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Frzohv Irxqgdwlrq Glvfxvvlrq Sdshu Qr1 4376

D Vwudwhjlf Pdunhw Jdph
zlwk Vhljqlrudjh Frvwv ri Ildw Prqh|�

Pduwlq Vkxeln4 dqg Glplwulrv S1 Wvrprfrv5

Uhylvhg 5334

Vxppdu|1 D prgho wkdw lqfoxghv wkh frvw ri surgxflqj prqh| lv
suhvhqwhg dqg wkh qdwxuh ri wkh lqh!flhqw htxloleuld lq wkh prgho
duh h{dplqhg1 Lw lv vxjjhvwhg wkdw li rqh dfnqrzohgjhv wkdw wudqv0
dfwlrqv duh d irup ri surgxfwlrq/ zklfk uhtxluhv wkh frqvxpswlrq
ri uhvrxufhv/ wkhq wkh frqfhsw ri Sduhwr rswlpdolw| lv lqdssursuldwh
iru dvvhvvlqj h!flhqf|1 Lqvwhdg lw ehfrphv qhfhvvdu| wr surylgh dq
dssursuldwh frpsdudwlyh dqdo|vlv ri dowhuqdwlyh wudqvdfwlrqv phfkd0
qlvpv lq wkh dssursuldwh frqwh{w1

Nh|zrugv dqg Skudvhv= Vwudwhjlf pdunhw jdphv/ vhljqlrudjh
frvwv/ lqh!flhqf|

MHO Fodvvl�fdwlrq Qxpehuv= G84/ H84

�Zh wkdqn dq dqrq|prxv uhihuhh dqg Sudghhs Gxeh| iru khosixo frpphqwv dqg
uhpdunv1
4Frzohv Irxqgdwlrq/ \doh Xqlyhuvlw|/ Er{ 53;5;4/ Qhz Kdyhq/ FW 39853�;5;4
+h0pdlo= pduwlq1vkxelnC|doh1hgx,
5Ilqdqfldo Lqgxvwu| dqg Uhjxodwlrq Glylvlrq/ Edqn ri Hqjodqg/ Wkuhdgqhhgoh
Vwuhhw/ Orqgrq Hf5U ;DK +h0pdlo= Glplwulrv1WvrprfrvCedqnrihqjodqg1fr1xn,



4 Lqwurgxfwlrq

Dowkrxjk wkh jhqhudo htxloleulxp h{fkdqjh prgho/ hvshfldoo| lq lwv vlpsoh irup
zlwk wzr wudghuv dqg wzr frpprglwlhv/ lv ri frqvlghudeoh xvh lq wkh h{srvl0
wlrq ri wkh edvlf surshuwlhv ri d sulfh v|vwhp dqg lq wkh glvfxvvlrq ri h!flhqf|/
lw fdq hdvlo| eh plvohdglqj1 Lw pd| surylgh d idovh ylhz ri wudqvdfwlrqv frvwv
dqg whfkqrorj|1 Wkh dfwv ri h{fkdqjh lq prvw vrflhwlhv lqyroyh d frqvlghudeoh
frqvxpswlrq ri uhdo uhvrxufhv1 Wkh shufhqwdjh ri uhvrxufhv frqvxphg lq uxq0
qlqj wkh h{fkdqjh whfkqrorj| pd| uxq dq|zkhuh iurp d iudfwlrq ri d shufhqw
wr wkh rughu ri whq shufhqw ri wkh uhvrxufhv1 Ixuwkhupruh wkh ohjdo vwuxfwxuh
uhtxluhg wr srolfh frpphufh dqg wr surylgh iru wkh fxuuhqf| pxvw eh vxssolhg
e| jryhuqphqw/ zkrvh uroh dqg jrdov duh gl�huhqw iurp wkrvh ri ruglqdu| djhqwv1

Lq wklv qrwh zh h{dplqh d kljko| vlpsol�hg irup ri wudqvdfwlrqv frvwv/ vshfli0
lfdoo| zh frqvlghu dq hfrqrp| wkdw kdv wr sd| iru wkh lvvxh dqg pdlqwhqdqfh ri
lwv fxuuhqf| dqg wkdw xvhv fxuuhqf| iru wudgh1

Wkh frqwuro ri frlqdjh wr vrph h{whqw ghshqgv xsrq wkh whfkqrorj|1 Xqwlo
wkh vl{whhqwk fhqwxu| frlqv zhuh �kdpphu0vwuxfn1� D phwdo eodqn zdv sodfhg
ehwzhhq wzr glhv dqg wkhq kdpphuhg1 Erwk vshhg dqg dffxudf| zhuh uhodwlyho|
srru1 Ohrqdugr gd Ylqfl kdg vxjjhvwhg phdqv iru phfkdql}lqj frlq surgxfwlrq
dqg lq 48;34 Hor|h Phvwuhooh d Iuhqfk prqh|hu surgxfhg frlqv xvlqj d vfuhz
suhvv lq Hqjodqg iru Hol}dehwk/ +Fduvrq/ 4<:3/ s1 574,1 Kh zdv odwhu kxqj dv
d irujhu/ dqg wkh Ur|do Plqw glg qrw dgrsw pdfklqhu| xqwlo 49951 Lq 4:<3
Pdwwkhz Erxowrq dqg Mdphv Zdww exlow d vhoi0srzhuhg frlqlqj pdfklqh1 Lq
4;6< d uhgxflqj pdfklqh wkdw frxog frs| d ghvljq lq plqldwxuh zdv xwlol}hg
lq glh pdnlqj1 Lq 4;33 wkuhh ploolrq frlqv zhuh vwuxfn lq wkh X1V1> lq 4;83/ 58
ploolrq dw wkh Ur|do Plqw1 Lq 4<99 wkh Ur|do plqw surgxfhg 417 eloolrq frlqv dqg
lq 4<9: wkh X1V1 plqwv surgxfhg 58 eloolrq +Ehfnhu/ 4<9</ Fk1 ;,1 Wkh vwdpslqj
pdfklqh dw wkh Sklodghoskld plqw fdq surgxfh 43/333 frlqv shu plqxwh +Ehfnhu/
4<9</ s1 48:,1

Wkh srzhu wr plqw5 zdv lq jhqhudo sduw ri wkh srzhu ri wkh prqdufk1 Lq
uhsxeolfdq Urph wkh srzhu zdv yhvwhg zlwk wkh Urpdq Vhqdwh/ dqg Urpdq
jhqhudov frxog rewdlq wkh uljkw wr plqw wr sd| wkhlu wurrsv1

Nlqgohehujhu +4<;8, qrwhv wkdw wkh vryhuhljq hlwkhu rzqhg wkh plqw gluhfwo|
ru iduphg rxw wkh surgxfwlrq ri frlqv1 D sur�w zdv dydlodeoh lq vhljqlrudjh
fkdujhv/ dowkrxjk li wkh lvvxhu sulfhg wkh phwdo frqwhqw wrr orz lq lqwhuqdwlrqdo
wudgh wkh frlqv pljkw eh phowhg grzq dqg h{sruwhg dv exoolrq udwkhu wkdq
lqfuhdvh wkh orfdo phdqv ri h{fkdqjh1

Wkh Xqlwhg Vwdwhv Plqw zdv hvwdeolvkhg e| dq dfw ri odz ri Dsulo 5/ 4:<51
Iuhh frlqdjh zdv surylghg1 Lqglylgxdov frxog eulqj phwdov wr wkh plqw dqg kdyh
wkhp uhwxuqhg dv frlqv zlwk wkh vdph exoolrq ydoxh/ zlwk wkh plqw ehdulqj wkh
frlqdjh h{shqvh +Krevrq/ 4<98/ s1 :6,1 Wkh iuhh plqwlqj ri vloyhu zdv rplwwhg
iurp wkh Frlqdjh Dfw ri 4;:6 +Zhpsoh lq Exwwv dqg Fr{h/ 4<9:/ s1 69,1 E|
wkh Eodqg Doolvrq Dfw ri 4;:; wkh Wuhdvxu| zdv uhtxluhg wr ex| '57 ploolrq

4Ehfnhu +4<9</ s1 454, jlyhv wklv gdwh dv 4894 dqg wkh qdph lv Phvwuho1
5Wkh Urpdq plqw zdv lq wkh Whpsoh ri Mxqr Prqhwd +Pdu{/ 4<:;/ s1 537, +iurp zkhqfh

prqh|B lq frqwudvw zlwk shfxqldu| iurp �shfxv�,1
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ri vloyhu zklfk surgxfhg 5; ploolrq vloyhu grooduv ohdylqj d vl}hdeoh vhljqlrudjh
vsuhdg +Krevrq/ 4<98/ s1 438,1 Lq Pdufk 4<97 wkh X1V1 Wuhdvxu| glvfrqwlqxhg
wkh lvvxh ri vloyhu frlqdjh1 Ehwzhhq 4<94 dqg 4<97 lwv vwrfn ri vloyhu grooduv zdv
ghsohwhg iurp 463/333/333 wr 6/333/333 +Zhpsoh lq Exwwv dqg Fr{h/ 4<9:/ s1 7;,1
Jryhuqphqw uhyhqxh gxh wr vhljqlrudjh kdv dffrxqwhg iru derxw 318( ri J1Q1S1
lq orz lq dwlrq lqgxvwuldol}hg hfrqrplhv uhfhqwo| +Eodqfkdug dqg Ilvfkhu/ 4<;</
s1 4<8,1

Uhfhqwo| wkh frvw shu frlq iru Xqlwhg Vwdwhv frlqdjh lqfoxglqj pdqxidfwxulqj
dqg phwdo frvwv zdv=

Wdeoh 41 Wkh Frvw ri Frlqv
Fhqwv 3194 fhqwv
Qlfnhov 5165 fhqwv
Glphv 4155 fhqwv
Txduwhuv 5197 fhqwv
Kdoyhv 8178 fhqwv
Hlvhqkrzhu Grooduv ;165 fhqwv
V1E1 Dqwkrq| Grooduv 51<: fhqwv

Frlqv zhdu rxw ru duh orvw1 Wkh hvwlpdwhg dwwulwlrq udwhv iru fhqwv duh 913�
:18( shu dqqxp/ iru qlfnhov 815(> iru glphv 719( dqg iru txduwhuv 518(16

Wkh surgxfwlrq/ glvwulexwlrq dqg vxshuylvlrq ri wkh frlqdjh ri d frxqwu| lv
sduw ri wkh surgxfwlrq dqg vxshuylvlrq surfhvv fdoohg iru lq wkh uxqqlqj ri d
prqhwl}hg hfrqrp|1 Orjlfdoo| wkhuh lv qrwklqj zurqj zlwk frqvlghulqj wkh jry0
huqphqw dv rqo| lqyroyhg lq surylglqj wkh vxshuylvlrq dqg ohjdo srzhu wr yhuli|
wkh frlqdjh vwdqgdugv dqg wr ohdyh wkh plqlqj dqg plqwlqj ri jrog dqg rwkhu
suhflrxv phwdov wr sulydwh hqwhusulvh1 Zkhq wkh prqh| xvhg +phwdo ru sdshu ru
r!fldoo| uhjlvwhuhg flskhuv, kdv olwwoh lqwulqvlf ydoxh ru hyhq qr sk|vlfdo pdq0
lihvwdwlrq eh|rqg dq dffrxqwlqj qxpehu/ wkh qhhg iru jryhuqphqw surgxfwlrq
dqg vxshuylvlrq ehfrphv odujhu1 Wkh sulqwlqj ri qrwhv lq wkh Xqlwhg Vwdwhv lv
shuiruphg e| d jryhuqphqw djhqf|/ exw wkh dfwxdo zrun frxog eh iduphg rxw
wr sulydwh hqwhusulvh vxfk dv wkh Zdowhu Gh Od Uxh frpsdq| zklfk kdv sulqwhg
pdq| fxuuhqflhv1

Lq Vhfwlrqv 5 dqg 6 zh frqvlghu vrph vlpsoh yduldwlrqv ri dq hfrqrp| zlwk
wkh surgxfwlrq dqg xvh ri prqh| dqg wkh gh�qlwlrq ri h!flhqw h{fkdqjh1 Wkh
lghdo prgho zrxog eh pxowlvwdjh zlwk qr vshfl�f hqg dqg zlwk doo lqglylgxdov
kroglqj dq lqlwldo vxsso| ri prqh|1 Lq idfw/ lq wkh Xqlwhg Vwdwhv/ wkh uhsodfhphqw
ri prqh| lv eruqh gluhfwo| e| wkh jryhuqphqw zklfk zloo uhsodfh rog eloov dqg
frlqv e| qhz dqg udlvhv wkh ixqgv wr fryhu frvwv iurp Wuhdvxu| sur�wv1 Zh
fdq/ qhyhuwkhohvv/ fdswxuh wkh edvlf skhqrphqrq ri fxuuhqf| zklfk pxvw eh
surgxfhg/ sdlg iru/ glvwulexwhg dqg uhf|fohg e| lpdjlqlqj d vlpsoh rqh shulrg
sod|deoh jdph zkhuh wkh lqglylgxdov ehjlq zlwk qr prqh| dqg duh fkdujhg d

6Shuvrqdo fruuhvsrqghqfh iurp D1 Frvjduhd/ Dvvrfldwh Gluhfwru iru Rshudwlrqv/ Xqlwhg
Vwdwhv Plqw/ Qryhpehu 4;/ 4<;91 Wkh �jxuhv duh iru Ilvfdo \hdu 4<;8/ h{fhsw iru wkh groodu
frlqv zklfk duh 4<:< �jxuhv1
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vhljqlrudjh frvw ru udwh ri lqwhuhvw iru lwv xvh iru rqh shulrg/ diwhu zklfk wkh|
duh uhtxluhg wr uhwxuq wkh prqh|1 Zh kdyh wzr idluo| vwudljkwiruzdug wkhruhpv
lq Vhfwlrq 51 Wkh �uvw lv wkh h{lvwhqfh ri dq dfwlyh qrqfrrshudwlyh htxloleulxp/
dqg wkh vhfrqg vkrzv wkdw li wkh jryhuqphqw fkdujhv lqglylgxdov lq sursruwlrq
wr wkhlu xvh ri prqh| h!flhqf| fdqqrw eh dfklhyhg1 Lq frqwudvw/ lq Vhfwlrq 614/
zh frqvlghu wkh Dvvrfldwhg Uhvrxufh Uhgxfhg Frpshwlwlyh hfrqrp| zkhuh qr
gluhfw fkdujh lv pdgh iru wkh xvh ri prqh| exw d oxps vxp wd{ zloo suhvhuyh
h!flhqf| zlwk wkh surgxfwlrq ri wkh fxuuhqf| hlwkhu surgxfhg e| d jryhuqphqw
surgxfwlrq idflolw| ru iduphg rxw wr d �up1 Ilqdoo|/ lq Vhfwlrq 615 zh prgli|
wkh prgho ri Vhfwlrq 5 vr wkdw vhljqlrudjh frvwv duh �qdqfhg yld d sroo0wd{1

5 Wkh Prgho

Zh frqvwuxfw d sod|deoh h{fkdqjh jdph lq zklfk wkh jryhuqphqw +ru uhihuhh,
lv deoh wr h{wudfw vhljqlrudjh frvwv iurp wkh sod|huv lq wkh irup ri lqwhuhvw udwh
sd|phqwv iru wkh dprxqw ri �dw prqh| xwlol}hg lq h{fkdqjh1 Wkh jryhuqphqw
sduwlflsdwhv lq h{fkdqjh dqg elgv wr surylgh iru lwv lqsxwv ri surgxfwlrq1 Lw
dwwhpswv wr plqlpl}hv lqwhuhvw udwh vxemhfw wr wkh uhtxluhphqw wr uhsodfh zruq
rxw �dw xvhg lq h{fkdqjh dqg lw lv wkh lqwhuhvw udwh zklfk lq wxuq ghwhuplqhv
lwv uhyhqxhv zklfk lv lwv vwudwhjlf fkrlfh yduldeoh1 Dw wkh hqg ri wkh jdph wkh
jryhuqphqw uhsodfhv ghsuhfldwhg prqh| xvhg lq h{fkdqjh1

Zh xwlol}h d Vwudwhjlf Pdunhw Jdph zlwk wkh r�hu0iru0vdoh sulfh irupdwlrq
phfkdqlvp lq zklfk prqh| ghsuhfldwhv zkhq xvhg lq h{fkdqjh dqg lwv uhsodfh0
phqw lv frvwo|1 Zh dvvxph wkdw lqlwldo prqh| vxsso| hqwhuv h{rjhqrxvo| dqg
wkdw lv elj exw �qlwh1 Iljxuh 4 vkrzv wkh h{whqvlyh irup ri wkh jdph1 Dw wkh
�uvw pryh wkh jryhuqphqw vshfl�hv lwv vwudwhjlf yduldeoh/ l1h1 ghwhuplqhv wkh
lqwhuhvw udwh edvhg rq lqwhuhvw udwh plqlpl}dwlrq1 Dw wkh vhfrqg pryh/ lqglylg0
xdov S4> ===> SQ rewdlq �dw prqh| lq wkh prqh| pdunhw dw wkh suhghwhuplqhg
lqwhuhvw udwh1 Dw wkh wklug pryh lqglylgxdov elg dqg r�hu frpprglwlhv dqg wkh
jryhuqphqw elgv iru lqsxwv ri surgxfwlrq wr eh xvhg iru wkh uhsodfhphqw ri gh0
suhfldwhg prqh|1 Zh dyrlg wkh frpsoh{ ixqfwlrqdo irupv ri vwudwhjlhv zklfk
pd| dulvh zkhq wudghuv kdyh shuihfw lqirupdwlrq e| dvvxplqj d frqwlqxxp ri
wudghuv/ vlpxowdqhrxv pryhv dqg d plqlpxp ri lqirupdwlrq dw wkh vhfrqg dqg
wkh wklug vwdjh1 Pruhryhu/ zh lpsolflwo| dvvxph d rqh0shulrg odj lq wkh lqwhuhvw
udwh sd|phqwv vr wkdw wr eh xvhg e| wkh jryhuqphqw iru wkh sxufkdvh ri lq0
sxwv ri surgxfwlrq1 Wkhq wudghuv sd| edfn wkhlu ordqv1 Ilqdoo|/ wkh jryhuqphqw
uhsodfhv ghsuhfldwhg prqh|1
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Settlement (Agents Pay Back Their Loan)

Pg

Government Sets
Interest Rate

Money Market
(Loans of Fiat Money

Exchange

Government Replace
Depreciated Money

. . . . . .. . .

,P1,...,PN Pg

P1,...,PN

PgPg

Iljxuh 41 Wudgh zlwk Vhljqlrudjh Frvw iru Ildw Prqh|
+Qrwh wkdw wkh odeholqj S4> ===> SQ > Sj lqglfdwhv wkdw doo djhqwv pryh

vlpxowdqhrxvo|,

514 Wkh Vwudwhjlf Pdunhw Jdph zlwk Vhljqlrudjh Frvwv

Wkhuh lv d frqwlqxxp ri wudghuv W @ ^3> q, zklfk frqvlvwv ri q w|shv ri wudghuv
Wl @ ^l4> l, zkhuh dw @ dl/ !w @ !l iru w 5 Wl1 Wkh hqgrzphqwv ri wudghuv duh
dl @ +dl4> ===> d

l
p, 5 U

p
. 1 Iru 4 � l � q wkh xwlolw| ixqfwlrqv duh/ !l = Up

.�U :$ U1
Zh dvvxph/

+l,
Sq

l@4 d
l  3>

+ll, dl 9@ 3/ iru doo l @ 4> ===> q>

+lll, !l lv frqwlqxrxv/ frqfdyh dqg vwurqjo| prqrwrqlf iru doo l @ 4> ===> q=

Wkh vwudwhj| vhw ri wudghu l lv ri wkh irup

Vl @ iyl> el4> tl4> ===> elp> tlpj +4,
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zkhuh wkh dujxphqwv dsshdulqj lq Vl duh frqvwudlqhg dv iroorzv=

+d, 3 � tlm � dlm > iru doo m @ 4> ===>p

+e, 3 �
p[
m@4

elm � 4> iru doo l @ 4> ===> q

+f, 3 � yl � �P

<AAA@
AAA>

+5,

zlwk
yl @ dprxqw ri �dw prqh| eruurzhg dw wkh prqh| pdunhw>
�P @ dq h{rjhqrxvo| ghwhuplqhg dprxqw ri �dw prqh|/ elj exw �qlwh/ lv

vxssolhg e| wkh uhihuhh dw wkh ehjlqqlqj ri wkh jdph1
Lw vkrxog eh qrwhg wkdw rqh pd| qdwxudoo| h{shfw wkdw wudghuv frxog qrw r�hu

wr uhsd| pruh prqh| wkdq wkh wrwdo dprxqw ri prqh| vxsso| suhvhqw lq wkh
hfrqrp|1 Pruhryhu/ wkh suhvhqfh ri d vx!flhqwo| kduvk ghidxow ru edqnuxswf|
shqdow| surylghv iru d prwlydwlrq djdlqvw xquhdvrqdeo| kljk eruurzlqj/ exw wkh
sk|vlfdo erxqg surylghg e| 5+f, vx!fhv1 Li wkh wrwdo dprxqw uhtxluhg iru ordqv
e| wkh wudghuv/ l1h1/

S
l5W yl A P / lv kljkhu wkdq wkh wrwdo prqh| vxsso| wkhq

ordqv duh jlyhq wr wudghuv lq d sur udwd irup1 Wklv uxoh lv qhhghg vr wkdw wkh
jdph fdq eh vshfl�hg xqghu doo frqwlqjhqflhv hyhq wkrxjk vxfk d flufxpvwdqfh
grhv qrw dulvh dw htxloleulxp1 Xvlqj wkh uhvwulfwlrqv +5, rq Vl/ zh fdq vshfli|
wkh vwudwhj| vhw dv iroorzv/

	l @ ivl 5 Vl vxemhfw wr +5,j= +6,

Lw lv hdvlo| vhhq wkdw l lv frpsdfw dqg frqyh{1
Wkh jryhuqphqw +ru uhihuhh, hqwhuv wkh prgho dv d vwudwhjlf sod|hu dv frq0

wudvwhg zlwk d vwudwhjlf gxpp| +l1h1/ vwudwhj| vhwv duh h{rjhqrxvo| �{hg dqg
jlyhq dv gdwd wr wkh prgho,1 Wkh sduw ri wkh prqh| vxsso| xvhg iru h{fkdqjh
e| wkh wudghuv dqg wkh jryhuqphqw ghsuhfldwhv dw d udwh �1 Iru h{dpsoh/ li wkh
dprxqw eruurzhg e| wkh wudghuv lv vxp iurp

S
l y

l @ �y dqg wkh dprxqw elg e|
wkh jryhuqphqw iru wkh sxufkdvh ri lqsxwv ri surgxfwlrq lv �j wkhq �+�y . �j, lv
wkh dprxqw ri prqh| zruq rxw dw wkh hqg ri hdfk shulrg1 Zh dvvxph wkdw wkh
lqlwldo frvw ri surgxfwlrq ri �P lv }hur17 Wkh jryhuqphqw*v surgxfwlrq ixqfwlrq
iru prqh| lv ghfuhdvlqj +ru frqvwdqw, uhwxuqv wr vfdoh/8

}p.4 @ I +{j4> ===> {
j
p, +7,

zlwk
}p.4 @ dprxqw ri �dw surgxfhg/
{jm @ lqsxwv ri surgxfwlrq/ l1h1/ �qdo doorfdwlrqv ri frpprglwlhv khog e| wkh

jryhuqphqw diwhu h{fkdqjh kdv wdnhq sodfh/ iru doo m @ 4> ===>p1
Zh lpsrvh wkh vwdqgdug dvvxpswlrqv rq wkh surgxfwlrq vhw/ \ j 5 U

p
. /

7Pruh dffxudwho| fkdujhg wr d suhylrxv shulrg1
8Iru h{dpsoh/ d Ohrqwlhi surgxfwlrq whfkqrorj| zlwk frh!flhqwv ��/ iru doo � ' �c ���c6/

56n� ' 4�?d��%
}

�
c ���c �6%}6o�
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+ly, 3 5 \ j>

+y, \ j lv frqyh{ dqg forvhg1

+yl, Wkhuh h{lvwv E A 3 vxfk wkdw li +{j4> ===> {
j
p> }p.4, 5 \ j wkhq {jm 5 E/

;m @ 4> ===>p dqg }p.4 � E1

Wkh prqhwdu| vwudwhjlf yduldeoh frqwuroohg e| wkh jryhuqphqw lv wkh lqwhuhvw
udwh/ �/ zklfk lv h{rjhqrxv iru wkh wudghuv1

Wkh vwudwhj| vhw iru wkh jryhuqphqw lv ri wkh irup/

Vj @ i�> ej4> ===> ejpj= +8,

zkhuh wkh dujxphqwv dsshdulqj lq Vj duh frqvwudlqhg dv iroorzv/

p[
m@4

ejm � 4= +9,

Xvlqj wkh uhvwulfwlrq +9, rq Vj/ zh fdq vshfli| wkh vwudwhj| vhw dv/

	j @ ivj 5 Vj vxemhfw wr +9,j= +:,

Wkh jryhuqphqw*v rswlpl}dwlrq sureohp ehfrphv/9

pd{
�>e

j

m
>m@4>===>p

�� v1w1 }p.4 @ �

5
7 q[
l@4

yl .
p[
m@4

ejmY

6
8 dqg

p[
m@4

ejm � 4> +;,

zkhuh Y @ �
Sq

l@4 y
l1 Vlqfh surgxfwlrq lv �qdqfhg e| lqwhuhvw udwh sd|phqwv/

� � 3 dqg wkh frqyh{lw| ri wkh surgxfwlrq vhw erxqgv iurp deryh �1 Khqfh 	j

lv frpsdfw dqg frqyh{1
Zh zloo hpsor| wkh Gxeh|�Vkxeln r�hu0iru0vdoh sulfh irupdwlrq phfkdqlvp1

Wkxv

sm @

+ U
W
ewmy

wgw.ej
m
YU

W
tw
m
gw

/ li
U
W
ewmy

wgw. ejmY>
U
W
twmgw A 3

3 / rwkhuzlvh1
+<,

Wkh �qdo doorfdwlrqv ri wkh jrrgv iru wkh wudghuv lv jlyhq e|/

{lm @ dlm � tlm .
elmy

l

sm
> ;m @ 4> ===>p= +43,

Dqg vlploduo| iru wkh jryhuqphqw/

{jm @
emY

sm
> ;m @ 4> ===>p= +44,

9Jryhuqphqwv* sxufkdvhv duh doo xvhg lq wkh surgxfwlrq surfhvv/ l1h1/ jryhuqphqw lv qrw

hqgrzhg zlwk d xwlolw| ri frqvxpswlrq1
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Wkh �qdo dprxqw ri prqhwdu| kroglqj ri �dw zklfk dovr lqglfdwhv wkh wudghu*v
ghew srvlwlrq dw wkh hqg ri h{fkdqjh lv jlyhq e|/

Gl @
p[
m@4

smt
l
m �

p[
m@4

elmy
l � +4 . �,yl . yl= +45,

Ohw Gl
�+v

l, @ plq^Gl> 3`1 Wkxv/ wkh �qdo sd|r� wr d wudghu l lv jlyhq e|/

�l+vl, @ !l+{l+v,, . �Gl
�+v, +46,

zkhuh � lv wkh edqnuxswf| shqdow| lpsrvhg lq wkh fdvh ri ghidxow1: Ilqdoo|/ wkh
�qdo sd|r� wr wkh jryhuqphqw lv jlyhq e|/

�j+vj, @ ��= +47,

Ehiruh zh suryh h{lvwhqfh/ zh qhhg wr gh�qh=
DQdvk Htxloleulxp +Q1H1, ri �+q> !l> dl> �> �P>�> vl> vj, lv dq lqwhjudeoh fkrlfh

v @ +vl> vj, vxfk wkdw ;w 5 W dqg wkh jryhuqphqw dqg � @ +�w> �j, 5 	 @
[Q
l@4	

l �	j/
�+vm�, � �+v,

zkhuh +vm�, lv v zlwk hlwkhu vw ru vj uhsodfhg e| �w ru �j1 Li vw @ vw
3

iru hyhu|
w> w3 5 Wl dqg iru doo l @ 4> ===> q wkhq v lv d w|sh v|pphwulf sod| dqg wkdw Q1H1
lv w|sh0v|pphwulf +W1V1Q1H1,1

Ilqdoo|/ dq dfwlyh W1V1Q1H1 ri �+q> !l> dl> �> �P>�> vl> vj, lv d W1V1Q1H1 zlwk
sm A 3/ ;m @ 4> ===>p dqg � � 31

515 H{lvwhqfh dqg Lqh!flhqf|

Wkhruhp 4 Wkh vwudwhjlf pdunhw jdph �+q> !l> dl> �> �P>�> vl> vj, zlwk d frq0
wlqxxp ri wudghuv ri q w|shv dqg vhljqlrudjh frvwv iru dq| �qlwh qrq0}hur �P
dqg dq| edqnuxswf| shqdow| � kdv dq dfwlyh W1V1Q1H1

Surri
Vwhs 31 +l, Ohw dq rxwvlgh djhqf| sodfh d �{hg elg dqg d �{hg r�hu % A 3 lq
hdfk wudglqj srvw1 Vr/ ohw wkh prgl�hg vwudwhj| vsdfh eh/

+	l,% � +	j,% @ i+vl> vj, 5 	l �	j = v @ +vl> �vj, � %> ;+vl> �vj, 5 	l �	jj

zkhuh �vj @ +ej4> ===> e
j
p,1

Qrwh wkdw zh gr qrw qhhg wr sodfh xsshu erxqgv ehfdxvh e| frqvwuxfwlrq
zh sodfhg erxqgv rq wkh vwudwhj| vhwv ri wkh wudghuv dqg vlqfh �P ? 4 wklv
lpsrvhv d erxqg rq � dqg +9, erxqgv ejm *v1

:Edqnuxswf| fdq eh dyrlghg e| vhohfwlqj d vx!flhqwo| kduvk shqdow| vr wkdw qrerg| zloo
eh lqgxfhg wr vwudwhjlfdoo| edqnuxsw1 Wklv fdq eh dfklhyhg e| vhwwlqj > ' 4@ tb�c ���c b?�
zkhuh wkh b*v uh hfw wkh pdujlqdo xwlolw| ri zhdowk dw htxloleulxp ri wkh uhvrxufh uhgxfhg
hfrqrp| +vhh Vhfwlrq 614,1 Iru pruh rq wklv vhh Vkxeln dqg Zlovrq +4<::,1
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+ll, �% lv wkh %0prgl�hg jdph zkhuh zh uhvwulfwhg wkh vwudwhjlhv ri wkh wudghuv
dqg jryhuqphqw wr +	l,% dqg +	j,% uhvshfwlyho|1 Wkhq iru q . 40wxsoh v/ wkh
pds iurp vwudwhjlhv wr rxwfrphv/ +v@�, $ +{w> Gw>��, lv d olqhdu ixqfwlrq
zkhuh � 5 +	l,% � +	j,%/ vlqfh �w iru w 5 W fdqqrw d�hfw hlwkhu s ru � lq wkh
frqwlqxxp dqg �j d�hfwv olqhduo| �/ wkurxjk vhwwlqj � ru d�hfwlqj sm yld ejm lq
d olqhdu pdqqhu1 Wkxv/

�w+v@�w, @ !w+{w+v,, . �Gw
�+v,=

lv frqwlqxrxv dqg frqfdyh1 Ixuwkhupruh/ �j+v@�j, @ �� lv dovr olqhdu dqg
frqwlqxrxv1 Qrwh wkdw 3 lv wulyldoo| frqfdyh dqg Gw

�+v, lv frqfdyh +olqhdu, wrr1
Wkhuhiruh/ plq^3> Gw` lv frqfdyh1 Dovr/

+EUl,% = 	% � +	j,% :$ +	l,% lv frqyh{

dqg
+EUj,% = 	% � +	j,% :$ +	j,% lv olqhdu

zkhuh
+EUl,%+v, @ dujpd{i�w+v@�w, = �w 5 	%> w 5 Wlj

dqg
+EUj,%+v, @ dujpd{i�w+v@vj, = vj 5 +	j,% �	%j

dqg
	% @ [

l5W
+	l,%=

Khqfh/ erwk +EUl,%/ +EUj,% duh frpsdfw ydoxhg dqg xsshu0vhplfrqwlqxrxv/ e|
wkh �Pd{lpxp Wkhruhp� +Ehujh/ 4<96/ s1 449,1

Vwhs 4= kdv dw ohdvw rqh W1V1Q1H1
Wkh fruuhvsrqghqfh/

EU%+v, @ [
l5W

+EUl,% � +EUj,% = 	% � +	j,% :$ 	% � +	j,%

zkhuh v @ +vw> vj, lv d w|sh v|pphwulf sod|/ vdwlv�hv doo wkh frqglwlrqv ri Ndnx0
wdql �{hg srlqw wkhruhp/ dqg wkhuhiruh dgplwv d �{hg srlqw EU%+av%, 6 av%1 Lw lv
hdvlo| yhul�hg wkdw av% lv d W1V1Q1H1 Wkhuhdiwhu v%/ s%/ � lqglfdwhv d W1V1Q1H1

Vwhs 5= � � 3 dw dq| W1V1Q1H1
Uhfdoo wkh jryhuqphqw*v rswlpl}dwlrq/

dujpd{
�>e

j

m
>m@4>===>p

;?
=�� = }p.4 @ �

3
C q[

l@4

yl .
p[
m@4

ejmY

4
D >

p[
m@4

ejm � 4

<@
> =

Vlqfh erwk yl/ ejm � 3/ �� 5 U
p
� zklfk lq wxuq lpsolhv � 5 U

p
. 1

Vwhs 6= Wkhuh h{lvwv f A 3 vxfk wkdw ;% A 3 vx!flhqwo| vpdoo s% A fh/ zkhuh
h @ +4> ===> 4, ri vxlwdeoh glphqvlrqdolw|1

;



Vxssrvh olp%$3 s%m $ 3 iru vrph m1 Uhfdoo/ wkdw dw htxloleulxp/

s%m @

U
W
ewmy

wgw. ejmY . %

+
U
W
twmgw. %,

=

Li iru d frpprglw| c 9@ m/ s%c $ 3 zkhq wudghu w frxog kdyh pdgh d elg vpdoohu
e|� ru rwkhuzlvh li doo s%m $ 3/ ;m @ 4> ===>p wkhq wkhuh gh�qlwho| h{lvwv d wudghu
ri w|sh l zlwk � A 3 ri �dw prqh|1

Dowhuqdwlyho|/ fkrrvh sod|hu w zkr eruurzv � dqg elgv dw wkh mwk wudglqj
srvw1 Wklv wudqvdfwlrq zrxog kdyh klp lqfxu d edqnuxswf| shqdow| �� ? 4
vlqfh erwk � ru � duh erxqghg iurp deryh1 Qrz ohw/+

C!w

C{wm
+|, = | � �J

,
>

zkhuh �J � �P / l1h1 wkh wrwdo prqh| vxsso| dydlodeoh1
Vlqfh qrerg| fdq dftxluh pruh �J wkdq dw htxloleulxp zh vhh wkdw ehfdxvh

ri vwulfw prqrwrqlflw| ri xwlolwlhv/ wkh qhw jdlq lq xwlolw| ri wudghu w 5 Wl dv d
uhvxow ri klv wudqvdfwlrq lv dw ohdvw+

C!w@C{wm+|,

s%m
� ��

,
�>

iru d � vx!flhqwo| vpdoo1 Qrwh wkdw e| Vwhs 5/ � � 31 Lq dgglwlrq/ vlqfh � ?4
dqg

Sq
l@4 y

l
m .

Sp
m@4 e

j
mY ? 4 wkhq � ? 41 Vlqfh

U
W
yw+4 . �,gw kdv wr eh

uhsdlg dw wkh hqg ri wudgh/ frqvhtxhqwo| vrph wudghu w kdv wr sd| d edqnuxswf|
shqdow| htxdo wr dw ohdvw �+

U
W
yw�gw@q,1 Wkhuhiruh/ li �$4 wkhq w frxog kdyh

ehhq ohvv zruvh r� wkdq kh lv qrz dw rxu dvvxphg htxloleulxp e| elgglqj ohvv1
Vr/ wkh h{suhvvlrq lq wkh eudfnhwv kdv wr eh qrq0srvlwlyh/

s%m �
C!w@C{wm+|,

��
=

Zh frqvwuxfw wkh W1V1Q1H1 v dqg wkh fruuhvsrqglqj yhfwru ri sulfhv s dqg lqwhuhvw
udwh � ri � dv d olplw ri �% dqg lwv dvvrfldwhg htxloleulxp1 Iru wklv sxusrvh wdnh
d vhtxhqfh % zklfk gh�qhv d olplwlqj sdlu v1

Vwhs 7= Vhohfw d vhtxhqfh ri % dqg vxevhtxhqfhv ri vxevhtxhqfhv vr wkdw=
+l, olp%$3 av% @ v1 Wklv lv srvvleoh vlqfh vwudwhj| vsdfhv duh erxqghg1
+ll, Fkrrvh d vxevhtxhqfh vr wkdw H% @

Sp
m@4 s

%
m lv frqyhujhqw wr hlwkhu

# ?4 ru 41
+lll, s%m@

Sp
m@4 s

%
m frqyhujhv ;m @ 4> ===>p1

Dovr/

� li H% ? 4 gh�qh olp%$3 s%m @ sm dqg SI @ 4/ zkhuh SI @ sulfh ri �dw
prqh|1

<



� li H% @4 gh�qh olp%$3^+sm@H,%` @ sm dqg sI @ 31

Vwhs 8= Li H% $4 wkhq
+l, shm $4/ ;m @ 4> ===>p1
Fohduo|/ s%m $ 4 iru vrph m1 Ohw s%c eh erxqghg iru vrph c 9@ m1 Frqvlghu

d wudghu zkr kdv d srvlwlyh dprxqw ri m1 Wkhq wklv wudghu lv lq d srvlwlrq wr
eruurz d vpdoo dprxqw � ri �dw dqg r�hu iru vdoh +4 . �,�@sm ri frpprglw|
m/ dqg diwhuzdugv ex| �+ewc,

%@s%c zkhuh lq wklv fdvh +ewc,
% @ 41 Frqvhtxhqwo|/ kh

fdq uhwxuq +4 . �,�= Wkhuhiruh/ klv qhw jdlq lq xwlolw| lv srvlwlyh dqg zh jhw d
frqwudglfwlrq1

+ll, +twm,
% $ 3 dqg +ewm,

%yw@s%m $ 3/ ;w 5 Wl dqg l @ 4> ===> q=

s%m �
+ �P . 4,�. %
q[
l@4

+tlm,
% . %

dqg
p[
m@4

+elm,
%yl � �P=

Vr/ e| +l, +twm,
% $ 3 dqg +ewm,

%yw@swm $ 31
Vwhs 9= Li H% ?4 dqg sI @ 4 wkhq e| Vwhs 6/ s% A 3 ;m @ 4> ===>p1 Pruhryhu/
v lv d W1V1Q1H1 Lw iroorzv iurp Vwhs 7 wkdw olp%$3+EUl,% @ EUl1 Iurp Vwhs 8/
zh nqrz wkdw vl @ olp%$3+v

l,% ;l @ 4> ===> q h{fhsw zkhq sI @ 31 Vr v pd{lpl}hv
!w+{wm, rq � dqg wkhuhiruh v lv d W1V1Q1H1
Vwhs := Dq| olplw v ri W1V1Q1H1 iru �v lv dq dfwlyh W1V1Q1H1

E| Vwhs 5/ � A �4 dqg e| Vwhsv 8 dqg 9/ sm A 31 �

Wkhruhp 5 Wkh vwudwhjlf pdunhw jdph �+q> !l> dl> �> �P>�> vl> vj, zlwk d frq0
wlqxxp ri wudghuv ri q w|shv dqg vhljqlrudjh frvwv iru dq| �P dqg d vx!flhqwo|
kljk edqnuxswf| shqdow| � uhvxowv lqwr W1V1Q1H1*v zklfk gr qrw lqyroyh edqn0
uxswf|/ surgxfh � A 3/ dqg duh lqh!flhqw/ surylghg wkdw lqlwldo hqgrzphqwv duh
qrw Sduhwr rswlpdo1

Surri Vr orqj dv lqlwldo hqgrzphqwv duh qrw Sduhwr rswlpdo/ wudghuv zloo eru0
urz wr �qdqfh wkhlu h{fkdqjh dqg wkh vxevhtxhqw ghsuhfldwlrq ri prqh| xvhg lq
wudqvdfwlrqv lqgxfhv wkh jryhuqphqw wr vhw � A 3/ wr uhsodfh zruq rxw prqh|1;

Dv �P $ 4 qr djhqw edqnuxswv zkhqhyhu H% @ 4/ jlyhq d edqnuxswf|
shqdow| � A 31 Li Gw ? 3 wkhq wudghu w frxog kdyh eruurzhg � ohvv dprxqw ri
�dw prqh| dqg qrw elg iru d frpprglw| m zkrvh +s%m,$4 dqg �qdoo| rewdlq

+a{wm,
% @ +{wm,

% � �

s%m
=

Wkhuhiruh/ kh lv vdylqj wkh edqnuxswf| shqdow| +4 . �,�� zlwkrxw uhgxflqj klv
xwlolw| iru d vx!flhqwo| vpdoo � dv s%m $ 41 Vlploduo|/ qr djhqw edqnuxswv
zkhqhyhu H% ?4/ vlqfh � A 3/ iru d vx!flhqwo| kljk �1

;Iru d pruh jhqhudo glvfxvvlrq rq wkh frqglwlrq iru vx!flhqw jdlqv wr wudgh wr h{lvw vr wkdw
pdunhwv wr eh dfwlyh/ vhh Gxeh| dqg Jhdqdnrsorv +4<<5,1
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Iurp Vwhs 6 ri Wkhruhp 4/ sm A f/ ;m @ 4> ===>p1 Dovr ohw

�T @ 4 .pd{

�u�w
m+{
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u�w
l+{

w,
= w 5 W> l> m @ 4> ===>p> {l 5 �

�
>

zkhuh
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{w 5 U
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. = {wm � 4 . pd{

4�m�p
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w5W

dwm

,
=

Li w jrhv edqnuxsw wkhq kh fdq uhgxfh klv elg rq d frpprglw| m e| % dqg xvh
wklv dprxqw wr ghiud| klv ordq1 Klv jdlq lq xwlolw| zloo eh %� zkhuhdv klv orvv
zloo eh dw prvw

%u�w
m+{

w,

sm
� %u�w

m+{
w, �T

f
=

Wkxv/ vhw �� @ + �T@f,pd{iu�w
m+{

w,> w 5 W> m @ 4> ===>p> {w 5 �j1 Dv orqj dv
� A �� qr djhqw zloo jr edqnuxsw1

Qrz/ frqvlghu d wudghu w/ z1o1r1j1/ zkr ex|v frpprglw| m dqg vhoov frp0
prglw| c dqg d wudghu w3 zklfk lv lqyroyhg lq wkh uhyhuvh wudqvdfwlrq1 Iurp
wkh h{lvwhqfh dujxphqw doo pdunhwv duh dfwlyh/ l1h1/ sm A 3/ ;m @ 4> ===>p1 Ohw
;w 5 W / Mw @ im @ 4> ===>p = ewm A 3j dqg Ow @ im @ 4> ===>p = twm A 3j1 Lq
rwkhu zrugv/ sduwlwlrq wkh vhw ri frpprglwlhv hdfk wudghu ex|v iurp wkh rqhv
kh vhoov1 Vlqfh doo pdunhwv duh dfwlyh dqg vwudwhj| vhwv duh erxqghg ehorz e| %/
<w> w3 ;m @ 4> ===>p 6 Mw _ Ow3 9@ > +ru htxlydohqwo| Mw3 _ Ow 9@ >,1 Rwkhuzlvh/ doo
wudghuv zrxog eh ex|lqj ru vhoohu wkh vdph frpprglwlhv dqg wkh pdunhwv zrxog
eh orsvlghg1 Wkxv/ wkhuh h{lvwv dozd|v d sdlu ri wudghuv lqyroyhg lq uhyhuvh
wudqvdfwlrqv zkhq rqhfrqvlghuv wudgh lq doo frpprglwlhv1 Rwkhuzlvh/ hlwkhu rqh
wudghu zrxog ylrodwh klv exgjhw frqvwudlqw ru eh ohiw zlwk xqxvhg fdvk1 Wkh
rswlpl}dwlrq frqglwlrqv jlyh/
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dqg
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w3
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u�w3

c +�{>G
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zkhuh

u�w
m+�{>G

w, @
C�w+�{>G

w,

C{m
> ;w 5 W> m @ 4> ===>p=

�
<Dv idu dv wkh �lqh!flhqf|� dujxphqw lv frqfhuqhg/ wkh �zhgjh� ri vl}h E� n 4� uhvxowv lq

judglhqwv ri | dqg |� wlowlqj dzd| iurp wkh sulfh udwlr R�*R� lq rssrvlwh gluhfwlrqv1 Wkhuhiruh/
lw lv srvvleoh iru | dqg |� wr wudgh iru ixuwkhu xwlolw| lpsuryhphqwv1 Krzhyhu/ wklv srvvlelolw|
lv eorfnhg e| wkh wudqvdfwlrqv frvw fdxvhg e| 4 : f1
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6 Dowhuqdwlyh Phwkrgv ri Vhljqlrudjh

Wkh prgho ghvfulehg ehiruh kdv d frqyhqlhqw wd{dwlrq lqwhusuhwdwlrq1 Lq sdu0
wlfxodu/ wkh jryhuqphqw lv ixqgdphqwdoo| fkdujlqj dq lqfrph wd{ lq sursruwlrq
wr wkh dprxqw ri ydoxh jxdudqwhh +l1h1/ dprxqw ri prqh| hdfk wudghu xvhv lq
h{fkdqjh,1 Krzhyhu/ vlqfh d surgxfwlrq whfkqrorj| ri h{fkdqjh lv lqyroyhg wr
frpsduh wkh h!flhqf| ri gl�huhqw lqvwlwxwlrqdo vhwxsv lv lqdssursuldwh1 Pruh
uh�qhg gh�qlwlrqv ri vrflhwdo dqg lqvwlwxwlrqdo h!flhqf| duh fdoohg iru1

Krzhyhu/ zh frqvwuxfw wzr yduldqwv zklfk dffrpprgdwh wkh qhhg iru vhljqlru0
djh1 Lq wkh �uvw/ zh jhqhudwh d uhvrxufh uhgxfhg frpshwlwlyh hfrqrp| lq zklfk
wkh uhvrxufh uhgxfwlrq lv htxlydohqw wr wkh frvw ri vxuurjdwhg wuxvw1 Zh hq0
frxqwhuhg d uhvrxufh ghsohwlrq lq wkh �+�, ri Vhfwlrq 5 ehfdxvh ri ghsuhfldwlrq1
Frqvhtxhqwo|/ zh qhhg wr gh�qh wkh dvvrfldwhg uhvrxufh uhgxfhg frpshwlwlyh
hfrqrp|1 Wkh uhvrxufh uhgxfwlrq zloo eh uhsuhvhqwhg yld lqfrph wd{dwlrq1

Dowhuqdwlyho|/ zh fdq frqvlghu wkh jdph ri Vhfwlrq 5 lq zklfk �dw prqh| lv
ohqw dw � @ 31 Krzhyhu/ zh lpsrvh d sroo0wd{ rq hdfk djhqw vxfk wkdw wkh wrwdo
uhyhqxh zloo eh htxdo wr lqwhuhvw sd|phqwv pdgh lq wkh jdph zlwk � A 31

Erwk dowhuqdwlyh prghov zloo �qdqfh wkh vhljqlrudjh frvw qhhghg iru wkh
surgxfwlrq ri prqh|1 Krzhyhu/ wkh| lqglfdwh wkdw d gl�huhqw frqfhsw ri lq0
vwlwxwlrqdo h!flhqf| lv qhhghg li zh duh wr eh deoh wr gudz frpsdulvrqv dqg
htxlydohqfhv dprqj wkh wkuhh1 Wkh hfrqrp| uxqv xvlqj phfkdqlvpv1 Wkhvh
phfkdqlvpv duh irupdo dqg lqirupdo �qdqfldo lqvwlwxwlrqv uh hfwlqj d frpsoh{
lqwhupl{ ri odz dqg fxvwrp1 Zkhq zh frqvlghu wkh pdq| yduldwlrqv dydlodeoh
zkhuh hdfk lqvwlwxwlrq frqvxphv uhvrxufhv lq wkh uxqqlqj ri lwv wudqvdfwlrqv
surfhvv zh duh frqiurqwhg zlwk d qhhg iru d fulwhulrq ri h!flhqf| zklfk wdnhv
lqwr dffrxqw wkh uhvrxufhv qhhghg wr uxq wkh surfhvv1 Jlyhq wkdw doo surfhvvhv
frqvxph uhvrxufhv wkh dqdo|vlv ri h!flhqf| ehfrphv dq lqyhvwljdwlrq lqwr frp0
sdudwlyh uhvrxufh frqvxpswlrq e| gl�huhqw phfkdqlvp iru surylglqj wkh vdph
vhw ri vhuylfhv1 D frpsdulvrq ri lqvwlwxwlrqdo h!flhqf| ohdyhv xv zlwk d sduwldo
rughulqj1 Iru dq| vshfl�f ohyho ri rshudwlrq lw lv srvvleoh wr vwdwh wkdw D lv
ehwwhu wkdq E/ E ehwwhu wkdq D/ wkh| duh htxlydohqw ru qhlwkhu lv ehwwhu wkdq
wkh rwkhu1 D surfhgxuh wkdw pd| eh h!flhqw iru d vpdoo pdunhw pd| qrw eh vr
iru d odujh rqh1

614 Dvvrfldwhg Uhvrxufh Uhgxfhg Frpshwlwlyh Hfrqrp|
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Qrwh wkdw W l/ zklfk uhsuhvhqwv dq lqfrph wd{ ohylhg iurp wudghuv iurp wkhlu
lqlwldo hqgrzphqwv xvlqj wkh gdwd ri �+�, ri Vhfwlrq 5/ zloo jhqhudwh wrwdo wd{ uhy0
hqxh htxdo wr wkh dprxqw ri ghsuhfldwhg �dw prqh| lq wkh �+q> !l> dl> �> �P> vl> vj,1
Lq rwkhu zrugv/

q[
l@4

Wl @ }p.4 � 3=

Wkxv lqfrph wd{dwlrq fruuhvsrqgv wr wkh uhvrxufh uhgxfwlrq fdxvhg e| ghsuhfl0
dwlrq ri prqh|1 Uhpdun wkdw li }p.4 @ 3/ l1h1/ � @ 3/ wkhq zh duh rshudwlqj lq
wkh vwdqgdug Zdoudvldq hfrqrp|1

Dq doorfdwlrq +{> s> W , ri wkh uhvrxufh uhgxfhg hfrqrp| H+q> !l> dl> W l, zkhuh
{l> {j 5 U

p
. / s 5 U

p
../ W

l 5 U. lv d Uhvrxufh Uhgxfhg Zdoudv Htxloleulxp
+U1U1Z1H1, li/
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dqg
+lll, {l @ dujpd{i!l+|, = | 5 U

p
. > s{l @ sdl � W lj iru 4 � l � q1

H{lvwhqfh ri U1U1Z1H1 iroorzv iurp vwdqgdug jhqhudo htxloleulxp dujxphqwv
dqg wkhuhiruh lv rplwwhg1 Dovr/ qrwh wkdw wkh uhvrxufh uhgxfhg frpshwlwlyh
hfrqrp| yld lqfrph wd{dwlrq h{wudfwv wkh qhfhvvdu| vhljqlrudjh frvwv wr uhsodfh
wkh ghsuhfldwhg �dw prqh|1 Sduhwr rswlpdolw| iroorzv iurp wkh �uvw zhoiduh
wkhruhp1

615 Wkh Sroo0Wd{ Jdph KW Eq> !l> dl> �> 7P>W> vl> vj�

Uhfrqvlghulqj wkh jdph �+�, dv ghvfulehg lq Vhfwlrq 5/ uhfdoo wkdw wkh ghsuhfldwhg
�dw prqh| wkdw qhhgv wr eh uhsodfhg e| wkh jryhuqphqw htxdov
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Qrz/ lq dq dqdorjrxv pdqqhu dv lq wkh uhvrxufh uhgxfhg frpshwlwlyh hfrqrp|
vhljqlrudjh zloo qrw eh �qdqfhg e| lqwhuhvw udwh sd|phqwv exw e| d sroo0wd{1

Wkxv/ wr hdfk wudghu w|sh l d sroo0wd{ lv ohylhg htxdo wr/

W l @
W

q
> 4 � l � q=

Wkh vwudwhj| vhw ri wudghu l lv dv lq +4, dqg wkh dujxphqwv duh frqvwudlqhg dv lq
+5,1 Krzhyhu/ wkh �qdo dprxqw ri prqhwdu| kroglqjv ri �dw zklfk dovr lqglfdwhv
wkh wudghu*v ghew srvlwlrq dw wkh hqg ri h{fkdqjh lv jlyhq e|
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Wkh uhvw ri wkh irupxodwlrq lv dv lq Vhfwlrq 51
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Wkhruhp 6 Wkh vwudwhjlf pdunhw jdph �W +q> !l> dl> �> �P> W> vl> vj, zlwk d frq0
wlqxxp ri wudghuv ri q w|shv dqg vhljqlrudjh frvwv iru dq| �qlwh qrq0}hur �P /
dq| edqnuxswf| shqdow| � dqg W 5 U

q
. vxfk wkdw W lqW@q kdv dq dfwlyh W1V1Q1H1

Surri Wkh surri iroorzv pxwdwlv pxwdqglv iurp Wkhruhp 41 �

Uhpdun wkdw wkh doorfdwlrqv surgxfhg lq �W +�, gr qrw qhfhvvdulo| Sduhwr
grplqdwh wkh rqh surgxfhg e| �+�, ru ylfh yhuvd1 Lw uhpdlqv dq rshq txhvwlrq
wr ghwhuplqh wkh udqjhv ri wkh fruuhvsrqglqj Sduhwr rswlpdo vxuidfhv dw zklfk
wkh doorfdwlrqv �+�, Sduhwr grplqdwh wkh rqhv ri �W +�, dqg ylfh yhuvd iru wkh
fodvv ri �+�, dqg �W +�, jdphv1

7 Frqfoxglqj Uhpdunv

714 Wkh Xqltxh Plqlpdo Fdvk0Iorz Htxloleulxp iru H!0
flhqw Wudgh

Wkh prgholqj ri jryhuqphqw*v remhfwlyh ixqfwlrq/ l1h1/ plqlpl}lqj wkh lqwhuhvw
udwh fkdujhg iru eruurzlqj/ surgxfhv wkh plqlpxp oltxlglw| htxloleulxp iru
H+�,1 Zh kdyh dqdo|}hg lq rxu suhylrxv zrun/ vhh P1 Vkxeln dqg G1S1 Wvrprfrv
+4<<5,/ wkdw wkh edqnuxswf| shqdow| erxqgv sulfhv iurp ehorz zkhuhdv wkh
prqh| vxsso| erxqgv sulfhv iurp deryh1 Wkhuhiruh/ wkh plqlpl}dwlrq ri lqwhuhvw
udwhv ohdgv wr plqlpl}dwlrq ri h�hfwlyh prqh| vxsso|1 E| h�hfwlyh prqh| vxsso|
zh xqghuvwdqg wkh prqh| uhtxluhg iru h{fkdqjh iru wkh dwwdlqphqw ri h!flhqw
wudgh lq H+�,1 Wkh uhpdlqlqj prqh| vxsso| lv vwruhg frvwohvvo| lq d rqh0shulrg
prgho1 Khqfh/ wkh plqlpl}dwlrq ri lqwhuhvw udwhv/ surylghg wkdw zh kdyh vhohfwhg
wkh dssursuldwh edqnuxswf| shqdow|/ uhvxowv lqwr wkh htxdol}dwlrq ri xsshu dqg
orzhu erxqgv rq sulfhv1 Zh/ wkhuhiruh/ kdyh vhohfwhg hqgrjhqrxvo| wkh xqltxh
plqlpdo fdvk0 rz htxloleulxp1 Ilqdoo|/ qrwh wkh prgho suhyhqwv lq dwlrqdu|
suhvvxuhv dqg uhvroyhv wkh lqghwhuplqdf| ri wkh sulfh ohyho1 Qrwh dovr zkhq zh
kdyh h{fkdqjh zlwk �dw prqh| wkhuh h{lvwv rqh h{wud ghjuhh ri iuhhgrp wr wkh
prgho zklfk fdq eh uhgxfhg hlwkhu e| �{lqj prqh| vxsso| ru lqwhuhvw udwhv ru
d vwudwhjlf yduldeoh zklfk ghwhuplqhv dq| ri wkh wzr1

Zkhq zh ylhz wkh surfhvv dv d sod|deoh h{shulphqwdo jdph zh vhh d jhqhudo
gl!fxow| lq frpsdulqj d vwdwlf htxloleulxp zlwk dfwxdo g|qdplfv1 Wkh h{lvwhqfh
ri dq htxloleulxp uhtxluhv wkdw zh eholhyh wkdw wkh jryhuqphqw fdq dqqrxqfh
lq dgydqfh wkh fruuhfw lqwhuhvw udwh dqg krz lw lv jrlqj wr vshqg uhyhqxhv lw
kdv qrw |hw uhfhlyhg1 Wklv uhtxluhv d iruhfdvwlqj delolw| zklfk grhv qrw pdwfk
zlwk h{shulhqfh1 Dw ehvw/ ryhu wlph/ zh fdq krsh iru d frqyhujhqw dgmxvwphqw
surfhvv1

Uhihuhqfhv

Ehfnhu/ W1Z1 +4<9<,1 Wkh Frlq Pdnhuv1 Jdughq Flw|/ Q\= Grxeohgd|1
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Ehujh/ F1 +4<96,1 Wrsrorjlfdo Vsdfhv1 Qhz \run= Pdfploodq1

Eodqfkdug/ R1 dqg V1 Ilvfkhu +4<;<,1 Ohfwxuhv rq Pdfurhfrqrplfv1 Fdpeulgjh=
P1L1W1 Suhvv1

Exwwv/ D1 dqg F1G1 Fr{h +hgv1, +4<9:,1 Vloyhu/ Hfrqrplfv/ Phwdooxuj| dqg Xvh1
Sulqfhwrq/ QM= G1 Ydq Qrvwudqg1

Fduvrq/ U1D1J1 +4<:3,1 Frlqv/ 5qg hglwlrq1 Orqgrq= Kxwfklqvrq1

Gxeh|/ S1 dqg M1 Jhdqdnrsorv +4<;<,1 �H{lvwhqfh ri Zdoudv Htxloleulxp zlwkrxw
d Sulfh Sod|hu ru Jhqhudol}hg Jdph/� FIGS Qr1 <451

Gxeh|/ S1 dqg M1 Jhdqdnrsorv +4<<5,1 �Wkh Ydoxh ri Prqh| lq d Ilqlwh0Krul}rq
Hfrqrp|= D Uroh iru Edqnv/� lq S1 Gdvjxswd/ G1 Jdoh hw do1 +hgv1,/ Hfrqrplf
Dqdo|vlv ri Pdunhwv dqg Jdphv1 Fdpeulgjh= P1L1W1 Suhvv1

Gxeh|/ S1 dqg P1 Vkxeln +4<:;,1 �Wkh Qrq0frrshudwlyh Htxloleuld ri d Forvhg
Wudglqj Hfrqrp| zlwk Pdunhw Vxsso| dqg Elgglqj Vwudwhjlhv/� Mrxuqdo ri Hfr0
qrplf Wkhru|/ 4:=4�531

Krevrq/ E1 +4<98,1 Frlqv dqg Frlq Froohfwlqj1 Qhz \run= Gryhu1

Nlqgohehujhu/ F1S1 +4<;8,1 D Ilqdqfldo Klvwru| ri Zhvwhuq Hxursh1 Orqgrq=
Doohq dqg Xqzlq1

Pdu{/ M1 +4<:;,1 Wkh Pdjlf ri Jrog1 Jdughq Flw|/ Q\= Grxeohgd|1

Vkxeln/ P1 dqg G1S1 Wvrprfrv +4<<5,1 �D Vwudwhjlf Pdunhw Jdph zlwk d
Pxwxdo Edqn zlwk Iudfwlrqdo Uhvhuyhv dqg Uhghpswlrq lq Jrog +D Frqwlqxxp
ri Wudghuv,/� Mrxuqdo ri Hfrqrplfv/ 88=456�4831

Vkxeln/ P1 dqg F1 Zlovrq +4<::,1 �Rswlpdo Edqnuxswf| Uxoh lq d Wudglqj
Hfrqrp| Xvlqj Ildw Prqh|/� Mrxuqdo ri Hfrqrplfv/ 7:= 66:�6871

Vkxeln/ P1 dqg V1 \dr +4<;<,1 �Wkh Wudqvdfwlrq Frvw ri Prqh| +D Vwudwhjlf
Pdunhw Jdph Dqdo|vlv,/� Pdwkhpdwlfdo Vrfldo Vflhqfhv/ 53=<<�4471
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