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H�PDLO� ELHQDWL#IXVEHUWD�HOHW�SROLPL�LW� VSDJQROL#HOHW�SROLPL�LW

$%675$&7

%OLQG VLJQDO VHSDUDWLRQ �%66� LV D UHFXUUHQW SUREOHP LQ PDQ\ PXOWL�

VHQVRUV DSSOLFDWLRQV ZKHUH REVHUYDWLRQV FDQ EH PRGHOOHG DV PL[�

WXUHV RI � VWDWLVWLFDO LQGHSHQGHQW VRXUFH VLJQDOV� ,Q WKLV SDSHU ZH

SURSRVH WKH HVWLPDWLRQ RI WKH RUWKRQRUPDO WUDQVIRUPDWLRQ PDWUL[

" LQ WKH FDVH RI ZKLWHQHG REVHUYDWLRQV DQG D FRVW IXQFWLRQ EDVHG

RQ WKH IRXUWK�RUGHU PRPHQWV� " LV GHVFULEHG DV FRPELQDWLRQ RI

HOHPHQWDU\ *LYHQV URWDWLRQV DQG WKH RSWLPL]DWLRQ LV FDUULHG RXW

MRLQWO\ IRU DOO WKH URWDWLRQV� :KHQ VXE�VHWV RI DQJOHV DUH RSWLPL]HG

VHSDUDWHO\ WKH PHWKRG UHGXFHV WR WKH GHÀDWLRQ DSSURDFK ZKLFK KDV

EHHQ SURYHG WR EH JOREDOO\ FRQYHUJHQW >�@� 7KH MRLQW HVWLPDWLRQ RI

*LYHQV URWDWLRQ PDWULFHV KDV D FRPSXWDWLRQDO FRPSOH[LW\ �E.�2�
DQG� FRPSDUHG WR RWKHU DGDSWLYH %66� VLPXODWLRQV GHPRQVWUDWH WKDW

LW FRQYHUJHV IDVWHU DQG DFKLHYHV D EHWWHU DWWHQXDWLRQ RI FURVV�WDONV�

�� ,1752'8&7,21

$SSOLFDWLRQV FDOO IRU D EOLQG VLJQDO VHSDUDWLRQ �%66� PHWKRG IRU

PHPRU\OHVV LQWHUIHUHQFH V\VWHPV WKDW LV FRPSXWDWLRQDOO\ DIIRUG�

DEOH� IDVW FRQYHUJHQW� VWDEOH DQG UHDVRQDEO\ DFFXUDWH� $OO WKHVH

SURSHUWLHV DUH HTXDOO\ LPSRUWDQW DQG� HYHQWXDOO\� FDQ EH PRGHU�

DWHO\ UHOD[HG� %66 PHWKRGV UHO\ PDLQO\ RQ WKH K\SRWKHVLV RI VWD�

WLVWLFDO LQGHSHQGHQFH RI WKH XQNQRZQ VRXUFHV >�@� %66 FDQ EH

GHFRPSRVHG LQWR WZR�VWHSV� WKH REVHUYDWLRQV DUH ¿UVW SUHZKLWHQHG

E\ D ZKLWHQLQJ PDWUL[� DQG WKHQ DQ RUWKRQRUPDO PDWUL[ " FDQ EH

VHSDUDWHO\ FDOFXODWHG E\ FRQVWUDLQLQJ WKH VRXUFH VHSDUDWLRQ ZLWK

WKH PLQLPL]DWLRQ RI DSSURSULDWH FRVW�IXQFWLRQV �RUWKRJRQDO FRQ�

WUDVW IXQFWLRQV�� ,Q WKLV SDSHU ZH OLPLW RXUVHOYHV WR WKH FDVH ZKHUH

WKH SUHZKLWHQLQJ LV NQRZQ RU HVWLPDWHG VHSDUDWHO\ �H�J�� E\ XVLQJ

D /06 RU 5/6 DSSURDFK� DQG WKH URWDWLRQ PDWUL[ " KDV WR EH HV�

WLPDWHG� :H ZLOO DVVXPH WKDW WKH RUWKRJRQDO FRQWUDVW�IXQFWLRQ LV

EDVHG RQ WKH IRXUWK�RUGHU PRPHQWV DQG ZH FRQFHQWUDWH RQ WKH ZD\

WR HVWLPDWH D PDWUL[" E\ FRQVWUDLQLQJ WR EH DQ RUWKRQRUPDO WUDQV�

IRUPDWLRQ�

,Q LWHUDWLYH PHWKRGV" FDQ EH HVWLPDWHG E\ FRQVWUDLQLQJ �DW WKH

¿UVW RUGHU� WKH XSGDWLQJ WR UHVXOW LQ D PDWUL[" WKDW LV RUWKRQRUPDO

>�@� 7KH FRQVWUDLQW FDQ EH H[SOLFLWO\ DGGHG DV /DJUDQJH PXOWLSOLHUV

>�@ EXW D JOREDO RSWLPL]DWLRQ LV QRW SUDFWLFDO DV FRPSXWDWLRQDOO\ WRR

H[SHQVLYH >�@� ,Q %66 PDWUL[ " FDQ EH FRQYHQLHQWO\ ZULWWHQ DV D

FRPELQDWLRQV RI HOHPHQWDU\ *LYHQV URWDWLRQV >�@� ,Q WKLV SDSHU ZH

SURSRVH WKH MRLQW RSWLPL]DWLRQ RI WKH *LYHQV URWDWLRQV �-2*� E\

H[SORLWLQJ D FRPSXWDWLRQDOO\ HI¿FLHQW XSGDWLQJ ZKLFK UHVXOWV LQ D

FRVW �E.�2�� 7KH DSSURDFK LV VLPLODU WR WKH GHÀDWLRQ DSSURDFK

SURSRVHG LQ >�@ ZKLFK KDV EHHQ SURYHG WR EH JOREDOO\ FRQYHUJHQW�

WKH PDLQ GLIIHUHQFH KHUH OLHV LQ WKH ZD\ WKH XSGDWLQJ LV FDUULHG RXW�

&RPSDUHG WR WKH GHÀDWLRQ DSSURDFK� WKH %66�-2* VKRZV D IDVWHU

FRQYHUJHQFH DQG ORZHU PXWXDO LQWHUIHUHQFH IURP UHVLGXDO PL[LQJ�

+HUH WKLV ODWWHU SURSHUW\ LV FRQYHQLHQWO\ HYDOXDWHG LQ WHUP RI VLJQDO

WR LQWHUIHUHQFH UDWLR �6,5�� 7KH %66�-2* LV FRPSDUHG WR ($6, >�@

DV LW LV D %66 EHQFKPDUN EDVHG RQ WKH VDPH FRQWUDVW�IXQFWLRQ�

7KH SDSHU LV RUJDQL]HG DV IROORZV� ,Q WKH QH[W VHFWLRQ ZH UHFDOO

WKH PRGHO GH¿QLWLRQV DQG WKH RSWLPL]DWLRQ SUREOHP XQGHU VWXG\�

7KHQ LQ 6HFWLRQ � ZH GHVFULEH WKH %66�-2* DOJRULWKP� WKH GH�

ÀDWLRQ DSSURDFK >�@ LV VKRUWO\ UHFDOOHG� ,Q DGGLWLRQ� LW LV VKRZQ

WKDW WKH VRXUFHV VHSDUDWLRQ LV D VWDWLRQDU\ SRLQW RI -2*� 7KH SHU�

IRUPDQFH DQDO\VLV ZLWK UHVSHFW WR DGDSWLYH DOJRULWKPV DUH LQ 6HF�

WLRQ �� ,Q DGGLWLRQ� PRWLYDWHG E\ WKH QHHG WR UHGXFH WKH FRVW IRU

WKH FRPSXWDWLRQV RI WULJRQRPHWULF IXQFWLRQV �H�J�� E\ DGGUHVVLQJ D

ORRN�XS WDEOH�� WKH SHUIRUPDQFHV DUH HYDOXDWHG ZKHQ WKH DQJOHV�

XSGDWLQJ LV TXDQWL]HG RU ¿[HG�

�� 35(/,0,1$5,(6

$V D JHQHUDO PRGHO IRU %66 OHW WKH u REVHUYHG VLJQDOV EH UHODWHG

WR WKH � LQGHSHQGHQW VRXUFH VLJQDOV t%�E&����'� E\ WKH u f �
PHPRU\OHVV FKDQQHO PDWUL[��

�E&� ' � E&� n ?E&�c & M ] ���

ZKHUH  E&� ' d%�E&�c ���c %�E&�o
A
DQG ?E|� LV WKH DGGLWLYH *DXV�

VLDQ QRLVH� � LV IXOO�FROXPQ UDQN� VRXUFHV DUH ]HUR PHDQ QRQ�

*DXVVLDQ ZLWK.d�%�E&��2o ' � DQG ?E|� ; � Efc j2W� �� :LWKRXW

DQ\ ORVV RI JHQHUDOLW\ KHUH ZH DVVXPH LQ WKH GHULYDWLRQ WKDW VLJQDOV

DUH UHDO�YDOXHG� u ' � DQG j2 ' f �QR�QRLVH�� 7KH %66 FDQ RSHU�
DWH LQWR WZR VWHSV >�@� 7KH ¿UVW VWHS SUHZKLWHQV WKH REVHUYDWLRQV DF�

FRUGLQJ WR D ZKLWHQLQJ PDWUL[ �� LW UHVXOWV LQ D VHW RI XQFRUUHODWHG

DQG QRUPDOL]HG VLJQDOV 3E&� ' ��E&�� .d3E&�3E&�A o ' W� �

6LQFH .d�E&��E&�A o ' ��A
WKH PDWUL[ � ' E��A �3�*2 RU

HTXLYDOHQWO\� ' �3�O ZKHUHO LV DQ RUWKRQRUPDO WUDQVIRUPD�

WLRQ� 7KHUHIRUH� WKH %66 UHGXFHV LQ ¿QGLQJ WKH XQNQRZQ " IURP

WKH ZKLWHQHG REVHUYDWLRQV 3E&�

| ' |E"� ' "3c ���

$Q DSSURSULDWH FRVW IXQFWLRQ EDVHG RQ KLJK�RUGHU VWDWLVWLFV FDQ

VHSDUDWH WKH VRXUFHV E\ IRUFLQJ WKHLU LQGHSHQGHQFH� WKXV"< +B

RU HTXLYDOHQWO\ |< + DSDUW IURP D SHUPXWDWLRQ PDWUL[+ DQG D

VLJQ UHYHUVDO IRU WKH VRXUFHV�

3UH�ZKLWHQLQJ FDQ EH FDUULHG RXW LQ DQ\ RI WKH NQRZQ PHWKRGV

DQG LW LV QRW GHDOW ZLWK KHUH� :H XVH WKH 5/6 DSSURDFK DV LW GRHV

QRW GHOD\ WKH %66 EHFDXVH RI WKH LOO�FRQGLWLRQLQJ RI.d�E&��E&�A o�
LQ DGGLWLRQ WKH FRVW �E�2� LV FRPSDUDEOH ZLWK WKH HVWLPDWLRQ RI

" SURSRVHG EHORZ �6HFWLRQ ���



�� $'$37,9( (67,0$7,21 2) 7+(0$75,;"

/HW XV VXSSRVH WKDW DOO WKH VRXUFHV KDYH QHJDWLYH NXUWRVLV �VXE�

*DXVVLDQ�� 7KH VRXUFH VLJQDOV  FDQ EH UHFRYHUHG IURP 3 E\ HV�

WLPDWLQJ WKH �2
HOHPHQWV ^�c� E�� ' d" E��o�� WKURXJK WKH PLQL�

PL]DWLRQ RI WKH IROORZLQJ FRQWUDVW IXQFWLRQ >�@�
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ZKHUH � GHQRWHV WKH YHFWRU RI � ' �E� 3 ��*2 URWDWLRQ DQ�

JOHV� 7KH PLQLPL]DWLRQ RI [E�� ZLOO EH DWWDLQHG E\ DSSO\LQJ WKH

VWRFKDVWLF JUDGLHQW DOJRULWKP� WKH DFWXDO IXQFWLRQ WR EH LWHUDWLYHO\

PLQLPL]HG LV
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7KH LWHUDWLYH PLQLPL]DWLRQ RI ��� GRHV QRW JXDUDQWHH WKDW "

FRQYHUJHV WR D XQLWDU\ PDWUL[ XQOHVV FRQVWUDLQWV DUH DGGHG �VHH H�J��

>�@� >�@�� +HUH WKH XQLWDU\ PDWUL[" LV GHFRPSRVHG LQWR WKH SURGXFW

RI� *LYHQV URWDWLRQV�& �
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3URYLGHG WKDW" LV GHFRPSRVHG LQWR� *LYHQV URWDWLRQV WKDW URWDWH

HDFK FRRUGLQDWH SODQH LQ WKH U
�

VSDFH� WKH URWDWLRQV RUGHULQJ LV

QRW UHOHYDQW GXH WR WKH VLJQDO SHUPXWDWLRQ DPELJXLW\ RI %66� 7KH

RUGHULQJ SUHVHUYHV WKH VLPLODULWLHV ZLWK WKH GHÀDWLRQ DSSURDFK >�@�

7KH URWDWLRQV ��� DUH DUUDQJHG DV
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�
� ,W LV HDV\ WR SURYH WKDW HDFK

PDWUL[B6 KDV WKH IROORZLQJ VWUXFWXUH
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5
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ZKHUH fRc^ LV D Rf^ PDWUL[ ZKRVH HOHPHQWV DUH DOO ]HURV� �B6 LV D

E63 ��f6 PDWUL[� DQG }A6 LV D URZ YHFWRU VXFK WKDW �B6}6 '
f63�c�� ,W IROORZV WKHQ
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7KLV VWUXFWXUH LV UHPLQLVFHQW RI WKH RQH DW WKH EDVLV RI WKH GHÀDWLRQ

DSSURDFK SURSRVHG LQ >�@ �HDFK PDWUL[B6 FRUUHVSRQGV WR RQH VWHS

RI WKH GHÀDWLYH SURFHGXUH�� WKH PDLQ GLIIHUHQFH KHUH OLHV LQ WKH ZD\

WKH DQJOHV � DUH XSGDWHG DV VKRZQ EHORZ�

7KH JUDGLHQW RI � ZLWK UHVSHFW WR WKH SDUDPHWHUV w& �& '
����� � LV
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KHUH f? ' f?c? GHQRWHV D ?f ? PDWUL[ RI ]HURV� 7KH SDUWLWLRQ RI
Y"

Ywn
LQWR WKH SURGXFW RI WKUHH PDWULFHV �w&�

Y�Ewn�

Ywn
�+&� LV WKH NH\

IRU WKH HI¿FLHQW LPSOHPHQWDWLRQ RI WKH DOJRULWKP ZKRVH FRPSOH[�

LW\ LV �E.�2� IRU HDFK DGDSWDWLRQ VWHS �KHUH ZH QHJOHFW WKH FRVW

IRU WKH HYDOXDWLRQV RI WKH WULJRQRPHWULF IXQFWLRQV QHHGHG WR EXLOG

"E�?n�� DV WKH\ FDQ EH SUH�FDOFXODWHG DQG VLPSO\ DGGUHVVHG�� ,Q�

GHHG� HT� ��� FDQ EH UHZULWWHQ DV

Y�
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DQG WKH IROORZLQJ UHFXUVLYH IRUPXODV KROG��
�� ' h
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)RU & ' �c ���c � ZH ¿UVW EXLOG WKH YHFWRUV �&� WKLV VWHS UHTXLUHV

�3�PDWUL[ E\ YHFWRU SURGXFWV� ZKHUH WKH PDWULFHV DUH *LYHQV UR�

WDWLRQ�&� 7KH VHFRQG VWHS FRQVLVWV RI FRPSXWLQJ WKH YHFWRUV t& '
Y�Ewn�

Ywn
�& �& ' �c ���c� �� QRWLFH WKDW HYHU\ YHFWRU t& KDV RQO\ �

QRQ�]HUR HOHPHQWV� ,Q WKH WKLUG VWHS YHFWRUV �& DUH FRPSXWHG DQG

D WRWDO RI�32 YHFWRU E\�& PDWUL[ SURGXFWV DUH UHTXLUHG� $ ¿QDO

VWHS LV QHHGHG LQ RUGHU WR FRPSXWH �A& t& �& ' �c ���c� �� 7KH WRWDO

QXPEHU RI PXOWLSOLFDWLRQV QHHGHG DW HDFK VWHS LV OLVWHG WKH WDEOH

EHORZ�

6WHS 1XPEHU RI PXOWLSOLFDWLRQV

�� �& e E� 3 ��

�� t& ' Y�Ewn�

Ywn
�& e�

�� �& e E� 3 2�

�� �� Ew&� ' �A& t& 2�

7KH VWRFKDVWLF XSGDWH DOJRULWKP IRU � UHGXFHV WR

�?n� ' �? 3 B ��E�?� ����
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YwP
3?

lA
LV GHULYHG IURP

���� IRU � ' �? DQG B LV WKH VWHS�VL]H� 1RWLFH WKDW KHUH WKH XSGDWH
RI WKH DQJOH w&E6c?� GHSHQGV RQ DOO WKH RXWSXWV |� ZKLOVW LQ WKH

GHÀDWLRQ DSSURDFK LW GHSHQGV RQO\ RQ |6�



5HPDUN �� :LWKLQ WKH LQWHUYDO dfc 2Z� D VWDWLRQDU\ SRLQW IRU WKH
XSGDWLQJ ���� LV DQ\ YHFWRU 7� VXFK WKDW �VHH H�J�� >�@��
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l
ZH FRQFOXGH WKDW WKH XQLTXH DEVROXWH PLQLPXP RI[E�� GRHV FRU�
UHVSRQG WR D VWDEOH VWDWLRQDU\ SRLQW IRU WKH XSGDWLQJ ����� 7KLV

SURRI GRHV QRW HQVXUH WKH JOREDO FRQYHUJHQFH RI WKH LWHUDWLYH XS�

GDWLQJ VLQFH [E�� PLJKW KDYH ORFDO PLQLPD �DV LW FDQ EH DQDO\W�

LFDOO\ SURYHG IRU � ' 2�� ,W VKRXOG EH UHFDOOHG WKDW ZKHQ WKH

RSWLPL]DWLRQ RI WKH FRQWUDVW IXQFWLRQ ��� FDQ EH GHFRXSOHG LQWR WKH

RSWLPL]DWLRQ RI HDFK FRPSRQHQW DV IRU >�@ DQG >�@� WKH VWHSV LQ >�@

FDQ EH IROORZHG WR VKRZ WKDW IRU HDFK RI WKH FRPSRQHQWV WKH VWDEOH

VWDWLRQDU\ SRLQWV DOORZV WKH UHFRYHU\ RI RQH VRXUFH� 6LQFH LQ WKLV

FDVH WKH RSWLPL]DWLRQ RI WKH FRQWUDVW IXQFWLRQ ���� LV FDUULHG RXW

JOREDOO\ DQG QRW VHTXHQWLDOO\ WKH SURRI RI JOREDO FRQYHUJHQFH FDQ�

QRW EH HDVLO\ H[WHQGHG LQ WKLV FDVH� ([WHQVLYH QXPHULFDO VLPXOD�

WLRQV IRU� : 2 KDYH QHYHU JLYHQ HYLGHQFHV WKDW WKH %66�-2* FDQ

EH WUDSSHG LQ D ORFDO PLQLPXP LPSO\LQJ DQ\ GHJUDGDWLRQ RI SHUIRU�

PDQFH ZLWK UHVSHFW WR RWKHU JOREDOO\ FRQYHUJHQW PHWKRGV �H�J�� WKH

GHÀDWLRQ DSSURDFK DV VKRZQ LQ 6HFWLRQ ��� 0RUHRYHU� IRU FHUWDLQ

SGI RI VRXUFH VLJQDOV �IRU LQVWDQFH� IRU ELQDU\ VLJQDOV� WKH DWWUDFWRU

WR WKH JOREDO PLQLPXP VHHPV WR EH VR VWURQJ WKDW� LQ DEVHQFH RI

DGGLWLYH QRLVH� DOJRULWKP ���� SHUPLWV D FRPSOHWH VHSDUDWLRQ RI WKH

VRXUFHV ZLWKLQ OHVV WKDQ RQH KXQGUHG DGDSWDWLRQ VWHSV�

5HPDUN �� (DFK RI WKH �f� HOHPHQWV RI WKH URWDWLRQ PDWUL[

�& Ew&� FDQ EH UH�ZULWWHQ DV�& E4&� '
�

E�n45
n
�4@5

�
� 4&
34& �
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RSWLPL]DWLRQ LV QRZ FDUULHG RXW ZLWK UHVSHFW WR �'d4�c ���c 4� oA �
7KLV UHVXOWV LQ D VOLJKWO\ GLIIHUHQW XSGDWLQJ HTXDWLRQ �L�H�� WKH RQO\

WHUP FKDQJHG LV Y� E4&� *Y4&� WKDW FRXOG EH VXLWDEO\ H[SORLWHG

ZKHQ WKH FRPSOH[ YDOXHG VLJQDOV DUH FRQVLGHUHG�

�� 3(5)250$1&(

7KH SHUIRUPDQFH RI WKH %66�-2* DUH HYDOXDWHG WKURXJK QXPHUL�

FDO VLPXODWLRQV� 6LQFH FRQYHUJH UDWH DQG UHVLGXDO LQWHUIHUHQFH DI�

WHU WKH GHPL[LQJ FDQ EH FRQVLGHUHG DV GHVLJQ SDUDPHWHUV LQ DS�

SOLFDWLRQV� SHUIRUPDQFHV DUH HYDOXDWHG E\ FRPSDULQJ H[SHULPHQ�

WDOO\ WKHVH WZR SDUDPHWHUV DOPRVW LQGHSHQGHQWO\ RI WKH VWHS�VL]H B�
3UHZKLWHQLQJ LV EDVHG RQ 5/6 DOJRULWKP DV WKH FRQYHUJHQFH UDWH

LV DOPRVW LQGHSHQGHQW RI WKH FRQGLWLRQ QXPEHU ����� RI WKH FR�
YDULDQFH PDWUL[ .d�E&��E&�A o ' ��A

� SHUIRUPDQFH LV PDLQO\

GXH WR WKH HVWLPDWLRQ RI WKH RUWKRJRQDO WUDQVIRUPDWLRQ"E&�� /HW
�E&�' "E&��E&�� EH WKH JOREDO PL[LQJ�GHPL[LQJ PDWUL[ HYDO�

XDWHG GXULQJ WKH N�WK VDPSOH �RU LWHUDWLRQ DV DGDSWLYH %66 LV SHU�

IRUPHG E\ RQH LWHUDWLRQ SHU WLPH VDPSOH�� WKH VLJQDO WR LQWHUIHUHQFH

UDWLR �6,5� IRU WKH HVWLPDWHG VRXUFH LV�

7U-�E&� ' �f *L}�f

3
EEC 4@ 

?
t�d�E&�o�?�2�
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?'�

�d�E&�o�?�2 34@ 
?
t�d�E&�o�?�2�

4
FFD �
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7KH 6,5 LV D UDQGRP YDULDEOH WKDW UHÀHFWV WKH SHUIRUPDQFH RI D

VSHFL¿F %66 DOJRULWKP� WKH QXPEHU RI VDPSOHV UHTXLUHG IRU FRQ�

YHUJHQFH A� �RU WKH FRQYHUJHQFH VSHHG �*A�� DQG WKH DV\PSWRWLF

DFFXUDF\ 7U-� ' *�4&<".d7U-�E&�o FDQ EH HYDOXDWHG H[SHU�

LPHQWDOO\ IRU YDU\LQJ VWHS�VL]H B DQG ���� +HUH A� DQG 7U-�

DUH HVWLPDWHG E\ ¿WWLQJ RQ WKH 7U-�E&� D SLHFH�OLQH IXQFWLRQ� LQ
SUDFWLFH�

7U-�E&� E
�

& f 7U-�*A�� IRU & 	 A�
7U-�� IRU & D A�

����

ZKHUH E VWDQGV IRU WKH OHDVW VTXDUH ¿WWLQJ� 5HFDOO WKDW 7U-� '
7U-�EB� GHSHQGV RQ WKH VWHS B DQG A� ' A�EBc ���� GHSHQGV
DOVR RQ WKH ��� PRVWO\ IRU WKH SUHZKLWHQLQJ VWDJH�
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)LJ� �� (YROXWLRQ RI WKH HOHPHQWV RI WKH � f � JOREDO PDWUL[

� YV� LWHUDWLRQV IRU %66�-2* �XSSHU ¿JXUH� DQG GHÀDWLRQ DS�

SURDFK �ORZHU ¿JXUH�� 7KH VRXUFHV DUH %�E&� ; FE3I�cI��
IRU � ' �c 2c � � WKH PL[LQJ PDWUL[ LV RUWKRQRUPDO �%66 DIWHU H[DFW

SUHZKLWHQLQJ� DQG WKH DGDSWDWLRQ VWHS LV B ' f�f.D�

3HUIRUPDQFH FRPSDULVRQ ZLWK 'HÀDWLRQ $SSURDFK >�@� 6LQFH

%66�-2* LV FRQFHSWXDOO\ VLPLODU WR WKH GHÀDWLRQ DSSURDFK LQ WKH

XSGDWLQJ RI WKH PDWUL[ " H[FHSW RQ WKH ZD\ WKH EORFN�URWDWLRQV

DUH XSGDWHG� WKH WZR DOJRULWKP DUH FRPSDUHG ZLWK WKH VDPH VWHS B�
)LJXUH � VKRZV WKH HYROXWLRQ RI WKH HOHPHQWV RI WKH JOREDO PDWUL[

�E&� IRU � ' � XQLIRUPO\ GLVWULEXWHG VRXUFHV DQG ��� ' �
�L�H�� WKH PL[LQJ PDWUL[ LV XQLWDU\�� ,Q WKLV FDVH WKH %66�-2* RXW�

SHUIRUPV WKH GHÀDWLRQ DSSURDFK ERWK LQ WHUP RI FRQYHUJHQFH VSHHG

DQG DV\PSWRWLF SHUIRUPDQFH� 7KLV FRQFOXVLRQ LV FRQ¿UPHG IURP

)LJXUH � ZKHUH WKH DYHUDJH YDOXHV RI FRQYHUJHQFH A EBc ���� LV
UHSUHVHQWHG ZLWK UHVSHFW WR 7U-EB� IRU �� WULDOV RI � ' e VRXUFH
VLJQDOV� HDFK LV D IRXU HTXLSUREDEOH OHYHOV RI SXOVH DPSOLWXGH PRG�

XODWLRQ ��3$0�� %�E&� M t��*IDc��*ID�� 6LQFH WKH XVH RI

WKH VDPH VWHS B IRU WKH WZR DOJRULWKP FRXOG EH PLVOHDGLQJ� WKLV

SORW KDV WKH DGYDQWDJH RI PDNLQJ WKH FRPSDULVRQ RI WKH SHUIRU�

PDQFH DOPRVW LQGHSHQGHQW RQ WKH VWHS B� )RU DQ\ YDOXH RI 7U-
WKH FRQYHUJHQFH VSHHG RI WKH GHÀDWLRQ DSSURDFK LV ORZHU WKDQ WKH

%66�-2*� IRU DQ\ YDOXH RI A WKH 6,5 RI %66�-2* RXWSHUIRUPV

E\ PRUH WKDQ ��G% LQ 6,5� 7KLV LV QRW VXUSULVLQJ� WKH GHÀDWLRQ DS�

SURDFK LV LQWULQVLFDOO\ VHTXHQWLDO DQG D ORVV RI SHUIRUPDQFH LQ WHUP

RI FRQYHUJHQFH VSHHG LV H[SHFWHG ZLWK UHVSHFW WR -2*� +RZHYHU�

WKH DGYDQWDJH RI WKH GHÀDWLRQ VFKHPH OLHV LQ WKH SURRI RI FRQYHU�
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)LJ� �� &RQYHUJH UDWH A YV� 7U- IRU %66�-2* DQG 'HÀDWLRQ

$SSURDFK >�@ IRU � ' e �3$0 VRXUFHV�

JHQFH RI WKH LWHUDWLYH XSGDWLQJ ZKLFK VWLOO FDQQRW EH SURYHG IRU

%66�-2*�

3HUIRUPDQFH FRPSDULVRQ ZLWK ($6, >�@� 7KH DGDSWLYH ($6, LV

VKRZQ KHUH DV LW UHSUHVHQWV D JRRG UHIHUHQFH LQ WHUP RI FRQYHUJHQFH�

6,5�FRVW WUDGH�RIIV HYHQ LI LW LV XQGHUVWRRG WKDW WKH 5/6 SUHZKLWHQ�

LQJ RI %66�-2* WHQGV WR IDYRU -2* DOJRULWKP� 7KH FRPSDULVRQ LV

IRU � ' e VRXUFH VLJQDOV ZLWK �3$0 DV LQ WKH H[DPSOH DERYH�

WKH FRQGLWLRQ QXPEHUV DUH ��� ' t�c �fc �ff� DQG WKH UDQJH RI
VWHSV LV �f3� $ B $ �f32� +HUH ��� ' � IRU WKH PL[LQJ PDWUL[

LV LQWHQWLRQDOO\ FKRVHQ VR DV WR UHGXFH WKH ($6, WR D URWDWLRQ�RQO\

DOJRULWKP DQG WKXV PD[LPL]H WKH FRQYHUJHQFH UDWH� )LJXUH � VKRZV

WKH FRPSDULVRQ RI FRQYHUJH UDWH A YV� DV\PSWRWLF 7U-� 7KH IDVW

SUHZKLWHQLQJ PDNHV WKH %66�-2* EH LQGHSHQGHQW RI ��� HYHQ

LI D ORVV RI DSSUR[� �G% DULVHV ZKHQ FRPSDUHG ZLWK )LJXUH �� )RU

DQ\ YDOXH RI WKH 7U- WKH FRQYHUJHQFH RI WKH %66�-2* LV IDVWHU

WKDQ ($6, UHJDUGOHVV RI ���� $ VLPLODU FRQFOXVLRQ FDQ EH GULYHQ

ZKHQ FRQVLGHULQJ WKH 7U- IRU D JLYHQ FRQYHUJHQFH UDWH� WKH DG�

YDQWDJH FDQ EH TXDQWL¿HG �IRU ��� ' �� DV DSSUR[� ���G% LQ

7U-� 5HFDOO WKDW WKH FRPSOH[LW\ RI ($6, LV�E�2��

,Q UHDO�WLPH LPSOHPHQWDWLRQV WULJRQRPHWULF IXQFWLRQV DUH SUH�

FRPSXWHG DQG VLPSO\ DFFHVVHG �ORRN�XS WDEOH�� 7KH LPSDFW LQ

*LYHQV URWDWLRQV RI WKH WULJRQRPHWULF IXQFWLRQ LV VKRZQ LQ )LJXUH

� ZKHQ WKH DQJOHV DUH TXDQWL]HG ZLWK DQJOH�LQWHUYDO{� 7KH DQJOHV

XSGDWLQJ ���� LV PRGL¿HG DV IROORZV�

TXDQWL]DWLRQ $� �?n� ' �? 3{f oJ�?_d B ��E�?�*{o

TXDQWL]DWLRQ %� �?n� ' �? 3{f r�}?d ��E�?�o
����

7KH TXDQWL]DWLRQ $ UHSUHVHQWV WKH TXDQWL]HG DQJOH�XSGDWLQJ VWLOO

EDVHG RQ WKH VWHS B �oJ�?_d�o GHQRWHV WKH URXQG WR WKH QHDUHVW

LQWHJHU� ZKLOH LQ WKH TXDQWL]DWLRQ % WKH DQJOH�XSGDWLQJ LV ERXQGHG

WR EH�{ DQG�E�2*2�PXOWLSOLFDWLRQV E\ WKH VWHS B DUH QR PRUH

QHFHVVDU\� )LJXUH � FRQ¿UPV WKDW WKH TXDQWL]DWLRQ % LV DIIHFWHG E\

ORZ FRQYHUJHQFH IRU ORZ {� DQG VPDOO 7U- ZKHQ { LV ODUJH� ,Q

DQ\ FDVH� IRU { ' �_i} WKH FRQYHUJHQFH LV UHDFKHG LQWR DSSUR[�

���� VDPSOHV� $ VXLWDEOH VWUDWHJ\ WR RSWLPL]H WKH VZLWFKLQJ IURP

ODUJH{ �DW WKH ¿UVW LWHUDWLRQV� WR VPDOO{ �DW ¿QDO LWHUDWLRQV� LV QRW

GLVFXVVHG KHUH EXW FDQ EH GHULYHG ZLWK WKH KHOS RI WKH SHUIRUPDQFH

LQ )LJXUH ��
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)LJ� �� &RQYHUJH UDWH A YV� 7U- IRU %66�-2* DQG ($6, IRU

IRXU VRXUFHV RI �3$0 VLJQDOV� %66�-2* ZLWK DQJOH�TXDQWL]DWLRQ�

TXDQWL]DWLRQ $ IRU B ' �f32 �HPSW\ V\PEROV� DQG TXDQWL]DWLRQ %

�¿OOHG V\PEROV��

�� &21&/86,216

,Q WKLV SDSHU ZH KDYH GHPRQVWUDWHG WKDW LQ %66 WKH GHFRPSRVLWLRQ

RI WKH URWDWLRQ PDWUL[ LQWR HOHPHQWDU\ *LYHQV FDQ EH FRQYHQLHQWO\

H[SORLWHG� :KHQ WKH URWDWLRQ DQJOHV DUH RSWLPL]HG MRLQWO\ DV IRU

WKH SURSRVHG %66�-2* WKH FRQYHUJHQFH UDWH DQG WKH UHVLGXDO LQ�

WHUIHUHQFH RXWSHUIRUPV ZLWK UHVSHFW WR WKH LWHUDWLYH RSWLPL]DWLRQ

RI WKH DQJOHV DV LQ WKH GHÀDWLRQ DSSURDFK >�@� 7KH %66�-2* FDQ

EH HI¿FLHQWO\ LPSOHPHQWHG ZLWK D FRVW �E.�2�� 7KH VHQVLWLYLW\

DQDO\VLV ZLWK UHVSHFW WR DQJOH TXDQWL]DWLRQ VKRZV WKDW DSSURSUL�

DWH RSWLPL]DWLRQ VWUDWHJLHV FDQ EH WXQHG IRU UHDO�WLPH DSSOLFDWLRQV�

H�J�� LQ PRELOH FRPPXQLFDWLRQ V\VWHPV�

0$7/$% FRGHV IRU %66�-2* DUH DYDLODEOH DW KWWS���ZZZ�

GVS�HOHW�SROLPL�LW LQ 7/& VHFWLRQ�

�� 5()(5(1&(6

>�@ 1� 'HOIRVVH� 3� /RXEDWRQ� ³$GDSWLYH EOLQG VHSDUDWLRQ RI LQ�

GHSHQGHQW VRXUFHV� $ GHÀDWLRQ DSSURDFK´� 6LJQDO 3URFHVV��

9RO���� SS������� -XO\ �����

>�@ 3� &RPRQ� ³,QGHSHQGHQW FRPSRQHQW DQDO\VLV� D QHZ FRQ�

FHSW"´� 6LJQDO 3URFHVV�� 9RO���� SS����±���� $SU� �����

>�@ 1� %LHQDWL� ³%OLQG HTXDOL]DWLRQ DQG VRXUFH VLJQDO VHSDUDWLRQ´�

3ROLWHFQLFR GL 0LODQR� ,QWHUQDO 5HSRUW 1R������� �����

>�@ (� 0RUHDX� 2� 0DFFKL� ´$ RQH VWDJH VHOI�DGDSWLYH DOJRULWKP

IRU VRXUFH VHSDUDWLRQ´� 3URF� ,&$663� YRO��� SS������� �����

>�@ -�)� &DUGRVR� %�+� /DKHOG� ³(TXLYDULDQW $GDSWLYH 6RXUFH 6HS�

DUDWLRQ´� ,((( 7UDQV� 6LJQDO 3URFHVVLQJ� 9RO���� 'HF� �����

>�@ &�%� 3DSDGLDV� ³$ 0XOWL�8VHU .XUWRVLV $OJRULWKP IRU %OLQG

6RXUFH 6HSDUDWLRQ´� 3URF� ,&$663� YRO��� SS����������� ����

>�@ 6�&� 'RXJODV� ³3UHZKLWHQHG EOLQG VRXUFH VHSDUDWLRQ ZLWK RU�

WKRJRQDOLW\ FRQVWUDLQWV´� 3URF� RI WKH ��
o_

$VLORPDU &RQIHU�

HQFH� 9RO��� SS��������� �����

>�@ 2� 6KDOYL� (� :HLQVWHLQ� ³1HZ FULWHULD IRU EOLQG GHFRQYROX�

WLRQ RI QRQPLQLPXP SKDVH V\VWHPV �FKDQQHOV�´� ,((( 7UDQV�

,QIRUPDWLRQ 7KHRU\� 9RO���� SS��������� 0DUFK �����


