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$EVWUDFW� 7KLV SDSHU FRPSDUHV SULFH�EDVHG �SULFH�FDS� UHJXODWLRQ ZLWK FRVW�EDVHG �UDWH�

RI�UHWXUQ� UHJXODWLRQ LQ D PRGHO LQ ZKLFK VHUYLFH TXDOLW\ LV FRQVLGHUHG� 3ULFH�EDVHG

UHJXODWLRQ VWUHQJWKHQV FRVW�UHGXFLQJ HIIRUWV DQG ORZHUV SULFH FRPSDUHG WR FRVW�EDVHG

UHJXODWLRQ� :KHQ WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV LV VPDOO�

SULFH�EDVHG UHJXODWLRQ PDNHV TXDOLW\ DQG FRQVXPHU VXUSOXV KLJKHU WKDQ FRVW�EDVHG

UHJXODWLRQ� ,Q WKLV FDVH� FRVW�SDVVWKURXJK DGMXVWPHQWV DGGHG WR SULFH�EDVHG UHJXODWLRQ

QHYHU LPSURYHV TXDOLW\ DQG FRQVXPHU VXUSOXV� 1H[W� ZH FRQVLGHU D SRVVLEOH DOWHUQDWLYH

WR FRVW�SDVVWKURXJK DGMXVWPHQWV� ZKLFK DOZD\V DWWDLQV D KLJKHU OHYHO RI TXDOLW\ DQG

ODUJHU FRQVXPHU VXUSOXV WKDQ SULFH�EDVHG UHJXODWLRQ�

NH\ZRUGV� SULFH�EDVHG UHJXODWLRQ� FRVW�EDVHG UHJXODWLRQ� SULFH�FDS UHJXODWLRQ�

UDWH�RI�UHWXUQ UHJXODWLRQ� TXDOLW\� FRQJHVWLRQ

-(/ FODVVLILFDWLRQ QXPEHU� /��� /��� /��

＊ , ZRXOG OLNH WR WKDQN <RVKLWVXJX .DQHPRWR� +DMLPH 0L\D]DNL DQG ,VDPX 0DWVXNDZD IRU KHOSIXO

VXJJHVWLRQV DQG GLVFXVVLRQV� 2I FRXUVH� , DP VROHO\ UHVSRQVLEOH IRU DQ\ UHPDLQLQJ HUURUV DQG RPLVVLRQV�
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� ,QWURGXFWLRQ

0DQ\ DXWKRULWLHV FXUUHQWO\ XVH SULFH�EDVHG �SULFH�FDS� UHJXODWLRQ DV D UHJXODWRU\

PHWKRG LQVWHDG RI FRVW�EDVHG �UDWH�RI�UHWXUQ� UHJXODWLRQ� 7KH XVH RI SULFH�EDVHG

UHJXODWLRQ� KRZHYHU� SUHVHQWV D GLIILFXOW SUREOHP� :KLOH D UHJXODWRU FDQ IRUFH D

PRQRSRO\ WR ORZHU LWV SULFH E\ LPSRVLQJ DQ XSSHU OLPLW RQ WKH SULFH� D UHJXODWRU FDQQRW

SURYLGH ILUPV ZLWK LQFHQWLYHV WR LPSURYH TXDOLW\� ,Q WKH HFRQRPLFV OLWHUDWXUH� 6SHQFH

������ DQG RWKHUV� VXJJHVW WKDW TXDOLW\ GHWHULRUDWHV XQGHU SULFH�EDVHG UHJXODWLRQ�

+RZHYHU� QRQH RI WKHP DIIRUG XV D WKHRUHWLFDO DQDO\VLV LQFOXVLYH RI TXDOLW\ WKDW

GHILQLWHO\ DGGUHVVHV WKH SUREOHP� 7KXV� ZH VWLOO FDQQRW VHWWOH LPSRUWDQW SROLF\

TXHVWLRQV VXFK DV ZKHWKHU RU QRW WKH VKLIW IURP FRVW�EDVHG WR SULFH�EDVHG UHJXODWLRQ

LQHYLWDEO\ FDXVHV D PRQRSRO\ WR UHGXFH LWV OHYHO RI TXDOLW\ DQG ZKHWKHU RU QRW SULFH�

EDVHG UHJXODWLRQ VKRXOG EH DEDQGRQHG LQ IDYRU RI DQRWKHU W\SH RI UHJXODWLRQ ZKHQ WKH

OHYHO RI TXDOLW\ VXSSOLHG E\ D PRQRSRO\ LV ORZ� 7KH SXUSRVH RI WKLV SDSHU LV WR WDFNOH

WKHVH SUREOHPV� :H FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ LQ D

PRGHO LQ ZKLFK D PRQRSRO\ FDQ VHOHFW LWV OHYHO RI VHUYLFH TXDOLW\ DQG VKRZ WKH

LQIOXHQFHV RI ERWK UHJXODWLRQV RQ SULFH� FRVW�UHGXFLQJ HIIRUWV� DQG TXDOLW\� $V D UHVXOW�

RXU DQDO\VLV FODULILHV WKH HIIHFW RI ERWK UHJXODWLRQV RQ FRQVXPHU VXUSOXV�

7R VHW XS D PRGHO DV VLPSO\ DV SRVVLEOH� WKH SDSHU IRFXVHV RQ VHUYLFH FRQJHVWLRQ

DV D UHSUHVHQWDWLYH DVSHFW RI VHUYLFH TXDOLW\� $OWKRXJK TXDOLW\ LV HVVHQWLDOO\

PXOWLGLPHQVLRQDO� FRQJHVWLRQ�W\SH TXDOLW\ UHSUHVHQWV DQ LPSRUWDQW DVSHFW RI VHUYLFHV

VXSSOLHG E\ SXEOLF XWLOLWLHV� )RU H[DPSOH� LPSRUWDQW TXDOLW\ PHDVXUHV LQ HOHFWULFLW\

VXSSO\ DUH WKH IUHTXHQF\ DQG WKH OHQJWK RI EUHDNGRZQV� ZKLFK PRVWO\ UHVXOW IURP

� 6HH� IRU H[DPSOH� 1RDP ������� 5RYL]]L DQG 7KRPSVRQ ������� DQG 9LFNHUV DQG <DUURZ �������
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FRQJHVWLRQ� ,Q WHOHFRPPXQLFDWLRQV� HDVH RI FRQQHFWLRQ WR OLQHV DQG WKH WUDQVIHU VSHHG

RI GDWD DUH LPSRUWDQW TXDOLW\ PHDVXUHV WKDW DUH DOVR FORVHO\ UHODWHG WR QHWZRUN

FRQJHVWLRQ�

7KH PDMRU UHVXOWV RI WKLV SDSHU DUH DV IROORZV� )LUVW� ZH FRQVLGHU WKH SRODU FDVH

ZKHUH QR FRQJHVWLRQ H[LVWV DQG FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG

UHJXODWLRQ RQ WKH FRQGLWLRQ WKDW WKH PRQRSRO\©V SURILWV UHPDLQ XQFKDQJHG� UHJDUGOHVV RI

WKH UHJXODWRU\ PHWKRG� ,Q WKLV FDVH� SULFH�EDVHG UHJXODWLRQ LQFUHDVHV FRVW�UHGXFLQJ

HIIRUWV DQG ORZHUV SULFH FRPSDUHG WR FRVW�EDVHG UHJXODWLRQ� $V D UHVXOW� SULFH�EDVHG

UHJXODWLRQ \LHOGV JUHDWHU FRQVXPHU VXUSOXV WKDQ FRVW�EDVHG UHJXODWLRQ� ,Q WKH DEVHQFH

RI FRQJHVWLRQ� SULFH�EDVHG UHJXODWLRQ LV DOZD\V VXSHULRU WR FRVW�EDVHG UHJXODWLRQ�

6HFRQG� ZH IRFXV RQ WKH FDVH ZKHUH FRQJHVWLRQ H[LVWV� ,Q WKLV FDVH WRR� SURYLGHG

WKH PRQRSRO\©V SURILWV DUH NHSW IL[HG� FRVW�UHGXFLQJ HIIRUWV DQG SULFH DUH UHVSHFWLYHO\

VWURQJHU DQG ORZHU XQGHU SULFH�EDVHG UHJXODWLRQ WKDQ XQGHU FRVW�EDVHG UHJXODWLRQ� $V

WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� WKH OHYHO RI TXDOLW\ EHFRPHV KLJKHU DV ORQJ DV WKH

LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV LV VPDOO� 7KHUHIRUH� LI WKLV UDWH LV

VPDOO� FRQVXPHU VXUSOXV LQFUHDVHV DV WKH UHJXODWLRQ LV PDGH PRUH SULFH�EDVHG� EHFDXVH

SULFH IDOOV DQG TXDOLW\ DPHOLRUDWHV� 2Q WKH FRQWUDU\� LI WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\

RI FRVW�UHGXFLQJ HIIRUWV LV ODUJH� WKH OHYHO RI TXDOLW\ IDOOV DV WKH UHJXODWLRQ LV PDGH PRUH

SULFH�EDVHG� ,Q WKLV FDVH� FRQVXPHU VXUSOXV GHFUHDVHV� LI WKH VXUSOXV�GHWHULRUDWLQJ

HIIHFW RI D GHFUHDVH LQ TXDOLW\ RXWZHLJKV WKH VXUSOXV�LPSURYLQJ HIIHFW RI D GHFUHDVH LQ

SULFH�

,Q UHDOLW\� WKH UHJXODWRU FDQQRW REWDLQ LQIRUPDWLRQ DERXW D PRQRSRO\©V GLVXWLOLW\ RI

FRVW�UHGXFLQJ HIIRUWV� 7KHUHIRUH� WKH UHJXODWRU FDQQRW NQRZ ZKHWKHU RU QRW SULFH�EDVHG

UHJXODWLRQ VKRXOG EH DOWHUHG WR �RU PL[HG ZLWK� FRVW�EDVHG UHJXODWLRQ WR LPSURYH TXDOLW\�
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ZKHQ SULFH�EDVHG UHJXODWLRQ LV OHDGLQJ WR ORZ TXDOLW\� 7KXV� ZH QH[W FRQVLGHU D

UHJXODWLRQ ZLWK DQ XSSHU OLPLW RQ SULFH WKDW LV FRQWLQJHQW RQ DQ LQGH[ RI TXDOLW\� ZKLFK

ZH FDOO TXDOLW\�SOXV UHJXODWLRQ� 2XU DQDO\VLV VKRZV WKDW TXDOLW\�SOXV UHJXODWLRQ

DFKLHYHV KLJKHU OHYHOV RI TXDOLW\ DQG FRQVXPHU VXUSOXV WKDQ SULFH�EDVHG UHJXODWLRQ�

$OWKRXJK WKH ZRUOGZLGH WUHQG RI GHUHJXODWLRQ LV UHGXFLQJ WKH QXPEHU RI

PRQRSROLHV� LW LV LPSRUWDQW WR DQDO\]H ZKLFK UHJXODWLRQ� SULFH�EDVHG RU FRVW�EDVHG� LV D

PRUH DSSURSULDWH UHJXODWRU\ WRRO IRU PRQRSROLHV� )LUVW� DV SRLQWHG RXW E\ %UDHXWLJDP

DQG 3DQ]DU ������� ¦7KH YDOXH RI 3&©V >SULFH�FDS UHJXODWLRQV@ DV D SROLF\ LQQRYDWLRQ IRU

WKH FRQWURO RI QDWXUDO PRQRSRO\ UHPDLQV DQ RSHQ TXHVWLRQ �3������§ 2XU DQDO\VLV

SURYLGHV D WKHRUHWLFDO IUDPHZRUN WKDW FDQ GHDO ZLWK WKLV SUREOHP� 6HFRQG� HYHQ LI

GHUHJXODWLRQ SURFHHGV� PRQRSROLHV ZLOO UHPDLQ LQ PDQ\ LQGXVWULHV ZKHUH HFRQRPLHV RI

VFDOH DUH YHU\ VLJQLILFDQW� VXFK DV QDWLRQZLGH WUDQVPLVVLRQ VHUYLFHV LQ WKH VXSSO\ RI

HOHFWULFLW\ DQG ORFDO WHOHSKRQH QHWZRUNV LQ WHOHFRPPXQLFDWLRQV� 2XU DQDO\VLV LV XVHIXO

LQ UHGHVLJQLQJ UHJXODWRU\ VFKHPHV IRU WKH UHPDLQLQJ PRQRSROLHV� EHFDXVH LW H[SOLFLWO\

WDNHV LQWR DFFRXQW WKH OHYHO RI TXDOLW\� ZKLFK LV GLVUHJDUGHG LQ PRVW DQDO\VHV EXW LV

DFWXDOO\ YHU\ VLJQLILFDQW IRU FRQVXPHUV�

7KH VWUXFWXUH RI WKLV SDSHU LV DV IROORZV� ,Q VHFWLRQ � ZH VHW XS D PRGHO� ,Q

VHFWLRQ � ZH FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ� ,Q VHFWLRQ �

ZH LQWURGXFH TXDOLW\�SOXV UHJXODWLRQ ZKLFK LV FRPSDUHG ZLWK SULFH�EDVHG UHJXODWLRQ�

,Q VHFWLRQ � ZH FRQGXFW QXPHULFDO VLPXODWLRQV ZKLFK LOOXVWUDWH RXU UHVXOWV� 6HFWLRQ �

FRQFOXGHV RXU DQDO\VLV�

� 0RGHO

$ PRQRSRO\ ILUP VXSSOLHV D VHUYLFH� 7KH PRQRSRO\©V FRVWV WR SURYLGH WKH
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VHUYLFH FRQVLVW RI D XQLW SURGXFWLRQ FRVW WLPHV TXDQWLW\ DQG FDSDFLW\ FRVWV� 7KH

PRQRSRO\ FDQ UHGXFH LWV XQLW SURGXFWLRQ FRVW E\ LWV RZQ HIIRUWV� H � ZKLFK DUH

XQREVHUYDEOH WR WKH UHJXODWRU� )RU VLPSOLFLW\� WKH IRUP RI WKH FRVW IXQFWLRQ LV DVVXPHG

WR EH & D H [ E4= − +� � � ZKHUH D DQG E DUH IL[HG SDUDPHWHUV� DQG [ DQG 4 GHQRWH

TXDQWLW\ DQG SURGXFWLRQ FDSDFLW\ UHVSHFWLYHO\� & DQG [ DUH K\SRWKHVL]HG WR EH

REVHUYDEOH DQG YHULILDEOH� 7DNLQJ LQWR DFFRXQW WKH IDFW WKDW KXJH FRVWV ZLOO EH QHHGHG

WR PDNH 4 YHULILDEOH� ZH DVVXPH WKDW 4 LV REVHUYDEOH EXW XQYHULILDEOH� 7KH

PRQRSRO\ ILUP LQFXUV PRQHWDU\ GLVXWLOLW\ ϕ� �H IURP FRVW�UHGXFLQJ HIIRUWV� H � 7KLV

GLVXWLOLW\ IXQFWLRQ� ZKLFK LV XQREVHUYDEOH WR WKH UHJXODWRU� LQFUHDVHV ZLWK WKH HIIRUW OHYHO

�L�H�� ′ ≥ϕ � �H �� DW DQ LQFUHDVLQJ UDWH �L�H�� ′′ >ϕ � �H � ��

7KH OHYHO RI FRQJHVWLRQ LV PHDVXUHG E\ WKH TXDQWLW\ SURGXFHG SHU XQLW RI FDSDFLW\�

[

4
� )RU DQDO\WLFDO VLPSOLFLW\� ZH XVH WKH LQYHUVH RI WKH FRQJHVWLRQ PHDVXUH DV D

PHDVXUH RI TXDOLW\� T � L�H�� T
4

[
≡ � 7KLV GHILQLWLRQ PHDQV WKDW HQKDQFHG FDSDFLW\

OHDGV WR LPSURYHG TXDOLW\ �L�H�� UHGXFHG FRQJHVWLRQ� FHWHULV SDULEXV DQG YLFH YHUVD� ,Q

RXU DQDO\VLV� 4 LV QRPLQDO LQ WKH VHQVH WKDW LW LV SRVVLEOH WKDW WKH TXDQWLW\ SURGXFHG

H[FHHGV SURGXFWLRQ FDSDFLW\ �L�H�� [ 4> �� LQ ZKLFK FDVH WKH VHUYLFH VXSSO\ FRQWLQXHV

EXW LWV TXDOLW\ GHWHULRUDWHV� 6LQFH 4 KDV EHHQ DVVXPHG WR EH XQYHULILDEOH� FRQJHVWLRQ�

4

[
� LV DOVR XQYHULILDEOH� 8VLQJ T

4

[
≡ � ZH UHZULWH WKH FRVW IXQFWLRQ DV

& D H ET [= − +� � � ZKHUH D H ET− + > � LV DVVXPHG WR KROG�

7KH PDUNHW GHPDQG IXQFWLRQ IRU WKH VHUYLFH LV JLYHQ E\ [ S T� � � � ZKHUH S

GHQRWHV SULFH� ZKLFK LV DVVXPHG WR EH REVHUYDEOH DQG YHULILDEOH� :H DVVXPH WKDW WKH

PDUNHW GHPDQG IXQFWLRQ LWVHOI LV REVHUYDEOH EXW XQYHULILDEOH EHFDXVH LW ZLOO EH YHU\
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FRVWO\ WR YHULI\ WKH PDUNHW GHPDQG IXQFWLRQ� ZKLFK VRPHWLPHV IOXFWXDWHV�� )RU WKH

VDNH RI DQDO\WLFDO VLPSOLFLW\� ZH DVVXPH WKDW WKLV GHPDQG IXQFWLRQ LV VHSDUDEOH LQ S

DQG T � L�H�� [ S T I S J T� � � � � � �= + � ZKHUH [ IS S= < � � [ JT T= > � � DQG

[ JTT TT= < � � :H KHUHDIWHU XVH VXEVFULSWV WR GHQRWH SDUWLDO GHULYDWLYHV� [TT < � LV

QHFHVVDU\ WR JXDUDQWHH WKDW FRQVXPHU VXUSOXV LV FRQFDYH LQ T � &RQVXPHU VXUSOXV

IURP WKLV VHUYLFH LV 6 S T [ S T GS
S

� � � � � �≡ ′ ′
∞

I �

7KH SURILWV RI WKH PRQRSRO\ ILUP DUH�

π ϕ� � � � � � � � � � � � � �S T H S[ S T D H ET [ S T H≡ − − + − �

,Q DOO RXU DQDO\VHV VWDWHG EHORZ� ZH DVVXPH WKDW WKHUH H[LVWV D XQLTXH LQWHULRU VROXWLRQ�

� 3ULFH�EDVHG 5HJXODWLRQ YV� &RVW�EDVHG 5HJXODWLRQ

,Q WKLV VHFWLRQ� ZH FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ�

3ULFH�EDVHG UHJXODWLRQ FDQ EH ZULWWHQ DV

S S≥ ���

ZKHUH S GHQRWHV WKH XSSHU OLPLW RQ WKH SULFH RI WKH PRQRSRO\©V VHUYLFH WKDW LV

GHWHUPLQHG E\ WKH UHJXODWRU� &RVW�EDVHG UHJXODWLRQ FDQ EH H[SUHVVHG DV

& S[≥ � ���

'LYLGLQJ ERWK VLGHV RI (T� ��� E\ [ � ZH REWDLQ DQRWKHU IRUP RI FRVW�EDVHG UHJXODWLRQ�

&

[
D H ET S= − + ≥ ���

� 7KLV DVVXPSWLRQ LPSOLHV WKDW WKH UHJXODWRU FDQQRW FDOFXODWH WKH YDOXH RI T EDVHG RQ [ DQG S � 7KDW

LV� ZLWKRXW WKLV DVVXPSWLRQ� T ZRXOG EHFRPH YHULILDEOH�
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&RPELQLQJ (T� ��� ZLWK (T� ���� ZH REWDLQ WKH UHJXODWRU\ FRQVWUDLQW WKDW LQFOXGHV ERWK

SULFH�EDVHG DQG FRVW�EDVHG UHJXODWLRQV�

α α� � � �D H ET S S− + + − ≥� ���

ZKHUH � �≤ <α �� (T� ��� UHGXFHV WR SULFH�EDVHG UHJXODWLRQ ZKHQ α = � DQG

EHFRPHV PRUH FRVW�EDVHG DV α DSSURDFKHV �� :H DVVXPH WKDW WKLV UHJXODWRU\

FRQVWUDLQW LV DOZD\V ELQGLQJ�

$ EDVLV RI FRPSDULVRQ LV QHHGHG WR FRPSDUH WKH GLIIHUHQW NLQGV RI UHJXODWLRQ�

:H DVVXPH WKDW WKH UHJXODWRU NHHSV D PRQRSRO\ LQGLIIHUHQW DPRQJ UHJXODWRU\ PHWKRGV�

L�H�� WKH UHJXODWRU NHHSV WKH UHQW JLYHQ WR D PRQRSRO\ XQFKDQJHG� 7KLV EDVLV RI

FRPSDULVRQ LV SODXVLEOH� EHFDXVH� LQ UHDOLW\� WKH UHJXODWRU WULHV WR DGMXVW D PRQRSRO\©V

SURILWV LI WKH FKDQJH LQ UHJXODWRU\ PHWKRGV LQFUHDVHV RU GHFUHDVH LWV SURILWV WRR PXFK��

7KXV� WKH UHJXODWRU VHWV S VR DV WR \LHOG WKH VDPH OHYHO RI SURILWV UHJDUGOHVV RI WKH

YDOXH RI α � :H IRFXV RQ WKH HIIHFW RI D FKDQJH LQ WKH YDOXH RI α RQ SULFH� TXDOLW\�

DQG FRVW�UHGXFLQJ HIIRUWV� KROGLQJ WKH PRQRSRO\©V SURILWV FRQVWDQW� $V D UHVXOW� ZH

GHULYH WKH HIIHFW RI D FKDQJH LQ α RQ FRQVXPHU VXUSOXV�

��� :KHQ QR &RQJHVWLRQ ([LVWV

� :KHQ α =� � WKH PRGHO GHJHQHUDWHV� 7KLV LV D IDPLOLDU SURSHUW\ RI UDWH�RI�UHWXUQ UHJXODWLRQ PRGHOV

WKDW DULVHV ZKHQ WKH UHYHQXH DOORZHG HTXDOV WKH ILUP©V FRVWV� 6HH %DXPRO DQG .OHYRULFN ������ DQG

.OHYRULFN ������ RQ WKLV SRLQW�

� ,Q 8.� WKH /DERXU JRYHUQPHQW LQWURGXFHG D ¦ZLQGIDOO§ WD[ RQ UHJXODWHG LQGXVWULHV WKDW HDUQ KXJH SURILWV

E\ WKH FKDQJH LQ UHJXODWRU\ PHWKRGV� ,I WKH UHJXODWRU GLG QRW FDUH DERXW WKH OHYHO RI SURILWV D PRQRSRO\

HDUQV� KRZHYHU� ZH FRXOG FRQVLGHU RWKHU EDVHV RI FRPSDULVRQ� )RU LQVWDQFH� WKH UHJXODWRU PLJKW FKRRVH

WR NHHS WKH PRQRSRO\©V VHUYLFH SULFH FRQVWDQW�
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)LUVW� DV D EHQFKPDUN� ZH IRFXV RQ WKH SRODU FDVH ZKHUH E = � DQG

[ S T I S� � � � �≡ � ,Q WKLV FDVH� WKH PRQRSRO\©V SURGXFWLRQ FRVWV GR QRW GHSHQG RQ

FDSDFLW\� DQG WKH PRQRSRO\ SRVVHVVHV LQILQLWH FDSDFLW\ �L�H�� 4 = ∞ �� 7KXV� QR

FRQJHVWLRQ H[LVWV DQG VHUYLFH TXDOLW\ KDV QR LQIOXHQFH RQ WKH PDUNHW GHPDQG� 7KH

SURILW�PD[LPL]DWLRQ SUREOHP IRU WKH PRQRSRO\ LQ WKLV VLWXDWLRQ� �0��� FDQ EH ZULWWHQ DV

�0��
PD[ � � � � � � � � � � �

� � � � � �

�S H
S H S[ S D H [ S H

V W D H S S

; @
π ϕ

α α

≡ − − −

− + − ≥�

6ROYLQJ �0��� ZH REWDLQ WKH IROORZLQJ SURSRVLWLRQ�

3URSRVLWLRQ �

:KHQ ZH FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ LQ D VLWXDWLRQ

ZKHUH QR FRQJHVWLRQ H[LVWV� WKH IROORZLQJ SURSHUWLHV KROG�

��� &RVW�UHGXFLQJ HIIRUWV LQFUHDVHV DQG SULFH GHFUHDVHV DV WKH UHJXODWLRQ LV PRUH

SULFH�EDVHG�

GH

G

� �α
α

< � �

GS

G

� �α
α

≥ � �

��� &RQVXPHU VXUSOXV LQFUHDVHV DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG�

G6 S

G

� � ��α
α

≤ � �

7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� $V &DEUDO DQG 5LRUGDQ ������ SRLQWV RXW�

SULFH�EDVHG UHJXODWLRQ PDNHV FRVW�UHGXFLQJ HIIRUWV KLJKHU WKDQ FRVW�EDVHG UHJXODWLRQ�

8QGHU SULFH�EDVHG UHJXODWLRQ� WKH PRQRSRO\ UHWDLQV DOO RI WKH LQFUHDVHG SURILWV IURP
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FRVW�UHGXFWLRQ� 8QGHU FRVW�EDVHG UHJXODWLRQ� KRZHYHU� WKH DOORZHG SURILWV UHPDLQ ]HUR

ZKHWKHU RU QRW WKH PRQRSRO\ UHGXFHV LWV FRVWV� 7KDW LV� WKH PRQRSRO\ GRHV QRW DFTXLUH

WKH SURILWV UHVXOWLQJ IURP LWV FRVW�UHGXFLQJ HIIRUWV� 7KXV� XQGHU FRVW�EDVHG UHJXODWLRQ�

FRVW�UHGXFLQJ HIIRUWV YDQLVK� ,W IROORZV� WKHUHIRUH� WKDW FRVW�UHGXFLQJ HIIRUWV EHFRPH

VWURQJHU DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG�

6WURQJHU FRVW�UHGXFLQJ HIIRUWV PDNH WKH PRQRSRO\©V PDUJLQDO FRVWV ORZHU� 6LQFH

ZH FRQVLGHU WKH VLWXDWLRQ ZKHUH WKH FKDQJH LQ WKH YDOXH RI α KDV QR LQIOXHQFH RQ WKH

PRQRSRO\©V SURILWV� WKH SULFH PXVW GHFOLQH DV WKH PDUJLQDO FRVW GHFUHDVHV� $ GHFUHDVH

LQ SULFH LQFUHDVHV FRQVXPHU VXUSOXV� 3URSRVLWLRQ � VKRZV WKDW SULFH�EDVHG UHJXODWLRQ

\LHOGV JUHDWHU FRQVXPHU VXUSOXV WKDQ FRVW�EDVHG UHJXODWLRQ� ZLWKRXW DIIHFWLQJ WKH

PRQRSRO\©V SURILWV� LQ WKH DEVHQFH RI FRQJHVWLRQ� 7KDW LV� ZLWKRXW FRQJHVWLRQ� SULFH�

EDVHG UHJXODWLRQ DOZD\V 3DUHWR�GRPLQDWHV FRVW�EDVHG UHJXODWLRQ��

��� :KHQ &RQJHVWLRQ ([LVWV

1H[W� ZH FRQVLGHU WKH FDVH ZKHUH VHUYLFH FRQJHVWLRQ H[LVWV� 7KH PD[LPL]DWLRQ

SUREOHP LQ WKLV FDVH� �0��� FDQ EH IRUPXODWHG DV
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6ROYLQJ �0�� \LHOGV WKH IROORZLQJ SURSRVLWLRQ�

3URSRVLWLRQ �

:KHQ ZH FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ LQ D VLWXDWLRQ

� 6FKPDOHQVHH ������ REWDLQV WKLV UHVXOW XVLQJ QXPHULFDO VLPXODWLRQ PHWKRGV� &UHPHQ] ������ VKRZV

WKDW SULFH�FDS UHJXODWLRQ DWWDLQV KLJKHU VRFLDO ZHOIDUH WKDQ UDWH�RU�UHWXUQ UHJXODWLRQ LQ D G\QDPLF PRGHO�



�

ZKHUH FRQJHVWLRQ H[LVWV� WKH IROORZLQJ SURSHUWLHV KROG�

��� &RVW�UHGXFLQJ HIIRUWV LQFUHDVHV DQG SULFH GHFUHDVHV DV WKH UHJXODWLRQ LV PRUH
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7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� 3URSRVLWLRQ ����� VKRZV WKDW� XQGHU SULFH�

EDVHG UHJXODWLRQ� FRVW�UHGXFLQJ HIIRUWV EHFRPH KLJKHU DQG SULFH ORZHU WKDQ XQGHU FRVW�

EDVHG UHJXODWLRQ� :LWK UHVSHFW WR WKLV UHVXOW� WKH VDPH H[SODQDWLRQ DV 3URSRVLWLRQ �

KROGV� 7KDW LV� DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� WKH SURILWV IURP FRVW�UHGXFLQJ

HIIRUWV EHFRPH KLJKHU� 7KH HIIRUWV WKHUHIRUH LQFUHDVH DV WKH UHJXODWLRQ LV PRUH SULFH�

EDVHG �L�H�� α LV FORVHU WR ��� +ROGLQJ WKH PRQRSRO\©V SURILWV FRQVWDQW� DQ LQFUHDVH LQ

FRVW�UHGXFLQJ HIIRUWV ORZHUV SULFH�

3URSRVLWLRQ ����� VKRZV WKDW WKHUH DUH WZR HIIHFWV WKDW LQIOXHQFH VHUYLFH TXDOLW\�

)LUVW� DQ LQFUHDVH LQ FRVW�UHGXFLQJ HIIRUWV FDXVHG E\ D VKLIW IURP FRVW�EDVHG WR SULFH�

EDVHG UHJXODWLRQ XSJUDGHV TXDOLW\� 7KH UHDVRQ IRU WKLV LV WKDW LI D PRQRSRO\ FDQ FKDQJH

QRW RQO\ LWV SULFH EXW DOVR LWV TXDOLW\� LW PD\ LPSURYH TXDOLW\ LQVWHDG RI ORZHULQJ SULFH

ZKHQ FRVW�UHGXFLQJ HIIRUWV DUH VWUHQJWKHQHG� :H FDOO WKLV HIIHFW RQ TXDOLW\� ZKLFK

UHVXOWV IURP D FKDQJH LQ FRVW�UHGXFLQJ HIIRUWV� WKH LQFHQWLYH HIIHFW� 7KH LQFHQWLYH

HIIHFW PDNHV TXDOLW\ KLJKHU �ORZHU� DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG �FRVW�EDVHG��

6HFRQG� DV ILUVW QRWHG E\ 6SHQFH ������� FRVW�EDVHG UHJXODWLRQ LWVHOI KDV DQ HIIHFW

RQ VHUYLFH TXDOLW\ OHYHOV� 8QGHU FRVW�EDVHG UHJXODWLRQ� D PRQRSRO\ LV DOORZHG WR UDLVH

LWV SULFH LI XSJUDGLQJ TXDOLW\ LQFUHDVHV LWV FRVWV� 7KHUHIRUH� WKH PRQRSRO\ KDV QR

LQFHQWLYH WR ORZHU VHUYLFH TXDOLW\� :H FDOO WKLV TXDOLW\�SUHVHUYLQJ FKDUDFWHULVWLF RI

FRVW�EDVHG UHJXODWLRQ WKH FRVW�EDVHG HIIHFW� 7KH FRVW�EDVHG HIIHFW PDNHV TXDOLW\ KLJKHU

�ORZHU� DV WKH UHJXODWLRQ LV PRUH FRVW�EDVHG �SULFH�EDVHG� DQG WKHUHE\ FRXQWHUDFW WKH

LQFHQWLYH HIIHFW�

7KH NH\ LV ZKHWKHU RU QRW WKH LQFHQWLYH HIIHFW H[FHHGV WKH FRVW�EDVHG HIIHFW� 7KLV

LV GHWHUPLQHG E\ WKH PDJQLWXGH RI WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ

HIIRUWV� ��Hϕ ′′ � ,I WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV LV VPDOO
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FRVW�UHGXFLQJ HIIRUWV WKDW WKH HIIRUWV DUH HDV\ WR YDU\ �VHH )LJXUH ��� 7KLV LPSOLHV WKDW

WKH LQFHQWLYH HIIHFW LV ODUJH DQG DV D UHVXOW WKH DFFRPSDQLHG LQFUHDVH LQ TXDOLW\ LV ODUJH�
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� TXDOLW\ DPHOLRUDWHV DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG�

EHFDXVH DQ LQFUHDVH LQ TXDOLW\ IURP WKH LQFHQWLYH HIIHFW LV ODUJH HQRXJK WR QHJDWH D

GHFUHDVH LQ TXDOLW\ IURP WKH FRVW�EDVHG HIIHFW�

2Q WKH FRQWUDU\� VXSSRVH WKDW WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ

HIIRUWV LV ODUJH HQRXJK WR VDWLVI\ ′′ >
−

ϕ
α

� �
� �

H
[

E

T
�

� ,Q WKLV FDVH� WKH GLVXWLOLW\ RI WKH

HIIRUWV LV VR VHQVLWLYH WR WKH FKDQJH LQ WKH HIIRUW OHYHO WKDW WKH HIIRUWV DUH GLIILFXOW WR YDU\

�VHH )LJXUH ��� 7KLV LPSOLHV WKDW WKH LQFHQWLYH HIIHFW LV VPDOO DQG FRQVHTXHQWO\ WKH

DFFRPSDQLHG LQFUHDVH LQ TXDOLW\ LV VPDOO� 7KDW LV� LI ′′ >
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� TXDOLW\ IDOOV DV

WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� EHFDXVH WKH GHFUHDVH LQ TXDOLW\ UHVXOWLQJ IURP WKH

FRVW�EDVHG HIIHFW RXWZHLJKV WKH LQFUHDVH LQ TXDOLW\ IURP WKH LQFHQWLYH HIIHFW�

1RWH WKDW
GT

G

� �α
α

> � KROGV ZKHQ α ≈�� EHFDXVH α ≈� \LHOGV
� ��

�
−

≈
α [

E

T
�

,Q WKLV FDVH� ′′ >
−

ϕ
α

� �
� �

H
[

E

T
�

LV DOZD\V WUXH� 7KDW LV� WKH FRVW�EDVHG HIIHFW RXWZHLJKV

WKH LQFHQWLYH HIIHFW ZKHQ α ≈�� 7KH UHDVRQ LV WKDW ZKHQ α ≈�� L�H�� WKH UHJXODWLRQ LV

DOPRVW IXOO\ FRVW�EDVHG� WKH LQFHQWLYH HIIHFW GLVDSSHDUV� 7KLV UHVXOW LPSOLHV WKDW
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GRHV QRW DOZD\V KROG IRU � �≤ <α � L�H�� WKH UHJXODWRU\ VKLIW IURP

FRVW�EDVHG WR SULFH�EDVHG UHJXODWLRQ QHYHU PRQRWRQLFDOO\ XSJUDGHV VHUYLFH TXDOLW\� ,I

WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV LV ODUJH� KRZHYHU� LW LV SRVVLEOH



��

WKDW ′′ >
−

ϕ
α

� �
� �

H
[

E

T
�

DOZD\V KROGV LQ ZKLFK FDVH WKH VKLIW IURP FRVW�EDVHG WR SULFH�

EDVHG UHJXODWLRQ PRQRWRQLFDOO\ ORZHUV TXDOLW\�

1RZ ZH IRFXV RQ FRQVXPHU VXUSOXV� 7KH LPSOLFDWLRQV RI 3URSRVLWLRQ � IRU

FRQVXPHU VXUSOXV DUH DOWHUHG LI TXDOLW\ LV LQFRUSRUDWHG LQ WKH PRGHO� $V ZH VKRZ LQ

3URSRVLWLRQ ������ LI ′′ <
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� TXDOLW\ LPSURYHV DV WKH UHJXODWLRQ LV PRUH

SULFH�EDVHG� $W WKH VDPH WLPH� SULFH GHFUHDVHV� $V D UHVXOW� FRQVXPHU VXUSOXV LV

DOZD\V ODUJHU DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� ,I ′′ >
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� KRZHYHU�

ZH FDQQRW REWDLQ D VWUDLJKWIRUZDUG UHVXOW EHFDXVH PRUH SULFH�EDVHG UHJXODWLRQ ORZHUV

ERWK TXDOLW\ DQG SULFH� 7KH QHW HIIHFW RQ FRQVXPHU VXUSOXV DV WKH UHJXODWLRQ LV PRUH

SULFH�EDVHG GHSHQGV RQ ZKHWKHU RU QRW WKH VXUSOXV�HQKDQFLQJ HIIHFW RI D GHFUHDVH LQ

SULFH H[FHHGV WKH VXUSOXV�GHWHULRUDWLQJ HIIHFW RI D GHFUHDVH LQ TXDOLW\� :KHQ α = � �

WKH ODWWHU GRPLQDWHV WKH IRUPHU� ,Q WKLV FDVH� D VKLIW IURP SULFH�EDVHG WR FRVW�EDVHG

UHJXODWLRQ HQODUJHV FRQVXPHU VXUSOXV�

,Q LPSOHPHQWLQJ SULFH�FDS UHJXODWLRQ� WKH UHJXODWRU VRPHWLPHV WDNHV FRVW�

SDVVWKURXJK LQWR FRQVLGHUDWLRQ WR DYRLG TXDOLW\�GHWHULRUDWLRQ UHVXOWLQJ IURP D ODFN RI

LQYHVWPHQW�� $FFRUGLQJ WR WKH UHVXOW RI 3URSRVLWLRQ �� WKLV FRVW�SDVVWKURXJK PD\ KDYH

DGYHUVH HIIHFWV RQ TXDOLW\ DQG FRQVXPHU VXUSOXV� ,I WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI

FRVW�UHGXFLQJ HIIRUWV LV VPDOO� PRUH SULFH�EDVHG UHJXODWLRQ PDNHV TXDOLW\ KLJKHU DQG

FRQVXPHU VXUSOXV ODUJHU� ,W WKHUHIRUH IROORZV WKDW WKH FRVW�SDVVWKURXJK DGGHG WR SULFH�

FDS UHJXODWLRQ LQFUHDVHV QHLWKHU TXDOLW\ QRU FRQVXPHU VXUSOXV� 7KDW LV� HYHQ LI WKH

UHJXODWRU DGGV FRVW�SDVVWKURXJK WR SULFH�EDVHG UHJXODWLRQ VR DV WR XSJUDGH TXDOLW\� WKH
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UHVXOW PD\ EH WKDW ERWK TXDOLW\ DQG FRQVXPHU VXUSOXV GHFUHDVH�
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EHFDXVH WKH LQFUHDVLQJ UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV�

′′ϕ � �H � LV XQREVHUYDEOH� 7KXV� WKH UHJXODWRU FDQQRW NQRZ WKH HIIHFW RI FRVW�

SDVVWKURXJK DGGHG WR SULFH�EDVHG UHJXODWLRQ RQ TXDOLW\ DQG FRQVXPHU VXUSOXV� ,W LV

SRVVLEOH WKDW FRVW�SDVVWKURXJK� ZKLFK LV GHVLJQHG WR XSJUDGH TXDOLW\ DQG FRQVXPHU

VXUSOXV� DFWXDOO\ GHFUHDVHV WKHP� $V D UHPHG\ IRU WKLV SUREOHP� ZH ZLOO QRZ FRQVLGHU

DQ DOWHUQDWLYH WR FRVW�SDVVWKURXJK� ZKLFK DOZD\V DPHOLRUDWHV TXDOLW\ DQG FRQVXPHU

VXUSOXV FRPSDUHG WR SULFH�EDVHG UHJXODWLRQ�

1RZ VXSSRVH WKDW WKH UHJXODWRU FDQ XVH D TXDOLW\ LQGH[� , T� � � ZKHUH ,T > � DQG

, T� � LV DVVXPHG WR EH YHULILDEOH�� +HUH� ZH IRFXV RQ D UHJXODWLRQ ZLWK DQ XSSHU OLPLW

RQ WKH SULFH WKDW LV FRQWLQJHQW RQ VXFK D TXDOLW\ LQGH[� :H FDOO WKLV TXDOLW\�SOXV

UHJXODWLRQ�� 4XDOLW\�SOXV UHJXODWLRQ FDQ EH ZULWWHQ DV

I , T S� � �� ≥ � ���

ZKHUH I
,

> � � (T� ��� VKRZV WKDW DQ LQFUHDVH LQ TXDOLW\ UDLVHV WKH DOORZHG SULFH�

I , T� � �� � E\ LQFUHDVLQJ WKH TXDOLW\ LQGH[� 6XEVWLWXWLQJ TXDOLW\�SOXV UHJXODWLRQ IRU FRVW�

EDVHG UHJXODWLRQ LQ (T� ���� ZH REWDLQ WKH IROORZLQJ QHZ UHJXODWRU\ FRQVWUDLQW�

� 6HH� IRU LQVWDQFH� $UPVWURQJ HW DO� �������

� 6HH /\QFK HW DO� ������ IRU WKH SUDFWLFDO PHWKRG WR LQGH[ VHUYLFH TXDOLW\�

� 1RDP ������ SURSRVHV D VLPLODU UHJXODWRU\ SROLF\ IRU WHOHFRPPXQLFDWLRQ LQGXVWULHV�



��

α α� � � ��� � �I , T S S+ − ≥� ���

:H UHZULWH (T� ��� DV

� � � ��S I , T S+ ≥α ���

ZKHUH � � �S S≡ −� α � 7KH UHJXODWLRQ VKRZQ LQ (T� ��� LV LGHQWLFDO WR SULFH�EDVHG

UHJXODWLRQ ZKHQ α = � DQG EHFRPHV PRUH TXDOLW\�SOXV �L�H�� GHSHQGHQW RQ WKH TXDOLW\

LQGH[� DV α PRYHV FORVHU WR �� $V LV WKH DQDO\VHV LQ VHFWLRQ �� (T� ��� LV DVVXPHG WR

EH ELQGLQJ DQG ZH IRFXV RQ D VLWXDWLRQ LQ ZKLFK D PRQRSRO\©V SURILWV UHPDLQ XQFKDQJHG�

,Q WKLV FDVH� WKH UHJXODWRU DGMXVWV �S VR DV WR \LHOG WKH VDPH OHYHO RI SURILWV UHJDUGOHVV RI

WKH YDOXH RI α � 7KH PD[LPL]DWLRQ SUREOHP FDQ EH IRUPXODWHG DV IROORZV�
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:H GHULYH 3URSRVLWLRQ � E\ VROYLQJ �0���

3URSRVLWLRQ �

:KHQ ZH FRPSDUH SULFH�EDVHG UHJXODWLRQ ZLWK TXDOLW\�SOXV UHJXODWLRQ LQ WKH

SUHVHQFH RI FRQJHVWLRQ� WKH IROORZLQJ SURSHUWLHV KROG�

��� 3ULFH LQFUHDVHV DV WKH UHJXODWLRQ LV PRUH TXDOLW\�SOXV：
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� FRQVXPHU VXUSOXV LQFUHDVHV DV WKH UHJXODWLRQ LV PRUH TXDOLW\�SOXV：
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7KH SURRI LV VWDWHG LQ WKH $SSHQGL[� 8QGHU TXDOLW\�SOXV UHJXODWLRQ� WKH

PRQRSRO\ UHWDLQV WKH LQFHQWLYH WR LPSURYH TXDOLW\� EHFDXVH WKH XSSHU OLPLW RQ SULFH

GHSHQGV RQ DQ LQGH[ WKDW UHIOHFWV WKH OHYHO RI VHUYLFH TXDOLW\� 7KXV� TXDOLW\�SOXV

UHJXODWLRQ DWWDLQV KLJKHU TXDOLW\ DQG SULFH WKDQ SULFH�EDVHG UHJXODWLRQ� 7KH LQFUHDVH LQ

TXDOLW\ HQODUJHV PDUNHW GHPDQG� DQG D ODUJHU PDUNHW GHPDQG PDNHV FRVW�UHGXFLQJ

LQFHQWLYHV VWURQJHU� )RU H[DPSOH� VXSSRVH WKDW WKH PDUNHW GHPDQG LV ��� ,Q WKLV FDVH�

D XQLW LQFUHDVH LQ FRVW�UHGXFLQJ HIIRUWV GHFUHDVHV WKH PRQRSRO\©V FRVWV E\ ��� EHFDXVH

& [
H

= − � 1H[W� VXSSRVH WKDW WKH PDUNHW GHPDQG LQFUHDVHV WR ��� 1RZ� D XQLW

LQFUHDVH LQ FRVW�UHGXFLQJ HIIRUWV GHFUHDVHV WKH PRQRSRO\©V FRVWV E\ ��� 6LQFH D ODUJHU

GHPDQG PDNHV WKH SURILWV IURP FRVW�UHGXFLQJ HIIRUWV ODUJHU� LQFUHDVHG GHPDQG UHVXOWV LQ

VWURQJHU FRVW�UHGXFLQJ HIIRUWV� ,Q WKH VDPH ZD\� D ORZHU TXDQWLW\ GHPDQGHG� UHVXOWLQJ

IURP DQ LQFUHDVH LQ SULFH� GHFUHDVHV VXFK HIIRUWV� ,I WKH LQFUHDVH LQ GHPDQG IURP

XSJUDGLQJ TXDOLW\ LV ODUJHU WKDQ WKH GHFUHDVH LQ GHPDQG IURP DQ LQFUHDVH LQ SULFH� L�H��
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�� FRVW�UHGXFLQJ HIIRUWV LQFUHDVH DV ZH PRYH IURP SULFH�

EDVHG UHJXODWLRQ WR TXDOLW\�SOXV UHJXODWLRQ�

,I WKH UHJXODWLRQ LV PRUH TXDOLW\�SOXV� ERWK SULFH DQG TXDOLW\ EHFRPH KLJKHU� ,I
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KROGV ZKHQ α LV ]HUR RU ZKHQ I
,

LV VXIILFLHQWO\ VPDOO� 7KLV PHDQV WKDW WKH

UHJXODWRU\ VKLIW IURP IXOO\ SULFH�EDVHG UHJXODWLRQ WR TXDOLW\�SOXV UHJXODWLRQ FHUWDLQO\

LQFUHDVHV FRQVXPHU VXUSOXV DQG WKDW WKH LQFUHDVH LQ FRQVXPHU VXUSOXV FRQWLQXHV DV WKH

UHJXODWLRQ LV PRUH TXDOLW\�SOXV� XQOHVV WKH UHJXODWRU PDNHV WKH XSSHU OLPLW RI SULFH WRR

GHSHQGHQW RQ WKH LQGH[ RI TXDOLW\� 7KHUHIRUH� TXDOLW\�SOXV UHJXODWLRQ LV D GHVLUDEOH

DOWHUQDWLYH WR FRVW�EDVHG DGMXVWPHQWV VXFK DV FRVW�SDVVWKURXJK IRU LQYHVWPHQW FRVWV� LI

WKH TXDOLW\ RI VHUYLFH VXSSOLHG E\ SXEOLF XWLOLWLHV LV ORZ XQGHU SULFH�EDVHG UHJXODWLRQ�

� 6LPXODWLRQ
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H[FHHGV WKH VXUSOXV�HQKDQFLQJ HIIHFW RI D GHFUHDVH LQ SULFH� ,Q WKH HQG� WKH YDOXH RI

α WKDW \LHOGV WKH ODUJHVW FRQVXPHU VXUSOXV LV � LQ &DVH � DQG ���� LQ &DVHV � DQG �� ,Q

&DVH �� IRU α ≤ ��� � D VPDOOHU α PDNHV FRQVXPHU VXUSOXV PXFK KLJKHU� EXW D VPDOOHU

α GRHV QRW KDYH DV JUHDW DQ HIIHFW RQ FRQVXPHU VXUSOXV ZKHQ α ≥ ��� � 7KXV�
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7KLV UHVXOW LV FRQVLVWHQW ZLWK RXU WKHRUHWLFDO UHVXOWV� :KHQ α RU I
,
LV VXIILFLHQWO\

VPDOO� L�H�� DQ LQFUHDVH LQ TXDOLW\ GRHV QRW PDNH SULFHV VR KLJK �LQ WKLV H[DPSOH� γ = ��� �

γ = � �� � DQG γ = ��� DQG α ≤ ��� �� TXDOLW\�SOXV UHJXODWLRQ LPSURYHV FRQVXPHU VXUSOXV

FRPSDUHG WR SULFH�EDVHG UHJXODWLRQ�

� &RQFOXGLQJ 5HPDUNV

7KLV SDSHU FRPSDUHV SULFH�EDVHG UHJXODWLRQ ZLWK FRVW�EDVHG UHJXODWLRQ LQ D PRGHO

LQ ZKLFK VHUYLFH TXDOLW\ LV FRQVLGHUHG� 3ULFH�EDVHG UHJXODWLRQ LQGXFHV JUHDWHU FRVW�

UHGXFLQJ HIIRUWV DQG UHVXOWV LQ D ORZHU SULFH WKDQ FRVW�EDVHG UHJXODWLRQ� 7KH LQFUHDVLQJ

UDWH RI GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV GHWHUPLQHV ZKHWKHU RU QRW TXDOLW\ LQFUHDVHV DV

WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� ,I WKLV UDWH LV VPDOO� ERWK TXDOLW\ DQG FRQVXPHU

VXUSOXV DUH KLJKHU DV WKH UHJXODWLRQ LV PRUH SULFH�EDVHG� ,I WKH UDWH LV ODUJH� KRZHYHU�

TXDOLW\ GHWHULRUDWHV ZKHQ WKH UHJXODWLRQ LV SULFH�EDVHG� LQ ZKLFK FDVH FRQVXPHU VXUSOXV

GHFUHDVHV LI D GHFUHDVH LQ TXDOLW\ PDNHV FRQVXPHU VXUSOXV VR VPDOO DV WR XSVHW WKH
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VXUSOXV�HQKDQFLQJ HIIHFW RI D GHFUHDVH LQ SULFH� 6LQFH WKH UHJXODWRU KDV QR LQIRUPDWLRQ

DERXW WKH LQFUHDVLQJ UDWH RI WKH GLVXWLOLW\ RI FRVW�UHGXFLQJ HIIRUWV� LW FDQQRW NQRZ

ZKHWKHU SULFH�EDVHG UHJXODWLRQ PDNHV TXDOLW\ DQG FRQVXPHU VXUSOXV KLJKHU RU ORZHU

WKDQ FRVW�EDVHG UHJXODWLRQ� 7KXV� WKH UHJXODWRU GRHV QRW NQRZ ZKHWKHU RU QRW WKH

DGRSWLRQ RI FRVW�EDVHG DGMXVWPHQWV VXFK DV FRVW�SDVVWKURXJK LPSURYHV TXDOLW\ DQG

FRQVXPHU VXUSOXV� ZKHQ WKH TXDOLW\ RI VHUYLFH VXSSOLHG E\ SXEOLF XWLOLWLHV LV ORZ XQGHU

SULFH�EDVHG UHJXODWLRQ� :H WKHQ SURFHHG WR TXDOLW\�SOXV UHJXODWLRQ� LQ ZKLFK DQ XSSHU

OLPLW RI SULFH GHSHQGV RQ D TXDOLW\ LQGH[� 2XU DQDO\VLV VKRZV WKDW WKH UHJXODWRU FDQ

VXUHO\ UDLVH ERWK TXDOLW\ DQG FRQVXPHU VXUSOXV E\ VKLIWLQJ IURP SULFH�EDVHG WR TXDOLW\�

SOXV UHJXODWLRQ�

/DVWO\� ZH FRPPHQW RQ KRZ WKH LPSOLFDWLRQV RI RXU UHVHDUFK FDQ EH DSSOLHG WR

DFWXDO VLWXDWLRQV ZKHUH TXDOLW\ LV PXOWLGLPHQVLRQDO� 7KLV SDSHU LV HVSHFLDOO\ FRQFHUQHG

ZLWK VHUYLFH FRQJHVWLRQ� EXW TXDOLW\ LQ RXU PRGHO FDQ EH UHJDUGHG DV TXDOLW\ RWKHU WKDQ

FRQJHVWLRQ� ,Q WKLV FDVH� ZH KDYH RQO\ WR FRQVLGHU WKDW WKH IRUP RI WKH FRVW IXQFWLRQ LV

& D H ET [= − +� � � ZKLFK VKRZV WKDW DQ LQFUHDVH LQ TXDOLW\ OLQHDUO\ UDLVHV WKH

PRQRSRO\©V PDUJLQDO �DQG DYHUDJH� FRVW� 7KLV QHZ LQWHUSUHWDWLRQ RI WKH FRVW IXQFWLRQ

KDV QR HIIHFW RQ RXU DQDO\VLV�



��

$SSHQGL[

3URRI RI 3URSRVLWLRQ �

:H VHW XS WKH /DJUDQJLDQ IRU WKH PD[LPL]DWLRQ SUREOHP �0�� DV IROORZV�

Λ = − − −
+ − + − −

S[ S D H [ S H

D H S S

� � � � � � � �

� � � �

ϕ
λ α α�

ZKHUH λ ≥ � � 6LQFH ZH FRQVLGHU WKH FDVH ZKHUH WKH FRQVWUDLQW LV ELQGLQJ� λ > � �

7KH ILUVW RUGHU FRQGLWLRQV IRU WKH PD[LPL]DWLRQ DUH

∂Λ
∂

= + − − − =
S

[ S[ D H [S S� � λ � � �$��

∂Λ
∂

= − ′ − =
H

[ Hϕ λα� � � � �$��

∂Λ
∂

= − + − − =
λ

α α� � � �D H S S� � � �$��

7RWDOO\ GLIIHUHQWLDWLQJ (TV� �$����$��� ZH REWDLQ

$ $ $

$ $ $
$ $ $

GS
GH
G

%

%
%

G

%

%
%

GS
�� �� ��

�� �� ��

�� �� ��

��

��

��

��

��

��

�

!
 
 

"

$
#
#

�

!
 
 

"

$
#
#

=
�

!
 
 

"

$
#
#

+
�

!
 
 

"

$
#
#λ

α �$��

ZKHUH

$ [ S D H [SS S SS��
�= = + − +Λ � � �

$ $ [SH S�� ��
= = =Λ �

$ $ S�� ��
�= = = −Λ λ �

$
HH��

= = − ′′Λ ϕ �

$ $ H�� ��
= = = −Λ λ α �

$
��

�= =Λλλ �

% S��
�= − =Λ α �



��

% H��
= − =Λ α λ �

% D H S
��

= − = − − −Λλα � �

% SS��
�= − =Λ �

% HS��
�= − =Λ �

% S��
�= − = − −Λλ α� � �

'HILQH π α�� � �S E\

π α ϕ α α� �� � � PD[ � � � � � � � �� � � � �
�

S S[ S D H [ S H D H S S
S H

≡ − − − − + − =
; @ ; @ �

,I π α π� �� � �S = � ZKHUH π � LV D QRQ�QHJDWLYH FRQVWDQW�

π α πα
� � �G GSS+ = � �$��

)URP WKH HQYHORSH WKHRUHP� (T� �$�� FDQ EH UHZULWWHQ DV

� � � �D H S G GS− − + − =α α� � � �$��

6XEVWLWXWLQJ (T� �$�� IRU (T� �$��� ZH REWDLQ

$ $ $

$ $ $
$ $ $

GS
GH
G

%

% G
�� �� ��

�� �� ��

�� �� ��

��

��

�

�

!
 
 

"

$
#
#

�

!
 
 

"

$
#
#

=
�

!
 
 

"

$
#
#λ

α �

%\ &UDPHU©V UXOH� ZH KDYH�

GS

G

% $ $
% $ $

$ $� �α
α

λα= = ≥

�� �� ��

�� �� ��

�� ��
�

�
∆ ∆

�$��

ZKHUH ∆ ≡ >
$ $ $

$ $ $
$ $ $

�� �� ��

�� �� ��

�� �� ��

� IURP WKH VHFRQG RUGHU FRQGLWLRQ IRU WKH PD[LPL]DWLRQ�

,Q WKH VDPH ZD\� ZH GHULYH

GH

G

� �α
α

λ= − <
∆

� � �$��



��

5HJDUGLQJ FRQVXPHU VXUSOXV� IURP �$�� ZH REWDLQ

G6 S

G
6

GS

G

[
GS

G

S

� � �� � �

� �
�

α
α

α
α
α
α

=

= − ≤ �

4�(�'�

3URRI RI 3URSRVLWLRQ �

:H VHW XS WKH /DJUDQJLDQ IRU WKH PD[LPL]DWLRQ SUREOHP �0�� DV IROORZV�

Λ = − − + −
+ − + + − −

S[ S T D H ET [ S T H

D H ET S S

� � � � � � � � � �

� � � �

ϕ
λ α α�

ZKHUH λ ≥ � � 6LQFH ZH DVVXPH WKDW WKH FRQVWUDLQW LV ELQGLQJ� λ > � � 7KH ILUVW RUGHU

FRQGLWLRQV IRU WKH PD[LPL]DWLRQ DUH

∂Λ
∂

= + − − + − =
S

[ S[ D H ET [S S� � λ � � �$��

∂Λ
∂

= − − + − + =
T

S[ D H ET [ E[ ET T� � λα � � �$���

∂Λ
∂

= − ′ − =
H

[ Hϕ λα� � � � �$���

∂Λ
∂

= − + + − − =
λ

α α� � � �D H ET S S� � � �$���

7RWDOO\ GLIIHUHQWLDWLQJ (TV� �$�� ¤ �$���� ZH REWDLQ

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

GS
GT
GH
G

%

%

%

%

G

%

%

%

%

GS

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

��

��

��

��

��

��

��

��

�

!

 
 
 

"

$

#
#
#

�

!

 
 
 

"

$

#
#
#

=

�

!

 
 
 

"

$

#
#
#

+

�

!

 
 
 

"

$

#
#
#λ

α �$���

ZKHUH

$ [ P[SS S SS��
�= = +Λ �P S D H ET≡ − − +� � ��



��

$ $ [ E[ST T S�� ��
= = = −Λ �

$ $ [SH S�� ��
= = =Λ �

$ $ S�� ��
�= = = −Λ λ �

$ E[ P[TT T TT��
�= = − +Λ �

$ $ [TH T�� ��
= = =Λ �

$ $ ET�� ��
= = =Λ λ α �

$
HH��

= = − ′′Λ ϕ �

$ $ H�� ��
= = = −Λ λ α �

$
��

�= =Λλλ �

% S��
�= − =Λ α �

% ET��
= − = −Λ α λ �

% H��
= − =Λ α λ �

% D H ET S
��

= − = − − + −Λλα � �

% SS��
�= − =Λ �

% TS��
�= − =Λ �

% HS��
�= − =Λ �

% S��
�= − = − −Λλ α� � �

'HILQH π α�� � �S E\

π α ϕ

α α

�

�

� � � PD[ � � � � � � � � � �

� � � � � `�

� �
S S[ S T D H ET [ S T H

D H ET S S

S T H
≡ − − + −

− + + − =
; @

^

,I π α π� �� � �S = ZKHUH π � LV D QRQ�QHJDWLYH FRQVWDQW� WKHQ P > � DQG

π α πα
� � �G GSS+ = � �$���



��

)URP WKH HQYHORSH WKHRUHP� (T� �$��� FDQ EH UHZULWWHQ DV

� � � �D H ET S G GS− + − + − =α α� � � �$���

6XEVWLWXWLQJ (T� �$��� IRU (T� �$���� ZH REWDLQ

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

GS
GT
GH
G

%

%

%
G

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

��

��

��

�

�

!

 
 
 

"

$

#
#
#

�

!

 
 
 

"

$

#
#
#

=

�

!

 
 
 

"

$

#
#
#λ

α �

%\ &UDPHU©V UXOH� ZH KDYH

GS

G

% $ $ $

% $ $ $

% $ $ $
$ $ $ E $� � � �α

α
λα ϕ= = − ′′ + ≥

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� ��

�

��
�

�
∆ ∆

�$���

ZKHUH ∆ ≡ <

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

� IURP WKH VHFRQG RUGHU FRQGLWLRQ IRU WKH

PD[LPL]DWLRQ DQG P > � � [T > � � DQG [TT < � \LHOGV $
��

�< � ,Q WKH VDPH ZD\�

GH

G

E[ P[T TT� � � �α
α

λ α
=

− −
<

�
�

= B
∆

DQG

GT

G

[ ET� � � �α
α

λ α ϕ
=

− − ′′�= B
∆

ZKLFK VKRZ WKDW

GT

G

� �α
α

< � LI ′′ <
−

ϕ
α� �� [

E

T
�$���

DQG

GT

G

� �α
α

> � LI ′′ >
−

ϕ
α� �� [

E

T
� �$���

:LWK UHVSHFW WR FRQVXPHU VXUSOXV� ZH GHULYH



��

G6 S T

G
6

GS

G
6

GT

G

[
GS

G
6

GT

G

S T

T

� � �� � �� � � � �

� � � �

α α
α

α
α

α
α

α
α

α
α

= +

= − + �

)URP (T� �$��� DQG (T� �$����
G6 S T

G

� � �� � ��α α
α

� � LI ′′ <
−

ϕ
α� �� [

E

T
� )URP (T�

�$��� DQG (T� �$����
G6 S T

G

� � �� � ��α α
α

! � LI ′′ >
−

ϕ
α� �� [

E

T
DQG α = � �

4�(�'�

3URRI RI 3URSRVLWLRQ �

7KH /DJUDQJLDQ IRU WKH PD[LPL]DWLRQ SUREOHP �0�� LV

Λ = − − + −
+ + −

S[ S T D H ET [ S T H

S I , T S

� � � � � � � � � �

� � � � �� �

ϕ
λ α

ZKHUH λ ≥ � � 6LQFH ZH IRFXV RQ WKH FDVH ZKHUH WKH FRQVWUDLQW LV ELQGLQJ� λ > � �

7KH ILUVW RUGHU FRQGLWLRQV IRU WKH PD[LPL]DWLRQ DUH

∂Λ
∂

= + − − + − =
S

[ S[ D H ET [S S� � λ � � �$���

∂Λ
∂

= − − + − + =
T

S[ D H ET [ E[ I ,T T , T� � λα � � �$���

∂Λ
∂

= − ′ =
H

[ Hϕ � � � � �$���

∂Λ
∂

= + − =
λ

α� � � ��S I , T S � � �$���

7RWDOO\ GLIIHUHQWLDWLRQ (TV� �$��� ¤ �$���� ZH REWDLQ

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

GS
GT
GH
G

%

%

%

%

G

%

%

%

%

GS

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

��

��

��

��

��

��

��

��

�

!

 
 
 

"

$

#
#
#

�

!

 
 
 

"

$

#
#
#

=

�

!

 
 
 

"

$

#
#
#

+

�

!

 
 
 

"

$

#
#
#λ

α � �$���



��

ZKHUH

$ [ S D H ET [SS S SS��
�= = + − + −Λ � � �

$ $ [ E[ST T S�� ��
= = = −Λ �

$ $ [SH S�� ��
= = =Λ �

$ $ S�� ��
�= = = −Λ λ �

$ E[ S D H ET [
G I , T

GT
TT T TT��

�

�
�= = − + − + − +Λ � �

� � � ���λα �

$ $ [TH T�� ��
= = =Λ �

$ $ I ,T , T�� ��
= = =Λ λ α �

$
HH��

= = − ′′Λ ϕ �

$ $ H�� ��
�= = =Λ λ �

$
��

�= =Λλλ �

% S��
�= − =Λ α �

% I ,T , T��
= − = −Λ α λ �

% H��
�= − =Λ α �

% I , T
��

= − = −Λλα � � ��

% SS��
�= − =Λ

�

�

% TS��
�= − =Λ

�

�

% HS��
�= − =Λ

�

�

% S��
�= − = −Λλ �

�

'HILQH π α�� � � �S E\

π α ϕ α�� � � � PD[ � � � � � � � � � �� � � � ��
� �

S S[ S T D H ET [ S T H S I , T S
S T H

≡ − − + − + =
; @ ; @ �



��

,I π α π� �� � � �S = ZKHUH π � LV D QRQ�QHJDWLYH FRQVWDQW�

π α πα
� � �G GSS+ =�

� � �$���

$SSO\LQJ WKH HQYHORSH WKHRUHP� IURP (T� �$��� ZH KDYH�

I , T G GS� � �� �α + = � � �$���

6XEVWLWXWLQJ (T� �$��� IRU (T� �$���� ZH REWDLQ

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

GS
GT
GH
G

%

%

%
G

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

��

��

��

�

�

!

 
 
 

"

$

#
#
#

�

!

 
 
 

"

$

#
#
#

=

�

!

 
 
 

"

$

#
#
#λ

α �

%\ &UDPHU©V UXOH� ZH KDYH

GS

G

% $ $ $

% $ $ $

% $ $ $
$ $ $ I ,, T� � � �α

α
λα ϕ

= =
− ′′

≥

� �� �� ��

� �� �� ��

� �� �� ��

�� �� ��

�
�

�
∆ ∆

�$���

ZKHUH ∆ ≡ <

$ $ $ $

$ $ $ $

$ $ $ $

$ $ $ $

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

� IURP WKH VHFRQG RUGHU FRQGLWLRQ IRU WKH

PD[LPL]DWLRQ� ,Q WKH VDPH ZD\� ZH GHULYH

GT

G

I ,
, T� �α

α
λ ϕ

=
− ′′

>
∆

� � �$���

5HJDUGLQJ FRVW�UHGXFLQJ HIIRUWV�

GH

G

I , [ I , [
, T S , T T� � � �α

α
λ α

=
− +

∆
�

7KXV�
GH

G

� �α
α

> � LI I
[

[ ,
,

T

S T

< −
α

�

:LWK UHVSHFW WR FRQVXPHU VXUSOXV� IURP (T� �$��� DQG (T� �$��� ZH REWDLQ



��

G6 S T

G
6

GS

G
6

GT

G

I , [I , 6

S T

, T , T T

� � �� � �� � � � �α α
α

α
α

α
α

λ ϕ α

= +

=
′′ −= B

∆
�

7KHUHIRUH�
G6 S T

G

� � �� � ��α α
α

> � LI I
6

[,
,

T

T

<
α

�

4�(�'�



��

�&DVH �� Q = ����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� ������ ������ ������ ������ ����� ����� ����� ����� ����� ����� �����

α
S

�&DVH �� Q = ����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� ������ ������ ������ ����� ����� ����� ����� ����� ����� ����� �����

α
S

�&DVH �� Q = ����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

α
S

N
[

E

T
�

�
≡ ′′ −

−
ϕ

α� �

7DEOH �� 3ULFH�EDVHG UHJXODWLRQ �α = � � YV� FRVW�EDVHG UHJXODWLRQ �α = ���� �



��

γ = ���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� �� ������� ������� ������� ������ ������ ������ ������ ������ ������ ������

N� �� ������� ������� ������� ������ ������ ������ ������ ������ ������ ������

α
�S

γ = � ��

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� �� ������� ������� ������� ������ ������ ������ ������ ������ ������ �����

N� �� ������� ������� ������� ������ ������ ������ ������ ������ ������ �����

α
�S

α
�S

γ = ���

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������

S ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

T ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

H ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

N� �� ������� ������� ������ ������ ������ ������ ������ ����� ����� �����

N� �� ������� ������� ������ ������ ������ ������ ������ ����� ����� �����

α
�S

N I
[

[ ,
,

T

S T

� ≡ − −
�
��

�
��α
� N I

6

[,
,

T

T

� ≡ −
α

�

7DEOH �� 3ULFH�EDVHG UHJXODWLRQ �α = � � YV� TXDOLW\�SOXV UHJXODWLRQ �α = �� ZKHQ Q = ����



��

)LJXUH �� )RU WKH VDPH FKDQJH LQ ϕ� �H � WKH FKDQJH LQ H LV ODUJHU ZKHQ ′′ϕ � �H LV VPDOO �L�H��

G G
� �

< ��

H

ϕ� �H

′′ϕ � �H LV VPDOO′′ϕ � �H LV ODUJH

G
�

G
�



��

�&DVH �� Q = ����

�����

�����

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

�&DVH �� Q = ����

�����

�����

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

)LJXUH �� 3ULFH�EDVHG UHJXODWLRQ YV� FRVW�EDVHG UHJXODWLRQ ZKHQ Q = ���� DQG Q = ����



��

�&DVH �� Q = ����

�����

�����

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

)LJXUH �� 3ULFH�EDVHG UHJXODWLRQ YV� FRVW�EDVHG UHJXODWLRQ ZKHQ Q = ����



��

γ = ���

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

γ = � ��

�����

�����

�����

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

)LJXUH �� 3ULFH�EDVHG UHJXODWLRQ YV� TXDOLW\�SOXV UHJXODWLRQ ZKHQ γ = ��� DQG γ = � ��



��

γ = ���

�����

�����

�����

�����

�����

�����

�����

�����

�����

� ��� ��� ��� ��� ��� ��� ��� ��� ��� �

M

S

T

H

6

)LJXUH �� 3ULFH�EDVHG UHJXODWLRQ YV� TXDOLW\�SOXV UHJXODWLRQ ZKHQ γ = ���



��

5HIHUHQFHV

$UPVWURQJ� 0�� 6� &RZDQ� DQG -� 9LFNHUV� ������� ¦5HJXODWRU\ 5HIRUP�§ 7KH 0,7 3UHVV�

%DXPRO� :� -� DQG $� .� .OHYRULFN� ������� ¦,QSXW &KRLFHV DQG 5DWH�RI�5HWXUQ

5HJXODWLRQ� $Q 2YHUYLHZ RI WKH 'LVFXVVLRQ�§ %HOO -RXUQDO RI (FRQRPLFV �� ����

����

%UDHXWLJDP� 5� 5� DQG -� &� 3DQ]DU� ������� ¦(IIHFWV RI WKH &KDQJH IURP 5DWH�RI�5HWXUQ

WR 3ULFH�&DS 5HJXODWLRQ�§ $PHULFDQ (FRQRPLF 5HYLHZ �� ���� ��������

&DEUDO� /� 0� %� DQG 0� +� 5LRUGDQ ������� ¦,QFHQWLYHV IRU &RVW 5HGXFWLRQ 8QGHU 3ULFH

&DS 5HJXODWLRQ�§ -RXUQDO RI 5HJXODWRU\ (FRQRPLFV �� �������

&OHPHQ]� *�� ������� ¦2SWLPDO 3ULFH &DS 5HJXODWLRQ�§ -RXUQDO RI ,QGXVWULDO (FRQRPLFV

�� ���� ��������

.OHYRULFN� $� .�� ������� ¦7KH ¨2SWLPDO© )DLU 5DWH RI 5HWXUQ�§ %HOO -RXUQDO RI

(FRQRPLFV �� ��������

/\QFK -� *� -U�� 7� (� %X]DV� DQG 6� 9� %HUJ� ������� ¦5HJXODWRU\ 0HDVXUHPHQW DQG

(YDOXDWLRQ RI 7HOHSKRQH 6HUYLFH 4XDOLW\�§ 0DQDJHPHQW 6FLHQFH ������ ��������

1RDP� (� 0�� ������� ¦7KH 4XDOLW\ RI 5HJXODWLRQ LQ 5HJXODWLQJ 4XDOLW\� $ 3URSRVDO IRU

$Q ,QWHJUDWHG ,QFHQWLYH $SSURDFK WR 7HOHSKRQH 6HUYLFH 3HUIRUPDQFH�§ LQ 0� $�

(LQKRUQ �HG��� 3ULFH &DSV DQG ,QFHQWLYH 5HJXODWLRQ LQ 7HOHFRPPXQLFDWLRQV� ����

���� .OXZHU $FDGHPLF 3XEOLVKHUV�

5RYL]]L� /� DQG '� 7KRPSVRQ� ������� ¦7KH 5HJXODWLRQ RI 6HUYLFH TXDOLW\ LQ WKH 3XEOLF

8WLOLWLHV DQG WKH &LWL]HQ©V &KDUWHU�§ )LVFDO 6WXGLHV �� ���� ������

6FKPDOHQVHH� 5�� ������� ¦*RRG UHJXODWRU\ UHJLPHV�§ 5DQG -RXUQDO RI (FRQRPLFV ���

��������

6SHQFH� $� 0�� ������� ¦0RQRSRO\� TXDOLW\ DQG UHJXODWLRQ�§ %HOO -RXUQDO RI (FRQRPLFV



��

�� ��������

9LFNHUV� -� DQG *� <DUURZ� ������� ¦3ULYDWL]DWLRQ� $Q (FRQRPLF $QDO\VLV�§ 7KH 0,7

3UHVV�


