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41 LQWURGXFWLRQ

Lw kdv ehhq grfxphqwhg wkdw ?qdqfldo fulvhv riwhq dffrpsdq| sureohpv lq ?qdqfldo

lqvwlwxwlrqv/ sduwlfxoduo| dw vrph vshfl?f vwdjhv ri ghyhorsphqw1 Wkh uhfhqw ?qdqfldo

fulvhv lq Mdsdq dqg Nruhd/ dqg wkh pdmru ?qdqfldo fulvhv lq Hxursh dqg Dphulfd lq

wkh odwh 4<53v dqg lq hduolhu wlphv duh vrph h{dpsohv +h1j1/ Nlqgohehujhu/ 4<<9 dqg

Ghokdvlvh/ 4<<<,1

Wklv sdshu ghyhorsv d wkhru| zklfk hqgrjhql}hv ?qdqfldo fulvhv wkurxjk lqvwlwxwlrqv

uhodwhg wr wkh frusrudwh vhfwru dqg wkh lqwhuedqn ohqglqj pdunhw1 Wkh edvlf lghd lv

wkdw gl>huhqw zd|v ri ?qdqflqj frusrudwh surmhfwv pd| d>hfw wkh qdwxuh ri edqnuxswf|

zklfk lq wxuq ghwhuplqhv lqirupdwlrq lq wkh lqwhuedqn pdunhw1 Wklv lv ehfdxvh wkh

oltxlgdwlrq ri d edg surmhfw e| d edqn lv revhuydeoh e| rxwvlghuv/ exw wkh ixoo edodqfh0

WZh duh judwhixo wr Zlooldp Doh{dqghu/ Deklmlw Edqhumhh/ Wlwr Frughood/ Pdwkldv Ghzdwulsrqw/

Fkduohv Jrrgkduw/ Qlfk Krsh/ [dylhu Iuhl{dv/ Qrex Nl|rwdnl/ Mdqrv Nruqdl/ Hulf Pdvnlq/ Mrkq

Prruh/ Gzljkw Shunlqv/ Ndwkdulqd Slvwru/ \lqj|l Tldq/ Mhdq0Fkduohv Urfkhw/ dqg Mhdq Wluroh iru

khosixo frpphqwv> wr wkh vhplqdu dqg frqihuhqfh sduwlflsdqwv dw DHD/ HHD/ KLLG/ LPI/ OVH/

Vrxwkdpswrq/ Vwdqirug/ dqg Wrxorxvh> dqg wr Qdwdolh Edxphu dqg sduwlfxoduo| Qdqf| Khduvw iru

hglwruldo dvvlvwdqfh1
_Lqwhuqdwlrqdo Prqhwdu| Ixqg1 Hpdlo= kkxdqjClpi1ruj1
hGhsduwphqw ri Hfrqrplfv/ Orqgrq Vfkrro ri Hfrqrplfv1 Hpdlo= f1{xCovh1df1xn1
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vkhhwv ri wkh edqnv duh riwhq ohvv revhuydeoh1 Wklv lqirupdwlrq sureohp fuhdwhv wkh

frqglwlrqv iru d pdunhw idloxuh +d od Dnhuor>/ 4<:3, dqg fdq ohdg wr d ?qdqfldo fulvlv1

Lq rxu prgho/ dq hfrqrp| kdv pdq| edqnv zklfk uhfhlyh ghsrvlwv +d od Gldprqg

dqg G|eylj/ 4<;6, dqg lqyhvw lq orqj0whup surmhfwv zlwk d vwrfkdvwlf whfkqrorj|1 D

whfkqrorjlfdo vkrfn fdq pdnh d edqn lqvroyhqw dqg d oltxlglw| vkrfn fdq pdnh d edqn

looltxlg1 Li lq wkh lqwhuedqn pdunhw wkhuh lv d vhsdudwlqj htxloleulxp vxfk wkdw vroyhqw

dqg lqvroyhqw edqnv duh glvwlqjxlvkdeoh e| wkh sxeolf/ zkhq d vroyhqw edqn idfhv dq

h{fhvv ri hduo| zlwkgudzdov/ wkhuh vkrxog eh qr gl!fxowlhv iru wkh edqn wr eruurz1

Exw wkh v|pphwulf lqirupdwlrq iru looltxlg dqg lqvroyhqw edqnv pdnhv lw lpsrvvleoh

iru wkhp wr eruurz1 Wkhuhiruh/ edqn uxqv duh lvrodwhg wr looltxlg dqg lqvroyhqw edqnv/

dqg d edqn uxq frqwdjlrq zloo qhyhu rffxu lq vxfk dq hfrqrp|1

Krzhyhu/ li wkhuh lv d srrolqj htxloleulxp lq dq lqwhuedqn pdunhw vxfk wkdw wkh

lqirupdwlrq rq wkh lqvroyhqf| ri wkh edqnv lv qrw dydlodeoh/ wkhq doo looltxlg edqnv

zloo eh wuhdwhg lq wkh vdph pdqqhu1 Wkdw lv/ doo edqnv zlwk d uhdol}hg srvlwlyh ydoxh

ri dvvhwv zloo kdyh wr uhsd|1 Zlwk sulydwh lqirupdwlrq derxw rqh*v rzq vroyhqf|/ d

pdqdjhu iru d ehwwhu edqn zloo idfh d kljkhu frvw ri eruurzlqj vlqfh wkhuh lv d kljkhu

suredelolw| wkdw wkh edqn zloo jhqhudwh sur?wv1 Zkhq wkh h{shfwhg frvwv ri eruurzlqj

iru wkh ehvw looltxlg edqnv duh kljkhu wkdq oltxlgdwlqj wkhlu suhpdwxudo dvvhwv/ wkh

edqnv zloo qrw eruurz exw udwkhu wkh| zloo oltxlgdwh vrph ri wkhlu suhpdwxudo dvvhwv1

Wkh zlwkgudzdov ri wkh ehvw edqnv iurp wkh lqwhuedqn pdunhw zloo jhqhudwh qhjdwlyh

h{whuqdolwlhv1 Wkdw lv/ dv d uhvxow wkh txdolw| ri wkh lqwhuedqn pdunhw zloo eh gulyhq

grzq 0zklfk zloo pdnh wkh frvw ri eruurzlqj iru rwkhu jrrg edqnv kljkhu wkdq wkh

frvwv ri oltxlgdwlqj vrph ri wkhlu suhpdwxudo dvvhwv dv zhoo1 Wkxv/ pruh edqnv zloo

zlwkgudz iurp wkh pdunhw1 D uhshwlwlrq ri wklv surfhvv zloo ohdg wr d froodsvh ri wkh

lqwhuedqn pdunhw1

Pruh lqwhuhvwlqjo|/ d srrolqj htxloleulxp lq wkh lqwhuedqn pdunhw grhv qrw dozd|v

gulyh wkh hfrqrp| wr d ?qdqfldo fulvlv1 Wklv lv ehfdxvh wkh h{shfwhg eruurzlqj frvw iru

wkh ehvw edqnv prqrwrqlfdoo| lqfuhdvhv zlwk wkh khwhurjhqhlw| ri wkh surmhfwv ?qdqfhg

e| wkh edqnv1 Zkhq wkh surmhfwv lq wkh srro duh krprjhqhrxv/ wkh lqwhuedqn pdunhw
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zloo dozd|v zrun zhoo dqg wkhuh zloo eh qr ?qdqfldo fulvlv1 Exw zkhq wkh surmhfwv duh

khwhurjhqhrxv/ d srrolqj htxloleulxp lq wkh lqwhuedqn pdunhw ehfrphv dq lqfxedwru

iru ?qdqfldo fulvhv1

Wklv uhvxow vkhgv vrph oljkw rq wkh wlplqj ri d ?qdqfldo fulvlv lq d srrolqj htxlole0

ulxp hfrqrp|1 Wkh hfrqrp| vkrxog kdyh qr wurxeoh zkhq prvw ri lwv vhfwruv duh dw

vlplodu lplwdwlrq vwdjhv/ ru zlwk rqo| d vpdoo yduldwlrq> exw wkh vlwxdwlrq zloo fkdqjh

diwhu wkh lplwdwlrq vwdjh ri wkh hfrqrp| kdv hqghg1

Lq rxu prgho/ wkh srrolqj dqg vhsdudwlqj htxloleuld lq wkh lqwhuedqn ohqglqj pdu0

nhw duh hqgrjhql}hg wkurxjk wzr w|shv ri ?qdqfldo lqvwlwxwlrqv1 D ?qdqfldo v|vwhp

wkdw uhtxluhv cfroohfwlyh ghflvlrqv* e| pxowl0?qdqflhuv lv pruh olnho| wr oltxlgdwh edg

surmhfwv h{0srvw1 Wkh uhdvrq iru wklv lv wkdw wkh frvwv ri uh0qhjrwldwlrq duh kljkhu

zkhq wkhuh duh cfroohfwlyh ghflvlrqv*> khqfh wkh qhjrwldwlrqv uhtxluhg wr uhvwuxfwxuh

wkh surmhfwv duh ohvv olnho| wr eh vxffhvvixo/ dqg oltxlgdwlrqv duh pruh olnho|1 Wkdw

lv/ pxowl0edqn ?qdqflqj fdq eh xvhg dv d frpplwphqw ghylfh wr fuhdwh d vhsdudwlqj

htxloleulxp1 Lq frqwudvw/ ?qdqfldo v|vwhpv zkhuh nh| ghflvlrqv duh pdgh e| vlqjoh

djhqwv gr qrw idfh vxfk kljk uh0qhjrwldwlrq frvwv dqg wkxv duh pruh olnho| wr uh0

vwuxfwxuh udwkhu wkdq wr oltxlgdwh1 Wkdw lv/ wkh v|vwhp lv qrw deoh wr frpplw wr

vwrsslqj edg surmhfwv/ wkxv jrrg dqg edg surmhfwv duh srrohg wrjhwkhu14 H{dp0

sohv ri vxfk cvlqjoh0?qdqflhu* v|vwhpv lqfoxgh wkh pdlq0edqn v|vwhp lq Mdsdq/ wkh

sulqflsoh0wudqvdfwlrq0edqn v|vwhp lq Nruhd1

Wr irfxv rq rxu pdmru srlqwv/ zh dqdo|}h wzr w|shv ri csxuh* hfrqrplhv= 4, dq

hfrqrp| zkhuh doo surmhfwv duh ?qdqfhg e| rqh edqn rqo| 8 d sxuh srrolqj htxloleulxp

hfrqrp|> dqg 5, dq hfrqrp| zkhuh doo surmhfwv duh fr0?qdqfhg e| wzr edqnv 8 d sxuh

vhsdudwlqj htxloleulxp hfrqrp|1 Zh dovr vxssrvh wkdw wkh fkrlfh ri wkh ?qdqfldo

v|vwhp lq dq hfrqrp| lv gxh wr vrph h{rjhqrxv uhdvrqv/ vxfk dv wkh ohjdo v|vwhp/

hwf1

Vlplodu wr Djklrq/ Erowrq dqg Ghzdwulsrqw +4<<<,/ zh dovr uhdfk wkh ylhz wkdw

4Vlplodu lghdv derxw pxowl0?qdqflhuv ehlqj xvhg dv d frpplwphqw ghylfh fdq eh irxqg lq Ghzd0

wulsrqw dqg Pdvnlq +4<<8,> Kduw dqg Prruh +4<<8,> dqg Erowrq dqg Vfkduivwhlq +4<<9,1
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wkh idloxuh ri lqwhuedqn pdunhw lv d phfkdqlvp zklfk jhqhudwhv frqwdjlrxv edqn uxq1

Xqolnh wkhp/ zkr irfxv rq sxuh oltxlglw| vkruwdjh/ zh ghdo zlwk erwk oltxlglw| vkruw0

djh dqg whfkqrorjlfdo vkrfn/ dqg wkhlu h>hfwv lq wuljjhulqj d frqwdjlrxv edqn uxq1 Zh

dovr frpsduh wzr ?qdqfldo lqvwlwxwlrqv dqg wkhlu urohv lq jhqhudwlqj dqg frqwdlqlqj

?qdqfldo fulvhv1 Zh duh lq djuhhphqw zlwk Doohq dqg Jdoh +4<<;, lq wkdw ixqgdphq0

wdov d>hfw ?qdqfldo fulvhv/ dqg zh dujxh wkdw ?qdqfldo lqvwlwxwlrqv duh mxvw vxfk d

ixqgdphqwdo idfwru1 Pruhryhu/ wkh lqwhuedqn pdunhw lq rxu prgho fdq eh ylhzhg dv d

irup ri lqwhufrqqhfwhgqhvv dprqj doo wkh lqyhvwruv wkdw fdxvhv wkh ?qdqfldo frqwdjlrq

lq Doohq dqg Jdoh +4<<<,1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 hvwdeolvkhv wkh edvlf

vwuxfwxuh ri wkh prgho dqg dqdo|}hv wkh uhodwlrqvkls ehwzhhq ?qdqfldo lqvwlwxwlrqv

dqg wkh wzr w|shv ri htxloleuld1 Vhfwlrq 6 lqyhvwljdwhv krz edqn uxq frqwdjlrq lv

fuhdwhg xqghu d srrolqj htxloleulxp dqg zkhq lw pd| ohdg wr d ?qdqfldo fulvlv> dqg

lw h{soruhv zkdw zloo kdsshq xqghu d vhsdudwlqj htxloleulxp1 Vhfwlrq 7 h{dplqhv

jryhuqphqw srolf|/ lq sduwlfxodu wkh fhqwudo edqn*v ohqghu ri odvw uhvruw srolf|/ dqg

hqgrjhql}hv d vriw0exgjhw frqvwudlqw wuds1 Vhfwlrq 8 glvfxvvhv srolf| lpsolfdwlrqv iru

wkh wudqvsduhqf| ri ?qdqfldo lqvwlwxwlrqv dqg olehudol}dwlrq ri wkh ?qdqfldo vhfwru1

Vhfwlrq 9 glvfxvvhv srvvleoh h{whqvlrqv wr wkh prgho wr lqfoxgh fruuxswlrq1 Wkh ?qdo

vhfwlrq/ Vhfwlrq :/ frqfoxghv zlwk vrph txdol?fdwlrqv dqg hoderudwlrqv ri rxu wkhru|/ d

vkruw olwhudwxuh vxuyh|/ dqg d eulhi glvfxvvlrq ri wkh ?qdqfldo lqvwlwxwlrq duudqjhphqw

lq Nruhd dqg Wdlzdq wr vkrz wkh uhohydqfh ri ?qdqfldo lqvwlwxwlrqv wr ?qdqfldo fulvhv1

51 WKH PRGHO

Lq rxu hfrqrp|/ wkhuh duh pdq| hqwuhsuhqhxuv/ P edqnv dqg edqn pdqdjhuv/ dqg

Q ûP ghsrvlwruv1

Hqwuhsuhqhxuv kdyh lghdv derxw qhz lqyhvwphqw surmhfwv exw qr zhdowk wr ?qdqfh

wkhp1 Lq wklv prgho dq| xqfhuwdlq lqyhvwphqw fdq eh d surmhfw/ vxfk dv whfkqrorjlfdo

lqqrydwlrq1 Dq hqwuhsuhqhxu fdq eh dq lqyhqwru ru d ?qdqflhu +vxfk dv d yhqwxuh
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fdslwdolvw,1 Dprqj doo wkh surmhfwv sursrvhg e| hqwuhsuhqhxuv/ è shufhqwdjh ri

wkh surmhfwv duh d jrrg w|sh/ dqg wkh uhvw duh d edg w|sh1 H{ dqwh/ qhlwkhu wkh

hqwuhsuhqhxuv ru wkh edqnv nqrz zklfk surmhfwv duh jrrg dqg zklfk surmhfwv duh

edg/ exw wkh| erwk duh ixoo| dzduh ri wkh glvwulexwlrq1

D surmhfw wdnhv wkuhh shulrgv wr ?qlvk/ uhtxluhv d wrwdo lqyhvwphqw ri L� . L2 . Lô/

zkhuh L| lv wkh uhtxluhg lqyhvwphqw lq shulrg w/ dqg L|  4= Wkh whfkqrorj| ri wkh

surmhfw kdv d frqvwdqw uhwxuq wr vfdoh1 D jrrg surmhfw jhqhudwhv dq h{0dqwh sur?wdeoh

uhwxuq/ \ A L�. L2. Lô> zkloh d edg surmhfw jhqhudwhv qr uhwxuq dv lw vwdqgv1 D edg

surmhfw/ krzhyhu/ fdq eh uhrujdql}hg dw gdwh 5 dqg wkh ehvw uhwxuq d uhrujdql}hg edg

surmhfw fdq jhqhudwh lv [/ dqg Lô ? [ ? L2.Lô/ wkdw lv/ lw lv h{0dqwh xqsur?wdeoh exw

fdq eh h{0srvw sur?wdeoh1 Wkh h{shfwhg uhwxuq iurp d surmhfw lq wkh srro lv srvlwlyh/

wkdw lv/ +4ý è,[ . è\ ý L� ý L2 ý Lô A 3=
Zh dvvxph wkdw li d surmhfw lv ?qdqfhg/ dw gdwh 4 dq hqwuhsuhqhxu zloo ohduq wkh

w|sh ri wkh surmhfw/ exw wkh edqn+v, vwloo zloo qrw nqrz lwv w|sh1 Dw gdwh 5/ wkh

edqn+v, zloo nqrz wkh w|sh ri wkh surmhfw/ dqg li lw lv d edg rqh/ d ghflvlrq zloo eh

pdgh hlwkhu wr oltxlgdwh ru wr uhrujdql}h1

Zh dvvxph wkdw dq hqwuhsuhqhxu jhwv d sulydwh ehqh?w e| iurp zrunlqj rq d surmhfw/

zkhuh w ghqrwhv wkh gdwh zkhq wkh surmhfw lv hlwkhu frpsohwhg ru whuplqdwhg dw

w @ 4> 5> 61 Vshfl?fdoo|/ li wkh hqwuhsuhqhxu txlwv wkh surmhfw dw gdwh 4/ kh jhwv d orz

sulydwh ehqh?w/ e� A 3= Dw gdwh 5/ li d edg surmhfw lv oltxlgdwhg/ wkh hqwuhsuhqhxu

jhwv dq hyhq orzhu sulydwh ehqh?w e2K/ zkhuh 3 é e2K ? e�1 Dw gdwh 6/ li d edg

surmhfw lv uhrujdql}hg dqg frpsohwhg/ lw zloo jhqhudwh d sulydwh ehqh?w eôK A e� wr

wkh hqwuhsuhqhxu> lq wkh fdvh ri d jrrg surmhfw/ lw zloo jhqhudwh d sulydwh ehqh?w/

eô} A eôK/ wr wkh hqwuhsuhqhxu1 Wr vxppdul}h/ zh kdyh eô} A eôK A e� A e2K è 31
Zlwk uhvshfw wr wkh ?qdqflqj/ wkh edqn fdq hlwkhu ?qdqfh wkh surmhfw dorqh/ ru

lw fdq fr0?qdqfh wkh surmhfw zlwk rwkhu edqnv1 Zh uhihu wr wkh iruphu dv d fdvh ri

vlqjoh0edqn ?qdqflqj/ dqg wr wkh odwwhu dv d fdvh ri pxowl0edqn fr0?qdqflqj1 Khuh/

rqh edqn ?qdqflqj uh hfwv uhdo fdvhv zkhuh ?qdqflqj ghflvlrqv duh pdgh e| d vlqjoh

djhqw/ vxfk dv wkh fdvh ri jryhuqphqw0frruglqdwhg ?qdqflqj zkhuh wkh jryhuqphqw
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pdnhv wkh ghflvlrqv/ ru wkh fdvh ri wkh sulqflsdo0edqn v|vwhp zkhuh wkh sulqflsdo

edqn pdnhv wkh ghflvlrqv +h1j1/ lq Vrxwk Nruhd, dqg/ ri frxuvh/ dovr wuxh vlqjoh0edqn

?qdqflqj ru lqwhuqdo ?qdqflqj1 Pxowl0edqn fr0?qdqflqj uh hfwv fdvhv zkhuh wkhuh duh

glyhuvl?hg dqg ghfhqwudol}hg ?qdqfldo lqvwlwxwlrqv dqg d odujh qxpehu ri djhqwv duh

lqyroyhg lq lqyhvwphqw ghflvlrqv1

Wkh wlplqj ri wkh jdph uhodwhg wr surmhfw ?qdqflqj lv dv iroorzv=

î Gdwh 3= Doo sduwlhv nqrz wkh glvwulexwlrq ri wkh surmhfwv dqg wkh ghsrvlwruv/

exw qr rqh nqrzv wkh w|sh ri hdfk surmhfw dqg wkh w|sh ri hdfk ghsrvlwru1 Wkh

edqn+v, r>hu d wdnh0lw0ru0ohdyh0lw frqwudfw wr wkh hqwuhsuhqhxu1 Li wkh frqwudfw lv

vljqhg/ wkh edqn+v, zloo lqyhvw L� xqlwv ri prqh| lqwr wkh surmhfw gxulqj shulrg

41

î Gdwh 4= Wkh hqwuhsuhqhxu ohduqv wkh w|sh ri wkh surmhfw1 Li wkh hqwuhsuhqhxu

vwrsv wkh surmhfw +oltxlgdwlrq,/ kh jhwv d sulydwh ehqh?w e� A 3 dqg doo wkh edqnv

revhuyh wkh oltxlgdwlrq ri wkh surmhfw1 Krzhyhu/ xqohvv d surmhfw lv vwrsshg e|

wkh hqwuhsuhqhxu wkh edqn+v, vwloo grhv +gr, qrw nqrz wkh w|sh ri wkh surmhfw

dqg ixuwkhu L2 xqlwv ri prqh| duh lqyhvwhg lqwr wkh surmhfw1 Pruhryhu/ wkh

edqn+v, zloo nqrz wkh glvwulexwlrq ri wkhlu rzq surmhfw ehwwhu dv wkhlu sulydwh

lqirupdwlrq/ l1h1/ hdfk edqn p zloo kdyh è6 zklfk lv pruh dffxudwh wkdq wkh

sulru è1

î Gdwh 5= Wkh w|sh ri d surmhfw ehfrphv sxeolf nqrzohgjh=

8 Li d surmhfw lv d jrrg w|sh/ d ixuwkhu Lô zloo eh lqyhvwhg1

8 Li d surmhfw lv d edg surmhfw/ d ghflvlrq zkhwkhu wr oltxlgdwh ru wr uhrujdql}h

kdv wr eh pdgh1

ú Li d surmhfw lv oltxlgdwhg wkh edqn+v, jhwv }hur dqg wkh hqwuhsuhqhxu

jhwv e2K ? e�> rwkhuzlvh/

ú li d surmhfw lv uhrujdql}hg/ Lô zloo eh lqyhvwhg1
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î Gdwh 6= Doo surmhfwv duh frpsohwhg/

8 iru d jrrg surmhfw/ uhwxuq \ jrhv wr wkh edqn+v,/ wkh hqwuhsuhqhxu jhwv

eôK A e�>

8 iru d edg surmhfw/ uhwxuq [ jrhv wr wkh edqn+v,/ wkh hqwuhsuhqhxu jhwv

eô} A eôK1

Li d surmhfw lv d jrrg rqh/ lw jhqhudwhv d kljk uhwxuq \ qr pdwwhu zkhwkhu lw lv

?qdqfhg e| rqh edqn dorqh ru lw lv fr0?qdqfhg e| wzr edqnv1 Iru d edg surmhfw/ zh

vxssrvh wkdw wkhuh duh vhyhudo vwudwhjlhv wr uhrujdql}h lw gxulqj wkh wklug shulrg/ exw

rqo| rqh ri wkhp fdq jhqhudwh [/ zklfk lv h{ srvw sur?wdeoh1 Exw wklv vwudwhj| fdq

rqo| eh vhohfwhg dqg lpsohphqwhg zkhq doo wkh lqyroyhg edqn+v, lq djuhhphqw1

Xqghu vlqjoh0edqn ?qdqflqj/ jlyhq wkdw wkh hduolhu lqyhvwphqwv duh vxqn/ wkh edqn

zloo fkrrvh dq h{0srvw h!flhqw vwudwhj| wr uhrujdql}h wkh surmhfw vxfk wkdw wkh sd|r>

lv juhdwhu wkdq wkh h{0srvw frvw ri uh?qdqflqj/ Lô1 Wkdw lv/ wkh edqn lv xqdeoh wr

frpplw wr whuplqdwlqj d edg surmhfw h{ srvw1

Pruhryhu/ wkh idfw wkdw wkh edqn lv qrw ehlqj deoh wr frpplw wr whuplqdwlqj d edg

surmhfw d>hfwv wkh hqwuhsuhqhxu*v h{0dqwh lqfhqwlyhv wr uhyhdo lqirupdwlrq1 Zkhq wkh

hqwuhsuhqhxu dw gdwh 4 glvfryhuv wkdw klv surmhfw lv d edg rqh/ kh h{shfwv wkdw wkh

surmhfw zloo vwloo eh frqwlqxhg dqg uh?qdqfhg e| wkh edqn dw gdwh 51 Frqvhtxhqwo|/ li

kh ghflghv wr txlw wkh surmhfw/ kh jhwv sulydwh ehqh?w e�> li kh ghflghv wr frqwlqxh wkh

surmhfw/ wkh edg surmhfw zloo dozd|v eh uh?qdqfhg e| wkh edqn dqg zloo jhqhudwh d

sulydwh ehqh?w eô A e� iru wkh hqwuhsuhqhxu1 Wkhuhiruh/ wkh hqwuhsuhqhxu zloo dozd|v

fkrrvh wr frqwlqxh d edg surmhfw diwhu kh sulydwho| glvfryhuv lwv w|sh1

Krzhyhu/ lq wkh fdvh ri pxowl0edqn ?qdqflqj/ zh vxssrvh wkdw wkhuh duh frq lfwv

lqwhuhvw dprqj wkh lqyroyhg edqnv derxw krz wr uhrujdql}h wkh surmhfw1 Vxfk frq lfwv

lqfxu d qhjrwldwlrq frvw/ F1 Zkhq wklv frvw/ F lv kljk/ wkh jdlq iurp uhrujdql}dwlrq

ehfrphv ohvv wkdq wkh wrwdo frvwv/ l1h1/ [ ? Lô . F1 Wkhuhiruh uhrujdql}dwlrq zloo

qrw eh zruwkzkloh dqg oltxlgdwlrq zloo eh iroorz15

5Iru vlplodu dujxphqwv dqg prghov/ vhh Erowrq dqg Vfkduivwhlq +4<<9,/ Ghzdwulsrqw dqg Pdvnlq

:



Wkh frpplwphqw wr oltxlgdwh d edg surmhfw wkdw kdv pxowl0edqn ?qdqflqj kdv d

ghwhuuhqw h>hfw rq hqwuhsuhqhxuv zkr kdyh edg surmhfwv1 Diudlg ri ixuwkhu orvvhv

odwhu/ dq hqwuhsuhqhxu zlwk d edg surmhfw zloo fkrrvh wr txlw rqfh kh glvfryhuv lw lv d

edg surmhfw ehfdxvh wkh orvvhv lqfxuuhg e| txlwwlqj dw gdwh 4 duh vpdoohu wkdq wkrvh

lqfxuuhg dw gdwh 5/ l1h1/ e2K ? e�1 Wr vxppdul}h/ zh kdyh wkh iroorzlqj uhvxow=

Ohppd 4 Wkh htxloleulxp dfklhyhg xqghu vlqjoh edqn ?qdqflqj lv srrolqj wkdw erwk

jrrg dqg edg surmhfwv zloo eh frpsohwhg1 Wkh htxloleulxp dfklhyhg xqghu pxowl0edqn

?qdqflqj lv vhsdudwlqj wkdw doo edg surmhfwv zloo eh oltxlgdwhg dw gdwh 4 dqg rqo| jrrg

surmhfwv zloo eh frpsohwhg16

Zlwk wklv uhvxow/ iru vlpsolflw| zh zloo whup dq hfrqrp| xqghu pxowl0edqn ?qdqflqj

dv dq hfrqrp| ri kdug0exgjhw frqvwudlqwv +KEF,/ zkloh dq hfrqrp| xqghu vlqjoh edqn

?qdqflqj dv dq hfrqrp| ri vriw0exgjhw frqvwudlqwv +VEF, lq wkh uhvw ri sdshu1

Lq wklv hfrqrp|/ edqnv duh ulvn0qhxwudo dqg wkh| pd{lpl}h h{shfwhg sur?wv1

Doo wkh P edqnv lq wkh hfrqrp| duh h{0dqwh lghqwlfdo/ dqg Q ghsrvlwruv hdfk

ghsrvlw '4 lq d edqn1 Wkxv/ hdfk edqn*v dvvhwv duh Q 1 Iru wkh P edqnv/ wkhuh lv dq

lqwhuedqn ohqglqj pdunhw wr vroyh srwhqwldo oltxlglw| vkruwdjh sureohpv1 Zh dvvxph

wkdw d oltxlgdwlrq ri d edg surmhfw lv revhuydeoh e| doo wkh edqnv1

Lq rxu hfrqrp| wkhuh duh wzr w|shv ri ghsrvlwruv/ dv ghvfulehg e| Gldprqg dqg

G|eylj +Gldprqg dqg G|eylj/ 4<;6,= hduo| dqg odwh ulvn0dyhuvh frqvxphuv/ zlwk

hduo| frqvxphuv rqo| frqvxplqj dw w @ 4/ dqg odwh frqvxphuv rqo| frqvxplqj dw

w @ 61 H{ dqwh/ doo ghsrvlwruv duh lghqwlfdo dqg gr qrw ehfrph dzduh ri wkh w|shv ri

wkh surmhfwv xqwlo w @ 41 Wkh| pdnh wkhlu lqyhvwphqw ghflvlrqv rq wkhlu hqgrzphqw

ri '4 edvhg rq dq h{0dqwh eholhi derxw wkh ulvnlqhvv ri wkh edqnlqj v|vwhp dqg derxw

wkh pdunhw htxloleulxp uhwxuq rq ghsrvlwv1 Wkh| vxssrvhgo| gr qrw prqlwru wkh

edqnv ehfdxvh ri kljk vxuyhloodqfh frvwv dqg odfn ri h{shuwlvh1

+4<<8,/ Kduw dqg Prruh +4<<8,1
6Wr kljkoljkw wkh pdmru srlqwv ri rxu sdshu dqg wr suhvhqw wkh prgho lq wkh vlpsohvw srvvleoh

zd|/ zh wuhdw wklv sduw lq d ohvv irupdo zd|1 Uljrurxv surri ri wklv ohppd edvhg rq d irupdo prgho

zlwk suhflvh frqglwlrqv lv dydlodeoh xsrq uhtxhvw1

;



Frpelqlqj wkh rxwfrph ri wkh edqnv* surmhfw lqyhvwphqwv dqg wkh frqvxphuv*

ghsrvlw ghflvlrqv/ wkh hyroyhg wlplqj ri wkh jdph fdq eh vxppdul}hg dv iroorzv=

î Gdwh 3= Ghsrvlwruv pdnh d vdylqjv ghflvlrq> wkh edqnv pdnh dq lqyhvwphqw

ghflvlrq uhjduglqj krz pxfk dqg lq zklfk surmhfw wr lqyhvw1

î Gdwh 4= Hduo| frqvxphuv zlwkgudz prqh| iurp wkh edqnv> odwh frqvxphuv pdnh

ghflvlrqv derxw zhwkhu wr zlwkgudz ru wr nhhs wkhlu ghsrvlwv lq wkh edqnv1 D

edqn idflqj wrr pdq| hduo| zlwkgudzdov kdv wr eruurz iurp rwkhu edqnv1 Doo

edg surmhfwv ?qdqfhg e| pxowl0edqnv zloo eh oltxlgdwhg1

î Gdwh 5= Doo vlqjoh0edqn ?qdqfhg edg surmhfwv zloo eh uhrujdql}hg e| wkh edqnv1

î Gdwh 6= Doo surmhfwv duh frpsohwhg> edqnv sd| edfn wkh ordqv li wkh| eruurzhg

dw gdwh 4> dqg odwh frqvxphuv froohfw wkhlu uhzdugv1

61 VRIW0EXGJHW FRQVWUDLQWV DQG ILQDQFLDO FULVHV

Wr kljkoljkw rxu srlqwv/ zh ?uvw devwudfw jryhuqphqw dzd| iurp wkh prgho1 Wkh

uroh ri jryhuqphqw zloo eh lqfrusrudwhg lqwr wkh prgho lq d odwhu vhfwlrq1 Pruhryhu/

zh zloo pdnh vrph dvvxpswlrqv wr vlpsoli| wkh prgho1 Prvw ri rxu vlpsol?fdwlrq

dvvxpswlrqv fdq eh uhod{hg zlwkrxw txdolwdwlyho| frpsurplvlqj wkh uhvxowv1

614 Ghsrvlw Frqwudfw

Zh frqvlghu d rqh0jrrg hfrqrp|1 Hdfk ghsrvlwru*v '4 hqgrzphqw fdq eh vwruhg

iurp rqh shulrg wr wkh qh{w/ zlwkrxw dq| frvw/ ru lw fdq eh lqyhvwhg lq d edqn zklfk

wkhq lqyhvwv lq d surmhfw zlwk vwrfkdvwlf whfkqrorj|/ |lhoglqj d srvlwlyh h{shfwhg

uhwxuq lq wkh ixwxuh dv ghvfulehg lq wkh deryh vhfwlrq1

Hdfk ghsrvlwru*v suhihuhqfh lv gh?qhg dv

X @ ä�x+F�, . ãä2x+F2,>

<



zkhuh Fæ lv wkh frqvxpswlrq ri w|sh m ghsrvlwru> m @ 4 ehlqj hduo| frqvxphuv zkr

frqvxph dw w @ 4 dqg m @ 5 ehlqj odwh frqvxphuv zkr frqvxph dw w @ 6> äæ lv wkh

suredelolw| wkdw d ghsrvlwru lv d w|sh 4 ru d w|sh 5 frqvxphu/ dqg ä�.ä2 @ 4> ã ? 4 lv

wkh glvfrxqw idfwru dqg ã +U. 4, A 4> zkhuh U lv wkh uhwxuq iurp lqyhvwphqw/ zklfk lv

wr eh ghwhuplqhg lq wkh odwhu vhfwlrqv> dqg x
â
A 3/ x

ââ
? 3/ dqg +Fx

â
,
â
@ x

â
.Fx

ââ
? 31

Dw gdwh 3/ frqvxphuv pdnh d ghsrvlw ghflvlrq e| vroylqj7

pd{
ä�

X @ ä�x+F�, . ãä2x+F2,

v1w1 4 @ ä�F� . ä2F2@+4 .U,

Lq jhqhudo/ wkh ?uvw rughu frqglwlrq ri wklv sureohp lv

x
â
+FW�, @ ã+4 .U,x

â
+FW2,=

Jlyhq wkdw x
â
.Fx

ââ
? 3/ ã ? 4 dqg ã+4 .U, A 4/ zh kdyh

x
â
+4, A ãx

â
+4, A ã+4 .U,x

â
+U,=

Frqvhtxhqwo|/ dq h{0dqwh rswlpdo pdunhw htxloleulxp fdq rqo| eh dfklhyhg e| lq0

fuhdvlqj F� dqg ghfuhdvlqj F2/ wkdw lv/

FW� A 4>

FW2 ? 4 .U=

Vlplodu wr wkh prgho ri Gldprqg dqg G|eylj/ lq rxu prgho d pdunhw htxloleulxp

lq zklfk d edqnv lpsohphqwv ghsrvlw frqwudfwv zlwk frqvxphuv fdq Sduhwr grplqdwh

wkdw ri dxwdufk|1 Wkdw lv iru '4 ghsrvlw dw w @ 3/ d ghsrvlwru uhfhlyhv hlwkhu FW�

dw w @ 4/ ru FW2 dw wkh hqg ri wkh h{huflvh1 Wkh edqn krogv ä�FW� +dv fdvk, dw qr

h{wud frvw/ dqg lqyhvwv wkh uhvw lq dq looltxlg surmhfw zklfk |lhogv d kljkhu uhwxuq1

Dw htxloleulxp/ dq hduo| frqvxphu dozd|v zdqwv wr frqvxph dw w @ 4/ exw d odwh

frqvxphu kdv qr lqfhqwlyh wr zlwkgudz hduo|1 Wklv lv ehfdxvh zkhq ã+4 . U, A 4/

7Khuh/ üEä2ä lv wkh h{shfwhg xwlolw|/ ehfdxvh xqolnh wkh Gldprqg dqg G|eylj prgho/ wkhuh lv

whfkqrorjlfdo xqfhuwdlqo| lq rxu prgho1
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wkh ?uvw rughu frqglwlrq x
â
+FW�, @ ã+4 . U,x

â
+FW2, lpsolhv FW� ? FW2 1 Wkxv iru d odwh

frqvxphu d ghyldwlrq grhv qrw sd| dv orqj dv rwkhu odwh frqvxphuv gr qrw ghyldwh1

Krzhyhu/ wkhuh lv qr shuihfw lqvxudqfh djdlqvw oltxlglw| vkrfnv dqg wkhuh pd|

eh d edqn uxq htxloleulxp/ wkdw lv/ d vlpxowdqhrxv ghyldwlrq ri doo odwh frqvxphuv1

Zkhq wkhuh lv dq lqwhuedqn ohqglqj pdunhw/ wkh nh| iru wkh h{lvwhqfh ri d edqn

uxq htxloleulxp lv wkh srvvlelolw| wkdw edqnv fdqqrw vroyh wkhlu oltxlglw| vkruwdjh

sureohpv e| eruurzlqj iurp wkh pdunhw1 Lq wkdw fdvh/ wkh edqn zloo idlo wr phhw doo

odwh frqvxphuv1 Dqwlflsdwlqj wklv/ doo odwh frqvxphuv zloo zlwkgudz dw w @ 41

Lq rxu pxowl0edqn hfrqrp| wkh wrwdo qxpehu ri ghsrvlwruv lv ?qlwh/ zlwk Q ghsrv0

lwruv lq hdfk edqn dqg wkh uhdol}hg qxpehuv ri w|sh 4 dqg w|sh 5 ghsrvlwruv iru hdfk

edqn duh udqgrp gudzv iurp elqrpldo glvwulexwlrqv ri ä� dqg ä2 @ 4 ý ä� uhvshf0
wlyho|1 Lq wkh qh{w wzr vxevhfwlrqv/ zh zloo dqdo|}h wkh srvvlelolw| ri d ?qdqfldo fulvlv

lq hfrqrplhv zlwk dq KEF lqvwlwxwlrq ru zlwk dq VEF lqvwlwxwlrq1 Zh vwduw zlwk dq

VEF hfrqrp|1

615 Ilqdqfldo Fulvlv lq dq VEF Hfrqrp|

Lq dq VEF hfrqrp|/ doo surmhfwv zloo odvw iru wkuhh shulrgv/ uhtxlulqj d wrwdo

lqyhvwphqw ri +L� . L2 . Lô,1 Pruhryhu/ hdfk surmhfw*v h{shfwhg udwh ri uhwxuq lv

U7+è, @ btnE�3bäf
U�nU2nUô

ý4 A 3= Wkxv/ zlwk dq hqgrzphqw ri Q dqg dqwlflsdwlqj wkh h{0

shfwhg zlwkgudzdo dw gdwh 4/ d edqn*v rswlpdo lqyhvwphqw ghflvlrq lv wr krog Qä�FW�

lq fdvk dqg lqyhvw Q+4ý ä�FW�, lq rqh surmhfw dw w @ 318

8Zlwk dq hqgrzphqw ri ù dqg dqwlflsdwlqj wkh h{shfwhg zlwkgudzdo dw gdwh 4/ d edqn*v rswlpdo

lqyhvwphqw ghflvlrq lv wr krog ùZ�äW� n ,
7 lq fdvk dqg lqyhvw ùE� 3 Z�äW� ä 3 ,7 lq &7 surmhfwv dw

| ' f/ zkhuh ,7 D f lv wkh dprxqw ri h{fhvvlyh oltxlglw| d edqn sxwv dvlgh h{ dqwh/ dqg

&7 '
ùE�3 Z�äW� ä3 ,7
U� n U2 n Uô

é

H{ dqwh/ hdfk edqn idfhv wkh vdph sureohp lq sodqqlqj lwv oltxlglw|1 Wkh wrwdo vxsso| ri oltxlglw|

dw gdwh 4 lq wkh hfrqrp|/ iru dq| jlyhq ,7/ lv

�ùZ�ä
W
� n ,

7 é
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Zh vxssrvh wkdw dw gdwh 4 edqn pdqdjhuv lq dq VEF hfrqrp| gr qrw nqrz wkh

w|sh ri wkh surmhfw wkdw wkh| duh ?qdqflqj1 Exw wkurxjk wkhlu prqlwrulqj ryhu rqh

shulrg ri wlph/ wkh| kdyh ehwwhu lqirupdwlrq wkdq dw gdwh 3/ dqg wkdw lv wkhlu sulydwh

lqirupdwlrq1 Wklv sulydwh lqirupdwlrq lv gl!fxow wr frqyh| vlqfh doo edqnv kdyh dq

lqfhqwlyh wr idovho| uhsruw li wkhuh lv d ehqh?w ri grlqj vr1 Pruhryhu/ zh vxssrvh wkdw

wkh rqo| sxeolf lqirupdwlrq lq wkh lqwhuedqn pdunhw lv wkh dyhudjh txdolw| ri doo wkh

surmhfwv ?qdqfhg e| doo wkh edqnv lq wkh pdunhw1 Irupdoo|/ zh vxssrvh wkdw dw gdwh

4/ wkh pdqdjhu ri edqn p +p @ 4> ===>P,> ohduqv sulydwho| wkdw wkh suredelolw| ri klv

surmhfw ehlqj jrrg lv è61 Vxssrvh wkh udqn ri wkh txdolwlhv ri doo wkh edqnv* surmhfwv

lv è� ? è2 ? èô ? === ? è� > dqg wkh dyhudjh txdolw| lv è @ �
�

S�
6'� è61

Li wkh wrwdo qxpehu ri hduo| zlwkgudzdov dw gdwh 4 lv vpdoohu wkdq wkh h{shfwhg

qxpehu ä�Q / d edqn zloo kdyh h{fhvv oltxlglw| uhvhuyhv wr ohqg> li wkh wrwdo qxp0

ehu ri hduo| zlwkgudzdov lv pruh wkdq ä�Q / krzhyhu/ wkh edqn zloo idfh d oltxlglw|

vkruwdjh> zh fdoo wklv edqn looltxlg1 Dq looltxlg edqn pd| vroyh lwv oltxlglw| sureohp

hlwkhu e| eruurzlqj lq wkh lqwhuedqn pdunhw ru e| oltxlgdwlqj vrph ri lwv lqyhvwphqw

suhpdwxuho|1

Lq wkh fdvh ri eruurzlqj/ dq looltxlg edqn lvvxhv d erqg lq wkh lqwhuedqn ohqglqj

pdunhw1 Zlwk olplwhg oldelolw|/ d eruurzlqj edqn fdq rqo| sd| edfn wkh erqg li lw

kdv d jrrg surmhfw1 Krzhyhu/ jlyhq wkh pdunhw nqrzv rqo| è doo looltxlg edqnv zloo

eh wuhdwhg lq wkh vdph zd| zkhq wkh| eruurz1 Wkhuhiruh/ doo wkh erqgv lvvxhg e|

edqnv kdyh wkh vdph vwuxfwxuh= frqwlqjhqw rq wkh uhdol}dwlrq ri wkh surmhfw dw gdwh

6/ wkh erqg sd|v/ ;?= 4> li wkh surmhfw lv jrrg/

3> rwkhuzlvh1

Wkh wrwdo h{shfwhg ghpdqg iru oltxlglw| lq wkh hfrqrp|/ lv

�ùZ�ä
W
� é

Wkxv/ dw htxloleulxp zh pxvw kdyh

,7 ' fé

Iru vlpsolflw|/ zlwk ,7 ' f/ zh dvvxph &7 ' �1
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Wr kljkoljkw rxu srlqwv/ zh dvvxph wkdw wkhuh lv d Ehuwudqg frpshwlwlrq dprqj

ohqghuv wkdw wkhvh edqnv euhdn hyhq lq ohqglqj1 Khqfh/ jlyhq wkh suredelolw| wkdw d

edqn zloo sd| edfn 4 lv çè> wkh htxloleulxp erqg sulfh lv s7 @ çè1

Iru dq looltxlg edqn wr udlvh '4/ lw qhhgv wr lvvxh �
R7

vkduhv ri d erqg lq wkh lqwhuedqn

pdunhw1 Wkxv/ lq rughu wr ghdo zlwk q h{fhvvlyh hduo| zlwkgudzdo frqvxphuv iru dq

dprxqw ri qFW� / d wrwdo ri ?ä
W
�

R7
vkduhv ri d erqg vkrxog eh lvvxhg1 Zkloh wkh erqg

vwuxfwxuh lv wkh vdph iru doo looltxlg edqnv/ zlwk wkh sulydwh lqirupdwlrq derxw wkh

txdolw| ri hdfk edqn*v surmhfw/ wkh eruurzlqj frvw iru hdfk edqn lv gl>huhqw1 Zlwk

wkh sulydwh lqirupdwlrq ri edqn p wkdw lwv suredelolw| ri ehlqj deoh wr sd| edfn wkh

erqg lv è6/ wkh frvw ri udlvlqj qFW� grooduv lv
b6
b

?äW�
R7

1 Wkdw lv/ wkh pdujlqdo eruurzlqj

frvw lv Fî +è6, @ b6
bR7

@ b6

b
2 1 Wkhuhiruh/ wkh kljkhu wkh txdolw| ri d edqn wkh kljkhu

wkh eruurzlqj frvw1 Qrw vxusulvlqjo|/ çè kdv wr eh uhodwlyho| kljk wr è6 wr pdnh wkh

h{shfwhg sur?w ri edqn p qrq qhjdwlyh1

Ohppd 5 Dq looltxlg edqn*v h{shfwhg sur?w zloo qrw eh qhjdwlyh diwhu eruurzlqj li

çè
2 è b6EU�nU2nUôä

btnE�3bäf =

Surri1 D edqn*v qrq0qhjdwlyh h{shfwhg uhwxuq frqglwlrq lv

H +7, @ +4ý è6,[ . è6\ ý L� ý L2 ý Lô ý ^+4ý ä�,Q ý q`FW2 ý
è6

è

qFW�
s7
è 3=

Iurp wkdw zh kdyh wkh orzhu erxqg ri wkh erqg sulfh/

s @ è6qF
W
�@
õ
è ^+4ý è6,[ . è6\ ý L� ý L2 ý Lô ý ++4ý ä�,Q ý q,FW2 `

ô
=

Jlyhq wkdw doo wkh uhwxuqv ri d edqn zloo eh glvwulexwhg wr wkh odwh frqvxphuv/ wkdw

lv/

+4ý è,[ . è\ ý L� ý L2 ý Lô @ +4ý ä�,QFW2 >

zh kdyh/

s @ è6qF
W
�@
õ
è ^+4ý è6,[ . è6\ ý L� ý L2 ý Lô ý ++4ý ä�,Q ý q,FW2 `

ô
@ è6qF

W
�@
õ
è ^+è6 ý è,+\ ý[, . qFW2 `

ô
=

46



Xvlqj wkh iroorzlqj uhodwlrqvklsv/

FW� A 4> F
W
2 ? 4 .U

7 +è, / dqg U7+è, @
è\ . +4ý è,[
L� . L2 . Lô

ý 4>

zh kdyh

s @
è6F

W
�

çè

q

qFW2 . +è6 ý è,+\ ý[,
è è6

çè

q +L� . L2 . Lô,

q +è\ . +4ý è,[, . +è6 ý è,+\ ý[,
ä è6 +L� . L2 . Lô,

çè +è\ . +4ý è,[, =

Rqo| zkhq s é çè @ s7 wkh looltxlg edqn zloo kdyh d qrq0qhjdwlyh h{shfwhg sur?w

diwhu eruurzlqj1 Wklv zloo eh vdwlv?hg li

çè
2 è qè6 +L� . L2 . Lô,

q +è\ . +4ý è,[, . +è6 ý è,+\ ý[,
ä è6 +L� . L2 . Lô,

è\ . +4ý è,[ =

Lq dgglwlrq wr eruurzlqj/ dq looltxlg edqn fdq dovr oltxlgdwh sduw ri lwv dvvhwv

suhpdwxuho| wr vroyh lwv oltxlglw| sureohp1 Krzhyhu/ oltxlgdwlqj dvvhwv suhpdwxuho|

lv frvwo|1 Zh ghqrwh wkh h{rjhqrxvo| pdujlqdo frvw ri udlvlqj fdvk wkurxjk oltxlgdwlqj

suhpdwxudo dvvhwv dv Fu1 Jlyhq wkh frvw Fu/ rqo| wkh edqnv wkdw kdyh d qrq0qhjdwlyh

qhw uhwxuq diwhu oltxlgdwlqj vrph ri wkh dvvhwv/ l1h1/

H
ý
éU
ü
@ ^+4ý è6,[ . è6\ ýFuqFW� `ý L� ý L2 ý Lô ý ^+4ý ä�,Q ý q`FW2 è 3>

ylhz wkh rswlrq ri oltxlgdwlqj vrph ri wkhlu dvvhwv ghvludeoh1

Lq jhqhudo/ dw gdwh 4 d vroyhqw looltxlg edqn zloo frpsduh Fî zlwk Fu wr ghflgh

krz wr udlvh fdvk1 Zkhq Fî é Fu wkhq lw zloo eruurz> rwkhuzlvh/ lw zloo oltxlgdwh

vrph ri wkh suhpdwxudo dvvhwv1

Zh vxssrvh wkdw wkhuh duh çp edqnv idflqj oltxlglw| vkrfnv1 Lq rughu wr kljkoljkw

rxu srlqwv lq d vlpsoh zd|/ zh dvvxph wkdw è6 @ è63� . ç iru doo p @ 4> 5> ===> çp>

dqg wkdw Fu lv wkh vdph iru hyhu| edqn1 Ghqrwlqj çè 76 @ +
S 76
ð'� èð,@ çp/ wkh iroorzlqj

Ohppd surylghv d frqglwlrq iru wkh surri ri d edqn uxq frqwdjlrq1

47



Ohppd 6 Zlwk è6 @ è63� . ç/ wkhq b 76
7b
2
76

é b 763�
7b
2
763�
> iru çp è 5> dqg ç A 31

Surri1 Zlwk è6 @ è63� . ç dqg è @ è�/ zh kdyh

è6 @ è. +pý 4,ç>S 76
6'� è6 @ è çp.

�
2ç + çpý 4, çp>

çè 76 @
�
76

S 76
6'� è6 @ è.

�
2ç + çpý 4, =

Wkxv/

è 76
çè
2
76

ý è 763�
çè
2
763�

@
è. + çpý 4,çû
è. �

2ç + çpý 4,
ú2 ý è. + çpý 5,çû

è. �
2ç + çpý 5,

ú2
@ ý+5 çpý 6,èç

2 . + çpý 5,+ çpý 4,çô
+5è. ç çpý ç,2 +5è. ç çpý 5ç,2

? 3>

iru dq| çp è 5> dqg ç A 31

Sursrvlwlrq 4 Li b 767b276
A Fu/ wkhq wkhuh pd| eh d frqwdjlrxv edqn0uxq htxloleulxp1

Surri1 Ohw xv orrn dw d vlwxdwlrq zkhuh b 76
7b
2
76

A Fu A
b 763�
7b
2
76

A b 7632
7b
2
76

=== A b�
7b
2
76

1 Wkdw

lv/ iru wkh ehvw edqn +zlwk è 76, lwv frvw ri lvvxlqj erqgv lq wkh lqwhuedqn ohqglqj

pdunhw lv kljkhu wkdq wkh oltxlgdwlrq frvw> exw iru doo rwkhu edqnv wkhlu eruurzlqj

frvwv duh orzhu wkdq wkh oltxlgdwlrq frvw1 Wkhuhiruh/ rqo| wkh ehvw looltxlg edqn zloo

zlwkgudz iurp wkh lqwhuedqn pdunhw1 Exw wkh zlwkgudzdo ri wkh ehvw edqn iurp wkh

pdunhw zloo orzhu wkh dyhudjh txdolw| ri wkh eruurzhuv lq wkh lqwhuedqn pdunhw vxfk

wkdw F +è 763�, @ b 763�eb2 A b 76
7b
2 @ Fî +è 76, dffruglqj wr wkh deryh Ohppd1 Wkxv/ diwhu

wkh zlwkgudzdo ri wkh ehvw edqn/ wkh vhfrqg ehvw edqn zloo dovr ?qg Fu ? Fî dqg

zloo zlwkgudz iurp wkh lqwhuedqn ohqglqj pdunhw1 Wklv zloo fdxvh wkh erqg sulfh

ixuwkhu ghfuhdvh1 Uhshdwlqj wkh surfhvv/ wkh erqg pdunhw sulfh zloo ghfuhdvh wr d

ohyho zkhuhe| wkh w|sh05 ghsrvlwruv zloo lqihu wkdw wkh edqnv duh lqvroyhqw1 Wkxv

wkhuh zloo eh d uxq rq wkh edqnv1 Wklv zloo ohdg wr d frqwdjlrxv edqn idloxuh1

Wkh udwlr ri b 767b 76 uh hfwv krz d sulydwh hydoxdwlrq dqg d sxeolf hydoxdwlrq ri d surmhfw

gl>hu/ vlqfh è 76 lv sulydwh lqirupdwlrq ri edqn çp zkloh çè 76 lv sxeolf lqirupdwlrq1
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Lw lv dovr d phdvxuhphqw ri wkh khwhurjhqhlw| ri wkh surmhfwv1 Wkdw lv/ wkh pruh

khwhurjhqhrxv wkh surmhfwv duh wkh odujhu wkh gl>huhqfh frxog eh ehwzhhq d sulydwh

hydoxdwlrq dqg d sxeolf hydoxdwlrq1 Wklv sursrvlwlrq vd|v wkdw lq dq VEF hfrqrp|

li surmhfwv ?qdqfhg e| wkh edqnv kdyh d kljk hqrxjk khwhurjhqhlw| vxfk wkdw wkh

eruurzlqj frvw iru wkh ehvw looltxlg edqn lv kljkhu wkdq wkh oltxlgdwlrq frvw/ dqg

zkhq wkhuh duh pdq| edqnv idflqj oltxlglw| vkrfnv/ wkhq d edqn uxq frqwdjlrq pd|

eh dq htxloleulxp1 D edvlf lqwxlwlrq iru wkh uhvxow lv wkh pdunhw euhdnv grzq gxh wr

wkh dv|pphwulf lqirupdwlrq jhqhudwhg e| wkh VEFv1 Zkhq wkh txdolw| ri d jrrg edqn

lv sulydwh lqirupdwlrq dqg wkh edqn lv wuhdwhg dv dq dyhudjh lq wkh lqwhuedqn ohqglqj

pdunhw/ wkh edqn pd| ?qg eruurzlqj wr eh wrr frvwo| dqg wkxv zloo zlwkgudz iurp

wkh pdunhw1 Exw wklv zloo jhqhudwh h{whuqdolwlhv vxfk wkdw wkh dyhudjh txdolw| ri wkh

eruurzhuv lq wkh lqwhuedqn ohqglqj pdunhw zloo ghwhulrudwh 8 zklfk zloo lqgxfh pruh

edqnv wr zlwkgudz iurp wkh pdunhw xqwlo wkhuh lv d wrwdo froodsvh ri wkh lqwhuedqn

ohqglqj pdunhw dqg d edqn uxq frqwdjlrq1

Sursrvlwlrq 5 Li b 767b276
é Fu dqg çè2 è b6EU�nU2nUôä

btnE�3bäf > wkhq dw htxloleulxp looltxlg edqnv

eruurz lq wkh lqwhuedqn ohqglqj pdunhw dqg wkhuh lv qr frqwdjlrxv edqn uxq lq dq

VEF hfrqrp|1

Surri1 Zkhq çè2 è b6EU�nU2nUôä
btnE�3bäf lv vdwlv?hg/ wkh edqnv eruurzlqj lq wkh lqwhuedqn

ohqglqj pdunhw zloo kdyh d qrq0qhjdwlyh sur?w1 Pruhryhu/ b 76
7b
2
76

é Fu lpsolhv wkdw

wkh eruurzlqj frvw iru wkh ehvw looltxlg edqn lv ehorz wkh oltxlgdwlrq frvw1 Wkxv/ dw

htxloleulxp wkh edqn*v oltxlglw| sureohp zloo eh vroyhg wkurxjk eruurzlqj1 Dqg doo

wkh rwkhu looltxlg edqnv zloo gr wkh vdph1

D orz udwlr ri b 76
7b 76

lpsolhv d orz khwhurjhqhlw| ri wkh surmhfwv1 Wkh frqglwlrq

ri çè2 è b6EU�nU2nUôä
btnE�3bäf fdq eh uhzulwwhq dv çè2 +è\ . +4ý è,[, è è6 +L� . L2 . Lô, = Lw

phdqv d kljk dyhudjh txdolw| ri wkh surmhfwv1 Vshfl?fdoo|/ lw h{suhvvhv wkdw wkh dyhudjh

suredelolw| wkdw wkh surmhfwv zloo eh vxffhvvixo lv kljk/ dqg wkh h{shfwhg uhwxuq lv kljk1

Wklv sursrvlwlrq vd|v wkdw li surmhfwv ?qdqfhg e| wkh edqnv duh pruh krprjhqrxv/

vxfk wkdw wkh eruurzlqj frvw iru wkh ehvw looltxlg edqn +wkxv iru doo wkh looltxlg edqnv,
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lv orzhu wkdq wkh oltxlgdwlrq frvw/ dqg wkh dyhudjh txdolw| ri wkh surmhfwv lv kljk/

wkhq dw htxloleulxp wkh sureohpv ri doo looltxlg edqnv fdq eh vroyhg lq wkh lqwhuedqn

ohqglqj pdunhw lq dq VEF hfrqrp|1 Wkxv/ wkhuh vkrxog eh qr edqn uxq lq dq VEF

hfrqrp|1 Wkh lqwxlwlrq lv wkdw zkhq surmhfwv duh pruh krprjhqhrxv/ wkh dv|pphwulf

lqirupdwlrq sureohp lv uhgxfhg +zkhq surmhfwv duh shuihfwo| krprjhqhrxv/ wkhuh zloo

eh qr dv|pphwulf lqirupdwlrq sureohp,/ wkxv wkh ehvw looltxlg edqn zloo qrw idfh d

wrr kljk frvw ri eruurzlqj> zlwk kljk dyhudjh txdolw| surmhfwv/ wkh ohqghuv fdq d>rug

wr ohqg dw pruh idyrudeoh whupv wr doo wkh looltxlg edqnv zklfk uhgxfhv wkh eruurzlqj

frvw iru doo wkh looltxlg edqnv1

Wkhvh uhvxowv kdyh lpsolfdwlrqv iru wkh wlplqj ri d ?qdqfldo fulvlv lq dq VEF hfrq0

rp|1 Zkhq dq hfrqrp| lv whfkqlfdoo| ohvv ghyhorshg vxfk wkdw prvw lqyhvwphqw

surmhfwv duh fkdudfwhul}hg e| lplwdwlrqv/ wkh xqfhuwdlqw| ri wkh surmhfwv lv orz dqg

wkh edqn uxq frqwdjlrq frqglwlrq zloo qrw eh vdwlv?hg1 Zkhq dq VEF hfrqrp| lv

pruh ghyhorshg vxfk wkdw d odujh sursruwlrq ri lqyhvwphqw surmhfwv frqvlvwv ri kljk0

whfk ru U)G0lqwhqvlyh surmhfwv zklfk duh pruh xqfhuwdlq/ wkh edqn uxq frqwdjlrq

frqglwlrq lv vdwlv?hg1 Rxu uhvxowv wkxv fdq h{sodlq wkh vhhplqjo| sdudgr{lfdo skh0

qrphqrq ehwzhhq wkh Hdvw Dvldq 3Pludfoh4 rq wkh rqh kdqg/ dqg wkh Hdvw Dvldq

?qdqfldo fulvlv rq wkh rwkhu1 Qrwh wkdw wkh Hdvw Dvldq 3Pludfoh4 skdvh ri wkh Hdvw

Dvldq hfrqrplhv zhuh sulru wr wkh 4<<3v zkhq wkh surmhfw srro lq wkrvh hfrqrplhv

ihdwxuhg ohvv xqfhuwdlq lplwdwlrqv1 Frqvlvwhqw zlwk rxu uhvxowv/ wkhuh zdv yluwxdoo| qr

oltxlgdwlrq/ qru zhuh wkhuh edqn uxqv ru ?qdqfldo frqwdjlrq1 Vlqfh wkh hduo| 4<<3v/

krzhyhu/ wkhvh hfrqrplhv ehfdph pruh ghyhorshg dqg wkh| pryhg rqwr whfkqrorjl0

fdo iurqwlhuv dqg lqyhvwhg lq pruh kljk0whfk surmhfwv dqg lq lqqrydwlrq1 Dv d uhvxow/

wkh xqfhuwdlqw| ri wkhlu surmhfw srro ehfdph pruh khwhurjhqhrxv1 Dffruglqj wr rxw

wkhru|/ rqo| wkhq ?qdqfldo frqwdjlrq ehfdph kljko| srvvleoh1
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616 D Edqn Uxq lq dq KEF Hfrqrp|

Iroorzlqj rxu uhvxowv iru dq KEF hfrqrp|/ dw htxloleulxp doo edg surmhfwv duh

vwrsshg dw gdwh 4/ dqg doo jrrg surmhfwv zloo eh frpsohwhg dv orqj dv wkhuh lv hqrxjk

oltxlglw| wr frqwlqxh1

Zlwkrxw d orvv ri jhqhudolw|/ zh vxssrvh wkdw hdfk edqn lqyhvwv lq n surmhfwv dqg

lqyhvwv +L�. o,@5 lq hdfk surmhfw/ zkhuhe| n dqg o duh wr eh ghwhuplqhg hqgrjhqrxvo|

odwhu1 Fohduo|/ L� lv uhtxluhg lq rughu wr wu| d qhz surmhfw +lwv lqlwldo lqyhvwphqw dw

w @ 3,> dqg o lv wkh oltxlglw| vwruhg iru hdfk surmhfw1 Dw w @ 4> d edqn fdq vhoo o lq

wkh lqwhuedqn pdunhw zkhq lw uhdol}hv wkdw wkh surmhfw lv edg> ru wkh edqn qhhgv wr

eruurz li wkh surmhfw lv jrrg dqg o lv qrw hqrxjk iru wkh surmhfw1 Iru vlpsolflw|/ zh

kdyh dvvxphg wkdw d surmhfw lv mrlqwo| ?qdqfhg e| wzr edqnv htxdoo|1 Wkxv/ zlwk dq

hqgrzphqw ri Q / d edqn fdq lqyhvw xs wr Q+4 ý ä�FW�, lq n uhdo surmhfwv dw w @ 3/

zkhuh n @ 2ùE�3Z�äW� ä
U�n,

= Hdfk edqn rswlpdoo| fkrrvhv o wr pd{lpl}h lwv h{shfwhg

uhwxuqv1 Wkdw lv/

pd{
,

5Q+4ý ä�FW�,
L� . o

ã
è

é
\ ý L� ý o ý +L2 . Lô ý o,

s

è
. +4ý è,

ë
o

s
ý L� ý o

êâ
> +4,

zkhuh/ s lv wkh sulfh iru oltxlglw|1 Edqnv wudgh oltxlglwlhv lq wkh lqwhuedqn pdunhw dw

d sulfh s iru hdfk vkduh ri erqgv/ zkhuh hdfk vkduh zloo eh sdlg '4 dw gdwh 61

Iurp wkh ?uvw rughu frqglwlrq ri wkh deryh surjudp/ zh kdyh wkh htxloleulxp

oltxlglw| sulfh

sW @
L� . è+L2 . Lô,

è\
é 4=

Iurp wkh pdunhw fohdulqj frqglwlrq

è+L2 . Lô ý o, @ +4ý è,o>

zh kdyh wkh htxloleulxp oltxlglw| iru hdfk surmhfw dv

oW @ è+L2 . Lô,=

Dqg wkh h{shfwhg udwh ri uhwxuq +dw gdwh 3, zkhq d edqn krogv oW oltxlglw| iru hdfk
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surmhfw lv/

UM @
4

L� . oW

ã
è

é
\ ý L� ý oW ý +L2 . Lô ý o

W,
s

è
. +4ý è,

ë
oW

s
ý L� ý oW

êâ
@

è\

L� . è+L2 . Lô,
ý 4=

Pruhryhu/ dw +oW> sW, wkh udwh ri uhwxuq iurp lqyhvwlqj lq surmhfwv/ UM > lv wkh vdph dv

wkh udwh ri uhwxuq iurp wudglqj oltxlglw| dw wkh sulfh sW/

4

sW
ý 4 @ è\

L� . è+L2 . Lô,
ý 4=

Wkdw lv/ qr edqn kdv dq lqfhqwlyh wr ghyldwh iurp +oW> sW,= h{ dqwh kroglqj pruh wkdq

oW oltxlglw| iru d odwhu vhoolqj +dw w @ 4, lq wkh lqwhuedqn pdunhw zloo qrw jhqhudwh d

ehwwhu uhwxuq> qru zloo kroglqj ohvv wkdq oW oltxlglw| wr lqyhvw lq pruh surmhfwv kdyh d

ehwwhu uhwxuq1

Wr phhw dq h{shfwhg qxpehu ri hduo| zlwkgudzdov d edqn*v rswlpdo lqyhvwphqw

ghflvlrq lv wr vwruh fdvk lq wkh dprxqw ri Qä�FW� / dqg wr lqyhvw doo wkh uhvw 9 lq

wkh dprxqw ri Q+4ýä�FW�,9 lqwr n @ 2ùE�3Z�äW� ä
U�nbEU2nUôä

surmhfwv/ zkhuhe| hdfk surmhfw lv

mrlqwo| lqyhvwhg zlwk dqrwkhu edqn1

Lq wkh hyhqw wkdw d surmhfw lv d edg rqh dqg lv deruwhg dw gdwh 4/ wkh oltxlglw| �
2 o
W

lv vdyhg/ dqg wkh edqn pd| wkhq vhoo wkh oltxlglw| lq wkh lqwhuedqn pdunhw wr hduq d

kljkhu uhwxuq1 Li d surmhfw lv d jrrg rqh dqg lv wr eh frqwlqxhg dw gdwh 4/ lw zloo qhhg

�
2+L2. Lôý oW, pruh oltxlglw| iru frpsohwlrq1 Zkhq d edqn idfhv m jrrg surmhfwv dqg

n ý m edg surmhfwv/ lwv h{fhvvlyh oltxlglw| gxh wr whfkqrorjlfdo vkrfn lv vlpso|

4

5
+n ý m,oW ý 4

5
m+L2 . Lô ý oW, @ 4

5
+nèý m,+L2 . Lô,=

Reylrxvo|/ d edqn lv d qhw oltxlglw| surylghu lq wkh lqwhuedqn pdunhw li lw kdv pruh

edg surmhfwv/ l1h1/ nè A m= Rwkhuzlvh/ d edqn lv d qhw oltxlglw| eruurzhu1

Qrz ohw xv orrn dw wkh odwwhu fdvh zkhuh wkhuh duh pruh jrrg surmhfwv/ l1h1/ m A nè1

Li wkh qxpehu ri hduo| frqvxphuv lq wklv edqn lv h{dfwo| Qä�FW� / wkh edqn qhhgv wr

eruurz
4

5
+m ý nè,+L2 . Lô,

4<



dprxqw ri oltxlglw| iurp wkh lqwhuedqn pdunhw dw wkh sulfh sW1 Wkxv lwv udwh ri uhwxuq

fdofxodwhg dw gdwh 4 lv

UM} @
�
2m\ ý Eæ3&bäEU2nUôä

2RW
�
2n^L� . è+L2 . Lô,`

ý 4

@
è\

L� . è+L2 . Lô,

æ
&bL� . è+L2 . Lô,

L� . è+L2 . Lô,
ý 4

A
è\

L� . è+L2 . Lô,
ý 4

@ UM =

Jlyhq wkh sxeolf nqrzohgjh ri wkh kljk udwh ri uhwxuq ri wklv edqn/ UM} > zkhq lw

idfhv d qxpehu ri hduo| zlwkgudzdov zklfk lv pruh wkdq Qä�FW� / wkhuh zloo eh qr

sureohp iru wklv edqn wr eruurz pruh yld wkh lqwhuedqn pdunhw1 Ehfdxvh zlwk d

kljkhu udwh ri uhwxuq/ UM} A
�
RW ý 4> ohqghuv nqrz wkdw wklv edqn zloo eh deoh wr sd|

edfn wkh ordq zklfk lv ohqw dw sW1 Ixuwkhupruh/ ehfdxvh FW� ? FW2 / lw lv qrw zruwkzkloh

iru dq| odwh frqvxphuv wr zlwkgudz prqh| hduolhu +dw gdwh 4,1 Wkxv/ dw htxloleulxp

wkhuh lv qr edqn uxq wr dq| edqn zlwk pruh jrrg surmhfwv/ l1h1/ m A nè> pruhryhu/ doo

hduo| frqvxphuv zlwkgudz prqh| dw gdwh 4/ dqg doo odwh frqvxphuv zdlw xqwlo gdwh 61

Wkhuhiruh/ zlwk v|pphwulf lqirupdwlrq wkh lqwhuedqn pdunhw zloo ixqfwlrq zhoo dqg

zloo uhgxfh wkh suredelolw| ri d edqn uxq1

Qrz ohw xv orrn dw wkh fdvh zkhuh d edqn kdv wrr pdq| edg surmhfwv/ l1h1/ nè m1

Dowkrxjk vrph dgglwlrqdo oltxlglw|/ �2no
W/ lv vdyhg e| oltxlgdwlqj edg surmhfwv zklfk

fdq eh xvhg wr ghdo zlwk dq h{fhvv ri hduo| zlwkgudzdov/ li wklv edqn idfhv wrr pdq|

hduo| zlwkgudzdov/ lw pd| kdyh gl!fxowlhv lq ghdolqj zlwk wklv sureohp1 Vxssrvh wkh

qxpehu ri hduo| zlwkgudzdov lv pruh wkdq

ä�Q .
�
2+nèý m,+L2 . Lô,

FW�
@ ä�Q .

é
Qè+4ý ä�FW�,
L� . è+L2 . Lô,

ý m
è
L2 . Lô
FW�

>

wkhq wkh edqn*v fdvk zrxog eh ghsohwhg1 Wkxv/ lw hlwkhu kdv wr eruurz ru wr oltxlgdwh

vrph ri lwv dvvhwv wr phhw wkh oltxlglw| ghpdqg/ rwkhuzlvh lw zloo eh frqiurqwhg zlwk d

edqn uxq1 Jlyhq wkdw oltxlgdwlrq ri lwv n edg surmhfwv lv revhuydeoh/ wkh ohqghuv zloo

qrw h{shfw wkh edqn wr eh deoh wr uhsd| wkh ordqv zklfk duh eruurzhg dw sW= Li wklv
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edqn wulhv wr oltxlgdwh vrph ri lwv jrrg surmhfwv wr udlvh fdvk/ vrph odwh frqvxphuv

zkr revhuyh wrr pdq| oltxlgdwlrqv ri wklv edqn zloo eh iuxvwudwhg dqg zloo wu| wr

zlwkgudz dw gdwh 4/ zklfk zloo zruvhq wkh oltxlglw| sureohp dqg wuljjhu d edqn uxq1

Wkxv d edqn uxq fdq vwloo rffxu zlwk d srvlwlyh suredelolw| lq dq KEF hfrqrp| zkhq

wkhuh duh vhyhuh whfkqrorjlfdo dqg oltxlglw| vkrfnv1

Sursrvlwlrq 6 Lq dq KEF hfrqrp| zlwk v|pphwulf lqirupdwlrq dprqj edqn pdq0

djhuv/ d edqn uxq rqo| rffxuv rqo| zkhq d edqn idfhv vhyhuh whfkqrorjlfdo ru2dqg

oltxlglw| vkrfnv> krzhyhu/ d edqn uxq frqwdjlrq lv qrw srvvleoh1

Dq KEFphfkdqlvp jhqhudwhv v|pphwulf lqirupdwlrq dprqj edqn pdqdjhuv1 Zlwk

wkh v|pphwulf lqirupdwlrq wkh lqwhuedqn ohqglqj pdunhw vkrxog eh deoh wr surylgh

oltxlglw| wr doo looltxlg edqnv wkdw duh qrw klw wrr edgo| e| whfkqrorjlfdo vkrfnv1 Dv

d uhvxow/ dowkrxjk d edqn uxq fdqqrw eh frpsohwho| dyrlghg/ d edqn uxq frqwdjlrq

grhv qrw rffxu lq dq KEF hfrqrp|1 Lq vkdus frqwudvw/ lq dq VEF hfrqrp| zkhuh

lqirupdwlrq derxw wkh txdolw| ri edqn lqyhvwphqwv lv sulydwh wr hdfk edqn dorqh/ wkh

lqwhuedqn pdunhw lv d ohprq pdunhw1 Dv d uhvxow/ hlwkhu d edqn uxq fdq eh dyrlghg

frpsohwho| zkhq wkh surmhfwv duh krprjhqhrxv> ru zkhq wkh surmhfwv duh khwhurjh0

qhrxv dqg wkhuh duh oltxlglw| vkrfnv/ wkhuh fdq eh d edqn uxq frqwdjlrq htxloleulxp1

71 OHQGHU RI ODVW UHVRUW DQG VEF WUDS

714 VEF Wuds

Sduwlfxoduo|/ zkhq wkhuh lv d erqg pdunhw idloxuh dqg frvwo| hduo| oltxlgdwlrq ri

jrrg txdolw| surmhfwv/ lw pd| eh ghvludeoh iru wkh jryhuqphqw wr gr vrphwklqj wr

vwdelol}h wkh erqg pdunhw dqg wr vwrs edqn uxq frqwdjlrqv1 Krzhyhu/ wkh sureohp lq

dq VEF hfrqrp| lv wkdw wkh jryhuqphqw dovr idfhv dq dgyhuvh vhohfwlrq sureohp1

Lq wklv vhfwlrq/ zh h{dplqh jryhuqphqw srolflhv iurp wkh shuvshfwlyhv wkdw wkhvh

srolflhv vkrxog plqlpl}h wkh vrfldo zhoiduh orvvhv/ gh?qhg dv wkh vxp ri wkh frvwv

fdxvhg e| edqn uxq dqg srolf| lpsohphqwdwlrq1 Zh vkrz wkdw lq dq VEF hfrqrp|/ li
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nhhsv wkh ?qdqfldo lqvwlwxwlrq xqfkdqjhg/ wkh ehvw wkdw wkh jryhuqphqw fdq gr lv wr

uhvfxh doo wkh edqnv uhjdugohvv ri wkhlu txdolwlhv/ wkxv fuhdwlqj vriw0exgjhw frqvwudlqwv

lq wkh edqnlqj v|vwhp dv zhoo1

Lq wkh hfrqrp|/ wkh jryhuqphqw*v uroh lv wr eh wkh ohqghu ri wkh odvw uhvruw +OROU,

wkurxjk surylglqj orz0frvw ordqv wr looltxlg edqnv e| lvvxlqj jryhuqphqw ordqv19 Wkh

jryhuqphqw/ krzhyhu/ dovr idfhv lqirupdwlrqdo sureohp lq wkdw lw/ olnh wkh lqwhuedqn

pdunhw/ rqo| kdv lpshuihfw lqirupdwlrq derxw wkh vroyhqf| ri hdfk edqn dqg lv qrw

deoh wr glvwlqjxlvk jrrg edqnv iurp edg rqhv/ lq sduwlfxodu gxulqj fulvlv1: Lq uhdolw|/

pdq| fhqwudo edqnhuv lqghhg h{suhvvhg wkhlu iuxvwudwlrqv lq lghqwli|lqj vroyhqf| ri

looltxlg edqnv1 Xqolnh wkh lqwhuedqn pdunhw/ krzhyhu/ wkh jryhuqphqw +ru fhqwudo

edqn, pd| eh deoh wr ?{ pdunhw idloxuh sureohp e| surylglqj odujh dprxqw ri oltxlglw|

lq d vkruw wlph dv OROU1

Wr irfxv rq wkh lqirupdwlrq sureohp idfhg e| wkh jryhuqphqw dqg qrwlflqj wkdw wkh

rqo| dvvhw dq looltxlg edqn kdv lv lwv lqyhvwphqw lq d ulvn| surmhfw/ zh prgho wkh OROU

ordqv dv wkh jryhuqphqw vhoolqj lwv erqg wr looltxlg edqnv/ zlwk wkh edqnv lqyhvwphqwv

lq wkh ulvn| surmhfwv dv +lpsolflw, froodwhudo1 Zh vxssrvh wkdw wkh jryhuqphqw*v

shufhswlrq wkdw wkh suredelolw| wkdw dq dyhudjh looltxlg edqn lv deoh wr sd| edfn lv

èC/ dqg wkh jryhuqphqw zloo vhoo wkh erqg dw d sulfh ri sC wr wkdw looltxlg edqn1 dqg

wkh edqn sd|v edfn wkh erqg dw gdwh 6 frqwlqjhqw rq wkh uhdol}dwlrq ri wkh surmhfw/;?= 4> li wkh surmhfw lv jrrg/

3> rwkhuzlvh1

Jlyhq wkh jryhuqphqw*v shufhswlrq ri wkh suredelolw| wkdw dq dyhudjh edqn fdq sd|

edfn lv èC> dq erqg sulfh s7 @ èC pd| nhhs wkh jryhuqphqw euhdn hyhq1;

9Jrrgkduw dqg Kxdqj +4<<;, dqg Iuhl{dv +4<<<, duh dprqj wkh ?uvw prghov ri wkh ohqghu ri odvw

uhvruw1 Wkhvh prghov gr qrw ghdo zlwk prudo kd}dug sureohpv dv frqvhtxhqfhv ri edlolqj rxw edqnv/

h1j1/ wkh VEF sureohp1
:Wr kljkoljkw rxu srlqwv/ zh pdnh wklv h{wuhph dvvxpswlrq wkdw wkh jryhuqphqw lv qrw deoh wr

glvwlqjxlvk ehwzhhq jrrg dqg edg edqnv1 Rxu prgho*v txdolwdwlyh uhvxowv zloo vwloo krog li zh uhod{

wklv dvvxpswlrq wr doorz jryhuqphqw kdyh vrph eoxuhg lghdv derxw edqnv* txdolwlhv1
;Wkh dvvxpswlrq wkdw jryhuqphqw nhhsv euhdn hyhq lv d ehqfk pdun fdvh1 Lw lv vwudljkw iruzdug
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E| vhwwlqj erqg sulfh sC wkh jryhuqphqw fdq ?{ pdunhw idloxuh sureohp lq lqwhu0

edqn pdunhw1 Pruhryhu/ e| vhwwlqj d kljkhu sulfh/ l1h1 sC A èC> wkh jryhuqphqw fdq

surylgh vxevlglhv +fkhdshu ordqv, wr looltxlg edqnv1 Krzhyhu/ dv orqj dv wkh jryhuq0

phqw lv qrw deoh wr gl>huhqwldwh wkh txdolw| ri wkh looltxlg edqnv/ wkhuh zloo eh rqo|

rqh erqg sulfh/ sC/ iru doo wkh looltxlg edqnv1 Wkxv/ d ehwwhu looltxlg edqn vwloo idfh d

kljkhu pdujlqdo frvw ri eruurzlqj wkdq dq dyhudjh edqn1 Vshfl?fdoo|/ wkh pdujlqdo

frvw ri eruurzlqj jryhuqphqw edlorxw erqg iru d edqn p zlwk d txdolw| ri è6 lv

Fî @
è6
èCsC

=

Wkdw lv/ Fî lqfuhdvhv zlwk edqnv* txdolw|/ l1h1 zlwk è61

Lw lv hdv| wr vhh wkdw iru jlyhq èC dqg Fu +pdujlqdo frvw ri oltxlgdwlqj suhpdwxudo

dvvhwv,/ li sC lv qrw kljk hqrxjk wkhuh h{lvw d èW ì sCFuèC> vxfk wkdw iru è6 A èW>

Fî A Fu= Wkdw lv/ doo wkh edqnv zlwk è6 A èW zloo qrw dffhsw wkh jryhuqphqw edlorxw

erqg +dw sulfh sC, exw fkrvh wr oltxlgdwh wkhlu suhpdwxudo dvvhwv dw d pdujlqdo frvw

Fu1 Krzhyhu/ gl>huhqw iurp wkh fdvh zlwkrxw jryhuqphqw lqwhuyhqwlrq/ dv orqj dv

wkh jryhuqphqw kdv hqrxjk uhvhuyh wr vxssruw wkh ?{hg erqg sulfh sC> oltxlgdwlqj

suhpdwxudo dvvhwv e| ehwwhu edqnv zloo qrw ohdg wr wkh froodsvh ri wkh lqwhuedqn ohqglqj

pdunhw1

Zh vxssrvh wkdw wkh jryhuqphqw*v remhfwlyh lv wr vhohfw d edlo0rxw vwudwhj| wr kdow

edqn uxqv zlwk d plqlpxp ri vrfldo frvwv1 Krzhyhu/ jlyhq wkdw wkh jryhuqphqw grhv

qrw nqrz hdfk edqn*v ulvn sur?oh/ wkh jryhuqphqw vkrxog vhw sC kljk hqrxjk wr dyrlg

vrfldo frvwv lqfxuuhg e| ehwwhu edqnv* oltxlgdwlqj suhpdwxudo dvvhwv1 Krzhyhu/ wklv

lpsolhv wkdw doo wkh looltxlg edqnv zloo eh edlohg rxw1 Zh fdoo wklv dv d VEF wuds1

Sursrvlwlrq 7 Li d jryhuqphqw kdv hqrxjk uhvhuyh exw grhv qrw lpsuryh wkh edqnv

frpplwphqw fdsdflwlhv/ wkh ehvw wklv jryhuqphqw fdq gr lq dq VEF hfrqrp| lv wr edlo

rxw doo looltxlg edqnv lqglvfulplqdwho|1 Wklv zloo suhyhqw edqn uxq exw zloo dovr ohdg

wkh hfrqrp| lqwr dq VEF wuds1

wr fkdqjh wklv lqwr wkh fdvh wkdw wkh jryhuqphqw kdv d ?{hg exjhw wr edlorxw edqnv1
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D ixqgdphqwdo uhdvrq iru vxfk dq VEF wuds lv wkh frpplwphqw sureohp ri edqnv

lq dq hfrqrp| zklfk jhqhudwhv ohprq sureohpv lq wkh edqnlqj v|vwhp1 Pruhryhu/

wklv sursrvlwlrq looxvwudwhv wkdw wkh vriw0exgjhw v|qgurph ri jryhuqphqw srolf| lv

jhqhudwhg iurp frpplwphqw sureohpv ri edqnv idlolqj wr vwrs edg surmhfwv1 Wkh

jryhuqphqw*v vriw0exgjhw srolf| zloo lqgxfh pruh prudo kd}dug sureohpv iurp edqn

pdqdjhuv1 Lq wkh hqg/ wkh hfrqrp| ehfrphv d ylfwlp ri wklv vriw0exgjhw frqvwudlqw

wuds1

D vfkhph zklfk lqgxfhv vwurqjhu edqnv wr vhhn jryhuqphqw dvvlvwdqfh/ zkloh ohdy0

lqj zhdnhu edqnv wr ghdo zlwk edqn uxqv uhtxluhv wkh jryhuqphqw wr uhyhuvh lwv erqg

sd|phqw vfkhph vxfk wkdw d eruurzhu vkrxog sd| pruh lq d ghwhulrudwlqj vwdwh wkdq

wkdw lq d jrrg vwdwh1 Krzhyhu/ vxfk d srolf| lv qrw ihdvleoh dv orqj dv d idlohg edqn

kdv d olplwhg oldelolw| zkhq lw idfhv d uxq ru jrhv edqnuxsw1 Shukdsv wklv lv zk|

lq uhdolw| zh qhyhu hqfrxqwhu vxfk d jryhuqphqw srolf| zkhq ghdolqj zlwk ydulrxv

edqnlqj fulvhv/ vxfk dv srolflhv uhodwhg wr ghsrvlw lqvxudqfh dqg wkh glvfrxqw zlqgrz1

Lq wkh deryh dqdo|vlv wkh jryhuqphqw kdv xqolplwhg uhvrxufhv wr edlo rxw doo wkh

wurxeohg edqnv/ wkxv d edqn uxq fdq vwloo eh suhyhqwhg1 Li wkh qxpehu ri looltxlg

edqnv lv odujh dqg wkh jryhuqphqw kdv d elqglqj exgjhw frqvwudlqw wr ghdo zlwk

wkhp/ krzhyhu/ wkh jryhuqphqw zrxog qrw eh deoh wr edlo rxw doo wkh edqnv1 Jlyhq

wkh ohprq sureohp lq wkh edqnlqj v|vwhp/ wkh ehvw wkh jryhuqphqw fdq gr zrxog eh

wr edlo rxw wkh edqnv udqgrpo|1 Lq vxfk d fdvh/ edqn uxqv pd| rffxu dqg frqwdjlrxv

ulvnv fdqqrw eh holplqdwhg1 Wklv lv ehfdxvh zlwkrxw nqrzlqj wkh edqnv* txdolw| dqg

zklfk edqn zloo eh edlohg rxw e| wkh jryhuqphqw/ odwh frqvxphuv idfh xqfhuwdlqwlhv

ri orvlqj wkhlu ghsrvlwv1 Lq idfw/ wkh jryhuqphqw uhixvdo lwvhoi pd| eh lqwhusuhwhg dv

d edg vljqdo derxw wkh edqn e| wkh pdunhw/ dqg wklv pd| h{sodlq zkdw rffxuuhg

wr Ilqdqfh Rqh +d odujh ?qdqfldo lqvwlwxwlrq, lq Wkdlodqg1 Wkh Ilqdqfh Rqh zhqw

edqnuxsw lq Mxqh 4<<: diwhu ehlqj ghqlhg khos iurp wkh jryhuqphqw/ zklfk lq wxuq

wuljjhuhg d edqn uxq frqwdjlrq ehiruh wkh fxuuhqf| fulvlv +Fruvhwwl hw do1/ 4<<;,1<

Wkxv/ zh kdyh wkh iroorzlqj fruroodu|=
<Zh wkdqn Fkduohv Jrrgkduw iru klv vxjjhvwlrqv uhjduglqj wklv hoderudwlrq dqg wkh h{dpsoh1

57



Fruroodu| 4 Lq dq VEF hfrqrp|/ li wkh jryhuqphqw grhv qrw kdyh hqrxjk fdsdf0

lw| wr edlo rxw doo wkh looltxlg edqnv/ wkh ehvw wkh jryhuqphqw fdq gr lv wr edlo rxw

edqnv udqgrpo|> dv d uhvxow/ wkhuh lv d uxq rq doo wkrvh edqnv zklfk gr qrw uhfhlyh

jryhuqphqw dvvlvwdqfh1

Lq frqwudvw/ lq dq KEF hfrqrp|/ erwk wkh pdunhw dqg wkh jryhuqphqw duh dzduh

ri wkh txdolw| ri wkh looltxlg edqnv1 Wkxv/ li wkhuh lv d qhhg iru wkh jryhuqphqw wr

lqwhuyhqh/ iru lqvwdqfh/ ehfdxvh ri xqh{shfwhg oltxlglw| vkrfnv/ wkh jryhuqphqw lv

deoh wr edlo rxw rqo| wkh vroyhqw looltxlg edqnv1 Wkhuhiruh/ lq dgglwlrq wr wkh kljkhu

h!flhqf| lq d jryhuqphqw uhvfxh sodq/ wkh exughq ri wkh jryhuqphqw*v sodq lv pxfk

ohvv ehfdxvh lqvroyhqw edqnv fdq eh lghqwl?hg dqg gr qrw qhhg wr eh edlohg rxw1

Fruroodu| 5 Lq dq KEF hfrqrp|/ li wkh lqwhuedqn erqg pdunhwv fdqqrw surylgh

vx!flhqw oltxlglw| wr looltxlg edqnv/ wkh jryhuqphqw fdq dozd|v edlo rxw vroyhqw edqnv

rqo|1 Frqvhtxhqwo|/ frqwdjlrxv ulvnv duh pxfk vpdoohu wkdq lq dq VEF hfrqrp|1

Rxu wkhru| dovr kdv vwurqj srolf| lpsolfdwlrqv iru wkh fhqwudo edqn*v OROU srolf|

dqg ?qdqfldo v|vwhp uhirup1 Zlwk uhvshfw wr srwhqwldo prudo kd}dug sureohpv uhodwhg

wr wkh fhqwudo edqn*v edlo0rxw srolf|/ lw lv dujxhg wkdw irfxvlqj rq odujh edqnv/ l1h1/

wkh wrr0elj0wr0idlo +WEWI, grfwulqh ri OROU +Jrrgkduw dqg Kxdqj/ 4<<;, dqg d

udqgrp OROU srolf| +Iuhl{dv / 4<<<, pd| eh suhihudeoh1 Rxu wkhru| lpsolhv wkdw

dowkrxjk d WEWI srolf| pd| eh rswlpxp zkhq dwwhqwlrq lv uhvwulfwhg wr d vkruw uxq

OROU lvvxh/ lw pd| qrw eh d jrrg srolf| lq orqj uxq1 Wklv lv ehfdxvh d WEWI srolf|

pd| glvwruw wkh edqn pdqdjhuv* lqfhqwlyhv dqg wkxv wuljjhu lqh!flhqw edqn phujhuv1

Zkhq doo wkh edqnv duh odujh/ qrw rqo| zloo wkh WEWI srolf| qrw zrun surshuo|/

udqgrp rshudwlrq ri wkh OROU zloo qrw eh ihdvleoh hlwkhu/ vlqfh hdfk rqh lv wrr odujh

wr ohw lw idlo +zkdw kdsshqhg lq Mdsdq dqg Nruhd pd| vkhg vrph oljkw rq wklv,1 Hyhq

zruvh/ li wkh qxpehu ri edqnv lv vpdoo lq dq hfrqrp|/ lw lv pruh olnho| wkdw wkh VEF

sureohp zloo suhydlo1 Wkhq wkh VEF sureohp zloo fdxvh d ohprq sureohp lq wkh

lqwhuedqn ohqglqj pdunhw/ dqg wklv pd| ohdg wr dq VEF wuds iru wkh hfrqrp|1 Wkdw
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lv/ wkh ehvw wkdw d udwlrqdo jryhuqphqw fdq gr lq dq VEF hfrqrp| zkhq edqnv duh

lq wurxeoh lv wr edlo rxw doo ri wkhp lqglvfulplqdwho|1 Wkhuhiruh/ wkh rswlpdo OROU

srolf| vkrxog qrw eh vhsdudwhg iurp ?qdqfldo lqvwlwxwlrqdo uhirupv1 Lq wkh orqj uxq/

uhirupv uhodwhg wr kdughqlqj wkh exgjhw frqvwudlqwv duh nh| wr suhyhqwlqj wkh fhqwudo

edqn*v OROU srolf| iurp ghjhqhudwlqj lqwr dq VEF hqjlqh1

715 VEF Wuds Zkhq OROU Vhuylqj dv d Vfuhhqlqj Ghylfh

Wkh suhylrxv glvfxvvlrq vkrzv wkdw lq dq VEF hfrqrp|/ wkh OROU grhv qrw ixqf0

wlrq gxh wr wkh odfn ri lqirupdwlrq1 Wkh pdmru sureohp zklfk fdxvhv wkh idloxuh ri

wkh lqwhuedqn ohqglqj pdunhw lv dq lqirupdwlrq sureohp1 Rqh pd| zrqghu zkhwkhu

wkh sureohp frxog eh dyrlghg li wkh jryhuqphqw frxog kdyh d ehwwhu ghvljqhg OROU

srolf|1 Vshfl?fdoo|/ lw pd| eh lqwhuhvwlqj wr h{dplqh zkhwkhu wkh OROU srolf| frxog

eh xvhg dv d vfuhhqlqj ghylfh e| wkh jryhuqphqw lq VEF wr vruw rxw wkh lqirupdwlrq

sureohp lw idfhv vxfk wkdw vroyhqw looltxlg edqnv pljkw eh deoh wr vroyh wkhlu oltxlglw|

sureohpv lq wkh lqwhuedqn ohqglqj pdunhw1

Lqwxlwlyho|/ lq wklv vfkhph/ dq OROU srolf| lv glylghg lqwr wzr sduwv= surylglqj

oltxlglw| dqg vfuhhqlqj edqnv1 Khuh/ zh irfxv rq vfuhhqlqj edqnv1 Lqvwhdg ri wdujhwlqj

vroyhqw edqnv/ wkh fhqwudo edqn*v OROU sdfndjh wdujhwv lqvroyhqw edqnv1 Wkh edlo0

rxw vfkhph lv vxfk wkdw wkh fhqwudo edqn erqg lv glvwulexwhg wr dq| edqn wkdw dvnv

iru khos1 Wkh erqg lv dvvrfldwhg zlwk d sur?w wd{/ lq wkdw doo wkh sur?wv ri d vroyhqw

edqn zloo eh wdnhq dzd|/ wkxv pdnlqj vxfk khos qrw zruwkzkloh iru d vroyhqw edqn1

Krzhyhu/ zlwkrxw d sur?w/ dq lqvroyhqw edqn grhv qrw h{shfw wr sd| dq|wklqj wr jhw

khos iurp wkh fhqwudo edqn1 Wkxv/ doo wkh lqvroyhqw looltxlg edqnv zloo dvn iru khos dqg

doo wkh looltxlg edqnv ohiw lq wkh pdunhw duh vroyhqw edqnv1 Dowkrxjk wkh deryh vfkhph

pljkw eh crswlpdo* vlqfh rqo| looltxlg edqnv qhhg wr eh edlohg rxw e| wkh jryhuqphqw/

wklv crswlpdo* OROU srolf| vwloo ohdgv wr d VEF wuds1
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81 RQ WUDQVSDUHQF\ DQG ILQDQFLDO OLEHUDOL]DWLRQ

Dw d pruh jhqhudo ohyho/ rxu uhvxowv duh forvho| uhodwhg wr dqrwkhu lpsruwdqw srolf|

lvvxh= wkh wudqvsduhqf| ri wkh ?qdqfldo vhfwru wr wkh pdunhw dqg wr wkh jryhuqphqw1

D zlgho| khog ylhz hpskdvl}hv wkdw srolflhv lpsuryh wkh wudqvsduhqf| ri ?qdqfldo

lqvwlwxwlrqv1 Krzhyhu/ wkh ohvvrqv ri fhqwudol}hg hfrqrplhv dqg wkh orqj ghedwh ryhu

wkh yldelolw| ri wkh fhqwudol}hg hfrqrplhv vlqfh wkh odwh 4<63v +Odqjh yv1 Kd|hn, erwk

whoo xv wkdw lw lv lpsrvvleoh wr kdyh wudqvsduhqf| lq doo dvshfwv ri dq| hfrqrp|1 Lq

oljkw ri vxfk dq lpsrvvlelolw|/ d nh| lvvxh lv zklfk wklqjv duh wr eh pdgh wudqvsduhqw

dqg krz1 Pruhryhu/ qrw rqo| lv lw lpsrvvleoh wr kdyh wudqvsduhqf| lq doo dvshfwv ri

dq hfrqrp|/ rxu wkhru| vxjjhvwv wkdw wdujhwlqj wkh zurqj dvshfw ri dq hfrqrp| wr

lpsuryh wudqvsduhqf| fdq pdnh wklqjv hyhq zruvh1

Kd|hn rxwolqhg d sulqflsoh zkhuhe| wkh pdunhw/ qrw wkh jryhuqphqw/ fdq vhohfw dqg

surylgh wkh uljkw lqirupdwlrq iru wkh hfrqrp| wr uxq h!flhqwo|1 Krzhyhu/ zkdw wklv

phdqv lq wkh frqwh{w ri ?qdqfldo fulvlv lv xqfohdu1 Rqh ri rxu pdmru frqwulexwlrqv

lv wkdw zh surylgh d prgho wr looxvwudwh wkdw dq KEF phfkdqlvp pdnhv vroyhqf|

lqirupdwlrq wudqvsduhqw wr wkh pdunhw dqg wr wkh jryhuqphqw1 Wkxv/ lw pdnhv wkh

?qdqfldo pdunhw pruh vwdeoh dqg khosv wkh jryhuqphqw wr lqwhuyhqh fruuhfwo| zkhq

qhfhvvdu|1 Pruhryhu/ rxu wkhru| lpsolhv wkdw zurqjo| wdujhwlqj wudqvsduhqf| fdq

uhvxow lq glvdvwhu1 Wklv lv ehfdxvh dq KEFphfkdqlvp uholhv rq wkh cqrq0wudqvsduhqf|*

ri wkh fr0?qdqflhuv* lqirupdwlrq uhjduglqj wkh uhrujdql}lqj ri d edg surmhfw1 Li wklv

frqglwlrq lv fkdqjhg exw doo rwkhu frqglwlrqv vwd| wkh vdph gxh wr d zurqj srolf|/ wkhq

wkh KEF phfkdqlvp lv ghvwur|hg vxfk wkdw doo wkh edg surmhfwv zloo eh uhrujdql}hg

hyhq zkhq wkh| duh ?qdqfhg mrlqwo|1 Wr vxppdul}h/ wkh hvvhqwldo phvvdjh ri rxu

wkhru| uhjduglqj wklv lvvxh lv wkdw wkh nh| srolf| wr lpsuryh wudqvsduhqf| fruuhfwo|

dqg h>hfwlyho| pd| qrw eh d srolf| zklfk gluhfwo| wdujhwv lqirupdwlrq/ exw d srolf|

zklfk kdughqv exgjhw frqvwudlqwv ru d srolf| zklfk orzhuv wkh lqvwlwxwlrqdo frvwv ri

pxowl0?qdqflhu ?qdqflqj1

Dqrwkhu uhohydqw srolf| lvvxh frqfhuqv wkh olehudol}dwlrq ri ?qdqfldo lqvwlwxwlrqv1 Wr
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dqdo|}h wklv fdvh/ zh fdq fkdqjh rxu prgho iurp dq P0edqn hfrqrp| wr d rqh0edqn

hfrqrp|1 Dffruglqj wr rxu wkhru|/ d rqh0edqn hfrqrp| pxvw eh dq VEF hfrqrp|1

Pruhryhu/ ehfdxvh doo wkh ghsrvlwv lq wkh hfrqrp| duh srrohg lq rqh edqn/ wkh ulvnv

ri idflqj d oltxlglw| vkrfn ru d edqn uxq zloo eh juhdwo| uhgxfhg1 Wkhruhwlfdoo|/ li

wkh hfrqrp| kdv d vx!flhqwo| odujh qxpehu ri frqvxphuv/ wkhq wkh suredelolw| wkdw

wkhuh zloo eh dq h{fhvv ri hduo| zlwkgudzdov iurp wkh edqn zloo eh qhjoljleoh1 Wkdw

lv/ dowkrxjk lqh!flhqw/ wklv rqh0edqn hfrqrp| lv doprvw lppxqh wr edqn uxqv ru

?qdqfldo fulvlv1

Frpsduhg zlwk wkh rqh0edqn hfrqrp|/ krzhyhu/ dv zh kdyh vkrzq/ dq P0edqn

VEF hfrqrp| lv yhu| vhqvlwlyh wr d edqn uxq frqwdjlrq gxh wr wkh ohprq sureohp

lq wkh lqwhuedqn ohqglqj pdunhw1 Wklv frpsdulvrq kdv lpsruwdqw lpsolfdwlrqv iru

srolflhv2uhirupv ri wkh edqnlqj v|vwhp1 Wkh edvlf phvvdjh lv wkdw olehudol}dwlrq

ri ?qdqfldo lqvwlwxwlrqv pxvw eh frqwlqjhqw rq phdvxuhv wr kdughq wkh exgjhw frq0

vwudlqwv1 Li olehudol}hg edqnv duh rshudwlqj xqghu dq VEF/ d olehudol}dwlrq srolf|

dorqh pd| juhdwo| ghvwdelol}h wkh ?qdqfldo v|vwhp$ Wklv vlpsoh dqdo|vlv fdswxuhv

vrph fkdudfwhulvwlfv ri uhirup2olehudol}dwlrq ri edqnlqj v|vwhpv1 Iru lqvwdqfh/ d

pdmru uhirup phdvxuh lq wkh wudqvlwlrq iurp d fhqwudol}hg hfrqrp| wr d pdunhw hfrq0

rp| lv wr fkdqjh wkh edqnlqj v|vwhp iurp d rqh0edqn v|vwhp +dw ohdvw frqfhswxdoo|

rqh fdq uhjdug doo vwdwh edqnv dv eudqfkhv ri rqh edqn 8 wkh vwdwh edqn, lqwr d pxowl0

edqn v|vwhp1 Pdq| ri wkh edqnlqj v|vwhp olehudol}dwlrq uhirupv lq Hdvw Dvld sulru

wr 4<<: zhuh fduulhg rxw lq wklv vslulw1 Dffruglqj wr rxu wkhru|/ d edqnlqj v|vwhp

uhirup ghvljqhg wr hqkdqfh frpshwlwlrq dv ghvfulehg deryh fdq lqgxfh kxjh frqwd0

jlrxv ulvnv wr wkh v|vwhp li wkh v|vwhp lv qrw ghvljqhg wr kdughq exgjhw frqvwudlqwv

vlpxowdqhrxvo|1

91 FRUUXSWLRQ DQG ILQDQFLDO FULVLV

Wr kljkoljkw rxu srlqwv/ lq rxu edvlf prgho zh dvvxph wkdw wkhuh lv qr fruuxswlrq

lq wkh hfrqrp|1 Doo wkh sureohpv duh jhqhudwhg iurp fruuxswlrq0iuhh dqg csxuh*

5;



hfrqrplf lqvwlwxwlrqv1 Krzhyhu/ lw lv dfnqrzohgjhg wkdw wkhuh lv vhulrxv fruuxswlrq

lq pdq| hfrqrplhv/ vxfk dv lq vrph Hdvw Dvldq hfrqrplhv/ dqg lw lv d ?upo| khog

eholhi wkdw wkh ?qdqfldo fulvhv lq vrph hfrqrplhv/ sduwlfxoduo| wkh Sklolsslqhv dqg

Wkdlodqg dqg suredeo| dovr lq Pdod|vld/ zhuh uhodwhg wr fruuxswlrq1 Qrz zh duh

jrlqj wr uhod{ wklv dvvxpswlrq lq d fdvxdo zd| wr orrn dw krz fruuxswlrq d>hfwv

?qdqfldo lqvwlwxwlrqv dqg wkh olnholkrrg ri d ?qdqfldo fulvlv1

Wkhuh duh wzr dvshfwv ri fruuxswlrq wkdw fdq eh lqwurgxfhg lqwr rxu prgho wr

jhqhudwh uhohydqw uhvxowv1 Wkh ?uvw dvshfw lv wkdw fruuxswlrq lwvhoi fdq eh d phfkdqlvp

ri dq VEF +Vkohlihu dqg Ylvkq|/ 4<<6,1 Wkdw lv/ zkhq lw lv glvfryhuhg wkdw d surmhfw lv

d edg rqh dw gdwh 5/ lq d fruuxswhg hfrqrp| ?upv dqg2ru ?qdqfldo lqvwlwxwlrqv kdyh

wkh rswlrq ri eulelqj wkh jryhuqphqw wr edlo rxw wkh surmhfw uhjdugohvv ri sur?wdelolw|

+wkh rswlrq zloo eh hyhq vwurqjhu li edlolqj rxw d surmhfw lv h{ srvw sur?wdeoh,1 Wkdw lv/

zlwk wkh suhvhqfh ri fruuxswlrq wkhuh zloo eh d pruh vhulrxv VEF v|qgurph1 Pruhryhu/

zlwk vhulrxv fruuxswlrq lw pd| eh yhu| gl!fxow iru pxowl0?qdqflhu lqvwlwxwlrq/ h1j1/

dq htxlw| pdunhw wr rshudwh gxh wr wkh odfn ri frqwudfw hqirufhphqw dqg wkh odfn

ri wudqvsduhqf| lq wkh pdunhw1 Wkdw lv/ KEF phfkdqlvpv pd| eh ghvwur|hg ru rxw0

frpshwhg e| fruuxswlrq phfkdqlvpv1

Li wkh lpsdfw ri fruuxswlrq lv uhvwulfwhg wr wkh deryh dvshfw/ doo ri rxu wkhruhwlfdo

uhvxowv zloo eh txdolwdwlyho| xqfkdqjhg1 Krzhyhu/ wkhuh lv lqghhg dqrwkhu dvshfw ri

fruuxswlrq wkdw fdq hqwhu lqwr rxu prgho/ wkdw lv/ fruuxswlrq fdq d>hfw wkh vhohfwlrq

ri surmhfwv1 Lw wxuqv rxw wkdw wklv dvshfw zloo vljql?fdqwo| dowhu rxu wkhruhwlfdo uhvxowv

uhjduglqj wkh wlplqj ri d ?qdqfldo fulvlv1

Wr looxvwudwh wklv/ zh vxssrvh wkdw dw gdwh 3 wkhuh lv dq dv|pphwulf lqirupdwlrq vxfk

wkdw hqwuhsuhqhxuv nqrz wkh glvwulexwlrq ehwwhu> pruhryhu/ vrph ulvn| surmhfwv pd|

eh ehqh?fldo wr vrph hqwuhsuhqhxuv1 Lq d fruuxswhg hfrqrp| dq hqwuhsuhqhxu pd|

euleh wkh edqn vr wkdw wkh surmhfw zloo eh ?qdqfhg1 Lq wkdw fdvh/ wkh vhohfwhg surmhfwv

zloo eh ulvnlhu dqg pruh khwhurjhqhrxv wkdq wkh fruuxswlrq0iuhh surmhfwv/ olnh wkrvh

lq rxu edvlf prgho1 Wkxv/ hyhq lq d ohvv ghyhorshg hfrqrp| olnh wkh Sklolsslqhv ru

Wkdlodqg/ pdq| kljk0ulvn surmhfwv pd| eh vhohfwhg1 Zkhq fruuxswlrq qrw rqo| uhvxowv
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lq pruh vhulrxv VEF sureohpv exw dovr uhvxowv lq wkh vhohfwlrq ri pruh ulvn| surmhfwv/

wkhq rxu wkhru| zloo suhglfw wkdw wkh hfrqrp| zloo eh pruh olnho| wr hqfrxqwhu d

?qdqfldo fulvlv1

:1 FRQFOXGLQJ UHPDUNV

Wklv sdshu hqgrjhql}hv frqwdjlrxv ulvnv dqg ?qdqfldo fulvhv iurp ?qdqfldo lqvwlwx0

wlrqv1 Zh ehjdq rxu dqdo|vlv e| ghulylqj vriw0 +dqg kdug0, exgjhw frqvwudlqwv iurp

gl>huhqw ?qdqfldo lqvwlwxwlrqv1 Wkhq zh vkrzhg krz d vriw0exgjhw frqvwudlqw jhq0

hudwhv lqirupdwlrqdo dv|pphwulhv dprqj edqnv derxw wkhlu vroyhqf|/ d idfwru zklfk

lqhylwdeo| ohdgv wr d 3ohprq4 sureohp lq wkh lqwhuedqn ohqglqj pdunhw1 Wkh ohprq

sureohp lq wkh lqwhuedqn ohqglqj pdunhw lpshghv sduwlfxoduo| vwurqj edqnv iurp vh0

fxulqj ordqv wr vroyh oltxlglw| vkruwdjh sureohpv zkhq wkh| idfh oltxlglw| vkrfnv1

Wkxv/ edqn uxqv pd| rffxu/ zklfk ixuwkhu h{dfhuedwh wkh ohprq sureohp dqg fdq

ohdg wr d froodsvh ri wkh hqwluh edqnlqj v|vwhp1 Lq frqwudvw/ xqghu kdug0exgjhw frq0

vwudlqwv lqirupdwlrq derxw wkh txdolw| ri wkh edqnv lv glvforvhg wr wkh zkroh edqnlqj

v|vwhp lq d wlpho| pdqqhu1 Wklv doorzv wkh lqwhuedqn ohqglqj pdunhwv wr ixqfwlrq

h>hfwlyho| lq surylglqj ordqv wr looltxlg exw vroyhqw edqnv1 Wkxv/ vroyhqw edqnv zloo

eh uhvfxhg dqg ?qdqfldo fulvlv dyrlghg1

Rxu wkhru| vkhgv vrph oljkw wr uhfrqfloh wkh vhhplqjo| sdudgr{lfdo skhqrphqrq

ehwzhhq wkh Hdvw Dvldq 3pludfoh4 lq wkh wkuhh ghfdghv sulru wr 4<<: dqg wkh Hdvw

Dvldq 3?qdqfldo fulvlv4 lq wkh shulrg diwhu 4<<:1 Lq wkh shulrg ri hduo| ghyhorsphqw/

wkdw lv/ wkh fdwfklqj0xs shulrg ri wkh 4<93v wr wkh hduo| 4<<3v/ wkh xqfhuwdlqw| ri

surmhfwv zdv orz gxh wr wkh qdwxuh ri whfkqrorjlfdo lplwdwlrq1 Lq wklv fdvh/ rxu

wkhru| suhglfwv wkdw wkh h!flhqf| ri dq VEF hfrqrp| lv qrw orzhu wkdq wkdw ri dq

KEF hfrqrp|> pruhryhu/ wkhuh duh qr surmhfw oltxlgdwlrqv dqg qr edqn uxqv1 Wkdw

lv/ dq VEF hfrqrp| dsshduv hyhq wr rxwshuirup dq KEF hfrqrp| dqg pd| dwwudfw d

qxpehu ri lqyhvwphqwv1 Krzhyhu/ li iru vrph uhdvrq wkh xqfhuwdlqw| ri wkh surmhfwv

ulvhv suhflslwrxvo|/ iru h{dpsoh/ zkhq dq hfrqrp| lv rq whfkqrorjlfdo iurqwlhuv dqg
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dwwhpswv lqqrydwlrq +h1j1/ Vrxwk Nruhd vlqfh wkh hduo| 4<<3v,/ wkh qhjdwlyh h>hfwv ri

dq VEF hfrqrp| zloo grplqdwh/ ?qdoo| ohdglqj wr wurxeoh lq wkh ?qdqfldo v|vwhp1

Vrph ?qdo uhpdunv derxw rxu wkhru| duh lq rughu1 Iluvw/ dowkrxjk rxu wkhru|

lv edvhg rq d yhu| edvlf prgho wr lpsuryh rxu jhqhudo xqghuvwdqglqj ri ?qdqfldo

fulvhv dqg lv qrw ghvljqhg vshfl?fdoo| wr xqghuvwdqg wkh Hdvw Dvldq ?qdqfldo fulvlv/

lw surylghv dq h{sodqdwlrq iru wklv uhfhqw fulvlv1 Lq sduwlfxodu/ Nruhdq dqg Wdlzdq

hfrqrplhv duh jrrg h{dpsohv wr looxvwudwh krz ?qdqfldo fulvhv pd| eh uhodwhg wr

?qdqfldo lqvwlwxwlrqv1 Nruhd dqg Wdlzdq duh dw vlplodu ghyhorsphqw vwdjhv/ jhr0

judsklfdoo| forvh/ dqg wkh| dovr kdyh vlplodu whfkqrorjlhv/ oderu lqsxwv/ dqg kljk

vdylqjv1 Iru lqvwdqfh/ lq hdfk hfrqrp| wkh vkduh ri wudgh lq JQS lv pxfk kljkhu

wkdq wkdw ri wkh zruog dyhudjh> dqg lq hdfk fdvh wkhuh kdv ehhq d wudqvirupdwlrq

iurp d wudglwlrqdo hfrqrp| wr rqh wkdw lv rulhqwhg wrzdug kljk0whfk1 Krzhyhu/ zkloh

Nruhd lv dw wkh fhqwhu ri wkh Hdvw Dvldq fulvlv/ Wdlzdq kdv ehhq pxfk ohvv d>hfwhg9

hyhq wkrxjk lw wrr kdv ehhq dwwdfnhg e| lqwhuqdwlrqdo vshfxodwruv1 Rqh srvvlelolw|

wr h{sodlq wklv gl>huhqfh pd| eh wkh vxevwdqwldoo| gl>huhqw ?qdqfldo lqvwlwxwlrqv lq

wkh wzr hfrqrplhv1

Lw lv zhoo grfxphqwhg wkdw Nruhdq ghyhorsphqw kdv ehhq fkdudfwhul}hg e| wkh hv0

wdeolvkphqw ri odujh frqjorphudwhv +fkdherov, wkurxjk jryhuqphqw0frruglqdwhg edqn

ordqv1 Lq d w|slfdo fdvh/ ?qdqflqj ghflvlrqv iru surmhfwv lq Nruhd duh pdgh e| wkh

jryhuqphqw ru e| wkh sulqflsdo edqn dprqj d jurxs ri lqyhvwlqj edqnv1 Iru h{0

dpsoh/ lq wkh 4<:3v wkh Nruhdq jryhuqphqw surprwhg lqyhvwphqw lq wkh khdy| dqg

fkhplfdo lqgxvwulhv e| vhohfwlqj surmhfwv dqg surylglqj vxevlgl}hg ordqv1 Lq wkh 4<;3v

wkh jryhuqphqw surprwhg vshfldol}dwlrq lq wkh odujhvw fkdherov wkurxjk d vlplodu ?0

qdqflqj dssurdfk143 Dowkrxjk wkhuh zhuh frpsodlqwv wkdw zlwk wkh suhgrplqdqfh

43 Lq wkh wzr ghfdghv vlqfh wkh hduo| 4<:3v/ pruh wkdq kdoi ri Nruhdq grphvwlf fuhglwv zhuh glvwule0

xwhg dv jryhuqphqw srolf| ordqv zlwk orz udwhv +Vwhuq hw do1/ 4<<8> Fkr dqg Nlp/ 4<<8,1 D forvho|

uhodwhg idfw lv wkdw Nruhdq ?upv zhuh ryhu0ohyhudjhg dv wkhlu dyhudjh ghew0htxlw| udwlr zdv dprqj

wkh kljkhvw lq wkh zruog ehjlqqlqj lq wkh 4<:3v +Eruhqv}whlq dqg Ohh/ 4<<;> Ohh/ 4<<;,1 Ehiruh wkh

rxweuhdn ri wkh 4<<: fulvlv wkh dyhudjh ghew0htxlw| udwlr ri wkh wkluw| wrs fkdherov zdv derxw 7181

Pruhryhu/ uhfhqw hfrqrphwulf zrun vkrzv wkdw d vljql?fdqw sduw ri wkh wrwdo fuhglw lq Nruhd zdv qrw
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ri jryhuqphqw0frruglqdwhg edqn ?qdqflqj/ fuhglwv zhuh qrw doorfdwhg h!flhqwo| wr

Nruhdq ?upv/44 wkh juhdw vxffhvv lq wkh shulrg ri wkh 4<93v wr wkh plg04<<3v lv

hylghqw1

Krzhyhu/ rq wkh rwkhu kdqg/ forvho| uhodwhg wr jryhuqphqw lqyroyhphqw lq surylglqj

vxevlgl}hg fuhglwv/ ehfdxvh ri wkh odfn ri ?qdqfldo glvflsolqh lq wkh frusrudwh vhfwru/

wkhuh zdv doprvw qr edqnuxswf| sulru wr 4<<: +sduwlfxoduo| iru wkh fkdherov,1 Iurp

sdqho gdwd ri pruh wkdq 73/333 Nruhdq pdqxidfwxulqj sodqwv iru wkh 4<;6 0 <6 shulrg/

Dz hw do1 +4<<;, glvfryhu wkdw wkh surgxfwlylw| ri sodqwv ehlqj forvhg grzq zdv derxw

wkh vdph dv wkrvh wkdw uhpdlqhg lq rshudwlqj1 Wklv vxjjhvwv wkdw ghflvlrqv lqyroylqj

wkh forvxuh ri sodqwv zhuh qrw uhodwhg wr h!flhqf| frqvlghudwlrqv/ l1h1/ wkhuh zdv qr

?qdqfldo glvflsolqh lq Nruhdq sodqwv1

Wkh orvvhv iurp surmhfwv ?qdqfhg e| edqn ordqv fdxvhg vhulrxv sureohpv iru Nruhdq

edqnv1 Dw wkh hqg ri 4<;9/ qrqshuiruplqj ordqv dw wkh ?yh odujhvw frpphufldo edqnv

dprxqwhg wr wkuhh wlphv wkh wrwdo qhw zruwk ri wkrvh edqnv +Sdun dqg Nlp/ 4<<7,1

Wr uholhyh wkh wurxeohg edqnv/ ehwzhhq 4<;8 dqg 4<;: wkh Edqn ri Nruhd surylghg

wkhp zlwk pruh wkdq 6 wuloolrq zrq lq vxevlgl}hg ordqv +Qdp/ 4<<7,1

Wr uhirup wkh lqh!flhqw ordq doorfdwlrq vfkhph/ wkh Nruhdq jryhuqphqw hvwdeolvkhg

d fuhglw frqwuro v|vwhp fdoohg d 3sulqflsdo wudqvdfwlrqv4 edqnlqj v|vwhp lq wkh plg0

4<:3v1 Xqghu wklv v|vwhp/ wkh edqn wkdw zdv prvw lqyroyhg ?qdqfldoo| zlwk hdfk

fkdhero zdv ghvljqdwhg dv wkh sulqflsdo wudqvdfwlrqv edqn wr frruglqdwh doo ohqglqj

dfwlylwlhv1 Dq| qhz fuhglw wr eh lvvxhg e| dq| edqn wr wkh fkdhero zdv vxssrvhg wr eh

hydoxdwhg e| wkh sulqflsdo edqn1 Krzhyhu/ wklv sulqflsdo wudqvdfwlrqv edqnlqj v|vwhp

zdv qrw vxevwdqwldoo| gl>huhqw iurp wkh jryhuqphqw0frruglqdwhg ?qdqflqj vfkhph1

Lw zdv uhplqlvfhqw ri wkh shuvlvwhqw vriw0exgjhw frqvwudlqw v|qgurph lq fhqwudol}hg

xvhg surgxfwlyho| +Ghphwuldghv dqg Idwwrxk/ 4<<;,1
44Xvlqj sdqho gdwd ri wkluw|0wzr Nruhdq pdqxidfwxulqj vhfwruv lq wkh shulrg iurp 4<9< wr 4<<9/

Eruhqv}whlq dqg Ohh +4<<;, vkrz wkdw fuhglw zdv doorfdwhg suhihuhqwldoo| wr wkh vhfwruv zlwk odujhu

?upv/ zlwk h{sruwv/ dqg zlwk orzhu hfrqrplf shuirupdqfh1 H{dplqlqj ?up0ohyho gdwd iru wkh 4<;7

0 ;9 shulrg/ Gdlodpl dqg Nlp +4<<7, glvfryhu wkdw vxevlgl}hg fuhglw hqfrxudjhg wkh fkdherov wr krog

pruh ?qdqfldo dvvhwv dqg uhdo hvwdwh lqyhvwphqwv/ exw qrw dfwxdo surgxfwlyh dvvhwv1
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hfrqrplhv ehiruh dqg diwhu uhirupv +Nruqdl/ 4<;3 dqg 4<;9,1 Lpsolflwo| frpsodlqlqj

derxw wkh fkurqlf sureohp ri d odfn ri ?qdqfldo glvflsolqh lq Nruhdq fkdherov/ vrph

Nruhdq hfrqrplvwv fodlp wkdw wkh h{fhvvlyh ohyhudjhg h{sdqvlrq xowlpdwho| uhvxowhg

lq wkh lqvroyhqf| ri ?yh ri wkh wrs wkluw| fkdherov +Sdun/ 4<<:,/ wkxv wuljjhulqj wkh

?qdqfldo fulvlv1

Lq frpsdulvrq/ Wdlzdq ?upv uholhg rq pxfk pruh glyhuvl?hg ?qdqfldo vrxufhv1 Dv

d frqvhtxhqfh/ wkh dyhudjh ghew0htxlw| udwlr ri doo Wdlzdq ?upv gxulqj wkh 4<;8 0

4<<5 shulrg zdv derxw 417 dqg wkh udwlr ri wkh odujh ?upv zdv hyhq orzhu +derxw 415,

+Vhpnrz/ 4<<7/ s1;7,1 Zkloh vpdoo0 dqg phglxp0vl}hg ?upv ?qdqfhg e| glvshuvhg

?qdqfldo lqvwlwxwlrqv zhuh suhgrplqdqw> wkh pdunhw vkduh ri wkh 433 odujhvw ?upv lq

Wdlzdq zdv dssur{lpdwho| 55 shufhqw lq wkh odwh 4<:3v dqg hduo| 4<;3v/ zkloh wkh

frpsdudeoh vkduh lq Nruhd zdv derxw 78 shufhqw +Ohh/ 4<<;/ s1563,1

Ilupv lq Wdlzdq/ krzhyhu/ zhuh vxemhfw wr h>hfwlyh ?qdqfldo glvflsolqh/ zlwk wkh

uhvxow wkdw wkhuh zhuh iuhtxhqw edqnuxswflhv lq wkh frusrudwh vhfwru1 Lqh!flhqw ?upv

zhuh lqghhg sxqlvkhg= wkh surgxfwlylw| ri forvhg0grzq +glvflsolqhg, ?upv zdv 4417

shufhqw wr 4818 shufhqw orzhu wkdq wkdw ri rwkhu ?upv +Dz hw do1/ 4<<;,1

Vhfrqg/ lq rughu wr vwxg| ?qdqfldo fulvhv iurp d sxuho| hfrqrplf ylhz lq wklv sdshu/

zh surylgh dq lqvwlwxwlrqdo irxqgdwlrq ri vriw0exgjhw frqvwudlqwv zkhuh wkhuh duh qr

srolwlfdo sureohpv dqg hyhu| djhqw pd{lpl}hv klv rzq hfrqrplf jdlq1 Krzhyhu/

wklv grhv qrw phdq wkdw rxu wkhru| ri ?qdqfldo fulvhv fdqqrw eh dssolhg wr rwkhu

lqvwlwxwlrqv1 Lq idfw/ rxu wkhru| ri ?qdqfldo fulvhv lv jhqhudo hqrxjk lw fdq eh dssolhg

dq| lqvwlwxwlrqdo irxqgdwlrq lq dq VEF hfrqrp| +h1j1/ d irxqgdwlrq edvhg rq srolwlfdo

frqvlghudwlrqv/ Vhjdo/ 4<<;, dqg fdq surgxfh wkh vdph txdolwdwlyh uhvxowv1

Ilqdoo|/ d eulhi frpsdulvrq ri rxu zrun zlwk vrph ri wkh olwhudwxuh lv gxh khuh1 Rxu

vwxg| irfxvhv rq wkh jhqhudwlrq dqg wudqvplvvlrq phfkdqlvp ri edqn uxq frqwdjlrq

lq ?qdqfldo lqvwlwxwlrqv zlwk xqvhfxuhg ghewv1 H{dpsohv ri xqvhfxuhg ghewv duh

qrq0froodwhudol}hg ru qrq0lqvxuhg ordqv1 Rxu wkhru| lv frpsohphqwdu| wr Nl|rwdnl

dqg Prruh +4<<:, zkr vwxg| krz fuhglw frqvwudlqwv lqwhudfw zlwk dvvhw sulfhv zkhq

ghewv duh vhfxuhg e| froodwhudo dvvhwv1 Wkh| vwxg| krz wkdw lqwhudfwlrq vhuyhv dv
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d wudqvplvvlrq phfkdqlvp wkurxjk zklfk whpsrudu| vkrfnv fdq jhqhudwh odujh dqg

shuvlvwhqw  xfwxdwlrqv lq rxwsxwv1 Doohq dqg Jdoh +4<<;, lq wkh Gldprqg dqg G|eylj

rqh0edqn iudphzrun vkrz wkdw edqn uxqv duh uhodwhg wr wkh exvlqhvv f|foh/ udwkhu

wkdq ehlqj wkh uhvxowv ri vlpsoh 3vxqvsrwv14 Zh duh lq djuhhphqw zlwk wkhlu ylhz

wkdw ixqgdphqwdov d>hfw ?qdqfldo fulvhv/ dqg zh dujxh wkdw ?qdqfldo lqvwlwxwlrqv duh

mxvw vxfk d ixqgdphqwdo idfwru/ hvshfldoo| lq d pxowl0edqn edqnlqj v|vwhp1 Wkh

?qdqfldo frqwdjlrq lq Doohq dqg Jdoh +4<<<, lv fdxvhg e| wkh lqwhufrqqhfwhgqhvv ri

lqyhvwruv lq dq lqfrpsohwh pdunhw1 Fkdqj dqg Yhodvfr +4<<;, h{whqg wkh Gldprqg

dqg G|eylj prgho lqwr dq rshq hfrqrp| prgho1 Wkh| vkrz wkdw wkh looltxlglw|

ri wkh grphvwlf ?qdqfldo v|vwhp lv dw wkh fhqwhu ri wkh ?qdqfldo fulvlv lq hphujlqj

pdunhwv1 Zh uhjdug wkh Fkdqj dqg Yhodvfr prgho dv frpsohphqwdu| wr rxu wkhru|1

Lq idfw/ zh fdq uhdglo| dsso| wkhlu dssurdfk wr h{whqg rxu prgho dqg h{sodlq krz

grphvwlf ?qdqfldo lqvwlwxwlrqv lqwhudfw zlwk lqwhuqdwlrqdo ?qdqfldo lvvxhv dqg krz

dq ryhu0eruurzlqj v|qgurph lq wkh vhqvh ri PfNlqqrq dqg Sloo +4<<:, lv jhqhudwhg1

Pruulv dqg Vklq +4<<<,/ wkurxjk dqdo|}lqj dqg sulflqj wkh frruglqdwlrq idloxuh dprqj

fuhglwruv/ dovr uhdfk vlplodu frqfoxvlrqv wr rxuv rq wudqvsduhqf| lq wkdw d juhdwhu

surylvlrq ri lqirupdwlrq wr wkh pdunhw grhv qrw qhfhvvdulo| plwljdwh wkh frruglqdwlrq

sureohp1

Hglvrq hw do1 +4<<;, vwxg| krz d pdmru h{rjhqrxv vkrfn/ vxfk dv wkh exuvw ri

dq dvvhw exeeoh ru d fxuuhqf| vkrfn +d vxgghq ghydoxdwlrq,/ fdq ohdg wr ?qdqfldo

froodsvh1 Dv d frpsdulvrq/ lq rxu prgho wkhuh lv qr h{rjhqrxv exeeoh/ dowkrxjk

wkh froodsvh ri wkh ?qdqfldo v|vwhp lq rxu hfrqrp| pd| pdnh shrsoh ihho dv wkrxjk

d exeeoh kdv exuvw1 Fkdq0Odx dqg Fkhq +4<<;, dujxh wkdw zkhq edqnv vwrs prq0

lwrulqj wkhlu ohqglqj surshuo|/ vpdoo fkdqjhv lq wkh hfrqrplf rxworrn fdq surgxfh

odujh  xfwxdwlrqv1 Lq rxu prgho/ hyhq wkrxjk edqnv duh frqvwdqwo| prqlwrulqj wkhlu

lqyhvwphqwv uhjdugohvv ri d errp ru d fudvk/ wkh prqlwrulqj lwvhoi pd| qrw eh deoh

wr surgxfh doo wkh qhhghg lqirupdwlrq/ dqg zh wkxv dujxh wkdw d surshu lqvwlwxwlrq

lv uhtxluhg1 Dyhu| dqg ]hpvn| +4<<;,/ Fdoyr dqg Phqgr}d +4<<8,/ dqg Fkdul dqg

Nhkrh +4<<9, doo vwxg| wkh yrodwlolw| ri ?qdqfldo pdunhwv dv wkh khuglqj ehkdylru ri
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lqyhvwruv/ zklfk kdv d wkhruhwlfdo irxqgdwlrq lq Edqhumhh +4<<5, dqg Elnkfkdqgdql

hw do +4<<5,1 Uljrerq +4<<;, vwxglhv wkh ryhuuhdfwlrq ri lqyhvwruv dv d uhvxow ri d

ohduqlqj sureohp/ zkhuh wkh lqirupdwlrqdo frqwhqw ri vljqdov fkdqjhv wkurxjk wkh

exvlqhvv f|fohv1

Iurp rxu wkhru|/ zh ghulyh wkdw dq rswlpdo jryhuqphqw srolf| wr suhyhqw d ?qdqfldo

fulvlv lq dq VEF hfrqrp| lv wr edlo0rxw doo looltxlg edqnv1 Wklv fdq eh h{sodlqhg e| wkh

vriw0exgjhw v|qgurph ri jryhuqphqw srolf| zlwk uhvshfw wr wkh edqnlqj v|vwhp/ zklfk

lv urrwhg lq ?qdqfldo lqvwlwxwlrqv1 Dqrwkhu lpphgldwh lpsruwdqw srolf| lpsolfdwlrq

iurp rxu wkhru| iru ?qdqfldo v|vwhp uhirup dqg iru ?qdqfldo0fulvlv0suhyhqwlrq srolf|

lv wkdw wkh wudqvsduhqf| ri wkh edqnlqj v|vwhp lv fulwlfdo1 Krzhyhu/ wudqvsduhqf|

fdqqrw eh dfklhyhg e| lpsrvlqj jryhuqphqw uhjxodwlrqv dorqh> lqvwhdg/ lw fdq rqo|

eh dfklhyhg e| uhiruplqj wkh ?qdqfldo lqvwlwxwlrqv wr wljkwhq wkh exgjhw frqvwudlqwv

dw wkh plfur ohyho1

Pruhryhu/ rxu wkhru| kdv lpsolfdwlrqv iru pdq| srolf| vroxwlrqv sursrvhg lq wkh

olwhudwxuh1 Lq wkh iroorzlqj zh surylgh d eulhi vxppdu| ri rxu lpsolfdwlrqv iru

Ghzdwulsrqw0Wluroh +Ghzdwulsrqw dqg Wluroh/ 4<<7, srolflhv +GW srolf| iru vkruw, wr

ghdo zlwk edqn idloxuhv1 Wkh ?uvw vhw ri GW srolflhv duh= 4, wr oltxlgdwh looltxlg edqnv>

5, wr doorz vroyhqw dqg oltxlg edqnv wr wdnh ryhu looltxlg edqnv> dqg 6, wr surylgh ordqv

wr looltxlg edqnv1 Rxu wkhru| ghprqvwudwhv wkdw lq dq KEF hfrqrp|/ zlwk vx!flhqw

lqirupdwlrq derxw wkh vroyhqf| ri looltxlg edqnv/ wkh jryhuqphqw vkrxog frqvlghu wkh

wudgh0r> ehwzhhq forvlqj grzq looltxlg edqnv dqg ohwwlqj vroyhqw oltxlg edqnv wdnh

ryhu looltxlg edqnv> ru lw vkrxog surylgh ordqv wr vroyhqw looltxlg edqnv1 Krzhyhu/ lq dq

VEF hfrqrp|/ zlwkrxw lqirupdwlrq derxw wkh vroyhqf| ri wkh edqnv/ wkh jryhuqphqw

kdv qr rwkhu fkrlfh exw wr surylgh ordqv wr doo looltxlg edqnv ru wr surylgh ordqv wr

d sursruwlrq ri wkhp udqgrpo|1 Zlwk uhvshfw wr qdwlrqdol}lqj looltxlg edqnv/ rxu

wkhru| lpsolhv wkdw wklv pd| zrun dv dq hphujhqf| phdvxuh li qdwlrqdol}dwlrq kdv

dq lqirupdwlrqdo ydoxh vxfk wkdw zlwk frqwuro uljkwv wkh jryhuqphqw zloo eh deoh wr

lghqwli| vroyhqw edqnv1 Krzhyhu/ wklv zloo suredeo| qrw zrun lq wkh orqj uxq ehfdxvh

d qdwlrqdol}hg edqn zloo olnho| eh frqgxflyh wr dq VEF hqylurqphqw1
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UHIHUHQFHV

^4` Djklrq/ Sklolssh/ Sdwulfn Erowrq/ dqg Pdwkldv Ghzdwulsrqw +4<<<,/ 3Frqwdjlrxv

Edqn Idloxuhv/4 plphr/ Xqlyhuvlw| Froohjh ri Orqgrq/ Sulqfhwrq Xqlyhuvlw| dqg

HFDUH1

^5` Dnhuori/ Jhrujh D1 +4<:3,/ 3Wkh Pdunhw iru Ohprqv= Txdolw| Xqfhuwdlqw| dqg wkh

Pdunhw Phfkdqlvp/4 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ;<= 7;;08331

^6` Doohq/ Iudqnolq/ dqg Grxjodv Jdoh +4<<<,/ 3Ilqdqfldo Frqwdjlrq/4 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ iruwkfrplqj1

^7` Doohq/ Iudqnolq/ dqg Grxjodv Jdoh +4<<;,/ 3Rswlpdo Ilqdqfldo Fulvhv/4 Mrxuqdo ri

Ilqdqfh/ 86+7,= 4578045;71

^8` Dyhu|/ Fkulvwruskhu/ dqg Shwhu ]hpvn| +4<<;,/ 3Pxowlglphqvlrqdo Xqfhuwdlqw| dqg

Khug Ehkdylru lq Ilqdqfldo Pdunhwv/4 Dphulfdq Hfrqrplf Uhylhz/ ;;+7,= :570

:7;1

^9` Dz/ Ehh \dq/ Vxnn|xq Fkxqj/ dqg Pdun M1 Urehuwv +4<<;,/ 3Surgxfwlylw| dqg

Wxuqryhu lq wkh H{sruw Pdunhw= Plfur Hylghqfh iurp Wdlzdq dqg Vrxwk Nruhd/4

QEHU Zrunlqj Sdshu/ iruwkfrplqj1

^:` Edqhumhh/ Deklmlw +4<<5,/ 3D Vlpsoh Prgho ri Khug Ehkdylru/4 Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 43:/ Dxj1

^;` Elnkfkdqgdql/ V1/ Gdylg Kluvkohlihu/ dqg L1 Zhofk +4<<5,/ 3D Wkhru| ri Idgv/ Idvklrq/

Fxvwrp/ dqg Fxowxudo Fkdqjhv dv Lqirupdwlrqdo Fdvfdghv/4 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 433+84,1

^<` Eodqfkdug/ Rolyhu/ dqg Pdun Zdwvrq +4<;5,/ 3Exeeohv/ Udwlrqdo H{shfwdwlrqv/ dqg

Ilqdqfldo Pdunhwv/4 lq Sdxo Zdfkwho +hg1,/ Fulvlv lq wkh Hfrqrplf dqg Ilqdqfldo

Vwuxfwxuh1 Oh{lqjwrq/ PD= Oh{lqjwrq Errnv1
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^43` Erowrq/ Sdwulfn dqg Gdylg V1 Vfkduivwhlq +4<<9,/ 3Rswlpdo Ghew Vwuxfwxuh dqg wkh

Qxpehu ri Fuhglwruv/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437+4,= 40581

^44` Eruhqv}whlq/ Hgxdugr/ dqg Mrqj0Zkd Ohh +4<<;,/ 3Ilqdqfldo Glvwruwlrqv dqg Fulvlv

lq Nruhd/4 plphr/ LPI dqg Nruhd Xqlyhuvlw|1

^45` Fdoyr/ J1/ dqg H1 Phqgr}d +4<<8,/ 3Uh hfwlrqv rq Ph{lfr*v Edodqfh ri Sd|phqwv

Fulvlv= D Fkurqlfoh ri d Ghdwk Iruhwrog/4 plphr/ Xqlyhuvlw| ri Pdu|odqg1

^46` Fkdq0Odx/ Mrujh D1 dqg ]kdrkxl Fkhq +4<<;,/ 3Ilqdqfldo fulvlv dqg fuhglw fuxqfk

dv d uhvxow ri lqh!flhqw ?qdqfldo lqwhuphgldwlrq 0 zlwk uhihuhqfh wr wkh Dvldq

?qdqfldo fulvlv/4 LPI Zrunlqj Sdshu ZS2<;245:/ Zdvklqjwrq/ Lqwhuqdwlrqdo

Prqhwdu| Ixqg1

^47` Fkdqj/ Urehuwr dqg Dqguhv Yhodvfr +4<<;,/ 3Ilqdqfldo Fulvhv lq Hphujlqj Pdunhwv=

D Fdqrqlfdo Prgho/4 Ihghudo Uhvhuyh Edqn ri Dwodqwd Zrunlqj Sdshu <;0431

^48` Fkdul/ Y1Y1 dqg S1 Nhkrh +4<<9,/ 3D Vhoi0Ixo?oolqj Prgho ri Ph{lfr*v 4<<70<8 Ghew

Fulvlv/4 plphr/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1

^49` Fkr/ \rrq Mh/ dqg Mrrq0N|xqj Nlp +4<<8,/ 3Fuhglw Srolflhv dqg wkh Lqgxvwuldol}dwlrq

ri Nruhd/4 Glvfxvvlrq Sdshu 5;9/ Wkh Zruog Edqn1

^4:` Fruvhwwl/ J1/ S1 Shvhqwl/ dqg Q1 Urxelql +4<<;,/ 3Zkdw Fdxvhg wkh Dvldq Fxuuhqf|

dqg Ilqdqfldo FulvlvB4 plphr/ \doh Xqlyhuvlw|1

^4;` Ghokdvlvh/ Sklolssh I1 +4<<<,/ Dvld lq Fulvlv= Wkh Lpsorvlrq ri wkh Edqnlqj dqg

Ilqdqfldo v|vwhpv/ Qhz \run= Mrkq Zloh|)Vrqv/ Lqf1

^4<` Ghphwuldghv/ Sdqlfrv dqg Edvvdp Idwwrxk +4<<;,/ 3cXqsurgxfwlyh Fuhglw* dqg wkh

Vrxwk Nruhdq Fulvlv/4 plphr/ Vrxwk Edqn Xqlyhuvlw|1

^53` Ghzdwulsrqw/ Pdwkldv/ dqg Hulf Pdvnlq +4<<8,/ 3Fuhglw dqg H!flhqf| lq Fhqwudol}hg

dqg Ghfhqwudol}hg Hfrqrplhv/4 Uhylhz ri Hfrqrplf Vwxglhv1
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^54` Ghzdwulsrqw/ Pdwkldv/ dqg Mhdq Wluroh +4<<7,/ Wkh Suxghqwldo Uhjxodwlrq ri Edqnv/

Fdpeulgjh +Pdvv1,= PLW Suhvv1

^55` Gldprqg/ Grxjodv +4<;7,/ 3Ilqdqfldo Lqwhuphgldwlrq dqg Ghohjdwhg Prqlwrulqj/4

Uhylhz ri Hfrqrplf Vwxglhv/ 84+Mxo|,= 6<607471

^56` Gldprqg/ Grxjodv/ dqg Sklools G|eylj +4<;6,/ 3Edqn Uxqv/ Oltxlglw|/ dqg Ghsrvlw

Lqvxudqfh/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4=734074<1

^57` Gldprqg/ Grxjodv/ dqg Udjkxudp J1 Udmdq +4<<;,/ 3Oltxlglw| Ulvn/ Oltxlglw| Fuh0

dwlrq dqg Ilqdqfldo Iudjlolw|= D Wkhru| ri edqnlqj/4 plphr/ Judgxdwh Vfkrro

ri Exvlqhvv/ Xqlyhuvlw| ri Fklfdjr1

^58` Hglvrq/ Kdol M1/ Srqjvdn Oxdqjdudp dqg Pdufxv Ploohu +4<<;,/ 3Dvvhw Exeeohv/

Grplqr H>hfwv dqg cOliherdwv*= Hohphqwv ri wkh Hdvw Dvldq Fulvlv/4 FHSU

Glvfxvvlrq Sdshu Vhulhv 4;991

^59` Iuh{ldv/ [dylhu +4<<<,/ 3Rswlpdo Edlo Rxw Srolf|/ Frqglwlrqdolw| dqg Fuhdwlyh Dp0

eljxlw|/4 plphr/ Xqlyhuvlwdw Srpshx Ideud1

^5:` Jrrgkduw/ Fkduohv D1H1/ dqg Kdl}krx Kxdqj +4<<;,/ 3D Prgho ri wkh Ohqghu ri Odvw

Uhvruw/4 IPJ Glvfxvvlrq Sdshu 646/ Orqgrq Vfkrro ri Hfrqrplfv1

^5;` Kduw/ Rolyhu dqg Mrkq Prruh +4<<8,/ 4Ghew dqg Vhqlrulw|= dq Dqdo|vlv ri wkh Uroh ri

Kdug Fodlpv lq Frqvwudlqlqj Pdqdjhphqw/4 Dphulfdq Hfrqrplf Uhylhz/ Mxqh/

;8 +6,=89:08;91

^5<` Kxdqj/ Kdl}krx/ dqg Fkhqjjdqj [x +4<<;,/ 3Ilqdqflqj Phfkdqlvpv dqg U)G Lq0

yhvwphqw/4 IPJ Glvfxvvlrq Sdshu/ Orqgrq Vfkrro ri Hfrqrplfv/ iruwkfrplqj1

^63` Mdfnolq/ Fkduohv M1 dqg Vxglswr Ekdwwdfkdu|d +4<;;,/ 3Glvwlqjxlvklqj Sdqlfv dqg

Lqirupdwlrq0edvhg Edqn Uxqv= Zhoiduh dqg Srolf| Lpsolfdwlrqv/4 Wkh Mrxuqdo

ri Srolwlfdo Hfrqrp|/ <9+6,= 89;08<51
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^64` Nlqgohehujhu/ Fkduohv S1 +4<<9,/ Pdqldv/ Sdqlfv/ dqg Fudvkhv= D Klvwru| ri Ilqdq0

fldo Fulvlv/ Qhz \run= Mrkq Zloh|)Vrqv/ Lqf1 4<:; +4vw hg,> 4<<9 +6ug hg,1

^65` N|rwdnl/ Qrexklur dqg Mrkq Prruh +4<<:,/ 3Fuhglw F|fohv/4 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 438= 544057;1

^66` Nruqdl/ Mdqrv +4<;3,/ Hfrqrplfv ri Vkruwdjh1 Dpvwhugdp= Qruwk0Kroodqg1

^67` Nruqdl/ Mdqrv +4<;9,/ 3Wkh Kxqjduldq Uhirup Surfhvv= Ylvlrqv/ Krshv/ dqg Uhdolw|/4

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 57 +7,/ Ghfhpehu1

^68` Nuxjpdq/ Sdxo +4<<;,/ 3Zkdw Kdsshqhg wr DvldB4 plphr/ PLW1

^69` Ohh/ N|x Xfn +4<<;,/ Frpshwlwlrq Srolf|/ Ghuhjxodwlrq dqg Hfrqrplf Ghyhorsphqw1

Vhrxo= NLHW/4<<;1

^6:` PfNlqqrq/ Urqdog/ dqg K1 Sloo +4<<:,/ 3Fuhglwdeoh Hfrqrplf Olehudol}dwlrqv dqg

Ryhueruurzlqj/4 Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ ;:+5,=

4;<04<61

^6;` Pruulv/ Vwhskhq dqg K|xq Vrqj Vklq +4<<<,/ 3Frruglqdwlrq Ulvn dqg wkh Sulfh ri

Ghew/4 plphr/ \doh Xqlyhuvlw| dqg Qx!hog Froohjh/ R{irug1

^6<` Qdp/ Vdqj0Zrr +4<<7,/ 3Nruhd*v Ilqdqfldo Uhirup Vlqfh Hduo| 4<;3v/4 lq Jhudog

Fdsulr/ Mu1/ L}dn Dwl|dv/ dqg Mdphv D Kdqvhq +hgv1,/ Ilqdqfldo Uhirup= Wkhru|

dqg H{shulhqfh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^73` Sdun/ N|rqj0Vr +4<<:,/ 3Fkdhero Ohyhudjhg Pdqdjhphqw= Fxuuhqw Vwdwxv dqg Uh0

irup Sodqv/4 plphr/ Nruhd Lqvwlwxwh ri Ilqdqfh/ Vhswhpehu1

^74` Sdun/ \xqj Fkxo/ dqg Grqj0Zrq Nlp +4<<7,/ 3Nruhd= Ghyhorsphqw dqg Vwuxfwxudo

Fkdqjh ri wkh Edqnlqj V|vwhp/4 lq Kxjk W1 Sdwulfn dqg \xqj Fkxo Sdun +hgv1,/

Wkh Ilqdqfldo Ghyhorsphqw ri Mdsdq/ Nruhd/ dqg Wdlzdq= Jurzwk/ Uhsuhvvlrq/

dqg Olehudol}dwlrq1 R{irug= R{irug Xqlyhuvlw| Suhvv1
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^75` Srvwohzdlwh/ Dqguhz dqg [dylhu Ylyhv +4<;:,/ 3Edqn Uxqv dv dq Htxloleulxp Skh0

qrphqrq/ 4 Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8+6,= 7;807<41

^76` Tldq/ \lqj|l/ dqg Fkhqjjdqj [x +4<<;,/ 4Lqqrydwlrq dqg Exuhdxfudf| Xqghu Vriw

dqg Kdug Exgjhw Frqvwudlqwv/4 Uhylhz ri Hfrqrplf Vwxglhv/ 99+4,1

^77` Udghohw/ Vwhyhq/ dqg Mh>uh| Vdfkv +4<<;,/ 3Wkh Hdvw Dvldq Ilqdqfldo Fulvlv= Gldj0

qrvlv/ Uhphglhv/ Survshfwv/4 plphr/ Kduydug Xqlyhuvlw|1

^78` Uljrerq/ Urehuwr +4<<;,/ 3Lqirupdwlrqdo Vshfxodwlyh Dwwdfnv= Jrrg Qhzv lv Qr

Qhzv/4 plphr/ Vordq Vfkrro ri Pdqdjhphqw/ PLW1

^79` Urfkhw/ Mhdq0Fkduohv/ dqg Mhdq Wluroh +4<<9,/ 3Lqwhuedqn Ohqglqj dqg V|vwhplf

Ulvn/4 Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 5;+7,= :660:951

^7:` Vhjdo/ Lo|d +4<<;,/ 3Prqrsro| dqg Vriw Exgjhw Frqvwudlqw/4 Udqg Mrxuqdo ri Hfr0

qrplfv/ 5<+6,= 8<9093<1

^7;` Vhpnrz/ Euldq Zdoodfh +4<<7,/ Wdlzdq*v Fdslwdo Pdunhw Uhirup 0 Wkh Ilqdqfldo dqg

Ohjdo Lvvxhv1 R{irug= Foduhqgrq Suhvv1

^7<` Vkohlihu/ Dqguhl/ dqg Urehuw Ylvkq| +4<<6,/ 3Fruuxswlrq/4 Txduwhuo| Mrxuqdo ri Hfr0

qrplfv> 43;+6,/ Dxjxvw 4<<6/ sdjhv 8<<094:1

^83` Vwhuq/ Mrvhsk M1/ Ml0krqj Nlp/ Gzljkw K1 Shunlqv/ dqg Mxqj0kr \rr +4<<8,/ Lqgxvwul0

dol}dwlrq dqg wkh Vwdwh= Wkh Nruhdq Khdy| dqg Fkhplfdo Lqgxvwu| Gulyh/ KLLG

dqg NGL1

^84` Vwljolw}/ Mrvhsk +4<<;,/ 3Vrxqg Ilqdqfh dqg Vxvwdlqdeoh Ghyhorsphqw lq Dvld/4

Nh|qrwh Dgguhvv wr wkh Dvld Ghyhorsphqw Iruxp/ Wkh Zruog Edqn1
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