDYH� �DOWHUHG�� � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �%&$$V�� �DURPDWLF� �DPLQR� �DFLGV�� �JOXWDPLQH�� �DVSDUWDWH�� �DUJLQLQH�� �DODQLQH��� � � � � � � � � �

F\VWHLQH� �DQG� �VHULQH� �LQ� �WKH� �EUDLQ� �FRPSDUHG� �WR� �FRORQLVHG� �PLFH����������� �7KH� �DURPDWLF� �DPLQR� �DFLG�� � � � � � � � � � � � � �

WU\SWRSKDQ� �LV� �DQRWKHU� �QHXURWUDQVPLWWHU� �SUHFXUVRU�� �DQG� �VHURWRQLQ� �SURGXFWLRQ� �IURP� �WU\SWRSKDQ��LV�� � � � � � � � � � �

UHJXODWHG� �E\� �WKH� �JXW� �PLFURELRWD������� �&ROOHFWLYHO\�� �WKLV� �HYLGHQFH� �VWURQJO\� �VXJJHVWV� �WKDW� �EDFWHULDO�� � � � � � � � � � � �

�����
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PRGXODWLRQ� �RI� �DPLQR� �DFLGV� �DQG� �DPLQR� �DFLG�GHULYHG� �PROHFXOHV� �SOD\V� �DQ� �LPSRUWDQW� �UROH� �LQ� �WKH�� � � � � � � � � � � � � �

JXW�EUDLQ���D[LV���

�
7KH� �IDHFDO� �PHWDEROLF� �SURILOHV� �LQ� �WKH� �SUHVHQW� �FRKRUW� �XQIRUWXQDWHO\� �FRXOG� �QRW� �EH� �DWWULEXWHG� �WR�� � � � � � � � � � � � � �

V\PSWRP� �VHYHULW\� �GXH� �WR� �WKH� �DEVHQFH� �RI��WKLV��GDWD���EXW��RWKHU��IDFWRUV��ZHUH��LQYHVWLJDWHG��XVLQJ��D�� � � � � � � � � � � � � � � �

OLQHDU� �PL[HG�HIIHFWV� �PRGHO� �WR� �DFFRXQW� �IRU� �YDULDWLRQ� �GXH� �WR� �GLIIHUHQW� �UHFUXLWPHQW� �FHQWUHV�� �/RZ�� � � � � � � � � � � � �

IDHFDO��DPLQR��DFLG��OHYHOV��LQ��FKLOGUHQ��ZLWK��$6'��ZHUH��VLJQLILFDQWO\��DVVRFLDWHG��ZLWK��WKH��SUHVHQFH��RI�� � � � � � � � � � � � � � �

SV\FKLDWULF� �FRPRUELGLWLHV� ��H�J�� �DQ[LHW\� �DQG��GHSUHVVLRQ���DV��ZHOO��DV��ILVK��RLO��FRQVXPSWLRQ����)LJXUH�� � � � � � � � � � � � �

��������2I��WKH�������$6'��FKLOGUHQ��LQFOXGHG��LQ��WKH��PRGHO�������KDG��UHSRUWHG��SV\FKLDWULF��FRPRUELGLWLHV�� � � � � � � � � � � � � � �

DQG� ���� �UHSRUWHG� �FRQVXPSWLRQ� �RI� �ILVK� �RLO�� �2QO\� �RQH��FKLOG��ZDV��UHSRUWHG��WR��KDYH��ERWK��SV\FKLDWULF�� � � � � � � � � � � � � � � �

FRPRUELGLWLHV� �DQG� �ILVK� �RLO� �FRQVXPSWLRQ�� �,W� �LV� �LPSRUWDQW� �WR� �QRWH� �WKDW� ���� �RI� �WKH� ���� �FKLOGUHQ� �ZLWK�� � � � � � � � � � � � � � � � �

UHSRUWHG� �SV\FKLDWULF� �FRPRUELGLWLHV� �ZHUH� �WDNLQJ� �SUHVFULSWLRQ� �PHGLFDWLRQV� �ZKLFK� �PD\� �KDYH�� � � � � � � � � �

LQIOXHQFHG� �WKH� �UHVXOWV�� �)LVK� �RLO� �FRQVXPSWLRQ� �LV� �DOVR� �D� �SRWHQWLDO� �FRQIRXQGHU�� �2YHU� ����� �RI� �WKH�� � � � � � � � � � � � � � �

PRGHOOHG� �YDULDWLRQ� �LQ� �IDHFDO� �PHWDEROLF� �SURILOHV� �RI� �$6'� �FKLOGUHQ� �FRXOG� �EH� �DWWULEXWHG� �WR� �WKLV�� � � � � � � � � � � � � �

YDULDEOH�� �3UHYLRXV� �UHSRUWV� �VKRZ� �WKDW� �ILVK� �RLO� �VXSSOHPHQWDWLRQ� �PDLQO\� �DIIHFWV� �OLSLG�� � � � � � � � � � �

PHWDEROLVP����±������ �7R� �GDWH�� �WKHUH��DUH��QR��UHSRUWV��GHWDLOLQJ��FKDQJHV��LQ��IDHFDO��DPLQR��DFLGV��GXH��WR�� � � � � � � � � � � � � � �

ILVK���RLO���FRQVXPSWLRQ����

�

�����
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¶
�

)LJXUH� ������ �$VVRFLDWLRQV� �EHWZHHQ� �IDHFDO� �PHWDEROLWHV� �DQG� �$6'�� � � � � � � �
FKDUDFWHULVWLFV��5HJUHVVLRQ��FRHIILFLHQWV��IURP��D��OLQHDU��PL[HG�HIIHFWV��PRGHO��DUH�� � � � � � � � �
SORWWHG� �ZLWK� ����� �FRQILGHQFH� �LQWHUYDOV�� �5HFUXLWPHQW� �FHQWUH� �ZDV� �LQFOXGHG��DV��D�� � � � � � � � � � �
UDQGRP� �HIIHFW�� �&RHIILFLHQWV� �FRORXUHG� �LQ� �UHG� �DUH� �VLJQLILFDQW� ���3� ���������� �6L]H� �RI�� � � � � � � � � � � �
SRLQWV���UHSUHVHQWV���WKH���SHUFHQWDJH���RI���YDULDQFH���H[SODLQHG���E\���HDFK���IL[HG���HIIHFW���

)DHFDO� �PHWDEROLF� �SURILOHV� �DUH� �PDUNHGO\� �LQIOXHQFHG� �E\��WKH��PLFURRUJDQLVPV��UHVLGLQJ��LQ��WKH��ODUJH�� � � � � � � � � � � � �

LQWHVWLQH�� �$� �VWXG\� �RI� ����� �DGXOW� �WZLQV� ��SUHGRPLQDQWO\� �IHPDOH�� �VKRZHG� �WKDW� �DOPRVW� ����� �RI� �WKH�� � � � � � � � � � � � � � �

YDULDQFH� �LQ� �WKH� �IDHFDO� �PHWDERORPH� �FRXOG� �EH� �H[SODLQHG� �E\� �WKH� �FRPSRVLWLRQ� �RI� �WKH� �IDHFDO�� � � � � � � � � � � � � �

PLFURELRWD��DQG��WKLV��ZDV��SDUWLFXODUO\��WUXH��IRU��DPLQR��DFLGV��������9DULDQFH��LQ��FRQFHQWUDWLRQV��RI��VRPH�� � � � � � � � � � � � � �

DPLQR� �DFLGV� �FRXOG� �EH� ������ �H[SODLQHG� �E\� �WKH� �IDHFDO� �EDFWHULDO� �FRPPXQLW\�� �(OHYDWHG�� � � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �DPLQR� �DFLGV� �FRXOG� �LQGLFDWH� �LQFUHDVHG� �EDFWHULDO� �ELRV\QWKHVLV� �RU� �GHFUHDVHG�� � � � � � � � � � �

XWLOLVDWLRQ� �RI� �DPLQR� �DFLGV� �ZKLOH� �UHGXFHG� �FRQFHQWUDWLRQV� �FRXOG� �LQGLFDWH� �GHFUHDVHG� �EDFWHULDO�� � � � � � � � � � �

ELRV\QWKHVLV� �RU� �LQFUHDVHG� �XWLOLVDWLRQ�� �DOWKRXJK� �PRUH� �FRPSOH[� �PHWDEROLF� �LQWHUDFWLRQV� �DUH� �OLNHO\�� � � � � � � � � � �

RFFXUULQJ��ZLWKLQ��WKH��FRPPXQLW\���&XUUHQWO\���WKHUH��LV��QR��HYLGHQFH��WKDW��DPLQR��DFLGV��DUH��UHDEVRUEHG�� � � � � � � � � � � � � �

LQ��ODUJH��TXDQWLWLHV��LQ��WKH��KXPDQ��ODUJH��LQWHVWLQH��������VR��WKLV��IDFWRU��SUHVXPDEO\��GLG��QRW��FRQWULEXWH��WR�� � � � � � � � � � � � � � � �

WKH���REVHUYHG���$6'���IDHFDO���PHWDEROLF���SKHQRW\SHV����

�

�����
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&KDQJHV� �LQ� �IDHFDO� �DPLQR� �DFLG� �FRQFHQWUDWLRQV� �KDYH� �EHHQ� �UHSRUWHG� �LQ� �SDHGLDWULF� �LQIODPPDWRU\�� � � � � � � � � � � �

ERZHO� �GLVHDVH� ��,%'�� �SDWLHQWV�� �7UHDWPHQW�QDwYH� �FKLOGUHQ� �ZLWK� �,%'� �KDG� �KLJKHU� �IDHFDO�� � � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �KLVWLGLQH�� �WU\SWRSKDQ�� �SKHQ\ODODQLQH�� �OHXFLQH���YDOLQH���DQG��VHULQH��FRPSDUHG��WR�� � � � � � � � � � �

FKLOGUHQ� �ZLWKRXW� �,%'������� �,Q� �DQRWKHU� �VWXG\� �RI� �SDHGLDWULF� �&URKQ¶V� �'LVHDVH�� �RQH� �RI� �WKH� �WZR� �PDLQ�� � � � � � � � � � � � � � �

,%'V�� �QHDUO\� �DOO� �IDHFDO� �DPLQR� �DFLGV� �GHWHFWHG� �ZHUH� �KLJKHU� �FRPSDUHG� �WR� �FRQWUROV�� �WKHVH�� � � � � � � � � � � � �

PHWDEROLWHV� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �LQWHVWLQDO� �LQIODPPDWLRQ� �DQG� �ZHUH� �QRW� �UHODWHG� �WR� �SURWHLQ�� � � � � � � � � � � �

LQWDNH������� �+LJKHU� �FRQFHQWUDWLRQV� �RI� �IDHFDO� �DPLQR� �DFLGV��������� �DQG� �%&)$V����� �KDYH� �DOVR� �EHHQ�� � � � � � � � � � � �

UHSRUWHG� �LQ� �FRORUHFWDO� �FDQFHU� �SDWLHQWV�� �,Q��WKH��FXUUHQW��FRKRUW���IDHFDO��DPLQR��DFLG��OHYHOV��ZHUH��QRW�� � � � � � � � � � � � � � �

DVVRFLDWHG��ZLWK��JDVWURLQWHVWLQDO��G\VIXQFWLRQ����)LJXUH���������EXW��WKHVH��GDWD��ZHUH��UHSRUWHG��LQGLUHFWO\�� � � � � � � � � � � �

WKURXJK� �WKH� �SULPDU\� �FDUHJLYHUV� �RI� �WKH��FKLOGUHQ���VR��LW��LV��SRVVLEOH��WKDW��PDQ\��FDVHV��ZHUH��PLVVHG��� � � � � � � � � � � � � � � �

HVSHFLDOO\� �JLYHQ� �WKH� �FRPPXQLFDWLRQ� �GHILFLWV� �SUHVHQW� �LQ� �WKLV� �SRSXODWLRQ������� �*LYHQ� �WKDW� �WKH�� � � � � � � � � � � �

HVWLPDWHG� �SUHYDOHQFH� �RI� �JDVWURLQWHVWLQDO��SUREOHPV��LQ��FKLOGUHQ��ZLWK��$6'��LV��EHWZHHQ���������� �DQG�� � � � � � � � � � � � �

���������� �LW� �FDQ� �EH� �DVVXPHG� �WKDW� �WKHVH� �DUH� �XQGHU�UHSRUWHG� ��������� �LQ� �WKH� �SUHVHQW��FRKRUW���$6'�� � � � � � � � � � � � � � �

FKLOGUHQ� �ZLWK��KLJK��IDHFDO��DPLQR��DFLGV��DOVR��KDG��KLJK��FRQFHQWUDWLRQV��RI��IDHFDO��XUDFLO���3DWKRJHQLF�� � � � � � � � � � � � � �

EDFWHULD� �VXFK� �DV� 9LEULR� �IOXYLDOLV�� �.OHEVLHOOD� �SQHXPRQLDH�� �6KLJHOOD� �VRQQHL�� �3VHXGRPRQDV�� � � � � � � � � �

DHUXJLQRVD��� �DQG� 6HUUDWLD� �PDUFHVFHQV� SURGXFH� �XUDFLO������� �,Q� �GURVRSKLOD�� �SDWKRJHQV� �EXW� �QRW�� � � � � � � � � � �

FRPPHQVDOV����SURGXFH���XUDFLO���ZKLFK���DFWLYDWHV���WKH���LPPXQH���V\VWHP���DQG���FDXVHV���LQIODPPDWLRQ���������

����� 8ULQDU\���PHWDEROLWHV���UHODWHG���WR���WKH���$6'���IDHFDO���PHWDERORPH��

7R� �GHWHUPLQH� �LI� �VKLIWV� �LQ� �IDHFDO� �DPLQR� �DFLG� �OHYHOV� �LQ� �WKH� �$6'� �JURXS� �UHVXOWHG� �LQ� �FKDQJHV� �LQ�� � � � � � � � � � � � � � � � �

KRVW�PLFUREH��FR�PHWDEROLVP���DV��UHIOHFWHG��LQ��XULQH��VDPSOHV���3/6��UHJUHVVLRQ��ZDV��HPSOR\HG���2QO\�� � � � � � � � � � � �

WZR� �XULQDU\� �PHWDEROLWHV�� �SKHQ\ODFHW\OJOXWDPLQH� ��3$*�� �DQG� S��FUHV\O� �VXOIDWH� ��3&6��� �ZHUH�� � � � � � � � � �

DVVRFLDWHG� ��SRVLWLYH�� �ZLWK� �WKH� �VHOHFWHG� �IDHFDO� �DPLQR� �DFLGV� �DQG� �XUDFLO� �LQ� �$6'��FKLOGUHQ����)LJXUH�� � � � � � � � � � � � � �

������� �3$*� �DQG� �3&6� �DUH� �PLFURELRWD�DVVRFLDWHG� �PHWDEROLWHV� �RI� �SKHQ\ODODQLQH� �DQG� �W\URVLQH��� � � � � � � � � � �

UHVSHFWLYHO\�� �WKDW� �DUH� �SURGXFHG� �YLD� �SURWHLQ� �IHUPHQWDWLRQ� �LQ� �WKH� �FRORQ������ �%DFWHULDO� �HQ]\PHV�� � � � � � � � � � � �

FRQYHUW��SKHQ\ODODQLQH��WR��SKHQ\ODFHWDWH����� �ZKLFK��LV��FRQMXJDWHG��WR��JOXWDPLQH��E\��KRVW��PHWDEROLVP�� � � � � � � � � � � �

EHIRUH� �H[FUHWLRQ�� �7\URVLQH� �LV� �FRQYHUWHG� �WR� S��FUHVRO� �E\� �EDFWHULDO� �HQ]\PHV����� �DQG� S��FUHVRO� �LV�� � � � � � � � � � � � �

VXOIDWHG� �WR� �3&6� �SULRU� �WR� �H[FUHWLRQ�� �8ULQDU\� �FRQFHQWUDWLRQV� �RI� �WKHVH� �SKHQROLF� �FRPSRXQGV� �DUH�� � � � � � � � � � � � �

VWURQJ���LQGLFDWRUV���RI���JXW���EDFWHULDO���DFWLYLW\������������

�

�����
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�

)LJXUH��������8ULQH���+��105��VSHFWUXP��$��UHSUHVHQWDWLYH��XULQH���+��105��VSHFWUXP��IURP��WKH��$6'��JURXS�� � � � � � � � � � � � � � � �
ZLWK� �VHOHFWHG� �IHDWXUHV� �KLJKOLJKWHG� ��UHG��� �8ULQDU\� �SKHQ\ODFHW\OJOXWDPLQH� ��3$*�� �DQG� S��FUHV\O� �VXOIDWH�� � � � � � � � � � �
�3&6����FRUUHODWH���SRVLWLYHO\���ZLWK���IDHFDO���PHWDEROLWHV���LQ���WKH���$6'���JURXS�����D�X����DUELWUDU\���XQLWV���
�

/LQHDU��PL[HG�HIIHFWV��PRGHOV��ZHUH��XVHG��WR��LGHQWLI\��IDFWRUV��DVVRFLDWHG��ZLWK��XULQDU\��3$*��DQG��3&6�� � � � � � � � � � � � � �

H[FUHWLRQ� �LQ� �FKLOGUHQ� �ZLWK� �$6'�� �%RWK� �PHWDEROLWHV� �ZHUH� �SUHVHQW� �LQ� �KLJKHU� �FRQFHQWUDWLRQ� �LQ�� � � � � � � � � � � � �

FKLOGUHQ� �ZLWK� �VHDVRQDO� �DOOHUJLHV� ���)LJXUH� �������� �2I� �WKH� ����� �FKLOGUHQ� �LQFOXGHG� �LQ� �WKH� �PRGHOV�� ����� � � � � � � � � � � � � � �

FKLOGUHQ� �ZHUH� �UHSRUWHGO\� �DIIHFWHG� �E\� �DOOHUJLHV� �DQG� ���� �RI� �WKHVH� �FKLOGUHQ� �ZHUH��WDNLQJ��DQ��DOOHUJ\�� � � � � � � � � � � � � � �

PHGLFDWLRQ� �GXULQJ� �WKH� �VWXG\�� �3&6�� �EXW� �QRW� �3$*�� �ZDV� �DOVR� �KLJKHU� �LQ� �FKLOGUHQ� ��Q ���� �ZKRVH�� � � � � � � � � � � � � � �

FDUHJLYHU� �UHSRUWHG� �PHODWRQLQ� �XVDJH�� �)RU� ��� �FKLOGUHQ�� �ERWK� �DOOHUJ\� �PHGLFDWLRQ� �DQG� �PHODWRQLQ�� � � � � � � � � � � �

VXSSOHPHQWDWLRQ��ZHUH��UHSRUWHG���$OWKRXJK��WKH��FDXVH��RI��KLJK��H[FUHWLRQ��RI��3$*��DQG��3&6��LQ��VRPH�� � � � � � � � � � � � � � �

$6'� �FKLOGUHQ� �FDQQRW� �EH� �GHWHUPLQHG� �LQ� �WKH� �SUHVHQW� �VWXG\�� �XULQDU\� �FRQFHQWUDWLRQV� �RI� �WKHVH�� � � � � � � � � � � � �

PHWDEROLWHV� �KDYH� �EHHQ� �VKRZQ� �WR� �LQFUHDVH� �ZLWK� �SURWHLQ� �LQWDNH����������� �DQG� �GHFUHDVH� �ZLWK� �ILEUH�� � � � � � � � � � � � �

LQWDNH�������$��KLJK��SURWHLQ���ORZ��FDUERK\GUDWH��GLHW��KDV��DOVR��EHHQ��VKRZQ��WR��LQFUHDVH��IDHFDO��SKHQROLF�� � � � � � � � � � � � � � �

FRPSRXQGV� �LQFOXGLQJ� �SKHQ\ODFHWDWH������� �+RZHYHU�� �LQWHVWLQDO� �WUDQVLW� �WLPH� �FDQ� �DIIHFW� �XULQDU\�� � � � � � � � � �

FRQFHQWUDWLRQV� �RI� �3$*� �DQG� �3&6� �LQGHSHQGHQW� �RI� �GLHW������� �'HOD\HG� �FRORQLF� �WUDQVLW� �UHVXOWV� �LQ�� � � � � � � � � � � � �

GHSOHWLRQ� �RI� �FDUERK\GUDWHV� �DQG� �D� �VZLWFK� �WR� �SURWHLQ� �IHUPHQWDWLRQ�� �EXW� �LV��DOVR��DVVRFLDWHG��ZLWK��D�� � � � � � � � � � � � � � �

FKDQJH� �LQ� �WKH� �IDHFDO� �PLFURELRWD������� �,W� �KDV� �DOVR� �EHHQ� �SURSRVHG� �WKDW� �WKH� �IRUPDWLRQ� �RI� �3$*� �DQG�� � � � � � � � � � � � � � � �

RWKHU� �PLFURELRWD�DVVRFLDWHG� �PROHFXOHV� �LV� �DQ� �LPSRUWDQW� �UHJXODWLRQ� �RI� �QHXURWUDQVPLWWHU� �OHYHOV� �LQ�� � � � � � � � � � �

WKH� �KXPDQ� �ERG\������� �$PLQR� �DFLGV� �VXFK� �DV� �JO\FLQH�� �JOXWDPDWH� �DQG� �JOXWDPLQH� �DUH� �FRQMXJDWHG��WR�� � � � � � � � � � � � � �

DURPDWLF� �DFLGV� �SULRU� �WR� �H[FUHWLRQ� �WKXV� �GHFUHDVLQJ� �WKHLU� �DYDLODELOLW\� �WR� �WKH� �KRVW�� �$OWHUHG� �XULQDU\�� � � � � � � � � � � � � �

FRQFHQWUDWLRQV��RI��3$*��DQG��3&6��KDYH��SUHYLRXVO\��EHHQ��GHWHFWHG��LQ��FKLOGUHQ��ZLWK��$6'�������������������� � � � � � � � � � � � �

LQ� �REHVH� �DGXOWV������ �LQ� �FHQWHQQLDOV����� �DQG� �LQ� �SDWLHQWV� �ZLWK� �FKURQLF� �NLGQH\� �GLVHDVH������� �6HUXP�� � � � � � � � � � � � �

�����
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FRQFHQWUDWLRQV��RI��WKHVH��PHWDEROLWHV��KDYH��EHHQ��DVVRFLDWHG��ZLWK��FDUGLRYDVFXODU��GLVHDVH��LQ��UHQDO�� � � � � � � � � � � �

SDWLHQWV����������� �3$*� �DQG� �3&6�� �DOWKRXJK� �DIIHFWHG� �E\� �GLHW�� �DUH� �UHIOHFWLYH� �RI� �JXW��PLFURELDO��DFWLYLW\��� � � � � � � � � � � � � �

DUH���FOHDUO\���DVVRFLDWHG���ZLWK���KXPDQ���KHDOWK���DQG���DUH���LQGLFDWLYH���RI���FHUWDLQ���SKHQRW\SHV���

�

�
)LJXUH� ������ �$VVRFLDWLRQV� �EHWZHHQ� �XULQDU\� �PHWDEROLWHV� �DQG� �$6'� �FKDUDFWHULVWLFV�� 5HJUHVVLRQ�� � � � � � � � � �
FRHIILFLHQWV� �IURP� �OLQHDU� �PL[HG�HIIHFWV� �PRGHOV� �DUH� �SORWWHG� �ZLWK� ����� �FRQILGHQFH� �LQWHUYDOV�� �5HFUXLWPHQW�� � � � � � � � � � � �
FHQWUH� �ZDV� �LQFOXGHG� �DV� �D� �UDQGRP� �HIIHFW�� �&RHIILFLHQWV� �FRORXUHG��LQ��UHG��DUH��VLJQLILFDQW����3������������6L]H��RI�� � � � � � � � � � � � � � � � �
SRLQWV��UHSUHVHQWV��WKH��SHUFHQWDJH��RI��YDULDQFH��H[SODLQHG��E\��HDFK��IL[HG��HIIHFW��3$*��SKHQ\ODFHW\OJOXWDPLQH��� � � � � � � � � � � � �
3&6���S�FUHV\O���VXOIDWH���

,Q��WKH��FXUUHQW��FRKRUW���FKLOGUHQ��ZLWK��$6'��GLVSOD\HG��D��VSHFWUXP��RI��PHWDEROLF��SKHQRW\SHV���2Q��RQH�� � � � � � � � � � � � � � �

HQG� �RI� �WKH� �VSHFWUXP�� �FKLOGUHQ� �KDG� �ORZ� �IDHFDO� �DPLQR� �DFLG� �DQG� �ORZ� �XULQDU\� �3$*�3&6�� � � � � � � � � � � � � �

FRQFHQWUDWLRQV���&KLOGUHQ��RQ��WKLV��HQG��RI��WKH��PHWDEROLF��VSHFWUXP��DOVR��WHQGHG��WR��KDYH��SV\FKLDWULF�� � � � � � � � � � � � � �

FRPRUELGLWLHV� �DQG� �WR� �FRQVXPH� �ILVK� �RLO� �DV� �D� �VXSSOHPHQW�� �2Q� �WKH� �RWKHU� �HQG� �RI� �WKH� �PHWDEROLF�� � � � � � � � � � � � � � � �

VSHFWUXP�� �FKLOGUHQ� �KDG� �KLJK� �IDHFDO� �DPLQR� �DFLG� �DQG� �KLJK� �XULQDU\� �3$*�3&6� �FRQFHQWUDWLRQV��� � � � � � � � � � � �

7KHVH� �FKLOGUHQ� �WHQGHG� �WR� �VXIIHU� �IURP� �VHDVRQDO��DOOHUJLHV��DQG��SRWHQWLDOO\��VOHHS��GLVWXUEDQFHV���DV�� � � � � � � � � � � � �

LQIHUUHG� �E\� �WKH� �SUHYDOHQFH� �RI� �PHODWRQLQ� �VXSSOHPHQWDWLRQ�� �2QH� �OLNHO\� �H[SODQDWLRQ� �IRU� �WKH�� � � � � � � � � � � �

PHWDEROLF� �ILQGLQJV� �LV� �YDULDWLRQ� �LQ� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �0DQ\� �FKLOGUHQ� �ZLWK� �$6'� �VXIIHU� �IURP�� � � � � � � � � � � � � �

FKURQLF� �FRQVWLSDWLRQ������� �D� �KDOOPDUN� �RI� �GHOD\HG� �FRORQLF� �WUDQVLW� �ZKLFK� �UHVXOWV� �LQ� �KLJKHU� �EDFWHULDO�� � � � � � � � � � � � �

SURWHLQ� �IHUPHQWDWLRQ������� �7KLV� �WKHRU\� �LV� �VXSSRUWHG� �E\� �D� �UHSRUW� �RI� �KLJK� �3&6� �H[FUHWLRQ� �WKDW� �ZDV�� � � � � � � � � � � � � � �

UHODWHG� �WR� �LQFUHDVHG� �LQWHVWLQDO� �WUDQVLW��WLPH��LQ��FKLOGUHQ��ZLWK��$6'��������+LJK��IDHFDO��FRQFHQWUDWLRQ��RI�� � � � � � � � � � � � � �

S��FUHVRO� �ZDV� �DOVR� �GHWHFWHG� �LQ� �D� �JURXS� �RI� �FKLOGUHQ� �ZLWK� �$6'� �DQG� �KLJK� �JDVWURLQWHVWLQDO��VHYHULW\�� � � � � � � � � � � � � � �

�����
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V\PSWRPV� �FRPSDUHG� �WR� �QHXURW\SLFDO� �FKLOGUHQ� �ZLWK� �ORZ� �JDVWURLQWHVWLQDO� �VHYHULW\� �V\PSWRPV�������� � � � � � � � � �

&RQYHUVHO\�� �GHFUHDVHG� �LQWHVWLQDO� �WUDQVLW� �WLPH� �DQG� �FRQVHTXHQW� �UHGXFWLRQ� �LQ� �EDFWHULDO� �SURWHLQ�� � � � � � � � � � �

IHUPHQWDWLRQ� �LQ� �WKH� �JXW�� �FRXOG� �DOVR� �H[SODLQ� �WKH� �ORZHU� �FRQFHQWUDWLRQV� �RI� �IDHFDO� �DPLQR� �DFLGV��� � � � � � � � � � � � � �

XULQDU\� �3$*� �DQG� �XULQDU\��3&6��REVHUYHG��LQ��VRPH��FKLOGUHQ���7KH��FRQVLVWHQF\��RI��D��IDHFDO��VDPSOH��� � � � � � � � � � � � � � �

DQ��LQGLFDWRU��RI��LQWHVWLQDO��WUDQVLW��WLPH���LV��DOVR��RQH��RI��WKH��PDLQ��H[SODQDWRU\��YDULDEOHV��IRU��WKH��IDHFDO�� � � � � � � � � � � � � � � � �

PLFURELRPH������ �+RZHYHU�� �JLYHQ� �WKH� �DVVRFLDWLRQ� �EHWZHHQ� �PHWDEROLF� �SKHQRW\SH� �DQG� �GLIIHUHQW�� � � � � � � � � �

PHWDGDWD� �FRYDULDWHV�� �WKH� �PHWDEROLF� �KHWHURJHQHLW\� �ZLWKLQ� �WKH� �$6'� �JURXS� �OLNHO\� �UHIOHFWV� �PDQ\�� � � � � � � � � � � �

IDFWRUV�� �,Q� �DGGLWLRQ� �WR� �WKH� �LQKHUHQW� �V\PSWRPDWLF� �GLYHUVLW\� �DQG� �WKH� �SUHVHQFH� �RI� �JDVWURLQWHVWLQDO�� � � � � � � � � � � � �

G\VIXQFWLRQ� �LQ� �D� �VXEVHW� �RI� �WKH� �SRSXODWLRQ�� �FKLOGUHQ� �ZLWK� �$6'� �RIWHQ� �KDYH� �GLIILFXOW� �HDWLQJ�� � � � � � � � � � � � � �

EHKDYLRXUV����������� �'LHW� �LV� �D� �PDMRU� �GHWHUPLQDQW� �RI� �JXW� �PLFURELDO� �FRPPXQLW\� �VWUXFWXUH�������� �DQG�� � � � � � � � � � � �

WKHUHIRUH� �IDHFDO� �PHWDERORPH����������� �DV� �ZHOO� �DV� �XULQDU\� �PHWDERW\SH����������� �$OWKRXJK� �PHWDEROLF�� � � � � � � � � �

SKHQRW\SHV��LQ��$6'��PD\��EH��FRQIRXQGHG��E\��WKH��FRQVXPSWLRQ��RI��VXSSOHPHQWV��DQG��PHGLFDWLRQV�������� � � � � � � � � � � � �

PXOWL�ELRIOXLG� �V\VWHPV�OHYHO� �DQDO\VLV� �SURYLGHV� �D� �GHSLFWLRQ� �RI� �WKH� �SRSXODWLRQ� �HQFRPSDVVLQJ�� � � � � � � � � �

HQGRJHQRXV� �SK\VLRORJ\� �DQG� �GLIIHUHQWLDO� �EHKDYLRXUV�� �DV� �ZHOO� �DV� �HQYLURQPHQWDO� �DQG� �PLFURELDO�� � � � � � � � � � �

LQIOXHQFHV����FDSWXULQJ���WKH���KHWHURJHQHLW\���RI���$6'����

�

����� *XW���EDFWHULD���UHODWHG���WR���$6'���PHWDERORPH��

*LYHQ� �WKH� �SURSRVHG� �OLQN� �EHWZHHQ� �PHWDEROLF� �YDULDWLRQ� �ZLWKLQ� �WKH� �$6'� �JURXS� �DQG�� � � � � � � � � � � �

PLFURELRWD�DVVRFLDWHG� �PHWDEROLVP�� �UHODWLRQVKLSV� �EHWZHHQ� �IDHFDO�XULQDU\� �PHWDEROLWHV� �DQG�� � � � � � �

EDFWHULDO� �JHQHUD� �GHWHFWHG� �LQ� �IDHFDO� �VDPSOHV� �ZHUH��DVVHVVHG��XVLQJ��3/6��UHJUHVVLRQ���2I��WKH������� � � � � � � � � � � � � �

JHQHUD� �GHWHFWHG�� ���� �ZHUH� �LQFOXGHG� �LQ� �WKH� �PRGHO� �DIWHU��SUHYDOHQFH��ILOWHULQJ���0DMRU��VDFFKDURO\WLF�� � � � � � � � � � � � �

EDFWHULD� �LQ� �WKH� �KXPDQ� �JXW������� �VXFK� �DV�5RVHEXULD�VSS���� �)DHFDOLEDFWHULXP�VSS����DQG�3UHYRWHOOD�� � � � � � � � � � � � �

VSS��ZHUH� �QHJDWLYHO\� �FRUUHODWHG� �ZLWK� �ERWK��IDHFDO��DPLQR��DFLGV��DQG��XULQDU\��SKHQROV��ZKLOH��DPLQR�� � � � � � � � � � � � � �

DFLG�IHUPHQWLQJ� �EDFWHULD� �VXFK� �DV� &ORVWULGLXP� VSS��������� ZHUH� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �WKHVH�� � � � � � � � � � �

PHWDEROLWHV����)LJXUH�����������7KLV��ILQGLQJ��VXSSRUWV��WKH��LGHD��WKDW��WKH��REVHUYHG��PHWDEROLF��VSHFWUXP�� � � � � � � � � � � � �

LQ��FKLOGUHQ��ZLWK��$6'��LV��UHODWHG��WR��WKH��WUDGH�RII��EHWZHHQ��FDUERK\GUDWH��DQG��SURWHLQ��IHUPHQWDWLRQ��� � � � � � � � � � � � � �

ZKLFK� �PD\� �UHIOHFW� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �+LJK� �IDHFDO� �DPLQR� �DFLGV� �DQG� �XULQDU\� �SKHQROV� �LQ� �WKLV�� � � � � � � � � � � � � � �

SRSXODWLRQ� �ZHUH� �DOVR� �DVVRFLDWHG� �ZLWK� �LQFUHDVHG� �UHODWLYH� �DEXQGDQFHV� �RI� �JHQHUD� 'RUHD� �DQG�� � � � � � � � � � � �

5XPLQRFRFFXV�� /RZ� )DHFDOLEDFWHULXP� ZLWK� �KLJK� &ORVWULGLXP� DQG� �5XPLQRFRFFXV� LV� �D� �IDHFDO�� � � � � � � � � � �

VLJQDWXUH��RI��LUULWDEOH��ERZHO��V\QGURPH���,%6���������$OO��JHQHUD��SRVLWLYHO\��DVVRFLDWHG��ZLWK��IDHFDO��DPLQR�� � � � � � � � � � � � �

DFLGV� �DQG� �XULQDU\� �SKHQROV� �EHORQJ� �WR� �MXVW� �WKUHH� �IDPLOLHV� ���5XPLQRFRFFDFHDH�� �/DFKQRVSLUDFHDH�� � � � � � � � � � �
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DQG� �&ORVWULGLDOHV� �,QFHUWDH� �6HGLV� �;,,,��� �LQ� �RQH� �RUGHU� ���&ORVWULGLDOHV����� )DHFDO� �DEXQGDQFHV� �RI�� � � � � � � � � � � �

&ORVWULGLDOHV����WD[D���KDYH���EHHQ���DVVRFLDWHG���ZLWK���LQFUHDVHG���LQWHVWLQDO���WUDQVLW���WLPH������������

�

$OO��IDHFDO��DPLQR��DFLGV��H[KLELWHG��FRQVLVWHQW��UHODWLRQVKLSV��ZLWK��EDFWHULDO��JHQHUD��H[FHSW��JOXWDPDWH��� � � � � � � � � � � �

$� �ODUJH� �QXPEHU� �RI��WD[D��ZHUH��QHJDWLYHO\��FRUUHODWHG��ZLWK��JOXWDPDWH��EXW��ZHUH��QRW��FRUUHODWHG��ZLWK�� � � � � � � � � � � � � � �

RWKHU� �DPLQR� �DFLGV� ���)LJXUH� ��������� �7KH� �SUHVHQW� �GDWD� �VXJJHVW� �WKDW� �UHGXFHG� �IDHFDO� �JOXWDPDWH� �LQ�� � � � � � � � � � � � � �

VRPH� �$6'� �FKLOGUHQ� �LV� �DVVRFLDWHG� �ZLWK� �LQFUHDVHG� �DEXQGDQFH� �RI� �PDQ\��JHQHUD��LQ��WKH��JXW��ZKLFK�� � � � � � � � � � � � � � �

FRXOG� �EH� �GXH� �WR� �D� �UHGXFWLRQ� �LQ� �ODFWLF� �DFLG� �EDFWHULD� �ZKLFK� �DUH� �NQRZQ� �WR� �EH�� � � � � � � � � � � � � � �

JOXWDPDWH�SURGXFHUV������� �'RZQUHJXODWLRQ� �RI� �JXW� �EDFWHULDO� �JOXWDPDWH� �PHWDEROLVP� �DQG� �UHGXFHG�� � � � � � � � �

IDHFDO� �DPLQR� �DFLGV� �KDYH� �SUHYLRXVO\� �EHHQ� �UHSRUWHG� �LQ� �FKLOGUHQ� �ZLWK� �$6'� �FRPSDUHG��WR��W\SLFDOO\�� � � � � � � � � � � � � �

GHYHORSLQJ� �FKLOGUHQ� �DQG� �WKLV� �ZDV� �XQUHODWHG� �WR� �GLHW������� �*OXWDPDWH� �LV� �DQ� �LPSRUWDQW� �VXEVWUDWH� �IRU�� � � � � � � � � � � � � �

PDQ\��EDFWHULDO��VSHFLHV��DQG��LV��RQH��RI��WKH��PDLQ��DPLQR��DFLGV��LQFRUSRUDWHG��LQWR��EDFWHULDO��FHOOV�������VR�� � � � � � � � � � � � � � � �

UHGXFWLRQ� �LQ� �IDHFDO� �JOXWDPDWH� �FRXOG� �DOVR� �LQGLFDWH� �LQFUHDVHG� �EDFWHULDO� �XWLOLVDWLRQ�� �$V� �SUHYLRXVO\�� � � � � � � � � � � �

GLVFXVVHG�� �JOXWDPDWH� �LV� �DQ� �LPSRUWDQW� �QHXURWUDQVPLWWHU� �DQG� �*$%$� �SUHFXUVRU�� �,QFUHDVLQJ� �WKLV�� � � � � � � � � � �

PHWDEROLWH� �WKURXJK� �PRGXODWLRQ� �RI� �WKH� �JXW� �PLFURELRWD����±���� �FRXOG��EHQHILW��D��VXEJURXS��RI��FKLOGUHQ�� � � � � � � � � � � � �

ZLWK� �$6'�� �,Q� �VXSSRUW� �RI� �WKLV� �WKHRU\�� �ORZHU� �IDHFDO� �FRQFHQWUDWLRQV� �RI� �*$%$� �ZHUH� �UHSRUWHG� �LQ�� � � � � � � � � � � � � � �

FKLOGUHQ� �ZLWK� �3HUYDVLYH� �'HYHORSPHQWDO��'LVRUGHU�����1RW��2WKHUZLVH��6SHFLILHG���D��VXEW\SH��RI��$6'��� � � � � � � � � � � � �

FRPSDUHG� �WR� �QHXURW\SLFDO� �FKLOGUHQ� �DQG� �WKRVH��ZLWK��FODVVLFDO��DXWLVP��������8UDFLO��VKDUHG��FRUUHODWLRQ�� � � � � � � � � � � �

SDWWHUQV��ZLWK��JOXWDPDWH���EXW��KDG��OLWWOH��RYHUODS��ZLWK��WKH��RWKHU��DPLQR��DFLGV���8UDFLO��GHJUDGDWLRQ��LV��D�� � � � � � � � � � � � � � � �

FRPPRQ���SDWKZD\���LQ���EDFWHULD�������������EXW���WKH���UHOHYDQFH���RI���WKH���SDWKZD\���WR���KRVW���KHDOWK���LV���XQNQRZQ���
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)LJXUH� ������� �$VVRFLDWLRQV� �EHWZHHQ� �PHWDEROLWHV� �DQG� �PLFURELRWD� �LQ� �$6'��6LJQLILFDQW� ���)'5��������� � � � � � � � � � � �
DVVRFLDWLRQV��EHWZHHQ��EDFWHULDO��JHQHUD���RUDQJH���DQG��PHWDEROLWHV���JUHHQ���DUH��SORWWHG��ZLWK��QHJDWLYH��DQG�� � � � � � � � � � � � �
SRVLWLYH� �DVVRFLDWLRQV� �UHSUHVHQWHG� �E\� �EOXH� �DQG� �UHG� �ULEERQV�� �UHVSHFWLYHO\�� �'DWD��IRU��DPLQR��DFLGV��H[FHSW�� � � � � � � � � � � � � �
JOXWDPDWH� �DUH� �VXPPDULVHG�� �WKH� �ULEERQ� �ZLGWK� �UHSUHVHQWV� �WKH� �QXPEHU� �RI� �DPLQR� �DFLGV� �������� �ZLWK�� � � � � � � � � � � � � �
VLJQLILFDQW��DVVRFLDWLRQV���6HH�7DEOH����6����$SSHQGL[��%���IRU��WDEXODWHG��YDOXHV��3$*��SKHQ\ODFHW\OJOXWDPLQH��� � � � � � � � � � � �
3&6���S�FUHV\O���VXOIDWH���

����� +RVW�PLFUREH���FR�PHWDEROLVP���LV���DOWHUHG���LQ���FKLOGUHQ���ZLWK��

$6'���FRPSDUHG���WR���QHXURW\SLFDO���SDUWLFLSDQWV��

0HWDEROLWH� ��WU\SWRSKDQ�� �SKHQ\ODODQLQH�� �W\URVLQH�� �OHXFLQH�� �LVROHXFLQH�� �YDOLQH�� �JO\FLQH�� �O\VLQH��� � � � � � � � �

DVSDUWDWH���PHWKLRQLQH���JOXWDPDWH���DODQLQH��DQG��XUDFLO���FRQFHQWUDWLRQV��LQ��HDFK��IDHFDO��VDPSOH��ZHUH�� � � � � � � � � � � �

VXPPDULVHG� �E\� �3&$� �WR� �FRPSDUH� �VLJQDWXUHV� �EHWZHHQ� �VWXG\� �JURXSV�� �7KH� �ILUVW� �SULQFLSDO�� � � � � � � � � � � �

FRPSRQHQW� �H[SODLQHG���������RI��WKH��YDULDQFH��LQ��WKHVH��PHWDEROLWHV���/LQHDU��PL[HG�HIIHFWV��PRGHOV�� � � � � � � � � � � �

ZHUH��FDOFXODWHG��WR��H[SORUH��UHODWLRQVKLSV��EHWZHHQ��IDHFDO��PHWDEROLWH��FRQFHQWUDWLRQV���XULQDU\��3$*��� � � � � � � � � � �

XULQDU\��3&6��DQG��FRYDULDWHV��LQ��WKH��6,%��DQG��17&��JURXSV��ZKLOH��FRQWUROOLQJ��IRU��WKH��UDQGRP��HIIHFW��RI�� � � � � � � � � � � � � � � � �

GLIIHUHQW� �UHFUXLWPHQW� �FHQWUHV�� �7KH� �RQO\� �VLJQLILFDQW� �DVVRFLDWLRQ� �REVHUYHG� �ZDV� �EHWZHHQ� �IDHFDO�� � � � � � � � � � �

PHWDEROLWH� �FRQFHQWUDWLRQV� �DQG� �DJH� ��QHJDWLYH�� �LQ� �WKH� �17&� �JURXS� ���7DEOH� �������� �7KLV� �DVVRFLDWLRQ�� � � � � � � � � � � � �

ZDV���QRW���SUHVHQW���LQ���WKH���6,%���RU���WKH���$6'���JURXS����VHH����)LJXUHV����������DQG�������������
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¶7DEOH��������$VVRFLDWLRQV��EHWZHHQ��PHWDEROLWH��OHYHOV��DQG��FKDUDFWHULVWLFV��LQ��QHXURW\SLFDO��LQGLYLGXDOV��� � � � � � � � � � �
6WDWLVWLFDO� �RXWSXW� �IURP� �OLQHDU� �PL[HG�HIIHFWV� �PRGHOV� �LQ� �QHXURW\SLFDO� �VLEOLQJV� �RU� �XQUHODWHG� �QHXURW\SLFDO�� � � � � � � � � � � �
FRQWUROV����0HWDGDWD���YDULDEOHV���ZLWK���OHVV���WKDQ�������REVHUYDWLRQV���LQ���D���JURXS���ZHUH���RPLWWHG���IURP���WKH���PRGHOV���
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�
&KLOGUHQ��ZLWK��$6'��DQG��WKHLU��QHXURW\SLFDO��VLEOLQJV��KDG��VLJQLILFDQWO\��ORZHU��IDHFDO��FRQFHQWUDWLRQV��RI�� � � � � � � � � � � � �

DPLQR� �DFLGV� �DQG� �XUDFLO� �FRPSDUHG��WR��WKH��17&��JURXS����)LJXUH������D�����,Q��VSLWH��RI��WKH��DVVRFLDWLRQ�� � � � � � � � � � � � � � � �

EHWZHHQ� �IDHFDO� �DPLQR� �DFLGV�XUDFLO� �DQG� �DJH� �LQ� �WKH� �17&� �JURXS�� �DJH� �GLG� �QRW� �KDYH� �D� �VLJQLILFDQW�� � � � � � � � � � � � � � � �
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HIIHFW� �RQ� �JURXS� �GLIIHUHQFHV��LQ��WKHVH��PHWDEROLWHV���JURXS��GHVLJQDWLRQ��DFFRXQWHG��IRU��RYHU�������RI�� � � � � � � � � � � � � �

WKH��YDULDWLRQ��H[SODLQHG��LQ��WKH��PRGHO����)LJXUH������E�����3DLUHG��DQDO\VLV��UHYHDOHG��WKDW��$6'��DQG��6,%�� � � � � � � � � � � � � � �

JURXSV� �KDG� �VLPLODU� �IDHFDO� �PHWDEROLWH� �SURILOHV� ���)LJXUH� �����F���� �*XW� �EDFWHULDO� �FRPSRVLWLRQV� �RI�� � � � � � � � � � � �

UHODWHG� �LQGLYLGXDOV� �WHQG� �WR� �EH� �PRUH� �VLPLODU� �WKDQ� �WKRVH� �RI� �XQUHODWHG� �LQGLYLGXDOV���� �DQG� �WKLV� �LV�� � � � � � � � � � � � � � �

HVSHFLDOO\� �WUXH� �IRU� �LQGLYLGXDOV� �OLYLQJ� �WRJHWKHU������� �7KHUHIRUH�� �LW� �LV� �QRW� �XQH[SHFWHG� �WR� �VHH� �KLJKO\�� � � � � � � � � � � � � �

VLPLODU� �IDHFDO� �PHWDERORPHV� �LQ� �VLEOLQJV� �ZKR� �OLNHO\� �HDW� �VLPLODU� �PHDOV�� �,Q� �DGGLWLRQ���JOREDO��XULQDU\�� � � � � � � � � � � � � �

PHWDERORPHV� �RI��FKLOGUHQ��ZLWK��$6'��DQG��WKHLU��QHXURW\SLFDO��VLEOLQJV��KDYH��SUHYLRXVO\��EHHQ��VKRZQ�� � � � � � � � � � � � �

WR��EH��KLJKO\��VLPLODU��DOWKRXJK��VLQJOH��PHWDEROLWH��FRQFHQWUDWLRQV��YDULHG��EHWZHHQ��WKH��WZR��JURXSV�������� � � � � � � � � � � � �

,Q��VSLWH��RI��WKH��VLPLODULW\��LQ��IDHFDO��PHWDEROLWH��SURILOHV��REVHUYHG��EHWZHHQ��$6'��DQG��6,%��JURXSV��LQ�� � � � � � � � � � � � � � � �

WKH��SUHVHQW��FRKRUW���WKH��FRUUHODWLRQV��EHWZHHQ��IDHFDO��PHWDEROLWHV��DQG��XULQDU\��3$*����)LJXUH������G���� � � � � � � � � � � � �

RU��3&6����)LJXUH������H����WKDW��ZHUH��REVHUYHG��LQ��WKH��$6'��JURXS��ZHUH��QRW��SUHVHQW��LQ��WKH��6,%��JURXS��� � � � � � � � � � � � � � � � � �

7KHVH��UHODWLRQVKLSV��ZHUH��DOVR��QRW��IRXQG��LQ��WKH��17&��JURXS���7KLV��UHVXOW��LQGLFDWHV��WKDW��WKH��GHJUHH�� � � � � � � � � � � � � � � �

RI��SURWHLQ��IHUPHQWDWLRQ��LQ��WKH��JXW��YDULHV��LQ��FKLOGUHQ��ZLWK��$6'���SRWHQWLDOO\��GXH��WR��JDVWURLQWHVWLQDO�� � � � � � � � � � � � � � �

VWDWXV�� �DQG� �WKLV� �YDULDWLRQ� �LV� �QRW� �SUHVHQW� �LQ� �WKH� �QHXURW\SLFDO� �SRSXODWLRQ� �RI� �WKH� �SUHVHQW� �FRKRUW��� � � � � � � � � � � � � � �

%DFWHULDO��IHUPHQWDWLRQ��RI��SURWHLQ��LQ��WKH��JXW��SURGXFHV��ERWK��SKHQROV���VXFK��DV��3$*��DQG��3&6���DQG�� � � � � � � � � � � � � � � �

LQGROHV������ �3UHYLRXV� �VWXGLHV� �IRFXVHG� �RQ� �GLVFULPLQDWLQJ� �$6'� �YHUVXV� �QHXURW\SLFDO� �PHWDERW\SHV�� � � � � � � � � �

KDYH� �IRXQG� �KLJKHU� �H[FUHWLRQ� �RI� �SKHQROLF� �DQG� �LQGROLF� �FRPSRXQGV� �LQ� �ERWK� �XULQH����±������������ �DQG�� � � � � � � � � � � � �

IDHFDO��������� �VDPSOHV� �IURP� �$6'� �FKLOGUHQ�� �+RZHYHU�� �DW� �OHDVW� �WZR� �VWXGLHV� �KDYH� �UHSRUWHG� �ORZHU�� � � � � � � � � � � � �

H[FUHWLRQ� �RI� �SKHQROLF� �DQG� �LQGROLF� �FRPSRXQGV� �LQ� �XULQH� �IURP� �FKLOGUHQ� �ZLWK� �$6'� �FRPSDUHG� �WR�� � � � � � � � � � � � � �

QHXURW\SLFDO� �FKLOGUHQ����������� �$W� �OHDVW� �WZR� �VWXGLHV� �KDYH� �UHSRUWHG� �QR� �VWDWLVWLFDOO\� �VLJQLILFDQW�� � � � � � � � � � �

GLIIHUHQFHV� �LQ� �SKHQROLF� �DQG� �LQGROLF� �FRPSRXQGV� �ZKHQ� �FRPSDULQJ� �XULQH� �VDPSOHV� �IURP� �FKLOGUHQ�� � � � � � � � � � � �

ZLWK� �DQG� �ZLWKRXW� �$6'��������������� �7R� �DYRLG��WKLV��LQFRQVLVWHQF\���JDVWURLQWHVWLQDO��SUREOHPV��VKRXOG��EH�� � � � � � � � � � � �

FRQVLGHUHG���ZKHQ���LQYHVWLJDWLQJ���$6'���PHWDEROLF���SKHQRW\SHV���

�

�����
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�

)LJXUH� ������� �&RPSDULVRQ� �RI� �PHWDEROLF� �SKHQRW\SHV��EHWZHHQ��VWXG\��JURXSV��D���)DHFDO��PHWDEROLWH�� � � � � � � � � � � �
OHYHOV� �LQ� �HDFK� �VWXG\� �JURXS� �UHSUHVHQWHG� �E\� �D� �ODWHQW� �YDULDEOH� �IURP� �SULQFLSDO� �FRPSRQHQW� �DQDO\VLV��3�� � � � � � � � � � � � � � �
YDOXHV� �ZHUH� �FDOFXODWHG� �E\� �W�WHVW�� E�� �5HJUHVVLRQ� �FRHIILFLHQWV� �IURP� �D� �OLQHDU� �PL[HG�HIIHFWV� �PRGHO�� � � � � � � � � � � � �
UHJUHVVLQJ� �IDHFDO� �PHWDEROLWH� �FRQFHQWUDWLRQV� �DJDLQVW� �VWXG\��JURXS���DJH��DQG��JHQGHU��ZKLOH��DGMXVWLQJ��IRU�� � � � � � � � � � � � �
WKH��UDQGRP��HIIHFW��RI��GLIIHUHQW��UHFUXLWPHQW��FHQWUHV���)L[HG��HIIHFWV��ZLWK��VLJQLILFDQW��LQIOXHQFH��LQ��WKH��PRGHO�� � � � � � � � � � � � � � �
DUH� �SORWWHG� �LQ� �UHG�� F�� �3DLUHG� �W�WHVW� �RI� �IDHFDO� �PHWDEROLWH� �FRQFHQWUDWLRQV� �EHWZHHQ� �$6'� �DQG� �WKHLU�� � � � � � � � � � � � � � �
QHXURW\SLFDO� �VLEOLQJV�� G�� �)DHFDO� �PHWDEROLWH� �OHYHOV� �LQ� �$6'� �FRUUHODWH� ��3HDUVRQ�� �ZLWK� �XULQDU\� �SKHQROV�� � � � � � � � � � � � �
SKHQ\ODFHW\OJOXWDPLQH� ��3$*�� �DQG� �G��S��FUHV\O� �VXOIDWH� ��3&6���EXW��WKLV��DVVRFLDWLRQ��ZDV��QRW��REVHUYHG��LQ�� � � � � � � � � � � � � �
WKH��VLEOLQJ��RU��FRQWURO��JURXSV���/LQHDU��UHJUHVVLRQ��OLQHV��DUH��VKRZQ���EODFN���ZLWK�������FRQILGHQFH��LQWHUYDOV�� � � � � � � � � � � � � � �
�OLJKW���JUH\������3&���SULQFLSDO���FRPSRQHQW����QV���QRW���VLJQLILFDQW����
3���������


3����������
�

$V��SUHYLRXVO\��GLVFXVVHG���WKHUH��LV��D��WUDGH�RII��EHWZHHQ��FDUERK\GUDWH��DQG��SURWHLQ��IHUPHQWDWLRQ��LQ�� � � � � � � � � � � � �

WKH� �JXW�� �SURWHLQV� �EHFRPH� �LQFUHDVLQJO\� �LPSRUWDQW��VXEVWUDWHV��DV��FDUERK\GUDWHV��DUH��GHSOHWHG���������� � � � � � � � � � �

7R� �VXSSRUW� �WKH� �K\SRWKHVLV� �WKDW� �WKH� �REVHUYHG� �PHWDEROLF� �SKHQRW\SHV��LQ��FKLOGUHQ��ZLWK��$6'��ZHUH�� � � � � � � � � � � � � �

UHODWHG��WR��WKH��GHJUHH��RI��SURWHLQ��IHUPHQWDWLRQ��LQ��WKH��JXW���IDHFDO��FRQFHQWUDWLRQV��RI��WKH��PDLQ��6&)$V�� � � � � � � � � � � � � � � �

�DFHWDWH�� �EXW\UDWH� �DQG� �SURSLRQDWH�� �SURGXFHG� �E\� �FDUERK\GUDWH� �IHUPHQWDWLRQ���� �ZHUH� �FRUUHODWHG�� � � � � � � � � �

ZLWK� �IDHFDO� �PHWDEROLWH� �SURILOHV� �DQG� �XULQDU\� �SKHQROV�� �$FHWDWH� �DQG� �EXW\UDWH� �ZHUH� �QHJDWLYHO\�� � � � � � � � � � � �

�����
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FRUUHODWHG� �ZLWK� �XULQDU\� �PDUNHUV� �RI� �SURWHLQ� �IHUPHQWDWLRQ�� �3$*� �DQG� �3&6�� �DQG� �QHJDWLYHO\�� � � � � � � � � � � �

FRUUHODWHG� �ZLWK� �IDHFDO� �DPLQR� �DFLG�XUDFLO� �FRQFHQWUDWLRQV� ���)LJXUH� ��������� �LQGLFDWLQJ� �WKDW�� � � � � � � � � �

FDUERK\GUDWH��IHUPHQWDWLRQ��ZDV��UHGXFHG��LQ��FKLOGUHQ��ZLWK��KLJKHU��UDWHV��RI��SURWHLQ��IHUPHQWDWLRQ��DQG�� � � � � � � � � � � � �

HOHYDWHG� �LQ� �FKLOGUHQ� �ZLWK� �ORZHU� �UDWHV� �RI� �SURWHLQ� �IHUPHQWDWLRQ�� �6LJQLILFDQW� �FRUUHODWLRQV� �ZLWK�� � � � � � � � � � � �

SURSLRQDWH� �ZHUH� �QRW� �REVHUYHG�� �2QH� �VWXG\� �VKRZHG� �WKDW� �IDHFDO� �FRQFHQWUDWLRQV� �RI� �DFHWDWH� �DQG�� � � � � � � � � � � � �

EXW\UDWH� �ZHUH� �DIIHFWHG� �E\� �D� �ORZ�FDUERK\GUDWH� �GLHW� �ZKLOH� �WKH� �UHODWLYH� �SURSRUWLRQ� �RI� �IDHFDO�� � � � � � � � � � � � �

SURSLRQDWH� �ZDV� �XQDIIHFWHG� �E\� �FDUERK\GUDWH� �LQWDNH������� �LQGLFDWLQJ� �WKDW� �FDUERK\GUDWH� �DYDLODELOLW\�� � � � � � � � � �

PD\���QRW���EH���WKH���PDLQ���UHJXODWRU���RI���SURSLRQDWH���SURGXFWLRQ���LQ���WKH���JXW����

�

�
)LJXUH� ������� �&RUUHODWLRQV� �EHWZHHQ� �SURWHLQ�UHODWHG�� � � � �
PHWDEROLWHV� �DQG� �IDHFDO� �VKRUW�FKDLQ� �IDWW\� �DFLGV��� � � � � �
6LJQLILFDQW� ���)'5� �������� �6SHDUPDQ� �FRUUHODWLRQV�� � � � �
EHWZHHQ� �SURWHLQ�DVVRFLDWHG� �PHWDEROLWHV� ��RUDQJH�� �DQG�� � � � �
FDUERK\GUDWH�DVVRFLDWHG� �PHWDEROLWHV� ��SXUSOH�� �DUH�� � � �
SORWWHG� �ZLWK� �QHJDWLYH��FRUUHODWLRQV��UHSUHVHQWHG��E\��EOXH�� � � � � � �
EDQGV�� 3$*� �SKHQ\ODFHW\OJOXWDPLQH�� �3&6� �S�FUHV\O�� � � � �
VXOIDWH���

����� $6'�DVVRFLDWHG���PHWDERW\SHV���GLVSOD\���GLIIHUHQWLDO��
PLFURELRWD��

$OO� �IDHFDO� �VDPSOHV� �DQDO\VHG� �E\� ��+� �105� �VSHFWURVFRS\� ��Q ����� �ZHUH� �FOXVWHUHG�����PHDQV���LQWR�� � � � � � � � � � � � �

JURXSV� �EDVHG� �RQ� �UHODWLYH� �FRQFHQWUDWLRQV� �RI� �WU\SWRSKDQ�� �SKHQ\ODODQLQH�� �W\URVLQH�� �OHXFLQH��� � � � � � � � � �

LVROHXFLQH�� �YDOLQH�� �JO\FLQH�� �O\VLQH�� �DVSDUWDWH�� �PHWKLRQLQH�� �JOXWDPDWH�� �DODQLQH� �DQG� �XUDFLO���7KHVH�� � � � � � � � � � �

ZHUH��WKH��REVHUYHG��PHWDERW\SHV���$��UDQGRP��IRUHVWV��PRGHO���QWUHHV ������PWU\ ����ZDV��WUDLQHG��RQ�� � � � � � � � � � � � �

�����
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WKH� �PDWFKLQJ��PLFURELRPH��GDWD���L�H���IURP��WKH��VDPH��IDHFDO��VDPSOHV���WR��FODVVLI\��WKH��VDPSOHV��LQWR�� � � � � � � � � � � � � � �

WKH� �WZR� �JURXSV�� �ODEHOOHG� �ORZ� �DPLQR� �DFLG� ��ORZ$$�� �DQG� �KLJK� �DPLQR� �DFLG���KLJK$$���PHWDERW\SHV��� � � � � � � � � � � � � �

7KH� �WUDLQLQJ� �GDWD� �ZDV� �FRPSRVHG� �RI� �D� �VLQJOH�� �UDQGRP� �WLPH� �SRLQW� �IURP� �HDFK��LQGLYLGXDO���Q ������ � � � � � � � � � � � � � �

DQG��WKH��PRGHO��ZDV��WHVWHG��RQ��DOO��VDPSOHV��OHIW��RXW��RI��WKH��WUDLQLQJ��VHW���Q �������6DPSOHV��ZLWK��IDHFDO�� � � � � � � � � � � � � � � � � �
��+� �105� �GDWD� �EXW� �ZLWKRXW� �PDWFKLQJ� �PLFURELRPH� �GDWD� �ZHUH� �H[FOXGHG� �IURP� �WKLV� �DQDO\VLV� ��Q ����� � � � � � � � � � � � � �

7KH� �UDQGRP� �IRUHVWV� �PRGHO� �ZDV� �VLJQLILFDQW� ���3��������� �SHUPXWDWLRQ��WHVW���DOWKRXJK��LW��KDG��D��KLJK�� � � � � � � � � � � � � � �

RXW�RI�EDJ���22%���HUURU��UDWH��RI����������&URVV�YDOLGDWLRQ��UHYHDOHG��WKDW���������RI��VDPSOHV��FRXOG��EH�� � � � � � � � � � � � � �

FODVVLILHG��FRUUHFWO\���:KHQ��WHVWHG��ZLWK��QHZ��VDPSOHV���WKH��PRGHO��SHUIRUPHG��ZLWK��VLPLODU��DFFXUDF\�� � � � � � � � � � � � �

ZKLFK�� �DOWKRXJK� �ORZ�� �ZDV� �VLJQLILFDQW� ���7DEOH� �������� �0F1HPDU¶V� �WHVW� �UHYHDOHG� �WKDW� �WKHUH� �ZDV� �D�� � � � � � � � � � � � � �

VLJQLILFDQW� �GLIIHUHQFH� �LQ� �WKH� �SHUIRUPDQFH� �RI� �WKH� �PRGHO� �IRU� �WKH� �WZR� �FODVVHV�� �6DPSOHV� �ZLWK� �WKH�� � � � � � � � � � � � � � �

ORZ$$��SKHQRW\SH��ZHUH��SUHGLFWHG��FRUUHFWO\���VHQVLWLYLW\���LQ���������RI��VDPSOHV��ZKLOH��WKLV��ZDV��RQO\�� � � � � � � � � � � � � �

WUXH� �LQ� ��������RI��VDPSOHV��FODVVLILHG��DV��KLJK$$���ZKLFK��FRXOG��LQGLFDWH��WKDW��WKH��ORZ$$��SKHQRW\SH�� � � � � � � � � � � � � � �

KDG���D���JUHDWHU���DVVRFLDWLRQ���ZLWK���WKH���FRPSRVLWLRQ���RI���WKH���JXW���PLFURELRWD���

�
7DEOH����������5DQGRP���IRUHVWV���PRGHO���VWDWLVWLFV��
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)RU� �PRVW� �FKLOGUHQ� �LQFOXGHG� �LQ� �WKH� �SUHVHQW� �VWXG\�� �WKRVH� �ZLWK� �WKH� �KLJKHVW� �RU� �ORZHVW� �IDHFDO�� � � � � � � � � � � � � � �

PHWDEROLWH��FRQFHQWUDWLRQV��H[KLELWHG��FRQVLVWHQW��REVHUYHG��PHWDERW\SHV��DFURVV��PXOWLSOH��VDPSOLQJ�� � � � � � � � �

WLPH��SRLQWV����)LJXUH�����������+RZHYHU���WKRVH��ZLWK��LQWHUPHGLDWH��OHYHOV��RI��WKH��IDHFDO��PHWDEROLWHV��KDG�� � � � � � � � � � � � � �

LQFRQVLVWHQW� �REVHUYHG� �PHWDERW\SH� �FODVVLILFDWLRQV�� �0HWDERW\SH� �SUHGLFWLRQV� �EDVHG� �RQ� �JXW�� � � � � � � � �

EDFWHULDO��SURILOHV��ZHUH��UHPDUNDEO\��FRQVLVWHQW��IRU��LQGLYLGXDOV��DFURVV��VDPSOLQJ��WLPH��SRLQWV��LQ��VSLWH�� � � � � � � � � � � � �

RI� �WKH� �GLVDJUHHPHQW� �EHWZHHQ� �REVHUYHG� �DQG� �SUHGLFWHG� �PHWDERW\SHV� �LQ� �VRPH� �FKLOGUHQ� ���)LJXUH�� � � � � � � � � � � �

�����
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�������� �GHPRQVWUDWLQJ� �D� �GHJUHH� �RI� �VWDELOLW\� �LQ� �WKH� �JXW� �EDFWHULDO� �SURILOHV� �RI� �PRVW� �FKLOGUHQ� �LQ� �WKH�� � � � � � � � � � � � � � � �

VWXG\���$��VPDOO��QXPEHU��RI��FKLOGUHQ���$6'��Q �����6,%��Q ����KDG��LQFRQVLVWHQW��SUHGLFWHG��PHWDERW\SH�� � � � � � � � � � � � � �

FODVVHV��DFURVV��VDPSOLQJ��WLPH��SRLQWV���)LYH��RI��WKHVH��FKLOGUHQ��UHSRUWHG��LOOQHVVHV������SULRU��WR��MRLQLQJ�� � � � � � � � � � � � � � �

WKH� �VWXG\� �DQG� ��� �GXULQJ� �WKH� �VWXG\��� �,W� �LV� �SRVVLEOH� �WKDW� �LQVWDELOLW\� �LQ� �WKH� �JXW� �PLFURELRWD� �RI� �WKHVH�� � � � � � � � � � � � � � � � � �

FKLOGUHQ� �LV� �D� �UHIOHFWLRQ� �RI� �LOOQHVV� �RU� �XVH� �RI� �PHGLFDWLRQV���������� �DOWKRXJK� �QRQH� �RI� �WKHVH� �FKLOGUHQ�� � � � � � � � � � � � � � �

UHSRUWHG���DQWLELRWLF���XVDJH����

�
)URP� �WKH� �UHPDLQGHU� �RI� �WKH� ���6� �U51$� �JHQH� �DPSOLFRQ� �VHTXHQFLQJ� �GDWD� ��VDPSOHV� �ZLWKRXW�� � � � � � � � � � � � �

PDWFKLQJ���+��105��GDWD����PHWDERW\SHV��ZHUH��SUHGLFWHG��XVLQJ��WKH��UDQGRP��IRUHVWV��PRGHO���)RU��HDFK�� � � � � � � � � � � � � �

LQGLYLGXDO�� �WKH� �RYHUDOO� �PHWDERW\SH� �ZDV� �DVVLJQHG� �DV� �WKH��PDMRULW\��FODVV��REVHUYHG��DQG��SUHGLFWHG�� � � � � � � � � � � � �

��)LJXUH� ��������� �,Q� �FDVHV� �ZKHUH� �WKH� �FODVV� �ODEHO� �ZDV� �LQFRQVLVWHQW� �EHWZHHQ� �VDPSOLQJ� �SRLQWV� �RU�� � � � � � � � � � � � � �

EHWZHHQ� �REVHUYDWLRQV� �DQG� �SUHGLFWLRQV�� �QR� �FODVV� �ODEHO� �ZDV� �DVVLJQHG� �IRU� �WKDW� �LQGLYLGXDO�� �7KH�� � � � � � � � � � � � �

GLVWULEXWLRQ� �RI� �PHWDERW\SHV� �ZDV� �VLJQLILFDQWO\� �GLIIHUHQW� �EHWZHHQ� �WKH� �VWXG\� �JURXSV� ���3 ����������� � � � � � � � � � �

FKL�VTXDUHG� �WHVW�� �ZLWK� �WKH� �ORZ$$� �SKHQRW\SH� �RYHU�UHSUHVHQWHG� �LQ� �FKLOGUHQ� �ZLWK� �$6'� �DQG�� � � � � � � � � � � �

XQGHU�UHSUHVHQWHG� �LQ� �WKH� �XQUHODWHG� �FRQWUROV� �ZKLOH��WKH��6,%��JURXS��KDG��DOPRVW��HTXDO��QXPEHUV��RI�� � � � � � � � � � � � � �

FKLOGUHQ� �ZLWK� �WKH� �WZR� �SKHQRW\SHV�� �7KLV� �UHVXOW� �LV� �FRQVLVWHQW� �ZLWK� �WKH� �IDHFDO� �PHWDEROLWH� �SDWWHUQ�� � � � � � � � � � � � � �

REVHUYHG���LQ���WKH���VLQJOH���WLPH���SRLQW���DQDO\VLV����VHH����)LJXUH������������

�����
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¶
�

)LJXUH� ������� �0HWDERW\SH� �SUHGLFWLRQ� �IURP� �JXW� �EDFWHULDO� �SURILOHV�� )RU� �HDFK� �LQGLYLGXDO�� �IDHFDO�� � � � � � � � � � � �
PHWDEROLWH��SURILOHV��RI��UHSHDWHG��VDPSOHV��DUH��UHSUHVHQWHG��E\��D��ODWHQW��YDULDEOH���3&$��FRPSRQHQW��VFRUH��� � � � � � � � � � � � � �
ZKLFK� �LV��D��OLQHDU��FRPELQDWLRQ��RI��WKH��VHOHFWHG��PHWDEROLWHV���$Q��REVHUYHG��PHWDERW\SH���ORZ��DPLQR��DFLG�� � � � � � � � � � � � � � �
�ORZ$$���FLUFOH���RU��KLJK��DPLQR��DFLG���KLJK$$���WULDQJOH����IRU��HDFK��RI��WKH��VDPSOHV��ZDV��GHWHUPLQHG��XVLQJ�� � � � � � � � � � � � � � � �
��PHDQV� �FOXVWHULQJ� �RI� �WKH� �UHODWLYH� �FRQFHQWUDWLRQV� �RI� �WKH� �VHOHFWHG� �PHWDEROLWHV�� �2QH� �WLPH� �SRLQW� �IURP�� � � � � � � � � � � � � �
HDFK� �LQGLYLGXDO� �ZDV� �XVHG� �WR� �WUDLQ� �D� �UDQGRP� �IRUHVWV� �PRGHO� ��JUH\�� �WR� �FODVVLI\� �WKH� �VDPSOHV� �E\�� � � � � � � � � � � � � � � �
PHWDERW\SH� �EDVHG� �RQ� �PLFURELRPH� �GDWD� �DQG� �WKH� �PRGHO� �ZDV� �XVHG� �WR� �SUHGLFW� �PHWDERW\SHV� �RI� �WKH�� � � � � � � � � � � � � � �
UHPDLQLQJ� �VDPSOHV�� �&RUUHFW� �FODVVLILFDWLRQV� ��SUHGLFWLRQ� �DJUHHG� �ZLWK� �REVHUYHG� �PHWDERW\SH�� �DUH�� � � � � � � � � �
FRORXUHG� �LQ� �JUHHQ� �DQG� �LQFRUUHFW� �FODVVLILFDWLRQV� ��SUHGLFWLRQ��GLG��QRW��DJUHH��ZLWK��REVHUYHG��PHWDERW\SH��� � � � � � � � � � � � �
DUH� �FRORXUHG� �LQ� �UHG�� �&KLOGUHQ� �ZLWK� D�� �$6'�� E�� �QHXURW\SLFDO� �VLEOLQJV� �DQG�F�� �XQUHODWHG� �QHXURW\SLFDO�� � � � � � � � � � � � � � �
FRQWUROV���DUH���SORWWHG���VHSDUDWHO\�����3&���SULQFLSDO���FRPSRQHQW����$$���DPLQR���DFLG����

�

�����
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¶

�

)LJXUH���������6XPPDU\��RI��PHWDERW\SHV��E\��VWXG\��JURXS��/RZ�� � � � � � � � �
DPLQR��DFLG���ORZ$$���DQG��KLJK��DPLQR��DFLG���KLJK$$���PHWDERW\SHV�� � � � � � � � �
ZHUH� �DVVLJQHG� �IRU� �HDFK� �LQGLYLGXDO� �H[FHSW� �LQ� �FDVHV� �ZKHUH� �WKH�� � � � � � � � � �
PHWDERW\SH� �ZDV� �LQFRQVLVWHQW� ��DPELJXRXV�� �DPRQJ� �UHSHDWHG�� � � � � �
VDPSOHV� �RU� �EHWZHHQ� �REVHUYDWLRQV� �DQG� �SUHGLFWLRQV� �IRU� �WKDW�� � � � � � � �
LQGLYLGXDO����

�
7KH��WRS������PRVW��LPSRUWDQW��JHQHUD��IRU��FODVVLI\LQJ��PHWDERW\SHV��XVLQJ��WKH��UDQGRP��IRUHVWV��PRGHO�� � � � � � � � � � � � � �

DUH� �GLVSOD\HG� �LQ� )LJXUH� �������� �2QO\� �WZR� �RI� �WKHVH� �JHQHUD�� /DFWRFRFFXV� ��ORZHU� �LQ� �$6'�� �DQG�� � � � � � � � � � � � � � �

$QDHURFRFFXV���KLJKHU��LQ��$6'����H[KLELWHG��GLIIHUHQWLDO��DEXQGDQFH��LQ��FKLOGUHQ��ZLWK��$6'��FRPSDUHG�� � � � � � � � � � � �

WR��17&��ZKHQ��GLIIHUHQFHV��LQ��PHWDERW\SHV��ZHUH��QRW��FRQVLGHUHG����)LJXUH�����������+HUH���WKH��YDULDWLRQ�� � � � � � � � � � � � � �

LQ� �DEXQGDQFHV� �ZDV� �PRVWO\� �H[SODLQHG� �E\� �WKH� �DJHV� �RI� �WKH� �FKLOGUHQ���+RZHYHU���ZKHQ��WKH��PRGHOV�� � � � � � � � � � � � � � �

ZHUH� �DGMXVWHG� �IRU� �GLIIHUHQFHV� �LQ� �PHWDERW\SHV�� �SUHYLRXVO\� �XQGHWHFWHG� �DVVRFLDWLRQV� �EHWZHHQ�� � � � � � � � � �

EDFWHULDO� �DEXQGDQFHV� �DQG� �$6'� �ZHUH� �UHYHDOHG� ���)LJXUH� ��������� $QDHURFRFFXV� UHPDLQHG�� � � � � � � � � �

VLJQLILFDQWO\��KLJKHU��LQ��WKH��$6'��JURXS��ZKLOH��WKH��UHGXFHG��DEXQGDQFH��RI�/DFWRFRFFXV�ZDV��LQVWHDG�� � � � � � � � � � � � � �

DWWULEXWHG� �WR� �WKH� �SUHYDOHQFH� �RI� �WKH� �ORZ$$� �SKHQRW\SH� �LQ� �WKLV� �JURXS�� $QDHURVWLSHV��� �WKH� �PRVW�� � � � � � � � � � � � � �

LQIOXHQWLDO� �JHQXV� �LQ� �WKH� �UDQGRP� �IRUHVWV� �PRGHO�� �DUH� �DEXQGDQW� �6&)$�SURGXFLQJ� �EDFWHULD� �LQ� �WKH�� � � � � � � � � � � � �

KXPDQ� �JXW� �PLFURELRWD� �RI� �KHDOWK\� �LQGLYLGXDOV����������� �7KHVH� �EDFWHULD� �DUH� �DOVR� �FDSDEOH� �RI�� � � � � � � � � � � �

V\QWKHVLVLQJ��PDQ\��DPLQR��DFLGV��DQG��DW��OHDVW��RQH��VSHFLHV��LV��DQ��LQGROH�SURGXFHU��������,Q��WKH��SUHVHQW�� � � � � � � � � � � � � � �

FRKRUW��$QDHURVWLSHV�DEXQGDQFH� �ZDV� �QHJDWLYHO\� �DVVRFLDWHG� �ZLWK� �DJH� �DQG� �HOHYDWHG��LQ��FKLOGUHQ�� � � � � � � � � � � �

ZLWK� �WKH� �KLJK$$� �SKHQRW\SH� ���)LJXUH����������ZKLFK��DJUHHV��ZLWK��WKH��SRVLWLYH��FRUUHODWLRQ��SUHYLRXVO\�� � � � � � � � � � � � �

REVHUYHG� �EHWZHHQ�$QDHURVWLSHV� �DQG� �IDHFDO� �DPLQR� �DFLGV� �LQ� �WKH��$6'��JURXS���VHH�)LJXUH����������� � � � � � � � � � � � � �

+RZHYHU����WKLV���DVVRFLDWLRQ���ZDV���QRW���XQLTXH���WR���DQ\���VWXG\���JURXS����

�����
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+DHPRSKLOXV��� �WKH� �VHFRQG� �PRVW� �LQIOXHQWLDO� �JHQXV� �LQ� �WKH� �UDQGRP� �IRUHVWV� �PRGHO�� �ZDV� �DOVR�� � � � � � � � � � � � �

QHJDWLYHO\� �DVVRFLDWHG� �ZLWK� �DJH� �EXW� �ZDV� �VSHFLILFDOO\� �DVVRFLDWHG� �ZLWK� �WKH� �ORZ$$� �SKHQRW\SH� �LQ�� � � � � � � � � � � � �

FKLOGUHQ� �ZLWK� �$6'� �DQG��WKHLU��VLEOLQJV����)LJXUH�����������PLUURULQJ��WKH��QHJDWLYH��FRUUHODWLRQ��REVHUYHG�� � � � � � � � � � � � �

EHWZHHQ� +DHPRSKLOXV� DQG� �SURWHLQ� �IHUPHQWDWLRQ�DVVRFLDWHG� �PHWDEROLWHV� �LQ� �WKH� �$6'� �JURXS�� � � � � � � � � �

��)LJXUH� ��������� �$� �SUHYLRXV� �VWXG\� �LQYHVWLJDWLQJ� �WKH� �$6'� �PLFURELRPH� �IRXQG� �WKDW�+DHPRSKLOXV�� � � � � � � � � � � �

SDUDLQIOXHQ]DH�ZDV��VLJQLILFDQWO\��UHGXFHG��LQ��IDHFDO��VDPSOHV��IURP��FKLOGUHQ��ZLWK��$6'��FRPSDUHG��WR�� � � � � � � � � � � � �

QHXURW\SLFDO� �FRQWUROV������� +�� �SDUDLQIOXHQ]DH� �ZDV� �DOVR� �IRXQG� �LQ� �KLJKHU� �UHODWLYH� �DEXQGDQFH� �LQ�� � � � � � � � � � � �

SDHGLDWULF� �,%6� �SDWLHQWV����� �DQG� �LQ� �FKLOGUHQ� �ZLWK� �GLDUUKRHD������� �7KHVH� �ILQGLQJV� �WRJHWKHU� �ZLWK� �WKH�� � � � � � � � � � � � �

UHVXOWV� �IURP� �WKH� �FXUUHQW� �SRSXODWLRQ� �VXJJHVW� �WKDW� +DHPRSKLOXV� FRXOG� �EH� �DVVRFLDWHG� �ZLWK�� � � � � � � � � � � �

JDVWURLQWHVWLQDO� �G\VIXQFWLRQ� �LQ� �D� �VXEW\SH� �RI� �$6'�� �7KH� �VWXG\��E\��.DQJ��HW��DO������� LQFOXGHG��D��VPDOO�� � � � � � � � � � � � � � � �

QXPEHU� �RI� �$6'� �FKLOGUHQ� ��Q ���� �ZKR� �KDG� �KLJKHU� �FRQVWLSDWLRQ� �WKDQ� �GLDUUKRHD� �VHYHULW\� �VFRUHV��� � � � � � � � � � � � �

6LQFH��FRQVWLSDWLRQ��LV��SUHVXPDEO\��DVVRFLDWHG��ZLWK��WKH��KLJK$$��SKHQRW\SH���DV��GLVFXVVHG��LQ����������� � � � � � � � � � � � �

WKLV��FRXOG��H[SODLQ��WKH��GLVFRUGDQFH��ZLWK��WKH��SUHVHQW��VWXG\���/LNH�+DHPRSKLOXV���%XW\ULFLFRFFXV�ZDV�� � � � � � � � � � � � �

VSHFLILFDOO\� �HQULFKHG� �LQ� �$6'� �DQG� �6,%� �FKLOGUHQ� �ZLWK� �WKH� �ORZ$$� �SKHQRW\SH� �DQG� �ZDV� �QHJDWLYHO\�� � � � � � � � � � � � � �

FRUUHODWHG� �ZLWK� �SURWHLQ� �IHUPHQWDWLRQ�DVVRFLDWHG� �PHWDEROLWHV� �LQ� �$6'� ��VHH� )LJXUH� ��������� �7KLV�� � � � � � � � � � �

JHQXV� �LQFOXGHV��EXW\UDWH�SURGXFLQJ��VDFFKDURO\WLF��EDFWHULD����� �ZKLFK��LV��LQ��OLQH��ZLWK��WKH��K\SRWKHVLV�� � � � � � � � � � � �

WKDW��WKH��ORZ$$��PHWDERW\SH��LV��DVVRFLDWHG��ZLWK��LQFUHDVHG��FDUERK\GUDWH��IHUPHQWDWLRQ��FRPSDUHG��WR�� � � � � � � � � � � �

WKH���KLJK$$���PHWDERW\SH����

�

)ODYRQLIUDFWRU�� WKH� �WKLUG� �KLJKHVW� �UDQNHG� �JHQXV� �LQ� �WKH� �UDQGRP� �IRUHVWV� �PRGHO�� �KDG� �UHGXFHG�� � � � � � � � � � � � �

DEXQGDQFH��LQ��WKH��$6'��FRPSDUHG��WR��17&��JURXS����)LJXUH�����������+RZHYHU���ZLWKLQ��WKH��$6'��JURXS��� � � � � � � � � � � � � � �

)ODYRQLIUDFWRU� DEXQGDQFH� �ZDV� �VLJQLILFDQWO\� �ORZHU� �LQ� �WKH� �ORZ$$� �VXEJURXS� �FRPSDUHG� �WR� �WKH�� � � � � � � � � � � �

KLJK$$� �VXEJURXS�� �DJDLQ� �GHPRQVWUDWLQJ� �SKHQRW\SLF� �GLIIHUHQFHV� �VSHFLILF� �WR� �D� �VXESRSXODWLRQ� �RI�� � � � � � � � � � �

$6'�� �$V� �EHIRUH�� �FRQVLVWHQF\� �ZLWK� �WKH� �3/6� �PRGHO� �LQ� �$6'� �LV� �REVHUYHG�� )ODYRQLIUDFWRU� �ZDV�� � � � � � � � � � � � � �

SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �IDHFDO� �DPLQR� �DFLGV� ��VHH� )LJXUH� ��������� )ODYRQLIUDFWRU� VSS�� DUH�� � � � � � � � � � � �

IODYRQRLG�PHWDEROLVLQJ� �EDFWHULD����� �ZKLFK� �SURGXFH� �ELRDFWLYH� �PHWDEROLWHV� �LQFOXGLQJ� �SKHQROLF�� � � � � � � �

FRPSRXQGV������� �)ODYRQRLG� �PHWDEROLWHV� �KDYH��EHHQ��VKRZQ��WR��H[HUW��D��QXPEHU��RI��EHQHILFLDO��HIIHFWV�� � � � � � � � � � � � �

RQ��WKH��KRVW��VXFK��DV��OLPLWLQJ��R[LGDWLYH��GDPDJH���LQKLELWLQJ��LQIODPPDWLRQ��DQG��DQWL�FDQFHU��DFWLRQV�������� � � � � � � � � � � � �

$� �FORVHO\� �UHODWHG� �JHQXV�� 3VHXGRIODYRQLIUDFWRU��� �ZDV� �DOVR� �IRXQG� �LQ� �ORZHU� �DEXQGDQFH� �LQ� �ORZ$$�� � � � � � � � � � � � �

$6'� �DOWKRXJK� �LW� �ZDV� �JHQHUDOO\� �HQULFKHG� �LQ� �ORZ$$� �PHWDERW\SHV� �LQ� �WKH� �QHXURW\SLFDO� �SRSXODWLRQ�� � � � � � � � � � � � �

��)LJXUH�����������,W��LV��HYLGHQW��WKDW��VRPH��FKLOGUHQ��ZLWK��$6'��PD\��EHQHILW��IURP��PRGXODWLRQ��RI��WKH��JXW�� � � � � � � � � � � � � � � � �

�����
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¶

PLFURELRWD� �WR� �LQFUHDVH� �ELRWUDQVIRUPDWLRQ� �RI� �IODYRQRLGV��� � � � �

�

)LJXUH� ������� �9DULDEOH� �LPSRUWDQFH� �IURP� �UDQGRP� �IRUHVWV� �PRGHO�� %DFWHULDO� �JHQHUD� �DUH� �UDQNHG�� � � � � � � � � � � �
EDVHG��RQ��PHDQ��GHFUHDVH��LQ��DFFXUDF\���$��KLJK��GHFUHDVH��LQ��DFFXUDF\��IRU��D��VSHFLILF��YDULDEOH��LQGLFDWHV�� � � � � � � � � � � � � � � �
WKH���PRGHO���LV���PRUH���DFFXUDWH���ZKHQ���WKDW���YDULDEOH���LV���LQFOXGHG���

�
7ZR� �DGGLWLRQDO� �JHQHUD�� $QDHURYRUD[� �DQG� 5XPLQRFRFFXV�� KDG� ORZHU� �DEXQGDQFH� �LQ� �$6'�� � � � � � � � � � �

FRPSDUHG� �WR� �17&� �DQG� �WKLV� �ZDV� �HVSHFLDOO\� �WUXH� �IRU� �$6'� �FKLOGUHQ� �ZLWK� �WKH� �ORZ$$� �PHWDERW\SH�� � � � � � � � � � � � � � �

��)LJXUH� ��������� �7KH� �DEXQGDQFHV� �RI� �WKHVH� �JHQHUD� �ZHUH� �DOVR� �UHGXFHG� �LQ� �ORZ$$� �6,%�� �EXW� �WKH�� � � � � � � � � � � � � � �

UHODWLRQVKLS� �ZLWK� �PHWDERW\SH� �ZDV� �ZHDN� �LQ� �WKH� �JHQHUDO� �SRSXODWLRQ�� �,Q� �WKH� �$6'� �JURXS��� � � � � � � � � � � � �

$QDHURYRUD[�DQG�5XPLQRFRFFXV�ZHUH��SRVLWLYHO\��FRUUHODWHG��ZLWK��IDHFDO��DPLQR��DFLGV���VHH�)LJXUH�� � � � � � � � � � � �

��������ZKLFK��LV��FRQVLVWHQW��ZLWK�$���RGRULPXWDQV��WKH��RQO\��NQRZQ��VSHFLHV��RI�$QDHURYRUD[���EHLQJ��D�� � � � � � � � � � � � � � �

SXWUHVFLQH�IHUPHQWHU����� ��SXWUHVFLQH� �LV� �DQ� �DPLQR� �DFLG� �EUHDNGRZQ� �SURGXFW�� �DQG� �WKH�� � � � � � � � � �

PXFLQ�GHJUDGLQJ� �FDSDFLW\� �RI� 5XPLQRFRFFXV� VSHFLHV������� �0XFLQ� �GHJUDGDWLRQ� �UHVXOWV� �LQ� �WKH�� � � � � � � � � �

SURGXFWLRQ� �RI� �ERWK� �DPLQR� �DFLGV� �DQG� �6&)$V������� �7KH� �UHODWLRQVKLS� �EHWZHHQ� �DEXQGDQFH� �RI�� � � � � � � � � � � �

$QDHURYRUD[� LQ� �WKH� �KXPDQ� �JXW� �DQG� �KRVW� �KHDOWK� �LV� �QRW� �FOHDU� �DOWKRXJK� �WKLV� �JHQXV� �LV� �QHJDWLYHO\�� � � � � � � � � � � � � � � �

DVVRFLDWHG� �ZLWK� �REHVLW\������ �DOEHLW� �KLJKHU��SUHYDOHQFH��LQ��FRORUHFWDO��FDQFHU��SDWLHQWV��������7KHUH��LV��IDU�� � � � � � � � � � � � �

PRUH� �HYLGHQFH� �IRU� 5XPLQRFRFFXV� VSS�� DV� �NH\� �PHPEHUV� �RI� �WKH� �KXPDQ� �JXW� �PLFURELRWD����������� � � � � � � � � � � � �

5HODWLYH� �DEXQGDQFHV��RI�5XPLQRFRFFXV�DQG��LWV��IDPLO\��5XPLQRFRFFDFHDH��DUH��RIWHQ��UHSRUWHG��WR�� � � � � � � � � � � �

�����
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EH��DOWHUHG��LQ��FKLOGUHQ��ZLWK��$6'��FRPSDUHG��WR��QHXURW\SLFDO��FRQWUROV���EXW��WKH��HIIHFW��VL]HV��DUH��VPDOO�� � � � � � � � � � � � � � � �

DQG���KDYH���LQFRQVLVWHQW���GLUHFWLRQV����±�������

�

,Q��WKH��SUHVHQW��FRKRUW��+ROGHPDQHOOD�ZDV��LQFUHDVHG��LQ��WKH��$6'��FRPSDUHG��WR��WKH��17&��JURXS��DQG�� � � � � � � � � � � � � � � �

ZDV� �IXUWKHU� �HQULFKHG� �LQ� �FKLOGUHQ� �ZLWK� �WKH� �ORZ$$� �SKHQRW\SH�� �7KH� �SRVLWLYH� �DVVRFLDWLRQ��EHWZHHQ�� � � � � � � � � � � � �

+ROGHPDQHOOD�DQG��$6'��KDV��EHHQ��UHSRUWHG��������&RQVLVWHQW��ZLWK��WKH��FXUUHQW��ILQGLQJ��+ROGHPDQHOOD�� � � � � � � � � � � �

ZDV��QRW��RQO\��IRXQG��LQ��KLJKHU��DEXQGDQFH��LQ��IDHFDO��VDPSOHV��IURP��FKLOGUHQ��ZLWK��$6'���EXW��ZDV��DOVR�� � � � � � � � � � � � � � � � �

HQULFKHG��LQ��$6'��FKLOGUHQ��ZLWKRXW��FRQVWLSDWLRQ��FRPSDUHG��WR��FKLOGUHQ��ZLWK��$6'��DQG��FRQVWLSDWLRQ��� � � � � � � � � � � � �

$OWKRXJK�+ROGHPDQHOOD� LV� �SUHYDOHQW� �LQ� �WKH� �JXW� �PLFURELRWD� �RI� �KHDOWK\� �LQGLYLGXDOV�� �LW� �KDV� �EHHQ�� � � � � � � � � � � � � �

DVVRFLDWHG� �ZLWK� �DQ� �XQKHDOWK\� �OLSLG� �SURILOH����� �DQG� �WKH� �SURJUHVVLRQ� �RI� �FKURQLF� �NLGQH\� �GLVHDVH�������� � � � � � � � � � � � �

)XVLEDFWHU�DQG� �$QDHURFRFFXV�DEXQGDQFHV� �ZHUH� �DOVR��IRXQG��WR��EH��KLJKHU��LQ��$6'��UHJDUGOHVV��RI�� � � � � � � � � � � � � �

PHWDERW\SH� �DOWKRXJK� �WKH� �HIIHFW� �VL]H� �ZDV� �VPDOO�� �0DQ\� �RI� �WKH� �JHQHUD� �GHHPHG� �LPSRUWDQW� �IRU�� � � � � � � � � � � � � �

FODVVLILFDWLRQ��RI��PHWDERW\SHV��ZHUH��DVVRFLDWHG��ZLWK��DJH��DOWKRXJK��WKH��YDULDQFH��H[SODLQHG��E\��DJH�� � � � � � � � � � � � �

ZDV� �VPDOOHU� �WKDQ� �WKDW� �H[SODLQHG� �E\� �JURXS� �RU��PHWDERW\SH��IRU��$6'�DVVRFLDWHG��JHQHUD���ZLWK��WKH�� � � � � � � � � � � � � �

H[FHSWLRQ��RI�+DHPRSKLOXV��DQG�+ROGHPDQHOOD����)LJXUH�����������7KH��JXW��PLFURELRWD��GHYHORSV��UDSLGO\�� � � � � � � � � � � �

RYHU� �WKH� �ILUVW� �WKUHH� �\HDUV� �RI� �OLIH� �EXW� �FRQWLQXHV� �WR� �VWDELOLVH� �LQWR� �HDUO\� �FKLOGKRRG������ �,Q� �SDUWLFXODU��� � � � � � � � � � � � � � � �

%LILGREDFWHULXP� �LV� �KLJKO\� �DEXQGDQW� �LQ� �FKLOGUHQ� �DQG� �WKH� �DEXQGDQFH� �RI� �WKLV� �JHQXV� �VHHPV� �WR�� � � � � � � � � � � � � �

GHFUHDVH���LQWR���DGXOWKRRG��������D���WUHQG���WKDW���LV���REVHUYHG���LQ���WKH���SUHVHQW���FRKRUW����

�
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¶

�

)LJXUH� ������� �$VVRFLDWLRQV� �EHWZHHQ� �EDFWHULDO��JHQHUD��DQG��VWXG\��JURXSV��5HJUHVVLRQ��FRHIILFLHQWV�� � � � � � � � � � �
IURP� �OLQHDU� �PL[HG�HIIHFWV� �PRGHOV� �DUH��SORWWHG��ZLWK�������FRQILGHQFH��LQWHUYDOV��IRU��HDFK��JHQXV���*HQHUD�� � � � � � � � � � � � � �
WKDW� �ZHUH� �QRW� �VLJQLILFDQWO\� �DVVRFLDWHG� �ZLWK� �DQ\� �RI� �WKH� �IL[HG� �HIIHFWV� �LQYHVWLJDWHG� �DUH� �QRW� �SORWWHG��� � � � � � � � � � � � � � �
,QGLYLGXDO��DQG��UHFUXLWPHQW��FHQWUH��ZHUH��LQFOXGHG��DV��UDQGRP��HIIHFWV���3HUFHQWDJH��RI��YDULDQFH��H[SODLQHG�� � � � � � � � � � � � �
E\� �HDFK� �IL[HG� �HIIHFW� �LV� �UHSUHVHQWHG� �E\� �WKH� �VL]H� �RI� �WKH� �SRLQWV� �ZKLOH� �VWDWLVWLFDO� �VLJQLILFDQFH� �LV�� � � � � � � � � � � � � � � �
UHSUHVHQWHG��E\��WKH��FRORXU��RI��WKH��SRLQWV���5HJUHVVLRQ��FRHIILFLHQWV��IRU��$6'��DQG��6LEOLQJ��DUH��ZLWK��UHVSHFW�� � � � � � � � � � � � � � � �
WR���&RQWURO���FKLOGUHQ���

�
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�

)LJXUH���������$VVRFLDWLRQV��EHWZHHQ��EDFWHULDO��JHQHUD���VWXG\��JURXSV��DQG��PHWDERW\SHV��)RU��HDFK�� � � � � � � � � � � �
JHQXV�� �UHJUHVVLRQ� �FRHIILFLHQWV� ��OLQHDU� �PL[HG�HIIHFWV� �PRGHOV�� �DUH� �SORWWHG� �ZLWK� ����� �FRQILGHQFH�� � � � � � � � � � �
LQWHUYDOV�� �0RGHOV� �ZHUH� �DGMXVWHG� �IRU� �UHSHDWHG� �PHDVXUHV� �DQG��GLIIHUHQW��UHFUXLWPHQW��FHQWUHV���)RU��HDFK�� � � � � � � � � � � � �
IL[HG��HIIHFW���WKH��SHUFHQWDJH��RI��YDULDWLRQ��H[SODLQHG��DQG��VLJQLILFDQFH��DUH��GHQRWHG��E\��WKH��VL]H��DQG��FRORXU�� � � � � � � � � � � � � � � �
RI� �WKH� �SRLQWV���UHVSHFWLYHO\���)RU��PHWDERW\SH���WKH��SRVLWLYH��GLUHFWLRQ��LQGLFDWHV��DVVRFLDWLRQ��ZLWK��WKH��KLJK�� � � � � � � � � � � � � �
DPLQR� �DFLG� �JURXS� �ZKLOH� �WKH� �QHJDWLYH� �GLUHFWLRQ� �LQGLFDWHV� �DVVRFLDWLRQ� �ZLWK��WKH��ORZ��DPLQR��DFLG��JURXS��� � � � � � � � � � � � � � �
5HJUHVVLRQ���FRHIILFLHQWV���IRU���$6'���DQG���6LEOLQJ���DUH���ZLWK���UHVSHFW���WR���&RQWURO���FKLOGUHQ���

�
�
,Q��VXPPDU\���WKH��ILQGLQJV��SUHVHQWHG��KHUH��SURYLGH��HYLGHQFH��WKDW��WKHUH��LV��VLJQLILFDQW��KHWHURJHQHLW\�� � � � � � � � � � � � �

LQ� �ERWK��WKH��PHWDERORPH��DQG��PLFURELRPH��ZLWKLQ��WKH��$6'��SRSXODWLRQ���6RPH��RI��WKH��YDULDWLRQ��FDQ�� � � � � � � � � � � � � � �

SRWHQWLDOO\� �EH� �DWWULEXWHG� �WR� �GLIIHUHQFHV� �LQ� �JDVWURLQWHVWLQDO� �VWDWXV� �ZLWK� �WKH� �VWURQJHVW� �HYLGHQFH�� � � � � � � � � � � �

SRLQWLQJ� �WRZDUG� �SKHQRW\SLF� �GLIIHUHQFHV� �GXH� �WR� �LQFUHDVHG� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �$OWKRXJK� �WKH�� � � � � � � � � � � �

OLPLWHG� �PHWDGDWD� �DYDLODEOH� �IRU� �WKH� �SUHVHQW� �VWXG\� �ZDV� �QRW� �DEOH� �WR� �VXSSRUW� �WKLV� �K\SRWKHVLV�� �WKH�� � � � � � � � � � � � � � �

SKHQRW\SHV��DVVRFLDWHG��ZLWK��WKH��KLJK$$��JURXS���KLJK��FRQFHQWUDWLRQV��RI��IDHFDO��DPLQR��DFLGV���KLJK�� � � � � � � � � � � � �

XULQDU\��H[FUHWLRQ��RI��SKHQROLF��FRPSRXQGV���QHJDWLYH��FRUUHODWLRQV��EHWZHHQ��WKHVH��PHWDEROLWHV��DQG�� � � � � � � � � � �
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IDHFDO� �6&)$V�� �DQG� �SRVLWLYH� �FRUUHODWLRQV� �EHWZHHQ� �WKHVH� �PHWDEROLWHV� �DQG� �SURWHLQ�DPLQR�� � � � � � � � � �

DFLG�IHUPHQWLQJ� �EDFWHULD�� �DUH� �FRQVLVWHQW� �ZLWK� �LQFUHDVHG� �JXW� �EDFWHULDO� �IHUPHQWDWLRQ� �RI� �SURWHLQ��� � � � � � � � � � �

&RQVWLSDWLRQ���D��KDOOPDUN��RI��GHOD\HG��LQWHVWLQDO��WUDQVLW���UHVXOWV��LQ��GHSOHWLRQ��RI��FDUERK\GUDWHV��LQ��WKH�� � � � � � � � � � � � � �

FRORQ� �DQG� �D� �VZLWFK� �WR� �SURWHLQ��IHUPHQWDWLRQ��������7KH��GLIIHUHQWLDO��ILQGLQJV��ZLWKLQ��VXESRSXODWLRQV��RI�� � � � � � � � � � � � �

$6'� �UHFDSLWXODWH� �WKH� �LPSRUWDQFH� �RI� �VDPSOH� �VL]H� �DQG� �DGGUHVVLQJ� �ZLWKLQ�JURXS� �YDULDWLRQ� �ZKHQ�� � � � � � � � � � � �

VWXG\LQJ� �KHWHURJHQHRXV� �FRQGLWLRQV� �VXFK� �DV� �$6'� �DQG��,%6������������1RWZLWKVWDQGLQJ���WKHVH��UHVXOWV�� � � � � � � � � � �

VXSSRUW� �WKH��LGHD��WKDW��PRGXODWLRQ��RI��WKH��JXW��PLFURELRWD��PD\��EH��DQ��HIIHFWLYH��LQWHUYHQWLRQ��LQ��$6'�� � � � � � � � � � � � � � � �

WKRXJK���D���SUHFLVLRQ���PHGLFLQH���DSSURDFK���ZRXOG���EH���QHFHVVDU\���

�

�����
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&KDSWHU������

� *HQHUDO���GLVFXVVLRQ��

��� 6XPPDU\���RI���NH\���UHVXOWV��
7KH��ZRUN��SUHVHQWHG��LQ��WKLV��WKHVLV��GHWDLOV��WKH��LQWULFDWH��PHWDEROLF��UHODWLRQVKLSV��WKDW��H[LVW��EHWZHHQ�� � � � � � � � � � � � � �

WKH� �JXW� �PLFURELRWD� �DQG� �LWV� �KRVW� �DW� �GLIIHUHQW� �VWDJHV� �RI� �KXPDQ� �GHYHORSPHQW� �ZLWK� �UHVSHFW� �WR��WZR�� � � � � � � � � � � � � � � �

XQGHUO\LQJ� �KHDOWK� �FRQGLWLRQV� �WKDW� �DIIHFW� �HDUO\� �OLIH� �GHYHORSPHQW�� �PDWHUQDO� �REHVLW\� �DQG� �$XWLVP�� � � � � � � � � � � �

6SHFWUXP� �'LVRUGHU� ��$6'��� �5HVXOWV� �ZHUH� �REWDLQHG� �IURP� �WZR� �REVHUYDWLRQDO� �FRKRUWV� �RI� ������ � � � � � � � � � � �

LQGLYLGXDOV��ZKR��GRQDWHG���������FOLQLFDO��VDPSOHV���7KURXJKRXW��WKLV��WKHVLV���WKH��XWLOLW\��RI��ORQJLWXGLQDO�� � � � � � � � � � � � �

PXOWL�RPLF��SURILOLQJ��RI��PXOWLSOH��ELRIOXLGV��ZDV��GHPRQVWUDWHG���$��FRQVLVWHQW��WKHPH��REVHUYHG��LQ��ERWK�� � � � � � � � � � � � �

VWXGLHV� �ZDV� �WKH��UHOHYDQFH��RI��DPLQR��DFLG��PHWDEROLVP��E\��WKH��JXW��PLFURELRWD��WR��PDQ\��DVSHFWV��RI�� � � � � � � � � � � � � � � �

KXPDQ� �KHDOWK�� �,Q� �SDUWLFXODU���DQDHURELF��IHUPHQWDWLRQ��RI��DURPDWLF��DPLQR��DFLGV��LQ��WKH��JXW��PD\��EH�� � � � � � � � � � � � � � �

LQYROYHG��LQ��WKH��PDLQWHQDQFH��RI��PDWHUQDO��LQVXOLQ��VHQVLWLYLW\��GXULQJ��SUHJQDQF\��EXW��PD\��DOVR��EH��DQ�� � � � � � � � � � � � � � �

LQGLFDWLRQ� �RI� �LQFUHDVHG� �LQWHVWLQDO� �WUDQVLW� �WLPH� ��DQG� �WKHUHIRUH� �JDVWURLQWHVWLQDO� �G\VIXQFWLRQ�� �LQ�� � � � � � � � � � �

FKLOGUHQ��ZLWK��$XWLVP��6SHFWUXP��'LVRUGHU���$6'����7KH��GLJHVWLRQ��RI��SURWHLQ��LQ��WKH��ODUJH��LQWHVWLQH��E\�� � � � � � � � � � � � � � �

UHVLGHQW� �EDFWHULD� ��� �L�H�� �SURWHLQ� �SXWUHIDFWLRQ� ����LV��DQ��LPSRUWDQW��SK\VLRORJLFDO��SURFHVV��WKDW��LV��RIWHQ�� � � � � � � � � � � � � � �

RYHUORRNHG�������EXW���LV���RI���LQWHUHVW���WR���KXPDQ���KHDOWK���DQG���GLVHDVH����

����� 0DWHUQDO���REHVLW\���LPSDFWV���SUHJQDQF\��
'XULQJ� �JHVWDWLRQ�� �GHYHORSPHQW� �RI� �WKH� �IHWXV� �LV� �UHJXODWHG� �E\� �PDWHUQDO� �SK\VLRORJ\�� �0DWHUQDO�� � � � � � � � � � � �

REHVLW\� �LPSDFWV� �IHWDO� �GHYHORSPHQW�� �DV� �HYLGHQFHG� �E\� �WKH� �SUHYDOHQFH� �RI� �PDFURVRPLD� �DPRQJ�� � � � � � � � � � � �

QHRQDWHV� �ERUQ��IURP��PRWKHUV��ZLWK��D��KLJK��SUH�SUHJQDQF\��%0,������������EXW��WKH��UHODWLRQVKLS��EHWZHHQ�� � � � � � � � � � � � �

WKH� �PDWHUQDO� �JXW� �PLFURELRWD� �DQG� �IHWDO� �GHYHORSPHQW� �LQ� �REHVH� �SUHJQDQFLHV� �LV� �QRW� �FOHDU�� �7KH�� � � � � � � � � � � � � �

SUHVHQW� �VWXG\� ��&:+� �GDWDVHW� ����&KDSWHU�������GHPRQVWUDWHG��WKDW��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��ZDV�� � � � � � � � � � � � �

HOHYDWHG� �LQ� �REHVH� �ZRPHQ� �GXULQJ� �SUHJQDQF\� �DQG� �ZDV� �SRVLWLYHO\� �FRUUHODWHG� �ZLWK� �XULQDU\�� � � � � � � � � � � �

PHWDEROLWHV� �SURGXFHG� �E\� �JXW� �EDFWHULDO� �PHWDEROLVP�� �0DWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �ZDV��QHJDWLYHO\�� � � � � � � � � � �

FRUUHODWHG��ZLWK��DPLQR��DFLGV��LQ��PDWHUQDO��VHUXP��DQG��XULQH���DQG��WKHVH��DPLQR��DFLGV��ZHUH��IRXQG��LQ�� � � � � � � � � � � � � � � �

VLJQLILFDQWO\� �UHGXFHG� �FRQFHQWUDWLRQV� �LQ� �VDPSOHV� �IURP� �REHVH� �ZRPHQ�� �6LQFH� �DPLQR� �DFLGV� �DUH�� � � � � � � � � � � �

�
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¶

WUDQVSRUWHG� �IURP� �PDWHUQDO� �FLUFXODWLRQ� �WR� �WKH� �IHWXV���� �WR� �SURPRWH� �IHWDO� �SURWHLQ� �V\QWKHVLV������� �LW� �LV�� � � � � � � � � � � � � �

WHPSWLQJ� �WR� �VSHFXODWH� �WKDW� �WKLV� �WUDQVSRUW� �RFFXUV� �DW� �D��KLJKHU��UDWH��LQ��REHVH��FRPSDUHG��WR��QRUPDO�� � � � � � � � � � � � � � � �

ZHLJKW� �SUHJQDQFLHV�� �7KH� �UDWH� �RI� �WUDQVIHU� �PD\� �EH� �LQYHUVHO\� �SURSRUWLRQDO� �WR� �PDWHUQDO� �LQVXOLQ�� � � � � � � � � � � � �

UHVLVWDQFH���,QFUHDVHG��WUDQVIHU��RI��WKHVH��DPLQR��DFLGV��WR��WKH��IHWXV��ZRXOG��OHDYH��WKH��PDWHUQDO��VXSSO\�� � � � � � � � � � � � � � �

UHGXFHG� �DQG� �FRQWULEXWH� �WR� �HQKDQFHG� �IHWDO� �JURZWK� ���)LJXUH� �������� �7KLV� �VXSSRVLWLRQ� �ILWV� �ZLWK�� � � � � � � � � � � � �

3HGHUVHQ¶V� �K\SRWKHVLV����� �WKDW� �HOHYDWHG� �PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �OHDGV� �WR��LQFUHDVHG��JOXFRVH�� � � � � � � � � � �

WUDQVIHU��WR��WKH��IHWXV��ZKLFK��VWLPXODWHV��IHWDO��LQVXOLQ��VHFUHWLRQ���WKHUHE\��UHVXOWLQJ��LQ��IHWDO��RYHUJURZWK��� � � � � � � � � � � � � �

3RVLWLYH� �FRUUHODWLRQV� �EHWZHHQ� �DPLQR� �DFLG� �FRQFHQWUDWLRQV� �DQG� �LQVXOLQ� �OHYHOV� �LQ� �XPELOLFDO� �FRUG�� � � � � � � � � � � �

VHUXP�� �DV� �ZHOO� �DV� �SRVLWLYH� �FRUUHODWLRQV� �EHWZHHQ� �XPELOLFDO� �FRUG� �DPLQR� �DFLGV� �DQG� �ELUWK� �ZHLJKW�� � � � � � � � � � � � � �

LGHQWLILHG���IURP���WKH���FXUUHQW���DQDO\VHV���IXUWKHU���VXSSRUW���WKLV���WKHRU\����

�
)LJXUH� ������ �2EVHUYHG� �PHWDEROLF� �UHODWLRQVKLS� �EHWZHHQ� �PDWHUQDO� �REHVLW\� �DQG� �QHRQDWDO�� � � � � � � � � �
RXWFRPHV��0DWHUQDO� �REHVLW\� �LV� �DVVRFLDWHG� �ZLWK� �HOHYDWHG� �LQVXOLQ� �UHVLVWDQFH� �GXULQJ� �SUHJQDQF\���7KH�� � � � � � � � � � � �
GDWD��SUHVHQWHG��LQ��&KDSWHU�����LQGLFDWH��KLJKHU��OHYHOV��RI��PDWHUQDO��LQVXOLQ��UHVLVWDQFH��DUH��DVVRFLDWHG��ZLWK�� � � � � � � � � � � � � � �
LQFUHDVHG��WUDQVIHU��RI��VRPH��PHWDEROLWHV���QDPHO\��DPLQR��DFLGV���IURP��PDWHUQDO��FLUFXODWLRQ��WR��WKH��IHWXV��� � � � � � � � � � � � � �
7KLV��UHVXOWV��LQ��ORZHU��PDWHUQDO��FRQFHQWUDWLRQV��RI��WKHVH��PHWDEROLWHV��FRPSDUHG��WR��ZRPHQ��ZLWK��QRUPDO�� � � � � � � � � � � � � �
ZHLJKW� �DQG� �ORZHU� �LQVXOLQ� �UHVLVWDQFH�� �+LJK� �XPELOLFDO� �FRUG� �FRQFHQWUDWLRQV� �RI� �WKHVH� �PHWDEROLWHV� �DUH�� � � � � � � � � � � � �
DVVRFLDWHG��ZLWK��KLJK��LQVXOLQ��FRQFHQWUDWLRQ��LQ��WKH��XPELOLFDO��FRUG��DQG��LQFUHDVHG��ZHLJKW��RI��WKH��QHRQDWH�� � � � � � � � � � � � � � �
DW���ELUWK���

�
$OWKRXJK� �XPELOLFDO� �FRUG� �VDPSOHV� �SURYLGH� �DQ� �DSSUR[LPDWLRQ� �RI� �IHWDO�QHRQDWDO� �PHWDEROLVP�� �WKH\�� � � � � � � � � � �

PD\� �QRW� �UHIOHFW� �WKH� �H[DFW� �PHWDEROLF� �SURILOHV� �RI� �WKH� �QHRQDWHV�� �ZKLFK� �LV� �D� �OLPLWDWLRQ� �ZKHQ�� � � � � � � � � � � � � � �

LQWHUSUHWLQJ� �WKH� �GDWD� �SUHVHQWHG� �LQ� &KDSWHU� ����� �,Q� �DGGLWLRQ�� �XPELOLFDO� �FRUG� �DPLQR� �DFLG�� � � � � � � � � � � � �

FRQFHQWUDWLRQV� �KDYH� �EHHQ� �VKRZQ� �WR� �EH� �GHSHQGHQW� �XSRQ� �GHOLYHU\� �PRGH������� �6LPLODUO\�� �LQVXOLQ�� � � � � � � � � � � �

FRQFHQWUDWLRQ��LQ��WKH��XPELOLFDO��FRUG��PD\��QRW��UHIOHFW��WKH��WUXH��LQVXOLQ��OHYHO��LQ��WKH��QHRQDWH��DQG��PD\�� � � � � � � � � � � � � � � � �

EH� �FRQIRXQGHG� �E\� �PRGH� �RI� �GHOLYHU\�� �IHWDO� �GLVWUHVV� �DQG� �PDWHUQDO� �JOXFRVH� �LQWDNH������� �7KH�� � � � � � � � � � � � �

FRQIRXQGHUV� �GHWDLOHG� �DERYH� �FRXOG� �DOVR� �H[SODLQ� �WKH� �ODFN� �RI� �DVVRFLDWLRQ� �EHWZHHQ� �PDWHUQDO� �%0,�� � � � � � � � � � � � �

DQG��XPELOLFDO��FRUG��DPLQR��DFLG��FRQFHQWUDWLRQV���7KH��UHODWLRQVKLS��EHWZHHQ��GHOLYHU\��PRGH���HOHFWLYH�� � � � � � � � � � � �

�����
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FDHVDUHDQ� �VHFWLRQ�� �HPHUJHQF\� �FDHVDUHDQ� �VHFWLRQ�� �VWDQGDUG� �YDJLQDO� �ELUWK� �DQG� �LQVWUXPHQWDO�� � � � � � � � � �

YDJLQDO� �ELUWK�� �DQG� �ELRFKHPLFDO� �PHDVXUHPHQWV� �LQ� �WKH� �XPELOLFDO� �FRUG� �ZLOO� �EH� �LQYHVWLJDWHG��DV��WKH�� � � � � � � � � � � � � �

FRKRUW� �JURZV�� �7KH� �FXUUHQW� �FRKRUW� �LV� �QRW� �OLNHO\� �WR� �KDYH� �VXIILFLHQW� �VWDWLVWLFDO� �SRZHU� �WR� �DQDO\VH�� � � � � � � � � � � � � � �

GLIIHUHQFHV� �EHWZHHQ� �GHOLYHU\� �PRGHV� �GXH� �WR� �WKH� �VPDOO� �QXPEHU� �RI� �XPELOLFDO� �FRUG� �VDPSOHV�� � � � � � � � � � � � �

FROOHFWHG����

�

'HVSLWH� �WKH� �OLPLWDWLRQV� �GHVFULEHG� �DERYH�� �WKLV� �GDWDVHW� �SURYLGHG� �XQSDUDOOHOHG� �LQIRUPDWLRQ� �DERXW�� � � � � � � � � � �

WKH� �G\QDPLF� �PDWHUQDO� �PHWDEROLF� �UHVSRQVH� �WR� �SUHJQDQF\� �LQ� �REHVH� �ZRPHQ� �FRPSDUHG� �WR� �WKRVH�� � � � � � � � � � � � �

ZLWK� �QRUPDO� �ZHLJKW�� �7KH� �ILQGLQJV� �VKRZ� �WKDW� �PHWDEROLF��WUDMHFWRULHV��RI��PDQ\��PHWDEROLWHV��DUH��QRW�� � � � � � � � � � � � � �

OLQHDU� �GXULQJ� �WKLV� �SHULRG� ��VHH� )LJXUH� ������ �IRU� �H[DPSOH��� �KHQFH� �WKH� �VDPSOLQJ� �WKURXJKRXW�� � � � � � � � � � � � �

SUHJQDQF\� �ZDV� �QHFHVVDU\� �WR� �PRGHO� �WKH� �PHWDEROLF� �FKDQJHV�� �2YHUDOO�� �WKH� �PDWHUQDO� �PHWDEROLF�� � � � � � � � � � � �

SURILOH� �ZDV� �GULYHQ� �E\��SK\VLRORJLFDO��DGDSWDWLRQV��WR��SUHJQDQF\��DQG��ZDV��VWURQJO\��DVVRFLDWHG��ZLWK�� � � � � � � � � � � � �

PDWHUQDO� �LQVXOLQ� �UHVLVWDQFH�� �7KH� �PDWHUQDO� �JXW� �PLFURELRWD� �PD\� �EH� �DVVRFLDWHG� �ZLWK� �HOHYDWHG�� � � � � � � � � � � �

LQVXOLQ� �UHVLVWDQFH� �LQ� �REHVH� �ZRPHQ� �GXULQJ� �SUHJQDQF\�� �7KLV� �LQFUHDVH� �LQ� �LQVXOLQ� �UHVLVWDQFH� �PD\�� � � � � � � � � � � � �

UHVXOW���LQ���KLJKHU���WUDQVIHU���RI���VRPH���PDWHUQDO���PHWDEROLWHV���WR���WKH���IHWXV���DQG���IHWDO���RYHUJURZWK����

����� 3UHYLRXV���PDODEVRUSWLYH���VXUJHU\���LPSDFWV���SUHJQDQF\��

%DULDWULF� �VXUJHU\� �KDV� �EHFRPH� �D� �SRSXODU� �VROXWLRQ� �WR� �PRUELG� �REHVLW\� �GXH� �WR� �LWV� �VXFFHVV� �DV� �D�� � � � � � � � � � � � � � � �

WUHDWPHQW��IRU��ZHLJKW��ORVV��DQG��REHVLW\�UHODWHG��FRPRUELGLWLHV��������$OWKRXJK��EDULDWULF��VXUJHU\��LQGXFHV�� � � � � � � � � � �

GUDPDWLF� �ZHLJKW� �ORVV�� �LQGLYLGXDOV� �WHQG� �WR� �UHPDLQ� �LQ� �WKH� �REHVH� �FDWHJRU\������� �6RPH� �SUHJQDQF\�� � � � � � � � � � � � �

FRPSOLFDWLRQV�� �VXFK� �DV� �HOHYDWHG� �LQVXOLQ� �UHVLVWDQFH������� �DUH� �LPSURYHG� �LQ� �REHVH� �ZRPHQ� �ZLWK� �D�� � � � � � � � � � � � �

SUHYLRXV��EDULDWULF��VXUJHU\���EXW��WKHVH��ZRPHQ��DUH��DW��D��KLJK��ULVN��RI��KDYLQJ��VPDOO��IRU��JHVWDWLRQDO��DJH�� � � � � � � � � � � � � � � � �

QHRQDWHV����������� �7KH� �SUHVHQW� �VWXG\� ��&:+� �GDWDVHW� ���� &KDSWHU� ����� �LQYHVWLJDWHG� �FKDQJHV� �LQ�� � � � � � � � � � � �

PDWHUQDO� �PHWDEROLVP� �DVVRFLDWHG� �ZLWK� �D� �SUHYLRXV� �UHVWULFWLYH� �RU� �PDODEVRUSWLYH� �EDULDWULF� �VXUJHU\�� � � � � � � � � � �

FRPSDUHG� �WR� �ZRPHQ� �ZLWK� �VLPLODU��HDUO\�SUHJQDQF\��%0,���DQG��ZKHWKHU��WKHVH��FKDQJHV��LQIOXHQFHG�� � � � � � � � � � � �

IHWDO� �GHYHORSPHQW�� �5HVWULFWLYH� �VXUJHULHV� �GLG� �QRW� �LQGXFH� �VLJQLILFDQW� �FKDQJHV� �LQ� �PDWHUQDO�� � � � � � � � � � �

PHWDEROLVP� �GXULQJ� �SUHJQDQF\�� �DOWKRXJK��WKH��QXPEHU��RI��SDWLHQWV��ZLWK��WKHVH��VXUJHULHV��ZDV��VPDOO�� � � � � � � � � � � � �

�Q ������WKHUHIRUH��WKLV��FRXOG��LQGLFDWH��WKH��VWDWLVWLFDO��WHVW��GRHV��QRW��KDYH��VXIILFLHQW��VWDWLVWLFDO��SRZHU��� � � � � � � � � � � � � �

,Q��DGGLWLRQ���VOHHYH��JDVWUHFWRP\��KDV��EHHQ��VKRZQ��WR��KDYH��PDODEVRUSWLYH��HIIHFWV��ZKHUHDV��JDVWULF�� � � � � � � � � � � � �

EDQGLQJ� �LV� �SXUHO\� �UHVWULFWLYH�� �7KH� �WZR� �VXEJURXSV� �ZHUH� �QRW� �LQYHVWLJDWHG� �VHSDUDWHO\� �GXH� �WR� �WKH�� � � � � � � � � � � � � �

LQVXIILFLHQW� �QXPEHU� �RI� �SDWLHQWV�� �EXW� �ZLOO� �EH� �DQDO\VHG� �VHSDUDWHO\� �LQ� �WKH� �IXWXUH�� �0DODEVRUSWLYH�� � � � � � � � � � � � �

SDWLHQWV�� �DOO� �RI� �ZKLFK� �KDG� �D� �SUHYLRXV� �JDVWULF� �E\SDVV� �VXUJHU\�� �KDG� �GLVWLQFW� �JXW� �PLFURELDO�� � � � � � � � � � � � � �

�����
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¶

FRPPXQLWLHV���FRPSDUHG��WR��QR��VXUJHU\��FRQWUROV���WKDW��ZHUH��DVVRFLDWHG��ZLWK��LQFUHDVHG��H[FUHWLRQ��RI�� � � � � � � � � � � � �

SURWHLQ� �SXWUHIDFWLRQ� �PHWDEROLWHV� �WKURXJKRXW� �SUHJQDQF\�� �7KHVH� �PHWDEROLWHV� �ZHUH� �QHJDWLYHO\�� � � � � � � � �

FRUUHODWHG��ZLWK��PDWHUQDO��LQVXOLQ��UHVLVWDQFH���7KH��SURSRVHG��PHFKDQLVP��LV��WKDW��SURWHLQ��GLJHVWLRQ��LV�� � � � � � � � � � � � �

LQKLELWHG��LQ��PDODEVRUSWLYH��SDWLHQWV��������ZKLFK��DOORZV��KLJKHU��DPRXQWV��RI��LQWDFW��SURWHLQ��WR��UHDFK��WKH�� � � � � � � � � � � � � �

FRORQ��ZKHUH��LW��LV��IHUPHQWHG��E\��JXW��EDFWHULD����� ���)LJXUH����������7KH��FKDQJH��LQ��QXWULHQW��EDODQFH��PD\�� � � � � � � � � � � � � � � �

DOVR��FRQWULEXWH��WR��WKH��REVHUYHG��DOWHUDWLRQV��LQ��WKH��JXW��PLFURELRWD���7KLV��WKHRU\��LV��VXSSRUWHG��E\��WKH�� � � � � � � � � � � � � � � �

UHGXFWLRQ��LQ��FLUFXODWLQJ��DPLQR��DFLGV���ZKLFK��UHVXOW��IURP��SHSWLGH��DQG��DPLQR��DFLG��DEVRUSWLRQ��LQ��WKH�� � � � � � � � � � � � � � �

VPDOO��LQWHVWLQH�������7KH��OLQN��EHWZHHQ��SURWHLQ��SXWUHIDFWLRQ��DQG��LQVXOLQ��VHQVLWLYLW\��LV��QRW��FOHDU���5DWKHU�� � � � � � � � � � � � � �

WKDQ� �EHLQJ� �D� �GLUHFW� �FRQQHFWLRQ�� �LW� �LV� �SRVVLEOH� �WKDW� �LQVXOLQ� �VHQVLWLYLW\� �LV� �UHODWHG��WR��WKH��GHJUHH��RI�� � � � � � � � � � � � � � � � �

SURWHLQ� �PDODEVRUSWLRQ� �ZKLFK� �LV� �UHIOHFWHG� �LQ� �WKH� �H[FUHWLRQ� �RI� �SXWUHIDFWLRQ� �PHWDEROLWHV�� �7KH�� � � � � � � � � � � �

QHJDWLYH� �FRUUHODWLRQ� �EHWZHHQ� �IHWDO� �JURZWK� �DQG� �SXWUHIDFWLRQ� �PHWDEROLWHV� �PD\� �VLPLODUO\� �UHIOHFW�� � � � � � � � � � �

LQKLELWLRQ� �RI� �IHWDO� �JURZWK� �GXH� �WR� �PDWHUQDO� �PDODEVRUSWLRQ�LQGXFHG� �PDOQXWULWLRQ������� �+RZHYHU�� �WKH�� � � � � � � � � � �

GHWHFWLRQ� �RI� �KLJK� �FRQFHQWUDWLRQV� �RI� �SXWUHIDFWLRQ� �PHWDEROLWH�� �SKHQ\ODFHW\OJOXWDPLQH�� �LQ� �XULQH� �RI�� � � � � � � � � � �

QHRQDWHV� �ERUQ� �IURP� �PDODEVRUSWLYH� �PRWKHUV� �VXJJHVWV� �WKDW� �WKH� �PDWHUQDO� �JXW� �PLFURELRWD� �RI�� � � � � � � � � � � �

PDODEVRUSWLYH���SDWLHQWV���KDV���WKH���SRWHQWLDO���WR���GLUHFWO\���LQIOXHQFH���IHWDO���KHDOWK����

�
)LJXUH� ������ �0DODEVRUSWLYH� �VXUJHU\�LQGXFHG� �FKDQJHV� �LQ� �SURWHLQ� �PHWDEROLVP��� � � � � � � �
5HVWULFWLYH� �VXUJHULHV�� �ZKLFK� �DLP� �WR� �UHGXFH� �IRRG� �LQWDNH�� �GR� �QRW� �DOWHU� �GLJHVWLRQ�� �'LHWDU\�� � � � � � � � � � � � �
SURWHLQ��LV��PHWDEROLVHG��LQ��WKH��VWRPDFK��DQG��VPDOO��LQWHVWLQH��DV��QRUPDO���SHSWLGHV��DQG��DPLQR�� � � � � � � � � � � � � �
DFLGV� �DUH� �DEVRUEHG� �LQWR� �FLUFXODWLRQ� �WKURXJK� �WKH� �VPDOO� �LQWHVWLQH�� �2Q� �WKH� �RWKHU� �KDQG��� � � � � � � � � � � � �
PHWDEROLVP��LV��DOWHUHG��DIWHU��PDODEVRUSWLYH��VXUJHULHV���,Q��DGGLWLRQ��WR��LQKLELWHG��GLJHVWLRQ��LQ��WKH�� � � � � � � � � � � � �
VWRPDFK�� �SDUW� �RI� �WKH� �VPDOO� �LQWHVWLQH� �LV� �E\SDVVHG�� �+\SRWKHWLFDOO\�� �WKLV� �DOWHUHG� �GLJHVWLRQ�� � � � � � � � � � � �
UHVXOWV� �LQ� �KLJK� �DPRXQWV� �RI� �LQWDFW� �SURWHLQ� �UHDFKLQJ� �WKH� �ODUJH� �LQWHVWLQH�� �ZKHUH� �LW��LV��EURNHQ�� � � � � � � � � � � � � � �
GRZQ���DQG���IHUPHQWHG���E\���WKH���JXW���PLFURELRWD����

�����
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7KH��VWDQGDUG��RUDO��JOXFRVH��WROHUDQFH��WHVW��ZDV��XVHG��WR��PHDVXUH��LQVXOLQ��UHVLVWDQFH��LQ��WKH��SUHVHQW�� � � � � � � � � � � � � � �

FRKRUW�� �+RZHYHU�� �LWV� �XVH� �IRU� �JDVWULF� �E\SDVV� �SDWLHQWV� �KDV� �EHHQ� �TXHVWLRQHG� �GXH� �WR� �GXPSLQJ�� � � � � � � � � � � � � �

V\QGURPH����� ��WKH� �UDSLG� �HPSW\LQJ� �RI� �JDVWULF� �FRQWHQWV��� �&DSLOODU\� �EORRG� �JOXFRVH� �PRQLWRULQJ� �KDV�� � � � � � � � � � � �

EHHQ��VXJJHVWHG��DV��DQ��DOWHUQDWLYH��DQG��WKH��WHDP��DW��&KHOVHD��	��:HVWPLQVWHU��+RVSLWDO��KDYH��VLQFH�� � � � � � � � � � � � � � �

UHYLVHG� �WKHLU� �PHWKRGV�� �7KH� �VPDOO� �QXPEHU��RI��QHRQDWDO��XULQH��VDPSOHV��DOVR��FDXVHV��FRQFHUQ��ZLWK�� � � � � � � � � � � � � �

UHVSHFW��WR��GUDZLQJ��ELRORJLFDO��FRQFOXVLRQV��DQG��WKHUHIRUH���WKH��UHVXOWV��SHUWDLQLQJ��WR��WKHVH��VDPSOHV�� � � � � � � � � � � � �

VKRXOG���EH���WUHDWHG���ZLWK���FDXWLRQ���

����� *XW���PLFURELDO���DOWHUDWLRQV���LQ���$XWLVP���6SHFWUXP���'LVRUGHU���DUH��

FRQGLWLRQDO��

,Q� &KDSWHU� ��� ��-HEVHQ� �VWXG\��� �D� �SRSXODWLRQ� �RI� �FKLOGUHQ� �ZLWK� �$6'� �ZHUH� �FKDUDFWHULVHG� �DQG�� � � � � � � � � � � � � �

FRPSDUHG� �WR� �WKHLU� �QHXURW\SLFDO� �VLEOLQJV� �DQG� �XQUHODWHG� �QHXURW\SLFDO� �FRQWUROV�� �ZLWK� �WKH� �JRDO� �RI�� � � � � � � � � � � � �

XQFRYHULQJ� �PLFURELRWD�DVVRFLDWHG� �VLJQDWXUHV� �RI� �DOWHUHG� �QHXURGHYHORSPHQW�� �,Q� �OLQH� �ZLWK� �UHFHQW�� � � � � � � � � �

UHYLHZV� �DQG� �PHWD�DQDO\VHV����±������ �D� �GLVWLQFW��EDFWHULDO��VLJQDWXUH��RI��$6'��ZDV��QRW��GHWHFWHG��LQ��WKH�� � � � � � � � � � � � � �

SUHVHQW� �VWXG\�� �SRWHQWLDOO\� �GXH� �WR� �KHWHURJHQHLW\� �ZLWKLQ� �WKH� �$6'� �JURXS�� �&KLOGUHQ� �ZLWK� �$6'�� � � � � � � � � � � � �

GLVSOD\HG� �YDULDWLRQ� �LQ��PHWDEROLF��DQG��JXW��EDFWHULDO��SURILOHV��WKDW��ZDV��FRQVLVWHQW��ZLWK��YDULDWLRQV��LQ�� � � � � � � � � � � � � �

LQWHVWLQDO� �WUDQVLW� �WLPH�� �2Q� �WKH� �H[WUHPHV�� �$6'��FKLOGUHQ��KDG��HLWKHU��ORZ��RU��KLJK��FRQFHQWUDWLRQV��RI�� � � � � � � � � � � � � � �

IDHFDO� �DPLQR� �DFLGV� �DQG� �XULQDU\� �SXWUHIDFWLRQ� �PHWDEROLWHV�� �+LJK� �FRQFHQWUDWLRQV� �RI� �WKHVH�� � � � � � � � � � �

PHWDEROLWHV� �DUH� �FRQVLVWHQW� �ZLWK� �LQFUHDVHG� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �ZKLFK� �UHVXOWV� �LQ� �GHSOHWLRQ� �RI�� � � � � � � � � � � � �

FDUERK\GUDWHV� �LQ� �WKH� �FRORQ� �DQG� �D� �VZLWFK� �WR� �SURWHRO\WLF� �IHUPHQWDWLRQ����� ���)LJXUH� �������� �,Q�� � � � � � � � � � � � �

DFFRUGDQFH�� �WKH� �PHWDEROLWHV� �ZHUH� �QHJDWLYHO\� �FRUUHODWHG� �ZLWK� �FDUERK\GUDWH�IHUPHQWLQJ��EDFWHULD�� � � � � � � � �

DQG��IDHFDO��VKRUW�FKDLQ��IDWW\��DFLGV���DQG��SRVLWLYHO\��FRUUHODWHG��ZLWK��SURWHLQ�IHUPHQWLQJ��EDFWHULD���7KH�� � � � � � � � � � � �

WZR��PHWDEROLF��SKHQRW\SHV��LGHQWLILHG��LQ��FKLOGUHQ��ZLWK��$6'��OLNHO\��GLIIHUHQWLDWH��FKLOGUHQ��ZKR��WHQG��WR�� � � � � � � � � � � � � �

KDYH� �FRQVWLSDWLRQ� �IURP� �FKLOGUHQ� �ZKR� �WHQG� �WR� �KDYH� �GLDUUKRHD�� �+RZHYHU�� �JDVWURLQWHVWLQDO�� � � � � � � � � � �

V\PSWRPV� �ZHUH� �FRQVLGHUDEO\� �XQGHU�UHSRUWHG� ��������� �LQ� �WKH� �SUHVHQW� �VWXG\� �FRPSDUHG� �WR� �WKH�� � � � � � � � � � � �

H[SHFWHG� �SUHYDOHQFH� ���������� �WR� ������������ �VR� �D� �GHILQLWH� �DVVRFLDWLRQ� �EHWZHHQ� �WKH� �REVHUYHG�� � � � � � � � � � � �

PHWDERW\SHV� �DQG� �JDVWURLQWHVWLQDO� �VWDWXV� �FDQQRW� �EH� �PDGH�� �/RZ� �DQG� �KLJK� �DPLQR� �DFLG�� � � � � � � � � � � �

PHWDERW\SHV� �ZHUH� �QRW� �DVVRFLDWHG� �ZLWK� �YDULDWLRQV� �LQ� �SURWHLQ� �SXWUHIDFWLRQ� �PHWDEROLWHV� �LQ� �WKH�� � � � � � � � � � � �

VLEOLQJ� �RU� �FRQWURO� �FKLOGUHQ�� �ZKLFK� �SRWHQWLDOO\� �UHIOHFWV� �D��ODFN��RI��JDVWURLQWHVWLQDO��SUREOHPV���2I��WKH�� � � � � � � � � � � � � �

���� �VLEOLQJ� �DQG� �FRQWURO� �FKLOGUHQ� �LQFOXGHG� �LQ� �WKLV� �VWXG\�� �RQO\� ��� �ZHUH� �UHSRUWHG� �WR� �KDYH�� � � � � � � � � � � � � � �

JDVWURLQWHVWLQDO���V\PSWRPV����

�����
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�

)LJXUH� ������ �5HODWLRQVKLS� �EHWZHHQ� �LQWHVWLQDO� �WUDQVLW� �WLPH� �DQG�� � � � � � � �
SURWHLQ� �SXWUHIDFWLRQ� �LQ� �WKH� �FRORQ�� &RQVWLSDWLRQ�� �D� �SUR[\� �IRU�� � � � � � � � �
LQFUHDVHG� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �UHVXOWV� �LQ� �WKH� �GHSOHWLRQ� �RI�� � � � � � � � �
FDUERK\GUDWHV� �LQ� �WKH� �ODUJH� �LQWHVWLQH�� �5HVLGHQW� �EDFWHULD� �VZLWFK� �WR�� � � � � � � � �
SURWHLQ� �IHUPHQWDWLRQ� �ZKLFK� �SURGXFHV� �SKHQROLF� �DQG� �LQGROLF�� � � � � � �
FRPSRXQGV���
�

'HVSLWH� �WKH� �GLVWULEXWLRQ� �RI� �WKH� �WZR� �PHWDERW\SHV�� �FKLOGUHQ� �LQ� �WKH� �SUHVHQW� �FRKRUW� �ZLWK� �$6'� �KDG�� � � � � � � � � � � � � � �

VLJQLILFDQWO\� �ORZHU� �IDHFDO� �DPLQR� �DFLG� �FRQFHQWUDWLRQV� �FRPSDUHG� �WR� �XQUHODWHG� �QHXURW\SLFDO�� � � � � � � � � �

FRQWUROV�� �/RZ� �IDHFDO� �DPLQR� �DFLGV� �LQ� �WKH� �$6'� �JURXS� �ZHUH� �DVVRFLDWHG� �ZLWK� �SV\FKLDWULF�� � � � � � � � � � � � �

FRPRUELGLWLHV� �DQG��WKH��XVH��RI��ILVK��RLO��DV��D��VXSSOHPHQW���$OWKRXJK��ILVK��RLO��FRQVXPSWLRQ��PD\��KDYH�� � � � � � � � � � � � � � � �

EHHQ� �D� �FRQIRXQGHU�� �LW� �ZRXOG� �KDYH� �EHHQ� �LQWHUHVWLQJ� �WR� �UHODWH� �ILVK� �RLO� �FRQVXPSWLRQ� �DQG� �WKH�� � � � � � � � � � � � � � �

SUHVHQFH��RI��SV\FKLDWULF��FRPRUELGLWLHV��ZLWK��$6'��V\PSWRP��VHYHULW\���KDG��WKH��GDWD��EHHQ��FROOHFWHG��� � � � � � � � � � � � �

,W� �LV� �SRVVLEOH� �WKDW� �FKLOGUHQ� �ZLWK� �SUREOHPDWLF� �EHKDYLRXUV� �DUH� �PRUH� �OLNHO\� �WR� �EH� �JLYHQ� �WKLV�� � � � � � � � � � � � � � �

VXSSOHPHQW� �WKDW� �LV� �SURSRVHG� �WR� �UHGXFH� �VWHUHRW\S\� �DQG� �K\SHUDFWLYLW\� �LQ� �FKLOGUHQ� �ZLWK� �$6'�������� � � � � � � � � � � � �

7KHUHIRUH���WKH��ORZ��IDHFDO��DPLQR��DFLG��PHWDERW\SH��FRXOG��SRWHQWLDOO\��EH��DVVRFLDWHG��ZLWK��V\PSWRP�� � � � � � � � � � � � �

VHYHULW\� �LQ� �DGGLWLRQ� �WR� �LQWHVWLQDO� �WUDQVLW� �WLPH�� �0DQ\� �IDHFDO� �DPLQR� �DFLGV� �DUH� �SUHFXUVRUV� �WR�� � � � � � � � � � � � � �

LPSRUWDQW� �QHXURWUDQVPLWWHUV� �SURGXFHG� �LQ� �WKH� �JXW�� �ZKLFK� �DGGV� �IXUWKHU� �PHULW� �WR� �WKLV� �WKHRU\��� � � � � � � � � � � � �

1HXURW\SLFDO� �VLEOLQJV� �DOVR��KDG��VOLJKWO\��ORZHU��IDHFDO��DPLQR��DFLG��FRQFHQWUDWLRQV��FRPSDUHG��WR��WKH�� � � � � � � � � � � � �

�����
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FRQWUROV�� �LQGLFDWLQJ� �WKLV� �PHWDERW\SH��PD\��DOVR��UHIOHFW��OLIHVW\OH��IDFWRUV���WKRXJK��IDHFDO��DPLQR��DFLG�� � � � � � � � � � � � �

FRQFHQWUDWLRQV���ZHUH���QRW���DVVRFLDWHG���ZLWK���ILVK���RLO���FRQVXPSWLRQ���LQ���QHXURW\SLFDO���VLEOLQJV���

�

7KH� �SUHVHQW� �VWXG\� �KLJKOLJKWV� �WKH� �QHFHVVLW\� �RI� �ODUJH� �VDPSOH� �VL]HV�� �UHSHDWHG� �VDPSOLQJ�� �DQG�� � � � � � � � � � � � �

DGHTXDWH� �FOLQLFDO� �PHWDGDWD� �IRU� �PLFURELRPH� �DQG� �PHWDERORPLFV� �VWXGLHV� �LQYHVWLJDWLQJ� �$6'�� �7R�� � � � � � � � � � �

GDWH���VWXGLHV��LQYHVWLJDWLQJ��WKH��JXW��PLFURELRPH��DQG��PHWDEROLF��SURILOH��RI��$6'��KDYH��EHHQ��VPDOO���XS�� � � � � � � � � � � � � � �

WR� ����� �SDUWLFLSDQWV�� �DQG� �KDYH� �RQO\� �IRFXVHG� �RQ� �FDVH�FRQWURO� �FRQWUDVWV�� �7KH� �LQKHUHQW�� � � � � � � � � � � �

KHWHURJHQHLW\��LQ��WKH��SRSXODWLRQ���SUHVHQFH��RI��FKDOOHQJLQJ��HDWLQJ��EHKDYLRXUV����� �DQG��SUHYDOHQFH��RI�� � � � � � � � � � � �

JDVWURLQWHVWLQDO� �G\VIXQFWLRQ� �ZLOO��VLJQLILFDQWO\��FRQIRXQG��$6'��VLJQDWXUHV��LQ��RPLFV��GDWD���+RZHYHU��� � � � � � � � � � �

FDSWXULQJ� �ZLWKLQ�JURXS� �YDULDWLRQ� �DQG� �IDFWRULQJ� �WKLV� �LQWR� �WKH� �DQDO\VHV� �SURYHG� �XVHIXO�� �7KLV�� � � � � � � � � � � �

DSSURDFK��XQFRYHUHG��PDQ\��DVVRFLDWLRQV��EHWZHHQ��EDFWHULDO��WD[D��DQG��$6'��WKDW��ZHUH��XQGHWHFWHG�� � � � � � � � � � � �

LQ��WKH��VWDQGDUG��FDVH�FRQWURO��FRQWUDVWV���&ROOHFWLYHO\���WKH��UHVXOWV��SUHVHQWHG��LQ�&KDSWHU�����VXJJHVW�� � � � � � � � � � � � �

WKDW��VLPSOH��FDVH�FRQWURO��FRPSDULVRQV��DUH��QRW��VXLWDEOH��LQ��$6'��VWXGLHV��VLQFH��WKH��SRSXODWLRQ��OLNHO\�� � � � � � � � � � � � � �

FRQVLVWV� �RI� �PDQ\� �VXEW\SHV�� �VRPH� �RI� �ZKLFK� �DUH� �FKDUDFWHULVHG� �E\� �RSSRVLQJ� �V\PSWRPV�� �$�� � � � � � � � � � � � �

YDOLGDWHG��JDVWURLQWHVWLQDO��V\PSWRP��VFRULQJ��V\VWHP��VKRXOG��EH��XVHG��IRU��HYHU\��VWXG\��SDUWLFLSDQW���LQ�� � � � � � � � � � � � �

DGGLWLRQ� �WR� �VFRULQJ� �HDFK� �IDHFDO� �VDPSOH� �DFFRUGLQJ� �WR� �WKH� �%ULVWRO� �VWRRO� �VFDOH� �DV� �DQ� �LQGLFDWRU� �RI�� � � � � � � � � � � � � � � �

LQWHVWLQDO� �WUDQVLW� �WLPH������� �6WRRO� �FRQVLVWHQF\� �LV� �KLJKO\� �DVVRFLDWHG� �ZLWK� �WKH� �IDHFDO� �PLFURELRPH�� � � � � � � � � � � �

FRPSRVLWLRQ���� �DQG� �LV� �KLJKO\� �YDULDEOH� �LQ� �$6'�� �DJDLQ� �FRQVLVWHQW� �ZLWK� �WKH� �QRWLRQ� �RI� �PXOWLSOH��$6'�� � � � � � � � � � � � � � �

VXEW\SHV�� �)LQDOO\�� �DQRWKHU� �OLPLWDWLRQ� �RI� �WKLV� �VWXG\� �ZDV� �WKH� �FROOHFWLRQ� �RI� �WKH� �SDWLHQW� �PHWDGDWD��� � � � � � � � � � � � � �

6HOI�UHSRUWLQJ�� �HYHQ� �LI� �GRQH� �E\� �D� �FDUHJLYHU�� �FDQ� �EH� �LQDFFXUDWH� �IRU��FKLOGUHQ��ZKR��KDYH��LPSDLUHG�� � � � � � � � � � � � � � �

FRPPXQLFDWLRQ���RU���DUH���QRQ�YHUEDO���

����� 2YHUDOO���OLPLWDWLRQV��

7KH��GDWD��SUHVHQWHG��LQ��WKLV��WKHVLV��ZDV��EDVHG��RQ��SXUHO\��REVHUYDWLRQDO��VWXGLHV��DQG��WKHUHIRUH���DQ\�� � � � � � � � � � � � � � �

FODLPV� �PDGH� �KHUHLQ� �ZHUH� �DVVRFLDWLRQV� �E\� �QDWXUH� �DQG� �QRW� �LQGLFDWLYH� �RI� �FDXVDO� �UHODWLRQVKLSV��� � � � � � � � � � � � �

3RZHU� �FDOFXODWLRQV� �ZHUH� �DOVR� �QRW� �SHUIRUPHG� �DV� �SDUW� �RI� �WKH� �VWXG\� �GHVLJQV�� �VR� �LW� �LV� �XQFOHDU�� � � � � � � � � � � � � � � �

ZKHWKHU� �D� �VXIILFLHQW� �QXPEHU� �RI� �LQGLYLGXDOV� �ZHUH� �LQFOXGHG� �LQ� �HDFK� �VWXG\�� �$GGLWLRQDOO\�� �WKH�� � � � � � � � � � � � �

SODWIRUPV� �XVHG��IRU��SURILOLQJ��KDYH��OLPLWDWLRQV��ZKLFK��QHHG��WR��EH��FRQVLGHUHG��ZKHQ��LQWHUSUHWLQJ��WKH�� � � � � � � � � � � � � �

GDWD�� �0HWDEROLF� �SURILOLQJ� �E\� ��+� �105� �VSHFWURVFRS\� �LV� �D� �UHOLDEOH� �DQG� �UREXVW��PHWKRG��EXW��VXIIHUV�� � � � � � � � � � � � � � �

IURP��D��ODFN��RI��VHQVLWLYLW\���7KH��UHVXOWV��SUHVHQWHG��DUH��ELDVHG��WRZDUG��PROHFXOHV��WKDW��DUH��SUHVHQW��LQ�� � � � � � � � � � � � � � � �

VXIILFLHQW��TXDQWLWLHV��WR��GHWHFW��XVLQJ��WKLV��DQDO\WLFDO��PHWKRG���+RZHYHU����+��105��LV��DEOH��WR��DVVD\��D�� � � � � � � � � � � � � � � �

ZLGH� �YDULHW\� �RI� �FRPSRXQGV�� �ZKLFK� �LV� �QRW� �WKH� �FDVH� �IRU� �RWKHU��PHWDEROLF��SURILOLQJ��SODWIRUPV���7KLV�� � � � � � � � � � � � � � �

�����
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PHWKRG� �DOVR� �VXIIHUV� �IURP� �SRRU� �VSHFWUDO� �UHVROXWLRQ� �RI� �VRPH� �PHWDEROLWHV� �ZKHUH� �SHDN� �RYHUODS�� � � � � � � � � � � � �

RFFXUV���UHVXOWLQJ��LQ��GLVFDUGLQJ��SRWHQWLDOO\��LPSRUWDQW��PHWDEROLWHV��IURP��WKH��DQDO\VLV���7KH��SUREOHP�� � � � � � � � � � � �

FDQ� �EH� �VROYHG� �E\� �XVLQJ� �VSHFWUD� �DFTXLUHG� �ZLWK� �RWKHU� �SXOVH� �VHTXHQFHV� ��H�J�� �-�5HVROYHG�� �IRU�� � � � � � � � � � � � � �

SURILOLQJ� �LQVWHDG� �RI� �WKH� �VWDQGDUG� ��'� �SXOVH� �VHTXHQFH�� �7D[RQRPLF� �SURILOLQJ� �E\� ���6� �U51$� �JHQH�� � � � � � � � � � � � � �

DPSOLFRQ� �VHTXHQFLQJ� �LV� �DOVR� �D� �ORZ�UHVROXWLRQ� �PHWKRG�� �$PSOLFRQ� �VHTXHQFH� �YDULDQWV� �DUH� �YHU\�� � � � � � � � � � � �
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����� 0D]HIVN\����&����$�����6FKUHLEHU����'����5�����2OLQR����7����0����	���0LQVKHZ����1����-����7KH���DVVRFLDWLRQ���EHWZHHQ��
HPRWLRQDO���DQG���EHKDYLRUDO���SUREOHPV���DQG���JDVWURLQWHVWLQDO���V\PSWRPV���DPRQJ���FKLOGUHQ���ZLWK��
KLJK�IXQFWLRQLQJ���DXWLVP�����$XWLVP���������������±���������������

����� /HH����.��$�����HW���DO�����%DFWHULDO�GHULYHG���XUDFLO���DV���D���PRGXODWRU���RI���PXFRVDO���LPPXQLW\���DQG��
JXW�PLFUREH���KRPHRVWDVLV���LQ���'URVRSKLOD�����&HOO����������������±���������������

����� 6HDNLQV����-����:����7KH���GHWHUPLQDWLRQ���RI���XULQDU\���SKHQ\ODFHW\OJOXWDPLQH���DV���SKHQ\ODFHWLF���DFLG���
6WXGLHV���RQ���LWV���RULJLQ���LQ���QRUPDO���VXEMHFWV���DQG���FKLOGUHQ���ZLWK���F\VWLF���ILEURVLV�����&OLQ����&KLP����$FWD��
����������±���������������

�����



�

����� 5RDJHU����+����0�����HW���DO�����&RORQLF���WUDQVLW���WLPH���LV���UHODWHG���WR���EDFWHULDO���PHWDEROLVP���DQG���PXFRVDO��
WXUQRYHU���LQ���WKH���JXW�����1DW���0LFURELRO����������������������������

����� -HIIHU\����,����%�����HW���DO�����$Q���LUULWDEOH���ERZHO���V\QGURPH���VXEW\SH���GHILQHG���E\���VSHFLHV�VSHFLILF��
DOWHUDWLRQV���LQ���IDHFDO���PLFURELRWD�����*XW���������������±����������������

����� %H\R÷OX����'�����6PLWK����5����/����	���,GOH����-����5����'RJ���ELWHV���PDQ���RU���PDQ���ELWHV���GRJ"���7KH���HQLJPD���RI���WKH��
DPLQR���DFLG���FRQMXJDWLRQV�����%LRFKHP����3KDUPDFRO�����������������±����������������

����� *DEULHOH����6�����HW���DO�����8ULQDU\���S�FUHVRO���LV���HOHYDWHG���LQ���\RXQJ���)UHQFK���FKLOGUHQ���ZLWK���DXWLVP��
VSHFWUXP���GLVRUGHU����D���UHSOLFDWLRQ���VWXG\�����%LRPDUNHUV���������������±���������������

����� 3RVDGD�$\DOD����0�����HW���DO�����,GHQWLILFDWLRQ���RI���D���XULQH���PHWDERORPLF���VLJQDWXUH���LQ���SDWLHQWV���ZLWK��
DGYDQFHG�VWDJH���FKURQLF���NLGQH\���GLVHDVH�����.LGQH\���,QW����������������±���������������

����� 0HLMHUV����%����.����,�����HW���DO�����S�&UHVRO���DQG���FDUGLRYDVFXODU���ULVN���LQ���PLOG�WR�PRGHUDWH���NLGQH\���GLVHDVH���
&OLQ����-����$P����6RF����1HSKURO����������������±����������������

����� %DQGLQL����/����*�����HW���DO�����)RRG���VHOHFWLYLW\���LQ���FKLOGUHQ���ZLWK���DXWLVP���VSHFWUXP���GLVRUGHUV���DQG��
W\SLFDOO\���GHYHORSLQJ���FKLOGUHQ�����-����3HGLDWU�����������������±���������������

����� .UDO����7����9����(�����(ULNVHQ����:����7�����6RXGHUV����0����&����	���3LQWR�0DUWLQ����-����$����(DWLQJ���EHKDYLRUV����GLHW��
TXDOLW\����DQG���JDVWURLQWHVWLQDO���V\PSWRPV���LQ���FKLOGUHQ���ZLWK���DXWLVP���VSHFWUXP���GLVRUGHUV����D���EULHI��
UHYLHZ�����-����3HGLDWU����1XUV����������������±���������������

����� )LOLSSLV����)����'�����HW���DO�����+LJK�OHYHO���DGKHUHQFH���WR���D���0HGLWHUUDQHDQ���GLHW���EHQHILFLDOO\���LPSDFWV���WKH��
JXW���PLFURELRWD���DQG���DVVRFLDWHG���PHWDERORPH�����*XW����YRO�������������±����������������

����� *DUFLD�3HUH]����,�����HW���DO�����2EMHFWLYH���DVVHVVPHQW���RI���GLHWDU\���SDWWHUQV���E\���XVH���RI���PHWDEROLF��
SKHQRW\SLQJ����D���UDQGRPLVHG����FRQWUROOHG����FURVVRYHU���WULDO�����/DQFHW���'LDEHWHV���(QGRFULQRO����������
���±���������������

����� 9LFK���9LOD����$�����HW���DO�����,PSDFW���RI���FRPPRQO\���XVHG���GUXJV���RQ���WKH���FRPSRVLWLRQ���DQG���PHWDEROLF��
IXQFWLRQ���RI���WKH���JXW���PLFURELRWD�����1DW����&RPPXQ����������������������������

����� 'XQFDQ����6����+�����HW���DO�����5HGXFHG���GLHWDU\���LQWDNH���RI���FDUERK\GUDWHV���E\���REHVH���VXEMHFWV���UHVXOWV���LQ��
GHFUHDVHG���FRQFHQWUDWLRQV���RI���EXW\UDWH���DQG���EXW\UDWH�SURGXFLQJ���EDFWHULD���LQ���IHFHV�����$SSO���
(QYLURQ����0LFURELRO�����������������±����������������

����� 0HDG����*����&����7KH���DPLQR���DFLG�IHUPHQWLQJ���FORVWULGLD�����-����*HQ����0LFURELRO���������������±��������������
����� &KRQJ����3����3�����HW���DO�����7KH���0LFURELRPH���DQG���,UULWDEOH���%RZHO���6\QGURPH�������$���5HYLHZ���RQ���WKH��

3DWKRSK\VLRORJ\����&XUUHQW���5HVHDUFK���DQG���)XWXUH���7KHUDS\�����)URQW����0LFURELRO�����������������������������
����� 7DS����-�����HW���DO�����,GHQWLILFDWLRQ���RI���DQ���,QWHVWLQDO���0LFURELRWD���6LJQDWXUH���$VVRFLDWHG���:LWK���6HYHULW\���RI��

,UULWDEOH���%RZHO���6\QGURPH�����*DVWURHQWHURORJ\����������������±����H�������������
����� %DM����$�����HW���DO�����*OXWDPDWHUJLF���6LJQDOLQJ���$ORQJ���7KH���0LFURELRWD�*XW�%UDLQ���$[LV�����,QW����-����0RO����6FL���

����������������
����� &DPSEHOO����/����/�����-U����5HGXFWLYH���GHJUDGDWLRQ���RI���S\ULPLGLQHV����,,,����3XULILFDWLRQ���DQG���SURSHUWLHV���RI��

GLK\GURXUDFLO���GHK\GURJHQDVH�����-����%LRO����&KHP�����������������±���������������
����� 3DWHO����%����1����	���:HVW����7����3����'HJUDGDWLRQ���RI���WKH���S\ULPLGLQH���EDVHV���XUDFLO���DQG���WK\PLQH���E\��

(VFKHULFKLD���FROL���%�����0LFURELRV���������������±���������������
����� )LQQLFXP����&����7�����HW���DO�����&RKDELWDWLRQ���LV���DVVRFLDWHG���ZLWK���D���JUHDWHU���UHVHPEODQFH���LQ���JXW��

PLFURELRWD���ZKLFK���FDQ���LPSDFW���FDUGLRPHWDEROLF���DQG���LQIODPPDWRU\���ULVN�����%0&���0LFURELRO������������
���������������

����� 0DYHO����6�����HW���DO������+���&���105�EDVHG���XULQH���PHWDEROLF���SURILOLQJ���LQ���DXWLVP���VSHFWUXP��
GLVRUGHUV�����7DODQWD���������������±���������������

�����



�

����� 'XQFDQ����6����+�����/RXLV����3����	���)OLQW����+����-����/DFWDWH�XWLOL]LQJ���EDFWHULD����LVRODWHG���IURP���KXPDQ���IHFHV���
WKDW���SURGXFH���EXW\UDWH���DV���D���PDMRU���IHUPHQWDWLRQ���SURGXFW�����$SSO����(QYLURQ����0LFURELRO������������
����±����������������

����� $OOHQ�9HUFRH����(�����HW���DO�����$QDHURVWLSHV���KDGUXV���FRPE����QRY�����D���GRPLQDQW���VSHFLHV���ZLWKLQ���WKH��
KXPDQ���FRORQLF���PLFURELRWD����UHFODVVLILFDWLRQ���RI���(XEDFWHULXP���KDGUXP���0RRUH���HW���DO�����������
$QDHUREH���������������±���������������

����� 0DJQ~VGyWWLU����6�����HW���DO�����*HQHUDWLRQ���RI���JHQRPH�VFDOH���PHWDEROLF���UHFRQVWUXFWLRQV���IRU��������
PHPEHUV���RI���WKH���KXPDQ���JXW���PLFURELRWD�����1DW����%LRWHFKQRO���������������±��������������

����� 6DXOQLHU����'����0�����HW���DO�����*DVWURLQWHVWLQDO���PLFURELRPH���VLJQDWXUHV���RI���SHGLDWULF���SDWLHQWV���ZLWK��
LUULWDEOH���ERZHO���V\QGURPH�����*DVWURHQWHURORJ\�����������������±����������������

����� 0pJUDXG����)�����%pEpDU����&�����'DEHUQDW����+����	���'HOPDV����&����+DHPRSKLOXV���VSHFLHV���LQ���WKH���KXPDQ��
JDVWURLQWHVWLQDO���WUDFW�����(XU����-����&OLQ����0LFURELRO����,QIHFW����'LV���������������±���������������

����� %UDXQH����$����	���%ODXW����0����%DFWHULDO���VSHFLHV���LQYROYHG���LQ���WKH���FRQYHUVLRQ���RI���GLHWDU\���IODYRQRLGV���LQ��
WKH���KXPDQ���JXW�����*XW���0LFUREHV��������������±���������������

����� &KLRX����<��6�����HW���DO�����0HWDEROLF���DQG���FRORQLF���PLFURELRWD���WUDQVIRUPDWLRQ���PD\���HQKDQFH���WKH��
ELRDFWLYLWLHV���RI���GLHWDU\���SRO\SKHQROV�����-����)XQFW����)RRGV������������±��������������

����� 0DWWKLHV����&�����(YHUV����6�����/XGZLJ����:����	���6FKLQN����%����$QDHURYRUD[���RGRULPXWDQV���JHQ����QRY�����VS���
QRY�����D���SXWUHVFLQH�IHUPHQWLQJ����VWULFWO\���DQDHURELF���EDFWHULXP�����,QW����-����6\VW����(YRO����0LFURELRO����������
3W�������������±����������������

����� +RVNLQV����/����&�����HW���DO�����0XFLQ���GHJUDGDWLRQ���LQ���KXPDQ���FRORQ���HFRV\VWHPV����,VRODWLRQ���DQG��
SURSHUWLHV���RI���IHFDO���VWUDLQV���WKDW���GHJUDGH���$%+���EORRG���JURXS���DQWLJHQV���DQG���ROLJRVDFFKDULGHV��
IURP���PXFLQ���JO\FRSURWHLQV�����-����&OLQ����,QYHVW����������������±���������������

����� )O\QQ����-����0�����1LFFXP����'�����'XQLW]����-����0����	���+XQWHU����5����&����(YLGHQFH���DQG���5ROH���IRU���%DFWHULDO��
0XFLQ���'HJUDGDWLRQ���LQ���&\VWLF���)LEURVLV���$LUZD\���'LVHDVH�����3/R6���3DWKRJ�������������H�������������������

����� $KQ����-�����HW���DO�����+XPDQ���JXW���PLFURELRPH���DQG���ULVN���IRU���FRORUHFWDO���FDQFHU�����-����1DWO����&DQFHU���,QVW���
������������±����������������

����� $UXPXJDP����0�����HW���DO�����(QWHURW\SHV���RI���WKH���KXPDQ���JXW���PLFURELRPH�����1DWXUH����������������±�����
���������

����� /LX����6�����HW���DO�����$OWHUHG���JXW���PLFURELRWD���DQG���VKRUW���FKDLQ���IDWW\���DFLGV���LQ���&KLQHVH���FKLOGUHQ���ZLWK��
DXWLVP���VSHFWUXP���GLVRUGHU�����6FL����5HS���������������������������

����� %UDKH����/����.�����HW���DO�����6SHFLILF���JXW���PLFURELRWD���IHDWXUHV���DQG���PHWDEROLF���PDUNHUV���LQ��
SRVWPHQRSDXVDO���ZRPHQ���ZLWK���REHVLW\�����1XWU����'LDEHWHV�����������H���������������

����� /XQ����+�����HW���DO�����$OWHUHG���JXW���PLFURELRWD���DQG���PLFURELDO���ELRPDUNHUV���DVVRFLDWHG���ZLWK���FKURQLF��
NLGQH\���GLVHDVH�����0LFURELRORJ\RSHQ�����������H�����������������

����� *DUJDUL����*�����7DYHUQLWL����9����	���*DUGDQD����&����)HFDO���&ORVWULGLDOHV���GLVWULEXWLRQ���DQG���VKRUW FKDLQ��
IDWW\���DFLGV���UHIOHFW���ERZHO���KDELWV���LQ���LUULWDEOH���ERZHO���V\QGURPH�����(QYLURQPHQWDOLVW�������������

����� 6FKXOSLV����.����+�����HW���DO�����0DWHUQDO�QHRQDWDO���DPLQR���DFLG���EORRG���OHYHOV���LQ���UHODWLRQ���WR���WKH���PRGH���RI��
GHOLYHU\�����$FWD���2EVWHW����*\QHFRO����6FDQG���������������±��������������

����� 1HZODQ����/����	���*HUDJKW\����6����(IILFDF\���RI���RUDO���JOXFRVH���WROHUDQFH���WHVWLQJ���RI���SUHJQDQW���ZRPHQ��
SRVW���EDULDWULF���VXUJHU\�����%ULWLVK���-RXUQDO���RI���0LGZLIHU\���������������±���������������

����� /HZLV����6����-����	���+HDWRQ����.����:����6WRRO���IRUP���VFDOH���DV���D���XVHIXO���JXLGH���WR���LQWHVWLQDO���WUDQVLW���WLPH���
6FDQG����-����*DVWURHQWHURO����������������±���������������

����� :KLOH\����/�����HW���DO�����8OWUDKLJK�3HUIRUPDQFH���/LTXLG���&KURPDWRJUDSK\���7DQGHP���0DVV��

�����



�

6SHFWURPHWU\���ZLWK���(OHFWURVSUD\���,RQL]DWLRQ���4XDQWLILFDWLRQ���RI���7U\SWRSKDQ���0HWDEROLWHV���DQG��
0DUNHUV���RI���*XW���+HDOWK���LQ���6HUXP���DQG���3ODVPD�$SSOLFDWLRQ���WR���&OLQLFDO���DQG���(SLGHPLRORJ\��
&RKRUWV�����$QDO����&KHP�����������������±����������������

����� +ROPHV����(�����HW���DO�����'HWHFWLRQ���RI���XULQDU\���GUXJ���PHWDEROLWH����[HQRPHWDERORPH����VLJQDWXUHV���LQ��
PROHFXODU���HSLGHPLRORJ\���VWXGLHV���YLD���VWDWLVWLFDO���WRWDO���FRUUHODWLRQ����105����VSHFWURVFRS\�����$QDO���
&KHP�����������������±����������������

�

�����
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� �
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$SSHQGL[���$�������0HWDEROLWH���,GHQWLILFDWLRQ��
�

7DEOH��������0HWDEROLWH���LGHQWLILFDWLRQ���IRU���&KDSWHU�������
/IgkZ���ZIj<D]YQjI�� 
PIZQE<Y���hPQNjh���QGI[jQNQIG�� 
][NQgZIG���Ds��

Â�ZIjPsYPQhjQGQ[I�� È�ÁÇ���¥h¦����È�ÈÊ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
��

0sg]hQ[I�� Ä�ÁÇ���¥GG¦����Ä�ÃÁ���¥GG¦����Ä�ÊÅ���¥GG¦����Ç�Ê���¥G¦���
È�ÂÊ���¥G¦��� ��gIh����/0$
/9�/0$.!�����/-
����0$
/9��

��ơ�PsGg]rsDkjsg<jI��� Â�ÃÃ���¥G¦����Ã�ÄÈ���¥Z¦����Å�ÂÈ���¥Z¦�� ��gIh����/0$
/9�/0$.!�����/-
��


P]YQ[I�� Ä�ÃÂ���¥h¦�� ��gIh�����/-
��

1[X[]q[�Â�� Ä�Â���¥f¦����Ä�ÃÊ���¥j¦�� ��gIh����/0$
/9�/0$.!�����/-
����0$
/9��


gI<jQ[I�� Ä�ÁÅ���¥h¦����Ä�ÊÅ���¥h¦�� ��gIh����/0$
/9�/0$.!����0$
/9�����/-
��

�Ykj<ZQ[I�� Ã�ÂÄ���¥Z¦����Ã�ÅÆ���¥Z¦����Ä�ÈÇ���¥j¦�� ��gIh����/0$
/9�/0$.!����0$
/9�����/-
��

"��<EIjsY���OYsE]dg]jIQ[h�� Ã�ÁÅ���¥h¦�� /0$
/9�/0$.!������gIh�����/-
��

�EIj<jI�� Â�ÊÂ���¥h¦�� ��gIh����/0$
/9�/0$.!��

�Y<[Q[I�� Â�ÅÈ���¥G¦����Ä�ÈÉ���¥f¦�� ��gIh����/0$
/9�/0$.!����0$
/9�����/-
��

1[X[]q[�Ã�� Â�ÁÇ���¥G¦�� ��gIh��

6<YQ[I�� Á�ÊÉ���¥G¦����Â�ÁÄ���¥G¦����Ã�ÃÉ���¥Z¦����Ä�ÇÃ���¥G¦�� ��gIh����/0$
/9�/0$.!����0$
/9�����/-
��

�h]YIkEQ[I�� Á�ÊÄ���¥j¦����Â�ÁÁ���¥G¦�� ��gIh����/0$
/9�/0$.!�����/-
��

� � �

1gQ[I���ZIj<D]YQjI�� 
PIZQE<Y���hPQNjh���QGI[jQNQIG�� 
][NQgZIG���Ds��

�Qddkg<jI�� Ä�ÊÈ���¥G¦����È�ÆÇ���¥j¦����È�ÇÅ���¥j¦����È�ÉÅ���¥G¦�� ��gIh����/0$
/9�/0$.!�����/-
��

1[X[]q[�Ä�� Å�Ä���¥h¦����Å�ÇÊ���¥GG¦����È�ÇÉ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
���

$/9����0$
/9��

+PI[sY<EIjsYOYkj<ZQ[I�� Â�ÊÃ���¥Z¦����Ã�ÂÂ���¥Z¦����Ã�ÃÈ���¥Z¦���
Ä�ÇÈ���¥Z¦����Å�ÂÊ���¥Z¦����È�ÄÇ���¥j¦����È�ÅÄ���¥j¦�� ��gIh����/0$
/9�/0$.!�����/-
��


gI<jQ[Q[I�� Ä�ÁÆ���¥h¦����Å�ÁÇ���¥h¦�� ��gIh����/0$
/9�/0$.!����
$/9��

1[X[]q[�Å�� Ã�ÈÉ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
��

�QZIjPsY<ZQ[I�� Ã�ÈÃ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
��

�
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$r<Y]<EIj<jI�� Ã�ÄÉ���¥h¦�� ��gIh����/0$
/9�/0$.!��

"��<EIjsY���OYsE]dg]jIQ[h�� Ã�ÁÅ���¥h¦�� ��gIh�����/-
��

�Y<[Q[I�� Â�ÅÉ���¥G¦����Ä�ÈÊ���¥f¦�� ��gIh����/0$
/9�/0$.!�����/-
���

$/9����0$
/9��

Ã�PsGg]rsQh]Dkjsg<jI�� Â�ÄÇ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
��

Ä�PsGg]rsQh]p<YIg<jI�� Â�ÃÈ���¥h¦����Ã�ÄÈ���¥h¦�� ��gIh����/0$
/9�/0$.!�����/-
����0$
/9��

!IjPsYZ<Y][<jI�� Â�ÃÆ���¥G¦����Ä�ÂÈ���¥f¦�� ��gIh����/0$
/9�/0$.!�����/-
����
$/9��

Å�GI]rsjPgI][QE���<EQG���¥Å��0�¦�� Â�ÃÅ���¥G¦����Å�ÁÇ���¥Z¦�� ��gIh����/0$
/9�/0$.!�����/-
���

$/9����0$
/9��

Å�GI]rsIgsjPg][QE���<EQG���¥Å����¦�� Â�ÂÂ���¥G¦����Å�ÁÉ���¥G¦����Å�ÂÃ���¥Z¦�� ��gIh����/0$
/9�/0$.!�����/-
���

$/9����0$
/9��

6<YQ[I�� Á�ÊÊ���¥G¦����Â�ÁÆ���¥G¦����Ã�ÃÈ���¥Z¦����Ä�ÇÃ���¥G¦�� ��gIh����/0$
/9�/0$.!�����/-
���

$/9����0$
/9��

«hÜhQ[OYIj����GÜG]kDYIj����jÜjgQdYIj����ZÜZkYjQdYIj��
/0$
/9���/j<jQhjQE<Y���0]j<Y���
]ggIY<jQ][���/dIEjg]hE]ds����/0$.!���/kDhIj���$djQZQh<jQ][���Ds���.INIgI[EI���!<jEPQ[O�����/-
����IjIg]�[kEYI<g��
/Q[OYI���-k<[jkZ���
]PIgI[EI���¥Á����"!.¦����0$
/9���0]j<Y���
]ggIY<jQ][���/dIEjg]hE]ds����
$/9���
]ggIY<jQ][���/dIEjg]hE]ds��

�

�
)LJXUH� �����0DQQLWRO��LQ��VHUXP��2QH��H[DPSOH��RI��D��SDWLHQW��ZLWK��KLJK��FRQFHQWUDWLRQV��RI��PDQQLWRO��LQ��WKH�� � � � � � � � � � � � � � � � �
VHUXP���7KH��VHUXP��VDPSOH��IURP��SDWLHQW�����DW��WLPH��SRLQW�����ZDV��H[FOXGHG��IURP��IHDWXUH��VHOHFWLRQ��GXH��WR�� � � � � � � � � � � � � � � � � �
PDQQLWRO���7KH��RWKHU��VDPSOHV��IURP��SDWLHQW�����DUH��SORWWHG��IRU��FRPSDULVRQ��D�X���DUELWUDU\��XQLWV���SSP��SDUWV�� � � � � � � � � � � � � � � �
SHU���PLOOLRQ���

�
�

�����
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�
)LJXUH������3DUDFHWDPRO��PHWDEROLWHV��LQ��XULQH��2QH��H[DPSOH��RI�D��SDWLHQW��ZLWK��KLJK��FRQFHQWUDWLRQV��RI�� � � � � � � � � � � � � � �
SDUDFHWDPRO���DOVR��FDOOHG��DFHWDPLQRSKHQ���PHWDEROLWHV��LQ��WKH��XULQH���7KH��XULQH��VDPSOH��IURP��SDWLHQW������ � � � � � � � � � � � � �
DW� �WLPH� �SRLQW� ��� �ZDV� �H[FOXGHG� �IURP� �IHDWXUH� �VHOHFWLRQ� �GXH� �WR� �WKH� �SUHVHQFH� �RI� �SDUDFHWDPRO�� � � � � � � � � � � � � � �
PHWDEROLWHV��������7KH��RWKHU��VDPSOHV��IURP��SDWLHQW������DUH��SORWWHG��IRU��FRPSDULVRQ��D�X���DUELWUDU\��XQLWV���SSP�� � � � � � � � � � � � � � �
SDUWV���SHU���PLOOLRQ����$6���DFHWDPLQRSKHQ���VXOIDWH����$*���DFHWDPLQRSKHQ���JOXFXURQLGH���
�
�

�
)LJXUH������*OXFRVH��LQ��XULQH��2QH��H[DPSOH��RI�D��SDWLHQW��ZLWK��KLJK��FRQFHQWUDWLRQ��RI��JOXFRVH��LQ��WKH��XULQH��� � � � � � � � � � � � � � � � � �
7KH��XULQH��VDPSOH��IURP��SDWLHQW������DW��WLPH��SRLQW�����ZDV��H[FOXGHG��IURP��IHDWXUH��VHOHFWLRQ��GXH��WR��JOXFRVH��� � � � � � � � � � � � � � � � � �
7KH� �RWKHU� �VDPSOHV� �IURP� �SDWLHQW� ���� �DUH� �SORWWHG� �IRU� �FRPSDULVRQ��D�X�� �DUELWUDU\� �XQLWV�� �SSP� �SDUWV� �SHU�� � � � � � � � � � � � � � � �
PLOOLRQ���
�

�����
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�

7DEOH��������0HWDEROLWH���LGHQWLILFDWLRQ���IRU���&KDSWHU������
����������/IgkZ���ZIj<D]YQjI�� ���������
PIZQE<Y���hPQNjh���QGI[jQNQIG�� ���������
][NQgZIG���Ds��

 IkEQ[I�� Á�ÊÇ���¥ÃrG¦����Â�ÈÂ���¥Z¦����Ä�ÈÄ���¥j¦�� /0$
/9�/0$.!������gIh��

�h]YIkEQ[I�� Á�ÊÅ���¥j¦����Â�ÁÂ���¥G¦�� /0$
/9�/0$.!������gIh��

�h]Dkjsg<jI�� Â�ÁÊ���¥G¦�� /0$
/9�/0$.!������gIh�����/-
��

"� <EIjsY���OYsE]dg]jIQ[h��� Ã�ÁÆ���¥h¦�� /0$
/9�/0$.!������gIh�����/-
��

�Ykj<ZQ[I�� Ã�ÂÅ���¥Z¦����Ã�ÅÇ���¥Z¦����Ä�ÈÈ���¥j¦��� /0$
/9�/0$.!������gIh�����/-
��

��ơ�PsGg]rsDkjsg<jI��� Â�ÃÃ���¥G¦����Ã�ÄÈ���¥Z¦����Å�ÂÈ���¥Z¦�� /0$
/9�/0$.!������gIh��

� � �

1gQ[I���ZIj<D]YQjI�� 
PIZQE<Y���hPQNjh���QGI[jQNQIG�� 
][NQgZIG���Ds��

6<YQ[I�� Á�ÊÊ���¥G¦����Â�ÁÅ���¥G¦�� /0$
/9�/0$.!������gIh��

Ơ�XIj]Qh]p<YIg<jI�� Â�ÂÂ���¥G¦�� /0$
/9�/0$.!������gIh��

!IjPsYZ<Y][<jI�� Â�ÃÅ���¥G¦�� /0$
/9�/0$.!������gIh��


gI<jQ[Q[I�� Ä�ÁÆ���¥h¦����Å�ÁÇ���¥h¦�� /0$
/9�/0$.!������gIh��

d��EgIhsY���hkYN<jI�� Ã�ÄÆ���¥h¦����È�ÃÂ���¥G¦����È�ÃÉ���¥G¦�� /0$
/9�/0$.!������gIh�����/-
��

d��PsGg]rsdPI[sY<EIj<jI�� Ä�ÅÆ���¥h¦����Ç�ÉÇ���¥G¦����È�ÂÈ���¥G¦�� /0$
/9�/0$.!������gIh�����/-
���
hdQXI���Q[��

+PI[sY<EIjsYOYkj<ZQ[I��
Â�ÊÃ���¥Z¦����Ã�ÂÂ���¥Z¦����Ã�ÃÈ���¥Z¦���

����Ä�ÇÈ���¥Z¦����Å�ÂÊ���¥Z¦����È�ÄÇ���¥j¦����
È�ÅÄ���¥j¦��

/0$
/9�/0$.!������gIh�����/-
��

1[X[]q[�� È�ÄÅ���¥G¦����È�ÅÉ���¥j¦�� /0$
/9�/0$.!������gIh�����/-
��

�[G]rsY���hkYN<jI�� È�Æ���¥G¦����È�È���¥G¦�� /0$
/9�/0$.!������gIh�����/-
���
hdQXI�Q[��

«hÜhQ[OYIj����GÜG]kDYIj����jÜjgQdYIj����ZÜZkYjQdYIj��
/0$
/9���/j<jQhjQE<Y���0]j<Y���
]ggIY<jQ][���/dIEjg]hE]ds����/0$.!���/kDhIj���$djQZQh<jQ][���Ds���.INIgI[EI���!<jEPQ[O�����/-
��
�IjIg]�[kEYI<g���/Q[OYI���-k<[jkZ���
]PIgI[EI���¥Á����"!.¦����0$
/9���0]j<Y���
]ggIY<jQ][���/dIEjg]hE]ds����
$/9���
]ggIY<jQ][��
/dIEjg]hE]ds��

�
�
�

�����
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�
)LJXUH������/HYHWLUDFHWDP��LQ��XULQH��&KLOGUHQ��WDNLQJ��WKH��HSLOHSV\��PHGLFDWLRQ��/HYHWLUDFHWDP��H[FUHWH�� � � � � � � � � � � �
KLJK��FRQFHQWUDWLRQV��RI��WKH��GUXJ��LQ��WKHLU��XULQH���7KH��DIIHFWHG��VDPSOHV��ZHUH��H[FOXGHG��IURP��VWDWLVWLFDO�� � � � � � � � � � � � � � �
DQDO\VHV�����D�X����DUELWUDU\���XQLWV����SSP���SDUWV���SHU���PLOOLRQ���
�
�

�
)LJXUH� ���� �3RO\HWK\OHQH� �JO\FRO� �LQ� �IDHFHV�� 6RPH� �IDHFDO� �VDPSOHV� �KDG� �KLJK� �FRQFHQWUDWLRQV� �RI�� � � � � � � � � � � � �
SRO\HWK\OHQH� �JO\FRO���7KLV��VLJQDO��GRPLQDWHV��WKH��VSHFWUXP���WKHUHIRUH��WKH��DIIHFWHG��VDPSOHV��PXVW��EH�� � � � � � � � � � � � �
H[FOXGHG���IURP���VWDWLVWLFDO���DQDO\VHV�����D�X����DUELWUDU\���XQLWV����SSP���SDUWV���SHU���PLOOLRQ���
�

�����
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�

)LJXUH� ���� �*O\FHURO� �LQ� �IDHFHV��6RPH��IDHFDO��VDPSOHV��KDG��KLJK��FRQFHQWUDWLRQV��RI��JO\FHURO���7KHVH�� � � � � � � � � � � � � �
VLJQDOV� �GRPLQDWH� �WKH� �VSHFWUXP�� �WKHUHIRUH��WKH��DIIHFWHG��VDPSOHV��PXVW��EH��H[FOXGHG��IURP��VWDWLVWLFDO�� � � � � � � � � � � � �
DQDO\VHV�����D�X����DUELWUDU\���XQLWV����SSP���SDUWV���SHU���PLOOLRQ���

�
� �

�����
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�

7DEOH��������0HWDEROLWH���LGHQWLILFDWLRQ���IRU���&KDSWHU������
�<IE<Y���ZIj<D]YQjI�� 
PIZQE<Y���hPQNjh���QGI[jQNQIG�� 
][NQgZIG���Ds��

0gsdj]dP<[�� È�ÃÂ���¥j¦����È�ÃÊ���¥j¦����È�ÄÄ���¥h¦����È�ÆÆ���¥G¦����È�ÈÅ���¥G¦�� /0$
/9�/0$.!������gIh��

1g<EQY�� Æ�ÉÂ���¥G¦����È�ÆÅ���¥G¦�� /0$
/9�/0$.!������gIh��

+PI[sY<Y<[Q[I�� Ä�ÂÄ���¥GG¦����Ä�ÃÉ���¥GG¦����Ä�ÄÈ���¥h¦����Å�ÁÂ���¥GG¦����È�ÄÄ��
¥Z¦����È�ÄÉ���¥Z¦����È�ÅÄ���¥Z¦�� /0$
/9�/0$.!������gIh��

0sg]hQ[I�� Ä�ÁÇ���¥GG¦����Ä�Ã���¥GG¦����Ä�ÊÅ���¥GG¦����Ç�ÊÂ���¥G¦����È�Ã���¥G¦�� /0$
/9�/0$.!������gIh��

�YsEQ[I�� Ä�ÆÈ���¥h¦�� /0$
/9�/0$.!������gIh��

 shQ[I�� Â�ÅÉ���¥Z¦����Â�ÈÃ���¥Z¦����Â�ÉÊ���¥Z¦����Ä�ÁÄ���¥j¦����Ä�ÈÈ���¥j¦�� /0$
/9�/0$.!������gIh��

�hd<gj<jI�� Ã�ÇÊ���¥GG¦����Ã�ÉÃ���¥GG¦����Ä�ÊÂ���¥GG¦�� /0$
/9�/0$.!������gIh��

!IjPQ][Q[I�� Ã�ÂÅ���¥h¦����Ã�ÇÆ���¥j¦����Ä�ÉÈ���¥GG¦�� /0$
/9�/0$.!������gIh��

�Y<[Q[I�� Â�ÅÈ���¥G¦����Ä�ÈÉ���¥f¦�� /0$
/9�/0$.!������gIh��

�Ykj<Z<jI�� Ã�ÁÅ���¥Z¦����Ã�ÂÃ���¥Z¦����Ã�ÄÇ���¥Z¦����Ä�ÈÅ���¥GG¦�� /0$
/9�/0$.!������gIh��

6<YQ[I�� Á�ÊÊ���¥G¦����Â�ÁÆ���¥G¦����Ã�ÃÉ���¥Z¦����Ä�ÇÃ���¥G¦�� /0$
/9�/0$.!������gIh��

 IkEQ[I�� Á�ÊÇ���¥ÃrG¦����Â�ÈÃ���¥Z¦����Ä�ÈÄ���¥j¦�� /0$
/9�/0$.!������gIh��

�h]YIkEQ[I�� Á�ÊÅ���¥j¦����Â�ÁÂ���¥G¦�� /0$
/9�/0$.!������gIh��

� � �

1gQ[I���ZIj<D]YQjI�� 
PIZQE<Y���hPQNjh���QGI[jQNQIG�� 
][NQgZIG���Ds��

d��EgIhsY���hkYN<jI�� Ã�ÄÆ���¥h¦����È�ÃÂ���¥G¦����È�ÃÉ���¥G¦�� /0$
/9�/0$.!������gIh��

+PI[sY<EIjsYOYkj<ZQ[I�� Â�ÊÃ���¥Z¦����Ã�ÂÂ���¥Z¦����Ã�ÃÈ���¥Z¦���
Ä�ÇÈ���¥Z¦����Å�ÂÊ���¥Z¦����È�ÄÇ���¥j¦����È�ÅÄ���¥j¦�� /0$
/9�/0$.!������gIh��

«hÜhQ[OYIj����GÜG]kDYIj����jÜjgQdYIj����ZÜZkYjQdYIj��
/0$
/9���/j<jQhjQE<Y���0]j<Y���
]ggIY<jQ][���/dIEjg]hE]ds����/0$.!���/kDhIj���$djQZQh<jQ][���Ds���.INIgI[EI���!<jEPQ[O��

�

�����



�

¶

$SSHQGL[���%�������$GGLWLRQDO���GDWD��

&KDSWHU������
�

�
)LJXUH����6����3ULQFLSDO��FRPSRQHQW��DQDO\VLV��RI��DOO��PDWHUQDO��VHUXP��VDPSOHV��3RLQWV��DUH��FRORXUHG��E\�� � � � � � � � � � � � � �
D�� �VWXG\� �JURXS� �DQG�E�� �WLPH� �SRLQW��3&� �SULQFLSDO� �FRPSRQHQW�� �1:� �QRUPDO��ZHLJKW���2:��RYHUZHLJKW���2%�� � � � � � � � � � � � � � � �
REHVH�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� �������� � � � � � � � � � � � � � �
ZHHNV���JHVWDWLRQ����7������������ZHHNV���JHVWDWLRQ����7����GHOLYHU\���
�
�
�

�
�

�
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�
)LJXUH����6����3ULQFLSDO��FRPSRQHQW��DQDO\VLV��RI��DOO��PDWHUQDO��XULQH��VDPSOHV��3RLQWV��DUH��FRORXUHG��E\�� � � � � � � � � � � � � �
D���VWXG\��JURXS��DQG��E���WLPH��SRLQW���0DQ\��XULQH��VDPSOHV��WDNHQ��DW��WKH��GHOLYHU\��WLPH��SRLQW���7����FRQWDLQHG�� � � � � � � � � � � � � � � � � �
GUXJ� �PHWDEROLWHV��3&� �SULQFLSDO��FRPSRQHQW���1:��QRUPDO��ZHLJKW���2:��RYHUZHLJKW���2%��REHVH���7���������� � � � � � � � � � � � � �
ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ���7��� � � � � � � � � � � � � � �
��������ZHHNV���JHVWDWLRQ����7����GHOLYHU\���

�
�

�
)LJXUH� ���6��� �/RDGLQJV� �IURP� �RUWKRJRQDO� �SDUWLDO� �OHDVW� �VTXDUHV� �UHJUHVVLRQ� �PRGHOV� �IRU� �VHUXP�� � � � � � � � � � � �
VDPSOHV��)RU� �HDFK� �WLPH� �SRLQW��D�� �7�� �������� �ZHHNV� �JHVWDWLRQ���E�� �7�� �������� �ZHHNV��JHVWDWLRQ���F���7��� � � � � � � � � � � � � � � � �
������� �ZHHNV� �JHVWDWLRQ���G�� �7�� �������� �ZHHNV��JHVWDWLRQ���DQG�H���7�����������ZHHNV��JHVWDWLRQ�����+��105�� � � � � � � � � � � � � � � �
VHUXP��GDWD��ZDV��UHJUHVVHG��DJDLQVW��PDWHUQDO��%0,��WR��VHOHFW��VSHFWUDO��IHDWXUHV��DVVRFLDWHG��ZLWK��%0,��GXULQJ�� � � � � � � � � � � � � � �
SUHJQDQF\���

�����
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�

�
)LJXUH� ���6��� �/RDGLQJV� �IURP� �RUWKRJRQDO� �SDUWLDO� �OHDVW� �VTXDUHV� �UHJUHVVLRQ� �PRGHOV� �IRU� �XULQH�� � � � � � � � � � � �
VDPSOHV��)RU� �HDFK� �WLPH� �SRLQW�� �D�� �7�� �������� �ZHHNV� �JHVWDWLRQ��� �E�� �7�� �������� �ZHHNV� �JHVWDWLRQ��� �F���7��� � � � � � � � � � � � � � � � �
������� �ZHHNV� �JHVWDWLRQ��� �G�� �7�� �������� �ZHHNV� �JHVWDWLRQ���DQG��H���7�����������ZHHNV��JHVWDWLRQ�����+��105�� � � � � � � � � � � � � � � �
XULQH��GDWD��ZDV��UHJUHVVHG��DJDLQVW��PDWHUQDO��%0,��WR��VHOHFW��VSHFWUDO��IHDWXUHV��DVVRFLDWHG��ZLWK��%0,��GXULQJ�� � � � � � � � � � � � � � �
SUHJQDQF\���
�
�

7DEOH� ���6�� �,QWHJUDWLYH� �DQDO\VLV� �RI� �PDWHUQDO� �PHWDEROLWHV� �DQG� �FOLQLFDO� �GDWD��� � � � � � � � � �
0XOWL�EORFN� ��HDFK� �EORFN� �LV� �D� �WLPH� �SRLQW�� �SDUWLDO� �OHDVW� �VTXDUHV� �UHJUHVVLRQ� �PRGHOV�� � � � � � � � � � � �
ZHUH� �FDOFXODWHG��IRU��VHUXP��DQG��XULQH��VHSDUDWHO\���&RUUHODWLRQV��EHWZHHQ��PHWDEROLWHV�� � � � � � � � � �
��;��� �DQG� �FOLQLFDO� �SDUDPHWHUV� ���<��� �IRU� �HDFK� �WLPH� �SRLQW� �ZHUH� �DSSUR[LPDWHG��EDVHG��RQ�� � � � � � � � � � � � �
PRGHO� �ORDGLQJV�� �6LJQLILFDQW� ���)'5� ������� �SHUPXWDWLRQ� �WHVW�� �FRUUHODWLRQV� �ZHUH�� � � � � � � � �
VXPPDULVHG���IRU���HDFK���PHWDEROLWH�FOLQLFDO���SDUDPHWHU���SDLU����

!Ij<D]YQjI�� �Q]NYkQG�� 
YQ[QE<Y���d<g<ZIjIg�� "kZDIg���]N���jQZI��
d]Q[jh«��

�QgIEjQ][���]N��
<hh]EQ<jQ][��

Â�ZIjPsYPQhjQGQ[I�� /IgkZ�� !<jIg[<Y����$!���.�� Å�� "IO<jQpI��

Â�ZIjPsYPQhjQGQ[I�� /IgkZ�� !<jIg[<Y���Q[hkYQ[�� Å�� "IO<jQpI��

�EIj<jI�� /IgkZ�� !<jIg[<Y����D�ÂE�� Å�� "IO<jQpI��

�Y<[Q[I�� /IgkZ�� !<jIg[<Y����$!���.�� Å�� "IO<jQpI��

�Y<[Q[I�� /IgkZ�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�Ykj<ZQ[I�� /IgkZ�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��

�Ykj<ZQ[I�� /IgkZ�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�YsE��� /IgkZ�� !<jIg[<Y����D�ÂE�� Å�� +]hQjQpI��

�����
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�YsE��� /IgkZ�� !<jIg[<Y���OYkE]hI�� Ã�� +]hQjQpI��

�YsE��� /IgkZ�� !<jIg[<Y����$!���.�� Æ�� +]hQjQpI��

�YsE��� /IgkZ�� !<jIg[<Y���Q[hkYQ[�� Æ�� +]hQjQpI��

0sg]hQ[I�� /IgkZ�� !<jIg[<Y����$!���.�� Ä�� "IO<jQpI��

0sg]hQ[I�� /IgkZ�� !<jIg[<Y���Q[hkYQ[�� Ä�� "IO<jQpI��

Ã�PsGg]rsQh]Dkjsg<jI�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Æ�� +]hQjQpI��

Ã�PsGg]rsQh]Dkjsg<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� +]hQjQpI��

Ã�PsGg]rsQh]Dkjsg<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� +]hQjQpI��

Ä�PsGg]rsQh]p<YIg<jI�� 1gQ[I�� �QgjP���qIQOPj�� Â�� "IO<jQpI��

Ä�PsGg]rsQh]p<YIg<jI�� 1gQ[I�� "I][<j<Y����$!���.�� Â�� "IO<jQpI��

Ä�PsGg]rsQh]p<YIg<jI�� 1gQ[I�� "I][<j<Y���Q[hkYQ[�� Â�� "IO<jQpI��

�EIj<jI�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Ã�� "IO<jQpI��

�EIj<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��

�EIj<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�EIj][I�� 1gQ[I�� !<jIg[<Y����$!���.�� Å�� "IO<jQpI��

�EIj][I�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Å�� "IO<jQpI��

�Y<[Q[I�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Ã�� "IO<jQpI��

�Y<[Q[I�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��

�Y<[Q[I�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�Y<[Q[I�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Ã�� "IO<jQpI��

�Y<[Q[I�� 1gQ[I�� "I][<j<Y���Q[hkYQ[�� Ã�� "IO<jQpI��

�Ij<Q[I�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Ä�� "IO<jQpI��

�Ij<Q[I�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��

�Ij<Q[I�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�Ij<Q[I�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Ä�� "IO<jQpI��


Qjg<jI�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Æ�� "IO<jQpI��


Qjg<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��


Qjg<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��


Qjg<jI�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Â�� "IO<jQpI��


Qjg<jI�� 1gQ[I�� "I][<j<Y���Q[hkYQ[�� Â�� "IO<jQpI��


gI<jQ[Q[I�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� +]hQjQpI��


gI<jQ[Q[I�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� +]hQjQpI��

�QZIjPsY<ZQ[I�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Â�� +]hQjQpI��

�����
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�QZIjPsY<ZQ[I�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� +]hQjQpI��

�QZIjPsY<ZQ[I�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� +]hQjQpI��

�]gZ<jI�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Ä�� "IO<jQpI��

�]gZ<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� "IO<jQpI��

�]gZ<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� "IO<jQpI��

�]gZ<jI�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Â�� "IO<jQpI��

�k<[QGQ[]<EIj<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Å�� "IO<jQpI��

�k<[QGQ[]<EIj<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Ä�� "IO<jQpI��

!IjPsYZ<Y][<jI�� 1gQ[I�� �QgjP���qIQOPj�� Å�� "IO<jQpI��

!IjPsYZ<Y][<jI�� 1gQ[I�� �QgjP���qIQOPj���dIgEI[jQYI�� Ä�� "IO<jQpI��

!IjPsYZ<Y][<jI�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Â�� "IO<jQpI��

!IjPsYZ<Y][<jI�� 1gQ[I�� "I][<j<Y����$!���.�� Å�� "IO<jQpI��

!IjPsYZ<Y][<jI�� 1gQ[I�� "I][<j<Y���Q[hkYQ[�� Ä�� "IO<jQpI��

$r<Y]<EIj<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Â�� "IO<jQpI��

$r<Y]<EIj<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Â�� "IO<jQpI��

$r<Y]<EIj<jI�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Â�� "IO<jQpI��

$r<Y]<EIj<jI�� 1gQ[I�� "I][<j<Y���Q[hkYQ[�� Â�� "IO<jQpI��

+���� 1gQ[I�� !<jIg[<Y����$!���.�� Ã�� "IO<jQpI��

+���� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Ã�� "IO<jQpI��

/kEEQ[<jI�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Â�� "IO<jQpI��

/kEEQ[<jI�� 1gQ[I�� !<jIg[<Y����$!���.�� Å�� "IO<jQpI��

/kEEQ[<jI�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Å�� "IO<jQpI��

/kEEQ[<jI�� 1gQ[I�� "I][<j<Y���N<j���Z<hh�� Â�� "IO<jQpI��

1[X[]q[�Ä�� 1gQ[I�� !<jIg[<Y���OYkE]hI�� Ä�� +]hQjQpI��

1[X[]q[�Ä�� 1gQ[I�� !<jIg[<Y����$!���.�� Æ�� +]hQjQpI��

1[X[]q[�Ä�� 1gQ[I�� !<jIg[<Y���Q[hkYQ[�� Æ�� +]hQjQpI��

«[kZDIg���]N���jQZI���d]Q[jh���Q[���qPQEP���jPI���E]ggIY<jQ][���q<h���hQO[QNQE<[j���¥��.���Ý¿�¿Ä¦��
+�����dPI[sY<EIjsYOYkj<ZQ[I�����YsE����"�<EIjsYOYsE]dg]jIQ[h�����$!���.���P]ZI]hj<jQE���Z]GIY���<hhIhhZI[j���N]g���Q[hkYQ[��

gIhQhj<[EI�����D�ÀE���OYsE<jIG���P<IZ]OY]DQ[��

�
�
�
�
�
�
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¶7DEOH� ���6�� �,QWHJUDWLYH� �DQDO\VLV� �RI� �XPELOLFDO� �FRUG� �PHWDEROLWHV� �DQG� �QHRQDWDO� �FOLQLFDO�� � � � � � � � � � �
GDWD��&RUUHODWLRQV� �ZHUH� �DSSUR[LPDWHG� �IURP� �ORDGLQJV� �RI��D��SDUWLDO��OHDVW��VTXDUHV��UHJUHVVLRQ�� � � � � � � � � � � �
PRGHO� ���;��� �PHWDEROLWH�� <��� �FOLQLFDO� �SDUDPHWHU�� �DQG� 3� YDOXHV� �ZHUH� �FDOFXODWHG� �IURP�� � � � � � � � � � � �
SHUPXWDWLRQ���WHVWLQJ���

!Ij<D]YQjI�� 
YQ[QE<Y���d<g<ZIjIg�� 
]ggIY<jQ][�� +�� ��.��

�EIj<jI�� �QgjP���qIQOPj���dIgEI[jQYI�� Á�ÃÊÂ�� Ä�ÁÁ��ÁÄ�� È�ÊÊ��ÁÄ��

�Y<[Q[I�� �QgjP���qIQOPj���dIgEI[jQYI�� Á�ÃÇÂ�� Á�ÁÂÉ�� Á�ÁÂÉ��

Â�ZIjPsYPQhjQGQ[I�� �QgjP���qIQOPj���dIgEI[jQYI�� Á�ÃÇÈ�� Æ�ÊÊ��ÁÄ�� Á�ÁÂÂ��

6<YQ[I�� �QgjP���qIQOPj���dIgEI[jQYI�� Á�ÄÂÂ�� Æ�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�Ykj<ZQ[I�� "I][<j<Y���Q[hkYQ[�� Á�ÃÈÂ�� È�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�EIj<jI�� "I][<j<Y���Q[hkYQ[�� Á�ÄÁÃ�� È�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�Y<[Q[I�� "I][<j<Y���Q[hkYQ[�� Á�ÅÅÂ�� Ê�ÊÊ��ÁÅ�� Æ�ÄÄ��ÁÄ��

Â�ZIjPsYPQhjQGQ[I�� "I][<j<Y���Q[hkYQ[�� Á�ÄÂÁ�� Ã�ÁÁ��ÁÄ�� È�ÊÊ��ÁÄ��

6<YQ[I�� "I][<j<Y���Q[hkYQ[�� Á�ÄÂÉ�� Ç�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�EIj<jI�� "I][<j<Y���OYkE]hI�� �Á�ÃÈÅ�� Æ�ÊÊ��ÁÄ�� Á�ÁÂÂ��

0sg]hQ[I�� "I][<j<Y���OYkE]hI�� �Á�ÃÇÂ�� Ê�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�h]YIkEQ[I�� "I][<j<Y���OYkE]hI�� �Á�ÄÂÆ�� Ä�ÁÁ��ÁÄ�� È�ÊÊ��ÁÄ��

 <Ej<jI�� "I][<j<Y���OYkE]hI�� Á�ÃÇÅ�� Á�ÁÂÆ�� Á�ÁÂÇ��

+sgkp<jI�� "I][<j<Y���OYkE]hI�� Á�ÄÉÉ�� Ê�ÊÊ��ÁÅ�� Æ�ÄÄ��ÁÄ��

6<YQ[I�� "I][<j<Y���OYkE]hI�� �Á�ÄÁÇ�� Ê�ÊÊ��ÁÄ�� Á�ÁÂÂ��

�Y<[Q[I�� "I][<j<Y����$!���.�� Á�ÅÊÆ�� Ê�ÊÊ��ÁÅ�� Æ�ÄÄ��ÁÄ��

�$!���.���P]ZI]hj<jQE���Z]GIY���<hhIhhZI[j���N]g���Q[hkYQ[���gIhQhj<[EI��

�

� �

�����
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¶

&KDSWHU������
�

�
)LJXUH� ���6��� �0DWHUQDO� �LQVXOLQ� �UHVLVWDQFH� �PLG�SUHJQDQF\�� �D�� �,QVXOLQ� �UHVLVWDQFH��� � � � � � � � �
PHDVXUHG� �XVLQJ� �WKH� �KRPHRVWDWLF� �PRGHO� �DVVHVVPHQW� �IRU� �LQVXOLQ� �UHVLVWDQFH� ��+20$�,5���� � � � � � � � � �
ZDV� �HOHYDWHG� �LQ� �ZRPHQ� �ZLWKRXW� �EDULDWULF� �VXUJHU\� ��1%6�� �FRPSDUHG� �WR� �WKRVH� �ZLWK� �D�� � � � � � � � � � � � �
SUHYLRXV� �UHVWULFWLYH� ��5(6�� �RU� �PDODEVRUSWLYH� ��0$/�� �VXUJHU\� �LQ� �VSLWH� �RI� �WKH� �VLPLODULWLHV��LQ�� � � � � � � � � � � � �
PDWHUQDO� �%0,�� E�� �:RPHQ� �ZLWK� �D� �SUHYLRXV� �0$/� �VXUJHU\� �PDLQWDLQHG� �LQVXOLQ� �VHQVLWLYLW\�� � � � � � � � � � � �
FRPSDUDEOH� �WR� �QRUPDO� �ZHLJKW� ��1:�� �ZRPHQ�� 2:� �RYHUZHLJKW�� �2%� �REHVH�� �QV� �QRW�� � � � � � � � � � � �
VLJQLILFDQW����
3���������



3�����������
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�
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¶

¶

�
)LJXUH����6����%LUWK��ZHLJKW��SHUFHQWLOHV���D��:RPHQ��ZLWKRXW��EDULDWULF��VXUJHU\���1%6���JDYH�� � � � � � � � � � � �
ELUWK��WR��ODUJHU��EDELHV��WKDQ��WKRVH��ZLWK��UHVWULFWLYH���5(6���RU��PDODEVRUSWLYH���0$/���VXUJHU\��LQ�� � � � � � � � � � � � � �
VSLWH� �RI� �VLPLODULWLHV� �LQ� �PDWHUQDO� �%0,�� E�� �%DELHV� �ERUQ� �IURP� �EDULDWULF� �PRWKHUV� �KDG� �ELUWK�� � � � � � � � � � � � � �
ZHLJKWV� �FRPSDUDEOH� �ZLWK� �WKRVH��ERUQ��IURP��QRUPDO��ZHLJKW���1:���ZRPHQ��2:��RYHUZHLJKW��� � � � � � � � � � � �
2%���REHVH����QV���QRW���VLJQLILFDQW����
3���������

3��������
�
�

�
)LJXUH����6����)HWDO��JURZWK��RYHU��JHVWDWLRQ���D���(VWLPDWHG��IHWDO��ZHLJKW��RU��ELUWK��ZHLJKW��LV��SORWWHG��E\��ZHHN�� � � � � � � � � � � � � � � � �
RI� �JHVWDWLRQ� �IRU� �ZRPHQ� �ZLWK� �QR� ��1%6��� �UHVWULFWLYH� ��5(6�� �RU� �PDODEVRUSWLYH� ��0$/���EDULDWULF��VXUJHU\��E��� � � � � � � � � � � � � � �
&RPSDULVRQ� �RI� �JURZWK� �WUDMHFWRULHV� �EHWZHHQ� �EDULDWULF� �DQG� �QRUPDO� �ZHLJKW� ��1:�� �SDWLHQWV�� �&XUYHV�� � � � � � � � � � � �
UHSUHVHQW���ORFDO���SRO\QRPLDO���UHJUHVVLRQV���
�
�

�����
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¶

¶

�
)LJXUH����6����3ULQFLSDO��FRPSRQHQW��DQDO\VLV��RI��DOO��PDWHUQDO��VHUXP��VDPSOHV��3RLQWV��DUH��FRORXUHG��E\�� � � � � � � � � � � � � �
D���VWXG\��JURXS��DQG�E���WLPH��SRLQW��3&��SULQFLSDO��FRPSRQHQW���1%6��QR��EDULDWULF��VXUJHU\���5(6��UHVWULFWLYH��� � � � � � � � � � � � � � � �
0$/��PDODEVRUSWLYH���7����������ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ��� � � � � � � � � � � � � �
7������������ZHHNV���JHVWDWLRQ����7������������ZHHNV���JHVWDWLRQ����7����GHOLYHU\���
�
�

�

�
)LJXUH����6����3ULQFLSDO��FRPSRQHQW��DQDO\VLV��RI��DOO��PDWHUQDO��XULQH��VDPSOHV��3RLQWV��DUH��FRORXUHG��E\�� � � � � � � � � � � � � �
D�� �VWXG\� �JURXS� �DQG� E�� �WLPH� �SRLQW�� �0DQ\� �XULQH� �VDPSOHV� �FROOHFWHG� �DW� �WKH� �GHOLYHU\� �WLPH� �SRLQW� ��7���� � � � � � � � � � � � � � � � �
FRQWDLQHG� �GUXJ��PHWDEROLWHV��3&��SULQFLSDO��FRPSRQHQW���1%6��QR��EDULDWULF��VXUJHU\���5(6��UHVWULFWLYH���0$/�� � � � � � � � � � � � �
PDODEVRUSWLYH�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� ������� �ZHHNV��JHVWDWLRQ���7����������ZHHNV��JHVWDWLRQ���7��� � � � � � � � � � � � � �
��������ZHHNV���JHVWDWLRQ����7������������ZHHNV���JHVWDWLRQ����7����GHOLYHU\���
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�
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¶7DEOH�����6�����23/6�'$���PRGHO���VWDWLVWLFV��

0QZI���d]Q[j�� �Q]NYkQG�� /<ZdYIh�� $kjYQIgh��

�rEYkGIG�� 
Y<hh�� .�Ã�9�� -�Ã�� +����p<YkI��

ÂÂ�ÂÅ���qIIXh���¥0Â¦��

1gQ[I��

"�/���[���Þ���ÇÄ�� "�/���[���Þ���Ä�� "�/���ph���.�/�� Á�ÈÈÇ�� �Á�ÂÂÈ�� "/��

.�/���[���Þ���Ç�� .�/���[���Þ���Â�� .�/���ph���!� �� Á�ÊÄÆ�� �Á�ÁÃÆ�� "/��

!� ���[���Þ���ÂÇ�� !� ���[���Þ���Ã�� "�/���ph���!� �� Á�ÉÄÁ�� Á�ÂÆÊ�� Á�ÁÂÆÄÉÉ��

/IgkZ��

"�/���[���Þ���ÆÅ�� "�/���[���Þ���Á�� "�/���ph���.�/�� Á�ÉÂÈ�� �Á�ÃÈÅ�� "/��

.�/���[���Þ���Ç�� .�/���[���Þ���Á�� .�/���ph���!� �� Á�ÊÃÊ�� �Á�ÁÅÅ�� "/��

!� ���[���Þ���ÂÃ�� !� ���[���Þ���Á�� "�/���ph���!� �� Á�ÈÅÊ�� �Á�ÂÆÇ�� "/��

ÃÁ�ÃÅ���qIIXh���¥0Ã¦��

1gQ[I��

"�/���[���Þ���ÇÂ�� "�/���[���Þ���Â�� "�/���ph���.�/�� Á�ÉÂÁ�� Á�ÁÊÅ�� "/��

.�/���[���Þ���ÂÂ�� .�/���[���Þ���Â�� .�/���ph���!� �� Á�ÊÅÂ�� Á�ÃÊÈ�� "/��

!� ���[���Þ���ÂÇ�� !� ���[���Þ���Á�� "�/���ph���!� �� Á�ÉÅÄ�� Á�ÄÃÅ�� Â�ÂÈ��ÁÆ��

/IgkZ��

"�/���[���Þ���ÅÈ�� "�/���[���Þ���Á�� "�/���ph���.�/�� Á�ÉÄÁ�� �Á�ÁÇÈ�� "/��

.�/���[���Þ���ÂÁ�� .�/���[���Þ���Á�� .�/���ph���!� �� Á�ÊÁÁ�� Á�ÁÆÇ�� "/��

!� ���[���Þ���ÂÆ�� !� ���[���Þ���Á�� "�/���ph���!� �� Á�ÉÃÆ�� Á�ÂÂÅ�� "/��

ÃÉ�ÄÁ���qIIXh���¥0Ä¦��

1gQ[I��

"�/���[���Þ���ÆÉ�� "�/���[���Þ���Á�� "�/���ph���.�/�� Á�ÉÃÇ�� Á�ÁÅÇ�� "/��
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�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÇ�� Æ�ÂÆ��ÁÇ�� Å�ÁÂ��ÁÅ�� �Á�ÄÃ�� Ä�ÃÈ��ÁÄ�� É�ÈÊ��ÁÄ��

+
/���0Ã�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÄÆ�� È�ÇÂ��ÁÅ�� È�ÊÇ��ÁÄ�� �Á�ÃÄ�� Ä�ÄÆ��ÁÃ�� Ä�ÊÉ��ÁÃ��

�YI���0Ã�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� Á�Å�� Æ�ÂÊ��ÁÅ�� È�ÃÈ��ÁÄ�� Á�ÄÉ�� Â�ÂÊ��ÁÄ�� Ç�ÇÅ��ÁÄ��

 Ik���0Ã�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� Á�ÄÉ�� Â�ÂÇ��ÁÄ�� Ê�ÈÅ��ÁÄ�� Á�ÄÈ�� Â�ÉÅ��ÁÄ�� É�ÇÆ��ÁÄ��

+�����0Ä�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÇ�� Â�ÁÅ��ÁÆ�� Å�ÄÇ��ÁÅ�� �Á�ÄÄ�� Ã�ÇÊ��ÁÄ�� É�ÇÆ��ÁÄ��

+
/���0Ä�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÃ�� Æ�ÆÄ��ÁÆ�� Â�ÆÆ��ÁÄ�� �Á�ÄÄ�� Ã�ÆÃ��ÁÄ�� É�ÇÆ��ÁÄ��

+�����0Å�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�Å�� Ã�ÁÈ��ÁÅ�� Ä�ÅÉ��ÁÄ�� �Á�ÄÇ�� Â�ÁÂ��ÁÄ�� Ç�ÇÅ��ÁÄ��
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+
/���0Å�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�Å�� Â�ÈÇ��ÁÅ�� Ä�ÃÉ��ÁÄ�� �Á�ÄÊ�� Å�ÂÅ��ÁÅ�� Å�ÇÇ��ÁÄ��

+�����0Æ�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÉ�� Ç�ÉÆ��ÁÇ�� Å�ÁÂ��ÁÅ�� �Á�ÄÊ�� Å�ÊÂ��ÁÅ�� Å�ÇÇ��ÁÄ��

+
/���0Æ�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÂ�� Ã�ÄÂ��ÁÅ�� Ä�ÆÄ��ÁÄ�� �Á�ÄÁ�� É�ÆÉ��ÁÄ�� Â�ÈÃ��ÁÃ��

�/���0Æ�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÅÂ�� Â�ÈÆ��ÁÅ�� Ä�ÃÉ��ÁÄ�� �Á�ÄÇ�� Â�ÃÃ��ÁÄ�� Ç�ÇÅ��ÁÄ��

 Ik���0Æ�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� Á�ÄÇ�� Å�ÅÅ��ÁÄ�� Ã�ÄÆ��ÁÃ�� Á�ÄÅ�� È�ÇÂ��ÁÄ�� Â�ÇÂ��ÁÃ��

+
/���0Ç�� �<hjQ[O���!<jIg[<Y��
�[hkYQ[���¥ZQEg]1�ZY¦�� �Á�ÄÃ�� È�ÂÊ��ÁÄ�� Ä�ÆÆ��ÁÃ�� �Á�ÃÃ�� È�ÉÂ��ÁÃ�� É�ÃÆ��ÁÃ��

+�����0Â�� !<jIg[<Y����$!���.�� �Á�ÄÆ�� Â�ÅÉ��ÁÄ�� Â�ÁÈ��ÁÃ�� �Á�ÃÆ�� Ã�ÈÁ��ÁÃ�� Ä�ÄÂ��ÁÃ��

+
/���0Â�� !<jIg[<Y����$!���.�� �Á�ÄÆ�� Â�ÇÂ��ÁÄ�� Â�ÁÉ��ÁÃ�� �Á�ÃÈ�� Â�ÇÅ��ÁÃ�� Ã�ÄÁ��ÁÃ��

�/���0Â�� !<jIg[<Y����$!���.�� �Á�ÃÊ�� É�ÃÃ��ÁÄ�� Ä�ÊÅ��ÁÃ�� �Á�ÃÈ�� Â�ÅÊ��ÁÃ�� Ã�ÃÇ��ÁÃ��

+�����0Ã�� !<jIg[<Y����$!���.�� �Á�ÅÇ�� È�ÂÈ��ÁÇ�� Å�ÁÂ��ÁÅ�� �Á�ÄÃ�� Ä�ÅÈ��ÁÄ�� É�ÈÊ��ÁÄ��

+
/���0Ã�� !<jIg[<Y����$!���.�� �Á�ÄÄ�� Â�ÆÄ��ÁÄ�� Â�ÁÈ��ÁÃ�� �Á�ÃÁ�� Ç�ÈÁ��ÁÃ�� È�ÅÉ��ÁÃ��

�YI���0Ã�� !<jIg[<Y����$!���.�� Á�ÄÉ�� É�ÉÈ��ÁÅ�� É�ÃÉ��ÁÄ�� Á�ÄÆ�� Ã�ÇÂ��ÁÄ�� É�ÇÆ��ÁÄ��

 Ik���0Ã�� !<jIg[<Y����$!���.�� Á�ÄÄ�� Å�ÂÉ��ÁÄ�� Ã�ÄÅ��ÁÃ�� Á�ÄÂ�� Ê�ÊÅ��ÁÄ�� Â�ÉÂ��ÁÃ��

+�����0Ä�� !<jIg[<Y����$!���.�� �Á�ÅÂ�� Ê�ÉÁ��ÁÆ�� Ã�ÄÆ��ÁÄ�� �Á�ÃÇ�� Â�ÉÂ��ÁÃ�� Ã�ÅÇ��ÁÃ��

+
/���0Ä�� !<jIg[<Y����$!���.�� �Á�ÄÆ�� É�ÁÆ��ÁÅ�� È�ÊÇ��ÁÄ�� �Á�ÃÄ�� Ä�ÅÇ��ÁÃ�� Ä�ÊÊ��ÁÃ��

�YI���0Ä�� !<jIg[<Y����$!���.�� Á�Ä�� Ê�ÊÂ��ÁÄ�� Å�ÆÁ��ÁÃ�� Á�ÃÁ�� Ê�ÈÆ��ÁÃ�� Â�ÁÁ��ÁÂ��

+�����0Å�� !<jIg[<Y����$!���.�� �Á�ÄÈ�� Ç�ÉÅ��ÁÅ�� È�ÇÇ��ÁÄ�� �Á�ÄÃ�� Ä�ÅÁ��ÁÄ�� É�ÈÊ��ÁÄ��

+
/���0Å�� !<jIg[<Y����$!���.�� �Á�ÄÆ�� Â�ÅÉ��ÁÄ�� Â�ÁÈ��ÁÃ�� �Á�ÄÂ�� Å�ÈÁ��ÁÄ�� Â�ÂÃ��ÁÃ��

+�����0Æ�� !<jIg[<Y����$!���.�� �Á�ÅÅ�� Æ�ÂÊ��ÁÆ�� Â�ÆÆ��ÁÄ�� �Á�ÄÅ�� Ã�ÈÄ��ÁÄ�� É�ÇÆ��ÁÄ��

+
/���0Æ�� !<jIg[<Y����$!���.�� �Á�ÄÄ�� Ã�ÊÉ��ÁÄ�� Â�ÉÇ��ÁÃ�� �Á�ÃÂ�� È�ÁÂ��ÁÃ�� È�ÇÂ��ÁÃ��

�/���0Æ�� !<jIg[<Y����$!���.�� �Á�ÄÇ�� Â�ÄÉ��ÁÄ�� Â�ÁÈ��ÁÃ�� �Á�ÃÊ�� Â�ÁÆ��ÁÃ�� Â�ÉÂ��ÁÃ��

 Ik���0Æ�� !<jIg[<Y����$!���.�� Á�ÄÃ�� Â�ÁÉ��ÁÃ�� Å�ÈÊ��ÁÃ�� Á�ÃÊ�� Ã�ÅÊ��ÁÃ�� Ä�ÃÇ��ÁÃ��
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¶

+�����0Ã�� ��7���0Ã�� �Á�ÄÂ�� Ä�ÃÂ��ÁÄ�� Â�ÊÃ��ÁÃ�� �Á�ÃÇ�� Â�ÆÉ��ÁÃ�� Ã�ÄÁ��ÁÃ��

+
/���0Ã�� ��7���0Ã�� �Á�ÃÊ�� Ç�ÆÈ��ÁÄ�� Ä�ÄÅ��ÁÃ�� �Á�ÃÉ�� Â�ÁÂ��ÁÃ�� Â�ÉÂ��ÁÃ��

�YI���0Ã�� ��7���0Ã�� Á�Ä�� Ê�ÅÊ��ÁÄ�� Å�ÅÄ��ÁÃ�� Á�ÃÁ�� Â�ÁÂ��ÁÂ�� Â�ÁÂ��ÁÂ��

�/���0Æ�� ��7���0Æ�� �Á�ÄÃ�� Å�ÁÃ��ÁÄ�� Ã�ÄÄ��ÁÃ�� �Á�ÃÇ�� Ã�ÇÉ��ÁÃ�� Ä�ÄÂ��ÁÃ��

+�����0Ç�� �QgjP���qIQOPj�� �Á�ÄÇ�� Ã�ÈÁ��ÁÄ�� Â�ÈÅ��ÁÃ�� �Á�ÅÇ�� Â�ÊÆ��ÁÅ�� Ä�ÈÂ��ÁÄ��

�/���0Ç�� �QgjP���qIQOPj�� �Á�Å�� Æ�ÉÉ��ÁÅ�� È�ÆÂ��ÁÄ�� �Á�ÅÊ�� Æ�ÃÃ��ÁÆ�� Â�ÊÉ��ÁÄ��
+�����dPI[sY<EIjsYOYkj<ZQ[I����+
/���d�EgIh]Y���hkYN<jI�����/���Q[G]rsY���hkYN<jI�����YI���Qh]YIkEQ[I���� Ik���YIkEQ[I�����$!���.����]ZI]hj<jQE���!]GIY����hhIhhZI[j���]N��
�[hkYQ[���.IhQhj<[EI������7���IhjQZ<jIG���NIj<Y���qIQOPj����0À���ÀÀ�ÀÃ���qIIXh���OIhj<jQ][����0Á���Á¿�ÁÃ���qIIXh���OIhj<jQ][����0Â���ÁÇ�Â¿���qIIXh���OIhj<jQ][����0Ã���Â¿�ÂÂ���qIIXh��
OIhj<jQ][����0Ä���ÂÄ�ÂÆ���qIIXh���OIhj<jQ][����0Å���GIYQpIgs��

�

�
)LJXUH����6����3URWHLQ��IHUPHQWDWLRQ��PHWDEROLWHV��DUH��QRW��UHODWHG��WR��SHUFHQWDJH��RI��ZHLJKW��ORVW��RU��WLPH�� � � � � � � � � � � � � � �
VLQFH� �VXUJHU\��&RUUHODWLRQ� �FRHIILFLHQWV� �UHSRUWHG� �DUH� �6SHDUPDQ���5HODWLYH��FRQFHQWUDWLRQV��DUH��UHSRUWHG��LQ�� � � � � � � � � � � �
DUELWUDU\��XQLWV���D�X����3$*��SKHQ\ODFHW\OJOXWDPLQH���3&6��S�FUHV\O��VXOIDWH���,6��LQGR[\O��VXOIDWH���7����������ZHHNV�� � � � � � � � � � � � � �
JHVWDWLRQ�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� ������� �ZHHNV� �JHVWDWLRQ�� �7�� �������� � � � � � � � � � � � � � �
ZHHNV���JHVWDWLRQ����7����GHOLYHU\��

� �

�����
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&KDSWHU������
7DEOH� ���6�� $VVRFLDWLRQV� �EHWZHHQ� �PHWDEROLWHV� �DQG� �IDHFDO� �JHQHUD� �LQ� �$6'�� &RUUHODWLRQV� �ZHUH�� � � � � � � � � � � �
DSSUR[LPDWHG��IURP��WKH��ORDGLQJV��RI��D��SDUWLDO��OHDVW��VTXDUHV��UHJUHVVLRQ��PRGHO����;����JHQHUD��<����PHWDEROLWHV���3�� � � � � � � � � � � � � � � �
YDOXHV� �ZHUH� �FDOFXODWHG� �E\� �SHUPXWDWLRQ� �WHVWLQJ�� �,QVLJQLILFDQW� �FRUUHODWLRQV� ���3���������DUH��RPLWWHG��IURP��WKH�� � � � � � � � � � � � � �
WDEOH���$OO��PHWDEROLWHV��ZHUH��PHDVXUHG��LQ��IDHFDO��VDPSOHV��H[FHSW��SKHQ\ODFHW\OJOXWDPLQH���3$*���DQG�S��FUHV\O�� � � � � � � � � � � � �
VXOIDWH����3&6�����ZKLFK���ZHUH���PHDVXUHG���LQ���XULQH���VDPSOHV���

$gGIg�� �<ZQYs�� �I[kh�� !Ij<D]YQjI�� 
]ggIY<jQ][�� ��.��

�EjQ[]ZsEIj<YIh�� !QEg]E]EE<EI<I�� .]jPQ<�� <Y<[Q[I�� �Á�ÂÂÆ�� Á�ÁÇÉ��

�EjQ[]ZsEIj<YIh�� !QEg]E]EE<EI<I�� .]jPQ<�� OYkj<Z<jI�� �Á�ÂÉÈ�� Æ�ÆÁ��ÁÄ��

�EjQ[]ZsEIj<YIh�� !QEg]E]EE<EI<I�� .]jPQ<�� kg<EQY�� �Á�ÄÁÂ�� Â�ÊÈ��ÁÄ��

�<EQYY<YIh�� �<EQYY<YIh����[EIgj<I���/IGQh���8��� �IZIYY<�� <Y<[Q[I�� �Á�ÂÂÁ�� Á�ÁÆÈ��

�<EQYY<YIh�� �<EQYY<YIh����[EIgj<I���/IGQh���8��� �IZIYY<�� OYkj<Z<jI�� �Á�ÂÇÃ�� Á�ÁÂÅ��

�<EQYY<YIh�� �<EQYY<YIh����[EIgj<I���/IGQh���8��� �IZIYY<�� kg<EQY�� �Á�ÃÅÇ�� Â�ÊÈ��ÁÄ��

�<EQYY<YIh�� /j<dPsY]E]EE<EI<I�� /j<dPsY]E]EEkh�� kg<EQY�� �Á�ÂÇÅ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� �<EjIg]QG<EI<I�� �<EjIg]QGIh�� kg<EQY�� �Á�ÂÅÆ�� Á�ÁÃÆ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� <Y<[Q[I�� �Á�ÂÅÇ�� Å�ÄÁ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� OYkj<Z<jI�� �Á�ÂÃÊ�� Ä�ÄÄ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� OYsEQ[I�� �Á�ÂÃÅ�� Å�ÄÁ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� Qh]YIkEQ[I�� �Á�ÂÃÉ�� È�ÇÁ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� YIkEQ[I�� �Á�ÂÄÈ�� Å�ÄÁ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� ZIjPQ][Q[I�� �Á�ÂÁÉ�� É�ÉÃ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� jsg]hQ[I�� �Á�ÂÂÃ�� Ç�ÆÉ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� �kjsgQEQZ][<h�� p<YQ[I�� �Á�ÂÃÊ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� $G]gQD<EjIg�� <Y<[Q[I�� �Á�ÂÂÁ�� Á�ÁÃÄ��

�<EjIg]QG<YIh�� +]gdPsg]Z][<G<EI<I�� +]gdPsg]Z][<h�� kg<EQY�� �Á�ÂÇÅ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +<g<dgIp]jIYY<�� <Y<[Q[I�� �Á�ÂÂÂ�� Ç�ÆÉ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +<g<dgIp]jIYY<�� YIkEQ[I�� �Á�ÂÁÉ�� Ä�ÄÄ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� <Y<[Q[I�� �Á�ÃÅÇ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� <hd<gj<jI�� �Á�ÂÄÆ�� Ä�ÄÄ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� OYkj<Z<jI�� �Á�ÂÉÅ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� OYsEQ[I�� �Á�ÃÁÇ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� Qh]YIkEQ[I�� �Á�ÃÄÂ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� YIkEQ[I�� �Á�ÃÅÈ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� ZIjPQ][Q[I�� �Á�ÂÊÅ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� +���� �Á�ÂÄÂ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� +
/�� �Á�ÂÇÄ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� dPI[sY<Y<[Q[I�� �Á�ÃÂÃ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� jgsdj]dP<[�� �Á�ÂÅÅ�� Â�ÊÈ��ÁÄ��
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�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� jsg]hQ[I�� �Á�ÃÂÉ�� Â�ÊÈ��ÁÄ��

�<EjIg]QG<YIh�� +gIp]jIYY<EI<I�� +gIp]jIYY<�� p<YQ[I�� �Á�ÃÅÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
<j<D<EjIgQ<EI<I�� 
<j<D<EjIg�� dPI[sY<Y<[Q[I�� Á�ÂÁÆ�� Á�ÁÂÈ��


Y]hjgQGQ<YIh�� 
<j<D<EjIgQ<EI<I�� 
<j<D<EjIg�� kg<EQY�� �Á�ÂÃÆ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� Qh]YIkEQ[I�� Á�ÂÂÅ�� Á�ÁÃÆ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� YIkEQ[I�� Á�ÂÃÁ�� Á�ÁÂÇ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� dPI[sY<Y<[Q[I�� Á�ÂÅÃ�� Ê�ÊÅ��ÁÄ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� jgsdj]dP<[�� Á�ÂÃÁ�� Á�ÁÂÃ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� jsg]hQ[I�� Á�ÂÄÁ�� Á�ÁÂÆ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� kg<EQY�� �Á�ÂÂÂ�� Á�ÁÃÈ��


Y]hjgQGQ<YIh�� 
PgQhjI[hI[IYY<EI<I�� 
PgQhjI[hI[IYY<�� p<YQ[I�� Á�ÂÄÃ�� Á�ÁÂÆ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<EI<I���À�� 
Y]hjgQGQkZ���hI[hk���hjgQEj]�� OYkj<Z<jI�� �Á�ÂÄÈ�� Á�ÁÃÅ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<EI<I���À�� 
Y]hjgQGQkZ���hI[hk���hjgQEj]�� kg<EQY�� �Á�ÃÅÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� �[<Ig]E]EEkh�� OYkj<Z<jI�� �Á�ÂÈÉ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� �[<Ig]E]EEkh�� kg<EQY�� �Á�ÃÊÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� �Q[IO]YGQ<�� <Y<[Q[I�� �Á�ÂÂÁ�� Á�ÁÇÊ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� �Q[IO]YGQ<�� OYkj<Z<jI�� �Á�ÂÉÁ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� �Q[IO]YGQ<�� kg<EQY�� �Á�ÃÊÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� +<gpQZ][<h�� <Y<[Q[I�� �Á�ÂÁÆ�� Á�ÁÅÆ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� +<gpQZ][<h�� OYkj<Z<jI�� �Á�ÂÆÉ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8��� +<gpQZ][<h�� kg<EQY�� �Á�ÃÅÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8���� �khQD<EjIg�� kg<EQY�� �Á�ÂÉÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� <Y<[Q[I�� Á�ÄÈÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� <hd<gj<jI�� Á�ÃÂÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� OYkj<Z<jI�� Á�ÄÂÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� OYsEQ[I�� Á�ÄÂÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� Qh]YIkEQ[I�� Á�ÄÄÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� YIkEQ[I�� Á�ÄÆÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� ZIjPQ][Q[I�� Á�ÃÉÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� +���� Á�ÃÁÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� +
/�� Á�ÃÅÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� dPI[sY<Y<[Q[I�� Á�ÃÉÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� jgsdj]dP<[�� Á�ÂÈÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� jsg]hQ[I�� Á�ÃÊÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� kg<EQY�� Á�ÂÊÃ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� �[<Ig]p]g<r�� p<YQ[I�� Á�ÄÅÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� <Y<[Q[I�� Á�ÂÁÉ�� Á�ÁÂÉ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� Qh]YIkEQ[I�� Á�ÂÂÃ�� Á�ÁÂÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� YIkEQ[I�� Á�ÂÂÉ�� È�ÇÁ��ÁÄ��

�����



$33(1',;���%��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� dPI[sY<Y<[Q[I�� Á�ÂÂÉ�� Ê�ÊÅ��ÁÄ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� jsg]hQ[I�� Á�ÂÂÆ�� Á�ÁÂÇ��


Y]hjgQGQ<YIh�� 
Y]hjgQGQ<YIh����[EIgj<I���/IGQh���8����� !]OQD<EjIgQkZ�� p<YQ[I�� Á�ÂÃÃ�� Á�ÁÂÃ��


Y]hjgQGQ<YIh�� �kD<EjIgQ<EI<I�� �[<Ig]NkhjQh�� jgsdj]dP<[�� Á�ÂÁÉ�� Á�ÁÇÄ��


Y]hjgQGQ<YIh�� �kD<EjIgQ<EI<I�� �[<Ig]NkhjQh�� kg<EQY�� �Á�ÃÂÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� <Y<[Q[I�� Á�ÂÃÉ�� Á�ÁÃÁ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� OYkj<Z<jI�� Á�ÂÁÉ�� Á�ÁÄÉ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� OYsEQ[I�� Á�ÂÁÉ�� Á�ÁÅÆ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� Qh]YIkEQ[I�� Á�ÂÂÆ�� Á�ÁÄÊ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� YIkEQ[I�� Á�ÂÃÄ�� Á�ÁÄÅ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �[<Ig]hjQdIh�� p<YQ[I�� Á�ÂÂÉ�� Á�ÁÃÉ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� <Y<[Q[I�� Á�ÂÇÃ�� Á�ÁÂÈ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� OYkj<Z<jI�� Á�ÂÅÃ�� Á�ÁÃÊ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� OYsEQ[I�� Á�ÂÄÈ�� Á�ÁÄÉ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� Qh]YIkEQ[I�� Á�ÂÅÃ�� Á�ÁÄÃ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� YIkEQ[I�� Á�ÂÆÄ�� Á�ÁÃÇ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� ZIjPQ][Q[I�� Á�ÂÃÁ�� Á�ÁÅÊÇ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� +
/�� Á�ÂÁÈ�� Á�ÁÇÊ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� dPI[sY<Y<[Q[I�� Á�ÂÂÆ�� Á�ÁÅÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� jsg]hQ[I�� Á�ÂÃÆ�� Á�ÁÅÈ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �Y<kjQ<�� p<YQ[I�� Á�ÂÅÅ�� Á�ÁÃÇ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� <Y<[Q[I�� Á�ÂÇÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� OYkj<Z<jI�� Á�ÂÃÆ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� OYsEQ[I�� Á�ÂÅÂ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� Qh]YIkEQ[I�� Á�ÂÆÊ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� YIkEQ[I�� Á�ÂÈÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� ZIjPQ][Q[I�� Á�ÂÄÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� +
/�� Á�ÂÂÃ�� Á�ÁÂÂ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� dPI[sY<Y<[Q[I�� Á�ÂÅÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� jsg]hQ[I�� Á�ÂÆÁ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
Y]hjgQGQkZ���8Y6D�� p<YQ[I�� Á�ÂÇÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
]dg]E]EEkh�� OYkj<Z<jI�� Á�ÂÂÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� 
]dg]E]EEkh�� kg<EQY�� Á�ÂÃÄ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� <Y<[Q[I�� Á�ÃÄÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� <hd<gj<jI�� Á�ÂÅÈ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� OYkj<Z<jI�� Á�ÃÃÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� OYsEQ[I�� Á�ÂÊÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� Qh]YIkEQ[I�� Á�ÂÊÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� YIkEQ[I�� Á�ÃÁÈ�� Â�ÊÈ��ÁÄ��
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Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� ZIjPQ][Q[I�� Á�ÂÇÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� +���� Á�ÂÄÄ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� +
/�� Á�ÂÆÃ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� dPI[sY<Y<[Q[I�� Á�ÂÄÇ�� Ê�ÊÅ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� jsg]hQ[I�� Á�ÂÆÈ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� kg<EQY�� Á�ÃÂÂ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� �]gI<�� p<YQ[I�� Á�ÂÉÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I��  <Ej][QN<Ej]g�� OYkj<Z<jI�� �Á�ÂÅÉ�� Á�ÁÄÁ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I��  <Ej][QN<Ej]g�� kg<EQY�� �Á�ÃÈÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� <Y<[Q[I�� �Á�ÃÁÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� <hd<gj<jI�� �Á�ÂÂÆ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� OYkj<Z<jI�� �Á�ÂÆÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� OYsEQ[I�� �Á�ÂÈÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� Qh]YIkEQ[I�� �Á�ÂÊÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� YIkEQ[I�� �Á�ÃÁÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� ZIjPQ][Q[I�� �Á�ÂÇÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� +���� �Á�ÂÂÃ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� +
/�� �Á�ÂÄÊ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� dPI[sY<Y<[Q[I�� �Á�ÂÈÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� jgsdj]dP<[�� �Á�ÂÂÉ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� jsg]hQ[I�� �Á�ÂÉÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .]hIDkgQ<�� p<YQ[I�� �Á�ÃÁÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� <Y<[Q[I�� Á�ÂÇÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� OYkj<Z<jI�� Á�ÂÆÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� OYsEQ[I�� Á�ÂÅÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� Qh]YIkEQ[I�� Á�ÂÅÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� YIkEQ[I�� Á�ÂÆÁ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� ZIjPQ][Q[I�� Á�ÂÂÊ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� +
/�� Á�ÂÁÉ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� dPI[sY<Y<[Q[I�� Á�ÂÁÆ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� jsg]hQ[I�� Á�ÂÂÉ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� kg<EQY�� Á�ÂÄÁ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh��  <EP[]hdQg<EI<I�� .kZQ[]E]EEkhÁ�� p<YQ[I�� Á�ÂÄÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� +Idj][QdPQY<EI<I�� +Idj][QdPQYkh�� kg<EQY�� �Á�ÃÂÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� +Idj]hjgIdj]E]EE<EI<I�� �[jIhjQ[QD<EjIg�� OYkj<Z<jI�� �Á�ÂÇÂ�� Á�ÁÂÄ��


Y]hjgQGQ<YIh�� +Idj]hjgIdj]E]EE<EI<I�� �[jIhjQ[QD<EjIg�� kg<EQY�� �Á�ÃÇÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� +Idj]hjgIdj]E]EE<EI<I�� .]ZD]kjhQ<�� <Y<[Q[I�� �Á�ÂÂÅ�� Á�ÁÇÃ��


Y]hjgQGQ<YIh�� +Idj]hjgIdj]E]EE<EI<I�� .]ZD]kjhQ<�� OYkj<Z<jI�� �Á�ÂÉÁ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh�� +Idj]hjgIdj]E]EE<EI<I�� .]ZD]kjhQ<�� kg<EQY�� �Á�ÃÉÇ�� Â�ÊÈ��ÁÄ��
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Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �EIj<[<Ig]D<EjIgQkZ�� OYkj<Z<jI�� �Á�ÂÇÉ�� Á�ÁÂÃ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �EIj<[<Ig]D<EjIgQkZ�� kg<EQY�� �Á�ÃÉÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[<Ig]NQYkZ�� <Y<[Q[I�� �Á�ÂÂÉ�� Á�ÁÈÁ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[<Ig]NQYkZ�� OYkj<Z<jI�� �Á�ÂÉÊ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[<Ig]NQYkZ�� kg<EQY�� �Á�ÄÁÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� <Y<[Q[I�� �Á�ÂÇÅ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� OYkj<Z<jI�� �Á�ÂÁÇ�� Á�ÁÂÇ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� OYsEQ[I�� �Á�ÂÄÈ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� Qh]YIkEQ[I�� �Á�ÂÇÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� YIkEQ[I�� �Á�ÂÈÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� ZIjPQ][Q[I�� �Á�ÂÄÆ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� +
/�� �Á�ÂÁÊ�� Á�ÁÂÃ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� dPI[sY<Y<[Q[I�� �Á�ÂÇÂ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� jgsdj]dP<[�� �Á�ÂÂÈ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� jsg]hQ[I�� �Á�ÂÇÁ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �kjsgQEQE]EEkh�� p<YQ[I�� �Á�ÂÈÆ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� <Y<[Q[I�� Á�ÂÈÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� OYkj<Z<jI�� Á�ÂÆÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� OYsEQ[I�� Á�ÂÅÇ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� Qh]YIkEQ[I�� Á�ÂÅÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� YIkEQ[I�� Á�ÂÇÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� ZIjPQ][Q[I�� Á�ÂÃÇ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� +
/�� Á�ÂÂÄ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� dPI[sY<Y<[Q[I�� Á�ÂÂÈ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� jsg]hQ[I�� Á�ÂÃÊ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� kg<EQY�� Á�ÂÂÈ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� 
Y]hjgQGQkZ����6�� p<YQ[I�� Á�ÂÆÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �jP<[]YQOI[I[h�� OYkj<Z<jI�� �Á�ÂÆÂ�� Á�ÁÃÇ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �jP<[]YQOI[I[h�� kg<EQY�� �Á�ÃÈÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� <Y<[Q[I�� �Á�ÃÃÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� <hd<gj<jI�� �Á�ÂÂÊ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� OYkj<Z<jI�� �Á�ÂÇÁ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� OYsEQ[I�� �Á�ÂÉÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� Qh]YIkEQ[I�� �Á�ÃÂÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� YIkEQ[I�� �Á�ÃÃÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� ZIjPQ][Q[I�� �Á�ÂÈÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� +���� �Á�ÂÂÈ�� È�ÇÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� +
/�� �Á�ÂÅÈ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� dPI[sY<Y<[Q[I�� �Á�ÂÊÈ�� Â�ÊÈ��ÁÄ��
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Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� jgsdj]dP<[�� �Á�ÂÄÇ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� jsg]hQ[I�� �Á�ÃÁÂ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �<IE<YQD<EjIgQkZ�� p<YQ[I�� �Á�ÃÃÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� <Y<[Q[I�� Á�ÅÂÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� <hd<gj<jI�� Á�ÃÄÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� OYkj<Z<jI�� Á�ÄÄÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� OYsEQ[I�� Á�ÄÅÆ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� Qh]YIkEQ[I�� Á�ÄÈÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� YIkEQ[I�� Á�ÄÊÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� ZIjPQ][Q[I�� Á�ÄÂÄ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� +���� Á�ÃÃÄ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� +
/�� Á�ÃÈÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� dPI[sY<Y<[Q[I�� Á�ÄÃÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� jgsdj]dP<[�� Á�ÃÁÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� jsg]hQ[I�� Á�ÄÄÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� kg<EQY�� Á�ÂÉÃ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �Y<p][QNg<Ej]g�� p<YQ[I�� Á�ÄÉÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[jIhjQ[QZ][<h�� YIkEQ[I�� Á�ÂÁÈ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[jIhjQ[QZ][<h�� dPI[sY<Y<[Q[I�� Á�ÂÁÇ�� Æ�ÆÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� �[jIhjQ[QZ][<h�� p<YQ[I�� Á�ÂÂÂ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� <Y<[Q[I�� Á�ÂÄÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� OYkj<Z<jI�� Á�ÂÄÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� OYsEQ[I�� Á�ÂÂÇ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� Qh]YIkEQ[I�� Á�ÂÂÃ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� YIkEQ[I�� Á�ÂÃÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� kg<EQY�� Á�ÂÂÊ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� .kZQ[]E]EEkh�� p<YQ[I�� Á�ÂÂÂ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /d]g]D<EjIg�� OYkj<Z<jI�� �Á�ÂÈÄ�� Á�ÁÂÂ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /d]g]D<EjIg�� kg<EQY�� �Á�ÃÊÁ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� <Y<[Q[I�� Á�ÂÊÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� <hd<gj<jI�� Á�ÂÃÁ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� OYkj<Z<jI�� Á�ÂÉÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� OYsEQ[I�� Á�ÂÇÈ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� Qh]YIkEQ[I�� Á�ÂÇÉ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� YIkEQ[I�� Á�ÂÉÂ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� ZIjPQ][Q[I�� Á�ÂÅÄ�� Ä�ÄÄ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� +���� Á�ÂÂÁ�� Ç�ÆÉ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� +
/�� Á�ÂÃÊ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� dPI[sY<Y<[Q[I�� Á�ÂÃÊ�� Å�ÄÁ��ÁÄ��
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Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� jsg]hQ[I�� Á�ÂÅÅ�� Â�ÊÈ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� kg<EQY�� Á�ÂÅÅ�� Å�ÄÁ��ÁÄ��


Y]hjgQGQ<YIh�� .kZQ[]E]EE<EI<I�� /kDG]YQOg<[kYkZ�� p<YQ[I�� Á�ÂÇÉ�� Â�ÊÈ��ÁÄ��


]gQ]D<EjIgQ<YIh�� 
]gQ]D<EjIgQ<EI<I�� 
]YYQ[hIYY<�� kg<EQY�� �Á�ÂÊÅ�� Â�ÊÈ��ÁÄ��


]gQ]D<EjIgQ<YIh�� 
]gQ]D<EjIgQ<EI<I�� �OOIgjPIYY<�� OYkj<Z<jI�� �Á�ÂÇÁ�� Á�ÁÂÆ��


]gQ]D<EjIgQ<YIh�� 
]gQ]D<EjIgQ<EI<I�� �OOIgjPIYY<�� kg<EQY�� �Á�ÃÉÂ�� Â�ÊÈ��ÁÄ��

�gshQdIY]jgQEP<YIh�� �gshQdIY]jgQEP<EI<I�� 
Y]hjgQGQkZ���86����� kg<EQY�� �Á�ÂÄÂ�� Å�ÄÁ��ÁÄ��

�gshQdIY]jgQEP<YIh�� �gshQdIY]jgQEP<EI<I�� /]Y]D<EjIgQkZ�� <Y<[Q[I�� �Á�ÂÄÁ�� Á�ÁÃÅ��

�gshQdIY]jgQEP<YIh�� �gshQdIY]jgQEP<EI<I�� /]Y]D<EjIgQkZ�� OYkj<Z<jI�� �Á�ÂÉÄ�� Ä�ÄÄ��ÁÄ��

�gshQdIY]jgQEP<YIh�� �gshQdIY]jgQEP<EI<I�� /]Y]D<EjIgQkZ�� OYsEQ[I�� �Á�ÂÂÅ�� Á�ÁÄÊ��

�gshQdIY]jgQEP<YIh�� �gshQdIY]jgQEP<EI<I�� /]Y]D<EjIgQkZ�� kg<EQY�� �Á�ÃÇÇ�� Â�ÊÈ��ÁÄ��

 <Ej]D<EQYY<YIh�� �Ig]E]EE<EI<I�� �DQ]jg]dPQ<�� <Y<[Q[I�� �Á�ÂÃÊ�� Á�ÁÅÄ��

 <Ej]D<EQYY<YIh�� �Ig]E]EE<EI<I�� �DQ]jg]dPQ<�� <hd<gj<jI�� �Á�ÂÁÆ�� Á�ÁÈÆ��

 <Ej]D<EQYY<YIh�� �Ig]E]EE<EI<I�� �DQ]jg]dPQ<�� OYkj<Z<jI�� �Á�ÂÊÄ�� Ä�ÄÄ��ÁÄ��

 <Ej]D<EQYY<YIh�� �Ig]E]EE<EI<I�� �DQ]jg]dPQ<�� OYsEQ[I�� �Á�ÂÂÄ�� Á�ÁÇÆ��

 <Ej]D<EQYY<YIh�� �Ig]E]EE<EI<I�� �DQ]jg]dPQ<�� kg<EQY�� �Á�ÃÊÅ�� Â�ÊÈ��ÁÄ��

 <Ej]D<EQYY<YIh�� 
<g[]D<EjIgQ<EI<I�� �g<[kYQE<jIYY<�� kg<EQY�� �Á�ÂÄÈ�� Á�ÁÂÆ��

 <Ej]D<EQYY<YIh�� �[jIg]E]EE<EI<I�� �[jIg]E]EEkh�� <Y<[Q[I�� �Á�ÂÁÆ�� Å�ÄÁ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� <Y<[Q[I�� �Á�ÃÉÂ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� <hd<gj<jI�� �Á�ÂÆÉ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� OYkj<Z<jI�� �Á�ÃÃÃ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� OYsEQ[I�� �Á�ÃÄÇ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� Qh]YIkEQ[I�� �Á�ÃÆÉ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� YIkEQ[I�� �Á�ÃÈÆ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� ZIjPQ][Q[I�� �Á�ÃÂÈ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� +���� �Á�ÂÆÃ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� +
/�� �Á�ÂÉÇ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� dPI[sY<Y<[Q[I�� �Á�ÃÃÈ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� jgsdj]dP<[�� �Á�ÂÅÉ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� jsg]hQ[I�� �Á�ÃÄÉ�� Â�ÊÈ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� kg<EQY�� �Á�ÂÂÁ�� Ç�ÆÉ��ÁÄ��

+<hjIkgIYY<YIh�� +<hjIkgIYY<EI<I�� �<IZ]dPQYkh�� p<YQ[I�� �Á�ÃÇÉ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� <Y<[Q[I�� �Á�ÂÈÂ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� OYkj<Z<jI�� �Á�ÂÆÁ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� OYsEQ[I�� �Á�ÂÅÆ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� Qh]YIkEQ[I�� �Á�ÂÅÊ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� YIkEQ[I�� �Á�ÂÇÁ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� ZIjPQ][Q[I�� �Á�ÂÃÇ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� +
/�� �Á�ÂÂÃ�� Â�ÊÈ��ÁÄ��
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/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� dPI[sY<Y<[Q[I�� �Á�ÂÃÁ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� jsg]hQ[I�� �Á�ÂÄÂ�� Â�ÊÈ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� kg<EQY�� �Á�ÂÁÉ�� Å�ÄÁ��ÁÄ��

/IYI[]Z][<G<YIh�� 6IQYY][IYY<EI<I�� 6IQYY][IYY<�� p<YQ[I�� �Á�ÂÆÂ�� Â�ÊÈ��ÁÄ��

6IggkE]ZQEg]DQ<YIh�� 6IggkE]ZQEg]DQ<EI<I�� �XXIgZ<[hQ<�� kg<EQY�� �Á�ÂÄÁ�� Æ�ÆÁ��ÁÄ��
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$SSHQGL[���'�������3XEOLFDWLRQ��
�
�
�
7KLV���LV���DQ���RSHQ���DFFHVV���DUWLFOH���GLVWULEXWHG���LQ���DFFRUGDQFH���ZLWK���WKH���&UHDWLYH���&RPPRQV���$WWULEXWLRQ��
1RQ���&RPPHUFLDO����&&���%<��1&����������OLFHQVH����ZKLFK���SHUPLWV���RWKHUV���WR���GLVWULEXWH����UHPL[����DGDSW����EXLOG��
XSRQ���WKLV���ZRUN���QRQ�FRPPHUFLDOO\����DQG���OLFHQVH���WKHLU���GHULYDWLYH���ZRUNV���RQ���GLIIHUHQW���WHUPV����SURYLGHG��
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Significance of this study

What is already known on this subject?
 Ź Bariatric surgery, particularly the malabsorptive 
type, alters the gut microbiota and host 
metabolism.

 Ź Pregnancy following bariatric surgery, especially 
a malabsorptive procedure, is associated with 
a reduced prevalence of maternal gestational 
diabetes and increased prevalence of small for 
gestational age babies.

What are the new findings?
 Ź We demonstrated that malabsorptive surgery- 
induced changes in the maternal gut microbiota 
persist throughout pregnancy compared with 
pregnancies with similar maternal body mass 
index but no history of such surgery, and may 
have a trans- generational impact.

 Ź Gut microbial changes in malabsorptive 
patients are associated with increased 
excretion of protein putrefaction metabolites 
during pregnancy.

How might it impact on clinical practice in the 
foreseeable future?

 Ź The impact of maternal malabsorption on 
fetal health warrants further investigation to 
determine the most appropriate type of weight 
loss surgery for women of reproductive age.

ABSTRACT
Objective Due to the global increase in obesity rates 
and success of bariatric surgery in weight reduction, an 
increasing number of women now present pregnant with 
a previous bariatric procedure. This study investigates 
the extent of bariatric- associated metabolic and gut 
microbial alterations during pregnancy and their impact 
on fetal development.
Design A parallel metabonomic (molecular phenotyping 
based on proton nuclear magnetic resonance 
spectroscopy) and gut bacterial (16S ribosomal RNA 
gene amplicon sequencing) profiling approach was 
used to determine maternal longitudinal phenotypes 
associated with malabsorptive/mixed (n=25) or 
restrictive (n=16) procedures, compared with women 
with similar early pregnancy body mass index but 
without bariatric surgery (n=70). Metabolic profiles of 
offspring at birth were also analysed.
Results Previous malabsorptive, but not restrictive, 
procedures induced significant changes in maternal 
metabolic pathways involving branched- chain and 
aromatic amino acids with decreased circulation of 
leucine, isoleucine and isobutyrate, increased excretion of 
microbial- associated metabolites of protein putrefaction 
(phenylacetlyglutamine, p- cresol sulfate, indoxyl sulfate and 
p-hydroxyphenylacetate), and a shift in the gut microbiota. 
The urinary concentration of phenylacetylglutamine was 
significantly elevated in malabsorptive patients relative 
to controls (p=0.001) and was also elevated in urine of 
neonates born from these mothers (p=0.021). Furthermore, 
the maternal metabolic changes induced by malabsorptive 
surgery were associated with reduced maternal insulin 
resistance and fetal/birth weight.
Conclusion Metabolism is altered in pregnant women 
with a previous malabsorptive bariatric surgery. These 
alterations may be beneficial for maternal outcomes, 
but the effect of elevated levels of phenolic and indolic 
compounds on fetal and infant health should be 
investigated further.

INTRODUCTION
Currently more than a third of women are classi-
fied as overweight or obese1 with obesity reaching 
epidemic levels globally. Obesity is associated with 
a number of adverse metabolic effects resulting 
in cardiovascular disease, metabolic syndrome, 
diabetes and cancer.2 Bariatric surgery (BS) 
has proven a successful treatment modality for 
lasting weight loss and has been shown to reduce 

obesity- related morbidity and mortality.3 4 Altered 
bile flow, reduction in gastric capacity, anatom-
ical gut rearrangement and altered nutrient flow, 
vagal manipulation and modulation of enteric gut 
hormones, collectively referred to as the BRAVE 
effects,3 5 have been proposed to contribute to the 
mechanisms of weight loss and diabetes resolution 
in bariatric patients. There are two main types of 
BS: the restrictive (RES) procedures such as gastric 
banding and sleeve gastrectomy, which reduce the 
stomach size, and the malabsorptive/mixed (MAL) 
type, such as bilio- pancreatic diversion and Roux- 
en- Y- gastric bypass, which aim to decrease caloric 
absorption.6 BS has been shown to impact metabolic 
profiles reflecting altered metabolism and changes 
in the gut microbiome that play a role in improved 
lipid and glucose metabolism.7–11 The contribu-
tion of the gut mictobiota to host metabolism and 
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metabolic control is well- established. Microbes degrade dietary 
components that are undigested by the host, convert dietary 
molecules into bioactive metabolites, influence host response 
to drugs and participate in many homeostatic processes and 
signalling pathways.12 13 However, the mechanisms by which BS 
confers metabolic benefit and the potential role of the micro-
biome in achieving this are poorly understood.

Evidence continues to accumulate that pregnancy post- BS is 
associated with lower prevalence of gestational diabetes mellitus 
(GDM) and large for gestational age neonates but higher risk 
of small for gestational age neonates and late preterm delivery 
compared with pregnancies in obese women without a previous 
BS.14 To investigate the impact of previous BS on maternal pheno-
type during pregnancy, we adopted a longitudinal metabolic 
(serum and urine) and gut bacterial (faeces) profiling strategy using 
proton nuclear magnetic resonance (1H NMR) spectroscopy and 
16S rRNA gene amplicon sequencing, respectively, to characterise 
women with previous BS (RES and MAL) throughout the course 
of their pregnancy. Profiles were compared against women with 
similar early pregnancy body mass index (BMI) and no history of 
BS (NBS). For a subset of the cohort, we also characterise neonatal 
cord serum and urine metabolomes to assess potential trans- 
generational metabolic effects of BS.

METHODS
Study population, sampling and clinical data
The population is part of an ongoing prospective cohort study 
investigating the impact of maternal BS on perinatal outcomes. 
All women gave written, informed consent for their data and 
samples to be used. Pregnant women with (n=47) and without 
(n=118) previous BS were recruited from May 2015 to April 
2017 at Chelsea and Westminster Hospital (London, UK) as 
previously described.15 Women were seen at five time points 
during pregnancy (T1: 11+0–14+0, T2: 20+0–24+0, T3: 28+0–
30+0, T4: 30+0–33+0 and T5: 35+0–37+6 weeks gestation) and 
within 72 hours of delivery (T6). Maternal blood (serum) and 
urine samples were collected at each visit while faecal samples 
were requested at the T1, T2 and T4 visits (see online supple-
mentary figure S1 and table S1). A full oral glucose tolerance 
test (2 hour, 75 g) was conducted at T3 and maternal insulin 
resistance was calculated using the homeostatic model assess-
ment for insulin resistance (HOMA- IR=fasting serum insulin 
(µU/L) × fasting glucose (mmol/L)/22.5). Estimated fetal weight 
was calculated by trans- abdominal ultrasound scans at T2, T4 
and T5. At T6, birth weight was recorded, percentiles for the 
gestation were calculated and, where possible, neonatal samples 
(cord serum and urine) were collected. All samples were stored 
DW�ï���&�IRU�IXWXUH�DQDO\VLV��)RU�WKH�VWXG\�SRSXODWLRQ��ZRPHQ�
with diagnosis of type 2 diabetes mellitus or GDM (due to the 
effect of diabetes on the metabolic profile) and those that had a 
miscarriage were excluded. Only NBS participants with a BMI 
of 25–50 kg/m2 at T1 were included to match the BMI range of 
the included bariatric patients at T1.

Metabolic profiling of biofluid samples
Serum and urine samples were prepared according to an estab-
lished protocol.16 1H NMR spectra were acquired on a Bruker 
600 MHz spectrometer (Bruker BioSpin) following a published 
method16 (see online supplementary methods for further detail). 
Methodology for preprocessing of spectral data is described in 
online supplementary methods. Multivariate modelling of the 
spectral data was performed in the software package SIMCA 
V.14.1 (Sartorius Stedim Biotech). Principal component analysis 

(PCA) was used to assess variation in metabolic profiles over 
all time points and to identify extreme outliers to exclude from 
supervised models for each time point. Orthogonal partial least 
squares discriminant analysis (OPLS- DA) was used to identify 
spectral variables (relating to specific chemical compounds) 
that contributed to discrimination of clinical classes (pairwise 
comparisons between NBS, MAL and RES groups) at each 
time point. From the discriminatory NMR peaks, metabo-
lite identities were confirmed using statistical tools,17 18 2D 
NMR experiments and by spiking in authentic standards (see 
online supplementary methods). Relative concentrations of 
each discriminatory metabolite were calculated by integrating a 
representative peak of that metabolite. Downstream analysis was 
performed in the R software environment.19 For each discrimi-
natory metabolite identified in the cross- sectional analysis, time 
series curves were generated through a spline- fitting method 
implemented in ‘santaR’ (see online supplementary methods) 
to visualise their behaviour in different groups over the preg-
nancy time course. Individuals with at least five data points were 
included. Correlation analysis including partial correlation to 
adjust for confounders is detailed in the online supplementary 
methods along with a list of all R packages used. Missing data 
were excluded from calculations. All p values were adjusted (padj) 
where necessary to control for the false discovery rate according 
to the Benjamini- Hochberg method.20 An alpha of 0.05 was used 
for p and padj values.

Gut bacterial community profiling
Stool samples were randomised for processing and DNA was 
extracted (see online supplementary methods) using the Power-
Lyzer PowerSoil DNA Isolation Kit (Mo Bio). 16S rRNA gene 
amplicon sequencing targeting the V1- V2 regions was performed 
on the Illumina MiSeq platform as previously described.21 Raw 
reads were processed in the R software environment19 following 
a published workflow22 which includes amplicon denoising imple-
mented in ‘DADA2’.23 See online supplementary methods for full 
details. Functions in the ‘vegan’ R package were used to calculate 
Shannon Diversity Indices (α-diversity) on data rarefied to the 
minimum sequencing depth and Bray- Curtis dissimilarity (β-di-
versity) on log- transformed data (pseudocount of 1 added to each 
value). Significance of group separation in β-diversity was assessed 
by permutational multivariate analysis of variance. Changes in rela-
tive abundance were tested at each taxonomic rank from phylum 
to genus using the Mann- Whitney U test while differentially abun-
dant 16S rRNA gene sequences were identified using ‘DESeq2’.24 
For ‘DESeq2’ analysis, data were pooled for each individual rather 
than analysing distinct time points.

Integrative analysis of metabolic and taxonomic data
Relationships between the serum, urine and faecal data sets were 
modelled using the DIABLO method in ‘mixOmics’.25 This is a 
multi- block latent variable- based approach which aims to identify 
concordance between multiple data sets. Metabolites significant 
throughout the time course (serum: leucine, isoleucine, isobu-
tyrate, d-β-hydroxybutyrate; urine: phenylacetylglutamine (PAG), 
p- cresol sulfate (PCS), indoxyl sulfate (IS), p- hydroxyphenylacetate 
(PHPA), unknown, α-ketoisovalerate, creatinine) and a subset of 
bacterial genera (log- transformed; selected using the least absolute 
shrinkage and selection operator (LASSO) penalisation method 
implemented in ‘mixOmics’) were modelled. Sampling points for 
each individual, where matching microbiome and metabolite data 
were obtained (T1, T2 and T4), were included in the model.
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Figure 1 Modelling of metabolite concentrations. (A) Time series analysis of discriminatory metabolites with lines representing group mean curves 
while shaded areas denote 95% confidence bands. Malabsorptive (MAL, blue) patients relative to No bariatric surgery (NBS, purple) controls. (B) 
Relative concentration of phenylacetylglutamine (PAG) is increased in neonatal urine from the MAL group compared with the NBS or restrictive (RES) 
groups. NMR peak integrals are reported in arbitrary units (a.u.). *P<0.05 (Mann- Whitney U test); GlycA, N- acetyl glycoprotein; IS, indoxyl sulfate; 
PCS, p- cresol sulfate; PHPA, p- hydroxyphenylacetate.

RESULTS
Characteristics of the study participants
Of the 165 women enrolled in the study, 54 were excluded from 
longitudinal profiling due to BMI (n=36), diagnosis of diabetes 
(n=16), miscarriage (n=1) or withdrawal from the study (n=1). 
The final study population included 111 women (NBS n=70, 
RES n=16, MAL n=25) who contributed 491 maternal urine, 
394 maternal blood, 68 maternal stool (online supplementary 
figure S1), 54 cord blood and 28 neonatal urine samples (online 
supplementary table S1). Two women (RES n=1, MAL n=1) 
contributed only neonatal samples. All women in the MAL 
group had a previous gastric bypass while the RES group had 
gastric banding (n=8) or sleeve gastrectomy (n=8). Maternal 
demographics, pregnancy characteristics and outcomes of the 
study population (online supplementary table S2) were consis-
tent with our earlier report.15 Compared with the NBS group, 
women with a previous BS were on average 3.7 years older and, 
especially those with a MAL procedure, had lower insulin resis-
tance at T3 and delivered smaller babies earlier (online supple-
mentary table S2). Among the BS group, women with a previous 
MAL procedure had a higher pre- surgery BMI compared with 
those with a previous RES procedure.

Metabolic differences in maternal and neonatal serum 
metabolomes associated with bariatric surgery
Clear differences between the serum metabolic profiles of MAL, 
but not RES, participants and NBS participants were detected in 
the third trimester of pregnancy (time points T4 and T5; online 
supplementary table S3) as evidenced by the OPLS- DA models. 
The serum metabolic profiles associated with BS at the time 
of labour and in the first and second trimesters could not be 
differentiated from the control group. Serum samples obtained 
from MAL patients contained lower concentrations of unsatu-
rated lipids (CH=CH, δ 5.31 (m)) at T5 and the lipids group 
corresponding to C=CCH2C=C (δ 2.79 (m)) at both T4 and T5 
(online supplementary figure S2) compared with the NBS group. 
Other metabolic differences between the MAL and NBS groups 
included (online supplementary table S4) N- acetyl glycoprotein 
(GlycA), leucine, isoleucine, isobutyrate (decreased in MAL) 
and glutamine, d-β-hydroxybutyrate (increased in MAL). The 
behaviour of these metabolites throughout the pregnancy period 
was investigated further using time series analysis to model 
individual metabolites. Serum leucine, isoleucine and isobu-
tyrate concentrations were significantly lower in MAL (n=12; 
NBS n=34) throughout the time course (figure 1A), whereas 
increases in d-β-hydroxybutyrate were associated with the last 
few weeks of pregnancy and delivery. GlycA and glutamine were 
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not significantly changed in MAL during pregnancy. Significance 
of the differential serum metabolite concentrations at each time 
point is shown in online supplementary figure S3A. There was 
no significant difference between NBS and RES participants 
at any time point (online supplementary table S5). Although 
OPLS- DA and time series modelling showed clear evidence that 
previous BS impacted on the metabolic profiles, PCA indicated 
that the greatest metabolic variation in plasma composition was 
due to the changes over time during pregnancy, irrespective of 
surgery, with samples collected at T1 being markedly different 
from those obtained at later time points in the pregnancy (online 
supplementary figure S4). Thus no inherent structure associ-
ated with study group, age or BMI was evident in the 1H NMR 
maternal serum data. No differences in the metabolic profiles 
of cord serum from neonates in each study group were detected 
(online supplementary table S3).

Surgery-associated metabolic differences in maternal and 
neonatal urine metabolomes
Similar to the serum samples, PCA models indicated that the 
metabolic variation driven by temporal changes throughout 
pregnancy was stronger than that associated with study group, 
age or BMI (online supplementary figure S4). Urine samples 
collected at delivery (T6) clearly differed from those taken at any 
other time point during pregnancy. In addition to endogenous 
changes, drug metabolites of paracetamol as well as mannitol, 
a common ingredient in drug tablet coating, were detected in 
urine obtained at T6. Outliers identified from PCA models at 
each time point were samples containing high concentrations 
of glucose or drug metabolites and were excluded from subse-
quent supervised models (online supplementary table S3). Based 
on the OPLS- DA models, no significant differences were iden-
tified between NBS and RES groups or between RES and MAL 
groups at any of the six time points; however, urine metabolic 
profiles of MAL patients were significantly altered compared 
with the NBS group as early as T1 and this difference persisted 
throughout pregnancy (online supplementary table S3). The 
strongest discriminatory metabolites (online supplementary 
table S4 and online supplementary figure S5) contributing to the 
differences between MAL and NBS groups were host- gut bacte-
rial co- metabolites PAG, PCS, IS, PHPA, as well as an unidenti-
fied aromatic metabolite (unknown) with structural similarities 
to PCS (based on both 1H and 13C shifts; online supplementary 
figure S6). These metabolites were significantly elevated in MAL 
(n=14; NBS n=50) patients during pregnancy (figure 1A). 
Creatinine and α-ketoisovalerate were present in lower concen-
trations in MAL patients; methylmalonate and valine were 
not significantly associated with the MAL group over the time 
course (figure 1A) but were significantly lower in MAL patients 
at specific time points (online supplementary figure S3B). None 
of these metabolites were significantly changed in the RES group 
after correcting for multiple hypothesis tests (online supplemen-
tary table S5). Interestingly, when the RES group was divided 
into gastric banding (purely mechanical) and sleeve gastrec-
tomy (removal of part of the stomach with metabolic effects), 
patients with a sleeve tended to have higher PAG and PCS than 
patients with a band (online supplementary figure S7). Maternal 
urine samples collected at T6 could not be discriminated for 
any pairwise comparison by OPLS- DA (online supplementary 
table S3). However PAG, the metabolite with the largest effect 
size in maternal samples, retained significance in the offspring’s 
urine at T6 (figure 1B). The relative concentration of PAG was 
significantly increased in babies born from MAL mothers (n=4) 

compared with babies born from RES (n=6, p=0.04) and NBS 
(n=18, p=0.021) mothers, mirroring the difference observed 
between the MAL and NBS maternal samples.

Taxonomic changes in the maternal gut microbiota of MAL 
patients
To support the finding of altered microbiota- associated metabo-
lites in MAL patients detected by 1H NMR spectroscopy, faecal 
microbiome compositions from a subset of the cohort were anal-
ysed. A total of 68 stool samples representing 39 mothers (NBS 
n=25, MAL n=14) were studied. After excluding one maternal 
NBS sample due to low sequencing depth (2181 reads), the mean 
number of high- quality, paired- end 16S rRNA gene amplicon 
sequences per sample was 22 405 (±5535 SD) with a minimum 
sequencing depth of 12 967.

Women with a previous MAL surgery exhibited greater α-diver-
sity, or a higher number of distinct taxa with more even distribu-
tions, compared with the NBS group but this was only statistically 
significant in the third trimester of pregnancy (figure 2A). β-diver-
sity analysis comparing pairwise dissimilarities between samples 
revealed that MAL patients had a distinct (p=0.001) gut micro-
biota from the NBS group throughout pregnancy (figure 2B). 
MAL patients could be distinguished by an increase in relative 
abundance of Escherichia/Shigella, Streptococcus and Enterococcus 
genera and these changes manifested at all higher taxonomic 
ranks (figure 2C). Relative increases in abundances of Rothia and 
its family Micrococcaceae were also observed. Anaerostipes was 
the only genus found in significantly lower relative abundance in 
the MAL group at multiple time points. Only taxa that exhibited 
differential abundance in the MAL group at more than one time 
point were included in figure 2C, but taxa displaying differences 
between groups at a single time point during pregnancy are detailed 
in online supplementary table S6. Differential abundance at the 
amplicon sequence level was investigated for sequences assigned 
to the genera Streptococcus, Enterococcus, Escherichia/Shigella 
and Rothia. Species assignments were compared against SILVA26 
and RDB27 databases. From the 25 16S rRNA gene sequences 
(Escherichia/Shigella n=11, Streptococcus n=12, Enterococcus 
n=1 and Rothia n=1) found in significantly higher abundance 
in MAL patients (online supplementary table S7), the following 
species were identified: Escherichia coli, Streptococcus salivarius, 
Streptococcus vestibularis, Streptococcus mutans and Streptococcus 
parasanguinis.

Integrative analysis of phenotypes
To determine if the observed MAL signatures were complemen-
tary across the data sets, an integrative approach was used to 
model the bacterial (n=68) and metabolic (serum n=60; urine 
n=66) data together. Clinical classes could be discriminated 
on the first component of the model for both urine and faecal 
data sets while this difference was not apparent in the serum 
data (figure 3A). Urine PAG, PCS, and IS concentrations were 
highly correlated and had the highest contribution to the model 
followed by leucine, isoleucine (also highly correlated) and 
isobutyrate (figure 3B). PAG, PCS and IS were most correlated 
with Streptococcus, Enterococcus, Escherichia/Shigella, Rothia 
and Holdemanella (figure 3C). Variables in this cluster also had 
a strong negative correlation with serum leucine, isoleucine and 
isobutyrate. Anaerostipes, the only genus that decreased in abun-
dance in the MAL group, was negatively correlated with PAG, 
PCS and IS but positively correlated with leucine, isoleucine and 
isobutyrate (figure 3C).
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Figure 2 Gut bacterial alterations in malabsorptive patients. (A) Comparison of Shannon diversity between malabsorptive (MAL) and no bariatric 
surgery (NBS) groups at 11–14 weeks (T1), 20–24 weeks (T2) and 30–33 weeks (T4) gestation. (B) Principal coordinates analysis of Bray- Curtis 
dissimilarities between MAL (blue) and NBS (purple) during pregnancy (T1: circle, T2: triangle, T4: square). P value obtained from permutational 
multivariate analysis of variance test. (C) Taxa that exhibited differential abundance (Mann- Whitney U test; padj<0.05) at more than one time point are 
plotted. Values are reported in online supplementary table S6. **P<0.01 (Mann- Whitney U test); NS, not significant.

Metabolic profile and clinical outcomes
Spearman’s correlation coefficients (ρ) were calculated to assess 
the relationships between relative concentrations of maternal 
metabolites and clinical measurements (maternal: fasting insulin, 
fasting glucose and HOMA- IR measured at T3; neonatal: esti-
mated fetal weight (measured at T2, T4 and T5) or birth weight 
percentiles, and gestational age at delivery). Throughout preg-
nancy, urinary host- microbial co- metabolites PAG and PCS were 
negatively associated with maternal HOMA- IR and fasting insulin 
while the branched- chain amino acids (mainly at T2) had a posi-
tive correlation (figure 4). PAG and PCS relative concentrations 
at T2, IS and unknown at T5, and IS and PAG at T6 were also 
negatively correlated with the weight percentiles of the babies at 
the corresponding time points. Partial correlations controlling for 
the effect of maternal age and BMI on maternal measurements as 
well as the effect of maternal age, BMI and HOMA- IR on birth-
weight percentile are reported in online supplementary table S8, 
but these confounders did not alter the overall results. Impor-
tantly, the concentrations of these metabolites did not correlate 
(online supplementary figure S8) with percentage of weight lost or 
time interval between BS and conception (which ranged from 12 
months to 11 years in our cohort) in MAL patients, suggesting that 
the phenotype is persistent.

DISCUSSION
Our results demonstrate that pregnancies following a MAL bariatric 
procedure are characterised by altered maternal and neonatal meta-
bolic profiles compared with pregnancies without such surgery. In 
particular, women with previous MAL surgery had lower serum 
concentrations of branched- chain amino acids (leucine and isole-
ucine) and branched- chain fatty acids (isobutyrate) and excreted 
higher concentrations of urinary host- microbial co- metabolites 
of protein putrefaction (PAG, PCS, IS and PHPA). This signature 
was correlated with a shift in the gut microbiota which included 
increases in relative abundance of bacterial genera Enterococcus, 
Streptococcus, Escherichia/Shigella and Rothia as well as a decrease 
in Anaerostipes. The observed MAL- associated changes in metabo-
lism were also inversely associated with maternal insulin resistance 
and the offspring’s weight, suggesting that a previous MAL surgery 
may have both beneficial and detrimental effects on pregnancy. 
With regard to the RES group, we posit these patients, especially 
those with a previous sleeve gastrectomy, represent an intermediate 
phenotype due to the lower risk of malabsorption imposed by 
these procedures and less extreme changes to the gastrointestinal 
environment which would likely result in lesser alterations in the 
gut microbiome.28
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Figure 3 Integration of serum, urine and faecal profiles. (A) Scores plots showing samples from each data set projected in latent space. 
Clinical classes are discriminated along component 1. (B) Variables are plotted (coloured by biofluid) where each point represents the Pearson 
correlation between that variable and each component. High correlations with either component (|r|≥0.5) are BOLD and labelled. (C) Pearson 
correlations (|r|≥0.5) between variables in different data sets along component 1 are plotted. NBS, no bariatric surgery; MAL, malabsorptive; 
alpha- KIV, α-ketoisovalerate; D- beta- HB, D-β-hydroxybutyrate; IS, indoxyl sulfate; PAG, phenylacetylglutamine; PCS, p- cresol sulfate; PHPA, p- 
hydroxyphenylacetate.

Figure 4 Relative concentrations of metabolites correlate with 
maternal insulin resistance and fetal/birth weight. Spearman’s 
correlations between clinical measurements (red) and metabolite 
relative concentrations. Correlations plotted are significant (padj<0.05). 
Values are reported in online supplementary table S8. Negative 
correlations are denoted by dashed lines. Urine metabolites are denoted 
by black borders. FW/BW, estimated fetal weight or birth weight; Ile, 
isoleucine; IS, indoxyl sulfate; Leu, leucine; MFI, maternal fasting insulin; 
MIR, maternal HOMA- IR; PAG, phenylacetylglutamine; PCS, p- cresol 
sulfate.

Our results assessing the influence of BS on the maternal faecal 
microbiome composition are consistent with previous findings 
in non- pregnant individuals where MAL, but not RES, surgery 
resulted in increased relative abundances of Bacilli and Gammapro-
teobacteria (including genera Enterococcus, Streptococcus and 
Escherichia) as well as associated faecal metabolites28; abundances 
of both classes positively correlated with products of protein 
fermentation. Studies consistently show a gut bacterial signature 
of facultative anaerobes and oral- associated bacteria in BS (mainly 
MAL) patients with an increase in relative abundance of entero-
bacteria being the most consistent bacterial marker across multiple 
studies in both humans7 8 10 28–30 and animals.11 31 This shift in gut 
microbial community structure is believed to be, at least partially, 
a result of the increased oxygen and pH in the digestive tract 
following the anatomical rearrangement of a MAL surgery.30 32 
Enterobacteria are Gram- negative and generally present in very 
low densities (<<108 CFU/g) in the normal gut, but increased 
abundances of these bacteria, some of which are known pathogens, 
have been associated with both inflammatory bowel disease and 
colon cancer.33 This underscores the need for understanding the 
mechanisms by which the altered bariatric microbiome can impact 
on maternal and neonatal metabolism and downstream health.

Increased concentrations of urinary microbial- associated 
metabolites following MAL BS have been reported in 
animals11 34 and in one human study with only two bariatric 
patients.9 Carbohydrates are the preferred source of energy for 
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microbes inhabiting the large intestine.35 However, we hypoth-
esise that the MAL condition not only changes the gastrointes-
tinal environment resulting in an altered microbial community 
but also results in more undigested protein reaching the large 
intestine36 and both of these factors likely contribute to the 
shift from carbohydrate to protein metabolism. Fermentation of 
protein by gut bacteria, or putrefaction, in the colon is generally 
considered detrimental to health.37 Gut bacterial metabolism of 
aromatic amino acids (phenylalanine, tyrosine and tryptophan) 
results in the production of phenols and indoles,38 which are 
inflammatory and potentially toxic compounds.39 40 Bacterial 
enzymes are necessary for metabolism of phenylalanine and 
tyrosine to phenolic compounds phenylacetate and p- cresol, 
respectively, and for the metabolism of tryptophan to indole. 
Indole and p- cresol are sulfated to IS and PCS, respectively, prior 
to excretion while phenylacetate is converted to PAG by host 
metabolism. PHPA is an intermediate in the tyrosine degradation 
pathway but is also formed from phenylacetate.38 Enterococcus 
spp. contain enzymes necessary for both phenylalanine and tyro-
sine metabolism; E. coli is involved in tyrosine metabolism.41 
Both species are also known as indole producers.42 Although 
Streptococcus may not be directly involved in the formation of 
these metabolites, it does have proteolytic activity43 and could 
contribute to the observed phenotype by making amino acids 
available from dietary protein. To our knowledge, this is the 
first report of upregulation of host- microbe co- metabolism of 
aromatic amino acids post- MAL surgery in humans. Previous 
reports have shown that the gut microbiota shifts to protein 
putrefaction after a MAL BS10 28 29 but, having focused on faecal 
samples, the host component of these pathways was overlooked. 
Lacking dietary data, we cannot exclude the possibility that the 
MAL metabolic phenotype results from increased protein intake. 
However, reports of protein malnutrition and protein intoler-
ance post- BS44 45 suggest that high protein intake is unlikely in 
these patients. An inverse association between PAG/PCS and BMI 
has been reported although the relationship between adipiosity 
and the gut microbiota is still under debate.46 Other reports, in 
agreement with our data, have identified decreased concentra-
tions of branched- chain amino acids in non- pregnant BS patients 
which supports our hypothesis that protein metabolism is altered 
in these individuals. Branched- chain amino acids have previously 
been linked to insulin resistance associated with obesity.47–50

Our data suggest that PAG and PCS, or their respective meta-
bolic pathways, are also associated with reduction in maternal 
insulin resistance following BS. We are aware of recent discus-
sion surrounding the suitability of oral glucose tolerance testing 
in bariatric patients and have since revised our methods. In spite 
of this caveat, it is conceivable that the gut microbiota plays a 
role in insulin resistance.49 51 Our finding of an inverse correla-
tion between maternal urinary host- microbial co- metabolites 
and fetal/birth weight indicates that the maternal metabolic 
changes may also be related to the risk of these women deliv-
ering small for gestational age neonates. Although malnutrition 
resulting from maternal malabsorption likely contributes to 
reduced fetal growth, the downstream metabolic consequences 
of malabsorption also warrant further investigation given the 
potential toxicity of the final metabolic products. It has also been 
shown that higher urinary concentrations of PCS are indicative 
of reduced sulfation capacity in the host, which presents signif-
icant competition for similar reactions, namely acetaminophen 
detoxification, which also require sulfation prior to excretion.52 
Pharmacokinetics in these patients should be investigated, espe-
cially during pregnancy, given that MAL patients have higher 
urinary concentrations of two sulfated compounds (PCS and IS).

Pregnancy has been shown to induce substantial time- 
dependent alterations in physiology and metabolism53 54 under 
the constantly changing physiological demand as the mother 
responds to the needs of the growing fetus. Nevertheless, 
the systematic effect of BS on the metabolic profiles is super-
imposed on the changing metabolic landscape and can be 
clearly observed in the metabolic phenotypes. In particular, 
GlycA, a metabolite associated with systemic inflammation, 
increased during the first two trimesters but remained lower in 
MAL patients during the third trimester indicating that these 
women have a lower grade of pregnancy- related inflammation 
compared with obese women without BS.50 55 Drastic metabolic 
changes could also be seen at the time of delivery in all groups 
which is likely due to the metabolic consequences of the labour 
process and masked surgery- related differences.56 Intriguingly, 
despite prophylactic administration of antibiotics (given to 59% 
of the women at delivery), PAG was detected in the neonatal 
urine soon after birth and in significantly higher concentra-
tion in those born from women with previous MAL surgery 
compared with the offspring of the NBS women. Although this 
result should be treated with caution due to the low number 
of newborns enrolled in the study, it suggests transfer of the 
modified maternal profile to the offspring. Further independent 
studies are required to validate the generalisability of this obser-
vation with longer- term follow- up of the infants to determine 
whether this neonatal metabolic phenotype is maintained and 
how it impacts their future risk of obesity and diabetes. BS is 
not an appropriate intervention at population scale but identifi-
cation of beneficially altered physiology may allow for develop-
ment of targeted interventions aimed at specifically modulating 
key pathways.

Twitter Kiana Ashley West @kiana_a_west
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