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41 Lqwurgxfwlrq

Fxuuhqw prghov ri prudo kd}dug frqwudfwv vxemhfw wr uhqhjrwldwlrq gr qrw uhvwulfw

wkh qdwxuh ri vkdulqj uxohv14 Wklv sdshu frqvlghuv wkh h>hfwv ri wzr uhdolvwlf

uhvwulfwlrqv/ olplwhg oldelolw| dqg prqrwrqlflw| ri uhwxuqv wr lqyhvwruv1

Iru frqfuhwhqhvv wkh prgho lv sxw lq whupv ri ?qdqflqj d qhz ?up1 Wkh djhqw

lv d ulvn dyhuvh hqwuhsuhqhxu zkr zlvkhv wr vwduw xs d ?up1 Wkh sulqflsdo lv

d ulvn qhxwudo lqyhvwru zkr surylghv wkh vwduw0xs ixqgv lq uhwxuq iru d sd|phqw

frqwlqjhqw rq wkh uhdol}hg sur?w ri wkh ?up1 Diwhu wkh djhqw wdnhv dq xqrevhuydeoh

h>ruw/ exw ehiruh wkh sur?w lv uhdol}hg/ wkh sduwlhv pd| uhqhjrwldwh wkh frqwudfw 8

wkh| pd| zdqw wr gr vr ehfdxvh lwv lqfhqwlyh surylvlrqv duh wkhq luuhohydqw1

Wkh ?uvw frqwudfw uhvwulfwlrq lv olplwhg oldelolw|/ d frqvwudlqw wkdw surklelwv wkh

djhqw iurp sd|lqj edfn pruh wkdq wkh hqwhusulvh hduqv1 Lw lv d frqvhtxhqfh ri

ohjdo surylvlrqv/ ru ri dq lqdelolw| wr yhuli| rxwvlgh lqfrph1 Wkh vhfrqg uhvwulfwlrq

lv prqrwrqlflw|/ d frqvwudlqw wkdw uhtxluhv wkh sd|phqw wr wkh sulqflsdo wr zhdno|

lqfuhdvh zlwk wkh uhdol}hg sur?w ri wkh surmhfw1 Prqrwrqlflw| lv d frqvhtxhqfh

ri h{ srvw prudo kd}dug frqvlghudwlrqv/ dv/ h1j1/ Lqqhv +4<<3, revhuyhv1 +Wklv lv

glvfxvvhg lq Vhfwlrq 51,

Zh irfxv rq d uhqhjrwldwlrq surfhvv lq zklfk doo edujdlqlqj srzhu uhvwv zlwk

wkh djhqw= kh pdnhv dq xowlpdwxp r>hu wr wkh sulqflsdo1 Wklv lv lq nhhslqj zlwk

wkh rzqhu ri d vwduw0xs dssurdfklqj frpshwlwlyh ?qdqfldo pdunhwv zlwk d qhz

vhfxulw| r>hulqj/ udwkhu wkdq ylfh yhuvd1 Zkhq wkh djhqw kdv wkh edujdlqlqj srzhu

dqg wkhuh duh qr frqvwudlqwv rq wkh irup ri d frqwudfw/ Pdwwkhzv +4<<8, vkrzv

wkdw dq htxloleulxp lqlwldo frqwudfw lv d 3vdohv frqwudfw4 lq zklfk wkh sd|phqw

wr wkh sulqflsdo lv qrw frqwlqjhqw1 D fhqwudo wdvn ri wklv sdshu lv wr ghwhuplqh

4Uhqhjrwldwlrq ri prudo kd}dug frqwudfwv lv wkh vxemhfw ri Hgolq dqg Khupdolq +4<<:,/ Ix0

ghqehuj dqg Wluroh +4<<3,/ Khupdolq dqg Ndw} +4<<4,/ Pd +4<<4/7,/ Pdwwkhzv +4<<8,/ dqg Vhjdo

dqg Wdgholv +4<<7,1
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krz wkdw uhvxow lv dowhuhg e| wkh suhvhqfh ri olplwhg oldelolw| dqg prqrwrqlflw|

frqvwudlqwv1

Zh ?qg wkdw dq rswlpdo lqlwldo frqwudfw qrz wdnhv wkh irup ri ghew 8 erwk

sduwlhv duh ehwwhu r> uhqhjrwldwlqj d ghew frqwudfw wkdq wkh| duh uhqhjrwldwlqj

dq| rwkhu ihdvleoh frqwudfw1 Wkh rswlpdo ghew frqwudfw lv qrw uhqhjrwldwlrq0surri/

dv lw lv w|slfdoo| uhqhjrwldwhg lq rughu wr jlyh wkh djhqw ehwwhu lqvxudqfh1 Wklv lv

frqvlvwhqw zlwk wkh vw|ol}hg idfw wkdw qhz yhqwxuhv duh lqlwldoo| ?qdqfhg e| ghew0

olnh vhfxulwlhv zklfk lpsrvh d odujh dprxqw ri ulvn rq hqwuhsuhqhxuv/ exw duh odwhu

uh?qdqfhg e| wkh vdoh ri frpprq vwrfn1 Wkh prgho jlyhv dq h{sodqdwlrq iru wkh

shuydvlyhqhvv ri ghew wkdw lv txlwh glvwlqfw iurp rwkhuv irxqg lq wkh olwhudwxuh15

D suhfxuvru wr wklv sdshu lv Lqqhv +4<<3,/ zklfk vkrzv wkdw ghew lv dq h!flhqw

lqfhqwlyh frqwudfw li frqwudfwv pxvw vdwlvi| olplwhg oldelolw| dqg prqrwrqlflw|/ li

wkh vwrfkdvwlf whfkqrorj| vdwlv?hv wkh prqrwrqh olnholkrrg udwlr surshuw|/ dqg li

erwk sduwlhv duh ulvn qhxwudo1 Wkh djhqw*v ulvn qhxwudolw| lv fuxfldo iru wklv uhvxow1

Li kh lv lqvwhdg ulvn dyhuvh/ ghew lv jhqhudoo| qrw dq h!flhqw lqfhqwlyh frqwudfw1 Lq

dgglwlrq/ ulvn dyhuvlrq lv zkdw pdnhv uhqhjrwldwlrq dq lvvxh 8 rqo| li wkh djhqw lv

ulvn dyhuvh zloo wkh sduwlhv zdqw wr dgrsw d ehwwhu ulvn0vkdulqj frqwudfw diwhu kh

wdnhv klv h>ruw1 Wklv sdshu vkrzv wkdw hyhq zkhq wkh djhqw lv ulvn dyhuvh/ vr orqj

dv wkh lqlwldo frqwudfw fdq eh uhqhjrwldwhg/ lw vkrxog vwloo eh ghew1

Dv lq prvw prudo kd}dug prghov/ d frqwudfw lq wklv sdshu lv d vlqjoh vkdulqj

uxoh1 Wklv lv lq frqwudvw wr frqwudfwv lq/ h1j1/ Ixghqehuj dqg Wluroh +4<<3, dqg

Pd +4<<7,1 Wkrvh frqwudfwv duh uhyhodwlrq phfkdqlvpv +phqxv ri vkdulqj uxohv,

wkdw ghwhuplqh wkh vkdulqj uxoh/ diwhu uhqhjrwldwlrq kdv fhdvhg/ dv d ixqfwlrq

ri wkh djhqw*v uhsruwhg h>ruw1 Lq wklv sdshu juhdwhu zhoiduh zrxog vrphwlphv

eh dfklhyhg e| d phqx frqwudfw16 Zh kdyh wzr pdlq uhdvrqv iru qrqhwkhohvv

5Rwkhu udwlrqdohv iru ghew uho| rq frvwo| vwdwh yhul?fdwlrq/ ru rq frqwuro uljkwv dqg pdqdjhuldo

sur?w dssursuldelolw|1 Vhh/ h1j1/ wkh vxuyh|v e| Doohq +4<<3, dqg e| Kduulv dqg Udyly +4<<5,1

6Krzhyhu/ phqxv kdyh qr ehqh?w li d sduwlfxodu 3vdohv4 ru 3ulvnohvv ghew4 frqwudfw lv ihdvleoh1

5



uhvwulfwlqj dwwhqwlrq wr frqwudfwv wkdw duh vlqjoh vkdulqj uxohv1 Iluvw/ wkh udulw|

ri phqx frqwudfwv lq uhdolw| vxjjhvwv wkdw wkh| pd| riwhq kdyh orz ehqh?w ru

kljk frvw1 Iru h{dpsoh/ d phqx pd| eh gl!fxow wr ghvfuleh> wkhuh pd| qrw eh

wlph iru wkh djhqw wr vhohfw iurp d phqx diwhu uhqhjrwldwlrq fhdvhv dqg ehiruh kh

nqrzv wkh frqvhtxhqfhv ri klv dfwlrq> ru wkhuh pd| qrw hyhq eh d gdwh sulru wr

wkh frqvhtxhqfhv ri klv dfwlrqv dw zklfk uhqhjrwldwlrq pxvw fhdvh1 Vhfrqg/ vkdus

dqvzhuv wr txhvwlrqv derxw krz uhqhjrwldwlrq surfhhgv uhtxluhv d prgho lq zklfk

uhqhjrwldwlrq pxvw rffxu1 Wklv uxohv rxw phqx frqwudfwv/ vlqfh dq| htxloleulxp lv

htxlydohqw wr rqh lq zklfk d phqx frqwudfw lv dgrswhg dqg qrw uhqhjrwldwhg +wkh

uhqhjrwldwlrq0surri sulqflsoh,1

Wkh uhpdlqghu ri wklv sdshu ehjlqv zlwk d ghvfulswlrq ri wkh hqylurqphqw lq

Vhfwlrq 51 D nh| surshuw| ri ghew lv glvfxvvhg lq Vhfwlrq 61 Wkh uhqhjrwldwlrq

jdph lv suhvhqwhg lq Vhfwlrq 71 Wkh pdlq uhvxowv uhjduglqj wkh hphujhqfh ri ghew

dv dq rswlpdo dqg htxloleulxp lqlwldo frqwudfw duh ghulyhg lq Vhfwlrqv 8 dqg 91

H{dpsohv duh frqvlghuhg lq Vhfwlrq :1 Wkh srvvleoh ydoxh ri udqgrp frqwudfwv

lv frqvlghuhg lq Vhfwlrq ;/ dqg wzr h{whqvlrqv ri wkh prgho duh vnhwfkhg1 Wkh

Dsshqgl{ ghwdlov rqh ri wkhvh h{whqvlrqv1 Vhfwlrq < frqfoxghv1

51 Hqylurqphqw

D ulvn dyhuvh djhqw +djhqw, kdv d surmhfw uhtxlulqj dq lqyhvwphqw g1 Wklv lq0

yhvwphqw fdq eh surylghg e| d ulvn qhxwudo sulqflsdo +sulqflsdo, zkr hperglhv d

frpshwlwlyh pdunhw ri srwhqwldo sulqflsdov1 Wkh djhqw surylghv dq xqrevhuydeoh

h>ruw1 Wkh sulqflsdo surylghv vwduw0xs ixqgv dqg devruev ulvn1

Wkh +jurvv, sur?w ri wkh surmhfw lv yhul?deoh dqg kdv ? è 2 srvvleoh uhdol}d0

wlrqv= Z� ÷ Z� ÷ ü ü ü ÷ Z?1 Wkh djhqw fdq wdnh dq| h>ruw lq d qrqhpsw|/ frpsdfw
vxevhw . ri wkh uhdo olqh/ zlwk e ì 4ð?E.äc dqg 7e ì 4@ E.ä1 Li kh fkrrvhv

Wklv lv vkrzq lq rqh vhwwlqj lq Pdwwkhzv +4<<8,/ dqg lq dqrwkhu khuh1

6



h>ruw e/ wkh uhdol}hg sur?w lv Zð zlwk suredelolw| RðEeä1 Hdfk Rð lv srvlwlyh dqg

wzlfh frqwlqxrxvo| gl>huhqwldeoh rq dec 7eo1 Ohwwlqj REeä ì ER�Eeäc é é é c R?Eeää dqg

Z ì EZ�c é é é c Z?ä/ wkh h{shfwhg jurvv sur?w jhqhudwhg e| h>ruw e lv Z ü REeäé Wkh
glvwulexwlrqv vdwlvi| wkh vwulfw prqrwrqh olnholkrrg udwlr surshuw|=

+POUS,
RâðEeä
RðEeä

lqfuhdvhv lq ð iru doo e 5 .é

Frqvhtxhqwo|/ REeä vwrfkdvwlfdoo| grplqdwhv RE_ä li e : _1

Dq doorfdwlrq lv d sdlu Eúc eä/ zkhuh ú ' Eú�c é é é c ú?ä frqvlvwv ri frqwlqjhqw

sd|phqwv iurp wkh djhqw wr wkh sulqflsdo1 Wkh sulqflsdo*v h{shfwhg uhwxuq iurp

Eúc eäc qhw ri wkh vwduw0xs ixqgv/ lv ú ü REeäýgé
Wkh djhqw*v xwlolw| ixqfwlrq iru prqh| + dqg h>ruw e lv üE+ä ý SEeäé Gh?qh

üE+�c é é é c +?ä ì EüE+�äc é é é c üE+?ääé Wkh djhqw*v h{shfwhg xwlolw| lv

LEúc eä ì üEZ ý úä ü REeäý SEeäé

Wkh pdlqwdlqhg dvvxpswlrqv duh üâ : fc üââ ÷ fc dqg Sâ : fé

D frqwudfw lv dq djuhhphqw vshfli|lqj wkdw wkh sulqflsdo surylgh wkh ixqgvg lq

uhwxuq iru d sd|phqw frqwlqjhqw rq wkh uhdol}hg sur?w1 D frqwudfw lv uhsuhvhqwhg

e| lwv yhfwru ri frqwlqjhqw sd|phqwv/ úé

Frqwudfwv duh uhvwulfwhg lq wzr zd|v1 Wkh ?uvw lv olplwhg oldelolw| iru wkh djhqw/

zklfk surklelwv klp iurp sd|lqj edfn pruh wkdq wkh surmhfw hduqv=

+OO, úð é Zð iru doo ð é ?é

Lw zrxog dovr eh qdwxudo wr uhtxluh olplwhg oldelolw| iru wkh sulqflsdo/ úð è f1 Exw

wklv zrxog qrw dowhu wkh uhvxowv/ dqg vr iru vlpsolflw| rqo| +OO, lv lpsrvhg1

Wkh vhfrqg uhvwulfwlrq rq frqwudfwv lv prqrwrqlflw|=

+PRQ, úð é úðn� iru doo ð ÷ ?é

Prqrwrqlflw| uhtxluhv wkh sulqflsdo*v hduqlqjv wr zhdno| lqfuhdvh zlwk wkh surmhfw*v

revhuyhg sur?w1 Wklv lv wuxh ri yluwxdoo| doo uhdo frqwudfwv1 Lw fdq eh ghulyhg dv
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d frqvhtxhqfh ri h{ srvw prudo kd}dug/ dv Lqqhv +4<<3, revhuyhv1 Iru h{dpsoh/

wkh sulqflsdo pd| eh deoh wr vderwdjh wkh ?up/ wkhuhe| glvwruwlqj wkh revhuyhg

Zð grzqzdugv1 Ru wkh djhqw pd| eh deoh wr eruurz vhfuhwo| iurp d ohqghu diwhu d

frqwudfw kdv ehhq vljqhg/ wkhuhe| glvwruwlqj wkh revhuyhg Zð xszdugv1 Jlyhq vxfk

delolwlhv wr glvwruw dssduhqw sur?w/ +PRQ, pxvw eh vdwlv?hg e| dq| lpsohphqwdeoh

frqwudfw17

Wkh vhw ri ihdvleoh frqwudfwv lv

[ ì iú 5 ?? mú vdwlv?hv +OO, dqg +PRQ,j é

61 Ghew Frqwudfwv

D ghew frqwudfw/ B ' EB�c é é é B?äc wdnhv wkh irup

Bð ' 4ð?EZðc(ä iru doo ð é ?c +4,

zkhuh( lv lwv idfh ydoxh1 Ghew frqwudfwv vdwlvi| olplwhg oldelolw| dqg prqrwrqlflw|1

Jlyhq dq| ihdvleoh frqwudfw ú 5 [ dqg h>ruw ohyho e 5 dec 7eo/ d ghew frqwudfw B

h{lvwv wkdw kdv wkh vdph h{shfwhg ydoxh dv ú jlyhq e/ l1h1/ lw vdwlv?hv

B ü REeä ' ú ü REeäé +5,

Zh fdq ylhz wkh h{shfwhg ydoxhv ri wkh wzr frqwudfwv/ B ü REüä dqg ú ü REüäc dv
ixqfwlrqv ri h>ruwé Jlyhq +5,/ wkhlu judskv furvv dw eé Ixuwkhupruh/ vlqjoh0furvvlqj

lv vdwlv?hg= B ü RE_ä lv juhdwhu +orzhu, wkdq ú ü RE_ä dw h>ruwv _ wkdw duh orzhu

+kljkhu, wkdq e1 Wklv lv ehfdxvh wkh sd|phqwv vshfl?hg e| d ghew frqwudfw duh

wkh pd{lpxp srvvleoh dw orz sur?w ohyhov jlyhq olplwhg oldelolw|/ dqg wkh| duh wkh

plqlpxp srvvleoh dw kljk sur?w ohyhov jlyhq prqrwrqlflw|1 E| +POUS,/ orzhulqj

7Rwkhu h{ srvw prudo kd}dugv/ vxfk dv wkh hqwuhsuhqhxu ghvwur|lqj uhdol}hg sur?w/ ru wkh lq0

yhvwru lqmhfwlqj fdvk vr dv wr lq dwh wkh revhuyhg sur?w/ ohdg wr dqrwkhu prqrwrqlflw| frqvwudlqw/

#l.4 ý #l 9 äl.4 ý äl= Dgglqj lw zrxog qrw fkdqjh wkh pdlq uhvxowv1
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h>ruw vkliwv suredelolw| hyhqo| iurp kljk wr orz sur?wv/ dqg vr ghfuhdvhv wkh ghew*v

h{shfwhg ydoxh uhodwlyho| olwwoh1

Wkh hvvhqfh ri wklv revhuydwlrq zdv revhuyhg e| Lqqhv +4<<3,1 D vrphzkdw

gl>huhqw vwdwhphqw dqg surri duh jlyhq khuh18

Ohppd 41 Iru dq| ú 5 [ dqg ghew frqwudfw B 9' úc vxssrvh ú ü REeä ' B ü REeä
iru vrph e 5 dec 7eoé Wkhq

ú ü RE_ä : B ü RE_ä iru _ : eé

Surri1 Ohw ñ ' ú ý Bé D urxwlqh fdofxoxv dujxphqw suryhv wkh uhvxow li iru doo

_ 5 dec 7eoc ñ ü RâE_ä : f zkhqhyhu ñ ü RE_ä ' fé Vr dvvxph ñ ü RE_ä ' f1 Vlqfh ñ 9' f/

dqg RE_ä kdv ixoo vxssruw/ ñ kdv qhjdwlyh dqg srvlwlyh frpsrqhqwv1 Ohw & eh wkh

odujhvw ð vxfk wkdw ñð ÷ f1 Ehfdxvh B lv ghew dqg ú vdwlv?hv +OO, dqg +PRQ,/

ñð é f iru ð é &c dqg ñð è f iru ð : &é Wkxv/ vlqfh ñ kdv d srvlwlyh frpsrqhqw/

+POUS, dqg ñ ü RE_ä ' f lpso|

ñ ü RâE_ä '
?[
ð'�

ë
RâðE_ä
RðE_ä

ê
RðE_äñð

:
&[
ð'�

ë
Râ&E_ä
R&E_ä

ê
RðE_äñð n

?[
ð'&n�

ë
Râ&E_ä
R&E_ä

ê
RðE_äñð

'

ë
Râ&E_ä
R&E_ä

ê
dñ ü RE_äo ' fé

Ohppd 4 lpphgldwho| |lhogv wkh iroorzlqj uhvxow ri Lqqhv +4<<3,= Li wkh djhqw

lv ulvn qhxwudo/ wkhq ghew vroyhv wkh vwdqgdug sulqflsdo0djhqw sureohp/ zklfk lq

8Ohppd 4 vwdwhv wkdw +#ý ï, ü s+g, vdwlv?hv vlqjoh0furvvlqj lq g= E| +OO, dqg +PRQ,/ #ý ï
vdwlv?hv vlqjoh0furvvlqj lq äl +vhh wkh surri ri wkh ohppd,1 Wkxv/ Ohppd 4 lv d vshfldo fdvh ri

Wkhruhp 6 lq Dwkh| +4<<;,/ zklfk vkrzv pruh jhqhudoo| wkdw +POUS, lpsolhv wklv lqkhulwdelolw|

ri wkh vlqjoh0furvvlqj surshuw|1
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wklv fdvh lv

Pd{
úM[ceM.

EZ ý úä ü REeäý SEeä vxemhfw wr

e 5 @h}4@ 
_M.

EZ ý úä ü RE_äý SE_äc

ú ü REeä è gé

Wr vhh zk|/ qrwh wkdw d ulvn qhxwudo djhqw rqo| fduhv derxw klv h{shfwhg sd|phqw

wr wkh sulqflsdo1 Vxssrvh d qrq0ghew frqwudfw ú 5 [ lqgxfhv h>ruw ec dqg frqvlghu

d orzhu h>ruw _ ÷ eé Wkh h{shfwhg sd|phqw ú üRE_ä pxvw eh wrr kljk iru wkh djhqw
wr zdqw wr fkrrvh _ lqvwhdg ri eé Qrz/ ohw B eh wkh ghew frqwudfw wkdw/ wrjhwkhu

zlwk ú dqg ec vdwlv?hv +5,1 Dv kh dozd|v kdv wkh rswlrq ri fkrrvlqj ec wkh +ulvn

qhxwudo, djhqw pxvw +zhdno|, suhihu B wr úé Ohppd 4 lpsolhv wkdw wkh sulqflsdo

djuhhv1 Iru/ li _ ÷ ec wkh h{shfwhg sd|phqw B ü RE_ä lv juhdwhu wkdq ú ü RE_äé Vlqfh
wkh odwwhu zdv douhdg| kljk hqrxjk wr ghwhu wkh djhqw iurp fkrrvlqj _c kh zloo

dovr qrw fkrrvh lw zkhq B lv wkh frqwudfw1 Vr B lqgxfhv rqo| h>ruwv juhdwhu wkdq

ru htxdo wr e1 Ehfdxvh wkh h{shfwhg ydoxh ri B h{fhhgv wkdw ri ú dw h>ruwv juhdwhu

wkdq ec wkh sulqflsdo pxvw dovr +zhdno|, suhihu B wr úé

Li wkh djhqw lv ulvn dyhuvh/ wkh sulqflsdo0djhqw sureohp lv jhqhudoo| qrw vroyhg e|

ghew/ qru e| d ?uvw0ehvw ulvn0vkdulqj frqwudfw1 Wkh odwwhu idfw pdnhv uhqhjrwldwlrq

dq lvvxh1 Li wkh sduwlhv zhuh wr djuhh wr dq rswlpdo lqfhqwlyh frqwudfw iru d ulvn

dyhuvh djhqw/ wkh| zrxog uhqhjrwldwh lw wr d ehwwhu ulvn0vkdulqj frqwudfw diwhu kh

fkrrvhv h>ruw1 Lq htxloleulxp wkh djhqw zrxog iruhvhh wklv/ dqg vr glvuhjdug wkh

lqlwldo frqwudfw*v lqfhqwlyhv1

71 Uhqhjrwldwlrq Jdph

Zh wxuq qrz wr wkh jdph sod|hg diwhu wkh dgrswlrq ri dq lqlwldo frqwudfw1 Lq wklv

jdph wkh djhqw fkrrvhv dq xqrevhuydeoh h>ruw/ dqg wkh sduwlhv edujdlq ryhu d

:



qhz frqwudfw1 Lw zloo eh uhihuuhg wr dv wkh uhqhjrwldwlrq jdph1 +Wklv lv d voljkw

plvqrphu/ vlqfh d qrq0edujdlqlqj dfwlrq/ wkh h>ruw/ lv wdnhq lq wklv jdph1,

Wkh lqlwldo frqwudfw lv ghqrwhg úfé Lw lv uhqhjrwldwhg yld xowlpdwxp edujdlqlqj/

zlwk wkh djhqw sursrvlqj d qhz frqwudfw rq d wdnh0lw0ru0ohdyh0lw edvlv1 Wkh jdph

vwduwv zlwk wkh djhqw fkrrvlqj dq h>ruw e 5 . dqg d sursrvdo ú 5 [é +Lw lv

luuhohydqw khuh zkhwkhu e dqg ú duh fkrvhq vlpxowdqhrxvo| ru lq hlwkhu rughu1,

Wkh sulqflsdo grhv qrw revhuyh eé Xsrq uhfhlylqj wkh sursrvdo/ vkh djuhhv wr

uhqhjrwldwh e| vhohfwlqj lw/ ru vkh uhixvhv wr uhqhjrwldwh e| vhohfwlqj úf wr eh wkh

?qdo frqwudfw1 Ghqrwh wklv jdph dv KEúfäé

Wkh djhqw*v vwudwhj| lv d sursrvdo dqg dq h>ruw/ Eúc eäé Wkh sulqflsdo*v vwudw0

hj| lv d vhohfwlrq uxoh= vkh vhohfwv rEúä 5 iúfc új zkhq ú lv sursrvhg1 Khu eholhiv

derxw wkh djhqw*v h>ruw zkhq kh sursrvhv ú duh jlyhq e| d suredelolw| glvwul0

exwlrq qEümúä rq .é Dwwhqwlrq lv uhvwulfwhg iru qrz wr sxuh vwudwhj| htxloleuld1

Dffruglqjo|/ dq dvvhvvphqw lv d sur?oh ri vwudwhjlhv dqg eholhiv/ Eúc ec rc qäé D

+shuihfw Ed|hvldq, htxloleulxp lv dq dvvhvvphqw vdwlvi|lqj vhtxhqwldo udwlrqdolw|/

dqg Ed|hv* uxoh rq wkh htxloleulxp sdwk1

Vxssrvh Eúc ec rc qä lv dq htxloleulxp lq zklfk wkh sulqflsdo vhohfwv úé Wkh

rxwfrph lv wkhq Eúc eäé Ehfdxvh e lv wkh djhqw*v rswlpdo h>ruw jlyhq ú/ wklv rxwfrph

vdwlv?hv lqfhqwlyh frpsdwlelolw|=

+LF, LEúc eä è LEúc _ä iru doo _ 5 .é

Ehfdxvh wkh sulqflsdo pxvw suhihu ú wr úf zkhq ú lv sursrvhg/ Eúc eä dovr vdwlv?hv

dq lqglylgxdo udwlrqdolw| frqglwlrq=

+LU0úfä ú ü REeä è úf ü REeäé

Dq doorfdwlrq lv d htxloleulxp rxwfrph li lw pd{lpl}hv wkh djhqw*v sd|r> vxemhfw

;



wr wkhvh frqvwudlqwv1 Wklv surjudp lv

ES0úfä T Eúfä ì Pd{
úM[ceM.

LEúc eä

vxemhfw wr +LF, dqg +LU0úfäé

Ohw øEúfä eh wkh vhw ri doorfdwlrqv wkdw vroyh +S0úfäé

Ohppd 51 Iru dq| úf 5 [/ Eðä øEúfä 9' >/ dqg Eððä hyhu| Eúc eä 5 øEúfä lv dq
htxloleulxp rxwfrph ri KEúfä1

Surri1 Wkh surri ri Eðä lv zhoo0nqrzq19 Wr suryh Eððäc ohw E7úc 7eä 5 øEúfäé Gh?qh d
eholhi ixqfwlrq 7q dv iroorzv1 Li 7ú lv sursrvhg/ wkh sulqflsdo eholhyhv 7e zdv fkrvhq=

7qE7e m 7úä ' �é Iru dq| ú 9' 7úc ohw

.Eúä ì ie 5 . mú ü REeä é úf ü REeäjé

Li .Eúä 9' >c ohw 7qEümúä eh dq| glvwulexwlrq zlwk vxssruw lq .Eúäé Li .Eúä ' >c ohw
7qEümúä eh dq| glvwulexwlrq rq .é Gh?qh d vhohfwlrq uxoh 7r e| 7rE7úä ' 7úc dqg iru

ú 9' 7úc

7rEúä '

;?= úf li .Eúä 9' >
ú li .Eúä ' >é

Wkh dvvhvvphqw E7úc 7ec 7rc 7qä kdv rxwfrph E7úc 7eäc dqg lw vdwlv?hv Ed|hv uxoh rq lwv

sdwk1 Wkh sdlu E7rc 7qä lv vhtxhqwldoo| udwlrqdo dw sursrvdov ú 9' 7ú e| frqvwuxfwlrq/

dqg dw 7ú ehfdxvh E7úc 7eä vdwlv?hv +LU0úfä1 Zkhq wklv dvvhvvphqw lv sod|hg/ wkh

djhqw*v sd|r> lv T Eúfä ' LE7úc 7eäé Kh fdqqrw jhw d juhdwhu sd|r> e| ghyldwlqj

wr vrph E7úc _äc vlqfh E7úc 7eä vdwlv?hv +LF,1 Vxssrvh kh lqvwhdg ghyldwhv wr Eúc _äc

zkhuh ú 9' 7úé Vxssrvh .Eúä 9' >é Wkhq wkh sulqflsdo uhmhfwv úc dqg wkh uhvxowlqj

9Ehfdxvh s A 3 rq wkh frpsdfw vhw H> wkh frqwudfw vhw fdq eh erxqghg1 Vhh Jurvvpdq dqg

Kduw +4<;6,/ ru Ohppd D4 lq wkh Dsshqgl{ ri wklv sdshu1

<



doorfdwlrq lv Eúfc eäé Ohwwlqj ef eh dq rswlpdo h>ruw iru wkh djhqw zkhq úf lv

wkh frqwudfw/ Eúfc efä lv ihdvleoh iru ES0úfäé Khqfh/ LEúfc _ä é LEúfc efä é T Eúfäé
Qrz vxssrvh .Eúä ' >é Wkhq wkh sulqflsdo dffhswv úc dqg wkh uhvxowlqj doorfdwlrq
lv +úc _äé Ohw e eh dq rswlpdo h>ruw iru wkh djhqw zkhq ú lv wkh frqwudfw1 Vlqfh

.Eúä ' >c Eúc eä vdwlv?hv +LU0úfäé Vr +úc eä lv ihdvleoh iru ES0úfäc dqg djdlq

LEúc _ä é LEúc eä é T Eúfäé Wklv vkrzv wkdw E7úc 7eä lv d ehvw uhso| wr 7rc dqg vr

E7úc 7ec 7rc 7qä lv dq htxloleulxp1

Frqvhuydwlyh eholhiv duh xvhg lq wkh surri ri Ohppd 5 wr vkrz wkdw wkh vr0

oxwlrqv ri +S0úfä duh htxloleulxp rxwfrphv1 Dffruglqj wr wkhvh eholhiv/ li wkh

djhqw pdnhv d qrq0htxloleulxp sursrvdo/ wkh sulqflsdo eholhyhv +li srvvleoh, wkdw

wkh fkrvhq h>ruw lv vxfk wkdw vkh vkrxog uhixvh wr uhqhjrwldwh1 Wklv vxvslflrxv

dwwlwxgh rq wkh sduw ri wkh sulqflsdo zkhq idfhg zlwk dq xqh{shfwhg sursrvdo pd|

ru pd| qrw vhhp sodxvleoh1 Krzhyhu/ rwkhu eholhiv fdq dovr eh xvhg1 Iru h{dpsoh/

wkh sulqflsdo fdq eh uhtxluhg wr eholhyh/ zkhq idfhg zlwk d qrq0htxloleulxp sur0

srvdo/ wkdw wkh djhqw fkrvh dq h>ruw wkdw lv rswlpdo xqghu wkh dvvxpswlrq wkdw

klv sursrvdo zloo eh dffhswhg1 Wkdw lv/ wkh E7rc 7qä lq wkh surri fdq eh uhsodfhg e|

d E÷rc ÷qä gh?qhg dv iroorzv iru qrq0htxloleulxp sursrvdov ú G ÷qEeú múä ' �c zkhuh

eú 5 @h}4@ eM. LEúc eäc dqg

÷rEúä ' ú +, ú ü REeúä è úf ü REeúäé

Wkh sulqflsdo krogv wkhvh eholhiv li vkh wklqnv wkh djhqw zrxog pdnh d qrq0

htxloleulxp sursrvdo rqo| li kh wkrxjkw lw zrxog eh dffhswhg1

Vrph htxloleuld pd| kdyh rxwfrphv wkdw gr qrw vroyh +S0úfäé: Zh gr qrw

frqvlghu wkhp/ exw lqvwhdg dgrsw wkh xvxdo sudfwlfh ri irfxvlqj rq wkh sursrvhu*v

:Wkh eholhiv lq vxfk htxloleuld fdxvh dq rxw0htxloleulxp sursrvdo # wr eh uhmhfwhg hyhq wkrxjk

dq h>ruw h h{lvwv vxfk wkdw wkh sulqflsdo suhihuv +#> h, wr +#3> h,> dqg wkh djhqw suhihuv +#> h, wr

erwk +#> g, dqg +#3> g, iru doo g 5 H=
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ehvw htxloleulxp rxwfrphv/ øEúfä1 Wklv lv frqvlvwhqw zlwk wkh vxssrvlwlrq wkdw

wkh djhqw kdv doo wkh edujdlqlqj srzhu1

Uhpdun 41 D vwdqgdug dujxphqw vkrzv wkdw lqglylgxdo udwlrqdolw| frqvwudlqwv lq

sureohpv olnh +S0úfä elqg1 Vxssrvh Eúc eä vdwlv?hv +LF, dqg/ zlwk vodfn/ +LU0úfä1

Wkhq hdfk sd|phqw lq ú fdq eh orzhuhg wr rewdlq d frqwudfw úâ vxfk wkdw Eúâc eä

dovr vdwlv?hv +LF, dqg +LU0úfä1 Vlqfh LEúâc eä : LEúc eäc wklv vkrzv wkdw Eúc eä

grhv qrw vroyh +S0úfäé Wkh sureohp zlwk wklv dujxphqw khuh lv wkdw li úæ ' úæn�

iru vrph æc wkhq úâ ylrodwhv +PRQ,1; Wkxv/ Eúc eä 5 øEúfä qhfhvvdulo| vdwlv?hv
+LU0úfä zlwk htxdolw| rqo| li ú lv vwulfwo| prqrwrqlf1

81 Rswlpdo Lqlwldo Frqwudfwv

Lq wklv vhfwlrq zh vkrz wkdw/ jlyhq dq| srvvleoh lqlwldo frqwudfw/ d ghew frqwudfw

h{lvwv wkdw erwk sduwlhv zrxog suhihu wr eh wkh lqlwldo frqwudfw1 Wkh dujxphqw

xvhv wzr ohppdv1 Wkh ?uvw lv d uhyhdohg suhihuhqfh sursrvlwlrq derxw wkh djhqw*v

suhihuhqfhv ryhu lqlwldo frqwudfwv/ dv hperglhg lq wkh xwlolw| ixqfwlrq T Eüäé

Ohppd 61 Ohw úf eh dq| frqwudfw/ dqg ohw EúWc eWä 5 øEúfäé Vxssrvh ú� lv d
frqwudfw iru zklfk ú� ü REeWä é úW ü REeWäé Wkhq T Eú�ä è T Eúfäé

Surri1 E| k|srwkhvlv/ EúWc eWä vdwlv?hv +LU0ú�ä1 Lw dovr vdwlv?hv +LF,/ vlqfh lw

vroyhv +S0úfä1 Vr EúWc eWä lv ihdvleoh iru +S0ú�äc dqg wkh uhvxow iroorzv1

D vlpsoh dssolfdwlrq lv wr frqwudfwv úf dqg ú� é úfc vr wkdw hdfk frqwlqjhqw

sd|phqw lv qr ohvv lq úf wkdq lq ú�é E| Ohppd 6/ wkh djhqw zhdno| suhihuv wkh

;Frqwudfw #3 lv gh?qhg/ iru vrph y A 3 dqg doo l 9 q> e| x+älý#3l, @ x+älý#l,.y1 Dvvxph
#m @ #m.4 @ ç#= Gh?qh j+ä, e| x+äý j+ä,, @ x+älý ç#,. y1 Wkhq j3+ä, @ 4ýx3+äý ç#,@x3+äý
j+ä,, ? 3> vlqfh x33 ? 3= Khqfh/ #3m @ j+äm, A j+äm.4, @ #

3
m.4> ylrodwlqj +PRQ,1

44



rxwfrphv lq øEú�ä wr wkrvh lq øEúfäé Iru h{dpsoh/ kh suhihuv wr uhqhjrwldwh d

ghew frqwudfw zlwk d orz idfh ydoxh wkdq rqh zlwk d kljk idfh ydoxh1

Lw lv qrz xvhixo wr ylhz surjudp +S0úfä dv ehlqj vroyhg lq wzr vwdjhv1 Lq wkh

?uvw d frqwudfw lv fkrvhq jlyhq d ?{hg h>ruw=<

+S0úfc eä T Ee múfä ì pd{
úM[

LEúc eä

vxemhfw wr +LF, dqg +LU0úfäé

Lq wkh vhfrqg vwdjh wkh h>ruw lv fkrvhq=

T Eúfä ' 4@ 
eM.

T Ee múfäé +6,

Wkh ixqfwlrq T Eü m üä vdwlv?hv d vlqjoh0furvvlqj surshuw|1 Vxssrvh d qrq0ghew

frqwudfw úf 5 [ dqg d ghew frqwudfw B kdyh wkh vdph h{shfwhg ydoxh jlyhq h>ruw

eWé Wkhq surjudpv +S0Bc eWä dqg +S0úfc eWä duh wkh vdph/ vlqfh wkh uljkw vlghv ri

wkhlu uhvshfwlyh lqglylgxdo udwlrqdolw| frqvwudlqwv duh wkh vdph1 Wkxv/ T EeWm Bä '
T EeWmúfäé Qrz vxssrvh _ : eWé Wkhq/ e| Ohppd 4/ úf üRE_ä : B üRE_äc vr wkdw wkh
sulqflsdo suhihuv úf wr B li vkh wklqnv wkh djhqw wrrn h>ruw _é Wklv lpsolhv wkdw

wkhuh duh pruh frqwudfwv wkdw vkh zloo dffhsw lq olhx ri B wkdq vkh zloo dffhsw lq

olhx ri úfc jlyhq h>ruw _é Dffruglqjo|/ wkh djhqw lv ehwwhu r> uhqhjrwldwlqj B wkdq

úf li kh zdqwv wr wdnh h>ruwv kljkhu wkdq eW G T E_ m Bä è T E_ múfä iru _ : eWé D
vlplodu dujxphqw vkrzv wkdw T E_ m Bä é T E_ múfä iru _ ÷ eWé

Wklv vlqjoh0furvvlqj surshuw| lv qrw txlwh zkdw zh qhhg1 Wklv lv ehfdxvh lw

lv derxw d ghew frqwudfw wkdw jlyhv wkh sulqflsdo wkh vdph h{shfwhg sd|phqw dv

wkh lqlwldo frqwudfw úf jlyhq eWc zklfk lv ohvv wkdq khu sd|r> iurp d vroxwlrq ri

+S0úfc eWä zkhq +LU0úfä grhv qrw elqg1 Wkxv/ wkh sulqflsdo lv qrw qhfhvvdulo|

ehwwhu r> zkhq wklv ghew frqwudfw udwkhu wkdq úf lv uhqhjrwldwhg1 Wkh dfwxdo

vlqjoh0furvvlqj surshuw| wkdw zh qhhg lv hvwdeolvkhg lq wkh iroorzlqj ohppd1

<Li wkh frqvwudlqw vhw ri +S0#3> h, lv hpsw|/ ohw Y +h m#3, @ ý41
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Ohppd 71 Iru dq| qrq0ghew frqwudfw úf 5 [c h>ruw eW 5 dec 7eoc dqg ghew frqwudfw

B= li B ü REeWä è úf ü REeWäc wkhq
Eðä T E_ m Bä é T E_ múfä iru _ é eW(
Eððä T E_ m Bä ÷ T E_ múfä iru _ ÷ eW dw zklfk +LU0úfä elqgv lq +S0úfc _ä1

Surri1 Iru _ é eWc Ohppd 4 lpsolhv B ü RE_ä è úf ü RE_äé Vr li Eúc _ä vdwlv?hv

+LU0Bäc lw dovr vdwlv?hv +LU0úfäé Wklv suryhv Eðäé Li _ ÷ eWc Ohppd 4 lpsolhv

B ü RE_ä : úf ü RE_äé Vr li Eúc _ä vdwlv?hv +LF, dqg +LU0Bäc lw lv ihdvleoh iru +S0úfc _äc

exw lw grhv qrw vdwlvi| +LU0úfä zlwk htxdolw|1 Wkxv/ LEúc _ä ÷ T E_ múfä li +LU0úfä
elqgv lq +S0úfc _ä1 Wklv suryhv Eððäé

Zh qrz vkrz wkdw erwk sduwlhv suhihu wr uhqhjrwldwh ghew1 Ohw úf 5 [c dqg

frqvlghu wkh fdvh lq zklfk øEúfä frqwdlqv d vlqjoh rxwfrph/ vd| EúWc eWäé Wkh

ghvluhg ghew frqwudfw B kdv wkh vdph h{shfwhg ydoxh dv úW jlyhq eW=43

B ü REeWä ' úW ü REeWäé +7,

Ohppd 6 lpphgldwho| lpsolhv wkdw wkh djhqw zhdno| suhihuv wr uhqhjrwldwh wkh

ghew frqwudfw= T EBä è T Eúfäé Zh vkrz wkdw wkh sulqflsdo djuhhv1

Wkh lqwhuhvwlqj fdvh lv wkdw lq zklfk wkh djhqw kdv d vwulfw suhihuhqfh/ vr wkdw

T EBä : T Eúfä1 Dgrswlqj B dv wkh lqlwldo frqwudfw lqvwhdg ri úf wkhq uhvxowv lq wkh

djhqw wdnlqj d juhdwhu h>ruw1 Wr vhh wklv/ qrwh wkdw

B ü REeWä è úf ü REeWäc +8,

vlqfh EúWc eWä vdwlv?hv +LU0úfä dqg B vdwlv?hv +7,1 Ohppd 7 Eðä wkxv lpsolhv

T E_ m Bä é T E_ múfä iru _ é eWé +9,

43D xqltxh ghew frqwudfw vdwlvihv +7,1 Dv #ú vdwlv?hv +OO,/ wkh UKV ri +7, lv qr juhdwhu wkdq

ä ü s+hú,1 Wkh OKV lqfuhdvhv frqwlqxrxvo| iurp ý4 wr ä ü s+hú, dv wkh idfh ydoxh ri ï udqjhv
iurp ý4 wr äq=
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Ehfdxvh wkh pd{lpxp ri T Eü m Bä h{fhhgv wkh pd{lpxp ri T Eü múfä/ zh frqfoxgh
wkdw dq| h>ruw wkdw pd{lpl}hv wkh iruphu ixqfwlrq pxvw h{fhhg wkh h>ruw eW wkdw

pd{lpl}hv wkh odwwhu1 Wklv suryhv wkh fodlp wkdw e : eW iru dq| Eúc eä 5 øEBä1
Lw lv qrz hdv| wr vhh wkdw wkh sulqflsdo lv ehwwhu r> uhqhjrwldwlqj B wkdq úf1

Ohw Eúc eä 5 øEBäé Khqfh/ e : eWé Vlqfh Eúc eä vdwlv?hv +LU0Bäc ú ü REeä è B ü REeäé
E| +POUS,/ B ü REeä è B ü REeWäé Wkhvh wzr lqhtxdolwlhv dqg +7, lpso|

ú ü REeä è úW ü REeWäé +:,

Wklv lv wkh ghvluhg uhvxow= wkh sulqflsdo zhdno| suhihuv wkh rxwfrph Eúc eä ri

uhqhjrwldwlqj B wr wkh rxwfrph EúWc eWä ri uhqhjrwldwlqj úfé

Wkh sulqflsdo vwulfwo| suhihuv wr uhqhjrwldwh wkh ghew frqwudfw xqghu wkh dg0

glwlrqdo dvvxpswlrq wkdw khu sd|r> zkhq úf lv uhqhjrwldwhg h{fhhgv wkh orzhvw

srvvleoh sur?w= úW ü REeWä : Z�é Lq wklv fdvh/ e| +7,/ wkh idfh ydoxh ri wkh ghew

h{fhhgv Z�é Wkhuhiruh B lv qrw ulvnohvv/ dqg +POUS, lpsolhv B ü REeä : B ü REeWä1
Wklv pdnhv wkh lqhtxdolw| lq +:, vwulfw/ dv fodlphg1

Wkhruhp 4 exlogv rq wklv orjlf dqg frqvlghuv rwkhu fdvhv1 Wr kdqgoh fdvhv

lq zklfk øEúfä frqwdlqv pruh wkdq rqh rxwfrph/ ghqrwh wkh sulqflsdo*v juhdwhvw

sd|r> iurp wkhp dv

å Eúfä ì 4@ 
EúceäMøEúfä

ú ü REeäé +;,

Wkhruhp 41 Jlyhq dq| qrq0ghew frqwudfw úf 5 [/ d ghew frqwudfw B h{lvwv iru

zklfk Eðä T EBä è T Eúfä( Eððä å EBä è å Eúfä(

Eðððä Doo rxwfrphv lq øEBä jlyh wkh sulqflsdo d sd|r> qr ohvv wkdq å Eúfä

li T EBä : T Eúfäc ru li +LU0úfä elqgv lq +S0úfc _ä iru _ ÷ eW( dqg

Eðñä Doo rxwfrphv lq øEBä jlyh wkh sulqflsdo d sd|r> juhdwhu wkdq å Eúfä

li T EBä : T Eúfä dqg å Eúfä : Z�é
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Surri1 Ohw EúWc eWä vroyh +;,/ vr wkdw å Eúfä ' úW üREeWäé Ohw B eh wkh ghew frqwudfw
vdwlvi|lqj +7,1 Ohppd 6 lpphgldwho| lpsolhv Eðäé Wkh dujxphqw lq wkh wh{w suryhv

wkh ?uvw sduw ri Eðððäc dqg Eðñäé

Wr suryh Eððäc qrwh wkdw wkh ?uvw sduw ri Eðððä lpsolhv å EBä è å Eúfä li T EBä :
T Eúfäé Li lqvwhdg T EBä ' T Eúfäc wkhq EúWc eWä vroyhv +S0Bä ehfdxvh lw lv ihdvleoh

iru lw1 Dv wklv dovr lpsolhv å EBä è å Eúfä/ Eððä lv suryhg1
Wr suryh wkh vhfrqg sduw ri Eðððäc ohw Eúc eä 5 øEBä dqg dvvxph +LU0úfä elqgv

lq +S0úfc _ä iru _ ÷ eW1 Wkhq e| Ohppd 7 Eððä/ wkh lqhtxdolw| lq +9, lv vwulfw iru

_ ÷ eW1 Wklv vkrzv wkdw e è eWé Vr +:, djdlq krogv/ surylqj wkdw wkh sulqflsdo*v

sd|r> iurp Eúc eä lv qrw ohvv wkdq å Eúfäé

91 Htxloleulxp Lqlwldo Frqwudfwv

Wr wuhdw wkh dgrswlrq ri dq lqlwldo frqwudfw/ frqvlghu d wzr0vwdjh jdph lq zklfk

wkh lqlwldo frqwudfw lv ghwhuplqhg lq wkh ?uvw vwdjh1 Iru frqfuhwhqhvv/ dvvxph wkh

lqlwldo r>hu lv dovr pdgh e| wkh djhqw dv dq xowlpdwxp1 +Uhvxowv zrxog eh vlplodu

li wkh sulqflsdo pdgh wkh lqlwldo r>hu1, Wkh jdph vwduwv e| wkh djhqw r>hulqj

vrph úf 5 [é Li wkh sulqflsdo dffhswv lw/ vkh lqyhvwv g dqg KEúfä lv wkh hqvxlqj

vxejdph1 Li wkh sulqflsdo uhmhfwv wkh r>hu/ vkh uhfhlyhv d }hur sd|r>/ dqg wkh

djhqw uhfhlyhv d uhvhuydwlrq sd|r> 7L 1 Ghqrwh wklv jdph dv Ké

Wkh iroorzlqj lv d urxjk frqvwuxfwlrq ri d shuihfw Ed|hvldq htxloleulxp lq

zklfk wkh lqlwldo frqwudfw lv ghew1 Iru hdfk úf 5 [c fkrrvh dq rxwfrph lq øEúfä

wkdw jlyhv wkh sulqflsdo sd|r> å Eúfäc dqg ohw dq htxloleulxp lq vxejdph KEúfä

eh sod|hg wkdw jhqhudwhv wklv rxwfrph1 Wkh frqwlqxdwlrq sd|r>v li úf lv dffhswhg

duh wkhq T Eúfä dqg å Eúfä1 Ohw wkh sulqflsdo dffhsw úf li dqg rqo| li å Eúfä è gé
Wkh djhqw*v ehvw uhso| lv wkhq wr r>hu lqlwldoo| d úf wkdw pd{lpl}hv T Eúfä vxemhfw

wr å Eúfä è gé E| Wkhruhp 4 dqg Ohppd 6/ vxfk dq rswlpdo frqwudfw lv wkh

dffhswdeoh ghew frqwudfw zlwk wkh vpdoohvw idfh ydoxh1
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Wklv frqvwuxfwlrq kdv wzr sureohpv1 Iluvw/ wkhuh pd| qrw eh dq lqlwldo frqwudfw

wkh sulqflsdo zloo dffhsw/ qru dq dffhswdeoh lqlwldo frqwudfw wkdw jlyhv wkh djhqw

klv uhvhuydwlrq sd|r>1 Wkh iroorzlqj dvvxpswlrq dyrlgv wklv sureohp=44

+D, T Eúfä : 7L dqg å Eúfä : g iru vrph úf 5 [é

Vhfrqg/ wkh vhw ri dffhswdeoh r>huv/
õ
úf 5 [ må Eúfä è gô c lv qrw qhfhvvdulo|

forvhg/ dqg vr pd| qrw frqwdlq d frqwudfw wkdw pd{lpl}hv T 1 Krzhyhu/ rq wkh

vhw ri ghew frqwudfwv/ T lv qrqlqfuhdvlqj lq wkh idfh ydoxh ri wkh ghew1 Khqfh/

jlyhq dq| 0 : fc dq dffhswdeoh ghew frqwudfw B h{lvwv vxfk wkdw T EBä è T Eúfäý 0
iru doo dffhswdeoh úf1 Ohwwlqj wkh djhqw r>hu wklv B |lhogv d shuihfw Ed|hvldq

00htxloleulxp1 Wklv suryhv wkh iroorzlqj=

Wkhruhp 51 Dvvxph +D, dqg ohw 0 : fé Wkhq K kdv d shuihfw Ed|hvldq 00

htxloleulxp lq zklfk d ghew frqwudfw lv lqlwldoo| r>huhg dqg dffhswhg1

Uhpdun 51 H{lvwhqfh lv qrw dq lvvxh li wkh qxpehu ri frqwudfwv lv ?qlwh1 Wkhq/ li

wkh julg ri ghew frqwudfwv lv ?qh hqrxjk/ K kdv dq htxloleulxp lq zklfk wkh lqlwldo

frqwudfw lv ghew1 Hyhq zlwk d frqwlqxxp ri frqwudfwv/ lq doo h{dpsohv zh kdyh

frqvlghuhg K kdv dq htxloleulxp lq zklfk wkh lqlwldo frqwudfw lv ghew1

Dq htxloleulxp +ru 00htxloleulxp, ri K lv jhqhudoo| qrw dv h!flhqw dv zrxog

rewdlq li wkh sduwlhv frxog frpplw qrw wr uhqhjrwldwh1 Wkh iroorzlqj idploldu

surjudp lv d frpplwphqw ehqfkpdun=

Eå ä LW ì Pd{
úM[ceM.

LEúc eä

vxemhfw wr +LF, dqg ú ü REeä è gé

44Li doo rxwfrphv lq D+#3, jlyh wkh sulqflsdo d sd|r> ohvv wkdq N> wklv frqvwuxfwlrq |lhogv dq

htxloleulxp lq zklfk wkh sulqflsdo uhmhfwv dq| lqlwldo r>hu1 Lw pd| wkhq qrw eh vhqvleoh wr irfxv

rq wkh djhqw*v ehvw htxloleuld lq wkh vxejdphv1 Rwkhu htxloleuld ri vrph ý+#3, pd| jlyh wkh

sulqflsdo pruh wkdq N> dqg vr ý pd| vwloo kdyh htxloleuld lq zklfk wkh lqlwldo r>hu lv dffhswhg1
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Wklv surjudp uhwdlqv wkh olplwhg oldelolw|/ prqrwrqlflw|/ dqg lqfhqwlyh frqvwudlqwv/

dqg lw uhtxluhv wkh sulqflsdo*v sd|r> qhw ri wkh vwduw0xs lqyhvwphqw wr eh qrqqhj0

dwlyh1 Dvvxph LW : 7Lé Wkhq LW lv wkh djhqw*v htxloleulxp sd|r> li kh r>huv wkh

lqlwldo frqwudfw dv dq xowlpdwxp/ dqg uhqhjrwldwlrq lv lpsrvvleoh1 Klv htxloleulxp

sd|r> lq K pd| eh ohvv wkdq wklv/ dv lv vkrzq lq Vhfwlrq :1

Krzhyhu/ uhqhjrwldwlrq lv qrw kdupixo li wkh vwduw0xs frvw fdq eh vxuho| sdlg

edfn/ l1h1/ li g é Z�é Lq wklv fdvh wkh ulvnohvv ghew frqwudfw

Bg ì Egc é é é cgäc

vdwlv?hv olplwhg oldelolw| dqg vr lv ihdvleoh1 Vxssrvh lw lv wkh lqlwldo frqwudfw1

Vlqfh Bg ü REeä ' g iru dq| e 5 .c dqg wkh sulqflsdo kdv wkh rswlrq ri qrw

uhqhjrwldwlqj/ hyhu| htxloleulxp ri KEBgä jlyhv khu d sd|r> ri dw ohdvw gé Khqfh/

lq dq| shuihfw Ed|hvldq htxloleulxp/ dffhswlqj wkh lqlwldo r>hu ri Bg lv d ehvw uhso|

iru wkh sulqflsdo1 Ixuwkhupruh/ T EBgä ' LWc vlqfh wkh surjudpv +S0Bgä dqg +S,

duh lghqwlfdo1 Wklv doprvw suryhv wkh iroorzlqj=45

Wkhruhp 61 Li g é Z�c wkhq K kdv d shuihfw Ed|hvldq htxloleulxp lq zklfk Bg

lv lqlwldoo| dgrswhg/ dqg wkh djhqw*v sd|r> lv LWé

Surri1 Lq hyhu| vxejdph KEúfäc ohw dq htxloleulxp zlwk rxwfrph lq øEúfä eh

sod|hg1 Ohw wkh sulqflsdo dffhsw suhflvho| wkh lqlwldo frqwudfwv iru zklfk khu frq0

wlqxdwlrq sd|r> lv qrw ohvv wkdq gc dqg ohw wkh djhqw r>hu Bg 1 Ghqrwh wklv

dvvhvvphqw dv jW1 Wkh sulqflsdo*v frqwlqxdwlrq sd|r> li vkh dffhswv Bg dqg wkhq

jW lv sod|hg lv dw ohdvw g1 Vr jW uhtxluhv khu wr dffhsw Bgé Wkh djhqw*v sd|r>

iurp jW lv wkxv T EBgä ' LWé R>hulqj Bg lv ehwwhu wkdq pdnlqj dq xqdffhswdeoh

45Wkhruhp 6 lv olnh d uhvxow lq Pdwwkhzv +4<<8,/ zklfk vwxglhv d jdph olnh ý exw zlwkrxw wkh

+OO, dqg +PRQ, frqvwudlqwv/ dqg zlwk wkh sulqflsdo pdnlqj wkh lqlwldo r>hu1 Wkdw jdph kdv

htxloleuld lq zklfk d 3vdohv frqwudfw4 olnh ïN lv dgrswhg dqg uhqhjrwldwhg wr wkh vdph rxwfrph

dv zrxog rffxu li uhqhjrwldwlrq zhuh lpsrvvleoh1
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r>hu/ vlqfh LW : 7Lé Dq| dffhswdeoh r>hu úf ohdgv wr dq rxwfrph EúWc eWä 5 øEúfä
vxfk wkdw úW ü REeWä è g ' Bg ü REeWäc dqg vr Ohppd 6 lpsolhv T EBgä è T Eúfäé
Khqfh/ Bg lv wkh djhqw*v ehvw lqlwldo r>hu1

Wkhruhp 6 vd|v wkdw wkh lqdelolw| wr suhyhqw uhqhjrwldwlrq lv qrw kdupixo li

wkh ulvnohvv ghew frqwudfw vdwlv?hv olplwhg oldelolw|1 Wklv lv qrw wr vd| wkdw +OO,/

ru iru wkdw pdwwhu +PRQ,/ gr qrw elqg lq wkh frpplwphqw surjudp +S,1

:1 H{dpsohv

Lq wkh ?uvw h{dpsoh/ h>ruw lv d frqwlqxrxv yduldeoh dqg wkh ?uvw rughu dssurdfk

wr djhqf| sureohpv lv ydolg +Urjhuvrq/ 4<;8,1 Ghew lv wkh rqo| rswlpdo lqlwldo

frqwudfw lq wklv h{dpsoh1 Wkh vhfrqg h{dpsoh looxplqdwhv ixuwkhu wkh vwuxfwxuh

ri wkh prgho/ dqg vkrzv wkdw wkh sulqflsdo pd| uhfhlyh srvlwlyh uhqw1

:141 Iluvw0Rughu Dssurdfk

Wkh vhw ri h>ruwv lv qrz . ' dfc �oé Wkhuh duh wzr srodu glvwulexwlrqv ri sur?w/

R@ dqg RKé Erwk sxw srvlwlyh suredelolw| rq doo sur?wv/ dqg R@ lv ehwwhu lq wkh

vhqvh ri +POUS,= wkh udwlr R@ð *R
K
ð lqfuhdvhv lq ðé Wkh h>ruw fkrlfh ghwhuplqhv d

frqyh{ frpelqdwlrq ri wkhvh glvwulexwlrqv= REeä ' eR@ n E� ý eäRKé Wkh djhqw*v

frvw ixqfwlrq lv SEeä ' �
2
e2é

Zh vkrz wkdw dq rswlpdo lqlwldo frqwudfw pxvw eh ghew/ dvvxplqj wkh fruuh0

vsrqglqj h>ruw lv lqwhulru1 Ohw úf 5 [ eh d qrq0ghew frqwudfw1 Iru dq lqwhulru ec

wkh iroorzlqj lv qhfhvvdu| dqg vx!flhqw iru Eúc eä wr vdwlvi| +LF,=

LeEúc eä ' üEZ ý úä ü ER@ ý RKäý e ' fé +<,
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Uhsodflqj +LF, e| +<,/ zh rewdlq wkh Odjudqjldq iru +S0úfc eä G 46

uEúc >c bc kc q múfc eä ì LEúc eä n >LeEúc eä n bEú ý úfä ü REeä

n
?[
ð'�

kðEZð ý úðä n
?3�[
ð'�

qðEúðn� ý úðäé

Ohw qWf ' qW? ' fé D qhfhvvdu| frqglwlrq wkdw d vroxwlrq EúWc >Wc bWc kWc qWä pxvw

vdwlvi| lv û
RðEeä n >

WER@ð ý RKðä
ú
üâEZð ý úWð ä ' bWRðEeä n qWð3� ý qWð ý kWð +43,

iru ð ' �c éééc ?é Wkh pxowlsolhuv bWc kWð c dqg q
W
ð duh qrqqhjdwlyh1 E| vhwwlqj ð ' �

lq +43,/ zh vhh wkdw >W dqg bW duh qrw erwk }hur1

Frqvlghu dq htxloleulxp rxwfrph EúWc eWä 5 øEúfäc zlwk eW 5 Efc �äé Wkhq

úW vroyhv +S0úfc eWäé Pdnh wkh +jhqhulf, dvvxpswlrq wkdw wkh vhw ri frqvwudlqwv

wkdw elqg lq +S0úfc eä lv wkh vdph iru doo e lq d qhljkerukrrg ri eWé Wkh hqyhorsh

wkhruhp wkhq lpsolhv TeEeWmúfä ' ueEú múfc eWäc zkhuh wkh dvwhulvn ghqrwhv wkh

rswlpdo dujxphqwv1 Khqfh/

TeEe
Wmúfä ' ý>W n bWEúW ý úfä ü ER@ ý RKäé +44,

Vlqfh EúWc eWä vroyhv +S0úfäc TeEeWmúfä ' fé Wkxv/ +44, lpsolhv wkdw qhlwkhu >W

qru bW lv }hur1 Wklv vkrzv wkdw bW : f 8 wkh sulqflsdo*v lqglylgxdo udwlrqdolw|

frqvwudlqw +LU0úfä elqgv1

Ohw B eh wkh ghew frqwudfw wkdw jlyhv wkh sulqflsdo wkh vdph sd|r> dv úWc jlyhq

h>ruw eW G B üREeWä ' úW üREeWäé Wkhq B üREeWä ' úf üREeWäc zklfk vkrzv wkdw +S0Bc eWä
dqg +S0úfc eWä duh wkh vdph surjudp1 Frqwudfw úW wkxv vroyhv +S0Bc eWäc dqg vr

T EeWm Bä ' T EeWmúfäé Dovr/ wkh rswlpdo ydoxhv ri wkh pxowlsolhuv duh wkh vdph lq
wkh wzr surjudpv1 Wkh hqyhorsh wkhruhp wkhuhiruh lpsolhv

TeEe
Wm Bä ' ý>W n bWEúW ý Bä ü ER@ ý RKäé

46Wkh pxowlsolhuv duh ç iru +<,/ è iru +LU0#3,> ò @ +ò4> ===> dq, iru +OO,/ dqg ñ @ +ñ4> ===> ñqý4,

iru +PRQ,1
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Vxewudfwlqj +44, |lhogv

TeEe
Wm Bäý TeEeWmúfä ' bWEúf ý Bä ü ER@ ý RKäé +45,

Uhfdoolqj wkdw RE�ä ' R@/ REfä ' RKc dqg bW : fc zh frqfoxgh iurp +45, dqg

Ohppd 4 wkdw

TeEe
Wm Bä : TeEeWmúfäé

Wklv dqg T EeWm Bä ' T EeWmúfä lpso| T EBä : T Eúfäé Wklv suryhv wkdw wkh djhqw

vwulfwo| suhihuv wr uhqhjrwldwh B udwkhu wkdq úfé Ixuwkhupruh/ li wkh sulqflsdo ?qgv

úf dffhswdeoh dv dq lqlwldo frqwudfw/ vkh dovr ?qgv B dffhswdeoh/ e| Wkhruhp 4

Eððä1 Zh frqfoxgh wkdw dq| rswlpdo lqlwldo frqwudfw lv ghew1 Jlyhq dvvxpswlrq

+D,/ wkh jdph K kdv d shuihfw Ed|hvldq htxloleulxp lq zklfk wkh lqlwldo frqwudfw

lv ghew/ dqg wkh lqlwldo frqwudfw lv ghew lq hyhu| htxloleulxp lq zklfk rxwfrphv lq

øEúfä duh sod|hg lq wkh vxejdphv KEúfä1

:151 Hgjhzruwk Er{

Lq wklv vhfwlrq wkhuh duh wzr srvvleoh sur?wv/ Z� ' � dqg Z2 : Z�c dqg wzr srvvleoh

h>ruwv/ e ' éô +3vklunlqj4, dqg 7e ' é. +3zrunlqj4,1 Wkh h>ruw lv wkh suredelolw|

Z2 rffxuv/ vr wkdw R2Eeä ' eé Wkh frvw ri h>ruw lv SEeä ' f dqg SE7eä ' �é Wkh

djhqw*v xwlolw| ixqfwlrq lv üE+ä ' ý�*+ iru + : f1

D frqwudfw ú jlyhv wkh djhqw d frqwlqjhqw lqfrph yhfwru

r ' Er�c r2ä ' EZ� ý ú�c Z2 ý ú2äé

Lw lv frqyhqlhqw wr uhihu wr hlwkhu r ru ú dv wkh frqwudfw1 Wkh Hgjhzruwk er{ lq

Iljxuh 4 ghslfwv frqwudfwv147 Wkh 78r olqh rq wkh ohiw ghslfwv wkh zdjh frqwudfwv

wkdw shuihfwo| lqvxuh wkh djhqw1 Wkh 78r ghjuhh olqh rq wkh uljkw ghslfwv wkh

47Qrwh wkdw wkh krul}rqwdo d{lv ghqrwhv v5> qrw v4=
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ulvnohvv ghew frqwudfwv wkdw shuihfwo| lqvxuh wkh sulqflsdo1 Frqwudfwv lq wkh djhqw*v

qrqqhjdwlyh ruwkdqw vdwlvi| +OO,> wkrvh wr wkh ohiw ri wkh ulvnohvv ghew olqh vdwlvi|

+PRQ,1 Wkh ulvnohvv ghew frqwudfwv deryh wkh krul}rqwdo d{lv duh ghew/ dv duh wkh

frqwudfwv rq wkh krul}rqwdo d{lv wr wkh ohiw ri wkh ulvnohvv ghew olqh1

Wkh djhqw suhihuv frqwudfwv wr wkh qruwkhdvw lq Iljxuh 41 Wkh vkdoorzhu

+vwhhshu, lqgl>huhqfh fxuyh lv d ohyho vhw ri LEüc eä ELEüé7eääc dqg lw lv uhohydqw zkhq
wkh fkrvhq h>ruw lv e E7eäé Wkh sulqflsdo suhihuv frqwudfwv wr wkh vrxwkhdvw1 Wkh

vwhhshu +vkdoorzhu, grzqzdug0vorslqj olqh lv dq lvr0uhwxuq olqh iru wkh sulqflsdo

zkhq vkh eholhyhv wkh h>ruw lv 7e Eeäé

Wkh wzr lqgl>huhqfh fxuyhv lq Iljxuh 4 |lhog wkh vdph sd|r>/ odehohg Lfé Dw

wkhlu lqwhuvhfwlrq/ wkh djhqw*v sd|r> lv Lf uhjdugohvv ri klv h>ruw1 Uhihu wr vxfk

frqwudfwv wkdw pdnh klp lqgl>huhqw derxw klv h>ruw dv LF frqwudfwv1 Wkhlu orfxv

lv wkh fxuyh odehohg LF148 Wkh djhqw suhihuv 7e Eeä li wkh frqwudfw lv ehorz +deryh,

wkh LF fxuyh1

Frqvlghu Iljxuh 5/ dqg vxssrvh rf lv wkh lqlwldo frqwudfw1 Wkh xqltxh htxlole0

ulxp rxwfrph ri wkh uhqhjrwldwlrq jdph KErfä lv Erc eä1 Wr vhh zk|/ qrwh ?uvw wkdw

r vroyhv +S0rfc eäc dqg 7r vroyhv +S0rfc 7eäé Jlyhq wkh lqglfdwhg lqgl>huhqfh fxuyh/

LErc eä : LE7rc 7eä1 Wkxv/ wkh xqltxh rxwfrph lq øErfä lv Erc eä149

Qrz frqvlghu vkliwlqj wkh lqlwldo frqwudfw lq Iljxuh 5 vrxwkhdvw iurp rfc grzq

wkh vkdoorzhu lvr0uhwxuq olqh1 Dv lw vkliwv/ wkh LF frqwudfw wkdw kdv wkh vdph

h{shfwhg ydoxh dv wkh lqlwldo frqwudfw/ jlyhq 7ec vkliwv xszdug dorqj wkh LF fxuyh1

Hyhqwxdoo| wkh djhqw suhihuv wklv LF frqwudfw wr r( wklv rffxuv lq Iljxuh 5 zkhq wkh

lqlwldo frqwudfw lv rffé Wkh fxuyh odehohgZLF lv wkh orfxv ri vxfk lqlwldo frqwudfwv14:

48Iru rxu sdudphwhuv/ wkh LF fxuyh lv wkh judsk ri j+v5, ì xý4
í
x+v5, .

f
çhýh
ì
@ =7v5

v5.=7
=

49Lw lv hdv| wr vhh wkdw +v> h, lv wkh rqo| htxloleulxp rxwfrph ri ý+v3,= Uhjdugohvv ri khu eholhiv/

wkh sulqflsdo zloo djuhh wr uhqhjrwldwh v3 wr dq| zdjh frqwudfw ehorz v1 Dq| htxloleulxp sd|r>

iru wkh djhqw lv wkxv qr ohvv wkdq X+v> h,1 Wkxv/ +v> h, lv wkh rqo| htxloleulxp rxwfrph1

4:Wklv fxuyh lv wkh vhw i+d+},> e+},,j}è3 ghwhuplqhg e| x+hd.+4ýh,e, @ hx+},.+4ýh,x+j+},,
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Li wkh lqlwldo frqwudfw lv ehorz wkhZLF fxuyh/ wkh djhqw*v ehvw htxloleulxp rxwfrph

lv ri wkh irup Erc 7eäc zlwk r rq wkh LF fxuyh1 Wkh ixuwkhu vrxwkhdvw wkh lqlwldo

frqwudfw lv rq wkh lqglfdwhg lvr0uhwxuq olqh/ wkh juhdwhu lv wkh djhqw*v htxloleulxp

sd|r>1 Wkh hqgsrlqw ri wklv lvr0uhwxuq olqh lv zkhuh hlwkhu +OO, ru +PRQ, elqgv/

zklfk lv d ghew frqwudfw1 Lq Iljxuh 5 +OO, elqgv/ |lhoglqj wkh ghew frqwudfw B1

Zkhq lw lv uhqhjrwldwhg/ wkh htxloleulxp rxwfrph lq øEBä lv ErWc 7eäé Erwk sduwlhv

suhihu lw wr Erc eä 5 øErfäc dv Wkhruhp 4 uhtxluhv1

Uhihuulqj vwloo wr Iljxuh 5/ rqh htxloleulxp ri KEBä wkdw |lhogv ErWc 7eä vwduwv

zlwk wkh djhqw sursrvlqj rW dqg fkrrvlqj 7eé Wkh sulqflsdo*v eholhiv/ jlyhq dq|

sursrvdo rc dvvljq suredelolw| rqh wr h>ruw 7e Eeä li r lv rq ru ehorz +deryh, wkh LF

fxuyh1 Wkxv/ wkh sulqflsdo wklqnv wkh djhqw zrxog rqo| sursrvh d qhz frqwudfw

li kh wkrxjkw lw zrxog eh dffhswhg1 Jlyhq wkhvh eholhiv/ rW lv wkh djhqw*v ehvw

sursrvdo lq wkh vhw wkdw wkh sulqflsdo zloo dffhsw1

Wkh htxloleulxp rxwfrph ErWc 7eä ri KEBä vkrzq lq Iljxuh 5 pd| ru pd| qrw eh

wkh frpplwphqw rxwfrph/ wkh vroxwlrq ri +S,1 Lw lv wkh frpplwphqw rxwfrph li

wkh +xqvkrzq, ulvnohvv ghew frqwudfw Bg olhv rq wkh vwhhs lvr0uhwxuq olqh frqwdlqlqj

rWc dv wkhq ErWc 7eä jlyhv wkh sulqflsdo d sd|r> ri g1 +Khu lqglylgxdo udwlrqdolw|

frqvwudlqw lq +S, elqgv1, Lq wklv fdvh wkh lqdelolw| wr suhyhqw uhqhjrwldwlrq lv qrw

kdupixo/ hyhq li Bg lv lqihdvleoh1

Dq lqwhuhvwlqj fdvh lv vkrzq lq Iljxuh 614; Wkh frpplwphqw rxwfrph lv ErWc 7eäé

Ehfdxvh Bg ylrodwhv +OO,/ lw fdqqrw eh lqlwldoo| dgrswhg wr |lhog ErWc 7eäé Lq idfw/

qr rf wkdw lv ihdvleoh fdq eh uhqhjrwldwhg wr wkh frpplwphqw rxwfrph1 Iru/ li

ErWc 7eä lv dq htxloleulxp rxwfrph ri KErfäc wkhq rf pxvw eh erwk deryh wkh ZLF

fxuyh dqg/ lq rughu iru wkh sulqflsdo wr djuhh wr uhqhjrwldwh lw wr rWc wr wkh uljkw

dqg çhd.+4ý çh,e @ çh}.+4ý çh,j+},= Khqfh/ d+}, @ ;}.67}5.75= ;:8}6

;.67}.68}5 dqg e+}, @ ;}.47}5ý4;= 6:8}6
;.67}.68}5 =

4;Iljxuh 6 ghslfwv wkh fdvh ä5 @ 5=: dqg N @ 4=5= Wkh lqglfdwhg frqwudfwv duh +v5> v4, @

+=64> =64,> +çv5> çv4, @ +4=476> =5<9,> dqg +vú5> vú4, @ +4=5;7> =638,= Wkh ï lv +v5> v4, @ +4=5:3> 3,=

55



ri wkh lvr0uhyhqxh olqh frqwdlqlqj rWé Hyhu| vxfk rf ylrodwhv +OO,1 Vr lq wklv fdvh

wkh lqdelolw| wr suhyhqw uhqhjrwldwlrq lv kdupixo1

Vxssrvh qrz lq Iljxuh 6 wkdw wkh lqlwldo frqwudfw lv wkh ghew frqwudfw B1 Dv lw

lv rq wkh ZLF fxuyh/ wkh xqltxh htxloleulxp rxwfrph lq øEBä lv E7rc 7eäé +Xqltxhqhvv

krogv ehfdxvh LE7rc 7eä : Erc eä1, Wkh jdph K wkxv kdv dq htxloleulxp lq zklfk B lv

lqlwldoo| r>huhg dqg dffhswhg/ wkh h>ruw fkrvhq lv 7ec dqg B lv uhqhjrwldwhg wr 7r1 Wkh

sulqflsdo*v jurvv sd|r>/ EZý rä ü RE7eäc lv vwulfwo| juhdwhu wkdq EZý Bgä ü RE7eä ' gé
Wkdw lv/ wkh sulqflsdo*v htxloleulxp uhqw lv srvlwlyh1

;1 Udqgrp Frqwudfwv

Udqgrp frqwudfwv pd| eh ri ydoxh lq wklv prgho/ dv zh qrz glvfxvv1

D udqgrp frqwudfw/ @c vshfl?hv iru hdfk srvvleoh frqwudfw ú d suredelolw| @Eúä

wkdw ú zloo eh wkh dfwxdo vkdulqj uxoh1 Wkh vdph ohjdo2zhdowk frqvlghudwlrqv wkdw

prwlydwh wkh olplwhg oldelolw| frqvwudlqw uhtxluh wkh djhqw wr qhyhu sd| pruh wkdq

wkh uhdol}hg sur?w 8 dq| frqwudfw lq wkh vxssruw ri d udqgrp frqwudfw vkrxog wkhq

vdwlvi| +OO,1 Dvvxplqj wkh udqgrp frqwudfw ghwhuplqhv d ?qdo frqwudfw ehiruh

wkh sur?w lv nqrzq/ wkh vdph h{ srvw prudo kd}dug prwlydwlrqv iru lpsrvlqj

prqrwrqlflw| dovr lpso| wkdw frqwudfwv lq wkh vxssruw ri @ vkrxog vdwlvi| +PRQ,1

Zh wkxv frqvlghu d udqgrp frqwudfw wr eh d glvwulexwlrq ri frqwudfwv vdwlvi|lqj

wkhvh frqvwudlqwv= @ 5 {E[äé

Zlwkrxw orvv ri jhqhudolw|/ dwwhqwlrq fdq eh uhvwulfwhg wr udqgrp frqwudfwv

zlwk ?qlwh vxssruwv14< Dq doorfdwlrq zlwk d udqgrp frqwudfw/ E@c eäc jhqhudwhv

sd|r>v iru wkh djhqw dqg sulqflsdo/ uhvshfwlyho|/ ri LE@c eä ì S
úM[ @EúäLEúc eä

dqg å E@c eä ìSúM[ @Eúä Eú ü REeää é
Wkh vwdqgdug dujxphqw iru zk| d udqgrp frqwudfw orzhuv h!flhqf| lv wkh

4<Dv wkh qxpehu ri srvvleoh sur?wv lv q ?4> Fdudwkhgru|*v Wkhruhp lpsolhv wkhuh lv qr qhhg

wr frqvlghu glvwulexwlrqv wkdw sxw srvlwlyh suredelolw| rq pruh wkdq q. 4 frqwudfwv1
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iroorzlqj1 Wkh fhuwdlqw| htxlydohqw ri d udqgrp frqwudfw @ lv wkh frqwudfw ú@ wkdw

kdv frpsrqhqwv gh?qhg e|

üEZð ý ú@ð ä ì
[
úM[

@EúäüEZð ý úðäé +46,

Vlqfh LEú@c eä ' LE@c eä iru doo e 5 .c wkh frqwudfw ú@ surylghv wkh vdph lqfhqwlyhv
dv grhv @1 Vlqfh wkh ulvn0qhxwudo sulqflsdo jdlqv wkh ulvn suhplxp fuhdwhg e|

uhprylqj frqwudfw ulvn/ å Eú@c eä : å E@c eä iru doo e 5 .é Erwk sduwlhv wkhuhiruh

jdlq e| vzlwfklqj iurp @ wr ú@1

Wklv lqvxudqfh dujxphqw idlov khuh ehfdxvh wkh fhuwdlqw| htxlydohqw frqwudfw

pd| qrw eh prqrwrqlf1 Zkhwkhu lw lv ghshqgv rq zkhwkhu wkh djhqw h{klelwv

lqfuhdvlqj ru ghfuhdvlqj devroxwh ulvn dyhuvlrq1 Ohw oE+ä ' ýüââE+ä*üâE+äé

Ohppd 81 Ohw ú@ eh wkh fhuwdlqw| htxlydohqw ri d udqgrp frqwudfw @ 5 {E[äé

Wkhq Eðä ú@ vdwlv?hv +OO,( Eððä ú@ vdwlv?hv +PRQ, li o lv qrqghfuhdvlqj( dqg Eðððä

ú@ grhv qrw vdwlvi| +PRQ, li o lv ghfuhdvlqj dqg/ iru vrph ð ÷ ?c doo ú lq wkh

vxssruw ri @ vdwlvi| úð ' úðn�é

Surri1 Dv hdfk ú lq wkh vxssruw ri @ vdwlv?hv +OO,/ +46, lpsolhv üEZðýú@ð ä è üEfäé
Khqfh Zð è ú@ð c surylqj Eðä1 Qrz ?{ ð ÷ ?1 Gh?qh } G dfc �o$ ? e|

üd|Zðn� n E�ý |äZð ý }E|äo ì
[
úM[

@Eúäüd|EZðn� ý úðn�ä n E�ý |äEZð ý úðäoé +47,

Wkhq }Efä ' ú@ð dqg }E�ä ' ú
@
ðn�é Ohw

bEúc |ä ì üâd|EZðn� ý úðn�ä n E�ý |äEZð ý úðäo
üâd|Zðn� n E�ý |äZð ý }E|äoé

Gl>huhqwldwlqj +47, |lhogv }âE|ä ' A� n A2c zkhuh

A� ' EZðn� ý Zðä
#
�ý

[
úM[

@EúäbEúc |ä

$
c

A2 '
[
úM[

@EúäbEúc |äEúðn� ý úðäé
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Li o lv qrqghfuhdvlqj +lqfuhdvlqj,/ üâ lv frqfdyh +vwulfwo| frqyh{, lq üé Vr e| +47,/

[
úM[

@EúäbEúc |ä

;?= é � li o lv qrqghfuhdvlqj

: � li o lv ghfuhdvlqj1

Wkxv/ A� è f li o lv qrqghfuhdvlqj/ dqg A� ÷ f li o lv ghfuhdvlqj1 Dv bEúc |ä : f

dqg hdfk ú 5 [ vdwlv?hv +PRQ,/ A2 è f1 Khqfh/ }â è f li o lv qrqghfuhdvlqj/

dqg Eððä lv suryhg1 Li úð ' úðn� iru hdfk ú lq wkh vxssruw ri @c A2 ' fé Lq wklv

fdvh/ li o lv ghfuhdvlqj/ }â ÷ fé Wklv suryhv Eðððä1

Ohppd 8 vkrzv wkdw udqgrp frqwudfwv pd| kdyh ydoxh li/ dv lv sodxvleoh/ wkh

djhqw h{klelwv ghfuhdvlqj devroxwh ulvn dyhuvlrq1 Wklv prwlydwhv rxu lqwhuhvw lq

udqgrp frqwudfwv1

Wkhuh duh wzr zd|v ri sxwwlqj wkhp lq wkh prgho1 Wkh ?uvw lv vlpso| wr ohw

frqwudfwv eh udqgrp1 Wklv grhv qrw fkdqjh wkh uhvxowv uhjduglqj lqlwldo frqwudfwv/

odujho| ehfdxvh wkh vlqjoh0furvvlqj surshuw| ri Ohppd 4 vwloo krogv1 Wr vhh wklv/ ohw

7ú '
S

úM[ @Eúäúc dqg qrwh wkdw wkh frqyh{lw| ri frqvwudlqwv +OO, dqg +PRQ,/

wrjhwkhu zlwk @ 5 {E[äc lpsolhv 7ú 5 [1 Vlqfh å E@c eä ' 7ú ü REeäc Ohppd 4

wkhuhiruh lpsolhv lwv h{whqvlrq=

Ohppd 91 Ohw @ 5 {E[ä dqg e 5 dec 7eoé Li B 9' S
úM[ @Eúäú lv d ghew frqwudfw

vxfk wkdw å E@c eä ' B ü REeäc wkhq å E@c _ä : B ü RE_ä iru _ : eé

Wkh dqdo|vlv qrz surfhhgv dv ehiruh/ zlwk hdfk lqvwdqfh ri úf uhsodfhg e| @fc

dqg ú e| @é D surjudp +S0@fä lv rewdlqhg lq zklfk wkh djhqw fkrrvhv E@c eä 5
{E[ä û . wr pd{lpl}h klv sd|r> vxemhfw wr dq lqfhqwlyh frqvwudlqw/ LE@c eä è
LE@c _ä iru doo _ 5 .c dqg dq lqglylgxdo udwlrqdolw| frqvwudlqw/ å E@c eä è å E@fc eäé53

53Doorzlqj wkh lqlwldo frqwudfw wr eh udqgrp lv xqlpsruwdqw1 Wkh sulqflsdo lv zloolqj wr

uhqhjrwldwh d3 wr d li dqg rqo| li vkh lv zloolqj wr uhqhjrwldwh wkh phdq ri d3> vd| ç#
3
> wr d

+kroglqj khu eholhiv ?{hg,1
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D vroxwlrq lv rqh ri wkh djhqw*v ehvw htxloleulxp rxwfrphv ri wkh jdph KE@fäé

Surjudp +S0úfc eä ehfrphv +S0@fc eäc zlwk lwv fkrlfh grpdlq h{sdqghg wr {E[äé

Ehfdxvh ri Ohppd 9/ wkh ydoxh ri wklv surjudp/ T Eü m @fäc vdwlv?hv wkh vlqjoh0

furvvlqj surshuw| ri Ohppd 71 Wklv |lhogv wkh suhflvh dqdorj ri Wkhruhp 41

Khqfh/ iru dq| lqlwldo frqwudfw @f 5 {E[äc d ghew frqwudfw B h{lvwv vxfk wkdw

erwk sduwlhv suhihu vrph/ dqg shukdsv doo/ wkh htxloleulxp rxwfrphv lq øEBä wr

dq| rxwfrph lq øE@fä1 Wkh dqdorj ri Wkhruhp 5 dovr krogv/ vr wkdw wkh jdph

K +zlwk udqgrp frqwudfwv, kdv d shuihfw Ed|hvldq 00htxloleulxp lq zklfk wkh

lqlwldo frqwudfw lv ghew1 Ilqdoo|/ wkh dqdorj ri wkh h!flhqf| Wkhruhp 6 dovr krogv/

h{fhsw wkdw qrz wkh ihdvleoh vhw ri wkh frpplwphqw surjudp +S, frqwdlqv udqgrp

frqwudfwv +dqg khqfh kdv d srvvleo| kljkhu ydoxh,1

Krzhyhu/ wkh zulwlqj dqg hqirufhphqw ri d udqgrp frqwudfw 8 d suredelolw|

ghylfh 8 pd| eh sureohpdwlf1 Gh idfwr udqgrpl}dwlrq lv dowhuqdwlyho| dfklhyhg

e| dq htxloleulxp ri KEúfä lq zklfk wkh sulqflsdo xvhv d pl{hg vwudwhj|1 Li vkh

dffhswv wkh htxloleulxp uhqhjrwldwlrq sursrvdo ú zlwk srvlwlyh suredelolw| ohvv

wkdq rqh/ wkh rxwfrph lv d udqgrp frqwudfw sxwwlqj srvlwlyh suredelolw| rq erwk

úf dqg úé

Ehfdxvh udqgrp frqwudfwv pd| eh ri ydoxh/ KEúfä pd| srvvleo| kdyh d pl{hg

vwudwhj| htxloleulxp ri wklv w|sh wkdw wkh djhqw suhihuv wr dq| sxuh vwudwhj| htxl0

oleulxp154 Krzhyhu/ klv htxloleulxp sd|r> pd| qrw eh dv kljk dv zkhq d udqgrp

frqwudfw fdq eh gluhfwo| dgrswhg/ iru wzr uhdvrqv1 Iru li E@c eä lv dq htxloleulxp

rxwfrph ri KEúfä/ wkhq @ sxwv suredelolw| rq dw prvw wzr frqwudfwv/ úf dqg wkh

sursrvdo úé Dovr/ li @ lv qrw ghjhqhudwh wkh sulqflsdo pxvw eh lqgl>huhqw ehwzhhq

úf dqg ú/ jlyhq eé

Wkh ?uvw ri wkhvh uhvwulfwlrqv fdq eh holplqdwhg e| doorzlqj wkh djhqw wr sur0

54Zh duh qrw glvfxvvlqj htxloleuld lq zklfk wkh h>ruw vwudwhj| lv pl{hg1 Wkhlu qdwxuh dqg

h{lvwhqfh duh rshq txhvwlrqv1
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srvh pruh wkdq rqh qhz frqwudfw1 Diwhu kh sursrvhv d vhw ri qhz frqwudfwv/ wkh

sulqflsdo hlwkhu dffhswv rqh ri wkhp/ ru vkh uhmhfwv wkhp doo lq idyru ri wkh lqlwldo

frqwudfw1 Wklv lv d qdwxudo jhqhudol}dwlrq ri dq xowlpdwxp jdph/ dqg lwv htxlole0

ulxp sd|r>v pd| eh kljkhu li udqgrp frqwudfwv wkdw sxw srvlwlyh suredelolw| rq

pruh wkdq wzr frqwudfwv duh ri ydoxh1

Wklv jhqhudol}hg xowlpdwxp jdph kdv dqrwkhu qlfh ihdwxuh1 Vxssrvh dq htxl0

oleulxp ri lw jhqhudwhv d udqgrp frqwudfw @ wkdw sxwv srvlwlyh suredelolw| rq erwk

wkh lqlwldo frqwudfw úf dqg wkh vhw ri sursrvhg frqwudfwv/ d vxevhw w ri [é Li wkh

lqlwldo frqwudfw lv lqvwhdg qrw úfc wkh udqgrp frqwudfw @ pd| srvvleo| vwloo eh re0

wdlqhg/ dv wkh djhqw fdq sursrvh wkh odujhu vhw ri frqwudfwv/ w^iúfjé Wklv lpsolhv
wkdw iru wkh jhqhudol}hg xowlpdwxp jdph/ wkh uhyhdohg suhihuhqfh uhvxow ri Ohppd

6 krogv iru htxloleuld zlwk pl{hg vhohfwlrq vwudwhjlhv155

Wkh jhqhudol}hg xowlpdwxp jdph lv vwxglhg lq wkh Dsshqgl{1 Lwv htxloleuld duh

vkrzq wr vdwlvi| wkh qdwxudo jhqhudol}dwlrqv ri rxu uhvxowv1 Lq sduwlfxodu/ jlyhq

dq| lqlwldo frqwudfw/ d ghew frqwudfw h{lvwv wkdw erwk sduwlhv suhihu wr uhqhjrwldwh

lqvwhdg/ lq wkh vhqvh ri Wkhruhp 41

<1 Frqfoxglqj Uhpdunv

Zh kdyh h{soruhg wkh h>hfwv ri wzr uhvwulfwlrqv rq vkdulqj uxohv lq d prudo kd}dug

hqylurqphqw/ olplwhg oldelolw| iru wkh djhqw/ dqg d qrqqhjdwlyh ghshqghqfh rq wkh

uhdol}hg sur?w ri wkh sd|phqw wr wkh sulqflsdo1 Lqqhv +4<<3, vkrzv wkdw xqghu wkhvh

uhvwulfwlrqv/ ghew lv wkh rswlpdo lqfhqwlyh frqwudfw li wkh djhqw dqg wkh sulqflsdo

duh ulvn qhxwudo1 Lq wklv sdshu zh kdyh vkrzq wkdw Lqqhv* uhvxow jhqhudol}hv/ lq

d vhqvh/ wr zkhq wkh djhqw lv ulvn dyhuvh/ surylghg wkh sduwlhv fdqqrw suhyhqw

55Ohppd 6 grhv qrw krog iru pl{hg vwudwhj| htxloleuld ri ý+#3,= Li d pl{hg vwudwhj| htxl0

oleulxp kdv dq rxwfrph d wkdw sxwv srvlwlyh suredelolw| rq erwk #3 dqg # 9@ #3> dqg li

#4 @5 i#3> #j> wkhq d lv dq lqihdvleoh rxwfrph ri jdph ý+#4,1
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wkhpvhoyhv iurp uhqhjrwldwlqj1 Lq wklv fdvh wkh rswlpdo lqlwldo frqwudfw/ udwkhu

wkdq wkh ?qdo frqwudfw/ lv ghew1 Wklv ghew frqwudfw lv jhqhudoo| uhqhjrwldwhg wr d

qrq0ghew frqwudfw wkdw jlyhv wkh djhqw ehwwhu lqvxudqfh/ dv zkhq dq hqwuhsuhqhxu

ri d vwduw0xs ghflghv wr vhoo htxlw| lq d sxeolf r>hu1 Wkh lqdelolw| wr suhyhqw

uhqhjrwldwlrq lv qrw kdupixo li wkh ulvnohvv ghew frqwudfw wkdw uhtxluhv wkh vwduw0

xs frvw wr eh vxuho| uhsdlg vdwlv?hv wkh olplwhg oldelolw| frqvwudlqw1 Rwkhuzlvh wkh

lqdelolw| wr frpplw wr qrw uhqhjrwldwlqj pd| eh kdupixo1

Wkhvh uhvxowv ghshqg rq wzr ihdwxuhv ri wkh prgho1 Iluvw/ frqwudfwv duh vlqjoh

vkdulqj uxohv udwkhu wkdq phqxv/ dv glvfxvvhg lq wkh lqwurgxfwlrq1 Phqx frqwudfwv

pxvw lq jhqhudo eh dvvxphg lqihdvleoh/ dv wkh| fdq vrphwlphv shuirup ehwwhu lq

rxu vhwwlqj wkdq gr vlqjoh vkdulqj uxohv156

Vhfrqg/ wkh djhqw kdv wkh edujdlqlqj srzhu lq wkh uhqhjrwldwlrq1 Li lqvwhdg wkh

sulqflsdo pdnhv wkh uhqhjrwldwlrq sursrvdo/ wkh djhqw*v h>ruw vwudwhj| lv pl{hg lq

dq| htxloleulxp lq zklfk kh grhv qrw wdnh wkh ohdvw frvwo| h>ruw +Ixghqehuj dqg

Wluroh/ 4<<3> Pd/ 4<<4,/ dqg ghew kdv qr vshfldo uroh1 Wkh txhvwlrq ri zkr dfwx0

doo| pdnhv +elqglqj, r>huv lq dq| sduwlfxodu dssolfdwlrq lv wkxv lpsruwdqw1 Vlqfh

uhqhjrwldwlrq lv ohvv kdupixo li wkh djhqw kdv wkh edujdlqlqj srzhu/ +Wkhruhp 6>

Pd/ 4<<7> Pdwwkhzv/ 4<<8,/ wkhuh duh h{ dqwh lqfhqwlyhv wr dgrsw/ li srvvleoh/

uhqhjrwldwlrq phfkdqlvpv lq zklfk r>huv duh pdgh e| djhqwv1 Krzhyhu/ frpplw0

wlqj wr vxfk d uhqhjrwldwlrq phfkdqlvp pd| eh sureohpdwlf1 Dq lqwhuhvwlqj wdvn

iru ixwxuh uhvhdufk lv wr ghwhuplqh wkh h>hfwv ri uhdolvwlf edujdlqlqj uxohv lq zklfk

erwk sduwlhv pdnh r>huv/ dv lq dq dowhuqdwlqj0r>hu jdph1

56Lq wkh Hgjhzruwk er{ h{dpsoh ri Vhfwlrq :/ li wkh lqlwldo frqwudfw fdq eh wkh phqx +v> çv,/ wkh

hqvxlqj jdph kdv dq htxloleulxp lq zklfk uhqhjrwldwlrq grhv qrw rffxu/ dqg wkh djhqw fkrrvhv

çh dqg vhohfwv çv iurp wkh phqx1 Wklv dfklhyhv wkh h!fhqw rxwfrph +çv> çh, hyhq li wkh ulvnohvv ghew

frqwudfw ïN lv lqihdvleoh1
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Uhihuhqfhv

Doohq/ I1 +4<<3,/ 3Wkh fkdqjlqj qdwxuh ri ghew dqg htxlw|= D ?qdqfldo shuvshf0

wlyh4/ lq Duh wkh Glvwlqfwlrqv Ehwzhhq Ghew dqg Htxlw| GlvdsshdulqjB/ hg1

U1 Z1 Nrsfnh dqg H1 V1 Urvhqjuhq/ Ihg1 Uhvhuyh Edqn ri Ervwrq frqihuhqfh

vhulhv qr1 66/ 4506;1

Dwkh|/ V1 +4<<;,/ 4Frpsdudwlyh vwdwlfv xqghu xqfhuwdlqw|= Vlqjoh0furvvlqj surs0

huwlhv dqg orj0vxshuprgxodulw|/4 PLW/ plphr1

Hgolq/ D1 dqg E1 Khupdolq +4<<:,/ 3Frqwudfw Uhqhjrwldwlrq lq Djhqf| Sure0

ohpv/4 plphr1

Ixghqehuj/ G1 dqg M1 Wluroh +4<<3,/ 3Prudo kd}dug dqg uhqhjrwldwlrq lq djhqf|

frqwudfwv4/ Hfrqrphwulfd/ 8;/ 45:<046531

Jurvvpdq/ V1 M1 dqg R1 G1 Kduw +4<;6,/ 3Dq dqdo|vlv ri wkh sulqflsdo0djhqw

sureohp4/ Hfrqrphwulfd/ 84/ :0791

Kduulv/ P1 dqg D1 Udyly +4<<5,/ 3Ilqdqfldo frqwudfwlqj wkhru|/4 lq Dgydqfhv lq

Hfrqrplf Wkhru|= Vl{wk Zruog Frqjuhvv/ yLL/ hg1 M10M1 Od>rqw/ Fdpeulgjh

Xqly Suhvv/ 9704831

Khupdolq/ E1 dqg P1 O1 Ndw} +4<<4,/ 3Prudo kd}dug dqg yhul?delolw|= Wkh h>hfwv

ri uhqhjrwldwlrq lq djhqf|4/ Hfrqrphwulfd/ 8</ 4:6804:871

Lqqhv/ U1 +4<<3,/ 3Olplwhg oldelolw| dqg lqfhqwlyh frqwudfwlqj zlwk h{ dqwh dfwlrq

fkrlfhv4/ Mrxuqdo ri Hfrqrplf Wkhru|/ 85/ 7809:1

Pd/ F10D1 +4<<4,/ 3Dgyhuvh Vhohfwlrq lq G|qdplf Prudo Kd}dug/4 Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 439/ 58805:81

5<



Pd/ F10w1 D1 +4<<7,/ 3Uhqhjrwldwlrq dqg rswlpdolw| lq djhqf| frqwudfwv4/ Uhylhz

ri Hfrqrplf Vwxglhv/ 94/ 43<04631

Pdwwkhzv/ V1 D1 +4<<8,/ 3Uhqhjrwldwlrq ri vdohv frqwudfwv/4 Hfrqrphwulfd/ 96/

89:08<31

Urjhuvrq/ Z1 +4<;8,/ 3Wkh ?uvw0rughu dssurdfk wr sulqflsdo0djhqw sureohpv/4

Hfrqrphwulfd/ 86/ 468:0469:1

Vhjdo/ L1/ dqg V1 Wdgholv +4<<7,/ 3Uhqhjrwldwlrq lq Djhqf| Frqwudfwv= Wkh Ydoxh

ri Lqirupdwlrq/4 plphr/ Kduydug Xqlyhuvlw|1
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D1 Dsshqgl{

Wklv dsshqgl{ frqfhuqv wkh jhqhudol}hg xowlpdwxp jdph lq zklfk wkh djhqw sur0

srvhv d vhw ri frqwudfwv/ dv lqwurgxfhg lq Vhfwlrq ;1 Sursrvdov fdq eh wdnhq wr eh

?qlwh vhwv +vhh wkh surri ri Ohppd D4 Eðä ehorz,1 Vr wkh vhw ri ihdvleoh sursrvdov

fdq eh wdnhq wr eh wkh vhw ri doo ?qlwh vxevhwv ri [ 8 ghqrwh lw dv Xé

Wkh jhqhudol}hg uhqhjrwldwlrq jdph lq zklfk sursrvdov fdq eh vhwv/ jlyhq dq

lqlwldo frqwudfw úfc lv ghqrwhg KrEúfäé Lw vwduwv zlwk wkh djhqw fkrrvlqj dq h>ruw

e 5 . dqg pdnlqj d sursrvdo w 5 X1 Wkh sulqflsdo grhv qrw revhuyh eé Wkh

sulqflsdo wkhq vhohfwv d frqwudfw iurp w/ ru vkh vhohfwv úfé

Wkh sulqflsdo*v vwudwhj| lv d vhohfwlrq uxoh rEümüä G li w lv sursrvhg/ vkh vhohfwv
ú 5 w zlwk suredelolw| rEúmwä è f/ zkhuh

S
úMwøtúfå rEúmwä ' � iru doo w 5 Xé

Khu eholhiv derxw wkh djhqw*v h>ruw/ jlyhq wkdw kh sursrvhg w/ duh jlyhq e| d

suredelolw| glvwulexwlrq qEü mwä rq .1 Dq dvvhvvphqw lv d sur?oh ri vwudwhjlhv

dqg eholhiv/ Ewc ec rc qäé D shuihfw Ed|hvldq htxloleulxp lv dq dvvhvvphqw vdwlvi|lqj

vhtxhqwldo udwlrqdolw|/ dqg Ed|hv* uxoh rq wkh htxloleulxp sdwk1

Lw lv frqyhqlhqw wr irfxv rq htxloleuld lq zklfk wkh sulqflsdo vxuho| vhohfwv

iurp wkh htxloleulxp sursrvdo1 Wkhuh lv qr orvv ri jhqhudolw| lq grlqj wklv1 Dq|

htxloleulxp lq zklfk wkh sulqflsdo uhvsrqgv wr wkh htxloleulxp sursrvdo w e|

vhohfwlqj úf zlwk srvlwlyh suredelolw| lv htxlydohqw wr dqrwkhu htxloleulxp lq zklfk

wkh sursrvdo lv w ^ iúfjc dqg wkh sulqflsdo vxuho| vhohfwv iurp lw1 Dffruglqjo|/

3htxloleulxp4 khqfhiruwk uhihuv wr d shuihfw Ed|hvldq htxloleulxp Ewc ec rc qä iru

zklfk
S

úMw rEúmwä ' � krogv157

Dq htxloleulxp Ewc ec rc qä ghwhuplqhv d udqgrp frqwudfw/ @Eüä ì rEümwäé E|
wkh suhylrxv sdudjudsk/ zh pd| dvvxph @ 5 {Ewäé Wkh htxloleulxp*v rxwfrph lv

57Ri frxuvh/ vrph qrq0htxloleulxp sursrvdov duh uhmhfwhg lq dq| htxloleulxp/ l1h1/S
#5aë v+#maë, ? 4 krogv iru vrph aë 9@ ë=
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Ewc @c eäc dqg wkh vhw ri srvvleoh rxwfrphv lv

D ì iEwc @c eä m w 5 Xc e 5 .c @ 5 {Ewäj é

Rxwfrph ø ' Ewc @c eä jlyhv wkh djhqw dqg sulqflsdo/ uhvshfwlyho|/ sd|r>v ri Lø ìS
úMw @EúäLEúc eä dqg å

ø ìSúMw @Eúä Eú ü REeää é
Dq| htxloleulxp rxwfrph ø ' Ewc @c eä vdwlv?hv dq lqfhqwlyh frqvwudlqw uhtxlu0

lqj h>ruw e wr eh d ehvw uhso|=

+LFr, Lø è
[
úMw

@EúäLEúc _ä iru doo _ 5 .é

Lw pxvw dovr vdwlvi| dq dffhswdqfh frqvwudlqw/

+DF, åø è ú ü REeä iru doo ú 5 wc

lq rughu iru @ wr eh d ehvw uhso|/ l1h1/ lq rughu iru @ wr vhohfw zlwk srvlwlyh suredelolw|

rqo| frqwudfwv lq w wkdw jlyh wkh sulqflsdo wkh juhdwhvw h{shfwhg sd|phqw jlyhq eé

Wkh sulqflsdo pxvw dovr qrw suhihu wkh lqlwldo frqwudfw=

+LUr0úfä åø è úf ü REeäé

Uhihu wr dq htxloleulxp ri KrEúfä dv dq H0htxloleulxp li qr rwkhu htxloleulxp

jlyhv wkh djhqw d juhdwhu sd|r>1 Dv wkh iroorzlqj ohppd vkrzv/ wkh H0htxloleulxp

rxwfrphv vroyh wkh iroorzlqj surjudp=

ESr0úfä T Eúfä ì �@ 
øMû

Lø vxfk wkdw +LFr,/ +DF,/ dqg +LUr0úfäé

Ohw ørEúfä eh wkh vhw ri rxwfrphv wkdw vroyh +Sr0úfäé

Ohppd D41 Iru dq| úf 5 [/ Eðä ørEúfä 9' >/ dqg Eððä ø 5 ørEúfä li dqg rqo| li
ø lv dq H0htxloleulxp rxwfrph ri KrEúfä1

Surri ri Ohppd D4 Eðä1 Dv . lv frpsdfw dqg L lv frqwlqxrxv/ LEúfc eä kdv

d pd{lpl}hu lq .c vd| ef1 Wkh frqvwudlqw vhw ri ESr0úfä lv wkxv qrq0hpsw|/ dv

Eiúfjc efc @fä/ zkhuh @f+úfä ' �c vdwlv?hv doo wkh frqvwudlqwv1
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Zh qrz vkrz wkdw sursrvdov fdq eh uhvwulfwhg wr dw prvw ? n � frqwudfwv1

Vxssrvh ø ' Ewc @c eä lv d vroxwlrq/ dqg mwm : ? n �é Li @Eúä ' f iru vrph ú 5 wc
wkhq Ewqiújc ec @ä lv vroxwlrq1 Zh fdq wkxv dvvxph @Eúä : f iru doo ú 5 wé E|
Fdudwkhgru|*v Wkhruhp/ wkh ?0yhfwru

S
úMw @EúäüEZýúä lv d frqyh{ frpelqdwlrq

ri dw prvw ?n� ri wkh yhfwruv lq iüEZýúäjúMwé Ohw wâ ã w eh wkh vhw ri frqwudfwv
uhfhlylqj srvlwlyh zhljkw lq wklv frpelqdwlrq/ dqg ohw wkh zhljkwv eh @âEúäé Wkxv/[

úMwâ
@âEúäüEZ ý úä '

[
úMw

@EúäüEZ ý úäé +D4,

Ohw î ì Ewâc ec @âäé Vlqfh @â 5 {Ewâäc î 5 Dé Iru dq| _ 5 .c Ewâc _c @âä jlyhv wkh
djhqw wkh vdph sd|r> dv grhv Ewc _c @ä/ e| +D4,é Vr î vdwlv?hv +LFr, ehfdxvh ø

grhv1 Vlqfh ø vdwlv?hv +DF, dqg @Eúä : f iru doo ú 5 wc åø ' ú ü REeä iru dq|
ú 5 wé Lw iroorzv wkdw åî ' åøé Khqfh/ î vdwlv?hv +DF, dqg +LUr0úfä ehfdxvh

ø grhv1 Wklv vkrzv wkdw î lv ihdvleoh iru ESr0úfäc dqg khqfh vroyhv lw ehfdxvh

Lî ' Lø1 Zh frqfoxgh wkdw ESr0úfä kdv d vroxwlrq l> lw kdv d vroxwlrq lq zklfk

wkh sursrvdo kdv qr pruh wkdq ?n � frqwudfwv1

Wkh frqwudfw vsdfh fdq eh erxqghg1 Iru hdfk æ é ?c gh?qh

6æ ì úfæ n4ð?
eM.

RæEeä
3�[

ðõ'æ
Eúfð ý ZðäRðEeäé

Wklv 6æ lv zhoo0gh?qhg/ vlqfh R lv frqwlqxrxv dqg srvlwlyh rq wkh frpsdfw vhw .é

Li ú vdwlv?hv úæ ÷ 6æ iru vrph æc wkhq iru dq| e 5 .c

ú ü REeä ÷ 6æRæEeä n
[
ðõ'æ
úðRðEeä

é úfæRæEeä n
[
ðõ'æ

Eúfð ý Zð n úðäRðEeä é úf ü REeäc

Vr wkh sulqflsdo qhyhu vhohfwv vxfk d frqwudfw1 Wkxv/ ESr0úfä kdv d vroxwlrq l> wkh

surjudp rewdlqhg e| uhvwulfwlqj sursrvdov wr

X ì iw 5 X múð è 6ð ;ú 5 w dqg ð é ?c dqg mwm é ?n �j
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kdv d vroxwlrq1 Wkh frqvwudlqw vhw ri wklv uhvwulfwhg surjudp lv forvhg dqg ?qlwh

glphqvlrqdo1 Lw lv erxqghg/ vlqfh +d, . lv frpsdfw> +e, wkh ihdvleoh vhohfwlrq uxohv

@ fdq eh lghqwl?hg zlwk wkh vlpsoh{ {?( dqg +f, úð 5 d6ðc Zðo iru doo ú 5 X dqg

ð é ?é D vroxwlrq wkhuhiruh h{lvwv1

Surri ri Ohppd D4 Eððä1 Iluvw/ suholplqdulhv1 Iru w 5 Xc ohw wf ì w ^ iúfjé
Gh?qh d uhodwlrq ?w rq {Ewfä e| @ ?w @â l> iru doo e 5 .c[

úMwf
@ Eúä Eú ü REeää è

[
úMwf

@â Eúä Eú ü REeää é +D5,

Gh?qh wkh fruuhvsrqglqj grplqdqfh uhodwlrq e| @ "w @â l> @ ?w @â dqg +D5,

lv vwulfw iru vrph e 5 .é Ohw @f eh wkh ghjhqhudwh glvwulexwlrq vhohfwlqj wkh

lqlwldo frqwudfw= @fEúfä ' �é E| ]ruq*v ohppd/
õ
@ 5 {Ewfä m @w ?w @f

ô
frqwdlqv dq

xqgrplqdwhg hohphqw> uhihu wr lw dv @wé D vhsdudwlqj k|shusodqh dujxphqw vkrzv

wkdw @w lv d ehvw uhso| wr vrph eholhiv derxw h>ruw/ l1h1/ >w 5 {E.ä h{lvwv vxfk

wkdw ]
.

[
úMwf

@wEúä Eú ü REeää _>wEeä è
]
.

Eú ü REeää _>wEeä iru doo ú 5 wfé +D6,

Ohw ø ' Ewøc @øc eøä 5 ørEúfäé Gh?qh d vwudwhj| r dqg eholhi q dv iroorzv=

rEümwøä ì @øEüä dqg qEeø m wøä ì �/ dqg ErEümwäc qEümwää ì E@wc >wä iru w 5 Xqiwøjé
Wkh dvvhvvphqw Ewøc eøc rc qä kdv rxwfrph øc dqg vdwlv?hv Ed|hv uxoh rq lwv sdwk1

Zh vkrz lw lv dq htxloleulxp1

Vlqfh ø vdwlv?hv +DF, dqg +LUr0úfäc dqg E@wc >wä vdwlv?hv +D6,/ Erc qä lv vh0

txhqwldoo| udwlrqdo1 Vr zh qhhg rqo| vkrz wkdw Ewøc eøä lv d ehvw uhso| wr r1 Wkh

djhqw*v sd|r> li kh grhv qrw ghyldwh lv Løé Klv sd|r> lv qr kljkhu li kh sursrvhv

wø dqg fkrrvhv dq| e 9' eøc vlqfh ø vdwlv?hv +LFr,1 Vxssrvh kh lqvwhdg ghyldwhv

wr Ewc eäc zkhuh w 9' wø1 Ohwwlqj wf ì w ^ iúfjc klv uhvxowlqj sd|r> lv

L '

57[
úMwf

@wEúäüEZ ý úä
68 ü REeäý SEeäé +D7,
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Ohw 7ú ìSúMwf @
wEúäúé Frqvwudlqwv +OO, dqg +PRQ, gh?qh d frqyh{ vhw/ dqg vr

7ú 5 [é E| Mhqvhq*v lqhtxdolw|/

L é üEZ ý 7úä ü REeäý SEeäé +D8,

Frqvlghu rxwfrph î ì E7úc 7@c 7eäc zkhuh 7@E7úä ' �c dqg 7e lv wkh djhqw*v ehvw h>ruw

jlyhq 7ú1 E| +D8,/ L é Lîé Fohduo|/ î vdwlv?hv +LFr,1 Lw vdwlv?hv +DF, ydfxrxvo|1

Lw vdwlv?hv +LUr0úfä ehfdxvh

åî '
[
úMwf

@wEúäEú ü RE7eää

è
[
úMwf

@fEúäEú ü RE7eää ' úf ü RE7eäc

zkhuh wkh lqhtxdolw| lv gxh wr @w ?w @fé Wklv vkrzv î lv ihdvleoh iru +Sr0úfäc dqg

vr Lî é Lø +vlqfh ø vroyhv +Sr0úfääé Wkxv/ L é Løé
Zh frqfoxgh wkdw Ewøc eøc rc qä lv dq htxloleulxp1 Lwv rxwfrph/ øc lv rqh ri wkh

djhqw*v ehvw htxloleulxp rxwfrphv/ vlqfh dq| htxloleulxp rxwfrph vdwlv?hv wkh

frqvwudlqwv ri ESr0úfäc dqg ø vroyhv lw1 Wkxv/ ø lv dq H0htxloleulxp rxwfrph158

Wr suryh wkh frqyhuvh/ ohw ø eh dq H0htxloleulxp rxwfrph ri KrEúfä1 Wkhq lw

vdwlv?hv wkh frqvwudlqwv ri ESr0úfäé Ohw î eh d vroxwlrq ri ESr0úfäc zklfk h{lvwv e|

sduw Eðä1 Dv mxvw vkrzq/ î lv dq H0htxloleulxp rxwfrph1 Wkh djhqw lv wkhuhiruh

lqgl>huhqw ehwzhhq ø dqg îc dqg vr ø vroyhv ESr0úfä1

Dv lq wkh surri ri Ohppd 5 lq wkh wh{w/ frqvhuydwlyh eholhiv zhuh xvhg lq wkh

surri ri Ohppd D4/ exw rwkhu eholhiv frxog kdyh ehhq xvhg dv zhoo1

Li wkh sulqflsdo xvhv d sxuh vwudwhj| lq vrph htxloleulxp/ lwv rxwfrph lv dovr

jhqhudwhg e| dq htxloleulxp ri wkh jdph frqvlghuhg lq wkh wh{w lq zklfk wkh

uhqhjrwldwlrq sursrvdo pxvw eh d vlqjohwrq1 Wkh iroorzlqj sursrvlwlrq lqglfdwhv

58Exw uhfdoo wkh uhvwulfwlrq wr htxloleuld lq zklfk wkh djhqw sod|v d sxuh vwudwhj|1 Dq rshq

txhvwlrq lv zkhwkhu kh frxog suhihu d pl{hg vwudwhj| htxloleulxp wr D=
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wzr vx!flhqw frqglwlrqv iru wklv wr eh wkh fdvh/ erwk ri zklfk duh uhvwulfwlyh1

Jlyhq rxwfrphø ' Ewc @c eäc vd| wkh sulqflsdo vhohfwv ghwhuplqlvwlfdoo| li vkh vxuho|

vhohfwv mxvw rqh frqwudfw= @Eúä ' � iru vrph ú 5 wé Li vkh vhohfwv ghwhuplqlvwlfdoo|/
gursslqj wkh qrq0vhohfwhg frqwudfwv |lhogv dq htxlydohqw htxloleulxp rxwfrph zlwk

d vlqjohwrq sursrvdo/ w ' iújé

Sursrvlwlrq D41 Eðä Li ýüââ*üâ lv qrqghfuhdvlqj/ wkhq +Sr0úfä kdv d vroxwlrq lq
zklfk wkh sulqflsdo vhohfwv ghwhuplqlvwlfdoo|1 Eððä Li ? ' 2c wkh sulqflsdo vhohfwv

ghwhuplqlvwlfdoo| lq hyhu| vroxwlrq ri +Sr0úfäé59

Surri1 Eðä Ohw ø ' Ewc @c eä 5 ørEúfäé E| Ohppd 8 Eðä dqg Eððäc wkh fhuwdlqw|

htxlydohqw frqwudfw ú@ gh?qhg e|

üEZð ý ú@ð ä ì
[
úMw

@EúäüEZð ý úðä +D9,

lv lq [1 Ohw î ' Eú@c @îc eä/ zkhuh @îEú@ä ' �é Zh vkrz wkdw î vroyhv ESr0úfäé

E| Mhqvhq*v lqhtxdolw| dqg +D9,/ åî ' ú@ ü REeä è åø1 Wkxv/ vlqfh ø vdwlv?hv

+DF, dqg +LUr0úfä/ vr grhv îé Vlqfh ø vdwlv?hv +LFr,/ dqg +D9, lpsolhv wkdw

LEú@c _ä '
[
úMw

@EúäLEúc _ä iru doo _ 5 .c

î dovr vdwlv?hv +LFr,1 Vr î lv ihdvleoh iru ESr0úfä1 Wkxv/ dv Lî ' Lø dqg ø

vroyhv ESr0úfäc vr grhv îé Wklv suryhv Eðäé

Eððä Ohw ø ' Ewc @c eä vroyh +Sr0úfäé Dvvxph 7E@ä ì iú m @Eúä : fj lv qrw d

vlqjohwrq1 Iru ú 5 7E@äc +DF, lpsolhv ú ü REeä ' åøc dqg vr +PRQ, lpsolhv

ú� é åø dqg ú2 è åøé Erwk lqhtxdolwlhv duh vwulfw iru vrph ú 5 7E@äc hovh 7E@ä
zrxog eh d vlqjohwrq1

59Ehfdxvh wkh h{dpsohv lq Vhfwlrq : kdyh q @ 5> wklv vkrzv wkdw wkh| dovr looxvwudwh htxloleulxp

rxwfrphv ri ýv+#3,=
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Djdlq ohw +D9, gh?qh wkh fhuwdlqw| htxlydohqw frqwudfw ú@1 E| Ohppd 8 Eðä/

lw vdwlv?hv +OO,1 Vlqfh ú� é åø iru doo ú 5 7E@ä/ dqg ú� ÷ åø iru vrph ú 5 7E@ä/

üEZ� ý ú@�ä '
[
úMw

@EúäüEZ� ý ú�ä

: üEZ� ý åøäé

Vr ú@� ÷ å
ø1 D vlplodu dujxphqw suryhv ú@2 : å

øé Vr ú@ vdwlv?hv +PRQ, vwulfwo|1

Wkxv/ ú@ 5 [1

Ohw î ' Eú@c @îc eä/ zkhuh @îEú@ä ' �é Dv lq wkh surri ri Eðä/ î pxvw vroyh

+Sr0úfä1 Vlqfh @ lv qrw ghjhqhudwh dqg ü lv vwulfwo| frqfdyh/ +D9, dqg Mhqvhq*v

lqhtxdolw| lpso| åî ' ú@üREeä : åøé Wkxv/ dv ø vdwlv?hv +LUr0úfäc åî : úfüREeäé
Zh frqfoxgh wkdw wkh vroxwlrq î ri +Sr0úfä vdwlv?hv lwv frqvwudlqw +LUr0úfä zlwk

vodfn1 Wklv lv hdvlo| vkrzq wr eh lpsrvvleoh/ vlqfh ú@ lv vwulfwo| prqrwrqlf +vhh

Uhpdun 4 lq wkh wh{w,1 Khqfh/ 7E@ä pxvw eh d vlqjohwrq/ dqg wklv suryhv Eððäé

Zh qrz vkrz wkdw wkh uhvxowv lq wkh wh{w krog iru wklv jhqhudol}dwlrq1 Wkh

uhyhdohg suhihuhqfh uhvxow/ Ohppd 6/ ehfrphv wkh iroorzlqj1

Ohppd D51 Ohw úf dqg ú� eh dq| frqwudfwv/ dqg ohw ø ' Ewc @c eä 5 ørEúfäé
Dvvxph åø è ú� ü REeäé Wkhq T Eú�ä è Løé

Surri1 E| k|srwkhvlv/ ø vdwlv?hv +LUr0ú�ä1 Lw vdwlv?hv +LFr, dqg +DF,/ dv lw

vroyhv +Sr0úfä e| Ohppd D41 Vr ø lv ihdvleoh iru +Sr0ú�ä Wkh uhvxow iroorzv1

Wkh dqdo|vlv qrz surfhhgv dv lq wkh wh{w1 Gh?qh

+Sr0úfc eä T rEe múfä ì pd{
wc@

LE@c eä vxemhfw wr @ 5 {Ewäc

+LFr,/ +DF,/ dqg +LUr0úfäé

Wkhq T rEúfä ' 4@ eM. T rEe múfäé Wkh ixqfwlrq T rEü m üä vdwlv?hv wkh vlqjoh0furvvlqj
surshuwlhv ri Ohppd 7/ e| yluwxdoo| wkh vdph surri1 Wklv ohdgv wr wkh iroorzlqj
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dqdorj ri Wkhruhp 4/ djdlq zlwk yluwxdoo| wkh vdph surri1 Ohw

å rEúfä ì 4@ 
øMørEúfä

åøé

Wkhruhp D41 Jlyhq dq| qrq0ghew frqwudfw úf 5 [/ d ghew frqwudfw B h{lvwv iru

zklfk Eðä T rEBä è T rEúfä( Eððä å rEBä è å rEúfä(
Eðððä Doo rxwfrphv lq ørEBä jlyh wkh sulqflsdo d sd|r> qr ohvv wkdq å rEúfä

li T rEBä : T rEúfäc ru li +LUr0úfä elqgv lq +Sr0úfc _ä iru _ ÷ eW( dqg

Eðñä Doo rxwfrphv lq ørEBä jlyh wkh sulqflsdo d sd|r> juhdwhu wkdq å rEúfä

li T rEBä : T rEúfä dqg å rEúfä : Z�é

Qrz ohw Kr ghqrwh wkh wzr0vwdjh jdph lq zklfk wkh djhqw r>huv wkh lqlwldo

frqwudfw úf 5 [ dv dq xowlpdwxp/ dqg li wkh sulqflsdo dffhswv lw vkh lqyhvwv g

dqg KrEúfä lv sod|hg1 Li wkh sulqflsdo uhmhfwv wkh r>hu/ khu sd|r> lv }hur dqg wkh

djhqw*v lv 7L 1 Wkh dqdorj ri dvvxpswlrq +D, lv

Eøä T rEúfä : 7L dqg å rEúfä : g iru vrph úf 5 [é

Wkh iroorzlqj lv wkh dqdorj ri Wkhruhp 5/ dqg lw wrr kdv yluwxdoo| wkh vdph surri1

Wkhruhp D51 Dvvxph +D, dqg ohw 0 : fé Wkhq Kr kdv d shuihfw Ed|hvldq 00

htxloleulxp lq zklfk d ghew frqwudfw lv lqlwldoo| r>huhg dqg dffhswhg1

Ilqdoo|/ wkh dqdorj ri Wkhruhp 6 lv

Wkhruhp D61 Li g é Z�c wkhq Kr kdv d shuihfw Ed|hvldq htxloleulxp lq zklfk

Bg lv lqlwldoo| dgrswhg/ dqg wkh djhqw*v sd|r> lv qr ohvv wkdq LWé

Wklv wkhruhp/ xqolnh Wkhruhp 6/ grhv qrw uxoh rxw wkh srvvlelolw| ri dq htxloleulxp

sd|r> iru wkh djhqw zklfk h{fhhgv wkdw ri wkh frpplwphqw ehqfkpdun +S,1 Wklv

lv ri frxuvh ehfdxvh dq htxloleulxp rxwfrph ri Kr/ xqolnh d vroxwlrq ri +S,/ fdq

lqgluhfwo| hqwdlo wkh xvh ri d udqgrp frqwudfw1

6;



Iljxuh 4= Wkh wzr0sur?w wzr0h>ruw h{dpsoh1

Iljxuh 5= Frqwudfw rf lv uhqhjrwldwhg wr rc exw wkh ghew frqwudfw B lv uhqhjrwldwhg

wr rWé Wkh hqwuhsuhqhxu fkrrvhv e lq wkh iruphu fdvh/ 7e lq wkh odwwhu1

6<



Iljxuh 6= Dq htxloleulxp ri K lq zklfk wkh lqyhvwru uhfhlyhv uhqw1 Iluvw wkh ghew

frqwudfw B lv dgrswhg1 Wkhq wkh hqwuhsuhqhxu fkrrvhv 7ec dqg uhqhjrwldwhv B wr 7r1
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