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LQWHUQDO VXSSRUW RU LQ D FRPSRVLWH EHDP�WR�FROXPQ FRQQHFWLRQ LQ D EXLOGLQJ� 7KLV SDSHU DLPV WR H[WHQG

WKH HQHUJ\�EDVHG PHWKRG RI HODVWLF GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG ,�EHDPV LQWR WKH

LQHODVWLF GRPDLQ� DQG LQFOXGHV UHVLGXDO VWUHVVHV LQ DGGLWLRQ WR WKH VWDQGDUG HODVWLF�SODVWLF�VWUDLQ

KDUGHQLQJ LGHDOLVDWLRQ RI WKH VWUHVV�VWUDLQ ODZ IRU PLOG VWHHO�

5HVHDUFK LQWR WKH LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ RI XQUHVWUDLQHG ,�VHFWLRQ PHPEHUV VXEMHFWHG WR

XQLIRUP EHQGLQJ KDV EHHQ UHDVRQDEO\ SOHQWLIXO� .HWWHU HW DO� ������ GHYHORSHG D VLPSOLILHG UHVLGXDO

VWUHVV PRGHO� DQG DSSOLHG LW WR PHPEHUV VXEMHFWHG WR XQHTXDO HQG PRPHQWV ZLWK D[LDO WKUXVW� *DODPERV

������ DOVR FRQVLGHUHG WKLV SUREOHP� ZKLFK ZDV UHILQHG LQ WKH DFFXUDWH PRGHOOLQJ GHYHORSHG E\ 7UDKDLU

DQG .LWLSRUQFKDL ������ DQG .LWLSRUQFKDL DQG 7UDKDLU ������� DQG LQ WKH ILQLWH HOHPHQW VWXG\ RI

1HWKHUFRW ������� 6RPH RWKHU VWXGLHV RI LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ DUH UHYLHZHG LQ 7UDKDLU

������� 7KH LQHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI EHDPV XQGHU XQLIRUP EHQGLQJ ZDV LQYHVWLJDWHG E\

%UDGIRUG �����E�� EXW WKH FURVV�VHFWLRQ FRQVLGHUHG ZDV DVVXPHG WR EH IDEULFDWHG IURP YHU\ VOHQGHU

SODWHV� DQG FRQVHTXHQWO\ UHVLGXDO VWUHVVHV JHUPDQH WR IDEULFDWLRQ E\ ZHOGLQJ ZHUH DVVXPHG�

7KLV SDSHU FRQVLGHUV WKH LQHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI KRW�UROOHG ,�VHFWLRQ EHDPV VXEMHFWHG WR

XQLIRUP EHQGLQJ� EXW ZKLFK PD\ DOVR EH UHVWUDLQHG HODVWLFDOO\ E\ D FRQWLQXRXV UHVWUDLQW DJDLQVW ODWHUDO

GHIOHFWLRQ� LQ�SODQH URWDWLRQ DQG WZLVW URWDWLRQ DW WKH OHYHO RI WKH WHQVLRQ IODQJH� 7UDKDLU DQG .LWLSRUQFKDL

������ VKRZHG WKDW WKH LQHODVWLF EXFNOLQJ VWXG\ RI EHDPV ZLWK XQGHIRUPDEOH FURVV�VHFWLRQV PD\ EH

XQGHUWDNHQ E\ DVVXPLQJ WKDW WKH FURVV�VHFWLRQ LV PRQRV\PPHWULF� RZLQJ WR WKH FRPELQDWLRQ RI \LHOGLQJ DQG

UHVLGXDO VWUHVVHV XQGHU PRQRWRQLFDOO\ LQFUHDVLQJ HQGPRPHQWV� DQG XVHG WKH HODVWLF PRGXOXV ( LQ WKH HODVWLF

UHJLRQ DQG WKH VWUDLQ KDUGHQLQJ PRGXOXV (VW LQ WKH \LHOGHG UHJLRQV� ,Q DGGLWLRQ� VLQFH WKH EHQGLQJ PRPHQW

DQG UHVLGXDO VWUHVVHV GR QRW YDU\ DORQJ WKH PHPEHU� WKH PRQRV\PPHWULF LGHDOLVDWLRQ LV DOVR SULVPDWLF� 7KLV

SDSHU� KRZHYHU� GLIIHUV IURP .LWLSRUQFKDL DQG 7UDKDLU¶V ZRUN LQ WKDW WKH FURVV�VHFWLRQ PD\ GLVWRUW� UHTXLULQJ

IRXU GHJUHHV RI IUHHGRP LQVWHDG RI WZR WR PRGHO WKH EXFNOLQJ PRGH DW HDFK VHFWLRQ DORQJ WKH EHDP� 7KH

IOH[LEOH ZHE LV DQDO\VHG XVLQJ DQ LQHODVWLF SODWH EXFNOLQJ PRGHO� ZKLOH WKH HIIHFWV RI FRQWLQXRXV HODVWLF

UHVWUDLQWV� ZKLFK GR QRW DSSHDU WR KDYH EHHQ WUHDWHG KLWKHUWR LQ WKH OLWHUDWXUH� DUH LQFOXGHG�

�� 7KHRU\

���� *HQHUDO

7KH HQHUJ\ PHWKRG XVHG E\ %UDGIRUG �����D� IRU HODVWLF GLVWRUWLRQDO EXFNOLQJ IRUPV WKH EDVLV RI WKH

DQDO\VLV KHUHLQ� 7KH PHPEHU LV DVVXPHG WR EH D GRXEO\�V\PPHWULF KRW�UROOHG ,�VHFWLRQ EHDP� VLPSO\

VXSSRUWHG DW WKH HQGV DQG DFWHG XSRQ E\ HTXDO DQG RSSRVLWH HQG PRPHQWV WKDW EHQG WKH PHPEHU LQWR

VLQJOH FXUYDWXUH� :KLOH WKLV IRUPXODWLRQ UHVWULFWV WKH ORDGLQJ WR FRPSULVH RI XQLIRUP VWUHVV

ORQJLWXGLQDOO\ DQG WKH HQG FRQGLWLRQV WR EH WKRVH RI VLPSOH VXSSRUWV� LW LV LQWHQGHG WR VKHG OLJKW XVLQJ DQ

HIILFLHQW DOJRULWKP RQ WKH FURVV�VHFWLRQ JHRPHWULF DQG HODVWLF UHVWUDLQW VWLIIQHVV SDUDPHWHUV WKDW DIIHFW

WKH EXFNOLQJ VWUHQJWK� 7KH UHVLGXDO VWUHVVHV LQGXFHG GXULQJ WKH FRROLQJ RI D KRW UROOHG PHPEHU DUH

XVXDOO\ GHVFULEHG E\ WKH SRO\QRPLDO PRGHO �)LJ� �D� RU E\ WKH VLPSOLILHG PRGHO �)LJ� �E�� GHVFULSWLRQV

RI ZKLFK DUH JLYHQ HOVHZKHUH �/HH DQG %UDGIRUG ������ 'XULQJ EXFNOLQJ� WKH VWRFN\ IODQJHV DUH

DVVXPHG WR UHPDLQ ULJLG� DQG WKHLU EXFNOLQJ LV WKHUHIRUH WUHDWHG DV WKDW RI ULJLG EDUV� 2Q WKH RWKHU KDQG�

WKH ZHE LV DVVXPHG WR EXFNOH DV D FXELF FXUYH� IRU ZKLFK SODWH WKHRU\ LV LQYRNHG� 7KH EHDP RI OHQJWK /

LV VKRZQ LQ )LJ� �D� ZLWK WKH PRPHQWV LQ )LJ� �E� $Q DUELWUDU\ UHIHUHQFH D[LV LV SRVLWLRQHG DORQJ WKH

EHDP DW WKH ZHE PLG�KHLJKW� 7KH FRQFHSW RI WKH DUELWUDU\ UHIHUHQFH D[LV ZDV H[SODLQHG E\ %UDGIRUG DQG

&XN ������� ZKHUH WKH GHULYDWLRQV LQ WKHLU ILQLWH HOHPHQW EXFNOLQJ PRGHO RI HODVWLF PRQRV\PPHWULF



,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

)LJ� � 3DWWHUQV RI UHVLGXDO VWUHVVHV

)LJ� � *HRPHWU\ DQG /RDGLQJ
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WDSHUHG EHDP�FROXPQV ZHUH VLPSOLILHG JUHDWO\ DV WKH WHUPV UHODWLQJ WR ODFN RI FRLQFLGHQFH RI WKH VKHDU

FHQWUH DQG FHQWURLG GR QRW DSSHDU ZLWK WKLV PRGHO� $V QRWHG HDUOLHU� WKH FURVV�VHFWLRQ EHFRPHV

PRQRV\PPHWULF RQFH \LHOGLQJ FRPPHQFHV GXH WR WKH SUHVHQFH RI UHVLGXDO VWUHVVHV�

���� 0RPHQW�FXUYDWXUH UHODWLRQVKLS

8QGHU WKH DFWLRQ RI D FXUYDWXUH ρ DSSOLHG WR WKH FURVV�VHFWLRQ� WKH DSSOLHG VWUDLQ εD DW DQ\ SRLQW LQ WKH

FURVV�VHFWLRQ FDQ EH IRXQG IURP

���

ZKHUH \ LV WKH FRRUGLQDWH RI WKH QHXWUDO D[LV UHODWLYH WR WKH ZHE PLG�KHLJKW DQG εU LV WKH UHVLGXDO

VWUDLQ� )LJ� � VKRZV WKH HODVWLF�SODVWLF�VWUDLQ KDUGHQLQJ FRQVWLWXWLYH PRGHO IRU WKH PLOG VWHHO� 7KH

VWUHVV σ LQ WKH FURVV�VHFWLRQ FDQ EH REWDLQHG IURP WKH DSSOLHG VWUDLQ LQ WKH IROORZLQJ PDWKHPDWLFDO

UHSUHVHQWDWLRQ RI )LJ� ��

���

,Q (T� ���� (W LV WKH DSSURSULDWH WDQJHQW PRGXOXV �(� �� RU (VW� VKRZQ LQ )LJ� ��

7KH SRVLWLRQ RI WKH QHXWUDO D[LV LV GHSHQGHQW RQ WKH SDUWLFXODU DSSOLHG FXUYDWXUH ρ DQG PXVW EH

GHWHUPLQHG LWHUDWLYHO\� $W D JLYHQ YDOXH RI � WKH FRUUHVSRQGLQJ D[LDO IRUFH LQ WKH VHFWLRQ 1 FDQ EH

GHWHUPLQHG IURP

���

LQ ZKLFK $ LV WKH DUHD RI WKH FURVV�VHFWLRQ� DQG HTXLOLEULXP DW WKH FURVV�VHFWLRQ GLFWDWHV WKDW 1 PXVW

YDQLVK� +HQFH WKH D[LDO IRUFH LV FDOFXODWHG DV LV LQFUHDVHG LQ VWHSV XQWLO LW FKDQJHV VLJQ� 2QFH

EUDFNHWHG� WKH PHWKRG RI )DOVH 3RVLWLRQ LV XVHG WR FRQYHUJH RQ WKH YDOXH RI IRU ZKLFK 1  ��
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)LQDOO\� DW WKH JLYHQ FXUYDWXUH ρ IRU ZKLFK LV XQLTXHO\ GHILQHG E\ HTXLOLEULXP� WKH FRUUHVSRQGLQJ

PRPHQW LQ WKH VHFWLRQ 0[ LV VLPSO\ JLYHQ E\

���

7KH GHSHQGHQFH RI εD�[� \� LQ (T� ��� DQG 0[ LQ (T� ��� RQ WKH DSSOLHG FXUYDWXUH ρ DUH XVHG VXEVHTXHQWO\

LQ WKH EXFNOLQJ DQDO\VLV�

���� %XFNOLQJ GHIRUPDWLRQV

:KHQ WKH FURVV�VHFWLRQ EXFNOHV RXW�RI�SODQH DV VKRZQ LQ )LJ� �� WKH WRS DQG ERWWRP IODQJHV GLVSODFH

ODWHUDOO\ X7 DQG X% DQG WZLVW φ7 DQG φ%� $OO RI WKHVH GHIRUPDWLRQV DUH DVVXPHG WR IROORZ WKH ORQJLWXGLQDO

VLQXVRLGDO HLJHQPRGH DVVRFLDWHG ZLWK ODWHUDO�WRUVLRQDO EXFNOLQJ� WKDW LV

���

ZKHUH Q LV WKH QXPEHU RI KDUPRQLFV LQWR ZKLFK WKH EHDP EXFNOHV DQG ^T`  TL �L  ������� DUH WKH

PD[LPXP DPSOLWXGHV RI WKH EXFNOLQJ GLVSODFHPHQWV� 7KH ZHE LV IXUWKHU DVVXPHG WR GLVWRUW GXULQJ

EXFNOLQJ DV D FXELF FXUYH� VR WKDW

���

ZKHUH ^α` LV D YHFWRU RI IRXU SRO\QRPLDO FRHIILFLHQWV� 7KLV YHFWRU FDQ EH GHWHUPLQHG E\ LPSRVLQJ WKH
IROORZLQJ JHRPHWULF FRPSDWLELOLW\ FRQGLWLRQV DW WKH WRS DQG ERWWRP IODQJH�ZHE MXQFWLRQV DW ]  /��Q�
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���

ZKHUH FRPPDV GHQRWH SDUWLDO GLIIHUHQWLDWLRQ� VR WKDW DIWHU VRPH DOJHEUDLF PDQLSXODWLRQ�

���

���� 6WUDLQ HQHUJ\ VWRUHG GXULQJ EXFNOLQJ

'XULQJ ELIXUFDWLYH EXFNOLQJ� VWUDLQ HQHUJ\ 8 LV VWRUHG LQ WKH EHDP� 7KLV VWUDLQ HQHUJ\ LV WKH VXP RI

WKDW VWRUHG LQ WKH IODQJHV �8I�� WKH ZHE �8Z� DQG LQ WKH HODVWLF UHVWUDLQWV �8U�� 7KH LQFRUSRUDWLRQ RI

LQHODVWLFLW\ LQ WKLV VWXG\ LV UHOLDQW RQ WKH LQILQLWHVLPDO QDWXUH RI WKH EXFNOLQJ GHIRUPDWLRQV� VR WKDW ZKHQ

LQFRUSRUDWHG LQ D UDWLRQDO PRGHO RI SODVWLFLW\� XQORDGLQJ IURP WKH \LHOG VXUIDFH LV DVVXPHG WR EH

SUHFOXGHG� %HFDXVH RI WKLV� WKH LQHODVWLF PRGHO PD\ EH WKRXJKW RI DV D TXDVL�HODVWLF PRGHO� ZLWK

DSSURSULDWH ULJLGLWLHV LQGHSHQGHQW RI WKH EXFNOLQJ GHIRUPDWLRQV�

8VLQJ WKLV DVVXPSWLRQ� ZKLFK KDV EHHQ XVHG VXFFHVVIXOO\ IRU ELIXUFDWLYH EXFNOLQJ HOVHZKHUH �'DZH

DQG .XODN ����� %UDGIRUG ������ WKH IODQJHV DUH FRQVLGHUHG WR EH µULJLG EHDPV¶ ZKRVH EHKDYLRXU LQ WKH

LQHODVWLF UDQJH LV JRYHUQHG E\ WDQJHQW PRGXOXV WKHRU\� ZKLOH WKH ZHE LV FRQVLGHUHG WR EH D SODWH

HOHPHQW ZKRVH LQHODVWLF EXFNOLQJ EHKDYLRXU LV GHVFULEHG E\ D FRQVWLWXWLYH PDWUL[ DSSURSULDWH IRU WKH

IORZ WKHRU\ RI HODVWLFLW\� 7KH VWUDLQ HQHUJLHV VWRUHG LQ WKH IODQJHV DQG LQ WKH ZHE DUH WKHQ

���

����

ZKHUH WKH SURSHUW\ PDWULFHV IRU WKH IODQJHV DQG ZHE UHVSHFWLYHO\ DUH

����

����

,Q (T� ����� WKH WDQJHQW PRGXOXV WKHRU\ PRGHO 7UDKDLU DQG .LWLSRUQFKDL ������ KDV EHHQ XVHG WR

GHWHUPLQH WKH PLQRU D[LV IOH[XUDO ULJLGLWLHV �(,�W� 7KLV ZDV DFKLHYHG E\ WUDQVIRUPLQJ WKH WKLFNQHVV RI

WKH IODQJHV DFFRUGLQJ WR D PRGXODU UDWLR RI XQLW\ ZKHQ εD � ε\ � DQG WR (VW � ( � ��K� ZKHQ εDû ε\ � 7KLV

DSSURDFK LV EDVHG RQ WKH ZHOO�NQRZQ GLVORFDWLRQ WKHRU\ RI \LHOGLQJ� 7KH WRUVLRQDO ULJLGLWLHV �*- �W ZHUH

FDOFXODWHG LQ WKH VDPH IDVKLRQ DV WKDW GHVFULEHG LQ WKH ELPHWDOOLF UHSUHVHQWDWLRQ RI %RRNHU DQG

.LWLSRUQFKDL ������� :KLOH WKH IRUPXODWLRQ RI WKH SRO\QRPLDO UHVLGXDO VWUHVV GLVWULEXWLRQ VWDWHG E\

%UDGIRUG DQG 7UDKDLU ������ VDWLVILHV WKH VWDWLF DQG WRUVLRQDO HTXLOLEULXP FRQGLWLRQV�
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����

DFFHSWHG PRGHOV RI VLPSOLILHG UHVLGXDO VWUHVV GLVWULEXWLRQV GR QRW� %HFDXVH RI WKLV� LW LV QHFHVVDU\ WR

DOWHU WKH WDQJHQW WRUVLRQDO ULJLGLW\ LQ (T� ���� WR

LQ RUGHU WR HOLPLQDWH WKH XQHTXLOLEUDWLQJ D[LDO WRUTXH LQGXFHG E\ WKH UHVLGXDO VWUHVVHV� ZKLFK LV UHODWHG WR

WKH :DJQHU HIIHFW �7UDKDLU ������

,Q WKH ZHE SURSHUW\ PDWUL[ LQ (T� ����� WKH HQWULHV ZLZHUH GHWHUPLQHG IURP WKH XVXDO LVRWURSLF HODVWLF

WKHRU\ RI 7LPRVKHQNR DQG :RLQRZVN\�.ULHJHU ������ DW SRVLWLRQV \ LQ WKH FURVV�VHFWLRQ ZKHUH εD � ε\�

)RU WKRVH SRVLWLRQV \ ZKHUH εD ! ε\� WKH PRGHO RI +DDLMHU ������ ZKLFK ZDV DGRSWHG DQG YHULILHG

H[SHULPHQWDOO\ E\ 'DZH DQG .XODN ������ DQG %UDGIRUG ������ ZDV XVHG� ,Q WKLV UHSUHVHQWDWLRQ�

����

ZKHUH

����

DQG ν LV WKH HODVWLF 3RLVVRQ¶V UDWLR �WDNHQ DV ��� KHUHLQ��

7KH FRQWLQXRXV HODVWLF UHVWUDLQWV WKDW PD\ LQKLELW ODWHUDO GHIRUPDWLRQ� ODWHUDO URWDWLRQ DQG WZLVW

URWDWLRQ DW WKH WRS DQG ERWWRP IODQJHV DUH WKH VDPH DV WKRVH GHVFULEHG E\ %UDGIRUG �����D�� 7KHVH

UHVWUDLQWV DUH GHSLFWHG LQ )LJ� �� ,I WKH YHFWRUV ^U` DQG ^εU` UHSUHVHQW WKH FRQMXJDWH �LQILQLWHVLPDO�

UHVWUDLQLQJ DFWLRQV DQG GHIRUPDWLRQV UHVSHFWLYHO\� WKHQ�

����

ZKHUH >NU@ LV WKH HODVWLF FRQWLQXRXV UHVWUDLQW VWLIIQHVV PDWUL[�

7KH JHQHUDOLVHG VWUDLQ WHUPV LQ (TV� ���� ���� DQG ���� PD\ EH REWDLQHG E\ DSSURSULDWH GLIIHUHQWLDWLRQ

RI (TV� ��� DQG ���� :KHQ WKLV GLIIHUHQWLDWLRQ LV SHUIRUPHG� WKH VWUDLQ HQHUJLHV PD\ EH ZULWWHQ DV

����

DQG WKH WRWDO VWUDLQ HQHUJ\ VWRUHG GXULQJ EXFNOLQJ DV

����

ZKHUH >.U@ LV WKH �FRQVWDQW� HODVWLF UHVWUDLQW VWLIIQHVV PDWUL[� DQG >.I@ DQG >.Z@ DUH WKH IODQJH DQG

ZHE VWLIIQHVV PDWULFHV UHVSHFWLYHO\� ZKRVH HQWULHV GHSHQG RQ WKH OHYHO RI DSSOLHG ORDGLQJ�
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��� 'RQJ�6LN /HH DQG 0DUN $� %UDGIRUG

