




Wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq wkh Xqlwhg Vwdwhv fxuuhqwo| kdv derxw
wkuhh txduwhuv ri d wuloolrq grooduv lq dvvhwv1 Lwv dvvhwv duh surmhfwhg wr jurz wr
doprvw 5 wuloolrq 4<<; grooduv lq wkh |hdu 53491 Dv wkh ede|0errp jhqhudwlrq
ehjlqv wr uhwluh dqg froohfw Vrfldo Vhfxulw| ehqh?wv lq wkh vhfrqg ghfdgh ri
wkh wzhqw|0?uvw fhqwxu|/ wkh Vrfldo Vhfxulw| Wuxvw Ixqg zloo vkulqn/ dqg lw lv
surmhfwhg wr uxq rxw ri dvvhwv lq wkh |hdu 536514 Wkh survshfw wkdw wkh Vrfldo
Vhfxulw| v|vwhp zloo uxq odujh gh?flwv dqg h{kdxvw wkh Vrfldo Vhfxulw| Wuxvw
Ixqg kdv jlyhq ulvh wr d ydulhw| ri sursrvdov wr 4vdyh Vrfldo Vhfxulw|14 Vrph
sursrvdov duh ghvljqhg wr h{sorlw wkh htxlw| suhplxp/ zklfk lv wkh h{fhvv ri
wkh udwh ri uhwxuq rq htxlw| ryhu wkh ulvnohvv lqwhuhvw udwh1 Vlqfh wkh htxlw|
suhplxp kdv klvwrulfdoo| dyhudjhg vhyhudo kxqguhg edvlv srlqwv shu |hdu/ lw
pd| eh whpswlqj wr vkliw vrph ri wkh dvvhwv ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg
+zklfk fxuuhqwo| krogv rqo| erqgv, iurp erqgv wr htxlw|1 Lq wklv sdshu L
dqdo|}h wkh h>hfwv rq wkh htxloleulxp htxlw| suhplxp dqg wkh htxloleulxp
jurzwk udwh ri wkh fdslwdo vwrfn ri vxfk d sruwirolr fkdqjh1

L kdyh wkuhh jrdov lq wklv sdshu1 Iluvw/ L zdqw wr ghyhors d wudfwdeoh
vwrfkdvwlf g|qdplf jhqhudo htxloleulxp prgho ri Vrfldo Vhfxulw| dqg qdwlrqdo
fdslwdo dffxpxodwlrq zlwk dq hqgrjhqrxv htxlw| suhplxp1 Vhfrqg/ dowkrxjk
wudfwdelolw| glfwdwhv wkdw wkh prgho lv uhodwlyho| vlpsoh/ L zdqw wr fdoleudwh wkh
prgho qxphulfdoo| dqg zrxog olnh wkh fdoleudwhg prgho wr eh txdqwlwdwlyho|
sodxvleoh lq vrph glphqvlrqv1 Lq sduwlfxodu/ L zrxog olnh wkh prgho wr eh deoh
wr pdwfk wkh klvwrulfdo dyhudjh htxlw| suhplxp dqg wkh klvwrulfdo dyhudjh
jurzwk udwh ri fdslwdo1 Wklug/ L zdqw wr dsso| wkh prgho wr dqdo|}h wkh
h>hfwv rq wkh htxlw| suhplxp dqg wkh jurzwk udwh ri fdslwdo ri lqyhvwlqj
vrph ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq ulvn| fdslwdo1

D qdwxudo vwduwlqj srlqw iru d prgho ri Vrfldo Vhfxulw| dqg fdslwdo df0
fxpxodwlrq lv Gldprqg*v +4<98, fodvvlf prgho ri jryhuqphqw ghew lq d qhr0
fodvvlfdo hfrqrp|/ zklfk kdv ehhq dssolhg wr dqdo|}h wkh h>hfwv ri Vrfldo
Vhfxulw| rq qdwlrqdo fdslwdo dffxpxodwlrq lq d ghwhuplqlvwlf frqwh{w15 Lq
rughu wr dfklhyh wkh jrdov ri wklv sdshu/ L prgli| wkh Gldprqg prgho lq
wzr lpsruwdqw zd|v1 Iluvw/ ehfdxvh wkh Gldprqg prgho lv d ghwhuplqlvwlf
prgho/ wkh htxlw| suhplxp lv lghqwlfdoo| }hur lq wkdw prgho1 Vlqfh L zdqw

4Wdeoh LLL1E5 ri wkh 4<<; Dqqxdo Uhsruw ri wkh Erdug ri Wuxvwhhv ri wkh Ihghudo Rog0
Djh dqg Vxuylyruv Lqvxudqfh dqg Glvdelolw| Lqvxudqfh Wuxvw Ixqgv uhsruwv surmhfwlrqv iru
wkh dvvhwv ri wkh frpelqhg RDVL dqg GL Wuxvw Ixqgv1 Wkh |hduhqg surmhfwlrqv edvhg rq
lqwhuphgldwh frvw dvvxpswlrqv lq frqvwdqw +4<<;, grooduv duh ':891< eloolrq iru 4<<; dqg
'4/<9317 eloolrq iru 53491

5Iru d wh{werrn h{dpsoh/ vhh Eodqfkdug dqg Ilvfkhu/ +4<;<,/ ss1 44304461
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wr prgho wkh htxloleulxp htxlw| suhplxp/ L lqwurgxfh ulvn vr wkdw d srvlwlyh
dyhudjh htxlw| suhplxp lv d ihdwxuh ri htxloleulxp1 Vhfrqg/ wr khos nhhs
wkh dqdo|vlv wudfwdeoh/ L uhsodfh wkh qhrfodvvlfdo surgxfwlrq ixqfwlrq zlwk dq
4øg4 prgho wkdw lv frqvlvwhqw zlwk hqgrjhqrxv jurzwk1 L lqwurgxfh ulvn lq
wkh prgho e| dvvxplqj wkdw surgxfwlylw| lv vwrfkdvwlf1

L prgho irxu vhwv ri hfrqrplf dfwruv8?upv/ lqglylgxdov/ wkh Wuhdvxu|/ dqg
wkh Vrfldo Vhfxulw| v|vwhp8dqg L ghvfuleh wkh ehkdylru ri hdfk ri wkhvh vhwv
ri hfrqrplf dfwruv lq wkh ?uvw irxu dqdo|wlf vhfwlrqv ri wkh sdshu1 Wkh
ehkdylru ri ?upv lv suhvhqwhg lq Vhfwlrq 4 zkhuh L suhvhqw wkh vwrfkdvwlf øg
whfkqrorj| dqg wkhq ghulyh wkh htxloleulxp zdjh dqg ulvn| uhwxuq rq fdslwdo1
Zlwk d vwrfkdvwlf øg whfkqrorj|/ wkh udwh ri uhwxuq rq fdslwdo lv vwrfkdvwlf/
exw h{rjhqrxv1 Wkh vwrfkdvwlf qdwxuh ri wkh udwh ri uhwxuq rq fdslwdo doorzv
iru d srvlwlyh htxlw| suhplxp lq htxloleulxp1 Wkh h{rjhqrxv qdwxuh ri wklv
ulvn| udwh ri uhwxuq nhhsv wkh prgho wudfwdeoh1 Dowkrxjk wkh ulvn| udwh ri
uhwxuq lv h{rjhqrxv lq wklv prgho/ wkh ulvnohvv lqwhuhvw udwh lv hqgrjhqrxv/ vr
wkh htxlw| suhplxp lv dovr hqgrjhqrxv1 Dq| fkdqjh lq wkh ulvnohvv lqwhuhvw
udwh lv pdwfkhg e| d fkdqjh lq wkh htxlw| suhplxp ri wkh vdph pdjqlwxgh
exw lq wkh rssrvlwh gluhfwlrq1 Wkxv/ L zloo irfxv dwwhqwlrq rq wkh ehkdylru
ri wkh htxloleulxp ulvnohvv lqwhuhvw udwh/ uhfrjql}lqj wkdw wkh uhvxowv gluhfwo|
wudqvodwh lqwr uhvxowv derxw wkh htxlw| suhplxp1

Wkh frqvxpswlrq2vdylqj dqg sruwirolr ghflvlrqv ri lqglylgxdov duh dq0
do|}hg lq Vhfwlrq 51 P| fkrlfh ri d vshfl?fdwlrq ri wkh xwlolw| ixqfwlrq
uh hfwv wkh whqvlrq ehwzhhq dqdo|wlf wudfwdelolw| dqg txdqwlwdwlyh uhdolvp1
Wr dfklhyh dqdo|wlf wudfwdelolw|/ L dvvxph wkdw wkh xwlolw| ixqfwlrq lv fkdudf0
whul}hg e| dq lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq htxdo wr rqh/ dv lv wkh
fdvh/ iru h{dpsoh/ zlwk orjdulwkplf xwlolw|1 Krzhyhu/ zlwk orjdulwkplf xwlolw|
wkh frh!flhqw ri uhodwlyh ri ulvn dyhuvlrq dovr htxdov rqh/ dqg txdqwlwdwlyh
uhdolvp glfwdwhv d frh!flhqw ri uhodwlyh ulvn dyhuvlrq juhdwhu wkdq rqh1 Wkxv/
L xvh d vshfldo fdvh ri wkh suhihuhqfhv lqwurgxfhg e| Hsvwhlq dqg ]lq +4<;<,
dqg Zhlo +4<<3, wr doorz iru d frh!flhqw ri uhodwlyh ulvn dyhuvlrq juhdwhu wkdq
rqh dqg dq lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq htxdo wr rqh1

Dowkrxjk wkh ehkdylru ri ?upv dqg lqglylgxdov lv edvhg rq h{solflw pd{l0
pl}dwlrq/ L gr qrw dwwhpsw wr vshfli| wkh remhfwlyh ixqfwlrqv ri wkh Wuhdvxu|
dqg wkh Vrfldo Vhfxulw| v|vwhp dqg wkhq ghulyh rswlpdo srolf|1 Lqvwhdg L
vshfli| srolf| ixqfwlrqv iru hdfk ri wkhvh ?vfdo lqvwlwxwlrqv lq Vhfwlrqv 6 dqg
71 Wr suhyhqw wkh dprxqw ri Wuhdvxu| ghew iurp ehfrplqj wrr odujh ru wrr
vpdoo lq wkh idfh ri vwrfkdvwlf vkrfnv/ L dvvxph wkdw wkh Wuhdvxu| dgmxvwv
wd{hv dqg jryhuqphqw sxufkdvhv lq uhvsrqvh wr ghyldwlrqv ri wkh ghew0JGS
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udwlr iurp d wdujhw ydoxh1 Dv iru wkh Vrfldo Vhfxulw| v|vwhp/ L h{dplqh d
sd|0dv0|rx0jr gh?qhg0ehqh?w v|vwhp/ dqg doorz Vrfldo Vhfxulw| wd{hv wr dg0
mxvw zkhq wkh udwlr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg wr wkh djjuhjdwh fdslwdo
vwrfn ghyldwhv iurp lwv wdujhw ydoxh1 Lq dgglwlrq/ L dvvxph wkdw wkh Vrfldo
Vhfxulw| Wuxvw Ixqg fdq fkrrvh krz wr doorfdwh lwv sruwirolr wr ulvnohvv erqgv
dqg ulvn| fdslwdo1

Ilupv/ lqglylgxdov/ wkh Wuhdvxu|/ dqg wkh Vrfldo Vhfxulw| v|vwhp lqwhudfw
lq fdslwdo pdunhwv wr ghwhuplqh wkh ulvnohvv lqwhuhvw udwh +dqg khqfh wkh htxlw|
suhplxp, dqg wkh jurzwk udwh ri wkh djjuhjdwh fdslwdo vwrfn1 Wklv prgho
kdv d frqyhqlhqw uhfxuvlyh vwuxfwxuh1 Wkh ulvnohvv lqwhuhvw udwh lv ghwhuplqhg
e| sruwirolr doorfdwlrq ghflvlrqv ri lqglylgxdov dqg grhv qrw ghshqg rq wkh
djjuhjdwh ohyho ri wkh fdslwdo vwrfn1 Wkhq/ jlyhq wkh ydoxh ri wkh ulvnohvv
lqwhuhvw udwh/ wkh vdylqj ghflvlrqv ri lqglylgxdov ghwhuplqh wkh jurzwk udwh
ri wkh fdslwdo vwrfn1 Wkh suhvhqwdwlrq ri uhvxowv lq Vhfwlrq 8 uh hfwv wklv
uhfxuvlyh vwuxfwxuh1

L h{dplqh wkh ulvnohvv lqwhuhvw udwh lq vxevhfwlrq 8141 Dq lqfuhdvh lq wkh
dprxqw ri ulvnohvv erqgv uhodwlyh wr wkh dprxqw ri fdslwdo fdxvhv wkh ulvnohvv
lqwhuhvw udwh wr lqfuhdvh +htxlydohqwo|/ wkh htxlw| suhplxp wr idoo, ehfdxvh
lqglylgxdov pxvw eh lqgxfhg wr krog d kljkhu vkduh ri ulvnohvv dvvhwv lq wkhlu
sruwirolrv1 Lq sduwlfxodu/ li wkh Vrfldo Vhfxulw| Wuxvw Ixqg vhoov vrph erqgv
wr wkh sxeolf lq h{fkdqjh iru ulvn| fdslwdo/ wkhq lq wkh frqwh{w ri d sd|0dv0
|rx0jr gh?qhg0ehqh?w v|vwhp/ wkh uhdo lqwhuhvw udwh pxvw lqfuhdvh wr lqgxfh
lqglylgxdov wr lqfuhdvh wkh vkduh ri ulvnohvv dvvhwv lq wkhlu sruwirolrv1

Diwhu dqdo|}lqj wkh htxloleulxp ulvnohvv lqwhuhvw udwh lq vxevhfwlrq 814/
L dqdo|}h wkh htxloleulxp ydoxh ri wkh jurzwk udwh ri wkh fdslwdo vwrfn lq
vxevhfwlrq 8151 Wkh jurzwk udwh ri wkh fdslwdo vwrfn lv ghwhuplqhg e| wkh
dprxqw ri vdylqj lq wkh hfrqrp|1 L vkrz wkdw li wkh Vrfldo Vhfxulw| Wuxvw
Ixqg vhoov vrph erqgv lq h{fkdqjh iru ulvn| fdslwdo/ wkh fdslwdo vwrfn lq wkh
iroorzlqj shulrg zloo eh kljkhu wkdq li wkh Vrfldo Vhfxulw| Wuxvw Ixqg khog
rqo| erqgv1 Wklv h>hfw dulvhv ehfdxvh wkh fkdqjh lq wkh sruwirolr ri wkh
Vrfldo Vhfxulw| Wuxvw Ixqg fdxvhv wkh ulvnohvv lqwhuhvw udwh wr lqfuhdvh/ zklfk
uhgxfhv wkh suhvhqw ydoxh ri wkh Vrfldo Vhfxulw| ehqh?wv wkdw fxuuhqw zrunhuv
h{shfw zkhq wkh| uhwluh1 Lq uhvsrqvh wr wklv uhgxfwlrq lq wkh suhvhqw ydoxh
ri olihwlph lqfrph/ fxuuhqw zrunhuv uhgxfh wkhlu frqvxpswlrq dqg lqfuhdvh
wkhlu vdylqj1 Wkh h>hfw rq wkh vdylqj ri ixwxuh jhqhudwlrqv lqyroyhv dggl0
wlrqdo h>hfwv rshudwlqj wkurxjk wkh dgmxvwphqw ri wd{hv wr vdwlvi| wkh exgjhw
frqvwudlqwv dqg srolf| ixqfwlrqv ri wkh Wuhdvxu| dqg Vrfldo Vhfxulw| v|vwhp1
L irfxv p| dqdo|vlv ri vdylqj e| ixwxuh jhqhudwlrqv e| frqvlghulqj frqvwdqw
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jurzwk sdwkv zklfk L gh?qh dqg dqdo|}h lq vxevhfwlrq 815141 Sursrvlwlrq 9
lq wklv vxevhfwlrq suhvhqwv d vx!flhqw frqglwlrq iru wkh jurzwk udwh ri wkh
fdslwdo vwrfn dorqj d frqvwdqw jurzwk sdwk wr lqfuhdvh zkhq wkh vkduh ri wkh
Vrfldo Vhfxulw| Wuxvw Ixqg lqyhvwhg lq ulvn| fdslwdo lqfuhdvhv1

L h{soruh wkh txdqwlwdwlyh sodxvlelolw| ri wkh prgho lq vhfwlrq 9 zkhuh L
vkrz wkdw wkh hqgrjhqrxv ulvnohvv lqwhuhvw udwh dqg jurzwk udwh ri fdslwdo
dorqj d frqvwdqw jurzwk sdwk fdq pdwfk wkh klvwrulfdo dyhudjh ydoxhv ri
wkhvh yduldeohv iru uhdvrqdeoh ydoxhv ri wkh suhihuhqfh sdudphwhuv1 L dovr
h{soruh wkh vhqvlwlylw| ri wkhvh hqgrjhqrxv yduldeohv wr ydulrxv sdudphwhuv
dqg fdoleudwhg ydoxhv ri yduldeohv1 Lq dgglwlrq/ L vkrz wkdw dq lqfuhdvh lq wkh
vkduh ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg wkdw lv lqyhvwhg lq ulvn| fdslwdo zloo
lqfuhdvh wkh jurzwk udwh ri fdslwdo dorqj d frqvwdqw jurzwk sdwk ehfdxvh wkh
vx!flhqw frqglwlrq lq Sursrvlwlrq 9 lv vdwlv?hg lq wkh edvholqh fdoleudwlrq dqg
lq wkh vhqvlwlylw| dqdo|vlv1 Txdqwlwdwlyho|/ wkh prgho vxjjhvwv wkdw lqyhvwlqj
d prghvw iudfwlrq ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq ulvn| fdslwdo zloo kdyh
rqo| vpdoo h>hfwv rq wkh ulvnohvv lqwhuhvw udwh dqg wkh jurzwk udwh ri wkh
fdslwdo vwrfn1

L suhvhqw frqfoxglqj uhpdunv lq Vhfwlrq :1 Ydulrxv whfkqlfdo ghulydwlrqv
duh uhohjdwhg wr Dsshqglfhv D wkurxjk H1

4 Idfwru Sulfhv lq Jhqhudo Htxloleulxp
Wkh hfrqrp| frqvlvwv ri ryhuodsslqj jhqhudwlrqv ri shrsoh zkr olyh iru wzr
shulrgv1 Dw wkh ehjlqqlqj ri shulrg |/ d frqwlqxxp ri shrsoh zlwk phdvxuh
ù| lv eruq1 Hdfk ri wkhvh shrsoh lqhodvwlfdoo| vxssolhv rqh xqlw ri oderu zkhq
|rxqj lq shulrg |/ dqg grhv qrw vxsso| dq| oderu zkhq rog lq shulrg |n �1

Rxwsxw lq shulrg | lv surgxfhg xvlqj oderu dqg fdslwdo1 Lq shulrg |/ ?up
ð xvhv oderu/ ùðc|/ dqg fdslwdo/ gðc|/ wr surgxfh rxwsxw/ tðc|/ dffruglqj wr wkh
surgxfwlrq ixqfwlrq

tðc| ' ø|g
k
ðc| Eùðc|g|ä

�3k +4,

zkhuh6 ø| è øu : f lv dq l1l1g1 surgxfwlylw| vkrfn zlwk phdq ø/ g| lv wkh

6DO lv wkh juhdwhvw orzhu erxqg iru Dw1 Lq dgglwlrq/ L dvvxph wkdw wkhuh lv d srvlwlyh
suredelolw| wkdw Dw lv zlwklq d vpdoo qhljkerukrrg ri DO1 Vshfl?fdoo|/ Su iDw è DOj @ 4>
dqg iru doo % A 3/ Su iDO é Dw é DO . %j A 31
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djjuhjdwh fdslwdo vwrfn dw wkh ehjlqqlqj ri shulrg |/ dqg f ÷ k ÷ �1 Wkh
surgxfwlrq ixqfwlrq lq htxdwlrq +4, lv frqvlvwhqw zlwk hqgrjhqrxv jurzwk17

Idfwru sulfhv duh ghwhuplqhg lq frpshwlwlyh pdunhwv/ dqg wkh uhqwdo sulfh
ri hdfk idfwru htxdov lwv pdujlqdo surgxfw1 Wkxv/ wkh zdjh udwh lq shulrg |/
ç|/ lv

ç| ' E�ý käø|
ë
gðc|

ùðc|

êk
g�3k
| +5,

dqg wkh jurvv udwh ri uhwxuq wr fdslwdo lq shulrg |/ -|/ lv

-| ' kø|

ë
ùðc|g|

gðc|

ê�3k
é +6,

Lq htxloleulxp/ hdfk ?up zloo fkrrvh wkh vdph fdslwdo0oderu udwlr/ vr wkdw
gðc|
ùðc|

' g|

ù|
iru doo ð1 Qrz dvvxph wkdw wkh srsxodwlrq lv frqvwdqw ryhu wlph/

dgrsw wkh qrupdol}dwlrq ù| ì �/ dqg vxevwlwxwh gðc|

ùðc|
' g| lq htxdwlrqv +5,

dqg +6, wr rewdlq

ç| ' E�ý käø|g| +7,

dqg

-| ' kø|é +8,

Wkh jurvv udwh ri uhwxuq rq fdslwdo lv udqgrp dqg kdv phdq - ' kø1

5 Lqglylgxdo Rswlpl}dwlrq
Hdfk shuvrq idfhv dq rswlpl}dwlrq sureohp wkdw lqfoxghv d vdylqj2frqvxpswlrq
ghflvlrq dqg d sruwirolr ghflvlrq1 L zloo vroyh wkh rswlpl}dwlrq sureohp ri d
shuvrq eruq lq shulrg | diwhu ?uvw vshfli|lqj wkh shuvrq*v exgjhw frqvwudlqw
dqg wkhq vshfli|lqj wkh shuvrq*v xwlolw| ixqfwlrq1

D uhsuhvhqwdwlyh shuvrq eruq dw wkh ehjlqqlqj ri shulrg | vxssolhv rqh
xqlw ri oderu lq shulrg | dqg uhfhlyhv zdjh lqfrph htxdo wr ç|1 Dovr lq shulrg

7Vhh/ iru h{dpsoh/ Eduur dqg Vdod0l0Pduwlq +4<<8/ s1 483,1
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|/ wkh shuvrq sd|v wd{hv A A| wr wkh Wuhdvxu| dqg sd|v Vrfldo Vhfxulw| wd{hv
A 7| 1 Erwk w|shv ri wd{hv duh oxps0vxp1 L kdyh glvwlqjxlvkhg wd{hv sdlg wr
wkh Wuhdvxu| iurp wd{hv sdlg wr wkh Vrfldo Vhfxulw| v|vwhp vr wkdw L fdq nhhs
wudfn ri wkh Wuhdvxu|*v rxwvwdqglqj ghew dqg wkh dprxqw ri Wuhdvxu| erqgv
khog e| wkh Vrfldo Vhfxulw| Wuxvw Ixqg1

D |rxqj shuvrq lq shulrg | kdv glvsrvdeoh lqfrph ri ç|ýA7| ýA A| zklfk
fdq eh xvhg iru frqvxpswlrq dqg wkh sxufkdvh ri ulvnohvv erqgv dqg ulvn|
fdslwdo1 Ulvnohvv erqgv sxufkdvhg lq shulrg | sd| d jurvv udwh ri uhwxuq o|n�
lq shulrg |n�1 Ohw îå|n� eh wkh ydoxh ri ulvnohvv erqgv sxufkdvhg e| d |rxqj
shuvrq lq shulrg | +wkh vxshuvfulsw å ghqrwhv wkdw wkh erqgv duh sulydwho|
khog/ lq frqwudvw wr erqgv khog e| wkh Vrfldo Vhfxulw| Wuxvw Ixqg,1 Wkh
shuvrq dovr sxufkdvhv ulvn| fdslwdo gå

|n� zklfk sd|v d jurvv udwh ri uhwxuq
-|n� lq shulrg |n�1 Vlqfh frqvxpswlrq zkhq |rxqj/ ä|/ soxv wkh sxufkdvhv
ri erqgv dqg ulvn| fdslwdo htxdov glvsrvdeoh lqfrph/

ä| ' ç| ý A 7| ý A A| ýîå|n� ýgå
|n�é +9,

Ohw f|n� eh wkh frqvxpswlrq ri dq rog shuvrq lq shulrg | n �1 Wklv
frqvxpswlrq lv ?qdqfhg e| wkh ulvnohvv erqgv dqg ulvn| fdslwdo sxufkdvhg lq
shulrg | dqg e| Vrfldo Vhfxulw| ehqh?wv1 Ulvnohvv erqgv duh zruwk o|n�îå|n�
dqg ulvn| fdslwdo lv zruwk -|n�gå

|n�1 Vrfldo Vhfxulw| ehqh?wv frqvlvw ri
wzr frpsrqhqwv1 Rqh frpsrqhqw lv w�ç|n� ' w� E�ý käø|n�g|n�/ zklfk lv
sursruwlrqdo wr wkh dfwxdo zdjh lq shulrg | n �1 Wkh rwkhu frpsrqhqw lv
wfç|n� zkhuh ç|n� lv wkh h{shfwhg ydoxh ri ç|n� frqglwlrqdo rq lqirupdwlrq
dydlodeoh dw wkh hqg ri shulrg |1 Vlqfh wkh fdslwdo vwrfn g|n� lv nqrzq dw wkh
hqg ri shulrg |/ ç|n� ' E�ý käøg|n�1 Wdnlqj dffrxqw ri erwk frpsrqhqwv
ri wkh Vrfldo Vhfxulw| ehqh?wv/ wkh wrwdo dprxqw ri Vrfldo Vhfxulw| ehqh?wv/
'|n�/ uhfhlyhg e| dq rog shuvrq lq shulrg |n � lv

'|n� ' wf E�ý käøg|n� n w� E�ý käø|n�g|n�é +:,

L dvvxph wkdw wf è f dqg w� è f1 Lw lv frqyhqlhqw/ wkrxjk qrw vwulfwo|
dffxudwh/ wr uhihu wr wkh sdudphwhuv wf dqg w� dv 4uhsodfhphqw udwhv4 iru
Vrfldo Vhfxulw|1 Ehfdxvh wkh Vrfldo Vhfxulw| ehqh?wv uhfhlyhg e| dq rog
shuvrq gr qrw ghshqg rq wkh dprxqw ri Vrfldo Vhfxulw| wd{hv sdlg e| wkdw
shuvrq/ qru rq dq| ghflvlrq pdgh e| wkdw shuvrq/ L ghvfuleh wkh v|vwhp lq
wklv prgho dv d gh?qhg0ehqh?w v|vwhp1

Wkh vroxwlrq ri wkh shuvrq*v rswlpl}dwlrq sureohp lv idflolwdwhg e| xvlqj

9



htxdwlrq +8, wr uhzulwh wkh Vrfldo Vhfxulw| ehqh?wv lq htxdwlrq +:, dv

'|n� ' wf E�ý käøg|n� n w�
�ý k
k

-|n�g|n�é +;,

Ehfdxvh ç|n� lv shuihfwo| fruuhodwhg zlwk -|n� lq wklv prgho/ wkh fodlp rq
ixwxuh Vrfldo Vhfxulw| ehqh?wv fdq eh ylhzhg dv frqvlvwlqj ri d ulvnohvv dvvhw
soxv d ulvn| dvvhw zlwk d sd|r> wkdw lv shuihfwo| fruuhodwhg zlwk wkh udwh ri
uhwxuq rq ulvn| fdslwdo/ dv looxvwudwhg lq htxdwlrq +;,1

L dvvxph wkdw lqglylgxdov gr qrw kdyh d ehtxhvw prwlyh dqg wkxv wkh| frq0
vxph doo dydlodeoh uhvrxufhv zkhq wkh| duh rog1 Wdnlqj dffrxqw ri sulydwho|0
khog erqgv dqg ulvn| fdslwdo dv zhoo dv Vrfldo Vhfxulw| ehqh?wv/ '|n�/ |lhogv

f|n� '

ë
îå|n� n

wf E�ý käøg|n�

o|n�

ê
o|n� n

ë
gå
|n� n w�

�ý k
k

g|n�

ê
-|n�é

+<,

Vxssrvh wkdw hdfk shuvrq eruq dw wkh ehjlqqlqj ri shulrg | kdv wkh iro0
orzlqj xwlolw| ixqfwlrq zklfk lv d vshfldo fdvh ri wkh sdudphwulf fodvv ri suhi0
huhqfhv ghyhorshg e| Hsvwhlq dqg ]lq +4<;<, dqg Zhlo +4<<3, dqg xvhg e|
Erkq +4<<;d, wr vwxg| lqwhujhqhudwlrqdo ulvn vkdulqj/8c9

L| ' *?ä| n
B

�ý è *?.|
q
f�3è
|n�

r
zkhuh f ÷ è 9' � dqg B : fé +43,

Iru wkh xwlolw| ixqfwlrq lq htxdwlrq +43,/ wkh lqwhuwhpsrudo hodvwlflw| ri
vxevwlwxwlrq htxdov rqh/ dqg wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq ryhu
vhfrqg0shulrg frqvxpswlrq lv è1 L kdyh fkrvhq wr vshfli| d xqlwdu| lqwhuwhp0
srudo hodvwlflw| ri vxevwlwxwlrq wr vlpsoli| wkh frqvxpswlrq2vdylqj ghflvlrq
dqg wr khos nhhs wkh jhqhudo htxloleulxp dqdo|vlv wudfwdeoh1 D vwdqgdug
wlph0vhsdudeoh xwlolw| ixqfwlrq zlwk d frqvwdqw frh!flhqw ri uhodwlyh ulvn dyhu0
vlrq frqvwudlqv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq wr htxdo wkh lqyhuvh ri
lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq/ zklfk htxdov rqh lq wklv fdvh1 Krz0
hyhu/ L gr qrw frqvwudlq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq wr htxdo rqh
ehfdxvh ydulrxv vwxglhv ri wkh htxlw| suhplxp sx}}oh kdyh vkrzq wkdw lw lv
gl!fxow/ ru shukdsv lpsrvvleoh/ wr dffrxqw iru wkh odujh klvwrulfdo dyhudjh

8Li ! @ 4/ wkh xwlolw| ixqfwlrq lv Xw @ oqFw . ïHw ioq[w.4j1
9Lqglylgxdov pd| dovr rewdlq xwlolw| iurp jryhuqphqw sxufkdvhv1 L dvvxph wkdw dq|

xwlolw| iurp jryhuqphqw sxufkdvhv lv dgglwlyho| vhsdudeoh iurp xwlolw| ri wkh frqvxphu*v
rzq frqvxpswlrq1

:



ydoxh ri wkh htxlw| suhplxp/ -|n� ý o|n�/ zlwk d frh!flhqw ri uhodwlyh ulvn
dyhuvlrq dv orz dv rqh1

Wkh rswlpl}dwlrq sureohp ri d |rxqj shuvrq lq shulrg | lv wr fkrrvh ä|/
îå|n�/ dqg g

å
|n� wr pd{lpl}h wkh xwlolw| ixqfwlrq lq htxdwlrq +43, vxemhfw wr

wkh frqvwudlqwv lq htxdwlrqv +9, dqg +<,1 Wkh vroxwlrq wr wklv sureohp lv
hdvlo| h{suhvvhg lq whup ri l|/ wkh suhvhqw ydoxh ri olihwlph uhvrxufhv/ zklfk
lv

l| ì ç| ý A A| ý A 7| n
wf E�ý käøg|n�

o|n�
n w�

�ý k
k

g|n�é +44,

Wkh suhvhqw ydoxh ri olihwlph uhvrxufhv frqvlvwv ri glvsrvdeoh lqfrph/ ç| ý
A A| ýA 7| / soxv wkh suhvhqw ydoxh ri wkh Vrfldo Vhfxulw| ehqh?wv: wr eh uhfhlyhg
lq shulrg |n �/ wfE�3käøg|n�

o|n�
n w�

�3k
k
g|n�1

Ohw @|n� eh wkh ydoxh ri d |rxqj shuvrq*v wrwdo dvvhwv dw wkh hqg ri sh0
ulrg |1 Wkhvh dvvhwv frqvlvw ri gluhfw kroglqjv ri ulvnohvv erqgv/ îå|n�/ dqg
ulvn| fdslwdo/ gå

|n�c soxv wkh suhvhqw ydoxh ri ixwxuh Vrfldo Vhfxulw| ehqh?wv/
wfE�3käøg|n�

o|n�
n w�

�3k
k
g|n�1 Wkxv/

@|n� ì îå|n� ngå
|n� n

wf E�ý käøg|n�

o|n�
n w�

�ý k
k

g|n�é +45,

Dv vkrzq lq htxdwlrq +D18, lq Dsshqgl{ D/ wkh rswlpdo ydoxh ri @|n� lv

@|n� '
B

� n B
l|é +46,

Wr ghvfuleh wkh rswlpdo doorfdwlrq ri d |rxqj shuvrq*v sruwirolr/ ohw ò|n�
eh wkh vkduh ri wkh wrwdo sruwirolr @|n� ghyrwhg wr ulvn| dvvhwv/ frqvlvwlqj
ri ulvn| fdslwdo/ gå

|n�/ dqg wkh suhvhqw ydoxh ri ulvn| ixwxuh Vrfldo Vhfxulw|
ehqh?wv/ w� �3kk g|n�1 Pruh suhflvho|/

ò|n� ì
gå
|n� n w�

�3k
k
g|n�

@|n�
é +47,

Wkh gh?qlwlrqv lq htxdwlrqv +45, dqg +47, lpso| wkdw �ýò|n� lv wkh vkduh
ri d |rxqj frqvxphu*v wrwdo sruwirolr ghyrwhg wr ulvnohvv dvvhwv/ frqvlvwlqj ri

:Lq frpsxwlqj wkh suhvhqw ydoxh ri ixwxuh Vrfldo Vhfxulw| ehqh?wv/ wkh ulvnohvv frpsr0
qhqw/ ë3 +4ý ò,DNw.4/ lv glvfrxqwhg e| wkh ulvnohvv udwh uw.4/ dqg wkh ulvn| frpsrqhqw/
ë4
4ýò
ò Uw.4Nw.4/ lv glvfrxqwhg e| wkh ulvn| udwh Uw.41
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ulvnohvv erqgv/ îå|n�/ dqg wkh suhvhqw ydoxh ri ulvnohvv ixwxuh Vrfldo Vhfxulw|

ehqh?wv/ wfE�3käøg|n�

o|n�
1

Ohw ò Eo|n�ä ghqrwh wkh rswlpdo ydoxh ri ò|n�é Wklv qrwdwlrq hpskdvl}hv
wkdw wkh rswlpdo sruwirolr doorfdwlrq ghshqgv rq wkh ulvnohvv lqwhuhvw udwh/
o|n�/ zklfk lv dq hqgrjhqrxv yduldeoh lq wklv prgho1 Wkh rswlpdo sruwirolr
doorfdwlrq dovr ghshqgv rq wkh glvwulexwlrq ri wkh ulvn| udwh ri uhwxuq/ -|n�/
exw wklv glvwulexwlrq lv h{rjhqrxv lq wklv prgho/ vr wkh qrwdwlrq grhv qrw
uh hfw wklv ghshqghqfh1 Wkh rswlpdo ydoxh ri ò|n� lv fkdudfwhul}hg lq Ds0
shqgl{ E/ zkhuh lw lv vkrzq wkdw li è é �/ wkhq òâ Eo|n�ä ÷ f1 Li è : �/ wkhq
òâ Eo|n�ä pd| eh qhjdwlyh/ }hur/ ru srvlwlyh1 Khqfhiruwk/ L uhvwulfw dwwhqwlrq
wr wkh fdvh zlwk òâ Eo|n�ä ÷ f1;

Wkh gh?qlwlrq ri ò|n� lq htxdwlrq +47, dqg wkh rswlpdo ydoxh ri @|n� lq
htxdwlrq +46, lpso| wkh iroorzlqj h{suhvvlrqv iru rswlpdo kroglqjv ri dvvhwv
e| d |rxqj shuvrq dw wkh hqg ri shulrg |

îå|n� n
wf E�ý käøg|n�

o|n�
' d�ý ò Eo|n�äo B

� n B
l| +48,

dqg

gå
|n� n w�

�ý k
k

g|n� ' ò Eo|n�ä
B

� n B
l|é +49,

Wkh ulvnohvv lqwhuhvw udwh o|n� d>hfwv wkh sulydwh ghpdqg iru fdslwdo lq wzr
zd|v1 Vlqfh L dp uhvwulfwlqj dwwhqwlrq wr wkh fdvh lq zklfk òâ Eo|n�ä ÷ f/ dq
lqfuhdvh lq wkh ulvnohvv lqwhuhvw o|n� fdxvhv frqvxphuv wr vkliw wkhlu sruwirolrv
wrzdug wkh ulvnohvv dvvhw dqg dzd| iurp ulvn| dvvhwv/ wkhuhe| uhgxflqj wkh
sulydwh ghpdqg iru fdslwdo/ iru d jlyhq suhvhqw ydoxh ri olihwlph uhvrxufhv
l|é Lq dgglwlrq/ li wf : f/ dq lqfuhdvh lq o|n� uhgxfhv wkh suhvhqw ydoxh ri
ulvnohvv Vrfldo Vhfxulw| ehqh?wv dqg wkxv uhgxfhv l|/ dv vkrzq lq htxdwlrq
+44,1 Wklv uhgxfwlrq lq l| uhgxfhv wkh sulydwh ghpdqg iru fdslwdo1 Wkxv/
dq lqfuhdvh lq o|n� uhgxfhv wkh sulydwh ghpdqg iru fdslwdo erwk e| fkdqjlqj
wkh frpsrvlwlrq dqg +li wf : f, uhgxflqj wkh vl}h ri sulydwh sruwirolrv1

;Lq wkh fdoleudwlrq lq Vhfwlrq 9/ wkh ydoxh ri ! h{fhhgv rqh vr wkdw/ lq sulqflsoh/ ð3 +uw.4,
fdq eh srvlwlyh/ qhjdwlyh/ ru }hur1 Iru doo ri wkh fdvhv h{dplqhg lq Wdeohv 4/ 5/ dqg 6/
ð3 +uw.4, ? 31

<



6 Wkh Wuhdvxu|*v Uhyhqxhv/ H{shqglwxuhv/ dqg
Ghew

Wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq wkh Xqlwhg Vwdwhv krogv vhyhudo kxqguhg
eloolrq grooduv ri erqgv lvvxhg e| wkh Wuhdvxu|1 Ehfdxvh wkhvh erqgv duh
oldelolwlhv ri wkh Wuhdvxu| dqg dvvhwv ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ lw lv
lpsruwdqw wr wuhdw wkh Wuhdvxu| dqg Vrfldo Vhfxulw| v|vwhp vhsdudwho|1 Lq
wklv vhfwlrq L vshfli| wkh Wuhdvxu|*v ehkdylru1

Wkh exgjhw frqvwudlqw ri wkh Wuhdvxu| lv

î|n� ' o|î| nC| ý A A| +4:,

zkhuh î| lv wkh dprxqw ri Wuhdvxu| ghew rxwvwdqglqj dw wkh hqg ri shulrg
|ý� +htxlydohqwo|/ wkh ehjlqqlqj ri shulrg |,/ o| lv wkh jurvv udwh ri uhwxuq rq
wkhvh erqgv/ C| lv wkh Wuhdvxu|*v h{shqglwxuh rq sxufkdvhv ri frqvxpswlrq
jrrgv< gxulqj shulrg |/ dqg/ dv lq vhfwlrq 5/ A A| lv wkh wd{ uhyhqxh froohfwhg
iurp |rxqj frqvxphuv e| wkh Wuhdvxu| gxulqj shulrg |1

D vlpsoh dssurdfk wr prgholqj ?vfdo srolf| lv wr dvvxph wkdw jryhuqphqw
sxufkdvhv/ C|/ dqg Wuhdvxu| wd{hv/ A A| / duh hdfk sursruwlrqdo wr djjuhjdwh
rxwsxw/ ø|g|/ dqg wkhq wr ohw wkh vwrfn ri Wuhdvxu| ghew hyroyh dffruglqj wr
htxdwlrq +4:,1 Krzhyhu/ lq wkh idfh ri vwrfkdvwlf vkrfnv wr ø|/ wkh vwrfn ri
ghew frxog ehfrph duelwudulo| odujh ru duelwudulo| vpdoo +lqghhg qhjdwlyh dqg
odujh lq devroxwh ydoxh,1 Wkhuhiruh/ L zloo prgli| wkh vlpsoh dvvxpswlrqv ri
sursruwlrqdo jryhuqphqw sxufkdvhv dqg wd{hv vr wkdw sxufkdvhv duh uhgxfhg
dqg2ru wd{hv duh lqfuhdvhg li wkh vwrfn ri ghew lv deryh vrph wdujhw ohyho1
Vlploduo|/ li wkh vwrfn ri ghew lv ehorz wkh wdujhw/ wkhq sxufkdvhv duh lqfuhdvhg
dqg2ru wd{hv duh fxw1

Wr phdvxuh wkh vl}h ri wkh Wuhdvxu|*v ghew uhodwlyh wr wkh vl}h ri wkh
hfrqrp|/ gh?qh K|n� ì î|n�

g|n�
dv wkh udwlr ri Wuhdvxu| ghew wr wkh djjuhjdwh

fdslwdo vwrfn143 Ohw q eh wkh 4wdujhw4 ydoxh ri K|n�1 L kdyh sxw wkh zrug
4wdujhw4 lq txrwdwlrq pdunv ehfdxvh wkh Wuhdvxu| grhv qrw olwhudoo| dlp wr
vhw K|n� htxdo wr q1 Wkh Wuhdvxu| pryhv wkh ydoxh ri K|n� wrzdug q dffruglqj

<L dvvxph wkdw doo fdslwdo irupdwlrq lq wkh hfrqrp| lv grqh e| wkh sulydwh vhfwru/ vr
wkdw doo ri wkh Wuhdvxu|*v h{shqglwxuh rq jrrgv lv iru frqvxpswlrq jrrgv1

43Wkh vl}h ri d frxqwu|*v ghew lv riwhq h{suhvvhg dv d ghew0JGS udwlr/ Ew\w / zklfk lv
Ew

DwNw

lq wklv prgho1 Wkh phdvxuh L xvh lq wklv sdshu lv sursruwlrqdo wr Ew
DNw

zklfk lv wkh udwlr

ri ghew wr 4wuhqg4 JGS/ DNw1
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wr wkh iroorzlqj srolf| ixqfwlrq

K|n� ý q ' 4î EK| ý qä n 4ø E} ý ôä
ý
ø| ý ø

ü
+4;,

zkhuh 4î è f dqg 4ø è f duh sdudphwhuv jryhuqlqj wkh hyroxwlrq ri wkh
ghew0fdslwdo udwlr K|/ dqg ô dqg } duh sdudphwhuv uhodwhg wr Wuhdvxu| wd{hv
dqg sxufkdvhv dv ghvfulehg ehorz1

Li Wuhdvxu| wd{hv zhuh A A| ' ôø|g| dqg li jryhuqphqw sxufkdvhv zhuh
C| ' }ø|g|/ wkhq E} ý ôä ýø| ýøüg| zrxog eh wkh dprxqw e| zklfk qhw
jryhuqphqw h{shqglwxuhv +l1h1/ jryhuqphqw sxufkdvhv ohvv wd{hv, lq shulrg
| h{fhhg wkh dprxqw wkdw zdv h{shfwhg dw wkh hqg ri wkh suhylrxv shulrg
+zkhq g| zdv nqrzq,1 Wkh Wuhdvxu| fdq uhvsrqg wr xqh{shfwhg qhw h{shq0
glwxuhv e| lqfuhdvlqj wd{hv/ uhgxflqj jryhuqphqw sxufkdvhv/ ru lqfuhdvlqj lwv
rxwvwdqglqj ghew1 Li wkh Wuhdvxu| frpsohwho| lqvxodwhv wkh vl}h ri lwv ghew
iurp xqh{shfwhg vkrfnv e| fkdqjlqj wd{hv dqg jryhuqphqw sxufkdvhv dssur0
suldwho|/ wkhq 4ø @ 3 lq htxdwlrq +4;,1 Dowhuqdwlyho|/ li 4ø : 3/ wkhq wkh
Wuhdvxu| ?qdqfhv dw ohdvw sduw ri xqh{shfwhg qhw h{shqglwxuhv e| lqfuhdvlqj
lwv ghew1

Ohw (| eh wkh sulpdu| gh?flw lq shulrg |1 Vlqfh wkh sulpdu| gh?flw lv wkh
dprxqw e| zklfk jryhuqphqw sxufkdvhv +zklfk gr qrw lqfoxgh lqwhuhvw sd|0
phqwv rq jryhuqphqw ghew, h{fhhg wd{hv/ wkh Wuhdvxu|*v exgjhw frqvwudlqw
lq htxdwlrq +4:, lpsolhv

(| ' C| ý A A| ' î|n� ý o|î|é +4<,

Wkh Wuhdvxu| srolf| ixqfwlrq lq htxdwlrq +4;, lpsolhv d ydoxh iru wkh
sulpdu| gh?flw1 Pxowlso|lqj erwk vlghv ri htxdwlrq +4;, e| g|n�/ vxevwl0
wxwlqj wkh uhvxowlqj h{suhvvlrq iru î|n� lq htxdwlrq +4<,/ dqg uhfdoolqj wkdw
î| ' K|g| |lhogv

(| '
û
q n 4î EK| ý qä n 4ø E} ý ô ä

ý
ø| ýø

üú
g|n� ý o|K|g|é +53,

Jlyhq wkh ydoxh ri wkh sulpdu| gh?flw lq htxdwlrq +53,/ wkh ydoxhv ri C| dqg
A A| vwloo qhhg wr eh ghwhuplqhg1 Wr wkh h{whqw wkdw(| lq htxdwlrq +53, gl>huv
iurp E} ý ô äø|g|/ jryhuqphqw sxufkdvhv dqg2ru wd{hv qhhg wr eh dgmxvwhg1
L lqwurgxfh d 4wd{ uhvsrqvlyhqhvv4 sdudphwhu b wr ghwhuplqh krz pxfk ri wkh
uhtxluhg dgmxvwphqw lq C| ý A A| lv dfklhyhg e| dgmxvwlqj wd{hv1 Zkhqhyhu
wkhuh lv d jds ehwzhhq (| dqg E} ý ôäø|g|/ d iudfwlrq b +f é b é �, ri wklv
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jds lv forvhg e| fkdqjlqj wd{hv/ dqg d iudfwlrq � ý b lv forvhg e| fkdqjlqj
jryhuqphqw sxufkdvhv1 Vshfl?fdoo|/

A A| ' ôø|g| ý b d(| ý E} ý ô äø|g|o +54,

dqg

C| ' }ø|g| n E�ý bä d(| ý E} ý ô äø|g|o é +55,

Wkh dprxqw ri wd{hv froohfwhg e| wkh Wuhdvxu| fdq eh uhzulwwhq e| vxevwl0
wxwlqj htxdwlrq +53, lqwr htxdwlrq +54, wr rewdlq44

A A| ' dE�ý bä ô n b}oø|g| n bo|K|g| +56,

ýb ûq n 4î EK| ý qä n 4ø E} ý ô ä
ý
ø| ýø

üú
g|n�é

Wkh h{suhvvlrq iru Wuhdvxu| wd{ uhyhqxh lq htxdwlrq +56, fdq eh vlpsol?hg
lq vshfldo fdvhv1 Iru lqvwdqfh/ li wkh wd{ uhvsrqvlyh sdudphwhu b htxdov }hur/
wkh Wuhdvxu|*v wd{ uhyhqxh lv vlpso| A A| ' ôø|g|145 Lq wklv fdvh/ dq|
jds ehwzhhq wkh sulpdu| gh?flw dqg E} ý ô äø|g| lv forvhg frpsohwho| e|
dgmxvwlqj jryhuqphqw sxufkdvhv1

7 Wkh Vrfldo Vhfxulw| V|vwhp
Wkh Vrfldo Vhfxulw| v|vwhp froohfwv wd{hv iurp |rxqj shrsoh dqg sd|v ehqh?wv
wr rog shrsoh1 Dq| h{fhvv ri wd{hv ryhu ehqh?wv lv dgghg wr wkh Vrfldo
Vhfxulw| Wuxvw Ixqg/ dqg dq| h{fhvv ri ehqh?wv ryhu wd{hv lv sdlg iurp wkh
Vrfldo Vhfxulw| Wuxvw Ixqg1

Ohw 7| eh wkh ydoxh ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg dw wkh ehjlqqlqj ri
shulrg |1 Fxuuhqwo| lq wkh Xqlwhg Vwdwhv/ wkh Vrfldo Vhfxulw| Wuxvw Ixqg lv
lqyhvwhg hqwluho| lq Wuhdvxu| erqgv zklfk sd| d udwh ri uhwxuq o|1 Krzhyhu/
wkhuh duh sursrvdov wr lqyhvw sduw ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq htxlwlhv/
zklfk duh prghohg dv ulvn| fdslwdo lq wklv sdshu1 Wr dffrxqw iru wklv srvvleoh
fkdqjh/ ohw g7

| eh wkh dprxqw ri ulvn| fdslwdo khog e| wkh Vrfldo Vhfxulw|

44Jryhuqphqw sxufkdvhv fdq eh uhzulwwhq dv Jw @ ^èj . +4ý è, á `DwNw ý
+4ý è, uwewNw . +4ý è,

û
ñ . ãE +ew ý ñ, . ãD +j ý á,

ý
Dw ýD

üú
Nw.4=

45Rqh pljkw wklqn ri wklv fdvh dv ehlqj rqh ri frpsohwh wd{ vprrwklqj e| wkh Wuhdvxu|/
wkrxjk lw pxvw eh qrwhg wkdw vlqfh doo wd{hv duh oxps0vxp/ wkh xvxdo dujxphqw iru wd{
vprrwklqj grhv qrw dsso| khuh1
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Wuxvw Ixqg dw wkh ehjlqqlqj ri shulrg |/ dqg gh?qh ò7c| ì g7
|

7|
è f dv wkh

iudfwlrq ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lqyhvwhg lq ulvn| fdslwdo zlwk d
udwh ri uhwxuq -|1 Wkh frqglwlrq ò7c| è f uxohv rxw wkh srvvlelolw| wkdw wkh
Vrfldo Vhfxulw| Wuxvw Ixqg wdnhv d vkruw srvlwlrq lq ulvn| sk|vlfdo fdslwdo1

Ohw î7| eh wkh ydoxh ri ulvnohvv erqgv khog e| wkh Vrfldo Vhfxulw| Wuxvw
Ixqg dw wkh ehjlqqlqj ri shulrg |/ dqg qrwh wkdw �ýò7c| ' î7|

7|
lv wkh iudfwlrq

ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lqyhvwhg lq ulvnohvv erqgv1 Wkh udwh ri
uhwxuq rq wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ -7| / lv

-7| ì
ý
�ý ò7c|

ü
o| n ò7c|-|é +57,

Wkh exgjhw frqvwudlqw ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lv

7|n� ' -
7
| 7| n A

7
| ý'|é +58,

L kdyh ghvfulehg wkh ehkdylru ri Vrfldo Vhfxulw| ehqh?wv/ '|/ dqg wkh udwh ri
uhwxuq -7| 1 Wr frpsohwh wkh ghvfulswlrq ri wkh ehkdylru ri wkh Vrfldo Vhfxulw|
v|vwhp L pxvw hlwkhu vshfli| wkh ehkdylru ri Vrfldo Vhfxulw| wd{hv/ A 7| / ru wkh
hyroxwlrq ri wkh vl}h ri wkh wuxvw ixqg 7|1 L zloo vshfli| wkh hyroxwlrq ri 7|/
dqg wkxv A 7| zloo eh ghwhuplqhg dv d uhvlgxdo iurp htxdwlrq +58,146

Gh?qh r| ì 7|
g|

dv wkh udwlr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg wr wkh
djjuhjdwh fdslwdo vwrfn/ dqg ohw j eh wkh 4wdujhw4 ydoxh ri r|1 Wkh Vrfldo
Vhfxulw| v|vwhp grhv qrw dlp wr vhw r| htxdo wr j lq hyhu| shulrg/ exw lw wulhv
wr suhyhqw r| iurp zdqghulqj wrr idu iurp j e| dgkhulqj wr wkh iroorzlqj
srolf| ixqfwlrq

r|n� ý j ' 47 Er| ý jä n 4-
í
-7| ý-7|

ì
r| +59,

46L kdyh vshfl?hg wkh Vrfldo Vhfxulw| v|vwhp dv d sd|0dv0|rx0jr gh?qhg0ehqh?w v|vwhp/
exw wkh iudphzrun lv  h{leoh hqrxjk wr prgho d ixoo|0ixqghg gh?qhg0frqwulexwlrq v|vwhp
lq zklfk wkh Vrfldo Vhfxulw| wd{hv froohfwhg iurp zrunhuv duh sodfhg lq wkh Vrfldo Vhfxulw|
Wuxvw Ixqg1 D ixoo|0ixqghg gh?qhg0frqwulexwlrq v|vwhp fdq eh prghohg e| vshfli|lqj
wkh dprxqw wd{hv froohfwhg iurp zrunhuv/ WVw / dqg wkh iudfwlrq ri wkh Vrfldo Vhfxulw| Wuxvw
Ixqg lqyhvwhg lq ulvn| fdslwdo/ ðV>w.41 Wkh vl}h ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg dw
wkh ehjlqqlqj ri shulrg w . 4 lv Vw.4 @ WVw / dqg wkh Vrfldo Vhfxulw| ehqh?wv lq shulrg
w . 4 duh Tw.4 @ UVw.4Vw.4 @

ý
4ý ðV>w.4

ü
uw.4Vw.4 . ðV>w.4Uw.4Vw.41 Frpsdulqj wklv

h{suhvvlrq iru Vrfldo Vhfxulw| ehqh?wv wr wkh h{suhvvlrq lq htxdwlrq +;,/ dqg uhfdoolqj wkdw

Vw.4 @ vw.4Nw.4/ lpsolhv wkh iroorzlqj ydoxhv iru ë3 dqg ë4= ë3 @
+4ýðV>w.4,uw.4vw.4

+4ýò,D dqg

ë4 @
òðV>w.4vw.4

4ýò 1 D ixoo|0ixqghg gh?qhg0frqwulexwlrq Vrfldo Vhfxulw| v|vwhp kdv qr h>hfw
rq wkh htxloleulxp ulvnohvv lqwhuhvw udwh +vhh irrwqrwh 47, ru rq wkh jurzwk udwh ri fdslwdo
+vhh irrwqrwh 4<,1
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zkhuh -
7

| ì
ý
�ý ò7c|

ü
o| n ò7c|- lv wkh h{shfwhg ydoxh ri -7| frqglwlrqdo rq

lqirupdwlrq dydlodeoh dw wkh hqg ri shulrg |ý �/ dqg 47 è f dqg 4- è f duh
frqvwdqwv wkdw sdudphwul}h wkh hyroxwlrq ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg
uhodwlyh wr wkh fdslwdo vwrfn1 Li 4- ' f/ wkh vl}h ri wkh Vrfldo Vhfxulw| Wuxvw
Ixqg lv frpsohwho| lqvxodwhg iurp vkrfnv wr wkh udwh ri uhwxuq/ -7| 1 Lq wklv
fdvh/ wkh udwlr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg wr wkh fdslwdo vwrfn/ r|n�/ lv
dozd|v htxdo wr wkh wdujhw ydoxh j1 Li 4- : f/ wkhq zkhq wkh uhwxuq rq wkh
Vrfldo Vhfxulw| Wuxvw Ixqg/ -7| / lv kljkhu wkdq h{shfwhg/ dw ohdvw sduw ri wkh
xqh{shfwhg uhwxuq lv xvhg wr lqfuhdvh wkh vl}h ri wkh Vrfldo Vhfxulw| Wuxvw
Ixqg1 Wkh sdudphwhu 47 phdvxuhv wkh shuvlvwhqfh ri fkdqjhv lq wkh udwlr r|1

Wkh dprxqw ri Vrfldo Vhfxulw| wd{hv/ A 7| / lv ghwhuplqhg dv d uhvlgxdo iurp
htxdwlrq +58,1 Vxevwlwxwlqj htxdwlrq +59, lqwr htxdwlrq +58,/ xvlqj htxdwlrq
+57,/ dqg vroylqj iru A7| |lhogv

A 7| ' '| ý-7| r|g| n
û
j n 47 Er| ý jä n 4-ò7c|

ý
-| ý-

ü
r|
ú
g|n�é +5:,

8 Jhqhudo Htxloleulxp
Qrz wkdw L kdyh vshfl?hg wkh ehkdylru ri ?upv/ lqglylgxdov/ wkh Wuhdvxu|/
dqg wkh Vrfldo Vhfxulw| v|vwhp/ L zloo dqdo|}h wkh jhqhudo htxloleulxp wkdw
dulvhv zkhq wkhvh hfrqrplf dfwruv lqwhudfw lq fdslwdo pdunhwv1 Wkh g|qdplf
jhqhudo htxloleulxp ghvfulehv wkh htxloleulxp hyroxwlrq ri irxu hqgrjhqrxv
yduldeohv= wkh ulvnohvv lqwhuhvw udwh o|/ wkh djjuhjdwh fdslwdo vwrfn g|/ wkh
ghew0fdslwdo udwlr K|/ dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg0fdslwdo udwlr r|1
Wkh g|qdplf ehkdylru ri wkhvh irxu yduldeohv lv jryhuqhg e| d qrqolqhdu
gl>huhqfh htxdwlrq v|vwhp wkdw lv uhfxuvlyh1 Jlyhq wkh ydoxhv ri o|/ g|/ K|/
r|/ dqg wkh h{rjhqrxv yduldeoh ø| +dqg wkh lpsolhg ydoxh ri -|,/ wkh ydoxh ri
K|n� lv ghwhuplqhg e| wkh Wuhdvxu| srolf| ixqfwlrq lq htxdwlrq +4;,/ dqg wkh
ydoxh ri r|n� lv ghwhuplqhg e| wkh Vrfldo Vhfxulw| srolf| ixqfwlrq lq htxdwlrq
+59,1 Dv L zloo vkrz ehorz/ wkh htxloleulxp ydoxh ri o|n� lv ghwhuplqhg e|
wkh rswlpdo sruwirolr vkduhv xvlqj wkh ydoxhv ri K|n� dqg r|n�1 Ilqdoo|/ wkh
ydoxh ri g|n� lv ghwhuplqhg xvlqj rswlpdo vdylqj ehkdylru dqg wkh ydoxhv ri
o|n�/ K|n�/ dqg r|n�1

L frqvlghu d forvhg hfrqrp| vr wkdw doo ri wkh erqgv lvvxhg e| wkh Wuhd0
vxu|/ î|n�/ duh khog e| hlwkhu wkh grphvwlf sulydwh vhfwru/ zklfk krogv wkh
dprxqw îå|n�/ ru e| wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ zklfk krogv wkh dprxqw
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ü
7|n�é +5;,

Vlploduo|/ doo ri wkh fdslwdo lq wkh hfrqrp|/ g|n�/ lv khog hlwkhu e| wkh gr0
phvwlf sulydwh vhfwru/ zklfk krogv wkh dprxqw gå

|n�/ ru e| wkh Vrfldo Vhfxulw|
Wuxvw Ixqg/ zklfk krogv ò7c|n�7|n�1 Wkhuhiruh/

gå
|n� ' g|n� ý ò7c|n�7|n�é +5<,

L zloo uhvwulfw dwwhqwlrq wr htxloleuld lq zklfk wkh dprxqw ri Wuhdvxu| ghew
rxwvwdqglqj/ î|/ lv srvlwlyh/ wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ 7|/ lv qrqqhjd0
wlyh/ dqg |rxqj frqvxphuv krog srvlwlyh dprxqwv ri erwk erqgv dqg fdslwdo
lq wkhlu sruwirolrv1 Vlqfh ò7c|n� è f/ htxdwlrq +5;, lpsolhv wkdw d vx!flhqw
frqglwlrq iru |rxqj frqvxphuv wr kdyh srvlwlyh kroglqjv ri erqgv lv

K|n� : r|n�é +63,

Htxdwlrq +5<, lpsolhv wkdw |rxqj frqvxphuv zloo kdyh srvlwlyh kroglqjv ri
ulvn| fdslwdo lq htxloleulxp li

ò7c|n�r|n� ÷ �é +64,

Khqfhiruwk/ L zloo dvvxph wkdw wkh frqglwlrqv lq htxdwlrqv +63, dqg +64, krog
iru doo |1

814 Wkh Htxloleulxp Ulvnohvv Lqwhuhvw Udwh

Wkh htxloleulxp ulvnohvv lqwhuhvw udwh lv ghwhuplqhg e| wkh rswlpdo sruwirolr
vkduhv1 Lw iroorzv iurp htxdwlrqv +48, dqg +49, wkdw

ò Eo|n�ä

ë
îå|n� n

wf E�ý käøg|n�

o|n�

ê
' d�ý ò Eo|n�äo

ë
gå
|n� n w�

�ý k
k

g|n�

ê
é

+65,

Xvlqj htxdwlrqv +5;, dqg +5<,/ dqg wkh gh?qlwlrqv K|n� ì î|n�
g|n�

dqg r|n� ì
7|n�
g|n�

/ htxdwlrq +65, fdq eh uhzulwwhq dv

f ' ò Eo|n�ä

ë
� n K|n� ý r|n� n wf E�ý käø

o|n�
n w�

�ý k
k

ê
+66,

ý� n ò7c|n�r|n� ý w�
�ý k
k

1
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Htxdwlrq +66, ghwhuplqhv wkh htxloleulxp ulvnohvv lqwhuhvw udwh o|n�147 Do0
whuqdwlyho|/ lw fdq eh vroyhg wr rewdlq wkh htxloleulxp ydoxh ri ò Eo|n�ä zklfk
lv

ò Eo|n�ä '
� n w�

�3k
k
ý ò7c|n�r|n�

� n w�
�3k
k

n K|n� ý r|n� n wfE�3käø
o|n�

é +67,

Htxdwlrq +67, dorqj zlwk wkh frqglwlrqv lq htxdwlrqv +63, dqg +64, lpso|

Sursrvlwlrq 4 Lq htxloleulxp/ f ÷ ò Eo|n�ä ÷ �é

Wklv sursrvlwlrq vwdwhv wkdw lq htxloleulxp |rxqj frqvxphuv krog srvlwlyh
dprxqwv ri ulvn| dvvhwv lq wkhlu sruwirolrv1 Lw lv zhoo0nqrzq wkdw dq rswlpdo
sruwirolr zloo lqfoxgh srvlwlyh kroglqjv ri ulvn| dvvhwv rqo| li wkh h{shfwhg
udwh ri uhwxuq rq ulvn| dvvhwv lv juhdwhu wkdq wkh ulvnohvv udwh ri uhwxuq148

Wkxv/ Sursrvlwlrq 4 lpsolhv wkh iroorzlqj fruroodu|1

Fruroodu| 4 Lq htxloleulxp/ o|n� ÷ -1

Wkh iroorzlqj sursrvlwlrq/ zklfk lv suryhg lq Dsshqgl{ F/ ghvfulehv wkh
surshuwlhv ri wkh htxloleulxp ulvnohvv udwh ri uhwxuq gh?qhg lpsolflwo| lq htxd0
wlrq +66,1

Sursrvlwlrq 5 Vxssrvh wkdw òâ Eo|n�ä ÷ f149 Ohw o
ý
K|n�c r|n�c ò7c|n�c wfc w�

ü
eh wkh xqltxh ydoxh ri o|n� wkdw vdwlv?hv htxdwlrq +66,1 Wkhq

47Lq d ixoo|0ixqghg gh?qhg0frqwulexwlrq v|vwhp/ ë3+4ýò,D
uw.4

. ë4
4ýò
ò @ vw.4/ dqg

ë4
4ýò
ò @ ðV>w.4vw.4/ dv pd| eh yhul?hg xvlqj wkh h{suhvvlrqv iru ë3 dqg ë4 lq irrwqrwh

461 Lq wklv fdvh/ wkh htxloleulxp frqglwlrq iru wkh ulvnohvv lqwhuhvw udwh lq htxdwlrq +66,
ehfrphv 3 @ ð +uw.4, +4 . ew.4, ý 4/ zklfk lpsolhv wkdw wkh htxloleulxp ulvnohvv lqwhuhvw
udwh lv lqghshqghqw ri fkdqjhv lq wkh vl}h ru sruwirolr doorfdwlrq ri d ixoo|0ixqghg gh?qhg0
frqwulexwlrq Vrfldo Vhfxulw| v|vwhp1

48Iru dq| vwulfwo| lqfuhdvlqj/ vwulfwo| frqfdyh ixqfwlrq x + , > x3 +u . ð +Uý u,, +Uý u, ?
x3 +u, +Uý u, li U ý u 9@ 3 dqg ð A 3= Wkxv/ iru qrqghjhqhudwh glvwulexwlrqv
ri U/ H ix3 +u . ð +Uý u,, +Uý u,j ? x3 +u,H iUý uj = Wkhuhiruh/ li H iUj é u>
H ix3 +u . ð +Uý u,, +Uý u,j ? 3/ dqg wkh frqglwlrq iru wkh rswlpdo ydoxh ri ð/
H ix3 +u . ð +Uý u,, +Uý u,j @ 3/ fdqqrw krog1 Wkxv/ lq rughu iru wkh rswlpdo ydoxh
ri ð wr eh srvlwlyh/ H iUj pxvw h{fhhg u1

49Dv vkrzq lq Dsshqgl{ E/ wkh frqglwlrq ð3 +uw.4, ? 3 krogv li ! é 41 Li ! A 4/ wkhq
ð3 +uw.4, pd| qrw eh qhjdwlyh iru vrph ydoxhv ri uw.4/ vr wkh surri ri xqltxhqhvv grhv qrw
krog1 Qhyhuwkhohvv/ wkh h>hfwv rq uw.4 ri fkdqjhv lq ew.4/ vw.4/ ðV>w.4/ ë3/ dqg ë4 lq wklv
sursrvlwlrq krog iru dq| vroxwlrq wr htxdwlrq +66, iru zklfk ð3 +uw.4, ? 31 Dv phqwlrqhg
lq irrwqrwh ;/ wklv frqglwlrq krogv iru doo fdvhv lq Wdeohv 4/ 5/ dqg 61
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Ehiruh lqwhusuhwlqj wkh ydulrxv h>hfwv lq Sursrvlwlrq 5/ lw lv zruwk uh0
fdoolqj wkdw vlqfh wkh ulvn| udwh ri uhwxuq -|n� lv lqyduldqw wr srolf| lq wklv
prgho/ dq| fkdqjh lq wkh ulvnohvv lqwhuhvw udwh lv htxlydohqw wr d fkdqjh lq
wkh htxlw| suhplxp ri wkh vdph pdjqlwxgh exw lq wkh rssrvlwh gluhfwlrq1

Dq lqfuhdvh lq K|n�/ wkh udwlr ri Wuhdvxu| erqgv wr wkh fdslwdo vwrfn/
lqfuhdvhv wkh htxloleulxp lqwhuhvw udwh lq rughu wr lqgxfh sulydwh lqyhvwruv wr
ghyrwh d odujhu vkduh ri wkhlu sruwirolrv wr ulvnohvv erqgv1 Vlploduo|/ li wkh
Vrfldo Vhfxulw| Wuxvw Ixqg kdv d srvlwlyh edodqfh +r|n� : f, dqg vhoov vrph
ulvnohvv erqgv lq h{fkdqjh iru vwrfn/ wkhuhe| lqfuhdvlqj ò7c|n�/ wkh htxloleulxp
lqwhuhvw udwh rq erqgv pxvw lqfuhdvh lq rughu iru sulydwh lqyhvwruv wr eh zloolqj
wr krog d kljkhu udwlr ri erqgv wr vwrfnv gluhfwo| lq wkhlu rzq sruwirolrv14:

Wkh h>hfw ri dq lqfuhdvh lq wkh vl}h ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg/
uhsuhvhqwhg dv dq lqfuhdvh lq r|n�/ ghshqgv rq wkh vljq ri ò7c|n�ýò Eo|n�ä1 Li
wkh vkduh ri wkh Vrfldo Vhfxulw| Wuxvw khog lq ulvn| fdslwdo +ò7c|n�, lv vpdoohu
wkdq wkh vkduh ri sulydwh sruwirolrv khog lq ulvn| fdslwdo/ dv lv wkh fdvh lq wkh
Xqlwhg Vwdwhv zkhuh ò7c|n� ' f/ wkhq dq lqfuhdvh lq wkh vl}h ri wkh Vrfldo
Vhfxulw| Wuxvw Ixqg/ r|n�/ h>hfwlyho| uhgxfhv wkh udwlr ri ulvnohvv erqgv wr
ulvn| fdslwdo dydlodeoh wr sulydwh lqyhvwruv1 Lq rughu iru wkhvh lqyhvwruv wr
zloolqjo| uhgxfh wkh udwlr ri ulvnohvv erqgv wr ulvn| fdslwdo lq wkhlu sruwirolrv/
wkh ulvnohvv lqwhuhvw udwh pxvw idoo1

Wkh 4uhsodfhphqw udwhv4 wf dqg w� kdyh rssrvlwh h>hfwv rq wkh htxloleulxp
ulvnohvv lqwhuhvw udwh1 Dq lqfuhdvh lq wf lqfuhdvhv wkh ulvnohvv frpsrqhqw ri wkh
Vrfldo Vhfxulw| ehqh?w wkdw |rxqj shrsoh dqwlflsdwh dqg h>hfwlyho| lqfuhdvhv
wkh kroglqj ri ulvnohvv dvvhwv e| |rxqj shrsoh1 Lq rughu iru wkhvh shrsoh
wr eh zloolqj wr lqfuhdvh wkhlu ulvnohvv kroglqjv/ wkh ulvnohvv lqwhuhvw udwh
pxvw lqfuhdvh1 Krzhyhu/ dq lqfuhdvh lq w� lqfuhdvhv wkh ulvn| frpsrqhqw ri
wkh Vrfldo Vhfxulw| ehqh?w wkdw |rxqj frqvxphuv dqwlflsdwh dqg h>hfwlyho|

4:Uhfdoo wkdw wkh Vrfldo Vhfxulw| v|vwhp dqdo|}hg khuh lv d gh?qhg0ehqh?w v|vwhp/ vr
wkh fkdqjh lq wkh sruwirolr doorfdwlrq ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg grhv qrw d>hfw wkh
fodlpv rq ixwxuh Vrfldo Vhfxulw| ehqh?wv khog e| zrunhuv1

4:



lqfuhdvhv wkh kroglqj ri ulvn| dvvhwv lq sulydwh sruwirolrv1 Wkh ulvnohvv lqwhuhvw
udwh pxvw idoo lq rughu wr lqgxfh frqvxphuv wr eh zloolqj wr krog dq lqfuhdvhg
vkduh ri ulvn| dvvhwv lq wkhlu sruwirolrv1

Wkh htxloleulxp frqglwlrq lq htxdwlrq +66, looxvwudwhv wkh h{whqw wr zklfk
wkh vhsdudwh edodqfh vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw
Ixqg fdq eh frqvrolgdwhg iru wkh sxusrvh ri ghwhuplqlqj wkh htxloleulxp
ulvnohvv lqwhuhvw udwh1 Lqvshfwlrq ri htxdwlrq +66, lpsolhv wkh iroorzlqj sursr0
vlwlrq1

Sursrvlwlrq 6 Iru wkh sxusrvh ri ghwhuplqlqj wkh htxloleulxp ulvnohvv lq0
whuhvw udwh/ doo ri wkh lqirupdwlrq rq wkh edodqfh vkhhwv ri wkh Wuhdvxu| dqg
wkh Vrfldo Vhfxulw| Wuxvw Ixqg lv fdswxuhg e| D|n� ì K|n�ý r|n�n ò7c|n�

òEo|n�ä
r|n�1

Fruroodu| 5 Li ò7c|n� ' f/ wkhq wkh h>hfwv ri K|n� dqg r|n� rq wkh ulvnohvv
lqwhuhvw udwh duh fdswxuhg hqwluho| e| K|n� ý r|n�1

Li ò7c|n� ' f/ dv lv fxuuhqwo| wkh fdvh lq wkh Xqlwhg Vwdwhv/ wkh Vrfldo Vhfx0
ulw| Wuxvw Ixqg lv khog hqwluho| lq ulvnohvv erqgv1 Lq wklv fdvh/ iru wkh sxusrvh
ri ghwhuplqlqj wkh htxloleulxp ulvnohvv lqwhuhvw udwh/ wkh edodqfh vkhhwv ri wkh
Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg fdq eh frqvrolgdwhg1 Wkh rqo|
lqirupdwlrq qhhghg iurp wkh vhsdudwh edodqfh vkhhwv ri wkhvh hqwlwlhv lv wkh
qhw dprxqw ri erqgv/ qrupdol}hg e| wkh djjuhjdwh fdslwdo vwrfn/ K|n�ý r|n�/
lvvxhg e| wkh frqvrolgdwhg hqwlw|1 Krzhyhu/ hyhq lq wklv fdvh/ wkh edodqfh
vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg fdqqrw/ lq jhqhudo/
eh frqvrolgdwhg iru wkh sxusrvh ri ghwhuplqlqj wkh jurzwk udwh ri wkh fdslwdo
vwrfn1 +Vhh Sursrvlwlrq 7 lq vxevhfwlrq 815 iru wkh pruh vwulqjhqw frqgl0
wlrqv xqghu zklfk wkhvh edodqfh vkhhwv fdq eh frqvrolgdwhg iru wkh sxusrvh
ri ghwhuplqlqj wkh jurzwk udwh ri wkh fdslwdo vwrfn1,

Fruroodu| 6 Li ò7c|n� ' ò Eo|n�ä/ wkhq wkh h>hfwv ri K|n� dqg r|n� rq wkh
ulvnohvv lqwhuhvw udwh duh fdswxuhg hqwluho| e| K|n�1

Dffruglqj wr wklv fruroodu|/ li wkh Vrfldo Vhfxulw| Wuxvw Ixqg pdlqwdlqv
d ulvn| sruwirolr vkduh ò7c|n� htxdo wr wkh vkduh ri ulvn| dvvhwv lq sulydwh
sruwirolrv/4; ò Eo|n�ä/ wkh htxloleulxp lqwhuhvw udwh lv lqghshqghqw ri wkh vl}h

4;Uhfdoo wkdw ð +uw.4, lv wkh vkduh ri ulvn| dvvhwv/ zklfk lqfoxgh ulvn| fdslwdo dqg wkh
fodlp rq ulvn| ixwxuh Vrfldo Vhfxulw| ehqh?wv/ lq wkh sruwirolrv ri |rxqj frqvxphuv/ zklfk
frqvlvw ri erqgv/ ulvn| fdslwdo/ dqg wkh ulvnohvv dqg ulvn| frpsrqhqwv ri ixwxuh Vrfldo
Vhfxulw| ehqh?wv1

4;



ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg1 Lq wklv fdvh/ fkdqjhv lq wkh vl}h ri wkh
Vrfldo Vhfxulw| Wuxvw Ixqg kdyh qr h>hfw rq wkh udwlr ri ulvnohvv dvvhwv wr
ulvn| dvvhwv dydlodeoh wr wkh sulydwh vhfwru/ dqg khqfh wkh htxloleulxp ulvnohvv
lqwhuhvw udwh lv xqd>hfwhg e| vxfk fkdqjhv1

815 Wkh Jurzwk Udwh ri wkh Fdslwdo Vwrfn

Lq wklv vxevhfwlrq L xvh wkh rswlpdo vdylqj ehkdylru ri lqglylgxdov/ dorqj
zlwk wkh vdylqj ehkdylru ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| v|vwhp/ wr
ghwhuplqh krz pxfk fdslwdo lv dffxpxodwhg lq wkh hfrqrp|1 Wkhq L zloo
dqdo|}h krz wkh jurzwk udwh ri wkh djjuhjdwh fdslwdo vwrfn lv d>hfwhg e| d
fkdqjh lq wkh sruwirolr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg1

Lq d forvhg hfrqrp|/ wkh erqgv dqg fdslwdo khog e| wkh sulydwh vhfwru/
îå|n�ng

å
|n�/ soxv wkh ydoxh ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ 7|n�/ htxdo wkh

djjuhjdwh fdslwdo vwrfn/ g|n�/ soxv wkh ydoxh ri erqgv lvvxhg e| wkh Wuhdvxu|/
î|n�1 Wklv uhodwlrqvkls fdq eh ghulyhg e| dgglqj htxdwlrqv +5;, dqg +5<,
wr rewdlq

î|n� ng|n� ' î
å
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|n� n 7|n�é +68,

Wkh vl}h ri wkh sruwirolr ri wkh sulydwh vhfwru/ îå|n� ng
å
|n�/ fdq eh fdofx0

odwhg iurp htxdwlrqv +44,/ +48,/ dqg +49, wr rewdlq
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Wkh jurzwk udwh ri wkh fdslwdo vwrfn fdq eh ghwhuplqhg e| vxevwlwxwlqj
htxdwlrq +69, lqwr +68, dqg shuiruplqj d whglrxv vhw ri vxevwlwxwlrqv1 Wr
vwuhdpolqh wkh qrwdwlrq/ gh?qh
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ý ûj n 47 Er| ý jä n 4- ý-| ý-ü ò7c|r|ú

L zloo uhvwulfw dwwhqwlrq wr fdvhv lq zklfk Mf : f dqg M� : f1 Wkrxjk
Mf dqg M� ghi| vlpsoh lqwhusuhwdwlrqv wkdw duh olwhudoo| fruuhfw/ iru wkh vdnh
ri h{srvlwlrq L zloo r>hu orrvh lqwhusuhwdwlrqv1 Wkh whup Mf fdq eh orrvho|
lqwhusuhwhg dv wkh glvsrvdeoh lqfrph ri wkh |rxqj frqvxphuv/53 dqg idfwruv
wkdw lqfuhdvh wkh glvsrvdeoh lqfrph ri wkh |rxqj frqvxphuv whqg wr lqfuhdvh
fdslwdo dffxpxodwlrq1 Wkh whup M� fdq eh orrvho| lqwhusuhwhg dv wkh udwlr ri
qrq0fdslwdo zhdowk khog e| |rxqj frqvxphuv wr wkh djjuhjdwh fdslwdo vwrfn/
zkhuh wkh qrq0fdslwdo zhdowk frqvlvwv ri Wuhdvxu| erqgv dqg fodlpv rq Vrfldo
Vhfxulw| ehqh?wv154 Idfwruv wkdw lqfuhdvh wklv udwlr whqg wr uhgxfh fdslwdo
dffxpxodwlrq1

Lqvshfwlrq ri htxdwlrqv +6<, dqg +73, lpsolhv wkh iroorzlqj sursrvlwlrq
derxw wkh frqvrolgdwlrq ri wkh edodqfh vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo
Vhfxulw| Wuxvw Ixqg1

zkhuh wkh ?uvw htxdolw| iroorzv iurp wkh h{suhvvlrqv iru ë3 dqg ë4 lq irrwqrwh 46/
dqg wkh vhfrqg htxdolw| iroorzv iurp htxdwlrq +8,1 Wkhuhiruh/ K3

ý
uw> ðV>w> $w

ü
@

ï +^4ý òý +4ý è, á ý èj`Dw ý èuwew,1 Xvlqj wkh idfw wkdw ë3+4ýò,D
uw.4

. ë4
4ýò
ò @ vw.4

+vhh irrwqrwh 46, dorqj zlwk wkh Vrfldo Vhfxulw| srolf| ixqfwlrq lq htxdwlrq +59,/
K4
ý
uw.4> ðV>w> $w

ü
@ 4 . ï . +4 . ï ý ïè, ûñ . ãE +ew ý ñ, . ãD +j ý á, ýDw ýDüú1 Vlqfh

erwk K3 dqg K4 duh lqghshqghqw ri sdudphwhuv ri d ixoo|0ixqghg gh?qhg0frqwulexwlrq
Vrfldo Vhfxulw| v|vwhp/ wkh jurzwk udwh ri wkh fdslwdo vwrfn/ Nw.4@Nw @ K3@K4/ lv
lqghshqghqw ri sdudphwhuv ri d vxfk d v|vwhp1

53Pruh suhflvho|/ li vw @ â/ Dw @ D/ dqg ew @ ñ/ wkhq K3Nw @
ï
ý
zw ý WWw ý WVw ý èñNw.4 . âNw.4

ü
1 Li ñ @ â @ 3/ wkhq K3Nw lv vwulfwo| sursruwlrqdo

wr wkh glvsrvdeoh lqfrph ri |rxqj frqvxphuv/ zw ý WWw ý WVw 1
54Pruh suhflvho|/ li è @ 4/ K4 @ 4.ï.

ë3+4ýò,D
uw.4
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ò .ew.4ývw.4/ zkhuh ë3+4ýò,D

uw.4
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ë4
4ýò
ò lv wkh suhvhqw ydoxh ri wkh fodlp rq ixwxuh Vrfldo Vhfxulw| ehqh?wv uhodwlyh wr wkh

djjuhjdwh fdslwdo vwrfn Nw.4/ dqg li ðV>w.4 @ 3/ ew.4 ý vw.4 lv wkh dprxqw ri Wuhdvxu|
erqgv khog e| |rxqj frqvxphuv uhodwlyh wr wkh djjuhjdwh fdslwdo vwrfn1
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Sursrvlwlrq 7 Li ò7c| ' fc b ' �/ dqg 47 ' 4î/ wkhq iru wkh sxusrvh ri
ghwhuplqlqj wkh jurzwk udwh ri wkh fdslwdo vwrfn/ doo ri wkh lqirupdwlrq rq wkh
edodqfh vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg lv fdswxuhg
e| K| ý r|/ dqg wkh lqirupdwlrq frqwdlqhg lq wkh wdujhwv q dqg j lv fdswxuhg
e| q ý j1

Uhfdoo iurp Fruroodu| 5 wkdw li wkh Vrfldo Vhfxulw| Wuxvw Ixqg krogv rqo|
ulvnohvv erqgv/ wkhq iru wkh sxusrvh ri ghwhuplqlqj wkh ulvnohvv lqwhuhvw udwh/
wkh edodqfh vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg fdq eh
frqvrolgdwhg1 Iru wkh sxusrvh ri ghwhuplqlqj wkh o|/ wkh qhw lqghewhgqhvv ri
wkh frqvrolgdwhg hqwlw|/ K|ýr|/ lv d vx!flhqw vwdwlvwlf iru K| dqg r|1 Krzhyhu/
iru wkh sxusrvh ri ghwhuplqlqj wkh jurzwk udwh ri wkh fdslwdo vwrfn/ d pruh
vwulqjhqw vhw ri frqglwlrqv lv uhtxluhg wr eh deoh wr frqvrolgdwh wkh edodqfh
vkhhwv ri wkh Wuhdvxu| dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg1 Lq dgglwlrq wr
ò7c| ' f/ wkh sdudphwhu b pxvw htxdo rqh/ dqg wkh shuvlvwhqfh sdudphwhuv
4î dqg 47 pxvw eh htxdo1 Wkh sdudphwhu b pxvw htxdo rqh ehfdxvh doo dg0
mxvwphqw lq wkh qhw lqfrph ri wkh Vrfldo Vhfxulw| v|vwhp wdnhv sodfh wkurxjk
dgmxvwlqj wkh wd{hv rq wkh |rxqj1 Zlwk b ' �/ doo dgmxvwphqw lq wkh qhw
lqfrph ri wkh Wuhdvxu| zloo dovr wdnh sodfh wkurxjk dgmxvwlqj wd{hv rq wkh
|rxqj1

Wkh iroorzlqj wzr Ohppdv khos suryh dqg lqwhusuhw wkh h>hfwv ri fkdqjhv
lq wkh sruwirolr ri wkh Vrfldo Vhfxulw| v|vwhp rq wkh jurzwk udwh ri wkh fdslwdo
vwrfn1
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Frqvlghu dq lqfuhdvh lq o| wkdw lqfuhdvhv wkh dprxqw ri lqwhuhvw sdlg
e| wkh Wuhdvxu| gxulqj shulrg | e| K| grooduv1 Wklv lqfuhdvh lq o| zloo
lqfuhdvh wkh dprxqw ri lqwhuhvw uhfhlyhg e| wkh Vrfldo Vhfxulw| Wuxvw Ixqg
e|
ý
�ý ò7c|

ü
r| grooduv155 Dffruglqj wr wkh Vrfldo Vhfxulw| srolf| ixqfwlrq lq

htxdwlrq +59,/ wkh Vrfldo Vhfxulw| v|vwhp zloo qrw fkdqjh wkh vl}h ri wkh wuxvw
ixqg lq shulrg |n� dqg wkxv zloo xvh wkh dgglwlrqdo lqwhuhvw hduqlqjv wr uhgxfh
Vrfldo Vhfxulw| wd{hv lq shulrg | e|

ý
�ý ò7c|

ü
r| grooduv1 Dffruglqj wr wkh

Wuhdvxu| srolf| ixqfwlrq lq htxdwlrq +4;,/ wkh Wuhdvxu| zloo qrw fkdqjh wkh
vl}h ri lwv ghew dqg wkxv zloo uhvsrqg wr wkh lqfuhdvhg frvw ri ghew vhuylfh e|
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lqfuhdvlqj wd{hv e| bK| grooduv1 Wdnlqj dffrxqw ri erwk Vrfldo Vhfxulw| wd{hv
dqg Wuhdvxu| wd{hv/ wkh wrwdo wd{hv sdlg e| |rxqj frqvxphuv lq shulrg | idoo
e|
ý
�ý ò7c|

ü
r|ý bK| grooduv/ dqg wkh glvsrvdeoh lqfrph ri |rxqj frqvxphuv

lqfuhdvhv e| wklv dprxqw1 Li
ý
�ý ò7c|

ü
r|ýbK| : f/ wkh lqfuhdvh lq glvsrvdeoh

lqfrph ri |rxqj frqvxphuv lqfuhdvhv Mf dqg lqfuhdvhv wkh vl}h ri sruwirolrv
khog e| |rxqj frqvxphuv1

D fkdqjh lq wkh ulvnohvv lqwhuhvw udwh o|n� d>hfwv M� dv ghvfulehg lq wkh
iroorzlqj ohppd1

Ohppd 5
YM�Eo|n�cò7c|c/|ä

Yo|n�
' ýwfE�3käø

o2|n�
é fé

Li wf : f/ dq lqfuhdvh lq o|n� uhgxfhv suhvhqw ydoxh ri wkh fodlp rq ixwxuh
ulvnohvv Vrfldo Vhfxulw| ehqh?wv khog e| |rxqj frqvxphuv/ wkhuhe| uhgxf0
lqj M�/ wkh udwlr ri qrq0fdslwdo zhdowk wr fdslwdo lq wkh sruwirolrv ri |rxqj
frqvxphuv1

Qrz frqvlghu d fkdqjh lq ò7c|n�/ wkh vkduh ri wkh Vrfldo Vhfxulw| Wuxvw
Ixqg wkdw lv khog lq ulvn| fdslwdo1 Wkh iroorzlqj sursrvlwlrq dssolhv wr d
fkdqjh lq wkh sruwirolr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg dw wkh hqg ri shulrg
| diwhu K|/ r|/ o|/ dqg g| kdyh ehhq ghwhuplqhg1

Sursrvlwlrq 8 Li wf : f dqg r|n� : f/ wkhq _g|n�
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' rð}? Er|n�ä +iurp Sursrvlwlrq 5,1

Dq lqfuhdvh lq ò7c|n� kdv qr gluhfw h>hfw rq hlwkhu Mf
ý
o|c ò7c|c /|

ü
ru

M�
ý
o|n�c ò7c|c /|

ü
1 Krzhyhu/ dq lqfuhdvh lq ò7c|n� lqfuhdvhv wkh ulvnohvv lqwhu0

hvw udwh o|n�/ surylghg wkdw r|n� : f1 Wkh uhvxowlqj lqfuhdvh lq o|n� uhgxfhv
wkh suhvhqw ydoxh ri ulvnohvv Vrfldo Vhfxulw| ehqh?wv zklfk lpsolhv wkdw wkh
suhvhqw ydoxh ri olihwlph uhvrxufhv/ l|/ idoov1 Lq uhvsrqvh wr wkh idoo lq l|/ frq0
vxphuv uhgxfh wkhlu frqvxpswlrq dqg lqfuhdvh wkhlu vdylqj vr wkdw qdwlrqdo
fdslwdo dffxpxodwlrq lqfuhdvhv1

Fruroodu| 7 Li wf ' f ru r|n� ' f/ wkhq _g|n�
_ò7c|n�

m
g|co|c/|

' fé

Wklv fruroodu| lpsolhv/ iru lqvwdqfh/ wkdw li doo Vrfldo Vhfxulw| ehqh?wv duh
ulvn|/ vr wkdw wf ' f/ wkhq d fkdqjh lq wkh sruwirolr ri wkh Vrfldo Vhfxulw|
Wuxvw Ixqg dw wkh hqg ri shulrg | zloo kdyh qr h>hfw rq g|n�1
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81514 Frqvwdqw Jurzwk Sdwkv

L kdyh vkrzq wkdw jlyhq wkh fdslwdo vwrfn g| dqg wkh ulvnohvv lqwhuhvw udwh o|/
dq lqfuhdvh lq wkh ulvn| vkduh ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg/ ò7c|n�/ dw
wkh hqg ri shulrg | lqfuhdvhv wkh ulvnohvv lqwhuhvw udwh o|n� dqg wkh djjuhjdwh
fdslwdo vwrfn g|n� lq wkh iroorzlqj shulrg1 Lq wklv vhfwlrq/ L irfxv rq wkh
orqj0uxq h>hfwv ri d fkdqjh lq wkh sruwirolr doorfdwlrq ri wkh Vrfldo Vhfxulw|
Wuxvw Ixqg1 L zloo irfxv rq frqvwdqw jurzwk sdwkv/ zklfk L gh?qh wr eh
sdwkv dorqj zklfk ò7c| ' ò7 dqg ø| ' ø iru doo |/ vr wkdw -| ' -/ K| ' q/
dqg r| ' j iru doo |156 Dorqj vxfk sdwkv/ wkh ulvnohvv lqwhuhvw udwh dqg wkh
jurzwk udwh ri fdslwdo zloo eh frqvwdqw1 Ohw o ghqrwh wkh frqvwdqw ydoxh
ri wkh ulvnohvv lqwhuhvw udwh dorqj d frqvwdqw jurzwk sdwk/ dqg ohw # eh wkh
frqvwdqw ydoxh ri g|n�

g|
dorqj d frqvwdqw jurzwk sdwk1

Wkh htxloleulxp frqglwlrq iru wkh lqwhuhvw udwh dorqj d frqvwdqw jurzwk
sdwk lv ghulyhg e| vxevwlwxwlqj K|n� ' q dqg r|n� ' j lqwr htxdwlrq +66, wr
rewdlq
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Vlploduo|/ wkh ydoxhv ri Mf dqg M� dorqj d frqvwdqw jurzwk sdwk duh
ghulyhg e| vhwwlqj ò7c| ' ò7/ ø| ' ø/ -| ' -/ K| ' q dqg r| ' j lq htxdwlrqv
+6<, dqg +73, wr rewdlq
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56Ri frxuvh/ frqvxphuv gr qrw nqrz lq dgydqfh wkdw wkh uhdol}dwlrqv ri Dw dqg Uw zloo

dozd|v eh htxdo wr wkhlu uhvshfwlyh h{shfwdwlrqv/ vr wkh| wdnh dffrxqw ri ulvn lq pdnlqj
sruwirolr doorfdwlrq ghflvlrqv1
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zkhuh wkh dvwhulvnv rq MW
f dqg MW

� lqglfdwh wkdw wkhvh whupv duh hydoxdwhg
dorqj d frqvwdqw jurzwk sdwk1

Wkh htxloleulxp frqglwlrq lq htxdwlrq +74, iru wkh ulvnohvv lqwhuhvw udwh
o dorqj d frqvwdqw jurzwk sdwk lv lghqwlfdo +zlwk dssursuldwh uh0odehoolqj ri
yduldeohv, wr wkh htxloleulxp frqglwlrq iru wkh ulvnohvv lqwhuhvw udwh lq htxdwlrq
+66,1 Wkxv/ wkh iroorzlqj fruroodu| wr Sursrvlwlrq 5 ghvfulehv wkh uhvsrqvh
ri wkh ulvnohvv lqwhuhvw udwh wr ydulrxv fkdqjhv dorqj d frqvwdqw jurzwk1

Fruroodu| 8 Vxssrvh wkdw òâ Eoä ÷ f1 Ohw ho Eqc jc ò7c wfc w�ä eh wkh xqltxh
ydoxh ri o wkdw vdwlv?hv htxdwlrq +74,1 Wkhq
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Djdlq uhfdoo wkdw dq| fkdqjh lq wkh ulvnohvv lqwhuhvw udwh lv pdwfkhg e| d
fkdqjh lq wkh htxlw| suhplxp ri htxdo vl}h exw lq wkh rssrvlwh gluhfwlrq1

Qrz frqvlghu wkh h>hfw rq #/ wkh jurzwk udwh ri wkh fdslwdo vwrfn dorqj
d frqvwdqw jurzwk sdwk/ ri d shupdqhqw fkdqjh lq ò71

Sursrvlwlrq 9 Li B dE�ý ò7äj ý bqon# wfE�3käøo2
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o +Fruroodu| 4, dqg Yo
Yò7

: f +Fruroodu| 8,1

D shupdqhqw lqfuhdvh lq ò7 kdv d gluhfw h>hfw rq MW
f dqg lqgluhfw h>hfwv

rq erwk MW
f dqg M

W
� rshudwlqj wkurxjk wkh ulvnohvv lqwhuhvw udwh1 Wkh gluhfw

h>hfw rq MW
f dulvhv ehfdxvh dq lqfuhdvh lq ò7 lqfuhdvhv wkh dyhudjh hduqlqjv ri

wkh Vrfldo Vhfxulw| Wuxvw Ixqg dv lw vkliwv lwv sruwirolr wrzdug dvvhwv zlwk d
kljkhu h{shfwhg udwh ri uhwxuq1 Wkh lqfuhdvh lq wkh dyhudjh sruwirolr hduqlqjv
ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg doorzv wkh Vrfldo Vhfxulw| wd{ rq |rxqj
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frqvxphuv wr eh uhgxfhg/ wkhuhe| lqfuhdvlqj wkhlu glvsrvdeoh lqfrph1 Wkh
lqfuhdvh lq wkh glvsrvdeoh lqfrph ri |rxqj frqvxphuv lqfuhdvhv wkh dprxqw
ri fdslwdo wkh| krog lq wkhlu sruwirolrv1

Wkh lqgluhfw h>hfwv rqMW
f dqgM

W
� dulvh ehfdxvh dq lqfuhdvh lq ò7 lqfuhdvhv

wkh ulvnohvv lqwhuhvw udwh +Fruroodu| 8,1 Dq lqfuhdvh lq wkh ulvnohvv lqwhuhvw
udwh lqfuhdvhv wkh lqwhuhvw hduqlqjv ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg dqg
lqfuhdvhv wkh lqwhuhvw sd|phqwv pdgh e| wkh Wuhdvxu|1 Wkhvh fkdqjhv lq
lqwhuhvw  rzv lqgxfh wkh Vrfldo Vhfxulw| v|vwhp dqg wkh Wuhdvxu| wr fkdqjh
wkh dprxqw ri wd{hv froohfwhg iurp |rxqj frqvxphuv1 Dv h{sodlqhg lq wkh
lqwhusuhwdwlrq ri Ohppd 4/ wkhvh fkdqjhv lq wd{hv lqfuhdvh wkh glvsrvdeoh
lqfrph ri |rxqj frqvxphuv e| dq dprxqw sursruwlrqdo wr E�ý ò7ä j ý bq/
zklfk lv fdswxuhg e| wkh fkdqjh lq MW

f 1 Lq dgglwlrq/ wkh lqfuhdvh lq wkh
ulvnohvv lqwhuhvw udwh uhgxfhv MW

� e| uhgxflqj wkh suhvhqw ydoxh ri wkh ixwxuh
ulvnohvv Vrfldo Vhfxulw| ehqh?wv wr eh uhfhlyhg e| |rxqj frqvxphuv1 Wklv
uhgxfwlrq lq MW

� lqfuhdvhv wkh jurzwk udwh ri wkh fdslwdo vwrfn1
Wkh gluhfw h>hfw rq MW

f dqg wkh lqgluhfw h>hfw rq MW
� erwk lqfuhdvh wkh

jurzwk udwh ri wkh fdslwdo vwrfn1 Krzhyhu/ wkh lqgluhfw h>hfw rq MW
f fdq

lqfuhdvh ru ghfuhdvh wkh jurzwk udwh ri wkh fdslwdo vwrfn ghshqglqj rq zkhwkhu
E�ý ò7ä j ý bq lv srvlwlyh ru qhjdwlyh1 Sursrvlwlrq 9 vwdwhv d vx!flhqw
frqglwlrq iru wkh lqgluhfw h>hfw rq MW

� wr grplqdwh wkh lqgluhfw h>hfw rq
MW
f vr wkdw dq lqfuhdvh lq ò7 xqdpeljxrxvo| lqfuhdvhv #é Fruroodu| 9 ehorz

suhvhqwv d frqglwlrq iru wkh lqgluhfw h>hfw rq MW
f wr lqfuhdvh #/ vr wkdw wkhuh

lv qr frq lfw ehwzhhq wkh lqgluhfw h>hfw rq MW
f dqg wkh lqgluhfw h>hfw rq M

W
� 1

Lq wklv fdvh/ ri frxuvh/ dq lqfuhdvh lq ò7 lqfuhdvhv #1 Fruroodu| : suhvhqwv dq
hyhq vwurqjhu frqglwlrq wkdw jxdudqwhhv wkdw dq lqfuhdvh lq ò7 lqfuhdvhv #1
Wklv frqglwlrq/ b ' f/ fdq eh lqwhusuhwhg dv frpsohwh wd{ vprrwklqj1 Wkxv/
lq wkh suhvhqfh ri frpsohwh wd{ vprrwklqj/ dq lqfuhdvh lq ò7 xqdpeljxrxvo|
lqfuhdvhv wkh jurzwk udwh ri wkh fdslwdo vwrfn #1

Fruroodu| 9 Li E�ý ò7äjýbq è f dorqj d frqvwdqw jurzwk sdwk zlwk j : f/
wkhq _#

_ò7
: fé

Fruroodu| : Li b ' f dorqj d frqvwdqw jurzwk sdwk zlwk j : f/ wkhq _#
_ò7

:
fé
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9 Fdoleudwlrq ri wkh Prgho
Lq wklv vhfwlrq L fdoleudwh wkh prgho iru d frqvwdqw jurzwk sdwk1 Wklv
fdoleudwlrq zloo vhuyh wzr sxusrvhv1 Iluvw/ wkh fdoleudwlrq zloo vkhg oljkw
rq wkh txdqwlwdwlyh sodxvlelolw| ri wkh prgho1 Vhfrqg/ wkh fdoleudwlrq zloo
surylgh d txdqwlwdwlyh phdvxuh ri wkh h>hfw ri d fkdqjh lq ò7 rq wkh jurzwk
udwh ri wkh fdslwdo vwrfn1 Lq sduwlfxodu/ wkh fdoleudwlrq fdq eh xvhg wr
ghwhuplqh li wkh frqglwlrq lq Sursrvlwlrq 9 lv vdwlv?hg vr wkdw dq lqfuhdvh lq
ò7 lqfuhdvhv wkh fdslwdo vwrfn jurzwk udwh # dorqj d frqvwdqw jurzwk sdwk1

Rqh dssurdfk wr fdoleudwlqj wkh prgho zrxog eh wr vshfli| ydoxhv iru
wkh sdudphwhuv ri suhihuhqfhv dqg whfkqrorj|/ wkh sdudphwhuv ri wkh Vrfldo
Vhfxulw| srolf| ixqfwlrq/ wkh sdudphwhuv ri wkh Wuhdvxu| srolf| ixqfwlrq/
dqg wkh glvwulexwlrq ri wkh vwrfkdvwlf surgxfwlylw| yduldeoh ø|/ dqg wkhq wr
frpsxwh wkh lpsolhg ydoxhv ri wkh ulvnohvv lqwhuhvw udwh o dqg wkh jurzwk udwh
ri wkh fdslwdo vwrfn #1 L zloo pdnh wzr prgl?fdwlrqv wr wklv dssurdfk1 Wkh
?uvw prgl?fdwlrq/ zklfk lv d wulyldo fkdqjh/ lv wr vshfli| wkh glvwulexwlrq ri
wkh ulvn| udwh ri uhwxuq -| ' kø| lqvwhdg ri vshfli|lqj wkh glvwulexwlrq ri
ø|1 Wkh vhfrqg prgl?fdwlrq lv pruh ixqgdphqwdo1 Lqvwhdg ri vshfli|lqj
wkh ydoxhv ri wkh suhihuhqfh sdudphwhuv è dqg B/ dqg wkhq frpsxwlqj wkh
lpsolhg ydoxhv ri o dqg #/ L zloo ?qg wkh ydoxhv ri wkh suhihuhqfh sdudphwhuv
è dqg B iru zklfk wkh ydoxhv ri o dqg # lpsolhg e| wkh prgho pdwfk wkh
fruuhvsrqglqj hpslulfdo ydoxhv/ zklfk L ghqrwh dv ri eo dqg e#/ uhvshfwlyho|1

Ehfdxvh wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq è d>hfwv rqo| wkh sruwirolr
doorfdwlrq ghflvlrq/ zkloh wkh wlph suhihuhqfh glvfrxqw idfwru B d>hfwv rqo|
wkh vdylqj2frqvxpswlrq ghflvlrq/ wkh ydoxhv ri wkhvh sdudphwhuv wkdw pdwfkeo dqg e# fdq eh ghwhuplqhg vhsdudwho|1 Vshfl?fdoo|/ wkh frh!flhqw ri uhodwlyh
ulvn dyhuvlrq è lv ghwhuplqhg e| wkh ulvnohvv lqwhuhvw udwh htxloleulxp frqgl0
wlrq lq htxdwlrq +74, zlwk eo vxevwlwxwhg iru o1 Wkh hpslulfdo ydoxh eo/ dorqj
zlwk wkh ydoxhv ri wkh rwkhu sdudphwhuv lq wklv htxdwlrq/ lpsolhv d ydoxh iru
ò Eeoä1 Wkhuh lv d xqltxh ydoxh ri wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq è
iru zklfk wkh rswlpdo ydoxh ri wkh sruwirolr vkduh ò htxdov wkh ydoxh ri ò Eeoä
lpsolhg e| wkh htxloleulxp frqglwlrq lq htxdwlrq +74,157

Wkh ydoxh ri wkh wlph suhihuhqfh glvfrxqw idfwru B lv fkrvhq vr wkdw wkh
jurzwk udwh ri fdslwdo lpsolhg e| wkh prgho/ M

W
f

MW
�
/ htxdov wkh hpslulfdo ydoxh

57 olp!$4 ðú @ 3 dqg olp!$3 ðú @ 4/ vr wkhuh lv dw ohdvw rqh ydoxh ri ! iru zklfk wkh
rswlpdo ydoxh ðú htxdov wkh ydoxh lpsolhg e| wkh htxloleulxp frqglwlrq iru wkh ulvnohvv
lqwhuhvw udwh1 Dv vkrzq lq htxdwlrq +E144, lq Dsshqgl{ E/ gð

ú
g! ? 3 vr wkdw vxfk d ydoxh

ri ! lv xqltxh1
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ri wkh jurzwk udwh/ e#1 Pdwfklqj wkh lpsolhg dqg hpslulfdo ydoxhv ri wkh
jurzwk udwh ri fdslwdo |lhogv

MW
f ' e#MW

� é +77,

Vlqfh MW
f dqg MW

� duh erwk olqhdu ixqfwlrqv ri wkh wlph suhihuhqfh glvfrxqw
idfwru B/ htxdwlrq +77, lv d olqhdu ixqfwlrq ri B zklfk fdq eh hdvlo| vroyhg iru
wkh ydoxh ri B wkdw doorzv wkh prgho wr pdwfk wkh hpslulfdo jurzwk udwh ri
fdslwdo1

Ehfdxvh lqglylgxdov duh dvvxphg wr olyh iru rqo| wzr shulrgv/ hdfk shulrg
lq wkh prgho lv rqh kdoi ri dq dgxow olihwlph1 Wkh ohqjwk ri d shulrg lv
lpsruwdqw iru yduldeohv/ vxfk dv udwhv ri uhwxuq/ dqg sdudphwhuv/ vxfk dv wkh
udwh ri wlph suhihuhqfh/ wkdw duh h{suhvvhg shu xqlw ri wlph1 L zloo uhsruw
dqqxdo ydoxhv ri wkhvh yduldeohv dqg sdudphwhuv/ dqg L zloo pdnh dgmxvwphqwv
wr wdnh dffrxqw ri wkh idfw wkdw d shulrg lv pdq| |hduv1 Vshfl?fdoo|/ L zloo
dvvxph wkdw d shulrg lq wkh prgho odvwv iru ù |hduv1 L zloo fdofxodwh wkh wlph
suhihuhqfh glvfrxqw idfwru B dv B ' E� n Dä3ù zkhuh D lv wkh dqqxdo udwh ri
wlph suhihuhqfh1 Vlploduo|/ L zloo fdofxodwh wkh +jurvv, ulvnohvv lqwhuhvw udwh
shu shulrg o dv o ' E� n o@??ä

ù zkhuh o@?? lv wkh +qhw, ulvnohvv lqwhuhvw udwh
shu |hdu1 Lw zloo eh frqyhqlhqw wr gh?qh wkh iroorzlqj hpslulfdo ydoxhv rq d
+qhw, dqqxdo edvlv= eo@?? ì eo3ù ý � dqg e#@?? ì e#3ù ý �é

Frqyhuwlqj wkh glvwulexwlrq ri wkh +qhw, dqqxdo ulvn| udwh -@??c| wr d
glvwulexwlrq ri wkh ulvn| udwh shu shulrg -| lqyroyhv dq dgglwlrqdo frqvlg0
hudwlrq1 Vxssrvh wkdw wkh glvwulexwlrq ri wkh dqqxdo ulvn| udwh lv d wzr0
srlqw glvwulexwlrq zlwk � n -@??c| 5 i>n ãc >ý ãj é Li wkh dqqxdo ulvn|
udwh zhuh shuihfwo| vhuldoo| fruuhodwhg ryhu wkh ù |hduv ri wkh shulrg/ wkhq
wkh +jurvv, ulvn| udwh shu shulrg zrxog eh d wzr0srlqw glvwulexwlrq zlwk -|
5
q
E>n ãäù c E>ý ãäù

r
1 Krzhyhu/ li wkh dqqxdo ulvn| udwh lv qrw shuihfwo|

vhuldoo| fruuhodwhg/ wklv wzr0srlqw glvwulexwlrq zrxog ryhuvwdwh wkh yduldqfh
shu ù 0|hdu shulrg1 Lq idfw/ wkh suhvhqfh ri phdq uhyhuvlrq lq vwrfn sulfhv/
htxlydohqwo|/ qhjdwlyh vhuldo fruuhodwlrq lq vwrfn uhwxuqv/ vxjjhvwv wkdw hyhq
dvvxplqj wkdw wkh dqqxdo ulvn| udwh lv l1l1g1 ryhu wlph zrxog ryhuvwdwh wkh
yduldqfh shu ù0|hdu shulrg1 Wr doorz iru qhjdwlyh vhuldo fruuhodwlrq lq vwrfn
uhwxuqv/ L dvvxph wkdw +jurvv, dqqxdo ulvn| uhwxuqv iroorz d ?uvw0rughu wzr0
srlqw Pdunry surfhvv zlwk

� n-@??c| 5 i>n ãc >ý ãj dqg èh i-@??c|n� ' -@??c|j ' �ý )é +78,
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Xqghu wkh Pdunry surfhvv lq htxdwlrq +78,/ wkh +jurvv, dqqxdo ulvn| uhwxuq
� n -@??c| kdv d phdq htxdo wr >/ d vwdqgdug ghyldwlrq htxdo wr ã/ dqg d
?uvw0rughu vhuldo fruuhodwlrq htxdo wr �ý 2)1

Wkh dffxpxodwlrq ri dqqxdo uhwxuqv ryhu dq ù0|hdu shulrg lv xvhg lq
wkh sruwirolr doorfdwlrq ghflvlrq ri |rxqj frqvxphuv1 Dv vkrzq lq htxdwlrq
+D17, lq Dsshqgl{ D/ wkh sruwirolr doorfdwlrq ghflvlrq lqyroyhv wkh fkrlfh ri
ò|n� wr pd{lpl}h dq h{suhvvlrq frqwdlqlqj

.|
qûý

�ý ò|n�
ü
o|n� n ò|n�-|n�

ú�3èr
c +79,

zkhuh wkh +jurvv, uhwxuqv/ o|n� dqg-|n�/ duh phdvxuhg ryhu dqù0|hdu shulrg1
Gh?qlqj

5@??c|næ ì dE�ý òä E� n o@??ä n ò E� n-@??c|næäo�3è c +7:,

wkh h{suhvvlrq lq htxdwlrq +79, fdq eh zulwwhq dv .|

+
ùT
æ'�

5@??c|næ

,
1 Li wkh

dqqxdo ulvn| uhwxuq -@??c| iroorzv d wzr0srlqw Pdunry surfhvv/ wkhq 5@??c| zloo
dovr iroorz d wzr0srlqw Pdunry surfhvv1 Ohppd 6 lq Dsshqgl{ H suhvhqwv

d vlpsoh phwkrg iru frpsxwlqj .|

+
ùT
æ'�

5@??c|næ

,
158

Wdeoh 4 frqwdlqv wkh edvholqh ydoxhv ri wkh sdudphwhuv xvhg wr fdoleudwh
wkh frqvwdqw jurzwk sdwk1 L xvh wkh prphqwv ri wkh dqqxdo ulvn| udwh
ri uhwxuq uhsruwhg e| Phkud dqg Suhvfrww +4<;8, iru wkh shulrg 4;;<04<:;1
Vshfl?fdoo|/ L vhw > htxdo wr 4139<;/ zklfk lpsolhv d 91<;( dqqxdo phdq +qhw,
ulvn| uhwxuq/ dqg L vhw wkh vwdqgdug ghyldwlrq/ ã/ htxdo wr 314987 shu |hdu1
Idpd dqg Iuhqfk +4<;;, uhsruw wkdw iru uhwxuq krul}rqv ri rqh |hdu/ wkh vhuldo
fruuhodwlrq ri vwrfn uhwxuqv lv qhjdwlyh exw qrw vljql?fdqwo| gl>huhqw iurp
}hur1 Wkh vhuldo fruuhodwlrq ri vwrfn uhwxuqv ehfrphv vljql?fdqwo| qhjdwlyh
dv wkh krul}rq lv ohqjwkhqhg wr 5 |hduv dqg ghfolqhv xqwlo wkh krul}rq lv derxw
6 wr 8 |hduv1 Lq rughu wr fdswxuh wklv phdq uhyhuvlrq lq vwrfn sulfhv ryhu
orqjhu shulrgv/ L vshfli| dq dqqxdo vhuldo fruuhodwlrq ri 0314 zklfk lpsolhv
) ' féDD1

58Dq dowhuqdwlyh dssurdfk wr fdoleudwh Q0shulrg uhwxuqv zrxog eh wr fdofxodwh wkh hp0
slulfdo prphqwv ri Q 0shulrg uhwxuqv1 Wkh dssurdfk L xvh lq wklv sdshu lv pruh  h{leoh
lq wkdw lw doorzv Q wr eh fkdqjhg hdvlo|1 Lq wkh edvholqh fdoleudwlrq/ Q @ 63/ dqg wkh
vhqvlwlylw| dqdo|vlv uhsruwv uhvxowv iru Q @ 58 dqg Q @ 681
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Wdeoh 4= Edvholqh Fdoleudwlrq
Ulvn| Udwh +dqqxdo,

phdq/ > +jurvv uhwxuq shu |u1, 4139<; ) +vhuldo fruu1 @ �ý 2), 3188
vwg1 ghy1/ ã +( shu |u1, 314987 qxpehu ri |uv1 shu sg1/ ù 63

Wuhdvxu| Srolf| Ixqfwlrq
jry*w sxufk1 sdudphwhu/ } 315 wd{ uhvsrqvlyhqhvv/ b 314
wd{ sdudphwhu/ ô 315 wdujhw erqg udwlr/ q 3158

Vrfldo Vhfxulw| Srolf| Ixqfwlrq
ulvnohvv uhsodfhphqw udwh/ wf 3148 wdujhw wuxvw ixqg udwlr/ j 31368
ulvn| uhsodfhphqw udwh/ w� 313 ulvn| wuxvw ixqg vkduh/ ò7 313
vkduh ri fdslwdo lq surgxfwlrq ixqfwlrq/ k 316:8

Hpslulfdo Prphqwv wr Ilw
ulvnohvv udwh/ eo@?? +( shu |u1, 31;3 jurzwk udwh/ e#@?? +( shu |u1, 416

Suhihuhqfh Sdudphwhu Ydoxhv wkdw Ilw Hpslulfdo Prphqwv
frh>1 ri uho1 ulvn dyhuvlrq/ è :1:8:: wlph suhi1/ D +( shu |u1, 319;:7

Hdfk shulrg lq wkh prgho uhsuhvhqwv kdoi ri dq dgxow olihwlph1 Pruh
vshfl?fdoo|/ wkh ?uvw shulrg ri d shuvrq*v olih fruuhvsrqgv wr wlph lq wkh oderu
irufh/ dqg wkh vhfrqg shulrg fruuhvsrqgv wr uhwluhphqw1 L kdyh fkrvhq wr
vhw ù / wkh qxpehu ri |hduv shu shulrg/ htxdo wr 63/ zklfk lv d frpsurplvh
ehwzhhq wkh odujhu qxpehuv ri |hduv lq wkh zrunirufh dqg wkh vpdoohu qxpehu
ri |hduv lq uhwluhphqw1

Iru wkh wd{ srolf| ixqfwlrq/ L kdyh vhw wkh jryhuqphqw sxufkdvhv sdudp0
hwhu } dqg wkh wd{ sdudphwhu ô erwk htxdo wr 315 zklfk lv wkh dssur{lpdwh
vkduh ri jryhuqphqw sxufkdvhv lq JGS lq wkh Xqlwhg Vwdwhv1 Lw lv gl!fxow
wr slq grzq wkh ydoxh ri wkh wd{ uhvsrqvlyhqhvv sdudphwhu b/ zklfk lv wkh
iudfwlrq ri wkh dgmxvwphqw lq wkh sulpdu| gh?flw wkdw lv dfklhyhg e| fkdqjlqj
wd{hv1 Frpsohwh wd{ vprrwklqj lv uhsuhvhqwhg e| b ' f1 L vhw b ' fé� lq
wkh edvholqh vlpxodwlrq/ dqg L h{soruh wkh txdqwlwdwlyh lpsdfw ri b lq Wdeohv
5 dqg 61 L vhw wkh edvholqh ydoxh ri wkh wdujhw erqg0fdslwdo udwlr/ q/ htxdo
wr 31581 Lq 4<<:/ wkh udwlr ri Wuhdvxu| ghew khog e| wkh sxeolf dqg e| wkh
Vrfldo Vhfxulw| Wuxvw Ixqg wr wkh vwrfn ri ?{hg sulydwh fdslwdo zdv 315871

Lq wkh edvholqh fdoleudwlrq/ L wuhdw wkh ehqh?wv lq wkh sd|0dv0|rx0jr Vrfldo
Vhfxulw| v|vwhp lq wkh Xqlwhg Vwdwhv dv ulvnohvv1 Wkxv/ L vhw wkh ulvn|
uhsodfhphqw udwh w� htxdo wr }hur1 L vhw wkh ulvnohvv uhsodfhphqw udwh wf
htxdo wr 31481 Wklv ydoxh pd| vhhp orz/ exw lw lv kljkhu wkdq wkh 4517(
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Vrfldo Vhfxulw| wd{ udwh/ dqg lw lv doprvw wzlfh dv kljk dv wkh udwlr ri Vrfldo
Vhfxulw| ehqh?wv wr frpshqvdwlrq ri hpsor|hhv lq 4<<9 +zklfk zdv 313:;:,159

Lq 4<<:/ wkh Vrfldo Vhfxulw| Wuxvw Ixqg zdv 619( dv odujh dv wkh ?{hg sulydwh
fdslwdo vwrfn lq wkh Xqlwhg Vwdwhv1 L vhw wkh wdujhw ydoxh ri wkh wuxvw ixqg0
fdslwdo udwlr/ j/ htxdo wr 31368 lq wkh edvholqh1 Vlqfh wkh Vrfldo Vhfxulw|
Wuxvw Ixqg lv fxuuhqwo| lqyhvwhg hqwluho| lq erqgv/ L vhw ò7 ' f lq wkh edvholqh
fdoleudwlrq1

Ryhu wkh sdvw kdoi fhqwxu| lq wkh Xqlwhg Vwdwhv/ wkh vkduh ri oderu lqfrph
lq JGS kdv dyhudjhg 31958 zlwk d vwdqgdug ghyldwlrq ri rqo| 3133<15: Vlqfh
wkh oderu vkduh lv 40k/ L vhw k ' féô.D lq wkh edvholqh fdoleudwlrq1

L fdoleudwh wkh prgho wr pdwfk wzr hpslulfdo prphqwv= wkh dyhudjh
ulvnohvv lqwhuhvw udwh eo@??/ dqg wkh dyhudjh jurzwk udwh ri wkh fdslwdo vwrfne#@??é Iru eo@??/ L xvh 31;( shu |hdu/ zklfk lv wkh dyhudjh ydoxh ri wkh ulvnohvv
lqwhuhvw udwh uhsruwhg e| Phkud dqg Suhvfrww +4<;8, iru wkh shulrg 4;;<0
4<:;1 Dv iru wkh jurzwk udwh ri wkh fdslwdo/ lw lv lpsruwdqw wr qrwh wkdw wkh
srsxodwlrq dqg wkh oderu irufh duh frqvwdqw dfurvv jhqhudwlrqv lq wkh prgho1
Wkxv/ wkh dssursuldwh hpslulfdo frxqwhusduw ri wkh jurzwk udwh ri fdslwdo lq
wkh prgho lv wkh hpslulfdo jurzwk udwh ri wkh fdslwdo0oderu udwlr1 Ryhu wkh
shulrg 4<7:04<<:/ wkh ?{hg sulydwh fdslwdo vwrfn lq wkh Xqlwhg Vwdwhv juhz e|
614:( shu |hdu dqg hpsor|phqw juhz e| 4198( shu |hdu/ lpso|lqj wkdw wkh
fdslwdo0oderu udwlr juhz e| dssur{lpdwho| 4185( shu |hdu1 Krzhyhu/ ryhu
wkh vkruwhu shulrg 4<9:04<<:/ wkh dqqxdo jurzwk ri fdslwdo vorzhg wr 51<3(
shu |hdu dqg wkh jurzwk udwh ri hpsor|phqw lqfuhdvhg wr 41;:( shu |hdu/
vr wkh jurzwk udwh ri wkh fdslwdo0oderu udwlr ghfolqhg +uhodwlyh wr wkh orqjhu
wlph shulrg, wr 4136( shu |hdu1 L zloo xvh dq lqwhuphgldwh ydoxh ri 416( shu
|hdu iru e#@??é

Wkh odvw urz ri Wdeoh 4 uhsruwv wkh ydoxhv ri wkh suhihuhqfh sdudphwhuv
iru zklfk wkh ulvnohvv lqwhuhvw udwh o dqg wkh jurzwk udwh ri wkh fdslwdo vwrfn
# fdofxodwhg e| wkh prgho pdwfk wkhlu hpslulfdo frxqwhusduwv1 Vshfl?fdoo|/
zlwk d frh!flhqw ri uhodwlyh ulvn dyhuvlrq è ri :1:8:: dqg d udwh ri wlph
suhihuhqfh D ri 319;:7( shu |hdu/ wkh prgho pdwfkhv wkh ulvnohvv lqwhuhvw
udwh dqg wkh jurzwk udwh ri wkh fdslwdo vwrfn1 Wkh ydoxhv ri wkhvh suhihuhqfh

59Ri frxuvh/ wklv udwlr lq 4<<9 vljql?fdqwo| xqghuvwdwhv wkh uhsodfhphqw udwlr ehfdxvh
wkh odujh srsxodwlrq ri ede|0errp zrunhuv phdqv wkdw wkh udwlr ri zrunhuv wr uhwluhhv lv
whpsrudulo| +iru d ihz ghfdghv, kljk1

5:Wkh oderu vkduh ú lv frpsxwhg dv wkh vroxwlrq ri wkh iroorzlqj htxdwlrq=
frpshqvdwlrq ri hpsor|hhv.ú+sursulhwruv3 lqfrph,

JGS @ ú=
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sdudphwhuv duh txlwh sodxvleoh15;

Wdeoh 5 uhsruwv wkh uhvxowv ri d vhqvlwlylw| dqdo|vlv wkdw ydulhv rqh sd0
udphwhu dw d wlph1 Hdfk urz ri wkh wdeoh uhsruwv wzr ydoxhv ri d sdudphwhu
wkdw gl>hu iurp wkh edvholqh ydoxh/ dqg dovr uhsruwv wkh lpsolhg +qhw, dqqxdo
ydoxhv ri wkh ulvnohvv lqwhuhvw udwh o dqg wkh jurzwk udwh ri fdslwdo # dorqj
d frqvwdqw jurzwk sdwk1 Iru sdudphwhuv wkdw duh qrw htxdo wr }hur lq wkh
edvholqh/ Wdeoh 5 uhsruwv uhvxowv iru rqh ydoxh odujhu wkdq lq wkh edvholqh dqg
rqh ydoxh vpdoohu wkdq lq wkh edvholqh1 Iru sdudphwhuv wkdw htxdo }hur lq
wkh edvholqh/ Wdeoh 5 uhsruwv uhvxowv xvlqj wzr ydoxhv odujhu wkdq }hur1

Wkh prvw jodulqj uhvxow lq Wdeoh 5 dulvhv zkhq >/ wkh +jurvv, phdq dqqxdo
ulvn| udwh ri uhwxuq/ lv uhgxfhg wr 4138/ zklfk lv d 8( dyhudjh dqqxdo +qhw,
udwh ri uhwxuq1 Lq wklv fdvh wkh prgho surgxfhv d ulvnohvv lqwhuhvw udwh ri
0414;( shu |hdu dqg d jurzwk udwh ri fdslwdo ri 03195( shu |hdu1 Wkhvh
uhvxowv duh idu iurp wkhlu hpslulfdo frxqwhusduwv1 Krzhyhu/ lq mxgjlqj wkh
lpsolfdwlrqv ri wkhvh uhvxowv iru wkh hpslulfdo sodxvlelolw| ri wkh prgho/ lw lv
lpsruwdqw wr uhphpehu wkdw wkh suhihuhqfh sdudphwhuv è dqg D xvhg lq wklv
fdofxodwlrq zhuh fdoleudwhg xqghu wkh dvvxpswlrq wkdw wkh phdq uhwxuq > lv
4139<;1 Zkhq > ' �éfD/ wkh prgho fdq pdwfk wkh hpslulfdo ydoxhv ri o dqg
# e| xvlqj wkh iroorzlqj ydoxhv iru wkh suhihuhqfh sdudphwhuv= è ' ôéH�HS
dqg D ' ý�éôDI shu |hdu1 Dowkrxjk d frh!flhqw ri uhodwlyh ulvn dyhuvlrq ri
61; lv yhu| uhdvrqdeoh/ wkh qhjdwlyh udwh ri wlph suhihuhqfh lv d elw fxulrxv15<

D sulpdu| lvvxh prwlydwlqj wklv sdshu lv wkh lpsdfw ri lqyhvwlqj sduw ri
wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq ulvn| fdslwdo1 Wkh Vrfldo Vhfxulw| Wuxvw
Ixqg lq wkh Xqlwhg Vwdwhv lv fxuuhqwo| lqyhvwhg hqwluho| lq ulvnohvv erqgv/ vr
L vhw ò7 ' f lq wkh edvholqh fdoleudwlrq1 Wkh vhqvlwlylw| dqdo|vlv lq Wdeoh
5 uhsruwv wkh uhvxowv ri lqfuhdvlqj ò7 wr 3148 dqg wr 3161 Wkh ydoxh ri ò7
wkdw lv frqvlghuhg lq fxuuhqw srolf| glvfxvvlrqv lv derxw 31481 Lqfuhdvlqj ò7
wr 3148 lq wkh prgho lqfuhdvhv wkh ulvnohvv lqwhuhvw udwh wr 31;5( shu |hdu
+iurp 31;3( shu |hdu lq wkh edvholqh, dqg lqfuhdvhv wkh udwh ri jurzwk ri wkh
fdslwdo vwrfn wr 4165( shu |hdu +iurp 4163( shu |hdu lq wkh edvholqh,1 Wkhvh

5;Wkh olwhudwxuh rq wkh htxlw| suhplxp sx}}oh w|slfdoo| uhtxluhv d frh!flhqw ri uhodwlyh
ulvn dyhuvlrq ! zhoo deryh 43 wr pdwfk prphqwv ri dvvhw uhwxuqv1 Krzhyhu/ rqh vkrxog qrw
uhjdug wkh uhodwlyho| orz dqg uhdvrqdeoh ydoxh ri :1:8:: iru ! dv d uhvroxwlrq ri wkh htxlw|
suhplxp sx}}oh ehfdxvh wkh prgho lq wkh sdshu kdv qrw ehhq fdoleudwhg wr wkh yduldelolw|
ri frqvxpswlrq1

5<Vhwwlqj wkh udwh ri wlph suhihuhqfh htxdo wr }hur dqg xvlqj d frh!flhqw ri uhodwlyh ulvn
dyhuvlrq ! htxdo wr 61;4;9 lpsolhv udqq @ 3=;3( shu |hdu dqg ìdqq @ 3=84( shu |hdu/
zkhq ç @ 4=381
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Wdeoh 51 Vhqvlwlylw| Dqdo|vlv= Fkdqjlqj Rqh Sdudphwhu dw d Wlph
Sdudphwhu o@?? #@?? Sdudphwhu o@?? #@??

Sdudphwhu Ydoxh ( shu |hdu Ydoxh ( shu |hdu
> 4138 0414; 03195 413< 51;5 6159
ã 3145 51:8 41<9 3155 04134 3177
) 318 3165 4143 319 415; 417;
ù 58 315: 3188 68 4158 41;7
wf 3143 3147 41;: 3153 415: 31:9
w� 3138 3198 31;6 3143 3184 3167
j 3134 31;6 415: 3139 31:: 4166
ò7 3148 31;5 4165 3163 31;6 4168
} 3148 31;3 4168 3158 31;3 4158
ô 3148 31;3 41:6 3158 31;3 31;4
b 313 31;3 4163 315 31;3 4163
q 3153 31:8 4169 3163 31;8 4157
k 3165 4153 5144 3176 3176 317;
è 7133 519; 41<7 43133 3138 31<:

D +( shu |u1, 313 31;3 41:< 4173 31;3 31::

h>hfwv duh vpdoo ehfdxvh wkh Vrfldo Vhfxulw| Wuxvw Ixqg lv vpdoo uhodwlyh wr
wkh fdslwdo vwrfn163

Dorqj d frqvwdqw jurzwk sdwk/ wkh udwlr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg
wr wkh fdslwdo vwrfn htxdov lwv wdujhw ydoxh j1 Wkh vpdoo ydoxh ri j xvhg lq
wkh fdofxodwlrqv uhsruwhg deryh zdv fkrvhq wr pdwfk wkh fxuuhqw ydoxh ri wkh
udwlr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg wr wkh fdslwdo vwrfn lq wkh Xqlwhg
Vwdwhv1 Krzhyhu/ wkh Wuxvw Ixqg lv surmhfwhg wr jurz vxevwdqwldoo| ryhu wkh
qh{w vhyhudo |hduv uhdfklqj d shdn ydoxh lq wkh |hdu 5349 wkdw lv 519 wlphv dv
odujh dv lwv fxuuhqw ydoxh164 Lqghhg/ lw lv wkh survshfw ri d odujh wuxvw ixqg

63Irupdoo|/ dsso|lqj wkh lpsolflw ixqfwlrq wkhruhp wr htxdwlrqv +F16,
dqg +F18, lq Dsshqgl{ F dorqj d frqvwdqw jurzwk sdwk lpsolhv Cu

CðV
@

ý â

ð3+u,
í
4.ñýâ. ë3+4ýò,D

u . ë4
4ýò
ò

ì
ýð+u, ë3+4ýò,D

u5

/ vr wkdw olpâ$3
Cu
CðV

@ 3= Wkxv/ zkhq

wkh wuxvw ixqg0fdslwdo udwlr â lv vpdoo/ wkh h>hfw ri ðV rq wkh lqwhuhvw udwh lv vpdoo1 Wkh
surri ri Sursrvlwlrq 8 lqglfdwhv wkdw Cì

CðV
lv wkh vxp ri d whup wkdw lv sursruwlrqdo wr â

dqg d whup wkdw lv sursruwlrqdo wr Cu
CðV

= Wkxv Cì
CðV

zloo eh vpdoo li â lv vpdoo1
64Wklv surmhfwlrq/ zklfk lv wdnhq iurp wkh Erdug ri Wuxvwhhv ri wkh RDVGL Wuxvw Ixqgv

+4<<;,/ lv edvhg rq wkh dvvxpswlrq wkdw wkh Wuxvw Ixqg lv lqyhvwhg hqwluho| lq erqgv1 Li
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Wdeoh 61 Ulvn| Wuxvw Ixqg Zkhq j ' fé�e

b ' fé�
ò7 ' féf ò7 ' fé�D ò7 ' féôf

o@??+( shu |u1, 319< 31:8 31;4
#@??+( shu |u1, 4174 4184 4193

b ' féb
ò7 ' féf ò7 ' fé�D ò7 ' féôf

o@??+( shu |u1, 319< 31:8 31;4
#@??+( shu |u1, 4177 4187 4196

wkdw kdv ixhohg lqwhuhvw lq lqyhvwlqj sduw ri wkh wuxvw ixqg lq htxlwlhv1 Wdeoh
6 suhvhqwv wkh h>hfwv ri lqyhvwlqj sduw ri wkh wuxvw ixqg lq ulvn| fdslwdo dorqj
d frqvwdqw jurzwk sdwk zlwk j ' fé�e/ zklfk lv irxu wlphv dv kljk dv lq wkh
edvholqh fdofxodwlrqv1 Hyhq zlwk wklv pxfk odujhu wuxvw ixqg/ lqyhvwlqj 48( ri
wkh wuxvw ixqg lq ulvn| fdslwdo kdv rqo| prghvw h>hfwv rq wkh ulvnohvv lqwhuhvw
udwh dqg wkh jurzwk udwh ri fdslwdo1 Wkh ulvnohvv lqwhuhvw udwh lqfuhdvhv e|
rqo| 9 edvlv srlqwv/ dqg wkh jurzwk udwh ri wkh fdslwdo vwrfn lqfuhdvhv e| rqh
whqwk ri rqh shufhqw shu |hdu1

Wkh edvholqh fdoleudwlrq lq Wdeoh 4 lv edvhg rq d ydoxh ri b ' fé�1 Krz0
hyhu/ wkh ydoxh ri b/ zklfk phdvxuhv wkh uhvsrqvlyhqhvv ri wd{hv wr fkdqjhv
lq wkh sulpdu| gh?flw qhhghg wr vdwlvi| wkh Wuhdvxu| srolf| ixqfwlrq/ lv qrw
zhoo ghwhuplqhg1 Lq sulqflsoh/ lw frxog eh dq|zkhuh ehwzhhq 3 dqg 41 Uhfdoo
wkdw wkh vx!flhqw frqglwlrq lq Sursrvlwlrq 9 iru dq lqfuhdvh lq ò7 wr lqfuhdvh
# ghshqgv rq wkh ydoxh ri b1 D kljkhu ydoxh ri b pdnhv wklv frqglwlrq ohvv
olnho| wr krog1 Wr vhh zkhwkhu d kljkhu ydoxh ri b fdq ylrodwh wklv frqglwlrq/
vxssrvh wkdw b ' �c zklfk lv lwv pd{lpxp dgplvvdeoh ydoxh1 Lq wklv fdvh/ wkh
vx!flhqw frqglwlrq lq Sursrvlwlrq 9 lv B dE�ý ò7ä j ý qo n # wfE�3käøo2

è fé Lq

wkh edvholqh fdofxodwlrq/ B dE�ý ò7äj ý qo ' ýfé�.D dqg # wfE�3käø
o2

' �é.2b/
vr wkh vx!flhqw frqglwlrq lq Sursrvlwlrq 9 lv vdwlv?hg e| d zlgh pdujlq hyhq
zkhq b ' �1 Wkxv/ iru dq| doorzdeoh ydoxh ri b/ dq lqfuhdvh lq ò7 lqfuhdvhv
#/ wkh jurzwk udwh ri wkh fdslwdo vwrfn dorqj d frqvwdqw jurzwk sdwk1

Lq dgglwlrq/ b kdv yhu| vpdoo lpsdfw rq wkh fdofxodwhg uhvsrqvhv ri wkh
lqwhuhvw udwh dqg jurzwk udwh ri fdslwdo wr d fkdqjh lq ò71 Wkh wrs sdqho
ri Wdeoh 6 uhsruwv wkh ydoxhv ri wkh ulvnohvv lqwhuhvw udwh dqg wkh jurzwk

wkh Wuxvw Ixqg hduqv d kljkhu udwh ri uhwxuq e| lqyhvwlqj lq ulvn| fdslwdo/ wkhq lw zrxog
uhdfk dq hyhq odujhu ydoxh1
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udwh ri fdslwdo zkhq b ' fé�/ dqg wkh erwwrp sdqho uhsruwv wkh uhvxowv iru
b ' féb1 Wkh ydoxhv ri wkh ulvnohvv lqwhuhvw udwh duh lghqwlfdo lq wkh wrs dqg
erwwrp sdqhov ehfdxvh wkh htxloleulxp frqglwlrq iru wkh ulvnohvv lqwhuhvw udwh
lq htxdwlrq +74, lv lqghshqghqw ri b1 Dowkrxjk wkh jurzwk udwh fdslwdo lv
qrw lqghshqghqw ri b/ wkh jurzwk udwhv gl>hu e| rqo| 6 edvlv srlqwv zkhq b
lqfuhdvhv iurp 314 wr 31<165

: Frqfoxglqj Uhpdunv
L kdyh vkrzq wkdw vkliwlqj vrph ri wkh dvvhwv ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg
iurp erqgv wr ulvn| fdslwdo lqfuhdvhv wkh jurzwk udwh ri wkh fdslwdo vwrfn lq
wkh iroorzlqj shulrg dqg dorqj d frqvwdqw jurzwk sdwk1 Wklv ?qglqj lv
yluwxdoo| wkh rssrvlwh ri wkh uhvxow lq Deho +4<<;, zkhuh L vkrz wkdw vxfk
d sruwirolr vkliw ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg uhgxfhv wkh dprxqw ri
fdslwdo dffxpxodwlrq lq wkh iroorzlqj shulrg1 Dowkrxjk wkhuh duh ydulrxv
prghoolqj gl>huhqfhv ehwzhhq wkh wzr sdshuv/ wkh ixqgdphqwdo uhdvrq iru
wkh dssduhqw gl>huhqfh lq uhvxowv lv wkdw wkh hduolhu sdshu dqdo|}hv d gh?qhg0
frqwulexwlrq Vrfldo Vhfxulw| v|vwhp dqg wkh fxuuhqw sdshu dqdo|}hv d gh?qhg0
ehqh?w Vrfldo Vhfxulw| v|vwhp166 Lq erwk sdshuv/ zkhq wkh Vrfldo Vhfxulw|
Wuxvw Ixqg pryhv lqwr ulvn| fdslwdo/ wkh h{shfwhg lqfrph ri wkh wuxvw ixqg
lqfuhdvhv/ dqg wklv lqfuhdvh lq h{shfwhg lqfrph lv sdvvhg dorqj wr lqglylgxdov1
Lq d gh?qhg0frqwulexwlrq v|vwhp/ d qdwxudo srolf| h{shulphqw lv wr krog wkh
frqwulexwlrq ?{hg dqg wkxv wkh jdlqv iurp lqfuhdvhg wuxvw ixqg hduqlqjv
dffuxh wr lqglylgxdov dv lqfuhdvhg uhwluhphqw ehqh?wv zkhq wkh| duh rog1 Lq

65Vlqfh ï ^+4ý ðV,â ý ñ` . ì ë3+4ýò,Du5 lv dq lqfuhdvlqj ixqfwlrq ri â +surylghg wkdw wkh
Wuxvw Ixqg lv qrw hqwluho| lqyhvwhg lq ulvn| fdslwdo,/ wkh vx!flhqw frqglwlrq krogv iru
kljkhu ydoxhv ri â/ vxfk dv â @ 3=47/ dv lq Wdeoh 61

66Wkhuh lv dovr d pdmru prghoolqj gl>huhqfh ehwzhhq wkh wzr sdshuv1 Lq wkh fxu0
uhqw sdshu/ zklfk h{dplqhv d gh?qhg0ehqh?w Vrfldo Vhfxulw| v|vwhp/ doo lqglylgxdov lq d
jlyhq frkruw duh lghqwlfdo/ dqg wkh| doo krog sruwirolrv zlwk erwk erqgv dqg ulvn| fdslwdo1
Dv vkrzq dqdo|wlfdoo| lq irrwqrwhv 47 dqg 4</ d fkdqjh lq wkh sruwirolr ri d gh?qhg0
frqwulexwlrq Vrfldo Vhfxulw| v|vwhp zrxog kdyh qr h>hfw rq wkh ulvnohvv lqwhuhvw udwh ru
jurzwk udwh ri fdslwdo lq wklv vruw ri prgho ehfdxvh lqglylgxdov zrxog r>vhw wkh h>hfwv
ri fkdqjhv lq wkh Vrfldo Vhfxulw| Wuxvw Ixqg*v sruwirolr e| fkdqjlqj wkhlu rzq sruwirolrv1
Wkh suhylrxv sdshu/ zklfk dqdo|}hv d gh?qhg0frqwulexwlrq v|vwhp lqwurgxfhv lqwud0frkruw
khwhurjhqhlw| ri hduqlqjv dqg ?{hg frvwv ri lqyhvwlqj lq ulvn| fdslwdo vr wkdw orz0lqfrph
lqglylgxdov zloo qrw krog dq| ulvn| fdslwdo gluhfwo| lq wkhlu sruwirolrv1 Zlwk wklv prgl?0
fdwlrq/ fkdqjhv lq wkh sruwirolr ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg duh qr orqjhu qhxwudo/
hyhq lq d gh?qhg0frqwulexwlrq v|vwhp1
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uhvsrqvh wr lqfuhdvhg uhwluhphqw ehqh?wv/ |rxqj frqvxphuv lqfuhdvh wkhlu
fxuuhqw frqvxpswlrq dqg wkxv uhgxfh fdslwdo dffxpxodwlrq1 Lq d gh?qhg0
ehqh?w v|vwhp/ d qdwxudo srolf| h{shulphqw lv wr krog wkh ehqh?w ?{hg dqg
wkxv wkh jdlqv iurp lqfuhdvhg wuxvw ixqg hduqlqjv dffuxh wr lqglylgxdov lq wkh
irup ri orzhu wd{hv zkhq wkh| duh |rxqj1 Lq uhvsrqvh wr lqfuhdvhg glvsrvdeoh
lqfrph zkhq |rxqj/ frqvxphuv lqfuhdvh wkhlu vdylqj zkhq wkh| duh |rxqj/
dqg wkxv fdslwdo dffxpxodwlrq lqfuhdvhv1

Frq?qlqj dwwhqwlrq wr gh?qhg0ehqh?w Vrfldo Vhfxulw| v|vwhpv/ dqg krog0
lqj Vrfldo Vhfxulw| ehqh?wv ?{hg dv dqdo|}hg lq wkh fxuuhqw sdshu/ lw pljkw
dsshdu wkdw wkh Vrfldo Vhfxulw| Wuxvw Ixqg vkrxog lqyhvw lq ulvn| fdslwdo
ehfdxvh wklv fkdqjh lq lwv sruwirolr doorfdwlrq zloo lqfuhdvh wkh jurzwk udwh
ri wkh fdslwdo vwrfn1 Krzhyhu/ wkhuh duh vwloo vhyhudo txhvwlrqv wkdw ixwxuh
uhvhdufk pxvw dgguhvv/ hyhq lq wkh frqwh{w ri wklv prgho/ wr uhdfk d vwurqj
srolf| uhfrpphqgdwlrq derxw wkh doorfdwlrq ri wkh dvvhwv lq wkh Vrfldo Vh0
fxulw| Wuxvw Ixqg1 Iluvw/ wkh uhvxowv derxw wkh h>hfw rq wkh jurzwk udwh
ri wkh fdslwdo vwrfn duh frq?qhg wr frqvwdqw jurzwk sdwkv dorqj zklfk doo
vkrfnv wdnh rq wkhlu phdq ydoxhv1 Ri frxuvh/ rqh ri wkh frqfhuqv derxw
lqyhvwlqj vrph ri wkh Vrfldo Vhfxulw| Wuxvw Ixqg lq ulvn| fdslwdo lv wkh ulvn
wkdw wkh udwh ri uhwxuq pd| wxuq rxw wr eh yhu| orz1 D qrupdwlyh zhoiduh
dqdo|vlv zrxog kdyh wr wdnh dffrxqw ri wkh hqwluh glvwulexwlrq ri rxwfrphv1
Lq dgglwlrq/ d qrupdwlyh dqdo|vlv zrxog kdyh wr uhfrjql}h wkdw jryhuqphqw
sxufkdvhv lq wklv prgho duh hqgrjhqrxv1 Wr wkh h{whqw wkdw lqglylgxdov
rewdlq xwlolw| iurp jryhuqphqw sxufkdvhv/ L kdyh dvvxphg wkdw dq| xwlolw|
iurp jryhuqphqw sxufkdvhv lv dgglwlyho| vhsdudeoh iurp wkh xwlolw| ri sulydwh
frqvxpswlrq1 Dowkrxjk wklv dvvxpswlrq lv vx!flhqw wr dqdo|}h rswlpdo
sulydwh ehkdylru dqg frpshwlwlyh htxloleuld/ lw grhv qrw dgguhvv wkh zhoiduh
frqvhtxhqfhv ri hqgrjhqrxv fkdqjhv lq wkh ohyho ri jryhuqphqw sxufkdvhv1

Lqwhujhqhudwlrqdo ulvn0vkdulqj lv dqrwkhu lpsruwdqw dvshfw ri wkh zhoiduh
dqdo|vlv ri ydulrxv Vrfldo Vhfxulw| srolflhv1 Erkq +4<<;e, dqdo|}hv wkh lq0
whujhqhudwlrqdo vkdulqj ri ydulrxv ulvnv lq frqvlghulqj wkh h>hfwv ri lqfoxglqj
htxlwlhv lq wkh Vrfldo Vhfxulw| Wuxvw Ixqg1 Zkloh wkh iudphzrun L kdyh gh0
yhorshg lq wklv sdshu irfxvhv rq d qduurzhu vhw ri ulvnv/ lw vxjjhvwv wkh srv0
vlelolw| ri dgglwlrqdo fkdqqhov wr vkduh ulvnv lqwhujhqhudwlrqdoo| e| doorzlqj
wkh Wuhdvxu|*v ghew0fdslwdo udwlr dqg wkh Vrfldo Vhfxulw| Wuxvw Ixqg0fdslwdo
udwlr wr ydu| dfurvv wlph dqg dfurvv jhqhudwlrqv lq uhvsrqvh wr vkrfnv1 Wkh
ydulrxv 4ð sdudphwhuv +ð ' ø/ î/ -/ 7, uh hfw rssruwxqlwlhv wr vkduh ulvnv
dfurvv wlph dqg dfurvv jhqhudwlrqv1 H{sorudwlrq ri wkhvh rssruwxqlwlhv lv
ohiw iru ixwxuh uhvhdufk1
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D Wkh Frqvxpswlrq dqg Sruwirolr Ghflvlrq
ri Dq Lqglylgxdo

Xvlqj wkh gh?qlwlrqv ri l|/ @|n�/ dqg ò|n� lq htxdwlrqv +44,/ +45,/ dqg +47,
uhvshfwlyho|/ lw lv frqyhqlhqw wr uhzulwh wkh h{suhvvlrq iru frqvxpswlrq zkhq
|rxqj lq htxdwlrq +9, dv

ä| ' l| ý @|n� +D14,

dqg frqvxpswlrq zkhq rog lq htxdwlrq +<, dv

f|n� '
ûý
�ý ò|n�

ü
o|n� n ò|n�-|n�

ú
@|n�é +D15,

Wkh frqvxphu*v rswlpl}dwlrq sureohp fdq eh uhzulwwhq e| vxevwlwxwlqj
htxdwlrqv +D14, dqg +D15, lqwr htxdwlrq +43, wr rewdlq

4@ 
@|n�cò|n�

*? El| ý @|n�ä n B *? @|n� n Bú
ý
ò|n�c o|n�

ü
+D16,

zkhuh67

ú
ý
ò|n�c o|n�

ü ì �

�ý è *?.|

qûý
�ý ò|n�

ü
o|n� n ò|n�-|n�

ú�3èr
li f ÷ è 9' �é

+D17,

Wkh rswlpdo ohyho ri vdylqj dqg frqvxpswlrq lv ghwhuplqhg e| gl>huhqwl0
dwlqj wkh pd{lpdqg lq htxdwlrq +D16, zlwk uhvshfw wr @|n� dqg vhwwlqj wkh
ghulydwlyh htxdo wr }hur wr rewdlq

@|n� '
B

� n B
l|é +D18,

Wkh sruwirolr doorfdwlrq sureohp lv vroyhg e| gl>huhqwldwlqj ú
ý
ò|n�c o|n�

ü
zlwk uhvshfw ò|n� dqg vhwwlqj wkh ghulydwlyh htxdo wr }hur wr rewdlq

.|
qûý

�ý ò|n�
ü
o|n� n ò|n�-|n�

ú3è
E-|n� ý o|n�ä

r
' fé +D19,

Htxdwlrq +D19, lpsolflwo| gh?qhv wkh rswlpdo ydoxh ri ò|n�/ zklfk lv wkh vkduh
ri dq lqglylgxdo*v wrwdo sruwirolr ghyrwhg wr ulvn| dvvhwv1 Wklv htxdwlrq krogv
iru dq| è : f/ lqfoxglqj wkh fdvh ri orjdulwkplf xwlolw|/ è ' �é

Ohw ò Eo|n�ä eh wkh ydoxh ri ò|n� wkdw vroyhv htxdwlrq +D19,1 Dsshqgl{ E
ghulyhv wkh surshuwlhv ri ò Eo|n�ä1

67Li è ' �/ ú
ý
ò|n�c o|n�

ü ì .| õ*? ûý�ý ò|n�ü o|n� n ò|n�-|n�úô é
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E Surshuwlhv ri ò Eoä

Li .| i-|n�jý o|n� ' f/ wkhq .|
q
o3è|n� E-|n� ý o|n�ä

r
' f/ zklfk lpsolhv wkdw

ò|n� ' f vdwlv?hv htxdwlrq +D19,1 Wkhuhiruh/ li .| i-|n�j ý o|n� ' f/ wkh
rswlpdo ydoxh ri ò|n� lv }hur/ vr

ò E.| i-|n�jä ' fé +E14,

Dv wkh jurvv ulvnohvv lqwhuhvw udwh/ o|n�/ dssurdfkhv -u ì køu iurp deryh/
wkh rswlpdo ydoxh ri ò|n� ehfrphv duelwudulo| odujh1 Wkdw lv/

*ð4
o|n�ò-u

ò Eo|n�ä '4é +E15,

Wr dqdo|}h wkh ghulydwlyh ri ò Eo|n�ä zlwk uhvshfw wr o|n�/ gh?qh

8 Eòc oc èä ì . õ%3è E-ý oäô +E16,

zkhuh68 % ì o n ò E- ý oä : f dqg o è -u1 Revhuyh iurp htxdwlrq +D19,
wkdw wkh rswlpdo ydoxh ri ò/ òW/ vroyhv

8 EòWc oc èä ' fé +E17,

Gl>huhqwldwlqj htxdwlrq +E16, zlwk uhvshfw wr ò |lhogv

8ò Eòc oc èä ' ýè.
õ
%3è3� E-ý oä2ô ÷ fé +E18,

Vlqfh 8ò Eòc oc èä ÷ fc wkhuh lv d xqltxh ydoxh ri ò wkdw vroyhv 8 Eòc oc èä '
f iru jlyhq ydoxhv ri o dqg è1

Wkh uhvsrqvh ri òW wr d fkdqjh lq o lv jlyhq e| òâ Eoä ' _òW
_o

' ý8oEòWcocèä
8òEòWcocèä é

Vlqfh 8ò EòWc oc èä ÷ f/ wkh vljq ri òâ Eoä lv wkh vdph dv wkh vljq ri 8o EòWc oc èä é
Gl>huhqwldwlqj htxdwlrq +E16, zlwk uhvshfw wr o |lhogv

8o Eòc oc èä ' .
õýè%3è3� E�ý òä E-ý oäý %3èô é +E19,

68Erwk o dqg - duh dvvxphg wr eh srvlwlyh1 L uhvwulfw dwwhqwlrq wr ydoxhv
ri ò iru zklfk % : f ehfdxvh rswlpdolw| uhtxluhv wkdw èh i% : fj ' �é
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Xvh wkh idfw wkdw - ý % ' E�ý òä E-ý oä wr uhzulwh htxdwlrq +E19, dv

8o Eòc oc èä ' .
õýè%3è3�-n Eèý �ä%3è

ô
é +E1:,

Lqvshfwlrq ri htxdwlrq +E1:, uhyhdov wkdw li è é �c wkhq 8o Eòc oc èä ÷ f
dqg khqfh òâ Eoä ÷ fé Lq wkh fdvh zlwk è : �/ wkhuh lv qr jhqhudo uhvxow iru
wkh vljq ri òâ Eoä é Hyhq zkhq wkh glvwulexwlrq ri - lv d v|pphwulf wzr0srlqw
glvwulexwlrq/ wkh vljq ri òâ Eoä lv qrw ghwhuplqdwh1

Wr ghwhuplqh wkh h>hfw ri d fkdqjh lq wkh frh!flhqw ri uhodwlyh ulvn dyhu0
vlrq è/ gl>huhqwldwh 8 Eòc oc èä zlwk uhvshfw wr è wr rewdlq

8è Eòc oc èä ' ý.
õ
%3è E- ý oä *?%ô é +E1;,

Li -ý o ÷ f/ wkhq *?% ÷ *? o/ surylghg wkdw ò : fé Wkhuhiruh/ li -ý o ÷ fc
wkhq %3è E-ý oä *? % : %3è E-ý oä *? oé Vlploduo|/ li -ý o : f/ wkhq *? % :
*? o/ surylghg wkdw ò : fé Wkhuhiruh/ li - ý o : fc wkhq %3è E-ý oä *? % :
%3è E-ý oä *? oé Wkxv/ li wkh rswlpdo ydoxh òW lv srvlwlyh/ wkhq zkhq ò ' òWc69

.
õ
%3è E- ý oä *?%ô : . õ%3è E-ý oä *? oô ' fé +E1<,

Vxevwlwxwlqj htxdwlrq +E1<, lqwr htxdwlrq +E1;, |lhogv

8è Eòc oc èä ÷ fé +E143,

Wkhuhiruh/ vlqfh 8ò Eòc oc èä ÷ f/

_òW

_è
÷ fc +E144,

zklfk phdqv wkdw dq lqfuhdvh lq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq è ohdgv
wr d uhgxfwlrq lq òc wkh vkduh ri wkh sruwirolr ghyrwhg wr wkh ulvn| dvvhw1

F Surri ri Sursrvlwlrq 5
Gh?qh wkh ixqfwlrq s

ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
dv wkh uljkw0kdqg vlgh ri

htxdwlrq +66,1 Wklv ixqfwlrq lv frqwlqxrxv lq o|n� iru køu ì -u ÷ o|n� é
- ì .| i-|n�j1 Htxdwlrq +E14, dqg wkh frqglwlrq lq htxdwlrq +64, lpso|

s
ý
.| i-|n�j c K|n�c r|n�c ò7c|n�c wfc w�

ü
÷ fé +F14,

69L dp dvvxplqj wkdw wkh glvwulexwlrq ri U lv qrqghjhqhudwh vr wkdw Su iU 9@ uj A 31
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Htxdwlrq +E15, dqg wkh frqglwlrq lq htxdwlrq +63, lpso|

*ð4
o|n�ò-u

s
ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
'4é +F15,

Htxdwlrqv +F14, dqg +F15, dqg wkh idfw wkdw s
ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
lv frqwlqxrxv lq o|n� iru o|n� 5

ý
-uc -

ú
lpso| wkdw wkhuh lv dw ohdvw rqh ydoxh

ri o|n� 5
ý
-uc -

ú
iru zklfk s

ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
' f1

Wr suryh wkdw wkh htxloleulxp ydoxh ri o|n� lv xqltxh/ gl>huhqwldwh
s
ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
zlwk uhvshfw wr o|n� dqg xvh wkh dvvxpswlrq

lq Sursrvlwlrq 5 wkdw òâ Eo|n�ä ÷ f wr rewdlq

Ys

Yo|n�
' òâ Eo|n�ä

ë
� n K|n� ý r|n� n wf E�ý käø

o|n�
n w�

�ý k
k

ê
ý ò Eo|n�ä wf E�ý käø

o2|n�
÷ fé +F16,

Vlqfh Ys
Yo|n�

÷ f/ wkh ydoxh ri o|n� iru zklfk s
ý
o|n�c K|n�c r|n�c ò7c|n�c wfc w�

ü
'

f lv xqltxh1
Wr dqdo|}h wkh h>hfwv ri ydulrxv yduldeohv rq wkh ulvnohvv lqwhuhvw udwh/

frpsxwh wkh iroorzlqj sduwldo ghulydwlyhv

Ys

YK|n�
' ò Eo|n�ä : f +F17,

Ys

Yò7c|n�
' r|n� +F18,

Ys

Yr|n�
' ò7c|n� ý ò Eo|n�ä +F19,

Ys

Ywf
' ò Eo|n�ä

E�ý käø
o|n�

: f +F1:,
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Ys

Yw�
' ý�ý k

k
E�ý ò Eo|n�ää ÷ f +F1;,

zkhuh wkh lqhtxdolwlhv lq htxdwlrqv +F17,/ +F1:,/ dqg +F1;, iroorz iurp Sursr0
vlwlrq 41

Wkh lpsolflw ixqfwlrq wkhruhp lpsolhv wkdw
YoEK|n�cr|n�cò7c|n�cwfcw�ä

Y5
' ý Ys*Y5

Ys*Yo|n�
zkhuh 5 5 õ

K|n�c r|n�c ò7c|n�c wfc w�
ô
é

Wkhuhiruh/ rð}?
ë
YoEK|n�cr|n�cò7c|n�cwfcw�ä

Y5

ê
' rð}?

ý
Ys
Y5

ü
1 t1h1g1

G Ghulydwlrq ri wkh Jurzwk Udwh ri wkh Fds0
lwdo Vwrfn

Vxevwlwxwh htxdwlrq +69, lqwr htxdwlrq +68,/ xvh wkh gh?qlwlrqv K|n� ì î|n�
g|n�

dqg r|n� ì 7|n�
g|n�

/ dqg pxowlso| erwk vlghv ri wkh uhvxowlqj htxdwlrq e| � n B
wr rewdlq

E� n Bä EK|n� n �ý r|n�äg|n� ' B
ý
ç| ý A A| ý A7|

ü
+G14,

ý
ë
wf E�ý käø

o|n�
n w�

�ý k
k

ê
g|n�é

Wkh dprxqw ri Vrfldo Vhfxulw| wd{hv fdq eh uhzulwwhq e| vxevwlwxwlqj
htxdwlrq +57, lqwr htxdwlrq +5:, wr rewdlq

A7| '
û
j n 47 Er| ý jä n 4-

ý
-| ý-

ü
ò7c|r|

ú
g|n� +G15,

n'| ý
ûý
�ý ò7c|

ü
o| n ò7c|-|

ú
r|g|

Xvh htxdwlrq +:, wr vxevwlwxwh iru '| lq htxdwlrq +G15, wr rewdlq

A7| ' x
ý
A 7| cg|n�

ü
g|n� nx

ý
A 7| cg|

ü
g| +G16,
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zkhuh

x
ý
A7| c g|n�

ü ì j n 47 Er| ý jä n 4- ý-| ý-ü ò7c|r| +G17,

dqg

x
ý
A 7| cg|

ü ì ýwføn w�ø|
ü
E�ý käý ûý�ý ò7c|ü o| n ò7c|-|ú r| +G18,

Qrz uhzulwh wkh Wuhdvxu|*v wd{ uhyhqxh lq htxdwlrq +56, dv

A A| ' x
ý
A A| cg|n�

ü
g|n� nx

ý
A A| c g|

ü
g| +G19,

zkhuh

x
ý
A A| cg|n�

ü ì ýb ûq n 4î EK| ý qä n 4ø E} ý ôä
ý
ø| ýø

üú
+G1:,

dqg

x
ý
A A| cg|

ü ì dE�ý bä ô n b}oø| n bo|K| +G1;,

Vxevwlwxwh htxdwlrqv +G16, dqg +G19, lqwr htxdwlrq +G14, dqg xvh htxdwlrq
+7, wr rewdlq
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Qrz xvh wkh gh?qlwlrqv lq htxdwlrqv +G17,/ +G18,/ +G1:,/ dqg +G1;,/ wr
uhzulwh htxdwlrq +G1<, dv

M�g|n� ' Mfg| +G143,

zkhuh

M� ì

597 E� n Bä E� n K|n� ý r|n�ä n wfE�3käø
o|n�

n w�
�3k
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nB
û
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6:8 +G144,

dqg

Mf ì B
ë

d�ý ký E�ý bä ô ý b}oø| ý E�ý kä ýwføn w�ø|
ü

n
ûý
�ý ò7c|

ü
o| n ò7c|-|

ú
r| ý bo|K|

ê
é +G145,

Uhzulwh wkh h{suhvvlrq iruM� e| vxevwlwxwlqj wkh Wuhdvxu| srolf| ixqfwlrq
iurp htxdwlrq +4;, dqg wkh Vrfldo Vhfxulw| srolf| ixqfwlrq iurp htxdwlrq +59,
lqwr htxdwlrq +G144, wr rewdlq

M� ì
%
� n B n E� n B ý Bbä ûq n 4î EK| ý qä n 4ø E} ý ôä ýø| ý øüú
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&
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+G146,

H Wkh H{shfwdwlrq ri Pxowl0|hdu Uhwxuqv
Ohppd 6 Ohw 5| 5 i~ E�ä c é é é c ~ Eaäj dqg gh?qh wkh wudqvlwlrq suredelolwlhv
R Eðc æä ì èh i5|n� ' ~ Eæä m5| ' ~ Eðäj dqg xqfrqglwlrqdo suredelolwlhv Z Eæä ì
èh i5| ' ~ Eæäj é Li áâ ì dZ E�ä c éééc Z Eaäo/ � lv wkh a û a pdwul{ zlwk
Eðc æä hohphqw 6 Eðc æä ì R Eðc æä~ Eæä/ dqg ð lv dq a û � yhfwru ri rqhv/ wkhq
. i5|n� ü ü ü 5|nùj ' áâ

ý
�ù

ü
ðé
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Surri=

. i5|n� ü ü ü 5|nù m5| ' ~ Eðäj +H14,

'
[

æ�cuuu cæù
dR Eðc æ�ä R Eæ�c æ2ä ü ü ü R Eæù3�c æùäo d~ Eæ�ä~ Eæ2ä ü ü ü~ Eæùäo

Xvh wkh gh?qlwlrq 6 Eðc æä ì R Eðc æä~ Eæä wr uhzulwh wkh frqglwlrqdo h{0
shfwdwlrq dv

. i5|n� ü ü ü 5|nù m5| ' ~ Eðäj '
[

æ�cuuu cæù
6 Eðc æ�ä6 Eæ�c æ2ä ü ü ü6 Eæù3�c æùä é

+H15,

Gh?qh

+ Eùc ðc æä ì
[

æ�cuuu cæù3�
6 Eðc æ�ä6 Eæ�c æ2ä ü ü ü6 Eæù3�c æä é +H16,

Htxdwlrqv +H15, dqg +H16, lpso|

. i5|n� ü ü ü 5|nù m5| ' ~ Eðäj '
[
æ

+ Eùc ðc æä é +H17,

Wkh xqfrqglwlrqdo h{shfwdwlrq lv

. i5|n� ü ü ü 5|nùj '
[
ðcæ

Z Eðä + Eùc ðc æä é +H18,

Revhuyh iurp htxdwlrq +H16, wkdw
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[
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[
æ�cuuu cæù3�

6 Eðc æ�ä6 Eæ�c æ2ä ü ü ü6 Eæù3�c æä6 Eæc &ä é

+H19,

Htxdwlrqv +H16, dqg +H19, lpso|

+ Eù n �c ðc &ä '
[
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+ Eùc ðc æä6 Eæc &ä é +H1:,
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Uhzulwh htxdwlrq +H1:, lq pdwul{ irup dv

tùn� ' tù� +H1;,

zkhuh wkh Eðc æä hohphqw ri tùn� lv + Eù n �c ðc æä dqg wkh Eðc æä hohphqw ri
tù lv + Eùc ðc æä é

Wkh vroxwlrq ri wkh pdwul{ gl>huhqfh htxdwlrq lq +H1;, lv

tù '�ù é +H1<,

Wkhuhiruh/ wkh gh?qlwlrq ri tù dqg htxdwlrqv +H18, dqg +H1<, lpso|

. i5|n� ü ü ü 5|nùj '
[
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Uhihuhqfhv
^4` Deho/ Dqguhz E1/ 4Wkh Djjuhjdwh H>hfwv ri Lqfoxglqj Htxlwlhv lq wkh

Vrfldo Vhfxulw| Wuxvw Ixqg/ Mxo| 4<<;/ uhylvhg Dxjxvw 4<<;1

^5` Erdug ri Wuxvwhhv ri wkh Ihghudo Rog0Djh dqg Vxuylyruv Lqvxudqfh dqg
Glvdelolw| Lqvxudqfh Wuxvw Ixqgv/ 4<<; Dqqxdo Uhsruw1

^6` Erkq/ Khqqlqj/ 4Ulvn Vkdulqj lq d Vwrfkdvwlf Ryhuodsslqj Jhqhudwlrqv
Hfrqrp|/4 plphr/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld
dw Vdqwd Eduedud/ Qryhpehu 4<<;1+d,

^7` Erkq/ Khqqlqj/ 4Vkrxog wkh Vrfldo Vhfxulw| Wuxvw Ixqg Krog HtxlwlhvB
Dq Lqwhujhqhudwlrqdo Zhoiduh Dqdo|vlv/4 plphr/ Ghsduwphqw ri Hfr0
qrplfv/ Xqlyhuvlw| ri Fdoliruqld dw Vdqwd Eduedud/ Qryhpehu 4<<;1+e,

^8` Eduur/ Urehuw M1 dqg [dylhu Vdod0l0Pduwlq/ Hfrqrplf Jurzwk +Qhz
\run= PfJudz0Kloo/ Lqf1, 4<<81

^9` Eodqfkdug/ Rolylhu M1 dqg Vwdqoh| Ilvfkhu/ Ohfwxuhv rq Pdfurhfrqrplfv
+Fdpeulgjh/ PD= PLW Suhvv, 4<;<1

^:` Gldprqg/ Shwhu D1/ 4Qdwlrqdo Ghew lq d Qhrfodvvlfdo Jurzwk Prgho/4
Dphulfdq Hfrqrplf Uhylhz/ 88/ 8 +Ghfhpehu 4<98,/ 4459044831

^;` Hsvwhlq/ Oduu| J1 dqg Vwdqoh| H1 ]lq/ 4Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg
wkh Whpsrudo Ehkdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= D Wkhruhw0
lfdo Iudphzrun/4 Hfrqrphwulfd/ 8:/ 7 +Mxo| 4<;<,/ <6:0<:31

^<` Phkud/ Udmqlvk dqg Hgzdug F1 Suhvfrww/ 4Wkh Htxlw| Suhplxp= D
Sx}}oh/4 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 48/ 5 +Pdufk 4<;8,/ 47804941

^43` Idpd/ Hxjhqh I1 dqg Nhqqhwk U1 Iuhqfk/ 4Shupdqhqw dqg Whpsrudu|
Frpsrqhqwv ri Vwrfn Sulfhv/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <9/ 5 +Dsulo
4<;;,/ 57905:61

^44` Zhlo/ Sklolssh/ 4Qrqh{shfwhg Xwlolw| lq Pdfurhfrqrplfv/4
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438/ 4 +Iheuxdu| 4<<3,/ 5<0751
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