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:K\ ZRXOG SRWHQWLDOO\ LQWROHUDQW PDMRULWLHV LQ D GHPRFUDF\ SURWHFW WKH ULJKWV RI XQSRSX�
ODU JURXSV RU PLQRULWLHV" 7KLV SDSHU SRVWXODWHV D G\QDPLF DJHQF\ PRGHO LQ ZKLFK SRWHQWLDOO\
WROHUDQW OHJDO VWDQGDUGV HPHUJH RYHU WLPH� GHVSLWH DOO LQGLYLGXDOV
 KDYLQJ LQWROHUDQW YLHZV�
,QGLYLGXDOV LQ VRFLHW\ PDNH UHSHDWHG FKRLFHV ZKLFK KDYH VRFLDO LPSDFW� $ PDMRULW\ YRWH
HDFK SHULRG GHWHUPLQHV ZKLFK RI WKHVH DFWLYLWLHV DUH SURWHFWHG� ,PSHUIHFW REVHUYDELOLW\ RU
LQWHUSUHWDELOLW\ RI WKHVH DFWLYLWLHV QHFHVVLWDWHV WKDW WKH GRPLQDQW JURXSV ZLOO QRW LPSRVH
VWDQGDUGV ZKLFK DUH WRR LQWROHUDQW� RWKHUZLVH WKH\ PD\ HQG XS VHYHUHO\ SXQLVKLQJ PHPEHUV
RI WKHLU RZQ JURXS E\ PLVWDNH� :H H[DPLQH WKH 0DUNRY 3HUIHFW HTXLOLEULD RI D G\QDPLF
JDPH LQ ZKLFK WKHUH LV SRWHQWLDO WXUQRYHU LQ WKH GRPLQDQW JURXS� DQG JRYHUQPHQW LPSURYHV
ZLWK WLPH LQ LWV DELOLW\ WR FRUUHFWO\ REVHUYH DQG LQWHUSUHW FLWL]HQV
 DFWLYLWLHV�

,W LV VKRZQ WKDW VRFLHWLHV ZLWK QRQVWDWLRQDU\ SRSXODWLRQ FKDUDFWHULVWLFV PD\ EH PRUH
DPHQDEOH WR VWDEOH DQG WROHUDQW VWDQGDUGV� ZKLOH VRFLHWLHV ZLWK VWDWLRQDU\ FKDUDFWHULVWLFV DUH
PRUH DSW WR FKRRVH PRUH LQWROHUDQW DQG XQVWDEOH RQHV� 7ROHUDQW DQG VWDEOH VWDQGDUGV WHQG WR
DULVH LQ UHVSRQVH WR D ULVN VKDULQJ PRWLYH EHWZHHQ WKH GLmHUHQW JURXSV WKDW WUDGHRm SROLWLFDO
SRZHU� (DFK JURXS VHHNV WR SUHYHQW DXGLWLQJ FDSDELOLWLHV RI JRYHUQPHQW IURP LPSURYLQJ
WRR PXFK RYHU WLPH LQ RUGHU WR SUHYHQW IXWXUH PDMRULWLHV IURP VXFFHVVIXOO\ HQIRUFLQJ PRUH
LQWROHUDQW VWDQGDUGV�

e'HSDUWPHQW RI (FRQRPLFV� *HRUJHWRZQ 8QLYHUVLW\� :DVKLQJWRQ '&� ������ 86$� 3KRQH� ����� ���������
H�PDLO� ODJXQRIU#JXQHW�JHRUJHWRZQ�HGX

\)RUPHUO\ HQWLWOHG� ?$ 7KHRU\ RI &RQVWLWXWLRQDO 6WDQGDUGV RI %HKDYLRU�� , WKDQN (G *UHHQ IRU PDQ\
KHOSIXO FRQYHUVDWLRQV LQ WKH HDUO\ VWDJHV RI WKLV SURMHFW� , KDYH DOVR EHQHnWWHG IURP FRQYHUVDWLRQV ZLWK
6WHYH &RDWH� $YQHU *UHLI� $NL 0DWVXL� $UW 5REVRQ� $QGUHZ 3RVWOHZDLWH� -XXVR 9DOLPDNL� DQG QXPHURXV
VHPLQDU SDUWLFLSDQWV IURP WKH 1RUWKZHVWHUQ 6XPPHU 0LFUR 7KHRU\ :RUNVKRS� WKH )HGHUDO 5HVHUYH %DQNV
RI 5LFKPRQG DQG .DQVDV &LW\� *HRUJHWRZQ� 9LUJLQLD� 0LFKLJDQ� 2KLR 6WDWH� 7RN\R� 2VDND� .HLR� 7VXNXED�
:DVKLQJWRQ 8QLYHUVLW\� WKH :LQWHU (FRQRPHWULF 6RFLHW\ DQG WKH 3XEOLF &KRLFH 0HHWLQJV� 6XSSRUW IURP
WKH ,QVWLWXWH IRU (FRQRPLF 5HVHDUFK DW WKH 8QLYHUVLW\ RI 3HQQV\OYDQLD� DQG D 9LUJLQLD 7HFK 7UDYHO *UDQW LV
JUDWHIXOO\ DFNQRZOHGJHG�
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2QH SULPDU\ UROH RI D FRQVWLWXWLRQ LV WR OLPLW WR WKH GLVFUHWLRQDU\ DXWKRULW\ RI JRYHUQPHQW� ,W

LV SX]]OLQJ ZK\ JRYHUQPHQWV GR QRW UHJXODUO\ LJQRUH RU UHSXGLDWH WKHLU FRQVWLWXWLRQV ZKHQHYHU

LW LV SROLWLFDOO\ H[SHGLHQW WR GR VR� 6SHFLnFDOO\� ZK\ GR PDMRULWLHV LQ GHPRFUDFLHV UHVSHFW WKH

FLYLO ULJKWV RI WKRVH ZKR KROG XQSRSXODU YLHZV" 7KRXJK WKHUH DSSHDUV WR EH LQFHQWLYHV WR

DEURJDWH VXFK ULJKWV� EURDG DQG WROHUDQW OHJDO VWDQGDUGV IRU VSHHFK� UHOLJLRXV SUDFWLFHV� DQG

RWKHU DFWLYLWLHV FRQWLQXH WR KDYH WKH IRUFH RI ODZ LQ 8�6�� (QJODQG� DQG PDQ\ RWKHU FRXQWULHV�

(QJODQG LV D QRWDEOH FDVH VLQFH LW KDV QR IRUPDO FRQVWLWXWLRQ� 1HYHUWKHOHVV� LW GRHV SRVVHVV

D ORQJ�VXUYLYLQJ ERG\ RI VWDWXWRU\ ODZ WKDW VHHPV WR OLPLW WKH SRZHU RI WKH VWDWH�

,Q WKH 8�6�� FRQVWLWXWLRQDO VFKRODUV GDWLQJ EDFN WR 0DGLVRQ KDYH ORQJ UHFRJQL]HG WKDW
�DQ\ ?GHPDUFDWLRQ RQ SDUFKPHQW� FRXOG QRW SK\VLFDOO\ ELQG D JRYHUQPHQW� 0RUH SUHYDOHQW

LV WKH YLHZ WKDW D JRYHUQPHQW
V UHVSHFW IRU WKH ULJKWV RI LWV FLWL]HQV LV DQ H[SOLFLW� SRVVLEO\
�FRQVWUDLQHG� FKRLFH� 7KH SUHVHQW SDSHU H[DPLQHV WKLV YLHZ� :H VSHFLI\ D G\QDPLF HQYLURQ�

PHQW LQ ZKLFK SRWHQWLDOO\ WROHUDQW VWDQGDUGV IRU FLYLO OLEHUW\ FDQ DULVH LQ DQ HOHFWRUDO SURFHVV

GHVSLWH WKH IDFW WKDW DOO FLWL]HQV KDYH LQWROHUDQW SUHIHUHQFHV�

7R LOOXVWUDWH WKH LGHD� ZH FRQVLGHU WKH IROORZLQJ VW\OL]HG PRGHO� $ ODUJH VRFLHW\ LV SRSX�

ODWHG E\ LQGLYLGXDOV ZLWK GLmHUHQW DQG SKLORVRSKLFDOO\ LQFRPSDWLEOH SUHIHUHQFHV� (DFK SHULRG

DQ LQGLYLGXDO FKRRVHV DQ DFWLRQ ZKLFK KDV H[WHUQDO FRQVHTXHQFHV RQ WKH UHVW RI VRFLHW\� )RU

FRQFUHWHQHVV� FRQVLGHU WZR W\SHV� ?DWKHLVWV� DQG ?IXQGDPHQWDOLVWV�� (DFK KDV GLmHUHQW SUHI�

HUHQFHV FRQFHUQLQJ SUD\HU LQ SXEOLF VFKRRO� $ PDMRULW\ YRWH HDFK SHULRG GHWHUPLQHV ZKLFK

DFWLYLWLHV DUH FXUWDLOHG E\ WKH FXUUHQW JRYHUQPHQW� +RZHYHU� DFWLYLWLHV RI FLWL]HQV DUH LP�

SHUIHFWO\ REVHUYHG RU LPSHUIHFWO\ LQWHUSUHWHG� 7KH ODWWHU FDQ DULVH LI� DV LV RIWHQ WKH FDVH�

SK\VLFDO DFWV RI LQGLYLGXDOV DUH LQWHUSUHWHG LQ D ODUJHU FRQWH[W� 7KH DFW RI SUD\LQJ� IRU LQ�
�VWDQFH� LQYROYHV D V\PEROLF GHFLVLRQ WKDW JRHV EH\RQG WKH FODVSLQJ RI RQH
V KDQGV WRJHWKHU�

7KLV PRGHO LV IRUPDOO\ GHVFULEHG LQ 6HFWLRQ �� 7KH VHWXS LV VLPLODU WR D VWDQGDUG SULQFLSDO�

DJHQW PRGHO ZLWK D IHZ NH\ GLmHUHQFHV� 7KH GHFLVLYH YRWHU PD\ EH YLHZHG DV D SULQFLSDO ZKR

GHVLJQV WKH FRQWUDFWXDO OHJDO VWDQGDUG WR LQoXHQFH WKH FKRLFHV RI WKH FLWL]HQV �WKH ?DJHQWV��

DW ODUJH� $V LQ RWKHU DJHQF\ PRGHOV WKH SULQFLSDO FDQQRW SHUIHFWO\ PRQLWRU WKH DFWLRQV RI
�DJHQWV� +HUH� KRZHYHU� WKH SULQFLSDO LV DOVR RQH RI WKH DJHQWV ZKR PXVW� KLPVHOI� UHDFW WR

WKH VWDQGDUG� ,QWHUHVWLQJO\� E\ VHHNLQJ WR PRGLI\ WKH EHKDYLRU RI DWKHLVWV� D IXQGDPHQWDOLVW

YRWHV IRU VWDQGDUGV WKDW SXVK KLV RZQ JURXS WRZDUG D PRUH H[WUHPH SRVLWLRQ WKDQ KLV LGHDO

�6HH -DPHV 0DGLVRQ LQ 7KH )HGHUDOLVW ����
�$JDLQ VHH 0DGLVRQ� 6HH DOVR +DPLOWRQ LQ 7KH )HGHUDOLVW ����
�:LOOLDPV ������ SURYLGHV PDQ\ VXFK H[DPSOHV RI FRQVWLWXWLRQDO GLOHPPDV ZKLFK DURVH LQ WKH 8�6� IRU

WKLV UHDVRQ�
�2WKHU PRGHOV RI SROLWLFDO DJHQF\ LQFOXGH� IRU H[DPSOH� %DUUR ������ DQG )HUHMRKQ �������
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'XH WR WKH QRLVH LQGXFHG E\ LPSUHFLVH DXGLWLQJ� WKH PRGHO VKRZV WKDW PDMRULW\ JURXSV

ZLOO QRW QHFHVVDULO\ LPSRVH OHJDO VWDQGDUGV ZKLFK VWULQJHQWO\ SXQLVK WKH PLQRULW\ JURXSV IRU

GHYLDQW EHKDYLRU� 7KH UHDVRQ LV WKDW WKH\ PD\ HQG XS VHYHUHO\ SXQLVKLQJ WKHLU RZQ JURXS E\

PLVWDNH� +HQFH� SUHIHUHQFHV IRU VRPH GLYHUVLW\ DULVH HQGRJHQRXVO\ IURP D YRWHU
V IHDU WKDW KLV

RZQ EHKDYLRU PD\ EH ZURQJO\ SXQLVKHG E\ D VWDQGDUG WKDW LV H[FHVVLYHO\ LQWROHUDQW � (DFK

YRWHU FRQWHPSODWHV ?ZKDW LI LW ZDV PH"� 7KH FKRVHQ VWDQGDUGV DUH WKHUHIRUH PRUH WROHUDQW

WKH ODUJHU WKH QRLVH LQ REVHUYLQJ�LQWHUSUHWLQJ FLWL]HQV
 DFWLYLWLHV� ,QGHHG� WKH FLWL]HQU\ PD\

EH EHWWHU Rm LI JRYHUQPHQW LV QRW YHU\ DFFXUDWH LQ REVHUYLQJ�LQWHUSUHWLQJ FLWL]HQV
 EHKDYLRU�
�+HQFH� VRFLHW\ PD\ XQDQLPRXVO\ SUHIHU DQ ?LQHpFLHQW� JRYHUQPHQW DORQJ WKLV GLPHQVLRQ�

1RZ VXSSRVH WKDW WKLV FKRLFH RI OHJDO VWDQGDUG RFFXUV UHSHDWHGO\� :H H[WHQG WKH VWDWLF

IUDPHZRUN WR D G\QDPLF RQH ZKHUH VXFFHVVLYH PDMRULWLHV IDFH WZR LQWHUWHPSRUDO IRUFHV� )LUVW�

D JRYHUQPHQW LPSURYHV ZLWK WLPH LQ LWV DELOLW\ WR FRUUHFWO\ REVHUYH DQG LQWHUSUHW FLWL]HQV


DFWLYLWLHV� :LWK WKLV SRVVLELOLW\ DQ XQFKDQJLQJ JRYHUQPHQW ZRXOG FKRRVH LQFUHDVLQJO\ LQWRO�

HUDQW VWDQGDUGV� :KDW SUHYHQWV WKLV VFHQDULR LV D VXpFLHQW WKUHDW RI ORVV RI SRZHU GXH WR

FKDQJHV LQ SRSXODWLRQ FKDUDFWHULVWLFV� :H FKDUDFWHUL]H WKH 0DUNRY 3HUIHFW HTXLOLEULD �03(�

RI WKH VWRFKDVWLF G\QDPLF JDPH ZKHQ WKHVH WZR FRXQWHUYDLOLQJ IRUFHV DUH DW ZRUN� ,Q VXFK

HTXLOLEULD� YRWHUV
 FKRLFHV DUH WLPH FRQVLVWHQW� DQG WKH\ FRQGLWLRQ RQO\ RQ D SD\Rm UHOHYHQW

VWDWH YDULDEOH� $ FRQVWLWXWLRQDO VWDQGDUG LV D VWHDG\ VWDWH HTXLOLEULXP SDWK LQ ZKLFK FHUWDLQ

DFWLYLWLHV DUH QHYHU UHSXGLDWHG E\ VXFFHVVLYH JRYHUQPHQWV�

6HFWLRQ � GHVFULEHV WKH G\QDPLF PRGHO DQG WKH UHVXOWV� 2XU PDLQ UHVXOW VKRZV WKDW ZKHQ

WKH FRPPRQ GLVFRXQW IDFWRU LV FORVH WR RQH DQG ZKHQ WKH UDWH RI WXUQRYHU LQ SROLWLFDO SRZHU

LV ODUJH� WKHQ WKHUH LV D 03( ZLWK LQnQLWH OLEHUW\ DOORZHG E\ WKH FRQVWLWXWLRQDO VWDQGDUG�

2Q WKH RWKHU KDQG� ZKHQ WKH UDWH RI SROLWLFDO WXUQRYHU LV VXpFLHQWO\ ORZ� WKH FRQVWLWXWLRQDO

VWDQGDUG WKHQ H[KLELWV FRPSOHWH LQWROHUDQFH� ,Q WKH ODWWHU FDVH� DOO EXW WKH GHFLVLYH YRWHU
V

EOLVV DFWLYLWLHV DUH SURKLELWHG� ,Q WKH VFKRRO SUD\HU H[DPSOH� WKLV PHDQV WKDW DWKHLVWV DUH

FRPSHOOHG WR SUD\ ZKHQ IXQGDPHQWDOLVWV KROG SRZHU� DQG IXQGDPHQWDOLVWV DUH IRUELGGHQ WR

SUD\ ZKHQ DWKHLVWV DUH LQ FRQWURO�

7KH LQWXLWLRQ IRU WKLV UHVXOW LV VLPSOH� DV LQ WKH SROLWLFR�HFRQRPLF PRGHOV RI 3HUVVRQ DQG

6YHQVRQ ������� $OHVLQD DQG 7DEHOOLQL ������� DQG .UXVHOO� 4XDGULQL� DQG 5LRV�5XOO ������

������ D YRWHU FDQQRW IXOO\ LQWHUQDOL]H WKH IXWXUH FRQVHTXHQFHV RI KLV FXUUHQW GHFLVLRQ� ,Q

WKH SUHVHQW PRGHO� WKLV PHDQV WKDW LI WKH WKUHDW RI SROLWLFDO WXUQRYHU LV ODUJH� LQWROHUDQW

VWDQGDUGV PD\ EDFNnUH� VPDOOHU QRLVH LQ LQWHUSUHWLQJ IXWXUH EHKDYLRU OHDGV WR HYHU PRUH

LQWROHUDQW VWDQGDUGV LQ VXEVHTXHQW SHULRGV ZKHQ WKH FXUUHQW PDMRULW\ ORVHV SRZHU� 7ROHUDQW

�7KH LGHD WKDW ?LQHpFLHQW� JRYHUQPHQW LV SUHIHUDEOH DIWHU DFFRXQWLQJ IRU WKH RSWLPDO UHDFWLRQ RI WKH
FLWL]HQU\ KDV DOVR EHHQ H[SORUHG E\ %UHQQDQ DQG %XFKDQDQ ������ DQG .UXVHOO� HW DO� �������
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VWDQGDUGV WKHUHIRUH DULVH LQ UHVSRQVH WR D ULVN VKDULQJ PRWLYH EHWZHHQ WKH GLmHUHQW JURXSV

WKDW WUDGHRm SROLWLFDO SRZHU� (DFK JURXS VHHNV WR SUHYHQW DXGLWLQJ FDSDELOLWLHV RI JRYHUQ�

PHQW IURP LPSURYLQJ WRR PXFK LQ RUGHU WR SUHYHQW IXWXUH PDMRULWLHV IURP HQIRUFLQJ HYHQ

PRUH LQWROHUDQW VWDQGDUGV� 7KLV WKUHDW LV GLPLQLVKHG ZKHQ WKH UDWH RI WXUQRYHU LV ORZ� $

PRUH WROHUDQW VWDQGDUG DGPLWV IHZHU SRVVLELOLWLHV IRU IXWXUH JRYHUQPHQWV WR OHDUQ IURP SDVW

SUHFHGHQWV� +HQFH� ZLWK D ODUJH HQRXJK WKUHDW RI WXUQRYHU� WKH FLWL]HQV SUHIHU WR NHHS WKH

VXFFHVVLYH JRYHUQPHQWV LQ UHODWLYH LJQRUDQFH�

6LQFH D GHJUHH RI WROHUDQFH HPHUJHV HQGRJHQRXVO\ LQ VRFLHW\� WKH SUHVHQW SDSHU LV LQ WKH

VSLULW RI PRGHOV RI VRFLDO FRQIRUPLW\ VXFK DV %HUQKHLP ������� 7KHUH� VRFLDO VWDQGDUGV HPHUJH

DV RXWFRPHV RI D VLJQDOOLQJ JDPH� $V ZLWK KHUH� HDFK LQGLYLGXDO SUHIHUV WKDW RWKHUV FRQIRUP

WR KLV PRVW SUHIHUUHG SKLORVRSKLFDO SRVLWLRQ� +RZHYHU� LQ %HUQKHLP
V PRGHO DQ DJHQW DOVR

GHULYHV XWLOLW\ IURP FRQIRUPLQJ LQGHSHQGHQWO\ RI KLV RZQ LGHDO� +HUH� LQGLYLGXDOV FDUH RQO\

DERXW WKHLU RZQ LGHDOV� 3RWHQWLDOO\ WROHUDQW FRQVWLWXWLRQDO VWDQGDUGV HPHUJH GHVSLWH WKH

FLWL]HQV
 SUHIHUHQFHV WR WKH FRQWUDU\�

*LYHQ WKH VW\OL]HG QDWXUH RI WKH PRGHO� LW GRHV QRW RmHU VZHHSLQJ HPSLULFDO LPSOLFDWLRQV

RQ WKH QDWXUH RI FLYLO OLEHUW\� 1HYHUWKHOHVV� WKH V\PPHWULF HTXLOLEULD LQ WKH PRGHO GR VXJJHVW

RQH HPSLULFDO UHJXODULW\� &RXQWULHV ZLWK IUHTXHQW SROLWLFDO WXUQRYHU �GXH WR� VD\� GHPRJUDSKLF

FKDQJHV� DUH PRUH OLNHO\ WR KDYH EURDG FLYLO OLEHUWLHV� 2Q WKH RWKHU KDQG� FRXQWULHV ZLWK ORZ

WXUQRYHU ZLOO OLNHO\ KDYH LQWROHUDQW DQG GLVFUHWLRQDU\ VWDQGDUGV� <HW� WKH QRWLRQ RI ?SROLWLFDO

WXUQRYHU� LPSOLHG E\ WKH PRGHO LV YHU\ GLmHUHQW IURP PHDVXUHV RI ?SROLWLFDO LQVWDELOLW\�

XVHG E\ $OHVLQD� HW DO� ������� /RQGUHJDQ DQG 3RROH ������� DQG .QDFN DQG .HHIHU �������

7KLV LV XQGHUVWDQGDEOH VLQFH WKHLU LQWHUHVW LV LQ WKH UHODWLRQ EHWZHHQ SROLWLFDO LQVWDELOLW\ DQG

HFRQRPLF SHUIRUPDQFH� +HQFH� WKHLU PHDVXUHV W\SLFDOO\ LQFOXGH WXUQRYHU IURP DVVDVLQDWLRQV�

FRXSV� UHYROXWLRQV� DQG RWKHU YLROHQW PHDQV�

%\ FRQWUDVW� WKH FXUUHQW PRGHO DVVXPHV DQ HOHFWRUDO SURFHVV DQG D IXQFWLRQLQJ MXGLFLDU\�

7KHUHIRUH� D PRUH UHOHYHQW UHODWLRQVKLS IRU RXU SXUSRVHV LV EHWZHHQ SHDFHIXO WUDQVLWLRQV

DPRQJ GLmHUHQW SDUWLHV� JURXSV� RU IDFWLRQV RQ WKH RQH KDQG� DQG D PHDVXUH RI FLYLO OLEHUW\ RQ

WKH RWKHU� 6HFWLRQ � GLVFXVVHV VRPH VRFLR�SROLWLFDO LQGLFHV UHOHYHQW WR WKLV UHODWLRQVKLS� 7KHUH

VRPH ZHDN HYLGHQFH WR VXSSRUW WKH LPSOLFDWLRQ� +RZHYHU� WKH UHODWLRQ EHWZHHQ YDULDEOHV LQ

WKH PRGHO DQG WKH GDWD LV WHQXRXV�

6WLOO� WKH DLPV RI WKLV SDSHU FRQFHUQ PRVWO\ WKH WKHRU\� :H VHHN WR PDNH HQGRJHQRXV WKH

SURWHFWLRQ RI FLYLO OLEHUW\ E\ FXUUHQW DQG IXWXUH JRYHUQPHQWV� (FRQRPLFV WRROV VHHP XVHIXO

IRU WKLV WDVN� 7KH SUHVHQW SDSHU LV EHVW YLHZHG WKHQ DV D VPDOO VWHS WRZDUG XQGHUVWDQGLQJ

KRZ FLYLO OLEHUWLHV DUH GHWHUPLQHG LQ D VRFLHW\�

�
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VLOHQW DXGLEOH JURXS FRQYHUWLQJ RWKHUV

)LJXUH �� ,QFUHDVLQJO\ 2UJDQL]HG 6FKRRO 3UD\HU
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&RQVLGHU D ODUJH VRFLHW\ RI LQnQLWHO\ OLYHG LQGLYLGXDOV� )RU FRQFUHWHQHVV� ZH DVVXPH WKDW

WKHUH DUH WZR W\SHV RI LQGLYLGXDOV FDOOHG ?DWKHLVWV� DQG ?UHOLJLRXV IXQGDPHQWDOLVWV�� 7KH

GLVWULEXWLRQ RYHU W\SHV LV JLYHQ E\ ]  �] � ] � ZLWK ] GHQRWLQJ WKH SURSRUWLRQ RI LQGLYLGXDOV� � L

RI W\SH L� $ SHUVRQ
V W\SH LV KLV SULYDWH LQIRUPDWLRQ�

(DFK W\SH GLmHUV ZLGHO\ RQ WKH LVVXH RI SUD\HU LQ SXEOLF VFKRRO� $Q LQGLYLGXDO RI W\SH

L FKRRVHV DQ DFWLYLW\ D IURP VRPH VHW $ RI SRVVLEOH ?SUD\HU� DFWLYLWLHV� )RU VLPSOLFLW\� ZHL

DVVXPH WKDW $ LV VRPH VXEVHW RI WKH UHDO OLQH� ,Q )LJXUH � WKH VHW $ OLQHDUO\ RUGHUV WKH
, ,,GHJUHH RI VRFLDO LPSDFW RI RQH
V SUD\HU LQ SXEOLF VFKRRO� )RXU SRVVLEOH DFWLYLWLHV D � D �

,,, ,9D � D IURP WKLV VHW GHQRWH� LQ DVFHQGLQJ RUGHU� WKH H[WHQW WR ZKLFK D SHUVRQ
V SUD\HU
, ,,�RU ODFN WKHUHRI� LPSDFWV XSRQ RWKHUV� )RU H[DPSOH� D FRXOG EH DQ DFW SUD\LQJ VLOHQWO\� D

,,, ,9DQ DXGLEOH SHUVRQDO SUD\HU� D DQ DXGLEOH JURXS SUD\HU� ZKLOH D FRUUHVSRQGV WR HmRUWV WR

FRQYHUW RWKHUV�

2WKHU H[DPSOHV ZKLFK PLJKW nW WKLV OLQHDU RUGHULQJ RI $ LQFOXGH ��� VSHHFK DQG SUHVV

DGYRFDWLQJ OLEHUDO YHUVXV FRQVHUYDWLYH FDXVHV� D ULJKWZDUG PRYH UHSUHVHQWV PRUH ?ULJKW�ZLQJ�

VSHHFK� ��� UHOLJLRXV ULWXDOV RI GLmHUHQW JURXSV� D ULJKWZDUG PRYH UHSUHVHQWV DQ LQFUHDVLQJO\

SXEOLF GLVSOD\ RI UHOLJLRXV V\PEROLVP� RU HYHQ ��� FKDULWDEOH FRQWULEXWLRQ� D ULJKWZDUG VKLIW
�UHSUHVHQWV LQFUHDVLQJ DPRXQWV JLYHQ WR KRPHOHVV FKDULWLHV� :H VWUHVV WKDW WKH RUGHULQJ LQ

HDFK RI WKHVH FDVHV GRHV QRW SURFHHG IURP OHVV WROHUDQFH WR PRUH WROHUDQFH� 5DWKHU� LW LV IURP

WKH LGHDO DFWLYLW\ RI RQH JURXS WRZDUG WKDW RI DQRWKHU�

7KH H[WHUQDOLW\ FUHDWHG E\ WKHVH DFWLYLWLHV DUH DVVXPHG WR ZRUN WKURXJK WKH DYHUDJH

EHKDYLRU \  ] D � ] D ZKLFK ZRXOG H[LVW LI DOO LQGLYLGXDOV RI D JLYHQ W\SH FKRVH WKH VDPH� � � �

DFWLRQ� %RWK W\SHV FDUH DERXW ERWK WKHLU RZQ LQGLYLGXDO EHKDYLRU DQG WKLV VRFLHWDO DYHUDJH�

7KH XWLOLW\ RI W\SH L LV GHQRWHG E\
LX �D � \� �PL

7KH YDOXH P LV D WUDQVIHU�WD[� 8WLOLW\ LV PHDVXUHG LQ WHUPV RI D GHSDUWXUH IURP VRPH ?EOLVV�
eRU ?LGHDO� EHKDYLRU� /HWWLQJ D GHQRWH L
V EOLVV DFWLYLW\� KLV XWLOLW\ LV XQLTXHO\ PD[LPDO DWL

