
�@?!t @t �@|@*)t|t uLh W?_�t|h�@*�3@|�L?

�@hUL #@ +�?
W

N?��iht�|
@ _� ALh�?Lc WBW,+ @?_ 6�B%w5,

@?_

A�L4@t Oi**4@??

B�5��� � 5|@?uLh_ N?��iht�|)

�U|LMih 2�c �bbH
6�ht| Viht�L? ��}�t| �bbD

Devwudfw

Pxfk ri wkh uhfhqw jurzwk dqg ghyhorsphqw olwhudwxuh lv edvhg rq wkh qrwlrq wkdw

hfrqrplhv pd| h{klelw pxowlsoh htxloleuld/ gxh wr frruglqdwlrq idloxuhv1 Vxusulvlqjo|/

olwwoh dwwhqwlrq kdv ehhq jlyhq wr dqdo|}h zklfk hfrqrplf lqvwlwxwlrqv pd| vroyh vxfk

idloxuhv1 Zh h{dplqh wkh uroh ri edqnv dv cfdwdo|vwv* iru lqgxvwuldol}dwlrq1 Zkhq wkhuh

duh olplwv wr frqwudfwlqj/ dqg frpsohphqwdulwlhv h{lvw dprqj lqyhvwphqwv ri gl�huhqw

�upv/ zh ghulyh frruglqdwlrq frvwv hqgrjhqrxvo| dqg vkrz wkdw edqnv fdq dfwv dv

fdwdo|vwv surylghg wkdw= +l, wkh| duh vx�flhqwo| odujh wr prelol}h d fulwlfdo pdvv ri �upv/

dqg +ll, wkh| srvvhvv vx�flhqw pdunhw srzhu wr pdnh sur�wv iurp frruglqdwlrq1 Zh

dovr vkrz wkdw wkh frvwv ri frruglqdwlrq ghshqg fulwlfdoo| rq wkh frqwudfwlqj lqvwuxphqwv

dydlodeoh wr edqnv1 Lq sduwlfxodu/ doorzlqj edqnv wr krog htxlw| uhgxfhv dqg vrphwlphv

holplqdwhv wkh frvw ri frruglqdwlrq1 Zh xvh rxu uhvxowv wr lqwhusuhw wkh sdwwhuqv ri

hduo| lqgxvwuldol}dwlrq ri Ehojlxp/ Jhupdq|/ dqg Lwdo| lq wkh odwh 4<wk fhqwxu|1 Wkhvh

frxqwulhv h{shulhqfhg txlfn lqgxvwuldol}dwlrq zlwk wkh dfwlyh lqyroyhphqw ri odujh dqg

srzhuixo xqlyhuvdo edqnv/ zklfk hqjdjhg lq erwk ghew dqg htxlw| �qdqfh1

MHO Fodvvl�fdwlrq qxpehuv= J54/ Q5/ R47/ R491

Nh|zrugv= Hqgrjhqrxv Jurzwk/ Frruglqdwlrq Idloxuhv/ Fkrlfh ri whfkqrorj|/ Ilqdqfldo

Lqvwlwxwlrqv/ Ilqdqfldo Klvwru|1
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Zkdw suhyhqwv vrph hfrqrplhv iurp lqgxvwuldol}lqj dqg jurzlqjB Wkh qhrfodvvlfdo jurzwk

prgho suhglfwhg wkdw ohvv ghyhorshg frxqwulhv zrxog qdwxudoo| fdwfk xs zlwk pruh dgydqfhg

hfrqrplhv1 Wkh idloxuh ri pdq| hfrqrplhv wr lqgxvwuldol}h/ krzhyhu/ kdv fdoohg iru qhz ds0

surdfkhv1 Vhyhudo vwudqgv ri wkh cqhz jurzwk* wkhru| kdyh vkrzq krz lqgxvwuldol}dwlrq pd|

idlo wr rffxu qrw +rqo|, ehfdxvh ri d vfduflw| ri uhvrxufhv/ exw ehfdxvh ri d odfn ri lqyhvw0

phqw frruglqdwlrq dqg lqyhvwruv* frq�ghqfh1 Wklv kdsshqv zkhq wkh hfrqrp| lv vwxfn lq

dq cxqghughyhorsphqw wuds* hyhq wkrxjk wkhuh h{lvw kljkhu htxloleuld1 Lw lv qdwxudo wr dvn

xqghu zkdw frqglwlrqv dq hfrqrp| pd| �qg lwvhoi vwxfn lq dq xqghughyhorsphqw wuds1 Dovr/

lq wkh devhqfh ri vsrqwdqhrxv frruglqdwlrq zh zrxog olnh wr nqrz zklfk lqvwlwxwlrqv pd|

uhphg| vxfk frruglqdwlrq idloxuh1 Zkloh wkh iruphu txhvwlrq kdv ehhq wkrurxjko| dqdo|}hg

e| wkh olwhudwxuh/ wkh odwwhu kdv uhfhlyhg ohvv dwwhqwlrq vr idu/ ghvslwh lwv juhdw lpsruwdqfh

iru wkhrulvwv dqg srolf| pdnhuv dolnh1 D w|slfdo frqfoxvlrq lv vlpso| wkdw wkhuh pd| eh

d uroh iru jryhuqphqw wr frruglqdwh lqyhvwphqwv1 Dv Pxusk|/ Vkohlihu dqg Ylvkq| +4<;</

s1434<, sxw lw= _Wkh lqh�flhqf| ri wkh xqlqgxvwuldol}hg htxloleulxp udlvhv wkh srvvlelolw| ri

d jryhuqphqw uroh hlwkhu lq hqfrxudjlqj djhqwv wr lqyhvw ru/ dowhuqdwlyho|/ lq glvfrxudjlqj

fxuuhqw frqvxpswlrq1% Wklv dujxphqw grhv qrw frqvlghu wkh srvvlelolw| wkdw sulydwh lqvwl0

wxwlrqv pd| dovr lqgxfh frruglqdwlrq1 Pruhryhu lw ohdyhv rshq wkh lvvxh ri krz dqg xqghu

zkdw flufxpvwdqfhv frruglqdwlrq lv dfwxdoo| dfklhyhg1

Lq wklv sdshu zh ehjlq wr dgguhvv wkhvh txhvwlrqv e| irfxvlqj rq wkh uroh ri rqh sduwlfxodu

lqvwlwxwlrq= edqnv1 Zh dvn xqghu zkdw flufxpvwdqfhv edqnv pd| suryh lqvwuxphqwdo lq

irvwhulqj lqgxvwuldol}dwlrq1 Edqnv duh qdwxudo fdqglgdwhv dv wkhlu ohqglqj dfwlylwlhv qdwxudoo|

sxw wkhp lq wrxfk zlwk d odujh ydulhw| ri �upv1 Wkh| pd| wkhuhiruh qrw rqo| eh deoh

wr shufhlyh rssruwxqlwlhv iru frruglqdwlrq/ exw dovr wr lq�xhqfh 0 wkurxjk wkhlu ohqglqj

dfwlylwlhv 0 wkh lqyhvwphqw ghflvlrqv ri pdq| �upv1

Wr h{dplqh wklv sureohp zh surylgh d wkhruhwlfdo iudphzrun/ zklfk doorzv wkh h{lvwhqfh

ri frpsohphqwdulwlhv dprqj �upv* lqyhvwphqwv1 Wklv pd| ohdg wr pxowlsoh/ Sduhwr0udqndeoh

htxloleuld1 Wr prgho wkh �qdqfldo pdunhw vwuxfwxuh/ zh xvh d yduldqw ri d Vwdfnhoehuj sulfh0

ohdghuvkls prgho1 D ohdg edqn fdq r�hu ordqv dw vx�flhqwo| idyrudeoh whupv wr prelol}h

d cfulwlfdo pdvv* ri �upv wr lqyhvw/ wkxv pdnlqj lqyhvwphqwv e| rwkhuv zruwkzkloh1 Zh

h{dplqh xqghu zkdw frqglwlrqv d ohdg edqn fdq dfw dv d cfdwdo|vw* iru rwkhu edqnv dqg

�upv wr lqyhvw/ wkxv lqgxflqj lqgxvwuldol}dwlrq1 Zh vkrz wkdw iru d edqn wr wdnh wkh ohdg

lq frruglqdwlqj +frpsohphqwdu|, lqyhvwphqwv wzr frqglwlrqv pxvw eh vdwlv�hg1 Iluvw/ wkh

edqn kdv wr eh vx�flhqwo| odujh/ uhodwlyh wr wkh hfrqrp|/ vr dv wr eh deoh wr �qdqfh d fulwlfdo

pdvv ri �upv1 Vhfrqg/ wkh edqn pxvw �qg lw lq lwv vhoi0lqwhuhvw wr lqgxfh frruglqdwlrq1 Zh

vkrz wkdw li d edqn fdq rqo| xvh vwdqgdug ghew frqwudfwv lw dozd|v lqfxuv orvvhv lq wkh
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surfhvv ri prelol}lqj wkh fulwlfdo pdvv ri �upv1 Lw zloo wkhuhiruh dfw dv d fdwdo|vw rqo| zkhq

lw srvvhvvhv vx�flhqw pdunhw srzhu wr uhfrxs wkh frvw ri frruglqdwlrq e| pdnlqj sur�wv

rq ordqv wr �upv rxwvlgh wkh fulwlfdo pdvv1 Exw wkh frvw ri frruglqdwlrq dovr ghshqgv rq

wkh dydlodeoh frqwudfwlqj rswlrqv1 D edqn fdq uhgxfh 0 dqg srvvleo| holplqdwh 0 wkh frvw

ri frruglqdwlrq li lw lv doorzhg wr �qdqfh �upv wkurxjk htxlw|/ udwkhu wkdq mxvw vwdqgdug

ghew frqwudfwv1 Pruhryhu/ li lw zhuh srvvleoh wr pdnh frqwudfwv frqwlqjhqw rq rwkhu �upv*

lqyhvwphqw/ wkhq wkh frvw ri frruglqdwlrq zrxog dozd|v glvdsshdu1

Rxu hpskdvlv rq edqnv hpdqdwhv iurp d klvwrulfdo shuvshfwlyh1 Hyhq d fxuvru| orrn

dw wkh sdvw vxjjhvwv wkdw lq pdq| frxqwulhv edqnv sod|hg d vljql�fdqw uroh lq wkh surfhvv

ri lqgxvwuldol}dwlrq1 Zh orrn lq sduwlfxodu dw wkh hphujhqfh ri sulydwh clqgxvwuldo* fuhglw

edqnv lq 4<wk fhqwxu| frqwlqhqwdo Hxursh/ dqg zh xvh rxu prgho wr lqwhusuhw wkh h{shul0

hqfhv ri Ehojlxp/ Jhupdq| dqg Lwdo|1 Lq doo wkhvh frxqwulhv/ d ihz srzhuixo odujh edqnv

�qdqfhg wkh pdmrulw| ri �upv lq wkh kljk jurzwk vhfwruv ri wkh hfrqrp|1 Wkh| slrqhhuhg

xqlyhuvdo edqnlqj/ surylglqj �upv zlwk erwk ghew dqg htxlw| �qdqfh1 Wkh| grplqdwhg

wkhlu �qdqfldo pdunhwv/ dovr wkdqnv wr uhvwulfwlrqv wr hqwu|1 Wkhvh frxqwulhv h{shulhqfhg

d txlfn dqg vxvwdlqhg lqgxvwuldol}dwlrq dv edqnv ehfdph lqyroyhg zlwk lqgxvwuldo �qdqfh1

Wkhlu h{shulhqfhv frqwudvw vkduso| zlwk wkrvh ri frxqwulhv zkhuh wkh odfn ri lqgxvwuldol}d0

wlrq zdv dffrpsdqlhg e| olplwdwlrqv wr lqgxvwuldo edqnlqj1 Rxu wkhru| h{sodlqv wkh uroh

ri edqnv dv fdwdo|vwv lq hfrqrplhv zkhuh wkh xqghuo|lqj revwdfoh wr lqgxvwuldol}dwlrq lv rqh

ri frruglqdwlrq1 Zh gr qrw fodlp wr h{sodlq doo lqgxvwuldol}dwlrq h{shulhqfhv/ dqg lq sdu0

wlfxodu wkrvh zkhuh wkh xqghuo|lqj sureohp wr eh vroyhg lv qrw rqh ri frruglqdwlrq1 Wkh

vxffhvixo lqgxvwuldol}dwlrq ri Hqjodqg lq wkh 4;wk fhqwxu|/ iru h{dpsoh/ iroorzhg d gl�huhqw

sdwk1 Hqjodqg zdv d whfkqrorjlfdo ohdghu/ qrw d cfdwfk xs* hfrqrp|/ vr wkdw wkh xqghuo|lqj

sureohp zdv ulvn glyhuvl�fdwlrq udwkhu wkdq frruglqdwlrq idloxuh1

Rxu uhvxowv frqwulexwh wr wkh jurzwk olwhudwxuh edvhg rq pxowlsoh htxloleuld1 Pxusk|/

Vkohlihu dqg Ylvkq| +4<;<, irupdol}h wkh lghd wkdw lqyhvwphqw lq lqgxvwuldo surgxfwlrq lv

sur�wdeoh rqo| zkhq lw lv vlpxowdqhrxvo| xqghuwdnhq e| vhyhudo �upv1 Wklv lv gxh wr wkh h{0

lvwhqfh ri djjuhjdwh ghpdqg vslooryhuv/ d w|sh ri shfxqldu| h{whuqdolw|1 Pdwvx|dpd +4<<5,

h{whqgv wklv prgho wr d g|qdplf vhwwlqj/ dqg Idifkdpsv dqg Khopv +4<<9, wr orfdo sh0

fxqldu| h{whuqdolwlhv1 Pxowlsoh htxloleuld fdq dovr dulvh gxh wr d vhfrqg w|sh ri shfxqldu|

h{whuqdolw|/ qdpho| edfnzdug dqg iruzdug olqndjhv lq wkh surgxfwlrq ri lqwhuphgldwh jrrgv1

Flffrqh dqg Pdwvx|dpd +4<<9, dqg Urgu��jxh}0Foduh +4<<9d, erwk lqwurgxfh vshfldol}hg

qrq0wudgdeoh lqwhuphgldwh lqsxwv zklfk lqgxfh shfxqldu| h{whuqdolwlhv1 Rnxqr0Ixmlzdud

+4<;3, surylghv dq dowhuqdwlyh iudphzrun/ edvhg rq Frxuqrw frpshwlwlrq1 D wklug srvvl0

eoh vrxufh ri pxowlsoh htxloleuld iru dq lqgxvwuldol}lqj hfrqrp| lv Pduvkdooldq h{whuqdolwlhv1
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Khospdq dqg Nuxjpdq +4<;8, irupdol}h wklv qrwlrq lq whupv ri whfkqrorjlfdo h{whuqdolwlhv1

Lq wklv fdvh wkh vlpxowdqhrxv jurzwk ri whfkqrorjlfdoo| uhodwhg vhfwruv lqfuhdvhv hfrqrplf

jurzwk1 Dq hfrqrp| zkhuh wkh uljkw pl{ ri vhfwruv wdnhv r� zloo ghyhors vprrwko|/ zkhuhdv

dq xqfrruglqdwhg vwduw pd| wkurz lw lqwr d ylflrxv flufoh ri sryhuw|1 D}duldglv dqg Gud}hq

+4<<3,/ Gxuodxi +4<<6,/ dqg Pdwvx|dpd +4<<4, dovr ghyhors prghov zkhuh whfkqlfdo h{whu0

qdolwlhv lqgxfh pxowlsoh htxloleuld1 Pdwvx|dpd +4<<8d, dqg Urgu��jxh}0Foduh +4<<9e, jlyh

h{fhoohqw dqg frpsuhkhqvlyh vxuyh|v ri wklv olwhudwxuh1 Plojurp dqg Urehuwv +4<<7d/e,

vkrz wkdw doo wkhvh prghov duh edvhg rq wkh h{lvwhqfh ri frpsohphqwdulwlhv1 D jurzlqj

hpslulfdo olwhudwxuh/ vwduwhg e| Nlqj dqg Ohylqh +4<<6,/ vxjjhvwv wkdw �qdqfldo yduldeohv

duh qrw rqo| kljko| fruuhodwhg zlwk jurzwk/ exw wkdw wkhuh pd| zhoo eh d fdxvdo uhodwlrq0

vkls iurp �qdqfldo ghyhorsphqw wr hfrqrplf jurzwk1 Vhh Udmdq dqg ]lqjdohv +4<<;, iru

d uhfhqw phwkrgrorjlfdo dssudlvdo ri lwv uhvxowv/ dqg Duhvwlv dqg Ghphwuldghv +4<<:, dqg

Ohylqh +4<<:, iru frpsuhkhqvlyh vxuyh|v1

Zh xvh d yhu| vlpsoh prgho wr frqyh| wkh lqvljkwv ri wkh sdshu/ dqg lq wkh dsshqgl{

zh surylgh d jhqhudo irupxodwlrq zklfk dffrxqwv iru �up khwhurjhqhlw| dqg iru dq| w|sh

ri frpsohphqwdulw| lq lqyhvwphqwv/ wkxv hqfrpsdvvlqj doo wkhvh qrwlrqv ri shfxqldu| dqg

whfkqrorjlfdo h{whuqdolwlhv1 Wkh uhpdlqghu ri wkh sdshu lv dv iroorzv1 Vhfwlrq 4 ghyhorsv

wkh prgho1 Vhfwlrq 5 glvfxvvhv wkh klvwrulfdo hylghqfh1 Vhfwlrq 6 lqwhusuhwv rxu uhvxowv dqg

vxjjhvwv d uhvhdufk djhqgd1

� � �L_i* Lu �@?! �LLh_�?@|�L?

��� A�i �@t�U �L_i*

Rxu hfrqrp| odvwv wzr shulrgv/ dqg wkhuh duh wzr whfkqrorjlhv dydlodeoh wr �upv/ rqh

cwudglwlrqdo* dqg rqh clqgxvwuldo1* Wkh dgrswlrq ri wkh lqgxvwuldo whfkqrorj| uhtxluhv wkh

lqyhvwphqw ri d vxp I lq wkh �uvw shulrg/ dqg doorzv d �up wr surgxfh lq wkh vhfrqg

shulrg1 Wkhuh lv qr xqfhuwdlqw| lq wkh prgho derxw wkh ixwxuh rxwfrph ri wkh lqyhvwphqw1

Hdfk �up lv hqgrzhg zlwk IJ?I ri rzq ixqgv/ dqg wkxv qhhgv wr eruurz IK@I�IJ1 Zh

ghqrwh wkh ohqglqj udwh e| l/ vr wkdw d �up zklfk eruurzv kdv wr uhsd| +4 . l,IK lq wkh

vhfrqg shulrg1

Wkhuh duh T lghqwlfdo �upv lqgh{hg e| t@4===T1 Ohw L^@4 li �up t ghflghv wr lqyhvw/

dqg L^ @ 3 rwkhuzlvh1 Ghqrwh wkh vhw ri doo lqyhvwphqw ghflvlrqv e| N @ iL^j^M'/ dqg

e| nNn wkh fruuhvsrqglqj qxpehu ri lqyhvwlqj �upv1 N irupv d vxe0odwwlfh1� Zkhq wkh

�6Lh @ _i�?�|�L? @?_ _�tU�tt�L? Lu t�M�*@||�Uit tii ��*}hL4 @?_ 5�@??L? E�bbe�� �L|�Ui |�@| L�h 4L_i*
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lqyhvwphqw sdwwhuq lv N/ wkh +jurvv, uhwxuq wr lqyhvwphqw lv jlyhq e| i+N,1 Zh dvvxph

wkdw i+N,@3 li L^@3/ dqg i+N,�3 li L^@4= Ilupv zklfk gr qrw lqyhvw pdnh qr sur�wv1

Zkhq d �up lqyhvwv/ lwv uhwxuq ghshqgv qrw rqo| rq lwv rzq lqyhvwphqw/ exw dovr rq wkh

lqyhvwphqwv ri doo rwkhu �upv1 Wkh ixqgdphqwdo dvvxpswlrq zh pdnh lv wkdw wkhuh duh

srvlwlyh h{whuqdolwlhv ehwzhhq �upv* lqyhvwphqwv1 Lq rwkhu zrugv/ zh dvvxph wkdw i+N, lv

vxshuprgxodu lqN12 Jlyhq v|pphwulf �upv/ wklv phdqv wkdw i+N, lv dq lqfuhdvlqj ixqfwlrq

ri nNn1 Lq wkh dsshqgl{ zh frqvlghu wkh fdvh ri khwhurjhqhrxv �upv dqg xvh d pruh jhqhudo

fodvv ri frpsohphqwdulwlhv/ vkrzlqj wkdw rxu uhvxowv frqwlqxh wr krog1

Dv zh glvfxvvhg lq wkh lqwurgxfwlrq/ srvlwlyh lqwhughshqghqflhv ru cfrpsohphqwdulwlhv*

duh dw wkh khduw ri pxfk uhfhqw zrun lq ghyhorsphqw hfrqrplfv1 Wkh| fdq dulvh iru d ydulhw|

ri uhdvrqv/ lqfoxglqj shfxqldu| h{whuqdolwlhv/ U)G vslooryhuv/ h{whuqdolwlhv lq lqwhuphgldwh

jrrgv surgxfwlrq/ ru djjorphudwlrq hfrqrplhv1 Wkh| fdq eh v|pphwulfdo +dv lq Pxusk|/

Vkohlihu dqg Ylvkq| +4<;<,, ru dv|pphwulfdo +dv zkhq d ihz nh| �upv pd| vxevwdqwldoo|

lqfuhdvh rwkhuv* sur�wdelolw| exw qrw ylfh yhuvd,1 Rxu pruh jhqhudo prgho lq wkh dsshqgl{

fdswxuhv doo wkhvh srvvleoh fdvhv1 Lq wkh pdlq wh{w zh dgrsw wkh v|pphwulf yhuvlrq wr frqyh|

pruh lpphgldwho| wkh lqwxlwlrq ri rxu uhvxowv1

Zh dovr dvvxph wkdw wkhuh duh olplwdwlrqv rq wkh w|shv ri frqwudfwv wkdw edqnv dqg �upv

fdq zulwh1 Lq sduwlfxodu/ zh vwduw e| dvvxplqj wkdw rqo| vwdqgdug ghew frqwudfwv duh ihdvleoh

dqg uhod{ wklv dvvxpswlrq odwhu1 Rxu dvvxpswlrq fdq eh mxvwl�hg rq vhyhudo jurxqgv1 Iluvw/

wkhuh pd| eh uhjxodwru| dqg ohjdo frqvwudlqwv1 Vhfrqg/ wkhuh pd| eh sureohpv ri yhul�delolw|

ru hqirufhdelolw| wkdw pdnh vwdqgdug ghew frqwudfwv wkh rqo| ihdvleoh ru hfrqrplfdo �qdqfldo

lqvwuxphqwv1�

Ohw u ghqrwh wkh ulvnohvv udwh ri uhwxuq/ dqg wkxv wkh frvwv ri ixqgv lq wkh hfrqrp|/ dqg

ohw � @ �

�no
eh wkh glvfrxqw udwh1 Wkh qhw suhvhqw ydoxh ri wkh sur�wv ri �up t lv jlyhq e|=

�+N> l, @ � ^i+N,� +4.l,IK`

zkhuh nNn�4 lv wkh qxpehu ri �upv h{shfwhg wr lqyhvw1 Lq rughu wr irfxv rq wkh srvvlelolw|

ri pxowlsoh htxloleuld/ zh dvvxph wkdw �i+N,?I li nNn@4/ dqg wkdw �i+N,AI li nNn@T1
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Lw lv lpphgldwho| fohdu wkdw wkh lqyhvwphqw ghflvlrq ghshqgv rq wkh lqwhuhvw udwh r�huhg1

Wklv/ lq wxuq/ lv ghwhuplqhg e| wkh vwuxfwxuh ri wkh �qdqfldo pdunhw1 Zh xvh d vlpsoh

sulfh0ohdghuvkls prgho wkdw doorzv iru d rqh0glphqvlrqdo sdudphwhul}dwlrq ri wkh lqwhqvlw|

ri frpshwlwlrq lq wkh �qdqfldo pdunhw1 Zh zloo odwhu glvfxvv wkh jhqhudolw| ri rxu dssurdfk1

Lq sduwlfxodu zh dvvxph wkdw wkhuh h{lvw d frpshwlwlyh iulqjh ri } cvpdoo* edqnv zklfk fdq

�qdqfh h{dfwo| rqh �up hdfk1 D cohdg edqn* fdq wkhq �qdqfh xs wr +T�}, �upv1 Wkh

�qdqfldo pdunhw lv frpshwlwlyh zkhq wkh iulqjh lv yhu| odujh +} @T,/ vxfk wkdw wkh ohdg

edqn glvdsshduv1 Wkhq wkh ohqglqj udwh l dozd|v htxdov wkh ghsrvlw udwh u1 Li wkh iulqjh

lv vpdoohu +lqwhuphgldwh ydoxhv ri },/ wkh ohdg edqn kdv vrph pdunhw srzhu/ dowkrxjk lw

lv frqvwudlqhg lq lwv dfwlrq e| wkh iulqjh1 Li wkh iulqjh glvdsshduv +} @ 3,/ wkh ohdg edqn

ehfrphv d prqrsrolvw1

Wkh vhtxhqfh ri dfwlrqv lv dv iroorzv1 Wkh ohdg edqn pryhv �uvw dqg pdnhv ordq r�huv

wr �upv1 Wkh iulqjh edqnv revhuyh wkh ohdg edqn*v r�huv/ dqg wkhq pdnh wkhlu ordq r�huv

wr �upv1 Ilqdoo| �upv vlpxowdqhrxvo| ghflgh zkhwkhu wr lqyhvw dqg zklfk r�huv wr dffhsw1

Qrwlfh wkdw wkhuh duh qr lqirupdwlrq dv|pphwulhv1

��2 ��*|�T*i �L4Ti|�|��i ,^��*�Mh�@ @?_ |�i �ii_ uLh �LLh_�?@|�L?

Lq wklv vhfwlrq zh h{dplqh wkh udwlrqdo h{shfwdwlrqv htxloleuld zkhq �qdqfldo pdunhwv duh

frpshwlwlyh1 Lq wklv fdvh } @T/ dqg wkhuh lv qr ohdg edqn exw rqo| d frpshwlwlyh iulqjh1

D vhw ri lqyhvwlqj �upv N lv d frpshwlwlyh htxloleulxp li �+N>u, � IJ iru doo t 5N dqg

�+N>u,?IJ iru doo t5TqN1 Wkh pdlq Sursrvlwlrq ri wklv vhfwlrq lv wkhq=

Sursrvlwlrq 4 Zlwk d frpshwlwlyh �qdqfldo pdunhw/ l @ u/ dqg wkhuh h{lvw wzr Sduhwr0

udqndeoh frpshwlwlyh htxloleuld/ rqh zkhuh doo �upv lqyhvw/ dqg rqh zkhuh qr �upv lqyhvw1

Sursrvlwlrq 4 iroorzv lpphgldwho| iurp l @ u dqg wkh dvvxpswlrq wkdw �i+N, ? I li

nNn@4 dqg �i+N,AI li nNn@T1 Wkh lqwxlwlrq lv wkdw zkhqhyhu wkhuh lv d codujh* qxpehu

ri �upv lqyhvwlqj +khuh T, wkhq frpsohphqwdulwlhv pdnh lw zruwkzkloh wr lqyhvw iru doo �upv1

Olnhzlvh/ zkhq rqo| cihz* �upv +khuh qrqh, lqyhvw/ lw lv qrw sur�wdeoh iru rwkhuv wr lqyhvw/

gxh wr wkh odfn ri d vx�flhqwo| vwurqj frpsohphqwdulwlhv h�hfw1 Zh qdph wkh htxloleulxp

zlwk qr �upv lqyhvwlqj wkh EH +cEdfnzdug Htxloleulxp*, dqg wkh htxloleulxp zlwk doo �upv

lqyhvwlqj wkh LH +cLqgxvwuldol}dwlrq Htxloleulxp*,1

Lq wkh dsshqgl{ zh vkrz wkdw zlwk �up khwhurjhqhlw| dqg jhqhudo frpsohphqwdulwlhv

wkhuh pd| eh pruh wkdq wzr htxloleuld1 Exw wkhuh dozd|v h{lvw d cpd{lpdo* dqg d cplqlpdo*

htxloleulxp1 Pruhryhu/ lq wkh cpd{lpdo* htxloleulxp/ zkhuh wkh odujhvw qxpehu ri �upv

lqyhvw/ wkhuh duh +zhdno|, ihzhu �upv lqyhvwlqj wkdq lv vrfldoo| ghvludeoh1
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Wkh h{lvwhqfh ri pxowlsoh htxloleuld lv d frruglqdwlrq idloxuh1 Lq wkh EH wkh eholhi wkdw

qr �up lv lqgxvwuldol}lqj lv vhoi0ixo�oolqj/ l1h1 lw lpsolhv wkdw lqghhg qr �up grhv dfwxdoo|

xqghuwdnh wkh frvwo| lqyhvwphqw wr lqgxvwuldol}h1 Olnhzlvh/ lq wkh LH wkh eholhi wkdw pdq|

�upv duh lqyhvwlqj grhv mxvwli| lqyhvwphqw e| pdq| �upv1 Vxfk pxowlsolflw| ri htxloleuld

lv ghwhuplqhg e| eholhiv/ qrw e| h{rjhqrxv sdudphwhuv ru sdvw ydoxhv ri wkh yduldeohv1e

Frruglqdwlrq ri eholhiv rffxuv vsrqwdqhrxvo|/ vr wkdw wkh LH dulvhv h�ruwohvvo|/ dqg wr jhw

rxw ri wkh EH wkh hfrqrp| pxvw uho| rq vsrqwdqhrxv fkdqjhv lq eholhiv1 Lq pdq| hfrqrplf

vlwxdwlrqv lw lv kdug wr vhh zk| �upv zrxog lqghshqghqwo| fkdqjh wkhlu eholhiv rq rwkhuv*

lqyhvwphqw ghflvlrqv1D

Suhylrxv zrun/ zklfk zh vxuyh|hg lq wkh lqwurgxfwlrq/ kdv vkrzq wkh srvvleoh h{lvwhqfh

ri d frruglqdwlrq idloxuh dqg fkdudfwhul}hg wkh frqglwlrqv xqghu zklfk hlwkhu htxloleulxp

pd| dwwdlq1 Wkh irfxv ri rxu sdshu lv rq krz wr holplqdwh wkh EH1 Wr euhdn wkh eholhiv wkdw

vxvwdlq wkh EH uhtxluhv wkdw djhqwv nqrz wkdw wkh EH fdqqrw eh dq htxloleulxp dq| orqjhu1

Zh wkhuhiruh dujxh wkdw frruglqdwlrq kdv ehhq dfklhyhg li dqg rqo| li wkh EH lv qr orqjhu

dq htxloleulxp1 Wklv lv gl�huhqw iurp d sxuh vljqdolqj h�hfw1 Dq| sxeolfo| revhuydeoh vljqdo/

hyhq li zlwkrxw frqwhqw�olnh d cvxqvsrw*�frxog lqghhg lqgxfh frruglqdwlrq1 Exw wkhuh lv

qr sduwlfxodu uhdvrq wr eholhyh lw zrxog/ vlqfh wkh EH vwloo uhpdlqv d srvvleoh htxloleulxp1

Dv orqj dv wkh EH uhpdlqv d srvvleoh htxloleulxp wkhuh lv uhdvrq wr eholhyh wkdw lw pd|

dovr eh wkh fkrvhq htxloleulxp/ hvshfldoo| li zh wklqn ri eholhiv dv ehlqj lqkhuhqwo| voxjjlvk1

Rxu uhtxluhphqw holplqdwhv wklv srvvlelolw|/ vlqfh wkh EH lv qr orqjhu dq htxloleulxp1 Sxw

gl�huhqwo|/ lq rughu qrw wr uho| rq d vrphzkdw lpsodxvleoh vsrqwdqhrxv frruglqdwlrq ri

eholhiv/ zh irfxv rq wkh fdvh zkhuh djhqwv gr qrw uho| rq lw dw doo1

Wkh txhvwlrq zh dvn lv zkdw hfrqrplf lqvwlwxwlrqv pd| eh deoh wr shuirup frruglqdwlrq1

Wklv lv lq jhqhudo d frvwo| dfwlylw|/ zklfk lpsolhv wkdw dq djhqw pxvw srvvhvv qrw rqo|

wkh delolw| exw dovr wkh dssursuldwh lqfhqwlyhv wr hqjdjh lq lw1 Zh vxeplw wkdw edqnv

duh d qdwxudo fdqglgdwh dv d cfrruglqdwlrq phfkdqlvp* iru dw ohdvw wkuhh uhdvrqv1 Iluvw/

wkh dydlodelolw| dqg whupv ri edqn �qdqflqj gluhfwo| lq�xhqfh �upv* ghflvlrqv wr lqyhvw1

Vhfrqg/ edqnv surylgh ixqgv/ zklfk duh d qhfhvvdu| lqsxw iru d odujh qxpehu ri �upv1 D

edqn srwhqwldoo| lqwhudfwv zlwk pdq| �upv dqg wkxv kdv d xqltxh rssruwxqlw| wr lqgxfh

frruglqdwlrq1 Wklug/ edqnv pd| kdyh d vhoi0lqwhuhvw lq lqgxvwuldol}dwlrq li wkhlu sur�wv

lqfuhdvh dv d uhvxow ri lqgxvwuldol}dwlrq1 Zkloh zh hpskdvl}h wkh uroh ri edqnv/ zh gr qrw

fodlp wkdw wkh| duh wkh rqo| srvvleoh frruglqdwlrq phfkdqlvp1 Lqghhg zh odwhu glvfxvv

e5ii kh�}4@? E�bb�� L? |�i hL*i Lu ��t|Lh) @?_ Mi*�iut �? 4L_i*t ��|� 4�*|�T*i i^��*�Mh�@�
DA��t �L�*_ Mi T@h|�U�*@h*) |h�i �? @ _)?@4�U �?|ihThi|@|�L? Lu |�i 4L_i*c ��ihi |�i iUL?L4) �@t Mii?

�t�?} |�i |h@_�|�L?@* 4L_i Lu ThL_�U|�L? uLh @ *L?} |�4i�

9



dowhuqdwlyh lqvwlwxwlrqv wkdw pd| dovr lqgxfh frruglqdwlrq1

��� �LLh_�?@|�L? ��|� @ wi@_ �@?!

Zh qrz h{dplqh krz d ohdg edqn fdq lqgxfh frruglqdwlrq1 D ohdg edqn fdq lqgxfh �upv

wr lqyhvw wkurxjk wkh whupv ri wkh �qdqflqj lw surylghv1 Ilupv qhhg qrw frppxqlfdwh zlwk

hdfk rwkhu/ exw lqvwhdg wkh ohdg edqn lqwhudfwv zlwk hdfk ri wkhp lqglylgxdoo|1 Rqfh wkh

ohdg edqn frqylqfhv d vx�flhqwo| odujh qxpehu ri �upv wr lqyhvw/ wklv frqvwlwxwhv d cfulwlfdo

pdvv*= Rwkhu �upv uhfrjql}h wkdw wkhlu lqyhvwphqwv duh qrz sur�wdeoh1 Wkh| duh zloolqj wr

lqyhvw/ dqg wkh| duh deoh wr frqylqfh dq| edqn wkdw wkhlu lqyhvwphqw lv zruwk �qdqflqj1 Lq

wklv vhqvh wkh ohdg edqn dfwv dv d cfdwdo|vw* iru lqgxvwuldol}dwlrq/ holplqdwlqj wkh EH dv dq

htxloleulxp1 Zh zloo vd| wkdw wkh ohdg edqn dfklhyhv frruglqdwlrq zkhqhyhu wkhuh lv rqo|

rqh htxloleulxp ri wkh jdph/ wkh LH1S Exw lq wkh surfhvv ri frqylqflqj �upv lq wkh fulwlfdo

pdvv wr lqyhvw/ zh vkrz wkdw wkh ohdg edqn wdnhv orvvhv rq doo wkhlu ordqv1 Wklv phdqv wkdw

wzr frqglwlrqv qhhg wr eh vdwlv�hg iru wkh ohdg edqn wr hqjdjh lq frruglqdwlrq1 Iluvw/ lw

kdv wr eh odujh hqrxjk wr �qdqfh doo wkh �upv lq wkh cfulwlfdo pdvv1* Vhfrqg/ lq rughu wr

uhfrxs wkh frvwv ri frruglqdwlrq/ lw qhhgv hqrxjk pdunhw srzhu wr pdnh sur�wv rq wkh �upv

lw �qdqfhv rxwvlgh ri wkh fulwlfdo pdvv1 Wkhvh wzr frqglwlrqv duh gluhfwo| uhodwhg wr wkh

vwuxfwxuh ri wkh �qdqfldo pdunhwv1

Lq rughu wr dfklhyh wklv xqltxh htxloleulxp lw lv qhfhvvdu| iru doo �upv wr eholhyh wkdw d

fulwlfdo pdvv ri �upv zloo lqyhvw1 Rqfh wkh �upv lq wklv fulwlfdo pdvv lqyhvw/ rwkhu �upv zloo

�qg lw sur�wdeoh wr lqyhvw dv zhoo1 Wkh fulwlfdo pdvv lv wkxv gh�qhg dv wkh vpdoohvw qxpehu

ri �upv zklfk pdnh lqyhvwlqj wkh rqo| htxloleulxp vwudwhj| iru doo rwkhu �upv1 Irupdoo|/

4?P?T lv wkh fulwlfdo pdvv li �+P> u,?IJ dqg �+P.4> u,�IJ1

Lw lv xvhixo wr euhdn grzq wkh sur�wv ri wkh ohdg edqn lqwr wzr sduwv= Wkrvh sur�wv

zklfk uhvxow iurp prelol}lqj wkh fulwlfdo pdvv/ dqg wkrvh pdgh rq doo rwkhu �upv1 Irupdoo|/

ohw ohdg edqn*v sur�wv eh � @ � . "/ zkhuh " duh wkh sur�wv pdgh rq +P, �upv zlwklq wkh

fulwlfdo pdvv/ dqg � wkrvh rq �upv rxwvlgh lw +l1h1 +T�P, �upv/ vrph ri zklfk duh �qdqfhg

e| wkh iulqjh edqnv,1 Zh fdq qrz vwdwh rxu pdlq uhvxow=

Sursrvlwlrq 5 +l, Frruglqdwlrq e| d ohdg edqn lv frvwo|= "?3>

+ll, Wkhuh h{lvwv d fulwlfdo ydoxh a} vxfk wkdw wkh ohdg edqn lqgxfhv frruglqdwlrq li dqg rqo|

li wkh iulqjh kdv vl}h }? a}1

SW? |�i @TTi?_� �i t�L� |�@| �? |�i }i?ih@* U@ti |�i i^��*�Mh��4 �?_�Ui_ M) |�i *i@_ M@?! ?ii_t ?L|

UL�?U�_i ��|� |�i UL4Ti|�|��i i^��*�Mh��4�
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Surri1 +l, Vlqfh doo �upv duh lghqwlfdo/ frqvlghu dq| duelwudu| lqgh{ ri wkhp= t@4> ====T/ dqg

qrwlfh wkdw ghew frqwudfwv fdq gl�hu rqo| iru wkh lqwhuhvw udwh/ dv hdfk �up qhhgv wr eruurz

wkh vdph dprxqw ri fdslwdo1 Vxssrvh wkh ohdg edqn r�huv d vhw ri vwdqgdug ghew frqwudfwv

il^j wr �upv t@4> ===P / wkdw vdwlv�hv �+t> l^,@IJ1 Wkh lqwhuhvw udwh rq hdfk frqwudfw l^ lv

fkrvhq vr wkdw li doo �upv zlwk d orzhu t lqyhvw/ wkhq t dovr �qgv lw zruwkzkloh wr lqyhvw1

Wkxv hdfk �up lq wkh fulwlfdo pdvv lv r�huhg d gl�huhqw frqwudfw1 Wkhq �up t@4 dozd|v

lqyhvwv/ luuhvshfwlyh ri rwkhu �upv* ghflvlrqv1 Ilup t@5 nqrzv wklv dqg lqyhvwv luuhvshfwlyh

ri zkdw �upv t@6> ====T gr/ dqg vr rq1 Iurp wklv lqgxfwlyh fkdlq zh fdq frqfoxgh wkdw doo

�upv t@4> ====>P lqyhvw1. Exw rqfh P �upv lqyhvw/ doo rwkhu �upv 0 e| gh�qlwlrq 0 �qg lw

zruwkzkloh wr lqyhvw dv zhoo1 Wkhuhiruh wkh rqo| htxloleulxp ohiw lv wkh LH/ zkhuh doo �upv/

t@4> ======T gr lqyhvw1 Ohdg edqn frruglqdwlrq kdv lqgxfhg lqgxvwuldol}dwlrq1 Frqvlghu qrz

dq| rwkhu vhw ri frqwudfwv wkdw kdv h{dfwo| rqh lqwhuhvw udwh kljkhu wkdq lq wkh vhw il^j1

Ghqrwh wkh gl�huhqw frqwudfw l�^/ iru lw lv r�huhg wr �up t�1 Zh nqrz wkdw il�^j lv vxfk wkdw

doo �upv zlwk t?t� dozd|v lqyhvw1 Qrz �up t� zloo lqyhvw rqo| li dw ohdvw vrph rwkhu �upv

zlwk tAt� gr 0 dv wkh lqwhuhvw udwh l�^ lv wrr kljk wr pdnh lqyhvwphqw dwwudfwlyh rwkhuzlvh1

Wklv lpsolhv pxowlsoh htxloleuld1 Li doo �upv zlwk t A t� h{shfw �up t� qrw wr lqyhvw/ wkh|

zloo qrw lqyhvw hlwkhu1 Wklv fuhdwhv d qhjdwlyh vhoi0ixo�oolqj eholhi/ zklfk pdnhv lw rswlpdo

iru t� qrw wr lqyhvw lwvhoi1 Wkxv lqgxvwuldol}dwlrq grhv qrw rffxu/ dqg wkh hfrqrp| uhpdlqv

vwxfn dw wkh EH1 Rq wkh frqwudu|/ li doo �upv zlwk t A t� h{shfw t� wr lqyhvw/ wkh| zloo

irup d srvlwlyh vhoi0ixo�oolqj eholhi/ zklfk pdnhv lw rswlpdo iru t� wr lqyhvw1 Lq wklv fdvh

lqgxvwuldol}dwlrq rffxuv1 Wkxv/ li wkh ohdg edqn udlvhv wkh lqwhuhvw udwhv lw fkdujhv rq hyhq

rqo| rqh frqwudfw/ qrw lqyhvwlqj uhpdlqv d srvvlelolw|/ dqg edqn frruglqdwlrq fdqqrw eh

dfklhyhg1 Wkxv il^j lv wkh prvw sur�wdeoh vhw ri frqwudfwv wkh ohdg edqn lv deoh wr r�hu

lq rughu wr lqgxfh frruglqdwlrq1 Exw vlqfh �+P>u, ? IJ/ l^ � u iru doo t @ 4> ====>P / wkh

lqhtxdolw| pxvw eh vwulfw iru dw ohdvw rqh t1 Wkhuhiruh/ wkh ohdg edqn grhv qrw hduq d sur�w

rq dq| ri wkhvh ordqv/ dqg wdnhv d orvv rq dw ohdvw rqh ri wkhp1 Irupdoo|=

" �
�[

^'�

+l^�u,IK @
�[

^'�

i+t,� +4.u,I ? 3

+ll, Lq rughu iru wkh ohdg edqn wr r�hu wkh frqwudfw il^j/ lw pxvw eh ryhudoo sur�wdeoh wr

gr vr1 Irupdoo|= �� 3/ l1h1 � ��"? 31 Wkh ydoxh ri � lv ghwhuplqhg e| pdunhw fohdulqj1

Wkh lqwhuhvw udwh fkdujhg wr �upv rxwvlgh wkh fulwlfdo pdvv/ vd| l5 / lv wkh vdph zkhwkhu wkh

ohqghu lv wkh ohdg edqn ru rqh ri wkh edqnv lq wkh frpshwlwlyh iulqjh1 Lw lv ghwhuplqhg e|

.�L|ic �L�i�ihc |�@| |��t �t @ t�4�*|@?iL�t 4L�i }@4i� ì _L ?L| hi*) L? ti^�i?|�@* 4L�it�
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wkh frqglwlrq �+T> l5,@IJ1 Lq wklv vlpsoh prgho zlwk krprjhqhrxv �upv edqnv h{wudfw doo

uhqwv iurp �upv/ dv orqj dv } ?T�P 1 Vlqfh �+T> u,AIJ e| dvvxpswlrq/ lw iroorzv wkdw

l5 Au/ dqg � @ +l5�u,+T�P�},IK @ +T�P�},^i+T,� +4.u,I `1 Lw iroorzv wkdw wkhuh

h{lvwv d fulwlfdo ohyho a}/ zlwk a} ?T�P / vxfk wkdw wkh ohdg edqn r�huv il^j li dqg rqo| li

}? a}1 �

Zh looxvwudwh wkh lqwxlwlrq ehklqg Sursrvlwlrq 5 zlwk wkh khos ri Iljxuh 41 Qrwlfh wkdw

zh gudz �+N>u, dv d frqwlqxrxv ixqfwlrq rqo| iru vdnh ri vlpsolflw|1 Wkh ohdg edqn qhhgv

wr prelol}h wkh �upv lq P ghvslwh wkhlu shvvlplvwlf eholhiv1 Lw fdq gr vr e| r�hulqj wkhp

cvxevlgl}hg* ordqv zkrvh lqwhuhvw udwh lv orz hqrxjk wr pdnh wkhp zloolqj wr lqyhvw1 Qrwlfh

wkdw wkh ohdg edqn fdqqrw udlvh wkh lqwhuhvw udwh rq wkhvh ordqv/ rwkhuzlvh �upv lq wkh fulwlfdo

pdvv P zrxog qrw lqyhvw1 Wkh ohdg edqn wdnhv d orvv rq wkhvh ordqv dv i+4,? +4 . u,I 1

Duhd " lq Iljxuh 4 lqglfdwhv wkh ohdg edqn*v orvvhv1 Rqfh wkh �upv lq wkh fulwlfdo pdvv kdyh

ehhq r�huhg wkh vxevlgl}hg ordq/ dqg kdyh ghflghg wr lqyhvw/ doo rwkhu �upv ehfrph dovr

zloolqj wr lqyhvw1 Wkxv wkh ohdg edqn vhwv wkh lqwhuhvw udwh iru rwkhu �upv dw wkh ohyho l5 /

vr dv wr pd{lpl}h lwv sur�wv �1 Wkh odujhu wkh frpshwlwlyh iulqjh wkh ihzhu �upv wkh ohdg

edqn lv ohiw zlwk wr �qdqfh1
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Krz jhqhudo lv rxu uhvxowB Lq wkh dsshqgl{ zh vkrz wkdw zlwk khwhurjhqhrxv �upv dqg

jhqhudo frpsohphqwdulwlhv wkh vdph orjlf frqwlqxhv wr dsso|1 Lq wklv fdvh edqnv fdqqrw

h{wudfw doo uhqwv iurp �upv/ dqg wkh lqwhuhvw udwh l5 iru �upv rxwvlgh wkh fulwlfdo pdvv

ehfrphv d ghfuhdvlqj ixqfwlrq ri }1 Pruhryhu/ lq wkh jhqhudo prgho wkh deryh frqglwlrqv

duh qhfhvvdu|/ exw qrw dozd|v vx�flhqw wr dfklhyh wkh ckljkhvw* srvvleoh htxloleulxp +l1h1 zlwk

prvw �upv,1 Wklv lv ehfdxvh zlwk pruh wkdq wzr htxloleuld edqnv pd| vrphwlphv fkrrvh

d ckljkhu/* exw qrw wkh ckljkhvw/* htxloleulxp1 Lq wkh dsshqgl{ zh vkrz wkdw lq wklv fdvh

ohdg edqn frruglqdwlrq lqfuhdvhv vrfldo zhoiduh zlwk uhvshfw wr wkh frpshwlwlyh htxloleulxp1

Krzhyhu wklv grhv qrw frqvwlwxwh d Sduhwr lpsuryhphqw1 Lq sduwlfxodu zh vkrz wkdw vrph

�upv idfh kljkhu lqwhuhvw udwhv lq d ohdg edqn lqgxfhg htxloleulxp1

��e +i*@ �?} |�i UL?|h@U|�?} UL?t|h@�?|t

Vr idu zh uhvwulfwhg edqnv wr surylglqj �qdqfh zlwk vwdqgdug ghew frqwudfwv1 Lq wklv vhfwlrq

zh vkrz wkdw wkh frvw ri frruglqdwlrq fdq eh uhgxfhg/ dqg srvvleo| holplqdwhg/ li wkh ohdg

edqn lv doorzhg wr r�hu pruh vrsklvwlfdwhg �qdqfldo frqwudfwv1 Wkh vlpsohvw fdvh lv wr doorz

wkh ohdg edqn wr krog htxlw| lq wkh �upv lw �qdqfhv1 Sursrvlwlrq 6 vwdwhv wkh lpsolfdwlrq

ri wklv=

Sursrvlwlrq 6 Li edqnv fdq r�hu �upv htxlw| �qdqfh/ e| kroglqj d vwdnh �/ wkhq=

+l, " lv d ghfuhdvlqj ixqfwlrq ri �>

+ll, a} lv d ghfuhdvlqj ixqfwlrq ri �>

+lll, li edqnv fdq krog dq xquhvwulfwhg dprxqw ri htxlw|/ wkhq wkhuh h{lvwv aIJ vxfk wkdw "�3

li dqg rqo| li IJ? aIJ1

Surri1 +l,� +ll, Li wkh edqn �qdqfhv d �up t e| kroglqj d vkduh � ri lwv htxlw| lq dgglwlrq

wr d ordq/ wkhq wkh �upcv uhwxuq 0 zkhq N �upv lqyhvw 0 lv jlyhq e|=

�+N> l> �, @ �+4��, ^+i+N,�+4.l,IK`

dqg wkh edqn*v +jurvv, uhwxuq e|=

�� ^+i+N,�+4.l,IK` . +4.l,IK

Dv zlwk sxuh ghew frqwudfwv/ wkh edqn qhhgv wr r�hu d vhw ri frqwudfwv il^> �j wkdw zloo

lqgxfh doo �upv lq wkh fulwlfdo pdvv wr lqyhvw/ l1h1 �+t> l^> �, @ IJ iru doo t @ 4> ===>P 1 Dv

lq wkh fdvh ri sxuh ghew frqwudfwv/ wklv holplqdwhv wkh EH1 Qrwlfh wkdw �+4��,+4.l^,IK
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@ �+4��,i+t,� IJ/ vr wkdw zh fdq zulwh wkh ohdg edqn*v +jurvv, uhwxuq dv ��i+T, .

�+4��,i+t,� IJ/ zklfk fruuhvsrqgv wr d qhw uhwxuq ri � ^i+t,�I ` . �� ^i+T,�i+t,`1 Wkh

�uvw +qhjdwlyh, whup uhsuhvhqwv wkh orvv wkh edqn vx�huv iurp �qdqflqj �upv lq wkh fulwlfdo

pdvv1 Wkh vhfrqg +srvlwlyh, whup uhsuhvhqwv wkh sur�w lw pdnhv e| kroglqj htxlw| dqg

vkdulqj lq wkh ydoxh dssuhfldwlrq dv frruglqdwlrq vkliwv eholhiv iurp shvvlplvwlf +N @ t, wr

rswlplvwlf +N @ T,1 Lw lv lpphgldwho| fohdu wkdw wkh odujhu � wkh odujhu lv wklv vhfrqg whup/

dqg vr wkh orzhu lv wkh frvw ri frruglqdwlrq/ "1 Lq wxuq/ wkh orzhu "/ wkh orzhu a}1

+lll, Li wkh edqn �qdqfhv �upv rqo| wkurxjk htxlw|/ wkh dprxqw ri htxlw| lw zloo krog lq

hdfk �up lq wkh fulwlfdo pdvv lv jlyhq e| �+4��,i+t, @ IJ/ wkdw lv � @ 4� 8J
qsE^� 1 Wkh edqn*v

qhw uhwxuq lv jlyhq e| �i+T,�I �IJ
sE'�3sE^�

sE^� / zklfk lv odujhu wkh vpdoohu lv IJ1 Wkxv wkhuh

h{lvwv d fulwlfdo ohyho aIJ@
�EqsE'�38 �S�

'̂�
EsE'�3sE^�*sE^��

ehorz zklfk frruglqdwlrq frvwv ehfdph }hur/

l1h1 "�31 �

Wkh lqwxlwlrq iru Sursrvlwlrq 6 lv vwudljkwiruzdug1 Zkhq wkh edqn lv doorzhg wr �qdqfh

wkh �up dovr wkurxjk htxlw|/ lw vkduhv lq wkh sur�wv zklfk rewdlq lq wkh LH1 Wklv uhgxfhv wkh

frvw ri vxevlgl}lqj �upv lq wkh fulwlfdo pdvv dqg pdnhv frruglqdwlrq hdvlhu1 Wkh ghfuhdvh lq

frruglqdwlrq frvwv dovr phdqv wkdw d odujhu frpshwlwlyh iulqjh lv frpsdwleoh zlwk ohdg edqn

frruglqdwlrq1 Sduw +lll, ri Sursrvlwlrq 6 vd|v wkdw frruglqdwlrq frvwv pd| hyhq glvdsshdu

zkhq d edqn rzqv d vx�flhqwo| odujh vkduh ri htxlw|1 Li/ krzhyhu/ �upv rqo| qhhg d vpdoo

sruwlrq ri rxwvlgh �qdqfh/ lw pd| eh wkdw wkh edqn fdqqrw dftxluh d odujh hqrxjk sruwlrq

ri htxlw|/ vr wkdw frruglqdwlrq uhpdlqv frvwo|1

Zh kdyh vr idu uhvwulfwhg edqnv wr �qdqfh �upv wkurxjk ghew ru htxlw|1 Rqh fdq wklqn

ri |hw pruh vrsklvwlfdwhg frqwudfwv1 Lqghhg/ juhdwhu �qdqfldo vrsklvwlfdwlrq fdq ixuwkhu

uhgxfh frruglqdwlrq frvwv=

Sursrvlwlrq 7 Li edqnv fdq zulwh �qdqflqj frqwudfwv frqwlqjhqw rq wkh qxpehu ri �upv

lqyhvwlqj/ wkhq=

+l, " � 3>

+ll, a} @ T�P

Surri1 Wkh ohdg edqn fdq vlpso| r�hu wr +dw ohdvw, P �upv d frqwudfw zlwk lqwhuhvw udwh

lg / vxfk wkdw �+N> lg, @ IJ iru doo nNn1 Lq rwkhu zrugv/ wkh ohdg edqn r�huv wkhvh �upv dq

lqwhuhvw udwh wkdw lv frqwlqjhqw rq nNn/ wkdw lv wkh qxpehu ri �upv zklfk zloo dfwxdoo| lqyhvw1

Wkhq hdfk �up lv zloolqj wr lqyhvw/ dqg wkh EH lv qr orqjhu dq htxloleulxp1 Frruglqdwlrq

lv dfklhyhg frvwohvvo|/ zklfk suryhv sduw +l,1 Sduw +ll, iroorzv iurp wkh idfw wkdw wkh ohdg

edqn fdq lqgxfh frruglqdwlrq iru dq| vl}h ri wkh frpshwlwlyh iulqjh +zhdno|, vpdoohu wkdq

T�P 1 �
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Wkh lqwxlwlrq iru wklv uhvxow lv wkdw vrsklvwlfdwhg frqwudfwv fdq uhgxfh wkh frvw ri frru0

glqdwlrq vlqfh wkh| doorz wkh ohdg edqn wr fkdujh gl�huhqw whupv ghshqglqj rq zkhwkhu ru

qrw frruglqdwlrq lv dfklhyhg1 Wklv pdnhv frruglqdwlrq d frvwohvv wdvn/ dv wkh ohdg edqn*v

uhwxuq wr frruglqdwlrq lqfuhdvhv zlwk wkh vxffhvv ri lqgxflqj lqyhvwphqw1

��D +LM�t|?itt Lu |�i �L_i*

Zh kdyh suhvhqwhg rxu uhvxowv zlwk wkh vlpsohvw srvvleoh prgho1 Lq wklv vhfwlrq zh eulh�|

glvfxvv krz wkh| zrxog fkdqjh lq d pruh jhqhudo prgho1 Lq wkh dsshqgl{ zh surylgh d

jhqhudol}dwlrq wr wkh fdvh ri khwhurjhqhrxv �upv dqg d jhqhudo fodvv ri frpsohphqwdulwlhv1

Rxu edvlf lqvljkwv frqwlqxh wr dsso|1

Wkh pdlq srlqw ri wkh prgho lv wkdw/ lq rughu wr dfw dv d fdwdo|vw iru lqgxvwuldol}dwlrq/ d

edqn zklfk fdq rqo| r�hu �qdqfh wkurxjk vwdqgdug ghew frqwudfwv qhhgv wr eh odujh hqrxjk

wr prelol}h d fulwlfdo pdvv ri �upv/ dv zhoo dv srvvhvv hqrxjk pdunhw srzhu wr pdnh sur�wv

rq wkh rwkhu �upv zklfk lqyhvw/ vr dv wr uhfrxs wkh frvwv ri frruglqdwlrq1 Zkhq edqnv duh

doorzhg wr �qdqfh �upv qrw rqo| zlwk vwdqgdug ghew frqwudfwv exw dovr zlwk htxlw|/ wkh

frvwv ri frruglqdwlrq fdq eh vxevwdqwldoo| uhgxfhg1

Lq wkh devhqfh ri d vwdqgdug wkhru| ri edqn frpshwlwlrq/ zh kdyh fkrvhq wr prgho wkh

�qdqfldo pdunhw zlwk d sduwlfxodu Vwdfnhoehuj prgho zkhuh d ohdg edqn lv d �uvw pryhu dqg

d �{hg0vl}h iulqjh ri shuihfwo| frpshwlwlyh edqnv duh iroorzhuv1 Wkh lpsruwdqw sduw ri wklv

dvvxpswlrq lv wkdw wkh ohdg edqn lv d �uvw pryhu/ dqg vr fdq jdlq vrph pdunhw srzhu1 E|

�qdqflqj d fulwlfdo pdvv/ lw dfwv dv d fdwdo|vwv iru wkh lqyhvwphqw ri doo rwkhu edqnv dqg

�upv1 Wkh zd| zh prgho wkh iulqjh lv qrw dv lpsruwdqw1 Doo wkdw pdwwhuv lv wkdw vhfrqg0

pryhu edqnv gr qrw frpshwh dzd| doo wkh uhqwv wkdw wkh ohdg edqn qhhgv wr frpshqvdwh iru

wkh frvw ri frruglqdwlrq1 Iru h{dpsoh/ xqgl�huhqwldwhg Ehuwudqg frpshwlwlrq ehwzhhq wkh

ohdg edqn dqg +dw ohdvw, dqrwkhu edqn zrxog qrw gr/ dv lw zrxog ghvwur| dq| uhqw dffuxlqj

wr wkh ohdg edqn/ zklfk zrxog qr orqjhu hqjdjh lq frvwo| frruglqdwlrq lq wkh �uvw sodfh1

Exw li wkhuh lv hqrxjk gl�huhqwldwlrq/ wkhq wkh ohdg edqn zrxog hqjdjh lq frruglqdwlrq1

Wkh nh| srlqw lv wkdw lpshuihfw frpshwlwlrq dprqj edqnv lv qhfhvvdu| wr doorz iru ohdg

edqn frruglqdwlrq= Wkh ohdg edqn lv qrw zloolqj wr lqfxu wkh frvwv ri frruglqdwlrq xqohvv lw

lv dvvxuhg hqrxjk uhqwv1 Wkh lpsolfdwlrq lv wkdw uhvwulfwlrq ri hqwu| lqwr edqnlqj pd| eh

zduudqwhg li wkh �qdqfldo pdunhw lv lqkhuhqwo| wrr frpshwlwlyh1H

Zh kdyh prghohg wkh frvwv ri frruglqdwlrq hqgrjhqrxvo| dv wkh orvv iurp pdnlqj cfkhds*

ordqv wr wkh fulwlfdo pdvv1 Rwkhu frvwv frxog dovr eh wkrxjkw ri1 Iru lqvwdqfh/ zh dvvxphg

H5ii Oi**4@??c ��h_LU!c @?_ 5|�}*�|3 E�bb.@cM� uLh @ 4Lhi i |i?t��i _�tU�tt�L? Lu |�iti �tt�it�
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shuihfw lqirupdwlrq= doo djhqwv nqrz wkh h{dfw qdwxuh ri frpsohphqwdulwlhv dqg wkh ohyho

ri surgxfwlylw| ri hdfk �up/ dqg wkhuhiruh nqrz zkdw lw wdnhv wr dfklhyh frruglqdwlrq1 Lq

uhdo hfrqrplf vlwxdwlrqv lqirupdwlrq pd| qrw eh iuhho| dydlodeoh1 Wkhuh pd| eh frvwv ri

lghqwli|lqj zkdw �upv kdyh vwurqj frpsohphqwdulwlhv/ dqg ri dvfhuwdlqlqj wkh sur�wdelolw|

ri hdfk �up1 Wkh pdlq lqvljkw ri rxu prgho lv vwuhqjwkhqhg li zh dffrxqw iru vxfk frvwv1

Vkrxog d edqn lqfxu dgglwlrqdo frvwv wr lghqwli| frpsohphqwdu| lqyhvwphqwv/ lw zrxog qhhg

hyhq pruh pdunhw srzhu wr uhfrxs wkhp1

Wkh suhvhqfh ri lqirupdwlrq dv|pphwulhv udlvhv rwkhu lvvxhv1 Wkhuh duh djhqf| frvwv

dvvrfldwhg zlwk �qdqflqj �upv1b Iru lqvwdqfh/ li wkh edqn dvvxphv pxfk htxlw| lw pd|

vljql�fdqwo| uhgxfh wkh lqfhqwlyhv ri wkh �up*v pdqdjhuv wr surylgh h�ruw1�f Wklv zrxog

d�hfw wkh h{whqw wr zklfk edqnv xvh htxlw|1 Wkh phvvdjh ri rxu prgho/ krzhyhu/ vwloo

uhpdlqv1 Kroglqj frqvwdqw dq| rwkhu wudgh0r�v/ wkhuh lv d ehqh�w wr doorzlqj edqnv wr

�qdqfh wkurxjk htxlw|/ vlqfh wklv doorzv wkhp wr vkduh lq wkh ydoxh fuhdwhg e| frruglqdwlrq1��

2 �@?!t @?_ |�i W?_�t|h�@*�3@|�L? Lu �i*}��4c Bih4@?) @?_

W|@*)

D uhfxuuhqw wkhph lq hfrqrplf klvwru| lv wkh dvvrfldwlrq ehwzhhq hslvrghv ri idvw lqgxv0

wuldol}dwlrq dqg wkh suhvhqfh ri odujh/ srzhuixo/ edqnv1 Lq klv vhplqdo zrun rq hfrqrplf

ghyhorsphqw/ Jhuvfkhqnurq +4<95/ s178, zurwh wkdw _^w`kh irfdo uroh lq fdslwdo surylvlrq lq

d frxqwu| olnh Jhupdq| pxvw eh dvvljqhg qrw wr dq| ruljlqdo fdslwdo dffxpxodwlrq exw wr

wkh uroh ri fuhglw0fuhdwlrq srolflhv rq sduw ri wkh edqnlqj v|vwhp1% Urqgr Fdphurq +4<9:/

s145<, zurwh derxw Ehojlxp= _^V`xevhtxhqwo| ^wr 4;63` wkh hfrqrp| hqwhuhg d shulrg ri

h{sorvlyh jurzwk dffrpsdqlhg e| wkh ghyhorsphqw ri d xqltxh vhw ri edqnlqj lqvwlwxwlrqv1%

Vfkxpshwhu +4<6</ fk1:/ vhfwlrq :, jdyh Jhupdq Nuhglwedqnhq odujh fuhglw iru wdnlqj dq

hqwuhsuhqhxuldo dwwlwxgh dqg irvwhulqj wkh ulvh ri odujh lqgxvwulhv1 Qrw rqo| kdyh hfrqrplf

klvwruldqv qrwlfhg wkh iuhtxhqw dvvrfldwlrq ri celj edqnv* zlwk idvw lqgxvwuldol}dwlrq/ wkh|

kdyh dovr grfxphqwhg lq ghwdlo wkh dfwlyh uroh wkdw edqnv riwhq xqghuwrrn lq vsxuulqj lq0

gxvwuldol}dwlrq dqg frruglqdwlqj lqyhvwphqwv1

b5ii O@hh�t @?_ +@��� E�bb�� uLh @ t�h�i) L? |��t |LT�U�
�f ì �@�i ?L| _�tU�tti_ |�i ti�ih@* |h@_i�Lgt Mi|�ii? _iM| @?_ i^��|) M@ti_ M@?! �?@?Ui� 5ii �i?t|L?

E�bbe� uLh @ _�tU�tt�L? Lu |�i ULt|t @?_ Mi?i�|t Lu �?��iht@* M@?!�?}�
���t)44i|h�U �?uLh4@|�L? @*tL 4i@?t |�@| |�i *i@_ M@?! ?ii_t |L Mi�@hi Lu @_�ihti ti*iU|�L?� �) Lu�

uih�?} u@�Lh@M*i |ih4t |L |�i �h4t �? |�i Uh�|�U@* 4@ttc |�i *i@_ M@?! 4@) @||h@U| �*i4L?t< E�4TLt|Lht @?_
�?ThL�|@M*i �h4t� |�@| ��** Mi �?@M*i |L hiT@) |�i�h _iM|� W? @? i@h*�ih �iht�L? Lu |��t T@Tihc #@ +�? @?_
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Lq wklv vhfwlrq zh xvh wkh uhvxowv ri rxu prgho wr lqwhusuhw wkh lqgxvwuldol}dwlrq ri

wkuhh Hxurshdq frxqwulhv lq wkh 4<wk fhqwxu|= Ehojlxp/ Jhupdq|/ dqg Lwdo|1 Iru hdfk

fdvh zh vkrz krz odujh edqnv hphujhg ehiruh lqgxvwuldol}dwlrq dqg vwduwhg hqjdjlqj lq

lqgxvwuldo �qdqfh/ rshudwlqj lq roljrsrolvwlf �qdqfldo pdunhwv1 Zh ghvfuleh krz vxfk edqnv

frruglqdwhg wkh lqyhvwphqw dfwlylwlhv ri lqgxvwuldo �upv/ irfxvlqj wkhlu dwwhqwlrq rq kljk

jurzwk vhfwruv1 Wkhvh edqnv dovr dfwhg dv erwk ohqghuv dqg vkduhkroghuv/ wkxv slrqhhulqj

xqlyhuvdo edqnlqj1 Lq wkhvh frxqwulhv edqnv zhuh lq idfw doorzhg wr lqyhvw lq htxlw| fdslwdo1

Lq rwkhu frxqwulhv edqnv zhuh lqvwhdg frqvwudlqhg wr ordqv e| uhjxodwlrqv ru e| hfrqrplf

frqyhqlhqfh1 Dv iru frqwudfwxdo iuhhgrp/ frpphufldo frghv uhvwulfwhg wkh whupv ri ordqv1

Lqwhuhvw kdg wr eh �{hg wr frpso| zlwk xvxu| odzv/ dqg vr kdg wkh dprxqw ri sulqflsdo wr

eh ohqw rxw1

Ehojlxp/ wkh �uvw frxqwu| wr iroorz Eulwdlq lq wkh Lqgxvwuldo Uhyroxwlrq/ dfklhyhg lwv

lqgxvwuldol}dwlrq urxjko| ehwzhhq 4;63 dqg 4;831 Ryhu wklv shulrg/ lwv JQS juhz dw dq

|hduo| 518(/ zhoo deryh wkh 417( Hxurshdq dyhudjh1�2 Lqgxvwuldol}dwlrq wudqviruphg wkh

vwuxfwxuh ri wkh hfrqrp|/ zklfk xqwlo wkhq zdv edvhg rq vpdoo �upv hqjdjhg lq wudglwlrqdo

surgxfwlrq1 Ehwzhhq 4;63 dqg 4;93 lwv lqgxvwuldo fdsdflw| juhz dw dq |hduo| dyhudjh ri 717(/

pruh wkdq wzlfh dv lq wkh suhylrxv wkluw| |hduv +Edlurfk +4<;5,/ s15<5,1 Prghuql}dwlrq zdv

prvw lqwhqvh lq wkh khdy| lqgxvwulhv1 Ehwzhhq 4;63 dqg 4;83 frdo plqlqj juhz dw d |hduo|

816(/ }lqf plqlqj dw 5313(/ dqg vwhdp hqjlqhv dw :1<(1��

Fulwlfdo wr wklv vxffhvv zdv wkh dfwlrq ri wzr edqnv1 Wkh Vrfl�hw�h J�hq�hudoh srxu idyrulvhu

o*lqgxvwulh qdwlrqdoh zdv wkh zruog*v �uvw mrlqw0vwrfn lqyhvwphqw edqn/ fuhdwhg lq 4;55/ zhoo

ehiruh lqgxvwuldol}dwlrq wrrn r�1 Lw ehfdph dfwlyh lq lqgxvwuldo �qdqfh ehjlqqlqj lq wkh

hduo| 4;63v1 Wkh Edqtxh gh Ehojltxh zdv irxqghg lq 4;68 wr frpshwh zlwk lw/ dqg hqjdjhg

lq lqgxvwuldo �qdqfh iurp wkh rxwvhw1�e Wkhvh wzr edqnv grplqdwhg wkh edqnlqj vhfwru iurp

wkh rxwvhw/ wkhlu fdslwdol}dwlrq dffrxqwlqj iru derxw wzr wklugv ri doo lqgxvwuldo fuhglw edqnv

+Gxuyldx{ +4<7:,/ s189,1�D Rwkhu lqgxvwuldo edqnv h{lvwhg/ exw zhuh vpdoohu dqg prvwo|

orfdo1�S Hqwu| ri mrlqw vwrfn0edqnv lqwr wkh �qdqfldo vhfwru zdv uhvwulfwhg1 Lqfrusrudwlrq
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zdv qrw iuhh/ dv wkh jryhuqphqw frxog judqw fkduwhuv dw wkhlu glvfuhwlrq/ dffruglqj wr duwlfoh

: ri wkh Frgh gx Frpphufh +Qhxylooh ^4<:7`/ s143<044,1 Lqfrusrudwlrq fkduwhuv zhuh judqwhg

yhu| vsdulqjo|/ lqfrusrudwlqj rqo| wkh Vrfl�hw�h J�hq�hudoh dqg wkh Edqtxh gh Ehojltxh1

Erwk edqnv dvvlvwhg dqg dfwlyho| hqfrxudjhg �upv lq idvw jurzlqj lqgxvwulhv wr dgrsw

wkh frusrudwh irup lq rughu wr udlvh odujh dprxqwv ri h{whuqdo �qdqfh1�. Ehwzhhq 4;68

dqg 4;6; dorqh wkh Vrfl�hw�h J�hq�hudoh rujdql}hg 64 lqgxvwuldo vrfl�hw�hv dqrq|phv/ dqg wkh

Edqtxh gx Ehojltxh 57/ khoslqj wkhp wr udlvh d frpelqhg fdslwdo ri 487 ploolrq Iudqfv1

+Fdphurq +4<9:,/ s1478,1 Wkh| lqyhvwhg d odujh sduw ri wkhlu fdslwdo lq lqgxvwuldo htxlw|= lq

4;7: wklv zdv 64( iru wkh Vrfl�hw�h J�hq�hudoh dqg 59( iru wkh Edqtxh gx Ehojltxh +Fkohsqhu

+4<63,/ s159,1 Lq 4;93/ wkh Vrfl�hw�h J�hq�hudoh frqwuroohg derxw 53( ri wkh 4 eloolrq Iudqfv ri

lqgxvwuldo mrlqw0vwrfn fdslwdo1�H Wkhvh sduwlflsdwlrqv wxuqhg rxw wr eh sur�wdeoh1 Wkh qhw

lqfrph ri wkh Vrfl�hw�h J�hq�hudoh/ iru lqvwdqfh/ lqfuhdvhg doprvw frqvwdqwo| ryhu wkh 4;6304;93

shulrg1 Iurp wkh plg 4;73v lw uhdfkhg grxeoh gljlw �jxuhv1�b Wkh dvvhwv ri wkh wzr edqnv

juhz e| dq dyhudjh 61;( ehwzhhq 4;67 dqg 4;83 +Fkohsqhu +4<59,/ s1:90;1,1 Dv Fdphurq

+4<9:/ s1478, sxw lw/ _edqnv glg qrw uhvsrqg sdvvlyho| wr ghpdqg iru fuhglw/ exw dfwlyho|

vrxjkw qhz �upv/ xqghuzurwh wkhlu vwrfn lvvxhv/ �qdqfhg srwhqwldo vwrfnkroghuv/ khog vwrfn

lq wkhlu rzq qdphv/ sodfhg wkhlu r�fhuv rq wkh erdug ri gluhfwruv ri wkh frpsdqlhv wkh|

surprwhg/ dqg plqlvwhuhg wr wkh frpsdqlhv* qhhgv iru erwk zrunlqj fdslwdo dqg qhz fdslwdo

iru h{sdqvlrq1%

Wkh Vrfl�hw�h J�hq�hudoh dqg wkh Edqtxh gx Ehojltxh zhuh wkh �uvw h{dpsohv ri xqlyhuvdo

edqnv1 Wkh| lghqwl�hg lqgxvwulhv zlwk kljk srwhqwldo iru jurzwk/ wr zklfk wkh| h{whqghg

fuhglw dqg lq zklfk wkh| erxjkw htxlw| sduwlflsdwlrqv12f Iru wklv sxusrvh wkh| fdph xs

zlwk dq lpsruwdqw lqqrydwlrq= �qdqfldo wuxvwv12� Ilqdqfldo wuxvwv pdqdjhg prvw ri edqnv*

lqgxvwuldo sruwirolrv122 Wklv zd| wkh| dovr hqkdqfhg lqirupdwlrq flufxodwlrq/ dqg wkxv wkh

frruglqdwlrq ri lqyhvwphqw ghflvlrqv e| rwkhuzlvh vfdwwhuhg hqwuhsuhqhxuv +Zhh +4<;4,/

s19,1 Edqn pdqdjhuv frqvxowhg wkhlu folhqwv rq exvlqhvv vwudwhjlhv/ dqg hyhq dfwhg dv wkhlu
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�qdqfldo pdqdjhuv12� Fdphurq +4<94/ s1<304, ghvfulehv krz wkh Vrfl�hw�h J�hq�hudoh dfwlyho|

hqfrxudjhg plqlqj dqg irxqgulhv frpsdqlhv wr lqfrusrudwh/ rewdlqhg Ur|do fkduwhuv iru

wkhp/ dqg surylghg wkh qhfhvvdu| �qdqfh1 Edqnv wkxv fduulhg rxw dq lqwhqvh frruglqdwlrq

ri lqgxvwuldo dfwlylwlhv1

Jhupdq| lv riwhq flwhg dv wkh txlqwhvvhqwldo fdvh ri edqn gulyhq ghyhorsphqw1 Ehwzhhq

4;83 dqg 4;:3 wkh Jhupdq hfrqrp| h{shulhqfhg d txlfn lqgxvwuldol}dwlrq zklfk doorzhg

lw wr ehfrph wkh �uvw hfrqrplf srzhu rq wkh frqwlqhqw1 Lq wklv shulrg lwv JQS juhz dw d

|hduo| 517(/ zhoo deryh wkh 41<( Hxurshdq dyhudjh/ dqg lwv rzq 419( jurzwk udwh ri wkh

suhylrxv wzr ghfdghv12e Ehwzhhq 4;93 dqg 4;;3 lwv lqgxvwuldo fdsdflw| juhz dw dq |hduo|

719(/ xs iurp 41:( lq wkh suhylrxv wkluw| |hduv/ dqg zdv frqfhqwudwhg lq wh{wlohv dqg

khdy| lqgxvwulhv +Edlurfk +4<;5,/ s15<5,1 Surgxfwlrq ri frdo lqfuhdvhg �yhirog/ dqg wkdw ri

slj lurq/ vsxuuhg e| d wkuhhirog h{sdqvlrq ri udlozd|v/ lqfuhdvhg vl{irog +Plwfkhoo +4<;3,/

wdeohv H5/H;/J4,1 Wkh Jhupdq lqgxvwuldo fuhglw edqnv/ Nuhglwedqnhq/ sod|hg d vlplodu

uroh lq lqgxvwuldo ghyhorsphqw dv Ehojldq edqnv/ frpelqlqj frpphufldo dqg lqyhvwphqw

edqnlqj dfwlylwlhv dqg qxuwxulqj forvh uhodwlrqv zlwk lqgxvwu| +Gd Ulq +4<<9,,1 Ri wkh 73

Nuhglwedqnhq irxqghg ehwzhhq 4;7; dqg 4;:3/ irxu dffrxqwhg iru prvw ri wkh lqgxvwuldo

fuhglw dfwlylwlhv= wkh Vfkdd�kdxvhq Edqnyhuhlq/ wkh Glvfrqwr Jhvhoovfkdiw/ wkh Edqn i�xu

Kdqgho xqg Lqgxvwulh dqg wkh Ehuolqhu Kdqghovjhvhoovfkdiw1 Wkh| zhuh doo irxqghg e| 4;89/

dqg wkhlu fdslwdol}dwlrq dffrxqwhg iru qhduo| kdoi ri lqgxvwuldo fuhglw edqnv* wrwdo1 Wkh| zhuh

pxfk odujhu wkdq wkh vpdoohu lqgxvwuldo fuhglw edqnv +Sulydwedqnhq,/ zklfk rshudwhg orfdoo|1

Wkh dyhudjh irxqglqj fdslwdo ri wkhvh irxu Nuhglwedqnhq zdv 66 ploolrq Pdunv +Ulhvvhu

+4<44,/ Dsshqgl{ 6,/ yhuvxv rqo| 4 ploolrq iru wkh dyhudjh Ukhqlvk Sulydwedqnlhu12D Xqwlo

4;:4 lqfrusrudwlrqv lq Suxvvld zhuh vxemhfw wr glvfuhwlrqdu| jryhuqphqwdo dssurydo/ dqg

hqwu| dv d odujh Nuhglwedqn zdv uhvwulfwhg1 Wkh jryhuqphqw judqwhg d mrlqw0vwrfn fkduwhu

rqo| wr wkh Vfkdd�kdxvhq Edqnyhuhlq12S wkh rwkhu wkuhh Nuhglwedqnhq zhuh rujdql}hg dv

xqlqfrusrudwhg olplwhg oldelolw| frpsdqlhv1 Wklv frqvwudlqw vhhpv wr kdyh ehhq elqglqj/ iru

zkhq lqfrusrudwlrq zdv olehudol}hg lq 4;:4/ wkhuh zdv d �rrg ri qhz Nuhglwedqnhq1

Wkh fuhglw fkdqqhohg e| Nuhglwedqnhq lqfuhdvhg 580irog ehwzhhq 4;85 dqg 4;:3/ iurp 53

wr 7<5 ploolrq Pdunv/ dw dq dyhudjh ri 4<17( d |hdu +Kr�pdq +4<98,/ s1:76,1 Ehwzhhq 4;84

dqg 4;:3/ 58< �upv lqfrusrudwhg +xs iurp 435 lq wkh suhylrxv 57 |hduv,/ doprvw dozd|v
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zlwk wkh khos ri dq lqgxvwuldo fuhglw edqn12. Nuhglwedqnhq dfwhg dv xqlyhuvdo edqnv1 Wkh|

qrw rqo| surylghg ordqv dqg �rdwhg wkh vhfxulwlhv ri wkhlu folhqwv/ exw dovr uhwdlqhg htxlw|

srvlwlrqv lq wkhvh �upv +Ulhvvhu +4<44,/ s19509,1 Wkhlu dfwlylw| frqfhqwudwhg lq kljk jurzwk

uhjlrqv dqg lqgxvwulhv= plqlqj/ pdfklqhu|/ wh{wlohv/ frqvwuxfwlrq/ dqg deryh doo udlozd|v1

Wkhvh lqgxvwulhv zhuh fhqwuhg lq wkh uhjlrqv ri Uklqhodqg/ Uxku/ Vlohvld dqg Vd{rq|1

Wkh hpskdvlv zklfk Jhupdq edqnv sodfhg rq htxlw| sduwlflsdwlrqv dqg fdslwdo pdunhw

rshudwlrqv zdv hyhq pruh surqrxqfhg wkdq wkdw iru Ehojldq edqnv1 Ulhvvhu +4<44/ s166<073,

ghvfulehv lq ghwdlo wkh sduwlflsdwlrqv wdnhq e| Nuhglwedqnhq lq udlozd|v dqg khdy| lqgxvwulhv

lq wkh 4;83v1 Vxfk sduwlflsdwlrqv devruehg dprxqwv ri edqn fdslwdo/ iurp 46( iru wkh

Vfkdd�kdxvhq Edqnyhuhlq +s1:5,/ xs wr 83( iru wkh Edqn i�xu Kdqgho xqg Lqgxvwulh +s1;4,1

Pdq| sduwlflsdwlrqv uhvxowhg dovr iurp looltxlg ordqv gxulqj wkh 4;8: hfrqrplf voxps/ exw

zlwk wlph pdq| ri wkhvh ehfdph sur�wdeoh1

Xqlyhuvdo edqnlqj zdv sur�wdeoh1 Wkh dyhudjh glylghqgv lq wkh 4;83v dqg 4;93v zdv

91:( iru wkh Edqn i�xu Kdqgho xqg Lqgxvwulh/ :13( iru wkh Glvfrqwr Jhvhoovfkdiw/ :15( iru

wkh Vfkdd�kdxvhq Edqnyhuhlq/ dqg :16( Iru wkh Ehuolqhu Kdqghovjhvhoovfkdiw1 Pruhryhu

hdfk edqn dffxpxodwhg vhyhudo ploolrq pdunv ri vxusoxv uhvhuyhv1

Wkh shuvrqdo qdwxuh ri wkhlu exvlqhvv uhodwlrqvklsv doorzhg wkhp wr holflw dqg flufxodwh

lqirupdwlrq dprqj lqgxvwuldo ohdghuv h�hfwlyho|/ dqg wr kdyh vwurqj lq�xhqfh rq lqyhvwphqw

ghflvlrqv12H Dv Ulfkdug Wloo| +4<99/ s14;4, dujxhg= _wkh frqwulexwlrq ri Jhupdq edqnhuv

wr wkh prelol}dwlrq ri fdslwdo rshudwhg qrw rqo| rq wkh vxsso| vlgh exw rq wkh ghpdqg vlgh

dv zhoo> e| rujdql}lqj dqg doo|lqj wkhpvhoyhv vr forvho| zlwk lqgxvwuldo hqwhusulvhv/ edqnhuv

vwuhqjwkhqhg dqg lq sduw uhsuhvhqwhg wkh ghpdqg iru lqyhvwphqw ixqgv1%

Wkh odvw fdvh zh frqvlghu lv Lwdo|/ zklfk lqgxvwuldol}hg udslgo| ehwzhhq wkh hduo| 4;<3v

dqg Zruog Zdu L1 Ehwzhhq 4;<6 dqg 4<46 lwv lqgxvwuldo rxwsxw juhz dw d |hduo| 71;(/ xs

iurp 318( lq wkh suhylrxv wzr ghfdghv/ dqg JGS juhz dw 518(/ xs iurp 319(12b Wkh |hduo|

jurzwk udwh ri pdqxidfwxulqj surgxfwlrq +4;<904<46, udqjhg iurp 713 wr 915( dffruglqj

wr gl�huhqw hvwlpdwhv1�f Ehwzhhq 4;<7 dqg 4<46 wkh |hduo| jurzwk udwhv zhuh 48( lq
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hohfwulflw|/ 451<( lq fkhplfdov/ 431:( lq lurq dqg vwhho/ :18( lq hqjlqhhulqj/ doo kljkhu wkdq

lq rwkhu Hxurshdq frxqwulhv +Frkhq +4<9:,/ s1697,1 Wkh vkduh ri surgxfhuv* jrrgv ri wrwdo

surgxfwlrq urvh iurp 5;( wr 7:( +Urphr +4<:5,/ s19;,1 Sulydwh lqgxvwuldo fuhglw edqnv

+cedqfkh gl fuhglwr ruglqdulr*, sod|hg d nh| uroh lq fkdqqholqj vdylqjv wrzdugv lqgxvwuldo

kljk jurzwk vhfwruv dqg lq lq�xhqflqj wkh gluhfwlrq dqg wlplqj ri lqyhvwphqwv1 Wkh Edqfd

Frpphufldoh zdv irxqghg lq 4;<7 dqg wkh Fuhglwr Lwdoldqr lq 4;<8/ ehiruh wkh hfrqrp|

pdgh lwv celj ohds1* Wkh| frqwuroohg qhduo| 93( ri wkh dvvhwv ri doo lqgxvwuldo fuhglw edqnv/

wkh rwkhuv ehlqj ihz dqg vpdoohu1�� Wkh dvvhwv ri doo lqgxvwuldo edqnv lqfuhdvhg 518 wlphv

ryhu wkh wzr ghfdghv/ ru 71<( shu |hdu1�2 Wkh| vsxuuhg lqyhvwphqw lq hohfwulflw|/ phfkdqlfdo

hqjlqhhulqj/ phwdov/ dqg dxwrprelohv/ zkloh ryhuorrnlqj wudglwlrqdo lqgxvwulhv olnh wh{wlohv1��

Dovr/ wkh| irfxvhg wkhlu h�ruwv wrzdugv �upv lq wkh Qruwkhuq cwuldqjoh* ehwzhhq Jhqryd/

Wrulqr dqg Plodqr +Dohrwwl +4<<3,/ s18;093,1

Lq wkh fdvh ri Lwdo| vkhhu vl}h vhhpv wr kdyh ehhq hqrxjk wr ghwhu hqwu| e| rwkhu odujh

lqgxvwuldo fuhglw edqnv1 Lqghhg wkh Edqfd Frpphufldoh dqg wkh Fuhglwr Lwdoldqr zhuh

vxffhvvixo lq lpsrvlqj h{foxvlyh uhodwlrqvklsv wr prvw ri wkhlu folhqwv +Frqidorqlhul +4<;3/

yro15,/ s165<,1

Dv lq Ehojlxp dqg Jhupdq|/ Lwdoldq lqgxvwuldo fuhglw edqnv zhuh dqrwkhu h{dpsoh ri

xqlyhuvdo edqnlqj/ hqjdjlqj lq erwk frpphufldo dqg lqyhvwphqw edqnlqj dfwlylwlhv1 Ehwzhhq

4;<7 dqg 4<39 wkh Edqfd Frpphufldoh wrrn sduw lq 478 fdslwdo pdunhw rshudwlrqv/ dqg wkh

Fuhglwr Lwdoldqr lq ;71�e Wklv zd| wkh| hqfrxudjhg �upv wr xqghuwdnh lqfrusrudwlrq dqg

udlvh ixqgv rq wkh vwrfn pdunhw1 Ehwzhhq 4<33 dqg 4<46 Lwdoldq mrlqw vwrfn frpsdqlhv juhz

iurp ;7; wr 6/39</ dqg ehwzhhq 4<33 dqg 4<3: wkh| udlvhg derxw 51: eloolrq oluh/ prvwo|

rq wkh vwrfn h{fkdqjh +Dohrwwl +4<<3,/ s1940:,1 Lq 4;<: wkhuh zhuh 63 olvwhg frpsdqlhv lq

wkh Plodqr Vwrfn H{fkdqjh/ zklfk juhz wr 49< e| 4<3;1�D Erwk wkh Edqfd Frpphufldoh

dqg wkh Fuhglwr Lwdoldqr sod|hg d pdmru uroh lq sodqqlqj dqg �qdqflqj wkhvh rshudwlrqv1

Frqidorqlhul +4<;3/ yro16, ghvfulehv lq ghwdlo wkh lqyroyhphqw ri wkh Edqfd Frpphufldoh lq

wkh vwhho/ hohfwulf dqg phfkdqlfdo vhfwruv/ dqg ri wkh Fuhglwr Lwdoldqr lq vxjdu uh�qlqj/ lurq/

dqg fkhplfdov +4<;3/ yro15,1 Kh frqfoxghv wkdw lqyhvwphqw edqnlqj dfwlylwlhv idyruhg wkhlu
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uroh dv fdwdo|vwv ri lqgxvwuldo xqghuwdnlqjv1

Lqyhvwphqwv lq lqgxvwuldo vhfxulwlhv +htxlw| dqg erqgv, e| wkh Edqfd Frpphufldoh dqg

wkh Fuhglwr Lwdoldqr udqjhg iurp 8( wr 43( ri wkhlu dvvhwv ehwzhhq 4;<8 dqg 4<391 Wkh|

frqwulexwhg 8( wr 43( ri wkh lqfrph ri wkh wzr edqnv1�S Ordqv wr odujh lqgxvwuldo �upv

dffrxqwhg iru dqrwkhu 53063( ri dvvhwv dqg lqfrph +Frqidorqlhul +4<;3,/ yro16/ s17;9,1

Olnh wkh Ehojldq edqnv zlwk lqyhvwphqw wuxvwv/ wkh Lwdoldq edqnv pdqdjhg wkhlu lqgxv0

wuldo sduwlflsdwlrqv wkurxjk vxevlgldulhv1 Wkh| dftxluhg frqwuro lq vrph lqgxvwuldo frpsd0

qlhv/ zklfk wkh| xvhg dv kroglqj frpsdqlhv1 Wklv zdv hvshfldoo| wkh fdvh zlwk idvw jurzlqj

lqgxvwulhv= hohfwulflw|/ fkhplfdov/ lurq dqg vwhho1�. Jhuvfkhqnurq +4<95/ s1;;, qrwlfhg wkdw

lq Lwdo| _^d`v lq Jhupdq|/ qrw rqo| fdslwdo/ exw d jrrg ghdo ri hqwuhsuhqhxuldo jxlgdqfh zdv

fkdqqhohg wr wkh qdvfhqw dqg h{sdqglqj lqgxvwuldo hqwhusulvhv1 Dv lq Jhupdq|/ wkh srolf|

zdv wr pdlqwdlq dq lqwlpdwh frqqhfwlrq zlwk dq lqgxvwuldo hqwhusulvh dqg wr qxuvh lw iru d

orqj wlph ehiruh lqwurgxflqj lw wr wkh fdslwdo pdunhw1%

Wkhvh h{shulhqfhv vkduh vhyhudo ihdwxuhv/ zklfk duh lq dffrugdqfh zlwk wkh frqfoxvlrqv

ri rxu prgho1 Hdfk frxqwu| zhqw wkurxjk d shulrg ri idvw lqgxvwuldol}dwlrq/ zkhuh d ihz

odujh xqlyhuvdo edqnv �qdqfhg wkh pdmrulw| ri lqgxvwuldo �upv wkurxjk ordqv/ htxlw|/ dqg

e| �rdwlqj lqgxvwuldo vhfxulwlhv1 Wkhvh edqnv glg qrw ghyhors dv d frqvhtxhqfh ri lqgxv0

wuldol}dwlrq/ exw suh0h{lvwhg lw1 Wkh| pdqdjhg wr uhwdlq frqvlghudeoh pdunhw srzhu zlwk

wkh dlg ri uhjxodwlrqv dqg ohjdo eduulhuv wr hqwu|1 Wkh| dfwlyho| surprwhg lqyhvwphqw lq

lqgxvwuldo whfkqrorj|/ dqg hqjdjhg lq frruglqdwlrq ri lqgxvwuldo lqyhvwphqwv1 Ilqdoo| wkh|

zhuh doo sulydwh lqvwlwxwlrqv prwlydwhg e| sur�wv1

Wkh lpsruwdqfh ri xqlyhuvdo lqgxvwuldo fuhglw edqnv ehfrphv hyhq pruh frpshoolqj zkhq

zh frqvlghu fdvhv zkhuh wkhlu devhqfh frlqflghg zlwk surwudfwhg gl�fxowlhv lq fdwfklqj xs

zlwk lqgxvwuldol}dwlrq1 Lq vrph fdvhv wkh vpdoo vl}h ri edqnv ru wkhlu odfn ri pdunhw srzhu

vhhp wr kdyh idlohg wr vdwlvi| rxu frqglwlrqv iru edqn ohg frruglqdwlrq1 Vxfk kdv ehhq wkh

h{shulhqfh ri Uxvvld dqg Vsdlq/ iru lqvwdqfh1

Dv vkrzq e| Fulvs +4<9:,/ Uxvvldq lqgxvwuldo fuhglw edqnv ghyhorshg vorzo| dqg uh0
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pdlqhg vpdoo dqg glvshuvhg ryhu dq lpphqvh frxqwu|1 Wkh glvfuhwlrqdu| srzhu ri wkh vwdwh

lq judqwlqj frusrudwh fkduwhuv/ lwv srolf| ri olplwlqj wkh jurzwk ri edqnv/ dqg lwv wljkw juls rq

qhz hfrqrplf dfwlylwlhv zhuh ehklqg edqnv* sdvvlyh dwwlwxgh1�H Pruhryhu/ wkh jryhuqphqw

frqvlghuhg dv xvxu| dq| dfwlylw| zklfk wrrn wkh irup ri frpshqvdwlrq iru ulvn0wdnlqj1 Wklv

vwurqjo| olplwhg krz pxfk edqnv frxog fkdujh wkhlu eruurzhuv/ dqg wkhuhiruh wkhlu pdunhw

srzhu1 Rqo| iurp wkh 4;<3v glg edqnv edvhg lq Vw1 Shwhuvexuj vwduw hqjdjlqj lq vrph

lqgxvwuldo fuhglw/ exw wkh| zhuh pdq| +43 lq 4<33 dqg 46 lq 4<47,/ dqg vr wkhuh zdv pxfk

frpshwlwlrq1 Ixuwkhupruh/ wkhvh edqnv zhuh dovr uhodwlyho| vpdoo1 Ryhudoo wkh| uhsuhvhqwhg

rqo| derxw 48( ri wkh frpphufldo edqnlqj vhfwru1�b Wkh uhvxow zdv d sdwwhuq ri hfrqrplf

jurzwk zklfk rzhg pruh wr wkh udwlrqdol}dwlrq ri djulfxowxuh wkdq wr lqgxvwuldol}dwlrq1

Dqrwkhu fdvh zklfk looxvwudwhv wkh frqvhtxhqfhv ri uhsuhvvlqj wkh dfwlylw| ri lqgxvwuldo

edqnv lv Vsdlq lq wkh vhfrqg kdoi ri odvw fhqwxu|1 Vhyhudo edqnv dovr hqjdjlqj lq lqgxvwuldo

fuhglw hphujhg1 Zkloh lqfrusrudwlrq zdv lqlwldoo| vxemhfw wr jryhuqphqwdo dssurydo/ lw zdv

olehudol}hg diwhu 4;891 E| 4;:3 derxw 63 fuhglw frpsdqlhv dqg lvvxh edqnv kdg dsshduhg/

zklfk hqjdjhg lq frpphufldo edqnlqj dv zhoo1ef Irxu ri wkhvh ehfdph txlwh odujh/ exw

vkxqqhg lqyhvwphqw lq pdqxidfwxulqj �upv1 Wklv zdv gxh wr wkh idfw wkdw wkh jryhuqphqw

srvhg vhyhudo frqvwudlqwv rq wkhlu dfwlrqv/ fxuwdlolqj wkhlu delolw| wr lqyhvw lq pdqxidfwxulqj

dqg hqfrxudjlqj sxuho| vshfxodwlyh lqyhvwphqw lq udlourdgv dqg plqlqj frpsdqlhv1 Wruwhood

+4<:5, dujxhv wkdw wkh uhsuhvvlrq ri pdqxidfwxulqj frpsdqlhv lpshghg d udslg dqg vwd0

eoh hfrqrplf jurzwk/ dv lw suhyhqwhg edqnv iurp h�hfwlyho| frruglqdwlqj frpsohphqwdu|

dfwlylwlhv1 Iru lqvwdqfh/ wkh jryhuqphqw vxevlglvdwlrq ri udlozd|v zlwk wkh fruuhvsrqglqj

fxuwdlophqw ri pdqxidfwxulqj phdqw wkdw wkhuh zhuh qrw hqrxjk jrrgv wr wudqvsruw/ dqg

wkhuhiruh wrr olwwoh exvlqhvv iru wkh udlozd|v wr eh sur�wdeoh1 Lq wklv hqylurqphqw/ edqnv

kdg qrw hqrxjk srzhu/ qru lqfhqwlyhv/ wr hqjdjh lq lqyhvwphqw frruglqdwlrq1

Lqwhuhvwlqjo|/ wkh Lwdoldq h{shulhqfh lq wkh ghfdghv ehiruh lqgxvwuldol}dwlrq dovr ohqgv

vxssruw wr rxu lqwhusuhwdwlrq1 Srovl +4<<9, ghvfulehv krz d odujh qxpehu ri vpdoo edqnv

frpshwhg iru �qdqflqj lqgxvwu| vlqfh wkh 4;93v1 Wkh| h{whqghg olwwoh htxlw| �qdqfh/ dqg

zhuh frpshwlqj dovr zlwk vl{ edqnv ri lvvxh/ zklfk ohqw wr frpphufldo dqg lqgxvwuldo �upv

dv zhoo1 Wkh vlwxdwlrq fkdqjhg gudvwlfdoo| e| wkh plg 4;<3v1 Wkh Edqfd g*Lwdold zdv fuhdwhg

lq 4;<7/ dqg zdv frqihuuhg d prqrsro| ryhu qrwh lvvxlqj1 H{lvwlqj lqgxvwuldo fuhglw edqnv

froodsvhg/ dqg wkh| zhuh vxevwlwxwhg e| Edqfd Frpphufldoh dqg Fuhglwr Lwdoldqr/ erwk
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pxfk odujhu wkdq dq| suhylrxv lqgxvwuldo fuhglw edqn1

� #�tU�tt�L? @?_ +iti@hU� �}i?_@

Wkh prgho zh kdyh ghyhorshg fdswxuhv vrph ri wkh ixqgdphqwdo wudlwv ri wkh idvw lqgxvwul0

dol}dwlrq ri wkh frxqwulhv zkrvh h{shulhqfh zh kdyh h{dplqhg lq Vhfwlrq 51 Lq wkhvh fdvhv

d vpdoo qxpehu ri lqgxvwuldo edqnv fkdqqhohg wkhlu uhvrxufhv wr d ihz kljk jurzwk vhfwruv1

Wkhvh edqnv qrw rqo| wrrn odujh ghew dqg htxlw| srvlwlrqv lq wkh �upv wkh| �qdqfhg/ wkh|

zhuh dovr odujh uhodwlyh wr wkh hfrqrp|1 Wkh| zhuh vhw xs dv odujh edqnv vlqfh wkhlu lq0

fhswlrq/ dw wkh ehjlqqlqj ri wkh fdwfk0xs shulrg/ dqg uhpdlqhg odujh dv wkh hfrqrp| juhz1

Wklv vxjjhvwv wkdw wkhlu vl}h zdv qrw phuho| wkh uhvxow ri lqgxvwuldol}dwlrq1 Pruhryhu/ wkh|

zhuh prwlydwhg sulpdulo| e| sur�wv/ udwkhu wkdq e| cghyhorsphqwdo* frqfhuqv1 Wkhvh odujh

edqnv frpshwhg zlwk d qxpehu ri vpdoohu edqnv wkdw frxog sduwo| iuhh0ulgh rq vrph ri

wkhlu dfwlylwlhv/ exw pdqdjhg wr uhwdlq d vxevwdqwldo pdunhw srzhu wkurxjkrxw wkh shulrg1

Ilqdoo|/ doo wkhvh edqnv ehqh�wwhg iurp ehlqj xqlyhuvdo edqnv/ dv wkh| frxog wdnh htxlw|

srvlwlrqv lq wkh �upv wkh| �qdqfhg1

Wkh Ehojldq Vrfl�hw�h J�hq�hudoh dqg Edqtxh gx Ehojltxh/ wkh Jhupdq Vfkdd�kdxvhq

Edqnyhuhlq/ Glvfrqwr Jhvhoovfkdiw/ Edqn i�xu Kdqgho xqg Lqgxvwulh/ Ehuolqhu Kdqghovjh0

vhoovfkdiw/ dqg wkh Lwdoldq Edqfd Frpphufldoh dqg Fuhglwr Lwdoldqr doo hqjdjhg lq �qdqflqj

dfwlylwlhv zklfk forvho| uhvhpeoh wkh rqhv ri rxu prgho1 Lq Ehojlxp wkhvh odujh edqnv ir0

fxvhg rq plqlqj dqg phwdo surfhvvlqj1 Lq Jhupdq| wkh| irfxvhg rq plqlqj/ udlozd|v/ dqg

phfkdqlfdo hqjlqhhulqj/ dqg lq Lwdo| rq fkhplvwu|/ hohfwulflw|/ lurq dqg vwhho1e�

Pruhryhu/ wkh xqlyhuvdo qdwxuh ri wkhvh edqnv phdqw wkdw wkh| idfhg d orzhu frvw ri

lqgxflqj frruglqdwlrq wkdq wkh| zrxog kdyh zlwk sxuh ghew frqwudfwv1e2

Rxu prgho dssolhv wr hfrqrplhv zkhuh wkh sureohp kdpshulqj ghyhorsphqw lv d odfn

ri frruglqdwlrq ri lqyhvwphqwv1e� Zh frqvlghu edqnv dv rqh hfrqrplf lqvwlwxwlrq zklfk

pd| eh deoh wr lqwhuqdol}h wkh h{whuqdolwlhv wkdw fuhdwh vxfk frruglqdwlrq sureohpv1 Zh

gr qrw dwwhpsw wr surylgh d jhqhudo wkhru| ri lqgxvwuldol}dwlrq/ wkrxjk1 Edqnv qhhg qrw
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eh wkh rqo| lqvwlwxwlrqv wr dfklhyh frruglqdwlrq/ dqg frruglqdwlrq pd| qrw hyhq dozd|v

eh wkh sureohp kdpshulqj lqgxvwuldol}dwlrq1 Wklv fdyhdw vhhpv wr dsso|/ iru h{dpsoh/ wr

wkh lqgxvwuldol}dwlrq h{shulhqfhv ri Hqjodqg ru wkh Xqlwhg Vwdwhv/ zklfk zh gr qrw wu|

wr h{sodlq khuh1 Dfhprjox dqg ]lolerwwl +4<<:,/ iru lqvwdqfh/ dujxh wkdw h{shulphqwdwlrq

dqg ulvn glyhuvl�fdwlrq zhuh wkh fuxfldo sureohpv Eulwdlq kdg wr vroyh wr ehfrph wkh �uvw

frxqwu| wr lqgxvwuldol}h1 Wkh| vkrz wkdw wkh iudjphqwhg Eulwlvk edqnlqj vhfwru zdv lqghhg

lqvwuxphqwdo iru vxvwdlqlqj h{shulphqwdwlrq dqg glyhuvl�fdwlrq1 Vlploduo|/ frruglqdwlrq

pd| kdyh ehhq surylghg e| lqvwlwxwlrqv rwkhu wkdq edqnv/ dv Fkdqgohu +4<::, dujxhg lw zdv

wkh fdvh zlwk udlozd|v lq wkh fuhdwlrq ri d xql�hg pdunhw lq wkh Xqlwhg Vwdwhv1 Lqghhg/ dq

lqwhuhvwlqj txhvwlrq iru ixwxuh uhvhdufk lv zkdw rwkhu lqvwlwxwlrqv fdq dfklhyh frruglqdwlrq

dqg krz wkhlu frruglqdwlrq dfwlylwlhv pd| gl�hu iurp wkrvh ri edqnv1 Wr xv/ klvwru| vxjjhvw

dw ohdvw wzr rwkhu lpsruwdqw dowhuqdwlyhv1

Iluvw/ odujh lqgxvwuldo jurxsv 0 frqjorphudwhv 0 fdq h{sorlw frpsohphqwdulwlhv lqwhuqdoo|1

Suredeo| wkh prvw lqwhuhvwlqj fdvh lq wklv uhvshfw lv Mdsdq ehiruh ZruogZdu LL1 Iuxlq +4<<5,

dqg Prulndzd +4<<5,/ dprqj rwkhuv/ grfxphqw wkh uroh ri ]dledwvx lq irvwhulqj dqg frrugl0

qdwlqj lqgxvwuldol}dwlrq1 ]dledwvx zhuh idplo|0grplqdwhg frqjorphudwhv fhqwhuhg durxqg d

wudglqj frpsdq|1 Wkh| juhz e| irfxvlqj rq cwudglqj* frpsohphqwdulwlhv dprqj wkhlu rzq

frpsdqlhv1 Wkhlu sdwwhuq ri ghyhorsphqw frqwudvwhg zlwk wkh Hxurshdq fdvhv ri edqn fr0

ruglqdwhg jurzwk/ zklfk uholhg pruh rq wkh h{sorlwdwlrq ri whfkqrorjlfdo frpsohphqwdulwlhv

dfurvv vhfwruv1 Pruhryhu lq Mdsdq uhjxodwlrq irufhg edqnv wr olplw wkhlu dfwlrq wr vkruw0whup

ohqglqj dqg dovr olplwhg wkhlu vl}h dqg srzhu +Sdwulfn +4<9:,,1 Wklv eulqjv xs wkh txhvwlrq

zkhwkhu frqjorphudwhv durvh dv phuh vxevwlwxwhv wr lqgxvwuldo edqnv ru dv uhdo dowhuqdwlyhv/

dv h{soruhg e| Gd Ulq +4<<;,1

D vhfrqg dowhuqdwlyh wr edqnv lv frruglqdwlrq e| d jryhuqphqw1 D frxqwu| zklfk h{0

hpsol�hv wklv ylhz lv Nruhd1 Wkh Nruhdq jryhuqphqw ri Jhqhudo Sdun lpsohphqwhg d

frruglqdwhg doorfdwlrq ri uhvrxufhv iru lqgxvwuldol}dwlrq zklfk ohg wr txlfn dqg vxvwdlqhg

lqgxvwuldol}dwlrq gxulqj wkh 4<93v dqg 4<:3v/ dv ghvfulehg e| Fkr +4<;<, dqg Zdgh +4<;9,1

Lqwhuhvwlqjo|/ wkh jryhuqphqw qdwlrqdol}hg doo edqnv dqg xvhg wkhp dv dq lqvwuxphqw ri

hfrqrplf srolf|/ hvshfldoo| lq frqqhfwlrq zlwk vxevlgl}hg fuhglw gluhfwhg wr wdujhw vhfwruv/

dv h{dplqhg e| Fkr dqg Khoopdqq +4<<7,1

Lw lv vrphwlphv dujxhg wkdw wkh frvwv ri dfklhylqj frruglqdwlrq wkurxjk odujh edqnv

zklfk hqmr| pdunhw srzhu lv wkdw wkh| vorz grzq jurzwk/ hvshfldoo| dw odwhu vwdjhv ri

ghyhorsphqw1 Wloo| +4<<6, iru lqvwdqfh/ dujxhv wkdw Nuhglwedqnhq ghyhorshg d yhvwhg lq0

whuhvw lq pdlqwdlqlqj d vwdeoh/ roljrsrolvwlf lqgxvwuldo vwuxfwxuh1 D uhodwhg fulwlflvp lv wkdw

lqgxvwuldo fuhglw edqnv kdyh lqvx�flhqw lqfhqwlyhv wr lqwurgxfh �qdqfldo lqqrydwlrqv1 Vlpl0
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oduo|/ lw lv iuhtxhqwo| dujxhg wkdw frqjorphudwhv vrrq ehfrph dq revwdfoh wr lqqrydwlrq dqg

hqwuhsuhqhxuvkls1ee Krzhyhu/ wklv grhv qrw lpso| wkdw odujh edqnv ru frqjorphudwhv duh

qrw ghvludeoh shu vh1 Zlwkrxw wkhlu frruglqdwlrq dfwlylw| lqgxvwuldol}dwlrq pd| frph odwhu/

ru qrw dw doo1 Dq lqwhuhvwlqj txhvwlrq iru ixwxuh uhvhdufk lv wkhq wr h{dplqh zklfk irufhv ru

srolflhv pd| frxqwhuedodqfh wkh crvvl�fdwlrq* ri wkhvh lqvwlwxwlrqv rqfh wkh hfrqrp| dfklhyhv

lqgxvwuldol}dwlrq1

Dv iru jryhuqphqw frruglqdwlrq/ wkhuh pd| dovr eh lqh�flhqflhv1 Zkloh d jryhuqphqw

fdq w|slfdoo| vdwlvi| rxu vl}h frqglwlrq iru frruglqdwlrq/ lw pd| qrw kdyh wkh fruuhfw lqfhq0

wlyhv wr gr vr1 Sulydwh edqnv dqg frqjorphudwhv kdyh d fohdu remhfwlyh= pd{lpl}h sur�wv1

D jryhuqphqw pd| qrw hyhq kdyh d zhoo gh�qhg remhfwlyh1 Lqvwhdg jryhuqphqw r�fldov pd|

eh h{srvhg wr wkh lq�xhqfh dfwlylwlhv ri ydulrxv lqwhuhvw jurxsv1eD Dv d frqvhtxhqfh wkh|

pd| eh whpswhg ru irufhg wr doorfdwh vxevlgl}hg ordqv rq wkh edvlv ri srolwlfdo udwkhu wkdq

hfrqrplf phulw1eS

Dv vrph ri wkhvh h{dpsohv douhdg| vxjjhvw/ wkhuh fdq eh frpsoh{ lqwhuuhodwlrqvklsv

dprqj wkh lqvwlwxwlrqv zklfk lqgxfh frruglqdwlrq1 Lq Ehojlxp/ iru lqvwdqfh/ wkh Vrfl�hw�h

J�hq�hudoh idfhg pdq| dwwhpswv ri srolwlfdo sduwlhv wr lq�xhqfh lwv ghflvlrqv1 Dv d uhvxow

lw kdg wr dffhsw uhsuhvhqwdwlyhv iurp erwk pdlq srolwlfdo sduwlhv rq lwv erdug ri gluhfwruv

+Fkohsqhu +4<63,,1 Lq Jhupdq| Nuhglwedqnhq h{huwhg suhvvxuh rq wkh jryhuqphqw/ dvnlqj

iru surwhfwlrq dqg vxssruw iru wkhlu folhqwv1 Wkh| sxuvxhg idyrudeoh fkduwhu frqglwlrqv iru

folhqwv zkr zdqwhg wr lqfrusrudwh/ dqg glsorpdwlf dvvlvwdqfh wr wkhlu folhqwv lq wkh h{sruw

vhfwru +Ulhvvhu +4<44,,1

Doo wkhvh lvvxhv rshq xs d ulfk djhqgd iru ixwxuh uhvhdufk1 Vkrxog zh wklqn ri frqjorp0

hudwhv dv d phuh vxevwlwxwh wr lqgxvwuldo edqnv ru gr wkh| kdyh d ixqgdphqwdoo| gl�huhqw

dssurdfk wr dfklhylqj frruglqdwlrqB Krz pxfk grhv wkh glvwlqfwlrq ri sxeolf yhuvxv sul0

ydwh lqvwlwxwlrqv pdwwhu iru dfklhylqj frruglqdwlrqB Pruhryhu/ qrqh ri wkhvh lqvwlwxwlrqv

rshudwhv lq lvrodwlrq1 Krz gr wkh| lqwhudfw zlwk hdfk rwkhuB Krz gr wkh frvwv ri frrugl0

qdwlrq fkdqjh zkhq vhyhudo lqvwlwxwlrqv duh lqyroyhgB Dqg zkdw duh wkh g|qdplf zhoiduh
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surshuwlhv ri wkhvh phfkdqlvpvB Zh krsh wr kdyh frqwulexwhg d xvhixo vwduwlqj srlqw iru

vxfk dqdo|vlv1
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Lq wklv dsshqgl{ zh suhvhqw d prgho zlwk khwhurjhqrxv �upv zklfk doorzv iru d zlgh ydulhw|

ri frpsohphqwdulwlhv1 Zh vkrz krz wkh lqvljkwv ri wkh edvlf prgho zh xvhg lq wkh pdlq

wh{w fduu| ryhu wr d pxfk pruh jhqhudo vhwwlqj1e.

Zh prgli| wkh prgho ri wkh pdlq wh{w e| doorzlqj hdfk �up wr kdyh d gl�huhqw suri0

lwdelolw|/ dqg lwv lqyhvwphqw wr kdyh d gl�huhqw lpsdfw rq rwkhu �upv* sur�wdelolw|1 Zkhq

wkh lqyhvwphqw sdwwhuq lv N/ wkh +jurvv, uhwxuq wr lqyhvwphqw iru �up t lv wkhq jlyhq e|

i+N>t,1 Zh dvvxph wkdw i+N>t, @ 3 li L^ @3/ dqg i+N>t,� 3 li L^ @41 Wkdw lv/ zkhq d

�up lqyhvwv/ lwv uhwxuq ghshqgv qrw rqo| rq lwv rzq lqyhvwphqw/ exw dovr rq wkh lqyhvwphqwv

ri doo rwkhu �upv1 N irupv d vxe0odwwlfh/ dqg i+N>t, lv vxshuprgxodu lq N1 Wklv lpsolhv

wkdw iru dq| N��N2 wkh uhwxuqv wr �up t duh vxfk wkdw= i+N�> t, � i+N2> t,1eH Wkh rqo|

prgl�fdwlrq lq wkh �qdqfldo vhfwru lv wkdw/ zlwk �up khwhurjhqhlw|/ d ordq wkdw lv r�huhg wr

d sduwlfxodu �up pd| qrw eh dydlodeoh wr dqrwkhu �up/ l1h1 zh doorz iru sulfh0glvfulplqdwlrq1

Wkh suhvhqw ydoxh ri wkh sur�wv ri �up t lv jlyhq e|=

�+N>t> l, @ � ^i+N> t,� +4.l,IK`

zkhuh �up t h{shfwv wkh vhw N ^ t wr lqyhvw1eb Ilup t lqyhvwv zkhqhyhu �+N>t> l, � IJ1

D vhw ri lqyhvwlqj �upv N lv d frpshwlwlyh htxloleulxp li �+N>t> u,�IJ iru doo t5N dqg

�+N>t> u,?IJ iru doo t 5TqN1 Zh ghqrwh wkh htxloleulxp vhwv ri lqyhvwlqj �upv e| N?/

q @ 4> ===>Q / zkhuh Q lv wkh qxpehu ri frpshwlwlyh htxloleuld1

Sursrvlwlrq 4 +l, Zlwk d frpshwlwlyh �qdqfldo pdunhw wkhuh pd| h{lvw pxowlsoh htxloleuld1

+ll, Wkhuh dozd|v h{lvwv d cpd{lpdo* htxloleulxp lq zklfk doo wkh �upv wkdw lqyhvw lq dw

ohdvw rqh htxloleulxp N? gr lqyhvw1 Lw Sduhwr grplqdwhv doo rwkhu htxloleuld1

+lll, Wkhuh dozd|v h{lvwv d cplqlpdo* htxloleulxp lq zklfk doo �upv wkdw gr qrw lqyhvw lq

dw ohdvw rqh htxloleulxp N? gr qrw lqyhvw1 Lw lv Sduhwr grplqdwhg e| doo rwkhu htxloleuld1

+ly, Lq wkh cpd{lpdo* htxloleulxp wkhuh duh +zhdno|, ohvv �upv lqyhvwlqj wkdq lq dq

xwlolwduldq vrfldo zhoiduh rswlpxp1
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Surri1 +l, Wkh srvvlelolw| ri pxowlsoh htxloleuld lv hvwdeolvkhg e| wkh h{dpsoh lq wkh pdlq

wh{w/ dqg wulyldoo| h{whqgv wr wkh jhqhudo fdvh zkhq wkh vlpsol�fdwru| dvvxpswlrqv ri lghqwl0

fdo �upv dqg vlpsoh frpsohphqwdulw| zh xvh lq wkh pdlq wh{w duh gursshg1 Wkh htxlydohqw

uhvxow lv dovr ghulyhg lq Plojurp dqg Urehuwv +4<<3d/ 4<<7d/ 4<<7e,1

+ll, Frqvlghu dq| wzr htxloleuld N� dqg N� / l 9@ m zklfk duh qrw qhvwhg/ l1h1 N�� �

N�qN� 9@ >/ dqg N�� � N�qN� 9@ >1 E| wkh gh�qlwlrq ri htxloleulxp/ iru doo t 5 N� zh

kdyh �+N�> t> u, � IJ vr wkdw �+N� ^ N� > t> u, � IJ1 Vlploduo|/ iru doo t 5 N� zh kdyh

�+N� > t> u,�IJ vr wkdw �+N� ^N� > t> u,�IJ1 Wkhq wkhuh h{lvwv vrph vhw N? � +N� ^N�,

vxfk wkdw �+N?> t> u,��+N� ^N� > t> u,�IJ iru doo t5+N�^N�,/ dqg �+N?> t> u,�IJ iru doo

t5N?/ dqg �+N?> t> u,?IJ iru doo t5TqN
?1 Wklv vkrzv wkdw iru dq| qrq0qhvwhg htxloleuld

wkhuh h{lvwv dq htxloleulxp +N?, zkhuh doo �upv lqyhvwlqj lq hlwkhu htxloleulxp gr lqyhvw

dv zhoo1 Zh ghqrwh wkh odujhvw vxfk htxloleulxp e| NU. / ru vlpso| LH1 Wkh LH Sduhwr

grplqdwhv doo rwkhu htxloleuld vlqfh edqnv pdnh }hur sur�wv/ wkh odujhvw qxpehu ri �upv duh

lqyhvwlqj/ dqg wkh lqyhvwphqw e| rqh �up fdq rqo| kdyh d srvlwlyh h{whuqdolwlhv rq doo rwkhu

�upv1

+lll, Frqvlghu dq| wzr htxloleuld N� dqg N� / l 9@ m zklfk duh qrw qhvwhg/ l1h1 N�� �

N�qN� 9@>/ dqg N���N�qN� 9@>1 Iru doo t 5 N�� zh kdyh �+N� > t> u,?IJ1 Vlploduo|/ iru doo

t 5 N�� zh kdyh �+N�> t> u,?IJ1 Wkxv / iru doo t5N
�� ^N�� zh kdyh �+N�_N� > t> u,?IJ1

Wkh deryh lqhtxdolwlhv lpso| wkdw wkhuh h{lvwv vrph vhw > � Nf � +N�_N�, vxfk wkdw

�+Nf> t> u,� �^N�_N� > t> u,?IJ iru doo t 5 +N��^N��,/ �+Nf> t> u,?IJ iru doo t 5TqNf/

dqg �+Nf> t> u,�IJ iru doo t5Nf1 Wklv vkrzv wkdw iru dq| wzr qrq0qhvwhg htxloleuld wkhuh

h{lvwv dq htxloleulxp +srvvleo| hpsw|, zkhuh qr �up lq wkhlu qrq0ryhuodsslqj vxevhwv lv

lqfoxghg1 Zh ghqrwh wkh vpdoohvw vxfk htxloleulxp e| N�. / ru vlpso| EH1 Wkh EH lv

Sduhwr lqihulru wr doo rwkhu htxloleuld vlqfh lw lv wkh rqh zlwk wkh ihzhvw �upv lqyhvwlqj1

+ly, Wkhuh fdqqrw eh wrr pdq| �upv lqyhvwlqj lq NU. vlqfh hyhu| �up lv lqglylgxdoo|

sur�wdeoh/ dqg fdq rqo| kdyh srvlwlyh h{whuqdolwlhv rq doo rwkhu �upv1 Vxssrvh qh{w d �up

t�5TqNU. zhuh wr lqyhvw dv zhoo1 Wkh gh�qlwlrq ri NU. lpsolhv wkdw t� wdnhv d orvv1 Exw

e| dvvxpswlrq 4 wkh lqyhvwphqw e| t� +zhdno|, udlvhv i+NU. > t> u, wr i+NU.^t�> t> u, iru

doo t 5 NU.1 Ghshqglqj rq wkh vwuhqjwk ri wkh frpsohphqwdulw| h�hfw/ fdswxuhg e| wkh

ixqfwlrq i+=,/ lw pd| eh vrfldoo| h�flhqw wr kdyh pruh �upv lqyhvwlqj wkdq lq NU. 1 �

Sursrvlwlrq 5 jlyhv wkh frqglwlrqv xqghu zklfk wkh ohdg edqn zloo hqjdjh lq frruglqdwlrq1

Lq rughu wr suryh lw zh lqwurgxfh d ihz gh�qlwlrqv dqg wzr ohppdwd1 Zh kdyh wr xvh d pruh

vrsklvwlfdwhg gh�qlwlrq ri zkdw lw phdqv wr dfklhyh frruglqdwlrq dqg ri zkdw frqvwlwxwhv d

fulwlfdo pdvv wkdq lq wkh vlpsohu prgho ri wkh pdlq wh{w1 Dv qrz wkhuh duh pruh wkdq mxvw
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wzr htxloleuld/ zh irfxv rq wkh fdvh zkhuh 0 lq wkh devhqfh ri frruglqdwlrq 0 wkh cplqlpdo*

rqh zrxog dozd|v dwwdlq1 Lq wklv pruh jhqhudo prgho wkhuh pd| eh pruh wkdq wzr htxloleuld1

Zh kdyh wr xvh d pruh vrsklvwlfdwhg qrwlrq ri zkdw lw phdqv wr dfklhyh fruglqdwlrq1 D

uhdvrqdeoh qrwlrq ri cdfklhylqj frruglqdwlrq* lv wkdw dw ohdvw doo �upv lq wkh cpd{lpdo*

htxloleulxp lqyhvw +dqg srvvleo| pruh/ iru uhdvrqv zh h{sodlq ehorz,1 Wklv uhtxluhv xv wr

hpsor| d fulwlfdo pdvv zklfk lv vxfk uhodwlyh wr wkh cpd{lpdo* htxloleulxp1 Ehorz/ krzhyhu/

zh jlyh d pruh jhqhudo gh�qlwlrq ri fulwlfdo pdvv/ ydolg iru dq| htxloleulxp1Df

Fulwlfdo Pdvv1 D fulwlfdo pdvv P uhodwlyh wr vrph vhw N lv d vhw P+N, vxfk wkdw frqgl0

wlrqdo rq doo �upv lq P+N, lqyhvwlqj/ doo �upv lq N �qg lw sur�wdeoh wr lqyhvw1 Pruhryhu/

P+N, lv wkh vpdoohvw vhw wkdw frqwdlqv qr uhgxqgdqw �upv/ l1h1 wkh deryh surshuw| idlov wr

krog li dq| rqh �up lv gursshg iurp P+N,1 Iru dq| N wkhuh pd| eh vhyhudo fulwlfdo pdvvhv

Pr+N,/ v@4> ===> V1 Wkhuh lv qr gh�qlwh uhodwlrqvkls ehwzhhq N dqg P+N,1 Pr+N, pd|

eh d vxevhw ri N/ ru frqwdlq vrph hohphqwv rxwvlgh N/ dqg lw pd| hyhq eh wkh fdvh wkdw

doo hohphqwv ri Pr+N, duh rxwvlgh ri N1 Pruhryhu/ vlqfh wkh �upv lq N�. dozd|v lqyhvw/

P+N, qhyhu frqwdlqv dq| t5N�. 1

Pruh irupdoo|/ P+N, lv d fulwlfdo pdvv iru N li lw vdwlv�hv wkh iroorzlqj wzr frqglwlrqv=

+l, Iru dq| vhw N��P+N, zlwk �+N �> t> u,�IJ iru doo t5P+N, dqg �+N �> t> u,?IJ iru doo

t5TqN �/ wkhq N ��N1

+ll, Wkhuh grhv qrw h{lvw dq| P �+N,�P+N, wkdw vdwlv�hv surshuw| +l,1

OhwPr+N,/ v@4> ===> V eh doo wkh fulwlfdo pdvvhv iru N1 Zh gh�qh P6�?+N, dv wkh rqh zlwk

ihzhvw hohphqwv1

Fdwdo|wlf Ordq Vhw1 D fdwdo|wlf ordq vhw iruP+N, lv d vhw ri lqwhuhvw udwhv il6+t,j^M�Eg�/

vxfk wkdw L^ @ 4 iru doo t 5P+N, lv wkh rqo| htxloleulxp lqyhvwphqw ghflvlrq ri doo �upv

lq P+N, zkhq wkh| krog cshvvlplvwlf* eholhiv wkdw doo �upv rxwvlgh ri P+N, dqg N�. duh

qrw lqyhvwlqj1 Zh ghqrwh d cfdwdo|wlf ordq vhw* e| �+P,1 Wkh gh�qlwlrq ri EH lpsolhv wkdw

�upv zlwk shvvlplvwlf eholhiv dozd|v dvvxph wkdw doo �upv lq N�. gr lqyhvw1 Qrwh dovr

wkdw wkh deryh gh�qlwlrq grhv qrw uhtxluh doo �upv lq P+N, wr kdyh wkh eholhi wkdw qrerg|

lq P+N, lv lqyhvwlqj/ exw lqvwhdg dvnv iru dq htxloleulxp ri eholhiv iru doo �upv lq P+N,1

Zkhqhyhu lw lv qrw frqixvlqj/ zh zloo zulwh P lqvwhdg ri P+N,1

Rxu gh�qlwlrq ri fulwlfdo pdvv hqvxuhv wkdw hyhq li �upv lqlwldoo| kdyh eholhiv frqvlvwhqw zlwk

wkh EH/ wkh fulwlfdo pdvv fdq euhdn wkhvh eholhiv dv lw irufhv doo uhpdlqlqj htxloleuld wr kdyh

wkh surshuw| wkdw dw ohdvw doo �upv lq N lqyhvw/ zkloh wkhuh pd| eh pruh �upv lqyhvwlqj/

DfW?_ii_c �hLTLt�|�L?t 2 @?_ � UL�*_ Mi hi@_�*) i |i?_i_ |L @U��i��?} @?) Lu |�i i^��*�Mh�@ L|�ih |�@? |�i

�4@ �4@*< L?ic ThiU�ti*) M) �t�?} |��t 4Lhi }i?ih@* _i�?�|�L? Lu Uh�|�U@* 4@tt�
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hlwkhu dv sduw ri P ru qrw1D� Wkh gh�qlwlrq ri wkh fulwlfdo pdvv lv reylrxvo| gluhfwo| uhodwhg

wr wkh qrwlrq ri lqgxflqj frruglqdwlrq1 Lq sduwlfxodu/ d ohdg edqn fdq lqgxfh frruglqdwlrq

+lq wkh vhqvh ri dfklhylqj dq htxloleulxp wkdw kdv doo �upv lq NU. lqyhvwlqj, zkhqhyhu

lw prelol}hv vrph fulwlfdo pdvv P+NU., iru wkh LH1D2 Zh duh qrz uhdg| wr vwdwh rxu wzr

ohppdwd1

Ohppd 4 Iru dq| fulwlfdo pdvv P+N, dqg dq| fdwdo|wlf ordq vhw �+P, wkh ohdg edqn wdnhv

orvvhv rq doo �upv lq P+N,1

Surri1 Vlqfh zh duh ghdolqj zlwk wkh fulwlfdo pdvv iru dq| vhw N zh vlpso| zulwh P lqvwhdg

ri P+N,1 Iluvw qrwlfh wkdw d qhfhvvdu|~exw qrw vx�flhqw~frqglwlrq iru d vhw ri lqwhuhvw

udwhv wr irup d fdwdo|wlf ordq vhw �+P, lv wr pdnh lw zruwk wkh lqyhvwphqw e| doo �upv lq

P 1 Irupdoo|/ zh qhhg wkdw �^i+N�.^P> t,� +4 . l6+t,,IK`�IJ iru doo t5P 1 Zh suryh

wkh ohppd e| frqwudglfwlrq1 Vxssrvh wkdw wkh ohdg edqn pdnhv sur�wv rq vrph t�5P / l1h1

l6+t�,Au1 Wkhq=

�^i+N�.^P>t�,�+4.l6+t
�,IK`�IJ / i+N�.^P> t�,�+4.l6+t

�,,IK.+4.u,IJA+4.u,I

frqvlghu wkh vhw P �@Pqt�/ dqg vxssrvh wkdw doo �upv lq P � lqyhvw1 Wkhq t� zloo dovr kdyh

dq lqfhqwlyh wr lqyhvw/ vlqfh i+N�.^P �> t�,@i+N�.^P,> t�,A+4 . u,I 1 Exw wklv phdqv

wkdw zkhq doo �upv lq P � lqyhvw/ dovr doo �upv lq P / dqg vr doo �upv lq N/ gr lqyhvw1 Lq

rwkhu zrugv/ P � lv d fulwlfdo pdvv iru N1 Vlqfh P ��P / wklv frqwudglfwv wkh fodlp wkdw P

lv d fulwlfdo pdvv1 �

Wkh lqwxlwlrq ri Ohppd 4 lv wkdw li wkh ohdg edqn zhuh wr pdnh sur�wv rq dq| �up lqP /

dqg vwloo lqgxfh N/ wkhq lw frxog ohw lw eh �qdqfhg e| wkh iulqjh edqnv1 Qrwh/ krzhyhu/ wkdw

iru wkh ohdg edqn wr lqgxfh frruglqdwlrq wr N lw qhhgv wr �qdqfh doo �upv lq P+N,/ ghvslwh

pdnlqj orvvhv rq wkhp1 Li lw lqyhvwhg lq ihzhu �upv/ wkhq qrw lqyhvwlqj zrxog uhpdlq dq

htxloleulxp iru dw ohdvw vrph �upv lq N/ dqg frruglqdwlrq wr N zrxog idlo wr eh dfklhyhg1

D�A�i _i�?�|�L? Lu @ Uh�|�U@* 4@tt �t _i4@?_�?}� 5|@h|�?} uhL4 |�i 4Lt| Titt�4�t|�U Mi*�iuc �| 4�t| Mi
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Ohppd 5 Frqvlghu dq| ohdg0edqn htxloleulxp N iru zklfk wkh ohdg edqn �qdqfhv P+N,

zlwk d fdwdo|wlf ordq vhw �+P+N,,1 Wkhq wkh edqnv lq wkh frpshwlwlyh iulqjh �qdqfh wkh }

prvw sur�wdeoh �upv ri NqP+N,1

Surri1 Iru vdnh ri vlpsolflw| zh nhhs zulwlqj P lqvwhdg ri P+N,/ dv zh duh ghulylqj wkh

ohppd iru d jhqhulf N1 Wkh surri frqvlvwv ri vkrzlqj wkdw wkh ohdg edqn zrxog lqghhg

pdnh orzhu sur�wv vkrxog lw fkrrvh wr frpshwh dzd| vrph ri wkh prvw sur�wdeoh �upv iurp

wkh iulqjh edqnv1 Iru hdfk t 5NqP gh�qh d pdsslqj iurp t wr * vxfk wkdw i+N>*�,�

i+N>*2,� === � i+N>*8g.�8,/ zkhuh q @ 4> ===> nNqPn1 Iluvw vxssrvh wkdw wkh ohdg edqn

ohdyhv wkh �qdqflqj ri wkh } prvw sur�wdeoh �upv wr wkh edqnv lq wkh frpshwlwlyh iulqjh1

Wkhvh edqnv zloo pd{lpl}h wkhlu sur�wv e| fkdujlqj wkh vdph lqwhuhvw udwh l5 gh�qhg e|=

�^i+N>*5,�+4.l5,IK`@IJ wr �upv *?/ q@4> ===> }1 Wkh ohdg edqn pd{lpl}hv lwv rzq sur�wv

e| fkdujlqj l,+t, vxfk wkdw �^i+N>*?,� +4. l,+*?,,IK` @ IJ wr �upv q@}.4> ===> nNqPn1

Vxssrvh qh{w wkh ohdg edqn ghflghv wr frpshwh iru rqh vlqjoh �up *?� / zlwk q� � }1 Lq

wklv fdvh wkh ohdg edqn kdv wr r�hu �up *?� wkh vdph lqwhuhvw udwh +ru � ohvv, wkdq wkh

iulqjh edqnv/ ru hovh lwv r�hu zloo eh uhixvhg1 Wkh iulqjh edqnv qrz fkdujh l5 gh�qhg e|

�^i+N>*5n�,� +4 . l5,IK`@IJ wr �upv *?/ q@4> ===> q� � 4> q� . 4> ====} . 41 Wkh ohdg edqn

fkdujhv l,+t, vdwlvi|lqj �^i+N>*?,.+4 . l,+*?,IK`@IJ wr �upv *?/ q@ } . 5> ===> nNqPn1

Wkxv wkh ohdg edqn jhwv wkh vdph uhwxuq rq �upv q@} . 5> ===> nNqPn/ dqg �qdqfhv �up

*?� lqvwhdg ri �up *5n�/ pdnlqj }hur sur�wv lq erwk fdvhv1 Dv d frqvhtxhqfh wkh ohdg

edqn lv lqgl�huhqw ehwzhhq frpshwlqj dzd| rqh �up iurp wkh iulqjh ru qrw1 Zlwkrxw orvv

ri jhqhudolw| zh dvvxph lw grhv qrw1 Ilqdoo|/ vxssrvh wkh ohdg edqn ghflghv wr frpshwh

iru h{dfwo| wzr �upv *?� dqg *?�� / zlwk q� ? q�� � }1 Wkh ohdg edqn pxvw r�hu wkhvh

wzr �upv wkh vdph lqwhuhvw udwhv +ru � ohvv, wkdq wkh iulqjh edqn/ ru hovh lwv r�huv zloo

eh uhixvhg1 Wkh iulqjh edqnv qrz fkdujh l5 gh�qhg e| �^i+N>*5n2, � +4 . l5,IK` @ IJ

wr doo �upv *?/ q@ 4> ==> q� � 4> q� . 4> ====q�� � 4> q�� . 4> ===> } . 51 Wkh ohdg edqn fkdujhv

l,+t, vdwlvi|lqj �^i+N>*?,.+4 . l,+*?,IK` @IJ wr doo �upv *?/ q@ } . 6> ===> nNqPn1 Zh

qrz dvn zkhwkhu wkh ohdg edqn lqfuhdvhv lwv sur�wv e| �qdqflqj �upv q� dqg q�� lqvwhdg

ri ohdylqj wkhp wr wkh iulqjh1 E| frpshwlqj/ wkh ohdg edqn jhwv wkh vdph uhwxuq rq doo

�upv *?/ q @ } . 6> ===> nNqPn/ dqg �qdqfhv �upv q� dqg q�� lqvwhdg ri �upv } . 4 dqg

} . 51 Lq wkh iruphu fdvh lw uhfhlyhv rq erwk �upv dq lqwhuhvw udwh l,+} . 5, gh�qhg e|

�^i+N>*5n2,� +4 . l,+} . 5,,IK`@IJ1 Lq wkh odwwhu fdvh lw uhfhlyhv d udwh l,+} . 4, gh�qhg

e| �^i+N>*5n�, � +4 . l,+} . 4,,IK` @ IJ rq �up q�/ soxv d udwh l,+} . 5, gh�qhg e|

�^i+N>*5n2,� +4 . l,+} . 5,,IK`@IJ rq q��1

Wkh ohdg edqn lv wkhq fohduo| zruvh r� zkhq lw wulhv wr frpshwh wkh ehwwhu �upv dzd|
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iurp wkh iulqjh1 Wkh vdph dujxphqw dssolhv/ d iruwlrul/ vkrxog wkh ohdg edqn fkrrvh wr

frpshwh dzd| iurp wkh iulqjh pruh wkdq wzr �upv1 Zlwkrxw orvv ri jhqhudolw| zh wkxv

frqfoxgh wkdw wkh ohdg edqn ohdyhv doo wkh } prvw sur�wdeoh �upv wr wkh iulqjh1 �

Vxssrvh qrz wkdw wkh ohdg edqn lv frpplwhg wr dfklhylqj frruglqdwlrq1 Ghqrwh wkh htxlole0

ulxp wkdw uhvxowv iurp lwv rswlpdo fkrlfh ri d fulwlfdo pdvv/ jlyhq d iulqjh ri vl}h }/ e| NW

5 1

Eh|rqg �qdqflqj d fulwlfdo pdvv/ wkh ohdg edqn pd| dovr �qdqfh vrph pruh �upv1 Zh ghqrwh

wkh vhw ri wkhvh �upv e| O zklfk vdwlv�hv O � NW

5 qiP+NW

5 ,^]j1 Wkh ohdg edqn pdnhv dq

ryhudoo sur�w rq O e| fkdujlqj dq lqwhuhvw udwh l,+t,, vdwlvi|lqj �^i+N
W

5 > t,�+4.l,+t,,IK` @ IJ1

Dvvxplqj wkh ohdg edqn zdqwv wr dfklhyh frruglqdwlrq lw zloo pd{lpl}h=

�+}, @
[

^M�

+l6+t,� u,IK .
[

^Mu

+l,+t,� u,IK

e| fkrrvlqj P+NU.,> O> l6+t,/ dqg l,+t,/ zkhuh l6+t, 5 �+P,1

Sursrvlwlrq 5 +l, Frruglqdwlrq lv ihdvleoh li dqg rqo| li }� �}�T�
���P6�?+NU.,

���1
+ll, Wkhuh h{lvwv d fulwlfdo ydoxh a} ? �}/ vxfk wkdw d qhfhvvdu| frqglwlrq iru wkh ohdg

edqn wr pdnh sur�wv/ dqg vr wr lqgxfh frruglqdwlrq/ lv wkdw }� a}1 Li wkh ohdg edqn lqgxfhv

frruglqdwlrq=

+lll, lw dozd|v pdnhv orvvhv rq dq| fulwlfdo pdvv P+NU.,>

+ly, wkh iulqjh edqnv �qdqfh wkh } prvw sur�wdeoh �upv lq wkh vhw NW

5 qP+NU.,/ fkdujlqj

wkhp d xqlirup lqwhuhvw udwh l5>

+y, wkh ohdg edqn pdnhv sur�wv rq wkh �upv lq wkh vhw O/ fkdujlqj wkhp dq lqwhuhvw udwh

l,+t,>

+yl, +zhdno|, pruh �upv lqyhvw wkdq lq wkh frpshwlwlyh htxloleulxp1 Wklv lqfuhdvhv vrfldo

zhoiduh uhodwlyh wr wkh frpshwlwlyh htxloleulxp/ dowkrxjk lw grhv qrw frqvwlwxwh d Sduhwr0

lpsuryhphqw1

Surri1 +l, Li } lv odujhu wkdq �}�T�nP6�?n/ wkh ohdg edqn lv wrr vpdoo wr �qdqfh d fulwlfdo

pdvv/ dqg wkxv fdqqrw lqgxfh frruglqdwlrq1

+ll, Wkh rswlpdo ydoxh ri �+},/ ghqrwhg e| �W+},/ lv d qrq0lqfuhdvlqj ixqfwlrq ri }1 Wklv

fdq eh vhhq dv iroorzv1 Vxssrvh zh vwduw zlwk d iulqjh ri vl}h }� dqg ghfuhdvh lw wr }2 ? }�1

Wkh ohdg edqn fdq �qdqfh wkrvh �upv wkdw zhuh �qdqfhg e| wkh cghsduwhg* edqnv }��}2 dw

wkh vdph whupv1 Iru wkh ohdg edqn wklv lv ihdvleoh/ exw lw pd| qrw eh rswlpdo1 Iru h{dpsoh/

lw pd| pdqdjh wr fkdujh lwv qhz eruurzhuv kljkhu udwhv wkdq wkh iulqjh edqnv/ ru lw pd|

suhihu wr �qdqfh vrph rwkhu dgglwlrqdo �upv1 Dqg vlqfh iulqjh edqnv pdnh qrq0qhjdwlyh
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sur�wv/ wkh ohdg edqn fdqqrw ghfuhdvh lwv sur�wv e| wdnlqj ryhu wkrvh ordqv iurp wkhp1 Lw

iroorzv wkdw �W+}�,��W+}2,/ zklfk suryhv rxu fodlp1

Dw }@
�
�
�NU.

�
�
��nP6�?n zh kdyh nOn@3/ dqg vr �W+},?3 iurp Ohppd 41 Zh wkhq gh�qh

a} dv wkh odujhvw +lqwhjhu, } vxfk wkdw �+},�31 Fohduo|/ pxvw eh wkdw a}?
�
�
�NU.

�
�
��nP6�?n1

�+},� 3 lv krzhyhu rqo| d qhfhvvdu| frqglwlrq/ vlqfh wkh ohdg edqn pd| suhihu wr lqgxfh

vrph rwkhu htxloleulxp wkdw kdv qrw doo �upv lq NU. lqyhvwlqj1 Qrwlfh dovr wkdw lw pd| eh

wkdw �+3,?3/ lq zklfk fdvh wkh ohdg edqn qhyhu dfklhyhv frruglqdwlrq1

+lll, Iroorzv gluhfwo| iurp Ohppd 41

+ly,� +y, Iroorz gluhfwo| iurp Ohppd 51

+yl, Li wkh ohdg edqn dfklhyhv frruglqdwlrq/ wkhq e| gh�qlwlrq NW

5 �N
U. 1 Vlqfh doo �upv

dqg edqnv duh pdnlqj qrq0qhjdwlyh sur�wv dqg vlqfh wkhuh duh qr qhjdwlyh h{whuqdolwlwhv/

lw iroorzv lpphgldwho| wkdw wkh ohdg edqn lqgxfhv d +zhdno|, kljkhu ohyho ri vrfldo zhoiduh

wkdq wkh frpshwlwlyh htxloleulxp1 Krzhyhu wklv grhv qrw frqvwlwxwh d Sduhwr0lpsuryhphqw

ehfdxvh �upv lq O dqg ] sd| d kljkhu lqwhuhvw udwh wkdq lq wkh frpshwlwlyh htxloleulxp1 �

Zh �qdoo| wxuq wr Sursrvwlrq 6/ zklfk h{dplqhv krz wkh qhfhvvdu| frqglwlrqv iru edqn

frruglqdwlrq fkdqjh zkhq wkh ohdg edqn fdq h{whqg htxlw| �qdqfh1

Sursrvlwlrq 6 Li/ lq dgglwlrq wr ghew/ edqnv fdq surylgh �qdqfh e| wdnlqj htxlw| srvlwlrqv=

+l, wkhuh h{lvwv aa} zlwk a}�aa}�T�
�
�
�P4�?+N

U.,
�
�
�/ vr wkdw wkh qhfhvvdu| frqglwlrq iru wkh

ohdg edqn wr lqgxfh frruglqdwlrq fdq eh uhod{hg wr }�}>

+ll, wkh frvw ri �qdqflqj dq| fulwlfdo pdvv P lv uhgxfhg>

+lll, iru vx�flhqwo| vpdoo ydoxhv ri IJ wkhuh dozd|v h{lvwv d fulwlfdo pdvv P zklfk d

ohdg edqn fdq prelol}h zlwkrxw orvv1 D vx�flhqw frqglwlrq wr lqgxfh frruglqdwlrq ehfrphv

iru wkh ohdg edqn wr eh dw ohdvw dv odujh dv P1

Surri1 +l, � +ll, Frqvlghu dq| fulwlfdo pdvv P dqg d fdwdo|wlf ordq �+P,1 Zh fdq zulwh

G6+t,@+4.l6+t,,IK vr wkdw �^i+NR+t,> t,�G6+t,`�IJ iru doo t5P dqg vrph shvvlplvwlf

eholhiNR1 Wkh shvvlplvwlf eholhi pd| ghshqg rq �up t/ lq wkh vdph pdqqhu zh ghvfulehg iru

wkh fkdlq ri h{shfwdwlrqv lq wkh h{dpsoh ri wkh pdlq wh{w1 Wkhq frqvlghu dq| cfdwdo|wlf sxuh

htxlw| frqwudfw* �6+t, zklfk jlyhv hdfk �up lq P wkh vdph uhwxuq xqghu wkh shvvlplvwlf

eholhi= �+4��6+t,,i+NR+t,> t,@�^i+NR+t,> t,�G6+t,`1 Rqfh frruglqdwlrq lv dfklhyhg zh

kdyh i+NW

5 > t, � i+NR+t,> t,/ vr wkdw �+4��6+t,,i+NW

5 > t, � �^i+NW

5 > t,�G6+t,`/ dqg wkxv

��6i+NW

5 > t,��G6+t,1 Frqvhtxhqwo|/ wkh ohdg edqn pdnhv kljkhu sur�wv rq doo wkh �upv

lq P / dv lw fdq qrz sduwlflsdwh lq wkh ydoxh fuhdwhg e| lwv frruglqdwlrq dfwlylw|1

Lq htxloleulxp wkh iulqjh edqnv pd| xqghufxw wkh ohdg edqn rq �upv lqP 1 Li IJ lv vpdoo

hqrxjk/ wkhq � pd| eh txlwh odujh/ lpso|lqj wkdw wkh ohdg edqn lv pdnlqj odujh sur�wv rq
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vrph ri wkh �upv lq wkh fulwlfdo pdvv1 Exw dv zh kdyh vhhq lq wkh suhylrxv vhfwlrq/ wkh

ohdg edqn suhihuv qrw wr frpshwh zlwk wkh iulqjh iru wkh prvw sur�wdeoh �upv/ zklfk pd|

qrz lqfoxgh vrph ri wkh �upv lq wkh fulwlfdo pdvv1 Wklv/ krzhyhu/ grhv qrw frqwudglfw

wkh dqdo|vlv vlqfh wkh ohdg edqn vlpso| pdnhv qhlwkhu sur�w qru orvv rq wkhvh �upv1 Wklv

frpsohwhv wkh surri iru sduw +ll,1

Ohw aa} eh wkh pd{lpxp vl}h ri wkh frpshwlwlyh iulqjh zkhq htxlw| �qdqflqj lv srvvleoh1

Lw pxvw eh wkdw aa}� a}/ rwkhuzlvh wkh ohdg edqn frxog r�hu wkh vwdqgdug ghew frqwudfw dqg

vwloo lqgxfh frruglqdwlrq dw } @ a} A aa}1 Wr vhh wkdw aa} A a} lv srvvleoh qrwh wkdw iurp sduw +ll,

wkh ohdg edqn pdnhv ihzhu orvvhv rq wkh �upv lq P1 Lw pd| wkhuhiruh d�rug wr �qdqfh ihzhu

�upv lq O wkdq ehiruh/ dqg vwloo kdyh �W+t, � 31 Ilqdoo| vxssrvh aa} AT � nP6�?n1 Wkhq

wkh ohdg edqn lv wrr vpdoo wr �qdqfh dq| fulwlfdo pdvv/ dqg wkh EH uhpdlqv dq htxloleulxp1

Wkxv aa} � T� nP6�?n/ Pruhryhu/ li P6�? lv qrw sur�wdeoh rq lwv rzq rqfh frruglqdwlrq lv

dfklhyhg wkhq aa}?T�nP6�?n1 Wklv frpsohwhv wkh surri iru sduw +l,1

+lll, Frqvlghu dq| fulwlfdo pdvv P+NU., � NU.1 Iru hdfk t 5 P+NU., zh kdyh

i+NW

5
> t,�i+NU. > t,�+4.u,I 1 Dw IJ@3 zh kdyh wkdw �6+t,@4/ vr wkdw ��6+t,i+N

U.

5
> t,�

I @IK/ l1h1 wkh ohdg edqn grhv qrw pdnh orvvhv rq wkhvh �upv1 Pruhryhu/ li wkh deryh lq0

htxdolw| lv vwulfw/ wkhq wkhuh h{lvwv d qhljkerukrrg ri IJ lq zklfk wkh ohdg edqn vwloo pdnhv

qrq0qhjdwlyh sur�wv rq doo �upv lq wkh fulwlfdo pdvv1 Exw li wkh ohdg edqn lqfxuv qr frvwv

ri frruglqdwlrq/ wkhq lw dozd|v lqgxfhv frruglqdwlrq/ vlqfh wklv fdq rqo| lqfuhdvh lwv sur�wv1

Wkh vx�flhqw frqglwlrq ehfrphv wkdw lw lv odujh hqrxjk wr �qdqfh wkh deryh fulwlfdo pdvv

P+NU.,1 �

Wkh vwdwhphqw dqg surri ri Sursrvlwlrq 7 duh lghqwlfdo wr wkh rqh lq wkh pdlq wh{w1
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^4` Dfhprjox/ Gdurq/ dqg Ideul}lr ]lolerwwl ^4<<:`/ cZdv Surphwhxv Xqerxqg e| FkdqfhB

Ulvn/ Glyhuvl�fdwlrq dqg Jurzwk/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ 438 +7,/ :3<0851

^5` Dohrwwl/ Dohvvdqgur ^4<<3`/Eruvd h Lqgxvwuld= 4;9404<;</ Plodqr/ Hgl}lrql gl Frpxqlw�d1

^6` Duhvwlv/ Sklols/ dqg Sdqlfrv Ghphwuldghv ^4<<:`/ cIlqdqfldo Ghyhorsphqw dqg Hfrqrplf

Jurzwk= Dvvhvvlqj wkh Hylghqfh/*Hfrqrplf Mrxuqdo/ 43: +6,/ :;60<<1

^7` D}duldglv/ Frvwdv/ dqg Doodq Gud}hq ^4<<3`/ cWkuhvkrog H{whuqdolwlhv lq Hfrqrplf Gh0

yhorsphqw/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438 +5,/ 8340591

^8` Edlurfk/ Sdxo ^4<:9d`/ cHxursh*v Jurvv Qdwlrqdo Surgxfw= 4;330 4<:8/* Mrxuqdo ri Hx0

urshdq Hfrqrplf Klvwru|/ 8 +5, 5:60731

^9` Edlurfk/ Sdxo ^4<:9e`/ Frpphufh h{w�hulhxu hw g�hyhorsshphqw �hfrqrpltxh gh o*Hxursh

dx [L[ vl�hfoh/ Sdulv/ �Hfroh ghv Kdxwhv �Hwxghv hq Vflhqfh Vrfldohv1

^:` Edlurfk/ Sdxo ^4<;5`/ cLqwhuqdwlrqdo Lqgxvwuldol}dwlrq Ohyhov iurp 4:83 wr 4<;3/* Mrxuqdo

ri Hxurshdq Hfrqrplf Klvwru|/ 44 +4, 59<06661

^;` Ehqvwrq/ Jhrujh ^4<<7`/ cXqlyhuvdo Edqnlqj/* Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ ; +6,/

4540761

^<` Ekdww/ Ylqd|dn ^4<<8`/ Ilqdqfldo V|vwhpv/ Lqqrydwlrq dqg Ghyhorsphqw/ Qhz Ghkol/

Vdjh Sxeolfdwlrqv1

^43` Ehuwhur/ Holvdehwwd ^4<<8`/ cUhvwuxfwxulqj Ilqdqfldo V|vwhpv lq Wudqvlwlrq dqg Ghyho0

rslqj Hfrqrplhv= Dq Dssurdfk Edvhg rq wkh Iuhqfk Ilqdqfldo V|vwhp/* Vshfldo Sdshu

q1;3/ OVH Ilqdqfldo Pdunhwv Jurxs1

^44` Fdphurq/ Urqgr ^4<94`/ Iudqfh dqg wkh Hfrqrplf Ghyhorsphqw ri Hxursh/ Sulqfhwrq/

Sulqfhwrq Xqlyhuvlw| Suhvv1

^45` Fdphurq/ Urqgr +hg1, ^4<9:`/ Edqnlqj lq wkh Hduo| Vwdjhv ri Lqgxvwuldol}dwlrq= D Vwxg|

lq Frpsdudwlyh Hfrqrplf Klvwru|/ R{irug/ R{irug Xqlyhuvlw| Suhvv1

^46` Fdphurq/ Urqgr +hg1, ^4<:5`/ Edqnlqj dqg Hfrqrplf Ghyhorsphqw/ Qhz \run/ R{irug

Xqlyhuvlw| Suhvv1



^47` Fkdqgohu/ Doiuhg ^4<::`/ Wkh Ylvleoh Kdqg= Wkh Pdqdjhuldo Uhyroxwlrq lq Dphulfdq

Exvlqhvv/ Fdpeulgjh/ PD/ Wkh Ehonqds Suhvv1

^48` Fkohsqhu/ Ehuqdug ^4<59`/ Od Edqtxh hq Ehojltxh= �hwxgh klvwrultxh hw �hfrqrpltxh/

Eux{hoohv/ Odphuwlq1

^49` Fkohsqhu/ Ehuqdug ^4<63`/ Oh pdufk�h �qdqflhu ehojh ghsxlv fhqw dqv/ Eux{hoohv/ Idon1

^4:` Fkohsqhu/ Ehuqdug ^4<76`/ Ehojldq Edqnlqj dqg Edqnlqj Wkhru|/ Zdvklqjwrq G1F1/

Wkh Eurrnlqjv Lqvwlwxwlrq1

^4;` Fkr/ \rrq Mh ^4<;<`/ cIlqdqfh dqg Ghyhorsphqw= Wkh Nruhdq Dssurdfk/*R{irug Uhylhz

ri Hfrqrplf Srolf|/ 8 +7,/ 55406:1

^4<` Fkr/ \rrq Mh/ dqg Wkrpdv Khoopdqq ^4<<7`/ cWkh Jryhuqphqw*v Uroh lq Mdsdqhvh dqg

Nruhdq Fuhglw Pdunhwv= D Qhz Lqvwlwxwlrqdo Hfrqrplf Shuvshfwlyh/* Vhrxo Mrxuqdo ri

Hfrqrplfv/ : +7,/ 6;607481

^53` Flffrqh/ Dqwrqlr dqg Nlplqrul Pdwvx|dpd ^4<<9`/ cVwduw0xs Frvwv dqg Shfxqldu| H{0

whuqdolwlhv dv Eduulhuv wr Hfrqrplf Ghyhorsphqw/* Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/

7< +4,/ 660931

^54` Frkhq/ Mrq ^4<9:`/ cIlqdqflqj Lqgxvwuldol}dwlrq lq Lwdo|/ 4;<704<47= Wkh Sduwldo Wudqv0

irupdwlrq ri d Odwh0Frphu/* Mrxuqdo ri Hfrqrplf Klvwru|/ 5: +6,/ 6960;51

^55` Frkhq/ Mrq ^4<:5`/ cLwdo| 4;9404<47*/ lq Urqgr Fdphurq +hg1, Edqnlqj dqg Hfrqrplf

Ghyhorsphqw/ Qhz \run/ R{irug Xqlyhuvlw| Suhvv/ s18;0<41

^56` Frqidorqlhul/ Dqwrqlr ^4<;3`/ Edqfd h Lqgxvwuld lq Lwdold/ 4;<704<39/ Erorjqd/ Lo

Pxolqr1

^57` Fulvs/ Rojd ^4<9:`/ cUxvvld/* lq Urqgr Fdphurq +hg1, Edqnlqj lq wkh Hduo| Vwdjhv ri Lq0

gxvwuldol}dwlrq= D Vwxg| lq Frpsdudwlyh Hfrqrplf Klvwru|/ R{irug/ R{irug Xqlyhuvlw|

Suhvv/ s14;6056;1

^58` Gd Ulq/ Pdufr ^4<<9`/ cXqghuvwdqglqj wkh Ghyhorsphqw ri Jhupdq Nuhglwedqnhq/

4;8304<47= dq Dssurdfk iurp wkh Hfrqrplfv ri Lqirupdwlrq/* Ilqdqfldo Klvwru| Uh0

ylhz/ 6 +4, 5<07:1

^59` Gd Ulq/ Pdufr ^4<<;`/ cFdwdo|vwv iru Lqgxvwuldol}dwlrq= Edqnv yv Frqjorphudwhv/*

plphr/ LJLHU1



^5:` Gd Ulq/ Pdufr/ dqg Wkrpdv Khoopdqq ^4<<9`/ cEdqnv dv Fdwdo|vwv iru wkh Elj Sxvk/*

LJLHU Zrunlqj Sdshu q1<;1

^5;` Gxuodxi/ Vwhyhq ^4<<6`/ cQrqhujrglf Hfrqrplf Jurzwk/* Uhylhz ri Hfrqrplf Vwxglhv/

93 +5,/ 67<0991

^5<` Gxuyldx{/ Urodqg ^4<7:`/ Od edqtxh pl{wh/ ruljlqh hw vrxwlhq gh o*h{sdqvlrq �hfrqrpltxh

gh od Ehojltxh/ Eux{hoohv/ Eux|odqw1

^63` Wkh Hfrqrplvw ^4<<9`/ cLq wkh Vkdgrz ri wkh Fkdhero/* Mxo| 9wk 4<<91

^64` Idifkdpsv/ Pdufho/ dqg Euljlw Khopv ^4<<9`/ cOrfdo Ghpdqg/ Lqyhvwphqw Pxowlsolhuv/

dqg Lqgxvwuldol}dwlrq/* Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 7< +4,/ 940<51

^65` Ihghulfr/ Jlrydqql/ dqg Jldqql Wrqlror ^4<<4`/ cLwdo|/* lq Ulfkdug V|ood dqg Jldqql

Wrqlror +hgv1, Sdwwhuqv ri Hxurshdq Lqgxvwuldol}dwlrq/ Orqgrq/ Urxwohgjh1

^66` Iuxlq/ Pdun ^4<<5`/ Wkh Mdsdqhvh Hqwhusulvh V|vwhp/ R{irug/ Foduhqgrq Suhvv1

^67` Ix�d/ Jlrujlr ^4<98`/ Qrwhv rq Lwdoldq Hfrqrplf Jurzwk/ 4;9404<97/ Plodqr/ Jlx�u�h1

^68` Jdoh/ Grxjodv/ dqg Pduwlqj Khoozlj ^4<;8`/ cLqfhqwlyh0Frpsdwleoh Ghew Frqwudfwv= Wkh

Rqh0Shulrg Sureohp/* Uhylhz ri Hfrqrplf Vwxglhv/ 85 +6,/ 97:0961

^69` Jhuvfkhqnurq/ Doh{dqghu ^4<95`/ Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh/

Fdpeulgjh/ Kduydug Xqlyhuvlw| Suhvv1

^6:` Kduulv/ Plowrq dqg Duwkxu Udyly ^4<<4`/ cWkh Wkhru| ri Fdslwdo Vwuxfwxuh/* Mrxuqdo ri

Ilqdqfh/ 79 +4,/ 5<:06891

^6;` Kduw/ Rolyhu/ dqg Mrkq Prruh ^4<<8`/ cGhew dqg Vhqlrulw|= Dq Dqdo|vlv ri wkh Uroh

ri Kdug Fodlpv lq Frqvwudlqlqj Pdqdjhphqw/* Dphulfdq Hfrqrplf Uhylhz/ ;8 +6,/

89:0;81

^6<` Khoopdqq/ Wkrpdv/ Nhylq Pxugrfn dqg Mrvhsk Vwljolw} ^4<<:d`/ cIlqdqfldo Uhvwudlqw=

Wrzdug d Qhz Sdudgljp/* lq Pdvdklnr Drnl/ Pdvdklur Rnxqr0Ixmlzdud dqg K|xqj0Nl

Nlp +hgv1, Wkh Uroh ri Jryhuqphqw lq Hdvw Dvldq Hfrqrplf Ghyhorsphqw= Frpsdud0

wlyh Lqvwlwxwlrqdo Dqdov|vlv/ R{irug/ R{irug Xqlyhuvlw| Suhvv1

^73` Khoopdqq/ Wkrpdv/ Nhylq Pxugrfn dqg Mrvhsk Vwljolw} ^4<<:e`/ cIlqdqfldo Vhfwru

Ghyhorsphqw Srolf|= Wkh Lpsruwdqfh ri Uhsxwdwlrqdo Fdslwdo dqg Jryhuqdqfh/* lq



Ulfkdug Vderw dqg Lvwydq Vn�hnho| +hgv1, Ghyhorsphqw Vwudwhj| dqg Pdqdjhphqw ri wkh

Pdunhw Hfrqrp|/ R{irug/ R{irug Xqlyhuvlw| Suhvv1

^74` Khospdq/ Khokdqdq/ dqg Sdxo Nuxjpdq ^4<;8`/ Pdunhw Vwuxfwxuh dqg Iruhljq Wudgh/

Fdpeulgjh/ PLW Xqlyhuvlw| Suhvv1

^75` Kr�pdqq/ Zdowhu ^4<98`/ Glh Zdfkvwxp ghu Ghxwvfkhq Zluwvfkdiw vhlw ghu Plwwh ghv

4<1Mdkukxqghuwv/ Ehuolq/ Vsulqjhu Yhuodj1

^76` Nlqj/ Urehuw/ dqg Urvv Ohylqh ^4<<6`/ cIlqdqfh dqg Jurzwk= Vfkxpshwhu Pljkw eh

Uljkw/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43; +6,/ 9;40:6:1

^77` Nuxjpdq/ Sdxo ^4<<4`/ cKlvwru| yhuvxv H{shfwdwlrqv/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/

439 +6,/ 98409:1

^78` Ohylqh/ Urvv ^4<<:`/ cIlqdqfldo Ghyhorsphqw dqg Hfrqrplf Jurzwk= Ylhzv dqg

Djhqgd/* Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 68 +5,/ 9;;0:591

^79` O�hy|0Oher|hu/ ^4<97`/ Ohv Edqtxh Hxurs�hhqhv hw ocLqgxvwuldol}dwlrq Lqwhuqdwlrqdoh gdqv

od Suhpl�huh Prlwl�h gx [L[ Vl�hfoh/ Sdulv/ Suhvvh Xqlyhuvlwdluh gh Iudqfh1

^7:` Pdwvx|dpd/ Nlplqrul ^4<<4`/ cLqfuhdvlqj Uhwxuqv/ Lqgxvwuldol}dwlrq dqg Lqghwhuplqdf|

ri Htxloleuld/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439 +6,/ 94:0831

^7;` Pdwvx|dpd/ Nlplqrul ^4<<5`/ cPdnlqj Prqrsrolvwlf Frpshwlwlrq Pruh Xvhixo*/ Zrun0

lqj Sdshu H0<504;/ Krryhu Lqvwlwxwlrq/ Vwdqirug Xqlyhuvlw|1

^7<` Pdwvx|dpd/ Nlplqrul ^4<<8d`/ cFrpsohphqwdulwlhv dqg Fxpxodwlyh Surfhvvhv lq Prg0

hov ri Prqrsrolvwlf Frpshwlwlrq/* Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 66 +5,/ :3405<1

^83` Pdwvx|dpd/ Nlplqrul ^4<<8e`/ cQhz Jrrgv/ Pdunhw Irupdwlrqv/ dqg Slwidoov ri V|vwhp

Ghvljq/* Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ < +6,/ 6:907351

^84` Plojurp/ Sdxo/ dqg Mrkq Urehuwv ^4<<3d`/ cWkh Hfrqrplfv ri Prghuq Pdqxidfwxulqj=

Whfkqrorj|/ Vwudwhj| dqg Rujdql}dwlrq/* Dphulfdq Hfrqrplf Uhylhz/ ;3 +6,/ 84405;1

^85` Plojurp/ Sdxo/ dqg Mrkq Urehuwv ^4<<3e`/ cEdujdlqlqj Frvwv/ Lq�xhqfh Frvwv/ dqg

wkh Rujdql}dwlrq ri Hfrqrplf Dfwlylw|/* lq Mdphv Dow dqg Nhqqhwk Vkhsvoh +hgv,/

Shuvshfwlyhv rq Srvlwlyh Srolwlfdo Hfrqrp|/ Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^86` Plojurp/ Sdxo/ dqg Mrkq Urehuwv ^4<<7d`/ cFrpsohphqwdulwlhv dqg V|vwhpv= Xqghu0

vwdqglqj Mdsdqhvh Hfrqrplf Rujdql}dwlrq/* Hvwxglrv Hfrq�rplfrv/ < +4,/ 60751



^87` Plojurp/ Sdxo/ dqg Mrkq Urehuwv ^4<<7e`/ cFrpsdulqj Htxloleuld/* Dphulfdq Hfrqrplf

Uhylhz/ ;7 +6,/ 77408<1

^88` Plojurp/ Sdxo/ dqg Fkulv Vkdqqrq ^4<<7`/ cPrqrwrqh Frpsdudwlyh Vwdwlfv/* Hfrqr0

phwulfd/ 95 +4,/ 48:04;31

^89` Plwfkhoo/ Euldq ^4<;3`/ Hxurshdq Klvwrulfdo Vwdwlvwlfv/ Orqgrq/ Pdfploodq

^8:` Prulndzd/ Lghpdvd ^4<<5`/ ]dledwvxv/ Wrn|r/ Wrn|r Xqlyhuvlw| Suhvv1

^8;` Pruulvrq/ Urgqh| ^4<9:`/ cIlqdqfldo Lqwhuphgldulhv dqg Hfrqrplf Ghyhorsphqw= Wkh

Ehojldq Fdvh/* Vfdqglqdyldq Hfrqrplf Klvwru| Uhylhz/ 4< +4,/ 890:31

^8<` Pxusk|/ Nhylq/ Dqguhl Vkohlihu dqg Urehuw Ylvkq| ^4<;<`/ cLqgxvwuldol}dwlrq dqg wkh

Elj Sxvk/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ <: +8,/ 4336043591

^93` Qhxylooh/ Mhdq ^4<:7`/ O*�hyroxwlrq ghv U�hodwlrqv Lqgxvwulhoohv hq Ehojltxh/ Eux{hoohv/

Hglwlrqv Ylh gcRxyulhu1

^94` Rnxqr0Ixmlzdud/ Pdvdklur ^4<;;`/ cLqwhughshqghqfh ri Lqgxvwulhv/ Frruglqdwlrq Idloxuh

dqg Vwudwhjlf Surprwlrq ri dq Lqgxvwu|/* Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 58 +4,/

580761

^95` Sdwulfn/ Kxjk ^4<9:`/ cMdsdq/* lq Urqgr Fdphurq +hg1, ^4<9:`/ Edqnlqj lq wkh Hduo|

Vwdjhv ri Lqgxvwuldol}dwlrq= D Vwxg| lq Frpsdudwlyh Hfrqrplf Klvwru|/ R{irug/ R{irug

Xqlyhuvlw| Suhvv/ s156<0;<1

^96` Srko/ Pdqiuhg ^4<<5`/ Nrq}hqwud}lrq lp ghxwvfkhq Edqnzhvhq/ Iudqnixuw/ Iulw} Nqdss

Yhuodj1

^97` Srovl/ Dohvvdqgur ^4<<9`/ cIlqdqfldo Lqvwlwxwlrqv lq Qlqhwhhqwk Fhqwxu| Lwdo|= Wkh Ulvh

ri d Edqnlqj V|vwhp/* Ilqdqfldo Klvwru| Uhylhz/ 6 +5,/ 44:06;1

^98` Ulhvvhu/ Mdfre ^4<44`/ Wkh Juhdw Jhupdq Edqnv/ Zdvklqjwrq/ G1F1/ Qdwlrqdo Prqhwdu|

Frpplvvlrq1

^99` Udmdq/ Udjkxudp/ dqg Oxljl ]lqjdohv ^4<<;`/ cIlqdqfldo Ghshqghqfh dqg Jurzwk/*

Dphulfdq Hfrqrplf Uhylhz/ ;; +6,/ 88<0;91

^9:` Urgu��jxh}0Fo�duh/ Dqgu�hv/ ^4<<9d`/ cWkh Elj Sxvk lq d Vpdoo Rshq Hfrqrp|*/ Mrxuqdo

ri Ghyhorsphqw Hfrqrplfv/ 7< +4,/ s166051



^9;` Urgu��jxh}0Fo�duh/ Dqgu�hv/ ^4<<9e`/ cSrvlwlyh Ihhgedfn Phfkdqlvpv lq Hfrqrplf Ghyho0

rsphqw= D Uhylhz ri Uhfhqw Frqwulexwlrqv/* plphr/ Xqlyhuvlw| ri Fklfdjr1

^9<` Urphr/ Urvdulr ^4<:5`/ Euhyh vwruld ghood judqgh lqgxvwuld lq Lwdold/ Erorjqd/ Fdsshool1

^:3` Vfkxpshwhu/ Mrvhsk ^4<6<`/ Exvlqhvv F|fohv/ Qhz \run/ PfJudz0Kloo1

^:4` Vkohlihu/ Dqguhl/ dqg Urehuw Ylvkq| ^4<;;`/ cWkh H�flhqf| ri Lqyhvwphqw lq wkh Suhv0

hqfh ri Djjuhjdwh Ghpdqg Vslooryhuv/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ <9 +9,/ 45540641

^:5` Vrfl�hw�h J�hq�hudoh gh Ehojltxh ^4<55`/ Oh Fhqwhqdluh gh od Vrfl�hw�h J�hq�hudoh/ Eux{hoohv/

Vrfl�hw�h J�hq�hudoh1

^:6` Vwljolw}/ Mrvhsk ^4<;<`/ Wkh Hfrqrplf Uroh ri wkh Vwdwh/ R{irug/ Eodfnzhoo1

^:7` Wloo|/ Ulfkdug ^4<99`/ cJhupdq|/ 4;480:3* lq Urqgr Fdphurq/ Urqgr +hg1, Edqnlqj

lq wkh Hduo| Vwdjhv ri Lqgxvwuldol}dwlrq= D Vwxg| lq Frpsdudwlyh Hfrqrplf Klvwru|/

R{irug/ R{irug Xqlyhuvlw| Suhvv1

^:8` Wloo|/ Ulfkdug ^4<99` Ilqdqfldo Lqvwlwxwlrqv dqg Lqgxvwuldol}dwlrq lq wkh Uklqhodqg

4;4804;:3/ Pdglvrq/ Wkh Xqlyhuvlw| ri Zlvfrqvlq Suhvv1

^:9` Wloo|/ Ulfkdug ^4<<6`/ cRq wkh Ghyhorsphqw ri Jhupdq Elj Edqnv dv Xqlyhuvdo Edqnv

lq wkh 4<wk dqg 53wk Fhqwxu|= Hqjlqh ri Jurzwk ru Srzhu EorfnB/* Jhupdq \hduerrn

ri Exvlqhvv Klvwru|/ 43<0631

^::` Wrqlror/ Jldqql ^4<;;`/ Vwruld hfrqrplfd ghoo*Lwdold olehudoh/ Erorjqd/ Lo Pxolqr1

^:;` Wruwhood/ Jdeulho ^4<:5`/ cVsdlq/* lq Urqgr Fdphurq +hg1, Edqnlqj dqg Hfrqrplf Gh0

yhorsphqw/ Qhz \run/ R{irug Xqlyhuvlw| Suhvv/ s1<404541

^:<` Zhh/ Khupdq ydq ghu ^4<;4`/ cOd vwudwhjlh g*lqyhvwlvvhphqw ghv hqwuhsulvhv ehojhv hw

vrq lq�xhqfh vxu oh ghyhorsshphqw hfrqrpltxh gh o*Hxursh/* Lqwhuqdwlrqdo Uhylhz ri

wkh Klvwru| ri Edqnlqj/ 55 +4,/ 40551


