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'1$���0HWK\ODWLRQ���$WODV���RI���WKH���0RXVH���%UDLQ���DW���6LQJOH�&HOO���5HVROXWLRQ��

+DQTLQJ� �/LX������� �-LQJWLDQ� �=KRX������� �:HL� �7LDQ����� �&KRQJ\XDQ� �/XR��������� �$QQD� �%DUWOHWW����� �$QGUHZ�� � � � � � � � � � �

$OGULGJH������-DFLQWD��/XFHUR������-XOLD��.���2VWHHQ������-RVHSK��5���1HU\������+XDPLQJ��&KHQ������$QJHOLQH��5LYNLQ������ � � � � � � � � � � � �

5RVD� �*� �&DVWDQRQ����� �%HQ� �&ORFN����� �<DQJ� �(ULF� �/L����� �;LDRPHQJ� �+RX����� �2OLYLHU� �%�� �3RLULRQ������6HEDVWLDQ�� � � � � � � � � � � � � �

3UHLVVO����� �&DURO\Q� �2
&RQQRU������ �/DUD� �%RJJHPDQ������ �&RQRU� �)LW]SDWULFN������ �0LFKDHO� �1XQQ����� �(UDQ� �$��� � � � � � � � � � �

0XNDPHO������ �=KX]KX��=KDQJ������(GZDUG��0���&DOODZD\�������%LQJ��5HQ��������-HVVH��5���'L[RQ������0���0DUJDULWD�� � � � � � � � � � � � �

%HKUHQV�������-RVHSK���5����(FNHU��������

�
��*HQRPLF���$QDO\VLV���/DERUDWRU\����7KH���6DON���,QVWLWXWH���IRU���%LRORJLFDO���6WXGLHV����/D���-ROOD����&$����������
��'LYLVLRQ���RI���%LRORJLFDO���6FLHQFHV����8QLYHUVLW\���RI���&DOLIRUQLD���6DQ���'LHJR����/D���-ROOD����&$����������
��%LRLQIRUPDWLFV��DQG��6\VWHPV��%LRORJ\��3URJUDP���8QLYHUVLW\��RI��&DOLIRUQLD��6DQ��'LHJR���/D��-ROOD���&$�� � � � � � � � � � � � �

�������
��+RZDUG� �+XJKHV� �0HGLFDO� �,QVWLWXWH�� �7KH� �6DON� �,QVWLWXWH� �IRU� �%LRORJLFDO� �6WXGLHV�� ������� �1�� �7RUUH\�� � � � � � � � � � � � �

3LQHV���5RDG����/D���-ROOD����&$������������
��'HSDUWPHQW���RI���+XPDQ���*HQHWLFV����8QLYHUVLW\���RI���&DOLIRUQLD���/RV���$QJHOHV�����/RV���$QJHOHV����&$����������
��&RPSXWDWLRQDO��1HXURELRORJ\��/DERUDWRU\���7KH��6DON��,QVWLWXWH��IRU��%LRORJLFDO��6WXGLHV���/D��-ROOD���&$��� � � � � � � � � � � �

�������
��3HSWLGH���%LRORJ\���/DERUDWRU\����7KH���6DON���,QVWLWXWH���IRU���%LRORJLFDO���6WXGLHV����/D���-ROOD����&$����������
��/XGZLJ���,QVWLWXWH���IRU���&DQFHU���5HVHDUFK�����������*LOPDQ���'ULYH����/D���-ROOD����&$������������86$��
��&HQWHU� �IRU� �(SLJHQRPLFV���'HSDUWPHQW��RI��&HOOXODU��DQG��0ROHFXODU��0HGLFLQH���,QVWLWXWH��RI��*HQRPLF�� � � � � � � � � � � �

0HGLFLQH�� �0RRUHV� �&DQFHU� �&HQWHU�� �8QLYHUVLW\� �RI� �&DOLIRUQLD� �6DQ� �'LHJR�� �6FKRRO� �RI� �0HGLFLQH�� �/D�� � � � � � � � � � � � �

-ROOD����&$�����������
���)ORZ���&\WRPHWU\���&RUH���)DFLOLW\����7KH���6DON���,QVWLWXWH���IRU���%LRORJLFDO���6WXGLHV����/D���-ROOD����&$����������
���'HSDUWPHQW���RI���&RJQLWLYH���6FLHQFH����8QLYHUVLW\���RI���&DOLIRUQLD����6DQ���'LHJR����/D���-ROOD����&$����������
���6\VWHPV� �1HXURELRORJ\� �/DERUDWRULHV�� �7KH� �6DON� �,QVWLWXWH� �IRU� �%LRORJLFDO� �6WXGLHV�� �/D� �-ROOD�� �&$�� � � � � � � � � � � �

�������

�
��&RUUHVSRQGHQFH�����HFNHU#VDON�HGX��

�

7KHVH���DXWKRUV���FRQWULEXWHG���HTXDOO\��

� �

���
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6XPPDU\��

0DPPDOLDQ� �EUDLQ� �FHOOV� �DUH� �UHPDUNDEO\� �GLYHUVH� �LQ��JHQH��H[SUHVVLRQ���DQDWRP\���DQG��IXQFWLRQ���\HW�� � � � � � � � � � � � �

WKH��UHJXODWRU\��'1$��ODQGVFDSH��XQGHUO\LQJ��WKLV��H[WHQVLYH��KHWHURJHQHLW\��LV��SRRUO\��XQGHUVWRRG���:H�� � � � � � � � � � � �

FDUULHG� �RXW� �D� �FRPSUHKHQVLYH� �DVVHVVPHQW� �RI� �WKH� �HSLJHQRPHV� �RI� �PRXVH� �EUDLQ� �FHOO� �W\SHV� �E\�� � � � � � � � � � � � � �

DSSO\LQJ� �VLQJOH� �QXFOHXV��'1$��PHWK\ODWLRQ��VHTXHQFLQJ��WR��SURILOH�����������QXFOHL��IURP������UHJLRQV�� � � � � � � � � � � � �

RI� �WKH� �PRXVH� �FRUWH[�� �KLSSRFDPSXV�� �VWULDWXP�� �SDOOLGXP�� �DQG� �ROIDFWRU\� �DUHDV�� �:H��LGHQWLILHG������� � � � � � � � � � � � �

FHOO��FOXVWHUV��ZLWK��GLVWLQFW��VSDWLDO��ORFDWLRQV��DQG��SURMHFWLRQ��WDUJHWV���:H��FRQVWUXFWHG��WD[RQRPLHV��RI�� � � � � � � � � � � � �

WKHVH� �HSLJHQHWLF� �W\SHV���DQQRWDWHG��ZLWK��VLJQDWXUH��JHQHV���UHJXODWRU\��HOHPHQWV���DQG��WUDQVFULSWLRQ�� � � � � � � � � � �

IDFWRUV���7KHVH��IHDWXUHV��LQGLFDWH��WKH��SRWHQWLDO��UHJXODWRU\��ODQGVFDSH��VXSSRUWLQJ��WKH��DVVLJQPHQW��RI�� � � � � � � � � � � �

SXWDWLYH��FHOO��W\SHV���DQG��UHYHDO��UHSHWLWLYH��XVDJH��RI��UHJXODWRUV��LQ��H[FLWDWRU\��DQG��LQKLELWRU\��FHOOV��IRU�� � � � � � � � � � � � � � �

GHWHUPLQLQJ� �VXEW\SHV���7KH��'1$��PHWK\ODWLRQ��ODQGVFDSH��RI��H[FLWDWRU\��QHXURQV��LQ��WKH��FRUWH[��DQG�� � � � � � � � � � � � �

KLSSRFDPSXV� �YDULHG� �FRQWLQXRXVO\� �DORQJ� �VSDWLDO� �JUDGLHQWV���8VLQJ��WKLV��GHHS��GDWDVHW���DQ��DUWLILFLDO�� � � � � � � � � � � �

QHXUDO� �QHWZRUN� �PRGHO� �ZDV� �FRQVWUXFWHG� �WKDW� �SUHFLVHO\� �SUHGLFWV� �VLQJOH� �QHXURQ� �FHOO�W\SH� �LGHQWLW\�� � � � � � � � � � � �

DQG� �EUDLQ� �DUHD� �VSDWLDO� �ORFDWLRQ�� �,QWHJUDWLRQ� �RI� �KLJK�UHVROXWLRQ� �'1$� �PHWK\ORPHV� �ZLWK�� � � � � � � � � � �

VLQJOH�QXFOHXV� �FKURPDWLQ� �DFFHVVLELOLW\� �GDWD� �DOORZHG� �SUHGLFWLRQ� �RI� �KLJK�FRQILGHQFH�� � � � � � � �

HQKDQFHU�JHQH� �LQWHUDFWLRQV� �IRU� �DOO� �LGHQWLILHG� �FHOO� �W\SHV�� �ZKLFK� �ZHUH� �VXEVHTXHQWO\� �YDOLGDWHG� �E\�� � � � � � � � � � � �

FHOO�W\SH�VSHFLILF� �FKURPDWLQ� �FRQIRUPDWLRQ� �FDSWXUH� �H[SHULPHQWV�� �%\� �FRPELQLQJ� �PXOWL�RPLF�� � � � � � � �

GDWDVHWV� ��'1$� �PHWK\ODWLRQ�� �FKURPDWLQ� �FRQWDFWV�� �DQG� �RSHQ� �FKURPDWLQ�� �IURP� �VLQJOH� �QXFOHL� �DQG�� � � � � � � � � � � �

DQQRWDWLQJ� �WKH� �UHJXODWRU\� �JHQRPH� �RI� �KXQGUHGV� �RI� �FHOO� �W\SHV� �LQ� �WKH� �PRXVH� �EUDLQ�� �RXU� �'1$�� � � � � � � � � � � � � � �

PHWK\ODWLRQ��DWODV��HVWDEOLVKHV��WKH��HSLJHQHWLF��EDVLV��IRU��QHXURQDO��GLYHUVLW\��DQG��VSDWLDO��RUJDQL]DWLRQ�� � � � � � � � � � � �

WKURXJKRXW���WKH���PRXVH���EUDLQ���

,QWURGXFWLRQ��

(SLJHQRPLF� �G\QDPLFV� �LV� �DVVRFLDWHG� �ZLWK� �FHOO� �GLIIHUHQWLDWLRQ� �DQG� �PDWXUDWLRQ� �LQ� �WKH� �PDPPDOLDQ�� � � � � � � � � � � �

EUDLQ�� �DQG� �SOD\V� �DQ� �HVVHQWLDO� �UROH� �LQ� �UHJXODWLQJ� �QHXURQDO� �IXQFWLRQV� �DQG� �DQLPDO� �EHKDYLRU��±����� � � � � � � � � � � � �

&\WRVLQH� �'1$� �PHWK\ODWLRQ� ���P&�� �LV� �D� �VWDEOH� �FRYDOHQW��PRGLILFDWLRQ��WKDW��SHUVLVWV��LQ��SRVW�PLWRWLF�� � � � � � � � � � � � �

FHOOV� �WKURXJKRXW� �WKHLU� �OLIHWLPH�� �DQG� �LV� �FULWLFDO� �IRU� �SURSHU� �JHQH� �UHJXODWLRQ��������� �,Q� �PDPPDOLDQ�� � � � � � � � � � � � �

JHQRPHV���F\WRVLQH��PHWK\ODWLRQ��SUHGRPLQDQWO\��RFFXUV��DW��&S*��VLWHV���VKRZLQJ��G\QDPLF��SDWWHUQV��DW�� � � � � � � � � � � �

UHJXODWRU\� �HOHPHQWV� �ZLWK� �WLVVXH� �DQG� �FHOO�W\SH� �VSHFLILFLW\����±���� �PRGXODWLQJ� �ELQGLQJ� �DIILQLW\� �RI�� � � � � � � � � � �

WUDQVFULSWLRQ� �IDFWRUV� ��7)��������� �DQG� �FRQWUROOLQJ� �JHQH� �WUDQVFULSWLRQ������ �$V� �D� �XQLTXH� �VLJQDWXUH� �RI�� � � � � � � � � � � �

���
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QHXURQDO� �FHOOV�� �QRQ�&S*� ��&+�� �F\WRVLQHV� �DUH� �DOVR� �DEXQGDQWO\� �PHWK\ODWHG� �LQ� �WKH� �PRXVH� �DQG�� � � � � � � � � � � � �

KXPDQ� �EUDLQ����� �ZKLFK� �FDQ� �GLUHFWO\� �DIIHFW� �'1$� �ELQGLQJ� �RI� �0H&3�� �PHWK\O�ELQGLQJ� �SURWHLQ�� � � � � � � � � � � �

UHVSRQVLEOH� �IRU� �5HWW� �6\QGURPH���±����� �P&+� �OHYHOV� �DW� �JHQH� �ERGLHV� �DUH� �DQWL�FRUUHODWHG� �ZLWK� �JHQH�� � � � � � � � � � � � �

H[SUHVVLRQ���DQG���VKRZ���D���UHPDUNDEOH���GLYHUVLW\���DFURVV���QHXURQDO���FHOO���W\SHV��������

�

'HHSHU� �XQGHUVWDQGLQJ� �RI� �HSLJHQRPLF� �GLYHUVLW\� �LQ� �WKH� �PRXVH� �EUDLQ� �QRW� �RQO\� �SURYLGHV� �D�� � � � � � � � � � � � �

FRPSOHPHQWDU\��DSSURDFK��WR��WUDQVFULSWRPH�EDVHG��SURILOLQJ��PHWKRGV��WR��LGHQWLI\��DOO��EUDLQ��FHOO��W\SHV�� � � � � � � � � � � �

EXW� �DGGLWLRQDOO\� �DOORZV� �JHQRPH�ZLGH� �SUHGLFWLRQ� �RI� �WKH� �UHJXODWRU\� �'1$� �VHTXHQFHV� �DQG�� � � � � � � � � � �

WUDQVFULSWLRQDO��QHWZRUNV��WKDW��XQGHUOLH��WKLV��GLYHUVLW\���2XU��SUHYLRXV��VWXGLHV��GHPRQVWUDWHG��WKH��XWLOLW\�� � � � � � � � � � � �

RI��VWXG\LQJ��EUDLQ��FHOO�W\SH��DQG��UHJXODWRU\��GLYHUVLW\��XVLQJ��VLQJOH��QXFOHXV��PHWK\ORPH��VHTXHQFLQJ�� � � � � � � � � � � �

�VQP&�VHT����������,Q��WKLV��VWXG\���ZH��XVH��VQP&�VHT����� �WR��FRQGXFW��WKRURXJK��PHWK\ORPH��SURILOLQJ��ZLWK�� � � � � � � � � � � � �

GHWDLOHG��VSDWLDO��GLVVHFWLRQ��LQ��WKH��DGXOW��SRVWQDWDO��GD\�������3�����PRXVH��EUDLQ���)LJ����D����,Q��/L��HW��DO��� � � � � � � � � � � � � � � � � �

��&RPSDQLRQ� �0DQXVFULSW� ��� ������ �WKH� �VDPH� �WLVVXH� �VDPSOHV� �ZHUH� �DOVR� �SURILOHG� �LQ� �SDUDOOHO� �XVLQJ�� � � � � � � � � � � � � �

VLQJOH� �QXFOHXV� �$7$&�VHT� ��VQ$7$&�VHT�� �WR� �LGHQWLI\� �JHQRPH�ZLGH� �DFFHVVLEOH� �FKURPDWLQ������� � � � � � � � �

SURYLGLQJ� �FRPSOHPHQWDU\��HSLJHQRPLF��LQIRUPDWLRQ��WR��DLG��LQ��FHOO�W\SH��VSHFLILF��UHJXODWRU\��JHQRPH�� � � � � � � � � � �

DQQRWDWLRQ�� �0RUHRYHU�� �WR� �IXUWKHU� �VWXG\� �FLV�UHJXODWRU\� �HOHPHQWV� �DQG� �WKHLU� �SRWHQWLDO� �WDUJHWLQJ�� � � � � � � � � � �

JHQHV� �DFURVV� �WKH� �ZKROH� �JHQRPH�� �ZH� �DSSOLHG� �D� �PXOWL�RPLF� �DVVD\� �VQ�P�&�VHT���� �WR� �SURILOH�� � � � � � � � � � � � �

PHWK\ORPH���DQG���FKURPDWLQ���FRQIRUPDWLRQ���LQ���WKH���VDPH���FHOOV���

�

7KH��GHHS��HSLJHQRPLF��GDWDVHWV��GHVFULEHG��KHUH��SURYLGH��D��GHWDLOHG��DQG��FRPSUHKHQVLYH��FHQVXV��RI�� � � � � � � � � � � � �

WKH� �GLYHUVLW\� �RI� �FHOO�W\SHV� �DFURVV� �PRXVH� �EUDLQ� �UHJLRQV�� �DOORZLQJ� �SUHGLFWLRQ� �RI��FHOO�W\SH�VSHFLILF�� � � � � � � � � � � �

UHJXODWRU\��HOHPHQWV��DV��ZHOO��DV��WKHLU��FDQGLGDWH��WDUJHW��JHQHV��DQG��XSVWUHDP��7)V���+LJKOLJKWV��RI��WKH�� � � � � � � � � � � � � � �

ILQGLQJV���RI���RXU���VWXG\���LQFOXGH���

Ɣ 6LQJOH� �QXFOHXV� �PHWK\ORPH� �VHTXHQFLQJ� �RI� ��������� �FHOOV� �IURP� �WKH� ���� �GLVVHFWHG� �UHJLRQV�� � � � � � � � � � � �

DFURVV�FRUWH[���KLSSRFDPSXV���VWULDWXP���SDOOLGXP���DQG��ROIDFWRU\��DUHDV�RI��WKH��PRXVH��EUDLQ�� � � � � � � � � � � �

SURYLGHV���WKH���ODUJHVW���VLQJOH�FHOO���EDVH�UHVROXWLRQ���'1$���PHWK\ODWLRQ���GDWDVHW���

Ɣ $��UREXVW��VLQJOH��FHOO��PHWK\ORPH��DQDO\VLV��IUDPHZRUN��LGHQWLILHV�������SUHGLFWHG��PRXVH��EUDLQ�� � � � � � � � � � � �

VXEW\SHV�� �7KH� �UHODWLRQVKLS� �EHWZHHQ� �VXEW\SHV� �LQ� �GLVWLQFW� �EUDLQ� �DUHDV� �SURYLGHV� �QRYHO�� � � � � � � � � � �

LQVLJKWV���LQWR���DQDWRPLFDO���FHOO�VXE�VWUXFWXUH���DVVRFLDWLRQV����

Ɣ &RPSDULQJ� �VXEW\SH�OHYHO� �PHWK\ORPHV� �DOORZV� �LGHQWLILFDWLRQ� �RI� ����0� �FHOO�W\SH�VSHFLILF�� � � � � � � �

GLIIHUHQWLDOO\� �&*� �PHWK\ODWHG� �UHJLRQV� ��&*�'05�� �WKDW� �FRYHU� �a� ����� �������� �0E�� �RI� �WKH�� � � � � � � � � � � � �

PRXVH���JHQRPH���

���
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Ɣ 'LIIHUHQWLDOO\� �PHWK\ODWHG� �7)��JHQHV��DQG��ELQGLQJ��PRWLIV��FDQ��EH��DVVRFLDWHG��ZLWK��EUDQFKHV�� � � � � � � � � � � �

LQ� �VXEW\SH� �SK\ORJHQ\�� �DOORZLQJ� �WKH� �SUHGLFWLRQ� �RI� �FHOO�W\SH� �JHQH� �UHJXODWRU\� �SURJUDPV�� � � � � � � � � � �

VSHFLILF���IRU���HDFK���GHYHORSPHQWDO���OLQHDJH���

Ɣ ,QWHJUDWLYH� �DQDO\VLV� �ZLWK� �FKURPDWLQ� �DFFHVVLELOLW\� �EDVHG� �FHOO� �FOXVWHUV� �YDOLGDWH� �PRVW�� � � � � � � � � �

PHWK\ORPH�GHULYHG� �VXEW\SHV�� �DOORZLQJ� �SUHGLFWLRQ� �RI� ����0� �HQKDQFHU�OLNH��'05V���H'05��� � � � � � � � �

DFURVV���FHOO���VXEW\SHV���

Ɣ ,GHQWLI\� �FLV�UHJXODWRU\� �LQWHUDFWLRQV� �EHWZHHQ� �HQKDQFHUV� �DQG� �JHQHV� �ZLWK� �FRPSXWDWLRQDO�� � � � � � � � �

SUHGLFWLRQ���DQG���VLQJOH�FHOO���FKURPDWLQ���FRQIRUPDWLRQ���SURILOLQJ����LQ���KLSSRFDPSXV����

Ɣ $� �FRQWLQXRXV� �WKUHH�GLPHQVLRQDO� �VSDWLDO� �PHWK\ODWLRQ� �JUDGLHQW� �ZDV� �REVHUYHG� �LQ� �FRUWLFDO�� � � � � � � � � �

H[FLWDWRU\� �DQG� �GHQWDWH� �J\UXV� �JUDQXOH� �FHOOV�� �ZLWK� �UHJLRQ�VSHFLILF� �7)V� �DQG� �PRWLIV� �IRXQG�� � � � � � � � � � � �

DVVRFLDWHG���ZLWK���WKH���JUDGLHQWV���

Ɣ $Q��DUWLILFLDO��QHXUDO��QHWZRUN��PRGHO��FRQVWUXFWHG��XVLQJ��WKLV��GHHS��GDWDVHW��SUHFLVHO\��SUHGLFWV�� � � � � � � � � � � �

VLQJOH� �QHXURQ� �FHOO�W\SH��LGHQWLW\��DQG��EUDLQ��DUHD��VSDWLDO��ORFDWLRQ��XVLQJ��RQO\��LWV��PHWK\ORPH�� � � � � � � � � � � � �

SURILOH���DV���LQSXW���

5HVXOWV��

$���VLQJOH���FHOO���'1$���PHWK\ORPH���DWODV���RI��������PRXVH���EUDLQ���UHJLRQV��

:H� �XVHG� �VLQJOH�QXFOHXV� �PHWK\OF\WRVLQH� �VHTXHQFLQJ� ��� ��VQP&�VHT������ �WR� �SURILOH� �JHQRPH�ZLGH�� � � � � � � � � �

F\WRVLQH� �'1$� �PHWK\ODWLRQ� �DW� �VLQJOH�FHOO� �UHVROXWLRQ� �DFURVV� �IRXU� �PDMRU� �EUDLQ� �VWUXFWXUHV�� �FRUWH[��� � � � � � � � � � � �

KLSSRFDPSXV���+,3����VWULDWXP��DQG��SDOOLGXP���RU��FHUHEUDO��QXFOHL���&18����DQG��ROIDFWRU\��DUHDV���2/)��� � � � � � � � � � � � �

�)LJ�� ��G�J�� �XVLQJ� �DGXOW� �PDOH� �&��%/��� �PLFH� ��DJH� �3�������� �,Q� �WRWDO� �ZH� �DQDO\]HG� ���� �GLVVHFWHG�� � � � � � � � � � � � � � �

UHJLRQV� �LQ� �WZR� �UHSOLFDWHV� ��([WHQGHG� �'DWD� �)LJ�� ���� �6XSSOHPHQWDU\� �7DEOH� ������ � � � � � � � � � �

)OXRUHVFHQFH�DFWLYDWHG��QXFOHL��VRUWLQJ���)$16���RI��DQWLERG\�ODEHOHG��QXFOHL��ZDV��DSSOLHG��WR��FDSWXUH�� � � � � � � � � � �

1HX1� �SRVLWLYH� ��1HX1����� ������ �QHXURQV�� �ZKLOH� �DOVR� �VDPSOH� �D� �VPDOOHU� �QXPEHU��RI��1HX1��QHJDWLYH�� � � � � � � � � � � � � �

�1HX1�±���������QRQ�QHXURQDO��FHOOV���)LJ����D����,Q��WRWDO���ZH��SURILOHG��WKH��'1$��PHWK\ORPHV��RI����������� � � � � � � � � � � � � � �

VLQJOH��QXFOHL��\LHOGLQJ���RQ��DYHUDJH��������PLOOLRQ��VWULQJHQWO\��ILOWHUHG��UHDGV�FHOO���PHDQ�����6'������î������ � � � � � � � � � � � � �

�� ����î�������� �FRYHULQJ� ����� ��� ������ �RI� �WKH� �PRXVH� �JHQRPH� �SHU� �FHOO�� �,Q� �HDFK� �FHOO�� �ZH� �UHOLDEO\�� � � � � � � � � � � � � � � � �

TXDQWLILHG� �'1$� �PHWK\ODWLRQ� �IRU� ���� ��� ���� �RI� �WKH� �PRXVH� �JHQRPH��LQ�����NE��ELQV��DQG�������������RI�� � � � � � � � � � � � � � � � � � �

JHQH� �ERGLHV� ��)LJ�� ��L��� �,Q� �SDUDOOHO�� �ZH� �SHUIRUPHG� �VLQJOH�QXFOHXV� �$7$&�VHT� ��VQ$7$&�VHT����� �RQ�� � � � � � � � � � � �

QXFOHL��IURP��WKH��VDPH��VDPSOHV��WR��LGHQWLI\��VLWHV��RI��DFFHVVLEOH��FKURPDWLQ���VHH��EHORZ��DQG��/L��HW��DO���� � � � � � � � � � � � � � � � �

FRPSDQLRQ���PDQXVFULSW�������������

�
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%DVHG� �RQ� �WKH� �'1$� �PHWK\ORPH� �SURILOHV� �LQ� �ERWK� �&S*� �VLWHV� ��&*� �PHWK\ODWLRQ��RU��P&*��KHUHDIWHU��� � � � � � � � � � � � � � �

DQG� �QRQ�&S*� �VLWHV� ��&+� �PHWK\ODWLRQ� �RU� �P&+�� �LQ� ����NE� �ELQV� �WKURXJKRXW� �WKH� �JHQRPH�� �ZH�� � � � � � � � � � � � � �

SHUIRUPHG� �D� �WKUHH�OHYHO� �LWHUDWLYH� �FOXVWHULQJ� �DQDO\VLV� �WR� �FDWHJRUL]H� �WKH� �HSLJHQRPLF� �FHOO�� � � � � � � � � � �

SRSXODWLRQV���)LJ����E���F����$IWHU��TXDOLW\��FRQWURO��DQG��SUHSURFHVVLQJ���VHH��0HWKRGV����LQ��WKH��ILUVW��OHYHO�� � � � � � � � � � � � � � �

�FHOO� �FODVV��� �ZH� �FOXVWHUHG� ��������� �FHOOV� �LQWR� �������� ������� �H[FLWDWRU\� �QHXURQV�� �������� �������� � � � � � � � � � � � �

LQKLELWRU\� �QHXURQV�� �DQG� ������� �������QRQ�QHXURQV���7KH��SRUWLRQ��RI��QRQ�QHXURQV��LV��GHWHUPLQHG��E\�� � � � � � � � � � � � �

WKH��)$16��RI��1HX1��� �QXFOHL���6XSSOHPHQWDU\��7DEOH������([WHQGHG��'DWD��)LJ����E����7KH��VHFRQG��URXQG�� � � � � � � � � � � � � � �

RI� �LWHUDWLYH� �DQDO\VLV� �RI� �HDFK� �FHOO� �FODVV� �LGHQWLILHG� ���� �PDMRU� �W\SHV� �LQ� �WRWDO� ��FOXVWHU� �VL]H� �UDQJH�� � � � � � � � � � � � � � � �

������������PHGLDQ���������FHOOV����DQG��WKH��WKLUG��URXQG��VHSDUDWHG��WKHVH��PDMRU��W\SHV��IXUWKHU��LQWR������� � � � � � � � � � � � � � �

FHOO� �VXEW\SHV� ��FOXVWHU� �VL]H� �UDQJH� ����������� �PHGLDQ� ����� �FHOOV��� �(DFK� �VXEW\SH� �FDQ� �EH�� � � � � � � � � � � � �

GLVWLQJXLVKHG��IURP��DOO��RWKHUV��EDVHG��RQ�������D��VXSHUYLVHG��PRGHO��WKDW��UHSURGXFHV��WKH��FOXVWHU��ODEHO�� � � � � � � � � � � � � � �

ZLWK� �!� ����� �FURVV�YDOLGDWHG� �DFFXUDF\�� �DQG� ���� �DW��OHDVW�����GLIIHUHQWLDOO\��PHWK\ODWHG��JHQHV��EHWZHHQ�� � � � � � � � � � � � � �

HDFK� �SDLU� �RI� �VXEW\SHV� ��VHH� �0HWKRGV�� �DQG� �([WHQGHG� �'DWD� �)LJ�� ���� �6XSSOHPHQWDU\� �7DEOH� ��� �IRU�� � � � � � � � � � � � � � �

VXEW\SH� �QDPHV� �DQG� �VLJQDWXUH� �JHQHV��� �$OO� �VXEW\SHV� �DUH� �KLJKO\� �FRQVHUYHG� �DFURVV� �UHSOLFDWHV�� � � � � � � � � � � �

�([WHQGHG��'DWD��)LJ����G����DQG��UHSOLFDWHV��IURP��WKH��VDPH��EUDLQ��UHJLRQ��DUH��FR�FOXVWHUHG��FRPSDUHG�� � � � � � � � � � � � � �

WR���VDPSOHV���IURP���RWKHU���EUDLQ���UHJLRQV����([WHQGHG���'DWD���)LJ�����H�J����

�

7KH� �VSDWLDO� �GLVWULEXWLRQ� �RI��HDFK��FHOO��W\SH��LV��DVVHVVHG��EDVHG��RQ��ZKHUH��WKH��FHOOV��ZHUH��GLVVHFWHG�� � � � � � � � � � � � � � � �

IURP� ��6XSSOHPHQWDU\� �7DEOH� ����� �+HUH� �ZH� �XVHG� �WKH� �8QLIRUP� �0DQLIROG� �$SSUR[LPDWLRQ� �DQG�� � � � � � � � � � � �

3URMHFWLRQ���80$3����� �WR��YLVXDOL]H��HSLJHQHWLF��GLIIHUHQFHV��EDVHG��RQ��FHOO��ORFDWLRQ���)LJ����E���([WHQGHG�� � � � � � � � � � � � �

'DWD� �)LJ�� ���� �DQG� �PDMRU� �FHOO� �W\SH� ��([WHQGHG� �'DWD� �)LJ�� ��D��� �0DMRU� �QRQ�QHXURQDO� �W\SHV� �KDYH� �D�� � � � � � � � � � � � � � � �

VLPLODU��GLVWULEXWLRQ��DFURVV��EUDLQ��UHJLRQV���)LJ����K����ZLWK��WKH��H[FHSWLRQ��RI��$GXOW��1HXURQ��3URJHQLWRUV�� � � � � � � � � � � � � �

�$13��� �:H� �IRXQG� �WZR� �VXEW\SHV��RI��$13��SUHVXPDEO\��FRUUHVSRQGLQJ��WR��QHXURQ��SUHFXUVRUV��LQ��WKH�� � � � � � � � � � � � � �

VXEJUDQXODU� �]RQH� �RI� �WKH� �GHQWDWH� �J\UXV� ��'*����� ��³$13� �DQS�GJ´�� ����� �FHOOV�� �DQG� �WKH� �URVWUDO�� � � � � � � � � � � � � �

PLJUDWRU\� �VWUHDP� ��506����� �LQ� �&18� �DQG� �2/)� ��³$13� �DQS�ROI�FQX´�� ����� �FHOOV��� �0DMRU� �H[FLWDWRU\�� � � � � � � � � � � � �

QHXURQ� �W\SHV� �IURP� �LVRFRUWH[�� �2/)�� �DQG� �+,3� �IRUPHG� �VHSDUDWH� �VXEW\SHV�� �ZLWK� �VRPH� �H[FHSWLRQV�� � � � � � � � � � � � �

SRWHQWLDOO\� �GXH� �WR� �RYHUODSV� �LQ� �GLVVHFWHG� �UHJLRQV� ��VHH� �³3RWHQWLDO� �2YHUODS´� �FROXPQ� �LQ�� � � � � � � � � � � �

6XSSOHPHQWDU\� �7DEOH� ����� �&HOOV� �IURP� �LVRFRUWH[� �ZHUH� �DVVLJQHG� �WR� �VXEW\SHV� �EDVHG� �RQ� �WKHLU�� � � � � � � � � � � � �

SURMHFWLRQ� �W\SHV����������� �7KH� �,QWUDWHOHQFHSKDOLF� ��,7�� �QHXURQV� �IURP� �DOO� �FRUWLFDO� �UHJLRQV��FRQWDLQ��IRXU�� � � � � � � � � � � �

PDMRU��W\SHV��FRUUHVSRQGLQJ��WR��WKH��ODPLQDU��OD\HUV���/������/����/����DQG��/�����ZLWK��DGGLWLRQDO��VXEW\SHV�� � � � � � � � � � � � � � �

LQ� �HDFK� �OD\HU� �WKDW� �GLIIHU� �DFURVV� �FRUWLFDO� �UHJLRQV�� �:H� �DOVR� �LGHQWLILHG� �PDMRU� �W\SHV� �IURP� �FRUWLFDO�� � � � � � � � � � � � � � �

VXESODWH��VWUXFWXUHV���LQFOXGLQJ��WKH��FODXVWUXP���&/$���DQG��HQGRSLULIRUP��QXFOHXV���(3���IURP��LVRFRUWH[�� � � � � � � � � � � �

DQG���2/)���GLVVHFWLRQV���

���
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*$%$HUJLF��LQKLELWRU\��QHXURQV��IURP��LVRFRUWH[��DQG��+,3��FOXVWHU��WRJHWKHU��LQWR��ILYH��PDMRU��W\SHV���EXW�� � � � � � � � � � � � � �

PRVW� �+,3� �QHXURQV� �DUH� �WKHQ� �VHSDUDWHG� �IURP� �LVRFRUWLFDO� �QHXURQV� �DW� �WKH� �VXEW\SH� �OHYHO�� �LQ�� � � � � � � � � � � � � �

DJUHHPHQW� �ZLWK� �D� �FRPSDQLRQ� �WUDQVFULSWRPLF� �VWXG\�������,QWULJXLQJO\���LQ��RQH��PDMRU��*$%$HUJLF��W\SH�� � � � � � � � � � � �

PDUNHG��E\��ORZ��PHWK\ODWLRQ��DW��WKH��JHQH�8QF�F��VXJJHVWLQJ��KLJK��51$��H[SUHVVLRQ�����FHOOV��IURP��+,3�� � � � � � � � � � � � � � �

DQG� �LVRFRUWH[� �UHPDLQ� �WR� �EH� �FR�FOXVWHUHG� �DW� �VXEW\SH� �OHYHOV�� �7KH� �LVRFRUWH[� �FHOOV� �LQ� �WKLV� �FOXVWHU�� � � � � � � � � � � � � � �

GLVSOD\� �K\SR�P&+��LQ��WKH��JHQH��ERG\��RI��ERWK�/K[���DQG�$GDUE�����FRUUHVSRQGLQJ��WR��WKH��SUHYLRXVO\�� � � � � � � � � � � � � � �

UHSRUWHG� �³/DPS��/K[�´� �FOXVWHU� �LQ� �WUDQVFULSWRPH� �VWXGLHV������������ �7KH� �FORVH� �UHODWLRQVKLS� �EHWZHHQ�� � � � � � � � � �

WKLV� �FHOO� �W\SH� �DQG� �+,3� �LQWHUQHXURQV� �ZDV� �DOVR� �UHSRUWHG� �LQ� �D� �VLQJOH�FHOO� �WUDQVFULSWRPLF� �VWXG\� �LQ�� � � � � � � � � � � � � � �

PDUPRVHW�������,Q��FRQWUDVW��ZLWK��H[FLWDWRU\��QHXURQV���VXEW\SHV��RI��LVRFRUWLFDO��*$%$HUJLF��QHXURQV��GR�� � � � � � � � � � � �

QRW� �VHSDUDWH� �E\� �FRUWLFDO� �UHJLRQ�� �,QWHUQHXURQV� �IURP� �&18� �DQG� �2/)� �JURXS� �LQWR��QLQH��PDMRU��W\SHV�� � � � � � � � � � � � � � �

DQG��PDQ\��VXEW\SHV��ZKLFK��IXUWKHU��VHSDUDWH��E\��UHJLRQ���VHH��YLJQHWWH��EHORZ����LQGLFDWLQJ��VXEVWDQWLDO�� � � � � � � � � � � � �

VSDWLDO� �GLYHUVLW\� �DPRQJ� �&18� �DQG� �2/)� �LQWHUQHXURQV�� �,Q� �WKH� �QH[W� �VHFWLRQ�� �ZH� �SURYLGH� �VHYHUDO�� � � � � � � � � � � � � �

DQDO\WLF��YLJQHWWHV��WR��LOOXVWUDWH��WKH��XQSUHFHGHQWHG��OHYHO��RI��QHXURQDO��VXEW\SH��DQG��VSDWLDO��GLYHUVLW\�� � � � � � � � � � � � �

REVHUYHG���LQ���WKHLU���'1$���PHWK\ORPHV���

�

1HXURQ���VXEW\SH���YLJQHWWHV��

0HWK\ORPH���VLPLODULW\���EHWZHHQ���,QGXVLXP���*ULVHXP���DQG���+LSSRFDPSDO���UHJLRQ���&$����QHXURQ���VXEW\SHV���

1HDUO\� �DOO� �KLSSRFDPSDO� �H[FLWDWRU\� �QHXURQV� �IRUPHG� �WKHLU� �RZQ� �FOXVWHUV� �VHSDUDWHO\� �IURP� �FHOOV� �LQ�� � � � � � � � � � � � �

RWKHU� �EUDLQ� �UHJLRQV� ��)LJ�� ��K��� �H[FHSW� �WKH� �,*�&$�� �QHXURQV� ������ �FHOOV�� �WKUHH� �VXEW\SHV�� �,*��� � � � � � � � � � � � � �

,QGXVLXP� �JULVHXP�� �&$�� �&RUQX��$PPRQLV����)LJ����F����6HYHUDO��PDUNHUV��RI��WKH��KLSSRFDPSDO��UHJLRQ�� � � � � � � � � � � � �

&$����� ��H�J���3FS�������&DFQJ�������1WI��������ZHUH��PDUNHG��E\��ORZ��JHQH��ERG\��P&+���)LJ����G���LQ��,*�&$��� � � � � � � � � � � � � � � �

VXEW\SHV���+RZHYHU���RQH��VXEW\SH��³,*�&$���;SU�´���VXEW\SH�����LQ��)LJ����F��������FHOOV���ZDV��ORFDWHG��LQ�� � � � � � � � � � � � � � � �

WKH� �$QWHULRU��&LQJXODWH��$UHD���$&$�������FHOOV���DQG��/DWHUDO��6HSWDO��&RPSOH[���/6;�������FHOOV����ZKLFK�� � � � � � � � � � � � � � �

DUH� �DQDWRPLFDOO\� �GLVWLQFW� �IURP� �WKH� �KLSSRFDPSXV� ��([WHQGHG� �'DWD� �)LJ�� ����� �,Q�VLWX� �K\EULGL]DWLRQ�� � � � � � � � � � � �

�,6+�� �GDWD� �IURP� �WKH� �$OOHQ� �%UDLQ� �$WODV� ��$%$�� �RI�1WI�� ��)LJ�� ��G�� �6�F�� �LQGLFDWHV� �WKDW� �WKRVH� �FHOOV�� � � � � � � � � � � � � � � � �

SRWHQWLDOO\��FRPH��IURP��WKH��,*��UHJLRQ���� ��)LJ����H����ZKLFK��LV��D��WKLQ��OD\HU��RI��JUD\��PDWWHU��O\LQJ��GRUVDO��WR�� � � � � � � � � � � � � � � � � � �

WKH��FRUSXV��FDOORVXP��DW��WKH��EDVH��RI��WKH��DQWHULRU��KDOI��RI��WKH��FLQJXODWH��FRUWH[���LQFOXGHG��LQ��WKH��$&$�� � � � � � � � � � � � � � � � � �

DQG� �/6;� �GLVVHFWLRQ� �UHJLRQV� ��)LJ�� ��F�� ��'� �PRGHO��� �:LWK� �WKH� �SRZHU� �RI� �VLQJOH�FHOO� �HSLJHQRPLF�� � � � � � � � � � � � � �

SURILOLQJ���ZH��DUH��DEOH��WR��FODVVLI\��FHOOV��IURP��WKLV��UHJLRQ��ZLWKRXW��DGGLWLRQDO��GLVVHFWLRQ���0RUHRYHU��WKH�� � � � � � � � � � � � � � �

VLPLODULW\� �RI� �WKHLU� �'1$� �PHWK\ORPHV� �LQGLFDWHV� �WKH� �SRVVLEOH� �IXQFWLRQDO� �DQG�RU� �GHYHORSPHQWDO�� � � � � � � � � � �

���
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UHODWLRQVKLS� �EHWZHHQ� �WKH� �&$�� �DQG� �,*� �H[FLWDWRU\� �QHXURQV�� �)LQDOO\�� �WKH� �K\SR�P&*� �UHJLRQV�� � � � � � � � � � � �

VXUURXQGLQJ� �WKH� �PDUNHU� �JHQHV� �OLNH� 1WI�� ��([WHQGHG� �'DWD� �)LJ�� ��E�� �LGHQWLI\� �FDQGLGDWH�� � � � � � � � � � � �

FHOO�W\SH�VSHFLILF� �HQKDQFHUV� �ZKLFK� �PD\� �IXUWKHU� �RXU� �XQGHUVWDQGLQJ� �RI� �KRZ� �VSHFLILF� �JHQH�� � � � � � � � � � �

H[SUHVVLRQ���SURJUDPV���DUH���UHJXODWHG���LQ���WKHVH���VWUXFWXUHV���

0HWK\ODWLRQ���VLJQDWXUHV���RI���VWULDWDO���PHGLXP���VSLQ\���QHXURQV���ORFDWHG���LQ���SDWFK���FRPSDUWPHQWV��

$� �PDMRU� �*$%$HUJLF� �LQKLELWRU\� �FHOO� �W\SH� �LQ� �WKH� �VWULDWXP�� �WKH� 'UG��� �PHGLXP� �VSLQ\� �QHXURQ�� � � � � � � � � � � � � �

�061�'��� �IURP� �WKH� �FDXGRSXWDPHQ� ��&3�� �GRUVDO�� �DQG� �QXFOHXV� �DFFXPEHQV� ��$&%�� �YHQWUDO��� �LV�� � � � � � � � � � � �

IXUWKHU� �VHSDUDWHG� �LQWR��IRXU��VXEW\SHV���)LJ����I���6�G����7ZR��VXEW\SHV��³061�'���3O[QF�´���VXEW\SH����� � � � � � � � � � � � � �

LQ� �)LJ��I�� �DQG� �³061�'�� �1WQ�´� ��VXEW\SH� ��� �LQ� �)LJ��I��� �PDLQO\� ������� �IURP� �WKH� �$&%�� �DUH� �IXUWKHU�� � � � � � � � � � � � � � � �

VHSDUDWHG� �E\� �ORFDWLRQ� �DORQJ� �WKH� �DQWHULRU�SRVWHULRU� �D[LV� ��([WHQGHG� �'DWD� �)LJ�� ��H�� �EDVHG� �RQ�� � � � � � � � � � � � �

GLVVHFWLRQ��� �LQGLFDWLQJ� �VSDWLDO� �GLYHUVLW\� �PD\� �H[LVW� �LQ� �DGGLWLRQ� �WR� �WKH� �FDQRQLFDO� �GRUVDO�YHQWUDO�� � � � � � � � � � � �

JUDGLHQW��RI��WKH��VWULDWXP����������³061�'���.KGUEV�´��DQG��³061�'���+UK�´��VXEW\SHV��DUH��PRVWO\��������� � � � � � � � � � � � �

IURP��&3��GLVVHFWLRQV���RQH��RI��WKHP��PDUNHG��E\��JHQH�.KGUEV���DQG��LWV��SRWHQWLDO��UHJXODWRU\��HOHPHQWV�� � � � � � � � � � � � � � �

�)LJ�� ��J�� �K�� �([WHQGHG� �'DWD� �)LJ�� ��I�� �FRUUHVSRQGV� �WR� �WKH� �QHXURFKHPLFDOO\� �GHILQHG� �SDWFK����� � � � � � � � � � � � �

FRPSDUWPHQWV��LQ��&3���+HUH��WKH��PHWK\ORPH��SURILOLQJ��GDWD��SURYLGHV��HYLGHQFH��RI��SUHYLRXVO\��XQVHHQ�� � � � � � � � � � � � �

VSDWLDO��HSLJHQHWLF��GLYHUVLW\��LQ��WKH��VWULDWXP��'���QHXURQV���ZKLFK��LV��DOVR��REVHUYHG��LQ��WKH��RWKHU��PDMRU�� � � � � � � � � � � � � � � �

W\SH���061�'������'UG��������RI���WKH���VWULDWXP����([WHQGHG���'DWD���)LJ�����J����H����L����

6SDWLDO���DQG���SURMHFWLRQ���VSHFLILFLW\���RI���H[WUD�WHOHQFHSKDOLF����(7����QHXURQ���VXEW\SHV��

:H� �IRXQG� �WKDW� �FRUWLFDO� �H[FLWDWRU\� �VXEW\SHV� �KDYH� �GLVWLQFW� �VSDWLDO� �GLVWULEXWLRQV�� �)RU� �H[DPSOH��� � � � � � � � � � � �

VXEW\SHV� �RI� �/��(7� �FRQVLVW� �RI� �FHOOV� �IURP� �GLIIHUHQW� �FRUWLFDO� �UHJLRQV� ��)LJ�� ��L�� �N��� �7KLV� �LV� �IXUWKHU�� � � � � � � � � � � � � � � �

FRQILUPHG� �E\� �LQWHJUDWLQJ� �RXU� �VQP&�VHT�� �GDWD� �ZLWK� �GDWD��IURP��QHXURQV��ZLWK��GHILQHG��SURMHFWLRQV�� � � � � � � � � � � � �

IURP� �D� �SDUDOOHO� �VWXG\� �XVLQJ� �(SL�5HWUR�6HT� ��&RPSDQLRQ� �0DQXVFULSW� ��� ��������� ��)LJ�� ��M���� � � � � � � � � � � �

(SL�5HWUR�6HT��XVHV��UHWURJUDGH��YLUDO��ODEHOLQJ��WR��VHOHFW��QHXURQV��SURMHFWLQJ��WR��VSHFLILF��WDUJHW��EUDLQ�� � � � � � � � � � � � �

UHJLRQV� �IROORZHG� �E\� �PHWK\ORPH� �DQDO\VLV� �RI� �WKHLU� �HSLJHQHWLF� �VXEW\SHV�� �7R� �IXUWKHU� �LQIHU� �WKH�� � � � � � � � � � � � �

SURMHFWLRQ� �WDUJHW� �RI� �/��(7� �FHOOV� �SURILOHG� �LQ� �RXU� �VWXG\�� �ZH� �SHUIRUPHG� �FR�FOXVWHULQJ� �RQ� �WKH�� � � � � � � � � � � � � �

LQWHJUDWHG� �GDWDVHWV� �DQG� �FDOFXODWHG� �WKH� �RYHUODS� �EHWZHHQ� �XQELDVHG� ��VQP&�VHT��� �DQG� �WDUJHWHG�� � � � � � � � � � �

�(SL�5HWUR�6HT�� �SURILOLQJ� �H[SHULPHQWV� ��([WHQGHG� �'DWD� �)LJ�� ��P��� �,QWHUHVWLQJO\�� �VRPH� �VXEW\SHV�� � � � � � � � � �

LGHQWLILHG� �IURP� �WKH� �VDPH� �FRUWLFDO� �DUHD� �VKRZ� �GLIIHUHQW��SURMHFWLRQ��VSHFLILFLW\���)RU��H[DPSOH���LQ��WKH�� � � � � � � � � � � � � �

/��(7� �QHXURQV�� �66S� �DQG� �02S� �QHXURQV� �ZHUH� �PDLQO\� �HQULFKHG� �LQ� �WKUHH� �VXEW\SHV� �PDUNHG� �E\�� � � � � � � � � � � � � �

.FQK����7PWF�����DQG�1HFWLQ�����UHVSHFWLYHO\���+RZHYHU���PHGXOOD��SURMHFWLQJ��QHXURQV��LQ��WKH��02S��DQG�� � � � � � � � � � � � �
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66S� �RQO\� �LQWHJUDWH��ZLWK��WKH��VXEW\SH��PDUNHG��ZLWK�.FQK����)LJ����O����VXJJHVWLQJ��WKDW��WKH��VXEW\SHV�� � � � � � � � � � � � � � �

LGHQWLILHG���LQ���XQELDVHG���PHWK\ORPH���SURILOLQJ���KDYH���GLVWLQFW���SURMHFWLRQ���VSHFLILFLW\���

&RQVHQVXV���HSLJHQRPLF���SURILOHV���RI���EUDLQ���FHOO���VXEW\SHV��

,QWHJUDWLQJ� �VLQJOH�FHOO� �GDWDVHWV� �FROOHFWHG� �XVLQJ� �GLIIHUHQW� �PROHFXODU� �SURILOLQJ� �PRGDOLWLHV� ��H�J��� � � � � � � � � �

VQ51$�VHT�� �VQP&�VHT��� �VQ$7$&�VHT�� �FDQ� �KHOS� �WR� �HVWDEOLVK� �D� �FRQVHQVXV� �FHOO� �W\SH� �DWODV���������� � � � � � � � � � � �

8VLQJ� �D� �PXWXDO� �QHDUHVW� �QHLJKERU� �EDVHG� �DSSURDFK������� ��VHH� �0HWKRGV��� �ZH� �LQWHJUDWHG� �WKH�� � � � � � � � � � � �

PHWK\ORPH� �GDWD� �ZLWK� �WKH� �FKURPDWLQ� �DFFHVVLELOLW\� �GDWD� �SURILOHG� �XVLQJ��VQ$7$&�VHT��RQ��WKH��VDPH�� � � � � � � � � � � � �

EUDLQ��VDPSOHV��IURP��D��SDUDOOHO��VWXG\���/L��HW��DO����&RPSDQLRQ��0DQXVFULSW�����������$V��YLVXDOL]HG��E\��WKH�� � � � � � � � � � � � � � � � �

HQVHPEOH��80$3���DIWHU��LQWHJUDWLRQ��WKH��WZR��PRGDOLWLHV��YDOLGDWHG��HDFK��RWKHU��DW��WKH��OHYHO��RI��VXEW\SH�� � � � � � � � � � � � � � �

FOXVWHU��DVVLJQPHQW���)LJ����P���Q���([WHQGHG��'DWD��)LJ����D����:H��WKHQ��SHUIRUPHG��FR�FOXVWHULQJ��RI��WKH�� � � � � � � � � � � � � � �

LQWHJUDWHG��GDWD��DQG��FDOFXODWHG��2YHUODS��6FRUHV���26���EHWZHHQ��WKH��RULJLQDO��PHWK\ODWLRQ��VXEW\SHV�� � � � � � � � � � � �

�P�W\SHV�� �DQG� �WKH� �FKURPDWLQ� �DFFHVVLELOLW\��VXEW\SHV���D�W\SHV����)LJ����R���([WHQGHG��'DWD��)LJ����E���� � � � � � � � � � � � �

7KH��26��GHVFULEHV��WKH��OHYHO��RI��FR�FOXVWHULQJ��RI��WZR��JURXSV��RI��FHOOV���ZKHUH��D��KLJKHU��YDOXH��PHDQV�� � � � � � � � � � � � � � � � �

WKH� �WZR� �JURXSV� �DUH� �PRUH� �VLPLODUO\� �GLVWULEXWHG� �DFURVV� �FR�FOXVWHUV� ��VHH� �0HWKRGV� �DQG�� � � � � � � � � � � �

6XSSOHPHQWDU\� �7DEOH� ����� �7KH� �KLJK� �RYHUODS� �RI� �&*�'05V� �DQG� �RSHQ� �FKURPDWLQ� �SHDNV� �LQ� �WKH�� � � � � � � � � � � � � �

KLSSRFDPSXV���DOVR���FRQILUPHG���WKH���FRUUHFW���PDWFK���RI���FHOO�W\SH���LGHQWLWLHV����)LJ�����S����

�

5HJXODWRU\���KLHUDUFK\���RI���QHXURQDO���VXEW\SHV��

+DYLQJ� �GHYHORSHG� �D� �FRQVHQVXV��PDS��RI��FHOO��W\SHV��EDVHG��RQ��WKHLU��'1$��PHWK\ORPHV���ZH��IXUWKHU�� � � � � � � � � � � � � � �

H[SORUHG� �WKH� �JHQH� �UHJXODWRU\� �UHODWLRQVKLS� �EHWZHHQ� �QHXURQDO� �VXEW\SHV�� �:H� �FRQVWUXFWHG� �WZR�� � � � � � � � � � �

SK\ORJHQ\� �WUHHV� �IRU� ���� �H[FLWDWRU\� �W\SHV� ��([WHQGHG� �'DWD� �)LJ�� ��D�� �DQG� ���� �LQKLELWRU\� �W\SHV�� � � � � � � � � � � � � �

�([WHQGHG��'DWD��)LJ����E���UHVSHFWLYHO\���EDVHG��RQ��WKH��JHQH��ERG\��P&+��OHYHO��RI���������GLIIHUHQWLDOO\�� � � � � � � � � � � � � � �

PHWK\ODWHG� �JHQHV� ��&+�'0*V�� �EHWZHHQ� �HYHU\� �SDLU� �RI� �FOXVWHUV�� �7KH� �WD[RQRP\� �WUHH� �VWUXFWXUHV�� � � � � � � � � � � �

UHSUHVHQW��WKH��VLPLODULWLHV��RI��WKHVH��GLVFUHWH��VXEW\SHV���DQG��PD\��UHIOHFW��WKH��GHYHORSPHQWDO��KLVWRU\�� � � � � � � � � � � � �

RI���QHXURQDO���W\SH���VSHFLILFDWLRQ�����������

�

$� �XQLTXH� �DGYDQWDJH� �RI� �VLQJOH�QHXURQ� �PHWK\ORPH� �SURILOLQJ� �LV��WKDW��LW��FDSWXUHV��WKH��LQIRUPDWLRQ��RI�� � � � � � � � � � � � � �

ERWK��FHOO�W\SH�VSHFLILF��JHQH��H[SUHVVLRQ��DQG��SUHGLFWHG��UHJXODWRU\��HYHQWV���6SHFLILFDOO\���JHQH��ERG\�� � � � � � � � � � �

P&+��LV��SUHGLFWLYH��RI��JHQH��H[SUHVVLRQ��LQ��QHXURQV����������ZKLOH��&*�'05V��LQGLFDWH��FHOO�W\SH��VSHFLILF�� � � � � � � � � � � � �

UHJXODWRU\� �HOHPHQWV�� �DQG� �7)V� �ZKRVH� �PRWLIV� �HQULFKHG� �LQ� �WKHVH� �&*�'05V� �SUHGLFW� �WKH� �FUXFLDO�� � � � � � � � � � � � �

UHJXODWRUV� �RI� �WKH� �FHOO� �W\SH��±���� �:H� �XVHG� �ERWK� �&+�'0*V� �DQG� �&*�'05V� �WR� �IXUWKHU��DQQRWDWH��WKH�� � � � � � � � � � � � � � �

���

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 30, 2020. ; https://doi.org/10.1101/2020.04.30.069377doi: bioRxiv preprint 

https://doi.org/10.1101/2020.04.30.069377
http://creativecommons.org/licenses/by-nc-nd/4.0/


�

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

���

WUHH� �DQG� �H[SORUH� �WKH��IHDWXUHV��VSHFLI\LQJ��FHOO��VXEW\SHV���([F���)LJ����D�F���,QK���([WHQGHG��'DWD��)LJ��� � � � � � � � � � � � � � �

�F����G����

�

7R� �EHWWHU� �XQGHUVWDQG� �ZKLFK� �JHQHV� �FRQWULEXWH� �WR� �FHOO� �W\SH� �VSHFLILFDWLRQV� �LQ��WKH��EUDQFKHV��RI��WKH�� � � � � � � � � � � � � � �

WUHH���ZH��FDOFXODWHG��D��EUDQFK�VSHFLILF��³PHWK\ODWLRQ��LPSDFW��VFRUH´��IRU��HDFK��JHQH��WKDW��VXPPDULVHV�� � � � � � � � � � � � �

DOO��RI��WKH��SDLUZLVH��FRPSDULVRQV��UHODWHG��WR��WKDW��EUDQFK���)LJ����G���VHH��0HWKRGV����7KH��LPSDFW��VFRUH�� � � � � � � � � � � � � � � �

UDQJHV� �IURP� ��� �WR� �����ZLWK��D��KLJKHU��VFRUH��SUHGLFWLQJ��VWURQJHU��IXQFWLRQDO��UHOHYDQFH��WR��WKH��EUDQFK��� � � � � � � � � � � � � � � �

:LWK� �LPSDFW� �VFRUHV� �!� �������D��WRWDO��RI���������XQLTXH��JHQHV��ZHUH��DVVLJQHG��WR��EUDQFKHV��ZLWKLQ��WKH�� � � � � � � � � � � � � � � � �

H[FLWDWRU\���SK\ORJHQ\������������LQ���LQKLELWRU\�����LQFOXGLQJ���������7)���JHQHV����������LQ���LQKLELWRU\�����

�

.H\� �7)V� �GHWHUPLQH� �WKH� �QHXURQDO� �FHOO�W\SH� �LGHQWLW\��E\��WDUJHWLQJ��GRZQVWUHDP��JHQHV��WKURXJK��WKH�� � � � � � � � � � � � �

ELQGLQJ��WR��UHJXODWRU\��'1$��HOHPHQWV��GXULQJ��EUDLQ��GHYHORSPHQW�������7LPHG��H[SUHVVLRQ��RI��WKHVH��7)V�� � � � � � � � � � � � �

DQG� �WKHLU� �FR�UHJXODWRUV� �WKURXJKRXW� �WKH� �QHXURQ
V� �OLIHVSDQ� �LV� �FULWLFDO� �WR� �PDLQWDLQ� �FHOO�W\SH�� � � � � � � � � � � �

LGHQWLW\���±����� �7R� �EHWWHU� �XQGHUVWDQG� �ZKDW� �UHJXODWRU\� �HOHPHQWV� �DQG� �7)V� �FRQWULEXWH� �WR� �FHOO�W\SH�� � � � � � � � � � � �

VSHFLILFDWLRQ� �LQ� �WKH� �WUHH�� �ZH� �DQQRWDWHG� �EUDQFKHV� �RI� �WKH� �WUHH� �ZLWK� �7)� �PRWLI� �XVDJH�� :H� �ILUVW�� � � � � � � � � � � � � � � �

LGHQWLILHG�������PLOOLRQ��'05V��DFURVV��DOO��WKH��FHOO��W\SHV���ZLWK��DQ��DYHUDJH��VL]H��RI���������������ES���PHDQ�� � � � � � � � � � � � � � � � � � �

���6'����FRYHULQJ���������RI��WKH��JHQRPH��&S*��VLWHV��VSDQQLQJ���������0E��LQ��WRWDO���VHH��0HWKRGV����:H�� � � � � � � � � � � � � � � � �

QH[W� �VFDQQHG� ����� �NQRZQ� �7)� �ELQGLQJ� �PRWLIV� �IURP� �WKH��-$63$5��GDWDEDVH���� �DFURVV��WKHVH��'05V�� � � � � � � � � � � � � �

DQG��SHUIRUPHG��PRWLI��HQULFKPHQW��DQDO\VHV��XVLQJ��DOO��SDLUZLVH��'05V��LGHQWLILHG��EHWZHHQ��QHXURQDO�� � � � � � � � � � � �

VXEW\SHV� ��([F�� �)LJ�� ��F�� �,QK�� �([WHQGHG� �'DWD� �)LJ�� ��G��� �6LPLODU� �WR� �WKH� �DQDO\VLV� �RI� �'0*V�� �WKH�� � � � � � � � � � � � � � � �

SDLUZLVH� �HQULFKHG� �PRWLIV� �ZHUH� �DVVLJQHG� �WR� �EUDQFKHV� �RQ� �WKH� �VXEW\SH� �SK\ORJHQ\� �XVLQJ� �WKHLU�� � � � � � � � � � � � �

LPSDFW���VFRUHV����

�

7KLV��DQDO\VLV��UHYHDOHG��D��SRVVLEOH��UHJXODWRU\��UROH��IRU��VHYHUDO��7)V��DVVLJQHG��WR��WKH��XSSHU��QRGHV��RI�� � � � � � � � � � � � � � � �

WKH� �SK\ORJHQ\�� �)RU� �H[DPSOH�� �PRWLIV� �IURP� �WKH� �525�15�)�� �IDPLO\� �ZHUH� �DVVLJQHG��WR��WKH��EUDQFK�� � � � � � � � � � � � � �

WKDW� �VHSDUDWHV� �VXSHUILFLDO� �OD\HU� �,7� �QHXURQV� �IURP� �GHHSHU� �OD\HU� �,7� �QHXURQV� ��)LJ�� ��K�� �QRGH� ������ � � � � � � � � � � � � � �

ZKHUHDV� �PRWLIV� �IURP� �WKH� �&8;� �IDPLO\� �ZHUH� �DVVLJQHG� �WR� �WKH� �/����,7� �EUDQFK� �VHSDUDWLQJ� �IURP�� � � � � � � � � � � � � �

/����,7� �QHXURQV� ��)LJ�� ��K�� �QRGH� ������ �%RWK��IDPLOLHV��FRQWDLQ��NQRZQ��PHPEHUV���IRU��H[DPSOH�&X[����� � � � � � � � � � � � � �

&X[�������5RUE���� �WKDW� �VKRZ� �ODPLQDU� �H[SUHVVLRQ� �LQ� �WKH��FRUUHVSRQGLQJ��OD\HUV��DQG��UHJXODWH��FRUWLFDO�� � � � � � � � � � � � �

OD\HU���GLIIHUHQWLDWLRQ���GXULQJ���GHYHORSPHQW���

�

$IWHU��LPSDFW��VFRUH��DVVLJQPHQW���HDFK��EUDQFK��RI��WKLV��SK\ORJHQ\��ZDV��DVVRFLDWHG��ZLWK��PXOWLSOH��7)�� � � � � � � � � � � � � �

JHQHV� �DQG� �PRWLIV�� �ZKLFK� �SRWHQWLDOO\� �IXQFWLRQ� �LQ��FRPELQDWLRQ��WR��VKDSH��FHOO�W\SH��LGHQWLWLHV���� ��)LJ��� � � � � � � � � � � � �

���
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�J���K����$V��DQ��H[DPSOH���ZH��IRFXVHG��RQ��WZR��EUDLQ��VWUXFWXUHV��RI��LQWHUHVWV���WKH��FODXVWUXP���&/$���DQG�� � � � � � � � � � � � � � � � �

WKH� �(QGRSLULIRUP� �1XFOHXV� ��(3���������� �6LQJOH� �H[FLWDWRU\� �QHXURQV� �IURP� �WKHVH� �WZR� �VWUXFWXUHV� �ZHUH�� � � � � � � � � � � �

LQFOXGHG� �LQ� �WKH� �GLVVHFWLRQ� �RI� �VHYHUDO��FRUWLFDO��DQG��SLULIRUP��FRUWH[��UHJLRQV���6XSSOHPHQWDU\��7DEOH�� � � � � � � � � � � � �

�����$W��WKH��PDMRU�FHOO�W\SH��OHYHO���WZR��GLVWLQFW��FOXVWHUV��DUH��PDUNHG��E\�1SVU����(3���RU�%�JDW����&/$���� � � � � � � � � � � � � � � �

DQG��WKH��NQRZQ��(3�&/$��PDUNHU��7)�1U�D�������� �ZHUH��REVHUYHG��WR��EH��VLJQLILFDQWO\��K\SRPHWK\ODWHG�� � � � � � � � � � � � �

LQ��ERWK��FOXVWHUV��FRPSDUHG��WR��WKH��RWKHUV���$FFRUGLQJO\���WKH��15�$���PRWLI��LV��DOVR��DVVRFLDWHG��ZLWK��D�� � � � � � � � � � � � � � � �

EUDQFK� �WKDW� �VSOLWV� �&/$� �QHXURQV� �IURP� �/��,7� �QHXURQV� ��)LJ�� ��J�� �K�� �QRGH� ����� �2Q� �DQRWKHU� �EUDQFK�� � � � � � � � � � � � � � � �

VHSDUDWLQJ� �(3� �IURP� �&/$� �DQG� �/��,7� �QHXURQV���VHYHUDO��7)V��LQFOXGLQJ��1)����IDPLO\��JHQH�1ILD��DQG�� � � � � � � � � � � � � � �

1ILE��� �DQG� �5);��IDPLO\��JHQH�5I[�����WRJHWKHU��ZLWK��FRUUHVSRQGLQJ��PRWLIV���)LJ����J����K���QRGH������UDQN�� � � � � � � � � � � � � � � �

QHDU��WKH��WRS���2XU��ILQGLQJV��VXJJHVW��WKDW��WKHVH��7)V��PD\��IXQFWLRQ��WRJHWKHU��ZLWK�1U�D�����SRWHQWLDOO\�� � � � � � � � � � � � � � �

VHSDUDWLQJ���(3���QHXURQV���IURP���&/$���DQG���/��,7���QHXURQV���

�

%H\RQG� �LGHQWLI\LQJ� �VSHFLILF��FHOO��VXEW\SH��FKDUDFWHULVWLFV���ZH��K\SRWKHVL]HG��WKDW��UDQNLQJ��RI��JHQHV�� � � � � � � � � � � �

RU� �PRWLIV� �E\� �PHWK\ODWLRQ� �YDULDWLRQ� �PD\� �SURYLGH� �D� �URXWH� �WRZDUG� �XQGHUVWDQGLQJ� �WKHLU� �UHODWLYH�� � � � � � � � � � � � �

LPSRUWDQFH� �LQ� �FHOO� �W\SH� �GLYHUVLILFDWLRQ� �DQG�RU� �IXQFWLRQ�� �7KXV�� �IRU� �HDFK� �JHQH� �RU� �PRWLI�� �ZH�� � � � � � � � � � � � � �

FDOFXODWHG� �D� �WRWDO� �LPSDFW���7,���VFRUH��WR��VXPPDUL]H��WKHLU��YDULDWLRQ��DPRQJ��WKH��VXEW\SHV���XVLQJ��DOO�� � � � � � � � � � � � � � �

WKH� �EUDQFK� �VSHFLILF� �LPSDFW� �VFRUHV���VHH��0HWKRGV����*HQHV��RU��PRWLIV��ZLWK��KLJKHU��7,��VFRUH��LPSDFW�� � � � � � � � � � � � � � �

PRUH��EUDQFKHV��RI��WKH��SK\ORJHQ\���WKXV��DUH��SUHGLFWHG��WR��KDYH��KLJKHU��LPSRUWDQFH��LQ��GLVWLQJXLVKLQJ�� � � � � � � � � � � � � �

PXOWLSOH��VXEW\SHV���,QWULJXLQJO\���E\��FRPSDULQJ��WKH��7,��VFRUHV��RI��JHQHV��DQG��PRWLIV��FDOFXODWHG��IURP�� � � � � � � � � � � � � �

WKH� �LQKLELWRU\� �DQG� �H[FLWDWRU\� �SK\ORJHQLHV�� �ZH��IRXQG��PRUH��7)��JHQHV��DQG��PRWLIV��KDYLQJ��ODUJH��7,�� � � � � � � � � � � � � � �

VFRUHV� �LQ� �ERWK� �FHOO� �FODVVHV� �WKDQ� �VSHFLILF� �WR� �HLWKHU� �RQH� ��([WHQGHG� �'DWD� �)LJ�� ��L��� �)RU� �LQVWDQFH��� � � � � � � � � � � � � � � �

%FO��E� �GLVWLQJXLVKHV� �³2/)�([F´� �DQG� �,VRFRUWH[� �,7� �QHXURQV� �LQ� �WKH� �H[FLWDWRU\� �OLQHDJH�� �DQG�� � � � � � � � � � � �

GLVWLQJXLVKHV� �³&*(�/DPS�´� �DQG��³&*(�9LS´��LQ��WKH��LQKLELWRU\��OLQHDJH���6LPLODUO\��6DWE���VHSDUDWHV�� � � � � � � � � � �

/��,7� �IURP� �/����,7�� �DQG� �0*(� �IURP� �&*(� �LQ� �H[FLWDWRU\� �DQG� �LQKLELWRU\� �FHOOV�� �UHVSHFWLYHO\�� �7KHVH�� � � � � � � � � � � � � �

ILQGLQJV� �LQGLFDWH� �EURDG� �UHSXUSRVLQJ� �RI� �7)V� �IRU� �FHOO� �W\SH� �VSHFLILFDWLRQ� �DPRQJ� �GLVWLQFW�� � � � � � � � � � � �

GHYHORSPHQWDO���OLQHDJHV���

�

,Q� �FRQWUDVW�� �ZH� �DOVR� �ILQG� �7)� �JHQHV� �DQG� �PRWLIV� �RQO\� �KDYLQJ� �ODUJH� �7,� �VFRUHV� �LQ� �RQH� �FHOO� �FODVV�� � � � � � � � � � � � � � � � � �

�([WHQGHG� �'DWD� �)LJ�� ��L��� �)RU� �H[DPSOH��7VK]�� �JHQH� �ERG\� �P&+� �VKRZV� �D� �VWULNLQJ� �GLIIHUHQFH� �RI�� � � � � � � � � � � � � � �

GLYHUVLW\��EHWZHHQ��H[FLWDWRU\��DQG��LQKLELWRU\��FHOOV���([WHQGHG��'DWD��)LJ����K����VXJJHVWLQJ��WKDW��LW��PD\�� � � � � � � � � � � � � �

IXQFWLRQ� �LQ� �VKDSLQJ� �LQKLELWRU\� �VXEW\SHV�� �EXW� �QRW� �H[FLWDWRU\� �VXEW\SHV�� �6LPLODUO\�� �E+/+� �'1$�� � � � � � � � � � � �

ELQGLQJ� �PRWLIV� �VKRZ� �PXFK� �KLJKHU� �7,� �VFRUHV� �IRU� �H[FLWDWRU\� �VXEW\SHV� �FRPSDUHG� �ZLWK� �LQKLELWRU\�� � � � � � � � � � � � �

�([WHQGHG� �'DWD� �)LJ�� ��L��� �:KLOH� �JHQHV� �LQ� �WKLV� �7)� �IDPLO\� �VXFK� �DV�1HXURG���� �KDYH� �ORQJ� �EHHQ�� � � � � � � � � � � � � � � �

����
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NQRZQ��WR��SDUWLFLSDWH��LQ��H[FLWDWRU\��QHXURQ��GHYHORSPHQW���WKH\��KDYH��QRW��EHHQ��UHSRUWHG��WR��UHJXODWH�� � � � � � � � � � � � � �

*$%$HUJLF���QHXURQ���GLIIHUHQWLDWLRQ�������

�

'HILQLQJ���UHJXODWRU\���LQWHUDFWLRQ���EHWZHHQ���HQKDQFHUV���DQG���JHQHV���DW���WKH���FHOO���W\SH���OHYHO��

7R� �V\VWHPDWLFDOO\� �LGHQWLI\� �HQKDQFHU�OLNH� �UHJLRQV� �LQ� �VSHFLILF� �FHOO� �W\SHV�� �ZH� �SUHGLFWHG�� � � � � � � � � � �

HQKDQFHU�'05V� ��H'05�� �E\� �LQWHJUDWLQJ� �PDWFKHG� �'1$� �PHWK\ORPH� �DQG� �FKURPDWLQ� �DFFHVVLELOLW\�� � � � � � � � � �

SURILOHV� �RI� ����� �VXEW\SHV� �XVLQJ� �WKH� �5(37,/(� �DOJRULWKP���� ��)LJ�� ��D��� �:H� �LGHQWLILHG� ������������ � � � � � � � � � � � �

H'05��������RI��WRWDO��'05V���������RI��ZKLFK��RYHUODSSHG��ZLWK��VHSDUDWHO\��LGHQWLILHG��VQ$7$&��SHDNV�� � � � � � � � � � � � � �

�)LJ�� ��E��� �)HWDO�HQKDQFHU� �'05V� ��IH'05�� �H'05V� �LGHQWLILHG� �DFURVV� �GHYHORSLQJ� �WLPH� �SRLQWV�� �RI�� � � � � � � � � � � �

IRUHEUDLQ� �EXON� �WLVVXHV��� �VKRZ� �KLJK� ������� �RYHUODS� �ZLWK� �H'05V�� �6XUSULVLQJO\�� �WKH� �H'05V� �DOVR�� � � � � � � � � � � � �

FRYHU� ������RI��WKH��IH'05V��IURP��RWKHU��IHWDO��WLVVXHV������LQGLFDWLQJ��H[WHQVLYH��UHXVH��RI��HQKDQFHU�OLNH�� � � � � � � � � � � � � �

UHJXODWRU\���HOHPHQWV���DFURVV���PDPPDOLDQ���WLVVXH���W\SHV����)LJ�����E����

�

1H[W�� �ZH� �H[DPLQHG� �WKH� �UHODWLRQVKLS� �EHWZHHQ� �WKH� �FHOO� �W\SH� �VLJQDWXUH� �JHQHV� �DQG��WKHLU��SRWHQWLDO�� � � � � � � � � � � � � �

UHJXODWRU\��HOHPHQWV���$IWHU��UHJUHVVLQJ��RXW��WKH��JOREDO��PHWK\ODWLRQ��OHYHO���ZH��FDOFXODWHG��WKH��SDUWLDO�� � � � � � � � � � � � �

FRUUHODWLRQ� �EHWZHHQ� �DOO� �'0*�'05� �SDLUV��ZLWKLQ�����0E��GLVWDQFH���XVLQJ��PHWK\ODWLRQ��OHYHOV��DFURVV�� � � � � � � � � � � � �

���� �QHXURQDO� �VXEW\SHV� ��VHH� �0HWKRGV��� �1RQ�QHXURQDO� �VXEW\SHV� �ZHUH� �QRW� �LQFOXGHG� �LQ� �WKLV�� � � � � � � � � � � �

DQDO\VLV� �GXH� �WR� �WKH� �ODUJH� �GLIIHUHQFH� �LQ� �WKH� �JOREDO� �PHWK\ODWLRQ� �OHYHO� �FRPSDUHG� �WR� �QHXURQV���:H�� � � � � � � � � � � � � � �

LGHQWLILHG��D��WRWDO��RI��������������������H'05��WKDW��FRUUHODWHG��ZLWK��DW��OHDVW��RQH��JHQH���FRUUHODWLRQ��!�� � � � � � � � � � � � � � � �

���� �ZLWK� �HPSLULFDO�3� �YDOXH� ��� ��H���� �WZR�VLGHG� �WHVW�� �([WHQGHG� �'DWD� �)LJ�� ��D��� �1RWDEO\�� �IRU� �WKRVH�� � � � � � � � � � � � � � � �

VWURQJO\� �SRVLWLYH�FRUUHODWHG� �'05�'0*� �SDLUV� ��FRUUHODWLRQ� �!� ������� �WKH� �'05V� �DUH� �ODUJHO\� �������� � � � � � � � � � � �

ZLWKLQ� ����NE� �WR� �WKH� �766V� �RI� �WKH� �FRUUHVSRQGLQJ� �JHQHV�� �EXW� �GHSOHWHG� �IURP� ��� ��NE� ��)LJ�� ��F��� � � � � � � � � � � � � � � �

([WHQGHG� �'DWD� �)LJ�� ��E��� �ZKHUHDV� �IRU� �WKH� �QHJDWLYHO\� �FRUUHODWHG� �'05�'0*� �SDLUV�� �RQO\� ����� �RI�� � � � � � � � � � � � � �

'05V���DUH���IRXQG���ZLWKLQ������NE���RI���WKH���766����([WHQGHG���'DWD���)LJ�����F����

�

H'05�'0*��FRUUHODWLRQ��DQDO\VLV��SUHGLFWV��UHJXODWRU\��LQWHUDFWLRQV��EHWZHHQ��HQKDQFHUV��DQG��JHQHV�� � � � � � � � � �

DW� �VXEW\SH� �UHVROXWLRQ�� �8VLQJ� �WKH� �JHQH�HQKDQFHU� �LQWHUDFWLRQV� �SUHGLFWHG� �E\� �WKLV� �FRUUHODWLRQ�� � � � � � � � � � �

DQDO\VLV�� �ZH� �DVVLJQHG� �H'05V� �WR� �WKHLU� �WDUJHW� �JHQHV���DQG��FDOFXODWHG��WKH��SHUFHQWDJH��RI��RYHUODS�� � � � � � � � � � � � � �

ZLWK� �IH'05�� �:H� �IRXQG� �WKDW� �WKHVH� �SHUFHQWDJHV� �YDU\� �GUDPDWLFDOO\� �DPRQJ� �JHQHV� ��)LJ�� ��G��� �)RU�� � � � � � � � � � � � � �

H[DPSOH���LQ�%FO��E����DQ��HDUO\��GHYHORSPHQWDO��7)��JHQH������������RI��WKH��SRVLWLYHO\��FRUUHODWHG��H'05V�� � � � � � � � � � � � � �

RYHUODS� �ZLWK� �IRUHEUDLQ� �IH'05V� ��)LJ�� ��I�� �ILUVW� �URZ��� �+RZHYHU�� �IRU� 7OH���� �D� �JHQH� �NQRZQ� �WR� �EH�� � � � � � � � � � � � � � � �

IXQFWLRQDO� �LQ� �/��&7���� �DQG� �061�'��'�� �QHXURQV�� �WKH� �SHUFHQWDJH��RI��H'05��WKDW��RYHUODSSHG��ZLWK�� � � � � � � � � � � � �

����
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IH'05V� �ZDV� �RQO\� ����� ��)LJ�� ��G��� �,QWHUHVWLQJO\�� �ZKHQ� �IXUWKHU� �FODVVLI\LQJ�7OH���FRUUHODWHG��H'05�� � � � � � � � � � � � �

LQWR� �WKUHH� �VXEJURXSV� �XVLQJ� �.�PHDQV� �FOXVWHULQJ� ��N ��� �VHH� �0HWKRGV��� �ZH� �LGHQWLILHG� �VXEJURXSV�� � � � � � � � � � � �

ZLWK��GLIIHUHQW��FHOO�W\SH�VSHFLILFLW\���)LJ����I���VHFRQG��URZ���([WHQGHG��'DWD��)LJ����G����2QH��JURXS���*���� � � � � � � � � � � � � �

RI��HOHPHQWV��WKDW��GLVSOD\HG��OLWWOH��GLYHUVLW\��GXULQJ��GHYHORSPHQW��LQ��EXON��GDWD��VKRZHG��KLJKO\��VSHFLILF�� � � � � � � � � � � � � �

P&*��DQG��RSHQ��FKURPDWLQ��VLJQDOV��LQ��061�'��'���QHXURQV���ZKLOH��DQRWKHU��JURXS���*����LV��VSHFLILF�� � � � � � � � � � � � � �

WR��/��&7��QHXURQV���7KHVH��WZR��JURXSV��RI��'05V��VXJJHVW��SRVVLEOH��DOWHUQDWLYH��UHJXODWRU\��HOHPHQWV�� � � � � � � � � � � � �

XVDJH� �WR� �UHJXODWH� �WKH� �VDPH� �JHQH� �LQ� �GLIIHUHQW� �FHOO�W\SHV� �DOWKRXJK� �IXUWKHU� �H[SHULPHQWV� �DUH�� � � � � � � � � � � � �

UHTXLUHG���WR���YDOLGDWH���WKLV���K\SRWKHVLV���

�

7RJHWKHU�� �WKHVH� �DQDO\VHV� �LQGLFDWH� �WKDW� �SUHYLRXVO\� �GHILQHG� �GHYHORSPHQWDO� �UHJXODWRU\� �HOHPHQWV�� � � � � � � � � �

IURP� �EXON� �WLVVXHV� �DUH� �OLPLWHG� �LQ� �WHUPV� �RI� �WKH� �FHOO� �W\SH� �UHVROXWLRQ�� �)RU� �WKRVH� �EURDGO\� �HIIHFWLYH�� � � � � � � � � � � � � � � �

UHJXODWRU\��HOHPHQWV���H�J����IH'05V��FRUUHODWHG��ZLWK�%FO��E����WKDW��DOVR��KDYH��EHHQ��LGHQWLILHG��LQ��EXON�� � � � � � � � � � � � � �

WLVVXHV�� �VLQJOH�FHOO� �SURILOLQJ� �DOORZV� �XV� �WR� �FDUHIXOO\� �FKDUW� �WKHLU� �FHOO� �W\SH� �VSHFLILFLW\� �LQWR� �VXEW\SH�� � � � � � � � � � � � � �

OHYHO�� �,Q� �DGGLWLRQ�� �ZH� �LGHQWLILHG� �PDQ\� �QRYHO� �UHJXODWRU\� �HOHPHQWV� ��H�J��� �H'05V� �FRUUHODWHG� �ZLWK�� � � � � � � � � � � � �

7OH�� �LQ� �061�'��'��� �WKDW� �VKRZ� �PRUH� �UHVWULFWHG� �VSHFLILFLW\�� �SURYLGLQJ� �DEXQGDQW� �FDQGLGDWHV� �IRU�� � � � � � � � � � � �

IXUWKHU���SXUVXLQJ���HQKDQFHU�GULYHQ���$$9V���±������WKDW���WDUJHW���ILQH���FHOO���W\SHV���

�

6LQJOH�QXFOHXV� �PXOWL�RPLF��SURILOLQJ��RI��FKURPDWLQ��FRQWDFW��DQG��'1$��PHWK\ODWLRQ��YDOLGDWHV�� � � � � � � � � �

JHQH�HQKDQFHU���LQWHUDFWLRQV��

'LVWDO� �HQKDQFHUV� �W\SLFDOO\� �UHJXODWH� �JHQH� �H[SUHVVLRQ� �E\� �SK\VLFDO� �LQWHUDFWLRQ� �ZLWK� �SURPRWHUV������� � � � � � � � � � �

7KHUHIRUH���WR��H[DPLQH��ZKHWKHU��RXU��FRUUHODWLRQ�EDVHG��SUHGLFWLRQV��RI��HQKDQFHU�JHQH��DVVRFLDWLRQV�� � � � � � � � � �

DUH� �VXSSRUWHG� �E\� �SK\VLFDO� �FKURPDWLQ� �FRQWDFWV�� �ZH� �JHQHUDWHG� �VLQJOH�QXFOHXV� �PHWK\ODWLRQ� �DQG�� � � � � � � � � � �

FKURPRVRPH��FRQIRUPDWLRQ��FDSWXUH��VHTXHQFLQJ���VQ�P�&�VHT����� �GDWD��IRU���������VLQJOH��QXFOHL��IURP�� � � � � � � � � � �

WKH��'*��DQG��&$������N��FRQWDFWV��SHU��FHOO��RQ��DYHUDJH����:H��DVVLJQHG��HDFK��RI��WKHVH��FHOOV��WR��RQH��RI�� � � � � � � � � � � � � � � � � � �

WKH� ����� �VXEW\SHV� �EDVHG� �RQ� �WKHLU� �PHWK\ORPH�� �XVLQJ� �D� �VXSHUYLVHG� �PRGHO� �WUDLQHG� �ZLWK� �!���N�� � � � � � � � � � � � � �

VQP&�6HT�� �FHOOV�� �%\� �PHUJLQJ� �WKH� �FRQWDFW� �PDWULFHV� �RI� �DOO� �VLQJOH� �FHOOV� �EHORQJLQJ� �WR� �WKH� �VDPH�� � � � � � � � � � � � � � �

PHWK\ODWLRQ�GHILQHG��VXEW\SH���ZH��JHQHUDWHG��FRQWDFW��PDSV��IRU��HLJKW��PDMRU��FHOO��W\SHV��WKDW��LQFOXGH�� � � � � � � � � � � � �

PRUH� �WKDQ� ����� �FHOOV�� �,Q� �WRWDO�� �������� �FKURPRVRPH� �ORRSV� �ZHUH� �LGHQWLILHG� �LQ� �DW��OHDVW��RQH��RI��WKH�� � � � � � � � � � � � � � � � �

FHOO�W\SHV���DW�����NE���UHVROXWLRQ����UDQJH���IURP�����������WR�������������

�

6LQFH� �VQ�P�&�VHT� �GDWD� �LGHQWLILHG� �VWUXFWXUDO� �LQWHUDFWLRQV� �EHWZHHQ� �JHQHV� �DQG� �UHJXODWRU\�� � � � � � � � � �

HOHPHQWV�� �ZH� �QH[W� �DVNHG� �ZKHWKHU� �WKHVH� �LQWHUDFWLRQV��ZHUH��FRQVLVWHQW��ZLWK��WKH��SUHGLFWLRQV��IURP�� � � � � � � � � � � � �

����
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H'05�'0*� �FRUUHODWLRQ� �DQDO\VLV�� �8VLQJ� �'*� �DQG� �&$�� �DV� �H[DPSOHV� ��WKH� �QHXURQDO� �W\SHV� �ZLWK�� � � � � � � � � � � � �

KLJKHVW��FRYHUDJH����D��QRWDEO\��KLJKHU��FRUUHODWLRQ��ZDV��REVHUYHG��EHWZHHQ��HQKDQFHUV��DQG��JHQHV��DW�� � � � � � � � � � � � �

ORRS� �DQFKRUV� �FRPSDUHG� �WR� �UDQGRP� �HQKDQFHU�JHQH� �SDLUV� �DIWHU��FRQWUROOLQJ��IRU��JHQRPLF��GLVWDQFH�� � � � � � � � � � � �

�)LJ�� ��J��3�YDOXH ���H���� �IRU� �'*� �DQG� ����H����� �IRU� �&$��� �WZR�VLGHG��:LOFR[RQ��UDQN�VXP��WHVWV���� � � � � � � � � � � � � �

5HFLSURFDOO\�� �WKH� �HQKDQFHU�JHQH� �SDLUV� �VKRZLQJ� �WKH� �VWURQJHU� �FRUUHODWLRQ� �RI� �PHWK\ODWLRQ� �ZHUH�� � � � � � � � � � �

PRUH��OLNHO\��WR��EH��IRXQG��OLQNHG��E\��FKURPRVRPH��ORRSV��RU��ZLWKLQ��WKH��VDPH��ORRSLQJ��UHJLRQ���)LJ����K��� � � � � � � � � � � � � � � � �

([WHQGHG� �'DWD� �)LJ�� ��I��� �:H� �DOVR� �FRPSDUHG� �WKH� �FRQFRUGDQFH� �RI� �PHWK\ODWLRQ��SDWWHUQV��EHWZHHQ�� � � � � � � � � � � � �

JHQHV��DQG��HQKDQFHUV��OLQNHG��E\��GLIIHUHQW��LQWHUDFWLRQ�EDVHG��PHWKRGV���DQG��IRXQG��WKH��SDLUV��OLQNHG�� � � � � � � � � � � � �

E\��ORRS��DQFKRUV��RU��FORVHVW��JHQHV��KDG��WKH��KLJKHVW��FRUUHODWLRQ��RI��PHWK\ODWLRQ���([WHQGHG��'DWD��)LJ��� � � � � � � � � � � � � � �

�J��� �7RJHWKHU���WKHVH��DQDO\VHV��YDOLGDWH��WKH��SK\VLFDO��SUR[LPLW\��RI��FR�DVVRFLDWHG���K\SRPHWK\ODWHG�� � � � � � � � � � �

HQKDQFHU�JHQH���SDLUV���SUHGLFWHG���E\���RXU���FRUUHODWLRQ���EDVHG���PHWKRG���LQ���VSHFLILF���FHOO���W\SHV���

�

,Q��DGGLWLRQ���ZH��REVHUYHG��VLJQLILFDQW��FHOO��W\SH��VSHFLILFLW\��RI���'��JHQRPH��VWUXFWXUHV���7KH��PDMRU��FHOO�� � � � � � � � � � � � � � �

W\SHV� �FRXOG� �EH� �GLVWLQJXLVKHG� �RQ� �80$3��HPEHGGLQJ��EDVHG��RQ��FKURPRVRPH��LQWHUDFWLRQ��DW�����0E�� � � � � � � � � � � � � �

UHVROXWLRQ� ��)LJ�� ��L��� �LQGLFDWLQJ� �WKH� �G\QDPLF� �QDWXUH� �RI� �JHQRPH� �DUFKLWHFWXUH� �DFURVV� �FHOO� �W\SHV��� � � � � � � � � � � � �

$PRQJ��WKH����������FKURPRVRPH��ORRSV��DW������NE��UHVROXWLRQ����������VKRZHG��VLJQLILFDQWO\��GLIIHUHQW�� � � � � � � � � � � � �

FRQWDFW��IUHTXHQF\��EHWZHHQ��FHOO��W\SHV���)LJ����M����H'05V��ZHUH��KLJKO\��HQULFKHG��DW��WKHVH��GLIIHUHQWLDO�� � � � � � � � � � � � � �

ORRS��DQFKRUV���)LJ����N���S���������SHUPXWDWLRQ��WHVW����P&*��OHYHOV��DW��GLVWDO��FLV�HOHPHQWV��DUH��W\SLFDOO\�� � � � � � � � � � � � � �

DQWL�FRUUHODWHG��ZLWK��HQKDQFHU��DFWLYLW\������7KXV���ZH��K\SRWKHVL]HG��WKDW��HQKDQFHUV��DW��GLIIHUHQWLDO��ORRS�� � � � � � � � � � � �

DQFKRUV� �PLJKW� �DOVR� �EH� �K\SRPHWK\ODWHG� �LQ��WKH��FRUUHVSRQGLQJ��FHOO�W\SH���,QGHHG���XVLQJ��WKH��ORRSV�� � � � � � � � � � � � �

LGHQWLILHG� �LQ� �'*� �JUDQXOH� �FHOOV� �DQG� �&$���DV��DQ��H[DPSOH���ZH��REVHUYHG��WKDW��LQ��'*���HQKDQFHUV��DW�� � � � � � � � � � � � � � � � �

WKH� �DQFKRUV��RI��'*��VSHFLILF��ORRSV��ZHUH��K\SRPHWK\ODWHG��FRPSDUHG��WR��HQKDQFHUV��DW��WKH��DQFKRUV�� � � � � � � � � � � � � �

RI� �&$�� �VSHFLILF� �ORRSV� ���3� �YDOXH ���H������ �WZR�VLGHG� �:LOFR[RQ� �UDQN�VXP� �WHVW��� �WKH� �RSSRVLWH�� � � � � � � � � � � �

VFHQDULR���ZDV���IRXQG���LQ���&$�����)LJ�����O�����3����YDOXH ���H������WZR�VLGHG���:LOFR[RQ���UDQN�VXP���WHVW����

�

0DQ\� �GLIIHUHQWLDO� �ORRSV� �ZHUH� �REVHUYHG� �QHDU� �WKH� �PDUNHU� �JHQHV� �RI� �WKH� �FRUUHVSRQGLQJ� �FHOO��W\SH��� � � � � � � � � � � � � �

)RU� �H[DPSOH�� )R[S���� �D� �KLJKO\� �H[SUHVVHG� �7)� �LQ� �&$�� �EXW� �QRW� �'*������ �KDV� �FKURPRVRPH� �ORRSV�� � � � � � � � � � � � � � �

VXUURXQGLQJ� �LWV� �JHQH� �ERG\� �LQ� �&$�� �EXW� �QRW� �'*� ��)LJ�� ��P��� �H'05V� �DQG� �RSHQ� �FKURPDWLQ� �ZHUH�� � � � � � � � � � � � � � � �

REVHUYHG��DW��WKHVH��ORRS��DQFKRUV���)LJ����P����,QWULJXLQJO\���WKUHH��ORRSV��LQ��&$���DQFKRUHG��DW��WKH��766�� � � � � � � � � � � � � � � �

RI� �WKH� �VDPH� �WUDQVFULSW� �RI� )R[S�� ��)LJ�� ��P�� �ER[� ������� �6WURQJHU� �GHPHWK\ODWLRQ� �DQG� �FKURPDWLQ�� � � � � � � � � � � � � �

DFFHVVLELOLW\� �ZHUH� �DOVR� �REVHUYHG� �DW� �WKH��VDPH��WUDQVFULSW��FRPSDUHG��WR��WKH��RWKHUV���)LJ����P���YLHZ�� � � � � � � � � � � � � � �

(��� �7KHVH� �HSLJHQHWLF� �SDWWHUQV� �PLJKW� �VXJJHVW� �D� �VSHFLILF� �WUDQVFULSW� �RI� )R[S�� �)R[S������� �LV�� � � � � � � � � � � � �

VHOHFWLYHO\� �DFWLYDWHG� �LQ� �&$��� �,Q� �FRQWUDVW�� /UUWP���� �D� �'*� �PDUNHU� �JHQH� �HQFRGLQJ� �D� �SUHV\QDSWLF�� � � � � � � � � � � � � �

����
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SURWHLQ� �WKDW� �PHGLDWHV� �H[FLWDWRU\� �V\QDSVH� �GHYHORSPHQW� �LQ� �JUDQXOH� �FHOOV������ �VKRZV� �H[WHQVLYH�� � � � � � � � � � �

ORRSLQJ� �WR� �GLVWDO� �HOHPHQWV� �LQ� �'*� �EXW� �QRW� �&$�� ��([WHQGHG� �'DWD� �)LJ�� ��K��� �1RWDEO\�� ���� �JHQHV�� � � � � � � � � � � � � � � �

VKRZHG��DOWHUQDWLYH��ORRS��XVDJH�������RI��ZKLFK��H[SUHVVHG��LQ��ERWK��'*��DQG��&$����&30��!������*UP���LV�� � � � � � � � � � � � � � � � � �

DQ� �H[DPSOH� �ZKHUH� �LWV� �766� �LQWHUDFWV� �ZLWK� �DQ� �XSVWUHDP� �HQKDQFHU� �LQ� �'*� �EXW� �ZLWK� �JHQH�ERG\�� � � � � � � � � � � � � � �

HQKDQFHUV���LQ���&$�����([WHQGHG���'DWD���)LJ�����L�����

�

6SDWLDO���JUDGLHQWV���LQ���LQWUD�WHOHQFHSKDOLF����,7����H[FLWDWRU\���QHXURQV��

,7��QHXURQV��IURP��GLIIHUHQW��FRUWLFDO��DUHDV��DUH��W\SLFDOO\��FODVVLILHG��LQWR��PDMRU��W\SHV��FRUUHVSRQGLQJ��WR�� � � � � � � � � � � � � �

WKHLU��ODPLQDU��ORFDWLRQV���/������/����/����DQG��/����)LJ����D����,Q��DJUHHPHQW��ZLWK��WKH��FRUUHODWLRQ��EHWZHHQ�� � � � � � � � � � � � � � � �

WUDQVFULSWLRQ���� �DQG� �'1$� �PHWK\ODWLRQ�� �ZH� �IRXQG� �WKDW� �,7� �QHXURQV� �VKRZ� �K\SRPHWK\ODWLRQ� �RI� �WKH�� � � � � � � � � � � � �

PDUNHU��JHQHV��GHILQHG��LQ��7DVLF��HW��DO����� �LQ��WKH��FRUUHVSRQGLQJ��OD\HUV���([WHQGHG��'DWD��)LJ����F����)RU�� � � � � � � � � � � � � � � �

H[DPSOH���WKH�5RUE��� �/���FHOOV��VKRZ��XQLTXH��JHQH��ERG\��K\SRPHWK\ODWLRQ��LQ��ERWK��VRPDWRPRWRU���02��� � � � � � � � � � � � � �

DQG� �VRPDWRVHQVRU\� �DUHDV� ��66����([WHQGHG��'DWD��)LJ����F����7KHVH��ILQGLQJV��VXJJHVW��WKDW��DOWKRXJK�� � � � � � � � � � � � �

WKH� �02� �ODFNV� �D� �F\WRDUFKLWHFWXUDO� �YLVLEOH� �/������� �WKHUH� �LV� �D� �SRSXODWLRQ� �RI� �,7� �QHXURQV� �WKDW� �DUH�� � � � � � � � � � � � � � � �

HSLJHQHWLFDOO\� �VLPLODU��WR��/���QHXURQV��LQ��66���7KH��SUHVHQFH��RI��D��SXWDWLYH��/���QHXURQ��SRSXODWLRQ��LQ�� � � � � � � � � � � � � � � �

02� �LV� �DOVR� �VXSSRUWHG� �E\� �WUDQVFULSWRPLFV���� �DQG� �QHXURQDO� �FRQQHFWLYLW\������ �)XUWKHUPRUH��� � � � � � � � � �

XQVXSHUYLVHG� �80$3� �HPEHGGLQJ� ��)LJ�� ��D�� �UHYHDOV� �D� �FRQWLQXRXV� �JUDGLHQW� �RI� �,7� �QHXURQV�� � � � � � � � � � � �

UHVHPEOLQJ��WKH��PHGLDO�ODWHUDO��GLVWULEXWLRQ��RI��WKH��FRUWLFDO��DUHDV���)LJ����E����VWURQJO\��VXJJHVWLQJ��WKDW�� � � � � � � � � � � � �

WKH���FRUWLFDO���DUHDOL]DWLRQ���LQIRUPDWLRQ���LV���ZHOO���SUHVHUYHG���LQ���WKH���'1$���PHWK\ORPH����

�

7R��V\VWHPDWLFDOO\��H[SORUH��WKH��VSDWLDO��JUDGLHQW��RI��'1$��PHWK\ODWLRQ��SDWWHUQV���ZH��UHPHUJH��WKH��FHOOV�� � � � � � � � � � � � � �

LQWR��VSDWLDO��JURXSV��EDVHG��RQ��WKHLU��FRUWLFDO��OD\HU��DQG��DQDWRPLFDO��UHJLRQV���$��SK\ORJHQHWLF��WUHH��ZDV�� � � � � � � � � � � � � � �

JHQHUDWHG� �XVLQJ� �WKH� �P&+� �OHYHO� �RI� �KLJKO\� �YDULDEOH� ����NE� �FKURPRVRPH� �ELQV� �RI� �WKHVH� �VSDWLDO�� � � � � � � � � � � � � �

JURXSV¶� �FHQWURLGV� ��VHH� �0HWKRGV��� �7KH� �SK\ORJHQ\� �VSOLW� �WKH� �FHOOV� �LQWR� �IRXU� �ODPLQDU��OD\HU��JURXSV��� � � � � � � � � � � � � �

IROORZHG� �E\� �FRUWLFDO� �DUHD� �VHSDUDWLRQ��ZLWKLQ��HDFK��OD\HU���)LJ����F����7KLV��SURYLGHV��D��FOHDU��VWUXFWXUH�� � � � � � � � � � � � � � �

IRU��FDOFXODWLQJ��WKH��PHWK\ODWLRQ��WRWDO��LPSDFW��VFRUH��RI��OD\HU�UHODWHG��RU��UHJLRQ�UHODWHG��'0*V��DQG��7)�� � � � � � � � � � � � � �

ELQGLQJ� �PRWLIV� �VHSDUDWHO\� ��)LJ�� ��G�� �VHH� �0HWKRGV��� �,Q� �EULHI�� �WKH� �WRS� �OD\HU�UHODWHG� �7)V� �LQFOXGHG�� � � � � � � � � � � � � �

PRVW��RI��WKH��NQRZQ��ODPLQDU��PDUNHU��JHQHV��WRJHWKHU��ZLWK��WKHLU��'1$��ELQGLQJ��PRWLIV���)LJ����G����ZKLOH�� � � � � � � � � � � � � � � �

VRPH� �RI� �WKHP� �VKRZ� �UHJLRQDO� �VSHFLILF� �PHWK\ODWLRQ� �GLIIHUHQFHV� �EHWZHHQ� �OD\HUV�� �)RU� �H[DPSOH��� � � � � � � � � � � �

&X[�����D��WRS�UDQNHG��7)��PDUNHU��JHQH��IRU��/�����DQG��/���QHXURQV���LV��K\SRPHWK\ODWHG��LQ��02��DQG��66��� � � � � � � � � � � � � � � � �

EXW� �LV� �K\SHUPHWK\ODWHG� �LQ� �/���� �RI� �RWKHU� �UHJLRQV� �ZH� �VDPSOHG�� �LQ� �DJUHHPHQW��ZLWK��SDWWHUQV��IURP�� � � � � � � � � � � � � � �

LQ�VLWX��K\EULGL]DWLRQ������&X[�����D��JHQH��IURP��WKH��VDPH��7)��IDPLO\���GRHV��QRW��VKRZ��WKH��VDPH��UHJLRQDO�� � � � � � � � � � � � � � � �

����
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VSHFLILFLW\� ��([WHQGHG� �'DWD� �)LJ�� ��F��� �:H� �DOVR� �LGHQWLILHG� �PDQ\� �DGGLWLRQDO� �7)V� �KDYLQJ� �FRUWLFDO�� � � � � � � � � � � � �

UHJLRQ� �VSHFLILFLW\� ��)LJ�� ��H�� �I��� �)RU� �H[DPSOH��(WY�� �LV� �RQO\� �K\SRPHWK\ODWHG� �LQ� �PHGLDO� �GLVVHFWLRQ�� � � � � � � � � � � � � �

UHJLRQV�� �ZKLOH�=LF���LV��K\SHUPHWK\ODWHG��LQ��WKRVH��UHJLRQV��DFURVV��OD\HUV���,Q��FRQWUDVW��5RUD��VKRZV�� � � � � � � � � � � � � �

DQWHULRU�SRVWHULRU� �PHWK\ODWLRQ� �JUDGLHQW� �RQO\� �LQ� �WKH� �/�� �DQG� �/�� �FHOOV�� �7RJHWKHU�� �WKHVH� �REVHUYHG�� � � � � � � � � � � � �

PHWK\ORPH� �VSDWLDO� �JUDGLHQWV� �GHPRQVWUDWHG� �WKH� �YDOXH� �RI� �RXU� �GDWDVHW� �IRU� �IXUWKHU� �H[SORULQJ� �WKH�� � � � � � � � � � � � �

FRUWLFDO���DUHDOL]DWLRQ���ZLWK���FHOO�W\SH���UHVROXWLRQ���

�

6SDWLDO���JUDGLHQWV���LQ���GHQWDWH���J\UXV���JUDQXOH���FHOOV��

$QRWKHU� �VWULNLQJ� �VSDWLDO� �JUDGLHQW� �ZDV� �REVHUYHG� �LQ��JUDQXOH��FHOOV��IURP��'*���80$3��HPEHGGLQJ��RI�� � � � � � � � � � � � � �

JUDQXOH� �FHOOV� �GLVSOD\HG� �FRQWLQXRXV� �JOREDO� �P&+� �DQG� �P&*� �OHYHO� �JUDGLHQWV� �WKDW� �FRUUHODWHG� �ZLWK�� � � � � � � � � � � � �

WKHLU� �GRUVDO�YHQWUDO��ORFDWLRQ���*UDQXOH��FHOOV��IURP��WKH��YHQWUDO��'*��VKRZ��KLJKHU��JOREDO��&*��DQG��&+�� � � � � � � � � � � � � � �

PHWK\ODWLRQ� �FRPSDUHG� �WR� �FHOOV� �IURP� �WKH� �GRUVDO� �'*� ��)LJ�� ��J��� �7R� �LQYHVWLJDWH� �WKH� �ELRORJLFDO�� � � � � � � � � � � � � �

VLJQLILFDQFH��RI��WKHVH��JUDGLHQWV���ZH��LGHQWLILHG�����������JUDGLHQW��&*�'05V��E\��JURXSLQJ��'*��FHOOV�� � � � � � � � � � � � �

DFFRUGLQJ��WR��WKHLU��JOREDO��P&+��OHYHO���$PRQJ��WKHP������������'05V��DUH��SRVLWLYHO\��FRUUHODWHG��ZLWK�� � � � � � � � � � � � � �

JOREDO� �P&+�� �DQG� �������� �DUH� �QHJDWLYHO\� �FRUUHODWHG� �'05V� ��)LJ�� ��K��� �3RVLWLYHO\� �RU� �QHJDWLYHO\�� � � � � � � � � � � � �

FRUUHODWHG� �'05V� �VKRZHG� �VLJQLILFDQW� �HQULFKPHQW� �LQ� �WZR� �GLIIHUHQW� �VHWV��RI��JHQHV��������SRV���FRUU���� � � � � � � � � � � � � �

���� �QHJ�� �FRUU��� �ZKLFK� �LQFOXGH� �7)� �JHQHV� �VXFK� �DV� 7FI�� �DQG�5I[�� �FRPSDUHG� �WR� �WKH� �JHQRPH�� � � � � � � � � � � � � � � �

EDFNJURXQG� ��)LJ�� ��L�M�� �VHH� �0HWKRGV��� �%DVHG� �RQ� �*HQH� �2QWRORJ\� �DQDO\VLV�� �WKH� �QHJDWLYHO\�� � � � � � � � � � � �

FRUUHODWHG� �'05V� �DUH� �HQULFKHG� �LQ� �JHQHV� �UHODWHG��WR��V\QDSWLF��IXQFWLRQV���([WHQGHG��'DWD��)LJ����G���� � � � � � � � � � � � � �

ZKLOH� �WKH� �SRVLWLYHO\� �FRUUHODWHG� �'05V� �DUH� �HQULFKHG� �LQ� �GHYHORSPHQWDO� �UHODWHG� �JHQHV� ��([WHQGHG�� � � � � � � � � � � �

'DWD� �)LJ�� ��H��� �7RJHWKHU�� �WKHVH� �UHVXOWV� �LQGLFDWH� �D� �FRQWLQXRXV� �PHWK\ODWLRQ� �JUDGLHQW� �H[LVWV��LQ��WKH�� � � � � � � � � � � � � �

GRUVDO�YHQWUDO� �D[LV� �RI� �WKH� �'*� �JUDQXOH� �OD\HUV�� �VXSSRUWLQJ� �DQ� �LQWUD�FHOO�W\SH� �PROHFXODU� �VKLIW� �WKDW�� � � � � � � � � � � � �

SDUDOOHOV� �WKH� �NQRZQ� �IXQFWLRQDO� �DQG� �DQDWRPLFDO� �GLIIHUHQFHV� �LQ� �GRUVDO�YHQWUDO� �'*������� �WKDW� �DUH�� � � � � � � � � � � �

SRVVLEO\���FRQWUROOHG���YLD���JUDGLHQW���'1$���PHWK\ODWLRQ�������

�

1H[W�� �ZH� �LQYHVWLJDWHG� �ZKHWKHU� �WKH��JOREDO��G\QDPLF��RI��PHWK\ODWLRQ��LV��FRUUHODWHG��ZLWK��FKDQJHV��LQ�� � � � � � � � � � � � � �

�'� �JHQRPH� �DUFKLWHFWXUH�� �%\� �SORWWLQJ� �WKH� �LQWHUDFWLRQ� �VWUHQJWK� �DJDLQVW� �WKH� �JHQRPLF� �GLVWDQFH�� � � � � � � � � � � �

EHWZHHQ� �WKH� �DQFKRUV� ��GHFD\� �FXUYH��� �D� �KLJKHU� �SURSRUWLRQ� �RI� �VKRUW�UDQJH� �FRQWDFWV� �DQG� �VPDOOHU�� � � � � � � � � � � � �

SURSRUWLRQ��RI��ORQJ�UDQJH��FRQWDFWV��ZHUH��REVHUYHG��LQ��WKH��JURXSV��ZLWK��KLJKHU��JOREDO��P&+���)LJ����N���� � � � � � � � � � � � � � �

7KLV��PLJKW��LQGLFDWH��D��PRUH��FRPSDFW��QXFOHDU��VWUXFWXUH��LQ��WKHVH��JURXSV���7KH��JHQRPH��LV��RUJDQL]HG�� � � � � � � � � � � � � � �

LQWR� �VSHFLILF� ��'� �IHDWXUHV� �ZLWK� �GLIIHUHQW� �OHYHOV� �RI� �UHVROXWLRQ�� �LQFOXGLQJ� �FRPSDUWPHQWV�� �GRPDLQV��� � � � � � � � � � � �

DQG��ORRSV���:H��WHVWHG��WKH��GLIIHUHQFHV��RI��WKHVH��IHDWXUHV��DFURVV��'*��FHOOV��JURXSHG��EDVHG��RQ��WKHLU�� � � � � � � � � � � � � � � �

����
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JOREDO��P&+��OHYHOV���$OWKRXJK��FRPSDUWPHQW��VWUHQJWKV��ZHUH��QRW��FRUUHODWHG��ZLWK��WKHVH��PHWK\ODWLRQ�� � � � � � � � � � � �

FKDQJHV���([WHQGHG��'DWD��)LJ����I����WKH��QXPEHU��RI��LQWUD�GRPDLQ��FRQWDFWV��ZDV��SRVLWLYHO\��FRUUHODWHG�� � � � � � � � � � � � �

ZLWK��JOREDO��P&+��DFURVV��VLQJOH��FHOOV���)LJ����O����ZKLFK��LV��FRQFRUGDQW��ZLWK��WKH��SDWWHUQV��REVHUYHG��LQ�� � � � � � � � � � � � � � � �

WKH��FRQWDFW��IUHTXHQF\��GHFD\��FXUYHV���,QWHUHVWLQJO\���DIWHU��QRUPDOL]LQJ��WKH��HIIHFW��RI��GHFD\���ZH��IRXQG�� � � � � � � � � � � � � �

WKH� �LQVXODWLRQ� �VFRUHV� �DW� �GRPDLQ� �ERXQGDULHV� �ZHUH� �VLJQLILFDQWO\� �ORZHU� �LQ� �WKH� �JURXSV� �ZLWK� �KLJK�� � � � � � � � � � � � � �

JOREDO��P&+��OHYHOV���)LJ����P���DOO��S��H������WZR�VLGHG��:LOFR[RQ��VLJQHG�UDQN��WHVW����ZKLFK��VXJJHVWV�� � � � � � � � � � � � �

WKDW���WKH���GRPDLQ���VWUXFWXUHV���PLJKW���EH���PRUH���FRQGHQVHG���RYHU���IODQNLQJ���UHJLRQV���LQ���WKHVH���FHOO���JURXSV���

�

'HHS���QHXUDO���QHWZRUN���OHDUQLQJ���RI���FHOO���LGHQWLW\���DQG���VSDWLDO���ORFDWLRQ��

7R� �IXUWKHU� �WHVW� �WKH� �H[WHQW� �WKDW� �VSDWLDO��DQG��FHOO�W\SH��LQIRUPDWLRQ��LV��HQFRGHG��LQ��D��VLQJOH��QHXURQ¶V�� � � � � � � � � � � � � � � �

'1$� �PHWK\ORPH�� �ZH� �EXLOW� �D� �PXOWL�WDVN� �GHHS� �$UWLILFLDO� �1HXUDO� �1HWZRUN� ��$11�� �XVLQJ� �FHOO�OHYHO�� � � � � � � � � � � � �

PHWK\ORPH��SURILOHV��LQ��WKLV��VWXG\���)LJ����D����6SHFLILFDOO\���P&+��UDWHV��RI��QRQ�RYHUODSSLQJ�����NE��ELQV�� � � � � � � � � � � � � �

IURP����������QHXURQV��ZHUH��XVHG��WR��WUDLQ��DQG��WHVW��WKH��QHWZRUN��ZLWK��ILYH�IROG��FURVV�YDOLGDWLRQ���7KH�� � � � � � � � � � � � � � �

$11� �ZDV� �DEOH� �WR� �SUHGLFW� �VXEW\SH� �LGHQWLW\� �DQG� �VSDWLDO� �ORFDWLRQ� �VLPXOWDQHRXVO\� �IRU� �HDFK��WHVWLQJ�� � � � � � � � � � � � � �

FHOO� �ZLWK� ������DQG�������DFFXUDFLHV���UHVSHFWLYHO\���)LJ����E�G����,PSRUWDQWO\���WKH��ORFDWLRQ��SUHGLFWLRQ�� � � � � � � � � � � � �

DFFXUDF\� �XVLQJ� �'1$� �PHWK\ODWLRQ� �LV� �VLJQLILFDQWO\� �KLJKHU� �WKDQ� �RQO\� �XVLQJ� �WKH� �VSDWLDO� �GLVWULEXWLRQ�� � � � � � � � � � � � �

LQIRUPDWLRQ� �RI� �HDFK� �VXEW\SH� ��RYHUDOO� �DFFXUDF\� �LQFUHDVHG� �E\� ������ �([WHQGHG� �'DWD� �)LJ�� ��E���� � � � � � � � � � � � �

VXJJHVWLQJ� �WKDW� �VSDWLDO� �GLYHUVLW\� �LV� �ZHOO�SUHVHUYHG� �LQ� �WKH� �QHXURQDO� �'1$� �PHWK\ORPH�� �:H� �GLG��� � � � � � � � � � � � �

KRZHYHU���QRWLFH��HUURUV��LQ��ORFDWLRQ��SUHGLFWLRQ��LQ��D��IHZ��FHOO��W\SHV���PRVW��QRWDEO\��LQ��0*(��DQG��&*(�� � � � � � � � � � � � � � � � �

GHULYHG� �LQKLELWRU\� �QHXURQV� ��)LJ�� ��H�� �([WHQGHG� �'DWD� �)LJ�� ��E��� �7KLV� �ILQGLQJ� �LV� �FRQVLVWHQW� �ZLWK�� � � � � � � � � � � � � �

SUHYLRXV� �WUDQVFULSWRPH� �EDVHG� �VWXGLHV������ �VXJJHVWLQJ� �WKHVH� �LQKLELWRU\� �QHXURQV� �GR� �QRW� �GLVSOD\�� � � � � � � � � � �

VWURQJ���FRUWLFDO���UHJLRQ���VSHFLILFLW\���

�

1H[W�� �ZH� �VHOHFWHG� �WKH� �IHDWXUHV� �����NE� �ELQV���WKDW��FDSWXUH��PRVW��VSDWLDO��LQIRUPDWLRQ���)LJ����I���VHH�� � � � � � � � � � � � � � �

0HWKRGV����DQG��IRXQG��WKDW��JHQHV��UHODWHG��WR��QHXURQDO��V\VWHP��GHYHORSPHQW��DUH��KLJKO\��HQULFKHG��LQ�� � � � � � � � � � � � � �

WKHVH� �ELQV� ��)LJ�� ��J�� �K��� �0DQ\� �FHOO� �W\SH� �PDUNHU� �JHQHV� �DUH� �DOVR� �ORFDWHG� �LQ� �WKHVH� �ELQV�� �VXFK��DV�� � � � � � � � � � � � � � � � � �

)R[S����)LJ����I����,Q��DGGLWLRQ��WR��GLVWLQJXLVKLQJ��/��&7��QHXURQV��IURP��RWKHU��FHOO��W\SHV��)R[S���VKRZV�� � � � � � � � � � � � � � �

QRWDEO\� �P&+� �GLIIHUHQFH� �DPRQJ� �GLIIHUHQW� �GLVVHFWHG� �UHJLRQV� �LQ� �/��&7� ��)LJ�� ��,��� �LQGLFDWLQJ� �WKH�� � � � � � � � � � � � �

H[WHQVLYH���LPSDFW���RI���QHXURQ���VSDWLDO���RULJLQ���RQ���WKHLU���PHWK\ORPHV���

����
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'LVFXVVLRQ��

,Q� �WKLV� �VWXG\�� �ZH� �GHVFULEH� �WKH� �JHQHUDWLRQ� �DQG� �DQDO\VLV� �RI� �D� �FRPSUHKHQVLYH� �VLQJOH�FHOO� �'1$�� � � � � � � � � � � � � �

PHWK\ODWLRQ� �DWODV� �IRU� �WKH� �PRXVH� �EUDLQ�� �HQFRPSDVVLQJ� �RYHU� ��������� �PHWK\ORPHV�� �WKH� �ODUJHVW�� � � � � � � � � � � �

PHWK\ODWLRQ� �GDWDVHW� �IRU� �DQ\� �RUJDQLVP� �WR� �GDWH�� �%\� �SURILOLQJ� �RI� ���� �EUDLQ� �UHJLRQV�� �D� �WRWDO� �RI� ������ � � � � � � � � � � � � � � � �

VXEW\SHV�� ���� �H[FLWDWRU\�� ���� �LQKLELWRU\�� �DQG� �����QRQ�QHXURQDO��VXEW\SHV��ZHUH��FODVVLILHG��XVLQJ��WKH�� � � � � � � � � � � � �

WKUHH�OHYHOV� �RI� �LWHUDWLYH� �FOXVWHULQJ�� �7KHVH� �VXEW\SHV� �DUH� �DVVRFLDWHG� �ZLWK� �D� �WRWDO� �RI� �������� � � � � � � � � � � � �

&+�'0*V� �DQG� ����0� �&*�'05V�� �FRYHULQJ� ����� �������� �0E�� �RI� �WKH� �PRXVH� �JHQRPH�� �7KURXJK�� � � � � � � � � � � � �

LQWHJUDWLRQ��ZLWK��VQ$7$&�VHT���/L��HW��DO���&RPSDQLRQ��0DQXVFULSW�����������ZH��PDWFKHG��WKH��FKURPDWLQ�� � � � � � � � � � � � � �

DFFHVVLELOLW\� �FOXVWHUV� �WR� �HDFK� �RI� �WKH� �PHWK\ORPH� �VXEW\SHV� �DQG� �XVHG� �WKH� �FRPELQHG� �HSLJHQRPLF�� � � � � � � � � � � � �

LQIRUPDWLRQ� �WR� �SUHGLFW� ����0� �DFWLYH�HQKDQFHU�OLNH� �H'05V�� �LQFOXGLQJ� ����� �FHOO�W\SH�VSHFLILF�� � � � � � � � �

HOHPHQWV���WKDW���ZHUH���PLVVHG���IURP���SUHYLRXV���WLVVXH���OHYHO���EXON���VWXGLHV����������

�

7R� �GHVFULEH� �FHOO�W\SH� �VSHFLILFLW\� �RI� �JHQHV� �DQG� �7)� �ELQGLQJ� �PRWLIV� �LQ� �WKH� �FRQWH[W� �RI� �FHOO� �W\SH�� � � � � � � � � � � � � � � �

SK\ORJHQ\�� �ZH� �GHILQHG� �D� �PHWULF� �FDOOHG� �WKH� �PHWK\ODWLRQ� �LPSDFW� �VFRUH�� �7KLV� �PHWULF� �DJJUHJDWHV�� � � � � � � � � � � � �

SDLUZLVH� �'0*V� �DQG� �'05V� �EHWZHHQ� �VXEW\SHV�� �DQG� �DVVLJQV� �WKHP� �WR� �EUDQFKHV� �RI� �D� �FHOO� �W\SH�� � � � � � � � � � � � � � �

SK\ORJHQ\���7KHVH��DVVLJQPHQWV��DOORZ��XV��WR��GHVFULEH��FHOO�W\SH��VSHFLILFLW\��DW��GLIIHUHQW��OHYHOV��RI��WKH�� � � � � � � � � � � � � �

SK\ORJHQ\�� �SRWHQWLDOO\� �UHODWLQJ��WR��GLIIHUHQW��VWDJHV��RI��WKHLU��QHXURQDO��GHYHORSPHQWDO��OLQHDJHV���:H�� � � � � � � � � � � �

IRXQG� �WKDW� �PDQ\� �NQRZQ� �7)� �JHQHV� �DQG� �WKHLU� �FRUUHVSRQGLQJ� �'1$�ELQGLQJ� �PRWLIV� �ZHUH�� � � � � � � � � � � �

FR�DVVRFLDWHG� �ZLWK� �WKH� �VDPH� �EUDQFK��LQ��WKH��SK\ORJHQ\���VXSSRUWLQJ��WKH��ELRORJLFDO��VLJQLILFDQFH��RI�� � � � � � � � � � � � �

WKLV� �DSSURDFK�� �$Q� �LPSRUWDQW� �RXWFRPH� �RI� �WKLV� �DQDO\VLV� �LV� �WKH��GLVFRYHU\��RI��PDQ\��QRYHO��7)V��ZLWK�� � � � � � � � � � � � � � � �

KLJK���LPSDFW���VFRUHV����SURYLGLQJ���D���ULFK���VRXUFH���RI���FDQGLGDWH���7)V���IRU���IXWXUH���VWXG\���

�

7R� �VWXG\� �WKH� �DVVRFLDWLRQV� �RI� �H'05V� �DQG� �WKHLU� �WDUJHWLQJ� �JHQHV�� �ZH� �ILUVW� �HVWDEOLVKHG� �WKH�� � � � � � � � � � � � � �

H'05�JHQH��ODQGVFDSH��YLD��FRUUHODWLRQ��EHWZHHQ��WKH��P&+��UDWH��RI��JHQHV��DQG��P&*��UDWH��RI��'05V��� � � � � � � � � � � � � � �

)XUWKHUPRUH�� �LQ� �WKH� �KLSSRFDPSXV�� �ZH� �DOVR� �JHQHUDWHG� �KLJK�UHVROXWLRQ� �VLQJOH�FHOO� ��'��FKURPDWLQ�� � � � � � � � � � �

FRQIRUPDWLRQ��DQG��'1$��PHWK\ORPH��IURP��WKH��VDPH��FHOOV��XVLQJ��VQ�P�&�VHT���:LWK��WKLV��PXOWL�RPLF�� � � � � � � � � � � � �

GDWDVHW�� �ZH� �REWDLQHG� �FHOO�W\SH�VSHFLILF� �ORRSV� �LQ� �HLJKW� �FHOO� �W\SHV�� �7KH� �SK\VLFDO� �ORRSV� �DQG�� � � � � � � � � � � � �

H'05�JHQH� �FRUUHODWLRQ� �ORRSV� �WRJHWKHU� �OLQNHG� �FDQGLGDWH� �HQKDQFHUV� �WR� �WKHLU� �WDUJHW� �JHQHV� �LQ�� � � � � � � � � � � �

VSHFLILF���FHOO���W\SHV����

�

����
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7KURXJK� �WKH� �DQDO\VHV� �RI� �VLQJOH�FHOO� �PHWK\ORPH� �IURP� �GHWDLOHG� �VSDWLDO� �EUDLQ� �UHJLRQ� �GLVVHFWLRQV��� � � � � � � � � � � �

RXU� �EUDLQ�ZLGH� �HSLJHQRPLF� �GDWDVHW� �UHYHDOV� �H[WUDRUGLQDU\� �VSDWLDO� �GLYHUVLW\� �HQFRGHG��LQ��WKH��'1$�� � � � � � � � � � � �

PHWK\ORPHV� �RI� �QHXURQV�� �7KH� �LWHUDWLYH� �FOXVWHULQJ� �DQDO\VLV� �VHSDUDWHV� �ILQH�JUDLQHG� �VSDWLDO�� � � � � � � � � �

LQIRUPDWLRQ�� �ZKLFK� �LV� �DFFXUDWHO\� �UHSURGXFHG� �E\� �WKH� �$11� �WUDLQHG� �RQ� �WKH� �VLQJOH�FHOO� �PHWK\ORPH�� � � � � � � � � � � � �

SURILOHV�� �0RUHRYHU�� �WKH� �$11� �DOVR� �UHYHDOV� �DGGLWLRQDO� �VSDWLDO� �VSHFLILFDWLRQV� �ZLWKLQ� �PRVW� �RI� �WKH�� � � � � � � � � � � � �

VXEW\SHV�� �LQGLFDWLQJ� �FRQWLQXRXV� �VSDWLDO� �'1$� �PHWK\ODWLRQ� �JUDGLHQWV� �ZLGHO\� �H[LVW� �DPRQJ� �FHOO�� � � � � � � � � � �

W\SHV���7KH��VSDWLDO��JUDGLHQWV��REVHUYHG��IRU��H[FLWDWRU\��,7��QHXURQV��ZLWKLQ��GLVWLQFW��FRUWLFDO��DUHDV��DUH�� � � � � � � � � � � � � �

RI� �VSHFLDO� �LQWHUHVW�� �'XULQJ� �FRUWH[� �GHYHORSPHQW�� �JOXWDPDWHUJLF� �QHXURQV� �DUH� �UHJLRQDOL]HG� �E\� �D�� � � � � � � � � � � �

SURWR� �PDS� �IRUPHG� �IURP� �DQ� �HDUO\� �GHYHORSPHQWDO� �JUDGLHQW� �RI� �7)� �H[SUHVVLRQ��������� �6LPLODUO\� �ZH�� � � � � � � � � � � � �

REVHUYHG��WKDW��PDQ\��7)��JHQHV��DQG��WKHLU��FRUUHVSRQGLQJ��'1$��ELQGLQJ��PRWLIV��VKRZHG��JUDGLHQWV��RI�� � � � � � � � � � � � � �

'1$� �PHWK\ODWLRQ� �LQ� �DGXOW� �,7� �QHXURQV� �IURP� �GLVWLQFW� �FRUWLFDO� �UHJLRQV�� �$GGLWLRQDOO\�� �ZH� �IRXQG�� � � � � � � � � � � � �

LQWUD�VXEW\SH� �PHWK\ODWLRQ� �JUDGLHQWV� �LQ� �'*� �JUDQXOH� �FHOOV�� �7KHVH� �&*�'05� �DUH� �HQULFKHG� �LQ�� � � � � � � � � � � �

HVVHQWLDO� �V\QDSWLF� �JHQHV�� �VXJJHVWLQJ� �WKH� �H[LVWHQFH� �RI� �D� �PHWK\ODWLRQ� �JUDGLHQW� �LQ� �WKH�� � � � � � � � � � � �

GRUVDO�YHQWUDO���D[LV���LQ���WKH���'*���JUDQXOH���OD\HU�������

�

2YHUDOO�� �ZH� �SUHVHQW� �WKH� �ILUVW� �VLQJOH�FHOO� �UHVROXWLRQ� �'1$� �PHWK\ORPLF� �PRXVH� �EUDLQ� �DWODV� �ZLWK�� � � � � � � � � � � � �

GHWDLOHG��VSDWLDO��GLVVHFWLRQ��DQG��VXEW\SH��OHYHO��FODVVLILFDWLRQ���2XU��DQDO\VLV��KLJKOLJKWV��WKH��SRZHU��RI�� � � � � � � � � � � � �

WKLV��GDWDVHW��IRU��FKDUDFWHUL]LQJ��FHOO��W\SHV��ZLWK��ERWK��JHQH��DFWLYLW\��LQIRUPDWLRQ��LQ��WKH��FRGLQJ��UHJLRQV�� � � � � � � � � � � � � � �

DQG��WKH��UHJXODWRU\��HOHPHQWV��LQ��WKH��QRQ�FRGLQJ��UHJLRQ���7KLV��FRPSUHKHQVLYH��HSLJHQRPLF��GDWDVHW�� � � � � � � � � � � �

SURYLGHV� �D� �YDOXDEOH� �UHVRXUFH� �IRU� �DQVZHULQJ� �IXQGDPHQWDO� �TXHVWLRQV� �DERXW� �JHQH� �UHJXODWLRQ� �LQ�� � � � � � � � � � � �

VSHFLI\LQJ��FHOO��W\SH��VSDWLDO��GLYHUVLW\��DQG��SURYLGHV��WKH��UDZ��PDWHULDO��WR��GHYHORS��QHZ��JHQHWLF��WRROV�� � � � � � � � � � � � � � �

IRU���WDUJHWLQJ���VSHFLILF���FHOO���W\SHV���DQG���IXQFWLRQDO���WHVWLQJ���RI���WKHP���

$FNQRZOHGJPHQWV��

:H� �WKDQN� �'U�� �<XSHQJ��+H��IRU��WKH��DGYLFH��RQ��WKH��PHWK\OS\��DQG��5(37,/(��DQDO\VLV���:H��WKDQN��'U��� � � � � � � � � � � � � � � � �

7HUUHQFH� �6HMQRZVNL� �IRU� �WKH� �DGYLFH� �RQ� �WKH� �$11� �DQDO\VLV�� 7KLV� �ZRUN� �LV� �VXSSRUWHG� �E�\� �1,0+�� � � � � � � � � � � � � � �

8��0+������ �WR� �-�5�(�� �DQG� �(�0�&�� �7KH� �)ORZ� �&\WRPHWU\� �&RUH� �)DFLOLW\� �RI� �WKH� �6DON� �,QVWLWXWH� �LV�� � � � � � � � � � � � � � �

VXSSRUWHG��E\��IXQGLQJ��IURP��1,+�1&,��&&6*���3�������������-�5�(��LV��DQ��LQYHVWLJDWRU��RI��WKH��+RZDUG�� � � � � � � � � � � � � � �

+XJKHV���0HGLFDO���,QVWLWXWH����

����
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$XWKRU���&RQWULEXWLRQV��

-�5�(��� �+�/��� �%�5��� �0�0�%��� �&�/��� �-�5�'�� �FRQFHLYHG� �WKH� �VWXG\�� �+�/��� �-�=��� �:�7�� �DQDO\]HG� �WKH�� � � � � � � � � � � � � �

VQP&�VHT� �GDWD� �DQG� �GUDIWHG� �WKH� �PDQXVFULSW�� �-�5�(��� �&�/��� �(�$�0��� �-�5�'��� �0�0�%�� �HGLWHG� �WKH�� � � � � � � � � � � � �

PDQXVFULSW�� �-�5�(��� �+�/��� �0�0�%��� �$�%����-�/����6�3���FRRUGLQDWHG��WKH��UHVHDUFK���0�0�%����$�%����$�$���� � � � � � � � � � � � �

+�/��� �-�/��� �-�5�1��� �$�5��� �-�.�2��� �&�2��� �/�%��� �&�)��� �&�/��� �-�5�(�� �JHQHUDWHG� �WKH� �VQP&�VHT�� �GDWD��� � � � � � � � � � � � � �

-�5�'��� �%�&����$�%����-�/����-�=����$�$����-�.�2����&�/����-�5�1����&�2����/�%����&�)����5�*�&����0�0�%����-�5�(��� � � � � � � � � � � � � � �

JHQHUDWHG��WKH��VQ�P�&�VHT��GDWD���6�3����0�0�%����;�+����-�/����2�%�3����<�(�/����-�.�2����%�5���JHQHUDWHG�� � � � � � � � � � � � �

WKH� �VQ$7$&�VHT� �GDWD�� �=�=��� �-�=��� �(�0�&��� �0�0�%��� �-�5�(��� �$�%��� �$�$��� �-�5�1��� �&�2��� �/�%��� �&�)���� � � � � � � � � � � � � �

5�*�&��� �$�5�� �JHQHUDWHG� �WKH� �(SL�5HWUR�6HT� �GDWD�� �+�/��� �+�&��� �(�$�0��� �0�1��� �&�/�� �FRQWULEXWHG� �WR�� � � � � � � � � � � � �

GDWD���DUFKLYH�LQIUDVWUXFWXUH����-�5�(����VXSHUYLVHG���WKH���VWXG\���

&RPSHWLQJ���LQWHUHVWV��

-�5�(���VHUYHV���RQ���WKH���VFLHQWLILF���DGYLVRU\���ERDUG���RI���=\PR���5HVHDUFK���,QF���

�

� �

����
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)LJXUH��������5HODWLQJ���JHQHV���DQG���UHJXODWRU\���HOHPHQWV���WR���FHOO���VXEW\SH���SK\ORJHQ\���

D�� �*HQRPH� �EURZVHU� �VFKHPDWLF� �RI� �WKH� �WZR� �FKDUDFWHULVWLFV� �FRQWDLQHG��LQ��WKH��PHWK\ORPH��SURILOHV��� � � � � � � � � � � � �

*HQHV� �XVHG� �KHUH� �DUH� %FO��E��� �ZLWK� �P&+� �DQG� �P&*� �UDWHV� �IURP� �³&$�� �&KUP�´� ��$�� �DQG� �³&$��� � � � � � � � � � � � � � � �

&DGP�´���%���E���F���3DLUZLVH��&+�'0*����E����RU��&*�'05����F����FRXQWV��KHDWPDS��EHWZHHQ������H[FLWDWRU\�� � � � � � � � � � � � � � �

VXEW\SHV�� �7KH� �GHWDLOHG� �H[DPSOH� �IURP� �WKH� �VDPH� �FOXVWHU� �SDLU� �DV� �LQ� ���D���� �,Q� �HDFK� �'05� �VHW�� �ZH�� � � � � � � � � � � � � � � � �

IXUWKHU��VFDQ��WKH��RFFXUUHQFH��RI�������-$63$5��PRWLIV���WZR��GLIIHUHQWLDOO\��HQULFKHG��PRWLIV��IURP��328��� � � � � � � � � � � � � �
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)LJXUH��������*HQH�HQKDQFHU���ODQGVFDSHV���LQ���QHXURQDO���VXEW\SHV���

D�� �6FKHPDWLF� �RI� �HQKDQFHU� �FDOOLQJ� �XVLQJ� �PDWFKHG� �'1$� �PHWK\ORPH� �DQG� �FKURPDWLQ� �DFFHVVLELOLW\�� � � � � � � � � � � �

VXEW\SH��SURILOHV���7KH��5(37,/(��DOJRULWKP��ZDV��GHSOR\HG��IROORZHG��E\��EXLOGLQJ��WKH��JHQH�HQKDQFHU�� � � � � � � � � � � �

ODQGVFDSH� �WKURXJK� �WKHLU� �PHWK\ODWLRQ� �FRUUHODWLRQ��E���2YHUODS��RI��UHJXODWRU\��HOHPHQWV��LGHQWLILHG��LQ�� � � � � � � � � � � �

WKLV� �VWXG\�� �DQG� �RWKHU� �HSLJHQRPLF� �VWXGLHV� ��VQ$7$&�VHT� �SHDNV� �IURP� �/L�� �HW� �DO�� �&RPSDQLRQ�� � � � � � � � � � � � �

0DQXVFULSW� ����� �IHWDO� �HQKDQFHU� �'05V������ F�� �'05�'0*� �FRUUHODWLRQ� ��\�D[LV�� �DQG� �WKH� �GLVWDQFH�� � � � � � � � � � � �
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+H� �HW� �DO������� �(DFK� �SRLQW� �LV��D��JHQH���ZKLOH��[�D[LV��LV��WKH��QXPEHU��RI��SRVLWLYHO\��FRUUHODWHG��H'05V��WR�� � � � � � � � � � � � � � � � � �
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JHQH���FROXPQV��IURP��OHIW��WR��ULJKW��DUH��������P&*��UDWH��DQG�������$7$&��)3.0��LQ�������VXEW\SHV��������EXON�� � � � � � � � � � � � � � � � � � �

GHYHORSLQJ� �IRUHEUDLQ� �WLVVXH� �P&*� �UDWH��� �DQG� ����� �+�.��DF� �)3.0������ ����� �DGXOW� �IURQWDO� �FRUWH[�� � � � � � � � � � � � �

+�.��DF��� ��� �DQG� ����� �LV� �D� �IH'05��RU��QRW�����J���3DUWLDO��FRUUHODWLRQ��EHWZHHQ��P&*��RI��HQKDQFHUV��DQG�� � � � � � � � � � � � � � � � �

P&+� �RI� �JHQHV� �RQ� �VHSDUDWHG� �ORRS� �DQFKRUV� �RI� �'*� ��OHIW�� �DQG� �&$�� ��ULJKW�� �FRPSDUHG� �WR� �UDQGRP�� � � � � � � � � � � � � � � �

DQFKRUV� �ZLWK� �FRPSDUDEOH� �GLVWDQFH� ��Q ������� �������� �������� ��������� K�� �3URSRUWLRQ� �RI� �ORRS�� � � � � � � � � � � �

VXSSRUWHG��HQKDQFHU�JHQH��SDLUV��DPRQJ��WKRVH��OLQNHG��E\��FRUUHODWLRQ��DQDO\VHV��VXUSDVVLQJ��GLIIHUHQW�� � � � � � � � � � �

FRUUHODWLRQ��WKUHVKROGV��L���W�61(��RI��VQ�P�&�VHT��FHOOV���Q ��������FRORUHG��E\��FOXVWHUV���&OXVWHU��ODEHOV�� � � � � � � � � � � � �
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DUURZV� �LQGLFDWH� �QRWDEOH� �UHJXODWRU\� �HOHPHQWV�� �JHQRPH� �EURZVHU� �LPDJH� �GHSLFWV� �WKH� �P&*� �DQG�� � � � � � � � � � � �

$7$&��SURILOHV��DW��WKH�)R[S���JHQH��7KH��HOHPHQWV��RI��ER[SORWV��LQ����J����DQG����O����DUH��GHILQHG��DV���FHQWHU�� � � � � � � � � � � � � � � � � �
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JDWH�� �DQG� �FROXPQ� ������� �ZLWK� �1HX1�� �������� �JDWH�� �UHDFKLQJ� �DQ� ������ �UDWLR� �RI� �1HX1�� �WR� �1HX1��� � � � � � � � � � � � � � � �

QXFOHL���

/LEUDU\���SUHSDUDWLRQ���DQG���,OOXPLQD���VHTXHQFLQJ��

'HWDLOHG� �PHWKRGV� �IRU� �ELVXOILWH��FRQYHUVLRQ��DQG��OLEUDU\��SUHSDUDWLRQ��ZHUH��SUHYLRXVO\��GHVFULEHG��IRU�� � � � � � � � � � � �

VQP&�VHT��������� �7KH� �VQP&�VHT�� �DQG� �VQ�P�&�VHT� ��VHH� �EHORZ�� �OLEUDULHV� �JHQHUDWHG� �IURP� �PRXVH�� � � � � � � � � � �

EUDLQ��WLVVXHV��ZHUH��VHTXHQFHG��XVLQJ��DQ��,OOXPLQD��1RYDVHT��������LQVWUXPHQW��ZLWK��6���IORZFHOOV��DQG�� � � � � � � � � � � � � �

������ES���SDLUHG�HQG���PRGH���

7KH���VQ�P�&�VHT���VSHFLILF���VWHSV���RI���OLEUDU\���SUHSDUDWLRQ��

6LQJOH�QXFOHXV� �PHWK\O��&� �VHTXHQFLQJ� ��VQ�P�&�VHT���ZDV��SHUIRUPHG��DV��SUHYLRXVO\��GHVFULEHG������� � � � � � � � �

,Q� �EULHI�� �WKH� �VDPH� �EDWFK��RI��GLVVHFWHG��WLVVXH��VDPSOHV��IURP��WKH��GRUVDO��GHQWDWH��J\UXV���'*����DQG�� � � � � � � � � � � � � � � �

'*���� �VHH� �6XSSOHPHQWDU\� �7DEOH� ����� �YHQWUDO� �GHQWDWH� �J\UXV� ��'*��� �DQG� �'*����� �GRUVDO�� � � � � � � � � � � �

KLSSRFDPSXV� ��&$��� �DQG� �&$����� �DQG� �YHQWUDO� �KLSSRFDPSXV� ��&$��� �DQG� �&$����� �ZHUH� �IUR]HQ� �LQ�� � � � � � � � � � � � �

OLTXLG� �QLWURJHQ�� �7KH��VDPSOHV��ZHUH��WKHQ��SXOYHUL]HG��ZKLOH��IUR]HQ��XVLQJ��D��PRUWDU��DQG��SHVWOH���DQG�� � � � � � � � � � � � � � �

WKHQ� �LPPHGLDWHO\� �IL[HG� �ZLWK� ���� �IRUPDOGHK\GH� �LQ� �'3%6� �IRU� ���� �PLQXWHV�� �7KH� �VDPSOHV� �ZHUH�� � � � � � � � � � � � � �

TXHQFKHG��ZLWK�����0��*O\FLQH��DQG��VWRUHG��DW�����&��XQWLO��UHDG\��IRU��IXUWKHU��SURFHVVLQJ���$IWHU��LVRODWLQJ�� � � � � � � � � � � � � � �

QXFOHL� �DV� �SUHYLRXVO\� �GHVFULEHG������ �QXFOHL� �ZHUH� �GLJHVWHG� �RYHUQLJKW� �ZLWK� �1OD,,,� �DQG� �OLJDWHG� �IRU� ���� � � � � � � � � � � � � �

KRXUV�� �1XFOHL� �ZHUH� �WKHQ� �VWDLQHG� �ZLWK� �+RHFKVW� ������ �DQG� �ILOWHUHG� �WKURXJK� �D� �����0� �ILOWHU� �DQG�� � � � � � � � � � � � � � �

VRUWHG� �VLPLODUO\� �WR� �WKH� �VQP&�VHT�� �VDPSOHV�� �/LEUDULHV� �ZHUH� �JHQHUDWHG� �XVLQJ� �WKH� �VQP&�VHT��� � � � � � � � � � � �

PHWKRG���

0RXVH���EUDLQ���UHJLRQ���QRPHQFODWXUH��

7KH��PRXVH��EUDLQ��GLVVHFWLRQ��DQG��QDPLQJ��RI��DQDWRPLFDO��VWUXFWXUHV��LQ��WKLV��VWXG\��IROORZHG��WKH��$OOHQ�� � � � � � � � � � � � � � �

0RXVH��%UDLQ��$WODV�������%DVHG��RQ��WKH��KLHUDUFKLFDO��VWUXFWXUH��RI��WKH��$OOHQ��&&)���ZH��XVHG��D��WKUHH�OHYHO�� � � � � � � � � � � � � � � �

VSDWLDO� �UHJLRQ� �RUJDQL]DWLRQ� �WR� �IDFLOLWDWH� �GHVFULSWLRQ�� �D�� �7KH� �PDMRU� �UHJLRQ�� �H�J��� �LVRFRUWH[��� � � � � � � � � � � �

KLSSRFDPSXV�� �E�� �7KH� �VXE�UHJLRQ�� �H�J��� �02S�� �66S�� �ZLWKLQ� �LVRFRUWH[�� �F�� �7KH� �GLVVHFWLRQ� �UHJLRQ��� � � � � � � � � � � � �

H�J��� �02S���� �02S���� �ZLWKLQ� �02S�� �6XSSOHPHQWDU\� �7DEOH� ��� �FRQWDLQV� �IXOO� �QDPHV� �RI� �DOO�� � � � � � � � � � � � �

DEEUHYLDWLRQV���XVHG���LQ���WKLV���VWXG\���

$QDO\VLV���VWDJHV��

7KH� �IROORZLQJ� �PHWKRG� �VHFWLRQV� �ZHUH� �GLYLGHG� �LQWR� �WKUHH� �VWDJHV�� �7KH� �ILUVW� �VWDJH� �GHVFULEHV�� � � � � � � � � � � � �

PDSSLQJ� �DQG� �JHQHUDWLQJ� �ILOHV� �LQ� �WKH� �VLQJOH�FHOO� �PHWK\ODWLRQ�VSHFLILF� �GDWD� �IRUPDW�� �7KH� �VHFRQG�� � � � � � � � � � � �

����
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VWDJH� �GHVFULEHV� �FOXVWHULQJ�� �LGHQWLI\LQJ� �GLIIHUHQWLDOO\� �PHWK\ODWHG� �JHQHV� ��'0*��� �RU� �LQWHJUDWLQJ�� � � � � � � � � �

RWKHU� �GDWDVHWV�� �ZKLFK� �DOO� �KDSSHQHG� �DW� �WKH� �VLQJOH�FHOO� �OHYHO�� �7KH� �WKLUG� �VWDJH� �GHVFULEHV� �WKH�� � � � � � � � � � � � � �

LGHQWLILFDWLRQ� �RI� �SXWDWLYH� �FHOO�W\SH�VSHFLILF� �UHJXODWRU\� �HOHPHQWV� �XVLQJ� �FOXVWHU�PHUJHG�� � � � � � � �

PHWK\ORPHV�� �2WKHU� �ILJXUH�VSHFLILF� �DQDO\VLV� �WRSLFV� �PD\� �FRPELQH� �UHVXOWV� �IURP� �PRUH� �WKDQ� �RQH�� � � � � � � � � � � �

VWDJH���

67$*(���,����0$33,1*���$1'���)($785(���*(1(5$7,21��

0DSSLQJ���DQG���IHDWXUH���FRXQW���SLSHOLQH��

:H� �LPSOHPHQWHG� �D� �YHUVDWLOH� �PDSSLQJ� �SLSHOLQH� ���FHPED�GDWD�UWIG�LR��� �IRU� �DOO� �WKH� �VLQJOH�FHOO�� � � � � � � � � � �

PHWK\ORPH� �EDVHG� �WHFKQRORJLHV� �GHYHORSHG� �E\� �RXU� �JURXS������������ �7KH� �PDLQ� �VWHSV� �RI� �WKLV� �SLSHOLQH�� � � � � � � � � � � � �

LQFOXGHG�������'HPXOWLSOH[LQJ��)$674��ILOHV��LQWR��VLQJOH�FHOO�������5HDGV��OHYHO��4&�������0DSSLQJ�������%$0�� � � � � � � � � � � � � � �

ILOH� �SURFHVVLQJ� �DQG� �4&�� ���� �ILQDO� �PROHFXODU� �SURILOH� �JHQHUDWLRQ�� �7KH� �GHWDLOV� �RI� �WKH� �ILYH� �VWHSV� �IRU�� � � � � � � � � � � � � � � �

VQP&�VHT�� �ZHUH� �SUHYLRXVO\� �GHVFULEHG������ �:H� �PDSSHG� �DOO� �RI� �WKH� �UHDGV� �WR� �WKH� �PRXVH� �PP���� � � � � � � � � � � � � �

JHQRPH�� �$IWHU� �PDSSLQJ�� �ZH��FDOFXODWHG��WKH��PHWK\OF\WRVLQH��FRXQWV��DQG��WRWDO��F\WRVLQH��FRXQWV��IRU�� � � � � � � � � � � � �

WZR� �VHWV� �RI� �JHQRPLF� �UHJLRQV� �LQ� �HDFK� �FHOO�� �1RQ�RYHUODSSLQJ� �FKURPRVRPH� ����NE� �ELQV� �RI� �WKH�� � � � � � � � � � � � � �

PP��� �JHQRPH� ��JHQHUDWHG� �E\� �³EHGWRROV� �PDNHZLQGRZV� ��Z� �������´��� �ZHUH� �XVHG� �IRU� �FOXVWHULQJ�� � � � � � � � � � � �

DQDO\VLV� �DQG� �$11� �PRGHO� �WUDLQLQJ�� �DQG� �WKH� �JHQH� �ERG\� �UHJLRQ� ��� ��NE� �GHILQHG� �E\� �WKH� �PRXVH�� � � � � � � � � � � � � � � �

*(1&2'(���YP������ZHUH���V���XVHG���IRU���FOXVWHU���DQQRWDWLRQ���DQG���LQWHJUDWLRQ���ZLWK���RWKHU���PRGDOLWLHV���

��VQ�P�&�VHT���VSHFLILF���VWHSV���RU���UHDG���PDSSLQJ���DQG���FKURPDWLQ���FRQWDFW���DQDO\VLV��

0HWK\ORPH� �VHTXHQFLQJ� �UHDGV� �ZHUH� �PDSSHG� �IROORZLQJ� �WKH� �7$8586�0+� �SLSHOLQH��DV��SUHYLRXVO\�� � � � � � � � � � �

GHVFULEHG�������6SHFLILFDOO\���UHDGV��ZHUH��WULPPHG��IRU��,OOXPLQD��DGDSWRUV��DQG��WKHQ��DQ��DGGLWLRQDO����ESV�� � � � � � � � � � � � �

ZDV� �WULPPHG� �RQ� �ERWK� �VLGHV�� �7KHQ� �5�� �DQG� �5�� �UHDGV� �ZHUH� �PDSSHG� �VHSDUDWHO\� �WR� �WKH� �PP���� � � � � � � � � � � � � � � �

JHQRPH� �XVLQJ� �ELVPDUN� �ZLWK� �ERZWLH�� �7KH��XQPDSSHG��UHDGV��ZHUH��FROOHFWHG��DQG��VSOLW��LQWR��VKRUWHU�� � � � � � � � � � � � � �

UHDGV� �UHSUHVHQWLQJ� �WKH� �ILUVW� ���ESV�� �WKH� �ODVW� ���ESV���DQG��WKH��PLGGOH��SDUW��RI��WKH��RULJLQDO��UHDGV���LI�� � � � � � � � � � � � � � � � �

UHDG��OHQJWK��!����ES��DIWHU��WULPPLQJ����7KH��VSOLW��UHDGV��ZHUH��PDSSHG��DJDLQ��XVLQJ��%LVPDUN��ZLWK��WKH�� � � � � � � � � � � � � � � �

%RZWLH���7KH��UHDGV��ZLWK��0$34�����ZHUH��UHPRYHG���7R��JHQHUDWH��WKH��PHWK\ODWLRQ��GDWD���WKH��ILOWHUHG�� � � � � � � � � � � � � �

EDP��ILOHV��IURP��VSOLW��DQG��XQVSOLW��5���DQG��5���UHDGV��ZHUH��GHGXSOLFDWHG��ZLWK��SLFDUG��DQG��PHUJHG��LQWR�� � � � � � � � � � � � � � � � �

D� �VLQJOH� �EDP� �ILOH�� �0HWK\OS\� ��Y���������� �ZDV� �XVHG� �WR� �JHQHUDWH� �DQ� �DOOF� �ILOH� �IURP� �WKH� �EDP� �ILOH� �IRU�� � � � � � � � � � � � � � � � � �

HYHU\��VLQJOH��FHOO���7R��JHQHUDWH��WKH��+L�&��FRQWDFW��PDS���ZH��SDLUHG��WKH��5���DQG��5���EDP��ILOHV��ZKHUH�� � � � � � � � � � � � � � � � � �

HDFK��UHDG��SDLU��UHSUHVHQWV��D��SRWHQWLDO��FRQWDFW���)RU��JHQHUDWLQJ��FRQWDFW��ILOHV���UHDG��SDLUV��ZKHUH��WKH�� � � � � � � � � � � � � � �

WZR���HQGV���PDSSHG���ZLWKLQ����NES���RI���HDFK���RWKHU���ZHUH���UHPRYHG���

����
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67$*(���,,����&/867(5,1*���5(/$7('��

6LQJOH�FHOO���PHWK\ORPH���GDWD���TXDOLW\���FRQWURO���DQG���SUHSURFHVVLQJ��

&HOO��ILOWHULQJ����:H��ILOWHUHG��WKH��FHOOV��EDVHG��RQ��WKHVH��PDLQ��PDSSLQJ��PHWULFV�������P&&&��UDWH������������ � � � � � � � � � � � � � � � �

P&&&��UDWH��UHOLDEO\��HVWLPDWHV��WKH��XSSHU��ERXQG��RI��ELVXOILWH��QRQ�FRQYHUVLRQ��UDWH����������RYHUDOO��P&*�� � � � � � � � � � � � � �

UDWH��!������������RYHUDOO��P&+��UDWH���������������WRWDO��ILQDO��UHDGV��!����������������ELVPDUN��PDSSLQJ��UDWH��!�� � � � � � � � � � � � � � � � � � � �

����� �2WKHU� �PHWULFV� �VXFK� �DV� �JHQRPH� �FRYHUDJH�� �3&5� �GXSOLFDWHV� �UDWH�� �LQGH[� �UDWLR� �ZHUH� �DOVR�� � � � � � � � � � � � � �

JHQHUDWHG��DQG��HYDOXDWHG��GXULQJ��ILOWHULQJ���+RZHYHU���DIWHU��UHPRYLQJ��RXWOLHUV��ZLWK��WKH��PDLQ��PHWULFV�� � � � � � � � � � � � �

�������IHZ���DGGLWLRQDO���RXWOLHUV���FDQ���EH���IRXQG���

)HDWXUH� �ILOWHULQJ��� ����NE� �JHQRPLF� �ELQ� �IHDWXUHV� �ZHUH� �ILOWHUHG� �E\� �UHPRYLQJ� �ELQV��ZLWK��PHDQ��WRWDO�� � � � � � � � � � � � � �

F\WRVLQH� �EDVH� �FDOOV� ��� ����� �RU� �!� ������� �5HJLRQV� �WKDW� �RYHUODS� �ZLWK� �WKH��(1&2'(��EODFNOLVW���� �ZHUH�� � � � � � � � � � � � � � � �

DOVR���H[FOXGHG���IURP���IXUWKHU���DQDO\VLV����

&RPSXWDWLRQ� �DQG� �QRUPDOL]DWLRQ� �RI� �WKH� �PHWK\ODWLRQ� �UDWH��� �)RU� �&*� �DQG� �&+� �PHWK\ODWLRQ�� �WKH�� � � � � � � � � � � � �

FRPSXWDWLRQ� �RI� �PHWK\ODWLRQ� �UDWH� �IURP� �WKH� �PHWK\O�F\WRVLQH� �DQG� �WRWDO��F\WRVLQH��PDWULFHV��FRQWDLQV�� � � � � � � � � � � �

WZR� �VWHSV�������SULRU��HVWLPDWLRQ��IRU��WKH��EHWD�ELQRPLDO��GLVWULEXWLRQ��DQG������SRVWHULRU��UDWH��FDOFXODWLRQ�� � � � � � � � � � � � � �

DQG���QRUPDOL]DWLRQ���SHU���FHOO����

6WHS� ���� �IRU� �HDFK� �FHOO� �ZH��FDOFXODWHG��WKH��VDPSOH��PHDQ�� ���DQG��YDULDQFH�� ���RI��WKH��UDZ��PF��UDWH�� � � � � � � � � � P � � � Y � � � � � �

�PF� ��� �FRY�� IRU� �HDFK� �VHTXHQFH� �FRQWH[W� ��&*�� �&+��� �7KH� �VKDSH� �SDUDPHWHUV� �RI� �WKH� �EHWD�� � � � � � � � � � � � Ơ� ơ�� ¬ � � � �

GLVWULEXWLRQ���ZHUH���WKHQ���HVWLPDWHG���XVLQJ���WKH���PHWKRG���RI���PRPHQWV����

�P�� � Y � ¬Ơ  P P � � �

� ��P�� � Y � ¬ơ  � P P � � �

7KLV��DSSURDFK��XVHG��GLIIHUHQW��SULRUV��IRU��GLIIHUHQW��PHWK\ODWLRQ��W\SHV��IRU��HDFK��FHOO��DQG��XVHG��ZHDNHU�� � � � � � � � � � � � � � �

SULRU���WR���FHOOV���ZLWK���PRUH���LQIRUPDWLRQ����KLJKHU���UDZ���YDULDQFH����

6WHS� ���� �:H� �WKHQ� �FDOFXODWHG� �WKH� �SRVWHULRU�� ��� �:H� �QRUPDOL]HG� �WKLV� �UDWH� �E\� �WKH� �FHOO¶V�� � � � � � � PFØ  Ơ�PF¬
Ơ�ơ�FRY � � � � � � � �

JOREDO��PHDQ��PHWK\ODWLRQ�� ���7KXV���DOO��WKH��SRVWHULRU� �ZLWK����FRY��ZLOO��EH��FRQVWDQW����� � � �Ơ � ¬P  Ơ� � ơ � � � � �PFØ � � � � � � � �

DIWHU� �QRUPDOL]DWLRQ�� �7KH� �UHVXOWLQJ� �QRUPDOL]HG�PF� �UDWH� �PDWUL[� �FRQWDLQV� �QR� �1$� ��QRW� �DYDLODEOH��� � � � � � � � � � � � �

YDOXH����DQG���IHDWXUHV���ZLWK���OHVV����FRY����WHQG���WR���KDYH���D���PHDQ���YDOXH���FORVH���WR�������

6HOHFWLRQ� �RI� �KLJKO\� �YDULDEOH� �IHDWXUHV��� �+LJKO\� �YDULDEOH� �PHWK\ODWLRQ� �IHDWXUHV� �ZHUH� �VHOHFWHG�� � � � � � � � � � �

EDVHG� �RQ� �D� �PRGLILHG� �DSSURDFK� �XVLQJ� �WKH� �VFDQS\� �SDFNDJH� VFDQS\�SS�KLJKO\BYDULDEOHBJHQHV�� � � � � � � � � �

IXQFWLRQ�������,Q��EULHI���WKH�VFDQS\�SS�KLJKO\BYDULDEOHBJHQHV��IXQFWLRQ��QRUPDOL]HG��WKH��GLVSHUVLRQ��RI��D�� � � � � � � � � � �

JHQH��E\��VFDOLQJ��ZLWK��WKH��PHDQ��DQG��VWDQGDUG��GHYLDWLRQ��RI��WKH��GLVSHUVLRQV��IRU��JHQHV��IDOOLQJ��LQWR��D�� � � � � � � � � � � � � � � � �
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JLYHQ� �ELQ� �IRU� �PHDQ� �H[SUHVVLRQ��RI��JHQHV���,Q��RXU��PRGLILHG��DSSURDFK���ZH��UHDVRQHG��WKDW��ERWK��WKH�� � � � � � � � � � � � � � � �

PHDQ��PHWK\ODWLRQ��OHYHO��DQG��WKH��PHDQ�FRY��RI��D��IHDWXUH������NE��ELQ��RU��JHQH���FRXOG��LPSDFW�PF��UDWH�� � � � � � � � � � � � � � � � � �

GLVSHUVLRQ�� �:H� �JURXSHG� �IHDWXUHV� �WKDW� �IDOO� �LQWR� �D� �FRPELQHG� �ELQ� �RI� �PHDQ� �DQG� FRY��� �:H� �WKHQ�� � � � � � � � � � � � � � � �

QRUPDOL]HG� �WKH� �GLVSHUVLRQ� �ZLWKLQ� �HDFK� PHDQ�FRY� �JURXS�� �$IWHU� �GLVSHUVLRQ� �QRUPDOL]DWLRQ�� �ZH�� � � � � � � � � � �

VHOHFWHG���WKH���WRS����������IHDWXUHV���EDVHG���RQ���QRUPDOL]HG���GLVSHUVLRQ���IRU���FOXVWHULQJ���DQDO\VLV���

'LPHQVLRQ��UHGXFWLRQ��DQG��FRPELQDWLRQ��RI��GLIIHUHQW��P&��W\SHV���)RU��HDFK��VHOHFWHG��IHDWXUH��PF�� � � � � � � � � � � � �

UDWHV��ZHUH��VFDOHG��WR��XQLW��YDULDQFH��DQG��]HUR��PHDQ���3&$��ZDV��WKHQ��SHUIRUPHG��RQ��WKH��VFDOHG�PF�� � � � � � � � � � � � � � � � �

UDWH��PDWUL[���7KH��QXPEHU��RI��VLJQLILFDQW��3&V��ZDV��VHOHFWHG��E\��LQVSHFWLQJ��WKH��YDULDQFH��UDWLR��RI��HDFK�� � � � � � � � � � � � � � � �

3&��XVLQJ��WKH��HOERZ��PHWKRG���7KH��&+��DQG��&*��3&V��ZHUH��WKHQ��FRQFDWHQDWHG��WRJHWKHU��IRU��IXUWKHU�� � � � � � � � � � � � � � � �

DQDO\VLV���LQ���FOXVWHULQJ���DQG���PDQLIROG���OHDUQLQJ���

&RQVHQVXV���FOXVWHULQJ��

&RQVHQVXV� �FOXVWHULQJ� �RQ� �FRQFDWHQDWHG� �3&V��� �:H� �XVHG� �D� �FRQVHQVXV� �FOXVWHULQJ� �DSSURDFK�� � � � � � � � � � �

EDVHG� �RQ��PXOWLSOH��/HLGHQ�FOXVWHULQJ���� �RYHU��.�1HDUHVW��1HLJKERU���.11���JUDSK��WR��DFFRXQW��IRU��WKH�� � � � � � � � � � � � �

UDQGRPQHVV��RI��WKH��/HLGHQ��FOXVWHULQJ��DOJRULWKPV���$IWHU��VHOHFWLQJ��GRPLQDQW��3&V��IURP��3&$��LQ��ERWK�� � � � � � � � � � � � � �

P&+� �DQG� �P&*� �PDWUL[�� �ZH� �FRQFDWHQDWHG� �WKH� �3&V� �WRJHWKHU� �WR� �FRQVWUXFW� �D� �.11� �JUDSK� �XVLQJ�� � � � � � � � � � � � � � �

VFDQS\�SS�QHLJKERUV� �ZLWK� �HXFOLGHDQ� �GLVWDQFH�� �*LYHQ� �IL[HG� �UHVROXWLRQ� �SDUDPHWHUV�� �ZH��UHSHDWHG�� � � � � � � � � �

WKH� �/HLGHQ� �FOXVWHULQJ� ����� �WLPHV� �RQ� �WKH� �.11� �JUDSK��ZLWK��GLIIHUHQW��UDQGRP��VWDUWV��DQG��FRPELQHG�� � � � � � � � � � � � � � �

WKHVH��FOXVWHU��DVVLJQPHQWV��DV��D��QHZ��IHDWXUH��PDWUL[���ZKHUH��HDFK��VLQJOH��/HLGHQ��UHVXOW��LV��D��IHDWXUH��� � � � � � � � � � � � � � � �

:H� �WKHQ� �XVHG� �WKH� �RXWOLHU�DZDUH� �'%6&$1� �DOJRULWKP� �IURP� �WKH� �VFLNLW�OHDUQ� �SDFNDJH� �WR� �SHUIRUP�� � � � � � � � � � � � �

FRQVHQVXV� �FOXVWHULQJ� �RYHU� �WKH� �/HLGHQ� �IHDWXUH� �PDWUL[� �XVLQJ� �WKH� �KDPPLQJ� �GLVWDQFH�� �'LIIHUHQW�� � � � � � � � � � � �

HSVLORQ� �SDUDPHWHUV� �RI��'%6&$1��DUH��WUDYHUVHG��WR��JHQHUDWH��FRQVHQVXV��FOXVWHU��YHUVLRQV��ZLWK��WKH�� � � � � � � � � � � � �

QXPEHU� �RI� �FOXVWHUV� �WKDW� �UDQJH� �IURP� �PLQLPXP� �WR� �WKH� �PD[LPXP��QXPEHU��RI��FOXVWHUV��REVHUYHG��LQ�� � � � � � � � � � � � � � �

WKH� �PXOWLSOH� �/HLGHQ� �UXQV�� �(DFK� �YHUVLRQ� �FRQWDLQHG� �D� �IHZ� �RXWOLHUV� �WKDW� �XVXDOO\� �IDOO� �LQWR� �WKUHH�� � � � � � � � � � � � � � �

FDWHJRULHV�������&HOOV��ORFDWHG��EHWZHHQ��WZR��FOXVWHUV��WKDW��KDG��JUDGLHQW��GLIIHUHQFHV��LQVWHDG��RI��FOHDU�� � � � � � � � � � � � � �

ERUGHUV�� �H�J��� �ERUGHU� �RI� �,7� �OD\HUV�� ���� �&HOOV� �ZLWK� �D� �ORZ� �QXPEHU� �RI� �UHDGV� �WKDW� �SRWHQWLDOO\� �ODFN�� � � � � � � � � � � � � � � � �

LQIRUPDWLRQ��LQ��HVVHQWLDO��IHDWXUHV��WR��GHWHUPLQH��WKH��VSHFLILF��FOXVWHU�������&HOOV��ZLWK��D��KLJK��QXPEHU��RI�� � � � � � � � � � � � � � � �

UHDGV� �WKDW� �ZHUH� �SRWHQWLDO� �GRXEOHWV�� �7KH� �DPRXQW� �RI� �W\SH� ��� �DQG� ��� �RXWOLHUV� �GHSHQGV� �RQ� �WKH�� � � � � � � � � � � � � � � �

UHVROXWLRQ� �SDUDPHWHU� �DQG� �LV� �GLVFXVVHG� �LQ� �WKH� �FKRLFH� �RI� �WKH� �UHVROXWLRQ� �SDUDPHWHU� �VHFWLRQ�� �7KH�� � � � � � � � � � � � � �

W\SH� ��� �RXWOLHUV� �ZHUH� �YHU\� �UDUH� �DIWHU� �FHOO� �ILOWHULQJ�� �7KH� �VXSHUYLVHG� �PRGHO��HYDOXDWLRQ��EHORZ��WKHQ�� � � � � � � � � � � � � � �

GHWHUPLQHG���WKH���ILQDO���FRQVHQVXV���FOXVWHU���YHUVLRQ���
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6XSHUYLVHG��PRGHO��HYDOXDWLRQ��RQ��WKH��FOXVWHULQJ��DVVLJQPHQW����)RU��HDFK��FRQVHQVXV��FOXVWHULQJ�� � � � � � � � � � �

YHUVLRQ�� �ZH� �SHUIRUPHG� �D� �5HFXUVLYH� �)HDWXUH� �(OLPLQDWLRQ� �ZLWK� �&URVV�9DOLGDWLRQ� ��5)(&9������ � � � � � � � � �

SURFHVV��IURP��WKH��VFLNLW�OHDUQ��SDFNDJH��WR��HYDOXDWH��FOXVWHULQJ��UHSURGXFLELOLW\���:H��ILUVW��UHPRYHG��WKH�� � � � � � � � � � � � �

RXWOLHUV��IURP��WKLV��SURFHVV���DQG��WKHQ��ZH��KHOG��RXW�������RI��WKH��FHOOV��DV��WKH��ILQDO��WHVWLQJ��GDWDVHW���)RU�� � � � � � � � � � � � � � � � � � �

WKH��UHPDLQLQJ�������RI��WKH��FHOOV���ZH��XVHG��WHQ�IROG��FURVV�YDOLGDWLRQ��WR��WUDLQ��D��PXOWLFODVV��SUHGLFWLRQ�� � � � � � � � � � � � � � �

PRGHO� �XVLQJ� �WKH� �LQSXW� �3&V� �DV� �IHDWXUHV� �DQG�VNOHDUQ�PHWULFV�EDODQFHGBDFFXUDF\BVFRUH���� �DV� �DQ�� � � � � � � � � � �

HYDOXDWLRQ��VFRUH���7KH��PXOWLFODVV��SUHGLFWLRQ��PRGHO��LV��EDVHG��RQ�%DODQFHG5DQGRP)RUHVW&ODVVLILHU�� � � � � � � � � �

IURP��WKH� LPEOHDUQ��SDFNDJH��WKDW��DFFRXQWV��IRU��LPEDODQFHG��FODVVLILFDWLRQ��SUREOHPV�������$IWHU��WUDLQLQJ��� � � � � � � � � � � �

ZH� �XVHG� �WKH� ����� �WHVWLQJ� �GDWDVHW� �WR� �WHVW� �WKH� �PRGHO� �SHUIRUPDQFH� �XVLQJ� �WKH�� � � � � � � � � � � � �

EDODQFHGBDFFXUDF\BVFRUH� �VFRUH�� �:H� �NHSW� �WKH� �EHVW� �PRGHO� �DQG� �FRUUHVSRQGLQJ� �FOXVWHULQJ�� � � � � � � � � �

DVVLJQPHQWV� �DV� �WKH� �ILQDO� �FOXVWHULQJ� �YHUVLRQ�� �)LQDOO\�� �ZH� �XVHG� �WKLV� �SUHGLFWLRQ� �PRGHO� �WR� �SUHGLFW�� � � � � � � � � � � � � �

RXWOLHUV¶��FOXVWHU��DVVLJQPHQWV���ZH��UHVFXHG��WKH��RXWOLHU��ZLWK��SUHGLFWLRQ��SUREDELOLW\��!��������RWKHUZLVH�� � � � � � � � � � � � �

ODEHOLQJ���WKHP���DV���RXWOLHUV���

0DQLIROG� �OHDUQLQJ� �IRU� �YLVXDOL]DWLRQ�� �,Q� �HDFK� �URXQG� �RI� �FOXVWHULQJ� �DQDO\VLV�� �WKH� �W�61(������� �DQG�� � � � � � � � � � � � �

80$3���� �HPEHGGLQJ� �ZHUH� �UXQ� �RQ� �WKH� �3&� �PDWUL[� �WKH� �VDPH� �DV� �WKH� �FOXVWHULQJ� �LQSXW� �XVLQJ� �WKH�� � � � � � � � � � � � � � � �

LPSOHPHQWDWLRQ� �IURP� �WKH� �VFDQS\���� �SDFNDJH�� �7KH� �FRRUGLQDWHV� �IURP� �ERWK� �DOJRULWKPV� �ZHUH� �LQ�� � � � � � � � � � � �

6XSSOHPHQWDU\���7DEOH�������

&KRLFH��RI��UHVROXWLRQ��SDUDPHWHU����&KRRVLQJ��WKH��UHVROXWLRQ��SDUDPHWHU��RI��WKH��/HLGHQ��DOJRULWKP��LV�� � � � � � � � � � � � �

FULWLFDO� �IRU� �GHWHUPLQLQJ� �WKH� �ILQDO� �QXPEHU� �RI� �FOXVWHUV�� �:H� �VHOHFWHG� �WKH� �UHVROXWLRQ� �SDUDPHWHU� �E\�� � � � � � � � � � � � � �

WKUHH� �FULWHULD�������7KH��SRUWLRQ��RI��RXWOLHUV�����������LQ��WKH��ILQDO��FRQVHQVXV��FOXVWHULQJ��YHUVLRQ�������7KH�� � � � � � � � � � � � � � � � �

XOWLPDWH� �SUHGLFWLRQ� �PRGHO� �DFFXUDF\� �!� ������ ���� �7KH��DYHUDJH��FHOO��SHU��FOXVWHU����������ZKLFK��FRQWUROV�� � � � � � � � � � � � � � � �

WKH��FOXVWHU��VL]H��WR��UHDFK��WKH��PLQLPXP��FRYHUDJH��UHTXLUHG��IRU��IXUWKHU��HSLJHQRPH��DQDO\VLV��VXFK��DV�� � � � � � � � � � � � � � �

'05� �FDOOV�� �$OO� �WKUHH� �FULWHULD� �SUHYHQWHG� �WKH� �RYHU�VSOLWWLQJ� �RI� �WKH� �FOXVWHUV���WKXV���ZH��VHOHFWHG��WKH�� � � � � � � � � � � � � � �

PD[LPXP���UHVROXWLRQ���SDUDPHWHU���XQGHU���PHHWLQJ���WKH���FULWHULD���XVLQJ���D���JULG���VHDUFK���

3DLUZLVH���'LIIHUHQWLDO���0HWK\ODWHG���*HQH����'0*����LGHQWLILFDWLRQ��

:H��XVHG��D��SDLUZLVH��VWUDWHJ\��WR��FDOFXODWH��'0*V��IRU��HDFK��SDLU��RI��FOXVWHUV��ZLWKLQ��WKH��VDPH��URXQG�� � � � � � � � � � � � � � � � �

RI��DQDO\VLV���:H��XVHG��WKH��JHQH��ERG\������NE��UHJLRQV��RI��DOO��WKH��SURWHLQ�FRGLQJ��DQG��ORQJ��QRQ�FRGLQJ�� � � � � � � � � � � � � � � � �

51$� �JHQHV� �ZLWK� �HYLGHQFH� �OHYHO� ��� �RU� ��� �IURP� �WKH� �PRXVH� �*(1&2'(� �YP���� �:H� �XVHG� �WKH� �SHU�� � � � � � � � � � � � � � � � �

FOXVWHU� �QRUPDOL]HG� �P&+� �UDWH� ��VDPH� �DV��WKH��³&RPSXWDWLRQ��DQG��QRUPDOL]DWLRQ��RI��WKH��PHWK\ODWLRQ�� � � � � � � � � � � � �

UDWH´� �LQ� �WKH� �FOXVWHULQJ� �VWHS� �DERYH�� �WR� �FDOFXODWH� �PDUNHUV� �EHWZHHQ� �DOO� �QHXURQDO� �FOXVWHUV�� �:H�� � � � � � � � � � � � � �

FRPSDUHG� �QRQ�QHXURQ� �FOXVWHUV� �VHSDUDWHO\� �XVLQJ� �WKH� �QRUPDOL]HG� �P&*� �UDWH�� �)RU� �HDFK� �SDLUZLVH�� � � � � � � � � � � �

FRPSDULVRQ�� �ZH� �XVHG� �WKH� �:LOFR[RQ� �WHVW� �WR� �VHOHFW� �JHQHV� �WKDW� �KDYH� �D� �VLJQLILFDQW� �GHFUHDVH�� � � � � � � � � � � � � �

����
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�K\SR�PHWK\ODWLRQ��� �0DUNHU� �JHQH� �ZDV� �FKRVHQ� �EDVHG��RQ��DGMXVWHG��3�YDOXH������H����ZLWK��PXOWLWHVW�� � � � � � � � � � � � �

FRUUHFWLRQ� �XVLQJ� �%HQMDPLQL�+RFKEHUJ� �SURFHGXUH�� �GHOWD� �QRUPDOL]HG� �PHWK\ODWLRQ� �OHYHO� �FKDQJH� ���� � � � � � � � � �

�������K\SR�PHWK\ODWLRQ����$852&��!��������:H��UHTXLUHG��HDFK��FOXVWHU��WR��KDYH��������'0*V��FRPSDUHG�� � � � � � � � � � � � � � �

WR��DQ\��RWKHU��FOXVWHU���2WKHUZLVH���WKH��VPDOOHVW��FOXVWHU��WKDW��GLG��QRW��PHHW��WKLV��FULWHULRQ��ZDV��PHUJHG�� � � � � � � � � � � � � � � �

WR� �WKH� �FORVHVW� �FOXVWHU� �EDVHG� �RQ� �FOXVWHU� �FHQWURLGV��HXFOLGHDQ��GLVWDQFH��LQ��WKH��3&��PDWUL[��WKDW��ZDV�� � � � � � � � � � � � � � � �

XVHG��IRU��FOXVWHULQJ���7KHQ��WKH��PDUNHU��LGHQWLILFDWLRQ��SURFHVV��ZDV��UHSHDWHG��XQWLO��DOO��FOXVWHUV��IRXQG�� � � � � � � � � � � � � �

HQRXJK���PDUNHU���JHQHV���

7KUHH�OHYHO���RI���LWHUDWLYH���FOXVWHULQJ���DQDO\VLV��

%DVHG� �RQ� �WKH� �FRQVHQVXV� �FOXVWHULQJ� �VWHSV� �GHVFULEHG� �DERYH�� �ZH� �XVHG� �DQ� �LWHUDWLYH� �DSSURDFK��WR�� � � � � � � � � � � � � �

FOXVWHU� �WKH� �GDWD� �LQWR� �WKUHH� �OHYHOV� �RI� �FDWHJRULHV�� �,Q� �WKH� �ILUVW� �OHYHO� �WHUPHG� �&HOO&ODVV�� �FOXVWHULQJ�� � � � � � � � � � � � � � �

DQDO\VLV� �LV� �GRQH� �XVLQJ� �DOO� �FHOOV�� �DQG� �WKHQ� �PDQXDOO\� �PHUJHG� �LQWR� �WKUHH� �FDQRQLFDO� �FODVVHV��� � � � � � � � � � � � � �

H[FLWDWRU\� �QHXURQV�� �LQKLELWRU\� �QHXURQV�� �DQG� �QRQ�QHXURQV� �EDVHG� �RQ� �PDUNHU��JHQHV���7KHQ��ZLWKLQ�� � � � � � � � � � � �

HDFK� �&HOO&ODVV�� �ZH� �SHUIRUPHG� �DOO� �WKH� �SUHSURFHVVLQJ��DQG��FOXVWHULQJ��VWHSV��DJDLQ��WR��JHW��FOXVWHUV�� � � � � � � � � � � � � �

IRU� �WKH� �0DMRU7\SH� �OHYHO� �XVLQJ� �WKH� �VDPH��VWRS��FULWHULD���$QG��ZLWKLQ��HDFK��0DMRU7\SH���ZH��REWDLQHG�� � � � � � � � � � � � � � �

FOXVWHUV��IRU��WKH��6XE7\SH��OHYHO���$OO��FOXVWHUV¶��DQQRWDWLRQV��DQG��UHODWLRQVKLSV��DUH��LQ��6XSSOHPHQWDU\�� � � � � � � � � � � � �

7DEOH�������

6XEW\SH���SK\ORJHQ\���WUHH��

7R� �EXLOG� �WKH� �SK\ORJHQ\� �WUHH� �RI� �VXEW\SHV�� �ZH� �VHOHFWHG� �WKH� �WRS� ���� �JHQHV� �WKDW� �VKRZ� �WKH� �PRVW�� � � � � � � � � � � � � � � � �

QXPEHU� �RI� �VLJQLILFDQW� �FKDQJHV� �IRU� �HDFK� �VXEW\SHV¶� �SDLUZLVH� �FRPSDULVRQV�� �:H� �WKHQ� �XVHG� �WKH�� � � � � � � � � � � � �

XQLRQ� �RI� �WKHVH� �JHQHV� �IURP� �DOO� �VXEW\SHV� �DQG� �REWDLQHG� �D� �WRWDO� �RI� ������ �XQLTXH� �JHQHV�� �:H�� � � � � � � � � � � � � � � �

FDOFXODWHG� �WKH� �PHGLDQ� �P&+� �UDWH� �OHYHO� �RI� �WKHVH� �JHQHV� �LQ� �HDFK� �VXEW\SH� �DQG� �DSSOLHG� �ERRWVWUDS�� � � � � � � � � � � � � � �

UHVDPSOLQJ� �EDVHG� �KLHUDUFKLFDO� �FOXVWHULQJ� �ZLWK��DYHUDJH��OLQNDJH��DQG��WKH��FRUUHODWLRQ��PHWULF��XVLQJ�� � � � � � � � � � � �

WKH���5���SDFNDJH���SYFOXVW��������Y��������

,PSDFW���6FRUH���DQG���7RWDO���,PSDFW���6FRUH��

:H��GHILQHG��WKH��,PSDFW��6FRUH���,6���DV��D��ZD\��WR��VXPPDUL]H��SDLUZLVH��FRPSDULVRQV��IRU��WZR��VXEW\SH�� � � � � � � � � � � � � � � �

JURXSV���ZKHUH��RQH��JURXS��$��FRQWDLQV�0��FOXVWHUV���WKH��RWKHU��JURXS��%��FRQWDLQV�1��FOXVWHUV���)RU��HDFK�� � � � � � � � � � � � � � � � �

JHQH� �RU� �PRWLI�� �WKH� �QXPEHU� �RI� �WRWDO� �UHODWHG� �SDLUZLVH� �FRPSDULVRQV� �LV�0� �î� �1��� �WKH� �QXPEHU� �RI�� � � � � � � � � � � � � � � � �

VLJQLILFDQW��FRPSDULVRQV��ZLWK��GHVLUHG��FKDQJH���K\SR�PHWK\ODWLRQ��IRU��JHQH��RU��HQULFKPHQW��IRU��PRWLI��� � � � � � � � � � � �

LQ� �JURXS� �$� �LV� �D�� �DQG� �LQ� �JURXS� �%� �LV� E��� �7KH� �,6� �LV� �WKHQ� �FDOFXODWHG� �DV� �DQG�� � � � � � � � � � � � � � � � � 6¬ ¬, $  ¬ D¬ ¬E
0 ¬ ¬1 � �

����
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�IRU� �WKH� �WZR� �GLUHFWLRQV�� �)RU� �HLWKHU� �JURXS���,6��UDQJHV��IURP������WR�����DQG�����PHDQV��QR�6¬ ¬, %  ¬ E¬ ¬D
0 ¬ ¬1 � � � � � � � � � � � � � � � � � �

LPSDFW��������PHDQV���IXOO���LPSDFW���������PHDQV���IXOO���LPSDFW���LQ���WKH���RWKHU���JURXS���

:H��H[SORUHG��WZR��VFHQDULRV��RI��XVLQJ��WKH��,6��WR��GHVFULEH��FOXVWHU��FKDUDFWHULVWLFV���)LJ����H����7KH��ILUVW�� � � � � � � � � � � � � � � �

VFHQDULR� �LV� �FRQVLGHULQJ� �HDFK� �SDLU� �RI� �EUDQFKHV� �LQ� �WKH� �VXEW\SH� �SK\ORJHQ\� �WUHH� �DV� �JURXS� �$� �DQG�� � � � � � � � � � � � � � � �

JURXS� �%�� �7KXV� �WKH� �,6� �FDQ� �TXDQWLI\� �DQG��UDQN��JHQHV��RU��PRWLIV��WR��WKH��XSSHU��QRGHV��EDVHG��RQ��WKH�� � � � � � � � � � � � � � � � � � �

OHDYHV¶��SDLUZLVH��FRPSDULVRQV���)LJ����L�K����7KH��VHFRQG��VFHQDULR��ZDV��D��VXPPDUL]DWLRQ��RI��WKH��WRWDO�� � � � � � � � � � � � � �

LPSDFW��IRU��VSHFLILF��JHQHV��RU��PRWLIV��UHJDUGLQJ��WKH��SK\ORJHQ\��WUHH��EDVHG��RQ��WKH��FDOFXODWLRQ��LQ��WKH�� � � � � � � � � � � � � � � �

ILUVW� �VFHQDULR�� �,Q� �D� �VXEW\SH� �SK\ORJHQ\� �WUHH� �ZLWK�Q� �VXEW\SHV�� �WKH� �WRWDO� �QRQ�VLQJOHWRQ� �QRGH� �ZDV�� � � � � � � � � � � � � � �

Q����� �DQG� �HDFK� �QRGH� L� �KDG� �D��KHLJKW�K�L� �DQG��DVVRFLDWHG�,6�$� �IRU��RQH��RI��WKH��EUDQFKHV����,6�%� � �����,6�$����� � � � � � � � � � � � � � � � � � � � �

7KH���QRGH���KHLJKW���ZHLJKWHG���WRWDO���,6���ZDV���WKHQ���FDOFXODWHG���E\���

6¬ ¬ ¬, WRWDO  �
Q �

L �
K L ,6¬¬_ ¬

_ ¬ $
¬_ ¬
_ ¬¬ �

7KH� �ODUJHU� �WRWDO� �,6� �LQGLFDWHG� �D��JHQH��RU��PRWLI��VKRZ��PRUH��FHOO�W\SH�SK\ORJHQ\��UHODWHG��VLJQLILFDQW�� � � � � � � � � � � � � �

FKDQJHV�� �7KH� �KHLJKW� �ZHLJKW� �LQWHQGHG� �WR� �IRFXV� �RQ� �WKH� �KLJKHU� �EUDQFKHV� ��PDMRU� �FHOO� �W\SH�� � � � � � � � � � � � � �

VHSDUDWLRQV��� �EXW� �WKH� �WRWDO� �,6� �FDQ� �DOVR� �EH� �FDOFXODWHG� �LQ� �D� �VXE�WUHH� �RU� �DQ\� �FRPELQDWLRQ� �RI�� � � � � � � � � � � � � � � �

LQWHUHVWV�� �WR� �UDQN� �JHQH� �DQG� �PRWLIV� �PRVW� �UHODWHG� �WR� �WKDW� �FRPELQDWLRQ� ��6HH� �)LJXUH� ��� �UHODWHG�� � � � � � � � � � � � � � �

PHWKRGV���DERXW���FDOFXODWLQJ���OD\HU���DQG���UHJLRQ���WRWDO���,6���IURP���WKH���VDPH���WUHH����

,QWHJUDWLRQ���ZLWK���VQ$7$&�VHT���GDWD��

$��SRUWLRQ��RI��H[DFW��VDPH��EUDLQ��WLVVXH��VDPSOH��XVHG��LQ��WKLV��VWXG\��IRU��PHWK\ORPH��SURILOLQJ��ZDV��DOVR�� � � � � � � � � � � � � � � � �

SURFHVVHG� �ZLWK� �VQ$7$&�VHT� �LQ� �D� �SDUDOOHO� �VWXG\� �DERXW� �FKURPDWLQ� �DFFHVVLELOLW\� ��/L� �HW� �DO���� � � � � � � � � � � � �

&RPSDQLRQ� �0DQXVFULSW� ��� ������ �7KH� �ILQDO� �KLJK�TXDOLW\� �VQ$7$&�VHT� �FHOOV� �ZHUH� �DVVLJQHG� �WR� ������ � � � � � � � � � � � �

FKURPDWLQ� �DFFHVVLELOLW\� �FOXVWHUV� ��D�FOXVWHUV��� �7KH� �VQ$7$&� �VSHFLILF� �GDWD� �DQDO\VLV� �VWHSV� �DUH�� � � � � � � � � � �

GHVFULEHG� �LQ��/L��HW��DO���+HUH���ZH��SHUIRUPHG��FURVV�PRGDOLW\��GDWD��LQWHJUDWLRQ��DQG��ODEHO�WUDQVIHUULQJ�� � � � � � � � � � � � �

WR���DVVLJQ���WKH���������D�FOXVWHUV���WR���WKH���������PHWK\ORPH���VXEW\SHV���LQ���WKH���IROORZLQJ���VWHSV���

�� :H��PDQXDOO\��JURXSHG��ERWK��PRGDOLWLHV��LQWR��ILYH��LQWHJUDWLRQ��JURXSV���H�J����DOO��,7��QHXURQV��DV�� � � � � � � � � � � � � �

D� �JURXS���DQG��RQO\��SHUIRUPHG��WKH��LQWHJUDWLRQ��RI��FHOOV��ZLWKLQ��WKH��VDPH��JURXS��WR��GHFUHDVH�� � � � � � � � � � � � � � �

FRPSXWDWLRQ� �WLPH�� �7KHVH� �JURXSV� �ZHUH��GLVWLQFW��LQ��WKH��FOXVWHULQJ��VWHSV��RI��ERWK��PRGDOLWLHV�� � � � � � � � � � � � �

DQG� �FDQ� �EH� �PDWFKHG� �ZLWK� �JUHDW� �FRQILGHQFH� �XVLQJ� �NQRZQ��PDUNHU��JHQHV���6WHS�������ZHUH�� � � � � � � � � � � � � �

UHSHDWHG���IRU���HDFK���JURXS����VHH���([WHQGHG���'DWD���)LJ��������IRU���WKH���JURXS���GHVLJQ���

�� :H� �XVHG� �D� �VLPLODU� �DSSURDFK� �DV� �GHVFULEHG� �DERYH� �WR� �LGHQWLI\� �SDLUZLVH� �GLIIHUHQWLDO�� � � � � � � � � � � �

DFFHVVLEOH��JHQHV���'$*���EHWZHHQ��DOO��SDLUV��RI��VQ$7$&�VHT��FOXVWHUV���7KH��FXWRII��IRU��'$*��LV�� � � � � � � � � � � � � �

DGMXVWHG���3�YDOXH��������H������IROG���FKDQJH���!��������$852&���!���������

����
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�� :H� �WKHQ� �JDWKHU� �'0*V� �IURP� �UHODWHG� �VXEW\SHV¶� �FRPSDULVRQV� �LQ� �WKH� �VDPH� �JURXS�� �%RWK�� � � � � � � � � � � � �

'$*V� �DQG� �'0*V� �ZHUH� �ILOWHUHG� �E\� �UHFXUULQJ� �LQ� �!� ��� �SDLUZLVH� �FRPSDULVRQV�� �7KH�� � � � � � � � � � � � �

LQWHUVHFWLRQ���RI���WKH���UHPDLQLQJ���JHQHV���ZDV���XVHG���DV���WKH���IHDWXUH���VHW���RI���LQWHJUDWLRQ���

�� $IWHU� �LGHQWLI\LQJ� �'$*V� �XVLQJ� �FHOO� �OHYHO� �VQ$7$&�VHT� �GDWD�� �ZH� �PHUJHG� �WKH� �VQ$7$&�VHT�� � � � � � � � � � � �

FHOOV��LQWR��SVHXGR�FHOOV��WR��LQFUHDVH��VQ$7$&�VHT��GDWD��FRYHUDJH���:LWKLQ��HDFK��D�FOXVWHU���ZH�� � � � � � � � � � � �

GLG��D��.�PHDQV��FOXVWHULQJ���.�� �����RI��FHOOV��LQ��WKDW��FOXVWHU����������RQ��WKH��VDPH��3&V��WKDW��ZHUH�� � � � � � � � � � � � � � � � � � � �

XVHG� �LQ� �VQ$7$&�VHT� �FOXVWHULQJ�� �:H� �GLVFDUGHG� ��DERXW� ���� �RI� �WKH� �FHOOV�� �VPDOO� �.�PHDQV�� � � � � � � � � � � � �

FOXVWHUV��ZLWK���������FHOOV��DQG��PHUJHG��HDFK��UHPDLQLQJ��.�PHDQV��FOXVWHU��LQWR��D��SVHXGR�FHOO��� � � � � � � � � � � � � �

(DFK���SVHXGR�FHOO���KDG���DERXW��������WLPHV���PRUH���IUDJPHQWV���WKDQ���D���VLQJOH���FHOO���

�� :H��WKHQ��XVHG��WKH��011��EDVHG��6FDQRUDPD���� �PHWKRG��ZLWK��GHIDXOW��SDUDPHWHUV��WR��LQWHJUDWH�� � � � � � � � � � � � �

WKH��VQP&�VHT��FHOOV��DQG��VQ$7$&�VHT��SVHXGR�FHOOV��XVLQJ��JHQHV��IURP������$IWHU��6FDQRUDPD�� � � � � � � � � � � �

LQWHJUDWLRQ�� �ZH� �GLG� �FR�FOXVWHULQJ� �RQ� �WKH� �LQWHJUDWHG� �3&� �PDWUL[� �XVLQJ� �WKH� �FOXVWHULQJ�� � � � � � � � � � � �

DSSURDFKHV���GHVFULEHG���DERYH���

�� :H� �XVHG� �WKH� �LQWHUPHGLDWH� �FOXVWHULQJ� �DVVLJQPHQW� �IURP� ��� �WR� �FDOFXODWH� �WKH��RYHUODS��VFRUH�� � � � � � � � � � � � �

�VHH��WKH��VHFWLRQ��EHORZ���EHWZHHQ��WKH��RULJLQDO��PHWK\ORPH��VXEW\SHV��DQG��WKH��D�FOXVWHUV���:H�� � � � � � � � � � � � �

XVHG��WKH��RYHUODS��VFRUH��!�������WR��DVVLJQ��VQ$7$&�VHT��FOXVWHUV��WR��HDFK��PHWK\ORPH��VXEW\SH��� � � � � � � � � � � � � �

)RU��WKRVH��VXEW\SHV��WKDW��KDYH��QR��PDWFK��XQGHU��WKLV��WKUHVKROG���ZH��DVVLJQ��WKH��WRS��D�FOXVWHU�� � � � � � � � � � � � � � �

UDQNHG���E\���WKH���RYHUODS���VFRUH���

2YHUODS���6FRUH����26���

:H� �XVHG� �WKH� �RYHUODS� �VFRUH� �WR� �PDWFK��D�FOXVWHU��DQG��PHWK\ORPH��VXEW\SHV��WRJHWKHU���7KH��RYHUODS�� � � � � � � � � � � � � �

VFRUH��UDQJH��IURP�����WR�����ZDV��GHILQHG��DV��WKH��VXP��RI��WKH��PLQLPXP��SURSRUWLRQ��RI��VDPSOHV��LQ��HDFK�� � � � � � � � � � � � � � � � � � �

FOXVWHU� �WKDW� �RYHUODSSHG� �ZLWKLQ� �HDFK� �FR�FOXVWHU������� �$� �KLJKHU� �VFRUH� �EHWZHHQ� �RQH� �PHWK\ORPH�� � � � � � � � � � � �

VXEW\SH� �DQG� �RQH� �D�FOXVWHU� �LQGLFDWHV� �WKH\� �FRQVLVWHQWO\� �FR�FOXVWHUHG� �ZLWKLQ� �RQH� �RU� �PRUH�� � � � � � � � � � � �

FR�FOXVWHUV�� �%HVLGHV� �PDWFKLQJ� �FOXVWHUV� �LQ� �LQWHJUDWLRQ� �DQDO\VLV�� �WKH� �26� �ZDV� �DOVR� �XVHG� �LQ� �WZR�� � � � � � � � � � � � � �

RWKHU��FDVHV�������7R��TXDQWLI\��UHSOLFDWHV��DQG��UHJLRQ��RYHUODSV��RYHU��PHWK\ORPH��VXEW\SHV���([WHQGHG�� � � � � � � � � � � � �

'DWD� �)LJ�� ��H�J��� ���� �7R� �TXDQWLI\� �WKH� �RYHUODS� �RI� �HDFK� �/��(7� �VXEW\SH� �RYHUODSSLQJ� �ZLWK� �³VRPD�� � � � � � � � � � � � � � �

ORFDWLRQ´��DQG��³SURMHFWLRQ��WDUJHW´��ODEHOV��IURP��HSL�UHWUR�VHT��FHOOV���([WHQGHG��'DWD��)LJ����N���WKURXJK�� � � � � � � � � � � � �

LQWHJUDWLRQ���ZLWK���WKH���HSL�UHWUR�VHT���GDWDVHW���

����
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67$*(���,,,����&(//�7<3(�63(&,),&���5(*8/$725<���(/(0(176��

'LIIHUHQWLDOO\���0HWK\ODWHG���5HJLRQ����'05����DQDO\VLV��

$IWHU� �FOXVWHULQJ� �DQDO\VLV�� �ZH� �XVHG� �WKH� �VXEW\SH� �FOXVWHU� �DVVLJQPHQWV��WR��PHUJH��VLQJOH�FHOO��$//&�� � � � � � � � � � � � �

ILOHV� �LQWR� �WKH� �SVHXGR�EXON� �OHYHO� �DQG� �WKHQ� �XVHG� �PHWK\OS\���� '05ILQG� �IXQFWLRQ� �WR��FDOFXODWH��P&*�� � � � � � � � � � � � � �

'05V��DFURVV��DOO��FOXVWHUV���7KH��EDVH��FDOOV��RI��HDFK��SDLU��RI��&S*��VLWHV��ZHUH��DGGHG��EHIRUH��DQDO\VLV��� � � � � � � � � � � � � � � � �

,Q� �EULHI�� �WKH� �PHWK\OS\� �IXQFWLRQ� �XVHG� �D� �SHUPXWDWLRQ�EDVHG� �URRW�PHDQ�VTXDUH� �WHVW� �RI�� � � � � � � � � � �

JRRGQHVV�RI�ILW� �WR� �LGHQWLI\� �GLIIHUHQWLDOO\� �PHWK\ODWHG� �VLWHV� �VLPXOWDQHRXVO\� �DFURVV� �DOO� �VDPSOHV�� � � � � � � � � �

�VXEW\SHV��LQ��WKLV��FDVH����DQG��WKHQ��PHUJH��WKH��'06��ZLWKLQ�����ES��LQWR��'05���:H��IXUWKHU��H[FOXGHG�� � � � � � � � � � � � � � � �

'06��FDOOV��WKDW��KDYH��ORZ��DEVROXWH��P&*��UDWH��GLIIHUHQFH��E\��XVLQJ��D��UREXVW�PHDQ�EDVHG��DSSURDFK��� � � � � � � � � � � � � �

)RU��HDFK��'05��WKDW��ZDV��PHUJHG��IURP��WKH��'06���ZH��RUGHU��DOO��WKH��VDPSOHV��E\��WKHLU��P&*��UDWH��DQG�� � � � � � � � � � � � � � � � � � �

FDOFXODWH� �WKH� �UREXVW� �PHDQ�P� �XVLQJ� �WKH� �VDPSOHV� �EHWZHHQ� ���WK� �DQG� ���WK� �SHUFHQWLOHV���:H��WKHQ�� � � � � � � � � � � � � � �

UHDVVLJQ� �K\SR�'05� �DQG� �K\SHU�'05� �WR� �HDFK� �VDPSOH� �ZKHQ� �D� �UHJLRQ� �PHW� �WZR� �FULWHULD�� ���� �WKH�� � � � � � � � � � � � � � �

VDPSOH��P&*��UDWH��RI��WKLV��'05��LV��ORZHU��WKDQ����P�����������IRU��K\SR�'05��RU����P�����������IRU��K\SHU�'05��� � � � � � � � � � � � � � � � � � � �

DQG� ���� �WKH� �'05� �LV� �RULJLQDOO\� �D� �VLJQLILFDQW� �K\SR�� �RU� �K\SHU�'05� �LQ� �WKDW� �VDPSOH� �MXGJHG� �E\�� � � � � � � � � � � � � � � �

PHWK\OS\�� �'05V� �ZLWKRXW� �DQ\� �K\SR�� �RU� �K\SHU�'05� �DVVLJQPHQW� �ZHUH� �H[FOXGHG� �IURP� �IXUWKHU�� � � � � � � � � � � �

DQDO\VHV���

(QKDQFHU���SUHGLFWLRQ���XVLQJ���'1$���PHWK\ODWLRQ���DQG���FKURPDWLQ���DFFHVVLELOLW\��

:H� �SHUIRUPHG� �HQKDQFHU� �SUHGLFWLRQ� �XVLQJ� �WKH� �5(37,/(���� �DOJRULWKP�� �7KH� �5(37,/(� �LV� �D�� � � � � � � � � � � �

UDQGRP�IRUHVW�EDVHG� �VXSHUYLVHG� �PHWKRG� �WKDW� �LQFRUSRUDWHV� �GLIIHUHQW� �VRXUFHV� �RI� �HSLJHQRPLF�� � � � � � � � �

SURILOHV� �ZLWK� �EDVH�OHYHO� �'1$� �PHWK\ODWLRQ� �GDWD� WR� �OHDUQ� �DQG� �WKHQ� �GLVWLQJXLVK� �WKH� �HSLJHQRPLF�� � � � � � � � � � � � �

VLJQDWXUHV��RI��HQKDQFHUV��DQG��JHQRPLF��EDFNJURXQG���:H��WUDLQHG��WKH��PRGHO��LQ��D��VLPLODU��ZD\��DV��LQ�� � � � � � � � � � � � � � � �

WKH� �SUHYLRXV� �VWXGLHV������ �XVLQJ� �&*� �PHWK\ODWLRQ�� �FKURPDWLQ� �DFFHVVLELOLW\� �RI� �HDFK� �VXEW\SH�� �DQG�� � � � � � � � � � � �

PRXVH� �HPEU\RQLF� �VWHP� �FHOOV� ��P(6&��� �7KH� �PRGHO� �ZDV� �ILUVW� �WUDLQHG� �RQ� �P(6&� �GDWD� �DQG� �WKHQ�� � � � � � � � � � � � � � �

SUHGLFWHG� �D� �TXDQWLWDWLYH� �VFRUH� �ZH� �WHUPHG� �HQKDQFHU� �VFRUH� �IRU� �HDFK� �VXEW\SH¶V� �'05V�� �7KH�� � � � � � � � � � � � �

SRVLWLYHV� �ZHUH� ��NE� �UHJLRQV� �FHQWHUHG� �DW� �WKH� �VXPPLWV� �RI� �WRS� ������� �(3���� �SHDNV� �LQ� �P(6&V��� � � � � � � � � � � � � � �

1HJDWLYHV� �LQFOXGH� �UDQGRPO\� �FKRVHQ� ������� �SURPRWHUV� �DQG� �������� ��NE� �JHQRPLF��ELQV���7KH��ELQV�� � � � � � � � � � � � �

KDYH���QR���RYHUODS���ZLWK���DQ\���SRVLWLYH���UHJLRQ���RU���JHQH���SURPRWHU�������

0HWK\ODWLRQ��DQG��FKURPDWLQ��DFFHVVLELOLW\��SURILOHV��LQ��ELJZLJ��IRUPDW��IRU��P(6&��ZHUH��IURP��WKH��*(2�� � � � � � � � � � � � � �

GDWDEDVH� ��*60��������� �7KH��P&*��UDWH��ELJZLJ��ILOH��ZDV��JHQHUDWHG��IURP��VXEW\SH�PHUJHG��$//&�� � � � � � � � � � � �

ILOHV� �XVLQJ� �WKH� �$//&RROV� �SDFNDJH� ���KWWSV���JLWKXE�FRP�OKTLQJ�$//&RROV���� �)RU� �FKURPDWLQ�� � � � � � � �

����
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DFFHVVLELOLW\� �RI� �HDFK� �VXEW\SH�� �ZH� �PHUJHG� �DOO� �IUDJPHQWV� �IURP� �VQ$7$&�VHT� �FHOOV� �WKDW� �ZHUH�� � � � � � � � � � � � �

DVVLJQHG� �WR� �WKLV� �VXEW\SH� �LQ� �WKH� �LQWHJUDWLRQ� �DQDO\VLV� �DQG� �XVHG� �³�GHHSWRROV� �EDPFRYHUDJH�́� �WR�� � � � � � � � � � � � �

JHQHUDWH���&30���QRUPDOL]HG���ELJZLJ���ILOHV����$OO���ELJZLJ���ILOH���ELQ���VL]HV���ZHUH�����ES���

0RWLI���HQULFKPHQW���DQDO\VLV��

:H� �XVHG� ����� �PRWLI� �3:0V� �IURP��WKH��-$63$5��������&25(��YHUWHEUDWHV��GDWDEDVH�������ZKHUH��HDFK�� � � � � � � � � � � � � �

PRWLI��ZDV��DEOH��WR��DVVLJQ��FRUUHVSRQGLQJ��PRXVH��7)��JHQHV���7KH��VSHFLILF��'05��VHWV��XVHG��LQ��HDFK�� � � � � � � � � � � � � � � �

PRWLI� �HQULFKPHQW� �DQDO\VLV� �DUH� �GHVFULEHG� �LQ� �ILJXUH� �VSHFLILF� �PHWKRGV� �EHORZ�� �)RU� �HDFK� �VHW� �RI�� � � � � � � � � � � � � �

'05V�� �ZH� �VWDQGDUGL]HG� �WKH� �UHJLRQ� �OHQJWK��WR��WKH��FHQWHU��������ES��DQG��XVHG��WKH��),02��WRRO��IURP�� � � � � � � � � � � � � � � � �

WKH��0(0(��VXLWH���� �WR��VFDQ��WKH��PRWLIV��LQ��HDFK��HQKDQFHU��ZLWK��WKH��ORJ�RGGV��VFRUH��S�YDOXH����������� �DV�� � � � � � � � � � � � � � � � � �

WKH� �WKUHVKROG�� �7R� �FDOFXODWH� �PRWLI� �HQULFKPHQW�� �ZH� �XVH� �WKH� �DGXOW� �QRQ�QHXURQDO� �PRXVH� �WLVVXH�� � � � � � � � � � � � �

'05V���� �DV��EDFNJURXQG��UHJLRQV��XQOHVV��H[SUHVVO\��QRWHG���:H��VXEWUDFWHG��HQKDQFHUV��LQ��WKH��UHJLRQ�� � � � � � � � � � � � �

VHW� �IURP� �WKH� �EDFNJURXQG�� �DQG� �WKHQ� �VFDQQHG� �WKH��PRWLIV��LQ��EDFNJURXQG��UHJLRQV��XVLQJ��WKH��VDPH�� � � � � � � � � � � � � � �

DSSURDFK�� �:H� �WKHQ� �XVHG� �)LVKHU¶V� �H[DFW� �WHVW� �WR� �ILQG� �PRWLIV� �HQULFKHG� �LQ� �WKH��UHJLRQ��VHW���DQG��WKH�� � � � � � � � � � � � � � � � �

%HQMDPLQL�+RFKEHUJ��SURFHGXUH��WR��FRUUHFW��PXOWLSOH��WHVWV���:H��XVHG��WKH��7)&ODVV���� �FODVVLILFDWLRQ��WR�� � � � � � � � � � � �

JURXS���7)V���ZLWK���VLPLODU���PRWLIV���

'05�'0*���SDUWLDO���FRUUHODWLRQ��

7R��FDOFXODWH��'05�'0*��SDUWLDO��FRUUHODWLRQ���ZH��XVHG��WKH��P&*��UDWH��RI��'05V��DQG��WKH��P&+��UDWH��RI�� � � � � � � � � � � � � � � � �

'0*V��LQ��HDFK��QHXURQDO��VXEW\SHV���:H��ILUVW��XVHG��OLQHDU��UHJUHVVLRQ��WR��UHJUHVV��RXW��YDULDQFH��GXH��WR�� � � � � � � � � � � � � � � �

JOREDO� �PHWK\ODWLRQ� �GLIIHUHQFH� ��XVLQJ� �VFDQS\�SS�UHJUHVVBRXW� �IXQFWLRQ��� �WKHQ� �XVH� �WKH� �UHVLGXDO�� � � � � � � � � �

PDWUL[��WR��FDOFXODWH��3HDUVRQ��FRUUHODWLRQ��EHWZHHQ��'05��DQG��'0*��SDLUV��ZKHUH��WKH��'05��FHQWHU��LV�� � � � � � � � � � � � � � �

ZLWKLQ���0E��WKH��'0*¶V��766V���7R��JHQHUDWH��WKH��QXOO��GLVWULEXWLRQ���ZH��VKXIIOHG��WKH��VXEW\SH��RUGHUV��LQ�� � � � � � � � � � � � � � � �

ERWK���PDWULFHV���DQG���UHFDOFXODWHG���DOO���SDLUV���������WLPHV���

,GHQWLILFDWLRQ���RI���ORRSV���DQG���GLIIHUHQWLDO���ORRSV���IURP���VQ�P�&�VHT���GDWD��

$IWHU��PHUJLQJ��WKH��FKURPDWLQ��FRQWDFWV��IURP��FHOOV��EHORQJLQJ��WR��WKH��VDPH��W\SH���ZH��JHQHUDWHG��D���KLF�� � � � � � � � � � � � � � � �

ILOH��RI��WKH��FHOO�W\SH��ZLWK�-XLFHU��WRROV��SUH���+,&&836���� �ZDV��XVHG��WR��LGHQWLI\��ORRSV��LQ��HDFK��FHOO�W\SH��� � � � � � � � � � � � � � � � �

7KH� �ORRSV� �IURP� �HLJKW� �PDMRU� �FHOO�W\SHV� �ZHUH� �FRQFDWHQDWHG� �DQG� �GHGXSOLFDWHG�� �DQG� �XVHG� �DV� �WKH�� � � � � � � � � � � � � �

WRWDO� �VDPSOHV� �IRU� �GLIIHUHQWLDO� �ORRS� �FDOOLQJ�� �$� �ORRS�E\�FHOO� �PDWUL[� �ZDV� �JHQHUDWHG�� �ZKHUH� �HDFK�� � � � � � � � � � � � �

HOHPHQW� �UHSUHVHQWV� �WKH� �QXPEHU� �RI� �FRQWDFWV��VXSSRUWLQJ��HDFK��ORRS��LQ��HDFK��FHOO���7KH��PDWUL[��ZDV�� � � � � � � � � � � � � � �

XVHG��DV��LQSXW��RI��(GJH5��WR��LGHQWLI\��GLIIHUHQWLDO��LQWHUDFWLRQV��ZLWK��$129$��WHVWV���/RRSV��ZLWK��)'5����� � � � � � � � � � � � � � � �

�H�����DQG���PLQ�PD[���IROG�FKDQJH���!�������ZHUH���XVHG���DV���GLIIHUHQWLDO���ORRSV���

����
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)LJXUH�������UHODWHG��

�'��PRGHO��RI��GLVVHFWLRQ��UHJLRQV���)LJ����G�J����:H��FUHDWHG��LQ�VLOLFR��GLVVHFWLRQ��UHJLRQV��EDVHG��RQ�� � � � � � � � � � � � � �

WKH� �$OOHQ� �&&)Y����� ��'� �PRGHO� �XVLQJ� �EOHQGHU� ����� �WKDW� �SUHFLVHO\� �IROORZV� �RXU� �GLVVHFWLRQ� �SODQ�� �7R�� � � � � � � � � � � � � � �

HDVH� �YLVXDOL]DWLRQ� �RI� �DOO� �GLIIHUHQW� �UHJLRQV�� �ZH� �PRGLILHG� �WKH� �OD\RXW� �DQG� �UHPRYHG� �VRPH� �RI� �WKH�� � � � � � � � � � � � � � �

V\PPHWULF� �VWUXFWXUHV�� �EXW� �DOO� �WKH� �DFWXDO� �GLVVHFWLRQV� �ZHUH� �DSSOLHG� �V\PPHWULFDOO\� �WR� �ERWK�� � � � � � � � � � � �

KHPLVSKHUHV���

&DOFXODWLQJ� �WKH� �JHQRPH� �IHDWXUH� �GHWHFWHG� �UDWLR���)LJ����L���7KH��GHWHFWHG��UDWLR��RI��FKURPRVRPH�� � � � � � � � � � � � �

���NE� �ELQV� �DQG� �JHQH� �ERGLHV� �LV� �FDOFXODWHG� �DV� �WKH� �SHUFHQWDJH� �RI� �ELQV� �ZLWK� �!� ���� �WRWDO� �F\WRVLQH�� � � � � � � � � � � � � � � � �

FRYHUDJH�� �1RQ�RYHUODSSLQJ� �FKURPRVRPH� ����NE� �ELQV� �JHQHUDWHG��E\��³EHGWRROV��PDNHZLQGRZV���Z�� � � � � � � � � �

������´����JHQH���ERG\���GHILQLWLRQ���IURP���WKH���*(1&2'(���YP�����*7)���ILOH���

)LJXUH�������UHODWHG��

,QWHJUDWLRQ��ZLWK��HSL�UHWUR�VHT��/��(7��FHOOV���)LJ����L�O���([WHQGHG��'DWD��)LJ����K�M���(SL�UHWUR�VHT�� � � � � � � � � � � �

LV��DQ��VQP&�VHT���EDVHG��PHWKRG��WKDW��FRPELQHV��UHWURJUDGH��$$9��ODEHOLQJ���&RPSDQLRQ��0DQXVFULSW�� � � � � � � � � � � �

�� ����������� �7KH� �/��(7� �FHOOV¶� �QRQ�RYHUODSSLQJ� �FKURPRVRPH� ����NE� �ELQ� �PDWUL[� �JDWKHUHG� �E\� �WKH�� � � � � � � � � � � � �

HSL�UHWUR�VHT� �GDWDVHW� �ZDV� �FRQFDWHQDWHG� �ZLWK� �DOO� �WKH� �/��(7� �FHOOV� �IURP� �WKLV� �VWXG\� �WR� �GR�� � � � � � � � � � � � � �

FR�FOXVWHULQJ� �DQG� �HPEHGGLQJ� �DV� �GHVFULEHG� �LQ� �³67$*(� �,,´� �DERYH�� �:H� �WKHQ� �FDOFXODWHG� �WKH� �26�� � � � � � � � � � � � � �

EHWZHHQ� �VXEW\SHV� �LQ� �WKLV� �VWXG\� �DQG� �WKH� �³VRPD� �ORFDWLRQ´� �RU� �³SURMHFWLRQ� �WDUJHW´� �ODEHOV� �RI�� � � � � � � � � � � � � �

HSL�UHWUR�VHT� �FHOOV�� �7KH� �ILUVW��26��KHOSHG��TXDQWLI\��KRZ��FRQVLVWHQW��WKH��VSDWLDO��ORFDWLRQ��LV��EHWZHHQ�� � � � � � � � � � � � � �

WKH� �WZR� �VWXGLHV�� �WKH� �VHFRQG��26��DOORZHG��XV��WR��LPSXWH��WKH��SURMHFWLRQ��WDUJHWV��RI��VXEW\SHV��LQ��WKLV�� � � � � � � � � � � � � � � � �

VWXG\���

)LJXUH�������UHODWHG��

3DLUZLVH� �'05� �DQG� �PRWLI� �HQULFKPHQW� �DQDO\VLV� ��)LJ�� ��F�� �K��� �7KH� �WRWDO� �VXEW\SH� �'05V� �ZHUH�� � � � � � � � � � � � � �

LGHQWLILHG� �DV� �GHVFULEHG� �LQ� �³67$*(� �,,,´� �YLD��FRPSDULQJ��DOO��VXEW\SHV���:H��WKHQ��DVVLJQHG��'05V��WR�� � � � � � � � � � � � � � �

HDFK��VXEW\SH��SDLU��LI��WKH��'05V��ZHUH�������VLJQLILFDQWO\��K\SRPHWK\ODWHG��LQ��RQO\��RQH��RI��WKH��VXEW\SHV��� � � � � � � � � � � � � � � �

DQG� ���� �WKH� �P&*� �UDWH� �GLIIHUHQFH� �EHWZHHQ� �WKH� �WZR� �VXEW\SHV� �!� ������ �(DFK� �VXEW\SH� �SDLU� �ZDV�� � � � � � � � � � � � � � � �

DVVRFLDWHG��ZLWK��WZR��H[FOXVLYH��VHWV��RI��SDLUZLVH��'05V���:H��FDUULHG��RXW��PRWLI��HQULFKPHQW��DQDO\VLV�� � � � � � � � � � � � � �

DV� �GHVFULEHG� �LQ� �³67$*(� �,,,´� �RQ� �HDFK� �'05� �VHW� �XVLQJ� �WKH� �RWKHU� �VHW� �DV� �EDFNJURXQG�� �0RWLIV�� � � � � � � � � � � � � � � �
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HQULFKHG� �LQ� �HLWKHU� �GLUHFWLRQ� �ZHUH� �WKHQ��XVHG��WR��FDOFXODWH��WKH��LPSDFW��VFRUH��DQG��ZHUH��DVVRFLDWHG�� � � � � � � � � � � � � � �

ZLWK���XSSHU���QRGHV���RI���WKH���SK\ORJHQ\���

)LJXUH�������UHODWHG��

2YHUODSSLQJ� �H'05� �ZLWK� �JHQRPH� �UHJLRQV� ��)LJ�� ��E��� �7KH� �FOXVWHU�VSHFLILF��VQ$7$&�VHT��SHDNV�� � � � � � � � � � �

ZHUH� �LGHQWLILHG� �LQ� �/L� �HW� �DO�� ��&RPSDQLRQ� �0DQXVFULSW� ��� ������� �:H� �XVHG� �³EHGWRROV� �PHUJH´� �WR�� � � � � � � � � � � � � � �

DJJUHJDWH� �WKH� �WRWDO� �QRQ�RYHUODS��SHDN��UHJLRQV���DQG��³EHGWRROV��LQWHUVHFW´��WR��FDOFXODWH��WKH��RYHUODS�� � � � � � � � � � � � �

EHWZHHQ��SHDNV��DQG��H'05V���7KH��GHYHORSLQJ��IRUHEUDLQ��DQG��RWKHU��WLVVXH��IH'05��ZHUH��LGHQWLILHG��LQ�� � � � � � � � � � � � � �

+H� �HW� �DO���� �XVLQJ��PHWK\O&�VHT���� �IRU��EXON��ZKROH�JHQRPH��ELVXOILWH��VHTXHQFLQJ���:*%6�VHT����$OO��RI�� � � � � � � � � � � � �

WKH� �JHQRPH� �IHDWXUHV� �XVHG� �LQ� �)LJ�� ��E� �ZHUH� �GHILQHG� �DV� �LQ� �+H� �HW� �DO�� �H[FHSW� �XVLQJ� �DQ� �XSGDWHG�� � � � � � � � � � � � � � � � � �

PP��� �&*,� �UHJLRQ� �DQG� �5HSHDW0DVWHU� �WUDQVSRVDEOH� �HOHPHQWV� �OLVWV� ��8&6&� �WDEOH� �EURZVHU�� � � � � � � � � � �

GRZQORDGHG���RQ�����������������DQG���WKH���*(1&2'(���YP�����JHQH���DQQRWDWLRQ�����

$VVHPEO\��HSLJHQRPH��FDUG���)LJ����I���RI��WKH��JHQH�HQKDQFHU��ODQGVFDSH���7KH��H'05V��IRU��HDFK�� � � � � � � � � � � � �

JHQH� �VHOHFWHG� �E\� �H'05�*HQH� �FRUUHODWLRQ� �!� ������ �6HFWLRQV� �RI� �WKH� �KHDWPDSV� �LQ� �)LJ�� ��I� �ZHUH�� � � � � � � � � � � � � � �

JDWKHUHG� �E\�� ���� �P&*� �UDWH� �RI� �HDFK� �H'05� �LQ� ����� �VXEW\SHV� �IURP� �WKLV� �VWXG\�� ���� �VQ$7$&�� � � � � � � � � � � � � � � �

VXEW\SH�OHYHO� �)3.0� �RI� �HDFK� �H'05��LQ��WKH��VDPH��VXEW\SH��RUGHUV���7KH��VXEW\SH��VQ$7$&��SURILOHV�� � � � � � � � � � � � � �

ZHUH��PHUJHG��IURP��LQWHJUDWLRQ��UHVXOWV��DV��GHVFULEHG��LQ��³67$*(��,,´�������P&*��UDWH��RI��HDFK��H'05��LQ�� � � � � � � � � � � � � � � � �

IRUHEUDLQ� �WLVVXH� �GXULQJ� �WHQ� �GHYHORSLQJ� �WLPH� �SRLQWV� �IURP� �(����� �WR� �3��� �GDWD� �IURP� �+H� �HW� �DO������ ����� � � � � � � � � � � � � � � � �

+�.��DF��)3.0��RI��HDFK��H'05��LQ�����GHYHORSLQJ��WLPH��SRLQWV��IURP��(������WR��3����GDWD��IURP��*RUNLQ�� � � � � � � � � � � � � � � � �

HW��DO������������+�.��DF��)3.0��RI��HDFK��H'05��LQ��3����IURQWDO��EUDLQ��WLVVXH���GDWD��IURP��/LVWHU��HW��DO���� �DQG�� � � � � � � � � � � � � � � � � � �

�����H'05���LV���RYHUODSSHG���ZLWK���IRUHEUDLQ���IH'05���XVLQJ���³EHGWRROV���LQWHUVHFW´���

(PEHGGLQJ� �RI� �FHOOV� �ZLWK� �FKURPRVRPH� �LQWHUDFWLRQV� ��)LJ�� ��L��� �VF+L&OXVWHU���� �ZDV� �XVHG� �WR�� � � � � � � � � � � �

JHQHUDWH� �WKH� �W�61(� �HPEHGGLQJ� �RI� �WKH� �VQ�P�&�VHT� �FHOOV�� �6SHFLILFDOO\�� �D��FRQWDFW��PDWUL[��DW���0E�� � � � � � � � � � � � � �

UHVROXWLRQ��ZDV��JHQHUDWHG��IRU��HDFK��FKURPRVRPH��RI��HDFK��FHOO���7KHQ��WKH��PDWULFHV��ZHUH��VPRRWKHG�� � � � � � � � � � � � � �

E\��OLQHDU��FRQYROXWLRQ��ZLWK��SDG�� �����DQG��UDQGRP��ZDON��ZLWK��UHVWDUW��SUREDELOLW\�� ��������7KH��WRS����WK�� � � � � � � � � � � � � � � � � �

SHUFHQWLOH��RI��VWURQJHVW��LQWHUDFWLRQV��RQ��WKH��VPRRWKHG��PDS��ZDV��H[WUDFWHG���ELQDUL]HG���DQG��XVHG��IRU�� � � � � � � � � � � � � �

3&$����7KH���ILUVW��������3&V���ZHUH���XVHG���IRU���W�61(���

)LJXUH�������UHODWHG��

,7� �OD\HU�GLVVHFWLRQ�UHJLRQ� �JURXS� �'0*� �DQG� �'05� �DQDO\VLV� ��)LJ�� ��D�I��� �,Q� �RUGHU� �WR� �FROOHFW�� � � � � � � � � � � � �

HQRXJK��FHOOV��IRU��GLVVHFWLRQ��UHJLRQ��DQDO\VLV���ZH��RQO\��XVHG��WKH��PDMRU��W\SHV���ZKLFK��FRUUHVSRQGV��WR�� � � � � � � � � � � � � � �

/����� �/��� �/��� �DQG� �/��� �RI� �,7��QHXURQV���:H��JURXSHG��FHOOV��LQWR��OD\HU�GLVVHFWLRQ�UHJLRQ��JURXSV��DQG�� � � � � � � � � � � � � � �

NHSW��JURXSV��ZLWK��!������FHOOV��LQ��IXUWKHU��DQDO\VLV���([WHQGHG��'DWD��)LJ����E����:H��SHUIRUPHG��SDLUZLVH�� � � � � � � � � � � � � � � �
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'0*���'05���DQG��PRWLI��HQULFKPHQW��DQDO\VLV��WKH��VDPH��DV��WKH��VXEW\SH��DQDO\VLV��LQ��)LJ�������EXW��XVLQJ�� � � � � � � � � � � � � � � � �

WKH��OD\HU�GLVVHFWLRQ�UHJLRQ��JURXS��ODEHOV���:H��WKHQ��EXLOW��D��VSDWLDO��SK\ORJHQ\��IRU��WKHVH��JURXSV��DQG�� � � � � � � � � � � � � �

FDOFXODWHG� �LPSDFW� �VFRUHV� �EDVHG� �RQ� �LW�� �7R� �UDQN� �OD\HU�UHODWHG� �RU��GLVVHFWLRQ�UHJLRQ�UHODWHG��JHQHV�� � � � � � � � � � � �

DQG��PRWLIV��VHSDUDWHO\���ZH��XVHG��WZR��VHWV��RI��WKH��EUDQFKHV���([WHQGHG��'DWD��)LJ����D���XSSHU��VHW��IRU�� � � � � � � � � � � � � � � � �

OD\HUV�� �ORZHU� �VHW� �IRU� �UHJLRQV�� �LQ� �WKH� �SK\ORJHQ\� �DQG� �FDOFXODWHG� �WZR� �WRWDO� �LPSDFW� �VFRUHV� �XVLQJ�� � � � � � � � � � � � � � �

HTXDWLRQV���LQ���DERYH���

'*� �FHOO� �JURXS� �DQG� �JUDGLHQW� �'05� �DQDO\VLV� ��)LJ�� ��K��� �'*� �FHOOV� �ZHUH� �JURXSHG� �LQWR� �IRXU�� � � � � � � � � � � � � � �

HYHQ�VL]HG� �JURXSV� �DFFRUGLQJ� �WR� �FHOOV¶� �JOREDO� �P&+� �UDWHV�� �DQG� �FXWRII� �WKUHVKROGV� �ZHUH� ��������� � � � � � � � � � � � �

������� �DQG� ���������:H��WKHQ��UDQGRPO\��FKRVH�������FHOOV��IURP��HDFK��JURXS��WR��FDOO��JUDGLHQW�'05V�� � � � � � � � � � � � � � �

XVLQJ� �PHWKRGV� �GHVFULEHG� �LQ� �³67$*(� �,,´�� �7R� �HQVXUH� �WKH� �'05V� �LGHQWLILHG� �EHWZHHQ� �LQWUD�'*�� � � � � � � � � � � � �

JURXSV��ZHUH��QRW��GXH��WR��VWRFKDVWLFLW\���ZH��DOVR��UDQGRPO\��VDPSOHG������JURXSV��RI�������FHOOV��IURP��DOO�� � � � � � � � � � � � � � � � �

'*��FHOOV��UHJDUGOHVV��RI��WKHLU��JOREDO��P&+��DQG��FDOOHG��'05��DPRQJ��WKHP��DV��FRQWURO�'05V���������� � � � � � � � � � � � � � �

XVLQJ� �WKH� �VDPH� �ILOWHULQJ� �FRQGLWLRQ��� �2QO\� ������� �RI� �JUDGLHQW�'05V� �RYHUODSSHG� �ZLWK� �WKH�� � � � � � � � � � � �

FRQWURO�'05V� �DQG� �WKXV� �ZHUH� �UHPRYHG� �IURP� �IXUWKHU� �DQDO\VLV�� �3HDUVRQ� �FRUUHODWLRQ� �FRHIILFLHQWV�� � � � � � � � � � �

�ȡ¶V���RI��P&*��UDWHV��RI��HDFK��JUDGLHQW�'05��ZHUH��FDOFXODWHG��DJDLQVW��D��OLQHDU��VHTXHQFH��>�������������@�� � � � � � � � � � � � � � � � �

WR��TXDQWLI\��WKH��JUDGLHQW��WUHQG���'05V��ZLWK��ȡ��������RU��ȡ!������ZHUH��FRQVLGHUHG��WR��EH��VLJQLILFDQWO\�� � � � � � � � � � � � � � �

FRUUHODWHG����:HDNO\���FRUUHODWHG���'05V�����������ZHUH���QRW���LQFOXGHG���LQ���IXUWKHU���DQDO\VLV���

'05�'06� �HQULFKHG��JHQHV���)LJ����L�M����7R��LQYHVWLJDWH��WKH��FRUUHODWHG��'05�'06V��HQULFKPHQW��LQ�� � � � � � � � � � � �

VSHFLILF��JHQH��ERGLHV���ZH��FRPSDUH��WKH��QXPEHU��RI��'06��DQG��F\WRVLQH��LQVLGH��WKH��JHQH��ERG\��ZLWK�� � � � � � � � � � � � � � � �

WKH� �QXPEHU� �RI� �'06� �DQG� �F\WRVLQH� �LQ� �WKH� �����0E��UHJLRQV��WKURXJK��)LVKHU¶V��H[DFW��WHVW���:H��FKRVH�� � � � � � � � � � � � � � � � �

JHQHV� �SDVVLQJ� �ERWK� �FULWHULD�� ���� �DGMXVWHG� �3�YDOXH� ��� ������ �ZLWK� �PXOWLWHVW� �FRUUHFWLRQ� �XVLQJ�� � � � � � � � � � � � �

%HQMDPLQL�+RFKEHUJ� �SURFHGXUH�� �DQG� ���� �RYHUODS� �ZLWK� �!� ���� �'06�� �*HQH� �RQWRORJ\� �DQDO\VLV� �RI�� � � � � � � � � � � � �

'05�'06� �HQULFKHG� �JHQHV� �ZDV� �FDUULHG� �RXW� �XVLQJ� �*2$722/6���� �DOO� �SURWHLQ� �FRGLQJ� �JHQHV��ZLWK�� � � � � � � � � � � � �

JHQH���ERG\���OHQJWK���!����NE���ZHUH���XVHG���DV���EDFNJURXQG���WR���SUHYHQW���JHQH���OHQJWK���ELDV���

&RPSDUWPHQW� �VWUHQJWK� �DQDO\VLV�� �:H� �=�VFRUH� �QRUPDOL]HG� �WKH� �WRWDO� �FKURPRVRPH� �FRQWDFWV� �LQ�� � � � � � � � � � �

HDFK� ����0E��ELQ��RI��'*��FRQWDFW��PDWUL[���DQG��WKH��ELQV��ZLWK��QRUPDOL]HG��FRYHUDJH��EHWZHHQ������DQG����� � � � � � � � � � � � � � � � � �

ZHUH��NHSW��IRU��WKH��DQDO\VLV���$IWHU��ILOWHULQJ���WKH��3&���RI��JHQRPH�ZLGH��.5��QRUPDOL]HG��FRQWDFW��PDWUL[�� � � � � � � � � � � � � � �

ZDV��XVHG��DV��WKH��FRPSDUWPHQW��VFRUH���7KH��VFRUH��ZDV��GLYLGHG��LQWR������FDWHJRULHV��ZLWK��HTXDO��VL]HV�� � � � � � � � � � � � � � � �

IURP� �ORZ� �WR� �KLJK�� �DQG� �ELQV� �ZHUH� �DVVLJQHG� �LQWR� �WKH� �FDWHJRULHV�� �7KH� �LQWUD�FKURPRVRPDO�� � � � � � � � � � � � �

REVHUYDWLRQ�H[SHFWDWLRQ� ��RYH�� �PDWULFHV� �RI� �HDFK� �JURXS� �ZHUH� �XVHG� �WR� �TXDQWLI\��WKH��FRPSDUWPHQW�� � � � � � � � � � � �

VWUHQJWK�� �:H� �FRPSXWHG� �WKH� �DYHUDJH� �RYH� �YDOXHV��ZLWKLQ��HDFK��SDLU��RI��FDWHJRULHV��WR��JHQHUDWH��WKH�� � � � � � � � � � � � � � �

��[����VDGGOH��PDWULFHV���7KH��FRPSDUWPHQW��VWUHQJWK��ZDV��FRPSXWHG��ZLWK��WKH��DYHUDJH��RI��XSSHU��OHIW�� � � � � � � � � � � � � �

����
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DQG� �ORZHU� �ULJKW� ���[��� �PDWULFHV� �GLYLGHG� �E\� �WKH� �DYHUDJH� �RI� �XSSHU� �ULJKW� �DQG� �ORZHU� �OHIW� ���[���� � � � � � � � � � � � � � � �

PDWULFHV�������

'RPDLQ� �DQDO\VLV�� �:H� �LGHQWLILHG� ������� �FRQWDFW� �GRPDLQV� �DW� ���NE� �UHVROXWLRQ� �LQ� �'*� �XVLQJ�� � � � � � � � � � � � �

$UURZKHDG��������)RU���ELQ��� ����WKH���LQVXODWLRQ���VFRUH���LV���FRPSXWHG���E\�L �

,L  
PHDQ $L ���L �L�¬L�M �L��� L M

PD[�PHDQ $ �¬PHDQ $ �L ���L �L�¬L ���M �L L M L�L �L����¬L�M �L��� L M
�

�� �ZKHUH� �LV� �WKH� �RYH��RI��.5��QRUPDOL]HG��PDWULFHV���)RU��HDFK��JURXS���LQVXODWLRQ��VFRUHV��RI��GRPDLQ�� � $ � � � � � � � � � � � � � � �

ERXQGDULHV���DQG������NE���IODQNLQJ���UHJLRQV���ZHUH���FRPSXWHG���DQG���DYHUDJHG���DFURVV���DOO���ERXQGDULHV���

)LJXUH�������UHODWHG��

3UHGLFWLRQ� �PRGHO� �GHVFULSWLRQ�� �7R� �UHGXFH� �WKH� �FRPSXWLQJ� �FRPSOH[LW\�� �ZH� �DSSOLHG� �SULQFLSDO�� � � � � � � � � � �

FRPSRQHQW� �DQDO\VLV� ��3&$�� �RQ� �WKH� �GDWDVHW� �RI�����NE�ELQ�P&+��IHDWXUHV��WR��REWDLQ��WKH��ILUVW��������� � � � � � � � � � � � � �

SULQFLSDO� �FRPSRQHQWV� ��3&V��� �ZKLFK� �UHWDLQV� �a� ����� �YDULDQFH� �RI� �WKH� �RULJLQDO� �GDWD�� �7KHVH� �������� � � � � � � � � � � � � �

3&V��ZHUH��WKHQ��XVHG��WR��WUDLQ��DQG��WHVW��WKH��SUHGLFWLQJ��PRGHO���:H��XVHG��DQ��DUWLILFLDO��QHXUDO��QHWZRUN�� � � � � � � � � � � � � � � � �

ZLWK��WZR��KLGGHQ��OD\HUV��WR��SUHGLFW��FHOO��VXEW\SHV��DQG��WKHLU��GLVVHFWLRQ��UHJLRQV��VLPXOWDQHRXVO\���)LJ��� � � � � � � � � � � � � �

�D��� �7KH� �LQSXW� �OD\HU� �FRQWDLQV� ������� �QRGHV�� �IROORZHG� �E\� �D� �VKDUHG� �OD\HU� �ZLWK���������QRGHV���7KH�� � � � � � � � � � � � � � � �

VKDUHG��OD\HU��LV��IXUWKHU��FRQQHFWHG��VLPXOWDQHRXVO\��WR��WZR��EUDQFK��KLGGHQ��OD\HUV��RI��WKH��VXEW\SH��RI�� � � � � � � � � � � � � � �

WKH� �GLVVHFWLRQ� �UHJLRQ�� �HDFK� �FRQWDLQLQJ� ����� �QRGHV�� �%UDQFK� �KLGGHQ� �OD\HUV� �DUH� �IROORZHG� �E\� �WKH�� � � � � � � � � � � � � �

FRUUHVSRQGLQJ� �RQH�KRW� �HQFRGLQJ� �RXWSXW� �OD\HUV�� �:H� �XVHG� ���IROG� �FURVV�YDOLGDWLRQ� �WR� �DFFHVV� �WKH�� � � � � � � � � � � �

PRGHO��SHUIRUPDQFH���'XULQJ��WKH��WUDLQLQJ���ZH��DSSOLHG��WKH��GURSRXW��WHFKQLTXH���� �ZLWK��D��GURSRXW��UDWH�� � � � � � � � � � � � � �

S� ���� �RQ� �HDFK� �KLGGHQ� �OD\HU� �WR� �SUHYHQW� �RYHUILWWLQJ�� �$GDP� �RSWLPL]DWLRQ���� �ZDV� �XVHG� �WR� �WUDLQ� �WKH�� � � � � � � � � � � � � � �

QHWZRUN� �ZLWK� �D� �FURVV�HQWURS\� �ORVV� �IXQFWLRQ�� �7KH� �WUDLQLQJ� �HSRFK� �QXPEHU� �DQG��EDWFK��VL]H��DUH������ � � � � � � � � � � � � � �

DQG����������UHVSHFWLYHO\����7KH���WUDLQLQJ���DQG���WHVWLQJ���SURFHVVHV���ZHUH���FRQGXFWHG���YLD���7HQVRU)ORZ�������������

0RGHO��SHUIRUPDQFH���)RU��HDFK��VLQJOH��FHOO��LQSXW���WKH��WZR��RXWSXW��OD\HUV��JHQHUDWH��WZR��SUREDELOLVWLF�� � � � � � � � � � � � � �

YHFWRUV� �DV� �WKH� �SUHGLFWLRQ� �UHVXOWV� �IRU� �FHOO� �VXEW\SHV� �DQG� �GLVVHFWLRQ� �UHJLRQV�� �UHVSHFWLYHO\�� �7KH�� � � � � � � � � � � � �

VXEW\SH��DQG��GLVVHFWLRQ��UHJLRQ��ODEHO��ZLWK��KLJKHVW��SUREDELOLWLHV��ZHUH��XVHG��DV��WKH��SUHGLFWLRQ��UHVXOWV�� � � � � � � � � � � � � �

IRU� �HDFK� �FHOO� �WR� �FDOFXODWH� �DFFXUDF\�� �:KHQ� �FDOFXODWLQJ� �WKH� �FHOO� �GLVVHFWLRQ� �UHJLRQ��DFFXUDF\���)LJ��� � � � � � � � � � � � � �

�F����ZH��GHILQHG��WZR��NLQGV��RI��DFFXUDF\��ZLWK��GLIIHUHQW��VWULQJHQF\�������WKH��H[DFW��DFFXUDF\��XVLQJ��WKH�� � � � � � � � � � � � � � � �

SUHGLFWHG� �ODEHO�� �DQG� ���� �WKH� �IX]]\� �DFFXUDF\� �XVLQJ� �SUHGLFWHG� �ODEHOV� �RU� �LWV� �SRWHQWLDO� �RYHUODS�� � � � � � � � � � � � � �

QHLJKERUV�� �7KH� �SRWHQWLDO� �RYHUODS� �QHLJKERUV� �FXUDWHG� �EDVHG� �RQ� �$OOHQ� �&&)� ��([WHQGHG� �'DWD��)LJ��� � � � � � � � � � � � �

�D�� �6XSSOHPHQWDU\� �7DEOH� ���� �VWRRG� �IRU� �DGMDFHQW� �UHJLRQV� �RI� �D� �SDUWLFXODU� �GLVVHFWLRQ� �UHJLRQ�� �7KH�� � � � � � � � � � � � � �

H[DFW� �DFFXUDF\� �RI� �WKH� �$11� �PRGHO� �LV� ������ �DQG� �WKH� �IX]]\� �DFFXUDF\� �LV� ������ �7R� �HYDOXDWH� �KRZ�� � � � � � � � � � � � � � � � �

PXFK� �RI� �WKH� �GLVVHFWLRQ� �UHJLRQ� �DFFXUDF\� �ZDV� �LPSURYHG��YLD��$11���ZH��FDOFXODWHG��IX]]\��DFFXUDF\�� � � � � � � � � � � � � �

����
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MXVW��EDVHG��RQ��QDLYH��JXHVVHV��LQ��HDFK��VXEW\SH��EDVHG��RQ��WKH��GLVVHFWLRQ��UHJLRQ��FRPSRVLWLRQ���JUD\�� � � � � � � � � � � � � � �

GRWV���LQ���([WHQGHG���'DWD���)LJ�����E����

%LRORJLFDO� �IHDWXUH� �LPSRUWDQFH� �IRU� �GLVVHFWLRQ� �UHJLRQ� �SUHGLFWLRQ�� 7R� �DVVHVV� �ZKDW� �'1$�� � � � � � � � � � �

UHJLRQV� �VWRUH� �LQIRUPDWLRQ� �RI� �FHOO� �VSDWLDO� �RULJLQV� �WKDW� �LV� �GLVWLQJXLVKDEOH� �XVLQJ� �RXU� �PRGHO�� �ZH�� � � � � � � � � � � � � �

HYDOXDWHG��WKH��3&��IHDWXUH��LPSRUWDQFH��E\��H[DPLQLQJ��KRZ��SHUPXWDWLRQ��RI��HDFK��3&��IHDWXUH��DFURVV�� � � � � � � � � � � � � �

FHOOV� �DIIHFWV� �SUHGLFWLRQ� �DFFXUDF\�� �:H� �GLG� �ILYH� �SHUPXWDWLRQV� �IRU� �HDFK� �IHDWXUH� �DQG� �XVHG� �WKH�� � � � � � � � � � � � � �

DYHUDJH� �DFFXUDF\� �GHFUHDVLQJ� �DV� �3&� �IHDWXUH� �LPSRUWDQFH�� �)RU� �D� �JLYHQ� �FHOO� �W\SH�� �ZH� �H[DPLQHG�� � � � � � � � � � � � � �

JHQHV��FRQWDLQHG��LQ��WKH�����NE��ELQV��ZLWK��WKH��WRS������3&$��IDFWRU��ORDGLQJV��IRU��WKH��PRVW��LPSRUWDQW�� � � � � � � � � � � � � � � � �

3&���IHDWXUH���

'DWD���DYDLODELOLW\��

6LQJOH� �FHOO� �UDZ� �DQG� �SURFHVVHG� �GDWD� �LQFOXGHG� �LQ� �WKLV� �VWXG\� �ZHUH� �GHSRVLWHG� �WR��1&%,��*(2�65$�� � � � � � � � � � � � � � �

ZLWK� �DFFHVVLRQ� �QXPEHU� �*6(������� �DQG��WR��WKH��1H02��DUFKLYH��KWWSV���SRUWDO�QHPRDUFKLYH�RUJ����� � � � � � � � � �

&OXVWHU� �PHUJHG� �PHWK\ORPH� �SURILOHV� �FDQ� �EH� �YLVXDOL]HG� �DW�� � � � � � � �

KWWS���QHRPRUSK�VDON�HGX�PRXVHBEUDLQ�SKS�����

&RGH���DYDLODELOLW\��

7KH� �PDSSLQJ� �SLSHOLQH� �IRU� �VQP&�VHT�� �GDWD�� KWWSV���FHPED�GDWD�UHDGWKHGRFV�LR�HQ�ODWHVW���� �7KH�� � � � � � � �

$//&RROV� �SDFNDJH� �IRU� �SRVW�PDSSLQJ� �DQDO\VLV� �DQG� �VQP&�VHT�� �UHODWHG� �GDWD� �VWUXFWXUH��� � � � � � � � � �

KWWSV���JLWKXE�FRP�OKTLQJ�$//&RROV��� �7KH� �MXS\WHU� �QRWHERRNV� �IRU� �UHSURGXFLQJ� �VSHFLILF� �DQDO\VLV��� � � � � � � �

KWWSV���JLWKXE�FRP�OKTLQJ�PRXVHBEUDLQB��������

6XSSOHPHQWDU\���7DEOHV��

6XSSOHPHQWDU\���7DEOH��������*ORVVDU\���WDEOH���IRU���DOO���WKH���DEEUHYLDWLRQV���

6XSSOHPHQWDU\���7DEOH��������0HWDGDWD���RI���WKH��������EUDLQ���GLVVHFWLRQ���UHJLRQV���

6XSSOHPHQWDU\���7DEOH��������6XPPDU\���RI���FHOO���QXPEHUV���

6XSSOHPHQWDU\���7DEOH��������&HOO���W\SH���QDPHV���DQG���DQQRWDWLRQV���

6XSSOHPHQWDU\���7DEOH��������&HOO���PHWDGDWD���DQG���PDQLIROG���OHDUQLQJ���FRRUGLQDWHV���

6XSSOHPHQWDU\���7DEOH��������&HOO���W\SH���E\���GLVVHFWLRQ���UHJLRQ���FHOO���FRXQWV���

6XSSOHPHQWDU\���7DEOH��������VQ$7$&�VHT���FOXVWHUV���PDWFKLQJ���WR���VXEW\SHV���

����
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5HIHUHQFH��

��� /XR����&�����+DMNRYD����3����	���(FNHU����-����5����'\QDPLF���'1$���PHWK\ODWLRQ����,Q���WKH���ULJKW���SODFH���DW���WKH���ULJKW��

WLPH�����6FLHQFH�����������������±����������������

��� /LVWHU����5�����HW���DO�����*OREDO���HSLJHQRPLF���UHFRQILJXUDWLRQ���GXULQJ���PDPPDOLDQ���EUDLQ���GHYHORSPHQW���

6FLHQFH��������������������������������

��� )DJLROLQL����0�����-HQVHQ����&����/����	���&KDPSDJQH����)����$����(SLJHQHWLF���LQIOXHQFHV���RQ���EUDLQ��

GHYHORSPHQW���DQG���SODVWLFLW\�����&XUU����2SLQ����1HXURELRO����������������±���������������

��� /DYHU\����/����$�����HW���DO�����/RVLQJ���'QPW�D���GHSHQGHQW���PHWK\ODWLRQ���LQ���LQKLELWRU\���QHXURQV���LPSDLUV��

QHXUDO���IXQFWLRQ���E\���D���PHFKDQLVP���LPSDFWLQJ���5HWW���V\QGURPH�����(OLIH��������������������

��� /L����-�����3LQWR�'XDUWH����$�����=DQGHU����0�����/DL����&����<����	���2VWHHQ����-����3RO\FRPE�PHGLDWHG���UHSUHVVLRQ��

FRPSHQVDWHV���IRU���ORVV���RI���SRVWQDWDO���'1$���PHWK\ODWLRQ���LQ���H[FLWDWRU\���QHXURQV�����ELR5[LY�������������

��� +H����<�����HW���DO�����6SDWLRWHPSRUDO���'1$���0HWK\ORPH���'\QDPLFV���RI���WKH���'HYHORSLQJ���0DPPDOLDQ��

)HWXV�����ELR5[LY����������������������GRL��������������������

��� 0R����$�����HW���DO�����(SLJHQRPLF���6LJQDWXUHV���RI���1HXURQDO���'LYHUVLW\���LQ���WKH���0DPPDOLDQ���%UDLQ�����1HXURQ��

�����������±����������������

��� /XR����&�����HW���DO�����6LQJOH�FHOO���PHWK\ORPHV���LGHQWLI\���QHXURQDO���VXEW\SHV���DQG���UHJXODWRU\���HOHPHQWV���LQ��

PDPPDOLDQ���FRUWH[�����6FLHQFH����������������±���������������

��� <LQ����<�����HW���DO�����,PSDFW���RI���F\WRVLQH���PHWK\ODWLRQ���RQ���'1$���ELQGLQJ���VSHFLILFLWLHV���RI���KXPDQ��

WUDQVFULSWLRQ���IDFWRUV�����6FLHQFH�������������HDDM����������������

���� =KX����+�����:DQJ����*����	���4LDQ����-����7UDQVFULSWLRQ���IDFWRUV���DV���UHDGHUV���DQG���HIIHFWRUV���RI���'1$��

PHWK\ODWLRQ�����1DW����5HY����*HQHW����������������±���������������

���� 6WULFNHU����6����+�����.|IHUOH����$����	���%HFN����6����)URP���SURILOHV���WR���IXQFWLRQ���LQ���HSLJHQRPLFV�����1DW����5HY���

*HQHW���������������±��������������

����
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���� *DEHO����+����:�����HW���DO�����'LVUXSWLRQ���RI���'1$�PHWK\ODWLRQ�GHSHQGHQW���ORQJ���JHQH���UHSUHVVLRQ���LQ���5HWW��

V\QGURPH�����1DWXUH���������������±��������������

���� &KHQ����/�����HW���DO�����0H&3����ELQGV���WR���QRQ�&*���PHWK\ODWHG���'1$���DV���QHXURQV���PDWXUH����LQIOXHQFLQJ��

WUDQVFULSWLRQ���DQG���WKH���WLPLQJ���RI���RQVHW���IRU���5HWW���V\QGURPH�����3URF����1DWO����$FDG����6FL����8����6����$�������������

����±����������������

���� 6WURXG����+�����HW���DO�����(DUO\�/LIH���*HQH���([SUHVVLRQ���LQ���1HXURQV���0RGXODWHV���/DVWLQJ���(SLJHQHWLF��

6WDWHV�����&HOO�����������������±�����H��������������

���� /XR����&�����HW���DO�����6LQJOH���QXFOHXV���PXOWL�RPLFV���OLQNV���KXPDQ���FRUWLFDO���FHOO���UHJXODWRU\���JHQRPH��

GLYHUVLW\���WR���GLVHDVH���ULVN���YDULDQWV�����ELR5[LY��������������������������������

GRL�������������������������������

���� /XR����&�����HW���DO�����5REXVW���VLQJOH�FHOO���'1$���PHWK\ORPH���SURILOLQJ���ZLWK���VQP&�VHT������1DW����&RPPXQ���

����������������������

���� 3UHLVVO����6�����HW���DO�����6LQJOH�QXFOHXV���DQDO\VLV���RI���DFFHVVLEOH���FKURPDWLQ���LQ���GHYHORSLQJ���PRXVH��

IRUHEUDLQ���UHYHDOV���FHOO�W\SH�VSHFLILF���WUDQVFULSWLRQDO���UHJXODWLRQ�����1DW����1HXURVFL����������������±�����

���������

���� /HH����'��6�����HW���DO�����6LPXOWDQHRXV���SURILOLQJ���RI����'���JHQRPH���VWUXFWXUH���DQG���'1$���PHWK\ODWLRQ���LQ��

VLQJOH���KXPDQ���FHOOV�����1DW����0HWKRGV���������������±����������������

���� 0F,QQHV����/�����+HDO\����-����	���0HOYLOOH����-����80$3����8QLIRUP���0DQLIROG���$SSUR[LPDWLRQ���DQG���3URMHFWLRQ��

IRU���'LPHQVLRQ���5HGXFWLRQ�����DU;LY���>VWDW�0/@�������������

���� =KDR����&�����'HQJ����:����	���*DJH����)����+����0HFKDQLVPV���DQG���IXQFWLRQDO���LPSOLFDWLRQV���RI���DGXOW��

QHXURJHQHVLV�����&HOO����������������±���������������

���� &DUOHWRQ����$�����3HWUHDQX����/����7�����/DQVIRUG����5�����$OYDUH]�%X\OOD����$����	���/OHGR����3��0����%HFRPLQJ���D��

QHZ���QHXURQ���LQ���WKH���DGXOW���ROIDFWRU\���EXOE�����1DW����1HXURVFL���������������±���������������

���� 7DVLF����%�����HW���DO�����6KDUHG���DQG���GLVWLQFW���WUDQVFULSWRPLF���FHOO���W\SHV���DFURVV���QHRFRUWLFDO���DUHDV���

����
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1DWXUH���������������±��������������

���� <DR����=�����HW���DO�����$Q���LQWHJUDWHG���WUDQVFULSWRPLF���DQG���HSLJHQRPLF���DWODV���RI���PRXVH���SULPDU\���PRWRU��

FRUWH[���FHOO���W\SHV�����ELR5[LY���������������������������������GRL�������������������������������

���� <DR����=�����HW���DO�����$���WD[RQRP\���RI���WUDQVFULSWRPLF���FHOO���W\SHV���DFURVV���WKH���LVRFRUWH[���DQG���KLSSRFDPSDO��

IRUPDWLRQ�����ELR5[LY���������������������������������GRL�������������������������������

���� +XDQJ����=����-����	���3DXO����$����7KH���GLYHUVLW\���RI���*$%$HUJLF���QHXURQV���DQG���QHXUDO���FRPPXQLFDWLRQ��

HOHPHQWV�����1DW����5HY����1HXURVFL����������������±���������������

���� +RGJH����5����'�����HW���DO�����&RQVHUYHG���FHOO���W\SHV���ZLWK���GLYHUJHQW���IHDWXUHV���LQ���KXPDQ���YHUVXV���PRXVH��

FRUWH[�����1DWXUH�������������GRL����������V��������������������

���� .ULHQHQ����)����0�����HW���DO�����,QQRYDWLRQV���LQ���3ULPDWH���,QWHUQHXURQ���5HSHUWRLUH�����ELR5[LY���������������������

GRL��������������������

���� 'XGHN����6����0�����$OH[DQGHU����*����0����	���)DUULV����6����5HGLVFRYHULQJ���DUHD���&$�����XQLTXH���SURSHUWLHV���DQG��

IXQFWLRQV�����1DW����5HY����1HXURVFL���������������±���������������

���� 6DQ���$QWRQLR����$�����/LEDQ����.�����,NUDU����7�����7V\JDQRYVNL\����(����	���;X����;����'LVWLQFW���SK\VLRORJLFDO���DQG��

GHYHORSPHQWDO���SURSHUWLHV���RI���KLSSRFDPSDO���&$����VXEILHOG���UHYHDOHG���E\���XVLQJ���DQWL�3XUNLQMH���FHOO��

SURWHLQ��������3&3�����LPPXQRVWDLQLQJ�����-����&RPS����1HXURO������������������±����������������

���� )XND\D����0�����<DPD]DNL����0�����6DNLPXUD����.����	���:DWDQDEH����0����6SDWLDO���GLYHUVLW\���LQ���JHQH��

H[SUHVVLRQ���IRU���9'&&JDPPD���VXEXQLW���IDPLO\���LQ���GHYHORSLQJ���DQG���DGXOW���PRXVH���EUDLQV���

1HXURVFL����5HV����������������±���������������

���� 3KLOOLSV����+����6�����+DLQV����-����0�����/DUDPHH����*����5�����5RVHQWKDO����$����	���:LQVORZ����-����:����:LGHVSUHDG��

H[SUHVVLRQ���RI���%'1)���EXW���QRW���17����E\���WDUJHW���DUHDV���RI���EDVDO���IRUHEUDLQ���FKROLQHUJLF���QHXURQV���

6FLHQFH����������������±���������������

���� $GDPHN����*����'�����6KLSOH\����0����7����	���6DQGHUV����0����6����7KH���LQGXVLXP���JULVHXP���LQ���WKH���PRXVH���

DUFKLWHFWXUH����7LPP¶V���KLVWRFKHPLVWU\���DQG���VRPH���DIIHUHQW���FRQQHFWLRQV�����%UDLQ���5HV����%XOO������������

����
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���±���������������

���� +HLPHU����/����	���:LOVRQ����5����'����7KH���VXEFRUWLFDO���SURMHFWLRQV���RI���WKH���DOORFRUWH[����VLPLODULWLHV���LQ���WKH��

QHXUDO���FRQQHFWLRQV���RI���WKH���KLSSRFDPSXV����WKH���SLULIRUP���FRUWH[���DQG���WKH���QHRFRUWH[����6DQWLQL���0���

HGLWRU�����3HUVSHFWLYHV���LQ���QHXURELRORJ\�������������

���� 9RRUQ����3�����9DQGHUVFKXUHQ����/����-����0����-�����*URHQHZHJHQ����+����-�����5REELQV����7����:����	���3HQQDUW]����&���

0����$����3XWWLQJ���D���VSLQ���RQ���WKH���GRUVDO�YHQWUDO���GLYLGH���RI���WKH���VWULDWXP�����7UHQGV���1HXURVFL������������

���±���������������

���� 6PLWK����-����%�����HW���DO�����*HQHWLF�%DVHG���'LVVHFWLRQ���8QYHLOV���WKH���,QSXWV���DQG���2XWSXWV���RI���6WULDWDO��

3DWFK���DQG���0DWUL[���&RPSDUWPHQWV�����1HXURQ����������������±����������������

���� =KDQJ����=�����HW���DO�����(SLJHQRPLF���'LYHUVLW\���RI���&RUWLFDO���3URMHFWLRQ���1HXURQV���LQ���WKH���0RXVH���%UDLQ���

ELR5[LY���������������������������������GRL�������������������������������

���� 0XNDPHO����(����$����	���1JDL����-����3HUVSHFWLYHV���RQ���GHILQLQJ���FHOO���W\SHV���LQ���WKH���EUDLQ�����&XUU����2SLQ���

1HXURELRO���������������±��������������

���� +DJKYHUGL����/�����/XQ����$����7����/�����0RUJDQ����0����'����	���0DULRQL����-����&����%DWFK���HIIHFWV���LQ���VLQJOH�FHOO��

51$�VHTXHQFLQJ���GDWD���DUH���FRUUHFWHG���E\���PDWFKLQJ���PXWXDO���QHDUHVW���QHLJKERUV�����1DW���

%LRWHFKQRO����������������±���������������

���� +LH����%�����%U\VRQ����%����	���%HUJHU����%����(IILFLHQW���LQWHJUDWLRQ���RI���KHWHURJHQHRXV���VLQJOH�FHOO��

WUDQVFULSWRPHV���XVLQJ���6FDQRUDPD�����1DW����%LRWHFKQRO��������������GRL����������V��������������������

���� 'HQHULV����(����6����	���+REHUW����2����0DLQWHQDQFH���RI���SRVWPLWRWLF���QHXURQDO���FHOO���LGHQWLW\�����1DW����1HXURVFL���

����������±���������������

���� .HSHFV����$����	���)LVKHOO����*����,QWHUQHXURQ���FHOO���W\SHV���DUH���ILW���WR���IXQFWLRQ�����1DWXUH����������������±�����

���������

���� 3DXO����$�����HW���DO�����7UDQVFULSWLRQDO���$UFKLWHFWXUH���RI���6\QDSWLF���&RPPXQLFDWLRQ���'HOLQHDWHV��

*$%$HUJLF���1HXURQ���,GHQWLW\�����&HOO����������������±����H��������������

����
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���� )RUQHV����2�����HW���DO�����-$63$5�����������XSGDWH���RI���WKH���RSHQ�DFFHVV���GDWDEDVH���RI���WUDQVFULSWLRQ���IDFWRU��

ELQGLQJ���SURILOHV�����1XFOHLF���$FLGV���5HV��������������GRL����������QDU�JN]��������

���� &XEHORV����%�����HW���DO�����&X[����DQG���&X[����UHJXODWH���GHQGULWLF���EUDQFKLQJ����VSLQH���PRUSKRORJ\����DQG��

V\QDSVHV���RI���WKH���XSSHU���OD\HU���QHXURQV���RI���WKH���FRUWH[�����1HXURQ���������������±���������������

���� 2LVKL����.�����$UDPDNL����0����	���1DNDMLPD����.����0XWXDOO\���UHSUHVVLYH���LQWHUDFWLRQ���EHWZHHQ���%UQ������DQG��

5RUE���FRQWULEXWHV���WR���WKH���HVWDEOLVKPHQW���RI���QHRFRUWLFDO���OD\HU���������DQG���OD\HU���������3URF����1DWO����$FDG���

6FL����8����6����$������������������±����������������

���� $UHQGW����'�����HW���DO�����7KH���RULJLQ���DQG���HYROXWLRQ���RI���FHOO���W\SHV�����1DW����5HY����*HQHW����������������±�����

���������

���� 6PLWK����-����%�����HW���DO�����7KH���UHODWLRQVKLS���EHWZHHQ���WKH���FODXVWUXP���DQG���HQGRSLULIRUP���QXFOHXV����$��

SHUVSHFWLYH���WRZDUGV���FRQVHQVXV���RQ���FURVV�VSHFLHV���KRPRORJ\�����-����&RPS����1HXURO�������������

���±���������������

���� &ULFN���)UDQFLV���&���	���.RFK���&KULVWRI����:KDW���LV���WKH���IXQFWLRQ���RI���WKH���FODXVWUXP"����3KLORV����7UDQV����5���

6RF����/RQG����%���%LRO����6FL������������������±����������������

���� 3XHOOHV����/����&KDSWHU�����������'HYHORSPHQW���DQG���(YROXWLRQ���RI���WKH���&ODXVWUXP����LQ����7KH���&ODXVWUXP��

�HGV����6P\WKLHV����-����5�����(GHOVWHLQ����/����5����	���5DPDFKDQGUDQ����9����6��������±�������$FDGHPLF���3UHVV���

��������

���� 5RVV����6����(�����*UHHQEHUJ����0����(����	���6WLOHV����&����'����%DVLF���KHOL[�ORRS�KHOL[���IDFWRUV���LQ���FRUWLFDO��

GHYHORSPHQW�����1HXURQ��������������±��������������

���� +H����<�����HW���DO�����,PSURYHG���UHJXODWRU\���HOHPHQW���SUHGLFWLRQ���EDVHG���RQ���WLVVXH�VSHFLILF���ORFDO��

HSLJHQRPLF���VLJQDWXUHV�����3URF����1DWO����$FDG����6FL����8����6����$��������������(����±(����������������

���� $UORWWD����3�����HW���DO�����1HXURQDO���VXEW\SH�VSHFLILF���JHQHV���WKDW���FRQWURO���FRUWLFRVSLQDO���PRWRU���QHXURQ��

GHYHORSPHQW���LQ���YLYR�����1HXURQ���������������±���������������

���� $OOHQ����7����	���/REH����&����*����$���FRPSDULVRQ���RI���1RWFK����+HV���DQG���*UJ���H[SUHVVLRQ���GXULQJ���PXULQH��

����
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HPEU\RQLF���DQG���SRVW�QDWDO���GHYHORSPHQW�����&HOO����0RO����%LRO�����������������±���������������

���� +UYDWLQ����6�����HW���DO�����3(6&$����$���VFDODEOH���SODWIRUP���IRU���WKH���GHYHORSPHQW���RI���FHOO�W\SH�VSHFLILF���YLUDO��

GULYHUV�����ELR5[LY����������������������GRL��������������������

���� 0LFK����-����.�����HW���DO�����(SLJHQHWLF���ODQGVFDSH���DQG���$$9���WDUJHWLQJ���RI���KXPDQ���QHRFRUWLFDO���FHOO���FODVVHV���

ELR5[LY����������������������GRL��������������������

���� 'LPLGVFKVWHLQ����-�����HW���DO�����$���YLUDO���VWUDWHJ\���IRU���WDUJHWLQJ���DQG���PDQLSXODWLQJ���LQWHUQHXURQV���DFURVV��

YHUWHEUDWH���VSHFLHV�����1DW����1HXURVFL�����������������±����������������

���� 'HNNHU����-����	���0LUQ\����/����7KH����'���*HQRPH���DV���0RGHUDWRU���RI���&KURPRVRPDO���&RPPXQLFDWLRQ�����&HOO��

������������±����������������

���� )HUODQG����5����-�����&KHUU\����7����-�����3UHZDUH����3����2�����0RUULVH\����(����(����	���:DOVK����&����$����&KDUDFWHUL]DWLRQ��

RI���)R[S����DQG���)R[S����P51$���DQG���SURWHLQ���LQ���WKH���GHYHORSLQJ���DQG���PDWXUH���EUDLQ�����-����&RPS���

1HXURO�����������������±���������������

���� 6LGGLTXL����7����-�����HW���DO�����$Q���/5570��+63*���FRPSOH[���PHGLDWHV���H[FLWDWRU\���V\QDSVH���GHYHORSPHQW��

RQ���GHQWDWH���J\UXV���JUDQXOH���FHOOV�����1HXURQ���������������±���������������

���� <DPDZDNL����1�����%RUJHV����.�����6XWHU����%����$�����+DUULV����.����'����	���6KHSKHUG����*����0����*����$���JHQXLQH���OD\HU��

����LQ���PRWRU���FRUWH[���ZLWK���SURWRW\SLFDO���V\QDSWLF���FLUFXLW���FRQQHFWLYLW\�����(OLIH�����������H�����������������

���� 1LHWR����0�����HW���DO�����([SUHVVLRQ���RI���&X[�����DQG���&X[�����LQ���WKH���VXEYHQWULFXODU���]RQH���DQG���XSSHU���OD\HUV��

,,��,9���RI���WKH���FHUHEUDO���FRUWH[�����-����&RPS����1HXURO�����������������±���������������

���� )DQVHORZ����0����6����	���'RQJ����+��:����$UH���WKH���GRUVDO���DQG���YHQWUDO���KLSSRFDPSXV���IXQFWLRQDOO\���GLVWLQFW��

VWUXFWXUHV"����1HXURQ�������������±��������������

���� &HPEURZVNL����0����6�����:DQJ����/�����6XJLQR����.�����6KLHOGV����%����&����	���6SUXVWRQ����1����+LSSRVHT����D��

FRPSUHKHQVLYH���51$�VHT���GDWDEDVH���RI���JHQH���H[SUHVVLRQ���LQ���KLSSRFDPSDO���SULQFLSDO���QHXURQV���

(OLIH�����������H�����������������

���� =KDQJ����7��<�����HW���DO�����(QYLURQPHQWDO���HQULFKPHQW���LQFUHDVHV���WUDQVFULSWLRQDO���DQG���HSLJHQHWLF��

����
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GLIIHUHQWLDWLRQ���EHWZHHQ���PRXVH���GRUVDO���DQG���YHQWUDO���GHQWDWH���J\UXV�����1DW����&RPPXQ�����������������

���������

���� +RQ����*����&�����HW���DO�����(SLJHQHWLF���PHPRU\���DW���HPEU\RQLF���HQKDQFHUV���LGHQWLILHG���LQ���'1$���PHWK\ODWLRQ��

PDSV���IURP���DGXOW���PRXVH���WLVVXHV�����1DW����*HQHW�����������������±����������������

���� 6DQVRP����6����1����	���/LYHVH\����)����-����*UDGLHQWV���LQ���WKH���EUDLQ����WKH���FRQWURO���RI���WKH���GHYHORSPHQW���RI��

IRUP���DQG���IXQFWLRQ���LQ���WKH���FHUHEUDO���FRUWH[�����&ROG���6SULQJ���+DUE����3HUVSHFW����%LRO������������D��������

���������

���� 2¶/HDU\����'����'����0�����&KRX����6��-����	���6DKDUD����6����$UHD���SDWWHUQLQJ���RI���WKH���PDPPDOLDQ���FRUWH[���

1HXURQ���������������±���������������

���� *RUNLQ����'����8�����HW���DO�����6\VWHPDWLF���PDSSLQJ���RI���FKURPDWLQ���VWDWH���ODQGVFDSHV���GXULQJ���PRXVH��

GHYHORSPHQW�����ELR5[LY����������������������GRL��������������������

���� $OOHQ���,QVWLWXWH���IRU���%UDLQ���6FLHQFH����$OOHQ���0RXVH���%UDLQ���5HIHUHQFH���$WODV���&&)���Y������$OOHQ���0RXVH��

%UDLQ���5HIHUHQFH���$WODV���&&)���Y������KWWS���DWODV�EUDLQ�PDS�RUJ�������������

���� 6FKXOW]����0����'�����HW���DO�����+XPDQ���ERG\���HSLJHQRPH���PDSV���UHYHDO���QRQFDQRQLFDO���'1$���PHWK\ODWLRQ��

YDULDWLRQ�����1DWXUH����������������±���������������

���� $PHPL\D����+����0�����.XQGDMH����$����	���%R\OH����$����3����7KH���(1&2'(���%ODFNOLVW����,GHQWLILFDWLRQ���RI��

3UREOHPDWLF���5HJLRQV���RI���WKH���*HQRPH�����6FL����5HS����������������������������

���� :ROI����)����$�����$QJHUHU����3����	���7KHLV����)����-����6&$13<����ODUJH�VFDOH���VLQJOH�FHOO���JHQH���H[SUHVVLRQ���GDWD��

DQDO\VLV�����*HQRPH���%LRO���������������������������

���� 7UDDJ����9����$�����:DOWPDQ����/����	���YDQ���(FN����1����-����)URP���/RXYDLQ���WR���/HLGHQ����JXDUDQWHHLQJ��

ZHOO�FRQQHFWHG���FRPPXQLWLHV�����6FL����5HS����������������������������

���� *X\RQ����,�����:HVWRQ����-�����%DUQKLOO����6����	���9DSQLN����9����*HQH���6HOHFWLRQ���IRU���&DQFHU���&ODVVLILFDWLRQ��

XVLQJ���6XSSRUW���9HFWRU���0DFKLQHV�����0DFK����/HDUQ����������������±���������������

���� %URGHUVHQ����.����+�����2QJ����&����6�����6WHSKDQ����.����(����	���%XKPDQQ����-����0����7KH���%DODQFHG���$FFXUDF\��

����
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DQG���,WV���3RVWHULRU���'LVWULEXWLRQ����LQ�������������WK���,QWHUQDWLRQDO���&RQIHUHQFH���RQ���3DWWHUQ���5HFRJQLWLRQ��

����±����������������

���� /HPDvWUH����*�����1RJXHLUD����)����	���$ULGDV����&����.����,PEDODQFHG�OHDUQ����$���3\WKRQ���7RROER[���WR���7DFNOH��

WKH���&XUVH���RI���,PEDODQFHG���'DWDVHWV���LQ���0DFKLQH���/HDUQLQJ�����-����0DFK����/HDUQ����5HV��������������±���
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