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6FKRRO RI 6FLHQFH (GXFDWLRQ� &ROOHJH RI (GXFDWLRQ� &KXQJEXN 1DWLRQDO 8QLYHUVLW\� &KXQJEXN �������� .RUHD

*HQRPLF VHTXHQFH RI WKH $73�GHSHQGHQW SKRVSKRHQROS\UXYDWH FDUER[\NLQDVH �&V3&.� JHQH KDV EHHQ GHWHUPLQHG
ILUVW IURP FXFXPEHU� 6HYHUDO SXWDWLYH FORQHV ZHUH LVRODWHG LQ WKUHH URXQGV RI JHQRPLF OLEUDU\ VFUHHQLQJ ZLWK GHVLJ�
QDWHG F'1$ SUREHV� 7KHVH FORQHV ZHUH DQDO\]HG YLD UHVWULFWLRQ GLJHVWV� 6RXWKHUQ K\EULGL]DWLRQ� DQG QXFOHRWLGH
VHTXHQFLQJ WR DVFHUWDLQ WKH VWUXFWXUH RI WKH &V3&. JHQH� $QDO\VLV RI D VHOHFWHG SRVLWLYH FORQH �λFVFSN��$� GHPRQ�
VWUDWHG WKDW WKLV JHQH FRQVLVWV RI �� H[RQV DQG �� LQWURQV� VSDQQLQJ � NE LQ WKH FXFXPEHU JHQRPH� ([RQ � FRQWDLQV
RQO\ �� QXFOHRWLGHV RI WKH �·�QRQFRGLQJ UHJLRQ RI FXFXPEHU 3&. F'1$� ZKHUHDV ([RQ � FRPSULVHV �� QXFOHRWLGHV RI
WKH �·�QRQFRGLQJ UHJLRQ ZLWK DQ 1�WHUPLQDO 3(3&. FRGLQJ VHTXHQFH� $OO WKH H[RQ�LQWURQ MXQFWLRQ VHTXHQFHV DJUHH
ZLWK WKH *7�$* FRQVHQVXV� H[FHSW IRU WKH � GRQRU VLWH RI ,QWURQ �� ZKHUH *& UHSODFHV WKH *7 FRQVHQVXV� $V ZLWK ULFH
�2U\]D VDWLYD�� FXFXPEHU FRQWDLQV RQO\ RQH FRS\ RI WKH &V3&. JHQH LQ LWV KDSORLG JHQRPH� 7KH RYHUDOO QXPEHU RI
H[RQV DQG WKH VWUXFWXUH RI WKLV JHQH DUH VLPLODU WR WKRVH IRU ERWK $UDELGRSVLV &KURPRVRPH � �$WJ�� 3&. DQG WKH ULFH
3&. JHQHV� ZKLFK FRQWDLQ �� DQG �� H[RQV� UHVSHFWLYHO\� 7ZR DGGLWLRQDO $UDELGRSVLV 3&. JHQHV FDQ EH IRXQG LQ WKH
ILIWK FKURPRVRPH �$WJ��� ZKLFK FRQWDLQV � H[RQV DQG � LQWURQV �ZLWK ��� DQG ��� DPLQR DFLGV� UHVSHFWLYHO\� RI WKH
3(3&. SHSWLGH� 7KH &V3&. JHQH SURPRWHU KDV FRQVHUYHG SODQW�VSHFLILF FLV�DFWLQJ HOHPHQWV ZLWKLQ � NE RI WKH �· IODQN�
LQJ UHJLRQ� 6HYHUDO FRPPRQ FLV�DFWLQJ HOHPHQWV RI WKH LVRFLWUDWH O\DVH �LFO� DQG PDODWH V\QWKDVH �PV� JHQH SURPRWHUV�
LGHQWLILHG LQ WKH &V3&. JHQH� DUH UHVSRQVLEOH IRU WKH VXJDU UHVSRQVH GXULQJ SODQW GHYHORSPHQW� HVSHFLDOO\ DW JHUPL�
QDWLRQ� 7KHVH FRQVHUYHG HOHPHQWV DUH GLVFXVVHG KHUH�

.H\ZRUGV� &� SODQW� H[RQ� JHQRPLF OLEUDU\� JOXFRQHRJHQHVLV� LQWURQ� SURPRWHU

7KH $73�GHSHQGHQW HQ]\PH� SKRVSKRHQROS\UXYDWH
FDUER[\NLQDVH �3(3&. RU 3&.� (& ���������� FDWDO\]HV
UHYHUVLEO\ �3(3 é R[DORDFHWDWH� LQ WKH JOXFRQHRJHQLF
SDWKZD\ GXULQJ WKH HDUO\ SKDVH RI JHUPLQDWLRQ� SUR�
FHHGLQJ IURP OLSLGV WR VXJDUV LQ &� RLO�VHHG VSHFLHV �H�J��
FXFXPEHU� SXPSNLQ� ZDWHUPHORQ� DQG $UDELGRSVLV�
�7KRPDV DQG 5HHV� ����� 7UHYDQLRQ HW DO�� ������
7RJHWKHU ZLWK JO\R[\VRPH�VSHFLILF LVRFLWUDWH O\DVH �,&/�
DQG PDODWH V\QWKDVH �06�� 3(3&. LV V\QWKHVL]HG DQG
DFFXPXODWHG UDSLGO\ LQ WKH FRW\OHGRQV IRU D IHZ GD\V
LPPHGLDWHO\ DIWHU LPELELWLRQ �.LP DQG 6PLWK� ������
$IWHUZDUG� JHQH H[SUHVVLRQ LV VWURQJO\ UHSUHVVHG ZKHQ
SKRWRV\QWKHVLV EHJLQV LQ WKRVH WLVVXHV� 1HYHUWKHOHVV�
VPDOO DPRXQWV RI 3(3&. SURWHLQV VWLOO FDQ EH GHWHFWHG
YLD ZHVWHUQ EORW DQDO\VLV LQ JUHHQ OHDYHV DQG GHYHORSLQJ
URRWV� )XUWKHUPRUH� ERWK WUDQVFULSWV DQG WKH SURWHLQV
RI FXFXPEHU 3(3&. UHDSSHDU LQ VHQHVFLQJ FRW\OHGRQV
DQG OHDYHV DV QXWULHQWV DUH UHF\FOHG �*UDKDP HW DO��
����� .LP DQG 6PLWK� ������ 'XULQJ WKLV VHFRQG SKDVH
RI DFWLYLW\� OLSLGV FDQ EH FRQYHUWHG WR FDUERK\GUDWHV
YLD WKH JO\R[\ODWH F\FOH DQG JOXFRQHRJHQHVLV LQ RUGHU

WR VXSSO\ HQHUJ\ DQG VRXUFH PROHFXOHV�
7KH UROH RI 3(3&. DSSHDUV WR EH PRUH FRPSOH[ LQ &�

VSHFLHV WKDQ LQ &� SODQWV EHFDXVH HQ]\PHV LQ WKH IRUPHU
DUH LQYROYHG LQ FDUERQ� VXOIXU� DQG QLWURJHQ PHWDEROLVPV
�(GZDUGV HW DO�� ����� *HUZLFN DQG %ODFN� ����� +DWFK�
������ 3(3&. LV D FRPSRQHQW RI WKH &� FDUERQ�FRQ�
FHQWUDWLQJ F\FOH LQ RQH VXEJURXS RI &� JUDVVHV DV ZHOO
DV D ZLGH UDQJH RI &$0 SODQWV� $OWKRXJK WKLV &� 3(3&.
KDV EHHQ H[WHQVLYHO\ LQYHVWLJDWHG SHU LWV SK\VLRORJLFDO
DQG PROHFXODU DVSHFWV� QR FRPSOHWH JHQRPLF DQDO\VLV
KDV EHHQ FRQGXFWHG IRU LWV UHODWHG JHQHV �)LQQHJDQ DQG
%XUQHOO� ����� )LQQHJDQ HW DO�� ����� )XUXPRWR HW DO��
������
,W LV QRW VXUSULVLQJ WKDW DPLQR DFLG VHTXHQFHV DUH

GLVVLPLODU EHWZHHQ &� DQG &� SODQWV EHFDXVH GLIIHUHQW
GHYHORSPHQWDO SURFHVVHV DQG FHOO W\SHV DUH LQYROYHG
LQ HDFK �7VX\RVKL HW DO�� ������ )RU H[DPSOH� LQ WKH &�
JUDVV 8URFKORD SDQLFRLGHV� IRXU 3&. JHQHV DUH GLIIHU�
HQWLDOO\ H[SUHVVHG�� 3&.� DQG 3&.� LQ WKH SKRWRV\Q�
WKHVL]LQJ OHDYHV YHUVXV 3&.� DQG 3&.� SUHGRPLQDQWO\
LQ WKH GHYHORSLQJ URRWV �)LQQHJDQ HW DO�� ������ 1HY�
HUWKHOHVV� KLJK OHYHOV RI DFWLYLW\ IRU &� HQ]\PHV KDYH
DOVR EHHQ GHWHFWHG LQ VXEW\SH &� SODQWV �+LEEHUG DQG
4XLFN� ������ ,Q SDUWLFXODU� 3(3&. DFWLYLW\ KDV EHHQ

�&RUUHVSRQGLQJ DXWKRU� ID[ � ���������������
H�PDLO GMNLP#FKXQJEXN�DF�NU
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VKRZQ WR EH ��IROG KLJKHU LQ WKH FHOOV VXUURXQGLQJ WKH
[\OHP DQG SKORHP WKDQ LQ WKH OHDYHV RI WREDFFR� 7KLV
FOHDUO\ LQGLFDWHV WKDW VRPH &��OLNH ELRFKHPLFDO SDWK�
ZD\V DUH DVVRFLDWHG ZLWK SKRWRV\QWKHVLV LQ &� VSHFLHV�
7KHUHIRUH� WKH UROH RI 3(3&. PD\ EH PRUH FRPSOH[ LQ
WKRVH SODQWV� UHTXLULQJ IXUWKHU SK\VLRORJLFDO DQG ELR�
FKHPLFDO VWXGLHV WR HOXFLGDWH WKH IXQFWLRQ RI GHFDU�
ER[\ODWLRQ HQ]\PHV DQG FRUUHVSRQGLQJ JHQHV�
7KH SULPDU\ VWUXFWXUH RI $73 HQ]\PHV LV KRPRORJRXV

WR WKH $73�GHSHQGHQW 3(3&. IRXQG LQ EDFWHULD� \HDVW�
WU\SDQRVRPHV� DQG SODQWV �.LP DQG 6PLWK� ������
+RZHYHU� WKRVH HQ]\PHV VKDUH OLWWOH VLPLODULW\ LQ WKHLU
SULPDU\ VWUXFWXUH ZLWK WKH *73�GHSHQGHQW 3(3&.
HQ]\PHV IURP DQLPDOV� ZKLFK FDWDO\]H WKH ILUVW FRP�
PLWWHG VWHS LQ JOXFRQHRJHQHVLV �8WWHU DQG .ROHQ�
EUDQGHU� ����� .LP DQG 6PLWK� ������ &� SODQW JHQHV
IRU 3(3&. KDYH EHHQ FORQHG DQG SDUWLDOO\ VHTXHQFHG
IURP 8� SDQLFRLGHV �)LQQHJDQ HW DO�� ������ *HQRPH�
VHTXHQFLQJ SURMHFWV KDYH GHPRQVWUDWHG WKUHH FRPSOHWH
3&. JHQH VHTXHQFHV IURP $UDELGRSVLV WKDOLDQD �$FFHV�
VLRQ QRV� $/������� 13B������� DQG$/������� DV ZHOO
DV D VLQJOH 3&. JHQH VHTXHQFH �$&������� IURP ULFH
�2U\]D VDWLYD��
:H KDYH SUHYLRXVO\ XVHG 6RXWKHUQ EORW DQDO\VLV WR

WKHRUL]H WKDW WKH FXFXPEHU JHQRPH FRQWDLQV D VLQJOH
FRS\ RI WKH 3&. JHQH� DQG KDYH DOVR UHSRUWHG D F'1$
FORQH IRU WKH ���N' VXEXQLW RI 3(3&. �.LP DQG 6PLWK�
������ $ PDWXUH IRUP RI WKLV VXEXQLW KDV QRZ EHHQ
SXULILHG IURP FXFXPEHU �.LP DQG 6PLWK� ����� :DONHU
DQG /HHJRRG� ������ $OWKRXJK WKH SODQW 3(3&. HQ]\PH
SOD\V D UROH LQ FHQWUDO PHWDEROLF SURFHVVHV IRU OLSLG
PRELOL]DWLRQ DQG FDUERQ PHWDEROLVP LQ &� VSHFLHV
�:DONHU HW DO�� ������ OLWWOH LQIRUPDWLRQ LV DYDLODEOH RQ
KRZ WKH JHQH LV RUJDQL]HG DQG UHJXODWHG LQ SODQW
GHYHORSPHQW� 7KRXJK WKH $UDELGRSVLV DQG ULFH 3&.
JHQH VHTXHQFHV KDYH EHHQ RSHQHG WR WKH SXEOLF� WKHLU
PROHFXODU VWUXFWXUHV KDYH QRW EHHQ H[DPLQHG \HW�
7KHUHIRUH� DV D ILUVW VWHS LQ HYDOXDWLQJ WKH VWUXFWXUDO
RUJDQL]DWLRQ RI WKLV JHQH� ZH UHSRUW KHUH WKH LVRODWLRQ
RI WKH &V3&. JHQH IURP WKH FXFXPEHU OHDI JHQRPLF
OLEUDU\ WR GHWHUPLQH LWV HQWLUH JHQRPLF VWUXFWXUH DQG
DQDO\]H LWV SXWDWLYH UHJXODWRU\ VHTXHQFHV� 2XU REMHFWLYH
ZDV WR LGHQWLI\ FRPPRQ FLV�DFWLQJ HOHPHQWV DV WKH\
FRRUGLQDWH SODQW GHYHORSPHQW LQ WKLV VSHFLHV�
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3ODQW 0DWHULDO

6HHGV RI FXFXPEHU �&XFXPLV VDWLYXV /��� ZHUH REWDLQHG
IURP +HXQRQJ -RQJ 0\R �.RUHD�� WKHQ LPELEHG LQ

VWHULOH ZDWHU DW �R& IRU �� K DQG VRZQ LQ ZHW YHUPLF�
XOLWH� 7KH UHVXOWDQW SODQWV ZHUH PDLQWDLQHG LQ D JURZWK
FKDPEHU �/$%�/,1( ,QVWUXPHQW ,QF� 86$� DW ��R& DQG
��� KXPLGLW\� ZLWK D ���K SKRWRSHULRG� 7KH ILUVW HPHUJ�
LQJ OHDYHV ZHUH FROOHFWHG IRU JHQRPLF '1$ LVRODWLRQ
DSSUR[LPDWHO\ ��a�� G DIWHU VHHG LPELELWLRQ� DQG
ZHUH LPPHGLDWHO\ IUR]HQ LQ OLTXLG QLWURJHQ�

%DFWHULDO 6WUDLQV� 3ODVPLGV� DQG 0HGLD

%DFWHULDO SODVPLGV ZHUH SURSDJDWHG �YLD S%OXH6FULSW,,�
LQ DQ (VFKHULFKLD FROL ;/�� %OXH 05) VWUDLQ �6WUDWDJHQH�
86$�� 7KH SKDJH ZDV PDQLSXODWHG RQ (� FROL VWUDLQ
;/���%OXH 05$ 3�� IROORZLQJ WKH PDQXIDFWXUHUV SUR�
WRFRO �6WUDWDJHQH�� $ S%OXH6FULSW,, YHFWRU ZDV XVHG IRU
VXEFORQLQJ DQG QXFOHRWLGH VHTXHQFLQJ RI WKH FORQHG
JHQRPLF '1$ IUDJPHQWV� %DFWHULD ZHUH FXOWXUHG ZLWK
HLWKHU /% EURWK RU /%�FRQWDLQLQJ DJDU� &RPSHWHQW
FHOOV ZHUH SUHSDUHG ZLWK D 62% PHGLXP �6DPEURRN
HW DO�� ������

1XFOHLF $FLG ,VRODWLRQ

:H XVHG D '1$HDV\ 3ODQW 0D[L .LW �4LDJHQ *P%+�
86$� WR H[WUDFW JHQRPLF '1$ IURP FXFXPEHU OHDYHV�
3KDJH '1$ ZDV SXULILHG ZLWK D 4LDJHQ /DPEGD 0LQL
.LW �4LDJHQ *P%+� DIWHU EHLQJ SURSDJDWHG RQ DQ /%
DJDU SODWH �6DPEURRN HW DO�� ������ 7KH SODVPLG '1$
LVRODWLRQ ZDV FDUULHG RXW ZLWK D 3ODVPLG ,VRODWLRQ .LW
�%LRQHHU� .RUHD�� $ 4,$(;,, *HO ([WUDFWLRQ .LW �4LDJHQ
*P%+� ZDV XVHG WR SXULI\ WKH '1$ IUDJPHQWV IURP WKH
DJDURVH JHO� :H HVWLPDWHG WKH FRQFHQWUDWLRQ RI SXULILHG
'1$ DW ��� QP ZLWK D 89 VSHFWURSKRWRPHWHU �6XQ�,O
6FLHQFH� .RUHD��

&RQVWUXFWLRQ RI *HQRPLF'1$ /LEUDU\ DQG 6FUHHQLQJ

$ FXFXPEHU JHQRPLF OLEUDU\ ZDV FRQVWUXFWHG XVLQJ WKH
/DPEGD )L[ ,, 9HFWRU &ORQLQJ 6\VWHP �6WUDWDJHQH�� 7KH
SUHSDUHG JHQRPLF '1$ ZDV SDUWLDOO\ GLJHVWHG ZLWK
6DX�$, HQ]\PH �5RFKH� 6ZLW]HUODQG�� $IWHU DJDURVH�JHO
HOHFWURSKRUHVLV� WKH IUDFWLRQ KDYLQJ WKH PD[LPXP GHQ�
VLW\ RI SDUWLDOO\ GLJHVWHG '1$ �UDQJH RI �� WR �� NE�
ZDV FKRVHQ IRU D ILOO�LQ UHDFWLRQ RQ ERWK HQGV RI WKH
SDUWLDOO\ GLJHVWHG JHQRPLF '1$ IUDJPHQWV� 7KLV UHDFWLRQ
ZDV SHUIRUPHG ZLWK D .OHQRZ )LOO�,Q .LW �6WUDWDJHQH��
7KH ILOOHG�LQ JHQRPLF '1$ IUDJPHQWV ZHUH WKHQ LQVHUWHG
LQWR WKH /DPEGD )L[ ,, YHFWRU� XVLQJ 7� '1$ OLJDVH
�6WUDWDJHQH�� $IWHU RYHUQLJKW OLJDWLRQ DW ��&� WKH SURG�
XFWV ZHUH LQ YLWUR�SDFNDJHG ZLWK WKH *LJDSDFN ,,, *ROG
SDFNDJLQJ H[WUDFW �6WUDWDJHQH�� 7KH SKDJHV ZHUH WKHQ
XVHG WR LQIHFW WKH KRVW (� FROL FHOOV� 7LWHU RI WKH LQLWLDO



&XFXPEHU 3KRVSKRHQROS\UXYDWH &DUER[\NLQDVH *HQH ���

OLEUDU\ ZDV HVWLPDWHG WR EH ���ð ���SIXPO−�� 7KH LQLWLDO
OLEUDU\ ZDV DPSOLILHG LPPHGLDWHO\ DQG VWRUHG DW −��R&�
DV VXJJHVWHG E\ WKH PDQXIDFWXUHU �6WUDWDJHQH��
:H XVHG VWDQGDUG SURFHGXUHV� DFFRUGLQJ WR WKH

PDQXIDFWXUHUV LQVWUXFWLRQV �6WUDWDJHQH�� WR VFUHHQ WKH
JHQRPLF OLEUDU\� )RU WKH ILUVW VFUHHQLQJ RI WKH &V3&.
JHQH� DSSUR[LPDWHO\ � ð ��� SODTXHV ZHUH SODWHG RXW
RQ D SDLU RI �����FP�VTXDUH %LR�DVVD\ GLVKHV �1XQF�
86$�� 7KH SODTXH OLIWV ZHUH SUHSDUHG XVLQJ D +\ERQG�
1� PHPEUDQH �$PHUVKDP 3KDUPDFLD %LRWHFK� 8.��
3UH�K\EULGL]DWLRQ DQG K\EULGL]DWLRQ UHDFWLRQV ZHUH
FDUULHG RXW LQ (&/ JROG EXIIHU �$PHUVKDP 3KDUPDFLD
%LRWHFK�� 7KH (&/ GLUHFW�ODEHOHG F'1$ SUREH ZDV
DGGHG WR WKH K\EULGL]DWLRQ UHDFWLRQ EXIIHU DIWHU � K RI
SUH�K\EULGL]DWLRQ DW ���&� K\EULGL]DWLRQ ODVWHG IRU �� K
DW ���&� 7KH SUREHV XVHG WR VFUHHQ WKH JHQRPLF OLEUDU\
ZHUH WKUHH GLIIHUHQW IUDJPHQWV RI FXFXPEHU 3&. F'1$
�)LJ� �� .LP DQG 6PLWK� ����� WKDW ZHUH SUHSDUHG IURP
S%53&.��$ E\ UHVWULFWLRQ�HQ]\PH WUHDWPHQWV D������
NE 3VW, IUDJPHQW� D ����NE (FR5,�;KR, IUDJPHQW� DQG D
����NE %DP+, IUDJPHQW �)LJ� �� .LP DQG 6PLWK� ������
7KH F'1$ SUREHV ZHUH DSSOLHG WR GHWHFW WKH UHOHYDQW
SRUWLRQ RI WKH &V3&. JHQH� :DVKLQJ ZDV GRQH ILUVW LQ
�; 66& IRU � PLQ DW ���&� WKHQ WKUHH WLPHV LQ ���;
66& DQG ���� 6'6 IRU �� PLQ HDFK DW ���&� DQG� ILQDOO\�
WZLFH LQ �; 66& IRU �� PLQ DW URRP WHPSHUDWXUH� $
K\EULGL]DWLRQ VLJQDO ZDV GHWHFWHG ZLWK (&/ GLUHFW GHWHF�
WLRQ UHDJHQWV �$PHUVKDP 3KDUPDFLD %LRWHFK�� $IWHU WKH
WKLUG URXQG RI JHQRPLF OLEUDU\ VFUHHQLQJ� WZR SXWDWLYH
FORQHV ZHUH VHOHFWHG DQG QDPHG λFVSFN��$ DQG
λFVSFN���%�

6RXWKHUQ %ORW +\EULGL]DWLRQ

3XULILHG FXFXPEHU JHQRPLF '1$ DQG UHFRPELQDQW
SKDJH '1$ ZHUH GLJHVWHG ZLWK UHVWULFWLRQ HQ]\PHV
�7DNDUD�� VHSDUDWHG RQ D ���� �Z�Y� DJDURVH JHO� DQG
WUDQVIHUUHG RQWR D +\ERQG�+� PHPEUDQH E\ FDSLOODU\
EORWWLQJ �6DPEURRN HW DO�� ������ 7KH EORW ZDV ZDVKHG
LQ �; 66& IRU � PLQ DQG GULHG EULHIO\ RQ � 00 SDSHU
�:KDWPDQ� 86$�� $IWHUZDUG� WKH WUDQVIHUUHG '1$ ZDV
IL[HG RQ WKH PHPEUDQH E\ LOOXPLQDWLRQ IRU �� VHF DW
��� ð ��� µ-�&0�� XVLQJ D 89 FURVV�OLQNHU �893� 86$��
/DEHOLQJ RI WKH '1$ SUREHV ZDV SHUIRUPHG ZLWK WKH
(&/ 'LUHFW 1XFOHLF /DEHOLQJ 6\VWHP �$PHUVKDP 3KDU�
PDFLD %LRWHFK�� 7KH ODEHOHG '1$ ZDV WKHQ DGGHG WR
WKH UHDFWLRQ EXIIHU� DQG K\EULGL]DWLRQ ZDV FDUULHG RXW
IRU �� WR �� K DW ��R&� 7KH PHPEUDQH ZDV ZDVKHG
WKUHH WLPHV DW ��R&� IRU �� PLQ HDFK� XVLQJ �; 66&
FRQWDLQLQJ ���� �Z�Y� 6'6� DQG WZLFH ��� PLQ HDFK�
DW URRP WHPSHUDWXUH ZLWK ���; 66& EHIRUH GHWHFWLRQ�
+\EULGL]HG VLJQDOV ZHUH JHQHUDWHG XVLQJ (&/ GLUHFW

GHWHFWLRQ UHDJHQWV �$PHUVKDP 3KDUPDFLD %LRWHFK��
7KH\ ZHUH WKHQ YLVXDOL]HG E\ SUH�IODVKHG ;�UD\ ILOP
�$*)$�� ZLWK H[SRVXUH UDQJLQJ IURP � PLQ WR RYHUQLJKW�
GHSHQGLQJ RQ WKH VWUHQJWK RI WKH VLJQDO IURP WKH ILUVW
H[SRVXUH�

6XEFORQLQJ DQG 6HTXHQFLQJ RI 3KDJH '1$ &DUU\�
LQJ &V3&.

λFVSFN��$ DQG λFVSFN���% ZHUH SURSDJDWHG RQ 3HWUL
GLVKHV �Φ 1� FP� WR QHDU�FRQIOXHQFH� 7KH SKDJHV ZHUH
WKHQ VXVSHQGHG LQ � PO RI 60 EXIIHU� SUHFLSLWDWHG�
DQG H[WUDFWHG �6DPEURRN HW DO�� ������ 3XULILFDWLRQ ZDV
FDUULHG RXW ZLWK D 4LDJHQ /DPEGD 0LQL .LW �4LDJHQ
*P%+�� 7KH SKDJH '1$ ZDV VXEFORQHG LQWR WKH
SODVPLG YHFWRU S%OXH6FULSW,, 6.� DFFRUGLQJ WR VWDQGDUG
SURFHGXUHV �6DPEURRN HW DO�� ������ 3XULILHG λFVSFN�
�$ DQG λFVSFN���% '1$ ZDV GLJHVWHG ZLWK 6DO,� 6DF,�
DQG 1RW,� WKHQ IUDFWLRQDWHG RQ D ���� DJDURVH JHO DQG
WUDQVIHUUHG WR D +\ERQG�1� PHPEUDQH IRU 6RXWKHUQ
EORW K\EULGL]DWLRQ� 7KH '1$ IUDJPHQW WKDW VKRZHG D
SRVLWLYH VLJQDO ZDV LVRODWHG IURP WKH JHO DQG DJDLQ
VXEFORQHG LQWR S%OXH6FULSW,, 6.� 1XFOHRWLGH VHTXHQF�
LQJ RI WKH '1$ ZDV FRQGXFWHG E\ $%, SULVP �$SSOLHG
%LRVFLHQFH� 86$� DW WKH 0DFURJHQ &R� �.RUHD�� 3ODVPLG
VXEFORQHV WKDW FDUULHG D SDUWLDO &V3&. JHQH ZHUH
VHTXHQFHG YLD SULPHU�ZDONLQJ� XVLQJ D &V3&. JHQH�
VSHFLILF LQWHUQDO SULPHU DQG 7� DQG 7� SULPHUV �VHH WKH
IROORZLQJ VHFWLRQ�� 7KLV VHTXHQFH ZDV JLYHQ WKH DFFHV�
VLRQ QXPEHU $)�������

2OLJRQXFOHRWLGH 3ULPHUV

$OO SULPHUV ZHUH V\QWKHVL]HG E\ WKH %LRQHHU &R�
�.RUHD�� H[FHSW IRU 7� DQG 7�� ZKLFK ZHUH VXSSOLHG E\
WKH 0DFURJHQ &R� 7KH &V3&. JHQH�VSHFLILF SULPHUV
LQFOXGHG� �·�***7*$*7$$7***7$777$7$$*��·
��5���� �·�&&7**$&&$7**77$$*7$$$$&7��· ��5�
��� �·�$*$7**$7*$$$*77**7777$*&��· ��5����
�·�$$*77$&&7&&$$7$77*7$$&&7��· ��5��� IRU WKH
��NE 6DF, IUDJPHQW VXEFORQH� �·�*7$$77&77&77*�
&77*7*$7*&$��· ��5���� �·�*&$77$7&7&$7*&&*�
$7*&*&&$��· ��5���� �·�$*$77*7*$$7$*&$*$�
77&7*&7��· ��)��� IRU WKH ����NE 6DF, IUDJPHQW VXE�
FORQH� �·�$7&&$&$$$7*7&77&7777$$$7**7��· ��)�
��� DQG �·�$&*$*$$$***7&$77&$7$$&*7��· ��5�
�� IRU WKH ����NE 6DF, IUDJPHQW VXEFORQH�

&RPSXWHU $QDO\VLV RI WKH '1$ 6HTXHQFHV

*HQHUDO DQDO\VLV DQG DQ KRPRORJ\ VHDUFK RI WKH
VHTXHQFHG '1$ ZDV FDUULHG RXW E\ %/$67 �$OWVFKXO HW
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DO�� ������ $ FRPSDUDWLYH DQDO\VLV ZDV SHUIRUPHG DW WKH
IROORZLQJ ZHE VLWHV� 1&%, �KWWS���ZZZ�QFEL�QOP�QLK�
JRY�%/$67��� &060%5 �KWWS���UHVWRROV�VGVF�HGX�FPVKS�
KWPO�� DQG 8. +*03 5HVRXUFH &HQWUH �KWWS���ZZZ�
KJPS�PUF�DF�XN�� ,Q DGGLWLRQ� WKH 75(6 �KWWS���ELRSRU�
WDO� ELF�QXV�HGX�VJ�WUHV�� FRPSDUDWLYH SURPRWHU DQDO\VLV
SURJUDP� 75$16)$& �KWWS���WUDQVIDF�JEI�GH�75$16)$&��
HXNDU\RWLF SURPRWHU GDWDEDVH� 3ODQW&$5( �KWWS���REHURQ�
UXJ�DF�EH������3ODQW&$5(�LQGH[�KWPO� SODQW SURPRWHU
GDWDEDVH� &060%5� DQG &LVWHU �KWWS���]DOE�EX�HGX� ZHUH
XVHG WR ORFDWH FLV�DFWLQJ HOHPHQWV LQ WKH SURPRWHU
VHTXHQFHV�

5(68/76

,VRODWLRQ RI &XFXPEHU &V3&. *HQRPLF &ORQHV

,Q WKH ILUVW URXQG RI VFUHHQLQJ� WKH �· HQG RI WKH
�����NE 3VW, IUDJPHQW �FRQWDLQLQJ D �· 875 ZLWK DQ

25) IRU WKH �� DPLQR�DFLG SRUWLRQ RI WKH 1�WHUPLQDO�
ZDV K\EULGL]HG WR PHPEUDQH�ERXQG SKDJH '1$� 7KH
ILUVW SUREH SURGXFHG �� SRVLWLYH VLJQDOV IURP DERXW � ð
��� SIX� $IWHU GH�SURELQJ IURP WKH PHPEUDQH� D VHFRQG
SUREH ���� NE RI WKH (FR5,�;KR, IUDJPHQW� )LJ� ��� ZKLFK
VSDQQHG EHWZHHQ WKH �· HQG DQG WKH PLGGOH RI WKH
3&. F'1$� ZDV K\EULGL]HG WR WKH VDPH PHPEUDQH�
7KLV VHFRQG SUREH SURGXFHG �� SRVLWLYH VLJQDOV� IRU D
WRWDO RI HLJKW SRVLWLYH VLJQDOV WKDW RYHUODSSHG IURP WKH
WZR K\EULGL]DWLRQ UHDFWLRQV� 7KHVH GRXEOH�K\EULGL]HG
SRVLWLYH SODTXHV ZHUH XVHG IRU VHFRQG� DQG WKLUG�URXQG
VFUHHQLQJV RI WKH OLEUDU\� $IWHU WKH WKLUG URXQG� WZR
SXWDWLYH FORQHV �L�H�� λFVSFN��$ DQG λFVSFN���%� ZHUH
FKRVHQ IRU IXUWKHU DQDO\VHV�
%DVHG RQ UHVWULFWLRQ PDSSLQJ DQG 6RXWKHUQ EORW

DQDO\VLV �)LJ� ��� ZH KDG H[SHFWHG D �����NE LQVHUW '1$�
FRQWDLQLQJ λFVSFN��$� WR HQFRPSDVV WKH HQWLUH 3&.
JHQH� ,QVWHDG� RXU UHVWULFWLRQ HQ]\PH 6DF, SURGXFHG
WKUHH IUDJPHQWV ����NE� ����NE� DQG ����NE �� RI LQVHUW
'1$ IURP λFVSFN��$ �)LJ� �$�� 0RUHRYHU� DSSO\LQJ WKH
6DF, HQ]\PH WR λFVSFN���% SURGXFHG ����NE� ����NE�
DQG ����NE LQVHUWV� ZLWKRXW WKH ��NE IUDJPHQW IRXQG
ZLWK λFVSFN��$� )XUWKHUPRUH� WKH 6DF,�GLJHVWHG λFVSFN�
��% '1$ GLG QRW VKRZ DQ\ K\EULGL]DWLRQ VLJQDO IURP
WKH ILUVW SUREH ����� NE 3VW, F'1$�� :H ODWHU GHWHU�
PLQHG WKDW λFVSFN���% FRQWDLQHG RQO\ D WUXQFDWHG�
LQFRPSOHWH &V3&. JHQH �)LJ� ��� 1HYHUWKHOHVV� LWV '1$
IUDJPHQWV ZHUH XVHG LQ VXEFORQLQJ DQG SDUWLDO VHTXHQF�
LQJ� DQG WKH SODVPLG VXEFORQHV VKRZHG FRPSOHWH
LGHQWLW\ ZLWK WKH λFVSFN��$ LQWHUQDO VHTXHQFHV IURP
WKH �· HQG RI WKH VHFRQG LQWURQ� 7KHUHIRUH� ZH EHOLHYH
WKDW λFVSFN��$ FDUULHV WKH FRPSOHWH FXFXPEHU &V3&.
'1$ VHTXHQFH�

&RS\ 1XPEHU RI WKH &V3&. *HQH LQ &XFXPEHU

6RXWKHUQ EORW DQDO\VLV UHYHDOHG VLPSOH SDWWHUQV RI
K\EULGL]DWLRQ VLJQDOV� ZLWK D IHZ PLQRU EDQGV LQ WKH
.RUHDQ FXFXPEHU FXOWLYDU �)LJ� ��� 6HOHFWHG λFVSFN
FORQHV DOVR PDQLIHVWHG XQLTXH UHVWULFWLRQ SDWWHUQV �GDWD
QRW VKRZQ�� 3DUWLDO VHTXHQFLQJ RI WKH VXEFORQHV DOVR
VKRZHG FRPSOHWH KRPRORJ\ ZLWK λFVSFN��$ '1$� 7KH
QXPEHU RI UHVWULFWLRQ HQ]\PH UHFRJQLWLRQ VHTXHQFHV
RI WKH &V3&. JHQH HQWLUHO\ DJUHHG ZLWK WKH QXPEHU RI
EDQGV IRXQG ZLWK RXU 6RXWKHUQ EORWV� 7KH IXOO &V3&.
JHQH VHTXHQFHV ZHUH HQWHUHG LQWR 0%6 6HT&877(5
�KWWS���ZZZ�PEVKRUWFXWV�FRP� WR LGHQWLI\ NQRZQ UHVWULF�
WLRQ HQ]\PH UHFRJQLWLRQ SRVLWLRQV� +HUH� ZH IRXQG ILYH
(FR5, VLWHV �DW ����� ����� ����� ����� DQG ���� ES
IURP WKH �· HQG�� WZR HDFK IRU %DP+, ����� DQG ����
ES� DQG +LQG,,, ����� DQG ���� ES�� EXW QRQH IRU
;ED,� :H KDG SUHYLRXVO\ VXJJHVWHG WKDW WKH FXFXPEHU

)LJXUH �� 5HVWULFWLRQ HQ]\PH GLJHVWLRQ DQG 6RXWKHUQ EORW
DQDO\VLV IRU sFVSFN��$ FORQH WR H[DPLQH UHVWULFWLRQ SDWWHUQ
DQG GHWHUPLQH DSSURSULDWH VXEFORQLQJ SURFHGXUH� 3KDJH
'1$ ZDV SXULILHG DQG GLJHVWHG E\ /DPEGD )L[ ,, YHFWRU
XQLTXH UHVWULFWLRQ HQ]\PHV �6DF� 6DF,� 6DO� 6DO, DQG 1RW�
1RW,�� '1$ ZDV VL]H�IUDFWLRQDWHG RQ D ���� DJDURVH JHO �$��
WKHQ 6RXWKHUQ�EORWWHG RQWR D +\ERQG�1� PHPEUDQH IRU
K\EULGL]DWLRQ E\ WKUHH GLIIHUHQW UDQJHV RI 3&. F'1$ SUREHV�
DV LQ JHQRPLF OLEUDU\ VFUHHQLQJ� 7KUHH VHWV RI EORWV ZHUH
K\EULGL]HG LQ VHSDUDWH UHDFWLRQV� XVLQJ ���� NE RI ODEHOHG
3VW,�GLJHVWHG F'1$ IUDJPHQWV �%�� ��� NE RI (FR5,�;KR,�
GLJHVWHG F'1$ IUDJPHQWV �&�� DQG ��� NE RI %DP+,�GLJHVWHG
F'1$ IUDJPHQWV �'� DV SUREHV� 1R 1RW,�GLJHVWHG '1$ ZDV
LQFOXGHG LQ %ORW �'� VLQFH D ZHOO ZDV QRW DYDLODEOH RQ WKH
DJDURVH JHO� 0� ��NE '1$ ODGGHU �*LEFR�%5/�� 81� XQGL�
JHVWHG '1$� 7KUHH VL]HG DUURZV UHSUHVHQW UHOHYDQW '1$
IUDJPHQWV ZLWK FRUUHVSRQGLQJ VLJQDOV� ZKLFK ZHUH K\EULG�
L]HG E\ GHVLJQDWHG F'1$ SUREHV�
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JHQRPH KDV D VLQJOH FRS\ RI WKH &V3&. JHQH �.LP DQG
6PLWK� ������ D VWDWHPHQW WKDW ZDV FRQILUPHG LQ RXU
DQDO\VHV LQ WKH FXUUHQW VWXG\� 7KH ULFH JHQRPH�VHTXHQF�
LQJ SURMHFW KDV DOVR GHPRQVWUDWHG WKDW D VLQJOH FRS\ RI
WKH 3&. JHQH H[LVWV RQ &KURPRVRPH �� RI WKDW VSHFLHV�
7KLV SKHQRPHQRQ PD\ UHIOHFW D VLPLODU PROHFXODU
VWUXFWXUH EHWZHHQ WKH WZR SODQW V\VWHPV� 0RUHRYHU�
UHJXODWLRQ RI WKHLU &V3&. JHQH H[SUHVVLRQ PD\ EH DOLNH
GXULQJ GHYHORSPHQW�

6HTXHQFH DQG 2UJDQL]DWLRQ RI WKH &V3&. *HQH LQ
&XFXPEHU

:H VHOHFWHG WKH λFVSFN��$ FORQH IRU IXUWKHU DQDO\VLV
RI WKH FRPSOHWH JHQRPLF VHTXHQFH RI WKH &V3&.
JHQH� 8QLTXH UHVWULFWLRQ HQ]\PHV �6DF,� 6DO, DQG 1RW,�
ILUVW ZHUH DSSOLHG WR SXULILHG λFVSFN��$ '1$ WR FXW
RXW WKH LQVHUWV DQG PHDVXUH WKH LQVHUW JHQRPLF '1$�
6L]H IUDFWLRQDWLRQ RI WKH HQ]\PH GLJHVWV RQ WKH DJDURVH
JHO VKRZHG UHODWLYHO\ VLPSOH EDQG SDWWHUQV� ZLWK WKH
WRWDO OHQJWK RI WKH LQVHUW '1$ HVWLPDWHG DW DERXW ����
NE �)LJ� �$�� 7KH IUDFWLRQDWHG '1$ ZDV WKHQ 6RXWK�
HUQ�EORWWHG RQWR D +\ERQG�1� PHPEUDQH IRU K\EULG�
L]DWLRQ ZLWK D UDQJH RI 3&. F'1$ SUREHV �)LJ� �%� &�
DQG '�� 6WURQJ VLJQDOV ZHUH UHYHDOHG DW � NE � � NE
IURP 6DF,� DQG DW �� NE IURP 6DO,� XVLQJ WKH �·�HQG
F'1$ SUREH ����� NE RI WKH 3VW, IUDJPHQW� )LJ� �%��
7KH 1RW,�GLJHVWHG '1$ SURGXFHG D VWURQJ VLJQDO DW �
NE� D ZHDN RQH� DW � NE� 7KLV LQGLFDWHG WKDW λFVSFN��$
FRQWDLQV WKH �· HQG RI WKH FRGLQJ UHJLRQ IRU 3(3&. DQG�
PRVW OLNHO\� D �· IODQNLQJ UHJLRQ IRU WKH &V3&. JHQH
�)LJ� �%��

$ VHFRQG K\EULGL]DWLRQ ZLWK D ORQJHU SUREH ���� NE
RI WKH (FR5,�;KR, IUDJPHQW� UHVXOWHG LQ VWURQJHU VLJQDOV�
DV ZHOO DV DGGLWLRQDO VLJQDOV IURP HDFK UHVWULFWLRQ
HQ]\PH� 7KHUHIRUH� ZH EHOLHYH WKDW WKH VXSSOHPHQ�
WDU\ ��� NE RQ 6DF,� ��� NE RQ 6DO,� DQG WKH ��� NE �
��� NE RQ WKH 1RW, IUDJPHQWV VKRXOG FRQWDLQ WKH PLG�
GOH VHFWLRQ RI WKH &V3&. JHQH �)LJ� �&�� +HUH� WZR
6DF, IUDJPHQWV �� NE DQG � NE� FRUUHVSRQGHG WR WKH
XSVWUHDP UHJLRQ RI WKH SURPRWHU� ,Q DGGLWLRQ� ��� NE
RI WKH 6DF, IUDJPHQW H[SDQGHG WKH LQWHUQDO VHFWLRQ RI
WKH &V3&. JHQH IRU WKH 3(3&. SHSWLGH� IURP WKH
PLGGOH WR WKH &�WHUPLQDO�
7KH WKLUG K\EULGL]DWLRQ� XVLQJ WKH �·�HQG F'1$

SUREH ���� NE RI WKH %DP+, IUDJPHQW� SURGXFHG VLJ�
QDOV DW ��� NE RI 6DF, DQG DW ��� NE RI 6DO,� :H FRQ�
FOXGHG WKDW WKHVH IUDJPHQWV VKRXOG FRQWDLQ D SDUW RI
WKH �· HQG RI WKH &V3&. JHQH IRU WKH &�WHUPLQDO FRG�
LQJ UHJLRQ RI 3(3&. �)LJ� �'�� %DVHG RQ WKLV� ZH VXE�
FORQHG WKUHH K\EULGL]HG 6DF, IUDJPHQWV ���� NE� ���
NE� DQG ��� NE� LQWR EDFWHULDO SODVPLG YHFWRU S%OXH�
VFULSW ,, 6.� $IWHU VHTXHQFH DOLJQPHQW� ZH REWDLQHG
���� ES RI WKH JHQRPLF '1$ VHTXHQFH DQG GLUHFWO\
FRPSDUHG LW ZLWK WKH FXFXPEHU 3&. F'1$ VHTXHQFH
�$FFHVVLRQ QR� /������� 7KH JHQRPLF FORQH λFVSFN��$
FRQWDLQHG WKH FRPSOHWH FXFXPEHU &V3&. JHQH�
LQFOXGLQJ WKH �· HQG RI WKH IODQNLQJ UHJLRQ SOXV D �·
875 �)LJ� ���
([RQ�LQWURQ MXQFWLRQV ZHUH DOVR GHWHUPLQHG VR WKDW

D SUHFLVH PROHFXODU VWUXFWXUH IRU WKH &V3&. JHQH FRXOG
EH FRQILUPHG E\ *(16&$1:� KWWS���JHQHV�PLW�HGX
�)LJ� � DQG 7DEOH ��� 7KLV JHQH FRPSULVHG �� H[RQV DQG
�� LQWURQV� DOWKRXJK WKH ILUVW H[RQ FRQWDLQHG RQO\ ��

)LJXUH �� *HQRPLF RUJDQL]DWLRQ RI WKH &V3&. JHQH LQ FXFXPEHU� 6FKHPDWLF UHSUHVHQWDWLRQ RI SK\VLFDO PDS IURP RYHUODSSLQJ
JHQRPLF ODPEGD FORQHV FVSFN���% DQG FVSFN��$ ZLWK 6DF, DQG 6DO, UHFRJQLWLRQ VLWHV� DFFRUGLQJ WR WKH 6RXWKHUQ K\EULGL]DWLRQ LQ
)LJ� �� 7KLFN� VWUDLJKW OLQHV LQGLFDWH H[WHQVLRQ RI WKH FXFXPEHU JHQRPLF '1$ DURXQG &V3&. JHQH� $UURZV ZLWK WKLFN GDVKHG
OLQHV VKRZ GLUHFWLRQ RI '1$ VHTXHQFLQJ IRU VXEFORQHG JHQRPLF '1$ IUDJPHQWV� ([RQV DUH LQGLFDWHG E\ WKLQ EURNHQ OLQHV� 7KH
S%53&.��$ LV D FXFXPEHU 3&. F'1$ �.LP DQG 6PLWK� ����� XVHG IRU SUREH SUHSDUDWLRQ� 5HYHUVH WULDQJOHV UHSUHVHQW FORQLQJ
VLWH LQ WKH /DPEGD )L[ ,, YHFWRU �6WUDWDJHQH�� ZKLFK FRQWDLQHG XQLTXH 1RW,� 6DF, DQG 6DO, VLWHV�
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ES RI �· 875� 7KH 875 ZDV HVWLPDWHG WR EH DSSUR[L�
PDWHO\ DW WKH WUDQVFULSWLRQDO VWDUW VLWH IURP F'1$�
PRVW OLNHO\ EHLQJ ORQJHU WKDQ �� ES RI WKH QRQ�FRGLQJ
ILUVW H[RQ� $ VLPLODU VWUXFWXUH IRU D QRQ�FRGLQJ ([RQ �
ZDV VHHQ LQ WKH $UDELGRSVLV $WJ� 3&. JHQH� ZKLFK
FRQWDLQHG ��� ES RI WKH �· 875 VHTXHQFH �)LJ� ��� ,Q
DGGLWLRQ� WKH $UDELGRSVLV $WJ� 3&. JHQH SRVVLEO\ KDG
D QRQ�FRGLQJ ([RQ �� DV LQ FXFXPEHU� EHFDXVH
*(1(6$&1: SUHGLFWHG �� ES RI D QRQ�FRGLQJ H[RQ
LQ WKDW UHJLRQ �GDWD QRW VKRZQ�� 7KH �· 875 UHJLRQ
ZDV GHILQHG DV EHLQJ GRZQVWUHDP RI WKH SRO\DGHQ\OD�
WLRQ VLWHV IURP WKH 3&. F'1$�
:H FRPSDUHG WKH PROHFXODU RUJDQL]DWLRQ RI WKH

&V3&. JHQH ZLWK IRXU RWKHU 3&. JHQHV IURP WZR RWKHU
SODQW VSHFLHV �� RQH IURP ULFH DQG WKUHH IURP $UDEL�
GRSVLV �)LJ� ��� 7KH RYHUDOO H[RQ RUJDQL]DWLRQ RI WKH
&V3&. JHQH ZDV YHU\ VLPLODU WR $WJ� DQG WKH ULFH 3&.
JHQH� H[FHSW IRU WKH EHJLQQLQJ WKUHH H[RQV IRU WKH 1�
WHUPLQDO SRUWLRQ RI 3(3&.� $OWKRXJK WKH OHQJWK RI WKH
IROORZLQJ H[RQV ZDV DOPRVW LGHQWLFDO LQ DOO WKUHH VSHFLHV�
WZR $UDELGRSVLV $WJ� 3&. JHQHV FRQWDLQHG WZR ORQJHU
H[RQV� GXH WR D UHGXFWLRQ LQ WKHLU LQWURQV� +RZHYHU�
WKLV GLG QRW VLJQLILFDQWO\ FKDQJH WKH OHQJWK RI WKH 3(3&.

SHSWLGH� 7KH VFDOH RI WKH LQWURQV DOVR GLIIHUHG VRPHZKDW
DPRQJ DOO IRXU 3&. JHQHV� &XFXPEHU KDV UHODWLYHO\ ORQJHU
LQWURQ VHTXHQFHV� WKH ORQJHVW EHLQJ ,QWURQ �� DW ��� NE
�)LJ� ��� ,Q DGGLWLRQ� DQ H[DPLQDWLRQ UHYHDOHG WKDW WKH
H[RQ�LQWURQ ERXQGDULHV IRU WKH &V3&. JHQH $* �DFFHS�
WRU�VLWH� DQG *7 �GRQRU�VLWH� SRVLWLRQV ZHUH FRQVHUYHG
H[FHSW IRU WKH VHYHQWK LQWURQ� ZKLFK UHSODFHG WKH
GRQRU�VLWH VLJQDO ZLWK *& �7DEOH ��� $OWKRXJK ZH ILUVW
FRQVLGHUHG WKLV WR EH D VHTXHQFLQJ HUURU� UHSHDWHG
VHTXHQFLQJ DQG DOLJQPHQW FRQILUPHG WKDW WKH VLQJOH
VLJQDO QXFOHRWLGH ZDV UHSODFHG�
7KH SULPDU\ VWUXFWXUH RI WKH &� SODQW 3(3&. VKRZHG

KLJK YDULDELOLW\ ZLWKLQ WKH ��� DPLQR�DFLG 1�WHUPLQDO
UHJLRQ RI WKH SHSWLGH VHTXHQFHV� 7KHVH YDULDWLRQV
EHWZHHQ FXFXPEHU DQG ULFH DURVH IURP ([RQV � DQG
� LQ WKHLU FRUUHVSRQGLQJ JHQHV� &XFXPEHU DQG ULFH
3(3&.V FRQVLVWHG RI ��� DPLQR DFLGV �3URWHLQ ,G�
3������ DQG ��� DPLQR DFLGV �3URWHLQ ,G� $$0�������
UHVSHFWLYHO\� 7KH FXFXPEHU 3(3&. VKDUHG ��� VHTXHQFH
KRPRORJ\ ZLWK WKDW RI ULFH HYHQ WKRXJK WKH IRUPHU
FRQWDLQHG D ORQJHU 1�WHUPLQDO SRUWLRQ �L�H�� �� DPLQR
DFLGV�� 7KH RYHUDOO SULPDU\ VWUXFWXUH RI WKH FXFXPEHU
3(3&. SHSWLGH DOVR VKRZHG WKH VDPH OHYHO RI KRPRORJ\

7DEOH �� ([RQ�LQWURQ VWXUFWXUHV DQG ERXQGDULHV RI WKH &V3&. JHQH� &DSLWDO OHWWHUV DUH LQWURQ VHTXHQFHV DQG ORZHU FDVH OHWWHUV
DUH H[RQ ZLWK FRGLQJ DPLQR DFLGV XQGHU WKH '1$ VHTXHQFHV�

([RQ VL]H
�ES�

�· $FFHSWRU VLWH
VHTXHQFH

([RQ
VHTXHQFH

�· 'RQRU VLWH
VHTXHQFH

1 (23) CAACTTCTCTTCctcttatccatcacaaatctccg GTACCCACCTAC

 2 (302) GTGTTGCAGaggatacaaaaaatg………tatctcaatcag GTATGTATATCC
    M    I    S  I  S

 3 (182) GAAACGTGGC AGtgcttcattggc………cctctcccgccg GTAAGAACTGTC
 A  S  L  A      S  P  A  E

 4 (154) GGAAAACGAC AGagctttacgagc………ttggtggggcaa GTAAGAACATCC
  L Y  E  Q    W  W  G K

5 (85) TTTGTGTTGT AGgggatcacctaa………tcccttgataag GTAAAAAAATAT
 G   S   P   N    S  L  D  K

 6 (101) CTTTTTTTCC AGgtatttgtgaat…….catgcacaacat GTATGCAAGATA
V  F  V  N      M  H  N  M

 7 (299) TTTTGATGGC AGgtgcattcgacc………ttggattatcag GCATGTCCTATT
C  I  R  P       G  L  S  G

 8 (174) ATGTTTCTAT AGgtactgggaaga………agttcgggactg GTAACCTCCAAA
 T  G  K  T F  G  T  V

 9 (66) TTTTGGCTGC AGttcttgagaatg………aatccgttacag GTATTAATTAGA
  L  E  N  V S  V  T  E

10 (179) CTGTCGATAC AGagaacactcgag………tacactgctttg GTATTATTTACT
N  T  R  A Y  T  A  L

11 (170) TTGCAAAATC AGgtggctggaact………gtcaggaggaag GTACAACATAAC
V  A  G  T  S  G  G  S

12 (169) ACTCTTCTGC AGctatggaagtgg………ccaataaacacg GTTAGTTTGATT
 Y  G  S  G P  I  N  T

13 (144) TTTGAACCAC AGtggtcagacaaa………cctaccttgtaaTAAAATGGTTAA
W S  D  K P  T  L  *
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����� ZLWK DQ $WJ� 3&.�HQFRGHG 3(3&. RI ��� DPLQR
DFLGV �3URWHLQ ,G� &$%������ KWWS���UDUJH�JVF�ULNHQ�JR�MS��
$UDELGRSVLV 3(3&. FDQ EH VHSDUDWHG LQWR WZR FODVVHV

DFFRUGLQJ WR SHSWLGH OHQJWK DQG VHTXHQFH YDULDWLRQ LQ
WKH 1�WHUPLQDO H[WHQVLRQ� 7KH ILUVW FODVV LV D ODUJHU
FXFXPEHU W\SH ���� DPLQR DFLGV� 3URWHLQ ,G�
$W�J������� WKH VHFRQG� D VPDOOHU W\SH KDYLQJ ���
DPLQR DFLGV �3URWHLQ ,G� &$$������� 7KHVH GLIIHU IURP
WKRVH IRXQG ZLWK &� 8URFKORD SDQLFRLGHV DQG =HD
PD\V �.LP DQG 6PLWK� ����� )LQQHJDQ DQG %XUQHOO�
����� )LQQHJDQ HW DO�� ����� )XUXPRWR HW DO�� ������
,QWHUHVWLQJO\� WZR $UDELGRSVLV 3(3&.V ZHUH OLQNHG LQ D
FKURPRVRPH �$WJ��� DQG WKH LQWURQ�H[RQ VWUXFWXUHV RI

WKH WZR 3&. JHQHV ZHUH DOPRVW LGHQWLFDO� H[FHSW IRU
WKUHH ORQJHU H[RQV �QXPEHUV �� � DQG �� DQG WZR VKRUWHU
LQWURQV �QXPEHUV � DQG �� LQ WKH ��� DPLQR DFLG�
HQFRGLQJ 3&. JHQH �)LJ� ��� 0RUHRYHU� WZR GLIIHUHQW
FODVVHV RI WKH 3(3&. SHSWLGH IURP $WJ� 3&. JHQHV
VKDUHG ��� KRPRORJ\� 7KHLU �� GLYHUVLW\ DURVH IURP
WKH PLVVLQJ �� DPLQR DFLGV ���a���� LQ WKH 1�WHUPLQDO
UHJLRQ� ZLWK IRXU DPLQR DFLGV DOVR EHLQJ DEVHQW LQ WKH
&�WHUPLQDO UHJLRQ� &RPSDUHG ZLWK FXFXPEHU� WZR $UD�
ELGRSVLV $WJ� 3(3&. SHSWLGHV VKRZHG OHVV KRPRORJ\
��� DQG ���� WR ��� DPLQR�DFLG $WJ� 3(3&. DQG
��� DPLQR�DFLG $WJ� 3(3&.� UHVSHFWLYHO\� 1RQH RI
WKH &� VSHFLHV FRQWDLQHG VXFK DQ H[WHQGHG 1�WHUPL�
QDO VHTXHQFH LQ WKH 3(3&. SHSWLGH� SRVVLEO\ D UHIOHF�
WLRQ RQ WKH UHJXODWLRQ RI 3(3&. HQ]\PH DFWLYLW\
EHWZHHQ &� DQG &� SODQWV� 7KHUHIRUH� WKLV 1�WHUPLQDO
H[WHQVLRQ PD\ EH QHFHVVDU\ IRU WKH UHJXODWLRQ RI WKH
3(3&. HQ]\PH LQ &� VSHFLHV� +RZHYHU� WKH JHQHWLF
DQG HQ]\PDWLF FRQWURO RI WKLV HQ]\PH VKRXOG EH IXU�
WKHU H[DPLQHG LQ ERWK W\SHV RI SODQWV�

&RQVHUYHG 3ODQW�6SHFLILF &LV�$FWLQJ (OHPHQWV LQ
WKH &V3&. *HQH

,QLWLDOO\� ZH FRPSDUHG � NE RI WKH &V3&. SURPRWHU
VHTXHQFHV ZLWK RWKHUV SUHVHQW LQ WKH HXNDU\RWLF SUR�
PRWHU GDWDEDVHV �(3'� IURP1&%, �$OWVFKXO HW DO�� ������
,Q WKH VHFRQG VWDJH� ZH DGRSWHG WKH ZHE�VXSSRUWLQJ
75(6 FRPSDUDWLYH SURPRWHU DQDO\VLV SURJUDP� 75$16�
)$& HXNDU\RWLF SURPRWHU GDWDEDVHV� DQG 3ODQW&$5(
SODQW SURPRWHU GDWDEDVHV� &V3&.� LFO� DQGPV SURPRWHU
VHTXHQFHV ZHUH WKHQ H[DPLQHG WR LGHQWLI\ FRPPRQ
FRQVHUYHG FLV�DFWLQJ HOHPHQWV� 7KH ILUVW 7$7$ VLJQDO
��·�7$7$$$7� ZDV VHHQ �� ES XSVWUHDP �RU −��� ES
IURP WKH WUDQVODWLRQ LQLWLDWLRQ SRLQW� IURP WKH UHODWLYH
WUDQVFULSWLRQ LQLWLDWLRQ VLWH �)LJ� ��� 7KDW VLWH ZDV GHGXFHG
IURP FXFXPEHU 3&. F'1$ �.LP DQG 6PLWK� ������ 7ZR
FRQVHUYHG &$$7 ER[HV ZHUH IRXQG �� ES �−��� ES�
IURP WKH �· 7$7$ ER[� DQG �� ES GRZQVWUHDP �−���
ES� IURP WKH �· 7$7$ ER[� +RZHYHU� D &$$7 ER[ XVX�
DOO\ ZDV ORFDWHG DERXW �� QXFOHRWLGHV IURP WKH 7$7$
ER[� $Q $7�ULFK SDOLQGURPH VHTXHQFH VKRZHG ���
KRPRORJ\ IURP −���� ES WR −���� ES LQ WKH IRUZDUG
DQG UHYHUVH GLUHFWLRQV �)LJV� � DQG �$�� 0RUHRYHU� D
SDLU RI LQYHUWHG UHSHDW VHTXHQFHV ���� KRPRORJ\�
ZHUH SRVLWLRQHG EHWZHHQ −���� ESa−���� ES DQG �
��� ESa−��� ES �)LJ� �%�� :H EHOLHYH WKHVH SDOLQ�
GURPH DQG LQYHUWHG VHTXHQFHV PD\ IXQFWLRQ LQ WKH
FRQWURO RI &V3&. JHQH H[SUHVVLRQ� HLWKHU DV UHFRJQLWLRQ
VHTXHQFHV IRU WUDQV�DFWLQJ IDFWRUV RU LQ WKH IRUPDWLRQ
RI VHFRQGDU\ VWUXFWXUHV�
:H LGHQWLILHG YDULRXV WUDQVFULSWLRQ IDFWRUV IRU ELQGLQJ

)LJXUH �� 6RXWKHUQ EORW K\EULGL]DWLRQ RI FXFXPEHU JHQRPLF
'1$ E\ IXOO�OHQJWK 3&. F'1$ SUREH� �� µJ RI JHQRPLF
'1$ ZDV XVHG LQ HDFK ODQH� &XFXPEHU OHDI '1$ ZDV FRP�
SOHWHO\ GLJHVWHG ZLWK %DP+, �%�� (FR5, �(�� +LQG,,, �+� DQG
;ED, �;�� WKHQ IUDFWLRQDWHG RQ D ���� DJDURVH JHO DQG WUDQV�
IHUUHG WR D +\ERQG�1� PHPEUDQH XVLQJ ��; VRGLXP VDOLQH
FLWUDWH �66&�� +\EULGL]DWLRQ ZDV FDUULHG RXW XVLQJ (&/ ����
NE RI GLUHFW�ODEHOHG 3&. F'1$ IRU�� KU LQ (&/�JROG EXIIHU
�$PHUVKDP 3KDUPDFLD %LRWHFK�� WKHQ ZDVKHG DW ORZ VWULQ�
JHQF\ >��� [ 66& �S+ ����� ���� 6'6 ZLWKRXW XUHD� DW ��R&@�
$IWHU D ILQDO ZDVK LQ � [ 66&� WKH K\EULGL]HG VLJQDO ZDV JHQ�
HUDWHG E\ (&/ GLUHFW GHWHFWLRQ UHDJHQWV� 7KH PHPEUDQH ZDV
H[SRVHG RYHUQLJKW WR SUH�IODVKHG ;�UD\ ILOP �$*)$��
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SODQW�XQLTXH FLV�DFWLQJ HOHPHQWV ZLWKLQ � NE RI WKH &V3&.�
LFO� DQG PV SURPRWHUV �7DEOH ��� 7KH *$7$�PRWLI �DV LWV
DQWL�VHQVH VHTXHQFH� IRU WKH VXJDU UHSUHVVLRQ�UHVSRQVLEOH
ULFH DOSKD�DP\ODVH JHQH �5DP\�'��VSHFLILF FLV�DFWLQJ
HOHPHQWV ZDV GHWHFWHG � ES GRZQVWUHDP IURP WKH
UHODWLYH WUDQVFULSWLRQ LQLWLDWLRQ VLWH �−��� ES�� ZKLFK
ZDV VLPLODUO\ VLWXDWHG IURP WKH UHODWLYH WUDQVODWLRQ LQL�

WLDWLRQ VLWH �)LJ� ��� 7KLV PRWLI KDV EHHQ ORFDWHG LQ WKH
ILUVW H[RQ ZLWK DQ ,�%R[ ��·�*$7$$*� RQ D FRPSOH�
PHQWDU\ VHTXHQFH �−��� ESa−��� ES�� XVLQJ DQ
RYHUODSSLQJ PRGH �'RQDOG DQG &DVKPRUH� ����� 5RVH
HW DO�� ������ )XUWKHUPRUH� D SODQW SURPRWHU XQLTXH
WR WKH 'RI WUDQVFULSWLRQ IDFWRU WKDW ELQGV WKUHH S\ULPL�
GLQH ER[HV ��·�&&7777� KDV EHHQ UHSRUWHG DW −���

)LJXUH �� 0ROHFXODU VWUXFWXUH RI 3&. JHQHV IURP FXFXPEHU �&V3&.�� ULFH� DQG $UDELGRSVLV �$WJ� DQG $WJ��� ([FHSW IRU FXFXP�
EHU� IRXU SODQW 3&. JHQH VHTXHQFHV ZHUH REWDLQHG IURP 1&%,� $FFHVVLRQ QXPEHUV LQFOXGH $/������ IRU $WJ� 3&. JHQH
�&KURPRVRPH ��� $/������ DQG 13B������ IRU OLQNHG $WJ� 3&. JHQHV �&KURPRVRPH �� IURP $UDELGRSVLV� DQG $&������
IRU WKH ULFH 3&. JHQH RQ &KURPRVRPH ��� 'LVWDQFHV VKRZQ DUH LQ EDVH SDLUV� 1XPEHUV LQ SDUHQWKHVHV ZLWK $WJ� UHSUHVHQW ���
D�D� 3(3&. HQFRGHG WKH FKDQJH LQ OHQJWKV IRU H[RQV DQG LQWURQV RI 3&. JHQH� 3RVLWLRQ RI WUDQVFULSWLRQ VWDUW VLWH �WKLQ� VWUDLJKW
OLQH� ZDV GHGXFHG IURP F'1$ VHTXHQFHV� VR WKH VL]H RI WKH � 875V LV QRW SUHFLVH� 7KH � 875 RI $UDELGRSVLV DOVR LV QRW SUHFLVH�
EXW WKH FRGLQJ VHTXHQFHV LQ WKH ODVW H[RQV DUH HTXDO ���� ES� IRU DOO ILYH 3&. JHQHV� %ODFN ER[HV LQGLFDWH H[RQV DQG QXPEHUV
UHIHU WR OHQJWK �LQ QXFOHRWLGHV� IRU ERWK H[RQV DQG LQWURQV� /HQJWK\ LQWURQV ZHUH LQWHUUXSWHG E\ EURNHQ OLQHV IRU DOLJQPHQW LQ
FXFXPEHU DQG ULFH�
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ES� −��� ES� DQG −��� ES �0HQD HW DO�� ������ 0RVW
OLNHO\� RQH RI WKRVH ER[HV LV SDUWLDOO\ UHVSRQVLEOH IRU VXJDU
UHSUHVVLRQ XQGHU WKH FRQWURO RI WKH &V3&. JHQH DV ZHOO
DV WKH ULFH 5$0< JHQH �0RULWD HW DO�� ������
*HQHUDO VXFURVH�LQGXFLEOH 685( HOHPHQWV DUH ZHOO

FRQVHUYHG LQ RYHUODSSLQJ UHJLRQV� DW −��� ES IRU 685(��
DQG DW −��� ES DQG −��� ES IRU 685(� �*ULHUVRQ HW DO��
������ +HUH� ZH LGHQWLILHG IRXU DGGLWLRQDO 685(� HOH�
PHQWV ZLWKLQ WKH ��NE �· IODQNLQJ UHJLRQ �L�H�� DW −���
ES� −��� ES� −��� ES� DQG −��� ES� RI WKH &V3&.
SURPRWHU �)LJ� ��� 7KH 685(� HOHPHQW ZDV DOVR FRQ�
VHUYHG LQ ERWK WKH LFO DQG WKH PV SURPRWHUV� ZKHUHDV
685(� VHTXHQFHV ZHUH VHHQ RQO\ LQ WKH PV DQG
&V3&. SURPRWHUV �7DEOH ��� /LJKW DFWLYDWLRQ DQG FDO�
FLXP�FDOPRGXOLQ VWLPXODWLRQ FDQ UHVXOW LQ WZR *7��
ELQGLQJ ER[HV ��·�**77$$� EHLQJ VDQGZLFKHG EHWZHHQ
WZR S\ULPLGLQH ER[HV� IURP −��� ES RQ WKH FRGLQJ
VWUDQG DQG IURP ���� ES RQ WKH FRPSOHPHQWDU\ VWUDQG
�/DP DQG &KXD� ����� *RXUULHUHF HW DO�� ����� =KRX�
������ 7KHVH *7�� FRUH HOHPHQWV DUH SRVVLEO\ LQYROYHG
LQ WKH H[SUHVVLRQ RI ERWK &V3&. DQG PV GXULQJ
FXFXPEHU GHYHORSPHQW� DV VKRZQ E\ WKH WUDQVFULSWLRQ
RI PXOWLSOH JHQHV LQ YDULRXV RUJDQV �(\DO HW DO�� �����
%XFKHO HW DO�� ����� /RSHV &DUGRVR HW DO�� ������
7RJHWKHU ZLWK D ,�ER[� HLJKW *7�� ER[HV ZHUH IRXQG LQ
WKDXPDWLQ�OLNH JHQH �0G7/�� SURPRWHU LQ DSSOH �.LP
HW DO�� ������ 7KHUHIRUH� LW FDQ EH DVVXPHG WKDW WKHVH
HOHPHQWV LQ PDQ\ SODQW SURPRWHUV DUH UHVSRQVLEOH IRU
OLJKW� RU FDUERK\GUDWH�UHVSRQVLYH H[SUHVVLRQ RI WKH
UHODWHG JHQHV�
7KH UHFRJQLWLRQ PRWLI ��·�&$$&$� IRU WKH $UDELGRSVLV

QRYHO '1$�ELQGLQJ SURWHLQ 5$9� �KRPRORJRXV WR WKH
$3� '1$�ELQGLQJ GRPDLQ� FDQ EH VHHQ RQO\ DW −���
ES LQ WKH &V3&. SURPRWHU �.DJD\D HW DO�� ������ 3ODQW
E=,3 SURWHLQV WKDW ELQG WKH $&*7 FLV�DFWLQJ HOHPHQW
�$�%R[� PD\ EH IXQFWLRQDO LQ ERWK &V3&. �−��� ES�
DQG LFO �−��� ES�� LQ UHVSRQVH WR GLYHUVH HQYLURQPHQ�

)LJXUH �� �· IODQNLQJ UHJLRQ '1$ VHTXHQFHV IURP WKH &V3&.
JHQH� 6WDUW FRGRQ �$7*� LV ER[HG DQG LQ EROG W\SH� &DSLWDO
OHWWHUV DUH H[RQV� ORZHUFDVH OHWWHUV� LQWURQ VHTXHQFHV� )LUVW
DQG VHFRQG H[RQV DUH KLJKOLJKWHG ZLWK VKDGHG ER[HV� 7KH
ILUVW QRQ�FRGLQJ H[RQ VWDUWV IURP −��� ES WR −��� ES� UHODWLYH
WR WKH WUDQVODWLRQ VWDUW VLWH� 3XWDWLYH 7$7$�ER[ LV ORFDWHG −���
ES IURP WKH UHODWLYH WUDQVODWLRQ LQLWLDWLRQ VLWH ��� ES XSVWUHDP
IURP WKH UHODWLYH WUDQVFULSWLRQ LQLWLDWLRQ VLWH�� 0DWFKLQJ FLV�
DFWLQJ FRUH VHTXHQFHV DUH LQ EROG W\SH� 0DWFKLQJ FLV�DFWLQJ
VHTXHQFHV DUH DOVR VXPPDUL]HG LQ 7DEOH �� �� LQGLFDWHV UHO�
DWLYH WUDQVODWLRQ LQLWLDWLRQ VLWH� 0� PHWKLRQLQH�

)LJXUH �� $ SDOLQGURPH �$� DQG WKH LQYHUWHG UHSHDW
VHTXHQFHV �%� RI WKH &V3&. SURPRWHU UHJLRQ� 1XPEHUV
EHJLQ IURP WKH �·�HQG RI WKH &V3&. JHQH VHTXHQFHV�
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WDO DQG SK\VLRORJLFDO VWLPXOL �)RVWHU HW DO�� ������ )LYH
,0+ �,&/�06 +RPRORJ\� VHTXHQFHV KDYH EHHQ VXJ�
JHVWHG IRU WKH LFO DQG PV JHQHV LQ FXFXPEHU� EXW RQO\

WZR SRWHQWLDO ,0+�UHODWHG VHTXHQFHV KDYH EHHQ REVHUYHG
LQ WKH &V3&. SURPRWHU �6DUDK HW DO�� ������ 7KH ,0+��
KRPRORJRXV 0\E�ELQGLQJ VHTXHQFHV �$&&$�7$&&��

7DEOH �� 6XPPDU\ RI FRPPRQ SODQW VSHFLILF FLV�DFWLQJ HOHPHQWV LQ LFO� PV DQG &V3&. JHQHV ZKLFK DUH LQYROYHG LQ OLSLG
PRELOL]DWLRQ GXULQJ HDUO\ JHUPLQDWLRQ DQG VHQHVFHQFH� 'HVFULSWLRQV RI FLV�DFWLQJ HOHPHQWV DUH DV IROORZV XQGHU WKH WDEOH� 

VLQJOH QXFOHRWLGH PLVPDWFK LQ WKH FRUH VHTXHQFHV� 

 PDWFKLQJ VLJQDOV DUH ORFDWHG IXUWKHU XSVWUHDP EHIRUH −� NE UHJLRQ�

1DPH RI IDPLO\ 6HTXHQFHV *HQHV 3RVLWLRQ ���−� 5HIHUHQFH

$�%R[ $&*7$ &V3&. −������−� 7R\RIXNX HW DO� ������
LFO −������−�
PV  −

$0< %R[� 7$$&$5$ &V3&. −����−�� ����−� +XDQJ HW DO� ������� 0RULWD HW DO� ������
LFO −������� �������
PV −������

(5(�(�� $:77&$$$ &V3&.

  − ,W]KDNL HW DO� ������
LFO −������
PV −����−�

*7�� �%R[ ,,� **77$$ &V3&. −����−�� ������� =KRX ������
LFO  −
PV −��� �−�

,�%R[ *$7$$* &V3&. −������� −����−� 'RQDOG DQG &DVKPRUH ������
LFO −����−� 5RVH HW DO� ������
PV −��� ���

155 7$*7**$7
 &V3&. −������� −������ (OOLRWW DQG 6KLUVDW ������
LFO  −
PV −����−�� −������

1W%%)� $&777$ &V3&.  − %DXPDQQ HW DO� ������
LFO −������
PV −������

3\ULPLGLQH %R[ &&7777 &V3&. −������� −����−�� �����−� 0RULWD HW DO� ������� 0HQD HW DO� ������
LFO  −
PV −������

5*$7$26 &$*$$*$7$
 &V3&. −������� ������ <LQ HW DO� ������
LFO −����−�� �������
PV −������

63� $&7*7*7$
 &V3&. −����� ,VKLJXUR DQG 1DNDPXUD ������ �����
LFO −������ .LP HW DO� ������

PV −������� −����−�
685(� $$7$*$$$$
 &V3&. −������� ����−� *ULHUVRQ HW DO� ������

LFO −������
PV −����−�� −����−�

685(� $$7$&7$$7
 &V3&. −������� ����−�� �������
−����−�� ������

*ULHUVRQ HW DO� ������

LFO  −

PV −������
7&$� 7&$7&77&77 &V3&.  − *ROGVEURXJK HW DO� ������

LFO −����−�

PV −����−�

$�ER[� $&*7 HOHPHQWV LQ 5$0<�' JHQH IRU DOSKD DP\ODVH RI ULFH� $0<�ER[� JLEEHUHOOLQ�UHVSRQVH FLV�HOHPHQWV �RU *$5(� LQ DOSKD
DP\ODVH JHQH SURPRWHU� (5( �(��� HWK\OHQH UHVSRQVLYH HOHPHQW LQ WKH VHQHVFHQFH�UHODWHG JHQH H[SUHVVLRQ� *7��� %R[ ,, SURPRWHU
FLV�DFWLQJ HOHPHQW ELQGLQJ IRU PDQ\ OLJKW UHJXODWHG SODQW JHQHV� ,�ER[� FRQVHUYHG UHJXODWRU\ FRUH VHTXHQFHV XSVWUHDP RI OLJKW�
UHJXODWHG JHQHV �H� J� UEFV6�� 155� QHJDWLYH UHJXODWRU\ VHTXHQFHV LQ SURPRWHU RI %UDVVLFD QDSXV H[W$ �H[WHQVLQ� JHQH� 1W%%)�� D 'RI
SURWHLQ IURP WREDFFR ELQGV WR WLVVXH VSHFLILF DQG DX[LQ UHJXODWHG URO% RQFRJHQH SURPRWHU LQ $JDUEDFWHULXP UKL]RJHQHV� 3\�
S\ULPLGLQH ER[ IRU SDUWLDOO\ UHVSRQVLEOH IRU VXJDU UHSUHVVLRQ LQ DOSKD DP\ODVH JHQH 5$P\�$ �'RI� ELQGLQJ�� 5*$7$26� SURPRWHU
HOHPHQWV IRU SKORHP�VSHFLILF JHQH H[SUHVVLRQ IURP WKH 7XQJUR EDFLOOLIRUP YLUXV �57%9� LQ ULFH� 63�� FRQVHUYHG �·�XSVWUHDP UHJLRQ
UHJXODWRU\ VHTXHQFHV LQ VZHHW SRWDWR WKUHH GLIIHUHQW JHQHV �VSRUDPLQ DQG EHWD�DP\ODVH� ZKLFK LQWHUDFW ZLWK ELQGLQJ IDFWRU 63�%)�
685(� VXFURVH UHVSRQVLYH HOHPHQWV ILUVW IRXQG LQ SRWDWR WXEHU SURWHLQ SDWDWLQ JHQH SURPRWHU� 7&$�� WREDFFR QXFOHDU SURWHLQ �
ELQGLQJ FLV�DFWLQJ HOHPHQW LQ VWUHVV�LQGXFLEOH JHQHV E\ VDOLF\OLF DFLG�LQGXFLEOH H[SUHVVLRQ RI PDQ\ JHQHV�
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DV ZHOO DV WKH SUREDEOH JHUPLQDWLRQ�UHVSRQVLYH FRUH
HOHPHQW �7&77&7� ,0+�� DUH IRXQG DW −��� ES DQG
−��� ES� UHVSHFWLYHO\ �6DUDK HW DO�� ������ :H ZHUH
XQDEOH WR LGHQWLI\ ,0+ VHTXHQFHV IURP WKH SURPRWHU
VHTXHQFH GDWDEDVHV EHFDXVH QR DVVLJQPHQW KDV EHHQ
PDGH IRU WKHP \HW�
$QDO\VLV RI WKH &V3&. SURPRWHU UHJLRQ� WRJHWKHU ZLWK

LFO DQG PV� UHYHDOHG IHZ FRPPRQ VXJDU UHVSRQVH�
UHODWHG FLV�DFWLQJ VHTXHQFHV �VXFK DV $0<�ER[ ,� ,�%R[�
63�� RU 685(�� ZLWKLQ � NE RI WKH � IODQNLQJ UHJLRQ
�7DEOH ��� 7KH 63� UHJXODWRU\ VHTXHQFH�ELQGLQJ 63)�
��W\SH SURWHLQ �D :5.< IDPLO\�� ZKLFK HQFRGHV WKH
F'1$ VHTXHQFH� KDV EHHQ UHSRUWHG IURP FXFXPEHU
FRW\OHGRQV �.LP HW DO�� ������ 6LQFH KRPRORJRXV 63�
FLV�DFWLQJ VHTXHQFHV DUH FRQVHUYHG LQ WKUHH FXFXPEHU
SURPRWHUV� WKH &V3&. JHQH FDQ EH FRQWUROOHG GXULQJ
JHUPLQDWLRQ WKURXJK WKH FRRUGLQDWLRQ RI WKH LFO DQGPV
JHQHV� 7KH UHVSRQVH WR VHQHVFHQFH E\ &V3&. PD\ DOVR
EH DVVRFLDWHG ZLWK WKH DFWLYLW\ RI WKH LFO DQG PV JHQHV
GXULQJ FRW\OHGRQ GHYHORSPHQW LQ WKDW VSHFLHV �.LP
DQG 6PLWK� ������ $Q HWK\OHQH�UHVSRQVLYH HOHPHQW �(5(
RU (��� LQYROYHG LQ VHQHVFHQFH�UHODWHG *67� JHQH
H[SUHVVLRQ LQ FDUQDWLRQ �,W]KDNL HW DO�� ������ ZDV IRXQG
ZLWKLQ WKH SUHYLRXVO\ GHVFULEHG ��NE UHJLRQ LQ ERWK LFO
DQG PV� EXW QRW LQ &V3&.� +RZHYHU� WKUHH FRQVHUYHG
(5( HOHPHQWV ORFDWH IXUWKHU XSVWUHDP RI WKH SURPRWHU
UHJLRQ� DW −����� −����� DQG −���� ES�

',6&866,21

&XFXPEHU 3(3&. LV HQFRGHG E\ D VLQJOH JHQH
WKURXJKRXW SODQW GHYHORSPHQW� IURP JHUPLQDWLRQ WR
FRW\OHGRQ VHQHVFHQFH� 2XU JHQRPLF '1$ 6RXWKHUQ
DQDO\VLV GHWHFWHG VLPSOH K\EULGL]DWLRQ EDQGV� FRQILUP�
LQJ WKH SUHVHQFH RI WKDW VLQJOH JHQH� $OWKRXJK D IHZ
DGGLWLRQDO ZHDN EDQGV ZHUH GHWHFWHG LQ WKLV VWXG\� WKH
UHFRJQLWLRQ SRVLWLRQV IRU UHVWULFWLRQ HQ]\PHV DJUHHG
ZLWK WKH QXPEHU RI 6RXWKHUQ�GHWHFWHG EDQGV� 7KHUHIRUH�
ZH KDYH IXUWKHU GHPRQVWUDWHG WKDW D VLQJOH &V3&.
JHQH LV DFWLYH WKURXJKRXW GHYHORSPHQW� ,Q FRQWUDVW WR
WKDW VSHFLHV� &� JUDVVHV� VXFK DV 8URFKORD SDQLFRLGHV�
FRQWDLQ 3&. PXOWLJHQH IDPLOLHV ZLWK DW OHDVW IRXU
PHPEHUV �)LQQHJDQ HW DO�� ������ 7KLV PXOWLJHQH
HQFRGLQJ RI WKH VXEXQLWV IRU 3(3&. PD\ EH XELTXLWRXV
LQ KLJKHU SODQWV� )RU H[DPSOH� WKH VHTXHQFLQJ SURMHFW
IRU $UDELGRSVLV KDV UHYHDOHG WKUHH 3&. JHQHV LQ LWV
JHQRPH �1&%, $FFHVVLRQ QRV� $/������� 13B�������
DQG $/�������� /LNHZLVH� WKUHH VSHFLHV LQ WKH JHQXV
%UDVVLFD �%� QDSXV� %� FDPSHVWULV� DQG %� ROHUDFHD�
FRQWDLQ VHYHUDO 3&. JHQHV �6DH]�9DVTXH] HW DO�� ������
1HYHUWKHOHVV� JHQRPH VHTXHQFLQJ RI ULFH� D &� SODQW�

KDV VKRZQ WKDW D VLQJOH 3&. JHQH �1&%, $FFHVVLRQ QR�
$&������� H[LVWV RQ &KURPRVRPH ��� 7KHUHIRUH� RXU
UHVXOWV DGG WR WKH LQIRUPDWLRQ DYDLODEOH IRU WKH ELR�
FKHPLFDO VWXG\ RI 3(3&.� DV ZHOO DV WKH PROHFXODU
JHQHWLF LQYHVWLJDWLRQ RI 3&. JHQHV LQ WZR &� VSHFLHV�
:H H[DPLQHG WKH HQWLUH JHQRPLF VWUXFWXUH RI WKH

&V3&. JHQH WR HOXFLGDWH LWV PROHFXODU RUJDQL]DWLRQ LQ
FXFXPEHU� 6LQFH WKH ILUVW UHSRUW ZDV PDGH RQ WKH VLQJOH�
FRPSOHWH F'1$ VHTXHQFH �.LP DQG 6PLWK� ������
VHYHUDO 3&. F'1$ VHTXHQFHV KDYH EHHQ LGHQWLILHG
IURP WKH &� JUDVV 8� SDQLFRLGHV �)LQQHJDQ DQG %XUQHOO�
������ DV ZHOO DV %UDVVLFD QDSXV �6DH]�9DVTXH] HW DO��
������ /\FRSHUVLFRQ HVFXOHQWXP �%DKUDPL HW DO�� ������
$UDELGRSVLV (67 VHTXHQFHV �7������� =HD PD\V
�$%�������� DQG SDUWLDO VHTXHQFHV LQ 0HGLFDJR VDWLYD
�$)�������� *HQRPH VHTXHQFLQJ RI $UDELGRSVLV WKDOLDQD
KDV DOVR UHYHDOHG WKUHH FRPSOHWH 3&. JHQH VHTXHQFHV
DQG VHYHUDO XQFKDUDFWHUL]HG 3&.�UHODWHG VHTXHQFHV�
+RZHYHU LW LV XQFOHDU ZKLFK 3&. JHQH RU JHQHV DUH
DFWLYH GXULQJ SKDVHV LQ WKH $UDELGRSVLV OLIH F\FOH�
$OWKRXJK WKDW &� VSHFLHV FRQWDLQV WKH VPDOOHVW JHQRPH�
PXOWLSOH�FRS\ JHQHV DUH QHFHVVDU\ WR HQVXUH LWV VXUYLYDO�
2QH RU WZR RI LWV 3&. JHQHV PD\ EH D SVHXGRJHQH�
ZLWK WKHLU DFWLYLW\ KDYLQJ EHHQ KDOWHG DW RQH WLPH�
+RZHYHU� LI WKUHH RI LWV 3&. JHQHV FDQ EH GHWHFWHG
GXULQJ SODQW GHYHORSPHQW� WKH FRQWURO RI JHQH H[SUHV�
VLRQ ZLOO EH PRUH FRPSOH[ FRPSDUHG ZLWK WKDW IRU
VSHFLHV� H�J�� FXFXPEHU DQG ULFH� WKDW FRQWDLQ RQO\ D
VLQJOH FRS\ �
$OWKRXJK IRXU 3&. JHQHV KDYH EHHQ LGHQWLILHG LQ &�

8� SDQLFRLGHV� QR IXUWKHU LQIRUPDWLRQ LV NQRZQ DERXW LWV
JHQH VWUXFWXUH DQG UHJXODWLRQ� )LYH FRPSOHWH 3&. JHQH
VHTXHQFHV DUH DYDLODEOH IRU $UDELGRSVLV� ULFH� DQG
FXFXPEHU� $ SDLU RI OLQNHG $UDELGRSVLV 3&. JHQHV
�$/������ DQG 13B������� KDV � LQWURQV HDFK RQ
&KURPRVRPH � �$WJ�� IRU ��� DPLQR�DFLG DQG ���
DPLQR�DFLG 3(3&. SHSWLGHV� $QRWKHU $UDELGRSVLV 3&.
JHQH �$/������� FRQVLVWV RI �� H[RQV DQG �� LQWURQV
RQ &KURPRVRPH � �$WJ��� 6LPLODUO\� D 3&. JHQH FRQ�
WDLQLQJ �� LQWURQV FDQ EH IRXQG RQ &KURPRVRPH ��
LQ ULFH �$&�������� 7KH &V3&. JHQH� ZKLFK FRQWDLQV
�� LQWURQV� LV WKH ORQJHVW 3&. JHQH� VSDQQLQJ !� NE
LQ WKH &XFXPLV VDWLYXV JHQRPH� 7KLV JHQH LV FORVHO\
UHODWHG WR WKRVH IRXQG LQ PDMRU FURSV DQG ZHHGV� IURP
ULFH WR $UDELGRSVLV� +RZHYHU� WKH �· VHTXHQFH RI LWV
FRGLQJ UHJLRQ� ZKLFK LV UHVSRQVLEOH IRU WKH 1�WHUPLQDO
SHSWLGH H[WHQVLRQ� LV DQ H[FHSWLRQDO FRQILJXUDWLRQ� 1�
WHUPLQDO DPLQR�DFLG VHTXHQFHV YDU\ DPRQJ SODQW 3(3�
&.V� 6XFK H[WHQVLRQV DUH DOVR IRXQG LQ WZR $UDELGRSVLV
3(3&. �$FFHVVLRQ QR� &$$����� DQG &$%������ SHS�
WLGH VHTXHQFHV� DOWKRXJK WKH\ GLIIHU VRPHZKDW �)LQQHJDQ
HW DO�� ������ 2YHUDOO� FXFXPEHU DQG WRPDWR �/\FRSHU�



��� 'DH�-DH .LP -� 3ODQW %LRO� 9RO� ��� 1R� �� ����

VLFRQ HVFXOHQWXP� VKDUH !��� VHTXHQFH KRPRORJ\�
WKH KLJKHVW DPRQJ SODQW VSHFLHV �%DKUDPL HW DO�� ������
7KH SULPDU\ VWUXFWXUH RI D VLQJOH 3(3&. VXEXQLW FRPSULVHV
��� DPLQR DFLGV LQ FXFXPEHU DQG ��� DPLQR DFLGV LQ
WRPDWR� ZLWK WKDW GLIIHUHQFH LQ OHQJWK PDLQO\ UHVXOWLQJ
IURP D VPDOOHU DPRXQW RI 1�WHUPLQDO H[WHQVLRQ LQ WKH
ODWWHU� 7KH WRPDWR 3&. JHQH� KRZHYHU� LV QRW \HW DYDLO�
DEOH�
7KH FRQWURO RI SODQW JHQH H[SUHVVLRQ LV D FRPSOH[

ELRFKHPLFDO SURFHVV WKDW LV DIIHFWHG E\ QXPHURXV LQWHUQDO
DQG H[WHUQDO IDFWRUV� LQFOXGLQJ QXWULHQW VWDWXV� KRUPRQDO
OHYHOV� OLJKW LQWHQVLW\� DQG WHPSHUDWXUH FKDQJHV� &DUERK\�
GUDWHV �L�H�� VXJDUV� DUH D NH\ PHWDEROLF FRQVWLWXHQW RI
JURZWK DQG GHYHORSPHQW� 7KHUHIRUH� FRQWUROOLQJ LQWUDF�
HOOXODU VXJDU OHYHOV LV D FHQWUDO HOHPHQW IRU WKH UHJXODWLRQ
RI PHWDEROLF SDWKZD\V LQ OLYLQJ FHOOV� 0DQ\ RI WKH JHQHV
DVVRFLDWHG ZLWK FDUERQ DVVLPLODWLRQ DQG VXJDU WUDQVSRUW
DUH GLUHFWO\ RU SDUWO\ UHJXODWHG E\ IOX[HV LQ WKH VXJDU
OHYHOV RI WDUJHW FHOOV DQG WLVVXHV �6KHHQ� ����� *UDKDP
HW DO�� ����� .RFK� ����� 6KHUVRQ HW DO�� ������ %HFDXVH
RI WKLV� WKH PHWDEROLF UHJXODWLRQ RI SODQW JHQH H[SUHVVLRQ
LV QRZ D FHQWUDO IRFXV LQ VWXG\LQJ WKH SODQW VXJDU�
WUDQVSRUW PHFKDQLVP� 6HYHUDO VXJDU�VHQVLQJ V\VWHPV
DQG VLJQDO SDWKZD\V KDYH EHHQ VXJJHVWHG IRU WKLV SURFHVV
�6PHHNHQV� ����� *LEVRQ DQG *UDKDP� ������ ,Q IDFW�
WKH SURPRWHUV RI PDQ\ PHWDEROLVP� DQG WUDQVSRUW�
UHODWHG JHQHV FRQWDLQ FRPPRQ DQG HVVHQWLDO UHJXODWRU\
HOHPHQWV IRU FRQWUROOLQJ WKHLU FRUUHVSRQGLQJ JHQHV DQG
UHJXODWLQJ H[SUHVVLRQ DW WKH WUDQVFULSWLRQ OHYHO� 6RPH
RI WKHVH LQWULQVLF FULWLFDO IDFWRUV LQFOXGH FLV�DFWLQJ HOH�
PHQWV LQ LQGLYLGXDO SURPRWHU VHTXHQFHV DV ZHOO DV
UHJXODWRU\ HOHPHQWV�
*HQHV UHODWHG WR WKH PHWDEROLF SDWKZD\ KDYH EHHQ

FORQHG DQG LQVSHFWHG WR HOXFLGDWH WKH UHJXODWLRQ RI
H[SUHVVLRQ GXULQJ SODQW GHYHORSPHQW �6DUDK HW DO��
����� 0RULWD HW DO�� ������ ,Q SDUWLFXODU� VHTXHQFH
FRPSDULVRQV DQG GHOHWLRQ DQDO\VHV KDYH EHHQ FRQ�
GXFWHG IRU WKH SURPRWHUV RI WZR JO\R[\ODWH F\FOH�VSHFLILF
JHQHV� LFO DQGPV �6DUDK HW DO�� ������ ,Q RXU FXFXPEHU
VWXG\� WZR KLJKO\ FRQVHUYHG JHUPLQDWLRQ�UHVSRQVH
HOHPHQWV �,0+� DQG ,0+�� ZHUH LGHQWLILHG LQ WKH
&V3&. JHQH DV EHLQJ QHFHVVDU\ IRU JHUPLQDWLRQ DQG�
SRVVLEO\� VHQHVFHQFH� $OWKRXJK WKH ELRORJLFDO IXQFWLRQ
RI WKH ,0+� VHTXHQFH LV QRW \HW FOHDU� VLPLODU VHTXHQFHV
KDYH EHHQ VKRZQ LQ IXQJL �1HXURVSRUD FUDVVD� DQG \HDVW
�6DFFKDURP\FHV FHUHYLVLDH�� VXJJHVWLQJ WKDW LW PD\ EH
UHTXLUHG IRU HLWKHU D VXJDU UHVSRQVH �VWDUYDWLRQ� RU JHU�
PLQDWLRQ UHVSRQVH �*UDKDP HW DO�� ������ 7KH ,0+�
VHTXHQFHV �ZLWK VLPLODULW\ WR 0<% ELQGLQJ VHTXHQFHV�
LQ WKH LFO� PV� DQG &V3&. SURPRWHUV PLJKW GLUHFW WKH
FDUERK\GUDWH UHJXODWLRQ RI H[SUHVVLRQ IRU PDQ\ SODQW
JHQHV �*UDKDP HW DO�� ����� *URWHZROG HW DO�� ������

+RZHYHU� WKH ,0+ VHTXHQFHV IURP FXFXPEHU JHQHV
DUH DSSDUHQWO\ XQFRPPRQ� 7KHUHIRUH� WKHLU ELRORJLFDO
UROHV VKRXOG EH IXUWKHU H[DPLQHG LQ RWKHU VSHFLHV�
2XU LQYHVWLJDWLRQ RI WKH FXFXPEHU &V3&. JHQH

UHYHDOHG D QXPEHU RI SRVVLEOH FLV�DFWLQJ VHTXHQFHV
ZLWKLQ � NE RI WKH �· IODQNLQJ UHJLRQ� VXJJHVWLQJ WKDW WKLV
JHQH FDQ EH UHJXODWHG LQ VHYHUDO ZD\V� )LUVW� GHYHORS�
PHQWDO FRQWURO LV D NH\ IDFWRU IRU LWV H[SUHVVLRQ GXULQJ
JHUPLQDWLRQ DQG VHQHVFHQFH� 7KH JHUPLQDWLRQ�UHVSRQ�
VLYH ,0+ HOHPHQWV PD\ SOD\ VRPH UROH LQ FRQWUROOLQJ
WKH &V3&. JHQH LQ FXFXPEHU� DV ZLWK WKH LFO DQG PV
JHQHV� 6HFRQG� HLWKHU WKH SDOLQGURPH RU WKH LQYHUWHG
UHSHDW VHTXHQFHV PD\ KHOS UHJXODWH &V3&. JHQH H[SUHV�
VLRQ LQ FXFXPEHU� 7KLUG� WKH QRQ�FRGLQJ ILUVW H[RQ PD\
EH LQYROYHG LQ JHQH H[SUHVVLRQ IRU ERWK FXFXPEHU DQG
$UDELGRSVLV� %DVHG RQ RXU VHTXHQFH DQDO\VLV� WKH
FXFXPEHU &V3&. JHQH FRQWDLQHG KLJKO\ FRQVHUYHG
FLV�DFWLQJ VHTXHQFHV ZLWKLQ WKH SXWDWLYH SURPRWHU UHJLRQ�
WKHLU IXQFWLRQV ZHUH SRVWXODWHG EDVHG RQ WKRVH IRU RWKHU
SODQW JHQHV� 7KHUHIRUH� ZH DUH XVLQJ GHOHWLRQ�DQDO\VLV
H[SHULPHQWV WR FRQWLQXH RXU VWXG\ RI WKH QDWXUDO IXQF�
WLRQ IRU WKHVH FLV�DFWLQJ HOHPHQWV�
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7KLV UHVHDUFK ZDV VXSSRUWHG E\ D JUDQW �1R� 5���
����������������� IURP WKH .RUHD 6FLHQFH DQG (QJL�
QHHULQJ )RXQGDWLRQ WR '��-� .LP�

5HFHLYHG 6HSWHPEHU ��� ����� DFFHSWHG 1RYHPEHU �� �����

/,7(5$785( &,7('

$OWVFKXO 6)� *ODVK :� 0LOOHU :� 0\HUV (:� /LSPDQ '-
������ %DVLF ORFDO DOLJQPHQW VHDUFK WRRO� - 0RO %LRO
���� �������

%DKUDPL $5� &KHQ =�+� :DONHU 53� /HHJRRG 5&� *UD\ -(
������ 5LSHQLQJ�UHODWHG RFFXUUHQFH RI SKRVSKRHQRO
S\UXYDWH FDUER[\NLQDVH LQ WRPDWR IUXLW� 3ODQW 0RO %LRO
��� �������

%DXPDQQ .� 'H 3DROLV $� &RVWDQWLQR 3� DQG *XDOEHUWL *
������ 7KH '1$ ELQGLQJ VLWH RI WKH 'RI SURWHLQ
1W%%)� LV HVVHQWLDO IRU WLVVXH�VSHFLILF DQG DX[LQ�UHJX�
ODWHG H[SUHVVLRQ RI WKH URO% RQFRJHQH LQ SODQWV� 3ODQW
&HOO ��� �������

%XFKHO $6� 0ROHQNDPS 5� %RO -)� /LQWKRUVW +-0 ������
7KH 35��D SURPRWHU FRQWDLQV D QXPEHU RI HOHPHQWV
WKDW ELQG *7�� OLNH QXFOHDU IDFWRUV ZLWK GLIIHUHQW DIILQLW\�
3ODQW 0RO %LRO ��� �������

'RQDOG 5*.� &DVKPRUH $5 ������ 0XWDWLRQ RI HLWKHU *
ER[ RU , ER[ VHTXHQFHV SURIRXQGO\ DIIHFWV H[SUHVVLRQ
IURP WKH $UDELGRSVLV UEF6��$ SURPRWHU� (0%2 - ��
���������



&XFXPEHU 3KRVSKRHQROS\UXYDWH &DUER[\NLQDVH *HQH ���

(GZDUGV *(� .DQDL 5� %ODFN && ������ 3KRVSKRHQROS\UX�
YDWH LQ OHDYHV RI FHUWDLQ SODQWV ZKLFK IL[ &2� E\ WKH &�
� GLFDUER[\OLF DFLG F\FOH RI SKRWRV\QWKHVLV� %LRFKHP
%LRSK\V 5HV &RPP ��� �������

(OOLRWW .$� 6KLUVDW $+ ������ 3URPRWHU UHJLRQV RI WKH H[W$
H[WHQVLRQ JHQH IURP %UDVVLFD QDSXV FRQWURO DFWLYDWLRQ LQ
UHVSRQVH WR ZRXQGLQJ DQG WHQVLOH VWUHVV� 3ODQW 0RO %LRO
��� �������

(\DO <� &XULH &� 0F&RUPLFN 6 ������ 3ROOHQ VSHFLILFLW\ HOH�
PHQWV UHVLGH LQ �� ES RI WKH SUR[LPDO SURPRWHUV RI WZR
SROOHQ�H[SUHVVHG JHQHV� 3ODQW &HOO �� �������

)LQQHJDQ 30� %XUQHOO -1 ������ ,VRODWLRQ DQG VHTXHQFH
DQDO\VLV RI F'1$V HQFRGLQJ SKRVSKRHQROS\UXYDWH FDU�
ER[\NLQDVH IURP WKH 3&.�W\SH &� JUDVV 8URFKORD SDQL�
FRLGHV� 3ODQW 0RO %LRO ��� �������

)LQQHJDQ 30� 6X]XNL 6� /XGZLJ 0� %XUQHOO -1 ������
3KRVSKRHQROS\UXYDWH FDUER[\NLQDVH LQ WKH &��� PRQR�
FRW 8URFKORD SDQLFRLGHV LV HQFRGHG E\ IRXU GLIIHUHQ�
WLDOO\ H[SUHVVHG JHQHV� 3ODQW 3K\VLRO ���� ���������

)RVWHU 5� ,]DZD 7� &KXD 1+ ������ 3ODQW E=,3 SURWHLQV
JDWKHU DW $&*7 HOHPHQWV� )$6(% - �� �������

)XUXPRWR 7� +DWD 6� ,]XL . ������ F'1$ FORQLQJ DQG FKDU�
DFWHUL]DWLRQ RI PDL]H SKRVSKRHQROS\UXYDWH FDUER[\NL�
QDVH� D EXQGOH VKHDWK FHOO�VSHFLILF HQ]\PH� 3ODQW 0RO
%LRO ��� �������

*LEVRQ 6,� *UDKDP ,$ ������ $QRWKHU SOD\HU MRLQV WKH
FRPSOH[ ILHOG RI VXJDU�UHJXODWHG JHQH H[SUHVVLRQ LQ
SODQWV� 3URF 1DWO $FDG 6FL 86$ ��� ���������

*HUZLFN %&� %ODFN && -U ������ 6XOIXU DVVLPLODWLRQ LQ &�
SODQWV� 3ODQW 3K\VLRO ��� �������

*ROGVEURXJK $3� $OEUHFKW +� 6WUDWIRUG 5 ������ 6DOLF\OLF
DFLG�LQGXFLEOH ELQGLQJ RI D WREDFFR QXFOHDU SURWHLQ WR D
�� ES VHTXHQFH ZKLFK LV KLJKO\ FRQVHUYHG DPRQJVW
VWUHVV�LQGXFLEOH JHQHV� 3ODQW - �� �������

*RXUULHUHF -/� /L <�)� =KRX '�; ������ 7UDQVFULSWLRQDO DFWL�
YDWLRQ E\ $UDELGRSVLV *7�� PD\ EH WKURXJK LQWHUDFWLRQ
ZLWK 7),,$�7%3�7$7$ FRPSOH[� 3ODQW - ��� �������

*UDKDP ,$� /HDYHU &-� 6PLWK 60 ������ ,QGXFWLRQ RI
PDODWH V\QWKDVH JHQH H[SUHVVLRQ LQ VHQHVFHQW DQG
GHWDFKHG RUJDQV RI FXFXPEHU� 3ODQW &HOO �� �������

*UDKDP ,$� %DNHU &-� /HDYHU &- ������ $QDO\VLV RI WKH
FXFXPEHU PDODWH V\QWKDVH JHQH SURPRWHU E\ WUDQVLHQW
H[SUHVVLRQ DQG JHO UHWDUGDWLRQ DVVD\V� 3ODQW - �� �������

*ULHUVRQ &� 'X -6� 'H 7RUUHV =0� %HJJV .� 6PLWK &� +ROG�
VZRUWK 0� %HYDQ 0 ������ 6HSDUDWH FLV VHTXHQFHV DQG
WUDQV IDFWRUV GLUHFW PHWDEROLF DQG GHYHORSPHQWDO UHJX�
ODWLRQ RI D SRWDWR WXEHU VWRUDJH SURWHLQ JHQH� 3ODQW - ��
�������

*URWHZROG (� 'UXPPRQG %-� %RZHQ %� 3HWHUVRQ 7 ������
7KH P\E�KRPRORJRXV 3 JHQH FRQWUROV SKOREDSKHQH SLJ�
PHQWDWLRQ LQ PDL]H IORUDO RUJDQV E\ GLUHFWO\ DFWLYDWLQJ D
IODYRQRLG ELRV\QWKHWLF JHQH VXEVHW� &HOO ��� �������

+DWFK 0' ������ 5HVROYLQJ &� SKRWRV\QWKHVLV� 7ULDOV� WULE�
XODWLRQV DQG RWKHU XQSXEOLVKHG VWRULHV� $XVW - 3ODQW
3K\VLRO ��� �������

+LEEHUG -0� 4XLFN :3 ������ &KDUDFWHULVWLFV RI &� SKRWR�
V\QWKHVLV LQ VWHPV DQG SHWLROHV RI &� IORZHULQJ SODQWV�
1DWXUH ���� �������

+XDQJ 1� 6XWOLII 7'� /LWWV -&� 5RGULJXH] 5/ ������ &ODVVLIL�
FDWLRQ DQG FKDUDFWHUL]DWLRQ RI WKH ULFH DOSKD�DP\ODVH
PXOWLJHQH IDPLO\� 3ODQW 0RO %LRO ��� �������

,VKLJXUR 6� 1DNDPXUD . ������ 7KH QXFOHDU IDFWRU 63�%)
ELQGV WR WKH �
�XSVWUHDP UHJLRQV RI WKUHH GLIIHUHQW JHQHV
FRGLQJ IRU PDMRU SURWHLQV RI VZHHW SRWDWR WXEHURXV
URRWV� 3ODQW 0RO %LRO ��� ������

,VKLJXUR 6� 1DNDPXUD . ������ &KDUDFWHUL]DWLRQ RI D
F'1$ HQFRGLQJ D QRYHO '1$�ELQGLQJ SURWHLQ� 63)��
WKDW UHFRJQL]HV 63� VHTXHQFHV LQ WKH �
 XSVWUHDP
UHJLRQV RI JHQHV FRGLQJ IRU VSRUDPLQ DQG EHWD�DP\ODVH
IURP VZHHW SRWDWR� 0RO *HQ *HQHW ���� �������

,W]KDNL +� 0D[VRQ -0� :RRGVRQ :5 ������ $Q HWK\OHQH�
UHVSRQVLYH HQKDQFHU HOHPHQW LV LQYROYHG LQ WKH VHQHV�
FHQFH�UHODWHG H[SUHVVLRQ RI WKH FDUQDWLRQ JOXWDWKLRQH�
6�WUDQVIHUDVH �*67�� JHQH� 3URF 1DWO $FDG 6FL 86$ ���
���������

.DJD\D <� 2KPL\D .� +DWWRUL 7 ������ 5$9�� D QRYHO '1$�
ELQGLQJ SURWHLQ� ELQGV WR ELSDUWLWH UHFRJQLWLRQ VHTXHQFH
WKURXJK WZR GLVWLQFW '1$�ELQGLQJ GRPDLQV XQLTXHO\
IRXQG LQ KLJKHU SODQWV� 1XFO $FLGV 5HV ��� �������

.LP '�-� 6PLWK 60 ������ 0ROHFXODU FORQLQJ RI FXFXPEHU
SKRVSKRHQROS\UXYDWH FDUER[\NLQDVH DQG GHYHORSPHQ�
WDO UHJXODWLRQ RI JHQH H[SUHVVLRQ� 3ODQW 0RO %LRO ���
�������

.LP '�-� 6PLWK 60� /HDYHU &- ������ $ F'1$ HQFRGLQJ D
SXWDWLYH 63)�� W\SH '1$�ELQGLQJ SURWHLQ IURP FXFXP�
EHU� *HQH ���� �������

.LP 6�+� /HH -�5� .LP 6�5 ������ 0ROHFXODU FKDUDFWHUL]D�
WLRQ RI D IUXLW�SUHIHUHQWLDO WKDXPDWLQ�OLNH JHQH IURP DSSOH
�0DOXV GRPHVWLFD FY� )XML�� - 3ODQW %LRO ��� �����

.RFK .( ������ &DUERK\GUDWH�PRGXODWHG JHQH H[SUHVVLRQ
LQ SODQWV� $QQX 5HY 3ODQW 3K\VLRO 3ODQW 0RO %LRO ���
�������

/DP (� &KXD 1�+ ������ *7�� ELQGLQJ VLWH FRQIHUV OLJKW�
UHVSRQVLYH H[SUHVVLRQ LQ WUDQVJHQLF WREDFFR� 6FLHQFH
���� �������

/RSHV &DUGRVR 0,� 0HLMHU $+� 5XHE 6� 4XHLUR] 0� 0HP�
OLQN -� +RJH -+& ������ $ SURPRWHU UHJLRQ WKDW FRQWUROV
EDVDO DQG HOLFLWRU�LQGXFLEOH H[SUHVVLRQ OHYHOV RI WKH
1$'3+�F\WRFKURPH 3��� UHGXFWDVH JHQH �&SU� IURP
&DWKDUDQWKXV URVHXV ELQGV QXFOHDU IDFWRU *7��� 0RO
*HQ *HQHW ���� �������

0HQD 0� 9LFHQWH�&DUEDMRVD -� 6FKPLGW 5-� &DUERQHUR 3
������ $Q HQGRVSHUP�VSHFLILF '2) SURWHLQ IURP EDU�
OH\� KLJKO\ FRQVHUYHG LQ ZKHDW� ELQGV WR DQG DFWLYDWHV
WUDQVFULSWLRQ IURP WKH SURODPLQ�ER[ RI D QDWLYH %�KRU�
GHLQ SURPRWHU LQ EDUOH\ HQGRVSHUP� 3ODQW - ��� �����

0RULWD $� 8PHPXUD 7� .XUR\DQDJL 0� )XWVXKDUD <� 3HUDWD
3� <DPDJXFKL - ������ )XQFWLRQ GLVVHFWLRQ RI D VXJDU�
UHSUHVVHG α�DP\ODVH JHQH �5DP\�$� SURPRWHU LQ ULFH
HPEU\RV� )(%6 /HWW ���� �����

5RVH $� 0HLHU ,� :LHQDQG 8 ������ 7KH WRPDWR ,�ER[
ELQGLQJ IDFWRU /H0<%, LV D PHPEHU RI D QRYHO FODVV RI
0\E�OLNH SURWHLQV� 3ODQW - ��� �������

6DH]�9DVTXH] -� 5D\QDO 0� 'HOVHQ\ 0 ������ $ UDSHVHHG
FROG�LQGXFLEOH WUDQVFULSW HQFRGHV D SKRVSKRHQROS\UX�
YDWH FDUER[\NLQDVH� 3ODQW 3K\VLRO ���� �������



��� 'DH�-DH .LP -� 3ODQW %LRO� 9RO� ��� 1R� �� ����

6DPEURRN -� )ULWVFK (� 0DQLDWLV 7 ������ 0ROHFXODU &ORQ�
LQJ� $ /DERUDWRU\ 0DQXDO� �QG HG� &ROG 6SULQJ +DUERU
/DERUDWRU\� 1HZ <RUN

6DUDK &-� *UDKDP ,$� 5H\QROGV 6-� /HDYHU &-� 6PLWK 60
������ 'LVWLQFW FLV�DFWLQJ HOHPHQWV GLUHFW WKH JHUPLQD�
WLRQ DQG VXJDU UHVSRQVHV RI WKH FXFXPEHU PDODWH V\Q�
WKDVH JHQH� 0RO *HQ *HQHW ���� �������

6KHHQ - ������ 0HWDEROLF UHSUHVVLRQ RI WUDQVFULSWLRQ LQ
KLJKHU SODQWV� 3ODQW &HOO �� ���������

6KHUVRQ 60� +HPDQQ *� :DOODFH *� )REHV 6� *HUPDLQ 9�
6WDGOLHU 5� %HFKWROG 1� 6DXHU 1� 6PLWK 60 ������
0RQRVDFFKDULGH�SURWHLQ V\PSRUWHU $W673� SOD\V D PDMRU
UROH LQ XSWDNH DQG UHVSRQVH RI $UDELGRSVLV VHHGV DQG
VHHGOLQJV WR VXJDUV� 3ODQW - ��� �������

6PHHNHQV 6 ������ 6XJDU UHJXODWLRQ RI JHQH H[SUHVVLRQ LQ
SODQWV� &XUU 2SLQ 3ODQW %LRO �� �������

7KRPDV 60� 5HHV 7 ������ *OXFRQHRJHQHVLV GXULQJ WKH
JHUPLQDWLRQ RI &XFXUELWD SHSR� 3K\WRFKHP ��� �����
����

7R\RIXNX .� 8PHPXUD 7� <DPDJXFKL - ������ 3URPRWHU
HOHPHQWV UHTXLUHG IRU VXJDU�UHSUHVVLRQ RI WKH 5DP\�'
JHQH IRU �DP\ODVH LQ ULFH� )(%6 /HWW ���� �������

7UHYDQLRQ 6-� %URRNV $/� /HHJRRG 5& ������ &RQWURO RI
JOXFRQHRJHQHVLV E\ SKRVSKRHQROS\UXYDWH FDUER[\NLQDVH
LQ FRW\OHGRQV RI &XFXUELWD SHSR /� 3ODQWD ���� �������

7VX\RVKL )� +DWD 6� ,]XL . ������ F'1$ FORQLQJ DQG FKDU�
DFWHUL]DWLRQ RI PDL]H SKRVSKRHQROS\UXYDWH FDUER[\NL�
QDVH� D EXQGOH VKHDWK FHOO�VSHFLILF HQ]\PH� 3ODQW 0RO
%LRO ��� �������

8WWHU 0)� .ROHQEUDQGHU +0 ������ )RUPDWLRQ RI R[DORDF�
HWDWH E\ &2� IL[DWLRQ RQ SKRVSKRHQROS\UXYDWH� ,Q %R\HU
3'� HG� 7KH (Q]\PHV� 9RO �� $FDGHPLF 3UHVV� 1HZ <RUN�
SS �������

:DONHU 53� /HHJRRG 5& ������ 3XULILFDWLRQ DQG SKRVSKRU\�
ODWLRQ LQ YLYR DQG LQ YLWUR RI SKRVSKRHQROS\UXYDWH FDU�
ER[\NLQDVH IURP FXFXPEHU FRW\OHGRQV� )(%6 /HWW ����
�����

:DONHU 53� &KHQ =+� 7HFVL /,� )DPLDQL )� /HH 3-� /HHJRRG
5& ������ 3KRVSKRHQROS\UXYDWH FDUER[\NLQDVH SOD\V D
UROH LQ LQWHUDFWLRQV RI FDUERQ DQG QLWURJHQ PHWDEROLVP
GXULQJ JUDSH VHHG GHYHORSPHQW� 3ODQWD ���� ����

=KRX '; ������ 5HJXODWRU\ PHFKDQLVP RI SODQW JHQH WUDQ�
VFULSWLRQ E\ *7�HOHPHQWV DQG IDFWRUV� 7UHQGV 3ODQW 6FL
�� �������


