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7KLV SDSHU VKRZV WKDW RUGLQDU\ TXDQWXP PHFKDQLFV LV QRW FRQVLVWHQW ZLWK

WKH VXSHUOXPLQDO WUDQVPLVVLRQ RI FODVVLFDO LQIRUPDWLRQ�
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,W LV ZHOO�NQRZQ WKDW WKH VWDWLVWLFDO FRUUHODWLRQV EHWZHHQ HQWDQJOHG TXDQ�

WXP V\VWHPV �VXFK DV D SDLU RI VSLQV LQ D VLQJOHW VWDWH� FDQQRW EH XVHG WR

VHQG FODVVLFDO PHVVDJHV IDVWHU WKDQ OLJKW >�@� ,Q WKLV SDSHU ZH VKRZ D VWURQJHU

UHVXOW� WKDW DQ\ PHDQV RI VHQGLQJ VXSHUOXPLQDO VLJQDOV ZRXOG YLRODWH WKH ODZV

RI TXDQWXP PHFKDQLFV� 2XU SURRI LV FRQVWUXFWHG IURP WKUHH HOHPHQWV� WKH

?QR�FORQLQJ� WKHRUHP RI TXDQWXP PHFKDQLFV >�@� TXDQWXP WHOHSRUWDWLRQ >�@�

DQG WKH UHODWLYLW\ RI VLPXOWDQHLW\�

7KH ?QR�FORQLQJ� WKHRUHP� DV SURYHG E\ :RRWWHUV DQG =XUHN >�@� LV EDVHG

RQ WKH OLQHDULW\ RI TXDQWXP PHFKDQLFV� 6XSSRVH D VFKHPH H[LVWV E\ ZKLFK ZH

FRXOG FRS\ DUELWUDU\ VWDWHV IURP D TXDQWXP V\VWHP ; LQWR D VLPLODU V\VWHP

< � 7KLV PD\ LQYROYH DQ LQWHUDFWLRQ ZLWK DQ DSSDUDWXV 0 � ,Q FRS\LQJ� WKH

RULJLQDO VWDWH RI ; LV XQGLVWXUEHG DQG < LV EURXJKW LQWR D VWDWH LGHQWLFDO WR

WKH RULJLQDO VWDWH� WKDW LV� WKH FRPELQHG V\VWHP HYROYHV DFFRUGLQJ WR

M D; � �< � �0L � M D;� D< � �D0L � ���

+HUH M �< L LV VRPH VWDQGDUG ?QXOO� VWDWH RI < DQG M �0L LV WKH LQLWLDO VWDWH RI

WKH FORQLQJ DSSDUDWXV� $IWHU WKH FORQLQJ SURFHVV� WKH VWDWH RI 0 LV M�D0L�

ZKLFK PD\ GHSHQG RQ WKH LQSXW VWDWH M D;L�

&RQVLGHU WKH DFWLRQ RI RXU FRS\LQJ VFKHPH RQ WKH LQSXW VWDWH M F;L  
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m M D;L � n M E;L� ZKHUH M D;L DQG M E;L DUH GLVWLQFW VWDWHV RI ;� ,I WKH nQDO

VWDWH RI < LV WR EH D IDLWKIXO FRS\� WKHQ M F< L  m M D< L � n M E< L� )URP

JHQHUDO FRQVLGHUDWLRQV RI TXDQWXP PHFKDQLFV� ZH NQRZ WKDW WKH HYROXWLRQ RI

WKH V\VWHP LV OLQHDU� VR WKDW
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VLQFH M F;� F< L  m� M D; � D< L�mn M D;� E< L�nm M E;� D< L�n
� M E;� E< L� 7KXV�

LI WZR GLVWLQFW VWDWHV FDQ EH FRSLHG IDLWKIXOO\ E\ VRPH VFKHPH� D VXSHUSRVLWLRQ

RI WKHP FDQQRW EH�

:H QRWH WKDW WKH ?QR�FORQLQJ� WKHRUHP LQ IDFW KROGV IRU WKH PRVW JHQHUDO

VRUW RI TXDQWXP HYROXWLRQ GHVFULEHG E\ D FRPSOHWHO\ SRVLWLYH PDS RQ GHQVLW\

RSHUDWRUV� VLQFH DOO VXFK PDSV FDQ EH PRGHOHG E\ XQLWDU\ �DQG WKXV OLQHDU�

HYROXWLRQ RQ D ODUJHU V\VWHP �D IDFW UHYLHZHG LQ >�@�� ,Q SDUWLFXODU� FORQLQJ

LV VWLOO LPSRVVLEOH HYHQ LI ZH DOORZ PHDVXUHPHQWV DQG PDQLSXODWLRQV RI WKH

V\VWHPV EDVHG RQ WKH RXWFRPHV RI PHDVXUHPHQWV�

:H ZLOO VKRZ WKDW WKH H[LVWHQFH RI VXSHUOXPLQDO VLJQDOV LPSOLHV WKH H[LV�

WHQFH RI D FORQLQJ VFKHPH WKDW XVHV TXDQWXP WHOHSRUWDWLRQ >�@� ,Q TXDQWXP
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WHOHSRUWDWLRQ� D VHQGHU $OLFH FRQYH\V DQ DUELWUDU\ VWDWH M�&L RI D TXELW & WR

D UHFHLYHU %RE� 7KLV LV GRQH XVLQJ DQ HQWDQJOHG SDLU RI TXELWV �$ DQG %�

DOUHDG\ VKDUHG E\ $OLFH DQG %RE� WRJHWKHU ZLWK D FODVVLFDO PHVVDJH WUDQV�

PLWWHG IURP $OLFH WR %RE� :H PD\ LPDJLQH WKDW WKH HQWDQJOHG TXELWV DUH

LQLWLDOO\ LQ WKH VLQJOHW VWDWH
nnnkb$%

(
 �S

�
�M �$� �%LbM �$� �%L�� $OLFH PHDVXUHV

D MRLQW REVHUYDEOH RQ & DQG $ ZKRVH HLJHQVWDWHV DUH WKH VR�FDOOHG %HOO VWDWHV

nnnjh$&
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�M �$� �&L h M �$� �&L� DQG

nnnkh$&
(
 �S

�
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�7KLV PHDVXUHPHQW WHOOV $OLFH QRWKLQJ DERXW WKH LQSXW VWDWH M�&L�� 7KH

PHDVXUHPHQW UHVXOW FDQ EH VHQW WR %RE E\ D FODVVLFDO PHVVDJH RI WZR ELWV� ,W

WXUQV RXW WKDW WKLV LQIRUPDWLRQ LV SUHFLVHO\ HQRXJK WR DOORZ %RE WR FKRRVH D

XQLWDU\ WUDQVIRUPDWLRQ IRU KLV TXELW % WKDW ZLOO OHDYH LW LQ WKH VWDWH M�%L�

H[DFWO\ WKH VDPH DV WKH LQSXW TXELW VWDWH� 7KXV� E\ XVLQJ RQH HQWDQJOHG

SDLU RI TXELWV DQG VHQGLQJ D WZR�ELW FODVVLFDO PHVVDJH� $OLFH FDQ WUDQVIHU KHU

XQNQRZQ VWDWH WR %RE� 7KH FKRLFH RI WKH VLQJOHW VWDWH
nnnkb$%

(
LV QRW HVVHQWLDO�

DQG DQ\ ?PD[LPDOO\ HQWDQJOHG� VWDWH Mk$%L RI WKH TXELWV $ DQG % FDQ EH

XVHG IRU WHOHSRUWDWLRQ�

$VVXPH WKDW $OLFH DQG %RE VKDUH DQ HQWDQJOHG SDLU RI TXELWV DQG DUH

FDSDEOH RI FRQYH\LQJ FODVVLFDO LQIRUPDWLRQ VXSHUOXPLQDOO\ E\ VRPH XQVSHF�

LnHG PHDQV� :H FDQ LPDJLQH WKDW $OLFH DQG %RE DUH VHSDUDWHG E\ D ODUJH
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GLVWDQFH� :H FRQVLGHU WKH WHOHSRUWDWLRQ RI � WR FRQVLVW RI WZR HYHQWV�

q ,� $OLFH
V MRLQW PHDVXUHPHQW RI TXELWV $ DQG & DQG WKH VHQGLQJ RI WKH

FODVVLFDO PHVVDJH�

q ,,� %RE
V UHFHLSW RI WKH PHVVDJH DQG KLV DSSOLFDWLRQ RI WKH DSSURSULDWH

XQLWDU\ WUDQVIRUPDWLRQ WR TXELW %�

7KH RULJLQDO VWDWH RI & LV DQQLKLODWHG DW HYHQW ,� DQG WKH nQDO �LGHQWLFDO� VWDWH

RI % LV FUHDWHG DW HYHQW ,,� �%\ ?ODUJH GLVWDQFH� ZH PHDQ WKDW WKH OLJKW WUDYHO

WLPH EHWZHHQ $OLFH DQG %RE LV ELJ HQRXJK WR WKLQN RI , DQG ,, DV VSDFHWLPH

SRLQWV_L�H�� ?HYHQWV���

,I WKH FODVVLFDO PHVVDJH LV FRQYH\HG VXSHUOXPLQDOO\� WKHUH LV D VSDFHOLNH

VHSDUDWLRQ EHWZHHQ HYHQWV , DQG ,, >�@� 7KHUHIRUH� WKHUH LV VRPH IUDPH RI

UHIHUHQFH LQ ZKLFK ,, SUHFHGHV , LQ WLPH� &RQVLGHU VXFK D IUDPH RI UHIHUHQFH�

LQ ZKLFK WKH �SRVVLEO\ WUDQVIRUPHG� LQLWLDO VWDWH RI TXELW & LV M��&L� 'XULQJ

WKH WLPH LQWHUYDO EHWZHHQ HYHQWV ,, DQG ,� WKH TXELWV & DQG % DUH LQ WKH VWDWH

M��
&
� ��

%
L_D VWDWH LQ ZKLFK & KDV EHHQ ?FORQHG� LQWR %� %\ WKH QR�FORQLQJ

WKHRUHP� WKLV FDQQRW RFFXU DW DQ\ WLPH� +HQFH� HLWKHU TXDQWXP PHFKDQLFV

LV ZURQJ LQ WKLV IUDPH RI UHIHUHQFH RU WKHUH FDQ EH QR VXSHUOXPLQDO FDUULHUV
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RI FODVVLFDO LQIRUPDWLRQ�

,W PLJKW EH DUJXHG WKDW WKLV LV QRW ?UHDO� FORQLQJ� VLQFH WKH RULJLQDO VWDWH

M��
&
L LV IDWHG WR EH GHVWUR\HG EHIRUH WKH HQG RI WKH WHOHSRUWDWLRQ SURFHVV� 6XFK

FORQLQJ FRXOG WKXV QRW EH XVHG� IRU H[DPSOH� WR LPSURYH WKH GLVWLQJXLVKDELOLW\

RI YDULRXV LQSXW &�VWDWHV� +RZHYHU� VXSSRVH WKDW WKH FKRLFH RI LQSXW VWDWH

M��&L LV NQRZQ WR ERWK $OLFH DQG %RE� ,PPHGLDWHO\ EHIRUH HYHQW ,� $OLFH FRXOG

SHUIRUP D PHDVXUHPHQW WHVWLQJ WR VHH ZKHWKHU TXELW & LV LQ VWDWH M��&L� ZKLOH

%RE FRXOG SHUIRUP D VLPXOWDQHRXV PHDVXUHPHQW LPPHGLDWHO\ DIWHU HYHQW ,,

WR WHVW ZKHWKHU TXELW % LV LQ WKH VWDWH M��
%
L� 7KH WZR TXELWV ZRXOG SDVV WKHLU

UHVSHFWLYH WHVWV ZLWK SUREDELOLW\ RQH� 7KXV� HYHQ WKRXJK $OLFH DQG %RE PD\

QRW EH DEOH WR H[SORLW WKH FORQHG VWDWH IRU VRPH SXUSRVH� WKH\ FDQ SHUIRUP

D PHDVXUHPHQW WR FRQnUP WKDW WKH FORQLQJ KDV WDNHQ SODFH� 7KH QR�FORQLQJ

WKHRUHP GRHV QRW VLPSO\ SURKLELW XVHIXO FORQLQJ� LQ ZKLFK ERWK FRSLHV SHUVLVW�

LW IRUELGV D WZR�TXELW FORQH VWDWH DW DQ\ VWDJH RI WKH HYROXWLRQ� 7KLV WKHRUHP

VKRXOG KROG LQ DQ\ IUDPH RI UHIHUHQFH LQ ZKLFK TXDQWXP PHFKDQLFV LV YDOLG�

7UDGLWLRQDO DUJXPHQWV DJDLQVW VXSHUOXPLQDO FRPPXQLFDWLRQ JHQHUDOO\ SUR�

FHHG E\ FRQVWUXFWLQJ FDXVDO SDUDGR[HV >�@� 2XU DUJXPHQW LV EDVHG RQ TXDQ�

WXP PHFKDQLFV� ,QGHHG� WKH RQO\ SLHFH RI WKH TXDQWXP WKHRU\ WKDW ZH KDYH

XVHG LV WKH OLQHDULW\ RI WKH 6FKU�RGLQJHU HTXDWLRQ GHVFULELQJ WLPH HYROXWLRQ�
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7KH SULQFLSOH RI VXSHUSRVLWLRQ LV D YHU\ JHQHUDO IHDWXUH RI TXDQWXP PHFKDQ�

LFV�

)URP WLPH WR WLPH� LW LV VXJJHVWHG WKDW TXDQWXP HQWDQJOHPHQW FDQ EH

XVHG WR FRQYH\ FODVVLFDO PHVVDJHV LQVWDQWDQHRXVO\� 7KLV FDQQRW EH GRQH >�@�

:H KDYH KHUH SURYLGHG D QHZ HOHPHQWDU\ DUJXPHQW WKDW H[SORLWV WKH SURS�

HUWLHV RI HQWDQJOHPHQW LWVHOI� )DU IURP SURYLGLQJ D PHDQV RI FRPPXQLFDWLQJ

LQVWDQWDQHRXVO\� TXDQWXP HQWDQJOHPHQW DOORZV XV WR H[FOXGH VXFK D SRVVLE�

OLW\ IURP D XQLYHUVH LQ ZKLFK ERWK TXDQWXP PHFKDQLFV DQG UHODWLYLW\ KROG

WUXH�

,W KDV EHHQ SRLQWHG RXW WKDW� LI TXDQWXP FORQLQJ ZHUH SRVVLEOH� LW FRXOG EH

XVHG DORQJ ZLWK HQWDQJOHPHQW WR VHQG VXSHUOXPLQDO FODVVLFDO VLJQDOV >�@� 2XU

UHVXOW LV WKH FRQYHUVH� VLQFH FORQLQJ LV LPSRVVLEOH� TXDQWXP HQWDQJOHPHQW FDQ

EH XVHG WR VKRZ WKDW VXSHUOXPLQDO FODVVLFDO FRPPXQLFDWLRQ LV LPSRVVLEOH DV

ZHOO�

$FNQRZOHGJPHQWV

$ GHFDGH DJR� -RKQ $� :KHHOHU SRVHG WKH IROORZLQJ TXHVWLRQ WR RQH RI WKH

DXWKRUV �%�6��� ?&DQ ZH nQG DQ DUJXPHQW DJDLQVW XVLQJ HQWDQJOHPHQW IRU
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VXSHUOXPLQDO FRPPXQLFDWLRQ WKDW LV DV VLPSOH DQG FOHDU DV WKH QR�FORQLQJ

WKHRUHP"� 7KLV SDSHU LV WKH EHODWHG DQVZHU�

7KH DXWKRUV ZLVK WR WKDQN :� .� :RRWWHUV DQG 6� 9DQ (QN IRU YDOXDEOH

GLVFXVVLRQV� $ QRWH E\ 9� 6� 0DVKNHYLFK >�@ ZDV KHOSIXO LQ UHnQLQJ RXU

DUJXPHQW�

5HIHUHQFHV

>�@ $� 3HUHV� 4XDQWXP 7KHRU\� &RQFHSWV DQG 0HWKRGV� .OXZHU $FDGHPLF

3XEOLVKHUV� 'RUGUHFKW ������� S� ����

>�@ :� .� :RRWWHUV DQG :� +� =XUHN� 1DWXUH ���� ��� �������

>�@ &� +� %HQQHWW� *� %UDVVDUG� &� &UuHSHDX� 5� -R]VD� $� 3HUHV� DQG :� .�

:RRWWHUV� 3K\VLFDO 5HYLHZ /HWWHUV ��� ���� �������

>�@ %� :� 6FKXPDFKHU� 3K\VLFDO 5HYLHZ $ ��� ���� �������

>�@ (� )� 7D\ORU DQG -� $� :KHHOHU� 6SDFHWLPH 3K\VLFV� :� +� )UHHPDQ DQG

&RPSDQ\� 6DQ )UDQFLVFR ������� S� ���

>�@ 5� 0LOOV� 6SDFH� 7LPH DQG 4XDQWD� :� +� )UHHPDQ DQG &RPSDQ\� 1HZ

<RUN ������� S� ���
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>�@ 9� 6� 0DVKNHYLFK� SUHSULQW TXDQW�SK���������

)LJXUH FDSWLRQ

6SDFHWLPH GLDJUDPV LOOXVWUDWLQJ KRZ VXSHUOXPLQDO FODVVLFDO FRPPXQLFDWLRQ

FDQ YLRODWH WKH TXDQWXP QR�FORQLQJ WKHRUHP� �D� 7HOHSRUWDWLRQ RI DQ XQ�

NQRZQ TXDQWXP VWDWH LQ WKH ?XQSULPHG� IUDPH RI UHIHUHQFH� ,I WKH FODVVLFDO

LQIRUPDWLRQ LV VHQW VXSHUOXPLQDOO\ IURP $OLFH WR %RE� HYHQWV , DQG ,, KDYH

D VSDFHOLNH VHSDUDWLRQ� �E� 7KH VDPH WHOHSRUWDWLRQ SURFHVV LQ WKH ?SULPHG�

IUDPH� LQ ZKLFK HYHQW ,, SUHFHGHV HYHQW ,� $W WKH ?W�  FRQVWDQW� K\SHU�

VXUIDFH� ERWK TXELWV & DQG % DUH LQ WKH VDPH VWDWH� DV FDQ EH YHULnHG E\

PHDVXUHPHQWV WKDW DUH VLPXOWDQHRXV LQ WKLV IUDPH�
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