
Max Planck Research Library for the History and Development
of Knowledge
Studies 2

Charles Midwinter and Michel Janssen:
Kuhn Losses Regained: Van Vleck from Spectra to Susceptibilities

In: Massimiliano Badino and Jaume Navarro (eds.): Research and Pedagogy : A History of
Quantum Physics through Its Textbooks
Online version at http://edition-open-access.de/studies/2/

ISBN 9783844258714
First published 2013 by Edition Open Access, Max Planck Institute for the History of Science under
Creative Commons by-nc-sa 3.0 Germany Licence.
http://creativecommons.org/licenses/by-nc-sa/3.0/de/

Printed and distributed by:
Neopubli GmbH, Berlin
http://www.epubli.de/shop/buch/30988

The Deutsche Nationalbibliothek lists this publication in the Deutsche Nationalbibliografie; detailed
bibliographic data are available in the Internet at http://dnb.d-nb.de



&KDSWHU �
.XKQ /RVVHV 5HJDLQHG� 9DQ 9OHFN IURP 6SHFWUD WR
6XVFHSWLELOLWLHV
&KDUOHV 0LGZLQWHU DQG 0LFKHO -DQVVHQ

��� 9DQ 9OHFN¶V 7ZR %RRNV DQG WKH 4XDQWXP 5HYROXWLRQ

����� 9DQ 9OHFN¶V 7UDMHFWRU\ IURP 6SHFWUD WR 6XVFHSWLELOLWLHV� ����±����

³7KH FKHPLVW LV DSW WR FRQFHLYH RI WKH SK\VLFLVW DV VRPH RQH ZKR LV VR HQWUDQFHG LQ VSHFWUDO
OLQHV WKDW KH FORVHV KLV H\HV WR RWKHU SKHQRPHQD�´ 7KLV REVHUYDWLRQ ZDV PDGH E\ WKH $PHU�
LFDQ WKHRUHWLFDO SK\VLFLVW -RKQ +� 9DQ 9OHFN �����±����� LQ DQ DUWLFOH RQ WKH QHZ TXDQWXP
PHFKDQLFV LQ &KHPLFDO 5HYLHZV �9DQ 9OHFN ����E� ����� 2QO\ D IHZ \HDUV HDUOLHU� 9DQ
9OHFN KLPVHOI ZRXOG KDYH ILW WKLV FKDUDFWHUL]DWLRQ RI D SK\VLFLVW WR D WHH� %HWZHHQ ���� DQG
����� DV D \RXQJ DVVLVWDQW SURIHVVRU LQ 0LQQHDSROLV� KH VSHQW PXFK RI KLV WLPH ZULWLQJ D
ERRN�OHQJWK %XOOHWLQ IRU WKH 1DWLRQDO 5HVHDUFK &RXQFLO �15&� RQ WKH ROG TXDQWXP WKHRU\
�9DQ 9OHFN ����E�� $V LWV WLWOH� 4XDQWXP 3ULQFLSOHV DQG /LQH 6SHFWUD� VXJJHVWV� WKLV ERRN
GHDOV DOPRVW H[FOXVLYHO\ ZLWK VSHFWURVFRS\� 2QO\ DIWHU D VHHPLQJO\ MDUULQJ FKDQJH RI IRFXV
LQ KLV UHVHDUFK� D VZLWFK WR WKH WKHRU\ RI HOHFWULF DQG PDJQHWLF VXVFHSWLELOLWLHV LQ JDVHV� GLG
KH FRPH WR FRQVLGHU KLV SUHYLRXV IRFXV P\RSLF� ,Q ����±��� QRZ D IXOO SURIHVVRU LQ 0LQ�
QHVRWD� KH SXEOLVKHG D WKUHH�SDUW SDSHU RQ VXVFHSWLELOLWLHV LQ 3K\VLFDO 5HYLHZ �9DQ 9OHFN
����D� ����E� ����D�� 7KLV EHFDPH WKH EDVLV IRU D VHFRQG ERRN� 7KH 7KHRU\ RI (OHFWULF
DQG 0DJQHWLF 6XVFHSWLELOLWLHV �9DQ 9OHFN ����E�� ZKLFK KH VWDUWHG WR ZULWH VKRUWO\ DIWHU KH
PRYHG WR 0DGLVRQ� :LVFRQVLQ� LQ WKH IDOO RI �����

%\ WKH WLPH KH ZURWH KLV DUWLFOH LQ&KHPLFDO 5HYLHZV� 9DQ 9OHFN KDG FRPH WR UHFRJQL]H
WKDW D VWURQJ DUJXPHQW DJDLQVW WKH ROG DQG LQ IDYRU RI WKH QHZ TXDQWXP WKHRU\ FRXOG EH IRXQG
LQ WKH WKHRU\ RI VXVFHSWLELOLWLHV� D VXEMHFW RI PDUJLQDO LQWHUHVW GXULQJ WKH UHLJQ RI WKH ROG
TXDQWXP WKHRU\� $V KH ZURWH LQ WKH ILUVW VHQWHQFH RI WKH SUHIDFH RI KLV ���� ERRN�

7KH QHZ TXDQWXP PHFKDQLFV LV SHUKDSV PRVW QRWHG IRU LWV WULXPSKV LQ WKH ILHOG
RI VSHFWURVFRS\� EXW LWV OHVV KHUDOGHG VXFFHVVHV LQ WKH WKHRU\ RI HOHFWULF DQG
PDJQHWLF VXVFHSWLELOLWLHV PXVW EH UHJDUGHG DV RQH RI LWV JUHDW DFKLHYHPHQWV�
�9DQ 9OHFN ����E� YLL�

:KDW HVSHFLDOO\ VWUXFN 9DQ 9OHFN ZDV WKDW� WR D ODUJH H[WHQW� WKH QHZ TXDQWXP PHFKDQLFV
PDGH VHQVH RI VXVFHSWLELOLWLHV QRW E\ RIIHULQJ QHZ UHVXOWV� EXW E\ UHLQVWDWLQJ FODVVLFDO H[�
SUHVVLRQV WKDW WKH ROG TXDQWXP WKHRU\ KDG UHSODFHG ZLWK HUURQHRXV RQHV� %RWK LQ KLV DUWLFOHV
RI WKH ODWH ����V DQG LQ KLV ���� ERRN� 9DQ 9OHFN SXW JUHDW HPSKDVLV RQ WKLV SRLQW�

+LV IDYRULWH H[DPSOH ZDV WKH YDOXH RI ZKDW KH ODEHOHG �ܥ D FRQVWDQW LQ WKH VR�FDOOHG
/DQJHYLQ�'HE\H IRUPXOD XVHG IRU ERWK PDJQHWLF DQG HOHFWULF VXVFHSWLELOLWLHV �/DQJHYLQ
����D� ����E� 'HE\H ������ ,WV FODVVLFDO YDOXH LQ WKH FDVH RI HOHFWULF VXVFHSWLELOLWLHV LV
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ͳȀ͵� 7KLV WXUQV RXW WR EH D UHPDUNDEO\ UREXVW UHVXOW LQ WKH FODVVLFDO WKHRU\� LQ WKH VHQVH WKDW
LW LV ODUJHO\ LQGHSHQGHQW RI WKH PRGHO XVHG IRU PROHFXOHV ZLWK SHUPDQHQW HOHFWULF GLSROHV�
,Q WKH ROG TXDQWXP WKHRU\� WKH YDOXH RI ܥ ZDV PXFK ODUJHU DQG� PRUH GLVWXUELQJO\� DV QR
H[SHULPHQWDO GDWD ZHUH DYDLODEOH WR UXOH RXW YDOXHV VXEVWDQWLDOO\ GLIIHUHQW IURP WKH FODVVLFDO
RQH� H[WUHPHO\ VHQVLWLYH WR WKH FKRLFH RI PRGHO DQG WR WKH ZD\ TXDQWXP FRQGLWLRQV ZHUH
LPSRVHG� %\ FRQWUDVW� WKH QHZ TXDQWXP WKHRU\� OLNH WKH FODVVLFDO WKHRU\� XQGHU YHU\ JHQHUDO
FRQGLWLRQV JDYH ܥ ൌ ͳȀ͵� 9DQ 9OHFN VDZ WKLV UHJDLQHG UREXVWQHVV DV DQ H[DPSOH RI ZKDW KH
FDOOHG ³VSHFWURVFRSLF VWDELOLW\´ �9DQ 9OHFN ����D� ����� 1HZ H[SHULPHQWV DOVR QRZ EHJDQ
WR SURYLGH HPSLULFDO HYLGHQFH IRU WKLV YDOXH DQG 9DQ 9OHFN SURGXFHG QHZ DQG EHWWHU SURRIV
IRU WKH JHQHUDOLW\ RI WKH UHVXOW� ERWK LQ FODVVLFDO WKHRU\ DQG LQ WKH QHZ TXDQWXP PHFKDQLFV�
)URP WKLV QHZ YDQWDJH SRLQW� 9DQ 9OHFN FOHDUO\ UHFRJQL]HG WKDW WKH LQVWDELOLW\ RI WKH YDOXH
IRU ܥ LQ WKH ROG TXDQWXP WKHRU\ KDG EHHQ D ODUJHO\ XQKHHGHG LQGLFDWLRQ RI LWV VKRUWFRPLQJV�

7KH FRQVWDQW ܥ DOVR FRPHV LQWR SOD\ LI ZH ZDQW WR GHWHUPLQH WKH GLSROH PRPHQW ߤ RI
D SRODU PROHFXOH VXFK DV +&O� *LYHQ D JDV RI WKHVH PROHFXOHV� RQH FDQ FDOFXODWH ߤ XVLQJ D
PHDVXUHPHQW RI WKH GLHOHFWULF FRQVWDQW� WKH JUHDWHU WKH YDOXH RI �ܥ WKH VPDOOHU WKH YDOXH RI
�ߤ %HFDXVH RI WKH LQVWDELOLW\ RI WKH YDOXH RI �ܥ 9DQ 9OHFN �����E� SRLQWHG RXW WKDW� ³>W@KH
HOHFWULFDO PRPHQW RI WKH +&O PROHFXOH >«@ KDV KDG TXLWH D KLVWRU\´ ������

)LJ� ����� VKRZV WKH WDEOH ZLWK ZKLFK 9DQ 9OHFN LOOXVWUDWHG WKLV FKHFNHUHG KLVWRU\� 7KH
UHVXOW IRU ZKROH TXDQWD ZDV IRXQG E\ :ROIJDQJ 3DXOL ������ ZKLOH ILQLVKLQJ KLV GRFWRUDWH
LQ 0XQLFK DW DJH �� �(Q] ����� ���� 9DQ 9OHFN� RQH \HDU ROGHU WKDQ 3DXOL� UHDG WKLV SDSHU DV
D JUDGXDWH VWXGHQW DW +DUYDUG� EXW� LQGLFDWLYH RI WKH SUHYDLOLQJ REVHVVLRQ ZLWK VSHFWURVFRS\
RI WKH GD\� LW GLG QRW PDNH D ELJ LPSUHVVLRQ RQ KLP DW WKDW WLPH �)HOORZV ����� ����� 7KH
HQWU\ IRU KDOI TXDQWD LV GXH WR /LQXV 3DXOLQJ �����E�� RQH \HDU \RXQJHU WKDQ 3DXOL� $OWKRXJK
WKH SDSHU ZDV VXEPLWWHG LQ )HEUXDU\ ����� 3DXOLQJ ZDV VWLOO XVLQJ WKH ROG TXDQWXP WKHRU\�
ZKLFK LV SUREDEO\ ZK\ WKH \HDU LV JLYHQ DV ���� LQ 9DQ 9OHFN¶V WDEOH� $V WKH WDEOH VKRZV�
ܥ LQFUHDVHG E\ D IDFWRU RI DOPRVW �� EHWZHHQ ���� DQG ����� UHGXFLQJ ߤ WR D WKLUG RI LWV
FODVVLFDO YDOXH� ³)RUWXQDWHO\ >LQ WKH QHZ TXDQWXP PHFKDQLFV@ WKH HOHFWULFDO PRPHQW RI WKH
+&O PROHFXOH UHYHUWV WR LWV FODVVLFDO ���� YDOXH´ �9DQ 9OHFN ����E� �����

)LJXUH ���� 7KH YDOXHV RI WKH FRQVWDQW ܥ LQ WKH /DQJHYLQ�'HE\H IRUPXOD DQG RI WKH HOHF�
WULF PRPHQW ߤ RI +&O LQ FODVVLFDO WKHRU\� WKH ROG TXDQWXP WKHRU\� DQG TXDQWXP
PHFKDQLFV �9DQ 9OHFN ����E� �����

7KHVH REVHUYDWLRQV� LQFOXGLQJ WKH WDEOH� DUH UHSULVHG LQ KLV ERRN RQ VXVFHSWLELOLWLHV �9DQ
9OHFN ����E� ����� ,Q IDFW� WKHVH IOXFWXDWLRQV LQ WKH YDOXHV RI ܥ DQG ߤ VR LPSUHVVHG 9DQ
9OHFN WKDW WKH ILUVW WZR FROXPQV RI WKLV WDEOH FDQ VWLOO EH IRXQG LQ KLV ���� 1REHO OHFWXUH
�9DQ 9OHFN ����E� �����
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9DQ 9OHFN¶V ���� ERRN RQ VXVFHSWLELOLWLHV ZDV PXFK PRUH VXFFHVVIXO WKDQ KLV %XOOHWLQ
RQ WKH ROG TXDQWXP WKHRU\� ZKLFK ZDV UHOHDVHG MXVW DIWHU WKH TXDQWXP UHYROXWLRQ RI ����±���
7KH %XOOHWLQ� DV LWV DXWKRU OLNHG WR VD\ ZLWK FKDUDFWHULVWLF VHOI�GHSUHFDWLRQ� ³LQ D VHQVH ZDV
REVROHWH E\ WKH WLPH LW ZDV RII WKH SUHVV´ �9DQ 9OHFN ����� �� RXU HPSKDVLV�� 7KH LWDOLFL]HG
TXDOLILFDWLRQ LV LPSRUWDQW� ,Q WKH ODWH ����V DQG HDUO\ ����V� SK\VLFLVWV FRXOG SURILWDEO\ XVH
WKH %XOOHWLQ GHVSLWH WKH TXDQWXP UHYROXWLRQ� 7KH ���� ERRN� KRZHYHU� EHFDPH D FODVVLF LQ
WKH ILHOG LW KHOSHG VSDZQ� ,QWHUHVWLQJO\� JLYHQ WKDW LW JUHZ RXW RI ZRUN RQ VXVFHSWLELOLWLHV LQ
JDVHV� WKH ILHOG LQ TXHVWLRQ LV VROLG�VWDWH SK\VLFV� ,Q D ELRJUDSKLFDO PHPRLU DERXW 9DQ 9OHFN
IRU WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV �1$6�� FRQGHQVHG�PDWWHU LFRQ 3KLOLS :� $QGHUVRQ�
RQH RI 9DQ 9OHFN¶V VWXGHQWV� ZURWH WKDW WKH ERRN ³VHW D VWDQGDUG DQG D VW\OH IRU $PHULFDQ
VROLG�VWDWH SK\VLFV WKDW JUHDWO\ LQIOXHQFHG LWV GHYHORSPHQW GXULQJ GHFDGHV WR FRPHþIRU WKH
EHWWHU´ �$QGHUVRQ ����� ���� VHH DOVR� H�J�� 6WHYHQV ����� ������ 7KLV ERRN DQG WKH IXUWKHU
UHVHDUFK LW VWLPXODWHG ZRXOG HYHQWXDOO\ HDUQ 9DQ 9OHFN WKH LQIRUPDO WLWOH� ³IDWKHU RI PRGHUQ
PDJQHWLVP�´ DV ZHOO DV SDUW RI WKH ���� 1REHO SUL]H� ZKLFK KH VKDUHG ZLWK $QGHUVRQ DQG
6LU 1HYLOO 0RWW�

,Q WKLV SDSHU ZH IROORZ 9DQ 9OHFN¶V WUDMHFWRU\ IURP KLV ���� %XOOHWLQ RQ VSHFWUD WR KLV
���� ERRN RQ VXVFHSWLELOLWLHV� %RWK ERRNV� DV ZH ZLOO VHH� ORRVHO\ TXDOLI\ DV WH[WERRNV� $V
VXFK� WKH\ SURYLGH YDOXDEOH LQVLJKWV DERXW WKH ZD\ SHGDJRJLFDO WH[WV ZULWWHQ LQ WKH PLGVW
�WKH ���� %XOOHWLQ� RU WKH DIWHUPDWK �WKH ���� ERRN� RI D VFLHQWLILF UHYROXWLRQ UHIOHFW VXFK
GUDPDWLF XSKHDYDOV�

����� .XKQ /RVVHV� 7H[WERRNV� DQG 6FLHQWLILF 5HYROXWLRQV

7KH ROG TXDQWXP WKHRU\¶V WURXEOH ZLWK VXVFHSWLELOLWLHV� PDVNHG E\ LWV VXFFHVV ZLWK VSHFWUD�
LV D JRRG H[DPSOH RI ZKDW LV NQRZQ LQ WKH KLVWRU\ DQG SKLORVRSK\ RI VFLHQFH OLWHUDWXUH DV D
.XKQ ORVV� 5RXJKO\� D .XKQ ORVV LV D VXFFHVV� HPSLULFDO RU WKHRUHWLFDO� RI D SULRU WKHRU\þRU
SDUDGLJP DV .XKQ ZRXOG KDYH SUHIHUUHGþWKDW GRHV QRW FDUU\ RYHU WR WKH WKHRU\ RU SDUDGLJP
WKDW UHSODFHG LW� $V LOOXVWUDWHG E\ WKH UHFRYHU\ LQ WKH QHZ TXDQWXP WKHRU\ RI WKH UREXVW YDOXH
IRU WKH FRQVWDQW ܥ LQ WKH /DQJHYLQ�'HE\H IRUPXOD� D IHDWXUH RI WKH FODVVLFDO WKHRU\ ORVW LQ
WKH ROG TXDQWXP WKHRU\� .XKQ ORVVHV QHHG QRW EH SHUPDQHQW� $V .XKQ KLPVHOI UHFRJQL]HG�
WKH\ FDQ EH UHJDLQHG LQ VXEVHTXHQW WKHRULHV RU SDUDGLJPV�

,QFLGHQWDOO\� ERWK 7KRPDV 6� .XKQ DQG 3KLOLS :� $QGHUVRQ FRPSOHWHG WKHLU 3K�'�¶V DW
+DUYDUG LQ ���� ZLWK 9DQ 9OHFN DV WKHLU DGYLVRU� ,Q WKH PHPRLU DERXW 9DQ 9OHFN PHQWLRQHG
DERYH� $QGHUVRQ ������ ���� ZURWH WKDW ³>W@KH GHFLVLRQ WR ZRUN ZLWK KLP ZDV RQH RI WKH
ZLVHU FKRLFHV RI P\ OLIH�´ %\ FRQWUDVW� .XKQ� ZKHQ DVNHG LQ DQ LQWHUYLHZ LQ ���� ZK\ KH
KDG FKRVHQ WR ZRUN ZLWK 9DQ 9OHFN� DQVZHUHG� ³, ZDV TXLWH FHUWDLQ WKDW , ZDV QRW JRLQJ WR
WDNH D FDUHHU LQ SK\VLFV >«@ 2WKHUZLVH , ZRXOG KDYH VKRW IRU D FKDQFH WR ZRUN ZLWK -XOLDQ
6FKZLQJHU´ �%DOWDV� *DYURJOX� DQG .LQGL ����� ����� 7KLV LV SDUWLFXODUO\ XQNLQG ZKHQ RQH
UHFDOOV WKDW LQ ����� WKH \HDU EHIRUH WKH SXEOLFDWLRQ RI 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROX�
WLRQV� LW ZDV 9DQ 9OHFN ZKR VXJJHVWHG WKDW KLV VWXGHQW�WXUQHG�KLVWRULDQ�DQG�SKLORVRSKHU�RI�
VFLHQFH EH DSSRLQWHG GLUHFWRU RI WKH SURMHFW WKDW OHG WR WKH HVWDEOLVKPHQW RI WKH $UFKLYH IRU
+LVWRU\ RI 4XDQWXP 3K\VLFV �$+43� �.XKQ HW DO� ����� YLLL� VHH DOVR %DOWDV� *DYURJOX� DQG
.LQGL ����� ���±�����

,Q ����� .XKQ LQWHUYLHZHG KLV IRUPHU WHDFKHU IRU WKH $+43 SURMHFW� 9DQ 9OHFN RQFH
DJDLQ HPSKDVL]HG WKH LPSRUWDQFH RI TXDQWXP PHFKDQLFV KDYLQJ UHJDLQHG WKH .XKQ ORVVHV
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VXVWDLQHG E\ WKH ROG TXDQWXP WKHRU\ LQ WKH DUHD RI VXVFHSWLELOLWLHV� WKLV WLPH LQYRNLQJ QR OHVV
DQ DXWKRULW\ WKDQ 1LHOV %RKU�

, VKRZHG WKDW WKH IDFWRU RQH�WKLUG >LQ WKH /DQJHYLQ�'HE\H IRUPXOD IRU VXVFHSWL�
ELOLWLHV@ JRW UHVWRUHG LQ TXDQWXP PHFKDQLFV� ZKHUHDV LQ WKH ROG TXDQWXP WKHRU\�
LW KDG DOO NLQGV RI KRUULEOH RVFLOODWLRQV >«@ \RX JRW VRPH ZRQGHUIXO QRQVHQVH�
ZKHUHDV LW PDGH VHQVH ZLWK WKH QHZ TXDQWXP PHFKDQLFV� , WKLQN WKDW ZDV RQH
RI WKH VWURQJ DUJXPHQWV IRU TXDQWXP PHFKDQLFV� 2QH DOZD\V WKLQNV RI LWV HIIHFW
DQG VXFFHVVHV LQ FRQQHFWLRQ ZLWK VSHFWURVFRS\� EXW , UHPHPEHU 1LHOV %RKU VD\�
LQJ WKDW RQH RI WKH JUHDW DUJXPHQWV IRU TXDQWXP PHFKDQLFV ZDV LWV VXFFHVV LQ
WKHVH QRQ�VSHFWURVFRSLF WKLQJV VXFK DV PDJQHWLF DQG HOHFWULF VXVFHSWLELOLWLHV��

7R WKH EHVW RI RXU NQRZOHGJH� .XKQ QHYHU XVHG WKH ³ZRQGHUIXO QRQVHQVH´ 9DQ 9OHFN
LV UHIHUULQJ WR KHUH DV DQ H[DPSOH RI D .XKQ ORVV� 6WLOO� RQH FDQ DVN ZKHWKHU WKH H[DPSOH
EHDUV RXW .XKQ¶V JHQHUDO FODLPV DERXW .XKQ ORVVHV� :H ZLOO ILQG WKDW LW GRHV LQ VRPH UH�
VSHFWV EXW QRW LQ RWKHUV� )RU LQVWDQFH� FRQWUDU\ WR FODLPV E\ .XKQ LQ 6WUXFWXUH DERXW KRZ
VFLHQWLILF UHYROXWLRQV DUH SDSHUHG RYHU LQ VXEVHTXHQW WH[WERRNV� WKH SUHKLVWRU\ RI WKH WKHRU\
RI VXVFHSWLELOLWLHV� LQFOXGLQJ WKH .XKQ ORVV WKH ROG TXDQWXP WKHRU\ VXIIHUHG LQ WKLV DUHD� LV
GHDOW ZLWK DW OHQJWK LQ 9DQ 9OHFN¶V ���� ERRN� +RZHYHU� ZH ZLOO DOVR VHH WKDW� LQ DW OHDVW RQH
LPSRUWDQW UHVSHFW� 9DQ 9OHFN¶V YHUVLRQ RI WKLV SUHKLVWRU\ LV D OLWWOH PLVOHDGLQJ DQG SHUKDSV
HYHQ D WDG VHOI�VHUYLQJ� ZKLFK LV MXVW ZKDW .XKQ ZRXOG KDYH OHG XV WR H[SHFW� ,Q JHQHUDO�
WKHUH LV PXFK RI YDOXH LQ .XKQ¶V DFFRXQW� ZKLFK WKXV SURYLGHV D JRRG VWDUWLQJ SRLQW IRU RXU
DQDO\VLV� 8OWLPDWHO\� RXU JRDO LV QRW WR DUJXH IRU RU DJDLQVW .XKQ EXW WR XVH WKH ILQH VWUXF�
WXUH RI WKH TXDQWXP UHYROXWLRQ WR OHDUQ PRUH DERXW WKH VWUXFWXUH RI VFLHQWLILF UHYROXWLRQV LQ
JHQHUDO��

����� .XKQ /RVVHV

7KH FRQFHSW RI D .XKQ ORVV� WKRXJK REYLRXVO\ QRW WKH WHUP� LV LQWURGXFHG LQ FKDS� � RI
6WUXFWXUH �.XKQ ����� ���±���� SDJH QXPEHUV UHIHU WR WKH �UG HGLWLRQ�� 7R XQGHUVFRUH
WKDW VFLHQFH GRHV QRW GHYHORS FXPXODWLYHO\� .XKQ QRWHG WKDW LQ JRLQJ IURP RQH SDUDGLJP WR
DQRWKHU WKHUH WHQG WR EH JDLQV DV ZHOO DV ORVVHV� ³>3@DUDGLJP GHEDWHV�´ KH ZURWH� ³DOZD\V
LQYROYH WKH TXHVWLRQ� :KLFK SUREOHPV LV LW PRUH VLJQLILFDQW WR KDYH VROYHG"´ �LELG�� �����

,Q WKH WUDQVLWLRQ IURP FODVVLFDO WKHRU\ WR WKH ROG TXDQWXP WKHRU\� JDLQV LQ VSHFWURVFRS\
DSSDUHQWO\ RXWZHLJKHG ORVVHV LQ WKH WKHRU\ RI VXVFHSWLELOLWLHV MXVW DV� DW OHDVW XQWLO WKH HDUO\
����V� WKH\ RXWZHLJKHG ORVVHV LQ GLVSHUVLRQ WKHRU\� 7KH IRUPHU .XKQ ORVV ZDV RQO\ UH�
JDLQHG LQ WKH QHZ TXDQWXP WKHRU\�� ZKLOH WKH ODWWHU ZDV UHFRYHUHG LQ WKH GLVSHUVLRQ WKHRU\
RI +HQGULN $� �+DQV� .UDPHUV �����D� ����E�� .UDPHUV¶V GLVSHUVLRQ WKHRU\ ZDV IRUPX�
ODWHG LQ WKH FRQWH[W RI WKH ROG TXDQWXP WKHRU\ RI %RKU DQG $UQROG 6RPPHUIHOG EXW TXLFNO\
�$+43 LQWHUYLHZ� VHVVLRQ �� �� 6HH DOVR WKH RSHQLQJ VHQWHQFH RI WKH SUHIDFH RI 9DQ 9OHFN¶V ���� ERRN TXRWHG LQ
VHF� ��������
�:H WKXV XVH .XKQ¶V ZRUN LQ WKH VDPH VSLULW DV 0LFKDHO 5XVH ������ ��� LQ DQ HVVD\ RQ WKH SODWH�WHFWRQLFV UHYR�
OXWLRQ LQ JHRORJ\�
�$V ZH ZLOO VHH LQ VHF� ������ WKHUH ZHUH IRXU SDSHUV SXEOLVKHG LQ ���� DOO UHSRUWLQJ WKH UHFRYHU\ RI ಴ స భȀయ LQ
WKH QHZ TXDQWXP WKHRU\� $V 9DQ 9OHFN ZURWH LQ WKH FRQFOXVLRQ RI WKH RQH VXEPLWWHG ILUVW EXW SXEOLVKHG ODVW� ³7KLV
LV D PXFK PRUH VDWLVIDFWRU\ UHVXOW WKDQ LQ WKH ROGHU YHUVLRQ RI WKH TXDQWXP WKHRU\� LQ ZKLFK ERWK WKH FDOFXODWLRQV
RI 3DXOL >����@ ZLWK ZKROH TXDQWD >«@ DQG RI 3DXOLQJ >����E@ ZLWK KDOI TXDQWD \LHOGHG UHVXOWV GLYHUJLQJ IURP WKH
FODVVLFDO /DQJHYLQ WKHRU\ HYHQ DW KLJK WHPSHUDWXUHV´ �9DQ 9OHFN ����D� �����
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LQFRUSRUDWHG LQWR WKH LQIDPRXV %.6 WKHRU\ RI %RKU� .UDPHUV� DQG -RKQ &� 6ODWHU �������
D VKRUW�OLYHG TXDQWXP WKHRU\ RI UDGLDWLRQ LQ ZKLFK D QXPEHU RI IXQGDPHQWDO WHQHWV RI WKH
%RKU�6RPPHUIHOG WKHRU\ ZHUH DEDQGRQHG �'XQFDQ DQG -DQVVHQ ����� VHFV� �±���

6WULFWO\ VSHDNLQJ� RI FRXUVH� ZKHQ ZH WDON DERXW .XKQ ORVVHV DQG WKHLU UHFRYHU\� ZH
VKRXOG EH WDONLQJ DERXW SDUDGLJPV UDWKHU WKDQ WKHRULHV� .XKQ H[HJHWHV� KRZHYHU� ZLOO IRU�
JLYH XV� ZH KRSH� IRU SURFHHGLQJ RQ WKH DVVXPSWLRQ WKDW D WKHRU\ FDQ EH FRQVWUXHG DV D NH\
FRPSRQHQW RI D SDUDGLJP RU D GLVFLSOLQDU\ PDWUL[� WKH WHUP .XKQ LQ KLV ���� SRVWVFULSW WR
6WUXFWXUH SURSRVHG WR VXEVWLWXWH IRU WKH WHUP µSDUDGLJP¶ ZKHQ XVHG LQ WKH VHQVH LQ ZKLFK
ZH QHHG LW KHUH �.XKQ ����� ����� *UDQWHG WKDW DVVXPSWLRQ� ZH FDQ FRQWLQXH WR WDON DERXW
.XKQ ORVVHV LQ WUDQVLWLRQV IURP RQH WKHRU\ WR DQRWKHU�

$OWKRXJK WKH\ DUH ERWK .XKQ ORVVHV RI WKH ROG TXDQWXP WKHRU\� WKH RQH LQ VXVFHSWLELOLW\
WKHRU\ LV RI D GLIIHUHQW NLQG WKDQ WKH RQH LQ GLVSHUVLRQ WKHRU\� ,Q WKH FDVH RI GLVSHUVLRQ� WKHUH
ZDV FOHDU H[SHULPHQWDO HYLGHQFH DOO DORQJ IRU WKH NH\ IHDWXUH RI WKH FODVVLFDO WKHRU\ WKDW ZDV
ORVW LQ WKH ROG TXDQWXP WKHRU\ DQG UHFRYHUHG LQ WKH .UDPHUV GLVSHUVLRQ WKHRU\� ,Q WKH FDVH
RI VXVFHSWLELOLW\ WKHRU\� DV ZH PHQWLRQHG DERYH� H[SHULPHQWDO HYLGHQFH IRU WKH NH\ IHDWXUH
RI WKH FODVVLFDO WKHRU\ WKDW ZDV ORVW LQ WKH ROG TXDQWXP WKHRU\ RQO\ EHFDPH DYDLODEOH DIWHU LW
ZDV UHFRYHUHG LQ WKH QHZ TXDQWXP WKHRU\�

7KH NH\ IHDWXUH LQ WKH FDVH RI GLVSHUVLRQ LV WKDW DQRPDORXV GLVSHUVLRQþWKH SKH�
QRPHQRQ WKDW LQ FHUWDLQ IUHTXHQF\ UDQJHV WKH LQGH[ RI UHIUDFWLRQ JHWV VPDOOHU UDWKHU
WKDQ ODUJHU ZLWK LQFUHDVLQJ IUHTXHQF\�þRFFXUV DURXQG WKH DEVRUSWLRQ IUHTXHQFLHV RI WKH
GLVSHUVLYH PHGLXP� 7KLV LV LQ DFFRUGDQFH ZLWK WKH FODVVLFDO GLVSHUVLRQ WKHRULHV RI +HUPDQQ
YRQ +HOPKROW]� +HQGULN $� /RUHQW]� DQG 3DXO 'UXGH �'XQFDQ DQG -DQVVHQ ����� ���±�����
+RZHYHU� LQ WKH GLVSHUVLRQ WKHRULHV RI 6RPPHUIHOG ������ ������ 3HWHU 'HE\H ������� DQG
&OLQWRQ -� 'DYLVVRQ ������� EDVHG RQ WKH %RKU PRGHO RI WKH DWRP� GLVSHUVLRQ LV DQRPDORXV
DURXQG WKH RUELWDO IUHTXHQFLHV RI WKH HOHFWURQV� ZKLFK GLIIHU VKDUSO\ IURP WKH DEVRUSWLRQ
IUHTXHQFLHV RI WKH DWRP H[FHSW LQ WKH OLPLW RI KLJK TXDQWXP QXPEHUV� $V RQH ZRXOG H[SHFW
LQ WKH FDVH RI D .XKQ ORVV� SURSRQHQWV RI WKH 6RPPHUIHOG�'HE\H�'DYLVVRQ WKHRU\ KDG D
WHQGHQF\ WR FORVH WKHLU H\HV WR WKLV SUREOHP� 2WKHUV� KRZHYHU� LQFOXGLQJ %RKU KLPVHOI�
UDLVHG LW DV VHULRXV REMHFWLRQ HDUO\ RQ� $ IHZ \HDUV EHIRUH .UDPHUV �����D� ����E��
EXLOGLQJ RQ ZRUN E\ 5XGROI /DGHQEXUJ DQG )ULW] 5HLFKH �/DGHQEXUJ ����� /DGHQEXUJ
DQG 5HLFKH ������ HYHQWXDOO\ VROYHG WKH SUREOHP� 3DXO 6� (SVWHLQ VKDUSO\ FULWLFL]HG WKH
6RPPHUIHOG�'HE\H�'DYLVVRQ WKHRU\ RQ WKLV VFRUH LQ D SDSHU ZLWK WKH VXEWLWOH ³&ULWLFDO
FRPPHQWV RQ GLVSHUVLRQ�´

>7@KH SRVLWLRQV RI PD[LPDO GLVSHUVLRQ DQG DEVRUSWLRQ GR QRW OLH DW WKH SRVL�
WLRQ RI WKH HPLVVLRQ OLQHV RI K\GURJHQ EXW DW WKH SRVLWLRQ RI WKH PHFKDQLFDO
IUHTXHQFLHV RI WKH PRGHO >«@ WKH FRQFOXVLRQ VHHPV XQDYRLGDEOH WR XV WKDW WKH
IRXQGDWLRQV RI WKH 'HE\H�'DY\VVRQ >VLF@ WKHRU\ DUH LQFRUUHFW� �(SVWHLQ �����
���±���� HPSKDVLV LQ WKH RULJLQDO� TXRWHG DQG GLVFXVVHG E\'XQFDQ DQG -DQVVHQ
����� ���±����

%\ FRQWUDVW� LW ZDV RQO\ DIWHU WKH QHZ TXDQWXP WKHRU\ KDG UHVWRUHG WKH FODVVLFDO YDOXH
ܥ ൌ ͳȀ͵ LQ WKH /DQJHYLQ�'HE\H IRUPXOD IRU HOHFWULF VXVFHSWLELOLWLHV WKDW WKH ³KRUULEOH RVFLO�
ODWLRQV´ LQ WKH ROG TXDQWXP WKHRU\ FDPH WR EH VHHQ DV WKH ³ZRQGHUIXO QRQVHQVH´ 9DQ 9OHFN
PDGH WKHP RXW WR EH�
�)RU D EULHI GLVFXVVLRQ RI WKLV SKHQRPHQRQ DQG LWV GLVFRYHU\ LQ WKH QLQHWHHQWK FHQWXU\� VHH �%XFKZDOG ����� ����
QRWH ���
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:KHQ 3DXOL� IRU LQVWDQFH� ILUVW IRXQG D GHYLDWLRQ IURP ܥ ൌ ͳȀ͵� KH GLG QRW EOLQN DQ
H\H� +H MXVW VWDWHG PDWWHU�RI�IDFWO\ WKDW ³WKH QXPHULFDO IDFWRU LQ WKH ILQDO IRUPXOD IRU WKH
SRODUL]DWLRQ GHSHQGV RQ WKH VSHFLILF PRGHO >«@ ZKLOH LQ WKH FODVVLFDO WKHRU\ WKH 0D[ZHOO
GLVWULEXWLRQ DQG ZLWK LW WKH QXPHULFDO IDFWRU ͳȀ͵ KROG JHQHUDOO\´ �3DXOL ����� ����� ,Q
WKH FRQFOXVLRQ RI KLV SDSHU� 3DXOL H[KRUWHG H[SHULPHQWDOLVWV WR PHDVXUH WKH WHPSHUDWXUH�
GHSHQGHQFH RI WKH GLHOHFWULF FRQVWDQW RI K\GURJHQ KDOLGHV VXFK DV +&O� DGGLQJ WKDW WKLV
³VKRXOG QRW SRVH DQ\ SDUWLFXODU GLIILFXOWLHV´ �LELG�� ����� 1RWLQJ WKDW KLV TXDQWXP WKHRU\
SUHGLFWHG D PXFK VPDOOHU YDOXH IRU WKH HOHFWULF GLSROH PRPHQW ߤ RI +&O WKDQ WKH FODVVLFDO
WKHRU\ ௖௟௔௦௦௜௖௔௟ߤ� ൌ ʹǤͳͶ͹ͳߤ௤௨௔௡௧௨௠� FI� WKH WDEOH LQ ILJ� ����� KH VXJJHVWHG WKDW WKLV PLJKW
SURYLGH D ZD\ WR GHFLGH EHWZHHQ WKH WZR WKHRULHV� 7KH GLVWDQFH EHWZHHQ WKH WZR QXFOHL
LQ� VD\� D +&O PROHFXOH FRXOG DFFXUDWHO\ EH GHWHUPLQHG RQ WKH EDVLV RI VSHFWURVFRSLF GDWD�
7KLV GLVWDQFH� 3DXOL DUJXHG� JLYHV DQ XSSHU ERXQG RQ WKH GLSROH OHQJWK ݀ ൌ Ȁ݁ߤ EHWZHHQ
WKH FKDUJHV ൅݁ DQG െ݁ IRUPLQJ WKH GLSROH LQ WKLV FDVH� +HQFH� KH FRQFOXGHG� ³LI WKH FODVVL�
FDO IRUPXOD IRU WKH GLHOHFWULF FRQVWDQW JLYHV D GLSROH OHQJWK WKDW LV JUHDWHU WKDQ WKH QXFOHDU
VHSDUDWLRQ H[WUDFWHG IURP LQIUDUHG VSHFWUD� WKH IRUPXOD PXVW EH UHMHFWHG´ �3DXOL ����� ����
HPSKDVLV LQ WKH RULJLQDO��

7KUHH \HDUV ODWHU� WKH H[SHULPHQWDOLVW &KDUOHV 7� =DKQ ������ WRRN XS 3DXOL¶V FKDOOHQJH�
EXW FDPH WR WKH GLVDSSRLQWLQJ FRQFOXVLRQ WKDW ³>W@KH XSSHU OLPLW IRU WKH PRPHQW JLYHQ E\
WKH LQIUDUHG DEVRUSWLRQ GDWD IRU +&O >«@ LV � WLPHV WKH FODVVLFDO YDOXH DQG �� WLPHV WKH
TXDQWXP YDOXH DQG KHQFH GRHV QRW GHFLGH EHWZHHQ WKH WZR WKHRULHV´ ������ 9DQ 9OHFN¶V
RZQ FLWDWLRQV WR WKH H[SHULPHQWDO OLWHUDWXUH LQ KLV ���� ERRN VWURQJO\ VXJJHVW WKDW LW ZDV
RQO\ LQ WKH SHULRG IROORZLQJ WKH TXDQWXP UHYROXWLRQ RI ����±�� WKDW UHOLDEOH GDWD LQ IDYRU
RI WKH YDOXH ܥ ൌ ͳȀ͵ EHFDPH DYDLODEOH �9DQ 9OHFN ����E� ���� 7KH .XKQ ORVV LQ WKH WKHRU\
RI VXVFHSWLELOLWLHV HPSKDVL]HG E\ 9DQ 9OHFN LV WKXV WKH ORVV RI D WKHRUHWLFDO IHDWXUH WKDW LQ
KLQGVLJKW SURYHG WR EH HPSLULFDOO\ FRUUHFW� QRW� DV LQ WKH FDVH RI WKH .XKQ ORVV LQ GLVSHUVLRQ
WKHRU\� D ORVV RI HPSLULFDO DGHTXDF\ LQ VRPH DUHD� 9DQ 9OHFN¶V PRVW SHUVXDVLYH DUJXPHQW
DJDLQVW WKH UHVXOWV RI 3DXOL DQG 3DXOLQJ ZDV WKDW WKH\ GHYLDWHG IURP WKH FODVVLFDO UHVXOW HYHQ
DW KLJK WHPSHUDWXUHV� $V KH SXW LW LQ KLV ���� ERRN� ³WKH FRUUHVSRQGHQFH SULQFLSOH OHG
XV WR H[SHFW XVXDOO\ DQ DV\PSWRWLF FRQQHFWLRQ RI WKH FODVVLFDO DQG TXDQWXP UHVXOWV DW KLJK
WHPSHUDWXUHV´ �9DQ 9OHFN ����E� ���� VHH DOVR WKH TXRWDWLRQ LQ QRWH ����

.XKQ ORVVHV FRPH LQ D YDULHW\ RI IRUPV� ,Q PRVW RI .XKQ¶V RZQ H[DPSOHV� ZKDW LV
ORVW �DQG VRPHWLPHV UHJDLQHG� LQ VXFFHVVLYH SDUDGLJP VKLIWV DUH FHUWDLQ W\SHV RI DFFRXQWV RI

�,QFLGHQWDOO\� =DKQ� ZKR FRQFOXGHG LQ ���� WKDW H[SHULPHQW FRXOG QRW GHFLGH EHWZHHQ WKH FODVVLFDO IRUPXOD IRU WKH
WHPSHUDWXUH�GHSHQGHQFH RI HOHFWULF VXVFHSWLELOLWLHV DQG 3DXOL¶V QHZ TXDQWXP IRUPXOD� LV RQH RI WKH WZR SK\VLFLVWV
ZKR VKRZHG RYHU D GHFDGH ODWHU WKDW H[SHULPHQWV RQ WKH YHORFLW\�GHSHQGHQFH RI WKH HOHFWURQ PDVV LQ WKH HDUO\ \HDUV
RI WKH FHQWXU\ FRXOG QRW GHFLGH EHWZHHQ WKH WKHRUHWLFDO SUHGLFWLRQV RI $OEHUW (LQVWHLQ¶V VSHFLDO WKHRU\ RI UHODWLYLW\
DQG /RUHQW]¶V HWKHU WKHRU\� RQ WKH RQH KDQG� DQG 0D[ $EUDKDP¶V VR�FDOOHG HOHFWURPDJQHWLF YLHZ RI QDWXUH� RQ WKH
RWKHU �=DKQ DQG 6SHHV ������ $V RQH RI XV KDV DUJXHG� WKH SURSRQHQWV RI WKHVH FRPSHWLQJ WKHRULHV� WKRXJK SD\LQJ
OLS VHUYLFH WR WKH H[SHULPHQWDO UHVXOWV� HVSHFLDOO\ ZKHQ WKH\ IDYRUHG WKHLU RZQ WKHRULHV� SXW PXFK PRUH VWRFN LQ WKH�
RUHWLFDO DUJXPHQWV �-DQVVHQ DQG 0HFNOHQEXUJ ����� ���±����� :KHQ� IRU LQVWDQFH� $OIUHG +� %XFKHUHU SUHVHQWHG
QHZ GDWD IDYRULQJ /RUHQW] DQG (LQVWHLQ DW WKH VDPH DQQXDO PHHWLQJ RI *HUPDQ 3K\VLFDO 6FLHQWLVWV DQG 3K\VLFLDQV
LQ &RORJQH LQ ���� ZKHUH +HUPDQQ 0LQNRZVNL JDYH KLV QRZ IDPRXV WDON RQ WKH JHRPHWULFDO XQGHUSLQQLQJV RI
VSHFLDO UHODWLYLW\� 0LQNRZVNL� ZKLOH ZHOFRPLQJ %XFKHUHU¶V QHZ GDWD� GLVPLVVHG $EUDKDP¶V WKHRU\ RQ SXUHO\ WKHR�
UHWLFDO JURXQGV� +H FDOOHG $EUDKDP¶V PRGHO RI D ULJLG HOHFWURQ� QRW VXEMHFW WR OHQJWK FRQWUDFWLRQ� D ³PRQVWHU´ DQG
³QR ZRUNLQJ K\SRWKHVLV� EXW D ZRUNLQJ KLQGUDQFH�´ DQG FRPSDUHG $EUDKDP¶V LQVHUWLRQ RI WKLV PRGHO LQWR FODVVLFDO
HOHFWURG\QDPLFV WR DWWHQGLQJ D FRQFHUW ZHDULQJ HDU SOXJV �LELG�� ���� 7KLV LV UHPLQLVFHQW RI KRZ 9DQ 9OHFN GLV�
PLVVHG UHVXOWV GHULYHG E\ WKH OLNHV RI 3DXOL DQG 3DXOLQJ LQ WKH ROG TXDQWXP WKHRU\ DV ³ZRQGHUIXO QRQVHQVH�´ $V ZH
ZLOO VHH LQ VHF� �������� 9DQ 9OHFN KHDSHG PRUH VFRUQ RQ WKH WUHDWPHQW RI VXVFHSWLELOLWLHV LQ WKH ROG TXDQWXP WKHRU\
LQ KLV ���� ERRN �9DQ 9OHFN ����E� FKDS� 9��
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SKHQRPHQD GHHPHG DFFHSWDEOH LQ D SDUDGLJP� ,Q WKH RQH H[DPSOH WR ZKLFK KH GHYRWHV PRUH
WKDQ D SDUDJUDSK� .XKQ ������ ���±���� DUJXHV� IRU LQVWDQFH� WKDW WKH 1HZWRQLDQ QRWLRQ RI
JUDYLW\ DV DQ LQQDWH DWWUDFWLRQ EHWZHHQ SDUWLFOHV FDQ EH VHHQ DV D ³UHYHUVLRQ �ZKLFK LV QRW WKH
VDPH DV D UHWURJUHVVLRQ�´ WR WKH NLQG RI VFKRODVWLF HVVHQFHV WKDW SURSRQHQWV RI WKH PHFKDQLFDO
WUDGLWLRQ HDUOLHU LQ WKH VHYHQWHHQWK FHQWXU\ WKRXJKW WKH\ KDG EDQLVKHG IURP VFLHQFH IRU JRRG�
$OWKRXJK RXU H[DPSOHV LQYROYH GLIIHUHQW FRPSRQHQWV RI WKH GLVFLSOLQDU\ PDWUL[ �HPSLULFDO
DGHTXDF\� IHDWXUHV DWWUDFWLYH RQ WKHRUHWLFDO JURXQGV�� TXDQWXP PHFKDQLFV FDQ OLNHZLVH EH
VDLG WR KDYH EURXJKW DERXW D UHYHUVLRQ EXW QRW D UHWURJUHVVLRQ WR FODVVLFDO WKHRU\ LQ WKH FDVHV
RI GLVSHUVLRQ DQG VXVFHSWLELOLWLHV�

����� 7H[WERRNV DQG .XKQ /RVVHV

.XKQ ������ FKDS� ��� IDPRXVO\ LGHQWLILHG WH[WERRNV DV WKH PDLQ FXOSULW LQ UHQGHULQJ WKH
GLVUXSWLRQ RI QRUPDO VFLHQFH E\ VFLHQWLILF UHYROXWLRQV LQYLVLEOH� 7H[WERRNV� KH DUJXHG� E\
WKHLU YHU\ QDWXUH PXVW SUHVHQW VFLHQFH DV D FXPXODWLYH HQWHUSULVH� 7KLV PHDQV WKDW .XKQ
ORVVHV PXVW EH VZHSW XQGHU WKH UXJ� 7H[WERRNV� KH ZURWH�

DGGUHVV WKHPVHOYHV WR DQ DOUHDG\ DUWLFXODWHG ERG\ RI SUREOHPV� GDWD� DQG WKHRU\�
PRVW RIWHQ WR WKH SDUWLFXODU VHW RI SDUDGLJPV� WR ZKLFK WKH VFLHQWLILF FRPPXQLW\
LV FRPPLWWHG DW WKH WLPH WKH\ DUH ZULWWHQ >«@ >%@HLQJ SHGDJRJLF YHKLFOHV IRU WKH
SHUSHWXDWLRQ RI QRUPDO VFLHQFH >«@ >WKH\@ KDYH WR EH UHZULWWHQ LQ WKH DIWHUPDWK
RI HDFK VFLHQWLILF UHYROXWLRQ� DQG� RQFH UHZULWWHQ� WKH\ LQHYLWDEO\ GLVJXLVH QRW
RQO\ WKH UROH EXW WKH YHU\ H[LVWHQFH RI WKH UHYROXWLRQV WKDW SURGXFHG WKHP >«@
>WKHUHE\@ WUXQFDWLQJ WKH VFLHQWLVW¶V VHQVH RI KLV GLVFLSOLQH¶V KLVWRU\� �.XKQ �����
���±����

:KHQ KH ZURWH WKLV SDVVDJH� .XKQ ZDV SUREDEO\ WKLQNLQJ ILUVW DQG IRUHPRVW RI PRGHUQ
VFLHQFH WH[WERRNV DW ERWK WKH XQGHUJUDGXDWH DQG WKH JUDGXDWH OHYHO� *LYHQ WKH VFRSH RI WKH
JHQHUDO FODLPV LQ 6WUXFWXUH� KRZHYHU� KLV FODLPV DERXW WH[WERRNV KDG EHWWHU KROG XS IRU ERRNV
XVHG DV VXFK LQ WKH SHULRG DQG WKH ILHOG ZH DUH FRQVLGHULQJ�

7KH WZR PRQRJUDSKV E\ 9DQ 9OHFN H[DPLQHG LQ WKLV SDSHU ZRXOG VHHP WR TXDOLI\ DV
�JUDGXDWH� WH[WERRNV HYHQ WKRXJK XQGHU D VWULFW DQG QDUURZ GHILQLWLRQ RI WKH JHQUH WKH\PLJKW
QRW� 0RVW RI WKHLU DFWXDO UHDGHUV PD\ KDYH EHHQ UHVHDUFK VFLHQWLVWV EXW WKH\ ZHUH ZULWWHQ ZLWK
WKH QHHGV RI VWXGHQWV LQ PLQG DQG ERWK ERRNV VDZ VRPH FODVVURRP XVH� 6WXGHQW QRWHV IRU D
WZR�VHPHVWHU FRXUVH RQ TXDQWXPPHFKDQLFV WKDW 9DQ 9OHFN RIIHUHG LQ:LVFRQVLQ LQ ����±��
VKRZ WKDW� GHVSLWH WKH TXDQWXP UHYROXWLRQ WKDW KDG VXSSRVHGO\ PDGH LW REVROHWH IRXU \HDUV
HDUOLHU� 9DQ 9OHFN ZDV VWLOO XVLQJ KLV 15& %XOOHWLQ DV WKH PDLQ UHIHUHQFH IRU DOPRVW WZR�
WKLUGV RI WKH ILUVW VHPHVWHU�� ,W LV XQFOHDU ZKHWKHU 9DQ 9OHFN KLPVHOI HYHU XVHG KLV ����
ERRN RQ VXVFHSWLELOLWLHV LQ KLV FODVVHV� +RZHYHU� RQH RI KLV FROOHDJXHV DW :LVFRQVLQ� 5DJQDU
5ROOHIVRQ� WROG 9DQ 9OHFN¶V ELRJUDSKHU )UHG )HOORZV ������ ���� WKDW KH KDG RFFDVLRQDOO\

�$V ZH ZLOO VHH EHORZ� µSDUDGLJP¶ LV XVHG KHUH LQ WKH VHQVH IRU ZKLFK .XKQ ������ ���� ODWHU LQWURGXFHG WKH WHUP
µH[HPSODU¶�
�7KHVH QRWHV� WDNHQ E\ 5DOSK 3�:LQFK� KDYH EHHQ GHSRVLWHG DW WKH 1LHOV %RKU /LEUDU\ 	$UFKLYHV RI WKH $PHULFDQ
,QVWLWXWH RI 3K\VLFV LQ &ROOHJH 3DUN� 0DU\ODQG� 1RWHV IRU D FRXUVH LQ ����±�� LQ 0LQQHVRWD� WDNHQ E\ 5REHUW %�
:KLWQH\ DQG QRW QHDUO\ DV PHWLFXORXV DV :LQFK¶V� DOVR FRQWDLQ QXPHURXV UHIHUHQFHV WR 9DQ 9OHFN¶V %XOOHWLQ� $ IXOO
SKRWRFRS\ RI WKHVH QRWHV ZDV REWDLQHG E\ 5RJHU 6WXHZHU� ZKR NLQGO\ PDGH WKHP DYDLODEOH WR XV �DFFRPSDQ\LQJ
WKLV SKRWRFRS\ LV D OHWWHU IURP %DUEDUD %XFN WR 5RJHU 6WXHZHU� � 'HFHPEHU ����� GHWDLOLQJ LWV SURYHQDQFH��
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XVHG WKH OHQJWK\ FKDS� 9,� ³4XDQWXP�PHFKDQLFDO IRXQGDWLRQV�´ ZKLFK LQFOXGHV D WKRURXJK
GLVFXVVLRQ RI TXDQWXP SHUWXUEDWLRQ WKHRU\� LQ KLV FRXUVHV RQ TXDQWXP PHFKDQLFV��

6R RQH FDQ UHDVRQDEO\ DVN KRZ ZHOO 9DQ 9OHFN¶V WZR ERRNV ILW ZLWK .XKQ¶V VHGXFWLYH
SLFWXUH RI KRZ WKH UHJURXSLQJ RI D VFLHQWLILF FRPPXQLW\ LQ UHVSRQVH WR D VFLHQWLILF UHYROXWLRQ
LV UHIOHFWHG LQ WKH WH[WERRNV LW SURGXFHV� ,W ZLOO EH KHOSIXO WR VHSDUDWH WZR DVSHFWV RI WKLV
SLFWXUH� KRZ WH[WERRNV GHOLQHDWH DQG RULHQW IXUWKHU ZRUN LQ WKHLU �VXE��GLVFLSOLQHV� DQG KRZ�
LQ GRLQJ VR� WKH\ LQHYLWDEO\ GLVWRUW WKH SUHKLVWRU\ RI WKHVH �VXE��GLVFLSOLQHV DQG SDSHU RYHU
.XKQ ORVVHV�

9DQ 9OHFN¶V 15& %XOOHWLQ FRQILUPV VHYHUDO RI KLV IRUPHU VWXGHQW¶V JHQHUDOL]DWLRQV
DERXW WH[WERRNV� 7KH %XOOHWLQ LV RUJDQL]HG DURXQG WKH FRUUHVSRQGHQFH SULQFLSOH DV D VWUDW�
HJ\ IRU WDFNOLQJ SUREOHPV PRVWO\ LQ DWRPLF VSHFWURVFRS\� 9DQ 9OHFN WKXV WRRN WKH DSSURDFK
KH� .UDPHUV� 0D[ %RUQ DQG RWKHUV DW WKH UHVHDUFK IURQWLHU RI WKH ROG TXDQWXP WKHRU\ KDG
DGRSWHG DURXQG ���� DQG IL[DWHG WKDW DSSURDFK LQ D ERRN PHDQW WR LQLWLDWH RWKHUV LQ WKH ILHOG�
3XWWLQJ WKHVH FRUUHVSRQGHQFH�SULQFLSOH WHFKQLTXHV DQG WKH SUREOHPV DPHQDEOH WR WKHP DW
WKH FHQWHU RI KLV SUHVHQWDWLRQ DQG UHOHJDWLQJ ZRUN DORQJ GLIIHUHQW OLQHV RU LQ RWKHU DUHDV WR
WKH SHULSKHU\� 9DQ 9OHFN FOHDUO\ LGHQWLILHG DQG SURPRWHG ZKDW KH WKRXJKW ZDV DQG VKRXOG
EH WKH FRUH SXUVXLW RI WKH ROG TXDQWXP WKHRU\�

7KRVH HQJDJHG LQ ZRUN WKDW ZDV PDUJLQDOL]HG LQ WKLV ZD\ SUHGLFWDEO\ WRRN H[FHSWLRQ�
,Q D UHYLHZ RI WKH%XOOHWLQ� RQH VXFK FROOHDJXH� $GROI 6PHNDO� FRPSODLQHG DERXW 9DQ9OHFN¶V
RUJDQL]DWLRQ RI WKH PDWHULDO� 6PHNDO UHFRJQL]HG WKDW VRPH RUJDQL]LQJ SULQFLSOH ZDV QHHGHG
JLYHQ WKH VKHHU TXDQWLW\ RI PDWHULDO WR EH FRYHUHG EXW KH GLG QRW FDUH IRU WKH FKRLFHV 9DQ
9OHFN KDG PDGH�

6HOHFWLRQ RI� DUUDQJHPHQW RI� DQG VSDFH GHYRWHG WR WKH RIIHULQJV LV KHDYLO\ LQ�
IOXHQFHG E\ VXEMHFWLYH YLHZSRLQWV DQG FDQQRW ZLQ HYHU\ UHDGHU¶V DSSURYDO HYH�
U\ZKHUH� ,QVWHDG RI WKH SUHVXPDEO\ DYDLODEOH RSWLRQ RI OHWWLQJ DOO IXQGDPHQWDO
FRQQHFWLRQV HPHUJH V\VWHPDWLFDOO\� WKH DXWKRU KDV SUHIHUUHG WR SXW XS IURQW ZKDW
LV IHOW WR EH WKH LQWHUQDOO\ PRVW XQLILHG SDUW RI WKH TXDQWXP WKHRU\ DV LW KDV GHYHO�
RSHG VR IDU� IROORZHG E\ PRUH RU OHVV LVRODWHG DSSOLFDWLRQV WR VSHFLILF SUREOHPV�
�6PHNDO ����� ���

7KH ZD\ LQ ZKLFK FRUUHVSRQGHQFH�SULQFLSOH WHFKQLTXHV WDNH FHQWHU VWDJH LQ 9DQ9OHFN¶V
ERRN SURYLGHV D QLFH H[DPSOH RI KRZ WH[WERRNV WUDQVPLW ZKDW .XKQ LQ WKH SRVWVFULSW WR
6WUXFWXUH FDOOHG H[HPSODUV� WKH ³HQWLUHO\ DSSURSULDWH >PHDQLQJ@ ERWK SKLORORJLFDOO\ DQG DX�
WRELRJUDSKLFDOO\´ RI WKH WHUP µSDUDGLJP¶ �.XKQ ����� ���±����� %\ DQ H[HPSODU� .XKQ
ZURWH�

, PHDQ� LQLWLDOO\� WKH FRQFUHWH SUREOHP VROXWLRQV WKDW VWXGHQWV HQFRXQWHU IURP
WKH VWDUW RI WKHLU VFLHQWLILF HGXFDWLRQ� ZKHWKHU LQ ODERUDWRULHV� RQ H[DPLQDWLRQV
RU DW WKH HQGV RI FKDSWHUV LQ VFLHQFH WH[WV� 7R WKHVH VKDUHG H[DPSOHV VKRXOG�

�,Q KLV UHYLHZ RI WKH ���� ERRN LQ 'LH 1DWXUZLVVHQVFKDIWHQ� 3DXOL ������ ZURWH� ³2QH FDQ VD\ WKDW LW KDV WKH
FKDUDFWHU LQ SDUW RI D KDQGERRN DQG LQ SDUW RI D WH[WERRN� 7KH IRUPHU DVSHFW LV H[SUHVVHG LQ WKH H[KDXVWLYH GLVFXVVLRQ
RI DOO TXHVWLRQV RI GHWDLO� WKH ODWWHU LQ WKDW WKH IRXQGDWLRQV RI WKH WKHRU\ DUH DOVR SUHVHQWHG�´ ,Q VXPPDU\� KH ZURWH�
³%RWK IRU OHDUQLQJ WKH WKHRU\ RI WKH ILHOG FRYHUHG DQG IRU DQ DXWKRULWDWLYH LQWURGXFWLRQ WR WKH GHWDLOV WKH ERRN
FDQ EH PRVW ZDUPO\ UHFRPPHQGHG´ �LELG��� 6LPLODUO\� 3DXOLQJ ������ ����� ZURWH LQ KLV UHYLHZ� ³7KH ERRN LV
FKDUDFWHUL]HG E\ FOHDU H[SRVLWLRQ DQG LQWHUHVWLQJ VW\OH� ZKLFK FRPELQHG ZLWK WKH VRXQG DQG UHOLDEOH WUHDWPHQW�
VKRXOG PDNH LW D YDOXDEOH WH[W IRU DQ DGYDQFHG FRXUVH� DV ZHOO DV WKH DXWKRULWDWLYH UHIHUHQFH ERRN LQ WKH ILHOG�´
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KRZHYHU� EH DGGHG DW OHDVW VRPH RI WKH WHFKQLFDO SUREOHP�VROXWLRQV IRXQG LQ
WKH SHULRGLFDO OLWHUDWXUH WKDW VFLHQWLVWV HQFRXQWHU GXULQJ WKHLU SRVW�HGXFDWLRQDO
UHVHDUFK FDUHHUV DQG WKDW DOVR VKRZ WKHP E\ H[DPSOH KRZ WKHLU MRE LV WR EH GRQH�
�.XKQ ����� ����

9DQ 9OHFN¶V %XOOHWLQ SUHVHQWHG VXFK ³WHFKQLFDO SUREOHP�VROXWLRQV IRXQG LQ WKH SHULRGL�
FDO OLWHUDWXUH´ LQ D PRUH GLGDFWLF WH[W WKDW VKRXOG KHOS LWV UHDGHUV EHFRPH DFWLYH FRQWULEXWRUV
WR WKLV OLWHUDWXUH WKHPVHOYHV�

&RQILUPLQJ DQRWKHU DUWLFOH RI .XKQLDQ GRFWULQH� WKH SUREOHP ZLWK VXVFHSWLELOLWLHV� D
.XKQ ORVV LQ WKH WUDQVLWLRQ IURP FODVVLFDO WKHRU\ WR WKH ROG TXDQWXP WKHRU\� LV QRW PHQWLRQHG
DQ\ZKHUH LQ WKH %XOOHWLQ� 9DQ 9OHFN PD\ KDYH IRUJRWWHQ DERXW WKH SUREOHP� EXW WKHUH LV FOHDU
HYLGHQFH WKDW KH KDG EHHQ DZDUH RI LW HDUOLHU� ,Q D WHUP SDSHU RI ����� HQWLWOHG ³7KHRULHV RI
PDJQHWLVP�´ IRU D FRXUVH KH WRRN ZLWK 3HUF\ :� %ULGJPDQ DV D JUDGXDWH VWXGHQW DW +DUYDUG�
9DQ 9OHFN WRXFKHG RQ WKH SDSHU LQ ZKLFK 3DXOL ������ GHULYHG WKH HQWU\ ܥ ൌ ͳǤͷͶ IRU ZKROH
TXDQWD LQ WKH WDEOH LQ ILJ� ����� �)HOORZV ����� �����

:KHUHDV WKH %XOOHWLQ SDVVHV RYHU WKH .XKQ ORVV LQ WKH WKHRU\ RI VXVFHSWLELOLWLHV LQ VL�
OHQFH� WKH .XKQ ORVV LQ GLVSHUVLRQ WKHRU\ LQ WKDW VDPH WUDQVLWLRQ LV IODJJHG SURPLQHQWO\� ,W LV
HDV\ WR XQGHUVWDQG ZK\� %\ WKH WLPH 9DQ 9OHFN ZURWH KLV %XOOHWLQ� .UDPHUV �����D� ����E�
KDG DOUHDG\ UHFRYHUHG WKDW .XKQ ORVV ZLWK KLV QHZ GLVSHUVLRQ IRUPXOD� 0RUHRYHU� DV ZH
ZLOO VHH LQ VHF� �������� WKLV IRUPXOD ZDV RQH RI WKH VWULNLQJ VXFFHVVHV RI WKH FRUUHVSRQGHQFH�
SULQFLSOH DSSURDFK FHQWUDO WR WKH ERRN� 9DQ 9OHFN WKXV FRXOG DQG GLG XVH WKH UHFRYHUHG .XKQ
ORVV LQ GLVSHUVLRQ WKHRU\ WR SURPRWH WKLV DSSURDFK�

,Q KLV ���� ERRN� DV ZH ZLOO VHH LQ VHFV� ������±������� 9DQ 9OHFN PDGH HYHQ PRUH HODE�
RUDWH XVH RI WKH UHFRYHUHG .XKQ ORVV LQ VXVFHSWLELOLW\ WKHRU\ WR SURPRWH KLV QHZ TXDQWXP�
PHFKDQLFDO WUHDWPHQW RI VXVFHSWLELOLWLHV� +H GHYRWHG D ZKROH FKDSWHU RI WKH ERRN WR WKH
SUREOHPV RI WKH ROG TXDQWXP WKHRU\ LQ WKLV DUHD� 2I FRXUVH� WKH .XKQ ORVV LQ VXVFHSWLELOLW\
WKHRU\ ZDV UHJDLQHG RQO\ DIWHU D PDMRU WKHRU\ FKDQJH� 7KH GLIIHUHQFH EHWZHHQ WKH WZR FDVHV�
KRZHYHU� LV VPDOOHU WKDQ RQH PLJKW LQLWLDOO\ WKLQN� 7KH %.6 WKHRU\ LQWR ZKLFK .UDPHUV¶V
GLVSHUVLRQ IRUPXOD ZDV TXLFNO\ LQWHJUDWHG FRQVWLWXWHG VXFK D UDGLFDO GHSDUWXUH IURP %RKU¶V
RULJLQDO WKHRU\ WKDW LW PLJKW ZHOO KDYH EHHQ UHPHPEHUHG DV D FRPSOHWHO\ QHZ WKHRU\ KDG LW
QRW EHHQ VR VKRUW�OLYHG �'XQFDQ DQG -DQVVHQ ����� ���±�����

/LNH WKH%XOOHWLQ� WKH ���� ERRN SURYLGHG LWV UHDGHUV ZLWK DOO WKH WRROV WKH\ QHHGHG WR EH�
FRPH UHVHDUFKHUV LQ WKH ILHOG LW VRPDVWHUIXOO\PDSSHG RXW IRU WKHP� +DG WKH FRUUHVSRQGHQFH�
SULQFLSOH DSSURDFK WR DWRPLF SK\VLFV EHHQ PRULEXQG E\ WKH WLPH WKH %XOOHWLQ VDZ SULQW� WKH
DSSURDFK WR HOHFWULF DQG PDJQHWLF VXVFHSWLELOLWLHV FKDPSLRQHG LQ WKH ���� ERRN ZRXOG SURYH
WR EH UHPDUNDEO\ IUXLWIXO�

����� &RQWLQXLW\ DQG 'LVFRQWLQXLW\ LQ 6FLHQWLILF 5HYROXWLRQV

$ FRXSOH RI .XKQ ORVVHV SURXGO\ GLVSOD\HG UDWKHU WKDQ VZHSW XQGHU WKH UXJ LQ D SDLU RI
ERRNV WKDW RQO\ EURDGO\ TXDOLI\ DV WH[WERRNV PD\ QRW VHHP OLNH PXFK RI D WKUHDW WR .XKQ¶V
JHQHUDO DFFRXQW RI KRZ WH[WERRNV PDNH VFLHQWLILF UHYROXWLRQV LQYLVLEOH� %XW WKH\ GR SRLQW�
ZH EHOLHYH� WR D PRUH VHULRXV XQGHUO\LQJ LVVXH� 9DQ 9OHFN PDQDJHG WR ZULWH WZR ERRNV WKDW
HTXLSSHG WKHLU UHDGHUV ZLWK WKH WRROV WKH\ QHHGHG WR VWDUW GRLQJ WKH NLQG RI UHVHDUFK WKHLU
DXWKRU HQYLVLRQHG WKHPVHOYHV ZLWKRXW WKH NLQG RI ZKROHVDOH GLVWRUWLRQ DQG VXSSUHVVLRQ RI
WKH SUHKLVWRU\ RI WKHLU VXEMHFW PDWWHU WKDW .XKQ FODLPHG DUH XQDYRLGDEOH� 7KDW LV QRW WR VD\
WKDW VXFK GLVWRUWLRQ DQG VXSSUHVVLRQ ZHUH RU FRXOG KDYH EHHQ FRPSOHWHO\ DYRLGHG�
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7KH ���� ERRN SURYLGHV WKH FOHDUHVW H[DPSOH RI WKLV� $V PHQWLRQHG DERYH� 9DQ 9OHFN
GHYRWHG DQ HQWLUH FKDSWHU WR WKH ROG TXDQWXP WKHRU\� SXWWLQJ WKH SUREOHPV LW UDQ LQWR ZLWK
VXVFHSWLELOLWLHV RQ IXOO GLVSOD\� <HW KH FRQYHQLHQWO\ QHJOHFWHG WR PHQWLRQ WKDW WKHUH KDG EHHQ
QR FOHDU HPSLULFDO HYLGHQFH H[SRVLQJ WKHVH SUREOHPV�

6PHNDO¶V UHYLHZ RI WKH 15& %XOOHWLQ VXJJHVWV WKDW LQ ���� 9DQ 9OHFN GLG QRW FRP�
SOHWHO\ VWHHU FOHDU RI GLVWRUWLQJ WKH KLVWRU\ RI KLV VXEMHFW HLWKHU� 6PHNDO KDG EHHQ FKDP�
SLRQLQJ DQ DOWHUQDWLYH GLVSHUVLRQ WKHRU\� ZKLFK KH FRPSODLQHG ZDV ³FRPSOHWHO\ PLVXQGHU�
VWRRG DQG GLVWRUWHG´ �6PHNDO ����� ��� LQ WKH RQH SDUDJUDSK9DQ9OHFN �����E� ���� GHYRWHG
WR LW� :KHWKHU RU QRW WKLV FRPSODLQW ZDV ZHOO�IRXQGHG� LW ZRXOG KDYH EHHQ FRXQWHUSURGXF�
WLYH LQ WHUPV RI 9DQ 9OHFN¶V SHGDJRJLFDO REMHFWLYHV WR FRYHU 6PHNDO¶V DQG RWKHU FRPSHWLQJ
WKHRULHV RI GLVSHUVLRQ WR WKHLU SURSRQHQWV¶ VDWLVIDFWLRQ�

7KDW VDLG� WKHUH ZHUH PDQ\ HOHPHQWV LQ ROGHU WKHRULHV WKDW KHOSHG UDWKHU WKDQ KLQGHUHG
9DQ 9OHFN LQ DFKLHYLQJ WKHVH REMHFWLYHV� $V D UHVXOW� PXFK RI WKH FRQWLQXLW\ WKDW FDQ EH
GLVFHUQHG LQ WKH GLVFXVVLRQV RI FODVVLFDO WKHRU\ DQG TXDQWXP WKHRU\ LQ WKH 15& %XOOHWLQ LV
QRW� DV .XKQ ZRXOG KDYH LW� DQ DUWLIDFW RI KRZ KLVWRU\ LV LQHYLWDEO\ UHZULWWHQ LQ WH[WERRNV� EXW
DFWXDOO\ PDWFKHV WKH KLVWRULFDO UHFRUG WROHUDEO\ ZHOO� 'HVSLWH LWV PLVOHDGLQJ WUHDWPHQW RI WKH
H[SHULPHQWDO VWDWH RI DIIDLUV LQ WKH HDUO\ ����V� WKH VDPH FDQ EH VDLG DERXW WKH ���� ERRN�
7KH ILQDO WZR FODXVHV RI WKH SDVVDJH IURP 6WUXFWXUH TXRWHG DERYH �³LQHYLWDEO\ GLVJXLVH >«@´
DQG ³WUXQFDWLQJ >«@´� DUH FOHDUO\ WRR VWURQJ�

2Q WKH .XKQLDQ SLFWXUH RI VFLHQWLILF UHYROXWLRQV DV SDUDGLJP VKLIWV DNLQ WR *HVWDOW
VZLWFKHV� LW LV KDUG WR XQGHUVWDQG KRZ D SRVW�UHYROXWLRQDU\ WH[WERRN FRXOG PDNH WKH SUH�
KLVWRU\ RI LWV VXEMHFW PDWWHU ORRN PRUH RU OHVV FRQWLQXRXV DQG WKHUHE\ SHUIHFWO\ VXLWDEOH WR
LWV SHGDJRJLFDO REMHFWLYHV ZLWKRXW VHULRXVO\ GLVJXLVLQJ� GLVWRUWLQJ� DQG WUXQFDWLQJ WKDW SUH�
KLVWRU\� $Q LPSRUWDQW SDUW RI WKH H[SODQDWLRQ� DW OHDVW LQ WKH FDVH RI WKHVH WZR ERRNV E\ 9DQ
9OHFN� LV WKH FRQWLQXLW\ RI PDWKHPDWLFDO WHFKQLTXHV WKURXJK WKH FRQFHSWXDO XSKHDYDOV WKDW
PDUN WKH WUDQVLWLRQ IURP FODVVLFDO WKHRU\ WR WKH ROG TXDQWXP WKHRU\� DQG ILQDOO\ WR PRGHUQ
TXDQWXP PHFKDQLFV�

,Q KLV UHFHQW ERRN� &UDIWLQJ WKH 4XDQWXP� RQ WKH 6RPPHUIHOG VFKRRO LQ WKHRUHWLFDO
SK\VLFV� 6XPDQ 6HWK ������ PDNHV D VLPLODU SRLQW� +H UHFRQFLOHV WKH FRQWLQXRXV DQG WKH
GLVFRQWLQXRXV DVSHFWV RI WKH GHYHORSPHQW RI TXDQWXP WKHRU\ LQ WKH ����V E\ HPSKDVL]LQJ�
DV ZH GR� WKH FRQWLQXLW\ RI PDWKHPDWLFDO WHFKQLTXHV� 6FLHQWLILF UHYROXWLRQV� KH ZULWHV� ³DUH
UHYROXWLRQV RI FRQFHSWXDO IRXQGDWLRQV� QRW RI SX]]OH�VROYLQJ WHFKQLTXHV� 0RVW VLPSO\� 6FL�
HQFH VHHV UHYROXWLRQV RI SULQFLSOHV� QRW RI SUREOHPV´ �6HWK ����� ����� 7R LOOXVWUDWH KLV
SRLQW� 6HWK TXRWHV $UQROG 6RPPHUIHOG� ZKR ZURWH LQ ����� ³7KH QHZ GHYHORSPHQW GRHV
QRW VLJQLI\ D UHYROXWLRQ� EXW D MR\IXO DGYDQFHPHQW RI ZKDW ZDV DOUHDG\ LQ H[LVWHQFH� ZLWK
PDQ\ IXQGDPHQWDO FODULILFDWLRQV DQG VKDUSHQLQJV´ �LELG�� �����

*LYHQ WKH UDGLFDO FRQFHSWXDO FKDQJHV LQYROYHG LQ WKH WUDQVLWLRQ IURP FODVVLFDO SK\VLFV
WR TXDQWXP SK\VLFV� LW LV LPSRUWDQW WR NHHS LQ PLQG WKDW WKHUH ZDV DW WKH VDPH WLPH JUHDW FRQ�
WLQXLW\ RI PDWKHPDWLFDO VWUXFWXUH LQ WKLV WUDQVLWLRQ� %RWK WKH ROG TXDQWXP WKHRU\ DQG PDWUL[
PHFKDQLFV� IRU LQVWDQFH� UHWDLQ� LQ D VHQVH� WKH ODZV RI FODVVLFDO SK\VLFV� 7KH ROG TXDQWXP
WKHRU\ MXVW SXW VRPH DGGLWLRQDO FRQVWUDLQWV RQ WKH PRWLRQV DOORZHG E\ 1HZWRQLDQ PHFKDQLFV�
7KH EDVLF LGHD RI PDWUL[ PHFKDQLFV� DV UHIOHFWHG LQ WKH WHUP 8PGHXWXQJ �UHLQWHUSUHWDWLRQ�
LQ WKH WLWOH RI WKH SDSHU ZLWK ZKLFK :HUQHU +HLVHQEHUJ �����E� ODLG WKH EDVLV IRU WKH QHZ
WKHRU\� ZDV QRW WR UHSHDO WKH ODZV RI PHFKDQLFV EXW WR UHLQWHUSUHW WKHP� +HLVHQEHUJ WRRN
WKH TXDQWLWLHV UHODWHG E\ WKHVH ODZV WR EH DUUD\V RI QXPEHUV� VRRQ WR EH UHFRJQL]HG DV PD�
WULFHV �'XQFDQ DQG -DQVVHQ ����� ������ ,W LV WKLV FRQWLQXLW\ RI PDWKHPDWLFDO VWUXFWXUH WKDW
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XQGHUJLUGV WKH FRQWLQXHG HIIHFWLYHQHVV RI WKH PDWKHPDWLFDO WRROV ZLHOGHG LQ WKH FRQWH[W RI
WKHVH GLIIHUHQW WKHRULHV�

,Q WKH ROG TXDQWXP WKHRU\� WHFKQLTXHV IURP SHUWXUEDWLRQ WKHRU\ LQ FHOHVWLDO PHFKDQLFV
ZHUH XVHG WR DQDO\]H HOHFWURQ RUELWV LQ DWRPV FODVVLFDOO\ DV D SUHOXGH WR WKH WUDQVODWLRQ RI WKH
UHVXOWV LQWR TXDQWXP IRUPXODV XQGHU WKH JXLGDQFH RI WKH FRUUHVSRQGHQFH SULQFLSOH �'XQFDQ
DQG -DQVVHQ ����� ���±���� ���±����� 7KLV LV WKH SURFHGXUH WKDW OHG .UDPHUV WR KLV GLVSHU�
VLRQ IRUPXOD� ,W LV DOVR WKH SURFHGXUH WKDW 9DQ 9OHFN �����E� ����F� IROORZHG LQ KLV HDUO\
UHVHDUFK DQG PDGH FHQWUDO WR KLV H[SRVLWLRQ RI WKH ROG TXDQWXP WKHRU\ LQ WKH ���� %XOOHWLQ�
,W LQVSLUHG WKH FORVHO\ UHODWHG SHUWXUEDWLRQ WHFKQLTXHV LQ PDWUL[ PHFKDQLFV GHYHORSHG LQ WKH
IDPRXV 'UHLPlQQHUDUEHLW RI %RUQ� +HLVHQEHUJ� DQG 3DVFXDO -RUGDQ ������� ,Q KLV SDSHUV
RI WKH ODWH ����V DQG LQ KLV ���� ERRN� 9DQ 9OHFN DGDSWHG WKHVH SHUWXUEDWLRQ WHFKQLTXHV WR
WKH WUHDWPHQW RI VXVFHSWLELOLWLHV� $ UHDGHU FRPSDULQJ 9DQ 9OHFN¶V ERRNV RI ���� DQG ����
LV SUREDEO\ VWUXFN ILUVW E\ WKH VKLIW IURP VSHFWUD WR VXVFHSWLELOLWLHV� 8QGHUO\LQJ WKDW GLVFRQ�
WLQXLW\� KRZHYHU� LV WKH FRQWLQXLW\ LQ WKHVH SHUWXUEDWLRQ WHFKQLTXHV� PDGH SRVVLEOH E\ WKH
VXUYLYDO RI PXFK RI WKH VWUXFWXUH RI FODVVLFDO PHFKDQLFV LQ ERWK WKH ROG DQG WKH QHZ TXDQ�
WXP WKHRU\� 7KHVH WHFKQLTXHV DFWXDOO\ ILW .XKQ¶V GHILQLWLRQ RI DQ H[HPSODU YHU\ QLFHO\� HYHQ
WKRXJK WKH\ FXW DFURVV ZKDW E\ .XKQ¶V UHFNRQLQJ DUH WZR PDMRU SDUDGLJP VKLIWV�

2QH ZD\ WR KLJKOLJKW WKH FRQWLQXLW\ RI 9DQ 9OHFN¶V WUDMHFWRU\ IURP VSHFWUD WR VXVFHS�
WLELOLWLHV LV WR QRWH WKDW WKH GHULYDWLRQ RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD� D SULPH H[DPSOH
RI 9DQ 9OHFN¶V DSSURDFK LQ KLV 15& %XOOHWLQ� DQG WKH GHULYDWLRQ RI WKH /DQJHYLQ�'HE\H
IRUPXOD IRU HOHFWULF VXVFHSWLELOLWLHV� FHQWUDO WR KLV FODVVLF RI HDUO\ VROLG�VWDWH SK\VLFV� ERWK
LQYROYH DSSOLFDWLRQV RI FDQRQLFDO SHUWXUEDWLRQ WKHRU\ LQ DFWLRQ�DQJOH YDULDEOHV WR FDOFXODWH
WKH HOHFWULF PRPHQW RI D PXOWLSO\�SHULRGLF V\VWHP LQ DQ H[WHUQDO HOHFWULF ILHOG� 7KH PDLQ
GLIIHUHQFH LV WKDW LQ WKH FDVH RI GLVSHUVLRQ ZH DUH LQWHUHVWHG LQ WKH LQVWDQWDQHRXV YDOXH RI
WKH HOHFWULF PRPHQW RI LQGLYLGXDO PXOWLSO\�SHULRGLF V\VWHPV LQ UHVSRQVH WR WKH SHULRGLFDOO\
FKDQJLQJ HOHFWULF ILHOG RI DQ LQFRPLQJ HOHFWURPDJQHWLF ZDYH� ZKHUHDV LQ WKH FDVH RI VXVFHS�
WLELOLWLHV ZH DUH LQWHUHVWHG LQ WKHUPDO HQVHPEOH DYHUDJHV RI WKH HOHFWULF PRPHQWV RI PDQ\
VXFK V\VWHPV DYHUDJHG RYHU WKH SHULRGV RI WKHLU PRWLRQ LQ UHVSRQVH WR D FRQVWDQW H[WHUQDO
ILHOG �FI� VHF� ����� DQG VHFV� �����±����� DQG QRWH ����

7KH UHPDUNDEOH FRQWLQXLW\ RI PDWKHPDWLFDO VWUXFWXUHV DQG WHFKQLTXHV LQ WKH WUDQVLWLRQV
IURP FODVVLFDO WKHRU\ WR WKH ROG TXDQWXP WKHRU\� DQG WKHQ WR PRGHUQ TXDQWXP PHFKDQLFV
PDNHV LW SHUIHFWO\ XQGHUVWDQGDEOH WKDW 9DQ 9OHFN FRXOG VWLOO XVH KLV ���� %XOOHWLQ LQ KLV
FRXUVHV RQ TXDQWXP PHFKDQLFV LQ WKH HDUO\ ����V� ,W DOVR H[SODLQV KRZ 9DQ 9OHFN FRXOG
PDNH VXFK UDSLG SURJUHVV RQFH KH KLW XSRQ WKH SUREOHP RI VXVFHSWLELOLWLHV QRW ORQJ DIWHU KH
FRPSOHWHG WKH %XOOHWLQ DQG PDVWHUHG PDWUL[ PHFKDQLFV�

.XKQ KDG D WHQGHQF\ WR VHH RQO\ GLVFRQWLQXLW\ LQ SDUDGLJP VKLIWV� 7KLV LQWHQVH IRFXV
RQ GLVFRQWLQXLW\ LV ZKDW OLHV EHKLQG KLV IDVFLQDWLRQ ZLWK .XKQ ORVVHV� ,W DOVR PDGH KLP
RYHUO\ VXVSLFLRXV RI WKH VHHPLQJO\ FRQWLQXRXV WKHRUHWLFDO GHYHORSPHQWV SUHVHQWHG LQ VFL�
HQFH WH[WERRNV� 7KH DQDO\VLV RI 9DQ 9OHFN¶V ���� DQG ���� ERRNV DQG RI KLV WUDMHFWRU\
IURP RQH WR WKH RWKHU SURYLGHV DQ LPSRUWDQW FRUUHFWLYH WR WKH GLVFRQWLQXLW\ ELDV LQ .XKQ¶V
VWLPXODWLQJ DQG YDOXDEOH REVHUYDWLRQV DERXW .XKQ ORVVHV DQG WH[WERRNV DQG ZLOO WKXV� ZH
KRSH� FRQWULEXWH WR D PRUH QXDQFHG XQGHUVWDQGLQJ RI WKH UROH RI WKH WH[WERRNV LQ VKDSLQJ
DQG VXVWDLQLQJ �VXE��GLVFLSOLQHV LQ VFLHQFH�

:KHWKHU RQH VHHV FRQWLQXLW\ RU GLVFRQWLQXLW\ LQ WKH WUDQVLWLRQ IURP FODVVLFDO SK\VLFV
WR TXDQWXP SK\VLFV GHSHQGV� WR D ODUJH H[WHQW� RQ RQH¶V SHUVSHFWLYH� 7KH KLVWRULDQ WU\LQJ
WR IROORZ WKH HYHQWV DV WKH\ XQIROGHG RQ WKH JURXQG� ZLOO SUREDEO\ PDLQO\ VHH FRQWLQXLWLHV�
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7KH KLVWRULDQ ZKR WDNHV D ELUG¶V H\H YLHZ DQG FRPSDUHV WKH ODQGVFDSHV EHIRUH DQG DIWHU WKH
WUDQVLWLRQ ZLOO PRVW OLNHO\ EH VWUXFN ILUVW DQG IRUHPRVW E\ GLVFRQWLQXLWLHV� $ ILQDO WZLVW LQ
RXU VWRU\ DERXW WKH UHFRYHUHG .XKQ ORVV LQ 9DQ 9OHFN¶V ���� ERRN QLFHO\ LOOXVWUDWHV WKLV
GLIIHUHQFH LQ SHUVSHFWLYH�

9DQ 9OHFN FRYHUHG WKH WURXEOHVRPH UHFHQW KLVWRU\ RI LWV VXEMHFW PDWWHU LQ FKDS� 9�
³6XVFHSWLELOLWLHV LQ WKH ROG TXDQWXP WKHRU\ FRQWUDVWHG ZLWK WKH QHZ�´ 7KLV FKDSWHU� DV ZH
ZLOO VKRZ LQ PRUH GHWDLO LQ VHFV� ������±������� DOORZV XV WR VHH LPSRUWDQW HOHPHQWV RI FRQ�
WLQXLW\ LQ WKH WUDQVLWLRQ IURP WKH ROG WR WKH QHZ TXDQWXP WKHRU\� 7RZDUG WKH HQG RI KLV
OLIH� 9DQ 9OHFN EHJDQ UHYLVLQJ KLV ���� FODVVLF ZLWK WKH LGHD RI SXEOLVKLQJ D QHZ HGLWLRQ
�)HOORZV ����� ���� ���±���� ������ :DQWLQJ WR DGG D FKDSWHU RQ PRGHUQ GHYHORSPHQWV
ZLWKRXW FKDQJLQJ WKH WRWDO QXPEHU RI FKDSWHUV� KH LQWHQGHG WR FXW FKDS� 9� RQ WKH JURXQGV
WKDW E\ WKHQ LW RQO\ KDG KLVWRULFDO YDOXH��� (YHQ LQ ���� KH EHJDQ WKH FKDSWHU DSRORJL]LQJ
WR KLV UHDGHUV WKDW ³LW PD\ VHHP OLNH XQEXU\LQJ WKH GHDG WR GHYRWH D FKDSWHU WR WKH ROG TXDQ�
WXP WKHRU\´ �9DQ 9OHFN ����E� ����� 1RWH DOVR WKH RQH UHVHUYDWLRQ $QGHUVRQ ������ ����
H[SUHVVHG DERXW WKH ERRN LQ KLV 1$6 PHPRLU� ³,W LV PDUNHGþSHUKDSV HYHQ VOLJKWO\ PDUUHG�
DV D PRGHUQ WH[W IRU SK\VLFLVWV SRRUO\ WUDLQHG LQ FODVVLFDO PHFKDQLFVþE\ FDUHIXO GLVFXVVLRQ
RI WKH ZD\V LQ ZKLFK TXDQWXP PHFKDQLFV� WKH ROG TXDQWXP WKHRU\� DQG FODVVLFDO SK\VLFV
GLIIHU�´ $V LW KDSSHQHG� WKH QHZ HGLWLRQ RI WKH ERRN QHYHU VDZ WKH OLJKW RI GD\� EXW LI LW KDG�
LW ZRXOG KDYH EHHQ D FRQILUPLQJ LQVWDQFH RI DQ DPHQGHG YHUVLRQ RI .XKQ¶V WKHVLV� QDPHO\
WKDW� JRLQJ WKURXJK PXOWLSOH HGLWLRQV� WH[WERRNV HYHQWXDOO\ VXSSUHVV RU DW OHDVW VDQLWL]H WKH
KLVWRU\ RI WKHLU VXEMHFW PDWWHU DQG SDSHU RYHU .XKQ ORVVHV� HVSHFLDOO\ WKRVH WKDW WXUQ RXW WR
KDYH EHHQ RQO\ WHPSRUDU\�

����� 9DQ 9OHFN DV 7HDFKHU

$OWKRXJK LW ZLOO EH FOHDU IURP WKH SUHFHGLQJ VXEVHFWLRQV WKDW RXU PDLQ IRFXV LQ WKLV SDSHU
LV QRW RQ 9DQ 9OHFN¶V ERRNV DV SHGDJRJLFDO WRROV� LW VHHPV DSSURSULDWH WR GHYRWH D VKRUW
VXEVHFWLRQ WR 9DQ 9OHFN DV D WHDFKHU�

$ JRRG SODFH WR VWDUW LV WR FRPSDUH WHVWLPRQ\ E\ $QGHUVRQ DQG .XKQ� 9DQ 9OHFN¶V
XQOLNHO\ SDLU RI JUDGXDWH VWXGHQWV DW +DUYDUG LQ WKH ODWH ����V� ,Q KLV 1$6 PHPRLU DERXW
9DQ 9OHFN� $QGHUVRQ RIIHUHG WKH IROORZLQJ VRPHZKDW EDFN�KDQGHG FRPSOLPHQW�

%\ WKH ����V >«@ KLV WHDFKLQJ VW\OH KDG EHFRPH XQLTXH� DQG LV UHPHPEHUHG
ZLWK IRQGQHVV E\ HYHU\RQH , VSRNH WR� 0RVW RI WKH PDWHULDO ZDV ZULWWHQ LQ
KLV LQLPLWDEOH VFUDZO RQ WKH ERDUG >«@ (VSHFLDOO\ LQ JURXS WKHRU\ >WDXJKW IURP
�:LJQHU ����� LQ WKH RULJLQDO *HUPDQ@� KLV LQWXLWLYH IHHOLQJ IRU WKH VXEMHFW RIWHQ
EHZLOGHUHG XV DV KH VFULEEOHG >«@ LQ DQ RIIKDQG VKRUWKDQG WR GHPRQVWUDWH ZKDW
ZH WKRXJKW ZHUH H[FHHGLQJO\ DEVWUXVH SRLQWV� �$QGHUVRQ ����� ����

$QGHUVRQ¶V DVVHVVPHQW LV DFWXDOO\ FRQVLVWHQW ZLWK .XKQ¶V� HYHQ WKRXJK WKH ODWWHU HY�
LGHQWO\ GLG QRW VKDUH KLV IHOORZ VWXGHQW¶V HQWKXVLDVP IRU WKH XQLTXH VW\OH RI WKHLU DGYLVRU�
³2QH RI WKH FRXUVHV WKDW , WKHQ WRRN ZDV JURXS WKHRU\ ZLWK 9DQ 9OHFN� $QG , IRXQG WKDW

�:H DUH JUDWHIXO WR 'DYLG +XEHU DQG &KXQ /LQ DW WKH 8QLYHUVLW\ RI :LVFRQVLQ±0DGLVRQ� WZR RI 9DQ 9OHFN¶V
VWXGHQWV� IRU SURYLGLQJ XV ZLWK FRSLHV RI WKHVH UHYLVLRQV�
��,Q WKH QHYHU FRPSOHWHG PDQXVFULSW RI WKH UHYLVHG HGLWLRQ� DOO RI FKDS� 9 ZDV ³UHGXFHG WR D VLQJOH VHFWLRQ RI IRXU
W\SHZULWWHQ SDJHV´ �)HOORZV ����� �����
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VRPHZKDW FRQIXVLQJ >«@ 9DQ 9OHFN ZDV QRW D WHUULEO\ JRRG WHDFKHU´ �%DOWDV� *DYURJOX�
DQG .LQGL ����� �����

9DQ 9OHFN¶V WHDFKLQJ VW\OH PXVW KDYH EHHQ OHVV LGLRV\QFUDWLF LQ KLV HDUOLHU \HDUV� $V
5REHUW 6HUEHU� ZKR VWXGLHG ZLWK 9DQ 9OHFN LQ0DGLVRQ LQ WKH HDUO\ ����V �FI� ILJ� ����� ZURWH
LQ WKH SUHIDFH WR KLV IDPRXV /RV $ODPRV 3ULPHU�

-RKQ 9DQ 9OHFN ZDV P\ SURIHVVRU DW :LVFRQVLQ� 7KH ILUVW \HDU , ZDV WKHUH
KH JDYH D FRXUVH LQ TXDQWXP PHFKDQLFV� 1R RQH ZDQWHG WR WDNH D GHJUHH WKDW
\HDU� (YHU\RQH SXW LW RII EHFDXVH LW ZDV XVHOHVVþWKHUH ZHUHQ¶W DQ\ MREV� 7KH
QH[W \HDU 9DQ KDG WKH VDPH EXQFK RI VWXGHQWV� VR KH JDYH XV DGYDQFHG TXDQWXP
PHFKDQLFV� 7KH \HDU DIWHU WKDW KH JDYH XV DGYDQFHG TXDQWXPPHFKDQLFV ,,� 9DQ
ZDV H[WUHPHO\ JRRG� D JRRG WHDFKHU DQG DQ RXWVWDQGLQJ SK\VLFLVW��� �6HUEHU
����� [[LY�

$QGHUVRQ RIIHUHG WKH IROORZLQJ H[SODQDWLRQ IRU 9DQ 9OHFN¶V HIIHFWLYHQHVV DV D WHDFKHU�

,Q DOO RI KLV FODVVHV >«@ KH XVHG WZR EDVLF WHFKQLTXHV RI WKH JHQXLQHO\ JRRG
WHDFKHU� )LUVW� KH SUHVHQWHG D VHW RI FDUHIXOO\ FKRVHQ SUREOHPV >«@ 6HFRQG� KH
VXSSOLHG D ³FULE´ IRU H[DPLQDWLRQ VWXG\� ZKLFK ZH DOZD\V WKRXJKW ZDV SUDFWL�
FDOO\ FKHDWLQJ� VD\LQJ SUHFLVHO\ ZKDW FRXOG EH DVNHG RQ WKH H[DP� ,W ZDV RQO\
DIWHU WKH IDFW WKDW \RX UHDOL]HG WKDW LW FRQWDLQHG HYHU\ VLJQLILFDQW LGHD RI WKH
FRXUVH� �$QGHUVRQ ����� ���±����

)LJXUH ���� 9DQ 9OHFN EHWZHHQ WZR IDQV DW ���� 6WHUOLQJ +DOO� 8QLYHUVLW\ RI :LVFRQVLQ±
0DGLVRQ� FD� ���� �SLFWXUH FRXUWHV\ RI -RKQ &RPVWRFN��

��6HUEHU WROG &KDUOHV :HLQHU DQG *ORULD %� /XENLQ WKH VDPH WKLQJ GXULQJ DQ LQWHUYLHZ IRU WKH $PHULFDQ ,QVWLWXWH RI
3K\VLFV� �� )HEUXDU\ ����� $V KH SXW LW LQ WKH LQWHUYLHZ� LW ZDV ³DOZD\V WKH VDPH JDQJ KDQJLQJ RQ´ �)HOORZV �����
����� $V 9DQ 9OHFN ������ ��� QRWHG ZLWK REYLRXV UHOLVK DERXW 6HUEHU� ³2QH QRZ LGHQWLILHV WKH SUHVHQW 3UHVLGHQW
RI WKH $PHULFDQ 3K\VLFDO 6RFLHW\ ZLWK KLJK HQHUJ\ SK\VLFV� EXW EHIRUH KH IHOO XQGHU WKH LQIOXHQFH RI 2SSHQKHLPHU
DW %HUNHOH\� KH ZRUNHG RQ SUREOHPV WKDW WRGD\ ZRXOG EH FRQVLGHUHG FKHPLFDO SK\VLFV�´
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(YHQ EHIRUH WKH *UHDW 'HSUHVVLRQ� VWXGHQWV VRPHWLPHV WRRN 9DQ 9OHFN¶V TXDQWXP
FRXUVH PRUH WKDQ RQFH� 5REHUW %� :KLWQH\� ZKRVH QRWHV IRU WKH ����±�� HGLWLRQ RI WKH
FRXUVH LQ 0LQQHVRWD �VHH QRWH �� VXSSRUW WKH NLQGHU RI $QGHUVRQ¶V WZR DVVHVVPHQWV RI
9DQ 9OHFN¶V WHDFKLQJ TXRWHG DERYH� UHFDOOHG WKDW WZR DGYDQFHG JUDGXDWH VWXGHQWV� (GZDUG
/� +LOO DQG 9ODGLPLU 5RMDQVN\� DWWHQGHG WKH OHFWXUHV WKH \HDU KH WRRN WKH FRXUVH� HYHQ
WKRXJK WKH\ ERWK KDG WR KDYH WDNHQ LW EHIRUH �)HOORZV ����� ���±����� 8QGHU 9DQ 9OHFN¶V
VXSHUYLVLRQ� +LOO DQG 5RMDQVN\ ZURWH GLVVHUWDWLRQV RQ WRSLFV LQ PROHFXODU DQG DWRPLF
VSHFWURVFRS\� UHVSHFWLYHO\� XVLQJ WKH QHZ TXDQWXP PHFKDQLFV �LELG�� ���� ����� 8SRQ
FRPSOHWLRQ RI KLV GHJUHH +LOO ZHQW WR +DUYDUG DV D SRVWGRF WR ZRUN ZLWK 9DQ 9OHFN¶V
3K�'� DGYLVRU (GZLQ &� .HPEOH� +LOO FR�DXWKRUHG WKH VHFRQG SDUW RI D UHYLHZ DUWLFOH RQ
TXDQWXP PHFKDQLFV ZLWK .HPEOH �.HPEOH ����� .HPEOH DQG +LOO ������ ZKLFK EHFDPH
WKH EDVLV IRU WKH ODWWHU¶V TXDQWXP WH[WERRN �.HPEOH ������ ,Q WKH SUHIDFH� .HPEOH ZURWH
WKDW KH ZDV ³SDUWLFXODUO\ LQGHEWHG´ WR 9DQ 9OHFN� E\ WKHQ KLV FROOHDJXH DW +DUYDUG� ³IRU
UHDGLQJ WKH HQWLUH PDQXVFULSW DQG FRQVWDQW HQFRXUDJHPHQW´ �LELG��� 5RMDQVN\ ������ ZURWH
D WH[WERRN WKDW KDG JRQH WKURXJK HLJKW SULQWLQJV E\ ����� ,Q WKH SUHIDFH� KH DFNQRZOHGJHG
WKH LQIOXHQFH RI 9DQ 9OHFN¶V FRXUVHV�

,Q KLV ILUVW \HDU DW 0DGLVRQ� ����±��� 9DQ 9OHFN LPPHGLDWHO\ VWDUWHG VXSHUYLVLQJ WZR
SRVWGRFV� .DUH )UHGHULFN 1LHVVHQ DQG 6KRX &KLQ :DQJ� DQG WZR JUDGXDWH VWXGHQWV� SURED�
EO\ -� 9� $WDQDVRII DQG $PHOLD )UDQN �)HOORZV ����� ������� +H FR�DXWKRUHG SDSHUV ZLWK
VHYHUDO RI WKHP� PRVWO\ UHODWHG WR KLV ZRUN RQ VXVFHSWLELOLWLHV� &RQWULEXWLRQV E\ DOO IRXU
DUH DFNQRZOHGJHG LQ KLV ���� ERRN� $IWHU LWV SXEOLFDWLRQ� 9DQ 9OHFN FRQWLQXHG WR SXUVXH
UHVHDUFK RQ VXVFHSWLELOLWLHV� RIWHQ LQ FROODERUDWLRQ ZLWK VWXGHQWV DQG SRVWGRFV �9DQ 9OHFN
����� ��� ���� ,Q IDFW� LQ ����� WHQ JUDGXDWH VWXGHQWV �DPRQJ WKHP 6HUEHU DQG 2ODI -RUGDKO�
DQG WKUHH SRVWGRFV �)UDQoRLVH 'RQ\� :LOOLDP 3HQQH\� DQG 5REHUW 6FKODSS� ZHUH ZRUNLQJ
ZLWK 9DQ 9OHFN �)HOORZV ����� ���±�����

3K\VLFV ���� ³4XDQWXP PHFKDQLFV DQG DWRPLF VWUXFWXUH�´ ZDV WKH RQO\ OHFWXUH FRXUVH
9DQ 9OHFN RIIHUHG GXULQJ KLV ILUVW IHZ \HDUV LQ :LVFRQVLQ �LELG�� ����� ,W ZDV QRW XQWLO ����±
��� WKH SHULRG GHVFULEHG E\ 6HUEHU� WKDW 3K\VLFV ���� ³$GYDQFHG 4XDQWXP 0HFKDQLFV�´ DQG
3K\VLFV ���� ³&RQWLQXDWLRQ RI $GYDQFHG 4XDQWXP 0HFKDQLFV�´ ZHUH DGGHG �LELG�� �����
$PRQJ WKH VWXGHQWV WDNLQJ WKH EDVLF FRXUVH LQ ����±�� ZDV -RKQ %DUGHHQ �LELG�� ����� :DO�
WHU +� %UDWWDLQ KDG WDNHQ WKH FRXUVH LQ 0LQQHVRWD WKH \HDU EHIRUH �LELG�� ����� 6R WZR RI
WKH WKUHH PHQ ZKR ZRQ WKH ���� 1REHO 3UL]H IRU WKH LQYHQWLRQ RI WKH WUDQVLVWRU� %DUGHHQ
DQG %UDWWDLQ� DV EHJLQQLQJ JUDGXDWH VWXGHQWV WRRN TXDQWXP PHFKDQLFV ZLWK 9DQ 9OHFN� 7KH
3K�'� DGYLVRU RI WKH WKLUG� :LOOLDP %� 6KRFNOH\� ZDV 6ODWHU� 9DQ 9OHFN¶V PRVW LPSRUWDQW
IHOORZ JUDGXDWH VWXGHQW DW +DUYDUG� 7KLV XQGHUVFRUHV WKH LPSRUWDQFH RI WKH ILUVW JHQHUDWLRQ
RI TXDQWXP SK\VLFLVWV LQ WKH 8QLWHG 6WDWHV IRU WKH HGXFDWLRQ RI WKH QH[W�

����� 6WUXFWXUH RI 2XU 3DSHU

7KH EDODQFH RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� ,Q VHF� ������ ZH VNHWFK 9DQ 9OHFN¶V
HDUO\ OLIH DJDLQVW WKH EDFNGURS RI WKHRUHWLFDO SK\VLFV FRPLQJ RI DJH DQG PDWXULQJ LQ WKH
8QLWHG 6WDWHV� 2XU PDLQ IRFXV LV RQ KLV \HDUV LQ 0LQQHDSROLV OHDGLQJ XS WR WKH ZULWLQJ RI
KLV 15& %XOOHWLQ �����±���� 7KURXJKRXW WKH SDSHU� EXW HVSHFLDOO\ LQ WKH PRUH ELRJUDSKLFDO

��,Q ����� $PHOLD )UDQN PDUULHG (XJHQH:LJQHU� ZKR KDG MRLQHG WKH IDFXOW\ LQ0DGLVRQ WKDW \HDU DIWHU KDYLQJ EHHQ
GLVPLVVHG E\ 3ULQFHWRQ� 6KH GLHG RQO\ QLQH PRQWKV ODWHU� :LJQHU WKHUHXSRQ DFFHSWHG D QHZ RIIHU IURP 3ULQFHWRQ�
PDGH DW WKH UHFRPPHQGDWLRQ RI 9DQ 9OHFN� ZKR E\ WKLV WLPH ZDV DW +DUYDUG �:LJQHU DQG 6]DQWRQ ����� ���±�����
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VHFV� ����� DQG ������ ZH PDNH KHDY\ XVH RI WKH VXSHUE GLVVHUWDWLRQ RQ 9DQ 9OHFN E\ )UHG
)HOORZV ������� ,Q VHF� ������ ZH WXUQ WR WKH %XOOHWLQ LWVHOI �9DQ 9OHFN ����E�� ,Q VHF�
�������� ZH UHFRXQW KRZ ZKDW KDG RULJLQDOO\ EHHQ FRQFHLYHG DV D UHYLHZ DUWLFOH RI DYHUDJH
OHQJWK HYHQWXDOO\ EDOORRQHG LQWR D ����SDJH ERRN� ,Q VHF� ������� ZH JLYH DQ DOPRVW HQWLUHO\
TXDOLWDWLYH GLVFXVVLRQ RI LWV FRQWHQWV� IRFXVLQJ RQ WKH GHULYDWLRQ RI .UDPHUV¶V GLVSHUVLRQ
IRUPXOD ZLWK WKH KHOS RI WKH FRUUHVSRQGHQFH�SULQFLSOH WHFKQLTXH FHQWUDO WR WKH ERRN� )RU WKH
GHWDLOV RI WKLV GHULYDWLRQ ZH UHIHU WR 'XQFDQ DQG -DQVVHQ ������ FI� QRWH �� EHORZ�� ,Q VHF�
������ ZH UHWXUQ WR 9DQ 9OHFN¶V ELRJUDSK\� :H GHVFULEH WKH \HDUV IROORZLQJ WKH %XOOHWLQ¶V
SXEOLFDWLRQ� KLV PRYH IURP0LQQHDSROLV WR 0DGLVRQ� DQG WKH GHYHORSPHQW RI KLV H[SHUWLVH LQ
WKH WKHRU\ RI VXVFHSWLELOLWLHV� ,Q VHF� ������ ZH GLVFXVV KLV ERRN RQ VXVFHSWLELOLWLHV �9DQ9OHFN
����E�� 7KH VWUXFWXUH RI VHF� ����� PLUURUV WKDW RI VHF� ������ ,Q VHF� �������� ZH UHFRXQW KRZ
9DQ 9OHFN FDPH WR ZULWH KLV VHFRQG ERRN� ,Q VHFV� ������±������� ZH GLVFXVV LWV FRQWHQW� QRW
MXVW TXDOLWDWLYHO\ LQ WKLV FDVH EXW FDUHIXOO\ JRLQJ WKURXJK YDULRXV GHULYDWLRQV� :H IRFXV RQ
WKH YLFLVVLWXGHV RI WKH /DQJHYLQ�'HE\H IRUPXOD LQ WKH WUDQVLWLRQ IURP FODVVLFDO WR TXDQWXP
WKHRU\� ,Q VHF� ������ ZH EULHIO\ UHYLVLW WKH .XKQLDQ WKHPHV LQWURGXFHG DERYH DQG VXPPDUL]H
RXU ILQGLQJV�

��� 9DQ 9OHFN¶V (DUO\ /LIH DQG &DUHHU

-RKQ +DVEURXFN 9DQ 9OHFN �����±����� ZDV ERUQ LQ 0LGGOHWRZQ� &RQQHFWLFXW� WR (GZDUG
%XUU 9DQ 9OHFN DQG +HVWHU /DXUHQFH 9DQ 9OHFN �QpH 5D\PRQG�� ,Q ���� WKH IDPLO\ PRYHG
WR 0DGLVRQ� :LVFRQVLQ� ZKHUH KLV IDWKHU ZDV DSSRLQWHG SURIHVVRU RI PDWKHPDWLFV��� +H
KDG EHHQ QDPHG DIWHU KLV JUDQGIDWKHU� -RKQ 0RQURH 9DQ 9OHFN� EXW KLV PRWKHU� QRW IRQG RI
KHU IDWKHU�LQ�ODZ� FDOOHG KLP +DVEURXFN �)HOORZV ����� �±��� 7R KLV FROOHDJXHV� KH ZRXOG
DOZD\V EH 9DQ� $ QHSKHZ RI 9DQ¶V ZLIH� $ELJDLO -XQH 3HDUVRQ �����±������ UHFDOOV WKDW D
WHOHJUDP IURP -DSDQ FRQJUDWXODWLQJ 9DQ 9OHFN RQ ZLQQLQJ WKH 1REHO SUL]H ZDV DGGUHVVHG
WR ³3URIHVVRU 9DQ´ �-RKQ &RPVWRFN� SULYDWH FRPPXQLFDWLRQ��

,Q ���� 9DQ 9OHFN EHJDQ KLV XQGHUJUDGXDWH VWXGLHV DW WKH 8QLYHUVLW\ RI :LVFRQVLQ�
ZKHUH KH HYHQWXDOO\ PDMRUHG LQ SK\VLFV� ,Q WKH IDOO RI ����� KH HQUROOHG DW +DUYDUG DV D
JUDGXDWH VWXGHQW LQ SK\VLFV��� +H WRRN .HPEOH¶V FRXUVH RQ TXDQWXP WKHRU\ DQG VRRQ IRXQG
KLPVHOI ZRUNLQJ WRZDUG D GRFWRUDWH XQGHU .HPEOH¶V VXSHUYLVLRQ� ,Q D ELRJUDSKLFDO QRWH DF�
FRPSDQ\LQJ WKH SXEOLVKHG YHUVLRQ RI KLV 1REHO OHFWXUH� 9DQ 9OHFN �����D� ���� QRWHG WKDW
.HPEOH ³ZDV WKH RQH SHUVRQ LQ $PHULFD DW WKDW WLPH TXDOLILHG WR GLUHFW SXUHO\ WKHRUHWLFDO
UHVHDUFK LQ TXDQWXP DWRPLF SK\VLFV�´ ,QGHHG� LW VHHPV DV WKRXJK KLV FRXUVH RQ TXDQWXP PH�
FKDQLFV ZDV WKH RQO\ RQH RI LWV NLQG LQ $PHULFD DW WKH WLPH� 7KH FRXUVH FORVHO\ IROORZHG

��9DQ 9OHFN +DOO RQ WKH 8QLYHUVLW\ RI :LVFRQVLQ±0DGLVRQ FDPSXV LV QDPHG IRU (� %� 9DQ 9OHFN�
��,Q DGGLWLRQ WR WKUHH FRXUVHV LQ SK\VLFV� 9DQ 9OHFN VLJQHG XS IRU D FRXUVH RQ UDLOZD\ RSHUDWLRQV LQ WKH +DUYDUG
%XVLQHVV 6FKRRO �$+43 LQWHUYLHZ� VHVVLRQ �� ��� $V KLV ZLIH $ELJDLO UHFDOOHG� 9DQ 9OHFN DEDQGRQHG WKH QRWLRQ RI
SXUVXLQJ D FDUHHU LQ UDLOURDG PDQDJHPHQW ZKHQ WKH LQVWUXFWRU DVNHG KLP SRLQW EODQN ZKHWKHU KH RU DQ\RQH LQ KLV
IDPLO\ DFWXDOO\ RZQHG D UDLOURDG �)HOORZV ����� ���� 9DQ 9OHFN� KRZHYHU� UHWDLQHG KLV IDVFLQDWLRQ ZLWK UDLOURDGV
IRU WKH UHVW RI KLV OLIH� +LV NQRZOHGJH RI WUDLQ VFKHGXOHV EHFDPH OHJHQGDU\ �$QGHUVRQ ����� ����� <HDUV ODWHU� QRZ
RQ WKH IDFXOW\ DW +DUYDUG� KH WROG D FROOHDJXH� WKH UHQRZQHG KLVWRULDQ RI VFLHQFH ,� %HUQDUG &RKHQ� ZKLFK WUDLQV WR
WDNH RQ DQ XSFRPLQJ WULS� $OWKRXJK WKH LQIRUPDWLRQ 9DQ 9OHFN VXSSOLHG� DSSDUHQWO\ RII WKH WRS RI KLV KHDG� WXUQHG
RXW WR EH SHUIHFWO\ DFFXUDWH� &RKHQ ZDV SX]]OHG ZKHQ KH UHDFKHG KLV GHVWLQDWLRQ DQG ZDV WROG E\ KLV KRVW WKDW KH
FRXOG KDYH OHIW DQ KRXU ODWHU� \HW DUULYHG DQ KRXU HDUOLHU� KDG KH WDNHQ D GLIIHUHQW FRPELQDWLRQ RI WUDLQV� 8SRQ KLV
UHWXUQ WR &DPEULGJH� &RKHQ FRQIURQWHG 9DQ 9OHFN ZLWK WKLV LQWHOOLJHQFH� 9DQ 9OHFN ZDV XQGDXQWHG� ³2I FRXUVH�´
KH LV UHSRUWHG WR KDYH VDLG� ³EXW ZDVQ¶W WKDW WKH EHVW EHHI OXQFK \RX HYHU KDG"´ �:H DUH JUDWHIXO WR 5RJHU 6WXHZHU
IRU WHOOLQJ XV WKLV VWRU\� ZKLFK KH KHDUG IURP ,� %� &RKHQ��
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WKH ³%LEOH´ RI WKH ROG TXDQWXP WKHRU\� $WRPEDX XQG 6SHNWUDOOLQLHQ �6RPPHUIHOG ��������
.HPEOH¶V ���� GLVVHUWDWLRQ KDG EHHQ WKH ILUVW SUHGRPLQDQWO\ WKHRUHWLFDO GLVVHUWDWLRQ LQ WKH
8QLWHG 6WDWHV� (YHQ %RKU DQG 6RPPHUIHOG KDG WDNHQ QRWLFH RI .HPEOH¶V ZRUN E\ �����
:KHQ 9DQ 9OHFN ILQLVKHG KLV GRFWRUDWH� MXVW EHIRUH WKH VXPPHU RI ����� KH ZDV VROLGO\
JURXQGHG LQ FODVVLFDO SK\VLFV� HVSHFLDOO\ LQ DGYDQFHG WHFKQLTXHV RI FHOHVWLDO PHFKDQLFV� EXW
PRUH LPSRUWDQWO\� KH KDG EURXJKW WKHVH VNLOOV WR EHDU RQ TXDQWXP WKHRU\� +LV GLVVHUWDWLRQ�
ZKLFK ZDV SXEOLVKHG LQ WKH 3KLORVRSKLFDO 0DJD]LQH �9DQ 9OHFN ������ ZDV RQ D ³FURVVHG�
RUELW´ PRGHO RI WKH KHOLXP DWRP� DQG KH KDG ZRUNHG ZLWK .HPEOH WR FDOFXODWH WKH VSHFLILF
KHDW RI K\GURJHQ VKRUWO\ DIWHUZDUG� 1HLWKHU RI WKHVH FDOFXODWLRQV KDG DJUHHG ZHOO ZLWK H[�
SHULPHQW� EXW DW WKH WLPH 9DQ 9OHFN¶V UHVXOWV ZHUH DPRQJ WKH EHVW WR EH IRXQG� ,W ZRXOG
WDNH WKH DGYHQW RI PDWUL[ PHFKDQLFV LQ ���� EHIRUH WKH FURVVHG RUELW PRGHO ZDV VXSHUVHGHG�
DQG EHIRUH WKHRUHWLFDO SUHGLFWLRQV IRU WKH VSHFLILF KHDW RI K\GURJHQ FRXOG EH EURXJKW LQWR
DOLJQPHQW ZLWK H[SHULPHQW �*HDUKDUW ��������

7KH IROORZLQJ \HDU� 9DQ 9OHFN DFFHSWHG D SRVLWLRQ DV DQ LQVWUXFWRU LQ +DUYDUG¶V SK\VLFV
GHSDUWPHQW� 7KLV GHPDQGLQJ MRE OHIW KLP ZLWK OLWWOH WLPH IRU KLV RZQ ZRUN� 0RVW RI KLV
WLPH ZDV VSHQW SUHSDULQJ IRU OHFWXUHV DQG ODE VHVVLRQV �)HOORZV ����� ���� ,Q WKH PLGVW RI
WKLV GDLO\ JULQG� WKH MRE RIIHU WKDW DUULYHG IURP WKH 8QLYHUVLW\ RI 0LQQHVRWD LQ HDUO\ ����
PXVW KDYH ORRNHG HVSHFLDOO\ DWWUDFWLYH� $V 9DQ 9OHFN �����D� ���� ZRXOG UHIOHFW ODWHU� LW
ZDV DQ ³XQXVXDO PRYH´ IRU VXFK DQ LQVWLWXWLRQ DW WKDW WLPHþLQGLFDWLYH� RQH PD\ DGG� RI WKH
$PHULFDQ SK\VLFV FRPPXQLW\¶V JURZLQJ UHFRJQLWLRQ RI WKH LPSRUWDQFH RI TXDQWXP WKHRU\þ
WR RIIHU KLP DQ DVVLVWDQW SURIHVVRUVKLS ³ZLWK SXUHO\ JUDGXDWH FRXUVHV WR WHDFK�´

$W ILUVW� 9DQ 9OHFN ZDV KHVLWDQW WR DFFHSW WKH SRVLWLRQ��� +H DQG 6ODWHU KDG SODQQHG WR
WRXU (XURSH WRJHWKHU RQ RQH RI WKH IHOORZVKLSV WKHQ DYDLODEOH WR WDOHQWHG \RXQJ $PHULFDQ
SK\VLFLVWV� ,Q WKH HQG� KRZHYHU� DQG SDUWO\ RQ WKH VWUHQJWK RI KLV IDWKHU¶V DGYLFH� KH DFFHSWHG
WKH 0LQQHVRWD RIIHU� $IWHU D VXPPHU LQ (XURSH ZLWK KLV SDUHQWV �GXULQJ ZKLFK KH PDQDJHG
WR PHHW VRPH RI WKH PRVW YLVLEOH (XURSHDQ WKHRULVWV�� KH DUULYHG LQ 0LQQHDSROLV� UHDG\ IRU
WKH IDOO VHPHVWHU LQ ����� +LV WHDFKLQJ ORDG ZDV LQGHHG OLJKW� 2QH PLJKW H[SHFW WKDW KH
ZRXOG WKXV KDYH SXUVXHG KLV RZQ UHVHDUFK ZLWK D UHQHZHG IRFXV� ,QLWLDOO\� WKDW LV H[DFWO\
ZKDW KH GLG�

,Q 2FWREHU ����� DIWHU D SUHOLPLQDU\ UHSRUW LQ WKH -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI
$PHULFD �9DQ 9OHFN ����D�� D WZR�SDUW SDSHU DSSHDUHG LQ 3K\VLFDO 5HYLHZ LQ ZKLFK 9DQ
9OHFN �����E� ����F� XVHG FRUUHVSRQGHQFH�SULQFLSOH WHFKQLTXHV WR DQDO\]H WKH LQWHUDFWLRQ
EHWZHHQ PDWWHU DQG UDGLDWLRQ LQ WKH ROG TXDQWXP WKHRU\� ,WV FHQWHUSLHFH ZDV 9DQ 9OHFN¶V
RZQ FRUUHVSRQGHQFH SULQFLSOH IRU DEVRUSWLRQ� EXW WKH SDSHU DOVR FRQWDLQV D GHWDLOHG GHULYD�

��6RPPHUIHOG VHQW D FRS\ RI WKH (QJOLVK WUDQVODWLRQ RI WKH WKLUG HGLWLRQ RI KLV ERRN WR WKH 8QLYHUVLW\ RI 0LQQHVRWD�
7KLV FRS\ LV VWLOO LQ WKH XQLYHUVLW\¶V OLEUDU\� +H GHGLFDWHG LW WR WKH JUDGXDWH VWXGHQWV RI WKH 8QLYHUVLW\ RI 0LQQHVRWD�
ZKLFK KDG EHHQ RQH RI WKH HDUOLHU VWRSV RQ KLV ����±�� WRXU RI $PHULFDQ XQLYHUVLWLHV �VHH 0LFKDHO (FNHUW¶V FRQ�
WULEXWLRQ WR WKLV YROXPH�� 7KH GHGLFDWLRQ LV VLJQHG 0XQLFK� �� 2FWREHU ��>��@ �WKH ODVW WZR GLJLWV� XQIRUWXQDWHO\�
KDYH EHHQ FXW RII�� %\ WKH WLPH WKLV FRS\ RI 6RPPHUIHOG¶V ERRN DUULYHG DW WKH 8QLYHUVLW\ RI 0LQQHVRWD� 9DQ 9OHFN�
DV ZH ZLOO VHH� KDG MRLQHG LWV IDFXOW\�
��$V *HDUKDUW ������ FRQFOXGHV� ³WKH VWRU\ >RI WKH VSHFLILF KHDW RI K\GURJHQ@ UHPLQGV XV WKDW WKH KLVWRU\ RI HDUO\
TXDQWXP WKHRU\ H[WHQGV IDU EH\RQG LWV EHWWHU NQRZQ DSSOLFDWLRQV LQ DWRPLF SK\VLFV´ ������ 7KLV XQGHUVFRUHV WKH
UHPDUN E\ 9DQ 9OHFN ZLWK ZKLFK ZH RSHQHG RXU SDSHU DERXW SK\VLFLVWV LQ WKH HDUO\ ����V IRFXVLQJ VWURQJO\ RQ
VSHFWURVFRS\� $OWKRXJK� DV *HDUKDUW VKRZV� LW GUHZPXFKPRUH DWWHQWLRQ LQ WKH ROG TXDQWXP WKHRU\ WKDQ WKH SUREOHP
RI VXVFHSWLELOLWLHV� WKH SUREOHP RI VSHFLILF KHDW LV GLVFXVVHG RQO\ LQ SDVVLQJ E\ 9DQ 9OHFN �����E� ���±���� LQ KLV
15& %XOOHWLQ� 7KHUH DFWXDOO\ DUH VRPH LQWHUHVWLQJ FRQQHFWLRQV EHWZHHQ WKHVH WZR QRQ�VSHFWURVFRSLF SUREOHPV �VHH
QRWH ����
��$+43 LQWHUYLHZ� VHVVLRQ �� ���
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WLRQ RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD� $OWKRXJK %RUQ ������ KDG SXEOLVKHG D GHULYDWLRQ RI
WKH IRUPXOD WKDW $XJXVW� KH DQG 9DQ 9OHFN DUULYHG DW WKH UHVXOW LQGHSHQGHQWO\ RI RQH DQRWKHU
�'XQFDQ DQG -DQVVHQ ����� ����� 7KH TXDQWXP SDUW RI WKLV SDSHU E\ 9DQ 9OHFN �����E� DQG
WKH %.6 SDSHU �%RKU� .UDPHUV� DQG 6ODWHU ����� DUH WKH RQO\ WZR SDSHUV ZLWK $PHULFDQ DX�
WKRUV WKDW DUH LQFOXGHG LQ D ZHOO�NQRZQ DQWKRORJ\ GRFXPHQWLQJ WKH WUDQVLWLRQ IURP WKH ROG
TXDQWXP WKHRU\ WR PDWUL[ PHFKDQLFV �9DQ GHU :DHUGHQ ������ 7KH EUHDNWKURXJK +HLVHQ�
EHUJ �����E� DFKLHYHG ZLWK KLV 8PGHXWXQJ SDSHU FDQ EH VHHQ DV D QDWXUDO H[WHQVLRQ RI WKH
FRUUHVSRQGHQFH�SULQFLSOH WHFKQLTXHV XVHG E\ .UDPHUV� %RUQ� DQG 9DQ 9OHFN �VHH VHF� �����
EHORZ DQG 'XQFDQ DQG -DQVVHQ ������

$IWHU KLV ���� SDSHU� KRZHYHU� 9DQ 9OHFN GLG QRW SXVK WKLV OLQH RI UHVHDUFK DQ\ IXUWKHU�
+H KDG PHDQZKLOH EHHQ µLQYLWHG¶ WR SURGXFH WKH YROXPH WR ZKLFK ZH QRZ WXUQ RXU DWWHQWLRQ�
,WV FRPSOHWLRQ ZRXOG RFFXS\ QHDUO\ DOO RI KLV DYDLODEOH UHVHDUFK WLPH IRU WKH QH[W WZR \HDUV�

��� 7KH 15& %XOOHWLQ

����� :ULWLQJ WKH %XOOHWLQ

/DWHU LQ OLIH� ZKHQ LQWHUYLHZHG E\ .XKQ IRU WKH $+43� 9DQ 9OHFN UHFDOOHG ZULWLQJ KLV 15&
%XOOHWLQ RYHU WKH FRXUVH RI DERXW WZR \HDUV�

, ZDV DOUHDG\ ZULWLQJ VRPH FKDSWHUV RQ WKDW RQ UDLQ\ GD\V LQ 6ZLW]HUODQG LQ
����� , ZRXOG VD\ , VWDUWHG ZULWLQJ WKDW SHUKDSV EHJLQQLQJ LQ WKH VSULQJ RI �����
DQG ILQLVKHG LW LQ ODWH ����� , ZRUNHG RQ LW YHU\ KDUG WKDW VXPPHU >«@ , ZDV VRUW
RI D ³UDUD DYLV´ DW WKDW WLPH� , ZDV D \RXQJ WKHRUHWLFDO SK\VLFLVW SUHVXPDEO\ ZLWK
D OLWWOH PRUH HQHUJ\ WKDQ FRPPLWPHQWV WKDQ WKH ROGHU SHRSOH LQWHUHVWHG LQ WKHVH
VXEMHFWV� VR WKH\ DVNHG PH LI ,¶G ZULWH WKLV WKLQJ� , WKLQN LW ZDV E\ LQYLWDWLRQ
UDWKHU WKDQ E\ P\ VXJJHVWLRQ���

7KH LQYLWDWLRQ KDG FRPH IURP 3DXO '� )RRWH RI WKH 8�6� %XUHDX RI 6WDQGDUGV� ZKR
ZDV WKH FKDLUPDQ RI WKH 15& &RPPLWWHH RQ ,RQL]DWLRQ 3RWHQWLDOV DQG 5HODWHG 0DWWHUV� 9DQ
9OHFN VHUYHG RQ WKLV FRPPLWWHH LQ WKH IDOO RI ���� �)HOORZV ����� ���� 7KHVH 15& FRP�
PLWWHHV� 9DQ 9OHFN UHFDOOHG� KDG EHHQ FUHDWHG EHFDXVH ³WKHUH ZDV D IHHOLQJ DPRQJ WKH PRUH
VRSKLVWLFDWHG RI WKH $PHULFDQ SK\VLFLVWV WKDW ZH ZHUH EHKLQG LQ NQRZLQJ ZKDW ZDV JRLQJ
RQ LQ WKHRUHWLFDO SK\VLFV LQ (XURSH�´��

7KH FRPPLWWHHV RUJDQL]HG WKH %XOOHWLQV RI WKH 15&� ZKLFK H[LVWHG WR SUHVHQW ³FRQWUL�
EXWLRQV IURP WKH 1DWLRQDO 5HVHDUFK &RXQFLO >«@ IRU ZKLFK KLWKHUWR QR DSSURSULDWH DJHQFLHV
RI SXEOLFDWLRQ >KDG@ H[LVWHG´ �6ZDQQ HW DO� ����� ���±����� 7KLV VRXQGV UDWKHU YDJXH DQG
RYHUO\ LQFOXVLYH� DQG RQ UHDGLQJ WKH PRWOH\ DVVRUWPHQW RI WRSLFV FRYHUHG E\ WKH %XOOHWLQV
WKURXJK ����� RQH ILQGV WKDW LW ZDV UDWKHU YDJXH DQG RYHUO\ LQFOXVLYH� 7KH %XOOHWLQV VHUYHG
WR GLVVHPLQDWH ZKDWHYHU LQIRUPDWLRQ WKH P\ULDG FRPPLWWHHV GHHPHG LPSRUWDQW� $ EULHI OLVW
RI WRSLFV FRYHUHG E\ WKHVH SXEOLFDWLRQV LQFOXGHV ³7KH QDWLRQDO LPSRUWDQFH RI VFLHQWLILF DQG
LQGXVWULDO UHVHDUFK�´ ³1RUWK $PHULFDQ IRUHVW UHVHDUFK�´ ³7KH TXDQWXP WKHRU\�´ ³,QWHOOHFWXDO
DQG HGXFDWLRQDO VWDWXV RI WKH PHGLFDO SURIHVVLRQ DV UHSUHVHQWHG LQ WKH 8QLWHG 6WDWHV $UP\�´
DQG ³7KH VFDOH RI WKH XQLYHUVH´ �LELG��� 7KH %XOOHWLQV WHQGHG WR EH VKRUW� DYHUDJLQJ DERXW

��$+43 LQWHUYLHZ� VHVVLRQ �� ���
��$+43 LQWHUYLHZ� VHVVLRQ �� ��� HPSKDVLV LQ WKH RULJLQDO�



��� �� .XKQ /RVVHV 5HJDLQHG �&� 0LGZLQWHU�0� -DQVVHQ�

�� SDJHV� 6HYHUDO ZHUH HYHQ VKRUWHU� FRPLQJ LQ XQGHU �� SDJHV� 7KH ORQJHVW DW WKH WLPH
9DQ 9OHFN ZDV LQYLWHG WR ZULWH RQH RQ OLQH VSHFWUD ZDV D ����SDJH ERRN� (OHFWURG\QDPLFV
RI 0RYLQJ 0HGLD �6ZDQQ HW DO� ������ ,W KDG EHHQ ZULWWHQ E\ IRXU DXWKRUV� LQFOXGLQJ -RKQ 7�
�-DFN� 7DWH� 9DQ 9OHFN¶V VHQLRU FROOHDJXH LQ 0LQQHVRWD� DQG :� )� *� 6ZDQQ� 9DQ 9OHFN¶V
SUHGHFHVVRU LQ 0LQQHVRWD�

*LYHQ WKH %XOOHWLQ¶V SXEOLFDWLRQ KLVWRU\� 9DQ 9OHFN ZDV QRW PDNLQJ DQ XQUHDVRQDEOH
FRPPLWPHQW ZKHQ KH DFFHSWHG )RRWH¶V LQYLWDWLRQ� ,QLWLDOO\� KLV FRQWULEXWLRQ ZDV RQO\ WR EH D
VLQJOH SDSHU LQ D ODUJHU YROXPH RQ ³,RQL]DWLRQ 3RWHQWLDOV DQG 5HODWHG0DWWHUV�´�� ,W LV XQFOHDU
H[DFWO\ KRZ WKH SDSHU VSLUDOHG RXW RI FRQWURO DQG EHFDPH WKH TXDJPLUH RI D SURMHFW WKDW
FRQVXPHG RYHU WZR \HDUV RI KLV DYDLODEOH UHVHDUFK WLPH� EXW DQ LQWHUHVWLQJ VWRU\ LV VXJJHVWHG
E\ KLV FRUUHVSRQGHQFH�

$V ZH VDZ� 9DQ 9OHFN ODWHU UHFDOOHG KDYLQJ EHJXQ KLV %XOOHWLQ LQ WKH VSULQJ RI �����
EXW KH PXVW KDYH VWDUWHG PXFK HDUOLHU WKDQ WKDW� ,Q 0DUFK ����� )RRWH UHWXUQHG D GUDIW WR
9DQ 9OHFN DORQJ ZLWK H[WHQVLYH FRPPHQWV� ³7KLV KDV EHHQ UHDG YHU\ FDUHIXOO\ E\ $UWKXU
(� 5XDUN�´ )RRWH ZURWH� ³ZKR KDV SUHSDUHG D ORQJ OLVW RI VXJJHVWLRQV DV HQFORVHG� 7KHVH
DUH PHUHO\ VXJJHVWLRQV IRU \RXU FRQVLGHUDWLRQ� 2Q VRPH RI WKHP , GR QRW DJUHH ZLWK 5XDUN
EXW PDQ\ RI KLV VXJJHVWLRQV DUH RI FRQVLGHUDEOH LQWHUHVW�´�� )RRWH ZDV SUREDEO\ GLVWDQFLQJ
KLPVHOI IURP 5XDUN¶V UHPDUNV QRW RQO\ EHFDXVH RI WKHLU VHYHULW\� EXW DOVR EHFDXVH RI WKHLU
VKHHU YROXPH� 7KH ³VXJJHVWLRQV´ DPRXQWHG WR �� SDJHV RI W\SHG FULWLFLVP� 9DQ 9OHFN¶V
KDQGZULWWHQ UHDFWLRQV DUH UHFRUGHG LQ WKH PDUJLQV RI 5XDUN¶V FRPPHQWDU\ �SUHVHUYHG LQ WKH
$+43�� ([FODPDWLRQ SRLQWV DQG TXHVWLRQ PDUNV DERXQG� RIWHQ VLGH E\ VLGH� SXQFWXDWLQJ 9DQ
9OHFN¶V VXUSULVH DQG FRQIXVLRQ� +HUH DQG WKHUH� KH PDNHV DQ DGPLVVLRQ ZKHQ D VXJJHVWLRQ
VHHPV SUXGHQW� )RU WKH PRVW SDUW� KRZHYHU� 5XDUN¶V VXJJHVWLRQV DUH FDOOV IRU DGGLWLRQDO
GHWDLOV DQG FODULILFDWLRQ� PRUH GHULYDWLRQV� LQ VKRUW� D VLJQLILFDQW EURDGHQLQJ RI WKH ³DUWLFOH�´
$V RQH UHDGV RQ� 9DQ 9OHFN¶V DQQRWDWLRQV EHFRPH OHVV DQG OHVV IUHTXHQW� :KHQ WKH\ DSSHDU
DW DOO� WKH\ RIWHQ DPRXQW WR D VLQJOH TXHVWLRQ PDUN� 2QH JHWV WKH LPSUHVVLRQ RI D \RXQJ
SK\VLFLVW EURZ�EHDWHQ LQWR VXEPLVVLRQ� 7KLV LV OLNHO\ ZKDW SUHFLSLWDWHG WKH WUDQVIRUPDWLRQ
RI 9DQ 9OHFN¶V 3ULQFLSOHV IURP UHYLHZ DUWLFOH WR IXOO�IOHGJHG ERRN�

3HUKDSV )RRWH ZDV VWLOO H[SHFWLQJ D SDSHU� EXW 9DQ 9OHFN ZDV SURGXFLQJ VRPHWKLQJ
PXFKPRUH FRPSUHKHQVLYH� %\1RYHPEHU� )RRWH ZDV EHFRPLQJ LPSDWLHQW� 9DQ9OHFNZURWH
WR UHDVVXUH KLP�

/LNH \RX , ³DP ZRQGHULQJ´ ZKHQ P\ SDSHU IRU WKH 5HVHDUFK &RXQFLO ZLOO HYHU
EH UHDG\� , DP VRUU\ WR EH SURJUHVVLQJ VR VORZO\ EXW , KRSH \RX UHDOL]H WKDW , DP
GHYRWLQJ WR WKLV UHSRUW SUDFWLFDOO\ DOO RI P\ WLPH QRW RFFXSLHG ZLWK WHDFKLQJ GX�
WLHV� , VWLOO KRSH WR KDYH WKH PDQXVFULSW UHDG\ E\ &KULVWPDV H[FHSW IRU ILQLVKLQJ
WRXFKHV���

9DQ 9OHFN ZRXOG EORZ WKH &KULVWPDV GHDGOLQH DV ZHOO� ,W ZDV QRW XQWLO $XJXVW WKDW KH
VXEPLWWHG D QHZ GUDIW�

, KRSH WKH EXOOHWLQ ZLOO EH VDWLVIDFWRU\� DV ZLWK WKH H[FHSWLRQ RI RQH WKUHH�PRQWK
SHULRG LW KDV WDNHQ DOO P\ DYDLODEOH UHVHDUFK WLPH IRU WZR \HDUV�
<RX ZURWH PH WKDW WKH EXOOHWLQ VKRXOG EH ³IDLUO\ FRPSOHWH�´ 0\ RQO\ IHDU LV

��)RRWH WR 9DQ 9OHFN� �� 0DUFK ����� $+43�
��)RRWH WR 9DQ 9OHFN� �� 0DUFK ����� $+43�
��9DQ 9OHFN WR )RRWH� �� 1RYHPEHU ����� $+43�
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WKDW LW PD\ EH WRR PXFK VR� , PDGH VXUH WR LQFOXGH UHIHUHQFHV WR SUDFWLFDOO\
DOO WKH LPSRUWDQW WKHRUHWLFDO SDSHUV WRXFKLQJ RQ WKH VXEMHFWV FRYHUHG LQ WKH
YDULRXV FKDSWHUV� )RXU QHZ FKDSWHUV KDYH EHHQ LQFOXGHG VLQFH DQ HDUO\ GUDIW RI
WKH PDQXVFULSW ZDV VHQW WR \RX D \HDU DJR >«@
<RX ZLOO QRWH WKDW , KDYH XVHG D QHZ WLWOH ³4XDQWXP 3ULQFLSOHV DQG /LQH�
6SHFWUD´ DV WKLV LV PXFK EULHIHU DQG SHUKDSV PRUH D�SURSRV WKDQ ³7KH
)XQGDPHQWDO &RQFHSWV RI WKH 4XDQWXP 7KHRU\ RI /LQH�6SHFWUD�´��

,W LV ZRUWK QRWLQJ WKH FKDQJH LQ WLWOH� 7KH ROG TXDQWXP WKHRU\ ZDV VWURQJO\ IRFXVHG RQ
WKH SKHQRPHQD RI OLQH VSHFWUD� 9DQ 9OHFN¶V QHZ WLWOH FRQYH\V DW RQFH WKLV IRFXV HYHQ DV KH
KDG VLJQLILFDQWO\ EURDGHQHG WKH VFRSH RI KLV SURMHFW�

(YHQ ZKHQ )RRWH VHQW KLP WKH JDOOH\V IRU LQVSHFWLRQ� 9DQ 9OHFN FRXOG QRW UHVLVW PDNLQJ
IXUWKHU DGGLWLRQV WR WKH %XOOHWLQ� ³, KDYH DGGHG �� SDJHV RI PDQXVFULSW >«@ LQ ZKLFK , KDYH
WULHG WR VXPPDUL]H WKH ZRUN RI +HLVHQEHUJ� 3DXOL� DQG >)ULHGULFK@ +XQG�´ 9DQ 9OHFN ZURWH
EDFN� ³, DP VRUU\ WR PDNH VXFK DQ DGGLWLRQ�´ KH H[SODLQHG� ³EXW TXDQWXP WKHRU\ SURJUHVVHV
H[WUHPHO\ UDSLGO\� DQG , KRSH WKH QHZ VXEMHFW�PDWWHU ZLOO DGG PDWHULDOO\ WR WKH YDOXH RI WKH
UHSRUW�´��

,W LV FOHDU WKDW KRZHYHU WKH SURMHFW EHJDQ� DQGZKDWHYHU 9DQ9OHFN¶V LQLWLDO H[SHFWDWLRQV�
LQ WKH HQG WKH %XOOHWLQ ZDV LQWHQGHG E\ LWV DXWKRU DV D FRPSUHKHQVLYH DQG XS�WR�GDWH UHYLHZ
RI TXDQWXP WKHRU\� 7KLV PDNHV LW XVHIXO QRW RQO\ DV D UHYLHZ RI WKH ROG TXDQWXP WKHRU\� EXW
DOVR DV D ZLQGRZ LQWR 9DQ 9OHFN¶V RZQ SHUFHSWLRQ DQG XQGHUVWDQGLQJ RI WKH ILHOG�

'HVSLWH VRPH FULWLFDO QRWHV��� WKH %XOOHWLQ ZDV ³RQ WKH ZKROH� ZHOO�UHFHLYHG´ �)HOORZV
����� ���� 9DQ 9OHFN PXVW KDYH UHDG 5XDUN¶V UHYLHZ RI KLV %XOOHWLQ LQ WKH -RXUQDO RI WKH
2SWLFDO 6RFLHW\ RI $PHULFDZLWK VSHFLDO LQWHUHVW� JLYHQ 5XDUN¶V OLWDQ\ RI FRPSODLQWV DERXW DQ
HDUO\ GUDIW RI LW� 5XDUN SUDLVHG WKH ILQDO YHUVLRQ DV D WKRURXJK� FOHDUO\ ZULWWHQ� VWDWH�RI�WKH�DUW
VXUYH\ RI D UDSLGO\ FKDQJLQJ ILHOG���

7KLV H[FHOOHQW EXOOHWLQ ZLOO SURYH H[WUHPHO\ XVHIXO WR DOO ZKR DUH LQWHUHVWHG
LQ DWRPLF SK\VLFV >«@ >7@KH IXQGDPHQWDO WKHRUHPV RI +DPLOWRQLDQ G\QDPLFV
DQG SHUWXUEDWLRQ PHWKRGV RI TXDQWL]DWLRQ DUH WUHDWHG LQ D YHU\ UHDGDEOH IDVKLRQ
>«@ 7KH FKDSWHU RQ WKH TXDQWL]DWLRQ RI QHXWUDO KHOLXP LV DXWKRULWDWLYH >«@ 7KH
DXWKRU¶V WUHDWPHQW RI WKH ³FRUUHVSRQGHQFH SULQFLSOH´ LV UHIUHVKLQJO\ FOHDU >«@
7KH ZKROH ERRN LV VXUSULVLQJO\ XS�WR�GDWH� (YHQ WKH WKHRU\ RI VSLQQLQJ HOHF�
WURQV DQG PDWUL[ G\QDPLFV DUH WRXFKHG XSRQ� ,W LV WR EH KRSHG WKDW WKLV UHSRUW
ZLOO UXQ WKURXJK PDQ\ UHYLVHG HGLWLRQV DV TXDQWXP WKHRU\ SURJUHVVHV� IRU LW ILOOV
D UHDO QHHG� �5XDUN �����

,Q IDFW� 5XDUN¶V PDLQ FRPSODLQW ZDV GLUHFWHG QRW DW WKH DXWKRU EXW DW WKH SXEOLVKHU� ³,Q�
FLGHQWDOO\� PDQ\ SK\VLFLVWV ZRXOG DSSUHFLDWH WKH RSSRUWXQLW\ RI EX\LQJ 1DWLRQDO 5HVHDUFK
%XOOHWLQV LQ D PRUH GXUDEOH ELQGLQJ´ �LELG��� <HW� WKH UHYLHZ DOVR KLQWV DW OLQJHULQJ GLV�
DJUHHPHQWV EHWZHHQ DXWKRU DQG UHYLHZHU� 0RVW LPSRUWDQWO\� 5XDUN KDG KLV GRXEWV DERXW WKH
.UDPHUV GLVSHUVLRQ WKHRU\ ZKLFK 9DQ 9OHFN KDG XVHG LQ WKH %XOOHWLQ WR VKRZFDVH WKH SRZHU
RI WKH FRUUHVSRQGHQFH SULQFLSOH�
��9DQ 9OHFN WR )RRWH� �� $XJXVW ����� $+43�
��9DQ 9OHFN WR )RRWH� � )HEUXDU\ ����� $+43�
��6HH� H�J�� WKH TXRWDWLRQ IURP 6PHNDO¶V ������ UHYLHZ LQ VHF� ������� DERYH�
��5XDUN DSSURYLQJO\ UHIHUUHG WR 9DQ 9OHFN¶V %XOOHWLQ D QXPEHU RI WLPHV LQ D ERRN KH ZURWH ZLWK +DUROG 8UH\ D
IHZ \HDUV ODWHU �5XDUN DQG 8UH\ ������
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0DQ\ UHDGHUV ZLOO QRW DJUHH ZLWK WKH DXWKRU¶V FRQFOXVLRQ WKDW ³.UDPHUV¶V GLV�
SHUVLRQ WKHRU\ >«@ IXUQLVKHV E\ IDU WKH PRVW VDWLVIDFWRU\ WKHRU\ RI GLVSHUVLRQ´
>9DQ 9OHFN ����E� ���±���@ >«@ WKH UHYLHZHU EHOLHYHV WKDW D ILQDO VROXWLRQ
FDQQRW EH DFKLHYHG XQWLO ZH KDYH D PXFK PRUH WKRURXJK NQRZOHGJH RI WKH GLV�
SHUVLRQ FXUYHV RI PRQDWRPLF JDVHV DQG YDSRUV� �5XDUN �����

6XEVHTXHQW GHYHORSPHQWV ZRXOG SURYH WKDW 9DQ 9OHFN¶V FRQILGHQFH LQ WKH .UDPHUV GLVSHU�
VLRQ IRUPXOD ZDV ZHOO�SODFHG� ,W FDUULHG RYHU FRPSOHWHO\ LQWDFW WR WKH QHZ TXDQWXPPHFKDQ�
LFV �'XQFDQ DQG -DQVVHQ ����� �����

����� 7KH %XOOHWLQ DQG WKH &RUUHVSRQGHQFH 3ULQFLSOH

7KH FHQWUDO HOHPHQW LQ 9DQ 9OHFN¶V SUHVHQWDWLRQ RI WKH ROG TXDQWXP WKHRU\ LQ KLV 15& %XO�
OHWLQ LV WKH FRUUHVSRQGHQFH SULQFLSOH� ,W IRUPV WKH EDVLV RI �� RXW RI D WRWDO RI �� FKDSWHUV���
$V LW VD\V LQ WKH SUHIDFH�

%RKU¶V FRUUHVSRQGHQFH SULQFLSOH LV XVHG DV D IRFDO SRLQW IRU PXFK RI WKH GLV�
FXVVLRQ LQ &KDSWHUV ,±;� ,Q RUGHU WR DYRLG LQWURGXFLQJ WRR PXFK PDWKHPDWLFDO
DQDO\VLV LQWR WKH GLVFXVVLRQ RI WKH SK\VLFDO SULQFLSOHV XQGHUO\LQJ WKH TXDQWXP
WKHRU\� WKH SURRIV RI FHUWDLQ WKHRUHPV DUH GHIHUUHG WR &KDSWHU ;,� LQ ZKLFK WKH
G\QDPLFDO WHFKQLTXH XVHIXO LQ WKH TXDQWXP WKHRU\ LV VXPPDUL]HG� �9DQ 9OHFN
����E� ��

7KH FRUUHVSRQGHQFH SULQFLSOH ILUVW HPHUJHG LQ WKH SDSHU LQ ZKLFK %RKU ������ LQWURGXFHG
KLV PRGHO IRU WKH K\GURJHQ DWRP �+HLOEURQ DQG .XKQ ����� ���� ����� 3HUKDSV WKH PRVW
UDGLFDO GHSDUWXUH IURP FODVVLFDO WKHRU\ SURSRVHG LQ %RKU¶V SDSHU ZDV WKDW WKH IUHTXHQF\ RI
WKH UDGLDWLRQ HPLWWHG RU DEVRUEHG ZKHQ DQ HOHFWURQ MXPSV IURP RQH RUELW WR DQRWKHU GLIIHUV
IURP WKH RUELWDO IUHTXHQF\ RI WKH HOHFWURQ LQ ERWK WKH LQLWLDO DQG WKH ILQDO RUELW �'XQFDQ DQG
-DQVVHQ ����� ���±����� +RZHYHU� IRU KLJK TXDQWXP QXPEHUV ܰ� WKH RUELWDO IUHTXHQFLHV RI
WKH ܰ�WK DQG WKH ሺܰ െ ͳሻ�WK RUELW DQG WKH IUHTXHQF\ RI WKH UDGLDWLRQ HPLWWHG RU DEVRUEHG
ZKHQ DQ HOHFWURQ MXPSV IURP RQH WR WKH RWKHU DSSURDFK HDFK RWKHU� 7KLV LV WKH FRUH RI ZKDW
ODWHU FDPH WR EH FDOOHG WKH FRUUHVSRQGHQFH SULQFLSOH�

%\ WKH HDUO\ ����V� WKH FRUUHVSRQGHQFH SULQFLSOH KDG EHFRPH D VRSKLVWLFDWHG VFKHPH
XVHG E\ VHYHUDO UHVHDUFKHUV IRU FRQQHFWLQJ IRUPXODV LQ FODVVLFDO PHFKDQLFV WR IRUPXODV LQ WKH
ROG TXDQWXP WKHRU\� 7KH PRVW LPSRUWDQW UHVXOW RI WKLV DSSURDFK ZDV WKH .UDPHUV GLVSHUVLRQ
IRUPXOD� ZKLFK .UDPHUV �����D� ����E� ILUVW LQWURGXFHG LQ WZR VKRUW QRWHV LQ1DWXUH� $V ZH
PHQWLRQHG LQ VHF� ������ %RUQ ������ DQG 9DQ 9OHFN �����E� ����F�� LQGHSHQGHQWO\ RI RQH
DQRWKHU� SXEOLVKHG GHWDLOHG GHULYDWLRQV RI WKLV UHVXOW D IHZ PRQWKV ODWHU� .UDPHUV KLPVHOI
ZRXOG QRW SXEOLVK WKH GHWDLOV RI KLV GLVSHUVLRQ WKHRU\ XQWLO HDUO\ ����� LQ D SDSHU FR�DXWKRUHG
ZLWK +HLVHQEHUJ �.UDPHUV DQG +HLVHQEHUJ ������ 7KLV SDSHU KDV ZLGHO\ EHHQ UHFRJQL]HG
DV D GHFLVLYH VWHS WRZDUG +HLVHQEHUJ¶V �����E� 8PGHXWXQJ SDSHU ZULWWHQ LQ WKH VXPPHU RI
���� �'XQFDQ DQG -DQVVHQ ����� �����

$V D FRQFUHWH H[DPSOH RI WKH XVH RI WKH FRUUHVSRQGHQFH SULQFLSOH LQ WKH ROG TXDQWXP
WKHRU\ LQ WKH HDUO\ ����V� ZH VNHWFK 9DQ 9OHFN¶V GHULYDWLRQ RI WKH .UDPHUV GLVSHUVLRQ IRU�

��7KH UHPDLQLQJ FKDSWHUV GHDO ZLWK ³+DOI TXDQWD DQG WKH DQRPDORXV =HHPDQ HIIHFW´ �FKDS� ;,,� DQG ³/LJKW�TXDQWV´
>VLF@ �FKDS� ;,,,��
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PXOD��� 7KLV IRUPXOD DQG ZKDW 9DQ9OHFN �����E� ���� FDOOHG WKH ³FRUUHVSRQGHQFH SULQFLSOH
IRU GLVSHUVLRQ´ DUH SUHVHQWHG LQ D VHFWLRQ RI RQO\ WZR DQG D KDOI SDJHV LQ FKDS� ; RI WKH 15&
%XOOHWLQ �LELG�� VHF� ��� ���±����� 7KH UHDVRQ WKDW 9DQ 9OHFN FRXOG EH VR EULHI DW WKLV SRLQW
LV WKDW WKH YDULRXV LQJUHGLHQWV QHHGHG IRU WKH GHULYDWLRQ RI WKH IRUPXOD DUH DOO LQWURGXFHG
HOVHZKHUH LQ WKH ERRN� HVSHFLDOO\ LQ FKDS� ;, RQ PDWKHPDWLFDO WHFKQLTXHV� $W �� SDJHV� WKLV
LV E\ IDU WKH ORQJHVW FKDSWHU RI WKH %XOOHWLQ�

&RQVLGHU VRPH �PXOWLSO\��SHULRGLF V\VWHPþDQ\WKLQJ IURP D FKDUJHG VLPSOH KDUPRQLF
RVFLOODWRU WR DQ HOHFWURQ RUELWLQJ D QXFOHXVþVWUXFN E\ DQ HOHFWURPDJQHWLF ZDYH RI D IUH�
TXHQF\ ߥ QRW WRR FORVH WR WKDW V\VWHP¶V FKDUDFWHULVWLF IUHTXHQF\ ଴ߥ RU IUHTXHQFLHV �௞ߥ 7KH
.UDPHUV GLVSHUVLRQ IRUPXOD LV WKH TXDQWXP DQDORJXH RI DQ H[SUHVVLRQ LQ FODVVLFDO PHFKDQLFV
IRU WKH SRODUL]DWLRQ RI VXFK D SHULRGLF V\VWHP UHVXOWLQJ IURP LWV LQWHUDFWLRQ ZLWK WKH HOHFWULF
ILHOG RI WKH LQFRPLQJ HOHFWURPDJQHWLF ZDYH� PXOWLSOLHG E\ WKH QXPEHU RI VXFK V\VWHPV LQ
WKH GLVSHUVLYH PHGLXP� 7KLV H[SUHVVLRQ FDQ HDVLO\ EH FRQYHUWHG LQWR DQ H[SUHVVLRQ IRU WKH
GHSHQGHQFH RI WKH LQGH[ RI UHIUDFWLRQ RQ WKH IUHTXHQF\ RI WKH UHIUDFWHG UDGLDWLRQ� 2SWLFDO
GLVSHUVLRQ� D SKHQRPHQRQ IDPLOLDU IURP UDLQERZV DQG SULVPV� LV GHVFULEHG E\ WKLV IUHTXHQF\
GHSHQGHQFH RI WKH UHIUDFWLYH LQGH[ �'XQFDQ DQG -DQVVHQ ����� VHF� ���� ���±�����

7R REWDLQ WKH .UDPHUV GLVSHUVLRQ IRUPXOD LQ WKH ROG TXDQWXP WKHRU\� RQH KDV WR GHULYH
DQ H[SUHVVLRQ IRU WKH LQVWDQWDQHRXV GLSROH PRPHQW� LQGXFHG E\ DQ H[WHUQDO HOHFWURPDJQHWLF
ZDYH� RI LQGLYLGXDO �PXOWLSO\��SHULRGLF V\VWHPV LQ FODVVLFDO PHFKDQLFV� PXOWLSO\ WKDW H[SUHV�
VLRQ E\ WKH QXPEHU RI VXFK V\VWHPV LQ WKH GLVSHUVLYH PHGLXP� DQG WKHQ WUDQVODWH WKH UHVXOW
LQWR DQ H[SUHVVLRQ LQ WKH ROG TXDQWXP WKHRU\ XQGHU WKH JXLGDQFH RI WKH FRUUHVSRQGHQFH SULQ�
FLSOH�

$V ZLWK DOO VXFK GHULYDWLRQV LQ WKH ROG TXDQWXP WKHRU\� WKH SDUW LQYROYLQJ FODVVLFDO
PHFKDQLFV FDOOHG IRU DGYDQFHG WHFKQLTXHV ERUURZHG IURP FHOHVWLDO PHFKDQLFV� $V ZH PHQ�
WLRQHG LQ VHF� ������ 9DQ 9OHFN KDG WKRURXJKO\ PDVWHUHG WKHVH WHFKQLTXHV DV D JUDGXDWH VWX�
GHQW DW +DUYDUG� 'HFDGHV ODWHU� ZKHQ WKH 'XWFK $FDGHP\ RI 6FLHQFHV DZDUGHG KLP LWV
SUHVWLJLRXV /RUHQW] PHGDO� 9DQ 9OHFN UHODWHG DQ DQHFGRWH LQ KLV DFFHSWDQFH VSHHFK WKDW
GHPRQVWUDWHV KLV HDUO\ PDVWHU\ RI WKLV PDWHULDO�

,Q ���� , ZDV DQ DVVLVWDQW SURIHVVRU DW WKH 8QLYHUVLW\ RI 0LQQHVRWD� 2Q DQ
$PHULFDQ WULS� >3DXO@ (KUHQIHVW JDYH D OHFWXUH WKHUH >«@ >+H@ VDLG KH ZRXOG
OLNH WR KHDU D FROORTXLXP E\ D PHPEHU RI WKH VWDII� , ZDV VHOHFWHG WR JLYH D WDON
RQ P\ ³&RUUHVSRQGHQFH 3ULQFLSOH IRU $EVRUSWLRQ´ >9DQ 9OHFN ����D� ����E�
����F@ >«@ , UHPHPEHU (KUHQIHVW EHLQJ VXUSULVHG DW P\ EHLQJ VR \RXQJ D PDQ�
7KH OHQJWK\ IRUPXODV IRU SHUWXUEHG RUELWV LQ P\ SXEOLFDWLRQ RQ WKH WKUHH�ERG\
SUREOHP RI WKH KHOLXP DWRP >9DQ 9OHFN ����@ KDG JLYHQ KLP WKH LPDJH RI D
YHQHUDEOH DVWURQRPHU PDNLQJ FDOFXODWLRQV LQ FHOHVWLDO PHFKDQLFV� �9DQ 9OHFN
����� �� TXRWHG E\ 'XQFDQ DQG -DQVVHQ ����� ����

9DQ 9OHFN SXW KLV H[SHUWLVH LQ FODVVLFDO PHFKDQLFV WR JRRG XVH� 8VLQJ FDQRQLFDO SHUWXU�
EDWLRQ WKHRU\ LQ DFWLRQ�DQJOH YDULDEOHV� KH GHULYHG DQ H[SUHVVLRQ LQ FODVVLFDO PHFKDQLFV IRU

��)RU D GHWDLOHG UHFRQVWUXFWLRQ RI WKLV GHULYDWLRQ� ZKLFK IROORZV 9DQ 9OHFN¶V WZR�SDUW SDSHU RI ���� UDWKHU WKDQ KLV
���� 15& %XOOHWLQ� VHH �'XQFDQ DQG -DQVVHQ ������ LQ VHF� ��� ����±����� DQ RXWOLQH RI WKH GHULYDWLRQ LV JLYHQ� LQ
VHFV� ���±��� ����±����� WKH UHVXOW LV GHULYHG IRU D VLPSOH KDUPRQLF RVFLOODWRU� LQ VHF� ��� ����±����� WKLV GHULYDWLRQ
LV JHQHUDOL]HG WR DQ DUELWUDU\ PXOWLSO\�SHULRGLF V\VWHP� ILQDOO\� LQ VHF� ��� ����±����� LW LV VKRZQ WKDW LQ PRGHUQ
TXDQWXP PHFKDQLFV WKH .UDPHUV GLVSHUVLRQ IRUPXOD KROGV IRU DQ HYHQ EURDGHU FODVV RI V\VWHPV WKDQ LQ WKH ROG
TXDQWXP WKHRU\�
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WKH GLSROH PRPHQW RI D FKDUJHG PXOWLSO\�SHULRGLF V\VWHP KLW E\ DQ HOHFWURPDJQHWLF ZDYH RI
VPDOO DPSOLWXGH� ZKLFK FRXOG WKHQ EH WUDQVODWHG LQWR D TXDQWXP�WKHRUHWLFDO H[SUHVVLRQ�

,Q JHQHUDO FRRUGLQDWHV DQG WKHLU FRQMXJDWH PRPHQWD ሺݍ௞ǡ ௞ሻ݌ �ZKHUH ݇ ൌ ͳǡǥ ǡ ݂� ZLWK
݂ WKH QXPEHU RI GHJUHHV RI IUHHGRP�� +DPLOWRQ¶V HTXDWLRQV DUH�

ሶݍ௞ ൌ
ܪ߲
௞݌߲

ǡ ሶ݌௞ ൌ െ ܪ߲
௞ݍ߲

ǡ �����

ZKHUH ௞ǡݍሺܪ ௞ሻ݌ LV WKH +DPLOWRQLDQ DQG GRWV LQGLFDWH WLPH GHULYDWLYHV� *LYHQ WKH +DPLO�
WRQLDQ RI VRPH PXOWLSO\�SHULRGLF V\VWHP� RQH FDQ RIWHQ ILQG VSHFLDO FRRUGLQDWHV� ሺݓ௞ǡ �௞ሻܬ
FDOOHG DFWLRQ�DQJOH YDULDEOHV� VXFK WKDW WKH +DPLOWRQLDQ LQ WKH QHZ FRRUGLQDWHV RQO\ GH�
SHQGV RQ WKH QHZ PRPHQWD� WKH DFWLRQ YDULDEOHV �௞ܬ DQG QRW RQ WKH QHZ FRRUGLQDWHV� WKH
DQJOH YDULDEOHV �௞ݓ ,Q WKDW FDVH� +DPLOWRQ¶V HTXDWLRQV WDNH RQ WKH VLPSOH IRUP�

ሶݓ௞ ൌ
ܪ߲
௞ܬ߲

ൌ ௞ǡߥ ሶܬ௞ ൌ െ ܪ߲
௞ݓ߲

ൌ ͲǤ �����

7KH ILUVW RI WKHVH HTXDWLRQV VKRZV ZKDW PDNHV WKH XVH RI DFWLRQ�DQJOH YDULDEOHV VR DWWUDFWLYH
LQ FHOHVWLDO PHFKDQLFV� ,W PDNHV LW SRVVLEOH WR H[WUDFW WKH FKDUDFWHULVWLF SHULRGV RI WKH V\VWHP
IURP WKH +DPLOWRQLDQ ZLWKRXW KDYLQJ WR NQRZ WKH GHWDLOV RI WKH RUELW�

$FWLRQ�DQJOH YDULDEOHV SOD\HG D FHQWUDO UROH LQ WKH ROG TXDQWXP WKHRU\� 7KH\ DUH XVHG
WR IRUPXODWH WKH 6RPPHUIHOG�:LOVRQ��,VKLZDUD� TXDQWXP FRQGLWLRQV �9DQ 9OHFN ����E� ��±
���� ZKLFK VHOHFW WKH RUELWV DOORZHG E\ WKH ROG TXDQWXP WKHRU\ IURP DOO FODVVLFDOO\ DOORZHG
RQHV� 7KH UHODWLRQ EHWZHHQ WKH QHZ PRPHQWD ௞ܬ DQG WKH RULJLQDO SRVLWLRQ DQG PRPHQWXP
YDULDEOHV ௞ݍ DQG ௞݌ LV� ௞ܬ ൌ �௞ݍ௞݀݌ׯ ZKHUH WKH LQWHJUDO LV RYHU RQH SHULRG RI WKH PRWLRQ�
7KH 6RPPHUIHOG�:LOVRQ TXDQWXP FRQGLWLRQV UHVWULFW WKH FODVVLFDOO\ DOORZHG RUELWV WR WKRVH
VDWLVI\LQJ

௞ܬ ൌ ර݌௞݀ݍ௞ ൌ ݊௞݄ǡ �����

ZKHUH ݄ LV 3ODQFN¶V FRQVWDQW DQG WKH ݊௞¶V DUH LQWHJHUV�
)RU RUELWV ZLWK KLJK YDOXHV IRU DOO TXDQWXP QXPEHUV� WKHUH LV RQO\ D VPDOO GLIIHUHQFH

EHWZHHQ WKH YDOXHV RI WKH +DPLOWRQLDQ IRU ௟ܬ ൌ ܰ௟݄ DQG IRU ௟ܬ ൌ ሺܰ௟ േͳሻ݄ �ZLWK WKH YDOXHV
RI DOO ௠¶Vܬ ZLWK ݉ ് ݈ IL[HG�� 7KH GLIIHUHQWLDO TXRWLHQWV ௟ܬȀ߲ܪ߲ ൌ ௟ߥ LQ WKH ILUVW HTXDWLRQ
LQ HT� ����� FDQ WKHQ EH DSSUR[LPDWHG E\ GLIIHUHQFH TXRWLHQWV�

௟ߥ ൎ
ଵǡܬሺܪ ǥ ǡ ௟ܬ ൌ ሺܰ௟ ൅ ͳሻ݄ǡǥ ǡ ௙ሻܬ െ ଵǡܬሺܪ ǥ ǡ ௟ܬ ൌ ܰ௟݄ǡ ǥ ǡ ௙ሻܬ

݄ Ǥ �����

7KH WZR YDOXHV RI WKH +DPLOWRQLDQ LQ WKH QXPHUDWRU JLYH WKH HQHUJLHV ே೗ܧ DQG ே೗ାଵܧ RI WZR
RUELWV� FORVH WR HDFK RWKHU� ZLWK KLJK YDOXHV IRU DOO TXDQWXP QXPEHUV �DOO� H[FHSW IRU WKH ݈�WK
RQH� HTXDO IRU WKH WZR RUELWV�� (T� ����� LV WKXV RI WKH IRUP�

௟ߥ݄ ൌ ே೗ାଵܧ െ ே೗ܧ Ǥ �����
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,Q WKH OLPLW RI KLJK TXDQWXP QXPEHUV� WKLV HTXDWLRQ IRU WKH RUELWDO IUHTXHQF\ ௟ߥ RI WKH HOHF�
WURQþDQG WKHUHE\� DFFRUGLQJ WR FODVVLFDO HOHFWURG\QDPLFV� WKH IUHTXHQF\ RI WKH UDGLDWLRQ
HPLWWHG EHFDXVH RI WKH HOHFWURQ¶V DFFHOHUDWLRQ LQ WKDW RUELWþFRLQFLGHV ZLWK %RKU¶V UXOH�

௜՜௙ߥ݄ ൌ ௡೔ܧ െ ௡೑ܧ ǡ �����

IRU WKH IUHTXHQF\ ௜՜௙ߥ RI WKH UDGLDWLRQ HPLWWHG ZKHQ DQ HOHFWURQ MXPSV IURP DQ LQLWLDO RUELW
�TXDQWXP QXPEHU ݊௜� WR D ILQDO RUELW �TXDQWXP QXPEHU ݊௙�� 7KLV DV\PSWRWLF FRQQHFWLRQ
EHWZHHQ WKLV FODVVLFDO IRUPXOD IRU WKH RUELWDO IUHTXHQFLHV ௟ߥ DQG %RKU¶V TXDQWXP IRUPXOD
IRU WKH UDGLDWLRQ IUHTXHQFLHV ௜՜௙ߥ LV ZKDW 9DQ 9OHFN �����E� VHF� ��� ��±��� FDOOHG ³WKH
FRUUHVSRQGHQFH WKHRUHP IRU IUHTXHQFLHV�´

6XFK DV\PSWRWLF FRQQHFWLRQV FDQ EH XVHG LQ WZR ZD\V� HLWKHU WR FKHFN WKDW D JLYHQ
TXDQWXP IRUPXOD UHGXFHV WR LWV FODVVLFDO FRXQWHUSDUW LQ WKH OLPLW RI KLJK TXDQWXP QXPEHUV�
RU WR PDNH DQ HGXFDWHG JXHVV RQ WKH EDVLV RI WKH FODVVLFDO IRUPXOD DVVXPHG WR EH YDOLG IRU
KLJK TXDQWXP QXPEHUV DV WR ZKDW LWV TXDQWXP�WKHRUHWLFDO FRXQWHUSDUW� YDOLG IRU DOO TXDQWXP
QXPEHUV� PLJKW EH� :KLOH %RUQ ������ ����� HPSKDVL]HG WKH ODWWHU FRQVWUXFWLYH XVH� 9DQ
9OHFN �����E� ����F� ����E� SUHIHUUHG WKH IRUPHU FRUURERUDWLYH XVH �'XQFDQ DQG -DQVVHQ
����� ���±����� 7KH FRUUHVSRQGHQFH WKHRUHP IRU IUHTXHQFLHV LV D JRRG H[DPSOH RI WKH
FRUURERUDWLYH XVH RI FRUUHVSRQGHQFH�SULQFLSOH DUJXPHQWV� WKH .UDPHUV GLVSHUVLRQ IRUPXOD
LV WKH SULPH H[DPSOH RI WKHLU FRQVWUXFWLYH XVH���

7R GHULYH D IRUPXOD IRU WKH FODVVLFDO GLSROH PRPHQW IURP ZKLFK LWV FRXQWHUSDUW LQ WKH
ROG TXDQWXP WKHRU\ FDQ EH FRQVWUXFWHG �RU DJDLQVW ZKLFK LW FDQ EH FKHFNHG�� RQH WUHDWV WKH
HOHFWULF ILHOG RI WKH HOHFWURPDJQHWLF ZDYH VWULNLQJ WKH SHULRGLF V\VWHP XQGHU FRQVLGHUDWLRQ DV
D VPDOO SHUWXUEDWLRQ RI WKH V\VWHP LQ WKH DEVHQFH RI VXFK GLVWXUEDQFHV� 7KH IXOO +DPLOWRQLDQ
ܪ LV WKHQ ZULWWHQ DV WKH VXP RI DQ XQSHUWXUEHG SDUW ଴ܪ DQG D VPDOO SHUWXUEDWLRQ ௜௡௧ܪ ൏൏
଴ܪ �ZKHUH µLQW¶ VWDQGV IRU µLQWHUDFWLRQ¶�� 8VLQJ DFWLRQ�DQJOH YDULDEOHV LQ VXFK SHUWXUEDWLYH
FDOFXODWLRQV� RQH FDQ GHULYH WKH IRUPXOD IRU WKH FODVVLFDO GLSROH PRPHQW ZLWKRXW KDYLQJ WR
NQRZ DQ\WKLQJ DERXW WKH G\QDPLFV RI WKH XQSHUWXUEHG V\VWHP RWKHU WKDQ WKDW LW LV VROYDEOH
LQ WKHVH YDULDEOHV���

2QFH DJDLQ� %RUQ ������ ����� DQG 9DQ 9OHFN �����E� ����F� ����E� SURFHHGHG LQ
VOLJKWO\ GLIIHUHQW ZD\V� %RUQ WULHG WR ILQG DFWLRQ�DQJOH YDULDEOHV ሺݓǡ ሻܬ IRU WKH IXOO +DPLO�
WRQLDQ �ܪ 9DQ 9OHFN FRQWLQXHG WR XVH DFWLRQ�DQJOH YDULDEOHV ሺݓ଴

௞ ǡ ଴௞ሻܬ IRU WKH XQSHUWXUEHG
+DPLOWRQLDQ ଴ܪ HYHQ ZKHQ GHDOLQJ ZLWK WKH IXOO +DPLOWRQLDQ �ܪ $V 9DQ 9OHFN �����E�
���� H[SOLFLWO\ QRWHGܪ� ZLOO LQ JHQHUDO GHSHQG RQ ERWK WKH ଴௞¶Vܬ DQG WKHݓ଴

௞ ¶V� VR ሺݓ଴
௞ ǡ ଴௞ሻܬ DUH

QRW DFWLRQ�DQJOH YDULDEOHV IRU �ܪ EXW RQH FDQ VWLOO XVH WKHP WR GHVFULEH WKH EHKDYLRU RI WKH
IXOO V\VWHP ZLWK LQWHUDFWLRQ��� $V ZH ZLOO VHH LQ VHF� �������� 9DQ 9OHFN �����E� ��� OLNH�

��5XDUN ������ SLFNHG XS RQ WKLV GLVWLQFWLRQ LQ KLV UHYLHZ RI WKH %XOOHWLQ� (ODERUDWLQJ RQ KLV SUDLVH IRU WKH ³UH�
IUHVKLQJO\ FOHDU´ WUHDWPHQW RI WKH FRUUHVSRQGHQFH SULQFLSOH �VHH WKH TXRWDWLRQ DW WKH HQG RI VHF� ������� KH H[SODLQHG
WKDW 9DQ 9OHFN ³WDNHV SDLQV WR SRLQW RXW WKDW FHUWDLQ DV\PSWRWLF FRQQHFWLRQV EHWZHHQ TXDQWXP WKHRU\ DQG FODVVLFDO
G\QDPLFV FDQ EH GHILQLWHO\ SURYHG� ZKLOH RWKHU FRQQHFWLRQV DUH RQO\ SRVWXODWHG� 7KXV KH GLVWLQJXLVKHV FDUHIXOO\
WKH FRUUHVSRQGHQFH WKHRUHP IRU IUHTXHQFLHV� DQG WKH FRUUHVSRQGHQFH SRVWXODWHV IRU LQWHQVLWLHV DQG SRODUL]DWLRQ�´
&I� �5XDUN DQG 8UH\ ����� FKDS� 9,� VHF� �� ³7KH FRUUHVSRQGHQFH WKHRUHP DQG WKH FRUUHVSRQGHQFH SULQFLSOHV´��
��7KH FDOFXODWLRQ RI WKH HIIHFW RI H[WHUQDO ILHOGV RQ VSHFWUD� VXFK DV WKH 6WDUN DQG =HHPDQ HIIHFWV LQ DWRPV ZLWK
RQH HOHFWURQ LQ H[WHUQDO HOHFWULF DQG PDJQHWLF ILHOGV� UHVSHFWLYHO\� SURFHHGV DORQJ VLPLODU OLQHV �9DQ 9OHFN ����E�
FKDS� 9��
��7KLV FKRLFH RI YDULDEOHV LV DQDORJRXV WR WKH RQH PDGH LQ WKH 'LUDF LQWHUDFWLRQ SLFWXUH LQ WLPH�GHSHQGHQW SHUWXU�
EDWLRQ WKHRU\ LQ PRGHUQ TXDQWXP PHFKDQLFV �'XQFDQ DQG -DQVVHQ ����� ���� QRWH �����
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ZLVH XVHG DFWLRQ�DQJOH YDULDEOHV IRU WKH XQSHUWXUEHG +DPLOWRQLDQ LQ KLV ODWHU FDOFXODWLRQV RI
VXVFHSWLELOLWLHV���

7KH FODVVLFDO IRUPXOD 9DQ 9OHFN HYHQWXDOO\ DUULYHG DW IRU WKH GLSROH PRPHQW RI D
PXOWLSO\�SHULRGLF V\VWHP KDV WKH IRUP RI D GHULYDWLYH ZLWK UHVSHFW WR WKH DFWLRQ YDULDEOHV
଴௞ܬ RI DQ H[SUHVVLRQ LQYROYLQJ VTXDUHV RI WKH DPSOLWXGHV RI WKH )RXULHU FRPSRQHQWV DQG WKH
FKDUDFWHULVWLF IUHTXHQFLHV ଴௞ߥ ൌ ሶݓ଴

௞ RI WKH PRWLRQ RI WKH XQSHUWXUEHG V\VWHP� 7KH FRUUHVSRQ�
GHQFH SULQFLSOH� DV LW ZDV XQGHUVWRRG E\ .UDPHUV� %RUQ� 9DQ 9OHFN� DQG RWKHUV LQ WKH HDUO\
����V� DPRXQWHG WR WKH SUHVFULSWLRQ WR PDNH WKUHH VXEVWLWXWLRQV LQ WKLV FODVVLFDO IRUPXOD WR
WXUQ LW LQWR D IRUPXOD LQ WKH ROG TXDQWXP WKHRU\ WKDW LV JXDUDQWHHG WR PHUJH ZLWK WKH FODVVLFDO
IRUPXOD LQ WKH OLPLW RI KLJK TXDQWXP QXPEHUV �'XQFDQ DQG -DQVVHQ ����� �����

�� 5HSODFH WKH FKDUDFWHULVWLF IUHTXHQFLHV ଴௞ߥ � WKH RUELWDO IUHTXHQFLHV RI WKH PRWLRQ LQ WKH
XQSHUWXUEHG PXOWLSO\�SHULRGLF V\VWHPV XQGHU FRQVLGHUDWLRQ� E\ WKH IUHTXHQFLHV ௜՜௙ߥ
RI WKH UDGLDWLRQ HPLWWHG LQ WKH WUDQVLWLRQ IURP WKH ݊௜�WK WR WKH ݊௙�WK RUELW�

�� 5HSODFH VTXDUHV RI WKH DPSOLWXGHV RI WKH )RXULHU FRPSRQHQWV RI WKLV PRWLRQ E\ WUDQVL�
WLRQ SUREDELOLWLHV JLYHQ E\ WKH ܣ FRHIILFLHQWV IRU VSRQWDQHRXV HPLVVLRQ LQ WKH TXDQWXP
WKHRU\ RI UDGLDWLRQ SURSRVHG E\ (LQVWHLQ �������

�� 5HSODFH WKH GHULYDWLYHV ZLWK UHVSHFW WR WKH DFWLRQ YDULDEOHV ଴௞ܬ E\ GLIIHUHQFH TXRWLHQWV
DV LQ HT� ������ 7KLV ODVW VXEVWLWXWLRQ LV RIWHQ DWWULEXWHG WR %RUQ EXW LW ZDV DOPRVW
FHUWDLQO\ GLVFRYHUHG LQGHSHQGHQWO\ E\ %RUQ� .UDPHUV� DQG 9DQ 9OHFN �'XQFDQ DQG
-DQVVHQ ����� ���±���� �����

$OWKRXJK WKLV FRQVWUXFWLRQ JXDUDQWHHV WKDW WKH TXDQWXP IRUPXOD PHUJHV ZLWK WKH FODVVLFDO
IRUPXOD IRU KLJK TXDQWXP QXPEHUV� LW VWLOO WRRN D OHDS RI IDLWK WR DVVHUW WKDW WKH TXDQWXP
IRUPXOD ZRXOG FRQWLQXH WR KROG DOO WKH ZD\ GRZQ WR VPDOO TXDQWXP QXPEHUV� ,Q WKH FDVH
RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD� KRZHYHU� WKHUH ZHUH RWKHU FRQVLGHUDWLRQV� EHVLGHV WKLV
FRUUHVSRQGHQFH�SULQFLSOH DUJXPHQW IRU LW� WKDW LQVSLUHG FRQILGHQFH LQ WKH UHVXOW�

$V PHQWLRQHG LQ VHF� �������� WKH .UDPHUV GLVSHUVLRQ IRUPXOD DPRXQWHG WR WKH UHFRY�
HU\ RI D .XKQ ORVV� ([SHULPHQWV FOHDUO\ VKRZHG WKDW WKH IUHTXHQF\ UDQJHV ZKHUH GLVSHUVLRQ
EHFRPHV DQRPDORXV �L�H�� ZKHUH WKH LQGH[ RI UHIUDFWLRQ JHWV VPDOOHU UDWKHU WKDQ ODUJHU ZLWK
LQFUHDVLQJ IUHTXHQF\� DUH DURXQG WKH DEVRUSWLRQ IUHTXHQFLHV RI WKH GLVSHUVLYH PDWHULDO� 7KH
FODVVLFDO GLVSHUVLRQ WKHRU\ RI YRQ +HOPKROW]� /RUHQW]� DQG 'UXGH RI WKH ODWH�QLQHWHHQWK FHQ�
WXU\ ZDV GHVLJQHG WR FDSWXUH WKLV IHDWXUH� 7KH WKHRU\ SRVLWHG WKH H[LVWHQFH RI VPDOO FKDUJHG
KDUPRQLF RVFLOODWRUV LQVLGH PDWWHU ZLWK FKDUDFWHULVWLF IUHTXHQFLHV FRUUHVSRQGLQJ WR WKH PDWH�
ULDO¶V DEVRUSWLRQ IUHTXHQFLHV� ,QVWHDG RI VXFK KDUPRQLFDOO\ ERXQG HOHFWURQV� WKH %RKU PRGHO
RI WKH DWRP KDG HOHFWURQV RUELW D QXFOHXV DV LQ D PLQLDWXUH VRODU V\VWHP� :KHQ 6RPPHUIHOG
������ ������ 'HE\H ������� DQG 'DYLVVRQ ������ DGDSWHG WKH FODVVLFDO GLVSHUVLRQ WKHRU\ WR
WKLV QHZ PRGHO RI PDWWHU� WKH\ ZHUH LQH[RUDEO\ OHG WR WKH FRQFOXVLRQ WKDW GLVSHUVLRQ VKRXOG
EH DQRPDORXV LQ IUHTXHQF\ UDQJHV DURXQG WKH RUELWDO IUHTXHQFLHV ଴௞ߥ RI WKH %RKU DWRP� ZKLFK�
DV QRWHG DERYH� GLIIHU VKDUSO\ IURP WKH DEVRUSWLRQ DQG WUDQVLWLRQ IUHTXHQFLHV �௜՜௙ߥ DW OHDVW IRU
VPDOO TXDQWXP QXPEHUV� 7KLV LV WKH .XKQ ORVV LQ GLVSHUVLRQ WKHRU\ PHQWLRQHG LQ VHF� ��������
$V ORQJ DV WKH ROG TXDQWXP WKHRU\ FRXOG ERDVW RI VXFFHVVHV LQ VSHFWURVFRS\� WKH SUREOHP
ZLWK GLVSHUVLRQ FRXOG EH LJQRUHG� ,Q WKH HDUO\ ����V� KRZHYHU� SK\VLFLVWV VWDUWHG WR WDNH LW
PRUH VHULRXVO\ �VHH� H�J�� WKH FRPPHQWV E\ (SVWHLQ TXRWHG LQ VHF� ������� /DGHQEXUJ ������

��7KRVH FDOFXODWLRQV� KRZHYHU� LQYROYH WLPH�LQGHSHQGHQW SHUWXUEDWLRQ WKHRU\ �FI� QRWH ����
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DQG /DGHQEXUJ DQG 5HLFKH ������ SURSRVHG D QHZ TXDQWXP GLVSHUVLRQ WKHRU\ LQ ZKLFK WKH\
VLPSO\ DVVXPHG WKDW GLVSHUVLRQ ZRXOG EH DQRPDORXV LQ IUHTXHQF\ LQWHUYDOV DURXQG WKH WUDQ�
VLWLRQ IUHTXHQFLHV ௜՜௙ߥ UDWKHU WKDQ WKH RUELWDO IUHTXHQFLHV ଴௞ߥ � .UDPHUV �����D� ����E�� LQ
HIIHFW� JHQHUDOL]HG WKH IRUPXOD WKDW /DGHQEXUJ ������ KDG SURSRVHG DQG� LQ WKH SURFHVV�
SURYLGHG LW ZLWK WKH WKHRUHWLFDO XQGHUSLQQLQJV LW KDG EHHQ ODFNLQJ EHIRUH� $QG WKXV ZDV WKH
.XKQ ORVV LQ GLVSHUVLRQ WKHRU\ UHFRYHUHG�

7KH UHFRYHU\ RI WKLV .XKQ ORVV LV D JRRG H[DPSOH RI ZKDW .XKQ ������ ���� GHVFULEHG
DV D ³UHYHUVLRQ �ZKLFK LV QRW WKH VDPH DV D UHWURJUHVVLRQ�´ WR DQ ROGHU WKHRU\ RU SDUDGLJP
�FI� VHF� ������� %RWK LQ WKH FODVVLFDO WKHRU\ DQG LQ WKH TXDQWXP WKHRU\� WKH GLVSHUVLRQ IRU�
PXOD FRQWDLQV D VHW RI SDUDPHWHUV� RQH IRU HYHU\ DEVRUSWLRQ IUHTXHQF\� FDOOHG WKH ³RVFLOODWRU
VWUHQJWKV�´ 7KHVH SDUDPHWHUV DUH DGMXVWHG WR JLYH WKH EHVW ILW ZLWK WKH H[SHULPHQWDO GDWD� ,Q
WKH FODVVLFDO WKHRU\� WKH ³RVFLOODWRU VWUHQJWK´ IRU D JLYHQ DEVRUSWLRQ IUHTXHQF\ZDV LQWHUSUHWHG
DV WKH QXPEHU RI KDUPRQLFDOO\�ERXQG FKDUJHV SHU DWRP ZLWK D UHVRQDQFH IUHTXHQF\ HTXDO WR
WKDW DEVRUSWLRQ IUHTXHQF\� 8QIRUWXQDWHO\� WKLV LQWHUSUHWDWLRQ ZDV VWURQJO\ DW RGGV ZLWK WKH
H[SHULPHQWDO UHVXOWV� ,W ZDV QRW XQFRPPRQ WR ILQG YDOXHV DV ORZ DV � ³GLVSHUVLRQ HOHFWURQ�´
DV WKHVH FKDUJHG RVFLOODWRUV ZHUH FDOOHG� SHU ��� RU HYHQ SHU ������ DWRPV� ,Q TXDQWXP
WKHRU\� DV /DGHQEXUJ ������ ILUVW UHDOL]HG� WKH ³RVFLOODWRU VWUHQJWK´ IRU D JLYHQ DEVRUSWLRQ
IUHTXHQF\ FDQ EH LQWHUSUHWHG DV WKH QXPEHU RI WUDQVLWLRQV ZLWK WUDQVLWLRQ IUHTXHQFLHV ௜՜௙ߥ
HTXDO WR WKDW DEVRUSWLRQ IUHTXHQF\� 7KH ORZ YDOXHV RI WKHVH SDUDPHWHUV WKHQ VLPSO\ UHIOHFW
WKDW� IRU PDQ\ IUHTXHQFLHV �௜՜௙ߥ WKHUH ZLOO RQO\ EH D VPDOO QXPEHU RI DWRPV LQ WKH LQLWLDO
H[FLWHG VWDWH �'XQFDQ DQG -DQVVHQ ����� ���±�����

7KH FRUUHVSRQGHQFH�SULQFLSOH WUDQVODWLRQ VFKHPH RXWOLQHG DERYH ZDV FHQWUDO WR WKH UH�
VHDUFK LQ WKH HDUO\ ����V RI ERWK 9DQ 9OHFN �����E� ����F� DQG %RUQ ������� ,Q IDFW� WKHLU
DSSURDFKHV ZHUH VR VLPLODU WKDW WKH WZR PHQ KDG D WHVW\ FRUUHVSRQGHQFH DERXW WKH SURSHU
DVVLJQPHQW RI FUHGLW IRU YDULRXV UHVXOWV DQG LQVLJKWV �'XQFDQ DQG -DQVVHQ ����� ���±����
���±����� 0RUHRYHU� ERWK %RUQ ������ DQG 9DQ 9OHFN �����E� ZURWH D ERRN RQ WKH ROG
TXDQWXP WKHRU\ LQ ZKLFK WKH\ RUJDQL]HG WKH PDWHULDO FRYHUHG DURXQG WKH FRUUHVSRQGHQFH
SULQFLSOH DV WKH\ KDG FRPH WR XQGHUVWDQG DQG XVH LW LQ WKHLU UHVHDUFK���

%RWK %RUQ DQG 9DQ 9OHFN PLVVHG WKH QH[W VWHS� ZKLFK ZDV WR XVH WKH FRUUHVSRQGHQFH�
SULQFLSOH WUDQVODWLRQ VFKHPH IRU WKH EDVLF ODZV RI FODVVLFDO PHFKDQLFV UDWKHU WKDQ IRU LQGL�
YLGXDO IRUPXODV� 7KDW VWHS ZRXOG EH WDNHQ E\ +HLVHQEHUJ �����E� LQ KLV 8PGHXWXQJ SDSHU
�'XQFDQ DQG -DQVVHQ ����� VHF� ���� ���±���� VHF� �� ����� ,Q GRLQJ VR� +HLVHQEHUJ DEDQ�
GRQHG HOHFWURQ RUELWV DOWRJHWKHU DQG IRUPXODWHG KLV WKHRU\ HQWLUHO\ LQ WHUPV RI TXDQWXP WUDQ�
VLWLRQV� DFFHSWLQJ� IRU WKH WLPH EHLQJ� WKDW WKHUH ZDV QRWKLQJ LQ WKH WKHRU\ WR UHSUHVHQW WKH
VWDWHV EHWZHHQ ZKLFK VXFK WUDQVLWLRQV ZHUH VXSSRVHG WR WDNH SODFH� %RUQ DQG -RUGDQ ������
ILUVW UHFRJQL]HG WKDW WKH WZR�LQGH[ TXDQWLWLHV WKXV LQWURGXFHG �UHIHUULQJ WR LQLWLDO DQG ILQDO
VWDWHV RI D WUDQVLWLRQ� ZHUH QRWKLQJ EXW PDWULFHV�

6LQFH WKH 6RPPHUIHOG�:LOVRQ TXDQWXP FRQGLWLRQ UHIHUV WR LQGLYLGXDO RUELWV� +HLVHQ�
EHUJ KDG WR ILQG D QHZ TXDQWXP FRQGLWLRQ� 7DNLQJ WKH GLIIHUHQFH LQ WKH YDOXHV RI ݍ݀݌ׯ
RI WZR QHLJKERULQJ RUELWV DQG WUDQVODWLQJ WKLV XVLQJ KLV 8PGHXWXQJ VFKHPH� KH DUULYHG DW D
FRUROODU\ RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD WKDW KDG LQVSLUHG KLV UHLQWHUSUHWDWLRQ VFKHPH�
7KLV FRUROODU\ KDG EHHQ IRXQG LQGHSHQGHQWO\ E\ :HUQHU .XKQ ������ DQG :LOO\ 7KRPDV
������ DQG LV NQRZQ DV WKH 7KRPDV�.XKQ VXP UXOH �ZKLFK WKXV KDV QRWKLQJ WR GR ZLWK
7KRPDV 6� .XKQ�� %RUQ DQG -RUGDQ ������ VKRZHG WKDW WKH 7KRPDV�.XKQ VXP UXOH LV

��%RUQ¶V ERRN LV DQDO\]HG LQ 'RPHQLFR *LXOLQL¶V FRQWULEXWLRQ WR WKLV YROXPH�
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HTXLYDOHQW WR WKH GLDJRQDO HOHPHQWV RI WKH EDVLF FRPPXWDWLRQ UHODWLRQV� ሾ݌ǡ ሿݍ ൌ ԰Ȁ݅� IRU
SRVLWLRQ DQG PRPHQWXP LQ PDWUL[ PHFKDQLFV �'XQFDQ DQG -DQVVHQ ����� ���±����� 7KH
7KRPDV�.XKQ VXP UXOH� DV 9DQ 9OHFN �����E� QRWHG UXHIXOO\ LQ KLV 15& %XOOHWLQ� ³DSSHDUV
WR KDYH ILUVW EHHQ LQFLGHQWDOO\ VXJJHVWHG E\ WKH ZULWHU´ ������ ,W FDQ EH IRXQG LQ D IRRWQRWH LQ
WKH FODVVLFDO SDUW RI KLV WZR�SDUW SDSHU RQ KLV FRUUHVSRQGHQFH SULQFLSOH IRU DEVRUSWLRQ �9DQ
9OHFN ����F� ���±���� FI� 'XQFDQ DQG -DQVVHQ ����� ���±���� ����� %\ ����� 9DQ 9OHFN
WKXV KDG WKH WZR NH\ SK\VLFDO LQJUHGLHQWV RI +HLVHQEHUJ¶V 8PGHXWXQJ SDSHU� WKH .UDPHUV
GLVSHUVLRQ IRUPXOD DQG WKH 7KRPDV�.XKQ VXP UXOH� ,Q D YHU\ UHDO VHQVH� KH KDG EHHQ RQ WKH
YHUJH RI 8PGHXWXQJ �'XQFDQ DQG -DQVVHQ ������

9DQ 9OHFN DSSDUHQWO\ WROG KLV IRUPHU VWXGHQW .XKQ LQ WKH HDUO\ ����V WKDW� KDG KH EHHQ
³D OLWWOH PRUH SHUFHSWLYH�´ KH FRXOG KDYH GRQH ZKDW +HLVHQEHUJ GLG� :KHQ .XKQ UHPLQGHG
KLP RI WKDW ERDVW GXULQJ WKH RIILFLDO LQWHUYLHZ IRU WKH $+43 LQ ����� 9DQ 9OHFN EDFNHG RII
DQG WROG KLV LQWHUYLHZHU� ³3HUKDSV , VKRXOG VD\ FRQVLGHUDEO\ PRUH SHUFHSWLYH�´��

%RUQ ZDV QRW WKDW PRGHVW� ,Q WKH SUHIDFH WR WKH ���� (QJOLVK WUDQVODWLRQ RI KLV ����
ERRN� KH FODLPHG WKDW ³GLVFXVVLRQV ZLWK P\ FROODERUDWRUV +HLVHQEHUJ� -RUGDQ� DQG +XQG
ZKLFK DWWHQGHG WKH ZULWLQJ RI WKLV ERRN KDYH SUHSDUHG WKH ZD\ IRU WKH FULWLFDO VWHS ZKLFK ZH
RZH WR +HLVHQEHUJ´ �%RUQ ����� [L±[LL�� (YHQ WKRXJK LW LV QRW FOHDU KRZ PXFK +HLVHQEHUJ¶V
8PGHXWXQJ SDSHU RZHV WR WKHVH GLVFXVVLRQV ZLWK %RUQ� WKHUH LV QR GRXEW WKDW %RUQ DOUHDG\
UHFRJQL]HG WKH OLPLWDWLRQV DQG WKH SURYLVLRQDO FKDUDFWHU RI WKH ROG TXDQWXP WKHRU\ ZKHQ KH
WXUQHG KLV OHFWXUHV RQ µDWRPLF PHFKDQLFV¶�� RI ��������� LQWR D ERRN� ,Q WKH SUHIDFH� GDWHG
1RYHPEHU ����� KH ZURWH�

>7@KH ZRUN LV GHOLEHUDWHO\ FRQFHLYHG DV DQ DWWHPSW >«@ WR DVFHUWDLQ WKH OLPLW
ZLWKLQ ZKLFK WKH SUHVHQW SULQFLSOHV RI DWRPLF DQG TXDQWXP WKHRU\ DUH YDOLG DQG
>«@ WR H[SORUH WKH ZD\V E\ ZKLFK ZH PD\ KRSH WR SURFHHG >«@ >7@R PDNH WKLV
SURJUDP FOHDU LQ WKH WLWOH� , KDYH FDOOHG WKH SUHVHQW ERRN ³9RO� ,�´ WKH VHFRQG
YROXPH LV WR FRQWDLQ D FORVHU DSSUR[LPDWLRQ WR WKH ³ILQDO´ DWRPLFPHFKDQLFV >«@
7KH VHFRQG YROXPH PD\� LQ FRQVHTXHQFH� UHPDLQ IRU PDQ\ \HDUV XQZULWWHQ� ,Q
WKH PHDQWLPH OHW LWV YLUWXDO H[LVWHQFH VHUYH WR PDNH FOHDU WKH DLP DQG VSLULW RI
WKLV ERRN� �%RUQ ����� Y�

%\ WKH WLPH WKH (QJOLVK WUDQVODWLRQ RI %RUQ¶V ERRN ZDV UHDG\ WR EH VHQW WR SUHVV WZR
\HDUV ODWHU� ERWK PDWUL[ PHFKDQLFV DQG ZDYH PHFKDQLFV KDG DUULYHG RQ WKH VFHQH� ,Q WKH
SUHIDFH WR WKH WUDQVODWLRQ� GDWHG -DQXDU\ ����� %RUQ DGGUHVVHG WKH TXHVWLRQ ZKHWKHU� JLYHQ
WKHVH GHYHORSPHQWV� ³WKH DSSHDUDQFH RI DQ (QJOLVK WUDQVODWLRQ LV MXVWLILHG´ �%RUQ ����� [L��
+H EHOLHYHG LW ZDV� RQ WKUHH JURXQGV�

>,@W VHHPV WR PH WKDW WKH WLPH LV >VLF@ QRW \HW DUULYHG ZKHQ WKH QHZ PHFKDQLFV
FDQ EH EXLOW XS RQ LWV RZQ IRXQGDWLRQV� ZLWKRXW DQ\ FRQQHFWLRQ ZLWK FODVVLFDO
WKHRU\ >«@ )XUWKHU� , FDQ VWDWH ZLWK D FHUWDLQ VDWLVIDFWLRQ WKDW WKHUH LV SUDFWLFDOO\
QRWKLQJ LQ WKH ERRNZKLFK , ZLVK WRZLWKGUDZ� 7KH GLIILFXOWLHV DUH DOZD\V RSHQO\
DFNQRZOHGJHG >«@ /DVWO\� , EHOLHYH WKDW WKLV ERRN LWVHOI KDV FRQWULEXWHG LQ VRPH

��$+43 LQWHUYLHZ� VHVVLRQ �� ��� TXRWHG E\ 'XQFDQ DQG -DQVVHQ ������ ���±�����
��7KH WHUP µDWRPLF PHFKDQLFV¶ �$WRPPHFKDQLN� ZDV FKRVHQ LQ DQDORJ\ ZLWK WKH WHUP µFHOHVWLDO PHFKDQLFV¶ �+LP�
PHOVPHFKDQLN� �%RUQ ����� SUHIDFH�� )RU WKH (QJOLVK WUDQVODWLRQ� WKH WLWOH ZDV UHQGHUHG DV0HFKDQLFV RI WKH $WRP�
EXW LQ WKH WH[W ³WKH FOXPVLHU H[SUHVVLRQ DWRPLF PHFKDQLFV KDV RIWHQ EHHQ HPSOR\HG´ �%RUQ ����� Y� QRWH��
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VPDOO PHDVXUH WR WKH SURPRWLRQ RI WKH QHZ WKHRULHV� SDUWLFXODUO\ WKRVH SDUWV
ZKLFK KDYH EHHQ ZRUNHG RXW KHUH LQ *|WWLQJHQ��� �%RUQ ����� [L�

4XDQWXP PHFKDQLFV FRQWLQXHG WR GHYHORS UDSLGO\ LQ WKH ODWH ����V �'XQFDQ DQG
-DQVVHQ ������ 2QO\ WKUHH \HDUV DIWHU WKH (QJOLVK WUDQVODWLRQ RI KLV ���� ERRN� WKH VHTXHO
%RUQ KDG SURPLVHG LQ WKH SUHIDFH WR WKH RULJLQDO *HUPDQ HGLWLRQ DSSHDUHG� 7KH ERRN�
FR�DXWKRUHG ZLWK KLV IRUPHU VWXGHQW -RUGDQ� ZKR KDG PHDQZKLOH HPHUJHG DV RQH RI WKH
OHDGLQJ \RXQJ TXDQWXP WKHRULVWV� LV HQWLWOHG (OHPHQWDU\ 4XDQWXP 0HFKDQLFV� /HFWXUHV RQ
$WRPLF 0HFKDQLFV� 9RO� �� ,Q WKH SUHIDFH� %RUQ DQG -RUGDQ H[SODLQHG WKDW

>W@KLV ERRN LV WKH FRQWLQXDWLRQ RI WKH ³/HFWXUHV RQ DWRPLF PHFKDQLFV´ SXEOLVKHG
LQ ����� LW LV WKH ³VHFRQG YROXPH´ WKDW ZDV DQQRXQFHG LQ WKH SUHIDFH� RI ZKLFK
³WKH YLUWXDO H[LVWHQFH VKRXOG VHUYH WR PDNH FOHDU WKH DLP DQG VSLULW RI WKLV ERRN�´
7KH KRSH WKDW WKH YHLO WKDW ZDV VWLOO KDQJLQJ RYHU WKH UHDO VWUXFWXUH RI WKH ODZV
RI WKH DWRP ZRXOG VRRQ EH SDUWHG KDV EHHQ UHDOL]HG LQ D VXUSULVLQJO\ IDVW DQG
WKRURXJK IDVKLRQ� �%RUQ DQG -RUGDQ ����� Y�

7KH DXWKRUV WKHQ ZDUQHG WKHLU UHDGHUV WKDW WKH\ KDG PDGH D FRQVFLRXV HIIRUW WR VHH KRZ
PXFK FRXOG EH GRQH ZLWK ³HOHPHQWDU\� L�H�� SUHGRPLQDQWO\ DOJHEUDLF PHDQV´ �LELG�� YL�� ,Q
RWKHU ZRUGV� HOHPHQWDU\ TXDQWXP PHFKDQLFV� IRU %RUQ DQG -RUGDQ� ZDV HVVHQWLDOO\ PDWUL[
PHFKDQLFV� 7KH\ UHOHJDWHG ZDYH�WKHRUHWLFDO PHWKRGV WR D IXWXUH ERRN WKH\ SURPLVHG WR ZULWH
³DV VRRQ DV WLPH DQG HQHUJ\ SHUPLW´ �LELG��

,Q KLV UHYLHZ RI (OHPHQWDU\ 4XDQWXP 0HFKDQLFV LQ 'LH 1DWXUZLVVHQVFKDIWHQ� 3DXOL
WRRN %RUQ DQG -RUGDQ WR WDVN IRU WKHLU GHFLVLRQ WR UHVWULFW WKHPVHOYHV WR PDWUL[ PHFKDQLFV�
DGGLQJ SRLQWHGO\ WKDW ³RQH FDQQRW UHSURDFK WKH UHYLHZHU RQ WKH JURXQGV WKDW KH ILQGV WKH
JUDSHV VRXU EHFDXVH WKH\ DUH KDQJLQJ WRR KLJK IRU KLP´ �3DXOL ������ 3DXOL� DIWHU DOO� KDG
VROYHG WKH K\GURJHQ DWRP LQ PDWUL[ PHFKDQLFV EHIRUH ZDYH PHFKDQLFV ZDV DYDLODEOH� 7KH
DXWKRUV¶ SURPLVH RI D IXWXUH YROXPH RQ ZDYH PHFKDQLFV �ZKLFK QHYHU VDZ WKH OLJKW RI GD\�
SURYLGHG 3DXOL ZLWK WKH SHUIHFW RSHQLQJ OLQH IRU KLV UHYLHZ� ³7KH ERRN LV WKH VHFRQG YROXPH
LQ D VHULHV LQ ZKLFK JRDO DQG SXUSRVH RI WKH ݊�WK YROXPH LV DOZD\V PDGH FOHDU WKURXJK WKH
YLUWXDO H[LVWHQFH RI WKH ሺ݊ ൅ ͳሻ�WK YROXPH´ �LELG��� 3DXOL¶V UHYLHZ IDPRXVO\ HQGV ZLWK WKH
REVHUYDWLRQ WKDW ³WKH SURGXFWLRQ RI WKH ERRN LQ WHUPV RI SULQW DQG SDSHU LV H[FHOOHQW´ �LELG���
%RUQ ZDV DQJU\ HQRXJK DERXW WKLV VFDWKLQJ UHYLHZ WR FRPSODLQ DERXW LW WR 3DXOL¶V WHDFKHU
6RPPHUIHOG �'XQFDQ DQG -DQVVHQ ����� ����� 3DXOL¶V QHJDWLYH YHUGLFW RQ %RUQ DQG -RUGDQ¶V
���� HIIRUW VWDQGV LQ PDUNHG FRQWUDVW WR KLV KLJK DQG XQTXDOLILHG SUDLVH IRU 9DQ 9OHFN¶V ����
ERRN LQ WKH VDPH MRXUQDO D IHZ \HDUV ODWHU���

&RQWUDU\ WR %RUQ� 9DQ 9OHFN RQO\ VHHPV WR KDYH UHDOL]HG KRZ VHULRXV WKH SUREOHPV
IDFLQJ WKH ROG TXDQWXP WKHRU\ ZHUH DIWHU LWV GHPLVH� 7DONLQJ WR .XKQ LQ ����� KH FODLPHG
WKDW� DV HDUO\ DV ����� KH KDG D FOHDU SUHPRQLWLRQ WKDW D GUDVWLF FRQFHSWXDO FKDQJH ZDV LP�
PLQHQW� ³, FHUWDLQO\ UHDOL]HG� DQG WKDW PXVW KDYH EHHQ LQ ���� RU SRVVLEO\ ����� FHUWDLQO\
EHIRUH WKH DFDGHPLF \HDU ����±��þPRUH OLNHO\ ����±��þWKDW WKHUH ZDV VRPHWKLQJ URWWHQ
LQ WKH VWDWH RI 'HQPDUN DV UHJDUGV WKH ROG FODVVLFDO TXDQWXP WKHRU\�´�� 7KLV LV QRW WKH LP�
SUHVVLRQ RQH JHWV LI RQH ORRNV DW WKH WH[W RI WKH 15& %XOOHWLQ� ,W LV WUXH WKDW 9DQ 9OHFN ZDV
SHUIHFWO\ FDQGLG DERXW WKH WKHRU\¶V IDLOXUHV DQG VKRUW�FRPLQJV� +H GHYRWHG DQ HQWLUH FKDSWHU
��7KH QH[W VHQWHQFH LV WKH RQH UHIHUULQJ WR %RUQ¶V GLVFXVVLRQV ZLWK +HLVHQEHUJ DQG RWKHUV TXRWHG DERYH�
��6HH WKH TXRWDWLRQV LQ QRWH � LQ VHF� ������� DQG DW WKH HQG RI VHF� ��������
��$+43 LQWHUYLHZ� VHVVLRQ �� �±��
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�FKDS� 9,,,� WR WKH SUREOHPV RQH UDQ LQWR DV VRRQ DV RQH FRQVLGHUHG DWRPV ZLWK PRUH WKDQ
RQH HOHFWURQ� 9DQ 9OHFN� KRZHYHU� UHPDLQHG RSWLPLVWLF WKDW WKHVH SUREOHPV FRXOG EH VROYHG
ZLWKRXW DEDQGRQLQJ WKH EDVLF FRQFHSWXDO IUDPHZRUN RI WKH ROG TXDQWXP WKHRU\�

,Q RQH RI WKH VHFWLRQV RI FKDS� 9,,,� VHF� ��� HQWLWOHG ³6WDQGDUG 4XDQWXP &RQGLWLRQV
DQG &RUUHVSRQGHQFH 7KHRUHP IRU )UHTXHQFLHV 5HPDLQ 9DOLG (YHQ LI &ODVVLFDO 0HFKDQLFV
%UHDN >VLF@ 'RZQ�´ KH ZURWH�

>7@R HVFDSH IURP WKH GLIILFXOWLHV WKXV HQFRXQWHUHG >LQ WKH SUHFHGLQJ VHFWLRQ@ LW
DSSHDUHG QHFHVVDU\ WR DVVXPH WKDW WKH FODVVLFDO PHFKDQLFV GR >VLF@ QRW JRYHUQ
WKH PRWLRQV RI WKH HOHFWURQV LQ WKH VWDWLRQDU\ VWDWHV RI DWRPV ZLWK PRUH WKDQ RQH
HOHFWURQ� ,W PLJKW VHHP WKDW WKLV EROG SURSRVDO ZRXOG LQYDOLGDWH WKH FRQVLGHU�
DEOH GHJUHH RI VXFFHVV DOUHDG\ VRPHWLPHV DWWDLQHG LQ FRPSOLFDWHG DWRPV >«@
6XFK VXFFHVVIXO DSSOLFDWLRQV� KRZHYHU� QHHG QRW EH IRUIHLWHG LI RQO\ ZH DVVXPH
WKDW WKH %RKU IUHTXHQF\ FRQGLWLRQ DQG WKH VWDQGDUG TXDQWXP FRQGLWLRQV UHWDLQ
WKHLU YDOLGLW\� HYHQ WKRXJK WKH PRWLRQV TXDQWL]HG E\ WKH ODWWHU DUH QRW LQ DF�
FRUG ZLWK RUGLQDU\ G\QDPLFV LQ DWRPV ZLWK PRUH WKDQ RQH HOHFWURQ� �9DQ 9OHFN
����E� ���� RXU HPSKDVLV�

$V EROG DV 9DQ 9OHFN PD\ KDYH WKRXJKW KLV SURSRVDO ZDV� E\ WKH WLPH KLV %XOOHWLQ ZDV
LQ SULQW� +HLVHQEHUJ¶V 8PGHXWXQJ SDSHU KDG DOUHDG\ PDGH LW FOHDU WKDW PXFK PRUH UDGLFDO
PHDVXUHV ZHUH FDOOHG IRU� HYHQ WKRXJK� DV ZH IRUPXODWHG LW LQ VHF� ��������8PGHXWXQJPHDQW
WKDW WKH ODZV RI PHFKDQLFV ZHUH QRW UHSHDOHG EXW UHLQWHUSUHWHG� :RUNLQJ RQ KLV %XOOHWLQ
LQ UHODWLYH LVRODWLRQ LQ 0LQQHVRWD� 9DQ 9OHFN KDG QRW EHHQ SULY\ WR WKH VNHSWLFLVP ZLWK
ZKLFK HOHFWURQ RUELWV KDG LQFUHDVLQJO\ EHHQ YLHZHG E\ KLV (XURSHDQ FROOHDJXHV� +HLVHQEHUJ
DQG RWKHUV ZHUH SUHSDUHG WR DEDQGRQ RUELWV DOWRJHWKHU� 9DQ 9OHFN� E\ FRQWUDVW� UHPDLQHG
FRQYLQFHG WKDW WKH ROG TXDQWXP WKHRU\ ZDV HVVHQWLDOO\ ULJKW� DQG RQO\ LQ HUURU FRQFHUQLQJ
WKH VSHFLILF GHWDLOV RI WKH RUELWV�

%\ WKH WLPH KH ZURWH WKH DUWLFOH DERXW WKH QHZ TXDQWXP WKHRU\ LQ WKH&KHPLFDO 5HYLHZV
IURP ZKLFK ZH TXRWHG DW WKH EHJLQQLQJ RI WKLV SDSHU� 9DQ 9OHFN KDG FHUWDLQO\ XQGHUVWRRG
WKDW WKH WUDQVLWLRQ IURP WKH ROG WR WKH QHZ TXDQWXP WKHRU\ UHTXLUHG PXFK PRUH UDGLFDO VWHSV
WKDQ WKH RQHV KH KDG FRQWHPSODWHG LQ KLV 15& %XOOHWLQ� $V KH H[SODLQHG WR KLV FROOHDJXHV
LQ FKHPLVWU\�

RQH FDQQRW XVH D PHWHU VWLFN WR PHDVXUH WKH GLDPHWHU RI DQ DWRP� RU DQ DODUP
FORFN WR UHFRUG ZKHQ DQ HOHFWURQ LV DW WKH SHULKHOLRQ RI LWV RUELW� &RQVHTXHQWO\
ZH PXVW QRW EH VXUSULVHG >«@ WKDW PRGHOV FDQQRW EH FRQVWUXFWHG ZLWK WKH VDPH
NLQG RI PHFKDQLFV DV +HQU\ )RUG XVHV LQ GHVLJQLQJ DQ DXWRPRELOH� �9DQ 9OHFN
����E� ���� TXRWHG DQG GLVFXVVHG E\ 'XQFDQ DQG -DQVVHQ ����� ����

,Q WKH \HDUV IROORZLQJ WKH %XOOHWLQ¶V SXEOLFDWLRQ� 9DQ 9OHFN¶V SHUFHSWLRQV RI WKH ROG
TXDQWXP WKHRU\ ZRXOG FKDQJH D JUHDW GHDO� 6SHFLILFDOO\� KH ZRXOG FRPH WR VHH LWV VKRUW�
FRPLQJV WKURXJK WKH OHQV RI KLV VXEVHTXHQW ZRUN RQ VXVFHSWLELOLWLHV DQG KLV RZQ DFFRP�
SOLVKPHQWV LQ WKLV DUHD DV SURYLGLQJ SRZHUIXO DUJXPHQWV DJDLQVW WKH ROG DQG LQ IDYRU RI WKH
QHZ TXDQWXP WKHRU\�
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��� 1HZ 5HVHDUFK DQG WKH 0RYH WR :LVFRQVLQ

2QO\ DIWHU WKH %XOOHWLQ ZDV VHQW WR SUHVV ZDV 9DQ 9OHFN DEOH WR FRQIURQW PDWUL[ PHFKDQLFV�
%\ ODWH0DUFK RI ����� KH KDG QR GRXEW FDXJKW XS ZLWK FXUUHQW GHYHORSPHQWV� LQ SDUW WKURXJK
KLV RZQ UHDGLQJ DQG LQ SDUW WKURXJK GLUHFW FRQWDFW ZLWK %RUQ� ZKR OHFWXUHG LQ 0DGLVRQ WKDW
PRQWK �)HOORZV ����� ����� ,Q -DQXDU\ RI ����� -DFN 7DWH� 9DQ 9OHFN¶V VHQLRU FROOHDJXH
LQ 0LQQHVRWD� KDG EHFRPH WKH QHZ HGLWRU�LQ�FKLHI RI WKH 3K\VLFDO 5HYLHZ �9DQ 9OHFN �����
��� 9DQ 9OHFN MRLQHG WKH HGLWRULDO ERDUG DQG DVVXPHG WKH UHVSRQVLELOLWLHV RI DVVRFLDWH HGLWRU
�)HOORZV ����� ������� +H VXGGHQO\ KDG DFFHVV WR WKH SDSHUV RI KLV $PHULFDQ FROOHDJXHV RQ
IHOORZVKLSV RYHUVHDV EHIRUH WKH\ ZHUH SXEOLVKHG�

,Q $SULO ����� 9DQ 9OHFN UHDG D SDSHU VXEPLWWHG WR WKH 3K\VLFDO 5HYLHZ E\ 3DXOLQJ
�����E� ZLWK D FDOFXODWLRQ RI WKH HOHFWULF VXVFHSWLELOLW\ RI +&O JDV LQ WKH ROG TXDQWXP WKH�
RU\ �)HOORZV ����� ������� 1HZ H[SHULPHQWDO HYLGHQFH LQGLFDWHG WKDW WKH URWDWLRQ RI SRODU
PROHFXOHV OLNH +&O RXJKW WR EH TXDQWL]HG ZLWK KDOI TXDQWD UDWKHU WKDQ� DV 3DXOL ������ KDG
GRQH� ZLWK ZKROH TXDQWD� 3DXOLQJ FORVHO\ IROORZHG 3DXOL¶V FDOFXODWLRQ RWKHUZLVH� XVLQJ WKH
ROG TXDQWXP WKHRU\ WR TXDQWL]H WKH DQJXODU PRPHQWXP RI D URWDWLQJ GXPEEHOO RU ULJLG UR�
WDWRU� WKH PRGHO XVHG IRU WKH GLDWRPLF PROHFXOHV XQGHU FRQVLGHUDWLRQ��� 7KH UHVXOWV RI ERWK
FDOFXODWLRQV FDQ EH IRXQG LQ WKH WDEOH LQ ILJ� ������ 7KH\ GHYLDWHG VKDUSO\ IURP WKH FODVVLFDO
YDOXH RI ��� IRU WKH FRQVWDQW ܥ LQ WKH /DQJHYLQ�'HE\H IRUPXOD�

$ERXW D PRQWK DIWHU 9DQ 9OHFN UHDG 3DXOLQJ¶V SDSHU� D SDSHU E\ 'DYLG 0� 'HQQLVRQ
������ FDPH DFURVV KLV GHVN� ,W ZRXOG EH WKH ILUVW LQYROYLQJPDWUL[PHFKDQLFV WR EH SXEOLVKHG
LQ WKH 3K\VLFDO 5HYLHZ� $V 9DQ 9OHFN UHFDOOHG GHFDGHV ODWHU�

, UHPHPEHU LQ SDUWLFXODU >7DWH@ VKRZLQJ PH DQ DUWLFOH E\ 'HQQLVRQ ZULWWHQ
LQ &RSHQKDJHQ >ZKLOH RQ DQ ,QWHUQDWLRQDO (GXFDWLRQ %RDUG �,(%� IHOORZVKLS@
ZKLFK KDG WKH PDWUL[ HOHPHQWV IRU WKH V\PPHWULFDO WRS� , UHDOL]HG WKLV ZDV
MXVW ZKDW ZDV QHHGHG WR FRPSXWH WKH GLHOHFWULF FRQVWDQW RI D VLPSOH GLDWRPLF
PROHFXOH� , UHTXHVWHG 'HQQLVRQ¶V SHUPLVVLRQ WR XVH WKHP LQ DGYDQFH RI WKHLU
DSSHDULQJ LQ SULQW� DQG UHPHPEHU KLV ZLULQJ PH SHUPLVVLRQ WR GR VR� , IRXQG
WKDW WKH\ PDGH WKH IDFWRU ܥ LQ WKH 'HE\H IRUPXOD >«@ IRU WKH VXVFHSWLELOLW\ UHDF�
TXLUH WKH FODVVLFDO YDOXH ͳȀ͵� UHSODFLQJ WKH QRQVHQVLFDO YDOXHV \LHOGHG E\ WKH
ROG TXDQWXP WKHRU\��� �9DQ 9OHFN ����� ��

9DQ 9OHFN¶V FDOFXODWLRQ ZDV DQDORJRXV WR 3DXOL¶V DQG 3DXOLQJ¶V EXW� UHO\LQJ RQ 'HQQL�
VRQ¶V UHVXOWV� KH QRZ TXDQWL]HG WKH DQJXODU PRPHQWXP RI GLDWRPLF PROHFXOHV XVLQJ PDWUL[
PHFKDQLFV UDWKHU WKDQ WKH ROG TXDQWXP WKHRU\� +H VHQW D TXLFN QRWH WR 1DWXUH WR VHFXUH SUL�
RULW\� DQG LQ -XQH VHW RII IRU (XURSH� ZKHUH KLV SDUHQWV ZHUH YDFDWLRQLQJ� 7KH VXPPHU ZRXOG
EULQJ GLVDSSRLQWPHQW� WKRXJK� ,Q -XO\ KH UHFHLYHG D OHWWHU IURP WKH HGLWRUV RI 1DWXUH� ZKR
ZHUH ³UDWKHU ZDU\ RI SXEOLFDWLRQV E\ FRPSDUDWLYHO\ XQNQRZQ DXWKRUV´ �9DQ 9OHFN �����
����� DQG UHTXHVWHG D VLJQLILFDQW UHGXFWLRQ LQ WKH OHQJWK RI KLV QRWH �)HOORZV ����� �����
9DQ 9OHFN FRPSOLHG EXW WKH GHOD\ FRVW KLP KLV SULRULW\ LQ SXEOLVKLQJ WKH UHVXOW� +H VWLOO
YLYLGO\ UHPHPEHUHG KLV GLVDSSRLQWPHQW LQ �����
��6HH DOVR $+43 LQWHUYLHZ� VHVVLRQ �� ��
��9DQ 9OHFN ZURWH WR 3DXOLQJ LQ KLV FDSDFLW\ DV DVVRFLDWH HGLWRU WR FRUUHFW DQ HUURU LQ WKH PDQXVFULSW �9DQ 9OHFN WR
3DXOLQJ� $SULO ��� ����� $+43� VHH QRWH ����
��:H ZLOO GLVFXVV WKHVH FDOFXODWLRQV E\ 3DXOL ������ DQG 3DXOLQJ �����E� LQ GHWDLO LQ VHF� ������� �VHH DOVR )HOORZV
����� ���±�����
��&I� WKH SDVVDJH IURP WKH $+43 LQWHUYLHZ ZLWK 9DQ 9OHFN TXRWHG LQ VHF� ��������
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, PXVW FRQIHVV WKDW WKDW UDWKHU EXUQHG PH XS EHFDXVH , IHOW LW ZDV TXLWH D VLJQLIL�
FDQW DFKLHYHPHQW LQ TXDQWXP WKHRU\� :KHQ , PHQWLRQHG LW WR %RKU KH VDLG ³\RX
VKRXOG KDYH JRW PH WR HQGRUVH LW� LW ZRXOG KDYH JRQH WKURXJK TXLFNHU´ >VHH DOVR
9DQ 9OHFN ������ �����@� $V LW ZDV� , WKLQN >/XF\@ 0HQVLQJ DQG 3DXOL EHDW PH
WR LW RQ EHLQJ WKH ILUVW WR SXEOLVK WKDW IDFWRU RQH�WKLUG� ,W ZDV HVVHQWLDOO\ D WULSOH
WLH� WKRXJK >5DOSK GH /DHU@ .URQLJ KDG LW WRR� DOO WKUHH RI XV������

9DQ 9OHFN ������ ODWHU FDOOHG LW D ³TXDGUXSOH WLH´ ���� DGGLQJ D SDSHU E\ &KDUOHV 0DQ�
QHEDFN ������� 7KH ODWWHU� KRZHYHU� DFWXDOO\ FLWHG 0HQVLQJ DQG 3DXOL ������ DQG FODLPHG
SULRULW\ RQO\ IRU KDYLQJ GHULYHG WKH UHVXOW LQ ZDYH UDWKHU WKDQ PDWUL[ PHFKDQLFV �0DQQHEDFN
����� ������� 6WLOO� WKH SDSHUV E\0HQVLQJ DQG 3DXOL ������� .URQLJ �����D� DQG0DQQHEDFN
������ DOO PDGH LW LQWR SULQW EHIRUH WKH QRWH E\ 9DQ 9OHFN �����D� ILQDOO\ DSSHDUHG LQ WKH
LVVXH RI 1DWXUH RI �� $XJXVW��� +RZHYHU� DV 3DXOL ������ ZRXOG FRQFHGH LQ KLV UHYLHZ RI
9DQ 9OHFN¶V ���� ERRN� LW ZRXOG IDOO WR 9DQ 9OHFN �����D� ����E� WR VKRZ LQ IXOO JHQHU�
DOLW\ WKDW WKH QHZ TXDQWXP PHFKDQLFV UHVWRUHG WKH YDOXH ͳȀ͵ IRU WKH IDFWRU �ܥ 7KHVH ����
SDSHUV RQO\ GHDOW ZLWK WKH VSHFLDO FDVH LQ ZKLFK WKH ULJLG URWDWRU ZDV XVHG WR PRGHO WKH JDV
PROHFXOHV���

:KLOH FURVVLQJ WKH $WODQWLF LQ -XQH ����� 9DQ 9OHFN ILQLVKHG DQRWKHU FDOFXODWLRQ LQ
TXDQWXP PHFKDQLFV RQO\ WR GLVFRYHU XSRQ UHDFKLQJ &RSHQKDJHQ WKDW KH KDG EHHQ VFRRSHG
E\ +HLVHQEHUJ� +H WKHUHXSRQ H[WHQGHG WKLV SHUWXUEDWLYH FDOFXODWLRQ WR KLJKHU RUGHU EXW ZDV
VFRRSHG DJDLQ� WKLV WLPH E\ ,YDU :DOOHU �VHH 9DQ 9OHFN ����� ����� DQG )HOORZV ����� �����
)RU WKH UHPDLQGHU RI WKH VXPPHU� 9DQ 9OHFN ZRUNHG SULPDULO\ RQ FDOFXODWLQJ WKH VSHFLILF
KHDW RI K\GURJHQ� DQRWKHU LOO�IDWHG HQGHDYRU� 'HQQLVRQ ZRXOG VROYH WKDW SX]]OH �*HDUKDUW
����� VHF� ��� ���±����� 2Q D WUDLQ IURP 6ZLW]HUODQG WR 3DULV� 9DQ 9OHFN KDSSHQHG WR UXQ
LQWR 3DXOLQJ� ZKRP KH KDG QRW PHW LQ SHUVRQ EHIRUH �9DQ 9OHFN ����� ������ 3DXOLQJ WROG
9DQ 9OHFN WKDW KH KDG EHFRPH LQWHUHVWHG LQ FDOFXODWLQJ HOHFWULF VXVFHSWLELOLWLHV IRU PROHFXOHV
RI QHZ VKDSHV� VSHFLILFDOO\ V\PPHWULFDO WRSV� 7KH\ UHVROYHG WR ZULWH D MRLQW SDSHU RQ WKH
VXEMHFW� EXW .URQLJ �����E� RQFH DJDLQ EHDW WKHP WR WKH SXQFK �)HOORZV ����� ���±����
���±���� ���±����� 'HVSLWH WKLV ORVLQJ VWUHDN� 9DQ 9OHFN¶V ZRUN GXULQJ WKLV SHULRG GLG VRZ
WKH VHHGV RI IXUWKHU UHVHDUFK� +LV ���� QRWH EULHIO\ PHQWLRQV DQ DSSOLFDWLRQ RI KLV DSSURDFK
WR SDUDPDJQHWLVP �9DQ 9OHFN ����D� ���� GLVFXVVHG E\ )HOORZV ����� ����� 8OWLPDWHO\� D
JHQHUDO WUHDWPHQW RI VXVFHSWLELOLWLHV� ERWK HOHFWULF DQGPDJQHWLF� ZRXOG FHPHQW KLV UHSXWDWLRQ
DV D WKHRULVW�

:KHQ 9DQ 9OHFN UHWXUQHG WR WKH 8QLWHG 6WDWHV� KH IRXQG WKDW TXDQWXP WKHRULVWV ZHUH
LQ KLJK GHPDQG DQG WKDW WKH SXEOLFDWLRQ RI KLV 15& %XOOHWLQ KDG HDUQHG KLP D UHSXWDWLRQ

��'UDZLQJ WKH YHLO RI FKDULW\ RYHU KLV VXEMHFW¶V ���� SDSHU RQ WKH WRSLF� 3DXOL¶V ELRJUDSKHU &KDUOHV (Q] ������
FRQFOXGHG� ³7KXV 0HQVLQJ DQG 3DXOL¶V SDSHU EURXJKW D ORQJ DQG FRQIXVLQJ GHYHORSPHQW WR D FORVH DQG KHOSHG
HVWDEOLVK IDLWK LQ WKH QHZ TXDQWXP WKHRU\´ ����� (Q] GRHV QRW PHQWLRQ 9DQ 9OHFN RU .URQLJ� :H ZLOO GLVFXVV
WKH SDSHU E\ 0HQVLQJ DQG 3DXOL ������ LQ VHF� �������� 7KLV ZKROH HSLVRGH LV DOVR GLVFXVVHG EULHIO\ E\ 0HKUD DQG
5HFKHQEHUJ �����E� ���±�����
��$+43 LQWHUYLHZ� VHVVLRQ �� ��
��0DQQHEDFN ������ ���� DFNQRZOHGJHG 'HE\H¶V LQWHUHVW DQG HQFRXUDJHPHQW LQ WKLV HIIRUW WR UHFRYHU WKH IRUPXOD
ILUVW SXEOLVKHG E\ 'HE\H �������
��5HIHUULQJ WR WKH ���� QRWH LQ KLV ���� ERRN� KH GHVFULEHG LW DV DQ ³DEVWUDFW RQO\´ �9DQ 9OHFN ����E� ����� 6HH
�)HOORZV ����� ���±���� IRU GHWDLOHG GLVFXVVLRQ RI 9DQ 9OHFN¶V QRWH DQG D UHFRQVWUXFWLRQ RI VRPH RI WKH GHULYDWLRQV
KH VXSSUHVVHG IRU EUHYLW\�
��,Q VHF� �������� ZH ZLOO JLYH WKH IODYRU RI 9DQ 9OHFN¶V JHQHUDO GHULYDWLRQ EXW ZH ZLOO RQO\ FRYHU WKH GHWDLOV RI KLV
GHULYDWLRQ IRU WKLV VSHFLDO FDVH�
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DV RQH RI WKH IHZ LQ WKH 8QLWHG 6WDWHV ZKR KDG D JUDVS RI WKH WKHRU\� +H KDG DOVR IRXQG
WLPH WKDW VXPPHU WR ZULWH D VKRUW UHSRUW RQ WKH QHZ TXDQWXP PHFKDQLFV IRU WKH 3URJUHVV
&RPPLWWHH RI WKH 2SWLFDO 6RFLHW\ RI $PHULFD �9DQ 9OHFN ����F�� /HRQDUG 5� ,QJHUVROO DW
WKH 8QLYHUVLW\ RI :LVFRQVLQ FDOOHG LW ³WKH RQO\ UHDGDEOH V\QRSVLV RI WKH SUHVHQW VLWXDWLRQ LQ
WKLV GLIILFXOW VXEMHFW´ �)HOORZV ����� �����

$V 9DQ 9OHFN¶V IDPH LQFUHDVHG� KH IRXQG KLPVHOI ZRRHG PRUH DQG PRUH GRJJHGO\ E\
RWKHU XQLYHUVLWLHV� )URP WKH IDOO RI ���� WKURXJK WKH VSULQJ RI ����� KH GHFOLQHG RIIHUV IURP
WKH 8QLYHUVLW\ RI &KLFDJR� 3ULQFHWRQ� DQG WKH 0HOORQ ,QVWLWXWH� 0DQ\ RI WKHVH KH UHMHFWHG
RXW RI D VHQVH RI OR\DOW\ WR WKH 8QLYHUVLW\ RI 0LQQHVRWD� ZKLFK KDG EHHQ VR JHQHURXV WR
KLP� 7KH GHSDUWPHQW FRQWLQXHG WR UHFRJQL]H 9DQ 9OHFN¶V YDOXH� IROORZLQJ XS ZLWK UDLVHV
DQG SURPRWLRQV� ,Q -XQH ���� KH KDG EHFRPH DQ DVVRFLDWH SURIHVVRU� DQG RQO\ D \HDU ODWHU
KH EHFDPH D IXOO SURIHVVRU� %\ WKH VXPPHU RI ����� KDYLQJ PDUULHG $ELJDLO -XQH 3HDUVRQ� D
QDWLYH 0LQQHVRWDQ� KH KDG HVWDEOLVKHG IDPLO\ WLHV WR WKH VWDWH DV ZHOO� ,W WRRN DQ RIIHU IURP
KLV DOPD PDWHU WR ZLQ KLP RYHU� DQG HYHQ WKHQ KH YDFLOODWHG IRU RYHU D \HDU EHIRUH DFFHSWLQJ
D SRVLWLRQ DW WKH 8QLYHUVLW\ RI :LVFRQVLQ �)HOORZV ����� ���±����� +H DUULYHG DW 0DGLVRQ
LQ WLPH IRU WKH IDOO VHPHVWHU RI �����

2YHU WKH VDPH SHULRG� 9DQ 9OHFN KDG EHHQ EXV\ SXUVXLQJ WKH OLQH RI LQTXLU\ WKDW ZRXOG
VHFXUH KLP IDPH DV DQ H[SHUW LQ PDJQHWLVP� +H SXEOLVKHG D WKUHH�SDUW SDSHU WKDW DGYDQFHG
D JHQHUDO WKHRU\ RI VXVFHSWLELOLWLHV �9DQ 9OHFN ����D� ����E� ����D�� 7KLV WULORJ\ ZRXOG
IRUP WKH EDVLV IRU 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF 6XVFHSWLELOLWLHV �9DQ 9OHFN ����E��

)LJXUH ���� 9DQ 9OHFN UHFHLYLQJ WKH 1DWLRQDO 0HGDO RI 6FLHQFH LQ ���� IURP 3UHVLGHQW /\Q�
GRQ %� -RKQVRQ ZLWK /DG\ %LUG -RKQVRQ ORRNLQJ RQ �SLFWXUH FRXUWHV\ RI -RKQ
&RPVWRFN��

%HIRUH WXUQLQJ WR WKDW YROXPH LQ WKH QH[W VHFWLRQ� ZH ZUDS XS WKLV VHFWLRQ ZLWK VRPH
EULHI FRPPHQWV DERXW 9DQ 9OHFN¶V FDUHHU DIWHU KH OHIW WKH0LGZHVW� ,Q HDUO\ ����� 9DQ 9OHFN
ZDV RIIHUHG DQ DVVRFLDWH SURIHVVRUVKLS DW +DUYDUG WR UHSODFH 6ODWHU� ZKR KDG OHIW +DUYDUG
IRU 0,7 �)HOORZV ����� ����� +DUYDUG RIIHUHG FRQGLWLRQV :LVFRQVLQ FRXOG QRW PDWFK� QRW
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WKH OHDVW LPSRUWDQW RI ZKLFK ZDV WKH UHQHZHG SUR[LPLW\ WR .HPEOH DQG 6ODWHU� $OWKRXJK
LW LQLWLDOO\ ERWKHUHG KLP WKDW KH ZDV QRW RIIHUHG D IXOO SURIHVVRUVKLS ULJKW DZD\� 9DQ 9OHFN
ZDV VDWLVILHG E\ +DUYDUG¶V DVVXUDQFHV WKDW KH ZRXOG TXLFNO\ EH SURPRWHG� VR KH DQG $ELJDLO
PRYHG WR &DPEULGJH LQ WKH IDOO RI ���� �LELG�� ����� :LWKLQ D \HDU KH ZDV PDGH D IXOO
SURIHVVRU�

'XULQJ :RUOG :DU ,,� 9DQ 9OHFN ZDV WKH KHDG RI WKH WKHRU\ JURXS DW +DUYDUG¶V 5DGLR
5HVHDUFK /DERUDWRU\� WKLQNLQJ DERXW ZD\V WR MDP HQHP\ UDGDU� DQG D FRQVXOWDQW WR 0,7¶V
PXFK ELJJHU 5DGLDWLRQ /DERUDWRU\ �$QGHUVRQ ����� ����� )URP ���� WR ���� KH ZDV FKDLU
RI +DUYDUG¶V SK\VLFV GHSDUWPHQW �LELG�� ����� ,Q ����� KH VXFFHHGHG %ULGJPDQ LQ WKH +ROOLV
&KDLU RI 0DWKHPDWLFV DQG 1DWXUDO 3KLORVRSK\� D SRVLWLRQ KH KHOG XQWLO KLV UHWLUHPHQW DW WKH
DJH RI VHYHQW\ LQ ����� )URP ���� WR ����� KH VHUYHG DV 'HDQ RI (QJLQHHULQJ DQG $SSOLHG
3K\VLFV� DQG LQ ����±��� KH VHUYHG D WHUP DV 3UHVLGHQW RI WKH $PHULFDQ 3K\VLFDO 6RFLHW\
�LELG��� VRPHWKLQJ WKH PRUH WHPSHUDPHQWDO 6ODWHU QHYHU GLG� HYHQ WKRXJK WKH WZR PHQ ZHUH
RI FRPSDUDEOH VWDWXUH LQ WKH SRVWZDU $PHULFDQ SK\VLFV FRPPXQLW\� 2I WKH PDQ\ KRQRUV
EHVWRZHG XSRQ 9DQ 9OHFN� ZH KDYH DOUHDG\ PHQWLRQHG KLV VKDUH LQ WKH ���� 1REHO 3UL]H
DQG WKH /RUHQW] PHGDO DQG ZLOO DGG RQO\ WKH 1DWLRQDO 0HGDO RI +RQRU� ZKLFK KH UHFHLYHG
RXW RI WKH KDQGV RI 3UHVLGHQW /\QGRQ %� -RKQVRQ LQ ���� �VHH ILJ� �����

(YHQ WKRXJK 9DQ 9OHFN VSHQW WKH EHWWHU SDUW RI KLV FDUHHU DW +DUYDUG� KH DOZD\V UH�
WDLQHG D VRIW VSRW IRU 0LQQHVRWD DQG :LVFRQVLQ� 7RJHWKHU ZLWK 5RJHU 6WXHZHU �8QLYHUVLW\
RI 0LQQHVRWD� DQG &KXQ /LQ �8QLYHUVLW\ RI :LVFRQVLQ±0DGLVRQ�� KH ZURWH DQ DUWLFOH RQ WKH
RULJLQ RI WKH SRSXODU ILJKW VRQJV ³2Q :LVFRQVLQ´ DQG ³7KH 0LQQHVRWD 5RXVHU�´ 7KLV DUWL�
FOH� ZKLFK 9DQ 9OHFN ZKHQ WDONLQJ WR KLV FR�DXWKRUV ZRXOG DIIHFWLRQDOO\ FDOO ³RXU PDJQXP
RSXV´ �5RJHU 6WXHZHU� SULYDWH FRPPXQLFDWLRQ�� DSSHDUHG LQ VOLJKWO\ GLIIHUHQW YHUVLRQV LQ
WKH DOXPQL PDJD]LQHV RI ERWK XQLYHUVLWLHV �/LQ� 6WXHZHU� DQG 9DQ 9OHFN ����� ������ $V
DQ XQGHUJUDGXDWH� 9DQ 9OHFN KDG EHHQ LQ WKH :LVFRQVLQ EDQG� SUREDEO\ SOD\LQJ WKH IOXWH
�$QGHUVRQ ����� ����� $V D \RXQJ ER\� KH KDG DWWHQGHG WKH JDPH LQ 0DGLVRQ LQ 1RYHP�
EHU ���� WKDW VDZ WKH SUHPLHUH RI ³2Q :LVFRQVLQ�´ 8QIRUWXQDWHO\ IRU \RXQJ 9DQ 9OHFN� WKH
%DGJHUV ORVW WKDW JDPH WR WKH YLVLWLQJ *RSKHUV �/LQ� 6WXHZHU� DQG 9DQ 9OHFN ����� ��� :KHQ
PDQ\ GHFDGHV ODWHU KH ZRQ WKH 1REHO 3UL]H� 6WXHZHU VHQW KLP D RQH�ZRUG WHOHJUDP� ³6.,�
8�0$+�´ 7KLV LV D 0LQQHVRWD IRRWEDOO FKHHU� ZKLFK VXSSRVHGO\� DV 6WXHZHU KDG H[SODLQHG
WR 9DQ 9OHFN HDUOLHU� LV DQ ROG 1DWLYH $PHULFDQ ZDU FU\ PHDQLQJ ³YLFWRU\�´ 9DQ 9OHFN ZURWH
EDFN WKDW RI DOO WKH FRQJUDWXODWRU\ PHVVDJHV KH KDG UHFHLYHG WKLV RQH ZDV ³WKH EULHIHVW DQG
PRVW WR WKH SRLQW�´��

��� 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF 6XVFHSWLELOLWLHV

����� :ULWLQJ WKH ���� %RRN

,Q ����9DQ9OHFN KDG EHHQ WKLQNLQJ DERXW ZULWLQJ KLV RZQ ERRN RQ TXDQWXPPHFKDQLFV� EXW
KH EHFDPH LQWHUHVWHG WKDW IDOO ZKHQ 5DOSK +� )RZOHU VXJJHVWHG WKDW KH ZULWH D ERRN DERXW
VXVFHSWLELOLWLHV IRU 2[IRUG¶V ,QWHUQDWLRQDO 6HULHV RI 0RQRJUDSKV RQ 3K\VLFV LQVWHDG� 7KLV
LV WKH VDPH VHULHV LQ ZKLFK 'LUDF¶V IDPRXV ERRN RQ TXDQWXP PHFKDQLFV DSSHDUHG �'LUDF
������ 7KH LGHD RI H[SDQGLQJ KLV ����±�� WULORJ\ RQ VXVFHSWLELOLWLHV �9DQ 9OHFN ����D�
����E� ����D� LQWR D ERRN DSSHDOHG WR KLP� $V KH ZURWH WR )RZOHU� ³7KHVH SDSHUV ZRXOG�

��6WXHZHU WR 9DQ 9OHFN� �� 2FWREHU ���� �WHOHJUDP�� 9DQ 9OHFN WR 6WXHZHU� �� 1RYHPEHU ����� :H DUH JUDWHIXO
WR 5RJHU 6WXHZHU IRU SURYLGLQJ XV ZLWK FRSLHV RI WKLV FRUUHVSRQGHQFH�
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LQ IDFW� EH LQ D FHUWDLQ VHQVH WKH EDFNERQH RI ZKDW , ZRXOG KDYH WR VD\�´ )RZOHU DQG WKH
RWKHU HGLWRUV RI WKH LQWHUQDWLRQDO PRQRJUDSKV VHULHV ZHUH HDJHU WR DFFHSW D YROXPH RQ DQ\
WKHRUHWLFDO VXEMHFW 9DQ 9OHFN PLJKW ³FDUH WR ZULWH DERXW� DQG DOORZ >WKHP@ WR SXEOLVK�´ 9DQ
9OHFN OLNHG WKH LGHD� EXW� WKH GUDZQ�RXW SURFHVV RI ZULWLQJ WKH %XOOHWLQ VWLOO IUHVK LQ KLV PLQG�
ZDUQHG )RZOHU RI WKH ³DGLDEDWLF VSHHG´ DW ZKLFK KH ZURWH��� 7KH FDYHDW ZDV ZHOO ZDUUDQWHG�
,W ZRXOG WDNH 9DQ 9OHFN RYHU WKUHH \HDUV WR FRPSOHWH 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF
6XVFHSWLELOLWLHV�

7KH GHOD\V ZHUH RI D GLIIHUHQW QDWXUH WKDQ WKH WULDOV DQG WULEXODWLRQV WKDW KDG SUHYHQWHG
D VOLJKWO\ \RXQJHU 9DQ 9OHFN IURP SXEOLVKLQJ KLV FRPSOHWHG ³DUWLFOH´ LQ WKH 15& %XOOHWLQ�
7KLV WLPH� KH PDGH KLV RZQ RULJLQDO UHVHDUFK D KLJKHU SULRULW\� +H DOVR DFFHSWHG VHYHUDO
LQYLWDWLRQV WR JLYH WDONV LQ ,RZD� 0LQQHDSROLV� DQG 1HZ <RUN� 7KLV� DQG VXSHUYLVLQJ WKH
UHVHDUFK RI KLV JUDGXDWH VWXGHQWV DQG SRVWGRFV� WRRN XS PRVW RI KLV WLPH GXULQJ WKH ����±��
VFKRRO�\HDU� +H GLG PDQDJH WR VTXHH]H LQ RQH FKDSWHU� KRZHYHU� ³, KDYH DFWXDOO\� PLUDE>L@OH
GLFWX� FRPSOHWHG RQH FKDSWHU RI P\ ERRN�´ KH ZURWH WR )RZOHU LQ -XQH ����� ³$W VXFK D
UDWH� \RX FDQ FDOFXODWH KRZ ORQJ LW ZLOO WDNH PH WR ZULWH HOHYHQ PRUH´ �)HOORZV ����� �����
&OHDUO\� 9DQ 9OHFN ZDV JRLQJ WR PLVV KLV RULJLQDO 6SULQJ ���� GHDGOLQH�

$IWHU VSHQGLQJ WKH VXPPHU RQ UHVHDUFK� KH GHYRWHG DOO RI KLV IUHH WLPH LQ WKH IDOO WR
WKH ERRN DQG FRPSOHWHG DQRWKHU FKDSWHU� 7KH IROORZLQJ VSULQJ� ����� KH QHJRWLDWHG D VDE�
EDWLFDO OHDYH LQ ZKLFK KH UHFHLYHG KDOI RI KLV VDODU\ IURP :LVFRQVLQ� DQG PDGH XS WKH UHVW
ZLWK D *XJJHQKHLP IHOORZVKLS� +H DQG $ELJDLO ZHQW WR (XURSH� PDNLQJ VWRSV LQ (QJODQG�
+ROODQG� DQG *HUPDQ\� )LQDOO\� 9DQ 9OHFN ZHQW WR 6ZLW]HUODQG ZKLOH $ELJDLO MRLQHG KLV
SDUHQWV IRU D WRXU RI ,WDO\� 8QIRUWXQDWHO\� ZKHQ 9DQ 9OHFN DUULYHG DW WKH (LGJHQ|VVLVFKH
7HFKQLVFKH +RFKVFKXOH �(7+� LQ =XULFK� KH GLVFRYHUHG WKDW 3DXOL DQG RWKHU IDFXOW\ ZHUH
DZD\ RQ OHQJWK\ VSULQJ YDFDWLRQV �LELG� ���±����� 9DQ 9OHFN WXUQHG WKLV WR KLV DGYDQWDJH�

7KH MDQLWRU DW WKH (7+� IRUWXQDWHO\� ZDV YHU\ IULHQGO\ DQG DUUDQJHG IRU PH WR
KDYH WKH XVH RI WKH OLEUDU\� , OLYHG FRPIRUWDEO\ DW WKH +RWHO :DOGKDXV 'ROGHU�
DQG ZLWK D SRUWDEOH W\SHZULWHU DQG QR GLVWUDFWLRQV E\ FROORTXLD� VRFLDO OLIH RU
VLJKW�VHHLQJ� , SUREDEO\ ZURWH PRUH SDJHV RI P\ µ7KHRU\ RI (OHFWULF DQG 0DJ�
QHWLF 6XVFHSWLELOLWLHV¶ LQ P\ ILUVW PRQWK DW =XULFK WKDQ LQ DQ\ RWKHU FRPSDUDEOH
WLPH LQWHUYDO� �9DQ 9OHFN ����� ����� TXRWHG E\ )HOORZV ����� ����

:KHQ 3DXOL UHWXUQHG IURP YDFDWLRQ DQG KHDUG ZKDW 9DQ 9OHFN KDG EHHQ XS WR� KH ZDV GLV�
PLVVLYH� ³, GRQ¶W UHSXEOLVK P\ SDSHUV DV D ERRN�´ KH VDLG �9DQ 9OHFN ����� ����� TXRWHG
E\ )HOORZV ����� ����� 3DUWO\ LQ UHVSRQVH WR WKLV FULWLFLVP� 9DQ 9OHFN UHVROYHG WR LQFOXGH
PRUH RULJLQDO UHVHDUFK �)HOORZV ����� �����

,Q -XQH ����� 9DQ 9OHFN UHFHLYHG DQ LQYLWDWLRQ WR WKH 6L[WK 6ROYD\ &RQJUHVV� GHYRWHG
WR PDJQHWLVP� ,Q KLV FRQWULEXWLRQ� 9DQ 9OHFN �����D� GHULYHG IRUPXODV IRU PDJQHWLF VXV�
FHSWLELOLWLHV� XVLQJ WKH VDPH WHFKQLTXHV KH KDG XVHG LQ KLV ����±�� WULORJ\ DQG ZRXOG XVH
DJDLQ LQ KLV ERRN� +H GLG QRW PHQWLRQ WKH IDLOXUHV RI WKH ROG TXDQWXP WKHRU\ ZLWK RQH ZRUG�
,W LV SRVVLEOH WKDW WKLV ZDV VLPSO\ EHFDXVH KH ZDV WDONLQJ DERXW PDJQHWLF UDWKHU WKDQ HOHFWULF
VXVFHSWLELOLWLHV� EXW LW PD\ KDYH EHHQ� DW OHDVW LQ SDUW� EHFDXVH KH GLG QRW ZDQW WR LQFXU WKH
ZUDWK RI 3DXOL� ZKR ZDV SUHVHQW DW WKH PHHWLQJ DQG ZKRVH ���� SDSHU� DIWHU DOO� ZDV D SULPH
H[DPSOH RI WKH ³ZRQGHUIXO QRQVHQVH´ WKH ROG TXDQWXP WKHRU\ KDG SURGXFHG RQ WKH VXEMHFW�

��7KH TXRWDWLRQV DUH IURP )RZOHU WR 9DQ 9OHFN� �� 1RYHPEHU ����� DQG 9DQ 9OHFN WR )RZOHU� �� 1RYHPEHU ����
�)HOORZV ����� ���±�����
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$IWHU UHFHLYLQJ SHUPLVVLRQ IURP :LVFRQVLQ� KH H[WHQGHG KLV WULS LQWR WKH IDOO� ILQDOO\
UHWXUQLQJ LQ 2FWREHU ZLWK WKH ERRN DOPRVW FRPSOHWH� %RE 6HUEHU KDG DOUHDG\ EHJXQ DV D
JUDGXDWH VWXGHQW� 9DQ 9OHFN VWDUWHG KLP RQ D UHVHDUFK SUREOHP LPPHGLDWHO\� QRW UHDOL]LQJ
KH ZDV RQO\ D ILUVW�\HDU VWXGHQW� 7KH IROORZLQJ VSULQJ� ����� KH HQOLVWHG WKH KHOS RI 6HUEHU
DQG $PHOLD )UDQN �FI� QRWH ��� LQ SURRI�UHDGLQJ WKH JDOOH\V RI WKH ERRN �9DQ 9OHFN ����E�
YLLL�� 7UXH WR IRUP� 9DQ 9OHFN FRQWLQXHG WR DGG PDWHULDO DQG PDNH P\ULDG FRUUHFWLRQV GXULQJ
WKHVH ILQDO SKDVHV� )LQDOO\� LQ 6HSWHPEHU� WKH SXEOLVKHU ZURWH WR KLP� ZDUQLQJ WKDW KH ZRXOG
EH ELOOHG SHUVRQDOO\ LI KH FRQWLQXHG WR LJQRUH WKH XVXDO OLPLW RI WZHQW\ FRUUHFWLRQV SHU SURRI�
VKHHW� +H FRPSOHWHG WKH FRUUHFWLRQV LQ 'HFHPEHU� 7KH ERRN ZDV SXEOLVKHG LQ $SULO ����
�)HOORZV ����� ���±�����

5HYLHZHUV LPPHGLDWHO\ UHFRJQL]HG LWV LPSRUWDQFH��� (YHQ 3DXOL� ZKRVH FDXVWLF UH�
PDUNV DERXW %RUQ DQG -RUGDQ¶V (OHPHQWDU\ 4XDQWXP 0HFKDQLFV ZH TXRWHG LQ VHF� ��������
KDG QRWKLQJ EXW SUDLVH IRU WKH YROXPH WKDW KH KDG RULJLQDOO\ GLVPLVVHG DV D UHKDVK RI ROG SD�
SHUV� 7KLV LV DOO WKH PRUH UHPDUNDEOH JLYHQ WKDW 9DQ 9OHFN VKDUSO\ FULWLFL]HG 3DXOL¶V ������
RZQ HDUO\ FRQWULEXWLRQ WR WKH VXEMHFW� 3DXOL ������ FDOOHG 9DQ 9OHFN¶V ERRN ³D FDUHIXO DQG
FRPSOHWH RYHUYLHZ RI WKH HQWLUH ILHOG >«@ RI WKH GLHOHFWULF FRQVWDQW DQG WKH PDJQHWLF VXVFHS�
WLELOLW\´ �VHH DOVR WKH TXRWDWLRQV LQ QRWH ��� +H UHFRJQL]HG WKDW PDQ\ RI WKH UHVXOWV UHSRUWHG
LQ WKH ERRN KDG ILUVW EHHQ IRXQG E\ 9DQ 9OHFN KLPVHOI� VXFK DV ³WKH JHQHUDO SURRI IRU WKH
RFFXUUHQFH RI WKH QXPHULFDO IDFWRU ͳȀ͵ LQ WKH /DQJHYLQ�'HE\H IRUPXOD´ �LELG��� 3DXOLQJ�
ZKR VKDUHG WKH UHVSRQVLELOLW\ IRU WKH ³ZRQGHUIXO QRQVHQVH´ DERXW VXVFHSWLELOLWLHV LQ WKH ROG
TXDQWXP WKHRU\ ZLWK KLV QHDU QDPHVDNH� DOVR ZURWH D JORZLQJ UHYLHZ� FDOOLQJ 9DQ 9OHFN¶V
ERRN DQ ³H[FHOOHQW WUHDWLVH >«@ ZULWWHQ E\ WKH ZRUOG¶V OHDGLQJ DXWKRULW\ LQ WKH ILHOG´ �3DXOLQJ
����� FI� QRWH ��� 8QOLNH WKH 15& %XOOHWLQ �UHFDOO 5XDUN¶V FRPSODLQW TXRWHG DW WKH HQG RI
VHF� ������� WKH ���� ERRN FDPH LQ D GXUDEOH ELQGLQJ� DV 3DXOLQJ QRWHG LQ WKH ODVW OLQH RI KLV
UHYLHZ� ³7KH YROXPH LV KDQGVRPHO\ SULQWHG� ZLWK SOHDVLQJ W\SRJUDSK\ DQG ELQGLQJ´ �LELG���
,W LV WHPSWLQJ WR UHDG WKLV DV D WRQJXH�LQ�FKHHN UHIHUHQFH WR WKH ODVW OLQH RI 3DXOL¶V UHYLHZ RI
%RUQ DQG -RUGDQ¶V ERRN �TXRWHG LQ VHF� ������� WKRXJK 3DXOLQJ¶V YDULDWLRQ RQ WKLV WKHPH KDV
QRQH RI WKH YHQRP RI 3DXOL¶V RULJLQDO�

����� 7KH ���� %RRN DQG 6SHFWURVFRSLF 6WDELOLW\

9DQ 9OHFN¶V 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF 6XVFHSWLELOLWLHV LV UHPDUNDEOH ERWK IRU WKH
ZLGH UDQJH RI FRQFHSWV LW FRYHUV DQG WHFKQLTXHV LW DVVHPEOHV� DQG IRU WKH DPRXQW RI GLVFXV�
VLRQ GHYRWHG WR WKH KLVWRULFDO GHYHORSPHQW RI WKH WKHRULHV XQGHU FRQVLGHUDWLRQ� (YHQ WKRXJK
WKH PDLQ IRFXV RI WKH ERRN LV RQ JDVHV� LW HQGHG XS� DV ZH PHQWLRQHG LQ WKH LQWURGXFWLRQ�
VHWWLQJ ³D VWDQGDUG DQG D VW\OH IRU $PHULFDQ VROLG�VWDWH SK\VLFV´ �$QGHUVRQ ����� ����� $V
9DQ 9OHFN H[SODLQHG LQ WKH SUHIDFH�

$W WKH RXWVHW , LQWHQGHG WR LQFOXGH RQO\ JDVHRXV PHGLD� EXW WKH QXPEHU RI SDUD�
PDJQHWLF JDVHV LV VR YHU\ OLPLWHG WKDW DQ\ WUHDWPHQW RIPDJQHWLVP QRW DSSOLFDEOH
WR VROLGV ZRXOG EH UDWKHU XQIUXLWIXO� �9DQ 9OHFN ����E� YLL�

,Q WKH ERRN� 9DQ 9OHFN FOHDUO\ GHPRQVWUDWHG KRZ KLV JHQHUDO /DQJHYLQ�'HE\H IRUPXOD IRU
VXVFHSWLELOLWLHV LQ JDVHV FDQ EH DGDSWHG WR WKH VWXG\ RI PDJQHWLVP LQ FU\VWDOOLQH VROLGV�
VNHWFKLQJ RXW WKH UHVHDUFK SURJUDP WKDW ZRXOG RFFXS\ KLP DQG KLV VWXGHQWV IRU \HDUV WR
FRPH�
��)RU GLVFXVVLRQ RI WKH ERRN¶V UHFHSWLRQ� VHH �)HOORZV ����� ���±�����
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7KH ERRN FDQ EH URXJKO\ GLYLGHG LQWR WZR SDUWV� VHSDUDWHG E\ DQ LQWHUVWLWLDO DVLGH FRQ�
FHUQLQJ WKH GHIHFWV DQG GHPLVH RI WKH ROG TXDQWXP WKHRU\� &KDSV� ,±,9 FRQVWLWXWH WKH ILUVW
SDUW� +HUH 9DQ 9OHFN VXUYH\HG WKH FODVVLFDO WKHRULHV RI HOHFWULF DQG PDJQHWLF VXVFHSWLELO�
LWLHV� ,Q DGGLWLRQ WR PDUVKDOLQJ UHVRXUFHV WKDW ZLOO EH GUDZQ IURP LQ ODWHU FKDSWHUV� 9DQ
9OHFN FDUHIXOO\ H[DPLQHG WKH IDLOLQJV RI WKH FODVVLFDO WKHRULHV� PRWLYDWLQJ WKH TXDQWXP�
PHFKDQLFDO DSSURDFK WKDW LV GHYHORSHG LQ WKH ERRN¶V VHFRQG KDOI� &KDS� 9 LV WKH LQWHUVWLWLDO
DVLGH� ZKLFK ZH ZLOO GLVFXVV LQ PRUH GHWDLO LQ VHF� �������� &KDS� 9, EHJLQV WKH ERRN¶V
VHFRQG KDOI� ZKLFK GHYHORSV D TXDQWXP�WKHRUHWLFDO DSSURDFK WR HOHFWULF DQG PDJQHWLF VXV�
FHSWLELOLWLHV� /LNH FKDS� ;, RI WKH 15& %XOOHWLQ RQ PDWKHPDWLFDO WHFKQLTXHV� WKLV FKDSWHU RQ
³4XDQWXP�0HFKDQLFDO )RXQGDWLRQV�´ LV E\ IDU WKH ORQJHVW RI WKH ERRN� ,W WDNHV XS �� SDJHV
�FKDS� ;, RI WKH %XOOHWLQ UDQ WR �� SDJHV�� ,W LV VR FRPSOHWH WKDW� DV ZH PHQWLRQHG LQ VHF�
�������� LW ZDV VRPHWLPHV XVHG E\ LWVHOI DV DQ LQWURGXFWRU\ WH[W LQ FRXUVHV RQ WKH QHZ WKHRU\�
$OWKRXJK 9DQ 9OHFN¶V ZRUN KDG ODUJHO\ EHHQ LQ WKH WUDGLWLRQ RI PDWUL[ PHFKDQLFV� KLV JHQ�
HUDO H[SRVLWLRQ RI TXDQWXPPHFKDQLFV� LQ KLV ERRN DV ZHOO DV LQ KLV OHFWXUHV �DV HYLGHQFHG E\
WKH OHFWXUH QRWHV PHQWLRQHG LQ QRWH ��� KDV QRQH RI WKH ³*|WWLQJHQ SDURFKLDOLVP´ �'XQFDQ
DQG -DQVVHQ ����� ���� RI %RUQ DQG -RUGDQ¶V ������ (OHPHQWDU\ 4XDQWXP 0HFKDQLFV� $V
9DQ 9OHFN ZURWH DERXW &KDSWHU 9, LQ WKH SUHIDFH�

, KDYH WULHG WR FRUUHODWH DQG LQWHUPLQJOH WKH XVH RI ZDYH IXQFWLRQV DQG RI PD�
WULFHV� UDWKHU WKDQ UHO\LQJ H[FOXVLYHO\ RQ WKH RQH RU WKH RWKHU� DV LV WRR RIWHQ
GRQH� ,W LV KRSHG WKDW WKLV FKDSWHU PD\ EH KHOSIXO DV D SUHVHQWDWLRQ RI WKH SHU�
WXUEDWLRQ PDFKLQHU\ RI TXDQWXP PHFKDQLFV� TXLWH LUUHVSHFWLYH RI WKH PDJQHWLF
DSSOLFDWLRQV��� �9DQ 9OHFN ����E� YLLL�

&KDSV� 9,,±;,, LQWHUURJDWH DQG H[WHQG 9DQ 9OHFN¶V JHQHUDO /DQJHYLQ�'HE\H IRUPXOD�
VRPHWLPHV ZLWK LPSUHVVLYH QXPHULFDO DFFXUDF\� DV LQ WKH FDVH RI SDUDPDJQHWLVP� ZKHUH 9DQ
9OHFN KDG PDGH RQH RI KLV PRVW IDPRXV FRQWULEXWLRQV WR WKH ILHOG E\ ����� DQG VRPHWLPHV
TXDOLWDWLYHO\ ZLWK VXJJHVWLRQV IRU IXWXUH OLQHV RI UHVHDUFK� DV LQ WKH FDVH RI ILHOGV ZLWKLQ FU\V�
WDOV DQG IHUURPDJQHWLVP� &KDS� ;,,,� ILQDOO\� LV GHYRWHG WR VRPH UHODWHG RSWLFDO SKHQRPHQD�
7KH ILUVW VHFWLRQ RI WKLV FKDSWHU �VHF� ��� ���±���� LV GHYRWHG WR WKH .UDPHUV GLVSHUVLRQ
IRUPXOD�

7KH ERRN GRHV H[DFWO\ ZKDW D JRRG WH[WERRN RXJKW WR GR DFFRUGLQJ WR .XKQ ������
VHH� H�J�� WKH SDVVDJHV RQ ���±��� DQG ��� TXRWHG LQ VHF� ��������� ,W QRW RQO\ VHW PXFK
RI WKH DJHQGD IRU WKH UHVHDUFK SURJUDP HQYLVLRQHG E\ LWV DXWKRU� LW GLG VR LQ WKH IRUP RI D
SHGDJRJLFDOO\ FDUHIXOO\ FRQVWUXFWHG WH[W� LQ ZKLFK DOO WKH UHOHYDQW WKHRUHWLFDO DQG H[SHUL�
PHQWDO OLWHUDWXUH LV UHYLHZHG DQG DOO WKH UHTXLUHG PDWKHPDWLFDO WHFKQLTXHV DUH LQWURGXFHG�
DORQJ ZLWK WKHLU FDQRQLFDO DSSOLFDWLRQV� DOO ZLWK WKH DLP� XOWLPDWHO\� RI SUHSDULQJ LWV UHDGHUV
WR EHFRPH DFWLYH FRQWULEXWRUV WR WKLV UHVHDUFK SURJUDP WKHPVHOYHV�

7KH ERRN UHIOHFWV 9DQ 9OHFN¶V RZQ WUDMHFWRU\� IURP KLV HDUO\ ZRUN LQ WKH ROG TXDQWXP
WKHRU\ WR WKH OLQH RI ZRUN LQ WKH QHZ TXDQWXP WKHRU\ WKDW ZRQ KLP KLV UHSXWDWLRQ DV RQH RI WKH
SLRQHHULQJ WKHRULVWV RI VROLG�VWDWH SK\VLFV LQ WKH 8QLWHG 6WDWHV �FI� WKH UHPDUN E\ $QGHUVRQ
TXRWHG DERYH�� $OWKRXJK KH FKDQJHG ILHOGV LQ WKH SURFHVV� 9DQ 9OHFN¶V MRXUQH\ IURP VSHFWUD
WR VXVFHSWLELOLWLHV VKRZV D UHPDUNDEOH FRQWLQXLW\� 7R KLJKOLJKW WKLV FRQWLQXLW\� ZH DOUHDG\
��$V RQH RI WKH UHYLHZHUV RI WKH ERRN QRWHG� ³SDUWLFXODU DWWHQWLRQ >LV@ EHLQJ SDLG WR WKH UHODWLRQ EHWZHHQ WKH ZDYH
DQG PDWUL[ PHWKRGV� D FRPELQDWLRQ RI ZKLFK� LQ 9DQ 9OHFN¶V KDQGV� KDV SURYHG D SRZHUIXO ZHDSRQ LQ GHDOLQJ ZLWK
WKH SUREOHPV XQGHU FRQVLGHUDWLRQ´ �6WRQHU ����� �����
��&I� WKH FKDUDFWHUL]DWLRQV RI 9DQ 9OHFN¶V ERRN LQ WKH UHYLHZV E\ 3DXOL DQG 3DXOLQJ TXRWHG LQ QRWH ��
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GUHZ DWWHQWLRQ �VHH VHF� ������ WR WKH FRQQHFWLRQ EHWZHHQ WKH GHULYDWLRQ RI WKH .UDPHUV GLV�
SHUVLRQ IRUPXOD LQ KLV HDUO\ ZRUN �9DQ 9OHFN ����E� ����F� ����E� DQG WKH GHULYDWLRQ RI
WKH /DQJHYLQ�'HE\H IRUPXOD IRU HOHFWULF VXVFHSWLELOLWLHV� ZKLFK SOD\HG D FHQWUDO UROH LQ 9DQ
9OHFN¶V ZRUN LQ TXDQWXP PHFKDQLFV WKDW EHJDQ LQ ���� DQG UHDFKHG D PLOHVWRQH ZLWK KLV
VHFRQG ERRN �9DQ 9OHFN ����D� ����D� ����E� ����D� ����E�� $V ZH HPSKDVL]HG LQ VHF�
�������� LW LV WKH SHUWXUEDWLRQ WKHRU\ XVHG LQ ERWK GHULYDWLRQV WKDW SURYLGHV WKH FRQWLQXLW\ LQ
WKH WUDQVLWLRQ IURP FODVVLFDO WKHRU\ WR WKH ROG TXDQWXP WKHRU\ WR PRGHUQ TXDQWXP PHFKDQ�
LFV� DQG LQ 9DQ 9OHFN¶V FDUHHU PRYH IURP VSHFWUD WR VXVFHSWLELOLWLHV� $V ZH ZLOO VHH LQ VHFV�
������� DQG �������� LW LV WKH ROG TXDQWXP WKHRU\¶V SUREOHPV ZLWK WKH TXDQWL]DWLRQ RI VSHFLILF
SHULRGLF V\VWHPV WKDW LV UHVSRQVLEOH IRU WKH GLVFRQWLQXLW\ DQG WKH .XKQ ORVV LQ WKH DUHD RI
VXVFHSWLELOLWLHV� DQG LW LV WKH QHZ TXDQWXP WKHRU\¶V V\VWHPDWLF VROXWLRQ WR WKH SUREOHP RI
KRZ WR TXDQWL]H VXFK V\VWHPV WKDW LV EHKLQG WKH UHFRYHU\ RI WKDW .XKQ ORVV�

7KH /DQJHYLQ�'HE\H IRUPXOD IRU WKH HOHFWULF VXVFHSWLELOLW\ ߯ RI VRPH JDV LV

߯ ൌ ܰ ቆߙ ൅ ଶߤ
͵݇ܶቇ ǡ �����

ZKHUH ܰ LV WKH QXPEHU RI PROHFXOHV� ߙ LV D FRQVWDQW� ߤ LV WKH SHUPDQHQW HOHFWULF PRPHQW
RI WKH PROHFXOH XQGHU FRQVLGHUDWLRQ� ݇ LV %ROW]PDQQ¶V FRQVWDQW� DQG ܶ LV WKH WHPSHUDWXUH
�9DQ 9OHFN ����D� ���� ����E� ������ 7KH ILUVW WHUP FRPHV IURP WKH LQGXFHG PRPHQW RI
WKH PROHFXOH� UHVXOWLQJ IURP WKH GHIRUPDWLRQ RI WKH PROHFXOH E\ WKH H[WHUQDO HOHFWULF ILHOG�
7KH VHFRQG WHUP FRPHV IURP WKH DOLJQPHQW RI WKH SHUPDQHQW PRPHQW RI WKH PROHFXOH ZLWK
WKH ILHOG� 7KHUPDO PRWLRQ ZLOO IUXVWUDWH WKLV DOLJQPHQW� ZKLFK LV H[SUHVVHG LQ WKH LQYHUVH
SURSRUWLRQDOLW\ WR WKH WHPSHUDWXUH ܶ� $V 9DQ 9OHFN QRWHG ZKHQ KH LQWURGXFHG WKH IRUPXOD
LQ KLV ERRN�

7KH LGHD RI LQGXFHG SRODUL]DWLRQ LV DQ ROG RQH >«@ 7KH VXJJHVWLRQ WKDW SDUW
RI WKH HOHFWULF VXVFHSWLELOLW\ PLJKW EH GXH WR DOLQHPHQW >VLF@ RI SHUPDQHQW PR�
PHQWV� UHVLVWHG E\ WHPSHUDWXUH DJLWDWLRQ� GRHV QRW DSSHDU WR KDYH EHHQ PDGH
XQWLO ���� E\ 'HE\H >����@� $ PDJQHWLF VXVFHSWLELOLW\ GXH HQWLUHO\ WR WKH RUL�
HQWDWLRQ RI SHUPDQHQW PRPHQWV ZDV VXJJHVWHG VRPH WLPH SUHYLRXVO\� LQ �����
E\ >3DXO@ /DQJHYLQ >����D� ����E@� DQG WKH VHFRQG WHUP RI >HT� ���@ LV WKXV DQ
DGDSWDWLRQ WR WKH HOHFWULF FDVH RI /DQJHYLQ¶V PDJQHWLF IRUPXOD� �,Q WKH HOHFWULF
FDVH� D IRUPXOD VXFK DV >���@ LV FRPPRQO\ FDOOHG MXVW WKH 'HE\H IRUPXOD� EXW ZH
XVH WKH FRPSRXQG WLWOH /DQJHYLQ�'HE\H LQ RUGHU WR HPSKDVL]H WKDW WKH PDWK�
HPDWLFDO PHWKRGV ZKLFK ZH XVH WR GHULYH WKH VHFRQG WHUP RI >HT� ���@ DSSO\
HTXDOO\ ZHOO WR PDJQHWLF RU HOHFWULF GLSROHV�� �9DQ 9OHFN ����E� ���

,W LV WKLV WHPSHUDWXUH�GHSHQGHQW VHFRQG WHUP WKDW 9DQ 9OHFN ZDV PRVW LQWHUHVWHG LQ� :H FDQ
ZULWH WKLV WHUP DV

ଶߤܥܰ
݇ܶ Ǥ �����

%RWK FODVVLFDO WKHRU\ DQG TXDQWXP PHFKDQLFV FRUUHFWO\ SUHGLFW WKDW� XQGHU YHU\ JHQHUDO FRQ�
GLWLRQV� ܥ ൌ ͳȀ͵� 7KH WZR WKHRULHV DJUHH H[FHSW DW YHU\ ORZ WHPSHUDWXUHV� ZKHUH WKH FODV�
VLFDO WKHRU\ EUHDNV GRZQ DQG ZKHUH TXDQWXP PHFKDQLFV JLYHV GHYLDWLRQV IURP ͳȀ͵ �9DQ
��7KH HOHFWULF VXVFHSWLELOLW\ ഖ LV UHODWHG WR WKH GLHOHFWULF FRQVWDQW ഄ RI WKH JDV YLD� ഖ స ሺయȀరഏሻ ሺഄ ష భሻȀሺഄ శ మሻ �VHH�
H�J�� 3DXOL ����� ���� 3DXOLQJ ����E� ���� 9DQ 9OHFN ����E� ��� ����E� ����
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9OHFN ����E� ���� ����� 2WKHU WKDQ WKDW� WKH IDFWRU ͳȀ͵ LV D UHPDUNDEO\ UREXVW SUHGLFWLRQ RI
ERWK WKHRULHV� ,W LV WUXH IRU D ZLGH UDQJH RI PRGHOV �H�J�� GXPEEHOO� V\PPHWULFDO WRS� DQG LW
LV LQGHSHQGHQW RI WKH FKRLFH RI D �D[LVݖ IRU WKH TXDQWL]DWLRQ RI WKH �FRPSRQHQWݖ RI WKH DQJX�
ODU PRPHQWXP LQ WKHVH PRGHOV� 7KH ODWWHU IHDWXUH LV DQ H[DPSOH RI ZKDW 9DQ 9OHFN FDOOHG
³VSHFWURVFRSLF VWDELOLW\�´ $V KH SXW LW LQ 3DUW , RI WKH WULORJ\ WKDW SURYLGHG WKH EDFNERQH IRU
KLV ���� ERRN�

>7@KH KLJK VSHFWURVFRSLF VWDELOLW\ FKDUDFWHULVWLF RI WKH QHZ TXDQWXP PHFKDQ�
LFV LV WKH FDUGLQDO SULQFLSOH XQGHUO\LQJ WKH FRQWLQXHG YDOLGLW\ RI WKH /DQJHYLQ�
'HE\H IRUPXOD� :H VKDOO QRW DWWHPSW D SUHFLVH GHILQLWLRQ RI WKH WHUP ³VSHFWUR�
VFRSLF VWDELOLW\�´�� ,W PHDQV URXJKO\ WKDW WKH HIIHFW RI RULHQWDWLRQ RU RI GHJHQHU�
DF\ LQ JHQHUDO LV QR JUHDWHU WKDQ LQ WKH FODVVLFDO WKHRU\� DQG WKLV XVXDOO\ LPSOLHV
WKDW VXPPLQJ RYHU D GLVFUHWH VXFFHVVLRQ RI TXDQWXP�DOORZHG RULHQWDWLRQV JLYHV
WKH VDPH UHVXOW DV D FODVVLFDO DYHUDJH RYHU D FRQWLQXRXV GLVWULEXWLRQ��� �9DQ
9OHFN ����D� ����

7KH ROG TXDQWXP WKHRU\ JDYH YDOXHV IRU ܥ PXFK JUHDWHU WKDQ ͳȀ͵� DV 3DXOL ������
DQG 3DXOLQJ �����E� GLVFRYHUHG XVLQJ WKH ULJLG URWDWRU DV WKHLU PRGHO IRU WKH JDV PROHFXOHV
�VHH WKH WDEOH LQ ILJ� ����� 5HGRLQJ WKH FDOFXODWLRQ LQ PDWUL[ PHFKDQLFV� 0HQVLQJ DQG 3DXOL
������ UHFRYHUHG WKH YDOXH ܥ ൌ ͳȀ͵ IRU WKLV VSHFLDO FDVH� DV GLG .URQLJ �����D�� 0DQQHEDFN
������ DQG 9DQ 9OHFN �����D� �VHH VHF� ����� 9DQ 9OHFN� KRZHYHU� ZDV WKH RQO\ RQH ZKR
VWDWHG H[SOLFLWO\ WKDW WKLV UHVXOW LV LQGHSHQGHQW RI WKH FKRLFH RI WKH D[LV RI TXDQWL]DWLRQ RI WKH
ULJLG URWDWRU¶V DQJXODU PRPHQWXP� ³LQ WKH PDWUL[ WKHRU\ WKH VXVFHSWLELOLW\ LV WKH VDPH ZLWK
VSDFLDO�� TXDQWL]DWLRQ UHODWLYH WR WKH DSSOLHG ILHOG DV ZLWK UDQGRP RULHQWDWLRQV´ �LELG�� ����
VHH )HOORZV ����� ����� 9DQ 9OHFN PDQDJHG WR VDOYDJH D SODXVLELOLW\ DUJXPHQW IRU WKLV FODLP
ZKHQ KH KDG WR VKRUWHQ KLV QRWH IRU 1DWXUH �VHH VHF� ������� ,Q VXEVHTXHQW SXEOLFDWLRQV� KH
JDYH WKH IXOO SURRI� QRW MXVW IRU WKH ULJLG URWDWRU EXW IRU D EURDG FODVV RI PRGHOV �9DQ 9OHFN
����D� ����E��

7KDW WKH VXVFHSWLELOLW\ RI D JDV RI ULJLG URWDWRUV GRHV QRW GHSHQG RQ WKH D[LV RI TXDQWL�
]DWLRQ LV DQ H[DPSOH RI VSHFWURVFRSLF VWDELOLW\� ,Q KLV ERRN� 9DQ 9OHFN GHYRWHG FRQVLGHUDEOH
VSDFH WR WKH ³SULQFLSOH´ RU WKH ³WKHRUHP´ RI VSHFWURVFRSLF VWDELOLW\ �9DQ 9OHFN ����E� ����
����� %HIRUH JLYLQJ D PDWKHPDWLFDO SURRI �LELG�� VHF� ��� ���±����� KH H[SODLQHG WKH VLWXD�
WLRQ TXDOLWDWLYHO\ LQ WKH FKDSWHU RQ WKH ROG TXDQWXP WKHRU\ �LELG�� VHF� ��� ���±����� $IWHU
FRQFHGLQJ WKDW WKH WHUP� ZKLFK KH WRRN IURP %RKU ������ ���� ³LV QRW D SDUWLFXODUO\ KDSS\
RQH´ �LELG�� ������� KH ZURWH�

��<HW DQRWKHU LOOXVWUDWLRQ RI WKH FRQWLQXLW\ RI 9DQ 9OHFN¶V UHVHDUFK DFURVV WKH TXDQWXP UHYROXWLRQ RI ����±�� LV
WKDW WKH IRRWQRWH LQVHUWHG DW WKLV SRLQW UHIHUV WR WKH VXEVHFWLRQ� ³7KH +\SRWKHVLV RI 6SHFWURVFRSLF 6WDELOLW\�´ RI VHF�
��� ³7KH 3RODUL]DWLRQ RI 5HVRQDQFH 5DGLDWLRQ�´ RI KLV 15& %XOOHWLQ �9DQ 9OHFN ����E� ���±�����
��2Q WKH QH[W SDJH� EHIRUH JLYLQJ KLV JHQHUDO SURRI RI VSHFWURVFRSLF VWDELOLW\� 9DQ 9OHFN QRWHG WKDW D VLPLODU UHVXOW
IRU D VSHFLDO FDVH KDG DOUHDG\ EHHQ HVWDEOLVKHG LQ WKH 'UHLPlQQHUDUEHLW �%RUQ� +HLVHQEHUJ� DQG -RUGDQ ����� ����
DQG WKDW KH ZDV ³LQIRUPHG WKDW WKH PRUH JHQHUDO UHVXOW KDV DOVR EHHQ REWDLQHG LQGHSHQGHQWO\ E\ %RUQ �XQSXEOLVKHG�´
�9DQ9OHFN ����D� ����� 6R� DV LQ WKH ROG TXDQWXP WKHRU\ �VHH VHF� ������� %RUQ DQG9DQ9OHFNZHUH SXUVXLQJ VLPLODU
OLQHV RI UHVHDUFK LQ PDWUL[ PHFKDQLFV� ,Q WKH GLVFXVVLRQ RI HOHFWULF VXVFHSWLELOLWLHV LQ WKHLU ERRN� %RUQ DQG -RUGDQ
������ VHF� ��� ���±���� IROORZHG 9DQ 9OHFN� FLWLQJ �LELG�� ���� KLV QRWH LQ 1DWXUH DQG WKH WULORJ\ LQ 3K\VLFDO
5HYLHZ �9DQ 9OHFN ����D� ����D� ����E� ����D�� %RUQ DQG -RUGDQ GLG QRW XVH WKH WHUP µVSHFWURVFRSLF VWDELOLW\¶
LQ WKLV FRQWH[W �VHH QRWH ����
��7KLV LV KRZ 9DQ 9OHFN FRQVLVWHQWO\ VSHOOHG µVSDWLDO¶�
��%RKU LQWURGXFHG WKH WHUP LQ WKH FRQWH[W RI WKH =HHPDQ HIIHFW� ³IURP D FRQVLGHUDWLRQ RI WKH QHFHVVDU\ ³VWDELOLW\´
RI VSHFWUDO SKHQRPHQD� LW IROORZV WKDW WKH WRWDO UDGLDWLRQ RI WKH FRPSRQHQWV� LQ ZKLFK D VSHFWUDO OLQH� ZKLFK RULJ�
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>,@W FDQ IRU RXU SXUSRVHV EH FRQVLGHUHG LGHQWLFDO ZLWK WKH LGHD WKDW WKH VXVFHS�
WLELOLW\ LV LQYDULDQW RI WKH W\SH RI TXDQWL]DWLRQ� RU LQ WKH VSHFLDO FDVH RI VSDFLDO
TXDQWL]DWLRQ� WKDW VXPPLQJ RYHU WKH YDULRXV TXDQWL]HG RULHQWDWLRQV LV HTXLYD�
OHQW� DV IDU DV UHVXOWV DUH FRQFHUQHG� WR D FODVVLFDO LQWHJUDWLRQ RYHU D UDQGRP
RULHQWDWLRQ RI RUELW� ,W LV LQGHHG UHPDUNDEOH WKDW D GLVFUHWH TXDQWXP VXPPDWLRQ
JLYHV H[DFWO\ WKH VDPH DQVZHUV DV D FRQWLQXRXV LQWHJUDWLRQ� 7KLV ZDV QRW DW DOO
WUXH LQ WKH ROG TXDQWXP WKHRU\� �9DQ 9OHFN ����E� ����

,Q WKH WKUHH VXEVHFWLRQV WKDW IROORZ� ZH SUHVHQW GHULYDWLRQV RI WKH IRUPXOD IRU WKH HOHFWULF
VXVFHSWLELOLW\ LQ JDVHV LQ FODVVLFDO WKHRU\ �VHF� ������� WKH ROG TXDQWXP WKHRU\ �VHF� ������� DQG
TXDQWXPPHFKDQLFV �VHF� ������� ,Q WKH TXDQWXP WKHRU\� ROG DQG QHZ� ZH IRFXV RQ WKH VSHFLDO
FDVH LQZKLFK WKH JDVPROHFXOHV DUHPRGHOHG DV ULJLG URWDWRUV� :HZLOO VHH KRZ WKH UREXVWQHVV
RI WKH YDOXH ܥ ൌ ͳȀ͵ ZDV HVWDEOLVKHG� ORVW� DQG UHJDLQHG� ,Q VHFV� ������� DQG �������� ZH
IROORZ 9DQ 9OHFN �����E�� ,Q VHF� �������� ZH IROORZ 3DXOL ������� 3DXOLQJ �����E� �����
DQG 0HQVLQJ DQG 3DXOL ������� WKRXJK ZH ZLOO DOVR TXRWH OLEHUDOO\ IURP FKDS� 9 RI 9DQ
9OHFN¶V ���� ERRN� ,Q WKLV FKDSWHU� ³6XVFHSWLELOLWLHV LQ WKH ROG TXDQWXP WKHRU\ FRQWUDVWHG
ZLWK WKH QHZ�´ WKH DXWKRU XVHG VRPH XQFKDUDFWHULVWLFDOO\ VWURQJ ODQJXDJH WR GHVFULEH WKH
VKRUWFRPLQJV RI WKH ROG TXDQWXP WKHRU\ LQ WKLV DUHD�

����� 6XVFHSWLELOLWLHV LQ &ODVVLFDO 7KHRU\

7KH VXVFHSWLELOLW\ RI D JDV� ߯� LV D PHDVXUH RI KRZ WKH JDV UHVSRQGV WR H[WHUQDO ILHOGV� :H
ZLOO FRQVLGHU WKH HOHFWULF VXVFHSWLELOLW\ LQ SDUWLFXODU� 7KH ILHOG� ۳� DQG SRODUL]DWLRQ� �۾ DUH
DVVXPHG WR EH SDUDOOHO� DQG WKH PHGLXP LV DVVXPHG WR EH ERWK LVRWURSLF DQG KRPRJHQRXV�
3UHGLFWLRQV RI ߯ UHTXLUH RQH WR GHDO ZLWK WKH PRWLRQV RI WKH V\VWHPV XVHG DV PRGHOV IRU WKH
JDV PROHFXOHV DQG WKHLU FRQVWLWXHQW DWRPV� WKH VSHFLILF EHKDYLRU RI WKHVH V\VWHPV LQ UHVSRQVH
WR WKH H[WHUQDO ILHOG ZLOO GHWHUPLQH WKHLU HOHFWULF PRPHQWV� DQG LQ WXUQ� WKH SRODUL]DWLRQ RI
WKH PHGLXP�

&RQVLGHU D VPDOO YROXPH RI D JDV RI PROHFXOHV ZLWK SHUPDQHQW GLSROH PRPHQWV� VXFK
DV +&O� :KHQ DQ HOHFWULF ILHOG LV DSSOLHG� VD\ LQ WKH �GLUHFWLRQݖ RI WKH FRRUGLQDWH V\VWHP
ZH DUH XVLQJ� WKH PROHFXOHV H[SHULHQFH D WRUTXH WKDW WHQGV WR DOLJQ WKHP ZLWK WKH ILHOG� ,Q
DGGLWLRQ� WKH FKDUJHV LQ HDFK PROHFXOH ZLOO UHDUUDQJH WKHPVHOYHV LQ UHVSRQVH� ,I WKH ILHOG LV
WRR ZHDN WR FDXVH LRQL]DWLRQ� WKH FKDUJHV ZLOO VHWWOH LQWR HTXLOLEULXPZLWK WKH ILHOG� FUHDWLQJ D
WHPSRUDU\ LQGXFHG HOHFWULF PRPHQW� %RWK RI WKHVH HIIHFWV FRQWULEXWH WR D PROHFXOH¶V HOHFWULF
PRPHQW �ܘ )ROORZLQJ 9DQ 9OHFN� ZH ODUJHO\ IRFXV RQ WKH ILUVW RI WKHVH HIIHFWV� ZKLFK� DV
PHQWLRQHG DERYH� LV UHVSRQVLEOH IRU WKH WHPSHUDWXUH�GHSHQGHQW WHUP LQ WKH /DQJHYLQ�'HE\H
IRUPXOD �VHH HTV� ���±�����

7R ILQG WKH SRODUL]DWLRQ� �۾ ZH QHHG WR WDNH WZR DYHUDJHV RYHU WKH FRPSRQHQW RI WKHVH
HOHFWULF PRPHQWV LQ WKH GLUHFWLRQ RI WKH ILHOG ۳� LQ WKLV FDVH WKH ௭݌ FRPSRQHQW� )LUVW� ZH QHHG
WR DYHUDJH ௭݌ RYHU WKH SHULRG�V� RI WKH PRWLRQ RI WKH PROHFXOH �RU LQ WKH FDVH RI TXDQWXP

LQDOO\ LV XQSRODUL]HG� LV VSOLW XS LQ WKH SUHVHQFH RI D VPDOO H[WHUQDO ILHOG� FDQQRW VKRZ FKDUDFWHULVWLF SRODULVDWLRQ
ZLWK UHVSHFW WR DQ\ GLUHFWLRQ´ �%RKU ����� ���� %RUQ DQG -RUGDQ ������ ��� ���� ���� DWWULEXWHG WKH WHUP µVSHF�
WURVFRSLF VWDELOLW\¶ WR +HLVHQEHUJ� FLWLQJ D SDSHU VXEPLWWHG LQ 1RYHPEHU ���� RQ WKH SRODUL]DWLRQ RI IOXRUHVFHQW
OLJKW �+HLVHQEHUJ ����D�� 9DQ 9OHFN DOVR HPSKDVL]HG WKH FRQQHFWLRQ EHWZHHQ VSHFWURVFRSLF VWDELOLW\ DQG WKH SR�
ODUL]DWLRQ RI UHVRQDQFH UDGLDWLRQ �9DQ 9OHFN ����E� ���� VHH QRWH ��� ����D� ���� ����E� ����� 7KH ILUVW H[DPSOH
%RUQ DQG -RUGDQ ������ ��±��� JDYH RI VSHFWURVFRSLF VWDELOLW\ LV WKH 7KRPDV�.XKQ VXP UXOH �VHH VHF� ������� 7KH
³�RSWLFDO� VWDELOLW\ SULQFLSOH´ LV DOVR PHQWLRQHG SURPLQHQWO\ LQ D ODWHU ERRN E\ -RUGDQ ������ ��±��� �����
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WKHRU\� RYHU WKH VWDWLRQDU\ VWDWH�� 7KLV LV LQGLFDWHG E\ D VLQJOH RYHUEDU� �௭݌ 6HFRQG� ZH
QHHG WR DYHUDJH WKLV WLPH�DYHUDJH ௭݌ RYHU D WKHUPDO HQVHPEOH RI D ODUJH QXPEHU ܰ RI VXFK
PROHFXOHV� 7KLV LV LQGLFDWHG E\ D GRXEOH RYHUEDU� �௭݌ $OO GHULYDWLRQV RI H[SUHVVLRQV IRU WKH
VXVFHSWLELOLW\ FDOO IRU WKLV WZR�VWHS DYHUDJLQJ SURFHGXUH���

7KH VWUHQJWK ܲ RI WKH SRODUL]DWLRQ LV JLYHQ E\�

ܲ ൌ ௭Ǥ݌ܰ �����

7KH HOHFWULF VXVFHSWLELOLW\� ߯� LV GHILQHG DV WKH UDWLR RI WKH VWUHQJWKV RI WKH SRODUL]DWLRQ DQG
WKH H[WHUQDO ILHOG�

߯ ؠ ܲ
ܧ ൌ ܰ

ܧ ௭Ǥ݌ ������

:KHQ LW FRPHV WR WKH GHULYDWLRQ RI H[SUHVVLRQV IRU ߯� WKH YDULRXV WKHRULHV GLIIHU RQO\ LQ KRZ
௭݌ DQG ௭݌ DUH REWDLQHG�

:H ILUVW JR WKURXJK WKH FDOFXODWLRQ LQ WKH FODVVLFDO WKHRU\� FRYHUHG HOHJDQWO\ LQ FKDS�
,, RI 9DQ 9OHFN¶V ERRN� ³&ODVVLFDO 7KHRU\ RI WKH /DQJHYLQ�'HE\H )RUPXOD´ �9DQ 9OHFN
����E� ��±���� &RQVLGHU D PXOWLSO\�SHULRGLF V\VWHP ZLWK ݂ GHJUHHV RI IUHHGRP� ZKLFK� LQ
LWV XQSHUWXUEHG VWDWH� LV GHVFULEHG E\ WKH +DPLOWRQLDQ �଴ܪ DQG ZKLFK LV VXEMHFWHG WR D VPDOO
SHUWXUEDWLRQ FRPLQJ IURP DQ H[WHUQDO HOHFWULF ILHOG ۳ LQ WKH ��GLUHFWLRQݖ 7KH +DPLOWRQLDQ
IRU WKH SHUWXUEHG V\VWHP FDQ WKHQ EH ZULWWHQ DV WKH VXP ଴ܪ ൅ �௜௡௧ܪ ZKHUH ௜௡௧ܪ ൏൏ �଴ܪ ,Q
WKLV FDVH� WKH IXOO +DPLOWRQLDQ LV JLYHQ E\�

ܪ ൌ ଴ܪ െ ௭Ǥ݌ܧ ������

$V LQ KLV 15& %XOOHWLQ� 9DQ 9OHFN �����E� ��� XVHG DFWLRQ�DQJOH YDULDEOHV ሺݓ଴
௞ ǡ ଴௞ሻܬ �݇ ൌ

ͳǡǥ ǡ ݂� IRU WKH XQSHUWXUEHG +DPLOWRQLDQ �଴ܪ HYHQ ZKHQ GHDOLQJ ZLWK WKH IXOO +DPLOWRQLDQ
�VHH DOVR 9DQ 9OHFN ����E� ��� FI� RXU GLVFXVVLRQ LQ VHF� �������

7KH �FRPSRQHQWݖ RI WKH SRODUL]DWLRQ RI WKH V\VWHP� �௭݌ FDQ EH ZULWWHQ DV D )RXULHU
H[SDQVLRQ� )RU D V\VWHP ZLWK RQO\ RQH GHJUHH RI IUHHGRP WKH H[SDQVLRQ LV JLYHQ E\���

଴ǡݓ௭ሺ݌ ଴ሻܬ ൌ
ஶ
෍

ఛୀ଴ǡേଵǡേଶǡǥ
ሺ݌௭ሻఛሺܬ଴ሻ݁ʹݓ߬݅ߨ

଴Ǥ ������

(VVHQWLDOO\ WKH VDPH )RXULHU H[SDQVLRQ LV WKH VWDUWLQJ SRLQW ERWK IRU WKH GHULYDWLRQ RI WKH
.UDPHUV GLVSHUVLRQ IRUPXOD GLVFXVVHG LQ VHF� ������� DQG IRU +HLVHQEHUJ¶V �����E� 8PGHX�
WXQJ SDSHU �'XQFDQ DQG -DQVVHQ ����� ���±�������

��3DXOLQJ �����E� ���� JLYHV D SDUWLFXODUO\ FOHDU VWDWHPHQW RI WKLV SURFHGXUH� ³>GRXEOH EDU@ LV WKH DYHUDJH YDOXH
>«@ IRU DOO PROHFXOHV LQ WKH JDV� DQG >VLQJOH EDU@ LV WKH WLPH DYHUDJH >«@ IRU RQH PROHFXOH LQ D JLYHQ VWDWH RI
PRWLRQ�´
��9DQ 9OHFN �����E� ��� ZULWHV ೛ሺ೥ሻഓ IRU WKH FRPSOH[ DPSOLWXGHV ሺ೛೥ሻഓ DQG VXSSUHVVHV WKH DUJXPHQW ಻బ LQ KLV
QRWDWLRQ�
��$V 'HQQLVRQ SXW LW LQ WKH LQWURGXFWLRQ RI WKH SDSHU WKDW 9DQ 9OHFN �����D� XVHG IRU KLV QRWH LQ 1DWXUH RQ WKH
VXVFHSWLELOLW\ RI D JDV RI ULJLG URWDWRUV �VHH VHF� ����� ³$FFRUGLQJ WR >PDWUL[ PHFKDQLFV@ WKH FRRUGLQDWHV RI D PXO�
WLSO\ SHULRGLF V\VWHP ZKLFK PD\ EH H[SUHVVHG FODVVLFDOO\ E\ PHDQV RI PXOWLSOH )RXULHU VHULHV LQ WKH WLPH� DUH WR
EH UHSODFHG E\ LQILQLWH PDWULFHV RI WKH +HUPLWH W\SH RI ZKLFK HDFK PHPEHU LV D KDUPRQLF FRPSRQHQW LQ WLPH´
�'HQQLVRQ ����� �����
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7R HQVXUH WKDW ௭݌ LQ HT� ������ LV UHDO� WKH FRPSOH[ DPSOLWXGHV ሺ݌௭ሻఛ PXVW VDWLVI\
ሺ݌௭ሻఛ ൌ ሺ݌௭ሻିכ ఛ� (T� ������ DOVR JLYHV WKH H[SDQVLRQ IRU D V\VWHP ZLWK ݂ GHJUHHV RI IUHHGRP�
LI� IROORZLQJ 9DQ 9OHFN� ZH LQWURGXFH WKH DEEUHYLDWLRQV ଴ܬ ؠ ଴ଵܬ ǥ �଴௙ܬ ଴ݓ ؠ ଴ଵݓ ǥ ଴ݓ

௙ �
߬ ؠ ߬ଵ ǥ ߬௙� DQG ଴ݓ߬ ൌ σ௙

௞ୀଵ ߬௞ ଴ݓ
௞ �9DQ 9OHFN ����E� ���� 7KURXJK �௭݌ WKH IXOO

+DPLOWRQLDQ� �ܪ LQ HT� ������ GHSHQGV RQ �଴ݓ VR WKH DFWLRQ�DQJOH YDULDEOHV ሺݓ଴ǡ ଴ሻܬ DUH
QRW DFWLRQ�DQJOH YDULDEOHV IRU �ܪ 7KH SKDVH VSDFH HOHPHQW� KRZHYHU� LV LQYDULDQW XQGHU
WKH WUDQVIRUPDWLRQ IURP DFWLRQ�DQJOH YDULDEOHV IRU ܪ WR DFWLRQ�DQJOH YDULDEOHV IRU �଴ܪ L�H��
଴ݓ଴݀ܬ݀ ൌ ݓ݀ܬ݀ �LELG�� ����

8VLQJ WKH VWDQGDUG IRUPXOD IRU WKH FDQRQLFDO HQVHPEOH DYHUDJH� ZH ILQG IRU ௭݌ �LELG��
������

߯ ൌ ܰ
ܧ
௭݌׬׬ ݁ିுȀ௞் ଴ݓ଴݀ܬ݀

׬׬ ݁ିுȀ௞் ଴ݓ଴݀ܬ݀ Ǥ ������

7R ILUVW RUGHU LQ WKH ILHOG �ܧ WKH %ROW]PDQQ IDFWRU LV JLYHQ E\�

݁ିுȀ௞் ൎ ݁ିுబȀ௞் ቆͳ ൅ ௭݌ܧ
݇ܶ ቇ Ǥ ������

$VVXPLQJ WKHUH LV QR UHVLGXDO SRODUL]DWLRQ LQ WKH DEVHQFH RI DQ H[WHUQDO ILHOG �ZKLFK LV WUXH
IRU JDVHV LI QRW DOZD\V IRU VROLGV�� L�H�� ௭݌ ൌ Ͳ IRU ܧ ൌ Ͳ� ZH KDYH

නන݌௭ ݁ିுబȀ௞் ଴ݓ଴݀ܬ݀ ൌ ͲǤ ������

8VLQJ HTV� ������ DQG ������� ZH FDQ UHZULWH HT� ������ DV �LELG�� ���

߯ ൌ ܰ
݇ܶ

ଶ௭݌׬׬ ݁ିுబȀ௞் ଴ݓ଴݀ܬ݀

׬׬ ݁ିுబȀ௞் ଴ݓ଴݀ܬ݀ Ǥ ������

)RU ଶ௭݌ ZH LQVHUW LWV )RXULHU H[SDQVLRQ

ଶ௭݌ ሺݓ଴ǡ ଴ሻܬ ൌ
ஶ
෍

ఛୀ଴ǡേଵǡേଶǡǥ
ሺ݌ଶ௭ ሻఛሺܬ଴ሻ݁ʹݓ߬݅ߨ

଴Ǥ ������

2QO\ WKH ߬ ൌ Ͳ WHUPV RQ WKH ULJKW�KDQG VLGH ZLOO FRQWULEXWH WR WKH LQWHJUDO RI ଶ௭݌ RYHU ଴ݓ LQ
HT� ������� $OO ߬ ് Ͳ WHUPV DUH SHULRGLF IXQFWLRQV RIݓ଴� ZKLFK YDQLVK ZKHQ LQWHJUDWHG RYHU
D IXOO SHULRG RI WKHVH IXQFWLRQV� +HQFH�

න݌ଶ௭ ଴ݓ݀ ൌ ሺ݌ଶ௭ ሻ଴Ǥ ������

��2QH FDQ WKLQN RI WKH LQWHJUDWLRQ RI ೛೥ RYHU RQH SHULRG RI WKH DQJOH YDULDEOH ೢబ IRU D IL[HG YDOXH RI ಻బ DV JLYLQJ
೛೥ DQG RI WKH VXEVHTXHQW LQWHJUDWLRQ RYHU ಻బ DV WXUQLQJ ೛೥ LQWR ೛೥ �LELG�� QRWH ���� ,Q WKLV FDVH� DYHUDJLQJ RYHU D
WKHUPDO HQVHPEOH RI LGHQWLFDO V\VWHPV LV UHSODFHG E\ WDNLQJ D ZHLJKWHG DYHUDJH RYHU GLIIHUHQW VWDWHV RI RQH V\VWHP�
ZKHUH WKH ZHLJKW IDFWRU LV JLYHQ E\ WKH XVXDO %ROW]PDQQ IDFWRU ೐షಹȀೖ೅� LQ ZKLFK ಹ ൎ ಹబሺ಻బሻ�
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,Q RWKHU ZRUGV� ሺ݌ଶ௭ ሻ଴ LV WKH WLPH DYHUDJH ଶ௭݌ RI ଶ௭݌ � ,W IROORZV IURP HT� ������ WKDW WKH LQWHJUDOV
RYHUݓ଴ LQ QXPHUDWRU DQG GHQRPLQDWRU RI HT� ������ FDQFHO� (T� ������ WKXV UHGXFHV WR �LELG��
��±����

߯ ൌ ܰ
݇ܶ

ଶ௭݌׬ ݁ିுబȀ௞் ଴ܬ݀
׬ ݁ିுబȀ௞் ଴ܬ݀ ൌ ܰ

݇ܶ ݌
ଶ௭ ൌ

ܰ
͵݇ܶ ݌

ଶǡ ������

ZKHUH LQ WKH ODVW VWHS ZH XVHG WKDW

ଶ௭݌ ൌ ଵ
ଷ ଶǤ݌ ������

7KLV UHODWLRQ KROGV ERWK LQ WKH FODVVLFDO WKHRU\ DQG LQ TXDQWXP PHFKDQLFV� 7KDW LW GRHV QRW
KROG LQ WKH ROG TXDQWXP WKHRU\ LV FHQWUDO� DV ZH ZLOO VHH� WR WKDW WKHRU\¶V IDLOXUH WR UHSURGXFH
WKH /DQJHYLQ�'HE\H IRUPXOD� 9DQ 9OHFN WKXV WRRN JUHDW FDUH LQ H[SODLQLQJ WKLV UHODWLRQ�

ଶ௭݌ GHQRWHV WKH VWDWLVWLFDO PHDQ VTXDUH RI ଶ௭݌ LQ WKH DEVHQFH RI WKH ILHOG �ܧ L�H�
WKH DYHUDJH RYHU RQO\ WKH ଴ܬ SDUW RI WKH SKDVH VSDFH� ZHLJKWHG DFFRUGLQJ WR
WKH %ROW]PDQQ IDFWRU� RI WKH WLPH DYHUDJH YDOXH RI ଶ௭݌ >LQ RXU QRWDWLRQ� ଶ௭݌ @
IRU D PROHFXOH KDYLQJ JLYHQ YDOXHV RI WKH ଴¶Vܬ >UHFDOO WKDW ଴ܬ VKRUW�KDQG IRU
଴ଵܬ ǥ �@଴௙ܬ 1RZ LI WKH DSSOLHG HOHFWULF ILHOG ܧ LV WKH RQO\ H[WHUQDO ILHOG� DOO VSDFLDO
RULHQWDWLRQV ZLOO EH HTXDOO\ SUREDEOH ZKHQ ܧ ൌ Ͳ� DQG WKH PHDQ VTXDUHV RI WKH

�ݔ �ݕ DQG ݖ FRPSRQHQWV RI PRPHQW ZLOO EH HTXDO >L�H�� ଶ௫݌ ൌ ଶ௬݌ ൌ ଶ௭݌ @� 7KLV
ZLOO DOVR EH WUXH HYHQ ZKHQ WKHUH DUH RWKHU H[WHUQDO ILHOGV �H�J� D PDJQHWLF
ILHOG� EHVLGHV WKH JLYHQ HOHFWULF ILHOG>�@ SURYLGHG� DV LV XVXDOO\ WKH FDVH� WKHVH
RWKHU ILHOGV GR QRW JUHDWO\ DIIHFW WKH VSDFLDO GLVWULEXWLRQ� :H PD\ KHQFH UHSODFH

ଶ௭݌ E\ RQH�WKLUG WKH VWDWLVWLFDO PHDQ VTXDUH RI WKH YHFWRU PRPHQWXP ܘ RI WKH
PROHFXOH� �9DQ 9OHFN ����E� ��±���

,Q WKH ROG TXDQWXP WKHRU\� DV SRLQWHG RXW E\ 3DXOLQJ ������� WKH VXVFHSWLELOLW\ LV VHQVLWLYH
WR WKH SUHVHQFH RI D PDJQHWLF ILHOG �VHH VHF� ������� ,Q FODVVLFDO WKHRU\ DQG LQ TXDQWXP
PHFKDQLFV LW LV QRW� 7KLV LV XQGRXEWHGO\ ZK\ 9DQ 9OHFN HPSKDVL]HG WKLV IHDWXUH�

9DQ 9OHFN �����E� FDOOHG HT� ������ ³D VRUW RI JHQHUDOL]HG /DQJHYLQ�'HE\H IRUPXOD´
����� 1R SDUWLFXODU DWRPLF PRGHO QHHG EH DVVXPHG IRU LWV GHULYDWLRQ� 7R REWDLQ WKH IDPLOLDU
/DQJHYLQ�'HE\H IRUPXOD ����� ZLWK WHUPV FRUUHVSRQGLQJ WR SHUPDQHQW DQG LQGXFHG HOHFWULF
PRPHQWV� ZH QHHG WR DGRSW D PRGHO IRU WKH PROHFXOH RI WKH JDV VLPLODU WR WKDW XQGHUO\LQJ WKH
FODVVLFDO GLVSHUVLRQ WKHRU\ RI YRQ +HOPKROW]� /RUHQW]� DQG 'UXGH� LQYROYLQJ KDUPRQLFDOO\�
ERXQG FKDUJHV �VHH VHF� ������� $V 9DQ 9OHFN �����E� ZURWH� ³7KLV QDwYH GHSLFWXUH RI DQ
DWRP RU PROHFXOH DV D FROOHFWLRQ RI KDUPRQLF RVFLOODWRUV LV QRW LQ DJUHHPHQW ZLWK PRGHUQ
YLHZV RI DWRPLF VWUXFWXUH DV H[HPSOLILHG LQ WKH 5XWKHUIRUG DWRP� EXW \LHOGV VXUSULVLQJO\
IUXLWIXO UHVXOWV´ ������� /HW ݏ EH WKH QXPEHU RI GHJUHHV RI IUHHGRP ZLWK ZKLFK WKHVH ERXQG
FKDUJHV FDQ YLEUDWH� WKHQ ZLWK D VHW RI QRUPDO FRRUGLQDWHV ଵǡߦ ଶǡߦ ǥ ǡ �௦ߦ ZH FDQ ZULWH WKH
FRPSRQHQW RI WKH HOHFWULF PRPHQW ܘ DORQJ WKH SULQFLSDO D[LV RI LQHUWLD� ODEHOHG �ݔ DV D OLQHDU
IXQFWLRQ RI WKHVH QRUPDO FRRUGLQDWHV �LELG�� ����

௫݌ ൌ ௫ߤ ൅
௦
෍
௜ୀଵ

ܿ௫௜ߦ௜ǡ ������

��7KH VDPH FDQ EH VDLG DERXW FODVVLFDO GLVSHUVLRQ WKHRU\ �'XQFDQ DQG -DQVVHQ ����� ���±�����
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ZKHUH ௫ߤ LV WKH �FRPSRQHQWݔ RI WKH SHUPDQHQW HOHFWULF GLSROH PRPHQW RI WKH PROHFXOH� DQG
ZKHUH WKH FRHIILFLHQWV ܿ௫௜ DUH UHDO SRVLWLYH QXPEHUV� 6LPLODU H[SUHVVLRQV REWDLQ IRU WKH �ݕ
DQG �FRPSRQHQWVݖ RI �ܘ

6LQFH SRVLWLYH DQG QHJDWLYH GLVSODFHPHQWV ZLOO FDQFHO GXULQJ WKH DYHUDJLQJ SURFHVV�

௝ߦ௜ߦ ൌ Ͳ IRU ݅ ് ݆ �LELG�� ���� ,I ZH DVVRFLDWH D µVSULQJ FRQVWDQW¶ ܽ௜ ZLWK WKH OLQHDU IRUFH

ELQGLQJ WKH L�WK FKDUJH� WKHQ� E\ WKH HTXLSDUWLWLRQ WKHRUHP� ZH JHW� ଵ
ଶܽ௜ߦଶ௜ ൌ ଵ

ଶ݇ܶ� ,QVHUWLQJ
HT� ������ IRU ௫݌ DQG VLPLODU HTXDWLRQV IRU ௬݌ DQG ௭݌ IRU WKH FRPSRQHQWV RI ܘ LQ HT� ������

DQG XVLQJ WKH UHODWLRQV IRU ௝ߦ௜ߦ DQG ଶ௜ߦ � ZH ILQG �LELG�� ����

߯ ൌ ଶߤܰ
͵݇ܶ ൅ ܰ

͵ ෍
௜

ܿଶ௫௜ ൅ ܿଶ௬௜ ൅ ܿଶ௭௜
ܽ௜

Ǥ ������

$V GHVLUHG� WKH ILUVW WHUP JLYHV XV WKH FRQWULEXWLRQ RI WKH SHUPDQHQW PRPHQW ZLWK D IDFWRU
RI ͳȀ͵� DQG WKH VHFRQG LV RI WKH IRUP �ߙܰ ZKHUH ߙ LV LQGHSHQGHQW RI WHPSHUDWXUH�

8QIRUWXQDWHO\� WKH DVVXPSWLRQ WKDW HOHFWURQV FDQ EH WKRXJKW RI DV KDUPRQLFDOO\�ERXQG
FKDUJHV LQ WKH DWRP KDG WR EH GLVFDUGHG DV WKH ROG TXDQWXP WKHRU\ EHJDQ WR VKHG OLJKW RQ
DWRPLF VWUXFWXUH� 7KLV LV WKH VDPH GHYHORSPHQW WKDW ZDV UHVSRQVLEOH IRU WKH ROG TXDQWXP
WKHRU\¶V .XKQ ORVV LQ GLVSHUVLRQ WKHRU\ �VHH VHF� ������� ([SDQGLQJ RQ WKH FRPPHQW TXRWHG
DERYH� 9DQ 9OHFN FRQFOXGHG FKDS� ,, E\ HPSKDVL]LQJ WKH OLPLWDWLRQV RI WKH FODVVLFDO WKHRU\�

$ PRGHO VXFK DV ZH KDYH XVHG� LQ ZKLFK WKH HOHFWURQLF PRWLRQV DUH UHSUHVHQWHG
E\ KDUPRQLF RVFLOODWRUV� LV QRW FRPSDWLEOH ZLWK PRGHUQ NQRZOHGJH RI DWRPLF
VWUXFWXUH >«@ ,QDVPXFK DV ZH KDYH GHGXFHG D JHQHUDOL]HG /DQJHYLQ�'HE\H
IRUPXOD IRU DQ\ PXOWLSO\ SHULRGLF V\VWHP� WKH TXHVWLRQ QDWXUDOO\ DULVHV ZKHWKHU
>HT� ����@ FDQQRW EH VSHFLDOL]HG LQ D IDVKLRQ DSSURSULDWH WR D UHDO 5XWKHUIRUG
DWRP LQVWHDG RI WR D ILFWLWLRXV V\VWHP RI RVFLOODWRUV PRXQWHG RQ D ULJLG URWDWLQJ
IUDPHZRUN� 7KLV� KRZHYHU� LV QRW SRVVLEOH� �9DQ 9OHFN ����E� ���

7KH UHDVRQ 9DQ 9OHFN JDYH IRU WKLV LV WKDW� LQ WKH 5XWKHUIRUG��%RKU� DWRP� WKH HQHUJ\ RI WKH
HOHFWURQ UDQJHV IURP Ͳ WR െλ FDXVLQJ WKH %ROW]PDQQ IDFWRUV ݁ିுȀ௞் WR GLYHUJH� +HQFH� KH
FRQFOXGHG� ³WKH SUDFWLFDO DGYDQWDJHV RI WKH >JHQHUDO IRUPXOD ����@ DUH VRPHZKDW UHVWULFWHG
EHFDXVH RI WKH LQKHUHQW OLPLWDWLRQV LQ FODVVLFDO WKHRU\´ �LELG���

����� 6XVFHSWLELOLWLHV LQ WKH 2OG 4XDQWXP 7KHRU\

$WWHPSWV WR GHULYH D IRUPXOD IRU VXVFHSWLELOLW\ LQ WKH ROG TXDQWXP WKHRU\� VLPLODU WR WKH RQH
LQ FODVVLFDO WKHRU\ JLYHQ DERYH� UDQ DIRXO RI VRPH RI WKH ROG TXDQWXP WKHRU\¶V PRVW VWULNLQJ
\HW OLWWOH�NQRZQ LQFRQVLVWHQFLHV� 7KH ROG TXDQWXP WKHRU\ ZDV DW LWV EHVW ZKHQ SK\VLFLVWV
FRXOG EH DJQRVWLF DERXW WKH GHWDLOV RI WKH PXOWLSO\�SHULRGLF PRWLRQ LQ DWRPV RU PROHFXOHV
�DV LQ WKH FDVH RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD� VHH VHF� ������� $V VRRQ DV WKH\ ZHUH
IRUFHG WR WDNH WKHVH GHWDLOV VHULRXVO\� QHZ SUREOHPV HPHUJHG WKDW FRXOG QRW HDVLO\ EH GHDOW
ZLWK� 9DQ 9OHFN KDG UXQ LQWR VXFK SUREOHPV LQ KLV ZRUN RQ KHOLXP� 6LPLODU SUREOHPV
DURVH LQ PROHFXODU SK\VLFV� ZKHUH WKH GHWDLOV RI URWDWLRQDO DQG YLEUDWLRQDO PRWLRQ RI VSHFLILF
PRGHOV IRU YDULRXV PROHFXOHV KDG WR EH WDNHQ LQWR DFFRXQW� 7KH GHULYDWLRQ RI D IRUPXOD
IRU VXVFHSWLELOLW\ KLQJHV RQ GHWDLOHG FRQVLGHUDWLRQ RI URWDWLRQDO PRWLRQ� LQ SDUWLFXODU RQ WKH
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TXHVWLRQ RI KRZ WR TXDQWL]H DQJXODU PRPHQWXP� 8QOLNH PRGHUQ TXDQWXP PHFKDQLFV� WKH
ROG TXDQWXP WKHRU\ GLG QRW SURYLGH FOHDU LQVWUXFWLRQV RQ KRZ WR GR WKLV� $V D UHVXOW� DV 9DQ
9OHFN ZURWH LQ 3DUW , RI KLV ����±�� WULORJ\�

WKH ROG TXDQWXP WKHRU\ UHSODFHG WKH IDFWRU ͳȀ͵ >LQ WKH /DQJHYLQ�'HE\H IRUPXOD
���@ E\ D FRQVWDQW ܥ ZKRVH QXPHULFDO YDOXH GHSHQGHG UDWKHU FKDRWLFDOO\ RQ WKH
W\SH RI PRGHO HPSOR\HG� ZKHWKHU ZKROH RU KDOI TXDQWD ZHUH XVHG� ZKHWKHU WKHUH
ZDV ³ZHDN´ RU ³VWURQJ´ VSDFLDO TXDQWL]DWLRQ� HWF��� 7KLV UHSODFHPHQW RI ͳȀ͵ E\
ܥ FDXVHG DQ XQUHDVRQDEOH GLVFUHSDQF\ ZLWK WKH FODVVLFDO WKHRU\ DW KLJK WHPSHU�
DWXUHV� DQG LQ VRPH LQVWDQFHV WKH FRQVWDQW ܥ HYHQ KDG WKH ZURQJ VLJQ� �9DQ
9OHFN ����D� ����

7KH LVVXH RI µZHDN¶ RU µVWURQJ¶ TXDQWL]DWLRQ PHQWLRQHG LQ WKLV SDVVDJH KDV WR GR ZLWK
WKH TXHVWLRQ RI KRZ WR TXDQWL]H WKH XQSHUWXUEHG PRWLRQ LQ WKH ROG TXDQWXP WKHRU\� &RQVLGHU
D URWDWLQJ PROHFXOH� ,I D VWURQJ HQRXJK HOHFWULF ILHOG LV SUHVHQW� LW PDNHV VHQVH WR TXDQWL]H
WKH PROHFXOH¶V URWDWLRQ ZLWK UHVSHFW WR WKH GLUHFWLRQ RI WKH ILHOG� %XW KRZ WR TXDQWL]H LQ
WKH DEVHQFH RI DQ H[WHUQDO ILHOG" ,Q WKDW FDVH� WKHUH LV QR UHDVRQ WR DVVXPH D SUHIHUUHG
GLUHFWLRQ LQ VSDFH� DQG LW VHHPV DUELWUDU\ WR SUHFOXGH HQWLUH FODVVHV RI URWDWLRQDO VWDWHV� <HW
RQH KDG WR SURFHHG VRPHKRZ� 7ZR GLIIHUHQW NLQGV RI TXDQWL]DWLRQ FRXOG EH DVVXPHG �9DQ
9OHFN ����E� ����� ,Q WKH ILUVW� FDOOHG µVWURQJ VSDWLDO TXDQWL]DWLRQ�¶ URWDWLRQ ZDV DVVXPHG
WR EH TXDQWL]HG ZLWK UHVSHFW WR WKH ILHOG HYHQ ZKHQ WKHUH ZDV� DV \HW� QR ILHOG� ,Q WKH RWKHU�
FDOOHG µZHDN VSDWLDO TXDQWL]DWLRQ�¶ PROHFXOHV ZHUH DVVXPHG WR EH LQ VRPH LQWHUPHGLDWH VWDWH
EHWZHHQ µVWURQJ TXDQWL]DWLRQ¶ DQG D FODVVLFDO GLVWULEXWLRQ RI URWDWLRQDO VWDWHV��� 9DQ 9OHFN
KLJKOLJKWHG WKLV FRQFHSWXDO FRQXQGUXP�

6SDFLDO TXDQWL]DWLRQ FDQQRW EH HIIHFWLYH XQOHVV LW KDV VRPH D[LV RI UHIHUHQFH�
,Q WKH FDOFXODWLRQ RI 3DXOL DQG 3DXOLQJ >«@ WKH GLUHFWLRQ RI WKH HOHFWULF ILHOG LV
WDNHQ DV VXFK DQ D[LV >«@ >,@Q WKH DEVHQFH RI DOO H[WHUQDO ILHOGV >«@ WKHUH LV QR
UHDVRQ IRU FKRRVLQJ RQH GLUHFWLRQ LQ VSDFH UDWKHU WKDQ DQRWKHU IRU WKH D[LV RI
VSDFLDO TXDQWL]DWLRQ� �9DQ 9OHFN ����E� ����

:H QHHG WR WDNH D FORVHU ORRN DW WKHVH FDOFXODWLRQV E\ 3DXOL ������ DQG 3DXOLQJ
�����E�� 7KH\ FRQVLGHUHG WKH VSHFLDO FDVH LQ ZKLFK WKH ULJLG URWDWRU LV XVHG WR PRGHO
GLDWRPLF PROHFXOHV VXFK DV +&O� ,WV URWDWLRQDO VWDWHV DUH VSHFLILHG E\ WZR DQJXODU FRRUGL�
QDWHV� WKH SRODU FRRUGLQDWH ߴ DQG WKH D]LPXWKDO FRRUGLQDWH ߮� DQG WKHLU FRQMXJDWH DQJXODU
PRPHQWD ణ݌ DQG �ఝ݌ 7KH DQJOH ߴ LV PHDVXUHG IURP WKH �D[LVݖ FKRVHQ LQ WKH GLUHFWLRQ RI
WKH H[WHUQDO ILHOG ۳� 7KH +DPLOWRQLDQ IRU WKH V\VWHP LQ WKLV ILHOG LV�

ܪ ൌ ͳ
ܫʹ ቆ݌

ଶ
ణ ൅

ଶఝ݌
���ଶ ቇߴ െ ܧߤ ��� ǡߴ ������

ZKHUH ܫ LV WKH PROHFXOH¶V PRPHQW RI LQHUWLD �3DXOL ����� �������
,PSOLFLWO\ DVVXPLQJ VWURQJ VSDWLDO TXDQWL]DWLRQ� 3DXOL �LELG�� ���� TXDQWL]HG WKH DQJX�

ODU PRPHQWXP RI WKH ULJLG URWDWRU ZLWK UHVSHFW WR WKH GLUHFWLRQ RI WKH ILHOG� HYHQ ZKHQ WKH
��$W WKLV SRLQW D IRRWQRWH LV LQVHUWHG ZLWK UHIHUHQFHV WR 3DXOL ������ DQG 3DXOLQJ �����E��
��,Q 3DUW ,, RI KLV ����±�� WULORJ\� 9DQ 9OHFN �����E� ��� UHIHUUHG WR KLV 15& %XOOHWLQ IRU D GLVFXVVLRQ RI µZHDN¶
YHUVXV µVWURQJ¶ TXDQWL]DWLRQ �9DQ 9OHFN ����E� ����� ,Q WKH %XOOHWLQ WKH VDPH GLVWLQFWLRQ LV DOVR PDGH LQ WHUPV RI
µGLIIXVH¶ YHUVXV µVKDUS¶ TXDQWL]DWLRQ �LELG�� ���±�����
��3DXOL XVHG $ DQG ) DQG 3DXOLQJ XVHG , DQG ) IRU ZKDW LQ RXU QRWDWLRQ DUH , DQG (� UHVSHFWLYHO\�
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ILHOG KDG QRW EHHQ VZLWFKHG RQ \HW� .HHS LQ PLQG WKDW 3DXOL ZURWH WKLV SDSHU WKH \HDU EHIRUH
2WWR 6WHUQ DQG :DOWKHU *HUODFK SXEOLVKHG ZKDW DSSHDUHG WR EH VWURQJ HYLGHQFH IRU VSDWLDO
TXDQWL]DWLRQ �*HUODFK DQG 6WHUQ ������ :KHQ� LQ HDUO\ ����� 3DXOLQJ UHGLG 3DXOL¶V FDOFX�
ODWLRQ ZLWK KDOI UDWKHU WKDQ ZKROH TXDQWD� KH OLNHZLVH DVVXPHG VWURQJ VSDWLDO TXDQWL]DWLRQ�
EXW� XQOLNH 3DXOL� ZDV TXLWH H[SOLFLW DERXW LW DQG GHYRWHG WKH ILQDO VXEVHFWLRQ RI KLV SDSHU WR
D GLVFXVVLRQ RI WKH LVVXH RI VWURQJ YHUVXV ZHDN VSDWLDO TXDQWL]DWLRQ �3DXOLQJ ����E� �����

3DXOL ������ ���� ���� LQWURGXFHG WKH TXDQWLWLHV ܭ DQG �ܬ GHILQHG DV �D VXP RI� DFWLRQ
YDULDEOHV VXEMHFW WR 6RPPHUIHOG�:LOVRQ�W\SH TXDQWXP FRQGLWLRQV �FI� HT� ��� LQ VHF� �������

ܭ ؠ ර݌ణ݀ߴ ൅ ර݌ఝ݀߮ ൌ ݈݄ǡ ܬ ؠ ර݌ఝ݀߮ ൌ ఝ݌ߨʹ ൌ ݄݉Ǥ ������

3DXOLQJ �����E� ���� GLG QRW XVH WKH GHVLJQDWLRQV ܭ DQG ܬ IRU WKHVH TXDQWLWLHV DQG FKDQJHG
WKH ILUVW FRQGLWLRQ WR��

ර݌ణ݀ߴ ൅ ฬර݌ఝ݀߮ฬ ൌ ݈݄Ǥ ������

%RWK 3DXOL DQG 3DXOLQJ DFWXDOO\ XVHG ݉ LQVWHDG RI ݈ DQG ݊ LQVWHDG RI ݉� :H XVH ݈ DQG ݉
EHFDXVH LW WXUQV RXW WKDW WKHVH TXDQWXP FRQGLWLRQV ERLO GRZQ WR VHWWLQJ WKH QRUP DQG WKH
�FRPSRQHQWݖ RI WKH DQJXODU PRPHQWXP �ۺ ERWK DYHUDJHG RYHU SHULRGV RI ߴ DQG ߮� HTXDO WR
݈԰ DQG ݉԰� UHVSHFWLYHO\ �԰ ؠ ݄Ȁʹߨ�� 7KH UHDVRQ 3DXOLQJ PRGLILHG 3DXOL¶V ILUVW TXDQWXP
FRQGLWLRQ ZDV SUREDEO\ EHFDXVH KH UHDOL]HG WKDW ܮ FRXOG QHYHU EH VPDOOHU WKDQ �௭ܮ )RU WKH
SXUSRVHV RI UHFRQVWUXFWLQJ WKH FDOFXODWLRQ �FI� QRWH ���� WKH TXDQWXP FRQGLWLRQV �����±�����
FDQ EH UHSODFHG E\�

ܮ ൌ ݈԰ǡ ௭ܮ ൌ ݉԰Ǥ ������

3DXOL XVHG LQWHJHU TXDQWXP QXPEHUV� ZKLFK PHDQV WKDW ݈ ൌ ͳǡ ʹǡ ͵ǡ ǥ� 3DXOLQJ XVHG KDOI�
LQWHJHUV� ZKLFK PHDQV WKDW ݈ ൌ ଵ

ଶ ǡ ଷଶ ǡ ହଶ ǡ ǥ� ,Q ERWK FDVHV� ݉ UXQV IURP െ݈ WR ݈� 7KH VWDWH
݈ ൌ ݉ ൌ Ͳ ZDV IRUELGGHQ LQ WKH ROG TXDQWXP WKHRU\�

7KH HTXDWLRQV RQ WKH EODFNERDUG EHKLQG 9DQ 9OHFN LQ WKH SLFWXUH LQ ILJ� ����� PD\ VHUYH
DV D UHPLQGHU WKDW HYHQ WKLV VDQLWL]HG YHUVLRQ ������ RI WKH TXDQWXP FRQGLWLRQV �����±�����
LV QRW KRZ DQJXODU PRPHQWXP LV TXDQWL]HG LQ PRGHUQ TXDQWXP PHFKDQLFV��� 7KLV PRGHUQ
WUHDWPHQW RI DQJXODU PRPHQWXP XQGHUOLHV WKH FDOFXODWLRQV RI VXVFHSWLELOLWLHV E\ 0HQVLQJ
DQG 3DXOL ������� 9DQ 9OHFN �����D� DQG RWKHUV LQ WKH QHZ TXDQWXP WKHRU\� ,W LV SUHFLVHO\
EHFDXVH RI WKH GXELRXV ZD\ LQ ZKLFK LW TXDQWL]HG DQJXODU PRPHQWXPþWKH FRQGLWLRQV ������
LQ FRQMXQFWLRQ ZLWK VSDWLDO TXDQWL]DWLRQþWKDW WKH ROG TXDQWXP WKHRU\ FDPH WR JULHI LQ LWV
WUHDWPHQW RI VXVFHSWLELOLWLHV�

7R ILQG WKH VXVFHSWLELOLW\ RI D JDV RI ULJLG URWDWRUV LQ WKH ROG TXDQWXP WKHRU\� 3DXOL DQG
3DXOLQJ ILUVW FDOFXODWHG WKH WLPH DYHUDJH �LQGLFDWHG E\ WKH VLQJOH RYHUEDU� FI� VHF� ������ RI
WKH FRPSRQHQW RI WKH HOHFWULF PRPHQW LQ WKH GLUHFWLRQ RI ۳ LQ D SDUWLFXODU VWDWH RI WKH ULJLG
URWDWRU FKDUDFWHUL]HG E\ WKH TXDQWXP QXPEHUV ݈ DQG݉�

�ߤ�� ߴ ൌ ߤ
ܶ න

்

଴
��� ߴ ǡݐ݀ ������

��,Q D SUHOLPLQDU\ UHSRUW RQ KLV UHVXOWV� 3DXOLQJ �����D� ��� GLG QRW WDNH WKH DEVROXWH YDOXH RI ೛ക೏കׯ LQ WKLV
TXDQWXP FRQGLWLRQ�
��)RU D FRQFLVH PRGHUQ GLVFXVVLRQ RI DQJXODU PRPHQWXP LQ TXDQWXP PHFKDQLFV� VHH� H�J�� �%D\P ����� FKDS� ���
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ZKHUH ܶ LV WKH SHULRG RI URWDWLRQ� 6XEVWLWXWLQJ WKH FODVVLFDO HTXDWLRQ ణ݌ ൌ ሻݐȀ݀ߴሺ݀ܫ LQWR
WKH +DPLOWRQLDQ LQ HT� ������ DQG XVLQJ HT� ������ WR VHW ఝ݌ ൌ ݉԰� 3DXOL DQG 3DXOLQJ GHULYHG
DQ HTXDWLRQ UHODWLQJ ݐ݀ WR �ߴ݀

ݐ݀ ൌ ߴ݀ܫߨʹ

ඨͺߨଶܹܫ െ ݉ଶ݄ଶ
���ଶ ߴ ൅ ͺߨଶܧߤܫ ��� ߴ

ǡ ������

ZKHUHܹ� WKH YDOXH RIܪ� LV WKH WRWDO HQHUJ\ RI WKH PROHFXOH �3DXOL ����� ���� 3DXOLQJ ����E�
����� 8VLQJ HT� ������� 3DXOL DQG 3DXOLQJ FRXOG UHSODFH LQWHJUDWLRQ RYHU ݐ LQ HT� ������ E\
LQWHJUDWLRQ RYHU ߴ DW WKH FRVW RI D UDWKHU PRUH FRPSOLFDWHG H[SUHVVLRQ�

,Q WKH HYDOXDWLRQ RI ��� �ߴ D GLVWLQFWLRQ QHHGV WR EH PDGH EHWZHHQ WZR HQHUJ\ UHJLPHV
�3DXOL ����� ����� ,Q WKH ILUVW� WKH PROHFXOHV KDYH HQHUJLHV ܹ PXFK VPDOOHU WKDQ �ܧߤ
WKH HQHUJ\ RI WKH LQWHUDFWLRQ EHWZHHQ WKH HOHFWULF PRPHQW DQG WKH ILHOG� ,Q WKH VHFRQG�
ܹ LV PXFK ODUJHU WKDQ �ܧߤ 7KH FDOFXODWLRQV RI 3DXOL DQG 3DXOLQJ RQO\ DSSO\ WR WKH ODWWHU
ܹ ൐൐ ܧߤ UHJLPH� ,Q WKDW FDVH� ZH FDQ WDNH ܧߤ WR EH D VPDOO SHUWXUEDWLRQ RI D SXUHO\ URWD�
WLRQDO +DPLOWRQLDQ DQG H[SDQG WKH GHQRPLQDWRU RQ WKH ULJKW�KDQG VLGH RI HT� ������ LQ WKH
VPDOO GLPHQVLRQOHVV SDUDPHWHU �Ȁܹܧߤ NHHSLQJ RQO\ ILUVW�RUGHU WHUPV�

3DXOL ������ ���� DQG 3DXOLQJ �����E� ���� HYHQWXDOO\ DUULYHG DW�

��� ߴ ൌ ܫܧߤ
ʹ԰ଶ݈ଶ ቆ

͵݉ଶ

݈ଶ െ ͳቇ Ǥ ������

7KH UDWLR ሺ݉ଶȀ݈ଶሻ RQ WKH ULJKW�KDQG VLGH FRUUHVSRQGV WR WKH WLPH DYHUDJH ሺܮ௭Ȁܮሻଶ ൌ ���ଶ ߴ
IRU WKH XQSHUWXUEHG V\VWHP� ,Q WKH FODVVLFDO WKHRU\��� EXW QRW LQ WKH ROG TXDQWXP WKHRU\� WKH

HQVHPEOH DYHUDJH� ���ଶ �ߴ RI WKLV WLPH DYHUDJH� ���ଶ ߴ �ERWK IRU WKH XQSHUWXUEHG V\VWHP�
LV HTXDO WR ͳȀ͵� 7KLV LV WKH VDPH SRLQW WKDW 9DQ 9OHFN �����E� ��±��� PDGH LQ RQH RI WKH

SDVVDJHV ZH TXRWHG LQ VHF� �������� ଶ௭݌ ൌ ଵ
ଷ ଶ݌ �VHH HT� ������ ,W WKXV IROORZV IURP WKH

FODVVLFDO FRXQWHUSDUW RI HT� ������ �VHH QRWH ��� WKDW WKH HQVHPEOH DYHUDJH� ��� �ߴ RI WKH WLPH
DYHUDJH� ��� ߴ �QRZ ERWK IRU WKH SHUWXUEHG V\VWHP� YDQLVKHV�

$FFRUGLQJ WR WKH FODVVLFDO WKHRU\� LQ RWKHU ZRUGV� WKHUH LV QR FRQWULEXWLRQ WR WKH VXV�
FHSWLELOLW\ DW DOO IURP PROHFXOHV LQ WKH HQHUJ\ UHJLPH ܹ ൐൐ ܧߤ IRU ZKLFK WKH FODVVLFDO
FRXQWHUSDUW RI HT� ������ �VHH QRWH ��� ZDV GHULYHG� $V 3DXOL ������ ���� QRWHG� WKLV ILWV
ZLWK WKH FRQFOXVLRQ GUDZQ HDUOLHU E\ $OH[DQGURZ ������� WKDW LW LV RQO\ WKH PROHFXOHV LQ WKH
ORZHVW HQHUJ\ VWDWHV WKDW FRQWULEXWH WR WKH VXVFHSWLELOLW\� 3DXOL DOVR QRWHG� KRZHYHU� WKDW WKH
ORZHVW HQHUJ\ VWDWH LQ WKH ROG TXDQWXP WKHRU\ ሺ݈ ൌ ݉ ൌ Ͳሻ LV IRUELGGHQ� ,Q WKH ROG TXDQ�
WXP WKHRU\� ZH WKXV KDYH WKH SDUDGR[LFDO VLWXDWLRQ WKDW WKHUH DUH ³RQO\ VXFK RUELWV SUHVHQW
WKDW DFFRUGLQJ WR WKH FODVVLFDO WKHRU\ GR QRW JLYH D VL]DEOH FRQWULEXWLRQ WR WKH HOHFWULFDO
SRODUL]DWLRQ´ �3DXOL ����� ���� HPSKDVLV LQ WKH RULJLQDO��

��3DXOL ������ VHF� �� ���±����� LQ IDFW� ILUVW VKRZHG WKDW� LQ FODVVLFDO WKHRU\� ౙ౥౩ഛ స ሺഋಶ಺Ȁమಽమሻሺయಽమ೥Ȁಽమ ష భሻ �LQ
RXU QRWDWLRQ� ZKHUH WKH RYHUEDUV RQ WKH OHIW� DQG WKH ULJKW�KDQG VLGHV UHIHU WR WLPH DYHUDJHV IRU WKH SHUWXUEHG DQG
WKH XQSHUWXUEHG V\VWHP� UHVSHFWLYHO\�� +H WKHQ VHW ಽ స ೗԰ DQG ಽ೥ స ೘԰ �FI� HT� ����� WR WXUQ WKLV FODVVLFDO HTXDWLRQ
LQWR HT� ������ LQ WKH ROG TXDQWXP WKHRU\�
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3DXOL ZHQW RQ WR VKRZ WKDW� FRQWUDU\ WR WKH VLWXDWLRQ LQ WKH FODVVLFDO WKHRU\� WKH HQVHPEOH

DYHUDJH� ��� �ߴ RI WKH WLPH DYHUDJH� ��� �ߴ JLYHQ E\ HT� ������ GRHV QRW YDQLVK LQ WKH ROG
TXDQWXP WKHRU\ �ZKHUH ERWK DYHUDJHV DUH IRU WKH SHUWXUEHG V\VWHP�� +HQFH� KH FRQFOXGHG�
LQ WKH ROG TXDQWXP WKHRU\ WKH VXVFHSWLELOLW\ GRHV QRW FRPH IURPPROHFXOHV LQ WKH ORZ HQHUJ\
VWDWHV EXW IURP WKRVH LQ WKH KLJK HQHUJ\ VWDWHV RI WKHܹ ൐൐ ܧߤ UHJLPH LQ ZKLFK HT� ������
KROGV� ,W WKHUHIRUH VKRXOG QRW VXUSULVH XV� 3DXOL DUJXHG� WKDW WKH ROG TXDQWXP WKHRU\ GRHV QRW
UHSURGXFH WKH IDFWRU ͳȀ͵ RI WKH /DQJHYLQ�'HE\H IRUPXOD �3DXOL ����� �����

%HIRUH FDOFXODWLQJ ��� �ߴ 3DXOL UHZURWH WKH IDFWRU PXOWLSO\LQJ WKH H[SUHVVLRQ LQ SDUHQ�
WKHVHV LQ HT� ������� (OHPHQWDU\ 1HZWRQLDQ PHFKDQLFV DQG WKH TXDQWXP FRQGLWLRQ� ଶܮ ൌ
԰ଶ݈ଶ� WHOO XV WKDW WKH HQHUJ\ ଴ܹ RI WKH PROHFXOH LQ WKH DEVHQFH RI WKH ILHOG LV JLYHQ E\���

଴ܹ ൌ
԰ଶ݈ଶ
ܫʹ Ǥ ������

7KLV HQHUJ\� LQ WXUQ� FDQ EH H[SUHVVHG LQ WHUPV RI D QHZ TXDQWLW\ ߪ �3DXOL ����� �����

ߪ ؠ ԰ଶ
ܶ݇ܫʹ ൌ ȣ

ܶ ǡ ������

ZKHUH ȣ LV D ³WHPSHUDWXUH FKDUDFWHULVWLF IRU WKH TXDQWXP GURS LQ VSHFLILF KHDW DVVRFLDWHG
ZLWK WKH URWDWLRQDO GHJUHH RI IUHHGRP´ �LELG��� &RPELQLQJ HTV� ������ DQG ������� ZH VHH WKDW

଴ܹ ൌ ଶǤ݈ܶ݇ߪ ������

)URP HTV� ������ DQG ������� LW IROORZV WKDW Ȁሺʹ԰ଶ݈ଶሻܫ ൌ ͳȀሺͶ ଴ܹሻ ൌ ͳȀሺͶ݈ܶ݇ߪଶ�� 8VLQJ
WKLV UHODWLRQ� ZH FDQ UHZULWH HT� ������ DV�

��� ߴ ൌ ܧߤ
Ͷ݈ܶ݇ߪଶ ቆ

͵݉ଶ

݈ଶ െ ͳቇ Ǥ ������

7KH HQVHPEOH DYHUDJH RI ��� ߴ LV JLYHQ E\ �3DXOL ����� �����

��� ߴ ൌ σ௟வ଴ σ௠ ��� ߴ ݁ିௐబȀ௞்

σ௟வ଴ σ௠ ݁ିௐబȀ௞் ǡ ������

ZKHUH ZH XVHG WKDW� LQ WKH ܹ ൐൐ ܧߤ UHJLPH� ܹ FDQ EH UHSODFHG E\ ଴ܹ LQ WKH %ROW]PDQQ
IDFWRUV� ,QVHUWLQJ HT� ������ IRU ��� ߴ DQG XVLQJ HT� ������ IRU ଴ܹ� ZH DUULYH DW�

��� ߴ ൌ ܧߤ
Ͷܶ݇ߪ

σ௟வ଴ σ௠
ͳ
݈ଶ ቆ

͵݉ଶ

݈ଶ െ ͳቇ ݁ିఙ௟మ

σ௟வ଴ σ௠ ݁ିఙ௟మ ������

�3DXOL ����� ���� 3DXOLQJ ����E� ����� (YDOXDWLQJ WKHVH VXPV IRU LQWHJHU DQG KDOI�LQWHJHU
TXDQWXP QXPEHUV� UHVSHFWLYHO\� DQG PXOWLSO\LQJ E\ �ߤܰ ERWK 3DXOL ������ ���� DQG
3DXOLQJ �����E� ���±���� DUULYHG DW DQ H[SUHVVLRQ RI WKH JHQHUDO IRUP Ȁ݇ܶሻߤሺܰܥ IRU WKH
��8VLQJ WKDW ಽ స ಺ഘ �ZLWKഘ WKH DQJXODU IUHTXHQF\�� ZH FDQ UHZULWH WKH URWDWLRQDO HQHUJ\ೈబ స భ

మ ಺ഘమ DVೈబ స ಽమȀమ಺�
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WHPSHUDWXUH�GHSHQGHQW WHUP LQ WKH IRUPXOD IRU HOHFWULF VXVFHSWLELOLWLHV� 8VLQJ ZKROH TXDQWD�
3DXOL IRXQG ܥ ൌ ͳǤͷ͵͸͹� ZKLFK LV ��� WLPHV WKH FODVVLFDO YDOXH RI ͳȀ͵� +DOI�TXDQWDþILUVW
LQWURGXFHG� DW (LQVWHLQ¶V VXJJHVWLRQ� E\ 5HLFKH LQ ���� �*HDUKDUW ����� ����þW\SLFDOO\
OHG WR EHWWHU DJUHHPHQW ZLWK WKH GDWD LQ WKH ROG TXDQWXP WKHRU\� ,Q WKLV FDVH� KRZHYHU�
LW GLG QRW KHOS PDWWHUV DW DOO �VHH QRWH �� IRU DQ H[SODQDWLRQ�� 3DXOLQJ IRXQG HYHQ PRUH
WURXEOLQJ GHSDUWXUHV IURP ܥ ൌ ͳȀ͵ ZLWK KDOI�TXDQWD WKDQ 3DXOL KDG ZLWK ZKROH TXDQWD�
)RU ORZ WHPSHUDWXUHV �ܶ ൎ ȣ�� 3DXOLQJ FDOFXODWHG ܥ WR EH ͳǤͷ͹ͺ� ,Q KLV WKHRU\� KRZHYHU�
ܥ LQFUHDVHV ZLWK WHPSHUDWXUH DQG LQ WKH OLPLW RI ܶ ൐൐ ȣ �D OLPLW LQ ZKLFK KLV FDOFXODWLRQ
VKRXOG KDYH EHHQ HQWLUHO\ YDOLG� WDNHV RQ WKH YDOXH ͶǤͷ͹Ͳ� RYHU ͳ͵ WLPHV WKH FODVVLFDO YDOXH�
$V ZH VDZ LQ VHF� �������� UHOLDEOH H[SHULPHQWDO GDWD WR UXOH RXW YDOXHV RWKHU WKDQ ܥ ൌ ͳȀ͵
RQO\ EHFDPH DYDLODEOH DIWHU 3DXOLQJ¶V SDSHU ZDV SXEOLVKHG� EXW LW FHUWDLQO\ ZDV RGG WKDW ܥ
ZRXOG LQFUHDVH ZLWK WHPSHUDWXUH LQ WKLV ZD\�

$V ZH PHQWLRQHG LQ VHF� ������ 3DXOL UHYLVLWHG WKH SUREOHP RI WKH VXVFHSWLELOLW\ LQ GL�
DWRPLF GLSROH JDVHV� VXFK DV +&O� VKRUWO\ DIWHU WKH DGYHQW RI PDWUL[ PHFKDQLFV LQ D SDSHU
KH FR�DXWKRUHG ZLWK /XF\ 0HQVLQJ� 0HQVLQJ KDG MXVW REWDLQHG KHU GRFWRUDWH LQ +DPEXUJ�
ZKHUH :LOKHOP /HQ] DQG 3DXOL KDG EHHQ KHU DGYLVRUV� 6KH ZDV QRZ ZRUNLQJ DV D SRVW�
GRF ZLWK %RUQ DQG -RUGDQ LQ *|WWLQJHQ �0HKUD DQG 5HFKHQEHUJ ����D� ����� ,Q DQ HDUOLHU
SDSHU� 0HQVLQJ ������ KDG DOUHDG\ DSSOLHG WKH QHZ PDWUL[ PHFKDQLFV WR WKH ULJLG URWDWRU�
WDNLQJ WKH WUHDWPHQW RI DQJXODU PRPHQWXP LQ WKH 'UHLPlQQHUDUEHLW �%RUQ� +HLVHQEHUJ� DQG
-RUGDQ ����� FKDS� �� VHF� �� DV KHU SRLQW RI GHSDUWXUH��� ,QVWHDG RI WKH DG KRF TXDQWL]D�
WLRQ FRQGLWLRQV LQ HTV� �����±�� ��� WKDW 3DXOL DQG 3DXOLQJ KDG XVHG HDUOLHU� 0HQVLQJ DQG
3DXOL ������ EDVHG WKHLU FDOFXODWLRQ RQ TXDQWXP FRQGLWLRQV IRU WKH DQJXODU PRPHQWXP RI
WKH ULJLG URWDWRU V\VWHPDWLFDOO\ GHULYHG IURP WKH IXQGDPHQWDO SULQFLSOHV RI WKH QHZ WKHRU\�
9DQ 9OHFN �����D� GLG WKH VDPH LQ KLV QRWH RQ VXVFHSWLELOLWLHV LQ 1DWXUH �VHH VHF� ����� FLWLQJ
ERWK 0HQVLQJ ������ DQG 'HQQLVRQ ������ IRU WKH ³PDWULFHV RI WKH URWDWLQJ GLSROH´ ������

7KH QHZ WKHRU\ UHSODFHG HTV� �����±����� IRU WKH TXDQWL]DWLRQ RI WKH ULJLG URWDWRU¶V DQ�
JXODU PRPHQWXP IURP WKH ROG TXDQWXP WKHRU\ ZLWK UHODWLRQV IDPLOLDU WR WKHPRGHUQ UHDGHU���

ଶܮ ൌ ݈ሺ݈ ൅ ͳሻ԰ଶǡ ௭ܮ ൌ ݉԰ǡ ������

ZKHUH ݈ ൌ Ͳǡ ͳǡ ǥ DQG െ݈ ൑ ݉ ൑ ݈ �VHH� H�J�� 0HQVLQJ ����� ����� (T� ������ IRU WKH
PROHFXOH¶V URWDWLRQDO HQHUJ\ ଴ܹ LQ WKH DEVHQFH RI D ILHOG DFFRUGLQJO\ FKDQJHV WR �0HQVLQJ
DQG 3DXOL ����� �������

଴ܹ ൌ
԰ଶ
ܫʹ ݈ሺ݈ ൅ ͳሻ ൌ ԰ଶ

ܫʹ ቂሺ݈ ൅
ଵ
ଶሻଶ െ ଵ

ସቃ Ǥ ������

+HQFH� XS WR DQ DGGLWLYH FRQVWDQW� WKH HQHUJ\ LV JLYHQ E\ VTXDUHV RI KDOI�LQWHJHUV UDWKHU WKDQ
LQWHJHUV� DV 3DXOL KDG DVVXPHG LQ ����� ,Q WKLV UHVSHFW� PDWUL[ PHFKDQLFV WKXV YLQGLFDWHG
3DXOLQJ¶V XVH RI KDOI�TXDQWD �LELG�� �����

��6HH �&DVVLG\ ����� IRU GLVFXVVLRQ RI WKLV SDSHU�
��:H ZLOO FRQWLQXH WR XVH WKH OHWWHU ೗ HYHQ WKRXJK 0HQVLQJ ������� 0HQVLQJ DQG 3DXOL ������ DQG 9DQ 9OHFN
�����E� VHF� ��� ���±���� VHH VHF� ����� EHORZ� DOO XVHG ೕ LQVWHDG� 7R D PRGHUQ UHDGHU� WKH OHWWHU ೕ PD\ VXJJHVW
D FRPELQDWLRQ RI RUELWDO DQJXODU PRPHQWXP DQG VSLQ� ZKHUHDV LQ WKH FDVH RI WKH ULJLG URWDWRU ZH RQO\ KDYH WKH
IRUPHU� ۺ స ܠ ൈ �ܘ
��*HDUKDUW ������ ���� GLVFXVVHV WKLV VDPH IRUPXOD LQ WKH FRQWH[W RI ZRUN RQ WKH VSHFLILF KHDW RI K\GURJHQ DQG
ZRUN RQ PROHFXODU VSHFWUD LQ WKH HDUO\ ����V� ZKLFK OLNHZLVH LQYROYHG URWDWLQJ GXPEEHOOV DQG KDOI�TXDQWD �FI� QRWH
����
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0HQVLQJ DQG 3DXOL QRZ FRQVLGHUHG WKH DYHUDJH YDOXH ௭ߤ ൌ ߤ ��� ߴ RI WKH FRPSRQHQW
RI WKH GLSROH PRPHQW RI WKH PROHFXOH LQ WKH GLUHFWLRQ RI WKH ILHOG �FI� HT� ������ 7KH\ ZURWH
WKLV LQ WKH IRUP

௭ߤ ൌ Ǥܧሺ݈ǡ݉ሻߙ ������

,Q WKH ROG TXDQWXP WKHRU\� ሺ݈ǡ݉ሻߙ ZRXOG EH JLYHQ E\ ሺߤȀܧሻ WLPHV WKH H[SUHVVLRQ RQ WKH
ULJKW�KDQG VLGH RI HT� ������ IRU ��� �ߴ ,Q WKH QHZ TXDQWXP WKHRU\� ሺ݈ǡ݉ሻߙ LV JLYHQ E\

ܫଶߤʹ
͵԰ଶ ǡ

ܫଶߤʹ
԰ଶ

ͳ
ሺʹ݈ െ ͳሻሺʹ݈ ൅ ͵ሻ ቊ

͵݉ଶ

݈ሺ݈ ൅ ͳሻ െ ͳቋ ǡ ������

IRU ݈ ൌ Ͳ DQG ݈ ് Ͳ� UHVSHFWLYHO\ �LELG�� �������
7KHVH UHVXOWV FDQ EH XVHG WR FDOFXODWH WKH HQVHPEOH DYHUDJH ௭ߤ �FI� HTV� ����±���� IRU

��� ߴ LQ WKH ROG TXDQWXP WKHRU\�� 6HWWLQJ ܹ ൌ ଴ܹ LQ WKH %ROW]PDQQ IDFWRUV� DV LQ 3DXOL¶V
HDUOLHU FDOFXODWLRQ �VHH HT� �������� ZH ILQG

௭ߤ ൌ
σ௟ σ௠ ௭ߤ ݁ିௐబȀ௞்

σ௟ σ௠ ݁ିௐబȀ௞் ൌ σ௟ܧ σ௠ ሺ݈ǡ݉ሻ݁ିఙ௟ሺ௟ାଵሻߙ
σ௟ሺʹ݈ ൅ ͳሻ݁ିఙ௟ሺ௟ାଵሻ ǡ ������

ZKHUH� LQ WKH VHFRQG VWHS� ZH XVHG WKH UHODWLRQ ଴ܹ ൌ ሺ݈݈ܶ݇ߪ ൅ ͳሻ� WKH DQDORJXH LQ WKH QHZ
WKHRU\ RI WKH UHODWLRQ ଴ܹ ൌ ଶ݈ܶ݇ߪ LQ WKH ROG RQH �VHH HT� ������ DQG HYDOXDWHG WKH VXP RYHU
݉ LQ WKH GHQRPLQDWRU �LELG�� �����

:KHQ HT� ������ IRU ሺ݈ǡ݉ሻߙ LV VXEVWLWXWHG LQWR HT� ������ ZH ILQG WKDW RQO\ WKH ሺ݈ ൌ Ͳሻ�
WHUP LQ WKH VXP RYHU ݈ LQ WKH QXPHUDWRU FRQWULEXWHV WR ௭ߤ �LELG�� ������� 7KH FRQWULEXWLRQV
FRPLQJ IURP ݈ ് Ͳ FDQ EH ZULWWHQ DV�

௭ߤ ൌ
Ȁ԰ଶܫଶߤܧʹ

σ௟ሺʹ݈ ൅ ͳሻ݁ିఙ௟ሺ௟ାଵሻ ෍௟ஷ଴
ቌ ݁ିఙ௟ሺ௟ାଵሻ
ሺʹ݈ െ ͳሻሺʹ݈ ൅ ͵ሻ ෍௠

ቊ ͵݉ଶ

݈ሺ݈ ൅ ͳሻ െ ͳቋቍ Ǥ ������

7KH ZHOO�NQRZQ VXP�RI�VTXDUHV IRUPXOD WHOOV XV WKDW

͵
௟
෍
௠ୀି௟

݉ଶ ൌ ͸
௟
෍
௠ୀଵ

݉ଶ ൌ ݈ሺ݈ ൅ ͳሻሺʹ݈ ൅ ͳሻǤ ������

��1RWH WKDW� IRU ೗ ಭಭ భ� WKH VHFRQG H[SUHVVLRQ LQ HT� ������ UHGXFHV WR ሺഋȀಶሻ WLPHV RQ WKH ULJKW�KDQG VLGH RI HT�
������� WKH FRUUHVSRQGLQJ H[SUHVVLRQ LQ WKH ROG TXDQWXP WKHRU\� ,Q VHF� �������� ZH ZLOO FRYHU WKH FRUUHVSRQGLQJ
VWHS LQ 9DQ 9OHFN¶V �����E� ���±���� FDOFXODWLRQ IRU WKH ULJLG URWDWRU LQ PRUH GHWDLO�
��$V ZH ZLOO VHH LQ VHF� �������� 9DQ 9OHFN �����E� ���� ZDV PRUH FDUHIXO ZLWK WKHVH %ROW]PDQQ IDFWRUV�
��:KHUHDV WKH VXP LQ HT� ������ IRU WKH QHZ TXDQWXP WKHRU\ YDQLVKHV� WKH FRUUHVSRQGLQJ VXP LQ HT� ������ IRU WKH
ROG TXDQWXP WKHRU\ �LQ ZKLFK ೗ స బ LV IRUELGGHQ� GRHV QRW� ,W LV EHFDXVH RI WKLV NH\ GLIIHUHQFH EHWZHHQ WKH FDOFXODWLRQ
EDVHG RQ WKH PRGHUQ TXDQWXP FRQGLWLRQV ������ DQG WKH FDOFXODWLRQ EDVHG RQ WKH ROG TXDQWXP FRQGLWLRQV ������
WKDW WKH VZLWFK IURP ZKROH WR KDOI TXDQWD GLG QRWKLQJ WR EULQJ WKH YDOXH IRU WKH HOHFWULF VXVFHSWLELOLW\ FORVHU WR ZKDW
ZH QRZ NQRZ WR EH WKH HPSLULFDOO\ FRUUHFW RQH�
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8VLQJ WKLV IRUPXOD WR HYDOXDWH WKH VXP RYHU݉ LQ HT� ������ IRU DQ\ IL[HG QRQ�]HUR YDOXH RI
݈� ZH ILQG���

෍
௠
ቊ ͵݉ଶ

݈ሺ݈ ൅ ͳሻ െ ͳቋ ൌ ͵σ௠ ݉ଶ

݈ሺ݈ ൅ ͳሻ െ ሺʹ݈ ൅ ͳሻ ൌ ͲǤ ������

7KLV VKRZV WKDW QRQH RI WKH ሺ݈ ് Ͳሻ�WHUPV LQ WKH VXP RYHU ݈ LQ WKH QXPHUDWRU RI HT� ������
FRQWULEXWH WR �௭ߤ $V 0HQVLQJ DQG 3DXOL ������ FRPPHQWHG ZLWK REYLRXV UHOLHI� ³2QO\ WKH
PROHFXOHV LQ WKH ORZHVW VWDWH >݈ ൌ Ͳ@ ZLOO WKHUHIRUH JLYH D FRQWULEXWLRQ WR WKH WHPSHUDWXUH�
GHSHQGHQW SDUW RI WKH GLHOHFWULF FRQVWDQW´ ����� HPSKDVLV LQ WKH RULJLQDO�� 7KH QHZ TXDQWXP
WKHRU\ WKXV UHYHUWHG WR WKH FODVVLFDO WKHRU\ LQ WKLV UHVSHFW���

6XEVWLWXWLQJ HT� ������ IRU ሺͲǡ݉ሻߙ LQWR HT� ������� ZH ILQG WKDW

௭ߤ ൌ
ܧܫଶߤʹ
͵԰ଶ

ͳ
σ௟ሺʹ݈ ൅ ͳሻ݁ିఙ௟ሺ௟ାଵሻ Ǥ ������

8VLQJ WKH UHODWLRQ߯ ൌ ሺܰȀܧሻߤ௭ �VHH HT� ����� LQ FRPELQDWLRQZLWK WKH H[SUHVVLRQܰߤܥଶȀ݇ܶ
IRU WKH WHPSHUDWXUH�GHSHQGHQW WHUP LQ ߯ �VHH HT� ����� ZH FDQ ZULWH ܥ DV�

ܥ ൌ ݇ܶ
௭Ǥߤܧଶߤ ������

,QVHUWLQJ HT� ������ IRU ௭ߤ DQG XVLQJ WKDW ߪ ؠ ԰ଶȀʹܶ݇ܫ �VHH HT� ������ ZH ILQG�

ܥ ൌ ͳ
݈ʹσ௟ሺߪ͵ ൅ ͳሻ݁ିఙ௟ሺ௟ାଵሻ Ǥ ������

)RU VXIILFLHQWO\ KLJK WHPSHUDWXUHV� ݈ ൎ ݈ ൅ ͳ LQ PRVW WHUPV RI WKH VXP RYHU WKH ݈ LQ WKH
GHQRPLQDWRU� DQG WKH VXP FDQ EH UHSODFHG E\ DQ LQWHJUDO�

෍
௟
ሺʹ݈ ൅ ͳሻ݁ିఙ௟ሺ௟ାଵሻ ൎ න

ஶ

଴
ʹ݈ ݁ିఙ௟మ ݈݀ ൌ ͳ

ߪ ǡ ������

LQ ZKLFK FDVH ܥ ൌ ͳȀ͵� 0HQVLQJ DQG 3DXOL FRQFOXGHG�

��7KH HUURU LQ WKH SDSHU E\ 3DXOLQJ �����E� SRLQWHG RXW E\ 9DQ 9OHFN �VHH QRWH ��� RFFXUUHG LQ D VXPPDWLRQ MXVW
OLNH WKH RQH LQ HT� ������� 3DXOLQJ FRQVLGHUHG WKH VXP

೙స೘ష భ
మ

෍
೙సష೘శ భ

మ

ቆ య೙మ
మ೘మ ష భ

మ ቇ Ǥ

,Q WKH OHWWHU FLWHG LQ QRWH ��� 9DQ 9OHFN FRPPHQWHG� ³, WKLQN WKH HUURU UHVXOWHG IURP FRXQWLQJ WKH WHUP షభ
మ RQO\

RQFH LQVWHDG RI మೝ ష భ WLPHV LQ WKH VXPPDWLRQ�´
��,Q KLV QRWH RQ VXVFHSWLELOLWLHV LQ 1DWXUH� 9DQ 9OHFN �����D� ���� PDGH WKH VDPH SRLQW� ³7KH UHPDUNDEOH UHVXOW LV
REWDLQHG WKDW RQO\ PROHFXOHV LQ WKH VWDWH >೗ స బ@ RI ORZHVW URWDWLRQDO HQHUJ\ PDNH D FRQWULEXWLRQ WR WKH SRODULVDWLRQ�
7KLV FRUUHVSRQGV YHU\ EHDXWLIXOO\ WR WKH IDFW WKDW LQ WKH FODVVLFDO WKHRU\ RQO\ PROHFXOHV ZLWK HQHUJ\ OHVV WKDQ >ഋಶ@
FRQWULEXWH WR WKH SRODULVDWLRQ�´ /LNH 3DXOL ������ ����� 9DQ 9OHFN �����D� FLWHG $OH[DQGURZ ������ IRU WKLV UHVXOW
LQ WKH FODVVLFDO WKHRU\� 6R GLG .URQLJ �����D� ����� ZKR DOVR GUHZ DWWHQWLRQ WR WKLV DQDORJ\ EHWZHHQ FODVVLFDO WKHRU\
DQG TXDQWXP PHFKDQLFV�
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7KLV UHVXOW LV FRPSOHWHO\ RSSRVLWH WR WKH UHVXOWV WKDW ZHUH REWDLQHG RQ WKH ED�
VLV RI WKH HDUOLHU TXDQWXP WKHRU\ RI SHULRGLF V\VWHPV DFFRUGLQJ WR ZKLFK WKH
FRHIILFLHQW ܥ >«@ VKRXOG KDYH D QXPHULFDO YDOXH VXEVWDQWLDOO\ GLIIHUHQW IURP
ͳȀ͵ HYHQ LQ WKH OLPLWLQJ FDVH RI KLJK WHPSHUDWXUHV��� 7KLV VKRZV WKDW KHUH� DV
LQ PDQ\ RWKHU FDVHV� WKH QHZ TXDQWXP PHFKDQLFV IROORZV FODVVLFDO PHFKDQLFV
PRUH FORVHO\ WKDQ WKH HDUOLHU TXDQWXP WKHRU\ ZKHQ LW FRPHV WR VWDWLVWLFDO DYHU�
DJHV� �0HQVLQJ DQG 3DXOL ����� ����

$QG WKXV 0HQVLQJ DQG 3DXOL UHFRYHUHG WKH .XKQ ORVV LQ VXVFHSWLELOLW\ WKHRU\� DW OHDVW IRU
WKH VSHFLDO FDVH RI D JDV FRQVLVWLQJ RI URWDWLQJ GXPEEHOOV� 7KHVH DXWKRUV� KRZHYHU� GLG QRW
H[SODLQ KRZ WKH QHZ FDOFXODWLRQ JHWV DURXQG WKH FKRLFH RI D SUHIHUUHG D[LV RI TXDQWL]DWLRQ�
0HQVLQJ DQG 3DXOL� LQ RWKHU ZRUGV� DYRLGHG WKH WKRUQ\ SUREOHP RI VSDWLDO TXDQWL]DWLRQ� $V
ZH ZLOO VHH LQ VHF� �������� WKH VROXWLRQ WR WKDW SUREOHP ERLOV GRZQ WR WKH SURRI WKDW WKH VXP
σ௠݉ଶ� DQG WKHUHE\ WKH YDQLVKLQJ RI HT� ������� GRHV QRW GHSHQG RQ WKH FKRLFH RI WKH �D[LVݖ
IRU WKH TXDQWL]DWLRQ RI �௭ܮ 9DQ 9OHFN DOUHDG\ LQGLFDWHG WKLV LQ KLV EULHI QRWH LQ 1DWXUH LQ
����� 7UDQVODWHG LQWR RXU QRWDWLRQ� KH ZURWH�

7KH DYHUDJH YDOXH RI ଶ௭ܮ LV WKHQ
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݉ଶ԰ଶ ൌ ଵ
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ଷܮଶǡ

ZKLFK LV REYLRXVO\ WKH VDPH UHVXOW DV ZLWK UDQGRP RULHQWDWLRQV��� �9DQ 9OHFN
����D� ����

1RWH WKDW WKLV UHODWLRQ GRHV QRW KROG LI WKH TXDQWXP�PHFKDQLFDO UHODWLRQ ଶܮ ൌ ݈ሺ݈ ൅ ͳሻ԰ଶ
LV UHSODFHG E\ WKH UHODWLRQ ଶܮ ൌ ݈ଶ԰ଶ RI WKH ROG TXDQWXP WKHRU\ �VHH HT� ������ 7KLV LV RQH
ZD\ WR XQGHUVWDQG WKH GLIILFXOWLHV WKH ROG TXDQWXP WKHRU\ UDQ LQWR ZLWK VXVFHSWLELOLWLHV� ,Q
TXDQWXP PHFKDQLFV� ଶܮଶ௭Ȁܮ ൌ ͵݉ଶȀ݈ሺ݈ ൅ ͳሻ� ,Q WKDW FDVH� WKH VXP�RI�VTXDUHV IRUPXOD WHOOV

XV WKDW WKH HQVHPEOH DYHUDJH ଶܮଶ௭Ȁܮ ൌ ͳȀ͵ �VHH HTV� ����±������ ,Q WKH ROG TXDQWXP WKHRU\�

ଶܮଶ௭Ȁܮ ൌ ͵݉ଶȀ݈ଶ DQG ଶܮଶ௭Ȁܮ ് ͳȀ͵ �VHH HTV� ����±������
,Q VXEVHTXHQW SXEOLFDWLRQV� 9DQ 9OHFN �����D� ����E� H[SODLQHG LQ PRUH GHWDLO� DQG

ZLWK JUHDWHU JHQHUDOLW\� KRZ WKH QHZ TXDQWXP WKHRU\ GLVSHQVHG ZLWK WKH QHHG IRU VSDWLDO
TXDQWL]DWLRQ� 7KLV LV SUHFLVHO\ ZKDW LV SURYLGHG E\ WKH HOXVLYH QRWLRQ RI ³VSHFWURVFRSLF
VWDELOLW\´ �FI� WKH TXRWDWLRQV LQ VHF� ������� %HFDXVH RI WKLV JHQHUDO SURSHUW\ RI TXDQWXP
PHFKDQLFV� 9DQ 9OHFN VKRZHG� LW LV WUXH IRU D EURDG FODVV RI PRGHOV DQG UHJDUGOHVV RI WKH
D[LV DORQJ ZKLFK RQH FKRRVHV WR TXDQWL]H WKDW WKH RQO\ FRQWULEXWLRQ WR WKH VXVFHSWLELOLW\
FRPHV IURP WKH ORZHVW HQHUJ\ VWDWHV �WKH WHUP ݈ ൌ Ͳ LQ HT� ������ IRU WKH VSHFLDO FDVH RI WKH
ULJLG URWDWRU�� 7KLV ZDV WUXH LQ FODVVLFDO WKHRU\ DV ZHOO� EXW QRW LQ WKH ROG TXDQWXP WKHRU\�
$V KH H[SODLQHG LQ 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF 6XVFHSWLELOLWLHV�

��+HUH WKH DXWKRUV FLWH 3DXOL ������ DQG 3DXOLQJ �����E��
��)H\QPDQ� /HLJKWRQ� DQG 6DQGV ������ 9RO� �� FKDS� ��� ��� XVHG WKLV VDPH UHODWLRQ DV DQ DUJXPHQW IRU ZK\ RQH
VKRXOG VHW ಽమ స ೗ሺ೗శభሻ԰మ� LI RQH VHWV ಽ೥ స ೘԰ ZLWK೘ స బǡേభǡേమǡǥ ǡേ೗� ,W LV RQO\ QDWXUDO WR GHPDQG WKDW WKH DYHUDJH
YDOXH RI ಽమ EH WKUHH WLPHV WKH DYHUDJH YDOXH RI ಽమ೥ � 7KH DYHUDJH YDOXH RI ಽమ LV WKHQ JLYHQ E\ య԰మሺσ೘೘మሻȀሺమ೗ శ భሻ�
ZKLFK WKH VXP�RI�VTXDUHV IRUPXOD WHOOV XV LV HTXDO WR ೗ሺ೗ శ భሻ԰మ�



�� .XKQ /RVVHV 5HJDLQHG �&� 0LGZLQWHU�0� -DQVVHQ� ���

>&@ODVVLFDOO\ WKH VXVFHSWLELOLW\ DULVHV HQWLUHO\ IURP PROHFXOHV ZKLFK SRVVHVV VR
OLWWOH HQHUJ\ WKDW WKH\ ZRXOG RVFLOODWH UDWKHU WKDQ URWDWH WKURXJK FRPSOHWH FLUFOHV
>«@$V WKH WHPSHUDWXUH LV LQFUHDVHG� WKH IUDFWLRQ RI PROHFXOHV ZKLFK DUH ORFDWHG
LQ WKH µOD]\¶ VWDWHV WKDW FRQWULEXWH WR WKH VXVFHSWLELOLW\ ZLOO VWHDGLO\ GLPLQLVK�
DQG KHQFH ZH FDQ VHH TXDOLWDWLYHO\ ZK\ WKH VXVFHSWLELOLW\ GXH WR SHUPDQHQW
GLSROHV GHFUHDVHV ZLWK LQFUHDVLQJ WHPSHUDWXUH >«@ ,Q WKH ROG TXDQWXP WKHRU\
WKH VXVFHSWLELOLW\ GLG QRW DULVH XQLTXHO\ IURP WKH ORZHVW URWDWLRQDO VWDWH >«@ DQG
WKLV LV SHUKDSV RQH UHDVRQ ZK\ WKH ROG WKHRU\ JDYH VXFK QRQVHQVLFDO UHVXOWV RQ
WKH GLHOHFWULF FRQVWDQWV��� �9DQ 9OHFN ����E� ����

,Q EODPLQJ WKH ³QRQVHQVLFDO UHVXOWV´ RI WKH ROG TXDQWXP WKHRU\ RQ WKLV XQXVXDO IHDWXUH� 9DQ
9OHFN LJQRUHG WKDW� ZLWKRXW LW� WKH WHPSHUDWXUH�GHSHQGHQW WHUP RI WKH VXVFHSWLELOLW\ FRXOG
QRW EH GHULYHG DW DOO� ,Q WKH FDVH RI WKH ULJLG URWDWRU� WKH VWDWH ݈ ൌ Ͳ ZDV IRUELGGHQ LQ WKH ROG
TXDQWXP WKHRU\� 7KH VXVFHSWLELOLW\ WKXV KDG WR FRPH IURP WKH ݈ ് Ͳ VWDWHV� 7KH SUHIHUUHG
GLUHFWLRQ LQWURGXFHG E\ VSDWLDO TXDQWL]DWLRQ HQVXUHG WKDW WKH VXP RYHU ݈ ് Ͳ LQ HTV� �����±��
��� IRU ��� ߴ GRHV QRW YDQLVK� WKXV SURGXFLQJ D QRQ�]HUR FRQWULEXWLRQ WR WKH VXVFHSWLELOLW\�
:LWKRXW VSDWLDO TXDQWL]DWLRQ� DOO RULHQWDWLRQV ZRXOG EH HTXLSUREDEOH DQG WKH DYHUDJHPRPHQW
LQ WKH GLUHFWLRQ RI WKH ILHOGZRXOG EH ]HUR� :HZRXOG WKHQ EH VWXFNZLWK WKH DEVXUG FRQFOXVLRQ
WKDW D SHUPDQHQW HOHFWULF PRPHQW FRQWULEXWHV QRWKLQJ WR WKH VXVFHSWLELOLW\� 7KLV LV ZK\� DW
WKH HQG RI KLV SDSHU� 3DXOLQJ �����E� ���� VXJJHVWHG WKDW µVWURQJ VSDWLDO TXDQWL]DWLRQ¶ LWVHOI
ZDV WKH PHFKDQLVP UHVSRQVLEOH IRU SRODUL]DWLRQ�

:KLOH VSDWLDO TXDQWL]DWLRQ WKXV RIIHUHG PDNH�VKLIW VROXWLRQV WR VRPH SUREOHPV LQ WKH
ROG TXDQWXP WKHRU\� LW DOVR LQWURGXFHG QHZ RQHV� ,I RQH WRRN LW VHULRXVO\� RQH ZDV IDFHG ZLWK
D TXHVWLRQ DERXW WKH TXDQWL]DWLRQ SURFHVV LWVHOI� ,I LW ZDV VRPHKRZ FDXVHG E\ WKH SUHVHQFH
RI D ILHOG� GLG LW KDSSHQ DOO DW RQFH RU JUDGXDOO\ DV WKH ILHOG ZDV DSSOLHG" (LWKHU ZD\� WKHUH
ZRXOG EH SK\VLFDO FRQVHTXHQFHV� ,QGHHG� WKH H[SHULPHQWDOLVW $XJXVW *ODVHU FODLPHG WR
KDYH REVHUYHG VXFK DQ HIIHFW� D WUDQVLWLRQ IURP µZHDN¶ WR µVWURQJ¶ VSDWLDO TXDQWL]DWLRQ DV WKH
VWUHQJWK RI WKH ILHOG ZDV LQFUHDVHG� 9DQ 9OHFN ZDV QRW IRQG RI WKH ³XQSK\VLFDO >«@ EXJEHDU
RI ZHDN DQG VWURQJ VSDFLDO TXDQWL]DWLRQ´ �9DQ 9OHFN ����E� ����� +H KDG DOUHDG\ H[SUHVVHG
KLV GLVSOHDVXUH DERXW WKLV ³EXJEHDU´ LQ 3DUW , RI KLV ����±�� WULORJ\ �9DQ 9OHFN ����D� ����
,Q WKH ���� ERRN� KH HQGV KLV GLVFXVVLRQ RI LW RQ D UHDVVXULQJ QRWH�

,I WKH UHDGHU KDV IHOW WKDW RXU SUHVHQWDWLRQ RI ZHDN DQG VWURQJ TXDQWL]DWLRQ LQ
WKH ROG TXDQWXP WKHRU\ ZDV VRPHZKDW P\VWLI\LQJ �DV LQGHHG LW KDG WR EH� DV
SK\VLFLVWV WKHPVHOYHV ZHUH KD]\ RQ WKH GHWDLOV RI WKH SDVVDJH IURP RQH W\SH
RI TXDQWL]DWLRQ WR DQRWKHU�� KH QHHG QRZ QR ORQJHU IHHO DODUPHG� DV WKH QHZ
PHFKDQLFV JLYHV QR VXVFHSWLELOLW\ HIIHFWV ZLWKRXW VRPH DQDORJXH LQ FODVVLFDO
WKHRU\� �9DQ 9OHFN ����E� ����

6SDWLDO TXDQWL]DWLRQ DOVR OHG WR SUREOHPV LQ WKH ROG TXDQWXP WKHRU\¶V WUHDWPHQW RI WKH HIIHFW
RI PDJQHWLF ILHOGV RQ WKH GLHOHFWULF FRQVWDQW� ,W ZDV 3DXOLQJ ZKR GUHZ DWWHQWLRQ WR WKDW
SUREOHP� $V KH H[SODLQHG LQ WKH DEVWUDFW RI D SDSHU VXEPLWWHG LQ 6HSWHPEHU �����

7KH LQYHVWLJDWLRQ RI WKH PRWLRQ RI D GLDWRPLF GLSROH PROHFXOH LQ FURVVHG PDJ�
QHWLF DQG HOHFWULF ILHOGV VKRZV WKDW DFFRUGLQJ WR WKH ROG TXDQWXP WKHRU\ WKHUH

��7KDW WKH RQO\ FRQWULEXWLRQ WR WKH VXVFHSWLELOLW\ FRPHV IURP WKH ORZHVW VWDWH LV D VSHFLDO IHDWXUH RI WKH ULJLG URWDWRU�
,W LV WUXH PXFK PRUH JHQHUDOO\� KRZHYHU� WKDW WKH EXON RI WKH VXVFHSWLELOLW\ FRPHV IURP WKH ORZHU HQHUJ\ VWDWHV
�LELG���
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ZLOO EH VSDWLDO TXDQWL]DWLRQ >«@ ZLWK UHVSHFW WR WKH PDJQHWLF ILHOG >«@ $V D
UHVXOW RI WKLV WKH ROG TXDQWXP WKHRU\ GHILQLWHO\ UHTXLUHV WKDW WKH DSSOLFDWLRQ RI
D VWURQJ PDJQHWLF ILHOG WR D JDV VXFK DV K\GURJHQ FKORULGH SURGXFH D YHU\ ODUJH
FKDQJH LQ WKH GLHOHFWULF FRQVWDQW RI WKH JDV� >«@ >7@KH QHZ TXDQWXP WKHRU\�
RQ WKH RWKHU KDQG� UHTXLUHV WKH GLHOHFWULF FRQVWDQW QRW WR GHSHQG XSRQ WKH GLUHF�
WLRQ FKDUDFWHUL]LQJ WKH VSDWLDO TXDQWL]DWLRQ� VR WKDW QR HIIHFW RI D PDJQHWLF ILHOG
ZRXOG EH SUHGLFWHG� 7KH HIIHFW LV IRXQG H[SHULPHQWDOO\ QRW WR H[LVW� VR WKDW LW
SURYLGHV DQ LQVWDQFH RI DQ DSSDUHQWO\ XQHVFDSDEOH DQG \HW GHILQLWHO\ LQFRUUHFW
SUHGLFWLRQ RI WKH ROG TXDQWXP WKHRU\� �3DXOLQJ �����

%\ ODWH ����� DV WKLV SDVVDJH VKRZV� 3DXOLQJ KDG FRPH WR UHFRJQL]H WKH ³ZRQGHUIXO QRQ�
VHQVH´ RI WKH ROG TXDQWXP WKHRU\ IRU ZKDW LW ZDV��� 3DXOL KDG UHFRJQL]HG WKLV HYHQ HDUOLHU�
7KLV PDNHV LW XQGHUVWDQGDEOH KRZ ERWK RI WKHP FRXOG EH VR PDJQDQLPRXV LQ WKHLU UHYLHZV RI
9DQ 9OHFN¶V ���� ERRN �VHH WKH TXRWDWLRQV DW WKH HQG RI VHF� ������� HYHQ WKRXJK WKH DXWKRU
SRXQFHG RQ WKHLU HDUOLHU ZRUN�

9DQ 9OHFN GHYRWHG D VHFWLRQ RI FKDS� 9 RI KLV ERRN WR WKH LVVXH UDLVHG E\ 3DXOLQJ �9DQ
9OHFN ����E� VHF� ��� ³(IIHFW RI D 0DJQHWLF )LHOG RQ WKH 'LHOHFWULF &RQVWDQW´�� $V ZLWK WKH
DQRPDORXV YDOXHV IRU ܥ IRXQG E\ 3DXOL ������ DQG 3DXOLQJ �����E� �FI� RXU GLVFXVVLRQ LQ
VHF� ������� 9DQ 9OHFN OHIW WKH UHDGHU ZLWK WKH LPSUHVVLRQ WKDW SK\VLFLVWV KDG EHHQ ZHOO DZDUH
RI WKH GLVFUHSDQF\ EHWZHHQ WKH ROG TXDQWXP WKHRU\¶V SUHGLFWLRQ RI WKH HIIHFW DQG UHOLDEOH
H[SHULPHQWDO GDWD� ,I ZH ORRN PRUH FDUHIXOO\� ZH VHH WKDW 9DQ 9OHFN �����E� ���� FUHGLWHG
3DXOLQJ ������ ZLWK KDYLQJ EHHQ WKH ILUVW WR GHULYH WKH SUHGLFWLRQ DQG WKDW� OLNH 3DXOLQJ� KH
RQO\ FLWHG SDSHUV SXEOLVKHG LQ ���� RU ODWHU IRU LWV H[SHULPHQWDO UHIXWDWLRQ� 7KH ZD\ LQ ZKLFK
9DQ 9OHFN XVHG WKLV VSXULRXV HIIHFW WR ODPEDVW WKH WKHRU\ WKDW SUHGLFWHG LW PDNHV LW HDV\ WR
IRUJHW WKDW WKH SUHGLFWLRQ ZDV QRW PDGH� OHW DORQH WHVWHG� XQWLO DIWHU WKH WKHRU\¶V GHPLVH�

7KH LQIOXHQFH RI D PDJQHWLF ILHOG RQ WKH GLHOHFWULF FRQVWDQW >«@ ZDV OXGLFURXVO\
ODUJH LQ WKH ROG TXDQWXP WKHRU\ EHFDXVH RI VSDFLDO TXDQWL]DWLRQ >«@ D FURVVHG
PDJQHWLF ILHOG ZRXOG PDNH WKH FRQVWDQW ܥ LQ >HT� ���@ QHJDWLYH� DQ DEVXUGLW\�
2QO\ D FRPSDUDWLYHO\ IHHEOH PDJQHWLF ILHOG ZRXOG EH UHTXLUHG >«@ $Q LQQR�
FHQW OLWWOH PDJQHWLF ILHOG RI RQO\ D IHZ JDXVV VKRXOG WKXV LQ WKH ROG TXDQWXP
WKHRU\ FKDQJH WKH VLJQ RI WKH WHPSHUDWXUH FRHIILFLHQW RI WKH GLHOHFWULF FRQVWDQW
DQG PDNH WKH HOHFWULF VXVFHSWLELOLW\ QHJDWLYH LQ VR IDU DV WKH RULHQWDWLRQ UDWKHU
WKDQ LQGXFHG SRODUL]DWLRQ LV FRQFHUQHG� 7KLV LV ZKDW RQH PLJKW WHUP H[WUHPH
VSHFWURVFRSLF LQVWDELOLW\� 1HHGOHVV WR VD\� VXFK D FDWDFO\VPLF LQIOXHQFH RI D
PDJQHWLF ILHOG RQ WKH GLHOHFWULF FRQVWDQW LV QRW IRXQG H[SHULPHQWDOO\ >«@ ,Q
WKH QHZ TXDQWXP PHFKDQLFV WKH FKRLFH RI WKH D[LV RI VSDFLDO TXDQWL]DWLRQ LV QR
ORQJHU RI LPSRUWDQFH� DQG VR D PDJQHWLF ILHOG VKRXOG EH DOPRVW ZLWKRXW HIIHFW RQ
WKH GLHOHFWULF FRQVWDQW� LQ DJUHHPHQW ZLWK WKH H[SHULPHQWV� �9DQ 9OHFN ����E�
���±����

,Q OLJKW RI DOO WKLV� LW LV QR P\VWHU\ WKDW 9DQ 9OHFN ZDV VR LPSUHVVHG E\ WKH ZD\ LQ
ZKLFK TXDQWXP PHFKDQLFV GLVSHQVHG ZLWK VSDWLDO TXDQWL]DWLRQ DQG� LQ WKH SURFHVV� UHVWRUHG
��,Q KLV LQWHUYLHZ IRU WKH $+43� 3DXOLQJ VDLG� ³, KDG DOUHDG\ EHHQ HVSHFLDOO\ VWUXFN E\ WKH IDFW WKDW WKH 'HE\H
HTXDWLRQ IRU WKH GLHOHFWULF FRQVWDQW DQG WKH /DQJHYLQ HTXDWLRQ IRU SDUDPDJQHWLVP DUH YDOLG LQ TXDQWXP PHFKDQLFV
DQG WKDW ౙ౥౩మ ഛ DYHUDJHV RQH WKLUG LQ TXDQWXP PHFKDQLFV IRU DOO VWDWHV LI RQH LQWHUSUHWV WKH WRWDO DQJXODU PRPHQWXP
YHFWRU DV D VTXDUH URRW RI M WLPHV M SOXV RQH� , HPSKDVL]HG WKLV VWURQJO\ LQ WKH ERRN�´ �VHVVLRQ �� ��� 7KH ODVW VHQWHQFH
UHIHUV WR D OHQJWK\ IRRWQRWH LQ D ERRN E\ 3DXOLQJ DQG 6DPXHO *RXGVPLW ������ ���±�����
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WKH IDFWRU RI ͳȀ͵ LQ WKH /DQJHYLQ�'HE\H IRUPXOD LQ IXOO JHQHUDOLW\� ³7KH QHZ PHFKDQLFV�´
KH ZURWH� ³DOZD\V \LHOG >VLF@ ܥ ൌ ͳȀ͵ ZLWKRXW WKH QHFHVVLW\ RI VSHFLI\LQJ WKH GHWDLOV RI
WKH PRGHO� DQG WKH JHQHUDOLW\ RI WKLV YDOXH RI ܥ LV RQH RI WKH PRVW VDWLVI\LQJ IHDWXUHV RI WKH
QHZ WKHRU\´ �9DQ 9OHFN ����E� ���±����� 7KLV WKHQ LV RQH RI WKH ³OHVV KHUDOGHG VXFFHVVHV´
DQG ³JUHDW DFKLHYHPHQWV´ RI WKH QHZ TXDQWXP WKHRU\ WKDW 9DQ 9OHFN ZDV UHIHUULQJ WR LQ WKH
SUHIDFH RI KLV ERRN �VHH WKH TXRWDWLRQ LQ VHF� ������� 7KH IROORZLQJ VXEVHFWLRQ H[SORUHV WKLV
DFKLHYHPHQW LQ JUHDWHU GHWDLO�

����� 6XVFHSWLELOLWLHV LQ WKH 1HZ 4XDQWXP 0HFKDQLFV

,Q WKLV VXEVHFWLRQ� ZH SUHVHQW 9DQ 9OHFN¶V GHULYDWLRQ� IURP KLV ���� ERRN� RI WKH HOHFWULF
VXVFHSWLELOLW\ RI D GLDWRPLF JDV� VXFK DV +&O� ZLWK WKH ULJLG URWDWRU DV WKH PRGHO IRU LWV
PROHFXOHV� 7KH PRVW LPSRUWDQW GLIIHUHQFH EHWZHHQ WKLV GHULYDWLRQ DQG WKH RQH E\ 0HQVLQJ
DQG 3DXOL ������ GLVFXVVHG LQ VHF� ������� LV WKDW 9DQ 9OHFN VWDUWV IURP D PXFK PRUH JHQHUDO
DSSURDFK WR WKH FDOFXODWLRQ RI WKH VXVFHSWLELOLW\ LQ JDVHV� RQH WKDW KH XVHG LQ FDOFXODWLRQV IRU
D YDULHW\ RI PRGHOV IRU WKH JDV PROHFXOHV� 7KH ILUVW� PRUH JHQHUDO VWHSV RI WKLV GHULYDWLRQ UXQ
LQ SDUDOOHO WR WKH FODVVLFDO FDOFXODWLRQ ZH RXWOLQHG LQ VHF� �������� :KLOH ZH ZLOO QRW JR LQWR
WKH GHWDLOV RI WKH JHQHUDO GHULYDWLRQ� DW WKH HQG RI WKLV VXEVHFWLRQ ZH ZLOO FRPPHQW RQ RQH
RI LWV FUXFLDO FRPSRQHQWVþ9DQ 9OHFN¶V SURRI RI VSHFWURVFRSLF VWDELOLW\ DQG WKH HOLPLQDWLRQ
RI VSDWLDO TXDQWL]DWLRQ�

7KH /DQJHYLQ�'HE\H IRUPXOD KROGV XQGHU YHU\ JHQHUDO FRQGLWLRQV LQ TXDQWXPPHFKDQ�
LFV� 2QH DVVXPSWLRQ LGHQWLILHG E\ 9DQ 9OHFN LV WKDW ³WKH PHGLXP LV VXIILFLHQWO\ UDUHILHG VR
WKDW RQH PD\ XVH WKH %ROW]PDQQ LQVWHDG RI WKH )HUPL VWDWLVWLFV´ �������� 7KLV DVVXPSWLRQ
EHFRPHV FULWLFDO RQO\ ZKHQ 9DQ 9OHFN WULHG WR H[WHQG KLV DSSURDFK IURP JDVHV WR VROLGV�
)RU JDVHV �LQ ZHDN ILHOGV�� ZH RQO\ QHHG WZR DVVXPSWLRQV ������ ILUVW� WKDW WKH FRQVWLWXHQW
PROHFXOHV KDYH D SHUPDQHQW GLSROH PRPHQW� VHFRQG� WKDW DOO SRVVLEOH WUDQVLWLRQV DUH VXFK
WKDW WKH HQHUJ\ MXPSV ௜՜௙ߥ݄ DUH HLWKHU PXFK JUHDWHU RU PXFK VPDOOHU WKDQ ݇ܶ� 4XDQWXP
PHFKDQLFV WKXV VROYHV WKH SUREOHP RQH UXQV LQWR LQ WKH FODVVLFDO WKHRU\ WKDW WKH /DQJHYLQ�
'HE\H IRUPXOD RQO\ REWDLQV IRU XQUHDOLVWLF PRGHOV RI PDWWHU �VHH WKH TXRWDWLRQ DW WKH HQG RI
VHF� ������� ,Q RWKHU ZRUGV� 9DQ 9OHFN¶V TXDQWXP�PHFKDQLFDO WKHRU\ RI VXVFHSWLELOLWLHV FDQ
EH VHHQ DV DQRWKHU LQVWDQFH RI ZKDW .XKQ ������ ���� GHVFULEHG DV D ³UHYHUVLRQ �ZKLFK LV
QRW WKH VDPH DV D UHWURJUHVVLRQ�´ WR DQ ROGHU WKHRU\�

9DQ9OHFN JDYH WKH JHQHUDO TXDQWXP�PHFKDQLFDO GHULYDWLRQ RI WKH /DQJHYLQ�'HE\H IRU�
PXOD IRU WKH HOHFWULF VXVFHSWLELOLW\ LQ JDVHV LQ FKDS� 9,, RI KLV ERRN �VHFV� ��±��� ���±�����
,Q WKLV FKDSWHU� KH XVHG VHYHUDO UHVXOWV RI FKDS� 9,� ³4XDQWXP�0HFKDQLFDO )RXQGDWLRQV´
�VHFV� ��±��� ���±����� HVSHFLDOO\ IURP WKH VHFWLRQV RQ SHUWXUEDWLRQ WKHRU\ �VHFV� ��±���
���±������� 0RUHRYHU� LQ VHF� ��� KH KDG DOUHDG\ GHULYHG WKH VXVFHSWLELOLW\ IRU WKH VSHFLDO
FDVH RI WKH ULJLG URWDWRU ����±����� +H EULHIO\ UHYLVLWHG WKLV VSHFLDO FDVH LQ FKDS� 9,, �VHF�
��� ���±����� 2XU GLVFXVVLRQ FRPELQHV HOHPHQWV IURP WKHVH VHFWLRQV RI FKDSV� 9, DQG 9,,�

��8QOHVV QRWHG RWKHUZLVH� DOO SDJH UHIHUHQFHV LQ VHF� ������� DUH WR WKH ERRN E\ 9DQ 9OHFN �����E��
��$ IRRWQRWH DSSHQGHG WR WKH WLWOH RI VHF� ��� ³3HUWXUEDWLRQ 7KHRU\�´ DFNQRZOHGJHV WKDW SHUWXUEDWLRQ WKHRU\ LQ
TXDQWXP PHFKDQLFV ZDV ILUVW GHYHORSHG LQ WKH 'UHLPlQQHUDUEHLW �%RUQ� +HLVHQEHUJ� DQG -RUGDQ ����� DQG LQ WKH
WKLUG FRPPXQLFDWLRQ RQ ZDYH PHFKDQLFV E\ (UZLQ 6FKU|GLQJHU �������
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)ROORZLQJ 9DQ 9OHFN� ZH ILUVW GHULYH DQ H[SUHVVLRQ IRU WKH VXVFHSWLELOLW\ RI D JDV ZLWK�
RXW DVVXPLQJ D VSHFLDO PRGHO IRU LWV PROHFXOHV� /HW

ܪ ൌ ଴ܪ െ ாǡ݌ܧ ������

EH WKH +DPLOWRQLDQ IRU D JDV PROHFXOH� UHSUHVHQWHG E\ VRPH PXOWLSO\�SHULRGLF V\VWHP� LQ DQ
H[WHUQDO HOHFWULF ILHOG ۳� ଴ܪ LV WKH +DPLOWRQLDQ RI WKH XQSHUWXUEHG V\VWHP� ா݌ WKH HOHFWULF
PRPHQW RI WKH V\VWHP LQ WKH GLUHFWLRQ RI WKH ILHOG� 7KH TXDQWLWLHV �ܪ �଴ܪ DQG ா݌ DUH QRZ
RSHUDWRUV� ܧ LV VWLOO MXVW D UHDO QXPEHU� 7KH HOHFWULF PRPHQW ா݌ FDQ EH H[WUDFWHG IURP WKH
+DPLOWRQLDQ E\ WDNLQJ WKH GHULYDWLYH ZLWK UHVSHFW WR WKH ILHOG VWUHQJWK�

ா݌ ൌ െ߲ܧ߲ܪ Ǥ ������

7KLV UHODWLRQ LV FUXFLDO IRU WKH FDOFXODWLRQ RI WKH PDWUL[ HOHPHQWV RI ா݌ ����� �����
,Q JHQHUDO� 9DQ 9OHFN ZURWH WKH +DPLOWRQLDQ RI D V\VWHP VXEMHFW WR D VPDOO SHUWXUEDWLRQ

DV ܪ ൌ ଴ܪ ൅ ሺଵሻܪߣ ൅ ሺଶሻܪଶߣ ൅ ǥ � ZLWK WKH SDUDPHWHU ߣ ൏൏ ͳ ������ )RU WKH +DPLOWRQLDQ
LQ HT� ������� ߣ ൌ ܧ DQG ሺଵሻܪߣ LV WKH RQO\ WHUP LQ WKH H[SDQVLRQ� 3HUWXUEDWLRQ WKHRU\
DOORZHG 9DQ 9OHFN WR FRPSXWH WKH HQHUJ\ RI WKH SHUWXUEHG V\VWHP DV D VHULHV RI FRUUHFWLRQV
WR WKH HQHUJ\ RI WKH XQSHUWXUEHG V\VWHP� HDFK WHUP FRUUHVSRQGLQJ WR D GLIIHUHQW SRZHU RI WKH
H[SDQVLRQ SDUDPHWHU�

௡ܹ ൌ ܹ଴௡ ൅ ሺଵሻܹܧ
௡ ൅ ଶܹሺଶሻܧ

௡ ൅ ࣩሺܧଷሻǤ ������

7R VHFRQG RUGHU� ZH KDYH ������

ܹሺଵሻ
௡ ൌ ሺଵሻȁ݊଴ۧܪ଴ȁ݊ۦ ǡ ܹሺଶሻ

௡ ൌ ෍
௡ᇲஷ௡

ȁ ሺଵሻȁ݊଴ۧܪᇱ଴ȁ݊ۦ ȁଶ
ܹ଴௡ െܹ଴

௡ᇲ
ǡ ������

ZKHUH WKH ȁ݊଴ۧ¶V DUH WKH HLJHQYHFWRUV RI WKH XQSHUWXUEHG +DPLOWRQLDQ��� &RPELQLQJ HTV�
������ DQG ������� ZH REWDLQ DQ H[SUHVVLRQ IRU WKH PDWUL[ HOHPHQWV RI WKH HOHFWULF PRPHQW LQ
HLJHQVWDWHV RI WKH IXOO +DPLOWRQLDQ ZLWK HLJHQYHFWRUV ȁ݊ۧ �LELG�� �����

ாȁ݊ۧ݌ȁ݊ۦ ൌ ȁ݊ۦ ቆെ߲ܧ߲ܪ ቇ ȁ݊ۧ ൌ െ ߲
ܧ߲ ȁ݊ۧܪȁ݊ۦ ൌ െܹሺଵሻ

௡ െ ሺଶሻܹܧʹ
௡ ൅ ࣩሺܧଶሻǤ ������

,QVHUWLQJ WKH H[SUHVVLRQV LQ HT� ������ IRU ܹሺଵሻ
௡ DQG ܹሺଶሻ

௡ � DQG XVLQJ ሺଵሻܪܧ ൌ െ݌ܧா � ZH
ILQG� WR ILUVW RUGHU LQ ܧ ������

ாȁ݊ۧ݌ȁ݊ۦ ൌ ாȁ݊଴ۧ݌଴ȁ݊ۦ െ ܧʹ ෍
௡ᇲஷ௡

ȁ ாȁ݊଴ۧ݌ᇱ଴ȁ݊ۦ ȁଶ
ܹ଴௡ െܹ଴

௡ᇲ
Ǥ ������

��:H XVH PRGHUQ 'LUDF QRWDWLRQ ERWK EHFDXVH LW LV PRUH IDPLOLDU WR WKH PRGHUQ UHDGHU DQG EHFDXVH LW LV WKH QRWDWLRQ
9DQ 9OHFN DGRSWHG ZKHQ KH EHJDQ UHYLVLQJ KLV ���� ERRN IRU D VHFRQG HGLWLRQ �FI� VHF� ������� ,Q WKH ���� ERRN�
KH ZURWH ZKDW LQ RXU QRWDWLRQ ZRXOG EH ೙ȁಹȁ೙ᇲۧۦ DV ಹሺ೙Ǣ೙ᇲሻ� +H DOVR W\SLFDOO\ XVHG WZR RU WKUHH TXDQWXP QXPEHUV
WR ODEHO WKH �GHJHQHUDWH� HQHUJ\ HLJHQVWDWHV� ZULWLQJ� IRU LQVWDQFH� ಹሺ೙೘Ǣ೙ᇲ೘ᇲሻ RU ಹሺ೙ೕ೘Ǣ೙ᇲೕᇲ೘ᇲሻ� :H ZLOO IROORZ
KLV H[DPSOH LQ WKH FDVH RI WKH ULJLG URWDWRU �VHH HT� ������



�� .XKQ /RVVHV 5HJDLQHG �&� 0LGZLQWHU�0� -DQVVHQ� ���

9DQ 9OHFN XVHG WKH %RKU IUHTXHQF\ FRQGLWLRQ WR ZULWHܹ଴௡ െܹ଴
௡ᇲ ൌ െ݄ߥ௡ᇲ՜௡ ��������

7R ILQG DQ H[SUHVVLRQ IRU WKH VXVFHSWLELOLW\� ߯� ZH QHHG WR WDNH WZR DYHUDJHV �FI� WKH
GLVFXVVLRQ OHDGLQJ XS WR HT� ��� LQ VHF� ������� ��� WKH H[SHFWDWLRQ YDOXH ா݌ ൌ ாȁ݊ۧ݌ȁ݊ۦ RI
WKH HOHFWULF PRPHQW RI DQ LQGLYLGXDO PROHFXOH LQ D JLYHQ VWDWH� ��� WKH DYHUDJH ா݌ RI WKLV
H[SHFWDWLRQ YDOXH RYHU D WKHUPDO HQVHPEOH RI ܰ VXFK PROHFXOHV� %RWK VWHSV DUH FDSWXUHG LQ
WKH IROORZLQJ IRUPXOD ����� FI� HTV� ����� ����� DQG ���� LQ VHF� ���������

߯ ൌ ܰ
ܧ ா݌ ൌ

ܰ
ܧ
σ௡ ாȁ݊ۧ݌ȁ݊ۦ ݁ିௐ೙Ȁ௞்

σ௡ ݁ିௐ೙Ȁ௞் Ǥ ������

7KH /DQJHYLQ�'HE\H IRUPXOD LV DSSOLFDEOH RQO\ LQ UHJLPHV IRU ZKLFK ZH FDQ QHJOHFW VDWX�
UDWLRQ HIIHFWV� ZKLFK PHDQV WKDW WKH VXVFHSWLELOLW\ PXVW EH LQGHSHQGHQW RI WKH ILHOG VWUHQJWK
�ܧ $FFRUGLQJO\� ZH ZLOO DVVXPH WKH QXPHUDWRU LQ HT� ������ WR EH OLQHDU LQ �ܧ DQG WKH GH�
QRPLQDWRU WR EH LQGHSHQGHQW RI �ܧ

7R ILUVW RUGHU� WKH %ROW]PDQQ IDFWRUV LQ HT� ������ DUH JLYHQ E\ ����� FI� HT� ������

݁ିௐ೙Ȁ௞் ൌ ݁ିௐబ೙Ȁ௞்݁ିாௐሺభሻ
೙ Ȁ௞் ൌ ݁ିௐబ೙Ȁ௞் ቆͳ ൅ ܧ

݇ܶ ݊ۦ
଴ȁ݌ாȁ݊଴ۧቇ ǡ ������

ZKHUH LQ WKH ODVW VWHS ZH XVHG HT� ������ IRU ܹሺଵሻ
௡ �ZLWK ሺଵሻܪ ൌ െ݌ா�� :H QRZ VXEVWLWXWH

HTV� ������ DQG ������ LQWR HT� ������� NHHSLQJ RQO\ WHUPV WR ILUVW RUGHU LQ WKH QXPHUDWRU DQG
WHUPV RI ]HURWK RUGHU LQ WKH GHQRPLQDWRU� 7KLV JLYHV XV�

߯ ൌ ܤ
ܧ ෍

௡
ቌ݊ۦ଴ȁ݌ாȁ݊଴ۧ ൅

ܧ
݇ܶ ݊ۦ

଴ȁ݌ாȁ݊଴ۧଶ െ ܧʹ ෍
௡ᇲஷ௡

ȁ ாȁ݊଴ۧ݌ᇱ଴ȁ݊ۦ ȁଶ
ܹ଴௡ െܹ଴

௡ᇲ
ቍ ݁ିௐబ೙Ȁ௞்ǡ

������

��:KHQ KH ILUVW SXEOLVKHG WKLV IRUPXOD� 9DQ 9OHFN FRPPHQWHG� ³7KLV LV� RI FRXUVH� WKH VDPH UHVXOW DV JLYHQ E\
H[WUDSRODWLRQ RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD WR LQILQLWHO\ ORQJ LPSUHVVHG ZDYHOHQJWKV´ �9DQ 9OHFN ����D� �����
0HQVLQJ DQG 3DXOL ������ ���� DQG .URQLJ �����D� ���� KDG PDGH WKDW VDPH FRQQHFWLRQ� ,Q FKDS� ;,,, RI KLV ERRN�
9DQ 9OHFN JDYH D IRUPXOD IRU WKH LQGH[ RI UHIUDFWLRQ ೙ RI VRPH WUDQVSDUHQW PDWHULDO DV DQ HQVHPEOH DYHUDJH RI WKH
SRODUL]DWLRQ RI LWV FRQVWLWXHQWV� JLYHQ E\ WKH .UDPHUV GLVSHUVLRQ IRUPXOD ������

೙మ ష భ స ఴഏಿ
σ೗ ೐షೈ

బ
೗ Ȁೖ೅

෍
೗ǡ೗ᇲ

ഌ೗ᇲ՜೗ȁ ೗ᇲȁ೛ಶȁ೗ۧۦ ȁమ
೓ሺഌమ೗ᇲ՜೗ ష ഌమሻ ೐షೈబ

೗ Ȁೖ೅ǡ

ZKHUH ഌ LV WKH IUHTXHQF\ RI WKH LQFLGHQW OLJKW ZDYH DQG ഌ೗ᇲ՜೗ స ೈబ
೗ᇲ ష ೈబ

೗ �FI� 'XQFDQ DQG -DQVVHQ ����� �����
)RU ഌ స బ� WKH VXPV RYHU ೗ᇲ IRU IL[HG ೗ KDYH WKH VDPH IRUP �PRGXOR WKH %ROW]PDQQ IDFWRU� DV WKH VHFRQG WHUP RQ
WKH ULJKW�KDQG VLGH RI HT� ������� 7KLV XQGHUVFRUHV WKH UHODWLRQ EHWZHHQ GLVSHUVLRQ DQG VXVFHSWLELOLW\ WKDW ZH GUHZ
DWWHQWLRQ WR LQ VHF� ������� DQG DW WKH EHJLQQLQJ RI VHF� ��������
��(YHQ WKRXJK LQ WKH PRGHUQ YLHZ� WKH H[SHFWDWLRQ YDOXH FDQQRW EH YLHZHG DV D WLPH DYHUDJH� LQ ���� 9DQ 9OHFN
FRQVLGHUHG LW WR EH VRPHWKLQJ YHU\ VLPLODU� ³$ GLDJRQDO +HLVHQEHUJ PDWUL[ HOHPHQW ೙ȁۦ ೑ ȁ೙ۧ KDV WKH SK\VLFDO VLJQLI�
LFDQFH RI EHLQJ WKH DYHUDJH YDOXH RI ೑ RYHU DOO WKH SKDVHV RI PRWLRQ LQ D JLYHQ VWDWLRQDU\ VWDWH´ �9DQ 9OHFN ����E�
�����
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ZKHUH ܤ ؠ ܰȀσ௡ ݁ିௐ
బ೙Ȁ௞் ������ 7KH ILUVW WHUP� σ௡ܤ ாȁ݊଴ۧ݌଴ȁ݊ۦ ݁ିௐ

బ೙Ȁ௞்� UHSUHVHQWV WKH
DYHUDJH HOHFWULF PRPHQW LQ WKH DEVHQFH RI DQ H[WHUQDO ILHOG� 7KLV NLQG RI µKDUG¶ SRODUL]DWLRQ
LV QRQH[LVWHQW LQ JDVHV� VR WKH WHUP PXVW EH ]HUR ������ :H DUH WKHQ OHIW ZLWK ������

߯ ൌ ෍ܤ
௡
ቌ݊ۦ

଴ȁ݌ாȁ݊଴ۧଶ
݇ܶ െ ʹ ෍

௡ᇲஷ௡

ȁ ாȁ݊଴ۧ݌ᇱ଴ȁ݊ۦ ȁଶ
ܹ଴௡ െܹ଴

௡ᇲ
ቍ ݁ିௐబ೙Ȁ௞்ǡ ������

RU HTXLYDOHQWO\� LQ WHUPV RI WKH HQHUJ\ FRUUHFWLRQV ������

߯ ൌ ෍ܤ
௡
ቌܹ

ሺଵሻ
௡

ଶ

݇ܶ െ ʹܹሺଶሻ
௡ ቍ ݁ିௐబ೙Ȁ௞்Ǥ ������

(TV� �����±����� KROG IRU DQ\ PRGHO RI WKH FRQVWLWXHQW PROHFXOHV RI D JDV� 9DQ 9OHFN XVHG LW
DV D VWDUWLQJ SRLQW IRU DOO RI KLV HOHFWULF VXVFHSWLELOLW\ FDOFXODWLRQV� LQFOXGLQJ WKH PRVW JHQHUDO
GHULYDWLRQ RI WKH /DQJHYLQ�'HE\H IRUPXOD� +RZHYHU� IURP WKLV SRLQW RQZDUG� ZH ZLOO IRFXV
RQ WKH VSHFLDO FDVH RI WKH ULJLG URWDWRU �VHF� ��� ���±����� ,Q VHF� �������� ZH FRYHUHG WKH
FDOFXODWLRQV IRU WKLV VSHFLDO FDVH E\ 3DXOL ������ DQG 3DXOLQJ �����E� LQ WKH ROG TXDQWXP
WKHRU\ DQG E\ 0HQVLQJ DQG 3DXOL ������ LQ WKH QHZ TXDQWXP WKHRU\���

7KH +DPLOWRQLDQ IRU D ULJLG URWDWRU LQ DQ H[WHUQDO HOHFWULF ILHOG ۳ LV JLYHQ E\ �FI� HT�
���� LQ VHF� �������

ܪ ൌ ଶܮ
ܫʹ െ ܧߤ ��� ǡߴ ������

ZKHUH ۺ LV WKH DQJXODU PRPHQWXP DQG ܫ LV WKH PRPHQW RI LQHUWLD �FI� QRWH ���� &RQVLGHU WKH
YHFWRUV ȁ݈ǡ ݉ۧ� ZKLFK DUH VLPXOWDQHRXV HLJHQYHFWRUV RI ଶܮ DQG �௭ܮ

ଶܮ ȁ݈ǡ݉ۧ ൌ ԰ଶ݈ሺ݈ ൅ ͳሻ ȁ݈ǡ݉ۧ ǡ ௭ܮ ȁ݈ǡ݉ۧ ൌ ԰݉ ȁ݈ǡ݉ۧ ǡ ������

ZLWK ݈ ൌ Ͳǡ ͳǡ ǥ DQG െ݈ ൑ ݉ ൑ ݈� 6LQFH ଴ܪ ൌ �ܫʹଶȀܮ WKHVH DUH DOVR HLJHQYHFWRUV RI WKH
XQSHUWXUEHG +DPLOWRQLDQ

଴ܪ ȁ݈ǡ݉ۧ ൌ ܹ଴
௟ ȁ݈ǡ ݉ۧ ǡ ������

ZLWK �ሺʹ݈ ൅ ͳሻ�IROG GHJHQHUDWH� HLJHQYDOXHV�

ܹ଴
௟ ൌ ԰ଶ

ܫʹ ݈ሺ݈ ൅ ͳሻ ������

�FI� HT� ���� LQ VHF� ������� 7KH YHFWRU ȁ݈ǡ ݉ۧ FRUUHVSRQGV WR WKH ZDYH IXQFWLRQV߰଴
௟௠ሺߴǡ ߮ሻ ؠ

ǡߴۦ ߮ȁ݈ǡ݉ۧ �%D\P ����� ���� JLYHQ E\ �VHF� ��� �����

߰଴
௟௠ሺߴǡ ߮ሻ ൌ ඨሺʹ݈ ൅ ͳሻሺ݈ െ ݉ሻǨ

Ͷߨሺ݈ ൅ ݉ሻǨ ܲ௠௟ ሺ��� ሻ݁௜௠ఝǡߴ ������

��9DQ 9OHFN �����E� FLWHG 0HQVLQJ DQG 3DXOL ������� .URQLJ �����D�� 0DQQHEDFN ������ DQG 9DQ 9OHFN �����D�
DW WKH EHJLQQLQJ RI VHF� �� ����� DQG PHQWLRQHG WKHP DJDLQ DW WKH EHJLQQLQJ RI VHF� �� ������ &I� VHF� ����� DQG
QRWH ���
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ZKHUH WKH ܲ௠௟ ሺݔሻ DUH DVVRFLDWHG /HJHQGUH IXQFWLRQV�
7KH VXVFHSWLELOLW\ IRU D JDV RI ULJLG URWDWRUV LV JLYHQ E\ ������

߯ ൌ ܰ
σ௟ σ௠ ݁ିௐబ

೗ Ȁ௞்
෍
௟
෍
௠
ቌܹ

ሺଵሻ
௟௠

ଶ

݇ܶ െ ʹܹሺଶሻ
௟௠ ቍ ݁ିௐబ

೗ Ȁ௞்ǡ ������

ZKLFK LV MXVW WKH JHQHUDO HT� ������ IRU ߯ GHULYHG DERYH ZLWK ݈ DQG ݉ UDWKHU WKDQ ݊ ODEHOLQJ
WKH �GHJHQHUDWH� HQHUJ\ HLJHQVWDWHV� 7R ILQG ߯� ZH QHHG WR ILQG WKH ILUVW� DQG VHFRQG�RUGHU
HQHUJ\ FRUUHFWLRQV�ܹሺଵሻ

௟௠ DQGܹሺଶሻ
௟௠ � 5HSODFLQJ VXEVFULSWV ݊ E\ ݈݉ DQG YHFWRUV ȁ݊଴ۧ E\ ȁ݈ǡ ݉ۧ

LQ HT� ������ DQG VXEVWLWXWLQJ ሺଵሻܪ ൌ െߤ ��� �ߴ ZH ILQG ������

ܹሺଵሻ
௟௠ ൌ െߤ ǡ݉ȁ݈ۦ ��� ȁ݈ǡ݉ۧߴ ǡ ܹሺଶሻ

௟௠ ൌ ଶߤ ෍
௟ᇲ௠ᇲஷ௟௠

ȁ ᇱǡ݈ۦ ݉ᇱȁ ��� ȁ݈ǡ݉ۧߴ ȁଶ
ܹ଴
௟ െܹ଴

௟ᇲ
Ǥ ������

7KHVH H[SUHVVLRQV FDQ EH HYDOXDWHG ZLWK WKH KHOS RI WKH IROORZLQJ FKDUDFWHULVWLF UHFXUVLRQ
IRUPXOD IRU DVVRFLDWHG /HJHQGUH IXQFWLRQV ������

ሺʹ݈ ൅ ͳሻ ��� ௠௟ܲߴ ሺ��� ሻߴ ൌ ሺ݈ ൅ ݉ሻܲ௠௟ିଵሺ��� ሻߴ ൅ ሺ݈ െ ݉ ൅ ͳሻܲ௠௟ାଵሺ��� ሻǤߴ ������

&RPELQLQJ WKLV UHFXUVLRQ IRUPXOD ZLWK HT� ������� ZH ILQG �LELG��

��� ߴ ߰଴
௟௠ሺߴǡ ߮ሻ ൌ ௟ିଵǡ௠ܣ ߰଴

௟ିଵǡ௠ሺߴǡ ߮ሻ ൅ ௟ାଵǡ௠ܤ ߰଴
௟ାଵǡ௠ሺߴǡ ߮ሻǡ ������

ZKHUH ZH LQWURGXFHG WKH DEEUHYLDWLRQV�

௟ିଵǡ௠ܣ ؠ ඨ ݈ଶ െ ݉ଶ

ሺʹ݈ െ ͳሻሺʹ݈ ൅ ͳሻ ǡ ௟ାଵǡ௠ܤ ؠ ඨ ሺ݈ ൅ ͳሻଶ െ ݉ଶ

ሺʹ݈ ൅ ͵ሻሺʹ݈ ൅ ͳሻ Ǥ ������

)RU ݈ ൌ Ͳ� RQO\ WKH ௟ାଵǡ௠ܤ WHUP LV SUHVHQW� ,Q WHUPV RI WKH FRUUHVSRQGLQJ VWDWH YHFWRUV� HT�
������ H[SUHVVHV WKDW WKH YHFWRU REWDLQHG E\ OHWWLQJ WKH RSHUDWRU ��� ߴ DFW RQ ȁ݈ǡ ݉ۧ FDQ EH
ZULWWHQ DV D OLQHDU FRPELQDWLRQ RI ȁ݈ െ ͳǡ݉ۧ DQG ȁ݈ ൅ ͳǡ݉ۧ���

��� ߴ ȁ݈ǡ݉ۧ ൌ ௟ିଵǡ௠ܣ ȁ݈ െ ͳǡ݉ۧ ൅ ௟ାଵǡ௠ܤ ȁ݈ ൅ ͳǡ݉ۧ Ǥ ������

��7DNLQJ WKH LQQHU SURGXFW ZLWK DQ DUELWDU\ YHFWRU ȁ೗ᇲǡ೘ᇲۧ RQ ERWK VLGHV RI HT� ������� ZH ILQG�

೗ᇲǡ೘ᇲȁۦ ౙ౥౩ഛ ȁ೗ǡ೘ۧ స ಲ೗షభǡ೘ ೗ᇲǡ೘ᇲȁ೗ۦ ష భǡ೘ۧ శ ಳ೗శభǡ೘ ೗ᇲǡ೘ᇲȁ೗ۦ శ భǡ೘ۧ Ǥ

,Q FRRUGLQDWH VSDFH� WKHVH LQQHU SURGXFWV WXUQ LQWR LQWHJUDOV�

න೏ഘഗబכ
೗ᇲ೘ᇲ ౙ౥౩ഛഗబ

೗೘ స ಲ೗షభǡ೘ න೏ഘഗబכ
೗ᇲ೘ᇲഗబ

೗షభ೘ శಳ೗శభǡ೘ න೏ഘഗబכ
೗ᇲ೘ᇲഗబ

೗శభ೘

ZKHUH ೏ഘ ؠ ೏ഛ೏ക DQGZKHUH ZH VXSSUHVVHG WKH DUJXPHQW ሺഛǡകሻ RI WKH YDULRXVഗ IXQFWLRQV� 6LQFHഗబ
೗ᇲ೘ᇲ LV DUELWUDU\�

WKLV ODVW UHODWLRQ LPSOLHV HT� ������� WKH IRUP LQ ZKLFK 9DQ 9OHFN JDYH HT� �������
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6LQFH ȁ݈ᇱǡ ݉ᇱۧ LV RUWKRJRQDO WR ȁ݈ǡ ݉ۧ DV VRRQ DV ݈ᇱ ് ݈ RU ݉ᇱ ് ݉� LW IROORZV LPPHGLDWHO\
IURP HT� ������ WKDW ܹሺଵሻ

௟௠ LQ HT� ������ YDQLVKHV� DQG WKDW WKH RQO\ FRQWULEXWLRQV WR ܹሺଶሻ
௟௠

FRPH IURP WHUPV ZLWK ሺ݈ᇱ ൌ ݈ െ ͳǡ݉ᇱ ൌ ݉ሻ DQG ሺ݈ᇱ ൌ ݈ ൅ ͳǡ݉ᇱ ൌ ݉ሻ� IRU ZKLFK ZH KDYH�

݈ۦ െ ͳǡ݉ȁ ��� ȁ݈ǡ݉ۧߴ ൌ ௟ିଵǡ௠ǡܣ ݈ۦ ൅ ͳǡ݉ȁ ��� ȁ݈ǡ݉ۧߴ ൌ ௟ାଵǡ௠Ǥܤ ������

)RU ݈ ൐ Ͳ� WKH H[SUHVVLRQ IRUܹሺଶሻ
௟௠ LQ HT� ������ WKXV UHGXFHV WR�

ܹሺଶሻ
௟௠ ൌ ଶߤ ቆ ଶ௟ିଵǡ௠ܣ

ܹ଴
௟ െܹ଴

௟ିଵ
൅ ଶ௟ାଵǡ௠ܤ
ܹ଴
௟ െܹ଴

௟ାଵ
ቇ Ǥ ������

)RU ݈ ൌ ݉ ൌ Ͳ� RQO\ WKH VHFRQG WHUP LV SUHVHQW� (T� ������ WHOOV XV WKDW ଶ଴ାଵǡ଴ܤ ൌ ͳȀ͵ DQG
HT� ������ WKDWܹ଴

଴ െܹ଴ଵ ൌ െ԰ଶȀܫ� ZKLFK PHDQV WKDW� IRU ݈ ൌ ݉ ൌ Ͳ� HT� ������ JLYHV �����
�����

ܹሺଶሻ
଴଴ ൌ ଶߤ ଶ଴ାଵǡ଴ܤ

ܹ଴
଴ െܹ଴ଵ

ൌ െ ଶߤܫ
͵԰ଶ Ǥ ������

8VLQJ HT� ������ IRU ௟ିଵǡ௠ܣ DQG ௟ାଵǡ௠ܤ DQG HT� ������ IRU ܹ଴
௟ � 9DQ 9OHFN VKRZHG WKDW� IRU

DUELWUDU\ QRQ�]HUR YDOXHV RI ݈ DQG݉� HT� ������ EHFRPHV �LELG���

ܹሺଶሻ
௟௠ ൌ ଶߤܫ

԰ଶ
݈ሺ݈ ൅ ͳሻ െ ͵݉ଶ

݈ሺ݈ ൅ ͳሻሺʹ݈ െ ͳሻሺʹ݈ ൅ ͵ሻ Ǥ ������

:H QRZ VXEVWLWXWH WKHVH UHVXOWV IRU WKH HQHUJ\ FRUUHFWLRQV LQWR HT� ������ IRU ߯� 6LQFH
ܹሺଵሻ
௟௠ ൌ Ͳ� WKH HTXDWLRQ UHGXFHV WR�

߯ ൌ െʹܰσ௟ σ௠ܹሺଶሻ
௟௠ ݁ିௐబ

೗ Ȁ௞்

σ௟ σ௠ ݁ିௐబ
೗ Ȁ௞்

Ǥ ������

&DUU\LQJ RXW WKH VXP RYHU݉ LQ WKH GHQRPLQDWRU� ZH FDQ UHZULWH WKLV DV ������

߯ ൌ െʹܰσ௟ ݁ିௐ
బ
೗ Ȁ௞் σ௠ܹሺଶሻ

௟௠
σ௟ ሺʹ݈ ൅ ͳሻ݁ିௐబ

೗ Ȁ௞்
Ǥ ������

$V ZH DOUHDG\ VDZ LQ VHF� �������� ZKHUH ZH FRYHUHG 0HQVLQJ DQG 3DXOL¶V ������ FDOFXODWLRQ
IRU WKH ULJLG URWDWRU �VHH HTV� ����±������ RQO\ WKH ݈ ൌ Ͳ WHUP LQ WKH VXPPDWLRQ RYHU ݈ LQ WKH
QXPHUDWRU JLYHV D FRQWULEXWLRQ WR ߯� 7KH WHUPV IRU DOO RWKHU YDOXHV RI ݈ YDQLVK� 7R YHULI\
WKLV� ZH LQVHUW HT� ������ IRUܹሺଶሻ

௟௠ �݈ ് Ͳ� LQ WKH VXP RYHU݉ LQ HT� �������

෍
௠
ܹሺଶሻ
௟௠ ൌ ଶߤܫ

԰ଶ
ሺʹ݈ ൅ ͳሻ݈ሺ݈ ൅ ͳሻ െ ͵σ௠ ݉ଶ

݈ሺ݈ ൅ ͳሻሺʹ݈ െ ͳሻሺʹ݈ ൅ ͵ሻ Ǥ ������

$V 9DQ 9OHFN QRWHG ������ WKH QXPHUDWRU LQ WKLV ODVW H[SUHVVLRQ YDQLVKHV RQ DFFRXQW RI WKH
IRUPXOD ͵σ௠ ݉ଶ ൌ ݈ሺ݈ ൅ ͳሻሺʹ݈ ൅ ͳሻ ����� FI� WKH VXP�RI�VTXDUHV IRUPXOD ������ 7KH
HQWLUH VXVFHSWLELOLW\ WKXV FRPHV IURP WKH ݈ ൌ Ͳ WHUP� 7KLV ILWV ZLWK WKH FODVVLFDO WKHRU\�
IRU ZKLFK $OH[DQGURZ ������ KDG DOUHDG\ VKRZQ WKDW WKH VXVFHSWLELOLW\ LV GXH HQWLUHO\ WR



�� .XKQ /RVVHV 5HJDLQHG �&� 0LGZLQWHU�0� -DQVVHQ� ���

PROHFXOHV ZLWK HQHUJLHV OHVV WKDQ �ܧߤ 0HQVLQJ DQG 3DXOL ������� .URQLJ �����D�� DQG 9DQ
9OHFN �����D� KDG DOO QRWHG ZLWK VDWLVIDFWLRQ HDUOLHU WKDW WKH QHZ TXDQWXP WKHRU\ UHYHUWHG
WR WKH FODVVLFDO WKHRU\ LQ WKLV UHVSHFW �FI� VHF� ������ HVSHFLDOO\ QRWH ����

(T� ������ WKXV UHGXFHV WR WKH ሺ݈ ൌ Ͳሻ�WHUP ������

߯ ൌ െʹܰ ݁ିௐబబȀ௞்ܹሺଶሻ
଴଴

σ௟ ሺʹ݈ ൅ ͳሻ݁ିௐబ
೗ Ȁ௞்

ൌ ଶߤܫܰʹ
͵԰ଶ

݁ିௐబబȀ௞்

σ௟ሺʹ݈ ൅ ͳሻ݁ିௐబ
೗ Ȁ௞்

ǡ ������

ZKHUH� LQ WKH ODVW VWHS� ZH XVHG HT� ������ IRUܹሺଶሻ
଴଴ � 6LQFH ݇ܶ ൐൐ ܹ଴଴ DW WKH WHPSHUDWXUHV RI

LQWHUHVW� WKH %ROW]PDQQ IDFWRU LQ WKH QXPHUDWRU LQ WKLV H[SUHVVLRQ FDQ EH UHSODFHG E\ �� ,Q
WKH GHQRPLQDWRU� ZH XVH HT� ������ IRUܹ଴

௟ � $W VXIILFLHQWO\ KLJK WHPSHUDWXUHV ݈ ൎ ݈ ൅ ͳ IRU
PRVW WHUPV LQ WKH VXP� ZKLFK FDQ WKHQ EH UHSODFHG E\ DQ LQWHJUDO ����� FI� HT� ������

෍
௟
ሺʹ݈ ൅ ͳሻ݁ି௟ሺ௟ାଵሻ԰మȀଶூ௞் ൎ න

ஶ

଴
ʹ݈ ݁ି௟మ԰మȀଶூ௞் ݈݀ ൌ ܶ݇ܫʹ

԰ଶ Ǥ ������

:LWK WKHVH DSSUR[LPDWLRQV� HT� ������ EHFRPHV ������

߯ ൌ ଶߤܰ
͵݇ܶ ǡ ������

ZKLFK LV MXVW WKH WHPSHUDWXUH�GHSHQGHQW WHUP LQ WKH /DQJHYLQ�'HE\H IRUPXOD RI WKH FODVVLFDO
WKHRU\ �VHH HTV� ���±����� 7KRXJK WKH GHULYDWLRQ DERYH LV IRU WKH VSHFLDO FDVH RI D JDV RI
ULJLG URWDWRUV� 9DQ 9OHFN �����D� ����E� VKRZHG WKDW WKH UHVXOW KROGV XQGHU YHU\ JHQHUDO
FRQGLWLRQV LQ WKH QHZ TXDQWXP WKHRU\ DQG GRHV QRW LQYROYH VSDWLDO TXDQWL]DWLRQ� $QG WKXV
ZDV WKH .XKQ ORVV LQ VXVFHSWLELOLW\ WKHRU\ UHFRYHUHG���

9DQ 9OHFN GLG QRW ERWKHU WR VKRZ H[SOLFLWO\ WKDW� GHVSLWH DSSHDUDQFHV WR WKH FRQWUDU\�
WKLV GHULYDWLRQ RI WKH VXVFHSWLELOLW\ RI D JDV RI ULJLG URWDWRUV GRHV QRW LQYROYH WKH FKRLFH RI
D SUHIHUUHG �D[LVݖ IRU WKH TXDQWL]DWLRQ RI �௭ܮ )RU 9DQ 9OHFN� WKLV ZDV MXVW DQ LQVWDQFH RI KLV
JHQHUDO WKHRUHP RI VSHFWURVFRSLF VWDELOLW\ ����±����� 7R EULQJ RXW WKH UROH RI WKLV WKHRUHP
LQ WKLV VSHFLILF FDVH� ZH SURYH WKDW WKH VXVFHSWLELOLW\ RI D JDV RI ULJLG URWDWRUV LV LQGHHG
LQGHSHQGHQW RI RXU FKRLFH RI D ��D[LVݖ ,Q WKH FDOFXODWLRQ DERYH� ZH XVHG WKH RUWKRQRUPDO
EDVLV ሼȁ݈ǡ ݉ۧሽ௟௠ୀି௟ WR VSDQ WKH ሺʹ݈൅ͳሻ�GLPHQVLRQDO VXEVSDFH FRUUHVSRQGLQJ WR WKH ሺʹ݈൅ͳሻ�
IROG GHJHQHUDWH HQHUJ\ HLJHQYDOXH ܹ଴

௟ �VHH HT� ������ 7KH QXPEHU ݉ ODEHOV WKH GLIIHUHQW
YDOXHV RI ௭ܮ ZLWK UHVSHFW WR D �D[LVݖ FKRVHQ LQ WKH GLUHFWLRQ RI WKH DSSOLHG ILHOG ۳� :H FDQ
VSDQ WKDW VDPH VXEVSDFH ZLWK D GLIIHUHQW RUWKRQRUPDO EDVLV ሼȁ݈ǡ �ሽ௟௥ୀି௟ۧݎ ZKHUH ݎ ODEHOV WKH
GLIIHUHQW YDOXHV RI ௭ܮ ZLWK UHVSHFW WR D �D[LVݖ LQ VRPH DUELWUDU\ GLUHFWLRQ� 7KH YHFWRUV LQ WKH
ROG EDVLV FDQ EH ZULWWHQ LQ WHUPV RI WKH QHZ RQH�

ȁ݈ǡ ݉ۧ ൌ
௟
෍
௥ୀି௟

ȁ݈ǡ ǡ݈ۦۧݎ ȁ݈ǡݎ ݉ۧǤ ������

��$V %RUQ DQG -RUGDQ ������ ���±���� QRWHG LQ WKHLU WH[WERRN� WKLV ³ZDV RQH RI WKH ILUVW ³SUDFWLFDO´ VXFFHVVHV RI WKH
QHZ TXDQWXP PHFKDQLFV� 7KH PHWKRGV RI WKH ROG TXDQWXP WKHRU\ >KHUH D IRRWQRWH LV LQVHUWHG FLWLQJ 3DXOL ������@�
LQ ZKLFK D ³GLUHFWLRQDO TXDQWL]DWLRQ´ RI WKH D[HV RI WKH PROHFXOHV KDG WR EH LPSRVHG� OHDG WR D ZURQJ QXPHULFDO
IDFWRU DW KLJK WHPSHUDWXUHV�´
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:KDW ZH QHHG WR VKRZ LV WKDW WKH GHULYDWLRQ RI HT� ������ IRU WKH VXVFHSWLELOLW\ RI D JDV RI
ULJLG URWDWRUV GRHV QRW GHSHQG RQ ZKHWKHU ZH XVH ݉ RU ݎ WR ODEHO WKH GHJHQHUDF\� 0RUH
VSHFLILFDOO\� ZH QHHG WR FKHFN ZKHWKHU σ௠ܹሺଶሻ

௟௠ LQ HT� ������ LV LQYDULDQW XQGHU URWDWLRQ RI
WKH ��D[LVݖ L�H�� XQGHU VZLWFKLQJ IURP WKH RUWKRQRUPDO EDVLV ሼȁ݈ǡ݉ۧሽ௟௠ୀି௟ WR WKH RUWKRQRUPDO
EDVLV ሼȁ݈ǡ �ሽ௟௥ୀି௟ۧݎ 8VLQJ HT� ������� ZH FDQ ZULWH�

෍
௠
ܹሺଶሻ
௟௠ ൌ ෍

௟ᇲஷ௟

ଶߤ
ܹ଴
௟ െܹ଴

௟ᇲ
ቌ෍
௠ǡ௠ᇲ

ȁ ᇱǡ݈ۦ ݉ᇱȁ ��� ȁ݈ǡ݉ۧߴ ȁଶቍ Ǥ ������

,W LV HDV\ WR VKRZ WKDW ݉ DQG ݉ᇱ LQ WKH H[SUHVVLRQ LQ SDUHQWKHVHV FDQ EH UHSODFHG E\ ݎ DQG
�ᇱݎ��

෍
௠ǡ௠ᇲ

ȁ ᇱǡ݈ۦ ݉ᇱȁ ��� ȁ݈ǡ݉ۧߴ ȁଶ ൌ෍
௥ǡ௥ᇲ

ȁ ᇱǡ݈ۦ ᇱȁݎ ��� ȁ݈ǡߴ ۧݎ ȁଶǤ ������

7KH GHULYDWLRQ RI WKH VXVFHSWLELOLW\� WKXV� GRHV QRW GHSHQG RQ KRZ WKH GHJHQHUDF\ LQ WKH
HQHUJ\ OHYHOVܹ଴

௟ LV UHVROYHG�
7R FRQFOXGH RXU GLVFXVVLRQ RI 9DQ 9OHFN¶V ZRUN LQ WKLV DUHD� ZH FRQVLGHU VRPH IHDWXUHV

RI KLV PRUH JHQHUDO GHULYDWLRQ RI WKH /DQJHYLQ�'HE\H IRUPXOD DQG KRZ WKH\ UHODWH WR WKH
KDWHG ³EXJEHDU´ RI VSDWLDO TXDQWL]DWLRQ� )LUVW� UHFDOO HT� ������� ZKDW 9DQ 9OHFN FDOOHG D
³VRUW RI JHQHUDOL]HG /DQJHYLQ�'HE\H IRUPXOD´ ����� 7KH ODVW VWHS LQ REWDLQLQJ WKLV IRUPXOD

LV WKH DVVXPSWLRQ WKDW ଶ௭݌ ൌ ଵ
ଷ݌ଶ �HT� ������ L�H�� WKH PHDQ VTXDUH DYHUDJH RI WKH XQSHUWXUEHG

HOHFWULF PRPHQW LQ WKH �GLUHFWLRQݖ �WKH GLUHFWLRQ RI WKH ILHOG HYHQ ZKHQ WKH ILHOG LV WXUQHG RII �
LV ͳȀ͵ WKH PHDQ VTXDUH DYHUDJH RI WKH WRWDO PRPHQW� ,Q WKH FODVVLFDO WKHRU\� WKLV LV H[DFWO\
ZKDW RQH ZRXOG H[SHFW� :KHQ WKH ILHOG LV WXUQHG RII� WKHUH VKRXOG EH HTXDO FRQWULEXWLRQV
WR WKH PHDQ VTXDUH RI WKH PRPHQW IRU HDFK VSDWLDO GLPHQVLRQ� 7KLV LV H[DFWO\ WKH IHDWXUH�
KRZHYHU� WKDW ZDV HOLPLQDWHG E\ VSDWLDO TXDQWL]DWLRQ LQ WKH ROG TXDQWXP WKHRU\� 7KLV PDGH
LW SRVVLEOH IRU PROHFXOHV LQ KLJK�HQHUJ\ VWDWHV WR FRQWULEXWH WR WKH WHPSHUDWXUH�GHSHQGHQW
WHUP LQ WKH /DQJHYLQ�'HE\H IRUPXOD �VHH RXU GLVFXVVLRQ LQ VHF� �������

,Q WKH JHQHUDO TXDQWXP�PHFKDQLFDO GHULYDWLRQ RI WKH /DQJHYLQ�'HE\H IRUPXOD� 9DQ
9OHFN XOWLPDWHO\ SURGXFHG D TXDQWXP�WKHRUHWLFDO DQDORJXH RI HT� ������ ����±����� 7KLV
��7KH VXP RYHU ೘ DQG ೘ᇲ LQ HT� ������ IRU IL[HG YDOXHV RI ೗ DQG ೗ᇲ FDQ EH ZULWWHQ DV�

෍
೘ǡ೘ᇲ

ȁ ೗ᇲǡ೘ᇲȁۦ ౙ౥౩ഛȁ೗ǡ೘ۧ ȁమ స ෍
೘ǡ೘ᇲ

೗ᇲǡ೘ᇲȁۦ ౙ౥౩ഛȁ೗ǡ೘ۧ ೗ǡ೘ȁۦ ౙ౥౩ഛȁ೗ᇲǡ೘ᇲۧ Ǥ

:LWK WKH KHOS RI HT� ������ ZH FDQ ZULWH WKH YHFWRUV ȁ೗ǡ೘ۧ LQ WHUPV RI WKH YHFWRUV ȁ೗ǡ ೝۧ�

෍
೘ǡ೘ᇲǡೝǡೝᇲǡ Ƹೝǡ Ƹೝᇲ

೗ᇲǡ೘ᇲȁ೗ᇲǡۦ ೝᇲۧ ೗ᇲǡۦ ೝᇲȁ ౙ౥౩ഛȁ೗ǡ ೝۧ ೗ǡۦ ೝȁ೗ǡ೘ۧ ೗ǡ೘ȁ೗ǡۦ Ƹೝۧ ೗ǡۦ Ƹೝȁ ౙ౥౩ഛȁ೗ᇲǡ Ƹೝᇲۧ ೗ᇲǡۦ Ƹೝᇲȁ೗ᇲǡ೘ᇲۧ ǡ

ZKHUH ೘ǡೝǡ Ƹೝ UXQ IURP ష೗ WR ೗ DQG ೘ᇲǡ ೝᇲǡ Ƹೝᇲ UXQ IURP ష೗ᇲ WR ೗ᇲ� 5HRUGHULQJ WKH YDULRXV IDFWRUV� ZH ILQG

෍
೘ǡ೘ᇲǡೝǡೝᇲǡ Ƹೝǡ Ƹೝᇲ

೗ǡۦ ೝȁ೗ǡ೘ۧ ೗ǡ೘ȁ೗ǡۦ Ƹೝۧ ೗ᇲǡۦ Ƹೝᇲȁ೗ᇲǡ೘ᇲۧ ೗ᇲǡ೘ᇲȁ೗ᇲǡۦ ೝᇲۧ ೗ᇲǡۦ ೝᇲȁ ౙ౥౩ഛȁ೗ǡ ೝۧ ೗ǡۦ Ƹೝȁ ౙ౥౩ഛȁ೗ᇲǡ Ƹೝᇲۧ Ǥ

6LQFH σ೘ ೗ǡۦ ೝȁ೗ǡ೘ۧ ೗ǡ೘ȁ೗ǡۦ Ƹೝۧ స ೗ǡۦ ೝȁ೗ǡ Ƹೝۧ స ഃೝ Ƹೝ DQG σ೘ᇲ ೗ᇲǡۦ Ƹೝᇲȁ೗ᇲǡ೘ᇲۧ ೗ᇲǡ೘ᇲȁ೗ᇲǡۦ ೝᇲۧ స ഃ Ƹೝᇲೝᇲ � WKLV UHGXFHV WR

෍
ೝǡೝᇲ

೗ᇲǡۦ ೝᇲȁ ౙ౥౩ഛȁ೗ǡ ೝۧ ೗ǡۦ ೝȁ ౙ౥౩ഛȁ೗ᇲǡ ೝᇲۧ స ෍
ೝǡೝᇲ

ȁ ೗ᇲǡۦ ೝᇲȁ ౙ౥౩ഛȁ೗ǡ ೝۧ ȁమǡ

ZKLFK LV ZKDW ZH ZDQWHG WR SURYH�
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JHQHUDOL]HG IRUPXOD KLQJHV RQ DQ DVVXPSWLRQ DQDORJRXV WR HT� ������ LQ WKH FODVVLFDO WKHRU\�
,Q TXDQWXP PHFKDQLFV� LW WDNHV WKH IRUP ��������

෍
௠ǡ௠ᇲ

ȁ݈ۦǡ݉ȁܮ௭ȁ݈ᇱǡ ݉ᇱۧȁଶ ൌ ͳ
͵ ෍
௠ǡ௠ᇲ

ȁ݈ۦǡ ݉ȁܮȁ݈ᇱǡ ݉ᇱۧȁଶǤ ������

$V 9DQ 9OHFN HPSKDVL]HG� DQG DV ZH VKRZHG H[SOLFLWO\ LQ WKH FDVH RI HT� ������ DERYH�
UHODWLRQV VXFK DV WKHVH DUH FOHDUO\� DV 9DQ 9OHFN SXW LW VRPHZKDW DZNZDUGO\� ³LQYDULDQW RI
WKH FKRLFH RI D[LV RI TXDQWL]DWLRQ´ ������ 7KLV UHODWLRQ LV MXVW RQH H[DPSOH RI WKH PRUH
JHQHUDO WKHRUHP RI VSHFWURVFRSLF VWDELOLW\ WKDW 9DQ 9OHFN ZDV DEOH WR SURYH LQ TXDQWXP
PHFKDQLFV ����±����� 7KH XSVKRW RI WKLV SURRI ZDV WKDW� LQ TXDQWXP PHFKDQLFV� TXDQWLWLHV

OLNH ଶ݌ QR ORQJHU GHSHQG RQ WKH D[LV RI TXDQWL]DWLRQ DV WKH\ KDG LQ WKH ROG TXDQWXP WKHRU\�
7KH VWUDQJH VWRU\ RI WKH FRQVWDQW ܥ LQ WKH /DQJHYLQ�'HE\H IRUPXOD FDQ XOWLPDWHO\ EH

VHHQ DV WKH VWRU\ RI VSDWLDO TXDQWL]DWLRQ¶V EULHI ULVH DQG UDSLG IDOO� 7KH IDFWRUV RI ͳȀ͵ LQ
ERWK WKH FODVVLFDO DQG TXDQWXP�PHFKDQLFDO IRUPXODV H[SUHVV WKDW PHDQ VTXDUHV RI YHFWRU
FRPSRQHQWV GR QRW GHSHQG RQ WKH D[HV ZLWK UHVSHFW WR ZKLFK WKRVH DYHUDJHV DUH WDNHQ� ,Q

ERWK WKHRULHV� ଶ௭݌ ൌ ଵ
ଷ݌ଶ� ZKHUH WKH �GLUHFWLRQݖ FDQ EH DUELWUDULO\ FKRVHQ� 7KH VWUDQJH YDOXHV

RI ܥ LQ WKH ROG TXDQWXP WKHRU\ UHVXOWHG IURP WKH HOLPLQDWLRQ RI WKLV YHU\ IHDWXUH� ZKLFK ZDV
HVVHQWLDO LI RQH ZDQWHG WR GHULYH WKH WHPSHUDWXUH�GHSHQGHQW WHUP RI WKH /DQJHYLQ�'HE\H
IRUPXOD DW DOO� :LWKRXW VSDWLDO TXDQWL]DWLRQ WKHUH VLPSO\ ZDV QR WHPSHUDWXUH�GHSHQGHQW
WHUP LQ WKH ROG TXDQWXP WKHRU\� 8QIRUWXQDWHO\� VSDWLDO TXDQWL]DWLRQ FDPH ZLWK D ZKROH UDIW
RI SUREOHPV� ,Q OLJKW RI WKLV� ZH FDQ FOHDUO\ VHHZK\9DQ9OHFN XVHG WKH VWRU\ RIܥ WR LOOXVWUDWH
WKH GHIHFWV RI WKH ROG TXDQWXP WKHRU\ DQG WKH VXFFHVV RI PDWUL[ PHFKDQLFV LQ UHVWRULQJ WKH
SUHGLFWLRQV RI WKH FODVVLFDO WKHRU\�

��� .XKQ /RVVHV 5HYLVLWHG

%RWK 9DQ9OHFN¶V ���� %XOOHWLQ DQG KLV ���� ERRN GR ZKDW .XKQ VDLG JRRG WH[WERRNV VKRXOG
GR� WKH\ FOHDUO\ OD\ RXW WKH SULQFLSOHV DQG WKH IRUPDOLVP RI WKH WKHRULHV WKH\ FRYHU DQG VKRZ
KRZ WKHVH WKHRULHV FDQ EH XVHG WR VROYH D QXPEHU RI FDQRQLFDO SUREOHPV� WKXV WUDLQLQJ WKHLU
UHDGHUV WR EHFRPH UHVHDUFKHUV LQ WKH UHOHYDQW ILHOGV� <HW WKH\ GR VR ZLWKRXW SD\LQJ WKH SULFH
.XKQ ������ ���� VXJJHVWHG ZDV XQDYRLGDEOH� WKRXJKZULWWHQ LQ WKHPLGVW RU LQ WKH DIWHUPDWK
RI D SHULRG RI PDMRU FRQFHSWXDO XSKHDYDO� WKH\ GR QRW ³GLVJXLVH >«@ WKH UROH >DQG@ WKH YHU\
H[LVWHQFH´ RI WKLV XSKHDYDO QRU GR WKH\ ³WUXQFDW>H@ WKH VFLHQWLVW¶V VHQVH RI KLV GLVFLSOLQH¶V
KLVWRU\�´

7KLV LV HVSHFLDOO\ VWULNLQJ LQ WKH FDVH RI WKH ���� ERRN� 9DQ 9OHFN VSHQW URXJKO\ D WKLUG
RI KLV ERRN ���� RXW RI D WRWDO RI ��� SDJHV� RQ WKH FODVVLFDO WKHRU\ �FKDSV� ,±,9� DQG WKH ROG
TXDQWXP WKHRU\ �FKDS� 9�� 2QH PLJKW DUJXH WKDW FKDS� 9 VHUYHG D SXUHO\ UKHWRULFDO SXUSRVH�
7KH ROG TXDQWXP WKHRU\¶V SUREOHPV ZLWK VXVFHSWLELOLWLHV DUH D JUHDW IRLO IRU WKH QHZ TXDQWXP
PHFKDQLFV¶ VXFFHVVHV LQ WKDW VDPH DUHD� 6XFK XVH RI KLVWRU\ LQ D WH[WERRN FDQ UHDGLO\ EH
UHFRQFLOHG ZLWK .XKQ¶V YLHZV� 7KHUH DUH WZR IXUWKHU FRQVLGHUDWLRQV UHJDUGLQJ WKLV FKDSWHU
WKDW ZRXOG VHHP WR EH LQ .XKQ¶V IDYRU� )LUVW� WKH KLVWRU\ UHFRXQWHG LQ FKDS� 9 LV VRPHZKDW
PLVOHDGLQJ LQ WKDW 9DQ 9OHFN� LQDGYHUWHQWO\ RU GHOLEHUDWHO\� PDGH LW VRXQG DV LI WKHUH KDG

��,QVWHDG RI WKH DQJXODU PRPHQWXP �ۺ 9DQ 9OHFN FRQVLGHUHG D JHQHUDO YHFWRU TXDQWLW\ �ۯ
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EHHQ UHOLDEOH H[SHULPHQWDO HYLGHQFH GLVSURYLQJ WKH ³ZRQGHUIXO QRQVHQVH´ SURGXFHG E\ WKH
ROG TXDQWXP WKHRU\ DOO DORQJ� ,Q IDFW� VXFK HYLGHQFH KDG RQO\ EHFRPH DYDLODEOH DURXQG WKH
WLPH RI WKH WKHRU\¶V GHPLVH� 6HFRQG� ZH NQRZ WKDW 9DQ 9OHFN ZDQWHG WR FXW FKDS� 9 WR PDNH
URRP IRU QHZ PDWHULDO ZKHQ KH EHJDQ UHYLVLQJ KLV ERRN IRU D VHFRQG HGLWLRQ GHFDGHV ODWHU�
+H KDG QR VXFK SODQV� KRZHYHU� IRU FKDSV� ,±,9 RQ WKH FODVVLFDO WKHRU\�

7KH SHGDJRJLFDO JRDO RI WKRVH HDUO\ FKDSWHUV ZDV QRW PHUHO\ WR SURYLGH SURSDJDQGD
IRU WKH VXSHULRU� TXDQWXP�PHFKDQLFDO WUHDWPHQW RI VXVFHSWLELOLWLHV� 5DWKHU� WKHLU PDLQ IXQF�
WLRQ ZDV WR SUHSDUH WKH UHDGHU IRU WKH TXDQWXP�PHFKDQLFDO FDOFXODWLRQ RI VXVFHSWLELOLWLHV E\
VKRZLQJ KRZ VXFK FDOFXODWLRQV DUH GRQH LQ WKH FODVVLFDO WKHRU\� ,Q KLV ELRJUDSKLFDO PHPRLU
DERXW KLV WHDFKHU� $QGHUVRQ ������ ���� QRWHG WKDW WKLV DSSURDFK PLJKW QRW EH VXLWHG IRU ³D
PRGHUQ WH[W IRU SK\VLFLVWV SRRUO\ WUDLQHG LQ FODVVLFDO PHFKDQLFV´ �VHH VHF� ������� ,Q WKH HDUO\
����V� KRZHYHU� 9DQ 9OHFN FRXOG FHUWDLQO\ DVVXPH KLV LQWHQGHG UHDGHUV WR EH ZHOO YHUVHG LQ
FODVVLFDO PHFKDQLFV�

8VLQJ ROGHU WKHRULHV IRU SHGDJRJLFDO SXUSRVHV LQ WKLV ZD\ LV QRW FRPSDWLEOH ZLWK .XKQ¶V
SLFWXUH� $ QHZ SDUDGLJP LV VXSSRVHG WR FRPH ZLWK LWV RZQ QHZ VXLWH RI WRROV IRU WKH SXUVXLW
RI QRUPDO VFLHQFH� ,W LV VXSSRVHG WR SURYLGH LWV RZQ QHZ VHW RI H[HPSODUV WR ³VKRZ >VWXGHQWV@
E\ H[DPSOH KRZ WKHLU MRE LV WR EH GRQH´ �.XKQ ����� ���� GLVFXVVHG LQ VHF� �������

9DQ 9OHFN¶V ERRN SURYLGHV D FOHDU H[DPSOH RI VXFK DQ H[HPSODU� ,W JLYHV D JHQHUDO
UHFLSH ZLWK PDQ\ FRQFUHWH LOOXVWUDWLRQV RI KRZ RQH FDQ FDOFXODWH VXVFHSWLELOLWLHV� VD\ WKH
HOHFWULF VXVFHSWLELOLW\ RI D JDV� )LUVW� RQH KDV WR GHFLGH RQ D PHFKDQLFDO V\VWHP WR PRGHO
WKH FRQVWLWXHQW PROHFXOHV RI WKH JDV� 7KLV FDQ EH D VSHFLILF V\VWHP �H�J�� D ULJLG URWDWRU�
RU D JHQHULF RQH �D FODVVLFDO PXOWLSO\�SHULRGLF V\VWHP VROYDEOH LQ DFWLRQ�DQJOH YDULDEOHV� D
TXDQWXP V\VWHP ZLWK DQ HQHUJ\ VSHFWUXP VDWLVI\LQJ VRPH QRW RYHUO\ UHVWULFWLYH FRQGLWLRQV��
2QH WKHQ KDV WR GR D SHUWXUEDWLYH FDOFXODWLRQ WR FRPSXWH WKH WLPH�DYHUDJH RI WKH FRPSRQHQW
RI WKH HOHFWULF GLSROH PRPHQW LQ WKH GLUHFWLRQ RI WKH H[WHUQDO ILHOG RI RQH FRS\ RI WKLV V\VWHP
LQ D JLYHQ VWDWH� )LQDOO\� RQH KDV WR WDNH WKH DYHUDJH RI WKLV WLPH�DYHUDJH IRU DQ LQGLYLGXDO
V\VWHP RYHU D WKHUPDO HQVHPEOH RI PDQ\ VXFK V\VWHPV LQ DOO SRVVLEOH VWDWHV�

7KLV JHQHUDO SURFHGXUH ZRUNV LQ FODVVLFDO WKHRU\� LQ WKH ROG TXDQWXP WKHRU\� DQG LQ
PRGHUQ TXDQWXP PHFKDQLFV� 7KH H[HPSODU WKXV FXWV DFURVV WZR SDUDGLJP VKLIWV� 6XPDQ
6HWK ������ ���±���� PDNHV D VLPLODU SRLQW� ZKHQ KH FRQWUDVWV D FRQWLQXLW\ RI SUREOHPVZLWK
D GLVFRQWLQXLW\ LQ SULQFLSOHV �VHH RXU GLVFXVVLRQ LQ VHF� �������

7KDW WKH WHFKQLTXHV IURP VWDWLVWLFDO PHFKDQLFV IRU WKH FDOFXODWLRQ RI HQVHPEOH DYHUDJHV
ZRUN LQ DOO WKUHH WKHRULHV GRHV QRW VHHP WR FDOO IRU IXUWKHU FRPPHQW� 7KDW WKLV LV DOVR WUXH
IRU WKH SHUWXUEDWLYH WHFKQLTXHV XVHG WR FDOFXODWH WKH UHOHYDQW WLPH�DYHUDJHV LV OHVV REYLRXV�
7KHVH WHFKQLTXHV ZHUH RULJLQDOO\ GHYHORSHG LQ WKH FRQWH[W RI FHOHVWLDO PHFKDQLFV� 7KH\
ZHUH DGDSWHG WR GHDO ZLWK DWRPLF PHFKDQLFV� WR XVH %RUQ¶V SKUDVH �VHH QRWH ���� LQ WKH ROG
TXDQWXP WKHRU\� $ ODUJH SDUW RI 9DQ 9OHFN¶V 15& %XOOHWLQ RQ WKH ROG TXDQWXP WKHRU\ ZDV
GHYRWHG WR WKHVH WHFKQLTXHV� ZKLFK ZHUH XVHG WR GHULYH FODVVLFDO H[SUHVVLRQV WKDW FRXOG WKHQ
EH WUDQVODWHG LQWR TXDQWXP H[SUHVVLRQV XQGHU WKH JXLGDQFH RI WKH FRUUHVSRQGHQFH SULQFLSOH�
DFFRUGLQJ WR ZKLFK WKH TXDQWXP H[SUHVVLRQ ZRXOG KDYH WR PHUJH ZLWK WKH FODVVLFDO RQH LQ
WKH OLPLW RI KLJK TXDQWXP QXPEHUV� 7KH GHULYDWLRQ RI WKH .UDPHUV GLVSHUVLRQ IRUPXOD LV D
SULPH H[DPSOH RI WKLV VWUDWHJ\ �VHH VHF� ������� ,Q WKH 'UHLPlQQHUDUEHLW� %RUQ� +HLVHQEHUJ�
DQG -RUGDQ ������ DGDSWHG WKHVH SHUWXUEDWLYH WHFKQLTXHV WR WKH QHZ PDWUL[ PHFKDQLFV�

:KDW OD\ EHKLQG� DQG PDGH SRVVLEOH� WKLV FRQWLQXLW\ RI WHFKQLTXH ZDV D UHPDUNDEOH
FRQWLQXLW\ RI IRUPDOLVP LQ WKH WUDQVLWLRQ IURP FODVVLFDO WR TXDQWXP SK\VLFV� 1HLWKHU WKH ROG
QRU WKH QHZ TXDQWXP WKHRU\ GLG DZD\ ZLWK FODVVLFDO PHFKDQLFV� 7KH ROG TXDQWXP WKHRU\
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MXVW DGGHG WKH 6RPPHUIHOG�:LOVRQ TXDQWXP FRQGLWLRQV WR VHOHFW D VXEVHW RI WKH FODVVLFDOO\
DOORZHG PRWLRQV� )RU VRPH VSHFLILF VLPSOH V\VWHPV� QRWDEO\ WKH RQH�HOHFWURQ DWRP DQG
WKH KDUPRQLF RVFLOODWRU� WKLV OHG WR VDWLVIDFWRU\ UHVXOWV �DOWKRXJK HYHQ WKH ]HUR�SRLQW HQHUJ\
RI D VLPSOH KDUPRQLF RVFLOODWRU KDG WR EH DGGHG E\ VOHLJKW RI KDQG�� ,Q RWKHU FDVHV� PXOWL�
HOHFWURQ DWRPV RU WKH ULJLG URWDWRU� LW GLG QRW� 7KH ROG TXDQWXP WKHRU\ DFWXDOO\ ZDV DW LWV EHVW�
LI JHQHULF PXOWLSO\�SHULRGLF V\VWHPV FRXOG EH XVHG� VXFK DV LQ WKH GHULYDWLRQ RI WKH .UDPHUV
GLVSHUVLRQ IRUPXOD� ,Q WKRVH FDVHV RQH FRXOG VRPHWLPHV ILQG WKH TXDQWXP FRXQWHUSDUW RI D
FODVVLFDO IRUPXOD WKURXJK HGXFDWHG JXHVVZRUN JXLGHG E\ WKH FRUUHVSRQGHQFH SULQFLSOH� $V
ZH VDZ LQ VHF� �������� 9DQ 9OHFN �����D� ���� ����E� ���� DOVR DSSHDOHG WR WKH FRUUHVSRQ�
GHQFH SULQFLSOH WR UHMHFW IRUPXODV IRU VXVFHSWLELOLWLHV SURGXFHG LQ WKH ROG TXDQWXP WKHRU\
RQ WKH JURXQGV WKDW WKH\ GLG QRW UHGXFH WR WKH /DQJHYLQ�'HE\H IRUPXOD DW KLJK WHPSHUD�
WXUHV� ZKHUH WKDW FODVVLFDO IRUPXOD RXJKW WR KROG� ,Q WKDW FDVH� KRZHYHU� WKH FRUUHVSRQGHQFH
SULQFLSOH GLG QRW VXJJHVW D EHWWHU FDQGLGDWH IRU D TXDQWXP IRUPXOD IRU VXVFHSWLELOLWLHV�

7KH ³ZRQGHUIXO QRQVHQVH´ SURGXFHG RQ WKLV VFRUH E\ 3DXOL ������ DQG 3DXOLQJ �����E�
PHUFLOHVVO\ UHYHDOV WKH OLPLWDWLRQV RI WKH ROG TXDQWXP WKHRU\¶V EDVLF DSSURDFKþLPSRVLQJ
TXDQWXP FRQGLWLRQV RQ FODVVLFDO PHFKDQLFV� 7KHLU FDOFXODWLRQV JDYH QRQVHQVLFDO UHVXOWV� QRW
EHFDXVH WKH JHQHUDO SURFHGXUH IRU FDOFXODWLQJ VXVFHSWLELOLWLHV GHVFULEHG DERYH GRHV QRW ZRUN
LQ WKH ROG TXDQWXP WKHRU\� EXW EHFDXVH RI WKH ZD\ WKH\ TXDQWL]HG WKH DQJXODU PRPHQWXP RI
WKH ULJLG URWDWRU� WKHLU PRGHO IRU SRODU PROHFXOHV VXFK DV +&O� 7KH SUREOHP ZDV WZRIROG�
)LUVW� LQVWHDG RI WKH UHODWLRQ ଶܮ ൌ ݈ሺ݈൅ͳሻ԰ଶ �݈ ൌ Ͳǡ ͳǡ ʹǡ ǥ�� VDQFWLRQHG E\ PRGHUQ TXDQWXP
PHFKDQLFV� WKH\ XVHG ଶܮ ൌ ݈ଶ԰ଶ �3DXOL ZLWK LQWHJHU YDOXHV� 3DXOLQJ ZLWK KDOI�LQWHJHU YDOXHV
IRU ݈� ZKHUH ݈ ൌ Ͳ LV IRUELGGHQ LQ ERWK FDVHV�� $V D UHVXOW� WKH HQVHPEOH DYHUDJH ଶܮ LV

QRW HTXDO WR WKUHH WLPHV WKH HQVHPEOH DYHUDJH ଶ௭ܮ LQ WKH ROG TXDQWXP WKHRU\� ZKHUHDV WKLV
UHODWLRQ GRHV KROG ERWK LQ WKH FODVVLFDO WKHRU\ DQG LQ TXDQWXP PHFKDQLFV� 6HFRQG� WKH\ VDZ
WKHPVHOYHV IRUFHG WR DGRSW ZKDW 9DQ 9OHFN �����D� ��� ����E� ���� ODWHU GHULGHG DV WKH
³EXJEHDU´ RI VSDWLDO TXDQWL]DWLRQ�

0DWUL[ PHFKDQLFV� WKH LQFDUQDWLRQ RI TXDQWXP PHFKDQLFV 9DQ 9OHFN ZDV PRVW IDPLOLDU
DQG PRVW FRPIRUWDEOH ZLWK� UHWDLQHG WKH IRUPDOLVP RI FODVVLFDO PHFKDQLFV ZLWKRXW LQIOLFW�
LQJ WKLV NLQG RI GLVILJXUHPHQW� 7KLV LV UHPDUNDEOH EHFDXVH� XQOLNH WKH ROG TXDQWXP WKHRU\�
LW UDGLFDOO\ FKDQJHG WKH LQWHUSUHWDWLRQ RI WKH IRUPDOLVP� 7KH EDVLF LGHD RI +HLVHQEHUJ¶V
8PGHXWXQJ ZDV WR FRQFHLYH RI WKH TXDQWLWLHV UHODWHG E\ WKH ODZV RI FODVVLFDO PHFKDQLFV DV
DUUD\V RI QXPEHUV� ,Q PRUH PDWXUH YHUVLRQV RI WKH WKHRU\� WKHVH EHFDPH PDWULFHV DQG WKHQ
RSHUDWRUV DFWLQJ LQ +LOEHUW VSDFH� 8QOLNH WKH ROG TXDQWXP WKHRU\� WKH QHZ TXDQWXP PH�
FKDQLFV FDPH ZLWK D V\VWHPDWLF SUHVFULSWLRQ IRU LPSRVLQJ TXDQWXP FRQGLWLRQV� ,W UHSODFHG
WKH 6RPPHUIHOG�:LOVRQ TXDQWXP FRQGLWLRQV E\ WKH EDVLF FRPPXWDWLRQ UHODWLRQV RI SRVLWLRQ
DQG PRPHQWXP� $V 3DXO 'LUDF ������ ILUVW SRLQWHG RXW� WKHVH ZHUH WKH TXDQWXP DQDORJXHV
RI 3RLVVRQ EUDFNHWV LQ FODVVLFDO PHFKDQLFV� 7KH UHFRYHU\ RI WKH /DQJHYLQ�'HE\H IRUPXOD
IRU WKH HOHFWULF VXVFHSWLELOLW\ LQ JDVHV� D .XKQ ORVV RI WKH ROG TXDQWXP WKHRU\� EHDXWLIXOO\
LOOXVWUDWHV WKH DGYDQWDJHV RI WKH QHZ TXDQWXP WKHRU\ RYHU WKH ROG� /RRNLQJ DW WKH VLWXDWLRQ
IURP WKLV SHUVSHFWLYH� RQH UHDGLO\ XQGHUVWDQGV 9DQ 9OHFN¶V DVVHVVPHQW DW WKH EHJLQQLQJ RI
WKH FKDSWHU RQ WKH ROG TXDQWXP WKHRU\ LQ KLV ���� ERRN� ³WKHUH LV SHUKDSV QR EHWWHU ILHOG WKDQ
WKDW RI HOHFWULF DQG PDJQHWLF VXVFHSWLELOLWLHV WR LOOXVWUDWH WKH LQDGHTXDFLHV RI WKH ROG TXDQWXP
WKHRU\ DQG KRZ WKH\ KDYH EHHQ UHPRYHG E\ WKH QHZ PHFKDQLFV´ �9DQ 9OHFN ����E� �����

9DQ 9OHFN VDZ WKHVH LVVXHV FOHDUO\ RQO\ LQ UHWURVSHFW� :KHQ KH WRRN WKH WLPH WR OLVW
DQG GLVFXVV WKH YDULRXV IODZV RI WKH ROG TXDQWXP WKHRU\ LQ KLV ���� %XOOHWLQ� KH GLG QRW
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LQFOXGH LWV IDLOXUH WR JLYH D VHQVLEOH UHVXOW IRU HOHFWULF VXVFHSWLELOLWLHV� $V ZH KDYH VHHQ�
WKLV ZDV QRW EHFDXVH RI LJQRUDQFH �KH KDG UHDG WKH NH\ SDSHU E\ 3DXOL >����@ DV D JUDGXDWH
VWXGHQW�� EXW UDWKHU EHFDXVH RI WKH LQWHQVH IRFXV RI SK\VLFLVWV DW WKH WLPH RQ VSHFWURVFRSLF
SKHQRPHQD� :H EHJDQ RXU SDSHU ZLWK D TXRWDWLRQ IURP DQ DUWLFOH LQ D FKHPLVWU\ MRXUQDO�
LQ ZKLFK 9DQ 9OHFN �����E� ���� FKDUDFWHUL]HG SK\VLFLVWV DV EHLQJ ³HQWUDQFHG E\ VSHFWUDO
OLQHV�´ ZLOOLQJ WR LJQRUH WKH SHULSKHUDO SKHQRPHQD RI HOHFWULF DQG PDJQHWLF VXVFHSWLELOLWLHV�
,Q ���� 9DQ 9OHFN KDG EHHQ VXFK D SK\VLFLVW� $OO RI WKLV FKDQJHG DV KH EHJDQ WR IRFXV
KLV UHVHDUFK RQ HOHFWULF DQG PDJQHWLF VXVFHSWLELOLWLHV DQG FDPH WR XQGHUVWDQG WKDW VRPH RI
WKH ROG TXDQWXP WKHRU\¶V PRVW VHULRXV IODZV� DQG VRPH RI WKH QHZ TXDQWXP WKHRU\¶V PRVW
UHPDUNDEOH VXFFHVVHV� ZHUH LQ DUHDV WKDW KDG KDUGO\ DWWUDFWHG DWWHQWLRQ EHIRUH� :KHQ 9DQ
9OHFN WROG WKH FKHPLVWV WKDW SK\VLFLVWV WHQG WR FORVH WKHLU H\HV WR SKHQRPHQD RWKHU WKDQ
VSHFWUD� KH ZDV DOVR DGPRQLVKLQJ KLPVHOI�

$EEUHYLDWLRQV DQG $UFKLYHV

$+43 $UFKLYH IRU +LVWRU\ RI 4XDQWXP 3K\VLFV� $PHULFDQ 3KLORVRSKLFDO
6RFLHW\� 3KLODGHOSKLD

$,3�1%/ $PHULFDQ ,QVWLWXWH RI 3K\VLFV� 1LHOV %RKU /LEUDU\� &ROOHJH 3DUN� 0'

$FNQRZOHGJPHQWV

:H ZDQW WR WKDQN 0DVVLPLOLDQR %DGLQR� 5LFK %HOORQ� 7RQ\ 'XQFDQ� )UHG )HOORZV� &OD\WRQ
*HDUKDUW� 'RQ +RZDUG� 'DYLG +XEHU� -HUHPLDK -DPHV� /XF -DQVVHQ� &KULVWLDQ -RDV� 0DUWD
-RUGL� 'DYLG .DLVHU� 6DOO\ *UHJRU\ .RKOVWHGW� &KULVWRSK /HKQHU� &KXQ /LQ� -RH 0DUWLQ�
-DXPH 1DYDUUR� -�UJHQ 5HQQ� 6HUJH 5XGD]� 5RE ³5\QR´ 5\QDVLHZLF]� 5RJHU 6WXHZHU� DQG
$UNDG\ 9DLQVKWHLQ IRU KHOSIXO FRPPHQWV� GLVFXVVLRQ� DQG UHIHUHQFHV� :H DUH JUDWHIXO WR
-RKQ &RPVWRFN IRU SHUPLVVLRQ WR XVH WKH SLFWXUHV LQ ILJV� ����� DQG ������ :RUN RQ WKLV SDSHU
ZDV VXSSRUWHG E\ -�UJHQ 5HQQ¶V GHSDUWPHQW RI WKH 0D[�3ODQFN�,QVWLWXW I�U :LVVHQVFKDIWV�
JHVFKLFKWH DQG E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ XQGHU JUDQW 676±��������

5HIHUHQFHV

$OH[DQGURZ� :� ������� (LQH %HPHUNXQJ ]XU /DQJHYLQVFKHQ )RUPHO I�U GLH 6XV]HSWLELOLWlW
SDUDPDJQHWLVFKHU .|USHU� 3K\VLNDOLVFKH =HLWVFKULIW ��� ���±����

$QGHUVRQ� 3KLOLS:� ������� -RKQ +DVEURXFN 9DQ 9OHFN� 0DUFK ��� ����±2FWREHU ��� �����
1DWLRQDO $FDGHP\ RI 6FLHQFHV %LRJUDSKLFDO 0HPRLUV ��� ���±����

%DOWDV� $ULVWLGHV� .RVWDV *DYURJOX� DQG9DVVLOLNL .LQGL ������� $'LVFXVVLRQZLWK 7KRPDV 6�
.XKQ� ,Q� 7KH 5RDG VLQFH 6WUXFWXUH� (G� -DPHV &RQDQW DQG -RKQ +DXJHODQG� &KLFDJR�
7KH 8QLYHUVLW\ RI &KLFDJR 3UHVV� ���±����

%D\P� *RUGRQ ������� /HFWXUHV RQ 4XDQWXP 0HFKDQLFV� 5HDGLQJ� 0$� $GGLVRQ�:HVOH\�
%RKU� 1LHOV ������� 2Q WKH &RQVWLWXWLRQ RI $WRPV DQG 0ROHFXOHV �3DUW ,�� 3KLORVRSKLFDO

0DJD]LQH �WK 6HULHV ��� �±���
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þ ������� 2Q WKH 4XDQWXP 7KHRU\ RI /LQH 6SHFWUD� 3DUW ,,� 2Q WKH +\GURJHQ 6SHFWUXP�
'HW .RQJHOLJH 'DQVNH 9LGHQVNDEHUQHV 6HOVNDE� 0DWHPDWLVN�I\VLVNH 0HGGHOVHU �� ��±
����

%RKU� 1LHOV� +HQGULN $� .UDPHUV� DQG -RKQ &� 6ODWHU ������� 7KH 4XDQWXP 7KHRU\ RI 5DGL�
DWLRQ� 3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV ��� ���±����

%RUQ� 0D[ ������� hEHU 4XDQWHQPHFKDQLN� =HLWVFKULIW I�U 3K\VLN ��� ���±����
þ ������� 9RUOHVXQJHQ �EHU $WRPPHFKDQLN� %HUOLQ� -XOLXV 6SULQJHU�
þ ������� 7KH 0HFKDQLFV RI WKH $WRP� /RQGRQ� *� %HOO DQG 6RQV�
%RUQ� 0D[� :HUQHU +HLVHQEHUJ� DQG 3DVFXDO -RUGDQ ������� =XU 4XDQWHQPHFKDQLN ,,� =HLW�

VFKULIW I�U 3K\VLN ��� ���±����
%RUQ� 0D[ DQG 3DVFXDO -RUGDQ ������� =XU 4XDQWHQPHFKDQLN� =HLWVFKULIW I�U 3K\VLN ���

���±����
þ ������� (OHPHQWDUH 4XDQWHQPHFKDQLN �=ZHLWHU %DQG GHU 9RUOHVXQJHQ �EHU $WRP�

PHFKDQLN�� %HUOLQ� -XOLXV 6SULQJHU�
%XFKZDOG� -HG =� ������� )URP 0D[ZHOO WR 0LFURSK\VLFV� $VSHFWV RI (OHFWURPDJQHWLF 7KH�

RU\ LQ WKH /DVW 4XDUWHU RI WKH 1LQHWHHQWK &HQWXU\� &KLFDJR� 7KH 8QLYHUVLW\ RI &KLFDJR
3UHVV�

&DVVLG\� 'DYLG &� ������� 2SSHQKHLPHU¶V )LUVW 3DSHU� 0ROHFXODU %DQG 6SHFWUD DQG D 3URIHV�
VLRQDO 6W\OH� +LVWRULFDO 6WXGLHV LQ WKH 3K\VLFDO DQG %LRORJLFDO 6FLHQFHV ��� ���±����

'DYLVVRQ� &OLQWRQ -� ������� 7KH 'LVSHUVLRQ RI +\GURJHQ DQG +HOLXP RQ %RKU¶V 7KHRU\�
3K\VLFDO 5HYLHZ �� ��±���

'HE\H� 3HWHU ������� (LQLJH 5HVXOWDWH HLQHU NLQHWLVFKHQ 7KHRULH GHU ,VRODWRUHQ� 3K\VLNDOL�
VFKH =HLWVFKULIW ��� ��±����

þ ������� 'LH .RQVWLWXWLRQ GHV :DVVHUVWRII�0ROHN�OV� 6LW]XQJVEHULFKWH GHU PD�
WKHPDWLVFK�SK\VLNDOLVFKHQ .ODVVH GHU .|QLJOLFKHQ %D\HULVFKHQ $NDGHPLH GHU
:LVVHQVFKDIWHQ ]X 0�QFKHQ� �±���

'HQQLVRQ� 'DYLG 0� ������� 7KH 5RWDWLRQ RI 0ROHFXOHV� 3K\VLFDO 5HYLHZ ��� ���±����
'LUDF� 3DXO $� 0� ������� 7KH )XQGDPHQWDO (TXDWLRQV RI 4XDQWXP0HFKDQLFV� 3URFHHGLQJV

RI WKH 5R\DO 6RFLHW\ $ ���� ���±����
þ ������� 7KH 3ULQFLSOHV RI 4XDQWXP 0HFKDQLFV� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV�
'XQFDQ� $QWKRQ\ DQG 0LFKHO -DQVVHQ ������� 2Q WKH 9HUJH RI 8PGHXWXQJ LQ 0LQQHVRWD�

9DQ 9OHFN DQG WKH &RUUHVSRQGHQFH 3ULQFLSOH� � 3WV� $UFKLYH IRU +LVWRU\ RI ([DFW 6FL�
HQFHV ��� ���±���� ���±����

þ ������� 3DVFXDO -RUGDQ¶V 5HVROXWLRQ RI WKH &RQXQGUXP RI WKH :DYH�3DUWLFOH 'XDOLW\ RI
/LJKW� 6WXGLHV LQ +LVWRU\ DQG 3KLORVRSK\ RI 0RGHUQ 3K\VLFV ��� ���±����

þ ������� �1HYHU�0LQG \RXU V¶݌ DQG �V¶ݍ 9RQ1HXPDQQ YHUVXV -RUGDQ RQ WKH )RXQGDWLRQV
RI 4XDQWXP 7KHRU\� (XURSHDQ 3K\VLFDO -RXUQDO + ��� ���±����

(LQVWHLQ� $OEHUW ������� =XU 4XDQWHQWKHRULH GHU 6WUDKOXQJ� 3K\VLNDOLVFKH =HLWVFKULIW ���
���±����

(Q]� &KDUOHV 3� ������� 1R 7LPH WR %H %ULHI� $ 6FLHQWLILF %LRJUDSK\ RI :ROIJDQJ 3DXOL�
2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV�

(SVWHLQ� 3DXO 6� ������� 'LH 6W|UXQJVUHFKQXQJ LP 'LHQVWH GHU 4XDQWHQWKHRULH� ,,,� .ULWLVFKH
%HPHUNXQJHQ ]XU 'LVSHUVLRQVWKHRULH� =HLWVFKULIW I�U 3K\VLN �� ��±����

)HOORZV� )UHGHULFN +� ������� -� +� 9DQ 9OHFN� 7KH (DUO\ /LIH DQG :RUN RI D 0DWKHPDWLFDO
3K\VLFLVW� 3K' WKHVLV� 8QLYHUVLW\ RI 0LQQHVRWD�
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)H\QPDQ� 5LFKDUG 3�� 5REHUW %� /HLJKWRQ� DQG 0DWWKHZ 6DQGV ������� 7KH )H\QPDQ /HF�
WXUHV RQ 3K\VLFV� � 9ROV� 5HDGLQJ� 0$� $GGLVRQ�:HVOH\�

*HDUKDUW� &OD\WRQ $� ������� ³$VWRQLVKLQJ 6XFFHVVHV´ DQG ³%LWWHU 'LVDSSRLQWPHQW´� 7KH
6SHFLILF +HDW RI +\GURJHQ LQ 4XDQWXP 7KHRU\� $UFKLYH IRU +LVWRU\ RI ([DFW 6FLHQFHV
��� ���±����

*HUODFK� :DOWKHU DQG 2WWR 6WHUQ ������� 'DV PDJQHWLVFKH 0RPHQW GHV 6LOEHUDWRPV� =HLW�
VFKULIW I�U 3K\VLN �� ���±����

+HLOEURQ� -RKQ /� DQG 7KRPDV 6� .XKQ ������� 7KH *HQHVLV RI WKH %RKU $WRP� +LVWRULFDO
6WXGLHV LQ WKH 3K\VLFDO 6FLHQFHV �� ���±����

+HLVHQEHUJ� :HUQHU �����D�� hEHU HLQH $QZHQGXQJ GHV .RUUHVSRQGHQ]SULQ]LSV DXI GLH
)UDJH QDFK GHU 3RODULVDWLRQ GHV )OXRUHV]HQ]OLFKWHV� =HLWVFKULIW I�U 3K\VLN ��� ���±����

þ �����E�� hEHU GLH TXDQWHQWKHRUHWLVFKH 8PGHXWXQJ NLQHPDWLVFKHU XQG PHFKDQLVFKHU
%H]LHKXQJHQ� =HLWVFKULIW I�U 3K\VLN ��� ���±����

-DQVVHQ� 0LFKHO DQG 0DWWKHZ 0HFNOHQEXUJ ������� )URP &ODVVLFDO WR 5HODWLYLVWLF 0HFKDQ�
LFV� (OHFWURPDJQHWLF 0RGHOV RI WKH (OHFWURQ� ,Q� ,QWHUDFWLRQV� 0DWKHPDWLFV� 3K\VLFV
DQG 3KLORVRSK\� ����±����� (G� 9LQFHQW )� +HQGULFNV� .ODXV )� -¡UJHQVHQ� -HVSHU
/�W]HQ� DQG 6WLJ $� 3HGHUVHQ� %HUOLQ� 6SULQJHU� ��±����

-RUGDQ� 3DVFXDO ������� $QVFKDXOLFKH 4XDQWHQWKHRULH� (LQH (LQI�KUXQJ LQ GLH PRGHUQH $XI�
IDVVXQJ GHU 4XDQWHQHUVFKHLQXQJHQ� %HUOLQ� -XOLXV 6SULQJHU�

.HPEOH� (GZLQ &� ������� 7KH *HQHUDO 3ULQFLSOHV RI 4XDQWXP0HFKDQLFV� 3DUW ,� 7KH 3K\V�
LFDO 5HYLHZ 6XSSOHPHQW �� ���±����

þ ������� 7KH )XQGDPHQWDO 3ULQFLSOHV RI 4XDQWXP 0HFKDQLFV ZLWK (OHPHQWDU\ $SSOLFD�
WLRQV� 1HZ <RUN� 0F*UDZ�+LOO�

.HPEOH� (GZLQ &� DQG (GZDUG /� +LOO ������� 7KH *HQHUDO 3ULQFLSOHV RI 4XDQWXP0HFKDQ�
LFV� 3DUW ,,� 5HYLHZV RI 0RGHUQ 3K\VLFV �� �±���

.UDPHUV� +HQGULN $� �����D�� 7KH /DZ RI 'LVSHUVLRQ DQG %RKU¶V 7KHRU\ RI 6SHFWUD� 1DWXUH
���� ���±����

þ �����E�� 7KH 4XDQWXP 7KHRU\ RI 'LVSHUVLRQ� 1DWXUH ���� ���±����
.UDPHUV� +HQGULN $� DQG:HUQHU +HLVHQEHUJ ������� hEHU GLH 6WUHXXQJ YRQ 6WUDKOXQJ GXUFK

$WRPH� =HLWVFKULIW I�U 3K\VLN ��� ���±����
.URQLJ� 5DOSK �����D�� 7KH 'LHOHFWULF &RQVWDQW RI 'LDWRPLF 'LSROH�*DVHV RQ WKH 1HZ

4XDQWXP 0HFKDQLFV� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV ��� ���±����
þ �����E�� 7KH 'LHOHFWULF &RQVWDQW RI 6\PPHWULFDO 3RO\DWRPLF 'LSROH�*DVHV RQ WKH 1HZ

4XDQWXP 0HFKDQLFV� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV ��� ���±����
.XKQ� 7KRPDV 6� ������� 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV� �UG HG� &KLFDJR� 7KH 8QL�

YHUVLW\ RI &KLFDJR 3UHVV�
.XKQ� 7KRPDV 6�� -RKQ /� +HLOEURQ� 3DXO )RUPDQ� DQG /LQL $OOHQ ������� 6RXUFHV IRU WKH

+LVWRU\ RI 4XDQWXP 3K\VLFV� $Q ,QYHQWRU\ DQG 5HSRUW� 3KLODGHOSKLD� $PHULFDQ 3KLOR�
VRSKLFDO 6RFLHW\�

.XKQ�:HUQHU ������� hEHU GLH *HVDPWVWlUNH GHU YRQ HLQHP =XVWDQGH DXVJHKHQGHQ $EVRUS�
WLRQVOLQLHQ� =HLWVFKULIW I�U 3K\VLN ��� ���±����

/DGHQEXUJ� 5XGROI ������� 'LH TXDQWHQWKHRUHWLVFKH 'HXWXQJ GHU =DKO GHU 'LVSHUVLRQVHOHN�
WURQHQ� =HLWVFKULIW I�U 3K\VLN �� ���±����

/DGHQEXUJ� 5XGROI DQG )ULW] 5HLFKH ������� $EVRUSWLRQ� =HUVWUHXXQJ XQG 'LVSHUVLRQ LQ GHU
%RKUVFKHQ $WRPWKHRULH� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ���±����
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/DQJHYLQ� 3DXO �����D�� 0DJQpWLVPH HW WKpRULH GHV pOHFWURQV� $QQDOHV GH &KLPLH HW GH
3K\VLTXH �� ��±����

þ �����E�� 6XU OD WKpRULH GX PDJQpWLVPH� -RXUQDO GH 3K\VLTXH �� ���±����
/LQ� &KXQ &�� 5RJHU +� 6WXHZHU� DQG -RKQ +� 9DQ 9OHFN ������� ³2Q 0LQQHVRWD´ JDYH

:LVFRQVLQ ,WV 3RSXODU )LJKW 6RQJ� $OXPQL 1HZV �8QLYHUVLW\ RI 0LQQHVRWD� 'HFHPEHU
�����-DQXDU\ ����� �� ��

þ ������� :LVFRQVLQ YHUVXV 0LQQHVRWD LQ 6RQJ� 2Q :LVFRQVLQ ��� �6XPPHU ������ ��
0DQQHEDFN� &KDUOHV ������� 'LH 'LHOHNWUL]LWlWVNRQVWDQWH GHU ]ZHLDWRPLJHQ 'LSROJDVH QDFK

GHU :HOOHQPHFKDQLN� 3K\VLNDOLVFKH =HLWVFKULIW ��� ���±����
0HKUD� -DJGLVK DQG +HOPXW 5HFKHQEHUJ �����D�� 7KH +LVWRULFDO 'HYHORSPHQW RI 4XDQWXP

7KHRU\� 9RO� �� 7KH )RUPXODWLRQ RI 0DWUL[ 0HFKDQLFV DQG ,WV 0RGLILFDWLRQV� ����±
����� 1HZ <RUN� 6SULQJHU�

þ �����E�� 7KH +LVWRULFDO 'HYHORSPHQW RI 4XDQWXP 0HFKDQLFV� 9RO� �� 3DUW �� 7KH )XQ�
GDPHQWDO (TXDWLRQV RI 4XDQWXP 0HFKDQLFV� ����±����� 3DUW �� 7KH 5HFHSWLRQ RI WKH
1HZ 4XDQWXP 0HFKDQLFV� ����±����� %HUOLQ� 6SULQJHU�

0HQVLQJ� /XF\ ������� 'LH 5RWDWLRQV�6FKZLQJXQJVEDQGHQ QDFK GHU 4XDQWHQPHFKDQLN�
=HLWVFKULIW I�U 3K\VLN ��� ���±����

0HQVLQJ� /XF\ DQG :ROIJDQJ 3DXOL ������� hEHU GLH 'LHOHNWUL]LWlWVNRQVWDQWH YRQ 'LSRO�
JDVHQ QDFK GHU 4XDQWHQPHFKDQLN� 3K\VLNDOLVFKH =HLWVFKULIW ��� ���±����

3DXOL� :ROIJDQJ ������� =XU 7KHRULH GHU 'LHHOHNWUL]LWlWVNRQVWDQWH ]ZHLDWRPLJHU 'LSROJDVH�
=HLWVFKULIW I�U 3K\VLN �� ���±����

þ ������� 5HYLHZ RI �%RUQ DQG -RUGDQ� ������ 'LH 1DWXUZLVVHQVFKDIWHQ ��� ����
þ ������� 5HYLHZ RI �9DQ 9OHFN� ����E�� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ����
3DXOLQJ� /LQXV �����D�� 7KH 4XDQWXP 7KHRU\ RI WKH 'LHOHFWULF &RQVWDQW RI +\GURJHQ &KOR�

ULGH DQG 6LPLODU *DVHV� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV ��� ��±���
þ �����E�� 7KH 4XDQWXP 7KHRU\ RI WKH 'LHOHFWULF &RQVWDQW RI +\GURJHQ &KORULGH DQG

6LPLODU *DVHV� 3K\VLFDO 5HYLHZ ��� ���±����
þ ������� 7KH ,QIOXHQFH RI D 0DJQHWLF )LHOG RQ WKH 'LHOHFWULF &RQVWDQW RI D 'LDWRPLF

'LSROH *DV� 3K\VLFDO 5HYLHZ ��� ���±����
þ ������� 5HYLHZ RI �9DQ 9OHFN� ����E�� 7KH -RXUQDO RI WKH $PHULFDQ &KHPLFDO 6RFLHW\

��� ����±�����
3DXOLQJ� /LQXV DQG 6DPXHO *RXGVPLW ������� 7KH 6WUXFWXUH RI /LQH 6SHFWUD� 1HZ <RUN�

0F*UDZ�+LOO�
5RMDQVN\� 9ODGLPLU ������� ,QWURGXFWRU\ 4XDQWXP 0HFKDQLFV� (QJOHZRRG &OLIIV� 3UHQWLFH�

+DOO�
5XDUN� $UWKXU (� ������� 5HYLHZ RI �9DQ 9OHFN� ����E�� -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI

$PHULFD ��� ����
5XDUN� $UWKXU (� DQG +DUROG &� 8UH\ ������� $WRPV� 0ROHFXOHV DQG 4XDQWD� 1HZ <RUN�

0F*UDZ�+LOO�
5XVH� 0LFKDHO ������� 7KH 'DUZLQLDQ 3DUDGLJP� (VVD\V RQ ,WV +LVWRU\� 3KLORVRSK\� DQG

5HOLJLRXV ,PSOLFDWLRQV� /RQGRQ DQG 1HZ <RUN� 5RXWOHGJH�
6FKU|GLQJHU� (UZLQ ������� 4XDQWLVLHUXQJ DOV (LJHQZHUWSUREOHP� �'ULWWH 0LWWHLOXQJ��

6W|UXQJVWKHRULH� PLW $QZHQGXQJ DXI GHQ 6WDUNHIIHNW GHU %DOPHUOLQLHQ� $QQDOHQ GHU
3K\VLN ��� ���±����

6HUEHU� 5REHUW ������� 7KH /RV $ODPRV 3ULPHU� 7KH )LUVW /HFWXUHV RQ+RZ WR %XLOG DQ $WRPLF
%RPE� %HUNHOH\� 8QLYHUVLW\ RI &DOLIRUQLD 3UHVV�
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6HWK� 6XPDQ ������� &UDIWLQJ WKH 4XDQWXP� $UQROG 6RPPHUIHOG DQG WKH 3UDFWLFH RI 7KHRU\�
����±����� &DPEULGJH� 0$� 7KH 0,7 3UHVV�

6PHNDO� $GROI ������� 5HYLHZ RI �9DQ 9OHFN� ����E�� 3K\VLNDOLVFKH =HLWVFKULIW ��� ��±���
6RPPHUIHOG� $UQROG ������� 'LH DOOJHPHLQH 'LVSHUVLRQVIRUPHO QDFK GHP %RKUVFKHQ 0R�

GHOO� ,Q� )HVWVFKULIW -XOLXV (OVWHU XQG +DQV *HLWHO� (G� .DUO %HUJZLW]� %UDXQVFKZHLJ�
)ULHGULFK 9LHZHJ XQG 6RKQ� ���±����

þ ������� 'LH 'UXGHVFKH 'LVSHUVLRQVWKHRULH YRP 6WDQGSXQNWH GHV %RKUVFKHQ 0RGHOOHV
XQG GLH .RQVWLWXWLRQ YRQ +�� 2� XQG 1�� $QQDOHQ GHU 3K\VLN ��� ���±����

þ ������� $WRPEDX XQG 6SHNWUDOOLQLHQ� %UDXQVFKZHLJ� )ULHGULFK 9LHZHJ XQG 6RKQ�
þ ������� $WRPLF 6WUXFWXUH DQG 6SHFWUDO /LQHV� /RQGRQ�0HWKXHQ� �7UDQVO� RI �UG *HUPDQ

HG� RI $WRPEDX XQG 6SHNWUDOOLQLHQ��
6WHYHQV� .� :� +� ������� 0DJQHWLVP� ,Q� 7ZHQWLHWK &HQWXU\ 3K\VLFV� 9RO� ,,� (G� /DXULH 0�

%URZQ� $EUDKDP 3DLV� DQG %ULDQ 3LSSDUG� %ULVWRO DQG 3KLODGHOSKLD�1HZ <RUN� ,QVWLWXWH
RI 3K\VLFV 3XEOLVKLQJ�$PHULFDQ ,QVWLWXWH RI 3K\VLFV 3UHVV� ����±�����

6WRQHU� (GPXQG &� ������� 0DJQHWLVP DQG 4XDQWXP 0HFKDQLFV �5HYLHZ RI 9DQ 9OHFN�
����E�� 1DWXUH ���� ���±����

6ZDQQ�:LOOLDP )� *�� -RKQ 7� 7DWH� +� %DWHPDQ� DQG (� +� .HQQDUG �������(OHFWURG\QDPLFV
RI 0RYLQJ 0HGLD� :DVKLQJWRQ� 1DWLRQDO 5HVHDUFK &RXQFLO �%XOOHWLQ RI WKH 1DWLRQDO
5HVHDUFK &RXQFLO �� 3DUW ����

7KRPDV� :LOO\ ������� hEHU GLH =DKO GHU 'LVSHUVLRQVHOHNWURQHQ� GLH HLQHP VWDWLRQlUHQ =X�
VWDQGH ]XJHRUGQHW VLQG �9RUOlXILJH 0LWWHLOOXQJ�� 'LH 1DWXUZLVVHQVFKDIWHQ ��� ����

9DQ GHU :DHUGHQ� %DUWHO /�� HG� ������� 6RXUFHV RI 4XDQWXP 0HFKDQLFV� 1HZ <RUN� 'RYHU�
9DQ 9OHFN� -RKQ +� ������� 7KH 1RUPDO +HOLXP $WRP DQG ,WV 5HODWLRQ WR WKH 4XDQWXP

7KHRU\� 3KLORVRSKLFDO 0DJD]LQH �WK 6HULHV ��� ���±����
þ �����D�� $ &RUUHVSRQGHQFH 3ULQFLSOH IRU $EVRUSWLRQ� -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI

$PHULFD �� ��±���
þ �����E�� 7KH $EVRUSWLRQ RI 5DGLDWLRQ E\ 0XOWLSO\ 3HULRGLF 2UELWV� DQG ,WV 5HODWLRQ WR

WKH &RUUHVSRQGHQFH 3ULQFLSOH DQG WKH 5D\OHLJK�-HDQV /DZ� 3DUW ,� 6RPH ([WHQVLRQV RI
WKH &RUUHVSRQGHQFH 3ULQFLSOH� 3K\VLFDO 5HYLHZ ��� ���±����

þ �����F�� 7KH $EVRUSWLRQ RI 5DGLDWLRQ E\ 0XOWLSO\ 3HULRGLF 2UELWV� DQG ,WV 5HODWLRQ
WR WKH &RUUHVSRQGHQFH 3ULQFLSOH DQG WKH 5D\OHLJK�-HDQV /DZ� 3DUW ,,� &DOFXODWLRQ RI
$EVRUSWLRQ E\ 0XOWLSO\ 3HULRGLF 2UELWV� 3K\VLFDO 5HYLHZ ��� ���±����

þ �����D�� 0DJQHWLF 6XVFHSWLELOLWLHV DQG 'LHOHFWULF &RQVWDQWV LQ WKH 1HZ 4XDQWXP 0H�
FKDQLFV� 1DWXUH ���� ���±����

þ �����E��4XDQWXP 3ULQFLSOHV DQG /LQH 6SHFWUD� :DVKLQJWRQ� 1DWLRQDO 5HVHDUFK &RXQ�
FLO �%XOOHWLQ RI WKH 1DWLRQDO 5HVHDUFK &RXQFLO ��� 3DUW ���

þ �����D�� 2Q 'LHOHFWULF &RQVWDQWV DQG 0DJQHWLF 6XVFHSWLELOLWLHV LQ WKH 1HZ 4XDQWXP
0HFKDQLFV� 3DUW ,� $ *HQHUDO 3URRI RI WKH /DQJHYLQ�'HE\H )RUPXOD� 3K\VLFDO 5HYLHZ
��� ���±����

þ �����E�� 2Q 'LHOHFWULF &RQVWDQWV DQG 0DJQHWLF 6XVFHSWLELOLWLHV LQ WKH 1HZ 4XDQWXP
0HFKDQLFV� 3DUW ,,� $SSOLFDWLRQ WR 'LHOHFWULF &RQVWDQWV� 3K\VLFDO 5HYLHZ ��� ��±���

þ �����F�� 7KH 1HZ 4XDQWXP 0HFKDQLFV� -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI $PHULFD ���
���±����

þ �����D�� 2Q 'LHOHFWULF &RQVWDQWV DQG 0DJQHWLF 6XVFHSWLELOLWLHV LQ WKH 1HZ 4XDQWXP
0HFKDQLFV� 3DUW ,,,� $SSOLFDWLRQ WR 'LD� DQG 3DUDPDJQHWLVP� 3K\VLFDO 5HYLHZ ��� ���±
����
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þ �����E�� 7KH 1HZ 4XDQWXP 0HFKDQLFV� &KHPLFDO 5HYLHZV �� ���±����
þ �����F�� 7KH 1HZ 4XDQWXP 0HFKDQLFV� -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI $PHULFD ���

���±����
þ �����D�� 1RWH VXU OHV VXVFHSWLELOLWpV GHV LRQV 6DPDULXP HW (XURSLXP� ,Q� /H PDJ�

QpWLVPH� 5DSSRUW HW GLVFXVVLRQV GX VL[LqPH FRQVHLO GH SK\VLTXH WHQX j %UX[HOOHV GX
�� DX �� RFWREUH ����� 3DULV� *DXWKLHU�9LOODUV� ��±���

þ �����E�� 7KH 7KHRU\ RI (OHFWULF DQG 0DJQHWLF 6XVFHSWLELOLWLHV� 2[IRUG� 2[IRUG 8QL�
YHUVLW\ 3UHVV�

þ ������� $PHULFDQ 3K\VLFV &RPHV RI $JH� 3K\VLFV 7RGD\ ������ ��±���
þ ������� 0\ 6ZLVV 9LVLWV RI ����� ����� DQG ����� +HOYHWLFD 3K\VLFD $FWD ��� ����±

�����
þ ������� 5HPLQLVFHQFHV RI WKH )LUVW 'HFDGH RI 4XDQWXP0HFKDQLFV� ,Q� 6\PSRVLXP 1R�

�� ����� $ 6\PSRVLXP +HOG LQ +RQRU RI 9DQ 9OHFN� (G� 3HU�2ORY /|GZLQ� ,QWHUQDWLRQDO
-RXUQDO RI 4XDQWXP &KHPLVWU\� 1HZ <RUN� :LOH\� �±���

þ ������� $FFHSWDQFH 6SHHFK� .RQLQNOLMNH 1HGHUODQGVH $NDGHPLH YDQ :HWHQVFKDSSHQ�
%LM]RQGHUH ELMHHQNRPVW GHU DIGHOLQJ QDWXXUNXQGH « �� VHSWHPEHU ���� « YRRU GH
SOHFKWLJH XLWUHLNLQJ YDQ GH /RUHQW]�PHGDLOOH DDQ 3URI� 'U� -� +� 9DQ 9OHFN�

þ �����D�� -RKQ +DVEURXFN 9DQ 9OHFN �$XWRELRJUDSKLFDO 1RWH�� ,Q� 1REHO /HFWXUHV LQ
3K\VLFV �����±������ (G� 6WLJ /XQGTYLVW� 6LQJDSRUH�:RUOG 6FLHQWLILF 3XEOLVKLQJ� ���±
����

þ �����E�� 4XDQWXP 0HFKDQLFV� WKH .H\ WR 8QGHUVWDQGLQJ 0DJQHWLVP� ,Q� 1REHO /HF�
WXUHV LQ 3K\VLFV �����±������ (G� 6WLJ /XQGTYLVW� 6LQJDSRUH� :RUOG 6FLHQWLILF 3XEOLVK�
LQJ� ���±����

:LJQHU� (XJHQH 3� ������� *UXSSHQWKHRULH XQG LKUH $QZHQGXQJ DXI GLH 4XDQWHQPHFKDQLN
GHU $WRPVSHNWUHQ� %HUOLQ� -XOLXV 6SULQJHU�

:LJQHU� (XJHQH 3� DQG $QGUHZ 6]DQWRQ ������� 7KH 5HFROOHFWLRQV RI (XJHQH 3� :LJQHU DV
7ROG WR $QGUHZ 6]DQWRQ� 1HZ <RUN� 3OHQXP�

=DKQ� &KDUOHV 7� ������� 7KH (OHFWULF 0RPHQW RI *DVHRXV 0ROHFXOHV RI +DORJHQ +\GULGHV�
3K\VLFDO 5HYLHZ ��� ���±����

=DKQ� &KDUOHV 7� DQG $� +� 6SHHV ������� $ &ULWLFDO $QDO\VLV RI WKH &ODVVLFDO ([SHULPHQWV
RQ WKH 9DULDWLRQ RI (OHFWURQ 0DVV� 3K\VLFDO 5HYLHZ ��� ���±����


