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Wklv sdshu lv prwlydwhg e| wkh iroorzlqj wzr revhuydwlrqv1 Iluvw/ wkh xqghuo|lqj

surfhvvhv iru wkh F}hfk +FW[, dqg Kxqjduldq +KW[, lqgh{ rswlrqv wkdw duh wudghg

rq wkh Dxvwuldq Ixwxuhv dqg Rswlrqv H{fkdqjh +ÙWRE, h{klelw ohswrnxuwrvlv +�idw

wdlov�, lq wkhlu uhwxuq glvwulexwlrqv14 Frqvhtxhqwo|/ lw zrxog eh lqwhuhvwlqj wr revhuyh

rshudwlrqdoo| vljql�fdqw glvfuhsdqflhv ehwzhhq wkh sulflqj prghov wkdw lqfrusrudwh idw

wdlov dqg wkh rqhv wkdw duh edvhg rq Eodfn0Vfkrohv +4<:6,/ zklfk fulwlfdoo| ghshqgv rq

wkh orj0qrupdo glvwulexwlrq ri wkh whuplqdo vwrfn sulfh1 Vhfrqg/ erwk FW[ dqg KW[

surylgh dq lqwhuhvwlqj sodwirup wr dqdo|vh wkh rswlrq prgho wkdw frpelqhv erwk wkh

iruhljq lqgh{ dqg Srlvvrq mxps0gl�xvlrq ihdwxuhv1 Erwk FW[ dqg KW[ duh gl�huhqw

wkdq rwkhu iruhljq lqgh{ rswlrqv/ vd|/ wkh Qlnnhl 558 rq wkh Fklfdjr Phufkdqwloh

H{fkdqjh1 Wkdw lv/ wkh ÙWRE surgxfwv duh phdvxuhg dqg dfwxdoo| wudghg lq wkh X1V1

grooduv/ zkhuhdv wkh Qlnnhl 558 lv phdvxuhg lq Mdsdqhvh |hq exw lv wudghg dv wkrxjk lw

zhuh grooduv1 Wkhuh duh qxphurxv hpslulfdo dqg wkhruhwlfdo rswlrq sdshuv rq ydulrxv

yhuvlrqv wr Phuwrq*v +4<:9d, rswlrq prgho rq Srlvvrq mxps0gl�xvlrq surfhvv15 Dqg

wkhuh duh dovr yroxplqrxv zrun rq iruhljq lqgh{ ghulydwlyhv edvhg rq Pdujudeh*v

+4<:;, sdshu16 Exw/ wr rxu nqrzohgjh/ wkhuh lv qr hpslulfdo olwhudwxuh wkdw frpelqhv

4Dv qrwhg �uvw e| Pdqghoeurw +4<96, dqg Idpd +4<98,/ wklv lv rqh ri wkh xqglvsxwhg vw|ol}hg idfwv
lq dq| �qdqfldo pdunhw1 Mxvw wr qdph d ihz/ Eroohuvohy/ Fkrx/ dqg Nurqhu +4<<5,/ Edwhv +4<<9e,/ dqg
Gx!h dqg Sdq +4<<:, doo jlyh hylghqfh ri ohswrnxuwrvlv lq uhwxuq glvwulexwlrqv iru ydulrxv �qdqfldo
pdunhwv durxqg wkh zruog1

5Iru h{dpsoh/ Edoo dqg Wrurxv +4<;8,/ dqg Mrulrq +4<;;, iroorzv wkh ruljlqdo Phuwrq +4<:9d, dqg
dvvxph wkdw mxps ulvn lv lglrv|qfudwlf dqg wkxv glyhuvl�deoh1 Wkh rwkhuv lq wkhlu prghov ri mxps
gl�xvlrq +Edwhv/ 4<<4> dqg Dplq/ 4<<6,/ vwrfkdvwlf yrodwlolw| mxps gl�xvlrq +Edwhv/ 4<<9d/ e,/ dqg
vwrfkdvwlf yrodwlolw| lqwhuhvw udwh mxps gl�xvlrq +Ednvkl/ Fdr dqg Fkhq/ 4<<;, doo dvvxph wkdw wkh
mxps surfhvv lv v|vwhpdwlf dqg khqfh vkrxog eh sulfhg1 Wudxwpdqq dqg Ehlqhuw +4<<8, dqdo|}h erwk
fdvhv iru wkh Jhupdq Vwrfn H{fkdqjh +GD[,1

6Iru h{dpsoh/ Uhlqhu +4<<5,/ Gudylg/ Ulfkdugvrq dqg Vxq +4<<6,/ dqg Zhl +4<<8, vroyh iru wkh
ydoxh ri ydulrxv iruhljq lqgh{ rswlrqv jlyhq Hxurshdq h{huflvh> Fudlj/ Gudylg/ dqg Ulfkdugvrq +4<<8,



erwk ihdwxuhv1

Wkh sxusrvh ri wklv sdshu lv wr ghyhors dqg hpslulfdoo| lqyhvwljdwh d prgho iru

sulflqj wkh qhzo| fuhdwhg ghulydwlyh lqvwuxphqwv e| wkh ÙWRE xwlol}lqj wkh zrunv e|

Phuwrq*v +4<:9d, mxps0gl�xvlrq prgho dqg wkh iruhljq lqgh{ rswlrq prgho dgguhvvhg

lq Uhlqhu +4<<5,1 Wklv sdshu/ wkhruhwlfdoo|/ phuho| h{whqgv Phuwrq*v +4<:9d, rqh

idfwru mxps0gl�xvlrq wr lqfoxgh wzr idfwruv1 Wklv sdshu*v vwuhqjwk dqg frqwulexwlrq/

krzhyhu/ uhvw lq hpsulfdo uhvxowv dqg lpsolfdwlrqv1 Lq rxu hpslulfdo dssurdfk/ zh

frpsduh rxu sulflqj prgho wr d ehqfkpdun/ qdpho|/ Eodfn0Vfkrohv1 Lq grlqj vr/ zh

duh qrw whvwlqj wkh ydolglw| ri Eodfn0Vfkrohv prgho iru wkhvh rswlrqv dv doo wkh vwurqj

uhvwulfwlrqv lpsolhg e| wkh Eodfn0Vfkrohv prgho duh nqrzq wr eh zurqj lq lwv ghwdlov/

dqg irupdo vwdwlvwlfdo uhmhfwlrqv ri wkh qxoo zrxog whoo xv qr pruh wkdq zh douhdg|

nqrz1 Udwkhu wkh txhvwlrq zh duh dvnlqj lv/ krz zurqj ru uljkw lv lwB Lq wklv sdshu/

zh lqyhvwljdwh wkh hpslulfdo lpsolfdwlrqv ri wkh Hxurshdq FW[ dqg KW[ fdoo rswlrqv

wkdw kdyh vwulnh sulfhv lq grphvwlf fxuuhqf| +l1h1 lq X1V1 grooduv, zkhq mxpsv duh

suhvhqw lq wkh xqghuo|lqj surfhvvhv17 Wkh pdlq uhdvrq iru irfxvlqj rq wkh mxps

gl�xvlrq surfhvvhv +phdqlqj vljql�fdqw xqh{shfwhg glvfrqwlqxrxv fkdqjhv lq sulfhv,

lv ehfdxvh vnhzqhvv dqg nxuwrvlv vshfl�fdwlrq lq uhwxuqv fdq hdvlo| eh ghfrxsohg iurp

wkh yrodwlolw|1

Wkh Fhqwudo Hxurshdq Fohdulqj Krxvhv dqg H{fkdqjhv +FHFH, xqghu wkh ÙWRE

kdyh fuhdwhg surgxfw olqhv zklfk irfxv rqo| rq Hdvw Hxurshdq Lqgh{ rswlrqv/ dqg

surylgh hylghqfh ri pdunhw h!flhqf| xvlqj iruhljq edvhg ghulydwlyhv> Gudylg/ Ulfkdugvrq dqg Vxq
+4<<7, dqdo|}h wkh \hq2Ghxwvfkh Pdun zduudqwv zklfk duh X1V1 groodu ghqrplqdwhg1

7Khdy| wdlov frxog dovr eh fdswxuhg e| xvlqj rwkhu dssurdfkhv vxfk dv JDUFK/ d pl{wxuh ri
glvwulexwlrqv dqg Ohy| glvwulexwlrq1

5



ehjdq wudglqj wkhvh surgxfwv vlqfh Pdufk 4<<:18 Lq wklv sdshu/ zh dqdo|}h rqo| wkh

F}hfk +FW[, dqg Kxqjduldq +KW[, lqgh{ rswlrqv vlqfh wkh| surylgh wkh orqjhvw

wlph vhulhv dqg/ vr idu/ wkh wzr prvw oltxlg surgxfwv1 Dqg ixuwkhu/ wkhvh wzr pdunhwv

surylgh wzr glvwlqfw dqg gl�huhqw fkdudfwhulvwlfv= rqh lv ehdulvk +FW[, dqg wkh rwkhu

lv exoolvk +KW[,1

Rxu uhvxowv fdq eh vxppdul}hg dv iroorzv1 Zh �qg wkdw/ zkhq pdnlqj sdlu0zlvh

dqg frpelqhg frpsdulvrqv ehwzhhq wkh sxuh gl�xvlrq surfhvv dqg rqh zklfk lqfoxghv

hlwkhu d Srlvvrq mxps surfhvv ru d wlph ydu|lqj yduldqfh/ wkh vwdwlvwlfdo hylghqfh ohqg

vxssruw iru wkh Srlvvrq mxps surfhvv wr ghvfuleh wkh gdwd1 Frqvhtxhqwo|/ wdnlqj wkh

Srlvvrq mxps dv wkh xqghuo|lqj surfhvv iru rxu rswlrq sulflqj prgho/ zh �qg wkdw wkh

gl�huhqfhv lq rswlrq sulflqj iru wkh F}hfk dqg Kxqjduldq lqgh{ rswlrqv dulvh zkhq

wkh mxps prgho lv frpsduhg wr wkh prgho zlwkrxw wkh mxpsv1 Xvlqj wkh hvwlpdwhg

sdudphwhuv/ dssur{lpdwho| irxu0�iwk ri 517 shufhqw +iru FW[, dqg 617 +iru KW[,

shufhqw xqghusulflqj eldvhv uhsruwhg iru wkh vkruw whup dw0ri0wkh0prqh| fdoo rswlrqv

fdq eh h{sodlqhg e| wkh Mxps rswlrq sulflqj prgho1 Krzhyhu/ zh qrwh wkdw wkhvh

sulflqj huuruv duh txlwh vpdoo1 Frqvhtxhqwo|/ zh txhvwlrq zkhwkhu wkhvh plvsulflqjv

fdq eh rshudwlrqdo zkhq wkh xqghuo|lqj pdunhwv iru wkh wudghg ghulydwlyhv duh looltxlg

dqg kdyh wudqvdfwlrq frvwv lq wkh udqjh ri 609 shufhqw shu wudgh1

Zh ehjlq rxu dqdo|vlv lq wkh qh{w vhfwlrq zlwk vrph idfwv uhjduglqj wkh F}hfk

dqg Kxqjduldq Wudghg Lqglfhv/ dqg wkhq zh surylgh vrph vwdwlvwlfdo hylghqfh wkdw

8Wkh FHFH surgxfw olqh lqfoxghv rswlrqv rq wkh Kxqjduldq Wudghg Lqgh{ +KW[, dqg F}hfk
Wudghg Lqgh{ +FW[,/ wkh Srolvk Wudghg Lqgh{ +SW[,/ wkh Vorydnldq Wudghg Lqgh{ +VW[,/ wkh
Uxvvldq Wudghg Lqgh{ +UW[, dqg wkh FHFH Lqgh{1 Wkh KW[/ FW[/ SW[/ dqg UW[ kdyh ehhq
wudglqj vlqfh Pdufk/ Pd|/ Mxo| 54 /dqg Ghfhpehu 44/ 4<<: uhvshfwlyho|1
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prwlydwh xv wr lqyhvwljdwh prghov zklfk hpskdvl}h wkh uroh ri Srlvvrq mxpsv lq ghwhu0

plqlqj wkh idwqhvv ri wkh uhwxuq glvwulexwlrqv1 Lq vhfwlrq 6/ zh suhvhqw wkh hqylurqphqw

iru wkh xqghuo|lqj surfhvvhv dqg ghvfuleh wkh phwkrg wr hvwlpdwh wkh sdudphwhuv iru

ydulrxv prghov1 Hpslulfdo uhvxowv iru vhfwlrq 6 duh jlyhq lq vhfwlrq 71 Lq vhfwlrq 8/ zh

rxwolqh ydulrxv sd|r�v dqg suhvhqw hpslulfdo sulflqj lpsolfdwlrqv iurp wkh prghov1

Zh �uvw vwduw zlwk wkh ehqfkpdun �vwdqgdug� Eodfn0Vfkrohv prgho rq htxlw| lqgh{

zklfk dgguhvvhv wkh fdvh zkhuh wkh surgxfw ri wkh iruhljq dvvhw sulfh dqg wkh h{fkdqjh

udwh dw h{slu| wkdw lv lpsruwdqw wr wkh lqyhvwru19 Zh wkhq dqdo|}h wkh prgl�hg Eodfn0

Vfkrohv prgho wkdw lqfoxghv wkh Srlvvrq mxps0gl�xvlrq surfhvv1 Frqfoxglqj uhpdunv

duh suhvhqwhg lq vhfwlrq 91

�� 
��� ��
�� ���	� ��� ��� ���

Zh ehjlq zlwk d eulhi ghvfulswlrq ri FW[ dqg KW[1 Zh wkhq suhvhqw vrph ghvfulswlyh

vwdwlvwlfdo idfwv derxw FW[ dqg KW[ wkdw prwlydwhg rxu dfdghplf lqwhuhvw1

5141 Surgxfw Ghvfulswlrq ri FW[ dqg KW[

Wkh Dxvwuldq Ixwxuhv dqg Rswlrqv H{fkdqjh kdv lqwurgxfhg dqg ehhq wudglqj KW[

vlqfh Pdufk 4<<: dqg FW[ vlqfh Pd| 4<<:1 Wkh dlp ri wkh ÙWRE lq fuhdwlqj wkhvh

ghulydwlyh surgxfwv lv wr surylgh �h!flhqw ulvn pdqdjhphqw wrrov iru wkh Fhqwudo dqg

9Wkhuh duh rwkhu frpelqdwlrqv ri rswlrqv zlwk gl�hulqj ghjuhhv ri surwhfwlrq djdlqvw dgyhuvh
pryhv lq h{fkdqjh udwhv dqg htxlw| sulfhv1 Iru h{dpsoh/ d Txdqwr Rswlrq doorzv dq lqyhvwru wr
fdswxuh doo wkh xsvlgh uhwxuqv iurp klv2khu iruhljq lqyhvwphqw/ exw uhpryhv doo wkh iruhljq h{fkdqjh
ulvn e| �{lqj qrz +dw |, wkh h{fkdqjh udwh wkdw zloo eh dssolfdeoh wr wkh �qdo sd|r� dw A 1 Ixuwkhu/ dq
Htxlw|0olqnhg iruhljq h{fkdqjh rswlrq jlyhv dq lqyhvwru ixoo xqkhgjhg h{srvxuh wr iruhljq htxlwlhv exw
olplwv wkh grzqvlgh ri iruhljq h{fkdqjh ulvn1 Hdfk ri wkhvh irxu rswlrqv fdq eh ydoxhg lq forvhg0irup
xqghu wkh Eodfn0Vfkrohv dvvxpswlrqv1 Wkh uhdvrq ehlqj wkdw wkh sd|r�v duh surgxfwv ri yduldeohv
wkdw duh orj0qrupdoo| glvwulexwhg> wkhuhiruh wkh sd|r�v duh dovr orj0qrupdoo| glvwulexwhg1

7



Hdvwhuq Hxurshdq vwrfn pdunhwv dqg pdnh wkhp dydlodeoh wr lqwhuqdwlrqdo lqyhvwruv

dqg eurnhu2ghdohuv lq wkh qhdu ixwxuh� +ÙWRE/ 4<<9,1 Wkh ixoo ghvfulswlrq ri FW[/

KW[/ dqg rwkhu FHFH surgxfw olqh lv fohduo| ghwdlohg lq ÙWRE +4<<9,1:

Iru frpsdulvrq h{srvlwlrq/ wkh iroorzlqj frqwudfw ghvfulswlrq eulqjv rxw wkh gli0

ihuhqfhv ehwzhhq wkh FPH Qlnnhl 558 frqwudfw dqg FHFH surgxfwv vxfk dv FW[ dqg

KW[

FPH Qlnnhl Frqwudfw ÙWRE FHFH

Frqwudfw vl}h XVG8�lqgh{ lqgh{ +lq XVG,

Ydoxh li 4 srlqwv XVG8 XVG8

Wlfn vl}h 8 8

Wlfn ydoxh XVG58 XVG58

Dqg wkh sd|r�v ri wkh deryh wzr frqwudfwv fdq eh zulwwhq dv

FPH Qlnnhl= +V� �N, � 8XVG

ÙWRE FHFH
�
V

3
� �N

3

�
zkhuh V� lv wkh whuplqdo ydoxh ri Qlnnhl 558 lqgh{ lq MS\/ V

3
� lv wkh whuplqdo

ydoxh ri FHFH lqgh{ lq XVG/ N lv wkh vwulnh sulfh lq MS\/ dqg N
3

lv wkh vwulnh sulfh

:Zh rxwolqh vrph ri wkh pdmru dvshfwv ri FW[ dqg KW[ lq wkh iroorzlqj1

� Wkh lqglfhv duh ydoxh0zhljkwhg lq wkh X1V1 grooduv1

� Wkh lqglfhv duh edvhg rqo| rq wkh Eoxh0Fkls vwrfnv/ dqg khqfh wkh| uh hfw wkh fxuuhqw pdunhw
vlwxdwlrq1

� Wkh vwrfn vhohfwlrq fulwhuld duh vl}h/ oltxlglw|/ dqg uhsuhvhqwdwlyhqhvv +edodqfh vhfwru vwuxf0
wxuh,1

� Wkh Lqglfhv jhqhudoo| fryhu ryhu 93( ri wkh uhvshfwlyh pdunhw fdslwdol}dwlrq1

� Wkh Lqglfhv duh kljko| fruuhodwhg zlwk douhdg| hvwdeolvkhg eurdghu lqglfhv1 Iru h{dpsoh/ wkh
fruuhodwlrqv ehwzhhq FW[ dqg wkh Sudjxh H{fkdqjh 83 +S[83, dqg ehwzhhq KW[ dqg wkh
Exgdshvw H{fkdqjh +EX[, duh 31:;7 dqg 31:;: uhvshfwlyho|1

8



lq XVG1

FW[ dqg KW[ duh wkh pdlq xqghuo|lqj wlph vhulhv wr eh h{sodlqhg iru rxu rswlrqv

sulfh dqdo|vlv/

vhh Iljxuh 4 lq dsshqgl{1

Iljxuh 4 judskv gdlo| wlph vhulhv ri FW[ dqg KW[ iurp Mdqxdu| 4 4<<8 wloo Mxqh

53 4<<:1 Iru wkh �uvw vhyhq prqwkv/ FW[ wrrn d pdmru grzqzdug frxuvh/ orvlqj

dssur{lpdwho| 633 srlqwv1 Diwhuzdugv/ wkhuh zhuh d ihz vpdoo xs dqg grzqzdug

vzlqjv wloo wkh ehjlqqlqj ri 4<<9 zkhq FW[ wrrn d prphqwxp dqg vkrzhg d odujh

xszdug frxuvh1 Iurp wkh plggoh ri 4<<9 wloo Iheuxdu| 4<<:/ wkhuh zhuh pdmru errp

dqg exvw f|fohv zlwk wkh odvw pdmru shdn rffxuulqj lq Iheuxdu| 4<<:1 Lw wkhq wdnhv d

gudvwlf grzqzdug frxuvh dqg erwwrpv rxw dw wkh ehjlqqlqj ri Mxqh 4<<:1 Wkhvh odujh

grzqzdug vzlqjv duh dovr qrwhg e| vrph ri wkh pdunhw frpphqwdwruv iru wkh F}hfk

pdunhwv/ zkr riwhq uhihu wr wkh odfn ri wudqvsduhqf| lq wkh vhfrqg zdyh +odujh vfdoh

�up, sulydwl}dwlrq dv d pdmru idfwru xqghuplqlqj lqyhvwruv* frq�ghqfh lq wkh htxlw|

pdunhw/ kljkoljkwhg e| d qxpehu ri kljk sur�oh frqwuryhuvlhv ryhu lqvlghu wudglqj1

Rqh ri wkh pdmru idfwruv iru wkh grzqzdug vzlqj lq wkh F}hfk pdunhw lv dfwxdoo|

gxh wr wkh sulydwl}dwlrq surjudp lwvhoi= Wkh pdmrulw| ri wkh �upv duh sulydwl}hg

lqyroxqwdulo| wkurxjk srolwlfdo dqg ohjdo fkdqqhov1 Frqvhtxhqwo|/ dowkrxjk/ wkhvh

�upv duh qrz �sulydwl}hg�/ prvw ri wkhp duh qrw vxssruwhg e| wkhlu pdqdjhphqw/

dqg wkxv pdlqwdlq d �up vwuxfwxuh wkdw odfnv wkh lqfhqwlyh vfkhphv1

Rq wkh rwkhu kdqg/ wkh KW[ glvsod|v d gl�huhqw slfwxuh wkdq wkh FW[1 Prvw

ri wkh �upv lq Kxqjdu|/ rq wkh frqwudu| wr wkh F}hfk fdvh/ duh sulydwl}hg wkurxjk

9



Lqlwldo Sxeolf R�hulqjv1 Frqvhtxhqwo|/ wkhvh �upv* remhfwlyhv duh edvhg rq wkh plfur0

ohyho= Sur�wdelolw|1 Dv d uhvxow/ wkhuh lv d fohdu xszdug wuhqg lq wkh lqgh{1 Xqwlo

Mdqxdu| 4<<9/ KW[ rqo| vkrzhg vpdoo xs dqg grzqzdug f|fohv zlwk wkh dyhudjhg

lqgh{ srlqwv durxqg 9331 Wkh exoolvk wuhqg zlwk d ihz vpdoo pryhphqwv fdq eh

revhuyhg iurp wkh ehjlqqlqj ri 4<<91 D pdmru xswxuq rffxuuhg dw wkh hqg ri 4<<9

zlwk d vkdus grzqzdug frxuvh erwwrplqj rxw zlwk 4783 lqgh{ srlqwv lq Pdufk 4<<:1

KW[ wrrn d vwurqj uherxqg diwhuzdugv dqg folpehg wr d qhz uhfrug dw wkh hqg ri

Mxqh 4<<:1 D qhjdwlyh wuhqg grhv qrw vhhp lpphgldwh iru KW[1;

5151 Ghvfulswlyh Vwdwlvwlfdo Idfwv derxw FW[ dqg KW[

Wdeoh 4 surylghv ghvfulswlyh vdpsoh vwdwlvwlfv iru uhwxuqv rq wkh F}hfk lqglfhv FW[/

FWO dqg F]N dqg wkh Kxqjduldq lqglfhv KW[/ KWO dqg KXI1 FW[ dqg KW[

duh wkh uhwxuqv rq wkh lqglfhv edvhg rq wkh 'XV/ zkloh FWO dqg KWO duh edvhg

rq wkh orfdo fxuuhqf|1 F]N lv wkh uhwxuq rq wkh h{fkdqjh udwh ehwzhhq wkh F}hfk

Furzq dqg wkh 'XV dqg �qdoo| KXI lv wkh uhwxuq rq wkh h{fkdqjh udwh ehwzhhq wkh

Kxqjduldq Irulqw dqg wkh 'XV1 Wr hvwdeolvk d vwdwlvwlfdo frq�updwlrq ri wkh vnhzhg

dqg ohswrnxuwlf irup ri wkh glvwulexwlrqv/ zh dovr uhsruw whvw vwdwlvwlfv iru vnhzqhvv

dqg nxuwrvlv lq Wdeoh 4/

vhh Wdeoh 4 lq dsshqgl{1

Dv h{shfwhg wkh whvw vwdwlvwlfv ixuwkhu ohqgv vxssruw wr qrq0qrupdolw| glvwulexwlrq1

Wkh s0ydoxhv lq Wdeoh 4 fohduo| lqglfdwh wkdw wkh qxoo k|srwkhvlv ri }hur vnhzqhvv

;Dv ri Iheuxdu| 59/ 4<<;/ wkh forvlqj lqgh{ ydoxh iru wkh KW[ lv 5485> zkhuhdv iru wkh F}hfk/ lw
lv dw 94;1

:



dqg nxuwrvlv fdqqrw eh vxssruwhg1 Lq idfw wkh whvw vwdwlvwlfv iru h{fhvv nxuwrvlv ri

uhwxuqv jlyh d vwurqj vxssruw ri ohswrnxuwrvlv dqg khqfh idw wdlov1 Wklv vxssruw lv

qrw vxusulvlqj iru wkh F}hfk dqg Kxqjduldq pdunhwv dv rwkhu htxlw| dqg fxuuhqf|

pdunhwv dovr glvsod| idwwhu wkdq qrupdo wdlov zlwk prvwo| qhjdwlyh vnhzqhvv1 +Gx!h

dqg Sdq/ 4<<:,1 Pruhryhu/ wkh ydoxhv lq Wdeoh 5 frq�up fhuwdlq vw|ol}hg idfwv derxw

wkh vwdwlvwlfdo surshuwlhv ri �qdqfldo uhwxuqv= vtxduhg uhwxuqv duh riwhq vljql�fdqw

dw wkh �uvw rughu0fruuhodwlrq +vxjjhvwlqj/ wkh qrq0olqhdulw| lq wkh huuruv whupv, dqg

uhwxuqv kdyh vpdoo dxwrfruuhodwlrq/ lpso|lqj wkdw wkhuh lv doprvw qr suhglfwdelolw| lq

uhwxuqv ryhu d kljk iuhtxhqf| vdpsoh/

vhh Wdeoh 4 lq dsshqgl{1

�� ���������� ���
�����

Lq wklv vhfwlrq/ zh rxwolqh wkh hqylurqphqw iru rxu prgho/ dqg wkhq suhvhqw ydulrxv

surfhvvhv wkdw zh xvh wr ghwhuplqh wkh �w ri rxu gdwd1 Zh dovr lqfoxgh JDUFK+4/4,

surfhvv dv dq dowhuqdwlyh dssurdfk wr fdswxuh khdy| wdlov1 Odvwo|/ zh surylgh wkh

hvwlpdwlrq surfhgxuhv iru wkh surfhvvhv1

6141 Hqylurqphqw dqg Qrwdwlrqv

Doo surfhvvhv frqvlghuhg lq wklv sdshu duh gh�qhg rq d frpprq �owhuhg suredelolw|

vsdfh +
>@> S ,/ zkhuh wkh �owudwlrq @ lv dvvxphg wr eh wkh S dxjphqwdwlrq ri wkh

qdwxudo �owudwlrq jhqhudwhg e| d 50glphqvlrqdo Eurzqldq prwlrq Z @
�
Z4

w >Z
5
w

�
1

Ohw wkhuh eh irxu vhfxulwlhv/ wzr ulvn| dqg wzr ulvnohvv1 Wkh �uvw ulvn| vhfxulw|/ Vw>

;



grhv qrw sd| glylghqgv1 Ohw wkh sulfh ri lqgh{ Vw/ h{suhvvhg lq/ vd|/ Kxqjduldq Irulqw/

iroorz d jhrphwulf Eurzqldq prwlrq=

gVw

Vw
@ �Vgw. �VgZ

4
w +614,

zkhuh �V dqg �V duh frqvwdqw uhdo qxpehuv1 Wkh �V lv wkh lqvwdqwdqhrxv vwdqgdug

ghyldwlrq/ dqg �V lv wkh lqvwdqwdqhrxv h{shfwhg ydoxh ri wkh udwh ri uhwxuq ri wkh ulvn|

dvvhw1

Ohw wkh rwkhu ulvn| dvvhw/ vd|/ h{fkdqjh udwh Hw zlwk wkh X1V1 groodu +l1h1 Hw lv wkh

ydoxh ri xqlw Irulqw lq wkh 'X1V1 dw wlph w, dovr iroorzv d jhrphwulf Eurzqldq prwlrq=

gHw

Hw

@ �Hgw. �HgZ
5
w +615,

zkhuh> �V dqg �H duh dovr frqvwdqw uhdo qxpehuv1 Vxssrvh ixuwkhu wkdw wkhuh duh qr

wudqvdfwlrq frvwv dqg qr iuhh oxqfkhv lq wklv hfrqrp|1 Exw/ vkruwvhoolqj wkh vhfxulw|

dqg eruurzlqj ru ohqglqj lq grooduv dw d frqvwdqw udwh ug dqg dw dqrwkhu frqvwdqw

udwh ui duh shuplwwhg1 Wkhvh frqvwdqw udwhv/ ug dqg ui duh wkh glvfrxqw udwhv iru wkh

ulvnohvv dvvhwv/ zklfk sd| qr glylghqgv dqg wkh| kdyh sulfh surfhvvhv

Eg
w @ h{s iugwj > w � 3 E

i
w @ h{s iui wj > w � 3 +616,

Wkhq/ zh h{suhvv wkh erqg sulfh surfhvv dv

gEg
w

Eg
w

@ ug +Vw> w, gw>
gEi

w

E
i
w

@ ui +Vw> w,gw 3 � w � W +617,

<



Vlqfh erwk wkh FW[ dqg KW[ duh ydoxhg dqg vrog lq wkh X1V1 grooduv/ wkh lqyhvwru

orrnv dw wkh gl�xvlrq surfhvv ri d surgxfw/ Yw @ HwVw= Xvlqj Lwr*v ohppd rq Yw/ wkh

gl�xvlrq surfhvv iru Yw lv wkhq

gYw

Yw
@ �Y gw. �Y gZ

Y
w +618,

zkhuh �Y @ +�V . �H . �VH�H�V,/ �VH lv wkh lqvwdqwdqhrxv fruuhodwlrq ehwzhhq wkh

wzr Zlhqhu surfhvvhv gZ 5
w dqg gZ 4

w > �Y @
�
�5H . �5V . 5�VH�H�V

�
/ dqg gZY

w @�
�HgZ

5

w .�VgZ
4

w

�Y

�
1 Dqg xvlqj/ rqfh djdlq/ wkh Lwr*v ohppd wr orj Yw

g orj Yw @

�
�V . �H �

4

5

�
�5H . �5V

��
gw. �Y gZ

Y
w +619,

Lq rwkhu zrugv/ Yw lv glvwulexwhg dv orj0qrupdo zlwk wkh phdq ri
�
�V . �H � 4

5

�
�5H . �5V

��
dqg wkh yduldqfh ri

�
�5H . �5V . 5�VH�H�V

�
=

6151 Srlvvrq Mxps Gl�xvlrq Prgho

Wkh Srlvvrq mxps0gl�xvlrq prgho ri Phuwrq +4<:9d, kdv wzr dsshdolqj dwwulexwhv lq

ghdolqj zlwk �qdqfldo pdunhwv/ hvshfldoo| iru wklqo| wudghg pdunhwv1 Iluvw/ wklv surfhvv

fdq h{sodlq wkh revhuyhg hpslulfdo fkdudfwhulvwlfv ri vwrfn dqg fxuuhqf| uhwxuqv glv0

wulexwlrqv vxfk dv �idw wdlov� dqg vnhzqhvv dv zdv vhhq lq vhfwlrq 5151 Vhfrqg/ lw

doorzv wkh uhwxuqv wr kdyh fhuwdlq xqh{shfwhg �mxpsv�1 Wklv idfw lv dovr hfrqrplfdoo|

dsshdolqj vlqfh wkh uhvxowlqj vdpsoh sdwk iru wkh vwrfn sulfh V ru h{fkdqjh udwh H zloo

eh frqwlqxrxv prvw ri wkh wlph/ zlwk �qlwh mxpsv ri gl�hulqj vljqv dqg dpsolwxghv

rffxuulqj dw glvfuhwh srlqwv lq wlph +h1j1 vwrfn pdunhw fudvk ru xqh{shfwhg fxuuhqf|
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ghydoxdwlrq,1

Wkh vlpsohvw irup ri mxps gl�xvlrq prgho lv zkhq wkh orjdulwkp ri wkh vl}h ri

wkh sursruwlrqdo mxps kdv d qrupdo glvwulexwlrq1 Iru wkh mxps0gl�xvlrq prgho/ rqh

vlpso| dggv d Srlvvrq mxps frpsrqhqw wr wkh gl�xvlrq prgho1 Wkxv/ rqh uhsodfhv

jhrphwulf Eurzqldq htxdwlrq vxfk dv +614, zlwk

g[w

[w

@ +�[ � �[�[, gw. �[gZ
[
w . gt[w +61:,

zkhuh [ @ iV>Hj/ �[ lv wkh h{shfwhg uhwxuq iurp htxlw|/ �[ lv wkh lqvwdqwdqhrxv

yduldqfh ri wkh uhwxuq frqglwlrqdo rq wkh Srlvvrq hyhqw qrw rffxuulqj/ dqg t lv d

Srlvvrq surfhvv jhqhudwlqj wkh mxpsv1 gt[ dqg gZ[ duh dvvxphg lqghshqghqw1 �[

lv wkh phdq qxpehu ri mxpsv shu xqlw wlph/ �[ � �
�
\ [ � 4

�
lv wkh dyhudjh mxps

vl}h +dv d ( ri htxlw| sulfh, zkhuh \ [ � 4 lv wkh udqgrp yduldeoh shufhqwdjh fkdqjh

lq wkh htxlw| sulfh li wkh Srlvvrq hyhqw rffxuv dqg � lv wkh h{shfwdwlrq rshudwru ryhu

wkh udqgrp yduldeoh \ [ 1 Dqg ohw wkh Oq+\ [, eh qrupdoo| glvwulexwhg zlwk phdq �[

dqg yduldqfh �5[ = Fohduo|/ gt
[ sduw ghvfulehv wkh sduw gxh wr wkh �deqrupdo� sulfh

yleudwlrqv1 Dqg li �[ @ 3 +dqg wkxv gt[ @ 3, wkhq wkh uhwxuq g|qdplfv zrxog eh

lghqwlfdo wr hlwkhu htxdwlrq +614, ru +615,1

Xvlqj Lwr*v ohppd iru wkh frqwlqxrxv sduw dqg dq dqdorjrxv ohppd iru wkh mxps

sduw< / d frxqwhusduw wr htxdwlrq +618,/ zkhq erwk wkh lqgh{ dqg h{fkdqjh udwh hyroyh

dffruglqj wr htxdwlrq +61:,/ lv dv iroorzv

<Khuh/ zh dvvxphg wkdw wkh surfhvv T ' 7. lv lqghshqghqw ri t 1 Ixuwkhu/ _^7| dqg _^.| duh
lqghshqghqw wr hdfk rwkhu/ dqg wr wkh Eurzldq prwlrqv _`7

| dqg _`.
| � Iru d ghvfulswlrq ri wkh

fruuhvsrqglqj ohppd iru Srlvvrq surfhvvhv/ vhh Phuwrq +4<:4, ru wkh ruljlqdo yhuvlrq lq Nxvkqhu
+4<9:/ sdjh 4;055,1 Dqg iru dssolfdwlrqv dqg h{dpsohv vhh Vklpnr +4<<5,1
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gYw

Yw
@

#
�Y � �Y �Y .

�V�
�
Yw\

V
�
. �H�

�
Yw\

H
�

Yw

$
gw. �Y gZ

Y
w +61;d,

@ +�Y � �Y �Y ,gw. �Y gZ
Y
w . gtYw +61;e,

zkhuh �Y �Y @ �V�V . �H�H > gt
Y
w @

�
gtVw . gtHw

�
>

Wkhq/ Y kdv d orj0qrupdo yduldqfh ri  5q � j�5VH .
q+�5V.�5H,

W�w
/ zkhuh  5q lv wkh wrwdo

yduldqfh ri wkh Srlvvrq mxps0gl�xvlrq surfhvv/ dqg j�5VH lv wkh yrodwlolw| frplqj rqo|

iurp wkh gl�xvlrq sduw ri VH=

Wkh sdudphwhuv ri lqwhuhvw duh hvwlpdwhg e| qxphulfdo pd{lpl}dwlrq ri wkh olnh0

olkrrg ixqfwlrq ri wkh sdudphwhu yhfwru � jlyhq wkh revhuydwlrqv {/ O +[m�, = Jlyhq

d vdpsoh ri gdlo| uhwxuqv/ [ � +{4>{5> � � � > {q,/ wkh wuxqfdwhg43 orjdulwkp ri wkh

olnholkrrg ixqfwlrq iru wkh mxps0gl�xvlrq surfhvv ghvfulehg deryh lv

oqO +[m�, � om @ �W�� W

5
oq +5�, +61<,

.
W[
w@4

oq

%
43[
q@3

�q

q$

4s
�5 . �5q

h{s

#
� +{w � �� �q,

5

5
�
�5 . �5q

� $&

zkhuh � �
�
�> �> �5> �> �5

�
=

6161 JDUFK+4/4, Prgho

Dqrwkhu zhoo nqrzq pdmru vrxufh ri idw wdlov lv wlph0ydu|lqj yrodwlolw|1 Vlqfh wkh lqwur0

gxfwlrq ri wkh Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvfhgdvwlflw| +DUFK, ri Hqjoh +4<;5,/

43Dv lq Edoo dqg Wrurxv +4<;8,/ zh xvh Q@431 Zh kdyh dovr irxqg wkurxjk ydulrxv h{shulphqwdwlrq
wkdw Q@43 surylghv vdwlvidfwru| dffxudf| iru doo sdudphwhu ydoxhv wkdw duh olvwhg lq wklv vhfwlrq1

45



wkhuh kdyh ehhq pdq| h{whqvlrqv lqfoxglqj JDUFK +Eroohuvohy/ 4<;9,144 Pdq| prg0

hohuv dqg sudfwlwlrqhuv kdyh wxuqhg wr JDUFK+4/4, dv d ehqfkpdun surfhvv lq wkh

fodvv ri DUFK prghov +h1j1 Gx!h dqg Sdq/ 4<<:> M1S1Prujdq UlvnPhwulfv/ 4<<9,1 Li

{w uhsuhvhqwv wkh dfwxdo uhwxuq dw wlph w dqg � lv wkh dyhudjh uhwxuq wkhq wkh uhwxuq

jhqhudwlqj surfhvv iru wkh JDUFK +4/4, yrodwlolw| prgho dvvxphv wkdw

{w @ �. %w %w�
�4
w � Q +3> 4, +6143,

*w � Hw�4

�
�5w
�
@ �. � +{w�4 � �,

5
. ��5w�4

zkhuh �> �> dqg � duh srvlwlyh frqvwdqwv zlwk wkh �qrq0h{sorvlyh� frqglwlrq wkdw

! � �.� ? 41 Wkh yduldqfh wrgd| ghshqgv xsrq wkuhh idfwruv= d frqvwdqw/ |hvwhugd|*v

iruhfdvw yduldqfh +wkh JDUFK whup,/ dqg |hvwhugd|*v qhzv derxw yrodwlolw| zklfk lv

wdnhq wr eh wkh vtxduhg uhvlgxdo iurp |hvwhugd| +wkh DUFK whup,1 D kljk � ru �

lpsolhv d kljk fduu|0ryhu h�hfw ri sdvw wr ixwxuh yrodwlolw| +l1h1 � ru � phdvxuhv wkh

shuvlvwhqfh lq yrodwlolw|/ ru fdswxuh yrodwlolw| foxvwhulqj= odujh uhwxuqv duh pruh olnho|

wr eh iroorzhg e| odujh uhwxuqv ri hlwkhu vljq wkdq e| vpdoo uhwxuqv,/ zkloh d orz � ru

� lpsolhv d khdylo| gdpshg ghshqghqfh rq sdvw yrodwlolw|1

Wkh sdudphwhuv iru JDUFK +4/4, duh dovr hvwlpdwhg e| qxphulfdo pd{lpl}dwlrq

ri wkh olnholkrrg ixqfwlrq1 Wkh orjdulwkp ri wkh olnholkrrg ixqfwlrq iru wkh JDUFK

44Rwkhu h{whqvlrq/ mxvw wr qdph d ihz/ duh Lqwhjudwhg JDUFK +LJDUFK,/ H{srqhqwldo JDUFK
+HJDUFK,/ Furvv0Pdunhw JDUFK/ dqg Uhjlph Vzlwfklqj DUFK +VZDFK,1 +vhh/ Eroohuvohy/ Fkrx/
dqg Nurqhu/ +4<<5, iru d uhylhz ri wkh DUFK olwhudwxuh1

46



surfhvv ghvfulehg deryh lv

oqO
�
[m
}��~
�
�
� oj @ �W

5
oq +5�, .

W[
w@4

oq

%
4

s
*w

h{s

#
� +{w � �,5

5*w

$&
+6144,

zkhuh
}��~
� � i�> �> �j =

6171 Mxps dqg JDUFK +4/4,

Vlqfh erwk wkh Mxps gl�xvlrq dqg JDUFK+4/4, surfhvvhv frxog jlyh dulvh wr kdylqj

idwwhu wdlov wkdq wkrvh h{shfwhg iurp d qrupdo glvwulexwlrq/ zh frpelqh erwk surfhvvhv

wr dqdo|}h zklfk ri wkh wzr surfhvvhv surylghv d vxshulru ghvfulswlrq ri wkh gdwd1

Frqvhtxhqwo|/ zkhq uhwxuqv iroorz erwk surfhvvhv/ lw fdq eh zulwwhq dv iroorzv

g[w

[w

@ +�[ � �[�[, gw. *[w gZ
[
w . gt[w +6145,

Rqfh djdlq/ wkh sdudphwhuv ri lqwhuhvw duh hvwlpdwhg e| qxphulfdo pd{lpl}dwlrq ri

wkh olnholkrrg ixqfwlrq ri wkh sdudphwhu yhfwru � jlyhq wkh revhuydwlrqv {/ O +[m�, =

Jlyhq d vdpsoh ri gdlo| uhwxuqv/ [ � +{4>{5> � � � > {q,/ wkh wuxqfdwhg orjdulwkp ri

wkh olnholkrrg ixqfwlrq iru wkh mxps0gl�xvlrq zlwk JDUFK +4/4, surfhvvhv ghvfulehg

deryh lv

oqO +[mh�, � om @ �W�� W

5
oq +5�, +6146,

.
W[
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zkhuh h� � ��> �> �> �> �> �5> �> �5�
6181 Olnholkrrg Udwlr Whvwv

Pd{lpxp0Olnholkrrg Hvwlpdwlrq +POH, qrw rqo| jlyhv wkh frqvlvwhqw dqg lqyduldqw

hvwlpdwhv/ exw dovr shuplwv irupdo whvwv ri wkh uhodwlyh �w ri ydulrxv glvwulexwlrqv1

Iru h{dpsoh/ vlqfh d sxuh gl�xvlrq prgho lv qhvwhg zlwklq wkh Srlvvrq mxps0gl�xvlrq

prgho/ d olnholkrrg udwlr whvw fdq eh xvhg wr whvw wkh qxoo k|srwkhvlv K3= uhwxuqv duh

qrupdoo| glvwulexwhg1 Wkh olnholkrrg udwlr vwdwlvwlf lv jlyhq e|

� @ �5 ^oqO +[m�,� oqO +[me�,` +6147,

zkhuh/ O +[me�, lv wkh olnholkrrg ixqfwlrq iru wkh qrupdo glvwulexwlrq ri d sxuh gl�xvlrq

surfhvv/ zkhuh wkh sdudphwhu yhfwru e� @
�
�> �5

�
145

�� �� ���
�� !��	���

Iru rxu hpslulfdo dqdo|vlv/ zh xvhg wkh iroorzlqj gdwd vrxufhv1 Doo wkh gdwd duh gdlo|

dqg vwduw iurp Mdqxdu| 7/ 4<<8 wloo Mxo| 4/ 4<<:1 Wkhvh zhuh rewdlqhg iurp wkh

Dxvwuldq Ixwxuhv dqg Rswlrqv H{fkdqjh1 Wkh X1V1 60prqwkv W0Eloo udwh lv xvhg dv d

sur{| iru wkh ulvn0iuhh udwh dqg hdvlo| fdq eh rewdlqhg iurp wkh Flwledvh +I\JQ6,46 1

Wkh uhwxuq vhulhv iru wkhvh lqglfhv duh fdofxodwhg e| xvlqj wkh gl�huhqfhv ri sulfh lq

45Wkh orjdulwkp ri wkh olnholkrrg ixqfwlrq u
�
f�e�� iru wkh qrupdo glvwulexwlrq zlwk wkh

sdudphwhu yhfwru e� '

�
>c j2

�
fdq eh zulwwhq dv *?u

�
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 ,� ' 3
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46Wkh 60prqwkv W0Eloo lv prqwko|/ zklfk lv wkh dyhudjh ri gdlo| �jxuhv1 Wkh Erdug ri Jryhuqruv

ri wkh Ihghudo Uhvhuyh V|vwhp lv wkh pdlq vrxufh iru wklv gdwd vhulhv1

48



orjv/ oq +sw@sw�4, =

Zh ehjlq rxu hpslulfdo dqdo|vlv zlwk wkh pd{lpxp olnholkrrg hvwlpdwlrqv iru

ydulrxv prghov dqg wkhlu vwdwlvwlfdo whvwv1 Dovr lq wklv vhfwlrq/ zh frpsduh gl�huhqw

prghov iru wkh �w ri wkh gdwd1

7141 Pd{lpxp Olnholkrrg Hvwlpdwlrqv dqg Udwlr Whvwv

Wdeoh 6 dqg Wdeoh 7 vkrz wkh hvwlpdwhg frh!flhqwv dv zhoo dv wkh hpslulfdo �w ri wkh

�uvw wkuhh prghov xvlqj wkh FW[ dqg KW[ gdlo| uhwxuq vhulhv/

vhh Wdeohv 6 dqg 7 lq dsshqgl{1

Iru wkh mxps prgho/ dv lq Edoo dqg Wrurxv +4<;8,/ zh xvhg wkh Ehuqrxool mxps0

gl�xvlrq pd{lpxp olnholkrrg hvwlpdwhv dv d vwduwlqj ydoxhv iru wkh Qhzwrq0Udskvrq

dojrulwkp1 Frqvhtxhqwo|/ iru rxu lqlwldo ydoxhv/ zh vhw � @ 3 dqg wdnh rwkhu sdudphwhuv

duelwudulo|1 Iru wkh JDUFK+4/4, prgho/ zh xvhg wkh ruglqdu| ohdvw vtxduh hvwlpdwhv

dv wkh lqlwldo ydoxhv lq rxu pd{lpxp olnholkrrg hvwlpdwlrq1

Dqdo|vlv ri Wdeoh 6 surylghv dq lqwhuhvwlqj uhvxowv1 Iru wkh mxps prgho/ wkh

hvwlpdwhg e� whoov xv wkdw wkhuh duh dssur{lpdwho| 3198 mxpsv shu gd| iru erwk FW[ dqg

KW[1 Wklv lpsolhv wkdw wkhuh lv d mxps rq dyhudjh hyhu| 418 gd|v1 Wkhvh hvwlpdwhg

e�v duh vwdwlvwlfdoo| vljql�fdqw1 Dowkrxjk wkhvh mxpsv duh vwdwlvwlfdoo| vljql�fdqw/

rqh vkrxog qrwh wkdw qrw doo ri wkhvh e�v uhsuhvhqw gudpdwlf mxpsv ru fudvkhv ri wkh
pdunhwv1 Li rqh orrnv dw wkh lpsolhg mxps vl}hv/ wkh| duh uhodwlyho| txlwh vpdoo1

Wklv uhvxow lqglfdwhv wkdw qhzv w|slfdoo| frphv lq �sdfnhwv� zklfk/ zkloh vpdoo/ vwloo
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kdyh zkdw Phuwrq +4<:9, fdoov �qrq0pdujlqdo� h�hfwv rq xqghuo|lqj vhfxulwlhv sulfhv1

Wkhvh iuhtxhqw exw vpdoo qrq0pdujlqdo lqqrydwlrqv vkrxog eh glvwlqjxlvkhg iurp wkh

lqiuhtxhqw exw kdyh �vwrfn pdunhw fudvk� w|sh vkrfnv zklfk/ gxh wr wkh yhu| vkruw

wlph krul}rq dqdo|}hg khuh/ zhuh qrw revhuyhg lq rxu vdpsoh vsdfh1

Iru FW[/ wkh dyhudjh gdlo| uhwxuq wkdw lv gxh wr mxps/ e�e�/ lv �3=33364= Wklv
dffrxqwv iru dssur{lpdwho| 449( ri wkh wrwdo dyhudjh gdlo| uhwxuq47 1 Wkh hvwlpdwh

e�e� iru KW[ lv 3=3339:7/ zklfk dffrxqwv iru dssur{lpdwho| <3( ri wkh wrwdo dyhudjh

gdlo| uhwxuq1 Rq wkh yrodwlolw| hvwlpdwhv/ vlqfh wkh wrwdo xqfrqglwlrqdo yrodwlolw| ri

wkh Srlvvrq mxps surfhvv +dqqxdol}hg zlwk 583 wudglqj gd|v, lv jlyhq e|/ �Wrwdo �uke�5 . e��e�5 . e�5�l � 583> zh fdq dovr uhfryhu wkh wrwdo yduldqfh zklfk lv gxh wr wkh

mxps frpsrqhqw/ qdpho|/ �5Mxps �
e��e�5.e�5�ke�5.e��e�5.e�5�l 1 Wkxv/ iru FW[/ dssur{lpdwho|

:;( ri wkh wrwdo yrodwlolw| frphv iurp wkh mxps frpsrqhqw �5Mxps1 Dqg iru KW[/

dssur{lpdwho| ;3( ri wkh wrwdo yrodwlolw| lv dffrxqwhg e| wkh mxps frpsrqhqw1

Wxuqlqj qrz wr wkh JDUFK +4/4, hvwlpdwlrq/ zh fdq vwdwlvwlfdoo| frqfoxgh wkdw

iru erwk FW[ dqg KW[/ wkh hvwlpdwhv duh lq olqh zlwk wkh suhylrxv vwxglhv lq wkh

olwhudwxuh= JDUFK +4/4, surylgh vljql�fdqw lq0vdpsoh sdudphwhu hvwlpdwhv dqg kljko|

shuvlvwhqw1 Doo wkuhh idfwruv/ d frqvwdqw/ |hvwhugd|*v iruhfdvw yduldqfh dqg |hvwhugd|*v

qhzv derxw yrodwlolw|/ ri wkh JDUFKprgho duh vwdwlvwlfdoo| vljql�fdqw zlwk e�. e� � 41

Rqh ri wkh lqwhuhvwlqj qrwhv lv wkh idfw wkdw wkh pdjqlwxgh ri wkh hvwlpdwhv rq e� dqg

e� lv lqyhuvhg iru FW[ dqg KW[1 Wkh shuvlvwhqfh lq yrodwlolw|/ e�/ iru FW[ +31::, lv

pxfk kljkhu wkdq iru KW[ +3138,1 Krzhyhu/ wkh hvwlpdwh iru wkh |hvwhugd|*v iruhfdvw

47Wkh uhdvrq iru wkh ydoxh zklfk lv pruh wkdq �ffI lv ehfdxvh wkh FW[ kdv d grzqzdug wuhqg lq
lwv uhwxuqv1 Lq rwkhu zrugv/ wkh mxps frpsrqhqw uhwxuq lv qhjdwlyh dqg odujhu wkdq wkh uhwxuq iru
wkh gl�xvlrq sduw1
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yduldqfh/ e�> iru FW[ +3146, lv pxfk orzhu wkdq iru KW[ +316;,1

Ehfdxvh erwk wkh mxps dqg JDUFK +4/4, hvwlpdwhv duh vwdwlvwlfdoo| vljql�fdqw/

zh dovr hvwlpdwh wkh frpelqhg prgho ri mxps gl�xvlrq dqg JDUFK +4/4, iru erwk

wkh FW[ dqg KW[1 Wkh uhvxowv duh jlyhq lq wkh �iwk dqg qlqwk froxpqv ri Wdeoh 61

Dv h{shfwhg/ vlqfh erwk wkh mxps dqg wlph ydu|lqj yrodwlolw| duh wzr pdmru vrxufhv

ri idw wdlov lq uhwxuq glvwulexwlrqv/ doo wkh frpsrqhqwv iurp wkh erwk surfhvvhv duh

lghqwl�hg dqg surylgh uhdvrqdeoh uhvxowv1 Pruh lqwhuhvwlqj txhvwlrq lv zklfk ri wkh

wzr surfhvvhv surylgh d ehwwhu �w ri wkh gdwd1 Zh dgguhvv wklv txhvwlrq xvlqj wkh

Olnholkrrg Udwlr whvwv lq vhfwlrq 6181

Wkh hpslulfdo �w ri wkh ydulrxv vwrfkdvwlf surfhvvhv iru doo wkh uhwxuqv duh suhvhqwhg

lq Wdeoh 71 Wkh k|srwkhvlv ri d sxuh gl�xvlrq surfhvv lv uhmhfwhg djdlqvw wkh mxps

gl�xvlrq/ JDUFK +4/4,/ dqg wkh frpelqhg prghov= Wkh pdujlqdo vljql�fdqfh ohyho ri

wkh "5g�5*v duh doo }hur iru wkh erwk FW[ dqg KW[1 Krzhyhu/ vlqfh qhlwkhu wkh mxps

gl�xvlrq qru JDUFK+4/4, surfhvvhv kdyh ehhq h{solflwo| lghqwl�hg lq gdlo| uhwxuq

pryhphqwv/ zh kdyh shuiruphg d qhvwhg olnholkrrg whvw ehwzhhq wkh frpelqhg prgho

yhuvxv wkh mxps gl�xvlrq dqg JDUFK1 Lq grlqj vr/ zh zrxog ixuwkhu kdyh d ehwwhu

xqghuvwdqglqj ri wkh wuxh xqghuo|lqj surfhvv1 Hyhq zlwk wkh olnholkrrg udwlr whvwv

xvlqj wkh frpelqhg olnholkrrg vwdwlvwlfv/ zh fdqqrw vwdwlvwlfdoo| frqfoxgh wkdw hlwkhu

wkh mxps gl�xvlrq ru JDUFK +4/4, ghvfulehv wkh gdwd= Wkh pdujlqdo vljql�fdqfh

ohyho ri wkh "5g�5*v duh doo }hur iru wkh erwk FW[ dqg KW[1 Krzhyhu/ zh qrwh wkdw

wkh ydoxhv ri "5g�5*v iru wkh frpelqhg yhuvxv mxps lv pxfk orzhu +9618 iru wkh FW[

dqg ;415 iru wkh KW[, wkdq wkh ydoxhv ri "5g�5*v iru wkh frpelqhg yhuvxv JDUFK

+4/4, +44417 iru wkh FW[ dqg 44:1< iru KW[,1
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Vlqfh zh gr qrw kdyh d qhvwhg olnhkrrg vwdwlvwlfv wkdw zrxog shuplw xv wr whvw

gluhfwo| wkh qxoo ri Mxps yhuvxv JDUFK/zh suhvhqw ixuwkhu vwdwlvwlfdo uhvxowv wr ohqg

vxssruw djdlqvw wkh JDUFK +4/4, e| hvwlpdwlqj wkh h{0srvw vtxduh uhwxuq 0 yrodwlolw|

olqhdu uhjuhvvlrq ri wkh irup

+{w � �,
5
@ �3 . �4e�5w . �w +714,

zkhuh {w duh wkh revhuyhg uhwxuqv/ e�5w lv wkh suhglfwhg yduldqfh xvlqj wkh hvwlpdwhg

sdudphwhuv iurp wkh JDUFK +4/4,/ dqg �w lv d zklwh qrlvh1 Wkhuh duh qxphurxv

vwxglhv wkdw vkrz d kljk ghjuhh ri yrodwlolw| shuvlvwhqfh dqg vljql�fdqw lq0vdpsoh

sdudphwhu hvwlpdwhv uhvxowlqj iurp JDUFK +4/4,1 +h1j1 Eroohuvohy/ Fkrx dqg Nurqhu/

4<<5> Eroohuvohy/ Hqjoh dqg Qhovrq/ 4<<7> Vkhskdug/ 4<<9,1 Li JDUFK +4/4, lv wkh

wuxh surfhvv wkhq zkhq wkh vtxduh uhwxuq uhjuhvvlrq lv uxq/ U5 vkrxog eh uhodwlyho|

kljk/ dqg erwkf�3 dqgf�4 vkrxog eh vwdwlvwlfdoo| vljql�fdqw dqg htxdo wr }hur dqg xqlw|
uhvshfwlyho|1 Krzhyhu/ wkhuh duh dovr qxpehu ri vwxglhv zklfk vkrzv wkdw vwdqgdug

yrodwlolw| prghov +l1h1 DUFK dqg JDUFK, h{sodlq olwwoh ri wkh yduldelolw| lq h{0

srvw vtxduhg uhwxuqv lq ydulrxv irupv ri htxdwlrq +714,1 +h1j1 Fxpe|/ Iljohzvnl dqg

Kdveurxfn/ 4<<6> Iljohzvnl/ 4<<:> dqg Mrulrq/ 4<<8/ 4<<9,1 Prvw ri wkhvh sdshuv

suhvhqw U5*v iurp wkh vtxduh uhwxuq 0 yrodwlolw| uhjuhvvlrqv lq wkh udqjh ri 4 0 43

(/ dqg wkh hvwlpdwhg sdudphwhuv f�3 dqg f�4 duh lpsuhflvh1 Frqvhtxhqwo|/ wkhvh orz

U5*v lq wkh olwhudwxuh kdyh ohqg vxssruw wkdw wkh vwdqgdug JDUFK prghov pd| eh

plv0vshfl�hg dqg surylgh olplwhg xvh148

48Dqghuvhq dqg Eroohuvohy +4<<:, vkrz wkdw xqghu d gl�huhqw frqvwuxfwlrq ri wkh h{0srvw vtxduhg
uhwxuq 0 yrodwlolw| uhjuhvvlrq xvlqj d frqwlqxrxv wlph iudphzrun dqg kljk0iuhtxhqf| lqwudgdlo| gdwd/
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Wdeoh 8 suhvhqwv wkh uhjuhvvlrq uhvxowv/

vhh Wdeoh 8 lq dsshqgl{1

Zh frqfoxgh wkdw xvlqj gdlo| uhwxuqv/ zh fdqqrw vxssruw JDUFK +4/4, dv wkh

prgho ghvfulelqj wkh xqghuo|lqj surfhvvhv1 Doo wkh uhsruwhg U5*v duh lq wkh udqjh ri 4

0 43(/ zklfk duh lq olqh zlwk suhylrxv vwxglhv lq wkh olwhudwxuh/ dqg wkh hvwlpdwhg f�3
dqgf�4 gr qrw vxssruw wkh k|srwkhvlv wkdw wkh| duh htxdo wr }hur dqg rqh uhvshfwlyho|1
Shukdsv/ wkh uhvxowv zrxog kdyh ehhq gl�huhqw kdg zh xvhg d kljk0iuhtxhqf| lqwudgdlo|

uhwxuqv dv sursrvhg e| Dqghuvhq dqg Eroohuvohy +4<<:,1 Vlqfh/ zh gr qrw kdyh vxfk

gdwd/ zh ohdyh wklv lvvxh iru odwhu glvfxvvlrq1 Frqvhtxhqwo|/ lq wkh rswlrq sulflqj

vhfwlrq/ zh rqo| frqfhqwudwh ehwzhhq wkh sodlq ydqlood +Eodfn0Vfkrohv, dqg wkh mxps0

gl�xvlrq rswlrq sulflqj prghov1

"� ����#� ��� �� ���
�� ���� $��	������

Lq wklv vhfwlrq/ zh vwduw e| rxwolqlqj wkh sd|r�v dqg ydoxdwlrqv iru iruhljq htxlw|

lqgh{ Hxurshdq fdoo rswlrqv wkdw lv vwuxfn lq grphvwlf fxuuhqf|1 Zh wkhq ghvfuleh

Phuwrq*v +4<:9d, Srlvvrq Mxps0Gl�xvlrq prgho iru iruhljq lqgh{ rswlrq1 Zh suhvhqw

wkh huuruv lq rswlrq sulflqj zkhq mxpsv duh ljqruhg lq wkh odvw vhfwlrq1

wkh uhjuhvvlrq fdq h{sodlq xswr 83( dv frpsduhg wr 90 43 ( zklfk duh uhsruwhg suhylrxvo|1
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8141 Iruhljq Htxlw| Lqgh{ Fdoo Vwuxfn lq Grphvwlf Fxuuhqf| zlwk qr Mxpsv=

Prgho L

Wkh surgxfwv r�huhg dw wkh ÙWRE ohdg xv wr dqdo|}h wkh fdvh zkhuh wkh lqyhvwru

zlvkhv wr uhfhlyh dq| srvlwlyh uhwxuqv iurp wkh iruhljq pdunhw/ exw dovr zdqwv wr eh

fhuwdlq wkdw wkrvh uhwxuqv duh phdqlqjixo zkhq wudqvodwhg edfn lqwr klv rzq fxuuhqf|1

Frqvhtxhqwo|/ zkhq rqh zdqwv wr wdnh lqwr dffrxqw wkh h{fkdqjh udwh dv zhoo dv wkh

htxlw| g|qdplfv lq wkh rswlrq sulflqj/ rqh pxvw prgli| wkh vwdqgdug Eodfn0Vfkrohv

prgho1

Wkh sd|r� iru wklv vfhqdulr lv

FL @ Pd{ ^V�H� �N> 3`

zkhuh N lv qrz d grphvwlf fxuuhqf| dprxqw/ uhsuhvhqwlqj wudqvodwlrq ri wkh iruhljq

htxlw| ydoxh lqwr grphvwlf whupv1

Erwk wkh FW[ dqg KW[ lqglfhv duh wudqvodwhg lqwr 'X1V1 grooduv dw wkh h{fkdqjh

udwh suhydlolqj dw wkh wlph ri h{huflvh1 Wkxv/ wkh rswlrqv duh rq d wudghg vhfxulw|

ghqrplqdwhg lq grooduv zlwk d sulfh VH wkdw kdv wkh yrodwlolw| ri wkh vhfxulw|*v sulfh

dv �VH @
s
�5V . �5H . 5�VH�H�V 1 Frqvhtxhqwo|/ zh fdq xvh wkh vwdqgdug Eodfn0

Vfkrohv prgho zlwk � uhsodfhg e| �VH dqg V uhsodfhg e| VH1 Wkh ydoxh ri wklv

Hxurshdq fdoo/ wkhuhiruh/ lv

sulfh ri FL @ VHQ +g4,�Nh�u+W�w,Q +g5, +814,
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zkhuh Q +�, lv wkh fxpxodwlyh qrupdo glvwulexwlrq

g4 @
Oq +V, . Oq +H,� Oq +N, .

�
u . �5VH@5

�
+W � w,

�VH
s
W � w

g5 @ g4 � �VH
s
W � w

u @ grphvwlf ulvn0iuhh udwh

�VH @
t
�5V . �5H . 5�VH�H�V

Khuh/ - ghqrwhv wkh ydoxh dw h{sludwlrq/ W @ h{sludwlrq gdwh/ V @ vsrw htxlw| sulfh

lq wkh iruhljq fxuuhqf| +h1j1 F}hfk Nurq, dw wlph w/ H @ lv wkh h{fkdqjh udwh +'X1V1

shu xqlw iruhljq fxuuhqf|,/ u @ X1V1 ulvn0iuhh udwh/ N @ vwulnh sulfh lq wkh 'X1V1/ dqg

�V lv wkh iruhljq htxlw| sulfh yrodwlolw|/ �H lv wkh h{fkdqjh udwh yrodwlolw|/ dqg �VH lv

wkh fruuhodwlrq ehwzhhq wkh iruhljq htxlw| dqg h{fkdqjh udwh1

8151 Srlvvrq Mxps Gl�xvlrq Prgho= Prgho LL

Pdsslqj htxdwlrq +61;e, zlwk Phuwrq*v +4<:9d, rswlrq irupxod iru d mxps gl�xvlrq

surfhvv/ wkh Hxurshdq fdoo rswlrq sulfh xqghu wkh surgxfw mxps0gl�xvlrq prgho lv

FM
LL

�
VH> W � w> u> �5> �> �> �5>N

�
@

4[
q@3

h��
�+W�w, i�� +W � w,jq

q$
+815,

�Fq

3EEC VH> W � w> u � �
�
h�.+�

5,@5 � 4
�

.q
�.+�5@5,

W�w
>

tj�5VH . q�5

W�w
> N

4FFD

55



zkhuh �� @ �h�.+�
5@5,> � @ +�V . �H, > � @ +�V . �H, > � @

�
�5V . �5H

�
= Fq lv wkh

Eodfn0Vfkrohv sulfh ri d fdoo zlwk wkh yrodwlolw| ri

tj�5VH . q�5

W�w
dqg lqwhuhvw udwh ri

u � �
�
h�.+�

5,@5 � 4
�
. q

�.+�5@5,
W�w

=

8161 Lpsolfdwlrqv iru Rswlrq Sulflqj= Huuruv lq Rswlrq Sulflqj

Lq rxu dqdo|vlv/ zh irfxv rq wkh rswlrq sulfh gl�huhqfhv ehwzhhq frpshwlqj prg0

hov dqg qrw rq wkh glvfuhsdqflhv ehwzhhq wkh prghov dqg pdunhw rswlrq sulfhv1 Lq

grlqj vr/ zh vlghvwhs wkh olplwdwlrqv ri revhuylqj wkh dfwxdo sulfhv dqg fdq dsso|

wkh wkhru| wr hvwdeolvk zkdw wkh sulfhv ri wkhvh fodlpv vkrxog eh1 Pruh vshfl�0

fdoo|/ zh dqdo|}h wkh lpsolfdwlrqv zklfk dulvh iru rswlrq sulflqj li dq lqyhvwru plv0

wdnhqo| qhjohfwv wkh mxps0frpsrqhqw lq wkh xqghuo|lqj lqgh{ uhwxuqv1 Wr phdvxuh

wkh plvsulflqjv iurp vxfk qhjoljhqfh/ zh xvh wkh uhodwlyh gl�huhqfh lq shufhqwdjh/

% @
FM
LL+VH>W�w>ui >�

5>�>�>�5>N,�FEV
L +VH>W�w>u>�5wrwdo>N,

FM
LL
+VH>W�w>u>�5>�>�>�5>N,

� 433= FM
LL lv fdofxodwhg iurp

htxdwlrq +815, xvlqj wkh hvwlpdwhg ydoxhv ri e�5> e�>e�>dqg e�5 lq Wdeoh 649 = Dqg FEV
L

lv frpsxwhg iurp htxdwlrq +814, zlwk wkh wrwdo yduldqfh/ �5Wrwdo � e�5 . e��e�5 . e�5� =
Wkh rswlrqv duh fodvvl�hg e| wlph wr pdwxulw| dqg wkh udwlr ri vwrfn dqg vwulnh sulfhv/

VH@N1 Zh frqvlghu vkruw whup/ phglxp whup/ dqg orqj whup dv : gd|v +4 zhhn,/

63 gd|v +7 zhhnv, dqg <3 gd|v +45 zhhnv, uhvshfwlyho|1 Wkh udwlr VH@N lv wdnhq wr

uhsuhvhqw lq0 +41358,/ dw0 +4133,/ dqg rxw +31<:8, ri wkh prqh| fodvvhv1 Zh dovr suhvhqw

rswlrq ydoxhv iru ghhs lq0 +4138,/ dqg rxw +31<8, ri wkh prqh| fodvvhv1 Iru wkh ulvn0iuhh

udwh/ zh �{hg u @ 3=35( shu gdlo|1

49 Lw vkrxog eh srlqwhg rxw wkdw lq frpsxwlqj �a
UU
/ zh xvhg � ' 2ff zkhuhdv � ' �f zdv xvhg iru

hvwlpdwlqj wkh Pd{lpxp Olnholkrrg ixqfwlrq1 Vlqfh rxu hvwlpdwhg ydoxh iru gdlo| b zdv txlwh odujh/
xvlqj � ' �f zrxog kdyh ghjhqhudwhg wkh fdoo ydoxh �a

UU
wr qhdu }hur1
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Zh suhvhqw erwk uhodwlyh dqg devroxwh rswlrq sulflqj eldv iru wkh FW[ dqg KW[

xvlqj wkh sdudphwhuv suhylrxvo| hvwlpdwhg1 Wdeohv 9 dqg : vkrz wkh uhodwlyh sulflqj

huuruv/ zkhuhdv Iljxuhv 5 dqg 6 vkrz wkh devroxwh gl�huhqfh/

vhh Wdeohv 9 dqg : dqg

Iljxuhv 5 dqg 6 lq dsshqgl{1

D fohdu phvvdjh iurp Wdeohv 9 dqg : dqg Iljxuhv 6 dqg 7 lv wkdw dw0wkh0prqh|/ wkh

Eodfn0Vfkrohv fdoo fdqqrw xqghusulfh wkh mxps prgho +Edoo dqg Wrurxv/ 4<;8> Phuwrq/

4<:9e,1 Krzhyhu/ wkh Eodfn0Vfkrohv fdoo ydoxh fdq xqghusulfh ru hyhq ryhusulfh lq0

dqg rxw0ri0wkh0prqh| fdoo rswlrqv/ dowkrxjk wkh pdjqlwxgh ri vrph ri wkhvh huuruv

duh plqlpdo1 Iljxuhv 6 dqg 7 vkrz wkh zhoo0nqrzq y0vkdsh uhodwlrqvkls lq sulflqj

eldv zlwk wkh plv0sulflqj ghfuhdvlqj dv wkh wlph wr pdwxulw| lqfuhdvhv1 Iru FW[ dqg

KW[/ wkh Eodfn0Vfkrohv ryhusulfhv vkruw0whup dw0wkh0prqh|1 Krzhyhu/ iru vkruw whup

lq0 dqg rxw0ri0wkh prqh|/ wkh Eodfn0Vfkrohv hlwkhu xqghu0 ru ryhusulfhv/ ghshqglqj

rq wkh vnhzqhvv ri wkh xqghuo|lqj vhfxulw|*v uhwxuq glvwulexwlrq1 Iru h{dpsoh/ KW[

zlwk srvlwlyh vnhzqhvv lq lwv uhwxuq glvwulexwlrq +3156, dqg srvlwlyh phdq uhwxuq ri

wkh mxps frpsrqhqw
�e� @ 3=436� 43�5

�
/ wkh Eodfn0Vfkrohv xqghusulfhv vkruw whup

rxw0ri0wkh0prqh| exw ryhusulfhv lq0wkh0prqh| rswlrqv1 Rq wkh rwkhu kdqg/ wkh Eodfn0

Vfkrohv xqghusulfhv lq0wkh0prqh| rswlrqv exw ryhusulfhv rxw0ri0wkh0prqh| iru FW[/

zklfk kdv d qhjdwlyh vnhzqhvv zlwk qhjdwlyh phdq uhwxuq ri wkh mxps frpsrqhqw�e� @ �3=379:� 43�5
�
=

Lq whupv ri wkh uhodwlyh sulflqj eldv/ wkh Eodfn0Vfkrohv xqghusulfhv vkruw whup rxw0
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ri0wkh0prqh| rswlrqv dssur{lpdwho| e| 4; shufhqw iru KW[/ exw ryhusulfhv derxw 7

shufhqw iru FW[1 Ixuwkhu/ xqghusulflqj ri 451; dqg 9134 shufhqwv e| wkh Eodfn0Vfkrohv

iru KW[ dw 6 dqg 7 zhhnv ghhs rxw0ri0wkh0prqh| +31<8, duh rwkhu qrwlfhdeoh �jxuhv1

Iru KW[/ d vljql�fdqw xqghusulflqj lv dovr uhsruwhg iru wkh ghhs ghhs rxw0ri0wkh0

prqh| +31<, dw < wr 45 zhhnv4: 1 Wkhvh �jxuhv iru KW[ duh wkh frqvhtxhqfh ri wkh

odujh qxpehu ri mxpsv dqg srvlwlyh vnhzqhvv lq wkh xqghuo|lqj uhwxuq glvwulexwlrq1 Dv

d uhvxow/ wkh gl�xvlrq surfhvv +l1h1 Eodfn0Vfkrohv prgho, xqghuhvwlpdwhv wkh olnholkrrg

ri mxps +l1h1 Phuwrq*v prgho, zklfk zrxog eulqj rqh ri wkhvh vkruw0whup rxw0ri0wkh0

prqh| fdoo rswlrqv lqwr wkh prqh|1 Wkh ydoxhv iru KW[ duh lq olqh zlwk wkh rwkhu

uhvhdufk/ qdpho|/ 451; shufhqw xqghusulflqj uhsruwhg e| Mrulrq +4<;;, rq wkh X1V1

vwrfn lqgh{ rswlrqv14;

Rwkhu wkdq wkh rxw0ri0wkh0prqh| rswlrqv/ wkh sulflqj eldv lv txlwh vpdoo/ zklfk

ohqgv dgglwlrqdo vxssruw iru Edoo dqg Wrurxv +4<;8, dqdo|vlv> wkhuh lv d ihz rshud0

wlrqdo glvfuhsdqflhv ehwzhhq Phuwrq*v Srlvvrq mxps dqg Eodfn0Vfkrohv sxuh gl�xvlrq

prghov1 Wkh odvw uhpdun rq wkh rshudwlrqdo dvshfw ri wkh Mxps prgho vkrxog eh

hpskdvl}hg iru wkh pdunhwv vxfk dv FW[ dqg KW[1 Dv phqwlrqhg suhylrxvo|/ erwk

FW[ dqg KW[ duh wklqo| wudghg zlwk kljk wudqvdfwlrq frvwv1 Wkhuh lv d �{hg fkdujh

ri 53 XVG shu wlfnhw1 Wkh ÙWRE*v fohdulqj ihh lv 418 shufhqw ri wkh suhplxp +Plq11

4 XVG shu frqwudfw, dqg rwkhu lqyhvwphqw edqnv* ihhv duh ehwzhhq 31: 0 4 shufhqw shu

frqwudfw zlwk qr plqlpxp ihh1 Iru rswlrqv h{huflvhg/ wkh edqnv/ lqfoxglqj ÙWRE/

4:Wkhvh qxpehuv iru sulflqj huuruv pxvw eh lqwhusuhwhg zlwk vrph fdxwlrq1 Wkh erxqgdu| qxpehuv
lq wdeohv 814 dqg 815 +l1h1wkh qxpehuv wkdw erughuv }hurv, duh qrw urexvw1 Iru h{dpsoh/ li wkh fxw r�

fulwhuld lv vhw dv E�M
g

3
�EV
g

� 	 f�ffD/ zh zrxog qrw rewdlq vxfk qxpehuv1
4;Mrulrq +4<;;, dovr uhsruwhg 4: shufhqw xqghusulflqj rq '2GP fxuuhqf| rswlrqv dqg Ergxuwkd

dqg Frxuwdgrq +4<;:, uhsruwhg 5< shufhqw xqghusulflqj ri wkh Dphulfdq rswlrq lq wkh fxuuhqf|
pdunhw1
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fkdujh 8 XVG shu frqwudfw14< Zlwk wkhvh wudqvdfwlrq frvw �jxuhv/ h{fhsw iru wkh

vkruw whup rxw0ri0wkh0prqh| rswlrqv/ rqh zrqghuv zkhwkhu wkh sulflqj glvfuhsdqflhv

fdq dfwxdoo| eh h{sorlwhg1

%� ���
�	����

Lq wklv sdshu/ zh dqdo|}h zkhwkhu glvfrqwlqxrxv dqg wlph ydu|lqj yrodwlolw| prghov

fdq ghvfuleh wkh gdwd rq wkh F}hfk Wudghg Lqgh{ +FW[, dqg Kxqjduldq Wudghg Lqgh{

+KW[,1 Iurp wkh fdvxdo dqg vwdwlvwlfdo hylghqfh/ wkh FW[ dqg KW[ gr qrw glvsod|

wkh orj0qrupdo glvwulexwlrq1 Wkh fulwlfdo ghwhuplqdqw ri wkh sulfh ri d Hxurshdq vwrfn

rswlrq lv wkh whuplqdo vwrfn sulfh glvwulexwlrq1 Wr xvh wkh Eodfn0Vfkrohv prgho/ rqh

pxvw kdyh wkh orj0qrupdo glvwulexwlrq1 Frqvhtxhqwo|/ Eodfn0Vfkrohv zrxog whqg wr

hlwkhu xqghu ru ryhu sulfh lq 0 ru rxw0ri0wkh prqh| fdoov ghshqglqj rq wkh vl}h ri

wkh wdlov ri wkh glvwulexwlrq1 Zh �qg wkdw wkh Srlvvrq Mxps prgho vwdwlvwlfdoo| ohqg

vxssruw wr ghvfuleh wkh gdwd/ dqg wkdw wkh Srlvvrq mxps fdoo rswlrq prgho fdq h{0

sodlq vrph ri wkh hpslulfdoo| revhuyhg glvwulexwlrqv dqg plvsulflqjv lq wkh F}hfk dqg

Kxqjduldq Wudghg Lqglfhv rswlrqv pdunhwv1 Vljql�fdqw plvsulflqjv duh revhuyhg iru

wkh vkruw0whup rxw0ri0wkh0prqh| fdoo rswlrqv> wkh Eodfn0Vfkrohv ryhusulfhv derxw 7

shufhqw iru FW[ dqg xqghusulfhv derxw 4; shufhqw iru KW[1 Krzhyhu/ zh txhvwlrq

zkhwkhu wkh plvsulflqjv iurp wkh mxps prgho duh rshudwlrqdo/ hvshfldoo|/ lq wkhvh

hphujlqj �qdqfldo pdunhwv1 Wkhvh pdunhwv pxvw lpsuryh lq wkhlu oltxlglw| dqg yro0

xph1 Rwkhuzlvh/ vrph ri wkh revhuyhg plvsulflqjv duh ohvv rshudwlyh vlqfh wklqqhvv

lpsolhv wkdw ihz lqyhvwruv xvh rswlrqv wr khgjh wkh ulvnv dvvrfldwhg zlwk wkhlu uhvshf0

4< L wkdqn Pdufxv Noxj +dw U]Z Vhfxulwlhv, iru surylglqj wkhvh �jxuhv1
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wlyh fdvk lqyhvwphqwv1

Wkhuh duh vwloo pdq| xqdqvzhuhg dqg rshq txhvwlrqv iru wkhvh pdunhwv1 Iru h{dp0

soh/ zh fdq ixuwkhu dqdo|}h wkh Mxps prgho zlwk wkh prgl�fdwlrq wkdw zh lqfrusrudwh

wkh wlph ydu|lqj yrodwlolw| lq iruhljq htxlw| lqgh{0olqnhg rswlrqv dv lq Edwhv +4<<9,

dqg Ednvkl/ Fdr dqg Fkhq +4<<;,1 Pruhryhu/ zh frxog dovr h{solflwo| lqfrusrudwh wkh

ghjuhh ri wudqvdfwlrq frvwv iru wkhvh surgxfwv1 Qhyhuwkhohvv/ rxu fxuuhqw uhvxowv iurp

wkh Mxps rswlrq sulflqj prgho rq FW[ dqg KW[ vkhg oljkw rq wkh edvlf surshuwlhv

ri wkhvh pdunhwv/ dqg ohqg vxssruw wr wkh fdxvh ri ixuwkhu pdunhw ghyhorsphqw1

5:



!�&����
��

^4` Dplq/ N1/ 4<<6/ Mxps Gl�xvlrq Rswlrq Ydoxdwlrq lq Glvfuhwh Wlph/ Mrxuqdo ri

Ilqdqfh/ 7;/ 4;6604;961

^5` Ednvkl J1/ F1 Fdr/ dqg ]1 Fkhq/ 4<<;/ Hpslulfdo Shuirupdqfh ri Dowhuqdwlyh

Rswlrq Sulflqj Prghov/ iruwkfrplqj lq Mrxuqdo ri Ilqdqfh1

^6` Edoo/ F1D1 dqg Z1Q1 Wrurxv/ 4<;8/ Rq Mxpsv lq Frpprq Vwrfn Sulfhv dqg Wkhlu

Lpsdfw rq Fdoo Rswlrq Sulflqj/ Mrxuqdo ri Ilqdqfh/ 73/ 48804:61

^7` Edwhv/ G1V1/ 4<<4/ Wkh Fudvk ri c;:/ Zdv Lw H{shfwhgB Wkh Hylghqfh iurp

Rswlrqv Pdunhwv/ Mrxuqdo ri Ilqdqfh/ 79/ 433<043771

^8` Edwhv/ G1V1/ 4<<9d/ Groodu Mxps Ihduv/ 4<;704<<5= Glvwulexwlrqdo Deqrupdol0

wlhv Lpsolflw lq Fxuuhqf| Ixwxuhv Rswlrqv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg

Ilqdqfh/ 48+4,/ 980<61

^9` Edwhv/ G1V1/ 4<<9e/ Mxpsv dqg Vwrfkdvwlf Yrodwlolw|= H{fkdqjh Udwh Surfhvvhv

Lpsolflw lq Ghxwvfkh Pdun Rswlrqv/ Uhylhz ri Ilqdqfldo Vwxglhv/ </ 9<043;1

^:` Eodfn/ I1 dqg P1 Vfkrohv/ 4<:6/ Wkh Sulflqj ri Rswlrqv dqg Frusrudwh Oldelolwlhv/

Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 ;4/ sj1 96:09871

^;` Ergxuwkd/ M1 dqg J1 Frxuwdgrq/ 4<;:/ Whvwv ri wkh Dphulfdq Rswlrq Sulflqj

Prgho lq wkh Iruhljq Fxuuhqf| Rswlrqv Pdunhw/ Mrxuqdo ri Ilqdqfldo dqg Txdq0

wlwdwlyh Dqdo|vlv/ 55/ 486049:1

5;



^<` Eroohuvohy/ W1/ 4<;9/ Jhqhudol}hg Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlflw|/

Mrxuqdo ri Hfrqrphwulfv/ 64/ 63:065:1

^43` Eroohuvohy/ W1/ U1 Fkrx/ dqg N1 Nurqhu/ 4<<5/ DUFK Prgholqj lq Ilqdqfh= D

Uhylhz ri Wkhru| dqg Hpslulfdo Hylghqfh/ Mrxuqdo ri Hfrqrphwulfv/ 85/ 808<1

^44` Eroohuvohy/ W1/ W1 J1 Dqghuvhq/ 4<<:/ Dqvzhulqj wkh Vnhswlfv= \hv/ Vwdqgdug

Yrodwlolw| Prghov Gr Surylgh Dffxudwh Iruhfdvwv/ Zrunlqj sdshu/ Xqlyhuvlw| ri

Ylujlqld1

^45` Eroohuvohy/ W1/ I1 I11 Hqjoh/ dqg G1E1 Qhovrq/ 4<<7/ DUFK Prghov lq= U1I1 Hqjoh

dqg G1 PfIdgghq/ Kdqgerrn ri Hfrqrphwulfv/ Yro17 +Qruwk Kroodqg/ Dpvwhu0

gdp,1

^46` Fudlj/ D1/ D1 Gudylg/ dqg P1 Ulfkdugvrq/ 4<<8/ Pdunhw H!flhqf| durxqg wkh

Forfn= Vrph Vxssruwlqj Hylghqfh Xvlqj Iruhljq0Edvhg Ghulydwlyhv/ Mrxuqdo ri

Ilqdqfldo Hfrqrplfv/ 6</ 4940;31

^47` Fxpe|/ U1/ V1 Iljohzvnl dqg M1 Kdveurxfn/ 4<<6/ Iruhfdvwlqj Yrodwlolw| dqg Fru0

uhodwlrqv zlwk HJDUFK Prghov/ Mrxuqdo ri Ghulydwlyhv/ Zlqwhu/ 840961

^48` Gudylg/ D1/ P1 Ulfkdugvrq/ dqg W1 Vxq/ 4<<6/ Sulflqj Iruhljq Lqgh{ Frqwlqjhqw

Fodlpv= Dq Dssolfdwlrq wr Qlnnhl Lqgh{ Zduudqwv/ Mrxuqdo ri Ghulydwlyhv/ 66/

660841

^49` Gudylg/ D1/ P1 Ulfkdugvrq/ dqg W1 Vxq/ 4<<7/ Wkh Sulflqj ri Groodu0Ghqrplqdwhg

\hq2GP Zduudqwv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 46/ 84:0691

5<



^4:` Gx!h/ G1 dqg M1 Sdq1/ 4<<:/ Dq Ryhuylhz ri Ydoxh dw Ulvn/ Mrxuqdo ri Ghulyd0

wlyhv/ Vsulqj/ :0781

^4;` Iljohzvnl/ V1/ 4<<:/ Iruhfdvwlqj Yrodwlolw|/ Ilqdqfldo Pdunhwv/ Lqvwlwxwlrqv dqg

Lqvwuxphqwv/ 9/ 40;;1

^4<` Mrulrq/ S1/ 4<;</ Rq Mxps Surfhvvhv lq wkh Iruhljq H{fkdqjh dqg Vwrfn Pdunhwv/

Uhylhz ri Ilqdqfldo Vwxglhv/ 7/ 75:07781

^53` Mrulrq/ S1/ 4<<8/ Suhglfwlqj Yrodwlolw| lq wkh Iruhljq H{fkdqjh Pdunhw/ Mrxuqdo

ri Ilqdqfh/ 83/ 83:085;1

^54` Mrulrq/ S1/ 4<<9/ Ulvn dqg Wxuqryhu lq wkh Iruhljq H{fkdqjh Pdunhw/ lq= M1D1

Iudqnho/ J1 Jdool dqg D1 Jlrydqqlql/ Wkh Plfurvwuxfwxuh ri Iruhljq H{fkdqjh

Pdunhwv/ +Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr,1

^55` M1S1Prujdq2Uhxwhuv/ 4<<9/ UlvnPhwulfv 0 Whfkqlfdo Grfxphqw/ Irxuwk Hglwlrq/

Qhz \run1

^56` Nxvkqhu/ K1M1/ 4<9:/ Vwrfkdvwlf Vwdelolw| dqg Frqwuro/ +Dfdghplf Suhvv Lqf,1

^57` Pdujudeh/ Z1/ 4<:;/ Wkh Ydoxh ri dq Rswlrq wr H{fkdqjh Rqh Dvvhw iru Dqrwkhu/

Mrxuqdo ri Ilqdqfh/ 66/ 4::0;91

^58` Phuwrq/ U1F1/ 4<:9d/ Rswlrq Sulflqj Zkhq Xqghuo|lqj Vwrfn Uhwxuqv Duh Glv0

frqwlqxrxv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 6/ 4580771

^59` Phuwrq/ U1F1/ 4<:9e/ Wkh Lpsdfw rq Rswlrq Sulflqj ri Vshfl�fdwlrq Huuru lq wkh

Xqghuo|lqj Vwrfn Sulfh Uhwxuqv/ Mrxuqdo ri Ilqdqfh/ 64/ 6660683

63



^5:` ÙWRE0 Wkh Dxvwuldq Ixwxuhv ) Rswlrqv H{fkdqjh/4<<:/ FHFH Lqgh{ Idplo| 0

Idfw Vkhhw1

^5;` Uhlqhu/ Hulf1/ 4<<5/ Txdqwr Phfkdqlfv/ Ulvn= Iurp Eodfn0Vfkrohv wr Eodfn Krohv/

Fkdsw1 55/ 47:04871

^5<` Vkhskdug/ Q1/ 4<<9/ Vwdwlvwlfdo Dvshfwv ri DUFK dqg Vwrfkdvwlf Yrodwlolw|/ lq=

G1U1 Fr{/ G1Y1 Klqnoh| dqg R1H1 Eduqgru�0Qlhovhq/Olnholkrrg/ Wlph Vhulhv zlwk

Hfrqrphwulf dqg Rwkhu Dssolfdwlrqv/ +Fkdspdq dqg Kdoo/ Orqgrq,1

^63` Vklpnr/ G1F1/ 4<<5/ Ilqdqfh lq Frqwlqxrxv Wlph= D Sulphu/ Nroe Sxeolvklqj

Frpsdq|11

^64` Wudxwpdqq/ V1 dqg P1 Ehlqhuw/ 4<<8/ Vwrfn Sulfh Mxpsv dqg Wkhlu Lpsdfw rq

Rswlrq Ydoxdwlrq/ Ghsduwphqw ri Odz dqg Hfrqrplfv/ Mrkdqqhv Jxwhqehuj0

Xqlyhuvlwdhw Pdlq}1

^65` Zhl/ Mdvrq1/ 4<<8/ Hpslulfdo Whvwv ri wkh Sulflqj ri Qlnnhl Sxw Zduudqwv/ Ilqdq0

fldo Uhylhz/ 63/ 5440741
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Appendix 



Iljxuh 4= Wlph vhulhv ri F}hfk +FW[, dqg Kxqjduldq Lqglfhv +KW[, iurp 41414<<8 wr

41:14<<:1
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Iljxuh 5= Devroxwh Sulflqj Huuru +Fa@N �F�7@N, ri Fdoo Rswlrqv rq FW[1

5



Iljxuh 6= Devroxwh Sulflqj Huuru +Fa@N �F�7@N, ri Fdoo Rswlrqv rq KW[1

6



Wdeoh 4= Vdpsoh Vwdwlvwlfv iru Uhwxuqv rq F}hfk Lqglfhv +FW[/ FWO/ F]N, dqg rq Kxq0

jduldq Lqglfhv +KW[/ KWO/ KXI, iurp 71414<<8 wr 41:14<<:

F}hfk Kxqjdu|

Vwdwlvwlfv FW[ FWO F]N KW[ KWO KXI

Phdq 03135:( 031349( 31343( 313:8( 31444( 31368(

Vwghy1 31836( 31788( 315<:( 31:77( 319:8( 3166<(

Phgldq 31333( 31333( 31333( 31357( 3139:( 3134<(

Pd{lpxp 419;4( 51875( 61935( 71678( 71479( 61<69(

Plqlpxp 0613<5( 061566( 041533( 0615;;( 0615;;( 04176;(

Vnhzqhvv 0317; 0318; 51:; 3156 3174 5163

}0ydoxh 071<7 09134 5;1; 516< 715; 561;

s0ydoxh 3133 3133 3133 3134 3133 3133

Nxuwrvlv 618: :19: 671< 7138 8134 6619

}0ydoxh 4;18 6<1: 4;31< 531< 581< 4:61<

s0ydoxh 3133 3133 3133 3133 3133 3133
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Wdeoh 5= Vdpsoh Iluvw Rughu Dxwrfruuhodwlrq ri Uhwxuqv dqg ri Vtxduhg Uhwxuqv rq F}hfk

Lqgl}hv +FW[/ FWO/ F]N, dqg rq Kxqjduldq Lqgl}hv +KW[/ KWO/ KXI, iurp 71414<<8 wr

41:14<<:

F}hfk Kxqjdu|

Vwdwlvwlfv FW[ FWO F]N KW[ KWO KXI

DFI4+{, 3154 3165 03148 31387 3154 0315:8

T0ydoxh 5<143 9<164 47188 41<3 5<195 7<13;

s0ydoxh 3133 3133 3133 3149 3133 3133

DFI4+{
5, 3145 313< 3138 3164 3166 313<

T0ydoxh 4318< 814: 41<6 93193 9<1:6 816:

s0ydoxh 3133 3135 3149 3133 3133 3135

Wdeoh 6= Pd{lpxp Olnholkrrg Hvwlpdwhv iru wkh sdudphwhuv ri wkh Sodlq Ydqlood/ wkh Vwr0

fkdvwlf Mxps/ wkh JDUFK +4/4, dqg wkh frpelqhg Prgho iru FW[ dqg KW[ iurp 71414<<8

wr 41:14<<:

FW[ KW[

Ydqlood Mxps Jdufk Frpe Ydqlood Mxps Jdufk Frpe

e� 0313597 313377 313348 313549 313:86 3133:< 31396< 3134<7

+3134<;, +3134<3, +3134<8, +313494, +3135<5, +3135:7, +31359;, +313573,

e�2 315863 313887 318855 3143:<

+313474, +313445, +31363:, +3135:;,e� 031379: 0314<;: 314364 314758

+3136:4, +31444;, +313883, +31439;,

e�2 315<7; 317;49 319876 31<374

+31394<, +314:57, +314854, +31656<,e� 3198<4 3149;6 31986: 315735

+3147;;, +3139<;, +3149;<, +314363,

e� 3135:8 3134;< 3165:6 313;7:

+313437, +313393, +3137:;, +31353<,

e� 31:9<8 3157<7 313777 3177<9

+31313965, +31383:, +313;;;, +313;79,e� 3145:: 3185<5 316:98 313;47

+31367:, +313:6;, +313:84, +3139<7,

Wkh sdudphwhuv lq wklv wdeoh duh hvwlpdwhv iru wkh uhvshfwlyh prghov ri shufhqwxdo gdlo| uhwxuqv jlyhq e|

{| @ 433 � oq

�
+|

+|3�

�
zkhuh || htxdov FW[| dqg KW[| uhvshfwlyoh|1 Wkh ydoxhv lq eudfnhwv duh wkh

hvwlpdwhg vwdqgdug huuruv ri wkh srlqw hvwlpdwhv1

8



Wdeoh 7= Frpsdulvrq ri Prghov= Orj0Olnholkrrg dqg Olnholkrrg Udwlr Vwdwlvwlfv iru wkh

Whvw ri Uhvwulfwhg djdlqvw Xquhvwulfwhg Prghov

FW[ KW[

Ydqlood Mxps Jdufk Frpe Ydqlood Mxps Jdufk Frpe

g 5 8 7 : 5 8 7 :

O+[m�, 07:617 075415 077814 �6;<16 0:581< 09941: 09;314 095414

Ydqlood "2_32 43717 8918 49:1< 45;15 <419 53<18

Mxps "2_3D 9618 ;415

Jdufk "2_3e 44417 44:1<

Wkh qxpehu ri sdudphwhuv +ghjuhhv ri iuhhgrp, lv jlyhq e| O+[m�, ghqrwhv wkh pd{lpl}hg orj0olnholkrrg

ixqfwlrq1Wkh whvw vwdwvlvwlf "2 lv Fkl0Vtxduh glvwulexwhg1

9



Wdeoh 8= Uhjuhvvlrq ri Revhuyhg Yduldqfh rq Suhglfwhg Yduldqfh dffruglqj wr wkh

JDUFK+4/4,0Prgho

FW[ KW[

�f 313:8 3144:

+3137:, +313:8,

�� 319;< 31::8

+3148;, +313<;,

U2 3135; 313;;

Wkh xqghuo|lqj uhjuhvvlrq prgho lv jlyhq e|= +{| � �,2 @ �f . ��e�2| . �| zkhuh {| duh wkh revhuyhg

uhwxuqv/ e�2| lv wkh suhglfwhg yduldqfh dqg �| lv zklwh qrlvh1

:



Wdeoh 9= Shufhqwxdo Uhodwlyh Sulflqj Huuru ri Eodfn Vfkrohv Sulflqj iru Fdoo Rswlrqv rq

FW[ zlwk uhvshfw wr wkh Sulflqj dffruglqj wr wkh Mxps Prgho1

F2N

31; 31< 31<8 31<:8 4 41358 4138 414 415

W0w +zhhnv,

3 3133 3133 3133 3133 3133 3133 3133 3133 3 133

4 3133 3133 3133 3133 0516: 3148 3133 3133 3133

5 3133 3133 3133 3133 04153 314< 3134 3133 3133

6 3133 3133 3133 07135 031;6 3149 3136 3133 3133

7 3133 3133 3133 06176 03198 3145 3137 3133 3133

8 3133 3133 3133 051;5 03188 3143 3138 3133 3133

9 3133 3133 07137 05168 0317: 313: 3138 3133 3133

: 3133 3133 061<; 05133 03175 3138 3138 3133 3133

; 3133 3133 061:5 041:6 0316; 3137 3138 3133 3133

< 3133 3133 06173 04185 03168 3136 3138 3133 3133

43 3133 3133 06143 04168 03166 3135 3138 3133 3133

44 3133 3133 051;5 04155 03164 3134 3137 3134 3133

45 3133 3133 0518; 04144 0315< 3133 3137 3134 3133

46 3133 3133 05169 04135 0315; 03134 3137 3134 3133

47 3133 3133 0514: 031<7 0315: 03134 3136 3134 3133

48 3133 3133 05134 031;: 03158 03135 3136 3134 3133

Wkh uhodwlyh sulflqj huuru lv jlyhq e|=
�a
3��7

�a
� 4331 Li wkh sulfh dffruglqj wr wkh Mxps prgho lv ohvv

wkdq rqh surplooh ri wkh vwulnh sulfh +l1h F@N ? 3=334, wkh sulfh dffruglqj wr wkh Mxps prgho lv vhw wr

eh }hur1

;



Wdeoh := Shufhqwxdo Uhodwlyh Sulflqj Huuru ri Eodfn Vfkrohv Sulflqj iru Fdoo Rswlrqv rq

KW[ zlwk uhvshfw wr wkh Sulflqj dffruglqj wr wkh Mxps Prgho1

F2N

31; 31< 31<8 31<:8 4 41358 4138 414 415

W0w +zhhnv,

3 3133 3133 3133 3133 3133 3133 3133 3133 3 133

4 3133 3133 3133 4;153 06165 0313; 3134 3133 3133

5 3133 3133 3133 51;4 05133 03175 03134 3133 3133

6 3133 3133 451;3 3145 0418: 03188 0313: 3133 3133

7 3133 3133 9134 03199 04169 0318< 03146 3133 3133

8 3133 3133 51<7 031<9 04156 03193 0314; 3133 3133

9 3133 3133 4169 0413; 04147 03194 03155 03134 3133

: 3133 3133 3179 04146 0413: 03194 03158 03135 3133

; 3133 3133 0313; 04147 04135 03193 0315: 03136 3133

< 3133 ;154 03175 04147 031<; 03193 0315; 03136 3133

43 3133 81<9 03197 04147 031<8 0318< 03163 03137 3133

44 3133 7166 031;3 04145 031<5 0318; 03164 03138 3133

45 3133 6146 031<3 04144 031;< 0318; 03165 03139 3133

46 3133 5155 031<: 0413< 031;: 0318: 03165 0313: 3133

47 3133 4186 04135 0413; 031;8 0318: 03166 0313; 3133

48 3133 31<< 04139 04139 031;6 03189 03166 0313; 3133

Wkh uhodwlyh sulflqj huuru lv jlyhq e|=
�a
3��7

�a
� 4331 Li wkh sulfh dffruglqj wr wkh Mxps prgho lv ohvv

wkdq rqh surplooh ri wkh vwulnh sulfh +l1h F@N ? 3=334, wkh sulfh dffruglqj wr wkh Mxps prgho lv vhw wr

eh }hur1

<
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