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,Q KLV ������ SDSHU RQ ³3KRQRORJ\ LQ JHQHUDWLYH JUDPPDU´� 0RUULV +DOOH LQWURGXFHG WKH OHDGLQJ LGHDV RI WKH

JHQHUDWLYH WKHRU\ RI V\QFKURQLF SKRQRORJLFDO VWUXFWXUH� %\ GHYRWLQJ PRUH WKDQ KDOI RI WKH SDSHU WR WKH

FRQWULEXWLRQ RI JHQHUDWLYH SKRQRORJ\ > *3@ WR DQ XQGHUVWDQGLQJ RI �D� WKH DFTXLVLWLRQ RI SKRQRORJ\� �E� WKH

KLVWRULFDO GHYHORSPHQW RI VRXQG V\VWHPV� DQG �F� WKH SKRQRORJLFDO UHODWLRQVKLSV DPRQJ GLDOHFWV RI D ODQJXDJH�

+DOOH HPSKDVL]HG WKDW DQ DGHTXDWH WKHRU\ RI SKRQRORJ\ PXVW SURYLGH WKH EDVLV QRW RQO\ IRU XQGHUVWDQGLQJ WKH

V\QFKURQLF JUDPPDU RI D VLQJOH �LGHDO� QDWLYH VSHDNHU RI D ODQJXDJH� EXW DOVR IRU XQGHUVWDQGLQJ �D���F��

,Q WKH VHPLQDO ZRUNV RQ 2SWLPDOLW\ 7KHRU\ > 27@� EHJLQQLQJ ZLWK 3ULQFH DQG 6PROHQVN\ ������� LW KDV

EHHQ DUJXHG ± FRUUHFWO\ LQ RXU RSLQLRQ ± WKDW 27 VROYHV WKH VR�FDOOHG FRQVSLUDF\ SUREOHP LGHQWLILHG DV ORQJ DJR

DV .LVVHEHUWK ������� 7KH QRWLRQ RI D ³FRQVSLUDF\´ FDQ EH VXPPDUL]HG DV IROORZV� D VLQJOH SKRQRORJLFDO

SULQFLSOH PD\ ERWK �L� WULJJHU RQH RU PRUH ³UHSDLUV´ �RI VRPH RIIHQVLYH VWUXFWXUH� DQG �LL� EORFN UHSDLUV WKDW DUH

GHVLJQHG WR DYRLG VRPH RWKHU RIIHQGLQJ VWUXFWXUH� .LVVHEHUWK ������ DUJXHG WKDW JHQHUDWLYH SKRQRORJ\ IDLOHG WR

SURYLGH DQ DGHTXDWH FKDUDFWHUL]DWLRQ RI FRQVSLUDFLHV LQ V\QFKURQLF SKRQRORJLFDO V\VWHPV� ,W LV LPSRUWDQW WR

UHFRJQL]H� KRZHYHU� WKDW WKH FRQVSLUDF\ SUREOHP LV QRW XQLTXH WR V\QFKURQLF JUDPPDUV RI D VLQJOH VSHHFK

YDULHW\� 7KH QRWLRQ RI D FRQVSLUDF\ LV DSSOLFDEOH WR ODQJXDJH FKDQJH� ODQJXDJH DFTXLVLWLRQ� GLVRUGHUHG VSHHFK�

YDULDWLRQ� GLDOHFWRORJ\ ± LQ RWKHU ZRUGV� DQ\ W\SH RI SKRQRORJLFDO EHKDYLRU�

,Q WKH SUHVHQW SDSHU� ZH GLVFXVV DQ H[DPSOH RI WKH FRQVSLUDF\ SUREOHP GUDZQ IURP WKH UHDOP RI

GLDOHFWRORJ\� +DOOH ������ DUJXHG WKDW *3 �D UXOH�EDVHG PRGHO ZKHUH VSHDNHUV DFTXLUH RUGHUHG UXOHV ZKRVH

IXQFWLRQ LW LV WR FKDUDFWHUL]H WKH RFFXUULQJ SDWWHUQV RI DOWHUQDWLRQ LQ D ODQJXDJH� SURYLGHV LQVLJKW LQWR WKH

UHODWLRQVKLS DPRQJ GLDOHFWV E\ VKRZLQJ WKDW GLDOHFW GLIIHUHQFHV DUH WKH FRQVHTXHQFH RI �L� GLIIHUHQFHV LQ WKH

RUGHULQJ RI UXOHV DQG �LL� GLIIHUHQFHV LQ WKH UXOH VHW� 'LIIHUHQFHV LQ WKH UXOH VHW LQFOXGH WZR VSHFLILF VXEFDVHV� RQH

GLDOHFW FRQWDLQV ZKLOH DQRWKHU GLDOHFW ODFNV D JLYHQ UXOH� RU RQH GLDOHFW FRQWDLQV D PRUH JHQHUDO �VLPSOHU� YHUVLRQ

RI D UXOH LQ DQRWKHU GLDOHFW�

:H DUJXH KHUH WKDW WKHUH PD\ EH FRQVSLUDWRULDO UHODWLRQVKLSV DPRQJ GLDOHFWV WKDW *3 LV LQFDSDEOH RI

FKDUDFWHUL]LQJ GXH WR LWV LQDELOLW\ WR VHSDUDWH SKRQRORJLFDO SULQFLSOHV IURP WKH PHDQV RI LPSOHPHQWLQJ WKHVH

SULQFLSOHV� +DYLQJ HVWDEOLVKHG WKH LQVXIILFLHQF\ RI *3 WR LOOXPLQDWH GLDOHFWDO UHODWLRQVKLSV� ZH WKHQ DUJXH WKDW

27 SURYLGHV D VROXWLRQ IRU WKH FRQVSLUDF\ SUREOHP LQ GLDOHFWRORJ\ MXVW DV LW GRHV IRU V\QFKURQLF JUDPPDUV RI

VLQJOH ODQJXDJHV� 7KXV GLDOHFWRORJ\ SURYLGHV D VLJQLILFDQW DUJXPHQW IRU 27�

���(PDNKXZD

2XU DUJXPHQW LV EDVHG RQ WKH WRQDO V\VWHP RI (PDNKXZD� D %DQWX ODQJDXJH VSRNHQ E\ RYHU VL[ PLOOLRQ SHRSOH

LQ QRUWKHUQ 0R]DPELTXH� DV ZHOO DV DGMRLQLQJ DUHDV LQ 0DODZL DQG 7DQ]DQLD� :H KDYH VWXGLHG WKH WRQDO V\VWHP

RI RYHU WZHQW\ GLDOHFWV RI (PDNKXZD� EXW ZLOO EH UHVWULFWLQJ RXUVHOYHV LQ WKLV SDSHU WR WKUHH� ,NRURYHUH� (HUDWL�

DQG (VDDND�

0RUDV LQ XQGHUO\LQJ UHSUHVHQWDWLRQV LQ (PDNKXZD PD\ EH HLWKHU +LJK�WRQHG RU QRW� :H VKDOO� IRU

VLPSOLFLW\¶V VDNH� UHWDLQ WKH XVXDO WHUPLQRORJ\ RI JHQHUDWLYH SKRQRORJ\ DQG UHIHU WR WKH FRQWUDVW DV RQH EHWZHHQ

+ PRUDV DQG WRQHOHVV PRUDV� ,Q DOO YDULHWLHV RI (PDNKXZD NQRZQ WR XV� WKHUH DUH QR OH[LFDO WRQH FRQWUDVWV LQ

YHUE VWHPV� 7KH GLVWULEXWLRQ RI +LJK YHUVXV WRQHOHVV PRUDV LV GHWHUPLQHG E\ WKH PRUDLF VWUXFWXUH RI WKH YHUE

VWHP DQG WKH PRUSKRORJ\ LQ ZKLFK LW LV HPEHGGHG� )XUWKHUPRUH� OH[LFDO WRQH FRQWUDVWV LQ QRPLQDO DQG RWKHU

VWHPV DUH H[WUHPHO\ PDUJLQDO LQ PRVW (PDNKXZD GLDOHFWV� ,Q WKLV SDSHU� ZH GR QRW GLVFXVV WKH VXEV\VWHP RI WKH

ODQJXDJH WKDW GHWHUPLQHV WKH GLVWULEXWLRQ RI + WRQHV LQ SKRQRORJLFDO LQSXWV� :H DUH RQO\ FRQFHUQHG KHUH ZLWK

WKH SKRQHWLF PDQLIHVWDWLRQ WKDW UHVXOWV IURP WKHVH LQSXW + WRQHV� ,Q RUGHU WR DVVLVW WKH UHDGHU� ZH XQGHUOLQH WKRVH

PRUDV WKDW DUH +LJK�WRQHG DV D UHVXOW RI WKH PRUSKRORJLFDO DVVLJQPHQW RI + WRQH� DV ZHOO DV DQ\ DIIL[HV WKDW EHDU

D +LJK WRQH LQ WKH LQSXW� :H UHIHU WR WKHVH XQGHUOLQHG PRUDV DV VSRQVRUV RI +LJK WRQH�

,Q VRPH (PDNKXZD VSHHFK YDULHWLHV� + WRQHV DSSHDU LQ WKH VXUIDFH MXVW ZKHUH WKH\ DUH ORFDWHG LQ WKH LQSXW�

,Q *3 WHUPV� WKHVH GLDOHFWV �ODUJHO\� ODFN DQ\ WRQDO UXOHV� 7KLV SDSHU IRFXVHV RQ WKUHH GLDOHFWV ZKHUH *3 ZRXOG

UHTXLUH WKH IRUPXODWLRQ RI UXOHV WR DFFRXQW IRU GLIIHUHQFHV EHWZHHQ VXUIDFH IRUPV DQG SKRQRORJLFDO LQSXWV�



���,NRURYHUH

,NRURYHUH �VSRNHQ LQ WKH 7XQGXUX GLVWULFW RI 7DQ]DQLD� FOHDUO\ UHYHDOV FHUWDLQ YHU\ HVVHQWLDO WRQDO SULQFLSOHV WKDW

UHFXU LQ D VLJQLILFDQW UDQJH RI (PDNKXZD VSHHFK YDULHWLHV� ,Q ���� ZH FLWH H[DPSOHV IURP WKH LQILQLWLYH IRUP RI

WKH YHUE >,3 ,QWRQDWLRQDO 3KUDVH@�

��� ,3�ILQDO ,3�PHGLDO *ORVV

�~��O\D �~�O\i�« µHDW¶

X��WK~�PD X��WK~Pi�« µEX\¶

X��WK~Pp�OD X��WK~Pp�OD« µEX\ IRU¶

X��Pi�DOD X��Pii�OD« µEH TXLHW¶

X��Pii��Ot�KD X��Pii��OtKi�« µPDNH TXLHW¶

X��NKyPi��iOt�KD X��NKyPi��iOt�KD« µVWUHQJWKHQ¶

>6RPH SRLQWV DERXW RXU SUHVHQWDWLRQ RI RXWSXW IRUPV LV UHTXLUHG� /DWHU� LQ RXU 27 DQDO\VLV RI WKH GDWD� ZH ZLOO EH

XVLQJ WKH QRWLRQ RI D IHDWXUDO GRPDLQ LQ SODFH RI WKH QRWLRQ RI DQ DXWRVHJPHQWDO UHSUHVHQWDWLRQ� :H LQGLFDWH D

+LJK �7RQH� 'RPDLQ > +'@ E\ SDUHQWKHVHV LQ WKH DERYH GDWD� :H LQGLFDWH D VXUIDFH + WRQH ZLWK DQ DFXWH

DFFHQW� ,Q WKH FDVHV SUHVHQWO\ XQGHU GLVFXVVLRQ� D +' FRQWDLQLQJ PRUH WKDQ RQH PRUD LV WKH HTXLYDOHQW WR D

PXOWLSO\�OLQNHG + WRQH LQ DXWRVHJPHQWDO SKRQRORJ\�@

:H VHH IURP WKH WUDQVFULSWLRQV LQ ��� WKDW WKH ILUVW PRUD RI D VWHP UHJXODUO\ VSRQVRUV D + WRQH LQ WKH LQSXW

�H[FHSW WKDW ZKHQ WKH VWHP LV MXVW RQH PRUD� WKHQ WKH SUHIL[ VSRQVRUV WKH +�� :KHQ WKH VWHP LV IRXU PRUDV RU

ORQJHU� WKHUH LV D VHFRQG + WRQH LQ WKH LQSXW� ORFDWHG RQ WKH WKLUG PRUD RI WKH VWHP� :H UHIHU WR WKLV DV WKH 9��9�

SDWWHUQ RI WRQH DVVLJQPHQW� ,Q ,NRURYHUH� WKH 9��9� SDWWHUQ RFFXUV LQ FHUWDLQ ILQLWH� DIILUPDWLYH� PDLQ�FODXVH

YHUE IRUPV DV ZHOO DV LQ WKH LQILQLWLYH�

([DPLQDWLRQ RI ��� UHYHDOV� KRZHYHU� WKDW WKHUH DUH +�WRQHG PRUDV LQ DGGLWLRQ WR WKH RQHV DVVLJQHG E\ WKH

9��9� SDWWHUQ� 7KHVH DGGLWLRQDO VXUIDFH + WRQHV DUH WKH FRQVHTXHQFH ± LQ *3 WHUPV �� RI WKH PRVW IXQGDPHQWDO

UXOH RI ,NRURYHUH WRQRORJ\� +LJK 7RQH 'RXEOLQJ� ,W VD\V WKDW LI WKHUH LV D + WRQH RQ D PRUD� WKHQ WKHUH LV DOVR D +

WRQH RQ WKH IROORZLQJ PRUD�

��� +LJK 7RQH 'RXEOLQJ� +

/ :
µ µ

([DPSOHV VKRZLQJ DSSOLFDWLRQ RI ���� �~�O\i�«� X��WK~Pi�«� X��WK~Pp�OD� X��Pii�OD« � X��Pii��OtKi�«�

X��NKyPi�iOt�KD�

7KHUH DUH WZR HQYLURQPHQWV ZKHUH GRXEOLQJ GRHV QRW RFFXU� �L� QRW RQWR WKH ILQDO PRUD RI WKH ,3� DQG �LL�

QRW RQWR WKH VHFRQG PRUD RI D ELPRUDLF V\OODEOH WKDW LV SHQXOW LQ WKH ,3� ([DPSOHV RI �L�� �~��O\D� X��WK~�PD�

X��Pii��Ot�KD� ([DPSOH RI �LL�� X��Pi�DOD�

5XOH�EDVHG PRGHOV KDYH WZR SRVVLEOH OLQHV RI DWWDFN WR GHDO ZLWK WKHVH SKHQRPHQD� 2QH VROXWLRQ LV WR EXLOG

LQWR WKH GRXEOLQJ UXOH OLPLWDWLRQV WKDW ZRXOG SUHYHQW GRXEOLQJ LQ WKH DERYH WZR HQYLURQPHQWV� 2QH SUREOHP ZLWK

WKLV DSSURDFK LV WKDW LW EHFRPHV FOXPV\ LI WKH HQYLURQPHQW PXVW EH VWDWHG SRVLWLYHO\� 7KH DOWHUQDWLYH DSSURDFK LV

WR DOORZ GRXEOLQJ WR EH IXOO\ JHQHUDO� EXW WKHQ WR SRVWXODWH UXOHV WKDW XQGR GRXEOLQJ LQ WKH WZR HQYLURQPHQWV

FLWHG� 0DQ\ OLQJXLVWV ILQG WKLV DSSURDFK WURXEOLQJ VLQFH LW LQYROYHV RYHU�DSSO\LQJ GRXEOLQJ� DQG WKHQ XQGRLQJ

