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6XSSOHPHQWDU\ ,QIRUPDWLRQ *XLGH

$QFLHQW JHQH OLQNDJHV VXSSRUW FWHQRSKRUHV DV VLVWHU WR RWKHU DQLPDOV
'DUULQ 7� 6FKXOW]������ 6WHYHQ +�'� +DGGRFN���� -HVVHQ 9� %UHGHVRQ�� 5LFKDUG (� *UHHQ�� 2OHJ 6LPDNRY��

'DQLHO 6� 5RNKVDU�����

$IILOLDWLRQV�
�'HSDUWPHQW RI 0ROHFXODU (YROXWLRQ DQG 'HYHORSPHQW� 8QLYHUVLW\ RI 9LHQQD� 9LHQQD� ����� $XVWULD
�0RQWHUH\ %D\ $TXDULXP 5HVHDUFK ,QVWLWXWH� 0RVV /DQGLQJ� &DOLIRUQLD ������ 8QLWHG 6WDWHV�
�'HSDUWPHQW RI %LRPROHFXODU (QJLQHHULQJ DQG %LRLQIRUPDWLFV� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQWD &UX]�

&DOLIRUQLD ������ 8QLWHG 6WDWHV�
�'HSDUWPHQW RI (FRORJ\ DQG (YROXWLRQDU\ %LRORJ\� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQWD &UX]� &DOLIRUQLD

������ 8QLWHG 6WDWHV�
�'HSDUWPHQW RI 0ROHFXODU DQG &HOO %LRORJ\� 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\� &$� ����� 86$
�0ROHFXODU *HQHWLFV 8QLW� 2NLQDZD ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\ *UDGXDWH 8QLYHUVLW\� �������

7DQFKD� 2QQD� 2NLQDZD� �������� -DSDQ
�&KDQ =XFNHUEHUJ %LRKXE� ��� ,OOLQRLV 6W� 6DQ )UDQFLVFR� &$� ����� 86$


&RUUHVSRQGHQFH WR�

25&,' �DOSKDEHWLFDO��
%UHGHVRQ� -HVVHQ 9� KWWSV���RUFLG�RUJ��������������������
*UHHQ� 5LFKDUG (� KWWSV���RUFLG�RUJ��������������������
+DGGRFN� 6WHYHQ +�'� KWWSV���RUFLG�RUJ��������������������
5RNKVDU� 'DQLHO 6� KWWSV���RUFLG�RUJ��������������������
6FKXOW]� 'DUULQ 7� KWWSV���RUFLG�RUJ��������������������
6LPDNRY� 2OHJ KWWSV���RUFLG�RUJ��������������������

7KLV 3') ILOH LQFOXGHV�
Ɣ 6XSSOHPHQWDU\ ,QIRUPDWLRQ� FRQWDLQLQJ�

ż 6XSSOHPHQWDU\ 0HWKRGV
ż 6XSSOHPHQWDU\ 7DEOHV
ż 6XSSOHPHQWDU\ )LJXUHV
ż 6XSSOHPHQWDU\ 5HVXOWV DQG 'LVFXVVLRQ
ż 6XSSOHPHQWDU\ 1RWHV

6XSSOLHG DV VHSDUDWH ILOHV�
Ɣ 6XSSOHPHQWDU\ 'DWD � � 6HTXHQFLQJ OLEUDU\ GHWDLOV
Ɣ 6XSSOHPHQWDU\ 'DWD � � 2UWKRORJ WDEOHV
Ɣ 6XSSOHPHQWDU\ 'DWD � � *2 DQDO\VLV
Ɣ 6XSSOHPHQWDU\ 'DWD � � 7H[W ILOHV RI $/* PL[LQJ UHVXOWV
Ɣ 6XSSOHPHQWDU\ 'DWD � � 7DEOHV RI $/* PL[LQJ UHVXOWV
Ɣ 6XSSOHPHQWDU\ 'DWD � � %D\HVLDQ DQDO\VLV ILOHV
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'HVFULSWLRQ RI 6XSSOHPHQWDU\ 'DWD ILOHV FRQWHQWV
7KHVH DUH VSUHDGVKHHWV DQG ILOHV WKDW DUH WRR ODUJH WR EH LQFOXGHG LQ WKH PDLQ WH[W DQG LQ WKH
6XSSOHPHQWDU\ ,QIRUPDWLRQ �WKLV 3')��

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ 6HTXHQFLQJ UHVXOWV� 1&%, 65$ DFFHVVLRQ QXPEHUV� 1&%, %LR6DPSOHV� 1&%, %LR3URMHFWV

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ 7DE � � &2:DB+&$B(08B5(6 IRUPDWWHG �JURXSE\ WDEOH
Ɣ 7DE � � &2:EB+&$B(08B5(6 IRUPDWWHG �JURXSE\ WDEOH
Ɣ 7DE � � &2:FB+&$B(08B5(6 IRUPDWWHG �JURXSE\ WDEOH
Ɣ 7DE � � &2:DEFB+&$B(08B5(6 FRPSRVLWH UHVXOWV WDEOH
Ɣ 7DE � � 652B+&$B(08B5(6 FRPSRVLWH UHVXOWV WDEOH
Ɣ 7DE � � &)5B+&$B(08B5(6 FRPSRVLWH UHVXOWV WDEOH
Ɣ 7DE � � �&)5�&2:�652��+&$�(08�5(6 +00 VHDUFK FRPSRVLWH WDEOH
Ɣ 7DE � � �&)5�&2:�652��+&$�(08�5(6 +00 VHDUFK UEK WDEOH
Ɣ 7DE � � (08�5(6 +00 JURXSE\ WDEOH
Ɣ 7DE �� � (08�5(6 +00 UEK WDEOH
Ɣ 7DE �� � 2UWKR)LQGHU JHQHV

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ 7DEOH RI RUWKRORJ LGHQWLILFDWLRQ ZLWK $/* SOXV +� VDSLHQV SURWHLQV
Ɣ 5HVXOWV RI *2 HQULFKPHQW DQDO\VLV

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ 7H[W RXWSXW RI &2:�+&$�(08�5(6 PL[LQJ UHVXOWV
Ɣ 7H[W RXWSXW RI +&$�(08�5(6 PL[LQJ UHVXOWV

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ 7DEOH RI +&$�(08�5(6 PL[LQJ UHVXOWV
Ɣ 7DEOH RI &2:�+&$�(08�5(6 PL[LQJ UHVXOWV

,QGH[ RI 6XSSOHPHQWDU\ 'DWD ��
Ɣ ):0BPDWUL[B���������QH[ � FRQWDLQV WKH ��VWDWH PDWUL[ RI JHQH JURXS IXVLRQV�ZLWK�PL[LQJ
Ɣ WKUHH6WDWH7UHHV� � FRQWDLQV WKH UHVXOWLQJ ILOHV IURP SHUIRUPLQJ WKH WZR�VWDWH %D\HVLDQ DQDO\VLV
Ɣ WZR6WDWH7UHHV� � FRQWDLQV WKH ILOHV IURP SHUIRUPLQJ WKH WKUHH�VWDWH %D\HVLDQ DQDO\VLV

'HVFULSWLRQ RI ILOHV FRQWDLQHG LQ WKH 'U\DG 5HSRVLWRU\
7KLV UHSRVLWRU\ FRQWDLQV JHQRPH DVVHPEOLHV� LQSXW ILOHV IRU WKH DQDO\VHV XVLQJ RGS� DQG WKH RGS SDFNDJH
VRXUFH FRGH� )LOHV XVHG LQ VSHFLILF DQDO\VHV GHVFULEHG LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ VHFWLRQV� LQFOXGLQJ
VPDOO VFULSWV�SURJUDPV� DUH LQFOXGHG LQ VHFWLRQ�VSHFLILF GLUHFWRULHV� 7KH GDWD DUH SXEOLFO\ DYDLODEOH KHUH�
KWWSV���GRL�RUJ���������GU\DG�GQFMV[P���
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/LVWV RI 6XSSOHPHQWDU\ )LJXUHV DQG 6XSSOHPHQWDU\ 7DEOHV

/LVW RI 6XSSOHPHQWDU\ )LJXUHV

6) ��� _ +H[DFWLQHOOLG VSRQJH JHQRPH KRPRORJ\
6) ��� _ 7KH DVVXPSWLRQV RI WKH SK\ORJHQHWLF PHWKRGRORJ\ XVHG LQ WKLV PDQXVFULSW
6) ��� _ ([DPSOH 2[IRUG GRW SORW EHWZHHQ WZR VSHFLHV� ZLWK VLJQLILFDQFH WHVW
6) ��� _ $/*V LQYROYHG LQ D IXVLRQ�ZLWK�PL[LQJ HYHQW
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI $/*V ZLWK XQLTXH FKURPRVRPH FRPELQDWLRQV
6) ��� _ $Q DPELJXRXV VFHQDULR RI DQ DQFHVWUDO IXVLRQ RU GHULYHG IXVLRQ
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V PL[HG RQO\ LQ RQH VSHFLHV
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V ZLWK RQH XQIXVHG VSHFLHV
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI DQ DSSDUHQW GHULYHG ILVVLRQ
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V IXVHG LQ WKH RXWJURXS
6) ��� _ 7KH WKUHH K\SRWKHVLV WHVWV RI RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ
6) ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV ELODWHULDQ V\QDSRPRUSKLHV
6) ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV FQLGDULDQ V\QDSRPRUSKLHV
6) ��� _ &DSVDVSRUD�$/* V\QWHQ\ LV OLPLWHG WR VLQJOH &DSVDVSRUD FKURPRVRPH DUPV
6) ��� _ 7KH LFKWK\RVSRUHDQ &UHROLPD[ GRHV QRW H[KLELW FRQVHUYHG PDFURV\QWHQ\ ZLWK PHWD]RDQV
6) ��� _ 2[IRUG GRW SORWV FRPSDULQJ XQLFHOOXODU VSHFLHV
6) ���� _ &2:�5(6 XQILOWHUHG )LVKHU¶V ([DFW 7HVW 5HVXOWV
6) ���� _ %D\HVLDQ DQDO\VLV RI FKURPRVRPH IXVLRQ VWDWHV UHFRYHUV FWHQRSKRUH�VLVWHU
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/LVW RI 6XSSOHPHQWDU\ 7DEOHV

67 ��� _ 6HTXHQFLQJ OLEUDULHV IRU XQLFHOOXODU DQLPDO RXWJURXS VSHFLHV
67 ��� _ &WHQRSKRUH 65$V XVHG IRU DQQRWDWLQJ WKH %ROLQRSVLV JHQRPH
67 ��� _ %ROLQRSVLV JHQRPH DQQRWDWLRQ VWDWLVWLFV
67 ��� _ *HQRPH DVVHPEO\ VWDWLVWLFV
67 ��� _ &ODGRUKL]LG VSRQJH DQG (SK\GDWLD PXHOOHUL FKURPRVRPH QXPEHULQJ
67 ��� _ (VWLPDWHG FHQWURPHUH SRVLWLRQV LQ XQLFHOOXODU VSHFLHV
67 ��� _ +\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV
67 ��� _ 0RUH K\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV
67 ��� _ $/* WDEOH RI D SXWDWLYH IXVLRQ�ZLWK�PL[LQJ HYHQW
67 ��� _ $ VLQJOH $/* ZLWK D XQLTXH FRPELQDWLRQ RI FKURPRVRPHV
67 ��� _ 2QH ILVVLRQ HYHQW LQ WKH RXWJURXS � 2QH IXVLRQ LQ WKH DQFHVWRU RI RWKHU VSHFLHV
67 ��� _ $/*V RI D SXWDWLYH GHULYHG IXVLRQ�ZLWK�PL[LQJ
67 ��� _ $ SXWDWLYH ILVVLRQ HYHQW LQ WKH DQFHVWRU RI RQH VSHFLHV
67 ��� _ 3XWDWLYH DQFHVWUDO ILVVLRQ HYHQW LQ WKH DQFHVWRU RI WZR VSHFLHV
67 ��� _ )XVLRQ LQ WKH EUDQFK OHDGLQJ WR WKH RXWJURXS� RU DQ DQFHVWUDO ILVVLRQ
67 ��� _ *HQRPHV XVHG LQ PDFURV\QWHQ\ DQDO\VHV
67 ��� _ +RUPLSKRUD FKURPRVRPHV DQG $/* DULWKPHWLF
67 ���� _ &)5�+&$ RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV
67 ���� _ &)5�+&$ RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV
67 ���� _ &2:�5(6 FRQVHUYDWLRQ VFRUHV VLJQLILFDQW JURXSLQJV
67 ���� _ &2:�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH࡬
67 ���� _ &2:�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH࡬
67 ���� _ 652�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH࡬
67 ���� _ 652�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH࡬
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7DEOH RI &RQWHQWV � 6XSSOHPHQWDU\ ,QIRUPDWLRQ

�� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � %ROLQRSVLV PLFURSWHUD
���0HWKRGV � %ROLQRSVLV PLFURSWHUD

����� 6DPSOH FROOHFWLRQ
����� '1$ DQG 51$ VHTXHQFLQJ
����� +L�& OLEUDU\ SUHSDUDWLRQ
����� *HQRPH DVVHPEO\
����� *HQRPH DQQRWDWLRQ

��� 5HVXOWV DQG 'LVFXVVLRQ � %ROLQRSVLV PLFURSWHUD
����� *HQRPH DVVHPEO\ VXPPDU\

��� 6XSSOHPHQWDU\ 7DEOHV � %ROLQRSVLV PLFURSWHUD
67 ��� _ 6HTXHQFLQJ OLEUDULHV IRU XQLFHOOXODU DQLPDO RXWJURXS VSHFLHV
67 ��� _ &WHQRSKRUH 65$V XVHG IRU DQQRWDWLQJ WKH %ROLQRSVLV JHQRPH
67 ��� _ &WHQRSKRUH JHQRPH DQQRWDWLRQ VWDWLVWLFV
67 ��� _ *HQRPH DVVHPEO\ VWDWLVWLFV

�� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � 6SRQJH JHQRPHV
���0HWKRGV � 6SRQJHV

����� 6DPSOH FROOHFWLRQ
����� '1$ DQG 51$ VHTXHQFLQJ
����� +L�& OLEUDU\ SUHSDUDWLRQ
����� *HQRPH DVVHPEO\
����� *HQRPH DQQRWDWLRQ
����� 6SHFLHV YHULILFDWLRQ

��� 5HVXOWV DQG 'LVFXVVLRQ � 6SRQJHV
����� 6SHFLHV LGHQWLILFDWLRQ
����� &ODGRUKL]LG VSRQJH JHQRPH � 6XPPDU\
����� +H[DFWLQHOOLG VSRQJH JHQRPH � 6XPPDU\

��� 6XSSOHPHQWDU\ )LJXUHV � 6SRQJH JHQRPHV
6) ��� _ +H[DFWLQHOOLG VSRQJH JHQRPH KRPRORJ\

��� 6XSSOHPHQWDU\ 7DEOHV � 6SRQJH JHQRPHV
67 ��� _ &ODGRUKL]LG VSRQJH DQG (SK\GDWLD PXHOOHUL FKURPRVRPH QXPEHULQJ

�� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV
���0HWKRGV � 8QLFHOOXODU 2XWJURXS 6SHFLHV

����� +L�& OLEUDU\ SUHSDUDWLRQ
����� *HQRPH VFDIIROGLQJ DQG DQQRWDWLRQ
����� 7KUHH DVVHPEO\ YHUVLRQV RI &DSVDVSRUD RZF]DU]DNL
����� 3XWDWLYH FHQWURPHUH ORFDWLRQV

��� 5HVXOWV DQG 'LVFXVVLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV
����� +L�& VHTXHQFLQJ VXPPDU\
����� 6XPPDU\ RI JHQRPH DVVHPEOLHV
����� 3XWDWLYH FHQWURPHUH ORFDWLRQV
67 ��� _ (VWLPDWHG FHQWURPHUH SRVLWLRQV LQ XQLFHOOXODU VSHFLHV
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�� &KURPRVRPDO WHFWRQLF HYHQWV DQG WKHLU SK\ORJHQHWLF LPSOLFDWLRQV
��� ,QWURGXFWLRQ
��� $VVXPSWLRQV

6) ��� _ 7KH DVVXPSWLRQV RI WKH SK\ORJHQHWLF PHWKRGRORJ\ XVHG LQ WKLV PDQXVFULSW
��� 2[IRUG GRW SORWV DOORZ LGHQWLILFDWLRQ RI V\QWHQ\ EHWZHHQ WZR JHQRPHV

6) ��� _ ([DPSOH 2[IRUG GRW SORW EHWZHHQ WZR VSHFLHV� ZLWK VLJQLILFDQFH WHVW
��� $QFHVWUDO /LQNDJH *URXS LGHQWLILFDWLRQ LQ WKUHH RU PRUH VSHFLHV

67 ��� _ +\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV
67 ��� _ 0RUH K\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV

��� 3K\ORJHQHWLF LPSOLFDWLRQV RI FKURPRVRPH WHFWRQLF HYHQWV LGHQWLILHG ZLWK ��VSHFLHV $/*V
����� )XVLRQ ZLWK PL[LQJ LQ WZR QRQ�RXWJURXS VSHFLHV
67 ��� _ $/* WDEOH RI D SXWDWLYH IXVLRQ�ZLWK�PL[LQJ HYHQW
6) ��� _ $/*V LQYROYHG LQ D IXVLRQ�ZLWK�PL[LQJ HYHQW

����� $/*V ZLWK XQLTXH FRPELQDWLRQV RI FKURPRVRPHV
67 ��� _ $ VLQJOH $/* ZLWK D XQLTXH FRPELQDWLRQ RI FKURPRVRPHV
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI $/*V ZLWK XQLTXH FKURPRVRPH FRPELQDWLRQV

����� 2QH ILVVLRQ HYHQW LQ WKH RXWJURXS � 2QH IXVLRQ LQ WKH DQFHVWRU RI RWKHU VSHFLHV
67 ��� _ 2QH ILVVLRQ HYHQW LQ WKH RXWJURXS � 2QH IXVLRQ LQ WKH DQFHVWRU RI RWKHU VSHFLHV
6) ��� _ $Q DPELJXRXV VFHQDULR RI DQ DQFHVWUDO IXVLRQ RU GHULYHG IXVLRQ

����� 7ZR $/*V IXVHG LQ D VLQJOH LQJURXS VSHFLHV
67 ��� _ $/*V RI D SXWDWLYH GHULYHG IXVLRQ�ZLWK�PL[LQJ
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V PL[HG RQO\ LQ RQH VSHFLHV

����� 7ZR $/*V DSSHDU E\ ILVVLRQ LQ RQH LQJURXS VSHFLHV
67 ��� _ $ SXWDWLYH ILVVLRQ HYHQW LQ WKH DQFHVWRU RI RQH VSHFLHV
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V ZLWK RQH XQIXVHG VSHFLHV

����� 2QH ILVVLRQ HYHQW LQ WKH LQJURXS OLQHDJH
67 ��� _ 3XWDWLYH DQFHVWUDO ILVVLRQ HYHQW LQ WKH DQFHVWRU RI WZR VSHFLHV
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI DQ DSSDUHQW GHULYHG ILVVLRQ

����� 6RIWZDUH LPSOHPHQWDWLRQ RI V\QWHQ\ DQDO\VHV
67 ��� _ )XVLRQ LQ WKH EUDQFK OHDGLQJ WR WKH RXWJURXS� RU DQ DQFHVWUDO ILVVLRQ
6) ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V IXVHG LQ WKH RXWJURXS

�� 2'3� VRIWZDUH WR SHUIRUP PDFURV\QWHQ\ DQDO\VHV
��� ,QWURGXFWLRQ
���0HWKRGV

����� 6RIWZDUH LPSOHPHQWDWLRQ RI V\QWHQ\ DQDO\VHV
����� *HQRPH VHOHFWLRQ DQG GDWD SUHSDUDWLRQ
����� 7ZR�ZD\ DQG Q�ZD\ UHFLSURFDO EHVW EODVWS VHDUFKHV
����� 3ORWWLQJ V\QWHQ\ EHWZHHQ WZR VSHFLHV
����� ,GHQWLI\LQJ UHFLSURFDO EHVW KLWV LQ DGGLWLRQDO VSHFLHV XVLQJ +00V
����� ,GHQWLI\LQJ LQVWDQFHV RI IXVLRQ�ZLWK�PL[LQJ LQ RGS
����� *HQRPH VKXIIOLQJ VLPXODWLRQV IRU K\SRWKHVLV WHVWLQJ
6) ��� _ 7KH WKUHH K\SRWKHVLV WHVWV RI RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ
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�� 9DOLGDWLQJ WKH PHWKRGRORJ\ DQG 2'3 VRIWZDUH ZLWK RWKHU FODGHV
��� ,QWURGXFWLRQ
���0HWKRGV
��� 5HVXOWV DQG 'LVFXVVLRQ

����� 5HFRYHU\ RI ELODWHULDQ IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV
6) ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV ELODWHULDQ V\QDSRPRUSKLHV

����� 5HFRYHU\ RI FQLGDULDQ IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV
6) ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV FQLGDULDQ V\QDSRPRUSKLHV

�� 0DFURV\QWHQ\ DQDO\VHV RI DQLPDOV DQG WKHLU FORVH XQLFHOOXODU UHODWLYHV
��� ,QWURGXFWLRQ
��� 5HVXOWV DQG 'LVFXVVLRQ

����� &RQVHUYDWLRQ RI FWHQRSKRUH NDU\RW\SH
����� &RQVHUYDWLRQ RI WKH GHPRVSRQJH NDU\RW\SH
����� &RQVHUYDWLRQ RI NDU\RW\SH EHWZHHQ 3RULIHUD� &QLGDULD� DQG %LODWHULD
����� 5HDUUDQJHG NDU\RW\SH LQ FWHQRSKRUHV UHODWLYH WR RWKHU DQLPDOV
����� 7KH GHULYHG NDU\RW\SH RI KH[DFWLQHOOLG VSRQJHV
����� $�DB[ DQG $�DB\ H[LVW RQ VHSDUDWH FKURPRVRPHV LQ O\VVDFLQRVLG JODVV VSRQJHV
����� .DU\RW\SH RI WKH FKRDQRIODJHOODWH 6DOSLQJRHFD FRPSDUHG WR DQLPDOV
����� .DU\RW\SH RI WKH ILODVWHUHDQ DPRHED &DSVDVSRUD FRPSDUHG WR DQLPDOV
����� .DU\RW\SH RI WKH LFKWK\RVSRUHDQ &UHROLPD[ FRPSDUHG WR DQLPDOV
������ &RPSDULVRQ RI WKH NDU\RW\SHV RI WKH XQLFHOOXODU RXWJURXS VSHFLHV

��� 6XSSOHPHQWDU\ )LJXUHV
6) ��� _ &DSVDVSRUD�$/* V\QWHQ\ LV OLPLWHG WR VLQJOH &DSVDVSRUD FKURPRVRPH DUPV
6) ��� _ 7KH LFKWK\RVSRUHDQ &UHROLPD[ GRHV QRW H[KLELW FRQVHUYHG PDFURV\QWHQ\ ZLWK PHWD]RDQV
6) ��� _ 2[IRUG GRW SORWV FRPSDULQJ XQLFHOOXODU VSHFLHV

��� 6XSSOHPHQWDU\ 7DEOHV
67 ��� _ *HQRPHV XVHG LQ PDFURV\QWHQ\ DQDO\VHV
67 ��� _ +RUPLSKRUD FKURPRVRPHV DQG $/* DULWKPHWLF

�� ,GHQWLILFDWLRQ RI JHQH JURXSV OLQNHG VLQFH WKH DQFHVWRU RI WKH )LOR]RD
��� ,QWURGXFWLRQ
��� 5HVXOWV DQG 'LVFXVVLRQ

����� &2:�+&$�5(6�(08 JHQH OLQNDJH JURXSV
����� 652�+&$�5(6�(08 JHQH OLQNDJH JURXSV
����� &)5�+&$�5(6�(08 JHQH OLQNDJH JURXSV
�����0HUJLQJ WKH �&2:� 652� &)5��+&$�5(6�(08 DQDO\VHV
����� $OWHUQDWH &DSVDVSRUD JHQRPH DVVHPEOLHV GR QRW FKDQJH OLQNDJH JURXS UHVXOWV

�� ([WHQVLRQ RI JHQH OLQNDJH JURXSV WR RWKHU PHWD]RDQ VSHFLHV
��� ,QWURGXFWLRQ
���0HWKRGV

����� +00 VHDUFK RI ��� RUWKRORJV LQ DGGLWLRQDO VSHFLHV
��� 5HVXOWV DQG 'LVFXVVLRQ

�



����� &RQVHUYDWLRQ RI DQFHVWUDO OLQNDJH JURXSV LQ DGGLWLRQDO VSHFLHV
����� &RQVHUYDWLRQ RI DQFHVWUDO OLQNDJH JURXSV LQ 7ULFKRSOD[

��� 2UWKR)LQGHU DQDO\VLV UHFRYHUV VXSSRUW IRU WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV
���� ,QWURGXFWLRQ
����0HWKRGV

������ 2UWKR)LQGHU
������ 6SHFLHV TXDUWHWV IURP 2UWKR)LQGHU

���� 5HVXOWV DQG 'LVFXVVLRQ
������ 6SHFLHV TXDUWHW DQDO\VHV VXSSRUW WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV
������ 2YHUODS LQ JHQH FRQWHQW EHWZHHQ UEK DQG 2UWKR)LQGHU DQDO\VHV

��� 'HWHFWLQJ FRQVHUYHG PDFURV\QWHQ\ EHWZHHQ KLJKO\ UHDUUDQJHG JHQRPHV
���� ,QWURGXFWLRQ
����0HWKRGV

������ ,QWHUSUHWLQJ WZR�VSHFLHV FRPSDULVRQV LQ D PXWL�VSHFLHV FRQWH[W
������ 2UWKRORJ GDWD VWUXFWXUH
������ &RQVHUYDWLRQ 6FRUH
������ 6LJQLILFDQFH 7HVWLQJ

���� 5HVXOWV DQG 'LVFXVVLRQ
������ )DOVH SRVLWLYHV FXWRII LQ WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH
67 ���� _ &)5�+&$ RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV

������ )DOVH SRVLWLYHV LQ WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH
67 ���� _ &)5�+&$ RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV

������ &RUURERUDWLRQ ZLWK )LVKHU¶V H[DFW WHVW UHVXOWV ZLWK 5� HVFXOHQWXP
6) ���� _ &2:�5(6 XQILOWHUHG )LVKHU¶V ([DFW 7HVW 5HVXOWV
67 ���� _ &2:�5(6 FRQVHUYDWLRQ VFRUHV VLJQLILFDQW JURXSLQJV

������ &2:�+&$ FRQVHUYDWLRQ VFRUHV
67 ���� _ &2:�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH࡬
67 ���� _ &2:�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH࡬

������ 652�+&$ FRQVHUYDWLRQ VFRUHV
67 ���� _ 652�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH࡬
67 ���� _ 652�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH࡬

���� 'LVFXVVLRQ

��� *2 HQULFKPHQW DQDO\VLV RI $/*V FRQVHUYHG LQ )LOR]RDQV
���� ,QWURGXFWLRQ
����0HWKRGV
���� 5HVXOWV DQG 'LVFXVVLRQ

��� (QWURS\ RI JHQH PL[LQJ DQDO\VLV
����0HWKRGV

������ 9LVXDOL]LQJ JHQH PL[LQJ RI WZR JURXSV RI JHQHV RQ VLQJOH FKURPRVRPHV
������ 4XDQWLI\LQJ WKH GHJUHH RI PL[LQJ RI WZR JURXSV RI JHQHV RQ VLQJOH FKURPRVRPHV

���� 5HVXOWV DQG 'LVFXVVLRQ
������ 'HJUHH RI PL[LQJ EHWZHHQ SK\ORJHQHWLFDOO\ LQIRUPDWLYH JURXSV RI OLQNDJH JURXSV

�



������ 6HDUFK RI (08�5(6�+&$ WR H[SDQG PHWD]RDQ JHQH OLQNDJHV

��� $QDO\]LQJ FKURPRVRPDO WHFWRQLF HYHQWV LQ D %D\HVLDQ SK\ORJHQHWLF IUDPHZRUN
���� ,QWURGXFWLRQ
����0HWKRGV

������ &RQVWUXFWLQJ D WZR�VWDWH FKDUDFWHU PDWUL[ RI FKURPRVRPH IXVLRQ VWDWHV
������ %D\HVLDQ SK\ORJHQHWLF DQDO\VLV

���� 5HVXOWV DQG 'LVFXVVLRQ
6) ���� _ %D\HVLDQ DQDO\VLV RI FKURPRVRPH IXVLRQ VWDWHV UHFRYHUV FWHQRSKRUH�VLVWHU

��� 1XOO K\SRWKHVLV WHVWLQJ RI WKH FWHQRSKRUH�VLVWHU WRSRORJ\
���� ,QWURGXFWLRQ
����0HWKRGV

������ 'HVLJQ RI JHQRPH VKXIIOLQJ VLPXODWLRQ
���� 5HVXOWV DQG 'LVFXVVLRQ

������ *HQRPH VKXIIOLQJ VLPXODWLRQ UHVXOWV

��� 6XSSOHPHQWDU\ ,QIRUPDWLRQ 5HIHUHQFHV

�



� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � %ROLQRSVLV PLFURSWHUD�

��� 0HWKRGV � %ROLQRSVLV PLFURSWHUD

����� 6DPSOH &ROOHFWLRQ � %ROLQRSVLV PLFURSWHUD
6DPSOHV RI %ROLQRSVLV PLFURSWHUD ZHUH FROOHFWHG RQ 0D\ ��WK� ���� LQ WKH 0RQWHUH\ %D\� &DOLIRUQLD

�������1� �������:� ZLWK MDUV IURP WKH VXUIDFH ZDWHUV� ZLWK SHUPLVVLRQ XQGHU WKH 6WDWH RI &DOLIRUQLD
'HSDUWPHQW RI )LVK DQG :LOGOLIH FROOHFWLQJ SHUPLW 6&����� WR WKH 0RQWHUH\ %D\ $TXDULXP� $ FRPPXQLW\
FXOWXUH ZDV IRXQGHG ZLWK �� %� PLFURSWHUD LQGLYLGXDOV LQ SVHXGRNUHLVHO WDQNV DQG GLIIXVLRQ WXEHV LQ ���&
VHDZDWHU DW WKH 0RQWHUH\ %D\ $TXDULXP LQ 0RQWHUH\� &DOLIRUQLD� 7KH FXOWXUH ZDV UHDUHG DFFRUGLQJ WR WKH
SXEOLVKHG SURWRFRO��� IRU WKUHH JHQHUDWLRQV� DQG DQ )� DGXOW� FDOOHG %PLF�� ZDV VHOHFWHG RQ 1RYHPEHU
��WK� ���� IRU '1$ VHTXHQFLQJ IRU JHQRPH DVVHPEO\ DQG DQQRWDWLRQ �3LFWXUHG LQ )LJ� ��� )RXU RWKHU )�
DGXOWV ZHUH SODFHG LQWR D VSDZQLQJ WDQN DQG VSDZQHG DFFRUGLQJ WR WKH SXEOLVKHG SURWRFRO���� )HUWLOL]HG
HJJV ZHUH FROOHFWHG �� KRXUV SRVW�VSDZQLQJ IRU 51$ VHTXHQFLQJ�

����� '1$ DQG 51$ VHTXHQFLQJ � %ROLQRSVLV PLFURSWHUD
+LJK PROHFXODU ZHLJKW �+0:� '1$ ZDV LVRODWHG IURP %� PLFURSWHUD LQGLYLGXDO %PLF� E\ O\VLQJ

WLVVXH LQ &7$% EXIIHU���� WKHQ SXULI\LQJ ZLWK D FKORURIRUP� SKHQRO�FKORURIRUP� FKORURIRUP� HWKDQRO
SUHFLSLWDWLRQ SURWRFRO���� 7KH +0: '1$ ZDV VHQW WR %ULJKDP <RXQJ 8QLYHUVLW\ '1$ 6HTXHQFLQJ
&HQWHU� ZKHUH RQH 3DF%LR &/5 OLEUDU\ ZDV FRQVWUXFWHG DQG VHTXHQFHG RQ WZR 6HTXHO ,, ���KRXU 6057
FHOOV� 7KLV \LHOGHG � *LJDEDVHV �*E� RI GDWD LQ ��������� UHDGV� 7KH PHDQ UHDG OHQJWK ZDV ��� NLOREDVHV
�NE�� DQG WKH UHDG 1�� ZDV �� NE�

5HPDLQLQJ +0: '1$ ZDV XVHG WR FRQVWUXFW WZR 1(%1H[W 8OWUD ,, )6 ZKROH JHQRPH VKRWJXQ
�:*6� OLEUDULHV IRU ,OOXPLQD VHTXHQFLQJ� 7KH OLEUDULHV ZHUH VHTXHQFHG WR D GHSWK RI ���� PLOOLRQ UHDG
SDLUV ���[ FRYHUDJH� DW 0HG*HQRPH� ,QF RQ DQ ,OOXPLQD +L6HT ; �[��� UXQ�

7RWDO 51$ ZDV LVRODWHG IURP DSSUR[LPDWHO\ �� PJ RI ���KRXU�SRVW�IHUWLOL]DWLRQ %� PLFURSWHUD
HPEU\RV XVLQJ D 7UL]RO 51$ LVRODWLRQ SURWRFRO���� 7KH 51$ ZDV FRQYHUWHG WR D 3DF%LR ,VR�6HT OLEUDU\
DQG VHTXHQFHG RQ RQH 6HTXHO ,, 6057 FHOO DW WKH %ULJKDP <RXQJ 8QLYHUVLW\ '1$ 6HTXHQFLQJ FHQWHU�
7KLV \LHOGHG ��������� &&6 ,VR�6HT UHDGV� ZLWK D PHDQ UHDG OHQJWK RI ��� NE DQG D UHDG 1�� RI ��� NE�
3ULPHUV DQG EDUFRGHV ZHUH UHPRYHG ZLWK 3DFLILF %LRVFLHQFHV OLPD Y�����
�JLWKXE�FRP�3DFLILF%LRVFLHQFHV�EDUFRGLQJ�� DQG ��������� IXOO�OHQJWK QRQ�FKLPHULF �)/1&� UHDGV ZHUH
JHQHUDWHG ZLWK 3DFLILF %LRVFLHQFHV LVRVHT� Y����� �JLWKXE�FRP�3DFLILF%LRVFLHQFHV�,VR6HT�� 6HH
6XSSOHPHQWDU\ 7DEOH ��� IRU D VHTXHQFLQJ GDWD VXPPDU\� DQG 6XSSOHPHQWDU\ 'DWD � IRU VHTXHQFLQJ
OLEUDU\ GHWDLOV�

����� +L�& OLEUDU\ SUHSDUDWLRQ � %ROLQRSVLV PLFURSWHUD
:H JHQHUDWHG RQH 'SQ,,�EDVHG +L�& OLEUDU\� RQH 0OX&,�EDVHG +L�& OLEUDU\� DQG RQH )DW,�EDVHG +L�&

OLEUDU\ IRU %� PLFURSWHUD LQGLYLGXDO %PLF� XVLQJ D SUHYLRXVO\�GHVFULEHG +L�& OLEUDU\ SUHSDUDWLRQ PHWKRG
EDVHG RQ ELQGLQJ FKURPDWLQ WR PDJQHWLF VROLG SKDVH UHYHUVLEOH VHSDUDWLRQ �635,� EHDGV��� 7KLV VDPH
SURWRFRO ZDV XVHG WR FRQVWUXFW WKH VSRQJH +L�& OLEUDULHV �6XSSOHPHQWDU\ ,QIRUPDWLRQ ������ DQG
XQLFHOOXODU RUJDQLVP +L�& OLEUDULHV �6XSSOHPHQWDU\ ,QIRUPDWLRQ ������� 7KH UHVWULFWLRQ VLWH OLQNHU ZDV
FRQWDLQHG LQ ��� RI WKH 'SQ,, +L�& OLEUDU\ UHDGV� LQ ��� RI WKH 0OX&, +L�& OLEUDU\ UHDGV� DQG LQ �� RI
WKH )DW, +L�& OLEUDU\ UHDGV� 7KHVH OLEUDULHV ZHUH VHTXHQFHV WR D GHSWK RI ��� PLOOLRQ UHDG SDLUV �'SQ,,��
��� PLOOLRQ �0XO&,�� DQG ��� PLOOLRQ UHDG SDLUV �)DW,�� 6HTXHQFLQJ ZDV SHUIRUPHG RQ D +L6HT 1RYD ����
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�[��� UXQ DW 0HG*HQRPH� ,QF LQ )RVWHU &LW\� &DOLIRUQLD� 6HH 6XSSOHPHQWDU\ 7DEOH ��� IRU D VHTXHQFLQJ
GDWD VXPPDU\� DQG 6XSSOHPHQWDU\ 'DWD � IRU VHTXHQFLQJ OLEUDU\ GHWDLOV�

����� *HQRPH DVVHPEO\ � %ROLQRSVLV PLFURSWHUD
2XU JRDO LQ DVVHPEOLQJ WKH %ROLQRSVLV PLFURSWHUD JHQRPH ZDV WR UHSUHVHQW HDFK SDLU RI RUWKRORJRXV

FKURPRVRPHV E\ D VLQJOH VHTXHQFH� UDWKHU WKDQ FUHDWLQJ D KDSORW\SH�UHVROYHG DVVHPEO\�
7KH 3DFLILF %LRVFLHQFHV &/5 VXEUHDGV IRU %� PLFURSWHUD LQGLYLGXDO %PLF� ZHUH DVVHPEOHG LQWR

FRQWLJV XVLQJ WKH ZWGEJ� DVVHPEOHU Y����� ZLWK SDUDPHWHUV �J ���P �; �� �S �� �N � �H �
�$ �6 � �V ���� �/ ����� 'RYHWDLO *HQRPLFV +L5LVH Y$XJ���� ZDV XVHG WR VFDIIROG WKH
JHQRPH XVLQJ RQO\ WKH +L�& OLEUDULHV��� +L�& KHDWPDSV ZHUH SUHSDUHG DV SUHYLRXVO\ GHVFULEHG�� � DQG
VFDIIROG PLVMRLQV LGHQWLILHG IURP WKH +L�& PDSV ZHUH VSOLW LQWR WZR QHZ VFDIIROGV E\ EUHDNLQJ DW WKH
QHDUHVW JDS� 7KH 3DFLILF %LRVFLHQFHV &/5 VXEUHDGV ZHUH WKHQ XVHG WR JDSILOO WKH DVVHPEO\ XVLQJ
7*6�*DSFORVHU Y�������� 'LDPRQG Y��������� DQG %OREWRROV Y����� ZHUH XVHG WR UHPRYH QRQ�PHWD]RDQ
VFDIIROGV� 7KH VFDIIROGV ZHUH WKHQ EURNHQ LQWR FRQWLJV� 7KH JHQRPH ZDV UH�VFDIIROGHG XVLQJ +L5LVH
Y$XJ����� JDSFORVHG RQFH PRUH� WKHQ SROLVKHG ZLWK WKH ,OOXPLQD :*6 UHDGV XVLQJ SLORQ Y������� $QRWKHU
+L�& KHDWPDS ZDV JHQHUDWHG� DQG WKH DVVHPEO\ ZDV SUHGRPLQDQWO\ FRPSRVHG RI �� FKURPRVRPH�VFDOH
VFDIIROGV�

'XSOLFDWH KDSORWLJV ZHUH UHPRYHG ZLWK 3XUJH +DSORWLJV Y������� XVLQJ SDUDPHWHUV
SXUJHBKDSORWLJV FRY �O �� �P ��� �K ��� �M �� �V �� DQG SXUJHBKDSORWLJV
SXUJH �D ��� :H WKHQ UDQ SXUJHBKDSORWLJV FOLS WR UHPRYH RYHUODSSLQJ FRQWLJ HQGV� )LQDO
JHQRPH DVVHPEO\ VWDWLVWLFV FDQ EH IRXQG LQ 6XSSOHPHQWDU\ 7DEOH���

����� *HQRPH $QQRWDWLRQ � %ROLQRSVLV PLFURSWHUD
7KH %ROLQRSVLV PLFURSWHUD JHQRPH DVVHPEO\ ZDV DQQRWDWHG XVLQJ D FRPELQDWLRQ RI HYLGHQFH VRXUFHV�

7KH ,VR�6HT UHDGV FROOHFWHG LQ WKLV VWXG\ ZHUH DOLJQHG WR WKH JHQRPH XVLQJ PLQLPDS���� 3UHYLRXVO\
SXEOLVKHG %ROLQRSVLV ,OOXPLQD 51$�VHT UHDGV �65;������� 65;������� DQG 65;�������� ZHUH DOLJQHG
WR WKH JHQRPH XVLQJ 67$5 Y�����D� :H DVVHPEOHG FWHQRSKRUH WUDQVFULSWRPHV XVLQJ 7ULQLW\ Y������� ZLWK
WKH SDUDPHWHU ��66BOLEBW\SH 5) XVLQJ FWHQRSKRUH ,OOXPLQD 51$�VHT GDWD DYDLODEOH RQ 1&%, 65$
�6XSSOHPHQWDU\ 7DEOH ����� 3URWHLQV ZHUH SUHGLFWHG IURP WKHVH WUDQVFULSWRPHV XVLQJ 7UDQV'HFRGHU Y���
�JLWKXE�FRP�7UDQV'HFRGHU�� 3URWHLQ KLQWV ZHUH JHQHUDWHG LQ WKH %� PLFURSWHUD JHQRPH XVLQJ WKH SURWHLQV
IURP RWKHU FWHQRSKRUH WUDQVFULSWRPHV XVLQJ 3URW+LQW Y�������� 7KH ,VR�6HT UHDG DOLJQPHQWV� ,OOXPLQD
51$�VHT UHDG DOLJQPHQWV� DQG WKH SURWHLQ KLQWV ZHUH XVHG LQ %5$.(5 Y������ WR JHQHUDWH DQQRWDWLRQ
ILOHV� 7KH ILQDO DQQRWDWLRQ FRQWDLQHG ����� SURWHLQ VHTXHQFHV� DQG WKH %86&2 Y��� (XNDU\RWD FRPSOHWH
VFRUH ZDV ���� 7KLV VFRUH LV QRW DV KLJK DV WKH SURWHLQ VHW IURP WKH JHQRPH DVVHPEO\ RI +�
FDOLIRUQHQVLV��� EXW LV KLJKHU WKDQ SURWHLQ VHWV IURP WKH JHQRPHV RI 0� OHLG\L DQG 3� EDFKHL� 6HH
6XSSOHPHQWDU\ 7DEOH ��� IRU PRUH GHWDLOV DERXW WKH DQQRWDWLRQ LQIRUPDWLRQ�
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��� 5HVXOWV DQG 'LVFXVVLRQ � %ROLQRSVLV PLFURSWHUD

����� *HQRPH DVVHPEO\ VXPPDU\ � %ROLQRSVLV PLFURSWHUD
7KH FWHQRSKRUH %ROLQRSVLV PLFURSWHUD JHQRPH DVVHPEO\ ZDV ����� 0ES LQ ��� VFDIIROGV� DQG �����

RI WKH EDVHV ZHUH LQ �� FKURPRVRPH�VFDOH VFDIIROGV� 7KH FKURPRVRPH�VFDOH VFDIIROGV RI WKH XQLFHOOXODU
VSHFLHV¶ JHQRPHV FRQWDLQ ����� RU PRUH RI WKH SURWHLQV SUHVHQW LQ WKH RULJLQDO JHQRPH DVVHPEOLHV� 7KH %�
PLFURSWHUD JHQRPH DQQRWDWLRQ DVVHVVPHQW XVLQJ %HQFKPDUNLQJ 8QLYHUVDO 6LQJOH�&RS\ 2UWKRORJV
�%86&2��� LQGLFDWHV WKDW ����� RI WKH (XNDU\RWD JHQH VHW LV SUHVHQW DQG FRPSOHWH� 7KH JHQRPH KDV D
ORZHU %86&2 VFRUH WKDQ WKH PDQXDOO\ FXUDWHG +� FDOLIRUQHQVLV DQQRWDWLRQ� EXW D KLJKHU %86&2 VFRUH
WKDQ ERWK WKH 3� EDFKHL DQG 0� OHLG\L JHQRPHV�

��� 6XSSOHPHQWDU\ 7DEOHV � %ROLQRSVLV PLFURSWHUD

6SHFLHV 'DWD 7\SH 7RWDO *E 1XPEHU RI
UHDG SDLUV � /LQNHU 5HDG 'HSWK

&RYHUDJH

6DOSLQJRHFD URVHWWD
$7&& 35$����

+L�&� 'SQ,, ���� *E ���� 0 ���� � ��� [

+L�&� 0OX&, ���� *E ���� 0 ���� � ��� [

&DSVDVSRUD RZF]DU]DNL
$7&& �����

+L�&� 'SQ,, ���� *E ���� 0 ���� � ��� [

+L�&� 0OX&, ��� *E ���� 0 ���� � ��� [

&UHROLPD[ IUDJUDQWLVVLPD
$7&& 35$����

+L�&� 'SQ,, ��� *E ���� 0 ���� � ��� [

+L�&� 0OX&, ���� *E ���� 0 ���� � ��� [

%ROLQRSVLV PLFURSWHUD

+L�&� 'SQ,, ���� *E ����� 0 ���� � ��� [

+L�&� 0OX&, ���� *E ����� 0 ���� � ��� [

+L�&� )DW, ���� *E ����� 0 ��� � ��� [

&KLFDJR� 'SQ,, ��� *E ���� 0 ���� � �� [

&KLFDJR� 0OX&, ��� *E ���� 0 ���� � �� [

&KLFDJR� )DW, ��� *E ���� 0 ��� � �� [

,OOXPLQD :*6 ����� *E ���� 0 1�$ ��� [

&/5 :*6 ���� *E ��� 0 1�$ ��� [

,VR�6HT ��� *E ��� 0 1�$ 1�$

&ODGRUKL]LG VSRQJH

+L�&� 'SQ,, �� *E ��� 0 ���� � ��� [

+L�&� 0OX&, �� *E ��� 0 ���� � �� [

+L)L :*6 ���� *E ���� 0 1�$ �� [

,VR�6HT ��� *E ���� 0 1�$ 1�$

6XSSOHPHQWDU\ 7DEOH���� _ 6HTXHQFLQJ OLEUDULHV IRU XQLFHOOXODU DQLPDO RXWJURXS VSHFLHV�
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6SHFLHV 5HDG $FFHVVLRQ
1XPEHU RI 5HDG

3DLUV �0� &LWDWLRQ
%HURH DE\VVLFROD 655������ ���� �

%HURH IRUVNDOLL 655������� ���� �

%HURH RYDWD 655������� ��� �

%HURH VS� 8)����� 655������� ���� �

%ROLQRSVLV DVKOH\L 655������� ���� �

%ROLQRSVLV LQIXQGLEXOXP 655������� ���� �

%ROLQRSVLV LQIXQGLEXOXP 655������ ���� �

%ROLQRSVLV PLFURSWHUD 655������� ���� �����

%ROLQRSVLV PLNDGR '55������ ���� 1$
&RHORSODQD DVWHULFROD 655������ ���� �

&RHORSODQD FI� PHWHRULV 655������� ���� �

&WHQRSKRUD VS� /0����� 655������� ���� �

&\GLSSLGD VS� /0����� 655������� ���� �

'U\RGRUD JODQGLIRUPLV 655������ ���� �

(XSORNDPLV GXQODSDH 655������ ���� �

(XUKDPSKDHD YH[LOOLJHUD 655������� ���� �

+RUPLSKRUD SDOPDWD 655������� ���� �

+RUPLSKRUD VS� 655������� ���� ��

/DPSHD SDQFHULQD 655������� ���� �

/DPSHD VS� 655������� ���� ��

0HUWHQVLLGDH VS� 655������ ���� �

0QHPLRSVLV OHLG\L (55������� ���� ��

0QHPLRSVLV OHLG\L (55������� ���� ��

0QHPLRSVLV OHLG\L 655������� ���� �

2F\URSVLV FU\VWDOOLQD 655������� ���� �

2F\URSVLV FU\VWDOOLQD 655������� ���� �

3OHXUREUDFKLD SLOHXV 655������� ���� �

3OHXUREUDFKLD SLOHXV 655������ ���� �

3OHXUREUDFKLD VS� 8)����� 655������� ���� �

3OHXUREUDFKLD VS� & /0����� 655������� ���� �

3XNLD IDOFDWD 655������� ���� �

9DOOLFXOD PXOWLIRUPLV 655������� ���� �

9DOOLFXOD PXOWLIRUPLV 655������ ���� �

9DPS\URFWHQD GHOPDUYHQVLV 655������� ���� ��

6XSSOHPHQWDU\ 7DEOH ��� _ &WHQRSKRUH 65$V XVHG IRU DQQRWDWLQJ WKH %ROLQRSVLV JHQRPH�
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6DPSOH %86&2 VWULQJ

1XPEHU RI
WUDQVFULSWV
�SURWHLQ�
FRGLQJ�

7UDQVFULSW 1��
�$$�

%� PLFURSWHUD
$8*86786 &������>6�������'���@�)������0������Q���� ����� ���

%� PLFURSWHUD
*HQH0DUN�(73 &������>6�������'���@�)������0������Q���� ����� ���

%� PLFURSWHUD
%5$.(5 &������>6�������'������@�)������0������Q���� ����� ���

+� FDOLIRUQHQVLV
JHQRPH &������>6�������'�����@�)������0������Q���� ����� ���

3� EDFKHL
JHQRPH &������>6�������'���@�)�������0�������Q���� ����� ���

0� OHLG\L
JHQRPH &������>6�������'�����@�)������0������Q���� ����� ���

6XSSOHPHQWDU\ 7DEOH���� _ &WHQRSKRUH JHQRPH DQQRWDWLRQ VWDWLVWLFV� %86&2 VFRUHV UHSUHVHQW FRPSOHWH
�&�� IUDJPHQWHG �)�� DQG PLVVLQJ �0� (XNDU\RWD JHQHV� JHQHV DUH DQQRWDWHG DV VLQJOH FRS\ �6� RU
GXSOLFDWHG �'�� 7UDQVFULSWV LQFOXGH DOWHUQDWH LVRIRUPV� 7KHUH ZHUH ����� SURWHLQ�FRGLQJ JHQH ORFL IRXQG
GXULQJ PDQXDO DQQRWDWLRQ RI WKH +� FDOLIRUQHQVLV�� JHQRPH�
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6SHFLHV
*HQRPH 6L]H

