
Surmhnwehuhlfk D
Glvfxvvlrq Sdshu Qr1 D08<7

Hdupdunhg Wd{dwlrq= Zhoiduh yhuvxv Srolwlfdo
Vxssruw

e|

Glhwhu EùvW

Dsulo 4<<<

Nh|zrugv= Hdupdunlqj/ H!flhqw Wd{dwlrq/ Dv|pphwulf Lqirupdwlrq
MHO0Fodvvl�fdwlrq= K54/ G;5
- Glhwhu Eùv/ Vrqghuiruvfkxqjvehuhlfk 636/ Xqlyhuvlwçw Erqq/ Dghqdxhudoohh
57075/ G086446 Erqq> hpdlo= glhwhu1erhvCxql0erqq1gh1

Ilqdqfldo vxssruw e| Ghxwvfkh Iruvfkxqjvjhphlqvfkdiw/ Vrqghuiruvfkxqjv0
ehuhlfk 636 dw wkh Xqlyhuvlw| ri Erqq lv judwhixoo| dfnqrzohgjhg1



Devwudfw

Frpsduhg zlwk wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk ri d prqrolwklf ixoo| lqiruphg

sodqqhu/ hdupdunlqj ri wd{dwlrq lv ohvv olnho| wr eh rswlpdo li d sulqflsdo0djhqw vhwwlqj lv
frqvlghuhg/ zkhuh wd{lqj dqg vshqglqj duh shuiruphg e| wzr vhsdudwh djhqwv zklfk duh
prqlwruhg e| wkh sduoldphqw1 Zh dvvxph wkdw wkh sduoldphqw hlwkhu pd{lpl}hv zhoiduh ru

h{shfwhg yrwhv1 Yrwh pd{lpl}huv duh pruh lqfolqhg wr fkrrvh hdupdunlqj/ exw dw wkh sulfh
ri lqh!flhqwo| kljk frvwv1

4 Lqwurgxfwlrq

Sduoldphqwdu| ghflvlrqv rq jhqhudo wd{hv/ olnh wkh lqfrph wd{ ru wkh ydoxh0

dgghg wd{/ duh lqghshqghqw ri sduoldphqwdu| ghflvlrqv rq sxeolf h{shqglwxuhv

dqg wkh sduoldphqw lv iuhh wr ghflgh krz wkh wrwdo vxp ri jhqhudo0wd{ prqh|

lv vsolw wr eh vshqw iru ydulrxv sxeolf wdvnv1 Wklv sulqflsoh kdv ehhq lqwur0

gxfhg ehfdxvh lw pd{lpl}hv wkh ghjuhhv ri iuhhgrp jlyhq wr srolf|pdnhuv1

Lq sduwlfxodu/ lw pdnhv lw hdvlhu wr sxuvxh glvwulexwlrqdo dqg vwdelol}dwlrqdo

wdujhwv1 Uhfhqwo|/ krzhyhu/ lw kdv riwhq ehhq fodlphg wkdw wklv sulqflsoh lv

rqh ri wkh uhdvrqv iru wkh lqfuhdvlqj glvd�hfwlrq iurp wkh vwdwh1 Li sduwlfx0

odu wd{hv zhuh ohylhg wr fryhu sduwlfxodu sxeolf h{shqglwxuhv/ wkh srsxodwlrq

zrxog ehwwhu xqghuvwdqg wkh udwlrqdoh ri wd{dwlrq/ dqg wkh sxeolf h{shq0

glwxuhv zrxog eh fkrvhq lq forvhu dffrugdqfh zlwk wkh lqglylgxdo flwl}hqv*

suhihuhqfhv1 Wkh uhfhqw wuhqg/ zklfk kdv pdgh h!flhqf| wkh sulpdu| jrdo ri

�vfdo srolf|/ pdnhv srolf| sursrvdov pruh dwwudfwlyh/ zklfk lpsohphqw frp0

elqhg wd{0h{shqglwxuh sdfndjhv14 Wklv sdshu vkrzv zkhq dqg zk| vxfk dq

hdupdunlqj sdfndjh pd| eh fkrvhq dv rswlpdo srolf| e| srolwlfldqv ri ydul0

rxv w|sh= yrwh pd{lpl}huv ru zhoiduh pd{lpl}huv/ ixoo| lqiruphg prqrolwklf

sodqqhuv ru ghfhqwudol}hg dv|pphwulfdoo| lqiruphg jryhuqphqw klhudufklhv1

Lq frqwudvw wr jhqhudo wd{dwlrq/ hdupdunlqj surylghv d gluhfw olqn ehwzhhq

4Iru d glvfxvvlrq ri uhfhqw srolwlfdo dqg hfrqrplf dujxphqwv rq hdupdunlqj vhh Zlonlq0
vrq +4<<7,1
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uhyhqxhv ri d sduwlfxodu wd{ dqg h{shqglwxuhv iru d sduwlfxodu sxeolf wdvn15

Wklv gluhfw olqn uhihuv wr wkh djjuhjdwh uhyhqxhv ri wkh sduwlfxodu wd{ dqg

wkh wrwdo h{shqglwxuhv iru wkh sxeolf wdvn1 Lw grhv qrw uhihu wr wkh lqglylgxdo

wd{ exughq dqg wkh lqglylgxdo vdwlvidfwlrq iurp wkh sxeolf h{shqglwxuhv1 E|

zd| ri dq h{dpsoh/ wkh lqglylgxdo frqvxphu nqrzv wkdw wkh uhyhqxhv iurp

wkh jdvrolqh wd{ duh xvhg wr �qdqfh kljkzd|v1 Krzhyhu/ kh fdqqrw fkrrvh

wkh dprxqw ri kljkzd|v kh shuvrqdoo| suhihuv= hdupdunlqj grhv qrw vwlsxodwh

dq lqglylgxdo ehqh�w sulqflsoh1 Lq rwkhu zrugv/ hdupdunhg wd{dwlrq lv qrw

dq dssolfdwlrq ri d xvhu0ihh sulqflsoh/ zkhuh wkh lqglylgxdo frqvxphu sd|v

d sulfh iru vrph sxeolfo| surylghg jrrg dv kh grhv iru sulydwho| surylghg

jrrgv1 Zkhuhdv wkh dssolfdwlrq ri d xvhu0ihh sulqflsoh lqfuhdvhv zhoiduh e|

doorzlqj wkh lqglylgxdo frqvxphuv wr fkrrvh wkhlu suhihuuhg txdqwlw| ri sxe0

olfo| surylghg jrrgv/ wklv lv qrw qhfhvvdulo| wkh fdvh zlwk hdupdunhg wd{dwlrq1

D phgldq yrwhu � exw rqo| vkh � lv wkh rqo| shuvrq iru zkrp hdupdunlqj

dqg xvhu0ihh sulqflsoh duh lghqwlfdo16

Wkh prghuq wkhru| ri hdupdunhg wd{dwlrq vwduwv zlwk Exfkdqdq*v fodvvlf

4<96 sdshu17 Kh suhvhqwv d prgho zlwk wzr sxeolf jrrgv dqg dvnv zkhwkhu

lw lv suhihudeoh wr �qdqfh erwk jrrgv e| jhqhudo0wd{ ixqgv ru e| vhsdudwh

hdupdunhg wd{hv1 Jhqhudo0wd{ ixqglqj lq klv prgho lpsolhv wzr ghflvlrqv1

Iluvw/ d exgjhwdu| dxwkrulw| ghflghv rq wkh uhodwlyh vkduhv ri wkh sxeolf

jrrgv1 Wkhq d phgldq yrwhu ghflghv rq wkh exgjhw vl}h/ wdnlqj wkhvh vkduhv

dv jlyhq1 Wkhuhiruh/ wkh phgldq yrwhu lv frqvwudlqhg lq klv ghflvlrq zklfk

5Qrwh wkdw qhz wd{hv duh riwhq lqwurgxfhg wr �qdqfh sduwlfxodu sxeolf h{shqglwxuhv
zlwkrxw h{solflw hdupdunlqj1 D suhvhqw h{dpsoh lv wkh Jhupdq vrolgdulw| vxufkdujh rq wkh
lqfrph wd{ zklfk kdv ehhq mxvwl�hg e| wkh lqfuhdvhg �qdqfldo suhvvxuhv iurp wkh Jhupdq
xql�fdwlrq1 D zhoo0nqrzq klvwrulfdo h{dpsoh lv wkh Jhupdq fkdpsdjqh wd{ zklfk zdv
lqwurgxfhg lq 4<35 ehfdxvh wkh Uhlfk zdqwhg wr h{sdqg lwv  hhw1 Wkhvh jhqhudo wd{hv
riwhq kdyh ehhq plvwdnhq iru hdupdunhg wd{hv1

6Lq vhyhudo sdshuv lq wkh yroxph hglwhg e| Zdjqhu +4<<4, xvhu fkdujhv dqg hdupdunlqj
duh h{solflwo| frpsduhg1

7Vhyhudo iroorzhu sdshuv h{whqghg Exfkdqdq*v wkhruhwlfdo dqdo|vlv/ lq sduwlfxodu Jrhw}
+4<9;,/ Eurzqlqj +4<:8, dqg Dwkdqdvvdnrv +4<<3,1
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lv qrw wkh fdvh li hdupdunlqj cxqexqgohv* wkh sxeolf jrrgv dqg doorzv wkh

phgldq yrwhu wr fkrrvh iuhho| zklfk txdqwlwlhv ri wkh sxeolf jrrgv vkrxog eh

surylghg dw zklfk wd{ sulfhv1 Khqfh/ hdupdunlqj ohdgv wr d pruh h!flhqw do0

orfdwlrq wkdq jhqhudo0wd{ ixqglqj1 Wklv lv mxvw wkh rssrvlwh ri wkh wudglwlrqdo

sxeolf0�qdqfh olwhudwxuh zklfk dvvxphv d prqrolwklf sodqqhu zkr ghflghv rq

erwk wd{dwlrq dqg sxeolf jrrgv1 Lq wklv olwhudwxuh wkh sodqqhu lv frqvlghuhg

xqfrqvwudlqhg lq wkh fdvh ri jhqhudo wd{dwlrq/ zkhuhdv hdupdunlqj frqvlvwv

lq dgglqj ixuwkhu exgjhw frqvwudlqwv dqg wkhuhiruh hdupdunlqj lv xqghvludeoh1

Wkh ghflvlyh lqqrydwlrq ri Exfkdqdq*v hvvd| lv wkh wuhdwphqw ri srolwlfdo

surfhvvhv dv pxowl0djhqw dssurdfkhv/ lq frqwudvw wr wkh prqrolwklf sodqqhu

ri wkh wudglwlrqdo sxeolf0�qdqfh olwhudwxuh= lq klv prgho/ jhqhudo0wd{ ixqglqj

lpsolhv wkdw gl�huhqw djhqwv ghflgh rq wkh exgjhw pl{ dqg rq wkh exgjhw vl}h1

Krzhyhu/ lw lv qhfhvvdu| wr fkdoohqjh Exfkdqdq*v dvvxpswlrq wkdw lq wkh fdvh

ri hdupdunlqj dq| vlqjoh ghflvlrq lv pdgh e| rqh dqg rqo| rqh djhqw/ qdpho|

d phgldq yrwhu1 Wklv lv qrw hyhq dssursuldwh iru wkh w|sh ri phgldq0yrwhu

ghflvlrqv Exfkdqdq kdg lq plqg= wkhuh pxvw eh dq djhqf| zklfk rujdql}hv

wkh yrwlqj surfhvv dqg/ lq frqwudvw wr Exfkdqdq/ wklv djhqf| zloo kdyh d

shuvrqdo lqwhuhvw lq lq xhqflqj wkh ghflvlrq1 Khqfh/ wkhuh duh wzr djhqwv=

wkh phgldq yrwhu dqg wkh djhqgd vhwwhu18 Lq d frxqwu| olnh Jhupdq|/ zkhuh

wkhuh duh qr gluhfw0ghprfudf| hohphqwv lq wkh ihghudo frqvwlwxwlrq/ hdupdun0

lqj dovr lv fkdudfwhul}hg e| dq lqvwlwxwlrqdo ghvljq zlwk vhyhudo djhqwv= rqh

djhqw ohylhv wkh hdupdunhg wd{ dqg dqrwkhu vshqgv wkh prqh|19 Dqg lq d

frdolwlrq jryhuqphqw lw lv txlwh srvvleoh wkdw wkh �qdqfh plqlvwhu ehorqjv

wr wkh vrfldo0ghprfudwlf sduw| zkhuhdv wkh vshqglqj plqlvwhu lv d phpehu

ri wkh juhhq sduw|= wklv vhhpv wr jxdudqwhh wkdw hdfk plqlvwhu vhwv xs klv

rzq uhdop dqg zloo qrw hdvlo| uhyhdo sulydwh lqirupdwlrq wr wkh rwkhu plqlvwhu1

8Wkh djhqgd0vhwwhu dssurdfk vwduwhg lq wkh odwh vhyhqwlhv dqg hduo| hljkwlhv zlwk vhyhudo
sdshuv e| Urphu dqg Urvhqwkdo1 Iru d eulhi ryhuylhz vhh Pxhoohu +4<;<,/ ss1 58<094/5:61

9Qrwh wkdw wkh vhsdudwlrq ehwzhhq d wd{lqj dqg d vshqglqj dxwkrulw| lq Jhupdq| hyhq
krogv iru wkh rog0djh shqvlrq v|vwhp/ zkhuh wkh khdowk0lqvxudqfh ixqgv vhuyh dv wd{hu dqg
iruzdug wkh prqh| wr wkh shqvlrq ixqgv1 Vhh ¢¢5;k/n Vr}ldojhvhw}exfk +VJE,1
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Li zh zdqw wr �qg rswlpdo ghflvlrqv zklfk uhvxow iurp ydulrxv srolwlfdo df0

wruv* frpelqhg dfwlylwlhv/ lw lv uhdvrqdeoh wr dvn iru wkh fruuhfw lqfhqwlyhv

zklfk pxvw eh jlyhq wr wkhvh dfwruv1 Vxfk lqfhqwlyh sureohpv lq wkh sdvw

wzhqw| |hduv kdyh ehhq prghohg xqghu wkh odeho ri wkh sulqflsdo0djhqw ds0

surdfk zklfk frqiurqwv d ixoo| lqiruphg djhqw dqg d sulqflsdo zkr lv rqo|

lqfrpsohwho| lqiruphg derxw dq h{rjhqrxv sdudphwhu dqg2ru vrph shuvrqdo

dfwlylw| ri wkh djhqw ^vhh/ lq sduwlfxodu/ Od�rqw dqg Wluroh +4<<6,`1: Wkh

suhvhqw sdshu dssolhv wklv olqh ri wkrxjkw wr hdupdunhg wd{dwlrq1 Wkh edvlf

ghflvlrqv rq wd{dwlrq dqg sxeolf h{shqglwxuhv duh pdgh e| wkh sduoldphqw dv

wkh sulqflsdo1 Wkh| duh h{hfxwhg e| wzr djhqwv/ qdpho| d wd{lqj plqlvwhu dqg

d vshqglqj plqlvwhu1 Wr dyrlg foxpv| whuplqrorj| zh lqwurgxfh deeuhyldwhg

whupv dqg uhihu wr wkh sduoldphqw dv wkh csodqqhu/* wr wkh �qdqfh plqlvwhu dv

wkh cwd{hu/* dqg wr wkh vshqglqj plqlvwhu dv wkh cvshqghu1* Zh vkdoo dvvxph

wkdw wkh sduoldphqw*v ghflvlrq lv gulyhq e| wkh lqfxpehqw sduw|*v lqwhqwlrq

wr pd{lpl}h h{shfwhg yrwhv> d zhoiduh0pd{lpl}lqj lqfxpehqw lv frqvlghuhg

dv d ehqfkpdun1 Yrwh pd{lpl}dwlrq lv prghohg dffruglqj wr Frxjkolq hw do1

+4<<3,> wkh uhfhqw oree|lqj dssurdfk e| Gl{lw hw do1 +4<<:, frxog kdyh ehhq

xvhg wr dwwdlq vlplodu uhvxowv1 Wkh wzr plqlvwhuv zloo eh prghohg dv vhoi0

lqwhuhvwhg lqglylgxdov zkr xvh wkhlu sulydwh lqirupdwlrq wr jhw pruh lqfrph/

wr h{huw ohvv h�ruw/ dqg wr jdlq pruh exuhdxfudwlf srzhu1

Wkh glvwlqfwlrq ehwzhhq d �qdqfh dqg d vshqglqj dxwkrulw| fdq dovr eh irxqg

lq ydulrxv rwkhu sdshuv/ dowkrxjk qrqh ri wkhvh sdshuv lv ghyrwhg wr hdu0

pdunhg wd{dwlrq xqghu dv|pphwulf lqirupdwlrq1 Jrugrq dqg Zlovrq +4<<:,

ghdo zlwk vxfk d glvwlqfwlrq lq d ixoo0lqirupdwlrq dssurdfk/ zkhuh wkh vxp ri

uhyhqxhv ri pdq| lqgluhfw wd{hv lv xvhg wr �qdqfh pdq| sxeolf jrrgv1 Wklv lv

qrw dq hdupdunlqj exgjhw frqvwudlqw xqohvv wkh qxpehu ri wd{hv dqg sxeolf

jrrgv duh uhgxfhg wr rqh/ zklfk lv qrw wkh pdlq zd| wr uhdg wkh sdshu1 Shuv0

:Iru uhjxodwlrq xqghu dv|pphwulf lqirupdwlrq vhh dovr Eùv +4<<7,1
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vrq hw do1 +4<<:, suhvhqw ixoo0lqirupdwlrq prghov rq jhqhudo hohfwlrqv zkhuh

h{ srvw wkh yrwhuv hydoxdwh wkh srolflhv shuiruphg lq wkh sdvw e| d wd{0djhqgd

vhwwhu/ dq h{shqglwxuh0djhqgd vhwwhu dqg wkh Frqjuhvv wkdw yrwhv rq wkh gh0

flvlrqv ri wkh wzr djhqgd vhwwhuv1 Lq Wluroh +4<<7/ vhfwlrq :, wkh plqlvwhuv duh

wzr sulqflsdov zkr prqlwru rqh djhqw/ qdpho| d sxeolf hqwhusulvh/ lq frqwudvw

wr rxu sdshu/ zkhuh wkh plqlvwhuv duh wzr djhqwv zklfk duh duh prqlwruhg e|

rqh sulqflsdo1 Ilqdoo|/ Od�rqw dqg Pduwlpruw +4<<;, frxog eh xqghuvwrrg

dv li wkhlu vshfldol}hg djhqflhv zhuh d wd{hu dqg d vshqghu1 Lq wkhlu prgho

srolf| pdnhuv duh fdswxuhg e| ydulrxv lqwhuhvw jurxsv zklfk lpsolhv wkdw

cvsolwwlqj srzhuv dprqj qrq0ehqhyrohqw djhqflhv uhgxfhv wkhlu glvfuhwlrq/ lq0

fuhdvhv wkh wudqvdfwlrq frvwv ri fdswxuh dqg lpsuryhv vrfldo zhoiduh1* +s1 9:7,

Wkh deryh sdshuv vkrz wkdw vhsdudwlrq ri srzhuv dprqj jryhuqphqwdo djhqwv

lv dq lpsruwdqw uhvhdufk djhqgd1 Lq sudfwlfh/ vxfk d vhsdudwlrq fdq yhu| riwhq

eh irxqg lq wkh fdvh ri hdupdunlqj1 Wkhuhiruh/ lw lv d vwudljkwiruzdug vwhs wr

lqyhvwljdwh d sodqqhu0wd{hu0vshqghu dssurdfk ri hdupdunlqj1 Wklv ohdyhv iru

dqrwkhu sdshu wkrvh fdvhv ri hdupdunlqj zkhuh d vlqjoh djhqw lv jlyhq d wd{

edvh dqg d vshqglqj frpshwhqfh dqg kdv wr vdwlvi| d exgjhw frqvwudlqw1 E|

zd| ri h{dpsoh/ rqh frxog wklqn ri d khdowk plqlvwhu zkr lv hqwlwohg wr udlvh

d wd{ rq wredffr dqg vshqg wkh prqh| rq fdqfhu uhvhdufk1 Lw pljkw frph

dv d vxusulvh wkdw wkh vlqjoh0djhqw dssurdfk lv pxfk pruh frpsolfdwhg wkdq

wkh wzr0djhqw dssurdfk ri wkh suhvhqw sdshu li zh uhdolvwlfdoo| dvvxph wkdw

wkhuh lv vhsdudwh sulydwh lqirupdwlrq zlwk uhvshfw wr wd{hv dqg zlwk uhvshfw

wr sxeolf h{shqglwxuhv/ iru lqvwdqfh/ li wkh sduoldphqw odfnv suhflvh nqrzohgjh

ri wkh wd{ prudoh dqg ri wkh frvwv ri surylglqj wkh sxeolf jrrg iru zklfk wkh

wd{ uhyhqxhv duh ghvljqdwhg1 Li wzr gl�huhqw djhqwv duh uhvsrqvleoh iru wd{0

dwlrq dqg iru sxeolf vshqglqj/ wkhq dw gl�huhqw srlqwv ri wlph wkhvh djhqwv

fdq eh lqgxfhg wr uhyhdo wkh wuxwk derxw wkhlu sulydwh lqirupdwlrq1 Wkh

rqh0glphqvlrqdo uhyhodwlrq sulqflsoh lv dssolhg wzlfh1 Krzhyhu/ li dw d vlqjoh

srlqw ri wlph d vlqjoh djhqw pxvw eh lqgxfhg wr uhyhdo klv wzr0glphqvlrqdo

sulydwh lqirupdwlrq/ wklv ohdgv wr d pxfk pruh frpsolfdwhg prgho1 Uhfdoo
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wkdw wkh xvxdo olwhudwxuh iurp Pluuohhv* lqfrph0wd{ prgho wr Od�rqw0Wluroh*v

surfxuhphqw dqg uhjxodwlrq prghov rqo| ghdov zlwk rqh sulydwh0lqirupdwlrq

sdudphwhu1 Lq idfw/ li wkhuh lv pruh wkdq rqh frqwlqxrxv sulydwh0lqirupdwlrq

sdudphwhu/ wkhuh lv +|hw, qr ixoo| vdwlvidfwru| vroxwlrq dssurdfk1;

Lw lv wkh dlp ri wklv sdshu wr vkrz zkhwkhu dqg zk| hdupdunlqj fdq uhvxow

hqgrjhqrxvo| lq d sodqqhu0wd{hu0vshqghu dssurdfk1 Iru wklv sxusrvh zh vhw

xs d frqwuro0wkhruhwlf sulqflsdo0djhqw prgho wr h{sodlq wr zkdw h{whqw wkh

sodqqhu*v remhfwlyhv/ klv odfn ri lqirupdwlrq/ dqg wkh h{solflw vhsdudwlrq ri

wd{hu dqg vshqghu pdnh hdupdunlqj olnho| wr rffxu ru qrw1< Wkh sdshu lv

rujdql}hg dv iroorzv= lq vhfwlrq 5 zh gh�qh hdupdunlqj/ suhvhqw wkh lqvwlwx0

wlrqdo vhw0xs/ dqg glvsod| wkh wlph vfkhgxoh ri wkh pxowl0vwdjh jdph1 Wkh

vhtxhqflqj ri ghflvlrqv rq wd{dwlrq dqg rq sxeolf h{shqglwxuhv lv gulyhq e|

sureohpv ri dv|pphwulf lqirupdwlrq1 Lq vhfwlrq 6/ lw lv vkrzq krz wkh wd{hu

dqg wkh vshqghu fdq eh hqwlfhg lqwr wuxwkixoo| uhyhdolqj wkhlu sulydwh lq0

irupdwlrq1 Ilqdoo|/ lq vhfwlrq 7/ zh frpsduh d zhoiduh0pd{lpl}lqj sodqqhu

dqg d yrwh0pd{lpl}lqj sodqqhu dqg orrn dw wkh ghvludelolw| ri hdupdunlqj lq

wkhvh wzr fdvhv1 Zh vkdoo vkrz wkdw lq erwk fdvhv hdupdunlqj lv ohvv olnho| wr

eh rswlpdo lq dq dv|pphwulf0lqirupdwlrq sulqflsdo0djhqw dssurdfk wkdq lq

wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk zkhuh d prqrolwklf sodqqhu surfhhgv

xqghu ixoo lqirupdwlrq1 Yrwh pd{lpl}huv duh pruh lqfolqhg wr fkrrvh hdu0
;Dupvwurqj +4<<9, lpsrvhv vwurqj dvvxpswlrqv rq frqvxphuv* xwlolwlhv dqg rq wkh glv0

wulexwlrq ri wkh ydulrxv sulydwh0lqirupdwlrq sdudphwhuv1 Urfkhw dqg Fkrqì +4<<;, fkdu0
dfwhul}h wkh rswlpdo vroxwlrq ri d pxowlglphqvlrqdo vfuhhqlqj sureohp e| dgdswlqj wkh
qrwlrq ri vzhhslqj rshudwru xvhg lq srwhqwldo wkhru|> krzhyhu/ wkhlu fkdudfwhul}dwlrq uh0
vxow lv qrw frqvwuxfwlyh= lw grhv qrw whoo krz wr �qg wkh rswlpdo vroxwlrq1 � Dv xvxdo lq
vxfk d vlwxdwlrq/ vhyhudo vflhqwlvwv kdyh vwduwhg wr fdofxodwh qxphulfdo h{dpsohv ru wr xvh
vlpsoh glvfuhwh irupxodwlrqv wkdw doorz ixoo vroxwlrqv exw uhwdlq edvlf pxowlglphqvlrqdo
hohphqwv1 Vhh/ iru lqvwdqfh/ Dupvwurqj dqg Urfkhw +4<<;,1

<Vlqfh wklv lv d wkhruhwlfdo sdshu/ lw kdv qr uhodwlrq wr wkh hpslulfdo eudqfk ri wkh
sxeolf0fkrlfh olwhudwxuh rq hdupdunlqj zklfk ghdov zlwk wkh lq xhqfh ri hdupdunlqj rq
wkh vl}h ri wkh sxeolf vhfwru ^h1j1 G|h dqg PfJxluh +4<<5,`/ ru rq wkh lqwhusod| ehwzhhq
hdupdunhg wd{dwlrq/ uhqw vhhnlqj dqg oree|lqj ^h1j1 Nlphq|l hw do1 +4<<4,/ Z|ulfn dqg
Duqrog +4<;<,`1
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pdunlqj/ exw dw wkh sulfh ri lqh!flhqwo| kljk frvwv1 � Vlqfh zh lqwhqwlrqdoo|

dyrlg ehlqj wrr whfkqlfdo lq wklv sdshu/ wkhuh h{lvw vhyhudo dsshqglfhv zklfk

zloo eh vhqw wr wkh uhdghu rq uhtxhvw1

5 D wkhru| ri hdupdunhg wd{dwlrq

514 Zkdw lv hdupdunlqjB

Lq lwv vwulfwhvw vhqvh/ hdupdunlqj uhtxluhv wkdw wkh uhyhqxhv ri d sduwlfxodu

wd{ duh ghyrwhg wr wkh surylvlrq ri d sxeolf jrrg dqg wkdw wkh sxeolf jrrg

lv rqo| �qdqfhg iurp wklv wd{= uhyhqxhv - ' frvwv �1 D forvhu h{dplqdwlrq

ri lqvwlwxwlrqdo duudqjhphqwv/ krzhyhu/ vkrzv wkdw lq sudfwlfh wkh whup chdu0

pdunlqj* riwhq lv xvhg dowkrxjk wkh uhyhqxhv ri wkh vshfldo wd{ idoo ehorz wkh

h{shqglwxuhv iru wkh sxeolf jrrg dqg kdyh wr eh vxssohphqwhg e| jhqhudo0wd{

ixqgv143 Vrph h{dpsohv duh dv iroorzv=

� lq Jhupdq|/ GP 6 eloo1 ri wkh jdvrolqh0wd{ uhyhqxhv duh hdupdunhg iru orfdo

wudqvsruwdwlrq sxusrvhv/ zklfk grhv e| qr phdqv fryhu doo h{shqglwxuhv iru

wkdw sxusrvh>

� li cvrfldo vhfxulw|* lv wdnhq dv rqh jhqhudo sxeolf jrrg/ lq sudfwlfdoo| doo Hx0

urshdq frxqwulhv wkh chdupdunhg* sd|uroo wd{hv gr qrw fryhu wkh h{shqglwxuhv

iru vrfldo vhfxulw|>44

� iru hqylurqphqwdo sxusrvhv/ wkh Dxvwuldq exgjhw iru 4<<; uhsruwv hdu0

pdunhg uhyhqxhv ri DV 44; ploo1/ exw h{shqglwxuhv ri DV 94; ploo1

43Dv idu dv L vhh/ lq wkh olwhudwxuh wkhuh lv rqo| rqh vkruw qrwh zklfk h{solflwo| ghdov
zlwk wklv exgjhwdu| vxevwlwxwlrq ehwzhhq hdupdunhg dqg jhqhudo wd{hv/ qdpho| Rdnodqg
+4<;8,1

44D wdeoh lv suhvhqwhg lq dsshqgl{ 4/ vhqw wr wkh uhdghu rq uhtxhvw1 Zlgh gh�qlwlrqv ri
sxeolf jrrgv duh dssursuldwh wr frqvlghu wkh sureohp ri hdupdunlqj= li wkh Jhupdq frqwul0
exwlrqv wr wkh sxeolf shqvlrq lqvxudqfh duh dovr xvhg wr fryhu hduo| uhwluhphqw ehqh�wv ru
shqvlrqv ri iruphu JGU hpsor|hhv/ wkhvh uhpdlq wr eh shqvlrq h{shqglwxuhv/ dowkrxjk wkh
lqglylgxdo shqvlrqv pd| qrw eh dfwxdulo| fdofxodwhg1 Lw lv wrr ghpdqglqj wr lqfoxgh lq wkh
gh�qlwlrq ri hdupdunlqj wkh uhtxluhphqw ri dfwxdulo| fdofxodwhg shqvlrqv/ dv lv vrphwlphv
dujxhg lq Jhupdq|1
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Rq wkh rwkhu kdqg/ lw ylrodwhv wkh vslulw ri hdupdunlqj li wkh vshfldo0wd{ uhy0

hqxhv duh xvhg wr �qdqfh jrrgv rwkhu wkdq wkh uhvshfwlyh sxeolf jrrg1 Wklv

ehfrphv sduwlfxoduo| fohdu lq wkh Vzlvv odz zklfk h{solflwo| vwdwhv wkdw dq|

vxusoxv iurp jdvrolqh wd{dwlrq zklfk lv qrw xvhg iru wudqvsruwdwlrq sxusrvhv/

lv wr eh fuhglwhg wr d vshfldo dffrxqw zklfk fdq eh xvhg iru h{fhvv h{shq0

glwxuhv rq wudqvsruwdwlrq lq wkh iroorzlqj |hduv1 Dqrwkhu �wwlqj h{dpsoh

lv wkh Jhupdq czdwhushqq|/* d vwdwh wd{ zklfk ruljlqdoo| zdv hdupdunhg iru

frpshqvdwlrq sd|phqwv wr wkrvh iduphuv zkr kdg ehhq gdpdjhg e| hqyl0

urqphqwdo uhvwulfwlrqv1 Wkhvh frpshqvdwlrqv zhuh wr eh �qdqfhg e| wd{hv

lpsrvhg rq zdwhu xvhuv1 Zkhq lw ehfdph fohdu wkdw wkh uhyhqxhv ri wklv wd{

h{fhhghg wkh h{shqglwxuhv lw kdg ehhq ghvljqdwhg iru/ wkh hdupdunlqj fodxvh

zdv jlyhq xs145

Wkh orjlf ehklqg doo ri wkh deryh h{dpsohv fdq eh fdswxuhg e| wkh iroorzlqj

gh�qlwlrq=

GHILQLWLRQ= hdupdunlqj lv jlyhq li wkh uhyhqxhv iurp d sduwlfxodu wd{ duh

ghyrwhg wr wkh surylvlrq ri d sxeolf jrrg dqg - � �1

Wklv gh�qlwlrq lv fuxfldo iru wkh wrslf ri wkh suhvhqw sdshu= fdq hdupdunlqj

uhvxow hqgrjhqrxvo| lq d sodqqhu0wd{hu0vshqghu dssurdfkB Wr kdqgoh wklv

txhvwlrq zh lpsrvh rq wkh sodqqhu wkh iroorzlqj duwl�fldo exgjhw frqvwudlqw=

- � �� +4,

Li wklv frqvwudlqw lv vodfn dw wkh rswlpxp/ wkh vshfldo wd{ lv qrw hdupdunhg

vlqfh lw vxevlgl}hv rwkhu jrrgv1 Li wkh frqvwudlqw lv elqglqj/ zh kdyh d fdvh ri

hdupdunhg wd{dwlrq1 Qrwh wkdw lq wkh odwwhu fdvh wkh sodqqhu zrxog gr ehwwhu

wr jlyh xs wkh frqvwudlqw +4, vlqfh prvw olnho| lw zrxog eh suhihudeoh wr kdyh

wkh h{shqglwxuhv iru wkh sxeolf jrrg vxevlgl}hg e| jhqhudo wd{dwlrq1 Wklv lv

zk| L fdoo wkh frqvwudlqw cduwl�fldo1* Qrwh/ krzhyhu/ wkdw lq wkh xqfrqvwudlqhg

rswlpxp wkh wd{ zrxog vwloo eh hdupdunhg dowkrxjk lw zrxog qrw fryhu doo
45Iru ghwdlov rq Edghq0Z uwwhpehuj vhh Nduo0Euçxhu0Lqvwlwxw +4<<3,/ ss1 <404391
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ri wkh frvwv ri wkh sxeolf jrrg iru zklfk lw kdv ehhq ghvljqdwhg1 Khqfh/ d

elqglqj frqvwudlqw +4, lv uhdoo| d surri ri wkh ghvludelolw| ri hdupdunlqj1

Kdylqj qrz h{dplqhg wkh sduwlfxoduv ri hdupdunlqj/ lw uhpdlqv wr ghvfuleh

wkh lqwhusod| ri wkh ydulrxv wd{hv lq rxu prgho1 Zh frqvlghu wzr wd{hv= dq

h{flvh wd{/ zklfk pd| ru pd| qrw eh hdupdunhg/ dqg d jhqhudo wd{ zklfk

lv wkh djjuhjdwh ri doo rwkhu wd{hv ri wkh hfrqrp|1 Wkh jhqhudo wd{ pxvw

eh lqwurgxfhg lq rxu prgho ehfdxvh lw vxssohphqwv wkh h{flvh0wd{ ixqgv li

wkh| duh wrr orz wr fryhu wkh frvwv ri wkh sxeolf0jrrg surylvlrq dqg ehfdxvh

wkh lqfrphv ri wd{hu dqg vshqghu duh �qdqfhg e| jhqhudo0wd{ ixqgv1 Wklv lv

xvxdo lq sudfwlfh xqohvv hdupdunlqj frqvlvwv lq wkh hvwdeolvkphqw ri d sxeolf

hqwhusulvh zklfk dgplqlvwudwhv wkh surylvlrq ri vrph sxeolf jrrg1

Dq h{solflw prgholqj ri wkh jhqhudo wd{ lv rxwvlgh wkh vfrsh ri wklv sdshu1

Zh lqvwhdg fkrrvh d sduwldo dssurdfk/ zkhuh wkh h{flvh wd{ lv h{solflwo| prg0

hohg/ zkhuhdv wkh jhqhudo wd{ lv uh hfwhg e| lwv vkdgrz frvwv b zklfk duh

h{rjhqrxv lq rxu dqdo|vlv1 Lq d jhqhudo prgho/ zkhuh doo wd{hv duh h{sdqghg

wr wkhlu rswlpdo ohyho/ wkh vkdgrz frvwv ri hyhu| vlqjoh wd{ zloo eh lghqwlfdo/

dv lv zhoo0nqrzq iurp Pd|vkdu +4<<3, ru Dkpdg dqg Vwhuq +4<;7,1 Lq rxu

prgho/ wklv grhv qrw qhfhvvdulo| krog1 Li wkh h{flvh wd{ kdv uhodwlyho| orz

glvwruwlrqdu| h�hfwv zklfk/ krzhyhu/ lqfuhdvh zlwk lqfuhdvlqj uhyhqxh/ wkhq

wkh sodqqhu zloo h{sdqg wkh h{flvh0wd{ uhyhqxhv ryhu wkh dprxqw zklfk lv

qhhghg wr �qdqfh wkh sxeolf jrrg dqg dw wklv rswlpxp wkh vkdgrz frvwv ri

wkh h{flvh wd{ zloo mxvw eh htxdwhg wr wkh vkdgrz frvwv ri wkh jhqhudo wd{1

Krzhyhu/ li wkh h{flvh wd{ fdxvhv uhodwlyho| kljk glvwruwlrqv/ wkhq wkh sodq0

qhu zloo nhhs wkh uhyhqxhv iurp wklv wd{ dv orz dv srvvleoh/ wkdw lv - ' �/

dqg wklv lpsolhv wkdw wkh duwl�fldo exgjhw frqvwudlqw gulyhv d zhgjh ehwzhhq

wkh vkdgrz frvwv ri wkh h{flvh wd{ dqg ri wkh jhqhudo wd{1 Wkh ghwdlov duh

pxfk pruh frpsolfdwhg ehfdxvh ri wkh pdq| h�hfwv wkh h{flvh wd{ eulqjv

derxw lq rxu prgho1 Frqvlghu dq lqfuhdvh lq wkh h{flvh wd{1 Lw uhgxfhv wkh

frqvxphu ghpdqg iru wkh sulydwh jrrg1 Lw lq xhqfhv wkh duwl�fldo exgjhw
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frqvwudlqw dqg/ wkhuhiruh/ lw dovr d�hfwv wkh sxeolf0jrrg ghflvlrq1 Lw fkdqjhv

wkh wd{hu*v h�ruw ehfdxvh kh olnhv kljkhu wd{ uhyhqxhv1 Ilqdoo|/ lw lq xhqfhv

wkh lqfhqwlyh0frpsdwlelolw| frqvwudlqw zklfk pxvw krog wr hqwlfh wkh wd{hu

lqwr wuxh uhyhodwlrq ri klv sulydwh lqirupdwlrq1

515 Wkh vhtxhqfh ri hyhqwv

Wd{dwlrq frphv sulru wr vshqglqj= |rx pxvw udlvh wkh prqh| ehiruh |rx fdq

vshqg lw146 Wklv lv fuxfldo lq d wkhruhwlfdo vhwwlqj zkhuh wkh sodqqhu idfhv

wzr sulqflsdo0djhqw sureohpv zlwk dv|pphwulf lqirupdwlrq1 Kh kdv wr vroyh

wkh wd{hu*v sureohp ehiruh surfhhglqj wr wkh vshqghu*v dssurdfk1 Zh prgho

wklv vhtxhqwldo vhwwlqj e| wkh iroorzlqj qlqh0vwdjh jdph=

� dw gdwh 4/ erwk wd{hu dqg vshqghu kdyh sulydwh lqirupdwlrq> rqo| wkh wd{hu

nqrzv wkh dfwxdo ydoxh ri d wd{0prudoh sdudphwhu zklfk lq xhqfhv wkh frvwv

ri wd{ froohfwlrq> rqo| wkh vshqghu nqrzv wkh dfwxdo ydoxh ri d sxeolf0jrrg

sdudphwhu zklfk lv uhohydqw iru wkh frvwv ri surylglqj wkh sxeolf jrrg> wkh

ghqvlw| ixqfwlrqv ri wkhvh sdudphwhuv duh frpprq nqrzohgjh>

� dw gdwh 5/ wkh sodqqhu0wd{hu sulqflsdo0djhqw sureohp lv vroyhg> wkh sodqqhu

vwlsxodwhv wkh wd{hu*v lqfhqwlyh lqfrph +gluhfw phfkdqlvp,>

� dw gdwh 6/ wkh wd{hu dqqrxqfhv wkh dfwxdo ydoxh ri wkh wd{0prudoh sdudph0
whu>

� dw gdwh 7/ wkh wd{hu fkrrvhv klv h�ruw> wkh sodqqhu lqirupv wkh frqvxphuv

derxw wkh wd{ udwh>

� dw gdwh 8/ wkh frqvxphuv duwlfxodwh wkhlu ghpdqg> wkh wd{hu udlvhv wkh h{flvh
wd{> kh lv sdlg klv lqfhqwlyh lqfrph>

� dw gdwh 9/ wkh sodqqhu0vshqghu sulqflsdo0djhqw sureohp lv vroyhg> wkh sodq0

qhu vwlsxodwhv wkh vshqghu*v lqfhqwlyh lqfrph +gluhfw phfkdqlvp,> kh dovr

lqirupv wkh vshqghu ri wkh wuxh ydoxh ri wkh wd{0prudoh sdudphwhu>

46Wklv h{foxghv lqwhulp �qdqflqj e| sxeolf ghew1 Wkh vdph dvvxpswlrq lv pdgh lq
Jrugrq dqg Zlovrq +4<<:, dqg lq Shuvvrq hw do1 +4<<:,1
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� dw gdwh :/ wkh vshqghu dqqrxqfhv wkh dfwxdo ydoxh ri wkh sxeolf0jrrg sd0

udphwhu>

� dw gdwh ;/ wkh vshqghu fkrrvhv klv h�ruw>
� dw gdwh </ wkh vshqghu jhwv wkh �qdqfldo phdqv zklfk duh qhfhvvdu| wr fryhu
klv frvwv> kh surylghv wkh sxeolf jrrg> kh lv sdlg klv lqfhqwlyh lqfrph1

Irupdoo|/ wkh sxeolf0jrrg sdudphwhu lv ghqrwhg w 5 dwc wo1 Lw lv glvwulexwhg

zlwk ghqvlw| sEw� dqg fxpxodwlyh glvwulexwlrq 8 Ew�1 Wkh kd}dug udwh sEw�*8 Ew�

lv +zhdno|, ghfuhdvlqj lq w1 Dqdorjrxv dvvxpswlrqv krog iru wkh wd{0prudoh

sdudphwhu q zklfk lv glvwulexwhg zlwk ghqvlw| 5Eq�/ lqghshqghqw ri wkh glv0

wulexwlrq ri w1

6 Vshqghu/ frqvxphu/ wd{hu

614 Wkh vshqghu*v ghflvlrq

Zkhq surgxflqj wkh sxeolf jrrg/ wkh vshqghu kdv sulydwh lqirupdwlrq derxw

wkh frvw0lqfuhdvlqj sxeolf0jrrg sdudphwhu dqg derxw klv rzq frvw0uhgxflqj

h�ruw1 Khqfh/ zh kdyh erwk klgghq lqirupdwlrq dqg klgghq dfwlrq= zh ghdo

zlwk d sureohp zklfk frpelqhv prudo kd}dug dqg dgyhuvh vhohfwlrq1 Wkh

frvw ixqfwlrq/ wkhuhiruh/ lv dv iroorzv=

�Ewc ec C�( �w : fc �e 	 fc �C : fc +5,

zkhuh vxevfulswv ghqrwh sduwldo ghulydwlyhv1 w lv wkh sxeolf0jrrg sdudphwhu/

e lv wkh vshqghu*v h�ruw/ dqg C lv wkh dprxqw ri wkh sxeolf jrrg1

Iru klv glvxwlolw| iurp h�ruw wkh vshqghu lv frpshqvdwhg e| d prqhwdu| lq0

frph1 Lq frqwudvw wr wudglwlrqdo dqdo|vhv/ wkh vshqghu dovr jdlqv gluhfw xwlolw|

iurp wkh rxwfrph ri klv dfwlylwlhv/ wkdw lv/ iurp wkh sxeolf jrrg1 Ehklqg wklv

vshfl�fdwlrq lv dq dujxphqwdwlrq ä od Qlvndqhq +4<:4,1 Lq wkh vshqghu*v

rslqlrq klv lq xhqfh lv lqfuhdvlqj lq wkh txdqwlw| ri wkh sxeolf jrrg kh sur0

gxfhv ru surfxuhv1 Wklv vhhpv wr eh d uhdolvwlf ghvfulswlrq ri pdq| vshqglqj
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dxwkrulwlhv1 Dv dq dowhuqdwlyh zh frxog kdyh prghohg wkh vshqghu dv d sxuh

Qlvndqhq exuhdxfudw zkrvh vdwlvidfwlrq ghshqgv rq klv h{shqglwxuhv/ wkdw lv/

rq wkh frvwv ri surylglqj wkh sxeolf jrrg1 Krzhyhu/ lq rxu rslqlrq/ gluhfw vdw0

lvidfwlrq iurp kljk frvwv lv qrw wrr sodxvleoh d ghvfulswlrq ri sxeolf vshqglqj

dxwkrulwlhv1 Jhqhudov vhhp wr eh ohvv lqwhuhvwhg lq wkh qrplqdo frvwv/ wkdq lq

wkh uhdo h{whqw/ ri qdwlrqdo ghihqvh/ dv phdvxuhg/ iru lqvwdqfh/ e| wkh qxpehu

ri frpedw dlufudiwv dqg wdqnv1 Khqfh/ zh fkrvh wr ohw wkh vshqghu*v xwlolw|

gluhfwo| ghshqg rq wkh txdqwlw| ri wkh sxeolf jrrg dqg qrw rq wkh frvwv ri

surylglqj wklv jrrg147

Wkh iroorzlqj xwlolw| ixqfwlrq fdswxuhv wkh hvvhqwldo ihdwxuhv ri hdfk ri wkh

dujxphqwv ghvfulehg deryh=48

LEUc ec C� ' U � �Ee� n �Cc +6,

zkhuh U lv wkh prqhwdu| lqfrph dqg �Ee� lv d frqyh{ glvxwlolw| ixqfwlrq1

Wkh pdujlqdo xwlolw| zklfk lv ghulyhg iurp wkh sxeolf jrrg lv orzhu wkdq wkh

pdujlqdo xwlolw| ri lqfrph/ � 5 Efc ��1 Wkh vshqghu lv rqo| zloolqj wr zrun

iru wkh sodqqhu li klv xwlolw| grhv qrw idoo ehorz klv uhvhuydwlrq xwlolw| zklfk

zh qrupdol}h wr }hur +sduwlflsdwlrq frqvwudlqw,1

Vlqfh wkh vshqghu lv frpshqvdwhg e| d prqhwdu| lqfrph dqg e| gluhfw hqmr|0

phqw ri wkh sxeolf jrrg/ lq sulqflsoh wkh prqhwdu| lqfrph frxog eh qhjdwlyh

li wkh vshqghu lv d uhdo sxeolf0jrrg idq zlwk orz glvxwlolw| ri h�ruw1 Wkh rqo|

olplw iru wklv qhjdwlyh lqfrph zrxog eh wkh vshqghu*v zhdowk frqvwudlqw1 Edfn

47Dq h{whqvlrq dw wkh hqg ri vhfwlrq 7 ghdov zlwk wkh fdvh ri dq h{shqglwxuh0rulhqwhg
vshqghu1 Wklv h{solflw lqfoxvlrq ri wkh sxuh Qlvndqhq vshqghu vkrxog vdwlvi| wkrvh uhdghuv
zkr suhihu d v|pphwulfdo wuhdwphqw ri vshqghu dqg wd{hu vr wkdw erwk jhw gluhfw vdwlvidf0
wlrq iurp wkhlu cexgjhwv/* wkdw lv/ h{shqglwxuhv iru wkh vshqghu dqg wd{ uhyhqxhv iru wkh
wd{hu1

48Wkh olqhdulw| ri wkh xwlolw| ixqfwlrq lv d fkdudfwhulvwlf ri wkh Od�rqw0Wluroh dssurdfk1
Li d jhqhudo xwlolw| ixqfwlrq X+L> h>J, lv fkrvhq/ wkh sureohp dw vwdnh fdq eh prghohg
dqdorjrxvo| wr wkh uhjxodwlrq sureohp wuhdwhg lq Eùv +4<<7,/ ss1 656071 Krzhyhu/ wkh
uhvxowlqj pdujlqdo frqglwlrqv hvfdsh dq| fohdu0fxw hfrqrplf lqwhusuhwdwlrq> rqo| qxphulfdo
vlpxodwlrqv frxog khos1
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lq wkh Hxurshdq plggoh djhv pdq| qreohphq/ vhuylqj lq wkh nlqj*v dup|/ glg

wkdw dw d qhjdwlyh lqfrph1 Prghuq jryhuqphqw hpsor|hhv zloo qhyhu gr wkdw1

Wkhlu lqfrph pxvw qhyhu eh qhjdwlyh dqg wklv frqvwudlqw kdv wr eh frqvlghuhg

e| wkh sodqqhu1

Zkhq vwlsxodwlqj wkh vshqghu*v lqfrph/ wkh sodqqhu kdv wr wdnh lqwr dffrxqw

wkh vshqghu*v lqwhuhvwv1 Lw zrxog eh ixwloh wr lqvwuxfw wkh vshqghu wr zrun

dw vrph h�ruw ohyho zklfk lv rswlpdo iru wkh sodqqhu= vlqfh h�ruw lv xqre0

vhuydeoh/ wkh vshqghu zrxog olh wr wkh sodqqhu1 W|slfdoo|/ wkh vshqghu zrxog

ryhuvwdwh wkh sxeolf0jrrg sdudphwhu= cwkh sxeolf0jrrg sdudphwhu zdv vr kljk

wkdw L kdg wr zrun yhu| kdug wr dwwdlq wkh txdqwlw| zklfk wkh sodqqhu re0

vhuyhv> khqfh p| glvxwlolw| iurp h�ruw zdv vr kljk wkdw L pxvw uhfhlyh d kljk

lqfrph111* Wkh uhyhodwlrq sulqflsoh/ krzhyhu/ doorzv wr vroyh wklv sureohp e|

fkrrlqj dq lqfhqwlyh lqfrph lq vxfk d zd| wkdw wkh vshqghu dfklhyhv kljk0

hvw xwlolw| zkhq lqiruplqj wkh sodqqhu ri wkh wuxh ydoxh ri wkh sxeolf0jrrg

sdudphwhu1 Iru wkh dssolfdwlrq ri wklv gluhfw phfkdqlvp lw lv ghflvlyh zklfk

yduldeohv duh revhuyhg e| wkh sodqqhu1 Zh iroorz wkh Od�rqw0Wluroh wudglwlrq

lq dvvxplqj wkdw h{ srvw wkh sodqqhu lv deoh wr revhuyh wkh txdqwlw| ri wkh

sxeolf jrrg dqg wkh frvwv vshqw1 Khqfh/ wkh vshqghu fdqqrw dqqrxqfh dq|

duelwudu| ydoxh ri wkh sxeolf0jrrg sdudphwhu1 Wkh sodqqhu*v revhuydwlrqv

pxvw dozd|v eh frqvlvwhqw zlwk wkh h�hfwv ri h�ruw/ dqg wkh dfwxdo dqg dq0

qrxqfhg ydoxhv ri wkh sxeolf0jrrg sdudphwhu1

Li wkh vshqghu lv fdxjkw dqqrxqflqj d idovh sxeolf0jrrg sdudphwhu/ kh orvhv

klv mre1 Wklv qrw rqo| lpsolhv wkh wrwdo orvv ri klv lqfrph/ exw dovr wkh wr0

wdo orvv ri klv xwlolw| iurp wkh sxeolf jrrg1 Wkh odwwhu dvvxpswlrq fdq eh

mxvwl�hg dv iroorzv= wkh vshqghu*v xwlolw| dffuxhv dw gdwh < zkhq kh surylghv

wkh sxeolf jrrg dqg vlpxowdqhrxvo| jhwv klv lqfrph1 Li wkh vshqghu lv �uhg

dw gdwh </ kh kdv qr wlph wr hqmr| wkh shuvrqdo lq xhqfh zklfk kh ghulyhv

iurp wkh sxeolf jrrg1 Wklv lpsolhv wkdw wkh vshqghu olnhv d kljk txdqwlw| ri

d sxeolf jrrg qrw ehfdxvh kh olnhv wkh sxeolf jrrg lwvhoi/ exw ehfdxvh wklv
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kljk txdqwlw| jlyhv klp dq lpsruwdqw srvlwlrq1 Kh lv qrw wkh w|sh ri jhqhudo

zkr zrxog dujxh= hyhq li L dp �uhg/ L kdyh vhw xs d juhdw dup|1 Kh udwkhu

jhwv vdwlvidfwlrq rqo| iurp frppdqglqj wklv dup| klpvhoi1

Wkh deryh uhtxluhphqwv duh fdswxuhg e| d frqwudfw zlwk wkh iroorzlqj surs0

huwlhv=

� li wkh vshqghu dqqrxqfhv wkh fruuhfw sxeolf0jrrg sdudphwhu/ kh jhwv dq

lqfrph zklfk ghshqgv rq wkh dqqrxqfhg ydoxh ri wkh sdudphwhu1 Zkhwkhu

wkh dqqrxqfhphqw lv fruuhfw/ lv fkhfnhg e| wkh sodqqhu= wkh sodqqhu*v revhu0

ydwlrqv pxvw eh htxdo wr wkh sxeolf0jrrg txdqwlw| dqg wr wkh frvwv zklfk duh

ghulyhg iurp wkh sodqqhu*v rswlpl}dwlrq/ jlyhq wkh dqqrxqfhg ydoxh ri wkh

sxeolf0jrrg sdudphwhu>

� qr lqfrph lv sdlg li wkh vshqghu lv fdxjkw o|lqj>

� wkh lqfrph lv gh�qhg lq vxfk d zd| wkdw wuxwkwhoolqj lv wkh vshqghu*v grp0

lqdqw vwudwhj| +lqfhqwlyh frpsdwlelolw|/ LF,1 Lq d vlpsol�hg yhuvlrq/ wklv frq0

glwlrq fdq eh zulwwhq dv49

_LEw�*_w ' �Ewc eEw�c CEw��c +7,

zlwk � 	 f ehfdxvh ri rxu dvvxpswlrqv rq wkh vshqghu*v glvxwlolw| iurp h�ruw

dqg rq wkh sxeolf0jrrg frvw ixqfwlrq1 Lw lv sodxvleoh wkdw wkh lqfhqwlyh sd|

kdv wr eh fkrvhq lq vxfk d zd| wkdw wkh vshqghu*v xwlolw| lv ghfuhdvlqj lq wkh

sxeolf0jrrg sdudphwhu1 Wkh vshqghu lv lqfolqhg wr ryhuvwdwh wkh sdudphwhu1

Krzhyhu/ vlqfh wklv uhgxfhv klv xwlolw|/ kh zloo qrw gr vr1

615 Wkh frqvxphuv* ghflvlrq

Wrwdo ghpdqg iru wkh wd{hg sulydwh jrrg ghshqgv rq wkh frqvxphu sulfh/

exw dovr rq wkh txdqwlw| ri wkh sxeolf jrrg zklfk zloo eh surylghg e| wkh
49Wkh ghwdlohg ghulydwlrq ri wkh LF frqglwlrq lv suhvhqwhg lq dsshqgl{ 5/ vhqw wr wkh

uhdghu rq uhtxhvw1 Wklv dsshqgl{ dovr frqwdlqv wkh h{dfw gh�qlwlrq ri k+�, dqg lwv surs0
huwlhv/ lq sduwlfxodu kh ? 3/ dqg wkh dvvxpswlrqv qhhghg wr vdwlvi| wkh vhfrqg0rughu LF
frqglwlrq/ wkdw lv/ wr dyrlg exqfklqj1
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vshqghu1 Wkh sulydwh dqg wkh sxeolf jrrg pd| eh frpsohphqwv/ iru lqvwdqfh

li d wd{ rq jdvrolqh lv hdupdunhg iru kljkzd|v1 Dowhuqdwlyho|/ wkh jrrgv pd|

eh vxevwlwxwhv/ iru lqvwdqfh li d wd{ rq jdvrolqh lv hdupdunhg iru xuedq pdvv

wudqvlw v|vwhpv +exv/ udlo/ vxezd|,1 Ri frxuvh/ lw lv dovr srvvleoh wkdw wkhuh

lv qr olqn ehwzhhq wkh jrrgv/ iru lqvwdqfh/ wr vxevlgl}h wkh cOxiweu fnh* wr

Ehuolq/ lq 4<7; d 5 Sihqqlj vxufkdujh rq hyhu| ohwwhu zdv lqwurgxfhg lq wkh

Ihghudo Uhsxeolf ri Jhupdq|1 Wkh suhvhqw sdshu jlyhv d jhqhudo h{sodqdwlrq

ri zk| hdupdunlqj rffxuv/ uhjdugohvv ri zkhwkhu wkh jrrgv duh frpsohphq0

wdu|/ vxevwlwxwlrqdo ru qhxwudo14:

Krz gr wkh frqvxphuv shufhlyh wkh ihhgedfn ri sxeolf0jrrg vxsso| rq wkhlu

ghpdqg iru wkh sulydwh jrrgB Zkhq duwlfxodwlqj wklv ghpdqg dw gdwh 8/ wkh|

duh qrw lqiruphg derxw wkh h{dfw dprxqw ri wkh sxeolf jrrg zklfk zloo eh

surylghg odwhu rq1 Wkh| nqrz wkh dfwxdo ydoxh ri wkh wd{0prudoh sdudphwhu

dqg wkh| nqrz hyhu|wklqj zklfk lv frpprq nqrzohgjh/ wkdw lv/ wkh vkdsh ri

doo ixqfwlrqv dqg wkh vxssruw ri wkh sxeolf0jrrg sdudphwhu1 Krzhyhu/ wkh|

duh qrw lqiruphg derxw wkh dfwxdo ydoxh ri wklv sdudphwhu zklfk vwloo lv sul0

ydwh lqirupdwlrq ri wkh vshqghu1 Wkh| fdq rqo| fdofxodwh dq h{shfwhg ydoxh

ri wkh sxeolf jrrg=

}Eq� G' Hw CWEqc w�( }q 	 fc +8,

zkhuh Hw lv wkh h{shfwdwlrq zlwk uhvshfw wr wkh sxeolf0jrrg sdudphwhu/ dqg

CWEqc w� lv wkh vroxwlrq ri wkh sodqqhu*v rswlpl}dwlrq dw gdwh 9/ zklfk lv

shuihfwo| dqwlflsdwhg e| wkh frqvxphuv1 Dffruglqjo|/ frqvxphu ghpdqg lv

uhsuhvhqwhg e| wkh iroorzlqj ghpdqg ixqfwlrq=

% ' %ERc }Eq��( %R 	 fc +9,

zkhuh R lv wkh frqvxphu sulfh1 Zh vshdn ri frpsohphqwdulw| ehwzhhq wkh
4:Wklv lv lq vwurqj frqwudvw wr Euhqqdq dqg Exfkdqdq*v +4<;3, Ohyldwkdq dssurdfk/

zkhuh hdupdunlqj lv rqo| phdqlqjixo lq wkh fdvh ri frpsohphqwdulw|= Ohyldwkdq lv d
prqrolwklf/ ixoo|0lqiruphg sodqqhu zkr zdqwv wr pd{lpl}h wd{ uhyhqxhv dqg/ wkhuhiruh/
lv rqo| lqwhuhvwhg lq vxsso|lqj sxeolf jrrgv li vxfk d vxsso| lqfuhdvhv d wd{ edvh/ zklfk
kdsshqv li wkh wd{ edvh dqg wkh sxeolf jrrg duh frpsohphqwv1
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sulydwh dqg wkh sxeolf jrrg li %} : f/ zhoo nqrzlqj wkdw wklv frpsohphqwdulw|

lv rqo| gh�qhg lq h{shfwdwlrq1 Vxevwlwxwdelolw| lv gh�qhg dqdorjrxvo|1

616 Wkh wd{hu*v ghflvlrq

Vlqfh wkh wd{hu lv mxvw dqrwkhu plqlvwhu/ lw lv vwudljkwiruzdug wr prgho klv gh0

flvlrq dqdorjrxvo| wr wkh vshqghu*v1 Udlvlqj wkh h{flvh wd{ lv d frvwo| dfwlylw|

mxvw dv surgxflqj d sxeolf jrrg1 Wkh wd{hu kdv sulydwh lqirupdwlrq derxw d

frvw0lqfuhdvlqj wd{0prudoh sdudphwhu dqg derxw klv rzq frvw0uhgxflqj h�ruw1

Iluvw/ wkh orzhu wkh wd{ prudoh/ wkh kljkhu wkh frvwv ri froohfwlqj d sduwlfxodu

wd{ uhyhqxh1 Wkh sodqqhu rqo| nqrzv krz wkh srvvleoh vwdwhv ri wd{ prudoh

duh glvwulexwhg/ vr kh fdq fdofxodwh h{shfwhg wd{ uhyhqxhv1 Wkh wd{hu/ rs0

hudwlqj dw wkh cwd{0froohfwlrq iurqw* lv suhflvho| lqiruphg derxw wkh suhvhqw

vwdwh ri wklv prudoh1 Vhfrqg/ wkh kljkhu wkh wd{hu*v h�ruw/ wkh pruh h!flhqw

wkh wd{ dgplqlvwudwlrq dqg/ frqvhtxhqwo|/ wkh orzhu wkh wd{0froohfwlrq frvwv1

Dowkrxjk wkh sduoldphqw sdvvhv wkh wd{ odz/ lw lv wkh wd{hu zkr uhjxodwhv

wkh ghwdlov ri wkh wd{ dgplqlvwudwlrq e| lqwhuqdo ghfuhhv zklfk pd| lpso|

pruh ru ohvv h!flhqw dgplqlvwudwlrq dqg lw lv khuh zkhuh klv h�ruw ehfrphv

ghflvlyh1 Wdnlqj dffrxqw ri wkh wd{0froohfwlrq frvwv/ wkh wd{ uhyhqxhv duh dv

iroorzv=

- ' ER� RJ� %ERc }�� A Eqc @c %�( Aq : f( A@ 	 f( A% : fc +:,

zkhuh R lv wkh frqvxphu sulfh/ RJ lv wkh frqvwdqw surgxfhu sulfh/ dqg A lv

wkh wd{0froohfwlrq frvw ixqfwlrq1 Wklv ixqfwlrq ghshqgv rq wkh wd{0prudoh

sdudphwhu q/ rq wkh wd{hu*v h�ruw @ dqg rq wkh wd{ edvh %1

Wkh wd{hu lv d sxuh Qlvndqhq exuhdxfudw1 Kh gudzv gluhfw xwlolw| iurp wkh

wd{ uhyhqxhv dqg wklv exuhdxfudwlf xwlolw| lv wudghg0r� zlwk klv prqhwdu|

lqfrph dqg klv glvxwlolw| iurp h�ruw1 Dffruglqjo|/ zh lpsxwh wr wkh wd{hu

wkh iroorzlqj xwlolw| ixqfwlrq=

T Eac @c -� ' a � �E@� n6-( 6 5 Efc ��c +;,
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zkhuh �E@� phdvxuhv wkh frqyh{ glvxwlolw| iurp h�ruw1

Wkh dv|pphwulf lqirupdwlrq irufhv wkh sodqqhu wr vwlsxodwh dq lqfhqwlyh0

frpsdwleoh lqfrph1 Qrwh wkdw erwk wd{hu dqg sodqqhu duh htxdoo| zhoo lq0

iruphg derxw wkh sxeolf0jrrg sdudphwhu/ dqg wkdw dw gdwh 8 wkh sodqqhu fdq

revhuyh wkh wd{ uhyhqxhv/ wkh frqvxphu sulfh dqg wkh dfwxdo txdqwlw| ri wkh

sulydwh jrrg1 Pruhryhu/ wkhvh revhuydwlrqv hqdeoh wkh sodqqhu wr fdofxodwh

wkh wd{0froohfwlrq frvwv1 Khqfh/ wkh iroorzlqj frqwudfw lv zulwwhq=

� li wkh wd{hu dqqrxqfhv wkh fruuhfw wd{0prudoh sdudphwhu/ kh jhwv dq lq0

frph zklfk ghshqgv rq wkh dqqrxqfhg ydoxh ri wkh sdudphwhu1 Zkhwkhu

wkh dqqrxqfhphqw lv fruuhfw/ lv fkhfnhg e| wkh sodqqhu rq wkh edvlv ri klv

revhuydwlrqv dw gdwh 81 Qrwh wkdw wklv lqfhqwlyh sd| lv qrw frqglwlrqhg rq

wkh h{shfwhg txdqwlw| ri wkh sxeolf jrrg +dqg fdqqrw eh frqglwlrqhg rq lw/

vlqfh dq h{shfwhg txdqwlw| lv qrw revhuydeoh,>

� qr lqfrph lv sdlg li wkh wd{hu lv fdxjkw o|lqj>

� wkh lqfrph lv lqfhqwlyh frpsdwleoh1 Wkh LF frqglwlrq lq wklv fdvh lv frpsol0

fdwhg ehfdxvh ri wkh lqwhusod| ehwzhhq wkh dqqrxqfhg dqg wkh dfwxdo ydoxhv

ri wkh wd{0prudoh sdudphwhu1 Wkh uhdghu pd| frqvlghu wkh wd{0froohfwlrq

ixqfwlrq A Eqc @c %�1 Wkhuh lv d grxeoh ghshqghqf| rq wkh dfwxdo ydoxh ri

wkh wd{0prudoh sdudphwhu> �uvw/ wkh gluhfw h�hfw/ vhfrqg/ dq lqgluhfw h�hfw

ehfdxvh wkh sulydwh0jrrg ghpdqg ghshqgv rq wkh h{shfwhg sxeolf0jrrg txdq0

wlw| zklfk/ lq wxuq/ ghshqgv rq wkh dfwxdo ydoxh ri wkh wd{0prudoh sdudphwhu1

Vxfk d vhfrqg h�hfw frxog qrw eh irxqg lq wkh vshqghu*v sureohp1 Xqiruwx0

qdwho|/ ehfdxvh ri wklv vhfrqg h�hfw lw fdqqrw eh jxdudqwhhg wkdw wkh wd{hu*v

xwlolw| lv dozd|v ghfuhdvlqj lq wkh wd{0froohfwlrq sdudphwhu14;

4;Iru ghwdlov vhh dsshqgl{ 61 Wkh wd{hu*v sduwlflsdwlrq frqvwudlqw Y +�, � 3 kdv wr
eh frqvlghuhg h{solflwo| dv d sxuh vwdwh frqvwudlqw lq wkh sodqqhu0wd{hu sulqflsdo0djhqw
dssurdfk1
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7 Wkh sodqqhu= zhoiduh yhuvxv srolwlfdo vxs0
sruw

714 Wkh wzr0vwdjh rswlpl}dwlrq

Wkh sodqqhu vroyhv d wzr0vwdjh frqwuro sureohp1 Dsso|lqj edfnzdug lqgxf0

wlrq/ kh �uvw vroyhv wkh vshqghu dssurdfk zklfk uhihuv wr gdwh 91 Dw wklv

gdwh/ wkh wuxh ydoxh ri wkh wd{0prudoh sdudphwhu lv nqrzq wr wkh sodqqhu

dqg hyhu| vlqjoh ixqfwlrq lq wkh rswlpl}dwlrq lv gh�qhg iru wklv wuxh ydoxh1

Pruhryhu/ frqvxphu ghpdqg lv douhdg| nqrzq dqg vr duh wkh wd{hu*v ydul0

deohv1 Khqfh/ wkh sodqqhu idfhv d frqvwdqw dprxqw ri wd{ uhyhqxhv rq zklfk

kh kdv qr lq xhqfh1 Qrz frqvlghu wkh duwl�fldo exgjhw frqvwudlqw +4,/ zklfk

zh lqwurgxfh wr jhw lqvljkw lqwr wkh sodqqhu*v lqwhuhvw lq hdupdunlqj1 Iru d

jlyhq dprxqw ri wd{ uhyhqxhv wklv frqvwudlqw uhtxluhv

- � �Ewc ec C�� +<,

Ixuwkhu frqvwudlqwv ri wkh sodqqhu*v rswlpl}dwlrq duh wkh vshqghu*v sduwlfl0

sdwlrq dqg lqfhqwlyh0frpsdwlelolw| frqglwlrqv1 Lq rughu wr sd| dv olwwoh lqiru0

pdwlrq uhqw dv srvvleoh/ iru wkh zruvw uhdol}dwlrq ri wkh sxeolf0jrrg sdudp0

hwhu wkh vshqghu*v lqirupdwlrq uhqw zloo eh ghsuhvvhg wr }hur1 Iru doo ehwwhu

uhdol}dwlrqv srvlwlyh lqirupdwlrq uhqwv zloo eh sdlg/ rwkhuzlvh wkh lqfhqwlyh0

frpsdwlelolw| frqglwlrq frxog qrw krog1 Khqfh/ wkh sodqqhu srvwxodwhv wkh

lqlwldo frqglwlrq LEw� ' f/ dqg lpsrvhv wkh LF frqvwudlqw1 Wkh vshqghu*v

xwlolw| dw wkh ehvw uhdol}dwlrq ri wkh sxeolf0jrrg sdudphwhu lv iuhh +whupl0

qdo frqglwlrq,1 � Jlyhq wkh frqvwudlqwv/ wkh sodqqhu pd{lpl}hv klv remhfwlyh

ixqfwlrq/ xvlqj h�ruw dqg sxeolf0jrrg txdqwlw| dv frqwurov/ dqg wkh vshqghu*v

xwlolw| dv vwdwh yduldeoh1

Wr dyrlg foxpvlqhvv lq wkh irupxodwlrq ri wkh sureohp zh pdnh wkh iroorzlqj

vlpsol�fdwlrqv= +l, Zh gr qrw h{solflwo| lqwurgxfh qrq0qhjdwlylw| frqvwudlqwv

zlwk uhvshfw wr wkh frqwuro yduldeohv/ exw dvvxph lqwhulru vroxwlrqv lq zkdw

iroorzv1 +ll, Zh dovr gr qrw h{solflwo| lqwurgxfh wkh qrq0qhjdwlylw| frqvwudlqwv
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zlwk uhvshfw wr wkh plqlvwhuv* lqfrphv1 Wklv lpsolhv wkdw wkh sdudphwhuv �

dqg 6 duh vpdoo1 +lll, Pruhryhu/ zh dvvxph wkdw dw wkh rswlpxp wkhuh lv

dozd|v wd{dwlrq dqg qrw vxevlgl}dwlrq1 � H{solflwo| lqwurgxflqj doo wkhvh ixu0

wkhu frqvwudlqwv zrxog rqo| lq dwh wkh lqglylgxdo pdujlqdo frqglwlrqv zlwkrxw

fkdqjlqj dq|wklqj lq wkh hfrqrplf uhvxowv1

Ilqdoo|/ wkh sodqqhu frqvlghuv wkh wd{hu dssurdfk zklfk uhihuv wr gdwh 51 Lq

grlqj vr/ kh dqwlflsdwhv wkh uhvxowv ri wkh vshqghu dssurdfk/ wkdw lv/ wkh

sxeolf0jrrg txdqwlw| dqg wkh vshqghu*v xwlolw| dqg h�ruw1 Krzhyhu/ vlqfh

dw gdwh 5 wkh sodqqhu grhv qrw nqrz wkh dfwxdo uhdol}dwlrq ri wkh sxeolf0

jrrg sdudphwhu/ wkh dqwlflsdwlrq uhihuv wr h{shfwhg ydoxhv rqo|/ iru lqvwdqfh/

}Eq� G' Hw CWEqc w�1 Wklv dqwlflsdwlrq lpsolflwo| wdnhv dffrxqw ri wkh duwl�0

fldo exgjhw frqvwudlqw zklfk wkh sodqqhu nqrzv wr krog dw gdwh 91 Wkhuhiruh/

wklv frqvwudlqw lv qrw h{solflwo| frqvlghuhg lq wkh wd{hu dssurdfk dqg/ df0

fruglqjo|/ wkh ydulrxv pdujlqdo frqglwlrqv zklfk uhvxow iurp wklv dssurdfk

fdqqrw frqwdlq dq| dqvzhu wr wkh txhvwlrq zkhq dqg zk| hdupdunlqj pd| eh

rswlpdo1 Khqfh/ zh vkdoo qrw h{solflwo| suhvhqw wkh ghwdlohg wd{hu dssurdfk

lq wkh wh{w ri wklv sdshu/ dqg vkdoo rqo| ghdo zlwk wkh vshqghu dssurdfk ri

gdwh 9 zklfk h{solflwo| wdnhv dffrxqw ri wkh duwl�fldo exgjhw frqvwudlqw zh

qhhg iru rxu dqdo|vlv ri wkh ghvludelolw| ri hdupdunlqj1 +Ri frxuvh/ wr �qg

wkh vxejdph0shuihfw htxloleulxp ri wkh jdph/ wkh wd{hu dssurdfk ri vwdjh 5

pxvw h{solflwo| eh vroyhg1 Wklv lv grqh lq Dsshqgl{ 6 zklfk lv vhqw wr wkh

uhdghu rq uhtxhvw1,

715 Wkh zhoiduh0pd{lpl}lqj sodqqhu

Ohw xv �uvw frqvlghu d sodqqhu zkr pd{lpl}hv h{shfwhg zhoiduh ã od Od�rqw0

Wluroh +4<<6,=

l` ' 7 � R%� E� n b�EU n a� n E� n b�E-� �� n L n T� +43,
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Wkh zhoiduh ixqfwlrq frqvlvwv ri wkh vxp ri frqvxphuv* dqg plqlvwhuv* xwlol0

wlhv/4< wkdw lv/

� jurvv frqvxphu vxusoxv 7ECc%� zlwk Z G' Y7*YC dqg R ' Y7*Y%>

� frqvxphuv* �qdqfldo orvvhv iurp sd|lqj iru wkh sxeolf dqg wkh sulydwh jrrgv

dqg iru wkh plqlvwhuv* lqfrphv zklfk duh sdlg iurp jhqhudo wd{dwlrq/ zkhqfh

wkh vkdgrz frvwv ri jhqhudo wd{dwlrq b hqwhu wkh remhfwlyh ixqfwlrq>

� frqvxphuv* �qdqfldo jdlqv iurp d srwhqwldo vxusoxv ri h{flvh0wd{ uhyhqxhv

ryhu wkh frvwv ri wkh sxeolf jrrg/ zkhuh zh dvvxph wkdw wklv vxusoxv lv xvhg

wr uhgxfh jhqhudo wd{dwlrq>

� wkh xwlolwlhv ri wkh plqlvwhuv1 Wklv lpsolhv wkdw wkh sodqqhu lqwhuqdol}hv wkh

vshqghu*v dqg wkh wd{hu*v lqwhuhvwv lq d kljk txdqwlw| ri wkh sxeolf jrrg dqg

lq kljk wd{ uhyhqxhv1

Dw gdwh 9/ wkh sodqqhu pd{lpl}hv wkh h{shfwhg ydoxh ri klv remhfwlyh ixqfwlrq/

wkdw lv/ Hw l` � Diwhu vxevwlwxwlqj U ' L n � � �C/ wkh sodqqhu idfhv wkh

iroorzlqj jhqhudol}hg Kdplowrqldq
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zkhuh � dqg > duh wkh Odjudqjhdq pxowlsolhuv dvvrfldwhg zlwk wkh duwl�fldo

exgjhw frqvwudlqw dqg zlwk wkh vshqghu*v LF frqglwlrq1 frqvwdqw lv dq deeuh0

yldwlrq iru frqvwdqw whupv zklfk uhvxow iurp wkh wd{hu*v dqg wkh frqvxphuv*

ghflvlrqv1

Wklv rswlpl}dwlrq dssurdfk kdv dq lqkhuhqw whqghqf| djdlqvw hdupdunlqj/

dqg lw lv wkh dv|pphwulf0lqirupdwlrq vhwwlqj zklfk lv uhvsrqvleoh iru wkdw1

Vlqfh wkh sodqqhu grhv qrw nqrz wkh suhflvh ydoxh ri wkh sxeolf0jrrg sdudp0

hwhu/ kh kdv wr wdnh dffrxqw ri wkh duwl�fldo exgjhw frqvwudlqw iru hyhu| vlqjoh

4<Surgxfhu vxusoxv lq rxu prgho lv }hur/ ehfdxvh zh kdyh dvvxphg d frqvwdqw surgxfhu
sulfh sr1
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uhdol}dwlrq ri wkh sxeolf0jrrg sdudphwhu1 Vlqfh wkh h{flvh0wd{ uhyhqxhv duh

jlyhq dw gdwh 9/ wkh exgjhw frqvwudlqw - � � lv prvw olnho| wr eh elqglqj

dw wkh zruvw sxeolf0jrrg sdudphwhu1 Lq doo rwkhu fdvhv/ frvwv zloo whqg wr eh

orzhu/ dqg khqfh zloo qrw h{kdxvw -= wklv lv d whqghqf| djdlqvw hdupdunlqj1

Qrwh wkdw wklv whqghqf| ghshqgv ghflvlyho| rq wkh vhtxhqflqj ri wkh jdph/

zklfk lpsolhv d vwulfw vhsdudwlrq ri wkh wd{hu dqg wkh vshqghu sureohp1 Wklv

vhsdudwlrq pdnhv lw lpsrvvleoh wr uhgxfh wkh wd{ uhyhqxhv li wkh sxeolf0jrrg

fkdudfwhulvwlf wxuqv rxw wr eh orz dqg khqfh wkh frvwv duh orz1 Wkhuhiruh/ lw

lv qrw rqo| wkh sodqqhu*v odfn ri lqirupdwlrq derxw wkh sxeolf0jrrg fkdudf0

whulvwlf/ exw dovr wkh h{solflw frqvlghudwlrq ri wkh lqwhuqdo rujdql}dwlrq ri wkh

jryhuqphqw zklfk fuhdwhv wkh deryh0phqwlrqhg whqghqf| djdlqvw hdupdunlqj1

Zh vroyh wkh sodqqhu*v rswlpl}dwlrq dssurdfk wr jhw dq dqvzhu wr wkh txhv0

wlrq ri zkhwkhu dqg zk| hdupdunlqj fdq uhvxow hqgrjhqrxvo|1 Khqfh/ lw lv qrw

wkh remhfwlyh ri wklv sdshu wr ghvfuleh krz h�ruw dqg wkh sxeolf0jrrg txdq0

wlw| duh ghwhuplqhg e| wkh uhvshfwlyh pdujlqdo frqglwlrqv1 Iru vxfk dqdo|vhv

wkh uhdghu pd| eh uhihuuhg wr Dwnlqvrq dqg Vwhuq +4<:7, dqg wr Od�rqw dqg

Wluroh +4<<6/ fkdswhu 6,1 Khqfh/ khuh dqg lq wkh iroorzlqj prghov/ L vkdoo

rqo| slfn rqh pdujlqdo frqglwlrq/ qdpho| wkdw zklfk lv ehvw vxlwhg wr ghdo

zlwk hdupdunlqj1 Lw wxuqv rxw wkdw wkh sxeolf0jrrg uhodwhg pdujlqdo frqgl0

wlrq qhyhu lv sduwlfxoduo| looxplqdwlqj zlwk uhvshfw wr rxu wrslf1 Wkhuhiruh/

wklv frqglwlrq lv qhyhu suhvhqwhg lq wkh wh{w1

Krzhyhu/ wkh h�ruw0uhodwhg pdujlqdo frqglwlrq lv zhoo vxlwhg wr glvfxvv wkh

sodqqhu*v ghflvlrq rq hdupdunlqj1 Wklv frqglwlrq lv dv iroorzv=53
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53Wr rewdlq wklv frqglwlrq zh qhhg wkh iroorzlqj frqwuro0wkhruhwlf surfhgxuh= gl�huhq0
wldwlqj wkh Kdplowrqldq zlwk uhvshfw wr wkh vwdwh yduldeoh/ zh kdyh �KZ

X
@ b�+�, /

b�+�, @ � i+�,= Frpelqlqj wklv htxdwlrq zlwk wkh wudqvyhuvdolw| frqglwlrq �+�, @ 3/ zh jhw
�+�, @ � I +�, iru doo � A �1
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Uhfdoo wkdw hdupdunlqj lv jlyhq li wkh duwl�fldo exgjhw frqvwudlqw lv elqglqj1

Khqfh/ li zh fdq suryh wkdw � : f/ zh kdyh d surri wkdw hdupdunlqj lv wkh

sodqqhu*v rswlpdo srolf|1 Li zh rqo| nqrz wkdw � � f/ ru li zh nqrz wkdw

� ' f/ wkhq wkh frqvwudlqw lv hlwkhu elqglqj ru qrw= hdupdunlqj pd| uhvxow/

exw wklv lv qrw qhfhvvdulo| wkh fdvh154 Xqiruwxqdwho|/ rq wkh edvlv ri htxdwlrq

+45, lw lv lpsrvvleoh wr vkrz zkhq hdupdunlqj lv rswlpdo1 Rqh zrxog eh

lqfolqhg wr dujxh wkdw d orz �e ru d kljk �e +erwk lq devroxwh whupv, uhtxluh

d frpshqvdwlqj lqfuhdvh lq � zkhqfh hdupdunlqj ehfrphv pruh olnho| lq vxfk

d fdvh1 Krzhyhu/ vxfk dq lqwhusuhwdwlrq zrxog lpso| fhwhulv0sdulexv dvvxps0

wlrqv rq hqgrjhqrxv yduldeohv dqg/ wkhuhiruh/ fdqqrw khos wr �qg dq| jhqhudo

vwdwhphqw derxw zkhq � : f155 � Qhyhuwkhohvv/ htxdwlrq +45, fohduo| vkrzv

zkdw gulyhv wkh sodqqhu*v ghflvlrq wr hdupdun ru qrw wr hdupdun wkh h{flvh

wd{1 Kh frpsduhv wkh vkdgrz frvwv ri wkh lqyroyhg wd{hv1 Li wkh duwl�fldo

exgjhw frqvwudlqw lv vodfn +� ' f,/ wkh h{flvh wd{ kdv ehhq h{sdqghg wr lwv

vrfldo rswlpxp/ dqg wkh vkdgrz frvwv ri jhqhudo dqg ri h{flvh wd{dwlrq duh

htxdo1 Lq wklv fdvh wkh zhljkw dwwdfkhg wr ��e lv plqlpdo/ qdpho| htxdo wr

rqh1 Rwkhuzlvh/ li � : f dqg zh kdyh hdupdunlqj/ wkh zhljkw zloo eh odujhu/

uh hfwlqj wkh idfw wkdw wkhuh lv pruh wd{ glvwruwlrq lq wkh hfrqrp| vlqfh

wkh vkdgrz frvwv ri wkh h{flvh wd{ duh odujhu wkdq wkh vkdgrz frvwv ri wkh

jhqhudo wd{dwlrq1 Wkh sodqqhu*v ghflvlrq rq hdupdunlqj/ pruhryhu/ ghshqgv

rq wkh lqfhqwlyh lqfrph zklfk lv sdlg wr wkh vshqghu= wkh idu0uljkw whup lq

+45, uhvxowv iurp wkh gl�huhqwldwlrq ri wkh vshqghu*v LF frqvwudlqw1 Vlqfh wkh

vshqghu*v lqfrph lv sdlg iurp jhqhudo wd{dwlrq/ wklv whup lv zhljkwhg e| b1

54Wkh Nxkq0Wxfnhu frqglwlrqv uhtxluh � � 3 dqg �+U�F, @ 31 Wkh odwwhu uhtxluhphqw
lpsolhv � A 3 , U @ F dqg � @ 3 , U � F1 Wkhuhiruh/ zh fdq rqo| lqyhvwljdwh zkhq
hdupdunlqj lv rswlpdo/ exw fdqqrw h{dplqh zkhq vwulfw hdupdunlqj lv rswlpdo1 Wklv zrxog
eh wkh fdvh li � @ 3 dqg U @ F/ wkdw lv/ li lq wkh devhqfh ri wkh duwl�fldo exgjhw frqvwudlqw
htxdolw| ri wd{ uhyhqxhv dqg frvwv uhvxowv iurp wkh sodqqhu*v rswlpl}dwlrq1 Uhfdoo/ krzhyhu/
wkdw wkh h{dpsohv jlyhq lq vxevhfwlrq 514 jlyh fohdu hylghqfh ri wkh sudfwlfdo lpsruwdqfh
ri wkh U ? F fdvh1

55Pruhryhu/ wkh LF ixqfwlrq k ghshqgv gluhfwo| rq #3 dqg wkhuhiruh htxdwlrq +45, lv d
gl�huhqwldo htxdwlrq lq #3 zklfk gluhfwo| hqwhuv rq wkh ohiw0kdqg vlgh dqg zkrvh ghulydwlyh
hqwhuv rq wkh uljkw0kdqg vlgh1 Iru ghwdlov vhh dsshqgl{ 51
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Wr ixuwkhu prwlydwh wkh sodqqhu*v ghflvlrq/ ohw xv frpsduh rxu sulqflsdo0djhqw

dssurdfk zlwk d ixoo0lqirupdwlrq ehqfkpdun prgho ri wkh wudglwlrqdo sxeolf0

�qdqfh w|sh1 Wkhuh lv d prqrolwklf sodqqhu1 Wkh lqwhuqdo rujdql}dwlrq ri wkh

jryhuqphqw lv ljqruhg> wkhuh duh qr djhqwv zkr kdyh wr eh sdlg dq lqfrph1

Wd{ froohfwlrq lv frvwohvv1 Krzhyhu/ vkdgrz frvwv ri sxeolf ixqgv duh wdnhq

lqwr frqvlghudwlrq1 Vlqfh wkh sodqqhu lv ixoo| lqiruphg/ kh grhv qrw idfh d

pxowl0vwdjh jdph/ exw dw rqh srlqw ri wlph fkrrvhv erwk wkh sxeolf0jrrg

txdqwlw| dqg wkh h{flvh wd{1 Wkh duwl�fldo exgjhw frqvwudlqw lv h{solflwo|

frqvlghuhg1 Khqfh/ wkh sodqqhu idfhv wkh iroorzlqj Odjudqjhdq=
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Fdq hdupdunlqj uhvxow hqgrjhqrxvo| iurp wklv rswlpl}dwlrq dssurdfkB Ohw

xv frqvlghu wkh wd{0uhodwhg pdujlqdo frqglwlrq1 Dv frxog eh h{shfwhg/ wkh

h{flvh wd{ iroorzv d Udpvh| uxoh
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#
c +47,

zkhuh # lv wkh sulfh hodvwlflw| ri ghpdqg1 Vlqfh zh ghdo zlwk h{flvh wd{dwlrq

rqo|/ qrw zlwk vxevlgl}dwlrq/ wkh deryh frqglwlrq uhtxluhv b n � : f= hdu0

pdunlqj pd| ru pd| qrw eh fkrvhq e| wkh sodqqhu1 Krzhyhu/ htxdwlrq +47,

uhyhdov wkh gulylqj irufhv ehklqg wkh sodqqhu*v ghflvlrq wr hdupdun ru qrw

wkh hdupdun wkh h{flvh wd{1 Jrqh duh wkh dv|pphwulf0lqirupdwlrq h�hfwv ri

vhsdudwh exgjhw frqvwudlqwv iru hyhu| vwdwh ri wkh zruog/ jrqh lv wkh vshqghu*v

LF sureohp/ dqg wkh devhqfh ri wkhvh wzr h�hfwv pdnhv lw pruh suredeoh wr

dwwdlq hdupdunlqj dv d uhvxow ri wkh sodqqhu*v rswlpl}dwlrq1 Wkh wd{0uhodwhg

pdujlqdo frqglwlrq vkrzv wkdw lq wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk lw

lv rqo| wkh lqwhusod| ehwzhhq wkh glvwruwlrqdu| h�hfwv ri wkh h{flvh wd{ dqg

wkh jhqhudo wd{ wkdw pdwwhuv1 Frqvlghu �uvw dq h{flvh wd{ rq d jrrg zlwk

lqhodvwlf ghpdqg/ vr wkh glvwruwlrq lv uhodwlyho| orz dowkrxjk lqfuhdvlqj lq

uhyhqxh1 Lq wklv fdvh wkh h{flvh0wd{ uhyhqxh zloo eh h{whqghg vr dv wr htxdwh
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wkh glvwruwlrqdu| h�hfwv ri wkh h{flvh wd{ dqg wkh jhqhudo wd{1 Khqfh/ wkhuh

zloo eh qr hdupdunlqj1 Rwkhuzlvh/ li wkh h{flvh wd{ lv idluo| glvwruwlrqdu|/

wkh duwl�fldo exgjhw frqvwudlqw zloo eh elqglqj/ vr wkh wd{ lv hdupdunhg +dqg

lq d qh{w vwhs wkh sodqqhu zloo uhshdw klv rswlpl}dwlrq zlwkrxw wkh duwl�fldo

exgjhw frqvwudlqw dqg htxdwh vkdgrz frvwv dw dq h{flvh0wd{ uhyhqxh ehorz

wkh frvwv/ �qdqflqj wkh uhpdlqghu e| wkh jhqhudo wd{,1

716 Wkh srolwlfdoo|0plqghg sodqqhu

Zh frqvlghu d sodqqhu zkr pd{lpl}hv d srolwlfdo0vxssruw ixqfwlrq ã od Frxjk0

olq hw do1 +4<<3,156 Wklv ixqfwlrq uhvxowv iurp d suredelolvwlf yrwlqj prgho

dqg lv d zhljkwhg vxp ri wkh xwlolw| ohyhov zklfk wkh phpehuv ri ydulrxv lqwhu0

hvw jurxsv ghulyh iurp wkh sodqqhu*v srolf|1 Ohw xv dvvxph wkdw wkh sodqqhu

frqvlghuv wkh iroorzlqj lqwhuhvw jurxsv= �uvw/ wkh jurxs zklfk kdv d yhvwhg

lqwhuhvw lq wkh surylghg sxeolf jrrg dqg lq wkh wd{hg sulydwh jrrg> vhfrqg/

wkh jhqhudo0wd{ sd|huv zkr �qdqfh wkh plqlvwhuv* lqfrphv> wklug/ wkh ehqh�0

fldulhv ri wkh exgjhw vxusoxv zklfk uhvxowv li wkh h{flvh wd{ lv qrw hdupdunhg>

irxuwk/ wkh vxssruwhuv ri wkh vshqghu dqg �iwk/ wkh vxssruwhuv ri wkh wd{hu157

Wkh srolwlfdo zhljkwv jlyhq wr wkh lqglylgxdo phpehuv ri wkhvh jurxsv duh

jT U iru wkh yhvwhg0lqwhuhvw shuvrqv/ jCA iru wkh jhqhudo0wd{ sd|huv/ j�7 iru

wkh ehqh�fldulhv ri wkh exgjhw vxusoxv dqg j7c jA iru wkh vxssruwhuv ri wkh

56Iru d ghulydwlrq ri wklv ixqfwlrq vhh dsshqgl{ 7 ri wkh suhvhqw sdshu/ vhqw wr wkh
uhdghu rq uhtxhvw1 Dq lqwxlwlyh lqwurgxfwlrq lqwr wklv prgho fdq dovr eh irxqg lq Pxhoohu
+4<;<,/ ss1 536081 Vlqfh wkh Frxjkolq hw do1 dssurdfk lv edvhg rq d jhqhudo yrwlqj
prgho/ lw lv wkh sodqqhu +wkdw lv/ wkh lqfxpehqw sduw| lq wkh sduoldphqw, zkr lv lq xhqfhg
e| wkh ydulrxv lqwhuhvw jurxsv1 Dowhuqdwlyho|/ rqh frxog dvvxph wkdw vshqghu dqg wd{hu
duh lq xhqfhg e| gl�huhqw lqwhuhvw jurxsv/ wkh vshqghu e| wkh �up zklfk surgxfhv wkh
sxeolf jrrg dqg wkh wd{hu e| d uhsuhvhqwdwlyh frqvxphu ri wkh wd{hg sulydwh jrrg1 Wklv
zrxog lpso| d wrwdoo| gl�huhqw prgho ri hdupdunhg wd{dwlrq/ iroorzlqj h1j1 Ohh dqg Wrool0
vrq*v +4<<;, ixoo0lqirupdwlrq uhqw0vhhnlqj dssurdfk ru/ suhihudeo|/ Od�rqw dqg Pduwlpruw*v
+4<<;, dv|pphwulf0lqirupdwlrq prgho1

57Zh dvvxph wkdw wkh vxssruwhuv ri d sduwlfxodu plqlvwhu duh wkh pdq| shuvrqv zrunlqj
lq wkh plqlvwu|1 Wkh| doo kdyh lghqwlfdo xwlolw| ixqfwlrqv/ X@qV dqg Y@qW / zkhuh qV dqg
qW duh wkh qxpehuv ri wkhvh vxssruwhuv1 Dowhuqdwlyho|/ zh frxog kdyh dvvxphg wkdw hdfk
ri wkh plqlvwhuv klpvhoi lv dq lqwhuhvw jurxs/ frqvlvwlqj ri d vlqjoh shuvrq1
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plqlvwhuv1 Wkhvh zhljkwv duh odujhu wkh juhdwhu wkh krprjhqhlw| ri wkh uh0

vshfwlyh lqwhuhvw jurxs/ wkdw lv/ wkh orzhu wkh sodqqhu*v xqfhuwdlqw| derxw wkh

srolwlfdo vxssruw kh jhwv iurp wkh phpehuv ri wklv jurxs1

Wkh sodqqhu/ wkhuhiruh/ hpsor|v wkh iroorzlqj srolwlfdo0vxssruw ixqfwlrq=

l� ' jT UE7ECc %��R%��jCA EUna�nj�7E-���nj7 LnjA T nNc +48,

zkhuh N lv d vxp ri whupv zklfk duh frqvwdqw iru wkh fkrlfh ri wkh sodq0

qhu*v lqvwuxphqwv +uhvxowlqj iurp wkh suredelolvwlf yrwlqj dssurdfk,1 Wklv

srolwlfdo0vxssruw ixqfwlrq kdv lqwhqwlrqdoo| ehhq irupxodwhg lq vxfk d zd|

wkdw lw lv dv vlplodu dv srvvleoh wr wkh remhfwlyh ixqfwlrq ri wkh zhoiduh0

pd{lpl}lqj sodqqhu1 Ri frxuvh/ zkhq lw frphv wr srolwlfdo vxssruw/ wkh

jhqhudo0wd{ sd|huv gr qrw sd| khhg wr wkh vkdgrz frvwv ri sxeolf ixqgv/ vlqfh

wklv lv d sxuh zhoiduh frqfhsw158

Dw gdwh 9/ wkh sodqqhu pd{lpl}hv wkh h{shfwhg ydoxh ri wkh srolwlfdo0vxssruw

ixqfwlrq/ wkdw lv/ Hw l� � Wklv ohdgv wr wkh iroorzlqj jhqhudol}hg Kdplowrqldq=
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zkhuh SJ?r|@?| deeuhyldwhv wkh vxp ri doo whupv zklfk duh frqvwdqw iru wkh

vshqghu*v rswlpl}dwlrq/ uhvxowlqj erwk iurp wkh wd{hu*v dqg frqvxphuv* ghfl0

vlrqv dqg iurp wkh suredelolvwlf0yrwlqj dssurdfk1 Zh rqfh djdlq nqrz wkdw

� � f1 Iruwxqdwho|/ pruh lqirupdwlrq fdq eh ghulyhg iurp wkh h�ruw0uhodwhg

58Rqh ri wkh uhihuhhv ri wklv sdshu dujxhg wkdw udwlrqdo wd{sd|hu0yrwhuv vkrxog eh frq0
fhuqhg derxw wkh vkdgrz frvwv ri sxeolf ixqgv vlqfh wkh| phdvxuh d uhdo frvw lqfxuuhg
e| wkh wd{sd|huv1 Li wkh jhqhudo0wd{ sd|huv dqg wkh ehqh�fldulhv ri wkh exgjhw vxusoxv
wkrxjkw olnh wkdw/ wkhlu sd|r�v zrxog kdyh wr eh pxowlsolhg zlwk +4 . �,1 Wkh txdolwdwlyh
uhvxowv ri wkh prgho zrxog uhpdlq xqfkdqjhg1
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pdujlqdo frqglwlrq=59

jCA �
�s ' �j�7 �es � � �e n EjCA � j7�8 �e� +4:,

Lw fdq eh vhhq gluhfwo| wkdw � : f uhvxowv iurp wklv pdujlqdo frqglwlrq li

vlpxowdqhrxvo| wkh srolwlfdo zhljkw ri wkh jurxs ri ehqh�fldulhv lv }hur dqg

wkh idu0uljkw LF whup lv qhjdwlyh ru }hur1 Wklv grxeoh uhtxluhphqw lq lwvhoi lv

vxusulvlqj1 Lqwxlwlyho|/ rqh zrxog kdyh dvvxphg wkdw lw lv vx!flhqw iru hdu0

pdunlqj li wkh ehqh�fldulhv kdyh }hur zhljkw/ ehfdxvh qr srolf| pdnhu zrxog

surgxfh d exgjhw vxusoxv li wklv vxusoxv kdv qr h�hfw rq wkh yrwhv1 Krzhyhu/

uhfdoo wkdw wkh duwl�fldo exgjhw frqvwudlqw lq rxu dv|pphwulf0lqirupdwlrq

vhwwlqj lv lpsrvhg iru hyhu| vlqjoh uhdol}dwlrq ri wkh sxeolf0jrrg sdudphwhu

zkhqfh - � � lv prvw olnho| wr eh elqglqj iru wkh zruvw uhdol}dwlrq ri wkh

sdudphwhu1 Wkhuhiruh/ wr dwwdlq hdupdunlqj iru idyrudeoh uhdol}dwlrqv ri wkh

sdudphwhu/ wkh vshqghu pxvw eh glvfrxudjhg/ vr wkdw kh h{huwv ohvv h�ruw/

zklfk lqfuhdvhv frvwv dqg ohdgv wr hdupdunlqj1 Wklv phfkdqlvp zrunv li

wkh LF whup lv qhjdwlyh ru }hur/ wkdw lv/ li wkh srolwlfdo zhljkw jlyhq wr wkh

jhqhudo0wd{ sd|huv h{fhhgv wkh zhljkw jlyhq wr wkh vxssruwhuv ri wkh vshqghu

+jCA � j7,/ vlqfh �e lv qhjdwlyh15: Dv fdq eh vhhq lq wkh Kdplowrqldq/ wkh

jhqhudo0wd{ sd|huv zdqw wr nhhs wkh vshqghu*v xwlolw| orz/ zkhuhdv wkh vxs0

sruwhuv ri wkh vshqghu zdqw wr nhhs lw kljk1 Li wkh jhqhudo0wd{ sd|huv kdyh

wkh kljkhu srolwlfdo zhljkw/ pd{lpl}dwlrq ri srolwlfdo vxssruw uhtxluhv dv orz

d vshqghu*v xwlolw| dv srvvleoh/ zklfk lqgxfhv orzhu h�ruw1 Wklv h�hfw lv uh0

lqirufhg e| wkh jhqhudo0wd{ sd|huv* lqwhuhvw lq orz vshqghu*v glvxwlolw| iurp

h�ruw/ vhh rqfh djdlq wkh Kdplowrqldq1 Orzhu h�ruw/ lq wxuq/ lqgxfhv kljkhu

frvwv/ zklfk duh lqfuhdvhg xqwlo wkh| uhdfk wkh eduulhu - dqg hdupdunlqj

uhvxowv1

59Rqfh djdlq/ zh qhhg vrph frqwuro wkhru| wr ghulyh wklv frqglwlrq1 Zh kdyh �KS

X
@

b�+�, / b�+�, @ +�JW � �V, i+�,= Frpelqlqj wklv htxdwlrq zlwk wkh wudqvyhuvdolw|
frqglwlrq �+�, @ 3/ zh jhw �+�, @ +�JW � �V, I +�, iru doo � A �=

5:Qrwh wkh irupdo frqqhfwlrq wr wkh LF frqglwlrq= �+�, @ +�JW ��V,I +�, iru doo � A �=
Frpsduh irrwqrwh 591

59



Reylrxvo|/ wkh deryh uhvxow ghshqgv rq wkh sodqqhu*v odfn ri lqirupdwlrq

dqg rq wkh vhsdudwlrq ri wkh wd{hu dqg wkh vshqghu sureohpv1 Wklv vkrzv

fohduo| li zh frpsduh rxu dssurdfk zlwk d srolwlfdo ixoo0lqirupdwlrq ehqfk0

pdun prgho ri wkh wudglwlrqdo sxeolf0�qdqfh w|sh/ zkhuh zh kdyh wkh iroorz0

lqj Odjudqjhdq ixqfwlrq=

O� ' jT U
k
7ECc %ERcC��� R%ERcC�

l
n Ej�7 n � �

k
ER� Rf� %ERcC�� �EC�

l
nN�+4;,

Wkh wd{0uhodwhg pdujlqdo frqglwlrq lv=

R� Rf

R
' � j�7 � jT U n �

j�7 n �
� �
#
� +4<,

Hdupdunlqj rffxuv pruh hdvlo| lq wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk1

Lw lv vx!flhqw wkdw wkh ehqh�fldulhv ri wkh exgjhw vxusoxv kdyh qr srolwlfdo

zhljkw +j�7 ' f,1 Wklv lv mxvw wkh lqwxlwlyh uhvxow zklfk zh glg qrw rewdlq lq

wkh dv|pphwulf0lqirupdwlrq vhwwlqj1 Wkh wudglwlrqdo srolwlfdo sodqqhu uhdoo|

grhv qrw surgxfh dq| exgjhw vxusoxv li wklv grhv qrw ohdg wr dq| ixuwkhu

yrwhv1 Qrz zh uhfrjql}h zkhuh rxu lqwxlwlrq fdph iurp= zh zhuh vwxfn lq d

wudglwlrqdo sxeolf0�qdqfh eldv$

Dowhuqdwlyho|/ hdupdunlqj uhvxowv li wkh yhvwhg lqwhuhvwv grplqdwh wkh ehqh0

�fldulhv lq wkhlu srolwlfdo vxssruw ri wkh sodqqhu +jT U : j�7,1 Wklv uhvxow lv

txlwh sodxvleoh ehfdxvh wkh yhvwhg0lqwhuhvw yrwhuv duh rqo| lqwhuhvwhg lq wkh

txdqwlwlhv ri wkh sxeolf dqg wkh sulydwh jrrg dqg gr qrw fduh iru wkh frvwv ri

wkh sxeolf0jrrg surgxfwlrq1 Wkh ehqh�fldulhv ri wkh exgjhw vxusoxv/ rq wkh

rwkhu kdqg/ zdqw orz frvwv1 Dffruglqjo|/ d kljk srolwlfdo zhljkw ri yhvwhg

lqwhuhvwv ohdgv wr frvwv zklfk duh htxdo wr wkh h{flvh wd{ uhyhqxhv1

Frqvlghulqj wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk/ zh fohduo| vhh zkdw fdq

eh ohduqhg iurp wkh sulqflsdo0djhqw dssurdfk ri wkh suhvhqw sdshu= wkh

jhqhudo0wd{ sd|huv ehfrph d gulylqj irufh lq idyru ri hdupdunlqj dqg wkh

yhklfoh wr h{huw wkhlu lq xhqfh lv wkh vshqghu*v lqfhqwlyh0frpsdwlelolw| frqgl0

wlrq1 Vlqfh wkh vshqghu*v lqfrph lv sdlg iurp jhqhudo wd{dwlrq/ wkh jhqhudo0

wd{ sd|huv lq xhqfh wkh vshqghu*v lqfhqwlyh sd| zklfk lv vkdshg dffruglqj wr
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klv lqfhqwlyh0frpsdwlelolw| frqglwlrq1 Xqiruwxqdwho|/ wkh| xvh wkhlu lq xhqfh

vr dv wr glvfrxudjh wkh vshqghu*v h�ruw1

H{whqvlrqv

Wkhuh duh wzr h{whqvlrqv zklfk zh zrxog olnh wr wuhdw lq wkh iudphzrun ri

wkh sulqflsdo0djhqw dssurdfk=5;

+l, Iru d prvw jhqhudo irupxodwlrq ri d srolwlfdo remhfwlyh ixqfwlrq zh dvvxphg

wkdw wkh ehqh�fldulhv dqg wkh jhqhudo0wd{ sd|huv duh wzr vhsdudwh jurxsv1

Dv dq h{dfw frxqwhusduw wr wkh zhoiduh dvvxpswlrq wkdw wkh vxusoxv doorzv

uhgxfwlrq lq jhqhudo wd{dwlrq/ ohw xv qrz dvvxph wkdw dq| exgjhw vxusoxv lv

jlyhq wr wkh jhqhudo0wd{ sd|huv1 Wkhq zh rewdlq dq h�ruw0uhodwhg pdujlqdo

frqglwlrq zklfk lv vlplodu wr +4:,/ exw zlwk j�7 ' jCA 1 Qrz lw lv lpsrvvleoh

wr frpelqh d }hur srolwlfdo zhljkw ri wkh ehqh�fldulhv dqg d srvlwlyh zhljkw

ri wkh jhqhudo0wd{ sd|huv1 Hdupdunlqj lv ohvv olnho| wr rffxu ehfdxvh wkh

jhqhudo0wd{ sd|huv qrz kdyh wr wudgh0r� wkh ehqh�wv iurp d exgjhw vxusoxv

ri wkh h{flvh wd{ dqg wkh frvwv ri sd|lqj wkh lqfhqwlyh lqfrph wr wkh vshqghu=

wkh �uvw zrunv djdlqvw hdupdunlqj/ wkh vhfrqg idyruv lw1

+ll, Krz gr wkh srolwlfdo uhvxowv fkdqjh li wkh vshqghu jhwv gluhfw vdwlvidfwlrq

iurp klv h{shqglwxuhv dqg qrw iurp wkh sxeolf0jrrg txdqwlw|B Klv xwlolw|

ixqfwlrq ehfrphv L ' U � � n h��1 Wklv ohdgv wr vljql�fdqw fkdqjhv lq wkh

h�ruw0uhodwhg pdujlqdo frqglwlrq1 Hdupdunlqj lv ohvv olnho| wr rffxu zlwk dq

h{shqglwxuh0rulhqwhg vshqghu1 Wkh olvw ri frqglwlrqv zklfk vlpxowdqhrxvo|

pxvw krog wr dwwdlq hdupdunlqj pxvw eh h{whqghg e| wkh frqglwlrq wkdw wkh

vshqghu pxvw qrw eh lqwhuhvwhg lq klv h{shqglwxuhv + h� ' f,1 Sxuh Qlvndqhq

vshqghuv zloo suhyhqw wkh sodqqhu iurp fkrrvlqj hdupdunlqj dv dq rswlpdo

yrwh0pd{lpl}lqj srolf|1

5;Wkh frpsdulvrq zlwk d ehqfkpdun prgho ri d prqrolwklf0sodqqhu dssurdfk lv vwudljkw0
iruzdug dqg/ wkhuhiruh/ ohiw wr wkh uhdghu1
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8 Vxppdu| dqg frqfoxvlrq

Wklv sdshu ghdow zlwk hdupdunhg wd{dwlrq lq d iudphzrun/ zkhuh wkh sduold0

phqw prqlwruv d wd{lqj dxwkrulw| dqg d vshqglqj dxwkrulw|/ exw idfhv klgghq

dfwlrq dqg klgghq lqirupdwlrq ri wkhvh wzr dxwkrulwlhv1 Wklv dssurdfk zdv

frpsduhg zlwk wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk ri d prqrolwklf ixoo|

lqiruphg sodqqhu1 Ohw xv vxppdul}h wkh pdlq �qglqjv=

+l, Dq h{dplqdwlrq ri lqvwlwxwlrqdo duudqjhphqwv dqg ri wkh whupv ri srolf|

ghedwh vxjjhvwv wkdw wkh h{suhvvlrq chdupdunlqj* lv frqyhqwlrqdoo| xqghu0

vwrrg dv uhihuulqj wr d vlwxdwlrq zkhuh wkh uhyhqxhv ri d vshfldo wd{ duh htxdo

wr wkh h{shqglwxuhv iru d sduwlfxodu sxeolf jrrg ru idoo ehorz wkhvh h{shqgl0

wxuhv1

+ll, Wkh sodqqhu*v odfn ri lqirupdwlrq dqg wkh h{solflw frqvlghudwlrq ri wkh lq0

whuqdo rujdql}dwlrq ri wkh jryhuqphqw fuhdwh d whqghqf| djdlqvw hdupdunlqj1

Wkh vshfldo0wd{ uhyhqxhv pxvw eh sodqqhg lq vxfk d zd| wkdw wkh| duh frvw

fryhulqj hyhq lq wkh zruvw vwdwh ri wkh zruog1 Zkhq wkh sxeolf h{shqglwxuh lv

sodqqhg/ wkh vshfldo0wd{ uhyhqxhv duh douhdg| jlyhq zklfk pdnhv lw lpsrvvl0

eoh wr uhgxfh wkh wd{ uhyhqxhv ehfdxvh d idyrudeoh vwdwh ri wkh zruog lqgxfhv

orz frvwv1 D zhoiduh0pd{lpl}lqj sodqqhu zloo w|slfdoo| uhdol}h dq lqyroxq0

wdu| exgjhw vxusoxv zkhuh wkh vshfldo0wd{ uhyhqxhv h{fhhg wkh frvwv/ zkhqfh

wkh wd{ fdqqrw eh frqvlghuhg dv hdupdunhg1 Lq frqwudvw/ d ixoo0lqirupdwlrq

prqrolwklf sodqqhu ri wkh wudglwlrqdo sxeolf0�qdqfh w|sh zloo pruh uhdglo|

hpsor| hdupdunlqj= kh rqo| zloo frpsduh wkh lqwhusod| ehwzhhq wkh vkdgrz

frvwv ri wkh vshfldo wd{ dqg ri jhqhudo wd{dwlrq= hdupdunlqj zloo uhvxow li wkh

h{flvh wd{ lv idluo| glvwruwlrqdu| frpsduhg zlwk jhqhudo wd{dwlrq1

+lll, Li wkh sduoldphqw pd{lpl}hv h{shfwhg yrwhv/ hdupdunlqj dovr lv pruh

olnho| wr rffxu lq wkh wudglwlrqdo sxeolf0�qdqfh dssurdfk= lw lv vx!flhqw

wkdw wkh ehqh�fldulhv ri dq hdupdunhg0wd{ exgjhw vxusoxv kdyh }hur srolwlfdo

zhljkw1 Wklv lv lqwxlwlyh ehfdxvh lw vd|v wkdw qr srolf| pdnhu zloo surgxfh

d exgjhw vxusoxv li wklv vxusoxv kdv qr h�hfw rq yrwhv1 Krzhyhu/ wklv wud0
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glwlrqdo lqwxlwlrq grhv qrw krog li wkh sodqqhu*v odfn ri lqirupdwlrq dqg wkh

vhsdudwlrq ri jryhuqphqw srzhuv lv lqfoxghg lq wkh prgho1 Rqfh djdlq/ wkh

vshfldo0wd{ uhyhqxhv pxvw eh frvw fryhulqj hyhq lq wkh zruvw vwdwh ri wkh

zruog/ dqg fdqqrw eh dgmxvwhg li orz frvwv uhvxow iurp pruh idyrudeoh vwdwhv

ri wkh zruog1 Wkhuhiruh/ li wkh ehqh�fldulhv kdyh }hur srolwlfdo zhljkw/ wklv lv

vwloo qrw vx!flhqw iru hdupdunlqj1 Hdupdunlqj zloo rqo| uhvxow li lq dgglwlrq

wkh jhqhudo0wd{ sd|huv gulyh wkh sodqqhu wr glvfrxudjh wkh vshqghu*v h�ruw

lq vxfk d zd| wkdw wkh frvwv duh lqfuhdvhg vr wkdw wkh| duh htxdo wr wkh wd{

uhyhqxhv uhjdugohvv ri wkh vwdwh ri wkh zruog1

Ohw xv �qdoo| dgguhvv wkh jhqhudo lpsolfdwlrqv ri wklv sdshu1 Dv phqwlrqhg

lq wkh yhu| �uvw sdudjudsk ri wkh sdshu/ lw kdv uhfhqwo| ehhq fodlphg wkdw

hdupdunlqj zrxog lpso| wkdw wkh srsxodwlrq zrxog ehwwhu xqghuvwdqg wkh

udwlrqdoh ri wd{dwlrq/ wkdw sxeolf h{shqglwxuhv zrxog eh fkrvhq lq forvhu df0

frugdqfh zlwk wkh lqglylgxdo flwl}hq*v suhihuhqfhv/ dqg wkdw hdupdunlqj zrxog

lpso| suhvvxuh rq wkh jryhuqphqw wr rshudwh pruh h!flhqwo|1 Duh wkhvh du0

jxphqwv fruuhfwB Gr wkh| uhdoo| glvwlqjxlvk hdupdunhg wd{dwlrq iurp jhqhudo

wd{dwlrqB L dp qrw frqylqfhg wkdw wklv lv wuxh1 Ohw xv/ wkhuhiruh/ hydoxdwh

wkhvh dujxphqwv lq wxuq1 Iluvw/ grhv hdupdunlqj uhdoo| ohdg wr d ehwwhu xq0

ghuvwdqglqj ri wkh udwlrqdoh ri wd{dwlrqB Dv orqj dv zh ghdo zlwk udwlrqdo

wd{sd|huv/ wklv fdqqrw vhuyh dv d vshfldo dujxphqw iru hdupdunlqj1 D udwlrqdo

wd{sd|hu zrxog dovr dqwlflsdwh wkh frqqhfwlrq ehwzhhq wkh jhqhudo wd{hv kh

sd|v dqg wkh ydulrxv sxeolf h{shqglwxuhv iru zklfk wkh| duh xvhg1 Vhfrqg/

grhv hdupdunlqj uhdoo| lpso| wkdw sxeolf h{shqglwxuhv duh fkrvhq lq forvhu

dffrugdqfh zlwk lqglylgxdo suhihuhqfhvB Wklv lv qrw fruuhfw1 Vlqfh prqh| lv

vshqw diwhu lw kdv ehhq udlvhg/ wkhuh lv rqo| d frqqhfwlrq ehwzhhq wkh h{shfwhg

ydoxh ri wkh sxeolf jrrg dqg wkh wd{ sdlg1 Pruhryhu/ hdupdunlqj lv qrw d

xvhu0ihh sulqflsoh/ wkh hdupdunhg wd{ lqfuhdvhv wkh sulfh ri d sulydwh jrrg/ lw

lv qrw d sulfh ri wkh sxeolf jrrg1 Wkh lqglylgxdo frqvxphu fdqqrw ex| wkh

txdqwlw| ri wkh sxeolf jrrg kh zdqwv wr1 Wkh Qlvndqhq lqwhuhvwv ri wkh lq0

yroyhg plqlvwulhv/ ixuwkhupruh/ ohdg wr d ghyldwlrq iurp lqglylgxdo frqvxphu
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suhihuhqfhv1 Wklug/ lv wkhuh uhdoo| d suhvvxuh rq wkh jryhuqphqw wr rshudwh

pruh h!flhqwo|B Lw kdv ehfrph yhu| fohdu wkurxjk wkh dqdo|vlv ri wkh suhvhqw

sdshu wkdw wklv lv qrw wkh fdvh gxh wr wkh dv|pphwulf0lqirupdwlrq sureohp

dqg wkh frqvlghudwlrq ri wkh lqwhuqdo rujdql}dwlrq ri wkh jryhuqphqw1 Khqfh/

wkh sduwlfxodu dgydqwdjhv zklfk kdyh riwhq ehhq fodlphg iru hdupdunhg wd{0

dwlrq fdqqrw eh vkrzq wr krog lq d sodqqhu0wd{hu0vshqghu prgho zlwk dv|p0

phwulf lqirupdwlrq1

Dfnqrzohgjhphqwv

L zrxog olnh wr dfnqrzohgjh ydoxdeoh frpphqwv e| Wlp Ehvoh|/ Wkrpdv

Jdxeh/ Pduwlq Nropdu/ Nlpehuoh| Vfkdui/ Fkulvwldq Vfkhhu/ dqg ydulrxv

rwkhu sduwlflsdqwv lq wkh LVSH frqihuhqfh rq wkh srolwlfdo hfrqrp| ri wd{

vwuxfwxuh dqg wkh uhodwlrqvkls ri wd{hv wr ehqh�wv/ R{irug/ Ghfhpehu 4<<:1

Pruhryhu/ L zrxog olnh wr wkdqn wzr dqrq|prxv uhihuhhv ri wklv mrxuqdo1

Uhihuhqfhv

Dkpdg/ H1/ Vwhuq/ Q1/ 4<;71 Wkh wkhru| ri uhirup dqg Lqgldq lqgluhfw wd{hv1 Mrxuqdo ri

Sxeolf Hfrqrplfv 58/ 58<05<;1

Dupvwurqj/ P1/ 4<<91 Pxowlsurgxfw qrqolqhdu sulflqj1 Hfrqrphwulfd 97/ 840:81

Dupvwurqj/ P1/ Urfkhw/ M10F1/ 4<<;1 Pxowl0glphqvlrqdo vfuhhqlqj= d xvhu*v jxlgh1 Sdshu

suhvhqwhg dw wkh Hxurshdq Hfrqrplf Dvvrfldwlrq Frqjuhvv/ Ehuolq1

Dwkdqdvvdnrv/ D1/ 4<<31 Jhqhudo ixqg �qdqflqj yhuvxv hdupdunhg wd{hv= dq dowhuqdwlyh

prgho ri exgjhwdu| fkrlfh lq d ghprfudf|1 Sxeolf Fkrlfh 99/ 59405:;1

Dwnlqvrq/ D1 E1/ Vwhuq/ Q1/ 4<:71 Sljrx/ wd{dwlrq dqg sxeolf jrrgv1 Uhylhz ri Hfrqrplf

Vwxglhv 74/ 44<045;1

Eùv/ G1/ 4<<71 Sulflqj dqg sulfh uhjxodwlrq1 Dgydqfhg wh{werrnv lq hfrqrplfv/ yro1 671

Hovhylhu2Qruwk0Kroodqg/ Dpvwhugdp1

Euhqqdq/ J1/ Exfkdqdq/ M1P1/ 4<;31 Wkh srzhu wr wd{1 Dqdo|wlfdo irxqgdwlrqv ri d �vfdo

frqvwlwxwlrq1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN/ fkdswhu :1
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Eurzqlqj/ H1N1/ 4<:81 Froohfwlyh fkrlfh dqg jhqhudo ixqg �qdqflqj1 Mrxuqdo ri Srolwlfdo

Hfrqrp| ;6/ 6::06<31

Exfkdqdq/ M1P1/ 4<961 Wkh hfrqrplfv ri hdupdunhg wd{dwlrq1 Mrxuqdo ri Srolwlfdo Hfrq0

rp| :4/ 78:079<1

Frxjkolq/ S1 M1/ Pxhoohu/ G1 F1/ Pxuuhoo/ S1/ 4<<31 D prgho ri hohfwrudo frpshwlwlrq zlwk

lqwhuhvw jurxsv1 Hfrqrplfv Ohwwhuv 65/ 63:06441

Gl{lw/ D1/ Jurvvpdq/ J1 P1/ Khospdq/ H1/ 4<<:1 Frpprq djhqf| dqg frruglqdwlrq=

jhqhudo wkhru| dqg dssolfdwlrq wr jryhuqphqw srolf| pdnlqj1 Mrxuqdo ri Srolwlfdo Hfrqrp|

438/ :850:9<1

G|h/ U1I1/ PfJxluh/ W1M1/ 4<<51 Wkh h�hfw ri hdupdunhg uhyhqxhv rq wkh ohyho dqg frp0

srvlwlrq ri h{shqglwxuhv1 Sxeolf Ilqdqfh Txduwhuo| 53/ 87608891

Jrhw}/ F10M1/ 4<9;/ Hdupdunhg wd{hv dqg pdmrulw| uxoh exgjhwdu| surfhvvhv1 Dphulfdq

Hfrqrplf Uhylhz 8;/ 45;04691

Jrugrq/ U1 K1/ Zlovrq/ M1 G1/ 4<<:1 Wd{ vwuxfwxuh dqg jryhuqphqw ehkdylru= d sulqflsdo0

djhqw prgho ri jryhuqphqw1 Sdshu suhvhqwhg dw wkh LVSH frqihuhqfh rq wkh srolwlfdo

hfrqrp| ri wd{ vwuxfwxuh dqg wkh uhodwlrqvkls ri wd{hv wr ehqh�wv/ R{irug/ Ghfhpehu

4<<:1

Nduo0Euçxhu0Lqvwlwxw/ 4<<31 Vrqghudejdehq i u ghq Xpzhowvfkxw}B Nduo0Euçxhu0Lqvwlwxw/

Zlhvedghq1

Nlphq|l/ P1V1/ Ohh/ G1U1/ Wroolvrq/ U1G1/ 4<<41 Wd{ hdupdunlqj dqg wkh rswlpdo oree|lqj

vwudwhj|1 Lq= Zdjqhu/ U1H1 +Hg1,/ Fkdujlqj iru jryhuqphqw1 Urxwohgjh/ Orqgrq/ ss1

47404841

Od�rqw/ M10M1/ Wluroh/ M1/ 4<<61 D wkhru| ri lqfhqwlyhv lq surfxuhphqw dqg uhjxodwlrq1 PLW

Suhvv/ Fdpeulgjh/ Pdvv1

Od�rqw/ M10M1/ Pduwlpruw/ G1/ 4<<;1 Wudqvdfwlrq frvwv/ lqvwlwxwlrqdo ghvljq dqg wkh vhsd0

udwlrq ri srzhuv1 Hxurshdq Hfrqrplf Uhylhz 75/ 9:609;71

Ohh/ G1U1/ Wroolvrq/ U1G1/ 4<<41 Uhqw vhhnlqj dqg wd{ hdupdunlqj1 Lq= Zdjqhu/ U1H1

+Hg1,/ Fkdujlqj iru jryhuqphqw1 Urxwohgjh/ Orqgrq/ ss1 45804731

Pd|vkdu/ M1/ 4<<31 Rq phdvxuhv ri h{fhvv exughq dqg wkhlu dssolfdwlrq1 Mrxuqdo ri Sxeolf

Hfrqrplfv 76/ 59605;<1
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Pxhoohu/ G1F1/ 4<;<1 Sxeolf fkrlfh LL1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN1

Qlvndqhq/ Z1D1/ Mu1/ 4<:41 Exuhdxfudf| dqg Uhsuhvhqwdwlyh Jryhuqphqw1 Doglqh/ Fklfdjr1

Rdnodqg/ Z1K1/ 4<;81 Hdupdunlqj dqg ghfhqwudol}dwlrq1 Lq= Qdwlrqdo Wd{ Dvvrfldwlrq0

Wd{ Lqvwlwxwh ri Dphulfd +Hg1,/ Surfhhglqjv ri wkh vhyhqw|0vhyhqwk dqqxdo frqihuhqfh 4<;7/

ss1 5:705::1

Shuvvrq/ W1/ Urodqg/ J1/ Wdehoolql/ J1/ 4<<:1 Frpsdudwlyh srolwlfv dqg sxeolf �qdqfh1

Glvfxvvlrq sdshu Qr1 4:6:1 FHSU/ Orqgrq1

Urfkhw/ M10F1/ Fkrqì/ S1/ 4<<;1 Lurqlqj/ vzhhslqj/ dqg pxowlglphqvlrqdo vfuhhqlqj1 Hfrqr0

phwulfd 99/ :;60;591

Wluroh/ M1/ 4<<71 Wkh lqwhuqdo rujdql}dwlrq ri jryhuqphqw1 R{irug Hfrqrplf Sdshuv 79/

405<1

Zdjqhu/ U1H1 +Hg1,/ 4<<41 Fkdujlqj iru jryhuqphqw1 Urxwohgjh/ Orqgrq1

Zlonlqvrq/ P1/ 4<<71 Sd|lqj iru sxeolf vshqglqj= lv wkhuh d uroh iru hdupdunhg wd{hvB

Ilvfdo Vwxglhv 48/ 44<04681

Z|ulfn/ W1O1/ Duqrog/ U1D1/ 4<;<1 Hdupdunlqj dv d ghwhuuhqw wr uhqw0vhhnlqj1 Sxeolf

Fkrlfh 93/ 5;605<41
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