WKLV RYHUDSSOLFDWLRQ�

��� +LJK 7RQH 'RXEOLQJ �UHVWULFWHG�

+

⁄ :
µL µM

>&RQGLWLRQ� LI µL DQG µM DUH LQ WKH VDPH V\OODEOH� WKHQ WKHUH PXVW EH

WZR PRUDV IROORZLQJ� LI WKH\ DUH LQ VHSDUDWH V\OODEOHV� WKHUH PXVW EH

RQH PRUD IROORZLQJ�@

RU�

+LJK 7RQH 'RXEOLQJ �VXSSOHPHQWHG E\ WKH IROORZLQJ UXOHV��

'HOLQN D + WRQH IURP DQ ,3�ILQDO PRUD�

'HOLQN WKH ULJKW EUDQFK RI D PXOWLSO\�OLQNHG + IURP WKH VHFRQG

PRUD RI DQ ,3 SHQXOW ELPRUDLF V\OODEOH�



7KH DQDO\VLV LQ ��� LV PDVVLYHO\ VXSSRUWHG E\ WKH ,NRURYHUH GDWD� $GGLWLRQDO GDWD DUH SURYLGHG LQ ���� ZKHUH

ZH FLWH D YHUE WHQVH ZKHUH WKHUH LV D SUHIL[DO +�VSRQVRU DQG LQ DGGLWLRQ WKH VHFRQG PRUD RI WKH VWHP VSRQVRUV D

+ WRQH� ,Q ���� WKH RQO\ +�VSRQVRU LV WKH QHJDWLYH SUHIL[ KL�

��� D��N�ii��OL�Pi�OH µ, GLGQ¶W FXOWLYDWH¶ D��N�ii��OL�PiOp�«�

D��N�ii��WWKD�Zi�OH µ, GLGQ¶W UXQ¶ D��N�ii��WWKDZ�iOp�«�

D��N�ii��OR�NyWWKi�OH µ, GLGQ¶W SLFN XS¶

D��N�ii��WKR�NyOi�OH µ, GLGQ¶W VKDUSHQ¶

NKD��\�ii��WWKR�NyOp�ODFDOH µ>FO��@ GLGQ¶W XVH LW IRU VKDUSHQLQJ¶

NKD��\�ii��OR�NRWWi�QLKDFDOH µ>FO��@ GLGQ¶W SLFN XS SO�¶

��� X��Kt��O\D µWR QRW HDW¶ X��Kt�O\i�«

X��Kt�Yi�KD µWR QRW JLYH¶ X��Kt�Yi�KD«

X��Kp��HWWD µWR QRW JR¶ X��Kp�p�WWD«

X��Kt�O~�SDWWKD µWR QRW KXQW¶ X��Kt�O~�SDWWKD«

([DPLQDWLRQ RI WKHVH GDWD UHYHDOV WKDW ± JLYHQ WKH XQGHUO\LQJ GLVWULEXWLRQ RI + WRQHV� WKH VXUIDFH VKDSHV IROORZ

DXWRPDWLFDOO\ IURP ���� 7KH RQO\ H[DPSOH WKDW UHTXLUHV PHQWLRQ LV X��Kp��HWWD ZKHUH ZH VHH WKDW WKH SUHIL[ �KL�

FRPELQHV ZLWK D IROORZLQJ YRZHO�LQLWLDO YHUE VWHP WR \LHOG D ELPRUDLF YRZHO� 'RXEOLQJ FDQQRW JR RQWR WKH

VHFRQG PRUD RI WKLV ELPRUDLF V\OODEOH ZKHQ LW LV SHQXOW LQ WKH SKUDVH� FI� X��Pi�DOD DERYH�

���(HUDWL

7KH (HUDWL GLDOHFW �VSRNHQ LQ 1DPSXOD SURYLQFH RI 0R]DPELTXH� KDV WKH VDPH 9��9� SDWWHUQ RI + WRQH

GLVWULEXWLRQ LQ WKH LQILQLWLYH DV ,NRURYHUH� +RZHYHU� H[DPLQDWLRQ RI WKH GDWD LQ ��� VKRZV WKDW WKLV SDWWHUQ LV

PXFK PRUH RSDTXH RQ WKH VXUIDFH� �1RWH WKDW LQ WKLV SDSHU ZH GR QRW H[DPLQH WKH IDFW WKDW FHUWDLQ ,3�SHQXOW

PRUDV LQ (HUDWL DUH SURQRXQFHG ZLWK D IDOOLQJ WRQH UDWKHU WKDQ D OHYHO +� 7KLV GHWDLO LV RI LQWHUHVW EXW QRW GLUHFWO\

SHUWLQHQW WR WKH SRLQW RI WKLV SDSHU ± VHH &DVVLPMHH DQG .LVVHEHUWK ������ IRU VRPH GLVFXVVLRQ��

��� �y��O\D �R�O\i�« µHDW¶

R��Ot�PD R��OLPi�« µFXOWLYDWH¶

R��Pi�DOD R��Pii�OD« µEH TXLHW¶

R��KXN��OD R��KXN~�OD« µEUHZ¶

R��UXN~��Q~�VD R��UXN~��Q~Vi�« µWXUQ V�W� RYHU¶

R��WKHUp��Np�OD R��WKHUp��NpOi�« µFXW¶

R��Pii��Ot�KD R��Pii��OtKi�« µPDNH TXLHW¶

R��NKRPi��iOv�KD R��NKRPi��iOt�KD« µVWUHQJWKHQ¶

R��KRNy��OyVr�UD R��KRNy��OyVp�UD« µUHWXUQ V�W� WR¶

R��KRNy��OyVp�UDQD R��KRNy��OyVp�UDQD« µUHWXUQ ��H�R�¶

$ EULHI VXUYH\ RI WKH DERYH GDWD UHYHDOV D YDULHW\ RI FDVHV ZKHUH WKH PRUD WKDW VSRQVRUV D + WRQH �DVVXPLQJ WKH

9��9� SDWWHUQ� LV SURQRXQFHG ZLWKRXW D +� DOWKRXJK WKH QH[W PRUD LQ HYHU\ FDVH LV +�WRQHG� H�J� �R�O\i�«�

R��OLPi�«� R��OLPp�OD«� DQG VR RQ� ,Q VRPH FDVHV� RI FRXUVH� WKHUH LV PRUSKRSKRQHPLF YDULDWLRQ EHWZHHQ

SURQXQFLDWLRQV ZKHUH WKH VSRQVRU KDV DQ RYHUW + WRQH DQG SURQXQFLDWLRQV ZKHUH LW GRHV QRW� H�J� �y��O\D EXW

�R�O\i�«� DQG R��Ot�PD EXW R��OLPi�«

:KDW DFFRXQWV IRU WKH VXSHUILFLDO GLIIHUHQFHV EHWZHHQ ,NRURYHUH DQG (HUDWL" 7KH DQVZHU DSSHDUV WR UHO\

FUXFLDOO\ RQ WKH IROORZLQJ REVHUYDWLRQ� ,Q D QXPEHU RI %DQWX ODQJXDJHV� RQFH D + WRQH ³VSUHDGV´ WR WKH

IROORZLQJ YRZHO �XVLQJ WKH YRFDEXODU\ RI DXWRVHJPHQWDO SKRQRORJ\�� WKH + WRQH LV GHOLQNHG IURP LWV RULJLQDO

ORFDWLRQ� 7KLV LV VRPHWLPHV UHIHUUHG WR DV +LJK 7RQH 6KLIW DV RSSRVHG WR +LJK 7RQH 'RXEOLQJ� ,I RQH H[DPLQHV

���� LW VHHPV WKDW D VLJQLILFDQW VXEVHW RI WKH GDWD FDQ EH UHDGLO\ XQGHUVWRRG LQ WHUPV RI VXSSOHPHQWLQJ GRXEOLQJ

ZLWK WKH GHOLQNLQJ UXOH LQ ����

��� 'HOLQNLQJ

+

 ?

µ µ

'HOLQNLQJ ZLOO DFFRXQW IRU TXLWH D IHZ H[DPSOHV LQ ���� LQFOXGLQJ �R�O\i�«� R��WKXPi�� DQG R��WKXPp�OD«

+RZHYHU� WKHUH DUH RWKHU GDWD ZKHUH 'HOLQNLQJ IDLOV WR RFFXU� )RU LQVWDQFH� ZH GR QRW JHW D 'HOLQNLQJ HIIHFW LQ

WKH VHFRQG +' LQ R��UXN~��Q~Vi�« QRU LQ WKH RQO\ +' LQ R��Pii�OD« 7KH FDVHV ZKHUH 'HOLQNLQJ GRHV QRW



RFFXU FDQ EH VXEVXPHG XQGHU WKH IROORZLQJ WZR JHQHUDOL]DWLRQV� �L� 'HOLQNLQJ GRHV QRW RFFXU ZKHQ WKH

XQGHUO\LQJ +�WRQHG PRUD LV SUHFHGHG E\ D + WRQH� DQG �LL� 'HOLQNLQJ GRHV QRW RFFXU ZKHQ WKH XQGHUO\LQJ

+�WRQHG PRUD LV WKH LQLWLDO PRUD LQ D ELPRUDLF V\OODEOH�

+RZ ZRXOG D UXOH�EDVHG PRGHO KDYH WR GHDO ZLWK WKHVH IDLOXUHV RI 'HOLQNLQJ" -XVW DV ZH GLVFXVVHG HDUOLHU�

WZR PRGHV RI DWWDFN DUH ORJLFDOO\ DYDLODEOH� :H FRXOG UHVWULFW 'HOLQNLQJ E\ SRVWXODWLQJ WZR UXOHV WKDW XQGR LWV

HIIHFW� RU ZH FRXOG SODFH WZR FRQGLWLRQV RQ 'HOLQNLQJ� :KLOH ORJLFDOO\ DYDLODEOH� WKH GHYLFH RI ZULWLQJ DGGLWLRQDO

UXOHV WKDW XQGR GHOLQNLQJ UXQV LQWR VHULRXV GLIILFXOWLHV VLQFH RQH FDQQRW UHLQVHUW WKH + WRQH LQ WKH FRUUHFW

HQYLURQPHQWV XQOHVV RQH KDV WKH SRZHU WR ³UHPHPEHU´ WKDW WKHUH XVHG WR EH DQ DVVRFLDWLRQ OLQH SUHVHQW� ,Q RWKHU

ZRUGV� LI ZH KDYH �DIWHU 'HOLQNLQJ� D UHSUHVHQWDWLRQ VXFK DV �R�UXN~QXVi«� RU �R�PDiOD«�� ZKDW LV WKH

HQYLURQPHQW LQ ZKLFK ZH DGG D + WRQH" 6SHFLILFDOO\� GR ZH DGG D + WRQH LQ WKH DERYH WZR FDVHV EXW QRW LQ WKH

IROORZLQJ FDVHV�

��� XQGHUO\LQJ� �D�Ky�HSHWWKiFD�� VXUIDFH� D�Kp�pSHWWKiFD µ>FO��@ KDYH

WKUHVKHG¶

XQGHUO\LQJ� �R�iWWD�� VXUIDFH� Z�DiWWD µWR EHDW¶

,Q RUGHU WR LQVHUW D + WRQH FRUUHFWO\� DOO RI WKH IROORZLQJ ZRXOG KDYH WR EH FRQWDLQHG LQ WKH UXOH� LQVHUW DQ

DVVRFLDWLRQ OLQH RQ D PRUDL MXVW LQ FDVH �D� PRUDL LV IROORZHG E\ D +� WRQHG PRUD� �E� PRUDL LV XQGHUO\LQJO\

+�WRQHG� DQG HLWKHU �F� PRUDL LV SUHFHGHG E\ D + WRQH RU �G� PRUDL LV WKH ILUVW PRUD LQ D ELPRUDLF V\OODEOH� ,W LV RI

FRXUVH WKH �E� FRQGLWLRQ WKDW LV LQFRQVLVWHQW ZLWK *3� ZKHUH UXOHV RQO\ KDYH DFFHVV WR WKH RXWSXW RI UXOHV HDUOLHU

LQ WKH GHULYDWLRQ� QRW WR XQGHUO\LQJ UHSUHVHQWDWLRQ��

:H FRQFOXGH� WKHUHIRUH� WKDW DQ DQDO\VLV LQ *3 ZRXOG LQYROYH SODFLQJ WZR FRQGLWLRQV RQ 'HOLQNLQJ� 7KHVH

FRQGLWLRQV DUH LQFOXGHG LQ ����

��� 'HOLQNLQJ �UHYLVHG�

+

 ?

µL µM

&RQGLWLRQ� �L� µL LV QRW SUHFHGHG E\ D + WRQH� �LL� µM LV QRW WKH ILUVW

PRUD LQ D ELPRUDFL V\OODEOH�

7R VXPPDUL]H� (HUDWL KDV WKH VDPH +LJK 7RQH 'RXEOLQJ UXOH DV ,NRURYHUH� LQFOXGLQJ WKH UHVWULFWLRQV WKDW

SUHYHQW GRXEOLQJ RQWR ,3�ILQDO PRUDV �R��WK~�PD� DQG RQWR WKH VHFRQG PRUD RI D ELPRUDLF ,3�SHQXOW V\OODEOH

�R��Pi�DOD�� ,Q DGGLWLRQ� LW KDV DGGHG WKH UXOH RI 'HOLQNLQJ LQ ���� 'HOLQNLQJ GLVDVVRFLDWHV WKH OHIW EUDQFK RI D

PXOWLSO\�OLQNHG + WRQH �RQO\ VSRQVRUV DUH ORFDWHG LQ WKLV SRVLWLRQ�� EXW MXVW LQ WKH HYHQW WKHUH LV QHLWKHU D

+�WRQHG PRUD SUHFHGLQJ QRU LV WKH VSRQVRU WKH ILUVW PRUD RI D ELPRUDLF V\OODEOH �R��UXN~��Q~Vi�« DQG

R��Pii�OD«��

���(VDDND

7KH WKLUG (PDNKXZD GLDOHFW WKDW ZH FRQVLGHU KHUH ORRNV� LQLWLDOO\� OLNH LW PLJKW EH RQH RI WKRVH GLDOHFWV

PHQWLRQHG HDUOLHU ZKLFK ODFN GRXEOLQJ� 6RPH UHSUHVHQWDWLYH H[DPSOHV�

��� �y��O\D �y��O\D« µHDW¶

R��Ot�PD R��Ot�PD« µFXOWLYDWH¶

R��U~�NXOD R��U~�NXOD µWR SOXFN¶

+RZHYHU� WKHUH DUH WZR VLWXDWLRQV ZKHUH ZH LQ IDFW REVHUYH D GRXEOHG + WRQH�

����R��U~N~��Q~�VD R��U~N~��Q~�VD« µWXUQ V�W� RYHU¶

R��YpOp��p�OD R��YpOp��p�OD« µVHH RII¶

R��WK~N~��Pp�OLKDFD µVKDNH¶

R��U~N~��Q~�ZLKHUDQDFD µWXUQ SO� WRZDUGV H�R�¶

����R��Pi�DOD R��Pii�OD« µEH TXLHW¶

R��U~�XOD R��U~~�OD« µWDNH IURP ZDWHU¶

:KDW LV WKH JHQHUDOL]DWLRQ XQGHUO\LQJ ���� DQG ����" 'RXEOLQJ RFFXUV �L� ZKHQ WKH WDUJHW PRUD LV IROORZHG E\ D

+�WRQHG PRUD �FI� ������ RU �LL� ZKHQ WKH WDUJHW PRUD LV WKH VHFRQG PRUD RI D ELPRUDLF V\OODEOH WKDW LV IXUWKHU

IRUZDUG LQ WKH ,3 WKDQ WKH SHQXOW �FI� ������



,Q D UXOH�EDVHG PRGHO� ZH PXVW DVVXPH D +LJK 7RQH 'RXEOLQJ UXOH LQ (VDDND ZKLFK LV TXLWH GLIIHUHQW IURP

WKDW ZKLFK REWDLQV LQ ,NRURYHUH DQG (HUDWL� ,W ZRXOG JR URXJKO\ DV LQ �����

����+LJK 7RQH 'RXEOLQJ �(VDDND�VW\OH�

+

⁄ :
µL µM

>&RQGLWLRQ� �L� µM LV IROORZHG E\ D +�WRQHG PRUD� �LL� µM LV WKH VHFRQG

PRUD RI D ELPRUDLF V\OODEOH WKDW LV QRW LWVHOI LQ ,3�SHQXOW SRVLWLRQ�@

2QH FRXOG RPLW WKH VWLSXODWLRQ ³WKDW LV QRW LWVHOI LQ ,3�SHQXOW SRVLWLRQ´ LI RQH SURSRVHG D VHSDUDWH UXOH GHOLQNLQJ

WKH ULJKW EUDQFK RI D PXOWLSO\�OLQNHG + RQ DQ ,3�SHQXOW ELPRUDLF V\OODEOH ± FI� WKH ³VXSSOHPHQWHG´ YHUVLRQ RI

+LJK 7RQH 'RXEOLQJ IRU ,NRURYHUH�(HUDWL LQ ��� DERYH� 7KLV UXOH RI GHOLQNLQJ ZRXOG RI FRXUVH KDYH WR EH

RUGHUHG DIWHU �����

���7KH�IDLOXUH�RI�WKH�UXOH�EDVHG�PRGHO

*LYHQ WKH UXOH�EDVHG *3 PRGHO� DOO WKUHH GLDOHFWV GLVFXVVHG KHUH ZRXOG KDYH VRPH IRUP RI D GRXEOLQJ UXOH� 7KH

UXOH LQ ,NRURYHUH�(HUDWL LQYROYHV D JHQHUDO GRXEOLQJ WKDW LV EDUUHG LQ WZR FRQWH[WV� 7KH UXOH LQ (VDDND� RQ WKH

RWKHU KDQG� DSSOLHV LQ MXVW WZR VSHFLILF FRQWH[WV�

,Q DQ DSSURDFK ZKHUH UHVWULFWLRQV RQ GRXEOLQJ DUH EXLOW LQWR WKH GRXEOLQJ UXOH LWVHOI� ZH ZRXOG KDYH QR

SRVVLELOLW\ RI VHHLQJ DQ\ SDUWLFXODU UHODWLRQVKLS EHWZHHQ WKH ,NRURYHUH�(HUDWL UXOH DQG WKH (VDDND UXOH� ,I�

KRZHYHU� ZH DUH SHUPLWWHG WR WDNH WKH VR�FDOOHG ³'XNH RI <RUN JDPELW´ DQG DOORZ GRXEOLQJ WR EH JHQHUDO DQG

WKHQ ZULWH UXOHV WKDW XQGR LWV HIIHFWV� WKHQ ZH FDQ EULQJ DERXW D FOHDU UHODWLRQVKLS DPRQJ WKH GLDOHFWV�

6SHFLILFDOO\� LI ZH VHSDUDWHG RXW RI WKH GRXEOLQJ UXOH DQ\ UHIHUHQFH WR ,3�SHQXOW ELPRUDLF V\OODEOHV� DQG

DGGHG D VHSDUDWH UXOH RI GHOLQNLQJ LQ WKLV FRQWH[W� WKHQ DOO WKUHH GLDOHFWV ZRXOG VKDUH VXFK D GHOLQNLQJ UXOH� ,I ZH

DOVR VHSDUDWHG RXW WKH UHIHUHQFH WR ,3�ILQDO SRVLWLRQ LQ WKH ,NRURYHU�(HUDWL UXOH� DQG SRVWXODWHG D UXOH RI GHOLQNLQJ

LQ WKLV SRVLWLRQ� ZH ZRXOG HQG XS ZLWK D VLPSOH �XQTXDOLILHG� GRXEOLQJ UXOH IRU WKRVH WZR GLDOHFWV� 7KLV ZRXOG

FRQWUDVW ZLWK WKH (VDDND UXOH� ZKHUH GRXEOLQJ ZRXOG RFFXU RQO\ RQWR D PRUD IROORZHG E\ D + RU RQWR WKH VHFRQG

PRUD RI D ELPRUDLF V\OODEOH� :H ZRXOG WKXV EH DEOH WR VD\ WKDW ,NRURYHUH�(HUDWL KDV D PRUH JHQHUDO UXOH RI +LJK

7RQH 'RXEOLQJ WKDQ GRHV (VDDND� :H KDYH PDGH VRPH SURJUHVV LQ HVWDEOLVKLQJ GLDOHFWDO UHODWLRQVKLSV� WKRXJK DW

WKH FRVW RI DVVXPLQJ WKH 'XNH RI <RUN JDPELW�

%XW QRZ FRQVLGHU (HUDWL� ,Q DGGLWLRQ WR D JHQHUDO +LJK 7RQH 'RXEOLQJ UXOH� LW ZRXOG DOVR KDYH D 'HOLQNLQJ

UXOH �EDUUHG IURP DIIHFWLQJ D PRUD WKDW LV SUHFHGHG E\ D + WRQH RU LV WKH ILUVW PRUD LQ D ELPRUDLF V\OODEOH�� :H

KDYH VKRZQ WKDW WKH UHVWULFWLRQV RQ 'HOLQNLQJ FRXOG QRW EH VHSDUDWHG RXW DQG UHSODFHG ZLWK UXOHV LQVHUWLQJ +

WRQHV LQWR WKH RXWSXW RI 'HOLQNLQJ� ,Q WKH UXOH�EDVHG PRGHO� WKHQ� DOO RQH FDQ VD\ LV WKDW (HUDWL KDV D �IDLUO\

FRPSOH[� UXOH WKDW WKH RWKHU WZR GLDOHFWV GR QRW KDYH� %XW LV WKLV UHDOO\ WKH IXOO VWRU\ RI KRZ (PDNKXZD GLDOHFWV

DUH UHODWHG" :H ZRXOG DUJXH WKDW WKHUH LV D FOHDU GLDOHFWDO UHODWLRQVKLS WKDW WKH *3 OHDYHV WRWDOO\ XQH[SUHVVHG E\

WKH JUDPPDU�

6SHFLILFDOO\� WKH UXOH�EDVHG PRGHO PLVVHV WKH IDFW WKDW WKH IROORZLQJ SKRQRORJLFDO SULQFLSOH�

����3ODWHDX

+�+ PXVW EH DYRLGHG�

LV D WULJJHULQJ IDFWRU IRU +LJK 7RQH 'RXEOLQJ LQ (VDDND �GRXEOH MXVW RQWR D PRUD IROORZHG E\ +� DQG D EORFNLQJ

IDFWRU IRU 'HOLQNLQJ LQ (HUDWL �GHOLQN XQOHVV SUHFHGHG E\ D +�WRQHG PRUD�� )XUWKHUPRUH� LW PLVVHV WKH IDFW WKDW

WKH SULQFLSOH

����1R &RQWRXU 7RQHV

+� DQG 2+ PXVW EH DYRLGHG�

LV LQYROYHG ERWK LQ WULJJHULQJ +LJK 7RQH 'RXEOLQJ LQ (VDDND �GRXEOH VR DV WR DYRLG D IDOOLQJ WRQH� DQG EORFNLQJ

'HOLQNLQJ LQ (HUDWL �GHOLQNLQJ XQOHVV RQH ZRXOG FUHDWH D ULVLQJ WRQH��

7KH EDVLV RI WKH FRQVSLUDF\ DUJXPHQW LV VLPSO\ WKDW D SKRQRORJLFDO SULQFLSOH FDQ ERWK WULJJHU DQG EORFN

SKRQRORJLFDO DFWLRQV� :H QRZ VHH WKDW� ZLWKLQ GLDOHFWV RI D VLQJOH ODQJXDJH� GLDOHFWV PD\ GLIIHU LQ WKDW D

SULQFLSOH WULJJHUV DQ DFWLRQ LQ RQH GLDOHFW DQG EORFNV DQ DFWLRQ LQ WKH RWKHU GLDOHFW� 7KH JHQHUDWLYH SKRQRORJ\

H[SODQDWRU\ GHYLFHV ± UXOH UHRUGHULQJ� UXOH JHQHUDOL]DWLRQ ± IDLOV WR FKDUDFWHUL]H WKH FRQVSLUDWRULDO UHODWLRQVKLS

EHWZHHQ ZKDW WULJJHUV +LJK 7RQH 'RXEOLQJ LQ (VDDND DQG ZKDW EORFNV 'HOLQNLQJ LQ (HUDWL� ,Q WKH QH[W VHFWLRQ�

ZH VKRZ WKDW 2SWLPDOLW\ 7KHRU\ SURYLGHV D VXFFHVIXO DFFRXQW RI WKH GLDOHFWDO UHODWLRQVKLSV LQ (PDNKXZD�



���$Q�27�DQDO\VLV�RI�GLDOHFWDO�UHODWLRQVKLSV�LQ�(PDNKXZD

:H DVVXPH D WKHRU\ RI WRQRORJ\ WKDW ZH KDYH GHYHORSHG ZLWKLQ 27 WKDW ZH UHIHU WR DV 2SWLPDO 'RPDLQV 7KHRU\

> 2'7@� 7KH PDMRU LQQRYDWLRQ LQ 2'7 LV WR UHSODFH WKH QRWLRQ RI DXWRVHJPHQWDO UHSUHVHQWDWLRQV ZLWK WKH QRWLRQ

RI D IHDWXUDO GRPDLQ� +HUH ZH FRQILQH RXUVHOYHV WR +LJK �7RQH� 'RPDLQV � +'¶V�� EXW DOO RWKHU IHDWXUDO

GRPDLQV DUH SDUDOOHO� $ +' LV D XQLW RI SKRQRORJLFDO VWUXFWXUH� VLPLODU WR WKH V\OODEOH RU WKH IRRW� /LNH WKH

V\OODEOH� LW KDV D OLFHQVLQJ UROH� ,Q SDUWLFXODU� D PRUD PD\ EH +�WRQHG LQ WKH SKRQRORJLFDO RXWSXW MXVW LQ FDVH WKDW

PRUD LV LQVLGH D +'� $OWKRXJK D +' OLFHQVHV D + WRQH� D PRUD LQVLGH D +' LV QRW QHFHVVDULO\ +�WRQHG� 2'7

DVVXPHV WKDW WKHUH LV D YLRODEOH FRQVWUDLQW� ([SUHVV �+�� ZKLFK GHPDQGV WKDW +'�LQWHUQDO PRUDV EH +�WRQHG�

+RZHYHU� WKHUH PD\ EH PRUH KLJKO\ UDQNHG FRQVWUDLQWV ZKLFK EDU D PRUD IURP EHLQJ +�WRQHG� )LQDOO\� 2'7

DVVXPHV WKDW IHDWXUDO GRPDLQV DUH KHDGHG DQG WKDW WKH KHDG RI WKH GRPDLQ PD\ HLWKHU EH DW WKH OHIW RU WKH ULJKW

HGJH�

,Q &DVVLPMHH DQG .LVVHEHUWK ������ DQG &DVVLPMHH ������ WKH IROORZLQJ )DLWKIXOQHVV FRQVWUDLQWV DUH

SURSRVHG �QRWLFH WKDW WKLV WUHDWPHQW RI )DLWKIXOQHVV LV UDWKHU PRUH DUWLFXODWHG WKDQ WKH ,GHQW �)� FRQVWUDLQW RI

VWDQGDUG 27��

����'RPDLQ &RUUHVSRQGHQFH �'RP&RU�� IRU HYHU\ LQSXW + WRQH� WKHUH LV

D ³FRUUHVSRQGLQJ´ +'�

,QFRUSRUDWH �+�VSRQVRU�� HYHU\ +�VSRQVRU LV LQVLGH D +'�

%DVLF $OLJQPHQW /HIW �%$/�� WKH / HGJH RI D +' LV DOLJQHG ZLWK

WKH / HGJH RI D +�VSRQVRU�

%DVLF $OLJQPHQW 5LJKW �%$5�� WKH 5 HGJH RI D +' LV DOLJQHG ZLWK

WKH 5 HGJH RI D +�VSRQVRU�

([SUHVV �+�� HDFK PRUD LQVLGH D +' LV +�WRQHG�

,Q WKH (PDNKXZD GDWD H[DPLQHG LQ WKLV SDSHU� 'RP&RU� ,QFRUSRUDWH �+�VSRQVRU�� DQG %$/ DUH QHYHU YLRODWHG�

)RU WKH PRVW SDUW� ZH UHIUDLQ IURP GLVFXVVLQJ DQ\ FDQGLGDWHV WKDW ZRXOG YLRODWH WKHVH XQGRPLQDWHG FRQVWUDLQWV

DQG WKHUHIRUH RPLW WKHP IURP WDEOHDX[� %$5 LV YLRODWHG DV D FRQVHTXHQFH RI ZKDW LQ WKH UXOH�EDVHG PRGHO ZH

UHIHUUHG WR DV +LJK 7RQH 'RXEOLQJ�

,Q WKH ZRUNV UHIHUUHG WR DERYH� WKH FRQVWUDLQW LQ �����

����1R 0RQRPRUDLF +'

$ +' PXVW QRW FRQWDLQ D VLQJOH PRUD�

LV SURSRVHG DV WKH VRXUFH RI ³GRXEOLQJ´ LQ %DQWX ODQJXDJHV� ,Q RUGHU WR DFKLHYH WKLV HIIHFW� ���� PXVW RXWUDQN

%$5� �:H VKDOO QRWH EHORZ WKDW DQ DOWHUQDWLYH FRQVWUDLQW� %LQDULW\� PLJKW EH HPSOR\HG WR LQGXFH D VLPLODU

UHVXOW��

$OWKRXJK 1R 0RQRPRUDLF +' IRUFHV D PLQLPDO YLRODWLRQ RI %$5� LW GRHV QRW QHFHVVDULO\ UHVXOW LQ DQ

RXWSXW WKDW KDV WZR +�WRQHG PRUDV� ,W ZLOO KDYH WKLV HIIHFW RQO\ LI ([SUHVV �+� LV XQGRPLQDWHG� 7KLV LV WKH FDVH LQ

,NRURYHUH� %XW ZKDW DERXW (HUDWL� ZKHUH WKH UXOH ³'HOLQNLQJ´ ZDV SURSRVHG LQ D UXOH�EDVHG DFFRXQW RI WKH

ODQJXDJH"

,Q &DVVLPMHH DQG .LVVHEHUWK ������ DQG &DVVLPMHH ������� WKH IROORZLQJ DFFRXQW RI %DQWX ODQJXDJHV ZLWK D

ULJKWZDUG ³VKLIW´ RI + WRQH LV SURSRVHG� +'¶V LQ WKHVH ODQJXDJHV DUH 5�KHDGHG� )XUWKHUPRUH� WKHUH LV D XQLYHUVDO

FRQVWUDLQW� JLYHQ EHORZ DV �����

����
�+� QRQKHDG�

$ QRQKHDG LQ D +' PXVW QRW EH +�WRQHG�

ZKLFK GRPLQDWHV ([SUHVV �+�� ,Q RUGHU WR VXFFHVVIXOO\ LPSOHPHQW WKLV DQDO\VLV �DV ZH ZLOO VHH EHORZ�� LW LV

QHFHVVDU\ WR DVVXPH WKDW ([SUHVV �+� LV MXVW RQH PHPEHU RI D IDPLO\ RI FRQVWUDLQWV WKDW LQ DGGLWLRQ LQFOXGHV �����

����([SUHVV �+ RQ +'�KHDGV��

7KH FRQVWUDLQW LQ ����� LI XQGRPLQDWHG� ZLOO JXDUDQWHH WKDW LW LV QRW SRVVLEOH WR DYRLG YLRODWLRQV RI PDUNHGQHVV

FRQVWUDLQWV E\ OHDYLQJ WKH KHDG RI WKH GRPDLQ ZLWKRXW D + WRQH�

7KH WDEOHDX[ LQ ���� LOOXVWUDWH WKH DQDO\VLV�

����R��OtPp�OD« �,NRURYHUH�� R��OLPp�OD« �(HUDWL�



,NRURYHUH V\VWHP�

�R�OLPHOD«� ([SUHVV

�+�KHDG�

([SUHVV 1R 0RQR

+'

%$5 
�+�

QRQKHDG�

R��Ot�PHOD« 9 9 
� 9 9

R��OLPH�OD« 
� 

 9 
 9

R��OLPp�OD« 9 
� 9 
 


R��OtPpOi�« 9 9 9 

� 



)R�OtPp�OD�� 9 9 9 
 


(HUDWL V\VWHP�

�R�OLPHOD«� ([SUHVV

�+�KHDG�


�+�QRQ�

KHDG�

1R

0RQR+'

%$5 ([SUHVV

�+�

R��Ot�PHOD« 9 9 
� 9 9

R��OLPH�OD« 
� 9 9 
 



)R��OLPp�OD� 9 9 9 
 


R��OLPHOi�« 9 9 9 

� 



R��OtPp�OD« 9 
� 9 
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(HUDWL UHTXLUHV� RI FRXUVH� IXUWKHU DQDO\VLV� VLQFH 'HOLQNLQJ GRHV QRW RFFXU LQ HYHU\ FRQWH[W� :H SURSRVH

WKDW WKH IDLOXUH RI 'HOLQNLQJ LQ (HUDWL IROORZV IURP WKH H[LVWHQFH RI WZR XQLYHUVDO FRQVWUDLQWV �PRWLYDWHG RQ

LQGHSHQGHQW JURXQGV LQ &DVVLPMHH DQG .LVVHEHUWK ������ DQG &DVVLPMHH �������� JLYHQ DERYH DV ���� DQG �����

3ODWHDX �
+�+� DQG 
&RQWRXU �ZKLFK KDV WZR VXESDUWV� 
5LVH DQG 
)DOO��

:H FDQ VXFFHVVIXO\ EORFN 'HOLQNLQJ LQ (HUDWL LI WKHVH WZR FRQVWUDLQWV GRPLQDWH 
�+� QRQKHDG�� 7KH

WDEOHDX[ LQ ���� LOOXVWUDWH� :H RPLW IURP WKHVH WDEOHDX[ FDQGLGDWHV WKDW ZRXOG YLRODWH 1R 0RQRPRUDLF +' DQG

WKXV RPLW DQ\ UHIHUHQFH WR WKDW FRQVWUDLQW DQG LWV LQWHUDFWLRQ ZLWK %$5�

���� R��UXN~��Q~Vi�«

�R�UXNXQXVD«� ([SUHVV

�+� KHDG�

3ODWHDX 
&RQWRXU 
�+�

QRQKHDG�

([SUHVV

R�U~N~��Q~Vi��� 9 9 9 

� 9

R�UXN~��QXVi��� 9 
� 9 9 



R�UXNX��QXVD��� 
�
 9 9 9 





)

R�UXN~��Q~Vi���

9 9 9 
 


R��Pii�OD«

�R�PDDOD«� ([SUHVV

�+� KHDG�

3ODWHDX 
&RQWRXU 
�+�

QRQKHDG�

([SUHVV

R��PDD�OD« 
� 9 9 9 



R��PDi�OD« 9 9 
� 9 


R��PiD�OD« 
� 9 
 
 


