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6QDS�WKURXJK EXFNOLQJ RI VLQJOH�OD\HU VTXDUHO\�UHWLFXODWHG VSKHULFDO VKHOOV ���

����

����

DQG

����

7KH VROXWLRQ IRU WKH DERYH GLIIHUHQWLDO HTXDWLRQ KDV WKH IROORZLQJ IRUP

LQ ZKLFK $�� $� DUH DOVR WZR XQNQRZQ FRQVWDQWV� DQG WKH PDLQ SDUW RI SDUWLFXODU VROXWLRQ UHVXOWLQJ

IURP 7 ��� DQG : ���� GHQRWHG E\ :�ρ�� LV

ZKHUH WKH PDWKHPDWLFDO IRUPXODH IRU 9��ρ�� 9��ρ� DQG 9��ρ� DUH RPLWWHG GXH WR WKHLU OHQJWK\

DOJHEUDLF IRUPXODWLRQV� 8WLOL]LQJ WKH FRQGLWLRQV ���������� DQG FRQVLGHULQJ (T� ����� D QRQOLQHDU

UHODWLRQ EHWZHHQ ORDG 4 DQG FHQWUDO WUDQVYHUVH GLVSODFHPHQW :P LV HVWDEOLVKHG DV IROORZV

����

LQ ZKLFK

����

ZKHUH WKH IXQFWLRQ '�L� LV GHILQHG E\

WKH H[SUHVVLRQ IRU δ� FDQ EH IRXQG LQ ¨1RWDWLRQ©� DQG

����

7KH FRHIILFLHQWV αL �L �� �� �� DUH UHODWHG WR QRQGLPHQVLRQDO VWLIIQHVV RI VSULQJ .I DQG

FKDUDFWHULVWLF JHRPHWULFDO SDUDPHWHU� QDPHO\ 0�� 8VLQJ WKH H[WUHPXP FRQGLWLRQ LQ

(T� ����� WKH FULWLFDO ORDGV FDQ EH REWDLQHG E\ GHWHUPLQLQJ WKH FRUUHVSRQGLQJ YDOXHV RI :P

H[SUHVVHG E\
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(VSHFLDOO\� IRU D JLYHQ YDOXH RI GHWHUPLQHV WKH FULWLFDO YDOXH RI FKDUDFWHULVWLF

JHRPHWULFDO SDUDPHWHU GHQRWHG E\ 0�FU� FRUUHVSRQGLQJ WR WKH FDVH WKDW VQDS�WKURXJK EXFNOLQJ MXVW

RFFXUV� )RU WKH FDVH� WKH FULWLFDO ORDG KDV WKH IROORZLQJ UHVXOW

����

�� 1XPHULFDO UHVXOWV DQG DQDO\VLV

)RU WKH SXUSRVH RI FKHFNLQJ WKH GHULYHG DQDO\WLF H[SUHVVLRQV� EDVHG RQ SUHVHQW PRGHO DQG ILQLWH

HOHPHQW PHWKRG �)(0�� UHVSHFWLYHO\� VRPH FRPSDULVRQV DUH PDGH IRU WZR FODPSHG UHWLFXODWHG

VWUXFWXUHV ZLWK VSHFLILF JHRPHWULFDO VL]HV DQG PDWHULDO FRQVWDQWV� L�H�� WKHLU VSDQV �D �P� HDFK EHDP

PHPEHU KDYLQJ OHQJWK / ���P DQG WKH VDPH FLUFXODU FURVV�VHFWLRQ ZLWK ��� PP GLDPHWHU� 7KH

FXUYDWXUH UDGLL DUH 5 ��P DQG 5 � UHVSHFWLYHO\� 7KH ODWWHU FRUUHVSRQGV WR D UHWLFXODWHG FLUFXODU

SODWH VWUXFWXUH� 3RLVVRQ©V UDWLR LV ���� DQG HODVWLF PRGXOXV ( ����×���� NJ�P�� 7KH VWLIIQHVV RI

VXSSRUWLQJ VSULQJ NP ������ NJ�P�� 7KH UHVXOWV IRU WKH UHODWLRQ EHWZHHQ FHQWUDO WUDQVYHUVH

GLVSODFHPHQW DQG WKH ORDG DUH SUHVHQWHG LQ )LJV� � DQG �� UHVSHFWLYHO\� )URP WKH WZR ILJXUHV� D JRRG

DJUHHPHQW EHWZHHQ SUHVHQW DQG QXPHULFDO PRGHOV FDQ EH REVHUYHG� (VSHFLDOO\� IRU UHWLFXODWHG

VWUXFWXUHV ZLWKRXW VXSSRUWLQJ VSULQJV� WKH SUHVHQW PRGHO KDV EHHQ FRPSDUHG ZLWK QXPHULFDO PRGHO

E\ XVLQJ D YHUVDWLOH SURJUDP IRU VWUXFWXUDO DQDO\VLV�&26026 �1LH DQG &KHXQJ ������ 7KH

FRPSXWDWLRQDO UHVXOWV LQGLFDWH WKDW� HYHQ LI WKH SUHVHQW VWUXFWXUDO PRGHO EHKDYHV DV DQLVRWURSLF RQH�

WKH VWUXFWXUH KDV DSSUR[LPDWHO\ DQ D[LV\PPHWULFDO GHIRUPDWLRQ ZKHQ EHDP HOHPHQWV DUH SODFHG

GHQVHO\� H�J� WKH OHQJWK RI HDFK EHDP PHPEHU GRHV QRW H[FHHG RQH�HLJKWK RI WKH VSDQ RI WKH VKHOO�

$FFRUGLQJO\� WKH SUHVHQW SUREOHP FDQ EH VLPSOLILHG E\ FRQVLGHULQJ WKH FDVH RI D[LV\PPHWU\�

,Q WKH SUHVHQW SDSHU DOO QRQGLPHQVLRQDO QXPHULFDO FRPSXWDWLRQV KDYH EHHQ FDUULHG RXW IRU WKH

JLYHQ QRQGLPHQVLRQDO SDUDPHWHUV K�/ ����� DQG /�D ���� $FFRUGLQJ WR (T� ����� WKH YDOXHV RI IN
DQG JN�N �−�� DUH OLVWHG LQ 7DEOH �� ,W FDQ EH QRWHG WKDW WKH\ UDSLGO\ GHFUHDVH ZLWK WKH LQFUHDVH RI

YDOXH RI N� )RU D JLYHQ YDOXH RI .I� WKH YDOXHV RI FRHIILFLHQWV EN� FN KDYH VLPLODU FKDQJHV ZLWK N� WKLV

OHDGV WR IDVW FRQYHUJHQFH IRU DOO XQGHWHUPLQHG YDULDEOHV DQG TXDQWLWLHV H[SUHVVHG LQ VHULHV�

.I� α�

�
�α�α�–  �

4FU −
α�α�

�α�

������������

∞

)LJ� � $ FRPSDULVRQ RI WKH SUHVHQW UHVXOWV ZLWK FRU�
UHVSRQGLQJ GDWD E\ ILQLWH HOHPHQW FDOFXODWLRQV
IRU WKH FODPSHG UHWLFXODWHG FLUFXODU SODWH

)LJ� � $ FRPSDULVRQ RI WKH SUHVHQW UHVXOWV ZLWK FRU�
UHVSRQGLQJ GDWD E\ ILQLWH HOHPHQW FDOFXODWLRQV
IRU WKH FODPSHG UHWLFXODWHG VSKHULFDO VKHOO



