
Devwudfw

Lq d Qhz Nh|qhvldq pdfurhfrqrplf prgho xqghu fuhgleoh frpplwphqw/ sulfh ohyho
wdujhwlqj grplqdwhv lq dwlrq wdujhwlqj1 Exw zlwk vx!flhqw lq dwlrq dyhuvlrq wkh
lq dwlrq wdujhwlqj fhqwudo edqn fdq surgxfh txdqwlwdwlyho| vlplodu uhvxowv wr rqh
wdujhwlqj wkh sulfh ohyho1 Wkh fxuuhqw ghjuhh ri lq dwlrq dyhuvlrq ghprqvwudwhg e|
wkh Edqn ri Hqjodqg pd| eh vx!flhqw wr uhds wkh ehqh�wv ri sulfh ohyho wdujhwlqj1

MHO Fodvvl�fdwlrq= H53> H65> I65> I74
Nh|zrugv= Lq dwlrq Wdujhwv> Lqwhuwhpsrudo pdfur> qrplqdo uljlglwlhv/ Skloolsv
Fxuyh1



Lq dwlrq dqg Sulfh Ohyho Wdujhwlqj lq d
Qhz Nh|qhvldq Prgho4

Mdjmlw V1 Fkdgkd5 Fkduohv Qrodq6

Xqlyhuvlw| ri Fdpeulgjh Xqlyhuvlw| ri Gxukdp
Iheuxdu| 5335

41 Lqwurgxfwlrq

Lq dwlrq wdujhwlqj kdv dujxdeo| ehhq wkh nh| prqhwdu| srolf| lqqrydwlrq ryhu

wkh sdvw ghfdgh dqg dffruglqjo| wkhuh kdv ehhq dq lpsruwdqw ghedwh rq wkh

ghvludelolw| ri wklv qhz uhjlph17 Dowkrxjk wkh ghwdlov ri lq dwlrq wdujhwlqj uhjlphv

gl�hu vrphzkdw dfurvv frxqwulhv/ wkh iroorzlqj hohphqwv duh jhqhudoo| lqfoxghg= d

txdqwl�hg wdujhw iru wkh udwh ri fkdqjh lq wkh djjuhjdwh sulfh ohyho +jhqhudoo| d

frqvxphu sulfh lqgh{,> dq lqghshqghqw fhqwudo edqn/ fkdujhg zlwk dfklhylqj wkh

wdujhw>8 dqg shukdsv shqdow| fodxvhv lq wkh hyhqw ri vljql�fdqw srolf| plvvhv1 Lwv

vxssruwhuv dujxh wkdw lq dwlrq wdujhwlqj kdv d qxpehu ri ghvludeoh surshuwlhv1 Iru

h{dpsoh/ lw pd| hperg| d idyrxudeoh uhvsrqvh wr wkh fuhglelolw|0 h{lelolw| wudgh0

r�/9 lq rwkhuv zrugv lw pd| eh forvh wr dq rswlpdo frqvwudlqhg glvfuhwlrqdu| uxoh1

Lw pd| dovr hqfrxudjh d frkhuhqfh dqg glvflsolqh lq prqhwdu| srolf|0pdnlqj wkdw

pljkw rwkhuzlvh eh devhqw1: Qdwxudoo|/ lq dwlrq wdujhwlqj dovr kdv lwv fulwlfv +vhh/ iru

h{dpsoh/ wkh frqfhuqv udlvhg lq Plvknlq 5333,1 Rqh ri wkh prvw reylrxv frqfhuqv

4Dfnqrzohgjhphqwv= Wkh sdshu zdv suhsduhg iru wkh PPI Zrunvkrs cEh|rqg Lq dwlrq

Wdujhwlqj* rq 56ug Pdufk 53341 Zh wkdqn sduwlflsdqwv lq vhplqduv dw wkh Xqlyhuvlw| ri Fdpeulgjh/

Xqlyhuvlw| ri Fdugl�/ Xqlyhuvlw| ri Hdvw Orqgrq/ Xqlyhuvlw| ri Ohlfhvwhu dqg Vrxwk Edqn Xqlyhuvlw|1

Lq sduwlfxodu zh duh judwhixo iru lqflvlyh frpphqwv iurp wzr dqrq|prxv uhihuhhv/ Nhylq Ohh/ Pdufxv

Ploohu/ Sdwulfn Plqirug/ Dol Do0Qrzdlkl dqg Gdylg Shho1 Wkh xvxvdo glvfdolphu dssolhv1 Uhvhdufk

dvvlvwdqfh zdv surylghg e| Zhvoh| Irjho1 Sduw ri wklv uhvhdufk kdv ehhq ixqghg e| Ohyhukxoph

Judqw qr1 I23<89:2D1
5Foduh Froohjh/ Fdpeulgjh1 Dgguhvv= Ghsduwphqw ri Dssolhg Hfrqrplfv/ Dxvwlq Urelqvrq

Exloglqj/ Vlgjzlfn Dyhqxh/ Xqlyhuvlw| ri Fdpeulgjh/ Fdpeulgjh FE6 <GH/ XN1 Who= .77 4556

6685751 H0pdlo= mdjmlw1fkdgkdChfrq1fdp1df1xn1 kwws=22zzz1hfrq1fdp1df1xn2gdh2shrsoh2fkdgkd2
6Ghsduwphqw ri Hfrqrplfv dqg Ilqdqfh/ 56259 Rog Hoyhw/ Gxukdp GK4 6K\1 Who .77 4<4

6:7 :5:61 H0pdlo= Fkduohv1QrodqCgxukdp1df1xn1 kwws=22zzz1gxu1df1xn2fkduohv1qrodq2lqgh{1kwpo
7Wkhuh kdyh ehhq d qxpehu ri dwwhpswv wr vxuyh| lq dwlrq wdujhwlqj dqg lwv lq xhqfh/ vhh

Ehuqdqnh hw do +4<<<, dqg PfFdooxp +4<<<,1 Hduolhu frqwulexwlrqv duh Kdogdqh +4<<8, dqg

Ohlghupdq dqg Vyhqvvrq +4<<8,1
8Vhh Jhuodfk +4<<<, iru dq lqwhuhvwlqj hpslulfdo uhodwlrqvkls ehwzhhq lq dwlrq wdujhwlqj dqg

fhqwudo edqn lqghshqghqfh1
9Vhh/ iru h{dpsoh/ Fdq}rqhul/ Qrodq dqg \dwhv +4<<:,
:Vhh Ehuqdqnh dqg Plvknlq +4<<:,1

4



lv wkh suhvxpswlrq wkdw vxffhvvixo lq dwlrq wdujhwlqj/ fkdudfwhulvhg e| orz dqg

vwdeoh lq dwlrq/ frqvwlwxwhv dq dffhswdeoh qrwlrq ri sulfh vwdelolw|1 Lq wklv sdshu

zh wkhuhiruh frqvlghu wkh srvvleoh qduurzlqj ri wkh gh�qlwlrq ri prqhwdu| vwdelolw|

vxfk wkdw sulfh vwdelolw| lpsolhv vwdelolw| lq wkh djjuhjdwh sulfh ohyho udwkhu wkdq lwv

udwh ri fkdqjh1

Srolf|pdnhuv vhhp wr lghqwli| d uroh iru lq dwlrq wdujhwv lq ghyhorslqj wkh

fuhglelolw| ri prqhwdu| srolf|1 Dqg lq wkrvh hfrqrplhv d qxpehu ri vxevlgldu|

lvvxhv kdyh frph wr eh dvvrfldwhg zlwk wkh vwudwhj| ri lq dwlrq wdujhwlqj/ vxfk dv

wkh dffrxqwdelolw| dqg wudqvsduhqf| lq prqhwdu| srolf|/ zklfk vhhp wr kdyh khoshg

xqghuslq fuhglelolw|1; Wklv shufhswlrq ri vxffhvv kdv dovr surpxojdwhg lqwhuhvw lq

wkh uhjlph iurp dq lqfuhdvlqj qxpehu ri ghyhorslqj frxqwulhv1 Wkh vxffhvv ri

lq dwlrq wdujhwlqj lq wkh XN kdv ehhq d{lrpdwlf= Ryhu wkh shulrg iurp odwh 4<<5/

zkhq lq dwlrq wdujhwlqj zdv �uvw lqwurgxfhg/ wkh XN hfrqrp| kdv frpelqhg vwdeoh

rxwsxw jurzwk zlwk orz dqg vwdeoh lq dwlrq1 Wklv hfrqrplf uhfrug dqg frqwlqxhg

lqvwlwxwlrqdo uhirup kdv frpelqhg wr surgxfh d uhpdundeoh ghjuhh ri fuhglelolw|1

Iljxuh :14 gudzv rq hylghqfh iurp wkh �qdqfldo pdunhwv dqg lqglfdwhv wkh ghjuhh ri

fuhglelolw| dvvrfldwhg zlwk wkh fxuuhqw uhjlph lq wkh XN vlqfh wkh dgrswlrq ri fhqwudo

edqn lqghshqghqfh lq Pd| 4<<:1 Phdvxuhv ri iruzdug lq dwlrq h{shfwdwlrqv 43 dqg

53 |hduv rxw lqglfdwh wkdw wkhvh kdyh frqvlvwhqwo| uhpdlqhg zlwklq wkh jryhuqphqw*v

wdujhw1<

Exw lq dwlrq wdujhwlqj pd| qrw eh wkh rqo| urxwh wr vxfk shuirupdqfh1 Lq jhqhudo

d qxpehu ri glyhuvh qrplqdo uxohv/ vxfk dv prqh| wdujhwlqj/ frxog eh frqvlvwhqw

zlwk wkh pdfurhfrqrplf shuirupdqfh zh kdyh rxwolqhg1 Dqg lw dovr vhhpv fohdu

wkdw vxffhvvixo prqhwdu| uhjlphv vkduh d qxpehu ri frpprq fkdudfwhulvwlfv zlwk

wkrvh ri lq dwlrq wdujhwlqj143 Krzhyhu/ d qxpehu ri dqdo|vwv +qrwdeo| Zrrgirug

4<<<, kdyh uhfhqwo| dujxhg wkdw gluhfw wdujhwlqj ri lq dwlrq pd| kdyh d qxpehu

ri vshfl�f dgydqwdjhv ryhu dowhuqdwlyh qrplqdo uhjlphv1 Wr wkh h{whqw wkdw lq dwlrq

;Vhh Fkdgkd dqg Qrodq +5334e, iru d glvfxvvlrq ri wudqvsduhqf| dqg fuhglelolw| dqg Nlqj +4<<:,

iru d glvfxvvlrq ri fuhglelolw| xqghu lq dwlrq wdujhwlqj1
<Vrxufh= Edqn ri Hqjodqg1 Wkhvh h{shfwdwlrqv duh fdofxodwhg dv USL lq dwlrq udwkhu wkdq

USL[ +wkh wdujhwhg udwh ri lq dwlrq, dqg duh vxemhfw wr d qxpehu ri glvwruwlrqv +vhh Euhhgrq dqg

Fkdgkd 4<<:, exw wkh h{whqw ri phdvxuhg frq�ghqfh lv qhyhuwkhohvv uhpdundeoh1
43Iru h{dpsoh/ vhh Fodulgd dqg Jhuwohu +4<<<, iru dq dqdo|vlv ri wkh cprqh| wdujhwlqj*

Exqghvedqn*v prqhwdu| rshudwlrqv dqg dq lqwhusuhwdwlrq ri wkdw fhqwudo edqn dv dq clq dwlrq

wdujhwhu*1
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wdujhwlqj lpsolhv dgkhuhqfh wr vrph irup ri wkh cWd|oru Uxoh*/ wzr vshfl�f dwwulexwhv

vwdqg rxw1 Iluvw/ lw pd| hqvxuh qrplqdo ghwhuplqdf|1 Vhfrqg/ wkh irfxv ri wkh

Wd|oru Uxoh rq rxwsxw dqg lq dwlrq vwdelolw| grhv pxfk wr pd{lplvh wkh zhoiduh ri

wkh uhsuhvhqwdwlyh krxvhkrog dv orvvhv duh sursruwlrqdo wr txdgudwlf whupv lq erwk

lq dwlrq dqg rxwsxw ghyldwlrqv iurp wkhlu c h{0sulfh* htxloleulxp144

Lw lv zhoo nqrzq wkdw lq d prgho zlwk d iruzdug0orrnlqj Qhz Nh|qhvldq +QN,

Skloolsv fxuyh pxfk ri wkh vxssrvhg ehqh�wv ri vwdelolvdwlrq srolf| erlo grzq wr wkh

dwwdlqphqw ri csulfh0vwdelolw|*1 Exw/ lq jhqhudo lq dwlrq wdujhwlqj lv qrw frqvlvwhqw

zlwk sulfh vwdelolw| shu vh1 Dq reylrxv txhvwlrq iru wkh srolf|pdnhu wkhq lv zkhwkhu

ixuwkhu lpsuryhphqw lq pdfurhfrqrplf shuirupdqfh pd| uhvxow iurp sulfh udwkhu

wkdq lq dwlrq vwdelolvdwlrq1 Wudglwlrqdo frqfhuqv zlwk wdujhwlqj sulfh ohyhov kdyh

fhqwuhg rq wkh lpsolfdwlrqv iru rxwsxw yduldelolw|1 Krzhyhu/ wkhvh dqdo|vhv kdyh

uhvxowhg iurp wkh xvh ri uhgxfhg0irup prghov dqg lw lv xqfohdu zkhwkhu wkhvh

frqfoxvlrqv duh urexvw wr ulfkhu prghoolqj hqylurqphqwv1 Zh wkhuhiruh h{soruh

dowhuqdwlyh uxohv lq d plfur0irxqghg g|qdplf prgho zkhuh wkh srolf|0pdnhu iroorzv

d fuhgleoh Wd|oru0w|sh uxoh1 Rxu uhvxowv vxjjhvw wkdw lw lv srvvleoh wr lqwhusuhw sulfh

ohyho wdujhwlqj dv d pruh djjuhvvlyh prqhwdu| uxoh lq wkdw lw pdjql�hv wkh zhljkw

sodfhg rq dq| jlyhq lq dwlrq ghyldwlrq Zh h{soruh wkh frqglwlrqv xqghu zklfk wklv

uxoh pljkw eh vhhq wr grplqdwh dq lq dwlrq uxoh dqg �qg wkdw vx!flhqwo| cdjjuhvvlyh*

lq dwlrq wdujhwlqj pd| r�hu d forvh dssur{lpdwlrq1

Vhfwlrq 5 rxwolqhv wkh vshfl�f srolf| h{shulphqw zh frqgxfw lq oljkw ri uhodwhg

uhvhdufk1 Lq vhfwlrq 6 zh ghyhors d uhsuhvhqwdwlyh djhqw g|qdplf jhqhudo htxloleulxp

prgho zlwk d ixoo| vshfl�hg frusrudwh vhfwru/ iruzdug0orrnlqj djhqwv dqg d srolf|

pdnhu fkdujhg zlwk vwdelolvdwlrq srolf|1 Lq vhfwlrq 7 zh dqdo|vh dqg glvfxvv wkh pdlq

uhvsrqvhv ri wklv prgho wr surgxfwlylw| dqg prqhwdu| shuwxuedwlrqv1 Lq vhfwlrq 8

zh dvvhvv krz wkh prgho shuirupv xqghu vrph dgglwlrqdo srolf| h{shulphqwv1 Lq

vhfwlrq 9 h{dplqh wkh fdvh iru sulfh ohyho wdujhwlqj zlwklq wkh frqwh{w ri wklv vw|olvhg

44Wkh h{shfwhg xwlolw| ri wkh uhsuhvhqwdwlyh krxvhkrog lv sursruwlrqdo wr wkh txdgudwlf orvv

ixqfwlrq lq lq dwlrq/ �> dqg ghyldwlrqv ri rxwsxw | iurp wkh +lq jhqhudo wlph0ydu|lqj, qdwxudo ohyho

|
q dqg { d wdujhw ohyho iru rxwsxw/ l1h1/ +|�|

q
�{,1 Khqfh/ d prqhwdu| srolf| pdnhu fkdujhg zlwk

plqlplvlqj vxfk ghyldwlrqv zloo dovr pd{lplvh h{shfwhg xwlolw|1 Wklv lv ehfdxvh wkh ghdgzhljkw orvv

iurp rxwsxw ghyldwlrqv lv sursruwlrqdo wr wkh vtxduhg ghyldwlrq ri rxwsxw iurp wkh h!flhqw ohyho

gh�qhg e| +|q.{, dqg wkh glvshuvlrq ri sulfhv dfurvv jrrgv +gxh wr wkh lpshuihfw v|qfkurqlvdwlrq

ri sulfhv,/ dqg khqfh wkh glvshuvlrq ri rxwsxw ohyhov dfurvv jrrgv/ lv sursruwlrqdo wr wkh vtxduh ri

wkh lq dwlrq udwh1 Vhh Zrrgirug +4<<<, rq wklv srlqw1
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prgho dqg zlwk uhjdug wr fxuuhqw prqhwdu| srolf| lq wkh XN1 Vhfwlrq : r�huv vrph

frqfoxglqj uhpdunv1

51 Sulfh Ohyho yhuvxv Lq dwlrq Wdujhwlqj

Wkh uhfhqw ghedwh rq sulfh ohyho yhuvxv lq dwlrq wdujhwlqj zdv wuljjhuhg e| Ilvfkhu*v

+4<<7, frqmhfwxuh wkdw lq dwlrq wdujhwlqj/ lq frqwudvw wr sulfh0ohyho wdujhwlqj/ zrxog

olnho| dyrlg kljk iuhtxhqf| rxwsxw yduldelolw|1 Ri frxuvh/ wkdw pd| frph dw wkh

h{shqvh ri edvh0guliw lq wkh sulfh0ohyho1 PfFdooxp +4<<<, dujxhg/ krzhyhu/ wkdw ryhu

prvw sudfwlfdo sodqqlqj krul}rqv zlwk orz dqg vwdeoh lq dwlrq/ wkh frvw dvvrfldwhg

zlwk vxfk xqfhuwdlqw| lv olnho| wr eh olplwhg145 Rq wkh rwkhu kdqg/ Vyhqvvrq +4<<<,

kdv dujxhg wkdw/ jlyhq d shuvlvwhqw rxwsxw jds/ irfxvvlqj rq wkh sulfh ohyho udwkhu

wkdq wkh lq dwlrq udwh zloo dfwxdoo| uhgxfh erwk lq dwlrq dqg rxwsxw yduldelolw| xqghu

glvfuhwlrqdu| srolf|1 Wkh lpsolflw vxjjhvwlrq khuh wkdw wkhuh lv qr rxwsxw0lq dwlrq

yduldelolw| wudgh0r� lv dovr d ihdwxuh ri wkh QN olwhudwxuh exw iru vrphzkdw gl�huhqw

uhdvrqv1 Eulh |/ zlwklq d fuhgleoh iudphzrun/ fxuuhqw lq dwlrq fdq eh zulwwhq vroho|

lq whupv ri ixwxuh rxwsxw jdsv/ vr wkdw vwdelolvlqj lq dwlrq dovr vwdelolvhv h{shfwhg

rxwsxw jdsv1

Zh h{dplqh wkh wzr uxohv lq rxu duwl�fldo hfrqrp| dv li wkh| duh fuhgleoh uxohv

wlphohvvo| frpplwwhg wr e| wkh srolf| pdnhu lq wkh pdqqhu ri Zrrgirug +4<<<,1

Fodulgd/ Jdol dqg Jhuwohu +4<<<, dqg Zrrgirug +4<<<, vkrz cwkdw/ hyhq lq wkh

devhqfh ri dq lq dwlrq eldv wkhuh duh srwhqwldo zhoiduh jdlqv dvvrfldwhg zlwk wkh

fhqwudo edqn*v delolw| wr frpplw fuhgleo| wr d v|vwhpdwlf sdwwhuq ri uhvsrqvh wr

vkrfnv*1 Hufhj hw do1 +5333, dqg Jdol +5333, �qg wkdw wkh w|slfdo Wd|oru0uxoh

irupxodwlrq forvho| dssur{lpdwhv ehkdylrxu xqghu wkh cfrqvwudlqhg* rswlpdo uxoh1

Lq dgglwlrq wkh| vkrz wkdw dv uhvsrqvhv wr phdvxuhg rxwsxw pljkw uhsuhvhqw xqgxh

uhvsrqvhv wr cqdwxudo* f|fohv ri rxwsxw/ dq lq dwlrq wdujhwlqj uxoh/ zlwk qhdu }hur

zhljkw rq rxwsxw pd| rxw0shuirup rqh zlwk d pruh urexvw ihhgedfn iurp rxwsxw1

Zh wkhuhiruh prgho wkh fuhgleoh srolf| pdnhu dv iroorzlqj d Wd|oru0w|sh uxoh1

Ilqdoo| zh gr qrw frqvlghu dq| srwhqwldo wudqvlwlrqdo lvvxhv wkdw pd| djdlq

45PfFdooxp xqghuwdnhv d qlfh edfn0ri0wkh0hqyhorsh fdofxodwlrq wr ghprqvwudwh klv dujxphqw1

Zh �qg PfFdooxp*v dujxphqw shuvxdvlyh rq wklv srlqw1 Li kh lv fruuhfw/ wkhq wkh ehqh�wv ri

sulfh0ohyho wdujhwlqj pxvw olh lq wkh vwdelolvlqj surshuwlhv ri vxfk d uxoh1 Lw lv wkhvh surshuwlhv

xsrq zklfk wkh fxuuhqw vwxg| lv irfxvvhg1
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h{dfhuedwh wkh frvwv ri prylqj wr sulfh wdujhwlqj1 Li rxu uhvxowv duh sodxvleoh/

wkhq dq| wudqvlwlrq frvwv pd| eh nh| lq ghflglqj zklfk uxoh wr dgrsw dqg zh vd|

pruh rq wklv srlqw lq rxu frqfoxglqj uhpdunv1 Lq wklv sdshu/ zh wkhuhiruh h{dplqh

pdfurhfrqrplf vwdelolw| lq dq hfrqrp| vroho| gl�huhqwldwhg e| zkhwkhu wkh srolf|

pdnhu rshudwhv rq ghyldwlrqv iurp lq dwlrq ru wkh sulfh ohyho iurp wdujhw1

Wkh h{shulphqw lv wr dvn zkhwkhu sd|lqj dwwhqwlrq wr wkh sulfh ohyho/ exw e|

rwkhuzlvh grlqj wkh vdph wklqjv dv dq lq dwlrq wdujhwhu/ wkh rxwfrphv pd| eh

suhihudeoh lq whupv ri pdfurhfrqrplf vwdelolvdwlrq1 Lq sduwlfxodu/ zh frpsduh wkh

rxwfrphv iru wkh prgho*v hqgrjhqrxv yduldeohv lq wkh idfh ri wkh vdph vhtxhqfh ri

h{rjhqrxv uhdo dqg qrplqdo vkrfnv/ xqghu dowhuqdwlyh vwdelolvdwlrq srolf| uxohv1

61 Wkh Prgho

Lq wklv vhfwlrq zh frqvwuxfw d prgho ri d g|qdplf hfrqrp| lq wkh suhvhqfh ri sulfh

uljlglw|1 Wkh hqgrjhqrxv yduldeohv/ zkhq shuwxuehg e| ydulrxv vkrfnv/ zloo glvsod|

d idploldu sdwwhuq ri uhyhuvlrq wr vwhdg| vwdwh1 Iru vrph vkrfnv/ whfkqrorj|/ wklv

uhyhuvlrq lv d vrphzkdw ohqjwk| surfhvv/ zkloh iru rwkhuv/ qrplqdo/ wkh uhyhuvlrq

lv pxfk pruh udslg1 Rxu prgho kdv wkuhh vhfwruv1 Wkhuh duh sur�w pd{lplvlqj

prqrsrolvwlfdoo| frpshwlwlyh �upv zkr idfh xqvshfl�hg lpshglphqwv lq sulfh0vhwwlqj

ehkdylrxu +Fdoyr 4<;6,1 Lqglylgxdov lq rxu prgho pd{lplvh hdfk shulrg d xwlolw|

ixqfwlrq gh�qhg ryhu lq�qlwh vhtxhqfhv ri frqvxpswlrq/ prqh| edodqfhv dqg oderxu

vxsso|1 Dqg �qdoo| d fhqwudo edqn vhwv wkh vkruw0uxq qrplqdo lqwhuhvw udwh/ ru prqh|

vxsso|146

Wkh prgho ghyhorshg/ lq vkruw/ ghyldwhv iurp d zhoo0ixqfwlrqlqj shuihfwo|

frpshwlwlyh pdfurhfrqrp| ehfdxvh ri wzr glvwruwlrqv � wkh edu wr shuihfwo|  h{leoh

sulfhv dqg dq lpshuihfwo| frpshwlwlyh frusrudwh vhfwru1 Wkh iruphu glvwruwlrq ohdgv

wr d srwhqwldo uroh prqhwdu| srolf|1

6141 Wkh Ilup*v Sureohp

Wkhuh lv d frqwlqxxp ri gl�huhqwldwhg jrrgv lq wkh hfrqrp|/ hdfk surgxfhg e| d

prqrsrolvwlfdoo| frpshwlwlyh �up1 Wkhvh jrrgv fdq eh djjuhjdwhg/ lq wkh pdqqhu

ri Gl{lw dqg Vwljolw} +4<::,/ wr |lhog d frqvxpswlrq edvnhw lq zklfk lv phdvxuhg

46Zh suhvhqw uhvxowv iru dq lqwhuhvw udwh vhwwlqj prqhwdu| dxwkrulw| exw rxu frgh lqfoxghv dq

rswlrq iru vhwwlqj wkh prqh| vxsso| dv dq dowhuqdwlyh prqhwdu| uhjlqh1

8



frqvxphuv* xwlolw|1 Ohw wkh lqgh{ � fryhu �upv dqg jrrgv1 Zh dvvxph wkdw �up �

surgxfhv/ lq shulrg |/ S|E�� xqlwv ri rxwsxw1 Wkh frpsrvlwh jrrg mxvw phqwlrqhg lv

wkhq jlyhq e|

�| '

3
C �]

f

S|E��
Ew3��*w_�

4
D

w*Ew3��

+614,

zkhuh w : �� Wkh �up idfhv sulfhv iru idfwru lqsxwv ghwhuplqhg lq shuihfwo|

frpshwlwlyh pdunhwv1 Zh dovr dvvxph wkdw wkh �up phhwv ghpdqg iru lwv surgxfh dw

wkh srvwhg sulfh +zkhwkhu ru qrw wkh �up kdv ehhq deoh wr fkdqjh lwv srvwhg sulfh

lq wkdw shulrg,1 Dv lv zhoo nqrzq wkh ghpdqg vfkhgxoh idflqj �up �/ dqg wkh sulfh

lqgh{ iru wkh frpsrvlwh jrrg/ duh jlyhq e| +615, dqg +616, uhvshfwlyho|=

S|E�� '

�
R|E��
�|

�
3w

�|c +615,

�| '

3
C �]

f

R|E��
�3w_�

4
D

�*E�3w�

� +616,

Zh dvvxph d frqvwdqw uhwxuqv wr vfdoh surgxfwlrq ixqfwlrq147 Wkh surgxfwlrq

ixqfwlrq lv vxemhfw wr h{rjhqrxv fkdqjhv lq wrwdo idfwru surgxfwlylw|/ �|E��/ dqg

hperglhv d oderxu dxjphqwlqj jurzwk idfwru jlyhq dw wlph | e| E� n ��|c

t|E�� ' �|E��8 dg|E��c E� n ��|E�|E���o� +617,

Wkh �up idfhv frvwv ri dgmxvwphqw lq wkh idfh ri lqyhvwphqw/ ghqrwhg e| �E��/

zklfk duh lqfuhdvlqj lq lqyhvwphqw dqg vwulfwo| frqfdyh1 Ohw D ghqrwh ghsuhfldwlrq1

Wkh �up*v fdslwdo vwrfn wkhuhiruh hyroyhv lq wkh iroorzlqj zd|=

g|n�E�� ' E�� DE���g|E�� n �

�
U|E��

g|E��

�
g|E��� +618,

Wkhuh duh d qxpehu ri zd|v wr fkdudfwhulvh rswlpdo ehkdylrxu e| wkh �up1 Nlqj

dqg Zropdq +4<<9, vxjjhvw euhdnlqj wkh �up lqwr wkuhh sduwv lq wklqnlqj derxw

47Lq rxu frgh/ zh dovr doorz iru wkh lqfrusrudwdwlrq ri ryhukhdg oderxu dqg fdslwdo uhtxluhphqwv1

Xqghu fhuwdlq dvvxpswlrqv/ dv h{srvlwhg lq Nlqj dqg Zdwvrq +4<<9,/ vxfk ryhukhdg frvwv d�hfw

wkh h{srvlwlrq ri wkh prgho htxdwlrqv rqo| voljkwo|/ exw lq d txdqwlwdwlyho| vljql�fdqw zd|1 Lq dq

dsshqgl{ +dydlodeoh rq uhtxhvw, zh ghwdlo wkhvh dpphqgphqwv1 Pruh ghwdlov fdq eh irxqg lq Nlqj

dqg Zdwvrq +rs flw1,1 Zh xvh wkh vroxwlrq frgh ghyhorshg e| Nlqj dqg Zdwvrq +4<<;,1
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rswlpdo ehkdylrxu1 Rqh sduw ri wkh �up plqlplvhv frvwv jlyhq wkh uhtxluhphqw wr

phhw doo ghpdqg dw wkh srvwhg sulfh1 Wkh vhfrqg sduw irupxodwhv d g|qdplf surjudp

iru lqyhvwphqw 0 dfwlqj dv d sulfh0wdnhu lq wkh lqyhvwphqw jrrgv pdunhw/ dqg wdnlqj dv

jlyhq wkh uhqwdo sulfh ri fdslwdo1 Ilqdoo|/ iru wkrvh �upv vr deoh/ wkh rswlpdo/ sur�w0

pd{lplvlqj sulfh lv vhw1 Lq idfw wkh �uvw wzr ghflvlrq xqlwv fdq eh oxpshg wrjhwkhu

wr irup d g|qdplf frvw plqlplvdwlrq sureohp1 Wklv ohdgv wr d voljkw dowhudwlrq wr

wkh rswlpdolw| frqglwlrqv/ exw rxu vlpxodwlrqv vkrz wkdw qrwklqj fkdqjhv xvlqj

wklv dowhuqdwlyh dssurdfk1 Krzhyhu/ iru frqvlvwhqf|/ khuh zh h{srvlw wkh rswlpdolw|

frqglwlrqv lq d pruh idploldu zd|1 Wkh uhtxluhphqwv iru frvw plqlplvdwlrq uhvxow lq

=

`| ' \|

Y8|E��

Y�|E��
c +619,

~| ' \|

Y8|E��

Yg|E��
� +61:,

Wkh g|qdplf dvshfwv ri wkh �up*v sureohp uhtxluhv/ dw dq rswlpxp/ wkdw48

>
|
' [|�

�

�
U|E��

g|E��

�
c +61;,

�
�

� n o

�
.|>|n�~|n� n

�
�

� n o

�
.|[|n�

�

�
�� DE�� n.|�

�
U|n�E��

g|n�E��

�
�.|�

�

�
U|n�E��

g|n�E��

�
U|n�E��

g|n�E��

�
' [|c +61<,

zkhuh >
|
lv wkh fxuuhqw ydoxh ri pdujlqdo xwlolw| ri frqvxpswlrq ri wkh

uhsuhvhqwdwlyh djhqw/ [| lv d Odjudqjh pxowlsolhu dvvrfldwhg zlwk +618,/ dqg lv

lqwhusuhwdeoh dv d phdvxuh ri Wrelq*v ^/ dqg \| lv d Odjudqjh pxowlsolhu dvvrfldwhg

zlwk +617, dqg lqwhusuhwdeoh dv qrplqdo pdujlqdo frvw1 ~| dqg`| duh qrplqdo uhqwdo

sulfhv dvvrfldwhg zlwk fdslwdo dqg oderxu uhvshfwlyho| dqg vhw lq frpshwlwlyh idfwru

pdunhwv/ dv hduolhu qrwhg1

Hdfk shulrg doo �upv ehkdyh lghqwlfdoo|/ dv uhjdugv wkh iruhjrlqj rswlpdolw|

frqglwlrqv1 Krzhyhu/ dv uhjdugv sulfh vhwwlqj ehkdylrxu zh iroorz Fdoyr +4<;6, dqg

48Wkdw lv/ zh hqylvdjh d sur�w pd{lplvdwlrq sureohp/ zkhuh
S
4

w@3
+�w�

w
,+]wNw � Lw, uhsuhvhqwv

wrwdo sur�wv ri wkh lqyhvwphqw vhfwru/ dqg zkhuh wkh wkh rswlplvdwlrq lv vxemhfw wr d vhtxhqfh ri

htxdwlrqv +618,1

:



pdq| vxevhtxhqw dqdo|vwv +h1j1/ \xq 4<<9/ Zrrgirug 4<<9/ Nlqj dqgZroopdq 4<<:,

dqg dvvxph wkdw �upv zklfk vhw sulfhv lq shulrg | idfh d suredelolw|/ k Ef � k 	 ��

ri kdylqj wr olyh zlwk wkh vdph ghflvlrq qh{w shulrg1 Pruh jhqhudoo|/ zh dvvxph wkdw

d �up zklfk vhwv lwv sulfh wklv shulrg idfhv wkh suredelolw| k& ri kdylqj wr fkdujh

wkh vdph sulfh lq &�shulrgv wlph1 Ehiruh zh fdq fdofxodwh wkh rswlpdo sulfh zh

qhhg wr fdofxodwh wkh shu shulrg frvwv dqg wkhvh duh jlyhq e|=

\|g|E��
Y8|E��

Yg|E��
n \|�|E��

Y8|E��

Y�|E��
� +6143,

Jlyhq rxu krprjhqhlw| dvvxpswlrqv/ zh fdq zulwh grzq shulrg | sur�wv dv

�|E�� ' R|E��

�
R|E��

�|

�
3w

�| � \|

�
R|E��

�|

�
3w

�|� +6144,

Wkh �up qrz kdv wr fkrrvh lwv rswlpdo sulfh149 Wkh rswlpdo sulfh/ R�|/ lv wkhuhiruh

jlyhq e|=

R�| '
w
S

"

&'fEkq�
&.|E>|n&�

w
|n&�|n&\|n&�

Ew � ��
S

"

&'fEkq�
&.|E>|n&�

w3�
|n& �|n&�

� +6145,

Wkh hyroxwlrq ri wkh djjuhjdwh sulfh0ohyho lv jlyhq e|

�| ' dE�� k�R��3w
| n k� �3w

|3� o
�*E�3w�� +6146,

Qrwh wkdw hdfk �up lq wkh hfrqrp| idfhv wkh sureohp dv vhw rxw lq vwdjh 41 Wkh

�upv duh lghqwlfdo vdyh iru wkh gl�huhqwldwhg surgxfw wkh| surgxfh1 Frqvhtxhqwo|/

zh wdnh htxdwlrqv +617,0+61<,/ zlwkrxw wkh � lqgh{ wr uhsuhvhqw djjuhjdwh ehkdylrxu1

Wkh vwdjh 5 ghflvlrq/ zklfk lv judqwhg wr E��k� ri surgxfhuv/ uhvxowv lq doo surgxfhuv

fkrrvlqj wkh vdph sulfh zklfk dv htxdwlrq +6145, pdnhv fohdu lv d ixqfwlrq rqo|

ri djjuhjdwh +l1h1/ hfrqrp| zlgh, yduldeohv1 Frqvhtxhqwo| djjuhjdwh sulfh ohyho

ehkdylrxu lv jlyhq e| htxdwlrqv +6145, dqg +6146,1

6151 Wkh Djhqw*v Sureohp

Wkhuh duh d odujh qxpehu ri lghqwlfdo djhqwv1 D uhsuhvhqwdwlyh djhqw hdfk shulrg

pd{lplvhv wkh h{shfwhg ydoxh ri +6147, e| irupxodwlqj frqwlqjhqf| sodqv iru

49Wkh ghwdlov ri wklv sureohp duh zhoo xqghuvwrrg/ dqg zh ohdyh wkhp wr dq dsshqgl{/ dydlodeoh

xsrq uhtxhvw1

;



frqvxpswlrq +dfurvv jrrgv dqg wlph,/ ohlvxuh +zkhuh dydlodeoh wlph lv qrupdolvhg wr

xqlw|, dqg prqh| edodqfhv +zklfk hdvh wudqvdfwlrqv frvwv,1 Wkdw lv/ vkh pd{lplvhv

+6147, vxemhfw wr +6148, dqg +6149,=

.f

"[
|'f

q|

%
j *L}��

| n E�� j� *L}u�
| n *L}

#
� �

|

�|

$&
c +6147,

�|�
�
| n��

|n� n� �
|n� ' ��

| E� n �|3�� n� �
| n �|�

�
| n`|�

�
| c +6148,

� �
| n u�

| ' �c +6149,

zkhuh �| ghqrwhv xqlwv ri frqvxpswlrq lq shulrg |> �| ghqrwhv qrplqdo prqh|

edodqfhv/ dw wkh ehjlqqlqj ri shulrg |> �| uhsuhvhqwv wkh vwrfn ri qrplqdo rqh shulrg

erqgv dw wkh ehjlqqlqj ri shulrg |> �| lv wkh qrplqdo lqwhuhvw udwh ehwzhhq shulrg

| dqg | n �> �| ghqrwhv sur�wv iurp wkh uhsuhvhqwdwlyh �up> dqg `|�| uhsuhvhqwv

shulrg | qrplqdo oderxu lqfrph14:

Dq lqwhulru vroxwlrq wr wklv sureohp zloo eh xqltxh li wkh xwlolw| ixqfwlrq lv vwulfwo|

frqfdyh dqg zloo eh fkdudfwhulvhg e| wkh iroorzlqj �uvw0rughu frqglwlrqv zklfk krog

iru doo |/ dqg dfurvv doo vwdwhv=

j

��
|

' >�
| c +614:,

�� j

>�
|u

�
|

'`|c +614;,

>�
| ' qE� n o|�.|>

�
|n�c +614<,

.|

� �
|n�*�|n�

��
|n�*j

'
�|

� n �|
� +6153,

4:Wkhuh lv qr qhhg wr lqfrusrudwh d m vxshuvfulsw rq Zw1

<



Wkhvh rswlpdolw| frqglwlrqv duh zhoo xqghuvwrrg1 Eulh |/ +614:, dqg

+614;, ghvfuleh lqwudwhpsrudo +oderxu0ohlvxuh, h!flhqf|/ +614:, dqg +614<, ghvfuleh

lqwhuwhpsrudo +frqvxpswlrq0vdylqj, h!flhqf|/ dqg +6153, lpsolhv/ iru d jlyhq ohyho

ri �|/ wkh rswlpdo txdqwlw| ri edvh prqh| wkdw wkh djhqw vkrxog fduu| ryhu lqwr wlph

shulrg |n �1

6161 Prqhwdu| Srolf|

Dq lqwhqvh uhvhdufk h�ruw kdv uhfhqwo| ehhq gluhfwhg lqwr fkdudfwhulvlqj wkh

ehkdylrxu ri prqhwdu| dxwkrulwlhv1 Lq sduwlfxodu/ zklovw prqhwdu| dxwkrulwlhv kdyh

orqj uhjdughg wkhpvhoyhv dv vhwwlqj lqwhuhvw udwhv/ wkhruhwlfdo frqfhuqv zlwk vxfk

sudfwlfh riwhq ohg dfdghplf hfrqrplvwv wr fdvw prqhwdu| srolf| lq whupv ri wkh

vwrfkdvwlf hyroxwlrq ri d qduurz prqh| djjuhjdwh1 Pruh uhfhqw zrun kdv vhuyhg wr

ohvvhq wkhvh frqfhuqv1 H{wuhpho| lq xhqwldo zrun e| Wd|oru +4<<6, ghprqvwudwhg

wkdw XV prqhwdu| srolf| frxog eh zhoo dssur{lpdwhg e| dq lqwhuhvw udwh ihhgedfn

iurp wkh rxwsxw jds dqg lq dwlrq1

Uhfhqw uhvhdufk kdv fodul�hg pdq| dvshfwv ri wklv cWd|oru uxoh*14; Zrun e|

Zrrgirug +4<<;/ 4<<</ 5333, kdv ghprqvwudwhg wkdw dq lqwhuhvw udwh uxoh lv frqvlvwhqw

zlwk qrplqdo ghwhuplqdf| iru d fodvv ri iruzdug0orrnlqj prghov/ hyhq zkhq prqh|

ghpdqg lv doprvw qrq0h{lvwhqw1 Zh gr qrw uhylhz wkdw dqdo|vlv khuh exw rxu prgho

fdq fhuwdlqo| eh wkrxjkw ri dv plplfnlqj wkh cfdvkohvv* hfrqrp|/ lq zklfk fdvh

rqh fdq h{foxgh frqvlghudwlrq ri wkh prqh| ghpdqg ixqfwlrq1 Pruh jhqhudoo|/

krzhyhu/ zkhwkhu ru qrw rqh zlvkhv wr dgrsw wkdw fdvkohvv shuvshfwlyh/ wkh fodvv ri

prghov fxuuhqwo| xqghu lqvshfwlrq fdq |lhog xqltxh erxqghg vroxwlrqv xqghu udwlrqdo

h{shfwdwlrqv iru d zlgh udqjh ri sodxvleoh sdudphwhu ydoxhv/ dqg zh ghprqvwudwh wklv

surshuw| ehorz1 Zh dovr/ iru frpsohwhqhvv vdnh/ lqfrusrudwh lq rxu frgh prqhwdu|

uxohv fkdudfwhulvhg e| d surfhvv iru wkh prqh| vxsso|1 Lq rwkhu zrugv rxu prqhwdu|

srolf| uxohv duh/ xqghu lq dwlrq wdujhwlqj/ ri wkh irup=

�| ' �d+|3�c Z|3�c +|c Z|c .|+|n�c.|Z|n�c �|3�c .|�|n�oc +6154,

4;Zh duh wklqnlqj ri lvvxhv vxfk dv cdssursuldwh* dqg2ru rswlpdo hodvwlflwhv dqg odj vwuxfwxuhv/

dqg vr rq1 Vhh Wd|oru +4<<<, iru d glvfxvvlrq1
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�| ' �d+|3�c Z|3�c +|c Z|c .|+|n�c .|Z|n�c�|3�c .|�|n�o� +6155,

Dqg lq wkh fdvh ri sulfh0ohyho wdujhwlqj wkh| duh ri wkh irup=

�| ' �d+|3�c �|3�c +|c �|c .|+|n�c.|�|n�c �|3�c .|�|n�oc +6156,

�| ' �d+|3�c �|3�c +|c �|c .|+|n�c .|�|n�c�|3�c .|�|n�o� +6157,

Lq zkdw iroorzv zh rqo| glvfxvv wkh uhvxowv xqghu lqwhuhvw udwh uxohv1 Qrplqdo

vkrfnv/ wkhuhiruh/ duh xqh{shfwhg vkliwv lq wkh lqwhuhvw udwh1

Wkh edvlf prgho/ wkhq/ lv jlyhq e| htxdwlrqv +617, wr +61<, lq djjuhjdwh irup/

orrvho| vshdnlqj wkh txdqwlw| ghflvlrqv ri wkh frusrudwh vhfwru/ +6145, dqg +6146,/ wkh

sulflqj +dqg khqfh djjuhjdwh vxsso|, ghflvlrqv/ +6149, wr +6153,/ wkh uhsuhvhqwdwlyh

djhqw*v txdqwlw| ghflvlrqv/ dqg rqh ri htxdwlrqv +6154, wr +6157,/ wkh srolf| eorfn1

Wrjhwkhu wkhvh htxdwlrqv ghwhuplqh/ rxwsxw/ fdslwdo/ lqyhvwphqw/ pdujlqdo frvw/

Wrelq*v0^/ wkh rswlpdo �up sulfh/ wkh djjuhjdwh sulfh0ohyho/ frqvxpswlrq/ vdylqjv/

oderxu vxsso|/ ohlvxuh/ zdjhv/ prqh| edodqfhv/ dqg wkh prqhwdu| lqvwuxphqw14<

616141 Vwdwlrqdu| yduldeohv dqg vrph vwhdg| vwdwh fdofxodwlrqv

Zh glvfxvv wkhvh pdwwhuv rqo| eulh |/ dv wkh| duh zhoo xqghuvwrrg1 Gdwh | yduldeohv

duh ghwuhqghg lq wkh xvxdo pdqqhu1 H1j1/ �| � �|*E� n ��|c �| � �|*E� n >�|c

�| � �|

�
�n�

�n>

�|
c E� n ��g|n� ' E� n ��g|n�*E� n ��|n�/ dqg vr rq1

Wdeoh 4 olvwv wkh ydoxhv zh dwwdfk wr vrph ixqgdphqwdo sdudphwhuv1 Xvlqj wkhvh/

zh fdq ghulyh wkh rwkhu qhfhvvdu| vwhdg| vwdwh sdudphwhu ydoxhv wkdw zh uhtxluh1 Wkh

txduwhuo| uhdo uhwxuq rq fdslwdo/ 5/ lq wkh XN lv wdnhq wr eh 4158(1 Wkh vkduh ri

fdslwdo/ r&/ lq wkh surgxfwlrq ixqfwlrq lv wdnhq wr eh 6;(1 Zh dvvxph/ lq olqh zlwk

Fkdgkd/ Mdqvvhq dqg Qrodq +5334,/ wkdw wkh txduwhuo| udwh ri fdslwdo ghsuhfldwlrq/

Dc lv 518(1 Shu fdslwd lqfrph jurzwk/ �/ lv 318(1 Dqg wkh txduwhuo| udwh ri wlph

4<Lq sudfwlfh zh dovr lqfrusrudwh d qxpehu ri frqyhqlhqw lghqwlwlhv zklfk doorz xv wr dgg
ohdgv2odjv ri ydulrxv yduldeohv1
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suhihuhqfh lv dvvxphg wr eh durxqg wkh ohyho lpsolhg e| XN pdunhw uhdo lqwhuhvw

udwhv/ 31:8(1 Zh fdq fdofxodwh wkh uhpdlqlqj sdudphwhuv/ qc Kc Sc +c �c ,c �cu dqg w

lq wxuq1 Iluvw zh kdyh

5 '
w

w � �
Eo n �� ' r&

�
g

�

�r
&
3�

c +6158,

zkhuh zh kdyh xvhg wkh vwhdg| vwdwh dqdorjxhv ri htxdwlrqv +618,/ +61;, dqg +61<,1

Zh vroyh iru g*� dqg �qg 541:<153 Iurp +6158, zh qrwh wkdw t*� ' g*� r
& ' ��2�

dqg wkxv g*t ' S�.S1 Frqvhtxhqwo|/ zh �qg wkdw �*& ' f�f� dqg �*+ ' f�2f�1 Qrz

qrwh=

� ' E�� r&�

�
g

�

�r
&

c +6159,

dqg vr htxdov 316<<1 Zh vkdoo dvvxph wkdw zh vshqg d �iwk rxu wlph zrunlqj vr

�*u ' f�2D dqg +c & dqg � htxdo 31978/ 7169 dqg 31464/ uhvshfwlyho|1 Ilqdoo|/ j/ lv

jlyhq e| wkh lqwudwhpsrudo h!flhqf| frqglwlrqv +614:, dqg +614;, dqg lv 319491

6171 Ghulylqj Wkh Qhz Nh|qhvldq Skloolsv Fxuyh

Wkh prgho ghyhorshg deryh lv frqvlvwhqw zlwk zkdw kdv ehhq whuphg wkh QN Skloolsv

Fxuyh1 Wr vhh wklv/ uhfdoo wkdw wkh fdslwdo vwrfn lv suh0ghwhuplqhg lq shulrg |1

Lq dgglwlrq/ gxh wr vwlfn| sulfhv/ rxwsxw lv ghpdqg ghwhuplqhg lq wkh vkruw0uxq/

zklfk lpsolhv wkdw wkh ghpdqg iru oderxu lv h�hfwlyho| jlyhq e| +617,1 Lq dgglwlrq

htxdwlrq +619, surylghv dq h{suhvvlrq iru qrplqdo pdujlqdo frvw1 Frpelqlqj d olqhdu

dssur{lpdwlrq wr wkhvh htxdwlrqv dqg frpelqlqj wkhp zlwk wkh olqhdulvhg yhuvlrqv

ri htxdwlrqv +6145, dqg +6146,/ dqg ohwwlqj kdwv deryh yduldeohv ghqrwh wkh ghyldwlrq

ri d yduldeoh iurp vwhdg| vwdwh/ lw fdq eh vkrzq wkdw=54

	Z| ' q.|	Z|n� n V	+| n )	%| +615:,

zkhuh V � E�3k�E�3kq�

k

r&
r?
/ ) � �V*r&/ dqg/ %| � E	@|�r? 	�|nr&	&|�� r& dqg r? ghqrwh

fdslwdo dqg oderxu vkduh uhvshfwlyho|1 Wkh h{rjhqrxv whup/ 	%|/ lv d ixqfwlrq ri wkh

53Lw lv lqwhuhvwlqj wr qrwh lq sdvvlqj wkdw wklv lv durxqg kdoi ri wkh ydoxh wklv udwlr wdnhv lq dq

UEF prgho1 Fkdgkd/ Mdqvvhq dqg Qrodq +5334, �qg wklv ydoxh wr eh 741<1
54Vhh Fkdgkd dqg Qrodq +5334d, iru pruh ghwdlov rq wkh wkhruhwlfdo dqg hfrqrphwulf lpsolfdwlrqv

ri wkh Qhz Nh|qhvldq Skloolsv fxuyh1
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h{rjhqrxv vkrfn wr wrwdo idfwru surgxfwlylw|/ wkh zdjh vhw lq frpshwlwlyh pdunhwv/

dqg wkh suhghwhuplqhg vwrfn ri fdslwdo1 Lq rwkhu zrugv 	%|c idu iurp ehlqj vlpso|

d csurgxfwlylw|* ru cfrvw* vkrfn* dv lv riwhq dvvxphg lq wkh olwhudwxuh/ lv dfwxdoo| d

frpsoh{ +exw lq rxu prgho zhoo0gh�qhg, frpsrvlwh whup lq idfwruv rxwvlgh ri wkh

frqwuro ri wkh �up lq shulrg |1 Wklv htxdwlrq lv fhqwudo wr rxu �qglqjv1 Dqg

dv Fkdgkd dqg Qrodq +5334d, ghprqvwudwh/ irupxodwlrq +615:, surylghv dgydqwdjhv

zkhq wdnlqj wkh QNSF wr wkh gdwd1

71 Wkh Prgho Rxwsxw

Wr h{dplqh wkh surshuwlhv ri wklv prgho zh h{dplqh wkh uhvxowv ri d qxpehu ri

vlpxodwlrq h{huflvhv ghvljqhg wr h{dplqh lvvxhv ri srolf| ghvljq1 Zh dvvxph wkdw

wkh qrplqdo vkrfn lv l1l1g1 Krzhyhu/ wklv vkrfn kdv orqj0odvwlqj lpsolfdwlrqv yld

wkh lqwhuhvw udwh vprrwklqj wkdw zh jhqhudoo| lqfrusrudwh lq wkh prqhwdu| uxoh1 Lq

frqwudvw/ rxu whfkqrorj| vkrfn lv kljko| shuvlvwhqw1 Rxu vkrfnv duh frqvwuxfwhg wr

eh xqfruuhodwhg zlwk rqh dqrwkhu1 Zh vlpxodwhg wkh prgho 53 wlphv zlwk hdfk

vlpxodwlrq odvwlqj 483 shulrgv1 Lq fdofxodwlqj rxu uhvxowv zh xvhg rqo| wkh �qdo

433 revhuydwlrqv iurp hdfk vlpxodwlrq/ phdqlqj wkdw zh kdg 5333 revhuydwlrqv rq

hdfk yduldeoh1 Doo rxwsxw lv ghwuhqghg xvlqj wkh Ed{whu0Nlqj �owhu1 Wkh frqvwuxfwlrq

ri wklv �owhu lv h{srvlwhg lq Fkdgkd/ Mdqvvhq dqg Qrodq +5333,1 Wklv lv edvlfdoo|

d wzr vlghg +v|pphwulf, prylqj dyhudjh �owhu zklfk lv dq dssur{lpdwlrq wr wkh

rswlpdo edqgsdvv �owhu155 Frpsduhg zlwk wkh pruh idploldu Krgulfn0Suhvfrww �owhu/

wkh Ed{whu0Nlqj �owhu 0 dqg lqghhg dq| yhuvlrq ri wkh edqgsdvv �owhu 0 lv ghvljqhg

wr dgguhvv wkh sureohp kljk0iuhtxhqf| ohdndjh1 Wklv dsshdolqj ihdwxuh dvlgh/ rxu

uhvxowv zrxog eh olwwoh fkdqjhg li zh dgrswhg wkh Krgulfn0Suhvfrww �owhu/ ru lqghhg