) R��Pii�OD« 9 9 9 
 9

,W LV LPSRUWDQW WR QRWH WKDW ZKLOH 3ODWHDX DQG 
&RQWRXU FDQ SURGXFH YLRODWLRQV RI 
�+� QRQKHDG�� WKH\ GR QRW

OHDG YLRODWLRQV RI RWKHU FHUWDLQ RWKHU FRQVWUDLQWV� )RU H[DPSOH� D ULVLQJ WRQH RFFXUV LQ DOO GLDOHFWV ZKHQ D

+�VSRQVRU LV RQ WKH VHFRQG PRUD RI D ELPRUDLF V\OODEOH� Z�D�i�WWD µWR EHDW¶� :H FDQ H[SODLQ WKLV E\ SRVWXODWLQJ

WKDW %DVLF $OLJQPHQW /HIW GRPLQDWHV 
&RQWRXU� $ GRPDLQ QHYHU H[SDQGV WR WKH OHIW RI D VSRQVRU LQ RUGHU WR

DYRLG D ULVLQJ WRQH� 6LPLODUO\� ZH QRWHG HDUOLHU WKH IROORZLQJ H[DPSOH IURP (HUDWL� D�Kp�pSHWWKiFD� $ +�+

VHTXHQFH LV WROHUDWHG ZKHQ WKH ILUVW + LV LWVHOI D ³GRXEOHG´ + DQG QRW D VSRQVRU� 7KHUH DUH SHUKDSV GLIIHUHQW

WDFNV WKDW RQH PLJKW WDNH WR H[SODLQ ZK\ D 3ODWHDX YLRODWLRQ LV SHUPLWWHG KHUH� :H VXJJHVW WKDW WKHUH LV D

FRQVWUDLQW� %LQDULW\� WKDW UHTXLUHV D +' WR EH ELQDU\ �LQ WKH SUHVHQW LQVWDQFH� ELPRUDLF�� 7KH DWWHQWLYH UHDGHU ZLOO

QRWH WKDW ± JLYHQ MXVW WKH GDWD KHUH ± %LQDULW\ FRXOG UHSODFH 1R 0RQRPRUDLF +' DV WKH GULYLQJ IRUFH EHKLQG

GRXEOLQJ LQ ,NRURYHUH DQG (HUDWL� :H EHOLHYH WKDW ERWK FRQVWUDLQWV PD\ EH QHFHVVDU\ LQ XQLYHUVDO JUDPPDU� EXW

WKDW LV D WRSLF EH\RQG WKH VFRSH RI WKLV SDSHU� ,Q DQ\ FDVH� DVVXPLQJ WKDW %LQDULW\ RXWUDQNV 3ODWHDX� WKHQ ZH FDQ

QRW DYRLG D YLRODWLRQ RI 3ODWHDX LQ WKH FDVH RI D�Kp�pSHWWKiFD E\ H[WHQGLQJ WKH ILUVW GRPDLQ RQH PRUD IXUWKHU�


D��Kp�pSp��WWKi�FD VLQFH WKDW ZRXOG \LHOG D WULPRUDLF GRPDLQ� YLRODWLQJ %LQDULW\� :H DOVR FDQQRW H[WHQG WKH

VHFRQG GRPDLQ WR WKH OHIW� 
D�Kp�p��SpWWKi�FD� VLQFH WKLV RXWSXW ZRXOG YLRODWH WKH XQGRPLQDWHG %$/�



:H KDYH QRZ FKDUDFWHUL]HG WKH ,NRURYHUH DQG (HUDWL V\VWHPV H[FHSW IRU WKH IDFW WKDW WKHUH DUH WZR

HQYLURQPHQWV LQ ZKLFK +LJK 7RQH 'RXEOLQJ GRHV QRW RFFXU� 7KH IDLOXUH RI GRXEOLQJ WR DIIHFW DQ ,3�ILQDO PRUD LV

JRWWHQ DW� LQ 2'7� E\ UDQNLQJ D 1RQILQDOLW\ FRQVWUDLQW RYHU 1R 0RQRPRUDLF +' �DQG�RU %LQDULW\��

����1RQILQDOLW\� WKH 5 HGJH RI DQ ,3 VKRXOG QRW EH DOLJQHG ZLWK WKH 5

HGJH RI D +'�

7KLV UDQNLQJ JXDUDQWHHV WKDW R��Ot�PD� ZKLFK ODFNV D +' DOLJQHG ZLWK WKH ULJKW HGJH RI WKH ,3 EXW KDV RQO\ D

VLQJOH PRUD LQ WKH GRPDLQ� ZLOO EH PRUH RSWLPDO WKDQ R�OtPi�� ZKLFK KDV WZR PRUDV EXW DOVR KDV D +' DOLJQHG

ZLWK WKH ULJKW HGJH RI WKH ,3�

:H DUH OHIW� WKHQ� MXVW ZLWK WKH IDLOXUH RI GRXEOLQJ LQ R��Pi�DOD� :H EHOLHYH WKDW XOWLPDWHO\ R��Ot�PD DQG

R��Pi�DOD VKRXOG ERWK EH WKH FRQVHTXHQFH RI D VLQJOH FRQVWUDLQW� +RZHYHU� WKLV LVVXH LV QRW RI GLUHFW UHOHYDQFH

WR WKH SUHVHQW SDSHU� &RQVHTXHQWO\� ZH ZLOO ± TXLWH DUELWUDULO\ �� DWWULEXWH WKH IDLOXUH RI GRXEOLQJ LQ R��Pi�DOD WR

WKH HIIHFWV RI WKH FRQVWUDLQW LQ �����

����$YRLG %LPRUDLF 3HQXOW

,3�SHQXOW ELPRUDLF V\OODEOHV VKRXOG QRW EH DOLJQHG ZLWK WKH 5 HGJH

RI D +'�

���� LV GRPLQDWHG E\ )DLWKIXOQHVV ± KHQFH DQ H[DPSOH VXFK DV Z�D�i�WWD ZLOO EH RSWLPDO� GHVSLWH KDYLQJ WKH ULJKW

HGJH RI WKH +' DOLJQHG ZLWK WKH ULJKW HGJH RI D ELPRUDLF ,3�SHQXOW V\OODEOH� 2Q WKH RWKHU KDQG� ���� GRPLQDWHV

1R 0RQRPRUDLF +'� PDNLQJ R��Pi�DOD PRUH RSWLPDO WKDQ R��Pii�OD� GHVSLWH WKH IDFW WKDW LW YLRODWHV 1R

0RQRPRULDF +'� ���� ZLOO DOVR KDYH WR GRPLQDWH 
&RQWRXU� VLQFH LW SUHIHUV D IDOOLQJ WRQH WR D OHYHO + WRQH�

:H KDYH QRZ SURYLGHG DQ DFFRXQW RI WKH ,NRURYHUH DQG (HUDWL GLDOHFWV RI (PDNKXZD� 7KHVH WZR GLDOHFWV

VKDUH WKH UDQNLQJ RI 1R 0RQRPRUDLF +'�%LQDULW\ RYHU %$5� 7KH\ GLIIHU LQ WKDW ,NRURYHUH UDQNV ([SUHVV �+�

RYHU 
�+� QRQKHDG�� ZKLOH (HUDWL KDV WKH UHYHUVH UDQNLQJ �DOWKRXJK ([SUHVV �+� KHDG� LV XQGRPLQDWHG LQ ERWK

GLDOHFWV�� 7KH\ DOVR ERWK UDQN 1RQILQDOLW\ DQG $YRLG %LPRUDLF 3HQXOW �DVVXPLQJ WKDW WKHVH FRQVWUDLQWV DUH QRW�

XQGHU D GHHSHU DQDO\VLV�� WKH VDPH FRQVWUDLQW� DERYH 1R 0RQRPRUDLF +'� (YHQ WKRXJK (HUDWL UDQNV 
�+�

QRQKHDG� DERYH ([SUHVV �+�� WKHUH ZLOO EH FDVHV ZKHUH QRQKHDGV DUH + GXH WR WKH IDFW WKDW 3ODWHDX DQG 
&RQWRXU

GRPLQDWH 
�+� QRQKHDG��

1RZ� ZKDW DERXW (VDDND" 6LQFH (VDDND ODFNV JHQHUDO GRXEOLQJ� LW PXVW GLIIHU LQ D YHU\ VLJQLILFDQW ZD\ IURP

WKH RWKHU WZR GLDOHFWV� %$5 GRPLQDWHV 1R 0RQRPRUDLF +'� :K\ GRHV GRXEOLQJ HYHU RFFXU LQ WKLV GLDOHFW"

%HFDXVH 3ODWHDX DQG 
&RQWRXU GRPLQDWH %$5� &RQVHTXHQWO\� D +' ZLOO EH H[SDQGHG MXVW LQ RUGHU WR DYRLG D

YLRODWLRQ RI 3ODWHDX RU 
&RQWRXU� 7KH WDEOHDX[ LQ ���� LOOXVWUDWH�
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,Q WKH SUHFHGLQJ WDEOHDX[� ZH VKRZHG ([SUHVV �+� DV EHLQJ XQGRPLQDWHG LQ (VDDND� :KHWKHU +'¶V FRQVLVW

RI D VLQJOH PRUD LQ (VDDND �GXH WR WKH KLJK UDQNLQJ RI %$5� RU WZR PRUDV �DV D FRQVHTXHQFH RI WKH IDFW WKDW

3ODWHDX DQG 
&RQWRXU RXWUDQN %$5�� WKHUH DUH QR GRPDLQV ZKHUH D PRUD IDLOV WR H[SUHVV + WRQH� 7KXV WKHUH LV

HYHU\ UHDVRQ WR DVVXPH WKDW 
�+� QRQKHDG� LV WRR ORZO\ UDQNHG LQ (VDDND WR KDYH DQ\ HIIHFW�

2SWLPDOLW\ 7KHRU\ GLIIHUV IURP JHQHUDWLYH SKRQRORJ\ LQ WKDW WKHUH LV RQO\ RQH GHYLFH ± WKH UDQNLQJ RI

FRQVWUDLQWV ± WKDW FDQ EH WKH VRXUFH RI GLDOHFWDO GLIIHUHQFHV �H[FOXGLQJ� RI FRXUVH� WKH UHDO SRVVLELOLW\ RI



GLIIHUHQFHV LQ WKH OH[LFDO LQSXWV�� 6R GR WKH FUXFLDO GLIIHUHQFHV DPRQJ WKHVH GLDOHFWV IROORZ IURP GLIIHUHQFHV LQ

WKH UDQNLQJ RI WKH FRQVWUDLQWV" 7KH DQVZHU LV FOHDUO\ LQ WKH DIILUPDWLYH� /HW XV VXPPDUL]H WKH GLIIHUHQFHV�

���� �D� ,Q ,NRURYHUH DQG (HUDWL� 1R 0RQRPRUDLF +' GRPLQDWHV

%$5� ZKLOH LQ (VDDND WKH UHYHUVH UDQNLQJ KROGV�

�E� ,Q ,NRURYHUH DQG (VDDND� ([SUHVV �+� GRPLQDWHV 
�+�

QRQKHDG�� ZKLOH LQ (HUDWL WKH UHYHUVH UDQNLQJ KROGV�

�F� ,Q (HUDWL� 3ODWHDX DQG 
&RQWRXU GRPLQDWH 
�+� QRQKHDG��

7KHUH LV QR FULWLFDO HYLGHQFH LQ ,NRURYHUH DQG (VDDND LQ

WKLV FRQQHFWLRQ VLQFH LQ DQ\ FDVH 
�+� QRQKHDG� LV UDQNHG

EHORZ ([SUHVV �+��

�G� ,Q (VDDND� 3ODWHDX DQG 
&RQWRXU GRPLQDWH %$5� ,Q

,NRURYHUH DQG (HUDWL� WKHUH LV QR HYLGHQFH LQ WKLV

FRQQHFWLRQ VLQFH LQ DQ\ FDVH 1R 0RQRPRUDLF +'

GRPLQDWHV %$5 DQG ZLOO DFKLHYH WKH VDPH UHVXOWV�

1RWLFH WKDW WKH DERYH DFFRXQW LQ IDFW VXFFHHGV LQ FKDUDFWHUL]LQJ WKH FRQVSLUDWRULDO UHODWLRQVKLSV LQ WKHVH

(PDNKXZD GLDOHFWV� 3ODWHDX ERWK EORFNV ³'HOLQNLQJ´ LQ (HUDWL �E\ RXWUDQNLQJ 
�+� QRQKHDG�� DQG WULJJHUV

³'RXEOLQJ´ LQ (VDDND �E\ RXWUDQNLQJ %$5�� 6LPLODUO\� 
&RQWRXU ERWK EORFNV ³'HOLQNLQJ´ LQ (HUDWL DQG WULJJHUV

³'RXEOLQJ´ LQ (VDDND �WKRXJK ZH VKRXOG QRWH WKDW LW LV 
5LVH WKDW EORFNV ³'HOLQNLQJ´ LQ (HUDWL DQG 
)DOO WKDW

WULJJHUV ³'RXEOLQJ´ LQ (VDDND��

:H FRQFOXGH WKDW 27 SURYLGHV WKH EDVLV IRU XQGHUVWDQGLQJ WKH FRQVSLUDFLHV WKDW PD\ DULVH LQ GLDOHFWRORJ\�

DQG WKDW WKHVH FRQVSLUDFLHV SURYLGH HYLGHQFH IDYRULQJ 27 RYHU UXOH�EDVHG PRGHOV ZKLFK DUH LQKHUHQWO\

LQFDSDEOH RI SURYLGLQJ D XQLILHG DFFRXQW RI FRQVSLUDFLHV �GXH WR WKH UXOH�EDVHG PRGHO¶V IDLOXUH WR VHSDUDWH

SKRQRORJLFDO DFWLRQV IURP WKH SULQFLSOHV WKDW LQGXFH WKHVH DFWLRQV�� ,Q RXU RSLQLRQ� WKH FRQVSLUDF\ DUJXPHQW ± EH

LW EDVHG RQ WKH V\QFKURQLF JUDPPDU RI D VLQJOH GLDOHFW� RU GLIIHUHQW GLDOHFWV RI WKH VDPH ODQJXDJH ± UHPDLQV WKH

SULPDU\ FRUQHUVWRQH RI WKH HYLGHQFH IRU 27�
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