�0E�

1XPEHU RI
&KU�VFDOH
6FDIIROGV

� RI %DVHV
LQ &KU�VFDOH
6FDIIROGV

7RWDO
6FDIIROGV

6FDIIROG
1��
�0E�

1XPEHU
&RQWLJV

&RQWLJ
1�� �0E�

&DSVDVSRUD RZF]DU]DNL�� ����� 0E �� ����� � �� ��� ��� ������

&DSVDVSRUD RZF]DU]DNL�� ����� 0E �� ����� � �� ��� ��� ������

&DSVDVSRUD RZF]DU]DNL
�WKLV SXEOLFDWLRQ� ����� 0E �� ��� � �� ��� ��� ������

&UHROLPD[ IUDJUDQWLVVLPD�� ���� 0E � � �� ��� ��� ������

&UHROLPD[ IUDJUDQWLVVLPD
�WKLV SXEOLFDWLRQ� ����� 0E �� ����� � �� ��� ��� ������

6DOSLQJRHFD URVHWWD�� ����� 0E � � ��� ��� ���� ������

6DOSLQJRHFD URVHWWD
�WKLV SXEOLFDWLRQ� ����� 0E �� ����� � �� ��� ���� ������

%ROLQRSVLV PLFURSWHUD ������ 0E �� ����� � ��� ���� ��� ���

&ODGRUKL]LG VS� KDS $ ����� 0E �� ���� � ��� ���� ���� ���

&ODGRUKL]LG VS� KDS % ����� 0E �� ���� � ��� �� ���� ���

+H[DFWLQHOOLG VS� KDS $ ����� 0E �� ���� �� ��� �� ���

+H[DFWLQHOOLG VS� KDS % ����� 0E �� ����� �� ��� �� ���

6XSSOHPHQWDU\ 7DEOH���� _ *HQRPH DVVHPEO\ VWDWLVWLFV� 7KLV WDEOH LQFOXGHV VWDWLVWLFV IRU ERWK WKH LQSXW
�L�H�� SUH�+L�&� DVVHPEOLHV� DQG ILQDO DVVHPEOLHV� RI WKH WKUHH XQLFHOOXODU VSHFLHV� WKH FWHQRSKRUH JHQRPH�
DQG WKH WZR VSRQJH JHQRPHV�
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� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � 6SRQJH *HQRPHV�

��� 0HWKRGV � 6SRQJHV

����� 6DPSOH &ROOHFWLRQ � 6SRQJHV
2QH LQGLYLGXDO RI DQ XQGHVFULEHG KH[DFWLQHOOLG VSRQJH ZDV FROOHFWHG RQ -XQH �VW� ����� LQ WKH

0RQWHUH\ %D\� &DOLIRUQLD �������1� �������:� IURP WKH VHDIORRU DW ����� PHWHUV GHSWK XVLQJ WKH 0%$5,
529 'RF 5LFNHWWV DERDUG WKH 5�9 :HVWHUQ )O\HU� 2Q WKH IROORZLQJ GD\ RQH LQGLYLGXDO RI DQ XQGHVFULEHG
ELROXPLQHVFHQW FODGRUKL]LG VSRQJH ZDV FROOHFWHG IURP D QHDUE\ VLWH �������1� ����:� IURP WKH VHDIORRU
DW ����� PHWHUV GHSWK� 7KH FROOHFWLRQ WHPSHUDWXUH RI ERWK VDPSOHV ZDV ����&� 7KH FODGRUKL]LG VDPSOH ZDV
FRQVLVWHQW LQ PRUSKRORJ\ DQG ORFDOH ZLWK SUHYLRXVO\ UHSRUWHG ELROXPLQHVFHQW� FDUQLYRURXV� FODGRUKL]LG
VSRQJHV��� 8SRQ UHWULHYDO IURP WKH 529� WKH VDPSOHV ZHUH ZDVKHG JHQWO\ ZLWK ��& ILOWHUHG VHDZDWHU WR
UHPRYH GHEULV� 7KH FODGRUKL]LG VSRQJH ZDV FRQILUPHG WR EH ELROXPLQHVFHQW ZLWK D SURGGLQJ DVVD\ DQG
ILOPHG ZLWK D 6RQ\ �Vܤ ,,,� 7KHQ� ERWK VDPSOHV ZHUH IODVK�IUR]HQ LQ OLTXLG QLWURJHQ� 7KH ZHW ZHLJKW RI WKH
FODGRUKL]LG VDPSOH ZDV DSSUR[LPDWHO\ � JUDPV� DQG WKH ZHW ZHLJKW RI WKH KH[DFWLQHOOLG VSRQJH ZDV
DSSUR[LPDWHO\ �� JUDPV� 7KH VDPSOHV ZHUH FROOHFWHG ZLWK WKH 6WDWH RI &DOLIRUQLD 'HSDUWPHQW RI )LVK DQG
:LOGOLIH FROOHFWLQJ SHUPLW 6&����� JUDQWHG WR WKH +DGGRFN /DERUDWRU\ DW WKH 0RQWHUH\ %D\ $TXDULXP
5HVHDUFK ,QVWLWXWH� 7KH FODGRUKL]LG DQG KH[DFWLQHOOLG LQGLYLGXDOV VHTXHQFHG LQ WKLV VWXG\ LV VKRZQ LQ
([WHQGHG 'DWD )LJXUH ��

����� '1$ DQG 51$ VHTXHQFLQJ � 6SRQJHV
7KH VSRQJHV ZHUH VHQW WR %ULJKDP <RXQJ 8QLYHUVLW\ '1$ 6HTXHQFLQJ &HQWHU� ZKHUH WKH\ SUHSDUHG

RQH 3DF%LR +L)L OLEUDU\ SHU VSHFLHV� )RU HDFK RI WKH VSHFLHV� +0: '1$ IRU WKH +L)L :*6 OLEUDU\ ZDV
H[WUDFWHG E\ ILUVW SRZGHUL]LQJ ���PJ RI VDPSOH XQGHU OLTXLG QLWURJHQ� WKHQ GLJHVWLQJ WKH WLVVXH LQ �P/ RI
��P0 7ULV� ��P0 ('7$� �� 6'6� ���/�P/ SURWHLQDVH . VROXWLRQ DW S+ ��� DW ���& IRU � KRXUV� 7KH
VDPSOHV ZHUH VSXQ GRZQ DW ��� UFI DW URRP WHPSHUDWXUH IRU � PLQXWHV WR SHOOHW GHEULV� 7KH VXSHUQDWDQWV
ZHUH DGGHG WR QHZ WXEHV ZLWK ��P/ RI ��� (W2+� DQG WKHQ LQFXEDWHG DW ����& IRU RQH KRXU� 7KH FROG
PL[WXUHV ZHUH WKHQ FHQWULIXJHG DW ��N UFI DW ��& IRU �� PLQXWHV� 7KH VXSHUQDWDQWV ZHUH UHPRYHG� WKHQ
ZDVKHG ZLWK ��� (W2+� $W WKLV VWDJH *� EXIIHU ZDV DGGHG IURP WKH 4LDJHQ *HQRPLF�WLS ���* NLW� 7KH
*� VROXWLRQ DQG SHOOHW PL[WXUHV ZHUH DOORZHG WR VLW RYHUQLJKW LQ D UHIULJHUDWRU DW ��&� 7KHVH ZHUH WKHQ
XVHG LQ WKH 4LDJHQ *HQRPLF�WLS ���* SURWRFRO� 7KH UHVXOWLQJ +0: '1$ VDPSOHV ZHUH XVHG LQ WKH
3DF%LR +LIL OLEUDU\ SUHSV�

7KH 3DF%LR 6057EHOO ([SUHVV 7HPSODWH 3UHS .LW ��� � (Q]\PH &OHDQ 8S .LW ��� � 6HTXHQFLQJ
3ULPHU Y� %XQGOH �31� ������������ ZDV XVHG WR SUHSDUH WKH +L)L :*6 OLEUDULHV� 7KH OLEUDU\ RI WKH
ELROXPLQHVFHQW FODGRUKL]LG VSRQJH ZDV VHTXHQFHG RQ WKUHH 6HTXHO ,, 6057 &HOOV ��0� RQ WKH ���KRXU
PRYLH PRGH� 7KH OLEUDU\ RI WKH KH[DFWLQHOOLG VSRQJH ZDV VHTXHQFHG LQ WZR 6HTXHO ,, 6057 &HOOV ��0� RQ
WKH ���KRXU PRYLH PRGH� &&6 UHDGV ZHUH FDOOHG XVLQJ WKH VRIWZDUH EXQGOHG ZLWK 3DF%LR 6057WRROV
UHOHDVH �������������� 7KHVH � 6057 FHOOV RI WKH OLEUDU\ IURP WKH FODGRUKL]LG VSRQJH \LHOGHG ����
*LJDEDVHV �*E� RI GDWD LQ ��������� UHDGV� 7KH PHDQ UHDG OHQJWK ZDV ���� NE� 7KH � 6057 FHOOV RI WKH
OLEUDU\ IURP WKH KH[DFWLQHOOLG VSRQJH \LHOGHG ���� *E RI UHDGV LQ ��������� UHDGV�

7RWDO 51$ ZDV LVRODWHG IURP �� PJ RI IUR]HQ FODGRUKL]LG VSRQJH WLVVXH XVLQJ 75,]RO UHDJHQW��� DW
%ULJKDP <RXQJ 8QLYHUVLW\� $Q ,VR�6HT OLEUDU\ ZDV WKHQ SUHSDUHG DW %ULJKDP <RXQJ 8QLYHUVLW\ ZLWK WKH
,VR�6HT ([SUHVV /LEUDU\ 3UHSDUDWLRQ 8VLQJ 6057EHOO ([SUHVV 7HPSODWH 3UHS .LW ��� NLW� 7KLV OLEUDU\ ZDV
VHTXHQFHG RQ D VLQJOH 6HTXHO ,, 6057 FHOO� DQG \LHOGHG ���� PLOOLRQ &&6 UHDGV ZLWK D PHDQ UHDG OHQJWK
RI ��� NE� /LNH WKH %ROLQRSVLV VDPSOH� WKH SULPHUV DQG EDUFRGHV ZHUH UHPRYHG ZLWK OLPD Y������ DQG
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)/1& UHDGV ZHUH JHQHUDWHG ZLWK LVRVHT� Y������ 7KHUH ZHUH ���� 0 UHDGV UHPDLQLQJ DIWHU EDUFRGH
UHPRYDO DQG )/1& SURFHVVLQJ �6XSSOHPHQWDU\ 7DEOH ���� 6XSSOHPHQWDU\ 'DWD ���

����� +L�& OLEUDU\ SUHSDUDWLRQ � 6SRQJHV
)RU ERWK WKH FODGRUKL]LG VSRQJH DQG WKH KH[DFWLQHOOLG VSRQJH� ZH JHQHUDWHG RQH 'SQ,,�EDVHG +L�&

OLEUDU\ DQG RQH 0OX&,�EDVHG +L�& OLEUDU\ XVLQJ WKH VDPH SURWRFRO XVHG IRU WKH %ROLQRSVLV +L�& OLEUDULHV
�6XSSOHPHQWDU\ ,QIRUPDWLRQ ������ DQG IRU WKH XQLFHOOXODU RXWJURXS�WR�DQLPDO VSHFLHV¶ +L�& OLEUDULHV
�6XSSOHPHQWDU\ ,QIRUPDWLRQ ��������� ,Q WKH FODGRUKL]LG OLEUDULHV� WKH UHVWULFWLRQ VLWH OLQNHU ZDV SUHVHQW
LQ ����� RI WKH 'SQ,, +L�& OLEUDU\ UHDGV� DQG LQ ����� RI WKH 0OX&, +L�& OLEUDU\ UHDGV� ,Q WKH
KH[DFWLQHOOLG OLEUDULHV� WKH UHVWULFWLRQ VLWH OLQNHU ZDV SUHVHQW LQ ������ RI WKH 'SQ,, +L�& OLEUDU\ UHDGV�
DQG LQ ����� RI WKH 0OX&, +L�& OLEUDU\ UHDGV� 7KH FODGRUKL]LG VSRQJH +L�& OLEUDULHV ZHUH VHTXHQFHG WR D
GHSWK RI ���[ JHQRPH FRYHUDJH� DQG WKH KH[DFWLQHOOLG +L�& OLEUDULHV ZHUH VHTXHQFHG WR ���[ JHQRPH
FRYHUDJH� 6HTXHQFLQJ ZDV SHUIRUPHG RQ WZR VHSDUDWH UXQV RI D +L6HT ; �[��� UXQ DW 0HG*HQRPH� ,QF LQ
)RVWHU &LW\� &DOLIRUQLD� 6HH 6XSSOHPHQWDU\ 7DEOH ��� IRU D VHTXHQFLQJ VXPPDU\ DQG 6XSSOHPHQWDU\
'DWD � IRU VHTXHQFLQJ GHWDLOV�

����� *HQRPH $VVHPEO\ � 6SRQJHV
%HIRUH DVVHPEO\� WKH JHQRPH VL]HV RI WKH VSRQJH VSHFLHV ZHUH HVWLPDWHG E\ FRXQWLQJ ���PHUV RI WKH

3DF%LR +L)L UHDGV ZLWK MHOO\ILVK Y�������� WKHQ XVLQJ WKH UHVXOWLQJ VSHFWUXP LQ *HQRPH6FRSH ����
7KH FODGRUKL]LG DQG KH[DFWLQHOOLG VSRQJH &&6 UHDGV DQG +L�& UHDGV ZHUH DVVHPEOHG XVLQJ KLILDVP

Y�������U����� ZLWK WKH DGGLWLRQDO SDUDPHWHU ±Q�ZHLJKW �� WR LQFUHDVH WKH QXPEHU RI +L�& OLQNV
UHZHLJKWLQJ VWHSV IURP � WLPHV WR � WLPHV� 7KH +L�& UHDGV ZHUH LQFOXGHG LQ WKH DVVHPEO\ VWDJH WR HQVXUH
SKDVH FRQVLVWHQF\ ZLWKLQ FKURPRVRPHV� 7KH +L�& OLEUDULHV ZHUH XVHG WR VFDIIROG HDFK UHVXOWLQJ KLILDVP
KDSORW\SH IDVWD ILOH ZLWK 'RYHWDLO *HQRPLFV +L5LVH Y$XJ������� 'LDPRQG Y��������� DQG EOREWRROV Y�����
ZHUH XVHG WR LGHQWLI\ VFDIIROGV WKDW ZHUH QRQ�PHWD]RDQ LQ RULJLQ� 7KHVH VFDIIROGV ZHUH UHPRYHG IURP WKH
DVVHPEO\ DQG SODFHG LQ WKHLU RZQ PHWDJHQRPH ILOH� &&6 UHDGV ZHUH PDSSHG WR WKH UHVXOWLQJ DVVHPEOLHV
ZLWK PLQLPDS� Y�����U����� DQG +L�& UHDGV ZHUH PDSSHG WR WKH DVVHPEOLHV XVLQJ EZD PHP Y���������
'�*HQLHV Y������� ZDV XVHG ZLWK PLQLPDS� Y������ WR SURGXFH GRW SORWV WR ILQG RUWKRORJRXV FKURPRVRPHV
EHWZHHQ KDSORW\SHV $ DQG %�

3UHWH[W9LHZ Y����� �KWWSV���JLWKXE�FRP�ZWVL�KSDJ�3UHWH[W9LHZ�UHOHDVHV�� +L*ODVV Y��������� -XLFHER[
$VVHPEO\ 7RROV JLWKXE FRPPLW ��F�HG���� WKH -XLFHER[ YLVXDOL]DWLRQ V\VWHP Y����������� DQG DUWLVDQDO
�KWWSV���ELWEXFNHW�RUJ�EUHGHVRQ�DUWLVDQDO� ZHUH XVHG WR PDQXDOO\ FXUDWH WKH DVVHPEO\� )RU WKH PDQXDO
FXUDWLRQ SURFHVV� FRQWLJV ZLWK KLJK +L�& FRQWDFWV WR FKURPRVRPH�VFDOH VFDIIROGV ZHUH SODFHG LQ DQ RUGHU
DQG RULHQWDWLRQ ZLWKLQ WKH FKURPRVRPH�VFDOH VFDIIROG WR PLQLPL]H RII�GLDJRQDO FRQWDFWV� 5HSHWLWLYH
VHTXHQFHV WKDW KDG +L�& FRQWDFWV ZLWK WKH FKURPRVRPH�VFDOH VFDIIROGV ZHUH LQFOXGHG LQ WKH
FKURPRVRPH�VFDOH VFDIIROGV UDWKHU WKDQ OHIW DV VWDQGDORQH VHTXHQFHV�

����� *HQRPH $QQRWDWLRQ � 6SRQJHV
6LQFH RXU JRDO ZDV FKURPRVRPH OHYHO FRPSDULVRQV� RXU DQQRWDWLRQ RI WKH FODGRUKL]LG VSRQJH JHQRPH

LQ WKLV VWXG\ WDUJHWHG WKH GLVFRYHU\ RI RUWKRORJRXV SURWHLQ�FRGLQJ JHQHV LQ WKH (SK\GDWLD FKURPRVRPHV�
7RZDUG WKLV JRDO� ZH PDSSHG WKH ORFDWLRQ RI WKH (SK\GDWLD SURWHLQV WR WKH FODGRUKL]LG VSRQJH VFDIIROGV�
7R GR WKLV� ZH XVHG WKH ������ SURWHLQV IURP WKH �� (SK\GDWLD FKURPRVRPH�VFDOH VFDIIROGV DV D TXHU\� DQG
WKH �� FODGRUKL]LG VSRQJH FKURPRVRPH�VFDOH VFDIIROGV DV D GDWDEDVH� LQ D WEODVWQ Y������� VHDUFK��� )RU
HDFK (SK\GDWLD SURWHLQ TXHU\� ZH VHOHFWHG WKH EHVW KLW DV WKH SXWDWLYH ORFDWLRQ RI WKH RUWKRORJRXV JHQH LQ
WKH FODGRUKL]LG VSRQJH JHQRPH� $ *)) ILOH ZDV JHQHUDWHG IURP WKHVH UHVXOWV IRU GRZQVWUHDP
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PDFURV\QWHQ\ DQDO\VHV� 7KH ILQDO *)) FRQWDLQHG ������ SURWHLQV IURP WKH (SK\GDWLD JHQRPH PDSSHG WR
WKH FODGRUKL]LG VSRQJH JHQRPH�

:H XVHG D SURWHLQ�PDSSLQJ DSSURDFK WR DQQRWDWH ERWK KDSORW\SHV RI WKH KH[DFWLQHOOLG VSRQJH JHQRPH�
:H XVHG 7ULQLW\ Y������� WR DVVHPEOH WKH WUDQVFULSWRPHV RI WKH KH[DFWLQHOOLG VSRQJHV 5RVHOOD ILEXODWD
�655����������� +\DORQHPD SRSXOLIHUXP �655����������� DQG 6\PSDJHOOD QX[ �655����������� :H
DOVR GRZQORDGHG WKH SURWHLQV RI 2RSVDFDV PLQXWD IURP 1&%,��� 7KHVH IRXU VHWV RI SURWHLQV ZHUH PDSSHG
WR WKH KH[DFWLQHOOLG JHQRPH DVVHPEO\ XVLQJ PLQLSURW�� FRPPLW GI��I�� �KWWSV���JLWKXE�FRP�OK��PLQLSURW��
3URWHLQV WKDW KDYH WKH VDPH VWDUW DQG RU HQG FRRUGLQDWH ZHUH PDGH QRQ�UHGXQGDQW� NHHSLQJ WKH SURWHLQ
ZLWK WKH KLJKHVW QXPEHU RI LGHQWLFDO DPLQR DFLGV ZLWK WKH KH[DFWLQHOOLG UHIHUHQFH JHQRPH� 7KH ILQDO *))
RI KDSORW\SH $ RI WKH KH[DFWLQHOOLG VSRQJH FRQWDLQHG ������ SURWHLQ�FRGLQJ JHQHV� DQG WKH ILQDO *)) RI
KDSORW\SH % RI WKH KH[DFWLQHOOLG VSRQJH FRQWDLQHG ������ SURWHLQ�FRGLQJ JHQHV�

����� 6SHFLHV YHULILFDWLRQ � 6SRQJHV
)RU IXUWKHU HYLGHQFH FODULI\LQJ WKH WD[RQRP\ RI WKH FODGRUKL]LG VSRQJH� ZH PDSSHG WKH +L)L UHDGV RI

RQH 3DF%LR 6057 FHOO WR WKH PLWRFKRQGULDO JHQRPH IUDJPHQW RI WKH SUHYLRXVO\ UHSRUWHG &ODGR� VDPSOH
�01���������� 7R GR WKLV ZH XVHG PLQLPDS� Y������ ZLWK RSWLRQV �D[ PDS�KLIL DQG UHWDLQHG RQO\
PDSSHG UHDGV ZLWK PDSSLQJ TXDOLW\ ��� :H WKHQ LQVSHFWHG WKH EDP ILOH ZLWK ,*9 Y������ WR LGHQWLI\ VLQJOH
QXFOHRWLGH SRO\PRUSKLVPV �613V��

7R LGHQWLI\ WKH VSHFLHV RI KH[DFWLQHOOLG VSRQJH VHTXHQFHG IRU WKLV VWXG\� ZH DOLJQHG WKH +L)L UHDGV WR D
GDWDEDVH RI +H[DFWLQHOOLG &2, VHTXHQFHV� H[WUDFWHG WKH UHDGV ZLWK D PDS TXDOLW\ VFRUH RI ��� DQG
DVVHPEOHG WKHP ZLWK KLILDVP Y�������U������ 7KH UHVXOWLQJ FRQWLJ ZDV VHDUFKHG DJDLQVW WKH QW GDWDEDVH
ZLWK EODVWQ� :H FRPSDUHG WKH KH[DFWLQHOOLG QXFOHDU JHQRPH DJDLQVW WKH QXFOHDU JHQRPH RI 2RSVDFDV
PLQXWD ZLWK WKH RGS VRIWZDUH WR FKHFN WKDW WKH\ ZHUH FROLQHDU� RU DW OHDVW VKDUHG PDFURV\QWHQ\�

��� 5HVXOWV DQG 'LVFXVVLRQ � 6SRQJHV

����� 6SHFLHV LGHQWLILFDWLRQ � 6SRQJHV
:H ILUVW YHULILHG WKDW WKH VSRQJH LQGLYLGXDO WKDW ZH VHTXHQFHG ZDV RI WKH VDPH VSHFLHV DV WKH

ELROXPLQHVFHQW� FDUQLYRURXV� FODGRUKL]LG VSRQJHV SUHYLRXVO\ UHSRUWHG��� )LUVW� WKH PRUSKRORJ\ RI WKH
VSRQJH WKDW ZH FROOHFWHG �)LJ� �� ([WHQGHG 'DWD )LJ� �F�G� PDWFKHV WKH PRUSKRORJ\ DQG FROOHFWLRQ
ORFDWLRQ RI WKH SUHYLRXVO\ UHSRUWHG VSRQJH LQGLYLGXDOV� )RU IXUWKHU HYLGHQFH FODULI\LQJ WKH WD[RQRP\ RI WKH
LQGLYLGXDO WKDW ZH VHTXHQFHG� ZH PDSSHG WKH +L)L UHDGV RI RQH 3DF%LR 6057 FHOO WR WKH PLWRFKRQGULDO
JHQRPH IUDJPHQW RI WKH SUHYLRXVO\ UHSRUWHG &ODGR� VDPSOH �01��������� �6HH ([WHQGHG 'DWD )LJXUH
�H�� )URP WKH EDP ILOH ZH LGHQWLILHG �� 613V RXW RI ���� SRVLWLRQV ����� RI EDVHV� EHWZHHQ WKH
LQGLYLGXDO VHTXHQFHG LQ WKLV SDSHU� DQG WKH RWKHU LQGLYLGXDO IURP VHTXHQFH 01������� $ GLYHUJHQFH RI
���� LV ZLWKLQ WKH UDQJH RI QXFOHRWLGH GLYHUVLW\ RI PLWRFKRQGULD IRXQG ZLWKLQ SRSXODWLRQV RI SDQPLFWLF
PDULQH VSHFLHV����

7KH FODGLUKL]LG VSHFLHV FORVHO\ UHVHPEOHV WKH UHFHQWO\ GHVFULEHG VSHFLHV� %DWK\WHQWDFXODU
PRQLTXHDH���� GLVFRYHUHG RII WKH VRXWKHUQ FRDVW RI $XVWUDOLD� :H FRPSDUHG WKH ��6 VHTXHQFHV IURP %�
PRQLTXHDH DQG WKH FODGRUKL]LG VSRQJH FROOHFWHG RII WKH FRDVW RI &DOLIRUQLD DQG IRXQG WKDW ����� RI WKH
��� QXFOHRWLGHV ZHUH LGHQWLFDO� ,W LV XQFOHDU IURP PRUSKRORJ\ DQG RWKHU PROHFXODU VHTXHQFHV ZKHWKHU
WKHVH DUH WKH VDPH VSHFLHV� DQG IXWXUH VWXGLHV RQ WKHVH VSRQJHV PD\ UHVROYH WKHLU WD[RQRP\�

7KH PLWRFKRQGULDO VHTXHQFH RI WKH KH[DFWLQHOOLG VSRQJH ZDV ������ EDVHSDLUV ORQJ� 7KH EODVWQ KLW ZLWK
WKH KLJKHVW SHUFHQW LGHQWLW\ ZDV D ������ LGHQWLW\ KLW WR WKH VSRQJH 'LFW\DXOXV NH[XHDH �3RULIHUD�
+H[DFWLQHOOLGD� +H[DVWHURSKRUD� /\VVDFLQRVLGD� (XSOHFWHOOLGDH� 'LFW\DXOXV� PLWRFKRQGULDO ODUJH ULERVRPDO
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VXEXQLW 51$� 7KH VHFRQG KLJKHVW�LGHQWLW\ KLW WR D VSHFLHV WKDW ZDV QRW 'LFW\DXOXV ZDV D ������ LGHQWLW\
KLW WR WKH PLWRFKRQGULDO ODUJH ULERVRPDO VXEXQLW 51$ IURP WKH VSHFLHV 5KDEGRSHFWHOOD WLQWLQQXV �3RULIHUD�
+H[DFWLQHOOLGD� +H[DVWHURSKRUD� /\VVDFLQRVLGD� (XSOHFWHOOLGDH� 5KDEGRSHFWHOOD�� 7KH ORZHVW FRPPRQ
VKDUHG WD[RQRPLF XQLW IRU WKHVH KLWV LV WKH IDPLO\ (XSOHFWHOOLGDH� 7KLV LV WKH VDPH RUGHU� /\VVDFLQRVLGD� DV
2RSVDFDV PLQXWD� IRU ZKLFK D VXE�FKURPRVRPDO VFDOH JHQRPH DVVHPEO\ ZDV UHFHQWO\ UHOHDVHG��� 7KH
2[IRUG GRW SORW RI WKH KH[DFWLQHOOLG JHQRPH SUHVHQWHG LQ WKLV PDQXVFULSW FRPSDUHG WR WKH JHQRPH RI
2RSVDFDV PLQXWD UHYHDOHG WKDW WKH WZR JHQRPHV DUH KLJKO\ FROLQHDU �6XSSOHPHQWDU\ )LJXUH ����� 7KLV
VXJJHVWV WKDW WKH DVVHPEO\ TXDOLW\ RI WKH FKURPRVRPH�VFDOH JHQRPH SUHVHQWHG KHUH LV KLJK� WKDW LWV
SURWHLQ�PDSSLQJ DQQRWDWLRQ FDSWXUHV PXFK RI WKH SURWHLQ�FRGLQJ VHTXHQFHV RI WKH JHQRPH� DQG OLNHZLVH
WKDW WKH 2RSVDFDV PLQXWD JHQRPH DVVHPEO\ RI 6DQWLQL HW DO� �������� LV QHDUO\ FKURPRVRPH�VFDOH�

����� &ODGRUKL]LG VSRQJH JHQRPH � VXPPDU\
*LYHQ WKH KLJK FRYHUDJH RI 3DF%LR +L)L UHDGV LQ WKLV GDWDVHW� RXU JRDO IRU WKH &ODGRUKL]LG VSRQJH

JHQRPH ZDV WR JHQHUDWH D KDSORW\SH�UHVROYHG DVVHPEO\ FRQWDLQLQJ FKURPRVRPH�VFDOH VFDIIROGV IRU ERWK
WKH PDWHUQDO DQG SDWHUQDO KDSORW\SHV�

%RWK KDSORW\SHV RI WKH FODGRUKL]LG VSRQJH JHQRPH FRQWDLQHG �� ODUJH VFDIIROGV� +L�& PDSV RI WKHVH
�� ODUJH VFDIIROGV ZHUH FRQVLVWHQW ZLWK WKH VWURQJ LQWUD�VFDIIROG +L�& SDWWHUQ IRXQG LQ NDU\RW\SH�EDFNHG
FKURPRVRPH�VFDOH JHQRPH DVVHPEOLHV �([WHQGHG 'DWD )LJ� �J�K�� 7KH QH[W VHYHUDO ODUJHVW VFDIIROGV �� �
0ES� DIWHU WKH VPDOOHVW DSSDUHQW FODGRUKL]LG VSRQJH FKURPRVRPH ��� 0ES� GLG QRW VKDUH +L�&
FRQQHFWLRQV ZLWK WKH SXWDWLYH VSRQJH FKURPRVRPDO VFDIIROGV� ,QVWHDG� PDQ\ VFDIIROGV VKRUWHU WKDQ � 0ES
UHVHPEOHG WKH +L�& SDWWHUQ RI SURNDU\RWLF FKURPRVRPHV WKDW FR�DVVHPEOHG LQ WKH %ROLQRSVLV FWHQRSKRUH
GDWDVHW� :H YHULILHG WKDW PDQ\ RI WKHVH VPDOO VFDIIROGV ZHUH RI SURNDU\RWLF RULJLQ� DQG VHSDUDWHG WKHP LQWR
D VHSDUDWH PHWDJHQRPH�FRQWDLQLQJ IDVWD ILOH���

&KURPRVRPH QXPEHULQJ IRU WKH FKURPRVRPH�VFDOH FODGRUKL]LG VSRQJH VFDIIROGV ZDV GHWHUPLQHG E\
FRPSDULQJ WKH DVVHPEOLHV WR WKH (SK\GDWLD PXHOOHUL DVVHPEO\ XVLQJ D GRW SORW LQ '�*HQLHV Y��������
:KHUH SRVVLEOH� ZH JDYH WKH FODGRUKL]LG VSRQJH WKH VDPH FKURPRVRPH QXPEHU GHVLJQDWLRQ DV WKH ���
KRPRORJRXV FKURPRVRPH LQ WKH (SK\GDWLD JHQRPH� :KLOH WKH FODGRUKL]LG VSRQJH FKURPRVRPHV DQG
(SK\GDWLD HDFK KDYH �� FKURPRVRPHV WKDW VKDUH ��� RUWKRORJ\� WKH FODGRUKL]LG VSRQJH JHQRPH RQO\
DSSHDUV WR FRQWDLQ �� FKURPRVRPHV� 7KH � UHPDLQLQJ FKURPRVRPHV DSSHDU WR EH IXVLRQV RI WZR RU WKUHH
(SK\GDWLD FKURPRVRPH IUDJPHQWV� (DFK RI WKH %&Q6 $/*V DSSHDUHG RQ VLQJOH FKURPRVRPHV LQ WKH
FODGRUKL]LG VSRQJH JHQRPH� ZLWK WKH H[FHSWLRQ RI $/*B+ �([WHQGHG 'DWD )LJ� ��� :H ODWHU IRXQG WKDW
WKH VSOLW RI %&Q6 $/*B+ LQ WKH FODGRUKL]LG VSRQJH LV QRW VKDUHG ZLWK RWKHU VSRQJHV� DQG WKHUHIRUH LV
OLNHO\ DQ DXWDSRPRUSK\ �6XSSOHPHQWDU\ ,QIRUPDWLRQ ������ ([WHQGHG 'DWD )LJ� ��� &KURPRVRPH�VFDOH
VFDIIROGV ZHUH DOVR UHYHUVH�FRPSOHPHQWHG WR PDWFK WKH RULHQWDWLRQ RI WKH (SK\GDWLD PXHOOHUL DVVHPEO\�
6HH 6XSSOHPHQWDU\ 7DEOH ��� IRU D VLPSOH WDEXODU IRUPDW OLVWLQJ KRPRORJRXV FKURPRVRPHV EHWZHHQ
(SK\GDWLD DQG WKH FODGRUKL]LG VSRQJH� DQG VHH )LJXUH �G IRU D ULEERQ GLDJUDP YLVXDOL]DWLRQ RI WKHLU
FKURPRVRPH KRPRORJ\ XVLQJ JHQH LQGH[ FRRUGLQDWHV�

7KH JHQRPH VL]H RI WKH FODGRUKL]LG VSRQJH HVWLPDWHG IURP N�PHUV ZDV ����� ELOOLRQ EDVHSDLUV
�([WHQGHG 'DWD )LJ� �I�� +DSORW\SH $ RI WKH FODGRUKL]LG VSRQJH JHQRPH DVVHPEO\ ZDV ����� 0ES LQ
���� VFDIIROGV �1�� LV ���� 0ES�� DQG ����� RI WKH EDVHV ZHUH LQ �� FKURPRVRPH�VFDOH VFDIIROGV�
+DSORW\SH % RI WKH DVVHPEO\ ZDV ����� 0ES LQ ��� VFDIIROGV �1�� LV ���� 0ES�� DQG ���� � RI WKH
DVVHPEO\ ZDV LQ �� FKURPRVRPH�VFDOH VFDIIROGV �6XSSOHPHQWDU\ 7DEOH �����
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����� +H[DFWLQHOOLG VSRQJH JHQRPH � VXPPDU\
2XU DVVHPEO\ VWUDWHJ\ IRU WKH KH[DFWLQHOOLG JHQRPH ZDV WKH VDPH DV WKDW RI WKH FODGRUKL]LG JHQRPH�

:H SXUVXHG D JHQRPH DVVHPEO\ LQ ZKLFK WKH PDWHUQDO DQG SDWHUQDO FKURPRVRPHV ZHUH LQGHSHQGHQWO\
DVVHPEOHG XVLQJ WKH ���[ JHQRPH FRYHUDJH RI 3DF%LR +L)L UHDGV DQG WKH ���[ FRYHUDJH RI +L�& GDWD�

7KH JODVV VSRQJH JHQRPH DVVHPEO\ KDSORW\SH $ DQG % IDVWD ILOHV FRQWDLQHG EHWZHHQ �����
FKURPRVRPH�VFDOH VFDIIROGV DIWHU UHPRYLQJ VPDOO VFDIIROGV WKDW ZHUH GXSOLFDWHV RI UHJLRQV LQ ODUJHU
VFDIIROGV� DQG IXUWKHU PDQXDO FXUDWLRQ RI WKH DVVHPEO\ EDVHG RQ +L�& PDSV� 2QO\ �� VFDIIROGV RI HDFK RI
WKHVH DVVHPEOLHV KDG D KLJK UDWH RI SURWHLQV PDSSHG IURP RWKHU VSRQJH VSHFLHV� DQG RQO\ WKRVH ��
VFDIIROGV LQ HDFK KDSORW\SH KDG VLJQLILFDQW RUWKRORJ\ WR WKH VFDIIROGV RI WKH 2RSVDFDV PLQXWD
�6XSSOHPHQWDU\ )LJ� ���� DQG (SK\GDWLD PXHOOHUL JHQRPHV� %RWK WKH KDSORW\SH $ DQG KDSORW\SH % IDVWD
ILOHV FRQWDLQ RQH FKURPRVRPH�VFDOH VFDIIROG IRU HDFK RI WKHVH �� VHTXHQFHV WKDW DSSHDU WR EH KRPRORJRXV
WR 2RSVDFDV VFDIIROGV� 0DQ\ RI WKHVH FKURPRVRPH�VFDOH VFDIIROGV ZHUH VLQJOH FRQWLJV �QR UXQV RI 1
FKDUDFWHUV LQ WKH IDVWD ILOH�� DQG WKH IUHTXHQF\ RI PDSSHG SURWHLQV IURP FORVHO\�UHODWHG VSHFLHV ZDV KLJKHVW
LQ WKH GLVWDO SRUWLRQV RI WKH FKURPRVRPHV� UDWKHU WKDQ UDQGRPO\ GLVWULEXWHG DFURVV WKH HQWLUH OHQJWKV�

7KHUH ZHUH DQ DGGLWLRQDO �� VFDIIROGV EHWZHHQ WKH KDSORW\SH $ DQG % DVVHPEOLHV� 7KHVH �� VFDIIROGV
KDG LQWHUFKURPRVRPDO +L�& VLJQDO VWUHQJWK DQG FKDUDFWHU WKDW ZDV FRQVLVWHQW ZLWK EHLQJ GHULYHG IURP WKH
VDPH QXFOHL DV WKH �� FRQVHUYHG FKURPRVRPH�VFDOH VFDIIROGV FRQVHUYHG ZLWK RWKHU VSRQJH VSHFLHV� ,Q
RWKHU ZRUGV� WKH +L�& VLJQDO VXJJHVWV WKDW WKHVH �� DGGLWLRQDO VFDIIROGV DUH QRW IURP D V\PELRWLF VSHFLHV�
DQG QRW IURP DVVHPEOHG PHWDJHQRPHV� EXW DUH IURP WKH VHTXHQFHG KH[DFWLQHOOLG VSRQJH� +RZHYHU� WKHVH
FKURPRVRPH�VFDOH VFDIIROGV GLG QRW KDYH VKDUHG SURWHLQ KRPRORJ\ ZLWK RWKHU VSRQJH VSHFLHV IURP 2[IRUG
GRW�SORWV� DQG WKH LQWUDFKURPRVRPDO +L�& VLJQDO ZDV XQOLNH WKDW RI WKH �� FRQVHUYHG FKURPRVRPH�VFDOH
VFDIIROGV� %ODVW[ RU EODVWQ VHDUFKHV VXJJHVW WKDW WKHVH VFDIIROGV ZHUH HXNDU\RWLF LQ QDWXUH� DQG QRW IURP D
FR�DVVHPEOHG SURNDU\RWLF RUJDQLVP� 0DQ\ RI WKH WRS EODVW[ KLWV ZHUH IURP JODVV VSRQJHV� *LYHQ DOO RI
WKHVH ILQGLQJV� ZH FRQFOXGHG WKDW WKH �� VFDIIROGV OLNHO\ UHSUHVHQW VRPH JHQH�SRRU ZKROH FKURPRVRPHV�
RU VHJPHQWV RI FKURPRVRPHV� LQ WKH KH[DFWLQHOOLG VSRQJH JHQRPH� *LYHQ WKH ODFN RI NQRZOHGJH RI WKH
FKURPRVRPH ELRORJ\ RI KH[DFWLQHOOLG VSRQJHV� WKH WZR KDSORW\SH IDVWD ILOHV ZH SURGXFHG UHSUHVHQW WZR
K\SRWKHVHV RI WKH JHQRPH RI WKLV VSHFLHV� 7KH KDSORW\SH $ IDVWD ILOH FRQWDLQV �� KDSORW\SHV RI WKH
FKURPRVRPHV WKDW DUH FRQVHUYHG EHWZHHQ RWKHU VSRQJHV� 7KH KDSORW\SH % IDVWD ILOH FRQWDLQV WKH
KRPRORJRXV �� VHTXHQFHV IRXQG LQ WKH KDSORW\SH $ IDVWD ILOH� SOXV WKH DGGLWLRQDO �� FKURPRVRPH�VFDOH
VHTXHQFHV� )RU WKLV UHDVRQ� WKH JHQRPH DVVHPEOLHV RI ERWK KDSORW\SHV VKRXOG EH XVHG IRU FRPSDUDWLYH
JHQRPLFV�

7KH JHQRPH VL]H RI WKH KH[DFWLQHOOLG VSRQJH HVWLPDWHG ZLWK ���PHUV ZDV ����� PLOOLRQ EDVH SDLUV
�0ES�� ZLWK ����� XQLTXH N�PHUV� DQG DSSUR[LPDWHO\ ����� KHWHUR]\JRVLW\ �([WHQGHG 'DWD )LJ� �N��
7KH KDSORW\SH $ JHQRPH DVVHPEO\ IDVWD ILOH FRQWDLQV �� FRQWLJV LQ �� VFDIIROGV FRQWDLQLQJ ����� 0ES�
7KH FRQWLJ 1�� RI WKH KDSORW\SH $ DVVHPEO\ LV ��� 0ES DQG WKH VFDIIROG 1�� LV ��� 0ES
�6XSSOHPHQWDU\ 7DEOH ����� 7KH KDSORW\SH % JHQRPH DVVHPEO\ IDVWD ILOH FRQWDLQV �� FRQWLJV LQ ��
VFDIIROGV FRQWDLQLQJ ����� 0ES� 7KH FRQWLJ 1�� RI WKH KDSORW\SH % DVVHPEO\ LV ��� 0ES DQG WKH VFDIIROG
1�� LV ��� 0ES� 7KH VPDOO VFDIIROGV DQG GXSOLFDWHG VHTXHQFHV WKDW ZHUH UHPRYHG FRQWDLQ ����� FRQWLJV LQ
����� VFDIIROGV FRQWDLQLQJ ��� 0ES� 7KH FRQWLJ 1�� RI WKHVH VHTXHQFHV DUH ���� NLOREDVH SDLUV �NES�� DQG
WKH VFDIIROG 1�� LV ���� NES�
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��� 6XSSOHPHQWDU\ )LJXUHV � 6SRQJH JHQRPHV

6XSSOHPHQWDU\ )LJXUH���� _ +H[DFWLQHOOLG VSRQJH JHQRPH KRPRORJ\� D��E� *HQH LQGH[ FRRUGLQDWH DQG
FKURPRVRPH FRRUGLQDWH 2[IRUG GRW SORWV RI WXOLS VSRQJH KDSORW\SH $ SORWWHG DJDLQVW WKH 2RSVDFDV PLQXWD JHQRPH
DVVHPEO\� F��G� 2[IRUG GRW SORWV RI WKH WXOLS VSRQJH KDSORW\SH % SORWWHG DJDLQVW WKH 2RSVDFDV PLQXWD JHQRPH
DVVHPEO\� 2QO\ WKH FKURPRVRPH�OLNH VFDIIROGV RQH WKURXJK HLJKWHHQ LQ ERWK WKH KDSORW\SH $ DQG KDSORW\SH % IDVWD
ILOHV VKDUH D KLJK GHJUHH RI V\QWHQ\ ZLWK WKH 2RSVDFDV PLQXWD VFDIIROGV� 7KH FROLQHDULW\ RI WKH LQGHSHQGHQWO\
DVVHPEOHG WXOLS KH[DFWLQHOOLG DQG 2RSVDFDV VFDIIROGV VXJJHVWV WKDW ERWK VHWV RI VFDIIROGV DUH ZHOO�DVVHPEOHG� DQG
WKDW WKHUH KDYH EHHQ IHZ JHQRPH UHDUUDQJHPHQWV VLQFH WKH GLYHUJHQFH RI WKHVH WZR VSHFLHV�

��



��� 6XSSOHPHQWDU\ 7DEOH � FODGRUKL]LG VSRQJH
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6XSSOHPHQWDU\ 7DEOH ��� _ &ODGRUKL]LG VSRQJH DQG (SK\GDWLD PXHOOHUL FKURPRVRPH QXPEHULQJ� 7KH
FKURPRVRPH QXPEHUV RI WKH FODGRUKL]LG VSRQJH ZHUH VHOHFWHG WR UHIOHFW KRPRORJ\ ZLWK WKH (SK\GDWLD
PXHOOHUL FKURPRVRPHV� �� FKURPRVRPHV ZHUH ��� KRPRORJV� ZLWKRXW DQ\ PDMRU GHWHFWDEOH IXVLRQV RU
ILVVLRQV EHWZHHQ WKH WZR VSHFLHV� 2UWKRORJRXV FKURPRVRPH VL]HV YDULHG EHWZHHQ WKH DVVHPEOLHV RI WKH
WZR KDSORW\SHV� QHFHVVLWDWLQJ DQDO\]LQJ ERWK KDSORW\SHV DW RQFH�

��



� *HQRPH VHTXHQFLQJ� DVVHPEO\� DQG DQQRWDWLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV�

��� 0HWKRGV � 8QLFHOOXODU 2XWJURXS 6SHFLHV

����� +L�& OLEUDU\ SUHSDUDWLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 0HWKRGV
7RZDUG VFDIIROGLQJ WKH DOUHDG\�SXEOLVKHG JHQRPH DVVHPEOLHV WR FKURPRVRPH�VFDOH� ZH SUHSDUHG +L�&

OLEUDULHV IURP 6DOSLQJRHFD URVHWWD �$7&&� 35$������� &DSVDVSRUD RZF]DU]DNL �$7&&� ��������
DQG &UHROLPD[ IUDJUDQWLVVLPD �$7&&� 35$������� 7KH $PHULFDQ 7\SH &XOWXUH &ROOHFWLRQ �$7&&�
VDPSOHV WKDW ZH XVHG DUH WKH VDPH DFFHVVLRQV WKDW ZHUH VHTXHQFHG IRU WKH SXEOLVKHG JHQRPH DVVHPEOLHV
IRU WKRVH WKUHH VSHFLHV��±���

:H RUGHUHG RQH FHOO FXOWXUH IRU HDFK RI WKH WKUHH $7&& DFFHVVLRQV OLVWHG DERYH� :H EULHIO\ WKDZHG
HDFK VDPSOH� DVSLUDWHG ����� P/ RI FHOO FXOWXUH VWRFN SHU OLEUDU\� DQG SUHSDUHG +L�& OLEUDULHV XVLQJ D
SUHYLRXVO\ SXEOLVKHG +L�& OLEUDU\ SUHSDUDWLRQ SURWRFRO��� )RU HDFK VSHFLHV ZH SUHSDUHG RQH OLEUDU\ ZLWK
WKH HQ]\PH 'SQ,, DQG RQH OLEUDU\ ZLWK 0OX&,� 7KHVH OLEUDULHV ZHUH VHTXHQFHG RQ D 1RYD6HT ���� �[���
F\FOH UXQ DW 0HG*HQRPH� ,QF� LQ )RVWHU &LW\� &DOLIRUQLD�

����� *HQRPH VFDIIROGLQJ DQG DQQRWDWLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 0HWKRGV
:H VFDIIROGHG WKH H[LVWLQJ JHQRPH DVVHPEOLHV IRU 6� URVHWWD �*&)B������������� DQG &�

IUDJUDQWLVVLPD �*&$B������������ XVLQJ WKH +L�& VHTXHQFLQJ UHDGV ZLWK 'RYHWDLO *HQRPLFV +L5LVH
Y$XJ������� %HFDXVH WKHUH ZDV D PDWH�SDLU�DVVLVWHG PDQXDOO\ FXUDWHG JHQRPH DVVHPEO\ IRU &�
RZF]DU]DNL� ZH XVHG WKH YHUVLRQ � JHQRPH DVVHPEO\��� 6$/6$� FRPPLW FI�ID�H��� DQG WKH +L�& UHDGV WR
VFDIIROG WKH JHQRPH� +L�& KHDWPDSV ZHUH SUHSDUHG DV SUHYLRXVO\ GHVFULEHG��� 7KLV SLSHOLQH FRPSULVHV WKH
WRROV EZD PHP ��������� SDLUWRROV Y�������� SDLUL[ Y����� �JLWKXE�FRP��GQ�GFLF�SDLUL[�� DQG &RROHU
Y��������� :H YLVXDOL]HG WKH +L�& PDWULFHV ZLWK +L*ODVV Y�������� DQG 3UHWH[W9LHZ Y�����
�KWWSV���JLWKXE�FRP�ZWVL�KSDJ�3UHWH[W9LHZ�UHOHDVHV��

,QYHUVLRQV IURP JHQRPH PLVDVVHPEO\� DQG DVVHPEO\ PLVMRLQV� ZHUH LGHQWLILHG XVLQJ WKH +L�&
KHDWPDSV� (UURQHRXV VHTXHQFH LQYHUVLRQV ZHUH FRUUHFWHG E\ UHSODFLQJ WKH UHJLRQ ZLWK WKH UHYHUVH
FRPSOHPHQW RI WKDW UHJLRQ� $VVHPEO\ PLV�MRLQV ZHUH VSOLW DW WKH QHDUHVW JDS RI 1V�

,Q WKH &UHROLPD[ IUDJUDQWLVVLPD DVVHPEO\ ZH IRXQG DQG UHPRYHG ODUJH UHJLRQV DQG VFDIIROGV WKDW KDG
QR PDSSLQJ +L�& UHDGV� LQFOXGLQJ RQH PHJDEDVH�VFDOH UHJLRQ RI D VFDIIROG� DQG RQH HQWLUH
FKURPRVRPH�VFDOH VFDIIROG� %RWK RI WKHVH UHJLRQV FRUUHVSRQGHG WR &� IUDJUDQWLVVLPD VFDIIROG
0:4&���������� LQ WKH RULJLQDO DVVHPEO\ �*&$B������������� $ EODVWQ VHDUFK RI WKH VFDIIROGV
ZLWKRXW PDSSLQJ +L�& UHDGV UHYHDOHG PDQ\ KLWV WR IXQJDO VHTXHQFHV�

,Q &� IUDJUDQWLVVLPD ZH SHUIRUPHG VHYHUDO PDQXDO EUHDNV DQG VFDIIROG LQVHUWLRQV VXFK WKDW HYHU\
VFDIIROG IURP DVVHPEO\ YHUVLRQ ��� ZDV SODFHG RQ D FKURPRVRPH�VFDOH VFDIIROG� (YLGHQFH RI DOWHUQDWH
FKURPRVRPH FRQILJXUDWLRQV ZDV XVHG WR JHQHUDWH DQ DOWHUQDWH UHIHUHQFH VHTXHQFH IRU &DSVDVSRUD�

:H JHQHUDWHG FRRUGLQDWHV RI JHQH SRVLWLRQV DORQJ WKH FKURPRVRPH�VFDOH VFDIIROGV E\ PDSSLQJ WKH
WUDQVFULSWV IURP WKH SXEOLVKHG JHQRPH DQQRWDWLRQ WR WKH QHZ FKURPRVRPH�VFDOH VFDIIROGV ZLWK PLQLPDS�
Y�������
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����� 7KUHH DVVHPEO\ YHUVLRQV RI &DSVDVSRUD RZF]DU]DNL � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 0HWKRGV
,Q WKH &DSVDVSRUD RZF]DU]DNL JHQRPH DVVHPEO\� WKH +L�& PDS UHYHDOHG WKDW SXWDWLYH FKURPRVRPH �

FRQWDLQHG WZR UHJLRQV ZLWK LQWHU�FKURPRVRPDO SXQFWD FRQVLVWHQW ZLWK FHQWURPHULF +L�& SDWWHUQV� 7KH
FRQILJXUDWLRQ RI WKH +L�& PDS OHG XV WR EHOLHYH WKDW WKH VHTXHQFHG &DSVDVSRUD RZF]DU]DNL VWUDLQ FRQWDLQV
D KHWHUR]\JRXV FKURPRVRPH IXVLRQ� )RU WKLV UHDVRQ� ZH RSWHG WR JHQHUDWH DOWHUQDWH JHQRPH DVVHPEOLHV
WKDW UHSUHVHQWHG SXWDWLYH FKURPRVRPH � DV WZR VHSDUDWH VHTXHQFHV� 8VLQJ DOWHUQDWH DVVHPEOLHV ZRXOG
DOORZ XV WR WHVW RXU SK\ORJHQHWLF K\SRWKHVHV ZLWK ERWK RI WKH LQIHUUHG KHWHUR]\JRXV FKURPRVRPDO
FRQILJXUDWLRQV�

:H UHIHU WR WKH &DSVDVSRUD RZF]DU]DNL SUHVHQWHG DERYH LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ 6HFWLRQ
����� DV µFDSVDVSRUD$¶� 7KLV DVVHPEO\ FRQWDLQV DOO RI WKH VFDIIROGV IURP 'HQER HW DO� ������ RQ ��
FKURPRVRPH�VFDOH VFDIIROGV� 1R DGGLWLRQDO VHTXHQFH FXUDWLRQ KDV EHHQ SHUIRUPHG WR UHPRYH UHSHWLWLYH RU
LQFRUUHFWO\ DVVHPEOHG UHJLRQV�

:H WKHQ JHQHUDWHG D YHUVLRQ RI WKH JHQRPH DVVHPEO\ LQ ZKLFK UHSHWLWLYH UHJLRQV KDYH EHHQ UHPRYHG
IURP WKH FKURPRVRPH�VFDOH VFDIIROGV� 7KLV DVVHPEO\ YHUVLRQ LV UHIHUUHG WR DV FDSVDVSRUD%� 7R FUHDWH WKLV
DVVHPEO\ WKH �SDLUV ILOHV IURP WKH +L�& PDSV PHQWLRQHG DERYH ZHUH FRQYHUWHG WR WKH �KLF IRUPDW ZLWK
-XLFHER[ $VVHPEO\ 7RROV JLWKXE FRPPLW ��F�HG���� 5HSHWLWLYH UHJLRQV ZHUH LGHQWLILHG DQG SODFHG LQWR
VHSDUDWH VFDIIROGV XVLQJ WKH �KLF PDS ZLWK WKH -XLFHER[ YLVXDOL]DWLRQ V\VWHP Y����������� 3XWDWLYH
&DSVDVSRUD RZF]DU]DNL FKURPRVRPH � ZDV QRW VSOLW LQWR WZR VFDIIROGV� 7KHUHIRUH� WKH µFDSVDVSRUD%¶
DVVHPEO\ UHSUHVHQWV WKH KDSORW\SH FRQWDLQLQJ WKH KHWHUR]\JRXV FKURPRVRPH IXVLRQ�

7KH µFDSVDVSRUD%¶ DVVHPEO\ UHSUHVHQWV WKH KDSORW\SH LQ ZKLFK WKH SXWDWLYH FKURPRVRPH � LQ
DVVHPEOLHV µFDSVDVSRUD$¶ DQG µFDSVDVSRUD%¶ LV WZR VHSDUDWH FKURPRVRPHV� 7R SURGXFH WKLV DVVHPEO\� WKH
µFDSVDVSRUD%¶ DVVHPEO\ ZDV VSOLW DW WKH DSSURSULDWH ORFDWLRQ� EDVHG RQ +L�& HYLGHQFH DQG XVLQJ WKH
-XLFHER[ YLVXDOL]DWLRQ V\VWHP Y�����������

����� 3XWDWLYH FHQWURPHUH ORFDWLRQV � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 0HWKRGV
7R LGHQWLI\ SXWDWLYH FHQWURPHULF SRVLWLRQV IURP +L�& GDWD� +L�& UHDGV ZHUH SUHSURFHVVHG DQG DOLJQHG

XVLQJ -XLFHU��� Y���������J��HF��� DQG YLVXDOL]HG LQ -XLFH%R[ �� Y������� DW ERWK 0DS4� DQG 0DS4��
FRQWDFW ILOWHULQJ WKUHVKROGV� ,QLWLDO FHQWURPHUH�FHQWURPHUH SXQFWD SRVLWLRQV ZHUH HVWLPDWHG PDQXDOO\ LQ
-XLFH%R[ DQG UHILQHG ZLWK &HQWXULRQ ��� Y��������J������F XVLQJ .QLJKW�5XL]�QRUPDOL]HG��� PDWULFHV DW
0DS4� DQG ��NE UHVROXWLRQ� ,I D &HQWXULRQ�HVWLPDWHG �UHVROXWLRQ ������ FRHI ��� FHQWURPHUH SRVLWLRQ
GHYLDWHG IURP WKH LQLWLDO� PDQXDO HVWLPDWH E\ PRUH WKDQ ��� >FDOFXODWHG DV �����䞉DEV�3&HQWXULRQ ± 3LQLWLDO� �
PD[�/S�DUP� /T�DUP�� ZKHUH 3 LV WKH HVWLPDWHG FHQWURPHUH SRVLWLRQ DQG / LV WKH UHVSHFWLYH FKURPRVRPH DUP
OHQJWK@� WKH RXWSXW FHQWURPHUH SRVLWLRQ ZDV UHYHUWHG WR WKH LQLWLDO HVWLPDWH����
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��� 5HVXOWV DQG 'LVFXVVLRQ � 8QLFHOOXODU 2XWJURXS 6SHFLHV

����� +L�& VHTXHQFLQJ VXPPDU\ � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 5HVXOWV
(DFK +L�& OLEUDU\ RI WKH XQLFHOOXODU RXWJURXS VSHFLHV ZDV VHTXHQFHG WR DW OHDVW ���[ FRYHUDJH� DQG XS

WR ���[ FRYHUDJH� RI WKH HQWLUH JHQRPH VL]H� %HFDXVH WKHVH VSHFLHV KDYH VPDOO JHQRPHV� WKLV FRYHUDJH ZDV
DWWDLQHG E\ UHODWLYHO\ VKDOORZ VHTXHQFLQJ RI EHWZHHQ ���� PLOOLRQ DQG ���� PLOOLRQ UHDG SDLUV� 7KH SHUFHQW
RI UHDGV WKDW FRQWDLQHG D OLQNHU VHTXHQFH LQGLFDWLQJ D VXFFHVVIXO +L�& MXQFWLRQ FDSWXUH UDQJHG EHWZHHQ
����� DQG ����� LQ LQGLYLGXDO OLEUDULHV� 6HH 6XSSOHPHQWDU\ 7DEOH ��� DQG 6XSSOHPHQWDU\ 'DWD � IRU D
VHTXHQFLQJ GDWD VXPPDU\�

����� 6XPPDU\ RI JHQRPH DVVHPEOLHV � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 5HVXOWV
(DFK RI RXU JHQRPH DVVHPEOLHV RI WKH XQLFHOOXODU VSHFLHV FRQWDLQ IHZHU WKDQ �� VFDIIROGV� DQG DW OHDVW

����� RI WKH EDVHSDLUV DUH LQ FKURPRVRPH�VFDOH VFDIIROGV LQ HDFK DVVHPEO\ �6XSSOHPHQWDU\ 7DE� �����
:H IRXQG WKDW 6DOSLQJRHFD URVHWWD KDV �� FKURPRVRPHV� &DSVDVSRUD RZF]DU]DNL KDV �� FKURPRVRPHV�
DQG &UHROLPD[ IUDJUDQWLVVLPD KDV �� FKURPRVRPHV �([WHQGHG 'DWD )LJ� ��� 7KH FHQWURPHUH
FRQILJXUDWLRQ ZDV HYLGHQW IURP WKH +L�& PDSV RI WKH &� IUDJUDQWLVVLPD DQG &� RZF]DU]DNL JHQRPHV�
7KHVH DVVHPEOLHV ZHUH VXIILFLHQW IRU XVH LQ LQWHU�VSHFLHV FKURPRVRPH�VFDOH JHQRPH FRPSDULVRQV� +L�&
PDSV DQG FRPSDULVRQV WR WKH RULJLQDO VFDIIROG�OHYHO DVVHPEOLHV DUH VKRZQ LQ ([WHQGHG 'DWD )LJXUH �J�L�
)LQDO JHQRPH DVVHPEO\ VWDWLVWLFV FDQ EH IRXQG LQ 6XSSOHPHQWDU\ 7DEOH ����

7KH +L�& PDWUL[ RI &DSVDVSRUD RZF]DU]DNL FRQWDLQHG VLJQDO IRU D KHWHUR]\JRXV IXVLRQ RI WZR
FKURPRVRPHV� 2QH KDSORW\SH DSSHDUV WR FRQWDLQ WZR FKURPRVRPHV IXVHG HQG�WR�HQG� FRPSRVLQJ WKH
UHIHUHQFH VHTXHQFH &DSVDVSRUD FKURPRVRPH � SUHVHQWHG KHUH� 7KH DOWHUQDWH KDSORW\SH DSSHDUV WR KDYH
WKRVH WZR VHTXHQFHV DV VHSDUDWH FKURPRVRPHV�

����� 3XWDWLYH FHQWURPHUH ORFDWLRQV � 8QLFHOOXODU 2XWJURXS 6SHFLHV � 5HVXOWV
2QO\ &� IUDJUDQWLVVLPD DQG &� RZF]DUN]DNL KDG D +L�& SDWWHUQ WKDW ZDV FRQVLVWHQW ZLWK FHQWURPHUH

VLJQDOV IRXQG LQ RWKHU XQLFHOOXODU VSHFLHV� 7KHUHIRUH� WKH 6� URVHWWD FHQWURPHUH HVWLPDWHV PD\ EH
LQDFFXUDWH� &� IUDJUDQWLVVLPD FKURPRVRPH � �&2:�� DSSHDUV WR KDYH WZR UHJLRQV DVVRFLDWHG ZLWK
LQWUD�FKURPRVRPDO +L�& KRWVSRWV� )XWXUH ORQJ�UHDG VHTXHQFLQJ HIIRUWV RI WKH &DSVDVSRUD JHQRPH ZLOO EH
QHFHVVDU\ WR UHVROYH WKH FRUUHFW ORFDWLRQ RI WKH FHQWURPHUHV RQ &2:�� $ WDEOH RI SXWDWLYH FHQWURPHUH
ORFDWLRQV LV LQ 6XSSOHPHQWDU\ 7DEOH ����

��
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6XSSOHPHQWDU\ 7DEOH ��� _ (VWLPDWHG FHQWURPHUH SRVLWLRQV LQ XQLFHOOXODU VSHFLHV� 7KH FRRUGLQDWHV� LQ
EDVHSDLUV� RI WKH HVWLPDWHG FHQWURPHUH SRVLWLRQV LQ 6� URVHWWD� &� IUDJUDQWLVVLPD� DQG
&� RZF]DU]DNL�
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� &KURPRVRPH WHFWRQLF HYHQWV DQG WKHLU SK\ORJHQHWLF LPSOLFDWLRQV

��� ,QWURGXFWLRQ
+HULWDEOH FKDQJHV LQ NDU\RW\SH DUH FDXVHG E\ WKUHH PDMRU SK\VLFDO SURFHVVHV WKDW FKDQJH WKH PDFUR

VWUXFWXUH RI FKURPRVRPHV� VSOLWWLQJ VLQJOH FKURPRVRPHV LQWR WZR �ILVVLRQV�� IXVLQJ WZR FKURPRVRPHV LQWR
RQH �IXVLRQV�� RU VZDSSLQJ VHFWLRQV EHWZHHQ FKURPRVRPHV �WUDQVORFDWLRQV�� :KLOH ZH XVH ³ILVVLRQ´ DQG
³IXVLRQ´ DV FRDUVH GHVFULSWLRQV WR VLPSOLI\ GLVFXVVLRQ� WKHVH WHUPV VKRXOG EH XQGHUVWRRG DV VKRUWKDQG IRU
SURFHVVHV WKDW LQYROYH PXOWLSOH GRXEOH VWUDQG EUHDNV DQG HQVXUH WKDW HDFK UHVXOWLQJ �QRQ�KRORFHQWULF�
FKURPRVRPH KDV D VLQJOH FHQWURPHUH DQG WZR IXQFWLRQLQJ WHORPHUHV� )RU IXUWKHU GLVFXVVLRQ VHH 6FKXEHUW
DQG /\VDN ��������� ,Q DGGLWLRQ WR WKHVH LQWHUFKURPRVRPDO SURFHVVHV� FKDQJHV LQ WKH OLQHDU VHTXHQFH DORQJ
FKURPRVRPHV DUH FDXVHG E\ FKURPRVRPDO LQYHUVLRQV� LQ ZKLFK D VHJPHQW RI D VLQJOH FKURPRVRPH LV
UHYHUVHG� 2YHU HYROXWLRQDU\ WLPH� FKURPRVRPDO LQYHUVLRQV FDXVH WKH RUGHU RI JHQHV WR UHDUUDQJH
GUDPDWLFDOO\� DV LV YLVLEOH EHWZHHQ KRPRORJRXV FKURPRVRPHV LQ H[WDQW VSHFLHV GLYHUJHG RYHU WHQV WR
KXQGUHGV RI PLOOLRQV RI \HDUV���������

3UHYLRXV ZRUN KDV H[SORUHG WKH LGHD WKDW FKURPRVRPH IXVLRQ HYHQWV� IROORZHG E\ JHQH RUGHU
UHDUUDQJHPHQW IURP PDQ\ FKURPRVRPDO LQYHUVLRQV� LV �D� DQ LUUHYHUVLEOH SURFHVV� DQG �E� LV KHULWDEOH� DQG
�F� LV WKHUHIRUH SK\ORJHQHWLFDOO\ LQIRUPDWLYH��� +HUH� ZH ZLOO H[SORUH WKHVH LGHDV LQ WKH FRQWH[W RI WKH
FWHQRSKRUH��VSRQJH�VLVWHU K\SRWKHVHV� ZH ZLOO GLVFXVV ZK\ QR RWKHU VHULHV RI ³FKURPRVRPH DOJHEUD´
PRYHV LV SK\ORJHQHWLFDOO\ LQIRUPDWLYH� DQG ODVWO\ ZH ZLOO FRQVLGHU SRVVLEOH FDYHDWV RI XVLQJ FKURPRVRPDO
IXVLRQ�ZLWK�PL[LQJ HYHQWV DV SK\ORJHQHWLFDOO\ LQIRUPDWLYH PDUNHUV�
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��� $VVXPSWLRQV
,Q WKLV PRGH RI SK\ORJHQHWLF DQDO\VHV LW LV DVVXPHG WKDW RQH NQRZV DW OHDVW RQH RXWJURXS RI WKH FODGH

WKDW LV GHVLUHG WR VWXG\� )RU H[DPSOH� LI RQH ZHUH WU\LQJ WR UHVROYH D SK\ORJHQHWLF SRO\WRP\ ZLWKLQ WKH
%LODWHULD� RQH FRXOG XVH VSHFLHV RI &QLGDULD� 3RULIHUD� RU IURP PRUH GHHSO\ GLYHUJHG 2SLVWKRNRQWV DV
RXWJURXSV� ,Q WKLV PDQXVFULSW� ZH ZRUN XQGHU WKH DVVXPSWLRQ WKDW WKH 0HWD]RD �3RULIHUD� &WHQRSKRUD�
&QLGDULD� 3ODFR]RD� %LODWHULD� DUH PRQRSK\OHWLF� WKDW FKRDQRIODJHOODWHV DUH WKH FORVHVW UHODWLYHV RI WKH
0HWD]RD������� WKDW WKH )LODVWHUHD DUH WKH FORVHVW UHODWLYHV RI D PRQRSK\OHWLF FODGH FRQWDLQLQJ WKH
FKRDQRIODJHOODWHV DQG WKH 0HWD]RD������� DQG WKDW WKH ,FKWK\RVSRUHD DUH WKH FORVHVW UHODWLYHV RI DOO RI WKH
DERYH PHQWLRQHG FODGHV������ �6XSSOHPHQWDU\ )LJ� �����

6XSSOHPHQWDU\ )LJXUH ��� _ 7KH DVVXPSWLRQV RI WKH SK\ORJHQHWLF PHWKRGRORJ\ XVHG LQ WKLV
PDQXVFULSW� 7KLV SK\ORJHQHWLF WUHH LV WKH DVVXPSWLRQ XQGHU ZKLFK WKH HYROXWLRQDU\ K\SRWKHVHV SUHVHQWHG
LQ WKLV PDQXVFULSW DUH SUHVHQWHG� 1DPHO\� WKDW WKH 0HWD]RD DUH PRQRSK\OHWLF� DQG WKDW WKH
FKRDQRIODJHOODWHV� WKH ILODVWHUHDQV� DQG LFKWK\RVSRUHDQV DUH RXWJURXSV RI WKH 0HWD]RD�
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��� 2[IRUG GRW SORWV DOORZ LGHQWLILFDWLRQ RI V\QWHQ\ EHWZHHQ WZR JHQRPHV
7R XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ WKH JHQRPHV RI WZR RU PRUH VSHFLHV� LW LV HVVHQWLDO WR ILUVW

LGHQWLI\ RUWKRORJRXV UHJLRQV EHWZHHQ WKH FKURPRVRPHV� DQG WR LQIHU WKH HYROXWLRQDU\ KLVWRU\ RI WKRVH
FKURPRVRPHV� )RU FORVHO\ UHODWHG VSHFLHV� RQH FDQ LGHQWLI\ RUWKRORJRXV JHQRPH UHJLRQV E\ SHUIRUPLQJ
ZKROH�JHQRPH QXFOHRWLGH DOLJQPHQWV� )RU GLVWDQWO\�UHODWHG VSHFLHV� LW LV LQVWHDG SRVVLEOH WR XVH SURWHLQ
VHTXHQFH FRPSDULVRQV WR FUHDWH D PDS RI RUWKRORJRXV SRVLWLRQV EHWZHHQ DQ\ JLYHQ SDLU RI FKURPRVRPHV�
(YHQ LI WZR VSHFLHV GLYHUJHG KXQGUHGV RI PLOOLRQV RI \HDUV DJR� LW LV SRVVLEOH WR GHWHFW RUWKRORJRXV
FKURPRVRPHV� RU UHJLRQV RI FKURPRVRPHV� XVLQJ SURWHLQ RUWKRORJ\� 6WDWLVWLFDO VLJQLILFDQFH FDQ EH
HVWDEOLVKHG XVLQJ )LVKHU¶V H[DFW WHVW��� 2QH FDQ WKHQ YLVXDOL]H WKH V\QWHQ\ UHODWLRQVKLSV EHWZHHQ WKHVH WZR
VSHFLHV E\ SORWWLQJ WKH RUWKRORJRXV SURWHLQ FRRUGLQDWHV� 7KHVH SORWV GHSLFWLQJ WKH V\QWHQ\ UHODWLRQVKLSV
EHWZHHQ WZR VSHFLHV DUH FDOOHG 2[IRUG GRW SORWV�� �6XSSOHPHQWDU\ )LJ� ���D�� ,Q JHQHUDO� LW LV LPSRVVLEOH
WR GHWHUPLQH WKH DQFHVWUDO VWDWH RI WKH FRPPRQ DQFHVWRU RI WKH WZR VSHFLHV GHSLFWHG LQ 2[IRUG GRW SORWV
ZLWKRXW FRQVLGHUDWLRQ RI WKH UHODWLRQVKLS RI WKHVH RUWKRORJV WR WKH JHQRPH RI RXWJURXS VSHFLHV� �7KH
H[FHSWLRQ LV D ��� UHODWLRQVKLS EHWZHHQ FKURPRVRPHV RI GLIIHUHQW VSHFLHV� ZKLFK HVWDEOLVKHG WKDW VXFK D
FKURPRVRPDO XQLW ZDV SUHVHQW LQ WKHLU FRPPRQ DQFHVWRU� ZKLFK FDQ EH LQIHUUHG HYHQ ZLWKRXW FRQVLGHULQJ
RXWJURXSV�� 2[IRUG GRW SORWV DUH XVHIXO WR FKDUDFWHUL]H WKH UHODWLRQVKLS EHWZHHQ WKH JHQRPHV RI WZR
VSHFLHV� DQG WKLV LQIRUPDWLRQ FDQ JXLGH GRZQVWUHDP DQDO\VHV DQG FRPSDULVRQV�

6XSSOHPHQWDU\ )LJXUH ��� _ ([DPSOH 2[IRUG GRW SORW EHWZHHQ WZR VSHFLHV� ZLWK VLJQLILFDQFH WHVW� D� GHSLFWV DQ 2[IRUG GRW
SORW RI RUWKRORJRXV SURWHLQV LGHQWLILHG EHWZHHQ WKH ILUH MHOO\ILVK� 5KRSLOHPD HVFXOHQWXP �5(6�� DQG D IUHVKZDWHU GHPRVSRQJH�
(SK\GDWLD PXHOOHUL �(08�� 2UWKRORJRXV FKURPRVRPHV DUH LGHQWLILDEOH IURP PDQ\ RUWKRORJRXV SURWHLQV EHLQJ FRQWDLQHG LQ RQH
FKURPRVRPH�FKURPRVRPH ERXQGLQJ UHFWDQJOH� 5HODWLRQVKLSV VXFK DV FKURPRVRPH IXVLRQV�ILVVLRQV�WUDQVORFDWLRQV �5(6�
FRPSRVHG RI (08� DQG (08��� DQG GHFD\ RI V\QWHQ\ IURP VPDOO WUDQVORFDWLRQV �GLIIXVH GRWV RQ QRQ�KRPRORJRXV
FKURPRVRPHV� FDQ EH DOVR VHHQ LQ WKHVH ILJXUHV� E� $ RQH�VLGHG )LVKHU¶V H[DFW WHVW ZLWK %RQIHUURQL FRUUHFWLRQ�� FDOFXODWHV D
S�YDOXH WKDW WZR FKURPRVRPHV DUH FDWHJRULFDOO\ VLPLODU FRPSDUHG WR RWKHU FKURPRVRPHV� 7KH ELRORJLFDO LQWHUSUHWDWLRQ RI WKLV
DQDO\VLV LV WKDW D SDLU RI FKURPRVRPHV ZLWK D VPDOO S�YDOXH LQ WKH )LVKHU¶V H[DFW WHVW DUH GHULYHG IURP WKH VDPH DQFHVWUDO SLHFH
RI '1$� WKH\ DUH KRPRORJRXV� 5RZV RU FROXPQV ZLWK WZR RU PRUH VLJQLILFDQW S�YDOXHV VXJJHVW D FRPSOLFDWHG HYROXWLRQDU\
KLVWRU\ LQYROYLQJ IXVLRQ�ILVVLRQ�RU WUDQVORFDWLRQ HYHQWV�

��� $QFHVWUDO /LQNDJH *URXS LGHQWLILFDWLRQ LQ WKUHH RU PRUH VSHFLHV
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3HUIRUPLQJ RUWKRORJ\ LGHQWLILFDWLRQ EHWZHHQ WKUHH RU PRUH VSHFLHV SURYLGHV D IUDPHZRUN IURP ZKLFK
RQH FDQ PDNH LQIHUHQFHV DERXW FKURPRVRPH HYROXWLRQ� 7ZR VSHFLHV FDQ EH FRPSDUHG WR D NQRZQ RXWJURXS
DQG GHULYHG ILVVLRQ� IXVLRQ� DQG WUDQVORFDWLRQ HYHQWV FDQ EH LQIHUUHG IURP WKRVH UHODWLRQVKLSV� 3URWHLQ
RUWKRORJ\ RIIHUV WKH DELOLW\ WR LGHQWLI\ RUWKRORJRXV JHQRPH SRVLWLRQV EHWZHHQ VSHFLHV WKDW KDYH GLYHUJHG
PRUH WKDQ KXQGUHGV RI PLOOLRQV RI \HDUV DJR� DV ZH GR LQ WKLV PDQXVFULSW IRU DQLPDOV � 6DOSLQJRHFD RU
DQLPDOV � &DSVDVSRUD�������

2QH VWULQJHQW RUWKRORJ LGHQWLILFDWLRQ PHWKRG LV WR XVH UHFLSURFDO�EHVW EODVWS VHDUFKHV RI WZR RU PRUH
VSHFLHV �VHH 0RUHQR�+DJHOVLHE DQG /DWLPHU �������� 6XSSOHPHQWDU\ ,QIRUPDWLRQ ������� (DFK QHZ
VSHFLHV Q DGGHG WR WKH UHFLSURFDO�EHVW EODVW VHDUFK LQFUHDVHV WKH QXPEHU RI UHFLSURFDO EHVW EODVW SDLUV WKDW
PXVW EH VDWLVILHG E\ Q�Q ± ����� 7KHUHIRUH� WKH VWULQJHQF\ IRU WKLV RUWKRORJ\�ILQGLQJ PHWKRG LQFUHDVHV
QRQ�OLQHDUO\ ZLWK DGGLWLRQDO VSHFLHV� 2QFH D VHW RI RUWKRORJV KDYH EHHQ LQIHUUHG IURP Q VSHFLHV� LW LV
SRVVLEOH FRQVWUXFW SURWHLQ KLGGHQ 0DUNRY PRGHOV WR H[SDQG WKH RUWKRORJV WR PRUH VSHFLHV ZLWK WKH
LQFUHDVHG VWULQJHQF\ LPSRVHG E\ UHTXLULQJ UHFLSURFDO�EHVW EODVWS KLWV �6XSSOHPHQWDU\ ,QIRUPDWLRQ
������������� $QRWKHU FRPPRQ WRRO IRU RUWKRORJ LQIHUHQFH IRU PDQ\ VSHFLHV LV 2UWKR)LQGHU� ZKLFK UHOLHV RQ
EODVW�OLNH WRROV WR LGHQWLI\ SURWHLQ VLPLODULWLHV� WKHQ XVHV GRZQVWUHDP FOXVWHULQJ DQG WUHH DQDO\VHV WR IRUP
³RUWKRJURXSV´��� :H XVH ERWK PHWKRGV RI RUWKRORJ\ LQIHUHQFH LQ WKLV PDQXVFULSW�

2QFH SURWHLQ RUWKRORJV KDYH EHHQ LGHQWLILHG LQ D JURXS RI RUJDQLVPV� LW LV QHFHVVDU\ WR ILUVW VHOHFW RQO\
RUWKRORJV IRU ZKLFK HDFK VSHFLHV KDV RQO\ RQH SURWHLQ� RU LI WZR RU PRUH SURWHLQV DUH SUHVHQW LQ WKH
RUWKRORJ� WKH FRUUHVSRQGLQJ JHQHV DUH ORFDWHG RQ WKH VDPH FKURPRVRPH� 7KLV ILOWHULQJ SURFHVV UHPRYHV
WKH DPELJXLW\ LQ GRZQVWUHDP DQDO\VHV LQ ZKLFK LW LV QHFHVVDU\ WR GHFLGH WR ZKLFK FKURPRVRPH DQ
RUWKRORJ EHORQJV LQ HDFK VSHFLHV� ,Q DQDO\VHV WKDW XVH 2UWKR)LQGHU� ZH SHUIRUP WKLV ILOWHULQJ VWHS
�GHVFULEHG ODWHU LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ ���� 6LQFH RXU RUWKRORJ�ILQGLQJ WHFKQLTXH XVLQJ KLGGHQ
0DUNRY PRGHOV RQO\ ILQGV RQH SURWHLQ SHU VSHFLHV SHU RUWKRORJRXV JURXS� QR IXUWKHU ILOWHULQJ LV QHFHVVDU\�

1RZ� ZLWK D FROOHFWLRQ RI RUWKRORJV IRU PDQ\ VSHFLHV� WKHUH ZLOO EH PDQ\ SRVVLEOH FRPELQDWLRQV RI
FKURPRVRPHV RQ ZKLFK WKH JHQHV UHVLGH LQ HDFK RUWKRORJ� )RU H[DPSOH� ZLWK WKH IRXU VSHFLHV $� %� &� DQG
'� ZH PD\ VHH DQ RUWKRORJ ZKRVH SURWHLQV H[LVW RQ FKURPRVRPHV �6XSSOHPHQWDU\ 7DEOH �����

6XSSOHPHQWDU\ 7DEOH ��� _ +\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV�
RUWKRORJ $ FKURP� % FKURP� & FKURP� ' FKURP�

� $� %� &� '�
� $� %� &� '�

7KHVH WZR H[DPSOH RUWKRORJV KDYH SURWHLQV RQ WKH VDPH FKURPRVRPHV LQ $� %� DQG &� EXW RQ GLIIHUHQW '
FKURPRVRPHV� :LWK RQO\ WKHVH WZR RUWKRORJV� ZH KDYH QR ZD\ RI GHWHUPLQLQJ ZKLFK FRPELQDWLRQ RI
FKURPRVRPHV PD\ UHSUHVHQW VRPH DQFHVWUDOO\ OLQNHG JHQHV� LI HLWKHU� RU LI WKHLU GLVWULEXWLRQ RQ
FKURPRVRPHV LV GXH WR UDQGRP FKDQFH�
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&RQVLGHU LQVWHDG WKH IROORZLQJ WDEOH �6XSSOHPHQWDU\ 7DEOH �����

6XSSOHPHQWDU\ 7DEOH ��� _0RUH K\SRWKHWLFDO RUWKRORJV DQG FKURPRVRPH FRRUGLQDWHV IURP IRXU VSHFLHV�
RUWKRORJ $ FKURP� % FKURP� & FKURP� ' FKURP�

� $� %� &� '�
� $� %� &� '�
� $� %� &� '�
� $� %� &� '�
� $� %� &� '�
� $� %� &� '�

,Q WKLV WDEOH� ZH VHH WKDW WKH FRQILJXUDWLRQ RI RUWKRORJV RQ FKURPRVRPHV $��%��&��'� RFFXUV � WLPHV�
DQG WKH FRQILJXUDWLRQ $��%��&��'� RFFXUV RQO\ RQFH� ,I ZH ILQG WKDW WKHUH DUH VRPH XQLTXH SDLUV RI
FRPELQDWLRQV RI FKURPRVRPHV WKDW H[LVW PRUH WKDQ ZH H[SHFW E\ FKDQFH� WKHQ WKHVH JURXSV DUH OLNHO\ WR EH
DQFHVWUDO OLQNDJH JURXSV RI JHQHV �$/*V� �VHH 6LPDNRY HW DO� ������ DQG 6LPDNRY HW DO� ������ IRU IXUWKHU
GHVFULSWLRQ��

,Q WKH DQDO\VHV IRU WKLV PDQXVFULSW� ZH VHOHFW FXWRIIV IRU WKH PLQLPXP VL]H RI $/*V WR FRQVLGHU E\
VLPXODWLRQ� :H WKHQ UDQGRPO\ VKXIIOH WKH JHQRPHV LQ WKH DQDO\VLV DQG FDOFXODWH WKH IUHTXHQF\ RI VHHLQJ
$/*V RI D JLYHQ QXPEHU RI RUWKRORJV GXH WR UDQGRP FKDQFH� 7KLV PLQLPXP $/* VL]H LV VPDOOHU IRU
GHHSO\�GLYHUJHG VSHFLHV WKDW VKDUH OLWWOH V\QWHQ\� DQG ODUJHU IRU VSHFLHV WKDW KDYH GLYHUJHG PRUH UHFHQWO\�

7KH $/*V WKDW UHPDLQ DIWHU ILOWHULQJ RXW WKRVH WKDW DUH VPDOO HQRXJK WR EH H[SHFWHG GXH WR UDQGRP
FKDQFH DUH WKHQ FDQGLGDWHV WR FRQVLGHU IRU VWXG\LQJ FKURPRVRPH WHFWRQLF HYHQWV�

��� 3K\ORJHQHWLF LPSOLFDWLRQV RI FKURPRVRPH WHFWRQLF HYHQWV LGHQWLILHG ZLWK ��VSHFLHV $/*V

7KHUH DUH VHYHQ EDVLF FRQILJXUDWLRQV WKDW DUH RIWHQ SUHVHQW ZKHQ FRPSDULQJ $/*V IRXQG IURP IRXU
VSHFLHV� ZLWK WKUHH VSHFLHV �$� %� &� LQ D PRQRSK\OHWLF FODGH DQG RQH RXWJURXS �2� �([WHQGHG 'DWD )LJ�
��� (DFK RI WKHVH VHYHQ FRQILJXUDWLRQV FDQ EH H[SODLQHG E\ D FKURPRVRPDO IXVLRQ RU ILVVLRQ� DQG LQ WKH
FDVHV RI IXVLRQV� VXEVHTXHQW VHULDO FKURPRVRPDO LQYHUVLRQV� )RXU RI WKH VHYHQ FRQILJXUDWLRQV SURYLGH QR
LQIRUPDWLRQ WKDW FDQ KHOS SRODUL]H WKH UHODWLRQVKLS EHWZHHQ WKH FODGH �$� %� &� �([WHQGHG 'DWD )LJ�
�D�E�G�H�J�� 2QH RI WKH WZR UHPDLQLQJ FRQILJXUDWLRQV LV PRVW HDVLO\ H[SODLQHG E\ D VLQJOH FKURPRVRPH
ILVVLRQ HYHQW WKDW LV OLNHO\ D V\QDSRPRUSK\� EXW ZLWK D FKDQFH RI KRPRSODV\ �([WHQGHG 'DWD )LJ� �I��
2QO\ RQH FRQILJXUDWLRQ RI WKHVH VHYHQ W\SHV LV DQ LUUHYHUVLEOH FKDQJH�� DQG� DV ZH VKRZ ODWHU� LV PRUH
OLNHO\ WR DULVH IURP DQ DQFHVWUDO HYHQW UDWKHU WKDQ FRQYHUJHQFH �([WHQGHG 'DWD )LJ� �G�� ,Q WKH IROORZLQJ
VHFWLRQV ZH ZLOO H[SORUH HDFK FRQILJXUDWLRQ LQ PRUH GHWDLO�

,Q WKH IROORZLQJ VFHQDULRV� ZH XVH WKH VLQJOH OHWWHU ³2´ WR UHIHU WR WKH RXWJURXS� DQG VSHFLHV $� %� DQG
& DUH WKH VSHFLHV WKDW ZH ZRXOG OLNH WR VWXG\� ,Q WKH WDEOHV EHORZ WKHUH DUH QR ORQJHU FROXPQV ODEHOHG
³RUWKRORJ´ EHFDXVH WKH RUWKRORJV DUH QRZ JURXSHG LQWR HDFK URZ� ,QVWHDG WKHUH LV QRZ D FROXPQ ODEHOHG
³$/*´ WR GLIIHUHQWLDWH EHWZHHQ WKH XQLTXH FRPELQDWLRQV RI FKURPRVRPHV�
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����� )XVLRQ ZLWK PL[LQJ LQ WZR QRQ�RXWJURXS VSHFLHV
/HW XV ILUVW FRQVLGHU WKH RQO\ FKURPRVRPH FRQILJXUDWLRQ RI WKRVH VKRZQ DERYH WKDW SURYLGHV HYLGHQFH

RI DQ HYROXWLRQDU\ V\QDSRPRUSK\� WKH FKURPRVRPDO IXVLRQ�ZLWK�PL[LQJ�� �6HH ([WHQGHG 'DWD )LJ� �F��
7KH DVVXPSWLRQ RI WKLV K\SRWKHVLV� DQG DOO WKRVH EHORZ� LV WKDW VSHFLHV $� %� DQG & IRUP D PRQRSK\OHWLF
FODGH� RU LQ RWKHU ZRUGV WKDW ZH NQRZ WKH RXWJURXS IRU WKH DQDO\VLV�

6XSSOHPHQWDU\ 7DEOH ��� _ $/* WDEOH RI D SXWDWLYH IXVLRQ�ZLWK�PL[LQJ HYHQW�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�
2� $� %� &�

6XSSOHPHQWDU\ 7DEOH ��� VKRZV WKDW VSHFLHV % DQG & VKDUH WZR $/*V RQ WKH VDPH FKURPRVRPHV�
ZKLOH WKH WZR $/*V DUH SUHVHQW RQ VHSDUDWH FKURPRVRPHV LQ VSHFLHV $ DQG LQ WKH RXWJURXS� $Q ULEERQ
SORW DQG 2[IRUG GRW SORW RI WKH SRVLWLRQV RI WKH RUWKRORJV DORQJ WKH FKURPRVRPHV VKRZV WKDW WKH WZR
$/*V DUH QRW RQO\ SUHVHQW RQ WKH VDPH FKURPRVRPHV LQ VSHFLHV % DQG &� EXW WKDW WKH JHQHV LQ WKRVH WZR
$/*V DUH LQWHUPLQJOHG DORQJ WKH FKURPRVRPHV �6XSSOHPHQWDU\ )LJXUH ���E�F�� *LYHQ WKH LUUHYHUVLELOLW\
RI FKURPRVRPDO IXVLRQ�ZLWK�PL[LQJ HYHQWV��� DQG WKH OHVV OLNHO\ H[SODQDWLRQV RI FRQYHUJHQFH
�6XSSOHPHQWDU\ )LJXUH ���G�H�� WKH PRVW SODXVLEOH H[SODQDWLRQ IRU WKHVH GDWD LV WKDW VSHFLHV $ LV WKH
VLVWHU FODGH RI VSHFLHV % DQG &� MRLQHG WRJHWKHU E\ D IXVLRQ�WKHQ�PL[LQJ HYHQW�

6XSSOHPHQWDU\ )LJXUH ��� _ $/*V LQYROYHG LQ D IXVLRQ�ZLWK�PL[LQJ HYHQW�
D� 7KH WDEOH RI WZR $/*V SUHVHQWHG LQ 6XSSOHPHQWDU\ 7DEOH ���� E� $ FDUWRRQ GHSLFWLRQ RI WKH RUWKRORJV SORWWHG LQ
WKH FRQWH[W RI WKH SRVLWLRQV RQ WKH FKURPRVRPHV� DQG F� WKH RUWKRORJV SORWWHG LQ WZR GLPHQVLRQV DV 2[IRUG GRW SORWV�
G� DQG H� VKRZ XQOLNHO\ WUHH WRSRORJLHV FDXVHG E\ FRQYHUJHQW IXVLRQV RU ILVVLRQ HYHQWV� ZKLOH I� VKRZV WKH PRVW
OLNHO\ WUHH WRSRORJ\ WKDW UHTXLUHV WKH IHZHVW QXPEHU RI FKURPRVRPDO WHFWRQLF HYHQWV�
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����� $/*V ZLWK XQLTXH FRPELQDWLRQV RI FKURPRVRPHV
/HW XV QRZ FRQVLGHU D VFHQDULR LQ ZKLFK DQ $/* LV UHFRYHUHG WKDW KDV QR VKDUHG FKURPRVRPHV

ZLWK RWKHU VSHFLHV �6HH DOVR ([WHQGHG 'DWD )LJ� �D��

6XSSOHPHQWDU\ 7DEOH ��� _ $ VLQJOH $/* ZLWK D XQLTXH FRPELQDWLRQ RI FKURPRVRPHV�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�

,Q WKLV VFHQDULR� WKH RQO\ LQIRUPDWLRQ SUHVHQW LV WKDW WKHUH DUH PDQ\ JHQHV FRQVHUYHG RQ WKH
FRPELQDWLRQ RI FKURPRVRPHV 2��$��%��&�� 7KHUH DUH QR RWKHU JURXSV WKDW ZHUH UHFRYHUHG� $ VLQJOH
$/* FRQWDLQV QR SK\ORJHQHWLF LQIRUPDWLRQ WR KHOS UHVROYH WKH SRO\WRP\ RI VSHFLHV $� %� DQG &� 7KHUH DUH
QR FKURPRVRPDO WHFWRQLF HYHQWV WR FRQVLGHU LQ WKH GLYHUJHQFH RI WKLV FRQVHUYHG SLHFH RI '1$ VLQFH WKH
GLYHUJHQFH RI WKH FRPPRQ DQFHVWRU RI 2� $� %� DQG &� +RZHYHU� VLQJOH $/*V DUH LQIRUPDWLYH LQ WKDW WKH\
DUH WKH UHPDLQGHU RI D JURXS RI JHQHV WKDW ZHUH SUHVHQW RQ VLQJOH FKURPRVRPHV LQ WKH FRPPRQ DQFHVWRU RI
WKHVH VSHFLHV� DQG VWLOO SHUVLVW WRGD\ RQ WKH VDPH FKURPRVRPHV VLQFH GLYHUJHQFH�

6XSSOHPHQWDU\ )LJXUH ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI $/*V ZLWK XQLTXH FKURPRVRPH FRPELQDWLRQV
D� 7KHUH LV RQO\ RQH $/* LQ WKH WDEOH� 7KH JHQHV LQ WKH $/*V H[LVW RQ VLQJOH FKURPRVRPHV LQ DOO WKUHH VSHFLHV�
VKRZQ LQ DQ E� ULEERQ SORW� DQG F� DQ 2[IRUG GRW SORW� G� 7KHUH LV QR SK\ORJHQHWLF LQIRUPDWLRQ LQ WKLV $/* WR KHOS
UHVROYH WKH SRO\WRP\ EHWZHHQ VSHFLHV $� %� DQG &�

��



����� 2QH ILVVLRQ HYHQW LQ WKH RXWJURXS � 2QH IXVLRQ LQ WKH DQFHVWRU RI RWKHU VSHFLHV
$QRWKHU K\SRWKHWLFDO VFHQDULR LV WKDW WZR $/*V VKDUH WKH VDPH FKURPRVRPHV IRU VSHFLHV $� %� DQG &�

EXW VHSDUDWH FKURPRVRPHV IRU WKH RXWJURXS �6HH DOVR ([WHQGHG 'DWD )LJ� �E��

6XSSOHPHQWDU\ 7DEOH ��� _ 2QH ILVVLRQ HYHQW LQ WKH RXWJURXS � 2QH IXVLRQ LQ WKH DQFHVWRU RI RWKHU VSHFLHV�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�
2� $� %� &�

7KHUH DUH WZR SK\ORJHQHWLF VFHQDULRV ZLWK RQO\ RQH FKURPRVRPDO WHFWRQLF HYHQW WKDW FDQ H[SODLQ WKH
FKURPRVRPH FRQILJXUDWLRQ RI WKHVH WZR $/*V� 2QH SRVVLELOLW\ LV WKDW WKHUH ZDV D VLQJOH DQFHVWUDO IXVLRQ
RU WUDQVORFDWLRQ HYHQW WKDW RFFXUUHG LQ WKH EUDQFK OHDGLQJ WR WKH FODGH FRQWDLQLQJ VSHFLHV $� %� DQG &
�6XSSOHPHQWDU\ )LJXUH ���J�� 7KH RWKHU SRVVLELOLW\ LV WKDW WKHUH ZDV D FKURPRVRPDO ILVVLRQ HYHQW LQ WKH
EUDQFK OHDGLQJ WR WKH RXWJURXS �6XSSOHPHQWDU\ )LJXUH ���J�� $OO DOWHUQDWH H[SODQDWLRQV RI WKH GDWD
LQYROYH PXOWLSOH LQGHSHQGHQW IXVLRQ HYHQWV� )RU H[DPSOH� WKH VDPH IXVLRQ HYHQW FRXOG KDYH RFFXUUHG
FRQYHUJHQWO\ LQ WKH WKUHH OLQHDJHV OHDGLQJ WR VSHFLHV $� %� DQG &� VLQFH WKH GLYHUJHQFH IURP WKHLU FRPPRQ
DQFHVWRU �6XSSOHPHQWDU\ )LJXUH ���I�� 2WKHU VLPLODU WUHHV WKDW FRXOG EH H[SODLQHG E\ WZR FRQYHUJHQW
IXVLRQ HYHQWV DUH DOVR XQOLNHO\�

)RU DOO RI WKHVH SRVVLEOH VFHQDULRV LW LV LPSRVVLEOH WR XVH WKLV LQIRUPDWLRQ WR UHVROYH WKH WRSRORJ\ RI WKH
VXEWUHH FRQWDLQLQJ VSHFLHV $� %� DQG & �6XSSOHPHQWDU\ )LJXUH ���G�H�� 7KHUH DUH QR
V\QDSRPRUSK\�IRUPLQJ HYHQWV WKDW FDQ KHOS SRODUL]H RQH RI WKH VSHFLHV DV KDYLQJ WKH DQFHVWUDO VWDWH� ZKLOH
WKH RWKHU WZR KDYH D VKDUHG GHULYHG DQG LUUHYHUVLEOH VWDWH�

6XSSOHPHQWDU\ )LJXUH ��� _ $Q DPELJXRXV VFHQDULR RI DQ DQFHVWUDO IXVLRQ RU GHULYHG ILVVLRQ�
D� 7KHUH LV RQO\ RQH $/* LQ WKH WDEOH� 7KH JHQHV LQ WKH $/*V H[LVW RQ VLQJOH FKURPRVRPHV LQ DOO WKUHH VSHFLHV�
VKRZQ LQ DQ E� ULEERQ SORW� DQG F� DQ 2[IRUG GRW SORW� G� DQG H� 7KHUH LV QR SK\ORJHQHWLF LQIRUPDWLRQ LQ WKLV $/* WR
KHOS UHVROYH WKH SRO\WRP\ EHWZHHQ VSHFLHV $� %� DQG &� I� LV XQOLNHO\ GXH WR WKH LPSUREDELOLW\ RI WKUHH FRQYHUJHQW
IXVLRQV� J� 7KH WRSRORJ\ FDQ EH H[SODLQHG E\ WZR HTXDOO\ SUREDEOH VLQJOH FKURPRVRPDO WHFWRQLF HYHQWV�

��



����� 7ZR $/*V IXVHG LQ D VLQJOH LQJURXS VSHFLHV
2QH SRVVLELOLW\ LV WKDW WZR $/*V H[LVW RQ VHSDUDWH FKURPRVRPHV LQ WKH RXWJURXS VSHFLHV� DQG WZR RI

WKH VSHFLHV LQ �$� %� &� �6HH DOVR ([WHQGHG 'DWD )LJ� �G�� 2Q D WKLUG VSHFLHV LQ �$� %� &�� WKH JHQHV IURP
WKH WZR $/*V DUH RQ WKH VDPH FKURPRVRPH DQG LQWHUPLQJOHG�

6XSSOHPHQWDU\ 7DEOH ��� _ $/*V RI D SXWDWLYH GHULYHG IXVLRQ ZLWK PL[LQJ�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�
2� $� %� &�

$ IXVLRQ HYHQW WKDW LV RQO\ SUHVHQW LQ RQH RI WKH LQJURXS VSHFLHV GRHV QRW SURYLGH HQRXJK LQIRUPDWLRQ
WR UHVROYH WKH WUHH WRSRORJ\ �6XSSOHPHQWDU\ )LJXUH ���G�� $OWHUQDWLYH H[SODQDWLRQV WKDW LQYROYH
FRQYHUJHQW ILVVLRQ HYHQWV DUH OHVV OLNHO\ WKDQ D VLQJOH ILVVLRQ HYHQW� DQG DOVR GR QRW UHVROYH WKH WUHH
WRSRORJ\ �6XSSOHPHQWDU\ )LJXUH ���H�� *LYHQ WKDW WKH DQFHVWUDO VWDWH DSSHDUV WR EH VSOLW� WKH IHZHVW
QXPEHU RI FKURPRVRPH WHFWRQLF HYHQWV WKDW FDQ H[SODLQ WKH GDWD LV RQH� RQH IXVLRQ HYHQW LQ WKH DQFHVWRU RI
VSHFLHV & VLQFH LWV GLYHUJHQFH IURP WKH FRPPRQ DQFHVWRU RI �$� %� &� �6XSSOHPHQWDU\ )LJXUH ���I��

6XSSOHPHQWDU\ )LJXUH ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V PL[HG RQO\ LQ RQH VSHFLHV�
D� 7KH WDEOH VKRZV WZR $/*V WKDW DUH RQ VHSDUDWH FKURPRVRPHV LQ WKH RXWJURXS DQG WZR VSHFLHV LQ �$� %� &�� E� $
FDUWRRQ ULEERQ SORW RI WKH $/*V� F� $ FDUWRRQ 2[IRUG GRW SORW RI WKH $/*V� G� 7KH SRVVLEOH FKURPRVRPDO WHFWRQLF
HYHQWV WKDW FDQ H[SODLQ WKHVH $/*V GR QRW DLG WKH UHVROXWLRQ RI WKH WUHH WRSRORJ\ IRU �$� %� &�� H� ([SODQDWLRQV RI
WKHVH $/*V XVLQJ FRQYHUJHQW HYHQWV DUH XQOLNHO\� I� 7KH PRVW OLNHO\ H[SODQDWLRQ IRU WKH GDWD DUH D GHULYHG ILVVLRQ
HYHQW LQ WKH EUDQFK OHDGLQJ WR &� KRZHYHU LW LV LPSRVVLEOH WR UHVROYH WKH WRSRORJ\ RI WKH WUHH�

��



����� 7ZR $/*V DSSHDU E\ ILVVLRQ LQ RQH LQJURXS VSHFLHV
/HW XV QRZ FRQVLGHU WKH SK\ORJHQHWLF LPSOLFDWLRQV RI WZR $/*V WKDW H[LVW RQ WKH VDPH FKURPRVRPHV

LQ WKH RXWJURXS� LQ VSHFLHV $� DQG LQ VSHFLHV %� ,Q VSHFLHV &� KRZHYHU� WKHVH $/*V H[LVW RQ WZR VHSDUDWH
FKURPRVRPHV� �6HH DOVR ([WHQGHG 'DWD )LJ� �H��

6XSSOHPHQWDU\ 7DEOH ��� _ $ SXWDWLYH ILVVLRQ HYHQW LQ WKH DQFHVWRU RI RQH VSHFLHV�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�
2� $� %� &�

7KH IHZHVW QXPEHU RI FKURPRVRPDO WHFWRQLF HYHQWV WKDW ZRXOG EH UHTXLUHG WR SURGXFH WKLV VWUXFWXUH
EHWZHHQ IRXU JHQRPHV LV D VLQJOH ILVVLRQ HYHQW LQ VSHFLHV & �6XSSOHPHQWDU\ )LJXUH ���G�I�� +RZHYHU� D
GHULYHG ILVVLRQ LQ D QRQ�RXWJURXS VSHFLHV GRHV QRW SURYLGH DQ\ HYLGHQFH RI D V\QDSRPRUSK\ EHWZHHQ WZR
RI WKH VSHFLHV LQ $� %� DQG & ± WKH GHULYHG FKDQJH FRXOG KDSSHQ LQ DQ\ RI WKH SLFWXUHG WRSRORJLHV LQ
6XSSOHPHQWDU\ )LJXUH ���G� WKHUHIRUH ZH PXVW UHMHFW WKHVH WRSRORJLHV� &RQYHUJHQW IXVLRQ HYHQWV
H[SODLQLQJ WKH $/*V DOVR GR QRW SURYLGH LQIRUPDWLRQ WR UHVROYH WKH WRSRORJ\ RI �$� %� &�� ,Q DGGLWLRQ�
FRQYHUJHQW IXVLRQ HYHQWV DUH OHVV OLNHO\ WR RFFXU WKDQ D VLQJOH ILVVLRQ HYHQW�

,I WKLV ZHUH WKH RQO\ LQIRUPDWLRQ DYDLODEOH WR XVH IURP WKH RXWJURXS� VSHFLHV $� VSHFLHV %� DQG VSHFLHV
&� WKHQ WKH PRVW OLNHO\ WUHH WRSRORJ\ LV VKRZQ LQ 6XSSOHPHQWDU\ )LJXUH ���I� �,Q DQ\ HYHQW� ZH GR QRW
ILQG VXFK HYHQWV LQ RXU DQDO\VLV RI D GLYHUVH VHW RI DQLPDO DQG XQLFHOOXODU RXWJURXS JHQRPHV��

6XSSOHPHQWDU\ )LJXUH ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQ RI WZR $/*V ZLWK RQH XQIXVHG VSHFLHV�
D� WKH WDEOH RI $/*V� E� 7KH FDUWRRQ ULEERQ SORW RI WKH $/*V� F� 7KH FDUWRRQ GRW SORW RI WKH $/*V� G� $ VLQJOH
ILVVLRQ HYHQW LQ VSHFLHV $� %� RU & GRHV QRW FUHDWH D V\QDSRPRUSK\ WKDW LQIRUPV WKH WUHH WRSRORJ\� H� &RQYHUJHQW
H[SODQDWLRQV DUH OHVV OLNHO\ WKDQ D VLQJOH ILVVLRQ HYHQW� I� 6LQJOH GHULYHG ILVVLRQ HYHQWV DUH WKH PRVW OLNHO\
HYROXWLRQDU\ H[SODQDWLRQ�

��



����� 2QH ILVVLRQ HYHQW LQ WKH LQJURXS OLQHDJH

&RQVLGHU WZR $/*V WKDW H[LVW� DQG DUH PL[HG� RQ WKH VDPH FKURPRVRPHV LQ WKH RXWJURXS DQG VSHFLHV
$� EXW DUH RQ VHSDUDWH FKURPRVRPHV LQ VSHFLHV % DQG & �6HH DOVR ([WHQGHG 'DWD )LJ� �I��

6XSSOHPHQWDU\ 7DEOH ��� _ 3XWDWLYH DQFHVWUDO ILVVLRQ HYHQW LQ WKH DQFHVWRU RI WZR VSHFLHV�
2 FKURP� $ FKURP� % FKURP� & FKURP�

2� $� %� &�
2� $� %� &�

,Q WKLV VFHQDULR� VSHFLHV $ VKDUHV WKH VDPH VWDWH DV WKH RXWJURXS �WZR $/*V PL[HG RQ RQH
FKURPRVRPH�� ZKLOH VSHFLHV % DQG & KDYH D GLIIHUHQW VWDWH WKDQ WKH RXWJURXS DQG VSHFLHV $ �WKH WZR
$/*V RQ VHSDUDWH FKURPRVRPHV�� )LUVW� FRQVLGHU WKH SRVVLELOLW\ WKDW VSHFLHV % LV VLVWHU WR D FODGH
FRQWDLQLQJ �$� &�� RU WKDW VSHFLHV & LV VLVWHU WR D FODGH FRQWDLQLQJ �$� %� �6XSSOHPHQWDU\ )LJXUH ���G�H��
,I WKLV LV WKH FRUUHFW WRSRORJ\� WKHQ LW ZRXOG UHTXLUH FRQYHUJHQW IXVLRQ HYHQWV �6XSSOHPHQWDU\ )LJXUH
���G� RU FRQYHUJHQW ILVVLRQ HYHQWV �6XSSOHPHQWDU\ )LJXUH ���H��

&RQYHUJHQW IXVLRQ RU ILVVLRQ HYHQWV DUH OHVV OLNHO\ WKDQ D VLQJOH IXVLRQ HYHQW WKDW RFFXUUHG LQ WKH
EUDQFK OHDGLQJ WR D FODGH FRQWDLQLQJ VSHFLHV % DQG &� �6LPLODU WR 6XSSOHPHQWDU\ ,QIRUPDWLRQ ������ ZH
GR QRW ILQG DQ\ VXFK HYHQWV LQ RXU DQDO\VLV RI DQLPDO DQG XQLFHOOXODU RXWJURXS JHQRPHV��

6XSSOHPHQWDU\ )LJXUH ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI DQ DSSDUHQW GHULYHG ILVVLRQ�
D� WKH WDEOH RI $/*V� E� 7KH FDUWRRQ ULEERQ SORW RI WKH $/*V� F� 7KH FDUWRRQ GRW SORW RI WKH $/*V� G� DQG H�
&RQYHUJHQW IXVLRQ RU ILVVLRQ HYHQWV ZLWK % RU & DV WKH VLVWHU JURXS WR WKH RWKHUV LQ �$� %� &� DUH QRW OLNHO\
WRSRORJLHV� I�2QH VLQJOH GHULYHG IXVLRQ HYHQW LV WKH PRVW OLNHO\ HYROXWLRQDU\ H[SODQDWLRQ�

��



����� 2QH ILVVLRQ HYHQW LQ WKH LQJURXS OLQHDJH

/HW XV QRZ FRQVLGHU WKH SK\ORJHQHWLF LPSOLFDWLRQV RI ILQGLQJ HYLGHQFH IRU RQH SXWDWLYH
FKURPRVRPH ILVVLRQ HYHQW LQ WKH RXWJURXS �6HH DOVR ([WHQGHG 'DWD )LJ� �J��
6XSSOHPHQWDU\ 7DEOH ��� _ )XVLRQ LQ WKH EUDQFK OHDGLQJ WR WKH RXWJURXS� RU DQ DQFHVWUDO ILVVLRQ�

2 FKURP� $ FKURP� % FKURP� & FKURP�
2� $� %� &�
2� $� %� &�

$ ILVVLRQ HYHQW WKDW LV RQO\ SUHVHQW LQ RQH RI WKH VSHFLHV LQ �$� %� &� LV QRW HQRXJK LQIRUPDWLRQ WR
UHVROYH WKH WUHH WRSRORJ\ �6XSSOHPHQWDU\ )LJXUH ���G�� $ IXVLRQ�ZLWK�PL[LQJ HYHQW LQ WKH EUDQFK
OHDGLQJ WR WKH RXWJURXS LV DOVR QRW HQRXJK LQIRUPDWLRQ WR UHVROYH WKH VXEWUHH WRSRORJ\ �6XSSOHPHQWDU\
)LJXUH ���H�� ,W LV XQOLNHO\ WKDW WZR RU WKUHH FRQYHUJHQW ILVVLRQ HYHQWV FRXOG H[SODLQ WKH HYROXWLRQDU\
KLVWRU\ RI WKHVH $/*V �6XSSOHPHQWDU\ )LJXUH ���I� ZKHQ WKHUH DUH DOWHUQDWLYH H[SODQDWLRQV WKDW UHTXLUH
RQO\ RQH FKURPRVRPDO WHFWRQLF HYHQW �6XSSOHPHQWDU\ )LJXUH ���J�� *LYHQ WKDW WKH DQFHVWUDO VWDWH
DSSHDUV WR EH VSOLW� WKH IHZHVW QXPEHU RI FKURPRVRPH WHFWRQLF HYHQWV WKDW FDQ H[SODLQ WKH GDWD LV RQH� RQH
IXVLRQ HYHQW LQ WKH DQFHVWRU RI VSHFLHV & VLQFH LWV GLYHUJHQFH IURP WKH FRPPRQ DQFHVWRU RI �$� %� &�
�6XSSOHPHQWDU\ )LJXUH ���I��

6XSSOHPHQWDU\ )LJXUH ��� _ 3K\ORJHQHWLF LQWHUSUHWDWLRQV RI WZR $/*V IXVHG LQ WKH RXWJURXS�
D� WKH WDEOH RI $/*V� E� 7KH FDUWRRQ ULEERQ SORW RI WKH $/*V� F� 7KH FDUWRRQ GRW SORW RI WKH $/*V� G� 7KH
HYROXWLRQDU\ KLVWRU\ RI WKHVH $/*V LV EHVW H[SODLQHG E\ D VLQJOH ILVVLRQ HYHQW RU H� D VLQJOH IXVLRQ�ZLWK�PL[LQJ
HYHQW� 1HLWKHU FDQ KHOS UHVROYH WKH WRSRORJ\ RI �$� %� &�� I� 0XOWLSOH ILVVLRQ HYHQWV DUH OHVV OLNHO\ WR H[SODLQ WKH
FRQILJXUDWLRQ RI WKH $/*V� J� 7KH FRQILJXUDWLRQ RI WKH $/*V FDQ EH H[SODLQHG HTXDOO\ ZHOO E\ D ILVVLRQ LQ WKH
DQFHVWRU RI �$� %� &� RU D IXVLRQ�ZLWK�PL[LQJ LQ WKH EUDQFK OHDGLQJ WR WKH RXWJURXS�

��



� 2'3� VRIWZDUH WR SHUIRUP PDFURV\QWHQ\ DQDO\VHV

��� ,QWURGXFWLRQ
:H VRXJKW WR GHWHFW ZKHWKHU XQLFHOOXODU RXWJURXS VSHFLHV WR DQLPDOV VKDUHG V\QWHQ\ ZLWK WKH PDMRU

FODGHV RI DQLPDOV IRU ZKLFK ZH KDYH FKURPRVRPH�VFDOH JHQRPHV� FWHQRSKRUHV� VSRQJHV� FQLGDULDQV� DQG
ELODWHULDQV� 7RZDUG WKLV JRDO ZH GHYHORSHG D VRIWZDUH SDFNDJH XVLQJ H[LVWLQJ WHFKQLTXHV����� WR LGHQWLI\ LI
WKHUH ZHUH JURXSV RI FRQVHUYHG JHQHV EHWZHHQ WKHVH FODGHV� 7KH DQDO\VLV RI WKH JHQRPHV RI DQLPDOV� DQG
XQLFHOOXODU RXWJURXS VSHFLHV RI DQLPDOV� XVLQJ WKLV VRIWZDUH LQGLFDWHG WKDW WKHUH ZHUH SK\ORJHQHWLFDOO\
LQIRUPDWLYH FKURPRVRPH IXVLRQ�WKHQ�PL[LQJ HYHQWV WKDW XQLWHG VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV LQ D
PRQRSK\OHWLF JURXS� :H WKHQ IXUWKHU GHYHORSHG WKH VRIWZDUH SDFNDJH WR DQDO\]H WKH VWDWLVWLFDO
VLJQLILFDQFH RI WKHVH ILQGLQJV� DQG ZKHWKHU DOWHUQDWH K\SRWKHVHV FRXOG H[SODLQ WKH ILQGLQJV�

��� 0HWKRGV � 0DFURV\QWHQ\ $QDO\VHV

����� 6RIWZDUH LPSOHPHQWDWLRQ RI V\QWHQ\ DQDO\VHV � 0HWKRGV
:H GHYHORSHG D VRIWZDUH SDFNDJH FDOOHG RGS �2[IRUG GRW SORWV� WR SHUIRUP WKH DQDO\VHV UHODWHG WR

FKURPRVRPH�VFDOH V\QWHQ\ DQG JHQH OLQNDJH JURXS IXVLRQ�WKHQ�PL[LQJ HYHQWV
�JLWKXE�FRP�FRQFKRHFLD�RGS�� 7KH VRIWZDUH FRQWDLQV� ��� VFULSWV WR ILQG UHFLSURFDO�EHVW�KLW SURWHLQV
EHWZHHQ VSHFLHV� ��� VFULSWV WR JHQHUDWH FKURPRVRPH�VFDOH V\QWHQ\ SORWV EHWZHHQ WZR VSHFLHV� ��� VFULSWV
WR FDOFXODWH WKH OLNHOLKRRG WKDW ZKROH RU SDUWLDO FKURPRVRPHV DUH RUWKRORJRXV EHWZHHQ WZR VSHFLHV� ���
VFULSWV WR ILQG Q�ZD\ UHFLSURFDO EHVW SURWHLQ KLWV� LQ RWKHU ZRUGV KLJKO\ FRQVHUYHG RUWKRORJV� EHWZHHQ Q
VSHFLHV� ��� VFULSWV WR ILQG VLJQLILFDQWO\ SUHVHUYHG JHQH OLQNDJH JURXSV EHWZHHQ Q VSHFLHV� ��� VFULSWV WR
PHUJH RUWKRORJRXV JHQH JURXSV EHWZHHQ VLPLODU VHDUFKHV� ��� VFULSWV WR FRQYHUW WKH RUWKRORJV WR KLGGHQ
PDUNRY PRGHOV �+00V� WR VHDUFK IRU RUWKRORJRXV JHQHV LQ PRUH VSHFLHV� ��� VFULSWV WR FDOFXODWH KRZ
ZHOO�PL[HG SDLUV RI OLQNDJH JURXSV DUH DORQJ RQH VSHFLHV� ��� DQG VFULSWV WR SHUIRUP VLPXODWLRQV WKDW WHVW
IRU YDU\LQJ HYROXWLRQDU\ K\SRWKHVHV� 7KHVH VFULSWV DOVR LQFOXGH SURYLVLRQV WR WHVW IRU WKH SUHVHQFH DQG
VLJQLILFDQFH RI WKH SK\ORJHQHWLFDOO\ GLDJQRVWLF FKURPRVRPH IXVLRQ�WKHQ�PL[LQJ HYHQWV�

7KH RGS SDFNDJH ZDV GHVLJQHG IRU UHSURGXFLELOLW\ DQG VFDODELOLW\� (DFK VFULSW LV D VQDNHPDNH SLSHOLQH
WKDW LV FRQWUROOHG E\ D \DPO FRQILJXUDWLRQ ILOH ZLWK D XQLILHG IRUPDW� ,Q RWKHU ZRUGV� DIWHU PDNLQJ DQ LQLWLDO
FRQILJXUDWLRQ ILOH IRU WKH GDWDVHWV WR DQDO\]H� LW WDNHV OLWWOH HIIRUW WR SHUIRUP VXEVHTXHQW DQDO\VHV ZLWK
GLIIHUHQW VFULSWV TXLFNO\� 7KH QXPEHU RI VSHFLHV LQFOXGHG LQ WKH DQDO\VHV LV RQO\ OLPLWHG E\ FRPSXWH WLPH
DQG GLVN VSDFH GXH WR WKH VFDODELOLW\ RI VQDNHPDNH�

7KH ILOH IRUPDWV XVHG DV LQSXW IRU RGS DUH JHQRPH DVVHPEO\ IDVWD ILOHV� IDVWD ILOHV FRQWDLQLQJ SURWHLQ
VHTXHQFHV� DQG ILOHV LQ D *))�OLNH IRUPDW VSHFLI\LQJ WKH SURWHLQ ORFDWLRQV LQ WKH JHQRPHV� ,QWHUQDOO\� RGS
VFULSWV XVH RQO\ IRXU VLPSOH� QHZ ILOH IRUPDWV WR FRQYH\ LQIRUPDWLRQ EHWZHHQ GLIIHUHQW SLSHOLQH VWHSV�
5HFLSURFDO EHVW EODVW KLWV EHWZHHQ WZR RU PRUH VSHFLHV DUH HQFRGHG LQ WDE�VHSDUDWHG ILOHV� ZLWK WKH ILOH
VXIIL[ ´�UEKµ� WKDW FRQWDLQ VLPSOH JHQH FRRUGLQDWH LQIRUPDWLRQ�

7KH �UEK ILOHV FDQ WKHQ EH SURFHVVHG WR JURXS WRJHWKHU JURXSV RI JHQHV SUHVHQW RQ WKH VDPH VHW RI
FKURPRVRPHV LQ WKH VSHFLHV LQ WKH DQDO\VLV� 7KLV� LQ HIIHFW� ILQGV JURXSV RI JHQHV OLQNHG WRJHWKHU VLQFH WKH
FRPPRQ DQFHVWRU RI VDLG VSHFLHV� 7KHVH ILOHV DOVR FRQWDLQ VLJQLILFDQFH YDOXHV FDOFXODWHG IRU HDFK OLQNHG
JHQH JURXS IURP JHQRPH VKXIIOLQJ VLPXODWLRQV� 7KHVH ILOHV DUH ODEHOHG ZLWK WKH VXIIL[ ´�JURXSE\µ� DQG
DUH XVHIXO IRU DQDO\]LQJ FKURPRVRPDO HYROXWLRQDU\ HYHQWV RQ D SK\ORJHQHWLF WUHH�

7KH �JURXSE\ ILOHV FDQ EH PHUJHG EHWZHHQ PXOWLSOH DQDO\VHV� )RU H[DPSOH ZH PHUJHG WKH
652�+&$�(08�5(6 DQG &2:�+&$�(08�5(6� MRLQLQJ WKH WDEOHV RQ RUWKRORJV VKDUHG RQ WKH VDPH
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VHWV RI FKURPRVRPHV LQ +&$�(08�5(6� 7KH �JURXSE\ ILOHV FDQ DOVR EH XQZUDSSHG EDFN WR �UEK
ILOHV� DQG DQ\ FROXPQV RU DQQRWDWLRQV DGGHG WR WKH �JURXSE\ ILOH ZLOO EH SUHVHQW LQ WKH DSSURSULDWH URZV
LQ WKH QHZ �UEK ILOH�

:H QRWH WKDW SHUIRUPLQJ Q�ZD\ UHFLSURFDO EHVW EODVW VHDUFKHV EHWZHHQ PRUH WKDQ WZR VSHFLHV LV KLJKO\
FRQVHUYDWLYH� DQG HDFK VSHFLHV DGGHG UHGXFHV WKH QXPEHU RI RUWKRORJV IRXQG� 7KHUHIRUH� LI WKH XVHU ZLVKHV
WR LQFOXGH PDQ\ VSHFLHV LQ RUWKRORJ\ DQDO\VHV� LW LV SRVVLEOH WR ILUVW FRQGXFW D UHFLSURFDO EHVW KLWV VHDUFK
ZLWK WKUHH RU IRXU FRUH VSHFLHV� WKHQ ILQG WKH PRVW FORVHO\ UHODWHG JHQHV LQ DGGLWLRQDO VSHFLHV� 7KLV SURFHVV
EXLOGV DQ +00 IURP D SURWHLQ DOLJQPHQW IURP WKH RUWKRORJV LQ WKH ������RU ��VSHFLHV �UEK ILOH� WKHQ
XVHV WKH +00 WR ILQG WKH EHVW KLW IRU HDFK RUWKRORJ LQ HDFK DGGLWLRQDO VSHFLHV� 7KH UHVXOWLQJ ILOH LV DQRWKHU
�UEK ILOH�

0RUH GRFXPHQWDWLRQ IRU WKH VRIWZDUH SDFNDJH FDQ EH IRXQG RQ WKH JLWKXE SDJH
�KWWSV���JLWKXE�FRP�FRQFKRHFLD�RGS�� 7KH YHUVLRQ RI WKH VRIWZDUH DYDLODEOH DW SXEOLFDWLRQ WLPH LV DOVR
DYDLODEOH RQ 'U\DG� KWWSV���GRL�RUJ���������GU\DG�GQFMV[P��� ,Q WKH IROORZLQJ PHWKRGRORJ\� ZH ZLOO UHIHU
WR WKH RGS VFULSW WKDW ZH XVHG IRU HDFK DQDO\VLV�

����� *HQRPH VHOHFWLRQ DQG GDWD SUHSDUDWLRQ � 0HWKRGV
,Q DGGLWLRQ WR WKH JHQRPHV WKDW ZH DVVHPEOHG IRU WKLV PDQXVFULSW� ZH JDWKHUHG FKURPRVRPH�VFDOH

JHQRPHV RI FQLGDULDQV� VSRQJHV� FWHQRSKRUHV� DQG ELODWHULDQV IRU JHQH OLQNDJH JURXS DQG PDFURV\QWHQ\
DQDO\VHV� :H DOVR XVHG QRQ�FKURPRVRPH�VFDOH JHQRPHV ZKHUH QHFHVVDU\� QDPHO\ WKH JHQRPH RI WKH
SODFR]RDQ 7ULFKRSOD[ DGKDHUHQV� )RU HDFK FKURPRVRPH�VFDOH JHQRPH DVVHPEO\� ZH UHIHU WR LQGLYLGXDO
FKURPRVRPHV XVLQJ WKH WKUHH�OHWWHU FRGH IRU WKH JHQXV DQG VSHFLHV� WKHQ WKH QXPEHU� :H XVHG WKH
FKURPRVRPH QXPEHUV SURYLGHG LQ WKH RULJLQDO PDQXVFULSWV� )RU 7ULFKRSOD[� ZH UHIHU WR WKH VFDIIROGV XVLQJ
WKH QDPH LQ WKH RULJLQDO DVVHPEO\���� 7KH JHQRPH DQQRWDWLRQ ILOHV ZHUH SDUVHG WR FUHDWH *))�OLNH ILOHV
XVHG LQ RGS IRU V\QWHQ\ DQDO\VHV� 6HH 6XSSOHPHQWDU\ 7DEOH ��� IRU JHQRPHV XVHG� WKUHH�OHWWHU VSHFLHV
FRGHV� DQG WKH SXEOLFDWLRQ VRXUFH RI WKH DVVHPEO\�

����� 7ZR�ZD\ DQG Q�ZD\ UHFLSURFDO EHVW EODVWS VHDUFKHV � 0HWKRGV
:H XVHG EODVWS Y��������� WR EODVW DOO SURWHLQV IURP RQH VSHFLHV DJDLQVW DOO SURWHLQV RI DQRWKHU VSHFLHV�

:H GLG QRW XVH GLDPRQG EODVWS EHFDXVH ZH IRXQG WKDW LW ZDV OHVV VHQVLWLYH WR GLVWDQWO\ UHODWHG SURWHLQV�
7KHVH EODVW UHVXOWV ZHUH SDUVHG WR ILQG SURWHLQV WKDW ZHUH UHFLSURFDO EHVW KLWV �UEK� EHWZHHQ HDFK SDLU RI
VSHFLHV� 7KH EHVW EODVW KLW ZDV GHILQHG DV WKH KLW ZLWK WKH KLJKHVW ELW VFRUH� WKHQ WKH VPDOOHVW H�YDOXH� IRU
HDFK TXHU\� 7ZR�ZD\ UHFLSURFDO EHVW EODVW KLWV DUH LPSOHPHQWHG LQ WKH VFULSWV RGS DQG RGSBQZD\BUEK�

:H DOVR VFDOHG WKH DQDO\VLV WR HQDEOH UEK EODVW VHDUFKHV EHWZHHQ PRUH WKDQ WZR VSHFLHV� :H XVHG
EODVWS WR SHUIRUP VHDUFKHV IRU DOO SRVVLEOH GDWDEDVH�TXHU\ FRPELQDWLRQV JLYHQ Q VSHFLHV� 7KHUHIRUH� ZH
UHIHU WR WKLV PHWKRG DV Q�ZD\ UEK VHDUFKHV� 7KHVH VHDUFKHV \LHOG VHWV RI SURWHLQV IURP Q VSHFLHV WKDW DUH
KLJKO\ FRQVHUYHG DPRQJ DOO Q VSHFLHV� ,Q HIIHFW� WKLV LV D KLJKO\ FRQVHUYDWLYH VHDUFK RI VLQJOH�FRS\
RUWKRORJV EHWZHHQ WKH Q VSHFLHV�

)RU DQ\ JLYHQ Q�ZD\ UEK VHDUFK� WKH EODVWS UHVXOWV DUH ORDGHG LQWR D JUDSK LQ ZKLFK SURWHLQV DUH QRGHV
DQG EHVW EODVW KLWV DUH GLUHFWLRQDO HGJHV� 7KH JUDSK LV SUXQHG WR UHPRYH WLHV RI EHVW KLWV EDVHG RQ ELWVFRUH
DQG HYDOXH IURP WKH EODVW UHVXOWV� 7KH VHWV RI SURWHLQV WKDW DUH Q�ZD\ UHFLSURFDO EHVW KLWV DUH FRQQHFWHG
FRPSRQHQWV RI GHJUHH Q� DQG DUH ELGLUHFWLRQDOO\ FRPSOHWH� 7KHVH VHWV RI SURWHLQV DUH WDNHQ IURP WKH JUDSK
DQG SULQWHG DV D �UEK ILOH IRU IXUWKHU SURFHVVLQJ� 7KLV DOJRULWKP LV LPSOHPHQWHG LQ WKH VFULSW
RGSBQZD\BUEK�

��
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����� 3ORWWLQJ V\QWHQ\ EHWZHHQ WZR VSHFLHV
8VLQJ WKH UHFLSURFDO�EHVW EODVW UHVXOWV IURP WKH DERYH VSHFLHV� ZH SORWWHG 2[IRUG 'RW 3ORWV RI HDFK

VSHFLHV SDLULQJ WR YLVXDOL]H V\QWHQ\ XVLQJ RGS� :H FDOFXODWHG WKH VLJQLILFDQFH WKDW DQ\ WZR FKURPRVRPHV
LQ HLWKHU VSHFLHV VKDUHG KRPRORJ\ XVLQJ D %RQIHUURQL�FRUUHFWHG )LVKHU¶V ([DFW 7HVW��� :H DOVR SURGXFHG
2'3 SORWV LQ ZKLFK HDFK GRW ZDV DVVLJQHG D FRORU EDVHG RQ LWV RUWKRORJ LQ RQH RI WKH �� JURXSV RI
DQFHVWUDOO\ OLQNHG JHQHV $/*V FRQVHUYHG EHWZHHQ FQLGDULDQ� VSRQJHV� DQG ELODWHULDQV��� ,I WKHUH ZDV QR
RUWKRORJ IRU WKRVH SURWHLQV LQ WKH $/*V� WKHQ WKH GRW ZDV FRORUHG JUD\� 7KLV HQDEOHG XV WR YLVXDOL]H QRW
RQO\ WKH V\QWHQ\ RI WZR VSHFLHV� EXW KRZ HDFK FKURPRVRPH ZDV UHODWHG WR WKH DQFHVWUDO OLQNDJH JURXSV�
7KLV DOVR KHOSHG XV YLVXDOL]H $/* VSOLWV DFURVV PXOWLSOH FWHQRSKRUH FKURPRVRPHV�

����� ,GHQWLI\LQJ UHFLSURFDO EHVW KLWV LQ DGGLWLRQDO VSHFLHV XVLQJ +00V
2ZLQJ WR WKH VWULQJHQF\ RI WKH Q�ZD\ UHFLSURFDO�EHVW EODVWS KLW RUWKRORJ VHOHFWLRQ DOJRULWKP� WKH

DGGLWLRQ RI RQH VSHFLHV WR DQ Q�ZD\ UHFLSURFDO EHVW EODVWS VHDUFK UHVXOWV LQ WKH LGHQWLILFDWLRQ RI PDQ\ IHZHU
RUWKRORJV WKDQ XVLQJ Q�� VSHFLHV� )RU WKLV UHDVRQ LW LV DGYDQWDJHRXV WR SHUIRUP WKH Q�ZD\ UHFLSURFDO EHVW
EODVWS VHDUFK XVLQJ RQO\ RQH UHSUHVHQWDWLYH VSHFLHV IRU HDFK FODGH RI LQWHUHVW� SUHIHUDEO\ D VSHFLHV IURP
WKDW FODGH ZLWK D ZHOO�DQQRWDWHG JHQRPH� 7R REVHUYH WKH JHQRPH ORFDOL]DWLRQ RI �&)5� &2:�
652��+&$�(08�5(6 RUWKRORJV LQ DGGLWLRQDO VSHFLHV� ZH FRQVWUXFWHG D VFULSW LQ WKH RGS SDFNDJH�
RGSBUEKBWRBKPP� WKDW FRQVWUXFWV D KLGGHQ 0DUNRY PRGHO �+00� RI HDFK RUWKRORJ WR VHDUFK IRU WKH
EHVW PDWFK LQ QHZ JHQRPHV RI LQWHUHVW�

7KH VFULSW SHUIRUPV WKH IROORZLQJ VWHSV� )RU HDFK RI WKH RUWKRORJV LQ D �UEK ILOH� WKH SURWHLQ
VHTXHQFHV LQ WKDW RUWKRORJ DUH DOLJQHG XVLQJ 0$))7 Y��������� DQG D KLGGHQ 0DUNRY PRGHO �+00� IURP
WKH DOLJQPHQW LV JHQHUDWHG XVLQJ KPPEXLOG LQFOXGHG ZLWK KPPHU Y��������� )RU HDFK +00 PRGHO� DQG
HDFK WDUJHW VSHFLHV� WKH SURWHLQV RI HDFK VSHFLHV¶ JHQRPH DUH VHDUFKHG XVLQJ KPPVHDUFK� $OO RI WKH +00
UHVXOWV DUH FRQFDWHQDWHG RQ D SHU�VSHFLHV EDVLV� DQG WKHQ EHVW�PDWFKHV DUH LGHQWLILHG XVLQJ D JUHHG\ JHQH
DVVLJQPHQW RI RUWKRORJ�WR�SURWHLQ EDVHG RQ WKH ELWVFRUH RI DOO RI WKH +00 VHDUFKHV� /LNH WKH Q�ZD\
UHFLSURFDO EHVW EODVWS VHDUFKHV� WKH +00 VHDUFK SURFHVV UHVXOWV LQ RQH �RU ]HUR� JHQHV SHU VSHFLHV DGGHG
WR HDFK RUWKRORJ� ,I DQ +00 UHWXUQV QR KLWV� RU KDV KLWV WKDW DUH EHWWHU PDWFKHV WR RWKHU +00V� LW LV
SRVVLEOH WKDW QR JHQH ZLOO EH DVVLJQHG IRU WKDW RUWKRORJ LQ WKDW VSHFLHV� 7KLV LV LPSOHPHQWHG LQ WKH RGS
VFULSW RGSBUEKBWRBKPP�

����� ,GHQWLI\LQJ LQVWDQFHV RI IXVLRQ�ZLWK�PL[LQJ LQ RGS

)XVLRQ EULQJV WRJHWKHU WZR VHWV RI JHQHV �$/*� DQG $/*�� RQWR WKH VDPH FKURPRVRPH� 7KHUH DUH WZR
ZD\V WR WH[W IRU PL[LQJ� 7KH VLPSOHVW GHVLJQDWHV D IXVLRQ DV ³PL[HG´ LI WKHUH LV DQ\ RYHUODS EHWZHHQ WKH
UDQJH �L�H�� FKURPRVRPH FRRUGLQDWH� RI WKH WZR VHWV� 7KLV LV D SHUPLVVLYH WHVW� LQ WKDW HYHQ RQH JHQH IURP
$/*� ZLWKLQ WKH WHUULWRU\ VSDQQHG E\ $/*� ZLOO OHDG WR FDOOLQJ WKH IXVLRQ DV ³PL[HG�´ ,W LV LPSOHPHQWHG
DV D FRQGLWLRQ ZLWKLQ RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ� ,Q WKH PDLQ WH[W� ZH GHVFULEH
DQG XVH D VHFRQG� PRUH VRSKLVWLFDWHG WHVW ZKLFK DOORZV IRU OLPLWHG RYHUODS EDVHG RQ VLPXODWLRQV RI PL[LQJ
ZLWKLQ WKH FKURPRVRPH� DV IXUWKHU GLVFXVVHG LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ ��� 7KLV PRUH VRSKLVWLFDWHG
WHVW LV SHUIRUPHG E\ RGSBUEKBSORWBPL[LQJ� EXW LV QRW FXUUHQWO\ LQWHJUDWHG ZLWKLQ JHQRPH
UHDUUDQJHPHQW VLPXODWLRQV �6XSSOHPHQWDU\ ,QIRUPDWLRQ �������
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����� *HQRPH VKXIIOLQJ VLPXODWLRQV IRU K\SRWKHVLV WHVWLQJ
,Q RXU DQDO\VHV ZH PXVW FRQVLGHU WKH SRVVLELOLW\ WKDW SDWWHUQV RI $/* IXVLRQ DQG PL[LQJ FRXOG KDYH

DULVHQ E\ FKDQFH� 7R HQVXUH WKDW RXU SDWWHUQV RI V\QWHQ\ KDYH QRW DULVHQ E\ FKDQFH� ZH GHYLVHG D JHQRPH
VKXIIOLQJ K\SRWKHVLV WHVW� 7KH WHVW GHVFULEHG EHORZ LV LPSOHPHQWHG LQ WKH SURJUDP
RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ XVLQJ UDQJH RYHUODS DV GHVFULEHG DERYH LQ
6XSSOHPHQWDU\ ,QIRUPDWLRQ �������

,Q WKLV K\SRWKHVLV WHVW� WKH XVHU VHOHFWV D TXDUWHW RI VSHFLHV� 7KHUH PXVW EH RQH NQRZQ RXWJURXS
VSHFLHV� DQG WKUHH VSHFLHV �$� %� &� IRU ZKLFK WKH XVHU ZLVKHV WR UHVROYH WKH WUHH WRSRORJ\ �([WHQGHG
'DWD )LJ� �� 6XSSOHPHQWDU\ )LJ� ����� 7KHUH DUH WKUHH SRVVLEOH WUHHV JLYHQ WKH WKUHH VSHFLHV LQ WKH
SRO\WRP\� DQG WKH SURJUDP ORRNV IRU HYLGHQFH VXSSRUWLQJ HDFK K\SRWKHVLV �6XSSOHPHQWDU\ )LJ� ���� DQG
SHUIRUPV JHQRPH VKXIIOLQJ VLPXODWLRQV WR GHWHUPLQH LI WKH GDWD FRXOG EH H[SODLQHG E\ D KLJKO\ GHULYHG
JHQRPH VWDWH�

7KH SURJUDP WDNHV DV LQSXW D �UEK ILOHV RI WKH $/*V DV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQV� DQG XVHV
WKDW ILOH WR LGHQWLI\ $/*V WKDW SDUWLFLSDWH LQ IXVLRQ�ZLWK�PL[LQJ HYHQWV� ,I WKH IXVLRQ�ZLWK�PL[LQJ HYHQW
VXSSRUWV RQH RI WKH WKUHH SRVVLEOH WRSRORJLHV� WKDW HYHQW DQG WKH QXPEHU RI JHQHV LQ WKDW HYHQW DUH VFRUHG
DV HYLGHQFH�

$W WKLV VWDJH� WKH SURJUDP KDV WDOOLHG WKH HYLGHQFH IRU HDFK K\SRWKHVLV EDVHG RQ WKH JHQRPHV RI WKH
IRXU VSHFLHV WKDW ZHUH SURYLGHG� 7KH SURJUDP QRZ WHVWV WKH QXOO K\SRWKHVLV IRU HDFK WUHH WRSRORJ\� WKDW WKH
IXVLRQ�ZLWK�PL[LQJ HYHQWV JURXSLQJ WZR RI WKH FODGHV WRJHWKHU FDQ EH H[SODLQHG E\ UDQGRP FKDQFH� 7KH
SURJUDP WHVWV WKH QXOO K\SRWKHVLV LQ IRXU VHSDUDWH WULDOV� (DFK WULDO VKXIIOHV WKH SURWHLQ FRRUGLQDWHV RI WKH
VDPH VSHFLHV WHQV RI WKRXVDQGV RI WLPHV� (DFK WLPH WKH SURWHLQ FRRUGLQDWHV DUH VKXIIOHG� WKH SURJUDP WHVWV
WR VHH LI WKHUH DUH IXVLRQ�ZLWK�PL[LQJ HYHQWV GHWHFWHG �XVLQJ WKH VLPSOH UDQJH RYHUODS WHVW�� 2YHU WHQV RI
WKRXVDQGV RI LWHUDWLRQV WKH SURJUDP H[SORUHV WKH VSDFH RI KRZ PDQ\ IXVLRQ�ZLWK�PL[LQJ HYHQWV� DQG KRZ
PDQ\ JHQHV LQYROYHG LQ WKRVH HYHQWV� ZRXOG H[LVW GXH WR UDQGRP JHQRPH FRQILJXUDWLRQV RI D VLQJOH
VSHFLHV�

$IWHU WKHVH WULDOV� WKH IDOVH GLVFRYHU\ UDWH LV FDOFXODWHG E\ GLYLGLQJ WKH QXPEHU RI WULDOV ZLWK WKH VDPH
GHJUHH RI VXSSRUW IRU WKH VLVWHU�FODGH K\SRWKHVLV DV WKH UHDO JHQRPHV GLYLGHG E\ WKH WRWDO QXPEHU RI WULDOV�
)RU H[DPSOH� LI WKH UHDO JHQRPHV KDYH ��� JHQHV WKDW VXSSRUW K\SRWKHVLV ��� DQG �� VKXIIOLQJ WULDOV RXW RI
���� DOVR KDG ��� JHQHV WKDW VXSSRUW K\SRWKHVLV ��� WKHQ WKH IDOVH GLVFRYHU\ UDWH LV �������� RU ����� ,Q
RXU H[SHULHQFH� WKH ELRORJLFDO VLJQDO IRU IXVLRQ�ZLWK�PL[LQJ HYHQWV WHQGV WR EH XQHTXLYRFDOO\ KLJKHU WKDQ
ZKDW LV VHHQ LQ VKXIIOHG JHQRPHV�

��



6XSSOHPHQWDU\ )LJXUH ��� _ 7KH WKUHH K\SRWKHVLV WHVWV RI RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ�
D� 6XSSRVH ZH KDYH IRXU VSHFLHV� RQH NQRZQ RXWJURXS �D VSRQJH�� DQG WKUHH VSHFLHV IRU ZKLFK ZH GR QRW
NQRZ WKH WUHH WRSRORJ\ �D GHXWHURVWRPH� D FQLGDULDQ� DQG D SURWRVWRPH�� E� 7KH SURJUDP
RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ WHVWV WKHVH WKUHH K\SRWKHVHV E\ VHDUFKLQJ IRU
V\QDSRPRUSKLF IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW VXSSRUW HDFK K\SRWKHVLV� ,W WKHQ SHUIRUPV JHQRPH
VKXIIOLQJ VLPXODWLRQV WR FDOFXODWH LI WKH IXVLRQ�ZLWK�PL[LQJ HYHQWV FDQ EH H[SODLQHG GXH WR UDQGRP FKDQFH�

��



� 9DOLGDWLQJ WKH PHWKRGRORJ\ DQG 2'3 VRIWZDUH ZLWK RWKHU FODGHV

��� ,QWURGXFWLRQ
$V D SURRI�RI�FRQFHSW� ZH WHVWHG LI WKH RGS VRIWZDUH� LQ DSSO\LQJ WKH SK\ORJHQHWLF DQDO\VLV WHFKQLTXHV

GHVFULEHG LQ WKLV VWXG\ �6XSSOHPHQWDU\ ,QIRUPDWLRQ ����� FRXOG UHFRYHU SUHYLRXVO\�LGHQWLILHG
V\QDSRPRUSKLF IXVLRQ�ZLWK�PL[LQJ HYHQWV LQ YDULRXV FODGHV�� )RU WHVW FDVHV� ZH VHOHFWHG WKH
SUHYLRXVO\�LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV XQLTXH WR VSLUDOLDQV� ELODWHULDQV� RU FQLGDULDQV �GHSLFWHG LQ
6LPDNRY HW DO� ��������

,Q RQH WHVW ZH FKHFNHG IRU WKH SUHVHQFH RI WKH IRXU SUHYLRXVO\�LGHQWLILHG %&Q6 $/*
IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW RFFXUUHG LQ WKH DQFHVWRU RI H[WDQW VSLUDOLDQV� /䎫-�� 4䎫+� 2�䎫5 DQG
2�䎫.��� 2QH WHVW VRXJKW WR UHFRYHU WKH IRXU $/* IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW RFFXUUHG LQ WKH DQFHVWRU
RI H[WDQW %LODWHULD� 5䎫2�� (D䎫(E� $�D䎫$�E� DQG 4EG䎫4F䎫4D��� 7KH WKLUG WHVW VRXJKW WR LGHQWLI\ ZKHWKHU
RGS FRXOG UHFRYHU WKH VL[ IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW RFFXUUHG LQ WKH FRPPRQ DQFHVWRU RI H[WDQW
&QLGDULD� %�䎫%�� $�䎫1� $�E䎫%�� 4D䎫-�� 4G䎫2�� DQG (E䎫)䎫4E��� 7KH VSHFLHV XVHG LQ WKHVH DQDO\VHV DUH
GHVFULEHG EHORZ LQ WKH PHWKRGV�

��� 0HWKRGV
:H UDQ WKH VFULSW RGSBQZD\BUEK ��� WR SHUIRUP ��ZD\ UHFLSURFDO�EHVW GLDPRQG EODVWS VHDUFKHV� ���

WR JURXS RUWKRORJV LQWR $/*V� ��� WR HVWLPDWH WKH IDOVH GLVFRYHU\ UDWH FXWRIIV RI $/* VL]H IRU HDFK TXDUWHW�
��� WR ILOWHU WKH $/*V EDVHG RQ WKH IDOVH GLVFRYHU\ UDWH� :H QRWH WKDW E\ XVLQJ GLDPRQG EODVWS ZH DUH
PLVVLQJ VRPH SRWHQWLDO RUWKRORJV WKDW PD\ KDYH EHHQ LGHQWLILHG ZLWK EODVWS� EXW WKLV GHJUHH RI VHQVLWLYLW\ LV
QRW QHFHVVDU\ IRU WKH DQDO\VHV RI WKH JURXSV GHVFULEHG EHORZ� 7KH ILQDO RXWSXW RI WKLV SURJUDP LV D
�JURXSE\ ILOH WKDW FRQWDLQV WKH $/*V� 7KH UHVXOWLQJ �JURXSE\ ILOH ZDV UXQ ZLWK WKH SURJUDP
RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ ZLWK ������� WULDOV RI VKXIIOHG JHQRPHV� 7KLV
SURJUDP ILQGV SDLUV RI $/*V WKDW SDUWLFLSDWH LQ IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW FDQ SRODUL]H WKH
UHODWLRQVKLS EHWZHHQ WKUHH VSHFLHV DQG DQ RXWJURXS� DQG HVWLPDWHV WKH VWUHQJWK RI WKH ELRORJLFDO VLJQDO
VXSSRUWLQJ DQ\ VLVWHU�FODGH K\SRWKHVLV RYHU ZKDW RQH ZRXOG H[SHFW IURP UDQGRPL]HG JHQRPHV�

)LUVW� ZH WHVWHG ZKHWKHU WKH DQDO\VLV UHFRYHUHG WKH ELODWHULDQ V\QDSRPRUSKLF IXVLRQ�ZLWK�PL[LQJ
HYHQWV ZH VHOHFWHG WKH ILUH MHOO\ILVK 5KRSLOHPD HVFXOHQWXP �5(6�� WKH FHSKDORFKRUGDWH GHXWHURVWRPH
%UDQFKLRVWRPD IORULGDH �%)/�� DQG WKH PROOXVFDQ SURWRVWRPH 3HFWHQ PD[LPXV �30$�� 7R WHVW ZKHWKHU
WKH DQDO\VLV UHFRYHUHG WKH IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV XQLWLQJ WKH FQLGDULD ZH VHOHFWHG RQH
SURWRVRPH JHQRPH �3� PD[LPXV�� DQG WKH JHQRPHV RI WZR FQLGDULDQV �5� HVFXOHQWXP DQG +� YXOJDULV��
(DFK RI WKHVH DQDO\VHV XVHG WKH JHQRPH RI WKH VSRQJH� (� PXHOOHUL �(08�� DV WKH RXWJURXS�
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��� 5HVXOWV DQG 'LVFXVVLRQ � 9DOLGDWLRQ RI WKH 2'3 PHWKRGRORJ\

����� 5HFRYHU\ RI ELODWHULDQ IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV
7KH DQDO\VLV UHFRYHUHG DOO WKUHH SUHYLRXVO\�LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW XQLWH WKH

ELODWHULDQV� $�D䎫$�E� (D䎫(E� DQG 4EG䎫4F䎫4D� PDGH XS RI ��� RUWKRORJV �6XSSOHPHQWDU\ )LJ� ����
,Q WKH ILJXUH VKRZQ EHORZ� WKH VLPXODWHG GDWD ZHUH JHQHUDWHG E\ VKXIIOLQJ WKH 5KRSLOHPD HVFXOHQWXP

JHQRPH WR VHH LI WKH VXSSRUW IRU WKH ELODWHULDQ V\QDSRPRUSKLHV PLJKW EH GXH WR WKH FKURPRVRPH
DUUDQJHPHQW RI WKH FQLGDULDQ� 7KHUH ZHUH QR V\QDSRPRUSKLHV IRXQG XQLWLQJ WKH GHXWHURVWRPH DQG
FQLGDULDQ� RU WKH SURWRVWRPH DQG FQLGDULDQ� 7KH RQO\ VXSSRUW IRU WKHVH WZR VFHQDULRV DURVH LQ WKH
UDQGRPL]DWLRQ WULDOV� 7KH SUHVHQFH RI IXVLRQ�ZLWK�PL[LQJ HYHQWV FRXSOLQJ WKH ELODWHULDQV WR WKH H[FOXVLRQ
RI WKH FQLGDULDQ DQG VSRQJH� DQG WKH ODFN RI VXFK ):0 HYHQWV LQ WKH VLPXODWHG GDWD� DOORZ XV WR UHMHFW WKH
QXOO K\SRWKHVLV� �+HUH PL[LQJ LV GHILQHG E\ D VLPSOH UDQJH RYHUODS WHVW� UDWKHU WKDQ WKH PRUH DFFXUDWH WHVW
IRU PL[LQJ EDVHG RQ JHQH RUGHU VKXIIOLQJ DV GHVFULEHG DQG DSSOLHG LQ WKH PDLQ WH[W DQG 6XSSOHPHQWDU\
,QIRUPDWLRQ ���� 'HXWHURVWRPH LV %� IORULGDH �DPSKLR[XV� DQG 3URWRVWRPH LV 3� PD[LPXV �VFDOORS��

6XSSOHPHQWDU\ )LJXUH ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV ELODWHULDQ V\QDSRPRUSKLHV� (YHU\ URZ
VKRZV ZKLFK IXVLRQ�ZLWK�PL[LQJ �):0� WRSRORJ\ LV EHLQJ WHVWHG �OHIW�� WKH QXPEHU RI JHQHV LQ
IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW VXSSRUW WKDW K\SRWKHVLV �PLGGOH � UHG YHUWLFDO OLQH�� DQG WKH QXPEHU RI
IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW VXSSRUW WKDW K\SRWKHVLV �ULJKW � UHG YHUWLFDO OLQH�� 7KH JUD\ EDUV DUH
KLVWRJUDPV RI WKH VDPH PHDVXUHPHQW PDGH RYHU ������� VKXIIOHG 5KRSLOHPD JHQRPHV �5(6 � ODEHOHG
&QLGDULDQ�� D� 7KHUH ZHUH QR IXVLRQ�ZLWK�PL[LQJ HYHQWV JURXSLQJ WKH FQLGDULDQ DQG GHXWHURVWRPH� E�
7KHUH ZHUH QR ):0 HYHQWV JURXSLQJ WKH GHXWHURVWRPH DQG WKH FQLGDULDQ� F� 7KHUH ZHUH ��� RUWKRORJV LQ
WKUHH ):0 HYHQWV JURXSLQJ WKH GHXWHURVWRPH DQG SURWRVWRPH�

��



����� 5HFRYHU\ RI FQLGDULDQ IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV
7KH DQDO\VLV UHFRYHUHG ILYH RI WKH VL[ SUHYLRXVO\�LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW XQLWH WKH

FQLGDULD� %�䎫%�� $�䎫1� $�E䎫%�� 4D䎫-�� (E䎫)䎫4E� PDGH XS RI ��� RUWKRORJV �6XSSOHPHQWDU\ )LJ� �����
7KH VL[WK DQFHVWUDO FQLGDULDQ IXVLRQ�ZLWK PL[LQJ HYHQW� 4G䎫2�� ZDV QRW GHWHFWHG GXH WR WKH VWULQJHQFLHV
RI WKH IRXU�ZD\ UHFLSURFDO EHVW KLWV RUWKRORJ ILQGLQJ SURFHVV� DQG WKH UHODWLYHO\ ORZ QXPEHU RI JHQHV LQ
$/*B4G� �+HUH PL[LQJ LV GHILQHG E\ D VLPSOH UDQJH RYHUODS WHVW� UDWKHU WKDQ WKH PRUH DFFXUDWH WHVW IRU
PL[LQJ EDVHG RQ JHQH RUGHU VKXIIOLQJ DV GHVFULEHG DQG DSSOLHG LQ WKH PDLQ WH[W DQG 6XSSOHPHQWDU\
,QIRUPDWLRQ ����

7KH VLPXODWHG GDWD VKRZQ EHORZ �JUD\ EDUV� ZHUH JHQHUDWHG E\ VKXIIOLQJ WKH 3� PD[LPXV �30$ �
ODEHOHG 3URWRVWRPH� JHQRPH� &QLGDULDQ � LV +\GUD DQG &QLGDULDQ � LV MHOO\ILVK� 7KH ELRORJLFDO GDWD RQO\
VXSSRUW IXVLRQ�ZLWK�PL[LQJ V\QDSRPRUSKLHV JURXSLQJ WKHVH WZR FQLGDULDQ VSHFLHV� 7KH ELRORJLFDO VLJQDO LV
IDU VWURQJHU WKDQ DQ\ RI WKH VKXIIOHG JHQRPHV VHHQ LQ WKH VLPXODWLRQV�

6XSSOHPHQWDU\ )LJXUH ��� _ $XWRPDWHG $/* DQDO\VLV UHFRYHUV FQLGDULDQ V\QDSRPRUSKLHV� (YHU\ URZ
VKRZV ZKLFK IXVLRQ�ZLWK�PL[LQJ �):0� WRSRORJ\ LV EHLQJ WHVWHG �OHIW�� WKH QXPEHU RI JHQHV LQ
IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW VXSSRUW WKDW K\SRWKHVLV �PLGGOH � UHG YHUWLFDO OLQH�� DQG WKH QXPEHU RI
IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW VXSSRUW WKDW K\SRWKHVLV �ULJKW � UHG YHUWLFDO OLQH�� 7KH JUD\ EDUV DUH
KLVWRJUDPV RI WKH VDPH PHDVXUHPHQW PDGH RYHU ������� VKXIIOHG 3� PD[LPXV �30$ � ODEHOHG 3URWRVRPH�
JHQRPHV� D� 7KHUH ZHUH QR IXVLRQ�ZLWK�PL[LQJ HYHQWV JURXSLQJ WKH FQLGDULDQ DQG GHXWHURVWRPH� E� 7KHUH
ZHUH QR ):0 HYHQWV JURXSLQJ WKH GHXWHURVWRPH DQG WKH FQLGDULDQ� F� 7KHUH ZHUH ��� RUWKRORJV LQ WKUHH
):0 HYHQWV JURXSLQJ WKH FQLGDULDQV�

��



� 0DFURV\QWHQ\ DQDO\VHV RI DQLPDOV DQG WKHLU FORVH XQLFHOOXODU UHODWLYHV

��� ,QWURGXFWLRQ � 0DFURV\QWHQ\ $QDO\VHV
:H FRPSDUHG WKH JHQRPHV RI XQLFHOOXODU RXWJURXSV WR WKRVH RI GLYHUVH DQLPDOV IRU ZKLFK ZH KDYH

FKURPRVRPH�VFDOH JHQRPH DVVHPEOLHV� FWHQRSKRUHV� VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV� 7RZDUG WKLV
JRDO ZH GHYHORSHG D VRIWZDUH SDFNDJH WKDW FRPELQHV H[LVWLQJ WHFKQLTXHV����� WR LGHQWLI\ FRQVHUYHG JHQH
OLQNDJH JURXSV� :H IXUWKHU GHYHORSHG WKH VRIWZDUH SDFNDJH WR DQDO\]H WKH VWDWLVWLFDO VLJQLILFDQFH RI WKHVH
ILQGLQJV� DQG WHVW ZKHWKHU DOWHUQDWH K\SRWKHVHV FRXOG H[SODLQ WKH ILQGLQJV�

��� 5HVXOWV DQG 'LVFXVVLRQ � 0DFURV\QWHQ\ $QDO\VHV

����� &RQVHUYDWLRQ RI FWHQRSKRUH NDU\RW\SH
:H IRXQG WKDW WZR GLVWDQWO\ UHODWHG FWHQRSKRUH VSHFLHV �+� FDOLIRUQHQVLV DQG %� PLFURSWHUD� VKDUHG D

FRQVHUYHG NDU\RW\SH RI �� FKURPRVRPHV GHVSLWH GLYHUJLQJ ������� PLOOLRQ \HDUV DJR��� 7KH ��
FKURPRVRPHV LQ +� FDOLIRUQHQVLV DQG %� PLFURSWHUD DUH LQ RQH�WR�RQH FRUUHVSRQGHQFH �)LJ� �G� ([WHQGHG
'DWD )LJ� �D�� :KLOH WKH IRXU GLVWDQWO\ UHODWHG GHPRVSRQJHV �(� PXHOOHUL��� WKH FODGRUKL]LG VSRQJH� &�
UHQLIRUPLV������ 3� ILFLIRUPLV������ H[KLELW UHVLGXDO JHQH RUGHU FROLQHDULW\ �)LJ� �G� ([WHQGHG 'DWD )LJ�
�I�K�� WKH WZR FWHQRSKRUHV VKRZ QR DSSUHFLDEOH JHQH RUGHU FRQVHUYDWLRQ� ZKLFK LQGLFDWHV H[WHQVLYH
LQWUD�FKURPRVRPDO UHDUUDQJHPHQW �)LJ� �G� ([WHQGHG 'DWD )LJ� �D�� 7KH RQH�WR�RQH UHODWLRQVKLS LPSOLHV
WKDW WKHUH KDYH EHHQ QR FKURPRVRPH IXVLRQ RU ILVVLRQ HYHQWV VLQFH WKH WZR FWHQRSKRUH OLQHDJHV GLYHUJHG
IURP RQH DQRWKHU� :H IRXQG H[WHQVLYH JHQH RUGHU UHDUUDQJHPHQW HYHQ EHWZHHQ +� FDOLIRUQHQVLV�� DQG
VFDIIROGV RI WKH FORVHO\ UHODWHG 3OHXUREUDFKLD EDFKHL������ ZKLFK GLYHUJHG RQO\ ����� PLOOLRQ \HDUV DJR���
7KHVH UHVXOWV VXJJHVW WKDW ZKLOH JHQH RUGHU UHDUUDQJHPHQW SURFHHGV UDSLGO\ LQ FWHQRSKRUHV� H[FKDQJH
EHWZHHQ FKURPRVRPHV KDV QRW RFFXUUHG� 6XFK FRQVHUYDWLRQ RI V\QWHQ\ ZLWKRXW FRQVHUYDWLRQ RI JHQH RUGHU
LV ZHOO�NQRZQ ZLWKLQ GURVRSKLOLGV �� DQG LV FRPPRQ LQ FRPSDULVRQV DFURVV PXOWLSOH DQLPDO OLQHDJHV���

7KHVH UHVXOWV LQGLFDWH WKDW WKH FKURPRVRPDO RUJDQL]DWLRQ RI WKH +RUPLSKRUD DQG %ROLQRSVLV JHQRPHV
UHSUHVHQWV WKDW RI D µW\SLFDO¶ FWHQRSKRUH JHQRPH� DQG WKDW ILQGLQJV LQ RQH FWHQRSKRUH VSHFLHV PD\ EH DQ
DGHTXDWH SUR[\ IRU DQDO\]LQJ DQ\ OREDWH FWHQRSKRUH JHQRPH� 'XH WR WKH FRPSOHWHQHVV RI WKH +�
FDOLIRUQHQVLV JHQRPH UHODWLYH WR RWKHU FWHQRSKRUH JHQRPHV� DQG EHFDXVH DOO VHTXHQFHG FWHQRSKRUHV VKDUH
�� KRPRORJRXV FKURPRVRPHV� ZH KDYH FKRVHQ WR XVH +RUPLSKRUD DV WKH PRGHO FWHQRSKRUH IRU
FRPSDUDWLYH DQDO\VHV GHVFULEHG KHUH DQG LQ WKH PDLQ WH[W�
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����� &RQVHUYDWLRQ RI WKH GHPRVSRQJH NDU\RW\SH
'HHSO\ FRQVHUYHG V\QWHQ\ RI %&Q6 FKURPRVRPHV VWURQJO\ VXJJHVWV WKDW RWKHU VSRQJHV ZLOO VKRZ

H[WHQVLYH FKURPRVRPH�VFDOH V\QWHQ\ ZLWK (� PXHOOHUL DQG GLYHUVH FQLGDULDQV DQG ELODWHULDQV� ,Q RUGHU WR
WHVW WKLV SUHGLFWLRQ ZH DVVHPEOHG ERWK KDSORW\SHV� WR FKURPRVRPH�VFDOH� RI WKH �Q �� JHQRPH RI WKH
ELROXPLQHVFHQW FDUQLYRURXV GHHS�VHD SRHFLORVFOHULG GHPRVSRQJH &ODGRUKL]D VS� �&/$�� ZKRVH OLQHDJH
GLYHUJHG IURP WKH IUHVKZDWHU VSRQJLOOLG (SK\GDWLD OLQHDJH GLYHUJHG EHWZHHQ ��� 0\D � ��� 0\D���

7KH FODGRUKL]LG VSRQJH KDV Q �� FKURPRVRPHV� DQG (SK\GDWLD KDV Q ��� $V DQWLFLSDWHG E\ WKH
EURDGHU FRQVHUYDWLRQ RI FKURPRVRPH�VFDOH V\QWHQ\ DFURVV %&Q6 JURXS� ZH ILQG H[WHQVLYH
FKURPRVRPH�VFDOH FRQVHUYDWLRQ RI V\QWHQ\ EHWZHHQ VSRQJHV �&ODGRUKL]D VS�� (� PXHOOHUL� &� UHQLIRUPLV
�1&%, DVVHPEO\ *&$B������������������ DQG 3� ILFLIRUPLV �1&%, DVVHPEO\ *&$B�������������������
ELODWHULDQV� DQG FQLGDULDQV �)LJ� �F� ([WHQGHG 'DWD )LJ� �I�P�� 7HQ RI WKH FKURPRVRPHV LQ HDFK VSHFLHV
KDG RQH�WR�RQH KRPRORJRXV FKURPRVRPHV LQ WKH RWKHU VSHFLHV� ZLWK QR GHWHFWDEOH IXVLRQV RU ILVVLRQV RQ
WKRVH WHQ FKURPRVRPHV LQ HLWKHU VSHFLHV �6XSSOHPHQWDU\ 7DE� ����� 7KH UHPDLQLQJ �� FKURPRVRPHV LQ
(SK\GDWLD ZHUH VSOLW DQG IXVHG LQWR WKH � UHPDLQLQJ FODGRUKL]LG VSRQJH FKURPRVRPHV�

,Q JHQHUDO� WKH JHQH RUGHU LQ WKH KRPRORJRXV UHJLRQV ZHUH PXFK OHVV PL[HG WKDQ ZH REVHUYHG LQ WKH
KRPRORJRXV FWHQRSKRUH FKURPRVRPHV� VXJJHVWLQJ D VORZHU LQYHUVLRQ UDWH RYHU WLPH LQ GHPRVSRQJHV�

7KH IXVHG FKURPRVRPHV LQ WKH FODGRUKL]LG VSRQJH ZHUH FOHDUO\ KRPRORJRXV WR WKH $/*V IRXQG XVLQJ
(SK\GDWLD� +\GUD� DQG %UDQFKLRVWRPD��� :KLOH WKLV LV E\ QR PHDQV D EURDG VDPSOLQJ RI VSRQJH GLYHUVLW\�
WKH FRQVHUYDWLRQ RI WKH �� $/*V LQ FOHDUO\ SDUWLWLRQHG FKURPRVRPH IUDJPHQWV RYHU DW OHDVW ��� PLOOLRQ
\HDUV RI GLYHUJHQFH LV HYLGHQFH WKDW� IURP D V\QWHQ\ SHUVSHFWLYH� ERWK WKH (SK\GDWLD DQG FODGRUKL]LG
JHQRPHV FDQ EH WDNHQ DV UHSUHVHQWDWLYHV RI W\SLFDO GHPRVSRQJH JHQRPHV�

����� &RQVHUYDWLRQ RI FKURPRVRPDO�VFDOH OLQNDJH EHWZHHQ VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV
7KH FKURPRVRPH�VFDOH V\QWHQLHV RI VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV KDYH DOUHDG\ EHHQ VKRZQ

WR EH KLJKO\ FRQVHUYHG RYHU GHHS HYROXWLRQDU\ WLPH ��� DQG JHQRPHV LQ WKHVH WKUHH FODGHV FDQ EH GHVFULEHG
DV PL[WXUHV RI �� FRQVWLWXWLYH $/*V VSUHDG DFURVV WKH FKURPRVRPHV� EDUULQJ FDVHV RI H[WUHPH
UHDUUDQJHPHQWV OLNH &� HOHJDQV RU '� PHODQRJDVWHU� :H UHFRYHUHG WKH KLJK GHJUHH RI FRQVHUYDWLRQ
EHWZHHQ VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV XVLQJ RGS� ZKLFK ZDV QHZO\ GHYHORSHG IRU WKLV SXEOLFDWLRQ
�)LJ� �G� ([WHQGHG 'DWD )LJ� ���

����� 5HDUUDQJHG NDU\RW\SH LQ FWHQRSKRUHV UHODWLYH WR RWKHU DQLPDOV
&RPSDULVRQV EHWZHHQ FWHQRSKRUHV DQG RWKHU DQLPDOV UHYHDOHG FRPSOH[ SDWWHUQV RI ERWK FRQVHUYHG DQG

GLVUXSWHG V\QWHQ\ �)LJ� �G� ([WHQGHG 'DWD )LJ� ��� :H IRXQG WKDW ZKLOH VRPH DQFHVWUDO %&Q6 OLQNDJH
JURXSV DUH LQWDFW RQ VLQJOH LQ FWHQRSKRUH FKURPRVRPHV� ZKLFK H[WHQGV WKHVH DQFLHQW V\QWHQLHV WR WKH
PHWD]RDQ DQFHVWRU� RWKHU %&Q6 V\QWHQ\ JURXSV DUH SDUWLWLRQHG DFURVV WZR �RU PRUH� FWHQRSKRUH
FKURPRVRPHV� $ FHUWDLQ GHJUHH RI GLVUXSWLRQ E\ IXVLRQ LV WR EH H[SHFWHG� VLQFH %&Q6 FKURPRVRPHV FDQ
EH H[SUHVVHG DV FRPELQDWLRQV RI �� DQFHVWUDO OLQNDJH JURXSV �%&Q6�$/*V��� ZKLOH FWHQRSKRUHV KDYH RQO\
Q �� �ZHOO�PL[HG� FKURPRVRPHV�

,Q VRPH FDVHV %&Q6�$/* V\QWHQLHV DUH DOVR FRQVHUYHG LQ FWHQRSKRUHV� DQ REVHUYDWLRQ WKDW H[WHQGV
WKHVH DQFLHQW V\QWHQLHV �L�H�� JURXSV RI OLQNHG JHQHV� WR WKH PRVW UHFHQW FRPPRQ PHWD]RDQ DQFHVWRU�
UHJDUGOHVV RI WKH GHWDLOHG EUDQFKLQJ RUGHU RI FWHQRSKRUHV� VSRQJHV� DQG RWKHU DQLPDOV �6XSSOHPHQWDU\
7DE� ����� ,Q RWKHU FDVHV� KRZHYHU� ZH IRXQG JURXSV RI JHQHV WKDW FRQVLVWHQWO\ RFFXU WRJHWKHU RQ WKH VDPH
FKURPRVRPHV LQ ELODWHULDQV� FQLGDULDQV� DQG VSRQJHV EXW DUH SDUWLWLRQHG DFURVV WZR �RU PRUH�
FKURPRVRPHV LQ FWHQRSKRUHV �)LJV� �����
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7R TXDQWLI\ WKHVH UHVXOWV� ZH SHUIRUPHG D ��ZD\ UHFLSURFDO EHVW EODVWS VHDUFK EHWZHHQ +RUPLSKRUD�
(SK\GDWLD� DQG 5KRSLOHPD� 7KLV \LHOGHG ����� RUWKRORJV FRQVHUYHG EHWZHHQ WKH WKUHH VSHFLHV� )URP WKHVH
RUWKRORJV ZH LGHQWLILHG OLQNDJH JURXSV RI RUWKRORJV WKDW DSSHDUHG RQ WKH VDPH VHW RI FKURPRVRPHV LQ WKH
WKUHH VSHFLHV� DQG XVHG JHQRPH VKXIIOLQJ VLPXODWLRQV LQ WKH VFULSW RGSBUEKBWRBJURXSE\ WR LGHQWLI\ OLQNDJH
JURXSV WKDW ZHUH ODUJHU WKDQ H[SHFWHG E\ UDQGRP FKDQFH �� JHQHV RU PRUH� Į � ���î�����7+HVH � 7KHUH
ZHUH �� OLQNDJH JURXSV FRPSULVLQJ ����� RUWKRORJV WKDW DOORZHG XV WR FKDUDFWHUL]H WKH UHODWLRQVKLS
EHWZHHQ WKH %&Q6 $/*V WR WKH FWHQRSKRUH FKURPRVRPHV�

7KH V\PERO µ䎩¶ KDV EHHQ SUHYLRXVO\ LQWURGXFHG WR LQGLFDWHG WKDW ZKROH FKURPRVRPHV� RU FKURPRVRPH
IUDJPHQWV� KDYH IXVHG� WKHQ PL[HG YLD LQYHUVLRQV� 8VLQJ WKLV QRWDWLRQ� ZH FDQ GHVFULEH HDFK +RUPLSKRUD
FKURPRVRPH LQ WHUPV RI WKH PDMRU $/*V WKDW FRPSULVH WKHP� )URP WKH 2[IRUG 'RW 3ORWV RI FWHQRSKRUHV
DQG RWKHU PHWD]RDQV �([WHQGHG 'DWD )LJ� ��� FRORUHG E\ RUWKRORJV LQ $/*V� LW LV LPPHGLDWHO\ FOHDU WKDW
$/*V $�D� )� *� /� 1� 3 DOO DSSHDU WR EH VSOLW DFURVV DW OHDVW WZR FWHQRSKRUH FKURPRVRPHV
�6XSSOHPHQWDU\ 7DE� ����� 7R EHWWHU XQGHUVWDQG WKH VWDWH RI WKH $/*V LQ WKH +RUPLSKRUD JHQRPH� ZH
SHUIRUPHG D WKUHH�ZD\ UEK VHDUFK XVLQJ SURWHLQV IURP WKH +&$�(08�5(6 JHQRPHV� :H IRXQG WKDW WKH
+RUPLSKRUD FKURPRVRPHV ZHUH HDFK FRPSRVHG RI PDMRU JURXSV RI JHQHV IURP EHWZHHQ RQH DQG WZHOYH
$/*V �Į � �î���� IRU PRVW JHQH JURXSV� LGHQWLILHG LQ 6LPDNRY HW DO� ������� 2QO\ WKH $/*V %�� %�� &��
2�� 5 �Į � �î����� DQG $� �Į  ����î����� DSSHDUHG WR EH SUHVHQW RQ VLQJOH +RUPLSKRUD FKURPRVRPHV
�([WHQGHG 'DWD 7DE� �� 6XSSOHPHQWDU\ 7DE� �����

:H QRWH WKDW $/*V $�E� %�� DQG 4DEFG KDYH QR VLJQLILFDQWO\ FRQVHUYHG V\QWHQ\ ZLWK +RUPLSKRUD
FKURPRVRPHV�

7KH $/*V $�D� %�� &�� '� (D� )� *� +� -�� /� 0� 1� DQG 3 KDYH VLJQLILFDQWO\ FRQVHUYHG V\QWHQ\ �Į �
�î����� WR WZR +RUPLSKRUD FKURPRVRPHV� 7KLV UDLVHG WKH TXHVWLRQ RI ZKHWKHU WKH VSOLW $/*V IRXQG LQ
FWHQRSKRUHV UHIOHFW WKH DQFHVWUDO VWDWH� LI WKH\ DUH GHULYHG VSOLWV LQ FWHQRSKRUHV� RU D PL[WXUH RI ERWK� 7R
DQVZHU WKLV TXHVWLRQ� ZH ODWHU H[SDQGHG RXU VHDUFK WR PDFURV\QWHQ\ FRPSDULVRQV EHWZHHQ DQLPDOV DQG WKH
XQLFHOOXODU RXWJURXS VSHFLHV WR DQLPDOV �6XSSOHPHQWDU\ ,QIRUPDWLRQ �� �� ����

����� 7KH GHULYHG NDU\RW\SH RI KH[DFWLQHOOLG VSRQJHV
,Q WKLV VWXG\ ZH JHQHUDWHG D KDSORW\SH�UHVROYHG� FKURPRVRPH�VFDOH JHQRPH DVVHPEO\ RI DQ

XQGHVFULEHG KH[DFWLQHOOLG VSRQJH� :H UHIHU WR WKLV VSHFLHV KHUH DV WKH ³WXOLS KH[DFWLQHOOLG´ EHFDXVH RI LWV
HSRQ\PRXV VKDSH� 6HH 6XSSOHPHQWDU\ ,QIRUPDWLRQ � DQG ([WHQGHG 'DWD )LJXUH � IRU LQIRUPDWLRQ RQ
WKH FROOHFWLRQ� VSHFLHV LGHQWLILFDWLRQ� DQG JHQRPH DVVHPEO\ RI WKLV VSRQJH�

:H ILUVW FRPSDUHG WKH JHQRPH DVVHPEO\ RI WKH WXOLS KH[DFWLQHOOLG WR WKDW RI WKH UHFHQWO\ UHSRUWHG
JHQRPH RI WKH FORVHO\�UHODWHG 2RSVDFDV PLQXWD KH[DFWLQHOOLG VSRQJH��� %RWK RI WKHVH KH[DFWLQHOOLG
VSRQJHV DUH LQ WKH RUGHU /\VVDFLQRVLGD� KRZHYHU WKH DJH RI WKH FURZQ JURXS RI WKLV RUGHU LV QRW NQRZQ�
:LWK 2[IRUG GRW SORWV EDVHG RQ SURWHLQ RUWKRORJ\ ZH IRXQG WKDW WKHVH WZR JHQRPHV VKDUH D KLJK GHJUHH RI
JHQH FROLQHDULW\ �6XSSOHPHQWDU\ )LJ ����� ,Q VRPH FDVHV� VLQJOH 2RSVDFDV VFDIIROGV FRUUHVSRQGHG WR
VLQJOH WXOLS KH[DFWLQHOOLG FKURPRVRPH�VFDOH VFDIIROGV� 7KHVH UHVXOWV VXJJHVW WKDW JHQRPHV RI WKHVH VSHFLHV
OLNHO\ UHSUHVHQW D W\SLFDO JHQRPH RI WKH VSHFLHV LQ WKLV RUGHU RI KH[DFWLQHOOLG VSRQJHV� *LYHQ WKDW WKH WXOLS
KH[DFWLQHOOLG JHQRPH DVVHPEO\ LV FKURPRVRPH�VFDOH� ZH OLPLWHG IXUWKHU DQDO\VHV WR WKLV VSHFLHV� ,W ZLOO EH
QHFHVVDU\ WR VHTXHQFH JHQRPHV IURP D EURDGHU WD[RQRPLF VDPSOLQJ RI KH[DFWLQHOOLG VSRQJHV WR GHWHUPLQH
ZKHWKHU WKH 2RSVDFDV DQG WXOLS VSRQJH JHQRPHV DOVR UHSUHVHQW W\SLFDO +H[DFWLQHOOLGD JHQRPH
RUJDQL]DWLRQ�

2[IRUG GRW SORWV RI WKH WXOLS KH[DFWLQHOOLG DQG (SK\GDWLD JHQRPH DVVHPEOLHV UHYHDOHG WKDW WKH
O\VVDFLQRVLG KH[DFWLQHOOLG JHQRPHV DUH KLJKO\ UHDUUDQJHG UHODWLYH WR GHPRVSRQJHV �6XSSOHPHQWDU\ )LJ�
���� ([WHQGHG 'DWD )LJ� ��� )LVKHU¶V H[DFW WHVW UHYHDOHG WKDW RQO\ %&Q6 $/*V $�D� 4D� 5� '� 2�� +� (E�
,� -�� 2�� DQG %� UHWDLQ VLJQLILFDQW FRQVHUYDWLRQ RQ VLQJOH FKURPRVRPHV� *LYHQ WKH H[WHQVLYH FRQVHUYDWLRQ

��
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RI WKH %&Q6 $/*V LQ GHPRVSRQJHV� DQG LQ RWKHU DQLPDOV� WKH KLJKO\ UHDUUDQJHG VWDWH RI WKH O\VVDFLQRVLG
KH[DFWLQHOOLG JHQRPHV DSSHDUV WR EH WKH UHVXOW RI OLQHDJH�VSHFLILF JHQRPH WHFWRQLF UHDUUDQJHPHQWV� ,Q ODWHU
VHFWLRQV RI WKH 6XSSOHPHQWDU\ ,QIRUPDWLRQ ZH ZLOO GLVFXVV VSHFLILF ILQGLQJV UHODWHG WR WKH %&Q6 $/*
$�D�

7KH %&Q6 $/*V (D DQG *� ZKRVH PL[HG VWDWHV LQ ELODWHULDQV� FQLGDULDQV� DQG SODFR]RDQV PD\ EH
SDUDKR[R]RDQ V\QDSRPRUSKLHV� ZHUH QRW DPRQJ WKH HOHYHQ $/*V VLJQLILFDQWO\ FRQVHUYHG RQ VLQJOH
FKURPRVRPHV LQ WKH KH[DFWLQHOOLG VSRQJH JHQRPH DVVHPEOLHV� *HQHV IURP $/*B* DQG $/*B(D ZHUH
GLVWULEXWHG DFURVV PXOWLSOH FKURPRVRPHV� RIWHQ ZLWK RUWKRORJV IURP WKH B[ DQG B\ FRPSRQHQWV SUHVHQW RQ
VLQJOH FKURPRVRPHV� 'HVSLWH WKH SUHVHQFH RI B[ DQG B\ RUWKRORJV RQ WKH VDPH JHQRPHV� WKH JHQHV DUH
VFDWWHUHG DFURVV VR PDQ\ FKURPRVRPHV WKDW LW LV QRW SRVVLEOH WR WHOO LI WKHVH JURXSV XQGHUZHQW
V\QDSRPRUSKLF IXVLRQV LQ WKH VWHP OLQHDJH OHDGLQJ WR H[WDQW VSRQJHV� RU ZKHWKHU WKH B[ DQG B\
FRPSRQHQWV RI $/*V (D DQG * EHFDPH PL[HG WKURXJK WKH H[WHQVLYH GHULYHG UHDUUDQJHPHQWV IRXQG LQ WKH
O\VVDFLQRVLG JODVV VSRQJHV� 7KHUHIRUH� LW LV QHFHVVDU\ WR VHTXHQFH WKH JHQRPHV RI PRUH VSRQJH VSHFLHV�
LQFOXGLQJ IURP WKH &DOFDUHD DQG +RPRVFOHURPRUSKD� LQ RUGHU WR FODULI\ WKH HYROXWLRQDU\ KLVWRU\ RI
VSRQJHV DQG WKH $/*V (D DQG *�

����� $�DB[ DQG $�DB\ H[LVW RQ VHSDUDWH FKURPRVRPHV LQ O\VVDFLQRVLG JODVV VSRQJHV

7KH DQFHVWUDO PHWD]RDQ OLQNDJH JURXSV $/*B$�DB[ DQG $�DB\ DUH IRXQG RQ VHSDUDWH FKURPRVRPHV
LQ WKH XQLFHOOXODU RXWJURXSV &2: DQG 652 DQG WKH FWHQRSKRUHV� EXW DUH IXVHG DQG PL[HG LQ ELODWHULDQV
DQG FQLGDULDQV� 7RJHWKHU WKH\ FRPSULVH $/*B$�D� ,Q WKH WZR GHPRVSRQJHV ZH ILQG WKDW $�DB[ DQG
$�DB\ DUH FROORFDWHG RQ WKH VDPH FKURPRVRPH LQ HDFK VSHFLHV �(08�� DQG &/$��� UHVSHFWLYHO\�� EXW
KDYH OLPLWHG RYHUODS RQ WKHVH FKURPRVRPHV DQG DSSHDU WR EH XQPL[HG �VHH 6XSSOHPHQWDU\ ,QIRUPDWLRQ
����

,Q WKH O\VVDFLQRVLG VSRQJH� KRZHYHU� $/*B$�DB[ DQG $�DB\ DUH IRXQG RQ VHSDUDWH
FKURPRVRPH�VFDOH VFDIIROGV �([WHQGHG 'DWD )LJ� ��� 6LQFH LQ WKH GHPRVSRQJHV &/$ DQG (08 WKHVH WZR
OLQNDJH JURXSV DUH IXVHG EXW OLNHO\ XQPL[HG� D VWUDLJKWIRUZDUG LQWHUSUHWDWLRQ RI WKLV ILQGLQJ �DVVXPLQJ
VSRQJH PRQRSK\O\����� LV WKDW ��� WKH IXVLRQ RI $�DB[ DQG B\ DURVH RQ WKH VSRQJH�ELODWHULDQ�FQLGDULDQ
VWHP OLQHDJH E\ D 5REHUWVRQLDQ IXVLRQ� SURGXFLQJ D ELDUPHG FKURPRVRPH WKDW ZDV LQLWLDOO\ UHVLVWDQW WR
PL[LQJ DFURVV WKH FHQWURPHUH� ��� D 5REHUWRQLDQ ILVVLRQ LQ WKH KH[DFWLQHOOLG OLQHDJH EURNH WKH IXVLRQ
FKURPRVRPH DW WKH FHQWURPHUH DQG UHVWRUHG WKH DQFHVWUDO VWDWH� ��� RQ WKH ELODWHULDQ�FQLGDULDQ VWHP
OLQHDJH WKH IXVLRQ FKURPRVRPH EHFDPH PL[HG� �5REHUWVRQLDQ ILVVLRQV KDYH EHHQ GHVFULEHG� H�J� LQ
HOHSKDQWV���� DQG VKUHZV��������� $OWHUQDWHO\� WKH $�DB[ DQG $�DB\ IXVLRQ RFFXUUHG FRQYHUJHQWO\ LQ
GHPRVSRQJHV DQG RQ WKH ELODWHULDQ�FQLGDULDQ VWHP OLQHDJH� )LQDOO\� VSRQJHV FRXOG EH SDUDSK\OHWLF� ZLWK
KH[DFWLQHOOLGV VLVWHU WR WKH GHPRVSRQJH�ELODWHULDQ�FQLGDULDQ FODGH� 6LQFH IXVLRQ�ZLWKRXW�PL[LQJ LV D
UHYHUVLEOH FKDQJH� KRZHYHU� ZH FDQQRW FRQFOXGH DQ\WKLQJ DERXW VSRQJH PRQR� RU SDUDSK\O\ EDVHG RQ
V\QWHQ\ DORQH� 5HFHQW VHTXHQFH�EDVHG DQDO\VHV� KRZHYHU� VWURQJO\ VXSSRUW VSRQJH PRQRSK\O\����� 1RQH RI
WKHVH VFHQDULRV� KRZHYHU� DIIHFW VXSSRUW IRU FWHQRSKRUHV DV VLVWHU WR DOO RWKHU DQLPDOV� VLQFH WKH $�D IXVLRQ
LV RQH RI VHYHQ VKDUHG GHULYHG IXVLRQ WKDW XQLWH VSRQJHV� ELODWHULDQV� DQG FQLGDULDQV WR WKH H[FOXVLRQ RI
FWHQRSKRUHV �PDLQ )LJV� �� ���

����� .DU\RW\SH RI WKH FKRDQRIODJHOODWH 6DOSLQJRHFD FRPSDUHG WR DQLPDOV
2[IRUG GRW SORWV RI 6DOSLQJRHFD YHUVXV DQLPDOV UHYHDOHG� SHUKDSV H[SHFWHGO\� KLJKO\ UHDUUDQJHG

FKURPRVRPHV EHWZHHQ 6DOSLQJRHFD DQG DOO DQLPDO VSHFLHV� +RZHYHU� RQH XQH[SHFWHG ILQGLQJ ZDV WKDW
WKHUH ZHUH VWLOO UHJLRQV RI KLJKO\ FRQVHUYHG V\QWHQ\ EHWZHHQ VRPH SRUWLRQV RI 6DOSLQJRHFD FKURPRVRPHV

��
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DQG SRUWLRQV RI DQLPDO FKURPRVRPHV� LQFOXGLQJ FWHQRSKRUHV� FQLGDULDQV� VSRQJHV� DQG ELODWHULDQV
�([WHQGHG 'DWD )LJ� ���

0RVW 6DOSLQJRHFD FKURPRVRPHV DSSHDU WR KDYH PDFURV\QWHQ\ ZLWK WZR RU PRUH FKURPRVRPHV LQ
PHWD]RDQ VSHFLHV� DQG PDQ\ $/*V DSSHDU WR EH VSOLW DFURVV PXOWLSOH 6DOSLQJRHFD FKURPRVRPHV
�([WHQGHG 'DWD )LJ� ��� 7KLV LV VLPLODU WR WKH VSOLWWLQJ SDWWHUQ IRXQG ZKHQ FRPSDULQJ FWHQRSKRUH
FKURPRVRPHV WR $/*V �6XSSOHPHQWDU\ 7DE� ���� DQG FWHQRSKRUH FKURPRVRPHV WR RWKHU PHWD]RDQ FODGHV
�)LJ� �� ([WHQGHG 'DWD )LJ� �E�H��

+RZHYHU� WKLV DQDO\VLV GRHV QRW GLUHFWO\ DQVZHU ZKHWKHU WKH $/* VSOLWV IRXQG LQ 6DOSLQJRHFD DQG
FWHQRSKRUHV DUH KRPRORJRXV DQG DQFHVWUDO OLQNHG JURXSV RI JHQHV� RU LI WKH $/* VSOLWV IRXQG LQ ERWK
VSHFLHV¶ JHQRPHV XVH XQUHODWHG JHQHV� 7KLV LV DGGUHVVHG LQ ODWHU DQDO\VHV WKDW VLPXOWDQHRXVO\ FRPSDUH
PXOWLSOH PHWD]RDQ VSHFLHV DQG RQH XQLFHOOXODU RXWJURXS VSHFLHV�

����� .DU\RW\SH RI WKH ILODVWHUHDQ DPRHED &DSVDVSRUD FRPSDUHG WR DQLPDOV
2[IRUG GRW SORWV RI &DSVDVSRUD YHUVXV DQLPDOV� DQG YHUVXV $/*V� VKRZHG WKDW� GHVSLWH DW OHDVW RYHU

��� PLOOLRQ \HDUV RI GLYHUJHQFH��� WKHUH ZHUH PDQ\ UHPDLQLQJ UHJLRQV RI PDFURV\QWHQ\ �([WHQGHG 'DWD
)LJV� ����� :H DOVR QRWH WKDW UHJLRQV RI PDFURV\QWHQ\ EHWZHHQ &DSVDVSRUD DQG DQLPDO FKURPRVRPHV
W\SLFDOO\ FRUUHVSRQG WR VLQJOH DUPV RI &DSVDVSRUD FKURPRVRPHV� )RU H[DPSOH� RQH DUP RI &DSVDVSRUD
FKURPRVRPH � KDG VLJQLILFDQWO\ FRQVHUYHG PDFURV\QWHQ\ ZLWK 5(6� DQG 5(6�� ZKLOH WKH RWKHU DUP KDG
VLJQLILFDQWO\ FRQVHUYHG PDFURV\QWHQ\ ZLWK 5(6�� �([WHQGHG 'DWD )LJ� ��� ,W DSSHDUV WKDW WKH ELRORJ\ RI
&DSVDVSRUD FKURPRVRPHV PD\ KDYH GLVIDYRUHG LQYHUVLRQV DFURVV FHQWURPHUHV VLQFH WKH GLYHUJHQFH RI
ILODVWHUHDQV� FKRDQRIODJHOODWHV� DQG PHWD]RDQV�

$V LQ WKH JHQRPHV RI WKH FKRDQRIODJHOODWH 6DOSLQJRHFD DQG WKH FWHQRSKRUHV� JURXSV RI JHQHV
RUWKRORJRXV WR VLQJOH $/*V DUH VSOLW DFURVV WZR RU PRUH &DSVDVSRUD FKURPRVRPHV LQ VLJQLILFDQW FOXVWHUV
�S � �î����� �([WHQGHG 'DWD )LJ� ��� 7ZHOYH %&Q6�$/*V KDYH VLJQLILFDQW FRQVHUYDWLRQ RQ VLQJOH
&DSVDVSRUD FKURPRVRPH DUPV� /DWHU DQDO\VHV DGGUHVV ZKHWKHU WKHVH VSOLWV DUH UHODWHG WR WKRVH IRXQG LQ
WKH JHQRPHV RI FWHQRSKRUHV DQG FKRDQRIODJHOODWHV �6XSSOHPHQWDU\ ,QIRUPDWLRQ �� �� ����

����� .DU\RW\SH RI WKH LFKWK\RVSRUHDQ &UHROLPD[ FRPSDUHG WR DQLPDOV
'RW SORWV RI WKH LFKWK\RVSRUHDQ &UHROLPD[ IUDJUDQWLVVLPD JHQRPH FRPSDUHG WR DQLPDO JHQRPHV

UHYHDOHG OLWWOH WR QR GHWHFWDEOH FRQVHUYHG V\QWHQ\ �6XSSOHPHQWDU\ )LJ� ����� *LYHQ WKH FRQVHUYDWLRQ
EHWZHHQ WKH &DSVDVSRUD�PHWD]RDQ JHQRPHV� SRVVLEOH H[SODQDWLRQV IRU WKH KLJK GHJUHH RI UHDUUDQJHPHQW
EHWZHHQ &UHROLPD[ DQG DQLPDOV DUH WKDW HLWKHU �D� WKH DQFHVWRU RI DOO +ROR]RD VKDUHG JURXSV RI OLQNHG
JHQHV LGHQWLILDEOH LQ H[WDQW )LOR]RD� EXW WKH &UHROLPD[ JHQRPH XQGHUZHQW PDQ\ EUDQFK�VSHFLILF
FKURPRVRPH LQYHUVLRQV� IXVLRQV� DQG ILVVLRQV WR GLVSHUVH WKH OLQNHG JHQHV DFURVV WKH �� &UHROLPD[
FKURPRVRPHV� RU �E� PDMRU JURXSV RI OLQNHG JHQHV DURVH LQ WKH JHQRPH RI WKH FRPPRQ DQFHVWRU RI
)LOR]RDQV WKURXJK FKURPRVRPH UHDUUDQJHPHQWV� DQG &UHROLPD[ UHWDLQV HOHPHQWV RI WKH DQFHVWUDO
FKURPRVRPH VWDWH�

,Q DQ\ FDVH� WKH GLYHUJHQFH WLPH RI &UHROLPD[ DQG )LOR]RDQV LV HVWLPDWHG WR EH RYHU RQH ELOOLRQ \HDUV���
*LYHQ WKH ORVV RI V\QWHQ\� LW LV LPSRVVLEOH WR WHOO ZKLFK VFHQDULR� RU ZKDW PL[WXUH RI ERWK� FDQ H[SODLQ WKH
UHDUUDQJHG JHQRPH RI &UHROLPD[� %HFDXVH RI WKH ODFN RI V\QWHQLF VLJQDO EHWZHHQ &UHROLPD[ DQG DQLPDOV�
ZH IRFXV RQ WKH XVH RI WKH &DSVDVSRUD DQG 6DOSLQJRHFD JHQRPHV LQ VXEVHTXHQW DQDO\VHV�

������ *HQRPH FRPSDULVRQV EHWZHHQ WKH XQLFHOOXODU RXWJURXSV
,Q ZKROH�JHQRPH FRPSDULVRQV� WKHUH ZHUH QR ODUJH UHJLRQV RI FRQVHUYHG V\QWHQ\ EHWZHHQ WKH

LFKWK\RVSRUHDQ &UHROLPD[ DQG HLWKHU &DSVDVSRUD RU 6DOSLQJRHFD �6XSSOHPHQWDU\ )LJ� �����

��
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6RPH RI WKH UHJLRQV RI VLJQLILFDQW V\QWHQ\ IRXQG LQ &DSVDVSRUD�PHWD]RDQ FRPSDULVRQV� RU
6DOSLQJRHFD�PHWD]RDQ FRPSDULVRQV� ZHUH DOVR IRXQG LQ WKH FRPSDULVRQ RI &DSVDVSRUD DQG 6DOSLQJRHFD�
)RU H[DPSOH� RQH SXWDWLYH DUP RI &2:� KDV PDQ\ RUWKRORJV RQ 652�� %RWK RI WKHVH FKURPRVRPHV KDYH
PDQ\ RUWKRORJV RQ +&$�� (08��� 5(6�� 30$�� DQG WKH $/* $�D�

��� 6XSSOHPHQWDU\ )LJXUHV

6XSSOHPHQWDU\ )LJXUH ��� _ &DSVDVSRUD�$/* V\QWHQ\ LV OLPLWHG WR VLQJOH &DSVDVSRUD FKURPRVRPH
DUPV� $ %RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V ([DFW WHVW�� RI %&Q6�$/*V DQG &DSVDVSRUD
FKURPRVRPHV UHYHDO WKDW %&Q6�$/*V DUH FRQVHUYHG RQ VLQJOH DUPV RI &DSVDVSRUD FKURPRVRPHV� 7KHUH
ZHUH QR %&Q6�$/*V WKDW ZHUH LGHQWLILHG DV EHLQJ GLVSHUVHG DFURVV WKH HQWLUH OHQJWK RI &DSVDVSRUD
FKURPRVRPHV� 7KH VLJQLILFDQW V\QWHQLF UHJLRQV FRPSULVH �� RI WKH �� %&Q6�$/*V�

��
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6XSSOHPHQWDU\ )LJXUH ��� _ 7KH LFKWK\RVSRUHDQ &UHROLPD[ GRHV QRW H[KLELW FRQVHUYHG PDFURV\QWHQ\
ZLWK PHWD]RDQV� 7ZR�ZD\ UHFLSURFDO EHVW KLWV EODVW VHDUFKHV EHWZHHQ &UHROLPD[ DQG DQLPDOV �D��H�� VKRZ
WKDW WKH 6DOSLQJRHFD FKURPRVRPHV DUH KLJKO\ UHDUUDQJHG UHODWLYH WR DQLPDO FKURPRVRPHV� WKDW VRPH
UHJLRQV RI V\QWHQ\ UHPDLQ� DQG WKDW VRPH $/*V DUH VSOLW DFURVV PXOWLSOH 6DOSLQJRHFD FKURPRVRPHV�
2UWKRORJV DUH FRORUHG EDVHG RQ 6LPDNRY HW DO� ������ %&Q6�$/*V� DQG FKURPRVRPH SDLUV ZLWK S ! ����
�%RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V H[DFW WHVW��� DUH FRORUHG DW KDOI RSDFLW\� $[LV ODEHOV VKRZ
FXPXODWLYH QXPEHU RI RUWKRORJV� 3XWDWLYH FHQWURPHUHV DUH PDUNHG E\ GRWWHG OLQHV�

��
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6XSSOHPHQWDU\ )LJXUH ��� _ 2[IRUG GRW SORWV FRPSDULQJ XQLFHOOXODU VSHFLHV� 7KH WKUHH XQLFHOOXODU
VSHFLHV LQ WKLV VWXG\ VKDUH OLWWOH FRQVHUYHG V\QWHQ\ �D��F�� ZLWK HDFK RWKHU� +RZHYHU� WKH FKRDQRIODJHOODWH
6DOSLQJRHFD DQG WKH ILODVWHUHDQ &DSVDVSRUD �G�� VKDUH VRPH PDFURV\QWHQLF UHJLRQV WKDW ZHUH DOVR
FRQVHUYHG LQ 6DOSLQJRHFD�PHWD]RDQ �652�� 652��� 652��� DQG &DSVDVSRUD�PHWD]RDQ �&2:�� &2:��
&2:��� FRPSDULVRQV�

��



��� 6XSSOHPHQWDU\ 7DEOHV

&ODGH 6SHFLHV ��OHWWHU
FRGH

&KURPRVRPH�
VFDOH"

3XEOLFDWLRQ

,FKWK\RVSRUHD &UHROLPD[ IUDJUDQWLVVLPD &)5 <(6 GH 0HQGR]D HW DO� �������
WKLV VWXG\

)LODVWHUHD &DSVDVSRUD RZF]DU]DNL &2: <(6 6XJD HW DO� �������
WKLV VWXG\

&KRDQRIODJHOODWD 6DOSLQJRHFD URVHWWD 652 <(6 )DLUFORXJK HW DO� �������
WKLV VWXG\

&WHQRSKRUD +RUPLSKRUD FDOLIRUQHQVLV +&$ <(6 6FKXOW] HW DO� ������

&WHQRSKRUD %ROLQRSVLV PLFURSWHUD %,1 <(6 WKLV VWXG\

3RULIHUD (SK\GDWLD PXHOOHUL (08 <(6 .HQQ\� )UDQFLV� HW DO� ������

3RULIHUD &ODGRUKL]LG VSRQJH &/$ <(6 WKLV VWXG\

3RULIHUD &KRQGURVLD UHQLIRUPLV &5( <(6 0F.HQQD HW DO� ������

3URIHUD 3HWURVLD ILFLIRUPLV 3), <(6 0F.HQQD HW DO� ������

3ODFR]RD 7ULFKRSOD[ DGKDHUHQV 7$' 12 6ULYDVWDYD HW DO� �������

&QLGDULD 5KRSLOHPD HVFXOHQWXP 5(6 <(6 /L HW DO� ������

&QLGDULD +\GUD YXOJDULV +98 <(6 6LPDNRY HW DO� ������

&QLGDULD 1HPDWRVWHOOD YHFWHQVLV 19( <(6 =LPPHUPDQ HW DO� �������

%LODWHULD %UDQFKLRVWRPD IORULGDH %)/ <(6 6LPDNRY HW DO� ������

%LODWHULD 3HFWHQ PD[LPXV 30$ <(6 .HQQ\� 0F&DUWK\� HW DO�
������

6XSSOHPHQWDU\ 7DEOH ���� _ *HQRPHV XVHG LQ PDFURV\QWHQ\ DQDO\VHV�
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+RUPLSKRUD
&KURP�

$/*V FRPSRVLQJ +&$ FKURPRVRPHV� VRUWHG E\ )DOVH 'LVFRYHU\ 5DWH �Į�

Į � �î���� �î���� � Į � �î���� �î���� � Į � ����

+&$�  ,䒌'䒌%�䒌-�䒌%� 䒌0䒌$�D䒌+ 䒌)

+&$�  *䒌&�䒌&�䒌(D䒌'䒌+䒌$�D䒌%� � 䒌-�䒌,䒌2�䒌)

+&$�  .䒌*䒌'䒌3 䒌) 䒌+䒌$�D

+&$�  3䒌2� � �

+&$�  &�䒌$�D 䒌)䒌' 䒌+䒌2�䒌0

+&$�  +䒌1䒌/ � 䒌'䒌,䒌$�D

+&$�  $�D䒌)䒌0 � �

+&$�  (D䒌5䒌0 䒌'䒌$�D �

+&$�  /䒌0 䒌' 䒌,䒌+䒌.

+&$��  ) � 䒌$�

+&$��  -�䒌-� � �

+&$��  $�D � �

+&$��  %�䒌1 � �

6XSSOHPHQWDU\ 7DEOH���� _ +RUPLSKRUD FKURPRVRPHV DQG $/* DULWKPHWLF� +RUPLSKRUD FKURPRVRPHV
FDQ EH GHVFULEHG E\ WKH PDMRU $/*V WKDW FRPSULVH WKHP� $/*V DUH VRUWHG LQWR WKUHH FROXPQV EDVHG RQ WKH
IDOVH GLVFRYHU\ UDWH RI ILQGLQJ D JHQH OLQNDJH JURXS RI WKDW VL]H LQ +&$�(08�5(6 RUWKRORJV� :LWKLQ HDFK
FROXPQ� $/*V DUH VRUWHG� GHVFHQGLQJ� E\ WKH QXPEHU RI JHQHV IURP WKDW $/* LQ WKH JHQH OLQNDJH JURXS�
$/*V WKDW DSSHDU WR EH VSOLW EHWZHHQ WZR RU PRUH FWHQRSKRUH FKURPRVRPHV DUH QRW KLJKOLJKWHG� $/*V
WKDW GR QRW DSSHDU WR EH VSOLW EHWZHHQ WZR FWHQRSKRUH FKURPRVRPHV DUH KLJKOLJKWHG SLQN� $/*V $�E DQG
4DEFG KDYH QR VLJQLILFDQWO\ FRQVHUYHG V\QWHQ\ ZLWK +RUPLSKRUD FKURPRVRPHV���7KH IDOVH GLVFRYHU\
UDWHV� Į� DUH RQH�VLGHG IDOVH GLVFRYHU\ UDWHV FDOFXODWHG IURP WHQ PLOOLRQ WULDOV RI D JHQRPH�VKXIIOLQJ
SHUPXWDWLRQ WHVW�

��



� ,GHQWLILFDWLRQ RI JHQH JURXSV OLQNHG VLQFH WKH DQFHVWRU RI WKH )LOR]RD

��� ,QWURGXFWLRQ � XQLFHOOXODU�PHWD]RDQ�$/*V
3DLUZLVH FRPSDULVRQV RI ELODWHULDQ� VSRQJH� FQLGDULDQ� FWHQRSKRUH� DQG DQLPDO XQLFHOOXODU RXWJURXS

VSHFLHV¶ JHQRPHV UHYHDOHG VHYHUDO PDMRU SDWWHUQV� )LUVW� ZH FRQILUPHG SUHYLRXV ILQGLQJV RI FRQVHUYDWLRQ
RI V\QWHQ\ EHWZHHQ WKH FKURPRVRPHV RI ELODWHULDQV� FQLGDULDQV� DQG VSRQJHV��� DQG WKH H[LVWHQFH RI
DQFHVWUDO OLQNDJH JURXSV �$/*V� RI JHQHV LQ WKH FRPPRQ DQFHVWRU RI ELODWHULDQV� FQLGDULDQV� DQG VSRQJHV
�%&Q6�$/*V� �)LJ� �� ([WHQGHG 'DWD )LJ� ��� 2XU ILQGLQJV UHYHDOHG WKDW PDQ\ %&Q6�$/*V DUH
SDUWLWLRQHG DFURVV WZR RU PRUH FWHQRSKRUH FKURPRVRPHV �)LJ� �� ([WHQGHG 'DWD )LJV� ����
6XSSOHPHQWDU\ 7DEOH ����� DQG WKDW NDU\RW\SH LV FRQVHUYHG DFURVV PXFK RI FWHQRSKRUH GLYHUVLW\
�([WHQGHG 'DWD )LJ� �D�� 5HPDUNDEO\ ZH DOVR IRXQG WKDW WKH %&Q6�$/*V ZHUH RIWHQ ³VSOLW´ DFURVV WZR
RU PRUH FKURPRVRPHV LQ WKH JHQRPHV RI WKH FKRDQRIODJHOODWH 6DOSLQJRHFD URVHWWD �652� DQG WKH
ILODVWHULDQ DPRHED &DSVDVSRUD RZF]DU]DNL �&2:�� DQG WKDW WKHVH VSOLWV FRUUHVSRQGHG WR WKH VSOLWV VHHQ LQ
FWHQRSKRUHV �)LJV� ���� ([WHQGHG 'DWD )LJV� ���

8VLQJ D PXOWL�VSHFLHV DSSURDFK ZH LGHQWLILHG JURXSV RI JHQHV WKDW DUH ERWK FRQVHUYHG DPRQJ GLYHUVH
VSHFLHV DFURVV WKH )LOR]RD �WKH FODGH WKDW LQFOXGHV DQLPDOV� &DSVDSRUD� DQG 6DOSLQJRHFD�� DQG WKDW SHUVLVW
RQ WKH VDPH VHW RI FKURPRVRPHV LQ WKRVH VSHFLHV� )LQGLQJ VXFK JURXSLQJV RI JHQHV SURYLGHV HYLGHQFH IRU
DQFHVWUDOO\�OLQNHG JURXSV RI JHQHV WKDW ZHUH SUHVHQW LQ WKH FRPPRQ DQFHVWRU WR WKH VSHFLHV LQ TXHVWLRQ������
,Q DGGLWLRQ� ILQGLQJ VHWV RI JHQHV ZLWK FRPPRQ IXVLRQV LQ WZR VSHFLHV WR WKH H[FOXVLRQ RI RWKHUV LV
SK\ORJHQHWLFDOO\ LQIRUPDWLYH� LI WKH IXVLRQV RU ILVVLRQV DUH VKRZQ WR EH LUUHYHUVLEOH WKURXJK PL[LQJ���

7RZDUG WKLV JRDO� ZH SHUIRUPHG UHFLSURFDO�EHVW�KLW EODVWS VHDUFKHV EHWZHHQ TXDUWHWV WKDW LQFOXGHG WKH
FWHQRSKRUH +RUPLSKRUD� WKH VSRQJH (SK\GDWLD� WKH FQLGDULDQ 5KRSLOHPD� DQG RQH RI WKH XQLFHOOXODU
RXWJURXS VSHFLHV �&� IUDJUDQWLVVLPD� RU &� RZF]DU]DNL� RU 6� URVHWWD��

��� 5HVXOWV DQG 'LVFXVVLRQ � XQLFHOOXODU�PHWD]RDQ�$/*V

����� &2:�+&$�5(6�(08 JHQH OLQNDJH JURXSV � 5HVXOWV DQG 'LVFXVVLRQ
8VLQJ &DSVDVSRUD DV WKH RXWJURXS� WKH IRXU�ZD\ UHFLSURFDO EHVW EODVWS VHDUFK EHWZHHQ

&2:�+&$�5(6�(08 \LHOGHG �� JURXSV RI JHQHV RI EHWZHHQ � �IDOVH GLVFRYHU\ UDWH� Į  ���î����� DQG
�� JHQHV �Į � ���î����� WKDW DUH OLQNHG WRJHWKHU RQ WKH VDPH FKURPRVRPH LQ WKH IRXU TXHU\ VSHFLHV
�([WHQGHG 'DWD 7DE� �D�� :H HVWLPDWHG WKH IDOVH GLVFRYHU\ UDWH� �ߩ XVLQJ �� PLOOLRQ SHUPXWDWLRQV RI JHQH
LQGLFHV� &RQVHUYHG V\QWHQLF JURXSV RI � RU PRUH JHQHV QHYHU DSSHDUHG LQ WKHVH VLPXODWLRQV� ERXQGLQJ WKH
IDOVH GLVFRYHU\ UDWH DV � ����� 7KH UHSRUWHG ߩ YDOXHV VKRXOG WKHUHIRUH EH FRQVLGHUHG D FRQVHUYDWLYH XSSHU
ERXQG�

)LYH SDLUV RI WKHVH JURXSV IROORZ D SDWWHUQ LQ ZKLFK WZR JURXSV H[LVW RQ WKH VDPH (SK\GDWLD DQG
5KRSLOHPD FKURPRVRPHV� EXW DUH RQ VHSDUDWH FKURPRVRPHV LQ +RUPLSKRUD DQG &DSVDVSRUD� 7KHVH ILYH
SDLUV FRUUHVSRQG WR ILYH %&Q6�$/*V LGHQWLILHG LQ 6LPDNRY HW DO� ������� DQG EHFDXVH WKH $/*V DUH
SDUWLWLRQHG DFURVV WZR JHQH JURXSV LQ WKH &2:�+&$�5(6�(08 FRPSDULVRQ� ZH UHIHU WR WKH
PHWD]RDQ�$/*V XVLQJ WKH VXIIL[HV B[ DQG B\� :H DUJXH LQ ODWHU VHFWLRQV WKDW WKHVH DUH WKH JHQH JURXSV WKDW
VXSSRUW WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV �$�DB[� $�DB\� &�B[� &�B\� (DB[� (DB\� )B[� )B\� *B[� *B\��

&RQYHUVHO\� ZH GLG QRW ILQG DQ\ SDLUV RI JHQH OLQNDJH JURXSV WKDW ZHUH IXVHG LQ +RUPLSKRUD DQG
5KRSLOHPD �L�H�� RQ VLQJOH FKURPRVRPHV LQ ERWK JHQRPHV� EXW RQ VHSDUDWH FKURPRVRPHV LQ (SK\GDWLD DQG
&DSVDVSRUD� 7KXV ZH ILQG QR VXSSRUW IRU D FODGH MRLQLQJ FWHQRSKRUHV DQG FQLGDULDQV� ZLWK VSRQJHV DV WKHLU
VLVWHU JURXS� 7KHUH LV DOVR QR VXSSRUW IRU VSRQJH�VLVWHU ZKHQ ELODWHULDQV LQ SODFH RI WKH FQLGDULDQ
5KRSLOHPD� DV VKRZQ EHORZ�

��
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7ZR DGGLWLRQDO JHQH OLQNDJH JURXSV WKDW SUHGRPLQDQWO\ FRQWDLQ JHQHV IURP $/*B&� �GHVLJQDWHG
&�B]� DQG &�B]�� DUH RQ WZR VHSDUDWH FKURPRVRPHV LQ +RUPLSKRUD EXW RQ RQH FKURPRVRPH LQ WKH
&DSVDVSRUD JHQRPH �([WHQGHG 'DWD 7DE� �D�� 7KLV VXJJHVWV D FWHQRSKRUH�VSHFLILF ILVVLRQ RI WKHVH WZR
JHQH OLQNDJH JURXSV�

1LQH JHQH OLQNDJH JURXSV DSSHDU WR KDYH EHHQ RQ VHSDUDWH FKURPRVRPHV LQ WKH XQLFHOOXODU RXWJURXSV�
EXW DUH PHUJHG RQWR VLQJOH FKURPRVRPHV LQ WKH FRPPRQ DQFHVWRU RI WKH 0HWD]RD �JHQH OLQNDJH JURXSV
FRUUHVSRQGLQJ WR %&Q6�$/*V %�� +� ,� DQG .� �([WHQGHG 'DWD 7DE� �D�� 7KHVH %&Q6�$/*V FDQ
WKHUHIRUH EH LQWHUSUHWHG DV 0HWD]RDQ�$/*� DQG DURVH HLWKHU E\ IXVLRQ RQ WKH PHWD]RDQ VWHP OLQHDJH RU
ILVVLRQ LQ WKH &DSVDVSRUD OLQHDJH�

6L[ JHQH OLQNDJH JURXSV GR QRW DSSHDU WR KDYH XQGHUJRQH DQ\ SK\ORJHQHWLFDOO\ GLDJQRVWLF IXVLRQV
�%&Q6�$/*V &�� '� -�� -�� /� DQG 0�� 7KHVH DUH %&Q6�$/*V WKDW DUH DOVR 0HWD]RDQ�$/*V� DQG WUDFH
WKHLU DQFHVWU\ EDFN WR WKH FRPPRQ ILOR]RDQ DQFHVWRU�

����� 652�+&$�5(6�(08 JHQH OLQNDJH JURXSV � 5HVXOWV DQG 'LVFXVVLRQ
6LPLODUO\� XVLQJ WKH FKRDQRIODJHOODWH 6DOSLQJRHFD DV WKH RXWJURXS� WKH IRXU�ZD\ UHFLSURFDO EHVW EODVWS

VHDUFK EHWZHHQ 652�+&$�5(6�(08 \LHOGHG �� JURXSV RI EHWZHHQ � �IDOVH GLVFRYHU\ UDWH� Į  ���î�����
DQG �� JHQHV �Į � ���î����� WKDW DUH OLQNHG WRJHWKHU RQ WKH VDPH FKURPRVRPHV LQ WKH IRXU TXHU\ VSHFLHV
�([WHQGHG 'DWD 7DE� �E�� 1LQH JHQH JURXSV IROORZHG D SDWWHUQ LQ ZKLFK WZR RU WKUHH JURXSV H[LVW RQ WKH
VDPH (SK\GDWLD DQG 5KRSLOHPD FKURPRVRPHV� EXW DUH RQ VHSDUDWH FKURPRVRPHV LQ +RUPLSKRUD DQG
6DOSLQJRHFD �$�DB[� $�DB\� *B[� *B\� /B[� /B\� 1B[� DQG 1B\�� 7KH JHQH JURXSV $�DB[� $�DB\� *B[�
DQG *B\ DOVR DSSHDUHG LQ WKH &2:�+&$�5(6�(08 VHDUFK� DQG VXSSRUW FWHQRSKRUH�VLVWHU K\SRWKHVLV DV
GHVFULEHG LQ WKH PDLQ WH[W�

&RQYHUVHO\� ZH GLG QRW ILQG DQ\ SDLUV RI JHQH OLQNDJH JURXSV WKDW ZHUH IXVHG RQ VLQJOH FKURPRVRPHV
LQ ERWK +RUPLSKRUD DQG 5KRSLOHPD EXW VSOLW DFURVV VHSDUDWH FKURPRVRPHV LQ (SK\GDWLD DQG 6DOSLQJRHFD�
7KXV DV ZLWK WKH &DSVDVSRUD DQDO\VLV RI 6XSSOHPHQWDU\ ,QIRUPDWLRQ ������ ZH ILQG QR VXSSRUW IRU D
FODGH MRLQLQJ FWHQRSKRUHV DQG FQLGDULDQV� ZLWK VSRQJHV DV WKHLU VLVWHU JURXS� 7KHUH LV DOVR QR VXSSRUW IRU
VSRQJH�VLVWHU ZKHQ ELODWHULDQV LQ SODFH RI WKH FQLGDULDQ 5KRSLOHPD� DV VKRZQ EHORZ�

7ZR JHQH OLQNDJH JURXSV DSSHDU WR KDYH EHHQ RQ VHSDUDWH FKURPRVRPHV LQ WKH XQLFHOOXODU RXWJURXSV�
EXW PHUJHG RQWR VLQJOH FKURPRVRPHV LQ DW OHDVW WKH FRPPRQ DQFHVWRU RI WKH 0HWD]RD �JHQH OLQNDJH JURXSV
FRUUHVSRQGLQJ WR $/*B,�� 7KHVH WZR JURXSV ZHUH DOVR SUHVHQW LQ WKH &2:�+&$�5(6�(08 VHDUFK�

1LQH JHQH OLQNDJH JURXSV GR QRW DSSHDU WR KDYH XQGHUJRQH DQ\ SK\ORJHQHWLFDOO\ GLDJQRVWLF IXVLRQV
�%&Q6 $/*V %�� &�� &�� '� )� +� .� 0� DQG 3�� 7KHVH %&Q6�$/*V DUH WKHUHIRUH DOVR PHWD]DQ�$/*V
ZKRVH DQFHVWU\ FDQ EH WUDFHG EDFN WR WKH FRPPRQ ILOR]RDQ DQFHVWRU�

����� &)5�+&$�5(6�(08 JHQH OLQNDJH JURXSV � 5HVXOWV DQG 'LVFXVVLRQ
8VLQJ WKH LFWK\RVSRUHDQ &UHROLPD[ DV WKH RXWJURXS� WKH IRXU�ZD\ UHFLSURFDO EHVW EODVWS VHDUFK

EHWZHHQ &)5�+&$�5(6�(08 \LHOGHG � JURXSV RI EHWZHHQ � �IDOVH GLVFRYHU\ UDWH� Į  ���î����� DQG �
JHQHV �Į � ���î����� WKDW RFFXUUHG RQ WKH VDPH VHWV RI FKURPRVRPHV LQ WKH IRXU TXHU\ VSHFLHV �([WHQGHG
'DWD 7DE� �F�� 1RQH RI WKHVH JHQH OLQNDJH JURXSV IROORZ D SDWWHUQ WKDW GLIIHUHQWLDWHV EHWZHHQ WKH
FWHQRSKRUH�VLVWHU RU VSRQJH�VLVWHU K\SRWKHVHV�

6L[ JHQH OLQNDJH JURXSV DSSHDU WR KDYH EHHQ RQ VHSDUDWH FKURPRVRPHV LQ WKH XQLFHOOXODU RXWJURXSV�
EXW PHUJHG RQWR VLQJOH FKURPRVRPHV LQ DW OHDVW WKH FRPPRQ DQFHVWRU RI WKH 0HWD]RD �JHQH OLQNDJH JURXSV
FRUUHVSRQGLQJ WR %&Q6�$/*V *� +� DQG ,��

��



7ZR JHQH OLQNDJH JURXSV GR QRW DSSHDU WR KDYH XQGHUJRQH DQ\ SK\ORJHQHWLFDOO\ GLDJQRVWLF IXVLRQV
�$/*B$�D� .�� $V EHIRUH� WKHVH DUH DQFLHQW PHWD]RDQ�$/*V ZKRVH DQFHVWU\ FDQ EH WUDFHG EDFN WR WKH
FRPPRQ ILOR]RDQ DQFHVWRU�

,Q WKH DQDO\VHV RI 6XSSOHPHQWDU\ ,QIRUPDWLRQ ����������� ZH XVHG WKH MHOO\ILVK 5KRSLOHPD WR
UHSUHVHQW WKH FQLGDULDQ�ELODWHULDQ FODGH� :H KDYH H[WHQGHG WKHVH DQDO\VHV WR LQFOXGH ELODWHULDQ JHQRPHV
LQVWHDG RI MHOO\ILVK �6XSSOHPHQWDU\ ,QIRUPDWLRQ �� )LJ� ��� DQG DOVR SHUIRUPHG LGHQWLFDO DQDO\VHV XVLQJ
WKH RUWKRORJLHV LGHQWLILHG ZLWK 2UWKR)LQGHU XVLQJ ELODWHULDQ JHQRPHV �6XSSOHPHQWDU\ ,QIRUPDWLRQ ���
([WHQGHG 'DWD )LJ� ���� 7KH UHVXOWV RI WKHVH DGGLWLRQDO DQDO\VHV DUH FRQVLVWHQW ZLWK HDFK RWKHU DQG WKH
ILQGLQJV GHVFULEHG LQ WKH PDLQ WH[W�

����� 0HUJLQJ WKH �&2:� 652� &)5��+&$�5(6�(08 DQDO\VHV � 5HVXOWV DQG 'LVFXVVLRQ
:H XVHG RGSBPHUJHBUEK WR PHUJH WKH VLJQLILFDQW &2:�+&$�(08�5(6� &)5�+&$�(08�5(6� DQG

652�+&$�(08�5(6 JHQH OLQNDJH JURXSV� :H PHUJHG RUWKRORJRXV JURXSV WKDW VKDUHG JHQHV LQ WKH WKUHH
PHWD]RDQV +&$�(08�5(6� 7KH UHVXOWLQJ WDEOH FRQVLVWHG RI ��� RUWKRORJV LQ �� JURXSLQJV� 7KHVH
V\QWHQ\ JURXSV DUH VKRZQ LQ )LJXUH � DQG DUH OLVWHG LQ 6XSSOHPHQWDU\ 'DWD �� WDEV � DQG ��

6LQFH WKH WKUHH WDEOHV ZHUH MRLQHG RQ +&$�(08�5(6� HDFK RUWKRORJRXV JHQH IDPLO\ FRQWDLQHG D JHQH
IRU DOO WKUHH DQLPDOV �+&$� (08� 5(6�� $OO RI WKH ��� JHQHV RFFXUUHG LQ DW OHDVW RQH XQLFHOOXODU 2*� ��
RFFXUUHG LQ DW OHDVW WZR 2*V� DQG � RFFXUUHG LQ DOO WKUHH 2*V� (DFK JURXSLQJ ZDV FRPSRVHG RI EHWZHHQ �
DQG �� JHQHV�

)RXUWHHQ RI WKH WKLUW\ RQH JURXSLQJV FRQWDLQ JHQHV WKDW RFFXU RQ WKH VDPH FKURPRVRPHV LQ 5KRSLOHPD
DQG (SK\GDWLD� EXW RQ VHSDUDWH FKURPRVRPHV LQ +RUPLSKRUD DQG LQ WKH XQLFHOOXODU RXWJURXSV �$/*V $�D�
&�� (D� )� *� / DQG 1� �6XSSOHPHQWDU\ 'DWD ���

,Q WKH FDVH RI $/* 1� LW DSSHDUV WKDW WKHUH KDV EHHQ D IXVLRQ RI 1B[ DQG 1B\ RQWR D VLQJOH
FKURPRVRPH LQ &DSVDVSRUD RZF]DU]DNL� FRQYHUJHQW ZLWK WKH VWDWH IRXQG LQ (SK\GDWLD DQG 5KRSLOHPD�
7KH DOWHUQDWLYH H[SODQDWLRQ LV WKDW WKHUH ZHUH WZR FRQYHUJHQW� LQGHSHQGHQW DQG LGHQWLFDO ILVVLRQV RI
$/*B1 LQWR 1B[� DQG 1B\ LQ 6DOSLQJRHFD DQG +RUPLSKRUD� &RQVLGHULQJ WKDW &DSVDVSRUD KDV D UHGXFHG
FKURPRVRPH QXPEHU UHODWLYH WR WKH RWKHU XQLFHOOXODU RXWJURXS VSHFLHV ��� YV �� RU ���� LW LV SODXVLEOH WKDW
WKLV WRSRORJ\ FRXOG EH H[SODLQHG E\ D FRQYHUJHQW IXVLRQ� )XUWKHUPRUH� LQ ODWHU DQDO\VHV ZH IRXQG WKDW 1B[
DQG 1B\ DUH QRW IXOO\ PL[HG RQ &DSVDVSRUD FKURPRVRPH �� VXJJHVWLQJ WKH SRVVLELOLW\ RI D UHFHQW IXVLRQ�

)LYH RI WKH WKLUW\ RQH JURXSLQJV� FRUUHVSRQGLQJ WR %&Q6�$/*V , DQG .� H[LVW RQ WZR RU PRUH
FKURPRVRPHV LQ WKH XQLFHOOXODU 2* VSHFLHV� EXW DUH RQ VLQJOH FKURPRVRPHV LQ WKH PHWD]RDQV� 7KLV
VXJJHVWV WKDW WKHVH $/*V DURVH RQ WKH PHWD]RDQ VWHP DQG DUH 0HWD]RDQ�$/*V�

)RXU RI WKH WKLUW\ RQH JURXSLQJV� FRUUHVSRQGLQJ WR $/*V %� DQG +� KDYH D IXVLRQ SDWWHUQ
VXJJHVWLQJ WKDW WKHVH %&Q6�$/*V DURVH LQ WKH DQFHVWRU RI WKH &KRDQR]RD� 7KHVH DUH DOVR
0HWD]RDQ�$/*V�

7ZR RI WKH JURXSLQJV� FRUUHVSRQGLQJ WR D FRPSRQHQW RI $/*B&�� DUH RQ VLQJOH FKURPRVRPHV LQ
&DSVDVSRUD� 5KRSLOHPD� DQG (SK\GDWLD� EXW DUH RQ WZR FKURPRVRPHV LQ +RUPLSKRUD� 7KLV VXJJHVWV
DQRWKHU SDUWLDO FWHQRSKRUH�VSHFLILF VSOLW IRU SDUW RI $/*B&��

7KH UHPDLQLQJ VL[ JURXSLQJV DUH FRQVHUYHG DPRQJ 2*V DQG PHWD]RDQV� DQG VR GR QRW GLIIHUHQWLDWH
EHWZHHQ WKH FWHQRSKRUH�VLVWHU YV� VSRQJH�VLVWHU K\SRWKHVHV� 7KH FRUH JHQHV RI $/*V &�� '� -�� -�� 0� DQG
3 KDYH EHHQ FRORFDOL]HG RQ WKH VDPH FKURPRVRPHV VLQFH WKH FRPPRQ DQFHVWRU RI WKH )LOR]RD RYHU ���
PLOOLRQ \HDUV DJR���

��
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����� $OWHUQDWH &DSVDVSRUD JHQRPH DVVHPEOLHV GR QRW FKDQJH OLQNDJH JURXS UHVXOWV
:H QRWH WKDW WKH DERYH DQDO\VHV SHUIRUPHG RQ WKH WKUHH DOWHUQDWH &DSVDVSRUD RZF]DU]DNL JHQRPH

DVVHPEOLHV GLG QRW FKDQJH WKH JURXSV RI OLQNHG JHQHV LGHQWLILHG LQ ��ZD\ UHFLSURFDO EHVW EODVWS VHDUFKHV�
RU WKH LQGLYLGXDO &DSVDVSRUD RZF]DU]DNL JHQHV LQ WKH OLQNDJH JURXSV� 1R OLQNDJH JURXSV RI JHQHV ZHUH
IRXQG RQ WKH WZR DOWHUQDWH KDSORW\SHV RI WKH IXVHG� RU VSOLW� FRQILJXUDWLRQ RI SXWDWLYH &DSVDVSRUD
RZF]DU]DNL FKURPRVRPH � �([WHQGHG 'DWD 7DE� ���

��



� ([WHQVLRQ RI JHQH OLQNDJH JURXSV WR RWKHU PHWD]RDQ VSHFLHV

��� ,QWURGXFWLRQ � ([WHQVLRQ RI JHQH OLQNDJH JURXSV
:H QH[W DVNHG KRZ WKH ��� RUWKRORJV LQ �� JURXSV ZHUH GLVWULEXWHG DFURVV FKURPRVRPHV LQ RWKHU

DQLPDO VSHFLHV� DQG ZKHWKHU WKH ILQGLQJV EDVHG RQ JHQH TXDUWHWV WKDW VXSSRUW WKH FWHQRSKRUH�VLVWHU
K\SRWKHVLV DUH VXSSRUWHG E\ WKH JHQRPHV RI RWKHU DQLPDO VSHFLHV� 7KLV DPRXQWV WR D WHVW RI RXU K\SRWKHVHV
IURP WKH TXDUWHW DQDO\VHV RI 6XSSOHPHQWDU\ ,QIRUPDWLRQ ��

5HFLSURFDO EHVW EODVWS VHDUFKHV DFURVV PXOWLSOH VSHFLHV LV D KLJKO\ FRQVHUYDWLYH DSSURDFK WR ILQGLQJ
RUWKRORJRXV JHQH IDPLOLHV� (DFK QHZ VSHFLHV DGGHG WR WKH DQDO\VLV UHGXFHV WKH WRWDO QXPEHU RI RUWKRORJV
LGHQWLILHG EHFDXVH UHFLSURFDO�EHVW EODVW KLW LV D VWULQJHQW FULWHULRQ� DQG WKH QXPEHU RI UHFLSURFDO EODVW
FRQGLWLRQV WKDW PXVW EH VDWLVILHG IRU HDFK DGGLWLRQDO VSHFLHV Q VFDOHV QRQ�OLQHDUO\ ZLWK Q� (DFK QHZ VSHFLHV
UHTXLUHV Q�Q ± ���� PRUH UHFLSURFDO�EHVW EODVWS KLWV� 7R GHYHORS D PRUH VHQVLWLYH PHWKRG IRU LGHQWLI\LQJ
GLVWDQW RUWKRORJV� ZH FRQVWUXFWHG KLGGHQ 0DUNRY PRGHOV RI HDFK RI WKH ��� RUWKRORJRXV JHQH IDPLOLHV DQG
XVHG WKHP WR WR LGHQWLI\ WKH PRVW FORVHO\ UHODWHG JHQHV LQ RWKHU VSHFLHV EH\RQG WKH �&2:� &)5�
652��+&$�5(6�(08 VHW RI RUWKRORJV�

$V VKRZQ LQ )LJXUH � RI WKH PDLQ WH[W� ZH IRXQG WKDW WKH JHQH OLQNDJH JURXSV WKDW VXSSRUW WKH
FWHQRSKRUH�VLVWHU K\SRWKHVLV� $�DB[� $�DB\� &�B[� &�B\� (DB[� (DB\� )B[� )B\� *B[� *B\� /B[� /B\�
1B[� DQG 1B\� DOVR RFFXU RQ VLQJOH FKURPRVRPHV LQ VSRQJH� FQLGDULDQ� DQG ELODWHULDQ JHQRPHV� :H DOVR
DQDO\]HG WKH JHQH OLQNDJHV RQ WKH VXE�FKURPRVRPDO DVVHPEO\ RI WKH SODFR]RDQ 7� DGKDHUHQV DQG IRXQG
HYLGHQFH IRU B[ DQG B\ JHQHV RQ WKH VDPH VFDIIROGV� :H DQDO\]HG WKH VXE�FKURPRVRPDO JHQRPH RI WKH
VSRQJH $� TXHHQVODQGLFD� EXW IRXQG LW WR EH VR IUDJPHQWHG WKDW YHU\ IHZ VFDIIROGV KDG PRUH WKDQ RQH RU
WZR JHQHV IURP WKH B[ DQG B\ FRPSRQHQWV SHU VFDIIROG� ZKHQ WKH\ RFFXUUHG�

��� 0HWKRGV � ([WHQVLRQ RI JHQH OLQNDJH JURXSV

����� +00 VHDUFK RI ��� RUWKRORJV LQ DGGLWLRQDO VSHFLHV
)RU HDFK RI WKH ��� RUWKRORJRXV JHQH IDPLOLHV FRQVHUYHG EHWZHHQ XQLFHOOXODU 2*V DQG DQLPDOV ZH

XVHG WKH VFULSW RGSBUEKBWRBKPP WR LGHQWLI\ WKH EHVW PDWFKHV RI WKH RUWKRORJV LQ DGGLWLRQDO FWHQRSKRUH�
ELODWHULDQ� VSRQJH� DQG FQLGDULDQ VSHFLHV�

:H SHUIRUPHG +00�EDVHG VHDUFKHV IRU WKH ��� RUWKRORJRXV JHQH IDPLOLHV LQ WKH JHQRPHV RI WKH
FWHQRSKRUH %� PLFURSWHUD� WKH FODGRUKL]LG VSRQJH� 7� DGKDHUHQV���� +� YXOJDULV��� 1� YHFWHQVLV���� %�
IORULGDH��� 3� PD[LPXV��� 7R WHVW IRU *2 HQULFKPHQW RI WKH VHWV RI RUWKRJURXSV XVLQJ 3$17+(5���� ZH DOVR
VHDUFKHG IRU WKH RUWKRORJV LQ +� VDSLHQV�

��� 5HVXOWV DQG 'LVFXVVLRQ � ([WHQVLRQ RI JHQH OLQNDJH JURXSV

����� &RQVHUYDWLRQ RI DQFHVWUDO OLQNDJH JURXSV LQ DGGLWLRQDO VSHFLHV
$IWHU SHUIRUPLQJ WKH +00 VHDUFK� WKH GDWDEDVH FRQWDLQHG ��� RUWKRORJRXV JHQH IDPLOLHV DQG WKH

JHQRPH FRRUGLQDWHV RI WKHLU PHPEHUV LQ WKH FRUH VSHFLHV �&)5� &2:� 652� +&$� (08� 5(6�� DV ZHOO
DV WKH JHQH LGHQWLWLHV DQG JHQRPH FRRUGLQDWHV RI WKH EHVW PDWFKHV LQ DGGLWLRQDO DQLPDO VSHFLHV� 8VLQJ WKH
VFULSW RGSBUEKBSORWBPL[LQJ� ZH LGHQWLILHG WKH SULPDU\ FKURPRVRPHV LQ WKH DGGLWLRQDO VSHFLHV WKDW
FRQWDLQHG JHQHV IURP WKH JURXSV RI JHQHV WKDW SDUWLFLSDWH LQ WKH SK\ORJHQHWLFDOO\ LQIRUPDWLYH PL[LQJV
�$�D� &�� (D� )� *� /� 1�� &RQVLVWHQW ZLWK RXU ILQGLQJV LQ WKH VSRQJH (SK\GDWLD DQG WKH FQLGDULDQ
5KRSLOHPD� DQG FRQVLVWHQW ZLWK WKH ILQGLQJV RI 6LPDNRY HW DO� ������� WKH PDMRULW\ RI JHQHV LQ B[ DQG B\
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FRPSRQHQWV RI WKH DQFHVWUDO OLQNDJH JURXSV FRUUHVSRQGLQJ WR $/*V $/*B$�D� &�� (D� )� *� /� DQG 1
ZHUH SUHVHQW RQ VLQJOH FKURPRVRPHV LQ WKH DGGLWLRQDO VSHFLHV OLVWHG LQ 6XSSOHPHQWDU\ 7DEOH ���� 6HH
)LJXUH � LQ WKH PDLQ WH[W�

����� &RQVHUYDWLRQ RI DQFHVWUDO OLQNDJH JURXSV LQ 7ULFKRSOD[�
7KH JHQRPH DVVHPEO\ RI WKH SODFR]RDQ 7ULFKRSOD[ DGKDHUHQV��� LV QRW FKURPRVRPH�VFDOH� +RZHYHU�

ZH IRXQG WKDW VRPH RI WKH VXE�FKURPRVRPDO VFDIIROGV RI WKHVH WZR JHQRPHV FRQWDLQHG VHYHUDO JHQHV
EHORQJLQJ WR ERWK WKH B[ DQG B\ FRPSRQHQWV RI WKH FRQVHUYHG OLQNDJH JURXSV� DV VHHQ LQ WKH
FKURPRVRPH�VFDOH DVVHPEOLHV RI WKH %&Q6 VSHFLHV�

7KH VXE�FKURPRVRPDO JHQRPH DVVHPEO\ RI WKH SODFR]RDQ 7ULFKRSOD[ VKDUHV VHYHUDO %&Q6�$/*
V\QWHQLF V\QDSRPRUSKLHV ZLWK FQLGDULDQV��� :H ILQG WKDW 7ULFKRSOD[ VFDIIROGV VKDUH DW OHDVW ILYH RI WKH
VHYHQ %&Q6�VWHP IXVLRQV� ZLWK WKH UHPDLQLQJ WZR IXVLRQV XQUHVROYHG GXH WR WKH IUDJPHQWHG QDWXUH RI WKH
FXUUHQW 7ULFKRSOD[ VFDIIROGV �)LJ� ��� 7KH $/*V &�B[ DQG &�B\ DUH SUHVHQW RQ VFDIIROG
75,$'VFDIIROGB�� JHQHV IURP (DB[ DQG (DB\ DUH DOVR RQ 75,$'VFDIIROGB�� JHQHV IURP (DB[ DQG (DB\
H[LVW RQ 75,$'VFDIIROGB�� JHQHV IURP $�DB[ DQG $�DB\ H[LVW RQ VFDIIROG 75,$'VFDIIROGB�� DQG ODVWO\
ZH IRXQG *B[ DQG *B\ RQ VFDIIROG 75,$'VFDIIROGB� �)LJ� ��� 7KHVH IXVLRQ�ZLWK�PL[LQJ HYHQWV WKHUHIRUH
UHSUHVHQW SXWDWLYH V\QWHQLF V\QDSRPRUSKLHV RI WKH ELODWHULDQ�FQLGDULDQ�SODFR]RDQ FODGH� WKH VR�FDOOHG
³3DUDKR[R]RD´���

6LPDNRY HW DO� �������� XQLWHG FQLGDULDQV DQG SODFR]RDQV DV VLVWHU OLQHDJHV WR WKH H[FOXVLRQ RI
ELODWHULDQV DQG VSRQJHV EDVHG RQ WKH SXWDWLYH (D䎫) IXVLRQ�ZLWK�PL[LQJ VKDUHG E\ SODFR]RDQV DQG
FQLGDULDQV� D JURXSLQJ DOVR VXSSRUWHG E\ VRPH UHFHQW JHQH WUHHV����������� :KLOH WKH FXUUHQW GUDIW JHQRPH
DVVHPEOLHV RI SODFR]RDQV GR QRW DOORZ WR LQWHJUDWH SODFR]RDQV LQWR RXU WKH VWDWXV RI WKH DQFHVWUDO SLHFHV RI
P\ULD]RDQ $/*B(D WR EH GHWHUPLQHG �)LJ� ��� LW LV D VWURQJ SUHGLFWLRQ RI RXU DSSURDFK WKDW
FKURPRVRPH�VFDOH DVVHPEOLHV RI SODFR]RDQV ZLOO VKRZ WKHP WR EH PL[HG� $V VWDWHG LQ WKH PDLQ WH[W RI WKLV
PDQXVFULSW� WKH QHVWLQJ RI SODFR]RDQV DQG FQLGDULDQV ZLWKLQ 0\ULD]RD XVLQJ V\QWHQ\ UHMHFWV ERWK D
SODFR]RDQ�VLVWHU�WR�RWKHU�DQLPDOV K\SRWKHVLV������ DQG WKH ROG QRWLRQ RI D &RHOHQWHUDWD FODGH WKDW ZRXOG
XQLWH FWHQRSKRUHV ZLWK FQLGDULDQV��� )XUWKHUPRUH� VLQFH SODFR]RDQV DUH QHVWHG ZLWKLQ 3DUDKR[R]RD�
KRPRORJLHV EHWZHHQ WKH PRXWK� JXW� DQG QHUYRXV V\VWHPV RI FQLGDULDQV DQG ELODWHULDQV LPSO\ WKDW
SODFR]RDQV DUH VHFRQGDULO\ IODWWHQHG� DQG KDYH ORVW DQ DQFHVWUDO QHUYRXV V\VWHP� UDWKHU WKDQ UHSUHVHQWLQJ
WKH DQFHVWUDO SDUDKR[R]RDQ VWDWH�
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�� 2UWKR)LQGHU DQDO\VLV UHFRYHUV VXSSRUW IRU WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV

���� ,QWURGXFWLRQ
:KLOH WKH DSSURDFK RI RUWKRORJ ILQGLQJ XVLQJ UHFLSURFDO EHVW KLWV �UEK� LV JHQHUDOO\ UHJDUGHG DV D

SUHFLVH DQG VWULQJHQW RUWKRORJ�ILQGLQJ PHWKRG��������������� RQH OLPLWDWLRQ RI WKH UEK DSSURDFK FDQ EH D ORZHU
UDWH RI GHWHFWLQJ WUXH SRVLWLYH RUWKRORJ\ LQ FODGHV ZLWK PDQ\ GXSOLFDWLRQV���� $V PHQWLRQHG EHIRUH� WKH
VWULQJHQF\ GRHV QRW VFDOH OLQHDUO\ ZLWK WKH QXPEHU RI VSHFLHV Q XVHG LQ WKHVH VHDUFKHV� 7KHUH DUH Q�Q�����
UHFLSURFDO�EHVW EODVWS VHDUFKHV WKDW PXVW EH VDWLVILHG IRU Q VSHFLHV� ,Q WKLV UHJDUG� WKH XVH RI Q�ZD\
UHFLSURFDO EHVW EODVW VHDUFKHV FRPSRXQGV WKH ZHDNQHVV RI WKH WZR�VSHFLHV UHFLSURFDO EHVW KLWV
PHWKRGRORJ\�

7R RYHUFRPH WKLV ZHDNQHVV LQ RXU Q�ZD\ UHFLSURFDO EHVW KLW PHWKRGRORJ\� DQG WR WHVW RXU SK\ORJHQHWLF
K\SRWKHVLV ZLWK UHVXOWV IURP ZLGHO\�XVHG RUWKRORJ�ILQGLQJ VRIWZDUH� ZH JHQHUDWHG RUWKRORJV ZLWK
2UWKR)LQGHU� 2UWKR)LQGHU¶V RUWKRORJ�LQIHUHQFH DOJRULWKP LV DOVR EDVHG RQ D UHFLSURFDO�EHVW EODVWS RU
GLDPRQG EODVWS VHDUFK VWUDWHJ\� EXW DOORZV IRU RUWKRORJV WR FRQWDLQ PRUH WKDQ RQH JHQH SHU VSHFLHV� 7KLV
HQDEOHV HDFK ³RUWKRJURXS´ WR PRUH DFFXUDWHO\ UHIOHFW WKH HYROXWLRQDU\ KLVWRU\ RI WKH SURWHLQV LQ TXHVWLRQ�

���� 0HWKRGV

������ 2UWKR)LQGHU � PHWKRGV
:H SHUIRUPHG DQ 2UWKR)LQGHU Y������� DQDO\VLV XVLQJ VWDQGDUG SDUDPHWHUV ZLWK GLDPRQG EODVWS

Y�������� IRU WKH VHTXHQFH VHDUFK� DQG PDIIW Y�������� IRU SURWHLQ DOLJQPHQW� :H VWRSSHG WKH VRIWZDUH DIWHU
LQIHUULQJ RUWKRJURXSV �RSWLRQ �RJ�� 7KH VSHFLHV LQFOXGHG LQ WKH DOLJQPHQW ZHUH� WKH XQLFHOOXODU RUJDQLVPV
&� IUDJUDQWLVVLPD �&)5�� &� RZF]DU]DNL �&2:�� DQG 6� URVHWWD �652�� WKH FWHQRSKRUHV +� FDOLIRUQHQVLV
�+&$� DQG %� PLFURSWHUD �%0,�� WKH VSRQJHV (� PXHOOHUL �(08� DQG WKH XQGHVFULEHG FODGRUKL]LG �&/$��
WKH FQLGDULDQV +� YXOJDULV �+98�� 5� HVFXOHQWXP �5(6�� DQG 1� YHFWHQVLV �19(�� WKH SODFR]RDQ 7�
DGKDHUHQV �7$'�� DQG WKH ELODWHULDQV 3� PD[LPXV �30$� DQG %� IORULGDH �%)/�� 6HH 6XSSOHPHQWDU\ 7DEOH
��� IRU FLWDWLRQV IRU HDFK RI WKHVH JHQRPHV�

������ 6SHFLHV TXDUWHWV IURP 2UWKR)LQGHU � PHWKRGV
:H DQDO\]HG WKH 2UWKR)LQGHU UHVXOWV LQ VSHFLHV TXDUWHWV WKDW FDQ EH XVHG WR GLVWLQJXLVK EHWZHHQ WKH

FWHQRSKRUH� DQG VSRQJH�VLVWHU K\SRWKHVHV� WKH XVH RI TXDUWHWV PLQLPL]HV WKH LPSDFW RI PLVVLQJ GDWD GXH WR
JHQH ORVV DQG�RU PLVVHG RUWKRORJ\� %DVHG RQ 2UWKR)LQGHU�RUWKRJURXSV� ZH JHQHUDWHG �UEK ILOHV IRU DOO
FRPELQDWLRQV RI VSHFLHV VXFK WKDW HDFK TXDUWHW FRQWDLQHG RQH XQLFHOOXODU VSHFLHV �&2: RU 652�� RQH
FWHQRSKRUH VSHFLHV� RQH VSRQJH VSHFLHV� DQG RQH ELODWHULDQ RU FQLGDULDQ VSHFLHV� &QLGDULDQV ZHUH
UHSUHVHQWHG E\ 5� HVFXOHQWXP RU 1� YHFWHQVLV IRU FRQVLVWHQF\ ZLWK RXU UEK�EDVHG DQDO\VHV� 7KH SODFR]RDQ
7� DGKDHUHQV ZDV RPLWWHG DV LWV JHQRPH LV QRW FKURPRVRPH�VFDOH� 6LQFH ZH DUH LQWHUHVWHG LQ
FKURPRVRPH�VFDOH OLQNDJH� ZH GLVFDUGHG DPELJXRXV RUWKRJURXSV LQ ZKLFK DQ\ VSHFLHV KDG RUWKRJURXS
PHPEHUV RQ PXOWLSOH FKURPRVRPHV� 7KH �UEK ILOHV ZHUH WKHQ DQDO\]HG ZLWK WKH
RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ VFULSW WKDW ILQGV JURXSV RI JHQHV SDUWLFLSDWLQJ LQ
SXWDWLYH IXVLRQ�WKHQ�PL[LQJ HYHQWV WKDW FDQ KHOS SRODUL]H WKH SK\ORJHQHWLF UHODWLRQVKLS RI WKUHH VSHFLHV
JLYHQ D NQRZQ RXWJURXS �6XSSOHPHQWDU\ ,QIRUPDWLRQ ������� :H FROODWHG WKHVH UHVXOWV DQG FRPSDUHG
WKHP WR WKH V\QWHQ\ JURXSV IRXQG E\ WKH UEK PHWKRG�
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���� 5HVXOWV DQG 'LVFXVVLRQ

������ 6SHFLHV TXDUWHW DQDO\VHV VXSSRUW WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV
7KH RUWKRILQGHU DQDO\VLV GHVFULEHG DERYH \LHOGHG ����� RUWKRJURXSV� 2UWKRJURXSV GR QRW DOZD\V KDYH

D JHQH IURP HYHU\ VSHFLHV� VR ZH QH[W VHOHFWHG RUWKRJURXSV WKDW LQFOXGH D JHQH IRU DW OHDVW RQH XQLFHOOXODU
VSHFLHV� DW OHDVW RQH FWHQRSKRUH� DW OHDVW RQH VSRQJH� DQG DW OHDVW RQH FQLGDULDQ RU ELODWHULDQ� L�H��
RUWKRJURXSV WKDW VDWLVI\ WKH FRQGLWLRQ�

�&2: _ 652� 	 �+&$ _ %0,� 	 �(08 _ &/$� 	 �5(6 _ 19( _ %)/ _ 30$�

ZKHUH JHQRPHV DUH UHSUHVHQWHG E\ WKHLU WKUHH OHWWHU DFURQ\P DV GHVFULEHG LQ WKH PDLQ WH[W� �_� PHDQV
ORJLFDO �25�� DQG �	� PHDQV ORJLFDO �$1'�� 7KHUH DUH �� VXFK IRXU�VSHFLHV TXDUWHWV� 7KLV FRQGLWLRQ
HQVXUHV WKH SUHVHQFH RI DW OHDVW RQH JHQH IURP WKH RXWJURXS� FWHQRSKRUH� VSRQJH� DQG ELODWHULDQ�FQLGDULDQ
FODGHV�� 7KLV ILOWHULQJ VWHS \LHOGHG ���� RUWKRJURXSV� RU ������ RI WKH RULJLQDO ����� RUWKRJURXSV� 7KH
PHGLDQ QXPEHU RI JHQHV SHU VSHFLHV SHU RUWKRJURXS ZDV ��

)URP WKHVH ���� RUWKRJURXSV� ZH JHQHUDWHG �UEK ILOHV IRU WKH �� SRVVLEOH VSHFLHV TXDUWHWV WKDW LQFOXGH
DQ RXWJURXS� FWHQRSKRUH� VSRQJH� DQG ELODWHULDQ�FQLGDULDQ VSHFLHV �([WHQGHG 'DWD )LJ� ��� 7KHVH �UEK
ILOHV ZHUH DQDO\]HG ZLWK WKH DQDO\VLV SLSHOLQH RGSBJHQRPHBUHDUUDQJHPHQWBVLPXODWLRQ� (YHU\
DQDO\VLV UHFRYHUHG EHWZHHQ RQH DQG VL[ IXVLRQ�ZLWK PL[LQJ HYHQWV WKDW VXSSRUWHG FWHQRSKRUHV DV WKH VLVWHU
FODGH RI RWKHU DQLPDOV� 7KH OLQNDJH JURXSV $�DB[ DQG $�DB\ DSSHDUHG WKH PRVW RIWHQ DQG ZHUH SUHVHQW LQ
DOO �� DQDO\VHV�

$OO RI WKH V\QWHQLF V\QDSRPRUSKLHV VKRZQ LQ )LJXUHV � DQG � ZHUH DOVR IRXQG E\ WKH 2UWKR)LQGHU
DQDO\VHV� L�H�� $�DB[ � $�DB\� &�B[ � &�B\� (DB[ � (DB\� )B[ � )B\� *B[ � *B\� /B[ � /B\� DQG 1B[ �
1B\� 7KH 2UWKR)LQGHU DQDO\VLV DOVR GHWHFWHG D JURXSLQJ RI %�B[ � %�B\ LQ D IXVLRQ�ZLWK�PL[LQJ
FRQILJXUDWLRQ WKDW VXSSRUWV WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV� 7KH %�B[�%�B\ JURXSLQJ KDV WKH IHZHVW
RUWKRORJV RI DQ\ RI WKH OLQNDJH JURXS IXVLRQV WKDW ZH LGHQWLILHG VXSSRUWLQJ WKH FWHQRSKRUH�VLVWHU
K\SRWKHVLV ��� RUWKRORJV WRWDO LQ %�B[ � %�B\�� WKH VPDOO QXPEHU RI JHQHV LQYROYHG H[SODLQV ZK\ WKLV
ZDV QRW GHWHFWHG E\ WKH PRUH FRQVHUYDWLYH UHFLSURFDO EHVW KLW PHWKRG� $OWRJHWKHU WKHUH ZHUH ���
2UWKR)LQGHU�RUWKRJURXSV WKDW SDUWLFLSDWHG LQ ODUJH OLQNDJH JURXSV� ZHUH PL[HG DFURVV WKH FKURPRVRPHV LQ
VSRQJH� FQLGDULDQV� DQG ELODWHULDQV� DQG ZHUH FRQILJXUHG LQ D IXVLRQ�ZLWK�PL[LQJ HYHQW VXSSRUWLQJ
FWHQRSKRUHV DV WKH VLVWHU FODGH RI DOO RWKHU DQLPDOV�

7KH 2UWKR)LQGHU�EDVHG TXDUWHW DQDO\VHV DUH XQDQLPRXV LQ WKHLU VXSSRUW RI FWHQRSKRUH�VLVWHU� EDVHG RQ
WKH V\QWHQLF V\QDSRPRUSKLHV VKRZQ LQ )LJXUHV � DQG � DQG GHVFULEHG LQ WKH SUHYLRXV SDUDJUDSK� 7KUHH RI
WKH �� TXDUWHWV� KRZHYHU� H[KLELW DQ XQXVXDO GLVWULEXWLRQ RI %&Q6 $/*B+ LQ WKH FODGRUKL]LG VSRQJH
JHQRPH WKDW PHULWV IXUWKHU GLVFXVVLRQ� DV LW GHPRQVWUDWHV KRZ WR SRODUL]H PRUH UHFHQW FKDQJHV LQ V\QWHQ\
ZLWKLQ D FODGH� 6SHFLILFDOO\� JHQHV IURP %&Q6 $/*B+ DUH VSOLW DFURVV WZR FKURPRVRPHV LQ WKH
FODGRUKL]LG VSRQJH DQG IRXU FKURPRVRPHV LQ &DSVDVSRUD �([WHQGHG 'DWD )LJV� �F�G�� 7KH PDQQHU LQ
ZKLFK $/*�+ LV VSOLW LQ WKH WZR JHQRPHV� KRZHYHU� LV QRW WKH VDPH �([WHQGHG 'DWD )LJ �F�� VXJJHVWLQJ
DQ LQGHSHQGHQW ILVVLRQ LQ WKH FODGRUKL]LG JHQRPH� 7KH LQGHSHQGHQFH RI WKLV ILVVLRQ LV VXSSRUWHG E\
DQDO\VLV RI RWKHU VSRQJHV� LQFOXGLQJ (� PXHOOHUL� WKH VWRQ\ VSRQJH 3HWURVLD ILFLIRUPLV �WKUHH�OHWWHU FRGH
3), � 1&%, JHQRPH DFFHVVLRQ *&$B������������������ DQG WKH GLVWDQWO\�UHODWHG &KRQGURVLD UHQLIRUPLV
�WKUHH�OHWWHU FRGH &5( � 1&%, JHQRPH DFFHVVLRQ *&$B����������������� �([WHQGHG 'DWD )LJ� �F�K�� DOO
RI ZKLFK SRVVHVV DQ LQWDFW $/*B+ RQ D VLQJOH FKURPRVRPH� %DVHG RQ SK\ORJHQHWLF UHODWLRQVKLSV RI
GHPRVSRQJHV������ �([WHQGHG 'DWD )LJ� �E�� DQG WKH SUHVHQFH RI %&Q6 $/*B+ RQ VLQJOH FKURPRVRPHV LQ
WKH VSRQJHV (� PXHOOHUL �(08���� &� UHQLIRUPLV �&5(��� DQG 3� ILFLIRUPLV �3),�� WKH PRVW SDUVLPRQLRXV
H[SODQDWLRQ RI WKH HYROXWLRQDU\ KLVWRU\ RI %&Q6 $/*B+ LQ WKH GHPRVSRQJHV LV WKDW LW DQFHVWUDOO\ H[LVWHG
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RQ D VLQJOH FKURPRVRPH� DQG EHFDPH VSOLW RQWR WZR FKURPRVRPHV DV DQ DXWDSRPRUSK\ LQ WKH FODGRUKL]LG
VSRQJH OLQHDJH� 6LQFH $/*B+ DOVR H[LVWV RQ VLQJOH FKURPRVRPHV LQ DOO DQLPDO FODGHV ^WKH FWHQRSKRUHV
�+&$� DQG %0,��� WKH FQLGDULDQV �+98��� 19(��� 5(6���� DQG WKH ELODWHULDQV �%)/��� 30$�� DQG RQ
D VLQJOH VFDIIROG LQ WKH SODFR]RDQ 7� DGKDHUHQV �6FDIIROG ��`� ZH FRQFOXGH WKDW $/*B+ ZDV V\QWHQLF LQ
WKH PHWD]RDQ DQFHVWRU�

������ 2YHUODS LQ JHQH FRQWHQW EHWZHHQ UEK DQG 2UWKR)LQGHU DQDO\VHV

:H FRPSDUHG WKH SK\ORJHQHWLFDOO\ LQIRUPDWLYH JHQH IDPLOLHV GHULYHG IURP UEK DQG 2UWKR)LQGHU
DQDO\VHV� L�H�� RUWKRJURXSV WKDW SDUWLFLSDWH LQ V\QWHQ\ JURXS IXVLRQV GHILQHG LQ WKH PDLQ WH[W� 2XW RI ���
UEK�RUWKRJURXSV �6XSSOHPHQWDU\ ,QIRUPDWLRQ ����� ��� ZHUH SK\ORJHQHWLFDOO\ LQIRUPDWLYH� :H VHDUFKHG
IRU WKHVH UEK JHQHV LQ WKH ���� 2UWKRILQGHU�RUWKRJURXSV UHPDLQLQJ DIWHU WKH LQLWLDO ILOWHULQJ VWHS� :H IRXQG
WKDW ������� RI WKH SK\ORJHQHWLFDOO\ LQIRUPDWLYH UEK�RUWKRJURXSV �H[WHQGHG ZLWK RWKHU VSHFLHV LQ
6XSSOHPHQWDU\ 6HFWLRQ �� KDG ���� RI WKHLU JHQHV SUHVHQW LQ WKH PRVW VLPLODU 2UWKR)LQGHU�RUWKRJURXS�
7KH UHPDLQLQJ ������ UEK�RUWKRJURXSV KDYH EHWZHHQ ������� RI WKHLU JHQHV SUHVHQW LQ WKH PRVW VLPLODU
2UWKR)LQGHU RUWKRJURXS� 7KLV GHPRQVWUDWHV WKDW WKH UEK PHWKRG SURGXFHV D UREXVW EXW FRQVHUYDWLYH VHW RI
RUWKRJURXSV�

�� 'HWHFWLQJ FRQVHUYHG PDFURV\QWHQ\ EHWZHHQ KLJKO\ UHDUUDQJHG JHQRPHV

���� ,QWURGXFWLRQ
:H KDYH VKRZQ� ERWK KHUH DQG LQ 6LPDNRY HW DO� ������� WKDW )LVKHU
V H[DFW WHVW FDQ EH XVHG WR GHWHFW

FRQVHUYHG V\QWHQ\ EHWZHHQ VSHFLHV WKDW KDYH H[SHULHQFHG OLPLWHG ODUJH�VFDOH FKURPRVRPDO FKDQJHV VLQFH
GLYHUJLQJ IURP WKHLU FRPPRQ DQFHVWRU� )RU H[DPSOH� WKH FKURPRVRPHV RI WKH FWHQRSKRUHV +� FDOLIRUQHQVLV
DQG %� PLFURSWHUD DUH LQ RQH�WR�RQH FRUUHVSRQGHQFH� ZLWK RQO\ D IHZ JHQHV WUDQVORFDWHG EHWZHHQ
FKURPRVRPHV VLQFH WKHLU FRPPRQ DQFHVWRU �)LJ �G� PDLQ WH[W� DQG ([WHQGHG 'DWD )LJXUH �D�� ,Q WKHVH
FDVHV� FRQVHUYHG FKURPRVRPH�VFDOH �L�H�� ³PDFUR´� V\QWHQ\ LV HDVLO\ GHWHFWHG XVLQJ )LVKHU¶V H[DFW WHVW� DQG
%RQIHUURQL�FRUUHFWHG S�YDOXHV IRU VLJQLILFDQW FRQVHUYDWLRQ RI V\QWHQ\ EHWZHHQ D FKURPRVRPH SDLU FDQ IDOO
EHORZ S\WKRQ¶V XQGHUIORZ OLPLW RI DSSUR[LPDWHO\ �î������� $QLPDOV ZLWK KDOI D ELOOLRQ \HDUV RI GLYHUJHQFH
RIWHQ VKDUH KLJKO\ FRQVHUYHG V\QWHQ\��� )RU H[DPSOH� WKH VSRQJH (� PXHOOHUL DQG WKH MHOO\ILVK 5�
HVFXOHQWXP GLYHUJHG EHIRUH WKH &DPEULDQ (UD EXW KDYH FKURPRVRPHV ZKRVH KRPRORJ\ LV HDVLO\ GHWHFWDEOH
E\ H\H ZLWK DQ 2[IRUG GRW SORW��� %RQIHUURQL�FRUUHFWHG S�YDOXHV RI )LVKHU
V H[DFW WHVW RI FRQVHUYHG V\QWHQ\
EHWZHHQ ZKROH FKURPRVRPHV UDQJH EHWZHHQ ������ IRU WKH VPDOOHVW FRQVHUYHG VHJPHQWV �VKDULQJ ��
RUWKRORJV�� WR ����î������ IRU DQ RUWKRORJRXV FKURPRVRPH SDLU �VKDULQJ ��� RUWKRORJV��

:KLOH )LVKHU¶V H[DFW WHVW SURYLGHV D FRQVHUYDWLYH S�YDOXH� WKH WHVW FDQ ODFN SRZHU WR GHWHFW VPDOOHU
FRQVHUYHG JURXSV RI JHQHV ZKHQ RQH RU ERWK RI WKH JHQRPHV LQ TXHVWLRQ LQ D WZR�VSHFLHV FRPSDULVRQ KDYH
XQGHUJRQH PDQ\ UHDUUDQJHPHQWV DQG LQWHUFKURPRVRPDO WUDQVIHUV� 6SHFLILFDOO\� ZH REVHUYHG UHJLRQV RI
FRQVHUYHG PDFURV\QWHQ\ EHWZHHQ WKH JHQRPHV RI &� RZF]DU]DNL �WKUHH�OHWWHU FRGH &2:� DQG VSRQJHV�
FQLGDULDQV� DQG ELODWHULDQV �([WHQGHG 'DWD )LJ� ��� 1RWDEO\� LQ &� RZF]DU]DNL WKH FRQVHUYDWLRQ ZDV RIWHQ
OLPLWHG WR VLQJOH FKURPRVRPH DUPV� DQG WKH VDPH DUPV WKDW ZHUH FRQVHUYHG EHWZHHQ &2: DQG VSRQJHV�
FQLGDULDQV� DQG ELODWHULDQV ZHUH DOVR YLVLEO\ FRQVHUYHG EHWZHHQ &2: DQG FWHQRSKRUHV� 'HVSLWH WKLV
FRQVLVWHQW FRQVHUYDWLRQ DFURVV DQLPDOV� DSSOLFDWLRQ RI )LVKHU¶V H[DFW DV GHVFULEHG LQ 6LPDNRY�� WHVW
\LHOGHG RQO\ WZR VLJQLILFDQW &2:�FWHQRSKRUH FRQVHUYHG V\QWHQLF DVVRFLDWLRQV ZLWK %RQIHUURQL�FRUUHFWHG
S�YDOXHV� ������ DQG ����î���� �([WHQGHG 'DWD )LJ� �D�� 7KH IDFW WKDW WKHVH VDPH &2: FKURPRVRPH
DUPV VKRZ VLJQLILFDQW FRQVHUYHG V\QWHQ\ ZLWK RWKHU DQLPDOV WKDW FRLQFLGH ZLWK VLJQLILFDQW
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FWHQRSKRUH�RWKHU DQLPDO FRQVHUYDWLRQ SURYLGHV IXUWKHU FRQILGHQFH WKDW WKH\ UHSUHVHQW D VLJQDO RI DQFLHQW
FRQVHUYHG V\QWHQ\ �([WHQGHG 'DWD �E�G� ([WHQGHG 'DWD )LJV� �E��G��

%DVHG RQ WKHVH REVHUYDWLRQV ZH UHDVRQHG WKDW DQ DQDO\VLV WKDW FRQVLGHUHG PXOWLSOH VSHFLHV
VLPXOWDQHRXVO\ ZRXOG KDYH JUHDWHU SRZHU WR GHWHFW FRQVHUYHG V\QWHQLHV EHWZHHQ KLJKO\ UHDUUDQJHG
JHQRPHV� 6XFK D PHWKRG ZRXOG HQKDQFH VLJQDO�WR�QRLVH E\ GHYHORSLQJ D PRUH UHILQHG VHW RI V\QWHQLF
RUWKRORJV IRU FRQVLGHUDWLRQ XVLQJ )LVKHU¶V H[DFW WHVW� 7R WKLV HQG ZH GHYHORSHG D PHWKRG EDVHG RQ
RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUHV WKDW FRQVLGHUV D SDLU RI IRFDO JHQRPHV �H�J�� &2: DQG +&$� LQ WKH
FRQWH[W RI RWKHU UHODWHG JHQRPHV�:H VKRZ WKDW ��� WKLV PHWKRG GRHV QRW GHWHFW FRQVHUYDWLRQ EHWZHHQ WKH
PRVW GLVWDQWO\ UHODWHG RI RXU RXWJURXSV� LFKWK\RVSRUHDQ &UHROLPD[ IUDJUDQWLVVLPD �&)5�� DQG WKH
FWHQRSKRUH +RUPLSKRUD FDOLIRUQHQVLV +&$�� FRQVLVWHQW ZLWK YLVXDO LQVSHFWLRQ� EXW DQ ILQGV VLJQLILFDQW
FRQVHUYHG V\QWHQLHV EHWZHHQ WKH FORVHU RXWJURXSV &DSVDVSRUD �&2:� DQG 6DOSLQJRHFD �652� WKDW DUH
FRQVLVWHQW ZLWK WKRVH IRXQG EHWZHHQ WKHVH WZR RXWJURXSV DQG RWKHU DQLPDOV� DQG EHWZHHQ FWHQRSKRUHV DQG
RWKHU DQLPDOV�

��



11.2 Methods

11.2.1 Interpreting two-species comparisons in a muti-species

context

Gene translocation during evolution is a stochastic process144,145, uninter-
rupted conserved gene linkages across species are likely relicts of ancient gene
linkages144. These properties lead us to consider conserved gene linkage across
many species as a conservation score to determine whether a given gene pair
colocalized on a chromosome reflects an ancestral configuration, or a derived
rearrangement.

Consider a chromosome that contains 1000 genes in an ancestral species
whose descendants diverge into 26 independently-evolving species sA...Z with
a complex evolutionary history. During the course of the chromosome evolu-
tion of these species there are many unique and independent heritable gene
translocation events. Visualizing the synteny between any two genomes, say of
species sA and sB , on the tips of that evolutionary tree will show that there
have been gene translocations since the divergence of those two genomes from
the ancestral state. However, if we look at the position of the genes translocated
between sA,B in the genomes of the other 24 extant species sC...Z , we may see
that those genes tend to exist on the same chromosomes of those 24 species.
In this case, we know that the genes translocated between SA,B are conserved
on the same chromosome in most other species, and therefore likely share an
evolutionary history144. This degree-of-conservation is at the gene-gene level,
and the degree-of-conservation can also be calculated at the level of gene com-
munities when considering many gene-gene conservations in a network. This
concept is represented in Extended Data Figure 7, a formal definition of the
ortholog network conservation scores follows in Supplementary Information
11.2.2-11.2.4, and our findings are presented in Supplementary Informa-
tion 11.3. This program is available in the FigShare repository under the name
orthology conservation score.py.



11.2.2 Ortholog data structure

To perform these analyses, we must first estimate orthogroups between many
species using Orthofinder v2.5.4 using blastp. See Supplementary Informa-
tion 10 detailing our analyses and species included for the Orthofinder analysis
performed for this study.

As we are looking for conservation of gene colocalizations of two species
based on the gene colocalization in other species, this Orthofinder analysis must
include at least three species. The species included in the Orthofinder analysis
can be described as a set s.

Below, we will analyze the macrosynteny of species s1 and s2 in
the context of the orthologs’ conservation in the species [s3, . . . , sk].

s = [s1, s2, . . . , sk] where | s | � 3 (1)

Every species sk has the additional property of a list of chromosome/sca↵old
IDs. Let p be the number of sca↵olds in the genome assembly and annotation
for a given species sk 2 s.

�(sk) = [x1, . . . , xp] (2)

Let us represent each orthogroup resulting from an Orthofinder analysis, or
from another method of orthology finding, as a node Vi in the set of nodes V .

V = {v}v2 in the ortholog-finding analysis of 8sk2s (3)

Each orthogroup Vi 2 V will have m genes for a given species sk, and each
gene has a chromosome xm on which it resides. We access the chromosomes on
which each gene resides with the function:

(Vi, sk) = [x1, . . . , xm] (4)

In this analysis, we are comparing the macrosynteny of species s1 and s2.
To avoid chromosome misidentifications, for each species si we select only or-
thogroups Vi 2 V that contain one gene, or contain multiple genes only on one
chromosome. We define a function returning boolean values indicating whether
the gene(s) in each ortholog Vi exist(s) on single chromosomes in species si.

�(Vi, sk) =

(
True when | {x |x 2 (Vi, sk) } | = 1

False otherwise
(5)

Moving forward, we limit our analyses to orthogroups Vi 2 V if and only if
the function �(Vi, sk) is satisfied for both species s1 and s2. We call this subset
of orthogroups W .

W = {Vi 2 V |�(Vi, s1) and �(Vi, s2)} (6)



11.2.3 Conservation score

The set W contains orthogroups that contain genes that only exist on single
chromosomes in both species s1 and s2. In the first step toward constructing
a pairwise conservation score we select pairs of orthogroups that exist on the
same pairs of chromosomes p and q in the species s1 and s2.

Wp,q = {Wi 2 W | {(Wi, s1)} = p and {(Wi, s2)} = q } (7)

We also define a set of edges Ep,q that each ortholog is connected to in Wp,q.
The set of all edges in the graph is defined by E.

Ep,q = {(u, v) 2 Wp,q ⇥Wp,q|u 6= v} (8)

E =
[

{{e 2 Ep,q}p 2 �(s1), q 2 �(s2)} (9)

We designate an identity function to test whether two chromosome IDs xi

and xj are the same. For example, we later use this function to see if two
orthogroups Wi and Wj exist on the same chromosome in species sk.

�(xi, xj) =

(
1 when xi = xj

0 otherwise
(10)

For a given edge (Wi,Wj) in set of edges Ep,q, and a species sk in s3,...,|s| we
quantify whether the orthologs Wi and Wj , which are present on the same chro-
mosomes in species s1 and s2, are present on the same chromosome in species
sk. We define this value below to be returned by the function c(Wi,Wj , sk).

To quantify the changes in chromosome position that may have occurred
during the evolutionary history of orthogroups, and because orthogroups some-
times have multiple sequences for a single species, we calculate the value for
c(Wi,Wj , sk) in the range [0, 1]. The value c(Wi,Wj , sk) = 0 means that none
of the sequences in the orthogroups Wi and Wj exist on the same chromosome
in species sk. Conversely, the value c(Wi,Wj , sk) = 1 means that all of the se-
quences in the orthogroups Wi and Wj exist on the same chromosome in species
sk.

c(Wi,Wj , sk) =
⌃m2(Wi,sk)⌃n2(Wj ,sk)�(m,n)

|(Wi, sk)| · |(Wj , sk)|
(11)

Because we wish to analyze the conservation of gene organization between
species s1 and s2 relative to many other species, we calculate the gene pair
conservation scores, c(Wi,Wj , sk), of the species in [s3, · · · , sk]. We chose to
summarize the results of ortholog-ortholog conservation across many species
with a median of those values. Measuring the median of the conservation scores
is robust against outliers in a scenario in which the gene pair is conserved on
single chromosomes in most, but not all, species in [s3, · · · , sk]. Therefore, the
expression of the gene colocalization conservation score of two orthogroups Wi

and Wj is:



C((Wi,Wj)) = median({c(Wi,Wj , s3), . . . , c(Wi,Wj , sk)}k2{3,...,|s|}) (12)

From the measurement of ortholog-ortholog conservation on a single chro-
mosome in many species, we can also estimate a measure of conservation of a
single ortholog in the context of all genes located on the same chromosome pair
in species s1 and s2. This measure gives an approximation of the percent of
genes in a single chromosome pair are conserved.

C(Wi) = mean( { e 2 E | Wi 2 e } ) (13)

11.2.4 Significance Testing

The measures C((Wi,Wj)) and C(Wi) are the two measures of gene-gene colo-
calization conservation we noted in earlier sections. Either of these two mea-
sures can be now be used in Fisher’s exact test to test for the significance of
macrosyntenic relationships between two species.

To test for significance for single gene-gene conservation scores, we use
a Fisher’s exact test on the counts of the the gene-gene conservation scores
C((Wi,Wj)) greater than or equal to a threshold t. The threshold t is the same
range as the conservation scores: [0, 1]. The Fisher’s exact test table is con-
structed as shown below. We use the notation ¬p to refer to all components of
�(s1) except p. Likewise ¬q refers to all components of �(s2) except q.

Inside �(s1)p Outside �(s1)p

Inside �(s2)q |{e 2 Ep,q |C(e) � t}| |{e 2
S

E¬p,q |C(e) � t}|

Outside �(s2)q |{e 2
S

Ep,¬q |C(e) � t}| |{e 2
S

E¬p,¬q |C(e) � t}|

The resulting Fisher’s exact test is Bonferroni-corrected by multiplying the
p-value by |�(s1)| · |�(s2)|. This method of significance testing may be highly
sensitive in that it only rewards conservation across many species.

Measuring Fisher’s exact test on the ortholog-network-level conservation
C(Wi) measures gene conservation in the context of the entire chromosome,
and is therefore more sensitive to derived chromosome breaks in s1 or s2.

We performed Fisher’s exact test at the ortholog-network-level with the fol-
lowing calculation, also performing a Bonferroni correction by multiplying the
p-value by |�(s1)| · |�(s2)|:

Inside �(s1)p Outside �(s1)p

Inside �(s2)q |{w 2 Wp,q |C(w) � t}| |{w 2
S

W¬p,q |C(w) � t}|

Outside �(s2)q |{w 2
S
Wp,¬q |C(w) � t}| |{w 2

S
W¬p,¬q |C(w) � t}|



���� 5HVXOWV DQG 'LVFXVVLRQ
:H SHUIRUPHG WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH PHWKRG GHVFULEHG DERYH WR WHVW IRU VLJQLILFDQW

FRQVHUYHG V\QWHQ\ EHWZHHQ WKH RXWJURXSV &DSVDVSRUD DQG 6DOSLQJRHFD� DQG WKH FWHQRSKRUH +RUPLSKRUD�
XVLQJ DOO RWKHU JHQRPHV IRU QHWZRUN FRQWH[W� 7KH RUWKRORJ\ QHWZRUN ZDV REWDLQHG XVLQJ 2UWKR)LQGHU DV
GHVFULEHG LQ 6XSSOHPHQWDU\ ,QIRUPDWLRQ ���

������ )DOVH SRVLWLYHV YV WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH
7R WHVW WKH PHWKRGRORJ\ ZH ILUVW UHYLVLWHG WKH FRPSDULVRQ EHWZHHQ WKH XQLFHOOXODU LFWKWK\RVSRUHDQ

&UHROLPD[ IUDJUDQWLVVLPD �&)5� DQG WKH FWHQRSKRUH +&$� %DVHG RQ YLVXDO LQVSHFWLRQ DQG RWKHU DQDO\VHV
ZH DQWLFLSDWH PLQLPDO� LI DQ\� FRQVHUYHG V\QWHQ\� 7KXV WKH &)5�+&$ FRPSDULVRQ �LQ WKH QHWZRUN FRQWH[W
RI RWKHU DQLPDOV� LV D WHVW RI ZKHWKHU WKH RXU RUWKRORJ\ QHWZRUN FRQVHUYDWLRQ VFRUH PHWKRG SURGXFHV IDOVH
SRVLWLYH FRQVHUYHG V\QWHQLHV� :H DSSOLHG )LVKHU¶V H[DFW WHVW WR ��� JUDSK HGJHV RI WKH RUWKRORJ QHWZRUN
�HTXDWLRQ �� DERYH�� DQG ��� WKH QRGHV RI WKH RUWKRORJ QHWZRUN JUDSK �HTXDWLRQ ��� ZLWK YDU\LQJ FXWRIIV�
)RU WKLV WHVW ZH FRPSDUHG WKH FKURPRVRPH DUPV RI &)5 WR WKH FKURPRVRPH DUPV RI +&$� 6LQFH YDULRXV
RWKHU FXVWRP DQDO\VHV GHWHFWHG QR FRQVHUYHG V\QWHQ\ EHWZHHQ &)5 DQG +&$� ZH UHDVRQHG WKDW DQ\
FRQVHUYHG V\QWHQ\ LGHQWLILHG E\ RXU RUWKRORJ QHWZRUN FRQVHUYDWLRQ PHWKRG ZRXOG EH D OLNHO\ IDOVH
SRVLWLYH�

6XSSOHPHQWDU\ 7DEOH ���� VKRZV WKH QXPEHU RI V\QWHQ\ JURXSV WKDW DUH VLJQLILFDQW XVLQJ
%RQIHUURQL�FRUUHFWHG )LVKHU¶V H[DFW WHVW S�YDOXH �FROXPQ ODEHOHG %&�)(7� DV D IXQFWLRQ RI࡫�ɗş ɗɜ
QHWZRUN FXWRII W� :KLOH ORZ �L�H�� SHUPLVVLYH� YDOXHV RI WKH RUWKRORJ�RUWKRORJ QHWZRUN FXWRIIV \LHOG
SUHVXPSWLYH IDOVH SRVLWLYH VLJQDOV� WKHVH GHFUHDVH ZLWK W VR WKDW ZKHQ W ���� WKHUH DUH QR IDOVH SRVLWLYHV࡬
UHPDLQLQJ� 7KLV LV DV H[SHFWHG� VLQFH WKH FXWRII DFWV RQ WKH PHGLDQ RI WKH VLQJOH�VSHFLHV FRQVHUYDWLRQ՜
VFRUHV IRU HDFK RUWKRORJ SDLU �HTXDWLRQ ���� DQG D FORVHU WR � PHDQV WKDW WKH RUWKRORJ SDLU LV SUHVHQW RQ՜
WKH VDPH FKURPRVRPH LQ WKH PDMRULW\ RI VSHFLHV LQ WKH 2UWKR)LQGHU UHVXOWV� )XUWKHU GHYHORSPHQW RI WKLV
PHWULF PLJKW IRFXV RQ DQ DXWRPDWHG PHWKRG WR HVWLPDWH DSSURSULDWH YDOXHV IRU IRU GLIIHUHQW GDWDVHWV�՜

&XWRII W 1XPEHU RI %&�)(7 VLJQLILFDQW JURXSV
� ��
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6XSSOHPHQWDU\ 7DEOH ���� _ &)5�+&$ RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV�
7KLV WDEOH VKRZV WKH QXPEHU RI VLJQLILFDQW &)5�FKURPRVRPH�DUP�+&$�FKURPRVRPH LQWHUDFWLRQV WKHUH
ZHUH ZKHQ SHUIRUPLQJ )LVKHU¶V H[DFW WHVW RQ WKH RUWKRORJ�RUWKRORJ�FRQVHUYDWLRQ VFRUHV �HTXDWLRQ ����
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������ )DOVH SRVLWLYHV LQ WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH
6LPLODUO\� ZH FRPSDUHG &)5 WR +&$ XVLQJ WKH QRGH�EDVHG RUWKRORJ QHWZRUN VFRUH &�:��

6XSSOHPHQWDU\ 7DEOH ���� VKRZV WKH QXPEHU RI V\QWHQ\ JURXSV WKDW DUH VLJQLILFDQW XVLQJ
%RQIHUURQL�FRUUHFWHG )LVKHU¶V H[DFW WHVW S�YDOXH �FROXPQ ODEHOHG %&�)(7� DV D IXQFWLRQ RI࡫�ɗş ɗɜ
QHWZRUN FXWRII W �HTXDWLRQ �� DERYH�� )RU WKLV WHVW� ZH IRXQG DW PRVW RQH SUHVXPSWLYH IDOVH SRVLWLYH RYHU
WKH HQWLUH UDQJH RI W� 7KLV WHVW UHWDLQV RUWKRORJV WKDW DUH FRQVHUYHG RQ WKH VDPH FKURPRVRPH LQ RWKHU
VSHFLHV ZLWK D SURSRUWLRQ RI RUWKRORJV RQ WKH VDPH FKURPRVRPH�FKURPRVRPH SDLU� ,Q RWKHU ZRUGV� WKLV՜
WHVW SHUIRUPV )LVKHU¶V H[DFW WHVW RQO\ RQ RUWKRORJV WKDW DUH SDUW RI D FRQVHUYHG RUWKRORJ OLQNDJH JURXS
IRXQG LQ RWKHU VSHFLHV� 7KH RQO\ VLJQLILFDQW JURXSLQJ GHWHFWHG E\ WKLV PHWKRG LV FRQVHUYHG V\QWHQ\
EHWZHHQ EHWZHHQ +&$� DQG WKH ORQJ DUP RI &)5��

&RPSDULQJ 6XSSOHPHQWDU\ 7DEOHV ���� DQG ���� H ZH FRQFOXGH WKDW RUWKRORJ QHWZRUN FRQVHUYDWLRQ
VFRUH �HTXDWLRQ ��� LV QRW VXEMHFW WR WKH VDPH FRQFHUQV RI IDOVH SRVLWLYHV DV WKH )LVKHU¶V H[DFW WHVW RI WKH
RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH �HTXDWLRQ ����

&XWRII W 1XPEHU RI %&�)(7 VLJQLILFDQW JURXSV
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6XSSOHPHQWDU\ 7DEOH ���� _ &)5�+&$ RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH VLJQLILFDQW JURXSLQJV�
7KLV WDEOH VKRZV WKH QXPEHU RI VLJQLILFDQW &)5�FKURPRVRPH�DUP�+&$�FKURPRVRPH LQWHUDFWLRQV WKHUH
ZHUH ZKHQ SHUIRUPLQJ )LVKHU¶V H[DFW WHVW RQ WKH RUWKRORJ QHWZRUN VFRUHV �HTXDWLRQ ����

������ 6HQVLWLYLW\ FRPSDUHG ZLWK )LVKHU¶V H[DFW WHVW UHVXOWV
:H QH[W WHVWHG WKH RUWKRORJ QHWZRUN PHWKRGV IRU WKHLU DELOLW\ WR LGHQWLI\ WUXH SRVLWLYHV ± WKDW LV

FKURPRVRPH V\QWHQLHV WKDW ZHUH SUHYLRXVO\ GHWHFWHG ZLWK )LVKHU¶V H[DFW WHVW RQ SDLUZLVH FRPSDULVRQV
ZLWKRXW ILOWHULQJ E\ FRQVHUYDWLRQ VFRUH� :H FRQVLGHUHG WKH SDLUZLVH FRPSDULVRQ RI WKH XQLFHOOXODU
RXWJURXS &� RZF]DU]DNL �&2:� DQG WKH ILUH MHOO\ILVK 5� HVFXOHQWXP �5(6�� %RQIHUURQL�FRUUHFWHG
RQH�VLGHG )LVKHU¶V H[DFW WHVW LGHQWLILHG �� VLJQLILFDQW PDFURV\QWHQLHV EHWZHHQ WKH 5(6 FKURPRVRPHV DQG
&2: FKURPRVRPH DUPV �6XSSOHPHQWDU\ )LJ� ������ :H DVNHG KRZ PDQ\ RI WKHVH JURXSLQJV ZHUH
UHFRYHUHG ZLWK GLIIHUHQW YDOXHV IRU WKH ERWK WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH DQG RUWKRORJ՜
QHWZRUN FRQVHUYDWLRQ VFRUH PHWKRGV GHVFULEHG DERYH�
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6XSSOHPHQWDU\ )LJXUH ���� _ &2:�5(6 XQILOWHUHG )LVKHU¶V ([DFW 7HVW 5HVXOWV� 7KHUH DUH �� 5(6 FKURPRVRPH �
&2: FKURPRVRPH DUP V\QWHQLHV WKDW ZHUH GHWHFWHG DV VLJQLILFDQW IURP D %RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V
H[DFW WHVW�� SHUIRUPHG RQ EODVWS UHFLSURFDO EHVW KLW UHVXOWV EHWZHHQ &2: DQG 5(6�

6LPLODU WR WKH &)5�+&$ DQDO\VLV� DSSO\LQJ )LVKHU¶V H[DFW WHVW WR V\QWHQLHV ILOWHUHG XVLQJ
RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ �HGJHV� HT� ��� VKRZV D QHJDWLYH FRUUHODWLRQ EHWZHHQ DQG WKH QXPEHU RI՜
VLJQLILFDQW JURXSV LGHQWLILHG� 0DQ\ RI WKHVH DUH OLNHO\ IDOVH SRVLWLYHV� DV IRU WKH &)5�+&$ DQDO\VLV D
FXWRII RI a��� EDODQFHV VHQVLWLYLW\ DQG VSHFLILFLW\� $SSO\LQJ )LVKHU¶V H[DFW WHVW WR WKH UHVXOWV RI WKH՜
RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUH �QRGHV� HT� ��� VXJJHVW WKDW ZLOO UHWXUQ PRUH VLJQLILFDQWO\՜ ࡬ ɗş ɘɜ�
FRQVHUYHG JURXSV WKDQ ZRXOG EH UHWXUQHG IURP SHUIRUPLQJ )LVKHU¶V H[DFW WHVW RQ WKH UDZ RUWKRORJV DORQH�

&XWRII W 1XPEHU RI %&�)(7 VLJQLILFDQW JURXSV
�RUWKRORJ�RUWKRORJ )(7� HTXDWLRQ ���

1XPEHU RI %&�)(7 VLJQLILFDQW JURXSV
�2UWKRORJ QHWZRUN )(7� HTXDWLRQ ���

� ��� ��
���� �� ��
��� �� ��
���� �� ��
��� �� ��
���� �� ��
��� �� ��
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6XSSOHPHQWDU\ 7DEOH ���� _ &2:�5(6 FRQVHUYDWLRQ VFRUHV VLJQLILFDQW JURXSLQJV� 7KLV WDEOH VKRZV WKH
QXPEHU RI VLJQLILFDQW &2:�FKURPRVRPH�DUP�5(6�FKURPRVRPH LQWHUDFWLRQV WKHUH ZHUH ZKHQ SHUIRUPLQJ
)LVKHU¶V H[DFW WHVW RQ WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH �HTXDWLRQ ��� DQG RQ WKH RUWKRORJ QHWZRUN
VFRUHV �HTXDWLRQ ����

��
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������ &2:�+&$ QHWZRUN FRQVHUYDWLRQ VFRUH DQDO\VLV
:LWK WKH &)5�+&$ DQG &2:�5(6 WHVW FDVHV LQ KDQG� ZH DSSOLHG WKH QHWZRUN FRQVHUYDWLRQ VFRUH WR

WKH XQLFHOOXODU RXWJURXS VSHFLHV DQG FWHQRSKRUHV WR WHVW IRU PDFURV\QWHQ\ FRQVHUYDWLRQ RQO\ EHWZHHQ
JHQHV WKDW VKDUH D FRPPRQ HYROXWLRQDU\ KLVWRU\ RQ VLQJOH FKURPRVRPHV� )RU WKH RUWKRORJ�RUWKRORJ
FRQVHUYDWLRQ VFRUH ZH XVHG FXWRII RI � PHDQLQJ WKDW WKH RUWKRORJ SDLU LV SUHVHQW RQ WKH VDPH՜ ࡬ ɗş ɜ
FKURPRVRPHV LQ DW OHDVW KDOI RI WKH RWKHU VSHFLHV LQ WKH 2UWKR)LQGHU DQDO\VLV� )LVKHU
V H[DFW WHVW UHFRYHUHG
�� VLJQLILFDQW JURXSLQJV EDVHG RQ RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ DORQH� IRXU RI ZKLFK UHSUHVHQW FRPSOHWH
WZR IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ZH DQDO\]HG LQ SUHYLRXV VHFWLRQV �$�DB[� $�DB\� (DB[� (DB\�� ,Q
DGGLWLRQ� WKH RWKHU ILYH IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ZH LGHQWLILHG LQ SUHYLRXV VHFWLRQV �&�B\� )B\� *B[�
/B\� DQG 1B\� DOO KDG RQH B[ RU B\ FRPSRQHQW WKDW DSSHDUHG DV VLJQLILFDQW LQ WKH DQDO\VLV� 6HH
6XSSOHPHQWDU\ 7DEOH �����

3HUIRUPLQJ )LVKHU¶V H[DFW WHVW RQ WKH JHQH QHWZRUN FRQVHUYDWLRQ VFRUHV XVLQJ D FXWRII WKUHVKROG RI W ࡬
���� SURGXFHG D VHW RI V\QWHQLF UHJLRQV VLPLODU WR WKRVH LQ 6XSSOHPHQWDU\ 7DEOH ����� 7KH SUHYLRXVO\
LGHQWLILHG IXVLRQ�ZLWK PL[LQJ HYHQWV $�DB[�$�DB\ DQG (DB[�(DB\ ERWK KDG WKH B[ DQG B\ FRPSRQHQWV
SUHVHQW� 7KH PHWKRG DOVR GHWHFWHG FRPSRQHQWV IRU IRXU DGGLWLRQDO SUHYLRXVO\�LGHQWLILHG
IXVLRQ�ZLWK�PL[LQJ HYHQWV �&�B\� )B\� *B[� 1B\�� 6HH 6XSSOHPHQWDU\ 7DEOH �����

&2: +&$ )(7 S�YDOXH
1XPEHU RI

2UWKRORJ�RUWKRORJ
FRQQHFWLRQV W ࡬���

&RUUHVSRQGLQJ
*URXS

� &2:����������HQG +&$����HQG ����î����� �� $�DB[
� &2:����������� +&$�����HQG ����î����� �� $�DB\
� &2:����������� +&$�����HQG ����î���� �� %�B]�
� &2:����������HQG +&$����HQG ����î����� �� &�B\
� &2:����������HQG +&$����HQG ����î���� �� &�B]�
� &2:����������HQG +&$����HQG ����î���� �� &�
� &2:����������� +&$����HQG ����î����� �� '
� &2:����������� +&$����HQG ����î���� �� (DB[ DQG &�B]�
� &2:���������HQG +&$����HQG ����î���� �� (DB\
�� &2:���������HQG +&$�����HQG ����î����� �� )B\
�� &2:����������� +&$����HQG ����î����� �� *B[
�� &2:���������� +&$����HQG ����î����� �� +B]�
�� &2:����������HQG +&$����HQG ����î����� �� +B]�
�� &2:����������� +&$�����HQG ����î����� �� -�
�� &2:����������� +&$����HQG ����î���� �� .B]�
�� &2:����������� +&$����HQG ����î���� �� /B\
�� &2:����������� +&$�����HQG ����î���� �� 1B\
�� &2:���������HQG +&$����HQG ����î����� �� 1RQH

6XSSOHPHQWDU\ 7DEOH ���� _ &2:�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH� 7KH UHVXOWV RI WKH࡬
%RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V H[DFW WHVW RI WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUHV IRU &2:�+&$
ZKHQ � 5RZV FRORUHG UHG DQG EOXH DUH B[ DQG B\ FRPSRQHQWV RI SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ՜ ࡬ ɗş ɜ
HYHQWV� <HOORZ URZV DUH B[ RU B\ FRPSRQHQWV IURP SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ODFN WKHLU
FRPSOHPHQWDU\ B[ RU B\ FRPSRQHQW�

��



&2: +&$ )(7 S�YDOXH
1XPEHU RI 2UWKRORJ
QHWZRUN FRQQHFWLRQV

W ࡬����
&RUUHVSRQGLQJ

*URXS

� &2:����������HQG +&$����HQG ���î���� �� $�DB[

� &2:����������� +&$�����HQG ����î���� � $�DB\

� &2:����������� +&$����HQG ����î���� �� &�B\

� &2:����������HQG +&$����HQG ����î���� � &�B\

� &2:����������� +&$����HQG ���î���� �� '

� &2:����������� +&$����HQG ����î���� �� (DB[ DQG &�B]�

� &2:���������HQG +&$����HQG ����î���� �� (DB\

� &2:���������HQG +&$�����HQG ����î���� � )B\

� &2:����������� +&$����HQG ����î���� �� *B[

�� &2:���������� +&$����HQG ���î���� �� +B]�

�� &2:����������� +&$�����HQG ����î���� � -�

�� &2:����������� +&$�����HQG ����î���� � 1B\
6XSSOHPHQWDU\ 7DEOH ���� _ &2:�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH� 7KH UHVXOWV RI WKH࡬
%RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V H[DFW WHVW RI WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUHV IRU &2:�+&$ ZKHQ
W ����� 5RZV FRORUHG UHG DQG EOXH DUH B[ DQG B\ FRPSRQHQWV RI SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV࡬�
<HOORZ URZV DUH B[ RU B\ FRPSRQHQWV IURP SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ODFN WKHLU
FRPSOHPHQWDU\ B[ RU B\ FRPSRQHQW�

��



������ 652�+&$ QHWZRUN FRQVHUYDWLRQ VFRUH DQDO\VLV
$SSO\LQJ WKH RUWKRORJ�RUWKRORJ PHWKRG WR WKH FKRDQRIODJHOODWH 6� URVHWWD DQG WKH FWHQRSKRUH +�

FDOLIRUQHQVLV DOVR UHFRYHUHG V\QWHQLHV IURP SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV �$�DB[�
$�DB\� *B[� *B\� 1B[� 1B\� ZLWK � 7KH PHWKRG IRXQG /B\ DV FRQVHUYHG EHWZHHQ FWHQRSKRUH DQG՜ ࡬ ɗş ɜ
FKRDQRIODJHOODWH� EXW QRW WKH FRPSOHPHQWDU\ /B[ JURXS �6XSSOHPHQWDU\ 7DEOH ������ )LVKHU¶V H[DFW WHVW
RQ WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUHV UHFRYHUHG VHYHUDO FRPSRQHQWV IURP՜ ࡬ ɗş ɚɜ
IXVLRQ�ZLWK�PL[LQJ HYHQWV �$�DB[� /B\� DQG *B\� �6XSSOHPHQWDU\ 7DEOH ������

652 +&$ )(7
1XPEHU RI

2UWKRORJ�RUWKRORJ
FRQQHFWLRQV W ࡬���

&RUUHVSRQGLQJ
*URXS

� 652����HQG +&$����HQG ����î����� �� $�DB[
� 652����HQG +&$�����HQG ����î���� �� $�DB\
� 652����HQG +&$����HQG ����î���� �� &�
� 652����HQG +&$����HQG ����î���� �� '
� 652����HQG +&$�����HQG ����î���� � )
� 652����HQG +&$����HQG ����î���� �� *B[
� 652�����HQG +&$����HQG ����î���� �� *B\
� 652�����HQG +&$����HQG ����î����� �� +
� 652�����HQG +&$����HQG ����î���� �� ,B]�
�� 652����HQG +&$����HQG ����î���� �� .
�� 652�����HQG +&$����HQG ����î����� �� /B\
�� 652�����HQG +&$����HQG ����î����� �� 0
�� 652�����HQG +&$����HQG ����î���� �� 1B[
�� 652����HQG +&$�����HQG ����î���� �� 1B\
�� 652�����HQG +&$����HQG ����î���� � 1RQH
�� 652����HQG +&$����HQG ����î���� �� 1RQH
�� 652����HQG +&$����HQG ����î���� � 3

6XSSOHPHQWDU\ 7DEOH ���� _ 652�+&$ RUWKRORJ�RUWKRORJ W ��� FRQVHUYDWLRQ VFRUH WDEOH� 7KH UHVXOWV RI WKH࡬
%RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V H[DFW WHVW RI WKH RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUHV IRU 652�+&$ ZKHQ

� 5RZV FRORUHG UHG DQG EOXH DUH B[ DQG B\ FRPSRQHQWV RI SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV�՜ ࡬ ɗş ɜ
<HOORZ URZV DUH B[ RU B\ FRPSRQHQWV IURP SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ODFN WKHLU
FRPSOHPHQWDU\ B[ RU B\ FRPSRQHQW�

��



652 +&$ )(7
1XPEHU RI 2UWKRORJ
QHWZRUN FRQQHFWLRQV

W ࡬����
&RUUHVSRQGLQJ

*URXS

� 652����HQG +&$����HQG ����î���� �� $�DB[

� 652�����HQG +&$����HQG ����î���� � /B\

� 652����HQG +&$�����HQG ����î���� �� )

� 652�����HQG +&$����HQG ����î���� � 1RQH

� 652�����HQG +&$����HQG ����î���� �� +

� 652�����HQG +&$����HQG ����î���� �� 0

� 652�����HQG +&$����HQG ����î���� �� *B\

� 652����HQG +&$����HQG ����î���� �� 1RQH

� 652�����HQG +&$�����HQG ����î���� � 1RQH
�� 652����HQG +&$����HQG ����î���� �� .
�� 652�����HQG +&$����HQG ����î����� �� /B\
�� 652�����HQG +&$����HQG ����î����� �� 0

6XSSOHPHQWDU\ 7DEOH ���� _ 652�+&$ RUWKRORJ QHWZRUN W ���� FRQVHUYDWLRQ VFRUH WDEOH� 7KH UHVXOWV RI WKH࡬
%RQIHUURQL�FRUUHFWHG RQH�VLGHG )LVKHU¶V H[DFW WHVW RI WKH RUWKRORJ QHWZRUN FRQVHUYDWLRQ VFRUHV IRU 652�+&$ ZKHQ

� 5RZV FRORUHG UHG DQG EOXH DUH B[ DQG B\ FRPSRQHQWV RI SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ՜ ࡬ ɗş ɚɜ
HYHQWV� <HOORZ URZV DUH B[ RU B\ FRPSRQHQWV IURP SUHYLRXVO\ LGHQWLILHG IXVLRQ�ZLWK�PL[LQJ HYHQWV WKDW ODFN WKHLU
FRPSOHPHQWDU\ B[ RU B\ FRPSRQHQW�

���� 'LVFXVVLRQ
,Q WKH FRQVHUYDWLRQ VFRUH DQDO\VLV RI &� RZF]DU]DNL YV� +� FDOLIRUQHQVLV DQG &� RZ]DU]DNL YV� +�

FDOLIRUQHQVLV� VFRUHG E\ FRQVHUYDWLRQ RI RUWKRORJV DFURVV HOHYHQ VSHFLHV IURP DQ 2UWKR)LQGHU DQDO\VLV� ZH
UHFRYHUHG IRXU RI WKH SUHYLRXVO\ LGHQWLILHG DQFHVWUDO OLQNDJH JURXSV LQYROYHG LQ IXVLRQ HYHQWV �$/*B$�D�
$/*B(D� $/*B*� $/*B1�� )RU WKH UHPDLQLQJ WKUHH OLQNDJH JURXSV VKRZQ LQ )LJV� � DQG � �$/*B&��
$/*B)� $/*B/�� ZH LGHQWLILHG DW OHDVW RQH RI WKH B[ RU B\ FRPSRQHQWV� 7KLV PHWKRGRORJ\ LQGHSHQGHQWO\
ILQGV WKH VDPH RXWJURXS�FWHQRSKRUH OLQNDJH JURXSV IRXQG E\ DQDO\VLV RI EODVWS UEK VHDUFKHV �([WHQGHG
'DWD 7DE� �� 6XSSOHPHQWDU\ ,QIRUPDWLRQ ��� DQG RI VSHFLHV TXDUWHW DQDO\VHV XVLQJ 2UWKR)LQGHU
�([WHQGHG 'DWD )LJ� �� 6XSSOHPHQWDU\ ,QIRUPDWLRQ ����

7KLV PHWKRGRORJ\ PD\ SURYH XVHIXO WR IXWXUH VWXGLHV WKDW VHHN WR LGHQWLI\ JHQH OLQNDJHV LQ GLVWDQWO\
UHODWHG RUJDQLVPV� )XWXUH ZRUN RQ WKLV DSSURDFK ZRXOG EHQHILW IURP DXWRPDWHG FXWRII YDOXH LGHQWLILFDWLRQ
WR UHGXFH IDOVH SRVLWLYHV LQ RUWKRORJ�RUWKRORJ FRQVHUYDWLRQ VFRUH GHWHFWLRQ�

��



�� *2 HQULFKPHQW DQDO\VLV RI $/*V FRQVHUYHG LQ )LOR]RDQV

���� ,QWURGXFWLRQ
:KLOH WKH FRORFDOL]DWLRQ RI IXQFWLRQDOO\ UHODWHG JHQHV RQ VKRUW FKURPRVRPH VWUHWFKHV FDQ EH DWWULEXWHG

WR UHJXODWRU\ FRQVWUDLQWV���� IRU H[DPSOH +2; FOXVWHUV���� LW LV OHVV FOHDU ZKHWKHU RYHUODSSLQJ QHWZRUNV RI
UHJXODWRU\ FRQVWUDLQW DUH VXIILFLHQW WR H[SODLQ WKH SUHVHUYDWLRQ RI FKURPRVRPH�VFDOH V\QWHQLHV EHWZHHQ
DQLPDOV GHVFULEHG KHUH���� ,Q DGGLWLRQ WR K\SRWKHWLFDO UHJXODWRU\ FRQVWUDLQWV� WKHUH DUH RWKHU JHQHUDO IDFWRUV
WKDW FRXOG OHDG WR GHHSO\�FRQVHUYHG V\QWHQ\� 6SHFLILFDOO\� V\QWHQ\ LV EURNHQ E\ SDUWLDO DUP WUDQVORFDWLRQV�
:KHQ D SDUWLDO DUP WUDQVORFDWLRQ ILUVW DULVHV LW ZLOO W\SLFDOO\ EH LQ D KHWHUR]\JRXV VWDWH ZLWK ZLOG W\SH
FKURPRVRPHV� 7UDQVORFDWLRQ KHWHUR]\JRWHV� KRZHYHU� KDYH UHGXFHG IHUWLOLW\������ GXH WR WKH SURGXFWLRQ RI
XQEDODQFHG JDPHWHV� 7KH UHGXFHG IHUWLOLW\ RI WUDQVORFDWLRQ KHWHUR]\JRWHV� LQ WXUQ� OLPLWV WKH IL[DWLRQ RI
WUDQVORFDWLRQV����� WKDW ZRXOG GLVUXSW V\QWHQ\� HVSHFLDOO\ LQ ODUJH SRSXODWLRQV ZKHUH VHOHFWLRQ LV PRVW
HIIHFWLYH������

,I UHJXODWRU\ FRQVWUDLQWV DUH LPSRUWDQW� ZH PLJKW H[SHFW IXQFWLRQDO UHODWLRQVKLSV EHWZHHQ WKH JHQHV
EHORQJLQJ WR WKH VDPH FRQVHUYHG OLQNDJH JURXSV� :H H[SORUHG WKLV SRVVLELOLW\ E\ SHUIRUPLQJ JHQH
RQWRORJ\ �*2� HQULFKPHQW DQDO\VHV�

���� 0HWKRGV
8VLQJ WKH 2'3 VFULSW RGSBUEKBWRBKPP� ZH VHDUFKHG IRU WKH +� VDSLHQV RUWKRORJV RI WKH JHQHV LQ

WKH $/*V SUHVHQWHG LQ WKLV PDQXVFULSW� $V D VHDUFK GDWDEDVH� ZH XVHG WKH SURWHLQV DYDLODEOH RQ WKH 1&%,
JHQRPH SDJH IRU *5&K���S�� �KWWSV���ZZZ�QFEL�QOP�QLK�JRY�JHQRPH�"WHUP KRPR�VDSLHQV�� 7R WHVW IRU
*2 HQULFKPHQW ZH WHVWHG HDFK $/* LQGLYLGXDOO\� DQG VSHFLILFDOO\ WKH DQFHVWUDO PHWD]RDQ B[ DQG B\
FRPSRQHQWV LGHQWLILHG LQ WKLV PDQXVFULSW� )RU HDFK $/*� ZH XVHG 3$17+(5 Y������� WR SHUIRUP D *2
HQULFKPHQW DQDO\VLV�

���� 5HVXOWV DQG 'LVFXVVLRQ
*2 FDWHJRULHV UHODWLQJ WR VHYHUDO IXQGDPHQWDO FHOOXODU SURFHVVHV �H�J�� SURWHLQ IROGLQJ� ZHUH HQULFKHG�

EXW WKH HQULFKPHQW SDWWHUQV GLG QRW DSSHDU IRU HYHU\ $/*� VLPLODU WR WKH ILQGLQJV RI SUHYLRXV VWXGLHV��� 2I
QRWH� ZH IRXQG WKDW WKH SURWR�ILOR]RDQ JURXS FRUUHVSRQGLQJ WR $/*B-� FRQWDLQHG ERWK SURWHLQV LQ WKH
PLWRFKRQGULDO IDWW\ DFLG EHWD�R[LGDWLRQ PXOWLHQ]\PH FRPSOH[ �+$'+$� +$'+%�� VXJJHVWLQJ DQFLHQW
RULJLQV DQG JHQRPH FRORFDOL]DWLRQ RI JHQHV LQYROYHG LQ FULWLFDO FHOOXODU SURFHVVHV� :KLOH LW LV SRVVLEOH WKDW
WKH FRORFDOL]DWLRQ RI WKHVH JHQHV RQ VLQJOH FKURPRVRPHV KDV EHHQ FULWLFDO WR WKHLU FR�UHJXODWLRQ VLQFH WKH
DQFHVWRU RI DOO ILOR]RDQV� PRUH LQ�GHSWK VWXGLHV RQ KRZ FKURPRVRPDO WRSRORJ\ DQG ORQJ�UDQJH LQWHUDFWLRQV
PD\ DIIHFW JHQH UHJXODWLRQ DUH UHTXLUHG� )XWXUH VWXGLHV PLJKW WKXV IRFXV RQ XVLQJ WRROV RI IXQFWLRQDO
JHQRPLFV LQ PDQ\ DQLPDO VSHFLHV WR WHVW WKH ELRORJLFDO UHODWLRQVKLS EHWZHHQ WKH JHQH OLQNDJHV UHSRUWHG LQ
WKLV VWXG\� 6SUHDGVKHHWV FRQWDLQLQJ WKH UHVXOWV RI WKH *2 HQULFKPHQW DQDO\VHV DUH ORFDWHG LQ
6XSSOHPHQWDU\ 'DWD ��

��
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�� (QWURS\ RI JHQH PL[LQJ DQDO\VLV

���� 0HWKRGV � *HQH PL[LQJ DQDO\VLV

������ 9LVXDOL]LQJ JHQH PL[LQJ RI WZR JURXSV RI JHQHV RQ VLQJOH FKURPRVRPHV
7KH IXVLRQ RI DQFHVWUDO OLQNDJH JURXSV LQ D VWHP OLQHDJH FDQ VHUYH DV VKDUHG GHULYHG FKDUDFWHUV

�V\QDSRPRUSKLHV� RI D FODGH� %URDGO\ VSHDNLQJ WKHUH DUH WZR W\SHV RI IXVLRQV� ��� WKRVH LQ ZKLFK WKH
IXVHG JURXSV EHFRPH FRORFDWHG RQ WKH VDPH FKURPRVRPH� EXW GR QRW PL[ �H�J�� LQ 5REHUWVRQLDQ IXVLRQV RI
DFURFHQWULF FKURPRVRPHV WR IRUP D PHWDFHQWULF FKURPRVRPH� DQG ��� IXVLRQV WKDW DUH IROORZHG E\ WKH
PL[LQJ RI SUHYLRXVO\�VHSDUDWHG JURXSV RI JHQHV��� )XVLRQ�ZLWK�PL[LQJ SURYLGHV D SDUWLFXODUO\ SRZHUIXO
W\SH RI V\QDSRPRUSK\� EHFDXVH RQFH WKH WZR DQFHVWUDO JURXSV KDYH EHFRPH LQWHUPL[HG� UHYHUVLRQ WR WKH
DQFHVWUDO VWDWH LV KLJKO\ XQOLNHO\ �LQ WKH VDPH VHQVH WKDW XQPL[LQJ RI WZR SLJPHQWV GLVVROYHG LQ ZDWHU LV
XQOLNHO\��

7R YLVXDOL]H PL[LQJ� ZH VLPSO\ SORW WKH JHQH FRRUGLQDWHV IURP WKH WZR JHQH OLQNDJH JURXSV DORQJ WKH
OHQJWK RI WKH FKURPRVRPH RQ ZKLFK WKH\ DUH PL[HG� 7KLV LV LPSOHPHQWHG LQ WKH VFULSW
RGSBUEKBSORWBPL[LQJ� 7KH UHVXOWV DUH UHSRUWHG LQ )LJXUH � RI WKH PDLQ WH[W�

������ 4XDQWLI\LQJ WKH GHJUHH RI PL[LQJ RI WZR JURXSV RI JHQHV RQ VLQJOH FKURPRVRPHV
7R TXDQWLI\ WKH GHJUHH RI PL[LQJ� FRQVLGHU WKH IXVLRQ RI WZR DQFHVWUDO OLQNDJH JURXSV $ DQG %� :H FDQ

UHSUHVHQW WKH IXVHG FKURPRVRPH DV D VWULQJ RI $V DQG %V� ZKHUH HDFK JHQH LV DVVLJQHG D OHWWHU GHSHQGLQJ
RQ WKH DQFHVWUDO OLQNDJH JURXS LW EHORQJHG WR EHIRUH IXVLRQ� *HQHV WKDW DUH QRW PHPEHUV RI $/*V $ RU %
DUH QRW FRQVLGHUHG� $Q HQG�HQG RU 5REHUWVRQLDQ IXVLRQ LV WKHQ UHSUHVHQWHG E\ ³$$$«$$$
%%%«%%%�´ ,Q WKLV XQPL[HG FRQILJXUDWLRQ� $¶V DUH IROORZHG E\ $¶V DV ZH PRYH IURP OHIW WR ULJKW DORQJ
WKH VWULQJ� DQG %¶V DUH IROORZHG E\ %¶V H[FHSW DW WKH SRLQW RI IXVLRQ� ZKHUH ZH ILQG $ IROORZHG E\ %� ,I ZH
FRQVLGHU WKH HQVHPEOH RI SRVVLEOH UDQGRP VWULQJV� KRZHYHU� WKH WZR�OHWWHU VXEVWULQJV ZLOO JHQHUDOO\
LQFOXGH $$� $%� %%� DQG %$ LQ URXJKO\ HTXDO QXPEHU� 7KH QXPEHU RI $% DQG %$ WKHQ SURYLGHV D
PHDVXUH RI KRZ PL[HG WKH WZR OHWWHUV DUH LQ WKH VWULQJ RI $¶V DQG %¶V�

)RU D JLYHQ VWULQJ ZH GHILQH _$_ DQG _%_ DV WKH QXPEHU RI $¶V DQG %¶V� VR WKDW _$_�_%_ 1� 6LPLODUO\� ZH
GHILQH WKH QXPEHU RI HDFK WZR�OHWWHU VXEVWULQJ WR EH _��_� VR WKDW _$$_�_$%_�_%%_�_%$_ LV 1��� :H GHILQH
WKH PL[LQJ VWDWLVWLF DV WKH QXPEHU RI $% DQG %$ WUDQVLWLRQV GLYLGHG E\ WKH H[SHFWHG QXPEHU RI WUDQVLWLRQV
IRU D ORQJ UDQGRP VWULQJ� ZKLFK LV JLYHQ DSSUR[LPDWHO\ E\ �_$_ _%_�1 ���

:H WKHQ GHILQH WKH PL[LQJ VWDWLVWLF E\�

Օ� ࡦ �űԯ԰ű࡟��ű԰ԯűࡠɘ
ഈəűԯű�ű԰ű�Ű�Լഉࡠɘ

7KH �� LQ WKH QXPHUDWRU DFFRXQWV IRU REOLJDWRU\ WUDQVLWLRQ SUHVHQW LQ WKH XQPL[HG VWULQJ ³$$$«$$$
%%%«%%%�´� VR WKLV VWULQJ KDV P �� ,I _$_ _%_ �WKDW LV� WKH WZR DQFHVWUDO OLQNDJH JURXSV DUH RI HTXDO
VL]H�� WKHQ P �� ZLWK WKH PD[LPXP DWWDLQHG E\ WKH SHUIHFWO\ LQWHUOHDYHG VWULQJ ³$%$%«´� ࡫\%
GHILQLWLRQ� WKH DYHUDJH YDOXH RI P IRU D ORQJ UDQGRP VWULQJ LV ��

)RU HDFK IXVLRQ� ZH PRGHOHG WKH GLVWULEXWLRQ RI P YDOXHV IRU FRPSOHWH PL[LQJ E\ JHQHUDWLQJ UDQGRP
VWULQJV WKH FRUUHVSRQGLQJ DQG _ _� $Q HPSLULFDO GLVWULEXWLRQ IRU P IRU WKHVH UDQGRP VWULQJV ZDV EXLOWűԯű ԰
RYHU ������ LWHUDWLRQV� :H WUHDWHG WKLV GLVWULEXWLRQ DV D QXOO PRGHO ZLWK FRPSOHWH PL[LQJ �UDQGRP RUGHU
RI $ DQG %�� :H XVHG D RQH�WDLOHG WHVW WR GHWHUPLQH ZKHWKHU WKLV QXOO PRGHO VKRXOG EH UHMHFWHG�

��
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���� 5HVXOWV DQG 'LVFXVVLRQ � *HQH PL[LQJ DQDO\VLV

������ 'HJUHH RI PL[LQJ EHWZHHQ SK\ORJHQHWLFDOO\ LQIRUPDWLYH JURXSV RI OLQNDJH JURXSV
2I WKH VHYHQ IXVLRQV XQLWLQJ VSRQJHV� ELODWHULDQV� DQG FQLGDULDQV� ZH IRXQG WKDW WKH IRXU FRUUHVSRQGLQJ

WR $/*V &�� )� /� DQG 1� ZHUH FRQVLVWHQW ZLWK IXVLRQ�WKHQ�PL[LQJ �)LJ� �� S�YDOXHV IRU WKH PL[LQJ WHVW FDQ
EH IRXQG LQ 6XSSOHPHQWDU\ 'DWD �� ��� 7KH RWKHU WKUHH IXVLRQV �(D� *� DQG $�D� VKRZ PRUH OLPLWHG
HYLGHQFH RI PL[LQJ� /LQNDJH JURXSV (DB[ DQG (DB\ KDYH QR RYHUODSSLQJ JHQHV RQ FKURPRVRPH � RI ERWK
GHPRVSRQJHV �(SK\GDWLD DQG WKH FODGRUKL]LG�� DQG VR DUH XQPL[HG LQ VSRQJHV� EXW PL[HG LQ ELODWHULDQV
DQG FQLGDULDQV� 6LPLODUO\� WKH DQFHVWUDO FRPSRQHQWV RI $/*V * DQG $�D KDYH RQO\ OLPLWHG RYHUODS
EHWZHHQ WKHLU UHVSHFWLYH B[ DQG B\ FRPSRQHQWV� DQG VR DUH XQPL[HG LQ ERWK GHPRVSRQJHV E\ RXU FULWHULD
EDVHG RQ WKH VWDWLVWLF P DERYH� EXW DUH PL[HG LQ ELODWHULDQV DQG FQLGDULDQV� VXJJHVWLQJ WKDW WKH * DQG
$�D�EHDULQJ FKURPRVRPHV LQ GHPRVSRQJHV KDYH RQO\ XQGHUJRQH D KDQGIXO RI UHDUUDQJHPHQWV VLQFH WKH
IXVLRQ RI WKHVH UHVSHFWLYH DQFHVWUDO PHWD]RDQ OLQNDJH JURXSV LQ WKH GHPRVSRQJH OLQHDJH�

������ ([SDQGLQJ PHPEHUVKLS RI DQFHVWUDO PHWD]RDQ OLQNDJH JURXSV
7KH UHTXLUHPHQW WKDW RUWKRJURXSV LQFOXGH DQ RXWJURXS JHQH LV D VWULQJHQW RQH WKDW OLPLWV ERWK RXU

DELOLW\ WR GHWHFW VWDWLVWLFDOO\�VLJQLILFDQW DQFHVWUDO PHWD]RDQ OLQNDJH JURXSV DQG RXU SRZHU WR WHVW WKH QXOO
PRGHO RI PL[LQJ GHVFULEHG DERYH� +DYLQJ XVHG WKLV VWULQJHQW FULWHULRQ WR HVWDEOLVK DQFHVWUDO OLQNDJH JURXSV
WKDW DUH ³VSOLW´ LQ WKH VDPH ZD\ LQ FWHQRSKRUH DQG RXWJURXSV UHODWLYH WR RWKHU PHWD]RDQV� ZH FDQ H[SDQG
WKH QXPEHU RI RUWKRORJV WR XVH LQ VWDWLVWLFDO DQDO\VHV RI PL[LQJ E\ UHO\LQJ RQ PHWD]RDQ RUWKRJURXSV WKDW
PD\ QRW FRQWDLQ JHQHV IURP RXWJURXSV� :H WKHUHIRUH XVHG WKH WKUHH�ZD\ UHFLSURFDO EHVW EODVWS VHDUFK
LQFOXGLQJ +RUPLSKRUD� 5KRSLOHPD� DQG (SK\GDWLD DQG XVH WKH PHWKRGRORJ\ GHVFULEHG LQ 6XSSOHPHQWDU\
,QIRUPDWLRQ ����� WR ILQG �� OLQNDJH JURXSV FRQVHUYHG DFURVV WKHVH VSHFLHV FRPSULVLQJ ����� JHQHV
�6XSSOHPHQWDU\ 'DWD �� WDE ��� DQG H[WHQGHG PHPEHUVKLS LQ WKHVH RUWKRJURXSV WR RWKHU PHWD]RDQ VSHFLHV
XVLQJ WKH +00 VHDUFK PHWKRG �([WHQGHG 'DWD )LJXUH �� 6XSSOHPHQWDU\ 7DEOH ����� :H WKHQ
SHUIRUPHG WKH JHQH PL[LQJ DQDO\VLV GHVFULEHG DERYH RQ WKHVH PRUH FRPSOHWH $/*V� VXEMHFW WR WKH
FRQGLWLRQ WKDW WKH DQFHVWUDO PHWD]RDQ VWDWH RI WKHVH $/*V EH VXSSRUWHG E\ WKH RXWJURXS JHQHV WKDW WKH\ GR
FRQWDLQ�

8VLQJ WKLV H[SDQGHG PHPEHUVKLS� ZH FRQILUP WKDW WKH OLQNDJH JURXS SDLUV FRUUHVSRQGLQJ WR
$�DB[�$�DB\� *B[�*B\� DQG WKH (DB[�(DB\ IXVLRQV DUH PL[HG DFURVV ELODWHULDQV DQG FQLGDULDQV �DV IRXQG
LQ WKH PRUH VWULQJHQW DQDO\VLV LQFOXGLQJ RXWJURXSV 6XSSOHPHQWDU\ ,QIRUPDWLRQ �������� :KHQ WKH
H[SDQGHG OLQNDJH JURXSV DUH FRQVLGHUHG� KRZHYHU� WKHVH SDLUV DUH DOVR PL[HG LQ ERWK GHPRVSRQJHV
�([WHQGHG 'DWD )LJXUH ��� ,Q WKH PDLQ WH[W� ZH XVH WKH PRUH FRQVHUYDWLYH DQDO\VLV RI 6XSSOHPHQWDU\
,QIRUPDWLRQ ������ WKDW LQFOXGHV RXWJURXSV� DQG FRQVLGHU WKH UHVSHFWLYH B[ DQG B\ FRPSRQHQWV RI $�D� *�
DQG (D WR EH XQPL[HG LQ GHPRVSRQJHV� $GGLWLRQDO VHTXHQFLQJ DQG DQDO\VLV� KRZHYHU� PD\ ILQG HYLGHQFH
RI WKHVH PL[LQJV� ZKLFK ZRXOG IXUWKHU VWUHQJWKHQ RXU FRQFOXVLRQ WKDW VSRQJHV DUH XQLWHG ZLWK ELODWHULDQV
DQG FQLGDULDQV WR WKH H[FOXVLRQ RI FWHQRSKRUHV� E\ WKHVH DGGLWLRQDO LUUHYHUVLEOH V\QDSRPRUSKLHV�

��



�� $QDO\]LQJ FKURPRVRPDO WHFWRQLF HYHQWV LQ D %D\HVLDQ SK\ORJHQHWLF IUDPHZRUN

���� ,QWURGXFWLRQ
:H KDYH VKRZQ WKDW IXVLRQV RI DQFHVWUDO OLQNDJH JURXSV FDQ VHUYH DV SK\ORJHQHWLFDOO\ LQIRUPDWLYH

FKDUDFWHUV� 7KH YDOXH RI WKHVH IXVLRQ FKDUDFWHUV FDQ EH HDVLO\ DSSUHFLDWHG ZLWKLQ D SDUVLPRQ\ IUDPHZRUN
WKDW ��� PLQLPL]HV WKH QXPEHU RI FRQYHUJHQW IXVLRQV DQG ��� H[FOXGHV UHYHUVLRQV RI IXVLRQV�ZLWK�PL[LQJ�
VLQFH WKHVH DUH HIIHFWLYHO\ LUUHYHUVLEOH��� ,Q WKLV ZD\ VKDUHG GHULYHG IXVLRQV� DQG VKDUHG GHULYHG IXVLRQV
ZLWK PL[LQJ� SURYLGH UREXVW V\QWHQ\�EDVHG V\QDSRPRUSKLHV IRU LGHQWLI\LQJ PRQRSK\OHWLF FODGHV�

+HUH ZH GHVFULEH WKH FRQVWUXFWLRQ RI D FKDUDFWHU PDWUL[ EDVHG RQ OLQNDJH JURXS IXVLRQV DQG LWV DQDO\VLV
LQ D %D\HVLDQ IUDPHZRUN� %ULHIO\� IRU HDFK SDLU RI DQFHVWUDO OLQNDJH JURXSV ; DQG < LQIHUUHG XVLQJ
FRQVHUYHG OLQNDJHV SUHVHQW LQ RXWJURXSV� WKHUH DUH WKUHH SRVVLEOH VWDWHV IRU HDFK VSHFLHV�

Ɣ 6WDWH �� ; DQG < DUH RQ GLIIHUHQW FKURPRVRPHV� DQG WKHUHIRUH QRW IXVHG�
Ɣ 6WDWH �� ; DQG < DUH RQ WKH VDPH FKURPRVRPH� DQG DUH XQPL[HG E\ WKH FULWHULD RI

6XSSOHPHQWDU\ ,QIRUPDWLRQ ���
Ɣ 6WDWH �� ; DQG < DUH RQ WKH VDPH FKURPRVRPH� DQG DUH GHWHUPLQHG WR EH PL[HG E\ WKH FULWHULD RI

6XSSOHPHQWDU\ ,QIRUPDWLRQ ���
$ VLPSOHU ELQDU\ HQFRGLQJ FRPELQHV 6WDWHV � DQG � DERYH LQWR D VLQJOH VWDWH� VLQFH IXVLRQ ZLWKRXW PL[LQJ
�DV UHDOL]HG E\� H�J�� D 5REHUWVRQLDQ WUDQVORFDWLRQ� LV LQ SULQFLSOH UHYHUVLEOH� OHDGLQJ WR WKH VLPSOHU
WZR�VWDWH HQFRGLQJ

Ɣ 6WDWH �� ; DQG < DUH RQ GLIIHUHQW FKURPRVRPHV� RU DUH RQ WKH VDPH FKURPRVRPH EXW DUH XQPL[HG
E\ WKH FULWHULD RI 6XSSOHPHQWDU\ ,QIRUPDWLRQ ���

Ɣ 6WDWH �� ; DQG < DUH RQ WKH VDPH FKURPRVRPH� DQG DUH GHWHUPLQHG WR EH PL[HG E\ WKH FULWHULD RI
6XSSOHPHQWDU\ ,QIRUPDWLRQ ���

���� 0HWKRGV

������ &RQVWUXFWLQJ FKDUDFWHU PDWULFHV RI FKURPRVRPH IXVLRQ VWDWHV

:H SURGXFHG WZR FKDUDFWHU PDWULFHV WR HQFRGH WKH IXVLRQ VWDWHV RI WKH $/*V IRXQG LQ ([WHQGHG 'DWD
7DEOH �� ,Q WRWDO� ZH LGHQWLILHG ��� XQLTXH $/*�$/* IXVLRQ HYHQWV WR EH XVHG DV SK\ORJHQHWLF FKDUDFWHUV�
:H DQDO\]HG VSHFLHV &2:� 652� +&$� %,1� &/$� (08� 19(� 5(6� %)/� 30$ DQG H[FOXGHG WKH
7ULFKRSOD[ DGKDHUHQV JHQRPH DV LWV JHQRPH ZDV QRW FKURPRVRPH�VFDOH� 7KHVH FKDUDFWHU PDWULFHV FDQ EH
IRXQG LQ 6XSSOHPHQWDU\ 'DWD ��

������ %D\HVLDQ SK\ORJHQHWLF DQDO\VLV

:H XVHG 5HY%D\HV YHUVLRQ �������� DQG 0U%D\HV YHUVLRQ �����D�� WR LPSOHPHQW D ELQDU\ ³UHVWULFWLRQ´
PRGHO WKDW GHVFULEHV WUDQVLWLRQV IURP XQIXVHG RU XQPL[HG ��� WR IXVHG�ZLWK�PL[LQJ ��� VWDWH DQG YLFH
YHUVD� %RWK SURJUDPV KDYH D PLQLPXP FKDUDFWHU FKDQJH SUREDELOLW\ ������� WKDW LV IDU ODUJHU WKDQ WKH
H[WUHPHO\ ORZ SUREDELOLW\ RI XQPL[LQJ DIWHU IXVLRQ HVWLPDWHG LQ UHI��� VR ZH XVHG WKH ORZHVW DOORZHG
YDOXH� 7KLV KDV WKH HIIHFW RI PDNLQJ RXU FDOFXODWLRQV PRUH FRQVHUYDWLYH� VLQFH UHYHUVDO RI
IXVLRQ�ZLWK�PL[LQJ LV SHUPLWWHG ,Q 0U%D\HV ZH XVHG VWDWH IUHTXHQF\ SULRUV XVLQJ WKH IROORZLQJ FRPPDQG�

SUVHW VWDWHIUHTSU IL[HG�����������

��
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0U%D\HV ZDV UXQ IRU ������� JHQHUDWLRQV ZLWK D EXUQ�LQ RI WKH ILUVW ��� RI WKH WUHHV� 7KH UHPDLQGHU RI
WKH WUHHV ZHUH XVHG WR JHQHUDWH D FRQVHQVXV WUHH�

6LPLODUO\� LQ 5HY%D\HV ZH GHILQHG WKH LQVWDQWDQHRXV UDWHV DV�
UDWHV � > > � � ��� @� >������ � @ @
7KLV SURGXFHV WKH LQVWDQWDQHRXV UDWH PDWUL[ �UHVFDOHG IDOVH LQ IQ)UHH.��
4 � > > �������� ������ @ � > ������ ������ @ @

)RU EUDQFK OHQJWK RI �� WKH UHVXOWLQJ WUDQVLWLRQ SUREDELOLWLHV DUH�

3  > > ������ ����� @� > ������ ����� @ @

7KH UDWHV ZHUH FKRVHQ WR DOORZ IRU DQ LQWHUPLWWHQW FKDQFH RI IXVLRQ �H�J�� ���� IRU EUDQFKHV RI OHQJWK ��
FRUUHVSRQGLQJ WR WKH REVHUYHG UDWH RI IXVLRQV LQ WKH FKDUDFWHU PDWUL[�� \HW D PXFK ORZHU �EXW VWLOO
XQUHDOLVWLFDOO\ KLJK� FKDQFH RI XQPL[LQJ ����� IRU EUDQFK OHQJWK RI ��� ,Q 5HY%D\HV ZH ZHUH DOVR DEOH WR
VSHFLI\ WKH URRW IUHTXHQFLHV �� IRU XQPL[HG DQG � IRU PL[HG VWDWH�� JLYHQ WKDW WKH DQFHVWUDO �VWDUWLQJ� VWDWH
LV E\ GHILQLWLRQ XQPL[HG�

)RU WKH WKUHH�VWDWH PRGHO� EHFDXVH ZH GR QRW KDYH VHSDUDWH HVWLPDWHV IRU WKH UDWH RI IXVLRQ DQG IRU
VXEVHTXHQW PL[LQJ �RU ILVVLRQ� LQ WKH DEVHQFH RI PL[LQJ�� ZH WHVWHG D UDQJH RI UDWHV ������ ���� ���� ���� IRU
ERWK ���!� DQG ��!� WUDQVLWLRQV ���!� WUDQVLWLRQ UDWH ZDV VHW DJDLQ WR WKH ORZHVW QRQ�]HUR YDOXH RI
�������

5HY%D\HV ZDV UXQ IRU ������� JHQHUDWLRQV DQG WKH ILUVW ��� RI WKH WUHHV ZHUH XVHG DV EXUQ�LQ� DOO UXQV
FRQYHUJHG�

���� 5HVXOWV DQG 'LVFXVVLRQ
%RWK 5HY%D\HV �WKUHH�VWDWH� DQG 0U%D\HV �WZR�VWDWH� SURGXFHG WUHHV ZLWK FWHQRSKRUHV DV VLVWHU WR

%&Q6 ZLWK SRVWHULRU SUREDELOLW\ ���� IRU WKH PRQRSK\O\ RI ELODWHULDQV� VSRQJHV� DQG FQLGDULDQV
�6XSSOHPHQWDU\ )LJ� ������ 7KLV LV WR EH H[SHFWHG EDVHG RQ DUJXPHQWV JLYHQ LQ WKH PDLQ WH[W� VLQFH WKH
PRVW SDUVLPRQLRXV VWDWH WUDQVLWLRQV �DV VKRZQ LQ PDLQ )LJV� � DQG �� DUH DOVR WKH PRVW OLNHO\ VHULHV RI
VWDWH WUDQVLWLRQV LQ WKH PRUH VRSKLVWLFDWHG SUREDELOLVWLF PRGHO� ,Q WKH 5HY%D\HV WUHHV� %)/ DQG 30$
�ELODWHULDQV�� 19( DQG 5(6 �FQLGDULDQV�� +&$ DQG %,1 �FWHQRSKRUHV� HDFK IRUPHG PRQRSK\OHWLF JURXSV
ZLWK SRVWHULRU SUREDELOLWLHV EHWZHHQ ���� DQG ��� �6XSSOHPHQWDU\ )LJ� ������ ,Q ERWK PRGHOV� KRZHYHU�
WKHUH LV ZHDN VXSSRUW IRU GHPRVSRQJH SDUDSK\O\� ZLWK (08 VLVWHU WR ELODWHULDQV DQG FQLGDULDQV �SRVWHULRU
SUREDELOLW\ ���� �WKUHH�VWDWH� 5HY%D\HV� DQG ���� �WZR�VWDWH� 0U%D\HV�� DQG &/$ VLVWHU WR WKH
(08�ELODWHULDQ�FQLGDULDQ FODGH� 7KLV DPELJXLW\ LQ WKH UHODWLYH SODFHPHQW RI (08 DQG &/$ DULVHV LQ WKH
%D\HVLDQ DQDO\VLV RI V\QWHQLF FKDUDFWHUV EHFDXVH ��� WKHUH DUH QR FOHDU VSRQJH V\QWHQLF V\QDSRPRUSKLHV
EDVHG RQ RXU RXWJURXS�PHWD]RDQ FRPSDULVRQV� DQG ��� &/$ LQFOXGHV DGGLWLRQDO IXVLRQV WKDW DUH QRW IRXQG
LQ RWKHU DQLPDOV� FUHDWLQJ D ORQJ EUDQFK� 7KH DPELJXRXV UHODWLYH SODFHPHQW RI (08 DQG &/$� KRZHYHU�
KDV QR LPSDFW RQ WKH UREXVW VXSSRUW IRU FWHQRSKRUH�VLVWHU� 6LQFH GHPRVSRQJH PRQRSK\O\ LV QRW LQ GRXEW
EDVHG RQ RWKHU����� LQ )LJ� � RI WKH PDLQ WH[W ZH VKRZ WKH UHVXOW RI WKUHH�VWDWH 5HY%D\HV DQDO\VLV ZLWK
GHPRVSRQJH PRQRSK\O\ FRQVWUDLQHG� :H QRWH WKDW FKDQJHV WR WKH LQVWDQWDQHRXV UDWH PDWULFHV� HYHQ E\
RUGHUV RI PDJQLWXGH� GLG QRW DIIHFW WKH UHODWLYH EUDQFKLQJ RUGHU RI FWHQRSKRUHV DQG VSRQJHV DV ORQJ DV WKH
DV\PPHWU\ EHWZHHQ PL[LQJ DQG XQPL[LQJ LV LQFOXGHG� &WHQRSKRUHV DUH DOZD\V WKH HDUOLHVW GLYHUJLQJ
DQLPDO JURXS�

��
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6XSSOHPHQWDU\ )LJXUH ���� _ %D\HVLDQ DQDO\VLV RI FKURPRVRPH IXVLRQ VWDWHV UHFRYHUV FWHQRSKRUH�VLVWHU� 3DQHOV
D��G� VKRZ %D\HVLDQ SK\ORJHQHWLF WUHHV LQIHUUHG IURP D FKDUDFWHU PDWUL[ RI JHQH OLQNDJH JURXS IXVLRQ VWDWHV� 7KH
SDQHOV VKRZ WUHHV IURP WZR YDULDEOHV LQ WKH DQDO\VLV FRQGLWLRQV� WUHHV ZLWK FODGH FRQVWUDLQWV �EOXH GRWV DUH
FRQVWUDLQHG QRGHV � FWHQRSKRUH PRQRSK\O\ HQIRUFHG� VSRQJH PRQRSK\O\ HQIRUFHG� FQLGDULDQ PRQRSK\O\ HQIRUFHG�
DQG ELODWHULDQ PRQRSK\O\ HQIRUFHG�� DQG WUHHV UXQ XQGHU D ��VWDWH RU ��VWDWH PRGHO� ,Q HDFK WUHH� WKH VXSSRUW YDOXHV
VXSSRUWLQJ VSRQJH�VLVWHU RU FWHQRSKRUH�VLVWHU DUH FLUFOHG LQ UHG� (DFK WUHH ZDV UXQ IRU ������� JHQHUDWLRQV ZLWK ���
EXUQ�LQ�

��



�� 1XOO K\SRWKHVLV WHVWLQJ RI WKH FWHQRSKRUH�VLVWHU WRSRORJ\

���� ,QWURGXFWLRQ � *HQRPH 6KXIIOLQJ 6LPXODWLRQV
:H FRQVLGHUHG ZKHWKHU WKH FKURPRVRPDO GDWD VXSSRUWLQJ WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV FRXOG EH

H[SODLQHG E\ WKH KLJKO\ UHDUUDQJHG VWDWH RI WKH FWHQRSKRUH JHQRPHV FRPSDUHG WR WKH UHODWLYHO\ VWDEOH
JHQRPHV RI RWKHU DQLPDO FODGHV� :H LPSOHPHQWHG D VLPXODWLRQ WR WHVW ZKHWKHU WKH JHQH JURXSV WKDW ZH
ILQG VXSSRUWLQJ WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV ZRXOG DOVR DSSHDU LQ UDQGRPO\ VKXIIOHG JHQRPHV�

���� 0HWKRGV � *HQRPH 6KXIIOLQJ 6LPXODWLRQV

������ 'HVLJQ RI JHQRPH VKXIIOLQJ VLPXODWLRQ
2QH WULDO RI WKH VLPXODWLRQ FRQVLVWHG RI WKH IROORZLQJ VWHSV� 7KH JHQH ODEHOV LQ WKH +RUPLSKRUD

JHQRPH DQQRWDWLRQ ILOH ZHUH UDQGRPO\ VKXIIOHG� 7KH FKURPRVRPHV LQ WKH VKXIIOHG JHQRPH FRQWDLQ WKH
VDPH QXPEHU RI JHQHV DV WKH UHDO +RUPLSKRUD JHQRPH� :H UHIHU WR WKH VKXIIOHG JHQRPH ZLWK WKH SUHIL[ µV¶
LQ IURQW RI WKH WKUHH�OHWWHU FRGH� L�H�� V+&$ LV WKH VKXIIOHG +RUPLSKRUD JHQRPH� :H XVHG WKH V+&$
JHQRPH WR SHUIRUP D &2:�V+&$�(08�5(6 IRXU�ZD\ UHFLSURFDO EHVW EODVWS VHDUFK� 7KH RUWKRORJV ZHUH
JURXSHG E\ WKH FRPPRQ FKURPRVRPHV RQ ZKLFK WKH\ RFFXUUHG LQ WKH IRXU VSHFLHV� :H FRQVLGHU WKHVH WR EH
�VLPXODWHG� DQFHVWUDO OLQNDJH JURXSV� $V LQ WKH PDLQ DQDO\VLV� ZH XVHG D IDOVH�GLVFRYHU\ UDWH RI ����� DQG D
PLQLPXP RI ILYH JHQHV LQ RQH OLQNDJH JURXS� WR UHPRYH OLQNDJH JURXSV WKDW FRQWDLQHG VR IHZ JHQHV WKDW
WKH\ FRXOG EH H[SODLQHG E\ UDQGRP FKDQFH� 7KH UHPDLQLQJ URZV ZHUH XVHG WR LGHQWLI\ SK\ORJHQHWLFDOO\
LQIRUPDWLYH �3,� IXVLRQ HYHQWV� IXVLRQ HYHQWV WKDW VXSSRUWHG HLWKHU WKH FWHQRSKRUH�VLVWHU RU WKH
VSRQJH�VLVWHU K\SRWKHVLV� )URP WKH 3, HYHQWV� ZH UHFRUGHG WKH QXPEHU RI 3, IXVLRQ HYHQWV VXSSRUWLQJ WKH
FWHQRSKRUH�VLVWHU RU VSRQJH�VLVWHU K\SRWKHVHV� WKH VL]H RI WKH ODUJHVW OLQNDJH JURXS LQ HDFK 3, HYHQW� WKH
QXPEHU RI JHQHV LQ VLQJOH 3, IXVLRQ HYHQWV� DQG WKH WRWDO QXPEHU RI JHQHV LQ 3, HYHQWV VXSSRUWLQJ HLWKHU
K\SRWKHVLV� :H SHUIRUPHG WKH WULDO VKXIIOLQJ WKH +RUPLSKRUD JHQRPH ��� PLOOLRQ WLPHV� DQG FRPSDUHG WKH
GLVWULEXWLRQ RI WKH SDUDPHWHUV ZH PHDVXUHG WR ZKDW ZH REVHUYHG LQ WKH &2:�+&$�(08�5(6
FRPSDULVRQ ZLWK WKH UHDO +RUPLSKRUD JHQRPH�

,Q DGGLWLRQDO FRPSXWDWLRQDO H[SHULPHQWV� ZH DOVR VKXIIOHG WKH &DSVDVSRUD� (SK\GDWLD� DQG 5KRSLOHPD
JHQRPHV �V&2:�+&$�5(6�(08� &2:�+&$�V5(6�(08� DQG &2:�+&$�5(6�V(08�� DQG ZH
SHUIRUPHG WKH FRUUHVSRQGLQJ VLPXODWLRQV XVLQJ 652 DV WKH RXWJURXS �V652�+&$�5(6�(08�
652�V+&$�5(6�(08� &2:�+&$�V5(6�(08� DQG &2:�+&$�5(6�V(08�� 7KHVH UHVXOWV DUH VKRZQ
LQ PDLQ )LJXUH � DQG ([WHQGHG 'DWD )LJ� ���

���� 5HVXOWV DQG 'LVFXVVLRQ � *HQRPH 6KXIIOLQJ 6LPXODWLRQV

������ *HQRPH VKXIIOLQJ VLPXODWLRQ UHVXOWV
,Q DOO HLJKW VLPXODWLRQV� DOO PHDVXUHG SDUDPHWHUV ZHUH PXFK KLJKHU LQ WKH UHDO JHQRPHV WKDQ ZKHQ RQH

RI WKH JHQRPHV ZDV UDQGRPO\ VKXIIOHG �([WHQGHG 'DWD )LJ� ���� )RU H[DPSOH� WKH REVHUYHG QXPEHU RI
JHQHV VXSSRUWLQJ WKH FWHQRSKRUH�VLVWHU K\SRWKHVLV LQ WKH &2:�+&$�(08�5(6 VHDUFKHV �XVLQJ DFWXDO
JHQRPHV� ZDV ��� ,Q WKH IRXU VKXIIOLQJ VLPXODWLRQV XVLQJ WKHVH IRXU VSHFLHV� WKH PD[LPXP QXPEHU RI
JHQHV VXSSRUWLQJ FWHQRSKRUH�VLVWHU �LQ ��� PLOOLRQ LQGLYLGXDO WULDOV� ZDV RQO\ ��� IDU OHVV WKDQ WKH ��
REVHUYHG �([WHQGHG 'DWD )LJ� ��D�G� ³*HQH FRXQW RI DOO 3, )/*V´�� 7KLV VLPXODWLRQ ERXQGV WKH IDOVH
GLVFRYHU\ UDWH �RI GDWD DV VWURQJ DV WKH REVHUYHG UHVXOW ZLWK WKH DFWXDO JHQRPHV� EDVHG RQ RI WKH QXPEHU RI
WULDOV SHUIRUPHG LQ HDFK VLPXODWLRQ ܤ� � �î������

��



5HPDUNDEO\� QRQH RI WKH ��� PLOOLRQ WULDOV �VKXIIOLQJ HDFK VSHFLHV LQ WKH TXDUWHWV ZLWK &2: RU 652 DV
RXWJURXSV� KDG DQ\ �VLPXODWHG� OLQNDJH JURXSV VXSSRUWLQJ WKH VSRQJH�VLVWHU K\SRWKHVLV� 7KLV LV SHUKDSV
QRW VXUSULVLQJ JLYHQ WKH KLJKO\ FRQVHUYHG NDU\RW\SH EHWZHHQ VSRQJHV� FQLGDULDQV� DQG ELODWHULDQV �)LJ� ��
([WHQGHG 'DWD )LJ� ���

7KHVH UHVXOWV DUH VWURQJ HYLGHQFH WKDW WKH OLQNDJH JURXSV WKDW ZH VHH FRQVHUYHG EHWZHHQ FWHQRSKRUHV�
VSRQJHV� FQLGDULDQV� DQG XQLFHOOXODU RXWJURXS VSHFLHV DUH QRW WKH UHVXOW RI UDQGRP OLQNDJHV DULVLQJ IURP
WKH KLJKO\ UHDUUDQJHG JHQRPH FRQILJXUDWLRQ IRXQG LQ FWHQRSKRUHV� EXW DUH WUXO\ UHOLFWV RI DQFHVWUDO OLQNDJH
JURXSV WKDW KDYH EHHQ SUHVHQW RQ VLQJOH FKURPRVRPHV VLQFH WKH FRPPRQ DQFHVWRU RI PHWD]RDQ DQG WKH
RXWJURXSV�

��



�� 6XSSOHPHQWDU\ ,QIRUPDWLRQ 5HIHUHQFHV

3OHDVH VHH WKH PDLQ PDQXVFULSW IRU WKH UHIHUHQFHV FLWHG WKHUH� 7KH UHIHUHQFHV EHORZ ZHUH FLWHG RQO\ LQ WKH
6XSSOHPHQWDU\ ,QIRUPDWLRQ�

���� ,PDNDHY� 0� HW DO� ,WHUDWLYH FRUUHFWLRQ RI +L�& GDWD UHYHDOV KDOOPDUNV RI FKURPRVRPH RUJDQL]DWLRQ� 1DW�
0HWKRGV �� ���±���� �������

���� 5HGPRQG� 1� (� HW DO� 3K\ORJHQ\ DQG V\VWHPDWLFV RI GHPRVSRQJLDH LQ OLJKW RI QHZ VPDOO�VXEXQLW ULERVRPDO
'1$ ���6� VHTXHQFHV� ,QWHJU� &RPS� %LRO� ��� ���±��� �������

���� 3DWU\� :� /�� %XEHO� 0�� +DQVHQ� &� 	 .QRZOHV� 7� 'LIIXVLRQ WXEHV� D PHWKRG IRU WKH PDVV FXOWXUH RI
FWHQRSKRUHV DQG RWKHU SHODJLF PDULQH LQYHUWHEUDWHV� 3HHU- �� H���� �������

���� 'DZVRQ� 0� 1�� 5DVNRII� .� $� 	 -DFREV� '� .� )LHOG SUHVHUYDWLRQ RI PDULQH LQYHUWHEUDWH WLVVXH IRU '1$
DQDO\VHV�0RO� 0DU� %LRO� %LRWHFKQRO� �� ���±��� �������

���� 6DPEURRN� -� 	 5XVVHOO� '� :� 3XULILFDWLRQ RI QXFOHLF DFLGV E\ H[WUDFWLRQ ZLWK SKHQRO�FKORURIRUP� &6+ 3URWRF�
����� GE±SURW���� �������

���� 5LR� '� &�� $UHV� 0�� -U� +DQQRQ� *� -� 	 1LOVHQ� 7� :� 3XULILFDWLRQ RI 51$ XVLQJ 75,]RO �75, UHDJHQW�� &ROG
6SULQJ +DUE� 3URWRF� ����� GE�SURW���� �������

���� %XFKILQN� %�� ;LH� &� 	 +XVRQ� '� +� )DVW DQG VHQVLWLYH SURWHLQ DOLJQPHQW XVLQJ ',$021'� 1DW� 0HWKRGV ���
��±�� �������

���� 'XUDQG� 1� &� HW DO� -XLFHU 3URYLGHV D 2QH�&OLFN 6\VWHP IRU $QDO\]LQJ /RRS�5HVROXWLRQ +L�& ([SHULPHQWV�
&HOO 6\VW �� ��±�� �������

���� 5RELQVRQ� -� 7� HW DO� ,QWHJUDWLYH JHQRPLFV YLHZHU� 1DW� %LRWHFKQRO� ��� �� �������
���� 6FKXOW]� '� 7� HW DO� &RQVHUYHG QRYHO 25)V LQ WKH PLWRFKRQGULDO JHQRPH RI WKH FWHQRSKRUH %HURH IRUVNDOLL�

3HHU- �� H���� �������
���� (NLQV� 0�� (USHQEHFN� '� 	 +RRSHU� -� 1� $� &DUQLYRURXV VSRQJHV IURP WKH $XVWUDOLDQ %DWK\DO DQG $E\VVDO

]RQHV FROOHFWHG GXULQJ WKH 59 ,QYHVWLJDWRU ���� ([SHGLWLRQ� =RRWD[D ����� ]RRWD[D��������� �������
���� 9DURTXDX[� 1� HW DO� $FFXUDWH LGHQWLILFDWLRQ RI FHQWURPHUH ORFDWLRQV LQ \HDVW JHQRPHV XVLQJ +L�&� 1XFOHLF

$FLGV 5HV� ��� ����±���� �������
���� .QLJKW� 3� $� 	 5XL]� '� $ IDVW DOJRULWKP IRU PDWUL[ EDODQFLQJ� ,0$ -� 1XPHU� $QDO� ��� ����±���� �������
���� %UHGHVRQ� -� 9� HW DO� &RQVHUYHG FKURPDWLQ DQG UHSHWLWLYH SDWWHUQV UHYHDO VORZ JHQRPH HYROXWLRQ LQ IURJV�

ELR5[LY ����������������� ������ GRL���������������������������
���� 6KDOFKLDQ�7DEUL]L� .� HW DO�0XOWLJHQH SK\ORJHQ\ RI FKRDQR]RD DQG WKH RULJLQ RI DQLPDOV� 3/R6 2QH �� H����

�������
���� 'RX]HU\� (� -� 3�� 6QHOO� (� $�� %DSWHVWH� (�� 'HOVXF� )� 	 3KLOLSSH� +� 7KH WLPLQJ RI HXNDU\RWLF HYROXWLRQ� GRHV

D UHOD[HG PROHFXODU FORFN UHFRQFLOH SURWHLQV DQG IRVVLOV" 3URF� 1DWO� $FDG� 6FL� 86$ ���� �����±����� �������
���� 0RUHQR�+DJHOVLHE� *� 	 /DWLPHU� .� &KRRVLQJ %/$67 RSWLRQV IRU EHWWHU GHWHFWLRQ RI RUWKRORJV DV UHFLSURFDO

EHVW KLWV� %LRLQIRUPDWLFV ��� ���±��� �������
���� +RHQFDPS� &� HW DO� �' JHQRPLFV DFURVV WKH WUHH RI OLIH UHYHDOV FRQGHQVLQ ,, DV D GHWHUPLQDQW RI DUFKLWHFWXUH

W\SH� 6FLHQFH ���� ���±��� �������
���� )U|QLFNH� /�� :LHQEHUJ� -�� 6WRQH� *�� $GDPV� /� 	 6WDQ\RQ� 5� 7RZDUGV WKH GHOLQHDWLRQ RI WKH DQFHVWUDO

HXWKHULDQ JHQRPH RUJDQL]DWLRQ� FRPSDUDWLYH JHQRPH PDSV RI KXPDQ DQG WKH $IULFDQ HOHSKDQW �/R[RGRQWD
DIULFDQD� JHQHUDWHG E\ FKURPRVRPH SDLQWLQJ� 3URF� %LRO� 6FL� ���� ����±���� �������

���� 6HDUOH� -� %� 	 :yMFLN� -� 0� &KURPRVRPDO HYROXWLRQ� WKH FDVH RI 6RUH[ DUDQHXV� LQ (YROXWLRQ RI 6KUHZV �HGV�
:yMFLN� -� 0� 	 :ROVDQ� 0�� ���±��� �0DPPDO 5HVHDUFK ,QVWLWXWH� 3ROLVK $FDGHP\ RI 6FLHQFHV� ������

��
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���� /DUVRQ� $�� 3UDJHU� (� 0� 	 :LOVRQ� $� &� &KURPRVRPDO HYROXWLRQ� VSHFLDWLRQ DQG PRUSKRORJLFDO FKDQJH LQ
YHUWHEUDWHV� WKH UROH RI VRFLDO EHKDYLRXU� LQ &KURPRVRPHV 7RGD\� 9ROXPH � 3URFHHGLQJV RI WKH (LJKWK
,QWHUQDWLRQDO &KURPRVRPH &RQIHUHQFH KHOG LQ /�EHFN� :HVW *HUPQD\� ��±�� 6HSWHPEHU ���� �HGV� %HQQHWW�
0� '�� *URSS� $� 	 :ROI� 8�� ���±��� �6SULQJHU 1HWKHUODQGV� ������

���� /DXPHU� &� (� HW DO� 6XSSRUW IRU D FODGH RI 3ODFR]RD DQG &QLGDULD LQ JHQHV ZLWK PLQLPDO FRPSRVLWLRQDO ELDV�
(OLIH �� �������

���� 3DQGH\� $� 	 %UDXQ� (� /� 3K\ORJHQHWLF $QDO\VHV RI 6LWHV LQ 'LIIHUHQW 3URWHLQ 6WUXFWXUDO (QYLURQPHQWV 5HVXOW
LQ 'LVWLQFW 3ODFHPHQWV RI WKH 0HWD]RDQ 5RRW� %LRORJ\ �� �������

���� 6\HG� 7� 	 6FKLHUZDWHU� %� 7ULFKRSOD[ DGKDHUHQV� 'LVFRYHUHG DV D PLVVLQJ OLQN� IRUJRWWHQ DV D K\GUR]RDQ�
UH�GLVFRYHUHG DV D NH\ WR 0HWR]RDQ HYROXWLRQ� 9LH HW 0LOLHX�/LIH 	 (QYLURQPHQW ���±��� �������

���� :DOO� '� 3�� )UDVHU� +� %� 	 +LUVK� $� (� 'HWHFWLQJ SXWDWLYH RUWKRORJV� %LRLQIRUPDWLFV ��� ����±���� �������
���� :ROI� <� ,� 	 .RRQLQ� (� 9� $ WLJKW OLQN EHWZHHQ RUWKRORJV DQG ELGLUHFWLRQDO EHVW KLWV LQ EDFWHULDO DQG DUFKDHDO

JHQRPHV� *HQRPH %LRO� (YRO� �� ����±���� �������
���� 'DOTXHQ� '� $� 	 'HVVLPR]� &� %LGLUHFWLRQDO EHVW KLWV PLVV PDQ\ RUWKRORJV LQ GXSOLFDWLRQ�ULFK FODGHV VXFK DV

SODQWV DQG DQLPDOV� *HQRPH %LRO� (YRO� �� ����±���� �������
���� 1DGHDX� -� +� 	 7D\ORU� %� $� /HQJWKV RI FKURPRVRPDO VHJPHQWV FRQVHUYHG VLQFH GLYHUJHQFH RI PDQ DQG

PRXVH� 3URF� 1DWO� $FDG� 6FL� 86$ ��� ���±��� �������
���� 6DQNRII� '� 	 )HUUHWWL� 9� .DU\RW\SH GLVWULEXWLRQV LQ D VWRFKDVWLF PRGHO RI UHFLSURFDO WUDQVORFDWLRQ� *HQRPH

5HV� �� �±� �������
���� 0RQWDYRQ� 7� 	 'XERXOH� '� &KURPDWLQ RUJDQL]DWLRQ DQG JOREDO UHJXODWLRQ RI +R[ JHQH FOXVWHUV� 3KLORV� 7UDQV�

5� 6RF� /RQG� % %LRO� 6FL� ���� �������� �������
���� &DUUROO� 6� %� +RPHRWLF JHQHV DQG WKH HYROXWLRQ RI DUWKURSRGV DQG FKRUGDWHV� 1DWXUH ���� ���±��� �������
���� *KDYL�+HOP� <� HW DO� +LJKO\ UHDUUDQJHG FKURPRVRPHV UHYHDO XQFRXSOLQJ EHWZHHQ JHQRPH WRSRORJ\ DQG JHQH

H[SUHVVLRQ� 1DW� *HQHW� ��� ����±���� �������
���� :KLWH� 0� -� '� $QLPDO F\WRORJ\ 	 HYROXWLRQ� �&DPEULGJH XQLYHUVLW\ SUHVV� ������

��
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	Ancient gene linkages support ctenophores as sister to other animals




