
Khgjlqj dqg Ilqdqfldo Iudjlolw| lq Il{hg H{fkdqjh
Udwh Uhjlphv�

Fudlj Exuqvlgh|/ Pduwlq Hlfkhqedxp}dqg Vhujlr Uhehor{

Pd| 5333 +uhylvhg Rfwrehu/ 5333,

Devwudfw

Fxuuhqf| fulvhv wkdw frlqflgh zlwk edqnlqj fulvhv whqg wr vkduh dw ohdvw wkuhh ho0

hphqwv1 Iluvw/ edqnv kdyh d fxuuhqf| plvpdwfk ehwzhhq wkhlu dvvhwv dqg oldelolwlhv1

Vhfrqg/ edqnv gr qrw frpsohwho| khgjh wkh dvvrfldwhg h{fkdqjh udwh ulvn1 Wklug/ wkhuh

duh lpsolflw jryhuqphqw jxdudqwhhv wr edqnv dqg wkhlu iruhljq fuhglwruv1 Wklv sdshu

dujxhv wkdw wkh �uvw wzr ihdwxuhv dulvh iurp edqnv* rswlpdo uhvsrqvh wr jryhuqphqw

jxdudqwhhv1 Zh vkrz wkdw jxdudqwhhv frpsohwho| holplqdwh edqnv* lqfhqwlyhv wr khgjh

wkh ulvn ri d ghydoxdwlrq1 Rxu prgho dovr duwlfxodwhv rqh uhdvrq zk| jryhuqphqwv pljkw

eh whpswhg wr surylgh jxdudqwhhv wr edqn fuhglwruv1 Jxdudqwhhv orzhu wkh grphvwlf

lqwhuhvw udwh dqg ohdg wr d errp lq hfrqrplf dfwlylw|1 Exw wklv errp frphv dw wkh

frvw ri d pruh iudjloh edqnlqj v|vwhp1 Lq wkh hyhqw ri d ghydoxdwlrq/ edqnv uhqhjh rq

iruhljq ghewv dqg ghfoduh edqnuxswf|1

M1H1O1 Fodvvl�fdwlrq= I64/ I74/ J48/ J541

Nh|zrugv= Il{hg h{fkdqjh udwh uhjlphv/ khgjlqj/ jryhuqphqw jxdudqwhhv1

�Zh duh judwhixo wr Nhoorjj*v Edqnlqj Uhvhdufk Fhqwhu iru �qdqfldo vxsssruw1 Exuqvlgh wkdqnv wkh
Krryhu Lqvwlwxwlrq iru lwv vxssruw wkurxjk d Qdwlrqdo Ihoorzvkls1 Zh wkdqn Pdufr Edvvhwwr/ Dulho Exuvwhlq/
Mrqdwkdq Hdwrq/ Oduu| Mrqhv/ Ohrud Nodsshu/ Gherudk Oxfdv/ Gdylg Pduvkdoo/ Sdror Shvhqwl/ Ure Yljixvvrq/
dq dqrq|prxv uhihuhh/ dqg vhplqdu sduwlflsdqwv dw Jhrujhwrzq/ Kduydug/ Krryhu/ wkh LPI/ wkh 4<<< XWGW
Zrunvkrs lq Lqwhuqdwlrqdo Hfrqrplfv dqg Ilqdqfh/ wkh Qruwkzhvwhuq Xqlyhuvlw| Vxpphu Pdfurhfrqrplfv
Zrunvkrs/ dqg LVRP iru xvhixo frpphqwv1 Wkh rslqlrqv lq wklv sdshu duh wkrvh ri wkh dxwkruv dqg qrw
qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Fklfdjr ru wkh Zruog Edqn1

|Wkh Zruog Edqn
}Qruwkzhvwhuq Xqlyhuvlw|/ QEHU dqg Ihghudo Uhvhuyh Edqn ri Fklfdjr1
{Qruwkzhvwhuq Xqlyhuvlw|/ QEHU dqg FHSU1



41 Lqwurgxfwlrq

Lq wkh srvw Euhwwrq Zrrgv hud/ fxuuhqf| fulvhv kdyh riwhq frlqflghg zlwk edqnlqj fulvhv1

Surplqhqw h{dpsohv lqfoxgh Vrxwkhdvw Dvld lq 4<<:/ Fkloh lq 4<;5/ Ph{lfr lq 4<<7/ dqg

Vzhghq dqg Ilqodqg lq 4<<514 Wkuhh nh| ihdwxuhv ri vxfk cwzlq* fulvhv duh +l, edqnv kdyh d

fxuuhqf| plvpdwfk ehwzhhq wkhlu dvvhwv dqg oldelolwlhv/ +ll, edqnv gr qrw frpsohwho| khgjh

wkh dvvrfldwhg h{fkdqjh udwh ulvn/ dqg +lll, wkh jryhuqphqw pdnhv lpsolflw jxdudqwhhv wr

edqnv dqg wkhlu iruhljq fuhglwruv15 Wklv sdshu dujxhv wkdw wkh �uvw wzr ihdwxuhv dulvh iurp

edqnv* rswlpdo uhvsrqvh wr jryhuqphqw jxdudqwhhv1

Wkh idfw wkdw edqnv duh h{srvhg wr xqkhgjhg fxuuhqf| ulvnv olhv dw wkh fruh ri frpshwlqj

wkhrulhv ri fxuuhqf| fulvhv1 Lq vrph fdvhv/ lw lv vlpso| d pdlqwdlqhg dvvxpswlrq ri wkh

dqdo|vlv1 Vhh iru h{dpsoh/ Djklrq/ Edffkhwwd dqg Edqhumhh +5333,/ Fkdqj dqg Yhodvfr

+4<<<,/ dqg Nuxjpdq +4<<<,1 Lq rwkhu fdvhv lw lv dvvxphg wkdw/ wr d �uvw dssur{lpdwlrq/

edqnv lq hphujlqj pdunhwv pxvw eruurz lq xqlwv ri iruhljq fxuuhqf| dqg vlpso| fdqqrw khgjh

wkh uhvxowlqj h{fkdqjh udwh ulvn +vhh Hlfkhqjuhhq dqg Kdxvpdqq +5333,,1

Wklv sdshu dujxhv wkdw edqnv fkrrvh wr h{srvh wkhpvhoyhv wr h{fkdqjh udwh ulvn1 Lq d

zruog zlwk jryhuqphqw jxdudqwhhv/ lw lv rswlpdo iru edqnv wr kdyh dq xqkhgjhg fxuuhqf|

plvpdwfk ehwzhhq wkhlu dvvhwv dqg oldelolwlhv1 Zkhq d ghydoxdwlrq rffxuv/ edqnv vlpso|

uhqhjh rq iruhljq ghew dqg jr edqnuxsw1 Wr plqlpl}h wkh ydoxh ri wkh dvvhwv wkdw wkh|

vxuuhqghu lq edqnuxswf|/ edqnv pd| dfwxdoo| �qg lw rswlpdo wr pdjqli| wkhlu h{fkdqjh udwh

h{srvxuh e| vhoolqj grooduv iruzdug dqg orvh prqh| lq wkh iruzdug pdunhw zkhq wkhuh lv d

ghydoxdwlrq1

Jlyhq wkh fhqwudo uroh wkdw jryhuqphqw jxdudqwhhv sod| lq rxu prgho/ lw lv xvhixo wr

surylgh lqwxlwlrq iru krz wkh| d�hfw wkh rswlpdo khgjlqj vwudwhjlhv ri edqnv1 Wkh jryhuqphqw

jxdudqwhhv wkdw iruhljq fuhglwruv zloo eh uhsdlg lq ixoo li wkhuh lv d ghydoxdwlrq dqg edqnv

ghidxow rq wkhlu ghew1 Vxssrvh d edqn frqwhpsodwhv khgjlqj iruhljq h{fkdqjh udwh ulvn yld

iruzdug frqwudfwv1 Wkh khgjlqj sur�wv wkdw duh uhdol}hg zkhq d ghydoxdwlrq rffxuv dqg wkh

edqn ghfoduhv edqnuxswf| duh vhl}hg e| wkh jryhuqphqw1 Vr wkh edqn dvvljqv }hur ydoxh wr

wkhp1 Exw wkhvh frqwudfwv jhqhudwh orvvhv zkhq wkhuh lv qr ghydoxdwlrq dqg wkh edqn grhv

qrw jr edqnuxsw1 Lw iroorzv wkdw edqnv kdyh qr lqfhqwlyh wr hqwhu iruzdug frqwudfwv wkdw

jhqhudwh srvlwlyh sd|r�v zkhq wkhuh lv d ghydoxdwlrq1

4Ndplqvn| dqg Uhlqkduw +4<<<, vwxg| hpslulfdoo| wkh olqn ehwzhhq edqnlqj dqg fxuuhqf| fulvhv1 Vhh
Gld}0Dohmdqgur +4<;8, dqg Q|ehuj dqg Ylkulçoç +4<<6, iru dqdo|vhv ri wkh 4<;5 Fklohdq dqg 4<<5 Ilqqlvk
fulvhv/ uhvshfwlyho|1 Jduehu dqg Odoo +4<<;, dqg Nuxhjhu dqg Wruqhoo +4<<<, glvfxvv wkh 4<<7 Ph{lfdq fulvlv1

5Plvknlq +4<<9, dqg Revwihog +4<<;, dujxh wkdw d jryhuqphqw*v surplvh wr pdlqwdlq d �{hg h{fkdqjh
udwh lv riwhq vhhq dv surylglqj dq lpsolflw jxdudqwhh wr edqnv* fuhglwruv djdlqvw wkh h�hfwv ri d srvvleoh
ghydoxdwlrq1 Fruvhwwl/ Shvhqwl dqg Urxelql +4<<<, dqg Grroh| +5333, dovr hpskdvl}h wkh uroh ri jryhuqphqw
jxdudqwhhv wr wkh edqnlqj vhfwru lq cwzlq fulvhv* hslvrghv1
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Edqnv zloo wkhuhiruh qrw eh shuihfwo| khgjhg/ dqg zloo jr edqnuxsw zkhq d ghydoxdwlrq

rffxuv1 Wr wkh h{whqw wkdw wkh| kdyh dq| dvvhwv lq wkdw vwdwh ri wkh zruog/ wkhvh zloo eh vhl}hg

e| wkh jryhuqphqw1 Khqfh edqnv rxjkw wr plqlpl}h wkhlu dvvhw kroglqjv lq edqnuxswf| vwdwhv

ri wkh zruog1 D vlpsoh vwudwhj| iru grlqj wklv lv wr vhoo grooduv iruzdug/ zklfk jhqhudwhv sur�wv

lq wkh qr ghydoxdwlrq vwdwh dqg orvvhv lq wkh ghydoxdwlrq vwdwh1

Lq dgglwlrq wr h{sodlqlqj wkh plvpdwfk ehwzhhq edqnv* dvvhwv dqg oldelolwlhv/ rxu dqdo|vlv

kdv dq lpsruwdqw srolf| lpsolfdwlrq= devhqw uhjxodwlrq ri edqnv* khgjlqj ehkdylru/ fdslwdo

uhtxluhphqwv kdyh qr h�hfw rq wkh iuhtxhqf| ri edqn edqnuxswflhv diwhu d ghydoxdwlrq1 Edqnv

xqgr wkh h�hfwv ri wkhvh uhtxluhphqwv e| hqkdqflqj wkhlu h{srvxuh wr h{fkdqjh udwh ulvn yld

iruzdug pdunhwv1

Li jryhuqphqw jxdudqwhhv ohdg wr lqfuhdvhg ulvn lq wkh edqnlqj v|vwhp/ zk| duh wkh| vr

suhydohqwB Rqh srvvlelolw| lv wkdw jxdudqwhhv orzhu grphvwlf lqwhuhvw udwhv dqg ohdg wr d

errp lq hfrqrplf dfwlylw|/ d whpswdwlrq jryhuqphqw r!fldov pd| �qg lpsrvvleoh wr uhvlvw1

Wr irupdol}h wkh lghd wkdw jxdudqwhhv ohdg wr lqfuhdvhg hfrqrplf dfwlylw| zh hpehg rxu

prgho ri edqnlqj lqwr d jhqhudo htxloleulxp prgho1 Wkh nh| ihdwxuh ri rxu prgho lv wkdw

�upv lq wkh rxwsxw vhfwru pxvw eruurz zrunlqj fdslwdo iurp edqnv wr sd| oderu1 Jryhuqphqw

jxdudqwhhv wr edqnv* iruhljq fuhglwruv dfw olnh d vxevlg| wr wkh edqnlqj lqgxvwu|/ wkhuhe|

orzhulqj wkh grphvwlf lqwhuhvw udwh dqg wkh frvw ri zrunlqj fdslwdo1 Wklv uhgxfwlrq lq frvwv

ohdgv wr kljkhu djjuhjdwh hpsor|phqw/ rxwsxw dqg uhdo zdjhv1

Rxu sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh surylgh hpslulfdo prwlydwlrq iru rxu

dqdo|vlv1 Vhfwlrq 6 od|v rxw d frpshwlwlyh edqnlqj prgho1 Vhfwlrq 7 vwxglhv edqnv* khgjlqj

ghflvlrqv lq d vhwwlqj zkhuh wkh ohyho ri edqn ordqv lv suh0ghwhuplqhg1 Lq vhfwlrq 8 zh

fkdudfwhul}h wkh htxloleulxp ri wkh edqnlqj lqgxvwu| zkhq ohqglqj dqg khgjlqj ghflvlrqv duh

pdgh vlpxowdqhrxvo|1 Vhfwlrq 9 glvfxvvhv wkh h�hfwv ri lqwurgxflqj fdslwdo uhtxluhphqwv1 Lq

vhfwlrq : zh vwxg| d yhuvlrq ri wkh prgho zkhuh edqnv ohqg wr grphvwlf �upv lq grooduv

exw idfh xqfhuwdlqw| zlwk uhvshfw wr ordq uhsd|phqw udwhv lq wkh hyhqw ri d ghydoxdwlrq1

Lq vhfwlrq ; zh hpehg rxu edqnlqj prgho lq d jhqhudo htxloleulxp hqylurqphqw dqg vwxg|

wkh pdfurhfrqrplf h�hfwv ri jryhuqphqw jxdudqwhhv dqg ghydoxdwlrqv1 Vhfwlrq < frqwdlqv

frqfoxglqj uhpdunv1

51 Hpslulfdo Prwlydwlrq

Lq wkh lqwurgxfwlrq zh qrwhg wkdw wkhuh duh wkuhh lpsruwdqw frpprq hohphqwv lq hslvrghv

zkhuh edqnlqj fulvhv duh dvvrfldwhg zlwk fxuuhqf| fulvhv1 Wkh �uvw lv wkh h{lvwhqfh ri lp0

solflw jryhuqphqw jxdudqwhhv wr grphvwlf dqg iruhljq edqn fuhglwruv sulru wr wkh fxuuhqf|

5



fulvhv1 Wkhvh jxdudqwhhv kdyh ehhq h{whqvlyho| glvfxvvhg lq wkh olwhudwxuh16 Wkh vl}h ri wkhvh

jryhuqphqw jxdudqwhhv lv ri vx!flhqw lqwhuhvw wr wkh sulydwh vhfwru wkdw/ dw wkh hqg ri 4<<:/

Vwdqgdug dqg Srru*v ehjdq wr sxeolvk hvwlpdwhv ri jryhuqphqwv* wrwdo frqwlqjhqw oldelolwlhv

wr wkh edqnlqj vhfwru17

Wkh rwkhu wzr frpprq hohphqwv lq edqnlqj2fxuuhqf| fulvhv duh wkdw +l, �upv dqg �qdq0

fldo lqwhuphgldulhv eruurz h{whqvlyho| iurp deurdg/ dqg +ll, wkh| gr qrw frpsohwho| khgjh

h{fkdqjh udwh ulvn1 Xqiruwxqdwho|/ gxh wr gdwd olplwdwlrqv/ wkhuh lv olwwoh hpslulfdo zrun

phdvxulqj sulydwh djhqwv* h{fkdqjh udwh h{srvxuh1 Rqh zd| wr dvvhvv wkh srwhqwldo pdjql0

wxgh ri wklv h{srvxuh lv wr frqvlghu edqnv*/ �upv* dqg �qdqfldo lqwhuphgldulhv* qhw iruhljq

dvvhwv sulru wr wkh rqvhw ri d fulvlv1 Wzr vrxufhv ri gdwd duh= wkh Edqn ri Lqwhuqdwlrqdo Vhw0

wohphqwv +ELV, dqg wkh Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv +LIV,1 Dq lpsruwdqw dgydqwdjh ri

wkh ELV gdwd lv wkdw wkh| duh edvhg rq uhsruwv iurp pdmru RHFG edqnv1 Wr wkh h{whqw wkdw

dffrxqwlqj vwdqgdugv iru edqnv lq RHFG frxqwulhv duh pruh xqlirup dqg fduhixoo| hqirufhg

wkdq lq qrq0RHFG frxqwulhv/ wkh ELV gdwd pd| eh pruh uholdeoh wkdq wkh LIV gdwd1 Wkh

LIV gdwd duh edvhg/ lq sduw/ rq uhsruwv iurp djhqwv lq qrq0RHFG frxqwulhv1 Lq dgglwlrq/

wkhuh duh vxewoh dpeljxlwlhv derxw krz d jlyhq wudqvdfwlrq pljkw eh uhsruwhg lq wkh LIV

gdwd18 Wkh dgydqwdjh ri wkh LIV gdwd lv wkdw wkh| duh pruh frpsuhkhqvlyh lq fryhudjh/ vlqfh

wkh ELV gdwd duh edvhg vroho| rq uhsruwv iurp edqnv wkdw duh sduw ri lwv v|vwhp1 Zlwk wkhvh

olplwdwlrqv lq plqg/ zh qrz uhsruw uhvxowv edvhg rq erwk wkh ELV dqg LIV gdwd1

Wdeoh 4 suhvhqwv lqirupdwlrq rq wkh qhw iruhljq dvvhwv ri edqnv dqg �upv iru ydulrxv

frxqwulhv sulru wr wkh rqvhw ri wkhlu fxuuhqf|2edqnlqj fulvhv1 D qxpehu ri lqwhuhvwlqj ihdwxuhv

hphujh iurp wkh wdeoh1 Iluvw/ lq doo fdvhv/ �upv dqg edqnv lq wkhvh frxqwulhv kdg vljql�fdqw

qhw iruhljq ghew dw wkh wlph ri wkhlu fulvhv1 Iru wkh Qruglf frxqwulhv/ wkh LIV gdwd lqglfdwh d

pxfk odujhu qhw qhjdwlyh srvlwlrq wkdq wkh ELV gdwd1 Wklv pd| uh hfw wkh idfw wkdw edqnv lq

wkh Qruglf frxqwulhv zhuh eruurzlqj vxevwdqwldo dprxqwv ri ixqgv iurp hqwlwlhv rwkhu wkdq

ELV edqnv1 Iru wkh Hdvw Dvldq frxqwulhv/ wkh ELV gdwd lqglfdwh d pxfk odujhu qhjdwlyh qhw

srvlwlrq wkdq wkh LIV gdwd1 Wklv pd| uh hfw dffrxqwlqj sureohpv zlwk wkh gdwd uhsruwhg wr

6Vhh wkh uhihuhqfhv lq irrwqrwh 51 Lq dgglwlrq/ vhh LPI +4<<;/ sdjh 68,/ LPI +4<<</ sdjh 54, dqg Ghokdlvh
+4<<;, iru d glvfxvvlrq ri jxdudqwhhv lq Wkdlodqg/ Pdod|vld/ Lqgrqhvld dqg Nruhd1 LPI +4<<;/ sdjh 6<, ghwdlov
wkh h{whqw wr zklfk lpsolflw jxdudqwhhv ehfdph h{solflw diwhu wkh fulvhv rffxuuhg1 Guhhv dqg Sd}dued�vlr�jox
+4<<;, glvfxvv jryhuqphqw jxdudqwhhv lq wkh Qruglf frxqwu| edqnlqj fulvhv/ zkloh Fdorplulv +4<<;, glvfxvvhv
iruhljq edqn fuhglwru edlorxwv diwhu wkh 4<<7 Ph{lfdq fxuuhqf| fulvlv1

7Vhh Exuqvlgh/ Hlfkhqedxp dqg Uhehor +5333e, iru d glvfxvvlrq ri wkhvh hvwlpdwhv1
8Vxssrvh/ iru h{dpsoh/ wkdw Edqn D lq Frxqwu| [ eruurzv grooduv iurp deurdg dqg xvhv wkh surfhhgv

wr pdnh groodu ghqrplqdwhg ordqv wr orfdo �upv1 Edqn D pd| wdnh wkh srvlwlrq wkdw wklv wudqvdfwlrq grhv
qrw fdxvh d ghfolqh lq lwv qhw iruhljq dvvhwv dqg zrxog qrw uhsruw lw dv vxfk1 Krzhyhu/ wkh wudqvdfwlrq grhv
h{srvh wkh edqn wr dqrwkhu w|sh ri h{fkdqjh udwh ulvn�wkh lqfuhdvh lq ordq ghidxow udwhv wkdw riwhq rffxuv
diwhu d ghydoxdwlrq1 Vlqfh wkh ELV gdwd duh edvhg rq uhsruwv iurp wkh iruhljq fuhglwruv ri Edqn D +dvvxplqj
wkdw wkh| duh edqnv lq RHFG frxqwulhv, wkh wudqvdfwlrq zrxog vkrz xs dv d ghfuhdvh lq wkh qhw iruhljq
dvvhwv ri edqnv lq Frxqwu| [1
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WDEOH 4

Vxppdu| Lqglfdwruv ri Qhw Iruhljq Dvvhwv

+shufhqw ri JGS,

Vrxufh= ELV LIV Vwdqgdug ) Srru*v
Edqnv Ilupv GPE RIL Ilqdqfldo V|vwhp

Qruglf Frxqwulhv +4<<5,
Ilqodqg 0;18 0;14 05615 q2d 04:18
Vzhghq 04;17 0915 05:13 316 04<1:

Ph{lfr +4<<7, 061; 0;19 0415 0:18 0<1:

Hdvw Dvld +4<<:,
Lqgrqhvld 091< 04914 041: q2d 0517
Nruhd 0451; 0815 0515 0615 0615
Pdod|vld 04418 0717 0:13 314 0714
Sklolsslqhv 0;18 0514 0:18 q2d 0;13
Wkdlodqg 07;1< 0:13 0551; 051: 04<1:

Qrwhv= ELV phdvxuhv ri QID duh hqg0ri0txduwhu1 Iru wkh Qruglf frxqwulhv/ 4<<4T6/ iru
Ph{lfr/ 4<<7T6/ iru Hdvw Dvld/ 4<<:T51 Wkh LIV phdvxuhv ri QID duh hqg0ri0|hdu1 Iru wkh
Qruglf frxqwulhv/ 4<<3/ iru Ph{lfr/ 4<<6/ iru Hdvw Dvld 4<<91 GPE= Ghsrvlw Prqh| Edqnv1
RIL= Rwkhu Ilqdqfldo Lqvwlwxwlrqv1

wkh LIV1

Wkh wdeoh shuwdlqv wr ohyhov ri qhw iruhljq dvvhwv lpphgldwho| sulru wr wkh fulvhv1 Lq

prvw fdvhv/ wkhvh ohyhov zhuh wkh uhvxow ri vljql�fdqw ghfolqhv ri qhw iruhljq dvvhw kroglqjv lq

wkh lpphgldwho| suhfhglqj |hduv1 Iru h{dpsoh/ lq glvfxvvlqj Dvldq fulvlv frxqwulhv/ Mdfnvrq

+4<<<, zulwhv= �edqnv lq hdfk frxqwu| udslgo| lqfuhdvhg wkhlu qhw iruhljq oldelolwlhv e| odujh

shufhqwdjhv gxulqj wkh irxu |hduv sulru wr wkh fulvlv1� Wkh LPI Zruog Hfrqrplf Rxworrn

dqg Lqwhuqdwlrqdo Fdslwdo Pdunhwv +ydulrxv |hduv, grfxphqw vlplodu ehkdylru lq rwkhu fulvlv

frxqwulhv1

Zkloh kljko| vxjjhvwlyh/ Wdeoh 4 fdq rqo| hvwdeolvk wkdw �qdqfldo lqvwlwxwlrqv kdg odujh

h{fkdqjh udwh h{srvxuh1 Wklv h{srvxuh frxog/ lq sulqflsoh/ kdyh ehhq khgjhg1 Gdwd olplwd0

wlrqv suhyhqw xv iurp suhflvho| phdvxulqj wkh h{whqw wr zklfk odujh qhw iruhljq dvvhw srvlwlrqv

zhuh khgjhg lq gl�huhqw fulvlv frxqwulhv1 Vwloo/ pdq| txdolwdwlyh dqdo|vhv vxjjhvw wkdw wkhvh

srvlwlrqv zhuh xqkhgjhg1 Odqh hw1 do1 +4<<</ s1 4:, frqfoxgh wkdw Lqgrqhvld/ Nruhd dqg

Wkdlodqg kdg �odujh xqkhgjhg sulydwh vkruw0whup iruhljq fxuuhqf| ghew +111,> lq Nruhd dqg

Wkdlodqg/ wklv ghew zdv pdlqo| lqwhuphgldwhg wkurxjk wkh edqnlqj v|vwhp/ zkloh lq Lqgrqh0

vld wkh frusrudwlrqv kdg khdylhu gluhfw h{srvxuhv wr vxfk ghew1� Ironhuwv0Odqgdx hw1 do1
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+4<<:/ s1 79, zulwh/ zlwk uhihuhqfh wr Wkdlodqg/ �Zkloh edqnv duh eholhyhg wr kdyh khgjhg

prvw ri wkhlu qhw iruhljq oldelolwlhv/ wkh rssrvlwh lv eholhyhg wr eh wuxh iru wkh frusrudwh vhf0

wru1 Wkh frpelqdwlrq ri d vwdeoh h{fkdqjh udwh dqg d zlgh gl�huhqwldo ehwzhhq iruhljq dqg

+pxfk kljkhu, grphvwlf lqwhuhvw udwhv surylghg d vwurqj lqfhqwlyh iru �upv wr wdnh rq iruhljq

fxuuhqf| oldelolwlhv1 Khqfh/ lq dgglwlrq wr wkhlu rzq iruhljq h{fkdqjh h{srvxuh/ edqnv pd|

kdyh d odujh lqgluhfw h{srvxuh lq wkh irup ri fuhglw ulvn wr �upv wkdw kdyh eruurzhg lq iruhljq

fxuuhqflhv1�9

Wkh suhylrxv glvfxvvlrq ohdyhv rshq wkh lvvxh ri zkhwkhu sulydwh djhqwv frxog kdyh khgjhg

h{fkdqjh udwh ulvn lq wzlq fulvlv frxqwulhv1 Ehorz zh glvfxvv hylghqfh rq +l, wkh djhqwv* delolw|

wr eruurz h{whuqdoo| lq xqlwv ri orfdo fxuuhqf|/ +ll, wkh dydlodelolw| ri iruzdug frqwudfwv dqg

rwkhu ghulydwlyhv/ dqg +lll, khgjlqj e| qrq�qdqfldo �upv1

H{whuqdo Ghew Ghqrplqdwhg lq Orfdo Fxuuhqf|

Rqh reylrxv zd| iru edqnv wr khgjh h{fkdqjh udwh ulvn lv wr ghqrplqdwh wkhlu iruhljq

ordqv lq orfdo fxuuhqf|1 Wklv vwudwhj| zdv fhuwdlqo| dydlodeoh iru dw ohdvw wzr wzlq0fulvhv

frxqwulhv/ Vzhghq dqg Ilqodqg1 Wdeoh 5/ edvhg rq ELV gdwd/ vkrzv wkdw ehwzhhq 8 dqg 47

shufhqw ri edqnv* h{whuqdo oldelolwlhv zhuh ghqrplqdwhg lq orfdo fxuuhqf|1

WDEOH 5

Shufhqwdjh ri Edqnv* H{whuqdo Oldelolwlhv lq Orfdo Fxuuhqf|

\hdu 4<<3 4<<4 4<<5 4<<6 4<<7
Ilqodqg <17 4314 <16 4617 4716
Vzhghq ;1< 813 91: 4518 4414

Iruzdugv/ Vzdsv dqg Rwkhu Fxuuhqf| Ghulydwlyhv

Wdeoh 6/ zklfk lv edvhg rq ELV gdwd/ surylghv vrph hylghqfh rq wkh ryhudoo vl}h ri iruhljq

h{fkdqjh ghulydwlyh pdunhwv lq ydulrxv wzlq fulvhv frxqwulhv1 Dw ohdvw e| Dsulo 4<<;/ wkhvh

frxqwulhv kdg dfwlyh ghulydwlyh pdunhwv1 Zkloh vxjjhvwlyh/ Wdeoh 6 shuwdlqv wr d shulrg diwhu

wkh frxqwulhv* wzlq fulvhv1 Wr dgguhvv wklv frqfhuq zh uhihu wr wkh iroorzlqj ixuwkhu vrxufhv

ri lqirupdwlrq1

9Vhh dovr Hlfkhqjuhhq dqg Ilvkorz +4<<;,1

8



WDEOH 6

Uhsruwhg Ryhu0wkh0Frxqwhu Iruhljq H{fkdqjh Ghulydwlyhv Wxuqryhu

+Gdlo| Dyhudjhv/ Dsulo 4<<;/ Ploolrqv ri XV Grooduv,

Ilqodqg 5/667 Sklolsslqhv 5:;
Lqgrqhvld :8< Vrxwk Nruhd 649
Pdod|vld 874 Vzhghq 8/568
Ph{lfr 5/6:; Wkdlodqg 4/<58

41 Hxurprqh| +4<<9, uhsruwv zkdw surgxfwv zhuh r�huhg e| wkh Krqj Nrqj Vkdqjkdl Edqn

Frusrudwlrq +KVEF, iru ydulrxv Dvldq frxqwulhv1 Wkh uhohydqw surgxfwv duh= +4, iruzdug

pdunhwv/ +5, orfdo fxuuhqf| vzdsv/ dqg +6, fxuuhqf| rswlrqv1 KVEF r�huhg doo wkuhh surgxfwv

lq Lqgrqhvld/ Krqj Nrqj/ Vlqjdsruh dqg Wkdlodqg dqg wkh �uvw wzr surgxfwv lq Nruhd/

Pdod|vld/ dqg Wdlzdq1 Lq dgglwlrq/ iruzdug frqwudfwv zhuh dydlodeoh lq Lqgld/ Vul Odqnd/

Sdnlvwdq/ wkh Sklolsslqhv/ Pdxulwlxv/ Pdfdx/ dqg Euxqhl1

51 Dvldprqh| +4<<:, uhsruwhg/ sulru wr wkh fulvlv lq Wkdlodqg/ wkdw wkhuh kdg ehhq �dq

h{sorvlrq lq erwk vsrw dqg iruzdug wudglqj qrw rqo| lq Edqjnrn/ exw dovr lq Vlqjdsruh dqg

Krqj Nrqj1 Uhfhqw gdlo| wxuqryhu/ lqfoxglqj vzdsv/ lv hvwlpdwhg wr eh pruh wkdq XV'5

eloolrq shu gd|/ ryhu wkuhh wlphv wkh dyhudjh gdlo| wudglqj dprxqw lq 4<<61 XV groodu2edkw

lqwhuedqn vsrw dqg iruzdug iruhljq h{fkdqjh pdunhwv duh oltxlg dqg uhdglo| dydlodeoh/ zlwk

pdwxulwlhv xs wr vl{ prqwkv1 XV groodu2edkw fxuuhqf| vzdsv dqg ryhu0wkh0frxqwhu fxuuhqf|

rswlrqv duh dovr srsxodu dqg dfwlyh1�

61 Wdeoh 7/ frqvwuxfwhg iurp wkh EDQNVFRSH gdwdedvh/ vxppdul}hv pdmru Wkdl edqnv*

sxufkdvhv dqg vdohv ri iruzdug pdunhw frqwudfwv iru 4<<91 Wkh odujh jurvv sxufkdvhv dqg vdohv

duh hylghqfh wkdw wkh Wkdl edqnv zhuh lqyroyhg h{whqvlyho| lq wkh iruzdug pdunhw1 Krzhyhu/

wkh uhodwlyho| vpdoo vl}h ri wkhlu qhw sxufkdvhv lv frqvlvwhqw zlwk wkh qrwlrq wkdw wkh edqnv

zhuh dfwlqj dv djhqwv iru wkhlu folhqwv/ dqg qrw khgjlqj wkhlu rzq h{fkdqjh udwh h{srvxuh1

71 Dvldprqh| +4<<9, uhsruwhg wkdw oltxlg iruzdug pdunhwv h{lvwhg lq Lqgrqhvld iru frqwudfwv

xs wr vl{ prqwkv1 Lq dgglwlrq/ rwkhu khgjlqj lqvwuxphqwv zhuh ehfrplqj pruh dfwlyh/ lq0

foxglqj furvv0fxuuhqf| dqg lqwhuhvw udwh vzdsv xs wr �yh |hduv dv zhoo dv fxuuhqf| rswlrqv

zlwk pdwxulwlhv xs wr wzr |hduv1:

:Wkhvh pdunhwv zhuh vxemhfw wr d ydulhw| ri uhjxodwlrqv ghvljqhg wr glvfrxudjh cvshfxodwlrq* lq ghulydwlyh
frqwudfwv1 Lq sduwlfxodu qhw rshq dqg iruzdug srvlwlrqv ri frpphufldo edqnv zhuh olplwhg wr 58 shufhqw ri
wkhlu fdslwdo1

9



WDEOH 7

Vxppdu| ri Iruzdug Pdunhw Dfwlylwlhv e| Wkdl Edqnv

+Ploolrqv ri X1V1 Grooduv,

Iruzdug Frqwudfwv Dvvhwv Udqn
Sxufkdvhg Vrog Qhw +4<<9,

Edqjnrn Edqn <6<7 43678 0<85 783<: 4
Wkdl Iduphuv Edqn 437< 443< 08< 58468 5
Nuxqj Wkdl Edqn 547; q2d q2d 58345 6
Vldp Frpphufldo Edqn 6964 6798 499 54359 8
Edqn ri D|xgk|d 56< 47:: 0456; 4787: 9
Wkdl Plolwdu| Edqn ;;8 4;3 :38 45<54 :
Iluvw Edqjnrn Flw| Edqn 859 ;3: 05;4 <8:8 ;
Vldp Flw| Edqn :34 4554 0853 <36< 43
Edqjnrn Phwursrolwdq Edqn 4:5 5:6 0434 :5<; 46
Edqjnrn Edqn ri Frpphufh 63; 977 0669 9689 47
Edqn ri Dvld 6989 6994 07 7;<6 4:
GEV Wkdl Gdqx Edqn ;34 ::3 63 7978 4;
Vwg1 Fkduwhuhg Qdnruqwkrq Edqn 6<< 84; 0453 57<5 59
Edqnwkdl 57 :5 07; 57:7 5:
XRE Udgdqdvlq Edqn 77 q2d q2d q2d 68
H{sruw0Lpsruw Edqn ri Wkdlodqg 47 99 085 4683 6;

81 Sulru wr wkh fulvlv lq Nruhd/ vl{0prqwk/ rqh0|hdu dqg wkuhh0|hdu iruzdug frqwudfwv zhuh

dydlodeoh dqg wudghg lq grphvwlf pdunhwv1 Krzhyhu wkhvh pdunhwv zhuh qrw yhu| oltxlg/

ehfdxvh ri uhjxodwlrq1; Dffruglqj wr Dvldprqh| +4<<:,/ wkhvh oltxlglw| sureohpv ohg wr

wkh ghyhorsphqw ri d odujh r�vkruh pdunhw iru qrqgholyhudeoh iruzdugv1 Sdun dqg Ukhh

+5333, uhsruw wkdw dyhudjh gdlo| wudglqj lq wkhvh frqwudfwv zdv 583 ploolrq XV grooduv1 Lq

dgglwlrq Nuhjho +4<<;, uhsruwv wkdw Nruhdq edqnv wudghg ryhu '883 eloolrq zruwk ri �qdqfldo

ghulydwlyhv lq 4<<:1 Zh lqihu wkdw/ lpshuihfwlrqv dvlgh/ pdunhwv iru khgjlqj wkh Zrq h{lvwhg1

91 Hxurprqh| +4<<4, uhsruwhg wkdw prvw frpsdqlhv lq Vzhghq ghdow dfwlyho| lq= +l, iruzdug

frqwudfwv zklfk zhuh yhu| oltxlg iru pdwxulwlhv xs wr rqh |hdu dqg idluo| oltxlg iru pdwxulwlhv

xs wr wzr |hduv> +ll, fxuuhqf| rswlrqv zklfk zhuh oltxlg jrlqj rxw wr 4; prqwkv lq pdwxulw|>

dqg +lll, fxuuhqf| vzdsv1 Dffruglqj wr wkh ELV/ wkh qrwlrqdo sulqflsdo ri fxuuhqf| vzdsv

lqyroylqj wkh Vzhglvk Nurqd/ ydoxhg lq eloolrqv ri XV grooduv/ zdv 4:1:/ 5<1</ 6716/ dqg 6:16/

dv ri Ghfhpehu 4<<4/ 4<<5/ 4<<6 dqg 4<<7/ uhvshfwlyho|1

;Iru h{dpsoh/ edqnv zhuh qrw shuplwwhg wr fduu| d vsrw vkruw srvlwlrq deryh olplwv ghwhuplqhg e| wkh
Edqn ri Nruhd1

:



:1 Hxurprqh| +4<<4, uhsruwv wkdw wkhuh zdv dq dfwlyh iruzdug pdunhw lq X1V1 Groodu0Ilqqlvk

Pdund zlwk pdwxulwlhv xs wr rqh |hdu1

Khgjlqj e| Qrq�qdqfldo Ilupv

Wdeoh 8/ h{wudfwhg iurp Dood|dqqlv/ Eurzq dqg Nodsshu +5333,/ suhvhqwv dgglwlrqdo hyl0

ghqfh rq wkh delolw| ri sulydwh djhqwv wr khgjh h{fkdqjh udwh ulvn lq wkh Dvldq frxqwulhv sulru

wr wkh fulvlv ri 4<<:1 Vshfl�fdoo|/ zh glvsod| wkhlu hvwlpdwh ri wkh shufhqwdjh ri qrq�qdqfldo

�upv* iruhljq ghew wkdw zdv khgjhg lq 4<<91 Qrwlfh wkdw zlwk wkh h{fhswlrq ri Wdlzdq/ �upv

khgjhg d qrqwulyldo dprxqw ri wkhlu iruhljq ghew1 Suhvxpdeo|/ li �upv frxog khgjh/ vr frxog

edqnv1<

WDEOH 8

Shufhqwdjh ri Iruhljq Ghew Khgjhg e| Qrqilqdqfldo Ilupv/ 4<<9

Krqj Nrqj2Fklqd 6:14 Vlqjdsruh 5<18
Lqgrqhvld 5;16 Vrxwk Nruhd q2d
Pdod|vld <14 Wdlzdq 71:
Sklolsslqhv 461; Wkdlodqg 5918

Ylhzhg ryhudoo/ wkh hylghqfh uhylhzhg lq wklv vhfwlrq surylghv vxevwdqwldo vxssruw iru

wkh ylhz wkdw khgjlqj yhklfohv zhuh dydlodeoh wr sulydwh djhqwv/ lqfoxglqj edqnv/ lq pdq| ri

wkh wzlq fulvhv frxqwulhv1 Ri frxuvh wkh hylghqfh grhv qrw whoo xv zkdw wkh frvwv ri khgjlqj

wkurxjk wkhvh yhklfohv zdv ru krz wkh frvw zdv d�hfwhg e| pdfurhfrqrplf ghyhorsphqwv1

Wklv lv fohduo| dq lpsruwdqw wrslf iru ixwxuh uhvhdufk1

61 D Prgho ri Edqnlqj lq dq Vpdoo Rshq Hfrqrp|

Lq wklv vhfwlrq zh glvfxvv rxu ehqfkpdun prgho1 Iru wkh edqnv lq rxu dqdo|vlv wr idfh

d qrqwulyldo ghflvlrq/ zh pxvw pdnh wzr nh| dvvxpswlrqv= +l, edqnv rshudwh lq d �{hg

h{fkdqjh udwh uhjlph wkdw pd| froodsvh/ dqg +ll, iruzdug pdunhwv h{lvw1 Zlwk uhvshfw wr

+ll, zh dvvxph wkdw iruzdug pdunhwv duh shuihfw1 Wkhuh duh dw ohdvw wkuhh uhdvrqv zk| wklv

lv dq lqwhuhvwlqj ehqfkpdun fdvh1 Iluvw/ lw doorzv xv wr dqdo|}h zkdw zrxog kdsshq li doo

iruzdug pdunhw lpshuihfwlrqv zhuh holplqdwhg1 Rxu dqdo|vlv lpsolhv wkdw edqnv zrxog qrw

dydlo wkhpvhoyhv ri wkhvh pdunhwv lq wkh suhvhqfh ri jryhuqphqw jxdudqwhhv1 Vhfrqg/ wzlq

<Qrwh wkdw Nruhd lv qrw lqfoxghg lq Wdeoh 81 Dffruglqj wr Dood|dqqlv/ Eurzq dqg Nodsshu +5333, Nruhdq
odz pdgh lw gl!fxow iru qrq�qdqfldo �upv wr xvh fxuuhqf| ghulydwlyhv1 Lqghhg/ wkh LPI +4<<:, uhsruwv
wkdw lq Nruhd wkhuh zhuh �qr vshfl�f uhvwulfwlrqv rq wkh whupv ri iruzdug frqwudfwv lq uhvshfw ri lqwhuedqn
wudqvdfwlrqv� exw �iruzdug frqwudfwv ehwzhhq iruhljq h{fkdqjh edqnv dqg qrqedqn fxvwrphuv pxvw eh edvhg
rq d erqd �gh wudqvdfwlrq1� Suhvxpdeo| �upv frxog rqo| khgjh h{fkdqjh udwh ulvn dvvrfldwhg zlwk h{sruw
vdohv ru sxufkdvhv/ yld dq duudqjhphqw olnh d edqnhu*v dffhswdqfh1

;



fulvhv gr qrw kdsshq rqo| lq hphujlqj pdunhwv zkhuh iruzdug pdunhwv pd| zhoo eh txlwh

lpshuihfw1 Wkh| dovr rffxu lq frxqwulhv vxfk dv Vzhghq zkhuh wkh dvvxpswlrq ri zhoo0

ixqfwlrqlqj iruzdug pdunhwv vhhpv uhdvrqdeoh1 Ilqdoo|/ wkh ehqfkpdun fdvh pdnhv fohdu rqh

uhdvrq zk| pdunhwv iru vhfxulwlhv wr khgjh h{fkdqjh udwh ulvn/ vxfk dv iruzdug frqwudfwv dqg

iruhljq ghew ghqrplqdwhg lq orfdo fxuuhqf|/ pd| qrw h{lvw= lq �{hg h{fkdqjh udwh hfrqrplhv

zlwk jryhuqphqw jxdudqwhhv/ edqnv kdyh qr lqfhqwlyhv wr sduwlflsdwh lq wkhp1

Zh ehjlq e| vwxg|lqj d sduwldo htxloleulxp prgho ri edqnv lq d vpdoo rshq hfrqrp|1 E|

dvvxpswlrq wkhuh lv d vlqjoh frqvxpswlrq jrrg dqg qr eduulhuv wr wudgh/ vr wkdw sxufkdvlqj

srzhu sdulw| krogv=

�| ' 7|�
W
| � +614,

Khuh �| dqg � W
| ghqrwh wkh grphvwlf dqg iruhljq sulfh ohyhov uhvshfwlyho|/ zkloh 7| ghqrwhv

wkh h{fkdqjh udwh gh�qhg dv xqlwv ri grphvwlf fxuuhqf| shu xqlw ri iruhljq fxuuhqf|1 Iru

frqyhqlhqfh zh qrupdol}h wkh iruhljq sulfh ohyho wr rqh= � W
| ' � iru doo |1

Wkh udwh ri ghsuhfldwlrq ri wkh h{fkdqjh udwh lv dvvxphg wr iroorz d Pdunry fkdlq1 Wkh

hfrqrp| lv lqlwldoo| lq d �{hg h{fkdqjh udwh uhjlph/ 7|*7|3� ' �/ zlwk h{fkdqjh udwh 7| ' 7U 1

Wkh hfrqrp| fdq vzlwfk wr d ghydoxdwlrq uhjlph/ 7|*7|3� ' � : �/ zklfk lv dq devruelqj

vwdwh1 Wkh suredelolw| wudqvlwlrq pdwul{ lv jlyhq e|=

A '

�
�� R R
f �

�
1

Khuh R ' �hE7|n�*7| ' �m7|*7|3� ' ��/ lv wkh suredelolw| ri vzlwfklqj iurp wkh �{hg

h{fkdqjh udwh uhjlph wr wkh ghydoxdwlrq uhjlph143 Wkh yduldeoh 7( ' �7U ghqrwhv wkh ohyho

ri wkh h{fkdqjh udwh lq wkh �uvw shulrg ri wkh ghydoxdwlrq uhjlph144 Vlqfh zh irfxv rq edqnv*

khgjlqj vwudwhjlhv sulru wr wkh ghydoxdwlrq/ zh vxssuhvv wlph vxevfulswv wkurxjkrxw pxfk ri

wkh uhvw ri wkh sdshu1

6141 Wkh Edqnlqj Vhfwru

Iru qrz zh dvvxph wkdw edqnv eruurz lq grooduv dqg ohqg lq orfdo fxuuhqf|/ vr wkdw wkh| duh

h{srvhg wr d fxuuhqf| plvpdwfk1 Lq vhfwlrq 7 zh vkrz wkdw/ lq wkh suhvhqfh ri jryhuqphqw

jxdudqwhhv/ edqnv duh zloolqj wr wdnh rq wklv plvpdwfk1

Edqnv/ doo ri zkrp duh shuihfwo| frpshwlwlyh/ �qdqfh wkhpvhoyhv hqwluho| e| eruurzlqj

u grooduv dw wkh jurvv lqwhuhvw udwh -K lq wkh lqwhuqdwlrqdo fdslwdo pdunhw1 Wkhvh ixqgv duh

43Lq Exuqvlgh/ Hlfkhqedxp dqg Uhehor +5333d, zh hqgrjhql}h wkh suredelolw| ri ghydoxdwlrqv lq d pdqqhu
frqvlvwhqw zlwk wkh zd| edqnv duh prghohg lq wklv sdshu1

44Wkh dqdo|vlv fdq eh jhqhudol}hg wr wkh fdvh zkhuh wkhuh lv pruh wkdq rqh srvvleoh ydoxh ri V lq wkh hyhqw
ri d ghydoxdwlrq1

<



frqyhuwhg lqwr orfdo fxuuhqf| dw h{fkdqjh udwh 7U1 Edqnv xvh wkhvh ixqgv wr pdnh ordqv wkdw

duh uhsdlg lq xqlwv ri wkh grphvwlf fxuuhqf| dw wkh qrqlqgh{hg jurvv lqwhuhvw udwh -@1

Wr eh lq wkh edqnlqj exvlqhvv uhtxluhv dq lqyhvwphqw rig xqlwv ri rxwsxw dw wkh ehjlqqlqj

ri hyhu| shulrg1 Li wkh edqn grhv qrw h{lw wkh lqgxvwu| e| wkh hqg ri wkh shulrg lw uhfrxsv

E��B�g xqlwv ri lwv fdslwdo lqyhvwphqw1 Khuh B uhsuhvhqwv wkh udwh ri ghsuhfldwlrq rq fdslwdo1

Li wkh edqn grhv h{lw/ lw fdqqrw uhwulhyh dq| ri lwv lqlwldo fdslwdo lqyhvwphqw1 Vlqfh fdslwdo

fdq eh lqyhvwhg lq zruog fdslwdo pdunhwv/ wkh shu shulrg rssruwxqlw| frvw ri hqwhulqj wkh

edqnlqj lqgxvwu| lv -g1 Khuh - lv wkh jurvv lqwhuhvw udwh rq groodu0ghqrplqdwhg ordqv lq

wkh zruog fdslwdo pdunhw1

Zh devwudfw iurp wkh uroh ri edqnv dv surgxfhuv ri lqirupdwlrq dqg irfxv gluhfwo| rq wkh

uhdo frvwv ri pdnlqj ordqv145 E| dvvxpswlrq/ wkh uhdo frvw ri ohqglqj u xqlwv ri rxwsxw lv

�Eu�1 Wkh ixqfwlrq �Eu� lv srvlwlyh/ wzlfh frqwlqxrxvo| gl�huhqwldeoh/ lqfuhdvlqj dqg vwulfwo|

frqyh{ iru u : f/ vr wkdw wkh pdujlqdo frvw ri pdnlqj ordqv lv lqfuhdvlqj1 Wkh edqn*v hqg0ri0

shulrg groodu0ghqrplqdwhg sur�wv iurp ohqglqj dfwlylwlhv/ lqfoxvlyh ri hqg0ri0shulrg fdslwdo/

duh=

ZuEuc %(7� '
-@7Uu

7
n E�� B�g � �Eu�� -KEuc %�u� +615,

Khuh 7 ghqrwhv wkh h{fkdqjh udwh wkdw suhydlov dw wkh hqg ri wkh shulrg1 Lq dgglwlrq/ %

ghqrwhv wkh qxpehu ri xqlwv ri orfdo fxuuhqf| vrog e| wkh edqn lq wkh iruzdug pdunhw1 -K lv

zulwwhq dv d ixqfwlrq ri u dqg % ehfdxvh edqnv idfh d frpshwlwlyho| ghwhuplqhg vfkhgxoh ri

eruurzlqj udwhv wkdw ghshqgv rq wkhlu fkrlfhv iru u dqg %1 Wklv hperglhv rxu dvvxpswlrq

wkdw iruhljq fuhglwruv fdq revhuyh edqnv* sruwirolrv1

Edqnv fdq khgjh h{fkdqjh udwh ulvn e| hqwhulqj lqwr iruzdug frqwudfwv146 Ohw 8 ghqrwh wkh

rqh0shulrg iruzdug h{fkdqjh udwh gh�qhg dv xqlwv ri orfdo fxuuhqf| shu groodu1 Wr vlpsoli|

zh devwudfw iurp wudqvdfwlrqv frvwv dqg dvvxph wkdw wkhvh frqwudfwv duh sulfhg lq d ulvn

qhxwudo pdqqhu/ vr wkdw=47

�

8
' E�� R�

�

7U
n R

�

7(
� +616,

Groodu0ghqrplqdwhg sur�wv iurp khgjlqj dfwlylwlhv duh=

ZME%(7� ' %

�
�

8
�

�

7

�
� +617,

45Iru d vlplodu prgho vhh Fkdul/ Fkulvwldqr dqg Hlfkhqedxp +4<<9, dqg Hgzdugv dqg Yhjk +4<<:,1 Iru
dowhuqdwlyh prghov ri wkh uroh ri edqnv lq fxuuhqf| fulvhv vhh Dnhuori dqg Urphu +4<<6,/ Fdedoohur dqg
Nulvkqdpxuwk| +4<<;,/ dqg Fkdqj dqg Yhodvfr +4<<<,1

46Vhh Doextxhutxh +4<<<, iru d jhqhudo glvfxvvlrq ri rswlpdo khgjlqj vwudwhjlhv lq wkh suhvhqfh ri wudqv0
dfwlrqv frvwv/ lqfoxglqj wkh fkrlfh ehwzhhq iruzdugv dqg rswlrqv dv khgjlqj lqvwuxphqwv1

47Qrwh wkdw vlqfh S �
w @ 4/ wklv htxdwlrq lpsolhv wkdw wkh h{shfwhg uhdo uhwxuq iurp d iruzdug frqwudfw

lv }hur1 Wklv dyrlgv Vlhjho*v +4<:5, sdudgr{/ zklfk dulvhv zkhq wkh h{shfwhg qrplqdo uhwxuq wr iruzdug
frqwudfwv lv dvvxphg wr eh }hur1
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Qrwlfh wkdw wkh h{shfwhg ydoxh ri wkh edqn*v sur�wv iurp khgjlqj lv .dZME�(7�o ' f1 Wkh

edqn*v wrwdo groodu sur�wv iurp ordq soxv khgjlqj rshudwlrqv duh jlyhq e|

ZEuc %(7� ' ZuEuc %(7� n ZME%(7�� +618,

E| dvvxpswlrq edqnv fdq ghidxow rq ordqv frqwudfwhg lq wkh lqwhuqdwlrqdo fdslwdo pdunhw1

Lw lv rswlpdo iru edqnv wr ghidxow lq vwdwhv ri wkh zruog zkhuh Z lv qhjdwlyh1 Wkh h{shfwhg

sur�w ri d edqn wkdw ghidxowv zkhqhyhu ZE�(7� 	 f lv

T Euc %� ' .d4@ iZEuc %(7�c fjo1 +619,

zkhuh . lv wkh h{shfwdwlrq zlwk uhvshfw wr 71

Zkhq d edqn ghidxowv lw kdv jurvv dvvhwv zlwk d uhvlgxdo ydoxh jlyhq e|

T -Euc %(7� '
-@7Uu

7
� �Eu� n E�� B�g n %

�
�

8
�

�

7

�

' ZEuc %(7� n-KEuc %�u� +61:,

Wkhvh dvvhwv/ qhw ri edqnuxswf| frvwv/ duh glvwulexwhg wr wkh edqn*v lqwhuqdwlrqdo fuhglwruv1

Edqnuxswf| frvwv duh jlyhq e|

��Euc %(7� ' / n bT -Euc %(7�� +61;,

Khuh / uhsuhvhqwv �{hg frvwv dvvrfldwhg zlwk edqnuxswf| dqg b uhsuhvhqwv wkh iudfwlrq ri wkh

edqn*v jurvv dvvhwv wkdw duh glvvlsdwhg xsrq ghidxow148 E| lqfoxglqj wkh edqn*v qhw sur�wv

iurp khgjlqj lq T -/ zh kdyh dvvxphg wkdw iruzdug frqwudfwv pxvw eh vhwwohg ehiruh wkh

edqn*v iruhljq fuhglwruv duh sdlg1 Frqglwlrq +61;, fdq dovr eh lqwhusuhwhg dv d froodwhudo

frqvwudlqw= edqnv kdyh wr sohgjh sduw ri wkhlu uhyhqxhv wr hqvxuh wkdw wkh| fdq vhwwoh wkhlu

iruzdug srvlwlrqv lq wkh hyhqw ri d ghydoxdwlrq1

Wkurxjkrxw zh dvvxph wkdw edqn ordqv dqg iruzdug rshudwlrqv duh sxeolfo| revhuydeoh1

Edqnv fkrrvh u dqg % vxemhfw wr wkh frqvwudlqw wkdw iruzdug frqwudfwv pxvw eh krqruhg lq

doo vwdwhv ri wkh zruog1 Wklv lpsolhv wkdw

li Z E�(7� 	 f wkhq T -E�(7� � ��E�(7�c +61<,

vr wkdw wkh edqn*v uhvlgxdo ydoxh qhw ri edqnuxswf| frvwv lv qrqqhjdwlyh diwhu wkh vhwwohphqw

ri iruzdug frqwudfwv zkhwkhu ru qrw wkh fxuuhqf| lv ghydoxhg1 Zh zloo uhihu wr +61<, dv wkh

cqr ghidxow rq iruzdug frqwudfwv* frqglwlrq1 Wklv lv d qdwxudo frqglwlrq wr lpsrvh1 Li wkhuh

zhuh vxevwdqwldo ghidxowv dvvrfldwhg zlwk iruzdug frqwudfwv/ sulfhv zrxog ydu| vljql�fdqwo|

dfurvv �upv1 Lq uhdolw|/ wklv grhv qrw vhhp wr eh wkh fdvh1

48Zkhq $ lv }hur/ djhqwv duh lqgl�huhqw ehwzhhq ydulrxv khgjlqj vwudwhjlhv1 Dv glvfxvvhg lq wkh Dsshqgl{/
d srvlwlyh $ vhuyhv wkh uroh ri d cwlh0euhdnhu*1
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Edqnv* Eruurzlqj Udwh Devhqw Ordq Jxdudqwhhv

E| dvvxpswlrq/ iruhljq ohqghuv duh ulvn qhxwudo1 Khqfh wkh| zloo vhw d vfkhgxoh ri lqwhuhvw

udwhv/ -KEuc %�/ zlwk wkh surshuw| wkdw wkh h{shfwhg uhwxuq wr wkhlu lqyhvwphqw htxdov - iru

doo Euc %�1 Uhfdoo wkdw edqnv ghidxow zkhqhyhu wkhlu wrwdo sur�wv/ ZEuc %(7�/ duh qhjdwlyh1

Lw lv frqyhqlhqw wr gh�qh dq lqglfdwru ixqfwlrq UdZEuc %(7�o zklfk wdnhv wkh ydoxh � zkhq

ZEuc %(7� 	 f dqg wkh ydoxh }hur rwkhuzlvh1 Wkh -KEuc %� vfkhgxoh lv ghwhuplqhg e| wkh

frqglwlrq=

-u ' .i
�
E�� UdZE�(7�o�-KE��un UdZE�(7�o

�
T -E�(7�� ��E�(7�

��
' -KE��un.i

�
UdZE�(7�o

�
T -E�(7�� ��E�(7�� -KE��u

��
c +6143,

zkhuh . ghqrwhv wkh h{shfwdwlrq zlwk uhvshfw wr 71 Wr xqghuvwdqg wkh suhylrxv htxdwlrq

qrwh wkdw zkhqhyhu wkh edqn grhv qrw ghidxow +UdZE�(7�o ' �, lw uhsd|v iruhljq fuhglwruv

-KE��u1 Li wkh edqn grhv ghidxow +UdZE�(7�o ' f,/ wkhq iruhljq fuhglwruv uhfhlyh wkh edqn*v

uhvlgxdo ydoxh qhw ri edqnuxswf| frvwv/ T -E�(7�� ��E�(7�1

Wr looxvwudwh krz wklv frqglwlrq zrunv/ vxssrvh wkdw Euc %� lv vxfk wkdw d edqn lv ixoo|

khgjhg/ l1h1 lwv sur�wv duh dozd|v qrq0qhjdwlyh dqg UdZEuc %(7�o ' f iru doo 71 Wkhq +6143,

lpsolhv wkdw -KEuc %� ' -1 Lq frqwudvw/ vxssrvh wkdw Euc %� lv vxfk wkdw wkh edqn*v sur�wv

duh qhjdwlyh zkhq 7 ' 7( dqg qrq0qhjdwlyh zkhq 7 ' 7U 1 Lq wklv fdvh wkh edqn ghidxowv

zkhq d ghydoxdwlrq rffxuv/ vr wkdw -KEuc %� lv jlyhq e|=

-u ' E�� R�-KEuc %�un R
�
T -Euc %(7(�� ��Euc %(7(�

�
1 +6144,

Edqnv* Eruurzlqj Udwh Zlwk Ordq Jxdudqwhhv

Vxssrvh wkdw wkhuh duh jryhuqphqw jxdudqwhhv zklfk dsso| rqo| wr wkh ghydoxdwlrq vwdwh1

Lq wklv fdvh wkh -KEuc %� vfkhgxoh lv ghwhuplqhg e| wkh frqglwlrq=

-u ' -KE��un E�� R�UdZE�(7U�o
�
T -E�(7U�� ��E�(7U��-KE��u

�
+6145,

Wklv frqglwlrq lpsolhv wkdw -KEuc %� ' - iru doo Euc %� vxfk wkdw sur�wv lq vwdwh 7 ' 7U duh

qrq0qhjdwlyh1 Lw grhv qrw pdwwhu li wkh edqn ghidxowv lq vwdwh 7 ' 7(/ ehfdxvh lq wklv fdvh

wkh jryhuqphqw sd|v iruhljq fuhglwruv -KEuc %�u1

Zh frqfoxgh wklv vhfwlrq zlwk d sursrvlwlrq wkdw surylghv xv zlwk d frqyhqlhqw uhsuhvhq0

wdwlrq ri wkh �up*v remhfwlyh ixqfwlrq1
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Sursrvlwlrq 6141 Wkh remhfwlyh ixqfwlrq ri wkh uhsuhvhqwdwlyh edqn/ +619,/ fdq eh uhzulwwhq

dv

T Euc %� ' T -
e Eu�� �Euc %�c +6146,

zkhuh

T -
e Eu� ' -@7

U

8
u� �Eu� n E�� B�gc +6147,

dqg �Euc %� lv wkh edqn*v h{shfwhg frvw ri eruurzlqj1 Lw wdnhv wkh irup

�Euc %� ' .i4�?d-KEuc %�uc T -Euc %(7�j� +6148,

Khuh . ghqrwhv wkh h{shfwdwlrq zlwk uhvshfw wr 71

Surri= Vhh Dsshqgl{1

Dffruglqj wr +6146,/ wkh h{shfwhg ydoxh ri d edqn*v sur�wv fdq eh ghfrpsrvhg lqwr wzr

sduwv/ T -
e Eu� dqg �Euc %�1 Wr xqghuvwdqg wkh �uvw sduw/ qrwh wkdw vlqfh iruzdug pdunhwv

duh dfwxduldoo| idlu/ .E�*7� ' �*8 1 Vr T -
e Eu� lv wkh edqn*v h{shfwhg uhyhqxh iurp ordqv

plqxv wkh frvwv ri surgxflqj wkrvh ordqv/ lqfoxvlyh ri hqg ri shulrg fdslwdo1 T -
e Eu� grhv

qrw ghshqg rq % vlqfh wkh h{shfwhg sur�w iurp khgjlqj lv }hur1 Wkh whup �Euc %� htxdov

wkh edqn*v h{shfwhg frvw ri eruurzlqj1 Wr vhh wklv/ qrwh wkdw wkh edqn zloo hlwkhu uhsd| lwv

fuhglwruv -KE��u ru T -E�(7� ghshqglqj rq zkhwkhu ru qrw lw ghfoduhv edqnuxswf|1 Vr �E�� lv

mxvw wkh suredelolw| ri qrw ghidxowlqj wlphv -KE��u soxv wkh suredelolw| ri ghidxowlqj wlphv

wkh uhvlgxdo dvvhwv ri wkh edqn/ T -E�(7�1

Htxdwlrq +6146, lv xvhixo ehfdxvh T -
e Eu� grhv qrw ghshqg rq %1 Wklv phdqv zh fdq

jdlq lqwxlwlrq derxw edqnv* rswlpdo khgjlqj vwudwhjlhv e| frqvlghulqj wkh ydoxh ri % wkdw

plqlpl}hv wkh h{shfwhg frvw ri eruurzlqj/ �Euc %�/ iru d jlyhq ordq vl}h u1

71 Rswlpdo Edqn Khgjlqj zkhq Ordqv duh Suhghwhuplqhg

Wr krqh rxu lqwxlwlrq derxw wkh h�hfwv ri jryhuqphqw jxdudqwhhv zh �uvw frqvlghu wkh fdvh

zkhuh wkh dprxqw ri uhdo ohqglqj/ u/ lv h{rjhqrxvo| �{hg1 Jlyhq wklv dvvxpswlrq/ d edqn*v

rqo| ghflvlrq lv krz pxfk h{fkdqjh udwh ulvn wr khgjh1 Lq wklv vhfwlrq zh suryh wzr sursr0

vlwlrqv= +l, lw lv rswlpdo iru d edqn wr ixoo| khgjh h{fkdqjh udwh ulvn zkhq wkhuh duh qr

jryhuqphqw jxdudqwhhv> dqg +ll, lw lv qrw rswlpdo iru d edqn wr khgjh h{fkdqjh udwh ulvn

lq wkh suhvhqfh ri jryhuqphqw jxdudqwhhv1 Wkhvh sursrvlwlrqv pluuru wkh fodvvlf uhvxowv lq

Nduhnhq dqg Zdoodfh +4<:;, rq wkh lpsdfw ri ghsrvlw lqvxudqfh rq edqnv* rswlpdo sruwirolr

ghflvlrqv1 Zkloh wkh qdwxuh ri jryhuqphqw jxdudqwhhv lv gl�huhqw/ erwk rxu uhvxowv dqg wkrvh
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ri Nduhnhq dqg Zdoodfh +4<:;, duh gulyhq e|= +l, wkh suhvhqfh ri edqnuxswf| frvwv/ dqg +ll,

wkh delolw| ri edqnv wr pdnh sruwirolr ghflvlrqv wkdw plqlpl}h wkh ydoxh ri wkhlu dvvhwv lq

edqnuxswf| vwdwhv1 Zh frqfoxgh wklv vhfwlrq e| vkrzlqj krz rxu uhvxowv h{whqg wr wkh fdvh

ri suredelolvwlf jryhuqphqw jxdudqwhhv1

Zh ehjlq e| fkdudfwhul}lqj d edqn*v rswlpdo khgjlqj vwudwhj| lq dq hfrqrp| zlwkrxw

jxdudqwhhv1

Sursrvlwlrq 7141 Lq dq hfrqrp| zlwk qr jryhuqphqw jxdudqwhhv/ u �{hg/ T -
e Eu� : -u/

dqg +61<, vdwlv�hg/ frpsohwh khgjlqj lv rswlpdo iru f 	 b 	 �1 Zkhq b ' / ' f wkh

Prgljoldql0Ploohu wkhruhp dssolhv dqg wkh edqn lv lqgl�huhqw ehwzhhq khgjlqj dqg qrw khgj0

lqj1

Surri= Vhh Dsshqgl{1

Wr vhh wkh lqwxlwlrq ehklqg wklv uhvxow frqvlghu d edqn wkdw frpsduhv ghidxowlqj rqo|

lq wkh ghydoxdwlrq vwdwh zlwk qhyhu ghidxowlqj1 Jlyhq Sursrvlwlrq 614/ dqg d �{hg ohyho ri

ohqglqj/ u/ wkh rswlpdo khgjlqj vwudwhj|/ %/ lv wkh rqh zklfk plqlpl}hv wkh h{shfwhg frvw ri

eruurzlqj1

Li d edqn fkrrvhv % vxfk wkdw lw ghidxowv lq wkh ghydoxdwlrq vwdwh1 Htxdwlrqv +61;,/ +6148,

dqg +6144,/ lpso| wkdw wkh edqn*v h{shfwhg frvw ri eruurzlqj lv=

�Euc %� ' -un RdT -Euc %(7(�� ��Euc %(7(�o

' -un Rd/ n E�� b�T -Euc %(7(�o1

Frqglwlrqdo rq d vwudwhj| ri ghidxowlqj lq wkh ghydoxdwlrq vwdwh/ �E%cu� lv plqlpl}hg e|

fkrrvlqj % wr plqlpl}h wkh edqn*v uhvlgxdo ydoxh lq wkdw vwdwh1 Wklv lqyroyhv fkrrvlqj wkh

orzhvw ydoxh ri % frqvlvwhqw zlwk qrw ghidxowlqj rq iruzdug frqwudfwv +vhh htxdwlrq ^61<`,1

Wkh plqlpxp ydoxh ri �Euc %� wkdw fdq eh dfklhyhg xqghu wklv vwudwhj| lv=

�UEu� � 4�?
t%�ZEu(7U �DfcZEu(7(�	f�

�Euc %� ' -un R
/

�� b
1

Wkh whup /*E� � b� lv wkh uhvlgxdo ydoxh wkdw wkh edqn kdv wr ohdyh lq edqnuxswf| vwdwhv1

Wkhvh uhvrxufhv duh qrw uhfhlyhg e| wkh iruhljq fuhglwruv vlqfh wkh| duh glvvlsdwhg lq edqn0

uxswf| frvwv1

Li wkh edqn vhwv % htxdo wr dq| ydoxh vxfk wkdw wkh edqn lv ixoo| khgjhg dqg qhyhu ghidxowv/

wkhq lw fdq eruurz dw wkh ulvn iuhh udwh1 Wkh h{shfwhg frvw ri eruurzlqj lv=

�MEu� ' -u1

Dv orqj dv wkhuh duh �{hg frvwv ri edqnuxswf| +l1h1 / : f,/ wkhq �UEu� : �MEu� dqg lw lv

rswlpdo iru wkh edqn wr ixoo| khgjh1
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Zh qrz fkdudfwhul}h wkh rswlpdo khgjlqj vwudwhj| lq dq hfrqrp| zlwk jryhuqphqw jxdu0

dqwhhv1

Sursrvlwlrq 7151 Frqvlghu dq hfrqrp| zlwk jryhuqphqw jxdudqwhhv dqg u �{hg1 Vxssrvh

wkdw= T -
e Eu� : -u/ f 	 b 	 �/ f 	 / 	 E� � b�-u dqg htxdwlrq +61<, lv vdwlv�hg1 Wkhq

ixoo khgjlqj lv qrw rswlpdo1 Wkh edqn*v rswlpdo vwudwhj| lv wr vhw % wr lwv orzhvw shuplvvleoh

erxqg/ jlyhq e| +61<,/ dqg ghidxow rq lwv ghew zkhq d ghydoxdwlrq rffxuv1

Surri= Vhh Dsshqgl{1

Wr vhh wkh lqwxlwlrq ehklqg wklv uhvxow/ zh djdlq frqvlghu wkh fdvh lq zklfk d edqn

frpsduhv ghidxowlqj lq wkh ghydoxdwlrq vwdwh wr ehlqj ixoo| khgjhg1 Li d edqn ghidxowv rqo|

lq wkh ghydoxdwlrq vwdwh/ wkhq htxdwlrqv +61;,/ +6148, dqg wkh idfw wkdw -KEuc %� ' - lpso|

wkdw wkh edqn*v h{shfwhg frvw ri eruurzlqj lv=

�Euc %� ' E�� R�-un R��Euc %(7(�

' E�� R�-un Rd/ n bT -Euc %(7(�o1

Wr plqlpl}h�Euc %� frqglwlrqdo rq wklv vwudwhj|/ d edqn zloo fkrrvh % wr plqlpl}h T -Euc %(7(�

vxemhfw wr frqglwlrq +61<,1 Wklv pd| lqyroyh vhwwlqj % wr eh d qhjdwlyh qxpehu/ l1h1 wkh edqn

pdjql�hv lwv h{fkdqjh udwh h{srvxuh e| vhoolqj grooduv iruzdug1 Li wkh edqn lv jrlqj wr jr

eurnh lw zdqwv wr plqlpl}h wkh ydoxh ri dvvhwv wkdw lwv fuhglwruv fdq vhl}h1 Iruzdug frqwudfwv

wkdw orvh prqh| lq wkh ghydoxdwlrq vwdwh khos wkh edqn gr wklv1 Wkh orzhvw ydoxh ri �Euc %�

wkdw fdq eh dfklhyhg xqghu wklv vwudwhj| lv=

�UEu� � 4�?
t%�ZEu(7U�DfcZEu(7(�	f�

�Euc %� ' E�� R�-un R
/

�� b
�

Dv ehiruh wkh h{shfwhg frvw ri eruurzlqj li wkh edqn fkrrvhv % vr wkdw lw qhyhu ghidxowv lv=

�MEu� ' -u�

Vxssrvh wkdw wkh plqlpxp frvwv ri edqnuxswf| duh orzhu wkdq wkh frvwv ri uhsd|lqj wkh

ordqv/ l1h1

/

�� b
	 -u� +714,

Wkhq �UEu� lv ohvv wkdq �MEu� dqg lw lv rswlpdo wr ghidxow zkhq d ghydoxdwlrq rffxuv1

Zh frqfoxgh wkdw zlwk jryhuqphqw jxdudqwhhv/ edqnv jr edqnuxsw lq wkh ghydoxdwlrq

vwdwh1 Wkh orzhvw shuplvvleoh ydoxh ri % zloo/ lq vrph fdvhv/ eh qhjdwlyh/ vr wkdw edqnv dgrsw

d khgjlqj vwudwhj| wkdw lqyroyhv vhoolqj grooduv iruzdug1 Zkloh wklv pljkw eh fkdudfwhul}hg dv

uhfnohvv vshfxodwlrq/ lw lv vlpso| wkh rswlpdo uhvsrqvh ri edqnv wr jryhuqphqw jxdudqwhhv149

49Lqwhuhvwlqjo|/ Nuhjho +4<<;, uhsruwv wkdw XV edqnv pdgh d sur�w ri urxjko| '719 eloolrq sur�wv rq Zrq
ghulydwlyh frqwudfwv lq 4<<:1
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Suredelolvwlf Jryhuqphqw Jxdudqwhhv dqg Iudfwlrqdo Edlorxwv

Zh fdq prgli| rxu dqdo|vlv wr dffrpprgdwh wkh fdvh lq zklfk djhqwv h{shfw wkdw/ zlwk

suredelolw| k/ wkh jryhuqphqw zloo uhsd| edqn*v iruhljq fuhglwruv lq wkh hyhqw ri d ghydoxd0

wlrq14: Wr frqvhuyh rq vsdfh zh rqo| frqvlghu wkh fdvh zkhuh edqnv frqwhpsodwh ghidxowlqj

zkhq 7 ' 7(1 Dv lq wkh fdvh ri fhuwdlq jryhuqphqw jxdudqwhhv/ wkh h{shfwhg frvw ri eruurz0

lqj iru d ixoo| khgjhg edqn lv -u1 Li wkh edqn lv qrw ixoo| khgjhg dqg ghidxowv zkhq 7 ' 7(c

lwv h{shfwhg frvw ri eruurzlqj lv= E�� R�-KE��un RT -E�(7(�1 Wkh frqglwlrq hqvxulqj wkdw

lqwhuqdwlrqdo fuhglwruv uhfhlyh h{shfwhg uhwxuqv ri -u lv=

-u ' E�� R�-KE��un Rk-KE��u1 +715,

Khuh zh duh dvvxplqj wkdw wkh h{shfwhg ydoxh ri wkh jryhuqphqw*v jxdudqwhh frqglwlrqdo

rq d ghydoxdwlrq/ k-KE��u/ lv dw ohdvw dv odujh dv zkdw wkh fuhglwru frxog rwkhuzlvh uhfryhu

lq edqnuxswf| surfhhglqjv/ T -E�(7(� � ��E�(7(�1 Qrwlfh wkdw zkhq k ' � zh rewdlq wkh

fdvh ri ixoo jxdudqwhhv xqghuo|lqj Sursrvlwlrq 7151 Zkhq k ' f/ zh rewdlq wkh fdvh ri qr

jxdudqwhhv ri Sursrvlwlrq 7141

Htxdwlrq +715, lpsolhv wkdw wkh h{shfwhg frvw ri eruurzlqj fdq eh uhzulwwhq dv= E� �

R�-u*dE�� R� n Rko n RT -E�(7(�1 Wkh plqlpxp h{shfwhg frvw ri eruurzlqj lv rewdlqhg e|

fkrrvlqj % wr plqlpl}h wkh uhvlgxdo ydoxh ri wkh edqn T -E�(7(�1 Frqglwlrq +61<, lpsolhv wkdw

wkh plqlpxp ydoxh ri T -E�(7(� lv htxdo wr /*E��b�1 Wkxv wkh h{shfwhg frvw ri eruurzlqj iru

d edqn frqwhpsodwlqj ghidxow lq wkh ghydoxdwlrq vwdwh lv= E��R�-u*dE��R�nRkonR/*E��b�1

Frpsdulqj wklv wr -u/ wkh h{shfwhg frvw ri eruurzlqj ri d ixoo| khgjhg edqn/ zh frqfoxgh

wkdw ixoo khgjlqj lv qrw rswlpdo dv orqj dv=

f 	 / 	
k

E�� R� n Rk
E�� b�-u1 +716,

Zkhq k ' f/ fruuhvsrqglqj wr wkh qr0jxdudqwhh fdvh/ wkh suhylrxv frqglwlrq fdqqrw eh

ixo�oohg1 Vlqfh wkh uljkw kdqg vlgh ri +716, lv lqfuhdvlqj lq k/ vr wrr lv wkh fodvv ri hfrqrplhv

iru zklfk ixoo khgjlqj lv qrw rswlpdo1 Zkhq k ' �/ vr wkhuh lv qr xqfhuwdlqw| derxw wkh

jryhuqphqw edlorxw/ +716, uhgxfhv wr wkh uhjxodulw| frqglwlrq lq Sursrvlwlrq 7151

Lq vxp/ doorzlqj iru suredelolvwlf jryhuqphqw jxdudqwhhv grhv qrw fkdqjh rxu edvlf phv0

vdjh= jxdudqwhhv uhgxfh edqnv* lqfhqwlyhv wr khgjh h{fkdqjh udwh ulvn1 Wkh pruh olnho| wkrvh

jxdudqwhhv duh/ wkh odujhu lv wkh fodvv ri hfrqrplhv iru zklfk edqnv zloo �qg lw rswlpdo qrw

wrr ixoo| khgjh h{fkdqjh udwh ulvn14;

4:Zh wkdqn Sdeor Qhxph|hu iru wkhvh uhvxowv1
4;Jlyhq rxu dvvxpswlrqv/ d suredelolvwlf jxdudqwhh ri doo edqn ordqv dqg d vxuh jxdudqwhh ri d iudfwlrq ri

edqn ordqv kdyh lghqwlfdo lpsolfdwlrqv1 Lq sduwlfxodu/ vxssrvh wkdw wkh suredelolw| ri d edlorxw zkhq V @ VG

lv 4 exw wkh jryhuqphqw rqo| jxdudqwhhv wkdw iruhljqhuv uhfryhu dw ohdvw �Ue+�,O1 Wkhq lw lv vwudljkwiruzdug
wr vkrz wkdw/ dv deryh/ ixoo khgjlqj lv qrw rswlpdo dv orqj dv +716, krogv1
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Lv lw Rswlpdo iru Edqnv wr Eruurz dqg Ohqg lq GrooduvB

Zh frqfoxgh wklv vhfwlrq e| dvnlqj wkh txhvwlrq= zrxog wkh edqnv lq rxu prgho suhihu wr

pdnh groodu0ghqrplqdwhg ordqv ru eruurz lq grooduv dqg ohqg lq orfdo fxuuhqf|B Sursrvlwlrq

715 lpsolhv wkdw wkh| duh lqgl�huhqw ehwzhhq wkhvh wzr dowhuqdwlyhv1 Edqnv zklfk pdnh groodu

ghqrplqdwhg ordqv fdq vwloo h{srvh wkhpvhoyhv wr h{fkdqjh udwh ulvn e| vhoolqj grooduv lq wkh

iruzdug pdunhw1 Lq idfw/ lw lv rswlpdo iru wkhp wr fkrrvh d ydoxh ri % 	 f zklfk pdnhv wkhlu

uhvlgxdo ydoxh lq wkh ghydoxdwlrq vwdwh/ qhw ri edqnuxswf| frvwv/ htxdo wr }hur1 Wkhq wkhlu

h{shfwhg frvw ri eruurzlqj lv= E� � R�-u n R/*E� � b�1 Wklv frlqflghv zlwk wkh h{shfwhg

frvw ri eruurzlqj iru d edqn wkdw eruurzv lq grooduv dqg ohqgv lq orfdo fxuuhqf|1 Lw iroorzv

wkdw edqnv duh lqgl�huhqw ehwzhhq ghqrplqdwlqj wkhlu ordqv lq grooduv ru lq orfdo fxuuhqf|1

Jryhuqphqw jxdudqwhhv surylgh edqnv zlwk dq rswlrq wkdw kdv ydoxh rqo| li edqnv kdyh d

fxuuhqf| plvpdwfk14< Wkh plvpdwfk fdq dulvh hlwkhu iurp d edqn*v eruurzlqj dqg ohqglqj

rshudwlrqv ru iurp lwv iruzdug pdunhw rshudwlrqv1

81 Htxloleulxp lq wkh Edqnlqj Lqgxvwu|

Lq wklv vhfwlrq zh vwxg| wkh lpsdfw ri jryhuqphqw jxdudqwhhv rq wkh htxloleulxp ri wkh

edqnlqj lqgxvwu|1 Iru qrz zh dvvxph dq h{rjhqrxv vfkhgxoh iru edqn ordqv +wklv vfkhgxoh

lv udwlrqdol}hg lq vhfwlrq ;,1 Lq frqwudvw wr wkh suhylrxv vhfwlrq zh doorz edqnv wr vlpxowd0

qhrxvo| fkrrvh wkhlu khgjlqj vwudwhjlhv dqg krz pdq| ordqv wr surgxfh1

Vxssrvh wkdw wkh wrwdo ghpdqg iru edqn ordqv lv jlyhq e| wkh ixqfwlrq (E-@� zklfk lv

dvvxphg wr eh qrqqhjdwlyh dqg qrqlqfuhdvlqj lq -@1 Lq dq hfrqrp| zlwk qr jryhuqphqw

jxdudqwhhv wkh uhsuhvhqwdwlyh edqn fkrrvhv Euc %� wr pd{lpl}h T / jlyhq e| +619,/ vxemhfw wr

+61:,/ +61;,/ +61<,/ dqg +6143,1 Wkh htxloleulxp iru wkh edqnlqj lqgxvwu| lv gh�qhg dv iroorzv1

Gh�qlwlrq1 Dq htxloleulxp iru wkh edqnlqj lqgxvwu| lv d ydoxh iru -@/ d vfkhgxoh/ -KEuc %�/ d

ohyho ri khgjlqj/ %/ d ohyho ri ohqglqj u/ dqg d qxpehu ri edqnv � vxfk wkdw zkhq edqnv wdnh

-@ dqg wkh vfkhgxoh -KEuc %� dv jlyhq/ +l, wkh sdlu Euc %�/ pd{lpl}hv wkh edqn*v h{shfwhg

sur�w/ +ll, wkh edqn*v h{shfwhg sur�w lv -g/ dqg +lll, wkh pdunhw iru edqn ordqv fohduv/

u� ' (E-@�1

Zh qrz fkdudfwhul}h wkh htxloleulxp ri dq hfrqrp| zlwk qr jryhuqphqw jxdudqwhhv1

Sursrvlwlrq 8141 Vxssrvh wkdw E�� B�g ��Ef� : f1 Wkh htxloleulxp ri dq hfrqrp| zlwk

qr jryhuqphqw jxdudqwhhv lv xqltxh dqg kdv wkh iroorzlqj surshuwlhv1 Iluvw/ lw lv rswlpdo

iru edqnv wr ixoo| khgjh wkhlu h{fkdqjh udwh ulvn1 Wkh htxloleulxp ohyho ri khgjlqj lv dq|

4<Dv glvfxvvhg e| Phuwrq +4<;:, lq wkh frqwh{w ri ghsrvlw lqvxudqfh/ jxdudqwhhv fdq eh lqwhusuhwhg dv d
iuhh sxw rswlrq surylghg e| wkh jryhuqphqw wr edqnv1
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%? 5 df/ fo/ zkhuh

f ' 8 d-n �� Eu?�ou? �
-g

�
8
� �

7(

c +814,

dqg

f ' 8 d-n �� Eu?�ou? n
-g
�
7U

� �
8

� +815,

Vhfrqg/ wkh htxloleulxp ydoxh ri -@ lv jlyhq e|=

-@
? '

8

7U
d-n �� Eu?�o � +816,

Wklug/ wkh htxloleulxp ohyho ri ohqglqj/ u?/ lv jlyhq e| wkh xqltxh vroxwlrq wr=

��Eu?�u? � � Eu?� n E�� B�g ' -g� +817,

Irxuwk/ wkh htxloleulxp ydoxh ri -KEu?c %?� ' -1 Iliwk/ wkh qxpehu ri edqnv/ �/ lv ghwhu0

plqhg e| � ' (E-@�*u1

Surri= Vhh Dsshqgl{1

Wkh rswlpdo khgjlqj ghflvlrqv wkdw zh fkdudfwhul}hg lq vhfwlrq 7/ zkhuh u zdv suhgh0

whuplqhg/ frqwlqxh wr krog zkhq edqnv fkrrvh u dqg % vlpxowdqhrxvo|= lq wkh devhqfh ri

jryhuqphqw jxdudqwhhv lw lv rswlpdo iru edqnv wr ixoo| khgjh wkhlu h{fkdqjh udwh ulvn1 Htxd0

wlrqv +814, dqg +815, fkdudfwhul}h wkh udqjh ri % ydoxhv frqvlvwhqw zlwk ixoo khgjlqj1

Htxdwlrq +816, iroorzv iurp wkh edqn*v �uvw rughu frqglwlrq iru u1 Vlqfh edqnv qhyhu

ghidxow/ wkhlu eruurzlqj frvwv duh htxdo wr -1 Htxdwlrq +816, lpsolhv wkdw wkh h{shfwhg

uhwxuq wr d edqn*v ordqv/ phdvxuhg lq grooduv/ -@
?7

U*8 / htxdov eruurzlqj frvwv +-, soxv wkh

pdujlqdo frvw ri pdnlqj ordqv/ +�� Eu�,1 Htxdwlrq +817, lv dv lpsolfdwlrq ri iuhh hqwu| lqwr

wkh edqnlqj lqgxvwu|1 Uhsodflqj -@ lq +619, zlwk -@
?/ zh �qg wkdw wkh pd{lpdo ydoxh ri d

edqn lv ��Eu�u�� Eu�nE�� B�g1 E| iuhh hqwu|/ wklv ydoxh pxvw htxdo wkh frvw ri rshudwlqj

d edqn/ -g1

Zh qrz fkdudfwhul}h wkh htxloleulxp ri dq hfrqrp| zlwk jryhuqphqw jxdudqwhhv1

Sursrvlwlrq 8151 Vxssrvh wkdw E��B�g��Ef� : f dqg / 	 E��b�-u?1 Wkh htxloleulxp ri

dq hfrqrp| zlwk jryhuqphqw jxdudqwhhv lv xqltxh dqg kdv wkh iroorzlqj surshuwlhv1 Iluvw/

wkh htxloleulxp ohyho ri %/ %}/ lv wkh plqlpxp shuplvvleoh ydoxh frqvlvwhqw zlwk +61<, iru

7 ' 7(1 Vhfrqg/ wkh htxloleulxp ydoxh ri -@ lv

-@
} '

8

7U
dE�� R�-n ��Eu}�o � +818,
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Wklug/ wkh htxloleulxp ohyho ri ohqglqj/ u}/ lv wkh xqltxh vroxwlrq wr

��Eu}�u} � �Eu}� n E�� B�g � R
/

�� b
' -g� +819,

Irxuwk/ wkh htxloleulxp ydoxh ri -KEu}c %}� ' -1 Iliwk/ wkh qxpehu ri edqnv/ �/ lv ghwhu0

plqhg e| � ' (E-@�*u1

Surri= Vhh Dsshqgl{1

Wkh rswlpdo khgjlqj ghflvlrq fkdudfwhul}hg lq vhfwlrq 7 frqwlqxhv wr krog= edqnv fkrrvh

wkh orzhvw ydoxh ri % frqvlvwhqw zlwk +61<, dqg ghidxow zkhq d ghydoxdwlrq rffxuv1 Htxdwlrq

+818, uhvxowv iurp wkh edqn*v �uvw rughu frqglwlrq iruu1 Vlqfh edqnv ghidxow lq wkh ghydoxdwlrq

vwdwh/ wkhlu eruurzlqj frvwv duh htxdo wr E�� R�-1 Htxdwlrq +816, lpsolhv wkdw wkh h{shfwhg

uhwxuq wr d edqn*v ordqv/ phdvxuhg lq grooduv/ -@
}7

U*8 / htxdov wkh vxp ri wkh wkhlu pdujlqdo

eruurzlqj frvwv +E� � R�-, dqg wkh pdujlqdo frvw ri pdnlqj ordqv/�� Eu�-@
?7

U*8 1 Ilqdoo|/

+819, iroorzv iurp iuhh hqwu| lqwr wkh edqnlqj lqgxvwu|1

Zh frqfoxgh wklv vhfwlrq e| dvnlqj wkh txhvwlrq= li jryhuqphqw jxdudqwhhv ohdg wr lq0

fuhdvhg ulvn lq wkh edqnlqj v|vwhp/ zk| duh wkh| vr suhydohqwB Wkh iroorzlqj fruroodu|

vxjjhvwv rqh srvvleoh dqvzhu= jryhuqphqw jxdudqwhhv orzhu -@ dqg ohdg wr d ohqglqj errp1

Odwhu/ lq vhfwlrq ;/ zkhuh zh hpehg rxu prgho ri edqnlqj lqwr d jhqhudo htxloleulxp hqylurq0

phqw/ zh vkrz wkdw wkh idoo lq -@ jhqhudwhg e| wkh jxdudqwhhv ohdgv wr d errp lq hfrqrplf

dfwlylw| dqg wr d ulvh lq uhdo zdjhv1

Fruroodu| 8161 Iru vx!flhqwo| vpdoo / wkh lqwhuhvw udwh wkdw edqnv fkdujh �upv lv orzhu

lq dq hfrqrp| zlwk jxdudqwhhv wkdq lq rqh zlwkrxw jxdudqwhhv/ l1h1 -@
} 	 -@

?1 Lq dgglwlrq/

wrwdo edqn ohqglqj lv kljkhu lq wkh suhvhqfh ri jxdudqwhhv1

Surri= Htxdwlrqv +816, dqg +818, lpso| wkdw=

-@
} �-@

? '
8

7U
d�R-n ��Eu}�� ��Eu?�o �

Htxdwlrqv +819, dqg +817, lpso| wkdw *�4/<fu} ' u?1 Wklv lpsolhv wkdw *�4/<f-
@
} 	 -@

?1

Wkh wrwdo ohyho ri edqn ohqglqj/ �u/ lv kljkhu xqghu jxdudqwhhv ehfdxvh wkh ghpdqg iru

ordqv/ �u ' (E-@�/ lv grzqzdug vorslqj1

Wkh suhylrxv uhvxow grhv qrw lpso| wkdw lqwurgxflqj jxdudqwhhv lqfuhdvhv wkh h{shfwhg

xwlolw| ri wkh uhsuhvhqwdwlyh djhqw1 Krzhyhu/ lw vxjjhvwv wkdw jxdudqwhhv jhqhudwh vkruw whup

ehqh�wv wkdw pd| eh gl!fxow iru d vkruw0vljkwhg srolwlfldqv wr ljqruh1
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91 Fdslwdo Uhtxluhphqwv

Lq wkh suhylrxv vhfwlrq zh dujxhg wkdw jryhuqphqw jxdudqwhhv pdnh wkh edqnlqj v|vwhp pruh

iudjloh= edqnv dgrsw ordq2khgjlqj vwudwhjlhv wkdw pdnh lw rswlpdo iru wkhp wr jr edqnuxsw

diwhu d ghydoxdwlrq1 Lq vrph rwkhu prghov/ lpsrvlqj fdslwdo uhtxluhphqwv rq edqnv fdq

uhgxfh wkh suredelolw| ri edqnuxswf|1 Wklv lv qrw wkh fdvh lq rxu prgho/ ehfdxvh edqnv

uhrswlpl}h wkhlu khgjlqj vwudwhjlhv1 Uhfdoo wkdw edqnv pxvw frpplw g xqlwv ri fdslwdo wr

rshudwh/ ri zklfk wkh| uhwulhyh E� � B�g dw wkh hqg ri wkh shulrg li wkh| gr qrw ghidxow1

Vxssrvh wkdw wkh jryhuqphqw lpsrvhv fdslwdo uhtxluhphqwv ri wkh iroorzlqj irup1 Lq wkh

ehjlqqlqj ri wkh shulrg d edqn pxvw sodfh g � xqlwv ri fdslwdo zlwk wkh jryhuqphqw/ zklfk lw

uhwulhyhv li lw grhv qrw ghidxow1 Li wkh edqn ghidxowv lw iruihlwv wkh uljkw wr g �1 Lq dq hfrqrp|

zlwk jxdudqwhhv/ wklv srolf| ohdgv wr d ulvh lq -@ dqg d ghfolqh lq djjuhjdwh ohqglqj153 Wkhvh

frqwudfwlrqdu| h�hfwv pljkw eh zruwk ehdulqj li fdslwdo uhtxluhphqwv d�hfwhg wkh suredelolw|

ri edqn ghidxow1 Exw wkh| gr qrw1 Edqnv zloo uhvsrqg wr wkh srolf| e| fkrrvlqj d orzhu ydoxh

ri % wr hqvxuh wkdw wkhlu uhvlgxdo ydoxh/ lqfoxvlyh ri g � exw qhw ri edqnuxswf| frvwv/ zloo

frqwlqxh wr eh }hur lq wkh ghydoxdwlrq vwdwh1 Edqnv zloo wkhuhiruh �qg lw rswlpdo wr jr

edqnuxsw zkhq d ghydoxdwlrq rffxuv1

Lq rxu prgho d pxfk pruh h�hfwlyh srolf| iru holplqdwlqj wkh iudjlolw| ri wkh edqnlqj

v|vwhp xqghu jryhuqphqw jxdudqwhhv lv wr uhjxodwh edqn*v khgjlqj srvlwlrqv1 Lq sduwlfxodu/

wkh jryhuqphqw frxog lqvlvw wkdw edqnv ixoo| khgjh wkhlu h{fkdqjh udwh ulvn1 Lq sudfwlfh wklv

w|sh ri uhjxodwlrq pd| eh gl!fxow wr lpsohphqw1

:1 Lqwurgxflqj Uhdo Xqfhuwdlqw|

Lq wklv vhfwlrq/ zh dqdo|}h wkh h�hfwv ri jryhuqphqw jxdudqwhhv zkhq h{fkdqjh udwh ulvn wdnhv

wkh irup ri orzhu uhsd|phqw udwhv rq wkh ordqv pdgh e| edqnv wr �upv lq wkh ghydoxdwlrq

vwdwh1 Wklv ulvn fdq h{lvw hyhq zkhq edqnv pdnh ordqv ghqrplqdwhg lq grooduv1 Wklv lv

ehfdxvh wkhvh ordqv duh riwhq xvhg wr ixqg frqfhuqv wkdw surgxfh qrqwudghg jrrgv zkrvh

uhodwlyh sulfhv ghfolqh diwhu d fxuuhqf| ghydoxdwlrq154 Wr irfxv rxu dqdo|vlv khuh zh devwudfw

iurp ulvn wkdw dulvhv zkhq edqnv eruurz grooduv exw ohqg grphvwlf fxuuhqf|1

53Wkhvh uhvxowv duh vlplodu wr wkrvh rewdlqhg e| Nduhnhq dqg Zdoodfh +4<:;, zkr dqdo|}h wkh h�hfw ri
lpsrvlqj d fdslwdo uhtxluhphqw rq iudfwlrqdo uhvhuyh edqnv lq wkh suhvhqfh ri ghsrvlw lqvxudqfh1

54Iru h{dpsoh Jdylq dqg Kdxvpdqq +4<<9, zulwh wkdw �111 gxulqj wkh |hduv ohdglqj xs wr wkh Fklohdq
edqnlqj fulvlv +4<;5,/ edqnv zhuh shuplwwhg wr eruurz lq iruhljq fxuuhqf| exw surklelwhg iurp wdnlqj wkh
h{fkdqjh ulvn/ vr wkdw ohqglqj ixqghg e| lqwhuqdwlrqdo eruurzlqj zdv uhtxluhg wr eh ghqrplqdwhg lq iruhljq
fxuuhqf|1 Wklv zdv vxssrvhg wr wudqvihu wkh fxuuhqf| ulvn iurp edqnv wr wkh qrq�qdqfldo �upv wr zklfk
edqnv pdgh ordqv/ exw diwhu wkh xqh{shfwhg ghydoxdwlrq pdq| �upv irxqg wkhpvhoyhv xqdeoh wr uhsd| wkhlu
ordqv lq ixoo ru rq wlph1 Wkxv/ wkh h{fkdqjh udwh ulvn wkdw idfhg qrq�qdqfldo �upv zdv wr dq h{whqw eruqh
e| wkh edqnlqj v|vwhpv lq wkh irup ri fuhglw ulvn1�
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Lq dq| jlyhq shulrg/ d iudfwlrq x ri wkh �upv uhsd| wkhlu edqn ordqv1 Wr vlpsoli| zh

dvvxph wkdw x fdq wdnh rq rqo| wzr ydoxhv= x ' i�c �j zkhuh � 	 �1 Wr frqfhqwudwh rq wkh

h�hfw ri edqnuxswflhv dvvrfldwhg zlwk ghydoxdwlrqv zh vxssrvh wkdw �hEx ' �m7 ' 7U� ' f1

Wr doorz iru lpshuihfw fruuhodwlrq ehwzhhq h{fkdqjh udwh ghydoxdwlrqv dqg �up edqnuxswflhv

zh dvvxph wkdw �hEx ' �m7 ' 7(� ' ^1 Vlqfh fxuuhqf| ulvn lv fruuhodwhg zlwk ghidxow ulvn/

edqnv fdq xvh iruzdug frqwudfwv wr furvv0khgjh wkhlu ghidxow h{srvxuh1

Zh qrz gh�qh sur�wv iurp ohqglqj dfwlylwlhv wr eh=

ZuEuc %( x� ' -@ux� �Eu� n E�� B�g � -KEuc %�u�

Sur�wv iurp khgjlqj dfwlylwlhv uhpdlq wkh vdph/ zkloh wrwdo sur�wv duh= ZEuc %( xc 7� '

ZuEuc %( x� n ZME%(7�1 Wkh uhvlgxdo ydoxh ri wkh edqn lv

T -Euc %( xc 7� ' -@ux� �Eu� n E�� B�g n %

�
�

8
�

�

7

�

' ZEuc %( xc 7� n-KEuc %�u� +:14,

Edqnuxswf| frvwv uhpdlq wkh vdph= ��Euc %( xc 7� ' / n bT -Euc %( xc 7�1 Dv ehiruh zh

uhvwulfw % wr wdnh rq ydoxhv vxfk wkdw wkh edqn zloo eh deoh wr vhwwoh lwv iruzdug srvlwlrq lq

doo vwdwhv ri wkh zruog=

li Z E�( xc 7� 	 f wkhq T -E�( xc 7� � ��E�( xc 7�� +:15,

Lq wklv vhwwlqj

T Euc %� ' .d4@ iZExc 7�c fjo� +:16,

Wkh iroorzlqj wzr sursrvlwlrq vxppdul}h edqnv* rswlpdo khgjlqj vwudwhjlhv zlwk dqg

zlwkrxw jryhuqphqw jxdudqwhhv1

Sursrvlwlrq :141 Frqvlghu dq hfrqrp| lq zklfk wkhuh duh qr jxdudqwhhv1 Vxssrvh u lv

�{hg/ f 	 b 	 � dqg frqglwlrq +:15, lv vdwlv�hg1 Wkhq ixoo| khgjlqj ordq ghidxow ulvn/

zkhqhyhu ihdvleoh/ lv rswlpdo1

Surri= Vhh Dsshqgl{1

Sursrvlwlrq :151 Frqvlghu dq hfrqrp| zlwk jxdudqwhhv1 Vxssrvh u lv �{hg/ ixoo khgjlqj

lv ihdvleoh/ / 	 E�� b�-u/ f 	 b 	 � dqg wkh frqglwlrq +:15, lv vdwlv�hg1 Wkhq lw lv qrw

rswlpdo iru edqnv wr ixoo| khgjh ordq ghidxow ulvn1

Surri= Vhh Dsshqgl{1

Wkhvh uhvxowv duh dqdorjrxv wr wkrvh ri sursrvlwlrqv 714 dqg 7151 Lq wkh devhqfh ri

jxdudqwhhv/ edqnv xvh iruzdug frqwudfwv wr khgjh wkhlu ghidxow ulvn1 Jryhuqphqw jxdudqwhhv

holplqdwh wkh lqfhqwlyh wr khgjh1
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;1 Pdfurhfrqrplf Lpsolfdwlrqv

Lq wklv vhfwlrq/ zh hpehg rxu edqnlqj prgho lqwr d jhqhudo htxloleulxp hqylurqphqw1 Wklv

doorzv xv wr hqgrjhql}h wkh ghpdqg iru edqn ordqv/ (E-@�/ dqg ghulyh wkh htxloleulxp

lpsolfdwlrqv ri jryhuqphqw jxdudqwhhv iru rxwsxw/ hpsor|phqw/ uhdo zdjhv/ dqg lqwhuhvw

udwhv1 Lw dovr doorzv xv wr vkrz krz d uhgxfwlrq lq -@ lqgxfhg e| jryhuqphqw jxdudqwhhv

ohdgv wr d errp lq hfrqrplf dfwlylw|1 Wklv pdnhv frqfuhwh wkh ehqh�wv wkdw pljkw lqgxfh

d vkruw0vljkwhg srolwlfldq wr r�hu jryhuqphqw jxdudqwhhv1 Ilqdoo|/ zh vkrz wkdw wkh ghfolqh

lq hfrqrplf dfwlylw| lqgxfhg e| d ghydoxdwlrq lv odujhu lq dq hfrqrp| zlwk jxdudqwhhv1

Wkurxjkrxw wklv vhfwlrq/ zh frqfhqwudwh rq wkh w|sh ri h{fkdqjh udwh ulvn dqdo|}hg lq vhfwlrqv

6�8 dqg devwudfw iurp ordq ghidxow1

;141 Wkh Prgho Hfrqrp|

Ehiruh ghvfulelqj wkh sureohpv ri wkh djhqwv lq wkh hfrqrp|/ zh surylgh dq ryhuylhz ri wkh

wlplqj ri wkhlu lqwhudfwlrqv1 Wklv wlplqj zdv fkrvhq vr wkdw edqnv idfh h{fkdqjh udwh ulvn

dqg wkhuh duh qr zdjh uljlglwlhv1 Zh devwudfw iurp oderu pdunhw lpshuihfwlrqv wr irfxv rq

wkh uroh ri edqnlqj iulfwlrqv1 Hdfk shulrg lv glylghg lqwr wkuhh vxeshulrgv1 Lq vxeshulrg/4

edqnv eruurz ixqgv iurp deurdg/ hqwhu lqwr iruzdug frqwudfwv dqg pdnh ordqv wr �upv1 Lq

dgglwlrq/ �upv kluh oderu dqg hqwhu lqwr iruzdug frqwudfwv1 Ilqdoo|/ wkh krxvhkrog pdnhv

lwv sruwirolr ghflvlrqv1 Lq vxeshulrg 5 wkh h{fkdqjh udwh lv uhdol}hg/ iruzdug frqwudfwv duh

vhwwohg dqg �upv sd| oderu lq xqlwv ri wkh orfdo fxuuhqf|1 Lq vxeshulrg 6 surgxfwlrq dqg

frqvxpswlrq rffxu1 Lq dgglwlrq/ edqnuxswf| frvwv/ li dq|/ duh lqfxuuhg dqg iruhljq ordqv duh

uhsdlg1

Zh zloo qrz ghvfuleh wkh pd{lpl}dwlrq sureohp ri wkh gl�huhqw djhqwv lq rxu hfrqrp|

zlwk wkh h{fhswlrq ri wkh edqnv1 Wkhlu sureohp lv vshfl�hg lq vhfwlrq 71

Krxvhkrogv

Wkhuh lv d frqwlqxxp ri xqlw phdvxuh ri lghqwlfdo krxvhkrogv zkr pd{lpl}h h{shfwhg

xwlolw| gh�qhg ryhu vhtxhqfhv ri frqvxpswlrq/ �|/ dqg oderu vxsso|/ M|=

L ' .f

"[
|'f

q|�E�|cM|�c f 	 q 	 ��

Khuh .f ghqrwhv wkh h{shfwdwlrq frqglwlrqdo rq wkh uhsuhvhqwdwlyh krxvhkrog*v wlph }hur/

vxeshulrg rqh lqirupdwlrq vhw1 Lq rughu wr rewdlq dqdo|wlfdo uhvxowv zh pdnh wkuhh vlpsoli|lqj

dvvxpswlrqv1 Iluvw/ zh dvvxph wkdw prphqwdu| xwlolw| wdnhv wkh irup=

�E�|c M|� ' *L}E�| �
�

#
M#

| �c # : ��
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Wkh dgydqwdjh ri wklv vshfl�fdwlrq lv wkdw oderu vxsso| ghshqgv rqo| rq wkh uhdo zdjh udwh

+vhh +;14, ehorz,1 Vhfrqg/ zh dvvxph wkdw wkh krxvhkrog*v uhdo �qdqfldo zhdowk/ @|/ lv lqyhvwhg

lq d shuihfwo| glyhuvl�hg lqwhuqdwlrqdo sruwirolr wkdw |lhogv d frqvwdqw groodu0ghqrplqdwhg

jurvv udwh ri uhwxuq -1 Erwk grphvwlf �upv dqg edqnv duh sduw ri wklv sruwirolr dqg wkh

ulvn dvvrfldwhg zlwk wkhlu uhwxuqv lv shuihfwo| glyhuvl�deoh1 Wkh exgjhw frqvwudlqw ri wkh

uhsuhvhqwdwlyh krxvhkrog lv=

@|n� ' -@| n �|M| n � | � �| �
�_

|n� ��_
|

�|
�

Wkh yduldeoh � | uhsuhvhqwv oxps vxp wudqvihuv iurp wkh jryhuqphqw/ �_
| ghqrwhv prqh|

kroglqjv dw wkh ehjlqqlqj ri shulrg |/ �| lv wkh uhdo zdjh udwh/ dqg �| ghqrwhv wkh sulfh ohyho1

Wkh krxvhkrog idfhv d fdvk0lq0dgydqfh frqvwudlqw rq frqvxpswlrq=

�|�| � �_
| n �|�|M|�

Zh dvvxph wkdw - : �/ vr wkdw wkh suhylrxv frqvwudlqw krogv zlwk htxdolw|1

Iru ixwxuh uhihuhqfh zh qrwh wkdw wkh krxvhkrog*v �uvw rughu frqglwlrq iru M| lpsolhv=

M| ' �
�*E#3��
| c +;14,

vr wkdw �*E# � �� lv wkh hodvwlflw| ri oderu vxsso|1

Rxwsxw Surgxfhuv

Wkhuh lv d frqwlqxxp ri phdvxuh � ri shuihfwo| frpshwlwlyh �upv/ zkhuh � lv dq hq0

grjhqrxv yduldeoh1 Hdfk �up surgxfhv wkh vlqjoh frqvxpswlrq jrrg lq wkh hfrqrp| xvlqj

oderu/ �/ dffruglqj wr wkh iroorzlqj ghfuhdvlqj uhwxuqv wr vfdoh whfkqrorj|=

+ ' sE��� l1 +;15,

Khuh s �E�� : f/ s ��E�� 	 fc sEf� ' f dqg s �Ef� ' 41 Wkh sdudphwhu l : f uhsuhvhqwv d �{hg

frvw ri surgxfwlrq1

Ehiruh wkh h{fkdqjh udwh lv uhdol}hg/ �upv kluh oderu lq d frpshwlwlyh vsrw pdunhw dw wkh

uhdo zdjh udwh �1 Ilupv eruurz _ xqlwv ri orfdo fxuuhqf| iurp edqnv dw wkh jurvv lqwhuhvw

udwh -@/ dqg vhoo %s xqlwv ri wkh orfdo fxuuhqf| lq wkh iruzdug pdunhw1 Wkh �up pxvw kdyh lq

kdqg d vx!flhqw dprxqw ri wkh orfdo fxuuhqf| wr sd| lwv qrplqdo zdjh eloo dw wkh hqg ri wkh

shulrg +���,/ uhjdugohvv ri wkh uhdol}hg ydoxh ri wkh h{fkdqjh udwh1 Wklv fdvk0lq0dgydqfh

frqvwudlqw rq wkh qrplqdo zdjh eloo fdq eh zulwwhq dv=

��� � _n �%s
�
�

8
�

�

7

�
;7� +;16,
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Wkh �up*v uhdo sur�wv/ ZsE�c _c %s (7�/ duh jlyhq e|=

Zs E�c _c %s (7� ' sE��� l � ��� E-@ � ��
_

7
n %s

�
�

8
�

�

7

�
� +;17,

Wkh uhsuhvhqwdwlyh �up*v sureohp lv wr pd{lpl}h lwv h{shfwhg sur�wv

Zse E�c _� � .dZsE�c _c %
s (7�o ' sE��� l � ��� E-@ � ��

_

8
+;18,

vxemhfw wr +;16,1

Vlqfh eruurzlqj lv frvwo|/ frqvwudlqw +;16, krogv zlwk htxdolw| iru doo srvvleoh 71 Hydoxdw0

lqj +;16, dw 7 htxdo wr 7U dqg 7(/ zh rewdlq d v|vwhp ri wzr htxdwlrqv lq _ dqg %s 1 Vroylqj

wklv v|vwhp |lhogv _ ' %s ' 8��1 Rqfh d ghydoxdwlrq rffxuv/ wkhuh lv qr xqfhuwdlqw|/ dqg

iurp wkhq rq wkh iruzdug udwh lv wkh vdph dv wkh ixwxuh vsrw udwh/ l1h1 8 ' 7/ dqg zh kdyh

_ ' 8�� ' 7��1

Xqghu hlwkhu h{fkdqjh udwh uhjlph/ vxevwlwxwlqj _ ' 8�� lqwr +;18,/ zh vhh wkdw wkh �up

fkrrvhv � wr pd{lpl}h

Zse E�c8��� ' sE��� l �-@���

Iru ixwxuh uhihuhqfh zh qrwh wkdw wkh �uvw rughu frqglwlrq iru � lpsolhv=

s �E�� ' -@�� +;19,

Jryhuqphqw

Lq rxu prgho wkh jryhuqphqw grhv qrw sxufkdvh jrrgv dqg vhuylfhv1 Lwv rqo| urohv duh

wr= +l, surylgh oxps0vxp wudqvihuv wr krxvhkrogv/ +ll, vxsso| prqh|/ +lll, ghflgh zkhwkhu wr

lvvxh jxdudqwhhv wr edqnv* fuhglwruv/ dqg +ly, ghwhuplqh h{fkdqjh udwh srolf|1 Dv ghvfulehg

lq vhfwlrq 6/ lqlwldoo| wkh jryhuqphqw �{hv wkh h{fkdqjh udwh dw wkh ydoxh 7| ' 7U 1 Zlwk

suredelolw| R wkh hfrqrp| vzlwfkhv wr d ghydoxdwlrq uhjlph1 Lq wklv uhjlph wkh h{fkdqjh

udwh lv jlyhq e| 7| ' �|3|
W

7(/ zkhuh |W lv wkh gdwh dw zklfk wkh ghydoxdwlrq uhjlph ehjlqv1

Xqghu erwk uhjlphv wkh jryhuqphqw vhwv wkh prqh| vxsso| +�7
| , wr eh frqvlvwhqw zlwk wkh

h{fkdqjh udwh sdwk dqg prqh| ghpdqg1

Wkh jryhuqphqw pxvw vxsso| hqrxjk qhz prqh| wr �qdqfh lwv oxps0vxp wudqvihuv wr

grphvwlf krxvhkrogv soxv dq| wudqvihuv wr iruhljq fuhglwruv jhqhudwhg e| lwv jxdudqwhhv wr

edqn fuhglwruv1 Khqfh/ lw pxvw dgmxvw oxps0vxp wudqvihuv dffruglqj wr

� | ' E�7
|n� ��7

| �*7| � K|/ +;1:,

zkhuh K| lv wkh frvw/ li dq|/ ri krqrulqj jryhuqphqw jxdudqwhhv1
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Lq wkh devhqfh ri jryhuqphqw jxdudqwhhv/ K| ' f iru doo |1 Vlqfh lq dq hfrqrp| zlwk

jxdudqwhhv edqnv ghidxow rqo| zkhq wkh �{hg h{fkdqjh udwh uhjlph lv dedqgrqhg +|W,/ K| ' f

iru | 9' |W/ zkloh K|W ' �-u1 Khuh � ghqrwhv wkh qxpehu ri edqnv dqg �-u lv wkh wrwdo

dprxqw rzhg e| grphvwlf edqnv wr iruhljq fuhglwruv lq fdvh ri edqnuxswf|1 Wkh jryhuqphqw

pxvw fryhu wkh hqwluh reoljdwlrqv ri wkh edqnlqj v|vwhp lq shulrg |W/ ehfdxvh edqnv fkrrvh

wr zlsh rxw wkhlu uhvlgxdo ydoxh qhw ri edqnuxswf| frvwv lq wkh ghydoxdwlrq vwdwh1

Htxloleulxp

Iuhh hqwu| lqwr wkh jrrgv surgxflqj vhfwru lpsolhv/

.dZsE�(7�o ' f� +;1;,

Oderu pdunhw fohdulqj lpsolhv=

�� ' M� +;1<,

Wkh wrwdo vxsso| ri jrrgv lv

t ' +�� +;143,

Zh qrz gh�qh wkh htxloleulxp ri rxu prgho hfrqrp| zklfk dssolhv erwk wr hfrqrplhv

zlwk dqg zlwkrxw jryhuqphqw jxdudqwhhv1

Gh�qlwlrqD frpshwlwlyh htxloleulxp lv d vhw ri vwrfkdvwlf surfhvvhv iru txdqwlwlhv i�|c M|c @|c

�_
| c �|c _|c %

s
| c u|c %|c �|c �|j/ sulfhv i�|c �|c 8|c -

@
| j dqg jryhuqphqw srolf| yduldeohv/ i�7

| c � |j

vxfk wkdw= +l, jlyhq wkh vwrfkdvwlf surfhvv iru sulfhv dqg srolf| yduldeohv/ �|/ M|/ @|n�/ dqg

�_
|n� vroyh wkh krxvhkrog*v sureohp/ �|/ _|/ dqg %s| vroyh wkh �up*v sureohp dqg u| dqg

%| vroyh wkh edqn*v sureohp> +ll, wkh jryhuqphqw*v exgjhw frqvwudlqw/ +;1:,/ krogv> +lll, wkh

prqh| pdunhw fohduv zlwk �7
| ' �_

| > +ly, wkh ordq pdunhw fohduv zlwk 7|3��|u| ' �|8|�|�|>

+y, wkh iruzdug pdunhw fohduv dqg +616, krogv/ +yl, wkh oderu pdunhw fohduv/ l1h1 +;1<, krogv>

dqg +yll, wkh iuhh hqwu| frqglwlrqv iru wkh edqnlqj dqg rxwsxw vhfwruv/ +619, dqg +;1;,/ krog1

;151 Fkdudfwhul}lqj wkh Htxloleulxp

Lq wklv vxevhfwlrq zh fkdudfwhul}h wkh htxloleulxp ri wkh prgho hfrqrp| zlwk dqg zlwkrxw

jryhuqphqw jxdudqwhhv1 Jlyhq rxu dvvxpswlrq wkdw krxvhkrogv fdq eruurz dqg ohqg lq

zruog fdslwdo pdunhwv dw udwh -/ surgxfwlrq dqg frqvxpswlrq ghflvlrqv fdq eh xqfrxsohg1

Lq sduwlfxodu/ zh fdq vroyh iru htxloleulxp hpsor|phqw/ M/ rxwsxw/ t / uhdo zdjhv/ �/ dqg

wkh lqwhuhvw udwh/ -@/ zlwkrxw ghulylqj wkh htxloleulxp vwrfkdvwlf surfhvvhv iru frqvxpswlrq
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dqg wkh prqh| vxsso|155 Dv hpskdvl}hg lq wkh lqwurgxfwlrq/ wkh irfxv ri wklv sdshu lv rq

wkh h�hfwv ri jryhuqphqw jxdudqwhhv rq wkh edqnlqj lqgxvwu| dqg rq djjuhjdwh hfrqrplf

dfwlylw|1 Dffruglqjo|/ zh uhvwulfw rxuvhoyhv wr fkdudfwhul}lqj wkh ehkdylru ri M/ t / �/ dqg

-@1

Zh xvh wkh vdph surfhgxuh wr vwxg| wkh yhuvlrqv ri wkh prgho zlwk dqg zlwkrxw jryhuq0

phqw jxdudqwhhv1 Zh �uvw ghulyh dq htxloleulxp ghpdqg vfkhgxoh wkdw uhodwhv wkh ghpdqg

iru ordqv wr -@1 Zh wkhq xvh wkh dqdo|vlv ri vhfwlrq 8 wr ghwhuplqh wkh htxloleulxp ydoxh ri

-@1 Ilqdoo|/ zh vkrz krz jryhuqphqw jxdudqwhhv lq xhqfh wkh htxloleulxp ydoxhv ri M/ t /

�/ dqg -@1

Wr ghulyh wkh htxloleulxp uhodwlrq ehwzhhq wkh wrwdo ghpdqg iru ordqv dqg -@ qrwh wkdw

+;17,/ +;19, dqg +;1;, lpso| wkdw wkh htxloleulxp qxpehu ri krxuv hpsor|hg e| hdfk �up lv

wkh vroxwlrq wr=

sE��� s �E��� ' l1 +;144,

Qrwh wkdw � lv hqwluho| ghwhuplqhg e| whfkqrorj| dv vxppdul}hg e| wkh ixqfwlrq sE�� dqg

l� Lw iroorzv wkdw rxwsxw shu �up grhv qrw ghshqg rq zkhwkhu ru qrw wkhuh duh jryhuqphqw

jxdudqwhhv1

Jlyhq � dqg -@
| / htxdwlrq +;19, ghwhuplqhv wkh uhdo zdjh/ �| ' s �E��*-@

| / zklfk lq wxuq

ghwhuplqhv wrwdo oderu vxsso| yld uhodwlrq +;14,/ M| ' ds �E��*-@
| o
�*E#3��1 Wkh qxpehu ri �upv

lv jlyhq e| �| ' M|*�1

Wkh ghpdqg iru ordqv lq xqlwv ri orfdo fxuuhqf| lv �|_|1 Vlqfh ordqv duh pdgh sulru wr

wkh uhdol}dwlrq ri wkh wlph | h{fkdqjh udwh/ wkh ghpdqg iru ordqv lq xqlwv ri iruhljq fxuuhqf|

lv �|_|*7|3�1 Vxevwlwxwlqj lq wkh idfw wkdw _| ' 8|�|� dqg wkh h{suhvvlrqv iru �| dqg �|

deryh/ zh �qg wkdw wkh ghpdqg iru ordqv lv=

(E-@
| � '

�|_|
7|3�

'
8|

7|3�

�
s �E��

-@
|

�#*E#3��
1 +;145,

Khuh � lv wkh vroxwlrq wr +;144,1 Vlqfh # : �/ wkh ghpdqg iru ordqv/ (E-@
| �/ lv d ghfuhdvlqj

ixqfwlrq ri -@
| 1 Wklv udwlrqdol}hv wkh dvvxpswlrqv wkdw zh pdgh rq wkh ghpdqg iru ordqv lq

vhfwlrq 81

Wkh htxloleulxp ydoxh ri wkh iruzdug udwh lv jlyhq e|=

8| '

� �
E�3R��nR

7|3� iru | � |W

�7|3� iru | : |W�
+;146,

Lq vhfwlrq 7 zh vkrzhg wkdw wkh ordqv shu edqn/ u/ dqg -@ duh ghwhuplqhg e| wkh htxl0

oleulxp ri wkh edqnlqj lqgxvwu|1 Zlwk qr jxdudqwhhv wkhvh duh jlyhq e| htxdwlrqv +816, dqg

55Vhh Fdoyr dqg Gud}hq +4<<;, iru dq dqdo|vlv ri frqvxpswlrq lq dq rshq hfrqrp| prgho zkhuh jryhuqphqw
srolf| iroorzv d uhjlph vzlwfklqj surfhvv vlplodu wr rxuv1
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+817,1 Zlwk jxdudqwhhv wkh| duh jlyhq e| +818, dqg+819,1 Wkh htxloleulxp ohyho ri ordqv lq

wkh hfrqrp| lv ghwhuplqhg e| vxevwlwxwlqj hlwkhu +818, ru +816, lqwr +;145,/ ghshqglqj rq

zkhwkhu ru qrw wkhuh duh jryhuqphqw jxdudqwhhv1

Wkh htxloleulxp ydoxh ri(E-@
| � dqg wkh ohyho ri ordqv shu edqn/ u/ lpso| wkdw wkh qxpehu

ri edqnv lv=

�| '
(E-@

| �

u
� +;147,

Jlyhq wkh suhylrxv uhvxowv/ wkh htxloleulxp vwrfkdvwlf surfhvvhv iru frqvxpswlrq/ wkh

sulfh ohyho/ dqg wkh prqh| vxsso| fdq eh fkdudfwhul}hg e| vroylqj wkh krxvhkrog*v sureohp

dv zhoo dv lpsrvlqj SSS dqg prqh| pdunhw fohdulqj1

;161 Wkh H�hfwv ri Jryhuqphqw Jxdudqwhhv

Krz grhv wkh suhvhqfh ri jxdudqwhhv d�hfw wkh ehkdylru ri wkh hfrqrp| ehiruh d ghydoxdwlrqB

Uhfdoo wkdw wkh qxpehu ri krxuv hpsor|hg e| hdfk �up +�, dqg lwv ohyho ri rxwsxw +sE��, duh

lqghshqghqw ri wkh suhvhqfh ri jryhuqphqw jxdudqwhhv +vhh +;144,,1 Iurp vhfwlrq 8 zh nqrz

wkdw jxdudqwhhv orzhu -@1 Vlqfh �| ' s �E��*-@
| / uhdo zdjhv duh kljkhu lq dq hfrqrp| zlwk

jxdudqwhhv1 Wklv ohdgv wr kljkhu djjuhjdwh hpsor|phqw/M/ +vhh +;14,,/ d juhdwhu qxpehu ri

�upv/ � ' M*�/ dqg kljkhu djjuhjdwh rxwsxw/ �sE��1 Ilqdoo|/ +;147, lpsolhv wkdw wkh wrwdo

qxpehu ri edqnv lv dovr kljkhu lq dq hfrqrp| zlwk jxdudqwhhv1

Lq vxp jxdudqwhhv jhqhudwh d errp lq hfrqrplf dfwlylw|= wkh ohyhov ri hpsor|phqw/

rxwsxw/ dqg wrwdo ohqglqj lqfuhdvh dv gr wkh qxpehu ri edqnv dqg �upv1 Lw zrxog qrw eh

vxusulvlqj li vkruw0vljkwhg srolf|pdnhuv zhuh whpswhg wr lqwurgxfh jxdudqwhhv wr hqjlqhhu

wklv w|sh ri errp1 Diwhu doo/ wkh ehqh�wv ri wklv srolf| duh uhdol}hg xs iurqw1 Wkh frvwv rqo|

frph odwhu/ zkhq d ghydoxdwlrq rffxuv1

;171 Wkh H�hfwv ri D Ghydoxdwlrq

Zh zloo qrz vwxg| wkh lpsdfw ri d ghydoxdwlrq lq hfrqrplhv zlwk dqg zlwkrxw jryhuqphqw

jxdudqwhhv1 Lq erwk fdvhv wkh ghydoxdwlrq lv iroorzhg e| d uhfhvvlrq1 Krzhyhu/ wkh ghfolqh

lq hpsor|phqw dqg rxwsxw lv pruh vhyhuh lq wkh hfrqrp| zlwk jryhuqphqw jxdudqwhhv1 Zh

zloo vwduw e| frqvlghulqj d vlwxdwlrq zlwk qr jryhuqphqw jxdudqwhhv1

Qr Jryhuqphqw Jxdudqwhhv

Vlqfh edqnv duh ixoo| khgjhg/ qr edqnuxswflhv rffxu zkhq wkh �{hg h{fkdqjh uhjlph lv

dedqgrqhg1 Diwhu wkdw wkhuh lv qr xqfhuwdlqw|/ vr diwhu wlph |W edqnv fdq eruurz dw wkh udwh

-� Wkhlu remhfwlyh ixqfwlrq lv=

T '
7|3�
7|

7-@
|u� �Eu� n E�� B�g �-u1
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Khuh 7-@
| lv wkh ydoxh ri -

@ diwhu wkh ghydoxdwlrq1 Wkh �uvw rughu frqglwlrq iru u lpsolhv wkdw

wkh srvw0ghydoxdwlrq eruurzlqj udwh lv d frqvwdqw

7-@ ' �d-n ��Eu�o1 +;148,

Khuh zh xvhg wkh idfw wkdw 7|*7|3� ' �� Wkh ydoxh ri u lv ghwhuplqhg e| wkh edqnlqj vhfwru*v

iuhh hqwu| frqglwlrq=

��Eu�u� � Eu� n E�� B�g ' -g1

Wklv frqglwlrq krogv erwk ehiruh dqg diwhu wkh ghydoxdwlrq1 Surfhhglqj dv deryh zh fdq

ghgxfh wkh htxloleulxp ohyho ri rxwsxw/ uhdo zdjhv dqg hpsor|phqw1 Uhfdoo wkdw sulru wr wkh

ghydoxdwlrq -@ lv jlyhq e| +816,/ zklfk fdq eh zulwwhq dv=

-@
? '

�

E�� R�� n R
d-n �� Eu?�o �

Vlqfh � : � lw iroorzv wkdw 7-@ : -@
?1 Htxdwlrqv +;147,/ +;145,dqg +;146, lpso| wkdw wkh wrwdo

ghpdqg iru ordqv dqg wkh qxpehu ri edqnv ghfolqh diwhu d ghydoxdwlrq ehfdxvh

(E 7-@� ' dE�� R�� n Ro3�*E#3��(E-@
?� 	 (E-@

?��

Htxdwlrqv +;15, dqg +;144, lpso| wkdw � dqg + duh lqyduldqw1 Htxdwlrqv +;14,/ +;19,/ +;1<,/

dqg +;143, lpso| wkdw uhdo zdjhv/ hpsor|phqw/ wkh qxpehu ri edqnv/ wkh qxpehu ri �upv/

dqg djjuhjdwh rxwsxw doo idoo zkhq d ghydoxdwlrq rffxuv1

Jryhuqphqw Jxdudqwhhv

Qrz frqvlghu wkh vlwxdwlrq lq zklfk wkhuh duh jryhuqphqw jxdudqwhhv1 Vlqfh edqnv duh

qrw khgjhg wkh| ghfoduh edqnuxswf| zkhq d ghydoxdwlrq rffxuv1 Qh{w/ uhfdoo wkdw sulru wr

wkh ghydoxdwlrq -@ lv jlyhq e|=

-@
} '

�

E�� R�� n R
dE�� R�-n ��Eu}�o �

zkhuh/ iru / duelwudulo| forvh wr }hur/ u}
�' u?1

Diwhu wkh ghydoxdwlrq wkhuh lv qr xqfhuwdlqw|/ vr jryhuqphqw jxdudqwhhv sod| qr uroh1 Vr

iurp wkdw srlqw rq/ wkh edqn*v ohqglqj udwh +jlyhq e| +;148,, lv lghqwlfdo lq wkh jxdudqwhhv dqg

qr0jxdudqwhhv hfrqrplhv1 Krzhyhu/ ehiruh wkh ghydoxdwlrq/ -@ zdv orzhu lq wkh jxdudqwhhv

hfrqrp|1 Vr wkh srvw0ghydoxdwlrq ulvh lq -@ lv odujhu lq wkh hfrqrp| zlwk jxdudqwhhv1 Lw

iroorzv wkdw wkh vhyhulw| ri wkh ghfolqhv lq uhdo zdjhv/ hpsor|phqw/ wkh qxpehu ri edqnv/ wkh

qxpehu ri �upv/ dqg djjuhjdwh rxwsxw duh dovr doo odujhu lq wkh jxdudqwhh hfrqrp|1
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<1 Frqfoxvlrqv

Wklv sdshu dqdo|}hg wkh frqqhfwlrq ehwzhhq h{fkdqjh udwh ghydoxdwlrqv dqg edqnv* khgjlqj

ehkdylru1 Zh dujxhg wkdw wkh suhvhqfh ri jryhuqphqw jxdudqwhhv wr edqnv* fuhglwruv frp0

sohwho| holplqdwhv edqnv* lqfhqwlyhv wr khgjh h{fkdqjh udwh ulvn1 Vr zkloh wkh srolf| orzhuv

wkh lqwhuhvw udwh rq edqn ordqv dqg udlvhv djjuhjdwh rxwsxw/ lw frphv dw d frvw1 Wkh edqnlqj

v|vwhp ehfrphv iudjloh1 Lq wkh hyhqw ri d ghydoxdwlrq/ edqnv uhqhjh rq wkhlu ghew dqg jr

edqnuxsw1

Zh frqfoxgh e| glvfxvvlqj vrph vkruwfrplqjv ri rxu dqdo|vlv1 Wr suhvhuyh wkh dqdo|w0

lfdo wudfwdelolw| ri rxu prgho zh pdgh vhyhudo lpsruwdqw vlpsoli|lqj dvvxpswlrqv1 Iluvw/

zh dvvxphg wkdw wkhuh lv qr xqfhuwdlqw| derxw wkh h{fkdqjh udwh sdwk rqfh d ghydoxdwlrq

rffxuv= wkh fxuuhqf| ghsuhfldwhv dw d frqvwdqw udwh shu xqlw ri wlph1 Dvlgh iurp wkh frxq0

whuidfwxdo qdwxuh ri wklv dvvxpswlrq/ lw lpsolhv wkdw hfrqrplhv zlwk dqg zlwkrxw jxdudqwhhv

orrn lghqwlfdo rqfh wkh ghydoxdwlrq rffxuv/ dw ohdvw zlwk uhvshfw wr wkh yduldeohv zh vroyhg

iru1 Wklv zrxog qrw eh wkh fdvh li wkhuh zdv rqjrlqj h{fkdqjh udwh xqfhuwdlqw|1 Vhfrqg/

zh dvvxphg wkdw ghydoxdwlrqv duh h{rjhqrxv hyhqwv1 Lq Exuqvlgh/ Hlfkhqedxp dqg Uhehor

+5333e, zh hqgrjhql}h wkh suredelolw| ri ghydoxdwlrqv1 Lq sduwlfxodu zh vkrz wkdw wkh suhv0

hqfh ri jryhuqphqw jxdudqwhhv dqg wkh dvvrfldwhg �vfdo lpsolfdwlrqv ri edqn edlorxwv ohdg

wr wkh srvvlelolw| ri vhoi0ixo�oolqj fxuuhqf| fulvhv156 Ilqdoo|/ zh glg qrw irupdoo| dgguhvv

wkh txhvwlrq ri zk| jryhuqphqwv riwhq surylgh lpsolflw jxdudqwhhv wr edqnv1 Zh vxvshfw

wkdw wkh dqvzhu lv uhodwhg wr rxu prgho*v suhglfwlrq wkdw vxfk srolflhv jhqhudwh errpv lq

djjuhjdwh dfwlylw|1 Xqghuvwdqglqj zk| srolf|pdnhuv irfxv rq wklv ehqh�w +dv zhoo dv rwkhuv

qrw glvfxvvhg lq wklv sdshu,/ udwkhu wkdq wkh frvwv lv dq lpsruwdqw wdvn wkdw zloo qr grxew

lqyroyh srolwlfdo hfrqrp| w|sh frqvlghudwlrqv1

56Iru d uhodwhg dqdo|vlv zkhuh jryhuqphqw jxdudqwhhv sod| d uroh lq ghwhuplqlqj wkh htxloleulxp suredelolw|
ri d fulvlv/ vhh Fklqq dqg Nohw}hu +5333,1
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Uhihuhqfhv

Dnhuori/ Jhrujh dqg Sdxo Urphu +4<<6, �Orrwlqj= Wkh Hfrqrplf Xqghuzruog ri Edqn0
uxswf| iru Sur�w/� Eurrnlqjv Sdshuv lq Hfrqrplf Dfwlylw|/ 5/ 4�931

Djklrq/ Sklolssh/ Sklolssh Edffkhwwd/ dqg Deklmlw Edqhumhh +5333, �D Vlpsoh Prgho ri
Prqhwdu| Srolf| dqg Fxuuhqf| Fulvhv/� Hxurshdq Hfrqrplfv Uhylhz/ 77/ :5;056;1

Doextxhutxh/ Uxl +4<<<, �Rswlpdo Fxuuhqf| Khgjlqj/� Zrunlqj Sdshu/ Xqlyhuvlw| ri
Urfkhvwhu1

Dood|dqqlv/ Jhrujh/ Juhjru| Eurzq dqg Ohrud Nodsshu �H{fkdqjh0Udwh Ulvn Pdqdjhphqw=
Hylghqfh iurp Hdvw Dvld/� plphr/ Zruog Edqn/ 53331

Dvldprqh| Pdjd}lqh/ �Vxssohphqw/ Fxuuhqf| Jxlgh Lqgrqhvld/� Orqgrq/ Qryhpehu 4<<91

Dvldprqh|Pdjd}lqh/ �Nruhd Lqyhvwphqw Jxlgh= D Vshfldo Uhsruw e| wkh Fkdvh Pdqkdwwdq
Edqn/� Orqgrq/ Dsulo 4<<:1

Exuqvlgh/ Fudlj/ Pduwlq Hlfkhqedxp dqg Vhujlr Uhehor/ +5333d,/ �Rq wkh Ixqgdphqwdov
ri Vhoi Ixo�oolqj Fxuuhqf| Fulvhv/� pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1

Exuqvlgh/ Fudlj/ Pduwlq Hlfkhqedxp dqg Vhujlr Uhehor/ +5333e, cXqghuvwdqglqj wkh Nr0
uhdq dqg Wkdl Fxuuhqf| Fulvhv*/ Hfrqrplf Shuvshfwlyhv/ Ihghudo Uhvhuyh Edqn ri
Fklfdjr/ Vhswhpehu/ sdjhv 780931

Fdedoohur/ Ulfdugr dqg Duylqg Nulvkqdpxuwk| +4<<;, �Hphujlqj Pdunhwv Fulvhv= Dq Dv0
vhwv Pdunhwv Shuvshfwlyh/� Zrunlqj Sdshu/ PLW1

Fdorplulv/ Fkduohv +4<<;, �Wkh LPI*V Lpsuxghqw Uroh dv Ohqghu ri Odvw Uhvruw/� Wkh
Fdwr Mrxuqdo/ 4:/ 5:8�<71

Fdoyr/ Jxloohupr dqg Doodq Gud}hq +4<<;, �Xqfhuwdlq Gxudwlrq ri Uhirup= G|qdplf Lp0
solfdwlrqv/� Pdfurhfrqrplf G|qdplfv/ 5= 77607881

Fkdqj/ Urehuwr dqg Dqguhv Yhodvfr +4<<<, �Looltxlglw| dqg Fulvhv lq Hphujlqj Pdunhwv=
Wkhru| dqg Srolf|/� Zrunlqj Sdshu/ Qhz \run Xqlyhuvlw|1

Fkdul/ Y1Y1/ Odzuhqfh Fkulvwldqr/ dqg Pduwlq Hlfkhqedxp +4<<8, �Lqvlgh Prqh|/ Rxwvlgh
Prqh| dqg Vkruw Whup Lqwhuhvw Udwhv/� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 5: Sw1
5/ 4687�;91

Fklqq/ Phq}lh G1 dqg Nhqqhwk P1 Nohw}hu �Lqwhuqdwlrqdo Fdslwdo Lq rzv/ Grphvwlf Il0
qdqfldo Lqwhuphgldwlrq dqg Ilqdqfldo Fulvhv xqghu Lpshuihfw Lqirupdwlrq/� lq Uhxyhq
Jolfn/ Udprq Pduhqr dqg Pdun Vslhjho/ hgv1/ Ilqdqfldo Fulvhv lq Hphujlqj Pdunhwv1
Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv/ 53331

Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl dqg Qrxulho Urxelql +4<<<, �Sdshu WljhuvB D Prgho ri
wkh Dvldq Fulvlv/� Hxurshdq Hfrqrplfv Uhylhz/ 76/ 4544045691
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Ghokdlvh/ Sklolssh I1 +4<<;, Dvld lq Fulvlv= Wkh Lpsorvlrq ri wkh Edqnlqj dqg Ilqdqfh
V|vwhpv1 Vlqjdsruh= Mrkq Zloh| dqg Vrqv1

Gld}0Dohmdqgur/ Fduorv +4<;8, �Jrrge|h Ilqdqfldo Uhsuhvvlrq/ Khoor Ilqdqfldo Fudvk/�
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 4</ 4�71

Grroh|/ Plfkdho +5333, �D Prgho ri Fulvhv lq Hphujlqj Pdunhwv/� Wkh Hfrqrplf Mrxuqdo/
443= 589 05:51

Guhhv/ Exunkdug dqg Fh|od Sd}dued�vlr�jox +4<<;, �Wkh Qruglf Edqnlqj Fulvhv= Slwidoov lq
Ilqdqfldo Olehudol}dwlrqB� LPI Rffdvlrqdo Sdshu 4941

Hgzdugv/ Vhedvwldq dqg Fduorv Yhjk +4<<:, �Edqnv dqg Pdfurhfrqrplf Glvwxuedqfhv xq0
ghu Suhghwhuplqhg H{fkdqjh Udwhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 73/ 56<�5:;1

Hlfkhqjuhhq/ Eduu| dqg Doehuw Ilvkorz +4<<;, �Frqwhqglqj zlwk Fdslwdo Iorzv= Zkdw lv
Gl�huhqw derxw wkh 4<<3vB� lq Plohv Ndkohu hg1 Fdslwdo Iorzv dqg Ilqdqfldo Fulvhv1
Lwkdfd/ Q\= Fruqhoo Xqlyhuvlw| Suhvv1

Hlfkhqjuhhq/ Eduu| dqg Ulfdugr Kdxvpdqq +5333, �H{fkdqjh Udwhv dqg Ilqdqfldo Iudjlolw|/�
lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|/ Qhz Fkdoohqjhv iru Prqhwdu| Srolf|1

Hxurprqh| +4<<4, �Wkh 4<<4 Jxlgh wr Fxuuhqflhv/� Mxqh1 Orqgrq/ Hxurprqh| Sxeolfd0
wlrqv SOF1

Hxurprqh| +4<<9, �Wkh 4<<9 Jxlgh wr Hphujlqj Fxuuhqflhv/� Mxqh1 Orqgrq/ Hxurprqh|
Sxeolfdwlrqv SOF

Ironhuwv0Odqgdx/ Gdylg +4<<:, Lqwhuqdwlrqdo Fdslwdo Pdunhwv= Ghyhorsphqwv/ Survshfwv/
dqg Nh| Srolf| Lvvxhv/ Qryhpehu1 Zdvklqjwrq/ GF= LPI1

Jduehu/ Shwhu dqg Vxelu Odoo +4<<;, �Ghulydwlyh Surgxfwv lq H{fkdqjh Udwh Fulvhv/� lq
Uhxyhq Jolfn/ hg1 Pdqdjlqj Fdslwdo Iorzv dqg H{fkdqjh Udwhv= Shuvshfwlyhv iurp
wkh Sdfl�f Edvlq1 Qhz \run= Fdpeulgjh Xqlyhuvlw| Suhvv1

Jdylq/ Plfkdho dqg Ulfdugr Kdxvpdqq +4<<9, �Wkh Urrwv ri Edqnlqj Fulvhv= Wkh Pdfur0
hfrqrplf Frqwh{w/� lq Ulfdugr Kdxvpdqq dqg Ololdqd Urmdv0Vxäuh} hgv1 Edqnlqj
Fulvhv lq Odwlq Dphulfd1 Zdvklqjwrq/ GF= Lqwhu0Dphulfdq Ghyhorsphqw Edqn1

Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<:, H{fkdqjh Duudqjhphqwv dqg H{fkdqjh Uhvwulfwlrqv=
Dqqxdo Uhsruw/ Dxjxvw1 Zdvklqjwrq/ GF= LPI1

Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<;, Lqwhuqdwlrqdo Fdslwdo Pdunhwv= Ghyhorsphqwv/ Survshfwv/
dqg Nh| Srolf| Lvvxhv1 Zdvklqjwrq/ GF= LPI1

Mdfnvrq/ Nduo G1 +4<<<, �Lqwurgxfwlrq= wkh Urrwv ri wkh Fulvlv/� lq Nduo G1 Mdfnvrq hg1
Dvldq Frqwdjlrq= Wkh Fdxvhv dqg Frqvhtxhqfhv ri d Ilqdqfldo Fulvlv1 Erxoghu/ FR=
Zhvwylhz Suhvv1

Ndplqvn|/ Judflhod dqg Fduphq Uhlqkduw +4<<<, �Wkh Wzlq Fulvhv= Wkh Fdxvhv ri Edqnlqj
dqg Edodqfh0ri0Sd|phqwv Sureohpv/� Dphulfdq Hfrqrplf Uhylhz/ ;</ 7:6�8331
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Nduhnhq/ Mrkq dqg Qhlo Zdoodfh +4<:;, �Ghsrvlw Lqvxudqfh dqg Edqn Uhjxodwlrq= D Sduwldo
Htxloleulxp H{srvlwlrq/� Mrxuqdo ri Exvlqhvv/ 84/ 746�76;1

Nuhjho/ Mdq D1 +4<<;, �Ghulydwlyhv dqg Joredo Fdslwdo Iorzv= Dssolfdwlrqv wr Dvld/� Zrun0
lqj Sdshu Qr1 579/ Mhurph Ohy| Hfrqrplfv Lqvwlwxwh1

Nuxhjhu/ Dqqh dqg Ddurq Wruqhoo +4<<<, �Wkh Uroh ri Edqn Uhvwuxfwxulqj lq Uhfryhulqj
iurp Fulvhv= Ph{lfr 4<<80<;/� QEHU Zrunlqj Sdshu :3751

Nuxjpdq/ Sdxo +4<<<, �Dqdo|wlfdo Diwhuwkrxjkwv rq wkh Dvldq Fulvhv/� pdqxvfulsw/ PLW1

Odqh/ Wlprwk|/ Dwlvk Jkrvk/ Mdylhu Kdpdqq/ Vwhyhq Skloolsv/ Pduldqqh Vfkxo}h0Jkdwwdv/
dqg Wvlgl Wvlndwd +4<<<, �LPI0Vxssruwhg Surjudpv lq Lqgrqhvld/ Nruhd dqg Wkdlodqg=
D Suholplqdu| Dvvhvvphqw/� LPI Rffdvlrqdo Sdshu Qr1 4:;1

Phuwrq/ Urehuw +4<;:, �Dq Dqdo|wlf Ghulydwlrq ri wkh Frvw ri Ghsrvlw Lqvxudqfh dqg Ordq
Jxdudqwhhv1 Dq Dssolfdwlrq ri Prghuq Rswlrq Sulflqj Wkhru|/� Mrxuqdo ri Edqnlqj
dqg Ilqdqfh/ 4/ 6�441

Plvknlq/ Iuhghulf +4<<9, �Xqghuvwdqglqj Ilqdqfldo Fulvhv= D Ghyhorslqj Frxqwu| Shuvshf0
wlyh/� lq Plfkdho Euxqr dqg Erulv Sohvnrylf/ hgv1 Dqqxdo Zruog Edqn Frqihuhqfh rq
Ghyhorsphqw Hfrqrplfv 4<<91 Zdvklqjwrq/ GF= Zruog Edqn1

Prgljoldql/ Iudqfr dqg Phuwrq Ploohu +4<8;, �Wkh Frvw ri Fdslwdo/ Frusrudwlrq Ilqdqfh/
dqg wkh Wkhru| ri Lqyhvwphqw/� Dphulfdq Hfrqrplf Uhylhz/ 7;/ 59405<:1

Q|ehuj/ Shwhu dqg Yhvd Ylkulçoç +4<<6, �Ilqqlvk Edqnlqj Sureohpv= Kdqgolqj dqg Survshfwv/�
Edqn ri Ilqodqg Exoohwlq/ 9:/ 6�:1

Revwihog/ Pdxulfh +4<<;, �Wkh Joredo Fdslwdo Pdunhw= Ehqhidfwru ru PhqdfhB� Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ 45/ <�631

Sdun/ Gdhnhxq dqg Fkdqj|rqj Ukhh +5333, �Phdvxulqj wkh Ghjuhh ri Fxuuhqf| Plvdoljq0
phqw Xvlqj R�vkruh Iruzdug H{fkdqjh Udwhv= Wkh Fdvh ri wkh Nruhdq Ilqdqfldo
Fulvlv/� plphr/ Kdq|dqj Xqlyhuvlw|/ Nruhd1

Vlhjho/ Mhuhp| +4<:5, �Ulvn/ Lqwhuhvw Udwhv dqg wkh Iruzdug H{fkdqjh/� Txduwhuo| Mrxuqdo
ri Hfrqrplfv/ ;9/ 636�63<1

65



D1 Dsshqgl{

D141 Surri ri Sursrvlwlrq 614

Wkh uhvxow iroorzv lpphgldwho| iurp wkh gh�qlwlrqv ri T E�� dqg T -E�� jlyhq lq +619,/ +61:,1
Qrwh wkdw +61: , lpsolhv wkdw +619, fdq eh uhzulwwhq dv

T Euc %� ' .d4@ iT -Euc %(7��-KEuc %�uc fjo�

Qrwlfh wkdw 4@ iT -Euc %(7�� -KEuc %�uc fj ' T -Euc %(7��4�?i-KEuc %�uc T -Euc %(7�j1
Vr zh kdyh

T ' .dT -Euc %(7�o� .d4�?i-KEuc %�uc T -Euc %(7�jo

' T -
e Eu�� �Euc %��

D151 Surri ri Sursrvlwlrq 714

Jlyhq wkdw ZEuc %(7� ' T -Euc %(7� � -KEuc %�u/ d edqn fdq ixoo| khgjh li/ jlyhq u/ wkhuh
h{lvwv vrph % vxfk wkdw ZEuc %(7� � f iru doo 71 Lw lv frqyhqlhqw wr gh�qh

�ZuEu(7� � -@E7U*7�un E�� B�g � �Eu�� -uc +D14,

lq rwkhu zrugv sur�wv iurp ohqglqj li wkh edqn*v eruurzlqj udwh lv wkh ulvn iuhh udwh1 Lw lv
fohdu wkdw khgjlqj lv ihdvleoh li wkhuh h{lvwv dq % vxfk wkdw �ZuEu(7� n ZME%(7� � f iru doo
71 L1h1 li wkhuh h{lvwv dq % vxfk wkdw

�ZuEuc 7U� n %E�*8 � �*7U� � f

dqg

�ZuEu(7(� n %E�*8 � �*7(� � f�

Vlpsoh uhduudqjhphqw ri wkhvh htxdwlrqv vkrzv wkdw wklv uhtxluhv wkdw wkhuh h{lvwv dw ohdvw
rqh % vxfk wkdw fEu� � % � fEu�/ zkhuh

fEu� � ��ZuEu(7(�*E�*8 � �*7(� +D15,

dqg

fEu� � �ZuEu(7U�*E�*7U � �*8 �� +D16,

Fohduo| vxfk dq % h{lvwv li fEu� � fEu�/ ru

��ZuEu(7(�*E�*8 � �*7(� � �ZuEu(7U�*E�*7U � �*8 ��

Xvlqj +616, wr uhsodfh �*8 wklv lv htxlydohqw wr

��ZuEu(7(�*E�� R� � �ZuEu(7U�*R

ru .d�ZuEu(7�o � f1 Exw qrwlfh wkdw wklv lv htxlydohqw wr T -
e Eu� � -u1
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Jlyhq Sursrvlwlrq 614/ dqg d �{hg ohyho ri ohqglqj/ u/ wkh rswlpdo khgjlqj vwudwhj|/ %/ lv
wkh rqh zklfk plqlpl}hv wkh h{shfwhg frvw ri eruurzlqj1

Frqvlghu/ �uvw/ wkh edvholqh fdvh zkhuh / : f dqg b : f1 Iurp +6148,/ iru wkrvh % vxfk
wkdw wkh edqn lv ixoo| khgjhg �Euc %� ' -u/ vlqfh T -Euc %(7� � -u iru doo 71

Xvlqj +6148,/ iru wkrvh % vxfk wkdw wkh edqn jrhv edqnuxsw zkhq 7 ' 7(

�Euc %� ' E�� R�-KEuc %�un RT -Euc %(7(��

Wkh htxdwlrq ghwhuplqlqj -KEuc %�/ +6143,/ lpsolhv wkdw iru vxfk %

E�� R�-KEuc %�un RT -Euc %(7(� ' -un R��Euc %(7(�

dqg khqfh

�Euc %� ' -un R��Euc %(7(�� +D17,

Qrwlfh wkdw +61<, lpsolhv wkdw edqnuxswf| frvwv duh vwulfwo| srvlwlyh/ zlwk ��E�(7� � /*E��
b�1 Wklv lpsolhv wkdw ixoo khgjlqj vwulfwo| grplqdwhv dq| vwudwhj| frqvlvwhqw zlwk ghidxow lq
rqo| wkh ghydoxdwlrq vwdwh1

Xvlqj +6148,/ iru wkrvh % vxfk wkdw wkh edqn jrhv edqnuxsw zkhq 7 ' 7U

�Euc %� ' E�� R�T -Euc %(7U� n R-KEuc %�u�

Wkh htxdwlrq ghwhuplqlqj -KEuc %�/ +6143,/ lpsolhv wkdw iru vxfk %

E�� R�T -Euc %(7U� n R-KEuc %�u ' -un E�� R���Euc %(7U�

dqg khqfh

�Euc %� ' -un E�� R���Euc %(7U�� +D18,

Wklv lpsolhv wkdw ixoo khgjlqj vwulfwo| grplqdwhv dq| vwudwhj| frqvlvwhqw zlwk ghidxow lq rqo|
wkh qr0ghydoxdwlrq vwdwh1

Iru wkrvh % vxfk wkdw wkh edqn ghidxowv iru doo 7/ �Euc %� ' T -
e Eu�1 Vlqfh T -

e Eu� : -u/
Khqfh wklv vwudwhj| lv dovr vwulfwo| grplqdwhg e| ixoo khgjlqj1

Qrz frqvlghu wkh fdvh zkhuh b : f exw / ' f1 Zkhq / ' f vwudwhjlhv lqyroylqj ghidxow
duh ihdvleoh ehfdxvh wkh lqwhuydo ri %v frqvlvwhqw zlwk +61<, ehfrphv

�
�
�ZuEu(7(� n-u

�
*E�*8 � �*7(� � �Eu� � % � 7�Eu� �

�
�ZuEu(7U� n-u

�
*E�*7U � �*8 ��

dqg dfEu�c fEu�o � d�Eu�c 7�Eu�o1 Rqfh djdlq/ �Euc %� ' -u iru dq| % 5 dfEu�c fEu�o +ixoo

khgjlqj,1 Wkh ehvw % wkdw wkh edqn frxog fkrrvh frqvlvwhqw zlwk ghidxowlqj zkhq 7 ' 7(/
lv/ dv fdq eh vhhq iurp +D17,/ wkh % wkdw plqlpl}hv ��Euc %(7(�/ l1h1 % ' �Eu�1 Lw lpsolhv
wkdw �Euc %� ' -u1 Wkh ehvw % wkdw wkh edqn frxog fkrrvh frqvlvwhqw zlwk ghidxowlqj zkhq
7 ' 7U / lv/ dv fdq eh vhhq iurp +D18,/ wkh % wkdw plqlpl}hv ��Euc %(7U�/ l1h1 % ' 7�Eu�1 Lw
dovr lpsolhv wkdw �Euc %� ' -u1 Khqfh/ wkh edqn lv lqgl�huhqw ehwzhhq % 5 dfEu�c fEu�o/
% ' �Eu�/ dqg % ' 7�Eu�1

Li / ' f dqg b ' f/ qrwlfh wkdw wkhuh duh qr frvwv dvvrfldwhg zlwk edqnuxswf|1 Wkdw lv/
��E�(7� ' f iru doo 7/ lpso|lqj wkdw �Euc %� ' -u iru dq| % vxfk wkdw wkh edqn lv vroyhqw
lq dw ohdvw rqh vwdwh ri wkh zruog1 Khqfh d yhuvlrq ri wkh Prgljoldql0Ploohu wkhruhp dssolhv=
wkh edqn lv lqgl�huhqw ehwzhhq doo % 5 d�Eu�c 7�Eu�o1 Ehfdxvh T -

e Eu� : -u dqg edqnuxswf|
frvwv duh }hur/ wkhuh duh qr % vxfk wkdw wkh edqn lv lqvroyhqw lq erwk vwdwhv1
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D161 Surri ri Sursrvlwlrq 715

Dv lq wkh surri ri Sursrvlwlrq 715/ khgjlqj ixoo| lv ihdvleoh jlyhq wkdw .ET -� : -u1 Iru
% 5 dfEu�c fEu�o +ixoo khgjlqj, wkh h{shfwhg frvw ri eruurzlqj lv �Euc %� ' -u1

Khuh zh hvwdeolvk wkdw xqghu jxdudqwhhv d vwudwhj| ri ghidxowlqj rqo| zkhq 7 ' 7( lv
ihdvleoh li dqg rqo| li / 	 E� � b�-u1 Vxfk d vwudwhj| uhtxluhv wkdw wkhuh h{lvwv dw ohdvw
rqh % iru zklfk +l, T -Euc %(7U� � -u/ +ll, T -Euc %(7(� 	 -u/ dqg +lll, T -Euc %(7(� �
��Euc %(7(� duh vdwlv�hg1 Lq +l, dqg +ll, zh kdyh xvhg wkh idfw wkdw -KEuc %� ' - iru dq|
vxfk vwudwhj|1 Dovr/ wkh odvw frqglwlrq iroorzv iurp +61<, dqg fdq eh uhzulwwhq xvlqj +61;, dv
E�� b�T -Euc %(7(� � /1

Xvlqj uhvxowv iurp wkh suhylrxv vhfwlrq wkh �uvw frqglwlrq lv htxlydohqw wr % � fEu�
zkloh wkh vhfrqg frqglwlrq lv htxlydohqw wr % 	 fEu�1 Wkh suhylrxv vhfwlrq dovr hvwdeolvkhg
wkdw fEu� � fEu� li T -

e �-u � f/ zklfk zh kdyh dvvxphg1 Khqfh/ wkh �uvw wzr frqglwlrqv
fdq eh uhsodfhg zlwk rqh= % 	 fEu�1 Ilqdoo|/ vrph dojheud vkrzv wkdw wkh wklug frqglwlrq
lv htxlydohqw wr % � t Eu� zkhuh

t Eu� �
�
/*E�� b��

�
�ZuEu(7(� n-u

��
*E�*8 � �*7(�� +D19,

Khqfh/ iru doo wkuhh frqglwlrqv wr eh vdwlv�hg lw lv qhfhvvdu| dqg vx!flhqw wr kdyh t Eu� 	
fEu�1 Exw wklv lv hdvlo| vkrzq wr eh htxlydohqw wr / 	 E�� b�-u1

Li wkh edqn fkrrvhv % 5 dt Eu�cfEu�� lw zloo fkrrvh wr ghidxow zkhq 7 ' 7(1 Ehfdxvh
-KEuc %� ' -/ +6148, lpsolhv

�Euc %� ' E�� R�-un RT -Euc %(7(�

iru vxfk %1 Qrwlfh wkdw wklv lpsolhv

�Euc %� ' -un R
�
T -Euc %(7(��-u

�
�

Vlqfh T -Euc %(7(� 	 -u iru % 5 dt Eu�c fEu�� +ghidxow zkhq 7 ' 7(,/ lw iroorzv lpph0
gldwho| wkdw dq| vxfk % vwulfwo| grplqdwhv dq| % 5 dfEu�c fEu�o +ixoo khgjlqj,/ iru zklfk
�Euc %� ' -u1

Vlqfh T -Euc %(7(� lv vwulfwo| lqfuhdvlqj lq %/ lw lv rswlpdo iru d edqn wkdw ghidxowv zkhq
7 ' 7( wr vhw % wr lwv orzhvw shuplvvleoh ydoxh frqvlvwhqw zlwk +61<,/ % ' t Eu�1 Wklv ydoxh
ri % lpsolhv wkdw T -Euc %(7(� ' ��Euc %(7(� ' /*E� � b�1 Lw iroorzv wkdw wkh plqlpl}hg
ydoxh ri �Euc %� lv E�� R�-un R/*E�� b�1

Vlqfh jryhuqphqw jxdudqwhhv gr qrw dsso| wr ghidxow zkhq 7 ' 7U / li wkh edqn fkrrvhv d
ydoxh ri % vxfk wkdw lw ghidxowv rqo| zkhq 7 ' 7U wklv vwudwhj| lv grplqdwhg e| ixoo khgjlqj
iru wkh vdph uhdvrqv jlyhq lq wkh surri ri Sursrvlwlrq 7141 Vlploduo|/ d edqn zloo qrw fkrrvh
d ydoxh ri % vxfk wkdw lw ghidxowv lq erwk vwdwhv/ iru wkh vdph uhdvrqv jlyhq lq wkh surri ri
Sursrvlwlrq 7141

D171 Surri ri Sursrvlwlrq 814

Zh �uvw gh�qh irxu vhwv ri Euc %� sdluv=

l� ' iEuc %�mu � fc ZEuc %m7� � f ;7j c +D1:,

l2 '
�
Euc %�mZEuc %(7U� � fc ZEuc %(7(� 	 fc +61<, krogv

�
c +D1;,
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l� '
�
Euc %�mZEuc %(7U� 	 fc ZEuc %(7(� � fc +61<, krogv

�
c +D1<,

le ' iEuc %�mZEuc %(7� 	 f ;7c +61<, krogvj � +D143,

Wkh vhw l� frqvlvwv ri wkrvh Euc %� sdluv frqvlvwhqw zlwk wkh edqn ehlqj ixoo| khgjhg1 Wkh vhw
l2 lv wkh vhw ri Euc %� vxfk wkdw wkh edqn zloo ghidxow zkhq 7 ' 7(1 Wkh vhw l� lv wkh vhw ri
Euc %� vxfk wkdw wkh edqn zloo ghidxow zkhq 7 ' 7U 1 Wkh vhw le lv wkh vhw ri Euc %� vxfk wkdw
wkh edqn zloo ghidxow iru doo 71 Lpsoflw lq wkh irxu gh�qlwlrqv lv wkh gh�qlwlrq ri -KEuc %�
jlyhq e| +6143,1

Qrz gh�qh l ' l� ^ l2 ^ l� ^ le1 Wkh edqn*v sureohp lv wr fkrrvh Euc %� 5 l wr
pd{lpl}h T Euc %�1 Zh zloo iuhtxhqwo| xvh wkh idfw wkdw/ ex gh�qlwlrq/ T Euc %� � f iru doo
Euc %� 5 l +vhh ^6146`,1

Lq wkh surri ri Sursrvlwlrq 714 zh hvwdeolvkhg wkdw iru dq| Euc %� 5 l� h{shfwhg sur�wv
duh jlyhq e|

T Euc %� ' T �Eu� � T -
e Eu�� -u

' -@E7U*8 �u� �Eu� n E�� B�g � -u

dqg wkdw T�Eu� � f li dqg rqo| li <Euc %� 5 l�1
Qrwlfh wkdw T�Ef� ' E� � B�g � �Ef� : f/ T �

�Eu� ' -@E7U*8 � � - � ��Eu�/ dqg wkdw
T ��
� Eu� ' ����Eu� 	 f iru u : f1 Wkh vwulfw frqyh{lw| ri T� lpsolhv wkdw T

�
� lv qhjdwlyh iru

vx!flhqwo| odujh u1 Wklv lpsolhv wkdw wkhuh h{lvwv d �qlwh un vxfk wkdw T�Eun� ' f1 Wkh vhw
iumT�Eu� � fj ' dfc uno1 Khqfh l� '

�
Euc %�mu 5 dfc unoc fEu� � % � fEu�

�
1

Frqvlghu dq| Euc %� 5 l21 Lq wkh surri ri Sursrvlwlrq 714 zh hvwdeolvkhg wkdw iru vxfk
vwudwhjlhv �Euc %� ' -un R��Euc %(7(�1 Khqfh

T Euc %� ' T 2Euc %� � T -
e Eu�� -u� R��Euc %(7(�

' T�Eu�� R��Euc %(7(��

Vlqfh ��Euc %(7(� : f dqg T2Euc %� � f lw iroorzv wkdw T�Eu� : f iru Euc %� 5 l21 Khqfh
u 5 dfc uno li Euc %� 5 l21 Lw iroorzv lpphgldwho| wkdw qr Euc %� 5 l2 lv sur�w pd{lpl}lqj1

Frqvlghu dq| Euc %� 5 l�1 Lq wkh surri ri Sursrvlwlrq 714 zh hvwdeolvkhg wkdw iru vxfk
vwudwhjlhv �Euc %� ' -un E�� R���Euc %(7U�1 Khqfh

T Euc %� ' T�Euc %� � T -
e Eu�� -u� E�� R���Euc %(7U�

' T�Eu�� E�� R���Euc %(7U��

Vlqfh ��Euc %(7U� : f dqg T�Euc %� � f lw iroorzv wkdw T�Eu� : f iru Euc %� 5 l�1 Khqfh
u 5 dfc uno li Euc %� 5 l�1 Lw iroorzv lpphgldwho| wkdw qr Euc %� 5 l� lv sur�w pd{lpl}lqj1

Zlwklq le h{shfwhg sur�wv duh TeEuc %� ' f1 Vlqfh wkhuh h{lvwv u 5 dfc uno vxfk wkdw
T�Eu� : f/ qr Euc %� 5 le fdq eh sur�w pd{lpl}lqj1

Wkxv/ wkh sur�w pd{lpl}lqj fkrlfh ri Euc %� zloo dozd|v olh lq l�/ iru dq| -@/ dqg zloo eh
wkh frpelqdwlrq ri wkh u zklfk pd{lpl}hv T�Eu� dqg dq| fEu� � % � fEu�1 Vlqfh T�Eu� lv
vwulfwo| frqfdyh dqg dfc uno lv d frpsdfw vhw zh fdq hdvlo| rewdlq wkh sur�w pd{lpl}lqj ydoxh
ri u1 Lw lv hlwkhu wkh vroxwlrq wr wkh �uvw rughu frqglwlrq

T �
�Eu� ' -@E7U*8 �� ��Eu�� - ' f +D144,
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ru lw lv rqh ri wkh wzr hqgsrlqwv/ u ' f ru u ' un1 Qrwlfh wkdw wkh rswlpxp fdq qhyhu eh
dw un vlqfh T�Ef� : f dqg T�Eun� ' f1

Lq htxloleulxp T ' -g1 Wkh suhylrxv vxevhfwlrq vkrzhg wkdw lq htxloleulxp Euc %� 5 l�

zlwk u 5 dfc un�1 Zh fdqqrw kdyh u ' f lq htxloleulxp vlqfh T�Ef� ' E��B�g��Ef� 	 -g1
Khqfh/ wkh rqo| srvvlelolw| lv wkdw dq htxloleulxp zlwk Euc %� 5 l� h{lvwv lq zklfk wkh
�uvw0rughu frqglwlrq/ +D144,/ lv vdwlv�hg1 Vxevlwxwlqj wklv lqwr wkh h{suhvvlrq iru T�Eu�/ lq
htxloleulxp h{shfwhg sur�wv duh jlyhq e|

��Eu�u� �Eu� n E�� B�g ' -g� +D145,

Jlyhq wkh frqglwlrqv zh sodfhg rq �/ wkhuh lv d xqltxh vroxwlrq wr +D145,1 Wklv ydoxh ri u/
zklfk zh ghqrwh u?/ lv wkh xqltxh htxloleulxp ohyho ri ohqglqj lq wkh devhqfh ri jryhuqphqw
jxdudqwhhv1

Wkh xqltxh htxloleulxp dvn udwh/ dv ghwhuplqhg e| +D144,/ lv

-@
? ' E8*7U� d-n ��Eu?�o �

Wr frpsohwh wkh surri zh yhuli| wkdw fEu?� � fEu?� vr wkdw ixoo khgjlqj lv ihdvleoh1 Qrwlfh
wkdw

f ' fEu?� ' 8 d-n ��Eu?�ou? n-g*E�*7U � �*8 �

dqg

f ' fEu?� ' 8 d-n ��Eu?�ou? �-g*E�*8 � �*7(��

Fohduo| f : f1

D181 Surri ri Sursrvlwlrq 815

Xqghu jryhuqphqw jxdudqwhhv/ wkh l�/ � ' �/ 2/ �/ e/ duh vwloo jlyhq e| +D1:,�+D143,/ exw
lpsolflw lq wkhvh gh�qlwlrqv lv wkh gh�qlwlrq ri -KEuc %� xqghu jryhuqphqw jxdudqwhhv/ jlyhq
e| +6145,1

Zh surfhhg dv lq wkh surri ri Sursrvlwlrq 8141 Iru Euc %� 5 l�/ h{shfwhg sur�wv duh djdlq
jlyhq e|

T Euc %� ' T�Eu� � T -
e Eu��-u�

Dovr Euc %� 5 l� dqg T�Eu� � f li dqg rqo| li u 5 dfc uno1
Frqvlghu dq| Euc %� 5 l21 Lq wkh surri ri Sursrvlwlrq 715 zh hvwdeolvkhg wkdw iru vxfk

vwudwhjlhv �Euc %� ' E�� R�-un RT -Euc %(7(�1 Khqfh h{shfwhg sur�wv duh jlyhq e|

T Euc %� ' T2Euc %� � T -
e Eu�� E�� R�-u� RT -Euc %(7(�

' T�Eu�� R
�
T -Euc %(7(�� -u

�
' T�Eu�� RZEuc %(7(��

Vlqfh/ iru Euc %� 5 l2/ ZEuc %(7
(� 	 f wklv lpsolhv wkdw T2Euc %� : T�Eu� iru Euc %� 5 l21

Lw iroorzv e| wkh vdph dujxphqwv xvhg lq wkh surri ri Sursrvlwlrq 814 wkdw qr Euc %� 5 l�

qru dq| Euc %� 5 le fdq eh sur�w pd{lpl}lqj1

6:



Zh qh{w holplqdwh wkh srvvlelolw| wkdw lq htxloleulxp dq| edqnv zloo eh ixoo| khgjhg1 Zh
nqrz iurp wkh surri ri Sursrvlwlrq 814 wkdw wkh }hur sur�w frqglwlrq lpsolhv wkdw li dq|
edqnv duh ixoo| khgjhg/ lq htxloleulxp wkh| pxvw kdyh u ' u?/ wkh vroxwlrq wr +D145, dqg
wkh dvn udwh pxvw eh -@

? jlyhq e| +816,1 Exw/ xvlqj wkh vdph dujxphqw xvhg lq wkh surri wr
Sursrvlwlrq 715/ wkh idfw wkdw / 	 E�� b�-u?/ lpsolhv wkdw wkhuh h{lvwv dw ohdvw rqh % zlwk
Eu?c %� 5 l21 Dqg/ xvlqj dq| Eu?c %� 5 l2/ d edqn zrxog kdyh h{shfwhg sur�wv ri

T2Eu?c %� ' T�Eu?�� RZEu?c %(7
(��

Exw/ iru Eu?c %� 5 l2/ ZEu?c %(7
(� 	 f/ vr wkdw T2Eu?c %� : T�Eu?�1 Khqfh edqnv fdqqrw eh

ixoo| khgjhg lq htxloleulxp1
Qrz zh fkhfn zkhwkhu wkhuh lv dq htxloleulxp zlwk Euc %� 5 l21 Iru d jlyhq u/ wkh surri

ri Sursrvlwlrq 715 vkrzhg wkdw Euc %� 5 l2 li dqg rqo| li t Eu� � % 	 fEu�1 Zh dovr kdyh

YT2Euc %�*Y% ' �RYZEuc %(7(�*Y% ' �RE�*8 � �*7(� 	 f�

Vr wkh edqn zloo vhw % htxdo wr lwv orzhvw ihdvleoh ydoxh/ l1h1 % ' t Eu� gh�qhg lq +D19,1
Vxevwlwxwlqj % ' t Eu� lqwr wkh h{suhvvlrq iru T2Euc %� zh jhw

T2duc t Eu�o ' T�Eu� n Rd-u� /*E�� b�o�

Wkh orzhu erxqg rq wkh ydoxhv ri u zklfk duh ihdvleoh lq l2 lv wkh ydoxh ri u iru zklfk
fEu� ' t Eu�/ zklfk lv u ' /*d-E�� b�o 	 u?1 Wkh odujhvw ydoxh ri u zklfk lv ihdvleoh lq
l2 lv rqh iru zklfk T2duct Eu�o ' f zklfk zh ghqrwh e| u1 Zh dvvxph/ iru wkh prphqw/
wkdw u 	 u/ vr wkdw l2 lv qrq0qxoo1 Zh qrz fkrrvh u 5 Eucuo wr pd{lpl}h T2duc t Eu�o1

Vlqfh u fdqqrw eh dq htxloleulxp +lw lpsolhv }hur sur�wv,/ dqg T2duc t Eu�o lv vwulfwo|
frqfdyh zh orrn iru dq lqwhulru vroxwlrq1 Gl�huhqwldwlqj T2duc t Eu�o zlwk uhvshfw wr u/ zh
rewdlq wkh �uvw rughu frqglwlrq

E7U*8 �-@ � ��Eu� ' E�� R�-� +D146,

Lq wklv fdvh h{shfwhg sur�wv zrxog eh

��Eu�u� �Eu� n E�� B�g � R/*E�� b� ' -g� +D147,

Wkhuh lv d xqltxh vroxwlrq/ u ' u}/ wr +D147, vxfk wkdw u} : u?1 Qrwlfh wkdw wklv lpsolhv
u} : u/ zklfk frq�upv rxu lqlwldo dvvxpswlrq wkdw u 	 u1

Wkh xqltxh htxloleulxp dvn udwh/ dv ghwhuplqhg e| +D146,/ lv

-@
} ' E8*7U� dE�� R�-n ��Eu}�o �

Wkh htxloleulxp khgjh srvlwlrq ri wkh edqn lv

%} ' t Eu}��

6;



D191 Surri ri Sursrvlwlrq 914

Xqghu qrqfrqwlqjhqw jryhuqphqw jxdudqwhhv/ wkh l�/ � ' �/ 2/ �/ e/ duh vwloo jlyhq e| +D1:,�
+D143,/ exw lpsolflw lq wkhvh gh�qlwlrqv lv wkh idfw wkdw -KEuc %� ' -u iru doo Euc %� 5 l1

Zh surfhhg dv lq wkh surri wr Sursrvlwlrq 8151 Iru Euc %� 5 l� h{shfwhg sur�wv duh djdlq
jlyhq e|

T Euc %� ' T�Eu� � T -
e Eu��-u�

Iru Euc %� 5 l2 h{shfwhg sur�wv duh djdlq jlyhq e|

T Euc %� ' T2Euc %� � T�Eu�� RZEuc %(7(�

Djdlq/ wkhvh duh pd{lpl}hg e| vhwwlqj % ' t Eu�/ zklfk lpsolhv wkdw

T2duc t Eu�o ' T�Eu� n Rd-u� /*E�� b�o�

Iru Euc %� 5 l� h{shfwhg sur�wv duh jlyhq e|

T Euc %� ' T�Euc %� � T�Eu�� E�� R�ZEuc %(7U��

Dqdodjrxvo| wr wkh suhylrxv fdvh/ wkhvh duh pd{lpl}hg e| vhwwlqj % htxdo wr wkh kljkhvw
ihdvleoh ydoxh frqvlvwhqw zlwk +61<,/ l1h1

% ' t Eu� �
�
�ZuEu(7U� n-u� /*E�� b�

�
*E�*7U � �*8 �� +D148,

Vxevwlwxwlqj % ' t Eu� lqwr wkh h{suhvvlrq iru T�Euc %� zh jhw

T�duc t Eu�o ' T�Eu� n E�� R�d-u� /*E�� b�o�

Iru Euc %� 5 le h{shfwhg sur�wv duh djdlq htxdo wr 31
Lq htxloleulxp T ' -g1 Lw iroorzv e| wkh vdph dujxphqwv xvhg lq wkh suhylrxv surriv

wkdw qr Euc %� 5 l� qru dq| Euc %� 5 le fdq eh htxloleuld1 Wkhuh duh wzr srvvlelolwlhv wkdw
zh pxvw frqvlghu1

Li wkhuh zdv dq htxloleulxp zlwk Euc %� 5 l2 wkhq lw zrxog eh dw u} dqg

T�du}c 7t Eu}�o ' T2du}c t Eu}�o n E�� 2R�d-u} � /*E�� b�o�

Vlqfh R 	 �*2 dqg u} : u? / zh kdyh T�du}c 7t Eu}�o : T2du}c t Eu}�o � f1 Wkh idfw wkdw
T�Eu}� : f lpsolhv wkdw u} lv ihdvleoh zlwklq l�1 Khqfh Euc %� 5 l2 fdqqrw eh dq htxloleulxp1

Wr fkhfn zkhwkhu wkhuh lv dq htxloleulxp zlwk Euc %� 5 l�/ zh gl�huhqwldwh T�duc 7t Eu�o
zlwk uhvshfw wr u/ wr rewdlq wkh �uvw rughu frqglwlrq

E7U*8 �-@ � R- ' ��Eu�� +D149,

Lq wklv fdvh h{shfwhg sur�wv zrxog eh

��Eu�u� �Eu� n E�� B�g � E�� R�/*E�� b� ' -g� +D14:,

Wkhuh lv d xqltxh vroxwlrq/ u ' u�/ wr +D14:, vxfk wkdw u� : u} : u?1
Wkh xqltxh htxloleulxp dvn udwh/ dv ghwhuplqhg e| +D149,/ lv

-@
� ' E8*7U� dR-n ��Eu��o �

Wkh htxloleulxp khgjh srvlwlrq ri wkh edqn lv

%� ' t Eu���
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D1:1 Surri ri Sursrvlwlrq :14

Jlyhq wkh gh�qlwlrqv ri T dqg T - jlyhq lq +:16,/ +:14, Lw iroorzv wkdw

T Euc %� ' .d4@ iT -Euc %( xc 7�� -KEuc %�uc fjo�

Qrwlfh wkdw 4@ iT -E�( xc 7� � -KE��uc fj ' T -E�( xc 7� � 4�?i-KE��ucT -E�( xc 7�j1 Vr zh
kdyh

T Euc %� ' .dT -Euc %( xc 7�o�.d4�?i-KEuc %�uc T -Euc %( xc 7�jo

' T -
e Eu�� �Euc %��

Khqfh/ wkh edqn*v sureohp ri fkrrvlqj % wr pd{lpl}h T Euc %� lv htxlydohqw wr lw fkrrvlqj
% wr plqlpl}h �Euc %�1

Jlyhq u/ li wkh edqn fkrrvhv % vr wkdw lw lv ixoo| khgjhg wkhq �Euc %� ' -u1 Wkhuh
duh wkuhh dowhuqdwlyhv wr wklv vwudwhj|= wkh edqn frxog fkrrvh % vr wkdw +l, lw ghidxowv zkhq
7 ' 7( uhjdugohvv ri wkh ydoxh ri x/ +ll, lw ghidxowv zkhq 7 ' 7( dqg x ' �/ ru +lll, lw
ghidxowv zkhq 7 ' 7U 1

Iru % frqvlvwhqw zlwk vwudwhj| +l,

�E�� ' E�� R�-KE��un RE�� ^�T -E�( �c 7(� n R^T -E�(�c 7(�

dqg lwv eruurzlqj udwh lv ghwhuplqhg e|

-u ' E�� R�-KE��un RE�� ^�
�
T -E�( �c 7(�� ��E�( �c 7(�

�
R^

�
T -E�(�c 7(�� ��E�(�c 7(�

�
�

Khqfh zh fdq uhzulwh

�E�� ' -un R
�
E�� ^���E�( �c 7(� n ^��E�(�c 7(�

�
�

Vr vwudwhj| +l, lv grplqdwhg e| ixoo khgjlqj1
Iru % frqvlvwhqw zlwk vwudwhj| +ll,

�E�� ' E�� R^�-KE��un R^T -E�(�c 7(�

dqg lwv eruurzlqj udwh lv ghwhuplqhg e|

-u ' E�� R^�-KE��un R^
�
T -E�(�c 7(�� ��E�(�c 7(�

�
�

Khqfh zh fdq uhzulwh

�E�� ' -un R^��E�(�c 7(��

Vr vwudwhj| +ll, lv grplqdwhg e| ixoo khgjlqj1
Iru % frqvlvwhqw zlwk vwudwhj| +lll,

�E�� ' E�� R�T -E�( �c 7U� n R-KE��u

dqg lwv eruurzlqj udwh lv ghwhuplqhg e|

-u ' R-KE��un E�� R�
�
T -E�( �c 7U�� ��E�( �c 7U�

�
�

Khqfh zh fdq uhzulwh

�E�� ' -un E�� R���E�( �c 7U��

Vr vwudwhj| +lll, lv grplqdwhg e| ixoo khgjlqj1
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D1;1 Surri ri Sursrvlwlrq :15

Dv lq wkh surri ri Sursrvlwlrq :15/ wkh edqn*v sureohp ri pd{lpl}lqj T Euc %� lv htxlydohqw
wr lw plqlpl}lqj �Euc %�1 Jlyhq u/ li wkh edqn fkrrvhv % vr wkdw lw lv ixoo| khgjhg wkhq
�Euc %� ' -u1 Wkhuh duh wkuhh dowhuqdwlyhv wr wklv vwudwhj|= wkh edqn frxog fkrrvh % vr
wkdw +l, lw ghidxowv zkhq 7 ' 7( uhjdugohvv ri wkh ydoxh ri x/ +ll, lw ghidxowv zkhq 7 ' 7(

dqg x ' �/ ru +lll, lw ghidxowv zkhq 7 ' 7U 1
Iluvw/ zh vkrz wkdw li ixoo khgjlqj lv ihdvleoh dqg / 	 E�� b�-u hlwkhu vwudwhj| +l,

ru vwudwhj| +ll, lv dovr ihdvleoh1 Ixoo khgjlqj ehlqj ihdvleoh uhtxluhv wkdw wkhuh h{lvwv dw
ohdvw rqh % iru zklfk T -Euc %( xc 7� � -u iru doo x/ 71 Wklv/ lq wxuq/ zrxog lpso| wkdw
T -
e Eu� � -u1 Lw lv xvhixo wr gh�qh �ZuEu( x� ' -@ux� �Eu� n E�� B�g �-u1 Qrwlfh wkdw

T -
e Eu� ' .d�ZuEucx� n -uo/ vr wkh idfw wkdw T -

e Eu� � -u lpsolhv .d�ZuEucx�o � f1 Vlqfh
�ZuEu( �� : ZuEu(��/ wklv ixuwkhu lpsolhv wkdw �ZuEu( �� : f1

Xvlqj wkh h{suhvvlrqv iru T -E�( xc 7� zh vhh wkdw T -E�( xc 7� � -u iru doo x/ 7 lv htxly0
dohqw wr

% � %M '
�ZuEu( ��

�*7U � �*8
% � %M� ' �

�ZuEu( ��

�*8 � �*7(
% � %M� ' �

�ZuEu(��

�*8 � �*7(
�

Vlqfh �ZuEu(�� 	 �ZuEu( ��/ %M� 	 %M�1 Vr wkh wkuhh frqglwlrqv uhgxfh wr %M� � % � %M 1 Dq

% frqvlvwhqw zlwk ixoo khgjlqj zloo h{lvw li %M� � %M ru/ htxlydohqwo|/ .d�ZuEucx�o � f1

Vwudwhj| +l, uhtxluhv wkdw wkhuh h{lvw dw ohdvw rqh % iru zklfk +d, T -Euc %( �c 7U� � -u/
+e, T -Euc %( xc 7(� 	 -u/ ;x/ dqg +f, T -Euc %( xc 7(� � ��Euc %( xc 7(�/ ;x duh vdwlv�hg1
Wkh odvw frqglwlrq fdq eh uhzulwwhq dv E�� b�T -Euc %( xc 7(� � / iru doo x1

Xvlqj wkh vdph orjlf dv deryh/ frqglwlrqv +d, dqg +e, duh htxlydohqw wr

% � %M % 	 %M� % 	 %M��

Qrwlfh wkdw wkh �uvw dqg wklug ri wkhvh frqglwlrqv duh uhgxqgdqw vlqfh %M� 	 %M� � %M 1 Vr

zh duh ohiw zlwk % 	 %M�1 Vlqfh �Zu Eu(�� 	 �ZuEu( �� frqglwlrq f, uhgxfhv wr rqh frqglwlrq

% � %U '
�
/*E�� b��

�
�ZuEu(�� n-u

��
*E�*8 � �*7(��

Wkxv/ vwudwhj| +l, lv ihdvleoh li %U 	 %M�1 Vrph dojheud vkrzv wkdw wklv uhtxluhv

/ 	 E�� b� d-u� E�� ��-@uo �

Vwudwhj| +ll, uhtxluhv wkdw wkhuh h{lvw dw ohdvw rqh % iru zklfk +d, T -Euc %( �c 7U� � -u/ +e,
T -Euc %( �c 7(� � -u/ +f, T -Euc %(�c 7(� 	 -u dqg +g, T -Euc %(�c 7(� � ��Euc %(�c 7(�
duh vdwlv�hg1 Wkh odvw frqglwlrq fdq eh uhzulwwhq dv E�� b�T -Euc %(�c 7(� � /1

Xvlqj wkh vdph orjlf dv deryh/ frqglwlrqv +d,/ +e, dqg +f, duh htxlydohqw wr

% � %M % � %M� % 	 %M��

Vlqfh ixoo khgjlqj lv ihdvleoh %M� � %M / pdnlqj wkh �uvw frqglwlrq uhgxqgdqw1 Vr zh duh ohiw
zlwk %M� � % 	 %M�1 Frqglwlrq +g, uhtxluhv % � %U 1 Wkxv/ lq rughu iru dq % frqvlvwhqw zlwk
vwudwhj| +ll, wr h{lvw/ zh qhhg %U 	 %M�1 Vrph dojheud vkrzv wkdw wklv lv htxlydohqw wr

/ 	 E�� b�-u�
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Vr vwudwhj| +ll, lv dozd|v ihdvleoh1
Kdylqj hvwdeolvkhg wkdw vwudwhj| +ll, lv dozd|v ihdvleoh dqg wkdw vwudwhj| +l, pljkw dovr

eh ihdvleoh/ zh wxuq/ qrz wr vkrzlqj zkdw wkh h{shfwhg frvw ri eruurzlqj lv xqghu wkh wkuhh
dowhuqdwlyh vwudwhjlhv1

Iru % frqvlvwhqw zlwk vwudwhj| +l,

�E�� ' E�� R�-un RE�� ^�T -E�( �c 7(� n R^T -E�(�c 7(�

' -un RE�� ^�
�
T -E�( �c 7(�� -u

�
n R^

�
T -E�(�c 7(��-u

�

E| gh�qlwlrq/ iru vwudwhj| +l,/ T -E�(�c 7(� 	 T -E�( �c 7(� 	 -u1 Khqfh vwudwhj| +l,/ zkhq
ihdvleoh/ zloo grplqdwh ixoo khgjlqj1

Iru % frqvlvwhqw zlwk vwudwhj| +ll,

�E�� ' E�� R^�-un R^T -E�(�c 7(�

' -un R^
�
T -E�(�c 7(�� -u

�
�

E| gh�qlwlrq/ iru vwudwhj| +ll,/ T -E�(�c 7(� 	 -u1 Khqfh vwudwhj| +ll,/ zkhq ihdvleoh/ zloo
grplqdwh ixoo khgjlqj1

Dv ehiruh/ iru % frqvlvwhqw zlwk vwudwhj| +lll,

�E�� ' -un E�� R���E�( �c 7U�c

vr wkdw vwudwhj| +lll, lv grplqdwhg e| ixoo khgjlqj1
Vlqfh zh kdyh vkrzq wkdw vwudwhj| +ll, dqg2ru vwudwhj| +l, lv ihdvleoh li ixoo khgjlqj lv

ihdvleoh/ wkh edqn zloo qrw ixoo| khgjh1
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