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$Q HFRQRP\ ZLWK D QRQHPSW\ FRUH PD\ SODXVLEO\ EH UHJDUGHG DV VRFLDOO\ VWDEOH VLQFH WKHUH

H[LVWV DOORFDWLRQV DJDLQVW ZKLFK QR JURXS LQ WKH HFRQRP\ ZLVKHV WR ?UHFRQWUDFW RXW�� $VLGH IURP

FODVVLFDO HFRQRPLHV� LW LV QRW JHQHUDOO\ NQRZQ ZKDW DUH WKH SULPLWLYHV RI DQ HFRQRP\ WKDW JLYH ULVH

WR D QRQHPSW\ FRUH� 7KLV SDSHU nQGV D FODVV RI SHUWXUEDWLRQV WKDW RSHUDWH GLUHFWO\ RQ HFRQRPLF

SULPLWLYHV WR JHQHUDWH D QRQHPSW\ FRUH� 7KHVH SHUWXUEDWLRQV DUH FKDUDFWHUL]HG E\ WZR SURSHUWLHV

ZKLFK KDYH HFRQRPLF FRQWHQW� 7KH nUVW LV D QRWLRQ RI VSHFLDOL]DWLRQ _ LQGLYLGXDOV KROG JRRGV DQG

HVVHQWLDO LQSXWV WR SURGXFWLYH SURFHVVHV WKDW DUH QRW UHDGLO\ DYDLODEOH HOVHZKHUH LQ WKH HFRQRP\�

7KH VHFRQG LV D FXUYDWXUH FRQGLWLRQ� (DFK DJHQW
V SUHIHUHQFHV PXVW GLVSOD\ VXpFLHQW FXUYDWXUH VR

WKDW DQRWKHU SHUVRQ
V VSHFLDOL]HG KROGLQJV DUH YDOXHG E\ WKH DJHQW� ,W LV VKRZQ WKDW IRU DQ\ HFRQRP\

RI D JHQHUDO FODVV WKDW LQFOXGHV SRVVLEO\ ORFDO QRQFRQYH[LWLHV DQG D ZLGH YDULHW\ RI SURSHUW\ ULJKWV

FRQnJXUDWLRQV� LI WKH HFRQRP\ LV VXpFLHQWO\ VSHFLDOL]HG DQG WKH FXUYDWXUH FRQGLWLRQ LV VDWLVnHG�

WKHQ WKH FRUUHVSRQGLQJ 178 JDPH LV EDODQFHG� +HQFH� WKH HFRQRP\ KDV D QRQHPSW\ FRUH�

e 'HSDUWPHQW RI (FRQRPLFV� *HRUJHWRZQ 8QLYHUVLW\� :DVKLQJWRQ '& ������ 86$� (�PDLO� OD�

JXQRIU#JXVXQ�JHRUJHWRZQ�HGX� , KDYH EHQHnWWHG IURP KHOSIXO FRQYHUVDWLRQV ZLWK 5R\ 5DGQHU DQG 0\UQD :RRGHUV�

, DOVR WKDQN WZR DQRQ\PRXV UHIHUHHV IRU YHU\ KHOSIXO FRPPHQWV DQG VXJJHVWLRQV� 6XSSRUW IURP WKH 8QLYHUVLW\ RI

3HQQV\OYDQLD 5HVHDUFK )RXQGDWLRQ LV JUDWHIXOO\ DFNQRZOHGJHG�
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$Q HFRQRP\ ZLWK D QRQHPSW\ FRUH PD\ SODXVLEO\ EH UHJDUGHG DV VRFLDOO\ VWDEOH DV LW \LHOGV RXWFRPHV

IURP ZKLFK QR JURXS RI LQGLYLGXDOV FRXOG IHDVLEO\ ?UHFRQWUDFW RXW�� :KDW NLQGV RI HFRQRPLHV KDYH

QRQHPSW\ FRUHV"

7KH DQVZHU WR WKLV TXHVWLRQ LV ZHOO NQRZQ IRU WKH FODVV RI $UURZ�'HEUHX� FRQYH[ HFRQRPLHV�

7KHVH HFRQRPLHV DUH W\SLFDOO\ FKDUDFWHUL]HG E\ FRQYH[ SUHIHUHQFHV� QRQLQFUHDVLQJ UHWXUQV WR VFDOH

SURGXFWLRQ SRVVLELOLWLHV� DQG LQGLYLGXDOO\ DVVLJQHG HQGRZPHQWV �L�H�� SULYDWH UDWKHU WKDQ FROOHFWLYH

RZQHUVKLS�� :H ZLOO UHIHU WR WKHVH HFRQRPLHV DV FODVVLFDO HFRQRPLHV� 7KH FDQRQLFDO HFRQRP\ RI

WKLV IRUP LV WKH VWDQGDUG H[FKDQJH HFRQRP\ ZLWK FRQVXPHUV KDYLQJ FRQFDYH XWLOLW\ IXQFWLRQV� $

VHULHV RI SDSHUV LQ WKH ODWH VL[WLHV DQG HDUO\ VHYHQWLHV �H�J�� 6FDUI ������� 6KDSOH\ DQG 6KXELN

������� 6KDSOH\ ������� %LOOHUD ������� DQG %LOOHUD DQG %L[E\������� HVWDEOLVKHG WKDW DQ\ HFRQRP\

WKDW JHQHUDWHV D EDODQFHG 178 �QRQWUDQVIHUDEOH XWLOLW\� JDPH KDV D QRQHPSW\ FRUH� 7KH FODVVLFDO
�HFRQRPLHV GHVFULEHG DERYH VDWLVI\ WKLV FULWHULRQ� $OVR� PDQ\ QRQFODVVLFDO HFRQRPLHV VXFK DV WKH

FRDOLWLRQDO SURGXFWLRQ HFRQRPLHV IRXQG LQ %RHKP ������ DQG %RUGHU ������ DUH EDODQFHG�

%HFDXVH WKH EDODQFHGQHVV FULWHULRQ LV GHnQHG GLUHFWO\ RQ 178 JDPHV LW LV JHQHUDOO\ DSSOLFDEOH WR

D ZLGH YDULHW\ RI HQYLURQPHQWV DQG VRFLDO VLWXDWLRQV� +RZHYHU� WKRXJK HOHJDQW� LW UHPDLQV XQFOHDU

EH\RQG FODVVLFDO HFRQRPLHV KRZ EDODQFHGQHVV WUDQVODWHV LQWR HFRQRPLF IXQGDPHQWDOV� 7KH DEVWUDF�

WLRQ LQKHUHQW LQ WKH 178 IRUPXODWLRQ PDNHV EDODQFHGQHVV GLpFXOW WR WUDQVODWH LQWR SULPLWLYHV RI

WKH XQGHUO\LQJ HFRQRP\�

$ PXFK VWURQJHU K\SRWKHVLV� RXWFRPH EDODQFHGQHVV� LV GHnQHG RQ HFRQRPLF IXQGDPHQWDOV �WKH

FRQFHSW RULJLQDWHG IURP %RHKP ������ WKRXJK RXU WHUPLQRORJ\ LV %RUGHU
V �������� (FRQRPLHV

WKDW DUH RXWFRPH EDODQFHG JHQHUDWH EDODQFHG 178 JDPHV LQ WKH XVXDO VHQVH� DQG PDQ\ FODVVLFDO

HFRQRPLHV VXFK DV FODVVLFDO H[FKDQJH HFRQRPLHV GR VDWLVI\ WKLV VWURQJHU FRQGLWLRQ� 6LQFH RXWFRPH

EDODQFHGQHVV LV D FRQGLWLRQ GHnQHG RQ SK\VLFDO RXWFRPHV RI WKH HFRQRP\ LQVWHDG RI XWLOLW\ RXWFRPHV

RI WKH FRUUHVSRQGLQJ 178 JDPH� LW KDV WKH DGYDQWDJH RI EHLQJ ?FORVHU� WR HFRQRPLF VHWWLQJV WKDQ

WKH PRUH JHQHUDO EDODQFHGQHVV FRQGLWLRQ� +RZHYHU� VLQFH RXWFRPH EDODQFHGQHVV PLPLFV� LQ VRPH

VHQVH� WKH EDODQFHGQHVV FRQGLWLRQ IRU WKH SK\VLFDO HQYLURQPHQW� LW VXmHUV IURP WKH VDPH LQWHUSUH�

WDWLRQDO SUREOHPV� 0RUHRYHU� PDQ\ HFRQRPLHV RI LQWHUHVW LQFOXGLQJ PDQ\ FODVVLFDO HFRQRPLHV ZLWK

SURGXFWLRQ DUH QRW RXWFRPH EDODQFHG�

2QH ZD\ WR DGGUHVV WKLV LVVXH LV WKURXJK WKH IROORZLQJ DSSURDFK� 6XSSRVH WKDW RQH VWDUWV ZLWK

DQ HFRQRP\ WKDW KDV DQ HPSW\ FRUH� ,V WKHUH WKHQ D V\VWHPDWLF ZD\ RI FKDQJLQJ WKH SULPLWLYHV RI

WKH HFRQRP\ VR WKDW WKH UHVXOWLQJ QHZ HFRQRP\ LV EDODQFHG" 'RHV WKLV V\VWHPDWLF PHWKRG KDYH D

UHDVRQDEOH LQWHUSUHWDWLRQ LQ WHUPV RI WKHVH SULPLWLYHV"

7KLV SDSHU nQGV D FODVV RI ?SHUWXUEDWLRQV� ZKLFK RSHUDWHV DORQJ D VHTXHQFH RI HFRQRPLHV WR

JHQHUDWH EDODQFHGQHVV IRU HFRQRPLHV IDU HQRXJK RXW RQ WKH VHTXHQFH� 7ZR JHQHUDO FRQGLWLRQV RI

LQWHUHVW LQWHUDFW ZLWK RQH DQRWKHU DORQJ WKH VHTXHQFH WR JHQHUDWH EDODQFHGQHVV� 7KH nUVW LV D

QRWLRQ RI VSHFLDOL]DWLRQ� 6SHFLDOL]DWLRQ PHDQV WKDW LQGLYLGXDOV KROG JRRGV DQG HVVHQWLDO LQSXWV WR

SURGXFWLYH SURFHVVHV WKDW DUH QRW UHDGLO\ DYDLODEOH HOVHZKHUH LQ WKH HFRQRP\� 7KH VHFRQG FRQGLWLRQ

LV D FXUYDWXUH FRQGLWLRQ� ,W LV QHFHVVDU\ WKDW� VD\� DJHQW $
V SUHIHUHQFHV GLVSOD\ VXpFLHQW FXUYDWXUH

VR WKDW DJHQW %
V VSHFLDOL]HG KROGLQJV DUH YDOXHG E\ DJHQW $� 7KLV FRQGLWLRQ VKRXOG EH UHJDUGHG

DV D FRPSOHPHQWDU\ DVVXPSWLRQ WR VSHFLDOL]DWLRQ VLQFH WKLV FXUYDWXUH LV QHFHVVDU\ WR HmHFWLYHO\

�,Q IDFW� WKH\ JR D VWHS IXUWKHU LQ VKRZLQJ WKDW WKHVH HFRQRPLHV W\SLFDOO\ JHQHUDWH WRWDOO\ EDODQFHG JDPHV� WKDW LV�

EDODQFHG RQ DOO SRVVLEOH VXEJDPHV� 6LQFH HYHU\ WRWDOO\ EDODQFHG JDPH FRPHV IURP D FHUWDLQ FODVVLFDO HFRQRP\ RI D

JHQHUDO FODVV GHVFULEHG LQ %LOOHUD ������� WKHUH LV DQ LVRPRUSKLVP EHWZHHQ D IDPLO\ RI HTXLYDOHQFH FODVVHV RI FODVVLFDO

HFRQRPLHV DQG WKH FODVV RI 178 JDPHV�

�



WUDQVODWH VSHFLDOL]DWLRQ LQWR XWLOLW\ VSDFH� 7KH WZR FRQGLWLRQV WDNHQ WRJHWKHU JXDUDQWHH WKDW HDFK

DJHQW SRVVHVVHV YDOXDEOH JRRGV IRU ZKLFK WKHUH DUH QR FORVH VXEVWLWXWHV� 1RWH WKDW ZLWKRXW VRPH

W\SH RI FXUYDWXUH FRQGLWLRQ� LW PD\ EH LQHYLWDEOH WKDW FHUWDLQ ?FRUQHU VROXWLRQV� DULVH ZKLFK DOORZ

FRDOLWLRQV WR H[FOXGH DQ DJHQW GHVSLWH KLV H[FOXVLYH KROGLQJV RI VRPH JRRGV�

:H JLYH DQ HOHPHQWDU\ SURRI RI WKH IROORZLQJ UHVXOW� JLYHQ D VHTXHQFH RI HFRQRPLHV ZKLFK EHORQJ

WR D FHUWDLQ FODVV �WR EH GHnQHG VKRUWO\�� LI WKH HFRQRPLHV DORQJ WKH VHTXHQFH DUH LQFUHDVLQJO\

VSHFLDOL]HG� DQG LI WKH FXUYDWXUH FRQGLWLRQ KROGV� WKHQ FRUUHVSRQGLQJ 178 JDPH IRU HFRQRPLHV IDU

HQRXJK DORQJ WKH VHTXHQFH LV EDODQFHG� +HQFH WKHVH HFRQRPLHV KDYH D QRQHPSW\ FRUH�

7KH QRWLRQ RI DQ HFRQRP\ XVHG KHUH LV SHUPLVVLYH LQ WKH VHQVH WKDW ZH DOORZ IRU DQ DOPRVW
�

XQOLPLWHG YDULHW\ RI SURSHUW\ ULJKWV FRQnJXUDWLRQV� LQFOXGLQJ SURSULHWDU\ SURGXFWLYH SURFHVVHV� LW

LV UHVWULFWLYH LQ WKH VHQVH WKDW DJHQWV
 XWLOLW\ IXQFWLRQV DUH DVVXPHG FRPSRQHQW�ZLVH� XQERXQGHGO\

DQG VWULFWO\ LQFUHDVLQJO\ FRQFDYH� DQG WKHUH DUH DVVXPHG WR EH QR LQFRPH HmHFWV� 7KH IHDVLEOH VHWV

IRU DOO FRDOLWLRQV DUH DOVR DVVXPHG WR EH FRPSDFW DQG WKH DJJUHJDWH IHDVLEOH VHW LV FRQYH[ �WKRXJK

FRDOLWLRQDOO\ IHDVLEOH VHWV QHHG QRW EH��

6LQFH WKHVH ODWWHU FRQGLWLRQV DUH PRUH UHVWULFWLYH WKDQ PDQ\ VWDQGDUG PRGHOV RI FRUH H[LVWHQFH�

RXU HFRQRPLF LQWHUSUHWDWLRQ RI EDODQFHGQHVV FRPHV DW WKH FRVW RI VRPH JHQHUDOLW\� 0RUHRYHU� WKH

GHnQLWLRQ RI VSHFLDOL]DWLRQ FRQVLGHUHG KHUH LV WR VRPH H[WHQW QRQSDUDPHWULF� ZH FDQQRW VD\ LQ

DEVROXWH WHUPV KRZ PXFK PRUH VSHFLDOL]HG LV RQH HFRQRP\ WKDQ DQRWKHU� 2XU GHnQLWLRQ GRHV

WUDQVIRUP HFRQRPLHV DORQJ D VHTXHQFH IURP WKRVH WKDW PD\ KDYH DQ HPSW\ FRUH WR WKRVH ZKRVH FRUH

LV QRQHPSW\�

)RU WKLV UHDVRQ LW LV LQDFFXUDWH� LI WHPSWLQJ� WR YLHZ WKH SHUWXUEDWLRQV LQ WKH VDPH ZD\ DV WKH

�
UHSOLFD HFRQRPLHV LQ WKH FRUH FRQYHUJHQFH OLWHUDWXUH� %RWK LQYROYH V\VWHPDWLF FKDQJHV DORQJ D

VHTXHQFH RI HFRQRPLHV� DQG ERWK UHODWH WR WKH FRUH� +RZHYHU� ZKLOH WKDW OLWHUDWXUH ZDV LQWHUHVWHG

LQ PHDVXULQJ SUHFLVHO\ KRZ FORVH LV WKH FRUH WR FRPSHWLWLYH DOORFDWLRQV� WKH SXUSRVH KHUH LV WR

LQWHUSUHW EDODQFHGQHVV E\ WKH HFRQRPLF FRQWHQW RI WKH SHUWXUEDWLRQV WKDW DV\PSWRWLFDOO\ JHQHUDWH

EDODQFHGQHVV� +HQFH� LW LV WKH QDWXUH RI WKH SHUWXUEDWLRQV� QRW WKHLU PDJQLWXGH� WKDW LV RI SULPDU\

LPSRUWDQFH KHUH�

7KH DQDO\VLV RI WKH SUHVHQW SDSHU UHODWHV WR D PRGHO RI WKH FRUH ZLWK LQFUHDVLQJ UHWXUQV E\

,FKLLFKL DQG 4XLQ]LL �,4� ������� DQG D PRGHO RI FRDOLWLRQDO SURSHUW\ ULJKWV E\ *ORPP DQG /DJXQRm

�*/� ������� ,4 SURYH WKH QRQHPSWLQHVV RI WKH FRUH RI FHUWDLQ W\SHV RI SURGXFWLRQ HFRQRPLHV ZLWK

LQFUHDVLQJ UHWXUQV� 7KH\ GR WKLV E\ SURYLQJ WKH H[LVWHQFH RI D K\EULG HTXLOLEULXP FRQWDLQHG LQ WKH

FRUH� 7KH VROXWLRQ XWLOL]HV ERWK FRDOLWLRQDO VWDELOLW\ DQG D GHFHQWUDOL]HG SULFH V\VWHP� $V ZLWK WKH

SUHVHQW DQDO\VLV� MRLQW UHVWULFWLRQV RQ ERWK WKH SURGXFWLRQ DQG FRQVXPSWLRQ VHFWRUV DUH HPSOR\HG�

,Q SDUWLFXODU� WKH GHJUHH RI QRQFRQYH[LW\ LQ WKH SURGXFWLRQ VHW LV UHVWULFWHG� $OWKRXJK WKH DQDORJ\

LV ORRVH� WKH ,QFUHDVLQJ 6SHFLDOL]DWLRQ DVVXPSWLRQ LQ WKH SUHVHQW IUDPHZRUN LV URXJKO\ VLPLODU WR

DQ DV\PSWRWLF UHVWULFWLRQ RI WKH GHJUHH RI QRQFRQYH[LW\� 0RUHRYHU� WKH &XUYDWXUH FRQGLWLRQ KHUH LV

UHPLQLVFHQW RI DQ DVVXPSWLRQ LQ ,4 ZKLFK VLPLODUO\ VHUYHV WR H[FOXGH ?FRUQHU VROXWLRQV� RI WKH W\SH

�
PHQWLRQHG DERYH�

7KH */ PRGHO JHQHUDOL]HV WKH VWDQGDUG� ?SULYDWH SURSHUW\� $UURZ�'HEUHX H[FKDQJH HFRQRP\�

7KH\ H[DPLQH D FODVV RI QRQFODVVLFDO H[FKDQJH HFRQRPLHV LQ ZKLFK RZQHUVKLS RI JRRGV DQG VHUYLFHV

�0RXOLQ DQG 3HOHJ ������ FRQVLGHU D FRQFHSW RI FRDOLWLRQ HmHFWLYHQHVV WKDW PD\ EH XVHG KHUH WR GHVFULEH D SURSHUW\

ULJKWV FRQnJXUDWLRQ�
�6HH $QGHUVRQ ������ IRU D VXUYH\�
�7KH SUHFLVH UHODWLRQ EHWZHHQ WKH WZR DQDO\VHV DUH GLpFXOW WR DVFHUWDLQ VLQFH ,4 HPSOR\ MRLQW UHVWULFWLRQV RQ

ERWK H[RJHQRXV YDULDEOHV DQG GHULYHG YDULDEOHV VXFK DV SULFHV� 0HDQZKLOH� WKH SUHVHQW DQDO\VLV GRHV QRW WKH FRQVLGHU

GHFHQWUDOL]DWLRQ LVVXH DW DOO�

�



LV DWWULEXWDEOH WR FRDOLWLRQV RI YDULRXV VL]HV� */ WKHQ SURYH D VSHFLDO FDVH RI WKH UHVXOW JLYHQ KHUH IRU

SURSHUW\ ULJKWV UHJLPHV WKDW H[KLELW FHUWDLQ H[FOXVLRQDU\ SURSHUWLHV� 7KH PDLQ GLmHUHQFHV EHWZHHQ

WKH SUHVHQW SDSHU DQG */ LV WKDW WKH QRWLRQ RI VSHFLDOL]DWLRQ LV JHQHUDOL]HG KHUH� DQG WKH SUHVHQW

DQDO\VLV DOVR DOORZV IRU SURGXFWLRQ DQG ORFDO �FRDOLWLRQDO� QRQFRQYH[LWLHV�

7KH SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ � SURYLGHV SUHOLPLQDU\ GHnQLWLRQV� 7KH FODVV RI

HFRQRPLHV DQG WKHLU FRUUHVSRQGLQJ 178 JDPHV DUH GHnQHG� 7KH EDODQFHGQHVV FRQGLWLRQ LV GHnQHG

IRU WKHVH JDPHV� 6HFWLRQ � JLYHV VRPH H[DPSOHV RI HFRQRPLHV ZKLFK H[KLELW ?VSHFLDOL]DWLRQ� DQG

?FXUYDWXUH�� 7KHVH FRQFHSWV DUH GHYHORSHG IRUPDOO\ LQ 6HFWLRQ �� 6HFWLRQ � JLYHV WKH PDLQ UHVXOW�

VXpFLHQWO\ VSHFLDOL]HG HFRQRPLHV DUH EDODQFHG� KHQFH KDYH QRQHPSW\ FRUHV� 6HFWLRQ � SURYLGHV WKH

SURRI�
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:H FRQVLGHU WKH IROORZLQJ FODVV RI HQYLURQPHQWV� 7KHUH LV D VHW ,  I�� � � � � QJ RI DJHQWV ZKR FDQ

FRQVXPH C JRRGV RU FRPPRGLWLHV� $Q DUELWUDU\ DJHQW ZLOO EH GHQRWHG E\ L� DQ DUELWUDU\ JRRG E\ N�

:H DVVXPH WKDW DQ DJHQW
V SUHIHUHQFHV DUH UHSUHVHQWHG E\ D FRQWLQXRXV� FRQFDYH� DQG FRPSRQHQW�

L C LZLVH� XQERXQGHGO\ VWULFWO\ LQFUHDVLQJ IXQFWLRQ X � � � �� L � ,� QRUPDOL]HG VR WKDW X ���  ���
L C:H DOVR DVVXPH WKDW X GLVSOD\V QR LQFRPH HmHFWV� )RUPDOO\� ZH DVVXPH WKDW IRU DQ\ [� \ � ��

L L L L C � � QZLWK X �[� w X �\�� WKHQ X �[� ]� w X �\ � ]� IRU DOO ] � � � /HW X  �X � � � � � X ��

$Q HFRQRP\ ZLOO EH GHVFULEHG KHUH LQ UHGXFHG IRUP E\ D UHVRXUFH�IHDVLELOLW\ FRUUHVSRQGHQFH
, C� � � QI�J �� � WKDW VDWLVnHV�

C ��L� )RU HDFK & t ,� ��&� LV D FRPSDFW DQG FRPSUHKHQVLYH VHW LQ � ��

�LL� )RU DQ\ SDLU & �& ZLWK & ? &  �� ��& � > ��& � t ��& > & �� � � � � � � �

�LLL� ��,� LV FRQYH[�

+HUH� ��&� LV LQWHUSUHWHG DV WKH VHW RI IHDVLEOH DJJUHJDWH UHVRXUFH YHFWRUV DFKLHYDEOH E\ FRDOLWLRQ

&� 1RWDWLRQDOO\� ZH ZLOO nQG LW FRQYHQLHQW WR FRQVWUXFW HFRQRP\�ZLGH DOORFDWLRQV WKDW DUH IHDVLEOH

IRU D SDUWLFXODU FRDOLWLRQ ZLWKRXW XVLQJ WKH SURMHFWLRQ PDSSLQJ� )RU HDFK FRDOLWLRQ & t , � GHnQH
3

QC L MD &�IHDVLEOH DOORFDWLRQ [�&� � � WR EH RQH WKDW VDWLVnHV [ �&� � ��&� DQG [ �&�  � LI� L�&

M �� &�

7KLV IRUPXODWLRQ RI DQ HFRQRP\ LV D JHQHUDOL]DWLRQ RI WKH XVXDO $UURZ�'HEUHX IRUPXODWLRQ
L CRI DQ HFRQRP\ LQ ZKLFK HDFK LQGLYLGXDO L LV SULYDWHO\ HQGRZHG ZLWK VRPH YHFWRU H � � � ,Q�3

C LWKH FDVH RI WKH VWDQGDUG H[FKDQJH HFRQRP\� ��&�  I[ � � M [ � H J IRU HDFK FRDOLWLRQ� L�&

& t ,� ,Q WKH FDVH RI D ?EOXH�SULQW� SURGXFWLRQ WHFKQRORJ\ �HTXDO DFFHVV� ZLWK SURGXFWLRQ VHW < �
3

L��&�  I[ � \ � H M \ � < J�L�&

7KH GHnQLWLRQ RI WKH RXWFRPH FRUUHVSRQGHQFH �� KRZHYHU� DOVR LQFOXGHV WKH FRDOLWLRQDO SURGXF�

WLRQ HFRQRPLHV RI %RHKP ������ DQG %RUGHU ������� DQG WKH FRDOLWLRQDO SURSHUW\ ULJKWV HFRQRPLHV

RI *ORPP DQG /DJXQRm ������� ,Q WKH FDVH RI WKH IRUPHU� FRDOLWLRQ & KDV MRLQW SURSULHWDU\ ULJKWV
&WR WKH FRDOLWLRQDO SURGXFWLRQ VHW < � ZKLOH LQ WKH FDVH RI WKH ODWWHU� D TXDQWLW\ RI JRRG N LV MRLQWO\

KHOG E\ & RQO\ LI & LQFOXGHV DOO WKH PHPEHUV ZLWK MRLQW OHJDO ULJKWV WR WKDW TXDQWLW\�

�
7KLV FRQGLWLRQ LV DOVR UHIHUUHG WR DV TXDVL�OLQHDULW\�
� C7KH VHW ��&� LV FRPSUHKHQVLYH LI IRU DQ\ [ � ��&�� WKHQ DQ\ EXQGOH \ � � ZLWK \ � [ VDWLVnHV \ � ��&���

�



2XU IRUPXODWLRQ H[FOXGHV HFRQRPLHV ZLWK JOREDO H[WHUQDOLWLHV� EXW GRHV LQFOXGH HFRQRPLHV ZLWK

FOXE JRRGV DQG ORFDO SXEOLF JRRGV VXFK DV LQ *UHHQEHUJ ������� 6FRWFKPHU ������� DQG :RRGHUV

�������

)RUPDOO\� DQ HFRQRP\ ( ZLOO EH GHnQHG E\ WKH SDLU (  ��� X�� 7KH FRUH RI DQ HFRQRP\ ( LV DQ
QC,�IHDVLEOH DOORFDWLRQ [�,� � � IRU ZKLFK WKHUH LV QR FRDOLWLRQ & DQG QR &�IHDVLEOH DOORFDWLRQ [�&��

L L L LVXFK WKDW X �[ �&�� ! X �[ �,�� IRU DOO L � &�

2�2 �AN B@4it

7KH LQWHUHVW RI WKLV SDSHU LV LQ D� E\ QRZ VWDQGDUG� VXpFLHQW FRQGLWLRQ IRU WKH H[LVWHQFH RI D

QRQHPSW\ FRUH�

7KH 178 JDPH 8 GHULYHG IURP DQ HFRQRP\ (  ��� X� �XVXDOO\ FDOOHG D ?PDUNHW JDPH� ZKHQ
Q QLW LV GHULYHG IURP D FODVVLFDO HFRQRP\� LV D FRUUHVSRQGHQFH 8 � � �� � GHnQHG E\

nQ RnQ L L L8�&� s xX � � � &�IHDVLEOH [�&�� V�W� xX � X �[ �&��� �L � & � ���n
IRU HDFK FRDOLWLRQ & t ,� ,W ZLOO EH VXpFLHQW IRU RXU SXUSRVHV WR FRQVLGHU WKRVH HOHPHQWV LQ 8�&�

WKDW PDS IURP &�IHDVLEOH SRLQWV [�&�� :H GHQRWH VXFK HOHPHQWV E\
� �

QbM&M] `_ ^% &L LX�[�&�� s �X �[ �&��� � �� � � � � � �# $L�&

7KH EDODQFHGQHVV FULWHULRQ XVHG KHUH LV VWDQGDUG� /HW % GHQRWH D QRQHPSW\ FROOHFWLRQ RI VXEVHWV

% t ,� /HW %�L� s I% � %M L � %J� 7KH FROOHFWLRQ % LV EDODQFHG LI WKHUH LV D WXSOH �w � ZKHUH% %�%

w w � VDWLVI\LQJ IRU HDFK DJHQW L�% ;
w  ��%

%�%�L�

�7KH FROOHFWLRQ % LV PLQLPDOO\ EDODQFHG LI LW VWULFWO\ FRQWDLQV QR EDODQFHG FROOHFWLRQ % �
� �$Q 178 JDPH 8 LV EDODQFHG LI IRU DQ\ EDODQFHG FROOHFWLRQ % RI , ZLWK EDODQFLQJ ZHLJKWV

