
(67,0$7,1* (;321(17,$/�$)),1( 02'(/6 2) 7+( 7(50

6758&785(

0 $ 5. ) ,6+ (5 $ 1 ' & + 5,67 ,$ 1 *,//(6

3 UHOLPLQDU\ DQG ,QFRPSOHWH
'R QRW TX RWH ZLWKRX W SHUPLV V LRQ

& RPPHQWV ZHOFRPH

$EVW U DF W � :H VKR Z KR Z WR H VWLPD WH D Q\ PR GH O R I WKH WH UP VWUXF WXUH R I LQ�
WH UH VW UD WH V LQ WKH D rQH �H [ SR QH QWLD O F OD VV� Z KLF K LQF OXGH V WKH 9 D VLF H N �� � � � ��
& R [ � ,QJ H UVR OO� -U�� D QG 5R VV �� � � � �� D QG /R QJ VWD o D QG 6F KZ D UW] �� � � � � PR GH OV�
D PR QJ PD Q\ R WKH UV� ) R U PR VW PR GH OV LQ WKLV F OD VV� D QD O\ WLF D O H [ SUH VVLR QV IR U
ER WK ER QG SULF H V D QG WKH F R QGLWLR QD O GLVWULEXWLR Q IR U WKH VWD WH Y D ULD EOH V D UH QR W
D Y D LOD EOH � + R Z H Y H U� WKH UH D UH �D� ID VW D QG D F F XUD WH QXPH ULF D O VR OXWLR QV WR WKH
ER QG�SULF H SD UWLD O GLoH UH QWLD O H T XD WLR Q D QG �E� F OR VH G�IR UP H [ SUH VVLR QV IR U WKH
pUVW WZ R F R QGLWLR QD O PR PH QWV IR U WKH VWD WH Y D ULD EOH V� :H VKR Z KR Z WR F R QVWUXF W
D T XD VL�PD [ LPXP OLN H OLKR R G H VWLPD WR U XVLQJ �D� D QG �E� ED VH G R Q WKH PD [ LPXP
OLN H OLKR R G H VWLPD WR U R I & KH Q D QG 6F R WW �� � � � �� :H GLVF XVV H [ WH QVLR QV WR R WKH U
H VWLPD WLR Q WH F KQLT XH V�

�� ,QW U RGXF W LRQ

7KH WHUP VWUXFWXUH RI LQWHUHVW UDWHV FRQWDLQV LQIRUPDWLRQ DERXW WKH H[SHFWHG
SDWK RI WKH VKRUW WHUP UDWH� :KHQ WKH XQELDVHG H[SHFWDWLRQV K\SRWKHVLV KROGV�
IRU H[DPSOH� WKH FXUYH RI LQVWDQWDQHRXV IRUZDUG UDWHV LV LQGLVWLQJXLVKDEOH IURP WKH
H[SHFWHG SDWK RI IXWXUH VKRUW UDWHV� 7KH HYLGHQFH FOHDUO\ VKRZV� WKRXJK� WKDW WKH
IRUZDUG SUHPLXP �WKH GLoHUHQFH EHWZHHQ WKH IRUZDUG UDWH DQG WKH H[SHFWHG IXWXUH
VSRW UDWH� GRHV QRW HTXDO ]HUR� DQG GRHV QRW HYHQ UHPDLQ FRQVWDQW� VR WKDW WKH
LPSOLFDWLRQV RI WKH XQELDVHG H[SHFWDWLRQV K\SRWKHVLV DUH VRXQGO\ UHMHFWHG� 7KH
FKDOOHQJH RI WKH WHUP VWUXFWXUH PRGHOLQJ� WKHQ� LV WR DFFRXQW IRU WKH EHKDYLRU RI
IRUZDUG SUHPLXPV� VR WKDW WKH WHUP VWUXFWXUH UHYHDOV LWV LQIRUPDWLRQ DERXW WKH
H[SHFWHG SDWK RI WKH VKRUW UDWH�
'XrH DQG .DQ ������ FKDUDFWHUL]H D FODVV RI DUELWUDJH�IUHH WHUP VWUXFWXUH PRG�

HOV LQ ZKLFK ]HUR�FRXSRQ \LHOGV DUH DrQH IXQFWLRQV RI 0DUNRYLDQ VWDWH YDULDEOHV�
7KLV H[SRQHQWLDO�DrQH FODVV RI PRGHOV� ZKLFK LV ERWK DQDO\WLFDOO\ DQG QXPHULFDOO\
WUDFWDEOH� FDQ DOVR DFFRXQW IRU WKH HPSLULFDO EHKDYLRU RI IRUZDUG SUHPLXPV� :H
VKRZ KRZ WR HVWLPDWH DQ\ PRGHO LQ WKLV FODVV� ZKLFK LQFOXGHV 9DVLFHN ������� &R[�

'DWH� 6H SWH PEH U � � � � � � � �
-( / & ODV V LpFDWLRQ� *� � �
.H\ ZRUGV DQG SKUDV HV � ([ SR QH QWLD O D rQH PR GH OV� WH UP VWUXF WXUH � H [ SH F WD WLR QV K\ SR WKH VLV�
7 KH Y LH Z V H [ SUH VVH G KH UH LQ D UH WKH D XWKR UV
 D QG GR QR W QH F H VVD ULO\ UH qH F W WKR VH R I WKH %R D UG R I
*R Y H UQR UV R U WKH ) H GH UD O 5H VH UY H 6\ VWH P� :H WKD QN *UH J ' XoH H IR U KH OSIXO GLVF XVVLR QV�

�
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,QJHUVROO� -U�� DQG 5RVV ������� DQG /RQJVWDo DQG 6FKZDUW] ������ PRGHOV� DPRQJ
PDQ\ RWKHUV� )RU PRVW PRGHOV LQ WKLV FODVV� DQDO\WLFDO H[SUHVVLRQV IRU ERWK ERQG
SULFHV DQG WKH FRQGLWLRQDO GLVWULEXWLRQ IRU WKH VWDWH YDULDEOHV DUH QRW DYDLODEOH� +RZ�
HYHU� WKHUH DUH �D� IDVW DQG DFFXUDWH QXPHULFDO VROXWLRQV WR WKH ERQG�SULFH SDUWLDO
GLoHUHQWLDO HTXDWLRQ �3'(� DQG �E� FORVHG�IRUP H[SUHVVLRQV IRU WKH pUVW WZR FRQGL�
WLRQDO PRPHQWV IRU WKH VWDWH YDULDEOHV� :H VKRZ KRZ WR FRQVWUXFW D TXDVL�PD[LPXP
OLNHOLKRRG HVWLPDWRU XVLQJ �D� DQG �E� EDVHG RQ WKH PD[LPXP OLNHOLKRRG HVWLPDWRU
RI &KHQ DQG 6FRWW ������� :H GLVFXVV H[WHQVLRQV WR RWKHU HVWLPDWLRQ WHFKQLTXHV�

�� $U ELW U DJH�I U HH P RGHO V RI W KH W HU P VW U XF W XU H

7KH VWDWH�SULFH GHqDWRU� /HW 9 �W� EH WKH YDOXH DW WLPH W RI DQ DVVHW� 7KH DEVHQFH
RI DUELWUDJH LPSOLHV WKH H[LVWHQFH RI D VWULFWO\ SRVLWLYH VWDWH�SULFH GHqDWRU�P�W�� VXFK
WKDW IRU DQ\ V y W

P�W�9 �W�  (W>P�V�9 �V�@� �����

DV ORQJ DV WKH DVVHW SD\V QR GLYLGHQGV EHWZHHQ W DQG V� :H FDQ WKLQN RI WKH
VWDWH�SULFH GHqDWRU DV WKH PDUJLQDO XWLOLW\ RI ZHDOWK� :LWK WKLV LQWHUSUHWDWLRQ� WKH
OHIW�KDQG VLGH RI ����� LV WKH PDUJLQDO FRVW LQ XWLOLW\ WHUPV RI EX\LQJ WKH DVVHW DW
WLPH W DQG WKH ULJKW�KDQG VLGH LV WKH H[SHFWHG PDUJLQDO EHQHpW LQ XWLOLW\ WHUPV RI
VHOOLQJ WKH DVVHW DW WLPH V� 7KXV� ����� LV D pUVW�RUGHU FRQGLWLRQ IRU HTXLOLEULXP� 7KH
PDUJLQDO�XWLOLW\�ZHLJKWHG DVVHW SULFH� ]�W� � P�W�9 �W�� LV DOVR FDOOHG WKH GHqDWHG
DVVHW SULFH� 5HVWDWLQJ HTXDWLRQ ����� LQ WHUPV RI WKH G\QDPLFV RI GHqDWHG DVVHW
SULFHV� WKH DEVHQFH RI DUELWUDJH LPSOLHV WKDW ]�W� LV D PDUWLQJDOH� WKDW LV� WKH FXUUHQW
YDOXH HTXDOV WKH H[SHFWHG IXWXUH YDOXH� ]�W�  (W>]�V�@� DQG LWV H[SHFWHG FKDQJH LV
]HUR�
$VVXPH WKDW WKH VWDWH SULFH GHqDWRU FDQ EH UHSUHVHQWHG DV DQ ,WR SURFHVV�

GP�W�

P�W�
 bU�W� GWb y�W�!G: �W�� �����

ZKHUH U�W� LV D VFDODU� y�W� LV D OHQJWK�G FROXPQ YHFWRU� DQG: �W� LV D OHQJWK�G FROXPQ
YHFWRU RI LQGHSHQGHQW %URZQLDQ PRWLRQV� 0RUHRYHU� OHW XV ZULWH WKH G\QDPLFV IRU
�D VWULFWO\ SRVLWLYH� 9 �W� DV IROORZV�

G9 �W�

9 �W�
 z9 �W� GW� �9 �W�

!G: �W�� �����

,WR
V OHPPD GHOLYHUV WKH SURFHVV IRU ]�W� LQ WHUPV RI ����� DQG ����� XVLQJ ,WR
V
OHPPD�

G]�W�

]�W�
 z]�W� GW� �]�W�

!G: �W�� �����

ZKHUH

z]�W�  z9 �W�b U�W�b y�W�!��W� �����

DQG

�]�W�  �9 �W�b y�W��
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7KHQ ����� DQG WKH PDUWLQJDOH SURSHUW\ z]�W�  � LPSO\

z9 �W�  U�W� � y�W�!��W�� �����

:H VHH WKDW U�W� LV WKH VKRUW�WHUP ULVN�IUHH LQWHUHVW UDWH� DQG y�W� LV WKH PDUNHW
SULFH RI ULVN�

=HUR�FRXSRQ ERQGV� /HW S�W� 7 � EH WKH YDOXH DW WLPH W RI D GHIDXOW�IUHH ]HUR�
FRXSRQ ERQG WKDW SD\V RQH XQLW RI DFFRXQW DW WLPH 7 � L�H�� S�7� 7 �  �� 8VLQJ ������
ZH FDQ ZULWH WKH IROORZLQJ H[SUHVVLRQ IRU WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV�

S�W� 7 �  (W

x
P�7 �

P�W�

y
� �����

1RZ� ZULWH WKH G\QDPLFV IRU ]HUR�FRXSRQ ERQG SULFHV DV IROORZV�

GS�W� 7 �

S�W� 7 �
 zS�W� 7 � GW� �S�W� 7 �

!G: �W�� �����

7KHQ� WKH DEVHQFH�RI�DUELWUDJH FRQGLWLRQ ����� LPSOLHV

zS�W� 7 �  U�W� � y�W�!�S�W� 7 �� �����

7KXV� PRGHOLQJ WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV LQ DQ DUELWUDJH�IUHH ZD\ FDQ
EH UHGXFHG WR PRGHOLQJ WKH G\QDPLFV RI WKH VWDWH�SULFH GHqDWRU� ZKLFK LQ WXUQ FDQ
EH UHGXFHG WR VSHFLI\LQJ WKH G\QDPLFV RI U�W� DQG y�W�� ,Q WKH QH[W VHFWLRQ� ZH ZULWH
U�W� DQG y�W� LQ WHUPV RI D YHFWRU RI VWDWH YDULDEOHV DQG ZH VSHFLI\ WKH G\QDPLFV RI
WKRVH VWDWH YDULDEOHV�

0DUNRYLDQ VWDWH YDULDEOH UHSUHVHQWDWLRQV� /HW ;�W� EH D OHQJWK�G YHFWRU RI
YDULDEOHV� DQG OHW WKH G\QDPLFV RI ;�W� EH JLYHQ E\

G;�W�  z;�W� GW� �;�W�
!G: �W�� ������

$ 0DUNRYLDQ VWDWH YDULDEOH UHSUHVHQWDWLRQ RI WKH WHUP VWUXFWXUH IROORZV IURP VSHF�
LI\LQJ WKH VKRUW UDWH U�W�� WKH PDUNHW SULFH RI ULVN y�W�� WKH GULIW z;�W�� DQG WKH
GLoXVLRQ �;�W� DV IXQFWLRQV RI WKH VWDWH YHFWRU;�W�� VR ZH FDQ ZULWH�

U�W�  5�;�W��� �����D�

y�W�  e�;�W��� �����E�

z;�W�  z;�;�W�� �����F�

DQG

�;�W�  �;�;�W�� �����G�

8QGHU WKLV VSHFLpFDWLRQ� ERQG SULFHV KDYH WKH IROORZLQJ IRUP�

S�W� 7 �  3 �;�W�� 7 b W�� ������

� $ VVXPH WKH UH LV D PR QH \ PD UN H W D F F R XQW� p�W�� Z LWK GULIW zp�W� D QG QR LQVWD QWD QH R XV ULVN � WKD W
LV� LWV SUR F H VV LV Gp�W�  p�W�zp�W� GW D QG zp F D Q EH LQWH USUH WH G D V WKH ULVN OH VV VKR UW�WH UP UD WH �
/H WWLQJ 9 �W�  p�W� LQ �� �� � LPSOLH V WKD W U�W�  zp�W�� VR WKD W WKH UH OD WLY H GULIW R I P�W� LV LQGH H G
WKH QH J D WLY H R I WKH ULVN OH VV VKR UW UD WH �
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7KXV RXU VWUDWHJ\ LV WKLV� *LYHQ z;�[�� �;�[�� 5�[�� DQG e�[�� VROYH IRU 3 �[� ��
XVLQJ WKH QR�DUELWUDJH FRQGLWLRQ ������
6LQFH ERQG SULFHV DUH IXQFWLRQV RI WKH VWDWH YHFWRU� ,WR
V OHPPD \LHOGV DQDO\WLFDO

H[SUHVVLRQV IRU WKHLU GULIWV DQG GLoXVLRQV� /HW

3� �[� �� � 
# 3 �[� ��

# �
�

3[�[� �� � 

�
%%#

# 3 �[���
# [�
���

# 3 �[���
# [G

�
&&$ �

DQG

3[[�[� �� � 

�
%%%#

#� 3 �[���
# [��

c c c #� 3 �[���
# [� # [G

���
� � �

���
#� 3 �[���
# [G # [�

c c c #� 3 �[���
# [�G

�
&&&$ �

7KHQ WKH SURFHVV ����� EHFRPHV

GS�W� 7 �

S�W� 7 �
 z3 �;�W�� 7 b W� GW� �3 �;�W�� 7 b W�!G: �W��

ZKHUH

z3 �[� ��  
z;�[�

!3[�[� �� �
�
� WU

d
3[[�[� ���;�[�

!�;�[�
eb 3� �[� ��

3 �[� ��
� �����D�

�3 �[� ��  
�;�[�3[�[� ��

3 �[� ��
� �����E�

DQG WU>D@ LV WKH WUDFH RI PDWUL[ D� ,Q YLHZ RI ������� WKH DEVHQFH�RI�DUELWUDJH FRQGL�
WLRQ ����� WXUQV LQWR D SDUWLDO GLoHUHQWLDO HTXDWLRQ�

5�[�  Az;�[�!
v
3[�[� ��

3 �[� ��

w
�

�

�
WU

xv
3[[�[� ��

3 �[� ��

w
�;�[�

!�;�[�
y
b

v
3� �[� ��

3 �[� ��

w
� ������

ZKHUH

Az;�[� � z;�[�b �;�[�
!e�[�� ������

1RWH WKDW WKH GULIW z; DQG WKH SULFH RI ULVN e DoHFW ERQG SULFHV RQO\ WKURXJK WKHLU
HoHFW RQ Az; � ZKLFK LV RIWHQ FDOOHG WKH ULVN�DGMXVWHG GULIW� 7R MXVWLI\ WKLV WHUP�
REVHUYH WKDW Az LV WKH GULIW RI WKH VWDWH YDULDEOHV WKDW ERQG SULFHV ZRXOG LPSO\ XQGHU
WKH DVVXPSWLRQ WKDW WKH SULFH RI ULVN LV ]HUR� 'XrH DQG .DQ ������ GR QRW HYHQ
LQWURGXFH z RU e� LQVWHDG� WKH\ SRVWXODWH DQ DrQH IRUP IRU WKH ULVN�DGMXVWHG GULIW
Az�[� GLUHFWO\�
7KH DSSURDFK ZH KDYH WDNHQ DOORZV XV WR XVH WKH LQIRUPDWLRQ LQ WKH ZKROH WHUP

VWUXFWXUH WR LGHQWLI\ WKH SURFHVV IRU WKH VKRUW UDWH� 7KLV FRQWUDVWV ZLWK WKH WLPH
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VHULHV DSSURDFK ZKLFK XVHV RQO\ REVHUYDWLRQV RI WKH VKRUW UDWH SURFHVV LWVHOI� 7KH
FRQGLWLRQDO H[SHFWDWLRQ RI U�V� JLYHQ WKH LQIRUPDWLRQ DW WLPH W x V LV JLYHQ E\

(>U�V� M ;�W�@  (>5�;�V�� M ;�W�@�
:H VHH WKDW IRUHFDVWLQJ WKH VKRUW UDWH LV WDQWDPRXQW WR IRUHFDVWLQJ WKH VWDWH YDUL�
DEOHV� ZKLFK UHTXLUHV NQRZLQJ WKH GULIW RI ;�W�� z;�[�� 1RWH WKDW WKH ULVN�DGMXVWHG
GULIW� ZKLFK LV VXrFLHQW WR H[SODLQ WKH VKDSH RI WKH \LHOG FXUYH DW DQ\ SRLQW LQ WLPH�
LV XVHOHVV IRU IRUHFDVWLQJ \LHOGV� IRU WKLV SXUSRVH� ZH QHHG WKH DFWXDO GULIW� 2XU
VWUDWHJ\ UHTXLUHV D WLPH VHULHV RI WHUP VWUXFWXUHV DV SDQHO GDWD� 7KH FURVV�VHFWLRQV
�HDFK \LHOG FXUYH� FRQWDLQV LQIRUPDWLRQ DERXW Az; � �; � DQG 5� 7KH WLPH VHULHV RI
DQ\ JLYHQ \LHOG �LQ SDUWLFXODU� EXW QRW OLPLWHG WR� WKDW RI WKH VKRUW UDWH� FRQWDLQV
LQIRUPDWLRQ DERXW z; DQG �; � 7RJHWKHU WKH\ FDQ LGHQWLI\ DOO RI WKH SDUDPHWHUV LQ
WKH PRGHO� LQFOXGLQJ WKH SDUDPHWHUV RI e�

�� ([SRQHQW LDO �DI I LQH W HU P �VW U XF W XU H P RGHO V

)LUVW ZH UHYLHZ WKH VHWWLQJ VR IDU� ;�W� LV D OHQJWK�G FROXPQ YHFWRU RI VWDWH
YDULDEOHV RU IDFWRUV�� WKDW REH\V WKH IROORZLQJ SURFHVV�

G;�W�  z;�;�W�� GW� �;�;�W��
!G: �W�� �����

ZKHUH z;�[� LV D OHQJWK�G FROXPQ YHFWRU DQG �;�[� LV D G d G PDWUL[� /HW WKH
VKRUW�WHUP ULVN�IUHH LQWHUHVW UDWH DQG WKH PDUNHW SULFH�RI�ULVN YHFWRU GHSHQG RQ WKH
VWDWH YDULDEOHV�

U�W�  5�;�W��

DQG

y�W�  e�;�W���

7KHQ WKH SURFHVV IRU WKH VWDWH�SULFH GHqDWRU LV JLYHQ E\

GP�W�

P�W�
 b5�;�W�� GWb e�;�W��!G: �W�� �����

1RZ� GHpQH

0�[� � 

v5�[�
z;�[�

w
DQG 6�[� � b

e�[� �;�[�
c
�

ZKHUH0�[� LV �G���d� DQG 6�[� LV Gd �G���� 7KHQ WKH UHVXOWLQJ WHUP VWUXFWXUH
PRGHO IDOOV LQ WKH H[SRQHQWLDO�DrQH FODVV LI DQG RQO\ LI

0�[� DQG 6�[�!6�[� DUH DrQH LQ [� �����

�:H Z LOO XVH WKH WZ R WH UPV LQWH UF KD QJ H D EO\ �
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,Q SDUWLFXODU� ZH FDQ ZULWH

5�[�  U� �
G;

L �

UL [L ����D�

z;�[�  E� �
G;

L �

EL [L� ����E�

�;�[�
!�;�[�  *� �

G;
L �

*L [L� ����F�

DQG

�;�[�
!e�[�  K� �

G;
L �

KL [L� ����G�

ZKHUH WKH UL DUH VFDODUV� WKH EL DQG KL DUH Gd� YHFWRUV DQG WKH *L DUH GdG PDWULFHV�
&RQGLWLRQ ����� LV VWURQJHU WKDQ WKDW JLYHQ E\ 'XrH DQG .DQ� ZKRVH GULIW FRQGLWLRQ
LV RQO\ WKDW Az;  z;by7�; EH DrQH� ZKHUHDV ZH UHTXLUH WKDW ERWK WKH DFWXDO GULIW
z; DQG WKH ULVN DGMXVWPHQW y

7�; EH DrQH� 8QGHU RXU FRQGLWLRQV� WKH ULVN�DGMXVWHG
GULIW LV DOVR DrQH� VLQFH

Az;�[�  �E� b K�� �
�;

L �

�EL b KL�[L�

7KH FHQWUDO LPSOLFDWLRQ RI WHK DrQH VWUXFWXUH VXPPDUL]HG LQ ����� LV WKDW� VHWWLQJ
DVLGH WKH TXHVWLRQ RI H[LVWHQFH� ERQG SULFHV KDYH WKH IRUP

3 �[� ��  H[S
t
b$���b%���![

u
� �����

8VLQJ ������ WKH 3'( ������� ZKLFK LV WKH FRQGLWLRQ IRU DEVHQFH RI DUELWUDJH DSSOLHG
WR ERQG SULFHV� FDQ EH ZULWWHQ LQ WHUPV RI WKH SDUDPHWHUV RI 0 DQG 6!6� 7KH
EXLOGLQJ EORFNV IRU WKLV VSHFLDOL]DWLRQ RI WKH JHQHUDO 3'( DUH

3� �[� ��

3 �[� ��
 b$����b%����![�

3[�[� ��

3 �[� ��
 b%����

DQG
3[[�[� ��

3 �[� ��
 %���%���!�

3OXJJLQJ WKHVH H[SUHVVLRQ LQWR ������� WKHUH UHVXOWV

$���� �%����![b%���!Az;�[� �
�

�
%���!�;�[�!�;�[�%���b5�[�  �� �����

7KH UHDVRQ IRU LPSRVLQJ DQ DrQH VWUXFWXUH QRZ EHFRPHV FOHDU� 3'(
V DUH QRWRUL�
RXVO\ GLrFXOW WR VROYH� HYHQ QXPHULFDOO\� %XW WKH 3'( ����� GHFRPSRVHV LQWR G��
RUGLQDU\ GLoHUHQWLDO HTXDWLRQV �2'(V�� 7R VHH WKLV� ZULWH ����� XVLQJ WKH H[SOLFLWO\
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DrQH UHSUHVHQWDWLRQV ����� DQG FROOHFW WHUPV LQ [L� 7KH FRHrFLHQW RI HDFK [L� DV
ZHOO DV WKH FRQVWDQW WHUP� PXVW EH LGHQWLFDOO\ ]HUR� 7KXV� ZH KDYH

$����  U� �%���!�E� b K��b �

�
%���!*�%��� ����D�

DQG

%�
L���  UL �%���!�EL b KL�b �

�
%���!*L%��� ����E�

VXEMHFW WR

$���  %L���  � ����F�

IRU L  � WR G� ZKHUH WKH LQLWLDO FRQGLWLRQV IROORZ IURP WKH UHTXLUHPHQW WKDW
S�7� 7 �  �� ,W LV WKH VLPSOH VWUXFWXUH RI ����� WKDW JLYHV H[SRQHQWLDO�DrQH PRGHOV
WKHLU WUDFWDELOLW\_ERWK DQDO\WLFDOO\ DQG QXPHULFDOO\� 1RWZLWKVWDQGLQJ WKLV UHODWLYH
WUDFWDELOLW\� RQO\ D VPDOO IUDFWLRQ RI SRWHQWLDO PRGHOV LQ WKLV FODVV KDYH EHHQ VROYHG
DQDO\WLFDOO\� (YHQ IRU VRPH PRGHOV WKDW KDYH EHHQ VROYHG DQDO\WLFDOO\� WKH VROX�
WLRQ FDQ EH VR FRPSOLFDWHG DV WR PDNH LPSOHPHQWDWLRQ LPSUDFWLFDEOH�� )RUWXQDWHO\�
����� LV D VHW RI pUVW�RUGHU �TXDGUDWLF� 2'(V WKDW FDQ HDVLO\ EH VROYHG E\ VWDQGDUG
QXPHULFDO WHFKQLTXHV�

�� 0 D[LP XP O LN HO LKRRG HVW LP DW LRQ XVLQJ W KH F RQGLW LRQDO GLVW U LEXW LRQ
RI \LHO GV

,Q WKH SUHYLRXV VHFWLRQ� ZH VWXGLHG WKH OLQN EHWZHHQ WKH VWDWH YDULDEOHV DQG ]HUR�
FRXSRQ ERQG SULFHV �RU HTXLYDOHQWO\ ]HUR�FRXSRQ \LHOGV� DW D VLQJOH SRLQW LQ WLPH� ,Q
WKLV VHFWLRQ� ZH XVH WKH G\QDPLFV RI WKH VWDWH YDULDEOHV WR HVWDEOLVK WKH OLQN EHWZHHQ
RQH \LHOG FXUYH DQG DQRWKHU RYHU WLPH� LQ IDFW� ZH REWDLQ DQ DQDO\WLFDO H[SUHVVLRQ IRU
WKH FRQGLWLRQDO IDFWRU WUDQVLWLRQV� :H DOVR EULHq\ UHYLHZ D PHWKRG LQ 3HDUVRQ DQG
6XQ ������� ZKR VKRZ KRZ WR XVH WKHVH WUDQVLWLRQV WR REWDLQ PD[LPXP�OLNHOLKRRG
HVWLPDWHV RI PXOWL�IDFWRU &,5 PRGHOV�
6WDUW ZLWK WKH UHODWLRQVKLS EHWZHHQ ]HUR�FRXSRQ \LHOGV DQG WKH VWDWH YDULDEOHV�

'HpQH WKH \LHOG WR PDWXULW\ DV

\�W� 7 � � b ORJ�S�W� 7 ��
7 b W

� �����

,Q YLHZ RI ������ LQ WKH H[SRQHQWLDO�DrQH FDVH \LHOGV WR PDWXULW\ VDWLVI\�

\�W� 7 �  
�

7 b W

t
$�7 b W� �%�7 b W�!;�W�

u
�

6HOHFW D VHW RI G GLVWLQFW PDWXULWLHV I��� c c c � �GJ� DQG FRQVLGHU WKH FRUUHVSRQGLQJ
YHFWRU RI \LHOGV DW WLPH W� < �W��

< �W� � 

�
%#
\�W� W� ���

���
\�W� W� �G�

�
&$ �

�6H H & KH Q �� � � � � IR U D Q H [ D PSOH R I KR Z F R PSOLF D WH G D F OR VH G�IR UP VR OXWLR Q F D Q J H W�
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7KH UHODWLRQVKLS EHWZHHQ WKH YHFWRU RI \LHOGV DQG VWDWH YDULDEOHV LV JLYHQ E\

< �W�  $� %;�W��

ZKHUH

$  

�
%#
$���� ��

���
$��G� �G

�
&$

DQG

%  

�
%#
%���� ��

���
%��G� �G

�
&$  

�
%#
%����� �� c c c %G���� ��

���
� � �

���
%���G� �G c c c %G��G� �G

�
&$ �

*LYHQ REVHUYHG \LHOGV� < �W�� ZH FDQ WKHQ HDVLO\ VROYH IRU VWDWH YDULDEOHV�

;�W�  %b� �< �W�b$��
6XSSRVH WKDW WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH VWDWH YDULDEOHV LV NQRZQ DQG

JLYHQ E\

I;�;�V� M ;�W�� IRU W x V�

1RWH WKH GLVWULEXWLRQ I; LQYROYHV WKH GULIW z;�[� LWVHOI UDWKHU WKDQ LWV ULVN�DGMXVWHG
FRXQWHUSDUW Az;�[�� 7KH FRQGLWLRQDO GLVWULEXWLRQ IRU WKH \LHOGV IROORZV GLUHFWO\ IURP
I; DQG LQYROYHV WKH -DFRELDQ RI WKH WUDQVIRUPDWLRQ IURP < �W� WR ;�W�� 6LQFH WKH
WUDQVIRUPDWLRQ LV

; �\� � %b� �\ b$��
LWV -DFRELDQ LV

-  GHW

v
# ; �\�
# \

w
 GHW

b%b�c  �

GHW�%� �

ZKLFK LPSOLHV WKDW WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH \LHOGV LV

I< �< �V� M < �W��  �

GHW�%� I;�; �< �V�� M ; �< �W����

*LYHQ D VHW RI REVHUYDWLRQV DW WLPHV IW�� c c c � WQJ� WKH ORJ�OLNHOLKRRG IXQFWLRQ LV JLYHQ
E\

/  
Q;

L �

ORJ �I< �< �WL� M < �WLb���� � �����

ZKHUH W�  b� VR WKDW I< �< �W�� M < �W��� LV WKH XQFRQGLWLRQDO GLVWULEXWLRQ RI < �W���
,I WKH PRGHO ZHUH ZHOO�VSHFLpHG DQG \LHOGV REVHUYHG ZLWKRXW HUURUV� WKH FKRLFH

RI PDWXULWLHV IRU WKH \LHOGV ZRXOG QRW PDWWHU EHFDXVH DQ\ FKRLFH ZRXOG LPSO\ WKH
VDPH WLPH VHULHV IRU WKH IDFWRUV� %XW LQ IDFW� WKH PRGHO LV QRW QHFHVVDULO\ ZHOO
VSHFLpHG� DQG WKH DVVXPSWLRQ WKDW \LHOGV DUH REVHUYHG ZLWKRXW HUURUV LV QRW VWULFWO\
WHQDEOH� ,Q ODUJH VDPSOH� WKH GLoHUHQFH ZRXOG EH KDUGO\ QRWLFHDEOH� EXW LQ VPDOO
VDPSOHV GLoHUHQW UHVXOWV ZRXOG REWDLQ ZKHQ GLoHUHQW PDWXULWLHV DUH XVHG� 6LQFH
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WKHUH LV LQIRUPDWLRQ FRQWDLQHG LQ HDFK RI WKH \LHOGV� HrFLHQF\ UHTXLUHV WDNLQJ LW
LQWR DFFRXQW E\ XVLQJ PRUH \LHOGV WKDQ WKH QXPEHU UHTXLUHG WR LQIHU WKH OHYHO RI WKH
VWDWH YDULDEOHV� 2QH DSSURDFK WKDW ZDV LPSOHPHQWHG E\ &KHQ DQG 6FRWW ������ LV WR
DVVXPH WKDW WKH DGGLWLRQDO \LHOGV DUH PHDVXUHG ZLWK HUURU� :KLOH WKH DV\PPHWU\
HQWDLOHG LQ WKLV DVVXPSWLRQ LV QRW ZHOO MXVWLpHG� FRPSXWDWLRQDOO\ WKLV SURYLGHV D
FRQYHQLHQW IUDPHZRUN�
6XSSRVH� WKHQ� WKDW WKHUH DUH P DGGLWLRQDO \LHOGV WKDW DUH PHDVXUHG ZLWK HUURU�

EHVLGHV WKH G \LHOGV WKDW DUH REVHUYHG ZLWKRXW HUURUV

a< �W�  a$� a% ; �< �W�� � ��W��

ZKHUH

a< �W�  

�
%#

\�W� W� a���
���

\�W� W� a�P�

�
&$ �

/HW WKH FRQGLWLRQDO GLVWULEXWLRQ RI PHDVXUHPHQW HUURUV EH JLYHQ E\

K���WL� M ��WLb����
7KHQ WKH ORJ�OLNHOLKRRG IXQFWLRQ ZLWK PHDVXUHPHQW HUURUV LV JLYHQ E\

/ e  / �
Q;
L �

ORJ �K���WL� M ��WLb���� � �����

�� 4XDVL�P D[LP XP O LN HO LKRRG

7KH WHFKQLTXH RXWOLQHG LQ WKH SUHYLRXV VHFWLRQ UHTXLUHV NQRZLQJ WKH FRQGLWLRQDO
GLVWULEXWLRQ IRU WKH VWDWH YDULDEOHV� I; � ,Q PDQ\ FDVHV� WKH FRQGLWLRQDO GLVWULEXWLRQ
LV QRW NQRZQ� (YHQ LQ FDVHV ZKHUH WKHUH LV DQ DQDO\WLF VROXWLRQ WR WKH ERQG SULFH
IRUPXOD� WKHUH PD\ QRW EH DQ H[SUHVVLRQ IRU WKH IDFWRU WUDQVLWLRQV�� 4XDVL�PD[LPXP
OLNHOLKRRG� E\ FRQWUDVW� UHTXLUHV NQRZLQJ RQO\ WKH pUVW WZR FRQGLWLRQDO PRPHQWV� ,W
FDQ EH MXVWLpHG RQ D *00 EDVLV�
'HpQH WKH PXOWLYDULDWH QRUPDO GLVWULEXWLRQ

AI;�;�V� M ;�W�� � ��}�b G
� M9; Mb �

� d

H[S

~
b�
�

t
;�V�b(;

u!
9 b�
;

t
;�V�b(;

u�
�

ZKHUH

(; � (>;�V� M ;�W�@ DQG 9; � 9 >;�V� M ;�W�@�
7KHQ OHW

AI< �< �V� M < �W�� � �

GHW�%�
AI;�; �< �V�� M ; �< �W����

5HSODFLQJ I< ZLWK AI< LQ ����� DQG ����� DQG PD[LPL]LQJ SURGXFHV D TXDVL�PD[LPXP
OLNHOLKRRG HVWLPDWRU� ,Q RUGHU WR PDNH WKLV HVWLPDWRU RSHUDWLRQDO� ZH QHHG H[SUHV�
VLRQV IRU WKH pUVW WZR FRQGLWLRQDO PRPHQWV RI ;�W��

�6H H & KH Q �� � � � ��
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&RQGLWLRQDO PRPHQWV� +HUH ZH SUHVHQW FORVHG�IRUP VROXWLRQV IRU WKH pUVW DQG
VHFRQG FRQGLWLRQDO PRPHQWV IRU DrQH VWDWH�YDULDEOHV� 7KH VROXWLRQV DUH JHQHUDO
DQG GR QRW GHSHQG RQ GLDJRQDOL]DELOLW\ DV LQ 'XDQ DQG 6LPRPDWR �������

&RQGLWLRQDO H[SHFWDWLRQ� 6LQFH ;�V�  ;�W� �
5 V
Y W G;�Y��

(W>;�V�@  ;�W� �

= V

Y W
(W>G;�Y�@

 ;�W� �

= V

Y W
(W>z;�;�Y��@ GY�

5HIHUULQJ WR ����E�� ZH FDQ ZULWH z;�[�  E� � % [� ZKHUH % � �E�� � � � � EG�� DQG
WKXV (W>z;�;�Y��@  E� �%(>;�Y� M ;�W�@� 7KHQ ZH FDQ ZULWH

A;�W� V�  ;�W� �

= V

Y W
>E� �% A;�W� Y�@ GY� �����

ZKHUH

A;�W� V� � (>;�V� M ;�W�@�

'LoHUHQWLDWLQJ ERWK VLGHV RI ����� ZLWK UHVSHFW WR V SURGXFHV

A; ��W� V�  E� �% A;�W� V�� ����D�

VXEMHFW WR

A;�W� W�  ;�W�� ����E�

ZKHUH

A; ��W� V� � 
#

# V
;�W� V��

(TXDWLRQ ����D� LV D VHW RI pUVW�RUGHU� OLQHDU GLoHUHQWLDO HTXDWLRQV WKDW PXVW VDWLVI\
ERXQGDU\ FRQGLWLRQ ����E�� 7KH VROXWLRQ WR WKH V\VWHP ����� LV

A;�W� 7 �  j�7 b W�;�W� �'�7 b W� E�� �����

ZKHUH

j��� � H% � �����

LV WKH IXQGDPHQWDO PDWUL[ DQG

'��� � 
= �

�
j�V� GV� �����
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&RQGLWLRQDO YDULDQFH� /HW 9W>< @ GHQRWH WKH FRQGLWLRQDO YDULDQFH RI < � DQG OHW Y�W� 7 � � 
9W>;�7 �@� :H FDQ GHULYH DQ H[SUHVVLRQ IRU Y�W� 7 � DV IROORZV� $SSO\LQJ ,WR
V OHPPD
WR ����� IRU p[HG 7 � WKH G\QDPLFV RI WKH FRQGLWLRQDO H[SHFWDWLRQ DUH JLYHQ E\

G A;�W� 7 �  A�;�W� 7 �
!G: �W�� �����

ZKHUH

A�;�W� 7 � � �;�;�W��j�7 b W�!�

1RWH WKDW

;�7 �  A;�W� 7 � �

= 7

V W
G A;�V� 7 �  A;�W� 7 � �

= 7

V W
A�;�V� 7 �

!G: �V��

7KXV

Y�W� 7 �  9W

x= 7

V W
A�;�V� 7 �

!G: �V�
y
 (W

x= 7

V W
A�;�V� 7 �

!A�;�V� 7 � GV
y
� �����

ZKHUH WKH VHFRQG HTXDOLW\ LV VKRZQ LQ 'XrH �������� 8VLQJ ����F�� ZH FDQ ZULWH

(W

K
A�;�V� 7 �

!A�;�V� 7 �
L
 j�7 b V�) �W� V�j�7 b V�!�

ZKHUH�

) �W� V� � *� �
G;

C �

*C
A;C�W� V�� �����

7KHUHIRUH� ZH FDQ ZULWH

Y�W� 7 �  

= 7

W
j�7 b V�) �W� V�j�7 b V�! GV� �����

6HH )LVKHU DQG *LOOHV ������ IRU IXUWKHU UHVXOWV�

�� <LHO G I DF W RU P RGHO V

/HW XV FRQVLGHU PRGHOV ZKHUH WKH IDFWRUV DUH \LHOGV WKHPVHOYHV� 7KLV LV GLVFXVVHG
LQ 'XrH DQG .DQ ������� ZKLFK LQ IDFW LV WLWOHG ?$ \LHOG IDFWRU PRGHO RI LQWHUHVW
UDWHV��
*LYHQ < �W�  $� %;�W�� ZH KDYH

G< �W�  % G;�W�  z< �< �W�� GW� �< �< �W��
!G: �W��

ZKHUH z< �\� DQG �< �\�
!�< �\� DUH DrQH LQ \��

�(T XD WLR Q �� �� � LV D J H QH UD OL] D WLR Q R I ' XrH 
V H T XD WLR Q �� � R Q SD J H � � � + H F LWH V 3UR WWH U �� � � � � IR U
D SUR R I�
�6H H WKH $ SSH QGL[ �
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:H FDQ HOLPLQDWH ;�W� IURP WKH IRUPXOD IRU ERQG SULFHV�

3< �\� �� � 3 �; �\�� ��
 H[S

t
b$���b%���! ; �\�

u

 H[S
t
b$< ���b%< ���

!\
u
�

ZKHUH

$< ���  $���b%���!%b�$
DQG

%< ���
!  %���!%b��

:H VWLOO KDYH WKH UHVWULFWLRQV $< ���  � DQG %< ���  � �IURP S�7� 7 �  ��� %XW
WKHUH DUH � G DGGLWLRQDO UHVWULFWLRQV WKDW DULVH IURP WKH IROORZLQJ UHODWLRQVKLS�

\�W� W� ��  
�

�

t
$< ��� �%< ���

!< �W�
u
� �����

)RU HDFK �L LQ WKH VHW RI PDWXULWLHV WKDW PDNHV XS < �W�� ����� LV DQ LGHQWLW\ WKDW
LPSOLHV

$< ��L�  � DQG
%< ��L�

�L
 HL�

ZKHUH HL LV D YHFWRU RI ]HURV ZLWK D RQH LQ WKH L�WK SRVLWLRQ� 7KHVH DGGLWLRQDO
UHVWULFWLRQV PDNH LW GLrFXOW WR VROYH WKH 3'(�

�� 3U HYLRXV DQG RW KHU HVW LP DW LRQ W HF KQLTXHV

([SRQHQWLDO�DrQH PRGHOV�

s %URZQ DQG '\EYLJ ������� 1RQOLQHDU OHDVW VTXDUHV HVWLPDWHV RI RQH�IDFWRU &,5
VKRUW UDWH XVLQJ FURVV�VHFWLRQ LQIRUPDWLRQ RQO\�

s %URZQ DQG 6FKDHIHU ������ DQG %URZQ DQG 6FKDHIHU ������� 1RQOLQHDU OHDVW
VTXDUHV HVWLPDWHV RI RQH�IDFWRU &,5 UHDO VKRUW UDWH XVLQJ FURVV�VHFWLRQ LQIRU�
PDWLRQ RQO\�

s *LEERQV DQG 5DPDVZDP\ ������� *00 HVWLPDWHV RI RQH�IDFWRU &,5 VKRUW
UDWH PRGHO XVLQJ XQFRQGLWLRQDO PRPHQWV�

s 3HDUVRQ DQG 6XQ ������� 0D[LPXP OLNHOLKRRG HVWLPDWHV RI WZR�IDFWRU &,5
XVLQJ ERQG SULFHV WR LQIHU VWDWH YDULDEOHV�

s &KHQ DQG 6FRWW ������� 0D[LPXP OLNHOLKRRG HVWLPDWHV RI RQH�� WZR�� DQG
WKUHH�IDFWRU &,5� H[WHQGLQJ 3HDUVRQ DQG 6XQ WR LQFOXGH \LHOGV PHDVXUHG ZLWK
HUURU�

s %DOO DQG 7RURXV ������� 8VHV .DOPDQ pOWHU HVWLPDWHV RI RQH�IDFWRU &,5 VKRUW
UDWH WR RYHUFRPH XQLW URRW SUREOHPV�

s )LVKHU DQG *LOOHV ������� *00 HVWLPDWHV EDVHG RQ &DPSEHOO^6KLOOHU�W\SH
UHJUHVVLRQ PRPHQWV�

2WKHU �XQLYDULDWH DQG WLPH VHULHV DSSURDFKHV��

s &KDQ� .DURO\L� /RQJVWDo� DQG 6DQGHUV �������
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s 3DJDQ� +DOO� DQG 0DUWLQ ������� 5HYLHZ WLPH VHULHV OLWHUDWXUH RQ WKH WHUP
VWUXFWXUH DQG FRPSDUH ZLWK pQDQFH DSSURDFK�

.DOPDQ )LOWHU� $VVXPH DOO \LHOGV DUH PHDVXUHG ZLWK HUURU� :H FDQ ZULWH WKH
PHDVXUHPHQW HTXDWLRQ�

< �W�  $� %;�W� � ��W��

ZKHUH LV D �G�P��GLPHQVLRQDO YHFWRU� *LYHQ

A;�WL� WL���  (WL >;�WL���@

DQG

Y�WL� WL���  9WL >;�WL���@�

ZH FDQ ZULWH WKH WUDQVLWLRQ HTXDWLRQ�

;�WL���  A;�WL� WL��� � Y�WL� WL���
� � u�WL����

ZKHUH u�WL��� LV D YHFWRU RI ]HUR�PHDQ DQG XQLW YDULDQFH HUURU WHUPV DQG Y�WL� WL���
� �

LV WKH &KROHVN\ GHFRPSRVLWLRQ RI Y�WL� WL���� )RU D *DXVVLDQ H[SRQHQWLDO�DrQH
PRGHO� WKH .DOPDQ pOWHU SURYLGHV WKH RSWLPDO VROXWLRQ WR SUHGLFWLRQ� XSGDWLQJ�
DQG HYDOXDWLQJ WKH OLNHOLKRRG� )RU D QRQ�*DXVVLDQ PRGHO WKH .DOPDQ pOWHU GHOLYHUV
LQFRQVLVWHQW SDUDPHWHU HVWLPDWHV DQG KRZ WR SURFHHG LV DQ RSHQ TXHVWLRQ
6HH 'XDQ DQG 6LPRPDWR ������� &KHQ DQG 6FRWW ������� DQG %XUDVFKL ������ IRU

LPSOHPHQWDWLRQV RI WKH .DOPDQ pOWHU�

$SSHQGL[ $� 7 KH DI I LQH VW U XF W XU H LQ P RU H GHW DLO

'XrH DQG .DQ ������ VKRZHG WKDW LI �;�[�
!�;�[� LV DrQH LQ [� WKHQ

�;�[�
!�;�[�  n!'�[�n� �$���

ZKHUH n LV DQ LQYHUWLEOH FRQVWDQW Gd G PDWUL[ DQG '�[� LV D GLDJRQDO PDWUL[�
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XL�[�  oL � p!
L [�

0RUHRYHU� ZH FDQ ZULWH
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ZKHUH HDFK 'L LV D SRVLWLYH VHPL�GHpQLWH G d G PDWUL[� 7KXV ZH FDQ ZULWH *L  
n!'Ln� $OVR� JLYHQ �$���� ZH FDQ ZULWH +L  n

!'L r IRU VRPH FRQVWDQW YHFWRU r�
1RWH WKDW DQ LPSOLFDWLRQ RI WKLV DrQH VWUXFWXUH LV WKDWt

�;�[�
!�;�[�

ub�
�;�[�

!e�[�  nb� r �$���

LV LQGHSHQGHQW RI [�
*LYHQ < �W�  $� %;�W�� ZH KDYH

G< �W�  % G;�W�  z< �< �W�� GW� �< �< �W��
!G: �W��

ZKHUH
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ZKHUH

X< L�\�  
b
oL b pL %b�$c

� pL %b�\  o< L � p< L \�

:H VHH WKDW G\QDPLFV IRU < �W� LV DrQH LQ < �W� MXVW DV WKH G\QDPLFV IRU ;�W� LV
DrQH LQ ;�W��

5HI HU HQF HV

%DOO� &� $� DQG :� 1� 7RURXV ������� 8QLW URRWV DQG WKH HVWLPDWLRQ RI LQWHUHVW
UDWH G\QDPLFV� -RXUQDO RI (PSLULFDO )LQDQFH �� ���^����

%URZQ� 5� DQG 6� 6FKDHIHU ������� 7KH WHUP VWUXFWXUH RI UHDO LQWHUHVW UDWHV DQG
WKH FR[� LQJHUVROO� DQG URVV PRGHO� -RXUQDO RI )LQDQFLDO (FRQRPLFV ��� �^���

%URZQ� 5� DQG 6� 6FKDHIHU ������� 7HQ \HDUV RI WKH UHDO WHUP VWUXFWXUH� ����^
����� -RXUQDO RI )L[HG ,QFRPH 0DUFK�

%URZQ� 6� DQG 3� '\EYLJ ������� 7KH HPSLULFDO LPSOLFDWLRQV RI WKH &R[� ,QJHUVROO�
5RVV WKHRU\ RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� -RXUQDO RI )LQDQFH ���
���^����

%XUDVFKL� $� ������� +RZ ODUJH LV WKH LQqDWLRQ ULVN SUHPLXP LQ WKH X�V� QRPL�
QDO WHUP VWUXFWXUH" ,)$ :RUNLQJ 3DSHU ���^����� ,QVWLWXWH RI )LQDQFH DQG
$FFRXQWLQJ� /RQGRQ %XVLQHVV 6FKRRO�

&KDQ� .�� $� .DURO\L� )� $� /RQJVWDo� DQG $� 6DQGHUV ������� $Q HPSLULFDO
FRPSDULVRQ RI DOWHUQDWLYH PRGHOV RI WKH VKRUW�WHUP LQWHUHVW UDWH� -RXUQDO RI
)LQDQFH �� ���� ����^�����



5HIHU HQ FHV ��

&KHQ� /� ������� ,QWHUHVW UDWH G\QDPLFV� GHULYDWLYHV SULFLQJ� DQG ULVN PDQDJH�
PHQW� 9ROXPH ��� RI /HFWXUH 1RWHV LQ (FRQRPLFV DQG 0DWKHPDWLFDO 6\VWHPV�
1HZ <RUN� 6SULQJHU�9HUODJ�

&KHQ� 5��5� ������� $ WZR�IDFWRU� SUHIHUHQFH�IUHH PRGHO IRU LQWHUHVW UDWH VHQVLWLYH
FODLPV� 7KH -RXUQDO RI )XWXUHV 0DUNHWV ��� ���^����

&KHQ� 5��5� DQG /� 6FRWW ������� 0D[LPXP OLNHOLKRRG HVWLPDWLRQ IRU D PXOWLIDFWRU
HTXLOLEULXP PRGHO RI WKH WHUP VWUXFWXUH RI LQWHUHVW UDWHV� -RXUQDO RI )L[HG
,QFRPH 'HFHPEHU� ��^���

&R[� -� &�� -� (� ,QJHUVROO� -U�� DQG 6� $� 5RVV ������� $ WKHRU\ RI WKH WHUP
VWUXFWXUH RI LQWHUHVW UDWHV� (FRQRPHWULFD �� ���� ���^����

'XDQ� -��&� DQG -��*� 6LPRPDWR ������� (VWLPDWLQJ DQG WHVWLQJ H[SRQHQWLDO�DrQH
WHUP VWUXFWXUH PRGHOV E\ .DOPDQ pOWHU� :RUNLQJ SDSHU� 0F*LOO 8QLYHUVLW\�

'XrH� '� ������� '\QDPLF $VVHW 3ULFLQJ 7KHRU\ �VHFRQG HG��� 3ULQFHWRQ� 1HZ
-HUVH\� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

'XrH� '� DQG 5� .DQ ������� $ \LHOG�IDFWRU PRGHO RI LQWHUHVW UDWHV� :RUNLQJ SD�
SHU� *UDGXDWH 6FKRRO RI %XVLQHVV� 6WDQIRUG 8QLYHUVLW\� )RUWKFRPPLQJ� 0DWK�
HPDWLFDO )LQDQFH�

)LVKHU� 0� DQG &� *LOOHV ������� 7HUP SHUPLD LQ H[SRQHQWLDO�DrQH PRGHOV RI WKH
WHUP VWUXFWXUH� :RUNLQJ SDSHU� %RDUG RI *RYHUQRUV RI WKH )HGHUDO 5HVHUYH
6\VWHP� :DVKLQJWRQ� '&�

*LEERQV� 0� DQG .� 5DPDVZDP\ ������� $ WHVW RI WKH &R[� ,QJHUVROO� DQG 5RVV
PRGHO RI WKH WHUP VWUXFWXUH� 5HYLHZ RI )LQDQFLDO 6WXGLHV � ���� ���^����

/RQJVWDo� )� $� DQG (� 6FKZDUW] ������� ,QWHUHVW UDWH YRODWLOLW\ DQG WKH WHUP
VWUXFWXUH� $ WZR�IDFWRU JHQHUDO HTXLOLEULXP PRGHO� -RXUQDO RI )LQDQFH ���
����^�����

3DJDQ� $� 5�� $� '� +DOO� DQG 9� 0DUWLQ ������� 0RGHOLQJ WKH WHUP VWUXFWXUH�
:RUNLQJ SDSHU� $XVWUDOLDQ 1DWLRQDO 8QLYHUVLW\�

3HDUVRQ� 1� DQG 7��6� 6XQ ������� ([SORLWLQJ WKH FRQGLWLRQDO GHQVLW\ LQ HVWLPDWLQJ
WKH WHUP VWUXFWXUH� $Q DSSOLFDWLRQ WR WKH &R[� ,QJHUVROO� DQG 5RVV PRGHO�
-RXUQDO RI )LQDQFH �� ���� ����^�����

3URWWHU� 3� ������� 6WRFKDVWLF ,QWHJUDWLRQ DQG 'LoHUHQWLDO (TXDWLRQV� 1HZ <RUN�
6SULQJHU�9HUODJ�

9DVLFHN� 2� ������� $Q HTXLOLEULXP FKDUDFWHUL]DWLRQ RI WKH WHUP VWUXFWXUH� -RXUQDO
RI )LQDQFLDO (FRQRPLFV �� ���^����

�0 D UN ) LVKH U� 5HVHDU F K DQG 6W DW LVW LF V� %RDU G RI * RYHU QRU V RI W KH ) HGHU DO 5HVHU YH
6\VW HP � : DVKLQJW RQ� '& � � � � �

( �PDLO DGGUHV V � PILVKHU#IUE�JRY

�& KULVWLD Q *LOOH V� 0 RQHW DU \ $I I DLU V� %RDU G RI * RYHU QRU V RI W KH ) HGHU DO 5HVHU YH
6\VW HP � : DVKLQJW RQ� '& � � � � �

( �PDLO DGGUHV V � FJLOOHV#IUE�JRY


