
5DQGRP :DONLQJ $URXQG )LQDQFLDO 0DWKHPDWLFV

0LNOwRV &V�RUJR̀ �

6FKRRO RI 0DWKHPDWLFV DQG 6WDWLVWLFV� &DUOHWRQ 8QLYHUVLW\� 2WWDZD� 2QWDULR .�6 �%�� &DQDGD�

(�PDLO� PFVRUJR#PDWK�FDUOHWRQ�FD

6XPPDU\� 7KH ���� 1REHO 3UL]H LQ (FRQRPLFV ZDV DZDUGHG WR 5REHUW &� 0HUWRQ DQG 0\URQ

6� 6FKROHV ZKR� LQ FROODERUDWLRQ ZLWK WKH ODWH )LVFKHU %ODFN� GHYHORSHG D SLRQHHULQJ IRUPXOD IRU

WKH YDOXDWLRQ RI VWRFN RSWLRQV� :H VWDUW ZLWK TXRWDWLRQV IURP WKH UHODWHG SUHVV UHOHDVH WKDW ZH
WKHQ UHODWH WR PDWKHPDWLFV LQ D KLVWRULFDO FRQWH[W� ,Q RUGHU WR EHWWHU DSSUHFLDWH ZKDW LW WRRN

LQ PDWKHPDWLFV WR PDNH WKHVH VWXGLHV IHDVLEOH DW DOO� WDNLQJ D KLVWRULFDO VFHQLF URXWH� ZH UHYLHZ
VRPH RI WKH IXQGDPHQWDO QRWLRQV RI %URZQLDQ PRWLRQ^:LHQHU SURFHVV LQ 6HFWLRQ �� DV ZHOO DV VRPH

HOHPHQWV RI ,WAR FDOFXOXV LQ 6HFWLRQ �� &RQVHTXHQWO\� LQ 6HFWLRQ �� RQ DVVXPLQJ WKDW VWRFN SULFHV
qXFWXDWH OLNH JHRPHWULF %URZQLDQ PRWLRQ� ZH VXPPDUL]H WKH GHULYDWLRQ RI WKH %ODFN^6FKROHV 3'(

DQG IDLU SULFH IRUPXODH IRU (XURSHDQ W\SH RSWLRQV YLD WKH VR^FDOOHG ULVN^IUHH SRUWIROLR PHWKRG�
WKRXJK ZH DUH DZDUH RI WKH IDFW WKDW WKH ODWWHU PHWKRG LV XQTXHVWLRQDEOH RQO\ LQ D GLVFUHWH^WLPH

VHWWLQJ� ,Q 6HFWLRQ � ZH GLVFXVV WKH SUREOHP RI HVWLPDWLQJ WKH YRODWLOLW\ SDUDPHWHU LQ WKH %ODFN^
6FKROHV IRUPXOD� ZKHUH WKH ODWWHU LV DOVR KLJKOLJKWHG LQ WHUPV RI D JHRPHWULF IUDFWLRQDO %URZQLDQ

PRWLRQ� 6HFWLRQ � GHDOV ZLWK VWURQJ DSSUR[LPDWLRQV RI WKH ORJDULWKP RI LQWHJUDO IXQFWLRQDOV RI

YDULRXV JHRPHWULF VWRFKDVWLF SURFHVVHV �$VLDQ SULFH W\SH SURFHVVHV� E\ DSSURSULDWH VXS IXQFWLRQDOV
RI WKH SURFHVVHV LQ WKH H[SRQHQWV RI WKHLU UHVSHFWLYH LQWHJUDQGV� :KHQHYHU LW VHHPHG QDWXUDO DQG

GHVLUDEOH� ZH WRRN WKH OLEHUW\ RI TXRWLQJ VRPH IXQGDPHQWDO SDSHUV DQG ERRNV LQ IXOO� WKURXJKRXW
WKH WH[W� $OO WKHVH DUH UHSHDWHG LQ WKH 5HIHUHQFHV DV ZHOO�

.H\ZRUGV� %ODFN^6FKROHV 3'( DQG IRUPXOD� ULVN^IUHH SRUWIROLR� )H\QPDQ^.DF W\SH IRUPV� %URZQLDQ
PRWLRQ^:LHQHU SURFHVV� ,WAR FDOFXOXV� ,WAR IRUPXOD� JHRPHWULF %URZQLDQ PRWLRQ� JHRPHWULF IUDFWLRQDO

%URZQLDQ PRWLRQ� YRODWLOLW\� LQWHJUDO DQG VXS IXQFWLRQDOV� JHRPHWULF VWRFKDVWLF SURFHVVHV LQ JHQHUDO�
VWURQJ DSSUR[LPDWLRQV� VWURQJ WKHRUHPV� /,/ DQG VWURQJ LQFUHPHQWV�

� 5HVHDUFK VXSSRUWHG E\ DQ 16(5& &DQDGD *UDQW DW &DUOHWRQ 8QLYHUVLW\� 2WWDZD� DQG E\ D 3DXO

(UGR̀V 9LVLWLQJ 3URIHVVRUVKLS RI WKH 3DXO (UGR̀V 6XPPHU 5HVHDUFK &HQWHU RI 0DWKHPDWLFV� %XGDSHVW
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�� ,QWURGXFWLRQ

:H VWDUW ZLWK TXRWDWLRQV IURP WKH 3UHVV 5HOHDVH� 7KH %DQN RI 6ZHGHQ 3UL]H LQ (FRQRPLF 6FL�

HQFHV LQ 0HPRU\ RI $OIUHG 1REHO����� KWWS�  ZZZ�QREHO�VH�DQQRXQFHPHQW����HFRQRP\���KWPO

7KH 5R\DO 6ZHGLVK $FDGHP\ RI 6FLHQFHV KDV GHFLGHG WR DZDUG WKH %DQN RI 6ZHGHQ 3UL]H LQ

(FRQRPLF 6FLHQFHV LQ 0HPRU\ RI $OIUHG 1REHO� ����� WR 3URIHVVRU 5REHUW &� 0HUWRQ�
+DUYDUG 8QLYHUVLW\� &DPEULGJH� 86$ DQG 3URIHVVRU 0\URQ 6� 6FKROHV� 6WDQIRUG 8QLYHUVLW\�

6WDQIRUG� 86$ IRU D QHZ PHWKRG WR GHWHUPLQH WKH YDOXH RI GHULYDWLYHV� 5REHUW &� 0HUWRQ DQG
0\URQ 6� 6FKROHV KDYH� LQ FROODERUDWLRQ ZLWK WKH ODWH )LVFKHU %ODFN� GHYHORSHG D SLRQHHULQJ

IRUPXOD IRU WKH YDOXDWLRQ RI VWRFN RSWLRQV� 7KHLU PHWKRGRORJ\ KDV SDYHG WKH ZD\ IRU HFRQRPLF

YDOXDWLRQV LQ PDQ\ DUHDV� ,W KDV DOVR JHQHUDWHG QHZ W\SHV RI pQDQFLDO LQVWUXPHQWV DQG IDFLOLWDWHG
PRUH HrFLHQW ULVN PDQDJHPHQW LQ VRFLHW\�

,Q D PRGHUQ PDUNHW HFRQRP\ LW LV HVVHQWLDO WKDW pUPV DQG KRXVHKROGV DUH DEOH WR VHOHFW DQ DSSUR�
SULDWH OHYHO RI ULVN LQ WKHLU WUDQVDFWLRQV� 7KLV WDNHV SODFH RQ pQDQFLDO PDUNHWV ZKLFK UHGLVWULEXWH

ULVNV WRZDUGV WKRVH DJHQWV ZKR DUH ZLOOLQJ DQG DEOH WR DVVXPH WKHP� 0DUNHWV IRU RSWLRQV DQG

RWKHU VR�FDOOHG GHULYDWLYHV DUH LPSRUWDQW LQ WKH VHQVH WKDW DJHQWV ZKR DQWLFLSDWH IXWXUH UHYHQXHV
RU SD\PHQWV FDQ HQVXUH D SURpW DERYH D FHUWDLQ OHYHO RU LQVXUH WKHPVHOYHV DJDLQVW D ORVV DERYH D

FHUWDLQ OHYHO� �'XH WR WKHLU GHVLJQ� RSWLRQV DOORZ IRU KHGJLQJ DJDLQVW RQH�VLGHG ULVN ^ RSWLRQV JLYH
WKH ULJKW� EXW QRW WKH REOLJDWLRQ WR EX\ RU VHOO D FHUWDLQ VHFXULW\ LQ WKH IXWXUH DW D SUHVSHFLpHG

SULFH�� $ SUHUHTXLVLWH IRU HrFLHQW PDQDJHPHQW RI ULVN� KRZHYHU� LV WKDW VXFK LQVWUXPHQWV DUH
FRUUHFWO\ YDOXHG� RU SULFHG� $ QHZ PHWKRG WR GHWHUPLQH WKH YDOXH RI GHULYDWLYHV VWDQGV RXW DPRQJ

WKH IRUHPRVW FRQWULEXWLRQV WR HFRQRPLF VFLHQFHV RYHU WKH ODVW �� \HDUV�

7KLV \HDU
V ODXUHDWHV� 5REHUW 0HUWRQ DQG 0\URQ 6FKROHV� GHYHORSHG WKLV PHWKRG LQ FORVH

FROODERUDWLRQ ZLWK )LVFKHU %ODFN� ZKR GLHG LQ KLV PLG�pIWLHV LQ ����� 7KHVH WKUHH VFKRODUV
ZRUNHG RQ WKH VDPH SUREOHP� RSWLRQ YDOXDWLRQ� ,Q ����� %ODFN DQG 6FKROHV SXEOLVKHG ZKDW KDV

FRPH WR EH NQRZQ DV WKH %ODFN�6FKROHV IRUPXOD� 7KRXVDQGV RI WUDGHUV DQG LQYHVWRUV QRZ XVH
WKLV IRUPXOD HYHU\ GD\ WR YDOXH VWRFN RSWLRQV LQ PDUNHWV WKURXJKRXW WKH ZRUOG� 5REHUW 0HUWRQ

GHYLVHG DQRWKHU PHWKRG WR GHULYH WKH IRUPXOD WKDW WXUQHG RXW WR KDYH YHU\ ZLGH DSSOLFDELOLW\�
KH DOVR JHQHUDOL]HG WKH IRUPXOD LQ PDQ\ GLUHFWLRQV�

%ODFN� 0HUWRQ DQG 6FKROHV WKXV ODLG WKH IRXQGDWLRQ IRU WKH UDSLG JURZWK RI PDUNHWV IRU GHULYDWLYHV

LQ WKH ODVW WHQ \HDUV� 7KHLU PHWKRG KDV PRUH JHQHUDO DSSOLFDELOLW\� KRZHYHU� DQG KDV FUHDWHG QHZ
DUHDV RI UHVHDUFK � LQVLGH DV ZHOO DV RXWVLGH RI pQDQFLDO HFRQRPLFV� $ VLPLODU PHWKRG PD\ EH XVHG

WR YDOXH LQVXUDQFH FRQWUDFWV DQG JXDUDQWHHV� RU WKH qH[LELOLW\ RI SK\VLFDO LQYHVWPHQW SURMHFWV�

7KH 3UREOHP

$WWHPSWV WR YDOXH GHULYDWLYHV KDYH D ORQJ KLVWRU\� $V IDU EDFN DV ����� WKH )UHQFK PDWKHPDWLFLDQ

/RXLV %DFKHOLHU UHSRUWHG RQH RI WKH HDUOLHVW DWWHPSWV LQ KLV GRFWRUDO GLVVHUWDWLRQ� DOWKRXJK WKH
IRUPXOD KH GHULYHG ZDV qDZHG LQ VHYHUDO ZD\V� 6XEVHTXHQW UHVHDUFKHUV KDQGOHG WKH PRYHPHQW

RI VWRFN SULFHV DQG LQWHUHVW UDWHV PRUH VXFFHVVIXOO\� %XW DOO RI WKHVH DWWHPSWV VXoHUHG IURP WKH
VDPH IXQGDPHQWDO VKRUWFRPLQJ� ULVN SUHPLD ZHUH QRW GHDOW ZLWK LQ D FRUUHFW ZD\�
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7KH PHWKRG

%ODFN� 0HUWRQ DQG 6FKROHV PDGH D YLWDO FRQWULEXWLRQ E\ VKRZLQJ WKDW LW LV LQ IDFW QRW QHFHVVDU\
WR XVH DQ\ ULVN SUHPLXP ZKHQ YDOXLQJ DQ RSWLRQ� 7KLV GRHV QRW PHDQ WKDW WKH ULVN SUHPLXP

GLVDSSHDUV� LQVWHDG LW LV DOUHDG\ LQFOXGHG LQ WKH VWRFN SULFH�

���

2QH FDQ XVH WKLV DUJXPHQW� DORQJ ZLWK VRPH WHFKQLFDO DVVXPSWLRQV� WR ZULWH GRZQ D SDUWLDO GLoHU�

HQWLDO HTXDWLRQ� 7KH VROXWLRQ WR WKLV HTXDWLRQ LV SUHFLVHO\ WKH %ODFN�6FKROHV
 IRUPXOD� 9DOXDWLRQ
RI RWKHU GHULYDWLYH VHFXULWLHV SURFHHGV DORQJ VLPLODU OLQHV�

���

7KH %ODFN�6FKROHV IRUPXOD

%ODFN DQG 6FKROHV
 IRUPXOD IRU D (XURSHDQ FDOO RSWLRQ FDQ EH ZULWWHQ DV
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$FFRUGLQJ WR WKLV IRUPXOD� WKH YDOXH RI WKH FDOO RSWLRQ &� LV JLYHQ E\ WKH GLoHUHQFH EHWZHHQ WKH

H[SHFWHG VKDUH YDOXH ^ WKH pUVW WHUP RQ WKH ULJKW�KDQG VLGH ^ DQG WKH H[SHFWHG FRVW ^ WKH VHFRQG

WHUP ^ LI WKH RSWLRQ ULJKW LV H[HUFLVHG DW PDWXULW\� 7KH IRUPXOD VD\V WKDW WKH RSWLRQ YDOXH LV

KLJKHU WKH KLJKHU WKH VKDUH SULFH WRGD\ 6� WKH KLJKHU WKH YRODWLOLW\ RI WKH VKDUH SULFH �PHDVXUHG

E\ LWV VWDQGDUG GHYLDWLRQ� VLJPD� WKH KLJKHU WKH ULVN�IUHH LQWHUHVW UDWH U� WKH ORQJHU WKH WLPH WR

PDWXULW\ W� WKH ORZHU WKH VWULNH SULFH /� DQG WKH KLJKHU WKH SUREDELOLW\ WKDW WKH RSWLRQ ZLOO EH

H[HUFLVHG �WKH SUREDELOLW\ LV HYDOXDWHG E\ WKH QRUPDO GLVWULEXWLRQ IXQFWLRQ 1��

)XUWKHU 5HDGLQJ

$GGLWLRQDO EDFNJURXQG PDWHULDO RQ WKH %DQN RI 6ZHGHQ 3UL]H LQ (FRQRPLFV 6FLHQFHV LQ 0HPRU\

RI $OIUHG 1REHO ����� 7KH 5R\DO 6ZHGLVK $FDGHP\ RI 6FLHQFHV�

KWWS���ZZZ�NYD�VH�HFREDFN���KWPO

%ODFN� )� DQG 0� 6FKROHV� ����� ?7KH 3ULFLQJ RI 2SWLRQV DQG &RUSRUDWH /LDELOLWLHV�� -RXUQDO RI
3ROLWLFDO (FRQRP\� 9RO� ��� SS����^����

%ODFN� )�� ����� ?+RZ :H FDPH 8S ZLWK WKH 2SWLRQ )RUPXOD�� 7KH -RXUQDO RI 3RUWIROLR 0DQ�

DJHPHQW� 9RO� ��� SS��^��

+XOO� -�&�� ����� 2SWLRQV� )XWXUHV DQG 2WKHU 'HULYDWHV� �UG HGLWLRQ� 3UHQWLFH +DOO

0HUWRQ� 5�&�� ����� ?7KHRU\ RI 5DWLRQDO 2SWLRQ 3ULFLQJ�� %HOO -RXUQDO RI (FRQRPLFV DQG 0DQ�

DJHPHQW 6FLHQFH� 9RO� �� SS����^����
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:H KRSH WR EH DEOH WR HOXFLGDWH RQ WKH %ODFN�6FKROHV IRUPXOD LQ 6HFWLRQV � DQG �� :LWKRXW FDVWLQJ

D VKDGRZ RQ WKH VLJQLpFDQFH DQG LPSRUWDQFH RI WKH PDWWHU RI DFKLHYHPHQW LQ KDQG WKDW KDV DOVR

LQVSLUHG WKLV H[SRVLWLRQ� ZH QRWH LQ SDVVLQJ WKDW� LQ WKLV DQQRXQFHPHQW RI 7KH 5R\DO 6ZHGLVK $FDGHP\

RI 6FLHQFHV� /RXLV %DFKHOLHU
V ?DWWHPSWV� JHW TXLWH D VKRUW VKLIW LQGHHG� WR VD\ WKH OHDVW� ,Q RUGHU WR

SXW WKLQJV WR ULJKWV ULJKW DW WKH RXWVHW� ZH TXRWH KHUH WKH 3UHIDFH RI 'DQLHO :� 6WURRFN WR KLV 1RWHV

RI $SULO ����� WKDW GHDO ZLWK WKH VDPH PDWWHU VRXQGO\� DV ZHOO DV LQ D FRUUHFW KLVWRULFDO FRQWH[W� MXVW

DERXW D \HDU RU VR EHIRUH WKH DQQRXQFHPHQW RI WKLV ���� 1REHO 3UL]H LQ (FRQRPLF 6FLHQFHV� 6WURRFN
V

LQWURGXFWRU\ OLQHV WR KLV QRWHV UHDG DV IROORZV�

?,WAR
V IRUPXOD LV QRZ WKH EUHDG DQG EXWWHU RI WKH ?TXDQW� GHSDUWPHQW RI VHYHUDO PDMRU pQDQFLDO
LQVWLWXWLRQV� $FWXDOO\� WKH DSSOLFDWLRQ RI ZKDW ZH QRZ FDOO %URZQLDQ PRWLRQ WR pQDQFH DQWHGDWHV

LWV DSSOLFDWLRQ WR %URZQLDQ PRWLRQ DQG JRHV EDFN WR WKH WKHVLV� ZULWWHQ DW WKH WXUQ RI WKH FHQ�

WXU\ �pYH \HDUV EHIRUH (LQVWHLQ
V IDPRXV SDSHU DERXW WKH NLQHWLF WKHRU\ RI JDVHV� E\ /� %DFKHOLHU�
%DFKHOLHU ZDV WU\LQJ WR PRGHO WKH qXFWXDWLRQV IRU SULFHV RQ WKH %RXUVH� )URP D SXUHO\ PDWKH�

PDWLFDO VWDQGSRLQW� KLV LQVLJKWV DUH IDU PRUH SHQHWUDWLQJ WKDQ DQ\RQH HOVH
V SULRU WR :LHQHU� ,Q
DGGLWLRQ� WKHLU SUDFWLFDO LPSDFW RQ DOO RXU OLYHV LV DOVR IDU PRUH SHQHWUDWLQJ� ,Q IDFW� PRGHOV� OLNH

WKDW RI %ODFN DQG 6FKROHV� ZKLFK DUH WKH IRUP LQ ZKLFK %DFKHOLHU
V LGHDV KDYH EHHQ UHLQFDUQDWHG�
FRQVWLWXWH WKH EDVLV RQ ZKLFK PRGHUQ EXVLQHVV PDNHV GHFLVLRQV DERXW KRZ HYHU\WKLQJ IURP VWRFNV

DQG ERQGV WR SRUN EHOO\ IXWXUHV VKRXOG EH SULFHG� 7KH UROH WKDW ,WAR
V IRUPXOD SOD\V LQ DOO WKLV
LV YHU\ PXFK WKH VDPH DV WKH RQH ZKLFK LW SOD\V LQ RXU FRQVLGHUDWLRQV� 1DPHO\� ,WAR
V IRUPXOD

SURYLGHV WKH OLQN EHWZHHQ YDULRXV VWRFKDVWLF TXDQWLWLHV DQG GLoHUHQWLDO HTXDWLRQV RI ZKLFK WKRVH
TXDQWLWLHV DUH WKH VROXWLRQ��

7KH SUHVHQW H[SRVLWLRQ LV DLPHG DW D ZLGH DXGLHQFH LQ PDWKHPDWLFV� DQG LQ WKH PDWKHPDWLFDO

DQG HFRQRPLF VFLHQFHV� 7DNLQJ D KLVWRULFDO URXWH DQG� XQIRUWXQDWHO\� PDQ\ PRUH VKRUW FXWV DV ZHOO

WKDQ RQH UHDOO\ VKRXOG� ZH KRSH WR VXFFHHG LQ DW OHDVW LOOXVWUDWLQJ ZKDW LW WRRN LQ PRUH WKDQ WKH pUVW

KDOI RI WKH WZHQWLHWK FHQWXU\� WR FUHDWH WKH PDWKHPDWLFDO IRXQGDWLRQV RI WKH WKHRU\ RI SUREDELOLW\ DQG

VWRFKDVWLF SURFHVVHV WKDW KDV HYHQWXDOO\ DOVR OHG WR WKH SRVVLELOLW\ RI PRGHOOLQJ VWRFN SULFHV FRUUHFWO\� %\

ZULWLQJ FRUUHFWO\ KHUH� ZH RQO\ PHDQ WR VD\ PDWKHPDWLFDOO\ FRUUHFWO\� 7KH TXHVWLRQ RI D PDWKHPDWLFDOO\

FRUUHFWO\ SRVHG PRGHO SRVVLEO\ EHLQJ DOVR FRUUHFW IURP WKH SRLQW RI YLHZ RI WKH WKHRU\ DQG SUDFWLFH RI

HFRQRPLF VFLHQFHV LV QHFHVVDULO\ D GLoHUHQW RQH RI FRXUVH� ,Q WKLV HVVD\ ZH ZLOO QRW GHDO ZLWK VWXG\LQJ

WKLV SUREOHP�

:H pUVW FRQVLGHU D EDQN DFFRXQW RU ERQG WKDW LV ULVN IUHH LQ WKH VHQVH WKDW LW \LHOGV U SHUFHQWV�

0RUH IRUPDOO\� OHW Ip�W�� � x W x 7J EH WKH SULFH RI D ULVN IUHH ERQG WKDW \LHOGV DW D FRQVWDQW LQWHUHVW

UDWH U XS WR LWV WLPH RI PDWXULW\ 7 � 7KHQ ZH KDYH

p�W�cW�b p�W�  Up�W�cW

DQG� ZKHQ FRPSRXQGHG FRQWLQXRXVO\�

����� Gp�W�  Up�W�GW� � x W x 7�
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$W WLPH W � >�� 7 @

����� p�W�  p���HUW� L�H�� p���  H
bU7

p�7 ��

DQG� KHQFH� ZH FRQFOXGH

����� p�W�  H
bU�7bW�p�7 �� � x W x 7�

1RZ WKLV SUHVHQW YDOXH p�W� RI D p[HG UDWH ULVN IUHH ERQG� WKDW LV WKH UHGXFWLRQ RI LWV YDOXH DW

PDWXULW\ p�7 � DW DQ DSSURSULDWH VFDOH� FDQ EH YLHZHG DV WKH UDWLRQDO �IDLU� SULFH RI p�7 � DW WLPH

W � >�� 7 @ ZKHQ WKH WLPH OHIW WR LWV PDWXULW\ LV 7 b W�

,Q WKH %ODFN DQG 6FKROHV ������ DQG 0HUWRQ ������ PRGHO �FI� 5HPDUN ���� WKH ULVN\ SULFH RI D

VWRFN I6�W�� � x W x 7J LV ?JRYHUQHG UDQGRPO\� E\ D %URZQLDQ PRWLRQ I: �W�� � x W � �J YLD WKH

,WAR SURFHVV�

����� G6�W�  U6�W�GW� �6�W�G: �W�� � x W x 7�

L�H�� E\ WKH VWRFKDVWLF SURFHVV

����� 6�W�  6��� �
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�6�V�G: �V�� � x W x 7�

ZLWK SRVLWLYH FRQVWDQW FRHrFLHQWV U DQG ��

2Q DVVXPLQJ VRPH LGHDO PDUNHW FRQGLWLRQV� WKH DLP RI WKH JDPH LQ D QXWVKHOO� LQ JHQHUDO� LV WR

REWDLQ D UDWLRQDO �IDLU� SULFH IRUPXOD IRU YDULRXV RSWLRQV WR EX\ RU VHOO D FHUWDLQ VHFXULW\ LQ WKH IXWXUH

DW D SUHVFULEHG SULFH� $V ZH ZLOO VHH �FI� ������� ������� ������� ������� ������ DQG �������� XQGHU LGHDO

PDUNHW FRQGLWLRQV� WKHVH IRUPXODH IRU YDULRXV RSWLRQV DUH RI WKH VDPH JHQHUDO IRUP WKDW FDQ� HVVHQWLDOO\�

EH YLHZHG DV ?RQ DQ DYHUDJH LPLWDWLRQV�� XQGHU XQFHUWDLQW\� RI WKH SUHVHQW YDOXH IRUPXOD ����� RI D

p[HG UDWH ULVN IUHH ERQG�

%HIRUH ZH FDQ KRZHYHU SURFHHG DQ\ IXUWKHU� ZH pUVW KDYH WR� DQG ZLOO DWWHPSW WR� H[SODLQ VRPHZKDW�

ZKDW : �c� DQG ������ ����� DUH ?DOO DERXW�� :H KRSH WR VXFFHHG LQ RXWOLQLQJ VRPH RI WKH GHYHORSPHQWV

LQ PDWKHPDWLFV WKDW ZHUH LQLWLDWHG E\

/� %DFKHOLHU ������� 7KwHRULH GH OD VSwHFXODWLRQ� $QQ� 6FL� w(FROH 1RUP� 6XS� ��� ������

WKH pUVW ELJ VWHS LQ WKLV UHJDUG� ,QGHHG� %DFKHOLHU
V PRGHOV DUH EDVHG RQ UDQGRP ZDONV DQG WKHLU

OLPLWLQJ FDVHV� L�H�� %URZQLDQ PRWLRQV LQ FRQWHPSRUDU\ ODQJXDJH� 7KH QH[W �� RU VR \HDUV SURGXFHG

VRPH RI WKH PRVW LPSUHVVLYH DQG VWULNLQJO\ 1(: PDWKHPDWLFV RI WKH WZHQWLHWK FHQWXU\ WKDW LQ WKH

VHFRQG KDOI KDV DFTXLUHG JLJDQWLF SURSRUWLRQV DQG KDV JDLQHG LPPHQVH LPSRUWDQFH DV ZHOO�

�



1DWXUDOO\� WKH OLWHUDWXUH RQ WKHVH GHYHORSPHQWV LV LPPHQVH� 7KH VKRUW ?VXPPDULHV� RI RXU 6HFWLRQV

� DQG �� RQ %URZQLDQ PRWLRQ DQG ,WAR FDOFXOXV UHVSHFWLYHO\� DUH QRW PHDQW WR EH VKRUW LQWURGXFWLRQV

WR� RU UHYLHZV RI� WKHVH KXJH DUHDV RI PDWKHPDWLFV� 7KH KLVWRULFDO VNHOHWDO JOLPSVH RI WKHVH WZHQWLHWK

FHQWXU\ EUDQFKHV RI PDWKHPDWLFV WKDW ZH KRSH WR JLYH KHUH LV� DW EHVW� RQO\ DQ LQGLFDWRU RI WKH YDVW

EDFNJURXQG WKDW SUHFHGHV WKH ?DUW� RI pQDQFLDO PRGHOLQJ�

�� %URZQLDQ PRWLRQ ^ :LHQHU SURFHVV

%DFKHOLHU ������� (LQVWHLQ ������ DQG 6PROXFKRZVNL ������ SURYLGHG D WKHRU\ RI WKH SHFXOLDU

HUUDWLF PRWLRQ RI VPDOO SDUWLFOHV VXVSHQGHG LQ D OLTXLG� pUVW GHVFULEHG LQ ���� E\ WKH 6FRWWLVK ERWDQLVW

%URZQ� ,Q D VHULHV RI SDSHUV EHJLQQLQJ LQ ����� :LHQHU XQGHUWRRN D PDWKHPDWLFDO DQDO\VLV RI

%URZQLDQ PRWLRQ� ,Q KLV ���� DXWRELRJUDSK\ �SS� ������ :LHQHU ZULWHV�

?7KH %URZQLDQ PRWLRQ ZDV QRWKLQJ QHZ DV DQ REMHFW RI VWXG\ E\ SK\VLFLVWV� 7KHUH ZHUH
IXQGDPHQWDO SDSHUV E\ (LQVWHLQ DQG 6PROXFKRZVNL WKDW FRYHUHG LW� EXW ZKHUHDV WKHVH SDSHUV
FRQFHUQHG ZKDW ZDV KDSSHQLQJ WR DQ\ JLYHQ SDUWLFOH DW D VSHFLpF WLPH� RU WKH ORQJ�WLPH VWDWLVWLFV
RI PDQ\ SDUWLFOHV� WKH\ GLG QRW FRQFHUQ WKHPVHOYHV ZLWK WKH PDWKHPDWLFDO SURSHUWLHV RI WKH FXUYH
IROORZHG E\ D VLQJOH SDUWLFOH�

+HUH WKH OLWHUDWXUH ZDV YHU\ VFDQW� EXW LW GLG LQFOXGH D WHOOLQJ FRPPHQW E\ WKH )UHQFK
SK\VLFLVW 3HUULQ LQ KLV ERRN /HV $WRPHV ZKHUH KH VDLG LQ HoHFW WKDW WKH YHU\ LUUHJXODU FXUYHV
IROORZHG E\ SDUWLFOHV LQ WKH %URZQLDQ PRWLRQ OHG RQH WR WKLQN RI WKH VXSSRVHG FRQWLQXRXV QRQ�
GLoHUHQWLDEOH FXUYHV RI WKH PDWKHPDWLFLDQV� +H FDOOHG WKH PRWLRQ FRQWLQXRXV EHFDXVH WKH SDUWLFOHV
QHYHU MXPS RYHU D JDS DQG QRQ�GLoHUHQWLDEOH EHFDXVH DW QR WLPH GR WKH\ VHHP WR KDYH D ZHOO�
GHpQHG GLUHFWLRQ RI PRYHPHQW��

%HIRUH FRQWLQXLQJ DORQJ WKHVH OLQHV� ZH UHYLHZ EULHq\ ELWV RI WKH %DFKHOLHU ������^(LQVWHLQ ������^

6PROXFKRZVNL ������ IXQGDPHQWDO EDFNJURXQG� :H EHJLQ ZLWK TXRWLQJ IURP

3UL]H 3UHVHQWDWLRQ^3K\VLFV ����

KKWS���ZZZ�QREHO�VH�ODXUHDWHV�SK\VLFV������SUHVV�KWPO

$OEHUW (LQVWHLQ ���� 1REHO /DXUHDWH LQ 3K\VLFV IRU KLV VHUYLFHV WR 7KHRUHWLFDO 3K\VLFV� DQG

HVSHFLDOO\ IRU KLV GLVFRYHU\ RI WKH ODZ RI WKH SKRWRHOHFWULF HoHFW�

1REHO 3UL]H LQ 3K\VLFV ����� 3UHVHQWDWLRQ 6SHHFK E\ 3URIHVVRU 6� $UUKHQLXV� &KDLUPDQ RI WKH

1REHO &RPPLWWHH IRU 3K\VLFV RI WKH 5R\DO 6ZHGLVK $FDGHP\ RI 6FLHQFHV�

<RXU 0DMHVW\� <RXU 5R\DO +LJKQHVVHV� /DGLHV DQG *HQWOHPHQ�

7KHUH LV SUREDEO\ QR SK\VLFLVW OLYLQJ WRGD\ ZKRVH QDPH KDV EHFRPH VR ZLGHO\ NQRZQ DV WKDW RI
$OEHUW (LQVWHLQ� 0RVW GLVFXVVLRQ FHQWUHV RQ KLV WKHRU\ RI UHODWLYLW\� 7KLV SHUWDLQV HVVHQWLDOO\ WR
HSLVWHPRORJ\ DQG KDV WKHUHIRUH EHHQ WKH VXEMHFW RI OLYHO\ GHEDWH LQ SKLORVRSKLFDO FLUFOHV� ,W ZLOO
EH QR VHFUHW WKDW WKH IDPRXV SKLORVSKHU %HUJVRQ LQ 3DULV KDV FKDOOHQJHG WKLV WKHRU\� ZKLOH RWKHU
SKLORVRSKHUV KDYH DFFODLPHG LW ZKROHKHDUWHGO\� 7KH WKHRU\ LQ TXHVWLRQ DOVR KDV DVWURSK\VLFDO
LPSOLFDWLRQV ZKLFK DUH EHLQJ ULJRURXVO\ H[DPLQHG DW WKH SUHVHQW WLPH�

7KURXJKRXW WKH pUVW GHFDGH RI WKLV FHQWXU\ WKH VR�FDOOHG %URZQLDQ PRYHPHQW VWLPXODWHG WKH
NHHQHVW LQWHUHVW� ,Q ���� (LQVWHLQ IRXQGHG D NLQHWLF WKHRU\ WR DFFRXQW IRU WKLV PRYHPHQW E\
PHDQV RI ZKLFK KH GHULYHG WKH FKLHI SURSHUWLHV RI VXVSHQVLRQV� L�H� OLTXLGV ZLWK VROLG SDUWLFOHV

�



VXVSHQGHG LQ WKHP� 7KLV WKHRU\� EDVHG RQ FODVVLFDO PHFKDQLFV� KHOSV WR H[SODLQ WKH EHKDYLRXU
RI ZKDW DUH NQRZQ DV FROORLGDO VROXWLRQV� D EHKDYLRXU ZKLFK KDV EHHQ VWXGLHG E\ 6YHGEHUJ�
3HUULQ� =VLJPRQG\ DQG FRXQWOHVV RWKHU VFLHQWLVWV ZLWKLQ WKH FRQWH[W RI ZKDW KDV JURZQ LQWR D
ODUJH EUDQFK RI VFLHQFH� FROORLG FKHPLVWU\�
$ WKLUG JURXS RI VWXGLHV� IRU ZKLFK LQ SDUWLFXODU (LQVWHLQ KDV UHFHLYHG WKH 1REHO 3UL]H� IDOOV
ZLWKLQ WKH GRPDLQ RI WKH TXDQWXP WKHRU\ IRXQGHG E\ 3ODQFN LQ �����

���

$Q DVVRFLDWHG SKHQRPHQRQ LV SKRWR�OXPLQHVFHQFH� L�H� SKRVSKRUHVFHQFH DQG qXRUHVFHQFH�
���

(LQVWHLQ
V ODZ RI WKH SKRWR�HOHFWULFDO HoHFW KDV EHHQ H[WUHPHO\ ULJRURXVO\ WHVWHG E\ WKH $PHULFDQ
0LOOLNDQ DQG KLV SXSLOV DQG SDVVHG WKH WHVW EULOOLDQWO\� 2ZLQJ WR WKHVH VWXGLHV E\ (LQVWHLQ WKH
TXDQWXP WKHRU\ KDV EHHQ SHUIHFWHG WR D KLJK GHJUHH DQG DQ H[WHQVLYH OLWHUDWXUH JUHZ XS LQ WKLV
pHOG ZKHUHE\ WKH H[WUDRUGLQDU\ YDOXH RI WKLV WKHRU\ ZDV SURYHG� (LQVWHLQ
V ODZ KDV EHFRPH WKH
EDVLV RI TXDQWLWDWLYH SKRWR�FKHPLVWU\ LQ WKH VDPH ZD\ DV )DUDGD\
V ODZ LV WKH EDVLV RI HOHFWUR�
FKHPLVWU\�e

e % HLQ J WRR U HP RWH IU RP 6 Z HG HQ � 3 U RIHVVRU ( LQ VWHLQ FRX OG Q RW DWWHQ G WK H FHU HP RQ \ �

7KH ODQGPDUN ���� SDSHU RI (LQVWHLQ WKLV 3UHVHQWDWLRQ 6SHHFK VLQJOHV RXW LV

$� (LQVWHLQ ������� 2Q WKH PRYHPHQW RI VPDOO SDUWLFOHV VXVSHQGHG LQ D VWDWLRQDU\ OLTXLG GHPDQGHG E\

WKH PROHFXODU^NLQHWLF WKHRU\ RI KHDW� $QQ� 3K\VLN ��� ��������

/HW I: �W�  : �W� ��� � x W � �J GHQRWH WKH %URZQLDQ PRWLRQ RI D SDUWLFOH � DV WLPH W JRHV

E\� 7KHQ : �W� �� UHSUHVHQWV WKH SRVLWLRQ RI WKDW SDUWLFOH DW WLPH W� 7KH HVVHQWLDO SRLQW LQ (LQVWHLQ
V

���� PRGHOOLQJ RI : �W� LV WKDW WKH FRQWDFWV EHWZHHQ WKH IRUHLJQ PLFURVFRSLF SDUWLFOHV DQG WKH SDUWLFOHV

RI WKH OLTXLG RFFXU RQO\ DW PRPHQWV RI FROOLVLRQ� 7KHVH FROOLVLRQV RFFXU LUUHJXODUO\ EXW RIWHQ� 7KXV�

LI W ! V DQG WKH GLoHUHQFH W b V LV ODUJH LQ FRPSDULVRQ ZLWK WKH WLPH LQWHUYDO EHWZHHQ WZR VXFFHVVLYH

FROOLVLRQV� WKHQ : �W� b: �V� LV WKH VXP RI D ODUJH QXPEHU RI VPDOO LQFUHPHQWV� 1RZ� LI WKH OLTXLG LV

LQ PDFURVFRSLF HTXLOLEULXP� ZH PD\ DVVXPH WKDW WKH LQFUHPHQWV GHSHQG RQO\ RQ WKH OHQJWK RI WKHLU

WLPH LQWHUYDO DQG KHQFH DUH KRPRJHQHRXV� DQG DOVR WKDW LQ GLVMRLQW WLPH LQWHUYDOV WKH\ DUH LQGHSHQGHQW�

$VVXPLQJ WKDW %URZQLDQ PRWLRQ KDV D SUREDELOLW\ GHQVLW\ IRU WKH GLVSODFHPHQW RI D SDUWLFOH ZLWKLQ

DQ\ p[HG WLPH LQWHUYDO DQG WKDW WKLV PRWLRQ RI D SDUWLFOH LV V\PPHWULF� WKHQ WKH DYHUDJH LQFUHPHQW

RYHU W b V LV (�: �W� b: �V��  �� $VVXPH DOVR WKDW WKH DYHUDJH VTXDUHG LQFUHPHQW RYHU �W b V� LV

SURSRUWLRQDO WR WKH OHQJWK RI WKLV WLPH LQWHUYDO� L�H�� (�: �W� b : �V���  F�W b V� � �� DQG WKDW

(M: �W�b: �V�M�  R��Wb V�� DV �Wb V�� ��

8QGHU WKHVH DVVXPSWLRQV (LQVWHLQ REWDLQHG WKH GLoXVLRQ HTXDWLRQ ����� DQG LWV IXQGDPHQWDO VROX�

WLRQ ����� IRU WKH GLVSODFHPHQW RI D %URZQLDQ SDUWLFOH� 1DPHO\� KH GHULYHG WKH WUDQVLWLRQ GHQVLW\ IRU

%URZQLDQ PRWLRQ IURP WKH PROHFXODU WKHRU\ RI KHDW E\ FRQFOXGLQJ WKDW

S�W�[� \� � 
�

G\
3[�: �W� � G\� u WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI D %URZQLDQ�����
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SDUWLFOH WKDW VWDUWV IURP [ DQG JRHV ?LQWR� \ DIWHU D ODSVH RI WLPH W ! �
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IRU HDFK [� LV WKH IXQGDPHQWDO VROXWLRQ RI WKH FODVVLFDO ?KHDW� RU ?GLoXVLRQ� SDUWLDO GLoHUHQWLDO HTXDWLRQ
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L�H�� ULJKW KDQG VLGH H[SUHVVLRQ RI ����� LV D VROXWLRQ RI ����� IRU W ! �� DQG DV W � �� WKH PHDVXUHV

GHpQHG E\ XVLQJ S�W�[� c� DV D GHQVLW\ �ZLWK UHVSHFW WR /HEHVJXH PHDVXUH� FRQYHUJH ZHDNO\ WR D XQLW

PDVV DW [�

0RUHRYHU� (LQVWHLQ DOVR HVWDEOLVKHG D UHODWLRQ EHWZHHQ F� VRPH PHDVXUDEOH �REVHUYDEOH� SDUDPHWHUV

WKDW DUH FKDUDFWHULVWLF RI D JLYHQ V\VWHP� DQG $YRJDGUR
V QXPEHU 1 � WKH QXPEHU RI PROHFXOHV LQ DPROH

�1  ������d���� PROH
b��PROH � WKDW TXDQWLW\ RI VXEVWDQFH ZKRVH PDVV �LQ JUDPV� LV QXPHULFDOO\

HTXDO WR WKH PROHFXODU ZHLJKW RI WKH VXEVWDQFH�� ZKLFK LQ WXUQ OHG WR DQ DFFXUDWH PHWKRG RI PHDVXULQJ

WKH ODWWHU E\ REVHUYLQJ SDUWLFOHV XQGHUJRLQJ %URZQLDQ PRWLRQ�

,QGHHG� VWDUWLQJ IURP [ DW W  �� WKH PHDQ�VTXDUH GLVSODFHPHQW IRU EHLQJ DW \ � ,5 DW WLPH W LV

JLYHQ E\ WKH IRUPXOD
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7KXV� DFFRUGLQJ WR (LQVWHLQ
V WKHRU\� LI RQH REVHUYHV D ODUJH QXPEHU RI IUHH �QR RXWVLGH IRUFH� VXFK DV

H�J� JUDYLW\� %URZQLDQ SDUWLFOHV GXULQJ WKH VDPH WLPH LQWHUYDO W DQG HTXDWHV WKH HPSLULFDOO\ FDOFXODWHG

PHDQ�VTXDUH GHYLDWLRQ ZLWK WKH WKHRUHWLFDOO\ SUHGLFWHG YDOXH FW� ZLWK F  �N7 I �ZKHUH 7 LV WKH

DEVROXWH WHPSHUDWXUH� I LV WKH IULFWLRQ FRHrFLHQW RI WKH VXEVWDQFH LQ KDQG �H�J�� IRU VSKHULFDO FROORLGDO

SDUWLFOHV RI UDGLXV U LQ D JDV RU OLTXLG� I LV JLYHQ E\ 6WRNHV
 IRUPXOD I  �}uU1 � ZKHUH u LV WKH YLVFRVLW\

FRHrFLHQW�� DQG N LV WKH %ROW]PDQQ FRQVWDQW�� WKHQ RQH FDQ JHW DQ HVWLPDWH RI F DQG KHQFH GHWHUPLQH

HPSLULFDOO\ WKH $YRJDGUR QXPEHU 1 � 7KLV� LQ WXUQ� OHDGV WR VHWWOLQJ WKH $YRJDGUR K\SRWKHVLV WKDW

HTXDO YROXPHV RI JDVHV XQGHU WKH VDPH FRQGLWLRQV RI SUHVVXUH DQG WHPSHUDWXUH FRQWDLQ WKH VDPH QXPEHU

RI PROHFXOHV� 7KLV IXQGDPHQWDO DFKLHYHPHQW PD\ YHU\ ZHOO EH WKH PRVW VXFFHVVIXO DSSOLFDWLRQ HYHU� RI

WKH VR�FDOOHG PHWKRG RI PRPHQWV RI WKH VWDWLVWLFLDQV� :H TXRWH IURP 0� .DF ������ S� ����

?7KH VXFFHVVIXO GHWHUPLQDWLRQ RI WKH $YRJDGUR QXPEHU IURP %URZQLDQ H[SHULPHQWV ZDV RQH

RI WKH JUHDW WULXPSKV RI 3K\VLFV LQ WKH HDUO\ GD\V RI WKH FHQWXU\ DQG LW GHDOW WKH pQDO EORZ WR

WKH RSSRQHQWV RI DWRPLVWLF WKHRULHV��

:KLOH (LQVWHLQ FRXOG KDYH RI FRXUVH UHFHLYHG D 1REHO 3UL]H IRU VHYHUDO RI KLV PDQ\ VLQJXODU DFKLHYH�

PHQWV� ZH QRWH LQ SDVVLQJ WKDW� FOHDUO\� KLV IXQGDPHQWDO ���� ZRUN RQ %URZQLDQ PRWLRQ KDG FRQVHTXHQ�

WLDOO\ OHG WR KLV ���� 1REHO 3ULFH� <(7 ZKHQ 6WDWLVWLFDO 4XDQWXP 0HFKDQLFV �1LHOV %RKU� ����

1REHO 3UL]H� DQG� DV D FRQVHTXHQFH� WKH VR^FDOOHG 8QFHUWDLQW\ 3ULQFLSOH �+HLVHQEHUJ� 6FKU�RGLQJHU�

HQWHUHG WKH VFHQH� (LQVWHLQ FRXQWHUHG E\ VD\LQJ� ?*RG GRHV QRW UROO GLFH��
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:LWK DOO GXH UHVSHFW� RQH FDQQRW EXW KXPEO\ DGG KHUH WKDW� WKRXJK *RG ZDV QRW UROOLQJ GLFH ZKHQ

?KHOSLQJ� WR HVWLPDWH WKH $YRJDGUR QXPEHU IURP %URZQLDQ H[SHULPHQWV� +H�6KH ZDV FHUWDLQO\ EXV\

WRVVLQJ D ?IDLU� FRLQ RQ WKDW RFFDVLRQ� ,QGHHG� RQH RI WKH VLPSOHVW PRGHOV IRU %URZQLDQ PRWLRQ WKDW

ZDV DOUHDG\ LQVLJKWIXOO\ UHDOL]HG E\ %DFKHOLHU ������ FDQ EH JLYHQ LQ WHUPV RI WKH VLPSOH V\PPHWULF

UDQGRP ZDON PRGHO DORQJ WKH IROORZLQJ OLQHV�

6XSSRVH WKDW D SDUWLFOH LV PRYLQJ RQ WKH UHDO OLQH� VWDUWLQJ IURP WKH RULJLQ� ,Q HDFK WLPH XQLW LW FDQ

RQO\ PRYH RQH VWHS WR WKH ULJKW� RU WR WKH OHIW� ZLWK SUREDELOLW\ RQH KDOI DQG WKHVH VWHSV DUH DVVXPHG

WR EH LQGHSHQGHQW� 6D\ WKH LWK VWHS RI WKH SDUWLFOH LV ;L� 7KHQ ;��;�� � � � DUH LQGHSHQGHQW LGHQWLFDOO\

GLVWULEXWHG UDQGRP YDULDEOHV ZLWK

����� 3�;L  ��  3 �;L  b��  
�

�
� L  �� �� � � � �

DQG DIWHU Q VWHSV WKH SDUWLFOH ZLOO EH ORFDWHG DW 6Q  ;��;�� c c c;Q� 5HpQHPHQWV RI WKH WKXV FUHDWHG

SDWK 6�� 6�� � � � LPLWDWH %URZQLDQ PRWLRQ TXLWH ZHOO LI WKH WLPH XQLWV DQG VWHSV EHFRPH SURJUHVVLYHO\

VKRUWHU �FI�� H�J�� 3� 5wHYwHV]� ����� 6HFWLRQ �����

)XUWKHU WR %DFKHOLHU
V ZRUN� LW LV RI LQWHUHVW WR QRWH DOVR WKDW KH ZDV pUVW WR HVWDEOLVK WKH ODZ RI

PD[LPXP GLVSODFHPHQW IRU %URZQLDQ PRWLRQ� QDPHO\ WKDW ZH KDYH
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3K\VLFDOO\ VSHDNLQJ� LQ JHQHUDO� ZH FDQ FRQVLGHU DV %URZQLDQ PRWLRQ WKH PRYHPHQW RI DQ\ ERG\

ZKLFK LV VXEMHFW WR FROOLVLRQ ZLWK RWKHU ERGLHV� SURYLGHG WKH GLPHQVLRQ RI WKH JLYHQ ERG\ LV VPDOO LQ

FRPSDULVRQ ZLWK WKH GLPHQVLRQV RI WKH RWKHU ERGLHV DQG LI WKH FRQWDFWV RFFXU RQO\ DW PRPHQWV RI

FROOLVLRQ DQG WKHVH FROOLVLRQV DUH RI D UDQGRP FKDUDFWHU�

,Q JHQHUDO� OHW (: �W�  zW�b� � z � ��� DQG (�: �W� b zW��  �
�
W� $V IDU DV PDWKHPDWLFDO

FRQVLGHUDWLRQV JR� ZH PD\ DVVXPH ZLWKRXW ORVV RI JHQHUDOLW\ WKDW ��  � DQG z  �� 6XFK D %URZQLDQ

PRWLRQ LV FDOOHG QRUPDOL]HG �VWDQGDUG� %URZQLDQ PRWLRQ� DQG WKLV LV WKH RQH WKLV VHFWLRQ LV FRQFHUQHG

ZLWK IURP QRZ RQ� :H QRWH WKDW �: �W� b zW� �
S
W LV D QRUPDOL]HG %URZQLDQ PRWLRQ LI : �W� LV D

%URZQLDQ PRWLRQ ZLWK PHDQ (: �W�  zW DQG YDULDQFH (�: �W� b zW��  �
�
W� :H FRQWLQXH XVLQJ WKH

QRWDWLRQ : �c� IRU D VWDQGDUG %URZQLDQ PRWLRQ DV ZHOO�

,Q D VHULHV RI SDSHUV EHJLQQLQJ LQ ���� �FI� 5HIHUHQFHV�:LHQHU XQGHUWRRN D PDWKHPDWLFDO DQDO\VLV

RI %URZQLDQ PRWLRQ�
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$ VWRFKDVWLF SURFHVV I: �W�  : �W� ��� � x W ��J� ^ ZKHUH � � n� DQG �n�$� 3 � LV D SUREDELOLW\

