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'HULYLQJ $Q ,PSOLFDWLRQDO 8QLYHUVDO ,Q 7ZR 7KHRULHV RI 3KRQRORJ\


&KDUOHV 5HLVV³&RQFRUGLD 8QLYHUVLW\

�UHLVV#DOFRU�FRQFRUGLD�FD�

�� ,QWURGXFWLRQ

7KLV SDSHU LV GLYLGHG LQWR IRXU PDMRU VHFWLRQV� ,Q VHFWLRQ � , GHVFULEH DQ DSSDUHQW W\�
SRORJLFDO XQLYHUVDO FRQFHUQLQJ WKH VFRSH RI DVVLPLODWLRQ SURFHVVHV� ,Q VHFWLRQ � , VXJ�
JHVW DQ H[SODQDWLRQ RI WKLV XQLYHUVDO ZLWKLQ UXOH EDVHG SKRQRORJ\ E\ DSSHDOLQJ WR WKH
VXEVHW SULQFLSOH RI DFTXLVLWLRQ� ,Q WKH VHFWLRQ � , GHPRQVWUDWH WKDW WKH XQLYHUVDO FDQ
DOVR EH GHULYHG IURP WKH QDWXUH RI D UHODWLYHO\ VLPSOH 27 JUDPPDU� ,Q VHFWLRQ �� , WKHQ
XVH VRPH RI WKH FRQFHSWV LQWURGXFHG LQ HDUOLHU VHFWLRQV WR SURYLGH LQVLJKW LQWR WKH
SUREOHP RI XQGHU DQG RYHUJHQHUDWLRQ LQ 27� LQFOXGLQJ WKH FRXQWHUIHHGLQJ SUREOHP�
DQG FRQVWUDLQWV RQ WKH VHW RI 27 FRQVWUDLQWV� 6HFWLRQ � FRQWDLQV D EULHI FRQFOXVLRQ�

�� $ 7\SRORJLFDO 8QLYHUVDO

7KH XQLYHUVDO SDWWHUQ , UHIHU WR KDV WKH IRUP RI DQ LPSOLFDWLRQDO KLHUDUFK\ ZKLFK FDQ EH
LQWXLWLYHO\ JUDVSHG ZLWK D VLPSOH H[DPSOH�

��� ([DPSOH

$ ODQJXDJH FDQ KDYH WKH DOWHUQDWLRQV SQ!PQ DQG EQ!PQ� RU SQ!SQ DQG EQ!PQ� 7KDW
LV LI S DVVLPLODWHV� WKHQ E GRHV WRR� %XW LW FRXOG QRW EH WKH FDVH WKDW SQ!PQ DQG
EQ!EQ� 7KH LPSOLFDWLRQ DQG WKH LPSRVVLEOH SDWWHUQ DSSHDU LQ ����

��� ,PSOLFDWLRQ� SQ!PQ ⇒ EQ!PQ
,PSRVVLEOH SDWWHUQ� SQ!PQ� EXW EQ!EQ

7KLV FODLP LV FRQVLVWHQW ZLWK WKH HYLGHQFH IURP $QFLHQW *UHHN DQG /DWLQ� ,Q /DWLQ ERWK
VWRSV DVVLPLODWH�

��� /DELDOV EHIRUH �Q� LQ /DWLQ

• E�S ! P �BQ

• /DELDO� >�FRQWLQXDQW@ ! >�YRLFH@� >�QDVDO@� >�VRQRUDQW@

�VRS�� VRS�RU 
GHHS VOHHS
 VRP�QXV 
VOHHS

�DE�� $E�HOOD �QDPH RI WRZQ� DP�QLV 
VWUHDP� ULYHU


                                               


 7KLV SDSHU LV YHU\ PXFK D ZRUN LQ SURJUHVV� ,W UHSUHVHQWV WKH ODWHVW YHUVLRQ RI D SDSHU , GHOLYHUHG DW
1(/6 �� �+DUYDUG�0,7�� , DP JUDWHIXO SDUWLFLSDQWV LQ WKLV FRQIHUHQFH DV ZHOO DV LQ WKH 7LOEXUJ FRQIHUHQFH
RQ WKH 'HULYDWLRQDO 5HVLGXH LQ 3KRQRORJ\ IRU KHOSIXO GLVFXVVLRQ� 0\ WKHVLV DGYLVRUV 0DUN +DOH DQG
+|VNXOGXU 7KUiLQVVRQ� DV ZHOO DV 0RUULV +DOOH� 0DGHO\Q .LVVRFN DQG $QGUHD &DODEUHVH KDYH EHHQ GLVFXVV�
LQJ WKHVH LGHDV ZLWK PH IRU RYHU D \HDU� , DP UHVSRQVLEOH IRU DOO HUURUV�



�

,Q $QFLHQW *UHHN� KRZHYHU� RQO\ WKH YRLFHG ODELDO �E� DVVLPLODWHV WR D IROORZLQJ �Q�� ZKLOH
WKH YRLFHOHVV �S� DQG YRLFHOHVV DVSLUDWHG �SK� GR QRW�

��� /DELDOV EHIRUH �Q� LQ $QFLHQW *UHHN

• E ! P � BB Q

• /DELDO� >�YRLFH@� >�FRQWLQXDQW@ ! >�QDVDO@� >�VRQRUDQW@

�VHE�� VHE�RPDL ¶IHHO DZH· VHP�QRV ¶UHYHUHQG� DXJXVW·
�KXS�� KXSQRV ¶VOHHS·
�DSK�� DSKQHLRV ¶ZHDOWK\·

/HW·V VWD\ ZLWK WKLV H[DPSOH³�� ZK\ LV �E� WKH RQO\ ODELDO VWRS WR DVVLPLODWH WR �Q� LQ
*UHHN� DQG �� ZK\ FDQ QR ODQJXDJH H[LVW LGHQWLFDO WR *UHHN H[FHSW WKDW LW KDG DVVLPLOD�
WLRQ RI �S� ! �P� EHIRUH �Q�� EXW QRW RI �E�" ,W VHHPV LQWXLWLYH WKDW WKH DQVZHU WR ERWK
TXHVWLRQV OLHV LQ WKH IDFW WKDW �E� LV ´FORVHUµ WR �P� WKDQ WKH YRLFHOHVV VWRSV DUH� VLQFH �E�
VKDUHV PRUH IHDWXUHV ZLWK �P�� ,Q WKLV VHFWLRQ� , ZLOO IRUPDOL]H WKH QRWLRQ RI FORVHQHVV LQ
VXFK D ZD\ DV WR DOORZ XV WR DQVZHU WKHVH TXHVWLRQV DERXW *UHHN DQG WR SUHGLFW� LQ JHQ�
HUDO� ZKDW IDFWRUV PLJKW FRQVWUDLQ DVVLPLODWLRQ SURFHVVHV XQLYHUVDOO\�

6LQFH DVVLPLODWLRQ UXOHV DUH FRQFHLYHG RI DV VSUHDG RI D VLQJOH QRGH LQ WKH IHDWXUH
WUHH� WKLV DOWHUQDWLRQ PXVW DFWXDOO\ FRQVLVW RI D WZR VWDJH UXOH FRPSOH[ LQ VRPH LQ�
VWDQFHV� 7KH FKDQJH RI �E� WR >P@ ZLOO PHUHO\ UHTXLUH WKH VSUHDG RI WKH VSHFLILFDWLRQ
>�QDVDO@ IURP WKH �Q� WR WKH ODELDO� ZLWK FRQFRPLWDQW GHOLQNLQJ RI WKH XQGHUO\LQJ
>�QDVDO@ VSHFLILFDWLRQ�� +RZHYHU� WKH FKDQJH RI �S� WR >P@ PXVW LQYROYH FKDQJLQJ WKH IHD�
WXUH >YRLFH@ DV ZHOO� 7KH FKDQJH RI WKH WZR IHDWXUHV FDQQRW EH H[SUHVVHG DV D VLQJOH
SURFHVV EHFDXVH WKH ILUVW QRGH GRPLQDWLQJ >YRLFH@ DQG >QDVDO@ LV WKH URRW QRGH� WKH
VSUHDG RI ZKLFK LPSOLHV FRPSOHWH DVVLPLODWLRQ� DQG WKDW LV QRW ZKDW ZH REVHUYH� 7KLV
YRLFLQJ RI XQGHUO\LQJ �S� FDQ EH DFFRPSOLVKHG LQ WZR ZD\V³HLWKHU E\ DVVLPLODWLRQ WR
WKH YRLFLQJ RI WKH QDVDO� L�H� E\ DQRWKHU VSUHDGLQJ UXOH� RU E\ D UHGXQGDQF\ RU UHSDLU
UXOH JXDUDQWHHLQJ WKDW DOO QDVDOV VXUIDFH DV YRLFHG LQ /DWLQ�

1RWH WKDW LW LV SRVVLEOH WR DSSO\ WKH UXOHV LQ HLWKHU RUGHU³QDVDOL]H ERWK �S� DQG
�E�� WKHQ YRLFH WKH YRLFHOHVV QDVDO �JLYHQ LQ �D�� RU YRLFH WKH �S�� WKHQ QDVDOL]H XQGHUO\�
LQJ DQG GHULYHG �E� �JLYHQ LQ �E��� ,Q WKH /DWLQ FDVH WKH WZR RUGHUV SURGXFH LQGLVWLQ�
JXLVKDEOH RXWSXW�

                                               

� , ZLOO LJQRUH WKH DXWRPDWLF FKDQJH RI WKH IHDWXUH >VRQRUDQW@� ,Q GRLQJ VR� , DP QRW PDNLQJ D FODLP DERXW
WKH UHODWLRQVKLS RI >VRQRUDQW@ WR >QDVDO@ YV� WKDW RI >YRLFH@ DQG >QDVDO@� WKRXJK LW PD\ EH WUXH WKDW WKH UHOD�
WLRQVKLS LV GLIIHUHQW LQ WKH WZR FDVHV� +RZHYHU� LQ WKH H[DPSOHV XQGHU GLVFXVVLRQ� >�QDVDO@ DOZD\V LP�
SOLHV >�VRQRUDQW@� VR VSHFLILFDWLRQ RI WKH ODWWHU SURYLGHV RQO\ UHGXQGDQW LQIRUPDWLRQ�
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��� 3RVVLEOH RUGHULQJ RI QDVDO VSUHDG DQG YRLFLQJ LQ /DWLQ

D� �SQ� �EQ�

QDVDOL]H ODELDO VWRSV �P
�

Q� �PQ�

YRLFH QDVDOV �PQ� ³
RXWSXW >PQ@ >PQ@

E� �SQ� �EQ�

YRLFH VWRSV EHIRUH QDVDOV �EQ� ³
QDVDOL]H ODELDO VWRSV �PQ� �PQ�
RXWSXW >PQ@ >PQ@

+RZHYHU� ZH FDQ LPDJLQH D ODQJXDJH ZLWK VLPLODU UXOHV ZKHUH WKH RUGHULQJ
ZRXOG EH FUXFLDO� ,I D ODQJXDJH KDG D UXOH QDVDOL]LQJ RQO\ YRLFHOHVV VWRSV� IROORZHG E\ D
UXOH YRLFLQJ QDVDOV �E\ HLWKHU RI WKH PHFKDQLVPV GHVFULEHG DERYH� WKHQ ZH ZRXOG H[�
SHFW WR ILQG FDVHV RI �SQ� ! �PQ�� EXW �EQ� ! �EQ�� 6WDWHG LQIRUPDOO\� �S� FRXOG E\SDVV �E�
RQ WKH ZD\ WR EHFRPLQJ P�

��� $ K\SRWKHWLFDO ODQJXDJH³�S� ¶E\SDVVHV· �E� RQ WKH ZD\ WR >P@

�SQ� �EQ�

QDVDOL]H YRLFHOHVV VWRSV �P
�

Q� ³

YRLFH QDVDOV �PQ� ³
RXWSXW >PQ@ >EQ@

1RWH WKDW ZH GR NQRZ WKDW QDVDOL]DWLRQ FDQ VSUHDG WR YRLFHOHVV VWRSV� DV LQ WKH YRLFHOHVV
QDVDOV RI WKH :HOVK PXWDWLRQV�

,W DSSHDUV WKDW ODQJXDJHV ZLWK GHULYDWLRQV VXFK DV ��� GR QRW RFFXU� L�H� LI D ODQ�
JXDJH H[KLELWV WKH DOWHUQDWLRQ SQ ! PQ WKHQ LW ZLOO DOVR H[KLELW EQ ! PQ�

,Q VL[ , KDYH VNHWFKHG VRPH RWKHU DWWHVWHG LPSOLFDWLRQDO KLHUDUFKLHV WKDW IDOO LQWR
WKH VDPH SDWWHUQ DV WKH *UN DQG /DWLQ�

 ��� 6RPH PRUH H[DPSOHV RI LPSOLFDWLRQV

• ,I V!� XQGHU VRPH FRQGLWLRQ� WKHQ LI WKH ODQJXDJH KDV 6� LW LV DOVR WKH FDVH WKDW 6!�

XQGHU WKH VDPH FRQGLWLRQV�

• ,I D ODQJXDJH KDV DOWHUQDWLRQV RI WKH IRUP N ! 1 � BBQ� WKHQ LI WKH ODQJXDJH KDV �J�� LW
LV DOVR WKH FDVH WKDW J ! 1 � BB Q XQGHU WKH VDPH FRQGLWLRQV� ,I� RQ WKH RWKHU KDQG�
ZH RQO\ KDYH GLUHFW HYLGHQFH WKDW J ! 1 � BB Q� LW LV QRW QHFHVVDULO\ WUXH WKDW N ! 1 �

BB Q DV ZHOO�

• ,I D ODQJXDJH KDV DOWHUQDWLRQV RI WKH IRUP D ! L � BBL� WKHQ LI WKH ODQJXDJH KDV �H�� LW
LV DOVR WKH FDVH WKDW H ! L � BB L XQGHU WKH VDPH FRQGLWLRQV� ,I� RQ WKH RWKHU KDQG� ZH
RQO\ KDYH GLUHFW HYLGHQFH WKDW H ! L � BB L� LW LV QRW QHFHVVDULO\ WUXH WKDW D ! L � BB L DV
ZHOO�

• ,I D ODQJXDJH KDV DOWHUQDWLRQV RI WKH IRUP SK ! P � BBP� WKHQ LI WKH ODQJXDJH KDV �S�
DQG �E�� LW LV DOVR WKH FDVH WKDW ERWK S�E ! P � BBP XQGHU WKH VDPH FRQGLWLRQV� ,I� RQ
WKH RWKHU KDQG� ZH RQO\ KDYH GLUHFW HYLGHQFH WKDW E ! P � BBP� LW LV QRW QHFHVVDULO\
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WUXH WKDW HLWKHU S RU SK ! P � BBP DV ZHOO� +RZHYHU� LI RQO\ RQH RI WKH WZR LV QDVDO�
L]HG LW ZLOO EH �S��

• ,I D ODQJXDJH KDV DOWHUQDWLRQV RI WKH IRUP S ! EK � BB GK� WKHQ LI WKH ODQJXDJH KDV D
�E� DQG D �SK�� LW LV DOVR WKH FDVH WKDW E� SK ! EK � BB GK DV ZHOO� 2Q WKH RWKHU KDQG� LI
RQO\ RQH RI WKH ODELDOV GRHV QRW XQGHUJR WKH FKDQJH� LW PXVW EH S� �7KH GLDFULWLF K

GHQRWHV >�VSUHDG JORWWLV@��

��� &ORVHQHVV

%HIRUH DWWHPSWLQJ WR H[SODLQ WKH REVHUYHG XQLYHUVDO SDWWHUQ ZH QHHG WR IRUPXODWH SUH�
FLVHO\ WKH JHQHUDO FDVH� ,I ZH DVVXPH WKDW DOO VRXQGV DUH UHSUHVHQWHG E\ IHDWXUH WUHHV�
DQG KHUH , ZLOO DVVXPH WKDW WKHVH WUHHV DUH IXOO\ VSHFLILHG� WKHQ OHW XV GHILQH FORVHQHVV DV
LQ ����

��� &ORVHQHVV� ,I WKH VHW RI LGHQWLFDOO\ YDOXHG QRGHV VKDUHG E\ WKH IHDWXUH JHRPHWU\

WUHHV UHSUHVHQWLQJ [ DQG ] �[∩]� LV D SURSHU VXEVHW RI WKH VHW RI QRGHV VKDUHG E\ WKH

WUHHV UHSUHVHQWLQJ \ DQG ] �\∩]�� WKHQ \ LV FORVHU WR ] WKDQ [ LV� :H FDQ GHQRWH WKLV UHOD�

WLRQVKLS DV RQH RI VHW FRQWDLQPHQW� ´\ LV FORVHU WR ] WKDQ [ LVµ PHDQV WKDW \∩] ⊃ [∩]�

)RU H[DPSOH� E LV FORVHU WR P WKDQ S LV� XVLQJ VWDQGDUG IHDWXUH YDOXHV� 7KLV FDQ EH VHHQ
E\ FRPSDULQJ VKDUHG YDOXHG IHDWXUHV LQ ����

��� 6WDQGDUG��P�³FDQGLGDWHV��S�E�� �E� LV FORVHU WR �P� WKDQ �S� LV

�S� �E� �P�

>�YRLFH@ >�YRLFH@ >�YRLFH@

>�FRQW@ >�FRQW@ >�FRQW@

>�QDVDO@ >�QDVDO@ >�QDVDO@

>�VRQ@ >�VRQ@ >�VRQ@

:H FDQ VHH LQ ��� WKDW WKH FORVHQHVV UHODWLRQ LV QRW DOZD\V GHILQHG� 1HLWKHU RI WKH FDQGL�
GDWHV �S� DQG �P� LV FORVHU WR �E� WKDQ WKH RWKHU�

���6WDQGDUG��E�³FDQGLGDWHV��S�P�� 1HLWKHU FDQGLGDWH LV FORVHU WR WKH VWDQGDUG�

�S� �P� �E�

>�YRLFH@ >�YRLFH@ >�YRLFH@

>�FRQW@ >�FRQW@ >�FRQW@

>�QDVDO@ >�QDVDO@ >�QDVDO@

>�VRQ@ >�VRQ@ >�VRQ@

7KLV H[DPSOH VKRZV WKDW PHUH IHDWXUH FRXQWLQJ LV LQVXIILFLHQW WR GHWHUPLQH UHODWLYH
FORVHQHVV� D VWULFW VXEVHW UHODWLRQVKLS LV QHFHVVDU\�

��� *HQHUDO &DVH

:LWK WKLV GHILQLWLRQ RI FORVHQHVV ZH FDQ QRZ VWDWH WKH JHQHUDO IRUP RI WKH LPSOLFDWLRQDO
KLHUDUFKLHV LOOXVWUDWHG DERYH�
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���� 7DUJHW�2XWSXW &ORVHQHVV �72&�� 6XSSRVH WKDW LQ D ODQJXDJH / WKHUH LV D SKR�
QRORJLFDO SURFHVV �D UXOH RU VHW RI UXOHV� 3� E\ ZKLFK D VHJPHQW [ EHFRPHV ]� ,I D VHJ�
PHQW \ LV FORVHU WR ] WKDQ [ LV� \ ZLOO DOVR EH D WDUJHW RI 3 LQ / DQG DOVR EHFRPH ]�

7KH 72& FDQ EH VHHQ WR EH FRQVLVWHQW ZLWK WKH H[DPSOHV JLYHQ VR IDU� E∩P ⊃ S∩P�

J∩1 ⊃ N∩1� HWF�

��� :KDW WKH 72& LV QRW

,W LV XVHIXO WR GLVWLQJXLVK WKH 72& IURP D VLPLODU SULQFLSOH ZKLFK KDV EHHQ SURSRVHG LQ
WKH OLWHUDWXUH� EXW ZKLFK FDQ EH VKRZQ WR KDYH H[FHSWLRQV� 7KH SULQFLSOH RI VLPLODULW\�

EDVLFDOO\ FODLPV WKDW VHJPHQWV ZKLFK VKDUH PRUH IHDWXUHV VKRXOG DVVLPLODWH PRUH WKDQ
VHJPHQWV VKDUH IHZHU� 1RWH� KRZHYHU� WKDW WKH YRLFHG GHQWDO VWRS �G� GRHV QRW DVVLPLODWH
WR D IROORZLQJ �Q� LQ *UHHN �KHGQD ¶EULGH SULFH·��

����*N� KHGQD ¶EULGH SULFH·�

7KLV PD\ DSSHDU WR FRQWUDGLFW WKH 72&� EXW LQ IDFW LW GRHV QRW� VLQFH WKH 72& H[DPLQHV
FORVHQHVV WR WKH RXWSXW RI DQ REVHUYHG DOWHUQDWLRQ WR PDNH SUHGLFWLRQV DERXW SRWHQWLDO
DVVLPLODWLRQ LQ RWKHU IHDWXUH FRPSOH[HV� $ �G� LV FOHDUO\ FORVHU WR �Q� WKDQ �E� LV� +RZ�
HYHU� JLYHQ D UXOH E!P�BBQ� WKH VHJPHQW �G� LV QRW LPSOLFDWHG DV DQ DGGLWLRQDO WDUJHW IRU
DVVLPLODWLRQ LI ZH IROORZ WKH 72& DOJRULWKP HVWDEOLVKHG DERYH LQ ����� *UHDWHU FORVHQHVV
WR WKH UXOH WULJJHU LV QRW D VXIILFLHQW FRQGLWLRQ IRU D 72& SUHGLFWLRQ� DV VKRZQ E\
KHGQD� ,W LV ZRUWK SRLQWLQJ RXW WKDW JHPLQDWH QQ GRHV VXUIDFH LQ *UHHN��

���� *HPLQDWH >QQ@ LQ *UHHN� HQQHD ¶QLQH·

,I� RQ WKH RWKHU KDQG� �E� QRW RQO\ QDVDOL]HG� EXW DOVR ORVW LWV SODFH IHDWXUHV LQ D
K\SRWKHWLFDO UXOH �E!Q� BB Q�� WKHQ WKH FKDQJH ZRXOG QHFHVVDULO\ DSSO\ WR �G� DV ZHOO�
VLQFH �G� LV FOHDUO\ FORVHU WR DQ RXWSXW �Q� WKDQ �E� LV�

���� +\SRWKHWLFDO ODQJXDJH FRQVLVWHQW ZLWK 72&� EQ!QQ⇒GQ!QQ�

7KH *UHHN IDFWV LOOXVWUDWH WKDW FORVHQHVV LV QRW D WULYLDO QRWLRQ� ,W LV QRW WKH FDVH

WKDW WKH DVVLPLODWLRQ RI WDUJHW [ WR WULJJHU Z LPSOLHV WKH DVVLPLODWLRQ RI \ WR Z ZKHQHYHU

\ LV FORVHU WR Z WKDQ [ LV� 7KH 72& UHTXLUHV WKDW DQ LPSOLHG WDUJHW EH FORVHU WR WKH RXW�

SXW RI DQ REVHUYHG WDUJHW� QRW MXVW FORVHU WR WKH WULJJHU� ,W LV VRPHWLPHV QHFHVVDU\ WR

VWLSXODWH WKDW D WDUJHW [ KDYH FHUWDLQ IHDWXUHV ZKLFK DUH LQ QR REYLRXV ZD\ UHODWHG WR WKH

VSUHDGLQJ IHDWXUHV� DV LQ WKLV FDVH RI QDVDOL]DWLRQ RI �E�� EXW QRW RI �G� LQ *UHHN�

                                               

� &I� +XWFKHVRQ ����� 2WKHU UHOHYDQW ZRUNV DUH &KR ����� .HQVWRZLF] ����� DQG )ROH\ �����
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��� 1DUURZ UDQJH RI 72&

,W LV SHUKDSV LQVWUXFWLYH WR SRLQW RXW WKDW LQ PDQ\ W\SLFDO DVVLPLODWLRQ SURFHVVHV WKH
72& LV QRW YLRODWHG� EXW LW DOORZV QR SUHGLFWLRQV WR EH PDGH� 7KLV RFFXUV ZKHQHYHU DV�
VLPLODWLRQ LQYROYHV MXVW WKH FUHDWLRQ RI DOORSKRQHV� EXW QR QHXWUDOL]DWLRQ RI XQGHUO\LQJ
FRQWUDVWV� )RU H[DPSOH� LQ FHUWDLQ 6ZHGLVK GLDOHFWV DOO FRURQDO QRQ�FRQWLQXDQWV �W� G� O�
Q� DUH UHWURIOH[HG E\ D SUHFHGLQJ �U� �DQG LQ PDQ\ FDVHV WKH RQO\ VXUIDFH PDQLIHVWDWLRQ
RI WKH �U� LV WKH UHWURIOH[LRQ RQ WKH IROORZLQJ FRURQDO�� $VVXPH WKDW UHWURIOH[LRQ LQYROYHV
D FKDQJH RI >�DQWHULRU@ WR >�DQWHULRU@ IRU WKHVH VRXQGV� 6LQFH HDFK FRURQDO VXUIDFHV DV D
UHWURIOH[HG DOORSKRQH RI LWV 85� WKHUH ZLOO EH QR RWKHU XQGHUO\LQJ FRURQDO ZKLFK LV
FORVHU WR WKLV DOORSKRQH WKDQ LWV RZQ 85� )RU H[DPSOH� D UHWURIOH[HG �G� ZLOO VXUIDFH DV
>á@� DQG WKHUH LV QR XQGHUO\LQJ VHJPHQW [� VXFK WKDW [ LV FORVHU WR >á@ WKDQ �G� LV� 6R WKH
REVHUYDWLRQ RI WKHVH LQGLYLGXDO UHWURIOH[LRQ FDVHV LQ 6ZHGLVK GRHV QRW DOORZ XV WR SUH�
GLFW WKDW WKH SURFHVV DFWXDOO\ DIIHFWV D FODVV RI VRXQGV�

���� 6ZHGLVK UHWURIOH[LRQ� �W� G� O� Q � ! >�DQWHULRU@� U BB

&RQVLGHU QRZ WKH UHWURIOH[LRQ RI WKH XQGHUO\LQJ FRURQDO IULFDWLYHV �V� 6��

���� 5HWURIOH[LRQ RI VLELODQWV LQ 6ZHGLVK

D� KRQ >V@HU KRQRP¶VKH VHHV KLP· YDU >�@HU KRQ KRQRP ¶ZKHUH GRHV VKH VHH KLP"·
E� KRQ >6@|SHU GHW ¶VKH EX\V LW· YDU >�@|SHU KRQ GHW ¶ZKHUH GRHV VKH EX\ LW"·

���� 6ZHGLVK VLELODQWV

V 6 �

DQWHULRU � � �
GLVWULEXWHG � � �

$VVXPH WKDW �V� LV UHSUHVHQWHG DV KDYLQJ D FRURQDO QRGH WKDW GRPLQDWHV WKH WHUPLQDO
QRGHV >�GLVWULEXWHG@ DQG >�DQWHULRU@� $ UHWURIOH[ >�@ LV ERWK >�GLVWULEXWHG@ DQG
>�DQWHULRU@� 2EYLRXVO\� WKH SDODWR�DOYHRODU IULFDWLYH �6�� ZKLFK LV >�GLVWULEXWHG@ EXW
>�DQWHULRU@ LV FORVHU WR WKH UHWURIOH[ >�@ WKDQ �V� LV� 7KHUHIRUH� LI ZH NQRZ WKDW �V� LV UHWUR�
IOH[HG E\ �U�� ZH FDQ SUHGLFW WKDW �6� LV DV ZHOO� VLQFH WKH UHWURIOH[LRQ UXOH QHXWUDOL]HV WKH
WZR XQGHUO\LQJO\ GLVWLQFW VHJPHQWV� 7KH IRUPV LQ ���� VKRZ WKDW WKLV LV LQGHHG WKH FDVH�

$Q REYLRXV FRQVLGHUDWLRQ FRQFHUQLQJ WKH VFRSH RI WKH 72& LV WKH IDFW WKDW D GH�
VFULSWLYH JUDPPDU PD\ DSSHDU WR FRQWDLQ FRXQWHUH[DPSOHV WR WKH 72&� )RU H[DPSOH�
WKH $XVWUDOLDQ ODQJXDJH 0DUD LV GHVFULEHG E\ +HDWK ���� DV KDYLQJ WKH IROORZLQJ UXOH
�ZKHUH / LV DQ\ OLTXLG��

���� 0DUD X�ORZHULQJ
X ! D � D / BB

7KH 7&& SUHGLFWV WKDW �R� VKRXOG DOVR EH DIIHFWHG E\ VXFK D UXOH� VLQFH �R� LV
FORVHU WR WKH RXWSXW �D� WKDQ �X� LV� +RZHYHU� 0DUD KDV EDVLFDOO\ D WKUHH YRZHO V\VWHP�
�L�X�D�� 1R RFFXUUHQFH RI �R� H[LVWV LQ WKH SURSHU HQYLURQPHQW� VR WKH 72& LV QRW FRQWUD�



�

GLFWHG� 7KHUHIRUH� WKH SURSHU VWDWHPHQW RI WKH UXOH RI YRZHO ORZHULQJ VKRXOG UHIHU WKH

FODVV RI WDUJHWV DV DQ\ EDFN YRZHO�

, QRZ WXUQ WR D GLVFXVVLRQ RI SRVVLEOH H[SODQDWLRQV IRU WKH 72&�

�� $Q ([SODQDWLRQ LQ 'HULYDWLRQDO 3KRQRORJ\

��� :K\ D SUREOHP

7KH 72& DSSHDUV WR EH XQLYHUVDOO\ YDOLG�� DQG LWV YDOLGLW\ LV SUREDEO\ WDFLWO\ DFFHSWHG E\

PRVW SKRQRORJLVWV� +RZHYHU� LW LV QRW REYLRXV KRZ WR DFFRXQW IRU WKH 72& VLQFH LW LV

WULYLDO WR ZULWH D JUDPPDU ZKLFK FRQWUDGLFWV LW� ,W VHHPV XQOLNHO\ DQG XQGHVLUDEOH WKDW

FORVHQHVV VKRXOG EH D SULPLWLYH HOHPHQW RI JUDPPDU� 6WDWLQJ D JHQHUDOL]DWLRQ VXFK DV

72& DV D JOREDO FRQVWUDLQW ZKLFK DSSOLHV WKURXJKRXW WKH FRXUVH RI D GHULYDWLRQ LV XQGH�

VLUDEOH EHFDXVH WKLV UHTXLUHV WKDW UXOHV KDYH WKH DELOLW\ WR ORRN EDFN RU DKHDG WR LQVXUH

FRQIRUPLW\ ZLWK WKH SUHGLFWLRQV RI FORVHQHVV� $V QRWHG DERYH� WKH 72& FDQQRW UHIOHFW D

VLPSOH FRQVWUDLQW RQ WKH 6' RI UXOHV EHFDXVH WKH QDVDOL]DWLRQ RI VWRSV LQ /DWLQ LV DFWX�

DOO\ D WZR VWHS SURFHVV� 7KH FRQVWUDLQW ZRXOG KDYH WR UHTXLUH WKDW YRLFHOHVV VWRSV DORQH

QRW JHW QDVDOL]HG LI D ODWHU UXOH LV JRLQJ WR YRLFH WKHP�

��� 7KH VXEVHW SULQFLSOH

,W DSSHDUV WR EH XQQHFHVVDU\ WR SRVLW WKH 72& DV D SULQFLSOH RI 8* VLQFH LW FDQ EH GH�

ULYHG IURP VRPH YHU\ VLPSOH� LQGHSHQGHQWO\ PRWLYDWHG SULQFLSOHV RI DFTXLVLWLRQ� HVSH�

FLDOO\ WKH VXEVHW SULQFLSOH� 7KH VXEVHW SULQFLSOH LV EDVHG RQ WKH SUHPLVH WKDW FKLOGUHQ

ILUVW FUHDWH UHVWULFWHG JUDPPDUV DQG H[SDQG WKHLU JHQHUDWLYH FDSDFLW\ XSRQ H[SRVXUH WR

SRVLWLYH HYLGHQFH� )RU RXU SXUSRVHV� ZH PXVW GHWHUPLQH KRZ FKLOGUHQ JR DERXW FRQ�

VWUXFWLQJ SKRQRORJLFDO UXOHV ZLWKRXW RYHUDSSO\LQJ WKHP� $V LOOXVWUDWHG DERYH� D FKLOG

OHDUQLQJ *UHHN PXVW QRW K\SRWKHVL]H WKDW WKH SUHVHQFH RI DQ DOWHUQDWLRQ EQ!PQ LQ WKH

3/' LPSOLHV WKDW DOO ODELDO VWRSV JHW QDVDOL]HG EHIRUH �Q�� VLQFH �S� GRHV QRW� 6LPLODUO\�

WKH FKLOG PXVW QRW K\SRWKHVL]H WKDW DOO YRLFHG VWRSV JHW QDVDOL]HG EHIRUH �Q�� VLQFH �G�

GRHV QRW� 7KH FKLOG PXVW NQRZ WKDW FHUWDLQ IHDWXUHV RI WKH WDUJHW PD\ EH VWLSXODWHG DV

SUHUHTXLVLWHV IRU WKH DSSOLFDWLRQ RI WKH UXOH� ,I WKLV ZHUH QRW WKH FDVH� WKH FKLOG PLJKW

QDVDOL]H �S� RU �G� EHIRUH �Q� DV ZHOO� DQG ZRXOG UHTXLUH QHJDWLYH HYLGHQFH WR FRUUHFW WKLV

RYHUJHQHUDOL]DWLRQ� 6R RXU WDVN LV WR GLVFRYHU ZKDW WKH VWUXFWXUDO GHVFULSWLRQ RI D UXOH

ORRNV OLNH LQ RUGHU WR JHQHUDWH REVHUYHG DOWHUQDWLRQV� EXW QRW RYHUJHQHUDWH�

                                               

� 7KH RQO\ FRXQWHUH[DPSOHV , KDYH FRPH DFURVV DUH FDVHV WKDW FDQ EH DQDO\]HG DV GHOLQNLQJ RI WKH URRW
QRGH DQG UHDVVRFLDWLRQ RI WKH PRUD ZKLFK KDG EHHQ DVVRFLDWHG ZLWK WKH GHOLQNHG PDWHULDO� )RU H[DPSOH�
VQ! QQ LQ *UHHN KHQQXPL ¶WR SXW RQ FORWKLQJ�· 7KLV VKRXOG LPSO\ WQ!QQ DQG GQ! QQ E\ WKH 72&�
+RZHYHU� LI WKH RQO\ DSSDUHQW FRXQWHUH[DPSOHV DUH FDVHV RI DSSDUHQW WRWDO DVVLPLODWLRQ� WKHQ ZH PD\ EH
MXVWLILHG LQ DVVXPLQJ WKDW WKH\ DUH QRW DVVLPLODWLRQ DW DOO� :H SUREDEO\ GR QRW ZDQW WR WUHDW GHOHWLRQ RI D
FRQVRQDQW ZLWK FRPSHQVDWRU\ OHQJWKHQLQJ RI WKH SUHFHGLQJ YRZHO DV DVVLPLODWLRQ HLWKHU� �, DP FXUUHQWO\
ZRUNLQJ RQ WKLV� , PD\ QHHG WR UHYHUW WR P\ HDUOLHU IRUPXODWLRQ RI WKH 72& DV RQO\ DSSO\LQJ LQ DVVLPLOD�
WLRQ� 7KLV SRVHV DQ LQWHUHVWLQJ FKDOOHQJH IRU 27 ZKLFK , KDYH EHJXQ WR ZRUN RXW� 6LQFH 27 FDQQRW GLV�
WLQJXLVK WRWDO DVVLPLODWLRQ IURP GHOLQNLQJ DQG VSUHDGLQJ LQ D VLQJOH 27 OHYHO� WKLV FDVH FDQ EH WDNHQ DV DQ
DUJXPHQW IRU D SKRQHWLF OHYHO LQ 27 SKRQRORJ\³GHWDLOV IRUWKFRPLQJ�����



�

,Q RUGHU WR SRVLW WKH H[LVWHQFH RI D UXOH OLNH EQ!PQ� WKH FKLOG PXVW NQRZ WKH
XQGHUO\LQJ IRUPV RI WKH FRQFDWHQDWHG PRUSKHPHV� 7KH SULQFLSOH RI DFTXLVLWLRQ LQ ����
LV VXIILFLHQW WR DVVXUH WKDW FKLOGUHQ DFTXLUH JUDPPDUV ZKLFK DUH FRQVLVWHQW ZLWK WKH
72&�

����3ULQFLSOH RI UXOH DFTXLVLWLRQ� $Q\ XQGHUO\LQJ IHDWXUH VSHFLILFDWLRQ ZKLFK FKDQJHV
LQ DQ DOWHUQDWLRQ PXVW EH DEVHQW IURP WKH VWUXFWXUDO GHVFULSWLRQ RI DOO UXOHV ZKLFK FRQ�
WULEXWH WR WKDW DOWHUQDWLRQ� �$QG DOO RWKHU IHDWXUH VSHFLILFDWLRQV RQ WDUJHW DQG WULJJHU DUH
DVVXPHG WR EH SUHUHTXLVLWHV IRU WKH UXOHV ZKLFK FRPSRVH WKH DOWHUQDWLRQ� XQWLO WKHUH LV
HYLGHQFH WR WKH FRQWUDU\��

,PDJLQH D OHDUQHU LV FRQIURQWHG ZLWK DQ DOWHUQDWLRQ �EQ� ! >PQ@� DV UHSUHVHQWHG
LQ����� ZH GHULYH WKH UXOH LQ �����

���� 7KH $/7(51$7,21 EQ ! PQ

ROOT

[-nas] [-cont] LABIAL [+voice]

ROOT

[+nas] [-cont] CORONAL [+voice]

> ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

b n m n

6LQFH WKH SURFHVV FKDQJHV WKH YDOXH RI QDVDO DVVRFLDWHG ZLWK XQGHUO\LQJ �E�� WKLV IHDWXUH
LV DEVHQW IURP WKH 6' RI WKH UXOH LQ ����� 6LQFH WKH VSHFLILFDWLRQ RI >YRLFH@ RQ XQGHUO\�
LQJ �E� KDV QRW FKDQJHG� WKLV IHDWXUH LV DVVXPHG WR EH D SUHUHTXLVLWH IRU WKH FKDQJH� ,
KDYH UHSUHVHQWHG WKH >�YRLFH@ QRGHV RI WKH WDUJHW DQG WULJJHU DV OLQNHG EHIRUH WKH DS�
SOLFDWLRQ RI QDVDO VSUHDG� EXW WKLV LV QRW FUXFLDO WR WKH DUJXPHQW�

���� 7KH 58/( UHVSRQVLEOH IRU EQ ! PQ

ROOT

LABIAL

ROOT

[+nas][-cont]

CORONAL

[+voice]

ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

>

 spread [+nasal] from voiced coronal nasal to voiced labial stop

1RWH WKDW WKH UXOH LQ ���� OHDGV WR QR SUHGLFWLRQV DERXW WKH EHKDYLRU RI WKH VHTXHQFH
�SQ�� 7KLV LV FRQVLVWHQW ZLWK WKH SUHGLFWLRQV RI 72&�



�

1RZ VXSSRVH WKH FKLOG LV H[SRVHG WR DQ >P�Q@ VHTXHQFH ZKLFK FDQ EH DVVXPHG�
RQ WKH EDVLV RI DOWHUQDWLRQV� WR EH GHULYHG IURP �S�Q�� 7KH REVHUYHG DOWHUQDWLRQ FDQ EH
DVVLJQHG WKH IROORZLQJ UHSUHVHQWDWLRQ�

���� 7KH $/7(51$7,21 SQ ! PQ

ROOT

[-nas] [-cont] LABIAL[-voice]

ROOT

[+nas] [-cont] CORONAL[+voice]

>
ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

p n m n

,Q WKLV FDVH� WKH LGHQWLFDOO\ YDOXHG >�FRQWLQXDQW@ VSHFLILFDWLRQ LV DVVXPHG WR EH D SUH�
UHTXLVLWH IRU WKH DVVLPLODWLRQ� 6LQFH WKH WZR VHJPHQWV GR QRW VWDUW RXW ZLWK WKH VDPH
YDOXH IRU >YRLFH@� WKLV IHDWXUH LV DVVXPHG WR EH LUUHOHYDQW WR WKH DSSOLFDWLRQ RI WKH UXOH�

7KH REVHUYHG DOWHUQDWLRQ LV WKXV DVVXPHG WR UHSUHVHQW RQH LQVWDQWLDWLRQ RI D
SURFHVV UHSUHVHQWHG DV LQ �����

���� 7KH 58/( &203/(; UHVSRQVLEOH IRU SQ ! PQ
ROOT

LABIAL

ROOT

[+nas]
[-cont]

CORONAL

[+voice]

ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

>

6R ZH VHH WKDW WKH UXOH FRPSOH[ GHULYHG LQ WKLV FDVH ZLOO DSSO\ HTXDOO\ WR �S� DQG �E�
VLQFH >YRLFH@ LV LUUHOHYDQW WR WKH FODVV RI WDUJHWV� *LYHQ VWDQGDUG DVVXPSWLRQV DERXW WKH
QDWXUH RI DVVLPLODWLRQ� VXFK DV WKDW LQ ���� WKH SURFHVV LQ ���� PXVW EH EURNHQ GRZQ
LQWR WZR UXOHV� RQH ZKLFK VSUHDGV >�YRLFH@ DQG DQRWKHU ZKLFK VSUHDGV >�QDVDO@�

���� &OHPHQWV DQG +XPH ������ ��� 3KRQRORJLFDO UXOHV SHUIRUP VLQJOH RSHUDWLRQV RQO\�

7KH WZR UXOHV DUH JLYHQ LQ ���DE��



��

���� 7KH WZR 58/(6 FRPSULVLQJ WKH 58/( &203/(; LQ ����

ROOT

LABIAL

ROOT

[+nas]
[-cont]

CORONAL

[+voice]

ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

>

a. spread [+nasal] from voiced coronal nasal to labial stop

ROOT

LABIAL

ROOT

[+nas]
[-cont]

CORONAL

[+voice]

ROOT

LABIAL

ROOT

[+nas]

[-cont]

CORONAL

[+voice]

>

b. spread [+voice] from voiced coronal nasal to labial stop

6LQFH WKH WZR UXOHV KDYH H[DFWO\ WKH VDPH FRQGLWLRQV RQ WKHLU WDUJHWV DQG WULJ�
JHUV� DQG VLQFH QHLWKHU UXOH FKDQJHV WKHVH FRQGLWLRQV� QR H[WULQVLF RUGHULQJ LV QHFHV�
VDU\� (DFK UXOH VSUHDG D YDOXHG IHDWXUH �>�YRLFH@ RU >�QDVDO@� IURP D FRURQDO QDVDO WR D
ODELDO� DV ORQJ DV ERWK DUH >�FRQWLQXDQW@�

7KH VHW RI WDUJHWV GHILQHG E\ WKH UXOHV ZKLFK PDNH XS WKH UXOH FRPSOH[ LQ ����
DUH GHILQHG E\ WKH VWUXFWXUDO GHVFULSWLRQ LQ �����

���� 7DUJHWV RI UXOHV GHILQHG E\ ����

[-cont] LABIAL

/p,b,m/

ROOT

7KH VHW RI WDUJHWV GHILQHG E\ WKH UXOH LQ ���� KDV WKH VWUXFWXUDO GHVFULSWLRQ LQ �����

���� 7DUJHWV RI UXOHV GHILQHG E\ ����

[-cont] LABIAL

[+voice]

/b,m/

ROOT



��

7KHVH WZR VHWV RI WDUJHWV DUH LQ D VXEVHW UHODWLRQ� DV VKRZQ LQ WKH 9HQQ GLDJUDP LQ �����

���� 7DUJHWV RI ���� DQG ����

[-cont] LABIAL

[+voice]

[-cont] LABIAL

/b,m/

/p,b,m/

ROOT

ROOT

:H FDQ QRZ VHH WKDW WKH UHDVRQ IRU WKH K\SRWKHVLV LQ ���� LV WKDW LW ZLOO SURGXFH D
JUDPPDU LQ ZKLFK WKH VFRSH RI DVVLPLODWLRQ LV PRUH UHVWULFWHG� WKXV SUHYHQWLQJ WKH FKLOG
IURP RYHUJHQHUDOL]LQJ� 2QFH WKH FKLOG UHFHLYHV HYLGHQFH RI WKH PRUH JHQHUDO UXOH� LQ
RWKHU ZRUGV LI V�KH LV H[SRVHG WR /DWLQ� UDWKHU WKDQ *UHHN� V�KH FDQ ORRVHQ WKH UHVWULF�
WLRQ E\ SDULQJ DZD\ VWUXFWXUH IURP WKH 6' RI WKH UXOH�

�� ,PSOLFDWLRQV LQ 27

, WXUQ QRZ WR D GLVFXVVLRQ RI 2SWLPDOLW\ 7KHRU\�

��� 'HULYLQJ 72&

0F&DUWK\ ������ VXJJHVWV WKDW DOO 27 FRQVWUDLQWV VKRXOG IDOO LQWR WZR FODVVHV�

���� 0F&DUWK\ ���� RQ W\SHV RI FRQVWUDLQWV

2SWLPDOLW\ 7KHRU\ �3ULQFH DQG 6PROHQVN\ ����� GHDOV ZLWK FRQVWUDLQWV RQ VXU�
IDFH IRUPV� <HW LW DOVR GHSHQGV FUXFLDOO\ RQ FRQVWUDLQWV WKDW UHJXODWH WKH IDLWKIXO�

QHVV RI WKH VXUIDFH IRUP WR WKH OH[LFDO VWUXFWXUH�

, QRZ ZLVK WR GHPRQVWUDWH WKDW D YHUVLRQ RI 27 ZKLFK PDNHV XVH RI RQO\ WKHVH
WZR FRQVWUDLQW W\SHV LV DEOH WR JHQHUDWH WKH ODQJXDJHV LQ ���� EXW FDQQRW JHQHUDWH WKH
LPSRVVLEOH ODQJXDJH VNHWFKHG LQ ���� ,Q RWKHU ZRUGV� WKH 72& IROORZV IURP WKH QDWXUH
RI DQ 27 JUDPPDU ZKLFK PDNHV XVH RI RQO\ ZHOO�IRUPHGQHVV FRQVWUDLQWV �FRQVWUDLQWV
WKDW UHIHU RQO\ WR RXWSXW VWUXFWXUH� DQG IDLWKIXOQHVV RU FRUUHVSRQGHQFH FRQVWUDLQWV
�FRQVWUDLQWV WKDW UHIHU RQO\ WR LGHQWLW\ RI IHDWXUHV LQ PRUSKRORJLFDOO\ UHODWHG IRUPV� LQ
WKH VHQVH WKDW D JUDPPDU ZKLFK FRQWUDGLFWV WKH 72& LV XQVWDWDEOH� 7KLV LV FOHDUO\ D
JRRG UHVXOW IRU 27�



��

,Q ��������� , OLVW WZR IDLWKIXOQHVV FRQVWUDLQWV DQG WZR ZHOO�IRUPHGQHVV FRQ�
VWUDLQWV ZKLFK FDQ EH XVHG WR JHQHUDWH WKH UHOHYDQW SDWWHUQV� 7KH DFWXDO IRUPXODWLRQ RI
WKH FRQVWUDLQWV LV LUUHOHYDQW� DV ORQJ DV WKH ZHOO�IRUPHGQHVV FRQVWUDLQWV UHIHU RQO\ WR
RXWSXW VWULQJV� )DLWKIXOQHVV FRQVWUDLQWV KDYH WDNHQ D YDULHW\ RI IRUPV LQ WKH OLWHUDWXUH�
LQFOXGLQJ WKH VXJJHVWLRQ WKDW HDFK RQH EH GLYLGHG LQ WZR� .LSDUVN\ ������ KDV VXJ�
JHVWHG KDYLQJ WZR IDLWKIXOQHVV FRQVWUDLQWV IRU HDFK IHDWXUH� RQH UHIHUULQJ WR WKH IHDWXUH
UHJDUGOHVV RI YDOXH DQG RQH UHIHUULQJ WR WKH PDUNHG YDOXH RQO\�

����.LSDUVN\·V ������ IDLWKIXOQHVV FRQVWUDLQWV
D� %H IDLWKIXO WR XQGHUO\LQJ >)@

E� %H IDLWKIXO WR XQGHUO\LQJ >α)@� ZKHUH α LV WKH PDUNHG YDOXH RI >)@

3DWHU ������ KDV VXJJHVWHG RQH UHIHUULQJ WR >α)@ DQG RQH UHIHUULQJ WR >�α)@ IRU HDFK IHD�
WXUH�

����3DWHU·V ������ IDLWKIXOQHVV FRQVWUDLQWV
D� %H IDLWKIXO WR XQGHUO\LQJ >�)@
E� %H IDLWKIXO WR XQGHUO\LQJ >�)@

$V IDU DV , FDQ WHOO� WKHVH VXJJHVWLRQV GR QRW EHDU RQ WKH H[DPSOHV , ZLOO FRQVLGHU� H[�
FHSW IRU DQ DVSHFW RI .LSDUVN\·V SURSRVDO , ZLOO UHWXUQ WR EHORZ�

)ROORZLQJ 0F&DUWK\ DQG 3ULQFH ������� ZH FDQ FDOO WKH FRQVWUDLQW WKDW IDYRUV
IDLWKIXOQHVV EHWZHHQ LQSXW �85� DQG RXWSXW �RSWLPDO FDQGLGDWH� ZLWK UHVSHFW WR WKH IHD�
WXUH >QDVDO@ )HDW

,2
>QDVDO@�

���� >QDVDO@ IDLWKIXOQHVV³)($7
,2
>QDVDO@

&RUUHVSRQGHQW VHJPHQWV LQ LQSXW DQG RXWSXW PXVW KDYH LGHQWLFDO YDOXHV IRU WKH
IHDWXUH >QDVDO@�

$ FRQVWUDLQW WKDW IDYRUV IDLWKIXOQHVV ZLWK UHVSHFW WR >YRLFH@ LV )($7
,2
>YRLFH@�

���� >YRLFH@ IDLWKIXOQHVV³)($7
,2
>YRLFH@

&RUUHVSRQGHQW VHJPHQWV LQ LQSXW DQG RXWSXW PXVW KDYH LGHQWLFDO YDOXHV IRU WKH
IHDWXUH >YRLFH@�

7KH VXUIDFH ZHOO�IRUPHGQHVV FRQVWUDLQWV , DGRSW KDYH WKH HIIHFW RI GHPDQGLQJ WKDW
DGMDFHQW VHJPHQWV VKDUH FHUWDLQ IHDWXUHV� 7KH FRQVWUDLQW LQ ���� LV D EDQ RQ VHTXHQFHV
ZKLFK DJUHH LQ YRLFLQJ� EXW QRW LQ QDVDOLW\� ZKLFK , ZLOO FDOO ´YRLFH OLQN LPSOLHV QDVDO
OLQNµ �92,�1$6��

���� 9RLFH OLQN LPSOLHV QDVDO OLQN �92,�1$6�

$GMDFHQW VHJPHQWV ZKLFK DJUHH LQ YRLFLQJ PXVW DJUHH LQ QDVDOLW\�



��

7R DFFRXQW IRU YRLFLQJ DVVLPLODWLRQ EHWZHHQ QDVDOV DQG VWRSV OHW·V DVVXPH WKDW
WKH UHOHYDQW FRQGLWLRQ LV WKDW DGMDFHQW QRQ�FRQWLQXDQWV PXVW VKDUH WKH VDPH >YRLFH@
QRGH�

���� >�FRQWLQXDQW@ OLQN LPSOLHV >YRLFH@ OLQN³�&21�92,

$GMDFHQW QRQ�FRQWLQXDQWV PXVW DJUHH LQ YRLFLQJ�

1RWH WKDW ZH ZLOO EH DEOH WR XVH WKHVH WZR FRQVWUDLQWV WR HIIHFW QDVDOL]DWLRQ RI D YRLFH�
OHVV VWRS ZLWKRXW SRVLWLQJ D QHZ FRQVWUDLQW WKDW GHPDQGV WKDW DGMDFHQW QRQ�FRQWLQXDQWV
DJUHH LQ QDVDOLW\� $GGLQJ WKLV H[WUD FRQVWUDLQW ZLOO QRW HIIHFW WKH DUJXPHQW� VR , ZLOO IRO�
ORZ WKH PRUH FRQVHUYDWLYH DSSURDFK�

����� 6RPH GHILQLWLRQV

,W ZLOO SURYH XVHIXO WR WKH IROORZLQJ GLVFXVVLRQ WR LQWURGXFH WKH FRQYHQWLRQV DQG GHILQL�
WLRQV JLYHQ LQ �����

���� 6RPH FRQYHQWLRQV DQG GHILQLWLRQV
6XSSRVH [�\�]� DUH GLVWLQFW VHJPHQWV DQG )�*�+ DUH IHDWXUHV�

'HILQLWLRQ� )�[� LV WKH YDOXH ZKLFK VHJPHQW [ KDV IRU IHDWXUH ) �� RU ���

6LQFH WKH WKUHH VHJPHQWV DUH GLVWLQFW� IRU DQ\ WZR VHJPHQWV [ DQG \� WKHUH LV DOZD\V D
IHDWXUH ) VXFK WKDW )�[� �)�\��

'HILQLWLRQ� \ LV FORVHU WR ] WKDQ [ LV LII

• )�[� �α DQG )�\� α DQG )�]� α� WKDW LV �)�[� )�\� )�]� IRU VRPH ) �\ DQG ] DJUHH
ZLWK HDFK RWKHU EXW QRW ZLWK [�

• DQG WKHUH LV QR * V�W� *�[� β DQG *�\� �β DQG *�]� β �WKHUH LV QR * VXFK WKDW [
DQG ] DJUHH ZLWK HDFK RWKHU EXW QRW ZLWK \�

7KLV LV HTXLYDOHQW WR WKH GHILQLWLRQ LQ ����

)RU DQ\ IHDWXUH� HLWKHU DOO WKUHH VHJPHQWV DJUHH� RQO\ [ DQG \ DJUHH� RU RQO\ \ DQG ]
DJUHH� ,W LV QHYHU WKDW FDVH WKDW [ DQG ] DJUHH WR WKH H[FOXVLRQ RI \� 7KH WDEOH EHORZ LOOXV�
WUDWHV WKH WKUHH SRVVLEOH IHDWXUH UHODWLRQV LI \ LV FORVHU WR ] WKDQ [ LV�

[ \ ]
) � � �
* � � �
+ � � �

����� $WWHVWHG *UDPPDUV



��

, ZLOO QRZ SURYLGH D VNHWFK RI KRZ VXFK D JUDPPDU FDQ JHQHUDWH ODQJXDJHV OLNH WKRVH LQ
�����

���� 7UHDWPHQWV RI �SQ� DQG �EQ�

D� �SQ� ! >SQ@ DQG �EQ� ! >EQ@ �QR DVVLPLODWLRQ�
E� �SQ� ! >SQ@ DQG �EQ� ! >PQ@ �DVVLPLODWLRQ RI �E� RQO\�
F� �SQ� ! >PQ@ DQG �EQ� ! >PQ@ �DVVLPLODWLRQ RI ERWK�

,Q WKH IROORZLQJ SDUDJUDSKV , SURYLGH UHOHYDQW FRQVWUDLQW WDEOHDX[� IROORZHG E\ D VXP�
PDU\ RI ZKDW WKH\ VKRZ� DQG WKHQ D FKDUDFWHUL]DWLRQ RI WKH JHQHUDO FDVH UHSUHVHQWHG E\
HDFK ODQJXDJH�

������� /DQJXDJH ���D�

���� /DQJXDJH ���D�³&21�92, DQG 92,�1$6 QRW FUXFLDOO\ UDQNHG

�SQ� )($7
,2
>YRLFH@ )($7

,2
>QDVDO@ 92,�1$6 �&21�92,

)>SQ@ 9 9 9 


>EQ@ 
� 9 
 9

>PQ@ 
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 9 9

�EQ� )($7
,2
>YRLFH@ )($7

,2
>QDVDO@ 92,�1$6 �&21�92,

>SQ@ 
� 9 9 


)>EQ@ 9 9 
 9

>PQ@ 9 
� 9 9

���� SQ!SQ EQ!EQ ³/DQJXDJH ���D�
)DLWKIXOQHVV FRQVWUDLQWV DUH QRW RXWUDQNHG E\ DQ\ ZHOO�IRUPHGQHVV FRQVWUDLQW�

���� )RU DOO IHDWXUHV )� V�W� )�[�  �)�\�  �)�]� DQG * V�W� *�[�  *�\�  �)�]�WKH FRQ�
VWUDLQW ZKLFK PDLQWDLQV RXWSXW IDLWKIXOQHVV WR ) RU * LV UDQNHG KLJKHU WKDQ DQ\ ZHOO�
IRUPHGQHVV FRQVWUDLQW WKDW FRXOG UHVXOW LQ FKDQJLQJ ) RU *�

������� /DQJXDJH ���E�

���� /DQJXDJH ���E�

�SQ� 92,�1$6 )($7
,2
>YRLFH@ )($7

,2
>QDVDO@ �&21�92,

)>SQ@ 9 9 9 


>EQ@ 9 
� 9 9

>PQ@ 9 
� 
� 9

�EQ� 92,�1$6 )($7
,2
>YRLFH@ )($7

,2
>QDVDO@ �&21�92,

>SQ@ 9 
� 9 


>EQ@ 
� 9 9 9

)>PQ@ 9 9 
 9
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���� SQ!SQ EQ!PQ³/DQJXDJH ���E�
)DLWK WR >�YRLFH@ RXWUDQNV WKH ZHOO�IRUPHGQHVV FRQVWUDLQW GULYLQJ E!P�

���� )RU D IHDWXUH )� VXFK WKDW )�[�  �)�\�  �)�]�� WKH FRQVWUDLQW &� ZKLFK UHTXLUHV
IDLWKIXOQHVV WR ) RXWUDQNV DQ\ ZHOO�IRUPHGQHVV FRQVWUDLQW &� WKDW ZRXOG IDYRU FKDQJLQJ
WKH YDOXH RI )� 6LQFH )�\�  ) �]� FKDQJLQJ \!] GRHV QRW YLRODWH IDLWKIXOQHVV WR )�
&�!!&��

������� /DQJXDJH ���F�

���� /DQJXDJH ���F�³�&21�92, DQG 92,�1$6 QRW FUXFLDOO\ UDQNHG

�SQ� �&21�92, 92,�1$6 )($7
,2
>YRLFH@ )($7

,2
>QDVDO@

>SQ@ 
� 9 
 9

>EQ@ 9 
� 9 9

)>PQ@ 9 9 
 


�EQ� �&21�92, 92,�1$6 )($7
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>YRLFH@ )($7
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>QDVDO@

>SQ@ 
� 9 
 9

>EQ@ 9 
� 9 9

)>PQ@ 9 9 9 


����SQ!PQ EQ!PQ³/DQJXDJH ���F�
:HOO�IRUPHGQHVV FRQVWUDLQWV RXWUDQN IDLWKIXOQHVV WR WKH FKDQJHG IHDWXUHV�

���� )RU DQ\ ) VXFK WKDW )�[�  �)�\�  �)�]� WKH ZHOO�IRUPHGQHVV FRQVWUDLQW UHTXLULQJ D
FKDQJH LQ WKH YDOXH RI )�[�� &�� RXWUDQNV IDLWKIXOQHVV WR )� &�� 6LQFH )�\�  )�]�� WKH
IDLWKIXOQHVV DQG ZHOO�IRUPHGQHVV FRQVWUDLQWV IDYRU WKH VDPH FDQGLGDWHV IRU XQGHUO\LQJ
�\��
L� &�!!&��
)RU DQ\ + VXFK WKDW +�[�  +�\�  �+�]� WKH ZHOO�IRUPHGQHVV FRQVWUDLQW� &�� IDYRULQJ D
FKDQJH LQ +�[� DQG +�\� RXWUDQNV IDLWKIXOQHVV WR +� &��
LL� &�!!&��

����� $Q ,PSRVVLEOH *UDPPDU

,W DSSHDUV LPSRVVLEOH WR ZULWH DQ 27 JUDPPDU ZKLFK ZLOO JHQHUDWH WKH SDWWHUQ LQ ����
WKDW LV� RQH ZKLFK ZLOO VHOHFW >PQ@ DV WKH RSWLPDO FDQGLGDWH IRU XQGHUO\LQJ �SQ� DQG DOVR
VHOHFW >EQ@ DV WKH RSWLPDO FDQGLGDWH IRU XQGHUO\LQJ �EQ�� ,Q RWKHU ZRUGV� ZH FDQQRW
ZULWH WKH 27 HTXLYDOHQW RI WKH UXOH�EDVHG JUDPPDU LQ ��� ZKRVH RXWSXW YLRODWHV WKH
72&� 7KLV LV FOHDUO\ D GHVLUDEOH UHVXOW IRU 27� VLQFH LW PHDQV WKDW LW ZLOO QRW RYHUJHQHUDWH
LQ RQH UHVSHFW�
&RQVLGHU WKH VWULQJ >PQ@ DV D FDQGLGDWH IRU WKH 85 �SQ�� 7KHUH DUH VHYHUDO SRVVLEOH

UDQNLQJV WKDW ZLOO JHQHUDWH >PQ@ DV WKH RSWLPDO FDQGLGDWH IRU �SQ�� JLYHQ LQ ����³WKH
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WZR IDLWKIXOQHVV FRQVWUDLQWV PXVW EH UDQNHG ORZHVW� DQG WKH RWKHU WZR FRQVWUDLQWV PXVW
EH UDQNHG KLJKHVW� 2UGHULQJ LV QRW FUXFLDO DPRQJ WKH SDLUV� 1RWH WKDW LI HLWKHU IDLWKIXO�
QHVV FRQVWUDLQW LV UDQNHG DERYH RQH RI WKH RWKHU WZR WKH FDQGLGDWH >PQ@ ZLOO QRW EH
FKRVHQ�

���� 7R FKRRVH >PQ@ DV RSWLPDO FDQGLGDWH IRU �SQ�

�SQ� �&21�92, 92,�1$6 )($7
,2
>YRLFH@ )($7

,2
>QDVDO@

>SQ@ 
� 9 
 9

>EQ@ 9 
� 9 9

)>PQ@ 9 9 
 


+RZHYHU� QRWH WKDW QR SRVVLEOH UDQNLQJV UHSUHVHQWHG LQ ���� ZLOO VHOHFW >EQ@ WR EH WKH
RSWLPDO FDQGLGDWH IRU �EQ�� DV VKRZQ LQ ����� 7KHVH JUDPPDUV DOO VHOHFW >PQ@ DV WKH
RXWSXW RI �EQ��

���� 7KH IRXU UDQNLQJV LQ ���� HYDOXDWLQJ FDQGLGDWHV RI �EQ�

D� �EQ� 92,�1$6 �&21�92, )($7
,2
>QDVDO@ )($7
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>YRLFH@

>SQ@ 9 
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���� SQ!PQ EQ!EQ³,PSRVVLEOH ODQJXDJH ���
7KH ILUVW DOWHUQDWLRQ �SQ!PQ� WHOOV XV WKDW
L�UHVSHFWLQJ IDLWKIXOQHVV WR >�YRLFH@ LV QRW DV LPSRUWDQW DV D ZHOO�IRUPHGQHVV FRQ�
GLWLRQ GHPDQGLQJ WKDW WKH ODELDO EH YRLFHG
LL�UHVSHFWLQJ IDLWKIXOQHVV WR >�QDVDO@ LV OHVV LPSRUWDQW WKDQ �ORZHU UDQNHG WKDQ� D
ZHOO�IRUPHGQHVV FRQGLWLRQ GHPDQGLQJ WKDW WKH ODELDO EH QDVDOL]HG
7KH VHFRQG DOWHUQDWLRQ �EQ!EQ� WHOOV XV WKDW
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LLL�UHVSHFWLQJ IDLWKIXOQHVV WR >�QDVDO@ LV PRUH LPSRUWDQW WKDQ �KLJKHU UDQNHG WKDQ�
D ZHOO�IRUPHGQHVV FRQGLWLRQ GHPDQGLQJ WKDW WKH ODELDO EH QDVDOL]HG

6LQFH LL DQG LLL FRQVWLWXWH D UDQNLQJ SDUDGR[ WKH\ FDQQRW EH SDUW RI WKH VDPH
JUDPPDU�

7KHUHIRUH WKH 72& IROORZV IURP WKH QDWXUH RI DQ 27 JUDPPDU FRQWDLQLQJ RQO\ WKHVH
WZR W\SHV RI FRQVWUDLQW�

����*HQHUDO FDVH IRU 72&
7R SURYH� 8VLQJ RQO\ ZHOO�IRUPHGQHVV FRQVWUDLQWV DQG IDLWKIXOQHVV FRQVWUDLQWV LW
FDQ QHYHU EH WKH FDVH WKDW �[�!>]@ DQG �\�!>\@ LI \ LV FORVHU WR ] WKDQ [ LV�

%\ GHILQLWLRQ RI FORVHQHVV WKHUH H[LVWV IHDWXUHV ) DQG + VXFK WKDW )�[�  �)�]� DQG
+�[�  �+�]�� 7KHUHIRUH [!] PHDQV WKDW )�[� ! �)�[� DQG +�[� ! �+�[��

6R WKH ZHOO�IRUPHGQHVV FRQVWUDLQW &� GULYLQJ WKH FKDQJH LQ ) LV UDQNHG KLJKHU
WKDQ IDLWKIXOQHVV WR WKH XQGHUO\LQJ YDOXH RI )� &��

L� &�!!&�

$QG WKH ZHOO�IRUPHGQHVV FRQVWUDLQW &� GULYLQJ WKH FKDQJH LQ + LV UDQNHG KLJKHU
WKDQ IDLWKIXOQHVV WR WKH XQGHUO\LQJ YDOXH RI +� &��

LL� &�!!&�

+RZHYHU� \!\ PHDQV WKDW IDLWKIXOQHVV WR )� &�� RXWUDQNV DQ\ ZHOO�IRUPHGQHVV
FRQVWUDLQW WKDW ZRXOG FKDQJH WKH YDOXH RI )� LQFOXGLQJ &��

LLL� &�!!&�

$QG \!\ DOVR PHDQV WKDW IDLWKIXOQHVV WR +� &� RXWUDQNV DQ\ ZHOO�IRUPHGQHVV
FRQVWUDLQW WKDW ZRXOG FKDQJH WKH YDOXH RI +� LQFOXGLQJ &��

LY� &�!!&��

%XW VLQFH L� DQG LLL� DUH FRQWUDGLFWRU\ WKH\ FDQQRW EH LQ WKH VDPH JUDPPDU� $QG
VLQFH LL� DQG LY� DUH FRQWUDGLFWRU\� WKH\ DOVR FDQQRW EH LQ WKH VDPH JUDPPDU�

6R WKH VXUIDFH IRUPV RI WKH ODQJXDJH LQ ��� FDQQRW EH SURGXFHG E\ DQ 27 JUDPPDU XV�
LQJ WKHVH FRQVWUDLQWV� ,W DSSHDUV WKDW FKDQJLQJ WKH FRQVWUDLQWV ZLOO QRW DOORZ D GLIIHUHQW
UHVXOW� DV ORQJ DV IDLWKIXOQHVV WR WKH 85 LV YDOXHG E\ VRPH FRQVWUDLQWV� DQG WKHUH DUH QR
FRQVWUDLQWV ZKLFK YDOXH MXVW XQIDLWKIXOQHVV WR WKH 85³DJDLQ� LI ZH DVVXPH WKDW DOO FRQ�
VWUDLQWV DUH HLWKHU IDLWKIXOQHVV RU VXUIDFH ZHOO�IRUPHGQHVV FRQVWUDLQWV�
7KH JHQHUDO IRUP RI WKH 72& FDQ EH VWDWHG LQ 27 DV IROORZV �LQ RXU H[DPSOH� [ S�

\ E DQG ] P��



��

���� 7KH 72& LQ 27 WHUPV

6XSSRVH WKDW WKUHH VHJPHQWV [� \ DQG ] VWDQG LQ WKH IROORZLQJ FORVHQHVV UHODWLRQ�

VKLS� \∩] ⊃ [∩] �\ LV FORVHU WR ] WKDQ [ LV�� ,I ] LV WKH RSWLPDO VXUIDFH IRUP RI [�
WKHQ ] LV DOVR WKH RSWLPDO VXUIDFH IRUP RI \ LQ D JLYHQ FRQWH[W�

,W DSSHDUV� WKHQ� WKDW D ODQJXDJH OLNH WKDW GHVFULEHG E\ WKH RUGHUHG UXOHV LQ ��� FDQQRW
EH VWDWHG LQ 27 WHUPV� DV ORQJ DV WKHUH H[LVW IDLWKIXOQHVV FRQVWUDLQWV� DQG QR XQIDLWKIXO�
QHVV FRQVWUDLQWV RWKHU WKDQ ZHOO�IRUPHGQHVV FRQVWUDLQWV�

�� &RXQWHUIHHGLQJ DQG FRQVWUDLQLQJ 27

, QRZ WXUQ WR FRQVLGHUDWLRQ RI D FODVV RI FKDLQ VKLIW ZKLFK FDQ EH FDSWXUHG LQ WHUPV RI
FORVHQHVV� )RU HDVH RI H[SRVLWLRQ� , LQYRNH IRUPV FRQWDLQLQJ WKH VDPH VHJPHQWV DV WKH
*UHHN DQG /DWLQ FDVHV GLVFXVVHG DERYH� EXW LW VKRXOG EH FOHDU WKDW DQ\ VHW RI VHJPHQWV
ZLOO GR� DV ORQJ DV WKH VHW UHODWLRQV RI WKHLU IHDWXUH VSHFLILFDWLRQV VWDQG LQ D FORVHQHVV
UHODWLRQ�

0DQ\ ODQJXDJHV VKRZ D SDWWHUQV RI ¶VWHSZLVH· DVVLPLODWLRQ� H[HPSOLILHG E\ WKH
IROORZLQJ IRUPV IURP WKH ,WDOLDQ GLDOHFW RI 6HUYLJOLDQR �&DPLOOL ������ 6WHSZLVH SURF�
HVVHV DUH FKDLQ�VKLIWV RI WKH IRUP [!\ DQG \!]� ZKHUH \ LV FORVHU WR ] WKDQ [ LV�

���� 6WHSZLVH DVVLPLODWLRQ LQ 6HUYLJOLDQR

D� �OX SDWUH� !>OXSDWUH@ ¶WKH IDWKHU· �OX EDUGDååX�!>OXEDUGDååX@ ¶WKH ER\·
E� �XQ SDWUH�!>XPEDWUH@ ¶D IDWKHU· �XQ EDUGDååX�!>XPPDUGDååX@ ¶D ER\·

7KH YRLFHOHVV VWRS �S� FKDQJHV WR WKH YRLFHG VWRS >E@ DIWHU D QDVDO� DQG WKH XQGHU�
O\LQJ YRLFHG VWRS �E� FKDQJHV WR D QDVDO DIWHU D QDVDO� �7KH RULJLQDO QDVDO DOVR DVVLPLODWHV
WR WKH SODFH RI DUWLFXODWLRQ RI WKH IROORZLQJ FRQVRQDQW� 7KLV FKDQJH ZLOO QRW FRQFHUQ
XV�� ,Q D V\VWHP RI RUGHUHG UXOHV� LW LV FOHDU WKDW WKH FKDQJH RI YRLFHG VWRS WR QDVDO ��E�
! >P@� PXVW SUHFHGH WKH FKDQJH RI YRLFHOHVV VWRS WR YRLFHG VWRS ��S� ! >E@�� ,Q RWKHU
ZRUGV� WKH UXOHV DUH LQ D FRXQWHUIHHGLQJ RUGHU� 7KH WZR RUGHUV DUH VKRZQ LQ �����
ZLWKRXW D IRUPDO VWDWHPHQW RI WKH UHOHYDQW UXOHV�

���� 3RVVLEOH RUGHULQJV RI QDVDO VSUHDG DQG YRLFLQJ LQ 6HUYLJOLDQR �Z�R SODFH DVVLPLOD�
WLRQ�

D� FRUUHFW RUGHU �QS� �QE� E� LQFRUUHFW RUGHU �QS� �QE�

�� QDVDOL]H YRLFHG
VWRS

�� �QP� �� YRLFH YRLFHOHVV
VWRS

�QE� ��

�� YRLFH YRLFHOHVV
VWRS

�QE� �� �� QDVDOL]H YRLFHG
VWRS

�QP� �QP�

RXWSXW >QE@ >QP@ RXWSXW 
>QP@ >QP@

:H KDYH DOUHDG\ VKRZQ WKDW E LV FORVHU WR P WKDQ S LV�
1RZ FRQVLGHU WKH SUREOHP RI JHQHUDWLQJ WKH IRUPV LQ ���� LQ DQ 2SWLPDOLW\ 7KHR�

UHWLF JUDPPDU� 'HVSLWH WKH IDFW WKDW WKH VHJPHQWV DSSHDU LQ WKH RSSRVLWH RUGHU KHUH



��

IURP WKH FDVHV GLVFXVVHG DERYH� ZH FDQ XVH WKH VDPH FRQVWUDLQWV DV EHIRUH� VLQFH LW LV
WKHLU HIIHFW� UDWKHU WKDQ WKHLU H[DFW IRUPXODWLRQ ZKLFK LV LPSRUWDQW� 7KH IDFW WKDW WKH VH�
TXHQFH �QE� VXUIDFHV DV >QP@ LPSOLHV WKDW 92,�1$6 RXWUDQNV IDLWKIXOQHVV WR WKH XQGHUO\�
LQJ YDOXH RI >QDVDO@�

6R IDU ZH KDYH WZR FRQVWUDLQWV DQG WKH\ PXVW EH UDQNHG DV LQ �����

���� 5HODWLYH UDQNLQJ RI 92,�1$6 DQG )($7
,2
>QDVDO@

�QE� 92,�1$6 )($7
,2
>QDVDO@

>QE@ 
� 9

)>QP@ 9 


1RZ FRQVLGHU WKH FRQVWUDLQWV QHHGHG WR DVVXUH WKDW WKH RSWLPDO FDQGLGDWH IRU WKH
85 �QS� EH >QE@� 7KLV UHTXLUHV WKDW &21�92, RXWUDQN )($7

,2
>YRLFH@�

���� 5HODWLYH UDQNLQJ RI �&21�92, DQG )($7
,2
>YRLFH@

�QS� �&21�92, )($7
,2
>YRLFH@

>QS@ 
� 9

)>QE@ 9 


1RZ FRQVLGHU WKH UHODWLYH UDQNLQJ RI WKH IRXU FRQVWUDLQWV ZH KDYH SRVLWHG� 7KHUH
DUH WZHQW\�IRXU ���� SRVVLEOH UDQNLQJV RI IRXU FRQVWUDLQWV� +RZHYHU� ZH KDYH DOUHDG\
UXOHG RXW DQ\ UDQNLQJ LQ ZKLFK )($7

,2
>QDVDO@ GRPLQDWHV 92,�1$6 �KDOI RI DOO SRVVLEOH

UDQNLQJV�� DQG ZH KDYH DOVR UXOHG RXW DQ\ UDQNLQJ LQ ZKLFK )($7
,2
>YRLFH@ GRPLQDWHV �

&21�92, �DQRWKHU KDOI RI WKH UHPDLQLQJ UDQNLQJV�� 7KLV OHDYHV XV ZLWK RQO\ VL[ UHPDLQ�
LQJ UDQNLQJV DYDLODEOH� ZKLFK GHILQH WKH JUDPPDUV ���D�I�� :H FDQ H[DPLQH DOO VL[ LQ
WXUQ�
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���� 7KH VL[ JUDPPDUV FRQVLVWHQW ZLWK WKH UDQNLQJV LQ ���� DQG �����

D� �QS� �&21�92, )($7
,2
>YRLFH@ 92,�1$6 )($7

,2
>QDVDO@

>QS@ 
� 9 9 9

>QE@ 9 
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I� �QS� 92,�1$6 )($7
,2
>QDVDO@ �&21�92, )($7
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)>QS@ 9 9 
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>QE@ 
� 9 9 9

>QP@ 9 
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:H FDQ VHH WKDW RQO\ WZR SDWWHUQV RI DVVLPLODWLRQ DUH JHQHUDWHG E\ WKHVH UDQN�
LQJV� ,Q JUDPPDUV ���D�H� WKH RSWLPDO FDQGLGDWH IRU ERWK VHTXHQFHV LV >QP@� 7KLV LV WKH
PLUURU�LPDJH RI WKH /DWLQ FDVH� ,Q JUDPPDU ���I� WKH RSWLPDO FDQGLGDWH IRU ERWK FDQGL�
GDWHV LV >QS@�

$QRWKHU ZD\ WR ORRN DW WKH LPSRVVLELOLW\ RI JHQHUDWLQJ WKH ,WDOLDQ GLDOHFW GDWD LV
WKH IROORZLQJ� ,I WKH RSWLPDO FDQGLGDWH IRU WKH 85 �QS� LV >QE@� DQG RXU 27 JUDPPDU
YDOXHV IDLWKIXOQHVV WR WKH 85� WKHQ >QE@ VKRXOG DOVR EH WKH RSWLPDO FDQGLGDWH IRU WKH 85
�QE�� 2Q WKH RWKHU KDQG� LI WKHUH H[LVWV D KLJKO\�UDQNHG FRQVWUDLQW WKDW IDYRUV >QP@ DV
WKH RSWLPDO RXWSXW RI �QE� WKHQ WKH UHTXLUHPHQW WKDW QDVDOLW\ VSUHDG RXWUDQNV WKH UH�
TXLUHPHQW WKDW RXWSXW EH IDLWKIXO WR WKH 85� ,I WKLV LV WKH FDVH� WKHQ >QP@ ZLOO DOVR EH
WKH RSWLPDO RXWSXW RI WKH 85 �QS��

���� SQ!EQ EQ!PQ³&RXQWHUIHHGLQJ FDVH OLNH ����
7KH VHFRQG DOWHUQDWLRQ �EQ!PQ� VKRZV WKDW

L� WKH ZHOO�IRUPHGQHVV FRQVWUDLQW GULYLQJ QDVDO DVVLPLODWLRQ RXWUDQNV IDLWK
WR >�QDVDO@�

7KH ILUVW DOWHUQDWLRQ �SQ!EQ� VKRZV WKDW
LL� WKH ZHOOIRUPHGQHVV FRQVWUDLQW UHTXLULQJ YRLFH DVVLPLODWLRQ RXWUDQNV
IDLWK WR >�YRLFH@ $1'
LLL� IDLWK WR >�QDVDO@ WKH RXWUDQNV WKH ZHOO�IRUPHGQHVV FRQVWUDLQW UHTXLULQJ
QDVDO DVVLPLODWLRQ�

%XW L DQG LLL DUH FRQWUDGLFWRU\� 7KH\ VD\ $!!% DQG %!!$� 7KHUHIRUH WKH\ FDQ�
QRW ERWK EH WUXH LQ D VLQJOH JUDPPDU�

,Q FDVH LW LV IHOW WKDW WKLV DUJXPHQW LV WRR GHSHQGHQW RQ WKH SDUWLFOXDU SURFHVVHV
LQYRNHG� , QRZ SURYLGH D JHQHUDO SURRI WKDW DSSOLHV WR DOO FKDLQ VKLIWV FKDUDFWHUL]HG E\
WKH FORVHQHVV UHODWLRQ� ,W FDQ EH DSSOLHG WR WKH QDVDOL]DWLRQ FDVHV RU WR DQ\ RWKHU FKDLQ
VKLIW VXFK DV� IRU H[DPSOH� D SURFHVV ZKLFK WXUQV YRLFHG VWRSV LQWR IULFDWLYHV DQG YRLFHV
YRLFHOHVV VWRSV� DV LQ :HOVK OHQLWLRQ�

���� :HOVK OHQLWLRQ� E!Y S!E
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���� *HQHUDO FDVH IRU FRXQWHUIHHGLQJ
7R SURYH� 8VLQJ RQO\ ZHOO�IRUPHGQHVV �Z�I�� FRQVWUDLQWV DQG IDLWKIXOQHVV FRQ�
VWUDLQWV LW FDQ QHYHU EH WKH FDVH WKDW �[�!>\@ DQG �\�!>]@ LI \ LV FORVHU WR ] WKDQ [
LV�

,I \!] WKHQ WKHUH LV D IHDWXUH + VXFK WKDW +�\�  γ DQG +�]�  �γ �VLQFH \ DQG ]
DUH GLVWLQFW��

7KHUHIRUH� WKH Z�I� FRQVWUDLQW &� GHPDQGLQJ \!] GHPDQGV �γ+�!>�γ+@� 6R WKLV
Z�I� FRQVWUDLQW &� PXVW EH UDQNHG KLJKHU WKDQ D FRQVWUDLQW GHPDQGLQJ IDLWKIXO�

QHVV WR >γ+@� &��

L� &�!!&�

,I [!\ WKHQ WKHUH LV D IHDWXUH ) VXFK WKDW )�[�  β DQG )�\�  �β�
7KHUHIRUH� WKH Z�I� FRQVWUDLQW &� GHPDQGLQJ [!\ GHPDQGV β)! �β)�
DQG VR &� PXVW EH UDQNHG DERYH D FRQVWUDLQW GHPDQGLQJ IDLWKIXOQHVV WR >β)@� &��

LL� &�!!&�

6LQFH +�\�  γ� DQG +�]�  �γ� LW IROORZV WKDW +�[�  γ� �2WKHUZLVH \ ZRXOG QRW

EH FORVHU WR ] WKDQ [ LV�� 7KH FRQVWUDLQW HQVXULQJ WKDW [ GRHV QRW VXUIDFH DV ]

GHPDQGV IDLWKIXOQHVV WR >γ+@� &�� 7KLV FRQVWUDLQW PXVW EH UDQNHG KLJKHU WKDQ WKH
Z�I� FRQVWUDLQW GHPDQGLQJ �γ+�!>�γ+@� &��

LLL� &�!!&�

%XW L DQG LLL FDQQRW ERWK EH WUXH LQ D JLYHQ JUDPPDU�

:H FDQ QRZ VHH WKDW WKH H[DFW IRUPXODWLRQ RI WKH FRQVWUDLQWV LV LUUHOHYDQW DV ORQJ DV DOO
WKH FRQVWUDLQWV ILW LQWR RQH RI WKH WZR FDWHJRULHV GLVFXVVHG DERYH�

��� 6ROXWLRQ LQ 27³&RQVWUDLQW GLVMXQFWLRQ DQG FRQVWUDLQWV RQ FRQVWUDLQWV

6R ZH QRZ KDYH VKRZQ WKDW D YHUVLRQ RI 27 ZKLFK LV UHVWULFWHG WR IDLWKIXOQHVV FRQ�
VWUDLQWV DQG ZHOO�IRUPHGQHVV FRQVWUDLQWV IDLOV WR RYHUJHQHUDWH LQ FHUWDLQ FDVHV �LW ZRQ·W
JHQHUDWH 72& YLRODWLRQV�� \HW XQGHUJHQHUDWHV LQ RWKHUV �LW ZRQ·W JHW VWHSZLVH SURF�
HVVHV�� 7KH FKDOOHQJH QRZ LV WR H[WHQG WKH FODVV RI FRQVWUDLQWV HQRXJK WR JHW VWHSZLVH
SURFHVVHV� EXW QRW VR PXFK WKDW WKH 72& LV ORVW�

$ FOHDU H[DPSOH RI WKH ZURQJ DSSURDFK LV WR SRVLW FRQVWUDLQWV VXFK DV
´XQGHUO\LQJ �E� VXUIDFHV DV �P�µ DQG ´XQGHUO\LQJ �S� VXUIDFHV DV �E�µ LQ D JLYHQ FRQWH[W�
1RWH WKDW WKHVH DUH QHLWKHU VXUIDFH ZHOO IRUPHGQHVV QRU VLPSOH IDLWKIXOQHVV FRQVWUDLQWV�
7KH SUREOHP ZLWK VXFK DQ DSSURDFK LV WZR�IROG� )LUVW RI DOO� VXFK FRQVWUDLQWV DPRXQW WR
QRWKLQJ PRUH WKDQ D UHVWDWHPHQW RI WKH GDWD� :LWK VXFK FRQVWUDLQWV DQ\ W\SH RI UHODWLRQ�
VKLS EHWZHHQ 85 DQG VXUIDFH IRUP LV SRVVLEOH� ´XQGHUO\LQJ �S� VXUIDFHV DV >D@µ ZRXOG EH
D YDOLG FRQVWUDLQW� $ UHODWHG SUREOHP LV WKDW DOORZLQJ WKH JUDPPDU VXFK SRZHU ZRXOG
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DOVR UHPRYH RXU DELOLW\ WR DFFRXQW IRU ZKDW DSSHDU WR EH UHDO FRQVWUDLQWV RQ RXWSXW
VXFK DV WKH 72&� ,Q RWKHU ZRUGV� QR SULQFLSOH ZRXOG UXOH RXW D JUDPPDU ZLWK WKH FRQ�
VWUDLQWV ´XQGHUO\LQJ �SQ� VXUIDFHV DV >PQ@µ DQG ´XQGHUO\LQJ �EQ� VXUIDFHV DV >EQ@µ ZKLFK
FRQWUDGLFWV WKH 72&�

$ PRUH VXEWOH H[DPSOH RI D FRQVWUDLQW WKDW ZLOO OHDG WR 72& YLRODWLRQV LV D FRQ�
WH[W GHSHQGHQW IDLWKIXOQHVV FRQVWUDLQW� 6XFK FRQVWUDLQWV FDQ EH VWDWHG LQ D YDULHW\ RI
ZD\V� WZR RI ZKLFK DUH JLYHQ LQ �����

���� 8QGHVLUDEOH FRQVWUDLQWV

D� ,I D FDQGLGDWH LV IDLWKIXO WR WKH XQGHUO\LQJ YDOXH RI >YRLFH@� WKHQ LW VKRXOG EH IDLWKIXO
WR WKH XQGHUO\LQJ YDOXH RI >FRQWLQXDQW@ �7KLV FRQVWUDLQW FDQ EH XVHG WR JHQHUDWH S!Y
DQG E!I��
E� 9RLFHG VHJPHQWV PXVW EH IDLWKIXO WR XQGHUO\LQJ >QDVDO@� �7KLV FRQVWUDLQW FDQ EH XVHG
WR JHQHUDWH VWHSZLVH SURFHVVHV OLNH WKH 6HUYLJOLDQR S!E DQG E!P� EXW DOVR S!P DQG
E!E� FRQWUD 72&��

0\ DUJXPHQW WR WKLV SRLQW KDV EHHQ WDFLWO\ DVVXPLQJ WKDW IDLWKIXOQHVV FRQVWUDLQWV
FDQQRW EH VWDWHG LQ WKH IRUP RI WKRVH LQ ����� 1RZ� LW LV LPSRUWDQW WR UHDOL]H WKDW VXUIDFH
ZHOO�IRUPHGQHVV FRQVWUDLQWV DUH RIWHQ FRQWH[W VHQVLWLYH� )RU H[DPSOH� D FRQVWUDLQW EDQ�
QLQJ YRLFHOHVV QDVDOV H[SUHVVHV VRPHWKLQJ OLNH WKH VWDWHPHQW LQ �����

���� >�QDVDO@ VHJPHQWV PXVW EH >�YRLFH@³D FRQWH[W VHQVLWLYH FRQVWUDLQW�

)ROORZLQJ D VXJJHVWLRQ RI 0DUN +DOH �S�F��� , WHQWDWLYHO\ SURSRVH WKDW WKH WDFLW DVVXPS�
WLRQ WR WKLV SRLQW KDV EHHQ WKDW IDLWKIXOQHVV DQG ZHOO�IRUPHGQHVV FRQVWUDLQWV GLIIHU LQ
WKDW WKH IRUPHU FDQ UHIHU WR RQO\ D VLQJOH IHDWXUH�

���� )DLWKIXOQHVV FRQVWUDLQWV UHIHU WR VLQJOH IHDWXUHV�

,I ZH GR QRW DFFHSW ���� ZH ZLOO ILQG WKDW RXU 27 JUDPPDU PDVVLYHO\ RYHUJHQHU�
DWHV� 0DUN +DOH KDV DOVR SRLQWHG RXW WKDW LI LW LV FRUUHFW� WKLV FRQGLWLRQ UDLVHV D SUREOHP
IRU .LSDUVN\·V YLHZ RI IDLWKIXOQHVV FRQVWUDLQWV� ,I� DV .LSDUVN\ SURSRVHV� IDLWKIXOQHVV
FRQVWUDLQWV FDQ UHIHU WR PDUNHG YDOXHV� WKHQ WKH\ DUH LQKHUHQWO\ FRQWH[W VHQVLWLYH� VLQFH
WKH PDUNHG YDOXH RI D JLYHQ IHDWXUH LV GHSHQGHQW RQ FRQWH[W� )RU H[DPSOH� >�YRLFH@ LV
PDUNHG LQ VWRSV� EXW >�YRLFH@ LV PDUNHG LQ VRQRUDQWV�

, VWLOO KDYH QRW GHDOW ZLWK WKH FRXQWHUIHHGLQJ SUREOHP� %UXFH +D\HV �S�F�� KDV
SRLQWHG RXW WKDW WKH RSHUDWLRQ RI FRQVWUDLQW GLVMXQFWLRQ FDQ SURGXFH FRXQWHUIHHGLQJ
UHVXOWV� 8QGHU GLVMXQFWLRQ ZH DVVXPH WKDW FDQGLGDWHV ZLOO QRW LQFXU D YLRODWLRQ RI D
FRPSOH[ FRQVWUDLQW FRQVLVWLQJ RI WZR VLPSOH FRQVWUDLQWV LI WKH\ VDWLVI\ DW OHDVW RQH RI LWV
FRPSRQHQW FRQVWUDLQWV�

7KH FRPSOH[ FRQVWUDLQW ´EH IDLWKIXO WR DW OHDVW RQH RI >YRLFH@ RU >FRQWLQXDQW@µ LQ
����� DORQJ ZLWK WZR ZHOO�IRUPHGQHVV FRQVWUDLQWV IDYRULQJ YRLFHG VHJPHQWV DQG FRQ�
WLQXDQWV� UHVSHFWLYHO\� FDQ JHQHUDWH D FKDLQVKLIW DV VKRZQ LQ ����� )RU VLPSOLFLW\ , KDYH
FKRVHQ D FKDLQVKLIW RI WKH IRUP E!Y DQG S!E �LQ DQ XQVSHFLILHG HQYLURQPHQW� VD\ EH�
WZHHQ YRZHOV��
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���� &RPSOH[ FRQVWUDLQW
%H IDLWKIXO WR DW OHDVW RQH RI >YRLFH@ DQG >FRQWLQXDQW@

���� &KDLQVKLIW XVLQJ FRQVWUDLQW GLVFRQMXQFWLRQ

�S�

>�YRLFH@ )($7

,2
>YRLFH@

25
)($7

,2
>FRQW@


>�FRQW@

>S@ 
� 9 


)>E@ 9 9 


>Y@ 9 
� 9

�E�

>�YRLFH@ )($7

,2
>YRLFH@

25
)($7

,2
>FRQW@


>�FRQW@

>S@ 
 
 


>E@ 9 9 


)>Y@ 9 9 9

7KHVH FRPSOH[ FRQVWUDLQWV DUH REYLRXVO\ YHU\ SRZHUIXO� +RZHYHU WKH\ GR DOORZ XV WR
JHQHUDWH WKH FRXQWHUIHHGLQJ GDWD DQG SHUKDSV PXVW EH DFFHSWHG DV SDUW RI DQ 27 ZKLFK
FDQ DFFRXQW IRU ZHOO�DWWHVWHG SURFHVVHV� )RUWXQDWHO\� VXFK GLVMXQFWLYH FRQVWUDLQWV ZLOO
QRW OHDG WR 72& YLRODWLRQV�

�� &RQFOXVLRQV

,Q FRQFOXVLRQ , ZRXOG OLNH WR VXJJHVW WKDW VLPSOH VXUIDFH JHQHUDOL]DWLRQV OLNH WKH 72&
FDQ EH H[WUHPHO\ XVHIXO IRU VWXG\LQJ WKH FRPSXWDWLRQDO SURSHUWLHV RI JUDPPDUV� 7KLV LV
EHFDXVH WKH GHILQLWLRQ RI WKH 72& FDQ EH PDGH H[SOLFLW XVLQJ EDVLFDO ORJLFDO QRWLRQV OLNH
VHW DQG FRQWDLQPHQW� 7KH GLVFXVVLRQ RI GHULYDWLRQDO SKRQRORJ\ SURSRVHV WKDW SKR�
QRORJLFDO DFTXLVLWLRQ FDQ EH FKDUDFWHUL]HG LQ ZD\V SDUDOOHO WR V\QWDFWLF DFTXLVLWLRQ� H�J�
E\ DSSHDO WR WKH VXEVHW SULQFLSOH� 7KH GLVFXVVLRQ RI 27 LOOXVWUDWHV KRZ ZH PLJKW QDU�
URZ WKH VHDUFK IRU QHFHVVDU\ FRQVWUDLQWV RQ WKH VHW RI FRQVWUDLQWV E\ H[SOLFLWO\ FKDUDFWHU�
L]LQJ XSSHU DQG ORZHU ERXQGV RQ GHVLUHG JHQHUDWLYH FDSDFLW\³ZH QHHG HQRXJK SRZHU
WR JHW FKDLQV VKLIWV� EXW QRW VR PXFK WKDW ZH YLRODWH WKH 72&�
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