6QDS�WKURXJK EXFNOLQJ RI VLQJOH�OD\HU VTXDUHO\�UHWLFXODWHG VSKHULFDO VKHOOV ���

7KH FKDQJHV RI FULWLFDO YDOXHV RI FKDUDFWHULVWLF JHRPHWULFDO SDUDPHWHU 0�FU DQG ORDG 4FU ZLWK WKH

YDOXH RI VWLIIQHVV RI VSULQJ .I DUH GLVSOD\HG LQ )LJV� � DQG � UHVSHFWLYHO\� :KHQ .I LQFUHDVHV� 0�FU

ZLOO EHFRPH ODUJHU ZKLFK FRUUHVSRQGV WR ¦GHHSHU§ UHWLFXODWHG VKDOORZ VSKHULFDO VKHOO� 6LPXOWDQHRXVO\�

WKH FRUUHVSRQGLQJ FULWLFDO ORDG LV DOVR ODUJHU IRU D KDUGHU VSULQJ� 7KLV FRLQFLGHV ZLWK WKH EHKDYLRUV

RI UHWLFXODWHG VKDOORZ VKHOO VWUXFWXUHV RQ HODVWLF :LQNOHU IRXQGDWLRQ DQG ZLWK UHFWDQJXODU ERXQGDULHV

�1LH ������

)LJV� ��� LOOXVWUDWH WKH HIIHFWV RI VWLIIQHVV RI VSULQJ RQ EXFNOLQJ RI KLQJHG UHWLFXODWHG VKDOORZ

VSKHULFDO VKHOOV IRU 0� �������� DQG 0� ��������� UHVSHFWLYHO\ DQG FODPSHG RQH IRU 0� 

���������� ,W FDQ EH REVHUYHG WKDW ORRS VKDSHV DOZD\V DSSHDU IRU VPDOO YDOXHV RI .I� ZKLFK

LQGLFDWHV WKDW WKHUH LV D ODUJH LQFUHDVH LQ WKH YDOXH RI WKH WUDQVYHUVH GLVSODFHPHQW ZKHQ WKH YDOXH RI

WKH ORDG LQFUHDVHV WR D FULWLFDO YDOXH� L�H�� WKH VQDSSLQJ SKHQRPHQD ZLOO KDSSHQ� 6RIWHU VSULQJV ZLWK

D VPDOOHU YDOXH RI .I FRUUHVSRQG WR D ORZHU FULWLFDO ORDG� 0HDQZKLOH� )LJ� � SUHVHQWV DQ SKHQRPHQRQ

RI KDYLQJ QHJDWLYH 4 YDOXHV IRU .I �������� ,W VWDWHV FOHDUO\ WKDW� DIWHU VQDSSLQJ SKHQRPHQD RFFXU�

GXULQJ UHVLOLHQFH UHVLGXDO GHIRUPDWLRQ UHPDLQV XQWLO DQ RSSRVLWH YHUWLFDO ORDG LV H[HUWHG RQ WKH VKHOO�

:KHQ WKH YDOXH RI WKH RSSRVLWH ORDG LQFUHDVHV WR D FULWLFDO YDOXH� WKH VKHOO ERXQFHV EDFN� 7KHQ WKH

UHVLGXDO GHIRUPDWLRQ ZLOO GLVDSSHDU ZKHQ WKH RSSRVLWH ORDG GHFUHDVHV WR ]HUR� )RU HQRXJK KDUG

VXSSRUWLQJ VSULQJV� ZKHQ .I ! ����� DQG .I ! ������ IRU WKH WZR KLQJHG VWUXFWXUHV� DQG .I ! ������

IRU WKH FODPSHG RQH� WKH FRUUHVSRQGLQJ ]RQHV RI QHJDWLYH ULJLGLW\ GLVDSSHDU DQG VKRZ WKDW VQDSSLQJ

SKHQRPHQD QR ORQJHU H[LVW� $OVR� IRU WKH VDPH VWUXFWXUH� WKHUH LV D ELJJHU YDOXH RI .I FRUUHVSRQGLQJ

7DEOH � 9DOXHV RI IN DQG JN �N �−��

I� I� I� I� I� I�

����×��−� ����×��−� ����×��−�� ����×��−�� ����×��−22 ����×��−��

J� J� J� J� J� J�

����×��−2 ����×��−� ����×��−�� ����×��−�� ����×��−20 ����×��−��

)LJ� � 7KH UHODWLRQ EHWZHHQ WKH FULWLFDO FKDUDFWHULVWLF
JHRPHWULFDO SDUDPHWHU RI WKH UHWLFXODWHG
VSKHULFDO VKHOOV DQG WKH VWLIIQHVV RI VSULQJ

)LJ� � 7KH UHODWLRQ EHWZHHQ WKH FULWLFDO ORDG RI WKH
UHWLFXODWHG VSKHULFDO VKHOO DQG WKH VWLIIQHVV RI
VSULQJ
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WR ZKLFK VQDS�WKURXJK EXFNOLQJ EHFRPHV SRVVLEOH IRU WKH FDVH RI KLQJHG HGJH �VHH )LJV� � DQG ���

)RU KLQJHG DQG FODPSHG UHWLFXODWHG VSKHULFDO VKHOOV ZLWK YDULRXV FXUYDWXUH UDGLL GHWHUPLQHG E\

QRQGLPHQVLRQDO FKDUDFWHULVWLF JHRPHWULFDO SDUDPHWHU 0�� VXSSRUWHG RQ WKH VDPH VSULQJV ZLWK

.I  ������ WKH HIIHFWV RI WKLV JHRPHWULFDO SDUDPHWHU RQ EXFNOLQJ RI WKH VWUXFWXUHV DUH VKRZQ

JUDSKLFDOO\ LQ )LJV� � DQG ��� UHVSHFWLYHO\� )RU ¦IODWWHU§ VKDOORZ VKHOOV ZLWK VPDOOHU YDOXHV RI 0� RU

ODUJHU FXUYDWXUH UDGLL 5� H�J�� ZKHQ 0� � �������� IRU KLQJHG VWUXFWXUHV ZKLOH 0����������� IRU

FODPSHG RQHV� WKH YDOXHV RI RI WKH WUDQVYHUVH GLVSODFHPHQW LQFUHDVH ZLWK WKH LQFUHDVLQJ ORDG� DQG

WKHUH DUH QR ORRS VKDSHV DSSHDULQJ� +RZHYHU� IRU ¦GHHSHU§ VKDOORZ VKHOOV� VQDSSLQJ SKHQRPHQRQ

ZLOO KDSSHQ ZKHQ WKH YDOXHV RI 0� H[FHHG WKH DERYH JLYHQ YDOXHV IRU WKH WZR ERXQGDU\ FRQGLWLRQV�

$ ELJJHU YDOXH RI 0� UHVXOWV LQ D ODUJHU FULWLFDO ORDG�

,Q D VSHFLDO FDVH� IRU WKH UHWLFXODWHG SODWHV� L�H�� 0� �� WKH FXUYHV IRU WKH UHODWLRQ EHWZHHQ WKH ORDG

DQG FHQWUDO GHIOHFWLRQ DUH SORWWHG LQ )LJ� ��� ,W LV FOHDU WKDW FHQWUDO GHIOHFWLRQ PRQRWRQLFDOO\

)LJ� � 7KH HIIHFW RI VWLIIQHVV RI VSULQJ RQ EXFNOLQJ
RI WKH KLQJHG UHWLFXODWHG VSKHULFDO VKHOO IRU
0� ��������

)LJ� � 7KH HIIHFW RI VWLIIQHVV RI VSULQJ RQ EXFNOLQJ
RI WKH KLQJHG UHWLFXODWHG VSKHULFDO VKHOO IRU
0� ���������

)LJ� � 7KH HIIHFW RI VWLIIQHVV RI VSULQJ RQ EXFNOLQJ
RI WKH FODPSHG UHWLFXODWHG VSKHULFDO VKHOO IRU
0� ���������

)LJ� � 7KH HIIHFW RI FKDUDFWHULVWLF JHRPHWULFDO SDUD�
PHWHU RQ EXFNOLQJ RI WKH KLQJHG UHWLFXODWHG
VSKHULFDO VKHOOV IRU .I  �����



6QDS�WKURXJK EXFNOLQJ RI VLQJOH�OD\HU VTXDUHO\�UHWLFXODWHG VSKHULFDO VKHOOV ���

LQFUHDVHV ZKHQ WKH ORDG EHFRPHV ODUJH� WKHUH LV QHYHU VQDSSLQJ SKHQRPHQRQ� ,W FDQ EH DOVR QRWHG

WKDW� IRU DQ LGHQWLFDO ORDG� WKH YDOXH RI WUDQVYHUVH GLVSODFHPHQW LV ODUJHU IRU D VPDOOHU YDOXH RI .I

FRUUHVSRQGLQJ WR VRIWHU VSULQJV� 7KH FRQFOXVLRQ DJUHHV ZLWK DYDLODEOH UHVXOWV IRU WKH VDPH NLQG RI

VWUXFWXUHV DQG VROLG DQLVRWURSLF SODWHV �&KLD ����� 1LH ������

�� &RQFOXVLRQV

,Q WKH SUHVHQW ZRUN DQ DV\PSWRWLF DQDO\VLV RI VQDS�WKURXJK EXFNOLQJ RI UHWLFXODWHG VKDOORZ

VSKHULFDO VKHOOV FRQWLQXRXVO\ VXSSRUWHG RQ VSULQJV LV JLYHQ�

7KH DQDO\VLV DQG FRPSXWDWLRQ UHVXOWV VKRZ WKDW VWLIIQHVV RI VSULQJ SOD\V DQ LPSRUWDQW UROH LQ

EXFNOLQJ EHKDYLRUV RI VXFK VWUXFWXUHV ZKLOH WKH JHRPHWULHV RI WKH VWUXFWXUHV DOVR LQIOXHQFH WKHVH

EHKDYLRUV� 7KH DFWLRQ RI VSULQJV FDQ UHVXOW LQ DQ LQFUHDVH LQ WKH ORDG�EHDULQJ FDSDFLW\ RI WKH

VWUXFWXUHV DQG SUHYHQW WKHP IURP EXFNOLQJ� ,Q VSHFLDO� IRU WKH UHWLFXODWHG SODWHV� DSSOLFDWLRQ RI

VSULQJV FDQ GHFUHDVH WKH GHIRUPDWLRQ DQG HQKDQFH WKH VDIHW\ RI XVH RI WKH VWUXFWXUHV�

,W VKRXOG EH QRWHG WKDW WKH SUHVHQW VKHOO PRGHO LV EDVHG RQ WKH XVH RI VKDOORZ VKHOO WKHRU\� WKH

PRGHO LV WKXV DSSOLFDEOH WR VKDOORZ VKHOO VWUXFWXUHV RQO\� 0HDQZKLOH� EHDP HOHPHQWV PXVW EH SODFHG

GHQVHO\� DV KDV DOUHDG\ EHHQ VWDWHG� WKH OHQJWK RI HDFK EHDP PHPEHU GRHV QRW H[FHHG RQH�HLJKWK RI

WKH VSDQ RI WKH VKHOO� ,Q DGGLWLRQ� LQ WKH SURFHVV RI VROXWLRQ UHVXOWLQJ IURP SRZHU VHULHV� VWLIIQHVV RI

VSULQJ� NP RU .I� FDQ QRW EH WDNHQ ]HUR� +RZHYHU� ZKHQ NP � FRUUHVSRQGLQJ WR WKH VKHOO ZLWKRXW

VXSSRUWLQJ VSULQJV� WKH IXQGDPHQWDO JRYHUQLQJ HTXDWLRQV ZLOO FKDQJH WR WKH NQRZQ RQHV DQG WKH

FRUUHVSRQGLQJ VROXWLRQ KDV EHHQ REWDLQHG E\ WKH VDPH DV\PSWRWLF LWHUDWLRQ PHWKRG �1LH DQG &KHXQJ

������

,W PD\ EH DOVR FRQFOXGHG WKDW WKH GHYHORSHG DQG XVHG PHWKRG LQ WKLV SDSHU PD\ EH H[WHQGHG WR

QRQ�OLQHDU EXFNOLQJ DQDO\VLV RI DQLVRWURSLF DQG FRPSRVLWH VKHOO VWUXFWXUHV RQ HODVWLF :LQNOHU

IRXQGDWLRQ�

)LJ� �� 7KH HIIHFW RI FKDUDFWHULVWLF JHRPHWULFDO SDUD�
PHWHU RQ EXFNOLQJ RI WKH FODPSHG UHWLFXO�
DWHG VSKHULFDO VKHOOV IRU .I  �����

)LJ� �� 7KH UHODWLRQ EHWZHHQ WKH ORDG DQG FHQWUDO
GHIOHFWLRQ RI WKH UHWLFXODWHG FLUFXODU SODWH
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$FNQRZOHGJHPHQWV

7KH ZRUN GHVFULEHG LQ WKLV SDSHU LV SDUWLDOO\ VXSSRUWHG E\ WKH $OH[DQGHU YRQ +XPEROGW

)RXQGDWLRQ� *HUPDQ\� 5HVHDUFK )RXQGDWLRQ IRU 6FLHQFH 'HYHORSPHQW LQ 7RQJML 8QLYHUVLW\ DQG IRU

XQLYHUVLW\ NH\ WHDFKHU DQG YLVLWLQJ VFKRODUV� )DLOXUH 0HFKDQLFV /DERUDWRU\ RI WKH 0LQLVWU\ RI

(GXFDWLRQ RI &KLQD� 7KH DXWKRU DOVR ZLVKHV WR WKDQN WKH UHYLHZHUV IRU WKHLU YDOXDEOH FRPPHQWV IRU

LPSURYLQJ WKH SUHVHQWDWLRQ RI WKH SDSHU�

5HIHUHQFHV

&KLD� &�<� ������� 1RQ�OLQHDU $QDO\VLV RI 3ODWHV� 0F*UDZ�+LOO� 1HZ <RUN�
&KLD� &�<� ������� ¦1RQOLQHDU DQDO\VLV RI GRXEO\ FXUYHG V\PPHWULFDOO\ ODPLQDWHG VKDOORZ VKHOOV ZLWK UHFWDQJXODU
SODQIRUP§� ,QJHQLHXU�DUFKLY� ��� ��������

&KLD� &�<� ������� ¦1RQOLQHDU DQDO\VLV RI LPSHUIHFW F\OLQGULFDO DQJOH�SO\ SDQHOV§� $GYDQFHV LQ WKH 7KHRU\ RI
3ODWHV DQG 6KHOOV� (GV�� *�=� 9R\LDGMLV DQG '� .DUDPDQOLGLV� (OVHYLHU 6FLHQFH 3XEOLVKHUV %�9�� $PVWHUGDP�
��������

'XPLU� 3�&� ������� ¦1RQOLQHDU D[LV\PPHWULF UHVSRQVH RI RUWKRWURSLF WKLQ VSKHULFDO FDSV RQ HODVWLF IRXQGDWLRQ§�
,QW� -� 0HFK� 6FL�� ��� ����

/LEUHVFX� /� DQG /LQ� :� ������� ¦3RVWEXFNOLQJ DQG YLEUDWLRQ RI VKHDU GHIRUPDEOH IODW DQG FXUYHG SDQHOV RQ D
QRQ�OLQHDU HODVWLF IRXQGDWLRQ§� ,QW� -� 1RQ�OLQHDU 0HFKDQLFV� ��� ��������

/LX� 5�+�� /L� '�� 1LH� *�+� DQG &KHQJ� =�4� ������� ¦1RQ�OLQHDU EXFNOLQJ RI VTXDUHO\�ODWWLFHG VKDOORZ VSKHULFDO
VKHOOV§� ,QW� -� 1RQ�OLQHDU 0HFKDQLFV� ��� ��������

0DVVDODV� &� DQG .DIRXVLDV� 1� ������� ¦1RQ�OLQHDU YLEUDWLRQV RI D VKDOORZ F\OLQGULFDO SDQHO RQ D QRQ�OLQHDU
HODVWLF IRXQGDWLRQ§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ��� ��������

1DWK� <� DQG -DLQ� 5�.� ������� ¦1RQ�OLQHDU G\QDPLF DQDO\VLV RI VKDOORZ VSKHULFDO VKHOOV RQ HODVWLF IRXQGDWLRQV§�
,QW� -� 0HFK� 6FL�� ��� ��������

1DWK� <� DQG 0DKUHQKROW]� 2� ������� ¦1RQ�OLQHDU G\QDPLF UHVSRQVH RI D GRXEO\ FXUYHG VKDOORZ VKHOO RQ DQ
HODVWLF IRXQGDWLRQ§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ���� ������

1LH� *�+� ������� ¦$ QRQ�OLQHDU WKHRU\ RI UHWLFXODWHG VKDOORZ VKHOOV§� 3URFHHGLQJV RI WKH ��QG 0LGZHVWHUQ
0HFKDQLFV &RQIHUHQFH� 5ROOD� 0LVVRXUL� 86$�

1LH� *�+� DQG /LX� 5�+� ������� ¦1RQ�OLQHDU HODVWLF WKHRU\ RI UHFWDQJXODU UHWLFXODWHG VKDOORZ VKHOO VWUXFWXUHV§�
$SSO� 0DWK� 0HFK�� ��� ��������

1LH� *�+� ������� ¦1RQ�OLQHDU DQDO\VLV RI UHWLFXODWHG VKDOORZ VKHOOV RQ HODVWLF IRXQGDWLRQ§� (QJLQHHULQJ
0HFKDQLFV DQG ,WV $SSOLFDWLRQV� (GV�� '�3� <DQJ HW DO�� -LDQJ[L *DR[LDR 3UHVV� 1DQFKDQJ� -LDQJ[L� &KLQD� ����
��� �LQ &KLQHVH��

1LH� *�+� DQG &KHXQJ� <�.� ������� ¦$ QRQ�OLQHDU PRGHO IRU VWDELOLW\ DQDO\VLV RI UHWLFXODWHG VKDOORZ VKHOOV ZLWK
LPSHUIHFWLRQV§� ,QW� -� RI 6SDFH 6WUXFWXUHV� ��� ��������

1LH� *�+� DQG /LX� 5�+� ������� ¦1RQ�OLQHDU FKDUDFWHULVWLF UHODWLRQV RI UHFWDQJXODU UHWLFXODWHG VKDOORZ VKHOOV§�
&KLQD &LYLO (QJLQHHULQJ -RXUQDO� ��� ����� �LQ &KLQHVH��

1LH� *�+� ������� ¦$Q DV\PSWRWLF DQDO\VLV RQ QRQ�OLQHDU IUHH YLEUDWLRQ RI UHFWDQJXODU VTXDUHO\�UHWLFXODWHG
FLUFXODU SODWHV§� 6WUXFWXUDO (QJLQHHULQJ DQG 0HFKDQLFV� ����� ��������

3DOLZDO� '�1�� 6LQKD� 6�1� DQG &KRXGKDU\� -U�� %�.� ������� ¦6KDOORZ VSKHULFDO VKHOOV RQ SDVWHUQDN IRXQGDWLRQ§�
$6&( -RXUQDO RI (QJLQHHULQJ 0HFKDQLFV� ���� ��������

5DPDFKDQGUDQ� -� DQG 0XUWK\� 3�$�.� ������� ¦1RQ�OLQHDU YLEUDWLRQV RI D VKDOORZ F\OLQGULFDO SDQHO RQ DQ HODVWLF
IRXQGDWLRQ§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ��� ��������



6QDS�WKURXJK EXFNOLQJ RI VLQJOH�OD\HU VTXDUHO\�UHWLFXODWHG VSKHULFDO VKHOOV ���

1RWDWLRQ

/ � OHQJWK RI HDFK EHDP PHPEHU
$ � DUHD RI FURVV�VHFWLRQ RI HDFK EHDP PHPEHU
5 � UDGLXV RI FXUYDWXUH RI WKH VKHOO
K � WKLFNQHVV RI WKH VKHOO
�D � VSDQ RI WKH VKHOO
(, � WUDQVYHUVH EHQGLQJ VWLIIQHVV
(,� � ODWHUDO EHQGLQJ VWLIIQHVV
*- � WZLVWLQJ VWLIIQHVV
T � XQLIRUP YHUWLFDO ORDG
4 � QRQGLPHQVLRQDO XQLIRUP YHUWLFDO ORDG
NP � VWLIIQHVV RI VSULQJ
.I � QRQGLPHQVLRQDO VWLIIQHVV RI VSULQJ

0� �

0� �

0� �

0� �

0� �

EN� FN � FRHIILFLHQWV LQ SRZHU VHULHV

δ� �

δ� �

δ� �

Z � WUDQVYHUVH GLVSODFHPHQW �GHIOHFWLRQ�
: � QRQGLPHQVLRQDO WUDQVYHUVH GLVSODFHPHQW �GHIOHFWLRQ�
:P � QRQGLPHQVLRQDO FHQWUDO WUDQVYHUVH GLVSODFHPHQW �GHIOHFWLRQ�
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