VSDFH ^� LV FDOOHG D VWDQGDUG :LHQHU SURFHVV LI

�D� 3 �� �: �W� ��b: �V� �� x [�  
�S

�}�Wb V�

= [

b�

H
bX

�
 ��WbV�

GX

IRU DOO � x V � W � �� DQG : ���  �� L�H�� WKH UDQGRP YDULDEOH : �W� �� b : �V� �� LV QRUPDOO\

GLVWULEXWHG ZLWK PHDQ � DQG YDULDQFH Wb V� DQG ZH VWDUW : �W� DW W  � ZLWK SUREDELOLW\ RQH� DQG ZLWK

: ���  ��

�E� : �W� LV DQ LQGHSHQGHQW LQFUHPHQW SURFHVV� L�H�� : �W�� b : �W��� : �W�� b : �W��� � � � �: �W�L� b

: �W�Lb�� DUH LQGHSHQGHQW UDQGRP YDULDEOHV IRU DOO

� x W� � W� x W� � W� x c c c x W�Lb� � W�L �� �L  �� �� � � ���

L�H�� E\ �D� DQG WKH QRWLRQ RI LQGHSHQGHQFH RI HYHQWV�
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 ��W�LbW�Lb ��GX� IRU DQ\ LQWHJHU Q

�F� 7KH VDPSOH SDWK IXQFWLRQ : �W� �� �L�H�� : �W� �� DV D IXQFWLRQ RI W IRU � p[HG� LV HYHU\ZKHUH

FRQWLQXRXV LQ W ZLWK SUREDELOLW\ RQH �L�H�� H[FHSW RQ DQ ��VHW RI 3 �PHDVXUH ]HUR : �W� �� LV DQ

HYHU\ZKHUH FRQWLQXRXV IXQFWLRQ RI W��

:H QRWH LQ SDVVLQJ WKDW �D� DQG �E� LPSO\ (: �V�: �W�  VAW IRU DOO V� W � >����� DQG� FRQYHUVHO\�

: �c� LV FRPSOHWHO\ VSHFLpHG E\ LWV *DXVVLDQ pQLWH GLPHQVLRQDO GLVWULEXWLRQV DQG LWV FRYDULDQFH VWUXFWXUH�

%DVHG RQ %DFKHOLHU ������� (LQVWHLQ ������� 6PROXFKRZVNL ������ ����� ������ LW ZDV DFFHSWHG

WKDW %URZQLDQ SDWKV ZHUH JRYHUQHG E\ SUREDELOLVWLF ODZV DV SRVWXODWHG LQ �D� DQG �E� DERYH� DQG� HYHU

VLQFH %DFKHOLHU� LW ZDV DOVR EHOLHYHG WKDW WKHVH SDWKV ZHUH FRQWLQXRXV� 7KH SUREOHP RI FRQVWUXFWLQJ D

ULJRURXV PDWKHPDWLFDO PRGHO WKDW JXDUDQWHHV WKH H[LVWHQFH RI %URZQLDQ PRWLRQ DV LQ �D�� �E� DQG �F��

UHPDLQHG RSHQ�

:LHQHU ������ ����� SURYLGHG WKH pUVW H[LVWHQFH SURRI YLD FRQVWUXFWLQJ D PDWKHPDWLFDO PRGHO RI

%URZQLDQ PRWLRQ LQ ZKLFK� EDVHG RQ WKH 'DQLHOO LQWHJUDO� SUREDELOLWLHV ZHUH WKH YDOXHV RI D PHDVXUH RQ

VXEVHWV RI D VSDFH RI FRQWLQXRXV IXQFWLRQV� FRPPRQO\ FDOOHG:LHQHU PHDVXUH VLQFH�

:LHQHU
V ZRUN LQ WKLV UHJDUG FRQVWLWXWHV D pUVW WLPH PHDVXUH WKHRU\ RQ D VSDFH RI IXQFWLRQV� PRUH WKDQ

D GHFDGH EHIRUH .ROPRJRURY
V IXQGDPHQWDO ZRUN�

.ROPRJRURY� $�1� *UXQGEHJULoH GHU :DKUVFKHLQOLFKNHLWVUHFKQXQJ� 6SULQJHU� %HUOLQ� ����

�



DQG KHQFH� QDWXUDOO\� ZLWKRXW WKH KHOS RI .ROPRJRURY
V H[WHQVLRQ WKHRUHP DQG WKDW RI'RRE
V DSSURDFK

WKLUW\ RU VR \HDUV DIWHU�

'RRE� -�/�� 6WRFKDVWLF 3URFHVVHV� :LOH\� 1HZ <RUN� �����

)RU D VKRUW VNHWFK RI WKHVH PHDVXUH WKHRUHWLF FRQVLGHUDWLRQV vD OD .ROPRJRURY ������ FRPELQHG

ZLWK 'RRE ������ YLV^vD YLV WKH GHpQLWLRQ RI D VWDQGDUG :LHQHU SURFHVV� DV ZHOO DV IRU WKDW RI :LHQHU
V

'DQLHOO LQWHJUDO EDVHG DSSURDFK� ZH UHIHU WR 0� &V�RUJR̀ ������ SS� ��������� )RU PRUH GHWDLOV LQ ERWK

GLUHFWLRQV� ZH UHIHU WR 'RRE ������ DQG .DF �������

:LHQHU SUHVHQWHG KLV IXQGDPHQWDO UHVXOWV DQG LGHDV RQ %URZQLDQ PRWLRQ LQ D VHULHV RI SDSHUV

SXEOLVKHG LQ WKH SHULRG IURP ���� WR ����� ,Q DGGLWLRQ WR WKH RQHV LQ ���� DQG ���� DOUHDG\ PHQWLRQHG

KHUH DV ZHOO� 'RRE ������ VLQJOHV RXW :LHQHU ������� ZKHUH :LHQHU DSSOLHG KLV PHDVXUH WR REWDLQ D

VHFRQG PRGHO IRU %URZQLDQ PRWLRQ WKDW LV HVVHQWLDOO\ WKH PRGHO WKDW ZDV UHGLVFRYHUHG E\ 8KOHQEHFN

DQG 2UQVWHLQ ������� $Q DFFRXQW RI KLV WKHRULHV LV LQFOXGHG LQ :LHQHU ������� DV ZHOO DV LQ D FKDSWHU

RI KLV ���� ERRN ZLWK 3DOH\�

0RUHRYHU� LQ 3DOH\ DQG :LHQHU ������ : �W� �� LV GHpQHG DV D IXQFWLRQ RQ WKH XQLW LQWHUYDO ZLWK

/HEHVJXH PHDVXUH VR WKDW SURSHUWLHV �D�� �E�� DQG �F� KROG� L�H�� D :LHQHU SURFHVV RQ &>�� �@� 7KLV

IDPRXV FRQVWUXFWLRQ GRHV QRW LQYROYH WKH 'DQLHOO LQWHJUDO� DQG : �W� �� LV UHSUHVHQWHG H[SOLFLWO\ DV WKH

VXP RI D )RXULHU VHULHV ZLWK UDQGRP FRHrFLHQWV VR WKDW : �c� �� LV D FRQWLQXRXV IXQFWLRQ IRU DOPRVW DOO

�� :LHQHU
V FRQVWUXFWLRQ RI :LHQHU PHDVXUH YLD WKH 'DQLHOO LQWHJUDO LV DOVR UHVWULFWHG pUVW WR &>�� �@�

EXW WKH VLPSOH WUDQVIRUPDWLRQ
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\LHOGV : e�W��� WR EH D :LHQHU SURFHVV RQ &>���� LQ ERWK FDVHV�

+DYLQJ FRQVWUXFWHG KLV FRPSOHWHO\ DGGLWLYH SUREDELOLW\ PHDVXUH RQ &>����� LQ KLV SDSHUV IURP

���� WR ����� DQG DOVR LQ KLV MRLQW ERRN ZLWK 3DOH\ LQ ����� :LHQHU DOVR VWXGLHG WKH UHJXODULW\ RI

%URZQLDQ SDWKV� pQGLQJ HVWLPDWHV RI WKH PRGXOL RI FRQWLQXLW\ IRU WKH SDWK IXQFWLRQV DQG SURYLQJ WKDW

DOPRVW DOO : �c� �� DUH QRZKHUH GLoHUHQWLDEOH� DQG� HYHQ PRUH VWURQJO\� WKDW IRU HYHU\ � ! � DOPRVW DOO

: �c� �� VDWLVI\ WKH /LSVFKLW] FRQGLWLRQ ZLWK H[SRQHQW � �b �� EXW DOPRVW QRQH ZLWK H[SRQHQW � � � ��

3� /wHY\ ������ ����� ����� ����� �������� KDG PDGH IXQGDPHQWDO ODVWLQJ FRQWULEXWLRQV WR FRQ�

VWUXFWLQJ DQG GHVFULELQJ WKH pQH DQDO\WLF EHKDYLRXU RI %URZQLDQ SDWK IXQFWLRQV� VXFK DV WKHLU PRGXOXV

RI FRQWLQXLW\� ORFDO WLPH� HTXLYDOHQFH RI ORFDO WLPH� PHVXUH GX YRLVLQDJH� IRU H[DPSOH� +HUH ZH PHQWLRQ

RQO\ 3� /wHY\
V PRGXOXV RI FRQWLQXLW\ WKDW UHDGV DV IROORZV� $OPRVW DOO SDWK IXQFWLRQV : �c� �� DUH VXFK

WKDW
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,Q 0� &V�RUJR̀^3� 5wHYwHV] ������ ZH FRQVWUXFW D VWDQGDUG :LHQHU SURFHVV I: �W� ��� � x W ��J VR

WKDW RQH KDV� )RU DQ\ � ! � WKHUH H[LVWV D FRQVWDQW &  &��� VXFK WKDW
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IRU DOO Y ! � DQG � � K � �� DQG� XVLQJ WKLV LQHTXDOLW\� ZH DOVR SURYH �����

$V WR KRZ PXFK QRQ�GLoHUHQWLDEOH DUH WKH SDWKV RI VWDQGDUG %URZQLDQ PRWLRQ� ZH KDYH �FI�

0� &V�RUJR̀^3� 5wHYwHV]� ����E� ����� WKH IROORZLQJ PRGXOXV RI QRQ�GLoHUHQWLDELOLW\� $OPRVW DOO SDWK

IXQFWLRQV : �c� �� DUH VXFK WKDW
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7KLV� LQ WXUQ� LPSOLHV RI FRXUVH WKDW DOPRVW DOO SDWK IXQFWLRQV RI : �c� �� DUH QRZKHUH GLoHUHQWLDEOH

DQG FKDUDFWHUL]HV DOVR WKH /LSVFKLW] QDWXUH RI WKHVH SDWKV DV ZHOO�

7KH DEVHQFH RI GLoHUHQWLDELOLW\ RI %URZQLDQ SDWK LV FRXSOHG ZLWK WKH ODFN RI WLPHV RI LQFUHDVH RU

GHFUHDVH RI WKH SDWKV� 7KH ODWWHU LV SHUKDSV RQH RI WKH PRVW LQWULJXLQJ DVSHFWV RI %URZQLDQ VDPSOH

SDWK EHKDYLRXU� :H FDOO W ! � D WLPH RI LQFUHDVH �UHVSHFWLYHO\ GHFUHDVH� RI D IXQFWLRQ I�W� LI IRU VRPH

� ! �� I�Wi K� x I�W� x I�Wh K�� � � K � �� UHVSHFWLYHO\�

'YRUHW]N\� (UGR̀V DQG .DNXWDQL ��������� SURYHG WKDW� ZLWK SUREDELOLW\ �� : �W� �� KDV QR WLPHV RI

LQFUHDVH RU GHFUHDVH�

7KH RULJLQDO SURRI RI WKLV IDVFLQDWLQJ WKHRUHP LV GHPDQGLQJ� WR VD\ WKH OHDVW� %DVHG RQ 3� /wHY\
V

FRQFHSW RI %URZQLDQ ORFDO WLPH� .QLJKW ������ S� ���� JLYHV DQ HOHJDQW VKRUW SURRI RI WKLV VXEWOH UHVXOW�

0RUHRYHU� KH VKRZV DOVR WKDW� LI �G GW�: �W�� LV DVVXPHG WR H[LVW� WKHQ LW LV QR ORVV RI JHQHUDOLW\ WR

DVVXPH DOVR WKDW �G GW�: �W��  F ! �� %XW WKHQ W� LV D WLPH RI LQFUHDVH� FRQWUDGLFWLQJ WKH MXVW

PHQWLRQHG 'YRUHW]N\�(UGR̀V�.DNXWDQL WKHRUHP� 7KXV ZH FRQFOXGH DJDLQ WKDW : �c� �� LV DOPRVW VXUHO\

QRZKHUH GLoHUHQWLDEOH�

3URYLQJ QRQ�GLoHUHQWLDELOLW\ WKLV ZD\ �FI� DOVR *HPDQ DQG +RURZLW]� ����� LV D PDWKHPDWLFDO

UHLQFDUQDWLRQ RI 3HUULQ FDOOLQJ WKH PRWLRQ RI %URZQLDQ SDUWLFOHV QRQ�GLoHUHQWLDEOH EHFDXVH DW QR WLPH

GR WKH\ VHHP WR KDYH D ZHOO�GHpQHG GLUHFWLRQ RI PRYHPHQW� 6R� LQGHHG� 3HUULQ ZDV ULJKW DERXW %URZQLDQ

PRWLRQ DQG PDWKHPDWLFV JDLQHG D EHDXW\� WKH FRQWLQXRXV QRZKHUH GLoHUHQWLDEOH :LHQHU SURFHVV� WKDW

KDV HYHU VLQFH EHHQ RQH RI WKH PRVW SURIRXQG GULYLQJ IRUFHV LQ RXU WZHQWLHWK FHQWXU\ PDWKHPDWLFV WKDW

LV DOVR FRPELQHG ZLWK DQ LPPHQVH SUDFWLFDO LPSDFW RQ DOO RXU OLYHV�

2QH PRUH VWULNLQJO\ EHDXWLIXO SURSHUW\ RI %URZQLDQ PRWLRQ EHIRUH WXUQLQJ RXU DWWHQWLRQ WR VNHWFK�

LQJ VRPH RI WKH HOHPHQWV RI VWRFKDVWLF FDOFXOXV� :H KDYH WKH VR�FDOOHG 6NRURKRG ������ HPEHGGLQJ

VFKHPH LQ PLQG� ZKLFK HVVHQWLDOO\ VWDWHV WKDW� NQRZLQJ LWV SDVW XS WR D JLYHQ WLPH� %URZQLDQ PRWLRQ

��



FDQ VWRS DQG SUHWHQG WR EH WKH UDQGRP YDULDEOH DVVRFLDWHG ZLWK DQ\ GLVWULEXWLRQ RQ WKH UHDO OLQH ,5 WKDW

KDV DW OHDVW WZR PRPHQWV� $ ELW PRUH SUHFLVHO\� IRU DQ\ GLVWULEXWLRQ IXQFWLRQ ) RQ ,5 ZLWK pUVW PRPHQW

]HUR DQG pQLWH VHFRQG PRPHQW� RQH FDQ GHpQH D SUREDELOLW\ VSDFH �n�$� 3� ZLWK D VWDQGDUG :LHQHU

SURFHVV : �c� �� DQG D pQLWH VWRSSLQJ WLPH � y � ZLWK pQLWH H[SHFWDWLRQ VXFK WKDW WKH GLVWULEXWLRQ

IXQFWLRQ RI WKH UDQGRP YDULDEOH : ��� LV WKH JLYHQ ) � %\ VD\LQJ WKDW � y � LV D VWRSSLQJ WLPH� RQH

PHDQV WKDW WKH HYHQW I� � ���� x WJ LV DQ HOHPHQW RI WKH �^DOJHEUD JHQHUDWHG E\ I: �V� ��� V x WJ�

7KXV� WKH VLPSOHVW IRUP RI 6NRURKRG
V HPEHGGLQJ WKHRUHP UHDGV DV IROORZV�

6NRURKRG ������� /HW ; � n � ,5 EH DQ DUELWUDU\ UDQGRP YDULDEOH ZLWK GLVWULEXWLRQ IXQFWLRQ ) �

(;  
5
,5
[G)�[�  �� (;

�  
5
,5
[
�
G) �[�  �� 7KHUH H[LVWV D SUREDELOLW\ VSDFH �n�$� 3� ZLWK D

:LHQHU SURFHVV I: �W�� � x W ��J DQG D pQLWH VWRSSLQJ WLPH UDQGRP YDULDEOH � y � VXFK WKDW

;
'
 : ��� DQG (�  ��

7KH SURRI RI WKLV WKHRUHP KLQJHV RQ WKH VWURQJ 0DUNRYLDQ SURSHUW\ RI : �c� �� �FI� .� ,WAR DQG

+�3� 0F.HDQ� -U�� ���� DQG UHIHUHQFHV WKHUHLQ�� 6XSSRVH � LV DQ DOPRVW VXUHO\ pQLWH VWRSSLQJ WLPH�

7KHQ: ���W�b: ��� LV DJDLQ D VWDQGDUG %URZQLDQ PRWLRQ� DQG LV LQGHSHQGHQW RI WKH SUH^� �^DOJHEUD�

MXVW OLNH DV LI � ZHUH D QRQ UDQGRP p[HG WLPH�

�� 6WRFKDVWLF LQWHJUDWLRQ ^ ,WAR FDOFXOXV

,Q WKH FODVVLFDO FDOFXOXV RI 1HZWRQ DQG /HLEQL] WKH QRWLRQ RI WKH GHULYDWLYH� WKH VORSH RI D FXUYH

DW D SRLQW WKDW LQ SK\VLFV FDQ EH LQWHUSUHWHG DV WKH UDWH RI FKDQJH� WDNHV SUHFHGHQFH RYHU WKDW RI WKH

LQWHJUDO� 7KHQ� WKH IXQGDPHQWDO WKHRUHP RI FDOFXOXV UHODWHV WKH LQWHJUDO DV D GLoHUHQWLDEOH FXUYH ?EDFN�

WR WKH GHULYDWLYH�

1RZ WR GHpQH UDWH RI FKDQJH LQ WHUPV RI %URZQLDQ PRWLRQ GLUHFWO\� L�H�� D VWRFKDVWLF ?GHULYDWLYH�

RI VRPH NLQG YLD WKDW RI %URZQLDQ PRWLRQ� LV PHDQLQJOHVV SHU VH� IRU %URZQLDQ PRWLRQ FDQQRW EH

GLoHUHQWLDWHG� +HQFH� LQ VWRFKDVWLF FDOFXOXV� WKH VWRFKDVWLF LQWHJUDO LV GHpQHG pUVW� 7KHQ WKH QRWLRQ

RI VWRFKDVWLF GLoHUHQWLDO LV JLYHQ PHDQLQJ YLD XVLQJ LW �WKH LQWHJUDO� DV D GHpQLWLRQ� vD OD WKH IXQGDPHQWDO

WKHRUHP RI FDOFXOXV� RI WKH VWRFKDVWLF GLoHUHQWLDO� 7KXV� D VWRFKDVWLF GLoHUHQWLDO RQ LWV RZQ KDV QR

PHDQLQJ DSDUW IURP WKDW DVVLJQHG WR LW ZKHQ LW HQWHUV D VWRFKDVWLF LQWHJUDO� )RU H[DPSOH� LQ WKH OLJKW

RI WKLV ?UHYHODWLRQ�� WKH PHDQLQJ RI WKH VWRFKDVWLF GLoHUHQWLDO G6�W� DV ?GULYHQ� E\ G: �W� LQ ����� LV

GHWHUPLQHG YLD WKH VWRFKDVWLF LQWHJUDO IRU 6�W� LQ ������

7KLV DVVHUWLRQ LV KRZHYHU RYHUFDVW IRU WKH PRPHQW E\ NQRZLQJ WKDW DOPRVW HYHU\ VDPSOH SDWK RI

: �c� �� KDV LQpQLWH YDULDWLRQ RQ HYHU\ pQLWH LQWHUYDO� IRU LI D VDPSOH IXQFWLRQ ZHUH WR KDYH ERXQGHG

YDULDWLRQ RQ DQ\ pQLWH LQWHUYDO� WKHQ LW ZRXOG KDYH D GHULYDWLYH H[LVWLQJ DOPRVW HYHU\ZKHUH WKHUH�

1HYHUWKHOHVV� LQWHJUDWLRQ ZLWK UHVSHFW WR :LHQHU PHDVXUH KDV EHHQ DQ LQWHJUDO SDUW RI :LHQHU
V

FRQWULEXWLRQV ULJKW IURP WKH ?EHJLQQLQJ�� L�H�� :LHQHU ������� ZKHUH KH LQWURGXFHG WKH VWRFKDVWLF

��



LQWHJUDO ,�I���  
5
I�W�GW: �W� ��  �

5
I�W�G: �W� LQ D VRPHZKDW LQGLUHFW IRUP �FI� 'RRE� ����� S� �����

+HUH I LV /HEHVJXH PHDVXUDEOH DQG VTXDUH LQWHJUDEOH RQ �b����� I � /��b����� DQG WKH VWDQGDUG

:LHQHU SURFHVV I: �W� ��� � x W � �J LV H[WHQGHG WR WKH UHDO OLQH E\ OHWWLQJ : �W� ��  I: �bW� ��
IRU W � �� ZKHUH II: �W� ��� � x W � �J LV DQRWKHU VWDQGDUG :LHQHU SURFHVV WKDW LV LQGHSHQGHQW RI

: �W� ��� )RU IXUWKHU pUVW WLPH FRQWULEXWLRQV DORQJ WKHVH OLQHV� ZH UHIHU WR 3DOH\� :LHQHU DQG =\JPXQG

������� )RU D GLVFXVVLRQ RI :LHQHU W\SH VWRFKDVWLF LQWHJUDOV DV OLPLWV LQ /� RI VHTXHQFHV RI VXPV� ZH

UHIHU WR 'RRE ������ ,;���� 'RRE ������ SS� ��^��� QRWHV WKDW WKH VWRFKDVWLF LQWHJUDO ,�I��� ZDV RQH

RI :LHQHU
V PRVW IUXLWIXO LGHDV WKDW ZDV IRU KLP �FI�� H�J�� 3DOH\ DQG :LHQHU� ����� DQG VWLOO UHPDLQV D

IXQGDPHQWDO WRRO LQ D YDULHW\ RI FRQWH[WV� 0RUHRYHU� DQDORJRXV WR ,�I���� :LHQHU ������ LQWURGXFHG

PXOWLSOH VWRFKDVWLF LQWHJUDOV DQG XVHG WKHP DV D IXQGDPHQWDO WRRO IRU VWXG\LQJ SRO\QRPLDO FKDRVHV DV

DSSUR[LPDWLRQV WR YHU\ JHQHUDO VWDWLRQDU\ SURFHVVHV�

,Q SDUDOOHO WR DOO WKHVH GHYHORSPHQWV� WKH (LQVWHLQ ������ DQG 6PROXFKRZVNL ������ ����� ?KHDW

HTXDWLRQ OLQH� RI DSSURDFK WR VWXG\LQJ 0DUNRYLDQ SURFHVVHV KDV FXOPLQDWHG LQ WZR SLRQHHULQJ SDSHUV

DORQJ WKHVH OLQHV WKDW� LQ WXUQ� KDV OHG WR PDQ\ RWKHUV DIWHU�

.ROPRJRURY� $�1� ������� �8EHU GLH DQDO\WLVFKHQ 0HWKRGHQ LQ GHU :DKUVFKHLQOLFKNHLWVUHFKQXQJ� 0DWK�

$QQ� ���� ���^����

)HOOHU� :� ������� =XU 7KHRULH GHU VWRFKDVWLVFKHQ 3UR]HVVH �([LVWHQ] XQG (LQGHXWLJNHLWVV�DW]H�� 0DWK�

$QQ� ���� ���^����

$V PHQWLRQHG DOUHDG\� WKH RULJLQDO GHULYDWLRQ RI WKH KHDW HTXDWLRQ LQ ����� IURP SUREDELOLVWLF

DVVXPSWLRQV LV GXH WR (LQVWHLQ� .ROPRJRURY
V GHULYDWLRQ RI KLV IDPRXV EDFNZDUG DQG IRUZDUG HTXDWLRQV

FRPELQHG ZLWK )HOOHU
V H[LVWHQFH SURRI DQG LQYHVWLJDWLRQ RI WKH UHODWLRQ EHWZHHQ WKHVH WZR HTXDWLRQV

KDYH LQLWLDWHG DQ LQWHQVLYH VWXG\ RI 0DUNRY SURFHVVHV ZLWK FRQWLQXRXV VDPSOH SDWKV DQG WUDQVLWLRQ

GHQVLWLHV WKDW VDWLVI\ WKHVH HTXDWLRQV� ,Q WKHLU LQWURGXFWLRQ� '�:� 6WURRFN DQG 6�5�6� 9DUDGKDQ ������

ZULWH� ?7KH VWXG\ RI GLoXVLRQ YLD WKH EDFNZDUG HTXDWLRQ KDV EHHQ RQH RI WKH PRUH SRZHUIXO DQG

VXFFHVVIXO DSSURDFKHV WR WKH VXEMHFW DQG ZH KDYH LQFOXGHG D VNHWFK RI WKLV SURFHGXUH LQ &KDSWHUV � DQG

���

0RWLYDWHG E\ WKH DQDO\WLFDO DSSURDFK RI .ROPRJRURY DQG )HOOHU� DQG ZDQWLQJ WR KDYH D PRUH

SUREDELOLVWLFDOO\ VDWLVIDFWRU\ DSSURDFK WR GLoXVLRQV� 3� /wHY\ VXJJHVWHG WKH PHWKRGRORJ\ RI VWRFKDVWLF

GLoHUHQWLDO HTXDWLRQV� 7KLV DSSURDFK ZDV FDUULHG RXW E\ .� ,WAR ������ ����� ����� ����� YLD GHpQLQJ

VWRFKDVWLF LQWHJUDO HTXDWLRQV �FI�� H�J�� ������� DQG WKXV DOVR VWRFKDVWLF LQWHJUDOV ZLWK UDQGRP LQWHJUDQGV

DQG :LHQHU GLoHUHQWLDOV�

.L\RVL ,WAR ������� 'LoHUHQWLDO HTXDWLRQV GHWHUPLQLQJ 0DUNRY SURFHVVHV �LQ -DSDQHVH�� =HQNRNX 6KLMzR

6zXJDNX 'DQZDNDL ����� ����^�����

������� 6WRFKDVWLF ,QWHJUDO� 3URF� ,PSHULDO $FDG� 7RN\R ��� ���^����

��



������� 2Q D VWRFKDVWLF LQWHJUDO HTXDWLRQ� 3URF� ,PSHULDO $FDG� 7RN\R ��� ��^���

������� 2Q VWRFKDVWLF GLoHUHQWLDO HTXDWLRQV� 0HP� $PHU� 0DWK� 6RF� �� �^���

'RRE ������ &KDSWHU ,;��� ZDV pUVW WR VWXG\ WKH VWRFKDVWLF LQWHJUDO DV D PDUWLQJDOH� 2Q SDJH ���

RI WKLV ERRN KH ZULWHV� ?7KH VWRFKDVWLF LQWHJUDO LQ [� LV D JHQHUDOL]DWLRQ RI RQH GHpQHG E\ ,WAR �������

ZKR WUHDWHG WKH FDVH LQ ZKLFK WKH \�W� SURFHVV LV WKH %URZQLDQ PRWLRQ SURFHVV� 7KH XVH RI PDUWLQJDOH

WKHRU\ PDNHV LW SRVVLEOH WR FRQVWUXFW D FORVHG V\VWHP RI WKHVH VWRFKDVWLF LQWHJUDOV� VR WKDW WKH LQWHJUDO

ZLWK D YDULDEOH XSSHU OLPLW GHpQHV D SURFHVV RI WKH VDPH W\SH DV WKH SURFHVV SURYLGLQJ WKH RULJLQDO

GLoHUHQWLDO HOHPHQW��

)RU DQ H[FHOOHQW VXUYH\ RI� DQG IXUWKHU GHYHORSPHQWV RQ WKH ,WAR LQWHJUDO� ZH UHIHU WR 0F.HDQ

������ DQG 'RRE ������ &KDSWHU ��9,,,�� DQG IRU VWRFKDVWLF LQWHJUDOV ZLWK GLoHUHQWLDOV PRUH JHQHUDO

WKDQ %URZQLDQ PRWLRQ GLoHUHQWLDOV WR 'HOODFKHULH DQG 0H\HU ������� &KXQJ DQG :LOOLDPV ������� DQG

.DUDW]DV DQG 6KUHYH ������� )RU DQ XS�WR�GDWH DSSUHFLDWLRQ RI WKH LQWHUSOD\ EHWZHHQ %URZQLDQ PRWLRQ

DQG PDUWLQJDOHV� ZH UHIHU WR 'RRE ������� DQG 5HYX] DQG <RU �������

2Q WKH QH[W IHZ SDJHV ZH KRSH WR JDLQ VRPH LQVLJKW LQWR WKH LQWULQVLF QDWXUH RI ,WAR LQWHJUDOV RI

WKH IRUP
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7KH XQLTXHQHVV RI WKH VROXWLRQ 6 LQ ����� IRU ����� IROORZV IURP D JHQHUDO UHVXOW RI ,WAR� ZKLFK VWDWHV

WKDW D VWRFKDVWLF GLoHUHQWLDO HTXDWLRQ ZLWK /LSVFKLW] FRQWLQXRXV FRHrFLHQWV KDV D XQLTXH VROXWLRQ�

1RZ OHW XV FRQVLGHU D SRUWIROLR g  g�W� ZKLFK LQYROYHV VKRUW VHOOLQJ RI RQH XQLW RI D (XURSHDQ FDOO

RSWLRQ DQG ORQJ KROGLQJ v XQLWV RI WKH XQGHUO\LQJ DVVHW� 8VLQJ RXU JHQHUDO QRWDWLRQ LQ ������ WKH YDOXH

RI WKH SRUWIROLR g LV JLYHQ E\
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$VVXPLQJ QRZ WKDW D EDQN DFFRXQW HYROYHV DW D ULVNOHVV LQWHUHVW UDWH U DV LQ ������ DQG WKDW WKH

VWRFN SULFH 6 LV GULYHQ E\ D %URZQLDQ PRWLRQ DV LQ ������ ZH KDYH ����� DQG ����� DW RXU GLVSRVDO�

7KH SRUWIROLR g RI ����� LQYROYHV WKH XQNQRZQ YDOXH 9 RI D (XURSHDQ FDOO RSWLRQ GULYHQ E\ 6 YLD

������ DQG WKH XQNQRZQ QXPEHU v WLPHV WKH SULFH RI D VWRFN 6 DW DQ\ WLPH W � >�� 7 @� *LYHQ ������ ZH

KDYH DOVR ������ &RQVHTXHQWO\� LQ WKH OLJKW RI KDYLQJ WKH G\QDPLFV RI 9 DV LQ ����� DQG WKH SRUWIROLR g

DV LQ ����� ZLWK WKH SD\^Ro IXQFWLRQ
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WKH IROORZLQJ K\SRWKHVHV�
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�LY� 7KH DVVHW �VWRFN� SD\V QR GLYLGHQG GXULQJ WKH OLIHWLPH RI WKH RSWLRQ�
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WKDW LV XVXDOO\ FDOOHG WKH %ODFN^6FKROHV 3'(� RU WKH %ODFN^6FKROHV )XQGDPHQWDO (TXDWLRQ� ZKLFK LV WR
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7KH ODWWHU LV WKH VR^FDOOHG GLVFRXQWHG VWRFN SULFH RI WKH %ODFN^6FKROHV PRGHO WKDW HOLPLQDWHV WKH
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WKDW� RQ DVVXPLQJ ������� WKH %ODFN^6FKROHV 3'(� DQG WKXV DOVR WKH %ODFN^6FKROHV (XURSHDQ FDOO RSWLRQ

YDOXDWLRQ IRUPXOD ������� FDQ EH REWDLQHG YLD WKH ULVN^IUHH SRUWIROLR DSSURDFK�

2Q WKH RWKHU KDQG� 0XVLHOD DQG 5XWNRZVNL ������ 3URSRVLWLRQ ������ VKRZ WKDW LI g LV JLYHQ E\

������ ZLWK WKH IXQFWLRQ 9 �W� 6�W��  &W�6�W�� /� 7 b W� DV LQ ������ WKDW VROYHV WKH %ODFN^6FKROHV 3'(�

WKHQ WKH FRQGLWLRQ ������ IDLOV WR KROG� $V D FRQVHTXHQFH� WKH\ FRQFOXGH WKDW WKH SRUWIROLR g DV LQ

������ LV QRW VHOI^pQDQFLQJ �FI� 6HFWLRQ ����� LQ 0XVLHOD DQG 5XWNRZVNL� ������ IRU LI LW ZHUH� WKHQ ������

ZRXOG EH VDWLVpHG� +RZHYHU� WKH H[SHFWHG YDOXH RI WKH DGGLWLRQDO FRVW DVVRFLDWHG ZLWK g XS WR WLPH

7 LV ]HUR ZLWK UHVSHFW WR WKH PHDVXUH JHQHUDWHG E\ 6�W� DV LQ ������� 7KLV SURSHUW\ H[SODLQV ZK\

WKH ULVN^IUHH SRUWIROLR DSSURDFK OHDGV WR WKH FRUUHFW IRUP RI WKH %ODFN^6FKROHV IRUPXOD� )RU GHWDLOV

VXEVWDQWLDWLQJ WKHVH UHPDUNV ZH UHIHU WR 0XVLHOD DQG 5XWNRZVNL ������ 6HFWLRQ ����� ZKR PHQWLRQ DOVR

WKDW %HUJPDQ ������ ZDV PRVW OLNHO\ pUVW QRWLQJ WKDW WKH ULVN^IUHH SRUWIROLR GRHV QRW VDWLVI\ WKH IRUPDO

GHpQLWLRQ RI D VHOI^pQDQFLQJ VWUDWHJ\� )RU WKH ODWWHU QRWLRQ ZH UHIHU WR 6HFWLRQ ����� RI 0XVLHOD DQG

5XWNRZVNL ������� ZKR LQ WKHLU 6HFWLRQ ��� DOVR VWUHVV WKH SRLQW WKDW WKH ULVN^IUHH SRUWIROLR DSSURDFK

LV XQTXHVWLRQDEOH LQ D GLVFUHWH^WLPH VHWWLQJ� 0HUWRQ ������ GHULYHG WKH %ODFN^6FKROHV HTXDWLRQ YLD

FRQVWUXFWLQJ D VHOI^pQDQFLQJ SRUWIROLR FRQWDLQLQJ DVVHWV� RSWLRQV DQG ULVNOHVV ERQGV� WX

:H QRWH LQ SDVVLQJ WKDW ZLWK 6�W� DV LQ ������ ZH KDYH
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L�H�� WKH GLVFRXQWHG ULVN^IUHH DVVHW SULFH SURFHVV RI WKH %ODFN^6FKROHV PRGHO

������ H

bU�7bW�
6�7 �� � x W x 7�

LV D PDUWLQJDOH WKDW� LQ WXUQ� \LHOGV DOVR ������ DV DQ DOWHUQDWLYH YLHZ RI WKH %ODFN^6FKROHV IRUPXOD�

0RUHRYHU� WKH YDOXDWLRQ SURFHGXUH RI ������ LQ WHUPV RI ������ u ������ FDQ EH H[WHQGHG WR DQ\

(XURSHDQ FRQWLQJHQW FODLP �RSWLRQ� WKDW LV DWWDLQDEOH �FI�� H�J�� 6HFWLRQ ����� RI 0XVLHOD DQG 5XWNRZVNL�

����� LQ WKH DUELWUDJH^IUHH %ODFN^6FKROHV PRGHO� DQG ZKRVH YDOXHV GHSHQG RQO\ RQ WKH WHUPLQDO YDOXH

RI WKH VWRFN SULFH�

:H JR EDFN WR ����� IRU D PRPHQW ZLWK D VWDQGDUG :LHQHU SURFHVV : RQ VRPH SUREDELOLW\ VSDFH

�n�$� 3 � DQG pOWUDWLRQ )W� � x W x 7 � E\ WKH YDOXHV RI I: �V�� V x WJ DQG FRPSOHWHG E\ WKH DGGLWLRQ

RI VHWV RI 3^SUREDELOLW\ ]HUR�

%ULHq\� LQ JHQHUDO� D (XURSHDQ FRQWLQJHQW FODLP �DQ RSWLRQ� ZKLFK VHWWOHV DW WLPH 7 LV GHpQHG

DV DQ\ )7 ^PHDVXUDEOH UDQGRP YDULDEOH� 7KH PDUNHW LV VDLG WR EH DUELWUDJH^IUHH LI WKHUH H[LVWV D

SUREDELOLW\ PHDVXUH 3
e

� WKDW LV HTXLYDOHQW WR 3 � XQGHU ZKLFK WKH SURFHVV H
bUW

6�W� LV D PDUWLQJDOH� 7KH

PDUNHW LV VDLG WR EH FRPSOHWH LI DQG RQO\ LI WKLV SUREDELOLW\ 3
e

LV XQLTXH� $Q DSSOLFDWLRQ RI *LUVDQRY
V

WKHRUHP VKRZV WKDW WKH DUELWUDJH^IUHH %ODFN^6FKROHV PDUNHW LV FRPSOHWH �FI� /HPPD ����� LQ 0XVLHOD

DQG 5XWNRZVNL� ������ DQG WKDW XQGHU 3
e

� WKH VWRFN SULFH IROORZV WKH VWRFKDVWLF GLoHUHQWLDO HTXDWLRQ

RI ������� ZKHUH : LV D QHZ VWDQGDUG :LHQHU SURFHVV �WKRXJK ZH NHHS WKH VDPH QRWDWLRQ DV LQ �����

IRU VLPSOLFLW\� XQGHU 3
e

� $OVR� IRU WKH VDNH RI VLPSOLFLW\� ZH FRQWLQXH ZULWLQJ 3 LQVWHDG RI 3
e

� DQG

FRQWLQXH XVLQJ WKH VDPH QRWDWLRQ )W IRU pOWUDWLRQ DV ZHOO� ,Q WKLV PRGHO� OHW }W�6�W�� 7 b W� VWDQG IRU

WKH PDUNHW YDOXH RI� D IDLU SULFH IRU� D (XURSHDQ FRQWLQJHQW FODLP RSWLRQ ZKLFK VHWWOHV DW WLPH 7 � DQG

ZKRVH YDOXHV GHSHQG RQO\ RQ WKH WHUPLQDO YDOXH RI WKH VWRFN SULFH� $V D JHQHUDOL]DWLRQ RI 5HPDUN ���

ZH KDYH

5HPDUN ���� �FI� &RUROODU\ ����� LQ 0XVLHOD DQG 5XWNRZVNL� ������ 6ROYLQJ WKH %ODFN^6FKROHV 3'(

������ IRU 9 �W� 6�W�� � &
���
>>�� 7�d �����@� VXEMHFW WR WKH WHUPLQDO FRQGLWLRQ

������ 9 �7�6�7��  J�6�7���

LV HTXLYDOHQW WR

9 �W� 6�W��  H
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 � }W�6�W�� 7 b W��

ZKHUH J�6�7 �� LV WKH YDOXH RI DQ DWWDLQDEOH (XURSHDQ FRQWLQJHQW FODLP �RSWLRQ� ZKLFK VHWWOHV DW WLPH

7 LQ WKH DUELWUDJH^IUHH %ODFN^6FKROHV PDUNHW ZKRVH XQLTXH VWRFN SULFH SURFHVV 6�W� LV WKH VROXWLRQ RI

VWRFKDVWLF GLoHUHQWLDO HTXDWLRQ ������� DQG J�6�7 �� LV DVVXPHG WR EH LQWHJUDEOH XQGHU 3 RI WKH ODWWHU

SURFHVV� WX

��



5HPDUN ���� 2Q WDNLQJ J�6�7 ��  �6�7 �b /�
�
LQ ������� ZH REWDLQ 5HPDUN ���� 7KH ODWWHU UHODWHV

&RQFOXVLRQ ���� L�H�� WKH VROXWLRQ ������ RI WKH %ODFN^6FKROHV 3'( ������ VXEMHFW WR ������ DQG ������ WR

WKH )H\QPDQ^.DF W\SH IRUPXOD ������� ZKRVH YDOLGLW\ ZH LOOXVWUDWHG E\ GLUHFW FDOFXODWLRQV �FI� ������^

������� RI WKH %ODFN^6FKROHV IRUPXOD DV VWDWHG LQ ������� 5RXJKO\ VSHDNLQJ� WKH )H\QPDQ^.DF IRUPXOD

H[SUHVVHV WKH VROXWLRQ RI D SDUDEROLF 3'( DV WKH H[SHFWHG YDOXH RI D FHUWDLQ IXQFWLRQDO RI D %URZQLDQ

PRWLRQ� ,QGHHG� RQH RI WKH EDVLF LQJUHGLHQWV RI WKH SURRI RI &RUROODU\ ����� LQ 0XVLHOD DQG 5XWNRZVNL

������ �FI� WKH SUHFHGLQJ 5HPDUN ���� ZKLFK LV D JHQHUDOL]DWLRQ RI 5HPDUN ���� LV WR VKRZ WKDW 9 DV LQ

������ VDWLVpHV D VSHFLDO FDVH RI WKH )H\QPDQ^.DF 3'( �FI� /HPPD ����� LQ 0XVLHOD DQG 5XWNRZVNL�

����� DQG WKLV� LQ WXUQ� OHDGV WR FRQFOXGLQJ DOVR WKDW LW VDWLVpHV WKH %ODFN^6FKROHV 3'( ������ DV ZHOO�

$V WR KRZ WR GLVFRYHU 9 DV LQ ������ LV EDVHG RQ WKH JHQHUDO PDUWLQJDOH WKHRU\ ZH DOOXGHG WR LQ

RXU OLQHV ULJKW DIWHU 5HPDUN ��� WKDW� LQ WXUQ� OHG XV WR 5HPDUN ���� 1DPHO\� LQ WKH DUELWUDJH^IUHH

%ODFN^6FKROHV FRPSOHWH PDUNHW� ZH KDYH WKH VR^FDOOHG ULVN^QHXWUDO YDOXDWLRQ IRUPXOD ZKLFK� LQ WHUPV

RI 3e DV ULJKW EHIRUH 5HPDUN ���� UHDGV DV IROORZV �FI� &RUROODU\ ����� LQ 0XVLHOD DQG 5XWNRZVNL� ������

/HW ; EH D 3
e

^DWWDLQDEOH (XURSHDQ FRQWLQJHQW FODLP ZKLFK VHWWOHV DW WLPH 7 � 7KHQ WKH DUELWUDJH

SULFH }W�;� DW WLPH W � >�� 7 @ LQ WKH DUELWUDJH^IUHH %ODFN^6FKROHV PDUNHW LV JLYHQ E\ WKH ULVN^QHXWUDO

YDOXDWLRQ IRUPXOD
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,Q SDUWLFXODU� WKH SULFH RI ; DW WLPH W  � HTXDOV }��;�  HbU7(3e�;��

,Q OLHX RI H[SODLQLQJ QHZ QRWLRQV� QRWDWLRQV DQG WHFKQRORJLHV IRU ZKLFK ZH UHIHU WR 6HFWLRQ ����� RI

0XVLHOD DQG 5XWNRZVNL ������� ZH ?LGHQWLI\� WKHP YLD DGDSWDWLRQ LQ WHUPV RI WKH DOUHDG\ LQWURGXFHG

LQJUHGLHQWV RI 5HPDUN ��� DV IROORZV� ; SOD\V WKH UROH RI J�6�7 ��� 3e LV HTXLYDOHQW WR 3 � DQG }W�;�

SOD\V WKH UROH RI }W�6�W�� 7 b W�� WX

7KH SDSHUV %ODFN DQG 6FKROHV ������� DQG 0HUWRQ ������ ZHUH ZULWWHQ EHIRUH WKH GHYHORSPHQW RI

WKH PDUWLQJDOH DSSURDFK WR pQDQFLDO PDWKHPDWLFV� ,Q IDFW WKH\ ZHUH WKH RQHV WKDW LQVSLUHG WKH ODWWHU

?IDLU JDPHV� DSSURDFK WR WKH SUREOHPV LQ KDQG� 2XU ZD\ RI DUJXLQJ &RQFOXVLRQ ��� DQG 5HPDUN ����

DQG WKHQ ?H[SODLQLQJ� WKH ODWWHU YLD 5HPDUNV ���^��� UHqHFWV RQO\ D PHUH RXWOLQH RI D VPDOO SDUW RI

WKLV GHYHORSPHQW�

�� 2Q WKH %ODFN^6FKROHV IDLU SULFH IRUPXOD DQG YRODWLOLW\

0HUWRQ ������ QRWHV WKDW WKH PDQLIHVW FKDUDFWHULVWLF RI WKH %ODFN^6FKROHV IRUPXOD ������ LV WKH

QXPEHU RI YDULDEOHV WKDW LW GRHV QRW GHSHQG RQ� 0RVW RI DOO� LW GRHV QRW GHSHQG RQ z� WKH H[SHFWHG

UHWXUQ RI WKH FRPPRQ VWRFN� &RQVHTXHQWO\� WKH ULVN SUHIHUHQFHV RI WKH LQYHVWRUV IRU WKH VWRFN RQ ZKLFK

WKH RSWLRQ LV EDVHG GR QRW DoHFW WKH RSWLRQ SULFH IRUPXOD� ,QVSLUHG E\ %ODFN DQG 6FKROHV ������� WKLV

QRWLRQ RI ULVN QHXWUDOLW\ KDV EHFRPH DQ LPSRUWDQW WKHPH LQ RSWLRQ SULFLQJ WKHRULHV RI HFRQRPLFV�

��



7KH YDOXDWLRQ IRUPXOD ������ GHSHQGV RQ pYH SDUDPHWHUV� 6�W�� 7 b W� /� U DQG �� $OO EXW WKH

YRODWLOLW\ � ! � DUH REVHUYDEOH SDUDPHWHUV� +HQFH WKH XVHIXOQHVV DQG WKH KRSHIXOO\ UHOLDEOH SRWHQWLDO

DSSOLFDWLRQV RI WKH %ODFN^6FKROHV IRUPXOD KLQJH RQ WKH LQYHVWRUV DELOLW\ WR PDNH UHOLDEOH IRUHFDVWV RI

WKLV YRODWLOLW\ SDUDPHWHU RI VWRFN SULFHV� 3URGXFLQJ JRRG� UHOLDEOH HVWLPDWRUV IRU � IRU IXWXUH XVH LV�

KRZHYHU� QRW DQ HDV\ WDVN� )RU VRPH GHWDLOV DQG UHIHUHQFHV RQ WKLV SUREOHP ZH UHIHU WR 6HFWLRQ ��� LQ

0XVLHOD^5XWNRZVNL �������

5RXJKO\ VSHDNLQJ� WKHUH DUH WZR PDLQ OLQHV RI DSSURDFK WR HVWLPDWLQJ WKH YRODWLOLW\ SDUDPHWHU �

WKDW LV DVVXPHG WR EH D FRQVWDQW LQ WKH VWRFN SULFH SURFHVV RI WKH %ODFN^6FKROHV PRGHO �FI� �������

1DPHO\� �D� RQH FDQ XVH KLVWRULFDO GDWD� RU �E� RQH FDQ LQIHU WKH YRODWLOLW\ WKDW LV LPSOLHG YLD WKH

REVHUYHG PDUNHW SULFH RI DQ RSWLRQ�

$V WR �D� KLVWRULFDO YRODWLOLW\� WKH XVH RI KLVWRULFDO GDWD WR HVWLPDWH IXWXUH VWRFN SULFH YRODWLOLW\ LV

XVXDOO\ DQ XQVDWLVIDFWRU\ SURFHGXUH� IRU VWRFN YRODWLOLW\ WHQGV WR EH XQVWDEOH WKURXJK WLPH� WX

&RQFHUQLQJ �E� LPSOLHG YRODWLOLW\� WKLV SURFHGXUH LV WR LQIHU WKH LQYHVWPHQW FRPPXQLW\
V FRQFHQVXV

RQ WKH YRODWLOLW\ RI D JLYHQ VWRFN YLD H[DPLQLQJ WKH SULFHV DW ZKLFK RSWLRQV WKDW DUH EDVHG RQ WKDW

VWRFN WUDGH� ,Q SDUWLFXODU� WKH XQNQRZQ YRODWLOLW\ � RI D VWRFN RQ ZKLFK RQH KDV D (XURSHDQ FDOO

RSWLRQ LV LQIHUUHG �GHULYHG� IURP LWV %ODFN^6FKROHV IDLU SULFH IRUPXOD ������ u ������ YLD VROYLQJ WKH

ODWWHU DW DQ\ JLYHQ WLPH W � >�� 7 @ IRU WKH RQO\ XQNQRZQ SDUDPHWHU � LQ LW� JLYHQ WKDW IRU &W ZH WDNH

WKH FXUUHQW PDUNHW SULFH RI WKLV FDOO RSWLRQ� 6LQFH &W LV D QRQ^OLQHDU HTXDWLRQ� LW FDQQRW EH VROYHG

H[SOLFLWO\ LQ WHUPV RI 6�W�� /� U DQG 7 b W� 7KDW &W LV DQ LQFUHDVLQJ IXQFWLRQ RI � KHOSV WR FUHDWH

LWHUDWLYH DOJRULWKPV� 6ROYLQJ IRU � DORQJ WKHVH OLQHV� LQ ?PDUNHW SUDFWLFH� VHYHUDO LPSOLHG YRODWLOLW\

YDOXHV DUH REWDLQHG VLPXOWDQHRXVO\ IURP WUDGLQJ YDOXHV RI GLoHUHQW (XURSHDQ RSWLRQV WKDW DUH EDVHG RQ

WKH VDPH XQGHUO\LQJ VWRFN� DQG D ?SURSHUO\� ZHLJKWHG DYHUDJH RI WKHVH VWDQGDUG GHYLDWLRQV LV FRPSXWHG

DQG YLHZHG DV WKH LPSOLHG YRODWLOLW\ RI WKH JLYHQ VWRFN� 7KLV LQIRUPDWLRQ� LQ WXUQ� FDQ WKHQ EH XVHG

E\ WUDGHUV WR ?VHW� WKH YRODWLOLW\ YDOXH DFFRUGLQJO\ IRU WKH JLYHQ VWRFN RI DOO WKH (XURSHDQ RSWLRQV

WKDW DUH EDVHG RQ LW� DQG WKH\ DUH LQWHUHVWHG LQ� ,Q SDUWLFXODU� WKLV PHDQV WKDW WKH\ ZRXOG EH TXRWLQJ

DQ\ VXFK RSWLRQ
V PDUNHW SULFH LQ WHUPV RI WKH DERYH DUULYHG DW LPSOLHG YRODWLOLW\� 7KXV� LQ HVVHQFH�

LPSOLHG YRODWLOLW\ EHFRPHV D PHDQV RI TXRWLQJ RSWLRQ SULFHV� 1DPHO\� JLYHQ WKH LPSOLHG YRODWLOLW\ YDOXH�

WKH %ODFN^6FKROHV IDLU SULFH YDOXH IRUPXOD ������ LV QRZ XVHG GLUHFWO\ WR FDOFXODWH WKHVH ?IDLU� PDUNHW

YDOXHV WKDW EHFRPH WKH TXRWHG (XURSHDQ RSWLRQ SULFHV RI WKH WUDGHUV DW WLPH W � >�� 7 @� ZKHQ 7 b W LV

WKH WLPH OHIW WR PDWXULW\ WLPH 7 � 1RZ� LI LPSOLHG YRODWLOLW\ DW DQ\ WLPH W � >�� 7 @� VD\ �LP S �W�� ZHUH

WKH VDPH IRU DOO (XURSHDQ FDOO RSWLRQ PDUNHW SULFHV WKDW DUH EDVHG RQ WKH VDPH XQGHUO\LQJ VWRFN� WKDW

LV WR VD\� LI LW ZHUH QRW D IXQFWLRQ RI WKH FRQWUDFWXDO IHDWXUHV RI DQ RSWLRQ WKDW DUH SDUDPHWUL]HG E\

WKH UHPDLQLQJ WLPH 7 b W WR PDWXULW\ 7 DQG WKH YDOXH / RI WKH VWULNH SULFH� WKHQ UHSODFLQJ � LQ &W

E\ VXFK DQ LPSOLHG YRODWLOLW\� VD\ �LP S � WKH WKXV HVWLPDWHG &W RI ������ ZRXOG FRQWLQXH WR EH D IDLU

SULFH IRUPXOD DW DQ\ WLPH W � >�� 7 @ IRU DOO (XURSHDQ FDOO RSWLRQV WKDW DUH EDVHG RQ WKH VDPH VWRFN�

8QIRUWXQDWHO\� WDNLQJ IRU &W WKH FXUUHQW PDUNHW SULFH RI D (XURSHDQ FDOO RSWLRQ DQG WKHQ VROYLQJ IRU �

��



WKH IRUPXOD RI &W� GRHV QRW UHVXOW LQ SURGXFLQJ VXFK D �LP S VROXWLRQ WKDW ZRXOG SRVVHVV WKHVH GHVLUHG

SURSHUWLHV� 1HYHUWKHOHVV� WKH RYHUDOO FRQFHQVXV LQ WKH pQDQFLDO OLWHUDWXUH VHHPV WR EH WKDW� LQ WHUPV RI

WKHLU SUHGLFWLYH SRZHU� �LP S HVWLPDWHV RI YRODWLOLW\ RXWSHUIRUP PRUH VWUDLJKWIRUZDUG KLVWRULFDO YRODWLOLW\

HVWLPDWHV� WX

7KH SUREOHP RI HVWLPDWLQJ WKH YRODWLOLW\ � RI YDULRXV VWRFN SULFHV E\ �LP S IRU WKH VDNH RI WKH

DSSOLFDELOLW\ RI WKH %ODFN^6FKROHV YDOXDWLRQ IRUPXOD &W �FI� ������ u ������� LQ ZKLFK � LV WKH RQO\

SDUDPHWHU WKDW LV QRW GLUHFWO\ REVHUYDEOH LQ WKH PDUNHW LV �DSSHDUV WR EH�� DW WKH pUVW VLJKW� VRPHZKDW

VLPLODU WR (LQVWHLQ ������
V WKHRU\ RI HVWLPDWLQJ WKH $YRJDGUR QXPEHU 1 YLD WKH XVH RI WKH SRVWXODWHG

GLoXVLRQ FRQVWDQW F ! � IRU D %URZQLDQ PRWLRQ �FI� (LQVWHLQ
V DVVXPSWLRQV LQ WKH SDUDJUDSK ULJKW DERYH

������ DQG ������ ������ ������ ZLWK

����� F  
�N7

I
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ZKHUH 7 LV WKH DEVROXWH WHPSHUDWXUH� I LV WKH IULFWLRQ FRHrFLHQW RI WKH VXEVWDQFH LQ KDQG� DQG N LV WKH

%ROW]PDQ FRQVWDQW� ,Q SDUWLFXODU� LQ OLTXLGV H�J�� IRU VSKHULFDO FROORLGDO SDUWLFOHV RI UDGLXV U ZH KDYH

����� I  �}uU1�

ZKHUH u LV WKH YLVFRVLW\ FRHrFLHQW DQG 1 LV $YRJDGUR
V QXPEHU� 7KLV UHODWLRQVKLS IRU I LV RQO\ YDOLG

IRU SDUWLFOHV RI VXFK VL]H ZKLFK REH\ 6WRNHV
 UHVLVWDQFH ODZ� 7KXV� LQ F RI ����� ZLWK I DV LQ ����� DOO WKH

SDUDPHWHUV DUH JLYHQ XQGHU LGHDO FRQGLWLRQV� H[FHSW $YRJDGUR
V QXPEHU 1 � 0XOWLSO\LQJ ERWK VLGHV RI

����� E\ W ! �� GRHV QRW FKDQJH DQ\ RI WKH SDUDPHWHUV LQYROYHG� 8VLQJ KLV WKHRU\ RI %URZQLDQ PRWLRQ

WKDW KH GHULYHG YLD KLV EDVLF DVVXPSWLRQV� (LQVWHLQ ������ VXFFHHGHG LQ HVWLPDWLQJ FW IRU D p[HG W�

DQG KHQFH DOVR F� 7KXV (LQVWHLQ GHWHUPLQHG HPSLULFDOO\ WKH $YRJDGUR QXPEHU 1 � 7KLV� LQ WXUQ� KDG

VXFFHVVIXOO\ VHWWOHG WKH $YRJDGUR K\SRWKHVLV �FI� WKH SDUDJUDSK FRQWDLQLQJ �������

1RZ� LQ D VLPLODU YHLQ� LI RQ WDNLQJ IRU &W LWV FXUUHQW PDUNHW SULFH� � LQ &W RI ������ u ������ ZRXOG

QRW EHFRPH D IXQFWLRQ RI LWV RWKHU SDUDPHWHUV WKDW DUH DOO REVHUYDEOH� WKHQ RQ UHSODFLQJ LW E\ �LP S �

WKH ODWWHU ZRXOG DFTXLUH DQ ?$YRJDGUR QXPEHU UROH� LQ WKDW LW ZRXOG UHQGHU WKH WKXV HVWLPDWHG &W WR

FRQWLQXH WR EH D YDOLG YDOXH IRUPXOD IRU DOO (XURSHDQ FDOO RSWLRQV WKDW DUH EDVHG RQ WKH VDPH VWRFN�

7KDW WKLV FRXOG QRW KDYH WXUQHG RXW WR EH WUXH VKRXOG EH� LQ UHWURVSHFW� QRW WRR VXUSULVLQJ LQ YLHZ RI WKH

IDFW WKDW� LQ FRPELQDWLRQ ZLWK ������ WKH %ODFN^6FKROHV PRGHO DQG IRUPXOD LV EDVHG RQ DVVXPLQJ � L�H��

QRW RQ GHULYLQJ� WKDW VWRFN SULFHV IROORZ JHRPHWULF %URZQLDQ PRWLRQ �FI� ����� u ������ ZLWK FRQVWDQW

FRHrFLHQWV� 7KRXJK� YLD ������� UDQGRPQHVV LQ WHUPV RI VWRFKDVWLF GLoHUHQWLDOV LV UHPRYHG �WRJHWKHU

ZLWK WKH RWKHUZLVH SRVVLEOH ULVN SUHIHUHQFHV RI WKH LQYHVWRUV� IURP WKH SRUWIROLR �FI� ������� DQG WKHQ�

YLD ������� RQH DUULYHV DW &RQFOXVLRQ ��� ZLWK WKH RSWLRQ SULFLQJ IRUPXOD &W DV LQ ������� WKH ODWWHU
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$FNQRZOHGJHPHQWV� ,Q WKH VSULQJ WHUP RI ���� DW &DUOHWRQ 8QLYHUVLW\ P\ 3K�'� VWXGHQWV DQG

, RUJDQL]HG D RQH VHPHVWHU ZRUNVKRS RQ VRPH RI WKH EDVLF QRWLRQV RI pQDQFLDO PDWKHPDWLFV� 0U� %LQ

&KHQ RI WKH FODVV� ZKR LV WR JHW KLV 3K�'� LQ VSULQJ ����� SOD\HG D FUXFLDO UROH LQ WKLV ZRUNVKRS E\

GLOLJHQWO\ JLYLQJ PRVW RI WKH WDONV RQ WKLV LQWULJXLQJ VXEMHFW WKDW� DW WKDW WLPH� ZDV QHZ WR DOO RI XV

LQ WKH FODVV� , ZLVK WR WKDQN KLP IRU KLV LQVLJKWIXO SUHVHQWDWLRQV WKDW DOVR SOD\HG D FUXFLDO UROH LQ

SUHSDULQJ P\ pUVW URXQG RI WDONV RQ WKH PDWWHU LQ KDQG� DIWHU WKH DQQRXQFHPHQW RI WKH ���� 1REHO

3UL]H LQ (FRQRPLFV� ,Q WKLV UHJDUG LW JLYHV PH JUHDW SOHDVXUH WR KDYH WKLV RSSRUWXQLW\ WR WKDQN DOVR

P\ GDXJKWHU� /LOOD '� &V�RUJR̀ �3K�'�� (FRQRPLFV�� IRU KHU LQWHUHVW LQ� DQG KHOSIXO GLVFXVVLRQV RQ� WKH

WRSLFV LQYROYHG� DV ZHOO DV IRU VXUpQJ WKH LQWHUQHW IRU PH� RQ PDQ\ RFFDVLRQV� IRU UHOHYDQW LQIRUPDWLRQ�

&RQVHTXHQWO\� ZKHQ 3wDO 5wHYwHV] DQG %wDOLQW 7wRWK KDG NLQGO\ LQYLWHG PH WR JLYH WKUHH WDONV RQ pQDQFLDO

PDWKHPDWLFV LQ WKH 5DQGRP :DONV :RUNVKRS DQG 6XPPHU 6FKRRO RI WKH 3DXO (UGR̀V &HQWHU

RI 0DWKHPDWLFV� , WKRXJKW , ZDV ?UHDG\� WR DW OHDVW UDQGRP ZDON DURXQG LW� 7KLV H[SRVLWLRQ KDV

JURZQ RXW RI WKHVH UDQGRP ZDONV LQ WKH IULHQGO\ FLUFOHV DQG PRVW HQFRXUDJLQJ LQWHOOHFWXDO DWPRVSKHUH RI

WKLV UHPDUNDEOH -XO\ ���� :RUNVKRS LQ %XGDSHVW� 'XULQJ P\ VWD\ RI -XO\ �^6HSWHPEHU ��� ���� LQ WKH

$OIUwHG 5wHQ\L ,QVWLWXWH RI 0DWKHPDWLFV� +XQJDULDQ $FDGHP\ RI 6FLHQFHV� , ZDV SOHDVHG DQG

SURXG WR EH DZDUGHG D 3DXO (UGR̀V 9LVLWLQJ 3URIHVVRUVKLS RI WKH (UGR̀V &HQWHU WKDW ZDV KRVWHG

E\ (QGUH &VwDNL LQ WKH ,QVWLWXWH� , ZLVK WR WKDQN WKH 'LUHFWRU RI WKH (UGR̀V &HQWHU� 3wHWHU 3� 3wDOI\� IRU KLV

LQWHUHVW LQ� DQG DSSUHFLDWLRQ RI P\ ZRUN� WKH ZRQGHUIXO KRVSLWDOLW\ RI (QGUH &VwDNL ZKR� WRJHWKHU ZLWK

3wDO 5wHYwHV]� %wDOLQW 7wRWK DQG 9LVLWLQJ )HOORZV $QWwRQLD )�ROGHV� =KDQ 6KL DQG 0DUF <RU KDYH HQFRXUDJHG

PH WR ZULWH XS WKHVH QRWHV IRU SXEOLFDWLRQ LQ WKH :RUNVKRS 9ROXPH� , DP SOHDVHG WR REOLJH ZLWK WKLV

H[SRVLWLRQ� DQG DSRORJL]H IRU VWLOO QRW EHLQJ DEOH WR RoHU PRUH WKDQ WKHVH CPRUH RU OHVV
 UDQGRP QRWHV

RQ WKH VXEMHFW� ,Q WKLV UHJDUG� , DOVR ZLVK WR VLQFHUHO\ WKDQN D UHIHUHH IRU ZHOFRPH UHPDUNV DQG IRU D

PRVW FDUHIXO UHDGLQJ RI P\ PDQXVFULSW�

5HIHUHQFHV�

%DFKHOLHU� /�� 7KwHRULH GH OD VSwHFXODWLRQ� $QQ� 6FL� w(FROH 1RUP� 6XS� �� ������� ������

%HUJPDQ� <�=� 3ULFLQJ RI FRQWLQJHQW FODLPV LQ SHUIHFW DQG LPSHUIHFW PDUNHWV� 'RFWRUDO GLVVHUWDWLRQ

����� 8QLYHUVLW\ RI &DOLIRUQLD� %HUNHOH\�

%HUWRLQ� -� DQG:HUQHU� :�� $V\PSWRWLF ZLQGLQJV RI SODQDU %URZQLDQ PRWLRQ UHYLVLWHG YLD WKH 2UQVWHLQ�

8KOHQEHFN SURFHVV� 6wHPLQDLUH GH 3UREDELOLWwHV ;;9,,,� HG� -� $]wHPD� 3�^$� 0H\HU DQG 0� <RU� SS�

���^���� /HFWXUH 1RWHV LQ 0DWKHPDWLFV ���� ������� 6SULQJHU�9HUODJ� %HUOLQ�

%ODFN� )� DQG 6FKROHV� 0�� 7KH 3ULFLQJ RI 2SWLRQV DQG &RUSRUDWH /LDELOLWLHV� -RXUQDO RI 3ROLWLFDO

(FRQRP\� �� ������� ���^����

��



%ODFN� )�� +RZ :H FDPH 8S ZLWK WKH 2SWLRQ )RUPXOD� 7KH -RXUQDO RI 3RUWIROLR 0DQDJHPHQW� ��

������� �^��

&KXQJ� .�/� DQG :LOOLDPV� 5�-�� ,QWURGXFWLRQ WR 6WRFKDVWLF ,QWHJUDWLRQ� %LUNK�DXVHU� %RVWRQ� �����

&VwDNL� (�� &V�RUJR̀� 0�� )�ROGHV� $� DQG 5wHYwHV]� 3�� +RZ ELJ DUH WKH LQFUHPHQWV RI WKH ORFDO WLPH RI D

:LHQHU SURFHVV"� $QQ� 3URE� �� ������� ���^����

&VwDNL� (�� &V�RUJR̀� 0�� )�ROGHV� $� DQG 5wHYwHV] 3�� $V\PSWRWLF 3URSHUWLHV RI ,QWHJUDO )XQFWLRQDOV RI

*HRPHWULF 6WRFKDVWLF 3URFHVVHV� 7HFK� 5HS� 6HU� RI WKH /DE� IRU 5HV� LQ 6WDWLVWLFV DQG 3UREDELOLW\� 1R�

��� ^ 0DUFK ����� &DUOHWRQ 8QLYHUVLW\^8QLYHUVLW\ RI 2WWDZD�

&V�RUJR̀� 0�� %URZQLDQ PRWLRQ^:LHQHU SURFHVV� &DQDG� 0DWK� %XOO� �� ������� ���^����

&V�RUJR̀� 0� DQG 5wHYwHV]� 3�� +RZ ELJ DUH WKH LQFUHPHQWV RI D :LHQHU SURFHVV"� $QQ� 3UREDELOLW\� �

�����D�� ���^����

&V�RUJR̀� 0� DQG 5wHYwHV]� 3�� +RZ VPDOO DUH WKH LQFUHPHQWV RI D :LHQHU SURFHVV" 6WRFKDVWLF 3URFHVVHV

DQG WKHLU $SSOLFDWLRQV� � �����E�� ���^����

&V�RUJR̀� 0� DQG 5wHYwHV]� 3�� 6WURQJ $SSUR[LPDWLRQV LQ 3UREDELOLW\ DQG 6WDWLVWLFV� $FDGHPLF 3UHVV� 1HZ

<RUN� �����

&V�RUJR̀� 0� DQG 5wHYwHV]� 3�� 2Q VWURQJ LQYDULDQFH IRU ORFDO WLPH RI SDUWLDO VXPV� 6WRFK� 3URF� $SSO� ��

������� ��^���

'H 6FKHSSHU� $� DQG *RRYDHUWV� 0�� 6RPH IXUWKHU UHVXOWV RQ DQQXLWLHV FHUWDLQ ZLWK UDQGRP LQWHUHVW�

,QVXUDQFH� 0DWK� (FRQRPLFV �� ������� ���^����

'H 6FKHSSHU� $�� *RRYDHUWV� 0� DQG 'HOEDHQ� )� 7KH /DSODFH WUDQVIRUP RI DQQXLWLHV FHUWDLQ ZLWK

H[SRQHQWLDO WLPH GLVWULEXWLRQ� ,QVXUDQFH� 0DWK� (FRQRPLFV �� ������� ���^����

'HOODFKHULH� &�� 0H\HU� 3��$�� 3UREDELOLWwHV HW SRWHQWLHO� 7KwHRULH GHV PDUWLQJDOHV� +HUPDQQ� 3DULV� �����

'RRE� -�/�� 6WRFKDVWLF 3URFHVVHV� :LOH\� 1HZ <RUN� �����

'RRE� -�/�� :LHQHU
V ZRUN LQ SUREDELOLW\ WKHRU\� %XOO� $PHU� 0DWK� 6RF��1RUEHUW :LHQHU ����^�����

�� ������� ��^���

'RRE� -�/�� &ODVVLFDO 3RWHQWLDO 7KHRU\ DQG ,WV 3UREDELOLVWLF &RXQWHUSDUW� 6SULQJHU^9HUODJ� 1HZ <RUN�

�����

'XIUHVQH� '�� :HDN FRQYHUJHQFH RI UDQGRP JURZWK SURFHVVHV ZLWK DSSOLFDWLRQV WR LQVXUDQFH� ,QVXUDQFH�

0DWK� (FRQRPLFV � ������� ���^����

'XIUHVQH� '�� 7KH GLVWULEXWLRQ RI D SHUSHWXLW\� ZLWK DSSOLFDWLRQV WR ULVN WKHRU\ DQG SHQVLRQ IXQGLQJ�

6FDQG� $FWXDULDO -� ������� ��^���

��



'YRUHW]N\� $�� (UGR̀V� 3� DQG .DNXWDQL� 6�� 1RQLQFUHDVLQJ HYHU\ZKHUH RI WKH %URZQLDQ PRWLRQ SURFHVV�

)RXUWK %HUNHOH\ 6\PSRV� 0DWK� 6WDWLVW� DQG 3URE�� ����� 9RO� ,,� 8QLY� &DOLIRUQLD 3UHVV� %HUNHOH\� �����

���^����

(LQVWHLQ� $�� 2Q WKH PRYHPHQW RI VPDOO SDUWLFOHV VXVSHQGHG LQ D VWDWLRQDU\ OLTXLG GHPDQGHG E\ WKH

PROHFXODU^NLQHWLF WKHRU\ RI KHDW� $QQ� 3K\VLN �� ������� ��������

)HOOHU� :�� =XU 7KHRULH GHU VWRFKDVWLVFKHQ 3UR]HVVH �([LVWHQ] XQG (LQGHXWLJNHLWVV�DW]H�� 0DWK� $QQ�

��� ������� ���^����

)LVN� '�/�� 4XDVL�PDUWLQJDOHV DQG VWRFKDVWLF LQWHJUDOV� 7HFKQLFDO 5HSRUW �� 'HSW� RI 0DWKHPDWLFV�

0LFKLJDQ 6WDWH 8QLYHUVLW\� �����

)LVN� '�/�� 6DPSOH TXDGUDWLF YDULDWLRQ RI FRQWLQXRXV� VHFRQG^RUGHU PDUWLQJDOHV� =� :DKUVFKHLQOLFKNHLWV�

WKHRULH YHUZ� *HELHWH � ������� ���^����

*HPDQ� +� DQG +RURZLW]� -�� 2FFXSDWLRQ GHQVLWLHV� $QQ� 3UREDE� � ������� �^���

*HPDQ� +� DQG <RU� 0�� %HVVHO SURFHVVHV� $VLDQ RSWLRQV DQG SHUSHWXLWLHV� 0DWK� )LQDQFH � �������

���^����

*RRYDHUWV� 0� DQG 'KDHQH� -�� $FWXDULDO DSSOLFDWLRQV RI pQDQFLDO PRGHOV� &:, 4XDUWHUO\ �� �������

��^���

*UXHW� -�^&� DQG 6KL� =�� 6RPH DV\PSWRWLF UHVXOWV IRU H[SRQHQWLDO IXQFWLRQDOV RI %URZQLDQ PRWLRQ� -�

$SSO� 3URE� �� ������� ���^����

+XOO� -�&�� 2SWLRQV� )XWXUHV DQG 2WKHU 'HULYDWHV� �UG HGLWLRQ� 3UHQWLFH +DOO� �����

,WAR� .�� 'LoHUHQWLDO HTXDWLRQV GHWHUPLQLQJ 0DUNRY SURFHVVHV �LQ -DSDQHVH�� =HQNRNX 6KLMzR 6zXJDNX

'DQZDNDL ���� ������� ����^�����

,WAR� .�� 6WRFKDVWLF ,QWHJUDO� 3URF� ,PSHULDO $FDG� 7RN\R �� ������� ���^����

,WAR� .�� 2Q D VWRFKDVWLF LQWHJUDO HTXDWLRQ� 3URF� ,PSHULDO $FDG� 7RN\R �� ������� ��^���

,WAR� .�� 2Q VWRFKDVWLF GLoHUHQWLDO HTXDWLRQV� 0HP� $PHU� 0DWK� 6RF� � ������� �^���

,WAR� .� DQG 0F.HDQ� +�3�� -U�� 'LoXVLRQ 3URFHVVHV DQG 7KHLU 6DPSOH 3DWKV� 6SULQJHU^9HUODJ� %HUOLQ�

�����

.DF� 0�� :LHQHU DQG LQWHJUDWLRQ LQ IXQFWLRQ VSDFHV� %XOO� $PHU� 0DWK� 6RF�� 1RUEHUW :LHQHU ����^

����� �� ������� ��^���

.DUDW]DV� ,� DQG 6KUHYH� 6�(�� %URZQLDQ 0RWLRQ DQG 6WRFKDVWLF &DOFXOXV� 6SULQJHU^9HUODJ� 1HZ <RUN�

�����

��



.HSUWD� 6��,QWHJUDO 7HVWV IRU %URZQLDQ 0RWLRQ DQG 6RPH 5HODWHG 3URFHVVHV� 3K' 7KHVLV� ����� &DUOHWRQ

8QLYHUVLW\� 2WWDZD�

.QLJKW� )�%�� (VVHQWLDOV RI %URZQLDQ 0RWLRQ DQG 'LoXVLRQ� 0DWKHPDWLFDO 6XUYH\V ��� $06� 3URYL�

GHQFH� 5KRGH ,VODQG� �����

.ROPRJRURY� $�1�� �8EHU GLH DQDO\WLVFKHQ 0HWKRGHQ LQ GHU :DKUVFKHLQOLFKNHLWVUHFKQXQJ� 0DWK� $QQ�

��� ������� ���^����

.ROPRJRURY� $�1�� *UXQGEHJULoH GHU :DKUVFKHLQOLFKNHLWVUHFKQXQJ� 6SULQJHU� %HUOLQ� �����

.RQGR� /�� 5HFXUUHQFH RI WKH 6LPSOH 5DQGRP:DON LQ 2QH 'LPHQVLRQ DQG LQ 7ZR 'LPHQVLRQV� +RQRXUV

3URMHFW� 'HSW� RI 0DWKHPDWLFV DQG 6WDWLVWLFV� &DUOHWRQ 8QLYHUVLW\� &DQDGD� �����

/wHY\� 3�� 7KHRULH GH O
DGGLWLRQ GHV YDULDEOHV DOwHDWRLUHV� *DXWKLHU^9LOODUV� 3DULV� ����� �QG HG�� �����

/wHY\� 3�� 6XU FHUWDLQV SURFHVVXV VWRFKDVWLTXHV KRPRJHQHV� &RPSRVLWLR 0DWK� � ������� ���^����

/wHY\� 3�� /H PRXYHPHQW %URZQLHQ SODQ� $PHU� -� 0DWK� �� ������� ���^����

/wHY\� 3�� 3URFHVVXV VWRFKDVWLTXHV HW PRXYHPHQW EURZQLHQ� *DXWKLHU^9LOODUV� 3DULV� �����

/wHY\� 3�� :LHQHU
V UDQGRP IXQFWLRQ� 3URF� 6HFRQG %HUNHOH\ 6\PSRV� 0DWK� 6WDWLVW� DQG 3URE�� �����

8QLY� &DOLIRUQLD 3UHVV� %HUNHOH\ DQG /RV $QJHOHV� ����� ���^����

0HUWRQ� 5�&�� 7KHRU\ RI 5DWLRQDO 2SWLRQ 3ULFLQJ� %HOO -RXUQDO RI (FRQRPLFV DQG 0DQDJHPHQW 6FLHQFH�

� ������� ���^����

0F.HDQ� +�3� -U�� 6WRFKDVWLF ,QWHJUDOV� $FDGHPLF 3UHVV� 1HZ <RUN� �����

0XVLHOD� 0� DQG 5XWNRZVNL� 0�� 0DUWLQJDOH 0HWKRGV LQ )LQDQFLDO 0RGHOOLQJ� 6HFRQG HGLWLRQ� 6SULQJHU�

%HUOLQ� �����

3DOH\� 5�(�$�&� DQG :LHQHU� 1�� )RXULHU 7UDQVIRUPV LQ WKH FRPSOH[ GRPDLQ� $PHU� 0DWK� 6RF� &ROORT�

3XEO�� 9RO� ��� $PHU� 0DWK� 6RF�� 3URYLGHQFH� 5�,�� �����

3DOH\� 5�(�$�&�� :LHQHU� 1� DQG =\JPXQG� $�� 1RWH RQ UDQGRP IXQFWLRQV� 0DWK� =�� �� ������� ���^

����

5wHYwHV]� 3�� 5DQGRP :DON LQ 5DQGRP DQG 1RQ�UDQGRP (QYLURQPHQWV� :RUOG 6FLHQWLpF 3XEO� &R��

7HDQHFN� 1-� �����

5HYX]� '� DQG <RU� 0�� &RQWLQXRXV 0DUWLQJDOHV DQG %URZQLDQ 0RWLRQ� 7KLUG HGLWLRQ� 6SULQJHU� %HUOLQ�

�����

5RJHUV� /�&�*� DQG 6KL� =�� 7KH YDOXH RI DQ $VLDQ RSWLRQ� -� $SSO� 3URE� �� ������� ����^�����

6NRURKRG� $�9�� 6WXGLHV LQ WKH 7KHRU\ RI 5DQGRP 3URFHVVHV� $GGLVRQ^:HVOH\� 5HDGLQJ� 0DVV�� �����

��



6DPXHOVRQ� 3�$�� 5DWLRQDO WKHRU\ RI ZDUUDQW SULFHV� ,QGXVW� 0DQDJ� 5HY� � ������� ��^���

6PROXFKRZVNL� 0�� =XU NLQHWLVFKHQ WKHRULH GHU %URZQVFKHQ PROHNXODUEHZHJXQJ XQG GHU VXVSHQVLRQHQ�

$QQ� 3K\VLN �� ������� ����

6PROXFKRZVNL� 0�� 'UHL YRUWUDJH XEHU GLoXVLRQ� %URZQVFKH PROHNXUODUEHZHJXQJ� XQG NRDJXODWLRQ YRQ

NROORLGWHLOFKHQ� 3K\V� =� �� ������� ����

6PROXFKRZVNL� 0�� �8EHU %URZQVFKH 0ROHNXODU^EHZHJXQJ� $QQ� 3K\V�� �� ������� ���^����

6WUDWRQRYLFK� 5�/�� $ QHZ UHSUHVHQWDWLRQ IRU VWRFKDVWLF LQWHJUDOV DQG HTXDWLRQV� 6�,�$�0� -� &RQWU�� �

������� ���^����

6WURRFN� '�:� DQG 9DUDGKDQ� 6�5�6�� 0XOWLGLPHQVLRQDO 'LoXVLRQ 3URFHVVHV� 6SULQJHU^9HUODJ� %HUOLQ�

�����

6]DEDGRV� 7�� $ GLVFUHWH ,WAR
V IRUPXOD� /LPLW 7KHRUHPV LQ 3UREDELOLW\ DQG 6WDWLVWLFV �3wHFV� ������

&ROORT� 0DWK� VRF� -wDQRV %RO\DL� ��� 1RUWK^+ROODQG� $PVWHUGDP� ����� ���^����

6]DEDGRV� 7�� $Q HOHPHQWDU\ LQWURGXFWLRQ WR WKH :LHQHU SURFHVV DQG VWRFKDVWLF LQWHJUDOV� 6WXGLD 6FL�

0DWK� +XQJ� �� ������� ���^����

8KOHQEHFN� *�(� DQG 2UQVWHLQ� /�6�� 2Q WKH WKHRU\ RI %URZQLDQ PRWLRQ� 3K\VLFDO 5HYLHZ �� �������

���^����

:LHQHU� 1�� 7KH PHDQ RI D IXQFWLRQDO RI DUELWUDU\ HOHPHQWV� $QQ� RI 0DWK�� �� ������� ��^���

:LHQHU� 1�� 7KH DYHUDJH RI DQ DQDO\WLFDO IXQFWLRQDO DQG WKH %URZQLDQ PRYHPHQW� 3URF� 1DW� $FDG�

6FL� 8�6�$� � ������� ���^����

:LHQHU� 1�� 'LoHUHQWLDO VSDFH� -� 0DWK� DQG 3K\VLFV� � ������� ���^����

:LHQHU� 1�� *HQHUDOL]HG KDUPRQLF DQDO\VLV� $FWD 0DWK� �� ������� ���^����

:LHQHU� 1�� 7KH +RPRJHQHRXV &KDRV� $PHU� -� 0DWK� �� ������� ���^����

:LHQHU� 1�� , DP D PDWKHPDWLFLDQ� 7KH ODWHU OLIH RI D SURGLJ\� 'RXEOHGD\� 1HZ <RUN� �����

:LHQHU� 1� DQG 3DOH\� 5�(�$�&�� )RXULHU WUDQVIRUPV LQ WKH FRPSOH[ GRPDLQ� $PHU� 0DWK� 6RF� &ROORT�

3XEO�� 9RO� ��� $PHU� 0DWK� 6RF�� 3URYLGHQFH� 5�,�� �����

<RU� 0�� 2Q VRPH H[SRQHQWLDO IXQFWLRQDOV RI %URZQLDQ PRWLRQ� $GY� $SSO� 3URE� �� �����D�� ���^����

<RU� 0�� 6XU FHUWDLQHV IRQFWLRQHOOHV H[SRQHQWLHOOHV GX PRXYHPHQW EURZQLHQ UwHHO� -� $SSO� 3URE� ��

�����E�� ���^����

��


