
( [HFXWLYH &RPSHQVDWLRQ ÷ WKH % RXQGDU \ RI WKH )LU Pã
7 KH &DVH RI 6KRU Wð/LYHG 3 U RMHFWV

*DU\ *RUWRQD DQG %UXFH 'ï *UXQG\E

: H F R Q V LG H U W K H S U R E OH P R I P R U D O K D ] D U G LQ W K H W H D P R I P D Q D J H U V H P S OR \H G LQ D
p U P ZK H Q W K H S U LQ F LS D Oî p U P R ZQ H U F D Q S OD \ D Q D F W LYH U R OH LQ G H W H U P LQ LQ J W H D P R X W ð
S X W ï 8 Q OH V V W K H S U LQ F LS D OöV F R P S H Q V D W LR Q LV Q R Q ðG H F U H D V LQ J LQ p U P YD OX H W K H U H LV D Q
D G G LW LR Q D O P R U D O K D ] D U G S U R E OH P V LQ F H W K H S U LQ F LS D O ZLOO K D YH D Q LQ F H Q W LYH W R U H G X F H
R X W S X W ï ,Q W K LV F R Q W H [W ZH G H W H U P LQ H W H D P ñ D Q G K H Q F H p U P ñ V L] H D Q G V R OYH IR U W K H IR U P
R I R S W LP D O P D Q D J H U LD O F R P S H Q V D W LR Q F R Q W U D F W V ï ,Q S D U W LF X OD U ZH G H W H U P LQ H F R Q G LW LR Q V
X Q G H U ZK LF K R S W LP D O F R Q W U D F W V ZLOO K D YH R S W LR Q ðOLNH IH D W X U H V ï

.H\ ZRUGVã 0RUDO KD]DUG LQ WHDPVâ ([HFXWLYH FRPSHQVDWLRQâ ([HFXWLYH VWRFN RSWLRQVâ
%RXQGDU\ RI WKH pUP

-(/ FODVVLpFDWLRQã 'ëâ *êâ -ê

)LUVW 'UDIWã 1RYHPEHU ìääæ

&XUUHQW 'UDIWã -DQXDU\ ìääå

D 7KH :KDUWRQ 6FKRROñ 8QLYHUVLW\ RI 3HQQV\OYDQLD DQG 1%(5ï

2rFHã õëìèô åäåðéåíë )D[ã õëìèô åäåðçëíí JRUWRQ#ZKDUWRQïXSHQQïHGX

E 7KH :KDUWRQ 6FKRROñ 8QLYHUVLW\ RI 3HQQV\OYDQLDï

2rFHã õëìèô åäåðêííé )D[ã õëìèô åäåðçëíí JUXQG\#ZKDUWRQïXSHQQïHGX

7KH DXWKRUV WKDQN 5DMHVK $JJDUZDOñ )UDQFHVFD &RUQHOOLñ 5RQHQ ,VUDHOñ (UQVW 0DXJñ 7RGG
0LOERXUQñ -RKDQQHV 5DDEDOOHñ %LOJH <LOPD] DQG WKH SDUWLFLSDQWV LQ VHPLQDUV DW 'DUWPRXWKñ /RQGRQ
%XVLQHVV 6FKRROñ 0LFKLJDQñ <DOHñ WKH :KDUWRQ 6FKRRO DQG ìääå $)$ 0HHWLQJVï 7KH VHFRQG DXWKRU
JUDWHIXOO\ DFNQRZOHGJHV pQDQFLDO VXSSRUW IURP WKH *HHZD[ð7HUNHU 5HVHDUFK 3URJUDP LQ )LQDQFLDO
,QVWUXPHQWVï $ PRQRSRO\ RQ HUURUV UHPDLQV IXOO\ YHVWHG ZLWK WKH DXWKRUVï

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Research Papers in Economics

https://core.ac.uk/display/6773559?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


7KH WKHRU\ RI WKH pUP H[DPLQHV ZK\ SURMHFWV DUH FRPELQHG DQG WKH OLPLWV WR VXFK LQWHJUDð

WLRQï ,Q WKHLU VXUYH\ RI WKH WKHRU\ RI WKH pUP +ROPVWURP DQG 7LUROH õìäåäñ Sïççô QRWH WKDW ?>Z@KLOH

LW LV UHODWLYHO\ HDV\ WR HQYLVLRQ UHDVRQV IRU LQWHJUDWLRQñ LW LV VXEVWDQWLDOO\ KDUGHU WR DUWLFXODWH FRVWV

RI LQFUHDVHG VL]Hïû :H H[DPLQH D VHWWLQJ ZKHUH DGGLQJ D SURMHFW WR WKH pUP UHTXLUHV KLULQJ DQ

DGGLWLRQDO PDQDJHUï :H VKRZ KRZ LQFUHDVLQJ DJHQF\ SUREOHPV SURYLGH D QDWXUDO ERXQGDU\ RQ pUP

VL]Hïì 'HWHUPLQLQJ RSWLPDO pUP VL]H UHTXLUHV VLPXOWDQHRXVO\ VROYLQJ IRU RSWLPDO PDQDJHULDO FRPð

SHQVDWLRQ FRQWUDFWVï ,Q GRLQJ VRñ ZH HVWDEOLVK FRQGLWLRQV XQGHU ZKLFK FRPSHQVDWLRQ ZLOO RSWLPDOO\

LQYROYH RSWLRQV DV GLVWLQFW IURP HTXLW\ðOLNH FRPSHQVDWLRQïë

:H IRUPDOO\ HPEHG WKH SULQFLSDOðDJHQW SUREOHP LQ D pUPñ ZKHUH D pUP LV GHpQHG E\ WKUHH

FKDUDFWHULVWLFVï )LUVWñ D pUP PD\ KDYH DVVHWVðLQðSODFHñ LQ ZKLFK FDVH D PDQDJHU FDQ IUHHðULGH RQ

H[LVWLQJ DVVHWVï 6HFRQGñ D pUP PD\ KDYH PRUH WKDQ RQH PDQDJHUñ LQ ZKLFK FDVH D PDQDJHU FDQ

IUHHðULGH RQ KHU FROOHDJXHVö HoRUWVï 7KHVH pUVW WZR FKDUDFWHULVWLFV FDQ PHDQ WKDW LQGXFLQJ HoRUW LQ

D pUP VHWWLQJ LV PRUH GLrFXOW WKDQ LQ D VHWWLQJ ZKHUH D PDQDJHU LV FRPSHQVDWHG RQO\ ZLWK FODLPV

RQ WKH YDOXH DGGHG E\ KHU RZQ HoRUWVï 7KLUGñ WKH SULQFLSDO LV DQ DFWLYH SDUWLFLSDQW LQ WKH pUPï

7KLV WKLUG FKDUDFWHULVWLF LV WKH PRVW LPSRUWDQW IRU RXU UHVXOWV DQG GLVWLQJXLVKHV WKH PRGHO

RI WKLV SDSHU IURP WKDW RI +ROPVWURP õìäåëôï +ROPVWURP IRFXVHV RQ WKH VHFRQG FKDUDFWHULVWLF

QRWHG DERYHñ QDPHO\ WKH SUREOHP RI FRQWUDFWLQJ ZLWK PXOWLSOH PDQDJHUVï )RU DQ\ JLYHQ QXPEHU

RI PDQDJHUVñ pUVW EHVW HoRUW OHYHOV DUH DFKLHYDEOH LI PDQDJHUV DUH SURPLVHG D ERQXV LQ WKH HYHQW

WKDW pUP YDOXH H[FHHGV D OHYHO FRQVLVWHQW ZLWK WKHP DOO ZRUNLQJï 7KLV RXWFRPH LV WKH UHVXOW RI

LQWURGXFLQJ D ?SULQFLSDOû ZKRVH VROH SXUSRVH LV WR EH WKH UHVLGXDO FODLPDQW RQ DQ\ H[FHVV RI pUP

YDOXH RYHU DQG DERYH WKH ERQXVHV HDUQHG_XQOHVV DOO PDQDJHUV ZRUNñ HDFK ZLOO UHFHLYH QRWKLQJ DQG

DQ\ RXWSXW ZLOO JR WR WKH SULQFLSDOï 7KH SULQFLSDO LV D GHYLFH DOORZLQJ WKH PDQDJHUV WR FRPPLW

WR QRW VKDUH RXWSXW LQ WKH HYHQW WKDW WKH\ GR QRW DOO ZRUNñ DQG WKH IRUIHLWXUH RI RXWSXW WR WKH

ì )RU DQ TXLWH GLoHUHQW DQDO\VLV RI WKH UHODWLRQ EHWZHHQ DJHQF\ SUREOHPV DQG RUJDQL]DWLRQDO
VWUXFWXUH VHH +HUPDOLQ õìääçôï

ë 7KXV ZH JR SDUW ZD\ LQ DGGUHVVLQJ .ROHöV õìääæñ Sï æäô REVHUYDWLRQ WKDW ?YDULDWLRQ LQ
FRPSHQVDWLRQ FRQWUDFWLQJ FKDOOHQJHV WKHRULVWV WR LQFRUSRUDWH WKH ULFKQHVV RI PDQDJHPHQW FRQWUDFWV
LQWR PRGHOV RI LQFHQWLYH SD\ïû

ì



SULQFLSDO LV WKH HQIRUFHDEOH JURXS SHQDOW\ ZKLFK LPSOHPHQWV pUVWðEHVWï

+ROPVWURP õìäåëñ Sï êëåô REVHUYHV WKDW ?LW LV LPSRUWDQW WKDW WKH SULQFLSDO QRW SURYLGH DQ\

õXQREVHUYDEOHô SURGXFWLYH LQSXWV RU HOVH D IUHHðULGHU SUREOHP UHPDLQVïû ,Q FRQWUDVW WR +ROPVWURPöV

SULQFLSDOñ WKH SULQFLSDO LQ RXU SDSHU LV DFWLYH DQG FDQ SURYLGH QRQðYHULpDEOH SURGXFWLYH LQSXWVâ LQ

SDUWLFXODUñ QHJDWLYH LQSXWVï 7KH SULQFLSDO ZLOO KDYH DQ LQFHQWLYH WR UHGXFH RXWSXW ZKHQHYHU GRLQJ

VR ZRXOG LQFUHDVH WKH YDOXH RI KLV UHVLGXDO FODLPï

:KHQ WKH SULQFLSDO LV SXUHO\ DQ LQDFWLYH EXGJHWðEUHDNHU DV LQ +ROPVWURPöV PRGHOñ WKH LVVXH

RI pUP VL]H QHYHU DULVHVï :KHQ WKH SULQFLSDO LV DFWLYHñ SRWHQWLDO PDQDJHUV ZLOO EH ORDWK WR DFFHSW

FRQWUDFWV WKDW JLYH WKH SULQFLSDO WKH LQFHQWLYH WR UHGXFH RXWSXWï 7KH SULQFLSDO ZLOO QRW KDYH WKLV

LQFHQWLYH LI PDQDJHULDO FRQWUDFWV DUH VXFK WKDW WKH SULQFLSDOöV SD\Ro LV QRQðGHFUHDVLQJ LQ pUP YDOXHï

$V ZLOO EH VHHQñ PDQDJHULDO FRQWUDFWLQJ LQ WKH IDFH RI D SRWHQWLDO PRUDO KD]DUG SUREOHP RQ WKH

SDUW RI WKH SULQFLSDO FRQVWUDLQV WKH QXPEHU RI PDQDJHUV ZKR FDQ EH PRWLYDWHG WR ZRUNñ DQG KHQFH

XQGHUOLHV RXU UHVXOWV RQ pUP VL]Hï

2XU VHWWLQJ LV RWKHUZLVH TXLWH VLPSOHã 7KHUH LV QRQYHULpDELOLW\ RI D VLPSOH ]HURîRQH õVKLUN

RU ZRUNô HoRUW FKRLFH RQ WKH SDUW RI HDFK PDQDJHUâ WKHUH LV QR XQFHUWDLQW\ FRQFHUQLQJ RXWSXW

JLYHQ WKH HoRUW FKRLFHVâ DQG WKH SULQFLSDO DQG PDQDJHUV DUH ULVNðQHXWUDOï 7KH SDSHUöV WLWOH UHIHUV

WR ?VKRUWðOLYHG SURMHFWVïû 7KH SURMHFWV FRQVLGHUHG LQ WKLV SDSHU DUH VKRUWðOLYHG LQ WKH VHQVH WKDW

WKH\ FDQ RQO\ EH XQGHUWDNHQ LQ WKH FXUUHQW SHULRGï 7KH DELOLW\ WR GHIHU ORQJðOLYHG SURMHFWV DQG

WKH UHVXOWDQW SRVVLELOLW\ WKDW D PDQDJHU PD\ DWWHPSW WR IUHHðULGH RQ WKH pUPöV IXWXUH PDQDJHUV LV

FRQVLGHUHG LQ D FRPSDQLRQ SDSHUã ?([HFXWLYH &RPSHQVDWLRQ DQG WKH %RXQGDU\ RI WKH )LUPã 7KH

&DVH RI /RQJð/LYHG 3URMHFWVïû

7KH SDSHU SURFHHGV DV IROORZVï 6HFWLRQ ì SUHVHQWV WKH PRGHOï 6HFWLRQ ë DQDO\]HV D UHVWULFWHG

YHUVLRQ RI WKH SUREOHP LQ ZKLFK WKH QXPEHU RI PDQDJHUV LV p[HGñ DOO PDQDJHUV DUH FRPSHQVDWHG ZLWK

LGHQWLFDO FRQWUDFWV LQYROYLQJ ZDJHVñ HTXLW\ VKDUHV DQG RSWLRQV RQ HTXLW\ VKDUHVñ DQG WKH SULQFLSDO

DQG PDQDJHUV SRVVHVV OLPLWHG OLDELOLW\ï 6HFWLRQ ê VROYHV WKH JHQHUDO SUREOHP RI PLQLPL]LQJ WKH

FRVW RI KLULQJ DQG PRWLYDWLQJ D p[HG QXPEHU RI PDQDJHUVï 7KH RSWLPDO QXPEHU RI PDQDJHUV WR

ë



KLUHñ DQG KHQFH RSWLPDO VL]Hñ LV WKH VXEMHFW RI 6HFWLRQ éï 6HFWLRQ è DQDO\]HV WKH XQLTXHQHVV RI WKH

HTXLOLEULXP DQG KLJKOLJKWV WKH OLQN EHWZHHQ PDQDJHULDO OLPLWHG OLDELOLW\ DQG XQLTXHQHVVï 6HFWLRQ ç

H[WHQGV RXU UHVXOWV RQ pUP VL]H WR WKH FDVH RI VWRFKDVWLF RXWSXW DQG PDQDJHULDO ULVN DYHUVLRQï 2XU

FRQFOXVLRQV DUH FRQWDLQHG LQ 6HFWLRQ æï

ìï 7KH 0RGHO

2XU pUP FRQVLVWV RI D FRPELQDWLRQ RI DVVHWVðLQðSODFH DQG P QHZ LQYHVWPHQW RSSRUWXQLWLHVï

(DFK VXFK SURMHFW UHTXLUHV WKH ODERU VHUYLFHV RI D PDQDJHUï 7KH RZQHU RI WKH pUPñ WKH SULQFLSDOñ

VXSSOLHV DQ\ FDSLWDO UHTXLUHG E\ WKH pUPñ FKRRVHV WKH QXPEHU RI SURMHFWVñ Q x Pñ WR DFWXDOO\ EH

XQGHUWDNHQ DQG PXVW GHVLJQ FRPSHQVDWLRQ FRQWUDFWV WR DWWUDFW Q PDQDJHUVñ RQH IRU HDFK SURMHFWï

0DQDJHUVö HoRUW FKRLFHV DUH QRW YHULpDEOHï )LUP VL]H LV PHDVXUHG E\ Qñ WKH QXPEHU RI SURMHFWV

XQGHUWDNHQï

ìïì 7KH DVVXPSWLRQV

8WLOLW\ )XQFWLRQV DQG 2SSRUWXQLW\ &RVWVã 7KH SULQFLSDO DQG WKH PDQDJHUV DUH ULVNðQHXWUDOï

(DFK PDQDJHU LöV XWLOLW\ IXQFWLRQ LV JLYHQ E\ & b HL'ñ ZKHUH & LV KHU OLIHWLPH FRQVXPSWLRQñ HL

LV KHU ]HURîRQH HoRUW FKRLFH DQG ' LV WKH GLVXWLOLW\ RI H[SHQGLQJ HoRUWï $ PDQDJHUöV UHVHUYDWLRQ

XWLOLW\ LV 5ï $W D PLQLPXP WKH PDQDJHU PXVW EH FRPSHQVDWHG IRU KHU IRUJRQH RSSRUWXQLWLHVñ 5ñ

DQG IRU WKH GLVXWLOLW\ RI HoRUWñ 'ï ,I D PDQDJHU FDQ EH LQGXFHG WR ZRUN DW D FRVW RI 5ò'ñ WKHQ

ZH VD\ WKDW KHU FRPSHQVDWLRQ LV ?OHDVWðFRVWïû

7KH 3URGXFWLRQ 7HFKQRORJ\ã &RQGLWLRQDO RQ NQRZLQJ WKH ]HURîRQH HoRUW FKRLFH RI D JLYHQ

PDQDJHU WKHUH LV QR XQFHUWDLQW\ DERXW KHU SURMHFWöV SD\Roï )RU VLPSOLFLW\ñ ZH DVVXPH WKDW DOO

SURMHFWV KDYH LGHQWLFDO SRWHQWLDO SD\RoVï ,I D PDQDJHU GRHVQöW PDNH DQ HoRUWñ WKH DVVRFLDWHG

SURMHFWöV SD\Ro LV ]HURï ,I HoRUW LV H[SHQGHG HDFK SURMHFWöV SD\Ro LV cï 7KH SURMHFWV DUH HDFK

SRWHQWLDOO\ SRVLWLYH 139 LQYHVWPHQWV LQ WKDW WKH SD\Ro LV JUHDWHU WKDQ WKH PLQLPXP SRVVLEOH

FRVW RI KLULQJ DQG PRWLYDWLQJ D PDQDJHUâ LïHïñ c ! 5 ò 'ï 7KH OLTXLGDWLRQ YDOXH RI WKH pUPöV

DVVHWVðLQðSODFH DW WKH HQG RI WKH SHULRG LV $ y íï 7KH LQWHUHVW UDWH LV ]HURï

7KH &RQWUDFWLQJ 7HFKQRORJ\ã 6LQFH WKH PDQDJHUVö HoRUW FKRLFHV DUH QRW YHULpDEOHñ FRQWUDFWV

ê



DUH OLPLWHG WR IXQFWLRQV RI pUP YDOXHï )LUP YDOXH LWVHOI LV YHULpDEOHï 1RQðFRQWUDFWLELOLW\ RI HoRUW

LPSOLHV WKDW WKH FDVK qRZV IURP WKH FRPELQDWLRQ RI WKH DVVHWVðLQðSODFH DQG WKH SURMHFWV XQGHUWDNHQ

FDQ QRW EH YHULpDEO\ DWWULEXWHG WR SDUWLFXODU SURMHFWVï )LUP YDOXH GHSHQGV RQ WKH WRWDO HoRUW

H[SHQGHGñ
3Q

M ì HMñ DQG LV LQGHSHQGHQW RI WKH LGHQWLW\ RI WKH SDUWLFXODU PDQDJHUV PDNLQJ DQ

HoRUWïê 0DQDJHUV PD\ RU PD\ QRW KDYH OLPLWHG OLDELOLW\ DQG ZH FRQVLGHU ERWK SRVVLELOLWLHVï

$Q $FWLYH 3ULQFLSDOã 2XU SULQFLSDO LV DVVXPHG DFWLYH LQ WKH VHQVH WKDW KH FDQ QRQðYHULpDEO\

UHGXFH RXWSXWï ,Q WKH H[WUHPHñ VXFK D SULQFLSDO FRXOG GHVWUR\ RXWSXWï 0RUH JHQHUDOO\ñ DQ DFWLYH

SULQFLSDO KDV DQ LQFHQWLYH WR VHFUHWO\ UHQHJRWLDWH ZLWK VRPH VXEVHW RI WKH PDQDJHUV ZKHQHYHU

EULELQJ WKLV VXEVHW QRW WR ZRUN ZRXOG LQFUHDVH WKH YDOXH RI KLV FODLPï 7KH SULQFLSDO ZLOO QRW KDYH

DQ LQFHQWLYH WR UHGXFH RXWSXWñ VR ORQJ DV PDQDJHULDO FRPSHQVDWLRQ FRQWUDFWV DUH GHVLJQHG VR WKDW

WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO LV QRQðGHFUHDVLQJ LQ pUP YDOXHï

ìïë 7KH SULQFLSDOöV SUREOHP IRU p[HG Q

7KH SULQFLSDO PXVW GHVLJQ D VHW RI FRQWUDFWV ZKLFK ZLOO EH RoHUHG WR WKH SRWHQWLDO PDQDJHUVï

(DFK PDQDJHU ZKR DJUHHV WR SDUWLFLSDWH WKHQ PDNHV DQ HoRUW FKRLFH JLYHQ KHU FRQMHFWXUH FRQFHUQLQJ

WKH HoRUW FKRLFHV RI WKH RWKHU PDQDJHUVï :H VROYH WKLV SUREOHP DV D PHFKDQLVP GHVLJQ SUREOHP LQ

ZKLFK WKH SULQFLSDO RSWLPDOO\ FKRRVHV FRQWUDFWV ZKHQ WKH PDQDJHUVö HoRUW FKRLFHV DQG FRQMHFWXUHV

FRQVWLWXWH D 1DVK HTXLOLEULXPï 7KH DQDO\VLV SURFHHGV E\ pUVW WDNLQJ WKH QXPEHU RI SURMHFWVñ Qñ DV

JLYHQñ DQG WKHQ õLQ 6HFWLRQ éô GHWHUPLQHV WKH RSWLPDO pUP VL]H E\ pQGLQJ WKH RSWLPDO QXPEHU RI

SURMHFWV WR XQGHUWDNHñ Qeï

7KH JURVV pUP YDOXH DVVRFLDWHG ZLWK XQGHUWDNLQJ Q SURMHFWV LV VLPSO\ $òQcï 7KH SULQFLSDO
VHHNV WR PLQLPL]H WKH WRWDO FRPSHQVDWLRQ FRVW RI LQGXFLQJ Q PDQDJHUV WR SDUWLFLSDWH DQG PDNH

DQ HoRUWï /HW nL GHQRWH WKH WHUPV RI PDQDJHU LöV FRQWUDFWï /HW &õnLM
3Q

M ì HM  Nô EH WKH

FRPSHQVDWLRQ UHFHLYHG E\ PDQDJHU L FRQGLWLRQDO RQ pUP YDOXH EHLQJ $ ò Ncâ LïHïñ FRQGLWLRQDO RQ

ê ,W LV SUHFLVHO\ WKH IDFW WKDW pUP YDOXH LV LQGHSHQGHQW RI WKH LGHQWLW\ RI WKH SDUWLFXODU
PDQDJHUV PDNLQJ DQ HoRUW ZKLFK H[SODLQV ZK\ WKH YDOXH RI WKH pUP FDQ EH YHULpDEOHñ \HW WKHUH FDQ
VWLOO EH DQ DJHQF\ SUREOHPï $V ZLOO EH VHHQñ RXU UHVXOWV RQ pUP VL]H DSSO\ VR ORQJ DV DJJUHJDWH pUP
YDOXH LV REVHUYDEOHï 9HULpDELOLW\ RI pUP YDOXH LV RQO\ UHOHYDQW IRU WKH IRUP RI RSWLPDO PDQDJHULDO
FRQWUDFWVï

é



D WRWDO RI N RI WKH PDQDJHUV PDNLQJ DQ HoRUWï 5HFDOO WKDW VLQFH DQ LQGLYLGXDO PDQDJHUöV HoRUW LV

QRW YHULpDEOHñ FRPSHQVDWLRQ FRQWUDFWV PXVW EH IXQFWLRQV RI pUP YDOXH DQG pUP YDOXH GHSHQGV RQ

WKH WRWDO HoRUW H[SHQGHGñ
3Q

M ì HMï )RU Q p[HGñ WKH SULQFLSDOöV SUREOHP LVã
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&RQVWUDLQW õìô LV WKH SDUWLFLSDWLRQ FRQVWUDLQWï &RQVWUDLQW õëô LV WKH PDQDJHULDO HoRUW FRQð

VWUDLQWï 8QGHU DQ RSWLPDO FRQWUDFW WKH PDQDJHUVö HoRUW FKRLFHV DUH DVVXPHG WR FRQVWLWXWH D 1DVK

HTXLOLEULXP LQ ZKLFK HDFK PDQDJHU ZRUNV EHOLHYLQJ WKDW WKH RWKHU Qb ì PDQDJHUV ZLOO DOVR ZRUNï
&RQVWUDLQW õêô LV WKH SULQFLSDOöV LQFHQWLYH FRPSDWLELOLW\ FRQVWUDLQW JXDUDQWHHLQJ WKDW WKH SULQFLSDO

GRHV QRW KDYH DQ LQFHQWLYH WR UHGXFH RXWSXWï &RQVWUDLQW õêô VWDWHV WKDW PDQDJHULDO FRQWUDFWV PXVW

EH GHVLJQHG VXFK WKDW WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO LV QHYHU KLJKHU WKDQ LW LV ZKHQ DOO Q

PDQDJHUV ZRUNï ,PDJLQH VROYLQJ õ3,ô VXEMHFW RQO\ WR FRQVWUDLQWV õìô DQG õëôï 2QH VROXWLRQ WR WKLV

UHGXFHG SUREOHP ZRXOG EH WR SD\ HDFK PDQDJHU D p[HG DPRXQWñ ) x 5ñ DQG D ERQXV RI 'ò5b)

WR EH UHFHLYHG LQ WKH HYHQW WKDW pUP YDOXH LV $ ò Qc RU PRUHï 6XFK D FRQWUDFW VDWLVpHV ERWK

FRQVWUDLQWV õìô DQG õëô DW OHDVWðFRVWï

%XW JLYHQ DQ DFWLYH SULQFLSDOñ VXFK D FRQWUDFW ZLOO QRW VXFFHHG LQ LQGXFLQJ Q PDQDJHUV WR

VLJQ DQG ZRUNï ,I DQ DFWLYH SULQFLSDO ZHUH WR VHFUHWO\ UHQHJRWLDWH ZLWK DQ\ RQH PDQDJHUñ SD\LQJ KHU D

EULEH RI 5b) QRW WR ZRUNñ WKHQ WKH SULQFLSDO ZRXOG QRW KDYH WR SD\ DQ\ ERQXVHVï $OWKRXJK RXWSXW

ZRXOG EH UHGXFHG E\ cñ WRWDO PDQDJHULDO FRPSHQVDWLRQ ZRXOG EH UHGXFHG E\ Qõ'ò5b) ôbõ5b) ôï

:KHQHYHU Q ! c ò5b)
'ò5b) ñ WKH SULQFLSDO ZRXOG EH EHWWHU Ro E\ KDYLQJ UHGXFHG RXWSXWï %XW DOO WKH

è



RWKHU PDQDJHUV ZLOO UHFRJQL]H WKDW VRPHRQH HOVH ZLOO KDYH EHHQ EULEHG QRW WR ZRUNñ DQG KHQFH WKH\

WRR ZRXOG pQG LW RSWLPDO QRW WR ZRUNï 5HFRJQL]LQJ WKDWñ LQ WKH HQGñ QRðRQH ZDV JRLQJ WR ZRUNñ

QR PDQDJHU ZRXOG DJUHH WR SDUWLFLSDWHï %\ GHVLJQLQJ PDQDJHULDO FRQWUDFWV VXFK WKDW WKH UHVLGXDO

SD\Ro WR WKH SULQFLSDO LV DOZD\V QRQðGHFUHDVLQJ LQ pUP YDOXHñ WKH SULQFLSDO FDQ JXDUDQWHH WKDW KH

ZLOO QRW EH WHPSWHG E\ VXFK D PRUDO KD]DUGï

ëï 7KH 5HVWULFWHG 3UREOHP IRU )L[HG Q

)RU p[HG Q ZH pUVW VROYH WKH SULQFLSDOöV SUREOHPñ õ3,ôñ E\ DGGLQJ WZR FRQVWUDLQWV RQ FRQWUDFW

IRUP DQG UHWXUQ LQ 6HFWLRQ ê WR WKH PRUH JHQHUDO SUREOHP RI 6XEVHFWLRQ ìïëï 7KH WZR DGGLWLRQDO FRQð

VWUDLQWV DUH WKDWã Lô 0DQDJHULDO FRQWUDFWV WDNH WKH IRUP RI LGHQWLFDO ZDJHîHTXLW\îRSWLRQ FRQWUDFWV

IRU HDFK PDQDJHUâ DQG LLô $OO SDUWLHV HQMR\ OLPLWHG OLDELOLW\ï :H FRQVLGHU RQO\ ZDJHîHTXLW\îRSWLRQ

FRQWUDFWV IRU WZR UHDVRQVï )LUVWñ WKHVH DUH WKH FRQWUDFWV REVHUYHG LQ SUDFWLFH DQG ZH ZRXOG OLNH WR

GHWHUPLQH FRQGLWLRQV XQGHU ZKLFK HDFK LV XVHGïé 6HFRQGñ WKH PRGHO DQG WKH UHVXOWV DUH HDVLHU WR

XQGHUVWDQG ZKHQ H[SOLFDWHG LQ WHUPV RI WKHVH IDPLOLDU FRQWUDFW IRUPVï *LYHQ LGHQWLFDO FRQWUDFWV IRU

HDFK PDQDJHUñ HDFK SURMHFWðPDQDJHU FRPELQDWLRQ LV WKH VDPHï ,Q VROYLQJ IRU DQ RSWLPDO FRQWUDFW

ZH IRFXV RQ D UHSUHVHQWDWLYH FRPELQDWLRQï +HQFHIRUWK ZKHQHYHU ZH UHIHU WR ?WKH PDQDJHUû ZH

PHDQ WKLV UHSUHVHQWDWLYH PDQDJHUï

7KHVH WZR FRQVWUDLQWV DLG WKH H[SRVLWLRQï %XWñ DV ZH ZLOO VKRZñ WKH\ GR QRW DoHFW HLWKHU

WKH FRVW RI DQ RSWLPDO PDQDJHULDO FRPSHQVDWLRQ FRQWUDFW RU WKH QXPEHU RI PDQDJHUV ZKR FDQ EH

KLUHG DQG PRWLYDWHG WR ZRUNï 0DQDJHULDO OLPLWHG OLDELOLW\ FDQ WKRXJK DoHFW WKH XQLTXHQHVV RI WKH

HTXLOLEULXPï

$ ZDJHîHTXLW\îRSWLRQV FRQWUDFW LV GHpQHG E\ WKH VSHFLpFDWLRQ RI D ZDJHðHTXLW\ VKDUH SDLUñ

I:âoJñ ZKHUH : GHQRWHV D SURPLVHG ZDJH DQG o GHQRWHV DQ HTXLW\ VKDUHï 7KH HTXLW\ YHVWV DW WKH

HQG RI WKH FRQWUDFWâ LïHïñ DIWHU WKH PDQDJHUöV UHVHUYDWLRQ XWLOLW\ KDV GHFOLQHG WR ]HURïè 7KH IUDFWLRQ

é -DFNVRQ DQG /D]HDU õìääìô DOVR DQDO\]H WKH ZDJHñ HTXLW\ DQG RSWLRQ FRPSRQHQWV RI RSWLPDO
FRQWUDFWVï 7KHLU IRFXV LV RQ ULVNðDYHUVLRQ DQG RXWSXW XQFHUWDLQW\ UDWKHU WKDQñ DV KHUHñ RQ PXOWLSOH
PDQDJHUV DQG WKH SULQFLSDOöV PRUDO KD]DUGï

è ,PPHGLDWH YHVWLQJ LV ZHDNO\ GRPLQDWHG E\ GHOD\HG YHVWLQJâ LïHïñ WKH FRVW RI LQGXFLQJ SDUð
WLFLSDWLRQ DQG HoRUW LV ZHDNO\ ORZHU ZKHQ D PDQDJHU LV XQDEOH WR VLJQñ UHVLJQ LPPHGLDWHO\ñ UHJDLQ

ç



o PHDVXUHV WKH KROGHUöV FODLP RQ WKH IXOO\ GLOXWHG QXPEHU RI VKDUHV RXWVWDQGLQJ DIWHU DQ\ H[HUFLVH

RI RSWLRQVï $Q H[HFXWLYH VWRFN RSWLRQ FRUUHVSRQGV WR : á í DQG o ! íâ LïHïñ D FRQWUDFW VSHFLI\LQJ

D QHJDWLYH ZDJH VKRXOG EH LQWHUSUHWHG DV DQ H[HFXWLYH VWRFN RSWLRQ ZKHUH WKH PDQDJHU SD\V DQ

H[HUFLVH SULFH : LQWR WKH pUP LQ H[FKDQJH IRU WKH DZDUG RI D IUDFWLRQ o RI WKH HTXLW\ï

7KH SULQFLSDOöV UHVWULFWHG SUREOHP LVã
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7KH IDFW WKDW WKH SULQFLSDOöV SD\Ro PXVW EH QRQGHFUHDVLQJ LQ pUP YDOXH UXOHV RXW VKRUWð

VHOOLQJ E\ WKH SULQFLSDOï 6LQFH WKH SULQFLSDO FDQ QRW JR VKRUWñ WKH IUDFWLRQ RI WKH HTXLW\ WKDW FDQ YHVW

ZLWK DQ\ LQGLYLGXDO PDQDJHU LV DW PRVW RQH PLQXV WKH DJJUHJDWH RI WKH IUDFWLRQV WKDW YHVW ZLWK RWKHU

PDQDJHUVï :KHQ WKH pUP FRQVLVWV RI Q SURMHFWV DQG Q PDQDJHUVñ V\PPHWULF ZDJHîHTXLW\îRSWLRQ

FRPSHQVDWLRQ FRQWUDFWV LPSO\ WKDW HDFK PDQDJHU FDQ KROG DW PRVW RQO\ ì Q RI WKH IXOO\ðGLOXWHG

HTXLW\ õFRQVWUDLQW õLLLô DERYHôïç

KHU RXWVLGH RSSRUWXQLWLHV DQG OHDYH ZLWK D YDOXDEOH HTXLW\ RU RSWLRQ FODLP RQ WKH pUPï
ç $OWHUQDWLYHO\ñ LI YRWHV DUH OLQNHG WR VKDUHV LQ VRPH SURSRUWLRQñ WKH FRQVWUDLQW PD\ UHqHFW WKH

æ



7KH PDQDJHUVö OLPLWHG OLDELOLW\ PHDQV WKDW ZKHQHYHU : á í WKH SDLU VKRXOG EH LQWHUSUHWHG

DV WKH WHUPV RI DQ RSWLRQ FRQWUDFW õFRQVWUDLQW õLYô DERYHôïæ 7KH UHDGHU PD\ QRWLFH WKDW ZH KDYH

QRW UHVWULFWHG o WR EH QRQðQHJDWLYHï :H ZLOO VKRZ LQ 3URSRVLWLRQ ë WKDW ZKHQ D VROXWLRQ WR WKH

UHVWULFWHG SUREOHP H[LVWVñ WKH VROXWLRQ VDWLVI\LQJ o y í FDQ QRW EH LPSURYHG XSRQ VLQFH LW DFKLHYHV
OHDVWðFRVWï +HQFH PDQDJHULDO OLPLWHG OLDELOLW\ ZLOO EH VDWLVpHG VLQFH RSWLPDO PDQDJHULDO FRQWUDFWV

ZLOO HLWKHU WDNH WKH IRUP RI VWRFN RSWLRQV RU D FRPELQDWLRQ RI D QRQðQHJDWLYH SURPLVHG ZDJH DQG D

QRQðQHJDWLYH HTXLW\ VKDUHï 7KH SULQFLSDOöV OLPLWHG OLDELOLW\ PHDQV WKDW WKH pUPöV HTXLW\ LV DQDORJRXV

WR DQ RSWLRQ RQ WKH pUPöV DVVHWV õFRQVWUDLQW õYô DERYHôï )RU H[DPSOHñ LI WKH DJJUHJDWH SURPLVHG

ZDJH H[FHHGV DJJUHJDWH pUP YDOXHñ WKHQ WKH pUP ZLOO EH EDQNUXSW DQG HDFK PDQDJHUîGHEWKROGHU

ZLOO UHFHLYH ìîQWK RI WKH pUP LQ SDUWLDO SD\PHQW RI KHU ZDJH FODLPï +HQFH WKH ZDJH UHFHLYHG

FRPSRQHQW RI õYô LV PLQ>:â $ òQcQ @ï

ëïì 7KH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV RI WKH UHVWULFWHG SUREOHP

7R DQDO\]H WKH HoRUW DQG SDUWLFLSDWLRQ FRQVWUDLQWV ZH QHHG DQ H[SUHVVLRQ IRU WKH UHSUHVHQð

XQZLOOLQJQHVV RI WKH SULQFLSDO WR WUDQVIHU VR PDQ\ YRWHV WKDW DOO FRQWURO ULJKWV DUH DOVR WUDQVIHUUHGï
:LWK WKLV LQWHUSUHWDWLRQ D FRQVWUDLQW UHVWULFWLQJ o WR EH VWULFWO\ OHVV WKDQ RQH ZRXOG VWLOO H[LVW ZLWK
EXW RQH PDQDJHUï )RU DQ DQDO\VLV RI WKLV SUREOHPñ VHH *RUWRQ DQG *UXQG\ õìääæôï

æ ,W LV LQVWUXFWLYH WR OHW ; ã b: GHQRWH WKH H[HUFLVH SULFH RI WKH ZDUUDQW JUDQWHG WR WKH
PDQDJHUï 6KH RZQV D ZDUUDQW JLYLQJ KHU WKH ULJKW WR DFTXLUH WKH IUDFWLRQ o RI WKH pUP LI VKH SD\V
; LQWR WKH pUPï 7KH FRPSHQVDWLRQ H[SUHVVLRQ LQ õLYô WKHQ VLPSOLpHV WR WKH SD\Ro IURP VXFK D
ZDUUDQWã

PD[>íâ oõ$ò Qcò Q;ôb;@ã

1RWH WKDW WKH PDQDJHU QHHG QRW OLWHUDOO\ SD\ PRQH\ LQWR WKH pUPï $ ZDUUDQW WKDW VDWLVpHV FRQGLWLRQ
õLLLô WKDW o x ì Q FDQ WDNH WKH IRUP RI D VWRFN DSSUHFLDWLRQ ULJKWï 7R VHH WKLVñ OHW < ã ì

ìboQ;ï
6LQFH o x ì Qñ < y íï /HW I ã o

ìboQ DQG QRUPDOL]H WKH QXPEHU RI VKDUHV RXWVWDQGLQJ WR RQHï
6XSSRVH HDFK PDQDJHU ZHUH FRPSHQVDWHG ZLWK D VWRFN DSSUHFLDWLRQ ULJKW JLYLQJ KHU WKH ULJKW WR D
SD\PHQW HTXDO WR DQ\ H[FHVV RI WKH YDOXH RI I VKDUHV RYHU DQG DERYH < ï &RQGLWLRQDO RQ N PDQDJHUV
ZRUNLQJñ HDFK PDQDJHU ZRXOG UHFHLYH FRPSHQVDWLRQñ &ñ VDWLVI\LQJ

&  PD[>íâ Iõ$ò Ncb Q&ôb < @â

DQG WKH YDOXH RI WKH VKDUHV KHOG E\ WKH SULQFLSDO ZRXOG EH $ò Ncb Q&ï 7KXV
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WDWLYH PDQDJHUöV FRPSHQVDWLRQ FRVWï &RQGLWLRQDO RQ DOO RWKHU PDQDJHUV ZRUNLQJñ WKH UHSUHVHQWDWLYH

PDQDJHUöV FRPSHQVDWLRQ LI VKH WRR ZRUNV FDQ EH ZULWWHQ õE\ FRPELQLQJ FRQVWUDLQWV õLYô DQG õYôô
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,I WKH SDUWLFLSDWLRQ FRQVWUDLQW LV WR EH VDWLVpHGñ WKH PDQDJHUöV FRPSHQVDWLRQ ZKHQ VKH

ZRUNV PXVW EH SRVLWLYHï +HQFH WKH SDUWLFLSDWLRQ FRQVWUDLQW WDNHV WKH IRUPã
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)RU : y $
Q òcñ WKH SDUWLFLSDWLRQ FRQVWUDLQW VLPSOLpHV WRã

$
Q
òcb' y 5â

ZKLFKñ JLYHQ c ! 5ò'ñ LV DOZD\V VDWLVpHGï )RU: á $
Q òcñ WKH SDUWLFLSDWLRQ FRQVWUDLQW VLPSOLpHV

WRã
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$ò Qcb Q:
ã

$ ZDJH RI DW OHDVW 5ò' ZLOO LQGXFH SDUWLFLSDWLRQ HYHQ DEVHQW DQ HTXLW\ VKDUHï &RQYHUVHO\ñ DEVHQW

D ZDJHñ DQ HTXLW\ VKDUH RI DW OHDVW 5ò'
$ òQc ZLOO LQGXFH SDUWLFLSDWLRQ VLQFH WKH YDOXH RI WKDW VKDUH ZLOO

EH DW OHDVW 5ò'ï

,I WKH HoRUW FRQVWUDLQW LV WR EH VDWLVpHGñ WKH PDQDJHUöV FRPSHQVDWLRQ ZKHQ VKH ZRUNV PXVW

EH SRVLWLYHï +HQFH WKH HoRUW FRQVWUDLQW WDNHV WKH IRUPã
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7KH VHW RI I:âoJ SDLUV VDWLVI\LQJ WKH HoRUW FRQVWUDLQW GHSHQGV FUXFLDOO\ RQ WKH QXPEHU RI SURMHFWV
WR EH VLPXOWDQHRXVO\ XQGHUWDNHQï 7KH IRUP RI WKH HoRUW FRQVWUDLQW GHSHQGV RQ ZKHWKHU Q LV ?ODUJHû

RU ?VPDOOûñ ZKHUH ODUJH DQG VPDOO DUH GHpQHG DV IROORZVã

'HpQLWLRQã 7KH QXPEHU RI SURMHFWV WR EH XQGHUWDNHQ LV VDLG WR EH ODUJH LI Q ! c
' ï 2WKHUZLVH WKH

QXPEHU LV VDLG WR EH VPDOO ï

ä



1RWLFH WKDW WKLV GHpQLWLRQ LQYROYHV D FRPSDULVRQ EHWZHHQ WKH DJJUHJDWH QXPEHU RI SURMHFWV

WR EH XQGHUWDNHQñ Qñ DQG PDQDJHULDO SURGXFWLYLW\ DV PHDVXUHG E\ WKH RXWSXWðLQSXW UDWLRñ c' ï

:KHQ : y $ òQc
Q WKH HoRUW FRQVWUDLQW LQ õéô VLPSOLpHV WR Q x c

' ï 7KXV ZKHQ Q LV ODUJHñ WKH HoRUW

FRQVWUDLQW FDQ QRW EH VDWLVpHG E\ FRQWUDFWV LQYROYLQJ : y $ òQc
Q ï

/HPPD ìï : KHQ WKH QXPEHU RI SURMHFWV LV ODUJH WKH HoRUW FRQVWUDLQW WDNHV WKH IRUPã
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3URRIã 6HH $SSHQGL[ $ï

7KH HoRUW FRQVWUDLQW JLYHQ ODUJH Q LV GHSLFWHG LQ )LJXUH ìï 7KH LQWXLWLRQ XQGHUO\LQJ )LJXUH

ì LV VWUDLJKWIRUZDUGï 6XSSRVH : x $ òõQbìôc
Q ï $Q\ VXFK SURPLVHG ZDJH FDQ DOZD\V EH SDLG LQ IXOO

VR ORQJ DV Qbì PDQDJHUV ZRUNï $Q\ VXFK RSWLRQ ZLOO DOZD\V pQLVK LQðWKHðPRQH\ DQG EH H[HUFLVHGï
7KXV WKH UHDOL]HG ZDJH LV QRW HoRUW VHQVLWLYHï 7KXV LI WKH PDQDJHU LV WR EH LQGXFHG WR ZRUN ZKHQ

: x $ òõQbìôc
Q ñ KHU HTXLW\ VKDUH DORQH PXVW SURYLGH WKH DSSURSULDWH LQFHQWLYHVï $Q HTXLW\ VKDUH

RI '
c RI WKH LQFUHPHQW WR HTXLW\ YDOXH LI VKH ZRUNV ZLOO JLYH KHU

'
c dcñ DQG WKHUHE\ FRPSHQVDWHV

KHU IRU WKH GLVXWLOLW\ RI HoRUWñ 'ï

:KHQ $ òõQbìôc
Q á : á $ òQc

Q ñ WKH UHDOL]HG ZDJH LV HoRUW VHQVLWLYHï $V GHSLFWHG LQ )LJXUH

ìñ WKH HoRUW FRQVWUDLQW LV XSZDUGðVORSLQJ IRU : LQ WKLV UDQJHï 7R XQGHUVWDQG WKLVñ FRPSDUH WZR

FRQWUDFWVï 2QH FRQWUDFW RoHUV WKH KLJKHVW SRVVLEOH ZDJH WKDW LV QRW HoRUW VHQVLWLYHñ LïHïñ :  

$ òõQbìôc
Q ñ DQG DQ HTXLW\ VKDUH RI o  '

c ï &OHDUO\ WKLV FRQWUDFW VDWLVpHV WKH HoRUW FRQVWUDLQWï 7KH

VHFRQG FRQWUDFW RoHUV D SURPLVHG ZDJH WKDW LV ùì JUHDWHU WKDQ WKDW RI WKH pUVW FRQWUDFW DQG WKH VDPH

HTXLW\ VKDUHï 3URYLGHG WKDW VKH ZRUNVñ RXU UHSUHVHQWDWLYH PDQDJHUöV UHDOL]HG ZDJH ZLOO EH ùì PRUH

XQGHU WKH VHFRQG FRQWUDFW WKDQ WKH pUVWï ,Q IDFWñ HYHU\ PDQDJHU ZLOO UHFHLYH DQ DGGLWLRQDO GROODU LQ

ZDJHV LI VKH ZRUNVï 7KXV FRQGLWLRQDO RQ ZRUNLQJñ KHU HTXLW\ VKDUH LV OHVV YDOXDEOH XQGHU WKH VHFRQG

FRQWUDFW WKDQ XQGHU WKH pUVW E\ DQ DPRXQW HTXDO WR KHU VKDUH RI WKH LQFUHDVHG ZDJH ELOOâ LïHïñ E\

o d Q d ùìï :KHQ Q LV ODUJHñ WKLV GHFOLQH LQ YDOXH RI KHU HTXLW\ VKDUH XQGHU WKH VHFRQG FRQWUDFW

UHODWLYH WR WKH pUVW DFWXDOO\ H[FHHGV WKH ùì LQFUHDVH LQ KHU ZDJHã o d Q d ùì  '
c d Q d ùì ! ùì

ìí



IRU Q ODUJHï &RQGLWLRQDO RQ QRW ZRUNLQJñ VKH UHFHLYHV $ òõQbìôc
Q XQGHU HLWKHU FRQWUDFWï 7KHUHIRUHñ

WR LQGXFH HoRUW ZKHQ KHU ZDJH LV LQFUHDVHG E\ ùì UHTXLUHV WKDW KHU HTXLW\ VKDUH DOVR EH LQFUHDVHGï

,W IROORZV LPPHGLDWHO\ IURP )LJXUH ì WKDWã

3URSRVLWLRQ ìï :KHQ FRPSHQVDWLRQ FRQWUDFWV DUH UHVWULFWHG WR LGHQWLFDO ZDJHîHTXLW\îRSWLRQ FRQð

WUDFWV ZLWK OLPLWHG OLDELOLW\ DQG WKH SULQFLSDO LV DFWLYHñ LW LV LPSRVVLEOH WR PRWLYDWH D ODUJH QXPEHU

RI PDQDJHUV WR ZRUNï

:KHQ Q LV ODUJHñ VDWLVIDFWLRQ RI WKH HoRUW FRQVWUDLQW UHTXLUHV WKDW HDFK PDQDJHU UHFHLYH

DQ HTXLW\ VKDUH RI DW OHDVW '
c RU PRUHï 7KH PD[LPXP HTXLW\ VKDUH WKDW FDQ EH DZDUGHG WR HDFK

PDQDJHU ZLWKRXW FUHDWLQJ DQ LQFHQWLYH IRU WKH SULQFLSDO WR HQJDJH LQ PRUDO KD]DUG LV ì Qï $ ODUJH

YDOXH IRU Q PHDQV WKDW WKLV PD[LPXP LV OHVV WKDQ '
c ï

1RZ FRQVLGHU WKH HoRUW FRQVWUDLQW ZKHQ WKH QXPEHU RI SURMHFWV LV VPDOOï

/HPPD ëï : KHQ WKH QXPEHU RI SURMHFWV LV VPDOOñ WKH HoRUW FRQVWUDLQW WDNHV WKH IRUPã

o y

å!!!!á!!!!ã
'b:
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3URRIã 6HH $SSHQGL[ $ï

3URPLVHG ZDJHV WKDW LQ DJJUHJDWH H[FHHG WRWDO RXWSXW SOXV WKH YDOXH RI DQ\ DVVHWVðLQðSODFH

õLïHïñ YDOXHV RI : y $ òQc
Q ô HoHFWLYHO\ JLYH HDFK PDQDJHU RZQHUVKLS RI ì Q RI WKH pUPï 7KLV LV VR

EHFDXVH VXFK SURPLVHG ZDJHV ZLOO DOZD\V EDQNUXSW WKH pUPï %\ ZRUNLQJñ HDFK PDQDJHU DGGV c

WR WKH pUPï 2I WKLV LQFUHDVH LQ pUP YDOXHñ VKH ZLOO UHFHLYH ìQ dcñ ZKLFKñ VLQFH Q LV VPDOOñ H[FHHGV
WKH GLVXWLOLW\ RI KHU HoRUWVïå 7KH UHOHYDQW UHJLRQ RI WKH HoRUW FRQVWUDLQW IRU VPDOO Q LV GHSLFWHG LQ

)LJXUH ëï

7R XQGHUVWDQG WKH WKUHH VHJPHQWV GHSLFWHG LQ )LJXUH ëñ FRQVLGHU WKH YDULRXV FRUUHVSRQGLQJ

OHYHOV RI : ï &RQVLGHU pUVW WKH VHJPHQW ZLWK SURPLVHG ZDJHV LQ WKH UDQJH õ $ òõQbìôcQ â $ òQcQ @ï 6XFK

å 1RW VXUSULVLQJO\ñ VDWLVI\LQJ WKH HoRUW FRQVWUDLQW E\ SURPLVLQJ HYHU\WKLQJ WR WKH PDQDJHUV
LV QRW WKH PLQLPXP FRVW ZD\ RI KLULQJ DQG PRWLYDWLQJ D VPDOO Q QXPEHU RI PDQDJHUVï

ìì



KLJK SURPLVHG ZDJHV FDQ RQO\ EH SDLG LQ IXOO LI WKH PDQDJHU ZRUNVï :KHQ WKH SURPLVHG ZDJH LV

HTXDO WR $ òõQbìôc
Q ò'ñ WKH GLoHUHQFH EHWZHHQ WKH ZDJH UHFHLYHG ZKHQ WKH PDQDJHU ZRUNV YHUVXV

WKDW UHFHLYHG ZKHQ VKH VKLUNV LV H[DFWO\ 'ï +HQFH WKH HoRUW FRQVWUDLQW LV VDWLVpHG IRU o  íï $V:

LV UHGXFHG EHORZ $ òõQbìôc
Q ò' WKH RWKHU SHUIRUPDQFHðVHQVLWLYH FRPSHQVDWLRQ FRPSRQHQWñ oñ PXVW

EH LQFUHDVHG LI WKH HoRUW FRQVWUDLQW LV WR UHPDLQ VDWLVpHGï &RQVLGHU QRZ WKH KRUL]RQWDO VHJPHQWï

'LYLGH LW LQWR SRVLWLYH DQG QHJDWLYH ZDJH UHJLRQVï :KHQ : ë >íâ $ òõQbìôcQ @ñ WKH SURPLVHG ZDJH

FDQ DOZD\V EH SDLG LQ IXOO DQG KHU HTXLW\ VWDNH DORQH PXVW PRWLYDWH KHU WR PDNH DQ HoRUWï 7KLV

UHTXLUHV WKDW KHU VKDUH RI WKH LQFUHDVH LQ pUP YDOXH LI VKH ZRUNVñ ocñ H[FHHGV KHU GLVXWLOLW\ RI

HoRUWñ 'â LïHïñ o y '
c ï :KHQ : ë >b'õ$ òõQbìôc ô

c bQ' â í@ WKH H[HUFLVH SULFH RI WKH RSWLRQ LV VXFK WKDW

ZKHQ WKH PDQDJHUöV HTXLW\ VKDUH HTXDOV '
c ñ KHU RSWLRQ pQLVKHV LQðWKHðPRQH\ ZKHWKHU VKH ZRUNV RU

QRWñ EXW LW pQLVKHV LQðWKHðPRQH\ E\ ' GROODUV PRUH LI VKH ZRUNV WKDQ LI VKH VKLUNVï )LQDOO\ LQ WKH

WKLUG VHJPHQW : LV YHU\ ORZâ LïHïñ WKH H[HUFLVH SULFH RI WKH PDQDJHUöV H[HFXWLYH VWRFN RSWLRQ LV YHU\

KLJKï :KHQ : á b'õ $ òõQbìôc ô
c bQ' DQG WKH PDQDJHUöV HTXLW\ VKDUH LV HTXDO WR 'b:

$ òQc bQ: ñ WKHQ KHU

RSWLRQ pQLVKHV LQðWKHðPRQH\ E\ WKH DPRXQW ' LI VKH ZRUNV DQG RXWðRIðWKHðPRQH\ LI VKH VKLUNVï

)RU D p[HG VPDOO Qñ )LJXUH ê GHSLFWV WKH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV IRU YDU\LQJ

OHYHOV RI $ñ DQG UHqHFWV WKH IROORZLQJ SURSHUW\ RI WKH FRQVWUDLQWVã

/HPPD êï 6XSSRVH Q LV VPDOOï ,I WKH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV LQWHUVHFW VWULFWO\ñ WKHQ

WKH\ GR VR LQ WKH KRUL]RQWDO VHFWLRQ RI WKH HoRUW FRQVWUDLQWï

3URRIã 6HH $SSHQGL[ $ï

:KLFK SDQHO RI )LJXUH ê LV UHOHYDQW GHSHQGV RQ WKH VL]H RI $ ò Qcï 1RWH WKDW $ ò Qc

LV LQFUHDVLQJ LQ $ñ EXW QRW QHFHVVDULO\ LQ Qï 6LQFH ZH DUH FRQVLGHULQJ RQO\ D FDQGLGDWH p[HG Qñ

GLoHUHQFHV DFURVV SDQHOV UHqHFW RQO\ GLoHUHQFHV LQ $ï $V $ LQFUHDVHVñ RQH PRYHV IURP WKH VHWWLQJ

LQ )LJXUH êõDô WR WKDW LQ êõEôñ DQG pQDOO\ WR êõFôï $Q LQFUHDVH LQ $ OHDGV WR DQ LQFUHDVH LQ WKH

PD[LPXP SRVVLEOH ZDJH WKDW FRXOG EH SDLG LQ IXOO HYHQ DEVHQW DQ\ PDQDJHULDO HoRUWã )RU : ! í

DQ LQFUHDVH LQ $ VKLIWV WKH HoRUW FRQVWUDLQW KRUL]RQWDOO\ WR WKH ULJKWï $Q LQFUHDVH LQ $ DOVR OHDGV

WR DQ LQFUHDVH LQ WKH PD[LPXP SRVVLEOH H[HUFLVH SULFH RI DQ RSWLRQ WKDW ZLOO pQLVK H[DFWO\ DWð

ìë



WKHðPRQH\ DEVHQW DQ\ PDQDJHULDO HoRUWã )RU : á í DQ LQFUHDVH LQ $ VKLIWV WKH HoRUW FRQVWUDLQW

KRUL]RQWDOO\ WR WKH OHIWï $Q LQFUHDVH LQ $ FDXVHV WKH SDUWLFLSDWLRQ FRQVWUDLQW WR SLYRW DURXQG

WKH SRLQW I:  5 ò 'âo  íJï $ FRQWUDFW RI WKH IRUP I:  5 ò 'âo  íJ ZLOO MXVW VDWLVI\
WKH SDUWLFLSDWLRQ FRQVWUDLQW LUUHVSHFWLYH RI WKH YDOXH RI $ï 7KH HTXLW\ VWDNH QHFHVVDU\ WR LQGXFH
SDUWLFLSDWLRQ ZKHQ WKH ZDJH LV OHVV WKDQ 5 ò ' LV GHFUHDVLQJ LQ $ï )RU H[DPSOHñ FRQVLGHU WKH
]HURðZDJHñ DOOðHTXLW\ FRQWUDFWã I:  íâ o  5ò'

$ òQc Jï 7KXVñ WKH SDUWLFLSDWLRQ FRQVWUDLQW URWDWHV
GRZQZDUGV DV $ LQFUHDVHVï

$V VKRZQ LQ )LJXUH êõDôñ ZKHQ $ò Qc x Q5òcñ DQ\ FRQWUDFW WKDW LQGXFHV WKH PDQDJHU

WR SDUWLFLSDWH ZLOO DOVR LQGXFH KHU WR PDNH DQ HoRUW DW OHDVWðFRVWï 7KH IRUP RI DQ RSWLPDO FRQWUDFW

FRXOG EH DQ\ RI WKH IROORZLQJã DQ DOOðZDJH FRQWUDFWñ DQ DOOðHTXLW\ FRQWUDFWñ D FRPELQDWLRQ RI

ZDJHV DQG HTXLW\ñ RU DQ H[HFXWLYH VWRFN RSWLRQï )LJXUHV êõEô DQG êõFô DUH ERWK VLWXDWLRQV ZKHUH

$ ò Qc ! Q5 ò c DQG DQ DOOðZDJH FRQWUDFW LV QHYHU RSWLPDOï 7R XQGHUVWDQG WKH GLoHUHQFH LQ

RSWLPDO FRQWUDFW IRUP EHWZHHQ SDQHOV õEô DQG õFôñ FRQVLGHU WKH ]HURðZDJHñ DOOðHTXLW\ FRQWUDFW WKDW

MXVW VDWLVpHV WKH HoRUW FRQVWUDLQWã I:  íâ o  '
c Jï 7KH YDOXH RI WKH PDQDJHUöV FODLP ZKHQ VKH

ZRUNV LVã

oõ$ò Qcô  oõ$ò õQb ìôcòcô  '

c
õ$ò õQb ìôcô ò'ã

:KHWKHU WKLV FRQWUDFW ZLOO LQGXFH SDUWLFLSDWLRQ GHSHQGV RQ ZKHWKHU '
c õ$òõQbìôcô FRPSHQVDWHV

KHU IRU IRUJRLQJ KHU RXWVLGH RSSRUWXQLWLHVï :KHQ '
c õ$ò õQb ìôcô á 5ñ D SRVLWLYH ZDJH PXVW EH

DGGHG WR LQGXFH SDUWLFLSDWLRQï %XWñ ZKHQ '
c õ$òõQb ìôcô ! 5ñ WKH PDQDJHU LV RYHUFRPSHQVDWHG

IRU KDYLQJ IRUJRQH 5 DQG WKLV ]HURðZDJHñ DOOðHTXLW\ FRQWUDFW LV QRW DQ RSWLPDO FRQWUDFWï &KDUJLQJ

WKH PDQDJHU D ?VWULNH SULFHû WR UHFHLYH KHU HTXLW\ VKDUH FDQ UHGXFH WKH FRVW RI WKH FRQWUDFW ZLWKRXW

DoHFWLQJ WKH PDQDJHUöV LQFHQWLYH WR ZRUN RU HOLPLQDWLQJ KHU GHVLUH WR SDUWLFLSDWHï

ëïë 2SWLPDO FRQWUDFWV LQ WKH UHVWULFWHG SUREOHP IRU p[HG VPDOO Q

/HW &e GHQRWH WKH FRVW RI DQ RSWLPDO FRQWUDFWï 3URSRVLWLRQ ë IROORZV LPPHGLDWHO\ IURP

LQVSHFWLRQ RI )LJXUHV êõDôñ õEôñ DQG õFôï

ìê



3URSRVLWLRQ ëï õ7KH &RVW RI $Q 2SWLPDO &RQWUDFW JLYHQ Q 6PDOOô

: KHQ Q LV VPDOO WKH VROXWLRQ WR WKH SULQFLSDOöV SUREOHP LV OHDVWðFRVWâ LïHïñ &e  5ò'ï

:H QRZ WXUQ WR WKH IRUP RI DQ RSWLPDO FRQWUDFW ZKHQ PDQDJHUV DUH UHZDUGHG ZLWK LGHQWLFDO

ZDJHîHTXLW\îRSWLRQV SDFNDJHV DQG PDQDJHUV HQMR\ OLPLWHG OLDELOLW\ï ,QVSHFWLRQ RI )LJXUHV êõDôñ õEôñ

DQG õFô DOVR UHYHDOV WKDW OHDVWðFRVW FDQ EH DFKLHYHG ZLWKRXW HYHU KDYLQJ WR RoHU WKH PDQDJHUV D

FRQWUDFW ZLWK o á íï 3URSRVLWLRQ ê IRUPDOL]HV WKH GLVFXVVLRQ RI )LJXUH ê LQ WHUPV RI QHFHVVDU\

DQGîRU VXrFLHQW FRQGLWLRQV IRU WKH FRQWUDFW WR LQFOXGH HoRUWðVHQVLWLYH ZDJHVñ D QRQðRSWLRQ HTXLW\

DZDUGñ DQG H[HFXWLYH VWRFN RSWLRQVï

3URSRVLWLRQ êï õ7KH )RUP RI 2SWLPDO ,GHQWLFDO :DJHî(TXLW\î2SWLRQV &RQWUDFW ZLWK

/LPLWHG /LDELOLW\ *LYHQ 6PDOO Qô

)RU Q VPDOOñ RSWLPDO FRQWUDFWV WKDW WDNH WKH IRUP RI LGHQWLFDO ZDJHîHTXLW\îRSWLRQV SDFNDJHV

ZLWK OLPLWHG OLDELOLW\ KDYH WKH IROORZLQJ SURSHUWLHVã

ìï $Q (oRUWð6HQVLWLYH : DJHñ I: ! $ òõQbìôc
Q â o y íJñ FDQ EH SDUW RI DQ RSWLPDO FRQWUDFW LI

$ò Qc x Q5òcï

ëï $ 1RQð2SWLRQ (TXLW\ $ZDUGñ I: y íâ o ! íJñ FDQ EH SDUW RI DQ RSWLPDO FRQWUDFW LI

$ò Qc x 5ò'
' c ï

êï ([HFXWLYH 6WRFN 2SWLRQVñ I: á íâ o ! íJñ FDQ DOZD\V EH SDUW RI DQ RSWLPDO FRQWUDFWï 7KH

RSWLPDO FRQWUDFW PXVW EH DQ H[HFXWLYH VWRFN RSWLRQ LI $ò Qc ! 5ò'
' cï

7KH SURRI IROORZV E\ LQVSHFWLRQ RI )LJXUH êï &RPSHQVDWLRQ XQGHU DQ RSWLPDO FRQWUDFW PXVW

EH VHQVLWLYH WR WKH HoRUW FKRLFHï :KHQ WKH YDOXH RI WKH pUP DV PHDVXUHG E\ $òQc LV VXrFLHQWO\

ORZñ DQ RSWLPDO FRQWUDFW QHHG QRW LQYROYH DQ\ HTXLW\ EHFDXVH WKH SURPLVHG ZDJH FRPSRQHQW FDQ

EH KRQRUHG RQO\ LI WKH PDQDJHU ZRUNV_WKH ZDJH UHFHLYHG LV VHQVLWLYH WR WKH PDQDJHUöV HoRUWï $W

KLJKHU OHYHOV RI pUP YDOXHñ LW LV QRW RSWLPDO WR SURPLVH D ZDJH WKDW LV VR ODUJH DV WR EH VHQVLWLYH WR

WKH PDQDJHUöV HoRUW FKRLFHï 2SWLPDO FRQWUDFWV ZLOO WKHQ LQYROYH DQ HTXLW\ FRPSRQHQWã WKHUH PD\

EH ZDJHV SOXV HTXLW\â RU D ]HURðZDJHñ DOOðHTXLW\ FRQWUDFWâ RU H[HFXWLYH VWRFN RSWLRQVï $V PHQWLRQHG

DERYHñ ZKHQ pUP YDOXH EHFRPHV VXrFLHQWO\ KLJKñ DQ HTXLW\ VKDUH ODUJH HQRXJK WR LQGXFH HoRUW

RYHUSD\V WKH PDQDJHUï (TXLW\ JLYHV KHU D FODLP QRW RQO\ RQ ZKDW VKH DGGVñ EXW DOVR RQ WKH HoRUWV

ìé



RI KHU FROOHDJXHV DQG RQ WKH DVVHWVðLQðSODFHï 7KH VROXWLRQ LV WKHQ WR CVHOOö WKH PDQDJHU KHU HoRUWð

LQGXFLQJ HTXLW\ VKDUH LQ UHWXUQ IRU D VWULNH SULFHâ LïHïñ RSWLPDO FRQWUDFWV WDNH WKH IRUP RI VWRFN

RSWLRQVïä

5HDO ZRUOG pUPV DUH QRW ìííø RZQHG E\ PDQDJHUVï 7KH VDPH LV WUXH KHUH LQ WKH IROORZLQJ

VHQVHï 7KH SULQFLSDO RZQV DOO WKH RXWVWDQGLQJ HTXLW\ XQWLO WKH HQG RI WKH SHULRG DW ZKLFK SRLQW

WKH PDQDJHUV YHVW LQ D PD[LPXP RI ìííø RI WKH HTXLW\ï ,Q WKLV DUWLFOH WKH SURMHFW HQGV DIWHU RQH

SHULRGï ,I VLQJOH SHULRG SURMHFWV DUH VLPSO\ UHSHDWHG WKHQ WKH SULQFLSDO LQ D JLYHQ SHULRG LV WKH

SULRU SULQFLSDO DQG WKH VHW RI PDQDJHUV ZKR UHFHLYHG HTXLW\ LQ WKH SULRU SHULRGï

êï 7KH *HQHUDO 3UREOHP IRU )L[HG Q

:H VROYH WKH SULQFLSDOöV JHQHUDO SUREOHP IRU p[HG Q E\ VKRZLQJ WKDW WKH LPSRVLWLRQ RI

WKH DGGLWLRQDO FRQVWUDLQWV õRI LGHQWLFDO ZDJHîHTXLW\îRSWLRQV FRQWUDFWV DQG OLPLWHG OLDELOLW\ô LQ WKH

UHVWULFWHG SUREOHP GRHV QRW DoHFW HLWKHU WKH IHDVLELOLW\ RU FRVW RI KLULQJ Q PDQDJHUVï :H KDYH

VKRZQ WKDW IRU VPDOO Qñ OHDVWðFRVW FRPSHQVDWLRQ FDQ EH DFKLHYHG LQ WKH UHVWULFWHG SUREOHPï +HQFHñ

IRU VPDOO Qñ WKH VROXWLRQ JLYHQ LGHQWLFDO ZDJHîHTXLW\îRSWLRQV FRQWUDFWV ZLWK OLPLWHG OLDELOLW\ FDQ

QRW EH LPSURYHG XSRQï :H QRZ VKRZ WKDW IRU ODUJH Q WKH JHQHUDO SUREOHP ODFNV D VROXWLRQï

7KHRUHP ìï õ7KH %RXQG RQ )LUP 6L]Hô *LYHQ DQ DFWLYH SULQFLSDO DQG ODUJH Qñ WKHUH GRHV

QRW H[LVW DQ\ FRQWUDFW WKDW FDQ LQGXFH HoRUW IURP WKH PDQDJHUVï

ä 2WKHU UDWLRQDOHV IRU WKH XVH RI RSWLRQV LQ H[HFXWLYH FRPSHQVDWLRQ DUH TXLWH GLVWLQFW IURP
WKLV IXQGDPHQWDO UHVXOW WKDW OLQNV WKH XVH RI RSWLRQV WR pUP YDOXH HYHQ JLYHQ ULVNðQHXWUDOLW\ DQG QR
XQFHUWDLQW\ DERXW SURMHFW SD\RoV FRQGLWLRQDO RQ WKH HoRUW FKRLFHï ,Q WKH QRZ VWDQGDUG SULQFLSDOð
DJHQW VHWWLQJ ZLWK D ULVNðDYHUVH DJHQWñ 5RVV õìäæéô HVWDEOLVKHG WKH OLQN EHWZHHQ WKH FRQYH[LW\
YHUVXV FRQFDYLW\ RI DQ RSWLPDO IHH VFKHGXOH DQG WKH VSHFLpFV RI WKH WUDGHðRo EHWZHHQ ULVNðVKDULQJ
DQG LQFHQWLYHVï /DPEHUW õìäåçô DQG +LUVKOHLIHU DQG 6XK õìääëô H[DPLQH VHWWLQJV LQ ZKLFK WKH FRPð
SHQVDWLRQ VFKHPH DoHFWV ERWK WKH DJHQWöV FKRLFH EHWZHHQ ULVN\ SURMHFWV DQG WKH HoRUW H[SHQGHGï
0DQDJHULDO HoRUW FDQ HLWKHU JHQHUDWH LQIRUPDWLRQ DERXW WKH GLVWULEXWLRQ RI UHWXUQV RQ WKH IXWXUH
SURMHFWV IURP ZKLFK WKH PDQDJHU ZLOO VHOHFW õDV LQ /DPEHUWô RU LQFUHDVH WKH SD\Ro IURP WKH SDUWLFð
XODU SURMHFW WKDW VKH KDV SUHYLRXVO\ VHOHFWHG õDV LQ +LUVKOHLIHU DQG 6XKôï 7KHVH DXWKRUV HVWDEOLVK
WKDW JLYHQ D ULVNðUHZDUG WUDGHRo EHWZHHQ WKH SRWHQWLDO SURMHFWVñ RSWLPDO FRPSHQVDWLRQ VFKHPHV FDQ
LQYROYH PDQDJHULDO VWRFN RSWLRQVï +DJHUW\ñ 2IHU DQG 6LHJHO õìääíô PRGHO DQG HPSLULFDOO\ H[DPLQH
WKH OLQN EHWZHHQ RSWLRQðOLNH IHDWXUHV RI FRPSHQVDWLRQ VFKHPHV DQG WKH FKRLFH EHWZHHQ SURMHFWV
ZLWK LPPHGLDWH YHUVXV IXWXUH SD\RoVï 6PLWK DQG :DWWV õìääëô HPSLULFDOO\ H[DPLQH WKH UHODWLRQ
EHWZHHQ PHDVXUHV RI D pUPöV LQYHVWPHQW RSSRUWXQLW\ VHW DQG LWV XVH RI RSWLRQðOLNH FRPSHQVDWLRQ
VFKHPHVï
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3URRIã 6XPPLQJ WKH HoRUW FRQVWUDLQW LQ õëô RYHU DOO L  ìâ ã ã ã â Q JLYHV
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)RU N  Q LQ õêô ZH KDYH WKDW WKH OHIWðKDQGðVLGH RI õæô LV OHVV WKDQ cñ LPSO\LQJ c y Q'ã

'HVSLWH WKH IDFW WKDW WKH WHFKQRORJ\ H[KLELWV FRQVWDQW UHWXUQV WR VFDOH õHDFK DGGLWLRQDO

PDQDJHU KLUHG DQG PRWLYDWHG IRUJRHV RXWVLGH RSSRUWXQLWLHV ZRUWK 5ñ EHDUV GLVXWXWLOLW\ RI HoRUW

'ñ DQG SURGXFHV côñ 7KHRUHP ì VKRZV WKDW WKHUH LV D OLPLW WR WKH VL]H RI WKH pUPã $ pUP FDQ

QRW EH ODUJH LQ WKH VHQVH WKDW Q FDQ QRW H[FHHG c
' ï $W URRW WKLV ERXQGDU\ RQ pUP VL]H LV GXH

WR WKH QRQðYHULpDELOLW\ RI HoRUW DQG WKH SRWHQWLDO IRU PRUDO KD]DUG RQ WKH SDUW RI WKH SULQFLSDOï

7KH QRQðYHULpDELOLW\ RI HoRUW OLPLWV PDQDJHUVö FRQWUDFWV WR FODLPV RQ pUP YDOXHï )RU DQ\ JLYHQ Qñ

PRWLYDWLQJ HDFK PDQDJHU WR PDNH DQ HoRUW LQ WKH 1DVK HTXLOLEULXP UHTXLUHV WKDW HDFK PDQDJHUöV

FRPSHQVDWLRQ LQFUHDVH E\ DW OHDVW ' ZKHQ pUP YDOXH LQFUHDVHV E\ WKH ODVW c LQFUHPHQWï (DFK

PDQDJHU FRQMHFWXUHV WKDW WKH RWKHUV ZRUN DQG WKDW LW LV KHU HoRUW WKDW DGGV WKH ODVW c WR pUP

YDOXHï 7KXVñ LQ DJJUHJDWHñ DW OHDVW Q' LQ DGGLWLRQDO PDQDJHULDO FRPSHQVDWLRQ PXVW EH SDLG ZKHQ

pUP YDOXH LQFUHDVHV IURP $ò õQb ìôc WR $ò Qcï %XW WKLV DJJUHJDWH LQFUHDVH LQ WKH PDQDJHUVö

FRPSHQVDWLRQ FDQ QRW EH JUHDWHU WKDQ cñ RWKHUZLVH WKH UHVLGXDO SD\Ro WR WKH SULQFLSDO ZLOO GHFUHDVH

ZKHQ pUP YDOXH LQFUHDVHVï

7KH ERXQG RQ pUP VL]H ZDV HVWDEOLVKHG FRQVLGHULQJ RQO\ SXUH VWUDWHJLHVï (DFK PDQDJHU

ZRUNV DQG FRQMHFWXUHV WKDW HDFK RWKHU PDQDJHU ZLOO FKRRVH WR ZRUNï ,Q D PL[HGðVWUDWHJ\ HTXLOLEð

ULXPñ HDFK PDQDJHU ZRUNV ZLWK VRPH SUREDELOLW\ } DQG FRQMHFWXUHV WKDW WKH HoRUW FKRLFHV RI WKH

RWKHU PDQDJHUV DUH LQGHSHQGHQW DQG WKDW HDFK ZLOO ZRUN ZLWK SUREDELOLW\ }ï 'RHV WKHUH H[LVW D

FRQWUDFW DVVRFLDWHG ZLWK D PL[HGðVWUDWHJ\ HTXLOLEULXP ZKLFK DOORZV WKH SULQFLSDO WR KLUH D ODUJH

QXPEHU RI PDQDJHUV DQG ZLWK VRPH SUREDELOLW\ KDYH D ODUJH QXPEHU RI SURMHFWV FRPSOHWHG" $Sð

SHQGL[ % HVWDEOLVKHV WKDW WKH DQVZHU LV QRï 7KH VDPH ERXQG RQ pUP VL]Hñ Q x c
' ñ DSSOLHV ZKHQ

PDQDJHUV DUH KLUHG XQGHU D FRQWUDFW FRQVLVWHQW ZLWK PL[HG VWUDWHJLHV LQ PDQDJHULDO HoRUW FKRLFHVï

3DUW ê RI 3URSRVLWLRQ ê VWDWHV WKDW ZKHQ RSWLPDO FRQWUDFWV WDNH WKH IRUP RI LGHQWLFDO

ZDJHîHTXLW\îRSWLRQV SDFNDJHV ZLWK OLPLWHG OLDELOLW\ DQG $ò Qc ! 5ò'
' cñ WKHQ WKH RSWLPDO FRQð

ìç



WUDFW PXVW EH DQ H[HFXWLYH VWRFN RSWLRQï :H QRZ VKRZ WKDW WKLV LV D VSHFLDO FDVH RI D PRUH JHQHUDO

UHVXOWã :KHQHYHU PDQDJHUV KDYH OLPLWHG OLDELOLW\ DQG $ò Qc ! 5ò'
' cñ WKHQ DQ RSWLPDO FRQWUDFW

PXVW KDYH RSWLRQðOLNH IHDWXUHVâ LïHïñ RYHU VRPH UDQJH WKH PDQDJHUöV SD\Ro PXVW EH FRQYH[ LQ pUP

YDOXHïìí

7KHRUHP ëï õ2SWLRQðOLNH )HDWXUH RI 2SWLPDO &RQWUDFWV *LYHQ /LPLWHG /LDELOLW\ô 6XSð

SRVH WKDW Q LV VPDOOñ WKDW PDQDJHUV KDYH OLPLWHG OLDELOLW\ DQG WKDW WKH SULQFLSDO LV DFWLYHï $Q

RSWLPDO FRQWUDFW FDQ QRW EH HYHU\ZKHUH FRQFDYH LQ pUP YDOXH LI

$ò Qc !
5ò'

'
cã

3URRIã ,I WKH FRQWUDFWXDO SD\Ro LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH DQG PDQDJHUV KDYH

OLPLWHG OLDELOLW\ WKHQ
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ZKHUH WKH VHFRQG LQHTXDOLW\ IROORZV IURP WKH VDWLVIDFWLRQ RI WKH HoRUW FRQVWUDLQW õëôï &RPELQLQJ

WKH SDUWLFLSDWLRQ FRQVWUDLQW LQ õìô ZLWK WKH LQHTXDOLW\ LQ õåô JLYHVã

5ò' y &
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Q;

M ì

HM  Q
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c
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ZKLFK LPSOLHV

$ò Qc x 5ò'

'
cã

7KLV UHVXOW LV SUHVHQWHG JUDSKLFDOO\ LQ )LJXUH éï ,Q )LJXUH é$ñ $í DQG Qí DUH VXFK WKDW

$íòQíc x 5ò'
' c DQG HDFK PDQDJHUöV FRPSHQVDWLRQ FDQ EH FRQFDYH LQ pUP YDOXH ZLWKRXW YLRODWLQJ

PDQDJHULDO OLPLWHG OLDELOLW\ï ,Q )LJXUH é%ñ $íí ! $íï ,Q )LJXUH é&ñ Qíí ! Qíï )RU WKH SDUDPHWHU

YDOXHV RI )LJXUHV é% DQG é&ñ D FRQWUDFW WKDW LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH ZLOO YLRODWH

PDQDJHULDO OLPLWHG OLDELOLW\ï

ìí .LP õìääæô H[DPLQHV WKH LVVXH RI FRQWUDFW IRUP DQG WKH RSWLPDOLW\ RI D ERQXV FRQWUDFW LQ D
VHWWLQJ ZLWK D SULQFLSDO DQG D VLQJOH DJHQW ZKR PDNHV D FRQWLQXRXV HoRUW FKRLFH DQG HQMR\V OLPLWHG
OLDELOLW\ï

ìæ



7R WKLV SRLQW ZH KDYH H[DPLQHG RSWLPDO FRQWUDFWV WDNLQJ Q WR EH p[HGï %XW WKH QXPEHU RI

SURMHFWV WR EH XQGHUWDNHQ IURP WKH LQYHVWPHQW RSSRUWXQLW\ VHW õRI VL]H Pô LV LWVHOI D FKRLFH YDULDEOH

RI WKH SULQFLSDOï :H QRZ WXUQ WR WKH GHWHUPLQDWLRQ RI RSWLPDO pUP VL]Hï

éï 2SWLPDO )LUP 6L]H

)RU Q VPDOO WKH YDOXH RI WKH SULQFLSDOöV FODLP RQ WKH pUP LV $òQõcb&eô ZKHUH õDV VKRZQ

LQ 3URSRVLWLRQ ëô &e  5ò'ï

7KHRUHP êï õ2SWLPDO )LUP 6L]Hô 7KH RSWLPDO pUP VL]Hñ Qeñ LV WKH ODUJHVW QXPEHU RI SURMHFWV

OHVV WKDQ RU HTXDO WR P WKDW VDWLVpHV WKH FRQVWUDLQW Q x c
' ï

3URRIã 6R ORQJ DV LW LV IHDVLEOH WR KLUH DQG PRWLYDWH DQRWKHU PDQDJHU LW LV RSWLPDO WR GR VRñ

VLQFH õIURP 3URSRVLWLRQ ëô ZKHQHYHU LW LV IHDVLEOHñ HDFK PDQDJHU FDQ EH KLUHG DW OHDVWðFRVWñ DQGñ E\

DVVXPSWLRQñ 5ò' á cï 7KHRUHP ì HVWDEOLVKHV WKDW LW LV IHDVLEOH WR KLUH DQG PRWLYDWH Q PDQDJHUV

VR ORQJ DV Q LV VPDOOï 7KHUHIRUH WKH RSWLPDO Q VROYHVã
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2SWLPDO pUP VL]H LV GHWHUPLQHG E\ PDQDJHULDO SURGXFWLYLW\ ZKLFK LV SUHFLVHO\ GHpQHG E\ c' ï

$V SURGXFWLYLW\ LQFUHDVHVñ WKH LQFUHPHQW WR pUP YDOXH IURP D JLYHQ PDQDJHU ZRUNLQJ FDQ VXSSRUW

D ODUJHU QXPEHU RI PDQDJHUV PDNLQJ DQ HoRUWï

èï 8QLTXHQHVV

(DFK PDQDJHU FRQWHPSODWLQJ KHU SDUWLFLSDWLRQ DW WKH pUP ZLOO KDYH D FRQMHFWXUH DERXW WKH

HoRUW FKRLFHV RI WKH RWKHU PDQDJHUV KLUHGï 3UREOHP õ3,ô KDV EHHQ VROYHG ZKHQ PDQDJHUV FRQMHFWXUH

WKDW DOO RWKHU PDQDJHUV ZRUNï *LYHQ WKLV FRQMHFWXUHñ WKH FRQWUDFW LQGXFHV HoRUW FKRLFHV FRQVLVWHQW

ZLWK WKH FRQMHFWXUHï ,Q WKLV VHFWLRQ ZH FRQVLGHU WKH TXHVWLRQ RI ZKHWKHU DQ H[HFXWLYH FRPSHQVDWLRQ

FRQWUDFW WKDW LV D VROXWLRQ WR õ3,ô FDQ DOVR EH DVVRFLDWHG ZLWK RWKHU HTXLOLEULDï

ìå



èïì ([LVWHQFH RI RSWLPDO FRQWUDFWV DVVRFLDWHG ZLWK XQLTXH HTXLOLEULD

)RU p[HG VPDOO Qñ GLoHUHQW FRQWUDFWV FDQ VROYH õ3,ôï 1RW DOO VROXWLRQV WR õ3,ô DUH QHFHVVDULO\

DVVRFLDWHG ZLWK D XQLTXH HTXLOLEULXP LQ ZKLFK Q PDQDJHUV VLJQ DQG ZRUNï 6RPH FRQWUDFWV VROYLQJ

õ3,ô FDQ EH DVVRFLDWHG ZLWK DQ DOWHUQDWH HTXLOLEULXP LQ ZKLFK PDQDJHUV GR QRW VLJQ EHFDXVH WKH\

UDWLRQDOO\ FRQMHFWXUH WKDW DQ\ PDQDJHUV ZKR GR VLJQ ZLOO QRW ZRUNï )RU H[DPSOHñ FRQVLGHU D

VROXWLRQ WR õ3,ô LQ ZKLFK PDQDJHUV DUH FRPSHQVDWHG ZLWK RSWLRQVï 6XSSRVH WKH H[HUFLVH SULFH RI

WKHVH RSWLRQV LV VXFK WKDW WKH\ ZLOO pQLVK RXWðRIðWKHðPRQH\ LI RQO\ RQH PDQDJHU ZRUNVï ,I HDFK

PDQDJHU FRQMHFWXUHV WKDW HYHU\ RWKHU PDQDJHU ZKR GRHV VLJQ ZLOO QRW ZRUNñ WKHQ WKDW PDQDJHU

ZLOO QRW pQG LW RSWLPDO WR EHDU WKH GLVXWLOLW\ RI HoRUW_KHU RSWLRQV ZLOO pQLVK RXWðRIðWKHðPRQH\

ZKHWKHU VKH ZRUNV RU VKLUNVï %XW JLYHQ VXFK D FRQMHFWXUHñ HDFK PDQDJHU ZLOO pQG LW RSWLPDO QRW

WR VLJQ LQ WKH pUVW SODFHï

7KH SULQFLSDO KRZHYHU LV LQ D SRVLWLRQ WR VHOHFW D FRQWUDFW IURP WKH VHW RI FRQWUDFWV VROYLQJ

õ3,ôï %\ GRLQJ VR KH VHOHFWV WKH VHW RI SRVVLEOH HTXLOLEULDñ DQG KH ZLOO FKRRVH WKH VHW WKDW PD[LPL]HV

KLV XWLOLW\ï ,Q WKH DEVHQFH RI DQ\ DGGLWLRQDO FRQVWUDLQWV RQ õ3,ô ZH VKRZ WKDW WKH SULQFLSDO FDQ

DOZD\V GHVLJQ D FRQWUDFW WKDW LPSOHPHQWV D XQLTXH HTXLOLEULXP LQ ZKLFK Q PDQDJHUV VLJQ DQG ZRUN

DW OHDVWðFRVWï 7KH SULQFLSDO ZLOO RSWLPDOO\ VHOHFW VXFK D FRQWUDFWï ,Q WKH IROORZLQJ VXEVHFWLRQñ ZH

ZLOO UHðH[DPLQH WKLV LVVXH ZKHQ WKH SULQFLSDO LV FRQVWUDLQHG WR VHOHFW FRQWUDFWV WKDW UHqHFW OLPLWHG

OLDELOLW\ RQ WKH SDUW RI PDQDJHUVï

7KHRUHP éï õ8QLTXHQHVVô : LWKLQ WKH VHW RI FRQWUDFWV WKDW VROYH õ3,ô IRU D p[HG VPDOO Qñ WKHUH

DOZD\V H[LVWV D FRQWUDFW VXFK WKDW WKH HTXLOLEULXP LV XQLTXH DQG Q PDQDJHUV ZLOO VLJQ DQG ZRUNï

3URRIã 7KH SURRI LV E\ FRQVWUXFWLRQï (DFK PDQDJHU L ZKR VLJQV pQGV ZRUNLQJ WR EH D GRPLQDQW

VWUDWHJ\ LIã
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&RQVLGHU D FRQWUDFW ZKHUH HDFK PDQDJHU UHFHLYHV WKH IUDFWLRQ '
c RI WKH HQG RI SHULRG pUP YDOXH

DQG SD\V DQ DPRXQW WR õRU UHFHLYHV DQ DPRXQW IURPô WKH SULQFLSDOï 7KLV FRQWUDFW JXDUDQWHHV

VDWLVIDFWLRQ RI WKH LQHTXDOLW\ LQ õäôâ LïHïñ HYHU\ PDQDJHU ZKR VLJQV ZLOO SUHIHU WR ZRUNï *LYHQ D
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WUDQVIHU EHWZHHQ WKH SULQFLSDO DQG HDFK DJHQW RI WKH GLoHUHQFH

'

c
õ$ò Qcôb õ5ò'ôâ

Q PDQDJHUV ZLOO VLJQïìì

7KH SDUWLFXODU FRQWUDFW FRQVWUXFWHG LQ WKH SURRI RI 7KHRUHP é JDYH HDFK PDQDJHU WKH

IUDFWLRQ '
c RI pUP YDOXH FRXSOHG ZLWK D WUDQVIHU SD\PHQWï 0RUH JHQHUDOO\ñ WKH IUDFWLRQ FRXOG

GHSHQG RQ WKH UHDOL]HG pUP YDOXHï

&RUROODU\ ìã õ&RQFDYLW\ DQG 8QLTXHQHVVô : KHQHYHU XQGHU D FRQWUDFW WKDW VROYHV õ3,ô

HDFK PDQDJHUöV SD\Ro LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH IRU DOO YDOXHV RI WKH pUP H[FHHGLQJ WKH

OLTXLGDWLRQ YDOXH RI WKH DVVHWVðLQðSODFH DQG Q LV VPDOOñ WKHQ WKH 1DVK HTXLOLEULXP LQ ZKLFK DOO

PDQDJHUV ZRUN LV WKH XQLTXH HTXLOLEULXP XQGHU WKH FRQWUDFWï

3URRIã $Q\ FRQWUDFW WKDW LV D VROXWLRQ WR õ3,ô PXVW VDWLVI\ WKH HoRUW FRQVWUDLQWï *LYHQ VXFK D

FRQWUDFWñ LI HDFK PDQDJHU LöV SD\Ro LV HYHU\ZKHUH FRQFDYH LQ pUP YDOXH IRU DOO pUP YDOXHV H[FHHGLQJ

$ñ WKHQ WKH LQHTXDOLW\ LQ õäô PXVW EH VDWLVpHGï +HQFH ZRUNLQJ LV D GRPLQDQW VWUDWHJ\ LUUHVSHFWLYH
RI RQHöV EHOLHIV DERXW WKH DFWLRQV RI RWKHUVï

:H QRZ WXUQ WR WKH TXHVWLRQ RI WKH XQLTXHQHVV RI WKH HTXLOLEULXP XQGHU FRQWUDFWV WKDW VROYH

õ3,ô ZKHQ WKRVH FRQWUDFWV DUH FRQVWUDLQHG E\ OLPLWHG OLDELOLW\ RQ WKH SDUW RI PDQDJHUVïìë

ìì 6XSSRVH WKHUH LV VRPH SRVVLELOLW\ WKDW OHVV WKDQ Qbì RWKHU PDQDJHUV VLJQñ VD\ñ EHFDXVH WKH\
KDSSHQ WR UHVROYH WKHLU LQGLoHUHQFH E\ QRW VLJQLQJï *LYHQ D WUDQVIHU RI VL]H '

c õ$òQcôb õ5ò'ôñ
HYHU\ SRWHQWLDO PDQDJHU ZLOO VWULFWO\ SUHIHU QRW WR VLJQï $OWHUQDWHO\ VXSSRVH WKDW WKHUH LV VRPH
FKDQFH WKDW D PDQDJHU ZLOO VXoHU D KHDUW DWWDFN DIWHU VLJQLQJ EXW EHIRUH ZRUNLQJï $JDLQñ JLYHQ D
WUDQVIHU RI VL]H '

c õ$òQcôb õ5ò'ôñ HYHU\ SRWHQWLDO PDQDJHU ZLOO VWULFWO\ SUHIHU QRW WR VLJQï 7KLV
FRQFHUQ FDQ EH RYHUFRPH E\ LQFOXGLQJ LQ WKH FRQWUDFWXDO WHUPVñ nLñ WKH QXPEHU RI PDQDJHUV ZKR
VLJQ DQG VXUYLYHï /HW V GHQRWH WKLV QXPEHUï $ WUDQVIHU RI

'

c
õ$ò Vcôb õ5ò'ô

ZLOO HQVXUH WKDW HDFK PDQDJHU LV LQGLoHUHQW WR VLJQLQJ LUUHVSHFWLYH RI WKH SDUWLFLSDWLRQ GHFLVLRQV
DQG VXUYLYDO RI RWKHUVï

ìë 7KH OLQN EHWZHHQ PDQDJHULDO OLPLWHG OLDELOLW\ DQG SRVVLELOLW\ RI PXOWLSOH HTXLOLEULD LV TXLWH
GLVWLQFW IURP WKH LVVXHV RI LPSOHPHQWDWLRQ RI pUVWðEHVW HoRUW OHYHOV JLYHQ OLPLWHG OLDELOLW\ DQG D
VLQJOH DJHQW WKDW DUH H[DPLQHG LQ 6DSSLQJWRQ õìäåêôñ .LP õìääíô DQG ,QQHV õìääíôï

ëí



èïë 8QLTXHQHVV ZKHQ PDQDJHUV KDYH OLPLWHG OLDELOLW\

:KHQHYHU WKH FRQWUDFW FRQVLGHUHG LQ WKH XQLTXHQHVV SURRI RI 7KHRUHP é LQYROYHV D WUDQVIHU

IURP WKH PDQDJHU WR WKH SULQFLSDOñ LW ZLOO EH UXOHG RXW LI FRPSHQVDWLRQ FRQWUDFWV DUH FRQVWUDLQHG

WR UHqHFW PDQDJHULDO OLPLWHG OLDELOLW\ï

7KHRUHP èï õ8QLTXHQHVV ZKHQ 0DQDJHUV KDYH /LPLWHG /LDELOLW\ô )RU p[HG VPDOO Qñ WKHUH

H[LVWV D FRQWUDFW WKDW VROYHV õ3,ôñ VDWLVpHV OLPLWHG OLDELOLW\ñ DQG LPSOHPHQWV D XQLTXH HTXLOLEULXP

LQ ZKLFK DOO Q PDQDJHUV VLJQ DQG ZRUN LI DQG RQO\ LI Q á 5ò'
' ï

3URRIã )RU ZRUNLQJ WR EH D GRPLQDQW VWUDWHJ\ LUUHVSHFWLYH RI WKH QXPEHU RI RWKHU PDQDJHUV ZKR

ZRUNñ FRQGLWLRQ õäô PXVW EH VDWLVpHGï &RQGLWLRQ õäô LPSOLHV
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5HFDOO IURP 3URSRVLWLRQ ë WKDW WKH VROXWLRQ WR õ3,ô VDWLVpHV
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*LYHQ OLPLWHG OLDELOLW\
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5HODWLRQV õìíôñ õììô DQG õìëô LPSO\

Q á
5ò'

'
ã

1RWH WKDW ZKHQ Q á 5ò'
' D FRQWUDFW RI WKH IRUP FRQVLGHUHG LQ WKH SURRI RI 7KHRUHP é QHYHU

LQYROYHV D WUDQVIHU IURP WKH PDQDJHU WR WKH SULQFLSDOï ,W IROORZV LPPHGLDWHO\ IURP 7KHRUHP è WKDW

ZKHQ P y 5ò'
' ñ WKH SULQFLSDO LV DFWLYH DQG PDQDJHUV HQMR\ OLPLWHG OLDELOLW\ñ WKHQ LW LV LPSRVVLEOH

WR GHVLJQ D OHDVWðFRVW FRQWUDFW VXFK WKDW Qe SURMHFWV DUH FHUWDLQ WR EH XQGHUWDNHQï )DFHG ZLWK

P y 5ò'
' DQG PDQDJHULDO OLPLWHG OLDELOLW\ñ WKH SULQFLSDO KDV WKUHH FKRLFHVã

Lô $WWHPSW WR XQGHUWDNH Qe SURMHFWV E\ RoHULQJ D FRQWUDFW WKDW VROYHV õ3,ô DQG LV DVVRFLDWHG

ZLWK PXOWLSOH HTXLOLEULD õRQH RI ZKLFK LV WKDW QR PDQDJHUV ZLOO VLJQôâ

ëì



LLô 8QGHUWDNH RQO\ 5ò'
' á Qe SURMHFWV XVLQJ D FRQWUDFW WKDW HQVXUHV D XQLTXH HTXLOLEULXP ZLWK

OHDVWðFRVW PDQDJHULDO FRPSHQVDWLRQâ RU

LLLô 8QGHUWDNH PRUH WKDQ 5ò'
' SURMHFWVñ EXW SD\ WKH PDQDJHUV VXrFLHQWO\ PRUH WKDQ OHDVWðFRVW

WKDW D XQLTXH HTXLOLEULXP LQ ZKLFK DOO PDQDJHUV ZRUN FDQ EH HQVXUHGï

7KH RSWLPDO FKRLFH DPRQJ WKHVH WKUHH SRVVLELOLWLHV UHPDLQV DQ RSHQ TXHVWLRQï &KRLFH õLô LV SUHIHUUHG

E\ WKH SULQFLSDO LI DOO PDQDJHUV DOZD\V FRQMHFWXUH WKDW DOO RWKHU PDQDJHUV ZRUNï 6XFK D VHW

RI FRQMHFWXUHV PDNHV IRU D PRUH YDOXDEOH pUPï 6HH .UHSV õìääíô IRU D JHQHUDO DQDO\VLV RI WKH

HFRQRPLFV RI ?FRUSRUDWH FXOWXUHûï

&RQWUDFWV FRQVLVWHQW ZLWK SRVVLELOLWLHV Lôñ LLô DQG LLLô DUH GHSLFWHG LQ )LJXUHV è%ñ è& DQG è'

UHVSHFWLYHO\ï )LJXUH è LOOXVWUDWHV D VHWWLQJ ZKHUH P ! c
'  Qeï )LJXUH è$ GHSLFWV WKH FRQWUDFW XVHG

LQ WKH SURRI RI 7KHRUHP éï 7KLV FRQWUDFW LQYROYHV D WUDQVIHU IURP WKH PDQDJHU WR WKH SULQFLSDOñ DQG

KHQFH YLRODWHV OLPLWHG OLDELOLW\ï )LJXUH è% GHSLFWV D OLPLWHGðOLDELOLW\ FRQWUDFW DVVRFLDWHG ZLWK WZR

HTXLOLEULDã ,Q RQHñ Qe PDQDJHUV VLJQ DQG ZRUN DW OHDVWðFRVWâ LQ WKH RWKHUñ QR RQH VLJQVï )LJXUH è&

GHSLFWV OLPLWHGðOLDELOLW\ FRQWUDFWXDO SD\RoV FRQVLVWHQW ZLWK KLULQJ WKH PD[LPXP SRVVLEOH QXPEHU

RI PDQDJHUV WKDW LW LV SRVVLEOH WR KLUH DW OHDVWðFRVW DQG VWLOO HQVXUH D XQLTXH HTXLOLEULXP LQ ZKLFK DOO

PDQDJHUV ZRUNï 7KDW PD[LPXP QXPEHU LV 5ò'
' ï )LJXUH è' GHSLFWV OLPLWHGðOLDELOLW\ FRQWUDFWXDO

SD\RoV FRQVLVWHQW ZLWK KLULQJ PRUH WKDQ 5ò'
' PDQDJHUV DW JUHDWHU WKDQ OHDVWðFRVW DQG EHLQJ DVVXUHG

WKDW DOO PDQDJHUV ZLOO ZRUNï )LJXUH è' PDNHV FOHDU WKDW LI Qe PDQDJHUV ZHUH WR EH KLUHG XQGHU D

OLPLWHGðOLDELOLW\ FRQWUDFW DVVRFLDWHG ZLWK D XQLTXH HTXLOLEULXP LQ ZKLFK DOO PDQDJHUV ZRUNHGñ WKHQ

HDFK PDQDJHU ZRXOG KDYH WR UHFHLYH FRPSHQVDWLRQ RI cü 7KH SULQFLSDO ZRXOG FOHDUO\ EH EHWWHU Ro

ZLWKñ VD\ñ WKH VPDOOHU QXPEHU RI PDQDJHUV KLUHG XQGHU WKH FRQWUDFW GHSLFWHG LQ )LJXUH è&ï 6XSSRVH

WKH SULQFLSDO ZLVKHG WR GHWHUPLQH RSWLPDO pUP VL]H FRQGLWLRQDO RQ KLV RoHULQJ RQO\ OLPLWHGðOLDELOLW\

FRQWUDFWV DVVRFLDWHG ZLWK XQLTXH HTXLOLEULD LQ ZKLFK DOO PDQDJHUV ZRUNï 7KH SULQFLSDO ZRXOG WKHQ

VROYHã
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çï 9HULpDELOLW\ñ 8QFHUWDLQW\ DQG 5LVN $YHUVLRQ

2XU ERXQG RQ pUP VL]H UHqHFWV WKH ODFN RI YHULpDELOLW\ RI HoRUW DQG DQ DFWLYH SULQFLSDOï

,Q GHULYLQJ WKLV ERXQG ZH DVVXPHG WKDW pUP YDOXH ZDV YHULpDEOHñ WKDW RXWSXW FRQGLWLRQDO RQ WKH

HoRUW FKRLFH ZDV FHUWDLQñ DQG WKDW PDQDJHUV ZHUH ULVNðQHXWUDOï ,Q WKLV VHFWLRQ ZH VKRZ WKDW RXU

EDVLF UHVXOW RQ pUP VL]H LV XQFKDQJHG ZKHQ HDFK RI WKHVH DVVXPSWLRQV LV UHOD[HGï

(YHQ WKRXJK HoRUW LV QRW YHULpDEOHñ ZH KDYH DVVXPHG WKDW DJJUHJDWH pUP YDOXH LVï :KDW LIñ

VD\ EHFDXVH WKH pUPVö VWRFN LV QRW WUDGHGñ pUP YDOXH FDQ QRW EH YHULpHG" 5HFDOO WKDW RXU UHVXOWV

RQ pUP VL]H ZHUH XQFKDQJHG ZKHQ PDQDJHULDO FRQWUDFWV ZHUH UHVWULFWHG WR ZDJHîHTXLW\îRSWLRQV

FRQWUDFWVï :DJHV DUH GHEWðOLNH FODLPV ZKHUH WKH PDQDJHUV ZLOO DFTXLUH WKH pUP LQ WKH HYHQW RI

D GHIDXOWï 'HIDXOW LV YHULpDEOHñ DQG WKH FRQWUDFW FDQ EH HQIRUFHG HYHQ ZKHQ pUP YDOXH LWVHOI LV

QRW_VHHñ HïJïñ *DOH DQG +HOOZLJ õìäåèôï (TXLW\ DQG RSWLRQV RQ HTXLW\ UHTXLUH RQO\ WKDW UHODWLYHñ

QRW DEVROXWHñ YDOXHV EH YHULpDEOHï ,Q SDUWLFXODUñ VR ORQJ DV WKH SULQFLSDO PXVW SD\ WKH VDPH

GLYLGHQGV SHU VKDUH RQ WKH VWRFN KHOG E\ WKH PDQDJHUV DV RQ WKH VWRFN UHWDLQHG E\ WKH SULQFLSDOñ

WKH LPSOHPHQWDWLRQ RI ZDJHîHTXLW\îRSWLRQV FRQWUDFWV UHTXLUHV RQO\ WKDW pUP YDOXH EH REVHUYDEOHï

7KH PDQDJHUV GR QHHG WR REVHUYH pUP YDOXH LQ RUGHU WR PDNH WKHLU RSWLRQ H[HUFLVH GHFLVLRQVï

1RZ VXSSRVH WKDWñ FRQGLWLRQDO RQ WKH HoRUW FKRLFHñ RXWSXW LV QRW SHUIHFWO\ FHUWDLQï *LYHQ

VWRFKDVWLF RXWSXWñ WKH HoRUW FRQVWUDLQW LQ D 1DVK HTXLOLEULXP LQ SXUH VWUDWHJLHV WDNHV WKH IRUPã
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ZKHUH WKH WLOGH GHQRWHV WKDW RXWSXWñ DQG KHQFH WKH PDQDJHUVö FRPSHQVDWLRQñ LV XQFHUWDLQ JLYHQ

WKH PDQDJHUVö HoRUW FKRLFHVï 6XPPLQJ RYHU DOO L JLYHVã
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)URP WKH LQHTXDOLW\ FRQVWUDLQW WKDW WKH SULQFLSDOöV SD\Ro PXVW EH QRQðGHFUHDVLQJ LQ pUP YDOXHñ

H[SUHVVLRQ õêôñ ZH KDYHã
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7DNLQJ H[SHFWDWLRQV LQ õìéô DQG FRPELQLQJ WKH UHVXOW ZLWK õìéô JLYHVã

Q x (IHcJ
'

ã

)LUP VL]H LV ERXQGHG E\ WKH PDQDJHUVö H[SHFWHG SURGXFWLYLW\ï

)LQDOO\ñ VXSSRVH WKDW PDQDJHUV DUH ULVN DYHUVH" )RU VLPSOLFLW\ RQO\ñ DVVXPH WKDW RXWSXW

FRQGLWLRQDO RQ WKH PDQDJHUVö HoRUW FKRLFHV LV SHUIHFWO\ FHUWDLQ DQG WKDW HDFK PDQDJHUöV XWLOLW\

IXQFWLRQ LV JLYHQ E\ 8 õ&ô b H'ñ ZLWK 8 ì ! í DQG 8 ìì á íï 7KH HoRUW FRQVWUDLQW QRZ WDNHV WKH

IRUPã
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:LWKRXW ORVV RI JHQHUDOLW\ ZH FDQ DVVXPH WKDW DOO PDQDJHUV DUH KLUHG XQGHU FRQWUDFWV ZLWK LGHQWLFDO

WHUPVñ nï ,W IROORZV IURP WKH PHDQðYDOXH WKHRUHP WKDW WKHUH H[LVWV D YDOXHñ 8ìñ VXFK WKDW
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6XPPLQJ RYHU DOO L JLYHV
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&RPELQLQJ õìèô ZLWK WKH QR SULQFLSDO PRUDO KD]DUG FRQVWUDLQW LQ õêô JLYHVã
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)LUP VL]H LV ERXQGHG E\ D PHDVXUH RI WKH PDUJLQDO XWLOLW\ HDFK PDQDJHU ZRXOG GHULYH IURP FRQð

VXPLQJ KHU RXWSXW UHODWLYH WR WKH GLVXWLOLW\ RI FUHDWLQJ LWï õ:KHQ PDQDJHUV DUH ULVN QHXWUDOñ WKH

GLVXWLOLW\ RI HoRUW FDQ EH DSSURSULDWHO\ GHpQHG LQ XQLWV RI PDUJLQDO XWLOLW\ RI FRQVXPSWLRQ VXFK

WKDW 8ì  ìïô

æï &RQFOXVLRQV

7KH FODVVLF %HUOH DQG 0HDQV õìäêëô DJHQF\ SUREOHP DULVHV EHFDXVH D JURZLQJ EXW FDVK

FRQVWUDLQHG pUP UHTXLUHV PRUH RZQHUV WR SURYLGH FDSLWDO LQSXWVï :H FRQVLGHU WKH DJHQF\ SUREOHP

WKDW DULVHV ZKHQ DQ HQWUHSUHQHXU KDV SOHQW\ RI FDVK WR DFTXLUH DQ\ FDSLWDO LQSXWV QHFHVVDU\ IRU

WKH pUPöV JURZWKñ EXW QHHGV PRUH PDQDJHULDO ODERU LQSXWVï (YHQ LI WKH Q PDQDJHUV ZHUH WR

SXUFKDVH WKH pUP IURP WKH SULQFLSDOñ DQ DJHQF\ SUREOHP ZRXOG VWLOO H[LVW ZLWKLQ WKH PDQDJHPHQW

WHDPï +ROPVWURP õìäåëô VKRZV WKDW HPSOR\LQJ D SULQFLSDO WR DFW SXUHO\ DV D EXGJHWðEUHDNHU FDQ

OHDG HDFK PDQDJHU WR H[HUW WKH pUVWðEHVW OHYHO RI HoRUWï %XW ZKHQ WKH SULQFLSDO FDQ UHQHJRWLDWH

ZLWK LQGLYLGXDO PDQDJHUV WR UHGXFH RXWSXWñ WKH LQWURGXFWLRQ RI DQ DFWLYH SULQFLSDO PHUHO\ VKLIWV

WKH PRUDO KD]DUG SUREOHP IURP WKH WHDP WR WKH SULQFLSDOï :H KDYH VKRZQ WKDW JLYHQ DQ DFWLYH

SULQFLSDOñ pUP VL]H LV OLPLWHG LQ WKH VDPH ZD\ WKDW WHDP VL]H LV OLPLWHG LQ WKH DEVHQFH RI D SULQFLSDOïìê

1HLWKHU D pUP ZLWK DQ DFWLYH SULQFLSDO QRU D SDUWQHUVKLS FDQ EH ODUJHU WKHQ D QDWXUDO PHDVXUH

RI PDQDJHULDO SURGXFWLYLW\ï 7KDW PHDVXUH LV WKH UDWLR RI D PDQDJHUöV PDUJLQDO XWLOLW\ IURP WKH

FRQVXPSWLRQ RI KHU RXWSXW WR KHU GLVXWLOLW\ RI HoRUWï

2XU IRFXV RQ WKH OLPLWV WR LQWHJUDWLRQ PHDQV WKDW ZH WDNH DV JLYHQ WKH EHQHpWV RI FRPELQLQJ

SURMHFWV ZLWKLQ D pUPï 7KH FRVW RI DQ DJHQF\ðUHODWHG OLPLW WR pUP VL]H GHSHQGV RQ WKH QDWXUH

RI WKHVH EHQHpWVï 6XSSRVHñ DV LQ *URVVPDQ DQG +DUW õìäåçôñ WKH RSWLPDO DOORFDWLRQ RI UHVLGXDO

RZQHUVKLS ULJKWV SUHFOXGHV FRPELQLQJ WKH DVVHWVðLQðSODFH ZLWK PDQDJHULDO HoRUW E\ FRQWUDFWV DFURVV

pUPVï &RQVLGHU D SULQFLSDO ZLWK SURSHUW\ ULJKWV WR D VHW RI P ! Qe SURMHFWVï 7KH FRVW WR VRFLHW\ RI

D OLPLW RQ pUP VL]H LV WKH FRVW RI GXSOLFDWLQJ WKH QHFHVVDU\ DVVHWVðLQðSODFH LQ D VHFRQG pUPï 7KH FRVW

WR WKH SULQFLSDO PD\ EH KLJKHU VWLOO LI WKH SULQFLSDO FDQ QRW UHSOLFDWH WKH QHFHVVDU\ DVVHWVðLQðSODFH DW

ìê )RU D GHWDLOHG DQDO\VLV RI WKH HrFLHQF\ RI SDUWQHUVKLSV VHH /HJURV DQG 0DWWKHZV õìääêôï

ëè



WKH VDPH FRVW DV D SRWHQWLDO SXUFKDVHU RI WKRVH ULJKWV FDQï $ FRUSRUDWH VSLQðRo FDQ EH LQWHUSUHWHG

DV WKH RSWLPDO VDOH RI WKH H[FHVV Pb Qe SURMHFWVï

,Q D FRPSDQLRQ SDSHU ZH UHðH[DPLQH WKH LVVXH RI RSWLPDO FRQWUDFWLQJ DQG pUP VL]H ZKHQ

SURMHFWV DUH ORQJðOLYHG LQ WKH VHQVH WKDW WKHLU LPSOHPHQWDWLRQ FDQ EH GHOD\HG IRU VRPH WLPHï &RQð

VLGHU D ORQJðOLYHG SURMHFW ZLWK D PDQDJHU ZKR LV YHVWHG LQ HTXLW\ DQG RSWLRQVï +HU YLHZ RI ZKDW

VKH DGGV WR WKH pUP E\ EHDULQJ WKH GLVXWLOLW\ RI HoRUW LV QRW cï 6KH UHFRJQL]HV WKDWñ LI VKH VKLUNV

DQG WKH SURMHFW LV GHOD\HGñ WKHQ D UHSODFHPHQW PDQDJHU FDQ EH KLUHGï +HU YHVWHG HTXLW\ DQGîRU

RSWLRQV DOORZ KHU WR IUHHðULGH RQ KHU UHSODFHPHQWöV HoRUWVï 6KH UHDVRQV WKDW ZKDW VKH DGGV WR WKH

pUP E\ ZRUNLQJ LV RQO\ DQ\ H[FHVV RI c RYHU DQG DERYH ZKDW D UHSODFHPHQW ZRXOG DGGï $ YHVWHG

PDQDJHUöV SHUFHSWLRQ WKDW KHU RZQ SURGXFWLYLW\ LVñ LQ HoHFWñ ORZHU ZKHQ SURMHFWV FDQ EH GHOD\HG

FDQ WKHQ PDNH IRU DQ HYHQ WLJKWHU ERXQG RQ pUP VL]Hï :H VKRZ WKDW ZKHQ SURMHFWV DUH ORQJðOLYHGñ

DQ RSWLPDO FRQWUDFW LV VXFK WKDW WKH PDQDJHU LV QRW LPPHGLDWHO\ IXOO\ YHVWHGï 2SWLPDO FRQWUDFWV

LQYROYH ERWK HQWUHQFKPHQW DQG WKH GHIHUUDO RI FRPSHQVDWLRQï (QWUHQFKPHQW PDNHV WKH SURPLVH

RI GHIHUUHG FRPSHQVDWLRQ FUHGLEOHï 'HIHUUDO UHPRYHV WKH SRVVLELOLW\ RI IUHHðULGLQJ RQ RQHöV UHSODFHð

PHQWï :KLOH UHVLJQLQJ GRHV DOORZ D UHSODFHPHQW PDQDJHU WR EH KLUHGñ LW DOVR PHDQV WKH IRUIHLWXUH

RI DQ\ QRQYHVWHG FODLPV RQ RXWSXWï $ PDQDJHU KLUHG XQGHU DQ RSWLPDO FRQWUDFW ZLOO WKHQ YLHZ KHU

SURGXFWLYLW\ FRUUHFWO\â LïHïñ DV c' ï 7KXVñ XQGHU DQ RSWLPDO FRQWUDFWñ WKH pUP LV DEOH WR KLUH DQG

PRWLYDWH c' PDQDJHUV HYHQ ZKHQ SURMHFWV DUH ORQJðOLYHGï

:H EHJDQ E\ QRWLQJ WKH SRWHQWLDO IRU PRUDO KD]DUG RQ WKH SDUW RI WKH SULQFLSDO ZKHQ

PDQDJHUV DUH KLUHG XQGHU ERQXV FRQWUDFWVï 7KLV GRHV QRW PHDQ WKDW WKH REVHUYHG XVH RI ERQXV

FRQWUDFWV LQ SUDFWLFH LV DQRPDORXVï :KHQ RXWSXW LV OXPS\ñ D ERQXV FRQWUDFW QHHG QRW LPSO\ WKDW

WKH SULQFLSDO KDV DQ LQFHQWLYH WR UHGXFH RXWSXWï &RQVLGHU DJDLQ D FRQWUDFW WKDW SD\V HDFK PDQDJHU

D p[HG DPRXQWñ ) x 5ñ DQG D ERQXV RI 'ò5b) LQ WKH HYHQW WKDW pUP YDOXH LV $òQc RU PRUHï

3D\LQJ RQH PDQDJHU D EULEH RI 5 b ) QRW WR ZRUN ZLOO RQO\ PDNH WKH SULQFLSDO EHWWHU Ro LI WKH

DJJUHJDWH VDYLQJ LQ ERQXV SD\PHQWV OHVV WKH FRVW RI WKH EULEHñ Qõ' ò5 b ) ô ò õ5 b ) ôñ H[FHHGV

WKH IRUJRQH RXWSXWñ cï $ ERQXV FRQWUDFW FDQ EH XVHG WR PRWLYDWH PDQDJHUV ZLWKRXW FUHDWLQJ DQ

ëç



LQFHQWLYH IRU PRUDO KD]DUG RQ WKH SULQFLSDOöV SDUW ZKHQHYHU WKH QXPEHU RI PDQDJHUV VDWLVpHVã

Q x cò5b )

' ò5b )
ã õìçô

+RZ ODUJH FRXOG VXFK D WHDP EH" 6HWWLQJ )  5 LQ õìçô JLYHV D PD[LPXP WHDP VL]H RIñ OR DQG

EHKROGñ c' ï

ëæ
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3URRI RI /HPPD ìã

:KHQ :  $ òõQbìôc
Q DQG o  '

c ñ WKH HoRUW FRQVWUDLQW LV MXVW VDWLVpHGï 2XU UHSUHVHQWDWLYH

PDQDJHU UHFHLYHV WKH SURPLVHG ZDJH ZKHWKHU VKH ZRUNV RU QRWñ DQG HoRUW PXVW EH LQGXFHG E\

WKH HTXLW\ VKDUHï 7KH HTXLW\ VKDUH '
c RI WKH LQFUHPHQW WR HTXLW\ YDOXH LI VKH DOVR ZRUNVñ cñ MXVW

FRPSHQVDWHV KHU IRU KHU GLVXWLOLW\ RI HoRUWï 7KH VDPH LV WUXH IRU DOO : ë
K
íâ $ òõQbìôcQ

u
ï 7KH

LQWXLWLRQ IRU WKH RSWLRQV FDVHñ : á í LV DV IROORZVï )URP WKH SRLQW RI YLHZ RI RXU UHSUHVHQWDWLYH

PDQDJHU DQ HTXLW\ VKDUH LQ H[FKDQJH IRU WKH VWULNH SULFH LV D FODLP RQ WZR FRPSRQHQWV RI pUP

YDOXHï 7KH pUVW FRPSRQHQW FRQVLVWV RI WKH DVVHWVðLQðSODFH SOXV WKH cðVL]HG LQFUHPHQWV WR YDOXH

DGGHG E\ HDFK PDQDJHU ZKR ZRUNVï 7KH VHFRQG FRPSRQHQW FRQVLVWV RI WKH FDVK SDLG LQ E\ HDFK

PDQDJHU H[HUFLVLQJ KHU RSWLRQVï :KHQ Q LV ODUJH õLïHïñ Q ! c
' ô DQG o y '

c WKHQ o d Q ! ìï ,Q

WKLV FDVHñ WKH YDOXH RI WKH PDQDJHUöV VKDUH RI WKH VHFRQG FRPSRQHQW LV VXrFLHQW WR LQGXFH H[HUFLVHã

7KH PDQDJHU SD\V : WR UHFHLYH WKH VKDUH o RI WKH Q d: SDLG LQWR WKH pUPï 7KH PDQDJHU DOVR

KDV D FODLP RQ WKH DVVHWVðLQðSODFH SOXV WKH SURMHFWVö SD\RoVï ,W LV WKH HoHFW RQ WKH YDOXH RI WKLV

FODLP WKDW GHWHUPLQHV WKH UHSUHVHQWDWLYH PDQDJHUöV HoRUW FKRLFHï $ FODLP RQ '
c RI WKH DGGLWLRQ WR

HTXLW\ YDOXH LI VKH ZRUNV ZLOO FRPSHQVDWH KHU IRU WKH GLVXWLOLW\ RI HoRUWï

)LQDOO\ FRQVLGHU YDOXHV RI : JUHDWHU WKDQ $ òõQbìôc
Q ï )RU VXFK KLJK SURPLVHG ZDJHVñ WKH

UHDOL]HG ZDJH ZLOO EH HoRUWðVHQVLWLYHï 6R ORQJ DV : á $
Q òc WKH SURPLVHG ZDJH FDQ EH SDLG LQ IXOO

SURYLGHG WKH PDQDJHU ZRUNVã 7KH pUPöV WRWDO ZDJH ELOO LV Q: DQG WKH DVVHWV ZKHQ DOO PDQDJHUV

ZRUN DUH $ò Qcï ,I VKH GRHV QRW ZRUNñ VKH UHFHLYHV $ òõQbìôc
Q ï $V GHSLFWHG LQ )LJXUH ì WKH HoRUW

FRQVWUDLQW LQ WKLV UDQJH LV XSZDUGðVORSLQJï )RU ODUJH Q D PDQDJHU ZKR ZRUNV ZLOO pQG WKDW DQ

LQFUHDVH LQ KHU ZDJH ZLOO OHDG WR D GHFOLQH LQ WKH YDOXH RI KHU HTXLW\ VKDUH WKDW H[FHHGV WKH ZDJH

LQFUHDVHï +HU FRPSHQVDWLRQ LI VKH VKLUNV ZLOO VWLOO EH $ òõQbìôc
Q ï 7KHUHIRUHñ LI WKH HoRUW FRQVWUDLQW

LV WR EH VDWLVpHGñ KHU HTXLW\ VKDUH PXVW EH LQFUHDVHG DORQJ ZLWK WKH LQFUHDVH LQ ZDJHVï

ëå



3URRI RI /HPPD ëã

7KH HoRUW FRQVWUDLQW IRU WKH FDVH : y í LV VWUDLJKWIRUZDUG DQG LV GLVFXVVHG LQ WKH PDLQ

WH[Wï 7KH FDVH : á í õLïHïñ DQ RSWLRQV SDFNDJHô LV PRUH LQYROYHGï )RU DQ RSWLRQV SDFNDJH WKH

PDQDJHUöV SD\Ro VKRXOG VKH VKLUN LV WKH PD[LPXP RI WKH SD\Ro WR H[HUFLVLQJ WKH RSWLRQ DQG WKH

SD\Ro WR QRW H[HUFLVLQJï 6KH ZLOO ZRUN LI ZRUNLQJ DQG H[HUFLVLQJ GRPLQDWHV WKH SD\Ro WR VKLUNLQJï

7KLV FRXOG EH VDWLVpHG LQ HLWKHU RI WZR ZD\Vï )LUVW ZRUNLQJ DQG H[HUFLVLQJ FRXOG GRPLQDWH VKLUNLQJ

DQG RSWLPDOO\ QRW H[HUFLVLQJã

: ò o>$ò Qcb Q: @b' y í y : ò o>$ò õQb ìôcb Q: @ã õ$ìô

$OWHUQDWHO\ñ ZRUNLQJ DQG H[HUFLVLQJ FRXOG GRPLQDWH VKLUNLQJ DQG RSWLPDOO\ H[HUFLVLQJã

: ò o>$ò Qcb Q: @b' y : ò o>$ò õQb ìôcb Q: @ y íã õ$ëô

)RU D JLYHQ : ZH pUVW GHWHUPLQH WKH VHW RI o YDOXHV WKDW ZLOO ERWK LQGXFH HoRUW DQG PDNH LW

VXERSWLPDO WR H[HUFLVH WKH RSWLRQ VKRXOG WKH PDQDJHU VKLUNâ LïHïñ WKDW VDWLVI\ ERWK LQHTXDOLWLHV RI

õ$ìôï :H WKHQ GHWHUPLQH WKH VHW RI o YDOXHV WKDW ZLOO ERWK LQGXFH HoRUW DQG PDNH LW RSWLPDO WR

H[HUFLVH WKH RSWLRQ VKRXOG WKH PDQDJHU VKLUNâ LïHïñ WKDW VDWLVI\ ERWK LQHTXDOLWLHV RI õ$ëôï )RU WKH

JLYHQ : YDOXHñ WKH HoRUW FRQVWUDLQW LV GHWHUPLQHG E\ WKH VPDOOHVW YDOXH RI o WKDW LV FRQWDLQHG LQ

HLWKHU RI WKHVH WZR VHWVï

)RU : ë >b'õ $ òõQbìôc ô
c bQ' â í@ DQG Q VPDOOñ WKH VHW RI o YDOXHV VDWLVI\LQJ õ$ìô LV WKH QXOO

VHWñ ZKLOH õ$ëô LV VDWLVpHG IRU DOO o y '
c ï +HQFH ZH KDYH WKH qDW SRUWLRQ RI WKH HoRUW FRQð

VWUDLQW DSSOLFDEOH ZKHQ FRPSHQVDWLRQ WDNHV WKH IRUP RI DQ RSWLRQï )RU : á b'õ $ òõQbìôc ô
c bQ' DQG Q

VPDOOñ WKH VHW RI o YDOXHV VDWLVI\LQJ õ$ìô FRQVLVWV RI DOO o ë > 'b:
$ òQc bQ: â b:

$ òõQbìôc bQ: @ï 1RWH WKDW

'b:
$ òQc bQ: á b:

$ òõQbìôc bQ: ï 7KH VHW RI o YDOXHV VDWLVI\LQJ õ$ëô FRQVLVWV RI DOO o y b:
$ òõQbìôc bQ: ï

+HQFH WKH VPDOOHVW o WKDW ZLOO LQGXFH HoRUW LV o  'b:
$ òQc bQ: ñ DQG ZH KDYH WKH QHJDWLYHO\ VORSHG

SRUWLRQ RI WKH HoRUW FRQVWUDLQW DSSOLFDEOH ZKHQ FRPSHQVDWLRQ WDNHV WKH IRUP RI DQ RSWLRQï

ëä



3URRI RI /HPPD êã

5HFDOO WKDW WKH SDUWLFLSDWLRQ FRQVWUDLQW LVã

o y 5ò' b:

$ò Qcb:
ã õ$êô

7KH VORSLQJ VHFWLRQV RI WKH HoRUW FRQVWUDLQW LQ )LJXUH ë FRUUHVSRQG WR ZDJH OHYHOV VXFK WKDW : LV

HLWKHU OHVV WKDQ b'õ $ òõQbìôc ô
c bQ' RU JUHDWHU WKDQ $ òõQbìôc

Q ï

)RU : á b'õ $ òõQbìôc ô
c bQ' ñ WKH HoRUW FRQVWUDLQW LVã

o y ' b:

$ò Qcb Q:
ã õ$éô

7KH ULJKWKDQG VLGH RI õ$êô DOZD\V H[FHHGV WKDW RI õ$éôñ DQG KHQFH WKH WZR FRQVWUDLQWV FDQQRW

LQWHUVHFW DW D ZDJH OHYHO OHVV WKDQ b'õ $ òõQbìôc ô
c bQ' ï

)RU : ë õ $ òõQbìôcQ â $ òõQbìôcQ ò'ô WKH HoRUW FRQVWUDLQW LVã

o y
ì
Qõ$ò Qcb Q: ôb õcb Q'ô

$ò Qcb Q:
ã õ$èô

7KH ULJKWKDQG VLGH RI õ$èô H[FHHGV õLV OHVV WKDQô WKDW RI õ$êô LI 5ò'
' c ! $ ò Qc õLI 5ò'

' c á

$ò Qcôï :KHQ 5ò'
' c  $ò Qcñ WKH SDUWLFLSDWLRQ DQG HoRUW FRQVWUDLQWV RYHUODS H[DFWO\ IRU DOO

: ë õ $ òõQbìôcQ â $ òõQbìôcQ ò'ôï +HQFH WKH WZR FRQVWUDLQWV FDQQRW KDYH D VWULFW LQWHUVHFWLRQ DW D

ZDJH OHYHO LQ WKH UDQJH õ $ òõQbìôcQ â $ òõQbìôcQ ò'ôï

êí



$SSHQGL[ %

7KH %RXQG RQ )LUP 6L]H *LYHQ D 0L[HG 6WUDWHJ\ (TXLOLEULXP

&RQVLGHU D FRQWUDFW FRQVLVWHQW ZLWK D PL[HG VWUDWHJ\ HTXLOLEULXP LQ ZKLFK HDFK RI Q PDQð

DJHUV ZRUNV ZLWK SUREDELOLW\ }ï )RU HDFK PDQDJHU WR EH MXVW LQGLoHUHQW EHWZHHQ ZRUNLQJ DQG

VKLUNLQJñ LW PXVW EH WKDW IRU DOO Lã
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6XPPLQJ õ%ìô RYHU DOO L JLYHVã
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ppppp
Q;
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HM  N

ì$êè  Q'ã õ%ëô

5XOLQJ RXW SULQFLSDO PRUDO KD]DUG JLYHQ DQ HTXLOLEULXP LQ SXUH VWUDWHJLHV UHDOO\ UHTXLUHV

RQO\ WKDW LQHTXDOLW\ õêô EH VDWLVpHGï 5XOLQJ RXW SULQFLSDO PRUDO KD]DUG JLYHQ DQ HTXLOLEULXP

LQ PL[HG VWUDWHJLHV UHTXLUHV D VWURQJHU UHVWULFWLRQ WKDW WKH SULQFLSDOöV SD\Ro EH HYHU\ZKHUH QRQð

GHFUHDVLQJ LQ pUP YDOXHï

$òNcb
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L ì

&

í#nL

ppppp
Q;

M ì

HM  N
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0XOWLSO\LQJ WKURXJK LQHTXDOLW\ õ%êô E\

v
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N

w
}Nõì b }ôQbìbNñ DQG WKHQ VXPPLQJ RYHU DOO

N  ìâ ã ã ã Qb ì JLYHVã
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Q;

M ì

HM  N

ì$êè ã õ%éô

7RJHWKHU WKH LQHTXDOLWLHV õ%ëô DQG õ%éô LPSO\ WKDW UXOLQJ RXW SULQFLSDO PRUDO KD]DUG LQ D PL[HG

VWUDWHJ\ HTXLOLEULXP UHTXLUHV WKDW

Q x c

'
ã

7KXV FKRRVLQJ D FRQWUDFW FRQVLVWHQW ZLWK D PL[HG VWUDWHJ\ HTXLOLEULXP GRHV QRW DOORZ WKH SULQFLSDO

WR KLUH D ODUJH QXPEHU RI PDQDJHUVï

êì



5HIHUHQFHV

%HUOHñ $GROI $ïñ -Uï DQG *DUGLQHU &ï 0HDQVñ ìäêëñ 7KH 0RGHUQ &RUSRUDWLRQ DQG 3ULYDWH 3URSHUW\

õ0DFPLOODQñ 1HZ <RUNñ 1<ôï

*DOHñ 'RXJODV DQG 0DUWLQ +HOOZLJñ ìäåèñ ,QFHQWLYHðFRPSDWLEOH GHEW FRQWUDFWVã 7KH RQHðSHULRG

SUREOHPñ 5HYLHZ RI (FRQRPLF 6WXGLHV èëñ çéæ^ççêï

*RUWRQñ *DU\ DQG %UXFH 'ï *UXQG\ñ ìääæñ ([HFXWLYH FRPSHQVDWLRQ DQG WKH RSWLPDOLW\ RI PDQDJHð

ULDO HQWUHQFKPHQWñ 7KH :KDUWRQ 6FKRROñ :RUNLQJ 3DSHUï

*URVVPDQñ 6DQIRUGñ -ï DQG 2OLYHU 'ï +DUWñ ìäåçñ 7KH FRVWV DQG EHQHpWV RI RZQHUVKLSã $ WKHRU\ RI

YHUWLFDO DQG ODWHUDO LQWHJUDWLRQñ -RXUQDO RI 3ROLWLFDO (FRQRP\ äéñ çäì^æìäï

+DJHUW\ñ .DWKOHHQñ 5RQL 2IHU DQG 'DQ 6LHJHOñ ìääêñ 0DQJHULDO FRPSHQVDWLRQ DQG LQFHQWLYHV WR

HQJDJH LQ IDUVLJKWHG EHKDYLRUñ 1RUWKZHVWHUQ 8QLYHUVLW\ñ :RUNLQJ 3DSHUï

+LUVKOHLIHUñ 'DYLG DQG <RRQ 6XKñ ìääëñ 5LVNñ PDQDJHULDO HoRUWñ DQG SURMHFW FKRLFHñ -RXUQDO RI

)LQDQFLDO ,QWHUPHGLDWLRQ ëñ êíå^êéèï

+HUPDOLQñ %HQMDPLQ (ïñ ìääçñ 2UJDQL]DWLRQDO p[HG FRVWV DQG RUJDQL]DWLRQDO VWUXFWXUHñ 8ï&ï %HUNHð

OH\ñ :RUNLQJ 3DSHUï

+ROPVWURPñ %HQJWñ ìäåëñ 0RUDO KD]DUG LQ WHDPVñ 7KH %HOO -RXUQDO RI (FRQRPLFV ìêñ êëé^êéíï

+ROPVWURPñ %HQJW DQG -HDQ 7LUROHñ ìäåäñ 7KH WKHRU\ RI WKH pUPñ LQã 5LFKDUG 6FKPDODQVHH DQG

5REHUW 'ï :LOOLJñ HGVïñ +DQGERRN RI ,QGXVWULDO 2UJDQL]DWLRQ 9ROXPH ì õ1RUWKð+ROODQGñ 1HZ

<RUNñ 1<ôï

,QQHVñ 5REHUW 'ïñ ìääíñ /LPLWHG OLDELOLW\ DQG LQFHQWLYH FRQWUDFWLQJ ZLWK H[ðDQWH DFWLRQ FKRLFHVñ

-RXUQDO RI (FRQRPLF 7KHRU\ èëñ éè^çæï

-DFNVRQñ 0DWWKHZ DQG (GZDUG /D]HDUñ ìääìñ 6WRFNñ RSWLRQVñ DQG GHIHUUHG FRPSHQVDWLRQñ 5HVHDUFK

LQ /DERU (FRQRPLFV ìëñ éì^çëï

.LPñ 6RQ .Xñ ìääæñ /LPLWHG OLDELOLW\ DQG ERQXV FRQWUDFWVñ -RXUQDO RI (FRQRPLFV ÷ 0DQDJHPHQW

6WUDWHJ\ çñ åää^äìêï

.ROHñ 6WDF\ñ ìääæñ 7KH FRPSOH[LW\ RI FRPSHQVDWLRQ FRQWUDFWVñ -RXUQDO RI )LQDQFLDO (FRQRPLFV éêñ

æä^ìíéï

êë



.UHSVñ 'DYLVñ ìääíñ &RUSRUDWH FXOWXUH DQG HFRQRPLF WKHRU\ñ LQã -DPHV (ï $OW DQG .HQQHWK $ï 6KHSð
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VORSH  ' c

)LJXUH è'ï *UHDWHU WKDQ /HDVWð&RVW &RQWUDFWï
8QLTXH (TXLOLEULXPï ,PSOHPHQWV Qe SURMHFWVï
0DQDJHUV KDYH /LPLWHG /LDELOLW\ï

)LJXUH èï &RQWUDFWXDO 3D\Ro )XQFWLRQV DQG WKHLU $VVRFLDWHG 3URSHUWLHVï 7KH PD[LPXP SRVVLEOH
QXPEHU RI PDQDJHUV WKDW FDQ EH PRWLYDWHG WR ZRUN JLYHQ D 1DVK HTXLOLEULXP LQ ZKLFK HDFK PDQDJHU FRQMHFWXUHV
WKDW DOO RWKHU PDQDJHUV ZLOO ZRUN LV Qe õ)LJXUHV è$ñ è% DQG è'ôï 7KH PD[LPXP QXPEHU RI PDQDJHUV WKDW FDQ
EH KLUHG DW OHDVWðFRVW ZLWKRXW YLRODWLQJ OLPLWHG OLDELOLW\ VXFK WKDW WKH HTXLOLEULXP LV XQLTXH DQG DOO PDQDJHUV
ZRUN LV õ5ò'ô ' õ)LJXUH è&ôï 7KH YDULRXV FRQWUDFWXDO SD\RoV GHSLFW VHWWLQJV ZLWK XQLTXH HTXLOLEULXP LQ
ZKLFK DOO PDQDJHUV ZRUN õ)LJXUHV è$ñ è& DQG è'ôâ D VHWWLQJ ZLWK PXOWLSOH HTXLOLEULD õ)LJXUH è%ôâ VHWWLQJV
ZLWK OLPLWHG OLDELOLW\ õ)LJXUHV è%ñ è& DQG è'ôâ DQG D VHWWLQJ ZKLFK YLRODWHV OLPLWHG OLDELOLW\ õ)LJXUH è$ôï
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