���� :RUN GRQH GXULQJ EXFNOLQJ

7KH ORVV RI SRWHQWLDO GXULQJ EXFNOLQJ FDXVHG E\ WKH DSSOLHG PRPHQW λ0 LV WKH VXP RI WKH

FRQWULEXWLRQV IRU WKH IODQJHV DQG ZHE� 7KXV�

����

ZKHUH

����

����
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,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

LQ ZKLFK

����

DQG $I DQG $Z DUH WKH IODQJH DQG ZHE DUHDV UHVSHFWLYHO\� 7KH GHULYDWLYHV LQ (TV� ���� DQG ���� PD\

EH REWDLQHG IURP (TV� ��� DQG ���� VR WKDW WKH IRUPHU HTXDWLRQV PD\ EH ZULWWHQ DV

����

DQG WKH WRWDO ZRUN GRQH GXULQJ EXFNOLQJ DV

����

ZKHUH >6I@ DQG >6Z@ DUH WKH IODQJH DQG ZHE VWDELOLW\ PDWULFHV UHVSHFWLYHO\� DQG ZKRVH HQWULHV GHSHQG

RQ WKH OHYHO RI DSSOLHG ORDGLQJ�

���� %LIXUFDWLRQ RI HTXLOLEULXP

7KH WRWDO FKDQJH LQ SRWHQWLDO Π FDQ EH ZULWWHQ DV

����

ZKHUH WKH �î� PDWUL[ >$@  >.@ � >6@ GHSHQGV RQ WKH OHYHO RI ORDGLQJ λ� 6LQFH >$@ KDV EHHQ GHULYHG

LQ WHUPV RI WKH GHIRUPDWLRQV RI WKH VHFRQGDU\ HTXLOLEULXP SDWK ^T` WKDW DUH GHSDUWXUHV IURP WKH

�WULYLDO� SULPDU\ HTXLOLEULXP SDWK DW WKH SRLQW RI ELIXUFDWLRQ� WKLV SRLQW PD\ EH ORFDWHG E\ LQYRNLQJ

WKH HTXLOLEULXP FRQGLWLRQ LQ YDULDWLRQDO IRUP WKDW

����

IRU DQ\ DUELWUDU\ SHUWXUEDWLRQ δ̂T`� +HQFH IURP (T� ����� WKH �WK RUGHU HLJHQSUREOHP

����

FDQ EH HVWDEOLVKHG�

,Q WKH VROXWLRQ RI (T� ����� WKH PHWKRG XVHG E\ 6PLWK HW DO� ������ KDV EHHQ PRGLILHG IRU WKH SUREOHP

DW KDQG� 7KLV LQYROYHV WKH VSHFLILFDWLRQ RI D UHIHUHQFH PRPHQW OHYHO 0� DQG WKH DSSOLFDWLRQ RI D

PRQRWRQLF ORDG IDFWRU λ WR 0� )RU D SDUWLFXODU PRPHQW λ0� WKH FRUUHVSRQGLQJ FXUYDWXUH LV LQYRNHG

IURP WKH SUHGHWHUPLQHG PRPHQW�FXUYDWXUH UHVSRQVH� DQG WKH PDWUL[ >$@ FDQ EH DVVHPEOHG� 7KLV PDWUL[

LV WKHQ UHGXFHG VLPSO\ WR XSSHU WULDQJXODU IRUP E\ *DXVVLDQ HOLPLQDWLRQ ZLWKRXW URZ LQWHUFKDQJHV� DQG

WKH GHWHUPLQDQW LV FDOFXODWHG E\ PXOWLSO\LQJ WKH IRXU GLDJRQDOV RI WKH UHGXFHG PDWUL[� 7KH QXPEHU RI

HLJHQYDOXHV OHVV WKDQ WKH WULDO ORDGLQJ OHYHO VSHFLILHG E\ λ LV JLYHQ E\ WKH QXPEHU RI QHJDWLYH GLDJRQDO

HOHPHQWV LQ WKH UHGXFHG PDWUL[� DQG WKH ORDG OHYHO IRU ZKLFK WKLV QXPEHU LV XQLW\ LV VRXJKW� 2QFH WKH

PRQRWRQLF LQFUHPHQW RQ λ EUDFNHWV WKH ORZHVW HLJHQYDOXH� WKH PHWKRG RI ELVHFWLRQV LV XVHG WR FRQYHUJH

RQ WKH FULWLFDO YDOXH RI WKH ORDG IDFWRU WR D SUHGHWHUPLQHG WROHUDQFH� $W WKLV YDOXH RI λFU� WKH

FRUUHVSRQGLQJ HLJHQYHFWRU ^T` LQ (T� ���� FDQ EH GHWHUPLQHG�
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��� 'RQJ�6LN /HH DQG 0DUN $� %UDGIRUG

�� $FFXUDF\ RI VROXWLRQ

6LQFH LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ UHVXOWV IRU KRW�UROOHG ,�VHFWLRQ EHDPV DUH IDLUO\ ZHOO

HVWDEOLVKHG DQG DFFHSWHG� LQ GHIHUHQFH WR ODWHUDO�GLVWRUWLRQDO EXFNOLQJ� WKH UHVXOWV ZLWK FURVV�VHFWLRQDO

GLVWRUWLRQ VXSSUHVVHG KDYH EHHQ FRPSDUHG ZLWK WKH ODWHUDO�WRUVLRQDO EXFNOLQJ SUHGLFWLRQV UHSRUWHG E\

7UDKDLU DQG .LWLSRUQFKDL ������� 7KH EHDP FRQVLGHUHG LQ WKLV VWXG\ ZDV WKH ZLGHO\�XVHG �:)���

ZKRVH JHRPHWULF DQG PDWHULDO SURSHUWLHV DUH JLYHQ LQ )LJ� �� 7KH UHVLGXDO VWUHVVHV XVHG LQ WKH VWXG\

KHUHLQ ZHUH WKH SRO\QRPLDO SDWWHUQ UHFRPPHQGHG E\ /HH HW DO� ������ DQG WKH VLPSOLILHG SDWWHUQ

VSHFLILHG E\ 7UDKDLU DQG .LWLSRUQFKDL ������� 6R WKDW WKH ODWHUDO�GLVWRUWLRQDO EXFNOLQJ PRGHO GHYHORSHG

KHUHLQ FDQ EH FRPSDUHG ZLWK WKH ODWHUDO�GLVWRUWLRQDO EXFNOLQJ UHVXOWV UHSRUWHG LQ WKH OLWHUDWXUH� WKH HIIHFW

RI ZHE SODWH IOH[XUH GXULQJ EXFNOLQJ PXVW EH HOLPLQDWHG� 7KLV PD\ EH DFKLHYHG E\ LGHQWLI\LQJ WKH WHUP
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)LJ� � ,QHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ RI XQUHVWUDLQHG EHDP LQ XQLIRUP EHQGLQJ



,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

LQ (T� ����� DQG VFDOLQJ LW E\ D ODUJH QXPEHU ���� ZDV XVHG KHUH��

)LJ� � VKRZV WKH FRPSDULVRQ EHWZHHQ WKH PRGHO UHSRUWHG KHUHLQ DQG WKH UHVXOWV RI 7UDKDLU DQG

.LWLSRUQFKDL ������� ,W FDQ EH VHHQ WKDW WKH UHVXOWV DUH DOPRVW LQ FRPSOHWH DJUHHPHQW IRU WKH SRO\QRPLDO

UHVLGXDO VWUHVV SDWWHUQ� EXW WKDW WKHUH LV D VPDOO GLVFUHSDQF\ EHWZHHQ WKH WZR PHWKRGV IRU WKH VLPSOLILHG

UHVLGXDO VWUHVV SDWWHUQ� 7KLV GLVFUHSDQF\ DSSHDUV WR EH D UHVXOW RI WKH LQDELOLW\ RI 7UDKDLU DQG

.LWLSRUQFKDL¶V PRGHO WR HQIRUFH FRPSOHWH WRUVLRQDO HTXLOLEULXP� DV LV LQGLFDWHG E\ WKHLU VROXWLRQ O\LQJ

VOLJKWO\ DERYH WKH WKHRUHWLFDO HODVWLF VROXWLRQ DV WKH HODVWLF UDQJH RI UHVSRQVH LV HQWHUHG� $V ZRXOG EH

H[SHFWHG� WKH LQIOXHQFH RI WKH PRGHO RI UHVLGXDO VWUHVV GRHV QRW DIIHFW WKH YDOXH RI WKH EHDP VOHQGHUQHVV

/�U\ DW ZKLFK VWUDLQ�KDUGHQLQJ EXFNOLQJ WDNHV SODFH� DQG WKH UHVXOWV RI ERWK LQYHVWLJDWLRQV DUH LQ

DJUHHPHQW ZKHQ WKH EXFNOLQJ PRPHQW HTXDOV WKH SODVWLF PRPHQW RI UHVLVWDQFH�

�� ,QHODVWLF EXFNOLQJ RI DQ XQUHVWUDLQHG EHDP

$ QXPEHU RI VWXGLHV UHSRUWHG LQ WKH OLWHUDWXUH KDYH LQGLFDWHG WKDW WKH LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ

PRPHQW IRU DQ XQUHVWUDLQHG ,�EHDP KDV D SURIRXQG GHSHQGHQFH RQ WKH PRGHO RI WKH UHVLGXDO VWUHVVHV� 7KLV

LQIOXHQFH RI WKH UHVLGXDO VWUHVVHV UHVXOWV IURP WKHLU GHSHQGHQFH RQ WKH JHRPHWULF SURSRUWLRQV RI WKH EHDP

FURVV�VHFWLRQ� DQG WKH VLPSOLILHG PRGHO ZDV XVHG LQ WKH FXUUHQW PHWKRG WR VWXG\ WKH LQHODVWLF ODWHUDO�

GLVWRUWLRQDO EXFNOLQJ RI IRXU GLIIHUHQW FURVV�VHFWLRQ W\SHV� ���8%��� DQG ���8%���� XQLYHUVDO EHDP

VHFWLRQV PDQXIDFWXUHG LQ $XVWUDOLD� DQG DQ �:)�� DQG $XVWUDOLDQ ���8&��� XQLYHUVDO FROXPQ VHFWLRQV�

7KH PDWHULDO SURSHUWLHV XVHG ZHUH� (  ��� *3D� σ\  ��� 03D� ν  ���� εVW�ε\  �� DQG K�  ���
7KH UHVXOWV RI WKH LQHODVWLF EXFNOLQJ VWXG\ DUH VKRZQ LQ )LJ� �� ZKHUH WKH\ DUH FRPSDUHG ZLWK WKH

FRUUHVSRQGLQJ UHVXOWV UHSRUWHG E\ %UDGIRUG DQG 7UDKDLU ������ ZKR DQDO\VHG WKH VDPH IRXU FURVV�

VHFWLRQV� 7KH LQHODVWLF EXFNOLQJ PRPHQW KDV EHHQ QRUPDOLVHG ZLWK UHVSHFW WR WKH IXOO SODVWLF PRPHQW

03 DQG WKH EHDP VOHQGHUQHVV UHSUHVHQWHG DV � ZKHUH0R LV WKH HODVWLF ODWHUDO EXFNOLQJ PRPHQW� 7KH

GLVSDULW\ EHWZHHQ WKH UHVXOWV SURGXFHG E\ WKH PHWKRG RI WKLV SDSHU DQG WKDW RI %UDGIRUG DQG 7UDKDLU

DULVHV SULPDULO\ EHFDXVH WKH IRUPHU VWXG\ XVHV WKH VLPSOLILHG PRGHO RI UHVLGXDO VWUHVVHV� ZKLOH WKH ODWWHU

VWXG\ XVHV D SRO\QRPLDO SDWWHUQ�

)RU GHVLJQ� LW LV QHFHVVDU\ WKDW WKH VFDWWHU RI UHVXOWV EH DFFRXQWHG IRU� DW OHDVW LQ D FRQVHUYDWLYH

IDVKLRQ� 7KH SUHGLFWLRQV RI WKH EHDP VWUHQJWK FXUYH RI WKH $XVWUDOLDQ $6���� VWHHO VWUXFWXUHV VWDQGDUG

�6$� ����� EDVHG RQ WKH OLPLW VWDWH RI ODWHUDO EXFNOLQJ DUH DOVR VKRZQ LQ )LJ� �� DQG WKLV EHDP FXUYH

LQFRUSRUDWHV WKH HIIHFWV RI JHRPHWULF LPSHUIHFWLRQV WKDW DUH QRW LQFOXGHG LQ HLWKHU WKH %UDGIRUG DQG

7UDKDLU ������ PRGHO� RU WKH PHWKRG GHYHORSHG KHUHLQ� *HQHUDOO\� WKH $6���� FXUYH LV TXLWH

FRQVHUYDWLYH� H[FHSW IRU VWRFN\ EHDPV� 7KLV XQFRQVHUYDWLVP KDV DOVR EHHQ QRWHG HOVHZKHUH �7UDKDLU

����� 7UDKDLU DQG %UDGIRUG ������ EXW LW VKRXOG EH QRWHG WKDW QHLWKHU PHWKRG LQFOXGHV WKH EHQLJQ HIIHFW

RI PDMRU D[LV EHQGLQJ FXUYDWXUH �7UDKDLU ������

�� ,QHODVWLF GLVWRUWLRQDO EXFNOLQJ RI DQ HODVWLFDOO\ UHVWUDLQHG EHDP

���U *HQHUDO

7KH HIIHFW RI FRQWLQXRXV HODVWLF UHVWUDLQWV RQ WKH LQHODVWLF EXFNOLQJ RI ,�VHFWLRQ EHDPV KDV EHHQ

LQYHVWLJDWHG� ,Q WKLV VWXG\� WKH FURVV�VHFWLRQV FRQVLGHUHG LQ WKH SUHYLRXV VHFWLRQ ZLWK WKH VLPSOLILHG PRGHO RI

UHVLGXDO VWUHVVHV ZHUH DGRSWHG� ZLWK WKH EHDP VXEMHFWHG WR FRQWLQXRXV WUDQVODWLRQDO� PLQRU D[LV URWDWLRQDO DQG

03 0R⁄



��� 'RQJ�6LN /HH DQG 0DUN $� %UDGIRUG

WZLVW URWDWLRQDO �WRUVLRQDO� UHVWUDLQWV DSSOLHG DW WKH WHQVLRQ IODQJH OHYHO� 7KH VWLIIQHVV RI WKH WUDQVODWLRQDO

UHVWUDLQW SHU XQLW OHQJWK LV NW� WKH PLQRU D[LV UHVWUDLQW VWLIIQHVV SHU XQLW OHQJWK LV NU\� DQG WKH WRUVLRQDO UHVWUDLQW LV

N]� DQG WKHVH KDYH EHHQ H[SUHVVHG LQ WKH QRQ�GLPHQVLRQDO IRUP �7UDKDLU ����� %UDGIRUG ����D�U

����

ZKHUH 1\ LV WKH (XOHU ORDG� DQG *- LV WKH HODVWLF 6DLQW 9HQDQW WRUVLRQDO ULJLGLW\�

7KH ODWHUDO�WRUVLRQDO EXFNOLQJ PRPHQWV KDYH DOVR EHHQ FDOFXODWHG LQ WKLV VWXG\ LQ RUGHU WR FRPSDUH

WKHP ZLWK WKRVH RI WKH ODWHUDO�GLVWRUWLRQDO EXFNOLQJ DQDO\VLV E\ PRGLI\LQJ WKH ULJLGLW\ RI WKH ZHE LQ WKH

VDPH IDVKLRQ DV GHVFULEHG HDUOLHU� ,Q WKH JUDSKV JHQHUDWHG LQ WKH LQYHVWLJDWLRQ� WKH GLPHQVLRQOHVV

EXFNOLQJ PRPHQW 0�0\ KDV EHHQ SORWWHG DV D IXQFWLRQ RI WKH GLPHQVLRQOHVV EHDP OHQJWK /�K� ZKHUH0\

LV WKH ILUVW�\LHOG PRPHQW RI WKH FURVV�VHFWLRQ LQ WKH DEVHQFH RI UHVLGXDO VWUHVVHV�

���� 0LQRU D[LV URWDWLRQDO UHVWUDLQW

,Q WKLV VWXG\� ���8%���� DQG ���8&��� FURVV�VHFWLRQV ZHUH FRQVLGHUHG� DQG WKH FRQWLQXRXV PLQRU

D[LV URWDWLRQDO UHVWUDLQW RI GLPHQVLRQOHVV VWLIIQHVV αU\ ZDV DSSOLHG DW WKH WHQVLRQ IODQJH OHYHO� 7KH UHVXOWV
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)LJ� � ,QHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ UHVXOWV



,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

DUH VKRZQ LQ )LJ� �� ZKHUH LW FDQ EH VHHQ WKDW LQFUHDVHV LQ WKH VWLIIQHVV RI WKH HODVWLF UHVWUDLQW LQFUHDVH

WKH EXFNOLQJ PRPHQW IRU ORQJHU EHDP OHQJWKV� EXW WKH HIIHFW EHLQJ RQO\ PLQRU ZLWK GHFUHDVHG EHDP

OHQJWKV IRU ZKLFK EXFNOLQJ LV DFFRPSDQLHG E\ VLJQLILFDQW \LHOGLQJ� 7KH LQHODVWLF ODWHUDO�GLVWRUWLRQDO DQG

LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ PRPHQWV YLUWXDOO\ FRLQFLGH� LQGLFDWLQJ WKDW WKH EXFNOLQJ LV QRW

DFFRPSDQLHG E\ GLVWRUWLRQ RI WKH FURVV�VHFWLRQ�

���� 7UDQVODWLRQDO UHVWUDLQW

$ VLPLODU LQYHVWLJDWLRQ KDV EHHQ FDUULHG RXW RQ ���8%���� DQG ���8&��� FURVV�VHFWLRQV ZLWK

FRQWLQXRXV WUDQVODWLRQDO UHVWUDLQW RI QRQ�GLPHQVLRQDOLVHG VWLIIQHVV α W� ,W ZDV IRXQG WKDW WKH UHVXOWV DUH

LGHQWLFDO WR WKRVH SUHVHQWHG LQ )LJ� �� EXW ZLWK NU\ UHSODFHG ZLWK NW/
� � π 21\� 7KLV UHVXOW ZDV SURYHQ IRU

HODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ E\ 7UDKDLU ������� DQG VKRZQ WR EH WUXH IRU HODVWLF ODWHUDO�GLVWRUWLRQDO

EXFNOLQJ E\ %UDGIRUG �����D�� )LJ� � VKRZV DGGLWLRQDO UHVXOWV IRU ���8%��� DQG �:)�� FURVV�VHFWLRQV�

DQG IRU ZKLFK D VLPLODU FRQFOXVLRQ FDQ EH PDGH UHJDUGLQJ WKH GXDOLW\ RI WKH FRQWLQXRXV PLQRU D[LV DQG

WUDQVODWLRQDO EXFNOLQJ UHVWUDLQWV�

���� 7RUVLRQDO UHVWUDLQW

,W ZDV VKRZQ E\ %UDGIRUG �����D� WKDW FURVV�VHFWLRQDO GLVWRUWLRQ KDV D SURIRXQG HIIHFW RQ WKH HODVWLF

)LJ� � ,QHODVWLF EXFNOLQJ RI EHDP ZLWK PLQRU D[LV URWDWLRQDO UHVWUDLQW



��� 'RQJ�6LN /HH DQG 0DUN $� %UDGIRUG

GLVWRUWLRQDO EXFNOLQJ ORDG RI D EHDP ZLWK FRPSOHWH FRQWLQXRXV DQG HODVWLF WRUVLRQDO UHVWUDLQW DJDLQVW

EXFNOLQJ DSSOLHG DW WKH OHYHO RI WKH WHQVLRQ IODQJH� ,W ZDV VKRZQ IXUWKHU WKDW ZKLOH WKH DVVXPSWLRQV RI

9ODVRY WKHRU\ XSRQ ZKLFK WKH SUHGLFWLRQV RI 7UDKDLU ������ ZHUH EDVHG SUHGLFW DQ LQILQLWH EXFNOLQJ

PRPHQW DV α] LQFUHDVHV WRZDUGV LQILQLW\� WKH UHOD[LQJ RI WKH DVVXPSWLRQ RI FURVV�VHFWLRQDO ULJLGLW\ OHDGV

WR ILQLWH HODVWLF EXFNOLQJ PRPHQWV� 7KH H[WHQVLRQ RI WKLV FRQFOXVLRQ LQWR LQHODVWLF EXFNOLQJ� LQ ZKLFK

WKH IXOO SODVWLF PRPHQW ZLWK VWUDLQ KDUGHQLQJ QHJOHFWHG ZDV DUJXHG WR EH DQ XSSHU ERXQG RQ WKH EHDP

VWUHQJWK �%UDGIRUG ������ KDV EHHQ FRQVLGHUHG LQ PRUH GHWDLO KHUH ZLWK D ���8%��� FURVV�VHFWLRQ DQG

WKH ZHOO�UHVHDUFKHG �:)�� FURVV�VHFWLRQ�

7KH EXFNOLQJ UHVXOWV DUH VKRZQ LQ )LJ� ��� $W ORZ YDOXHV RI α] � ��� WKH EHDP ZLWK D ���8%���

FURVV�VHFWLRQ ZDV IRXQG WR EXFNOH LQWR RQH KDUPRQLF �Q  �� LUUHVSHFWLYH RI OHQJWK� +RZHYHU� LQ WKH

UDQJH �� ≤ α] ≤ ��� WKH ORZHVW YDOXH RI WKH EXFNOLQJ PRPHQW GLG QRW FRUUHVSRQG WR WKH IXQGDPHQWDO

PRGH� DQG WKH QXPEHU RI KDUPRQLFV UHTXLUHG WR SURGXFH WKH ORZHVW LQHODVWLF EXFNOLQJ PRPHQW ZDV

GHSHQGHQW RQ WKH EHDP OHQJWK� )RU LQVWDQFH� ZLWK α]  �� WKH EHDP ZDV IRXQG WR EXFNOH LQ WKH

IXQGDPHQWDO PRGH �Q  �� IRU /�K ! ���� DSSUR[LPDWHO\� EXW ZLWK Q  � IRU GLPHQVLRQOHVV OHQJWKV OHVV

WKDQ WKLV YDOXH� 7KLV OLPLWLQJ YDOXH LV VKRZQ LQ )LJ� ��� )XUWKHU� ZLWK α]  �� WKH EHDPV EXFNOH ZLWK WZR

KDUPRQLFV �Q  �� IRU /�K ! �� DSSUR[LPDWHO\� ZLWK WKUHH KDUPRQLFV �Q  �� IRU �� � /�K � ��

DSSUR[LPDWHO\� ZLWK IRXU KDUPRQLFV �Q  �� IRU �� � /�K � �� DSSUR[LPDWHO\� DQG ZLWK ILYH KDUPRQLFV �Q

 �� IRU �� � /�K � �� DSSUR[LPDWHO\� )RU YDOXHV RI WKH GLPHQVLRQOHVV OHQJWKV OHVV WKDQ ��� WKH QXPEHU

)LJ� � ,QHODVWLF EXFNOLQJ RI EHDP ZLWK WUDQVODWLRQDO UHVWUDLQW



,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

RI KDUPRQLFV QHHGHG WR DFKLHYH WKH ORZHVW EXFNOLQJ ORDG ZDV IRXQG WR GHFUHDVH� EXW LQ WKLV OHQJWK UDQJH

WKH EXFNOLQJ PRGH LV LQHODVWLF ORFDO� DQG FDQQRW EH SUHGLFWHG DFFXUDWHO\ E\ WKH GLVWRUWLRQDO EXFNOLQJ

PHWKRG RI WKLV SDSHU� 6LPLODU WUHQGV IRU WKH ���8%��� FURVV�VHFWLRQ ZHUH IRXQG IRU α]  ��� DQG �����

&RUUHVSRQGLQJ EXFNOLQJ FXUYHV KDYH EHHQ REWDLQHG IRU WKH VWRFNLHU ZLGH�IODQJH �:)�� SURILOH� DQG

WKHVH DUH JLYHQ LQ )LJ� ��� 8QOLNH WKH QDUURZHU ���8% SURILOH� WKH ZLGH IODQJH SURILOH ZDV IRXQG WR

EXFNOH ZLWK IRXU KDUPRQLFV �Q  �� IRU /�K ! �� DSSUR[LPDWHO\� EXW SURJUHVVLYHO\ GHFUHDVLQJ WR WZR

KDUPRQLFV �Q  �� DV /�K GHFUHDVHV WR DERXW �� ZKLFK LV D VXLWDEOH FXWRII IRU WKH RFFXUUHQFH RI ORFDO

EXFNOLQJ� 7KH REVHUYDWLRQ RI WKH VRPHWLPHV�KLJK QXPEHU RI KDUPRQLFV LQ WKH HLJHQPRGH WKDW

FRUUHVSRQGV WR WKH ORZHVW HLJHQYDOXH LV LPSRUWDQW LQ WKH PRGHOOLQJ RI WKH SUREOHP ZLWK OLQH�W\SH ILQLWH

HOHPHQWV� )RU H[DPSOH� LQ WKH VWXG\ UHSRUWHG E\ %UDGIRUG ������� HLJKW HTXDO�OHQJWK HOHPHQWV ZHUH

XVHG� EXW UHGXFLQJ WKLV QXPEHU RI HOHPHQWV �ZKLFK XVH FXELF LQWHUSRODWLRQ SRO\QRPLDOV� PD\ FDXVH

LQDFFXUDFLHV LQ WKH VROXWLRQ LI WKH QXPEHU RI KDUPRQLFV LV ODUJH�

)LJV� �� DQG �� DOVR VKRZ WKH UHVXOWV REWDLQHG IRU LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ� ,W FDQ EH VHHQ

)LJ� �� ,QHODVWLF EXFNOLQJ RI GHHS ���8%��� ZLWK WRUVLRQDO UHVWUDLQW
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WKDW DV D] LV LQFUHDVHG WKH ODWHUDO�WRUVLRQDO DQG ODWHUDO�GLVWRUWLRQDO UHVXOWV EHFRPH LQFUHDVLQJO\ GLVSDUDWH�

ZLWK WKH IRUPHU EHLQJ XQFRQVHUYDWLYH� 7KLV WUHQG RFFXUV HYHQ IRU VKRUWHU EHDP�OHQJWKV IRU ZKLFK

EXFNOLQJ RFFXUV ZLWK KLJKO\ LQHODVWLF FURVV�VHFWLRQV� DQG WKH ODWHUDO�WRUVLRQDO EXFNOLQJ UHVXOWV RFFXU LQ

WKH VWUDLQ KDUGHQLQJ UDQJH RI PDWHULDO EHKDYLRXU�

�� &RQFOXVLRQV

7KLV SDSHU KDV FRQVLGHUHG WKH LQHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI DQ ,�VHFWLRQ EHDP XQGHU

XQLIRUP EHQGLQJ ZLWK DQG ZLWKRXW FRQWLQXRXV HODVWLF UHVWUDLQWV WKDW LQKLELW WKH EXFNOLQJ� 7KH PHWKRG

XVHV D TXLWH VLPSOH KDUPRQLF UHSUHVHQWDWLRQ RI WKH HLJHQPRGH� DQG LQFRUSRUDWHV ERWK WKH VR�FDOOHG

VLPSOLILHG DQG SRO\QRPLDO SDWWHUQV RI UHVLGXDO VWUHVVHV� VR DV WR VKHG OLJKW RQ VRPH RI WKH LPSRUWDQW

SDUDPHWHUV WKDW DIIHFW WKH EXFNOLQJ VWUHQJWK� %\ D VLPSOH PRGLILFDWLRQ RI WKH EXFNOLQJ PRGHO� WKH UHVXOWV

KDYH EHHQ YDOLGDWHG DJDLQVW UHVXOWV UHSRUWHG IRU LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ WKDW GRHV QRW LQYROYH

GLVWRUWLRQ RI WKH FURVV�VHFWLRQ GXULQJ EXFNOLQJ�

)RU XQUHVWUDLQHG EHDPV ZLWK KRW�UROOHG FURVV�VHFWLRQV �WR ZKLFK WKH VWXG\ KDV EHHQ UHVWULFWHG�� WKH

EXFNOLQJ PRGH LV VHQVLEO\ ODWHUDO�WRUVLRQDO DQG WKH HIIHFWV RI FURVV�VHFWLRQDO GLVWRUWLRQ FDQ EH LJQRUHG�

)LJ� �� ,QHODVWLF EXFNOLQJ RI ZLGH �:)�� ZLWK WRUVLRQDO UHVWUDLQW



,QHODVWLF ODWHUDO�GLVWRUWLRQDO EXFNOLQJ RI FRQWLQXRXVO\ UHVWUDLQHG UROOHG ,�EHDPV ���

%HFDXVH RI WKLV� FRGLILHG GHVLJQ UXOHV IRU LQHODVWLF ODWHUDO�WRUVLRQDO EXFNOLQJ PD\ EH XVHG� )RU EHDPV

ZLWK WUDQVODWLRQDO DQG PLQRU D[LV URWDWLRQDO UHVWUDLQW� EXW IRU ZKLFK WKH EHDP LV IUHH WR WZLVW GXULQJ

EXFNOLQJ� WKH LQHODVWLF EXFNOLQJ ORDG LV DJDLQ YHU\ VLPLODU WR WKDW IRU ODWHUDO�WRUVLRQDO EXFNOLQJ�

+RZHYHU� ZKHQ UHVWUDLQW DJDLQVW WZLVW URWDWLRQ LV DSSOLHG WR WKH FURVV�VHFWLRQ DORQJ WKH EHDP OHQJWK� WKH

PHPEHU LV QRW IUHH WR WZLVW GXULQJ EXFNOLQJ DQG FURVV�VHFWLRQDO GLVWRUWLRQ PXVW QHFHVVDULO\ DFFRPSDQ\

WKH EXFNOLQJ GHIRUPDWLRQ� 7KLV HIIHFW LV GLIILFXOW WR TXDQWLI\� DQG GHSHQGV RQ VXFK IDFWRUV DV WKH

WRSRORJ\ RI WKH FURVV�VHFWLRQDO SURILOH� WKH OHYHO RI UHVLGXDO VWUHVV� WKH EHDP OHQJWK DQG WKH VWLIIQHVV RI

WKH WRUVLRQDO UHVWUDLQW� :KLOH WKH EXFNOLQJ VWUHQJWK LQFUHDVHV ZLWK LQFUHDVLQJ VWLIIQHVV RI WKH WRUVLRQDO

UHVWUDLQW ZKHQ EDVHG RQ HLWKHU D ODWHUDO�WRUVLRQDO RU ODWHUDO�GLVWRUWLRQDO PRGHOOLQJ� WKH XVH RI WKH ODWWHU

PRUH UDWLRQDO DQDO\VLV OHDGV WR ORZHU VWUHQJWKV WKDQ WKRVH REWDLQHG XVLQJ D ODWHUDO�WRUVLRQDO

UHSUHVHQWDWLRQ� 6LQFH WKH IXOO\ SODVWLF PRPHQW FDQ RQO\ EH XVHG DV DQ XSSHU ERXQG� ZKLFK LV QRW

QHFHVVDULO\ FORVH WR WKH SUHGLFWHG VWUHQJWK ZLWK FRQWLQXRXV WRUVLRQDO UHVWUDLQW� FDUH VKRXOG EH H[HUFLVHG

LQ WKH XVH RI FRGLILHG GHVLJQ UXOHV WR PRGHO WKLV TXLWH FRPPRQ VLWXDWLRQ RI EHDP UHVWUDLQW�

7KH PDQ\ EXFNOLQJ KDOI�ZDYHOHQJWKV LQWR ZKLFK D EHDP PD\ EXFNOH KDV EHHQ GHPRQVWUDWHG LQ WKH

SDSHU� 7KLV KDV UDPLILFDWLRQV RQ WKH XVH RI OLQH W\SH ILQLWH HOHPHQWV IRU DQ ³RYHUDOO´ EXFNOLQJ PRGH�

VLQFH WKH OHQJWKZLVH LQWHUSRODWLRQ SRO\QRPLDOV XVHG LQ WKHVH ZRXOG EH DW RGGV ZLWK SUHGLFWLQJ

DFFXUDWHO\ D EXFNOLQJ PRGH WKDW LV DFFRPSDQLHG E\ D ODUJH QXPEHU RI KDOI ZDYHOHQJWKV� XQOHVV D

VXIILFLHQWO\ ODUJH QXPEHU RI HOHPHQWV ZDV FKRVHQ� 7KH SRVVLELOLW\ RI WKH EXFNOLQJ PRGH FRQWDLQLQJ

PDQ\ KDOI�ZDYHOHQJWKV LV QRW NQRZQ LQLWLDOO\� DQG WKH UHVXOWV LQ WKLV SDSHU SURYLGH JUHDWHU FODULW\ LQ WKH

JXLGDQFH RQ FHUWDLQ JHRPHWULHV ZKHUH WKH XVH RI OLQH�W\SH HOHPHQWV PD\ OHDG WR DEHUUDWLRQV LQ WKH

DFFXUDF\ RI WKH VROXWLRQ�
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