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ILOHV��ZLWK��DOO��WKH��VRPDWLF��PXWDWLRQV��IRU��HDFK��YDULDQW��FDOOHU���$GGLWLRQDOO\���ZH��FRPSXWHG��WZR��H[WUD�� � � � � � � � � � � � � � �
PXWDWLRQ��FDOO��VHWV��SHU��7&*$��SURMHFW���)LUVW���ZH��FUHDWHG��D��&RQVHQVXV��ILOH��ZLWK��WKRVH��YDULDQWV��WKDW�� � � � � � � � � � � � � � � �
ZHUH��FDOOHG��E\��DW��OHDVW�����RXW��RI��WKH�����DIRUHPHQWLRQHG��YDULDQW��FDOOHUV���)LQDOO\���ZH��DOVR��FUHDWHG��D�� � � � � � � � � � � � � � � � � �
8QLRQ���ILOH���ZLWK���HYHU\���VRPDWLF���YDULDQW���FDOOHG���E\���DQ\���YDULDQW���FDOOHU���
�
5HJDUGLQJ��YDULDQW��FDOOLQJ��WRROV���ZH��PXVW��SRLQW��RXW��WKDW��RQO\��0X7HFW���DQG��9DUV&DQ���ZHUH��DEOH��WR�� � � � � � � � � � � � � � � �
FDOO� �VPDOO� �LQGHOV�� �0RUHRYHU�� �WKLV� �DOVR� �IRUFHG� �WKH� �&RQVHQVXV� �FDOO� �VHW� �WR� �LQFOXGH� �RQO\� �619V��� � � � � � � � � � � � � � �
2YHUDOO���LQGHOV��UHSUHVHQWHG��OHVV��WKDQ�������RI��YDULDQWV��FDOOHG��E\��HDFK��RI��WKHVH��WZR��YDULDQW��FDOOHUV��� � � � � � � � � � � � � � � �
)RU� �WKLV� �UHDVRQ�� �WKH� �YDULDQW� �FDOO� �VHWV� �DQDO\VHG� �LQ� �WKH� �VWXG\� �ZHUH� �FRPSRVHG� �PDLQO\� �RI� �VLQJOH�� � � � � � � � � � � � � � � �
QXFOHRWLGH���YDULDQWV����619V�����
�
'HWHFWLQJ���FDQFHU���GULYHU���JHQHV��
�
7R� �LGHQWLI\� �FDQFHU� �GULYHU� �JHQHV� �ZH� �XVHG� �WKH� �LQW2*HQ� �SLSHOLQH�� � � � � � � � � �
��KWWSV���ELWEXFNHW�RUJ�LQWRJHQ�LQWRJHQ�SOXV�VUF�PDVWHU���� �������������������6SHFLILFDOO\���ZH��DQDO\]HG�� � � � �
HYHU\� �VRPDWLF� �YDULDQW� �ILOH� ��0X6(���0X7HFW����6RPDWLF6QLSHU���9DU6FDQ����&RQVHQVXV��DQG��8QLRQ��� � � � � � � � � � �
RI� �HDFK� �RI� �WKH� �ILYH� �7&*$� �SURMHFWV� �VHSDUDWHO\�� �,QW2*HQ� �LQWHJUDWHV� �WKH� �UHVXOW� �RI� �VHYHQ� �GULYHU�� � � � � � � � � � � � � � �
GLVFRYHU\� �PHWKRGV�� �2QFRGULYH)0/������ �2QFRGULYH&/867/������ �G1G6FY�������&%D6(�������+RW0$36������� � � � � � �
VP5HJLRQV���� �DQG� �0XW3DQQLQJ������ �7KH� �GULYHU� �GLVFRYHU\� �PHWKRGV� �LQWHJUDWHG� �LQ� �LQW2*HQ� �H[SORUH�� � � � � � � � � � �
GLIIHUHQW� �VLJQDOV� �RI� �SRVLWLYH� �VHOHFWLRQ�� �VXFK� �DV� �FOXVWHULQJ� �RI� �PXWDWLRQV� �LQ� �SURWHLQ��VWUXFWXUHV��RU�� � � � � � � � � � � � � �
PXWDWLRQDO� �IXQFWLRQDO� �ELDV�� �WR� �SLQSRLQW� �ZKLFK� �GULYHU� �JHQHV� �GHYLDWH� �IURP� �WKH� �HVWLPDWHG��QHXWUDO�� � � � � � � � � � � � �
PXWDWLRQ� �UDWH� �XVLQJ� �WKH� �VHW� �RI� �LQSXW� �VRPDWLF� �PXWDWLRQV�� �7KH� �UHVXOWV� �RI� �WKHVH� �WRROV� �DUH� �WKHQ�� � � � � � � � � � � � � � � �
FRPELQHG� �E\� �DFFRXQWLQJ� �HDFK� �PHWKRG� �FUHGLELOLW\� ��WKH� �UHODWLYH� �FUHGLELOLW\� �IRU� �HDFK� �PHWKRG� �LV�� � � � � � � � � � � � �
EDVHG��RQ��WKH��DELOLW\��RI��WKH��PHWKRG��WR��JLYH��SUHFHGHQFH��WR��ZHOO�NQRZQ��JHQHV��DOUHDG\��FROOHFWHG��LQ�� � � � � � � � � � � � � � � �
WKH� �&DQFHU� �*HQH� �&HQVXV���� �FDWDORJXH��RI��GULYHU��JHQHV���WR��SURGXFH��D��FRQVHQVXV��UDQNLQJ��RI��JHQHV�� � � � � � � � � � � � � � �
XVLQJ��D��7,(5��EDVHG��FODVVLILFDWLRQ���)LQDOO\���LQW2*HQ��DOVR��SURYLGHV��D��ZHLJKWHG��FRPELQHG��S�YDOXH�� � � � � � � � � � � � �
IRU���HDFK���UDQNHG���JHQH����
�
)RU��WKH��SXUSRVH��RI��RXU��DQDO\VLV���ZH��RQO\��FRQVLGHUHG��WUXH��GULYHU��JHQHV��WKRVH��ZLWKLQ��7,(5�����DQG�� � � � � � � � � � � � � � � � �
7,(5��������T�YDOXH�������������:H����WKHUHIRUH����GLVFDUGHG���JHQHV���FODVVLILHG���LQ���7,(5�������DQG���7,(5�������
�
%HQFKPDUNLQJ���YDULDQW���FDOOLQJ���VWUDWHJLHV���ZLWK���GULYHU���JHQHV��
�
:H� �FRQVLGHUHG� �WKH� �FXUDWHG� �VHW� �RI� �NQRZQ� �GULYHU� �JHQHV� �IURP� �LQW2*HQ�� � � � � � � � � � �
��KWWSV���ZZZ�LQWRJHQ�RUJ�GRZQORDG����UHOHDVH��GDWH���������������DV��RXU��WUXWK��VHW��WR��EHQFKPDUN��KRZ�� � � � � � � � � � �
WKH��GLIIHUHQW��PXWDWLRQ��FDOO��VHWV��FDQ��EH��XVHG��WR��GHWHFW��FDQFHU��GULYHU��JHQHV���7KLV��VHW��HQFRPSDVVHV�� � � � � � � � � � � � � � � �
ERWK�� �QHZO\��GHWHFWHG��DQG��SUHYLRXVO\��DQQRWDWHG��FDQFHU��GULYHU��JHQHV��LQ��WKH��&DQFHU��*HQH��&HQVXV�� � � � � � � � � � � � � �
��KWWSV���FDQFHU�VDQJHU�DF�XN�FHQVXV��� �RI� �&DWDORJXH� �2I� �6RPDWLF� �0XWDWLRQV� �,Q� �&DQFHU�� � � � � � � �
�&260,&������7R��IXUWKHU��DVVHVV��DQG��FRPSDUH��RXU��UHVXOWV���ZH��DOVR��EHQFKPDUNHG��DJDLQVW��D��VHFRQG�� � � � � � � � � � � � �
WUXWK� �VHW� �FRPSULVHG� �E\� �WKH� �VHW� �RI� ����� �GULYHU� �JHQHV� �SXEOLVKHG� �E\� �WKH� �3DQ&DQFHU$WODV� ��0&���� � � � � � � � � � � � � � �
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SURMHFW����� �:H� �UHVWULFWHG� �RXU� �EHQFKPDUNLQJ� �DQDO\VLV� �WR� �NQRZQ��FDQFHU��GULYHU��JHQHV��LQ��WKH��FDQFHU�� � � � � � � � � � � � � �
W\SHV���ZH���DQDO\]HG���
�
:H� �XVHG� �PXOWLSOH� �PHWULFV� ���7DEOH� ����� �WR� �DVVHVV� �WKH� �SHUIRUPDQFH� �RI� �WKH��GLIIHUHQW��YDULDQW��FDOOLQJ�� � � � � � � � � � � � � � �
VWUDWHJLHV� �ZKHQ� �GHWHFWLQJ� �GULYHU� �JHQHV� �ZLWK� �LQW2*HQ��LQ��GRZQVWUHDP��DQDO\VHV���:H��GHILQHG��RXU�� � � � � � � � � � � � �
7UXH���3RVLWLYHV����73�����)DOVH���3RVLWLYHV����)3����DQG���)DOVH���1HJDWLYHV����)1����DV���IROORZV���
�

Ɣ 73���WKRVH��GULYHU��JHQHV��GHWHFWHG��E\��LQW2*HQ��ZLWK��D��JLYHQ��YDULDQW��FDOO��VHW��WKDW��DUH��ZLWKLQ�� � � � � � � � � � � � � � � �
WKH���WUXWK���VHW����

Ɣ )3���WKRVH��GULYHU��JHQHV��GHWHFWHG��E\��LQW2*HQ��ZLWK��D��JLYHQ��YDULDQW��FDOO��VHW��WKDW��DUH��RXWVLGH�� � � � � � � � � � � � � � � �
WKH���WUXWK���VHW���

Ɣ )1�� �WKRVH� �GULYHU� �JHQHV� �ZLWKLQ� �WKH� �WUXWK� �VHW� �QRW� �LGHQWLILHG� �E\� �LQW2*HQ� �ZLWK� �D� �JLYHQ�� � � � � � � � � � � � � � �
YDULDQW���FDOO���VHW���

�
7DEOH�������%HQFKPDUNLQJ���PHWULFV��

�
0HWULF�� 'HVFULSWLRQ��

�
UHFLVLRQ ¬3  73

73�)3 �
$OVR��NQRZQ��DV��3RVLWLYH��3UHGLFWLYH��9DOXH���,W��LV��WKH��UDWLR��RI�� � � � � � � � � � �
FRUUHFWO\� �GHWHFWHG� �GULYHU� �JHQHV� �DPRQJ� �DOO� �GULYHU� �JHQHV�� � � � � � � �
GHWHFWHG���E\���LQW2*HQ���ZLWK���D���JLYHQ���VRPDWLF���YDULDQW���FDOO���VHW���

�
HFDOO ¬5  73

73�)1 �
$OVR� �NQRZQ� �DV� �6HQVLWLYLW\�� �,W� �LV� �WKH� �UDWLR� �RI� �FRUUHFWO\�� � � � � � � � � �
GHWHFWHG��GULYHU��JHQHV��E\��LQW2*HQ��DPRQJ��DOO��GULYHU��JHQHV�� � � � � � � � �
ZLWKLQ���WKH���WUXWK���VHW���

�
'5 ¬)  )3

73�)3 �
,W� �LV��WKH��UDWLR��RI��LQFRUUHFWO\��GHWHFWHG��GULYHU��JHQHV��DPRQJ�� � � � � � � � � �
DOO� �GULYHU� �JHQHV� �GHWHFWHG� �E\� �LQW2*HQ� �ZLWK� �D� �JLYHQ�� � � � � � � � �
VRPDWLF���YDULDQW���FDOO���VHW���

� FRUH ¬) 6  3UHFLVLRQ�5HFDOO
� 3UHFLVLRQ 5HFDOO �
�

+DUPRQLF��DYHUDJH��RI��SUHFLVLRQ��DQG��UHFDOO���7KH��EHVW��YDOXH�� � � � � � � � �
LV�������DQG���WKH���ZRUVW���LV�������

)'5����)DOVH���'LVFRYHU\���5DWH���
�
0XWDWLRQDO���VLJQDWXUH���DQDO\VLV��
�
:H� �XVHG� �GHFRQVWUXFW6LJV���� ������� �5� �SDFNDJH� �WR� �TXDQWLI\� �WKH� �SUHVHQFH� �RI� �GLIIHUHQW� �PXWDWLRQDO�� � � � � � � � � � � � �
VLJQDWXUHV� �LQ� �WKH� �GLIIHUHQW� �PXWDWLRQ� �FDOO� �VHWV�� �,Q� �EULHI�� �GHFRQVWUXFW6LJV� �DFFRXQWV� �IRU� �WKH�� � � � � � � � � � � � �
WULQXFOHRWLGH� �FRQWH[W� �RI� �HDFK� �PXWDWLRQ� �WR� �FODVVLI\� �WKH� �VL[� �GLIIHUHQW� �EDVH� �VXEVWLWXWLRQV� ��&!$��� � � � � � � � � � � � �
&!*�� �&!7�� �7!$�� �7!&�� �7!*�� �LQWR� ���� �SRVVLEOH� �PXWDWLRQ� �W\SHV�����7KH��VLJQDWXUH��PDWUL[��ZLWK��WKH�� � � � � � � � � � � � � � �
QXPEHU��RI��WLPHV��D��PXWDWLRQ��ZDV��IRXQG��ZLWKLQ��HDFK��WULQXFOHRWLGH��FRQWH[W��ZDV��FRPSDUHG��DJDLQVW�� � � � � � � � � � � � � �
&260,&� �6LQJOH� �%DVH� �6XEVWLWXWLRQ� ��6%6�� �VLJQDWXUHV� ��DYDLODEOH� �DW� �KWWSV���FDQFHU��� � � � � � � � �
VDQJHU�DF�XN�FRVPLF�VLJQDWXUHV�6%6��������
�
)LQDOO\���GHFRQVWUXFW6LJV��XVHV��DQ��LWHUDWLYH��DSSURDFK��WR��DVVLJQ��GLIIHUHQW��ZHLJKWV��WR��HDFK��VLJQDWXUH�� � � � � � � � � � � � �
DQG� �HVWLPDWH� �WKHLU� �FRQWULEXWLRQ� �WR� �WKH� �PXWDWLRQDO� �SURILOH� �RI� �WKH� �WXPRU� �VDPSOH���:H��ILOWHUHG��RXW�� � � � � � � � � � � � � � �
WKRVH� �VDPSOHV� �ZLWK� �OHVV� �WKDQ� ���� �PXWDWLRQV�� �6LQFH� �ZH� �DQDO\]HG� �:;6� �VDPSOHV�� �WKH� �VLJQDWXUH�� � � � � � � � � � � � � �
PDWUL[��ZDV��QRUPDOL]HG��WR��UHIOHFW��WKH��DEVROXWH��IUHTXHQF\��RI��HDFK��WULQXFOHRWLGH��FRQWH[W��DV��LW��ZRXOG�� � � � � � � � � � � � � � �
KDYH� �WDNHQ� �SODFH� �LQ� �WKH� �ZKROH� �JHQRPH��7KLV� �ZD\� �ZH� �DGMXVWHG� �IRU� �GLIIHUHQFHV� �LQ� �WULQXFOHRWLGH�� � � � � � � � � � � � � �
DEXQGDQFHV� �EHWZHHQ� �H[RPH��DQG��ZKROH��JHQRPH��LQ��RUGHU��WR��FRPSDUH��RXU��VLJQDWXUHV��WR��WKH��RQHV�� � � � � � � � � � � � � � �
H[WUDFWHG���IURP���ZKROH���JHQRPHV����DYDLODEOH���LQ���V\QDSVH�RUJ�����,'��V\Q�������������
�
7R� �DVVHVV� �WKH��GLIIHUHQW��FRQWULEXWLRQ��RI��PXWDWLRQDO��VLJQDWXUHV��WR��D��VDPSOH��PXWDWLRQDO��SURILOH��ZH�� � � � � � � � � � � � � �
SHUIRUPHG� �.UXVNDO�:DOOLV� �WHVW� �FRPSDULVRQV� �DFURVV� �DOO� �YDULDQW� �FDOO� �VHWV� �IRU� �D� �JLYHQ� �FDQFHU��� � � � � � � � � � � � �
$GGLWLRQDOO\���ZH��DOVR��SHUIRUPHG��SDLUZLVH��FRPSDULVRQV���:LOFR[RQ��WHVW���EHWZHHQ��RQH��YDULDQW��FDOO�� � � � � � � � � � � �
VHW���YHUVXV���DOO���WKH���RWKHUV���IRU���HDFK���VLJQDWXUH���DQG���FDQFHU���
�
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�
�
&OLQLFDOO\���DFWLRQDEOH���YDULDQWV���DQDO\VLV��
�
:H� �XVHG� �WKH� �&DQFHU� �*HQRPH� �,QWHUSUHWHU���� ��&*,�� ���KWWSV���ZZZ�FDQFHUJHQRPHLQWHUSUHWHU�RUJ���� � � � � � � �
������������ �WR� �GHWHFW� �DOWHUDWLRQV� �WKDW��PLJKW��EH��WKHUDSHXWLFDOO\��DFWLRQDEOH���7R��GHWHFW��DOWHUDWLRQV�� � � � � � � � � � � �
DV��ELRPDUNHUV��RI��GUXJ��UHVSRQVH���&*,��XVHV��DQ��LQ�KRXVH��GDWDEDVH��RI��JHQRPLF��HYHQWV��WKDW��LQIOXHQFH�� � � � � � � � � � � � � � �
WXPRU� �GUXJ� �UHVSRQVH� ��VHQVLWLYLW\�� �WR[LFLW\� �DQG� �UHVLVWDQFH�� �FODVVLILHG� �ZLWK� �GLIIHUHQW� �OHYHOV� �RI�� � � � � � � � � � � �
FOLQLFDO� �HYLGHQFH� ��)'$� �JXLGHOLQHV�� �FDVH� �UHSRUW�� �HDUO\� �WULDOV�� �SUH�FOLQLFDO���6LQFH� �&*,� �RQO\�� � � � � � � � � � �
VXSSRUWV��KJ����PDSSHG��DOWHUDWLRQV���ZH��WUDQVIRUPHG��RXU��0$)��ILOHV��WR��D��%('�OLNH��IRUPDW���NHHSLQJ�� � � � � � � � � � � � � �
RQO\� �³FKU´���³VWDUW´���³HQG´���³UHI��DOOHOH´���³DOW��DOOHOH´��DQG��³VDPSOH��,'´��FROXPQV���DQG��SHUIRUPHG��D�� � � � � � � � � � � � � � �
OLIWRYHU���XVLQJ���&URVV0DS�������YHUVLRQ���������������������RI���YDULDQWV���ZHUH���VXFFHVVIXOO\���UHPDSSHG����
�
3XULW\���GDWDVHW��
�
:H� �XVHG� �SXULW\�SORLG\� �$%62/87(� �DQQRWDWLRQV���� �IRU� �DOO� �7&*$� �VDPSOHV� �DYDLODEOH� �DW�� � � � � � � � � � �
KWWSV���JGF�FDQFHU�JRY�DERXW�GDWD�SXEOLFDWLRQV�SDQFDQDWODV���
�
&OLQLFDO���GDWDVHW��
�
:H��UHWULHYHG��WXPRU��VWDJH��LQIRUPDWLRQ��IURP��WKH��7&*$�&OLQLFDO��'DWD��5HVRXUFH���� �ILOH��DYDLODEOH��DW�� � � � � � � � � � � � �
KWWSV���JGF�FDQFHU�JRY�DERXW�GDWD�SXEOLFDWLRQV�SDQFDQDWODV���

� 5HVXOWV��

��� (IIHFWV���RI���YDULDQW���FDOOLQJ���LQ���WKH���GHWHFWLRQ���RI���FDQFHU���GULYHU���JHQHV��
2QH��RI��WKH��PRVW��ZLGHVSUHDG��XVHV��RI��VRPDWLF��PXWDWLRQ��GDWD��IURP��FRKRUWV��RI��FDQFHU��SDWLHQWV��LV��WKH�� � � � � � � � � � � � � � � � �
LGHQWLILFDWLRQ��RI��FDQFHU��GULYHU��JHQHV���7KH��WRROV��WR��GHWHFW��FDQFHU��GULYHU��JHQHV��FDQ��EH��VHQVLWLYH��WR�� � � � � � � � � � � � � � � �
ZKLFK��VRPDWLF��PXWDWLRQV��DUH��LQFOXGHG��LQ��WKH��ILQDO��DQDO\VLV���DV��WKH\��FDQ��ELDV��VRPH��DVSHFWV��RI��WKH�� � � � � � � � � � � � � � � � �
UDQGRPL]DWLRQ���LQ���ZKLFK���PRVW���FDQFHU���GULYHU���GHWHFWLRQ���WRROV���UHO\���WR���PDNH���WKHLU���DQDO\VLV���±������
�
7R� �DVVHVV� �WR� �ZKDW� �H[WHQW� �GHFLVLRQV� �DERXW� �FDOOLQJ� �VRPDWLF� �YDULDQWV� �FDQ� �DIIHFW� �WKH� �GHWHFWLRQ� �RI�� � � � � � � � � � � � � � �
FDQFHU��GULYHU��JHQHV���ZH��XVHG��LQW2*HQ���� �WR��ILQG��FDQFHU��GULYHU��JHQHV��LQ��WKLUW\��GLIIHUHQW��PXWDWLRQ�� � � � � � � � � � � � � � �
FDOO� �VHWV� �IRU� �ILYH� �GLIIHUHQW� �FDQFHU��W\SHV��IURP��7&*$���7KH��VL[��PXWDWLRQ��FDOO��VHWV��RI��HDFK��FDQFHU�� � � � � � � � � � � � � � � � �
W\SH��DUH��GLVWULEXWHG��DV��IROORZV���RQH��PXWDWLRQ��VHW��ZLWK��DOO��WKH��FDOOV��IURP��RQH��RI��WKH��YDULDQW��FDOOLQJ�� � � � � � � � � � � � � � � � � �
WRROV� ��0X6H������ �0X7HFW������� �6RPDWLF6QLSHU���� �DQG��9DU6FDQ���������DQRWKHU��PXWDWLRQ��VHW���&RQVHQVXV��� � � � � � � � � �
ZLWK��WKH��FRQVHQVXV��RI��WKH��IRXU��YDULDQW��FDOOHUV���L�H����DOO��WKRVH��PXWDWLRQV��IRXQG��E\���DW��OHDVW���WKUHH��RI�� � � � � � � � � � � � � � � � � �
WKH� �IRXU� �FDOOHUV�� �DQG� �D� �ILQDO� �PXWDWLRQ� �VHW� �ZLWK� �DOO� �WKH� �PXWDWLRQV� �IRXQG��E\��DQ\��PXWDWLRQ��FDOOHU�� � � � � � � � � � � � � � � � �
�8QLRQ������)LJXUH���������
�
:H� �FKRVH� �ILYH� �FDQFHU� �W\SHV� ��DGUHQRFRUWLFDO� �FDUFLQRPD� ��$&&������� �EODGGHU� �XURWKHOLDO� �FDUFLQRPD�� � � � � � � � � � �
�%/&$������� �EUHDVW� �LQYDVLYH� �FDUFLQRPD� ��%5&$���������� �SURVWDWH� �DGHQRFDUFLQRPD� ��35$'����� �DQG�� � � � � � � � �
XWHULQH� �FRUSXV� �HQGRPHWULDO� �FDUFLQRPD� ��8&(&�������VR� �WKDW� �WKH\� �VSDQQHG� �D��YDULHW\��RI��PXWDWLRQDO�� � � � � � � � � � � �
SURFHVVHV�� �UDQJHV� �RI� �SXULW\�� �PXWDWLRQ� �UDWHV� �DQG� �FRKRUW� �VL]HV� �ZLWKLQ� �7&*$� ���)LJXUH� �6����� �)RU�� � � � � � � � � � � � � �
H[DPSOH���$&&��LV��RQH��RI��WKH��VPDOOHVW��FRKRUWV��ZLWKLQ��7&*$���Q�� ��������DV��ZHOO��DPRQJVW��WKRVH��ZLWK�� � � � � � � � � � � � � � � � � �
WKH��KLJKHVW��WXPRU��SXULW\���DYHUDJH��SXULW\�������������2Q��WKH��RWKHU��KDQG���%5&$��LV��WKH��ODUJHVW��FRKRUW�� � � � � � � � � � � � � � � �
LQ��7&*$���Q�� ���������$QRWKHU��IDFWRU��WKDW��FDQ��DOWHU��WKH��HIILFLHQF\��RI��WRROV��WR��GHWHFW��FDQFHU��GULYHU�� � � � � � � � � � � � � � � � � �
JHQHV� �LV� �WKH��PXWDWLRQ��UDWH��RI��WKH��FRKRUW���KHQFH��ZK\��ZH��LQFOXGHG��8&(&���ZKLFK��LV��DPRQJVW��WKH�� � � � � � � � � � � � � � � � �
FDQFHU� �W\SHV� �ZLWK� �KLJKHVW� �PXWDWLRQ� �UDWHV����� �)LQDOO\�� �%/&$� �DQG��35$'��DUH��DPRQJVW��WKH��FRKRUWV�� � � � � � � � � � � � � �
WKDW��DUH��FORVHVW��WR��WKH��7&*$��DYHUDJH��LQ��DOO��WKHVH��DVSHFWV���PDNLQJ��WKHP��JRRG��UHSUHVHQWDWLYHV��RI�� � � � � � � � � � � � � � � �
WKH���DYHUDJH���WXPRU���VDPSOH���
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�
,Q� �WHUPV� �RI� �DEVROXWH� �QXPEHU� �RI� �VRPDWLF� �PXWDWLRQV�� �WKH��PXWDWLRQ��FDOO��VHWV��IURP��6RPDWLF6QLSHU�� � � � � � � � � � � � � �
DQG��0X7HFW���ZHUH���UHVSHFWLYHO\���WKH��VPDOOHVW��DQG��ODUJHVW���QRW��DFFRXQWLQJ��IRU��WKH��8QLRQ���DFURVV�� � � � � � � � � � � � � �
DOO��FDQFHUV��ZLWK��WKH��H[FHSWLRQ��RI��WKH��$&&��FRKRUW����)LJXUH��6������2QH��SRVVLEOH��IDFWRU��DIIHFWLQJ��WKH�� � � � � � � � � � � � � � � �
QXPEHU��RI��VRPDWLF��PXWDWLRQV��LGHQWLILHG��E\��HDFK��FDOOHU��LV��WKH��VDPSOH��SXULW\���,Q��IDFW���ZH��IRXQG��D�� � � � � � � � � � � � � � � � �
SRVLWLYH� �FRUUHODWLRQ� �EHWZHHQ� �WKH� �SXULW\� �RI� �D� �VDPSOH� �DQG� �WKH� �SHUFHQW� �RI� �DOO� �SRVVLEOH� �VRPDWLF�� � � � � � � � � � � � � � �
YDULDQWV� ��L�H��8QLRQ� �FDOO� �VHW�� �FDOOHG� �E\� �HDFK� �YDULDQW� �FDOOHU�� �H[FHSW� �IRU� �0X7HFW��� �ZKHUH� �WKH�� � � � � � � � � � � � � �
FRUUHODWLRQ� �ZDV� �QHJDWLYH� �LQ� �DOO� �FDQFHUV� ���)LJXUH� �6����� �7KLV� �VKRZV� �WKDW� �PRVW� �RI� �WKH� �PXWDWLRQV�� � � � � � � � � � � � � � �
FDOOHG� �LQ� �ORZ� �SXULW\� �VDPSOHV� �ZHUH� �LGHQWLILHG� �E\� �0X7HFW��� �VXJJHVWLQJ� �WKDW� �WKLV� �WRRO� �KDV� �KLJK�� � � � � � � � � � � � � � �
VHQVLWLYLW\���WR���LGHQWLI\���VRPDWLF���YDULDQWV���LQ���ORZ���SXULW\���WXPRU���VDPSOHV�����������
�
:H� �QH[W��H[SORUHG��WKH��UHODWLRQVKLS��EHWZHHQ��VDPSOH��SXULW\��DQG��WXPRU��VWDJH���:H��IRXQG��WKDW��RQO\�� � � � � � � � � � � � � � �
%/&$� �VKRZHG� �D� �FRUUHODWLRQ� �EHWZHHQ� �SXULW\� �DQG� �WXPRU� �VWDJH�� �PRUH� �DGYDQFHG� �EODGGHU� �WXPRUV�� � � � � � � � � � � � �
WHQG��WR��EH��OHVV��SXUH����)LJXUH��6������7R��IXUWKHU��DVVHVV��WKH��UROH��RI��WXPRU��VWDJH��LQ��WKH��SHUIRUPDQFH��RI�� � � � � � � � � � � � � � � � � � �
VRPDWLF� �YDULDQW��FDOOHUV���ZH��DQDO\VHG��WKH��UDQJH��RI��YDULDQW��DOOHOH��IUHTXHQFLHV���9$)V���VSDQQHG��E\�� � � � � � � � � � � � � �
HDFK��FDOO��VHW����)LJXUH��6������:H��REVHUYHG��WKDW��6RPDWLF6QLSHU��FDOO��VHW��VSDQQHG��D��PHGLDQ��9$)��UDQJH�� � � � � � � � � � � � � � � �
RI�����������DIWHU��DGMXVWLQJ��IRU��SXULW\��DQG��SORLG\�������ZKHUHDV��0X7HFW���DQG��8QLRQ��FDOO��VHWV��VSDQQHG�� � � � � � � � � � � � � � �
ORZHU��9$)��UDQJHV���WKXV��FDOOLQJ��PRUH��VXEFORQDO��PXWDWLRQV���7KLV��PD\��VXJJHVW��6RPDWLF6QLSHU��DV��D�� � � � � � � � � � � � � �
UHOLDEOH� �FDOOHU� �IRU� �HDUO\� �VWDJH� �WXPRUV�� �ZKHUH� �ZH� �GR� �QRW� �H[SHFW� �WR� �ILQG� �PDQ\� �VXEFORQDO�� � � � � � � � � � � � � � �
SRSXODWLRQV����2Q���WKH���RWKHU���KDQG����0X7HFW����PD\���EH���PRUH���VXLWDEOH���IRU���ODWH���VWDJH���WXPRUV���
�
+DYLQJ��DVVHVVHG��WKH��LQIOXHQFH��RI��YDULRXV��WXPRU��SURSHUWLHV��LQ��WKH��QXPEHU��RI��PXWDWLRQV��FDOOHG��E\�� � � � � � � � � � � � � � �
HDFK��WRRO���ZH��QH[W��ZRQGHUHG��ZKDW��WKH��HIIHFW��ZRXOG��EH��ZKHQ��WU\LQJ��WR��GHWHFW��FDQFHU��GULYHU��JHQHV��� � � � � � � � � � � � � � � � �
7R��WKDW��HQG���ZH��XVHG��LQW2*HQ��WR��GHWHFW��FDQFHU��GULYHU��JHQHV��LQ��WKH������VRPDWLF��PXWDWLRQ��FDOO��VHWV�� � � � � � � � � � � � � � � � � �
��)LJXUH��������7DEOH���6�������
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2YHUDOO���ZH��IRXQG��WKDW��WKHUH��DUH��ZLGH��GLIIHUHQFHV��LQ��WKH��QXPEHU��RI��GHWHFWHG��FDQFHU��GULYHU��JHQHV�� � � � � � � � � � � � � � � �
LQ� �HDFK� �FRKRUW� �GHSHQGLQJ� �RQ� �ZKLFK� �VRPDWLF� �YDULDQW� �FDOOLQJ� �WRRO� �RU� �VWUDWHJ\� �ZH� �XVHG�� �)RU�� � � � � � � � � � � � � � �
H[DPSOH��LQ��WKH��FDVH��RI��SURVWDWH��FDQFHU���WKH��VHW��RI��PXWDWLRQV��IURP��0X7HFW���OHDGV��WR��WKH��GHWHFWLRQ�� � � � � � � � � � � � � � � � �
RI������FDQFHU��GULYHU��JHQHV���ZKHUHDV��WKH��VHW��IURP��9DU6FDQ���OHDGV��WR������GULYHU��JHQHV���6LPLODUO\���LQ�� � � � � � � � � � � � � � � � �
WKH��FDVH��RI��EODGGHU��FDQFHU���WKH��8QLRQ��OHDGV��WR��WKH��GHWHFWLRQ��RI������FDQFHU��GULYHU��JHQHV���ZKHUHDV�� � � � � � � � � � � � � � � � �
WKH� �VHW� �RI� �PXWDWLRQV� �IURP� �0X6(� �OHDGV� �WR� �����GULYHU��JHQHV���,QWHUHVWLQJO\���WKH��QXPEHU��RI��FDQFHU�� � � � � � � � � � � � � � � �
GULYHU� �JHQHV� �GHWHFWHG� �LQ� �HDFK� �PXWDWLRQ� �FDOO� �VHW� �KDV� �D� �SRVLWLYH� �FRUUHODWLRQ� �ZLWK� �WKH� �PHGLDQ�� � � � � � � � � � � � � � �
PXWDWLRQ��EXUGHQ���VSHDUPDQ��5�� ���������S�YDOXH�� �������������DV��DOUHDG\��GHVFULEHG��LQ��WKH��ILQDO��GULYHU�� � � � � � � � � � � � � � � �
DQDO\VLV���RI���7&*$�������
�
1H[W�� �ZH� �EHQFKPDUNHG� �RXU� �UHVXOWV� �DJDLQVW� �D� �JROG� �VWDQGDUG� �VHW� �RI� �NQRZQ� �FDQFHU� �GULYHU� �JHQHV�� � � � � � � � � � � � � � �
IURP� �LQW2*HQ�� �:H� �DOVR� �FRQVLGHUHG� �WKH� �VHW� �RI� �FDQFHU� �GULYHU� �JHQHV� �SXEOLVKHG� �E\� �WKH�� � � � � � � � � � � � � �
3DQ&DQFHU$WODV���0&����SURMHFW��� �DV��D��VHFRQG��WUXWK��VHW��WR��IXUWKHU��DVVHVV��RXU��UHVXOWV���,Q��ERWK��FDVHV��� � � � � � � � � � � � � � � �
ZH��UHVWULFWHG��RXU��JROG��VWDQGDUG��VHWV��WR��RQO\��WKRVH��JHQHV��DQQRWDWHG��DV��FDQFHU��GULYHU��JHQHV��LQ��WKH�� � � � � � � � � � � � � � � � �
ILYH��WXPRU��W\SHV��ZH��DQDO\VHG���7KXV���ZH��FRQVLGHUHG��ILYH��GLIIHUHQW��DQG��VSHFLILF��FDQFHU��W\SH��WUXWK�� � � � � � � � � � � � � � �
VHWV� �WR� �FODVVLI\� �WKH� �GHWHFWHG� �FDQFHU� �GULYHU� �JHQHV� �DV� �WUXH� �SRVLWLYHV�� �IDOVH� �SRVLWLYHV� �DQG� �IDOVH�� � � � � � � � � � � � � � �
QHJDWLYHV����
�
7KH� �DJJUHJDWHG� �EHQFKPDUNLQJ� �UHVXOWV� �RI� �WKH� �ILYH� �FDQFHU� �W\SHV� �DOWRJHWKHU� �VKRZHG�� �WR� �RXU�� � � � � � � � � � � � �
VXUSULVH�� �WKDW� �WKH� �8QLRQ� �YDULDQW� �FDOOLQJ� �VWUDWHJ\� �LV� �WKH� �EHVW� �RQH� �ZKHQ� �GHWHFWLQJ� �FDQFHU� �GULYHU�� � � � � � � � � � � � � � �
JHQHV� �ZLWK� �LQW2*HQ� ���)LJXUH� ������ �7KH� �8QLRQ� �FDOO� �VHW� �LV� �WKH� �WRS� �SHUIRUPHU��ZKHQ��EHQFKPDUNLQJ�� � � � � � � � � � � � � � �
DJDLQVW� �ERWK� �LQW2*HQ� �DQG� �0&�� �WUXWK� �VHWV�� �VFRULQJ� ������ �DQG� ������ �)��6FRUHV� �UHVSHFWLYHO\��� � � � � � � � � � � � �
0X7HFW�� �VFRUHV� �VHFRQG� �EHVW� �LQ� �ERWK� �FDVHV� �ZLWK� �YHU\� �VLPLODU� �UHVXOWV���������DQG�������)��6FRUHV���� � � � � � � � � � � � � � �
7KH� �UDQNLQJ� �RI� �WKH� �GLIIHUHQW� �YDULDQW� �FDOOLQJ� �VWUDWHJLHV� �SHUIRUPDQFH� �LV� �FRQVLVWHQW� �ZKHQ�� � � � � � � � � � � �
EHQFKPDUNLQJ���DJDLQVW���ERWK���WUXWK���VHWV��� �
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�
2QH� �RI� �WKH��PRVW��ZLGHVSUHDG��DSSURDFKHV��WR��LQWHJUDWH��WKH��PXWDWLRQ��FDOO��VHWV��IURP��GLIIHUHQW��WRROV�� � � � � � � � � � � � � � �
FRQVLVWV��LQ��JHQHUDWLQJ��D��VHW��ZLWK��WKH��FRQVHQVXV��PXWDWLRQV���+RZHYHU���RXU��UHVXOWV��VXJJHVW��WKDW��WKH�� � � � � � � � � � � � � � �
UHVXOWLQJ� �VRPDWLF� �PXWDWLRQ� �VHW� �LV� �DFWXDOO\� �DPRQJVW� �WKH� �ZRUVW� �SHUIRUPHUV�� �DORQJVLGH� �ZLWK� �WKDW�� � � � � � � � � � � � �
IURP��9DU6FDQ����WR��GHWHFW��FDQFHU��GULYHU��JHQHV���)RU��H[DPSOH���WKH��&RQVHQVXV��DQG��8QLRQ��)��VFRUHV��� � � � � � � � � � � � � �
����� �DQG� ������ �UHVSHFWLYHO\�� �VKRZ� �WKDW� �WKH� �ODWWHU� �KDV� �D� �EHWWHU� �SHUIRUPDQFH�� �,QWHUHVWLQJO\�� �WKH�� � � � � � � � � � � � � �
&RQVHQVXV��VFRUHV��WKH��ORZHVW��UHFDOO��DPRQJ��DOO��YDULDQW��FDOOLQJ��VWUDWHJLHV���)XUWKHUPRUH���9DU6FDQ��� � � � � � � � � � � �
VFRUHV� �WKH� �KLJKHVW� �IDOVH� �GLVFRYHU\� �UDWH��DPRQJ��DOO��YDULDQW��FDOOLQJ��VWUDWHJLHV���2Q��WKH��RWKHU��KDQG��� � � � � � � � � � � � � � �
6RPDWLF6QLSHU� �DQG� �0X6(� �VFRUHV� �UDQN� �LQ� �WKH� �PLGGOH� �RI� �WKH� �GLIIHUHQW� �DIRUHPHQWLRQHG�� � � � � � � � � � � �
SHUIRUPDQFHV����
�
7KH� �JOREDO� �SHUIRUPDQFH� �RI� �WKH� �GLIIHUHQW� �YDULDQW� �FDOOLQJ� �VWUDWHJLHV� �LV� �FRQVLVWHQW� �ZLWK� �WKHLU�� � � � � � � � � � � � �
EHQFKPDUNLQJ��UHVXOWV��DW��WKH��LQGLYLGXDO��FDQFHU��W\SH��OHYHO����)LJXUH��6������7KH��8QLRQ��DQG��0X7HFW��� � � � � � � � � � � � � �
FDOOLQJ��PHWKRGV��FRQWLQXH��WR��RXWSHUIRUP��WKH��RWKHUV���ZKHUHDV��WKH��&RQVHQVXV��DQG��9DU6FDQ���UHVXOWV�� � � � � � � � � � � � �
VWLOO� �DUH� �WKH� �ZRUVW� �RQHV�� �+RZHYHU�� �DQ� �H[FHSWLRQ� �WR� �WKLV� �WUHQG� �LV� �IRXQG� �LQ� �%5&$� �ZKHUH� �WKH�� � � � � � � � � � � � � � � � �
&RQVHQVXV���DQG���8QLRQ���SHUIRUPDQFHV���DUH���WKH���VDPH���

��� 6RPDWLF���PXWDWLRQV���LQ���FDQFHU���GULYHU���JHQHV��
(YHQ��LI��RQH��FDQ��LGHQWLI\��D��JHQH��DV��D��GULYHU��LQ��D��FRKRUW��XVLQJ��D��YDULDQW��FDOO��VHW���LW��LV��SRVVLEOH��WKDW�� � � � � � � � � � � � � � � � � � � � � �
VRPH��LQGLYLGXDO��PXWDWLRQV��LQ��WKH��JHQH��LQ��VRPH��VDPSOHV��DUH��PLVVLQJ���7KLV��FRXOG��KDYH��LPSRUWDQW�� � � � � � � � � � � � � � �
LPSOLFDWLRQV� �IRU� �SDWLHQWV�� �DV� �WKH� �SUHVHQFH� �RU� �DEVHQFH� �RI� �PXWDWLRQV� �LQ� �FDQFHU� �GULYHU� �JHQHV� �FDQ�� � � � � � � � � � � � � � �
GHWHUPLQH���ZKHWKHU���SDWLHQWV���ZLOO���UHFHLYH���FHUWDLQ���WUHDWPHQWV���RU���QRW���
�
7R� �HYDOXDWH� �WKH� �LPSDFW� �RI� �GHFLVLRQV� �DERXW� �VRPDWLF� �YDULDQW� �FDOOLQJ� �ZKHQ� �ILQGLQJ� �PXWDWLRQV� �LQ�� � � � � � � � � � � � � �
FDQFHU��GULYHU��JHQHV���ZH��FDOFXODWHG��WKH��UDWLR��RI��SDWLHQWV��ZLWK��GLIIHULQJ��PXWDWLRQ��VWDWXV��GHSHQGLQJ�� � � � � � � � � � � � � �
RQ��WKH��PXWDWLRQ��VHW��XVHG���7R��WKLV��HQG���ZH��DFFRXQWHG��IRU��WKH��WRWDO��QXPEHU��RI��VDPSOHV��LQ��WKH��8QLRQ�� � � � � � � � � � � � � � � � � � �
FDOO� �VHW� �ZLWK� �D� �PXWDWLRQ� �LQ� �D� �JLYHQ� �GULYHU� �JHQH� �WR� �FRPSXWH� �WKH� �SHUFHQWDJH� �RI� �WKRVH� �8QLRQ�� � � � � � � � � � � � � � � � �
VDPSOHV���WKDW���ZHUH���PLVVLQJ���LQ���HDFK���YDULDQW���FDOO���VHW�����)LJXUH���������
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�
2YHUDOO���DV��H[SHFWHG���WKHUH��LV��D��FRUUHODWLRQ��EHWZHHQ��WKH��WRWDO��QXPEHU��RI��PXWDWLRQV��FDOOHG��E\��HDFK�� � � � � � � � � � � � � � � �
PHWKRG� �DQG� �WKH� �QXPEHU� �RI��PXWDWLRQV��LGHQWLILHG��LQ��FDQFHU��GULYHU��JHQHV���0X7HFW���DQG��VSHFLDOO\�� � � � � � � � � � � � � �
9DUV&DQ�� �GHWHFWHG� �PRUH� �PXWDWLRQV� �LQ� �FDQFHU� �GULYHU� �JHQHV� �WKDQ� �6RPDWLF6QLSHU�� �0X6H��DQG��WKH�� � � � � � � � � � � � �
&RQVHQVXV���,QWHUHVWLQJO\���GULYHU��JHQHV��GHWHFWHG��LQ��PXOWLSOH��FDQFHU��W\SHV���VXFK��DV��73�����$5,'�$�� � � � � � � � � � � � �
RU��37(1���DOVR��VKRZHG��ODUJHU��GLIIHUHQFHV��DFURVV��FDOO��VHWV���,Q��SDUWLFXODU���73����LV��WKH��JHQH��ZLWK��WKH�� � � � � � � � � � � � � � � � �
ODUJHVW� �GLIIHUHQFH� �LQ� �WKH� �QXPEHU� �RI� �SDWLHQWV� �ZLWK� �GHWHFWHG� �VRPDWLF� �PXWDWLRQV�� �ZLWK� �������� � � � � � � � � � � � �
SDWLHQWV��WKDW��YDU\��WKHLU��73����PXWDWLRQDO��VWDWXV��DFURVV��FDQFHUV��GHSHQGLQJ��RQ��WKH��YDULDQW��FDOO��VHW�� � � � � � � � � � � � � � �
VHOHFWHG�� �2WKHU��FDQFHU��GULYHU��JHQHV��ZLWK��VLJQLILFDQW��QXPEHUV��RI��SDWLHQWV��ZLWK��GLIIHULQJ��VRPDWLF�� � � � � � � � � � � � �
PXWDWLRQ� �VWDWXV�� �EHWZHHQ� ����� �DQG� ������ �DUH� �$5,'�$�� �.'0�$�� �.07�&� �DQG� �.07�'� �LQ�� � � � � � � � � � � � �
%/&$� �RU� �&'+�� �DQG� �*$7$�� �LQ� �%5&$�� �,Q� �WHUPV� �RI� �FDQFHU� �W\SHV�� �8&(&� �VKRZV� �WKH� �ODUJHVW�� � � � � � � � � � � � � � � �
YDULDWLRQ� �DFURVV� �FDOO� �VHWV� �ZLWK� �PRUH� �WKDQ� ����� �RI� �SDWLHQWV� �ZLWK� �GLYHUJLQJ� �PXWDWLRQ� �VWDWXV� �LQ�� � � � � � � � � � � � � � �
$5,'�$�� �3,.�5���DQG��37(1��GHSHQGLQJ��RQ��ZKLFK��PXWDWLRQ��FDOO��VHW��LV��XVHG���,PSRUWDQWO\���QRQH�� � � � � � � � � � � � � �
RI��WKH��VRPDWLF��YDULDQW��FDOO��VHWV��KDG��DOO��WKH��PXWDWLRQV��LQ��DOO��FDQFHU��GULYHU��JHQHV���VXJJHVWLQJ��WKDW�� � � � � � � � � � � � � � � � �
ZH� �QHHG� �WR� �XVH� �PXOWLSOH� �YDULDQW� �FDOOHUV� �WR� �HQVXUH� �WKDW� �ZH� �DUH� �GHWHFWLQJ� �DOO� �FDQFHU� �GULYHU�� � � � � � � � � � � � � � � �
PXWDWLRQV���
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��� 0XWDWLRQDO���VLJQDWXUHV��
�
7KH� �DQDO\VLV� �RI� �PXWDWLRQDO�� � � �
VLJQDWXUHV� �LV� �LPSRUWDQW� �WR�� � � �
XQGHUVWDQG� �WKH� �ELRORJLFDO�� � �
PHFKDQLVPV� �XQGHUO\LQJ�� �
VRPDWLF� �PXWDWLRQV� �VXFK� �DV�� � � �
GHIHFWLYH� �'1$� �UHSDLU��� � �
PXWDJHQLF� �H[SRVXUHV�� �'1$�� � �
UHSOLFDWLRQ� �LQILGHOLW\� �RU�� � �
HQ]\PDWLF� �'1$�� �
PRGLILFDWLRQV�� �7KHVH�� �
PXWDWLRQDO� �SURFHVVHV� �KDYH�� � �
LPSOLFDWLRQV� �LQ� �WKH�� � �
XQGHUVWDQGLQJ� �RI� �FDQFHU�� � �
DHWLRORJ\� �DQG� �PD\� �LQIRUP�� � � �
SDWLHQW���WUHDWPHQW����
�
:H� �DQDO\]HG� �WKH� �PXWDWLRQDO�� � � �
VLJQDWXUHV� �LQ� �RXU� �FRKRUWV�� � � �
IRFXVLQJ� �RQ� �WKRVH� �VLJQDWXUHV�� � � �
WKDW� �KDYH� �EHHQ� �SURYHG� �WR�� � � � �
FRQWULEXWH� �PXWDWLRQV� �WR� �WKH�� � � �
FRUUHVSRQGLQJ� �FDQFHU� �W\SHV����� � �
�)LJXUH���6������
�
2YHUDOO�� �ZH� �GHWHFWHG� �DOO� �WKH�� � � � �
H[SHFWHG� �PXWDWLRQDO�� �
VLJQDWXUHV��LQ��DOO��FDQFHU��W\SHV�� � � � �
UHJDUGOHVV� �RI� �WKH� �YDULDQW�� � � �
FDOOLQJ� �WRRO� �RU��VWUDWHJ\��XVHG��� � � � �
$V� �H[SHFWHG�� �WKH� �PXWDWLRQDO�� � � �
VLJQDWXUHV� �FRQWULEXWLQJ� �WKH�� � �
PRVW� �PXWDWLRQV��WR��LQGLYLGXDO�� � � �
WXPRU� �JHQRPHV� �ZHUH� �6%6���� � � �
6%6��� �6%6��� �6%6��� �DQG�� � � �
6%6�������)LJXUH����������
�
:H� �REVHUYH� �6%6�� �DQG� �6%6��� �DV� �IODW� �VLJQDWXUHV� �FRQWULEXWLQJ� �WR� �PXOWLSOH� �W\SHV� �RI� �FDQFHU��� � � � � � � � � � � � � �
DOWKRXJK� �WKHLU� �SURSRVHG� �DHWLRORJ\� �UHPDLQV� �XQNQRZQ�� �)XUWKHUPRUH�� �6%6��� �6%6��� �DQG� �6%6��� � � � � � � � � � �
PXWDWLRQV��KDYH��EHHQ��SURYHG��WR��FRUUHODWH��ZLWK��DJH���6SHFLILFDOO\���6%6���PD\��UHIOHFW��WKH��QXPEHU��RI�� � � � � � � � � � � � � � �
FHOO� �GLYLVLRQV� �D� �FHOO� �KDV� �XQGHUJRQH�� �2Q� �WKH� �RWKHU� �KDQG�� �FDQFHUV� �ZLWK� �KLJK� �$32%(&� �DFWLYLW\��� � � � � � � � � � � � � � �
VSHFLDOO\� �%/&$� �DQG� �WR� �D� �OHVVHU� �H[WHQW� �%5&$�� �VKRZ� �DQ� �LQFUHDVH� �LQ� �WKH� �PXWDWLRQDO� �EXUGHQ� �RI�� � � � � � � � � � � � � � � �
6%6����DQG���6%6������ERWK���RI���WKHP���UHODWHG���WR���WKH���$32%(&���IDPLO\���RI���F\WLGLQH���GHDPLQDVHV���DFWLYLW\����
�
)RU��WKH��PDMRULW\��RI��VLJQDWXUHV��DQG��FDQFHU��W\SHV��QR��GLIIHUHQFHV��DUH��IRXQG��DPRQJ��YDULDQW��FDOO��VHWV��� � � � � � � � � � � � � � � �
:H��RQO\��IRXQG��VLJQLILFDQW��GLIIHUHQFHV��LQ��%5&$���,Q��WKLV��FDQFHU��W\SH���6%6����FRQWULEXWLRQ��VKRZV�� � � � � � � � � � � � � �
WKH��ODUJHVW��GLIIHUHQFH��EHWZHHQ��YDULDQW��FDOO��VHWV���.UXVNDO�:DOOLV��S��YDOXH�� �����H�������IROORZHG��E\�� � � � � � � � � � � � � �
6%6����S��������������6%6����S������������DQG��6%6����S��������������:H��IRXQG��QR��VWDWLVWLFDOO\��VLJQLILFDQW�� � � � � � � � � � � � � � � � � �
GLIIHUHQFHV��LQ��WKH��TXDQWLILFDWLRQ��RI��PXWDWLRQDO��VLJQDWXUHV��GHSHQGLQJ��RQ��WKH��YDULDQW��FDOO��VHW��XVHG�� � � � � � � � � � � � � �
LQ� �DQ\� �RWKHU� �FDQFHU� �FRKRUW�� �:H� �ZRXOG� �OLNH� �WR��HPSKDVL]H��WKDW��RQH��RI��WKH��PDLQ��VRXUFHV��RI��IDOVH�� � � � � � � � � � � � � � � � � �
SRVLWLYHV��FDOOLQJV��DUH��JHUPOLQH��PXWDWLRQV��LQ��&S*��VLWHV��WKDW��DUH��PLVFDOOHG��DV��VRPDWLF���+HQFH���WKH�� � � � � � � � � � � � � � �
ODFN��RI��VLJQLILFDQW��GLIIHUHQFHV��LQ��6%6����FKDUDFWHUL]HG��E\��&!7��PXWDWLRQV��DW��1&*��WULQXFOHRWLGHV��� � � � � � � � � � � � �
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1� �EHLQJ� �DQ\� �EDVH�� �UHVXOWV� �LV� �UHOHYDQW�� �2YHUDOO�� �LW� �VHHPV� �WKDW� �PXWDWLRQDO� �VLJQDWXUHV� �DUH� �SUHWW\�� � � � � � � � � � � � � � �
UREXVW���WR���YDULDQW���FDOOLQJ���GHFLVLRQV����ZLWK���WKH���H[FHSWLRQ���RI���%5&$���

��� 'LIIHUHQFHV���LQ���FOLQLFDOO\���DFWLRQDEOH���PXWDWLRQV���GHSHQGLQJ���RQ���WKH���YDULDQW���FDOOLQJ���VWUDWHJ\��
�
$QRWKHU� �LPSRUWDQW� �JRDO� �RI� �WKH� �DQDO\VLV� �RI� �VRPDWLF� �FDQFHU� �JHQRPHV� �LV� �WKH� �LGHQWLILFDWLRQ� �RI�� � � � � � � � � � � � � �
FOLQLFDOO\� �DFWLRQDEOH� �YDULDQWV�� �7KHVH� �DUH� �VRPDWLF� �YDULDQWV� �WKDW� �KHOS��RQFRORJLVWV��DQG��SK\VLFLDQV�� � � � � � � � � � � �
GHFLGH� �ZKHWKHU� �WKH\� �VKRXOG� �JLYH� �D� �WUHDWPHQW� �WR� �D� �FDQFHU� �SDWLHQW�� �DV� �WKH\� �DUH� �DVVRFLDWHG� �ZLWK�� � � � � � � � � � � � � � � �
VHQVLWLYLW\� �RU� �UHVLVWDQFH�� �7KHUHIRUH�� �SURSHUO\� �DVVHVVLQJ� �WKH� �SUHVHQFH� �RI� �VXFK� �YDULDQWV� �LQ� �WKH�� � � � � � � � � � � � �
JHQRPH� �RI� �FDQFHU� �FHOOV� �LV� �RI� �XOWLPDWH� �FOLQLFDO� �LPSRUWDQFH�� �7KXV���ZH��XVHG��WKH��&DQFHU��*HQRPH�� � � � � � � � � � � � � � �
,QWHUSUHWHU���� �WR��GHWHFW��DQG��FODVVLI\��YDULDQWV��DV��ELRPDUNHUV��RI��GUXJ��UHVSRQVH��DFFRUGLQJ��WR��GLIIHUHQW�� � � � � � � � � � � � � �
OHYHOV���RI���FOLQLFDO���HYLGHQFH���

�
:H� �IRXQG� �PDQ\� �GLIIHUHQFHV� �LQ�� � � � �
WKH� �QXPEHU� �RI� �FOLQLFDOO\�� � � �
DFWLRQDEOH��YDULDQWV��GHSHQGLQJ��RQ�� � � �
ZKLFK� �YDULDQW� �FDOOHU� �LV� �XVHG�� � � � �
��)LJXUH� ������� �$V� �H[SHFWHG� �IURP�� � � � �
WKHLU� �WRWDO� �QXPEHU� �RI� �PXWDWLRQV��� � � � �
WKH� �PXWDWLRQ��VHWV��IURP��0X7HFW���� � � � �
8QLRQ� �DQG� �9DU6FDQ�� �KDYH�� � � �
EHWZHHQ� ������� �PRUH� �SDWLHQWV�� � � �
ZLWK� �DW� �OHDVW� �RQH� �FOLQLFDOO\�� � � � �
DFWLRQDEOH� �PXWDWLRQ��FRPSDUHG��WR�� � � �
&RQVHQVXV�� �0X6(� �DQG�� � �
6RPDWLF6QLSHU� �FDOO� �VHWV�� �7KHVH�� � � �
UHVXOWV� �UHIOHFW� �WKH� �IDFW� �WKDW� �WKH�� � � � � �
ODUJHU� �WKH� �YDULDQW� �FDOO� �VHW� �LV�� �WKH�� � � � � � �
PRUH� �OLNHO\� �LW� �LV� �WR� �ILQG� �D�� � � � � � �
FOLQLFDOO\���DFWLRQDEOH���WDUJHW����
�
�
:H� �IRXQG� �ODUJHU� �GLIIHUHQFHV�� � � �
DPRQJ��YDULDQW��FDOO��VHWV��LQ��%/&$��� � � � � �
%5&$� �DQG� �8&(&���$GGLWLRQDOO\��� � � �
ZH� �IRXQG� �WKH� �PRVW� �LPSRUWDQW�� � � � �
GLIIHUHQFHV� �LQ� �%5&$� �ZLWK�� � � �
0X7HFW��� �8QLRQ� �DQG� �9DU6FDQ��� � � �
FDOO� �VHWV� �LGHQWLI\LQJ� ����� �DQG�� � � � �
���� �PRUH� �SDWLHQWV� �EHDULQJ� �DW�� � � � �
OHDVW� �RQH� �FOLQLFDOO\� �DFWLRQDEOH�� � � �
PXWDWLRQ� �ZLWKLQ� �WKH� �HDUO\� �WULDOV�� � � � �
DQG� �SUHFOLQLFDO� �HYLGHQFH� �OHYHOV�� � � �
UHVSHFWLYHO\���
�
7KH� �DFWLRQDEOH� �YDULDQWV� �WKDW� �FRQWULEXWH� �WR� �WKH� �PRVW� �QXPEHU� �RI� �VDPSOHV� �DUH� �73��� �PXWDWLRQV��� � � � � � � � � � � � � �
IRXQG� �LQ� ����� �DQG� ����� �RI� �%5&$� �DQG� �%/&$� �SDWLHQWV� �UHVSHFWLYHO\� ���)LJXUH� �6����� �3,.�&$�� � � � � � � � � � � � � �
PXWDWLRQV��DIIHFW��PRUH��WKDQ�������DQG�������RI��%5&$��DQG��8&(&��SDWLHQWV��UHVSHFWLYHO\���0RUHRYHU��� � � � � � � � � � � � � �
ZH� �IRXQG� �ODUJHU� �GLIIHUHQFHV� �LQ� �8&(&� �SDWLHQWV� �EHDULQJ� �37(1� �FOLQLFDOO\� �DFWLRQDEOH� �PXWDWLRQV��� � � � � � � � � � � �
ZLWK�������WR�������RI��SDWLHQWV��EHDULQJ��WKLV��DFWLRQDEOH��PXWDWLRQ��GHSHQGLQJ��RQ��WKH��YDULDQW��FDOOLQJ�� � � � � � � � � � � � � � �
VWUDWHJ\���7KLV�������GLIIHUHQFH��LV��LPSRUWDQW��VLQFH��WKHVH��PXWDWLRQV��PD\��SUHGLFW��VHQVLWLYLW\��WR��3,�.�� � � � � � � � � � � � � �
SDWKZD\���LQKLELWRUV����P725���DQG���3$53���LQKLELWRUV�����
�
�
�
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7KH� �DQDO\VLV� �RI� �VHTXHQFLQJ� �GDWD� �IURP��FDQFHU��JHQRPHV��LV��FULWLFDO���DPRQJ��RWKHUV���WR��XQGHUVWDQG�� � � � � � � � � � � � � �
FDQFHU� �DHWLRORJ\�� �LGHQWLI\� �WKH� �HYHQWV��GULYLQJ��WKH��WUDQVIRUPDWLRQ��RI��KHDOWK\��FHOOV��LQWR��FDQFHURXV�� � � � � � � � � � � � �
RQHV� �RU� �JXLGH� �WKH� �WUHDWPHQW� �RI� �FDQFHU� �SDWLHQWV�� �(DFK� �RI� �WKHVH� �DQDO\VHV� �UHO\� �RQ� �WKH� �SURSHU�� � � � � � � � � � � � � � � �
LGHQWLILFDWLRQ� �RI� �WUXH� �VRPDWLF� �YDULDQWV� �LQ� �WKH� �FDQFHU� �JHQRPH�� �ZKLFK� �FDQ� �EH� �GRQH� �ZLWK� �PDQ\�� � � � � � � � � � � � � � �
GLIIHUHQW� �FRPSXWDWLRQDO� �WRROV�� �+RZHYHU�� �WR� �WKH� �EHVW� �RI� �RXU� �NQRZOHGJH�� �ZH� �FXUUHQWO\� �GR� �QRW�� � � � � � � � � � � � � �
XQGHUVWDQG� �WKH� �LPSDFW� �RI� �YDULDQW� �FDOOLQJ� �DSSURDFKHV� �WR� �WKH� �UHVXOWV� �RI� �VHFRQGDU\� �DQDO\VHV� �RI�� � � � � � � � � � � � � �
FDQFHU���VRPDWLF���PXWDWLRQV���
�
+HUH� �ZH� �KDYH� �TXDQWLILHG� �WKH� �LPSDFW� �RI� �FKDQJLQJ� �YDULDQW� �FDOOLQJ� �WRROV� �RU� �VWUDWHJLHV� �LQ� �WKUHH�� � � � � � � � � � � � � � �
GLIIHUHQW� �VHFRQGDU\� �DQDO\VHV� �DFURVV� �ILYH� �GLIIHUHQW� �FDQFHU� �W\SHV�� �:H� �KDYH� �VKRZQ� �WKDW� �YDULDQW�� � � � � � � � � � � � �
FDOOLQJ� �GHFLVLRQV� �OHDG� �WR� �GLIIHUHQW� �RXWFRPHV� �LQ� �WKH� �LGHQWLILFDWLRQ� �RI� �FDQFHU� �GULYHU� �JHQHV��� � � � � � � � � � � � �
PXWDWLRQDO���VLJQDWXUHV���DQG���FOLQLFDOO\���DFWLRQDEOH���YDULDQWV���
�
5HJDUGLQJ� �FDQFHU� �GULYHU� �JHQHV�� �ZKLOH� �WKH� �SHUIRUPDQFH� �RI� �HDFK� �YDULDQW��FDOOLQJ��WRRO��RU��VWUDWHJ\�� � � � � � � � � � � � � �
FDQ� �YDU\� �GHSHQGLQJ� �RQ� �WKH� �FDQFHU� �W\SH�� �WKH� �RYHUDOO� �UHVXOWV� �VXJJHVW� �WKDW� �RQH� �ZLOO� �JHW� �WKH� �EHVW�� � � � � � � � � � � � � � � � �
UHVXOWV��XVLQJ��WKH��PXWDWLRQV��IURP��HLWKHU��0X7HFW���DORQH��RU��WKH��8QLRQ��RI��DOO��YDULDQW��FDOOLQJ��WRROV��� � � � � � � � � � � � � � � �
7KHVH� �VWUDWHJLHV� �OHDG� �WR� �WKH� �GHWHFWLRQ� �RI� �PRUH� �GULYHU� �JHQHV� �WKDQ� �WKH� �UHVW� �RI� �YDULDQW� �FDOOLQJ�� � � � � � � � � � � � � � � �
VWUDWHJLHV�� �7KH� �UHVXOW� �RI� �WKH� �8QLRQ� �YDULDQW��FDOO��VHW��ZDV��D��VXUSULVH��IRU��XV���:H��LQLWLDOO\��H[SHFWHG�� � � � � � � � � � � � � � � � �
WKDW��WKH��OLNHO\��KLJK��QXPEHU��RI��IDOVH��SRVLWLYH��VRPDWLF��PXWDWLRQV��LQ��WKH��8QLRQ��FDOO��VHW��ZRXOG��ORZHU�� � � � � � � � � � � � � � � � �
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LPSRUWDQW� �WR� �XVH�� �DW� �OHDVW�� �PRUH� �WKDQ� �RQH� �YDULDQW� �FDOOLQJ� �WRRO� �WR� �DQDO\]H� �FDQFHU� �JHQRPHV��� � � � � � � � � � � � � � �
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�
5HJDUGLQJ� �PXWDWLRQDO� �VLJQDWXUHV�� �ZH� �KDYH� �VKRZQ� �WKDW� �WKHLU� �DQDO\VLV� �LV� �PRVWO\� �UREXVW� �WR� �WKH�� � � � � � � � � � � � � �
YDULDQW� �FDOO� �VHW� �VHOHFWHG�� �+RZHYHU�� �ZH� �REVHUYHG� �VLJQLILFDQW� �GLIIHUHQFHV� �LQ� �WKH� �VLJQDWXUHV�� � � � � � � � � � � �
FRQWULEXWLRQV� �WR� �LQGLYLGXDO� �WXPRU� �JHQRPHV� �IRU� �IRXU� �RI� �WKH� �PRVW� �FRPPRQ� �VLJQDWXUHV� �LQ� �EUHDVW�� � � � � � � � � � � � � �
FDQFHU����6%6�����6%6�����6%6�����6%6�����
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QHHG� �WR� �EH� �DZDUH� �WKDW� �WKHUH� �DUH� �FRQVLGHUDEOH� �GLIIHUHQFHV� �GHSHQGLQJ� �RQ� �WKH� �VRPDWLF� �PXWDWLRQ�� � � � � � � � � � � � � �
FDOOLQJ��XVHG���2Q��DYHUDJH��������RI��SDWLHQWV��ZLWK��DW��OHDVW��RQH��FOLQLFDOO\��DFWLRQDEOH��WDUJHW��FDQ��HLWKHU�� � � � � � � � � � � � � � � �
EH���GHWHFWHG���RU���QRW���GHSHQGLQJ���RQ���WKH���YDULDQW���FDOOLQJ���VWUDWHJ\����
�
:H� �DFNQRZOHGJH� �VHYHUDO� �OLPLWDWLRQV� �LQ� �RXU��VWXG\���)RU��H[DPSOH���ZH��DUH��QRW��FRQVLGHULQJ��UHVXOWV�� � � � � � � � � � � � � �
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OLNH��GULYHU��JHQHV���PXWDWLRQDO��VLJQDWXUHV��DQG��WKH��LGHQWLILFDWLRQ��RI��DFWLRQDEOH��YDULDQWV���0RUHRYHU��� � � � � � � � � � � �
ZH��DLP��WKLV��VWXG\��ZLOO��KHOS��JXLGH��YDULDQW��FDOOLQJ��GHVLJQ��ZKLOH��FRQVLGHULQJ��WKH��QHHGV��DQG��JRDOV��RI�� � � � � � � � � � � � � � � � �
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�
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*RQ]iOH]�3pUH]���IRU���KLV���YDOXDEOH���GLVFXVVLRQV���DQG���LQVLJKWV���

)XQGLQJ��
&�� �*�3� �LV� �VXSSRUWHG� �E\� �WKH� �%6&�/HQRYR� �0DVWHU� �&ROODERUDWLRQ� �$JUHHPHQW� �������� �DQG� �WKH�� � � � � � � � � � � � �
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