
Rswlpdo Lq dwlrq Wdujhwv/ �Frqvhuydwlyh� Fhqwudo

Edqnv/ dqg Olqhdu Lq dwlrq Frqwudfwv= Frpphqw�

Urho P1 Z1 M1 Ehhwvpd

Gxwfk Plqlvwu| ri Hfrqrplf D�dluv dqg FHSU|

Khquln Mhqvhq

Xqlyhuvlw| ri Frshqkdjhq dqg HSUX }

Iluvw yhuvlrq= Mxqh 4<<:

Ilqdo yhuvlrq= Vhswhpehu 4<<;

Iruwkfrplqj +zlwkrxw wkh dsshqgl{,/ Dphulfdq Hfrqrplf Uhylhz

Devwudfw

Uhfhqwo|/ Vyhqvvrq +4<<:, kdv vkrzq wkdw d frpelqdwlrq ri vwdwh0frqwlqjhqw lq dwlrq

wdujhwlqj dqg fhqwudo edqnhu �frqvhuydwlvp� surgxfhv rswlpdo prqhwdu| srolf| li

hpsor|phqw lv shuvlvwhqw1 Zh dujxh wkdw wkh vwdwh0frqwlqjhqw qdwxuh ri wkh vfkhph

pd| xqghuplqh lwv fuhglelolw|1 Zh wkhq vkrz wkdw wkh rswlpdo srolf| lq Vyhqvvrq*v

prgho fdq qhyhuwkhohvv eh dwwdlqhg wkurxjk vwdwh0lqghshqghqw ghohjdwlrq1

Nh|zrugv= Prqhwdu| srolf|> vwdwh0lqghshqghqw ghohjdwlrq> fuhglelolw| sureohpv/

rxwsxw shuvlvwhqfh1

MHO Frghv= H75/ H85/ H8;1

�
Zh wkdqn/ zlwkrxw lpsolfdwlqj/ Oduv H1 R1 Vyhqvvrq dqg wzr dqrq|prxv uhihuhhv iru ghwdlohg frp0

phqwv rq dq hduolhu yhuvlrq ri wklv frpphqw1 Ehhwvpd wkdqnv wkh Gxwfk Vflhqfh Irxqgdwlrq +QZR, iru

�qdqfldo vxssruw +judqw qr1 7330:3034824406,1 Mhqvhq wkdqnv HSUX iru �qdqfldo vxssruw +wkh dfwlylwlhv

ri HSUX duh �qdqfhg e| d judqw iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq,1 Wkh ylhzv h{suhvvhg

lq wklv frpphqw gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Gxwfk Plqlvwu| ri Hfrqrplf D�dluv1

|
Pdlolqj dgguhvv= Plqlvwu| ri Hfrqrplf D�dluv/ Hfrqrplf Srolf| Gluhfwrudwh +DHS,/ S1R1 Er{

53434/ 5833 HF Wkh Kdjxh/ Wkh Qhwkhuodqgv +skrqh= .641:316:<93:;> id{= .641:316:<:34;> h0pdlo=

U1EhhwvpdCplqh}1qo,1

}
Pdlolqj dgguhvv= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN04788 Frshq0

kdjhq N/ Ghqpdun +skrqh= .78 68 65 63 76> id{= .78 68 65 63 33> h0pdlo= Khquln1MhqvhqChfrq1nx1gn,1



Lq d uhfhqw duwlfoh/ Oduv H1 R1 Vyhqvvrq +4<<:, vkrzv wkdw vwdwh0frqwlqjhqw lq dwlrq

wdujhwlqj lqgxfhv dq lqghshqghqw dqg �frqvhuydwlyh� +lq wkh vhqvh ri Nhqqhwk Urjr�/ 4<;8,

fhqwudo edqn wr iroorz wkh rswlpdo prqhwdu| srolf| uxoh zkhq hpsor|phqw lv shuvlvwhqw14

Lq wklv frpphqw zh dujxh wkdw wkh vwdwh0frqwlqjhqw qdwxuh ri wkh ghohjdwlrq vfkhph pd|

xqghuplqh lwv fuhglelolw|1 Vxevhtxhqwo| zh vkrz wkdw lw qhyhuwkhohvv lv srvvleoh wr dwwdlq

wkh rswlpdo uxoh lq Vyhqvvrq*v prgho wkurxjk vwdwh0lqghshqghqw ghohjdwlrq1

Lq klv irufhixo fulwltxh/ Ehqqhww W1 PfFdooxp +4<<8, dujxhv wkdw wkh olwhudwxuh rq prq0

hwdu| srolf| ghohjdwlrq grhv qrw dgguhvv wkh edvlf fuhglelolw| sureohp xqghuo|lqj prqhwdu|

srolf|/ exw wkdw ghohjdwlrq phuho| uhorfdwhv wkh sureohp iurp wkh fhqwudo edqn wr lwv sr0

olwlfdo sulqflsdo/ iru h{dpsoh/ wkh jryhuqphqw1 Wklv lv ehfdxvh wkh sulqflsdo dozd|v kdv

wkh lqfhqwlyh wr fkdqjh wkh ghohjdwlrq duudqjhphqw rqfh lq dwlrq h{shfwdwlrqv kdyh ehhq

iruphg1 PfFdooxp*v fulwltxh pd| eh sduwlfxoduo| uhohydqw iru vwdwh0frqwlqjhqw ghohjdwlrq

phfkdqlvpv/ ehfdxvh li lw lv srvvleoh wr dgmxvw/ iru h{dpsoh/ dq lq dwlrq wdujhw ehiruh

lq dwlrq h{shfwdwlrqv duh iruphg +dv lv wkh fdvh lq Vyhqvvrq*v prgho,/ lw vkrxog dovr eh

srvvleoh wr fkdqjh wkh wdujhw zkhq h{shfwdwlrqv kdyh douhdg| ehhq ghwhuplqhg1

Fuhglelolw| ri d ghohjdwlrq duudqjhphqw w|slfdoo| uholhv xsrq vrph frvwv wkdw wkh sulq0

flsdo lqfxuv zkhq wkh duudqjhphqw lv dowhuhg +wklv lv riwhq lpsolflwo| dvvxphg lq wkh olw0

hudwxuh/ dv qrwhg e| Vwdqoh| Ilvfkhu/ 4<<8> vhh Vxvdqqh Orkpdqq/ 4<<5/ rq wkh qdwxuh

ri vxfk frvwv,1 Khqfh/ d vwdwh0frqwlqjhqw ghohjdwlrq phfkdqlvp lv sdudgr{lfdo/ ehfdxvh rq

wkh rqh kdqg lwv fuhglelolw| uhtxluhv wkdw dowhulqj wkh duudqjhphqw eh vx!flhqwo| frvwo|/

zkloh rq wkh rwkhu kdqg vxfk frvwv pd| suhfoxgh dgmxvwphqw ri wkh duudqjhphqw zkhq

dfwxdoo| mxvwl�hg e| d fkdqjh lq wkh vwdwh ri wkh hfrqrp|1 Pruhryhu/ rqh zd| ri pdnlqj

wkhvh frvwv vx!flhqwo| odujh zrxog eh wr lqfoxgh wkh duudqjhphqw lq wkh fhqwudo edqn*v

fkduwhu1 Exw dv qrwhg e| Wruvwhq Shuvvrq dqg Jxlgr Wdehoolql +4<<6,/ lw pd| rqo| eh

srvvleoh wr zulwh vlpsoh/ l1h1 vwdwh0lqghshqghqw/ duudqjhphqwv lq wkh fkduwhu15 Khqfh/ rqo|

vwdwh0lqghshqghqw ghohjdwlrq pd| eh fuhgleoh dqg ihdvleoh1

Dv phqwlrqhg/ zh vkrz wkdw lw lv srvvleoh wr dfklhyh wkh rswlpdo prqhwdu| srolf| uxoh lq

Vyhqvvrq*v prgho wkurxjk vwdwh0lqghshqghqw ghohjdwlrq1 Pruh vshfl�fdoo|/ wkh fhqwudo edqn

lv uhtxluhg wr pdnh dq dssursuldwh wudgh0r� ehwzhhq dfklhylqj d frqvwdqw qrplqdo lqfrph

jurzwk wdujhw dqg dwwdlqlqj wkh vrfldoo| rswlpdo +frqvwdqw, wdujhw ydoxhv ri rxwsxw dqg

lq dwlrq16 Vxfk dq duudqjhphqw vkrxog eh pruh urexvw wr PfFdooxp*v fulwltxh/ ehfdxvh

rqh frxog vshfli| wkh frqvwdqw wdujhw ydoxhv lq wkh fhqwudo edqn*v fkduwhu1

4
Vlploduo|/ Ehq Orfnzrrg +4<<:, �qgv wkdw wkh rswlpdo olqhdu lq dwlrq frqwudfw xqghu rxwsxw shuvlv0

whqfh lv vwdwh0frqwlqjhqw1

5
Vyhqvvrq klpvhoi grhv dfnqrzohgjh wkdw �Lq sudfwlfh/ rqo| frqvwdqw wdujhwv pd| eh ihdvleoh� +s1 443,1

6
Qrplqdo lqfrph +jurzwk, wdujhwlqj lv wkh vxemhfw ri dq rqjrlqj ghedwh dprqj srolf|pdnhuv dqg

uhvhdufkhuv +vhh Urehuw H1 Kdoo dqg Q1 Juhjru| Pdqnlz/ 4<<7/ dqg wkh uhihuhqfhv wkhuhlq,1 Dowkrxjk
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Hyhq li vwdwh0frqwlqjhqw lq dwlrq wdujhwlqj lv srvvleoh/ rxu duudqjhphqw pd| eh suhihu0

deoh lq rwkhu uhvshfwv1 Iru h{dpsoh/ dgmxvwlqj wkh lq dwlrq wdujhw wr uh hfw qhz hfrqrplf

uhdolwlhv zrxog uhtxluh qhjrwldwlrqv dqg frpsurplvhv dprqj wkh ydulrxv sduwlhv wkdw duh

lqyroyhg1 Vxfk d surfhvv uxqv wkh ulvn ri srolwlfdo suhvvxuh ru lqwhuihuhqfh17c8 Ixuwkhupruh/

rxu duudqjhphqw pd| eh uhodwlyho| pruh dffhswdeoh wr wkh sxeolf/ ehfdxvh Vyhqvvrq*v uh0

txluhv wkdw/ lq rughu wr surylgh wkh uljkw lqfhqwlyhv iru wkh fhqwudo edqn/ wkh lq dwlrq wdujhw

qhhgv wr eh vhw orzhu zkhq xqhpsor|phqw lv kljkhu1 Vxfk dq duudqjhphqw pljkw eh kdug

wr vhoo wr wkh sxeolf19 Lq frqwudvw/ rxu duudqjhphqw nhhsv wdujhwv frqvwdqw/ luuhvshfwlyh ri

zkhwkhu hpsor|phqw lv orz ru kljk1 Ilqdoo|/ xqghu rxu duudqjhphqw wkhuh lv qr qhhg wr

lpsrvh wdujhw ydoxhv iru wkh sulpdu| srolf| yduldeohv +lq dwlrq dqg rxwsxw, zklfk gl�hu

iurp wkhlu vrfldoo| rswlpdo ydoxhv1 Wklv frqwudvwv zlwk Vyhqvvrq*v duudqjhphqw zkhuh wkh

lq dwlrq wdujhw lv rq dyhudjh ehorz wkh vrfldoo| rswlpdo lq dwlrq udwh/ zklfk frxog fdxvh

sureohpv zlwk wkh sxeolf*v xqghuvwdqglqj ri wkh duudqjhphqw +dv lv dovr dujxhg e| Shuvvrq

dqg Wdehoolql/ 4<<;,1

Wkh uhpdlqghu ri wklv frpphqw lv rujdql}hg dv iroorzv1 Vhfwlrq L suhvhqwv wkh prgho

dqg vkrzv wkdw e| lpsrvlqj d frqvwdqw qrplqdo lqfrph jurzwk wdujhw rq wkh fhqwudo edqn/

wkh rswlpdo prqhwdu| srolf| uxoh lv dfklhyhg1 Vhfwlrq LL frqfoxghv zlwk d glvfxvvlrq ri wkh

urexvwqhvv ri rxu uhvxowv1 Wkh dsshqgl{ frqwdlqv wkh whfkqlfdo ghwdlov1

L1 Vwdwh0Lqghshqghqw Ghohjdwlrq dqg Rswlpdo Prqhwdu| Srolf|

Wkh prgho dqg wkh qrwdwlrq iroorz Vyhqvvrq +4<<:,1 Krzhyhu/ ehfdxvh zh zloo irfxv

rq qrplqdo lqfrph jurzwk dv dq lqwhuphgldwh wdujhw/ zh zloo suhvhqw wkh prgho +dv lq

Vyhqvvrq/ 4<<8, lq whupv ri rxwsxw udwkhu wkdq hpsor|phqw1 Lw lv irupxodwhg ryhu dq

lq�qlwh krul}rq1 Wkhuh lv d sulydwh vhfwru/ d jryhuqphqw dqg d fhqwudo edqn1 Hdfk shulrg/

lq dwlrq h{shfwdwlrqv Ze
| duh iruphg �uvw1 Wkh| duh dvvxphg wr eh udwlrqdo/ l1h1/ Ze

| '

h{solflw qrplqdo lqfrph jurzwk wdujhwlqj lv uduho| dgrswhg e| fhqwudo edqnv/ wkhlu srolflhv pd| lpsolflwo|

eh jxlghg e| qrplqdo lqfrph jurzwk/ ehfdxvh gdwd rq qrplqdo lqfrph duh riwhq pruh suhflvh dqg pruh

uhdglo| dydlodeoh wkdq uhdo lqfrph dqg lq dwlrq gdwd1 Wklv frpphqw/ krzhyhu/ dgguhvvhv qrplqdo lqfrph

jurzwk wdujhwlqj iurp d qrupdwlyh shuvshfwlyh1

7
D fdvh lq srlqw lv wkh idfw wkdw wkh Qhz ]hdodqg Uhvhuyh Edqn Dfw ri 4<;< ohdyhv rshq wkh srvvlelolw| ri

uhvhwwlqj wkh lq dwlrq wdujhw +udqjh, xqghu vrph flufxpvwdqfhv1 Lq 4<<9 wklv fdxvhg khdwhg sxeolf ghedwhv

zklfk ohdg vrph revhuyhuv wr frqfoxgh wkdw wkh frxqwu| zdv �edfn wr srolwlfl}hg prqhwdu| srolf|1� Vhh

Iuhghulf V1 Plvknlq dqg Dgdp V1 Srvhq +4<<:,1

8
D ghwdlohg dqdo|vlv ri wkh srolwlfdo hfrqrp| ri ghohjdwlrq xqghu rxwsxw shuvlvwhqfh lv eh|rqg wkh

vfrsh ri wklv frpphqw1 Vhh Jxqqdu Mrqvvrq +4<<:, iru dq h{solflw dqdo|vlv ri srolwlfdo surfhvvhv zlwklq

wkh fxuuhqw iudphzrun1

9
Wkhuh lv fdvxdo hylghqfh wkdw lqfhqwlyh vfkhphv zklfk surprwh orz lq dwlrq lq wlphv ri kljk xqhp0

sor|phqw duh frqvlghuhg suryrfdwlyh wr wkh sxeolf1 Iru h{dpsoh/ d sursrvdo wr lqgxfh orz lq dwlrq wkurxjk

shfxqldu| uhzdugv wr wkh fhqwudo edqnhu zdv qrw lqfoxghg lq wkh Qhz ]hdodqg Uhvhuyh Edqn Dfw ri 4<;<1

Vhh Fkduohv Jrrgkduw dqg Mrvì Ylôdov +4<<7,1
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H|3�dZ|o/ zkhuh H|3� d�o lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo rq doo lqirupdwlrq dydlodeoh

lq shulrg |� �1 Wkhq/ d vxsso| vkrfn 0| klwv wkh hfrqrp|1 Qh{w/ wkh srolf|pdnhu vhohfwv

wkh lq dwlrq udwh/ Z| +ryhu zklfk lw kdv shuihfw frqwuro,1 Ilqdoo|/ rxwsxw lv ghwhuplqhg1

Wkh +orj ri, rxwsxw lv jlyhq e| d Skloolsv0fxuyh uhodwlrqvkls=

+| ' 4+|3� n k EZ| � Ze
|� n 0|c k : fc f 	 4 	 �c +4,

zkhuh 0| lv dq l1l1g1 phdq0}hur vkrfn zlwk �qlwh yduldqfh1 Rxwsxw lv shuvlvwhqw zlwk

wkh ghjuhh ri shuvlvwhqfh jlyhq e| 41 Wkh orqj0uxq qdwxudo rxwsxw ohyho/ *�4r<"H|3� d+ro/

lv qrupdol}hg wr }hur1 Vrflhw|*v +dqg wkh jryhuqphqw*v, suhihuhqfhv duh uhsuhvhqwhg e|

Hf

�S
"

|'� q
|3�u|

�
/ zkhuh f 	 q 	 � lv d glvfrxqw idfwru dqgu| '

�

2

�
EZ| � ZW�2 n bE+| � +W�2

�
lv wkh shu0shulrg orvv ixqfwlrq1 Khuh/ ZW lv wkh vrfldoo| rswlpdo lq dwlrq udwh dqg +W : f

lv wkh vrfldoo| rswlpdo rxwsxw ohyho1 Wkh odwwhu lv dvvxphg wr h{fhhg wkh orqj0uxq qdwxudo

rxwsxw ohyho/ zklfk pd| eh wrr orz/ iru h{dpsoh/ ehfdxvh ri glvwruwlrqv lq wkh oderu pdunhw1

Sdudphwhu b : f lv wkh uhodwlyh zhljkw dwwdfkhg wr rxwsxw yhuvxv lq dwlrq vwdelol}dwlrq1

Wkh vrfldoo| rswlpdo lq dwlrq uxoh lv +vhh Vyhqvvrq/ 4<<:,

Z| ' ZW � r0|c r �
bk

� n bk2 � q42
: fc +5,

zklfk vkrzv wkdw lq dwlrq vkrxog rq dyhudjh pdwfk lwv vrfldoo| rswlpdo udwh dqg wkdw wkh

ghjuhh ri rxwsxw vwdelol}dwlrq lq uhvsrqvh wr vxsso| vkrfnv lv lqfuhdvlqj lq b +ehfdxvh

vrflhw| fduhv uhodwlyho| pruh derxw rxwsxw,/ lq 4 +ehfdxvh fxuuhqw vkrfnv kdyh d vwurqjhu

h�hfw rq ixwxuh rxwsxw, dqg lq q +dv wkh h�hfw rq ixwxuh rxwsxw lv frqvlghuhg wr eh pruh

lpsruwdqw qrz,1

Lq uhdolw|/ frpplwphqw wr dq lq dwlrq uxoh lv xvxdoo| qrw ihdvleoh1 Lq wkh iroorzlqj/

zh zloo wkhuhiruh frqvlghu wkh ghohjdwlrq ri prqhwdu| srolf| wr d fhqwudo edqn dfwlqj lq d

glvfuhwlrqdu| idvklrq1 Ghohjdwlrq lqyroyhv wkh dvvljqphqw ri dq remhfwlyh ixqfwlrq wr wkh

fhqwudo edqn/ zklfk lv wkhq iuhh wr vhohfw wkh lq dwlrq udwh1 Vshfl�fdoo|/ wkh fhqwudo edqn

plqlpl}hv Hf

�S
"

|'� q
|3�uK

|

�
zkhuh uK

|/ wkh shu0shulrg orvv ixqfwlrq dvvljqhg wr wkh fhqwudo

edqn/ lv jlyhq e|

uK
| '

�

2

�
E� n s� EZ| � ZW�2 n bE+| � +W�2 n �E}| � }�2

�
c +6,

zkhuh

}| � Z| n +| � +|3�c +7,

lv wkh qrplqdo lqfrph jurzwk udwh1 Khqfh/ wkh fhqwudo edqn vkduhv vrflhw|*v suhihuhqfhv/
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exw lv dvvljqhg d frqvwdqw qrplqdo lqfrph jurzwk wdujhw htxdo wr }1 Sdudphwhu � fdswxuhv

wkh uhodwlyh zhljkw dwwdfkhg wr wklv wdujhw1 Lq dgglwlrq/ wkh fhqwudo edqn pd| eh uhtxluhg wr

dwwdfk uhodwlyho| pruh +s : f, ru ohvv +s 	 f, hpskdvlv wkdq vrflhw| rq vwdelol}lqj lq dwlrq

durxqg lwv vrfldo rswlpxp1 Vxfk dq remhfwlyh ixqfwlrq frxog eh lpsrvhg e| lqfoxglqj wkh

srolf| wdujhwv lq wkh fhqwudo edqn*v fkduwhu dqg lpsrvlqj dq dssursuldwh �v|vwhp ri uhzdugv

dqg sxqlvkphqwv� +fi1 Urjr�/ 4<;8, edvhg rq ghyldwlrqv ri uhdol}hg srolf| yduldeohv iurp

wkhlu wdujhwv1: Iroorzlqj Shuvvrq dqg Wdehoolql +4<<6/ 4<<;, ru Fduo H1 Zdovk +4<<8, rqh

frxog dovr eurdgo| lqwhusuhw vxfk d v|vwhp dv d �shuirupdqfh frqwudfw1�

Wr ghulyh wkh fhqwudo edqn*v srolf|/ ohw T K E+|3�� eh wkh glvfrxqwhg vxp ri wkh fhqwudo

edqn*v shu0shulrg orvv ixqfwlrqv iurp shulrg | dqg rqzdugv xqghu ghohjdwlrq1 Wkhq/ wkh

Ehoopdq htxdwlrq dvvrfldwhg zlwk lwv ghflvlrq sureohp lv jlyhq e|

T K E+|3�� ' H|3�4�?
Z|

�
�

2

�
E� n s� EZ| � ZW�2 n bE+| � +W�2 n �E}| � }�2

�
n qT K E+|�

�
c +8,

zkhuh wkh plqlpl}dwlrq lv shuiruphg vxemhfw wr +4, dqg +7,/ wdnlqj Ze
| dv jlyhq1 Iru odwhu

xvh zh vwdwh wkh uhohydqw �uvw0rughu frqglwlrq=

E� n s� EZ| � ZW� n bkE+| � +W� n �E� n k�E}| � }� n qkT K
+ E+|� ' fc +9,

zkhuh T K
+ ghqrwhv wkh �uvw0rughu ghulydwlyh ri T K1 Lw wxuqv rxw wkdw wkh fhqwudo edqn vhohfwv

dq lq dwlrq udwh ri wkh iroorzlqj irup=

Z| ' @� K0| � S+|3�c +:,

zkhuh @/ K dqg S duh ixqfwlrqv ri wkh sdudphwhuv ri wkh prgho dqg ri wkh ghohjdwlrq

sdudphwhuv1; Li s ' � ' f/ wkhq uK
| ' u|/ zklfk fruuhvsrqgv wr wkh fdvh lq zklfk

prqhwdu| srolf| lv xqghu gluhfw frqwuro ri wkh jryhuqphqw1 Iru wklv sxuho| glvfuhwlrqdu|

fdvh/ wkh h{suhvvlrqv iru @ +zlwk +W uhsodflqj �W,/ K dqg S duh jlyhq lq htxdwlrqv +53,

dqg +54, lq Vyhqvvrq +4<<:,1 Rqh kdv wkdw @ : ZW/ S : f dqg K : r zklfk frpsduhg

zlwk wkh vrfldoo| rswlpdo lq dwlrq uxoh/ +5,/ uhyhdov wkuhh eldvhv1 Iluvw/ @ : ZW uh hfwv d

:
Vxfk d v|vwhp frxog/ iru h{dpsoh/ lqyroyh pdnlqj wkh uhdssrlqwphqw ri wkh fhqwudo edqnhu ghshqghqw

xsrq wkh ghyldwlrqv ri srolf| yduldeohv iurp wdujhwv1 Dovr/ wkh duudqjhphqw frxog uhtxluh wkh fhqwudo edqn

wr mxvwli| lq sxeolf/ wkurxjk r!fldo uhsruwv ru ehiruh sduoldphqw/ dq| ghyldwlrqv iurp wkh qrplqdo lqfrph

jurzwk wdujhw1 Wkh sdudphwhu # frxog wkhq eh lqwhusuhwhg dv txdqwli|lqj wkh h{whqw wr zklfk ghyldwlrqv

duh wrohudwhg/ h1j1/ lw frxog eh d sur{| iru wkh zlgwk ri d wdujhw edqg iru qrplqdo lqfrph jurzwk1

;
Wkh vroxwlrq phwkrgrorj| sdudoohov wkdw lq Vyhqvvrq +4<<:,1 Lq sduwlfxodu/ rqh frqmhfwxuhv Y e

wr eh

olqhdu0txdgudwlf/ zkhuhe| +9, |lhogv srolf| dv d ixqfwlrq ri wkh xqnqrzq sdudphwhuv ri Y e
1 E| lqvhuwlqj wkh

srolf| ixqfwlrq dqg wkh lpsolhg h{suhvvlrq iru h{shfwhg lq dwlrq edfn lqwr +8,/ wkh frqmhfwxuh lv yhul�hg1

Wkh xqnqrzq sdudphwhuv � dqg wkxv wkh srolf| ixqfwlrq � fdq vxevhtxhqwo| eh lghqwl�hg1
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frqvwdqw dyhudjh lq dwlrq eldv1 Lw dulvhv ehfdxvh wkh rxwsxw wdujhw +W lv deryh wkh orqj0

uxq qdwxudo udwh1 Wklv fuhdwhv d shupdqhqw lqfhqwlyh iru prqhwdu| h{sdqvlrq zklfk lq d

udwlrqdo h{shfwdwlrqv htxloleulxp rqo| ohdgv wr kljkhu lq dwlrq1 Vhfrqgo|/ S : f lpsolhv d

vwdwh0frqwlqjhqw lq dwlrq eldv zklfk dulvhv ehfdxvh wkh lqfhqwlyh iru prqhwdu| h{sdqvlrq

ghshqgv rq sdvw shulrg*v rxwsxw gxh wr rxwsxw shuvlvwhqfh +vhh Orfnzrrg dqg Dsrvwrolv

Sklolssrsrxorv/ 4<<7,1 Ilqdoo|/ ehfdxvh K : r/ wkhuh lv d vwdelol}dwlrq eldv +vhh Orfnzrrg/

4<<:/ dqg Vyhqvvrq/ 4<<:,1 Wkh vrxufh ri wklv eldv lv wkh dqwlflsdwlrq ri d vwdwh0frqwlqjhqw

lq dwlrq eldv lq wkh ixwxuh/ zklfk surylghv dq dgglwlrqdo lqfhqwlyh wr vwdelol}h fxuuhqw

rxwsxw djdlqvw vxsso|0vkrfnv1 Dv d uhvxow/ lq dwlrq zloo eh wrr yduldeoh1

Iru +:, wr uhsurgxfh +5,/ wkh ghohjdwlrq sdudphwhuv wkxv qhhg wr eh vhohfwhg lq vxfk d

zd| wkdw @ ' ZW/ S ' f dqg K ' r1 Wkh iroorzlqj sursrvlwlrq/ zklfk lv suryhq lq Dsshqgl{

D/ vkrzv wkdw wklv lv lqghhg srvvleoh=

SURSRVLWLRQ1Wkh rswlpdo lq dwlrq uxoh +5, lv dwwdlqhg e| vhwwlqj E�c sc }� ' E�Wc sWc }W�

zkhuh �W/ sW/ dqg }W duh frqvwdqwv jlyhq e|/ uhvshfwlyho|/ +;,/ +<, dqg +43, ehorz1

Wkh uhpdlqghu ri wklv vhfwlrq h{sodlqv wklv uhvxow1

Lw lv frqyhqlhqw wr frqvlghu wkh holplqdwlrq ri wkh vwdwh0frqwlqjhqw lq dwlrq eldv �uvw/

vr wkdw S ' f1 Wklv lv grqh e| vhwwlqj � htxdo wr=

�W �
bk4

E�� 4� d�� q42 n k E�� q4�o
: f� +;,

Wr r�vhw wkh lqfhqwlyh iru kljkhu lq dwlrq li +|3� lv ehorz wkh orqj0uxq qdwxudo ohyho ^vhh

+:,`/ � vkrxog eh srvlwlyh1 Wr jdlq vrph lqwxlwlrq iru h{suhvvlrq +;,/ vxssrvh �uvw wkdw wkh

fhqwudo edqn zhuh wr dfw dv li wkh ixwxuh fduulhv qr zhljkw1 Wkdw lv/ dv li q ' f1 Frqvlghu

d rqh0xqlw uhgxfwlrq lq +|3�/ zklfk orzhuv +| e| 4 xqlwv1 Wklv udlvhv wkh pdujlqdo ehqh�w

ri lq dwlrq e| bk4/ fi1 wkh �uvw0rughu frqglwlrq +9,1 Lq dgglwlrq/ qrplqdo lqfrph jurzwk

lv lqfuhdvhg e| � � 4/ zklfk lqfuhdvhv wkh pdujlqdo frvw ri lq dwlrq e| � E� n k� E�� 4�1

Dw � ' �W wkh fkdqjhv lq wkh pdujlqdo ehqh�w dqg frvw ri lq dwlrq vkrxog eh htxdo/

khqfh bk4 ' �W E� n k� E�� 4�/ zklfk jlyhv +;, iru q ' f1 Krzhyhu/ ehfdxvh wkh fhqwudo

edqn grhv fduh derxw wkh ixwxuh/ l1h1/ q : f/ wkh lqfhqwlyh iru kljkhu lq dwlrq li +|3�

lv orzhu lv hyhq vwurqjhu1 Wkh uhdvrq lv wkdw dq lq dwlrq vxusulvh zloo uhgxfh wkh vwdwh0

frqwlqjhqw lq dwlrq eldv lq ixwxuh shulrgv dovr/ ehfdxvh ri wkh shuvlvwhqfh lq rxwsxw1 Dv

d uhvxow/ ghyldwlrqv iurp wkh qrplqdo lqfrph jurzwk wdujhw vkrxog eh sxqlvkhg pruh

vhyhuho|1 Lqghhg/ +;, vkrzv wkdw �W lv lqfuhdvlqj lq q1 Pruhryhu/ �W lv lqfuhdvlqj lq b/

ehfdxvh d vwurqjhu frqfhuq iru rxwsxw udlvhv wkh pdujlqdo ehqh�w ri lq dwlrq li +|3� lv
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uhgxfhg1 Fruuhvsrqglqjo|/ wkh pdujlqdo frvw ri lq dwlrq qhhgv wr eh udlvhg1 D kljkhu 4

lpsolhv wkdw d uhgxfwlrq lq +|3� kdv d odujhu h�hfw rq fxuuhqw rxwsxw/ wkhuhe| udlvlqj erwk

wkh fxuuhqw dqg ixwxuh pdujlqdo ehqh�w ri lq dwlrq1 Khqfh/ �W dovr ghshqgv srvlwlyho|

rq 41 Ilqdoo|/ �W lv lqfuhdvlqj lq k/ ehfdxvh d kljkhu k pdnhv lq dwlrq pruh h�hfwlyh dw

udlvlqj rxwsxw1

Jlyhq wkdw � ' �W/ wkh vwdelol}dwlrq eldv lv holplqdwhg +l1h1/ K ' r, li s htxdov=

sW � �W
E� n k� E�� q42 � bk4�

bk4
� � U f� +<,

Dowkrxjk wkh vwdelol}dwlrq eldv dulvhv iurp wkh suhvhqfh ri d vwdwh0frqwlqjhqw lq dwlrq eldv/

uhprylqj wkh odwwhu grhv qrw hqvxuh h!flhqw vkrfn vwdelol}dwlrq1 Lqwurgxflqj d qrplqdo

lqfrph jurzwk wdujhw glvwruwv vwdelol}dwlrq vxfk wkdw wkh vrfldoo| rswlpdo edodqfh ehwzhhq

rxwsxw dqg lq dwlrq yduldelolw| zloo lq jhqhudo qrw eh dwwdlqhg1 Wr uhvwruh wklv edodqfh/

wkh fhqwudo edqn jhqhudoo| kdv wr dwwdfk d gl�huhqw uhodwlyh zhljkw wr lq dwlrq vwdelol}dwlrq

wkdq vrflhw|/ dv +<, vkrzv1 Iru h{dpsoh/ dv zh vdz iurp +5,/ kljkhu ydoxhv ri b/ q ru 4

uhtxluh d pruh dfwlyh vwdelol}dwlrq srolf| iurp d vrfldo shuvshfwlyh1 Wkhuhiruh/ sW qhhgv wr

eh uhgxfhg1 Lq idfw/ sW pd| hyhq eh qhjdwlyh/ lpso|lqj wkdw wkh fhqwudo edqn vkrxog sd|

uhodwlyho| pruh dwwhqwlrq wkdq vrflhw| wr rxwsxw udwkhu wkdq lq dwlrq vwdelol}dwlrq1 Khqfh/

lq frqwudvw wr Vyhqvvrq*v vwdwh0frqwlqjhqw lq dwlrq wdujhwlqj duudqjhphqw/ rxu duudqjhphqw

grhv qrw surylgh dq xqdpeljxrxv fdvh iru fhqwudo edqn frqvhuydwlvp1<

Ilqdoo|/ wkh dyhudjh lq dwlrq eldv lv holplqdwhg +l1h1/ @ ' ZW, li wkh fhqwudo edqn wdujhwv

qrplqdo lqfrph jurzwk dw d frqvwdqw udwh ri=

}W � ZW �
bk+W

�W d�� q4n k E�� q�o
	 ZW� +43,

Wkh qrplqdo lqfrph jurzwk wdujhw vkrxog eh orzhu wkdq wkh vrfldoo| rswlpdo lq dwlrq

udwh1 Wr vhh wklv/ qrwh �uvw wkdw li +W ' f/ wkh dyhudjh lq dwlrq eldv lv devhqw1 Wkh rswlpdo

qrplqdo lqfrph jurzwk wdujhw zrxog wkhq vlpso| eh jlyhq e| ZW/ fi1 +43,1 Krzhyhu/ li

+W : f/ wkh qrplqdo lqfrph jurzwk wdujhw vkrxog eh vhw ehorz ZW lq rughu wr r�vhw wkh/ lq

htxloleulxp ixwloh/ lqfhqwlyh wr udlvh rxwsxw deryh lwv orqj0uxq qdwxudo ohyho1 Jlyhq �W/ wklv

lqfhqwlyh lv vwurqjhu li b/ k/ q dqg 4 duh kljkhu/ zklfk uhtxluhv d fruuhvsrqglqj uhgxfwlrq

lq }W1

<
Frqvhuydwlvp lv qhhghg xqghu Vyhqvvrq*v duudqjhphqw ehfdxvh wkh vwdwh0frqwlqjhqw lq dwlrq wdujhw

lqwurgxfhv dgglwlrqdo lq dwlrq yduldelolw|1 Wklv lv fruuhfwhg e| kdylqj wkh fhqwudo edqnhu dwwdfk d kljkhu

uhodwlyh zhljkw wr lq dwlrq vwdelol}dwlrq1
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LL1 Glvfxvvlrq

Deryh zh kdyh dqdo|}hg frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj dv d zd| wr dwwdlq wkh

vrfldoo| rswlpdo lq dwlrq uxoh lq Vyhqvvrq*v +4<<:, prgho1 Lq rughu wr lqgxfh wkh fhqwudo

edqn wr shuirup srolf| dffruglqj wr wklv uxoh/ wkh vwdwh0frqwlqjhqw lq dwlrq eldv kdv wr eh

holplqdwhg1 Ehfdxvh erwk wkh vwdwh0frqwlqjhqw lq dwlrq eldv dqg qrplqdo lqfrph jurzwk

ghshqg rq odjjhg rxwsxw/ lqwurgxflqj d qrplqdo lqfrph jurzwk wdujhw holplqdwhv wkh h�hfw

ri odjjhg rxwsxw rq lq dwlrq li wkh wdujhw lv jlyhq dq dssursuldwh uhodwlyh zhljkw1 Qrw vxu0

sulvlqjo|/ wklv uhodwlyh zhljkw lv lqfuhdvlqj lq wkh sdudphwhuv wkdw lq wkh devhqfh ri qrplqdo

lqfrph jurzwk wdujhwlqj zrxog zruvhq wkh vwdwh0frqwlqjhqw lq dwlrq eldv1 Krzhyhu/ wkh

lqwurgxfwlrq ri d qrplqdo lqfrph jurzwk wdujhw glvwruwv wkh edodqfh ehwzhhq lq dwlrq dqg

rxwsxw yduldelolw|/ zklfk uhtxluhv wkdw wkh fhqwudo edqn eh pdgh pruh ru ohvv frqvhuydwlyh1

Ilqdoo|/ zlwk dq dssursuldwh fkrlfh ri wkh udwh dw zklfk qrplqdo lqfrph jurzwk lv wdujhwhg/

wkh dyhudjh lq dwlrq eldv lv holplqdwhg1

Wkh uhvxow wkdw rxu duudqjhphqw fdq lqgxfh wkh fhqwudo edqn wr fkrrvh wkh rswlpdo

lq dwlrq uxoh ghshqgv rq wkh vshfl�f Skloolsv0fxuyh wkdw zh hpsor|1 Iru pruh hoderudwh

vshfl�fdwlrqv ri wkh Skloolsv0fxuyh/ lqyroylqj pruh vwdwh yduldeohv/ rxu uhvxow zloo qrw krog

lq jhqhudo1 Lq vxfk fdvhv/ vwdwh0frqwlqjhqw duudqjhphqwv zrxog eh qhhghg wr lqgxfh wkh

fhqwudo edqn wr iroorz d srolf| dffruglqj wr wkh rswlpdo lq dwlrq uxoh1 Krzhyhu/ dv zh

dujxhg deryh/ vxfk duudqjhphqwv pd| qrw eh fuhgleoh/ dqg lw lv wkhuhiruh ri lqwhuhvw wr

frpsduh wkh shuirupdqfh ri rxu duudqjhphqw zlwk vwdwh0lqghshqghqw lq dwlrq wdujhwlqj1

Dv dq h{dpsoh/ frqvlghu dq h{whqvlrq ri wkh prgho lq zklfk wkh sulydwh vhfwru uhfhlyhv vrph

vljqdo w|3� derxw wkh shulrg0| vxsso| vkrfn sulru wr wkh irupdwlrq ri shulrg0| h{shfwdwlrqv

+dv lq Ehuwkrog Khuuhqgrui dqg Orfnzrrg/ 4<<:,1 Lq wkh fxuuhqw frqwh{w/ wkh +orj, ri

rxwsxw wkhq ehfrphv=

+| ' 4+|3� n k EZ| � Ze
|� n w|3� n 0|c +44,

zkhuh w|3� lv dq l1l1g1 phdq0}hur/ �qlwh0yduldqfh vkrfn/ zklfk lv lqghshqghqw ri 0� iru dq|

� 1 Khqfh/ w|3� lqwurgxfhv dq dgglwlrqdo vwdwh yduldeoh zklfk fuhdwhv d qhz dqg lqghshq0

ghqw vrxufh ri yduldwlrq lq wkh lq dwlrq eldv1 Hyhq wkrxjk rxu frqvwdqw qrplqdo lqfrph

jurzwk wdujhwlqj duudqjhphqw lv qr orqjhu deoh wr uhsurgxfh wkh rswlpdo lq dwlrq uxoh

zkhq +44, dssolhv/ zh vkrz lq Dsshqgl{ E wkdw lw rxwshuirupv wkh frqvwdqw lq dwlrq wdu0

jhwlqj duudqjhphqw glvfxvvhg lq Vyhqvvrq +4<<:/ Vhfwlrq LL1F,1 Wkh uhdvrq lv wkdw qrplqdo

lqfrph jurzwk wdujhwlqj lv vxshulru lq whupv ri dgguhvvlqj wkh vwdwh0frqwlqjhqw lq dwlrq

eldv dvvrfldwhg zlwk rxwsxw shuvlvwhqfh ehfdxvh qrplqdo lqfrph jurzwk ghshqgv rq odjjhg

rxwsxw/ dv h{sodlqhg deryh1

:



Dsshqgl{

D1 Surri ri wkh sursrvlwlrq

Lq surylqj wkh sursrvlwlrq/ zh �uvw kdyh wr �qg wkh vroxwlrq wr wkh fhqwudo edqnhu*v plq0

lpl}dwlrq sureohp dv jlyhq e| htxdwlrq +8,1 Wkhq/ zh ghprqvwudwh wkdw � ' �W/ s ' sW

dqg } ' }W vhfxuhv wkdw @ ' ZW/ K ' r/ dqg S ' f/ l1h1/ wkdw wkh vrfldoo| rswlpdo lq dwlrq

uxoh lv dwwdlqhg1

Jlyhq wkh olqhdu0txdgudwlf vwuxfwxuh ri wkh prgho/ T K zloo eh txdgudwlf/

T K E+� ' �
f
n �

�
+ n

�

2
�
2
+2c +D14,

zlwk wkh frh!flhqwv �
f
/ �

�
dqg �

2
wr eh ghwhuplqhg ehorz1 Vxevwlwxwlqj T K

+ E+|� ' �
�
n�

2
+|

lqwr wkh qhfhvvdu| +dqg vx!flhqw, �uvw0rughu frqglwlrq ^htxdwlrq +9,` |lhogv

E� n s�EZ| � ZW� n bk E+| � +W� n � E� n k� E}| � }� n qk E�� n �2+|� ' f� +D15,

Vxevwlwxwlqj +| ' 4+|3� nk EZ| � Ze
|� n 0| dqg }| ' Z| n +| � +|3� lqwr +D15,/ dqg dsso|lqj

wkdw h{shfwdwlrqv duh iruphg udwlrqdoo|/ lw lv vwudljkwiruzdug wr ghulyh wkh lq dwlrq udwh/

jlyhq wkh sdudphwhuv ri wkh ydoxh ixqfwlrq=

Z| ' @� K0| � S+|3�c

^htxdwlrq +:,` zkhuh

@ '
E� n s� ZW n bk+W n � E� n k� } � qk�

�

l
c +D16,

K '
k Ebn q�2� n � E� n k�

k2 Ebn q�
2
� n � n s n � E� n k�2

c +D17,

S '
k4 Ebn q�

2
�� � E� n k� E�� 4�

l
c +D18,

dqg zkhuh

l � � n s n � E� n k� � +D19,

Wkh uhpdlqlqj vwhs lq vroylqj iru lq dwlrq dv d ixqfwlrq ri wkh sdudphwhuv ri wkh prgho/

lv wkh lghqwl�fdwlrq ri �
�
dqg �

2
+wkh sdudphwhu �

f
lv qrw ri lqwhuhvw/ dv lw grhv qrw d�hfw

@/ K ru S> fi1 deryh,1 Wr gr wklv/ qrwh wkdw e| gh�qlwlrq ri wkh Ehoopdq htxdwlrq dqg

wkh frqmhfwxuhg irup ri wkh ydoxh ixqfwlrq/ +D14,/ wkh iroorzlqj uhfxuvlrq pxvw krog lq

;



htxloleulxp=

�f n ��+|3� n
�
2

2
+2|3� ' H|3�

�
�

2

�
E� n s� EZ| � ZW�2 n b E+| � +W�2 n � E}| � }�2

�
nq

k
�
f
n �

�
+| n

�2
2
+2|

lr
� +D1:,

Qrz vxevwlwxwh +:,/ +| ' 4+|3� n k EZ| � Ze
|� n 0| dqg }| ' Z| n +| � +|3� lqwr +D1:,/ zklfk

fdq wkhq eh zulwwhq dv

�f n ��+|3� n
�
2

2
+2|3� ' H|3�

�
� n s

2
d@� K0| � S+|3� � ZWo2 +D1;,

n
b

2
d4+|3� n E�� kK� 0| � +Wo2

n
�

2
d@n E�� E� n k� K� 0| � ESn �� 4� +|3� � }o2

nq

�
�
f
n �

�
E4+|3� n E�� kK� 0|� n

�

2
�
2
E4+|3� n E�� kK� 0|�

2

��

Zh zulwh rxw hdfk ri wkh whupv rq wkh uljkw0kdqg vlgh ri +D1;, vhsdudwho|=

� n s

2
H|3� d@� K0| � S+|3� � ZWo2 '

� n s

2

�
@2 n K2j2" n EZW�2 � 2@ZW

�
n E� n s� S EZW � @� +|3� n

� n s

2
S2+2|3�c

b

2
H|3� d4+|3� n E�� kK� 0| � +Wo2 '

b

2

�
42+2|3� n E�� kK�2 j2" n E+W�2 � 24+|3�+

W

�
c

�

2
H|3� d@n E�� E� n k� K� 0| � ESn �� 4� +|3� � }o2

'
�

2

�
@2 n } E} � 2@� n E�� E� n k� K�2 j2"

�
n� ESn �� 4� E} � @� +|3� n

�

2
ESn �� 4�2 +2|3�c

qH|3�

�
�f n �� E4+|3� n E�� kK� 0|� n

�

2
�2 E4+|3� n E�� kK� 0|�

2

�

' q

�
�f n

�

2
�2 E�� kK�2 j2" n ��4+|3� n

�

2
�24

2+2|3�

�
c

zkhuh j2" � H|3� d0
2

| o lv wkh yduldqfh ri 0|1 Froohfwlqj whupv rq wkh uljkw0kdqg vlghv ri wkhvh

<



irxu htxdwlrqv/ zh fdq zulwh wkh uljkw0kdqg vlgh ri +D1;, dv=

b

2

�
E�� kK�2 j2" n E+W�2

�
n

� n s

2

�
@2 n K2j2" n ZW EZW � 2@�

�
n

�

2

�
@2 n } E} � 2@� n E�� E� n k� K�2 j2"

�
n q�

f
n

�

2
q�

2
E�� kK�2 j2"

n d�b4+W n E� n s� S EZW � @� n � ESn �� 4� E} � @� n q��4o +|3�

n
�

2

�
b42 n E� n s� S2 n � ESn �� 4�2 n q�24

2
�
+2|3��

Wklv yhul�hv wkh frqmhfwxuhg irup ri wkh ydoxh ixqfwlrq1 Htxdwlqj wkh frh!flhqwv ri +2|3�

dqg +|3� lq wklv h{suhvvlrq wr wkh fruuhvsrqglqj frh!flhqwv rq wkh ohiw0kdqg vlgh ri +D1;,

|lhogv wzr Ulffdwl htxdwlrqv lq/ uhvshfwlyho|/ �
2
dqg �

�
=

�
2

' b42 n E� n s� S2 n � ESn �� 4�2 n q�
2
42c +D1<,

�
�

' �b4+W n E� n s�S EZW � @� n � ESn �� 4� E} � @� n q�
�
4c +D143,

zkhuh @/ jlyhq e| +D16,/ ghshqgv rq �
�
/ zkloh S/ jlyhq e| +D18,/ ghshqgv rqo| rq �

2
1

Khqfh/ wkh v|vwhp +D1<, dqg +D143, lv uhfxuvlyh1 Htxdwlrq +D1<, ghwhuplqhv �
2
/ zklfk

fdq eh vxevwlwxwhg lqwr +D143, wr ghwhuplqh �
�
1 Krzhyhu/ lw lv frqyhqlhqw wr vroyh +D1<,

gluhfwo| lq whupv ri S1 Iru wklv sxusrvh/ xvh +D18, wr h{suhvv �
2
dv d ixqfwlrq ri S/ zklfk/

lqvhuwhg edfn lqwr +D1<,/ uhvxowv lq wkh iroorzlqj htxdwlrq iru S=

f ' qk4 E� n s n �� S2 �
�
l
�
�� q42

�
� 2qk4� E�� 4�

�
S

nbk4� � E�� 4�
�
�� q42 n k E�� q4�

�
� +D144,

Wkh h{lvwhqfh ri uhdo vroxwlrqv iru S +dqg �2, uhtxluhv wkdw

�
l
�
�� q42

�
� 2qk4� E�� 4�

�2
�eqk4 E� n s n ��

�
bk4� � E�� 4�

�
�� q42 n k E�� q4�

��
� f� +D145,

Li wkh ohiw0kdqg vlgh ri +D145, lv srvlwlyh/ wkhq +D144, kdv wzr vroxwlrqv1 Wklv lpsolhv wkh

h{lvwhqfh ri wzr lq dwlrq htxloleuld/ dv lq Orfnzrrg dqg Sklolssrsrxorv +4<<7,1 Krzhyhu/

wkh olwhudwxuh rq prqhwdu| ghohjdwlrq kdv dujxhg wkdw rqo| wkh htxloleulxp dvvrfldwhg zlwk

wkh vpdoohu urrw ri +D144, lv uhohydqw> vhh/ iru h{dpsoh/ Vyhqvvrq +4<<:,1 Wkh vroxwlrq iru

S lv wkhuhiruh jlyhq e|
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S '
lE�� q42�� 2qk4� E�� 4�

2qk4 E� n s n ��

�

t
dl E�� q42�� 2qk4� E�� 4�o2 � eqk4 E� n s n �� x

2qk4 E� n s n ��
c +D146,

zkhuh

x ' bk4� � E�� 4�
�
�� q42 n k E�� q4�

�
� +D147,

Ehfdxvh zh qrz kdyh d vroxwlrq iru S lq whupv ri wkh sdudphwhuv ri wkh prgho/ lw vx!fhv

wr vroyh @ dqg K lq whupv ri S1 Iluvw zh vroyh iru @1 Zh uhzulwh +D16, wr h{suhvv �
�
lq whupv

ri @=

�
�
'

E� n s� ZW n bk+W n � E� n k� } � @l

qk
� +D148,

Wkhq uhzulwh +D143, dv

�
�
E�� q4� ' �b4+W n E� n s�S EZW � @� n � ESn �� 4� E} � @� c +D149,

dqg vxevwlwxwh +D148, lqwr +D149, dqg pxowlso| erwk vlghv e| qk wr jlyh=

E� n s� ZW E�� q4� n E�� q4�bk+W n E�� q4�� E� n k� } � @lE�� q4�

' �qkb4+W n qkE� n s�S EZW � @� n qk� ESn �� 4� E} � @� �

Wklv |lhogv wkh h{solflw vroxwlrq iru @=

@ '
bk+W n E� n s� d�� q E4n kS�oZW n � d�� q E4n kS� n k E�� q�o }

lE�� q4�� E� n s�kqS� �kq ESn �� 4�
� +D14:,

Qrwh wklv vroxwlrq iru @ lv xqerxqghg li lE�� q4� � E� n s�kqS � �kq ESn �� 4� ' f

+dqg vr lv wkh vroxwlrq iru �
�
,1 Wkhuhiruh/ wkh ydoxh ixqfwlrq idlov wr h{lvw iru wklv sduwlfxodu

sdudphwhu frq�jxudwlrq dqg wkh htxloleulxp h{klelwv d glvfrqwlqxlw|1 Wr uxoh wklv rxw/ wkh

iroorzlqj uhvwulfwlrq rq wkh sdudphwhuv pxvw eh lpsrvhg +Vyhqvvrq/ 4<<:/ pdnhv d vlplodu

dvvxpswlrq,=

lE�� q4�� E� n s�kqS� �kq ESn �� 4� : f� +D14;,

Ilqdoo|/ wr �qg K/ zh �uvw uhzulwh +D18, dv

k Ebn q�
2
� n � E� n k� '

Sln � E� n k�

4
c +D14<,
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khqfh/

k2 Ebn q�2�nE� n s�n� E� n k�2 '
kSln k� E� n k� E�� 4� n E� n s� 4n � E� n k�2 4

4
c

zklfk ^xvlqj wkh gh�qlwlrq ri l/ +D19,` fdq eh zulwwhq dv=

k2 Ebn q�2� n E� n s� n � E� n k�2 '
EkSn 4�l n � E� n k�k

4
� +D153,

Vxevwlwxwh +D14<, iru wkh qxphudwru ri +D17, dqg +D153, iru wkh ghqrplqdwru ri +D17,1

Wklv |lhogv wkh vroxwlrq iru K dv d ixqfwlrq ri S=

K '
Sln � E� n k�

EkSn 4� l n � E� n k�k
� +D154,

Wr vxp xs/ wkh fhqwudo edqn frqgxfwv srolf| dffruglqj wr +:,/ zlwk @/ K dqg S/ uhvshf0

wlyho|/ jlyhq e| +D14:,/ +D154, dqg +D146,1 Qrz zh frqvlghu krz wr fkrrvh wkh ghohjdwlrq

sdudphwhuv �/ s / dqg } vr dv wr rewdlq @ ' ZW/ K ' r/ dqg S ' f1

Iurp +D146,/ S ' f uhtxluhv wkdw x ' f1 Iurp wkh gh�qlwlrq ri x/ +D19,/ lw iroorzv wkdw

x ' f li zh vhw � htxdo wr

�W �
bk4

E�� 4� d�� q42 n k E�� q4�o
c

zklfk lv lqghhg wkh h{suhvvlrq iru �W lq htxdwlrq +;,1

Jlyhq wkdw � ' �W/ khqfh wkdw x ' S ' f/ h{suhvvlrq +D154, uhgxfhv wr

K '
�W E� n k�

4lW n �W E� n k�k
c zkhuh lW � � n s n �W E� n k� �

Khqfh/ lq rughu wr vhfxuh K ' r/ zh pxvw kdyh ^xvlqj wkh gh�qlwlrq ri r/ vhh htxdwlrq +5,`=

�W E� n k�

4lW n �W E� n k�k
'

bk

� n bk2 � q42
�

E| wkh gh�qlwlrq ri lW wklv uhtxluhv xv wr vhw s htxdo wr

sW � �W
E� n k� E�� q42 � bk4�

bk4
� �c

zklfk lv lqghhg wkh h{suhvvlrq iru sW lq htxdwlrq +<,143

43
Dv phqwlrqhg lq wkh pdlq wh{w/ i� fdq eh qhjdwlyh1 Wklv |lhogv d surshu vroxwlrq/ ehfdxvh wkh vhfrqg0

rughu frqglwlrq iru d plqlpxp lv vdwlv�hg1 Wr vhh wklv/ gl�huhqwldwh +D15, zlwk uhvshfw wr �w/ zklfk |lhogv
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Ilqdoo|/ wr hqvxuh wkdw @ ' ZW/ zh vhh iurp +D14:, wkdw wkh iroorzlqj frqglwlrq pxvw

krog=
bk+W n E� n sW� E�� q4�ZW n �W d�� q4n k E�� q�o }

lWW E�� q4�� �Wkq E�� 4�
' ZWc

zkhuh lWW � � n sW n �W E� n k� dqg zkhuh zh xvh wkdw S ' f li � ' �W1 Wklv frqglwlrq

uhtxluhv wkdw } eh vhw htxdo wr

}W � ZW �
bk+W

�W d�� q4n k E�� q�o
c

zklfk lv lqghhg wkh h{suhvvlrq iru }W lq htxdwlrq +43,1

Wklv frpsohwhv wkh surri wkdw e| vhwwlqj � ' �W/ s ' sW dqg } ' }W rqh kdv wkdw

@ ' ZW/ K ' r/ dqg S ' f dv uhtxluhg1 Lw pd| eh lqwhuhvwlqj wr qrwh wkdw lq frqwudvw wr wkh

vwdwh0frqwlqjhqw lq dwlrq wdujhwlqj dssurdfk/ rxu dssurdfk grhv qrw uhtxluh uhvwulfwlrqv

rq wkh sdudphwhu vsdfh zkhq wkh ghohjdwlrq sdudphwhuv duh vhw rswlpdoo|1 Wr vhh wklv/

vxevwlwxwh �W lqwr +D145, zklfk uhyhdov wkdw wkh h{lvwhqfh frqglwlrq lv dozd|v ixo�oohg144

Pruhryhu/ wkh frqwlqxlw| frqglwlrq/ +D14;,/ wxuqv rxw wr eh luuhohydqw1 Wklv lv vhhq e|

vxevwlwxwlqj @ ' ZW/ S ' f dqg } ' }W lqwr +D143,/ zklfk uhyhdov wkdw wkh vroxwlrq iru �
�

lv dozd|v �qlwh1

E1 Surri wkdw frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj rxwshuirupv frqvwdqw

lq dwlrq wdujhwlqj zkhq rxwsxw lv jlyhq e| +44,

Iluvw/ qrwh wkdw li htxdwlrq +44, dssolhv/ wkh vrfldoo|0rswlpdo lq dwlrq uxoh lv djdlq jlyhq

e| htxdwlrq +5,1 Lw lv hdv| wr vhh wklv/ ehfdxvh lq dwlrq h{shfwdwlrqv duh iruphg diwhu wkh

uhohydqw w0vkrfn kdv pdwhuldol}hg1 Khqfh/ rxwsxw fdqqrw eh vwdelol}hg lq wkh idfh ri wkhvh

vkrfnv dqg/ wkhuhiruh/ lw lv rswlpdo iru vrflhw| qrw wr kdyh lq dwlrq uhdfw wr wkh w0vkrfn1

Zh suryh rxu fodlp dv iroorzv1 Iluvw/ zh lqwurgxfh dqrwkhu wdujhwlqj uhjlph +k|eulg

wdujhwlqj,/ ri zklfk frqvwdqw lq dwlrq wdujhwlqj lv d vshfldo fdvh1 Zh vkrz wkdw wkhuh

h{lvwv d frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj duudqjhphqw zklfk surgxfhv h{dfwo|

wkh vdph lq dwlrq uxoh dv k|eulg wdujhwlqj1 Wkhq/ zh vkrz wkdw lw lv vxerswlpdo wr uhvwulfw

wkh k|eulg wdujhwlqj uhjlph wr wkh vshfldo fdvh ri frqvwdqw lq dwlrq wdujhwlqj1

�5 +�. ��
5
, . +4 . i, . # +4 . �,

5
^zkhuh zh kdyh xvhg htxdwlrqv +4, dqg +7,`1 Xvh f @ 3 lq +D18, wr

vxevwlwxwh # +4 . �, +4� �,@� iru � +�. ��
5
,1 Wkhq/ vxevwlwxwlqj +<, iru i dqg xvlqj wkdw # A 3 e| +;,/

lw lv fohdu wkdw wkh vhfrqg0rughu ghulydwlyh lv srvlwlyh1

44
Wkh uhdvrq zk| h{lvwhqfh pd| idlo xqghu lq dwlrq wdujhwlqj +fi1 Vyhqvvrq/ 4<<:/ Dsshqgl{ E, lv wkdw

wkh rswlpdo vwdwh0frqwlqjhqw lq dwlrq wdujhw lv d ixqfwlrq ri f/ lpso|lqj wkdw wkh vwdwh0frqwlqjhqw lqfhqwlyh

iru vxusulvh lq dwlrq lv r�vhw1 Wkhuhe|/ wkh whup f|w�4 grhv qrw dsshdu lq wkh htxloleulxp lq dwlrq uxoh1

Wkh wdujhw/ krzhyhu/ lv rqo| zhoo0gh�qhg li f lv d uhdo qxpehu1 Rxu dssurdfk/ rq wkh rwkhu kdqg/ lqyroyhv

dq duudqjhphqw zklfk vhwv f htxdo wr }hur iru doo sdudphwhu frpelqdwlrqv1
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Wkh k|eulg duudqjhphqw +K\DU, lqyroyhv dvvljqlqj wkh iroorzlqj shu0shulrg orvv wr

wkh fhqwudo edqn=

u�
| '

�

2

k
E� n �s� EZ| � �Z�2 n bE+| � +W�2 n ��}2|

l
� +E14,

Khqfh/ xqghu K\DU lq dwlrq lv wdujhwhg dw wkh frqvwdqw udwh �Z dqg qrplqdo lqfrph jurzwk

lv wdujhwhg dw d udwh ri }hur1 Sdudphwhuv �� dqg �s duh wkh rwkhu ghohjdwlrq sdudphwhuv1

Frqvwdqw lq dwlrq wdujhwlqj dv frqvlghuhg e| Vyhqvvrq +4<<:/ Vhfwlrq LL1F, fruuhvsrqgv

wr wkh vshfldo fdvh zlwk �� ' f1

Wkh surri qrz surfhhgv lq wzr vwhsv1 Lq Vwhs 4 zh vkrz wkdw wkhuh h{lvwv d pds0

slqj ehwzhhq wkh ghohjdwlrq sdudphwhuv Esc �c }� xqghu frqvwdqw qrplqdo lqfrph jurzwk

wdujhwlqj dqg E �sc ��c �Z� xqghu K\DU zklfk hqvxuhv wkdw frqvwdqw qrplqdo lqfrph jurzwk

wdujhwlqj fdq surgxfh h{dfwo| wkh vdph lq dwlrq uxoh dv K\DU zkhqhyhu �� 9' f1 Lq Vwhs 5/

zh wkhq vkrz wkdw d K\DU zlwk �� ' f fdqqrw eh rswlpdo1 Frpelqlqj wklv zlwk wkh uhvxow

ri Vwhs 4 zh kdyh wkdw frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj rxwshuirupv frqvwdqw

lq dwlrq wdujhwlqj1

Vwhs 4=

Iluvw zh vroyh wkh prgho iru wkh frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj duudqjhphqw1

Wkh uhohydqw Ehoopdq htxdwlrq lv jlyhq e|=

T K E+|3�� ' H|3�4�?
Z|

�
�

2

�
E� n s� EZ| � ZW�2 n bE+| � +W�2 n �E}| � }�2

�
n qT K E+|�

�
c

zkhuh wkh plqlpl}dwlrq lv shuiruphg vxemhfw wr

+| ' 4+|3� n k EZ| � Ze
|� n w|3� n 0|c +E15,

^htxdwlrq +44,` dqg }| ' Z|n+|�+|3�/ wdnlqj Z
e
| dv jlyhq1 Wkh uhohydqw �uvw0rughu frqglwlrq

lv=

E� n s� EZ| � ZW� n bkE+| � +W� n �E� n k�E}| � }� n qkH
�
T K
+ E+|� m U|

�
' fc

zkhuh U| lv wkh lqirupdwlrq vhw wkdw lqfoxghv doo yduldeohv gdwhg | dqg hduolhu/ h{fhsw iru

w|1 Khqfh/ U| lv wkh lqirupdwlrq vhw wkdw lv dydlodeoh dw wkh prphqw wkdw Z| lv vhohfwhg1

Frqmhfwxuh wkdw wkh ydoxh ixqfwlrq lv wkh iroorzlqj txdgudwlf ixqfwlrq=

T K E+|� ' �f n ��+| n
�

2
�2+

2

| n ��w| n
�

2
�ew

2

| n �Dw|+|�
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Khqfh/ wkh �uvw0rughu frqglwlrq fdq eh zulwwhq dv=

E� n s�EZ| � ZW� n bk E+| � +W� n � E� n k� E}| � }� n qk E�
�
n �

2
+|� ' f�

Vxevwlwxwlqj +| ' 4+|3� n k EZ| � Ze
|� n w|3� n 0| dqg }| ' Z| n +| � +|3� lqwr wklv htxdwlrq

dqg dsso|lqj wkdw h{shfwdwlrqv duh iruphg udwlrqdoo|/ lw lv vwudljkwiruzdug wr ghulyh wkh

lq dwlrq udwh/ jlyhq wkh sdudphwhuv ri wkh ydoxh ixqfwlrq=

Z| ' @� K0| � S+|3� � _w|3�c +E16,

zkhuh

@ '
E� n s� ZW n bk+W n � E� n k� } � qk�

�

l
c +E17,

K '
k Ebn q�2� n � E� n k�

k2 Ebn q�
2
� n � n s n � E� n k�2

c +E18,

S '
k4 Ebn q�

2
�� � E� n k� E�� 4�

l
c +E19,

_ '
k Ebn q�2� n � E� n k�

� n s n � E� n k�
� +E1:,

Ixuwkhu/

+| ' 4+|3� n E�� kK�0| n w|3�c +E1;,

}| ' @n d�� E� n k�Ko 0| � ESn �� 4�+|3� n E�� _�w|3�� +E1<,

Wkh iroorzlqj uhfxuvlrq pxvw krog lq htxloleulxp=

�f n ��+|3� n
�

2
�2+

2

|3� n ��w|3� n
�

2
�ew

2

|3� n �Dw|3�+|3�

' H|3�

�
�

2

�
E� n s� EZ| � ZW�2 n b E+| � +W�2 n � E}| � }�2

�
nq

�
�
f
n �

�
+| n

�

2
�
2
+2| n �

�
w| n

�

2
�
e
w2| n �

D
w|+|

��
�

Vxevwlwxwlqj +E16,/ +E1;, dqg +E1<, lqwr wkh uljkw0kdqg vlgh ri wklv h{suhvvlrq/ |lhogv=
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�
f
n �

�
+|3� n

�

2
�
2
+2|3� n �

�
w|3� n

�

2
�
e
w2|3� n �

D
w|3�+|3� +E143,

' H|3�

�
� n s

2
d@� K0| � S+|3� � _w|3� � ZWo2

n
b

2
d4+|3� n E�� kK� 0| n w|3� � +Wo2

n
�

2
d@n d�� E� n k�Ko0| � ESn �� 4�+|3� n E�� _�w|3� � }o2

nq

�
�f n ��+| n

�

2
�2+

2

| n ��w| n
�

2
�ew

2

| n �Dw|+|

��
�

Zh zulwh rxw hdfk ri wkh whupv rq wkh uljkw0kdqg vlgh ri +E143, vhsdudwho|=

� n s

2
H|3� d@� K0| � S+|3� � _w|3� � ZWo2 '

� n s

2

�
@2 n K2j2" n EZW�2 � 2@ZW

�
n E� n s� S EZW � @� +|3� n

� n s

2
S2+2|3�

nE� n s� _ EZW � @� w|3� n
� n s

2
_2w2|3� n E� n s� S_w|3�+|3�c

b

2
H|3� d4+|3� n E�� kK� 0| n w|3� � +Wo2

'
b

2

�
42+2|3� n E�� kK�2 j2" n E+W�2 � 24+|3�+

W

�
�b+Ww|3� n

�

2
bw2|3� n b4w|3�+|3�c

�

2
H|3� d@n E�� E� n k� K� 0| � ESn �� 4� +|3� n E�� _�w|3� � }o2

'
�

2

�
@2 n } E} � 2@� n E�� E� n k� K�2 j2"

�
n� ESn �� 4� E} � @� +|3� n

�

2
ESn �� 4�2 +2|3�

n�E@� }�E�� _�w|3� n
�

2
�E�� _�2w2|3� � �ESn �� 4�E�� _�w|3�+|3�c

qH|3�

�
�
f
n �

�
+| n

�

2
�
2
+2| n �

�
w| n

�

2
�
e
w2| n �

D
w|+|

�

' q

�
�f n

�

2
�2 E�� kK�2 j2" n

�

2
�ej

2

w

�
n q4��+|3� n

�

2
q42�2+

2

|3�

nq�
�
w|3� n

�

2
q�

2
w2|3� n q4�

2
w|3�+|3�c
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zkhuh j2w � H|3�

�
w2|
�
lv wkh yduldqfh ri w|1 Froohfwlqj whupv rq wkh uljkw0kdqg vlghv ri

wkhvh irxu htxdwlrqv/ zh fdq zulwh wkh uljkw0kdqg vlgh ri +E143, dv=

b

2

�
E�� kK�2 j2" n E+W�2

�
n

� n s

2

�
@2 n K2j2" n ZW EZW � 2@�

�
n
�

2

�
@2 n } E} � 2@� n E�� E� n k� K�2 j2"

�
nq�f n

�

2
q�2 E�� kK�2 j2" n

�

2
q�ej

2

w

n d�b4+W n E� n s� S EZW � @� n � ESn �� 4� E} � @� n q�
�
4o +|3�

n
�

2

�
b42 n E� n s� S2 n � ESn �� 4�2 n q�24

2
�
+2|3�

n d�b+W n E� n s� _ EZW � @� n �E@� }�E�� _� n q�
�
o w|3�

n
�

2

�
bn E� n s� _2 n �E�� _�2 n q�

2

�
w2|3�

n db4n E� n s� S_� �E�� _�ESn �� 4� n q4�2o w|3�+|3��

Wklv frq�upv wkh frqmhfwxuhg irup ri wkh ydoxh ixqfwlrq1 Wr rewdlq wkh rxwfrphv iru Z|/

+| dqg }| zh rqo| qhhg wr vroyh iru �
2
dqg �

�
1 Wkh uhohydqw Ulffdwl htxdwlrqv duh wkhuhiruh

jlyhq e| +D1<, dqg +D143, mxvw dv lq wkh fdvh zkhq rxwsxw lv jlyhq e| htxdwlrq +4,1

Qrz/ zh vroyh wkh prgho iru K\DU1 Wkh Ehoopdq htxdwlrq lv=

T � E+|3�� ' H|3�4�?
Z|

�
�

2

k
E� n �s� EZ| � �Z�2 n bE+| � +W�2 n ��}2|

l
n qT � E+|�

�
�

Surfhhglqj lq wkh vdph zd| dv xqghu frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj/ zh �qg

wkdw lq dwlrq lv jlyhq e|=

Z| ' �@� �K0| � �S+|3� � �_w|3�c +E144,

zkhuh

�@ '

�
� n �s

�
�Z n bk+W � qk��

�

�l
c +E145,

�K '
k Ebn q��2� n �� E� n k�

k2 Ebn q��2� n � n �s n �� E� n k�2
c +E146,

�S '
k4 Ebn q��

2
�� �� E� n k� E�� 4�

�l
c +E147,

�_ '
k Ebn q��2� n �� E� n k�

�l
c +E148,

zlwk

�l � � n �s n �� E� n k� c

4:



dqg zkhuh zh kdyh frqmhfwxuhg wkdw wkh ydoxh ixqfwlrq lv ri wkh iroorzlqj irupdw=

T � E+|� ' ��
f
n ��

�
+| n

�

2
��
2
+2| n ��

�
w| n

�

2
��
e
w2| n ��

D
w|+|�

Lq htxloleulxp wkh iroorzlqj uhfxuvlrq pxvw krog

��
f
n ��

�
+|3� n

�

2
��
2
+2|3� n ��

�
w|3� n
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Qrz zh ghprqvwudwh wkdw wkhuh h{lvwv d pdsslqj ri ghohjdwlrq sdudphwhuv zklfk lq0

gxfhv wkh vdph lq dwlrq uxoh xqghu frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj dqg xqghu
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wklv lv ihdvleoh +qrwh wkdw S grhv qrw ghshqg rq }, li �� 9' f dqg � � q E4n kS� : f1 Wkh

odwwhu lv mxvw wkh frqwlqxlw| frqglwlrq xqghu lq dwlrq wdujhwlqj dv vkrzq e| Vyhqvvrq ^4<<:/

htxdwlrq +D<, lq Dsshqgl{ D`/ zklfk/ ri frxuvh/ pxvw dovr eh vdwlv�hg khuh1

Khqfh/ li �� 9' f/ fkrrvlqj s ' �s / � ' �� dqg } vr dv wr vdwlvi| +E156,/ hqvxuhv wkdw
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Ghqrwh wkh rswlpdo frpelqdwlrq ri ghohjdwlrq sdudphwhuv E �sc ��c �Z� xqghu frqvwdqw lq dwlrq

wdujhwlqj e| E �sWc fc �ZW� +uhphpehu wkdw frqvwdqw lq dwlrq wdujhwlqj lv wkh vshfldo fdvh ri

K\DU lq zklfk �� ' f,1 Ixuwkhupruh/ ghqrwh wkh sdudphwhuv ri wkh lq dwlrq uxoh xqghu

rswlpdo frqvwdqw lq dwlrq wdujhwlqj e| E�@Wc�KWc �SWc �_W�1
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uhvshfwlyho|1 Zlwk frqvwdqw lq dwlrq wdujhwlqj +
�# @ 3, zh dozd|v kdyh wkdw �f 9@ 3= lpsrvlqj �# @ 3/ wkh

rqo| srvvlelolw| wr kdyh �f @ 3 zrxog eh li
�i $�41 Krzhyhu/ wkh ghqrplqdwru ri wkh h{suhvvlrq iru �f jrhv

wr }hur dw d idvwhu udwh wkdq lwv qxphudwru1 Khqfh/ �f @ 3 lv uxohg rxw li
�# @ 31
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sdudphwhuv1

54



dovr rxwshuiruphg e| vrph dssursuldwho| fkrvhq frqvwdqw qrplqdo lqfrph jurzwk wdujhwlqj

duudqjhphqw1 Qrwh wkdw wkh dujxphqwv ri wklv surri vwuhvv wkdw kdylqj wkh fhqwudo edqn

irfxv rq qrplqdo lqfrph jurzwk/ l1h1/ �� 9' f/ pdnhv lw srvvleoh wr dgguhvv wkh vwdwh0

frqwlqjhqw lq dwlrq eldv dvvrfldwhg zlwk rxwsxw shuvlvwhqfh lq d zd| wkdw lv vxshulru wr

frqvwdqw lq dwlrq wdujhwlqj +dv fodlphg lq Vhfwlrq LL,1

Uhihuhqfhv

Ilvfkhu/ Vwdqoh|/ 4<<8/ Prghuq Dssurdfkhv wr Fhqwudo Edqnlqj/ lq Iruuhvw Fdslh/ Vwdqoh|

Ilvfkhu/ Fkduohv Jrrgkduw dqg Qruehuw Vfkqdgw/ hgv1/ Wkh Ixwxuh ri Fhqwudo Edqnlqj

+Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv,/ 595063;1

Jrrgkduw/ Fkduohv dqg Mrvì Ylôdov/ 4<<7/ Vwudwhj| dqg Wdfwlfv ri Prqhwdu| Srolf|= H{0

dpsohv iurp Hxursh dqg wkh Dqwlsrghv/ lq Mh�uh| F1 Ixkuhu/ hg1/ Jrdov/ Jxlgholqhv/

dqg Frqvwudlqwv idflqj Prqhwdu| Srolf|pdnhuv +Ihghudo Uhvhuyh Edqn ri Ervwrq/

Ervwrq,/ 46<04;:1

Kdoo/ Urehuw H1 dqg Q1 Juhjru| Pdqnlz/ 4<<7/ Qrplqdo Lqfrph Wdujhwlqj/ lq Q1 Juhjru|

Pdqnlz/ hg1/ Prqhwdu| Srolf| +Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr,1

Khuuhqgrui/ Ehuwkrog dqg Ehq Orfnzrrg/ 4<<:/ Urjr�*v �Frqvhuydwlyh� Fhqwudo Edqnhu

Uhvwruhg/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5</ 7:907<81

Mrqvvrq/ Jxqqdu/ 4<<:/ Prqhwdu| Srolwlfv dqg Xqhpsor|phqw Shuvlvwhqfh/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv 6</ 63606591

Orfnzrrg/ Ehq/ 4<<:/ Vwdwh0Frqwlqjhqw Lq dwlrq Frqwudfwv dqg Xqhpsor|phqw Shuvlv0

whqfh/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5</ 5;905<<1

Orfnzrrg/ Ehq dqg Dsrvwrolv Sklolssrsrxorv/ 4<<7/ Lqvlghu Srzhu/ Xqhpsor|phqw G|0

qdplfv dqg Pxowlsoh Lq dwlrq Htxloleuld/ Hfrqrplfd 94/ 8<0::1

Orkpdqq/ Vxvdqqh/ 4<<5/ Rswlpdo Frpplwphqw lq Prqhwdu| Srolf|= Fuhglelolw| yhuvxv

Ioh{lelolw|/ Dphulfdq Hfrqrplf Uhylhz ;5/ 5:605;91

PfFdooxp/ Ehqqhww W1/ 4<<8/ Wzr Idoodflhv Frqfhuqlqj Fhqwudo0Edqn Lqghshqghqfh/

Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv ;8/ 53:05441

Plvknlq/ Iuhghulf V1 dqg Dgdp V1 Srvhq/ 4<<:/ Lq dwlrq Wdujhwlqj= Ohvvrqv Iurp Irxu

Frxqwulhv/ Ihghudo Uhvhuyh Edqn ri Qhz \run Hfrqrplf Srolf| Uhylhz 6/ <04431

Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql/ 4<<6/ Ghvljqlqj Lqvwlwxwlrqv iru Prqhwdu| Vwdelolw|/

Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 860;71

Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql/ 4<<;/ Srolwlfdo Hfrqrplfv dqg Pdfurhfrqrplf Sro0

lf|/ iruwkfrplqj lq Mrkq E1 Wd|oru dqgPlfkdho Zrrgirug/ hgv1/ Kdqgerrn ri Pdfurh0

frqrplfv1
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Urjr�/ Nhqqhwk/ 4<;8/ Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgldwh Prqhwdu|

Wdujhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433/ 449<044;<1

Vyhqvvrq/ Oduv H1 R1/ 4<<8/ Rswlpdo Lq dwlrq Wdujhwv/ cFrqvhuydwlyh* Fhqwudo Edqnv/ dqg

Olqhdu Lq dwlrq Frqwudfwv/ QEHU Zrunlqj Sdshu Qr1 85841

Vyhqvvrq/ Oduv H1 R1/ 4<<:/ Rswlpdo Lq dwlrq Wdujhwv/ cFrqvhuydwlyh* Fhqwudo Edqnv/ dqg

Olqhdu Lq dwlrq Frqwudfwv/ Dphulfdq Hfrqrplf Uhylhz ;:/ <;04471

Zdovk/ Fduo H1/ 4<<8/ Rswlpdo Frqwudfwv iru Lqghshqghqw Fhqwudo Edqnhuv/ Dphulfdq

Hfrqrplf Uhylhz ;8/ 483049:1
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