L e eX �D � D � VR WKDW HDFK W\SH SUHIHUV WKDW� LQ DGGLWLRQ WR KLV RZQ FKRLFHV� DOO LQGLYLGXDOV FKRRVHL L

�$Q LQGLYLGXDO ZKRVH EOLVV SRLQW LV RQ WKH OHIW PD\ RSSRVH VXFK FKDULWDEOH JLYLQJ E\ DUJXLQJ WKDW LW
LQFUHDVHV GHSHQGHQF\ ZKLFK KDV H[WHUQDO FRQVHTXHQFHV�

�



e ,WKH VDPH OHYHOV RU W\SH RI SXEOLF DFWLYLWLHV DV KH ZRXOG� ,Q nJXUH �� D � D LGHQWLnHV WKH LGHDO�
e ,9SRLQW RI DQ DWKHLVW� D ! D LGHQWLnHV WKH LGHDO SRLQW RI D UHOLJLRXV IXQGDPHQWDOLVW� (DFK�

W\SH LV QHJDWLYHO\ DmHFWHG E\ SUD\HU SUDFWLFHV ZLGHO\ GLmHUHQW IURP KLV RZQ SKLORVRSKLFDO

SRVLWLRQ�

L e)RUPDOO\� XWLOLW\ X LV DVVXPHG VWULFWO\ GLmHUHQWLDEO\ FRQFDYH� DQG L
V LGHDO SRLQW D VDWLV�L
e enHV X �\� D �  � DQG X �D � D �  � ZKHUH X DQG X DUH GHULYDWLYHV ZLWK UHVSHFW WR D DQGD \ L D \ LL L L L

\� UHVS� 7R VLPSOLI\ IXUWKHU� DGGLWLYH VHSDUDELOLW\ EHWZHHQ \ DQG D LV DOVR DVVXPHG VR WKDWL

�FURVV GHULYDWLYHV DUH ]HUR� )LQDOO\� DVVXPH X DQG X � b� DV D DQG \ � �� UHVS�� DQGD \ LL

X DQG X � � DV D DQG \ � b�� UHVS� 7KH LQGLmHUHQFH FRQWRXUV RI SUHIHUHQFHV RI WKLVD \ LL

IRUP DUH VKRZQ LQ DQ H[DPSOH LQ )LJXUH � EHORZ�

>)LJXUH � KHUH@

*LYHQ WKHVH SUHIHUHQFHV� LQ DQ\ PDMRULW\ YRWH WKH PRUH SRSXORXV W\SH SUHIHUV WR UHSUHVV

WKH SUHIHUUHG EHKDYLRU RI WKH RWKHU JURXS� $ OHJDO VWDQGDUG LV GHnQHG DV D VHW % t $ RI DFWLRQV
,WKDW DUH SHUPLVVLEOH LQ WKLV VRFLHW\� ,I� IRU LQVWDQFH� D � %� WKHQ WKH DFWLYLW\ RI SUD\LQJ

VLOHQWO\ LQ SXEOLF VFKRRO LV FXUUHQWO\ SURWHFWHG IURP JRYHUQPHQW UHJXODWLRQ RU SURKLELWLRQ�

:H DVVXPH WKDW WKH OHJDO GHVFULSWLRQ RI VWDQGDUG % LV SXEOLF NQRZOHGJH� 7KH OHJDO VWDQGDUG

% LV GHWHUPLQHG E\ PDMRULW\ YRWH� 7\SH L LV WKH PRUH SRSXORXV JURXS LI ] ! ] � M � L�L M

+HQFHIRUWK� DQ LQGLYLGXDO IURP WKH PRUH SRSXORXV JURXS ZLOO EH UHIHUUHG WR DV WKH GHFLVLYH

YRWHU�

&OHDUO\� D OHJDO VWDQGDUG FDQQRW EH SHUPLVVLYH LQ D ZRUOG RI SHUIHFW LQIRUPDWLRQ� ,I� VD\

WKHUH DUH PRUH IXQGDPHQWDOLVWV WKDQ DWKHLVWV� WKHQ WKH GHFLVLYH YRWHU LV D IXQGDPHQWDOLVW

ZKR WKHUHIRUH FKRRVHV WKH PRVW LQWROHUDQW VWDQGDUG SRVVLEOH ZKLFK LV VLPSO\ KLV LGHDO SRLQW
eID J� 'HYLDWLRQV IURP WKLV VWDQGDUG DUH WKHQ VXEMHFW WR SURKLELWLRQ� +HQFH� LQ WKH SHUIHFW�

eLQIRUPDWLRQ FDVH� ZKHQHYHU W\SH L LV WKH PDMRULW\ W\SH� W\SH L FKRRVHV %  ID J �L

7KH SRWHQWLDO IRU WROHUDQW VWDQGDUGV DULVHV LI VRFLHW\ LPSHUIHFWO\ REVHUYHV RU LPSHUIHFWO\

LQWHUSUHWV HDFK FLWL]HQ
V LQWHQGHG DFWLRQV� :H DVVXPH WKDW ZKLOH D LV WKH LQWHQGHG DFWLRQL

RI DQ LQGLYLGXDO RI W\SH L� LW LV QRW REVHUYHG E\ WKH SRSXODFH� ,QVWHDG� D JHQHUDWHV D QRLV\L

�VLJQDO [ � $ ZKLFK LV REVHUYHG� ,I D W\SH L LQGLYLGXDO LQWHQGV WR FKRRVH DFWLYLW\ D WKHQL L

WKH GLVWULEXWLRQ RYHU KLV REVHUYHG EHKDYLRU LV JLYHQ E\ ) �cMD�� ZKLFK LV DOVR WKH GLVWULEXWLRQ

� L e � e � L3DUDPHWULF H[DPSOHV RI XWLOLW\ IXQFWLRQV RI WKLV W\SH DUH X  b�D b D � b �D b \� � DQG X  LL
e � e �

b�D bD � b�D b\�LLH[S � H[S �
�$V LQ RWKHU DJHQF\ SUREOHPV� VLQFH D LV L
V DFWXDO EHKDYLRU� XWLOLWLHV GHSHQG RQ LW UDWKHU WKDQ RQ WKHL

REVHUYDWLRQV [ �L

�



�RI REVHUYHG VLJQDOV IRU WKH SRSXODWLRQ LI DOO W\SH L LQGLYLGXDOV WDNH WKH VDPH DFWLRQ D � /HWL

I GHQRWH WKH FRQWLQXRXVO\ GLmHUHQWLDEOH GHQVLW\ RI ) �

7KH GLVWULEXWLRQV DUH DVVXPHG WR VDWLVI\ WKH nUVW RUGHU VWRFKDVWLF GRPLQDQFH SURSHUW\�

) �[MD � � �� ZKHUH ) GHQRWHV G) GD� ,W LV DOVR DVVXPHG WKDW (>[ MD @  D � DQG ) LVD L D L L LL

D V\PPHWULF� XQLPRGDO GLVWULEXWLRQ� :H OHW } GHQRWH D SDUDPHWHU ZKLFK� WRJHWKHU ZLWK Dn
n

IXOO\ FKDUDFWHUL]HV WKH FODVV RI GLVWULEXWLRQV I) �cMD�n D � $J� ,QFUHDVHV LQ WKH SDUDPHWHU }

FRUUHVSRQG WR D PHDQ SUHVHUYLQJ VSUHDG RI I � 7KH FODVV RI QRUPDO GLVWULEXWLRQV FRQIRUP WR

WKLV SDUDPHWHUL]HG FODVV� $ YDOXH RI }  � PHDQV WKDW I�cMD� DVVLJQV IXOO PDVV WR DFWLYLW\ D�

)RU QRZ WKH FODVV RI GLVWULEXWLRQV LV DVVXPHG WR EH SDUW RI WKH GHVFULSWLRQ RI WKH HQYLURQPHQW�

7KH IROORZLQJ DVVXPSWLRQV ZLOO EH XVHG LQ WKH DQDO\VLV�

I �[MD � I �[MD �D DL LL L�$�� )RU HDFK W\SH L� LV VWULFWO\ LQFUHDVLQJ LQ [� DQG � � �UHVS�� � b�� DV
I�[MD � I�[MD �L L

[ � � �UHVS�� [ � b���

}�$�� /HW I GHQRWH WKH H[SOLFLW GHSHQGHQFH RI WKH GHQVLW\ RQ WKH QRLVH SDUDPHWHU }� 7KHQ

IRU DOO W\SHV L�
}n nI �[MD �G Ln nDLn n� �� ���
}G} I �[MD �L

$VVXPSWLRQ �$�� LV WKH IDPLOLDU 0RQRWRQH /LNHOLKRRG 5DWLR 3URSHUW\ �0/53� FRPPRQ
��WR PRVW DJHQF\ PRGHOV� DV ZHOO DV VRPH W\SLFDO OLPLW SURSHUWLHV RI WKH OLNHOLKRRG UDWLR� $V

LQ RWKHU DJHQF\ PRGHOV� WKH 0/53 SURSHUW\ LV QHHGHG KHUH WR HVWDEOLVK PRQRWRQLFLW\ RI WKH

FRQWUDFW LQ WKH FRQWUDFWLQJ YDULDEOHV� ,W ZLOO DOVR EH XVHG WR HVWDEOLVK LQWHULRU VROXWLRQV WR WKH

FRQWUDFWXDO SUREOHP EHORZ� $VVXPSWLRQ �$�� DVVHUWV WKDW WKH OLNHOLKRRG UDWLR LV GHFUHDVLQJ

LQ WKH QRLVH RI WKH VLJQDO� 7KH UROH RI �$�� ZLOO EH WR HVWDEOLVK PRQRWRQLFLW\ RI WKH FRQWUDFWXDO
��VWDQGDUG LQ WKH DPRXQW RI QRLVH LQ WKH V\VWHP�

,I DQ LQGLYLGXDO
V REVHUYHG EHKDYLRU IDLOV FRQIRUP WR WKH EHKDYLRU VWDQGDUG� WKHQ WKH

VWDWH LPSRVHV D SXQLVKPHQW & ! �� WKH FRVW RI YLRODWLQJ WKH VWDQGDUG� )RU QRZ ZH DVVXPH

WKDW WKH PRQLWRULQJ DQG OHJDO V\VWHP LV H[RJHQRXV� *LYHQ & DQG D FKRVHQ VWDQGDUG %� WKH
5

H[SHFWHG FRVW WR LQGLYLGXDO L RI FKRRVLQJ LQWHQGHG DFWLRQ D LV & I�[MD �G[� ZKHUH $Q%�L L$Q%

WKH FRPSOHPHQW RI % LQ $� LV WKH VHW RI DFWLYLWLHV ZKLFK DUH SXQLVKDEOH E\ JRYHUQPHQW�

%HIRUH SURFHHGLQJ IXUWKHU� D IHZ FRPPHQWV PD\ FODULI\ WKH PRWLYDWLRQ IRU WKHVH DVXPS�

WLRQV� )LUVW� OLPLWLQJ RXU VFRSH WR D VLQJOH� OLQHDUO\ RUGHUHG LVVXH LV UHVWULFWLYH �WKH LVVXH RI

�7KLV DUJXPHQW XWLOL]HV D ?ODZ RI ODUJH QXPEHUV� ZKLFK LV SUREOHPDWLF LI WKH SRSXODWLRQ LV OLWHUDOO\
GHVFULEHG E\ D FRQWLQXXP�

��6HH +DUW DQG +ROPVWURP �������
��%RWK 3URSHUWLHV �$�� DQG �$�� DUH HDVLO\ YHULnHG WR KROG IRU WKH FODVV RI 1RUPDO GLVWULEXWLRQV ZLWK PHDQ

}

I �[MD �L ��[bD �D L� L

D � � DQG YDULDQFH } ! �� ,Q WKLV FDVH� WKH OLNHOLKRRG UDWLR LV JLYHQ E\  �
} �I �[MD � }L

�



VFKRRO SUD\HU LWVHOI LV QRW VR ZHOO RUGHUHG�� +RZHYHU� WKLV DVVXPSWLRQ YDVWO\ VLPSOLnHV WKH

DQDO\VLV� $W VRPH SRLQW� D ULFKHU DQDO\VLV RI D PXOWL�GLPHQVLRQDO UDQJH RI LVVXHV LV ZRUWKZKLOH�

EXW LW ZRXOG PDNH WKH ZRUNLQJV RI WKH PRGHO IDU OHVV WUDQVSDUHQW�

6HFRQG� WKH WZR W\SHV DVVXPSWLRQ LV VHHPV VSHFLDOL]HG� EXW FRXOG SUREDEO\ EH UHOD[HG�

:LWK PRUH WKDQ WZR W\SHV� SUHIHUHQFHV RYHU VWDQGDUGV ZLOO WXUQ RXW WR EH VLQJOH SHDNHG DQG

VR WKH 0HGLDQ 9RWHU 7KHRUHP RI %ODFN FDQ EH XVHG ZLWK PRUH WKDQ WZR W\SHV�

7KLUG� ZKLOH RXU DVVXPSWLRQV DUH FORVH WR WKRVH LQ VWDQGDUG DJHQF\ PRGHOV� WKH LQWHUSUHWD�

WLRQ LV QHFHVVDULO\ GLmHUHQW� ,Q DJHQF\ PRGHOV� WKH DJHQW
V SK\VLFDO EHKDYLRU LV XQREVHUYDEOH�

,Q WKH SUHVHQW PRGHO� VRFLHW\ PD\ REVHUYH WKH SK\VLFDO GLPHQVLRQV RI DFWV� EXW QRW WKH V\P�

EROLF RQHV� 6RFLHWLHV W\SLFDOO\ LQWHUSUHW SK\VLFDO DFWV LQ D ODUJHU FRQWH[W� )RU H[DPSOH� LQ WKH

8�6� LI D SULYDWH FLWL]HQ EORFNV VRPHRQH
V XVH RI WKH VWUHHW ZLWK WKH PRWLYH RI UREELQJ KLP�

WKHUH LV QR FRQVWLWXWLRQDO LVVXH� %XW LI KH EORFNV WKH XVH RI WKH VWUHHW ZLWK WKH LQWHQWLRQ RI

VWRSSSLQJ WKDW XVH� WKLV LV D YLRODWLRQ RI WKH VWDWXWH SURWHFWLQJ WKH FRQVWLWXWLRQDO ULJKW WR XVH
��WKH VWUHHW� 7KH VRXUFH RI QRLVH WKHQ LV WKH XQFHUWDLQW\ DVVRFLDWHG ZLWK WKH LQWHUSUHWDWLRQ

RI WKH V\PEROLF DFW VLQFH V\PEROLF ODQJXDJH QHHG QRW KDYH D XQLYHUVDOO\ XQGHUVWRRG PHDQLQJ�

)LQDOO\� LW LV UHVWULFWLYH WR OLPLW WKDW WKH FRQWUDFWXDO GHVLJQ WR D VLQJOH WKUHVKROG� ,Q

HmHFW� ZH DUH DVVXPLQJ WKDW DJHQWV DUH XQLIRUPO\ SXQLVKHG RXWVLGH %� $ PRUH JHQHUDO IRUP

RI FRQWUDFW ZRXOG WDLORU WKH FRVW & WR YDU\ ZLWK WKH GLmHUHQFH EHWZHHQ REVHUYHG DQG ?LGHDO�

EHKDYLRU �WKH ?SXQLVKPHQW VKRXOG nW WKH FULPH��� 7KH IRUP RI FRQWUDFW LV NHSW VLPSOH ODUJHO\

IRU WUDFWDELOLW\ DQG EHFDXVH LW GRHV QRW GHWUDFW IURP WKH G\QDPLF SDUW RI WKH PRGHO�

A�i ��|�3i?<t �hLM*i4

*LYHQ D VWDQGDUG % HDFK FLWL]HQ RI W\SH L VROYHV

� �=
LPD[ X �D � \�b & I�[MD �G[ ���L L

DL $Q%

,I ��� LV VWULFWO\ FRQFDYH LQ D �D VWDQGDUG DVVXPSWLRQ LQ DJHQF\ WKHRU\� WKH nUVW RUGHUL

FRQGLWLRQ =
X  & I �[ MD �G[ ���D D L L LL L

$Q%

GHWHUPLQHV D JOREDO PD[LPXP RI ��� DQG WKH ?nUVW RUGHU DSSURDFK� LQ WKH VXEVHTXHQW GHFLVLYH

YRWHU
V SUREOHP LV YDOLG� :H DVVXPH WKDW IRU HDFK W\SH L DQG HDFK M � L� SXQLVKPHQW & LV

VXpFLHQWO\ ODUJH WR VDWLVI\

L e e e L e eX �D � ] D � ] D �b & � X �D � D � ���� �L � � M M

��8QLWHG 6WDWHV YV *XHVW� ��� 8�6� ��� �������

�



7KH nUVW SD\Rm LQ WKLV LQHTXDOLW\ LV L
V SD\Rm LI M LV WKH GHFLVLYH YRWHU� L WDNHV KLV LGHDO

DFWLYLW\� DQG WKHUH LV QR QRLVH LQ DXGLWLQJ EHKDYLRU VR WKDW L LV IXOO\ SXQLVKHG IRU KLV ?GHYLDQW

EHKDYLRU�� 7KH ULJKW KDQG SD\Rm LV L
V SD\Rm LI KH IXOO\ FRQIRUPV XQGHU WKH VDPH VFHQDULR�

+HQFH� WKH VROXWLRQ WR ��� KDV W\SH L IXOO\ FRQIRUPLQJ WR M
V LGHDO LI WKHUH LV QR QRLVH�

A�i #iU�t��i VL|ih<t �hLM*i4

��,I ��� GHWHUPLQHV WKH VROXWLRQ WR WKH FLWL]HQ
V SUREOHP WKHQ WKH GHFLVLYH YRWHU
V SUREOHP

PD\ EH JLYHQ E\

=
LPD[ X �D � ] D � ] D �b & I�[MD �G[L � � � � L

D �D �%� � $Q% ���=
VXEMHFW WR X  & I �[MD �G[� L  �� �D D LL L

$Q%

2EVHUYH WKDW WKH ODUJHU LV % WKH PRUH WROHUDQW LV WKH OHJDO VWDQGDUG� :LWKRXW WKH H[�

WHUQDOLW\� L�H�� LI \  D � WKHQ %  $ LV D VROXWLRQ WR ��� VLQFH UHVWULFWLQJ WKH VWDQGDUG FDQL L

RQO\ KDUP WKH GHFLVLYH W\SH GXH WR WKH QRLVH LQ WKH PRQLWRULQJ V\VWHP� 2Q WKH RWKHU KDQG�
eZLWKRXW WKH DJHQF\ SUREOHP� L�H�� LI }  �� WKHQ %  ID J VROYHV ��� VLQFH H[WHUQDOLW\ LQGXFHVL

WKH GHFLVLYH YRWHU WR FKRRVH WKH PRVW LQWROHUDQW VWDQGDUG SRVVLEOH� +HQFH� WKH RSWLPL]DWLRQ

SUREOHP ��� LGHQWLnHV D WUDGHRm ZKLFK LV FHQWUDO WR GHWHUPLQLQJ ZKDW VWDQGDUGV DUH FKRVHQ�

2Q WKH RQH KDQG� RQH JURXS
V SUHIHUUHG EHKDYLRU QHJDWLYHO\ DmHFWV DQRWKHU JURXS� DQG VR

WKH GRPLQDQW JURXS SUHIHUV WR UHSUHVV WKH SUHIHUUHG EHKDYLRU RI WKH RWKHU JURXS� 2Q WKH

RWKHU KDQG� LPSHUIHFWLRQV LQ WKH DELOLW\ WR YHULI\ XQZDQWHG EHKDYLRU SUHYHQWV WKH VWDQGDUG

IURP EHLQJ WRR UHVWULFWLYH� ,Q HVVHQFH� UHVWULFWLYH VWDQGDUGV PD\ EDFNnUH DJDLQVW PHPEHUV

RI WKH GRPLQDQW JURXS� +HQFH� WKH VROXWLRQ WR ��� EDODQFHV WKH QHHG IRU VWULQJHQF\ IURP WKH

H[WHUQDOLW\ ZLWK WKH QHHG IRU OD[LW\ IURP WKH QRLV\ VLJQDO�

� ��@h@U|ih�3@|�L?

�hLTLt�|�L? � /HW $ GHQRWH WKH HQWLUH UHDO OLQH DQG VXSSRVH WKDW �$�� KROGV� 6XSSRVH WKDW
e eW\SH � LV GHFLVLYH� 7KHQ� ��� DQ\ FKRVHQ VWDQGDUG % LV RI WKH IRUP �b�� [ @ RU >[ ���

e e e eGHSHQGLQJ RQ ZKHWKHU D � D RU D ! D � UHVS�� ��� WKH GHFLVLYH YRWHU
V SUREOHP KDV DQ
� � � �

e eLQWHULRU VROXWLRQ VR WKDW b� � [ � �� ��� ZKHQHYHU %  >[ ��� LV FKRVHQ E\ WKH GHFLVLYH

YRWHU IURP WKH PRUH SRSXORXV JURXS � WKHQ

e eD � D � \ � D � D � ���� �� �

�� L
*LYHQ D GLVWULEXWLRQ ) � D VXpFLHQW FRQGLWLRQ IRU WKH ?nUVW RUGHU DSSURDFK� WR EH YDOLG LV WKDW XWLOLW\ X

L
VDWLVnHV PLQ MX �D � \�M ! PD[ M&) �[MD �M�D L D D D LL D D L L LL L

�



e6LPLODUO\� ZKHQHYHU %  �b�� [ @ LV FKRVHQ WKHQ

e eD � D � \ � D � D � ���� �� �

)LQDOO\� ��� VXSSRVH WKDW �$�� DOVR KROGV� 6XSSRVH WKDW XWLOLW\ IXQFWLRQV DFURVV W\SHV GLmHU
e eRQO\ E\ WKH ORFDWLRQ RI LGHDO SRLQWV D DQG D � 7KHQ WKH EUHDGWK RI WKH VWDQGDUG M%M LV
� �

LQFUHDVLQJ LQ ] � 0RUHRYHU� LI ] LV VXpFLHQWO\ ODUJH �DQG VR ] LV VXpFLHQWO\ VPDOO�� WKHQ� � �

M%M LV LQFUHDVLQJ LQ WKH VLJQDOOLQJ QRLVH }�

7KH SURRI RI WKLV DV ZHOO DV DOO VXEVHTXHQW UHVXOWV DUH LQ WKH $SSHQGL[� $ VWDQGDUG

UHVXOW RI DJHQF\ WKHRU\ HVWDEOLVKHV WKDW WKH nUVW RUGHU FRQVWUDLQWV ELQG� 7KLV PHDQV WKDW

WKH GHFLVLYH YRWHU JHQHUDOO\ FDQQRW DWWDLQ KLV LGHDO �nUVW EHVW� EHKDYLRUDO UHVSRQVH� 7KH

LQHTXDOLWLHV LQ ��� DQG ��� VXJJHVW WKDW E\ PRGLI\LQJ WKH EHKDYLRU RI WKH PLQRULW\ W\SH�

WKH GHFLVLYH W\SH FDQQRW KHOS EXW PRGLI\ WKH EHKDYLRU RI KLV RZQ IDFWLRQ DV ZHOO� $V D

FRQVHTXHQFH RI IRUFLQJ DWKHLVWV WR PRGHUDWH WKHLU EHKDYLRU� D IXQGDPHQWDOLVW YRWHU PXVW

WKHUHIRUH IRUFH RWKHU IXQGDPHQWDOLVWV WR SUDFWLFH PRUH H[WUHPH IXQGDPHQWDOLVP WKDQ ZRXOG

EH LGHDO IRU WKH JURXS�

3DUW ��� RI WKH UHVXOW DGGUHVVHV WZR LPSRUWDQW FRPSDUDWLYH VWDWLFV LVVXHV� )LUVW� WKH UHVXOW

VKRZV D VWDQGDUG WR EH PRUH WROHUDQW WKH PRUH GRPLQDQW LV WKH GHFLVLYH JURXS� 6XSSRVH

IXQGDPHQWDOLVWV DUH GHFLVLYH� 7KHQ� ZKHQ ] LV ODUJH WKH DJJUHJDWH HmHFW RI WKH DFWLRQV RI�

D VPDOO QXPEHU RI DWKHLVWV LV VPDOO� ,Q WKLV FDVH WKH SRVVLELOLW\ RI PLVWDNHQ SXQLVKPHQW LV

WKH SULPDU\ FRQFHUQ WR IXQGDPHQWDOLVWV� 6HFRQG� WKH UHVXOW H[DPLQHV ZKHWKHU WKH VWDQGDUG

LV PRUH WROHUDQW WKH ODUJHU WKH QRLVH LQ LQWHUSUHWLQJ WKH VWDQGDUG� 7KLV WXUQV RXW WR EH WKH

FDVH XQGHU $VVXPSWLRQV �$�� DQG �$�� LI RQH
V RZQ JURXS LV VXpFLHQWO\ GRPLQDQW LQ WKH
e eSRSXODWLRQ� 7R VHH ZK\ WKLV LV VR� VXSSRVH WKDW D ! D � 7KHQ WKH nUVW RUGHU FRQGLWLRQV LQ� �

WKH VWDQGDUG % FDQ EH H[SUHVVHG LQ WHUPV IDPLOLDU WR SULQFLSDO�DJHQW PRGHOV�

e eI �[ MD � I �[ MD �D � D �� �bw b w  � ���� �e eI�[ MD � I�[ MD �� �

ZKHUH w GHQRWHV WKH /DJUDQJLDQ PXOWLSOLHU IRU WKH W\SH L DJHQWV
 nUVW RUGHU FRQVWUDLQW� 7KHL

e eVROXWLRQ [ ZKLFK GHWHUPLQHV WKH OHJDO VWDQGDUG %  >[ ��� LV RQH LQ ZKLFK WKH ZHLJKWHG

VXP RI OLNHOLKRRG UDWLRV LV XQLW\� 6LQFH WKH ZHLJKW w LQFUHDVHV ZLWK L
V SURSRUWLRQ ] LQL L

eWKH SRSXODWLRQ� WKH UHODWLYH LPSDFW RI D FKDQJH LQ WKH ERXQG [ GHSHQGV RQ WKH VL]H RI

WKH PLQRULW\ IDFWLRQ� +HQFH� LI WKH H[WHUQDO HmHFW RI D FKDQJH RQ WKH RSSRVLQJ IDFWLRQ LV

VPDOO� WKHQ WKH QHJDWLYH HmHFW RI DQ LQWROHUDQW VWDQGDUG RQ RQH
V RZQ JURXS ZKHQ WKHUH LV

PRUH QRLVH LV ODUJHU� 2Q WKH RWKHU KDQG� ZKHQ WKH PLQRULW\ IDFWLRQ LV ODUJH HQRXJK� WKHQ

DQ LQWROHUDQW VWDQGDUG LQGXFHV D ODUJHU EHKDYLRUDO UHVSRQVH IURP WKLV IDFWLRQ ZKHQ WKHUH LV

PRUH QRLVH� ,Q WKLV FDVH� WKH HmHFW RI D QRLVLHU VLJQDO LV DPELJXRXV�

�



� #)?@4�U �L_i*

$VVXPH WKDW WLPH LV GLVFUHWH� W  �� �� � � �� DQG VXSSRVH WKDW VRFLHW\ IDFHV WKLV YRWLQJ DQG

DJHQF\ SUREOHP HDFK SHULRG� 7KH QRLVH SDUDPHWHU LV JLYHQ E\ } LQ SHULRG W� )RU WHFKQLFDOW

UHDVRQV ZH ZLOO nQG LW QHFHVVDU\ WR DVVXPH WKDW DFWLRQV D DUH FKRVHQ IURP D n[HG JULG� $� RI

WKH UHDO OLQH �H�J�� WKH VHW RI LQWHJHUV�� ,Q HDFK SHULRG� D KDOI LQWHUYDO % ZLWK DQ HQG SRLQW RQW

WKH JULG LV FKRVHQ E\ WKH FXUUHQW PDMRULW\� 7KH SDVW KLVWRU\ RI UHSXGLDWLRQV LV VXPPDUL]HG

E\ D VWDWH YDULDEOH ?
%  % �W ~

~�W

5HFXUVLYHO\� ZH KDYH %  % ?% � 7KH PHDVXUH M% M LV D QDWXUDO ZD\ RI GHWHUPLQLQJ KRZW�� W W W

WROHUDQW LV D VRFLHW\ RYHU WLPH� 7KH DFWLYLWLHV LQ % GHVFULEH WKH ODUJHVW UDQJH RI SHUPLVVLEOHW

FRQGXFW WKDW KDV QHYHU EHHQ YLRODWHG E\ WKH JRYHUQPHQW XS WR WKDW SRLQW� 1DWXUDOO\� DQ

H[LVWLQJ JRYHUQPHQW PD\ FKRRVH % } % UHIXVLQJ WR SXQLVK FHUWDLQ EHKDYLRU HYHQ LI DW W

SUHYLRXV JRYHUQPHQW KDG GRQH VR LQ WKH SDVW� ,W PD\ DOVR EH WKH FDVH WKDW %  � ZKLFK LVW

WUXH LI VXFFHVVLYH JRYHUQPHQWV KDYH LPSOHPHQWHG VWDQGDUGV ZKLFK DUH LQFRQVLVWHQW ZLWK RQH

DQRWKHU
V�

6LQFH WKH DJHQF\ SUREOHP LV UHSHDWHG HDFK SHULRG� LW LV QDWXUDO WR SUHVXPH WKDW WKH JRY�

HUQPHQW
V REVHUYDWLRQ HUURU PLJKW� RWKHU WKLQJV HTXDO� UHVROYH LWVHOI RYHU WLPH� $ JRYHUQPHQW

FRXOG� IRU H[DPSOH� GUDZ IURP D GDWD EDVH RI SDVW YLRODWLRQV LQ RUGHU WR PRUH DFFXUDWHO\ LQ�

WHUSUHW WKH FXUUHQW EHKDYLRU RI LWV FLWL]HQV� ,I� IRU H[DPSOH� VLOHQW SUD\HU RQ VFKRRO SURSHUW\

LV SURWHFWHG JHQHUDOO\ EXW DXGLEOH SUD\HU GXULQJ RUJDQL]HG FODVV WLPH LV QRW� WKHQ WKH XQFHU�

WDLQW\ DVVRFLDWHG ZLWK OHJDO LQWHUSUHWDWLRQV RI WKH WHUPV ?SUD\HU�� ?VLOHQW�� DQG ?RUJDQL]HG

FODVV WLPH� ZRXOG EHFRPH FOHDU RYHU WLPH DV OHJDO SUHFHGHQWV DUH DFFXPXODWHG IURP FKDOOHQJHV

RI WKRVH ZKR DUH DFFXVHG RI YLRODWLQJ WKH VWDQGDUG�

7R FDSXUH WKLV OHDUQLQJ�E\�GRLQJ UROH RI ODZ� ZH DVVXPH WKDW WKH QRLVH SDUDPHWHU }W
HYROYHV ZLWK FKDQJHV LQ WKH FRQVWLWXWLRQDO VWDQGDUG� 6XSSRVH WKDW WKH QRLV\ VLJQDO RI HDFK

W\SH LV JLYHQ E\ [  D �t ZKHUH t LV WKH JRYHUQPHQW
V UHVROXWLRQ HUURU ZLWK PHDQ ]HUR DQGLW LW W W

�YDULDQFH } � $W WLPH W WKH FXPXODWLYH QXPEHU RI UHSXGLDWHG DFWLYLWLHV LV JLYHQ E\ M% b % M�� WW

+HQFH� WKH FXPXODWLYH UHGXFWLRQ LQ ?OLEHUW\� LV DOVR M% b % M� 1RWH WKDW HDFK UHSXGLDWHG� W

DFWLYLW\ JLYHV ULVH WR D FDVH WKDW PXVW EH DGMXGLFDWHG� +HQFH� LQ HDFK SHULRG� WKHUH DUH

% b % QHZ FDVHV WR EH DGMXGLFDWHG� 6XSSRVH WKDW HDFK DGMXGLFDWHG FDVH UHGXFHV WKHW Wb�

VWDQGDUG HUURU E\ VRPH n[HG DPRXQW o� 7KDW LV� HDFK FDVH UHnQHV RI WKH H[LVWLQJ ODQJXDJH

RI WKH ODZ E\ D n[HG DPRXQW IRU PRUH DFFXUDWH DXGLWLQJ LQ WKH IXWXUH� 7KHQ VLQFH RQO\ WKRVH

SRWHQWLDO HUURUV LQ % b% DUH DGMXGLFDWHG� LW IROORZV WKDW } b }  oM% b % M� )L[LQJ WKH� W � W � W

LQLWLDO VWDWH % WKH UHGXFHG IRUP RI WKLV WHFKQRORJ\ FDQ EH GHVFULEHG E\�

}  *�% � ���W W

��



ZKHUH * LV DVVXPHG LQFUHDVLQJ LQ WKH EUHDGWK M% M RI WKH VWDQGDUG� DQG *�% �  � ZKHQHYHUW W

M% M  �� 7KH JRYHUQPHQW WKHQ EHFRPHV PRUH DFFXUDWH LQ LQWHUSUHWLQJ LQWHQGHG EHKDYLRU WKHW

VPDOOHU �PRUH LQWROHUDQW� LV WKH H[LVWLQJ FXPXODWLYH VWDQGDUG� ,I WKH FXUUHQW FRQVWLWXWLRQDO

VWDQGDUG LV QHJOLJLEOH RU QRQH[LVWHQW WKHQ WKHUH LV DVVXPHG WR EH QR QRLVH LQ WKH PRQLWRULQJ

V\VWHP� 7KLV ODVW DVVXPSWLRQ DPRXQWV WR D QRUPDOL]DWLRQ VLQFH LW HVWDEOLVKHV D EDVHOLQH RI

]HUR IRU WKH DJHQF\ SUREOHP LI H[WUHPHO\ LQWROHUDQW VWDQGDUGV DUH FKRVHQ�

8QIRUWXQDWHO\� WKLV VSHFLnFDWLRQ GRHV QRW HOLPLQDWH DQ HQGHPLF SUREOHP RI OHDUQLQJ�E\�

GRLQJ PRGHOV ZKLFK LV WKDW WKH H[DFW SURFHVV RI OHDUQLQJ LV QRW H[SOLFLW� 7KH DERYH KDV WKH

VKRUWFRPLQJ WKDW WKH GHJUHH RI WHFKQRORJLFDO LPSURYHPHQW LV LQGHSHQGHQW RI WKH VSHFLnFV
��RI WKH FDVH� $ PRUH QDWXUDO WKHRU\ RI OHJDO FDSLWDO DFFXPXODWLRQ LV WKH VXEMHFW IRU D

VHSDUDWH SDSHU� 7KH SUHVHQW VSHFLnFDWLRQ LV DQ LQWHULP VROXWLRQ ZKLFK DOORZV XV WR IRFXV RQ

FRQVHTXHQFHV IRU WROHUDQW VWDQGDUGV�

:LWK HYHQWXDO HOLPLQDWLRQ RI DXGLWLQJ LPSHUIHFWLRQV� D GHFLVLYH IXQGDPHQWDOLVW FRXOG
e eUHDFK KLV LGHDO SD\Rm X �D � D � E\ LPSRVLQJ DQ LQFUHDVLQJO\ LQWROHUDQW VWDQGDUG� ,I KH LVL � �

VXpFLHQWO\ SDWLHQW DQG OLNHO\ WR UHPDLQ GHFLVLYH� WKHQ KH ZRXOG VXUHO\ GR VR� +RZHYHU� ZH

DVVXPH D SRSXODWLRQ G\QDPLF ZKLFK SUHVHQWV WKH FXUUHQWO\ GHFLVLYH YRWHU ZLWK WKH WKUHDW RI

ORVLQJ SRZHU� $VVXPH WKDW WKH GLVWULEXWLRQ �] � ] � HYROYHV DFFRUGLQJ WR D VLPSOH VWDWLRQDU\�W �W

0DUNRY VZLWFKLQJ SURFHVV ZLWK WUDQVLWLRQ SUREDELOLW\ JLYHQ E\ S  3UREI] ! ] M] !LW MW L Wb�

] J ZKLFK LV WKH SUREDELOLW\ RI L EHLQJ GHFLVLYH LI L ZDV GHFLVLYH LQ WKH SUHYLRXV SHULRG� ,WM Wb�
� � � � �� ��LV DVVXPHG WKDW WKHUH DUH WZR SRVVLEOH GLVWULEXWLRQV� �] � ] � LQ ZKLFK ] ! ] � DQG �] � ] � LQ� � � � � �

�� ��ZKLFK ] � ] � :LWK SUREDELOLW\ �b S WKH GRPLQDQW JURXS ORVHV SRZHU WR WKH RWKHU JURXS�
� �

��� �@h!L� �ihuiU| ,^��*�Mh��4

7KH HmHFW RI SRSXODWLRQ DQG WHFKQRORJLFDO FKDQJHV LV WR HQIRUFH UHVWUDLQW RQ WKH SDUW RI

WKH FXUUHQW PDMRULW\� 7KH 0DUNRY 3HUIHFW HTXLOLEULD RI WKLV G\QDPLF JDPH VKRZ KRZ WKH

PHFKDQLFV RI WKH SURFHVV ZRUNV� ,Q WKHVH HTXLOLEULD� D VWUDWHJ\ IRU D YRWHU�FLWL]HQ PXVW EH

RSWLPDO DIWHU HYHU\ KLVWRU\� EXW WKH VWUDWHJ\ GHSHQGV RQO\ RQ WKH SD\Rm UHOHYHQW LQIRUPDWLRQ

DW WKH WLPH D GHFLVLRQ LV PDGH� 0DUNRY 3HUIHFWLRQ LV PRWLYDWHG E\ WKH SUHVXPSWLRQ WKDW

FRPSOLFDWHG VRFLDO QRUPV ZKLFK GHSHQG RQ SDVW KLVWRULHV LV OHVV OLNHO\ LQ D ODUJH SRSXODWLRQ�

7KH RQO\ SD\Rm UHOHYHQW LQIRUPDWLRQ HDFK SHULRG LV WKH H[LVWLQJ VWDQGDUG % �ZKLFK� LQ WXUQ�W

JHQHUDWHV WKH FXUUHQW QRLVH SDUDPHWHU�� DQG WKH GHFLVLYH YRWHU
V W\SH� +HQFH� WZR LQGLYLGXDOV

RI WKH VDPH W\SH KDYH WKH VDPH VWDWH FRQWLQJHQW EHKDYLRU�

��
1RWH WKDW WKH ?EODFNER[ DPELJXLW\� RI WKH OHJDO FDSLWDO DFFXPXODWLRQ WHFKQRORJ\ FDQQRW EH VLPSO\

UHVROYHG E\ D PRGHO RI %D\HVLDQ XSGDWLQJ� )RU WKH DPELJXLW\ ZRXOG WKHQ OLH LQ WKH VSHFLnFDWLRQ RI WKH

OLNHOLKRRG IXQFWLRQ�

��



5
L }1RZ OHW 8 �%�}� GHQRWH WKH LQGLUHFW XWLOLW\ RI X �D � ] D � ] D � b & I �[MD � }�G[L L � � � � L$Q%

ZKHQ HDFK D � L  �� � LV FKRVHQ RSWLPDOO\ WR VROYH WKH FLWL]HQ
V SUREOHP ��� JLYHQ VWDQGDUGL

% DQG WKH GHSHQGHQFH RI I RQ QRLVH SDUDPHWHU }� 1H[W� OHW YDULDEOHV ZLWK SULPHV GHQRWH
�QH[W SHULRG
V YDULDEOHV VR WKDW %  %?% GHQRWHV WKH FRQVWLWXWLRQDO VWDQGDUG LQ SHULRG W��

JLYHQ WKDW % LV FKRVHQ LQ WKH FXUUHQW SHULRG W� $ 0DUNRYLDQ VWUDWHJ\ IRU D YRWHU RI W\SH L
LLV D IXQFWLRQ 6 ZKLFK PDSV IURP WKH H[LVWLQJ FRQVWLWXWLRQDO VWDQGDUG % WR D QHZO\ FKRVHQ
L � �VWDQGDUG %  6 �%�� /HW 6  �6 �6 � GHQRWH WKH SDLU RI VXFK VWUDWHJLHV� RQH IRU HDFK W\SH�

/HW 9 �%M6� GHQRWH WKH YDOXH WR W\SH L LI KH LV WKH GHFLVLYH YRWHU DW WKH WLPH� LI WKH FRQ�L

VWLWXWLRQDO VWDQGDUG LV %� DQG LI ERWK W\SHV IROORZ VWUDWHJ\ WXSOH 6� )LQDOO\� OHW : �%�%M6�L

GHQRWH WKH YDOXH WR W\SH L LI M � L LV WKH GHFLVLYH YRWHU DW WKH WLPH DQG FKRRVHV VWDQGDUG

% JLYHQ WKDW WKH FXUUHQW FRQVWLWXWLRQDO VWDQGDUG LV %� 7KH UHFXUVLYH IRUPXODWLRQ RI WKHVH
�SD\RmV DUH GHnQHG DV IROORZV� JLYHQ DQ\ %� %� DQG %  % ? %� YDOXHV : DQG 9 VDWLVI\�L L

� � M �: �%� %M6�  ��b p�8 �%�*�%�� � p>��b S�9 �% M6� � S: �% �6 �% �M6�@ ����L L L L

DQG

L � � M �9 �%M6�  ��b p�8 �6 �%�� *�%�� � p>S9 �% M6� � ��b S�: �% �6 �% �M6�@ ����L L L L

ZKHUH p LV WKH FRPPRQ GLVFRXQW IDFWRU� ,Q HDFK RI WKHVH H[SUHVVLRQV WKH G\QDPLF SD\Rm

9 DQG : KDYH EHHQ QRUPDOL]HG VR WKDW WKH\ PD\ EH H[SUHVVHG DV FRQYH[ FRPELQDWLRQV

VWDWLF SD\RmV� 7KH UHFXUVLYH H[SUHVVLRQ IRU : FRQVLVWV RI D ZHLJKWHG DYHUDJH RI L
V FXUUHQWL

SD\Rm 8 �%�*�%�� DQG WKH FRQWLQXDWLRQ YDOXHV� HDFK GHSHQGLQJ RQ ZKR KROGV SRZHU LQ WKHL

VXEVHTXHQW SHULRG� 8QGHU : � W\SH L FDQQRW DmHFW KLV FXUUHQW SD\Rm E\ KLV VWUDWHJ\ 6 VLQFHL L

KH LV QRW GHFLVLYH� 7KHUHIRUH� L
V FXUUHQW SD\Rm LQ WKH FRQVWUXFWLRQ RI : LV SUHFLVHO\ WKH

LQGLUHFW XWLOLW\ IURP WKH FLWL]HQ
V SUREOHP ���� ,Q WKH H[SUHVVLRQ IRU 9 � VLQFH L LV DVVXPHGL

LGHFLVLYH LQ WKH GHnQLWLRQ RI 9 � KH FKRRVHV WKH FXUUHQW VWDQGDUG 6 �%� ZKLFK GHWHUPLQHV QH[WL

� LSHULRG
V FRQVWLWXWLRQDO VWDQGDUG� %  6 �%� ? %�

� �$ 0DUNRY 3HUIHFW HTXLOLEULXP �03(� LV D SDLU 6  �6 �6 � VXFK WKDW IRU HDFK GHFLVLYH
L ��AYRWHU L� HDFK FRQVWLWXWLRQDO VWDQGDUG %� DQG HDFK DOWHUQDWLYH OHJDO VWDQGDUG % �

K L
L L L M LA A A A9 �%M6� w ��b p�8 �% �*�%�� � p S9 �% ? % M6� � ��b S�: �% ?% �6 �% ? % �M6�L L L L

7KH 3HUIHFWLRQ SDUW RI WKH GHnQLWLRQ RI 03( EXLOGV LQ WKH LQDELOLW\ RI WKH GHFLVLYH YRWHU WR

FRPPLW WR IXWXUH VWDQGDUGV WKDW KH PLJKW EH DEOH WR FKRRVH� 5DWKHU� WKH FXUUHQW GHFLVLYH

YRWHU WDNHV DV JLYHQ IXWXUH VWDWH FRQWLQJHQW FKRLFHV PDGH E\� ZKDW .UXVHOO DQG 5LRV�5XOO

GHVFULEH DV� ?KLV IXWXUH VHOI�� DV ZHOO DV WKH ULYDO W\SH
V IXWXUH VHOYHV�

��
,W FDQ EH FKHFNHG WKDW WKLV GHnQLWLRQ RI 0DUNRY 3HUIHFWLRQ LV HTXLYDOHQW WR WKH PRUH IDPLOLDU RQH LQ

L MA A AZKLFK 9 �%M6� w 9 �%M6 �6 � IRU HDFK 6 ZKHUH 6 LV DQ\ SRVVLEO\ QRQ0DUNRYLDQ� VWUDWHJ\�L L L L

��



�hLTLt�|�L? 2 *LYHQ DQ\ LQLWLDO VWDWH % ZLWK nQLWH VXSSRUW� WKHUH H[LVWV D 0DUNRY 3HUIHFW�

HTXLOLEULXP�

��2 5|i@_) 5|@|it @t �L?t|�|�|�L?@* 5|@?_@h_t

)RU DQ\ LQLWLDO FRQGLWLRQ % � WKH LQLWLDO QRLVH LV JLYHQ E\ }  *�% �� )URP WKHUH� D 0DUNRY� � �

� �3HUIHFW HTXLOLEULXP 6  �6 �6 � LQGXFHV D SDWK % �% � � � �� RI FKRVHQ VWDQGDUGV ZKHUH� �

L%  6 �% � LI L LV GHFLVLYH LQ SHULRG W�W W

� �$ VWHDG\ VWDWH RI D 03(� 6� LV D SDLU RI VWDQGDUGV �% �% � GHWHUPLQHG E\ W\SHV � DQG ��
� �UHVS�� VXFK WKDW *�% ?% �  } DQG WKH SD\Rm WR WKH GHFLVLYH W\SH LV GHWHUPLQHG E\ VROYLQJ

� �IRU 9 XQGHU WKH WLPH LQYDULDQW SDLU �% �% �� 7KLV LV JLYHQ E\L

� � L Mx9 �% �% �  m 8 �% � }� � ��b m �8 �% �}� ����L p�S L p�S L

�bpS �ZKHUH m  � 7KH VWHDG\ VWDWH GHnQHV D WZR VWDWH 0DUNRY SURFHVV ZLWK VWDWHV %p�S ��pb�pS
� � �DQG % � DQG WKH SUREDELOLW\ RI VZLWFKLQJ IURP % WR % �DQG YLFH YHUVD� LQ WKH VXEVHTXHQW

p��bS�SHULRG LV � b m  � 7KH SD\Rm LQ ���� LV D FRQYH[ FRPELQDWLRQ EHWZHHQ L
V XWLOLW\p�S ��pb�pS
L MJLYHQ KLV FKRLFH % � DQG L
V XWLOLW\ XQGHU W\SH M
V FKRVHQ VWDQGDUG % ZKHQ WKH VLJQDOOLQJ

QRLVH LV } � 7KH ZHLJKWV RQ HDFK DUH GHWHUPLQHG E\ WKH GLVFRXQW IDFWRU p DQG WKH SROLWLFDO

UHWHQWLRQ UDWH S� 2EVHUYH WKDW p � � DQG S � � LQFUHDVH WKH ZHLJKW m RQ WKH GHFLVLYHp�S

W\SH
V XWLOLW\ XQGHU KLV RZQ VWDQGDUG� ZKLOH GHFUHDVLQJ WKH ZLHJKW RQ KLV XWLOLW\ XQGHU WKH

RWKHU VWDQGDUG�

1RWLFH WKDW VLQFH WKH FKRVHQ VWDQGDUG GHSHQGV RQ ZKR KROGV SRZHU� LW LV QRW WLPH LQYDULDQW
� �LQ WKH VWHDG\ VWDWH� +RZHYHU� WKH VWDWH YDULDEOH %  % ? % LQ WKH VWHDG\ VWDWH LV WLPH

LQYDULDQW� )RU WKLV UHDVRQ� LW PD\ EH UHJDUGHG DV KDYLQJ DFTXLUHG D FRQVWLWXWLRQDO VWDWXV� ,W

GHVFULEHV ZLGHVW UDQJH RI FRQGXFW WKDW LV QHYHU UHSXGLDWHG DV WKH SROLWLFDO ZLQGV FKDQJH�

,I WKLV VWHDG\ VWDWH % WXUQV RXW WR EH D QRQQHJOLJLEOH LQWHUYDO� WKHQ HDFK W\SH
V VWDQGDUG

DGPLWV DQ LQWHUYDO RI DFWLYLWLHV QRW UHSXGLDWHG E\ WKH RWKHU W\SH
V VWDQGDUG LQ VWHDG\ VWDWH� $

JHQHUDO SURSHUW\ RI 03( LV WKDW WKH SD\Rm RI WKH PHGLDQ YRWHU DZD\V FRQYHUJHV WR VRPHWKLQJ

RI WKH IRUP �����

� ��hLTLt�|�L? � (YHU\ 03( 6 FRQYHUJHV WR D VWHDG\ VWDWH �% �% � ZLWK VWHDG\ VWDWH SD\Rm
� �xWR WKH GHFLVLYH W\SH JLYHQ E\ 9 �% �% ��L

7KH VWHDG\ VWDWH SD\Rm WR WKH FXUUHQWO\ OHVV SRSXORXV W\SH LV V\PPHWULF ZLWK WKH ZHLJKWV

UHYHUVHG�
� � L Mx: �% �% �  ��b m �8 �% � }� � m 8 �% � }�L p�S L p�S L

��



� �6XSSRVH WKDW D VWHDG\ VWDWH RI 6 VDWLVnHV M% ?% M  �� ,Q WKLV FDVH WKHUH LV QR WROHUDQW

FRQVWLWXWLRQDO VWDQGDUG� ,Q VXFK HTXLOLEULD� E\ WKH $VVXPSWLRQ �%��� WKH QRLVH FRQYHUJHV WR

]HUR� ,Q WKH OLPLW� VLQFH }  � WKH PHGLDQ YRWHU RI W\SH L DOZD\V FKRRVHV KLV EOLVV DFWLYLW\
eID J WR EH KLV VWDQGDUG� :KHQ WKLV KDSSHQV WKH VWHDG\ VWDWH SD\Rm WR WKH GHFLVLYH YRWHU RIL

W\SH L LV JLYHQ E\
L e e L e e9  m X �D � D � � ��b m � X �D � D � ����p�S p�SL L L M M

ZKHUH M � L� ,Q ���� WKH SD\Rm LV D FRQYH[ FRPELQDWLRQ RI L
V EOLVV XWLOLW\ DQG L
V XWLOLW\

XQGHU W\SH M
V EOLVV VRFLHWDO DFWLYLW\� &DOO 9 WKH UHSXGLDWLRQ SD\Rm WR W\SH L VLQFH WKLV LVL

WKH SD\Rm LI DOO DFWLYLWLHV DUH IXOO\ UHSXGLDWHG ZKHQ WKHUH LV QR QRLVH� 6LPLODUO\ GHnQH : WRL

EH L
V UHSXGLDWLRQ SD\Rm ZKHQ M LV GHFLVLYH�

e6XSSRVH WKDW XWLOLW\ IXQFWLRQV DFURVV W\SHV GLmHU RQO\ E\ WKH ORFDWLRQ RI LGHDO SRLQWV D�
e e e � ��DQG D DQG OHW D ! D � 6XSSRVH DOVR WKDW x]  ]  ] VR WKDW WKH GHJUHH RI GHFLVLYHQHVV� � � � �

� �GRHV QRW YDU\ ZLWK WKH LGHQWLW\ RI WKH GHFLVLYH W\SH� &RQVLGHU D VWHDG\ VWDWH �% �% � LQ
� e � eZKLFK %  >D b U��� DQG %  �b�� D � U@� 7KLV VWHDG\ VWDWH LV V\PPHWULF LQ WKH VHQVH� �

WKDW HDFK W\SH ZRXOG FKRRVH WKH VDPH VROXWLRQ U ZHUH KH WKH GHFLVLYH YRWHU� 'HQRWH WKH
e eVWHDG\ VWDWH VLJQDOOLQJ QRLVH E\ } ZKHUH }  *�% ? >D b U� D �U@�� &RQVLGHU WKH IROORZLQJU U � � �

SURJUDP IRU W\SH ��

e e3 � VXS m 8 � >D b U���� } � � �bm � 8 � �b�� D � U@� } � ����p�S � U p�S � U� �
U�$

$Q DQDORJRXV SURJUDP FDQ EH VSHFLnHG IRU W\SH �� 1RWH WKDW LI U  � WKHQ WKH DOO DFWLYLWLHV
e eDUH UHSXGLDWHG� DQG VR VRFLHW\ LV FRPSOHWHO\ LQWROHUDQW �UHFDOO� D ! D �� %XW LI U  �� �

WKHQ WKH HQWLUH JULG LV SURWHFWHG� DQG VR WKH OHJDO VWDQGDUG LV LQnQLWHO\ WROHUDQW� %HFDXVH

WKH V\PPHWU\ LV LPSRVHG SULRU WR WKH YRWHU
V RSWLPDO GHFLVLRQ� WKH GHFLVLYH YRWHU HmHFWLYHO\

FKRRVHV D XQLIRUP VWDQGDUG WR DSSO\ ERWK IRU ZKHQ KH KROGV DQG GRHV QRW KROG SRZHU� )RU WKLV

UHDVRQ� D VROXWLRQ WR SURJUDP 3 LV QRW JHQHUDOO\ DWWDLQDEOH E\ D 0DUNRY 3HUIHFW HTXLOLEULXP�

+RZHYHU� RXU PDLQ UHVXOW HVWDEOLVKHV WKDW WKH VROXWLRQ WR 3 FDQ EH DSSUR[LPDWHG WR DQ

DUELWUDU\ GHJUHH E\ DQ 03( LI WKH YRWHUV DUH SDWLHQW HQRXJK�

�hLTLt�|�L? e /HW q ! �� )RU D VXpFLHQWO\ ODUJH GLVFRXQW IDFWRU p� WKHUH LV VRPH 03(

6 LQ ZKLFK WKH SD\Rm 9 �% M6� WR WKH GHFLVLYH YRWHU LV ZLWKLQ q RI WKH YDOXH WR WKH SURJUDPL �

3� )RU HDFK GLVFRXQW IDFWRU� LI WKH SUREDELOLW\ S RI UHWDLQLQJ SRZHU LV VXpFLHQWO\ VPDOO WKHQ

U  � LV D VROXWLRQ WR SURJUDP 3 � LI WKH UHWHQWLRQ SUREDELOLW\ S LV VXpFLHQWO\ ODUJH WKHQ

U  � LV D VROXWLRQ WR 3�

,I LW LV YHU\ OLNHO\ WKDW WKH FXUUHQW GHFLVLYH YRWHU ORVHV SRZHU� WKHQ DQ HTXLOLEULXP H[LVWV

ZLWK DQ LQnQLWHO\ WROHUDQW FRQVWLWXWLRQDO VWDQGDUG �U  ��� 7KH SD\Rm LQ WKLV FDVH LV

��



� �e e e e e eDSSUR[LPDWHO\ X �D � x]D ���b x]�D �� X �D � x]D ���b x]�D �� (DFK LQGLYLGXDO FKRRVHV KLVL LL L M L M L� �

EOLVV DFWLYLW\� ,I� RQ WKH RWKHU KDQG� WKH FXUUHQW GHFLVLYH YRWHU UHWDLQV SRZHU SHUPDQHQWO\�

WKHQ WKH VWDQGDUG LV FRPSOHWHO\ LQWROHUDQW� UHVXOWLQJ LQ WKH UHSXGLDWLRQ SD\Rm LQ HTXDWLRQ
������� 7KLV UDQJH RI EHKDYLRU PD\ EH FRQWUDVWHG ZLWK WKH FDVH ZKHUH WKH GLVFRXQW IDFWRU LV

VPDOO� ,Q WKDW FDVH� WKH G\QDPLF JDPH LV DSSUR[LPDWHO\ D VHTXHQFH RI RQH�VKRW JDPHV ZLWK

WKH SRSXODWLRQ G\QDPLF GHWHUPLQLQJ WKH GHFLVLYH YRWHU HDFK SHULRG� )RU VPDOO HQRXJK p WKH

VWDWLF UHVXOW IURP 3URSRVLWLRQ � KROGV� KRPRJHQHRXV VRFLHWLHV ZLOO KDYH EURDGHU FLYLO OLEHUWLHV

VLQFH WKH H[WHUQDOLW\ FUHDWHG E\ WKH ULYDO PLQRULW\ JURXS LV VPDOO� ,Q WKLV FDVH� VRFLHW\ PD\

EH GULYHQ GRZQ WR WKH UHSXGLDWLRQ VWUHDG\ VWDWH HYHQWXDOO\� EXW LW PD\ WDNH D ZKLOH�

7KH SUREOHP ZLWK 3URSRVLWLRQ � LV WKDW WKH WKUHVKROG GLVFRXQW IDFWRU GHSHQGV FUXFXDOO\

RQ WKH VL]H RI WKH JULG $� 7KH nQHU WKH JULG� WKH PRUH SDWLHQW WKH YRWHUV PXVW EH LQ RUGHU

WR DSSUR[LPDWH WKH YDOXH RI SURJUDP 3 LQ HTXLOLEULXP� ,I p LV FORVH WR RQH� WKHQ WKH SD\Rm

GLmHUHQFH EHWZHHQ WKLV SHULRG
V DQG QH[W SHULRG
V GHFLVLYH YRWHU LV QHJOLJLEOH LQ WKH FXUUHQW

SHULRG� +HQFH� VXFFHVVLYH JRYHUQPHQWV VKDUH YLUWXDOO\ WKH VDPH �ORQJ UXQ� REMHFWLYH IXQFWLRQ

HDFK SHULRG� 7KLV LV GHVSLWH WKH IDFW WKDW RQO\ RQH W\SH KDV DEVROXWH SRZHU HYHU\ SHULRG� ,I

SDWLHQFH LV FRXSOHG ZLWK LPPLQHQW ORVV RI ORVV RI SRZHU� WKHQ SKLORVRSKLFDOO\ RSSRVHG JURXSV
��YLUWXDOO\ VKDUH WKH VDPH REMHFWLYH IRU KLJKO\ WROHUDQW OHJDO VWDQGDUGV�

)RU PRUH JHQHUDO SDUDPHWHUV� LQGLYLGXDOV
 SD\RmV 9 �%M6� KDYH WKH VDPH �RUGLQDO� UDQN�L

LQJV RYHU }  *�%�� +RZHYHU� LQGLYLGXDOV
 SUHIHUHQFHV RYHU % LWVHOI FRQoLFW VLQFH HDFK W\SH

SUHIHUV WKDW D JLYHQ VL]HG LQWHUYDO RI SURWHFWHG DFWLYLWLHV LV FORVHU WR KLV RZQ LGHDO EHKDYLRU�

+HQFH� WKHUH LV VRPH FRPPRQ LQWHUHVW GXH WR QRLVH�DXGLWLQJ ZKLFK DOORZV 3DUHWR LPSURYLQJ

?FRRSHUDWLRQ��

1HYHUWKHOHVV� HTXLOLEULD LQ WKH SUHVHQW PRGHO DUH QRW JHQHUDOO\ 3DUHWR RSWLPDO� 7KH

LQKHUHQW FRQoLFW RI LQWHUHVW LQ WKH ORFDWLRQ RI WKH VWDQGDUG SUHYHQWV IXOO 3DUHWR HpFLHQF\

XQOHVV EHKDYLRU LV QRQ0DUNRYLDQ� 7KH UHDVRQ LV WKDW 0DUNRYLDQ EHKDYLRU GRHV QRW DOORZ

VXpFLHQW FRRUGLQDWLRQ WR HQIRUFH SHUIHFW ULVN VPRRWKLQJ DQG GULYH WKH VLJQDOOLQJ QRLVH WR ]HUR�

7R VHH ZK\� QRWLFH WKDW }  � PHDQV M%M  � DQG VR 0DUNRYLDQ VWUDWHJLHV PXVW EH D FRQVWDQW

IXQFWLRQ IURP WKDW SRLQW RQZDUG� <HW� LI VWUDWHJLHV DUH FRQVWDQW IXQFWLRQV WKHQ SXQLVKPHQWV

DUH QRW SRVVLEOH� &RQVHTXHQWO\ HDFK W\SH ZRXOG VXUHO\ FKRRVH KLV LGHDO SRLQW ZKHQHYHU KH LV

WKH GHFLVLYH YRWHU� ,I� RQ WKH RWKHU RWKHU KDQG� WKH VWDWH VSDFH ZDV ODUJH HQRXJK WR LQFOXGH

WKH SDVW KLVWRU\ RI SOD\� WKHQ FHUWDLQ WULJJHU VWUDWHJLHV FRXOG VXSSRUW YLUWXDOO\ DQ\ SD\Rm LQ D
��3HUIHFW HTXLOLEULXP 7KH H[WHQW RI 3DUHWR LPSURYHPHQW RYHU UHSXGLDWLRQ WKHUHIRUH GHSHQGV

��6LQFH m � � � DV p � �� WKH UHVXOW LV VRPHZKDW VHQVLWLYH WR WKH RUGHU LQ ZKLFK OLPLWV DUH WDNHQ� )RUp�S

WKH WUDQVLWLRQ SUREDELOLW\ S WR PDWWHU� WKH GLVFRXQW IDFWRU p PXVW EH VWULFWO\ OHVV WKDQ ��
��7KH JHQHUDO SURSHUW\ WKDW SDWLHQW W\SHV KDYH WKH VDPH UDQNLQJ RYHU FRQWLQXDWLRQ SD\RmV LV VXpFLHQW WR

SURYH WKDW WKHUH DUH HpFLHQW 0DUNRY 3HUIHFW HTXLOLEULD� 6HH 'XWWD ������ IRU GHWDLOV�
��6HH� IRU H[DPSOH� $EUHX ������� $EUHX� 3HDUFH� DQG 6WDFFKHWWL ������� DQG� 'XWWD �������

��



RQ WKH UHODWLYH HmHFWV RI WKH FRPPRQ LQWHUHVW YHUVXV WKH FRQoLFW RI LQWHUHVW DWWULEXWH RI WKH

VWDWH YDULDEOH�

7KRXJK WKH 0DUNRYLDQ DVVXPSWLRQ LV UHVWULFWLYH� LW KDV WKH YLUWXH WKDW LW GRHV QRW DVVXPH

FRVWOHVV FRRUGLQDWLRQ E\ WKH FLWL]HQU\ RQ WKH SDVW KLVWRU\ RI SOD\� 7KH IRFXV LQVWHDG LV

RQ WKH UROH RI WKH FRQVWLWXWLRQDO VWDQGDUG DV WKH FRRUGLQDWLQJ GHYLFH� 7KLV LV FRQVLVWHQW

ZLWK %XFKDQDQ ������� +DUGLQ ������� :HLQJDVW ������� DQG RWKHUV ZKR DOVR H[DPLQH WKH

FRRUGLQDWLQJ UROH RI FRQVWLWXWLRQV�

e #�tU�tt�L?

2QH RI WKH PRVW ZLGHO\ UHFRJQL]HG PHDVXUHV RI FLYLO OLEHUW\ LV WKH LQGH[ FRPSLOHG E\ 5�

*DVWLO DQG WKH )UHHGRP +RXVH 6XUYH\ �*DVWLO �������� 7KH 6XUYH\ SHULRGLFDOO\ UDQNV WKH

FLYLO OLEHUWLHV RI D ODUJH VDPSOH RI FRXQWULHV RQ DQ RUGLQDO VFDOH IURP � WR �� $ ?�� UDQNV DV

WKH PRVW IUHH DQG WROHUDQW� ZKLOH D ?�� LV WKH OHDVW� 7KH LQGH[ LV EDVHG RQ D EURDG UDQJH RI

FULWHULD IURP UHOLJLRXV IUHHGRP WR SUHVV FHQVRUVKLS�

,I WKH LPSOLFDWLRQV RI WKH V\PPHWULF HTXLOLEULD KROG XS WKHQ VRFLHWLHV ZLWK OLNHO\ RU IUH�

TXHQW� SHDFHIXO WUDQVLWLRQV RI SRZHU ZLOO KDYH EURDGHU QRWLRQV RI FLYLO OLEHUW\� KHQFH D ORZHU

VFRUH LQ WKH FLYLO OLEHUWLHV LQGH[� WKDQ WKRVH ZLWK LQIUHTXHQW RU XQOLNHO\ WUDQVLWLRQV� 8VLQJ

WKH )UHHGRP +RXVH�*DVWLO GDWD IURP ����� %LOVRQ ������ IRXQG WKDW DPRQJ D VDPSOH RI

�� FRXQWULHV ZKLFK XVHG VRPH W\SH RI HOHFWRUDO SURFHVV� WKH DYHUDJH VFRUH DPRQJ FRXQWULHV

FODVVLnHG DV KDYLQJ DQ DFWLYH PXOWL�SDUW\ V\VWHP ZDV ���� ������� ZKLOH WKH DYHUDJH VFRUH
��DPRQJ FRXQWULHV FODVVLnHG DV KDYLQJ D GRPLQDQW SDUW\ ZDV ���� ������� 7KH GLmHUHQFH LQ

VFRUHV VKRXOG QRW EH RYHU�HPSKDVL]HG� KRZHYHU� VLQFH WKH LQGH[ LV SXUHO\ RUGLQDO� :H FDQQRW

VD\ E\ KRZ PXFK D YLDEOH SROLWLFDO RSSRVLWLRQ LQFUHDVHV FLYLO OLEHUW\ LQ D FRXQWU\� 0RUHRYHU�
��PDQ\ IDFWRUV FRXOG DFFRXQW IRU WKH GLmHUHQFH�

6LQFH WKH PRGHO DGGUHVVHV TXHVWLRQV RI WROHUDQFH RQO\ IRU WKRVH VRFLHWLHV ZLWK RSHQ DQG

LPSDUWLDO HOHFWLRQV� LW LV ZRUWK D ORRN DW WKH FLYLO OLEHUW\ LQGLFHV RI WKH �� FRXQWULHV WKDW

VFRUHG EHWWHU WKDQ D ?�� LQ WKH SROLWLFDO ULJKWV LQGH[ IURP WKH )UHHGRP +RXVH 6XUYH\� 7KHVH
��DUH FRXQWULHV MXGJHG WR KDYH D UHDVRQDEO\ IDLU HOHFWRUDO SURFHVV� ,Q 7DEOH � EHORZ� WKH nUVW

��6WDQGDUG HUURUV DUH LQ SDUHQWKHVLV� 2I WKH WRWDO� ��� ZHUH FODVVLnHG DV ?PXOWL�SDUW\� ZKLOH ��� ZHUH
FODVVLnHG DV ?GRPLQDQW SDUW\�� 6HH *DVWLO RU -RGLFH DQG 7D\ORU IRU SUHFLVH FULWHULD IRU WKHVH FODVVLnFDWLRQV�

��,I� E\ DEURJDWLQJ FLYLO OLEHUWLHV� WKH FXUUHQW JRYHUQPHQW PDNHV RSSRVLWLRQ PRUH GLpFXOW� WKHQ WKH FDXVDO
UHODWLRQ ZRUNV LQ UHYHUVH�

��$ VFRUH RI � RU � LQGLFDWHV V\VWHPV ZLWK DQ ?RSHQ SURFHVV�� $ VFRUH RI � LQGLFDWHV ?SROLWLFDO V\VWHPV LQ
ZKLFK SHRSOH PD\ HOHFW WKHLU OHDGHUV RU UHSUHVHQWDWLYHV� EXW LQ ZKLFK FRXSV G
 HWDW� ODUJH VFDOH LQWHUIHUHQFH
ZLWK HOHFWLRQ UHVXOWV� DQG RIWHQ QRQGHPRFUDWLF SURFHGXUHV RFFXU�� 6HH S� ��� 9RO� � RI -RGLFH DQG 7D\ORU�

��



FROXPQ FRQWDLQV WKH SUHFLVH VFRUH RI SROLWLFDO ULJKWV IRU WKHVH FRXQWULHV� 7KH VHFRQG FROXPQ

FRQWDLQV WKH FLYLO ULJKWV LQGH[� $OO VFRUHV DUH DYHUDJHG IURP ���� WR ����� 7KH nQDO FROXPQ

PHDVXUHV WKH GHJUHH RI SDUW\ IUDFWLRQDOL]DWLRQ IRU WKH VDPH SHULRG� 7KLV LV WKH OLNHOLKRRG

WKDW WZR UDQGRPO\ VHOHFWHG YRWHUV ZLOO EHORQJ WR GLmHUHQW SDUWLHV� -RGLFH DQG 7D\ORU ������
3N Q QL LFRPSLOH WKLV GDWD XVLQJ WKH IRUPXOD� )  �b � �� � ZKHUH Q LV WKH QXPEHU RI YRWHVLL � 1 1b�

IRU SDUW\ L RXW RI 1 WRWDO YRWHV FDVW�

> 7DEOH � KHUH@

7KH ODVW FROXPQ LV D UHDVRQDEOH SUR[\ IRU WKH GRPLQDQFH RI DQ\ VLQJOH SDUW\ GXULQJ WKH

HOHFWLRQV IRU WKLV WLPH SHULRG� 7KH FRUUHODWLRQ EHWZHHQ WKH FLYLO ULJKWV VFRUH DQG IUDFWLRQDO�

L]DWLRQ LV LQGHHG QHJDWLYH �PRUH IUDFWLRQDOL]DWLRQ LQGLFDWHV ORZHU VFRUHV ZKLFK PHDQV PRUH

WROHUDQFH�� +RZHYHU� WKH UHODWLRQ LV TXLWH ZHDN ZLWK FRUUHODWLRQ FRHpFLHQW RI �������� %HWWHU
��GHnQLWLRQV RI SROLWLFDO WXUQRYHU GR H[LVW EXW� XQIRUWXQDWHO\� WKH GDWD DSSHDUV XQUHOLDEOH�

7KHUH DUH FOHDUO\ OLPLWDWLRQV LQ WKH FXUUHQW PRGHO� 2QH SUREOHP LV WKDW WKH SRSXODWLRQ

WXUQRYHU LV H[RJHQRXV� ,I LQWROHUDQW OHJDO VWDQGDUGV SUHYHQW RSSRVLWLRQ JURXSV IURP RUJD�

QL]LQJ� WKHQ WKHVH JURXSV PD\ EH XQDEOH IRUP HOHFWRUDO PDMRULWLHV LQ WKH IXWXUH� 7KLV PD\

JLYH DQ DGGLWLRQDO LQFHQWLYH WR WKH GRPLQDQW JURXS WR LPSRVH PRUH VWULQJHQW VWDQGDUGV QRZ�

0RUHRYHU� VXpFLHQWO\ RSSUHVVLYH ODZV PD\ LQGXFH YLROHQW UHVSRQVHV E\ WKH RSSRVLWLRQ� 7KH

UDQJH RI WKHVH SRVVLELOLWLHV LV FOHDUO\ EH\RQG WKH VFRSH RI WKH SUHVHQW SDSHU� $OWKRXJK WKH

PRGHO KDV OLPLWHG WKH DSSOLFDELOLW\ IRU WKLV UHDVRQ� LW GRHV PDQDJH WR IRFXV DWWHQWLRQ RQ WKH

KDUGHU�WR�H[SODLQ GLmHUHQFHV LQ FLYLO OLEHUW\ EHWZHHQ FRXQWULHV WKDW DUH JRYHUQHG E\ UXOH RI

ODZ�

$QRWKHU OLPLWDWLRQ LV ZLWK WKH OHDUQLQJ�E\�GRLQJ VSHFLnFDWLRQ� $V ZLWK RWKHU PRGHOV RI

OHDUQLQJ�E\�GRLQJ WHFKQRORJLHV� WKH OHJDO FDSLWDO DFFXPXODWLRQ LV D EODFN ER[� $ PRUH FRP�

SOHWH DQDO\VLV ZRXOG DGGUHVV SUHFLVHO\ KRZ OHJDO SUHFHGHQWV UHGXFH WKH DXGLWLQJ XQFHUWDLQW\�

)LQDOO\� WKH H[SOLFLW DJJUHJDWLRQ SURFHGXUH LV n[HG DQG QRW VXEMHFW WR FKDQJH� 2WKHUV KDYH

VWXGLHG SROLF\ LPSOLFDWLRQV RI SDUWLFXODU SURFHGXUDO DVSHFWV VXFK DV nVFDO UHVWULFWLRQV� H[FOX�
��VLRQ UXOHV� DQG IUHTXHQF\ RI HOHFWLRQV� 6LQFH WKH WXUQRYHU DQG GHJUHH RI GHFLVLYHQHVV SOD\ D

FUXFLDO UROH� FKDQJLQJ WKH HOHFWRUDO IUHTXHQF\ RU WKH YRWLQJ WKUHVKROG ZLOO KDYH D ODUJH HmHFW

LQ WKH FXUUHQW PRGHO� )XWXUH HmRUWV DW LQWHJUDWLQJ WKHVH IHDWXUHV VHHP IUXLWIXO�

��-RGLFH DQG 7D\ORU FRPSLOH D VHULHV FDOOHG ?5HJXODU ([HFXWLYH WUDQVIHUV�� 7KLV VHULHV UHSRUWV WKH QXPEHU

RI SHDFHIXO� HOHFWRUDO WUDQVIHUV RI SRZHU IURP RQH SDUW\ WR DQRWKHU VLQFH ����� 8QIRUWXQDWHO\� WKH QXPEHUV

GR QRW DSSHDU DFFXUDWH� ,VUDHO� IRU H[DPSOH� LV UHSRUWHG WR KDYH KLJK WXUQRYHU UDWH SULRU WR ����� GHVSLWH

WKH IDFW WKDW WKH /DERU SDUW\ KHOG SRZHU FRQWLQXRXVO\ IURP ���� XQWLO ����� 7KH\ GDWD DOVR LQGLFDWH D

WUDQVLWLRQ LQ WKH 8�6� LQ ���� �1L[RQ
V UHVLJQDWLRQ"�� <HW� WKH 5HSXEOLFDQV NHSW WKH SUHVLGHQF\ WKDW \HDU�

2WKHU GLVFUHSHQFLHV DERXQG�
��6HH� IRU H[DPSOH� *UHHQ ������� .UXVHOO DQG 5LRV�5XOO ������� 3HUVVRQ DQG 7DEHOOLQL ������� DQG -HKLHO

DQG 6FRWFKPHU �������

��



D �TTi?_� G �hLLut Lu |�i +it�*|t

�hLLu Lu �hLTLt�|�L? � :H nUVW SURYH ��� DQG ���� 7KH nUVW RUGHU FRQGLWLRQV LQ DFWLRQV

D � D IURP WKH GHFLVLYH YRWHU
V SUREOHP ��� JLYH� �

� �=
� �] X  w & I �[MD �G[b X ����� � D D �\ � � D D� �

$Q%� �=
� �] X  w & I �[MD �G[b X ����� � D D �� �\ D D� �

$Q%

)URP WKHVH FRQGLWLRQV ZH VKRZ WKDW WKH /DJUDQJLDQ PXOWLSOLHUV w DQG w PXVW KDYH WKH� �K L5
LVDPH VLJQ DQG DUH QRQ]HUR� 6LQFH WKH WHUP & I �[MD �G[b X LV DOZD\V SRVLWLYHD D L D D$Q% L L L L

GXH WR VWULFW FRQFDYLW\ RI WKH FLWL]HQ
V SUREOHP� LW PXVW IROORZ IURP HTXDWLRQ ���� WKDW w ! ��

�LPSOLHV WKDW X ! �� DQG KHQFH w ! �� +HQFH� HLWKHU w ! �� w ! �� RU w � �� w � ��� � � � �\

1RZ REVHUYH nUVW WKDW ZH FDQ UHZULWH WKH YRWHU
V RSWLPL]DWLRQ SUREOHP ��� IRU FKRRVLQJ

% DV � �= = =
PD[ b& I�[MD �G[b w & I �[MD �G[b w & I �[MD �G[ ����� � D � � D ��L
% $Q% $Q% $Q%

6XSSRVH WKDW w � w ! �� 7KHQ ZH VKRZ WKDW WKH VROXWLRQ WR ���� UHTXLUHV WKDW $Q%  � �

e e�b�� [ � RU %  >[ ���� 7R VHH WKLV� OHW aD �%� GHQRWH WKH RSWLPDO DFWLRQ RI L JLYHQL

e eVWDQGDUG %  >[ ���� :H DVVHUW WKDW aD �%� w D � ,I QRW WKHQ WKH VWDQGDUG �b���� ZRXOG� �
e � e e e �3DUHWR GRPLQDWH DQ\ %  >[ ��� VLQFH X �D � ] D � ] D � ! X �aD �%�� ] aD �%� � ] aD �%��� � � � � � �� � �

e�WKH PDUJLQDO HmHFW RI aD LV JUHDWHU WKDQ aD GXH WR ] ! ] �� +HQFH aD �%� w D �� � � � � �

/HW % VROYH ����� 7KHQ ZH VKRZ WKDW % PXVW VDWLVI\ % u >aD �%����� 6XSSRVH RWKHUZLVH��

�7KHQ OHW %  % > >aD �%����� DQG VR ZH KDYH� = =
b I�[MD �G[ w b I�[MD �G[ ����L L

��Q% �Q%

5 e[ e%\ WKH nUVW RUGHU VWRFKDVWLF GRPLQDQFH RI ) � I �[MD �G[ � � IRU DQ\ [ � +HQFH� VLQFHD Lb� L

% GRHV QRW FRQWDLQ DOO WKH LQWHUYDO >aD �%����� LW IROORZV WKDW�= =
bw I �[MD �G[ � b I �[MD �G[L D L D LL L

%>>aD �%���� %�5
�6LQFH I �[MD �G[  ��D LLb� = =

bw I �[MD �G[ w b I �[MD �G[ ����L D L D LL L
��Q% �Q%

��



+RZHYHU� SXWWLQJ WRJHWKHU ���� DQG ���� REVHUYH WKDW

= = =
bw & I �[MD �G[b w & I �[MD �G[b & I�[MD �G[� D � � D � �� �

�Q% �Q% �Q% ����= = =
� bw & I �[MD �G[b w & I �[MD �G[b & I�[MD �G[� D � � D � �� �

� � ��Q% �Q% �Q%

7KLV FRQWUDGLFWV WKH IDFW WKDW % VROYHV ����� 7KHUHIRUH� % u >aD �%������

e e1RZ OHW [  LQII[ � %J� 7KHQ ZH KDYH >[ ��� u % u >aD �%����� *LYHQ WKDW�

� eX � b� DV D � �� aD �%� LV ERXQGHG DERYH� +HQFH� IRU DQ\ q ZH FKRRVH [ VXpFLHQWO\� �

e eODUJH VXFK WKDW M[ b aD �%�M � q� 7KH LQWHUYDO >[ ��� WKHQ DSSUR[LPDWHV % DUELWUDULO\L

eFORVHO\ IRU ODUJH HQRXJK [ � +RZHYHU� WKH VWULFW FRQFDYLW\ RI WKH FLWL]HQ
V SUREOHP DOORZV
e eRQH WR HPSOR\ WKH 7KHRUHP RI WKH 0D[LPXP WR VKRZ WKDW aD �>[ ���� LV FRQWLQXRXV LQ [ ��

e7KHUHIRUH� WKH VROXWLRQ WR ���� LI w ! � DQG w ! � PD\ EH WDNHQ WR EH RI WKH IRUP >[ ����� �

e7KH DUJXPHQW IRU ZK\ %  �b�� [ @ ZKHQ w � � DQG w � � LV FRPSOHWHO\ DQDORJRXV�� �

e)LQDOO\� REVHUYH WKDW LI %  >[ ��� WKHQ IURP WKH nUVW RUGHU FRQVWUDLQW� ���� WKH FKRVHQ
e eDFWLYLWLHV D DQG D E\ W\SHV � DQG �� UHVS�� DV IXQFWLRQV RI [ DUH FRQWLQXRXV LQ [ � 0RUHRYHU�� �

e eWKH\ VDWLVI\ D ! D DQG D ! D � +RZHYHU� VLQFH WKLV RFFXUV SUHFLVHO\ ZKHQ w ! � IRU L  �� �� � L� �
� e e eZH DOVR KDYH X ! � VR WKDW \ � D E\ HTXDWLRQV ���� DQG ����� %XW LI D ! D ZKLOH \ � D�\ � � �

WKHQ WKH RWKHU W\SH PXVW EH PRYLQJ WKH DYHUDJH EHKDYLRU \� +HQFH� ,QHTXDOLW\ ��� KROGV�
e6LPLODUO\� ,QHTXDOLW\ ��� KROGV ZKHQHYHU %  �b�� [ @�

7R SURYH ���� ZLWKRXW ORVLQJ JHQHUDOLW\� VXSSRVH WKDW W\SH � LV GHFLVLYH DQG WDNH % WR EH
eRI WKH IRUP %  >[ ���� )URP ��� WKH nUVW RUGHU FRQGLWLRQ

e eI �[ MD � I �[ MD �D � D �� �bw b w b �  �� �
e eI�[ MD � I�[ MD �� �

eI �[ MD �D L eL%\ 3URSHUW\ �$��� � � �UHVS� b�� DV [ � � �UHVS� [ � b��� 7KLV PHDQV
eI�[ MD �L

eWKDW WKH OHIW VLGH RI WKLV HTXDOLW\ LV SRVLWLYH IRU VPDOO HQRXJK [ DQG QHJDWLYH IRU ODUJH HQRXJK
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��



>��@ +DUW� 2� DQG %� +ROPVWU�RP ������ ?7KH 7KHRU\ RI &RQWUDFWV�� LQ$GYDQFHV LQ (FRQRPLF

7KHRU\� )LIWK :RUOG &RQJUHVV� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�

>��@ -RGLFH� '� DQG &� /� 7D\ORU ������� :RUOG +DQGERRN RI 3ROLWLFDO DQG 6RFLDO ,QGLFDWRUV�

1HZ +DYHQ� <DOH 8QLYHUVLW\ 3UHVV�

>��@ .QDFN� 6� DQG 3� .HHIHU ������� ?,QVWLWXWLRQV DQG (FRQRPLF 3HUIRUPDQFH�� (FRQRPLFV

DQG 3ROLWLFV� �� �������

>��@ .UXVVHOO� 3� DQG -�9 5LRV�5XOO ������� ?:KDW &RQVWLWXWLRQV 3URPRWH &DSLWDO $FFXPX�

ODWLRQ� $ 3ROLWLFDO�(FRQRP\ $SSURDFK�� PLPHR�

>��@ .UXVVHOO� 3�� 9� 4XDGULQL� DQG -�9 5LRV�5XOO ������� ?3ROLWLFR�(FRQRPLF (TXLOLEULXP

DQG (FRQRPLF *URZWK�� -RXUQDO RI (FRQRPLF '\QDPLFV DQG &RQWURO� IRUWKFRPLQJ�

>��@ .UXVVHOO� 3�� 9� 4XDGULQL� DQG -�9 5LRV�5XOO ������� ?$UH &RQVXPSWLRQ 7D[HV 5HDOO\

%HWWHU WKDQ ,QFRPH 7D[HV�� PLPHR�

>��@ /RQGUHJDQ� -� DQG .� 3RROH ������� ?3RYHUW\� 7KH &RXS 7UDS� DQG 7KH 6HL]XUH RI

([HFXWLYH 3RZHU�� :RUOG 3ROLWLFV� ��� �������

>��@ 3HUVVRQ� 7� DQG /� 6YHQVVRQ ������� ?:K\ $ 6WXEERUQ &RQVHUYDWLYH :RXOG 5XQ D

'HnFLW�� 4XDUWHUO\ -RXUQDO RI (FRQRPLFV� ���� �������

>��@ 3HUVVRQ� 7� DQG *� 7DEHOOLQL ������� ?)HGHUDO )LVFDO &RQVWLWXWLRQV� 5LVN 6KDULQJ DQG

0RUDO +D]DUG� (FRQRPHWULFD�

>��@ :HLQJDVW� %� ������� ?7KH 3ROLWLFDO )RXQGDWLRQ RI 'HPRFUDF\ DQG WKH 5XOH RI /DZ��

$PHULFDQ 3ROLWLFDO 6FLHQFH 5HYLHZ� IRUWKFRPLQJ�

>��@ :LOOLDPV� -� ������� &RQVWLWXWLRQDO $QDO\VLV� 6DLQW 3DXO� :HVW 3XEOLVKLQJ�

��


