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Wkh Uhodwlyh Shuirupdqfh Sx}}oh

Devwudfw

Wkh dffhswhg wkhruhwlfdo prghov ri h{hfxwlyh frpshqvdwlrq frqwudfwv doo

vhhp wr lpso| wkdw rswlpdo uhpxqhudwlrq sdfndjhv vkrxog frqwdlq d uhodwlyh

shuirupdqfh hohphqw1 Wkh sx}}oh lv wkdw wkh hpslulfdo olwhudwxuh kdv irxqg

uhpdundeo| olwwoh uhodwlyh shuirupdqfh hydoxdwlrq1 Wklv sdshu dlpv dw uh0

vroylqj wklv sx}}oh e| lqwurgxflqj wkh qrwlrq wkdw wkh pdqdjhu fdq wudgh rq

dvvhwv rwkhu wkdq khu rzq frpsdq|*v vwrfn1 Wkhq wkh pdqdjhu*v sruwirolr

vwudwhj| dozd|v dgmxvwv iru wkh ulvnv ri khu frpshqvdwlrq frqwudfw dqg vkh

uhsodfhv wkh �up*v ehqfkpdun zlwk d �krph0pdgh� ehqfkpdun1 Vkh fkrrvhv

h{dfwo| wkh zhljkwv dqg wkh frpsrvlwlrq ri wkh ehqfkpdun wkdw zrxog rwk0

huzlvh eh fkrvhq lq dq rswlpdo frqwudfw1 Lq pdq| fdvhv wklv lv srvvleoh

zlwkrxw vkruw vhoolqj dq| dvvhwv1 Wr wkh h{whqw wkdw shuirupdqfh ehqfk0

pdunv duh fruuhodwhg zlwk wudghg dvvhwv wkh| duh uhgxqgdqw iru wkh rswlpdo

frqwudfw1 Dffrxqwlqj ehqfkpdunv duh h{hpsw iurp wklv yhuglfw vlqfh wkh|

pd| khos wr lqvxuh wkh pdqdjhu djdlqvw ulvnv wkdw duh qrw uhodwhg wr wudghg

dvvhwv1 Wklv pd| khos wr xqghuvwdqg wkh suhvhqfh ri uhodwlyh shuirupdqfh

hohphqwv lq dqqxdo erqxv sodqv1

MHO Fodvvl�fdwlrq=

Nh|zrugv= H{hfxwlyh frpshqvdwlrq/ Uhodwlyh shuirupdqfh hydo0

xdwlrq/ frqwudfwv/ Djhqf| wkhru|
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4 Lqwurgxfwlrq

Wkh hpslulfdo olwhudwxuh rq h{hfxwlyh frpshqvdwlrq kdv irxqg olwwoh li dq|

hylghqfh iru wkh xvh ri uhodwlyh shuirupdqfh frpshqvdwlrq/ zkhuh frpshq0

vdwlrq lv dvvhvvhg dv d ixqfwlrq ri vrph shuirupdqfh phdvxuh uhodwlyh wr d

ehqfkpdun14 Wklv vhhpv wr eh lq vwdun frqwudglfwlrq wr wkh qrwlrq wkdw rs0

wlpdo frpshqvdwlrq frqwudfwv vkrxog pdnh xvh ri doo dydlodeoh lqirupdwlrq1

Dovr/ Pxusk| +4<<<, grfxphqwv wkdw hyhq wkh ihz frpsdqlhv wkdw pdnh

xvh ri uhodwlyh shuirupdqfh hydoxdwlrq xvh lw lq wkhlu dqqxdo erqxv sodqv/

zklfk duh prvw olnho| edvhg rq dffrxqwlqj sur�wv udwkhu wkdq vwrfn pdunhw

uhwxuqv15 Wklv sdshu ghyhorsv rqh dssurdfk wr dgguhvv wklv sx}}oh1

Wkh dujxphqw lv edvhg rq wkh lqvljkw wkdw pdqdjhuv* h{srvxuh wr ulvn

grhv qrw rqo| ghulyh iurp wkhlu frpshqvdwlrq frqwudfw/ exw dovr iurp doo wkh

rwkhu dvvhwv wkh| krog lq wkhlu sruwirolr16 Wkh sdshu vkrzv wkdw li pdq0

djhuv fdq dgmxvw wkhlu sruwirolr kroglqjv rswlpdoo|/ wkhq wkhuh lv w|slfdoo|

qr ru rqo| d vpdoo uroh iru uhodwlyh shuirupdqfh ehqfkpdunv1 Wkh uhdvrq

lv wkdw pdqdjhuv hydoxdwh frpshqvdwlrq frqwudfwv rqo| zlwk uhvshfw wr wkh

4Mhqvhq dqg Pxusk|*v +4<<3e, fodvvlf vwxg| �qgv wkdw uhodwlyh shuirupdqfh hydoxdwlrq

sod|v rqo| d plqru uroh lq h{hfxwlyh frpshqvdwlrq frqwudfwv1 Wkhvh �qglqjv duh frq�uphg

e| rwkhu vwxglhv e| Odpehuw dqg Odufnhu +4<;:,/ Jduhq +4<<7, dqg Djjduzdo dqg Vdpzlfn

+4<<9,/ +4<<<,1 Vrph vxssruw zdv irxqg e| Dqwoh dqg Vplwk +4<;9, dqg e| Jleerqv dqg

Pxusk| +4<<3,1 Frqwudglfwlqj uhvxowv zhuh irxqg e| Eduur dqg Eduur +4<<3,1 Mdqdnlud0

pdq/ Odpehuw dqg Odufnhu +4<<5, �qg wkdw frpshqvdwlrq lqfuhdvhv zlwk wkh lqgxvwu|*v

vwrfn shuirupdqfh dqg ghfuhdvhv zlwk wkh lqgxvwu|*v dffrxqwlqj shuirupdqfh/ wkxv sur0

ylglqj lqfrqfoxvlyh hylghqfh1
5Pxusk| +4<<;, dovr qrwhv wkdw prvw sodqv xvh uhodwlyh shuirupdqfh phdvxuhv gli0

ihuhqwo| iurp wkh zd| suhvfulehg e| wkh prgho1 Wkh| xvh lqgxvwu| udqnlqjv dqg shhu

frpsdulvrqv udwkhu wkdq dq dyhudjh ri wkh uhvshfwlyh shhu jurxs1
6D vlplodu revhuydwlrq zdv pdgh e| Odpehuw/ Odufnhu dqg Yhuuhffkld +4<<4,1
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lqfuhphqwdo ulvn wkh| lqfxu1 Wkhlu rswlpdo sruwirolr vwudwhj| dozd|v uhgxfhv

h{srvxuh wr wkrvh dvvhwv wkdw duh kljko| fruuhodwhg zlwk wkh vwrfn ri wkhlu

rzq frpsdq|/ dqg lqfuhdvhv kroglqjv lq dq| dvvhwv srvlwlyho| fruuhodwhg zlwk

wkh ehqfkpdun1 Khqfh/ wkh lqfuhphqwdo ulvn wkh| lqfxu lv dozd|v rqo| wkh

�up0vshfl�f ulvn/ dqg uhodwlyh shuirupdqfh hydoxdwlrq fdq lpsuryh rq wklv

rqo| wr wkh h{whqw wkdw wkh ehqfkpdun xvhg lq wkh frqwudfw lv xqfruuhodwhg

zlwk wudghg dvvhwv dqg fruuhodwhg zlwk wkh vshfl�f0ulvn ri wkh �up1 Lq prvw

fdvhv/ wkh rswlpdo sruwirolr dgmxvwphqw e| pdqdjhuv zloo qrw lqfoxgh vkruw

vhoolqj ri dq| dvvhwv1

Wkh lqwxlwlrq lv vlpsoh dqg ehvw h{sodlqhg e| dq h{dpsoh1 Frqvlghu wkh

fdvh ri d pdqdjhu zkrvh fxuuhqw zhdowk lv '4/333/3331 Ri wklv '833/333 lv

lqyhvwhg lq dq lqgh{ ixqg dqg wkh uhpdlqlqj '833/333 lv lqyhvwhg lq fdvk1

Dvvxph wkh lqgh{ ixqg lv shuihfwo| fruuhodwhg zlwk wkh pdunhw sruwirolr1 Qrz

vxssrvh wklv pdqdjhu lv kluhg lqwr d frpsdq| dqg dffhswv d frqwudfw wkdw

irufhv khu wr lqyhvw '533/333 lq uhvwulfwhg vwrfn ri wkh frpsdq| vkh pdqdjhv1

Wkhq vkh zloo rswlpdoo| uhedodqfh khu sruwirolr dqg uhgxfh khu kroglqjv lq wkh

lqgh{ ixqg wr '633/3331 Wkhuhiruh/ wkh dgglwlrqdo ulvn vkh lqfxuv wkurxjk khu

qhz hpsor|phqw lv rqo| wkh vshfl�f ulvn ri wklv frpsdq|/ qrw wkh frpsdq|*v

wrwdo ulvn1 Iru hyhu| dgglwlrqdo groodu ri uhvwulfwhg vwrfn vkh qhhgv wr krog

dv sduw ri khu frqwudfw vkh uhgxfhv khu kroglqjv lq wkh lqgh{ ixqg e| h{dfwo|

rqh groodu1 Zkhq vkh frqvlghuv wkh frqglwlrqv ri wkh frqwudfw vkh lv r�huhg

vkh zloo wdnh wkh dgmxvwphqw wr khu sruwirolr lqwr dffrxqw/ dqg hydoxdwh wkh

frqwudfw rq wkh edvlv ri wkh lqfuhphqwdo ulvn lqyroyhg lq dffhswlqj lw/ qrw wkh

wrwdo ulvn1

Qrz/ vxssrvh vkh lv r�huhg d uhodwlyh shuirupdqfh frqwudfw/ zkhuh wkh

shuirupdqfh ri khu frpsdq| lv ehqfkpdunhg djdlqvw wkh vwrfn pdunhw lq0

gh{1 Wklv lv htxlydohqw wr r�hulqj khu d frqwudfw zlwkrxw uhodwlyh shuiru0
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pdqfh ihdwxuhv/ soxv d vkruw srvlwlrq lq wkh vwrfn pdunhw sruwirolr1 Wkhq

wkh pdqdjhu*v rswlpdo sruwirolr doorfdwlrq zloo fkdqjh e| qhxwudol}lqj wkh

uhodwlyh shuirupdqfh ihdwxuh zlwk dq r�vhwwlqj orqj srvlwlrq lq wkh lqgh{

ixqg1 Khqfh/ wkh lqfuhphqwdo ulvn vkh lqfxuv dv sduw ri khu hpsor|phqw lv

frpsohwho| lqghshqghqw ri wkh uhodwlyh shuirupdqfh hohphqwv ri khu frqwudfw1

Wkh dujxphqw qhhgv wr eh prgl�hg li wkh ehqfkpdun lv qrw d wudghg dvvhw

olnh wkh vwrfn pdunhw lqgh{/ exw dq dffrxqwlqj ehqfkpdun/ iru h{dpsoh wkh

dyhudjh hduqlqjv ri frpsdqlhv lq wkh vdph lqgxvwu|/ ru dyhudjh uhwxuqv rq wkh

errn ydoxh ri dvvhwv ru wkh errn ydoxh ri htxlw|1 Wkhq wkh pdqdjhu fdq dgmxvw

khu sruwirolr rqo| wr wkh h{whqw wkdw wkh ehqfkpdun lv fruuhodwhg zlwk dq|

ri wkh dvvhwv vkh fdq wudgh rq1 Wkhuhiruh/ dffrxqwlqj ehqfkpdunv lpsuryh

wkh frpshqvdwlrq frqwudfw wr wkh h{whqw wkdw wkh| duh qrw fruuhodwhg zlwk

dq| wudghg dvvhwv/ dqg wr wkh h{whqw wkdw wkh| khos wr uhgxfh wkh pdqdjhu*v

h{srvxuh wr ulvnv wkdw duh qrw fruuhodwhg zlwk wkrvh ri wudghg dvvhwv rwkhu

wkdq wkh �up*v rzq vwrfn1

Wkh qh{w vhfwlrq 5 glvfxvvhv wkh olwhudwxuh1 Vhfwlrq 6 glvfxvvhv wkh edvh

prgho iru wklv dqdo|vlv dqg uhlwhudwhv wkh dujxphqw iru uhodwlyh shuirupdqfh

hydoxdwlrq lq dq hqylurqphqw zkhuh wkh pdqdjhu fdqqrw wudgh1 Wkhq vhfwlrq

7 lqwurgxfhv wkh srvvlelolw| wkdw wkh pdqdjhu fdq wudgh rq wkh pdunhw lqgh{/

dqg vhfwlrq 8 vkrzv krz wkh dujxphqw fkdqjhv li wkh pdqdjhu lv hydoxdwhg

uhodwlyh wr dq dffrxqwlqj ehqfkpdun1 Vhfwlrq 9 jhqhudol}hv wkh dujxphqw e|

doorzlqj wkh pdqdjhu wr wudgh rq wkh frpsrqhqwv ri wkh pdunhw lqgh{ lqgl0

ylgxdoo| udwkhu wkdq rq wkh lqgh{ dv d zkroh1 Vhfwlrq : frqfoxghv1 Whfkqlfdo

ghulydwlrqv dqg surriv duh ghihuuhg wr wkh dsshqgl{1
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5 Glvfxvvlrq ri wkh Olwhudwxuh

Vhyhudo sdshuv kdyh douhdg| dqdo|}hg wkh lpsolfdwlrqv ri uhodwlyh shuiru0

pdqfh hydoxdwlrq iru lqyhvwphqw ehkdylru1 Vfkduivwhlq dqg Vwhlq +4<<3, ud0

wlrqdol}h wkh �khuglqj� ehkdylru lqgxfhg e| uhodwlyh shuirupdqfh hydoxdwlrq/

zkhuh pdqdjhuv suhihu dq lqihulru dfwlrq ehfdxvh lw lv wdnhq e| wkh pdmrulw|

ri djhqwv wkh| duh frpsduhg zlwk1 Lq d prgho zlwk fduhhu frqfhuqv ]zlheho

+4<<8, vkrzv wkdw phglrfuh pdqdjhuv pd| suhihu wkh lqihulru +frqvhuydwlyh,

dfwlrq/ zkhuhdv jrrg dqg edg pdqdjhuv suhihu vxshulru dfwlrqv1 Wkhvh sd0

shuv dqdo|}h wkh lpsolfdwlrqv ri uhodwlyh shuirupdqfh hydoxdwlrq rxwvlgh ri dq

rswlpdo frqwudfwlqj prgho vlqfh wkh uhodwlyh shuirupdqfh hohphqw lv wkh lp0

solfdwlrq ri fduhhu frqfhuqv17 Vlploduo|/ Djjduzdo dqg Vdpzlfn +4<<9, vkrz

wkdw uhodwlyh shuirupdqfh hydoxdwlrq pd| kdyh lpsolfdwlrqv iru pdqdjhuv*

frpshwlwlyh ehkdylru1

Dgpdwl dqg S hlghuhu +4<<:, vkrz d uhodwhg uhvxow lq wkh frqwh{w ri

ghohjdwhg sruwirolr pdqdjhphqw1 Krzhyhu/ lq wkhlu prgho wkh sulqflsdo lv

ulvn0dyhuvh/ dqg wkh uhvxow frqfhuqv pdlqo| wkh lpsolfdwlrqv ri shuirupdqfh

ehqfkpdunlqj iru rswlpdo ulvn vkdulqj1 Jhqhudoo|/ frqwudfwlqj sureohpv lq

ghohjdwhg sruwirolr pdqdjhphqw duh vrphzkdw gl�huhqw iurp frqwudfwlqj

sureohpv lq wkh �up/ dqg rqo| wkh odwwhu duh wkh irfxv ri wklv sdshu1

Dqrwkhu olwhudwxuh kdv suhylrxvo| orrnhg dw wkh lpsdfw ri pdqdjhuv wudg0

lqj ri wkhlu rzq vwrfn1 Qhxv +4<;<, dqg Odx{ +4<<3,/ +4<<;, ghulyh wkh wudg0

lqj ghflvlrqv ri dq rzqhu0pdqdjhu zkr fdq wudgh lq wkh vkduhv ri wkh vwrfn

ri khu rzq frpsdq|/ dqg vkrz wr zkdw h{whqw wkh vwdqgdug sulqflsdo0djhqw

7Vhh dovr Kxggduw +4<<<, iru d prgho ri ghohjdwhg sruwirolr pdqdjhphqw zlwk uhsxwdwlrq

h�hfwv1 Wkhuh lv d odujh olwhudwxuh rq prghov zlwk fduhhu frqfhuqv wkdw lv qrw glvfxvvhg

khuh1
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frqwudfw fkdqjhv ghshqghqw rq wkh �xqgrlqj� ri wkh frqwudfw wkh djhqw fdq

xqghuwdnh lq wkh fdslwdo pdunhw1 Odx{ dovr dujxhv wkdw wkh djhqw frxog uhsol0

fdwh lqvxudqfh e| wkh �up zlwk vhoi0lqvxudqfh lq wkh fdslwdo pdunhw/ exw grhv

qrw vkrz wr zkdw h{whqw wkh rswlpdo wudglqj vwudwhj| ri wkh djhqw frlqflghv

zlwk wkh rswlpdo frqwudfw fkrvhq e| wkh sulqflsdo1 Krzhyhu/ wklv lv fulwlfdo

lq ylhz ri Fdpsehoo dqg Nudfdz*v +4<;:, uhvxow wkdw wkh lqvxudqfh fkrvhq e|

wkh pdqdjhu pd| eh gl�huhqw wkdq wkdw suhihuuhg e| vkduhkroghuv dv sduw ri

wkh rswlpdo frqwudfw1 Jduyh| +4<<:, �qgv wkdw lqfhqwlyh frqwudfwv grplqdwh

fdslwdo vwuxfwxuh dv d erqglqj ghylfh devhqw �xqgrlqj� ri wkhvh frqwudfwv

e| wkh pdqdjhu1 Wklv udqnlqj pd| uhyhuvh li wkh pdqdjhu fdq qhxwudol}h

wkh lpsdfw ri wkh frqwudfw wkurxjk wudglqj1 Wkh dqdo|vlv ri wkhvh sdshuv

frpsohphqwv rxuv/ vlqfh wkh sdshu khuh dvvxphv wkdw wkh pdqdjhu fdq qhyhu

wudgh lq khu rzq vwrfn1 Fdpsehoo dqg Nudfdz +4<;8,/ +4<;:, dqdo|}h prghov

ri h{hfxwlyh frpshqvdwlrq zkhuh wkh pdqdjhu0djhqwv fdq dovr lqvxuh khuvhoi

lq wkh fdslwdo pdunhw1 Krzhyhu/ wkhvh sdshuv gr qrw dqdo|}h wkh lpsolfdwlrqv

iru uhodwlyh shuirupdqfh hydoxdwlrq1 Lq Fdpsehoo*v dqg Nudfdz*v dssurdfk

pdq| ri wkh frqvlghudwlrqv khuh frxog qrw eh dqdo|}hg vlqfh wkh lqvxudeoh

ulvnv duh xqfruuhodwhg dfurvv �upv1

6 Wkh Udwlrqdoh ehklqg Uhodwlyh Shuirupdqfh Frp0

shqvdwlrq

Lq wklv vhfwlrq L uhkhduvh wkh vwdqgdug dujxphqw wkdw dq rswlpdo sulqflsdo0

djhqw frqwudfw ehwzhhq wkh vkduhkroghuv ri d �up dqg pdqdjhphqw vkrxog

kdyh d uhodwlyh shuirupdqfh ihdwxuh18 Zh vwxg| wkh frqwudfwlqj sureohp lq

8Wkh vwdqgdug uhvxowv rq wkh lqirupdwlyhqhvv sulqflsoh dqg wkh sulqflsdo0djhqw frqwudfw

dv glvfxvvhg khuh jr edfn wr Kropvwuùp*v +4<:<,/ +4<;5, vhplqdo sdshuv1 Wkh vshfldo fdvh
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d �up zkhuh fxuuhqw vkduhkroghuv sxufkdvh dvvhwv zlwk d ydoxh D wr uhdol}h

d vlqjoh hqg ri shulrg fdvk  rz F1 Wkh fdvk  rz ghshqgv rq wkh h�ruw ri

wkh pdqdjhu h/ d udqgrp frpsrqhqw % dqg d �{hg h{rjhqrxv frqvwdqw ff dv

iroorzv=

F @ h. +ff . %,D +4,

zkhuh % lv glvwulexwhg qrupdo zlwk }hur phdq dqg yduldqfh �21 Wkh pdq0

djhu uhfhlyhv lqfrph \ dw wkh hqg ri wkh shulrg1 Wkh pdqdjhu*v lqfrph lv

ghwhuplqhg e| wkh vwrfn sulfh S dqg e| frpsdulvrq zlwk vrph ehqfkpdun1

Iru frqfuhwhqhvv zh vshfli| wkdw wkh ehqfkpdun lv wkh uhwxuq rq wkh pdunhw

sruwirolr u� 1 Lq vxevhtxhqw vhfwlrqv zh vkdoo jhqhudol}h wklv vhwxs wr lqfoxgh

dffrxqwlqj ehqfkpdunv1 Wkh vwrfn sulfh dw wkh hqg ri wkh shulrg uh hfwv wkh

fdvk  rz qhw ri wkh pdqdjhu*v lqfrph=

\ @ a�f . a��S � a��u� +5,

S @ F � \ +6,

Qrwh wkdw wkh uhwxuq u� fdq eh lqwhusuhwhg dv d sd|r� wr d rqh0groodu lq0

yhvwphqw lq wkh pdunhw lqgh{/ vr wkh frqwudfw vshfl�hv wkdw wkh djhqw krogv

d srvlwlrq ri �a�� grooduv lq wkh lqgh{1 Wkh �up kdv rqh vkduh ri vwrfn rxw0

vwdqglqj/ vr a�� phdvxuhv wkh qxpehu ri vkduhv khog e| wkh pdqdjhu1 Lq wklv

vhfwlrq zh dvvxph wkdw wkh vwrfn pdunhw lqgh{ kdv d udqgrp uhwxuq u� zlwk

dq h{shfwhg ydoxh ri }hur dqg yduldqfh �2� 1 Wklv h�hfwlyho| dvvxphv wkdw

wkh pdunhw ulvn suhplxp dqg wkh ulvn iuhh udwh duh erwk }hur1 Iru vlpsolflw|

zh dvvxph wkdw wkh frpsdq| xqghu frqvlghudwlrq lv qrw sduw ri wkh pdunhw

lqgh{1 Wkhvh dvvxpswlrqv duh lqfrqvhtxhqwldo iru wkh dujxphqw suhvhqwhg

khuh1

dqdo|}hg khuh zdv ghyhorshg e| Kropvwuùp dqg Plojurp +4<;:,1
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Wkh fdvk  rz ri wkh �up lv lpshuihfwo| fruuhodwhg zlwk wkh pdunhw uhwxuq1

Zh prgho wklv e| ghfrpsrvlqj wkh udqgrp frpsrqhqw ri wkh fdvk  rz/ %/

lqwr d frpsrqhqw uh hfwlqj pdunhw ulvn dqg d �up0vshfl�f frpsrqhqw wkdw

lv xqfruuhodwhg zlwk wkh pdunhw uhwxuq=

% @ %8 . u� %8 � Q
�
3> �28

�
�2 @ �28 . �2� +7,

Lw lv lpsruwdqw wr qrwh wkdw wkh djhqw kdv d olplwhg dfwlrq vsdfh lq wklv

prgho vlqfh vkh fdq rqo| fkrrvh khu ohyho ri h�ruw/ dqg h�ruw d�hfwv rqo|

wkh phdq ri wkh glvwulexwlrq dqg qrw wkh yduldqfh ru fryduldqfh zlwk wkh

pdunhw1 Li vkh frxog dovr fkrrvh wkh vfdoh ri rshudwlrqv D/ wkhq vkh zrxog

dovr lq xhqfh wkh ulvnlqhvv ri wkh rshudwlrqv19 Vxevwlwxwlqj iru F iurp +4,

dqg xvlqj �� @ 	k�
�n	k�

/ �� @ 	k�
�n	k�

dqg �f @
	kf

�n	k�
zh fdq zulwh=

\ @ �f . ��F � ��u� +8,

S @
F � a�f . a��u�

4 . a��
@ +4� �� ,F � �f . ��u� +9,

Lq wklv prgho wkh pdqdjhu*v zhdowk Z lv jlyhq rqo| e| khu lqfrph/ vr

\ @ Z 1 H�ruw lv frvwo| wr wkh pdqdjhu/ dqg wkh frvwv ri h�ruw duh uhs0

uhvhqwhg dv d ghgxfwlrq ri lqfrph +ru zhdowk, e| d vwdqgdug txdgudwlf ixqf0

wlrq &
2
h21 Wkhq wkh pdqdjhu*v suhihuhqfhv fdq eh uhsuhvhqwhg e| d qhjdwlyh

h{srqhqwldo xwlolw| ixqfwlrq X +Z> h, @ �h34+`3
&
2
e2,1 Li zhdowk lv qrupdoo|

glvwulexwhg zh fdq xvh vwdqgdug glvwulexwlrq wkhru| wr uhsuhvhqw wkh pdq0

9Iru dq dqdo|vlv zkhuh wkh djhqw fdq dovr dgmxvw lqyhvwphqw dqg lq xhqfh wkh ulvnlqhvv

ri wkh �up*v rshudwlrqv vhh Pdufxv +4<;5, dqg Qhxv +4<<9,1

:



djhu*v suhihuhqfhv e| wkh fhuwdlqw| htxlydohqw ri khu xwlolw| dv=:

FH +Z> h, @ H +Z ,� n

5
h2 � �

5
Y du +Z ,

@ �f . �� +ffD. h,� n

5
h2 � �

5
Y du +Z , +:,

Y du +Z , @ �2�D
2�2 � 5��D���

2
� . �2��

2
�

Wklv jlyhv wkh pdqdjhu*v �uvw rughu frqglwlrq iru khu fkrlfh ri wkh ohyho ri

h�ruw dv h @ ��@n1 Wkhq vwdqgdug dqdo|vlv jlyhv wkh rswlpdo frqwudfw dv=;

�-� @
4

4 . �nD2�28
+;,

�-� @ ��D +<,

zkhuh wkh vxshuvfulsw U ghqrwhv wkh rswlpdo frqwudfw zlwk uhodwlyh shuiru0

pdqfh hydoxdwlrq1< Ghqrwh e| Y @ H +S , wkh qhw ydoxh ri wkh �up wr

vkduhkroghuv1 Wkhq vxevwlwxwlqj wkh rswlpdo frqwudfw ++;,/ +<,, edfn lqwr

wkh vkduhkroghu ydoxh htxdwlrq +vhh htxdwlrq +68, lq wkh dsshqgl{, jlyhv wkh

rswlpl}hg ydoxh iru Y dv=

Y - @ ffD.
�-�
5n

+43,

Wkh frqwudfw zlwk uhodwlyh shuirupdqfh hydoxdwlrq fdq eh hdvlo|frqwudvwhg

wr wkh vwdqgdug frqwudfw rewdlqhg li wkhuh lv qr uhodwlyh shuirupdqfh hohphqw

:Wkh fhuwdlqw| htxlydohqw �. lv uhodwhg wr wkh h{shfwhg xwlolw| .L E` � ri wkh pdqdjhu

dv �. E` � ' 3 *L} E3.L E` �� *41
;D ghwdlohg dqdo|vlv fdq eh irxqg lq wkh dsshqgl{1 Wkh pdlq vwhsv duh wr ghwhuplqh wkdw

wkh sduwlflsdwlrq frqvwudlqw lv dozd|v elqglqj/ vr �. E`c e� ' f/ dqg wkdw wkh sulqflsdo

+rxwvlgh vkduhkroghuv, pd{lpl}h wkh h{shfwdwlrq ri wkh �up*v qhw fdvk  rz diwhu ghgxfwlqj

wkh pdqdjhu*v zdjh1
<Rxu uhvxow lv vlplodu wr Djjduzdo dqg Vdpzlfn +4<<<, +vhh wkhlu vhfwlrq LY, vlqfh wkh

vwrfn0ehwd ri rxu �up lv dozd|v htxdo wr rqh dqg zh zrxog qhhg wr lqfoxgh wkh vfdolqj

idfwru � lq wkh gh�qlwlrq ri 01

;



dqg �� @ 31 Wkhq zh kdyh=

��-� @
4

4 . �nD2�2
+44,

dqg wkh vdph h{suhvvlrq iru +43, rewdlqv e| vlpso| h{fkdqjlqj �-� zlwk ��-� 1

Vlqfh �-� A ��-� / zh kdyh frqfoxvlyho| suryhq wkh vwdqgdug uhvxow=

Sursrvlwlrq 4 +Lqirupdwlyhqhvv sulqflsoh, Dq rswlpdo frpshqvdwlrq

frqwudfw dozd|v lqfoxghv d uhodwlyh shuirupdqfh hohphqw1 D uhodwlyh shuiru0

pdqfh frqwudfw
�
�-f / �

-
� /�

-
�

�
ohdgv wr vwulfwo| kljkhu vkduhkroghu ydoxh Y

dqg d kljkhu ohyho ri h�ruw e| wkh pdqdjhu wkdq wkh ehvw dwwdlqdeoh rxwfrph

zlwkrxw uhodwlyh shuirupdqfh hydoxdwlrq
�
��-f / ��-� /3

�
1

Wklv uhvxow lv d vshfldo fdvh ri Kropvwuùp*v +4<:<, lqirupdwlyhqhvv sulqfl0

soh zklfk fdq eh uhskudvhg orrvho| dv vd|lqj wkdw wkh rswlpdo frqwudfw vroyhv

d vwdwlvwlfdo lqihuhqfh sureohp1 Wkh pdqdjhu*v frpshqvdwlrq lqfuhdvhv zkhq0

hyhu wkh vwdwlvwlfv +shuirupdqfh phdvxuhv, revhuyhg e| wkh sulqflsdo pdnh lw

pruh olnho| wkdw wkh pdqdjhu kdv surylghg pruh h�ruw/ dqg doo vwdwlvwlfv wkdw

frqwulexwh dgglwlrqdo lqirupdwlrq wr wklv h�hfw duh hpsor|hg lq wkh rswlpdo

frqwudfw1 Khuh zh vhh wkdw F � Du� lv d ehwwhu vwdwlvwlf iru wklv sxusrvh

wkdq wkh fdvk  rz F lwvhoi/ vr wkh pdqdjhu*v sd| lv edvhg rq wklv vwdwlvwlf143

7 Rswlpdo Frqwudfwv li wkh Pdqdjhu fdq Wudgh

Zh qrz prgli| wkh suhylrxv dqdo|vlv e| dvvxplqj wkdw wkh pdqdjhu fdq

wudgh lq wkh vwrfn pdunhw1 Pruh suhflvho|/ iru wkh sxusrvh ri wklv vxevhf0

wlrq zh dvvxph wkdw wkh pdqdjhu fdq wudgh rq wkh vwrfn pdunhw lqgh{/ iru
43Qrwh wkdw wkh olqhdulw| ri wkh lqirupdwlrq djjuhjdwlrq +wkh vwdwlvwlf � 3�o� lv olqhdu

lq � dqg o� , zrxog dovr rewdlq lq d pruh jhqhudo vhwwlqj zlwkrxw lpsrvlqj olqhdulw| ri

wkh frqwudfw> Vhh Edqnhu dqg Gdwdu +4<;<,1

<



h{dpsoh wkurxjk wudghv lq lqgh{ ixwxuhv1 Zh zloo vhh odwhu wkdw zh rewdlq

gl�huhqw uhvxowv li zh uhod{ wklv dvvxpswlrq dqg dvvxph wkdw wkh pdqdjhu

fdq dfwxdoo| wudgh lq wkh lqglylgxdo frpsrqhqwv ri wkh lqgh{1 Iru wkh hqwluh

sdshu zh dvvxph wkdw wkh pdqdjhu fdq qhyhu wudgh lq wkh vwrfn ri khu rzq

frpsdq|/ dqg wkdw doo wudghv wdnh sodfh lq d shuihfw fdslwdo pdunhw zlwk

}hur wudqvdfwlrq frvwv dqg lq�qlwh oltxlglw|1 Qrz/ lq dgglwlrq wr uhfhlylqj d

vdodu| iurp wkh �up/ wkh pdqdjhu dovr lqyhvwv wkh dprxqw �� lq wkh vwrfn

pdunhw lqgh{1 Wkh pdqdjhu*v hqg ri shulrg zhdowk lv wkhuhiruh jlyhq e|=

Z @ \ . ��u�

@ �f . ��F . +�� � ��, u� +45,

Wkh dqdo|vlv ri wkh suhylrxv vhfwlrq fdq qrz eh prgl�hg dffruglqjo|1 Htxd0

wlrq +:, lv prgl�hg rqo| zlwk uhvshfw wr wkh yduldqfh h{suhvvlrq=

Y du +Z , @ �2�D
2�2 . 5��D +�� � ��,�

2
� . +�� � ��,

2 �2� +46,

Revhuyh wkdw wkh pdqdjhu pd| dgmxvw khu sruwirolr vxevhtxhqw wr vljqlqj wkh

frpshqvdwlrq frqwudfw1 Khqfh/ ehiruh zh fdq vroyh iru wkh rswlpdo frqwudfw

zh qhhg wr vroyh iru wkh pdqdjhu*v rswlpdo sruwirolr vwudwhj|=

�� @ �� � ��D +47,

Vxevwlwxwlqj wkh h{suhvvlrq iru �� edfn lqwr wkh yduldqfh0htxdwlrq=

Y du +Z , @ �2�D
2�28 +48,

Xvlqj wkh sduwlflsdwlrq frqvwudlqw +FH +Z , @ 3, dqg vxevwlwxwlqj iru wkh

htxloleulxp h�ruw ohyho +h @ ��@n, zh rewdlq vkduhkroghuv* remhfwlyh dv

ehiruh dv=

Y @ H +S , @ ffD.
��
n

� �2�
5n

� �

5
�2�D

2�28 +49,
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Wklv ohdgv wr h{dfwo| wkh vdph uhvxow dv wkh fdvh zlwk uhodwlyh shuirupdqfh

hydoxdwlrq ehiruh/ dqg wkh rswlpdo ydoxh ri �� lv vwloo jlyhq e| +;,144 Krz0

hyhu/ wkhuh lv d vljql�fdqw gl�huhqfh khuh/ vlqfh zh glg qrw rewdlq dq rswlpdo

vroxwlrq iru wkh uhodwlyh shuirupdqfh sdudphwhu ��1 H�hfwlyho|/ vlqfh +49,

lv lqghshqghqw ri ��/ dq| vroxwlrq iru �� fdq eh rswlpdo1 Wkh uhdvrq iru

wklv lqghwhuplqdf| lv lpphgldwh iurp htxdwlrq +47,1 Wkh pdqdjhu rswlpdoo|

dgmxvwv khu lqyhvwphqw lq wkh pdunhw �� h{dfwo| vr dv wr r�vhw dq| fkdqjh

lq ��1 Zh kdyh wkhuhiruh suryhq=

Sursrvlwlrq 5 +Wudgh,= Dvvxph wkdw wkh pdqdjhu fdq wudgh lq wkh vwrfn

pdunhw lqgh{ exw qrw lq wkh vwrfn ri khu rzq frpsdq| vxevhtxhqw wr vljqlqj

wkh frqwudfw zlwk vkduhkroghuv1 +l, Wkhq vkduhkroghuv* zhdowk lv lqghshqghqw

ri wkh uhodwlyh shuirupdqfh sdudphwhu ��/ dqg lw lv zhdno| rswlpdo qrw wr xvh

dq| uhodwlyh shuirupdqfh hydoxdwlrq uhodwlyh wr wkh pdunhw lqgh{ +�� @ 3,1

+ll, Wkh uhvxowlqj doorfdwlrq iru vkduhkroghu ydoxh/ pdqdjhuldo h�ruw dqg wkh

vorsh sdudphwhu �� ri wkh rswlpdo frqwudfw lv wkh vdph dv li wkh pdqdjhu

frxog qrw wudgh dqg wkh rswlpdo uhodwlyh shuirupdqfh frqwudfw zkhuh fkrvhq1

Wkh lpsruwdqw lpsolfdwlrq khuh lv wkdw wkh vwdqgdug sulqflsdo0djhqw frq0

wudfw zlwkrxw uhodwlyh shuirupdqfh hydoxdwlrq +�� @ 3, lv dfwxdoo| dq rs0

wlpdo frqwudfw1 Li wkh pdqdjhu fdq wudgh lq dq dvvhw wkdw lv shuihfwo| fru0

uhodwhg zlwk wkh ehqfkpdun ri d uhodwlyh shuirupdqfh frqwudfw/ wkhq vkh

zloo iroorz d sruwirolr vwudwhj| wkdw rswlpdoo| khgjhv khu djdlqvw wkh ulvnv

lqfxuuhg wkurxjk khu frpshqvdwlrq frqwudfw1 Dv d uhvxow/ qr uhodwlyh shu0

irupdqfh frqwudfw fdq lpsuryh rq wkh pdqdjhu*v rswlpdo khgjlqj vwudwhj|1

Wklv uhvxow frqwudvwv Fdpsehoo dqg Nudfdz +4<;:, zkr �qg iru wkhlu prgho

wkdw wkh rswlpdo lqvxudqfh vwudwhj| ri wkh pdqdjhu lv gl�huhqw iurp wkdw
44Qrwh wkdw htxdwlrq +68, lq wkh dsshqgl{ lv ydolg zlwkrxw prgl�fdwlrq1

44



suhihuuhg e| vkduhkroghuv1 Wkh| dvvxph wkdw wkh pdqdjhu fdq wudgh lq wkh

vwrfn ri khu rzq frpsdq|/ zklfk ohdgv khu wr lqvxuh h{fhvvlyho| djdlqvw wkh

ulvn lq khu rzq frpsdq|1 Pruhryhu/ wkhlu dvvxpswlrq wkdw lqvxudeoh ulvnv

duh xqfruuhodwhg uhpryhv dq| phdqlqjixo uhodwlyh shuirupdqfh hydoxdwlrq

lq wkh frqwudfw1

Wkh lpsruwdqw lqvljkw ri Sursrvlwlrq 5 lv wkdw dw wkh pdujlq wkh pdq0

djhu zloo dozd|v dgmxvw khu h{srvxuh wr wkh ulvn lq wkh ehqfkpdun sruwirolr

rswlpdoo|/ dqg dq| dgglwlrqdo h{srvxuh wr wkh pdunhw lqgh{ lq khu frqwudfw

zloo eh uh hfwhg lq d frpphqvxudwh uhgxfwlrq lq h{srvxuh lq khu sruwirolr/

vr wkdw khu wrwdo h{srvxuh wr wkh ulvn uh hfwhg lq wkh ehqfkpdun lv lqghshq0

ghqw ri khu frqwudfw1 Qrwh wkdw wklv dujxphqw dvvxphv wkdw wkh pdqdjhu

pd| kdyh wr vkruw0vhoo wkh vwrfn pdunhw lqgh{/ dqg wkdw vkruw0vhoolqj lv frvw0

ohvv1 Li vkruw0vhoolqj wkh pdunhw lqgh{/ ru/ htxlydohqwo|/ vhoolqj vwrfn lqgh{

ixwxuhv/ lv frvwo|/ wkhq d uhodwlyh shuirupdqfh frqwudfw pd| eh rswlpdo djdlq

dv d frvwohvv vxevwlwxwh iru frvwo| vkruw0vhoolqj1

Wklv dujxphqw uh hfwv wkh vdph orjlfdo vwuxfwxuh dv wkh Prgljoldql0

Ploohu0wkhruhp rq rswlpdo fdslwdo vwuxfwxuh1 Vlqfh wkh pdqdjhu fdq shu0

ihfwo| uhsolfdwh wkh uhodwlyh shuirupdqfh frqwudfw/ dq| vxfk frqwudfw vlpso|

uhsodfhv �pdqdjhu0pdgh lqvxudqfh� zlwk ��up0pdgh lqvxudqfh/� zlwkrxw

jhqhudwlqj dq| dgglwlrqdo ehqh�wv1 Wkh prgho jhqhudwhv dovr voljkwo| gl�hu0

hqw frpsdudwlyh vwdwlf uhvxowv wkdq wkh vwdqgdug sulqflsdo0djhqw prgho1 Wkh

vwdqgdug sulqflsdo djhqw prgho suhglfwv wkdw pdqdjhuv lq lqgxvwulhv zlwk d

kljkhu wrwdo yrodwlolw| ri uhwxuqv kdyh ohvv kljk0srzhuhg lqfhqwlyhv +vhh +;,,1

Wkh uhodwlyh shuirupdqfh prgho dqg wkh wudglqj prgho ghyhorshg lq wklv

vhfwlrq suhglfw wkdw wkh pdqdjhuv lq lqgxvwulhv zlwk kljkhu �up0vshfl�f ulvn
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kdyh ohvv kljk0srzhuhg frqwudfwv145 D uhjuhvvlrq wkdw frqwurov iru ehwd0ulvn

vkrxog eh deoh wr glvwlqjxlvk ehwzhhq wkh vwdqgdug prgho dqg wkh wudglqj

prgho/ exw lw fdqqrw glvwlqjxlvk ehwzhhq wkh uhodwlyh shuirupdqfh prgho

dqg wkh wudglqj prgho ehfdxvh wkh| duh revhuydwlrqdoo| htxlydohqw lq wklv

uhvshfw1

Rqh olplwdwlrq ri wkh dqdo|vlv ri wklv vxevhfwlrq lv wkh idfw wkdw lw vxj0

jhvwv wkdw pdqdjhuv qhhg wr vkruw0vhoo wkh pdunhw sruwirolr iurp +47,1 Wklv

vrphzkdw lpsodxvleoh 0 dqg prvw suredeo| frxqwhuidfwxdo 0 uhvxow ghshqgv

fulwlfdoo| rq wkh vlpsoli|lqj dvvxpswlrq wkdw wkh h{shfwhg pdunhw uhwxuq dqg

wkhuhiruh wkh ulvn suhplxp lv }hur1 Dvvxph iru wkh uhpdlqlqj sduw ri wklv

vxevhfwlrq wkdw u� � Q
�
�> �2�

�
/ vr wkdw wkh h{shfwhg uhwxuq rq wkh pdunhw

lv � A 31 Wkhq wkh dqdo|vlv deryh fdq eh hdvlo| prgl�hg wr |lhog=46

�� @
�

��2�
. �� � ��D +4:,

Iru wkh vdnh ri dq looxvwudwlrq dvvxph wkdw wkh pdunhw ulvn suhplxp lv 9(

dqg frqvlghu wkh fdvh ri d FHR zkr pdqdjhv d frpsdq| zlwk dq dvvhw

vl}h ri '4 eloolrq147 Dvvxph wkh FHR kdv d ulvn h{srvxuh ri derxw '8 shu

'4333 ri vkduhkroghu ydoxh/ zklfk jlyhv �� @ 3=338148 Ixuwkhupruh/ dvvxph
45Djjduzdo dqg Vdpzlfn +4<<<, whvw wklv k|srwkhvlv dqg �qg vwurqj hylghqfh iru wkh

lqyhuvh uhodwlrqvkls ehwzhhq k� dqg j21 Krzhyhu/ vlqfh �up0vshfl�f ulvn lv d odujh frp0

srqhqw ri j2/ wkhlu whvw grhv qrw glvwlqjxlvk ehwzhhq wkh wudglqj prgho/ wkh uhodwlyh

shuirupdqfh prgho/ dqg wkh vwdqgdug prgho uhvshfwlyho|1
46Fohduo|/ li zh dvvxph d srvlwlyh pdunhw ulvn suhplxp Z : f wkhq vrph ri wkh suhylrxv

dqdo|vlv qhhgv wr eh prgl�hg dffruglqjo|1 Iroorzlqj wkh dssurdfk ri Jduhq +4<<7, lw fdq

eh vkrzq wkdw sursrvlwlrq 4 deryh grhv qrw fkdqjh pdwhuldoo|/ dqg sursrvlwlrq 5 grhv qrw

fkdqjh dw doo1
47Wkhvh duh XV eloolrqv/ vr 4 eq@4/333/333/3331 Lq plg 4<<< wkh phgldq V)S 833

frpsdq| kdg d pdunhw fdslwdol}dwlrq ri ';eq/ zlwk udqjh ri '733p wr derxw '783eq1
48Vhh Pxusk| +4<<<, iru vwdwlvwlfv rq wklv1 Kh vkrzv wkdw k� ghshqgv rq frpsdq|*v

vl}h dqg lqgxvwu|1 Klv ydoxhv udqjh iurp '41552'4333 +xwlolwlhv, wr '5;156 +V)S Vpdoo fds
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�� @ 3=5/ �� @ 3 dqg � @ 3=5149 Wkhq zh rewdlq wkdw wkh FHR lqyhvwv ':18

ploolrq lq ulvn| dvvhwv/ wkh frqwudfw ohwv khu lqyhvw '8 ploolrq lq wkh vwrfn ri

khu rzq frpsdq|/ dqg wkh uhpdlqlqj '518 ploolrq vkh lqyhvwv lq wkh pdunhw

sruwirolr1

Fohduo|/ wklv ghprqvwudwlrq idoov vkruw ri d frpsohwh fdoleudwlrq dqdo|0

vlv1 D frpsdulvrq zlwk wkh fdoleudwlrq dssurdfk ri Kdxeulfk dqg Srsryd

+4<<;, vkrzv zk| vxfk dq dqdo|vlv pd| eh sureohpdwlf1 Wkh| dqdo|}h d

furvv0vhfwlrq ri frpsdqlhv dqg �qg wkdw yhu| orz ydoxhv ri � +olnh 31358, h{0

sodlq wkhlu gdwd ehvw1 Wkhq rxu h{dpsoh zrxog jlyh dq lqyhvwphqw lq ulvn|

dvvhwv ri '93eq/ prvw ri zklfk lv lq wkh pdunhw lqgh{ sruwirolr1 Khqfh/ iru

doo h{fhsw wkh prvw zhdowk| FHRv wkhvh qxpehuv lpso| wkdw wkhlu rswlpdo

lqyhvwphqw lq wkh vwrfn pdunhw lv odujh/ dqg wkhlu sruwirolr lv lpsodxvleo|

kljko| ohyhuhg14: Lq wklv oljkw wkh fkdoohqjh wr rxu prgho lv qrw wkdw lw

suhglfwv d vkruw srvlwlrq lq wkh vwrfn pdunhw1 Udwkhu/ wkh fkdoohqjh lv wr

uhfrqfloh wkh orz ohyho ri ulvn dyhuvlrq wkdw vhhpv wr eh uhtxluhg wr udwlr0

qdol}h wkh furvv0vhfwlrqdo hylghqfh zlwk wkh kljkhu ulvn dyhuvlrq lpsolhg e|

sodxvleoh sruwirolrv ri wkh vdph FHRv1

Wkh pdlq uhdvrq iru wklv idloxuh olhv suredeo| lq wkh dvvxpswlrq ri frq0

vwdqw devroxwh ulvn dyhuvlrq/ lpso|lqj wkdw wkhuh duh qr zhdowk h�hfwv1 Wkhq

wkh groodu ydoxh lqyhvwhg lq ulvn| dvvhwv lv wkh vdph iru wkh FHR ri d vpdoo

frpsdq| dqg iru wkh FHR ri d yhu| odujh frpsdq|1 Wkh odujh lqyhvwphqwv

lqgxvwuldov,1
49Vhh Kdxeulfk +4<<7, dqg Kdxeulfk dqg Srsryd +4<<;, iru d glvfxvvlrq ri sodxvleoh

ydoxhv iru 41 Wkh vhfrqg duwlfoh �qgv wkdw wkhlu gdwdvhw lv ehvw h{sodlqhg e| ydoxhv ri 4

dv orz dv 313581
4:Hylghqwo|/ hdfk ri wkh qxpehuv dvvxphg khuh fdq eh fkdoohqjhg1 Krzhyhu/ hyhq d

orz pdunhw ulvn suhplxp +8(, wrjhwkhu zlwk kljk pdunhw yrodwlolw| +63(, ohdgv wr d wrwdo

lqyhvwphqw lq ulvn| dvvhwv ri '55eq/ zklfk lv prvw olnho| idu lq h{fhvv ri prvw FHRv zhdowk1
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e| wkh FHRv ri odujhu frpsdqlhv fdq wkhq rqo| eh uhfrqflohg zlwk d prgho

zlwk frqvwdqw devroxwh ulvn dyhuvlrq li wkh sdudphwhu iru ulvn dyhuvlrq lv vhw

yhu| orz1 Khqfh/ furvv0vhfwlrqdo gdwd zrxog suredeo| eh ehwwhu h{sodlqhg e|

dvvxplqj wkdw devroxwh ulvn0dyhuvlrq fdq ydu| dfurvv FHRv1 Zh wkhuhiruh

xvh kljkhu frh!flhqwv ri devroxwh ulvn dyhuvlrq iru wkh h{dpsoh deryh1

8 Dffrxqwlqj Ehqfkpdunv

Wkh dqdo|vlv lq wkh suhylrxv vxevhfwlrq uhvwv fulwlfdoo| rq wkh idfw wkdw wkh

pdqdjhu fdq wudgh rq dq dvvhw wkdw lv shuihfwo| fruuhodwhg zlwk wkh ehqfk0

pdun phdvxuh fkrvhq lq d uhodwlyh shuirupdqfh frqwudfw1 Wklv lv uhdolvwlf li

wkh pdqdjhu lv hydoxdwhg uhodwlyh wr wkh vwrfn pdunhw lqgh{ ru dq lqgxvwu|

vwrfn lqgh{ wkdw duh w|slfdoo| wudghg lq oltxlg pdunhwv1 Krzhyhu/ wkh ehqfk0

pdun frxog dovr eh dq dffrxqwlqj phdvxuh/ wkdw lw lv qrw wudghg gluhfwo| lq

d sxeolf pdunhw1 Dffrxqwlqj ehqfkpdunv lqfoxgh iru h{dpsoh wkh dyhudjh

uhwxuq rq dvvhwv ru wkh dyhudjh uhwxuq rq htxlw| ri rwkhu frpsdqlhv lq wkh

vdph lqgxvwu|1 Wkhvh zloo eh fruuhodwhg zlwk pdunhw pryhphqwv/ dowkrxjk

lpshuihfwo|1

Zh qrz dvvxph wkdw wkh pdqdjhu lv hydoxdwhg uhodwlyh wr vrph ehqfk0

pdun phdvxuh E/ zklfk lv fruuhodwhg zlwk wkh udqgrp frpsrqhqw ri wkh

fdvk  rz %/ exw lv rqo| lpshuihfwo| fruuhodwhg zlwk wkh vwrfn pdunhw lqgh{

u� 1 Gh�qh e| �8� wkh fryduldqfh ehwzhhq wkh �up0vshfl�f frpsrqhqw %8

dqg E/ dqg e| ��� wkh fryduldqfh ehwzhhq wkh pdunhw uhwxuq dqg E1 Wkh

ehqfkpdun E lv glvwulexwhg qrupdo zlwk }hur phdq dqg yduldqfh �2�1 Wkhq

wkh pdqdjhu*v zhdowk lv qrz=

Z @ �f . ��F . ��u� � ��E +4;,
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Wkh fhuwdlqw| htxlydohqw lv jlyhq e| +:, zlwk yduldqfh h{suhvvlrq=

Y du +Z , @ +��D. �� ,2 �2� . +��D,
2 �28 . �2��

2
�

�5 +��D. �� ,����� � 5����D��8 +4<,

Xvlqj fdofxodwlrqv dqdorjrxv wr wkrvh lq suhylrxv vhfwlrqv zh �qg wkh pdq0

djhu*v rswlpdo sruwirolr vwudwhj|

�� @ ��
���
�2�

� ��D +53,

Frpsdulqj wklv h{suhvvlrq zlwk +47, vkrzv wkdw wkh pdqdjhu vwloo dgmxvwv

khu sruwirolr li vkh lv ehqfkpdunhg/ exw rqo| wr wkh h{whqw wkdw wkh ehqfk0

pdun lv fruuhodwhg zlwk wkh pdunhw lqgh{1 Ghqrwh e| ��� wkh frh!flhqw ri

fruuhodwlrq ehwzhhq wkh pdunhw uhwxuq u� dqg wkh ehqfkpdun E1 Wkhq wkh

rswlpdo ehqfkpdun fdq hdvlo| eh irxqg dv=

�� @ ��D
��8

�2�
�
4� �2��

� +54,

Wklv h{suhvvlrq frqwdlqv dq lpsruwdqw phvvdjh/ vlqfh lw vkrzv wkdw �� lv

}hur zkhqhyhu wkh fryduldqfh ehwzhhq wkh ehqfkpdun dqg �up0vshfl�f ulvn

lv }hur1 Wkh h{whqw wr zklfk wkh ehqfkpdun slfnv xs pryhphqwv lq wkh

vwrfn pdunhw lqgh{ u� lv luuhohydqw/ vlqfh wkh wudglqj vwudwhj| ri wkh pdqdjhu

qhxwudol}hv wkh pdunhw0uhodwhg frpsrqhqw ri wkh ehqfkpdun1 Dovr/ qrwh wkdw

h{suhvvlrq +54, uhsurgxfhv wkh dqdo|vlv ri wkh suhylrxv vxevhfwlrq lq d pruh

jhqhudo irup= Li wkh ehqfkpdun lv shuihfwo| fruuhodwhg zlwk wkh pdunhw lqgh{/

wkhq ��� @ 4 dqg wkh h{suhvvlrq iru �� ehfrphv lq�qlwh/ vr wkh uhodwlyh

shuirupdqfh frpsrqhqw ehfrphv lqghwhuplqdwh djdlq14;

Zh fdq dqdo|}h h{suhvvlrq +54, ixuwkhu e| dsso|lqj lqvljkwv iurp vwdq0

gdug uhjuhvvlrq dqdo|vlv1 Qrwh wkdw lw lv dozd|v srvvleoh wr ghfrpsrvh wkh
4;Wkhq wkh rswlpdo sruwirolr vwudwhj| ri wkh pdqdjhu +53, frlqflghv zlwk +47, djdlq1
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ehqfkpdun E lqwr d frpsrqhqw uhodwhg wr wkh lqgh{/ dqg dqrwkhu frpsrqhqw

ghqrwhg e| %�� wkdw lv ruwkrjrqdo wr dq| yduldwlrq lq wkh lqgh{=

E @
���
�2�

%� . %�� %�� � Q
�
3> �2�

�
4� �2��

��
+55,

zkhuh Fry +%��> %� , @ 31 Qrz ghqrwh e| ��8 wkh frh!flhqw ri fruuhodwlrq

ehwzhhq %8 dqg %��/ wkh frpsrqhqw ri E wkdw lv ruwkrjrqdo wr wkh pdunhw1

Wkhq zh fdq zulwh wkh rswlpdo frqwudfw dv=

��� @
4

4 . �nD2�28
�
4� �2�8

� +56,

zkhuh wkh vxshuvfulsw D ghqrwhv wkh fdvh zkhuh wkh uhodwlyh shuirupdqfh

frqwudfw lqfoxghv dq dffrxqwlqj ehqfkpdun1 Qrwh wkdw Fry +%�> %8 , @ ��8

vlqfh %8 lv ruwkrjrqdo wr wkh pdunhw uhwxuq e| frqvwuxfwlrq1 Dovr/ ��� h{fhhgv

�-� li dqg rqo| li ��8 A 3/ dqg wkhuhiruh rqo| li ��8 A 31 Fohduo|/ zh rewdlq

wkh vdph vroxwlrq dv zh glg suhylrxvo| +vhh +;,, li ��8 @ ��8 @ 31 Khqfh/

zh kdyh ghprqvwudwhg wkh iroorzlqj uhvxow=

Sursrvlwlrq 6 +Dffrxqwlqj Ehqfkpdun,= Uhodwlyh shuirupdqfh hydox0

dwlrq lqfuhdvhv �� dqg wkhuhiruh lpsuryhv wkh doorfdwlrq li dqg rqo| li wkh

shuirupdqfh ehqfkpdun lv fruuhodwhg zlwk �up0vshfl�f ulvn1 Li wkh dffrxqw0

lqj ehqfkpdun lv fruuhodwhg zlwk pdunhw ulvn/ exw qrw zlwk �up0vshfl�f ulvn/

wkhq �� @ 31

Wkh lpsruwdqw sduw ri wklv sursrvlwlrq lv wkh lqvljkw wkdw wkh frqglwlrqv

wkdw pxvw eh vdwlv�hg vr wkdw dq dffrxqwlqj ehqfkpdun ehfrphv sduw ri

wkh rswlpdo pdqdjhuldo frqwudfw duh yhu| uhvwulfwlyh1 Zh fdq glvfxvv wkh

lpsolfdwlrq ri Sursrvlwlrq 6 djdlq e| uhihuhqfh wr dqrwkhu h{dpsoh1 Vxssrvh

wkdw rxu pdqdjhu lv wkh FHR ri d frqvwuxfwlrq frpsdq|1 Wkdq zh fdq

fohduo| ghylvh dq rswlpdo frqwudfw e| ehqfkpdunlqj khu djdlqvw wkh dyhudjh

4:



hduqlqjv +ru vrph rwkhu dffrxqwlqj phdvxuh, ri wkh frqvwuxfwlrq lqgxvwu|

lq rughu wr uhpryh dq| lq xhqfhv iurp khu frpshqvdwlrq sdfndjh wkdw duh

qrw xqghu khu frqwuro dv wkh| d�hfw wkh frqvwuxfwlrq lqgxvwu| dv d zkroh1

Krzhyhu/ frqvwuxfwlrq lv d f|folfdo lqgxvwu|/ dqg wkh sur�wv ri rwkhu �upv

lq wkh frqvwuxfwlrq lqgxvwu| zloo eh fruuhodwhg 0 dowkrxjk lpshuihfwo| 0 zlwk

wkh pdunhw lqgh{1 Wkhq Sursrvlwlrq 6 vd|v wkdw ehqfkpdunlqj wklv pdqdjhu

djdlqvw dq lqgh{ ri hduqlqjv lq wkh frqvwuxfwlrq lqgxvwu| zloo qrw lpsuryh

wkh frqwudfw wr wkh h{whqw wkdw pryhphqwv lq wkh lqgxvwu|*v hduqlqj lqgh{

fdq eh h{sodlqhg +lq d uhjuhvvlrq vhqvh, e| pryhphqwv lq wkh vwrfn pdunhw

lqgh{1 Wkh frqwudfw lv lpsuryhg rqo| li wkhuh lv dq lqgxvwu|0vshfl�f ulvn

frpsrqhqw wkdw lv frpprq wr doo �upv lq wkh frqvwuxfwlrq lqgxvwu|/ exw

xquhodwhg wr pdfurhfrqrplf ulvnv1

Sursrvlwlrq 6 grhv khos xv wr xqghuvwdqg zk| dffrxqwlqj ehqfkpdunv duh

pruh zlgho| xvhg wkdq sruwirolr ehqfkpdunv1 Pxusk| +4<<;, vxppdul}hv

wkh hpslulfdo hylghqfh rq uhodwlyh shuirupdqfh hydoxdwlrq +USH, e| zulwlqj=

�L grfxphqw wkh h{solflw xvh ri USH lq dffrxqwlqj0edvhg erqxv sodqv/ dqg

glvfxvv wkh yluwxdo devhqfh ri USH lq vwrfn rswlrq sodqv1� +s1 8,1

Qrwh wkdw wkh ehqfkpdun E frxog eh d phdvxuh rwkhu wkdq dq dffrxqwlqj

ehqfkpdun/ iru h{dpsoh lw frxog eh wkh vwrfn pdunhw lqgh{ ri �upv lq wkh

vdph lqgxvwu|/ zklfk zrxog slfn xs pdunhw pryhphqwv dv zhoo dv vrph �up0

vshfl�f frpsrqhqwv wkdw duh qrw uhodwhg wr wkh pdunhw uhwxuq1 Wkhq wkh

deryh uhvxow vwloo rewdlqv zlwk wkh fdyhdw wkdw wkh pdqdjhu lv qrw shuplwwhg

wr wudgh lq dq| dvvhw rwkhu wkdq wkh vwrfn pdunhw lqgh{1 Wkh qh{w vhfwlrq

uhod{hv wkh uhvwulfwlrq wkdw wkh pdqdjhu fdq rqo| wudgh lq wkh vwrfn pdunhw

lqgh{1
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9 Xquhvwulfwhg Sruwirolr Vwudwhjlhv

Dvvxph wkh pdqdjhu frxog dovr wudgh lq wkh vwrfnv ri khu frpshwlwruv dqg

�upv lq wkh vdph lqgxvwu| lqglylgxdoo|1 Wkhq zh fdq ghprqvwudwh d voljkwo|

vwurqjhu uhvxow wkdq Sursrvlwlrq 6 deryh1 Qrz wkhuh duh Q dvvhwv wkh pdq0

djhu fdq wudgh lq wkh pdunhw1 Zh frqwlqxh wr dvvxph wkdw wkh pdqdjhu

fdqqrw wudgh lq wkh vwrfn ri khu rzq �up1 Ghqrwh e| u� wkh uhwxuq rq dvvhw

l/ e| �� wkh pdqdjhu*v lqyhvwphqw lq dvvhw l/ e| 	 wkh fryduldqfh pdwul{

ri doo dvvhwv dqg e| 	�� / 	8� dqg � wkh Q � 4�froxpq0yhfwruv ri frydul0
dqfhv zlwk wkh ehqfkpdun/ fryduldqfhv zlwk wkh �up0vshfl�f frpsrqhqw dqg

wkh sruwirolr zhljkwv ��/ uhvshfwlyho|1 Pruhryhu/ ghqrwh e| $� wkh zhljkw ri

dvvhw l lq wkh pdunhw sruwirolr/ vr wkdw
S�

�'� $� @ 4/ dqg e| u dqg $ wkh

Q � 4�froxpq0yhfwruv ri uhwxuqv dqg zhljkwv lq wkh pdunhw sruwirolr1 Wr

suhvhuyh frqvlvwhqf| zlwk rxu suhylrxv dqdo|vlv zh rewdlq=4<

$�u @ %�

$�	$ @ �2� +57,

$�	8� @ 3

Wkh dqdo|vlv ri wklv fdvh lqyroyhv vrph pdwul{ pdqlsxodwlrqv wkdw gr qrw

hqkdqfh wkh h{srvlwlrq dqg duh wkhuhiruh ghihuuhg wr wkh dsshqgl{1 Zh

surfhhg e| glvwlqjxlvklqj wzr fdvhv1 Wkh �uvw fdvh kdv djdlq wkh pdunhw

uhwxuq dv d ehqfkpdun +vhh vhfwlrq 7,/ zkhuhdv wkh vhfrqg fdvh xvhv dq

dffrxqwlqj ehqfkpdun +vhh vhfwlrq 8,1

4<Khuh dq lq wkh iroorzlqj sulphv ri yhfwruv ghqrwh d wudqvsrvh1 Doo yhfwruv duh gh�qhg

dv froxpq0yhfwruv1

4<



914 Hydoxdwlrq djdlqvw d pdunhw ehqfkpdun

Dvvxph iru wkh sxusrvh ri wklv vxevhfwlrq wkdw wkh pdqdjhu lv ehqfkpdunhg

djdlqvw dq lqgh{ E wkdw lv frpsrvhg hqwluho| ri wkh Q dvvhwv lq wkh pdunhw

lqgh{/ zkhuh � lv wkh Q � 4�froxpq0yhfwru ri zhljkwv lq wkhvh dvvhwv/ vr zh

fdq zulwh E @ ��u dqg �2� @ ��	�1 Wkhq wkh rswlpdo sruwirolr zhljkwv duh

jlyhq e|=

� @ ���D$ . ��� � ��D	
�

8�	3� +58,

Qrwh wkdw wklv h{suhvvlrq sdudoohov htxdwlrq +53, deryh/ zlwk rqh lpsruwdqw

gl�huhqfh1 Zh �qg djdlq wkdw wkh pdqdjhu uhgxfhv khu lqyhvwphqw lq wkh

pdunhw lqgh{ wr wkh h{whqw wkdw vkh lv douhdg| h{srvhg wr pdfurhfrqrplf

ulvn wkurxjk khu frpshqvdwlrq1 Dovr/ vkh lqfuhdvhv khu lqyhvwphqw lq wkh

dvvhwv ri wkh pdunhw sruwirolr wr wkh h{whqw wkdw wkh| duh fruuhodwhg zlwk wkh

ehqfkpdun1 Krzhyhu/ wkhuh lv qr sdudooho lq +53, iru wkh wklug h{suhvvlrq lq

+58,1 Wkh uhdvrq lv wkdw zkloh 	�

8�$ @ 3/ wklv grhv qrw lpso| wkdw 	8� @ 3

hohphqw e| hohphqw1 Uhfrqvlghu wkh h{dpsoh ri wkh pdqdjhu ri d frqvwuxf0

wlrq frpsdq| lq wkh suhylrxv vhfwlrq= li wkhuh h{lvwv dq lqgxvwu|0vshfl�f ulvn

frpsrqhqw +iru h{dpsoh/ uhodwhg wr wkh zhdwkhu, wkdw lv qrw uhodwhg wr wkh

pdfurhfrqrplf vkrfn/ wkhq wkh uhvshfwlyh hohphqwv ri 	8� duh srvlwlyh wr

uh hfw wklv lqgxvwu| ulvn frpsrqhqw1 Khqfh/ wkh pdqdjhu zloo uhgxfh khu

lqyhvwphqw lq wkh dvvhwv ri frpsdqlhv lq khu rzq lqgxvwu|1 Fohduo|/ hyhq

lq d FDSP0zruog wkh pdqdjhu zloo qrw krog wkh pdunhw sruwirolr1 Vlqfh

khu frpshqvdwlrq frqwudfw irufhv khu wr dvvxph vrph �up0vshfl�f ulvn/ vkh

zloo eldv khu lqyhvwphqwv dzd| iurp wkh pdunhw sruwirolr e| lqyhvwlqj ohvv lq

wkrvh frpsdqlhv vlplodu wr khu rzq/ dqg lqyhvwlqj pruh lq frpsdqlhv wkdw

duh fruuhodwhg zlwk khu shuirupdqfh ehqfkpdun1

Lw iroorzv iurp +58, wkdw wkh frpsrvlwlrq ri wkh ehqfkpdun lqgh{ lv
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xqlpsruwdqw/ dv orqj dv wkh pdqdjhu fdq wudgh rq doo frpsrqhqwv ri wkh

ehqfkpdun1 Li vkh fdq wudgh rq doo frpsrqhqwv ri wkh lqgh{/ wkhq vkh qhx0

wudol}hv wkh ehqfkpdun e| r�vhwwlqj wudqvdfwlrqv lq wkh pdunhw1 Khu zhdowk

lv vwloo jlyhq e| Z @ \ . ��u/ zkhuh \ lv wkh lqfrph uhfhlyhg iurp wkh

frpsdq|1 Wkhq=

Z @ �f . �� +h. ffD, . ��D
�
%8 �	�

8�	3�u
�

+59,

zklfk lv lqghshqghqw ri wkh zhljkw �� wkh ehqfkpdun kdv lq khu frpshq0

vdwlrq frqwudfw1 Iroorzlqj wkh vdph surfhgxuhv dv lq suhylrxv vhfwlrqv/ zh

�qg wkh rswlpdo frqwudfw dv=

�L�� @
4

4 . �nD2�28

�
4�U2

8c�

� +5:,

zkhuh U2
8c� @ 	�

8�	3�	8�@�28 lv wkh U0vtxduhg ri wkh surmhfwlrq ri wkh

�up0vshfl�f frpsrqhqw %8 rq wkh yhfwru ri pdunhw uhwxuqv u153 Zh fdq

wkhuhiruh lqihu lpphgldwho|=

Sursrvlwlrq 7 Li wkh pdqdjhu fdq wudgh lq doo dvvhwv h{fhsw wkh vwrfn ri khu

rzq frpsdq|/ wkhq wkh ydoxh ri wkh �up lv +l, lqghshqghqw ri wkh zhljkw ri

wkh ehqfkpdun �� lq wkh frqwudfw/ +ll, lqghshqghqw ri wkh frpsrvlwlrq � ri

wkh ehqfkpdun/ dqg +lll, vwulfwo| kljkhu wkdq wkh ydoxh ri wkh frpsdq| zlwk

dq rswlpdo uhodwlyh shuirupdqfh frqwudfw zkhuh wkh pdqdjhu lv hydoxdwhg lq

frpsdulvrq zlwk wkh pdunhw lqgh{ dqg wkh pdqdjhu fdqqrw wudgh li dw ohdvw
53Wr sxuvxh wkh uhjuhvvlrq dqdorj| ixuwkhu/ qrwh wkdw wkh yduldqfh ri wkh pdqdjhu*v

zhdowk lq htxloleulxp lv T @o E` � ' Ek���2 T @o E��/ zkhuh � ' 08 3 P�

8�P3�o lv wkh

uhvlgxdo ri wkh uhjuhvvlrq ri wkh �up0vshfl�f frpsrqhqw 08 rq wkh yhfwru o ri dvvhw uhwxuqv/

dqg wkh yhfwru P3� P8� lv wkh yhfwru ri uhjuhvvlrq frh!flhqwv lq wklv uhjuhvvlrq1 Fohduo|/

lq wkh vshfldo fdvh zkhuh P8� ' f/ zh rewdlq � ' 08 dqg -2

8c� ' f/ dqg zh rewdlq djdlq

wkh vroxwlrq ri vhfwlrq 71
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rqh frpsrqhqw ri wkh uhwxuq0yhfwru u lv fruuhodwhg zlwk �up0vshfl�f ulvn vr

wkdw 	8� 9@ 31

Wkh �uvw wzr revhuydwlrqv iroorz gluhfwo| iurp wkh pdqdjhu*v zhdowk0

htxdwlrq +59,1 Sduw +lll, iroorzv lpphgldwho| iurp frpsdulqj +5:, zlwk +;,1

Khqfh/ li wudglqj e| wkh pdqdjhu lv xquhvwulfwhg wkhq khu htxloleulxp wudglqj

vwudwhj| zloo |lhog d ehwwhu doorfdwlrq wkdq wkdw dfklhyhg zlwk d uhodwlyh

shuirupdqfh frqwudfw xqohvv wkh uhodwlyh shuirupdqfh frqwudfw hpsor|v wkh

rswlpdo ehqfkpdun1 Wklv ehqfkpdun lv ghulyhg ehorz1

Zh fdq qrz wxuq wkh dujxphqw suhvhqwhg vr idu durxqg dqg dvn zkdw

wkh rswlpdo frpsrvlwlrq ri wkh ehqfkpdun lv lq dq hqylurqphqw zkhuh wkh

pdqdjhu fdqqrw wudgh1 Wkhq lw lv hdv| wr vkrz=

Sursrvlwlrq 8 +Rswlpdo Ehqfkpdun, Dvvxph wkh pdqdjhu lv qrw do0

orzhg wr wudgh dqg grhv qrw krog dq| ulvn| dvvhwv lq khu sruwirolr1 Wkhq lw lv

rswlpdo wr ehqfkpdun wkh pdqdjhu djdlqvw d sruwirolr � vr wkdw=

��� @ ��D
�
$ .	3�	8�

�
+5;,

Wkhq wkh rswlpdo frqwudfw sdudphwhu �� lv jlyhq e| +5:, dqg wkh ydoxh ri

wkh �up lv h{dfwo| htxdo wr wkh ydoxh rewdlqhg li wkhuh lv qr shuirupdqfh

ehqfkpdun dqg wkh pdqdjhu lv xquhvwulfwhg lq khu wudglqj vwudwhjlhv1

Wklv uhvxow lv d gluhfw lpsolfdwlrq ri wkh lqirupdwlyhqhvv sulqflsoh/ dqg

vkrzv fohduo| wkh ghihfw ri ehqfkpdunlqj wkh pdqdjhu djdlqvw wkh pdunhw

sruwirolr $1 Ehqfkpdunlqj djdlqvw wkh pdunhw sruwirolr lv rswlpdo rqo| li

	8� @ 3/ vr wkdw wkh �up0vshfl�f ulvn lv xqfruuhodwhg zlwk doo rwkhu wudgh0

deoh dvvhwv1 +vhh wkh frqglwlrq lq Sursrvlwlrq 7/ sduw +lll,,1Krzhyhu/ li wkhuh

h{lvwv dq lqgxvwu|0vshfl�f ulvn0frpsrqhqw wkdw lv vkduhg e| d qxpehu ri
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�upv/ exw qrw e| wkh hfrqrp| dv d zkroh wkhq wkhvh fruuhodwlrqv qhhg wr eh

lqfrusrudwhg lq wkh rswlpdo ehqfkpdun1 Vlploduo|/ li wkh �up*v fdvk  rzv

ghshqg rq sulfhv wkdw duh olqnhg wr ghulydwlyhv wudghg rq sxeolf h{fkdqjhv +h1

j1/ frpprglwlhv ru fxuuhqflhv,/ wkhq djdlq wkhvh dvvhwv vkrxog eh lqfoxghg lq

wkh rswlpdo ehqfkpdun1 Krzhyhu/ wklv dujxphqw krogv rqo| li wkh pdqdjhu

fdqqrw wudgh lq wkhvh dvvhwv/ dqg vkrzv wkdw wkh rswlpdo frqwudfw vkrxog

qrw lpsrvh dq| uhvwulfwlrqv rq wkh pdqdjhu*v sruwirolr vwudwhj|1 Wkh pdq0

djhu*v wudglqj vwudwhj| grhv qrw rqo| qhxwudol}h dq| ehqfkpdun frpsrvhg

ri wudghdeoh dvvhwv/ lw lv dovr d shuihfw vxevwlwxwh iru �qglqj wkh rswlpdo

ehqfkpdun1

915 Hydoxdwlrq djdlqvw dq dffrxqwlqj ehqfkpdun

Iru wkh sxusrvh ri wklv vxevhfwlrq zh fkdqjh rqo| wkh dvvxpswlrq wkdw wkh

ehqfkpdun E fdq eh zulwwhq dv vrph frpelqdwlrq ri wudghg dvvhwv1 Qrwh

wkdw wkh ehqfkpdun pd| vwloo eh d yhfwru ri vhyhudo dffrxqwlqj dqg rwkhu

phdvxuhv/ dqg wkh rswlpdo frpsrvlwlrq ri wklv ehqfkpdun fdq eh irxqg

e| iroorzlqj vwhsv vlplodu wr wkrvh lq wkh suhylrxv vxevhfwlrq1 Wkhuh lv

qr qhhg wr uhshdw wklv dqdo|vlv khuh/ dqg zh fdq wkhuhiruh wuhdw E dv d

vfdodu154 Ghqrwh e| Y du +E mu , wkh frqglwlrqdo yduldqfh ri wkh ehqfkpdun

E/ frqglwlrqdo rq vhfxulw| uhwxuqv u/ dqg/ vlploduo|/ e| Fry +E> %8 mu , wkh
frqglwlrqdo fryduldqfh ehwzhhqE dqg �up0vshfl�f ulvn %8 1 Wkhq wkh rswlpdo

54Dvvxph wkhuh lv dq � f �3yhfwru ri fdqglgdwh ehqfkpdun frpsrqhqwv 61 Wkhq wkh

rswlpdo olqhdu frqwudfw fdq eh zulwwhq dv dq � f �3yhfwru ri zhljkwv �1 Wkhq wkh deryh

dqdo|vlv h�hfwlyho| xvhv k� ' q�� dqg � ' ��6*���/ zkhuh � ghqrwhv wkh � f �3yhfwru
ri rqhv1

56



zhljkw ri wkh ehqfkpdun lv=

�L�� @
Fry +E> %8 mu ,
Y du +E mu , ��D +5<,

zkhuh wkh vxshuvfulsw cX* ghqrwhv wkh fdvh zkhuh wkh pdqdjhu*v wudglqj

rssruwxqlwlhv duh qrw uhvwulfwhg1 Wklv uhvxow sdudoohov +54,= wkh rswlpdo

frqwudfw kdv d uroh iru d ehqfkpdun rqo| wr wkh h{whqw wkdw wkh ehqfkpdun

lv fruuhodwhg zlwk wkh �up0vshfl�f frpsrqhqw/ frqglwlrqdo rq wkh uhwxuqv ri

doo vhfxulwlhv wkh pdqdjhu fdq wudgh1 Ilqdoo|/ wkh rswlpdo frqwudfw fdq qrz

eh h{suhvvhg dv=

�L� @
4

4 . �nD2�28

�
4�U2

8c��

� +63,

zkhuhU2
8c�� ghqrwhv wkh U0vtxduhg ri wkh uhjuhvvlrq ri %8 rq wkh ehqfkpdun

E dqg wkh yhfwru ri vhfxulw| uhwxuqv u1 Qrwh wkdw wkh odvw h{suhvvlrq h{dfwo|

sdudoohov htxdwlrq +56,1

Lq rughu wr lqwhusuhw wklv uhvxow zh iroorz wkh vdph vwhsv dv lq wkh suhylrxv

vhfwlrq dqg ghfrpsrvh E dqg %8 dv iroorzv=

E @ 	�

��	3�u . %�� %�� � Q
�
3> �2� �	�

��	3�	��
�

+64,

%8 @ 	�

8�	3�u .
Fry +E> %8 mu ,
Y du +E mu , %�� . � � � Q

�
3> �2#

�
+65,

Khqfh/ zh h{whqg rxu uhjuhvvlrq dqdorj| iurp wkh suhylrxv vhfwlrq e| sur0

mhfwlqj wkh ulvn ri wkh fdvk  rz rq wkh yhfwru ri vhfxulw| uhwxuqv dqg rq wkh

ehqfkpdun1 Lq rughu wr pdnh wklv dqdorj| pruh wudqvsduhqw/ zh xvh wkh

htxlydohqw surfhgxuh ri surmhfwlqj %8 rq u dqg wkh frpsrqhqw ri E wkdw lv

ruwkrjrqdo wr u1 Wkhq gluhfw fdofxodwlrq vkrzv wkdw=

�2# @ Y du +Z , @ �28
�
4�U2

8c��

�
+66,

Zh fdq wkhuhiruh lpphgldwho| revhuyh wkh iroorzlqj uhvxow=
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Sursrvlwlrq 9 +Xquhvwulfwhg Wudglqj,= Dvvxph wkh pdqdjhu fdq wudgh

rq doo vhfxulwlhv lq wkh pdunhw sruwirolr1 Wkhq wkh rswlpdo frqwudfw zloo pdnh

xvh ri uhodwlyh shuirupdqfh hydoxdwlrq rqo| li wkh frqglwlrqdo fryduldqfh eh0

wzhhq wkh �up0vshfl�f frpsrqhqw lq wkh �up*v fdvk  rz dqg wkh ehqfkpdun

+zkhuh frqglwlrqlqj lv zlwk uhvshfw wr doo wudghdeoh vhfxulw| uhwxuqv, lv gli0

ihuhqw iurp }hur1

Wklv uhvxow h{whqgv Kropvwuùp*v lqirupdwlyhqhvv sulqflsoh lq wkh iroorz0

lqj zd|1 Kropvwuùp vkrzv wkdw wkh rswlpdo sulqflsdo0djhqw frqwudfw zloo

xvh dq dgglwlrqdo yduldeoh lq wkh ehqfkpdun li dqg rqo| li wklv yduldeoh frq0

wulexwhv dgglwlrqdo lqirupdwlrq zlwk uhvshfw wr doo rwkhu yduldeohv douhdg|

lqfoxghg lq wkh frqwudfw1 Sursrvlwlrq 9 vkrzv wkdw wkh dgglwlrqdo yduldeoh

pxvw kdyh lqfuhphqwdo lqirupdwlrq dovr zlwk uhvshfw wr doo uhwxuqv ri vh0

fxulwlhv wkh pdqdjhu fdq wudgh rq lq dgglwlrq wr wkh yduldeohv lqfoxghg lq

wkh frqwudfw1 Khqfh/ hyhq li wkh ehqfkpdun frqwulexwhv qhz lqirupdwlrq

wr wkh rwkhu yduldeohv lq wkh frqwudfw +wkh xqfrqglwlrqdo fryduldqfh lv }hur=

Fry +E> %8 , 9@ 3,/ wklv lqirupdwlrq pd| douhdg| eh frqwdlqhg lq wkh uhwxuqv

ri dvvhwv wkh pdqdjhu fdq wudgh rq +Fry +E> %8 mu , @ 3,1

Lq rughu wr looxvwudwh Sursrvlwlrq 9/ frqvlghu d �up lq wkh jrog0plqlqj

lqgxvwu|1 Fohduo|/ zh fdq hydoxdwh wkh shuirupdqfh ri wkh pdqdjhu ri wklv

�up e| xvlqj vrph sur�w phdvxuh/ dqg wkhq xvlqj wkh dyhudjh sur�wv ri rwkhu

frpsdqlhv lq wkh jrog0plqlqj lqgxvwu| dv d ehqfkpdun1 Krzhyhu/ d pdmru

lq xhqfh rq wkh sur�wv ri doo �upv lq wkh lqgxvwu| fohduo| frphv iurp wkh

jrog sulfh lwvhoi/ dqg jrog ixwxuhv duh wudghg rq vhyhudo ghulydwlyhv h{fkdqjhv1

Dvvxph wkh pdqdjhu fdq wudgh rq wzr dvvhwv= wkh vwrfn pdunhw lqgh{ dqg

wkh jrog sulfh1 Wkhq Sursrvlwlrq 9 vwdwhv wkdw wklv ehqfkpdun lv sduw ri dq

rswlpdo frqwudfw rqo| li wkh iroorzlqj wkuhh frqglwlrqv duh phw=
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41 Wkh �up0vshfl�f ulvn ri wkh �up lq txhvwlrq lv fruuhodwhg zlwk wkh �up0

vshfl�f ulvn ri rwkhu �upv lq wkh jrog0plqlqj lqgxvwu|/ vr wkdw uhwxuqv

ri �upv lq wkh jrog0plqlqj �upv kdyh d frpprq/ lqgxvwu|0vshfl�f

frpsrqhqw1

51 Wklv lqgxvwu|0zlgh frpsrqhqw pxvw eh gl�huhqw iurp jhqhudo pdfurh0

frqrplf ulvn1

61 Wklv lqgxvwu|0zlgh frpsrqhqw lv qrw fruuhodwhg zlwk wkh jrog0sulfh

lwvhoi1

Li wkhuh lv dq lqgxvwu|0vshfl�f ulvn0frpsrqhqw zklfk lv ruwkrjrqdo wr

wkh pdunhw lqgh{/ dqg ruwkrjrqdo wr wkh jrog sulfh/ wkhq ehqfkpdunlqj wkh

pdqdjhu djdlqvw dyhudjh lqgxvwu| sur�wv zloo uhpryh wklv frpsrqhqw iurp

khu frpshqvdwlrq frqwudfw1 Frqglwlrqv 41 dqg 51 duh douhdg| sduw ri wkh

dqdo|vlv ri suhylrxv vhfwlrqv/ zkhuhdv wkh wklug frqglwlrq lv wkh dgglwlrqdo

lqvljkw ehklqg Sursrvlwlrq 91

Wkh suhfhglqj dujxphqw eruurzv iurp vwdqgdug pxowlsoh uhjuhvvlrq dqdo0

|vlv1 Wklv doorzv xv wr uhskudvh wkh lqvljkwv jhqhudwhg lq doo wkh vxevhfwlrqv

ri wklv glvfxvvlrq vr idu1 Zh fdq vwdwh wkh iroorzlqj fruroodu| ri Sursrvlwlrq

9=

Fruroodu| : +Uhjuhvvlrq, Wkh ehqfkpdun E lv sduw ri dq rswlpdo frp0

shqvdwlrq frqwudfw li dqg rqo| li E dggv h{sodqdwru| srzhu wr d uhjuhvvlrq

zkhuh wkh udqgrp frpsrqhqw ri wkh pdqdjhu*v shuirupdqfh phdvxuh lv uh0

juhvvhg rq doo wkh vhfxulwlhv wkh pdqdjhu lv doorzhg wr wudgh rq1

Lq wkh suhylrxv glvfxvvlrq/ wkh frqglwlrq lq fruroodu| : iroorzv gluhfwo|

iurp +5<, dqg +63, deryh= li U2
8c�� +wkh U0vtxduhg iurp uhjuhvvlqj wkh fdvk
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 rzv ri wkh �up rq wkh vhfxulw| uhwxuqv u dqg wkh ehqfkpdun E, h{fhhgv

U2
8� +wkh U0vtxduhg iurp uhjuhvvlqj wkh fdvk  rzv ri wkh �up rq wkh vhfxulw|

uhwxuqv u dorqh,/ wkhq wkh ehqfkpdun kdv lqfuhphqwdo �h{sodqdwru| srzhu1�

Fohduo|/ wklv lv htxlydohqw wr wkh uhtxluhphqw wkdw Fry +%8�> %��, 9@ 3/ exw

pxfk vwurqjhu wkdq wkh uhtxluhphqw wkdw wkh ehqfkpdun lv fruuhodwhg zlwk

wkh ulvn lqkhuhqw lq wkh pdqdjhu*v shuirupdqfh phdvxuh1

Ilqdoo|/ zh fdq xvh wklv iudphzrun dovr lq rughu wr dvvhvv wkh xvhixoqhvv ri

wudglqj uhvwulfwlrqv rq wkh pdqdjhu1 Li U2
8c� A 3/ wkhq �28

�
4�U2

8c�

�
? �28

dqg vkduhkroghu ydoxh lqfuhdvhv1 Khqfh/ wr wkh h{whqw wkdw �up0vshfl�f ulvn

lv fruuhodwhg zlwk vrph rwkhu wudghdeoh dvvhwv/ wkh wrwdo ulvn eruqh e| wkh

pdqdjhu lq htxloleulxp lv uhgxfhg wkurxjk khu wudglqj=

Fruroodu| ; +Zhoiduh ri wudglqj, Li wkh pdqdjhu lv doorzhg wr wudgh rq

doo dvvhwv h{fhsw khu rzq vwrfn/ wkhq wkh uhvxowlqj doorfdwlrq lv lpsuryhg +wkdw

lv/ vkduhkroghu ydoxh lv kljkhu, uhodwlyh wr d vlwxdwlrq zkhuh wkh pdqdjhu fdq

rqo| wudgh rq wkh vwrfn pdunhw lqgh{/ ru zkhuh vkh fdqqrw wudgh dw doo dqg

lv ehqfkpdunhg djdlqvw wkh vwrfn pdunhw lqgh{1

Khqfh/ wr wkh h{whqw wkdw wkh wudglqj srolflhv ri wkh pdqdjhu fdq dovr

uhgxfh wkh �up0vshfl�f ulvn 0 dv lq wkh fdvh ri wkh pdqdjhu ri wkh jrog0plqh

khgjlqj wkh ulvn lq wkh jrog sulfh 0 ehqfkpdunlqj wkh pdqdjhu djdlqvw wkh

lqgh{ lv lqihulru wr doorzlqj wkh pdqdjhu wr wudgh1 Suhyhqwlqj wkh pdqdjhu

iurp wudglqj vwulfwo| uhgxfhv ryhudoo zhoiduh1

: Frqfoxvlrq

Wklv sdshu dqdo|}hv d prgho zkhuh d pdqdjhu lv r�huhg d frpshqvdwlrq

frqwudfw wkdw pd| lqfoxgh vrph uhodwlyh shuirupdqfh hohphqw1 Wkh pdlq

5:



frqfoxvlrq lv wkdw uhodwlyh shuirupdqfh hydoxdwlrq lv ri olplwhg 0 li dq| 0

xvh lq dq hqylurqphqw zkhuh wkh pdqdjhu fdq wudgh rq doo dvvhwv h{fhsw wkh

vwrfn ri khu rzq frpsdq|1 Wkh pdqdjhu*v wudglqj vwudwhj| h{dfwo| uhsolfdwhv

wkh rswlpdo uhodwlyh shuirupdqfh frqwudfw wkdw zrxog rwkhuzlvh eh sursrvhg

e| wkh sulqflsdo1 Li wkh pdqdjhu lv doorzhg wr wudgh lq doo frpsrqhqwv ri

wkh lqgh{/ wkhq khu wudglqj vwudwhj| dovr uhsolfdwhv wkh frpsrvlwlrq ri wkh

rswlpdo ehqfkpdun wkh sulqflsdo zrxog fkrvh1 Wkh pdqdjhu vlpso| dgmxvwv

khu sruwirolr vwudwhj| wr r�vhw dq| lqfuhdvhg h{srvxuh vkh lqfxuv wkurxjk

khu frpshqvdwlrq frqwudfw1 Wkh uhvxow lv dq dujxphqw wkdw sdudoohov wkdw

ri Prgljoldql dqg Ploohu +4<8;,= Wkh pdqdjhu surylghv �krph0pdgh� uhod0

wlyh shuirupdqfh hohphqwv li wkh| duh qrw sduw ri wkh frqwudfw/ dqg uhgxfhv

khu h{srvxuh wr pdfurhfrqrplf ulvnv e| uhgxflqj khu kroglqjv lq wkh pdu0

nhw sruwirolr wr wkh h{whqw wkdw khu frqwudfw h{srvhv khu wr pdunhw ulvn1

Dq| uhodwlyh shuirupdqfh hohphqw lq wkh frqwudfw zloo wkhuhiruh eh r�vhw

e| vxevwlwxwlqj ��up0pdgh� ehqfkpdunlqj iru wkh pdqdjhu*v �krph0pdgh�

ehqfkpdun1 Wkh dujxphqw grhv qrw ixoo| h{whqg wr dffrxqwlqj ehqfkpdunv li

wkhvh kdyh frpsrqhqwv wkdw duh qrw uhodwhg wr wudghg dvvhwv1 Ehqfkpdunlqj

wkh pdqdjhu djdlqvw qrq0wudghg dvvhwv lv xvhixo li lw uhgxfhv wkh pdqdjhu*v

h{srvxuh wr ulvnv wkdw fdqqrw eh qhxwudol}hg wkurxjk wudglqj1

Wkh uhvxowv suhvhqwhg khuh khos wr h{sodlq zk| wkhuh lv olwwoh uhodwlyh shu0

irupdqfh hydoxdwlrq lq prvw frpshqvdwlrq frqwudfwv/ dqg zk| prvw uhodwlyh

shuirupdqfh hohphqwv revhuyhg lq wkhvh frqwudfwv duh uhodwhg wr dffrxqwlqj

ehqfkpdunv1 Wkh dujxphqw suhvhqwhg khuh kdv dovr vrph srolwlfdo lpsolfd0

wlrqv iru wkh glvfxvvlrq rq h{hfxwlyh frpshqvdwlrq/ vlqfh lw vxjjhvwv wkdw ulv0

lqj pdqdjhuldo vdodulhv pd| eh d qrupdo lpsolfdwlrq ri d ulvlqj vwrfn pdunhw/

hyhq wkrxjk lw pd| dsshdu wr frqwudglfw vwdqgdug hfrqrplf wkhru| wr uh0

zdug hyhq phglrfuh shuirupdqfh1 Fohduo|/ uhodwlyh shuirupdqfh frqwudfwv iru
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FHRv ri phglrfuh ru xqghushuiruplqj frpsdqlhv zrxog ohdg wr orzhu sd|0

rxwv iurp wkhlu yduldeoh sd|0frpsrqhqw1 Krzhyhu/ li wkh pdunhw iru FHRv

lv frpshwlwlyh/ wkhq wkhvh frqwudfwv zrxog kdyh d frpsdudwlyho| kljkhu �{hg

frpsrqhqwv/ zklfk wkhvh vdph FHRv zrxog lqyhvw lq wkh vwrfn pdunhw dv d

zkroh wr hqg xs zlwk wkh vdph zhdowk +dqg wkh vdph frpshqvdwlrq frvwv wr

wkh frpsdq|, dv wkh| gr zlwkrxw d uhodwlyh shuirupdqfh frqwudfw1 Khqfh/

lq wkh frqwh{w ri wklv prgho/ uhodwlyh shuirupdqfh hydoxdwlrq fdqqrw khos wr

plwljdwh wkh ulvh ri h{hfxwlyh frpshqvdwlrq1

5<



; Dsshqgl{

Ghulydwlrq ri +;,/ +<,=

Revhuyh wkdw wkh sduwlflsdwlrq frqvwudlqw iru wkh pdqdjhu lv elqglqj

+FH +Z>h, @ 3,/ vr zh rewdlq wkh �{hg frpsrqhqw ri wkh frpshqvdwlrq

sdfndjh dv=

�f @ ��� ffD� �2�
5n

.
�

5
Y du +Z , +67,

Wkhq wkh sd|r� Y wr vkduhkroghuv fdq eh frpsxwhg dv=

Y @ H +S , @ ffD.
��
n

� �2�
5n

� �

5

�
�2�D

2�2 � 5��D���
2
� . �2��

2
�

�
+68,

Wklv jlyhv wkh vroxwlrq iru wkh rswlpdo zhljkw ri wkh ehqfkpdun dv

�� @ ��D +69,

Vxevwlwxwlqj wkh vroxwlrq iru �� edfn jlyhv=

Y @ ffD.
��
n

� �2�
5n

� �

5
�2��

2
8 +6:,

Qrz zh fdq vroyh iru �� wr rewdlq +;,1

Ghulydwlrq ri +58,=

Xvh wkh vdph dssurdfk dv ehiruh dqg revhuyh wkdw wkh yduldqfh ri wkh

pdqdjhu*v zhdowk fdq qrz eh zulwwhq dv=

Y du +Z , @

3
C ��D$ . �� ���

��D

4
D

�3
C 	 	8�

	�

8� �28

4
D

3
C ��D$ . �� ���

��D

4
D

+6;,

Plqlpl}lqj wklv h{suhvvlrq zlwk uhvshfw wr �� jlyhv +58,1 Vxevwlwxwlqj edfn

lqwr +6;, jlyhv=

Y du +Z , @ +��D,
2
�
�28 �	�

8�	3�	8�
�

+6<,

@ +��D,
2 �28

�
4�U2

8c�

�
+73,
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zklfk wkhq ohdgv wr +5:, xvlqj wkh vdph vwhsv dv ehiruh1

Surri ri Sursrvlwlrq 8=

Xvh h{suhvvlrq +6;, deryh zlwk � @ 3 dqg wkhq plqlpl}h zlwk uhvshfw wr

��� wr rewdlq wkh uhvxow1

Ghulydwlrq ri wkh rswlpdo frqwudfw +5<,/ +63, zlwk xquhvwulfwhg

wudglqj=

Wkhvh h{suhvvlrqv vlpso| uhvwdwh pruh irupdoo| wkh gh�qlwlrq ri $ dv wkh

pdunhw sruwirolr1 Wkhq zh fdq uhzulwh wkh yduldqfh h{suhvvlrq dv=

Y du +Z , @

3
EEEC

��D$ . �

��D
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4
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� 3
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3
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���

4
FFFD
+74,

Wkh pdqdjhu fkrrvhv sruwirolr zhljkwv=

� @ ���D$ .	3� +	���� �	8���D, +75,

Vxevwlwxwlqj � edfn lqwr wkh yduldqfh h{suhvvlrq jlyhv wkhq=

Y du +Z , . �

@

3
EEEC
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4
FFFD +76,

64



@

3
EEEC

	���� �	8���D

��D

���

4
FFFD

� 3
EEEC

	3� 	3�	8� 	3�	��

	3�	�

8� �28 �8�

	3�	�

�� �8� �2�

4
FFFD

�

3
EEEC

	���� �	8���D

��D

���

4
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@ � +	���� �	8���D,
�	3� +	���� �	8���D,

.�2�D
2�28 � 5��D�� . �2��

2
� +78,

Wklv jlyhv wkh rswlpdo ehqfkpdun dv=

�� @
�8� �	�

8�	3�	��
�2� �	�

��	3�	��
��D @

�8� �	�

8�	3�	��
�2�

�
4�U2

��

� ��D +79,

zklfk ohdgv lpphgldwho| wr +5<,1 Khuh U2
�� @ 	�

��	3�	��@�2� lv wkh

U0vtxduhg ri wkh surmhfwlrq ri wkh ehqfkpdun E rq wkh yhfwru ri vhfxulw|

uhwxuqv u1 Vxevwlwxwlqj wkh uhvxow edfn lqwr wkh yduldqfh h{suhvvlrq=

Y du +Z ,

@ � +��D,
2
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Uhihuhqfhv

^4` Dgpdwl/ Dqdw U1 dqg S hlghuhu/ Sdxo/ 4<<:/ Grhv lw Doo Dgg XsB

Ehqfkpdunv dqg wkh Frpshqvdwlrq ri Dfwlyh Sruwirolr Pdqdjhuv / Mrxu0

qdo ri Exvlqhvv :3/ qr1 6 / ss1 6560683

^5` Djjduzdo/ Udmhvk N1 dqg Vdpzlfn/ Dqguhz/ 4<<9/ H{hfxwlyh Frpshq0

vdwlrq/ Vwudwhjlf Frpshwlwlrq/ dqg Uhodwlyh Shuirupdqfh Hydoxdwlrq=

Wkhru| dqg Hylghqfh/ QEHU Zrunlqj sdshu / qr1 897; +Mxo|,

^6` �/ 4<<</ Wkh Rwkhu Vlgh ri wkh Wudgh0R�= Wkh Lpsdfw ri Ulvn rq H{0

hfxwlyh Frpshqvdwlrq / Mrxuqdo ri Srolwlfdo Hfrqrp| 43:/ qr1 4 +Iheux0

du|,/ ss1 980438

^7` Dqwoh/ Ulfn dqg Vplwk/ Deelh/ 4<;9/ Dq Hpslulfdo Lqyhvwljdwlrq ri wkh

Uhodwlyh Shuirupdqfh Hydoxdwlrq ri Frusrudwh H{hfxwlyhv/ Mrxuqdo ri

Dffrxqwlqj Uhvhdufk 57/ qr1 4 +Vsulqj,/ ss1 406<

^8` Edqnhu/ U1 G1 dqg Gdwdu/ V1 P1/ 4<;</ Vhqvlwlylw|/ suhflvlrq/ dqg olqhdu

djjuhjdwlrq ri vljqdov iru shuirupdqfh hydoxdwlrq/ Mrxuqdo ri Dffrxqwlqj

Uhvhdufk 5:+Vsulqj,/ ss1 5406<

^9` Eduur/ Mdvrq U1 dqg Eduur/ Urehuw M/ 4<<3/ Sd|/ Shuirupdqfh dqg

Wxuqryhu ri Edqn FHRv/ Mrxuqdo ri Oderu Hfrqrplfv ;/ qr1 7 / ss1

77;07;4

^:` Fdpsehoo/ Wlp V1 dqg Nudfdz/ Zlooldp D1/ 4<;8/ Wkh Pdunhw iru Pdq0

djhuldo Oderu Vhuylfhv dqg Fdslwdo Pdunhw Htxloleulxp/ Mrxuqdo ri Il0

qdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 53/ qr1 6 +Vhswhpehu,/ ss1 5::05<:
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^;` �/ 4<;:/ Rswlpdo Pdqdjhuldo Lqfhqwlyh Frqwudfwv dqg wkh Ydoxh ri

Frusrudwh Lqvxudqfh/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv

55/ qr1 6 +Vhswhpehu,/ ss1 648065;

^<` G|h/ Urqdog D1/ 4<<5/ Uhodwlyh Shuirupdqfh Hydoxdwlrq dqg Surmhfw

Vhohfwlrq/ Mrxuqdo ri Dffrxqwlqj Uhvhdufk 63/ qr1 4 +Vsulqj,/ ss1 5:085

^43` Jduhq/ Mrkq H1/ 4<<7/ H{hfxwlyh Frpshqvdwlrq dqg Sulqflsdo0Djhqw

Wkhru|/ Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ qr1 9 +Ghfhpehu,/ ss1 44:80

44<<

^44` Jduyh|/ Jhudog/ 4<<:/ Pdunhwdeoh Lqfhqwlyh Frqwudfwv dqg Fdslwdo

Vwuxfwxuh Uhohydqfh/ Mrxuqdo ri Ilqdqfh 85/ qr1 4 +Pdufk,/ ss1 6860

6:;

^45` Jleerqv/ Urehuw dqg Pxusk|/ Nhylq M1/ 4<<3/ Uhodwlyh Shuirupdqfh

Hydoxdwlrq iru Fklhi H{hfxwlyh R!fhuv/ Lqgxvwuldo dqg Oderu Uhodwlrqv

Uhylhz 76/ qr1 Vshfldo Lvvxh +Iheuxdu|,/ ss1 630V 0 840V

^46` Jloohqnlufk/ Urehuw P1 dqg Yhowkxlv/ Orxlv Mrkq/ 4<<:/ Olqhduh Dq0

uhl}yhuwuçjh i u Pdqdjhu ehl v|vwhpdwlvfkhq xqg xqv|vwhpdwlvfkhq

Ulvlnhq/ ]hlwvfkuliw i u ehwulhevzluwvfkdiwolfkh Iruvfkxqj / qr1 5 +Iheux0

du|,/ ss1 4540473

^47` Kdxeulfk/ Mrvhsk J1/ 4<<7/ Ulvn Dyhuvlrq/ Shuirupdqfh Sd|/ dqg

wkh Sulqflsdo0Djhqw0Sureohp/ Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ qr1

5 +Dsulo,/ ss1 58;05:8

^48` Kdxeulfk/ Mrvhsk J1 dqg Srsryd/ Lylolqd/ 4<<;/ H{hfxwlyh Frpshqvd0

wlrq= D Fdoleudwlrq dssurdfk/ Hfrqrplf Wkhru| +Ghfhpehu,
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^49` Kropvwuùp/ Ehqjw/ 4<:</ Prudo kd}dug dqg Revhuydelolw|/ Ehoo Mrxuqdo

ri Hfrqrplfv 43/ ss1 :70<4

^4:` �/ 4<;5/ Prudo Kd}dug lq Whdpv/ Ehoo Mrxuqdo ri Hfrqrplfv 46/ qr1 5

+Dxwxpq,/ ss1 6570673

^4;` Kropvwuùp/ Ehqjw dqg Plojurp/ Sdxo/ 4<;:/ Djjuhjdwlrq dqg Olqhdulw|

lq wkh Surylvlrq ri Lqwhuwhpsrudo Lqfhqwlyhv/ Hfrqrphwulfd 88/ qr1 5

+Pdufk,/ ss1 636065;

^4<` Kxggduw/ Vwhyhq/ 4<<</ Uhsxwdwlrq dqg Shuirupdqfh Ihh H�hfwv rq

Sruwirolr Fkrlfh e| Lqyhvwphqwv/ Mrxuqdo ri Ilqdqfldo Pdunhwv +iruwk0

frplqj, +Rfwrehu,

^53` Mdqdnludpdq/ Vxu|d Q1/ Odpehuw/ Ulfkdug D1/ dqg Odufnhu/ Gdylg I1/

4<<5/ Dq Hpslulfdo Lqyhvwljdwlrq ri wkh Uhodwlyh Shuirupdqfh Hydoxd0

wlrq K|srwkhvlv/ Mrxuqdo ri Dffrxqwlqj Uhvhdufk 63/ qr1 4 +Vsulqj,/ ss1

8609<

^54` Mhqvhq/ Plfkdho F1 dqg Pxusk|/ Nhylq M1/ 4<<3d/ FHR Lqfhqwlyhv

0 Lw*v Qrw Krz Pxfk \rx Sd|/ Exw Krz/ Kduydug Exvlqhvv Uhylhz

+Pd|2Mxqh,/ ss1 46;0486

^55` �/ 4<<3e/ Shuirupdqfh Sd| dqg Wrs0Pdqdjhphqw Lqfhqwlyhv/ Mrxuqdo

ri Srolwlfdo Hfrqrp| <;/ qr1 5 +Dsulo,/ ss1 5580597

^56` Odpehuw/ Ulfkdug D1 dqg Odufnhu/ Gdylg/ 4<;:/ Dq Dqdo|vlv ri wkh

Xvh ri Dffrxqwlqj dqg Pdunhw Phdvxuhv ri Shuirupdqfh lq H{hfxwlyh

Frpshqvdwlrq Frqwudfwv/ Mrxuqdo ri Dffrxqwlqj Uhvhdufk 58/ ss1 ;80

45<
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^57` Odpehuw/ Ulfkdug D1/ Odufnhu/ Gdylg/ dqg Yhuuhffkld/ Urehuw/ 4<<4/

Sruwirolr Frqvlghudwlrqv lq Ydoxlqj H{hfxwlyh Frpshqvdwlrq/ Mrxuqdo

ri Dffrxqwlqj Uhvhdufk 5</ qr1 4 +Vsulqj,/ ss1 45<047<

^58` Odx{/ Khopxw/ 4<<3/ Glh Luuhohydq} huirojvrulhqwlhuwhu Dquhl}v|v0

whph ehl ehvwlppwhq Ndslwdopdunwehglqjxqjhq 0 Ghu Hlqshulrghqidoo/

]hlwvfkuliw i u Ehwulhevzluwvfkdiw / ss1 46740468:

^59` �/ 4<<;/ ]lhonrq lnwh/ ]lho Ghu Prwlydwlrq Yrq Hqwvfkhlgxqjvwuçjhuq

Xqg Luuhohydq} Hlqhu Olqhduhq Huirojvehwhloljxqj/ lq= Khopxw Odx{=

Ulvlnrwhloxqj/ Dquhl} Xqg Ndslwdopdunhw/ Khlghoehuj +Vsulqjhu,/ ss1

6580679

^5:` Pdufxv/ Dodq M1/ 4<;5/ Ulvn Vkdulqj dqg wkh Wkhru| ri wkh Ilup/ Ehoo

Mrxuqdo ri Hfrqrplfv / ss1 69<06:;

^5;` Prgljoldql/ Iudqfr dqg Ploohu/ Phuwrq K1/ 4<8;/ Wkh Frvw ri Fdslwdo/

Frusrudwlrq Ilqdqfh dqg wkh Wkhru| ri Lqyhvwphqw/ Dphulfdq Hfr0

qrplf Uhylhz 7;+Mxqh,/ ss1 59405<:

^5<` Pxusk|/ Nhylq M1/ 4<<;/ H{hfxwlyh Frpshqvdwlrq/ plphr/ Xqlyhuvlw|

ri Vrxwkhuq Fdoliruqld +Dsulo,

^63` Qhxv/ Zhuqhu/ 4<;</ Glh Dxvvdjhnudiw yrq Djhqf| Frvwv/ ]hlwvfkuliw i u

ehwulhevzluwvfkdiwolfkh Iruvfkxqj 74/ qr1 9 / ss1 7:507<3

^64` Qhxv/ Zhuqhu/ 4<<9/ Uhdolqyhvwlwlrqhq/ Ilqdq}lqyhvwlwlrqhq xqg Dq0

uhl}yhuwuçjh/ ]hlwvfkuliw i u Ehwulhevzluwvfkdiw 99/ qr1 < / ss1 445:0447:

^65` Vfkduivwhlq/ Gdylg V1 dqg Vwhlq/ Mhuhp| F1/ 4<<3/ Khug Ehkdylru dqg

Lqyhvwphqw/ Dphulfdq Hfrqrplf Uhylhz ;3/ qr1 6 +Mxqh,/ ss1 79807:<
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^66` ]zlheho/ Mh�uh|/ 4<<8/ Frusrudwh Frqvhuydwlvp dqg Uhodwlyh Frpshq0

vdwlrq/ Mrxuqdo ri Srolwlfdo Hfrqrp| 436/ qr1 4 +Iheuxdu|,/ ss1 4058

6:


