
� 6XSSOHPHQWDU\ ,QIRUPDWLRQ

��� 6XSSOHPHQWDU\ 7H[W

����� 7KHPDMRU VSOLFHRVRPH FRPSOH[ LV VWURQJO\ FRQVHUYHG EHWZHHQ DUFKDLF KRPLQLQV
DQG PRGHUQ KXPDQV�

$OWHUQDWLYH VSOLFLQJ RFFXUV DFURVV QHDUO\ DOO HXNDU\RWHV DQG LWV PROHFXODU PHFKDQLVPV DUH
GHHSO\ FRQVHUYHG >��@� 7KXV� ZH DQWLFLSDWHG WKDW WKH VHTXHQFH SDWWHUQV OHDUQHG E\ 6SOLFH$, LQ
KXPDQV ZRXOG JHQHUDOL]H WR DUFKDLF KRPLQLQV� 7R WHVW IRU DQ\ VLJQLILFDQW GLIIHUHQFHV� ZH ILUVW
FRPSDUHG WKH VHTXHQFHV RI ��� JHQHV DVVRFLDWHG ZLWK WKH PDMRU VSOLFHRVRPH FRPSOH[ >��@
EHWZHHQ DUFKDLF KRPLQLQV DQG PRGHUQ KXPDQV� $QDO\]LQJ DOO DUFKDLF YDULDQWV DEVHQW LQ WKH
���� *HQRPHV 3URMHFW ��.*� >��@� ZH LGHQWLILHG �� QRQ�V\QRQ\PRXV DUFKDLF�VSHFLILF YDULDQWV�
RQO\ � SRVVLEO\ RU SUREDEO\ GDPDJLQJ E\ 3RO\3KHQ � DQG � RI ZKLFK ZHUH SUHGLFWHG WR EH GHOH�
WHULRXV E\ 6,)7� >��@� �6XSSOHPHQWDU\ 'DWD ��� $GGLWLRQDOO\� RQO\ WZR YDULDQWV ZHUH SUHGLFWHG
WR GLVUXSW SURWHLQ IXQFWLRQ E\ ERWK 3RO\3KHQ DQG 6,)7 �6XSSOHPHQWDU\ 'DWD ��� )XUWKHUPRUH�
ERWK GHOHWHULRXV YDULDQWV ZHUH XQLTXH WR WKH $OWDL 1HDQGHUWKDO�

:H DOVR FRQVLGHUHG WKH H[WHQW WR ZKLFK PRGHUQ KXPDQV KDUERU GHOHWHULRXV YDULDQWV LQ
VSOLFHRVRPH DVVRFLDWHG JHQHV� :H VXEVHW YDULDQWV WKDW IHOO ZLWKLQ VSOLFHRVRPH JHQHV LQ HDFK
RI WKH UDQGRPO\ VDPSOHG �.* LQGLYLGXDOV DQG UHSHDWHG WKH DERYH SURFHGXUH� :H DOVR UH�
SHDWHG WKLV IRU WKH DUFKDLFV DQG LQFOXGHG DOO VSOLFHRVRPH YDULDQWV� UHJDUGOHVV RI ZKHWKHU RU QRW
WKH\ ZHUH DUFKDLF�VSHFLILF� 0RGHUQ KXPDQV H[KLELWHG EHWZHHQ � DQG � GHOHWHULRXV YDULDQWV�
ZKHUHDV WKH &KDJ\UVND\D 1HDQGHUWKDO� 'HQLVRYDQ� DQG 9LQGLMD 1HDQGHUWKDO KDG � DQG WKH
$OWDL 1HDQGHUWKDO KDG WKH WZR DIRUHPHQWLRQHG YDULDQWV �6XSSOHPHQWDU\ 7DEOH ����

7KHUHIRUH� WKH PDMRU VSOLFHRVRPH FRPSOH[ LV QHDUO\ LGHQWLFDO EHWZHHQ DUFKDLF KRPLQLQV
DQG PRGHUQ KXPDQV� DQG WKHUH LV QR HYLGHQFH WKDW WKH VHTXHQFH GHWHUPLQDQWV RI VSOLFLQJ
KDYH GLYHUJHG�

����� 3K\VLFDO FKDUDFWHULVWLFV RI D JHQH DUH DVVRFLDWHG ZLWK WKH QXPEHU RI 6$9V�

$OWHUQDWLYH VSOLFLQJ UHTXLUHV JHQHV KDYH DW OHDVW RQH LQWURQ DQG WKH H[WHQW RI VSOLFH DOWHULQJ
YDULDQWV PD\ IXUWKHU EH UHODWHG WR JHQH OHQJWK� :H FRQVLGHUHG WKH UHODWLRQVKLS EHWZHHQ WKH WKH
QXPEHU RI VSOLFLQJ YDULDQWV �Q  �±��� LQ HDFK JHQH DQG WKUHH JHQH WUDLWV� �� QXPEHU RI H[RQV�
�� OHQJWK RI JHQH ERG\� DQG �� OHQJWK RI FRGLQJ VHTXHQFH� 7KHVH FKDUDFWHULVWLFV ZHUH SRVLWLYHO\
DVVRFLDWHG DW ERWK ∆ WKUHVKROGV �6XSSOHPHQWDU\ )LJ� �� �6XSSOHPHQWDU\ 7DEOH ��� :H DOVR
FRQVLGHUHG WKH UHODWLRQVKLS EHWZHHQ WKH QXPEHU RI NQRZQ LVRIRUPV SHU JHQH DQG WKH QXPEHU
RI 6$9V� :H IRXQG D VLJQLILFDQW� SRVLWLYH DVVRFLDWLRQ DW ERWK WKUHVKROGV �6XSSOHPHQWDU\ 7D�
EOH ��� +RZHYHU� WKLV UHODWLRQVKLS LV OLNHO\ GULYHQ E\ WKH QXPEHU RI H[RQV� :KHQ ZH FRQGXFWHG
D SDUWLDO FRUUHODWLRQ� FRQWUROOLQJ IRU WKH QXPEHU RI H[RQV� ERWK DVVRFLDWLRQV ZHUH QRQ�VLJQLILFDQW
ZLWK PLQLPDO HIIHFW VL]H �∆ ≥ ���� SDUWLDO 6SHDUPDQ� ρ  ������� 3  ������ ∆ ≥ ���� SDUWLDO
6SHDUPDQ� ρ  ������� 3  ��������

�



����� 6SULPH LGHQWLILHV PRUH LQWURJUHVVHG 6$9V SUHVHQW LQ DOO ILYH �.* VXSHUSRSXOD�
WLRQV�

&RPSDULQJ RXU UHVXOWV XVLQJ WZR GLIIHUHQW VHWV RI LQWURJUHVVHG YDULDQWV >��� ��@ UHYHDOHG YHU\
VLPLODU SDWWHUQV� )RU H[DPSOH� PRVW DQFLHQW 6$9V RFFXUUHG DW ≥ ���� IUHTXHQF\ LQ DOO ILYH �.*
VXSHUSRSXODWLRQV �6XSSOHPHQWDU\ )LJ� ���� 7KH QH[W PRVW IUHTXHQW ZHUH 6$9V WKDW ZHUH
SUHVHQW LQ DOO EXW HDVW $VLDQV� 6$9V VKDUHG DPRQJ QRQ�$IULFDQV DQG WKRVH SUHVHQW LQ DOO EXW
(XURSHDQV ZHUH DOVR FRPPRQ�

+RZHYHU� WKHUH ZHUH D IHZ GLIIHUHQFHV EHWZHHQ WKH GDWDVHWV LQ WKH GLVWULEXWLRQ RI LQWUR�
JUHVVHG 6$9V DFURVV SRSXODWLRQV� :H IRXQG WKDW DPRQJ WKRVH LQWURJUHVVHG 6$9V FODVVLILHG
SHU >��@� PDQ\ ZHUH VKDUHG DPRQJ QRQ�$IULFDQV �)LJ� �'�� +RZHYHU� LQWURJUHVVHG 6$9V FODV�
VLILHG SHU >��@ ZHUH PRVW FRPPRQO\ SUHVHQW LQ ERWK $IULFDQV DQG QRQ�$IULFDQV� IROORZHG E\
D VPDOOHU VHW RI QRQ�$IULFDQ 6$9V �6XSSOHPHQWDU\ )LJ� ���� 7KLV GLIIHUHQFH OLNHO\ UHIOHFWV
ORZ IUHTXHQF\ LQWURJUHVVHG YDULDQWV WKDW DUH DOORZHG WR RFFXU LQ WKH UHIHUHQFH SRSXODWLRQ LQ
6SULPH� :KLOH LQWURJUHVVLRQ EHWZHHQ PRGHUQ KXPDQV DQG DUFKDLFV RFFXUUHG RXWVLGH RI $IULFD�
PDQ\ $IULFDQV KDYH ORZ OHYHOV RI 1HDQGHUWKDO DQFHVWU\ GXH WR EDFNIORZ IURP (XUDVLDQV LQWR
$IULFDQV >��@� $PRQJ QRQ�$IULFDQ VXEVHWV� ERWK GDWDVHWV ZHUH ODUJHO\ VLPLODU LQ WKHLU GLVWULEX�
WLRQ �6XSSOHPHQWDU\ )LJV� ��� ����

����� $QFLHQW DQG LQWURJUHVVHG V47/6$9VKDYH VLPLODU WLVVXH DFWLYLW\ SDWWHUQV LQ*7([�

7R WHVW IRU GLIIHUHQFHV LQ WKH WLVVXHV RI DFWLYLW\ IRU 6$9V RI GLIIHUHQW RULJLQ� ZH FRPSDUHG WKH GLV�
WULEXWLRQ RI DQFLHQW DQG LQWURJUHVVHG 6$9V LGHQWLILHG LQ *7([ �6XSSOHPHQWDU\ 7DEOH ���� 7KH
QXPEHU RI V47/V LQ HDFK WLVVXH ZDV SRVLWLYHO\ FRUUHODWHG EHWZHHQ DQFLHQW DQG LQWURJUHVVHG
YDULDQWV� DQG WKLV KHOG IRU ERWK VHWV RI LQWURJUHVVHG YDULDQWV �%URZQLQJ HW DO� ����� 6SHDU�
PDQ� ρ  ����� 3  3.8 × 10−24� 9HUQRW HW DO� ����� 6SHDUPDQ� ρ  ����� 3  1.09 × 10−20�
�6XSSOHPHQWDU\ )LJ� ���� +RZHYHU� WKH DELOLW\ WR GHWHFW V47/ LV VWURQJO\ LQIOXHQFHG E\ VDPSOH
VL]H� DQG ZH IRXQG WKDW WKH QXPEHU RI LQGLYLGXDOV VDPSOHG IRU HDFK WLVVXH LV SRVLWLYHO\ FRUUH�
ODWHG ZLWK WKH QXPEHU RI V47/ 6$9V LQ D WLVVXH IRU ERWK DQFLHQW YDULDQWV �%URZQLQJ HW DO� �����
6SHDUPDQ� ρ  ����� 3  5.73×10−20� 9HUQRW HW DO� ����� 6SHDUPDQ� ρ  ����� 3  8.43×10−20�
DQG LQWURJUHVVHG YDULDQWV �%URZQLQJ HW DO� ����� 6SHDUPDQ� ρ  ����� 3  2.47× 10−17� 9HUQRW
HW DO� ����� 6SHDUPDQ� ρ  ����� 3  1.34 × 10−14� �6XSSOHPHQWDU\ )LJV� ��� ���� :H DOVR
QRWH WKDW WKH SURSRUWLRQ RI V47/ 6$9V FRPSDUHG WR DOO VLJQLILFDQW *7([ V47/V GHWHFWHG SHU WLV�
VXH ZDV ODUJHO\ VLPLODU IRU PRVW WLVVXHV �6XSSOHPHQWDU\ )LJ� ���� 7KHVH UHVXOWV VXJJHVW WKDW
WLVVXHV RI DFWLYLW\ EHWZHHQ 6$9V RI GLIIHUHQW DOOHOH RULJLQV DUH VLPLODU� KRZHYHU� WKHVH DQDO\VHV
DUH OLPLWHG E\ WKH FRYHUDJH DQG SRZHU RI *7([ V47/ GDWD�

:H DOVR FRQVLGHUHG WLVVXH�OHYHO JHQH H[SUHVVLRQ GLIIHUHQFHV E\ FRPSDULQJ WKH QXPEHU RI
JHQHV H[SUHVVHG �730 ! �� LQ HDFK WLVVXH ZLWK DW OHDVW RQH 6$9 RI D JLYHQ RULJLQ� :H IRXQG QR
VLJQLILFDQW GLIIHUHQFHV DPRQJ DOOHOH RULJLQV IRU HLWKHU DOOHOH RULJLQ FODVVLILFDWLRQ �6XSSOHPHQWDU\
)LJV� ��� ���� $V IRU WKH V47/� WKHVH SDWWHUQV ZHUH PDLQO\ GULYHQ E\ GLIIHUHQFHV LQ VDPSOH VL]H
DQG QXPEHU RI H[SUHVVHG JHQHV LQ HDFK *7([ WLVVXH�

�



��� 6XSSOHPHQWDU\ )LJXUHV

6XSSOHPHQWDU\ )LJ� � _ 7KH GLVWULEXWLRQ RI 6$9V LV FRQVLVWHQW ZLWK WKH DUFKDLF KRPLQLQ
SK\ORJHQ\� 8QLTXH DQG VKDUHG 6$9V DW ∆ ≥ ����

�



6XSSOHPHQWDU\ )LJ� � _ 6$9V PRVW FRPPRQO\ UHVXOW LQ D GRQRU JDLQ�
�$� 7KH GLVWULEXWLRQ RI YDULDQW HIIHFWV IRU DOO YDULDQWV DW WKH ∆ ≥ ��� WKUHVKROG� 7KH Q DERYH HDFK FROXPQ LQGLFDWHV
WKH QXPEHU RI YDULDQWV ZLWK WKDW HIIHFW DERYH WKH WKUHVKROG� 6RPH YDULDQWV UHVXOW LQ PXOWLSOH HIIHFWV� WKHUHIRUH� WKH
VXP RI WKHVH FODVVHV "= ������ 7KH FRORU LQ HDFK VWDFNHG EDU LQGLFDWHV ZKHWKHU WKH HIIHFW LV XQLTXH �GDUN JUH\� RU
RQH RI PDQ\ HIIHFWV �OLJKW JUH\�� �%� 7KH GLVWULEXWLRQ RI YDULDQW HIIHFWV IRU DOO YDULDQWV DW WKH∆ ≥ ��� WKUHVKROG� $V LQ
$� VRPH YDULDQWV UHVXOW LQ PXOWLSOH HIIHFWV� WKHUHIRUH� WKH VXP RI WKHVH FODVVHV "= ������ 7KH EDU VWDFNV DUH FRORUHG
DV LQ $�

�



6XSSOHPHQWDU\ )LJ� � _ 'HOWD VFRUHV EHWZHHQ FODVVHV DUH QHJDWLYHO\ DVVRFLDWHG�
�$� $VVRFLDWLRQ EHWZHHQ DFFHSWRU JDLQ∆V DQG DFFHSWRU ORVV∆V IRU DOO YDULDQWV ZLWK DW OHDVW RQH∆ ! �� �%� $VVRFL�
DWLRQ EHWZHHQ DFFHSWRU JDLQ∆V DQG GRQRU JDLQ∆V IRU DOO YDULDQWV ZLWK DW OHDVW RQH∆ ! �� �&� $VVRFLDWLRQ EHWZHHQ
DFFHSWRU JDLQ ∆V DQG GRQRU ORVV ∆V IRU DOO YDULDQWV ZLWK DW OHDVW RQH ∆ ! �� �'� $VVRFLDWLRQ EHWZHHQ DFFHSWRU ORVV
∆V DQG GRQRU JDLQ ∆V IRU DOO YDULDQWV ZLWK DW OHDVW RQH ∆ ! �� �(� $VVRFLDWLRQ EHWZHHQ DFFHSWRU ORVV ∆V DQG GRQRU
ORVV ∆V IRU DOO YDULDQWV ZLWK DW OHDVW RQH ∆ ! �� �)� $VVRFLDWLRQ EHWZHHQ GRQRU JDLQ ∆V DQG GRQRU ORVV ∆V IRU DOO
YDULDQWV ZLWK DW OHDVW RQH ∆ ! ��

�



6XSSOHPHQWDU\ )LJ� � _ 7KH QXPEHU RI JHQHV ZLWK 6$9V E\ DOOHOH RULJLQ�
�$� 7KH QXPEHU RI JHQHV HQFRPSDVVHG E\ HDFK 6$9 DOOHOH RULJLQ SHU >��@ DW ∆ ≥ ���� 6RPH JHQHV PD\ RFFXU LQ
PXOWLSOH FDWHJRULHV� �%� 7KH QXPEHU RI JHQHV HQFRPSDVVHG E\ HDFK 6$9 DOOHOH RULJLQ SHU >��@ DW ∆ ≥ ���� 6RPH
JHQHV PD\ RFFXU LQ PXOWLSOH FDWHJRULHV�

�



6XSSOHPHQWDU\ )LJ� � _ 7ZR GLIIHUHQW VHWV RI LQWURJUHVVHG YDULDQWV PRGHVWO\ RYHUODS�
�$� 7KH RYHUODS EHWZHHQ LQWURJUHVVHG YDULDQWV IURP >��@ DQG >��@ WKDW PDWFK D TXDOLW\ ILOWHUHG ORFXV LQ WKLV VWXG\ DQG
DUH SUHVHQW LQ �.* DQG�RU JQRP$'� �%� $ VXEVHW RI WKH RYHUODS IRU YDULDQWV ZLWK ∆ ≥ ����

�



6XSSOHPHQWDU\ )LJ� � _ 7KH QXPEHU RI H[RQV DQG JHQH OHQJWK DUH DVVRFLDWHG ZLWK PRUH
6$9V�
�$� %LQQHG QXPEHU RI H[RQV DQG WKH PHDQ QXPEHU RI 6$9V DW ∆ ≥ ��� SHU ELQ� Q UHIOHFWV WKH QXPEHU RI JHQHV SHU
ELQ� �%� %LQQHG H[RQ OHQJWK LQ ES DQG WKH PHDQ QXPEHU RI 6$9V DW∆ ≥ ��� SHU ELQ� Q UHIOHFWV WKH QXPEHU RI JHQHV
SHU ELQ� �&� %LQQHG JHQH OHQJWK LQ ES DQG WKH PHDQ QXPEHU RI 6$9V DW ∆ ≥ ��� SHU ELQ� Q UHIOHFWV WKH QXPEHU RI
JHQHV SHU ELQ�

�



6XSSOHPHQWDU\ )LJ� � _ *HQH PXWDWLRQDO WROHUDQFH GRHV QRW FRQVWUDLQ WKH HYROXWLRQDU\
KLVWRU\ RI 6$9V�
�$� 2EVHUYHG RYHU H[SHFWHG UDWLR IRU PLVVHQVH YDULDQWV SHU JHQH IURP JQRP$' DPRQJ IRXU GLIIHUHQW VHWV� 7KH
DQFLHQW� DUFKDLF�VSHFLILF� DQG LQWURJUHVVHG VHWV IURP >��@ LQFOXGH DQ\ JHQH WKDW KDG ≥ � 6$9 DW WKH ∆ ≥ ���
WKUHVKROG� 1RQ�6$ JHQHV DUH DOO JHQHV WKDW GR QRW RFFXU LQ DQ\ RI WKH RWKHU WKUHH VHWV� 7KH ER[SORWV GLVSOD\ WKH
PHGLDQ DQG ,45� ZLWK WKH XSSHU ZKLVNHUV H[WHQGLQJ WR ODUJHVW YDOXH ≤ ����[�,45 IURP WKH ��WK SHUFHQWLOH DQG WKH
ORZHU ZKLVNHUV H[WHQGLQJ WR WKH VPDOOHVW YDOXHV ≤ ����[�,45 IURP WKH ��WK SHUFHQWLOH� 7KH PHDQ LV QRWHG E\ WKH
EODFN SRLQW� 1V UHIOHFW WKH QXPEHU RI YDULDQWV SHU VHW� �%� 2EVHUYHG RYHU H[SHFWHG UDWLR IRU ORVV�RI�IXQFWLRQ YDULDQWV
SHU JHQH IURP JQRP$' DPRQJ IRXU GLIIHUHQW VHWV IURP >��@� 7KH DQFLHQW� DUFKDLF�VSHFLILF� DQG LQWURJUHVVHG VHWV
LQFOXGH DQ\ JHQH WKDW KDG ≥ � 6$9 DW WKH ∆ ≥ ��� WKUHVKROG� 1RQ�6$ JHQHV DUH DOO JHQHV WKDW GR QRW RFFXU LQ DQ\
RI WKH RWKHU WKUHH VHWV� 'DWD DUH YLVXDOL]HG DV LQ $� �&� 2EVHUYHG RYHU H[SHFWHG UDWLR IRU PLVVHQVH YDULDQWV SHU
JHQH IURP JQRP$' DPRQJ IRXU GLIIHUHQW VHWV IURP >��@� 'DWD DUH YLVXDOL]HG DV LQ $� �'� 2EVHUYHG RYHU H[SHFWHG
UDWLR IRU ORVV�RI�IXQFWLRQ YDULDQWV SHU JHQH IURP JQRP$' DPRQJ IRXU GLIIHUHQW VHWV IURP >��@� 'DWD DUH YLVXDOL]HG
DV LQ $�

�



6XSSOHPHQWDU\ )LJ� � _ 6LWH�OHYHO HYROXWLRQDU\ FRQVHUYDWLRQ YDULHV DFURVV 6$9V ZLWK GLI�
IHUHQW RULJLQV�
�$� SK\OR3 HYROXWLRQDU\ FRQVHUYDWLRQ VFRUH GLVWULEXWLRQV IRU DUFKDLF 6$9V RI GLIIHUHQW RULJLQV DQG QRQ�6$9V� 3RVLWLYH
VFRUHV LQGLFDWH VXEVWLWXWLRQ UDWHV VORZHU WKDQ H[SHFWHG XQGHU QHXWUDO HYROXWLRQ �FRQVHUYDWLRQ�� ZKLOH QHJDWLYH VFRUHV
LQGLFDWH KLJKHU VXEVWLWXWLRQ UDWHV WKDQ H[SHFWHG �IDVW HYROXWLRQ�� 7KH ER[SORWV GLVSOD\ WKH PHGLDQ DQG ,45� ZLWK WKH
XSSHU ZKLVNHUV H[WHQGLQJ WR ODUJHVW YDOXH ≤ ����[�,45 IURP WKH ��WK SHUFHQWLOH DQG WKH ORZHU ZKLVNHUV H[WHQGLQJ WR
WKH VPDOOHVW YDOXHV ≤ ����[�,45 IURP WKH ��WK SHUFHQWLOH� 1V DUH WKH QXPEHU RI YDULDQWV SHU VHW� 6$9 FODVVLILFDWLRQV
ZHUH EDVHG RQ >��@ LQWURJUHVVLRQ FDOOV� �%� SK\OR3 HYROXWLRQDU\ FRQVHUYDWLRQ VFRUH GLVWULEXWLRQV IRU DUFKDLF 6$9V
RI GLIIHUHQW RULJLQV DQG QRQ�6$9V EDVHG RQ >��@ LQWURJUHVVLRQ FDOOV� 'DWD ZHUH YLVXDOL]HG DV LQ $�

��



6XSSOHPHQWDU\ )LJ� � _ /LQHDJH�VSHFLILF KLJK�FRQILGHQFH 6$9V DUH HQULFKHG LQ WZR 1HDQ�
GHUWKDOV� 2GGV UDWLRV IURP )LVKHU¶V H[DFW WHVW SHUIRUPHG IRU HDFK OLQHDJH¶V XQLTXH KLJK FRQILGHQFH 6$9V�QRQ�
6$9V FRPSDUHG WR WKRVH VKDUHG DPRQJ DOO IRXU LQGLYLGXDOV� 2GGV UDWLRV ZHUH FDOFXODWHG IURP ������ $OWDL�VSHFLILF�
������ &KDJ\UVND\D�VSHFLILF� ������� 'HQLVRYDQ�VSHFLILF� ������ 9LQGLMD�VSHFLILF� DQG ������� VKDUHG YDULDQWV�
7KH QXPEHU RI OLQHDJH�VSHFLILF DQG VKDUHG 6$9V�QRQ�6$9V XVHG LQ HDFK HQULFKPHQW WHVW DUH OLVWHG LQ 6XSSOHPHQ�
WDU\ 7DEOH �� %DU KHLJKW LQGLFDWHV WKH RGGV UDWLR� (UURU EDUV GHQRWH WKH ��� &, DQG DUH FHQWHUHG RQ WKH RGGV UDWLR�
$VWHULVNV UHIOHFW VLJQLILFDQFH RI )LVKHU¶V H[DFW WHVWV XVLQJ D %RQIHUURQL FRUUHFWHG α ��������� (UURU EDUV GHQRWH WKH
��� &,� 1RWH WKH \�D[LV LV ORJ10 WUDQVIRUPHG�

��



6XSSOHPHQWDU\ )LJ� �� _ ,QWURJUHVVHG 6$9V DUH ODUJHO\ ROGHU YDULDQWV�
�$� 3URSRUWLRQ RI 6$9V DW ∆ ≥ ��� SHU 1HDQGHUWKDO OLQHDJH DPRQJ DUFKDLF�VSHFLILF 6$9V �H[SHFWHG� DQG LQWUR�
JUHVVHG 6$9V �REVHUYHG� IURP >��@� 3URSRUWLRQV ZHUH FDOFXODWHG IURP WKH VXP RI DOO 1HDQGHUWKDO OLQHDJHV EHFDXVH
SRZHU WR GHWHFW LQWURJUHVVHG 'HQLVRYDQ 6$9V LV ORZ� $OO GDWD DUH SUHVHQWHG LQ 6XSSOHPHQWDU\ 7DEOH ��� �%� 3UR�
SRUWLRQ RI 6$9V DW∆ ≥ ��� XVLQJ LQWURJUHVVHG 6$9V IURP >��@� �&� 3URSRUWLRQ RI 6$9V DW∆ ≥ ��� XVLQJ LQWURJUHVVHG
6$9V IURP >��@�

��



6XSSOHPHQWDU\ )LJ� �� _ 0RVW DQFLHQW 6$9V RFFXU LQ DOO �.* VXSHUSRSXODWLRQV� 8QLTXH
DQG VKDUHG DQFLHQW 6$9V SHU >��@ DW ∆ ≥ ���� $OOHOH IUHTXHQFLHV DUH IURP �.*� %\ GHILQLWLRQ� HDFK DQFLHQW 6$9
ZDV FRQVLGHUHG SUHVHQW LQ D SRSXODWLRQ LI WKH DOOHOH IUHTXHQF\ ZDV ≥ ���� IRU DW OHDVW WZR VXSHUSRSXODWLRQV� $)5  
$IULFDQ� $05  $PHULFDQ� ($6  (DVW $VLDQ� (85  (XURSHDQ� 6$6  6RXWK $VLDQ�

6XSSOHPHQWDU\ )LJ� �� _ 0RVW DQFLHQW 6$9V RFFXU LQ DOO �.* VXSHUSRSXODWLRQV� 8QLTXH
DQG VKDUHG DQFLHQW 6$9V SHU >��@ DW ∆ ≥ ���� $OOHOH IUHTXHQFLHV DUH IURP �.*� %\ GHILQLWLRQ� HDFK DQFLHQW 6$9
ZDV FRQVLGHUHG SUHVHQW LQ D SRSXODWLRQ LI WKH DOOHOH IUHTXHQF\ ZDV ≥ ���� IRU DW OHDVW WZR VXSHUSRSXODWLRQV� $)5  
$IULFDQ� $05  $PHULFDQ� ($6  (DVW $VLDQ� (85  (XURSHDQ� 6$6  6RXWK $VLDQ�

��



6XSSOHPHQWDU\ )LJ� �� _ $QFLHQW 6$9V RFFXU D PRGHUDWH WR KLJK IUHTXHQFLHV� ZKHUHDV
LQWURJUHVVHG 6$9V RFFXU DW ORZHU IUHTXHQFLHV� $OOHOH IUHTXHQF\ GLVWULEXWLRQV IRU 6$9V SUHVHQW LQ
ERWK DUFKDLF DQG PRGHUQ LQGLYLGXDOV VWUDWLILHG E\ �.* VXSHUSRSXODWLRQ DQG RULJLQ �DQFLHQW YV� LQWURJUHVVHG� SHU
>��@� $QFLHQW 6$9V �Q  ������ DUH FRORUHG JUHHQ DQG GLVSOD\HG RQ WKH OHIW� ZKLOH LQWURJUHVVHG 6$9V �Q  ����
DUH FRORUHG SXUSOH DQG GLVSOD\HG RQ WKH ULJKW SHU VXSHUSRSXODWLRQ� ,I WKH LQWURJUHVVHG DOOHOH ZDV WKH UHIHUHQFH
DOOHOH� ZH VXEWUDFWHG WKH �.* DOOHOH IUHTXHQF\ IURP �� $)5  $IULFDQ� $05  $PHULFDQ� ($6  (DVW $VLDQ� (85
 (XURSHDQ� 6$6  6RXWK $VLDQ� 7KH FRORUHG GRW UHSUHVHQWV WKH PHDQ DOOHOH IUHTXHQF\� 1RWH WKH \�D[LV LV VTXDUH
URRW WUDQVIRUPHG�

6XSSOHPHQWDU\ )LJ� �� _ 0DQ\ LQWURJUHVVHG 6$9V RFFXU LQ PXOWLSOH �.* VXSHUSRSXOD�
WLRQV� 8QLTXH DQG VKDUHG LQWURJUHVVHG 6$9V SHU >��@ DW ∆ ≥ ���� $OOHOH IUHTXHQFLHV DUH IURP �.*� ,I WKH
LQWURJUHVVHG DOOHOH ZDV WKH UHIHUHQFH DOOHOH� ZH VXEWUDFWHG WKH �.* DOOHOH IUHTXHQF\ IURP �� (DFK 6$9 ZDV FRQVLG�
HUHG SUHVHQW LQ D SRSXODWLRQ LI WKH DOOHOH IUHTXHQF\ ZDV > ���� �1  ����� 7KH UHPDLQLQJ �� YDULDQWV RFFXUUHG DW ≤
���� DOOHOH IUHTXHQF\� $)5  $IULFDQ� $05  $PHULFDQ� ($6  (DVW $VLDQ� (85  (XURSHDQ� 6$6  6RXWK $VLDQ�

��



6XSSOHPHQWDU\ )LJ� �� _ 0DQ\ LQWURJUHVVHG 6$9V RFFXU LQ PXOWLSOH �.* VXSHUSRSXOD�
WLRQV� 8QLTXH DQG VKDUHG LQWURJUHVVHG 6$9V SHU >��@ DW ∆ ≥ ���� $OOHOH IUHTXHQFLHV DUH IURP WKH >��@ PHWDGDWD�
(DFK 6$9 ZDV FRQVLGHUHG SUHVHQW LQ D SRSXODWLRQ LI WKH DOOHOH IUHTXHQF\ ZDV > ���� �1  ����� 7KH UHPDLQLQJ ��
YDULDQWV RFFXUUHG DW≤ ���� DOOHOH IUHTXHQF\� $)5  $IULFDQ� $05  $PHULFDQ� ($6  (DVW $VLDQ� (85  (XURSHDQ�
6$6  6RXWK $VLDQ�

��



6XSSOHPHQWDU\ )LJ� �� _ ∆ PD[ GRHV QRW GLIIHU EHWZHHQ �.* VXSHUSRSXODWLRQV�
�$� ∆ PD[ IRU 6$9V E\ �.* VXSHUSRSXODWLRQ DQG DOOHOH RULJLQ SHU >��@� $)5  $IULFDQ� $05  $PHULFDQ� ($6  
(DVW $VLDQ� (85  (XURSHDQ� 6$6  6RXWK $VLDQ� �%� ∆ PD[ IRU 6$9V E\ �.* VXSHUSRSXODWLRQ DQG DOOHOH RULJLQ
SHU >��@�

��



28.6%

8.7%

34.7%

6XSSOHPHQWDU\ )LJ� �� _ ,QWURJUHVVHG V47/ 6$9V DUH PRUH WLVVXH�VSHFLILF WKDQ DQFLHQW
YDULDQWV� 7KH GLVWULEXWLRQ RI *7([ WLVVXHV LQ ZKLFK DQ DQFLHQW RU LQWURJUHVVHG 6$9 SHU >��@ ZDV LGHQWLILHG DV DQ
V47/� :H GHILQHG ³WLVVXH�VSHFLILF´ YDULDQWV DV WKRVH RFFXUULQJ LQ � RU � WLVVXHV DQG ³FRUH´ V47/V DV WKRVH RFFXUULQJ
LQ ! �� RI WKH �� WLVVXHV� 7KH GDVKHG DQG GRWWHG OLQHV UHSUHVHQW WKHVH GHILQLWLRQV� UHVSHFWLYHO\� 7KH SURSRUWLRQ RI
6$9V EHORZ DQG DERYH WKHVH WKUHVKROGV IRU ERWK RULJLQV DUH DQQRWDWHG�

��



6XSSOHPHQWDU\ )LJ� �� _ V47/ 6$9V SUHGRPLQDQWO\ RFFXU LQ WHVWLV� PXVFOH VNHOHWDO� WK\�
URLG� WLELDO DUWHU\� ILEUREODVWV� VNLQ� DQG WLELDO QHUYH WLVVXHV� 7KH QXPEHU RI WLVVXH�VSHFLILF �Q
*7([ WLVVXHV  � RU �� V47/ 6$9V SHU *7([ WLVVXH�

��



6XSSOHPHQWDU\ )LJ� �� _ 0RVW JHQH H[SUHVVLRQ LV QRW WLVVXH�VSHFLILF� 7KH GLVWULEXWLRQ RI
UHODWLYH HQWURS\ LQ ���� ELQV FDOFXODWHG IURP *7([ 730 FRXQWV DFURVV �� WLVVXHV IRU ������ JHQHV�

��



6XSSOHPHQWDU\ )LJ� �� _ 0D[LPXP VSOLFLQJ SUREDELOLW\� EXW QRW WKH QXPEHU RI 6$9V� LV
UHODWHG WR WLVVXH�VSHFLILF JHQH H[SUHVVLRQ�
�$� 7KH GLVWULEXWLRQV RI PD[LPXP VSOLFH DOWHULQJ SUREDELOLW\ �¨� IRU 6$9V LQ ����� JHQHV ELQQHG E\ WLVVXH�VSHFLILFLW\
RI H[SUHVVLRQ� :H TXDQWLILHG WKH WLVVXH�VSHFLILFLW\ RI HDFK JHQH DV WKH UHODWLYH HQWURS\ RI H[SUHVVLRQ OHYHOV DFURVV
�� WLVVXHV IURP *7([ FRPSDUHG WR JHQHV RYHUDOO� /RZ WLVVXH VSHFLILFLW\ UHIOHFWV UHODWLYH HQWURS\ � ���� PHGLXP
WLVVXH VSHFLILFLW\ UHIOHFWV UHODWLYH HQWURS\ ! ��� DQG � ���� DQG KLJK WLVVXH VSHFLILFLW\ UHIOHFWV UHODWLYH HQWURS\ ! ����
�6XSSOHPHQWDU\ )LJ� ���� 7KH ER[SORWV GLVSOD\ WKH PHGLDQ DQG ,45� ZLWK WKH XSSHU ZKLVNHUV H[WHQGLQJ WR ODUJHVW
YDOXH ≤ ����[�,45 IURP WKH ��WK SHUFHQWLOH DQG WKH ORZHU ZKLVNHUV H[WHQGLQJ WR WKH VPDOOHVW YDOXHV ≤ ����[�,45
IURP WKH ��WK SHUFHQWLOH� �%� 7KH QXPEHU RI 6$9V E\ ELQQHG JHQH H[SUHVVLRQ FDOFXODWHG IURP *7([ 730 FRXQWV
DFURVV �� WLVVXHV� :H DQDO\]HG D WRWDO RI ����� JHQHV ZLWK 6$9V� 7LVVXH VSHFLILFLW\ FDWHJRULHV ZHUH FUHDWHG DQG
GDWD YLVXDOL]HG DV LQ $�

��



6XSSOHPHQWDU\ )LJ� �� _> ��� RI 6$9V DUH V47/V� 7KH SURSRUWLRQ RI V47/V DOVR LGHQWLILHG DV 6$9V
SHU ELQQHG DOOHOH IUHTXHQFLHV DPRQJ �.* (XURSHDQ LQGLYLGXDOV� :H XVHG WKH SUHFDOFXODWHG IUHTXHQFLHV SURYLGHG
LQ WKH �.* 9&)V IRU WKLV DQDO\VLV�

6XSSOHPHQWDU\ )LJ� �� _ 7KH QXPEHU RI DQFLHQW DQG LQWURJUHVVHG V47/ 6$9V DUH DVVR�
FLDWHG DPRQJ *7([ WLVVXHV�
�$� 7KH QXPEHU RI >��@ DQFLHQW YV� LQWURJUHVVHG V47/ 6$9V SHU WLVVXH LQ *7([� �%� 7KH QXPEHU RI >��@ DQFLHQW YV�
LQWURJUHVVHG V47/ 6$9V SHU WLVVXH LQ *7([�

��



6XSSOHPHQWDU\ )LJ� �� _ 7KH QXPEHU RI %URZQLQJ HW DO� ���� V47/ 6$9V LV DVVRFLDWHG
ZLWK *7([ VDPSOH VL]H�
�$� 7KH QXPEHU RI V47/ 6$9V SHU WLVVXH DPRQJ >��@ DQFLHQW 6$9V RUGHUHG E\ GHFUHDVLQJ *7([ VDPSOH VL]H�
�%� 7KH QXPEHU RI V47/ 6$9V SHU WLVVXH DPRQJ >��@ LQWURJUHVVHG 6$9V RUGHUHG E\ GHFUHDVLQJ *7([ VDPSOH
VL]H�

��



6XSSOHPHQWDU\ )LJ� �� _ 7KH QXPEHU RI 9HUQRW HW DO� ���� V47/ 6$9V LV DVVRFLDWHG ZLWK
*7([ VDPSOH VL]H�
�$� 7KH QXPEHU RI V47/ 6$9V SHU WLVVXH DPRQJ >��@ DQFLHQW 6$9V RUGHUHG E\ GHFUHDVLQJ *7([ VDPSOH VL]H�
�%� 7KH QXPEHU RI V47/ 6$9V SHU WLVVXH DPRQJ >��@ LQWURJUHVVHG 6$9V RUGHUHG E\ GHFUHDVLQJ *7([ VDPSOH
VL]H�

6XSSOHPHQWDU\ )LJ� �� _ 7KH SURSRUWLRQ RI V47/ 6$9V LV VLPLODU DFURVV WLVVXHV� 7KH
SURSRUWLRQ RI V47/V 6$9V IURP DOO V47/V SHU *7([ WLVVXH� RUGHUHG E\ GHFUHDVLQJ SURSRUWLRQ�

��



6XSSOHPHQWDU\ )LJ� �� _ 7KH QXPEHU RI JHQHV H[SUHVVHG SHU WLVVXH DUH VLPLODU DFURVV
GLIIHUHQW >��@ DOOHOH RULJLQV�
�$� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DQFLHQW DQG DUFKDLF�VSHFLILF 6$9V� (DFK
GRW UHSUHVHQWV D *7([ WLVVXH� �%� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DQFLHQW
DQG LQWURJUHVVHG 6$9V� �&� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DUFKDLF�VSHFLILF
DQG LQWURJUHVVHG 6$9V�

��



6XSSOHPHQWDU\ )LJ� �� _ 7KH QXPEHU RI JHQHV H[SUHVVHG SHU WLVVXH DUH VLPLODU DFURVV
GLIIHUHQW >��@ DOOHOH RULJLQV�
�$� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DQFLHQW DQG DUFKDLF�VSHFLILF 6$9V� (DFK
GRW UHSUHVHQWV D *7([ WLVVXH� �%� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DQFLHQW
DQG LQWURJUHVVHG 6$9V� �&� 7KH QXPEHU RI JHQHV ZLWK 730 ! � FRQWDLQLQJ DW OHDVW RQH 6$9 IRU >��@ DUFKDLF�VSHFLILF
DQG LQWURJUHVVHG 6$9V�

��



��� 6XSSOHPHQWDU\ 7DEOHV

Q 1RQ�5HIHUHQFH $OOHOHV Q

� ���������
� �����
� �

6XSSOHPHQWDU\ 7DEOH � _ 'LVWULEXWLRQ RI QRQ�UHIHUHQFH DOOHOHV� 7KH QXPEHU RI YDULDQW SRVLWLRQV
ZLWK DW OHDVW RQH QRQ�UHIHUHQFH DOOHOH DPRQJ WKH DUFKDLFV SHU QXPEHU RI QRQ�UHIHUHQFH DOOHOHV�

Q $QQRWDWLRQV Q

� ���������
� ������
� �����
� ��
� ��
� ��
� ��
� ��
� ��
�� ��
�� ��
�� ��
�� ��
�� ��
�� ��
�� �
�� �
�� ��
�� �
�� �
�� ��

6XSSOHPHQWDU\ 7DEOH � _ 'LVWULEXWLRQ RI PXOWLSOH DQQRWDWLRQV� 7KH QXPEHU RI YDULDQWV ZLWK WKH
JLYHQ QXPEHU RI DQQRWDWLRQV IURP *(1&2'(� +XPDQ 5HOHDVH ��� IRU KJ���*5&+���

��



$OO 9DULDQWV
��� ��� ��� ���

$OWDL ����� ������� ������� �������
&KDJ\UVND\D ������ ������� ������ �������
'HQLVRYDQ ������ ������� ������� �������
9LQGLMD ������ ������� ������� �������

9DULDQWV ZLWK ∆ 0D[ ≥ ���
��� ��� ��� ���

$OWDL �� ����� ��� �����
&KDJ\UVND\D ��� ����� ��� �����
'HQLVRYDQ ��� ����� ��� �����
9LQGLMD ��� ����� ��� �����

9DULDWK ZLWK ∆ 0D[ ≥ ���
��� ��� ��� ���

$OWDL � ��� ��� ���
&KDJ\UVND\D �� ��� �� ���
'HQLVRYDQ �� ��� ��� ���
9LQGLMD �� ��� ��� ���

6XSSOHPHQWDU\ 7DEOH � _ $UFKDLF JHQRW\SH GLVWULEXWLRQ� 7KH QXPEHU RI JHQRW\SHV SHU LQGLYLGXDO
IRU DOO YDULDQWV DQG ERWK GHOWD WKUHVKROGV� ���  PLVVLQJ JHQRW\SHV� ���  KRPR]\JRXV IRU UHIHUHQFH DOOHOH� ���  
KHWHUR]\JRWH� ���  KRPR]\JRXV IRU DOWHUQDWH DOOHOH�

��



�.* 6XSHUSRSXODWLRQ �.* 3RSXODWLRQ 6DPSOH 1DPH Q 6$9V

$)5

(61 +*����� �����
*:' +*����� �����
/:. +*����� �����
06/ +*����� �����
<5, +*����� �����

$05

&/0 +*����� �����
0;/ +*����� �����
3(/ +*����� �����
385 +*����� �����

($6

&'; +*����� �����
&+% +*����� �����
&+6 +*����� �����
-37 +*����� �����
.+9 +*����� �����

(85

&(8 +*����� �����
),1 +*����� �����
*%5 1$����� �����
*,+ 1$����� �����
,%6 1$����� �����
76, 1$����� �����

6$6

%(% 1$����� �����
,78 1$����� �����
3-/ 1$����� �����
678 1$����� �����

6XSSOHPHQWDU\ 7DEOH � _ 7KH DYHUDJH QXPEHU RI 6$9V SHU UDQGRPO\ VDPSOHG LQGLYLGXDO
LQ �.*� :H UDQGRPO\ VDPSOHG RQH LQGLYLGXDO SHU �.* SRSXODWLRQ DQG UDQ 6SOLFH$, RQ WKHLU FRPELQHG YDULDQWV�
7KHUH ZHUH ��������� WRWDO 6SOLFH$, DQQRWDWHG YDULDQWV DPRQJ DXWRVRPDO 619V DQG ������ YDULDQWV ZLWK D ∆ PD[
≥ ���� 7KHVH 1 6$9V UHSRUWHG KHUH LQFOXGH DQ\ VLWH ZKHUH DQ LQGLYLGXDO KDG DW OHDVW RQH DOWHUQDWH DOOHOH SUHVHQW
�L�H�� KHWHUR]\JRWHV DQG KRPR]\JRWHV IRU WKH DOWHUQDWH DOOHOH�� 6XSHUSRSXODWLRQ DQG SRSXODWLRQ ODEHOV IROORZ �.*
FRQYHQWLRQ�

Q 6$9V Q *HQHV *HQHV

� �����
� ���
� ���
� ��
� ��
� ��
� � &'+��� &'+��� &60'�� '1$+��� +/$�'3$�� /$0$�
� � $'$5%�
� � 6'.�� ::2;
�� � +/$�'3%�
�� � &171$3�� 6632

6XSSOHPHQWDU\ 7DEOH � _ 'LVWULEXWLRQ RI 6$9V SHU JHQH� 7KH GLVWULEXWLRQ RI 6$9V SHU JHQH ZLWK WKH
VSHFLILF JHQHV OLVWHG IRU WKRVH ZLWK ≥ � 6$9V�

��



∆ *HQH &KDUDFWHULVWLF ρ 3 9DOXH

���

1 ([RQV ������ � 2.23× 10−308

&'6�([RQ /HQJWK ������ 1.07× 10−135

*HQH /HQJWK ������ � 2.23× 10−308

1 ,VRIRUPV ������ 1.87× 10−113

���

1 ([RQV ������ 2.20× 10−70

&'6�([RQ /HQJWK ������ 1.01× 10−16

*HQH /HQJWK ������ 8.99× 10−42

1 ,VRIRUPV ������ 1.24× 10−22

6XSSOHPHQWDU\ 7DEOH � _ 3K\VLFDO JHQH FKDUDFWHULVWLF DVVRFLDWLRQV ZLWK WKH QXPEHU RI
6$9V SHU JHQH� 6SHDUPDQ FRUUHODWLRQ EHWZHHQ IRXU YDULDEOHV� �� WKH QXPEHU RI H[RQV� �� OHQJWK RI FRGLQJ
VHTXHQFH LQ ES� �� JHQH ERG\ OHQJWK LQ ES� �� WKH QXPEHU RI LVRIRUPV DQG WKH 1 6$9V SHU JHQH IRU ERWK∆ WKUHVKROGV�

3URWHLQ (IIHFW $OO
9HUQRW HW DO� ���� %URZQLQJ HW DO� ����

$QFLHQW $UFKDLF�6SHFLILF ,QWURJUHVVHG /RZ�&RQILGHQFH $QFLHQW $QFLHQW $UFKDLF�6SHFLILF ,QWURJUHVVHG /RZ�&RQILGHQFH $QFLHQW

1R HIIHFW ����� ����� ��� �� ��� ����� ��� ��� ���
/RQJHU SURWHLQ Z� 37&V ����� ��� ��� �� ��� ��� ��� ��� ���
/RQJHU SURWHLQ Z�R 37&V ��� �� ��� �� �� �� ��� �� ��
/RQJHU 875 ��� ��� ��� �� �� ��� ��� �� ��
6LQJOH PLVVHQVH ��� ��� ��� �� �� ��� ��� �� ��
7UXQFDWHG SURWHLQ ��� �� ��� �� �� �� ��� �� ��
7UXQFDWHG 875 ��� �� �� � �� �� �� � ��
8QNQRZQ � � � � � � � � �

6XSSOHPHQWDU\ 7DEOH � _ 6$9 HIIHFWV RQ UHVXOWLQJ SURWHLQ� 7KH QXPEHU RI 6$9V SHU HIIHFW RQ WKH
UHVXOWLQJ WUDQVFULSW DQG SURWHLQ� 37&  SUHPDWXUH WHUPLQDWLRQ FRGRQ� 875  �¶ RU �¶ XQWUDQVODWHG UHJLRQ�

��
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&KURPRVRPH 3RVLWLRQ 5HIHUHQFH $OOHOH $OWHUQDWH $OOHOH 'HOWD 0D[ %URZQLQJ $OOHOH 2ULJLQ 9HUQRW $OOHOH 2ULJLQ $QQRWDWLRQ

FKU� ���������� * 7 ���� LQWURJUHVVHG LQWURJUHVVHG +63*�
FKU� ���������� & * ���� ORZ�FRQILGHQFH DQFLHQW LQWURJUHVVHG 863��
FKU� ����������� & 7 ���� LQWURJUHVVHG LQWURJUHVVHG )&5/$
FKU� ����������� * $ ���� LQWURJUHVVHG LQWURJUHVVHG 7$7'1�
FKU�� ���������� * $ ���� DQFLHQW LQWURJUHVVHG 0(�
FKU�� ����������� * 7 ���� LQWURJUHVVHG LQWURJUHVVHG 3;03�
FKU�� ����������� * 7 ���� LQWURJUHVVHG LQWURJUHVVHG 53������%���
FKU�� ���������� * $ ���� LQWURJUHVVHG LQWURJUHVVHG $/3.�
FKU�� ���������� & * ���� LQWURJUHVVHG LQWURJUHVVHG 75$33&�/
FKU�� ���������� * $ ���� LQWURJUHVVHG ORZ�FRQILGHQFH DQFLHQW 35;
FKU�� ���������� * & ���� LQWURJUHVVHG LQWURJUHVVHG +'$&��
FKU� ����������� * $ ���� LQWURJUHVVHG LQWURJUHVVHG $$'$7
FKU� ��������� & 7 ���� LQWURJUHVVHG LQWURJUHVVHG 3$3'�
FKU� ����������� * $ ���� LQWURJUHVVHG LQWURJUHVVHG 5$56
FKU� ���������� $ & ���� ORZ�FRQILGHQFH DQFLHQW LQWURJUHVVHG 5*/�
FKU� ����������� & 7 ���� LQWURJUHVVHG LQWURJUHVVHG *6'0&

6XSSOHPHQWDU\ 7DEOH �� _ 6$9V WKDW H[KLELW DOOHOH�VSHFLILF H[SUHVVLRQ LQPRGHUQ KXPDQV�
�� 6$9V IURP RXU GDWDVHW WKDW PDWFKHG YDULDQWV IURP >��@�

'LVWULEXWLRQ Q V47/V

$OWDL �
&KDJ\UVND\D �
'HQLVRYDQ �
/DWH 1HDQGHUWKDO �
1HDQGHUWKDO �
2WKHU ��
6KDUHG ��

6XSSOHPHQWDU\ 7DEOH �� _ &RUH V47/ 6$9 GLVWULEXWLRQ DPRQJ WKH DUFKDLFV� 7KH GLVWULEXWLRQ
RI FRUH V47/ 6$9V �Q  ������ DPRQJ WKH DUFKDLFV� &RUH V47/V ZHUH GHILQHG DV WKRVH YDULDQWV GHWHFWHG LQ > ��
WLVVXHV� $OO WKH YDULDQWV UHSUHVHQWHG KHUH DUH HLWKHU ORZ RU KLJK�FRQILGHQFH DQFLHQW�

&KURPRVRPH 3RVLWLRQ 5HIHUHQFH $OOHOH $OWHUQDWH $OOHOH 'HOWD 0D[ $OWHUQDWH $OOHOH 'HOWD 0D[ 5HIHUHQFH DV $OWHUQDWH

FKU� ���������� & 7 ���� ����
FKU� ����������� $ 7 ���� ����
FKU� ����������� & $ ���� ����
FKU� ����������� & $ ���� ����
FKU�� ���������� 7 & ���� ����
FKU�� ���������� 7 & ���� ����
FKU�� ���������� & * ���� ����
FKU�� ���������� 7 * ���� ����
FKU�� ���������� * $ ���� ����
FKU�� ���������� 7 & ���� ����
FKU�� ���������� * $ ���� ����
FKU� ���������� 7 & ���� ����
FKU� ���������� * & ���� ����
FKU� ����������� $ * ���� ����
FKU� ����������� * $ ���� ����
FKU� ����������� * & ���� ����
FKU� ����������� $ * ���� ����
FKU� ����������� $ & ���� ����
FKU� ���������� 7 & ���� ����
FKU� ���������� & * ���� ����
FKU� ����������� & 7 ���� ����
FKU� ����������� 7 $ ���� ����
FKU� ����������� 7 & ���� ����
FKU� ����������� $ * ���� ����
FKU� ����������� & 7 ���� ����
FKU� ����������� & $ ���� ����

6XSSOHPHQWDU\ 7DEOH �� _ 0D[LPXP ∆ IRU 6$9V ZLWK DQ LQWURJUHVVHG UHIHUHQFH DOOHOH� ∆
PD[LPXP IRU �� 6$9V ZKRVH UHIHUHQFH DOOHOH UDWKHU WKDQ WKH DOWHUQDWH DOOHOH PDWFKHG DQ LQWURJUHVVHG WDJ 613
IURP >��@� :H VZLWFKHG WKH UHIHUHQFH DQG DOWHUQDWH DOOHOHV IRU WKHVH �DQG QRQ�6$9� ORFL DQG UHUDQ 6SOLFH$,� 'HOWD
0D[ $OWHUQDWH $OOHOH  WKH RULJLQDOO\ SUHGLFWHG∆ ZKHUH WKH UHIHUHQFH DOOHOH LV LQWURJUHVVHG� 'HOWD 0D[ 5HIHUHQFH DV
$OWHUQDWH  WKH ∆ ZKHQ WKH UHIHUHQFH DQG DOWHUQDWH DOOHOHV DUH VZLWFKHG� %ROGHG YDULDQWV DUH WKRVH ZKRVH YDOXHV
GLG QRW SDVV WKH 6$3 WKUHVKROG DIWHU VZLWFKLQJ DOOHOHV�
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�.* 6XSHUSRSXODWLRQ �.* 3RSXODWLRQ 6DPSOH Q 7UDQVFULSWV Q 9DULDQWV Q 9DULDQWV 3RO\3KHQ Q 9DULDQWV 6,)7 Q 9DULDQWV %RWK

$OWDL �� �� � � �
&KDJ\UVND\D �� �� � � �
'HQLVRYDQ �� �� � � �
9LQGLMD �� �� � � �

$)5

(61 +*����� �� �� � � �
*:' +*����� �� �� � � �
/:. +*����� �� �� � � �
06/ +*����� �� �� � � �
<5, +*����� �� �� � � �

$05

&/0 +*����� �� �� � � �
0;/ +*����� �� �� � � �
3(/ +*����� �� �� � � �
385 +*����� �� �� � � �

($6

&'; +*����� �� �� � � �
&+% +*����� �� �� � � �
&+6 +*����� �� �� � � �
-37 +*����� �� �� � � �
.+9 +*����� �� �� � � �

(85

&(8 +*����� �� �� � � �
),1 +*����� �� �� � � �
*%5 1$����� �� �� � � �
*,+ 1$����� �� �� � � �
,%6 1$����� �� �� � � �
76, 1$����� �� �� � � �

6$6

%(% 1$����� �� �� � � �
,78 1$����� �� �� � � �
3-/ 1$����� �� �� � � �
678 1$����� �� �� � � �

6XSSOHPHQWDU\ 7DEOH �� _ 0LVVHQVH YDULDQWV DPRQJ ��� VSOLFHRVRPH JHQHV� 7KH QXPEHU
RI YDULDQW SRVLWLRQV ZLWK DW OHDVW RQH QRQ�UHIHUHQFH DOOHOH DPRQJ DOO IRXU DUFKDLFV DQG �� UDQGRPO\ VDPSOHG �.*
VDPSOHV WKDW ZDV LGHQWLILHG DV D PLVVHQVH YDULDQW E\ (QVHPEO¶V 9DULDQW (IIHFW 3UHGLFWRU� 6XSHUSRSXODWLRQ DQG
SRSXODWLRQ ODEHOV IROORZ �.* FRQYHQWLRQ� Q WUDQVFULSWV  QXPEHU RI WUDQVFULSWV ZLWK D PLVVHQVH YDULDQW� Q 9DULDQWV
 QXPEHU RI PLVVHQVH YDULDQW� Q 9DULDQWV 3RO\3KHQ  QXPEHU RI GDPDJLQJ YDULDQWV DV PHDVXUHG E\ 3RO\3KHQ� Q
9DULDQWV 6,)7  QXPEHU RI GHOHWHULRXV YDULDQWV DV PHDVXUHG E\ 6,)7� Q 9DULDQWV %RWK  QXPEHU RI YDULDQWV WKDW
ZHUH FRQVLGHUHG ERWK GDPDJLQJ DQG GHOHWHULRXV E\ 3RO\3KHQ DQG 6,)7� UHVSHFWLYHO\�

��



7LVVXH Q 9HUQRW $QFLHQW Q 9HUQRW ,QWURJUHVVHG Q %URZQLQJ $QFLHQW Q %URZQLQJ ,QWURJUHVVHG *7([ 6DPSOH 6L]H

$GLSRVH 6XEFXWDQHRXV ��� �� ��� �� ���
$GLSRVH 9LVFHUDO 2PHQWXP ��� �� ��� �� ���
$GUHQDO *ODQG ��� � ��� �� ���
$UWHU\ $RUWD ��� �� ��� �� ���
$UWHU\ &RURQDU\ ��� � ��� � ���
$UWHU\ 7LELDO ��� �� ��� �� ���
%UDLQ $P\JGDOD ��� � ��� � ���
%UDLQ $QWHULRU FLQJXODWH FRUWH[ %$�� ��� � ��� � ���
%UDLQ &DXGDWH EDVDO JDQJOLD ��� � ��� � ���
%UDLQ &HUHEHOODU +HPLVSKHUH ��� �� ��� �� ���
%UDLQ &HUHEHOOXP ��� �� ��� �� ���
%UDLQ &RUWH[ ��� �� ��� �� ���
%UDLQ )URQWDO &RUWH[ %$� ��� � ��� � ���
%UDLQ +LSSRFDPSXV ��� � ��� � ���
%UDLQ +\SRWKDODPXV ��� � ��� � ���
%UDLQ 1XFOHXV DFFXPEHQV EDVDO JDQJOLD ��� � ��� � ���
%UDLQ 3XWDPHQ EDVDO JDQJOLD ��� � ��� � ���
%UDLQ 6SLQDO FRUG FHUYLFDO F�� ��� � ��� � ���
%UDLQ 6XEVWDQWLD QLJUD ��� � ��� � ���
%UHDVW 0DPPDU\ 7LVVXH ��� �� ��� �� ���
&HOOV &XOWXUHG ILEUREODVWV ��� �� ��� �� ���
&HOOV (%9�WUDQVIRUPHG O\PSKRF\WHV ��� � ��� �� ���
&RORQ 6LJPRLG ��� � ��� �� ���
&RORQ 7UDQVYHUVH ��� �� ��� �� ���
(VRSKDJXV *DVWURHVRSKDJHDO -XQFWLRQ ��� �� ��� �� ���
(VRSKDJXV 0XFRVD ��� �� ��� �� ���
(VRSKDJXV 0XVFXODULV ��� �� ��� �� ���
+HDUW $WULDO $SSHQGDJH ��� � ��� �� ���
+HDUW /HIW 9HQWULFOH ��� � ��� � ���
.LGQH\ &RUWH[ �� � �� � ��
/LYHU ��� � ��� � ���
/XQJ ��� �� ��� �� ���
0LQRU 6DOLYDU\ *ODQG ��� � ��� � ���
0XVFOH 6NHOHWDO ��� �� ��� �� ���
1HUYH 7LELDO ��� �� ��� �� ���
2YDU\ ��� � ��� � ���
3DQFUHDV ��� � ��� �� ���
3LWXLWDU\ ��� �� ��� �� ���
3URVWDWH ��� � ��� � ���
6NLQ 1RW 6XQ ([SRVHG 6XSUDSXELF ��� �� ��� �� ���
6NLQ 6XQ ([SRVHG /RZHU OHJ ��� �� ��� �� ���
6PDOO ,QWHVWLQH 7HUPLQDO ,OHXP ��� � ��� � ���
6SOHHQ ��� �� ��� �� ���
6WRPDFK ��� � ��� � ���
7HVWLV ��� �� ��� �� ���
7K\URLG ��� �� ��� �� ���
8WHUXV ��� � ��� � ���
9DJLQD ��� � ��� � ���
:KROH %ORRG ��� � ��� �� ���

6XSSOHPHQWDU\ 7DEOH �� _ V47/ 6$9V E\ DOOHOH RULJLQ� 7KH QXPEHU RI V47/ 6$9V E\ DOOHOH RULJLQ
IRU �� WLVVXHV LQ *7([� Y��
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