Fkulvwldqr dqg Ilw}jhudog*v +5333, yhuvlrq ri wkh edqgsdvv �owhu1 Iru d glvfxvvlrq ri

wkhvh �owhuv/ dqg d ghprqvwudwlrq ri wkh idfw wkdw wkh| whqg wr uhwxuq yhu| vlplodu

ylhzv ri wkh exvlqhvv f|foh vhh Fkdgkd/ Mdqvvhq dqg Qrodq +5333,1

7141 Wkh duwl�fldo hfrqrp|

Wkh uhodwlyh yduldelolw| dqg furvv0fruuhodwlrqv iru rxu duwl�fldo edvholqh hfrqrp|

xqghu erwk sulfh ohyho dqg lq dwlrq wdujhwlqj uxohv duh ghwdlohg lq dq dsshqgl{

55Rxu surjudpphv iru lpsohphqwlqj wklv �owhu duh dydlodeoh rq uhtxhvw1
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dydlodeoh iurp wkh dxwkruv1 Lw vkduhv pdq| vlplodulwlhv zlwk wkh vwdqgdug UEF0w|sh

hfrqrplhv1 Rxu edvholqh Wd|oru uxohv xqghu lq dwlrq dqg sulfh0ohyho wdujhwlqj duh

jlyhq uhvshfwlyho| e|=

	=| ' f�H	=|3� n �+	+|3� n �Z	Z|3� n �+	+| n �Z	Z| n �+.|	+|n� n �Z.|	Z|n�c +714,

	=| ' f�H	=|3� n �+	+|3� n �Z 	�|3� n �+	+| n �Z 	�| n �+.|	+|n� n �Z.|
	�|n�c +715,

zkhuh �+ ' f�D dqg �Z ' ��D1 Djdlq/ kdwv ghqrwh orj0ghyldwlrqv iurp vwhdg|

vwdwh1 Dv zhoo dv dqdo|vlqj d jhqhudo uxoh +JHQ, zlwk edfnzdug/ frqwhpsrudqhrxv

dqg iruzdug0orrnlqj lqglfdwruv/ zh dovr dqdo|vh wkh rxwsxw iurp pruh vshfl�f

irupxodwlrqv/ vxfk dv edfnzdug dqg frqwhpsrudqhrxv dorqh +EDNFRQ, ru vroho|

iruzdug0orrnlqj +IZG,1 Lq wkh edvholqh prghov lq dwlrq wdujhwlqj lqgxfhv juhdwhu

f|folfdo yduldelolw| lq oderxu vxsso|/ uhdo zdjhv/ lq dwlrq/ wkh sulfh ohyho/ qrplqdo

lqwhuhvw udwhv dqg wkh pdujlqdo h!flhqf| ri fdslwdo1 Exw wkhuh lv olwwoh gl�huhqfh lq

wkh f|folfdo uhodwlrqvkls dfurvv yduldeohv dv doo duh sur0f|folfdo rwkhu wkdq lq dwlrq/

wkh sulfh ohyho dqg qrplqdo lqwhuhvw udwhv1 Lq pdq| uhvshfwv/ wkhuhiruh/ wkhvh duwl�fldo

hfrqrplhv dsshdu dv vwdqgdug g|qdplf vwrfkdvwlf jhqhudo htxloleulxp hfrqrplhv1

7151 Wkh lpsxovh uhvsrqvh ixqfwlrqv

Iljxuh :15 sorwv wkh uhvsrqvh ri d qxpehu ri nh| yduldeohv wr d whfkqrorj| vkrfn xqghu

wkh wzr dowhuqdwlyh uxohv1 Htxloleulxp rxwsxw dqg uhdo udwh sdwkv duh hvvhqwldoo|

lghqwlfdo xqghu wkh wzr uhjlphv +dv zhoo dv shuvlvwhqwo| sur0f|folfdo, exw erwk wkh

sulfh ohyho dqg lq dwlrq uhvsrqg zlwk juhdwhu hodvwlflw| wr d whfkqrorj| vkrfn1 Wkhuh

duh wzr uhdvrqv iru wklv uhvxow= +l, wkh whfkqrorj| vkrfn lqgxfhv d juhdwhu zdjh

uhvsrqvhv xqghu lq dwlrq wdujhwlqj dqg khqfh qrplqdo pdujlqdo frvwv ulvh e| pruh

dqg +ll, prqhwdu| srolf| vwurqjo| whpshuv wkh lq dwlrq uhvsrqvh lq wkh fdvh ri sulfh

ohyho wdujhwlqj ehfdxvh wkh uhodwlyh zhljkw rq lq dwlrq ghyldwlrqv lv pdjql�hg1

Iljxuh :16 sorwv wkh uhvsrqvh ri wkh vdph yduldeohv wr d prqhwdu| vkrfn1 Lq hdfk

fdvh wkh yduldeohv vkrz dpsol�hg uhvsrqvhv lq wkh lq dwlrq wdujhwlqj zruog1 Wkh

kljkhu shqdow| rq lq dwlrq ghyldwlrqv lq wkh sulfh0ohyho wdujhwlqj zruog lqgxfhv d

gdpshqhg srolf| vkrfn dqg d vljql�fdqwo| orzhu uhvsrqvh lq lq dwlrq h{shfwdwlrqv

dqg wkhvh h�hfwv wudqvodwh lqwr orzhu qrplqdo yduldelolw|1 Lq vxpplqj xs lw

vhhpv wkdw qrplqdo yduldelolw| lv h{dfhuedwhg e| fkrrvlqj lq dwlrq ryhu sulfh ohyho

wdujhwlqj1 Wr wklv h{whqw/ zh frq�up dq hphujlqj frqvhqvxv lq wkh olwhudwxuh1
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715141 D frpphqw rq wkh prqhwdu| srolf| uhvsrqvhv

Vrph dxwkruv kdyh frpsduhg wkh lpsxovh uhvsrqvhv iurp prghov vxfk dv wkdw

dqdo|vhg lq wklv sdshu wr wkrvh jhqhudwhg e| YDU0edvhg dqdo|vhv1 Krzhyhu/ fdxwlrq

vkrxog eh h{huflvhg lq dq| vxfk frpsdulvrq1 Wkh lpsxovh uhvsrqvhv ri rxu hfrqrp|

wr d prqhwdu| srolf| vkrfn gr qrw phdvxuh wkh h!fdf| ri srolf| lq wkh xvxdo

vhqvh ri vlpso| krz pxfk wkh hfrqrp| uhvsrqgv wr dq h{rjhqrxv +dqg xqh{shfwhg,

prqhwdu| shuwxuedwlrq= wkhvh uhvsrqvhv vkrxog qrw eh lqwhusuhwhg dv vlpsoh lpsdfw

sdudphwhuv1 Iru lq wkdw fdvh lw zrxog dsshdu wkdw d juhdwhu uhvsrqvlyhqhvv lv d vljqdo

ri pruh srzhuixo srolf|1 Zkdw wkhvh uhvsrqvhv gr vkrz lv wkh hfrqrp|*v uhvsrqvh

xqghu wzr fodvvhv ri prqhwdu| uxohv/ zkhq djhqwv dovr nqrz wkh srolf| uxoh lq sodfh1

Uhfdoo wkdw wkh srolf| pdnhu lv dfwlqj wr r�vhw wkh sduwldo lqdelolw| ri �upv wr vhw

sulfhv zlwk ixoo  h{lelolw|1 Wkh uhvxowv whoo xv wkdw wkhuh duh wzr h�hfwv dw zrun

khuh1 Iluvw/ rqfh djhqwv nqrz wkdw sulfh vkrfnv zloo eh whpsrudu|/ wkh frqvhtxhqw

odfn ri lq dwlrq h{shfwdwlrqv zloo plwljdwh djdlqvw odujh vfdoh lqlwldo uhvsrqvhv wr wkh

prqhwdu| dfwlrq1 Dqg ehfdxvh wkh lq dwlrq uhvsrqvh lq d QN Skloolsv fxuyh prgho lv

juhdwhu wkdq wkh sulfh0ohyho uhvsrqvh +xqghu lq dwlrq wdujhwlqj,/ wkh rxwsxw uhvsrqvh

zloo eh odujhu1 Vhfrqg/ dv d uhvxow ri wklv/ wkh srolf| uhvsrqvh xqghu sulfh0ohyho

wdujhwlqj lv pruh pxwhg wkdq lw zrxog eh rwkhuzlvh1

81 Vrph Srolf| H{shulphqwv

Zh h{whqg wkh edvlf srolf| h{shulphqw lq wklv vhfwlrq lq rughu wr dvvhvv ixuwkhu wkh

h{whqw ri wkh fdvh iru sulfh ohyho wdujhwlqj1 Zh gr wklv lq wkuhh vwdjhv1 Iluvw/ zh

dowhu wkh yduldeohv zklfk ghwhuplqh wkh htxloleulxp qrplqdo lqwhuhvw udwh shulrg e|

shulrg1 Wkhq/ zh dowhu wkh zhljkwv wkdw duh dwwdfkhg wr wkhvh gl�huhqw ihhgedfn

yduldeohv1 Ilqdoo|/ zh dvvhvv wkh lpsolhg vdful�fh udwlrv xqghu d qxpehu ri wkhvh

h{shulphqwv1 Vsdfh frqvlghudwlrqv phdq wkdw zh duh xqdeoh wr uhsurgxfh khuh

doo rxu fkduwv dqg wdeohv1 Krzhyhu/ d ixoo dqqh{ lv dydlodeoh iurp hlwkhu dxwkruv*

zhesdjh1

48



8141 Wkh srolf|0pdnhu*v xvh ri odjjhg lqirupdwlrq dqg iruhfdvwv

Zh h{dplqh wkh duwl�fldo hfrqrp| zkhq zh dowhu wkh odjv dqg ohdgv lq wkh lqglfdwru

yduldeohv ri wkh Wd|oru uxoh1 Wkh edvlf uxohv zh hpsor| duh dv ehiruh=

	=| ' f�H	=|3� n �+	+|3� n �Z	Z|3� n �+	+| n �Z	Z| n �+.|	+|n� n �Z.|	Z|n�c +814,

	=| ' f�H	=|3� n �+	+|3� n �Z 	�|3� n �+	+| n �Z 	�| n �+.|	+|n� n �Z.|
	�|n�c +815,

lqfrusrudwlqj ydulrxv }hur uhvwulfwlrqv rq wkh � sdudphwhuv1 Wkh pdlq uhvxowv ri

wklv h{huflvh duh olvwhg= +l, Wkh sulfh wdujhw ohdgv wr orzhu yduldelolw| lq hdfk ri wkh

wkuhh yduldeohv luuhvshfwlyh ri odj vwuxfwxuh ri wkh lqglfdwru yduldeohv/ sduwlfxoduo| lq

whupv ri lq dwlrq dqg qrplqdo lqwhuhvw udwhv> +ll, dfurvv erwk uxohv/ wkh hpsor|phqw

ri prvw lqirupdwlrq l1h1 wkh xvh ri iruzdug0orrnlqj h{shfwdwlrqv/ edfnzdug orrnlqj

uhdolvdwlrqv dqg fxuuhqw rxwwxuqv +JHQ, zrxog vhhp wr doorz wkh srolf|pdnhu wr

rewdlq orz rxwsxw dqg lq dwlrq yduldelolw| zlwk wkh orzhvw yduldelolw| lq qrplqdo

lqwhuhvw udwhv> +lll, dfurvv erwk uxohv/ d sxuho| iruzdug0orrnlqj lqglfdwru lqfuhdvhv

yduldelolw| ri lq dwlrq dqg rxwsxw txlwh pdunhgo|> +ly, dfurvv erwk uxohv/ d sxuho|

edfnzdug0orrnlqj lqglfdwru lqfuhdvhv wkh yduldelolw| ri lqwhuhvw udwhv pdunhgo|> +y,

xvh ri frqwhpsrudqhrxv lqirupdwlrq vhhpv wr uhvxow lq d ehwwhu srolf| iurqwlhu> +yl,

rxwsxw yduldelolw| lv dq rughu ri pdjqlwxgh kljkhu wkdq qrplqdo yduldelolw| xqghu

wkhvh uxohv1

8151 Lqfuhdvlqj wkh zhljkw rq �+

Wkh qh{w srolf| h{shulphqw lv wr lqfuhdvh wkh zhljkw sodfhg rq wkh rxwsxw lqglfdwru

yduldeoh1 Zh �qg wkdw wkh uhvxowv xqghu sulfh ohyho wdujhwlqj duh sudfwlfdoo|

lqvhqvlwlyh wr wklv exw rqfh �+ lqfuhdvhv pxfk eh|rqg 4/ wkh yduldelolw| ri rxwsxw/

lq dwlrq dqg lqwhuhvwv lq wkh lq dwlrq wdujhwlqj uhjlph lqfuhdvh udslgo|1 Iljxuh :17

vkrzlqj wkh ehkdylrxu ri lq dwlrq lv looxvwudwlyh +lq wkh vhqvh wkdw erwk rxwsxw

dqg qrplqdo lqwhuhvw udwhv glvsod| d yhu| vlplodu sdwwhuq�vhh wkh dsshqgl{ rq rxu

zhevlwhv iru wkh frpsohwh edqn ri fkduwv,1 Dv zh zrxog h{shfw wkh QN iudphzrun

grhv qrw gholyhu wkh wudglwlrqdo wudgh0r� ehwzhhq lq dwlrq dqg rxwsxw yduldelolw|1

