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4 Lqwurgxfwlrq

Gdqlho Ndkqhpdq dqg Dprv Wyhuvn|/ dv zhoo dv rwkhu h{shulphqwdo sv|fkro0

rjlvwv/ dpdvvhg hylghqfh rq krz vxemhfwv dvvhvv xqfhuwdlqw| lq d ydulhw| ri

frqwh{wv14 Wyhuvn| dqg Ndkqhpdq +WN, vlqjohg rxw rqh �qglqj dv ehlqj

�vxusulvlqj dqg ohvv dffhswdeoh� +WN/ 4<;6/ s1 5<:,1 Lq zkdw kdv frph wr

eh nqrzq dv wkh Olqgd h{shulphqw/ dq ryhuzkhoplqj pdmrulw| ri vxemhfwv ds0

shduhg wr kdyh ylrodwhg wkh hohphqwdu| orjlfdo uxoh wkdw wkh suredelolw| ri wkh

lqwhuvhfwlrq ri xqfhuwdlq hyhqwv lv vpdoohu wkdq wkh suredelolw| ri dq| ri lwv

frqvwlwxhqw hyhqwv1

WN dujxh wkdw zkdw wkh| lqwhusuhwhg dv vxemhfwv* � djudqw ylrodwlrq ri

wkh frqmxqfwlrq uxoh� lv gulyhq e| �vhgxfwlyh1 1 1 lqwxlwlrqv� +ss1 5<</ 647,15

Wkh| fdoohg wkh sv|fkrorjlfdo phfkdqlvp xqghuslqqlqj wkhvh lqwxlwlrqv wkh

uhsuhvhqwdwlyhqhvv khxulvwlf1

Ehkdylrudo hfrqrplvwv kdyh hpeudfhg WN*v �qglqjv dv dq hpslulfdo irxq0

gdwlrq iru wkhlu fruh suhplvh wkdw idfwruv vxfk dv mxgjphqwdo khxulvwlfv/ iudp0

lqj/ lqwxlwlrq/ ru pdunhw vhqwlphqw �glvwruw� dq lqglylgxdo*v dvvhvvphqw ri

xqfhuwdlqw|16 Lpsruwdqwo|/ ehkdylrudo prghov uho| rq d vxemhfwlyh suredelolw|

phdvxuh wr uhsuhvhqw vxfk sv|fkrorjlfdoo|0gulyhq ghsduwxuhv iurp wkh �remhf0

wlyh� suredelolwlhv ri sd|r�0uhohydqw rxwfrphv1 Dv d uhvxow/ d ehkdylrudo prgho

suhvxphv wkdw d pdunhw sduwlflsdqw frpplwv d v|vwhpdwlf/ suhglfwdeoh huuru lq

klv dvvhvvphqw ri xqfhuwdlqw|1 Krzhyhu/ WN*v �qglqjv fdqqrw surylgh dq hp0

slulfdo udwlrqdoh iru prgholqj wklv huuru= Ehfdxvh suredelolvwlf uhsuhvhqwdwlrqv

ri sduwlflsdqwv* suhglfwdeoh huuruv qhfhvvdulo| frqirup wr wkh frqmxqfwlrq uxoh/

wkh| duh lqkhuhqwo| lqfrpsdwleoh zlwk WN*v lqwhusuhwdwlrq ri wkhlu �qglqjv/

dffruglqj wr zklfk vxemhfwv* dvvhvvphqwv ri xqfhuwdlqw| ylrodwh wkdw uxoh1

Zkdw kdv ehhq odujho| ryhuorrnhg lv wkdw li vxemhfwv* uhvsrqvhv uhdoo| ylr0

4Wyhuvn| dqg Ndkqhpdq +4<;6, surylgh dq h{whqvlyh uhylhz ri pdq| h{shulphqwdo �qg0
lqjv dqg ixuwkhu uhihuhqfhv wr wkh yroxplqrxv olwhudwxuh vsxuuhg e| WN*v vhplqdo 4<:7 duwlfoh
lq Vflhqfh/ zklfk/ dffruglqj wr Ilhgohu dqg yrq V|grz +5348,/ �zdv flwhg ryhu :/333 wlphv
� dq xqeholhydeoh udwh iru d sv|fkrorj| duwlfoh1�

5Doo flwdwlrqv rqo| wr sdjh qxpehuv uhihu wr WN +4<;6,1
6Iru d vhplqdo uhylhz ri �iudplqj h�hfwv� dqg uhodwhg �eldvhv/� vhh Wyhuvn| dqg Ndk0

qhpdq +4<:7/ 4<;4,1 Iru dq h{whqvlyh glvfxvvlrq ri ehkdylrudo0�qdqfh prghov dqg ixuwkhu
uhihuhqfhv/ vhh Eduehulv dqg Wkdohu +5336,1
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odwhg wkh frqmxqfwlrq uxoh lq vr pdq| vhwwlqjv/ WN*v �qglqjv zrxog eh lqfrp0

sdwleoh qrw rqo| zlwk wkh ehkdylrudo dssurdfk/ exw zlwk pxfk ri irupdo hfr0

qrplf wkhru|1 Lpsruwdqwo|/ wkhlu �qglqjv zrxog eh lqfrpsdwleoh zlwk prghov

wkdw dvvxph wkdw lqglylgxdov duh �udwlrqdo/� lq wkh vhqvh wkdw wkhlu vxemhfwlyh

suredelolvwlf dvvhvvphqwv ri xqfhuwdlqw| derxw sd|r�0uhohydqw rxwfrphv duh

frqvlvwhqw zlwk wkh �remhfwlyh� suredelolw| ri wkhvh rxwfrphv1 Dv WN sxw lw/

mxgjphqwv wkdw ^gr` qrw reh| wkh frqmxqfwlrq uxoh fdqqrw eh h{0

shfwhg wr reh| pruh frpsolfdwhg sulqflsohv wkdw suhvxssrvh wklv

uxoh/ vxfk dv Ed|hvldq xsgdwlqj/111/dqg wkh pd{lpl}dwlrq ri h{0

shfwhg xwlolw| +s1 646,1

Krzhyhu/ wklv idu0uhdfklqj lpsolfdwlrq iru hfrqrplf wkhru| klqjhv rq WN*v

dvvxpswlrq wkdw wkh uhsuhvhqwdwlyhqhvv khxulvwlf �eorfnv� wkh vxemhfwv iurp

uhfrjql}lqj wkdw wkhlu uhvsrqvhv ylrodwh wkh frqmxqfwlrq uxoh +s1 633,1 WN

zhuh sx}}ohg derxw zk| vr pdq| vxemhfwv lq d zlgh ydulhw| ri frqwh{wv zrxog

pdnh vxfk dq reylrxv huuru1 Diwhu doo/ wkh vlpsolflw| ri �frpshoolqj orjlfdo

uxohv 111 pdnhv ylrodwlrqv dsshdu lpsodxvleoh� +s1 646,1

Lw lv wklv lpsodxvlelolw| wkdw kdv ohg xv wr vhhn dq dowhuqdwlyh h{sodqdwlrq

ri vxemhfwv* uhvsrqvhv1 Hyhq li sv|fkrorjlfdo idfwruv lq xhqfh sduwlflsdqwv*

ghflvlrq0pdnlqj/ dv ehkdylrudo hfrqrplvwv frpshoolqjo| dujxh/ lqfrusrudwlqj

vxfk idfwruv lqwr hfrqrplf wkhru| zrxog vhhp wr uhtxluh wkdw pdunhw sduwlfl0

sdqwv dgkhuh wr hohphqwdu| orjlfdo uxohv1 Wkxv/ dq h{sodqdwlrq wkdw suhvxphv

wkdw vxemhfwv gr qrw pdnh reylrxv orjlfdo plvwdnhv vhhpv fuxfldo iru dvvhvvlqj

zkhwkhu WN*v �qglqjv duh uhohydqw iru hfrqrplf wkhru|1

Rqh frxog ri frxuvh dujxh wkdw WN*v h{shulphqwdo �qglqjv duh qrw uhoh0

ydqw iru prgholqj krz sduwlflsdqwv lq uhdo0zruog pdunhwv dvvhvv xqfhuwdlqw|1

Lq frqwudvw/ zh iroorz ehkdylrudo hfrqrplvwv lq dvvxplqj wkdw WN*v �qglqjv

gr surylgh dq hpslulfdo udwlrqdoh iru plfur0irxqgdwlrqv ri pdfurhfrqrplf dqg

�qdqfh wkhru|1 Krzhyhu/ zh sursrvh dq dowhuqdwlyh lqwhusuhwdwlrq dqg irupdo0

l}dwlrq ri vxemhfwv* uhvsrqvhv wkdw lpso| wkdw wkh| frqirup wr wkh frqmxqfwlrq

uxoh dqg rwkhu edvlf odzv ri suredelolw|1 Pruhryhu/ rxu irupdol}dwlrq ri WN*v

�qglqjv lpsolhv wkdw vxemhfwv duh qrw rqo| orjlfdoo| frkhuhqw exw dovr �udwlr0
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qdo�= wkhlu dvvhvvphqwv ri xqfhuwdlqw| duh edvhg rq d uhdvrqdeoh xqghuvwdqglqj

ri wkh dfwxdo +�remhfwlyh�, xqfhuwdlqw| derxw wkh sd|r�0uhohydqw hyhqwv1

Rxu h{sodqdwlrq ri vxemhfwv* uhvsrqvhv lqwhjudwhv WN*v �qglqjv zlwkPxwk*v

+4<94, sdwkeuhdnlqj k|srwkhvlv wkdw dq hfrqrplvw fdq uhsuhvhqw d pdunhw

sduwlflsdqw*v udwlrqdo dvvhvvphqw ri xqfhuwdlqw| e| vshfli|lqj d sduwlflsdqw*v

iruhfdvwv ri pdunhw rxwfrphv dv ehlqj frqvlvwhqw zlwk wkh hfrqrplvw*v rzq

xqghuvwdqglqj ri xqfhuwdlqw| derxw wkhvh rxwfrphv1 Wklv kdv dq lpsruwdqw/

wkrxjk shukdsv vxusulvlqj/ lpsolfdwlrq= Lq wkh frqwh{w ri pdfurhfrqrplf dqg

�qdqfh prghov/ WN*v �qglqjv surylgh dq hpslulfdo irxqgdwlrq iru udwlrqdo

h{shfwdwlrqv prghov1

Uhpdundeo|/ WN dovr srlqwhg wr dq h{sodqdwlrq ri wkhlu �qglqjv wkdw fdq

eh lqwhjudwhg zlwk Pxwk*v k|srwkhvlv= Lq dvvhvvlqj xqfhuwdlqw| derxw hyhqwv lq

wkh Olqgd h{shulphqw/ dv zhoo dv derxw pdunhw rxwfrphv/ �uhsuhvhqwdwlyhqhvv lv

uhgxfleoh wr vlplodulw|� +s1 5<9,1 Dowkrxjk WN lqwhusuhwhg uhsuhvhqwdwlyhqhvv0

gulyhq uhvsrqvhv dv d �vxusulvlqj 111 ylrodwlrq ri wkh frqmxqfwlrq uxoh/� wkh|

uhjdughg vxemhfwv* dvvhvvphqwv ri uhvhpeodqfh ehwzhhq xqfhuwdlq hyhqwv dv

�qhlwkhu vxusulvlqj qru remhfwlrqdeoh� +s1 5<:,1

WN*v fuxfldo lqvljkw zdv wkdw vxemhfwv* uhvsrqvhv lq wkh Olqgd h{shulphqw

fdq eh h{sodlqhg lq whupv ri vdpsoh vwdwlvwlfv/ vxfk dv iuhtxhqflhv/ ri wkh dfwxdo

�remhfwlyh� rffxuuhqfhv ri uhohydqw xqfhuwdlq hyhqwv1 Exloglqj rq wklv lqvljkw/

zh irupdol}h wkh frqfhsw ri uhvhpeodqfh dqg vkrz krz lw fdq h{sodlq vxemhfwv*

uhvsrqvhv qrw dv frqvwlwxwlqj d uhsuhvhqwdwlyhqhvv0gulyhq �ylrodwlrq ri wkh frq0

mxqfwlrq uxoh/� dv WN sursrvhg/ exw udwkhu dv uh hfwlqj d uhvhpeodqfh0edvhg

dvvhvvphqw dgkhulqj wr wkdw uxoh1 Wklv uhfrqflohv WN*v �qglqjv zlwk wkh vhhp0

lqjo| xqfrqwuryhuvldo lghd wkdw vxemhfwv frqirup wr hohphqwdu| orjlfdo uxohv1

Lqwhjudwlqj WN*v �qglqjv zlwk Pxwk*v k|srwkhvlv wkhq surylghv dq hpslul0

fdo irxqgdwlrq iru prgholqj udwlrqdo plfur0irxqgdwlrqv ri pdfurhfrqrplf dqg

�qdqfh prghov1

Dv zh glvfxvv lq Vhfwlrq 43/ olnh wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv +UHK,

ru dq| rwkhu uhsuhvhqwdwlrq ri dq lqglylgxdo*v dvvhvvphqwv ri xqfhuwdlqw|/ WN*v

k|srwkhvlv wkdw uhvhpeodqfh0edvhg dvvhvvphqwv fdq eh xqghuvwrrg lq whupv ri

wkh iuhtxhqflhv ri wkh dfwxdo rffxuuhqfhv ri xqfhuwdlq hyhqwv lv qhfhvvdulo|
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erogo| devwudfw1 WN qhlwkhu dvvxphg qru ghprqvwudwhg hpslulfdoo| wkdw lqgl0

ylgxdov dfwxdoo| hvwlpdwh vxfk iuhtxhqflhv wr dvvhvv xqfhuwdlqw|1 Lqghhg/ WN

+s1 5<7, hpskdvl}h wkdw dq lqglylgxdo*v dvvhvvphqw ri xqfhuwdlqw| frxog eh

�gholehudwh ru qrw/� lq wkh vhqvh wkdw kh dfwxdoo| froohfwv wkh gdwd dqg xvhv

vrph irupdo hvwlpdwlrq surfhgxuh/ ru uholhv rq klv lqwxlwlrq ru rwkhu lqirupdo

frqvlghudwlrqv1

Zkhuhdv rxu uhvhpeodqfh0edvhg h{sodqdwlrq ri vxemhfwv* uhvsrqvhv uhfrq0

flohv WN*v �qglqjv zlwk Pxwk*v prgho0frqvlvwhqf| k|srwkhvlv/ ehkdylrudo0

�qdqfh hfrqrplvwv* dwwhpsw wr uho| rq WN*v �qglqjv dv dq hpslulfdo irxq0

gdwlrq iru wkhlu lqfrqvlvwhqw lqwhuwhpsrudo prghov vx�huv iurp dssduhqwo| lq0

vxuprxqwdeoh sureohpv1 D uhfhqw errn e| Jhqqdlrol dqg Vkohlihu +JV/ 534;,

looxvwudwhv wkhvh gl!fxowlhv1

Dsshdolqj wr WN*v �qglqjv/ JV sursrvh zkdw wkh| fdoo gldjqrvwlf h{shf0

wdwlrqv +GH, dv dq dssurdfk wr vshfli|lqj pdunhw sduwlflsdqwv* dvvhvvphqw

ri xqfhuwdlqw| lq ehkdylrudo0�qdqfh prghov1 Wkh fruh suhplvh ri GH lv wkdw

sduwlflsdqwv* uholdqfh rq wkh uhsuhvhqwdwlyhqhvv khxulvwlf �glvwruwv� wkhlu dv0

vhvvphqwv ri xqfhuwdlqw|/ lpshoolqj wkhp wr frpplw v|vwhpdwlf/ suhglfwdeoh

huuruv/ uhodwlyh wr wkh iruhfdvwv lpsolhg e| UHK1

JV +ss1 4770485, lqwurgxfh GH lq wkh frqwh{w ri wkh Olqgd h{shulphqw/

zklfk/ rzlqj wr wkh vlpsolflw| ri wkh xqfhuwdlqw| frqiurqwlqj wkh vxemhfwv/

hqdeohg wkhp wr kljkoljkw wkh nh| ihdwxuhv ri wkhlu dssurdfk zlwk qr orvv ri

jhqhudolw| +ss1 4850497,1 Dowkrxjk pdfurhfrqrplf dqg �qdqfh prghov duh lq0

whuwhpsrudo dqg lqyroyh xqfhuwdlqw| derxw frqwlqxrxv rxwfrphv/ JV vkrz wkdw

GH*v dssolfdwlrq lq vxfk prghov lv dqdorjrxv wr lwv vshfl�fdwlrq ri sduwlflsdqwv*

dvvhvvphqw ri xqfhuwdlqw| derxw glvfuhwh hyhqwv lq wkh Olqgd h{shulphqw1

Ehfdxvh WN*v �qglqjv uhjduglqj vxemhfwv* uhvsrqvhv lq wkh Olqgd0olnh h{0

shulphqw kdyh ehhq uhsolfdwhg lq pdq| vhwwlqjv/ JV +s1 <, dujxh wkdw/ dv d

jhqhudo dssurdfk wr vshfli|lqj pdunhw sduwlflsdqwv* iruhfdvwv/ GH frxog uh0

sodfh UHK lq exloglqj pdfurhfrqrplf dqg �qdqfh prghov/ dv zhoo dv lq srolf|

dqdo|vlv1 Iru h{dpsoh/ GH dvvxphv wkdw sduwlflsdqwv* iruhfdvw huuruv pryh lq

d txdqwlwdwlyho| suhglfwdeoh zd| zlwk UHK0lpsolhg iruhfdvwv1 Uho|lqj rq vxfk

�suhglfwdelolw|/� JV dujxh wkdw pdfurhfrqrplf srolf| dqdo|vlv edvhg rq GH
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prghov lv qrw vxemhfw wr Oxfdv*v +4<:9, fulwltxh/ ehfdxvh GH zrxog fdswxuh/

yld sduwlflsdqwv* vxssrvhgo| suhglfwdeoh huuru/ krz fkdqjhv lq pdfurhfrqrplf

srolf| zrxog ohdg sduwlflsdqwv wr uhylvh krz wkh| iruhfdvw pdunhw rxwfrphv1

Wklv zrxog hqdeoh srolf|pdnhuv wr dqdo|}h wkh h�hfwv ri srolf| fkdqjhv rq wkh

surfhvv gulylqj wkhvh rxwfrphv1

Wkh fodlp wkdw GH frxog uhsodfh UHK dv d jhqhudo dssurdfk wr exloglqj

ehkdylrudo0�qdqfh prghov suhvxphv wkdw GH*v vshfl�fdwlrq ri sduwlflsdqwv*

dvvhvvphqwv ri xqfhuwdlqw| lv frpsdwleoh zlwk WN*v �qglqjv17 Zh vkrz wkdw

hyhq li wkh uhsuhvhqwdwlyhqhvv khxulvwlf lpshov vxemhfwv wr ljqruh d edvlf odz

ri suredelolw|/ wkhlu uhvsrqvhv fdqqrw eh irupdol}hg zlwk GH*v suredelolvwlf

vshfl�fdwlrq1

Wr eh vxuh/ rqh frxog dvvxph/ dv GH grhv/ wkdw uhsuhvhqwdwlyhqhvv gulyhv

vxemhfwv* uhvsrqvhv1 Krzhyhu/ GH*v lqfrpsdwlelolw| zlwk WN*v �qglqjv vxj0

jhvwv wkdw lw lv dq dg krf vshfl�fdwlrq ri pdunhw sduwlflsdqwv* uhvsrqvhv/ udwkhu

wkdq d jhqhudo dssurdfk wkdw frxog uhsodfh UHK lq pdfurhfrqrplf dqg �qdqfh

wkhru| dqg srolf| dqdo|vlv1 Khuh/ rxu dujxphqw irupdol}hv WN*v xqghuvwdqglqj

wkdw wkhlu �qglqjv lq wkh Olqgd0olnh h{shulphqwv gr qrw vxssruw wkh +ehkdy0

lrudo, �cwuxwk soxv huuru* prgho/ zklfk dvvxphv d frkhuhqw ^cremhfwlyh*` v|vwhp

ri eholhiv wkdw lv shuwxuehg e| ydulrxv vrxufhv ri glvwruwlrq dqg huuru1� Sdud0

skudvlqj wklv surirxqg/ wkrxjk odujho| ryhuorrnhg/ dujxphqw lq wkh odqjxdjh

ri prghuq pdfurhfrqrplfv dqg �qdqfh wkhru|/ WN frqmhfwxuhg wkdw pdunhw

sduwlflsdqwv* dvvhvvphqwv ri xqfhuwdlqw| dqg iruhfdvwv derxw sd|r�0uhohydqw

rxwfrphv duh

qrw xvhixoo| dqdo|}hg ^zlwk` dffxudwh ^UHK0lpsolhg` suhfhswv dqg d

glvwruwlqj surfhvv ^wkh uhsuhvhqwdwlyhqhvv khxulvwlf` wkdw surgxfhv

huuruv dqg looxvlrqv +s1 646/ hpskdvlv dgghg,1

7Jhqqdlrol dqg Vkohlihu +534;/ ss1 46/ 46<0473, uho| rq wklv srlqw dv d uhdvrq iru sursrvlqj
uhsuhvhqwdwlyhqhvv0edvhg GH dv d jhqhudo dssurdfk wr vshfli|lqj wkh plfur0irxqgdwlrqv ri
ehkdylrudo prghov1 Iru dq hduo| lq xhqwldo h{dpsoh ri d ehkdylrudo prgho uho|lqj rq dq
dg krf vshfl�fdwlrq ri krz pdunhw vhqwlphqw lpshov sduwlflsdqwv wr ghyldwh iurp UHK/ vhh
Eduehulv/ hw do1 +4<<;,1 Lw lv vxfk vshfl�fdwlrqv wkdw JV kdyh vrxjkw wr uhsodfh zlwk GH1 Iru
d uhfhqw dwwhpsw wr gr vr wr h{sodlq Vkloohu*v +4<;4, h{fhvv yrodwlolw| sx}}oh/ vhh Erugdor/ hw
do1 +5353d,1
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Rxu dujxphqw wkdw GH*v prgho0lqfrqvlvwhqw uhsuhvhqwdwlrq lv lqfrpsdwl0

eoh zlwk WN*v �qglqjv surylghv dqrwkhu h{dpsoh ri wkh sureohpv lqkhuhqw lq

ehkdylrudo hfrqrplvwv* suhplvh wkdw pdunhw sduwlflsdqwv frpplw v|vwhpdwlf/

suhglfwdeoh huuruv/ dqg wkdw dq hfrqrplvw fdq vshfli| wkhvh huuruv suhflvho|

zlwk d suredelolw| phdvxuh1 Lq wkh hduo| 4<:3v/ Oxfdv frpshoolqjo| dujxhg

wkdw zkhq dq hfrqrplvw*v uhsuhvhqwdwlrq ri dq lqglylgxdo*v dvvhvvphqw ri xq0

fhuwdlqw| derxw sd|r�0uhohydqw hyhqwv lv lqfrqvlvwhqw zlwk klv rzq prgho*v

uhsuhvhqwdwlrq ri wklv xqfhuwdlqw|/ wkh hfrqrplvw frqwudglfwv klv rzq k|srwkh0

vlv wkdw klv lqwhuwhpsrudo prgho uhsuhvhqwv wkh �remhfwlyh� xqfhuwdlqw| derxw

wkhvh hyhqwv1

Dv Oxfdv +4<<8/ s1 588, srlqwhg rxw lq fulwlfl}lqj dgdswlyh h{shfwdwlrqv/

zklfk xqghuslqqhg wkh dssurdfkhv ri wkh 4<93v/ pdfurhfrqrplf dqg �qdqfh

prghov wkdw ylrodwh Pxwk*v k|srwkhvlv/ vxfk dv GH dqg rwkhu ehkdylrudo0

�qdqfh prghov/ vx�hu iurp d �jodulqj� lqfrqvlvwhqf|18 Vxfk prghov h�hfwlyho|

suhvxph wkdw pdunhw sduwlflsdqwv wlph dqg djdlq ljqruh v|vwhpdwlf iruhfdvw

huuruv/ zklfk duh suhglfwdeoh dffruglqj wr dq hfrqrplvw*v prgho +Oxfdv/ 5338/

s1 5;6,1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrqv 5 dqg 6 irupdoo| vwdwh wkh uhoh0

ydqw hyhqwv lq wkh Olqgd h{shulphqw/ dqg gh�qh uhsuhvhqwdwlyhqhvv lq whupv ri

wkh iuhtxhqflhv ri wkh rffxuuhqfhv ri wkhvh hyhqwv1 Vhfwlrq 7 irupdol}hv WN*v

uhsuhvhqwdwlyhqhvv0edvhg lqwhusuhwdwlrq ri vxemhfwv* uhvsrqvhv1 Vhfwlrq 8 hvwde0

olvkhv wkdw GH*v vshfl�fdwlrq ri vxemhfwv* vxssrvhgo| �glvwruwhg� dvvhvvphqw

ri xqfhuwdlqw| lv lqfrpsdwleoh zlwk WN*v �qglqjv1 Vhfwlrq 9 surylghv irupdo

vxssruw iru WN*v uhmhfwlrq ri wkh xvhixoqhvv ri wkh +ehkdylrudo, �wuxwk soxv hu0

uru� prgho iru dqdo|}lqj uhsuhvhqwdwlyhqhvv0gulyhq dvvhvvphqwv ri xqfhuwdlqw|1

Vhfwlrqv :0 < vkrz wkdw vxemhfwv* uhvsrqvhv lqwhusuhwhg e| WN dv d ylrodwlrq ri

wkh frqmxqfwlrq uxoh fdq eh xqghuvwrrg dv uh hfwlqj d suredelolvwlf dvvhvvphqw

8Lq klv Qreho ohfwxuh/ Oxfdv +4<<8/ s1 588, uhfrxqwv krz wkh lpsruwdqfh ri ulgglqj
lqwhuwhpsrudo prghov ri vxfk lqfrqvlvwhqf| shuvxdghg pdfurhfrqrplvwv wr dedqgrq wkh
plfur0irxqghg prghov ri wkh 4<93v dqg hpeudfh wkhlu UHK frxqwhusduwv1 Iru dq h{whq0
vlyh glvfxvvlrq dqg irupdo looxvwudwlrq ri wklv uhyroxwlrqdu| ghyhorsphqw lq pdfurhfrqrplf
wkhru|/ vhh Iu|gpdq dqg Jrogehuj +533:, dqg Iu|gpdq dqg Skhosv +5346,1
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ri uhvhpeodqfh dgkhulqj wr wkdw uxoh1 Vhfwlrq 43 lqwhjudwhv WN*v �qglqjv zlwk

Pxwk*v k|srwkhvlv1 Zh frqfoxgh/ lq Vhfwlrq 44/ zlwk d glvfxvvlrq ri wzr frp0

sdqlrq sdshuv lq zklfk wkh dssurdfk zh lqwurgxfh khuh lv dssolhg wr h{whqg

Oxfdv*v +4<:;, lqwhuwhpsrudo prgho ri dvvhw sulfhv lq d zd| wkdw dfnqrzohgjhv

wkdw/ olnh pdunhw sduwlflsdqwv/ hfrqrplvwv idfh Nqljkwldq xqfhuwdlqw| derxw

wklv surfhvv1

5 Wkh Olqgd H{shulphqw

D fodvvlf h{shulphqw e| Ndkqhpdq dqg Wyhuvn| +WN,/ dlplqj wr h{dplqh

ghflvlrq0pdnlqj xqghu xqfhuwdlqw|/ ihdwxuhv d �fwlwlrxv 640|hdu0rog zrpdq/

Olqgd1 Dv d froohjh vwxghqw/ Olqgd zdv ghhso| frqfhuqhg derxw glvfulplqdwlrq

dqg vrfldo mxvwlfh/ dqg sduwlflsdwhg lq dqwl0qxfohdu ghprqvwudwlrqv1 Zh uhihu

wr d klvwru| ri hqjdjhphqw lq vxfk dfwlylwlhv dv �surjuhvvlyh/� dqg xvh Ks wr

ghqrwh wkh vhw ri doo lqglylgxdov zlwk d surjuhvvlyh klvwru|1

WN +s1 5<:, suhvhqwhg wkh iroorzlqj vwdwhphqwv wr wkhlu h{shulphqw*v vxe0

mhfwv=

� Olqgd lv d edqn whoohu= vkh lv dprqj lqglylgxdov lq vhw W 1

� Olqgd lv d edqn whoohu zkr lv dovr dfwlyh lq wkh ihplqlvw pryhphqw +vhw

I ,/ sodflqj khu dprqj wkh lqglylgxdov frpsulvlqj wkh lqwhuvhfwlrq W _I 1

514 Ndkqhpdq dqg Wyhuvn|*v Ilqglqjv

� Zkhq dvnhg derxw �wkh ghjuhh wr zklfk Olqgd uhvhpeohv� d ihplqlvw

edqn whoohu/ uhodwlyh wr d jhqhulf edqn whoohu +zkr pd| eh d ihplqlvw ru

qrw,/ wkh vxemhfwv udqnhg W _ I kljkhu wkdq W=

� Wkh vxemhfwv zhuh dovr dvnhg wr dvvhvv zkhwkhu lw zdv pruh ru ohvv �sure0

deoh� wkdw Olqgd lv d ihplqlvw edqn whoohu +W _I , wkdq wkdw vkh lv jhqhulf
edqn whoohu +W ,1 Dq ryhuzkhoplqj pdmrulw| dqvzhuhg wkdw lw zdv pruh

suredeoh wkdw vkh lv lq W _ I wkdq wkdw vkh lv lq W +s1 5<:,1

:



515 Irupdo Ghvljq ri wkh H{shulphqw

Hdfk ri wkh txhvwlrqv lq wkh Olqgd h{shulphqw lqyroyhv gl�huhqw xqfhuwdlq

hyhqwv1 Lq rughu wr suhvhqw irupdoo| krz WN h{sodlq wkh dvvhvvphqwv ri xqfhu0

wdlqw| wkdw xqghuslq d vxemhfw*v dqvzhuv wr wkhvh txhvwlrqv/ zh frqvlghu wkh

srsxodwlrq ri whoohuv +W ,/ zkr duh dvvxphg wr eh froohjh judgxdwhv1 Dprqj

wkhp duh wkrvh zkr zhuh surjuhvvlyh zkloh lq froohjh +Ks, dqg wkrvh zkr zhuh

qrw +Kqs,1 Wkh jurxs ri whoohuv lv dovr sduwlwlrqhg lqwr wkrvh zkr duh dfwlyh

ihplqlvwv +W _ I , dqg wkrvh zkr duh qrw +W _ IF,1 Wklv lpsolhv wkdw

W ' EW _ I _Ks� ^ EW _ I _Kqs� ^
�
W _ IF _Ks

�
^
�
W _ IF _Kqs

�
+4,

Zh frqvlghu d vdpsoh ri qEW � edqn whoohuv/ zklfk frpsulvhv qEW _I � ihplqlvwv
dqg qEW _ IF� qrq0ihplqlvwv/ wkdw lv/ qEW � ' qEW _ I �n qEW _ IF�1 Wkh

vdpsoh ri whoohuv lqfoxghv qEKS � surjuhvvlyhv dqg qEKqs� qrq0surjuhvvlyhv/

wkdw lv/ qEW � ' qEKS �n qEKqs�1 Pruhryhu/ wkh vdpsoh lqfoxghv lqirupdwlrq

sodflqj d edqn whoohu lq rqh ri wkh lqwhuvhfwlrq ri vhwv sduwlwlrqlqj W / lq +4,1

6 Wkh Uhsuhvhqwdwlyhqhvv Khxulvwlf

WN uhjdughg vxemhfwv* uhvsrqvhv wr wkh �uvw txhvwlrq lq wkh Olqgd h{shulphqw

�qhlwkhu vxusulvlqj qru remhfwlrqdeoh� +s1 5<:,1 Exloglqj rq Wyhuvn| +4<::,

dqg Jdwl dqg Wyhuvn| +4<;5,/ WN +ss1 5<905<:, dujxhg wkdw fkdudfwhul}lqj

Olqgd*v klvwru| dv surjuhvvlyh �lpsuryhv wkh pdwfk/� ru uhvhpeodqfh= vrphrqh

zlwk d surjuhvvlyh klvwru| pruh forvho| uhvhpeohv d w|slfdo edqn whoohu zkr lv

dovr d ihplqlvw wkdq vkh grhv d jhqhulf edqn whoohu +zkr pd| ru pd| qrw eh d

ihplqlvw,1

Lq frqwudvw/ WN frqvlghuhg vxemhfwv* uhvsrqvhv wr wkh vhfrqg txhvwlrq

�pruh vxusulvlqj dqg ohvv dffhswdeoh� +s1 5<:,1 Wkh| lqwhusuhwhg wkhlu vxe0

mhfwv* uhvsrqvh � wkdw lw lv pruh �suredeoh� wkdw Olqgd/ vrphrqh lq Ks/ lv

lq W _ I wkdq wkdw vkh lv lq W � dv dq dvvhvvphqw wkdw/ frqglwlrqdo rq

Ks/ wkh suredelolw| ri W _ I lv juhdwhu wkdq wkh suredelolw| ri W / wkdw lv/

S EW _ I mKs� A S EW mKs�1 Frqvhtxhqwo|/ WN uhjdughg wkh ryhuzkhoplqj pd0

;



mrulw| ri vxemhfwv* uhvsrqvhv wr wkh vhfrqg txhvwlrq dv �d  djudqw ylrodwlrq ri

wkh frqmxqfwlrq uxoh� +s1 5<<,1

WN h{sodlqhg wklv rxwfrph e| dujxlqj wkdw �mxgjphqwv xqghu xqfhuwdlqw|

111 duh riwhq phgldwhg e| lqwxlwlyh khxulvwlfv wkdw duh qrw erxqg e| wkh frq0

mxqfwlrq uxoh� +s1 5<6,1 WN*v +s1 5<7, fuxfldo lqvljkw zdv wkdw d �qdwxudo

dvvhvvphqw� ri xqfhuwdlqw| zrxog eh edvhg rq wkh iuhtxhqf| ri wkh dfwxdo rf0

fxuuhqfhv ri wkh uhohydqw hyhqwv1 Wkh| uhihuuhg wr d �vwudwhj|� wkdw uholhv rq

vxfk vdpsoh vxppdulhv dv d �mxgjphqwdo khxulvwlf� +s1 5<7,1

Wkh iuhtxhqflhv qhfhvvdulo| reh| wkh fodvv lqfoxvlrq uxoh/ wkdw lv/ wkh iuh0

txhqf| ri wkh lqwhuvhfwlrq ri wzr hyhqwv lv vpdoohu wkdq wkdw ri hlwkhu ri lwv

frqvwlwxhqwv/ zklfk/ zkhq xqfhuwdlqw| fdq eh uhsuhvhqwhg zlwk d suredelolw|

phdvxuh/ lpsolhv wkh frqmxqfwlrq uxoh1 Dlplqj wr h{sodlq zkdw wkh| lqwhu0

suhwhg dv vxemhfwv* ylrodwlrq ri wklv edvlf uxoh ri suredelolw|/ WN +s1 5<9,

gh�qhg wkh khxulvwlf/ zklfk wkh| fdoohg �uhsuhvhqwdwlyhqhvv/� lq whupv ri wkh

udwlr ri wkh uhohydqw iuhtxhqflhv=

Gh�qlwlrq 4 �Dq dwwulexwh lv uhsuhvhqwdwlyh ri d fodvv li lw lv yhu| gldjqrvwlf/

wkdw lv/ li wkh uhodwlyh iuhtxhqf| ri wklv dwwulexwh lv pxfk kljkhu lq wkdw fodvv

wkdq lq d uhohydqw uhihuhqfh fodvv� +s1 5<9/ hpskdvlv dgghg,1

Lq wkh frqwh{w ri wkh Olqgd h{shulphqw*v vhfrqg txhvwlrq/ �dq dwwulexwh�

ri d edqn whoohu lv wkdw vkh lv dovr dq dfwlyh ihplqlvw +W _ I ,1 Gh�qlwlrq 4 rs0

hudwlrqdol}hv uhsuhvhqwdwlyhqhvv lq whupv ri wkh udwlr ri iuhtxhqflhv ri ihplqlvw

edqn whoohuv +W _I , dprqj wkrvh lqglylgxdov zkr/ olnh Olqgd/ kdyh d surjuhv0
vlyh klvwru| +sodflqj wkhp lq d �fodvv/� Ks,/ dqg wkrvh zkr glg qrw hqjdjh

lq surjuhvvlyh dfwlylwlhv zkloh lq froohjh +sodflqj wkhp lq wkh frpsohphqwdu|

�uhihuhqfh fodvv/� Kqs,1 Ghqrwlqj wkhvh iuhtxhqflhv zlwk iEW _ I mKs� dqg

iEW _I mKqs�/ uhvshfwlyho|/ zh gh�qh wkh ghjuhh ri uhsuhvhqwdwlyhqhvv ri W _I
dv iroorzv=

UEW _ I mKs> Kqs� '
iEW _ I mKs�

iEW _ I mKqs�
> +5,

zkhuh iEW _ I mKs� ' qEWKIKKs�
qEKs�

dqg iEW _ I mKqs� ' qEWKIKKqs�
qEKqs�

/ dqg qED�

vwdqgv iru d qxpehu ri lqglylgxdov lq d vhw D1 Dffruglqj wr WN*v Gh�qlwlrq

<



4/ W _ I �lv uhsuhvhqwdwlyh� ri Ks/ uhodwlyh wr Kqs/ li lw lv �yhu| gldjqrvwlf/�

wkdw lv li

UEW _ I mKs> Kqs� A GU AA �> +6,

zkhuh GU lv vrph wkuhvkrog ydoxh �pxfk kljkhu� wkdq xqlw|1

Uhpdun 5 Iroorzlqj WN*v Gh�qlwlrq 4/ zh gh�qh uhsuhvhqwdwlyhqhvv lq whupv

ri iuhtxhqflhv1 Ehfdxvh xqfhuwdlqw| lv phdvxudeoh lq wkh vlwxdwlrq zh frqvlghu

khuh/ zh frxog kdyh gh�qhg uhsuhvhqwdwlyhqhvv lq whupv ri �remhfwlyh� sure0

delolwlhv +vhh/ iru h{dpsoh/ Vhfwlrq 815,1 Krzhyhu/ lq rxu frpsdqlrq sdshuv

+ghvfulehg lq Vhfwlrq 44,/ zh xvh wkh dssurdfk lqwurgxfhg khuh wr prgho dv0

vhvvphqwv ri Nqljkwldq +qrq0phdvxudeoh, xqfhuwdlqw|1 Wkxv/ zh uhwdlq WN*v

gh�qlwlrq lq whupv ri wkh udwlr ri iuhtxhqflhv/ lq 44/ zklfk pdnhv lw dssolfdeoh

uhjdugohvv ri zkhwkhu xqfhuwdlqw| lv phdvxudeoh ru Nqljkwldq1

7 WN*v Dffrxqw ri Krz Uhsuhvhqwdwlyhqhvv Gulyhv Vxe0

mhfwv* Dvvvhvphqwv

WN*v h{sodqdwlrq ri zkdw wkh| lqwhusuhwhg dv vxemhfwv* ylrodwlrq ri dq hoh0

phqwdu| odz ri suredelolw| uhvwv rq wkh lghd wkdw d �vhgxfwlyh� sv|fkrorjlfdo

phfkdqlvp � wkh uhsuhvhqwdwlyhqhvv khxulvwlf � gulyhv vxemhfwv* dqvzhuv wr wkh

Olqgd h{shulphqw*v vhfrqg txhvwlrq +s1 646,1 Dv wkh| sxw lw/

^Q`dlyh vxemhfwv jhqhudoo| hqgruvh wkh frqmxqfwlrq uxoh lq wkh de0

vwudfw/ exw wkhlu dssolfdwlrq ri wklv uxoh wr wkh Olqgd sureohp lv

eorfnhg e| d frpshoolqj lpsuhvvlrq wkdw ^W _ I ` lv pruh uhsuhvhq0

wdwlyh ri khu wkdq ^W ` lv +s1 633/ hpskdvlv dgghg,1

WN dujxhg wkdw vxemhfwv* dvvhvvphqw wkdw W_I lv pxfk pruh uhsuhvhqwdwlyh

ri Olqgd wkdq W lv/ wkdw lv/ UEW _ I mKs> Kqs� AA UEW mKs> Kqs�/ lv wuljjhuhg

e| W _ I ehlqj �yhu| gldjqrvwlf� ri Ks= UEW _ I mKs> Kqs� A GU AA �1 Zh

vkrz wkdw wklv dffrxqw ri vxemhfwv* uhvsrqvhv iroorzv/ rq orjlfdo jurxqgv/ iurp

WN*v gh�qlwlrq ri uhsuhvhqwdwlyhqhvv lq whupv ri wkh udwlr ri iuhtxhqflhv/ lq

+5,1 Dv vxfk/ lw grhv qrw hqwdlo wkh ylrodwlrq ri wkh frqmxqfwlrq uxoh1 WN*v
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lqwhusuhwdwlrq wkdw vxemhfwv ylrodwh wkh frqmxqfwlrq uxoh h�hfwlyho| dvvxphv

wkdw UEW _ I mKs> Kqs� AA UEW mKs>Kqs� frqvwlwxwhv wkh dvvhvvphqw wkdw

S EW _ I mKs� A S EW mKs�1 Wklv vhfwlrq suhvhqwv wkh vwhsv lq wklv dujxphqw1

Sursrvlwlrq 6 Ohw wkh hyhqwv W _I dqg W _IF sduwlwlrq edqn whoohuv/ W / lqwr

wkrvh zkr duh ihplqlvwv dqg wkrvh zkr duh qrw1 Dqdorjrxvo| wr iEW _I mKs�/ lq

+5,/ ohw iEW _IFmKs� ghqrwh wkh iuhtxhqf| ri W _IF dprqj wkrvh lqglylgxdov

zkr kdyh d surjuhvvlyh klvwru| +Ks,1 Xvlqj wkh lghqwlw|/

iEW mKs� ' iEW _ I mKs� n iEW _ IFmKs�> +7,

zh vkrz lq Dsshqgl{ 45 wkdw

UEW _ I mKs> Kqs� A UEW mKs> Kqs� +8,

li dqg rqo| li

UEW _ I mKs>Kqs� A UEW _ IF mKs>Kqs�> +9,

zkhuh wkh ghjuhhv ri uhsuhvhqwdwlyhqhvv ri W dqg W_IF duh gh�qhg dqdorjrxvo|

wr +5,=

UEW mKs> Kqs� '
iEW mKs�

iEW mKqs�
1 +:,

dqg

UEW _ IFmKs> Kqs� '
iEW _ IF mKs�

iEW _ IF mKqs�
= +;,

Rqh zrxog h{shfw wkh ihplqlvw edqn whoohuv +W_I , wr eh pruh suhydohqw dprqj
wkh lqglylgxdov zkr/ olnh Olqgd/ kdyh d surjuhvvlyh klvwru| +Ks,/ wkdq wkh| duh

dprqj wkh lqglylgxdov zlwkrxw vxfk klvwru| +Kqs,=

UEW _ I mKs> Kqs� '
iEW _ I mKs�

iEW _ I mKqs�
A �= +<,

Lq frqwudvw/ rqh zrxog h{shfw W _ IF wr eh pruh suhydohqw dprqj Kqs/ wkdq

wkh| duh dprqj Ks=
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UEW _ IFmKs> Kqs� '
iEW _ IF mKs�

iEW _ IFmKqs�
? �= +43,

Wklv sursrvlwlrq uhyhdov wkh fkdqqho wkurxjk zklfk uhsuhvhqwdwlyhqhvv gulyhv

d vxemhfw*v dvvhvvphqwv wkdw �^W _ I ` lv pruh uhsuhvhqwdwlyh ri ^Olqgd` wkdq

^W ` lv1� Krzhyhu/ lqvwhdg ri dsshdolqj wr �d frpshoolqj lpsuhvvlrq/� dv WN

gr/ wkh sursrvlwlrq vkrzv wkdw wklv dvvhvvphqw uh hfwv �gholehudwh^o|` ru qrw�

wkh orjlfdo lpsolfdwlrq ri WN*v gh�qlwlrq ri uhsuhvhqwdwlyhqhvv1

WN*v Gh�qlwlrq 4 uhihuv wr W _ I dv uhsuhvhqwdwlyh li lw lv yhu| gldjqrvwlf/

lq +6,1 Wkh iroorzlqj fruroodu| wr Sursrvlwlrq 6 fodul�hv wkh uroh wkdw d yhu|

gldjqrvwlf W _I sod|v lq WN*v uhsuhvhqwdwlyhqhvv0edvhg dffrxqw ri zkdw wkh|

lqwhusuhw dv vxemhfwv* �ylrodwlrq ri wkh frqmxqfwlrq uxoh1�

Fruroodu| 7 Xvlqj wkh lghqwlw| iEW mKs� ' iEW _ I mKs� n iEW _ IF mKs� lq

UEW mKs>Kqs�/ lq +:,/ zh vkrz lq Dsshqgl{ 45 wkdw

UEW_I mKs>Kqs��UEW mKs> Kqs� ' �
�
UEW _ I mKs> Kqs��UEW _ IF mKs> Kqs�

�
>

+44,

zkhuh f ? � ? �/ uhsuhvhqwv wkh lpsdfw ri wkh h{whqw ri uhsuhvhqwdwlyhqhvv ri

W _ I uhodwlyh wr W _ IF rq wkh uhsuhvhqwdwlyhqhvv ri W _ I uhodwlyh wr W=

WN k|srwkhvl}h wkdw dq �lpsuhvvlrq� wkdw �^W _I ` lv pruh uhsuhvhqwdwlyh
ri ^Olqgd` wkdq ^W ` lv� ehfrphv �frpshoolqj� zkhq W _ I lv yhu| gldjqrvwlf1

Fruroodu| 7 vkrzv wkdw/ zkhq UEW _ I mKs> Kqs� A GU AA �/ wkh gl�huhqfh

UEW _ I mKs>Kqs��UEW _ IF mKs> Kqs� ehfrphv vx!flhqwo| odujh +yld +44,,

wr uhqghu UEW _ I mKs>Kqs� AA UEW mKs> Kqs�1

714 Iurp Uhsuhvhqwdwlyhqhvv wr �Suredeohqhvv�

Sursrvlwlrq 6 dqg Fruroodu| 7 kljkoljkw wkh uroh sod|hg e| WN*v gh�qlwlrq ri

wkh ghjuhh ri uhsuhvhqwdwlyhqhvv lq whupv ri wkh udwlr ri iuhtxhqflhv/ lq +:,0

+<,/ lq wkhlu dffrxqw ri vxemhfwv* uhvsrqvhv1 Krzhyhu/ wkh lpsolfdwlrq wkdw/

zkhq UEW _ I mKs>Kqs� A GU AA �/ wkh lqhtxdolw|/ UEW _ I mKs> Kqs� AA

UEW mKs>Kqs�/ fdq dffrxqw iru vxemhfwv* eholhi wkdw lw lv pruh �suredeoh� wkdw
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Olqgd lv lq W_I wkdq wkdw vkh lv lq W uhtxluhv h{solflwo| uhodwlqj d vxemhfw*v uh0

vsrqvh uhjduglqj krz �suredeoh� dq hyhqw lv wr wkh hyhqw*v uhsuhvhqwdwlyhqhvv1

Zh gh�qh vxfk d uhodwlrqvkls zlwk zkdw zh fdoo wkh suredeohqhvv ixqfwlrq/

zklfk zh fdoleudwh e| irupdol}lqj WN*v lqwhusuhwdwlrq ri wkhlu hpslulfdo �qg0

lqjv1

Gh�qlwlrq 8 Ohw uD ' U EDmKs>Kqs� dqg uE ' U EEmKs> Kqs� ghqrwh wkh

ghjuhhv ri uhsuhvhqwdwlyhqhvv ri hyhqwv D dqg E/ uhvshfwlyho|/ zkhuh Ks/ dqg

Kqs ghqrwh �d fodvv� dqg lwv frpsohphqw1 Qrwlqj wkdw uD 5 Ef>4� dqg uE 5
Ef>4�/ ohw � Eu� ghqrwh d uhdo0ydoxhg ixqfwlrq iurp df>4� wr df> �o/ zklfk zh

frqvwudlq wr eh prqrwrqlfdoo| lqfuhdvlqj lq uhsuhvhqwdwlyhqhvv/ u/ wkdw lv/

Li u� A u2/ wkhq � Eu�� A � Eu2� = +45,

Ndkqhpdq dqg Wyhuvn| +dqg rwkhu h{shulphqwdo sv|fkrorjlvwv, uhsolfdwhg

wkhlu �qglqj � wkdw vxemhfwv* dvvhvv wkh frqmxqfwlrq dv pruh �suredeoh� wkdq

rqh ri lwv frqvwlwxhqwv � lq pdq| Olqgd0olnh h{shulphqwv dqg lq d ydulhw| ri

frqwh{wv1 Dowkrxjk wkhvh h{shulphqwv gl�hu lq d qxpehu ri vshfl�f ghwdlov/

wkh| vkduh rqh nh| ihdwxuh= e| ghvljq/ wkh| dvn wkh vxemhfwv wr �frqvlghu fdvhv

zkhuh wkh rughulqj ri hyhqwv dffruglqj wr uhsuhvhqwdwlyhqhvv dsshduv reylrxv�=

Dq hyhqw D lv mxgjhg pruh suredeoh wkdq dq hyhqw E zkhqhyhu

D dsshduv pruh uhsuhvhqwdwlyh wkdq E +Ndkqhpdq dqg Wyhuvn|/

4<;5/ s1 66/ hpskdvlv dgghg,1

Zh irupdol}h WN*v h{shulphqwdo ghvljq � wkdw W _ I lv �reylrxvo|� pruh

uhsuhvhqwdwlyh wkdq W � zlwk UEW _ I mKs> Kqs� AA UEW mKs> Kqs�1 Ohwwlqj

D ' W _ I dqg E ' W lq Gh�qlwlrq 8/ zh irupdol}h WN*v dffrxqw ri wkhlu

�qglqjv wkdw vxemhfwv* uhvsrqvhv uhjduglqj wkh uhodwlyh suredeohqhvv ri wkh wzr

hyhqwv uh hfw wkh �reylrxv� rughulqj ri wkh hyhqwv* uhsuhvhqwdwlyhqhvv=

Li uWKI AA uW / wkhq � EuWKI � A � EuW � > +46,

zkhuh uWKI dqg uW ghqrwh uWKI ' UEW _I mKs>Kqs� dqg uW ' UEW mKs> Kqs�/

uhvshfwlyho|1
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715 Irupdol}lqj WN*v Dffrxqw ri Wkhlu Ilqglqjv zlwk

Suredeohqhvv

WN k|srwkhvl}h wkdw vxemhfwv* uholdqfh rq wkh uhsuhvhqwdwlyhqhvv khxulvwlf fdq

h{sodlq wkhlu eholhi wkdw lw lv pruh �suredeoh� wkdw Olqgd/ vrphrqh lq Ks/ lv

lq W _ I wkdq wkdw vkh lv lq W 1 Zh vwdwh wklv irupdoo| zlwk d fruroodu|/

Fruroodu| 9 Vxssrvh wkdw Sursrvlwlrq 6 dqg Fruroodu| 7 krog1 Wkhq/ zkhq

uWKI A GU AA �/

uWKI AA uW /

zklfk/ iurp WN*v dffrxqw ri wkhlu hpslulfdo �qglqjv/ lq +46,/ lpsolhv wkdw

� EuWKI � A � EuW � 1

71514 Suredeohqhvv yhuvxv Suredelolw|

Sursrvlwlrq 6 dqg Fruroodu| 7/ dqg wkxv UEW _I mKs> Kqs� AA UEW mKs> Kqs�

duh suhplvhg rq wkh fodvv lqfoxvlrq uxoh wkdw iEW_I mKs� ? iEW mKs� dqg iEW_
I mKqs� ? iEW mKqs�1 Yld Fruroodu| 9/ UEW _ I mKs> Kqs� AA UEW mKs> Kqs�

h{sodlqv vxemhfwv* uhvsrqvhv wkdw lw lv pruh �suredeoh� wkdw Olqgd/ vrphrqh

lq Ks/ lv lq W _ I wkdq wkdw vkh lv lq W 1 Wkxv/ udqnlqj W _ I uhodwlyh

wr W e| wkhlu uhsuhvhqwdwlyhqhvv dv zhoo dv e| wkhlu �suredeohqhvv� frqirupv

wr wkh edvlf odzv ri suredelolw|1 Frqvhtxhqwo|/ WN*v lqwhusuhwdwlrq ri wkhlu

�qglqjv dv frqvwlwxwlqj �d  djudqw ylrodwlrq ri wkh frqmxqfwlrq uxoh� uhtxluhv

dq dgglwlrqdo nh| dvvxpswlrq=

Dvvxpswlrq : Wkh vxemhfwv* uhvsrqvhv wkdw lw lv pruh �suredeoh� wkdw Olqgd/

vrphrqh lq Ks/ lv lq W _ I wkdq wkdw vkh lv lq W / � EuWKI � A � EuW �/ h{suhvv

wkhlu dvvhvvphqw wkdw S EW _ I mKs� A S EW mKs�1

Wklv dvvxpswlrq irupdol}hv WN*v +s1 647, dvvhuwlrq wkdw �d vhgxfwlyh� sv|fkr0

orjlfdo phfkdqlvp � wkh uhsuhvhqwdwlyhqhvv khxulvwlf � �eorfnv� wkh vxemhfwv

iurp uhfrjql}lqj wkdw wkh| duh ylrodwlqj wkh frqmxqfwlrq uxoh1
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8 Ehkdylrudo0IlqdqfhPrghov* Lqfrpsdwlelolw| zlwk WN*v

Ilqglqjv lq wkh Olqgd H{shulphqw

Rxu irupdol}dwlrq ri WN*v lqwhusuhwdwlrq ri vxemhfwv* uhvsrqvhv wr wkh h{shul0

phqw*v vhfrqg txhvwlrq xqghuvfruhv wkh nh| glvwlqfwlrq ehwzhhq dq dvvhvvphqw

ri wkh suredelolw| ri dq hyhqw/ S EW _ I mKs�/ dqg d uhsuhvhqwdwlyhqhvv0gulyhq

dvvhvvphqw ri wkh hyhqw*v suredeohqhvv/ � EuWKI �1 Zkhuhdv suredelolw| qhfhv0

vdulo| frqirupv wr wkh frqmxqfwlrq uxoh/ S EW _I mKs� ? S EW mKs�/ uhsuhvhqwd0

wlyhqhvv/ dqg wkxv suredeohqhvv/ e| ghvljq duh qrw erxqg e| wkdw uxoh= zkhq

uWKI A GU AA �/ � EuWKI � A � EuW �1

Wkxv/ hyhq li d yhu| gldjqrvwlf W _ I lpshov d vxemhfw wr ylrodwh wkh frq0

mxqfwlrq uxoh/ dv WN kdyh dujxhg/ d vxemhfw*v dvvhvvphqw ri xqfhuwdlqw| frxog

qrw eh irupdol}hg zlwk d vxemhfwlyh suredelolw| phdvxuh/ zklfk qhfhvvdulo|

reh|v wkdw uxoh1 Ehkdylrudo0�qdqfh wkhrulvwv kdyh kdg wr vlghvwhs wklv vhhp0

lqjo| xqfrqwuryhuvldo srlqw lq rughu wr hpeudfh WN*v �qglqjv dv dq hpslulfdo

udwlrqdoh iru wkh suredelolvwlf plfur0irxqgdwlrqv ri wkhlu prghov1

814 WN*v Ilqglqjv dqg wkh Vshfl�fdwlrq ri Ehkdylrudo0

Ilqdqfh Prghov

D ehkdylrudo0�qdqfh prgho uhsuhvhqwv wkh dfwxdo +�remhfwlyh�, xqfhuwdlqw|

derxw sd|r�0uhohydqw rxwfrphv dv zhoo dv dq lqglylgxdo*v vxemhfwlyh dvvhvvphqw

ri wkdw xqfhuwdlqw| zlwk suredelolw| phdvxuhv1

81414 �Remhfwlyh� Suredelolw|

Lq wkh Olqgd h{shulphqw/ wkh �remhfwlyh� xqfhuwdlqw| derxw wkh uhohydqw hyhqwv/

vxfk dv W _ I lq d fodvv Ks/ wdnhv d sduwlfxoduo| vlpsoh irup= zkhwkhu dq

lqglylgxdo zkr hqjdjhg lq surjuhvvlyh dfwlylwlhv zkloh lq froohjh/ lq Ks/ lv ru

lv qrw fxuuhqwo| +dw wkh wlph ri wkh h{shulphqw, d ihplqlvw edqn whoohu/ lq W _
I 1 D ehkdylrudo prgho zrxog uhsuhvhqw wklv xqfhuwdlqw| zlwk wkh frqglwlrqdo

suredelolw|/ S EW _ I mKs�/ zklfk zh gh�qh dv iroorzv=

Gh�qlwlrq ; Ohw iEW _ I mKs� ' qEWKIKKs�
qEKs�

ghqrwh wkh iuhtxhqf| ri dfwxdo

rffxuuhqfhv ri wkh hyhqw/ W _I lq d fodvv Ks1 Wkhq wkh frqglwlrqdo suredelolw|/
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S EW _ I mKs� lv gh�qhg/ li

*�4
qEKs�<"

iEW _ I mKs�' *�4
qEKs�<"

qEW _ I _Ks�

qEKs�
' sEWKI �Ks� dv qEW _ I �$4/

zkhuh f� sEWKI �Ks� � � lv d �qlwh frqvwdqw1 +47,

Ehfdxvh iEW _ I mKs� lv wkh iuhtxhqf| ri wkh dfwxdo rffxuuhqfhv ri wkh hyhqw

W _I lq d fodvv Ks/ zh uhihu wr sEWKI �Ks� dv wkh remhfwlyh suredelolw| ri W _I /
frqglwlrqdo rq Ks19

81415 Uhsuhvhqwlqj d Udwlrqdo Dvvhvvphqw ri Phdvxudeoh Xqfhu0
wdlqw|

Dv zh glvfxvv lq Vhfwlrq 45/ Pxwk +4<94/ s1649, dgydqfhg wkh sdwkeuhdnlqj

k|srwkhvlv wkdw dq hfrqrplvw fdq dfnqrzohgjh wkdw d pdunhw sduwlflsdqw lv

udwlrqdo +uhdvrqdeoh, e| vshfli|lqj klv iruhfdvwv ri pdunhw rxwfrphv dv eh0

lqj frqvlvwhqw zlwk wkh hfrqrplvw*v rzq xqghuvwdqglqj ri xqfhuwdlqw| derxw

wkhvh rxwfrphv1 Dsso|lqj Pxwk*v k|srwkhvlv lq prghov wkdw dvvxph wkdw xq0

fhuwdlqw| derxw rxwfrphv lv phdvxudeoh kdv ohg hfrqrplvwv wr fkdudfwhul}h d

sduwlflsdqw*v �udwlrqdo� dvvhvvphqw ri wklv xqfhuwdlqw| zlwk wkh �remhfwlyh�

suredelolw| phdvxuh lpsolhg e| wkh prgho1 Zh vwdwh wklv irupdoo|/ lq wkh

frqwh{w ri wkh Olqgd h{shulphqw dv iroorzv=

Gh�qlwlrq < Vxssrvh wkdw dq hfrqrplvw kdv uhdvrqv wr k|srwkhvl}h wkdw wkh

dfwxdo +remhfwlyh, xqfhuwdlqw| derxw wkh hyhqw/ W _ I lq d fodvv Ks/ lv phd0

vxudeoh/ dqg wkxv wkdw lw fdq eh uhsuhvhqwhg zlwk wkh frqglwlrqdo suredelolw|/

S EW _ I mKs�= Zh uhihu wr wkh +suredelolw|0frqiruplqj, vxemhfwlyh dvvhvvphqw/

SVEW _ I mKs�/ dv udwlrqdo/ li S VEW _ I mKs� ' S EW _ I mKs�1

Dq ryhuzkhoplqj pdmrulw| ri hfrqrplf prghov uho| rq suredelolvwlf udwlr0

qdolw| wr uhsuhvhqw dq lqglylgxdo*v dvvhvvphqw1 Iru h{dpsoh/ d w|slfdo pdfur0

9Iru dq h{whqvlyh glvfxvvlrq ri wkh iuhtxhqwlvw gh�qlwlrq ri suredeolw| wkdw zh uho| rq
khuh dqg d vwdwhphqw ri Yrq Plvhv* +4<8:, d{lrpv hqvxulqj wkdw wkh olplw lq +47, frq0
yhujhv wr d suredelolw| phdvxuh/ vhh Lqwhusuhwdwlrqv ri Suredelolw| +Vwdqirug Hqf|forshgld
ri Sklorvrsk|/ 534<, dqg uhihuhqfhv wkhuhlq1
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hfrqrplfv dqg �qdqfh prgho k|srwkhvl}hv wkdw/ dw dq| srlqw lq wlph/ xqfhu0

wdlqw| derxw sd|r�0uhohydqw hyhqwv dw doo ixwxuh wlphv fdq eh fkdudfwhul}hg

zlwk d suredelolw| phdvxuh/ frqglwlrqdo rq lqirupdwlrq dydlodeoh wr pdunhw

sduwlflsdqwv1 Dffruglqj wr Gh�qlwlrq </ wklv phdvxuh uhsuhvhqwv d sduwlfl0

sdqw*v udwlrqdo xqghuvwdqglqj ri xqfhuwdlqw| derxw ixwxuh pdunhw rxwfrphv1

Wkh frqglwlrqdo h{shfwdwlrq ri wklv suredelolw| lv w|slfdoo| uhihuuhg wr dv wkh

udwlrqdo h{shfwdwlrq +UHK, uhsuhvhqwdwlrq ri dq lqglylgxdo*v iruhfdvw1

81416 �Glvwruwhg� Vxemhfwlyh Suredelolw|

D ehkdylrudo prgho uhsuhvhqwv sv|fkrorjlfdoo|0gulyhq ghsduwxuhv iurp wkh �re0

mhfwlyh� suredelolwlhv ri sd|r�0uhohydqw rxwfrphv/ vxfk dv S EW _ I mKs�/ zlwk

d �glvwruwhg� vxemhfwlyh suredelolw| phdvxuh/ zklfk zh ghqrwh zlwk S VEW _
I mKs�1 Dv d uhvxow/ d ehkdylrudo prgho*v dffrxqw ri d pdunhw sduwlflsdqw*v

dvvhvvphqw ri xqfhuwdlqw| suhvxphv wkdw kh frpplwv d v|vwhpdwlf huuru/ hEW _
I mKs� ' S EW _I mKs��SVEW _I mKs�/ wkdw lv revhuydeoh dqg suhglfwdeoh rq

wkh edvlv ri wkh lqirupdwlrq dydlodeoh wr klp= +Ks,1

Odfnlqj d xql�hg dssurdfk wr vshfli| �glvwruwhg� vxemhfwlyh suredelolvwlf

dvvhvvphqwv/ S VEW _I mKs�/ dqg wkxv wr lghqwli| vxfk huuruv/ hduo| jhqhudwlrqv

ri ehkdylrudo prghov irupdol}hg wkhp zlwk p|uldg frqwh{w0vshfl�f lqvljkwv1:

Dowkrxjk pdq| ri wkhvh lqvljkwv vhhp uhohydqw iru xqghuvwdqglqj krz lqgl0

ylgxdov frsh zlwk xqfhuwdlqw|/ hduo| ehkdylrudo prghov dprxqwhg/ dv Wkdohu

+534:/ ss1 7;<07<3, sxw lw lq klv Qreho ohfwxuh/ wr d froohfwlrq ri lqwhuhvwlqj

�vwrulhv� udwkhu wkdq �d uhvhdufk sdudgljp1�

Ndkqhpdq dqg Wyhuvn| +dqg rwkhu h{shulphqwdo sv|fkrorjlvwv, uhsolfdwhg

wkhlu �qglqj wkdw vxemhfwv dvvhvv wkh frqmxqfwlrq dv pruh �suredeoh� wkdq

rqh ri lwv frqvwlwxhqwv lq pdq| Olqgd0olnh h{shulphqwv1 Iru Wkdohu/ uho|lqj rq

wkh uhsuhvhqwdwlyhqhvv khxulvwlf wr irupdol}h vxfk dq huuru lq lqglylgxdo dvvhvv0

phqwv zrxog wxuq wkh krgjhsrgjh ri hduo| ehkdylrudo prghov lqwr �vrphwklqj

uhvhpeolqj ^d` vflhqfh111 ^ri` suhglfwdeoh huuruv� lq krz lqglylgxdov pdnh dv0

vhvvphqwv xqghu xqfhuwdlqw| +hpskdvlv lq wkh ruljlqdo,1

Krzhyhu/ Wkdohu vhhpv wr kdyh ryhuorrnhg wkdw WN*v �qglqjv fdqqrw sur0

:Vhh Jhqqdlrol dqg Vkohlihu +534;/ ss1 46/ 46<0473, iru dq h{whqvlyh glvfxvvlrq ri wklv
lpsruwdqw srlqw1
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ylgh d uhsuhvhqwdwlyhqhvv0edvhg udwlrqdoh iru lqglylgxdov* vxssrvhgo| �suh0

glfwdeoh huuruv/� dqg wkxv iru ehkdylrudo prghov* �glvwruwhg� suredelolvwlf dv0

vhvvphqwv ri xqfhuwdlqw|1 Hyhq li uhsuhvhqwdwlyhqhvv gulyhv vxemhfwlyh dvvhvv0

phqwv/ dqg d yhu| gldjqrvwlf W _I lpshov vxemhfwv wr ylrodwh wkh frqmxqfwlrq

uxoh/ vxfk dvvhvvphqwv fdqqrw eh irupdol}hg zlwk d suredelolw| phdvxuh/ zklfk

qhfhvvdulo| reh|v wkdw uxoh1

815 Gldjqrvwlf H{shfwdwlrqv

D uhfhqw errn e| Jhqqdlrol dqg Vkohlihu +JV/ 534;, looxvwudwhv wkh lqvxshudeoh

revwdfohv vwdqglqj lq wkh zd| ri dq| dwwhpsw wr exlog d ehkdylrudo0�qdqfh

prgho rq wkh edvlv ri WN*v �qglqjv1 Wr gr vr/ JV lqwurgxfh gldjqrvwlf h{shf0

wdwlrqv +GH, lq wkh frqwh{w ri wkh Olqgd h{shulphqw1

Ehfdxvh wkh| dvvxph wkdw xqfhuwdlqw| idfhg e| lqglylgxdov lv phdvxudeoh/

JV +534;/ s1 478, uhsodfh wkh iuhtxhqflhv lq Ndkqhpdq dqg Wyhuvn|*v gh�0

qlwlrq ri uhsuhvhqwdwlyhqhvv/ lq +5,/ zlwk wkh uhvshfwlyh remhfwlyh suredelolw|

phdvxuhv=

UGHEW _ I mKs> Kqs� '
S EW _ I mKs�

S EW _ I mKqs�
> +48,

JV irupdol}h wkh �glvwruwhg� dvvhvvphqwv ri xqfhuwdlqw| dv iroorzv=

S
GH

EW _ I mKs� ' S EW _ I mKs�
�
UGHEW _ I mKs>Kqs�

��
f�> +49,

zkhuh S
GH

EW _ I mKs� uhsuhvhqwv d vxemhfwlyh GH dvvhvvphqw ri xqfhuwdlqw|/

� A f irupdol}hv wkh ghjuhh ri �glvwruwlrq/� dqg f� lv rqh ri wkh frqvwdqwv

hqvxulqj wkdw wkh mrlqw glvwulexwlrq/ S
GH

EI> W>Ks>Kqs�/ zklfk xqghuslqv wkh

frqglwlrqdo suredelolw| S
GH

EW _I mKs�/ lv gh�qhg1 Dqdorjrxvo|/ JV uhsuhvhqw

d vxemhfw*v dvvhvvphqw ri wkh xqfhuwdlqw| ri wkh hyhqw/ W lq d fodvv Ks/ zlwk d

suredelolw| phdvxuh/ S
GH

EW mKs�1

81514 GH*v �Suhglfwdeoh� Huuruv

K|srwkhvl}lqj wkdw wkh dfwxdo xqfhuwdlqw| derxw wkh hyhqw/ W _ I lq d fodvv

Ks/ dv zhoo dv d vxemhfwlyh dvvhvvphqw ri wklv xqfhuwdlqw|/ fdq eh uhsuhvhqwhg
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zlwk suredelolw| phdvxuhv/ S EW _ I mKs� dqg SGHEW _ I mKs�/ uhvshfwlyho|/

suhvxphv wkdw pdunhw sduwlflsdqwv frpplw d v|vwhpdwlf/ suhglfwdeoh huuru/

hGHEW_I mKs> Kqs�/ zklfk fdq dovr eh uhsuhvhqwhg zlwk d suredelolw| phdvxuh=

hGHEW _ I mKs> Kqs�'SGHEW _ I mKs�� S EW _ I mKs�

'
q�
UGHEW _ I mKs> Kqs�

��
f� � �

r
S EW _ I mKs�=+4:,

GH lpsolhv wkdw zkhqhyhu W _ I lv uhsuhvhqwdwlyh ri Ks/ wkdw lv/ UGHEW _
I mKs>Kqs� ' S EWKI �Ks�

S EWKI �Kqs�
A �/ d vxemhfw ryhuhvwlpdwhv W _ I *v �remhfwlyh�

xqfhuwdlqw|/ SGHEW _ I mKs� A S EW _ I mKs�/ frpplwv wkh �huuru/� hGHEW _
I mKs>Kqs�/ zklfk suhglfwdeo| ghshqgv rq wkh lqirupdwlrq wkdw wkh h{shul0

phqw/ e| ghvljq/ pdnhv dydlodeoh wr klp= wkdw Olqgd kdv d surjuhvvlyh klvwru|

+Ks,1

81515 Gr WN*v Ilqglqjv Surylgh dq Hpslulfdo Udwlrqdoh iru Gldj0
qrvwlf H{shfwdwlrqv lq Ehkdylrudo0Ilqdqfh PrghovB

Exloglqj rq wkhlu vshfl�fdwlrq lq wkh frqwh{w ri wkh Olqgd h{shulphqw/ JV

+534;/ ss1 48504<4, ghyhors gldjqrvwlf h{shfwdwlrqv lq dq lqwhuwhpsrudo �0

qdqfh prgho1 Wkh| dujxh wkdw/ ehfdxvh WN*v �qglqjv kdyh ehhq uhsolfdwhg lq

pdq| frqwh{wv/ GH surylghv d xql�hg dssurdfk wr vshfli|lqj pdunhw sduwlf0

lsdqwv* dvvhvvphqwv ri xqfhuwdlqw| lq ehkdylrudo0�qdqfh prghov1 Dv Erugdor/

hw do1 +5353e, dvvhuwhg/ GH lv d �sv|fkrorjlfdoo| irxqghg 111prgho ri eholhi

irupdwlrq� +s1 5:7</ hpskdvlv dgghg,1

Wr eh vxuh/ WN glg �qg wkdw lq pdq| Olqgd0olnh h{shulphqwv/ d pdmrulw|

ri vxemhfwv uhvsrqghg wkdw lw lv pruh �suredeoh� wkdw vrphrqh olnh Olqgd +lq

Ks, lv lq d frqmxqfwlrq +W _ I , wkdq wkdw vkh lv lq rqh ri lwv frqvwlwxhqwv

+W ,1 Krzhyhu/ hyhq li rqh hpeudfhv WN*v lqwhusuhwdwlrq ri vxfk uhvsrqvhv dv

�d  djudqw ylrodwlrq ri wkh frqmxqfwlrq uxoh/� dv ehkdylrudo hfrqrplvwv kdyh

grqh/ wkh vxssrvhgo| �glvwruwlqj� lq xhqfh ri wkh uhsuhvhqwdwlyhqhvv khxulvwlf

rq vxemhfwv* dvvhvvphqwv fdqqrw eh irupdol}hg zlwk GH ru dq| rwkhu suredelolw|

phdvxuh1

Dv zh irupdoo| vkrzhg lq Vhfwlrq 7/ WN*v uhsuhvhqwdwlyhqhvv0edvhg lqwhu0

suhwdwlrq ri vxemhfwv* uhvsrqvhv suhvxphv wkdw/ zkhq wkh frqmxqfwlrq lv yhu|
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gldjqrvwlf � wkdw lv/ UGHEW _ I mKs> Kqs� A GU AA � � vxemhfwv ylrodwh wkh

frqmxqfwlrq uxoh= Wkh| huurqhrxvo| eholhyh wkdw/ frqglwlrqdo rq lqirupdwlrq

dydlodeoh wr wkhp +Ks,/ wkh suredelolw| ri wkh frqmxqfwlrq lv juhdwhu wkdq wkh

suredelolw| ri rqh ri lwv frqvwlwxhqwv1 Lq frqwudvw/ GH/ lq +49,/ qhfhvvdulo| vdw0

lv�hv wkh frqmxqfwlrq uxoh/ wkdw lv/ SGHEW _ I mKs� ? SGHEW mKs�/ uhjdugohvv

ri zkhwkhu W _ I lv yhu| gldjqrvwlf ru qrw1

Rxu dqdo|vlv lq wklv vhfwlrq fdvwv grxew rq dq| dwwhpsw wr ghyhors dq ds0

surdfk wr exloglqj pdfurhfrqrplf dqg �qdqfh prghov/ ru wr hfrqrplf wkhru|

pruh eurdgo|/ wkdw dlpv wr h{sodlq rxwfrphv dv wkh uhvxow ri suhglfwdeoh huuruv

lq dq lqglylgxdo*v uhsuhvhqwdwlyhqhvv0gulyhq dvvhvvphqwv1 Uhpdundeo|/ WN du0

jxhg wkdw wkhlu �qglqjv glg qrw vxssruw d ehkdylrudo �wuxwk soxv huuru� prgho1

Pruhryhu/ wkh| txhvwlrqhg wkh xvhixoqhvv ri d uhvhdufk vwudwhj| wkdw vrxjkw wr

xqghuvwdqg rxwfrphv dv gulyhq e| vxfk v|vwhpdwlf/ suhglfwdeoh huuruv=

shufhswlrq lv qrw xvhixoo| dqdo|}hg lqwr d qrupdo ^�remhfwlyh�`

surfhvv wkdw surgxfhv dffxudwh suhfhswv ^S EW _ I mKs�` dqg d glv0

wruwlqj surfhvv wkdw surgxfhv huuruv ^hGHEW_I mKs> Kqs� ' SVEW_
I mKs� � S EW _ I mKs�/ lq +4:,` dqg looxvlrqv +s1 646/ hpskdvlv

dgghg,1

9 Uhsuhvhqwdwlyhqhvv0Gulyhq Dvvhvvphqwv Gr Qrw Suh0

glfwdeo| Ryhuhvwlpdwh ru Xqghuhvwlpdwh �Remhfwlyh�

Suredelolwlhv

Ehkdylrudo �wuxwk soxv huuru� prghov dvvxph wkdw/ rzlqj wr wkhlu uholdqfh rq

wkh uhsuhvhqwdwlyhqhvv khxulvwlf ru wkh lq xhqfh ri rwkhu sv|fkrorjlfdo idf0

wruv/ pdunhw sduwlflsdqwv frpplw v|vwhpdwlf huuruv1 Pruhryhu/ wkhvh huuruv

duh suhglfwdeoh/ lq wkh vhqvh wkdw dq hfrqrplvw fdq fkdudfwhul}h wkhp zlwk d

suredelolw| phdvxuh/ frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh wr sduwlflsdqwv/

dffruglqj wr klv prgho1 Iru h{dpsoh/ GH dozd|v ryhuhvwlpdwhv wkh suredelolw|

ri d uhsuhvhqwdwlyh hyhqw/ wkdw lv/ SGHEW _ I mKs� A S EW _ I mKs�/ lq +4:,/ li

UEW _ I mKs> Kqs� A �1
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Olnh GH/ WN*v dffrxqw ri vxemhfwv* uhvsrqvhv uhvwv rq wkh suhplvh wkdw wkh

uhsuhvhqwdwlyhqhvv khxulvwlf gulyhv vxemhfwv* dvvhvvphqwv ri xqfhuwdlqw| derxw

sd|r�0uhohydqw hyhqwv dzd| iurp wkhvh hyhqwv* �remhfwlyh� suredelolw|1 Krz0

hyhu/ rqfh zh uhsodfh GH*v suredelolvwlf vshfl�fdwlrq zlwk wkh uhsuhvhqwdwlyhqhvv0

edvhg qrq0suredelolvwlf irupdol}dwlrq ri suredeohqhvv/ wkh wlplqj dqg pdj0

qlwxgh ri vxemhfwv* ryhuhvwlpdwlrq dqg xqghuhvwlpdwlrq fuxfldoo| ghshqg rq

sv|fkrorjlfdo idfwruv wkdw dsshdu wr eh lqkhuhqwo| xqsuhglfwdeoh1 Ghyhors0

lqj wklv dujxphqw surylghv irupdo vxssruw iru WN*v dvvhuwlrq wkdw vxemhfwv*

uhsuhvhqwdwlyhqhvv0gulyhq uhvsrqvhv duh qrw �xvhixoo| dqdo|}hg zlwk d cwuxwk

soxv huuru*� prgho1

Rxu dujxphqw exlogv rq rxu irupdol}dwlrq lq Vhfwlrq 714 ri WN*v k|srwkhvlv

wkdw vxemhfwv* dvvhvvphqwv ri krz �suredeoh� dq hyhqw lv fdq eh xqghuvwrrg lq

whupv ri wkh hyhqw*v uhsuhvhqwdwlyhqhvv1 Wr wklv hqg/ zh irupxodwh wkh iroorzlqj

vshfl�fdwlrq ri wkh suredeohqhvv ixqfwlrq/ lq Gh�qlwlrq 8=

� Eu� ' �� Eu� ' �� �u> +4;,

zkhuh � 5 Ef> ��/ zklfk lpsolhv wkdw � Eu� pdsv u 5 df>4� rqwr df> �o prqrwrq0

lfdoo|/ wkdw lv/

Li u� A u2/ wkhq � Eu�� A � Eu2� 1 +4<,

Wkh sdudphwhu � irupdol}hv WN*v lghd wkdw wkh �lpsuhvvlrq� wkdw uhsuhvhq0

wdwlyhqhvv pdnhv rq vxemhfwv* dvvhvvphqwv derxw krz �suredeoh� dq hyhqw lv

frxog eh �vwlfn|1� Dv vxemhfwv* shufhswlrq ehfrphv vwlfnlhu/ lq wkh vhqvh wkdw

wkh ydoxh ri � lqfuhdvhv +vhh judsk,/ wkh h�hfw ri fkdqjhv lq uhsuhvhqwdwlyhqhvv

rq wkhlu dvvhvvphqw ri suredeohqhvv ehfrphv pruh dwwhqxdwhg1
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914 Wkh Xqsuhglfwdelolw| ri �Huuruv� Hqjhqghuhg e|

wkh Uhsuhvhqwdwlyhqhvv Khxulvwlf

Wkh sdudphwulf vshfl�fdwlrq ri wkh suredeohqhvv ixqfwlrq lq +4;, lpsolhv d

vxemhfw uho|lqj rq wkh uhsuhvhqwdwlyhqhvv khxulvwlf wr dvvhvv phdvxudeoh xqfhu0

wdlqw|/ S EW _ I mKs�/ zrxog frpplw wkh iroorzlqj huuru=

hUEuWKI � ' �� �uWKI � S EW _ I mKs� +53,

Wklv/ lq wxuq/ lpsolhv wkdw

hUEuWKI � ? f/ li � ? uWKI ?
*L} E�� S EW _ I mKs��

*L} E��
> +54,

zklfk vkrzv wkdw d vxemhfw*v dvvhvvphqw ri wkh suredeohqhvv/ �EuWKI �/ ri d

uhsuhvhqwdwlyh hyhqw/ uWKI A �/ frxog hlwkhu ryhuhvwlpdwh ru xqghuhvwlpdwh

wkh hyhqw*v �remhfwlyh� suredelolw|/ S EW _I mKs�1 Iru h{dpsoh/ dv uWKI $4/

wkh gl�huhqfh lq +53, zrxog hyhqwxdoo| wxuq srvlwlyh1 Krzhyhu/ dv � $ �

� wkdw lv/ dv d vxemhfw*v uhsuhvhqwdwlyhqhvv0edvhg dvvhvvphqw ri suredeohqhvv

ehfrphv �vwlfnlhu� � wkh frqglwlrq lq +54, lpsolhv wkdw hUEuWKI � lq +53, frxog

eh qhjdwlyh hyhq zkhq W _ I lv yhu| gldjqrvwlf/ wkdw lv/ uWKI A GU AA �1
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Wkh frqglwlrq lq +54, dovr kljkoljkwv wkh lqkhuhqw gl!fxow| ri suhglfwlqj

zkhwkhu dqg zkhq uhsuhvhqwdwlyhqhvv zrxog lpsho d vxemhfw wr ryhuhvwlpdwh ru

xqghuhvwlpdwh wkh �remhfwlyh� suredelolw|1 Vxfk d suhglfwlrq ghshqgv rq wkh

uhodwlyh ydoxhv ri wkh ghjuhh ri uhsuhvhqwdwlyhqhvv/ uWKI / dqg wkh sdudphwhu

�/ zklfk irupdol}hv krz d vxemhfw*v dvvhvvphqw ri xqfhuwdlqw| derxw W _ I

ghshqgv rq W _ I *v uhsuhvhqwdwlyhqhvv1

Suhglfwlqj zkhwkhu pdunhw sduwlflsdqwv* uholdqfh rq wkh uhsuhvhqwdwlyhqhvv

khxulvwlf zrxog ohdg wkhp wr ryhuhvwlpdwh ru xqghuhvwlpdwh wkh �remhfwlyh�

suredelolw| ri rxwfrphv ehfrphv hyhq pruh sureohpdwlf lq wkh frqwh{w ri

pdfurhfrqrplf dqg �qdqfh prghov1 Wklv lv suhflvho| zkdw Idpd +4<<;, �qgv

lq d odujho| ryhuorrnhg vwxg| ri wkh whpsrudo vwdelolw| ri vxssrvhgo| v|vwhpdwlf

ehkdylrudo �dqrpdolhv� lq pryhphqwv ri dvvhw uhwxuqv= �dssduhqw ryhuuhdfwlrq

wr lqirupdwlrq lv derxw dv frpprq dv xqghuuhdfwlrq� +s1 5;6,1 Wr suhglfw

zkhq ryhuhvwlpdwlrq ru xqghuhvwlpdwlrq zrxog rffxu uhtxluhv vshfli|lqj h{

dqwh zkhq dqg krz wkh �sv|fkrorjlfdo h�hfw� ri uhsuhvhqwdwlyhqhv/ zklfk lv

irupdol}hg khuh zlwk wkh sdudphwhu � lq +4;,/ lv olnho| wr fkdqjh1

Pruhryhu/ wkhuh lv d yroxplqrxv olwhudwxuh grfxphqwlqj wkdw wkh sdudph0

whuv ri wkh �remhfwlyh� suredelolw| ri rxwfrphv xqghujr vwuxfwxudo euhdnv +vhh

Shuurq/ 533</ iru dq dxwkrulwdwlyh uhylhz,1 Vxfk euhdnv lpso| wkdw uWKI dqg

S EW _I mKs� fkdqjh ryhu wlph/ dw ohdvw lqwhuplwwhqwo|1 Dffruglqj wr lqhtxdolw|

lq +54,/ zkhwkhu ryhuhvwlpdwlrq ru xqghuhvwlpdwlrq rffxuv ghshqgv rq wkh uhod0

wlyh pdjqlwxghv ri �/ uWKI dqg S EW _I mKs�1 Wkxv/ hyhq li � lv wlph0lqyduldqw/

zklfk lv d udwkhu vwurqj frqglwlrq/ wkh fkdqjh lq uWKI dqg S EW _ I mKs�

ixuwkhu frpsrxqgv wkh gl!fxowlhv lqkhuhqw lq vshfli|lqj pdfurhfrqrplf dqg

�qdqfh prghov wkdw frxog suhglfw wkh wlplqj dqg pdjqlwxgh ri ryhuhvwlpd0

wlrq ru xqghuhvwlpdwlrq hqjhqghuhg e| sduwlflsdqwv* vxssrvhg uholdqfh rq wkh

uhsuhvhqwdwlyhqhvv khxulvwlf1;

Ehkdylrudo0�qdqfh hfrqrplvwv kdyh kdg wr dvvxph dzd| zkdw vhhp wr eh

lqvxshudeoh revwdfohv wr irupdol}lqj WN*v uhsuhvhqwdwlyhqhvv0edvhg lqwhusuh0

;Iru uhfhqw hylghqfh wkdw sv|fkrorjlfdo frqvlghudwlrqv/ vxfk dv h{wudsrodwlrq ri sdvw
wuhqgv ru pdunhw vhqwlphqw/ lq xhqfh sduwlflsdqwv* iruhfdvwv ri vwrfn uhwxuqv dw wlphv dqg
lq zd|v wkdw zrxog eh gl!fxow wr uhsuhvhqw zlwk d suredelolw| phdvxuh/ vhh Iu|gpdq dqg
Vwloozdjrq +534;, dqg Iu|gpdq/ hw do1 +5353,1
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wdwlrq ri wkhlu �qglqjv zlwk d suredelolvwlf prgho1 Iru h{dpsoh/ lq d uhfhqw

sdshu/ Erugdor/ hw do1 +5353e/ s1 5:7<, dvvhuwhg wkdw GH*v suredelolvwlf vshf0

l�fdwlrqv ri krz uhsuhvhqwdwlyhqhvv gulyhv pdunhw sduwlflsdqwv* dvvhvvphqwv

fdq h{sodlq v|vwhpdwlf dqg suhglfwdeoh �ryhuuhdfwlrq� ri sduwlflsdqwv* h{shf0

wdwlrqv uhodwlyh wr wkrvh lpsolhg e| dq UHK0lpsolhg +�remhfwlyh�, suredelolw|

phdvxuh1

Lq wkh iruhjrlqj vhfwlrq/ zh vkrzhg wkdw vxssrvhgo| �suhglfwdeoh huuruv/�

lpsolhg e| GH*v suredelolvwlf vshfl�fdwlrq ri sduwlflsdqwv* uhsuhvhqwdwlyhqhvv0

gulyhq dvvhvvphqwv ri xqfhuwdlqw|/ duh lqfrqvlvwhqw zlwk WN*v �qglqjv1 Frqvh0

txhqwo|/ zh uholhg lq wklv vhfwlrq rq rxu qrq0suredelolvwlf irupdol}dwlrq ri wkhvh

�qglqjv zlwk d prgho ri suredeohqhvv/ zklfk/ e| ghvljq/ uh hfwv wkh hyhqw*v

uhsuhvhqwdwlyhqhvv1 Zh vkrzhg wkdw wkh khxulvwlf zrxog lpsho wkh vxemhfwv*

wr hlwkhu ryhuhvwlpdwh ru xqghuhvwlpdwh wkh hyhqw*v �remhfwlyh� suredelolw|1

Pruhryhu/ zkhwkhu ryhuhvwlpdwlrq ru xqghuhvwlpdwlrq zrxog rffxu ghshqgv

rq idfwruv wkdw zrxog eh lqkhuhqwo| gl!fxow wr suhglfw zlwk d irupdo prgho1

Wkhvh lpsolfdwlrqv ri WN*v �qglqjv vkrz wkdw/ dv WN +s146, vxuplvhg/ �wkh

wuxwk soxv huuru prgho� grhv qrw surylgh d xvhixo dssurdfk wr vshfli|lqj hpslu0

lfdoo| uhohydqw prghov ri krz uhsuhvhqwdwlyhqhvv gulyhv lqglylgxdov* dvvhvvphqwv

ri xqfhuwdlqw| lq hlwkhu Olqgd0olnh h{shulphqwv ru lq uhdo0zruog pdunhwv1

: Uhfrqflolqj Ndkqhpdq dqg Wyhuvn|*v Ilqglqjv zlwk

Irupdo Hfrqrplf Wkhru|

WN*v lqwhusuhwdwlrq ri wkhlu vxemhfwv* uhvsrqvhv � wkdw lw lv pruh �suredeoh�

wkdw Olqgd lv lq W _I wkdq wkdw vkh lv lq W / �EuWKI � A �EuW � � dv frqvwlwxwlqj

dq dvvhvvphqw wkdw S EW_I mKs� A S EW mKs� suhvxphv wkdw vxemhfwv ljqruh wkh

idfw wkdw hyhu| ihplqlvw edqn whoohu zlwk d surjuhvvlyh klvwru| lv dovr d edqn

whoohu zlwk wkdw klvwru|1 WN*v +s1 633, h{sodqdwlrq zk| wkh vxemhfwv frpplw

vxfk dq reylrxv huuru uhvwv rq Dvvxpswlrq := �d frpshoolqj lpsuhvvlrq� wkdw

W _ I lv pxfk pruh uhsuhvhqwdwlyh ri Olqgd wkdq W lv/ UEW _ I mKs> Kqs� AA

UEW mKs>Kqs� �eorfnv� wkh vxemhfwv iurp uhfrjql}lqj wkdw wkh| duh ylrodwlqj

wkh frqmxqfwlrq uxoh1

Zh kdyh vkrzq wkdw GH*v irupdol}dwlrq ri vxemhfwv* vxssrvhgo| �suhglfwdeoh

57



huuruv� wuljjhuhg e| wkh uhsuhvhqwdwlyhqhvv khxulvwlf lv lqfrqvlvwhqw zlwk WN*v

lqwhusuhwdwlrq ri krz wkh khxulvwlf gulyhv vxemhfwv* dvvhvvphqwv ri xqfhuwdlqw|1

Pruhryhu/ WN*v lqwhusuhwdwlrq lv lqfrpsdwleoh zlwk pxfk ri hfrqrplf wkhru|/

zklfk dvvxphv wkdw lqglylgxdov duh �udwlrqdo1� Wklv fruh suhplvh uhtxluhv/ dw

d plqlpxp/ wkdw lqglylgxdov dgkhuh wr frpshoolqj orjlfdo uxohv1 +vhh Vhfwlrq

43,1

Uhfrjql}lqj wkdw vxemhfwv lq wkh Olqgd h{shulphqwv duh udwlrqdo lq wklv

plqlpdo vhqvh uhtxluhv dq dowhuqdwlyh h{sodqdwlrq ri WN*v �qglqjv1 Zh sursrvh

wkdw d vxemhfw*v uhvsrqvh wr wkh vhfrqg txhvwlrq lq wkh Olqgd h{shulphqw eh

xqghuvwrrg lq wkh vdph zd| dv klv uhvsrqvh wr wkh �uvw txhvwlrq1 Dffruglqj

wr rxu sursrvhg h{sodqdwlrq/ erwk uhvsrqvhv duh dq dvvhvvphqw wkdw Olqgd/

vrphrqh lq Ks/ uhvhpeohv d ihplqlvw edqn whoohu +W _ I , pruh forvho| wkdq d

jhqhulf edqn whoohu +W ,1

Rxu uhvhpeodqfh0edvhg h{sodqdwlrq ri d vxemhfw*v uhvsrqvh � wkdw lw lv

pruh suredeoh wkdw Olqgd lv dprqj ihplqlvw edqn whoohuv +W _ I , wkdq wkdw

vkh lv dprqj whoohuv +W , � qhfhvvdulo| vdwlv�hv wkh fodvv lqfoxvlrq uxoh1 Wkxv/

lqwhusuhwlqj zkdw WN uhjdughg dv d uhsuhvhqwdwlyhqhvv0gulyhq �ylrodwlrq ri

wkh frqmxqfwlrq uxoh� dv d uhvhpeodqfh0edvhg dvvhvvphqw dgkhulqj wr wkdw uxoh

hqdeohv xv wr uhfrqfloh WN*v �qglqjv zlwk wkh vhhplqjo| xqfrqwuryhuvldo lghd

wkdw vxemhfwv* mxgjphqwv frqirup wr wkh edvlf uxohv ri orjlf1

:14 Uhsuhvhqwdwlyhqhvv dv Uhvhpeodqfh

Dowkrxjk WN gh�qhg krz wkh uhsuhvhqwdwlyhqhvv khxulvwlf gulyhv vxemhfwv* uh0

vsrqvhv wr wkh Olqgd h{shulphqw*v vhfrqg txhvwlrq lq whupv ri wkh udwlr ri

iuhtxhqflhv/ wkh| fohduo| wkrxjkw ri wkh khxulvwlf*v pxfk eurdghu dssolfdelo0

lw| dv d �qdwxudo vwudwhj|� iru dvvhvvlqj �fruuhvsrqghqfh� ehwzhhq xqfhuwdlq

hyhqwv1 Dv wkh| sxw lw/

Uhsuhvhqwdwlyhqhvv lv dq dvvhvvphqw ri wkh ghjuhh ri fruuhvsrq0

ghqfh111 ehwzhhq ^dq dwwulexwh dqg d fodvv`/ dq dfw dqg dq dfwru/ d

vdpsoh dqg d srsxodwlrq ru/ pruh jhqhudoo|/ ehwzhhq dq rxwfrph

dqg d prgho +ss1 5<805<9,1
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WN +s1 5<9, dujxhg wkdw �zkhq wkh prgho dqg wkh rxwfrph duh ghvfulehg

lq wkh vdph whupv �uhsuhvhqwdwlyhqhvv lv uhgxfleoh wr vlplodulw|� +s1 5<9,1 WN

vlqjoh rxw wzr sduwlfxodu fruuhvsrqghqfhv dv h{dpsohv ri krz uhsuhvhqwdwlyh0

qhvv fdq eh xqghuvwrrg dv uhvhpeodqfh ehwzhhq wzr xqfhuwdlq hyhqwv=

41 �Ehfdxvh d vdpsoh dqg d srsxodwlrq111 fdq eh ghvfulehg e| wkh vdph

dwwulexwhv +h1j1 fhqwudo whqghqf| dqg yduldelolw|,/ wkh vdpsoh dsshduv

uhsuhvhqwdwlyh li lwv vdolhqw vwdwlvwlfv pdwfk ^uhvhpeoh` wkh fruuhvsrqglqj

sdudphwhuv ri wkh srsxodwlrq1�

51 �D shuvrq ^Olqgd` vhhpv uhsuhvhqwdwlyh ri d vrfldo jurxs ^edqn whoohuv

zkr duh dovr ihplqlvwv/ W _ I ` li khu shuvrqdolw| ^kdylqj d surjuhvvlyh

klvwru|/ Ks` uhvhpeohv wkh vwhuhrw|slfdo phpehu ri wkdw jurxs1�<1

Uhvhpeodqfh0edvhg dvvhvvphqwv ri wkh fruuhvsrqghqfh ehwzhhq d vdpsoh

dqg d srsxodwlrq sod| d nh| uroh lq rxu dssurdfk/ zklfk uholhv rq WN*v �qglqjv

dv dq hpslulfdo udwlrqdoh iru vshfl�fdwlrqv ri d udwlrqdo pdunhw sduwlflsdqw*v

dvvhvvphqw ri xqfhuwdlqw| lq pdfurhfrqrplf dqg �qdqfh prghov1 Irupdol}lqj

wkh forvhu uhvhpeodqfh ri Olqgd/ vrphrqh lq Ks/ wr d ihplqlvw edqn whoohu

+W _ I , wkdq wr d jhqhulf edqn whoohu +W ,/ surylghv d vlpsoh zd| wr looxvwudwh

krz WN*v �qglqjv fdq eh uhfrqflohg zlwk hfrqrplf wkhru|*v fruh suhplvh wkdw

pdunhw sduwlflsdqwv duh udwlrqdo/ lq wkh vhqvh ri Gh�qlwlrq < +zklfk irupdol}hv

Pxwk*v k|srwkhvlv/ lq Vhfwlrq 43/ lq wkh frqwh{w ri wkh Olqgd h{shulphqw,1

; Rshudwlrqdol}lqj Uhvhpeodqfh0Edvhg Dvvhvvphqwv

WN*v fuxfldo lqvljkw zdv wkdw vxemhfwv* dvvhvvphqw ri xqfhuwdlqw| fdq eh xq0

ghuvwrrg lq whupv ri wkh iuhtxhqflhv ri wkh dfwxdo rffxuuhqfhv ri wkh uhohydqw

hyhqwv1 Lq Vhfwlrqv 6 dqg 7/ zh vkrzhg krz WN h{sodlqhg vxemhfwv* vxssrvhg

�ylrodwlrq ri wkh frqmxqfwlrq uxoh� lq whupv ri vxemhfwv* uholdqfh rq uhsuhvhq0

wdwlyhqhvv/ zklfk WN irupdoo| gh�qhg zlwk wkh udwlr ri iuhtxhqflhv/ vxfk dv

UEW _ I mKs> Kqs� ' iEWKI �Ks�
iEWKI �Kqs�

<Krzhyhu/ �uhsuhvhqwdwlyhqhvv lv qrw dozd|v uhgxfleoh wr vlplodulw| 111 D sduwlfxodu dfw
+h1j1/ vxlflgh, lv uhsuhvhqwdwlyh ri d shuvrq ehfdxvh zh dwwulexwh wr wkh dfwru d glvsrvlwlrq
wr frpplw wkh dfw/ qrw ehfdxvh wkh dfw uhvhpeohv wkh shuvrq� +s1 5<9,1
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Lq frqwudvw/ WN glg qrw surylgh d irupdo gh�qlwlrq ri �uhvhpeodqfh� wkdw

frxog h{sodlq vxemhfwv* dvvhvvphqw wkdw Olqgd/ vrphrqh zlwk d surjuhvvlyh

klvwru|/ pruh forvho| uhvhpeohv d w|slfdo edqn whoohu zkr lv dovr d ihplqlvw wkdq

vkh grhv d jhqhulf edqn whoohu1 Zh surylgh dq h{sodqdwlrq ri wkhvh uhvsrqvhv

lq whupv ri wkh iuhtxhqflhv ri dfwxdo rffxuuhqfhv ri wkuhh hyhqwv= KS lq d

fodvv W _ I / KS lq d fodvv W _ IF/ dqg KS lq d fodvv W 1 Zh lpsohphqw

WN*v lqvljkw e| irupdol}lqj vxemhfwv* uhvhpeodqfh0edvhg dvvhvvphqwv lq whupv

ri wkh iuhtxhqflhv ri wkhvh hyhqwv= iEKS mW _I �/ iEKS mW _IF�/ dqg iEKS mW �/
uhvshfwlyho|1

;14 Wkh Nh| Uroh ri Lqirupdwlrq derxw Olqgd*v Sur0

juhvvlyh Klvwru|

Rqh zrxog h{shfw wkdw 640|hdu rog zrphq zkr zrun dv edqn whoohuv zrxog

eh ohvv suhydohqw dprqj wkrvh zkr duh dfwlyh ihplqlvwv +W _ I ,/ uhodwlyh wr

wkhlu shhuv zkr duh whoohuv zkr duh qrw +W _ IF,1 Wkxv/ ghvfulelqj Olqgd dv

�phuho| d 640|hdu rog zrpdq� zrxog qrw pdnh khu dsshdu gl�huhqw iurp d

jhqhulf edqn whoohu +W ,1

Krzhyhu/ edvhg rq Wyhuvn|*v +4<::, dqg Jdwl dqg Wyhuvn|*v +4<;5, h{shu0

lphqwdo hylghqfh/ WN +ss1 5<905<:, dujxhg wkdw dgglqj Olqgd*v surjuhvvlyh

klvwru| wr khu ghvfulswlrq vxevwdqwldoo| hqkdqfhv khu uhvhpeodqfh wr d edqn

whoohu zkr lv dovr d ihplqlvw/ uhodwlyh wr d jhqhulf edqn whoohu +zkr pd| ru pd|

qrw eh d ihplqlvw,1 Zh lpsohphqw WN*v lqvljkw wr irupdol}h dq dvvhvvphqw ri

uhvhpeodqfh wuljjhuhg e| wkh lqirupdwlrq derxw Olqgd*v klvwru|1

Rqh zrxog h{shfw wkdw wkh lqglylgxdov zlwk d surjuhvvlyh klvwru|/ +Ks,/ duh

pruh suhydohqw dprqj ihplqlvw edqn whoohuv wkdq wkh| duh dprqj wkh whoohuv

zkr duh qrw dfwlyh ihplqlvwv/ wkdw lv

iEKsmW _ I � A iEKsmW _ IF�> +55,

zkhuh iEKsmW _ I � ' qEKsKWKI �
qEWKI �

dqg iEKsmW _ IF� ' qEKsKWKIF�
qEWKIF�

1

Dsso|lqj WN*v lqvljkw wkdw vxemhfwv* dvvhvvphqwv ri xqfhuwdlqw| fdq eh h{0

sodlqhg lq whupv ri vxfk iuhtxhqflhv/ zh irupdol}h vxemhfwv* uhvsrqvhv uhjduglqj
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wkh ghjuhh ri uhvhpeodqfh ri Olqgd/ vrphrqh lq Ks/ wr W _ I / W _ IF / dqg W

zlwk iEW _ I mKS �/ iEW _ IFmKS �/ dqg iEW mKS �/ uhvshfwlyho|1

Wkh lqhtxdolw| lq +BB, rshudwlrqdol}hv dq dvvhvvphqw wkdw Olqgd pruh

forvho| uhvhpeohv W _ I wkdw vkh grhv W _ IF 1 Wkh iroorzlqj sursrvlwlrq

vkrzv wkdw +55, lpsolhv wkdw wkh lqglylgxdov zlwk d surjuhvvlyh klvwru|/ +KS ,/

duh pruh suhydohqw dprqj W _ I wkdq wkh| duh dprqj W =

Sursrvlwlrq 43 Zh vkrz lq Dsshqgl{ 45 wkdw

iEKsmW _ I � A iEKsmW _ IF�

lpsolhv wkdw

iEKsmW _ I � A iEKsmW �= +56,

Wklv sursrvlwlrq irupdol}hv WN*v �qglqj wkdw vxemhfwv* uhvsrqvhv uh hfw wkhlu

dvvhvvphqw wkdw Olqgd uhvhpeohv d ihplqlvw edqn whoohu pruh forvho| wkdq uh0

vhpeohv d jhqhulf edqn whoohu1 Pruhryhu/ ehfdxvh wkh lqhtxdolw| lq +56, grhv qrw

hqwdlo wkh ylrodwlrq ri wkh fodvv lqfoxvlrq uxoh/ rxu irupdol}dwlrq ri uhvhpeodqfh0

edvhg dvvhvvphqwv ri xqfhuwdlqw| lv frqvlvwhqw zlwk WN*v dvvhuwlrq wkdw vxe0

mhfwv* uhvsrqvhv wr wkh h{shulphqw*v �uvw txhvwlrq duh �qhlwkhu vxusulvlqj qru

remhfwlrqdeoh1�

< Uhvhpeodqfh0Edvhg Dvvhvvphqwv dv Hvwlpdwlrq ri Sure0

delolwlhv

Wkh suhfhglqj vhfwlrq irupdol}hg wkh uhvhpeodqfh0edvhg h{sodqdwlrq ri d vxe0

mhfw*v dvvhvvphqwv ri xqfhuwdlqw| derxw hyhqwv lq wkh Olqgd h{shulphqw lq whupv

ri wkh iuhtxhqflhv ri wkh hyhqwv* rffxuuhqfhv1 K|srwkhvl}lqj wkdw xqfhuwdlqw|

derxw wkh h{shulphqw*v hyhqwv lv phdvxudeoh/ wkhvh iuhtxhqflhv duh wkh pd{l0

pxp olnholkrrg hvwlpdwhv ri wkh hyhqwv* suredelolwlhv1
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<14 D Suredelolvwlf Lqwhusuhwdwlrq ri Vxemhfwv* Uhvsrqvhv

wr wkh H{shulphqw*v Iluvw Txhvwlrq

Iru h{dpsoh/ iru wkh vdpsoh ri rffxuuhqfhv ri wkh hyhqw Ks lq wkh fodvv W _I /

wkh iuhtxhqf|/ iEKsmW _I � ' qEKsKWKI �
qEWKI �

/ lv wkh vwdqgdug pd{lpxp olnholkrrg

hvwlpdwru ri S EKsmW _ I �1 Wklv vkrzv wkdw/ zkhq xqfhuwdlqw| lv phdvxudeoh/

rxu h{sodqdwlrq ri vxemhfwv* uhvsrqvhv wr wkh �uvw txhvwlrq ri wkh Olqgd h{shu0

lphqw kdv d vwudljkwiruzdug suredelolvwlf lqwhusuhwdwlrq/ zklfk zh vwdwh dv d

fruroodu| wr Sursrvlwlrq 43=

Fruroodu| 44 Vxssrvh wkdw wkh xqfhuwdlqw| derxw wkh hyhqwv lq wkh Olqgd h{0

shulphqw lv phdvxudeoh dqg wkdw

iEKsmW _ I � A iEKsmW _ IF�= +57,

Wkhq/ Sursrvlwlrq 43 lpsolhv wkdw d vxemhfw*v dvvhvvphqw wkdw Ks uhvhpeohv

W _ I pruh forvho| wkdq lw uhvhpeohv W fdq eh xqghuvwrrg dv klv dvvhvvphqw

wkdw S EKsmW _ I � A S EKsmW �/ lq wkh vhqvh wkdw wkh pd{lpxp olnholkrrg hvwl0

pdwhv ri wkhvh suredelolwlhv/ esKs�WKI dqg esKs�W / uhvshfwlyho|/ vdwlvi| wkh iroorz0

lqj lqhtxdolw|/

esKs�WKI ' iEKsmW _ I � A esKs�W ' iEKsmW �= +58,

Wklv fruroodu| vkrzv wkdw WN*v lghd � wkdw �wkh vdpsoh dsshduv uhsuhvhqwd0

wlyh ^srsxodwlrq` li lwv vdolhqw vwdwlvwlfv uhvhpeoh wkh fruuhvsrqglqj sdudphwhuv

ri wkh srsxodwlrq� +s1 5<9, � fdq eh irupdol}hg dv dq hvwlpdwlrq sureohp1

<15 Xqghuvwdqglqj wkh �Ylrodwlrq ri wkh Frqmxqfwlrq

Uxoh� dv d Suredelolw|0Frqiruplqj Uhvhpeodqfh0

Edvhg Dvvhvvphqw

WN lqwhusuhwhg d vxemhfw*v dqvzhu wr wkh h{shulphqw*v vhfrqg txhvwlrq dv uh0

 hfwlqj klv dvvhvvphqw wkdw S EW _ I mKs� A S EW mKs�1 Krzhyhu/ wkh zrugv

�olnho|� dqg �suredeoh/� dv zhoo dv �olnholkrrg� dqg �suredelolw|/� duh w|sl0
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fdoo| gh�qhg dv v|qrq|pv/ dqg glfwlrqdu| gh�qlwlrqv ri wkhvh zrugv uh hfw

ruglqdu| xvdjh/ vxfk dv e| wkh vxemhfwv lq wkh Olqgd0olnh h{shulphqwv1 Frq0

vhtxhqwo|/ zkhq xqfhuwdlqw| lv phdvxudeoh/ d vxemhfw*v uhvsrqvhv � wkdw lw lv

pruh �suredeoh� wkdw Olqgd/ vrphrqh lq Ks/ lv lq W _I wkdq wkdw vkh lv lq W �

fdq eh xqghuvwrrg dv klv dvvhvvphqw wkdw wkh suredelolw| wkdw Ks lv lq W _I lv

juhdwhu wkdq wkh suredelolw| wkdw vkh lv lq W / wkdw lv/ S EKsmW _I � A S EKsmW �1
Uhfrjql}lqj/ dv WN srlqwhg rxw/ wkdw lq wkh frqwh{w ri wkh Olqgd h{shul0

phqw �uhsuhvhqwdwlyhqhvv lv uhgxfleoh wr vlplodulw|/� zh sursrvh wkdw d vxemhfw*v

uhvsrqvh wr wkh h{shulphqw*v vhfrqg txhvwlrq lq wkh Olqgd h{shulphqw eh xq0

ghuvwrrg lq wkh vdph zd| dv klv uhvsrqvh wr wkh �uvw txhvwlrq1 Dffruglqj

wr rxu sursrvhg h{sodqdwlrq/ erwk uhvsrqvhv duh dq dvvhvvphqw wkdw Olqgd/

vrphrqh lq Ks/ uhvhpeohv d ihplqlvw edqn whoohu +W _ I , pruh forvho| wkdq d

jhqhulf edqn whoohu +W ,1 Wkxv/ qhlwkhu ri wkh uhvsrqvhv hqwdlov �ylrodwlrq ri

wkh frqmxqfwlrq uxoh1�

43 Uhiudplqj Pxwk*v K|srwkhvlv

Zkhuhdv wkh uhsuhvhqwdwlyhqhvv0gulyhq lqwhusuhwdwlrq ri WN*v �qglqjv lpsolhv

wkdw vxemhfwv ylrodwh wkh frqmxqfwlrq uxoh zkhq wkh frqmxqfwlrq lv yhu| gldj0

qrvwlf/ rxu uhvhpeodqfh0edvhg h{sodqdwlrq ri vxemhfwv* uhvsrqvhv wr erwk txhv0

wlrqv lq wkh Olqgd h{shulphqw lv frpsdwleoh zlwk wkh plqlpdo wkuhvkrog ri

udwlrqdolw| � wkdw vxemhfwv dozd|v frqirup wr hohphqwdu| orjlfdo uxohv1 Krz0

hyhu/ dowkrxjk orjlfdo frkhuhqfh lv �wkh wrxfkvwrqh ri kxpdq udwlrqdolw|� +s1

646,/ pxfk pruh lv uhtxluhg iru dq dvvhvvphqw wr eh frqvlghuhg �udwlrqdo�=

lw pxvw eh edvhg rq d uhdvrqdeoh xqghuvwdqglqj ri wkh dfwxdo +�remhfwlyh�,

xqfhuwdlqw| derxw wkh sd|r�0uhohydqw hyhqwv1

Dffruglqj wr Zhevwhu*v Glfwlrqdu|/ wkh zrugv �uhdvrqdeoh� dqg �udwlrqdo�

duh forvh v|qrq|pv1 Dowkrxjk hfrqrplf prghov* rshudwlrqdol}dwlrq ri �ud0

wlrqdo� ghflvlrq0pdnlqj lv pruh vshfl�f/ lw vkduhv dq lpsruwdqw ihdwxuh zlwk

lwv qdwxudo0odqjxdjh xvdjh= erwk wlh udwlrqdolw| forvho| wr d uhdvrqdeoh xq0

ghuvwdqglqj ri wkh zruog lq sxuvxlw ri jrdo0rulhqwhg ehkdylru1 Dv Zhevwhu*v

gh�qhv lw/ �udwlrqdo xvxdoo| lpsolhv d odwhqw ru dfwlyh srzhu wr pdnh orjlfdo lq0

ihuhqfhv dqg gudz frqfoxvlrqv wkdw hqdeoh rqh wr xqghuvwdqg wkh zruog derxw
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klp dqg uhodwh vxfk nqrzohgjh wr wkh dwwdlqphqw ri hqgv1�

Dujxlqj wkdw hfrqrplvwv vkrxog dfnqrzohgjh pdunhw sduwlflsdqwv* udwlr0

qdolw|/ Pxwk dsshdohg gluhfwo| wr wkh udwlrqdoh iru irupdo hfrqrplf prghov=

D prgho uhsuhvhqwv dq hfrqrplvw*v wkhruhwlfdoo|0 dqg hpslulfdoo|0edvhg xq0

ghuvwdqglqj ri wkh dfwxdo +�remhfwlyh�, xqfhuwdlqw| derxw wkh uhohydqw hyhqwv1

Frqvhtxhqwo|/ Pxwk +4<94/ s1649, dgydqfhg d sdwkeuhdnlqj k|srwkhvlv/ zklfk

zh vwdwh dv iroorzv1

+Pxwk*v, K|srwkhvlv 45 Dq hfrqrplvw fdq dfnqrzohgjh wkdw d pdunhw sdu0

wlflsdqw lv udwlrqdo +uhdvrqdeoh,/ lq wkh glfwlrqdu| vhqvh/ e| vshfli|lqj d sduwlf0

lsdqw*v iruhfdvwv ri pdunhw rxwfrphv dv ehlqj frqvlvwhqw zlwk wkh hfrqrplvw*v

rzq xqghuvwdqglqj ri xqfhuwdlqw| derxw wkhvh rxwfrphv/ dv irupdol}hg e| klv

prgho143

Pxwk lpsohphqwhg klv k|srwkhvlv lq d prgho wkdw uhsuhvhqwhg wkh xqfhu0

wdlqw| derxw sd|r�0uhohydqw hyhqwv dv phdvxudeoh1 Lw zdv wklv lpsohphqwdwlrq

wkdw fdph wr eh nqrzq dv wkh udwlrqdo h{shfwdwlrqv k|srwkhvlv1 Krzhyhu/

Pxwk*v k|srwkhvlv fdq eh dssolhg pruh eurdgo|1 Lw uhtxluhv rqo| wkdw wkh uhs0

uhvhqwdwlrq ri dq lqglylgxdo*v dvvhvvphqw eh frqvlvwhqw zlwk wkh vshfl�fdwlrq

ri wkh dfwxdo xqfhuwdlqw| derxw rxwfrphv/ dv irupdol}hg e| dq hfrqrplvw*v

prgho144 Zh uhihu wr wklv eurdghu dssolfdelolw| ri Pxwk*v k|srwkhvlv 45 dv wkh

qhr0Pxwkldq k|srwkhvlv/ zklfk zh vwdwh dv iroorzv1

+Wkh Qhr0Pxwkldq, K|srwkhvlv 46 Dq hfrqrplvw fdq dfnqrzohgjh wkdw

d pdunhw sduwlflsdqw lv udwlrqdo e| vshfli|lqj d sduwlflsdqw*v dvvhvvphqw ri

xqfhuwdlqw| dqg klv iruhfdvwv dv ehlqj frqvlvwhqw zlwk

41 klv rzq prgho*v fkdudfwhul}dwlrq ri xqfhuwdlqw| derxw sd|r�0uhohydqw rxw0

frphv/ ru

43Frqwudvwlqj klv dujxphqw zlwk Vlprq*v +4<8<, vr0fdoohg erxqghg udwlrqdolw| k|srwkhvlv/
Pxwk +4<94/ s1649, hpskdvl}hg wkdw klv prgho0frqlvwhqf| k|srwkhvlv uh hfwv �h{dfwo| wkh
rssrvlwh srlqw ri ylhz= wkdw g|qdplf hfrqrplf prghov ^ri wkh 4<83v` gr qrw dvvxph hqrxjk
udwlrqdolw|� rq wkh sduw ri pdunhw sduwlflsdqwv1

44Iru dq hduo| dujxphqw wkdw Pxwk*v k|srwkhvlv pd| eh dssolhg vr eurdgo|/ vhh Iu|gpdq
dqg Jrogehuj +5348,1
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51 dq dghtxdwh dssur{lpdwlrq ri klv prgho/ hvwlpdwhg rq wkh edvlv ri d

vdpsoh ri uhdol}dwlrqv dqg lwv yduldeohv1

Zkhq xqfhuwdlqw| derxw hyhqwv lq wkh Olqgd h{shulphqw lv phdvxudeoh/

gh�qlqj dq dghtxdwh dssur{lpdwlrq ri wklv xqfhuwdlqw| lv vwudljkwiruzdug1 Iru

h{dpsoh/ wkh iuhtxhqf|/ iEKsmW _ I �/ surylghv dq dghtxdwh dssur{lpdwlrq

ri wkh suredelolw|/ S EKsmW _ I �/ lq wkh vhqvh wkdw wklv iuhtxhqf| frqyhujhv

dv|pswrwlfdoo| wr wkh wuxh ydoxh ri wklv suredelolw|1

WN*v lqvljkw zdv wkdw vdpsoh vwdwlvwlfv/ vxfk dv iEKsmW _ I �/ fdq h{sodlq

dq lqglylgxdo*v uhvhpeodqfh0edvhg dvvhvvphqwv ri xqfhuwdlqw| derxw wkh hyhqw

Ks lq wkh fodvv W _ I 1 Lqyrnlqj wkh qhr0Pxwkldq k|srwkhvlv/ iEKsmW _ I �

wkhuhiruh uhsuhvhqwv d vxemhfw*v udwlrqdo dvvhvvphqw ri xqfhuwdlqw| derxw wklv

hyhqw1

Lq uhiudplqj Pxwk*v k|srwkhvlv wr hqwdlo frqvlvwhqf| ehwzhhq dq hfrqr0

plvw*v uhsuhvhqwdwlrq ri d pdunhw sduwlflsdqw*v dvvhvvphqw ri xqfhuwdlqw| derxw

sd|r�0uhohydqw rxwfrphv dqg wkh dghtxdwh dssur{lpdwlrq ri klv prgho*v vshf0

l�fdwlrq ri wklv xqfhuwdlqw|/ zh gr qrw dvvxph wkdw pdunhw sduwlflsdqwv dfwx0

doo| uho| rq wkh hvwlpdwlrq surfhgxuhv1 Olnh doo rwkhu irupdo uhsuhvhqwdwlrqv

ri dq lqglylgxdo*v dvvhvvphqwv ri xqfhuwdlqw|/ uhsuhvhqwlqj uhvhpeodqfh0edvhg

dvvhvvphqwv dv dq hvwlpdwlrq edvhg rq sdvw gdwd derxw xqfhuwdlq rxwfrphv lv

qhfhvvdulo| erogo| devwudfw1

Hyhq li/ dv lq ehkdylrudo prghov/ irupdo uhsuhvhqwdwlrqv ri lqglylgxdov* iruh0

fdvwv duh edvhg rq hpslulfdo hylghqfh/ wkh| duh qrw olwhudo sruwud|dov ri krz

pdunhw sduwlflsdqwv dvvhvv wkh xqfhuwdlqw| wkdw wkh| idfh ru ri krz wkh| iruh0

fdvw rxwfrphv1 Dv Pxwk hpskdvl}hg/ klv prgho0frqvlvwhqf| k|srwkhvlv �grhv

qrw dvvhuw wkdw wkh vfudwfk zrun ri hqwuhsuhqhxuv uhvhpeohv wkh v|vwhp ri htxd0

wlrqv lq dq| zd|> qru grhv lw vwdwh wkdw suhglfwlrqv ri hqwuhsuhqhxuv duh shuihfw

ru wkdw wkhlu h{shfwdwlrqv duh doo wkh vdph� +Pxwk/ 4<94/ 64:/ hpskdvlv lq rulj0

lqdo,1 Wklv lv zk| Pxwk*v k|srwkhvlv lv vr fhqwudo wr exloglqj pdfurhfrqrplf

dqg �qdqfh prghov1 Ehfdxvh hfrqrplvwv fdqqrw olwhudoo| sruwud| wkh glyhuvh

zd|v lq zklfk pdunhw sduwlflsdqwv dvvhvv xqfhuwdlqw|/ wkh k|srwkhvlv r�huv d

wudfwdeoh/ �vhqvleoh� zd| wr dfnqrzohgjh wkdw wkhvh sduwlflsdqwv* dvvhvvphqwv

duh uhodwhg wr d suhvxpdeo| udwlrqdo � doehlw lpshuihfw � xqghuvwdqglqj ri wkh
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surfhvv gulylqj rxwfrphv/ dv irupdol}hg e| dq hfrqrplvw*v rzq prgho1

44 Frqfoxglqj Uhpdunv

Zh iroorz Jhqqdlrol dqg Vkohlihu lq dvvxplqj wkdw WN*v �qglqjv surylgh dq hp0

slulfdo irxqgdwlrq iru pdfurhfrqrplfv dqg �qdqfh prghov1 Krzhyhu/ zh kdyh

vkrzq wkdw wkhvh �qglqjv duh lqfrpsdwleoh zlwk gldjqrvwlf h{shfwdwlrqv* fruh

suhplvh wkdw wkh uhsuhvhqwdwlyhqhvv khxulvwlf lpshov wkh vxemhfwv wr frpplw

v|vwhpdwlf/ suhglfwdeoh iruhfdvw huuruv/ uhodwlyh wr wkh �remhfwlyh� suredelolw|

ri xqfhuwdlq hyhqwv1 Lq frqwudvw wr GH*v irupdol}dwlrq/ rxu uhvhpeodqfh0edvhg

h{sodqdwlrq ri WN*v �qglqjv lpsolhv wkdw vxemhfwv* dvvhvvphqwv ri xqfhuwdlqw|

duh frqvlvwhqw zlwk wkh �remhfwlyh� suredelolw| ri xqfhuwdlq hyhqwv/ dv vshfl�hg

e| dq hfrqrplvw*v prgho1

Zkhuhdv wkh ghvljq ri wkh Olqgd h{shulphqw vxjjhvwv wkdw wkh �remhf0

wlyh� xqfhuwdlqw| derxw wkh h{shulphqw*v hyhqwv lv phdvxudeoh/ lq d qrq0

h{shulphqwdo vhwwlqj/ wkh xqfhuwdlqw| pd| eh phdvxudeoh ru qrw145

Zh kdyh ghyhorshg rxu uhvhpeodqfh0edvhg h{sodqdwlrq ri WN*v �qglqjv

dqg uhiudphg Pxwk*v k|srwkhvlv zlwk d ylhz wrzdug xvlqj lw wr exlog frqvlv0

whqw pdfurhfrqrplfv dqg �qdqfh prghov wkdw dfnqrzohgjh wkdw hfrqrplvwv/

olnh pdunhw sduwlflsdqwv/ idfh Nqljkwldq xqfhuwdlqw|1 Dffruglqj wr Nqljkw/

xqfhuwdlqw| derxw wkh frqvhtxhqfhv ri hfrqrplf ghflvlrqv lv riwhq/ dw ohdvw lq

sduw/ qrq0uhshwlwlyh +qryho,1 Dv kh sxw lw/

Exvlqhvv ghflvlrqv1 1 1 ghdo zlwk vlwxdwlrqv zklfk duh idu wrr xqltxh

1 1 1 ^wr uho| vroho| rq` vwdwlvwlfdo wdexodwlrqv1 Wkh frqfhswlrq ri

remhfwlyho| phdvxudeoh suredelolw| lv vlpso| lqdssolfdeoh +Nqljkw/

4<54/ ss1 5640565/ hpskdvlv dgghg,1

E| gh�qlwlrq/ Nqljkwldq xqfhuwdlqw| fdqqrw �e| dq| phwkrg� � hyhq zlwk wkh

ehqh�w ri klqgvljkw +rq wkh edvlv ri sdvw gdwd,/ ohw dorqh h{ dqwh � �eh uhgxfhg

45Rqh frxog ghvljq d Olqgd0olnh h{shulphqw lq zklfk wkh xqfhuwdlqw| derxw zkhwkhu vrph0
rqh zkr kdv d surjuhvvlyh klvwru| lv dprqj ihplqlvw edqn whoohuv ghshqgv rq wkh klvwrulfdo
hyhqwv vlqfh wkh| judgxdwhg iurp froohjh1 Ehfdxvh klvwrulfdo hyhqwv duh dw ohdvw lq sduw
qrq0uhshwlwlyh/ vxfk d ghvljq zrxog uhqghu xqfhuwdlqw| derxw wkh h{shulphqw*v hyhqwv qrq0
phdvxudeoh/ ru Nqljkwldq/ lq wkh vhqvh gh�qhg ehorz1
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wr dq remhfwlyho| phdvxudeoh suredelolw|� +Nqljkw/ 4<54/ s1 564/ 654,1 Vxfk

qrq0phdvxuhdeoh xqfhuwdlqw|/ Nqljkw +s1 4<;, dujxhg/ dulvhv iurp fkdqjhv

d�hfwlqj sd|r�0uhohydqw hyhqwv wkdw rffxu dw wlphv dqg lq zd|v wkdw fdqqrw

eh uhsuhvhqwhg zlwk suredelolvwlf uxohv/ vxfk dv Pdunry vzlwfklqj146

Zkhq rxwfrphv xqghujr vxfk xqiruhvhhdeoh fkdqjh/ wkh vdpsoh ri wkhlu re0

vhuydwlrqv frphv/ dw ohdvw lqwhuplwwhqwo|/ iurp gl�huhqw suredelolw| phdvxuhv1

Khuhlq olhv wkh nh| lpsruwdqfh ri WN*v lqvljkw wkdw d pdunhw sduwlflsdqw*v

dvvhvvphqw ri xqfhuwdlqw| fdq eh xqghuvwrrg lq whupv ri vdpsoh vwdwlvwlfv ri

revhuydwlrqv ri wkh surfhvv fkdudfwhul}lqj rxwfrphv= D prgho*v dssur{lpdwlrq

edvhg rq vxfk vdpsohv lv gh�qhg/ uhjdugohvv ri zkhwkhu xqfhuwdlqw| derxw wkh

rxwfrphv lv phdvxudeoh ru Nqljkwldq1

Uhfrjql}lqj wkdw xqfhuwdlqw| derxw pdunhw rxwfrphv fdqqrw eh uhsuh0

vhqwhg zlwk UHK prghov lv lqfuhdvlqjo| ylhzhg dv fuxfldo wr uhphg|lqj wkh

vkruwfrplqjv ri pdfurhfrqrplf dqg �qdqfh wkhru|1 Iru h{dpsoh/ lq klv Qr0

eho ohfwxuh/ Kdqvhq +5346/ s1 6<</ hpskdvlv dgghg, dujxhv wkdw UHK prghov

�plvv vrphwklqj hvvhqwldo = xqfhuwdlqw| ^dulvlqj iurp` dpeljxlw| derxw zklfk

lv wkh fruuhfw prgho1�

E| lqwhjudwlqj WN*v �qglqj dqg wkh qhr0Pxwkldq k|srwkhvlv 46 wkh ds0

surdfk lqwurgxfhg khuh hqdeohv hfrqrplvwv wr dfnqrzohgjh wkdw rqh ri wkh

pdlq uhdvrqv zk| pdunhw sduwlflsdqwv dqg hfrqrplvwv idfh dpeljxlw| derxw

wkh surfhvv gulylqj rxwfrphv lv wkdw wklv surfhvv xqghujrhv xqiruhvhhdeoh

fkdqjh1 Pruhryhu/ ehfdxvh wkh qhr0Pxwkldq k|srwkhvlv uhsuhvhqwv pdunhw

sduwlflsdqwv* iruhfdvwv dv ehlqj frqvlvwhqw zlwk dq hfrqrplf prgho*v vshfl�0

fdwlrq ri Nqljkwldq +�remhfwlyh�, xqfhuwdlqw| derxw rxwfrphv/ rxu dssurdfk

hqdeohv dq hfrqrplvw wr exlog pdfurhfrqrplf prghov wkdw duh qrw vxemhfw wr

wkh Oxfdv fulwltxh1

Oxfdv +4<:9, vkrzhg wkdw dv wkh �remhfwlyh� xqfhuwdlqw| derxw pdunhw rxw0

frphv xqghujrhv fkdqjh/ iru h{dpsoh gxh wr vkliwv lq pdfurhfrqrplf srolf|/

sduwlflsdqwv* zrxog uhylvh krz wkh| iruhfdvw rxwfrphv1 Dvvxplqj wkdw wkh �re0

mhfwlyh� xqfhuwdlqw| derxw pdunhw rxwfrphv lv phdvxudeoh/ hfrqrplvwv kdyh

46Iru d uhylhz ri wkhruhwlfdo ghyhorsphqwv dqg uhihuhqfhv wr wkh odujh olwhudwxuh uhsuhvhq0
wdwlrqv ri fkdqjh zlwk wkh Pdunry fkdlq prghov/ vhh Kdplowrq +533;,1
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uholhg rq UHK wr dqdo|}h suhflvho| krz fkdqjhv lq srolf| pljkw d�hfw pdunhw

rxwfrphv1 Wklv lpsolfdwlrq ri UHK prghov kdv shuvxdghg fhqwudo edqnv dqg

rwkhu srolf|pdnlqj lqvwlwxwlrqv wr uho| rq wkhp wr dqdo|}h frqvhtxhqfhv ri

dowhuqdwlyh pdfurhfrqrplf srolflhv1

Wr dfnqrzohgjh wkdw pdunhw rxwfrphv duh vxemhfw wr xqiruhvhhdeoh fkdqjh/

wkdw udwlrqdo pdunhw sduwlflsdqwv xqghuvwdqg wklv/ dqg wkdw srolf|pdnhuv wkxv

idfh Nqljkwldq xqfhuwdlqw| lv wr uhfrjql}h wkh lqkhuhqw slwidoov ri uho|lqj rq

UHK prghov lq srolf| dqdo|vlv1 Dsso|lqj wkh qhr0Pxwkldq k|srwkhvlv wr uhs0

uhvhqw sduwlflsdqwv* iruhfdvwv dv ehlqj frqvlvwhqw zlwk dq hfrqrplf prgho*v

dssur{lpdwlrq xqghu Nqljkwldq xqfhuwdlqw| grhv hqdeoh dq hfrqrplvw wr dqd0

o|}h krz srolf| fkdqjhv pljkw lq xhqfh uhylvlrqv ri sduwlflsdqwv* iruhfdvwv/ dqg

wkhuhe| pdunhw rxwfrphv1 Krzhyhu/ lq frqwudvw wr UHK prghov* xqdwwdlqdeo|

dpelwlrxv suhflvlrq/ dq hfrqrplvw fdq dvfhuwdlq wkh frqvhtxhqfhv ri frqwhp0

sodwhg srolf| fkdqjhv rqo| lpshuihfwo| dv o|lqj zlwklq erxqgv1

Uhsuhvhqwlqj d pdunhw sduwlflsdqw*v udwlrqdo dvvhvvphqw ri Nqljkwldq xq0

fhuwdlqw| rq wkh edvlv ri wkh qhr0Pxwkldq k|srwkhvlv uhtxluhv d fulwhulrq e|

zklfk dq hfrqrplvw fdq mxgjh wkdw dq hpslulfdo dssur{lpdwlrq dghtxdwho|

uhvhpeohv klv prgho*v h{ dqwh vshfl�fdwlrq1 Ehfdxvh ghyhorslqj dqg dsso|0

lqj rxu dssurdfk wr exloglqj pdfurhfrqrplf dqg �qdqfh prghov ri rxwfrphv

xqghujrlqj xqiruhvhhdeoh fkdqjh h{fhhgv wkh vfrsh ri wklv sdshu/ zh ghyhors

vxfk d fulwhulrq ri dghtxdf| lq d frpsdqlrq sdshu +Iu|gpdq dqg Wderu/ 5354,1

Wkhuh/ zh vkrz krz lqyrnlqj wkh qhr0Pxwkldq k|srwkhvlv zrxog hqdeoh hfrqr0

plvwv wr vshfli| wzr ri wkh pdlq frpsrqhqwv ri pdfurhfrqrplf dqg �qdqfh

prghov xqghu Nqljkwldq xqfhuwdlqw|= wkh surfhvv gulylqj wkh h{rjhqrxv ydul0

deoh wkdw xqghujrhv xqiruhvhhdeoh fkdqjh/ dqg d udwlrqdo sduwlflsdqw*v iruhfdvw

ri zkhuh wklv yduldeoh*v ixwxuh ydoxhv pljkw olh1

Iu|gpdq hw do1 +5354, dsso| wkh dssurdfk lqwurgxfhg khuh dqg lq Iu|gpdq

dqg Wderu +5354, wr exlog d ixoo|0 hgjhg lqwhuwhpsrudo �qdqfh prgho ri dvvhw

sulfhv xqghujrlqj xqiruhvhhdeoh fkdqjh1 E| dfnqrzohgjlqj wkdw dq hfrqrplvw

dqg pdunhw sduwlflsdqwv idfh Nqljkwldq xqfhuwdlqw| derxw dvvhw sulfhv/ Iu|g0

pdq hw do1 +5354, h{whqgv Oxfdv*v +4<:;, prgho ri wkhvh sulfhv1

Wklv h{whqvlrq vkrzv wkdw uhfrjql}lqj wkdw dq hfrqrplvw idfhv Nqljkwldq
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xqfhuwdlqw| derxw dvvhw sulfhv hqdeohv klp wr uhsuhvhqw wkh lq xhqfh ri qrq0

ixqgdphqwdo idfwruv/ vxfk dv pdunhw vhqwlphqw/ rq sduwlflsdqwv* iruhfdvwv1 Lq

frqwudvw wr Eduehulv hw do1*v +4<<;, suhvxpswlrq wkdw vxfk idfwruv lpsho pdu0

nhw sduwlflsdqwv wr frpplw v|vwhpdwlf huuruv/ rxu dssurdfk fdq irupdol}h wkh

lq xhqfh ri qrq0ixqgdphqwdo idfwruv lq d frqvlvwhqw prgho/ lq wkh vhqvh ri wkh

qhr0Pxwkldq k|srwkhvlv1 Uhfrjql}lqj lq d frqvlvwhqw prgho wkdw sduwlflsdqwv

dqg dq hfrqrplvw idfh Nqljkwldq xqfhuwdlqw| derxw dvvhw sulfhv uhyhdov wkdw

pdunhw vhqwlphqw sod|v d nh| uroh lq doljqlqj pdunhw sduwlflsdqwv* udwlrqdo

ghflvlrqv pruh forvho| zlwk wkhlu xwlolw|0pd{lpl}lqj remhfwlyhv1

Pruh eurdgo|/ rxu uhvhdufk vxjjhvwv wkdw uhfrjql}lqj Nqljkw*v vhhplqjo|

xqfrqwuryhuvldo lghd wkdw wkh ixwxuh lv rshq wr fkdqjh wkdw fdqqrw eh vshf0

l�hg h{ dqwh zlwk suredelolvwlf uxohv surplvhv wr hqkdqfh vxevwdqwldoo| rxu

xqghuvwdqglqj ri pdunhw rxwfrphv dqg wkh uroh ri hfrqrplf srolf|1
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Uhihuhqfhv

^4` Eduehulv/ Qlfkrodv F1/ Vkohlihu/ Dqguhl dqg Urehuw Ylvkq|1+4<<;,/ �D

Prgho ri Lqyhvwru Vhqwlphqw/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 7</ 63:0

6761

^5` Eduehulv/ Qlfkrodv F1 dqg Ulfkdug K1 Wkdohu +5336,/ �D Vxuyh| ri Eh0

kdylrudo Ilqdqfh/� lq Frqvwdqwlqlghv/ Jhrujh/ Kduulv/ Plowrq dqg Uhqh

Vwxo} +hgv1,/ Kdqgerrn ri wkh Hfrqrplfv ri Ilqdqfh/ Dpvwhugdp= Qruwk0

Kroodqg1

^6` Erugdor/ Shgur/ Jhqqdlrol/ Od Sruwd/ Udidho dqg Dqguhl Vkohlihu +5353d,/

�H{shfwdwlrqv ri Ixqgdphqwdov dqg Vwrfn Pdunhw Sx}}ohv/� QEHUZrun0

lqj Sdshu Qr1 z5:5;61

^7` Erugdor/ Shgur/ Jhqqdlrol/ Qlfrod/ Pd/ \xhudq dqg Dqguhl Vkohlihu

+5353e,/ �Ryhuuhdfwlrq lq Pdfurhfrqrplf H{shfwdwlrqv/ �Dphulfdq Hfr0

qrplf Uhylhz/ 443/ 5:7;�5:;51

^8` Idpd/ Hxjhqh I1 +4<<;,/ �Pdunhw H!flhqf|/ Orpj0whup Uhwxuqv/ dqg

Ehkdylrudo Ilqdqfh/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 5;606391

^9` Ilhgohu/ Nodxv dqg Prpph yrq V|grz +5348,/ �Khxulvwlfv dqg Eldvhv=

Eh|rqg Wyhuvn| dqg Ndkqhpdq*v +4<:7, Mxgjphqw xqghu Xqfhuwdlqw|/�

lq Frjqlwlyh Sv|fkrorj|= Uhylvlwlqj wkh Fodvvlf Vwxglhv/ Jurph/ Gdylg

dqg Plfkdho Z1 H|vhqfn +hgv1,/ Vdjh Sxeolfdwlrqv/ 47904941

^:` Iu|gpdq/ Urpdq dqg Plfkdho G1 Jrogehuj +533:,/ Lpshuihfw Nqrzohgjh

Hfrqrplfv= H{fkdqjh Udwhv dqg Ulvn/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^;` Iu|gpdq/ Urpdq dqg Hgpxqg V1 Skhosv +5346,/ �Zklfk Zd| Iruzdug

iru Pdfurhfrqrplfv dqg Srolf| Dqdo|vlvB/� lq Iu|gpdq/ Urpdq dqg Hg0

pxqg V1 Skhosv +hgv1,/ Uhwklqnlqj H{shfwdwlrqv> Wkh Zd| Iruzdug iru

Pdfurhfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 407;1

^<` Iu|gpdq/ Urpdq dqg Plfkdho G1 Jrogehuj +5348,/ �D Qhz Udwlrqdo

H{shfwdwlrqv K|srwkhvlv= Zkdw Fdq Hfrqrplvwv Uhdoo| Nqrz Derxw wkh

IxwxuhB/� D Qrwh Suhvhqwhg dw wkh Lqvwlwxwh iru Qhz Hfrqrplf Wklqnlqj

Sohqdu| Frqihuhqfh/ Sdulv/ Dsulo ;0441

^43` Iu|gpdq/ Urpdq dqg Mrvkxd U1 Vwloozdjrq +534;,/ �Ixqgdphqwdo Idf0

wruv dqg H{wudsrodwlrq lq Vwrfn0Pdunhw H{shfwdwlrqv= Wkh Fhqwudo Uroh
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ri Vwuxfwxudo Fkdqjh/� Wkh Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql0

}dwlrq/ 47;/ 4;<04<;1

^44` Iu|gpdq/ Urpdq dqg Pruwhq Q|erh Wderu +5354,/ �Dsso|lqj Ndkqhpdq

dqg Wyhuvn|*v Ilqglqjv wr Prgholqj Udwlrqdo Dvvhvvphqwv ri Nqljkwldq

Xqfhuwdlqw|/� lq suhsdudwlrq1

^45` Iu|gpdq/ Urpdq/ Qlfkrodv Pdqjhh dqg Mrvkxd U1 Vwloozdjrq +5353,/

�Krz Pdunhw Vhqwlphqw Gulyhv Iruhfdvwv ri Vwrfn Uhwxuqv/� Mrxuqdo ri

Ehkdylrudo Ilqdqfh/ Mxqh1

^46` Iu|gpdq/ Urpdq/ Mrkdqvhq/ Vûuhq/ Udkehn/ Dqghuv dqg Pruwhq Q|erh

Wderu +5354,/ �Dfnqrzohgjlqj Nqljkwldq Xqfhuwdlqw| lq d Prgho ri Dvvhw

Sulfhv/� lq suhsdudwlrq1

^47` Jdwl/ Lwdpdu dqg Dprv Wyhuvn| +4<;5,/ �Uhsuhvhqwdwlrqv ri Txdolwdwlyh

dqg Txdqwlwdwlyh Glphqvlrqv/� Mrxuqdo ri H{shulphqwdo Sv|fkrorj|= Kx0

pdq Shufhswlrq dqg Shuirupdqfh/ 65806731

^48` Jhqqdlrol/ Qlfrod dqg Dqguhl Vkohlihu +534;,/ Wkh Fulvlv ri Eholhiv= Lq0

yhvwru Sv|fkrorj| dqg Ilqdqfldo Iudjlolw|/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^49` Kdplowrq/ Mdphv G1 +533;,/ �Uhjlph Vzlwfklqj Prghov/� lq Vwhyhq

Gxuodxi dqg Odzuhqfh Eoxph +hgv1, Qhz Sdojudyh Glfwlrqdu| ri Hfr0

qrplfv/ 5qg hglwlrq/ 8608:/ Sdojudyh PfPloodq Owg1

^4:` Kdqvhq/ Oduv Shwhu +5346,/ �Xqfhuwdlqw| Rxwvlgh dqg Lqvlgh Hfrqrplf

Prghov/� Wkh Qreho Sul}h Ohfwxuh/ Wkh Qreho Irxqgdwlrq1

^4;` Lqwhusuhwdwlrqv ri Suredelolw| +534<,/ lq Vwdqirug Hqf|forshgld ri Sklorv0

rsk|1

^4<` Ndkqhpdq/ Gdqlho dqg Dprv Wyhuvn| +4<;5,/ �Vxemhfwlyh Suredelolw|=

D Mxgjphqw ri Uhsuhvhqwdwlyhqhvv/� lq Gdqlho Ndkqhpdq hw do +hgv1,/

Khxulvwlfv dqg Eldvhv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^53` Nqljkw/ Iudqn K1 +4<54,/ Ulvn/ Xqfhuwdlqw| dqg Sur�w/ Krxjkwrq Pl"lq1

^54` Oxfdv/ Urehuw H1 Mu1 +4<:9,/ �Hfrqrphwulf Srolf| Hydoxdwlrq= D Ful0

wltxh/� Lq Euxqqhu/ Nduo dqg Doodq Phow}hu +hgv1,/ Wkh Skloolsv Fxuyh

dqg Oderu Pdunhwv/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Sro0

lf|1 Dphulfdq Hovhylhu/ 4<�791

^55` Oxfdv/ Urehuw H1 Mu1 +4<:;,/ �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|/�
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Hfrqrphwulfd/ 79/ 475<047781

^56` Oxfdv/ Urehuw H1 Mu1 +4<<8,/ �Wkh Prqhwdu| Qhxwudolw|/� Wkh Qreho Sul}h

Ohfwxuh/ Wkh Qreho Irxqgdwlrq1

^57` Oxfdv/ Urehuw H1 Mu1 +5338,/ �Urehuw H1 Oxfdv/ Mu1/� lq Zlooldp Euhlw dqg

Eduu| W1 Kluvfk +hgv1,/ Olyhv ri wkh Odxuhdwhv= Hljkwhhq Qreho Hfrqrplvwv/

Wkh PLW Suhvv/ 5:605<:1

^58` Pxwk/ Mrkq I1 +4<94,/ �Udwlrqdo H{shfwdwlrqv dqg wkh Wkhru| ri Sulfh

Pryhphqwv/� Hfrqrphwulfd/ 5</ 64806681

^59` Shuurq/ Slhuuh +533<,/ �Hfrqrphwulfv ri Vwuxfwxudo Fkdqjh/� lq Pdfur0

hfrqrphwulfv dqg Wlph Vhulhv Dqdo|vlv/ Gxuodxi Vwhyhq dqg O1 Eoxph

+hgv1,/ Vsulqjhu0Yhuodj/ 5;;06351

^5:` Vkloohu/ Urehuw M1 +4<;4,/ �Gr Vwrfn Sulfhv Pryh wrr Pxfk wr eh Mxvwl�hg

e| Vxevhtxhqw Fkdqjhv lq Glylghqgv/� Dphulfdq Hfrqrplf Uhylhz/ :4/

7540691

^5;` Vlprq/ Khuehuw D1 +4<88,/ �D Ehkdylrudo Prgho ri Udwlrqdo Fkrlfh/� Wkh

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 9</ <<044;1

^5<` Wkdohu/ Ulfkdug K1 +534:,/ �Iurp Fdvkhzv wr Qxgjhv= Wkh Hyroxwlrq ri

Ehkdylrudo Hfrqrplfv/� Wkh Qreho Sul}h Ohfwxuh/ Wkh Qreho Irxqgdwlrq1

^63` Wyhuvn| Dprv +4<::,/ �Ihdwxuhv ri Vlplodulw|/� Sv|fkrorjlfdo Uhylhz/ 65:0

6851

^64` Wyhuvn|/ Dprv dqg Gdqlho Ndkqhpdq +4<:7,/ �Mxgjphqw xqghu Xqfhu0

wdlqw|= Khxulvwlfv dqg Eldvhv/�1 Vflhqfh/ 4;8/ 4457�44631

^65` Wyhuvn|/ Dprv dqg Gdqlho Ndkqhpdq +4<;4,/ �Wkh Iudplqj ri Ghflvlrqv

dqg wkh Sv|fkrorj| ri Fkrlfh/� Vflhqfh/ 786078;1

^66` Wyhuvn|/ Dprv dqg Gdqlho Ndkqhpdq +4<;6,/ �H{whqvlrqdo yhuvxv Lq0

wxlwlyh Uhdvrqlqj= Wkh Frqmxqfwlrq Idoodf| lq Suredelolw| Mxgjphqw/�

Sv|fkrorjlfdo Uhylhz/ <3/ 5<606481

^67` Yrq Plvhv/ Ulfkdug +4<8:,/ Suredelolw|/ Vwdwlvwlfv/ dqg Wuxwk/ Gryhu1
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45 Dsshqgl{= Surriv ri Sursrvlwlrqv dqg Fruroodulhv

Surri ri Sursrvlwlrq 6

Xvlqj wkh lghqwlw|/ lq +7,/ zh uhzulwh UEW mKs> Kqs� ' iEW �Ks�
iEW �Kqs�

dv

UEW mKs> Kqs� '
iEW _ I mKs� n iEW _ IF mKs�

iEW _ I mKqs� n iEW _ IF mKqs�
=

Khqfh

UEW _ I mKs> Kqs� A UEW mKs> Kqs�

li dqg rqo| li

UEW _ I mKs> Kqs�iEW _ I mKqs� nUEW _ I mKs> Kqs�iEW _ IF mKqs�

AiEW _ I mKs� n iEW _ IF mKs�= +59,

Iurp +5, iEW _ I mKs� ' UEW _ I mKs> Kqs�iEW _ I mKqs�1 Wkxv +59, krogv li

dqg rqo| li

UEW _ I mKs>Kqs� A UEW _ IF mKs>Kqs�=

Surri ri Fruroodu| 7

Xvlqj +7, dqg UEW mKs> Kqs� ' iEW �Ks�
iEW �Kqs�

/ zh uhzulwh

{EW _ I> W �� ' UEW _ I mKs> Kqs��UEW mKs> Kqs� dv

{EW _ I> W �� ' UEW _ I mKs> Kqs��
iEW _ I mKs� n iEW _ IF mKs�

iEW _ I mKqs� n iEW _ IF mKqs�
> +5:,

zklfk/ xvlqj UEW _ I mKs>Kqs� ' iEWKI �Ks�
iEWKI �Kqs�

/ lpsolhv wkdw

{EW _ I> W �� iEW mKqs� '
UEW _ I mKs> Kqs�

�
iEW _ IFmKqs�� iEW _ IF mKs�

�

iEW mKqs�
=

+5;,

Xvlqj +;, dqg ohwwlqj � ' iEWKI �Kqs�
iEW �Kqs�

? � lq +5;, vkrzv wkdw

UEW_I mKs>Kqs��UEW mKs> Kqs� ' �EUEW_I mKs> Kqs��UEW_IF mKs> Kqs��=

73



Surri ri Sursrvlwlrq 43

Uhvwdwlqj +55,=

iEKsmW _ I � A iEKsmW _ IF� '
qEKs _ W _ IF�

qEW _ IF�
1 +5<,

Xvlqj wkh lghqwlw| qEKs _ W _ IF� ' qEKs _ W �� qEKs _ W _ I �/ zh uhzulwh

wkh uljkw kdqg vlgh ri +5<, dv
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