�w � � DQG IRU HDFK %�IHDVLEOH DOORFDWLRQ [�%� ZLWK % � %�% %�% ;
w X�[�%�� � 8�,�� ���%

%�%

:HOO NQRZQ WKHRUHPV RI 6FDUI DQG %LOOHUD KDYH VKRZQ WKDW HFRQRPLHV WKDW FRUUHVSRQG WR EDO�

DQFHG 178 JDPHV KDYH QRQHPSW\ FRUHV� :H GR QRW SURYLGH D SURRI RI WKHLU UHVXOWV KHUH� +RZHYHU�

VKRZLQJ WKDW EDODQFHGQHVV KROGV XQGHU FHUWDLQ FRQGLWLRQV LV WKH FUX[ RI WKH SDSHU�

� 5L4i , @4T*it

:KDW GRHV EDODQFHGQHVV PHDQ LQ WHUPV RI HFRQRPLF SULPLWLYHV _ SUHIHUHQFHV� WHFKQRORJLHV DQG

HQGRZPHQW VWUXFWXUH" 6RPH H[DPSOHV DUH JLYHQ KHUH ZKLFK GLVSOD\ WKH WZR NH\ FRQFHSWV RI VSH�

FLDOL]DWLRQ DQG FXUYDWXUH WR EH IRUPDOL]HG LQ VHFWLRQ ��
��, @4T*i � &RQVLGHU WKH IROORZLQJ H[DPSOH RI H[FKDQJH� 7KHUH DUH WKUHH LQGLYLGXDOV DQG IRXU

�7KLV SDSHU XVHV WKH GHnQLWLRQ RI 6KDSOH\ DQG 6KXELN ������ DQG DSSOLHG E\ %LOOHUD ������ WR 178 JDPHV UDWKHU

WKDQ WKH JHQHUDOO\ ZHDNHU GHnQLWLRQ XVHG LQ 6FDUI ��������
�:H QRWH KHUH WKDW WKHUH LV QR ORVV LQ JHQHUDOLW\ LQ FRQVLGHULQJ EDODQFHG FROOHFWLRQV % LQ ZKLFK WKHUH LV QR SDLU RI

GLVMRLQW FRDOLWLRQV �VHH 6KDSOH\ ��������
��7KLV H[DPSOH LV VLPLODU WR ([DPSOH � LQ */�

�



JRRGV� 7KH GLVWULEXWLRQ RI HQGRZPHQWV DQG WKH ?SURSHUW\ ULJKWV� VWUXFWXUH LV JLYHQ LQ WKH PDWUL[

LQ 7DEOH � EHORZ� ,Q 7DEOH � WKHUH DUH n � �m XQLWV RI HDFK RI WKH nUVW WKUHH JRRGV GLVWULEXWHG VR

WKDW DJHQW L �L  �� �� ��� KROGV n XQLWV RI JRRG L� $JHQW M� M � L� KROGV m XQLWV RI JRRG L ZKHUH

m � n� 7KH IRXUWK JRRG� RI ZKLFK WKHUH LV o XQLWV� PD\ EH UHJDUGHG DV ?FRPPXQDOO\ RZQHG� DPRQJ

WKH WKUHH DJHQWV� 7KLV JRRG LV DOORFDWHG YLD PDMRULW\ UXOH� 7KDW LV� XS WR o XQLWV RI JRRG � PD\

EH FRQVXPHG E\ D FRDOLWLRQ & LI DQG RQO\ LI M&M w �� 2WKHUZLVH� LI M&M � � WKHQ QRQH RI WKH IRXUWK

JRRG LV KHOG�

JRRG � JRRG � JRRG � JRRG �

DJHQW � n m m �

DJHQW � m n m �

DJHQW � m m n �

DJHQWV � DQG � � � � o

DJHQWV � DQG � � � � o

DJHQWV � DQG � � � � o

7DEOH �

2EVHUYH WKDW LI n JURZV UHODWLYH WR m WKHQ WKH KROGLQJV RI WKH nUVW WKUHH JRRGV DUH LQFUHDVLQJO\

VSHFLDOL]HG LQ WKH VHQVH WKDW LQGLYLGXDO � RZQV DQ LQFUHDVLQJ SURSRUWLRQ RI WKH nUVW JRRG� LQGLYLGXDO

� RZQV DQ LQFUHDVLQJ SURSRUWLRQ RI WKH VHFRQG JRRG� HWF� :KDW LV LQWHUHVWLQJ DERXW WKLV H[DPSOH LV

WKDW ZKHWKHU RU QRW WKH 178 JDPH FRUUHVSRQGLQJ WR WKLV HFRQRP\ LV EDODQFHG GHSHQGV FUXFLDOO\ RQ

WKH GHJUHH RI WKLV W\SH RI VSHFLDOL]DWRQ LQ HQGRZPHQWV RYHU WKH SULYDWHO\ KHOG JRRGV� 7KH PDMRULW\

UXOH RYHU WKH IRXUWK JRRG FUHDWHV ?YRWLQJ F\FOHV� WKDW DUH W\SLFDOO\ UHVSRQVLEOH IRU HPSW\ FRUHV DQG
��YLRODWLRQV RI EDODQFHGQHVV� 7KH VSHFLDOL]HG HQGRZPHQW KROGLQJV� LI WKH\ DUH VXmFLHQWO\ ODUJH DQG

LI DJHQWV
 SUHIHUHQFHV KDYH VXpFLHQW FXUYDWXUH VR WKDW WKHUH DUH HQRXJK JDLQV IURP WUDGH LQ WKH

SULYDWH KROGLQJV� PD\ SUHYHQW VXFK F\FOHV�

,Q WHUPV RI WKLV H[DPSOH� WKLV PHDQV WKDW LI n LV VXpFLHQWO\ ODUJH UHODWLYH WR ERWK m DQG o WKHQ

WKH FRUH RI WKLV HFRQRP\ LV ?PRUH OLNHO\� WR EH QRQHPSW\� ,I n LV ODUJH UHODWLYH WR m WKHQ HDFK DJHQW

RZQV UHODWLYHO\ ODUJH VSHFLDOL]HG KROGLQJV� ,I n LV ODUJH UHODWLYH WR o WKHQ WKHVH VSHFLDOL]HG KROGLQJV

KDYH D JUHDWHU ZHLJKW LQ DQ DJHQW
V FRQVXPSWLRQ EXQGOH WKDQ WKH FRPPXQDOO\ KHOG JRRG�

:KHWKHU RU QRW WKH FRUH LV DFWXDOO\ QRQHPSW\ GHSHQGV RQ WKH FXUYDWXUH RI WKH XWLOLW\ IXQFWLRQV

RI WKH WKUHH DJHQWV� ,I� IRU H[DPSOH� WKH WKUHH DJHQWV KDYH LGHQWLFDO XWLOLW\ IXQFWLRQV LQ ZKLFK WKH

nUVW WKUHH JRRGV DUH SHUIHFW VXEVWLWXWHV� WKHQ QR DPRXQW RI VSHFLDOL]DWLRQ FDQ UHVFXH WKH HFRQRP\

_ WKH FRUH LV HPSW\� 7KHUH KDV WR EH D UHDVRQ QRW WR H[FOXGH DQ LQGLYLGXDO LQ WKH PDMRULWLHV WKDW

IRUP WR DOORFDWH WKH IRXUWK JRRG� 7R SUHYHQW VXFK H[FOXVLRQ UHTXLUHV WKDW HDFK DJHQW SUHIHU WR

VPRRWK KLV FRQVXPSWLRQ RYHU DOO �WKH nUVW WKUHH� JRRGV� 6RPH IRUP RI VWULFW FRQFDYLW\ LV UHTXLUHG�

��+RZHYHU� WKH PDMRULW\ UXOH DOOXGHG WR KHUH LV QRW DFWXDOO\ D PDMRULW\ YRWLQJ PHFKDQLVP� 5DWKHU� LW UHIHUV WR

WKH SURSHUW\ ULJKWV VWUXFWXUH XQGHU ZKLFK WKH PDMRULW\ FRDOLWLRQV KDYH WKH DELOLW\ WR FODLP WKH HQWLUH TXDQWLW\ RI WKH

IRXUWK JRRG�

�



3 �
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�8VLQJ WKH V\PPHWULF XWLOLW\ UHSUHVHQWDWLRQ X �[ �  �[ � � LW LV QRW GLpFXOW WR FKHFN WKDW
N � N

LI� IRU H[DPSOH� n  �� m  � DQG o  �� WKHQ WKH FRUH RI WKLV HFRQRP\ LV QRQHPSW\�

, @4T*i 2 ,W LV VWUDLJKWIRUZDUG WR H[WHQG WKLV H[DPSOH WR LQFOXGH SURGXFWLRQ� 6XSSRVH o  � DQG�

LQVWHDG� WKH IRXUWK JRRG LV SURGXFHG E\ LQSXWV IURP WKH RWKHU WKUHH ZLWK SURGXFWLRQ IXQFWLRQ [  �
PLQI[ � [ � [ J� :LWK WKLV WHFKQRORJ\ ERWK VSHFLDOL]DWRQ DQG FXUYDWXUH DUH PDQLIHVWHG WKURXJK WKH� � �

SURGXFWLYH SURFHVV UDWKHU WKDQ RQO\ WKURXJK HQGRZPHQWV DQG XWLOLWLHV� UHVS� 1HYHUWKHOHVV� WKH LGHD

UHPDLQV WKH VDPH� (YHQ LI DJHQWV RQO\ YDOXH WKH IRXUWK JRRG� VSHFLDOL]HG KROGLQJV RI SURGXFWLYH

LQSXWV FRPELQHG ZLWK H[WUHPH FXUYDWXUH LQ WKH SURGXFWLRQ IXQFWLRQ DOORZV WKH FRUH WR EH QRQHPSW\
��GHVSLWH WKH YRWLQJ F\FOH LQ WKH RQO\ JRRG WKDW KDV �XWLOLW\� YDOXH�

,Q WKH H[DPSOH ZLWK SURGXFWLRQ� FXUYDWXUH LQ WKH SURGXFWLRQ IXQFWLRQ SOD\V D FUXFLDO UROH�

,I� IRU H[DPSOH� DOO JRRGV DUH SHUIHFW VXEVWLWXWHV LQ WKH SURGXFWLRQ SURFHVV DV ZLWK WKH IXQFWLRQ

[  [ � [ � [ � WKHQ PDMRULW\ UXOH RYHU WKH IRXUWK JRRG \LHOGV DQ HPSW\ FRUH UHJDUGOHVV RI KRZ� � � �

VSHFLDOL]HG DUH WKH KROGLQJV RI WKH nUVW WKUHH JRRGV�

, @4T*i � $ IDXOW\ FRQFOXVLRQ WKDW RQH PLJKW GUDZ IURP WKH nUVW H[DPSOH LV WKDW SULYDWH SURSHUW\

LV QHFHVVDU\ IRU DJHQWV WR EH VSHFLDOL]HG� DQG KHQFH� QHFHVVDU\ IRU WKH H[LVWHQFH RI D QRQHPSW\ FRUH�

&RQVLGHU DQ H[DPSOH RI H[FKDQJH ZLWK �WKH VDPH� WKUHH DJHQWV EXW RQO\ WZR JRRGV� 7KH HQGRZPHQW

DQG SURSHUW\ ULJKWV VWUXFWXUH LV H[KLELWHG LQ WKH PDWUL[ LQ 7DEOH ��

JRRG � JRRG �

DJHQWV ���� DQG � n �

DJHQWV � DQG � � o

DJHQWV � DQG � � o

DJHQWV � DQG � � o

7DEOH �

(DFK RI WKH WZR JRRGV DUH FROOHFWLYHO\ KHOG E\ DOO WKUHH DJHQWV� 7KH DQDO\VLV KLQJHV FUXFLDOO\

XSRQ WKH FRPSDWLELOLW\ RI FODLPV RI WKH FRDOLWLRQV WKDW FDQ IRUP� )RU JRRG � FRQVLGHU WKH PDMRULW\

UXOH DV LQ WKH SUHYLRXV H[DPSOHV� )RU JRRG � FRQVLGHU D XQDQLPLW\ UXOH LQ ZKLFK XS WR n XQLWV RI

JRRG � FDQ EH FRQVXPHG E\ & LI DQG RQO\ LI &  ,�

,W VKRXOG EH FOHDU WKDW ZLWK HQRXJK FXUYDWXUH LQ DJHQWV
 XWLOLWLHV� WKH FRUH LV QRQHPSW\ LI n LV

ODUJH HQRXJK UHODWLYH WR o� 7KH UHDVRQ LV WKDW WKH XQDQLPLW\ UXOH HQGRZV HDFK DJHQW ZLWK YHWR

SRZHU RYHU WKH XVH RI JRRG �� ,Q WKLV VHQVH� HDFK DJHQW LV VSHFLDOL]HG LQ WKH KROGLQJ RI JRRG �

ZKHUH VSHFLDOL]DWLRQ PHDQV WKDW HDFK DJHQW KROGV RQ WR JRRG�V� WKDW DUH QRW DYDLODEOH HOVHZKHUH�

L�H�� ZLWKRXW WKH SUHVHQFH RI WKDW DJHQW�

��+RZHYHU� WKH PDLQ UHVXOW LQ VHFWLRQ � GRHV QRW FRYHU WKH FDVH LQ ZKLFK VRPH JRRGV DUH QRW YDOXHG DV ZH DVVXPH

WKDW XWLOLWLHV DUH VWULFWO\ PRQRWRQLF�

�



e � 6Lh4@*�3@|�L?

e�� 5TiU�@*�3@|�L?

�7KH LQWXLWLRQ RI WKH H[DPSOHV DERYH LV IRUPDOL]HG� &RQVLGHU D VHTXHQFH RI HFRQRPLHV I( J  W W �
�I� � XJ LQ ZKLFK WKHUH DUH RQO\ FKDQJHV LQ WKH SK\VLFDO HQYLURQPHQW GHnQHG E\ � � 7KH VHTXHQFHW WW �

LV DVVXPHG PRQRWRQH LQ WKH VHQVH WKDW � �&� u � �&� IRU HDFK & t ,� :H IRUPDOL]H D QRWLRQ RIW�� W

VSHFLDOL]DWLRQ IRU DQ DJHQW L ZKLFK ORRNV DW KRZ WKH VHTXHQFH I� J SURJUHVVHV ZKHQ WKH DJJUHJDWHW

UHVRXUFH VHW � �,� LQFUHDVHV UHODWLYH WR WKH DJJUHJDWH UHVRXUFH VHW ZLWKRXW WKH SUHVHQFH RI DJHQW L�W

� �, Q ILJ��W

� �
#i�?�|�L? � *LYHQ D PRQRWRQH VHTXHQFH I( J  I�� � X�J � DQ DJHQW L LV VDLG WR EH LQFUHDV�W WW � W �

LQJO\ VSHFLDOL]HG LQ JRRG N LI SURM � �,� LV XQERXQGHGO\ VWULFWO\ LQFUHDVLQJ LQ W ZKLOH SURM � �, Q ILJ�W WN N
WKUHPDLQV FRQVWDQW RQ W� �ZKHUH ?SURM � LV WKH SURMHFWLRQ PDSSLQJ RQWR WKH N JRRG FRRUGLQDWH��N

'HQRWH WKH VHW RI FRPPRGLWLHV LQ ZKLFK L LV LQFUHDVLQJO\ VSHFLDOL]HG E\ {�L�� 2EVHUYH WKDW

SURM � �,� LV D FRPSDFW LQWHUYDO LQ � RI WKH IRUP >Z �Z @� 7KH DVVXPSWLRQ WKDW SURM � �,� LVW � WNNN N

XQERXQGHGO\ VWULFWO\ LQFUHDVLQJ PHDQV WKDW WKH QXPEHU Z LV XQERXQGHGO\ VWULFWO\ LQFUHDVLQJ�N

� �
#i�?�|�L? 2 $ PRQRWRQH VHTXHQFH RI HFRQRPLHV� I( J  I�� � X�J � LV LQFUHDVLQJO\ VSHFLDOL]HGW WW � W �

LI

�� (DFK DJHQW L LV LQFUHDVLQJO\ VSHFLDOL]HG LQ DW OHDVW RQH JRRG �L�H�� {�L�� �� �L�

�� )RU HDFK W WKHUH LV VRPH y � � �,� VXFK WKDW IRU HDFK L� � �,QILJ� LV ERXQGHG DERYH E\ y �W W W W

6
�� ,I IRU DQ\ & t ,� QR DJHQW LQ & LV LQFUHDVLQJO\ VSHFLDOL]HG LQ JRRG N �L�H�� N �� {�L���L�&

WKHQ SURM � �&� LV FRQVWDQW RQ W�WN

3DUW � RI 'HnQLWLRQ � DVVXPHV WKDW� DORQJ WKH VHTXHQFH I( J� HYHU\ DJHQW LV LQFUHDVLQJO\ VSH�W

FLDOL]HG LQ DW OHDVW RQH JRRG� 3DUW � DVVXPHV� IXUWKHU� WKDW WKHUH LV DQ DJJUHJDWH UHVRXUFH YHFWRU IRU

WKH HFRQRP\ ( WKDW XQLIRUPO\ ERXQGV WKH DJJUHJDWH UHVRXUFH YHFWRUV WKDW DUH IHDVLEOH LI RQH DJHQWW

LV PLVVLQJ� 7KRXJK VRPHZKDW UHVWULFWLYH� REVHUYH WKDW DOO H[FKDQJH HFRQRPLHV� FODVVLFDO DQG QRQ�

FODVVLFDO� VDWLVI\ WKLV FRQGLWLRQ� ([DPSOHV � DQG � LQ 6HFWLRQ � DUH WZR VXFK QRQFODVVLFDO H[DPSOHV�

)LQDOO\� SDUW � RI WKH 'HnQLWLRQ LPSOLHV WKDW SURM � �&� LV FRQVWDQW LI QR RQH LQ & LV VSHFLDOL]HG LQWN

JRRG N� +HQFH� LI QR RQH LV VSHFLDOL]HG LQ JRRG N WKHQ FRDOLWLRQ &
V DJJUHJDWH KROGLQJV RI JRRG N LV

ERXQGHG E\ PD[I[ � [ � SURM � �&�J��N N N

e�2 ��h�@|�hi

7KH LGHD WKDW LQFUHDVLQJ VSHFLDOL]DWLRQ PXVW KROG LQ XWLOLW\ VSDFH LV IRUPDOL]HG KHUH�

� �
#i�?�|�L? � :H ZLOO VD\ WKDW D PRQRWRQH VHTXHQFH RI HFRQRPLHV� I( J  I� � XJ � VDWLVnHVW WW � W �

WKH &XUYDWXUH &RQGLWLRQ LI IRU HDFK L � ,� IRU HDFK PLQLPDOO\ EDODQFHG FROOHFWLRQ % ZLWK QR GLVMRLQW

VHWV� IRU HDFK FROOHFWLRQ RI EDODQFLQJ ZHLJKWV �w �� DQG IRU HDFK [ � � �,�� WKH IROORZLQJ LPSOLFDWLRQ% � �

KROGV�
�)RU DQ\ FROOHFWLRQ RI VHTXHQFHV� I] �%�J � % � %�L�� WKDW VDWLVnHVW W �

�D� ] �%� � � �%� IRU HDFK W DQG HDFK % � %�L�� DQGW W

�



� � �
��E� WKHUH H[LVWV VRPH SDLU %�% � %�L� DQG D SDLU N DQG N VR WKDW ] �%�  ] �% �  �� ZKLOHWN WN

�
�] �%� DQG ] �% � LQFUHDVH ZLWKRXW ERXQG�WNWN

x xWKHQ WKHUH H[LVWV VRPH W DQG q ! � VR WKDW IRU HDFK W w W�

; ;
L Lw X �[ � ] �%�� � X � w ] �%�� b q� ���% � W % W

%�%�L� %�%�L�

7KH &XUYDWXUH &RQGLWLRQ LV D MRLQW UHVWULFWLRQ RQ XWLOLW\ IXQFWLRQV DQG RQ DJJUHJDWH IHDVLEOH

UHVRXUFH YHFWRUV DORQJ WKH VHTXHQFH RI HFRQRPLHV� ,W VWDWHV ORRVHO\ WKDW XWLOLW\ IXQFWLRQV KDYH

HQRXJK FXUYDWXUH RQ WKH VHTXHQFH RI HFRQRPLHV VR DV WR HYHQWXDOO\ RYHUZKHOP WKH HmHFW RI DQ\

LQLWLDO SRLQW WKDW LV IHDVLEOH LQ WKH LQLWLDO HFRQRP\ ( � 7R VHH ZKDW WKLV PHDQV REVHUYH WKDW ����

LV DOPRVW WKH VWDQGDUG -HQVHQ
V ,QHTXDOLW\ �LI [  � DQG q  ��� 7KHUHIRUH� ��� VWDWHV WKDW WKH�

HmHFW RI DQ\ n[HG LQLWLDO SRLQW [ RQ WKH ZHLJKWHG XWLOLW\ LV XQLIRUPO\ GRPLQDWHG E\ WKH XWLOLW\ RI�

WKH ZHLJKWHG DOORFDWLRQ RI XQERXQGHGO\ LQFUHDVLQJ FRQVXPSWLRQ DOORFDWLRQV LI W EHFRPHV VXpFLHQWO\

ODUJH�

7KH ] �%� VHTXHQFHV UHSUHVHQW VRPH WUDQVIRUPDWLRQ RI WKH LQLWLDO HFRQRP\ ( � 7KH UHVWULFWLRQVW �

RQ WKHVH VHTXHQFHV JLYHQ E\ �D� DQG �E� JXDUDQWHH WKDW WKH FRQGLWLRQ FDQ EH VDWLVnHG IRU D ODUJH FODVV

RI XWLOLW\ IXQFWLRQV� 7KH UHDVRQ LV WKDW VXFK VHTXHQFHV JURZ IDUWKHU DSDUW DV W LQFUHDVHV� 7KLV PDNHV

LW SRVVLEOH IRU XWLOLWLHV ZLWK HQRXJK FXUYDWXUH WR VDWLVI\ -HQVHQ
V ,QHTXDOLW\ ZLWK D XQLIRUP ERXQG LI

W LV VXpFLHQWO\ ODUJH DQG�RU [ LV VXpFLHQWO\ VPDOO� 1RWH WKDW WKH PRUH UHVWULFWLYH WKH UHTXLUHPHQWV�

RQ WKH VHTXHQFHV� RU WKH VPDOOHU LV WKH LQLWLDO IHDVLEOH SRLQW� WKH PRUH OLNHO\ WKH &XUYDWXUH &RQGLWLRQ

ZLOO EH VDWLVnHG�

)URP D VLPSOLnHG YHUVLRQ RI WKH HFRQRP\ LQ ([DPSOH � LQ 6HFWLRQ �� D VHTXHQFH RI HFRQRPLHV FDQ

HDVLO\ EH FRQVWUXFWHG WR EH LQFUHDVLQJO\ VSHFLDOL]HG DQG VDWLVI\ WKH &XUYDWXUH &RQGLWLRQ� &RQVLGHU

WKH HFRQRP\ LQ 7DEOH �� /HWWLQJ m  �� GHnQH WKH VHTXHQFH I� J VR WKDW IRU HDFK W� � �,�  W W

�I[ � � M [ � �n � n � n � o�J� ZKHUH n LV DVVXPHG WR LQFUHDVH LQ W ZLWKRXW ERXQG� $VVXPH WKHW W W W�

IHDVLEOH HQGRZPHQWV RI WKH VXEFRDOLWLRQV � �&�� & | , FRQIRUP WR 7DEOH �� &OHDUO\� WKLV VHTXHQFHW

LV PRQRWRQH� DQG LW LV LQFUHDVLQJO\ VSHFLDOL]HG VLQFH DJHQW L� L  �� �� � LV LQFUHDVLQJO\ VSHFLDOL]HG

LQ JRRG L� 1R LQGLYLGXDO LV LQFUHDVLQJO\ VSHFLDOL]HG LQ JRRG �� 1RZ n[ VRPH [ � � �,�� :LWKRXW� �

ORVV RI JHQHUDOLW\ ZH FDQ WDNH [ WR EH WKH XSSHU ERXQG �n � n � n � o�� 7KH RQO\ UHOHYHQW EDODQFHG� � � �

FROOHFWLRQ LV WKH FROOHFWLRQ %  II�� �J� I�� �J� I�� �JJ ZLWK ZHLJKWV � � IRU HDFK FRDOLWLRQ� )LQDOO\�

FRQVLGHU DJHQW �� )RU DQ\ SDLU

] �I�� �J�  �] � ] � �� ] � � � �I�� �J�� DQGW �W �W � W

] �I�� �J�  �] � �� ] � ] � � � �I�� �J��W �W �W � W

ZKHUH ] DQG ] LQFUHDVH ZLWKRXW ERXQG� LW VXpFHV WR YHULI\ WKDW ��� KROGV� 7KDW LV� ZH PXVW�W �W

x xYHULI\ WKDW WKHUH LV VRPH W DQG q ! � VXFK WKDW IRU DOO W w W�

� � � �� � �X �n �] � n �] � n � o�] �� X �n �] � n � n �] � o�] � � X �] � ] � ] � o�] � bq ���� �W � �W � � � �W � � �W � �W �W �W �
� � � �
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�/HWWLQJ SUHIHUHQFHV EH JLYHQ E\ X �[ �  �[ � � WKH LQHTXDOLW\ ��� UHGXFHV WRN N

� �
� � � � �� � � �

� �
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2EVHUYH WKDW ZKLOH WKH nUVW WHUP LQ WKH EUDFNHWV RQ WKH ULJKW�KDQG VLGH RI ��� LV ERXQGHG� WKH VHFRQG

DQG WKLUG EUDFNHWHG WHUPV DUH XQERXQGHGO\ LQFUHDVLQJ LQ W� +HQFH� JLYHQ WKH SUHIHUHQFHV DERYH IRU
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DOO WKUHH DJHQWV� WKLV VHTXHQFH RI HFRQRPLHV VDWLVnHV WKH &XUYDWXUH &RQGLWLRQ� 2XU PDLQ UHVXOW

VWDWHV WKDW WKH VHTXHQFH RI FRUHV FRUUHVSRQGLQJ WR WKH VHTXHQFH RI WKHVH HFRQRPLHV DUH QRQHPSW\

VHWV IRU DOO EXW nQLWHO\ PDQ\ W�

D A�i +it�*|

� �
A�iLhi4 /HW I( J  I�� � X�J GHQRWH D VHTXHQFH RI PRQRWRQH HFRQRPLHV WKDW ��� LV LQ�W WW � W �

xFUHDVLQJO\ VSHFLDOL]HG� DQG ��� VDWLVnHV WKH &XUYDWXUH &RQGLWLRQ� 7KHQ WKHUH LV D W VXFK WKDW IRU
xHDFK W w W� WKH 178 JDPH GHULYHG IURP ( LV EDODQFHG� �+HQFH WKH FRUH RI ( LV QRQHPSW\��W W

7KLV UHVXOW GHPRQVWUDWHV KRZ FKDQJHV PDGH WR WKH LQLWLDO HFRQRP\ ( FUHDWH D WUDQVIRUPDWLRQ�

RI WKH RULJLQDO HFRQRP\ ZKLFK LV HYHQWXDOO\ EDODQFHG� 6\VWHPDWLF FKDQJHV DUH PDGH RQO\ WR � DVW

W YDULHV� DQG RQO\ LQ D ZD\ WKDW LQFUHDVHV VSHFLDOL]DWLRQ LQ ( DV VSHFLnHG E\ 'HnQLWLRQ �� 8WLOLWLHV�

DUH KHOG FRQVWDQW� )RU ODUJH HQRXJK W WKH HFRQRP\ ( LV EDODQFHG� +HQFH� VXpFLHQW VSHFLDOL]DWLRQW

JLYHV WKH EDODQFHGQHVV FRQGLWLRQ�

+i4@h!G �? �*|ih?@|��i �TThL@U��

7KH DSSURDFK LQ WKH PDLQ UHVXOW LV WR H[DPLQH D VHTXHQFH RI HFRQRPLHV� HDFK RI ZKLFK YDU\ LQ

WKH VWUXFWXUH RI � �ZKLFK LV GHWHUPLQHG E\ HQGRZPHQWV DQG WHFKQRORJ\�� (DFK VXFFHVVLYH HFRQRP\

KDV FHUWDLQ HQGRZPHQWV ZKLFK DUH ODUJHU WKDQ EHIRUH� 3UHIHUHQFHV DUH KHOG n[HG� $Q DOWHUQDWLYH

DSSURDFK LV WR n[ � DQG YDU\� LQVWHDG� WKH SUHIHUHQFHV� 2QH PLJKW FDOO WKLV WKH QRUPDOL]HG DSSURDFK

VLQFH LW H[DPLQHV D n[HG HQGRZPHQW VWUXFWXUH ZKLFK LV DOUHDG\ ?VSHFLDOL]HG� DQG WKHQ YDULHV SUHI�

HUHQFHV LQ D ZD\ WKDW LQFUHDVHV WKH HmHFW RI WKH VSHFLDOL]DWLRQ LQ XWLOLW\ VSDFH� $V DQ H[DPSOH
��FRQVLGHU�

7KHUH DUH WZR DJHQWV� L  �� �� WZR JRRGV� N  D� E� DQG�

n
n���,�  I[ � � [ � �� [ � �Jn D E�
n
n���I�J�  I[ � � [  �� [ � �Jn D E�
n
n���I�J�  I[ � � [ � �� [  �Jn D E�

,QFUHDVHG VSHFLDOL]DWLRQ LV UHoHFWHG WKURXJK LQFUHDVHG SUHIHUHQFH FRPSOHPHQWDULWLHV EHWZHHQ JRRGV�

'HnQH WKH VHTXHQFH RI HFRQRPLHV I( J  I�� X J ZKHUH � LV n[HG DV DERYH DQGW W

K L�
L L �bW L �bW

X  �[ � � �[ � ���W D E�b W

L+HUH� X FRQYHUJHV WR WKH SHUIHFW FRPSOHPHQWV FDVH DV W � �� 7KH HmHFW RI LQFUHDVLQJ WKH
W

SDUDPHWHU W LV QRW XQOLNH WKDW RI LQFUHDVLQJ n LQ ([DPSOHV ��� LQ 6HFWLRQ �� 7KH DGYDQWDJH RI WKLV

DSSURDFK LV WKDW WKH VHTXHQFH RI HFRQRPLHV KDV D ZHOO GHnQHG ?OLPLW� HFRQRP\� WKH SHUWXUEDWLRQV

RI ZKLFK H[KLELW D QRQHPSW\ FRUH� 7KH GLVDGYDQWDJH LV WKDW LW LV GLpFXOW WR H[SUHVV LQFUHDVHG

VSHFLDOL]DWLRQ �JOREDOO\� LQ D PRUH JHQHUDO FODVV RI SUHIHUHQFHV WKDQ� VD\� VRPH SDUDPHWHUL]HG FODVV

RI XWLOLWLHV �VXFK DV WKH &(6 FDVH DERYH��

��
, WKDQN D UHIHUHH IRU VXJJHVWLQJ WKLV DSSURDFK DQG VXJJHVWLQJ WKH FRDOLWLRQDO VWUXFWXUH LQ WKH H[DPSOH�

�



S �hLLu Lu |�i A�iLhi4

7KH SURRI LV HOHPHQWDU\ WKRXJK VRPHZKDW LQYROYHG� )RU HDFK HFRQRP\ ( LQ WKH VHTXHQFH I( J ZHW W

GHQRWH WKH FRUUHVSRQGLQJ 178 JDPH E\ 8 ZKLFK LV GHIQHG DQDORJRXVO\ WR ���� /HW % GHQRWH DW

EDODQFHG FROOHFWLRQ RI , ZKLFK ZH DVVXPH� ZLWKRXW ORVV RI JHQHUDOLW\� FRQWDLQV QR GLVMRLQW VHWV �VHH

6KDSOH\ �������� /HW �w � EH D FROOHFWLRQ RI EDODQFLQJ ZHLJKWV IRU %� :H PXVW VKRZ WKDW� XQGHU%

WKH K\SRWKHVLV RI WKH 7KHRUHP�

;
X � w 8 �%� LPSOLHV X � 8 �,� ���W % W W W

%�%

IRU W VXpFLHQWO\ ODUJH�
�%\ WKH 6SHFLDOL]DWLRQ DVVXPSWLRQ WKHUH LV D VHTXHQFH Iy J VXFK WKDW IRU HDFK W� y � � �,�W W WW �

DQG y ERXQGV IURP DERYH HDFK � �%�� % � %� :LWKRXW ORVV RI JHQHUDOLW\ ZH PD\ DVVXPH WKDWW W

y w y IRU DOO W� ,Q SDUWLFXODU� ZH DVVXPH WKDW y LQFUHDVHV ZLWKRXW ERXQG ZKHQHYHU SURM � �,�W�� W WWN N

LQFUHDVHV ZLWKRXW ERXQG� DQG UHPDLQV FRQVWDQW ZKHQHYHU SURM � �,� LV� )XUWKHUPRUH� WKH FRQYH[LW\WN

RI � �,� DOORZV XV WR FRQVLGHU D y ZLWK WKH IROORZLQJ SURSHUW\� HDFK y � � �,� LV HpFLHQW LI WKHUHW W W W

� � �LV QR RWKHU y � � �,� VDWLVI\LQJ y w y IRU DOO N DQG y ! y IRU VRPH N� :H DVVXPH WKHUHIRUHW WN WNW WN WN

WKDW y LV HpFLHQW IRU DOO W�W 3
&RQVLGHU WKH XWLOLW\ DOORFDWLRQ X � w 8 �%�� 7KLV XWLOLW\ YHFWRU X PD\ EH H[SUHVVHG�W W W%%�%

IRU HDFK L� E\ ;
L L L LX  w X �� � ] �%��%W W ���

%�%�L�

L LZKHUH� IRU HDFK % � % DQG HDFK W� �� � ] �%�� LV D %�IHDVLEOH DOORFDWLRQ IRU � DQG VDWLVnHVL�% WW3
L L C L� � � �,� DQG ] �%� � � IRU HDFK L� DQG � � y �� �NW L�% 3

L)RU HDFK FRDOLWLRQ % LQ WKH FROOHFWLRQ %� OHW x] �%� s ] �%� GHQRWLQJ WKH LQFUHPHQW IURPW WL�%
WKWKH DPRXQW y LQ WKH LQLWLDO HFRQRP\ ( WR WKH ?W � HFRQRP\ ( � :LWKRXW ORVV RI JHQHUDOLW\ ZH� W�N 3

LVXSSRVH WKDW x] �%� � � LV FRQWDLQHG LQ WKH XSSHU ERXQGDU\ RI � �%�� ,Q WKLV FRQVWUXFWLRQ�W WL�%

WKH DJJUHJDWH FRDOLWLRQDO EXQGOHV DUH GHFRPSRVDEOH LQWR DQ LQLWLDO XSSHU ERXQG y � DQG D SDUW x]� W

ZKLFK LQFUHPHQWV y ��N
��,W WKHUHIRUH VXpFHV WR VKRZ� LQ XWLOLW\ YHFWRU IRUP�

;
w X�� � ] �%�� � 8 �,� ���W W%

%

IRU ODUJH HQRXJK W� :H GR VR E\ PDNLQJ XVH RI WKH IROORZLQJ FODLPV�

)L[ N DQG GHnQH &�N�  IL M N � {�L�J� %\ GHnQLWLRQ� HDFK L � &�N� LV LQFUHDVLQJO\ VSHFLDOL]HG

LQ JRRG N�

�� L L L)URP KHUH RQ� ZH DGRSW WKH FRQYHQWLRQ WKDW X �� � ] �%��  � ZKHQHYHU L  � %�W

��



wi44@ � )RU HDFK N DQG HDFK % � %� x] �%� ! � RQO\ LI &�N�� � DQG &�N� t %�WN

ThLLu Lu wi44@ � 7KH IDFW WKDW &�N� � � IROORZV IURP SDUW � RI 6SHFLDOL]DWLRQ $VVXPSWLRQ

�'HnQLWLRQ ��� 6XSSRVH WKDW &�N� �t %� 7KHQ WKHUH LV VRPH L � &�N� ZKHUH L  � %� %\ WKH
3

L6SHFLDOL]DWLRQ $VVXPSWLRQ� SURM � �%� t SURM � �,QILJ� t SURM � �,�� DQG VR x] �%� � � �W W � WNN N N L�% N

y  y E\ RXU HDUOLHU FRQVWUXFWLRQ RI Iy J� *LYHQ WKH FRQVWUXFWLRQ RI x] �%� LW IROORZV WKDWW WWN �N

x] �%� � �� (WN

3
wi44@ 2 w x] �%� � y � �W�% W W%�%

ThLLu Lu wi44@ 2 )L[ W� 6XSSRVH WKDW x] �%� ! � IRU VRPH N DQG VRPH %� %\ /HPPD ��WN

&�N�� � DQG &�N� t %� +HQFH WKH EDODQFLQJ ZHLJKWV PXVW VDWLVI\

;
w � ��%

I%�%M &�N�t%J

)URP WKH GHnQLWLRQ RI 6SHFLDOL]DWLRQ� x] �%� � y IRU HDFK % � %� 7KHUHIRUH� E\ /HPPD ��W W

; ;
w x] �%�  w x] �%� � y �% %WN WN WN

%�% I%�%M &�N�t%J

FRQFOXGLQJ WKH SURRI RI /HPPD �� (

C%\ /HPPD �� ZH FDQ nQG VRPH \ � � WKDW VDWLVnHVW �

;
Q\ � w x] �%�  y � �W� ����W % W W

%�%

r s3
L

%\ ����� WKH YHFWRU \ � w ] �%� LV ,�IHDVLEOH IRU � � WKHUHIRUHW % W%�%�L� W
L�,

� �
;

L L# $X �\ � w ] �%�� � 8 �,�� ����W W% W

%�%�L�
L�,

3 3
L L L L L

1RWLFH WKDW LI X �\ � w ] �%�� ! w X �� �] �%�� IRU HDFK L� WKHQ ZH ZRXOG EHW % %W W%�%�L� %�%�L�

GRQH� 7KH UHPDLQGHU RI WKH SURRI ZLOO YHULI\ ��� E\ HVWDEOLVKLQJ DQ DSSUR[LPDWLRQ RI WKLV LQHTXDOLW\�

wi44@ � )RU HDFK L � , DQG HDFK N � {�L�� WKHUH LV VRPH % � %�L� VXFK WKDW�

LI \ LV ERXQGHG IURP DERYH WKHQ x] �%� LV XQERXQGHGO\ LQFUHDVLQJ�WN WN

ThLLu Lu wi44@ � )L[ L DQG OHW N � {�L�� 7KHQ SURM � �,� LQFUHDVHV XQERXQGHGO\� )URP WKHWN

ZD\ LQ ZKLFK y ZDV FRQVWUXFWHG� LW IROORZV WKDW y DOVR LQFUHDVHV XQERXQGHGO\� 6XSSRVH WKDW \W WN WN3
LV ERXQGHG� 7KHQ ���� LPSOLHV WKDW w x] �%� LQFUHDVHV XQERXQGHGO\ ZKLFK� LQ WXUQ� LPSOLHV% WN%

� � � �
WKDW IRU VRPH % � x] �% � LQFUHDVHV XQERXQGHGO\� %\ /HPPD �� L  � % ZRXOG LPSO\ x] �% �  �� ,WWN WN

�
WKHUHIRUH PXVW EH WKH FDVH WKDW L � % � (

��



L1RZ VXSSRVH WKDW \ LV XQERXQGHG� *LYHQ WKDW X LV XQERXQGHGO\ LQFUHDVLQJ LQ HDFK JRRG� n[W 3
L L L LW VXpFLHQWO\ ODUJH VR WKDW IRU HDFK L� X �\ � ! X �� �� 7KHQ� VLQFH w ] �%� w �� E\ WKHW %%�%�L� W

LTXDVL�OLQHDULW\ DVVXPSWLRQ RQ X ZH KDYH
; ; ;

L L L L L L L LX �\ � w ] �%�� ! X �� � w ] �%�� w w X �� � ] �%��W % % %W W W

%�%�L� %�%�L� %�%�L�

LZKHUH WKH ODVW LQHTXDOLW\ IROORZV IURP WKH FRQFDYLW\ RI X � %XW VLQFH WKLV KROGV IRU DOO L WKLV PHDQV

WKDW XWLOLW\ YHFWRU LQ ���� GRPLQDWHV WKH XWLOLW\ YHFWRU LQ ���� ZKLFK ZRXOG FRQFOXGH WKH SURRI�

7KHUHIRUH� ZLWKRXW ORVV RI JHQHUDOLW\� LQ WKH VHTXHO ZH DVVXPH WKDW \ LV ERXQGHG DERYH� +HQFH� ZHW

FDQ DSSO\ /HPPD � WR DVVHUW WKDW IRU HDFK L DQG HDFK N � {�L�� x] �%� LV XQERXQGHGO\ LQFUHDVLQJ�WN

L:H PD\ DOVR DVVXPH WKDW IRU DQ\ L � %� ] �%� LQFUHDVHV ZLWKRXW ERXQG ZKHQHYHU x] �%� GRHV VR�WW

wi44@ e 6XSSRVH WKDW \ LV ERXQGHG DERYH� 7KHQ WKHUH LV DW OHDVW RQH DJHQW L � , VXFK WKDW WKHW

LVHTXHQFHV I] �%�J� % � %�L� VDWLVI\ WKH K\SRWKHVLV RI WKH &XUYDWXUH &RQGLWLRQ� 6SHFLnFDOO\� WKHW

VHTXHQFHV VDWLVI\ �D� DQG �E� RI 'HnQLWLRQ ��

ThLLu Lu wi44@ e 6XSSRVH WKDW WKH /HPPD LV IDOVH� 6SHFLnFDOO\� WKH VHTXHQFHV YLRODWH �E� RI

'HnQLWLRQ � �VLQFH �D� KROGV E\ FRQVWUXFWLRQ�� 7KHQ IRU HDFK L� HDFK N� DQG DQ\ SDLU % �% � %�L��� �

x] �% �  � Lm x] �% �  �� ����� �WN WN

)L[ RQH VXFK L� 6LQFH \ LV DVVXPHG ERXQGHG DERYH� /HPPD � LPSOLHV WKDW IRU HDFK N � {�L��W

L L] �%� LQFUHDVHV XQERXQGHGO\ IRU VRPH % � %�L� 7KHQ E\ WKH K\SRWKHVLV LQ ����� ] �% � DQG�WN WN
L] �% � DOVR LQFUHDVH ZLWKRXW ERXQG DQG VR� E\ /HPPD �� &�N� t % DQG &�N� t % IRU HYHU\� � �WN

N � {�L��

6LQFH % LV PLQLPDO� WKH FRDOLWLRQV % DQG % LQWHUVHFW ZLWKRXW LQFOXVLRQ� 7KHUHIRUH� WKHUH LV� �

VRPH DJHQW M ZKHUH M  � % DQG \HW M � % � 2EVHUYH WKDW M  � % LPSOLHV M  � &�N� IRU HYHU\
� � �

N � {�L�� 7KLV� LQ WXUQ� LPSOLHV {�L� ? {�M�  �� 1HYHUWKHOHVV� E\ 6SHFLDOL]DWLRQ� {�M� � �� /HW
M�N � {�M�� $JDLQ� E\ /HPPD � WKHUH LV VRPH % � %�M� IRU ZKLFK ] �% � LQFUHDVHV ZLWKRXW ERXQG��� �WN

�LPSO\LQJ M � &�N � t % � $OVR� L  � % VLQFH RWKHUZLVH� WKH PDLQWDLQHG K\SRWKHVLV LQ ���� ZRXOG
� �

M M
EH YLRODWHG IRU % DQG % � 6LQFH M  � % � LW IROORZV WKDW ] �% �  � DQG VR ] �% �  � DV ZHOO�� �� � � � �WN WN

�:H FRQFOXGH WKDW� JLYHQ N � {�M� DQG DQ\ N � {�L��

M M
] �% �  ] �% �  ��� �WN WN

M M
ZKLOH ] �% � DQG ] �% � LQFUHDVH ZLWKRXW ERXQG�� � �WNWN

M M
+HQFH� DJHQW M KDV D QRQHPSW\ VXEFROOHFWLRQ RI %�M�� I% �% J� LQ ZKLFK ] �% � DQG ] �% �

� � � �W W

VDWLVI\ K\SRWKHVLV �E� RI WKH &XUYDWXUH &RQGLWLRQ� (

M
)ROORZLQJ WKH QRWDWLRQ LQ /HPPD �� ZH DVVXPH WKDW� IRU DQ DJHQW M� I] �%�J� % � %�M� VDWLVnHVW

x xWKH K\SRWKHVLV RI WKH &XUYDWXUH &RQGLWLRQ� 7KHQ WKHUH LV VRPH W DQG q ! � VXFK WKDW IRU DOO W w W�
; ;

M MM M Mw X �� � ] �%�� � X �\ � w ] �%�� b q� ����W% %W W

% %

*LYHQ WKH XQLIRUP ERXQG q� D QXPEHU o ! � FDQ EH IRXQG FORVH HQRXJK WR � VR WKDW
; ;

M MM M Mw X �� � ] �%�� � X �\ � ��b o� w ] �%�� ����% W %W W

% %

��



xIRU HDFK W w W� 3 3 ML L/HW �o � VDWLVI\ o ! � IRU HDFK L � M� DQG o  o� 5HFDOO WKDW w ] �%� KDVL %L� M L� M % W
LXQERXQGHGO\ LQFUHDVLQJ FRPSRQHQWV� DQG HDFK X � L � M� LV XQERXQGHGO\ LQFUHDVLQJ LQ HDFK FRP�

L LSRQHQW� 7KHUHIRUH� IRU HDFK L WKHUH LV VRPH W VXFK WKDW IRU HDFK W w W �

; ; ;
ML L L L L Lw X �� � ] �%�� � X �\ � w ] �%� � o w ] �%��� ����W% % %W W W

% % %

LA x A)LQDOO\� OHW W  PD[IW� �W � J� :H FRQFOXGH WKDW ��� KROGV IRU DOO W w W� ZKLFK FRQFOXGHV WKH SURRI�L� M

( (
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>�@ $QGHUVRQ� 5� ������� ?1RWLRQV RI &RUH &RQYHUJHQFH�� &KDSWHU �� +DQGERRN RI 0DWKHPDWLFDO

(FRQRPLFV� $PVWHUGDP� 1RUWK +ROODQG�

>�@ %LOOHUD� /� ������� ?2Q *DPHV ZLWKRXW 6LGH 3D\PHQWV $ULVLQJ IURP D *HQHUDO &ODVV RI 0DU�
NHWV�� -RXUQDO RI 0DWKHPDWLFDO (FRQRPLFV� ���������

>�@ %LOOHUD� /� DQG 5� %L[E\ ������� ?$ &KDUDFWHUL]DWLRQ RI 3RO\KHGUDO 0DUNHW *DPHV�� ,QWHUQD�
WLRQDO -RXUQDO RI *DPH 7KHRU\� ���������

>�@ %RHKP� 9� ������� ?7KH &RUH RI DQ (FRQRP\ ZLWK 3URGXFWLRQ�� 5HYLHZ RI (FRQRPLF 6WXGLHV�
����������

>�@ %RUGHU� .� ������� ?$ &RUH ([LVWHQFH 7KHRUHP IRU *DPHV ZLWKRXW 2UGHUHG 3UHIHUHQFHV��
(FRQRPHWULFD� ��� ��������

>�@ %RUGHU� .� ������� )L[HG 3RLQW 7KHRUHPV ZLWK $SSOLFDWLRQV WR (FRQRPLFV DQG *DPH 7KHRU\�
&DPEULGJH 8QLYHUVLW\ 3UHVV� &DPEULGJH�

>�@ *ORPP� *� DQG 5� /DJXQRm ������� ?2Q WKH 6RFLDO 6WDELOLW\ RI &RDOLWLRQDO 3URSHUW\ 5LJKWV
5HJLPHV�� PLPHR� 8QLYHUVLW\ RI 3HQQV\OYDQLD�

>�@ *UHHQEHUJ� -� ������� ?/RFDO 3XEOLF *RRGV ZLWK 0RELOLW\� ([LVWHQFH DQG 2SWLPDOLW\ RI D
*HQHUDO (TXLOLEULXP�� -RXUQDO RI (FRQRPLF 7KHRU\� ���������

>�@ ,FKLLFKL� 7� DQG 0� 4XLQ]LL ������� ?'HFHQWUDOL]DWLRQ RI WKH &RUH RI D 3URGXFWLRQ (FRQRP\
ZLWK ,QFUHDVLQJ 5HWXUQV�� ,QWHUQDWLRQDO (FRQRPLF 5HYLHZ� ��� ��������

>��@ /DJXQRm� 5� ������ ?$ 6LPSOH 1RQFRRSHUDWLYH &RUH 6WRU\�� *DPHV DQG (FRQRPLF %HKDYLRU�
�� ������

>��@ 0ROGRYDQX� %� DQG (� :LQWHU ������� ?2UGHU ,QGHSHQGHQW (TXLOLEULD�� PDQXVFULSW� 8QLYHUVLW\
RI %RQQ�

>��@ 0RXOLQ� +� DQG %� 3HOHJ ������� ?7KH &RUH RI (mHFWLYLW\ )XQFWLRQV DQG ,PSOHPHQWDWLRQ 7KH�
RU\�� -RXUQDO RI 0DWKHPDWLFDO (FRQRPLFV� ��� �������

>��@ 2NDGD� $� ������� ?1RQFRRSHUDWLYH %DUJDLQLQJ DQG WKH &RUH RI DQ 1�3HUVRQ &KDUDFWHULVWLF
)XQFWLRQ *DPH�� .\RWR ,QVWLWXWH IRU (FRQRPLF 5HVHDUFK� 'LVFXVVLRQ 3DSHU ����� 2FWREHU�

>��@ 3HUU\� 0� DQG 3� 5HQ\ ������� ?$ 1RQFRRSHUDWLYH 9LHZ RI &RDOLWLRQ )RUPDWLRQ DQG WKH &RUH��
(FRQRPHWULFD� ��� ��������

>��@ 6FDUI� +� ������� ?7KH &RUH RI DQ 1 3HUVRQ *DPH�� (FRQRPHWULFD� ���������

>��@ 6FRWFKPHU� 6� ������� ?3URnW 0D[LPL]LQJ &OXEV�� -RXUQDO RI 3XEOLF (FRQRPLFV�� ���������
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