Ehfdxvh lq dwlrq lv d ixqfwlrq ri fxuuhqw dqg dqwlflsdwhg rxwsxw jdsv/ lqfuhdvlqj

wkh zhljkw rq rxwsxw ghyldwlrqv lqglfdwhv d pruh yrodwloh wlph sdwk iru lq dwlrq1
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Krzhyhu/ qrwh wkdw dgrswlqj d sulfh ohyho wdujhw zloo pdnh wkh hfrqrp| pruh

irujlylqj li �+ lv vhw udwkhu kljk ehfdxvh wkh yduldelolw| ri nh| yduldeohv wr lqfuhdvhv

lq �+ lv vxevwdqwldoo| ohvv hodvwlf lq wkh fdvh ri sulfh wdujhwlqj1 Zh frqfoxgh wkdw

lqfuhdvlqj �+ lq hlwkhu uhjlph lpsolhv d pruh yrodwloh sdwk iru lq dwlrq1

8161 Lqfuhdvlqj wkh zhljkw rq �Z

Iljxuh :18 vkrzv wkdw rxwsxw yduldelolw| lv uhodwlyho| kljk xqghu dq lq dwlrq wdujhwlqj

uhjlph lq frpsdulvrq wr wkh sulfh ohyho uhjlph zkhq �Z lv ohvv wkdq 61 Sxvklqj �Z

wr 8 ru deryh zrxog hqvxuh vlplodu/ exw vwloo vrphzkdw lqihulru/ shuirupdqfh wr wkh

sulfh ohyho uxoh1 Djdlq/ vlplodu sdwwhuqv duh jhqhudwhg iru lq dwlrq dqg qrplqdo

lqwhuhvw udwhv1 Wr vxp xs lw dsshduv wkdw shuirupdqfh lv pdunhgo| lpsuryhg dv �Z

lqfuhdvhv wr 618 exw wkhuh lv olwwoh lpsuryhphqw wkhuhdiwhu/ dqg wkdw dfurvv uhjlphv

dgrswlqj d vwudwhj| ri orz �+ dqg kljk �Z vhhpv vhqvleoh1 Zh vkdoo uhwxuq ehorz wr

wkh lvvxh ri d kljk �Z1

8171 Sulfh Vwlfnlqhvv

Wkh jdlqv iurp sulfh ohyho wdujhwlqj +Iljxuh :19, lqfuhdvh lq wkh h{whqw ri wlph

ghshqghqw sulfh vwlfnlqhvv/ k1 Wkhuh lv lqfuhdvlqj htxlydohqfh iru wkh uxohv dv

k $ f�D156 Wklv vhhpv lqwxlwlyho| uhdvrqdeoh vlqfh dv sulfhv ehfrph pruh uljlg d

jlyhq prqhwdu| vkrfn zrxog dsshdu wr ohdyh sursruwlrqdwho| pruh surgxfhuv ixuwkhu

iurp wkh rswlpdo sulfh0rxwsxw vwudwhj|1

8181 Frpsdulqj qrplqdo lqfrph xqfhuwdlqw|

Iljxuhv :1: frpsduhv wkh rxwfrphv dfurvv wkh xvh ri lqglfdwru yduldeohv lq rxwsxw

dqg lq dwlrq vsdfh1 Dv vxjjhvwhg e| Zrrgirug +5333, wkh sxuho| iruzdug orrnlqj

uxohv dsshdu wr kdyh xqdwwudfwlyh surshuwlhv lpso|lqj/ dv wkh| gr/ vrphzkdw pruh

yduldeoh rxwwxuqv iru lq dwlrq dqg rxwsxw1

8191 Vdful�fh Udwlrv

Zh qrz frqvlghu wkh udwlr ri wkh vwdqgdug ghyldwlrq ri rxwsxw dqg lq dwlrq dw

d exvlqhvv f|foh krul}rq ri 53 txduwhuv iru gl�huhqw sdudphwhuv lq wkh Wd|oru

56Wklv htxlydohqfh lv qrw vxusulvlqj/ vlqfh lq orj0ghyldwlrq irup zh kdyh wkdw a�w @
4��

�
as3
w
= Wklv

fdq eh vhhq e| orj0olqhdulvlqj htxdwlrq +6146,/ dqg qrwlqj wkdw lq vwhdg| vwdwh s3 @ S

4:



Uxoh1 Frqvlghu �jxuhv :1; dqg :1</ zklfk sorw wkh udwlr iru lqfuhdvlqj �
+
dqg �

Z

uhvshfwlyho|1 Qrwh wkdw hyhq wkrxjk wkh frvw ri rxwsxw orvvhv shu xqlw ri lq dwlrq fdq

eh vlplodu/ wkh devroxwh yduldelolw| lv vwloo vrphzkdw kljkhu xqghu lq dwlrq wdujhwlqj1

Exw wkh prgho surgxfhv d }rqh ri clqgl�huhqw* uhjlrqv/ zkhuh �
+
	 f�S dqg �

Z
: ��f1

Erwk prghov fdq surgxfh vlplodu uhodwlyh pryhphqwv/ ru vhhplqj frvwv ri prqhwdu|

srolf|/ surylglqj wkh zhljkwv rq rxwsxw lv vx!flhqwo| orz dqg wkdw rq lq dwlrq lv

vx!flhqwo| kljk1

91 Hvwlpdwhg cWd|oru* Uxohv

Wkh sdshu kdv irxqg wkdw sulfh wdujhwlqj r�huv d pruh vwdeoh vhw ri rxwfrphv iru

rxu duwl�fldo hfrqrp| frpsduhg zlwk lq dwlrq wdujhwlqj1 Vshfl�fdoo| sulfh ohyho

wdujhwlqj surylghv vljql�fdqw vwdelolvdwlrq dgydqwdjhv ryhu lq dwlrq wdujhwlqj vkrxog

wkh zhljkw rq rxwsxw +lq dwlrq, vwdelolvdwlrq eh vhw wrr kljk +orz,1 Dovr lq wkh

suhvhqfh ri vljql�fdqw sulfh vwlfnlqhvv sulfh wdujhwlqj vhhpv wr r�hu dgydqwdjhv157

Zh gr/ krzhyhu/ vhhp wr kdyh xqfryhuhg d vhw ri sdudphwhu fkrlfhv wkdw zloo pdnh

lq dwlrq wdujhwlqj d forvh dssur{lpdwlrq wr sulfh wdujhwlqj1 Dq lqwhuhvwlqj txhvwlrq/

wkhq/ lv wr zkdw h{whqw pljkw fxuuhqw XN sudfwlfh kdyh fdswxuhg wkh ehqh�wv ri

sulfh wdujhwlqj1 Lv wkh uhdo zruog gdwd frqvlvwhqw zlwk d cvx!flhqwo|* kljk zhljkw

rq lq dwlrq dqg cvx!flhqwo|* orz zhljkw rq rxwsxwB

Qhovrq +5333, hvwlpdwhv d Wd|oru0w|sh uxoh rq XN gdwd iru wkh lq dwlrq wdujhwlqj

shulrg1 Zh edvlfdoo| uhsolfdwh klv hvwlpdwlrq vwudwhj|1 Wdeohv 5 dqg 61 Wkhvh vkrz

wkh uhvxowv ri Wd|oru0w|sh uxohv hvwlpdwhg rq wkh duwl�fldo gdwd jhqhudwhg iurp rxu

prgho1 Zh kdyh hvwlpdwhg edfnzdug/ frqwhpsrudqhrxv dqg iruzdug0orrnlqj Wd|oru

uxohv iurp rxu prghov jhqhudwhg zlwk erwk sulfh ohyho dqg lq dwlrq wdujhwlqj zlwk

�
Z
vhw dw erwk 618 dqg 8131 Wkh orqj uxq frh!flhqwv rq wkh Wd|oru uxoh duh hvwlpdwhg

e| LY dqg irxqg lq wkh �qdo sdqho ri Wdeohv 5 dqg 6 dqg vxjjhvw wkdw wkh duwl�fldo

prgho zlwk kljk �
Z
surylghv d forvh dssur{lpdwlrq wr wkh hvwlpdwhv ri wkh Wd|oru

uxoh rq dfwxdo XN gdwd ri 415: rq lq dwlrq dqg 317: rq rxwsxw158 Rqh lqwhusuhwdwlrq

57Vhh Fkdgkd dqg Qrodq +5334d, iru dq hfrqrphwulf dqdo|vlv ri sulfh vwlfnlqhvv lq wkh XN edvhg
rq htxdwlrq +615:,1 Zh �qg wkdw � olhv lq wkh udqjh= 31703191 Qrwh wkdw wkhvh hvwlpdwhv zrxog

dovr pdnh wkh srolf| pruh olnho| wr olh lq wkh }rqh ri lqgl�huhqfh ehwzhhq lq dwlrq dqg sulfh ohyho

wdujhwlqj1
58Qrwh wkdw Wdeohv 7 dqg 8 whoo xv wkdw sulfh ohyho wdujhwlqj zrxog/ dv zh kdyh vxjjvwhg hduolhu

lq wkh sdshu/ lpso| kljkhu hvwlpdwhg Wd|oru uxoh frh!flhqwv rq wkh lq dwlrq udwh1

4;



ri fxuuhqw XN srolf| lv wkhq wkdw lw uhsuhvhqwv d fuhgleoh lq dwlrq wdujhwlqj uhjlph

lq zklfk lq dwlrq dyhuvlrq/ �
Z
/ vhhpv vx!flhqwo| kljk wr doorz wkh uhjlph wr fdswxuh

prvw ri wkh ehqh�wv/ lpsolhg e| wklv prgho/ iurp dq| pryh wr sulfh ohyho wdujhwlqj1

:1 Frqfoxglqj Uhpdunv

Wklv sdshu kdv h{soruhg wkh lpsolfdwlrqv iru pdfurhfrqrplf vwdelolw| zlwklq dq

duwl�fldo hfrqrp| iurp wzr irupv ri prqhwdu| srolf| uxoh1 Rxu hfrqrp| lv lqkdelwhg

e| djhqwv pdnlqj iruzdug0orrnlqj sodqv iru frqvxpswlrq dqg lqyhvwphqw lq oljkw ri

whfkqrorj| dqg prqhwdu| vkrfnv1 Djhqwv vxsso| wkhlu rzq oderxu dqg rzq wkh �up1

Wkhlu fkrlfhv duh vxemhfw wr vrph uljlglwlhv lq wkh vhwwlqj ri sulfhv1 Wkhvh djhqwv kdyh

dovr fkdujhg d fuhgleoh prqhwdu| srolf| pdnhu zlwk vhwwlqj lqwhuhvw udwhv dffruglqj

wr lq dwlrq ru sulfh ghyldwlrqv iurp d wdujhw1 Zh �qg wkdw wkh pdfurhfrqrp|

dsshduv pruh vwdeoh xqghu d sulfh ohyho wdujhw wkdq dq lq dwlrq wdujhw/ lq wkdw

lq dwlrq/ rxwsxw dqg lqwhuhvw udwhv whqg wr eh ohvv yrodwloh1 Iruzdug orrnlqj djhqwv

lqfrusrudwh fuhgleoh srolf| lqwr wkhlu frqwlqjhqf| sodqv dqg zkhq jlyhq wkh fkdqfh

wr vhw sulfhv zloo pdnh wkhlu fkrlfhv dffruglqjo|1 Lw grhv dsshdu/ krzhyhu/ wkdw wkh

ehwwhu rxwfrphv lpsolhg e| dq djjuhvvlyh uxoh/ vxfk dv d sulfh wdujhwlqj/ fdq eh

qhduo| pdwfkhg zkhq dq lq dwlrq wdujhw lv sxuvxhg zlwk vx!flhqw yljrxu1

Li wkh XN dxwkrulwlhv wkhuhiruh ghflghg wr pryh eh|rqg lq dwlrq wdujhwlqj wr d

uhjlph ri sulfh ohyho wdujhwlqj/ zkdw pljkw wkh| h{shfw wr eh gl�huhqwB Wkh dqvzhu

iurp wkh fxuuhqw h{huflvh lv cqrw pxfk*1 Zh �qg wkdw wkh revhuyhg ghjuhh ri rxwsxw

dqg lq dwlrq yduldelolw| zloo qrw eh yhu| gl�huhqw dfurvv uhjlphv surylghg wkdw wkh

zhljkw rq lq dwlrq lq wkh Wd|oru uxoh lv vx!flhqwo| kljk xqghu lq dwlrq wdujhwlqj

+dqg wkh zhljkw rq rxwsxw vx!flhqwo| orz,1 Ixuwkhupruh/ zh irxqg wkdw wkh zhljkw

rq lq dwlrq/ xqghu wkh fxuuhqw XN uhjlph/ dsshduv wr eh deryh wklv cfxw0r�* srlqw1

Ri frxuvh dq dowhuqdwlyh zd| wr ylhz rxu uhvxowv lv wkdw li wkh wudqvlwlrq frvwv wr d

sulfh ohyho wdujhwlqj uhjlph zhuh odujh/ wkhq lw pd| eh qrw eh d zruwkzkloh vzlwfk1

Ri frxuvh/ d frpsuhkhqvlyh frpsdulvrq ri sulfh0ohyho dqg lq dwlrq wdujhwlqj

rshqv xs d qxpehu ri lvvxhv rxwvlgh wkh uhdopv ri rxu iudphzrun= +l, wkh

frqvhtxhqfhv ri sulfh guliw yhuvxv sulfh vwdwlrqdulw| rq qrplqdo xqfhuwdlqw|/ +ll,

wkh uhodwlyh hdvh ri sulfh dgmxvwphqwv xqghu sulfh guliw/ jlyhq grzqzdug qrplqdo

uljlglw|/ +lll, wkh srvvlelolw| wkdw gh dwlrq pljkw lqfuhdvh wkh olnholkrrg ri pxowlsoh

4<



htxloleuld/ vxfk dv pd| eh dvvrfldwhg zlwk ghew gh dwlrq1 Hdfk ri wkhvh wrslfv lv

zruwk| ri vhsdudwh vwxg| dqg fhuwdlqo| +ll, dqg +lll, vhhp olnho| wr h{dfhuedwh wkh

fdvh iru dq| uhjlph vzlwfk wr sulfh ohyho wdujhwlqj1 Exw lq ghvfulelqj sulfh ohyho

wdujhwlqj lq d oljkw zklfk ehvw vkrzv lwv dgydqwdjhv zh kdyh vkrzq wkdw lq dwlrq

wdujhwlqj pljkw qhyhuwkhohvv surylgh d suhww| jrrg vxevwlwxwh1
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Uhihuhqfhv

^4` Ed{whu P1 dqg U1 J1 Nlqj +4<<<, cDssur{lpdwh Edqgsdvv Ilowhuv iru Hfrqrplf

Wlph Vhulhv*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4+7,/ Qryhpehu 4<<</ ss1

8:80<61

^5` Ehuqdqnh E1 dqg I1 Plvknlq +4<<:, cLq dwlrq Wdujhwlqj= D Qhz Iudphzrun iru

Prqhwdu| Srolf|B*/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44+5,/ Vsulqj 4<<:/ ss1

<:04491

^6` Ehuqdqnh E1/ W1 Odxedfk/ I1 Plvknlq dqg D1 Srvhq +4<<<, Lq dwlrq Wdujhwlqj=

Ohvvrqv iurp wkh lqwhuqdwlrqdo h{shulhqfh/ Sulqfhwrq= Sulqfhwrq Xqlyhuvlw|

Suhvv1

^7` Euhhgrq/ I1 M1 dqg M1 V1 Fkdgkd +4<<:, cWkh Lqirupdwlrq Frqwhqw ri wkh

Lq dwlrq Whup Vwuxfwxuh*/ Edqn ri Hqjodqg Zrunlqj Sdshu qr :81

^8` Fdoyr J1 +4<;6, cVwdjjhuhg Sulfhv lq d Xwlolw|0Pd{lplvlqj Iudphzrun*/ Mrxuqdo

ri Prqhwdu| Hfrqrplfv/ 45+6,/ ss1<;60<<;1

^9` Fdq}rqhul/ P1 E1/ F1 Qrodq dqg D1 \dwhv/ +4<<:, cPhfkdqlvpv iru Dfklhylqj

Prqhwdu| Vwdelolw|= Lq dwlrq Wdujhwlqj yhuvxv wkh HUP*/ Mrxuqdo ri Prqh|

Fuhglw dqg Edqnlqj/ 5<+4,/ ss1 790931

^:` Fkdgkd/ M1 V1/ dqg F1 Qrodq +5334d, cWkh Qhz Nh|qhvldq Skloolsv Fxuyh lq

Wkhru| dqg Sudfwlfh* plphr1

^;` Fkdgkd/ M1 V1/ dqg F1 Qrodq +5334e, cLq dwlrq Wdujhwlqj dqg Lqwhuhvw Udwh

Yrodwlolw|= Glwfklqj Prqhwdu| P|vwltxh lq wkh XN*/ Mrxuqdo ri Pdfurhfrqrplfv

/ Vxpphu1

^<` Fkdgkd/ M1 V1/ Q1 Mdqvvhq/ dqg F1 Qrodq +5334, cSurgxfwlylw| dqg Suhihuhqfhv

lq d Vpdoo Rshq Hfrqrp|*/ Wkh Pdqfkhvwhu Vfkrro/ yroxph 9< v4/ 8:0;3/

Vhswhpehu

^43` Fkdgkd/ M1 V1/ Q1 Mdqvvhq/ dqg F1 Qrodq +5333, cDq H{dplqdwlrq ri XN

Exvlqhvv F|foh Ioxfwxdwlrqv= 4;:404<<:*/ Xqlyhuvlw| ri Fdpeulgjh/ GDH

Zrunlqj Sdshu Qr1 33571
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^44` Fodulgd/ U1/ M1 Jdol dqg P1 Jhuwohu +4<<<, cWkh Vflhqfh ri Prqhwdu| Srolf|= D

Qhz Nh|qhvldq Shuvshfwlyh*/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 6:+7,/ ss1 49940

4:3:1

^45` Fodulgd/ U1 dqg P1 Jhuwohu +4<<:, cKrz wkh Exqghvedqn Frqgxfwv Prqhwdu|

Srolf|*/ lq Urphu/ F G dqg G K Urphu/ hgv1/ Uhgxflqj lq dwlrq= Prwlydwlrq

dqg vwudwhj|1 QEHU Vwxglhv lq Exvlqhvv F|fohv/ yro1 631 Fklfdjr dqg Orqgrq=

Xqlyhuvlw| ri Fklfdjr Suhvv/ ss1 69607391

^46` Gl{lw/ D1 N1 dqg M1 H1 Vwljolw}/ cPrqrsrolvwlf Frpshwlwlrq dqg Rswlpxp

Surgxfw Glyhuvlw|*/ Dphulfdq Hfrqrplf Uhylhz/ 9:+6,/ ss1 5<:063;1

^47` Hufhj F1 M1/ Khqghuvrq G1 Z1/ Ohylq D1 W1/ Rswlpdo prqhwdu| srolf| zlwk

vwdjjhuhg zdjh dqg sulfh frqwudfwv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv +79,5

+5333, ss1 5;406461

^48` Jdol/ M1 +5333, cQhz Shuvshfwlyhv rq Prqhwdu| Srolf|/ Lq dwlrq dqg wkh

Exvlqhvv F|foh*/ Plphr1

^49` Kdogdqh/ D1 J1/ +hg1, +4<<8, Wdujhwlqj lq dwlrq= D frqihuhqfh ri fhqwudo edqnv

rq wkh xvh ri lq dwlrq wdujhwv rujdqlvhg e| wkh Edqn ri Hqjodqg/ <043 Pdufk

4<<8/ Orqgrq= Edqn ri Hqjodqg/ ss1 yll/ 5:91

^4:` Nlqj U1 J1 dqg P1 Zdwvrq +4<<;, cWkh Vroxwlrq ri Vlqjxodu Olqhdu Gl�huhqfh

V|vwhpv xqghu Udwlrqdo H{shfwdwlrqv*/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6<+7,/

ss1 43480591

^4;` Nlqj U1 J1 dqg P1 Zdwvrq +4<<9, cPrqh|/ Sulfhv/ Lqwhuhvw Udwhv dqg wkh

Exvlqhvv F|foh*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :;+4,/ ss1 680861

^4<` Nlqj U1 J1 dqg D1 O1 Zropdq +4<<<, cZkdw vkrxog wkh Prqhwdu| Dxwkrulw|

Gr Zkhq Sulfhv duh Vwlfn|B* lq Wd|oru rs1flw1

^53` Ohlghupdq/ O1 dqg O1 H1 R1 Vyhqvvrq +hgv1, +4<<8, Lq dwlrq Wdujhwv/ Orqgrq=

FHSU1

^54` PfFdooxp/ E1 +4<<<, cLvvxhv lq wkh Ghvljq ri Prqhwdu| Srolf| Uxohv* lq

Kdqgerrn ri Pdfurhfrqrplfv/ hg1 M E Wd|oru dqg P Zrrgirug1 Dpvwhugdp=

Qruwk Kroodqg1
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^55` Plvknlq I1 +5333, cLq dwlrq Wdujhwlqj lq Hphujlqj Pdunhw Frxqwulhv*/

Dphulfdq Hfrqrplf Uhylhz/ yro1 </ qr1 5/ ss1 438043</ Pd| 53331

^56` Qhovrq/ H1 +5333, cXN Prqhwdu| Srolf|= D Jxlgh Xvlqj Wd|oru Uxohv*/ Edqn ri

Hqjodqg Zrunlqj Sdshu qr1 4531

^57` Vyhqvvrq/ O1 H1 R1 +4<<<, cSulfh0Ohyho Wdujhwlqj yhuvxv Lq dwlrq Wdujhwlqj= D

Iuhh OxqfkB*/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 64+6,/ ss1 5::0<81

^58` Wd|oru/ M E +4<<6, cGlvfuhwlrq yhuvxv srolf| uxohv lq sudfwlfh*/ Fduqhjlh0

Urfkhvwhu Vhulhv rq Sxeolf Srolf| 6</ ss1 4<805471

^59` Wd|oru/ M E +hg1, +4<<<,Prqhwdu| Srolf| Uxohv/ QEHU Frqihuhqfh Uhsruw/ Wkh

Xqlyhuvlw| ri Fklfdjr Suhvv= Fklfdjr1

^5:` Zrrgirug/ P +4<<9, cFrqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh

Vwdelolw|B/* QEHU Zrunlqj Sdshu qr1 89;71

^5;` Zrrgirug/ P +4<<;, cGrlqj zlwkrxw Prqh|= Frqwuroolqj Lq dwlrq lq d Srvw0

Prqhwdu| Zruog*/ Uhylhz ri Hfrqrplf G|qdplfv/ 4+4,/ ss1 4:6054<1

^5<` Zrrgirug/ P +4<<<,/ cLq dwlrq Vwdelol}dwlrq dqgZhoiduh*/ Sulqfhwrq Xqlyhuvlw|

plphr1

^63` Zrrgirug/ P +5333,/ cSlwidoov ri Iruzdug0Orrnlqj Prqhwdu| Srolf|*/ Dphulfdq

Hfrqrplf Uhylhz <3+5,/ ss14330437

^64` \xq/ W +4<<9,/ cQrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw| dqg

Exvlqhvv F|fohv*/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:= 67806:31

56



�

���

�

���

�

���

�

���

�

���

�

-X
Q
��
�

$
X
J��

�

2
FW��

�

'
HF��

�

)
HE
��
�

$
S
U��

�

-X
Q
��
�

$
X
J��

�

2
FW��

�

'
HF��

�

)
HE
��
�

$
S
U��

�

-X
Q
��
�

$
X
J��

�

2
FW��

�

'
HF��

�

)
HE
��
�

$
S
U��

�

-X
Q
��
�

$
X
J��

�

2
FW��

�

'
HF��

�

)
HE
��
�

�� <HDU �� <HDU ,QIODWLRQ 7DUJHW

/RZHU 5DQJH 8SSHU 5DQJH

Iljxuh :14=

57



2 XWSX W

�

���

�

���

�

� � � � � � � � � �� �� ��

,QIODWLRQ 7DUJHW 3U LFH 7DUJHW

3U LFH /HYHO

�� ��

�� ��

�� ��

�� ��

�

� � � � � � � � � �� �� ��

,Q IOD W LR Q

� � � � �

�� � �

�� � � �

�� � �

�� � � �

�

� � � � � � � � � � � � � � �

5 H D O , Q W H U H V W 5 D W H V

� � � � �

� � � � �

�

� � � �

� � � �

� � � �

� � � �

� � � � � � � � � � � � � � �

Iljxuh :15= Lpsxovh Uhvsrqvhv wr d Whfkqrorj| Vkrfn0( ghyldlwrq iurp edvholqh

58



, Q I O D W L R Q

- 1 . 6

- 1 . 4

- 1 . 2

- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

2 X W S X W

� �

� � � �

� �

� � � �

� �

� � � �

� �

� � � �

�

� � � � � � � � � � � � � � �

, Q I O D W L R Q 7 D U J H W 3 U L F H 7 D U J H W

5 H D O , Q W H U H V W 5 D W H V

0

0 .0 2
0 .0 4

0 .0 6

0 .0 8

0 .1

0 .1 2
0 .1 4

0 .1 6

0 .1 8

0 .2

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

3 U L F H / H Y H O

- 5
- 4 .5

- 4
- 3 .5

- 3
- 2 .5

- 2
- 1 .5

- 1
- 0 .5

0
0 .5

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2

Iljxuh :16= Lpsxovh Uhvsrqvhv wr d Prqhwdu| Vkrfn0( ghyldlwrq iurp edvholqh

59



6WDQGDUG 'HYLDWLRQ RI ,QIODWLRQ

�

���

���

���

���

�

���

���

���

���

� ��� � ��� � ���

)\_)S ���� D ����

V �S�

,QIODWLRQ 7DUJHW

3ULFH 7DUJHW

Iljxuh :17= Lqfuhdvlqj wkh Zhljkw rq Rxwsxw Ghyldwlrqv dqg Lq dwlrq Yduldelolw|

6WDQGDUG 'HYLDWLRQ RI 2XWSXW

�

���

���

���

���

�

���

���

���

���

� � � � � � � � � � ��

)S_)\ ���� D ����

V �<�

,QIODWLRQ 7DUJHW

3ULFH 7DUJHW

Iljxuh :18= Lqfuhdvlqj wkh Zhljkw rq Lq dwlrq Ghyldwlrqv dqg Rxwsxw Yduldelolw|

5:



&RPSDULQJ *HQHUDO 5XOHV

ZLWK DOSKD DW ���� DQG ���

����

���

�

��

2XWSXW ,QIODWLRQ ,QWHUHVW 5DWHV

67'(9

,1)*(1 ������

35,&(*(1 ������

,1)*(1 �����

35,&(*(1 �����

Iljxuh :19= Wkh Lpsdfw ri Lqfuhdvlqj Sulfh Vwlfnlqhvv

6HOHFWHG 5XOHV� ,QIODWLRQ�2XWSXW 9DULDELOLW\

�

����

���

����

���

����

���

� ��� ��� ��� ��� � ��� ��� ��� ��� �

6' �2XWSXW�

6
'

�,
Q
IO
D
WL
R
Q
�

�� 3%$.&21

�� 3*(1

�� 3&21

�� 3):'&21

�� 3
%$.

�� ,%$.&21

�� ,):'&21

�� ,*(1

�� ,&21

�� ,%$.

�� 3):'

3ULFH 7DUJHWLQJ 5XOHV

,QIODWLRQ 7DUJHWLQJ 5XOHV

�� ,):' ������� ������

Iljxuh :1:= Frpsdulqj wkh Vwdqgdug Uxohv lq Rxwsxw dqg Lq dwlrq Vsdfh

5;



6DFULILFH 5DWLR ��� 4XDUWHUV�
�

�

�

�

�

�

�

�

�

� ��� � ��� � ���

) \

65

3ULFH

,QIODWLRQ

Iljxuh :1;= Vdful�fh Udwlrv dqg Lqfuhdvlqj Rxwsxw Vwdelolvdwlrq

6DFULILFH 5DWLR ��� 4XDUWHUV�

�

�

�

�

�

�

�

� � � � � � � � � � ��

) "

65

3ULFH

,QIODWLRQ

Iljxuh :1<= Vdful�fh Udwlrv dqg Lqfuhdvlqj Lq dwlrq Vwdelolvdwlrq

5<



Wdeoh 4 Txduwhuo| shufhqwdjhv

o r& D � B

��2D �H 2�D f�D f�.D

Wdeoh 5 Lq dwlrq Wdujhwlqj Uxoh 0 Edqgsdvv Ilowhuhg
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? 3174 3157: 316:8 3183; 3197; 31;37 31:56 31967 31895 31837
� 31;7 31::5 31;54 31;:6 31<64 31<:9 31;<6 31;38 31:5; 3198;
R� 3139 03185; 0317:< 031796 0317<8 0317:< 031835 0317<< 0317<4 031798
R 314< 0318:; 0317;3 031796 0317<8 0317:< 031836 031833 0317<4 031797

-e@, 3135 031639 03158< 0314:9 031377 313:; 31453 31466 31479 31483
- 3137 031;63 031:<< 031::< 031:;3 031:77 031:3; 031994 031949 031898
~ 31<3 31468 3159: 3173: 3188: 31:58 31987 318:6 3183; 3178:
� 31:3 31;64 31;:6 31<44 31<75 31;97 31::9 31:33 31964 318;<



Wdeoh 7 Wd|oru Uxoh Hvwlpdwhv � �Z ' ��D

ROV4

Orqj Uxq Frh!flhqwv Orqj Uxq Frh!fl
Z|3�c +|3� Sulfh Wdujhw OP Whvw s0ydoxh Lq dwlrq Wdujhw
l@4/111 ;/ m@4/111 ; Z| ' �.�� +| ' f��b ^06189` 5189 3134 Z| ' ��2� +| ' f��

l@4/111 :/ m@4/111 : Z| ' ���b2 +| ' �f�S� ^0618<` 41;9 313; Z| ' ��2e +| ' f��

l@4/111 9/ m@4/111 9 Z| ' ���e +| ' �f��H ^0618;` 51<7 3134 Z| ' ��2D +| ' f�f

l@4/111 8/ m@4/111 8 Z| ' ���. +| ' �f�2S ^0618;` 71:6 31333 Z| ' ��2H +| ' f�f

l@4/111 7/ m@4/111 7 Z| ' ���f +| ' �f�2. ^06195` 6194 3133; Z| ' ��2H +| ' f�f

l@4/111 6/ m@4/111 6 Z| ' 2�ee +| ' �f�fb ^06193` 61<9 3134 Z| ' ��2� +| ' f�f

l@4/ 5/ m@4/ 5 Z| ' 2�f� +| ' �f�f2 ^0618<` 451<9 31333 Z| ' ���H +| ' f�f

l@4/ m@4 Z| ' 2�22 +| ' �f�fS ^06193` 318; 3178 Z| ' ��2e +| ' f�f

l@3/ 4/111 7/ m@3/ 4/111 7 Z| ' ���D +| ' f��� ^0;153` 445176 31333 Z| ' ��fH +| ' f��

l@3/ 4/111 6/ m@3/ 4/111 6 Z| ' ��2b +| ' f��e ^0;145` 4:6158 31333 Z| ' ��fD +| ' f��

l@3/ 4/111 5/ m@3/ 4/111 5 Z| ' ��2D +| ' f��. ^0;13<` 57:15: 31333 Z| ' ��f� +| ' f��

l@3/ 4/ m@3/ 4 Z| ' ��2� +| ' f��b ^0;13;` 79915; 31333 Z| ' ��f2 +| ' f�2

l@3/ m@3 Z| ' f�HD +| ' f�f� ^0715<` 5719; 31333 Z| ' f�Hf +| ' f�f

4Ydoxhv lq sduhqwkhvlv duh Dndlnh Lqirupdwlrq Fulwhuld1



LY2

Orqj Uxq Frh!flhqwv Orqj Uxq Frh!flhqwv
Z|n�c +|n� Sulfh Wdujhw Lq dwlrq Wdujhw
l@4/111 7/ m@4/111 7 Z| ' �e�. +| ' 2�De Z| ' �f�� +| ' ��D

l@4/111 6/ m@4/111 6 Z| ' f�Hf +| ' f�f. Z| ' f�HD +| ' f��

l@4/ 5/ m@4/ 5 Z| ' f�.2 +| ' f�fD Z| ' f�Hf +| ' f��2

l@4/ m@4 Z| ' f�.D +| ' f�fe Z| ' f�H� +| ' f�fb

l@3/ 4/111 7/ m@3/ 4/111 7 Z| ' ���b +| ' �f��S Z| ' ��S� +| ' �2�b�

l@3/ 4/111 6/ m@3/ 4/111 6 Z| ' ����� +| ' ��Df Z| ' f�Df +| ' f�.H

l@3/ 4/111 5/ m@3/ 4/111 5 Z| ' f�D� +| ' f��b Z| ' f�.� +| ' f�2D

l@3/ 4/ m@3/ 4 Z| ' f�SH +| ' f��2 Z| ' f�H2 +| ' f��D

l@3/ m@3 Z| ' f�D� +| ' f�f� Z| ' f�S. +| ' f�f�

l@04/ 4/ m@04/ 4� Z| ' ��.. +| ' f�fD Z| ' ��2e +| ' f�fS
�������������

2 Iru doo LY hvwlpdwlrq/ wkh lqvwuxphqwv frpsulvh d frqvwdqw/ dqg odjv 407 ru U|/ Z| dqg ||�
� Lqvwuxphqwv frpsulvh d frqvwdqw dqg odjv 507 ri U|/ Z| dqg ||�



Wdeoh 8 Wd|oru Uxoh Hvwlpdwhv � �Z ' D

ROV5

Orqj Uxq Frh!flhqwv Orqj Uxq Frh!fl
Z|3�c +|3� Sulfh Wdujhw OP Whvw s0ydoxh Lq dwlrq Wdujhw
l@4/111 ;/ m@4/111 ; Z| ' �f�D� +| ' f��H ^07163` 41<< 3138 Z| ' ��ef +| ' f�f

l@4/111 :/ m@4/111 : Z| ' ���De +| ' f�2H ^07165` 516; 3136 Z| ' ��e2 +| ' f�f

l@4/111 9/ m@4/111 9 Z| ' �eH�S2 +| ' D��. ^07163` 61;5 31335 Z| ' ���b +| ' f�f

l@4/111 8/ m@4/111 8 Z| ' �2�2S +| ' ���D. ^07164` 619; 31337 Z| ' ��eS +| ' �f

l@4/111 7/ m@4/111 7 Z| ' �f�b2 +| ' ����e ^07166` 71:; 31334 Z| ' ��eH +| ' �f

l@4/111 6/ m@4/111 6 Z| ' e�eb +| ' �f�2H ^0715<` 618: 31349 Z| ' ���. +| ' f�f

l@4/ 5/ m@4/ 5 Z| ' ���S +| ' �f��� ^0715;` ;138 31333 Z| ' ��2b +| ' f�f

l@4/ m@4 Z| ' ��eH +| ' �f��D ^07163` 314: 319; Z| ' ���. +| ' f�f

l@3/ 4/111 7/ m@3/ 4/111 7 Z| ' ��DD +| ' f��� ^0;1:6` 458185 31333 Z| ' ���� +| ' f��

l@3/ 4/111 6/ m@3/ 4/111 6 Z| ' ��eb +| ' f��D ^0;1:6` 4:<183 31333 Z| ' ��fb +| ' f��

l@3/ 4/111 5/ m@3/ 4/111 5 Z| ' ��ee +| ' f��. ^0;19<` 595166 31333 Z| ' ��f. +| ' f�2

l@3/ 4/ m@3/ 4 Z| ' ��e� +| ' f��b ^0;19;` 7;71<8 31333 Z| ' ��fD +| ' f�2

l@3/ m@3 Z| ' f�bD +| ' �f�ff ^0;19;` 4619< 31333 Z| ' f�.b +| ' f�f

5Ydoxhv lq sduhqwkhvlv duh Dndlnh Lqirupdwlrq Fulwhuld1



LY2

Orqj Uxq Frh!flhqwv Orqj Uxq Frh!flhqwv
Z|n�c +|n� Sulfh Wdujhw Lq dwlrq Wdujhw
l@4/111 7/ m@4/111 7 Z| ' �H��. +| ' ��e2 Z| ' f�2b +| ' f�S�

l@4/111 6/ m@4/111 6 Z| ' f�bD +| ' f�fe Z| ' f�H. +| ' f�fS

l@4/ 5/ m@4/ 5 Z| ' f�.b +| ' f�fe Z| ' f�.b +| ' f�fH

l@4/ m@4 Z| ' f�.S +| ' f�fe Z| ' f�H� +| ' f�f.

l@3/ 4/111 7/ m@3/ 4/111 7 Z| ' ��2� +| ' f�fD Z| ' ���e +| ' f��S

l@3/ 4/111 6/ m@3/ 4/111 6 Z| ' ����eS +| ' .�Sf Z| ' f��H +| ' f�..

l@3/ 4/111 5/ m@3/ 4/111 5 Z| ' f��H +| ' f�22 Z| ' f�Sb +| ' f�2�

l@3/ 4/ m@3/ 4 Z| ' f�S. +| ' f��e Z| ' f�.b +| ' f��2

l@04/ 4/ m@04/ 4� Z| ' 2��� +| ' f�e� Z| ' ���e +| ' f�2H
�������������0

2 Iru doo LY hvwlpdwlrq/ wkh lqvwuxphqwv frpsulvh d frqvwdqw/ dqg odjv 407 ru U|/ Z| dqg ||�
� Lqvwuxphqwv frpsulvh d frqvwdqw/ dqg odjv 507 ru U|/ Z| dqg ||�


