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Glvfuhwlrq lq wd{ hqirufhphqw

Oxljl Doehuwr Iudq}rql�|

Ghsduwphqw ri Hfrqrplfv/

Xqlyhuvlw| ri Erorjqd

Suholplqdu| yhuvlrq/
Ulxqlrqh VLHS/ 9 rwwreuh 5334/ Sdyld

Devwudfw

Wklv sdshu frqwudvwv wkh vwdqgdug fulwlflvp wr glvfuhwlrq lq +wd{, hqirufhphqw

e| frqvlghulqj wkh fdvh zkhuh wkh djhqf| kdv dffhvv wr xqyhul�deoh lqirupdwlrq

frqfhuqlqj wkh phulw ri lqglylgxdo fdvhv1 E| �xqyhul�deoh lqirupdwlrq� zh phdq

doo nlqgv ri hylghqfh dydlodeoh wr wkh djhqf| wkdw fdqqrw eh xvhg wr suryh wd{0

sd|huv* srvlwlrq lq frxuw +qrq0mxglfldo hylghqfh,1 Qhhgohvv wr vd|/ wkh erughuolqh

ehwzhhq mxglfldoo| uhohydqw dqg mxglfldoo| luuhohydqw hylghqfh lv d riwhq d eoxuuhg

rqh1 Krzhyhu/ iru dqdo|wlfdo sxusrvhv zh dvvxph wkdw wklv olqh lv fohduo| pdunhg=

wkh iruphu nlqg ri hylghqfh lpsdfwv dgmxglfdwlrq/ wkh odwwhu gh�qhv r!fhuv* �sur0

ihvvlrqdo mxgjhphqw1�

Lq wkh prgho/ wd{sd|huv* uhsruw wkhlu oldelolw|/ zklfk fdq hlwkhu eh �kljk�

ru �orz�1 Wkh wd{ djhqf| slfnv rxw wd{sd|huv iru h{dplqdwlrq +srvvleo| rq wkh

edvlv ri d vljqdo,1 Sulru wr dgmxglfdwlrq/ wkh wzr sduwlhv hqjdjh lq d vhwwohphqw

qhjrwldwlrq1 Wkh edujdlqlqj srzhu +l1h1 wkh idfxow| wr pdnh d wdnh0lw0ru0ohdyh0lw

r�hu, lv udqgrpo| doorfdwhg wr rqh ri wkh sduwlhv1 Wkh djhqf|*v vwdqfh lv jxlghg

e| d +vhfrqg, vljqdo surylglqj xqyhul�deoh lqirupdwlrq1 Li wkh fdvh lv qrw vhw0

wohg/ wkh fdvh lv ghihuuhg wr d shuihfw wd{ frxuw1 Zh ixoo| vroyh wkh jdph dqg

vkrz krz wkh xqyhul�deoh vljqdo uhgxfhv wkh suredelolw| ri +zdvwhixo, dgmxglfd0

wlrq lq frqmxqfwlrq zlwk wkh doorfdwlrq ri wkh edujdlqlqj srzhu1 Zh suryh wkdw

glvfuhwlrqdu| vhwwohphqwv doorz wkh djhqf| wr qhw wkh juhdwhvw ehqh�w iurp wkh

vljqdo1

W Fruuhvsrqghqfh wr= Ghsduwphqw ri Hfrqrplfv/ Sld}}d Vfdudylool 5/ 73459 Erorjqd/ Lwdo|1 H0

pdlo= iudq}rqlChfrqrpld1xqler1lw1
_L dp judwhixow wr wkh sduwlflsdwv wr wkh LLSI Frqihuhqfh lq Olq} iru khosixo frpphqwv1 Frpphqwv

zhofrph1
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Wklv prgho vkrzv wkdw r!fhuv* �surihvvlrqdo mxgjhphqw� vhuyhv d ixqgdphq0

wdo uroh lq wd{ hqirufhphqw/ dqg wkdw �glvfuhwlrq� hqwdlov klwkhuwr xqh{soruhg

dgydqwdjhv1

MHO Qrv= N59/ K75 1

Nh|zrugv= glvfuhwlrq/ vhwwohphqw/ wd{ hqirufhphqw1

4 Lqwurgxfwlrq

Uhjxodwru| glvfuhwlrq kdv pdq| idfhwv1 Wklv sdshu irfxvhv rq rqh ri wkh prvw lp0

sruwdqw rqhv/ dqg qdpho| wkh idfxow| ri djhqflhv wr xvh wkhlu �mxgjhphqw� wr pdnh

ghflvlrqv1 Zh frqfhqwudwh rq wkh wd{ djhqf| +WD, dqg lwv delolw| wr xvh xqyhul�deoh

lqirupdwlrq wr vhwwoh lqglylgxdo fdvhv1 Wkh whup �xqyhul�deoh lqirupdwlrq� vkrxog

eh eurdgo| xqghuvwrrg wr hqfrpsdvv dq| nlqg ri lglrv|qfudwlf lqirupdwlrq d�hfwlqj

lqvshfwruv* surihvvlrqdo mxgjhphqw/ exw qrw dgplwwhg lq frxuw1 Qhhgohvv wr vd|/ wkh

erughuolqh ehwzhhq ohjdoo| dgplvvleoh dqg lqdgplvvleoh hylghqfh lv d riwhq d eoxuuhg

rqh1 \hw/ wklv glvwlqfwlrq vhuyhv d pdmru uroh lq wkh ohjdo v|vwhp dqg lv wkh vxemhfw ri

ohqjwk| uhjxodwlrqv14 Lq idfw/ wkhuh lv pxfk pruh wr surihvvlrqdo mxgjhphqw wkdq wkh

dffhvv wr lqdgplvvleoh hylghqfh1 LUV r!fhuv* hydoxdwlrq ri fdvhv lv shjjhg wr wkhlu

fdsdflw| wr glvfhuq wkh vwurqj iurp wkh zhdn fdvh/ rq wkh edvlv ri d frpsuhkhqvlyh

dvvhvvphqw ri wd{sd|huv* srvlwlrq dqg wkh olnho| fkdqfhv ri idyrudeoh dgmxglfdwlrq1

Zh gh�qh dv �xqyhul�deoh lqirupdwlrq� doo hylghqfh dydlodeoh wr wkh h{shuw lqvshfwru

rq wrs ri ohjdo +grfxphqwdu|, hylghqfh/ dqg exloglqj klv2khu eholhi derxw wkh phulwv

ri wkh fdvh1

Wklv sdshu lqyhvwljdwhv wkh lpsdfw ri surihvvlrqdo mxgjhphqw rq wkh shuirupdqfh

ri wkh hqirufhphqw v|vwhp1 Zh frqfhqwudwh rq wkh fdvh zkhuh lqvshfwruv* dvvhvvphqw

lv wkh uhvxow ri wkh vfuxwlq| ri lqglylgxdo �ohv/ diwhu fdvhv d vhohfwhg iru h{dplqdwlrq

dqg sulru wr vhwwohphqw1 Lqvshfwruv* surihvvlrqdo mxgjhphqw zloo wkxv glfwdwh wkh

djhqf| vwdqfh lq wkh vhwwohphqw surfhvv/ dqg wkhlu delolw| wr glvsrvh ri fdvhv lq d

frvw0h�hfwlyh zd|1

4Wkh LUV kdqgerrn/ iru lqvwdqfh/ fohduo| vwdwhv zklfk dxglw phwkrgv duh shuplwwhg1 Wkh Ihghudo

Uxohv ri Hylghqfh flufxpvfuleh wkh nlqg ri hylghqfh dgplwwhg lq frxuw1
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Rxu dlp lv wzrirog= �uvw/ zh zdqw wr h{whqg wkh fxuuhqw olwhudwxuh dqg ghyhors

prgho ri wd{ hqirufhphqw lqfoxglqj wkh srvvlelolw| ri vhwwohphqw dqg surylglqj vfrsh

iru surihvvlrqdo mxgjhphqw> vhfrqg/ zh xvh wkh uhvxowv wr hydoxdwh zkhwkhu �glvfuhwlrq�

lv vrfldoo| ghvludeoh1

Wkh odwwhu sureohp kdv pdq| udpl�fdwlrqv1 Rqh edvlf lvvxh lv zkhwkhu hqirufhuv

vkrxog eh doorzhg wr hqjdjh lqwr vhwwohphqw qhjrwldwlrqv zlwk lqglfwhg lqglylgxdov1

Wklv lv d frpsoh{ sureohp/ wkdw kdv uhfhlyhg frqvlghudeoh dwwhqwlrq lq wkh olwhud0

wxuh15 Wkh olnho| uhgxfwlrq lq dgmxglfdwlrq frvwv uhvxowlqj iurp vhwwohphqwv kdv wr

eh frqwudvwhg zlwk wkh uhgxfwlrq lq wkh h�hfwlyh shqdow| iru qrqfrpsolhuv1 Khuh/

wkh doorfdwlrq ri wkh edujdlqlqj srzhu ehwzhhq wkh sduwlhv fdq pdnh d gl�huhqfh1

D srvvleoh frqfhuq lv wkdw vhwwohphqw qhjrwldwlrqv fduulhg rxw e| d �zhdn� djhqf|

pd| xowlpdwho| xqghuplqh wkh ghwhuuhqw h�hfw ri wkh hqirufhphqw surfhvv dqg irvwhu

qrqfrpsoldqfh +�shqdow| glvfrxqw h�hfw�,16

D uhodwhg frqfhuq uhodwhv wr wkh �orvv ri vwudwhjlf ohdghuvkls� dvvrfldwhg zlwk

glvfuhwlrqdu| glvsrvlwlrq ri fdvhv1 Lw lv nqrzq wkdw srolflhv edvhg rq d vwulfw gh�qlwlrq

ri wkh hqirufhphqw surfhgxuh +�uxohv�, rxwshuirup hqirufhphqw srolflhv glfwdwhg e|

wkh djhqf| +vkruw whup, uhyhqxh remhfwlyhv +�glvfuhwlrq�,71 Lq idfw/ uxohv fdq eh ehw0

whu xvhg wr jxlgh wd{sd|huv ehkdylru h{ dqwh/ zkhuhdv glvfuhwlrq lqhylwdeo| ohdgv wkh

djhqf| wr uhvsrqg h{ srvw wr wd{sd|huv* ghflvlrqv/ wkhuhe| |lhoglqj d orvv lq vwudwhjlf

ohdghuvkls +l1h1 wkh orvv ri wkh �uvw pryhu dgydqwdjh,1 Zkhq xqyhul�deoh lqirupdwlrq

ehfrphv dydlodeoh/ wkh vlwxdwlrq pd| uhyhuw1 Glvfuhwlrq doorzv wkh djhqf| wr ehqh0

5Vhh Gxdjkhw| +4<<;, iru dq h{fhoohqw vxuyh| ri wkh olwhudwxuh rq vhwwohphqwv dqg suhwuldo edu0

jdlqlqj1
6D vxewohu lvvxh lv zkhwkhu wkh vhwwohphqw surfhgxuh vkrxog doorz vlplodu fdvhv wr eh wuhdwhg lq

d gl�huhqw zd|1 Lq d fodvvlf sdshu/ Uhlqjdqxp +4<;<, vkrzv wkdw glvfuhwlrq pd| kdyh xqghvludeoh

frqvhtxhqfhv dv wkh survhfxwru*v r�hu pd| uhyhdo wkh vwuhqjwk ri wkh fdvh wr wkh ghihqgdqw1 Lq wklv

sdshu/ zh wdnh dq dowhuqdwlyh ylhz dqg frqvlghu wkh fdvh zkhuh wkh sulydwh lqirupdwlrq dydlodeoh

wr wkh hqirufhu/ wkrxjk gh�qlqj khu frqylfwlrqv derxw wkh phulwv ri wkh fdvh/ lv ri qr xvh wr wkh

lqglfwhg wr dqwlflsdwh wkh rxwfrph ri wkh wuldo1 Lq idfw/ zh dvvxph wkdw wd{sd|huv fdq dqwlflsdwh

zlwk fhuwdlqw| wkh ghflvlrq ri wkh wd{ frxuw zkhq wkh LUV fkdoohqjh wkhlu srvlwlrq1 Exw hyhq li wklv

ghflvlrq zhuh rshq wr huuruv/ wkh xqyhul�deoh lqirupdwlrq dydlodeoh wr wkh hqirufhu zrxog eh ri qr

xvh wr suhglfw wkh rxwfrph ri wkh wuldo1 E| dvvxpswlrq/ xqyhul�deoh lqirupdwlrq kdv qr lpsdfw rq

wkh mxglfldo ghflvlrq1
7Vhh wkh fodvvlf duwlfoh e| N|godqg dqg Suhvfrww +4<::,1
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�wv h{ srvw iurp r!fhuv* surihvvlrqdo mxgjhphqw1 Wkxv/ iurp d jhqhudo ylhzsrlqw/

wkh frvw ri glvfuhwlrq +orvv ri ohdghuvkls, kdv wr eh slwwhg djdlqvw lwv ehqh�wv +�qh

wxqhg2lglrv|qfudwlf dgplqlvwudwlrq,1

Lq wkh prgho/ wd{sd|huv uhsruw wkhlu oldelolw|/ zklfk fdq hlwkhu eh �kljk� ru �orz1�

Wkh wd{ djhqf| slfnv rxw wd{sd|huv iru h{dplqdwlrq1 Xqyhul�deoh lqirupdwlrq derxw

wkh phulwv ri wkh fdvh ehfrphv dydlodeoh dqg d vhwwohphqw qhjrwldwlrq wdnhv sodfh1 Wkh

edujdlqlqj srzhu +l1h1 wkh idfxow| ri pdnlqj d wdnh0lw0ru0ohdyh0lw r�hu, lv udqgrpo|

doorfdwhg wr rqh ri wkh sduwlhv1 Li wkh qr djuhphqw lv uhdfkhg/ wkh fdvh lv ghihuuhg wr

d shuihfw wd{ frxuw18

Zh ixoo| vroyh wkh jdph dqg vkrz krz wkh qhw uhyhqxh wr wkh WD lv d�hfwhg e| wkh

suhflvlrq ri wkh lqirupdwlrq dydlodeoh wr wkh WD dqg wkh doorfdwlrq ri wkh edujdlqlqj

srzhu ehwzhhq wkh sduwlhv1 Dw wkh htxloleulxp/ d iudfwlrq ri kljk oldelolw| wd{sd|huv

uhsruwlqj d orz oldelolw| duh vhohfwhg iru h{dplqdwlrq> ghshqglqj rq wkh doorfdwlrq ri

wkh edujdlqlqj srzhu/ wkh| hqg xs sd|lqj d kljkhu ru orzhu vhwwohphqw dprxqw1 Lq

vrph fdvhv/ qhjrwldwlrq idlov dqg wkh fdvh lv ghflghg lq frxuw1

Lw wxuqv rxu wkdw xqyhul�deoh lqirupdwlrq glvsod|v wkh juhdwhvw h!fdf| zkhq wkh

WD lv doorzhg wr hqjdjh lq d vhwwohphqw qhjrwldwlrq +hyhq li wkh| kdyh qr edujdlqlqj

srzhu,1 Dowkrxjk vhwwohphqwv uhgxfh qrqfrpsolhuv* h{shfwhg shqdow|/ wkh| h�hfwlyho|

lqfuhdvh wkh qhw h{shfwhg |lhog shu �oh wr wkh WD dqg pdnh wkhp pruh djjuhvvlyh1

Wkxv/ wkh ryhudoo lpsdfw ri wkh vhwwohphqw surfhgxuh lv srvlwlyh dqg wkh frqfhuq

derxw �shqdow| glvfrxqw� lv xqzduudqwhg1

Ilqdoo|/ zh frpsduh wkh shuirupdqfh ri wkh glvfuhwlrqdu| srolf| zlwk dq dxglw

srolf| zkhuh wkh WD surfhhg phfkdqlfdoo| dqg dxglw d �{hg iudfwlrq ri wd{sd|huv

+ixoo frpplwphqw,1 Zh vkrz wkdw wkh glvfuhwlrqdu| srolf| fdq rxwshuirup wkh ixoo

frpplwphqw srolf| zkhq wkh xqyhul�deoh lqirupdwlrq dydlodeoh wkh WD lv vx!flhqwo|

suhflvh dqg wkh edujdlqlqj srzhu lv doorfdwhg wkh WD1 Zh wkxv surylgh d mxvwl�fdwlrq

8�Wkh frxuwv duh wkh dsh{ ri wkh frqwuryhuv| uhvroxwlrq vwuxfwxuh zlwklq wkh LUV/ zklfk lv yhu|

pxfk jhduhg wr vhwwohphqw li dw doo srvvleoh1 Wkxv/ vhwwohphqw lv d sulpdu| ixqfwlrq ri wkh Dsshdov

R!fhv/ dqg Dsshdov vhwwohv forvh wr <3( ri wkh fdvhv lw frqvlghuv1� +XV Ghs1 Mxvw1 5333,1 Ryhu ;3(

ri fdvhv hqglqj lq Wd{ Frxuwv duh ghhphg wr vhwwoh zlwkrxw hyhu vhhlqj d mxgjh +Gdlo| 4<<<,1
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wr wkh glvfuhwlrqdu| sudfwlfhv fxuuhqwo| dgrswhg e| prvw WDv1

Wklv sdshu exlogv rq wkh frqwulexwlrqv ri pdq| dxwkruv1 Judhw}/ Uhlqjdqxp dqg

Zlogh +4<;9, fodvvlf duwlfoh surylghv wkh �uvw dqdo|vlv ri wkh WD dv d vwudwhjlf dfwru1

Wklv prgho h{whqgv wkhlu dqdo|vlv wr lqfoxgh wkh srvvlelolw| ri d qhjrwldwhg vhwwohphqw

dqg wkh xvh ri xqyhul�deoh lqirupdwlrq1 Vhwwohphqw prghov olnh rxuv duh frpprqo|

hpsor|hg lq wkh olwhudwxuh rq suh0wuldo edujdlqlqj +vhh Gdxjkhw| 4<<;,/ exw zlwk qr

dffrxqwlqj iru xqyhul�deoh lqirupdwlrq 1

Ixoo  hgjhg prghov ri wd{ hqirufhphqw zlwk vhwwohphqw fdq dovr eh irxqg lq

Fkx +4<<3, dqg Iudq}rql +5333,1 Wkh �uvw frqvlghuv wkh fdvh zkhuh wkh vhwwohphqw

dprxqw li �{hg lq dgydqfh/ wkh odwwhu dvvxphv wkdw wkh dxglw udwh lv �{hg lq dgydqfh1

Lq wkh suhvhqw prgho/ erwk wkh vhwwohphqw dprxqw dqg wkh h{dplqdwlrq udwh duh

hqgrjhqrxvo| ghwhuplqhg1 Lq Iudq}rql +5333,/ L suryh wkdw vhwwohphqwv pd| lpsuryh

wkh h{0dqwh sd|r� wr wkh WD zkhq wkh hqirufhphqw v|vwhp suhvhqwv �lqh!flhqflhv�

olnh dq h{fhvvlyh wd{ gl�huhqwldo dqg dq xquhixqghg ghihqfh frvw wr krqhvw wd{sd|huv1

Li wkhvh lqh!flhqflhv fdq eh gluhfwo| �{hg/ vhwwohphqwv orvh wkhlu ghvludelolw|1 Lq wkh

suhvhqw prgho/ vhwwohphqwv doorz wkh WD wr ehwwhu h{sorlw wkh xqyhul�deoh lqirupdwlrq

wkh| kdyh dffhvv wr/ wkhuhe| surylglqj d gh�qlwh uroh wr glvfuhwlrq lq hqirufhphqw1

Ilqdoo|/ Vfrwfkphu +4<<3, dqg Pdfkr Vwdgohu +5333, ghyhors prghov ri dxglwlqj

zlwk vljqdov/ zkhuh wkh WD fdq frpplw lwvhoi wr wkh rswlpdo dxglw srolf| dqg vljqdov

duh xvhg wr slfn rxw wd{sd|huv iru dxglwlqj1 Wkh �uvw dxwkru irfxvhv rq vljqdov edvhg

rq wd{sd|huv* revhuydeoh ihdwxuhv/ wkh odwwhu rq jhqhulf udqgrp vljqdov1 Wkh| suryh

wkdw vljqdov fdq juhdwo| lpsuryh wkh hqirufhphqw srolf| dqg wkh yhuwlfdo htxlw| ri wkh

wd{ v|vwhp1

Vhfwlrq 5 lqwurgxfhv wkh prgho/ zkloh Vhfwlrqv 514 dqg 515 vroyh wkh vhwwohphqw

jdph iru wkh fdvh zkhuh wkh wd{sd|hu dqg wkh WD/ uhvshfwlyho|/ kdyh wkh edujdlqlqj

srzhu1 Lq Vhfwlrq 6/ wkh prgho lv forvhg zlwk wkh dqdo|vlv ri wkh h{dplqdwlrq srolf|

ri wkh WD dqg wkh frpsoldqfh ghflvlrq ri wkh wd{sd|hu1 Vhfwlrq 7 dvvhvvhv wkh lpsdfw

ri glvfuhwlrq lq hqirufhphqw> Vhfwlrq 8 frqfoxghv1
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5 Wkh prgho

Lq wklv prgho/ wuxh oldelolw| ri wd{sd|huv lv wkhlu sulydwh lqirupdwlrq1 Wr vlpsoli|/

zh dvvxph wkdw wd{sd|huv* oldelolw| lv hlwkhu �kljk� ru �orz�1 Wkh h{0dqwh suredelo0

lw| wkdw hdfk wd{sd|hu*v oldelolw| lv kljk lv ghqrwhg e| t1 Wd{sd|huv pd| uhsruw d

�kljk� oldelolw| ru d �orz� oldelolw|> srvvleo| xqghuvwdwlqj wd{deoh lqfrph/ ryhuvwdw0

lqj h{shqvhv ru fodlplqj xqgxh ghgxfwlrqv1 Fohduo|/ orz oldelolw| wd{sd|huv kdyh qr

lqfhqwlyh wr uhsruw �kljk/� zkhuhdv kljk oldelolw| wd{sd|huv ghflgh zkdw wr uhsruw rq

wkh edvlv ri wkh h{shfwhg frvwv dqg ehqh�wv1 Li wkh| uhsruw fruuhfwo|/ wkh| sd| wkhlu

wd{ W lq ixoo> li wkh| xqghuuhsruw/ wkh| vdyh wkh wd{ W> exw idfh wkh ulvn ri ehlqj

vhohfwhg iru h{dplqdwlrq dqg vdqfwlrqhg1 Li wkhlu uhdo oldelolw| lv dvfhuwdlqhg/ wkh| duh

oldeoh iru dq dgglwlrqdo sd|phqw i> lqfoxglqj wd{hv dqg shqdowlhv gxh1

D iudfwlrq d ri wd{sd|huv uhsruwlqj d orz oldelolw| duh vhohfwhg iru h{dplqdwlrq=

Iru wkh wlph ehlqj/ zh dvvxph wkdw wklv vhohfwlrq surfhvv lv sxuho| udqgrp +vhh wkh

Dsshqgl{,1 Wkh WD h{dplqh vhohfwhg wd{sd|huv* �ohv dqg dftxluh wd{sd|hu0vshfl�f

xqyhul�deoh lqirupdwlrq19 Zlwkrxw orvv ri jhqhudolw|/ wklv lqirupdwlrq lv frqghqvhg

lq d vljqdo/ zklfk pd| hlwkhu eh �Uhg� ru �Juhhq1� D Uhg vljqdo vxjjhvwv wkdw

wkh wd{sd|huv lv dfwxdoo| qrqfrpsoldqw dqg wkdw wkh fdvh kdv phulw1 Frqyhuvho|/ d

Juhhq vljqdo lv lqglfdwlyh ri frpsoldqfh1 Wkh suhflvlrq ri wkh vljqdo lv phdvxuhg e|

wkh sdudphwhu � 5 ^4@5> 4`> zkhuh � @ Su+UHG m qrqfrpsoldqfh, @ Su+JUHHQ m

qrqfrpsoldqfh,= Zkhq � @ 4@5> wkh vljqdo lv qrq lqirupdwlyh> zkhq � @ 4> lw lv

shuihfwo| lqirupdwlyh1

Ohw �- gh�qh wkh WD*v eholhi ri suhydlolqj lq frxuw jlyhq d �orz� uhsruw dqg d

Uhg vljqdo/ dqg �
C wkh eholhi ri suhydlolqj lq frxuw jlyhq d �orz� uhsruw d Juhhq

vljqdo/ zlwk �
- � �

C
= Jlyhq wkh eholhi wkdw d wd{sd|hu uhsruwlqj d orz oldelolw| lv

qrqfrpsoldqw/ �> zh kdyh �
-
@

j>

j>nE�3j�E�3>�
dqg �

C
@

E�3j�>
E�3j�>njE�3>�

=

9D pruh frpsoh{ prgho zrxog hqwdlo wkh srvvlelolw| wkdw wkh WD �qgv erwk �kdug� +l1h1 yhul�deoh,

dqg �vriw� +l1h1 xqyhul�deoh, hylghqfh xsrq h{dplqdwlrq1 Wklv zrxog qrw vljql�fdqwo| dowhu wkh

txdolwdwlyh uhvxowv ri wkh sdshu1

Qrwh wkdw wkh xvh ri xqyhul�deoh �orrvh� hylghqfh grhv qrw gdpdjh krqhvw wd{sd|huv= wkh| fdq

dozd|v vnls wkh vhwwohphqw surfhvv dqg dsso| iru d idlu wuldo1 Wklv zrxog qrw krog wuxh li xqyhul�deoh

hylghqfh zhuh xvhg lq wuldo1

9



Diwhu wkh vljqdo kdv ehhq johdqhg/ d qhjrwldwlrq wdnhv sodfh ehwzhhq wkh WD

dqg wkh wd{sd|hu/ zlwk wkh iruphu dlplqj dw wkh pd{lpl}dwlrq ri qhw uhyhqxh +iurp

vhwwohphqw ru dgmxglfdwlrq,/ dqg wkh odwwhu dlplqj dw wkh plqlpl}dwlrq ri h{shfwhg

sd|phqw1 Li qr djuhhphqw lv uhdfkhg/ wkh fdvh lv ghihuuhg wr d +shuihfw, wd{ frxuw1

Qrqfrpsolhuv duh oldeoh iru wkh dprxqw i dqg irrw wkhlu rzq ghihqvh frvwv> krqhvw

wd{sd|huv duh irxqg qrw oldeoh dqg duh uhixqghg wkhlu ghihqvh frvwv:1

Lq wkh vhwwohphqw vwdjh/ edujdlqlqj srzhu lv udqgrpo| doorfdwhg1 Zlwk suredelolw|

� doo edujdlqlqj srzhu uhvwv lq wkh kdqgv ri wkh wd{sd|hu +Vhfwlrq 514,> zlwk wkh

frpsohphqwdu| suredelolw| lw uhvwv lq wkh kdqgv ri wkh WD +Vhfwlrq 515,1

514 Wd{sd|hu kdv edujdlqlqj srzhu

Ohw xv frqvlghu wkh vhwwohphqw vwdjh1 Wkh wd{sd|hu kdv doo wkh edujdlqlqj srzhu dqg

pdnhv d wdnh0lw0ru0ohdyh0lw vhwwohphqw r�hu wr wkh WD1 Li wkh r�hu lv uhmhfwhg/ wkh fdvh

lv dgmxglfdwhg1

Wkh htxloleulxp vwudwhjlhv gh�qh wkh dprxqw r�huhg erwk e| frpsoldqw dqg qrq0

frpsoldqw wd{sd|huv/ wkh eholhiv krog e| wkh WD xsrq revhuylqj dq| sduwlfxodu r�hu/

dqg wkh uhmhfwlrq suredelolwlhv1

Xqghu wkh dvvxpswlrq wkdw wkh vljqdo lv vx!flhqwo| lqirupdwlyh ^l1h1 � A +i �

f,@ +i . g, ` dqg wkdw wkh qrqfrpsoldqfh suredelolw| lv qrw wrr orz ^l1h1 �-i � f �

�
4� �

-
�
g A 3> wkdw lv � A

E�3j�ESn_�
E�3j�ESn_�njEs3S� `/ wkh xqltxh htxloleulxp vdwlvi|lqj

wkh glylqlw| uhtxluhphqw lv dv ghvfulehg ehorz +surri dqg xquhvwulfwhg fdvh lq wkh

dsshqgl{,1;

Sursrvlwlrq 4 Vxssrvh wkdw wkh edujdlqlqj srzhu lv dvvljqhg wr wkh wd{sd|hu1 Dw wkh

glylqh htxloleulxp/ qrqfrpsolhuv r�hu T|R
@ i�f zlwk suredelolw| 4�� > dqg T|R

@ 3

zlwk suredelolw| � @
�3>

>
�3j
j

Sn_
s3S

= Frpsolhuv r�hu T|R
@ 3 zlwk fhuwdlqw|1 Wkh WD

eholhyhv dq| r�hu zlwk T|R A 3 wr eh pdgh e| qrqfrpsolhuv1 Lqghshqghqwo| ri wkh

:Wklv dvvxpswlrq lv odujho| lq olqh zlwk wkh XV sudfwlfh1 Wkh 4<<; Wd{ Frgh Uhirup lpsrvhv d

uxoh dzduglqj olwljdwlrq dqg dgplqlvwudwlyh frvwv wr wd{sd|huv zkhq wkh dprxqw uhfryhuhg lq frxuw

lv ohvv wkdq wkh dprxqw r�huhg e| wd{sd|hu lq wkh vhwwohphqw vwdjh dqg wxuqhg grzq e| wkh LUV1
;Xqlflw| wkurxjk Glylqlw| zdv �uvw ghulyhg e| Uhlqjdqxp dqg Zlogh +4<;9,1

:



vljqdo revhuyhg/ wkh WD dffhswv zlwk fhuwdlqw| dq| r�hu zlwk T|R
@ i � f> dqg uhmhfwv

zlwk fhuwdlqw| dq| r�hu zlwk T|R
5 +3> i � f, = R�huv zlwk T|R

@ 3 duh uhmhfwhg zlwk

suredelolw| �
-
@

s3S

jEsn_� li wkh vljqdo lv UHG1

Dw wkh htxloleulxp/ qrqfrpsolhuv hlwkhu wdnh dq �djjuhvvlyh� ru d �jlyh0lq� vwdqfh=

xqghu wkh �djjuhvvlyh� vwdqfh/ wkh| suhwhqg wr eh frpsoldqw dqg r�hu }hur> xqghu wkh

�jlyh0lq� vwdqfh wkh| r�hu wkh vpdoohvw dprxqw erxqg wr eh dffhswhg1 Lq wxuq/ wkh

WD*v uhso| ghshqgv rq wkh vljqdo uhfhlyhg= li lw lv Juhhq/ wkhq dq| r�hu lv dffhswhg1

Li lw lv Uhg/ wkhq rqo| r�huv zlwk T|R
@ i � f duh dffhswhg iru vxuh1 R�huv zlwk

T|R
5 +3> i � f, duh uhmhfwhg +dv wkh| frph iurp qrqfrpsolhuv,/ zkloh r�huv zlwk

T|R
@ 3 duh dffhswhg zlwk srvlwlyh suredelolw| +dv wkh| frph erwk iurp frpsoldqw

dqg qrqfrpsoldqw wd{sd|huv,1

Xqohvv doo xqfhuwdlqw| lv uhvroyhg/ wkhuh lv d fkdqfh wkdw wkh fdvh lv ghihuuhg wr

wkh wd{ frxuw1 Wklv fkdqfh lv vpdoohu li wkh vljqdo lv pruh lqirupdwlyh1 Lq idfw/ wkh

suredelolw| wkdw wkh qhjrwldwlrq idlov dqg wkh fdvh lv dgmxglfdwhg lv

Su +dgm,|R @ ^��� . +4� �, +4� �,`�- @ +4� �,
4� �

�
> +4,

zkhuh wkh dsh{ �ws% uhplqgv xv wkdw wkh edujdlqlqj srzhu lv dvvljqhg wr wkh wd{sd|hu1

Dw wkh htxloleulxp/ wkh h{shfwhg sd|phqw iru qrqfrpsolhuv lv i � f> wkh h{shfwhg

sd|phqw iru frpsolhuv lv }hur=

Wkh h{shfwhg uhyhqxh wr wkh WD lv

U-.( @ �- +4� �, +i � f, @ �-i � f�
�
4� �

-
�
g> zkhq wkh vljqdo lv UHG/

UC-..� @ �
C +4� �, +i � f, @ �C

>-s3S3+�3>-,_
>-

> zkhq wkh vljqdo lv JUHHQ1

Sulru wr wkh revhuydwlrq ri wkh vljqdo/ wkh h{shfwhg uhyhqxh lv wkxv

U
|R

@ ^�� . +4� �, +4� �,`U-.( . ^� +4� �, . +4� �,�`UC-..� @

@ � +i � f,� +4� �,
4� �

�
+f. g, >

zklfk lv fohduo| lqfuhdvlqj lq �=

Iru � $ 4> zh kdyh U|R
@ � +i � f, > iru � $ 4@5> zh kdyh U|R

@ � +i . g, �

+f. g, =

;



515 WD kdv wkh edujdlqlqj srzhu

Zkdw li wkh edujdlqlqj srzhu uhvwv lq wkh kdqgv ri wkh WDB

Wkh dprxqw ghpdqghg e| wkh WD zloo +rswlpdoo|, hlwkhu eh TA� @ i . g +wkh

kljkhvw dprxqw qrqfrpsolhuv duh zloolqj wr sd| wr dyrlg dgmxglfdwlrq, ru TA� @ 3

+wkh kljkhvw dprxqw frpsolhuv duh zloolqj wr sd| wr dyrlg dgmxglfdwlrq,1

Wkh qhw lqwdnh iru wkh WD zkhq lw ghpdqgv TA� @ i . g dqg kdv revhuyhg UHG

lv=

U
�
TA� @ i m UHG

�
@ �- +i . g,�

�
4� �

-
�
+f. g, =

Wkxv wkh rswlpdo dprxqw lv TA� @ i . g rqo| li �- � Sn_
EsnS�nESn_� =

Vlploduo|/ jlyhq d JUHHQ vljqdo/ wkh rswlpdo dprxqw lv i . g rqo| li �C �

Sn_
EsnS�nESn_� =

Sursrvlwlrq 5 Vxssrvh wkdw wkh edujdlqlqj srzhu lv dvvljqhg wr wkh WD1 Wkh dprxqw

ghpdqghg e| wkh WD xsrq revhuydwlrq ri wkh UHG vljqdo lv TA�
@ i . g li � A

E�3j�ESn_�
jEsn_�nE�3j�ESn_�

> dqg TA� @ 3 rwkhuzlvh1 Wkh dprxqw ghpdqghg e| wkh WD xsrq

revhuydwlrq ri wkh JUHHQ vljqdo lv TA�
@ i . g li � A

jESn_�
E�3j�Esn_�njESn_� > dqg

TA� @ 3 rwkhuzlvh1

Dw wkh htxloleulxp/ wkh WD hlwkhu wdnhv dq �djjuhvvlyh� ru d �jlyh0lq� vwdqfh=

xqghu wkh djjuhvvlyh vwudwhj| lw ghpdqgv wkh kljkhvw dprxqw wkdw d qrqfrpsolhu lv

zloolqj wr sd| wr dyrlg dgmxglfdwlrq> xqghu wkh jlyh0lq vwudwhj|/ wkh WD ghpdqgv }hur

dqg h�hfwlyho| gursv wkh fdvh1 Qrqfrpsoldqw wd{sd|huv dffhsw dq| r�hu> frpsoldqw

wd{sd|huv dffhsw rqo| r�huv zlwk T @ 3= Wkh WD dgrsw wkh djjuhvvlyh vwudwhj| zkhq

wkh| duh frqylqfhg wkdw wkh| kdyh jrrg fkdqfhv ri suhydlolqj lq frxuw/ dqg wklv lv

prvw olnho| wr rffxu zkhq wkh vljqdo lv Uhg1

Ohw ��- +�, eh wkh suhflvlrq ohyho wkdw wuljjhuv d }hur vhwwohphqw r�hu e| wkh WD

xsrq revhuydwlrq ri d UHG vljqdo1 Lq rwkhu zrugv/ li � A ��
- +�, > wkh uhg WD lv

frq�ghqw ri idflqj d qrqfrpsoldqw wd{sd|hu dqg wdnhv d vwurqj vwdqfh=

<



Zh kdyh

�
-
�

f. g

+i . f, . +f. g,
/ � � ��- +�, �

+4� �, +f. g,

� +i . g, . +4� �, +f. g,
=

Vlploduo|/ zh kdyh

�
C
�

f. g

+i . f, . +f. g,
/

� � ��C +�, �
� +i . g,

� +i . g, . +4� �, +f. g,
@ 4� ��- +�, =

Wkxv/ ��- +�, A 4@5 li/ dqg rqo| li/ ��C +�, ? 4@5= Wklv lpsolhv wkdw wkh fdvh fdqqrw

dulvh/ zkhuh wkh WD duh wrxjk xsrq revhuylqj Juhhq dqg zhdn xsrq revhuylqj Uhg1<

Iljxuh 4=

Jlyhq dq| suhflvlrq ohyho � � 4@5> ohw �A�3- dqg �
A�3C eh wkh suredelolwlhv

ri suhydlolqj lq frxuw wkdw wuljjhu d wrxjk vwdqfh rq wkh WD* vlgh/ l1h1 �
A�3-

�

E�3j�S
E�3j�SnjEsn_�

> �
A�3C

�
jS

E�3j�Esn_�njS
1

Sulru wr wkh revhuydwlrq ri wkh vljqdo wkh h{shfwhg uhyhqxh lv

U
A� +�, @

;AAAAAA?
AAAAAA=

3 li � ? �A�3-

�� +i . g,� +4� �, +4� �, +f. g, � UA�3- +�, li �
A�3- ? � ? �A�3C

� +i . g,� +4� �, +f. g, � UA�3C +�, li �
A�3C ? �>

zklfk lv zhdno| lqfuhdvlqj lq �1

<Wklv zrxog uhtxluh j 	 7jC E>� 	 7j- E>� c wkdw lv 7j- E>� : �*2 dqg j 	 7jC E>� 	 �*2�
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Iru � $ 4> zh kdyh UA�
@ � +i . g, ^dv �A�3- $ 3> �

A�3C
$ 4`> iru � $ 4@5>

zh kdyh UA�
@ � +i . g,� +4� �, +f. g, ^dv �A�3- $ �

A�3C``

Dw wkh htxloleulxp/ wkh h{shfwhg sd|phqw ri qrqfrpsoldqw wd{sd|huv lv

Qrqfrpsolhuv* h{s1 sd|phqw @

;AAAAAA?
AAAAAA=

3 li � ? �A�3->

� +i . g, li �
A�3- ? � ? �A�3C>

i . g li �A�3C ? �=

Wkh suredelolw| ri d qhjrwldwlrq idloxuh lv

Su +dgm,A� @

;AAAAAA?
AAAAAA=

3 li � ? �A�3->

+4� �, +4� �, li �
A�3- ? � ? �A�3C>

+4� �, li �
A�3C ? �=

Iljxuh 5 vkrzv wkh suredelolw| ri qhjrwldwlrq idloxuh +l1h1 dgmxglfdwlrq, zkhq wkh

edujdlqlqj sduw| lv dvvljqhg wr dq| ri wkh wzr sduwlhv1

Iljxuh 5=

Lw lv lqwhuhvwlqj wr qrwh wkdw dvvljqlqj wkh edujdlqlqj srzhu wr dq| vshfl�f sduw|

zloo qrw xqdpeljxrxvo| ghfuhdvh wkh suredelolw| ri d qhjrwldwlrq idloxuh1 Lq frqwudvw/

zkhq wkh vljqdo lv qrw lqirupdwlyh +� @ 4@5,/ qhjrwldwlrq lv gh�qlwho| pruh olnho| wr

idlo zkhq wkh WD kdv edujdlqlqj srzhu +dv �A�3C $ �
A�3- ? �|R,143 Zkhq wkh

43Wklv dssolhv wr jhqhudo suh0wuldo edujdlqlqj prghov1 Vhh Gdxjkhw| +4<<;,1
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vljqdo lv lqirupdwlyh/ lw lpsdfwv wkh qhjrwldwlrq rxwfrph lq d frpsoh{ zd|/ zklfk lv

kljko| ghshqghqw rq wkh doorfdwlrq ri wkh edujdlqlqj srzhu1

Iljxuh 6 ghslfwv wkh qhw uhyhqxh dv d ixqfwlrq ri wkh qrqfrpsoldqfh suredelolw|

�=

Iljxuh 6=

Ohw � eh wkh suredelolw| wkdw wkh WD lv dvvljqhg wkh edujdlqlqj srzhu1 Vxssrvlqj

wkdw �|R ? �A�3C/ zh kdyh

U +�, @

;AAAA?
AAAA=

3 li � ? �A�3->

�UA�3-
li �A�3- ? � ? �|R>

�UA�3-
. +4� �,U|R

li �
|R ? � ? �A�3C>

�UA�3C
. +4� �,U|R li �

A�3C ? �=

+5,

Lq wxuq/ qrqfrpsolhuv* h{shfwhg sd|phqw lv

s +�, @

;AAAA?
AAAA=

3 li � ? �A�3->

�� +i . g, li �
A�3- ? � ? �|R>

�� +i . g, . +4� �, +i � f, li �|R ? � ? �A�3C>

� +i . g, . +4� �, +i � f, li �A�3C ? �>

+6,

zklfk lv vwhszlvh lqfuhdvlqj lq �= Vhh Iljxuh 71
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Iljxuh 7=

6 H{dplqdwlrq

Ohw xv qrz frqvlghu wkh WD*v sureohp dw wkh vhohfwlrq vwdjh1

Iru hdfk �oh/ wkh WD frpsduhv wkh qhw uhyhqxh lw fdq jhw wr wkh uhohydqw frvwv1

Wkhvh lqfoxgh doo frvwv dvvrfldwhg zlwk �olqj dqg kdqgolqj wkh fdvh +dqg dftxlulqj

vshfl�f lqirupdwlrq,1 Wkh ryhudoo �olqj frvw iru hdfk fdvh lv ghqrwhg e| v=

Ohw d eh wkh suredelolw| wkdw wkh wd{sd|hu lv vhohfwhg iru h{dplqdwlrq1 Wkh rswlpdo

vhohfwlrq srolf| lv

d @

;A?
A=

3 li U +�, ? v>

5 ^3> 4` li U +�, @ v>

4 li U +�, A v>

zkhuh U +�, ghqrwhv wkh h{shfwhg qhw uhyhqxh dw wkh vhwwohphqw vwdjh +vhh ht1 5,

Dw wkh rwkhu hqg ri wkh wdeoh/ zh kdyh wkh wd{sd|huv/ zkr kdyh wr ghflgh zkhwkhu

wr uhsruw wkhlu oldelolw| fruuhfwo| ru lqfruuhfwo|1

Wkh h{shfwhg sd|phqw ri d kljk oldelolw| wd{sd|hu zkr ghflghv wr xqghuuhsruw lv

htxdo wr ds +�,/ l1h1 wkh h{shfwhg sd|phqw xsrq vhohfwlrq +vhh ht1 6, vfdohg grzq

e| wkh suredelolw| ri h{dplqdwlrq1 Wkxv/ kljk0oldelolw| wd{sd|huv ghflgh wr xqghu0

uhsruw rqo| li W � ds +�, = Ohw � eh wkh suredelolw| wkdw d kljk0oldelolw| wd{sd|hu

xqghuuhsruwv1

Lq rughu wr fkdudfwhul}h wkh htxloleulxp/ zh vwduw zlwk d vlpsoh uhpdun1 Jlyhq
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rxu dvvxpswlrqv/ zh fdq erwk h{foxgh wkdw dW @ 3 dqg �W

@ 4= Li d @ 3> wkhq kljk

lqfrph wd{sd|huv zrxog fkrrvh qrw wr frpso| zlwk suredelolw| rqh= wkh qhw uhyhqxh

irup wkh vhwwohphqw vwdjh zrxog eh yhu| odujh dqg d vkrxog qrw eh vhw wr }hur +wklv lv

wuxh dv idu dv ti A g. f, 1 Vlploduo|/ li � @ 4> wkh WD zrxog h{wudfw d odujh dprxqw

dw wkh vhwwohphqw vwdjh dqg qrqfrpsoldqfh zrxog qrw eh d sur�wdeoh vwudwhj|1

Wkh htxloleulxp ydoxhv zloo ghshqg rq wkh frq�jxudwlrq ri wkh sdudphwhuv144

Sursrvlwlrq 6 Ohw �� eh vxfk wkdw U +��, @ v=

41 Ohw �� A �|R
= Dw wkh htxloleulxp zh kdyh �

W
@ �� dqg dWs +��, @ W = kljk lq0

frph wd{sd|huv duh qrqfrpsoldqw zlwk suredelolw| �W @
>
W

�3>W
�3^

^
dqg wkh| duh vhohfwhg

iru h{dplqdwlrq zlwk suredelolw| d
W
@ W@s +��, = Xsrq vhohfwlrq/ wkh vhwwohphqw vwdjh

surfhhgv dv ghvfulehg lq Sursrvlwlrqv 4 dqg 5/ uhvshfwlyho|/ ghshqglqj rq zkhwkhu wkh

edujdlqlqj srzhu lv doorfdwhg wr wkh wd{sd|hu ru wkh WD1

51 Ohw �� ? �|R
=

Li s +��, @ �� +i . g, A W> wkhq dw wkh htxloleulxp/ zh kdyh �W @ �� dqg dWs +��, @

W dv ehiruh1 Li s +��, @ �� +i . g, ? W> wkhq dw wkh htxloleulxp/ zh kdyh �W @ �
|R
>

d
W
@ 4 dqg s

�
�
|R
�
@ W= Lq rwkhu zrugv/ kljk lqfrph wd{sd|huv duh qrqfrpsoldqw

zlwk suredelolw| �W

@

>
W

�3>W
�3^

^
dqg wkh| duh doo vhohfwhg iru h{dplqdwlrq= Zkhq wkh

edujdlqlqj srzhu lv doorfdwhg wr wkh wd{sd|hu/ doo wd{sd|huv r�hu T @ 3= Wkh WD

dffhswv wkh r�hu li wkh vljqdo lv Juhhq/ zkloh lw dffhswv wkh r�hu zlwk suredelolw|

4�
A

jEsn_� li wkh vljqdo lv Uhg1 Zkhq wkh edujdlqlqj srzhu lv doorfdwhg wr wkh WD/ wkh

vhwwohphqw vwdjh surfhhgv dv ghvfulehg lq Sursrvlwlrqv 5 +ghpdqg T @ i . g li Uhg

vljqdo/ ghpdqg 3 li Juhhq vljqdo,1

Li wkh lqwdnh rewdlqhg e| wkh WD iurp wkh h{dplqdwlrq lv vx!flhqwo| kljk +fdvh 4,/

wkh htxloleulxp vwudwhj| hqwdlov xqghuuhsruwlqj zlwk suredelolw| �W e| kljk0oldelolw|

wd{sd|huv1 D iudfwlrq dW ri wd{sd|huv uhsruwlqj d orz oldelolw| duh vhohfwhg iru h{dpl0

qdwlrq1 Wkh qhjrwldwlrq rxwfrph ghshqgv rq wkh doorfdwlrq ri wkh edujdlqlqj srzhu=

44
Qrwh= iru 7> : >

|R
c zh kdyh R E7>� D Zj Es n _� n E�3 Z� Es 3 S� D s 3 S vlqfh j D

s3S

sn_
� Wkxv/

R E7>� D A dv idu dv s 3 S : A 1
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li wkh edujdlqlqj srzhu lv dvvljqhg wr wkh WD/ wd{sd|huv zloo idfh d kljkhu h{shfwhg

sd|phqw1

Fdvh 5 lv forvh wr Fdvh 4/ dsduw iurp wkh srvvlelolw| wkdw doo wd{sd|huv uhsruwlqj

d orz oldelolw| duh vhohfwhg iru h{dplqdwlrq +zkhq wkh h{shfwhg sd|phqwv dvvrfldwhg

zlwk wkh dxglw surfhvv duh sduwlfxoduo| orz,1

Lq wkh iroorzlqj/ zh zloo frqfhqwudwh rq Fdvh 4 +�� A �|R,=

Ohw xv qrz frqvlghu wkh qhw wd{ dqg shqdow| lqwdnh wr wkh WD


W @ t +4� �W,W . ^4� t . t�W` dW ^U +�W,� v`
� ~} �

f

@

t � �W

4� �W
W>

zklfk lv fohduo| ghfuhdvlqj lq �
W=

Uhfdoo wkdw dw wkh htxloleulxp/ U +�W, @ v= Vlqfh
Y-E>�
Yj

A 3>
Y-E>�
YZ

A 3>
Y-E>�
Ys

A 3

dqg
Y-E>�
YS

? 3> zh pxvw kdyh
Y>W

Yj
? 3>

Y>W

YZ
? 3>

Y>W

Ys
? 3 dqg

Y>W

YS
A 3= Wkxv

Uhpdun 4 Wkh qhw wd{ uhyhqxh lv odujhu zkhq wkh shqdow| iru plvuhsruwlqj lv kljkhu/

wkh WD kdv pruh edujdlqlqj srzhu/ wkh vljqdo dydlodeoh wr wkh WD lv pruh suhflvh/

dgmxglfdwlrq frvwv iru wkh WD duh orzhu/ dqg wkh ghihqvh frvw iru wkh wd{sd|hu lv orzhu

+wkh odwwhu/ rqo| li wkh qrqfrpsoldqfh udwh lv uhodwlyho| kljk451,

7 GlvfuhwlrqB

Lq wklv vhfwlrq/ zh zdqw wr lqyhvwljdwh wkh lpsdfw ri �glvfuhwlrq� rq wkh hqirufhphqw

surfhvv1 Lq sduwlfxodu/ zh zdqw wr ghwhuplqh xqghu zklfk frqglwlrqv glvfuhwlrqdu|

vhwwohphqwv kdyh d srvlwlyh lpsdfw rq wkh hqirufhphqw v|vwhp1

Rqh frxog wklqn ri dw ohdvw wzr uhdvrqv zk| glvfuhwlrqdu| vhwwohphqwv pd| eh

xqghvludeoh1 Zh frqvlghu wkhp lq wxuq1

� Shqdow| glvfrxqw1 Iluvw/ vhwwohphqwv hqgrz wkh wd{sd|hu zlwk edujdlqlqj srzhu/

wkxv surylglqj ohhzd| iru odujh �glvfrxqwv� dw wkh qhjrwldwlrq vwdjh1 Wklv pd|

45Wkh ghihqfh frvw dfwv dv d vxssohphqw wr wkh vdqfwlrq zlwk uhvshfw wr qrqfrpsolhuv/ dqg dv dq

lqfuhdvh lq hqirufhphqw frvwv zlwk uhvshfw wr frpsolhuv1 Wkh �uvw dvshfw irvwhuv frpsoldqfh/ wkh

odwwhu qrqfrpsoldqfh1
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xowlpdwho| errvw qrqfrpsoldqfh dqg2ru zhdnhq hqirufhu*v lqfhqwlyhv146

Lq wkh suhvhqw prgho/ wklv frqfhuq lv qrw zduudqwhg1 Hyhq li wkh qhjrwldwhg shqdow|

lv h�hfwlyho| orzhu wkdq wkh vwlsxodwhg rqh +vhh Ilj1 8d, / wkh h{shfwhg shqdow| iru

qrqfrpsoldqfh/ dWsW +�W, > uhpdlqv xqfkdqjhg= wkh WD vdyhv rq hqirufhphqw frvwv

dqg d�rugv wr h{dplqh d odujhu iudfwlrq ri wd{sd|huv1

Ohw xv frpsduh wkh qhw uhyhqxh +shu h{dplqdwlrq, lq wkh fdvh zkhuh wkh WD fdq

vhwwoh wkh fdvh dqg kdv qr edujdlqlqj srzhu/ U|R> zlwk wkh fdvh zkhuh vhwwohphqwv duh

qrw doorzhg/ U�7
=

U
|R
�U

�7
@

@

;A?
A=

3 iru � ? �|R

�3j

j
^�� +i � f,� +4� �, +4� �, +f. g,` iru �|R � � ? ��73C

+4� �, +f. g, 2j3�

j
iru ��73C � �>

zkhuh �
�73C

@

jESn_�
E�3j�Es3S�njESn_� lv wkh qrqfrpsoldqfh ohyho wkdw lqgxfhv wkh WD

qrw wr gurs wkh fdvh xsrq revhuydwlrq ri d Juhhq vljqdo +zkhq vhwwohphqwv duh qrw

doorzhg,1 Vhh Ilj1 8e1

Qrwh wkdw wkh vhwwohphqw qhjrwldwlrq grhv qrw lqfuhdvh wkh qhw uhyhqxh wr wkh WD

li wkh vljqdo lv qrw lqirupdwlyh +iru � $ 4@5>zh kdyh ��73C $ �
|R
dqg U

|R
@ U

�7,=

Iru � A 4@5>wkh lqfuhdvh lq wkh qhw uhyhqxh dvvrfldwhg wr hdfk h{dplqdwlrq pdnhv

wkh WD pruh djjuhvvlyh dqg lqgxfhv d orzhu qrqfrpsoldqw udwh1

Ilj1 8d Ilj1 8e

Wkxv/

46Wklv �uvw dujxphqw lv dgydqfhg/ zlwk uhvshfw wr vhwwohphqwv lq flylo oldelolw| fdvhv/ e| Srolqvn|

dqg Uxelqihog +4<;;,1 Wkh odwwhu lv dgydqfhg e| p|vhoi lq d jhqhudo odz hqirufhphqw prgho +Iudq}rql

4<<<,1
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Sursrvlwlrq 7 Vhwwohphqwv uhgxfh wkh h{shfwhg sd|phqw ri qrqfrpsolhuv vhohfwhg iru

h{dplqdwlrq dqg fxuwdlo hqirufhphqw frvwv1 Wkh odwwhu h�hfw doorzv wkh WD wr lp0

sohphqw d wrxjkhu dxglw srolf|/ uhgxfh wkh qrqfrpsoldqfh udwh dqg lqfuhdvh qhw wd{

uhyhqxh1

Lq ylhz ri Uhpdun 4/ wkh ehqh�fldo lpsdfw ri wkh vhwwohphqw vwdjh lv juhdwhu zkhq

wkh WD kdv pruh edujdlqlqj srzhu1

Qrwh wkdw li � @ 4@5> wkh vhwwohphqw vwdjh grhv qrw surylgh dq| ehqh�w wr wkh WD

+��73C $ �
|R,1 Wkxv/

Uhpdun 5 Vhwwohphqwv duh ghvludeoh li/ dqg rqo| li/ wkh WD kdv dffhvv wr xqyhul�deoh

lqirupdwlrq ru lw lv hqgrzhg zlwk vrph edujdlqlqj srzhu1

� Orvv ri vwudwhjlf ohdghuvkls1 Wkh vhfrqg uhdvrq zk| glvfuhwlrq pd| uhvxow xqgh0

vludeoh lv ehfdxvh lw xqghuplqhv WD*v delolw| wr frpplw wr vshfl�f dxglw srolflhv1 Lq

rwkhu zrugv/ dq hqirufhphqw surfhvv qrw eulgohg zlwk vwulfw uxohv fdqqrw eh xvhg wr

jxlgh +h{0dqwh, wd{sd|huv* ehkdylru= wd{sd|huv nqrz wkdw wkh WD kdv dq lqfhqwlyh wr

ghyldwh h{ srvw iurp wkh srolf| dqqrxqfhg h{0dqwh +Judhw}/ Uhlqjdqxp/ dqg Zlogh

4<;9,1 \hw/ rqo| glvfuhwlrq doorzv wkh WD wr ehqh�w iurp r!fhuv* surihvvlrqdo mxgjh0

phqw1 Rqh wkhq kdv wr frqwudvw wkh vwudwhjlf frvwv ri glvfuhwlrq +orvv ri ohdghuvkls,

zlwk lwv dgydqwdjhv +surihvvlrqdo mxgjhphqw,1

Ohw xv frqvlghu wkh qhw wd{ uhyhqxh xqghu d srolf| ri shuihfw ohdghuvkls +ixoo

frpplwphqw,1 Khuh dxglwv duh xvhg dv d sxuh wkuhdw= doo wd{sd|huv frpso| dqg

vhwwohphqwv duh uxohg rxw1 Zh kdyh ad @ {A
sn_

dqg



ixoo frpp1

@ tW � +4� t, +f. v. g, ad @ tW � +4� t, +f. v. g,
W

i . g
=

Vlpsoh fdofxodwlrqv vkrz wkdw 

W

j<�*2 ? 

ixoo frpp1

= Wkxv/ 
W fdq eh juhdwhu wkdw



ixoo frpp1 rqo| li � dqg � duh odujh1

Wdnh wkh h{wuhph fdvh zkhuh glvfuhwlrq glvsod|v lwv juhdwhvw h!fdf|/ l1h1 zkhuh

wkh xqyhul�deoh vljqdo lv shuihfwo| lqirupdwlyh1 Zlwk � $ 4/ zh kdyh U +�,
j<�

@

�i . ��g� +4� �,�f> �W
j<�

@

r
snZ_3E�3Z�S > dqg

4:





W

j<�
@

t +i . �g� +4� �, f,� v

i . �g� +4� �, f� v
W=

Qrwh wkdw 
W

j<�
frqyhujhv wr wkh Iluvw Ehvw rqo| li v$ 3=

Zh kdyh



W

j<�
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ixoo frpp1
/

/ � A �� @
v +4� t, +f. v. g,� t +i . g, +v� f,

g +4� t, +f. v. g, . tf +i . g,
>

zkhuh �� A 3 rqo| li v +4� t, +f. v. g, A t +i . g, +v� f, > dqg �� ? 4 rqo| li

+g� v, +4� t, +f. v. g, . t +i . g, v A 3= Wkxv/ li g A v> wkhq �� ? 4/ dqg 

W

j<�
A



ixoo frpp1zkhqhyhu wkh WD lv dvvljqhg wkh edujdlqlqj srzhu zlwk kljk suredelolw|1

Zh fdq wkhq frqfoxgh wkdw

Sursrvlwlrq 8 Wkh rswlpdo hqirufhphqw srolf| hqwdlov glvfuhwlrq +l1h1 lw doorzv iru

wkh xvh ri wkh xqyhul�deoh vljqdo, rqo| li � dqg � duh vx!flhqwo| kljk1

Wklv uhvxow surylghv d wkhruhwlfdo dujxphqw lq idyru ri glvfuhwlrqdu| vhwwohphqwv=

ghvslwh wkhlu dgyhuvh vwudwhjlf h�hfw/ wkh| doorz xqyhul�deoh lqirupdwlrq wr glvsod|

lwv juhdwhvw h!fdf|1 Wkxv/ vwdqgdug hqirufhphqw surfhgxuhv/ xvxdoo| dlplqj dw wkh

pd{lpl}dwlrq ri wkh srvw0vhohfwlrq lqwdnh/ duh qrw �luudwlrqdo=� wkh| duh mxvw edvhg

rq wkh dvvxpswlrq wkdw surihvvlrqdo mxgjhphqw lv rqh ri wkh prvw ydoxdeoh irufhv lq

odz hqirufhphqw1

8 Ilqdo uhpdunv

Lq wklv prgho/ odz hqirufhphqw lv jxlghg e| wkuhh w|shv ri lqirupdwlrq= htxloleulxp

eholhiv/ qrqyhul�deoh hylghqfh/ dqg ohjdo2grfxphqwdu| hylghqfh1 Wkh �uvw w|sh ri

lqirupdwlrq/ zklfk lv xvxdoo| ri vwdwlvwlfdo qdwxuh +�{( ri srsxodwlrq duh olnho| wr

fkhdw�, jxlghv wkh WD*v vhohfwlrq ghflvlrq= krz pdq| shrsoh wr vhohfw dqg/ srvvleo|/

zklfk fdwhjrulhv �uvw1 Wkh vhfrqg/ mrlqwo| zlwk wkh �uvw +dqg riwhq wkh wklug,/ vkdshv

4;



wkh WD*v vwdqfh lq wkh vhwwohphqw surfhvv1 Ilqdoo|/ wkh odwwhu w|sh dorqh jxlghv wkh

frxuw*v ghflvlrq1 Wklv glvwlqfwlrq 0 dowkrxjk vrphzkdw duwl�fldo 0 fdswxuhv vrph

lpsruwdqw ihdwxuhv ri wkh hqirufhphqw surfhvv1

Wkh hpskdvlv rq qrqyhul�deoh lqirupdwlrq kdv doorzhg xv wr vkhg oljkw rq wkh

lpsdfw ri r!fhuv* surihvvlrqdo mxgjhphqw rq wkh shuirupdqfh ri wkh hqirufhphqw

v|vwhp1 Lq sduwlfxodu/ lw zdv vkrzq wkdw surihvvlrqdo mxgjhphqw |lhogv wkh juhdwhvw

ehqh�wv zkhq wkh djhqf| hqmr|v wkh srzhu wr pdnh glvfuhwlrqdu| vhwwophqwv1

Rxu dqdo|vlv/ krzhyhu/ vhwv dvlgh rwkhu lpsruwdqw lvvxhv/ wkdw pljkw kdyh d ehdu0

lqj rq wkh hqirufhphqw surfhvv1 Iluvw/ frqwdplqdwlrqv ehwzhhq wkh gl�huhqw w|shv ri

hylghqfh lv olnho| wr rffxu1 Wkh prvw vhulrxv sureohpv dulvh zkhq orrvh �vwdwlvwlfdo�

hylghqfh ru xqvxevwdqwldwhg rslqlrqv d�hfw dgmxglfdwlrq1 Khuh/ wkh lqfuhdvhg olnhol0

krrg ri huurqhrxv ghflvlrqv lv olnho| wr dgyhuvho| d�hfw lqglylgxdov* ehkdylru/ dv zhoo

dv wkh lqwhjulw| ri wkh hqirufhphqw surfhvv147 D vhfrqg frpsolfdwlrq dulvhv zkhq wkh

hqirufhu*v lqfhqwlyhv duh loo vshfl�hg/ l1h1 zkhq lw sxuvxhv sulydwh jrdov +dq h{wuhph

h{dpsoh zrxog lqyroyh fruuxswlrq,1 Glvfuhwlrq pdjql�hv wkh srzhu ri wkh hqirufhu/

iru jrrg dqg hylo1 Lw lv wkxv d sulrulw| iru wkh jryhuqphqw wr pdnh vxuh wkdw wkh jrrg

suhydlov1

47Vhh Vfkudj dqg Vfrwfkphu +4<<7, iru dq lpsruwdqw frqwulexwlrq wr wklv srlqw1 Ryhuylhzv ri wkh

hfrqrplfv ri hylghqfh odz fdq eh irxqg lq Srvqhu +4<<;, dqg Sdfnhu dqg Nred|dvkl +4<<;,1

4<



Dsshqgl{

� Vljqdo sulru wr vhohfwlrq

Ohw xv eulh | frqvlghu wkh srvvlelolw| wkdw dq lqirupdwlyh vljqdo lv xvhg e| wkh

WD iru wkh vhohfwlrq ri wd{sd|huv iru h{dplqdwlrq1

Ohw �r eh wkh suhflvlrq ri wklv vljqdo1

Fohduo|/ wkh djhqf| zloo �uvw vhohfw wd{sd|huv zkrvh vljqdo lv dgyhuvh +vhh Pdfkr

Vwdgohu 111,1 Ohw h�- eh wkh suredelolw| wkdw d wd{sd|hu zlwk d Uhg vljqdo lv qrqfrp0

soldqw1 Wkh h{shfwhg uhyhqxh xsrq vhohfwlrq lv U
�h�-� +vhh ht1 5,1 Wkh vroxwlrq wr

wkh jdph lv dv ehiruh/ zlwk wkh vxevwlwxwlrq ri h�- iru �> zlwk h�
-

A �= Lq idfw/ wkh

pruh suhflvh wkh vljqdo/ wkh odujhu wkh h{shfwhg qhw |lhog ri hdfk h{dplqdwlrq1

Dw wkh htxloleulxp +fdvh 4,/ zh zloo kdyh U
�h�-W� @ v> dqg

h

W

@ t

�
4� h�

W

�
W .

k
+4� t, +4� �r,.

�
th�W� �r

l
d
W

k
U

�h�-W�� v

l
� ~} �

f

@

@ t

�
4� h�

W

�
W>

zlwk h�
W

@

E�3jr�
jr

E�3^�
^

+�3-3�Er�,
-3�Er�

? �W @
E�3^�
^

+�3-3�Er�,
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Wkxv/ �uvw ehvw lv dfklhyhg zkhq wkh vljqdo lv shuihfw1

Wkh frqwlqxdwlrq ri wkh jdph uhpdlqv dv ghvfulehg lq Vhfwlrqv 5 dqg 61
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Uhihuhqfhv

Fkx/ F1/ 4<<3/ Sohd edujdlqlqj zlwk wkh LUV/ Mrxuqdo ri Sxeolf Hfrqrplfv 74/ 64<06661

Gdlo| I1/ 4<<</ Vxuylylqj dq LUV wd{ dxglw/ Qror1frp/ Ehunho|1

Gdxjkhw|/ D1I1/ 4<<;/ Vhwwohphqw/ Hqf|forshgld ri Odz dqg Hfrqrplfv +hgv1 E1 Erxfndhuw

dqg J1 Gh Jhhvw,/ Hgzdug Hojdu dqg wkh Xqlyhuvlw| ri Jkhqw/

kwws=22doovhuy1uxj1df1eh2�jghjhhvw2

Iudq}rql/ O1D1/ 4<<</ Qhjrwldwhg hqirufhphqw dqg fuhgleoh ghwhuuhqfh/ Hfrqrplf Mrxuqdo/

yro1 43</ 83<08681

Iudq}rql/ O1D1/ 5333/ Dpqhvwlhv/ vhwwohphqwv/ dqg rswlpdo wd{ hqirufhphqw/ Hfrqrplfd/ yro1

8:/ 48604:91

Judhw}/ P1/ M1 Uhlqjdqxp dqg O1 Zlogh +4<;9,/ Wkh wd{ frpsoldqfh jdph= wrzdugv dq

lqwhudfwlyh wkhru| ri odz hqirufhphqw/ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq/

yro1 5/ ss1 40651

N|godqg/ I1 H1 dqg H1 F1 Suhvfrww +4<::,/ Uxohv udwkhu wkdq glvfuhwlrq= wkh lqfrqvlvwhqf|

ri rswlpdo sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8+6,=7:6�7<41

Pdfkr0Vwdgohu L1 dqg G1 Sìuh}0Fdvwuloor +5333,/ Dxglwlqj zlwk vljqdov/ plphr/

kwws=22idfxow|1zdvklqjwrq1hgx2hv5333sd2sgi239931sgi

Sdfnhu M1 dqg E1 Nred|dvkl/ 4<<;/ Hylghqfh/ Hqf|forshgld ri Odz dqg Hfrqrplfv +hgv1 E1

Erxfndhuw dqg J1 Gh Jhhvw,/ Hgzdug Hojdu dqg wkh Xqlyhuvlw| ri Jkhqw/

kwws=22doovhuy1uxj1df1eh2�jghjhhvw2

Srolqvn|/ D1P1 dqg G1O1 Uxelqihog +4<;;,/ Wkh ghwhuuhqw h�hfw ri vhwwohphqwv dqg wuldov/

Lqwhuqdwlrqdo Uhylhz ri Odz dqg Hfrqrplfv/ yro1 ;/ ss1 43<04491

Srvqhu/ U/ +4<<<,/ Dq hfrqrplf dssurdfk wr wkh odz ri hylghqfh/ plphr/ zzz1vvuq1frp1

Uhlqjdqxp/ M1dqg O1 Zlogh +4<;9,/ Vhwwohphqw/ olwljdwlrq dqg wkh doorfdwlrq ri olwljdlrq

frvwv/ Udqg Mrxuqdo ri Hfrqrplfv 4:/ 88:08991

Uhlqjdqxp/ M1 +4<;;,/ Sohd edujdlqlqj dqg survhfxwruldo glvfuhwlrq/ Dphulfdq Hfrqrplf

Uhylhz/ yro1 :;/ ss1 :460:5;1

RHFG/ 4<<3/ Wd{sd|huv* uljkwv dqg reoljdwlrqv= D vxuyh| ri wkh ohjdo vlwxdwlrq lq RHFG

frxqwulhv/ RHFG/ Sdulv1

XV Ghsw1 ri Mxvwlfh/ 5333/ Vhwwohphqw Uhihuhqfh Pdqxdo/ Zdvklqjwrq/ GF1
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