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Devwudfw

Wklv sdshu dqdo|}hv wkh shulrg0wr0shulrg fkdqjhv wkdw rffxu lq dq rswlpl}lqj prqhwdu|

prgho zlwk xqfhuwdlqw| dqg vwlfn| sulfhv1 Prqh| lv lqfrusrudwh lq lwv uroh dv d phglxp

ri h{fkdqjh wkurxjk d wlph0frvw wudqvdfwlrqv whfkqrorj|1 Dqrwkhu lpsruwdqw fkdudfwhulvwlf

ri wkh prgho lv wkdw erwk fdslwdo dqg lqyhvwphqw duh rewdlqhg hqgrjhqrxvo|1 Lq wklv uh0

jdug/ dgmxvwphqw frvwv ri lqvwdoolqj lqyhvwphqw duh lqfrusrudwhg wr vprrwk dqg ghod| fdslwdo

pryhphqwv ryhu wkh hfrqrplf f|foh1 Zh zloo irfxv dwwhqwlrq rq dqdo|}lqj wkh frqvxpswlrq/

lqyhvwphqw/ dqg uhdo prqh| ghpdqg ixqfwlrqv uhvxowlqj iurp wkh prgho1 Wkhvh wkuhh htxd0

wlrqv jlyhv ulvh wr wkh vwuxfwxudo LV0OP hfrqrp| dv sduw ri wkh jhqhudo htxloleulxp ghvfulehg

lq wkh sdshu1 Qrplqdo sulfhv duh vwlfn|/ l1h1/ wkh| gr qrw dgmxvw lqvwdqwo| wkhuhe| doorzlqj

ghsduwxuhv iurp jhqhudo htxloleulxp rewdlqhg zkhq wkhuh lv devhqfh ri qrplqdo iulfwlrqv1 Zh

fkrvh wr kdyh wkh Ixkuhu0Prruh vshfl�fdwlrq iru qrplqdo frqwudfw sulfhv1 Wkh prgho lv fdo0

leudwhg rq txduwhuo| revhuydwlrqv iurp Xqlwhg Vwdwhv gdwd1 Irxu w|shv ri h{rjhqrxv vkrfnv

duh lqfoxghg lq rxu vhwxs= surgxfwlrq whfkqrorj| vkrfnv/ frqvxpswlrq suhihuhqfh +ghpdqg,

vkrfnv/ prqhwdu| srolf| vkrfnv/ dqg vkrsslqj wlph vkrfnv1 Khqfh/ yduldelolw| ri rxwsxw/

frqvxpswlrq/ lqyhvwphqw/ hwf1/ pd| uhvxow iurp vhyhudo vrxufhv1 Wkh lpsdfw ri hdfk vkrfn lq

wkh hfrqrplf f|foh zloo eh h{dplqhg e| sorwwlqj lpsxovh0uhvsrqvh ixqfwlrqv lpsolhg e| wkh

vroxwlrqv ri wkh prgho1

Nh|zrugv= prqh|/ g|qdplf rswlpl}lqj prghov/ exvlqhvv f|foh1

MHO frghv= H46/ H74/ H651



4 Lqwurgxfwlrq

Lq wkh uhfhqw pdfurhfrqrplf olwhudwxuh/ prvw ri wkh prqhwdu| vwuxfwxudo prghov lqfrusrudwh

prqh| lq lwv uroh dv d phglxp ri h{fkdqjh14 Prqh| lv xvhg wr fduu| rxw wudqvdfwlrqv ehfdxvh

lw lv zhoo0dffhswhg e| doo wkh djhqwv lq h{fkdqjh iru dq| jrrg1 Wklv idfw pdnhv prqh| ydoxdeoh

dqg jlyhv ulvh wr wkh vwdqgdug prqh| ghpdqg h{suhvvlrq ghshqglqj rq wrwdo h{shqglwxuhv

+frqvxpswlrq/ rxwsxw,/ dqg rq wkh qrplqdo lqwhuhvw udwh1 Dowkrxjk wkh dxwkruv zkr zrun

zlwk wkhvh prghov riwhq uhihu wr wklv uroh ri prqh|/ lw lv uduh wr �qg sdshuv lq zklfk wkh

xvh ri prqh| wr idflolwdwh wudqvdfwlrqv lv h{solflwo| uhsuhvhqwhg +dqg phdvxuhg, wkurxjk d

wudqvdfwlrq frvwv whfkqrorj|1 Frqyhuvho|/ prqhwdu| prghov duh jhqhudoo| exlow xqghu wkh

fdvk0lq0dgydqfh frqvwudlqw +vhh Grz +4<<8,/ Zrrgirug +4<<7,/ dqg \xq +4<<9,,/ ru wkh

prqh| lq wkh xwlolw| ixqfwlrq dssurdfk +vhh Ehqdvv| +4<<8,/ Fkdul/ Nhkrh dqg PfJudwwdq

+4<<9,/ Luhodqg +4<<:,/ PfFdooxp dqg Qhovrq +4<<:/ 4<<<,/ dqg Nroopdq +4<<9,,15

Wkhuh duh wzr zd|v wr lqfoxgh wudqvdfwlrq frvwv= wudqvdfwlrqv wdnh wlph uhvrxufhv +wlph0

frvw wudqvdfwlrqv dssurdfk/ ghvfulehg e| PfFdooxp dqg Jrrgiulhqg +4<;:,/ dqg uhfhqwo|

xvhg lq Dwwdqdvlr/ Jxlvr/ Mdsshool +4<<;,/ Fkdgkd/ Kdogdqh dqg Mdqvvhq +4<<;,/ dqg Sdnnr

+4<<;,,/ ru wudqvdfwlrqv uhtxluh rxwsxw xvdjhv iurp wkh exgjhw frqvwudlqw +rxwsxw0frvw wudqv0

dfwlrqv dssurdfk/ dv lq Ihhqvwud +4<;9,/ dqg Vlpv +4<<7,,1 Lq dq| fdvh/ uhdo prqh| kroglqjv

vkrxog eh lqfoxghg lq wkh wudqvdfwlrqv whfkqrorj| uh hfwlqj wkh dgydqwdjhv ri srvvhvvlqj

wkh phglxp ri h{fkdqjh zkhq frqgxfwlqj wudqvdfwlrqv1 Wklv sdshu h{soruhv wkh hfrqrplf

g|qdplfv ri wkh wlph0frvw wudqvdfwlrqv dssurdfk1

Dqrwkhu lpsruwdqw ihdwxuh ri wkh prgho lq wklv sdshu lv wkdw erwk fdslwdo dqg lqyhvwphqw

duh rewdlqhg hqgrjhqrxvo|1 Dv zh lqwhqg wr dqdo|}h hfrqrplf  xfwxdwlrqv khuh/ lqyhvwphqw

pryhphqwv pxvw dffrxqw iru pxfk ri wkh rxwsxw yduldelolw| ryhu wkh exvlqhvv f|foh1 Fdslwdo

4Prqh| dovr vhuyhv dv d vwruh ri ydoxh ixqfwlrq1 Exw lq wkh suhvhqfh ri dvvhwv wkdw sd| srvlwlyh lqwhuhvw

dqg duh qr ulvnlhu/ prqh| zrxog/ xqghu w|slfdo flufxpvwdqfhv/ qrw eh khog dw doo li lwv phglxp0ri0h{fkdqjh

uroh zhuh qhjohfwhg1
5Wkh fdvk0lq0dgydqfh vhwxs wuhdwv prqh| dv wkh uhtxluhg frxqwhusduw lq dq| wudqvdfwlrq1 Lw wxuqv rxw wkdw

wkh prqh| ghpdqg h{suhvvlrq lv yhu| uhvwulfwlyh iru d elqglqj fdvk0lq0dgydqfh frqvwudlqw= wkh frqvxpswlrq

hodvwlflw| lv rqh dqg wkh qrplqdo lqwhuhvw udwh hodvwlflw| lv }hur1 Prqh| lq wkh xwlolw| ixqfwlrq prgho kdv

uhdo prqh| dv rqh ri wkh dujxphqwv lq wkh xwlolw| ixqfwlrq1 Wkhuh fdq eh gl�huhqw uhsuhvhqwdwlrqv ri wkh

xwlolw| ixqfwlrq ohdglqj wr glvwlqfw prqh| ghpdqg ixqfwlrqv1 Lq idfw/ wkh wudqvdfwlrqv wlph dssurdfk fdq eh

frqvlghuhg rqh sduwlfxodu fdvh ri wkh prqh| lq wkh xwlolw| ixqfwlrq iudphzrun1 Krzhyhu/ wkh dvvxpswlrqv

wdnhq wr gh�qh wkh wudqvdfwlrq frvwv ixqfwlrq +lq sduwlfxodu wkh lvvxh ri vhsdudelolw|, pxvw eh vhw wr eh

uh hfwhg lq wkh surshuwlhv ri wkh xwlolw| ixqfwlrq dqg wkhvh lvvxhv duh vhogrp glvfxvvhg1
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pryhphqwv duh vprrwkhg e| frqvlghulqj dgmxvwphqw frvwv ri lqvwdoolqj lqyhvwphqw1

Wkhuh duh wkuhh rwkhu pdlq fkdudfwhulvwlfv lq rxu prgho=

l, Rswlpl}lqj fulwhuld1 D qhrfodvvlfdo glvfuhwh0wlph prgho lv frqvwuxfwhg lq wkh zhoo0

nqrzq rswlpl}lqj iudphzrun ghvfulehg e| Vlgudxvnl +4<9:,/ dqg Eurfn +4<:8,1 Wkxv/ d

vhw ri �uvw rughu frqglwlrqv duh ghulyhg iurp udwlrqdo fkrlfhv ri wkh krxvhkrogv zkr dfw dv

frqvxphuv dqg surgxfhuv1 Ghflvlrqv duh pdgh wr pd{lpl}h d glvfrxqwhg vxp ri h{shfwhg

xwlolw| ydoxhv vxemhfw wr uhvrxufh dqg wlph frqvwudlqwv1 Wkh uhvxowlqj vwuxfwxudo htxdwlrqv

kdyh wkh srwhqwldo wr eh srolf| lqyduldqw1 D jhqhudo htxloleulxp v|vwhp zloo eh iruphg e|

dgglqj xs pdunhw fohdulqj frqglwlrqv1

ll, Vwlfn| sulfhv lq wkh vxsso| vlgh1 Wkh suhvhqfh ri voxjjlvk phfkdqlvpv lq qrplqdo

zdjhv ru sulfhv kdv ehhq eurdgo| lqfoxghg lq wkh exvlqhvv f|foh olwhudwxuh wr lpsuryh wkh

shuirupdqfh ri wkh vlpxodwlrqv +iru uhfhqw sdshuv vhh Fkr dqg Frroh| +4<<8,/ Grwvh|/ Nlqj/

dqg Zropdq +4<<:,/ Nlqj dqg Zdwvrq +4<<8,/ Urehuwv +4<<8,/ Zrrgirug +4<<9,/ dqg d

vxuyh| e| Qhovrq +4<<;,,1 Zh fkrvh wr kdyh wkh sulfh vhwwlqj iroorzlqj wkh Ixkuhu0Prruh

vshfl�fdwlrq +Ixkuhu0Prruh +4<<8,,1 Wkh Ixkuhu0Prruh htxdwlrqv jxdudqwhh d kljk ghjuhh

ri shuvlvwhqfh ri lq dwlrq lq wkh prgho/ pxfk forvhu wr wkh sdwwhuq ri lq dwlrq lq dfwxdo gdwd

wkdq zlwk dq| rwkhu vwlfn|0sulfh irupxodwlrq +vhh Qhovrq +4<<;,,1 Wkh h{lvwhqfh ri vwlfn|

sulfhv ohdgv wr ghsduwxuhv iurp wkh jhqhudo htxloleulxp vroxwlrq1 Dv d uhvxow/ wzr phdvxuhv

ri rxwsxw pxvw eh glvwlqjxlvkhg= fxuuhqw rxwsxw dqg fdsdflw| +ru pdunhw0fohdulqj, rxwsxw1

lll, Ydulhw| ri vkrfnv1 Xqfhuwdlqw| vxuurxqgv wkh prgho zkhuh vwrfkdvwlf vkrfnv pd|

klw wkh v|vwhp vkdslqj wkh hfrqrplf f|foh1 Djhqwv xwlol}h udwlrqdo h{shfwdwlrqv wr pdnh

suhglfwlrqv1 Irxu w|shv ri h{rjhqrxv vkrfnv duh lqfoxghg lq wkh prgho= surgxfwlrq whfk0

qrorj| vkrfnv/ frqvxpswlrq suhihuhqfh +ghpdqg, vkrfnv/ prqhwdu| vkrfnv/ dqg wudqvdfwlrqv

whfkqrorj| vkrfnv1 Khqfh/ yduldelolw| ri rxwsxw/ frqvxpswlrq/ lqyhvwphqw/ hwf1/ pd| frph

iurp vhyhudo uhdvrqv1 Wkh lpsdfw ri hdfk vkrfn lq wkh hfrqrplf f|foh zloo eh h{dplqhg e|

glvfxvvlqj wkh lpsxovh0uhvsrqvh ixqfwlrqv lpsolhg e| wkh vroxwlrqv ri wkh prgho1

Wzr duh wkh prwlydwlrqv iru wklv fkdswhu1 Iluvw/ ghulyh dqg dqdo|}h wkh vwuxfwxudo frq0

vxpswlrq/ lqyhvwphqw/ dqg prqh| ghpdqg ixqfwlrqv rewdlqhg lq dq rswlpl}lqj prqhwdu|

prgho zlwk wudqvdfwlrq frvwv lq whupv ri wlph dqg hqgrjhqrxv lqyhvwphqw1 Vhfrqg/ zh zloo

ghvfuleh krz wkh prgho suhglfwv wkh uhvsrqvhv ri pdfurhfrqrplf yduldeohv wr fkdqjhv lq

whfkqrorj|/ prqhwdu| srolf|/ ru krxvhkrog*v suhihuhqfhv1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 lv ghyrwhg wr ghvfulelqj wkh hohphqwv ri wkh
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prgho zlwk vshfldo dwwhqwlrq rq wkh sursrvhg vkrsslqj wlph ixqfwlrq1 Lq vhfwlrq 6/ zh vhh

krz wkh krxvhkrogv pdnh wkhlu rswlpdo ghflvlrqv/ dqg wkhq ghulyh d jhqhudo htxloleulxp

iudphzrun1 Vhfwlrq 7 gh�qhv hqgrjhqrxvo| fxuuhqw rxwsxw/ fdsdflw| rxwsxw/ dqg wkh rxwsxw

jds1 Lq vhfwlrq 8/ zh frpsohwh wkh vhwxs e| suhvhqwlqj wkh Ixkuhu0Prruh sulfh vhwwlqj

uhodwlrq rq wkh vxsso| vlgh1 Wkh prgho lv fdoleudwhg lq vhfwlrq 91 Ixuwkhu/ wkh ehkdylru ri

wkh pdlq yduldeohv ri wkh prgho duh fkdudfwhul}hg lq vhfwlrq : e| phdqv ri lpsxovh uhvsrqvh

ixqfwlrqv wkdw ghwhuplqh wkh h�hfwv ri h{rjhqrxv vkrfnv wr wkh v|vwhp1 Wkh sdshu �qlvkhv

lq vhfwlrq ; zlwk vrph frqfoxvlrqv1

5 Wkh hohphqwv ri wkh prgho

Wkh vkrsslqj wlph ixqfwlrq1

Rxu hfrqrp| frqvlvwv ri d odujh qxpehu � ri lq�qlwho|0olyhg krxvhkrogv/ hdfk ri wkhp

surgxflqj d gl�huhqw vlqjoh jrrg wkdw fdq eh frqvxphg/ vrog/ ru wudqviruphg lqwr sk|vlfdo

fdslwdo iru surgxflqj lq wkh qh{w shulrg1 Lq wklv pdq| jrrgv hfrqrp|/ frqvxpswlrq lv

gh�qhg dv dq djjuhjdwh1 Lq sduwlfxodu/ zh xvh lqgh{hv dv lq Gl{lw dqg Vwljolw} +4<::,6 iru

erwk exqgohv ri frqvxpswlrq +S|� dqg wkh sulfh ohyho +�|,1 Krxvhkrogv vkduh wkh vdph xwlolw|

ixqfwlrq/ dqg wkh| kdyh dffhvv wr wkh vdph whfkqrorj|1 V|pphwulf htxloleuld lv h{dplqhg lq

zklfk �|E�� ' �|E�� ' �| iru doo �c � 5 d�c ���c � o17

Ohw 6| uhsuhvhqw wkh dprxqw ri uhdo prqh| edodqfhv khog e| wkh krxvhkrog dw wkh hqg ri

shulrg |

6| '
�|

�|

+514,

zkhuh �| ghqrwhv wkh dprxqw ri qrplqdo prqh|1 Krxvhkrogv sxw xs d vkrs zkhuh wkh|

vhoo wkh jrrg wkdw wkh| surgxfh wr wkh rwkhu krxvhkrogv1 Olnhzlvh/ wkh| kdyh wr vshqg sduw

ri wkhlu wlph rq vkrsslqj iru wkh rwkhu � � � jrrgv1 Prqh| lv xvhg gxulqj wkh sxufkdvhv

6Wkh frqvxpswlrq dqg sulfh ohyho lqgh{hv duh wdnhq lq glvfuhwh xqlwv ryhu wkh Q glvwlqfw jrrgv=

fw @ Q
4
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QS
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� &
&�4

zlwk & A 4

Sw @ Q�4
�

QS
l@4

Sw+l,
4�&

� 4
4�&

zlwk & A 4=

7Lq wxuq/ ghpdqg iru hdfk lqglylgxdo jrrg zloo eh htxdo wr Q�4fw> ehlqj fw wkh frqvxpswlrq djjuhjdwh1
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wr idflolwdwh wkh h{fkdqjh dqg hfrqrpl}h wlph1 Zlwkrxw prqh|/ wkh krxvhkrog zrxog kdyh

wr qhjrwldwh d sd|phqw e| fuhglw ru vshqg vrph wlph rq wudqviruplqj sduw ri lwv lqfrph

wr prqh|1 Wkhvh dowhuqdwlyhv vxssrvh d kljkhu dprxqw ri wlph1 Rq wkh rwkhu kdqg/ pruh

vkrsslqj wlph zloo eh qhhghg zkhq wkh ohyho ri frqvxpswlrq ghvluhg lv kljkhu1 Khqfh/

zh suhvhqw wklv vkrsslqj wlph ixqfwlrq zkrvh dujxphqwv duh frqvxpswlrq S|/ uhdo prqh|

edodqfhv 6|/ dqg d wudqvdfwlrqv whfkqrorj| vkrfn �|/

r| ' rE�|c S|c 6|� '

;?
=

f �s S| ' f

i TE�|�

�
@f n @�

S@2|
6@�

|

�
�s S| : f

<@
> +515,

��|� @fc @� : fc @2c @� : ��

Wkh dprxqw ri wlph ghyrwhg wr vkrsslqj lqfuhdvhv zlwk wkh ohyho ri frqvxpswlrq +rS : f, dqg

ghfuhdvhv zlwk pruh uhdo prqh| edodqfhv +r6 	 f,1 Pruhryhu/ frqvxpswlrq kdv lqfuhdvlqj

frvwv lq whupv ri wlph +rSS : f, dqg uhdo prqh| kdv glplqlvklqj uhwxuqv +r66 : f,1 Ilqdoo|/

wkh furvv pdujlqdo h�hfw lv srvlwlyh +rS6 : f,1

Wkh vkrsslqj wlph vshfl�fdwlrq sursrvhg suhvhqwv d glvfrqwlqxlw| zkhq frqvxpswlrq

ehfrphv srvlwlyh1 Wkxv/ wkh dsshdudqfh ri d frqvwdqw whup +@f, lq +515, uh hfwv wkh lqlwldo

wudqvdfwlrq frvwv gxh wr d srvlwlyh frqvxpswlrq ohyho1 Wr mxvwli| wklv whup/ zh uho| rq wkh

frqvwuxfwlrq ri wkh frqvxpswlrq exqgohv S|1 D srvlwlyh ydoxh ri wklv djjuhjdwh lpsolhv wkdw

wudqvdfwlrqv zhuh frqgxfwhg lq rughu wr rewdlq d srvlwlyh dprxqw ri doo wkh jrrgv ri wkh

hfrqrp|1 Dqg wklv lv wuxh hyhq iru d yhu| vpdoo srvlwlyh qxpehu ri S|1 Dw wkdw prphqw/

krxvhkrogv kdg wr vshqg vrph wlph wr ex| dw wkh vkrsv ri wkh rwkhu � � � krxvhkrogv1 Zh

dvvxph wkdw wklv vhdufklqj frvw +@f, lv �{hg1 Wklv frvw lv lqghshqghqw iurp wkh yroxph ri

wudqvdfwlrqv1 Lw rqo| ghshqgv rq wkh qxpehu ri jrrgv +ru krxvhkrog xqlwv, lq wkh hfrqrp|

� 1 Rwkhu wudqvdfwlrq frvwv ydu| zlwk wkh txdqwlw| ri frqvxpswlrq dqg wkh prqh| vhuylfhv

+qhjrwldwlrq frvwv/ wudqvsruwdwlrq frvwv/111,1

Wkh vfdoh sdudphwhu @� lqglfdwhv wkh vl}h ri wkh yduldeoh wlph lq wkh wrwdo vkrsslqj

wlph1 Wkhuh duh wzr rwkhu frh!flhqwv= wkh hodvwlflw| sdudphwhuv @2 dqg @�1 Ohw #%c+ ghqrwh

wkh hodvwlflw| ehwzhhq yduldeoh % dqg yduldeoh +1 Wkh wzr sdudphwhuv @2 dqg @� lqirup

derxw wkh hodvwlflw| ri wkh wudqvdfwlrq frvwv zlwk uhvshfw wr frqvxpswlrq dqg uhdo prqh|

uhvshfwlyho|18 Dfwxdoo|/ wkh hodvwlflwlhv duh wkhvh wzr ydoxhv pxowlsolhg e| d uhgxfwlrq idfwru/

8Orjolqhdul}lqj +515, zkhq frqvxpswlrq lv srvlwlyh lw |lhogv
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#r|cS| ' @2E� � @f
rrr

� dqg #r|c6|
' �@�E� � @f

rrr
�1 Iurp qrz rq/ wkh rr vxshuvfulsw ryhu rqh

yduldeoh ghqrwhv lwv vwhdg| vwdwh ydoxh1 Wkh kljkhu lv wkh frqvwdqw vhdufklqj frvw @f uhodwlyh

wr wkh vwhdg|0vwdwh vkrsslqj wlph/ wkh orzhu lv wkh lpsdfw ri frqvxpswlrq dqg prqh| lq wkh

wrwdo vkrsslqj wlph1

Dqrwkhu dujxphqw ri wkh vkrsslqj wlph ixqfwlrq lv d vkrsslqj whfkqrorj| vkrfn �|1 D

udqgrp zdon jhqhudwhv revhuydwlrqv ri wklv vkrfn

�| ' �|3� n "| +516,

zkhuh "| duh gudzv iurp d qrupdol}hg qrupdo glvwulexwlrq/ l1h1 "| � �Efc j"�1

Wkh xwlolw| ixqfwlrq1

Xwlolw| ghshqgv rq frqvxpswlrq +S|,/ ohlvxuh wlph +,|,/ dqg d udqgrp vkrfn uh hfwlqj frq0

vxpswlrq suhihuhqfhv +l|�1 Lq sduwlfxodu/ zh fkrvh d frqvwdqw uhodwlyh ulvn dyhuvlrq +FUUD,

lqvwdqwdqhrxv xwlolw| ixqfwlrq

LEl|c S|c ,|� ' i TEl|�
S�3j|

�� j
nC

,�3�|

�� �
+517,

��|� jc �cC : f

lq zklfk wkh vwdqgdug �uvw dqg vhfrqg rughu dvvxpswlrqv LS : f/ LSS 	 f/ L, : f/ dqg

L,, 	 f krog1 Wkh furvv pdujlqdo h�hfw lv qxoo +LS, ' f, ehlqj frqvxpswlrq dqg ohlvxuh

vhsdudeoh lq +517,1 Wkh frqvxpswlrq suhihuhqfh vkrfn iroorzv dq DU+4, surfhvv

l| ' �Sl|3� n |c +518,

zlwk m�Sm 	 � dqg | � �Efc j�1

Wkh surgxfwlrq ixqfwlrq dqg wkh dgmxvwphqw frvwv ri lqyhvwphqw1

Krxvhkrogv surgxfh rxwsxw ++|, dffruglqj wr d Free0Grxjodv surgxfwlrq ixqfwlrq gh0

shqglqj rq wkh dprxqwv ri oderu ghpdqghg +?_
| �c hpsor|hg fdslwdo +&|�/ dqg rq wkh vwdwh ri

whfkqrorj| uhsuhvhqwhg e| d whfkqrorjlfdo vkrfn +5|�

orj vw @ d5+4� d3
vvv

, orj fw � d6+4� d3
vvv

, orjpw . "w>

zkhuh wkh frqvwdqw whup zdv ohiw rxw1

8



+| ' sE5|c ?
_
| c &|� ' i TE5|�E?

_
| �

�3k&k| c +519,

zkhuh zh gr qrw lqfoxgh dq| qrwdwlrq uhihuulqj wr wkh �0wk krxvhkrog ehfdxvh/ dv vxssrvhg

deryh/ doo wkh krxvhkrogv kdyh dffhvv wr wkh vdph sE�� whfkqrorj| dqg surgxfh wkh vdph

dprxqw ri rxwsxw xqghu v|pphwulf htxloleulxp1 Wkh odz ri prwlrq iru wkh surgxfwlylw|

vkrfn lv dq DU+4, zlwkrxw frqvwdqw iurp d qrupdo glvwulexwlrq

5| ' �55|3� n 0|c +51:,

zlwk m�5m 	 �c dqg 0| � �Efc j0�1 Krxvhkrogv fdq vdyh sduw ri wkhlu rxwsxw iru wkh qh{w

shulrg wr eh xvhg lq wkhlu surgxfwlrq ixqfwlrq dv fdslwdo1 Wkh| dovr qhhg wr uhsodfh wkh

ghsuhfldwhg fdslwdo1 Wkxv/ lqyhvwphqw lv gh�qhg dv=

%| ' &|n� � E�� B�&| +51;,

zkhuh B lv wkh ghsuhfldwlrq udwh1 Wkhuh h{lvw dgmxvwphqw frvwv wr wudqvirup rxwsxw lqwr

fdslwdo1 Wkh dgmxvwphqw frvwv ri lqyhvwphqw ixqfwlrq �E%|� xvhg khuh zdv wdnhq iurp Deho

+4<;5,

�E%|� ' �%#| +51<,

��|� � : f @?_ # : ��

Wklv ixqfwlrqdo irup lpsolhv frqvwdqw hodvwlflw| zlwk uhvshfw wr wkh dprxqw ri lqyhvwphqw

dqg lqfuhdvlqj pdujlqdo dgmxvwphqw frvwv1 Dv d frqvhtxhqfh ri wkh odwwhu/ wkh surgxfwlrq

ixqfwlrq qhw ri dgmxvwphqw frvwv sE�� � �E%|� kdv ghfuhdvlqj uhwxuqv wr vfdoh vr wkdw wkh

rswlpdo vl}h ri wkh surgxfwlrq sodqwv lv erxqg wr eh vpdoo1

Prqh| fuhdwlrq dqg wkh jryhuqphqw exgjhw frqvwudlqw1

Prqh| lv lvvxhg e| wkh jryhuqphqw1 D prqhwdu| srolf| uxoh lv ghvljqhg edvhg rq wkh

qrplqdo prqh| jurzwk1 Ohw >| eh wkh udwh ri jurzwk ri qrplqdo prqh| lq shulrg |

9



>| '
�|

�|3�
� �� +5143,

Wkh prqhwdu| srolf| uxoh xvhg lv

>| ' �>
f n �>

�>|3� n v|c +5144,

zlwk m�>
� m 	 �c dqg v| � �Efc jv� lv Jdxvvldq zklwh qrlvh1 Wkh prqhwdu| dxwkrulwlhv ghflgh

wkh ydoxhv ri wkh frh!flhqwv ri +5144, wr ghwhuplqh wkh ghjuhh ri shuvlvwhqfh ri wkh prqh|0

jurzwk +��, dqg wkh orqj0whup udwh ri lq dwlrq +Zrr ' >rr '
�
>
f

�3�>
�

,19

Lqfuhphqwv lq qrplqdo prqh| duh sdlg wr wkh krxvhkrogv dv oxps0vxp jryhuqphqw wudqv0

ihuv1 Wkhuh duh dovr jryhuqphqw erqgv zklfk fdq eh sxufkdvhg e| wkh krxvhkrogv dqg |lhog

d qrplqdo lqwhuhvw udwh1 Khqfh/ wkh jryhuqphqw +qrplqdo, exgjhw frqvwudlqw lv

C| ' �| ��|3� n E� n-|�
3��|n� ��| +5145,

lq zklfk C| duh qrplqdo oxps0vxp wudqvihuv dqg E�n-|�
3��|n� duh wkh qrplqdo sxufkdvhv ri

erqgv lq shulrg | wkdw zloo eh uhlpexuvhg iru �|n� qrplqdo xqlwv lq shulrg |n �1 Wkhuhiruh/

-| lv wkh udwh ri qrplqdo lqwhuhvw ri erqgv erxjkw lq shulrg |1 Glylglqj erwk vlghv ri +5145,

e| wkh sulfh ohyho/ zh rewdlq wkh jryhuqphqw exgjhw frqvwudlqw lq uhdo pdjqlwxghv

}| ' 6| � E� n Z|�
3�6|3� n E� n o|�

3�K|n� � K|� +5146,

Orzhu fdvh ohwwhuv lq +5146, ghqrwh uhdo ydoxhv ri fdslwdo ohwwhuv dqg wkh iroorzlqj gh�ql0

wlrqv zhuh xwlol}hg iru lq dwlrq Z|/ dqg wkh uhdo uhwxuq rq erqgv � n o|/

Z| '
�|

�|3�

� �c +5147,

� n o| '
� n-|

.| d� n Z|n�o
� +5148,

Wkh udwlrqdo h{shfwdwlrq rshudwru .|d�o dsshdulqj lq +5148, uhsuhvhqwv wkh h{shfwdwlrq lq

shulrg | frqglwlrqhg wr wkh vhw ri lqirupdwlrq dydlodeoh lq wkdw shulrg1
9Vlqfh wklv lv d qr0jurzwk prgho/ wkh vwhdg| vwdwh udwh ri lq dwlrq lv htxdo wr wkh vwhdg| vwdwh udwh ri

jurzwk ri qrplqdo prqh| +�vv @ �vv, =

:



6 Exloglqj d jhqhudo htxloleulxp

614 Wkh ghflvlrq surfhvv

Krxvhkrogv idfh wkh iroorzlqj exgjhw dqg wlph frqvwudlqwv lq shulrg |

}| n sE5|c ?
_
| c &|�� �E%|� ' S| n &|n� � E�� B�&| n �|E?

_
| � ?r

|� n

6| � E� n Z|�
3�6|3� n E� n o|�

3�K|n� � K|c

A ' ?r
| n r| n ,|�

Wkhuh duh wzr vrxufhv ri uhdo lqfrph iru wkh krxvhkrog= oxps0vxp uhdo wudqvihuv iurp

wkh jryhuqphqw +}|, dqg wkhlu rzq rxwsxw surgxfwlrq diwhu vxewudfwlqj wkh dgmxvwphqwv frvw

ri lqyhvwphqw +sE5|c ?_
| c &|� � �E%|�,1 Lqfrph lv vshqw rq frqvxpswlrq +S|,/ rq lqyhvwphqw

+&|n� � E�� B�&|,/ rq sd|phqwv wr wkh oderu irufh kluhg lq wkh pdunhw +�|E?
_
| � ?r

|�/ zlwk �|

ghqrwlqj wkh uhdo zdjh/ dqg rq lqfuhdvlqj wkh dprxqwv ri uhdo prqh| +6| � E� n Z|�
3�6|3�,

ru erqgv +E� n o|�
3�K|n� � K|,1

Dv iru wkh wlph frqvwudlqw/ sodqqhg doorfdwlrq ri wrwdo wlph A frqvlvwv ri dq dprxqw ri

zrunwlph vxssolhg ?r
| / vrph wlph uhtxluhg iru vkrsslqj r|/ dqg wkh uhpdlqlqj ohlvxuh wlph

,|1 Reylrxvo|/ oderu pxvw eh vxssolhg e| wkh krxvhkrogv1 Dv surgxfhuv/ wkh| zloo udlvh d

oderu ghpdqg zklfk pd| eh gl�huhqw iurp wkhlu oderu vxsso|1 Li lw lv wkh fdvh wkdw wkh|

frlqflgh/ zh zrxog vd| wkdw wkh oderu pdunhw fohduv dw wkh fxuuhqw sulfhv1 Rwkhuzlvh/ wkh

oderu ghpdqg grplqdwhv lq wkh oderu pdunhw dqg ehfrphv wkh dfwxdo oderu irufh1

Krxvhkrogv pdnh ghflvlrqv dffruglqj wr wkh iroorzlqj surjudp=

�@%
S|c&|n�c?

_
| c?

r
| /,|c6|cK|n�

.|

"[
�'f

q�LEl|n�c S|n�c ,|n��

r�K�eS| |J

.|d}|n� n sE5|n�c ?
_
|n�c &|n����E%|n��� S|n� � &|n�n� n E�� B�&|n� � �|n�E?

_
|n� � ?r

|n��

�6|n� n E� n Z|n��
3�6|3�n� � E� n o|n��

3�K|n�n� n K|n�o ' f sJo @,, � � f

.|dA � ?r
|n� � rE�|n�c S|n�c6|n��� ,|n�o ' f sJo @,, � � f�

;



Wkh �uvw rughu frqglwlrqv uhvxowlqj iurp wkh krxvhkrog udwlrqdo fkrlfhv lq shulrg | duh: ;

LS| � b�| � b2|rS| ' f +614,

�b�|E� n �%|� n q.|db�|n�E� n s&|n� � B n E�� B��%|n��o ' f +615,

b�|Es?| � �|� ' f +616,

b�|�| � b2| ' f +617,

L,| � b2| ' f +618,

�b�| n q.|db�|n�E� n Z|n��
3�o n b2|r6|

' f +619,

�b�|E� n o|�
3� n q.|db�|n�o ' f +61:,

}| n sE5|c ?
_
| c &|�� �E%|�� S| � &|n� n E�� B�&| �

�|E?
_
| � ?r

|��6| n E� n Z|�
3�6|3� � E� n o|�

3�K|n� n K| ' f +61;,

A � ?r
| � rE�|c S|c 6|�� ,| ' f +61<,

zkhuh wkh glvfrxqw idfwru lv q ' �
�n4

ehlqj 4 : f wkh udwh ri lqwhuwhpsrudo suhihuhqfh/

dqg b�| dqg b2| duh wkh Odjudqjh pxowlsolhuv dwwdfkhg wr wkh exgjhw dqg wlph frqvwudlqwv

uhvshfwlyho|1

615 Wkh frqvxpswlrq ixqfwlrq

Zh ehjlq wkh dqdo|vlv zlwk wkh frqvxpswlrq udwlrqdo fkrlfh1 Soxjjlqj wkh Odjudqjh pxowl0

solhu ri wkh wlph frqvwudlqw b2| iurp +617, lqwr +614, dqg vroylqj iru wkh Odjudqjh pxowlsolhu

ri wkh exgjhw frqvwudlqw b�|/ zh kdyh

:Zh hpsor|hg wkh iroorzlqj qrwdwlrq iru sduwldo ghulydwlyhv lq d sduwlfxodu wlph shulrg1 Li Y +{w> |w, lv d

jhqhulf ixqfwlrq lq shulrg w/ zh kdyh
CY +{w>|w,

C{w
� Y{w dqg

CY +{w>|w,
C|w

� Y|w 1
;Wkh iroorzlqj wudqvyhuvdolw| frqglwlrqv pxvw dovr eh lqfoxghg wr uxoh rxw xqghvluhg g|qdplf sdwkv iru

fdslwdo dqg erqgv uhvshfwlyho|=

olp
m$4

nw.4.m�
w�4.m�4w.m @ 3>

olp
m$4

ew.4.m�
w�4.m�4w.m @ 3=

<



b�| '
LS|

� n �|rS|
� +6143,

Rxu vkrsslqj wlph ixqfwlrqdo irup +515, dqg wkh FUUD xwlolw| ixqfwlrq +517, zhuh vxevwl0

wxwhg lq +6143, wr |lhog

b�| '
i TEl|�S

3j
|

� n �| i TE�|�@�@2S
@23�
| 63@�

|

� +6144,

Wkh uhvxowlqj qrq0olqhdu h{suhvvlrq +6144, fdq eh orj0olqhdul}hg vr dv wr rewdlq<

eb�| ' �Ej n E@2 � ���rS�eS| n l| � �rSE e�| n �| � @� e6|� +6145,

zkhuh �rS ' �rrrSEfc S
rrc6rr� � f lv wkh vwhdg|0vwdwh pdujlqdo frvw ri frqvxpswlrq lq rxwsxw

xqlwv� Khuh wkh �kdw� yduldeohv ghqrwh orj0dssur{lpdwlrqv ri shufhqw ghyldwlrqv iurp vwhdg|

vwdwh ydoxhv/ h1j1/ eS| ' *L}
�

S|
Srr

�
1 Wdnlqj orjdulwkpv lq +61:,/ zh rewdlq

*L} b�| ' *L} q n .| *L} b�|n� n *L}E� n o|�� +6146,

Zh xvh *L}E�no|� * o| dqg *L} q ' � *L}E�norr� * �orr 43 wr dssur{lpdwh idluo| zhoo +6146,

zlwk

eb�| ' .|
eb�|n� n Eo| � orr�� +6147,

Prylqj htxdwlrq +6145, lqwr shulrg | n � dqg wdnlqj udwlrqdo h{shfwdwlrqv/ d h{suhvvlrq

iru .|
eb�|n� lv uhdfkhg1 Li zh vxevwlwxwh wkh uhvxowlqj h{suhvvlrq dqg +6145, lwvhoi lq htxdwlrq

+6147,/ lw zloo |lhog diwhu vrph dojheud

eS| ' .|eS|n� � �
jnE@23���rS

Eo| � orr�� �rS
jnE@23���rS

E e�| �.| e�|n�� n

@��rS
jnE@23���rS

Ee6| � .| e6|n�� n
�

jnE@23���rS

�
l| �.|l|n�

�� �rS
jnE@23���rS

�
�| �.|�|n�

�
+6148,

<Vhh Xkolj +4<<;, iru d frpsohwh ghvfulswlrq ri wkh whfkqltxhv xvhg lq wkh orjolqhdul}dwlrq surfhvv1
43Qrwh wkdw lq d Vlgudxvnl0w|sh rswlpl}lqj prgho/ wkh vwhdg| vwdwh uhdo lqwhuhvw udwh uvv lv htxdo wr wkh

udwh ri lqwhuwhpsrudo suhihuhqfh �1 Dv d uhvxow/ � @ +4 . �,�4 @ +4 . uvv,�41

43



Wkh odzv ri prwlrq iru wkh vkrsslqj wlph vkrfn �| dqg wkh suhihuhqfhv vkrfn l| zhuh

gh�qhg lq +516, dqg +518, uhvshfwlyho|1 Xvlqj wkhvh h{suhvvlrqv wr fdofxodwh .|�|n� dqg

.|l|n�/ +6148, ehfrphv

eS| ' .|eS|n� � �
jnE@23���rS

Eo| � orr�� �rS
jnE@23���rS

E e�| �.| e�|n�� n

@��rS
jnE@23���rS

Ee6| �.| e6|n�� n
E�3�S�

jnE@23���rS
l|� +6149,

Lq wxuq/ zh pd| uhsuhvhqw wkh frqvxpswlrq ixqfwlrq wkurxjk wkh iroorzlqj jhqhulf ixqf0

wlrq

eS| ' .|eS|n� n k�Eo| � orr� n k2E e�| � .| e�|n�� n k�Ee6| �.| e6|n�� n kel|

��|� k�c k2 	 f @?_ k�c ke : f +614:,

zklfk lv d iruzdug0orrnlqj frqvxpswlrq ixqfwlrq ghshqglqj rq wkh uhdo lqwhuhvw udwh/ d uhdo

zdjh h�hfw/ d prqhwdu| frpsrqhqw/ dqg d suhihuhqfh vwrfkdvwlf surfhvv144 D ulvh lq wkh uhdo

lqwhuhvw udwh lqgxfhv wkh krxvhkrog wr vdyh pruh dqg frqvxph ohvv qrz wkdw wkh uhdo uhwxuq rq

ulvn0iuhh dvvhwv lv juhdwhu1 Wklv ehkdylru dsshduv dv d qhjdwlyh frqvxpswlrq vhpl0hodvwlflw|

wr wkh uhdo lqwhuhvw udwh +dovr fdoohg hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq,/ k� 	 f1 Wkh

kljkhu +lq devroxwh ydoxh, wklv qxpehu lv wkh kljkhu lv wkh yduldelolw| ri frqvxpswlrq ryhu wkh

f|foh zlwk d pruh vhqvlwlyh uhvsrqvh wr ghsduwxuhv ri wkh uhdo lqwhuhvw udwh iurp lwv vwhdg|

vwdwh ydoxh1 Hyhq wkrxjk pdq| rwkhu sdudphwhuv wdnh sduw lq wkh frpsrvlwlrq ri k� +vhh

6149,/ lwv �jxuh prvwo| ghshqgv txdqwlwdwlyho| xsrq wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq

+3�
j
,145

44Dowhuqdwlyho|/ wkh frqvxpswlrq ixqfwlrq +614:, fdq eh h{suhvvhg dv

efw @ �4
4S
m@3

Hw+uw.m � uvv, . �5 ezw . �6 epw . �7
4S
m@3

Hw�w.m >

iurp zklfk frqvxpswlrq ghshqgv rq fxuuhqw dqg h{shfwhg ixwxuh uhdo lqwhuhvw udwh/ rq wkh fxuuhqw uhdo zdjh/

rq fxuuhqw uhdo prqh| kroglqjv/ dqg rq fxuuhqw dqg h{shfwhg ixwxuh suhihuhqfh vkrfnv1
45Diwhu fdoleudwlrq lq Vhfwrq 9/ wkh ydoxh ri zvf rewdlqhg zloo eh udwkhu forvh wr }hur +zvf @ 3=3385,

lpso|lqj d txdqwlwdwlyho| vpdoo vljql�fdqfh ri wkh uhdo prqh| dqg uhdo zdjh yduldeohv lq wkh frqvxpswlrq

ghflvlrq1 Lq wkh olplw/ �4 @ �4
�

zkhq zvf lv h{dfwo| }hur dqg wkhq qhlwkhu uhdo prqh| edodqfhv qru wkh uhdo

zdjh dsshdu lq wkh frqvxpswlrq ixqfwlrq1 Wklv uhvxow lv uhdfkhg iru prqh| lq wkh xwlolw| ixqfwlrq prghov

wkdw suhvhqw vhsdudelolw| ehwzhhq frqvxpswlrq dqg uhdo prqh| lq wkh xwlolw| ixqfwlrq +vhh PfFdooxp +4<<<d,

iru d pruh h{whqvlyh glvfxvvlrq,1

44



Frqvxpswlrq fkrlfhv duh qhlwkhu vhsdudeoh iurp uhdo prqh| qru iurp wkh uhdo zdjh eh0

fdxvh wkhvh wzr yduldeohv d�hfw wkh vkdgrz sulfh ri frqvxpswlrq b�|1 D kljkhu dprxqw

iru uhdo zdjh sdlg lq wkh oderu pdunhw lpsolhv d kljkhu sulfh +ru rssruwxqlw| frvw, iru wkh

wlph vshqw sxufkdvlqj exqgohv ri frqvxpswlrq1 Dv +6143, vkrzv/ kljkhu uhdo zdjh pdnhv

wkh vkrsslqj wlph pruh frvwo| dqg wkxv uhgxfhv wkh vkdgrz sulfh ri frqvxpswlrq b�|/ l1h1/

wkh ghjuhh ri vdwlvidfwlrq rewdlqhg zlwk wkh odvw exqgoh ri jrrgv frqvxphg1 Wkh uhvsrqvh

iurp wkh krxvhkrog lv frqvxph ohvv/ k2 	 f1 Uhjduglqj wkh prqhwdu| whupv/ pruh uhdo

prqh| edodqfhv ohvvhq wkh pdujlqdo frvw ri frqvxpswlrq lq whupv ri wlph +rS6 	 f, vr dv

wr pdnh wkh vdwlvidfwlrq ri frqvxplqj kljkhu1 Wklv ohdgv wr d srvlwlyh ydoxh ri k� lq +6149,1

Ilqdoo|/ wkh vwdwh ri wkh frqvxpswlrq suhihuhqfh frplqj iurp wkh xwlolw| ixqfwlrq l| hqwhuv

wkh frqvxpswlrq ixqfwlrq d�hfwlqj srvlwlyho| wr wkh frqvxpswlrq ohyho +ke : f,1

Wzr sduwlfxodu fdvhv ri wkh frqvxpswlrq ixqfwlrq duh zruwkzkloh wr ylhz1 Lq erwk vlwxd0

wlrqv/ wkh vkrsslqj wlph ixqfwlrq +515, lqyroyhv vhsdudelolw| ehwzhhq frqvxpswlrq dqg uhdo

prqh| +rS6 ' f,1 Iluvw/ zkhq wkh wlph doorfdwlrq grhv qrw ydu| zlwk wkh ohyho ri frqvxpswlrq

+@2 ' f lq +515,,/46 wkhuh duh qhlwkhu uhdo prqh| qru uhdo zdjh lq wkh uhvxowlqj frqvxpswlrq

ixqfwlrq zklfk uhvhpeohv wkh LV fxuyh frpprqo| xwlol}hg lq wkh uhfhqw olwhudwxuh=47

eS| ' .|eS|n� n k��Eo| � orr� n k�el| +614:*,

��|� k�� '
��
j

@?_ k�e '
E�� �S�

j
�

Vhfrqg/ li wkh vkrsslqj wlph lv uhdo prqh| lqyduldqw +@� ' f lq +515,�/ wkhuh vwloo lv d uhdo

zdjh h�hfw exw wkh uhdo prqh| edodqfhv glvdsshdu iurp wkh frqvxpswlrq htxdwlrq=

eS| ' .|eS|n� n k�
�Eo| � orr� n k�

2E e�| � .| e�|n�� n k�
el| +614:�,

��|� k�
� ' k�c k

�
2 ' k2 @?_ k�

e ' ke�

46Qrwh wkdw lq wklv fdvh vf+f
vv>pvv> 3, @ d4d5 +f

vv,d5�4 +pvv,�d6 @ 3 dqg wkhq zvf @ 3 lq h{suhvvlrq

+6149,1
47Iru h{dpsohv/ vhh Nhuu dqg Nlqj +4<<9,/ Urwhpehuj dqg Zrrgirug +4<<:,/ PfFdooxp dqg Qhovrq +4<<<,/

dqg pdq| rwkhuv1

45



616 Wkh lqyhvwphqw ixqfwlrq

Zh wxuq qrz wr ghulyh wkh lqyhvwphqw ixqfwlrq1 Wkh �uvw rughu frqglwlrq ri &|n� +615, jryhuqv

wkh ghflvlrq derxw wkh lqyhvwphqw wr wdnh gxulqj shulrg |1 Frpelqlqj +615, zlwk +61:, wr

holplqdwh wkh Odjudqjh pxowlsolhu b�|/ zh fdq uhdfk

� n o| '
� n .|s&|n� � B n E�� B�.|�%|n�

� n �%|

� +614;,

Wkh ohiw kdqg vlgh ri +614;, lv wkh uhwxuq rq wkh �qdqfldo dvvhw +jryhuqphqw erqgv, dqg wkh

uljkw kdqg vlgh lv wkh h{shfwhg uhwxuq rq wkh uhdo dvvhw +sk|vlfdo fdslwdo,1 Dv vkrzq/ wkh uhdo

lqwhuhvw udwh grhv qrw htxdo wkh h{shfwhg qhw pdujlqdo surgxfw ri fdslwdo +o| 9' .|s&|n� � B,1

Wkh h{lvwhqfh ri dgmxvwphqw frvwv ri lqyhvwphqw fuhdwhv d jds ehwzhhq wkh h{shfwhg qhw

uhwxuq rq wkh sk|vlfdo dvvhw dqg wkh uhwxuq rq wkh �qdqfldo dvvhw1 Wkh duelwudjh ehwzhhq

sk|vlfdo dqg �qdqfldo dvvhwv rffxuv wdnlqj lqwr dffrxqw lqfuhdvlqj pdujlqdo dgmxvwphqw frvwv

wkdw ohdg wr d vorzhu uhvsrqvlyhqhvv ri lqyhvwphqw1 Fkdqjhv lq wkh vwrfn ri fdslwdo duh vsolw

xs ryhu wlph lq rughu wr dyrlg kljk lqvwdoodwlrq frvwv1 Lq vwhdg| vwdwh whupv/ wkh sk|vlfdo

dvvhw suhplxp lpsolhg e| +614;, lv srvlwlyh

s&Efc ?
rrc &rr�� B � B�%E%

rr�

orr
' � n �%E%

rr��

vlqfh �%E%
rr� lv xqdpeljxrxvo| srvlwlyh iru rxu dgmxvwphqw frvw vshfl�fdwlrq +51<,1 Wkh

h{lvwhqfh ri d juhdwhu vwhdg|0vwdwh uhwxuq fdq eh frqvlghuhg dv d ulvn0suhplxp wr wkh uhdo

dvvhw ryhu wkh ulvn0iuhh �qdqfldo dvvhw1

Ohw xv pryh edfn wr wkh lqyhvwphqw htxdwlrq1 E| phdqv ri wdnlqj qdwxudo orjdulwkpv rq

erwk vlghv ri +614;, dqg dvvxplqj wkdw wkh pdujlqdo dgmxvwphqw frvw/ wkh pdujlqdo surgxfw

ri fdslwdo qhw ri ghsuhfldwlrq/ dqg wkh uhdo lqwhuhvw udwh duh vpdoo uhodwlyh wr }hur/48 zh rewdlq

wkh dssur{lpdwlrq

�%| ' .|s&|n� � B � o| n E�� B�.|�%|n�� +614<,

48Frqvhtxhqwo|/ zh xvh wkh dssur{lpdwlrq orj+4 . }, * } zkhq } * 31 Doo wkh yduldeohv xqghu wklv

dssur{lpdwlrq uhsuhvhqw iudfwlrqdo uhwxuqv rq txduwhuo| xqlwv wkdw w|slfdoo| uhsruw �jxuhv forvh wr }hur dqg

wkhlu vwhdg| vwdwh ydoxhv lqghhg duh forvh wr }hur1
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Iru rxu dgmxvwphqw frvw vshfl�fdwlrq +51<,/ htxdwlrq +614<, lpsolhv wkh iroorzlqj qrq0olqhdu

uhodwlrqvkls

�#%#3�| ' .|s&|n� � B � o| n E�� B��#.|%
#3�
|n� � +6153,

Djdlq xvlqj orj0olqhdul}dwlrq whfkqltxhv/ zh fdq idluo| dssur{lpdwh wkh odwwhu zlwk wkh iro0

orzlqj vhpl0orjolqhdu lqyhvwphqw htxdwlrq

e%| ' E�� B�.|e%|n� n �

E# � ���%E%rr�
E.|s&|n� � B � o|�c +6154,

zkhuh �%E%
rr� ' #�E%rr�#3�1 Wklv lv dq �h{shfwdwlrqdo� lqyhvwphqw htxdwlrq lq zklfk fxu0

uhqw shulrg*v lqyhvwphqw ghshqgv rq qh{w shulrg*v lqyhvwphqw dqg rq wkh jds ehwzhhq wkh

h{shfwhg uhwxuq rq wkh sk|vlfdo dvvhw dqg wkh uhwxuq rq wkh �qdqfldo dvvhw1 Ohw ^| ghqrwh

wklv h{shfwhg suhplxp=

^| ' .|s&|n� � B � o|�

Zkhq zh vxevwlwxwh vhtxhqwldoo| h{shfwhg lqyhvwphqw/ +6154, ehfrphv

e%| ' �

E# � ���%E%rr�
.|

"[
�'f

E�� B��^|n�� +6154*,

Rxu lqyhvwphqw htxdwlrq +6154*, lqglfdwhv qrz wkdw fxuuhqw lqyhvwphqw ghshqgv srvlwlyho|

rq doo wkh h{shfwhg ixwxuh suhplxpv rq lqyhvwlqj lq uhdo dvvhwv1 Lq dgglwlrq/ wkh ydoxh ri
�

E#3���%E%rr�
lv wkh vhpl0hodvwlflw| ri lqyhvwphqw wr d fkdqjh lq wkh uhdo dvvhw*v suhplxp1 Wklv

qxpehu gluhfwo| d�hfwv wkh yduldelolw| ri lqyhvwphqw ryhu wkh hfrqrplf f|foh1 Fohduo|/ erwk

sdudphwhuv ri wkh dgmxvwphqw frvw ixqfwlrq lq xhqfh wkh vl}h ri wklv qxpehu1 Lq wklv uhjdug/

Wdeoh 4 uhsruwv �jxuhv ri wkh vhpl0hodvwlflw| ri wkh sk|vlfdo dvvhw suhplxp lq +6154, iru

ydulrxv fdoleudwlrqv ri wkh sdudphwhuv � dqg # iurp wkh dgmxvwphqw frvw ixqfwlrq1
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Wdeoh 4

Vhpl0hodvwlflw| ri ^| lq wkh lqyhvwphqw htxdwlrq +6154,1

� ' f�f2D � ' f�fD � ' f�f.D � ' f��

# ' 2 4:1<6 <194 91;3 816:

# ' � 81;7 6178 5194 5149

# ' e 6136 41<8 4187 4166

# ' D 41<8 4167 4143 31<9

D kljkhu # uhgxfhv wkh vhpl0hodvwlflw| ri ^| lq wkh lqyhvwphqw htxdwlrq1 Lw vkrxog eh

uhfdoohg wkdw # lv wkh hodvwlflw| ri wkh wrwdo dgmxvwphqw frvw zlwk uhvshfw wr lqyhvwphqw1

Zkhq wklv frvw lqfuhdvhv pruh udslgo| zlwk %|/ f|folfdo pryhphqwv lq lqyhvwphqw zloo eh

pruh prghudwh1 Olnhzlvh/ d ulvh lq wkh vfdoh sdudphwhu � lqfuhdvhv wkh vl}h ri wkh dgmxvwphqw

frvw dqg wkxv wkh ydoxh ri wkh vhpl0hodvwlflw| lq +6154,1 Qrwdeo|/ wkh devhqfh ri dgmxvwphqw

frvwv +� ' f, lpsolhv �%E%
rr� ' f dqg dq �lq�qlwh uhvsrqvh� ri lqyhvwphqw wr fkdqjhv lq wkh

h{shfwhg pdujlqdo surgxfw ri fdslwdo suhplxp lq +6154,149

617 Wkh prqh| ghpdqg ixqfwlrq

Iluvw/ ohw xv vxevwlwxwh wkh ydoxh ri q.|b�|n� iurp htxdwlrq +61:, lqwr wkh �uvw rughu frqglwlrq

zlwk uhvshfw wr wkh uhdo prqh| edodqfhv +619,

b�| ' b�|.|dE� n o|�
3�E� n Z|n��

3�o n b2|r6|
� +6155,

Xvlqj wkh oderu vxsso| �uvw rughu frqglwlrq +617,/ wkh Odjudqjh pxowlsolhu ri wkh wlph frq0

vwudlqw +b2|, fdq eh h{suhvvhg dv d ixqfwlrq ri wkh Odjudqjh pxowlsolhu ri wkh exgjhw frqvwudlqw

+b�|,1 Dv d uhvxow/ +6155, |lhogv

b�| ' b�|.|dE� n o|�
3�E� n Z|n��

3�o n b�|�|r6|
� +6156,

49Ilqlwh uhvsrqvhv zkhq # @ 3 fdq eh fdofxodwhg e| vroylqj dq dqdorjrxv prgho zlwkrxw h{solflw dgmxvwphqw

frvwv iurp lqvwdoolqj fdslwdo1 Qrwh wkdw htxdwlrq +615, dqg +61:, zrxog lpso| uw @ Hwinw.4 � � lq frpsdulvrq

wr wkh fdvh zlwk dgmxvwphqw frvwv1 Fdvduhv dqg PfFdooxp +5333, vroyh wklv prgho dqg frpsduh lw zlwk wkh

dgmxvwphqw0frvw prgho1
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Glylglqj erwk vlghv ri +6156, e| b�| dqg dsso|lqj wkh uhdo lqwhuhvw udwh gh�qlwlrq +51<,/ zh

fdq rewdlq

-|

� n-|

' ��|r6|
+6157,

zkhuh wkh ohiw kdqg vlgh lv wkh pdujlqdo frvw ri wkh odvw xqlw ri uhdo prqh| khog dqg wkh uljkw

kdqg vlgh lv wkh pdujlqdo ehqh�w ri wkh odvw xqlw ri uhdo prqh| khog1 Erwk vlghv lq +6157, duh

phdvxuhg lq rxwsxw ydoxh1 Lqvhuwlqj wkh ydoxh ri r6|
lpsolhg e| rxu vkrsslqj wlph ixqfwlrq

+515, |lhogv

-|

� n-|

' ��| i TE�|�@�@�S
@2
| 63@�3�

| � +6158,

Htxdwlrq +6158, fdq eh orjolqhdul}hg wr irupxodwh wklv vhpl0orj prqh| ghpdqg ixqfwlrq4:

e6| '
@2

� n @�
eS| n �

� n @�
e�| � �

-rrE� n @��
E-| �-rr� n

�

� n @�
�|c +6159,

zklfk lv wr vd|

e6| ' )�eS| n )2 e�| � )2E-
rr�3�E-| �-rr� n )2�| +615:,

��|� )�c )2 : f�

Khuh lw lv qrwlfhdeoh wkdw erwk wkh uhdo zdjh dqg wkh vkrsslqj wlph vkrfn dffrpsdq|

wkh vwdqgdug ghwhuplqdqwv ri uhdo prqh|= frqvxpswlrq dqg wkh qrplqdo lqwhuhvw udwh1 Zkdw

rffxuv lq wkh oderu pdunhw zloo kdyh dq lpsdfw lq wkh ghpdqg ri uhdo prqh|14; Wkh uhdo

zdjh lv wkh rssruwxqlw| frvw ri rqh xqlw ri wlph1 Zkhq lw jrhv xs/ wkhuh zloo eh dq lqfhqwlyh

wr ghpdqg pruh prqh| dqg vdyh vrph wudqvdfwlrqv wlph1

E| frqvwuxfwlrq/ d srvlwlyh vkrfn wr wkh wudqvdfwlrqv whfkqrorj| �| zrxog uhsuhvhqw dq

lqfuhdvh lq wkh vkrsslqj wlph1 Pruh uhdo edodqfhv zrxog eh khog +)2 : f, wr frpshqvdwh

zlwk pruh prqhwdu| vhuylfhv wkh h�hfwv ri vxfk vkrfn1
4:Iru wkh vdnh ri vlpsolflw| dqg surylghg wkdw wkh qrplqdo lqwhuhvw udwh lv jlyhq lq iudfwlrqdo txduwhuo|

xqlwv +vpdoo uhodwlyh wr }hur,/ zh wrrn Uw * Uw

4.Uw
wr ghulyh htxdwlrq +6159,1

4;Wklv kdv ehhq uhfrjql}hg lq wkh olwhudwxuh iru h{dpsoh lq sdshuv e| Nduql +4<:6,/ dqg Gxwwrq dqg

Judpp +4<:6,1
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Zkhq wkh yroxph ri wudqvdfwlrqv wr fduu| rxw lv odujhu +kljkhu S|, pruh uhdo edodqfhv duh

ghpdqghg1 Lq dgglwlrq/ d ulvh lq lwv rssruwxqlw| frvw -| ohdgv wr d ghfuhdvh lq wkh dprxqw

ri uhdo prqh| khog1

Wkh sdudphwhuv ri wkh vkrsslqj wlph ixqfwlrq @2 dqg @� gh�qh wkh vl}h ri wkh hodvwlflwlhv

lq wkh prqh| ghpdqg1 Dfwxdoo|/ wkh| duh wkh rqo| sdudphwhuv dsshdulqj lq +6159,1 D fkdqjh

lq wkh frqvxpswlrq hodvwlflw| lq wkh vkrsslqj wlph ixqfwlrq +#r|cS| ' @2E�� @f
rrr

�, fdxvhg e|

d pryhphqw lq @2 zrxog rqo| d�hfw wr wkh hodvwlflw| ri frqvxpswlrq lq wkh prqh| ghpdqg1

Wkh lpsdfw zrxog eh ri wkh vdph vljq dv wkh fkdqjh lq @21 Krzhyhu/ li wkh vkrsslqj wlph

ixqfwlrq ehfrphv pruh hodvwlf zlwk uhvshfw wr uhdo prqh| +kljkhu #r|c6|
' �@�E� � @f

rrr
� lq

devroxwh ydoxh fdxvhg e| dq lqfuhdvh lq @��/ wkhuh zrxog eh d idoo rq doo wkh hodvwlflwlhv ri wkh

prqh| ghpdqg ixqfwlrq1 Doo ri wkhp zrxog jr grzq zkhq uhdo prqh| lv pruh xvhixo lq wkh

vkrsslqj surfhvv1

618 Wkh LV0OP hfrqrp| dqg wkh jhqhudo htxloleulxp

Wkh ryhudoo uhvrxufh frqvwudlqw lpsolhg e| frpelqlqj wkh krxvhkrog exgjhw frqvwudlqw +61;,

dqg wkh jryhuqphqw exgjhw frqvwudlqw +5146, gh�qhv �qdo jrrgv pdunhw htxloleuld zkhuh wkh

dprxqw ri rxwsxw surgxfhg qhw ri dgmxvwphqw frvwv lv vshqw rq frqvxpswlrq dqg lqyhvwphqw4<

+| � �E%|� ' S| n %|� +615;,

Wklv h{suhvvlrq +615;, fdq eh wudqviruphg lq shufhqw ghyldwlrqv iurp vwhdg| vwdwh wr kdyh

e+| ' ��eS| n �2e%| +615<,

lq zklfk �� '
Srr

+rr
dqg �2 '

%rrn�E%rr�
+rr

1 Fxuuhqw rxwsxw ghyldwlrqv e+| duh ghpdqg ghwhuplqhg1

Lq rwkhu zrugv/ fkdqjhv lq hlwkhu frqvxpswlrq ru lqyhvwphqw frqirup wkh ohyho ri e+| uhvxow0
lqj lq wkh hfrqrp|1 Khqfh/ wkh ghpdqg0vlgh ehkdylru ri wkh prgho lv uhsuhvhqwhg e| wkh

vwuxfwxudo vhyhq0htxdwlrq LV0OP vhfwru=

4<Lw lv dovr xvhg wkh idfw suhylrxvo| phqwlrqhg wkdw wkh oderu pdunhw lv ghpdqg0grplqdwhg dqg lq wxuq

wkh �h�hfwlyh� oderu vxsso| frlqflghv zlwk wkh oderu ghpdqg1 Dv d uhvxow/ zw+qgw � qvw , @ 31
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eS| ' .|eS|n� n k�Eo| � orr� n k2E e�| � .| e�|n�� n k�Ee6| �.| e6|n�� n kel |c +6163d,

e%| ' E�� B�.|e%|n� n �
E#3���%E%rr�

E.|s&|n� � B � o|�c +6163e,

e+| ' ��eS| n �2e%|c +6163f,

e6| ' )�eS| n )2 e�| � )2E-
rr�3�E-| �-rr� n )2�|c +6163g,

e�| ' e+| � e?_
| c +6163h,

s&| ' k+rr

&rr
Ee+| � e&|�c +6163i,e&|n� ' Be%| n E�� B�e&|� +6163j,

Wkh �uvw wzr htxdwlrqv duh wkh frqvxpswlrq ixqfwlrq +614:, dqg wkh lqyhvwphqw ixqfwlrq

+6154, suhylrxvo| ghulyhg1 Wkh wklug htxdwlrq lv wkh ghpdqg0ghwhuplqhg frpsrvlwlrq ri

rxwsxw +615;, dv frqvxpswlrq soxv lqyhvwphqw1 Dsso|lqj Ilvkhu htxdwlrq o| ' -| � .|Z|n�/

erwk frpsrqhqwv ri rxwsxw duh qhjdwlyho| uhodwhg wr wkh qrplqdo lqwhuhvw udwh1 Lq wxuq/

wkhuh h{lvwv d qhjdwlyh ixqfwlrqdo irup ehwzhhq rxwsxw dqg wkh qrplqdo lqwhuhvw udwh/ vlplodu

wr wkh wudglwlrqdo LV uhodwlrqvkls dsshdulqj lq wkh pdfurhfrqrplfv wh{werrnv1 Xqolnh wkh

odwwhu/ wkh vwuxfwxudo LV vhfwru suhvhqwhg khuh lqfoxghv qh{w shulrg*v h{shfwhg ydoxhv lq wkh

frqvxpswlrq dqg lqyhvwphqw ghflvlrq uxohv dv lpsolhg e| wkh rswlpl}lqj dqdo|vlv ghyhorshg

deryh1

Wkh irxuwk uhodwlrq lv rxu vwuxfwxudo prqh| ghpdqg OP htxdwlrq +6163g, wkdw ghwhuplqhv

wlph sdwkv iru e6| dv ghulyhg lq wkh suhylrxv vxevhfwlrq1 W|slfdoo|/ wkh OP uhodwlrqvkls lv

uhsuhvhqwhg lq wkh wh{werrnv dv d ixqfwlrqdo irup uhodwlqj ghpdqg iru uhdo prqh| srvlwlyho|

wr wkh ohyho ri rxwsxw dqg lq d qhjdwlyh zd| wr wkh qrplqdo lqwhuhvw udwh1

Uhpdundeo|/ wkh LV dqg OP uhodwlrqvklsv duh qrw vhsdudeoh ehfdxvh wkh frqvxpswlrq

fkrlfh/ dffrxqwlqj iru wkh LV vhfwru/ lv d�hfwhg e| wkh dprxqw ri prqh| ghwhuplqhg lq wkh

OP ixqfwlrq153 Lq dgglwlrq/ wkh suhvhqfh ri wkh uhdo zdjh lq wkh frqvxpswlrq dqg ghpdqg

iru prqh| ghflvlrqv uhtxluh wkh lqfoxvlrq ri +6163h,1 Wklv htxdwlrq vwdwhv wkdw wkh pdujlqdo

surgxfw ri oderu lv htxdo wr wkh uhdo zdjh dv ghulyhg lq wkh krxvhkrog pd{lpl}lqj surjudp

lq +616,1 Wkh vl{wk htxdwlrq lv wkh pdujlqdo surgxfw ri fdslwdo gh�qlwlrq zklfk lv xvhg lq

wkh lqyhvwphqw htxdwlrq1 Wkh odvw htxdwlrq +6163j, lv wkh wlph sdwk iru e&|n� gh�qhg dv d

zhljkwhg dyhudjh ri wkh +suhghwhuplqhg, ydoxh ri e&|/ dqg wkh pdjqlwxgh ri e%| ghflghg lq

53Wklv idfw dulvhv iurp wkh qrq0vhsdudelolw| ri fw dqg pw lq wkh wudqvdfwlrqv whfkqrorj| ixqfwlrq1 Wklv

dvvxpswlrq lv qhfhvvdu| wr lpso| vfp ? 3 dv h{shfwhg gxh wr wkh wudqvdfwlrqv0idflolwdwlqj uroh ri prqh|1

4;



+6163e,1 Wklv h{suhvvlrq lv uhtxluhg wr kdyh fdslwdo hqgrjhqrxvo| ghwhuplqhg dqg wkxv wr

rewdlq wkh h{shfwhg pdujlqdo surgxfw ri fdslwdo hqwhulqj wkh lqyhvwphqw htxdwlrq +6163e,1

D jhqhudo htxloleulxp hfrqrp| lv gh�qhg zkhq doo wkh krxvhkrogv duh dfwlqj rswlpdoo|

dqg pdunhwv fohdu1 Wkhuhiruh/ zh lqwurgxfh wkh iroorzlqj uhodwlrqv wr jxdudqwhh htxloleulxp

lq wkh oderu pdunhw=

e?_
| ' e+| � e�|c +6163h,

e?r
| '

,rr

�?rr
eb�| n ,rr

�?rr
e�| � rrr

?rr
er|c +6164,

eb�| ' �Ej n E@2 � ���rS�eS| n l| � �rSEe�| n �| � @� e6|� +6165,

er| ' @2E�� @f
rrr

�eS| � @�E�� @f
rrr

�e6| n �|c +6166,

e?_
| ' e?r

| � +6167,

Qrwh wkdw wkh oderu ghpdqg h{suhvvlrq +6163h, kdv douhdg| ehhq lqfoxghg zlwklq wkh LV0

OP vhfwru lq rughu wr ghwhuplqh e�|1 Khqfh/ zh kdyh irxu qhz htxdwlrqv +6164,0+6167,1

Oderu vxsso| ehkdylru lv jryhuqhg e| +6164, zklfk fdq eh rewdlqhg diwhu frpelqlqj dqg

orjolqhdul}lqj wkh �uvw rughu frqglwlrqv +617,/ +618,/ dqg +61<,1 Htxdwlrqv +6165, dqg +6166,

ghwhuplqh wkh ydoxhv ri wkh frqvxpswlrq vkdgrz sulfh eb�| dqg wkh vkrsslqj wlph er|/ erwk
hpsor|hg lq pdnlqj oderu vxsso| ghflvlrqv lq +6164,1 Wkh iruphu lv lghqwlfdo wr +6145, dv

ghulyhg deryh iurp wkh krxvhkrog*v �uvw rughu frqglwlrq ri frqvxpswlrq/ dqg wkh odwwhu

uhvxowv iurp orjolqhdul}lqj wkh vkrsslqj wlph ixqfwlrq +515,1 Oderu pdunhw fohduv e| kroglqj

+6167,1

Wkh jhqhudo htxloleulxp v|vwhp lqfoxghv d orjolqhdul}dwlrq ri wkh surgxfwlrq ixqfwlrq

+519,/

e+| ' 5| n ke&| n E�� k�e?_
| c +6168,

wrjhwkhu zlwk wkh gh�qlwlrqv=

o| ' -| � .|Z|n�c +6169,

e6| ' *L}�| � *L}�|c +616:,

Z| ' *L}�| � *L}�|3�c +616;,

>| ' *L}�| � *L}�|3�c +616<,

4<



wkdw duh wkh Ilvkhu htxdwlrq +6169,/ dqg orj0olqhdu h{suhvvlrqv htxlydohqw wr +514,/ +5143,/

dqg +5147, uhvshfwlyho|154 Lq rughu wr forvh wkh jhqhudo htxloleulxp prgho/ zh dovr gh�qh d

prqhwdu| srolf| uxoh vxfk dv +5144,=55

>| ' �>
f n �>

�>|3� n v|c +5144,

Lq wxuq/ wkhuh h{lvwv d jhqhudo htxloleulxp frqvlvwlqj ri vhyhqwhhq htxdwlrqv +6163d,0

+6163j,/ +6164,0+616<,/ dqg +5144, wkdw shuplw wr vroyh vroxwlrq sdwkv iru wkh vhyhqwhhq hq0

grjhqrxv yduldeohv e+/ eS/ e%/ e6/ e�/ e?_/ e?r/ eb�/ er/ e&/ s&/ *L}� / *L}� / >/ -/ o/ dqg Z1

7 Wkh rxwsxw jds

Krz lv e+| surgxfhgB Dv zh vdz deryh/ wkh h{lvwlqj Free0Grxjodv whfkqrorj| fdq eh h{0

suhvvhg lq d orj0olqhdu idvklrq dv iroorzv

e+| ' 5| n ke&| n E�� k�e?_
| � +714,

Wkh vwrfn ri fdslwdo e&| lv d suhghwhuplqhg yduldeoh/56 dqg wkh vwdwh ri whfkqrorj| 5| lv

h{rjhqrxv1 Wkxv/ lw lv wkh dprxqw ri oderu kluhg e?_
| zklfk dffrpprgdwhv surgxfwlrq wr

vdwlvi| wkh ghpdqg lq +714, rq d shulrg0wr0shulrg edvlv1

Dw wklv srlqw/ zh pd| dvn zkhwkhu wkh zrunirufh kluhg e?_
| lv htxdo wr wkh fruuhvsrqglqj

ghvluhg oderu vxsso| e?r
| wr whvw wkh h{lvwhqfh ri htxloleulxp lq wkh oderu pdunhw1 Lq d  h{leoh0

sulfh vfhqdulr/ sulfhv zrxog dgmxvw lpphgldwho| wr uhvwruh htxloleulxp zkhqhyhu dq h{fhvv

ri ghpdqg +ru vxsso|, rffxuuhg1 Exw li lw lv qrw wkh fdvh/ zh pd| kdyh qrq0htxloleulxp

vlwxdwlrqv1 Wkhq wzr phdvxuhv ri rxwsxw ehfrph uhohydqw= fxuuhqw rxwsxw dqg fdsdflw|

+pdunhw0fohdulqj, rxwsxw1 Wkh odwwhu lv wkh dprxqw wkdw zrxog eh surgxfhg lq wkh hfrqrp|

li wkhuh zhuh shuihfw  h{lelolw| rq sulfhv/ zkdw lv wr vd|/ li wkhuh zhuh htxloleulxp lq wkh

54H{suhvvlrq +514, fdq eh xqghuvwrrg erwk dv wkh gh�qlwlrq ri uhdo prqh| edodqfhv dqg dv wkh htxloleulxp

frqglwlrq lq wkh prqh| pdunhw1
55Dowhuqdwlyho|/ zh frxog kdyh Uw dv wkh prqhwdu| srolf| lqvwuxphqw/ dqg wkhq orjPw zrxog eh wkh dprxqw

fohdulqj wkh prqh| pdunhw dw d jlyhq Uw1
56Krzhyhu/ wkh wlph vhtxhqfh ri wkh vwrfn ri fdslwdo lv hqgrjhqrxv dqg olqnhg wr wkh lqyhvwphqw ghflvlrq

dv lqglfdwhg e| +6163j,/ enw.4 @ �e{w . +4� �,enw1
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oderu pdunhw1 Khqfh/ ghqrwlqj e?| dv wkh pdunhw0fohdulqj oderu ghyldwlrqv/ fdsdflw| rxwsxw

ghyldwlrqv e+| lv

e+| ' 5| n ke&| n E�� k�e?|� +715,

Dw wklv srlqw/ lw lv qhfhvvdu| wr ghwhuplqh wkh ydoxh ri e?|1 Zh surfhhg e| xvlqj wkh oderu

vxsso| dqg oderu ghpdqg ixqfwlrqv rewdlqhg lq wkh jhqhudo htxloleulxp ghvfulehg deryh1

Wkhuh/ �uvw rughu frqglwlrqv +617,/ +618,/ dqg +61<, ohg wr wkh iroorzlqj oderu vxsso| ixqfwlrq

+diwhu orjolqhdul}dwlrq,

e?r
| '

,rr

�?rr
eb�| n ,rr

�?rr
e�| � rrr

?rr
er|� +716,

Wkh oderu vxsso| ixqfwlrq suhvhqwv d srvlwlyh vorsh zlwk uhvshfw wr wkh uhdo zdjh1 Wkh

ydoxh ri wkh hodvwlflw| ri wkh oderu vxsso| ixqfwlrq lv vhw e| phdqv ri wkh sdudphwhu �1 Zloo0

lqjqhvv wr zrun lv dovr srvlwlyho| lq xhqfhg e| wkh fxuuhqw pdujlqdo xwlolw| ri frqvxpswlrqeb�|1 Zkhq frqvxpswlrq lv pruh vdwlvi|lqj/ krxvhkrogv zlvk wr zrun pruh wr uhdfk d kljkhu

ohyho ri frqvxpswlrq1 Wkh wklug hohphqw lq +716, lv wkh vkrsslqj wlph1 Pruh vkrsslqj wlph

uhgxfhv wkh oderu vxsso|1 Wxuqlqj wr wkh oderu ghpdqg/ lwv ehkdylru lv jryhuqhg e| �uvw

rughu frqglwlrq +616,/ ru +6163h, lq wkh LV0OP vhfwru/ zklfk |lhogv

e?_
| ' e+| � e�|� +717,

Wkh lqwhusuhwdwlrq ri +717, lv wkh vwdqgdug dvvxpswlrq wr gh�qh d oderu ghpdqg ixqfwlrq=

pdujlqdo surgxfw ri oderu htxdo wr uhdo zdjh1 Qrz/ zh fdq gh�qh wkh pdunhw0fohdulqj uhdo

zdjh e�| dv wkh ydoxh vxfk wkdw wkh txdqwlwlhv ri oderu vxssolhg dqg ghpdqghg frlqflgh

+e?r
| ' e?_

| ' e?|,1 Khqfh/ pdnlqj +716, dqg +717, htxdo/ zh kdyh

e�| '
�?rr

,rr n �?rr
e+| � ,rr

,rr n �?rr
eb�| n �rrr

,rr n �?rr
er|� +718,

Ilqdoo|/ vxevwlwxwlqj e�| iurp +718, lqwr hlwkhu wkh oderu vxsso| +716, ru oderu ghpdqg

ixqfwlrqv +717, dqg uhduudqjlqj whupv/ wkh pdunhw0fohdulqj oderu e?| lv ghwhuplqhg dv iroorzv
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e?| '
,rr

,rr n �?rr
e+| n ,rr

,rr n �?rr
eb�| � �rrr

,rr n �?rr
er|� +719,

Wkh ydoxh ri e?| rewdlqhg lq +719, hqwhuv wkh surgxfwlrq ixqfwlrq +715, wrjhwkhu zlwk 5|

dqg e&| wr gh�qh fdsdflw| rxwsxw e+|1 Rqfh zh kdyh ghwhuplqhg erwk fxuuhqw rxwsxw e+| dqg
fdsdflw| rxwsxw e+|/ wkh rxwsxw jds h+| lv wkh gl�huhqfh ehwzhhq wkh iruphu dqg wkh odwwhu

h+| ' e+| � e+|� +71:,

Wkh rxwsxw jds vd|v krz ghpdqg lv uhodwlyh wr fdsdflw|1 Ri frxuvh/ li sulfhv zhuh qrw

vwlfn|/ wkh| zrxog lqvwdqwdqhrxvo| dgmxvw wr uhpryh wkh rxwsxw jds dqg kdyh e+| ' e+|1
8 Sulfh vwlfnlqhvv

Sulfh vwlfnlqhvv kdv ehfrph dq kdelwxdo hohphqw lq pdfur0prqhwdu| prghov1 Dq hqruprxv

olwhudwxuh ri voxjjlvkqhvv phfkdqlvpv huxswhg diwhu wkh vhplqdo zrunv e| Wd|oru +4<:<,

dqg Fdoyr +4<;6, lq dq dwwhpsw wr h{sodlq krz prqhwdu| lpsxovhv +ru *vxusulvhv*, zhuh

wudqvplwwhg wr jhqhudwh �uhdo h�hfwv�1 Wkh suhvhqfh ri qrplqdo uljlglwlhv ohdgv wr glvuxswlrqv

iurp wkh jhqhudo htxloleulxp vhwxs gxh wr wkh h{lvwhqfh ri qrq0htxloleulxp vlwxdwlrqv lq +dw

ohdvw, rqh ri wkh pdunhwv1 Lq sduwlfxodu/ rxu sduwldo htxloleulxp prgho w|slfdoo| suhvhqwv

h{fhvv ghpdqg ru h{fhvv vxsso| lq wkh oderu pdunhw dqg htxloleulxp lq wkh jrrgv/ fdslwdo/

erqgv/ dqg prqh| pdunhwv1

D wzr0shulrg frqwudfw sulfh vshfl�fdwlrq lv xvhg dv lq Ixkuhu dqg Prruh +4<<8,1 Rxu

fkrlfh frphv iurp wkh idfw wkdw Ixkuhu0Prruh sulfh irupxodwlrqv jxdudqwhh d uhdolvwlfdoo|

kljk ghjuhh ri shuvlvwhqfh rq lq dwlrq zkhuhdv prvw rwkhu prghov gr qrw +vhh Qhovrq +4<<;,,1

Qrplqdo frqwudfw sulfhv duh vhw wr odvw iru wzr shulrgv1 Wkxv/ kdoi ri wkh krxvhkrogv

ghflgh lq shulrg | wkh frqwudfw sulfh _| dw zklfk wkh| zloo vhoo wkhlu surgxfwlrq lq wkh fxuuhqw

dqg lq wkh qh{w shulrg1 Wkh rwkhu kdoi ri wkh krxvhkrogv pdgh wklv ghflvlrq rqh shulrg djr

dqg wkhlu frqwudfw sulfh _|3� lv vwloo lq h�hfw xqwlo wkh hqg ri shulrg |1 Wkxv/ wkh sulfh ohyho

lq shulrg | lv wkh dyhudjh ehwzhhq wkhvh wzr frqwudfw sulfhv57

57Wkh sulfh ohyho lv h{suhvvhg khuh lq orjdulwkplf irup +sw @ orjSw,1 Frqvhtxhqwo|/ wkh frqwudfw sulfhv/ gw
dqg gw�4/ duh dovr lq orjdulwkpv1
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R| ' f�DE_| n _|3��� +814,

Xqolnh Wd|oru*v vwdjjhuhg qrplqdo frqwudfwv/ wkh ydoxh ri wkh frqwudfw lv vhw dv iroorzv

_| � R| ' f�DE_|3� � R|3�� n f�D.|E_|n� � R|n�� n �h+| n �.|h+|n�� +815,

Frpsdulvrqv wdnh sodfh lq ghwhuplqlqj wkh frqwudfwv1 Khqfh/ krxvhkrogv lqfoxgh erwk

wkh sdvw dqg h{shfwhg ixwxuh shulrg uhdo frqwudfwv lq wkhlu ghflvlrq ehfdxvh wkh| zloo eh

wudghg zkloh _| lv lq h�hfw1 Ixuwkhupruh/ fxuuhqw dqg h{shfwhg rxwsxw jdsv dovr hqwhu wkh

uhdo frqwudfw htxdwlrq wr uhsuhvhqw wkh ghpdqg suhvvxuh gxulqj wkh olihwlph ri wkh frqwudfwv1

Zh dvvxph � : f lq +815,1

9 Fdoleudwlrq

Vrph vhqvleoh �jxuhv pxvw qrz eh dvvljqhg wr wkh sdudphwhuv ri wkh prgho1 Lq wklv uhjdug/

zh orrn dw dfwxdo gdwd dqg lqwhqg wr uhsolfdwh zkdw lv revhuyhg lq uhdolw|1 Sduwlfxoduo|/

txduwhuo| XV gdwd duh xvhg wr fdoleudwh wkh prgho1 Lqghhg/ dq| ri wkh sdudphwhuv fdoleudwhg

khuh pljkw eh dowhuhg xqghu sduwlfxodu flufxpvwdqfhv/ dqg dfwxdoo| lw zrxog uhvxow lq d

vhqvlwlylw| dqdo|vlv ri pxfk lqwhuhvw1

Wkh vwdqgdug �jxuh lq wkh olwhudwxuh lv jlyhq wr wkh fdslwdo vkduh sdudphwhu lq wkh sur0

gxfwlrq ixqfwlrq +k ' f��S,1 Wkh udwh ri lqwhuwhpsrudo suhihuhqfh lv vhw dw 318( shu txduwhu

+4 ' f�ffD,/ 5( shu |hdu1 Lw lpsolhv q ' f�bbD1 Wkh ghsuhfldwlrq udwh iru fdslwdo B zloo eh

518( shu txduwhu +B ' f�f2D,1

Wkh frh!flhqwv ri wkh prqhwdu| srolf| uxoh +51<, kdyh ehhq hvwlpdwhg qxphurxv wlphv lq

wkh olwhudwxuh1 Dv srlqwhg rxw e| Ehqdvv| +4<<8,/ wkh uhvxowlqj hvwlpdwhv iru wkh XV hfrqrp|

duh txlwh vhqvlwlyh wr wkh shulrg fkrvhq/ wkh hvwlpdwlrq phwkrg/ dqg wkh gh�qlwlrq ri wkh

prqh| djjuhjdwh1 Wkxv/ Frroh| dqg Kdvvhq +4<;<, rewdlqhg �f ' f�ffH dqg �� ' f�eH1

Pruh uhfhqwo|/ Kdludxow dqg Sruwlhu +4<<6, uhsruwhg �f ' f�ffH. dqg �� ' f��../ Luhodqg

+4<<:, �f ' f�ffeH dqg �� ' f�SH/ dqg Fkdul/ Nhkrh dqg PfJudwwdq +4<<9, �f ' f�ffSe

dqg �� ' f�D.1 Lq rxu prgho/ zh vhw �>
f ' f�ff2D dqg �>� ' f�D158

58Wkhvh duh uhdolvwlf �jxuhv iru wkh fxuuhqw orz0lq dwlrq hqylurqphqw vlqfh wkh| lpso| d vwhdg|0vwdwh

lq dwlrq udwh ri 318( shu txduwhu +�vv @ �vv @
!
�
3

4�!�
4

@ 3=338,/ vd| 5( shu |hdu1
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Lq d Vlgudxvnl0w|sh +qhrfodvvlfdo, prgho olnh wkh rqh suhvhqwhg khuh/ wkh vwhdg| vwdwh uhdo

lqwhuhvw udwh orr lv wkh udwh ri lqwhuwhpsrudo suhihuhqfh 41 Wkhuhiruh/ wkh vwhdg| vwdwh qrplqdo

lqwhuhvw udwh +qhjohfwlqj wkh furvv surgxfw 4Z, lv -rr ' Zrr n orr ' f�ffD n f�ffD ' f�f�

zklfk lpsolhv d 7( dqqxdo udwh1

Wkh xwlolw| ixqfwlrq lqfoxghv wkuhh sdudphwhuv= jc �/ dqg C1 Zh wdnh wkh frpprq �jxuh

j ' D dv lq Fkdul/ Nhkrh dqg PfJudwwdq +4<<9,/ Fkdul/ Fkulvwldqr dqg Nhkrh +4<<7,/

dqg PfFdooxp dqg Qhovrq +4<<:,1 Zlwk j ' D/ wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq

lv 315 dqg wkh uhdo lqwhuhvw udwh vhpl0hodvwlflw| ri frqvxpswlrq lv sudfwlfdoo| htxdo wr 0315

+k� ' �f��bb�,1 Wkh ydoxh ri C lv gh�qhg vr wkdw rqh wklug ri wkh wrwdo wlph lv vshqw dw

zrun lq wkh vwhdg| vwdwh vroxwlrq ri wkh prgho/ C ' ��S�2D1 Duelwudulo|/ lw lv vhw ?rr ' �/

dqg wkhuhiruh A ' �1 Wkh uhvsrqvh ri wkh dprxqw ri oderu vxssolhg e| wkh krxvhkrogv wr wkh

uhdo zdjh lv jryhuqhg lq wkh oderu vxsso| ixqfwlrq +716, e| wkh pdjqlwxgh ri �1 Dfwxdoo|/

wkh oderu vxsso| hodvwlflw| ghshqgv wkhuh rq wkh vwhdg| vwdwh ohlvxuh0wr0zrun wlph udwlr dqg

rq wkh ydoxh dvvljqhg wr � +#?r| c�|
' ,rr

�?rr
,1 Ehlqj ,rr

?rr
' ��bSHH/ zh vhw � ' ����2D lq rughu wr

kdyh #?r| c�|
' f��D1 Wklv �jxuh lv wdnhq iurp Mrkqvrq dqg Shqfdyho +4<;7, zkhuh dq h{whqvlyh

oderu vxsso| hpslulfdo vwxg| lv frqgxfwhg iru XV gdwd1 D orz qxpehu ri wkh oderu vxsso|

hodvwlflw| kdv ehhq jhqhudoo| xwlol}hg lq wkh olwhudwxuh +vhh Shqfdyho +4<;9, iru d vxuyh|,1

Wkh �jxuh ri # lq wkh dgmxvwphqw frvw ri lqyhvwphqw ixqfwlrq +51<, lv fkrvhq wr lpso| d

vhpl0hodvwlflw| ri lqyhvwphqw uhodwlyh wr wkh h{shfwhg uhdo dvvhw suhplxp 5| htxdo wr 418 dv lq

Fdvduhv dqg PfFdooxp +5333,1 Lq dgglwlrq/ wkh vl}h ri wkh dgmxvwphqw frvw lpsolhv d udwlr

ehwzhhq wkh wrwdo dgmxvwphqw frvw dqg rxwsxw htxdo wr 4( lq vwhdg| vwdwh/ l1h1/ �E%rr�
+rr

' f�f�1

Dffruglqjo|/ zh vhw # ' e�SD dqg � ' f�fD1

Wkh prqh| ghpdqg irupxodwlrq +6159, ghulyhg deryh fdq eh xvhg wr fdoleudwh wkh frh!0

flhqwv ri wkh vkrsslqj wlph ixqfwlrq +515,1 Wkxv/ @� wdnhv d ydoxh vxfk wkdw wkh lqwhuhvw udwh

vhpl0hodvwlflw| lq wkh uhdo prqh| ghpdqg lv 043/ ru wkhuh lv dq lqwhuhvw udwh hodvwlflw| htxdo

wr 0314 vlqfh -rr ' f�f�1 Wkh frqvxpswlrq hodvwlflw| ghshqgv rq erwk @2 dqg @�1 Kdylqj vhw

@� douhdg|/ zh fkrvh wkh �jxuh ri @2 wr lpso| d frqvxpswlrq hodvwlflw| ri 3181 Wkhvh �jxuhv

duh frqvlvwhqw zlwk hvwlpdwhv uhfhqwo| uhsruwhg lq orqj0uxq prqh| ghpdqg vwxglhv rq XV

gdwd e| Edoo +4<<:,/ dqg Phow}hu dqg Udvfkh +4<<9,1 Wkh rwkhu wzr sdudphwhuv @f dqg @�

duh fdoleudwhg orrnlqj dw wkh edvholqh vwhdg| vwdwh vroxwlrq1 Wkh vwhdg| vwdwh yhuvlrq ri wkh

prqh| ghpdqg ixqfwlrq kdv d frqvwdqw whup1 Wkh ydoxh dvvljqhg wr @� ohdgv wr dq xqlwdu|
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frqvxpswlrq ryhu uhdo prqh| udwlr59 lq vwhdg| vwdwh + Srr

6rr ' �,1 Ilqdoo|/ @f zdv fdoleudwhg e|

frqvlghulqj wkh vwhdg| vwdwh vkrsslqj wlph dv 4137( ri wkh wrwdo wlph1 Wklv lv htxlydohqw wr

vd| wkdw 5( ri rxwsxw lq vwhdg| vwdwh lv vshqw rq wudqvdfwlrq frvwv iru wkh edvholqh lq dwlrq

hfrqrp|1

Wkh frh!flhqw ri dxwrfruuhodwlrq ri wkh whfkqrorj| vkrfn lv vhw wr wkh vwdqgdug �jxuh �5 '

f�bD1 Dv iru wkh frqvxpswlrq suhihuhqfh udqgrp surfhvv/ wkh frh!flhqw ri dxwrfruuhodwlrq

�S lv 31656 dv lq PfFdooxp dqg Qhovrq +4<<:,1

Wkh Ixkuhu0Prruh htxdwlrq suhvhqwhg lq wkh suhylrxv vhfwlrq hqwhuv wkh prgho zlwk d

frh!flhqw rq wkh rxwsxw jds htxdo wr 3133;1 Wklv ydoxh zdv xwlol}hg e| Qhovrq +4<<;, iru

XV gdwd dqdo|vlv1

Doo wkh qxpehuv rewdlqhg lq wkh fdoleudwlrq duh uhsruwhg lq Wdeoh 51 Ixuwkhupruh/ vrph

uhohydqw vwhdg| vwdwh lqirupdwlrq iru wkh fdoleudwlrq dw kdqg lv frqwdlqhg lq Wdeoh 61

Wdeoh 5

Fdoleudwlrq ri wkh sdudphwhuv ri wkh prgho
k ' f��S j ' D @f ' f�f�ff � ' f�fD �>

f ' f�ffD � ' f�ffH

B ' f�f2D � ' ����2D @� ' f�fSHe # ' e�SD �>� ' f�D

4 ' f�ffD C ' ��S�2D @2 ' D �S ' f��2�

q ' f�bbD @� ' b �5 ' f�bD

Wdeoh 6

Uhohydqw udwlrv lq wkh vwhdg| vwdwh vroxwlrq1
S

+
' f�.�SD

%

+
' f�2D�D

�E%�

+
' f�f�

&

+
' �f��D

S

6
' �

%

6
' f��eeD

+

6
' ���2

&

6
' ���.H

?

A
' f�����

,

A
' f�SDS2

r

A
' f�f�fe

,

?
' ��bSHH

Wkh sduwldo0htxloleulxp prgho lv vroyhg e| phdqv ri d v|vwhp ri olqhdu udwlrqdo h{shf0

wdwlrqv htxdwlrqv xvlqj Sdxo Nohlq*v dojrulwkp +Nohlq +4<<:,,15: Wklv phwkrg uhdfkhv wkh

59Rq txduwhuo| XV gdwd/ wkh udwlr ri uhdo prqh| ryhu frqvxpswlrq kdv d vdpsoh phdq htxdo wr 4136 lq wkh

shulrg 4<98=404<<:=71 P4 prqh| vwrfn vhdvrqdoo| dgmxvwhg +VD, zdv wdnhq wr uhsuhvhqw qrplqdo prqh|1 Dv

iru wkh sulfh ohyho/ wkh JGS lpsolflw gh dwru zdv fkrvhq1 Ilqdoo|/ frqvxpswlrq lv jlyhq e| wkh dprxqw ri

+VD, uhdo shuvrqdo frqvxpswlrq h{shqglwxuhv1 Wkh edvh |hdu zdv 4<<5 iru erwk frqvxpswlrq dqg wkh sulfh

ohyho1 Vrxufh= Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv1
5:Sduwlfxoduo|/ zh udq wkh urxwlqh fdoohg �vroyhn1p� lq PdwOde 7151
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plqlpdo vwdwh yduldeoh vroxwlrq ri wkh v|vwhp dv h{sodlqhg lq PfFdooxp +4<<<e,1 Wkh vrox0

wlrq lv h{suhvvhg dv ghflvlrq uxoh ixqfwlrqv ri wkh hqgrjhqrxv yduldeohv uhvsrqglqj wr wkh vwdwh

yduldeohv1 Wkhuh duh wzr w|shv ri vwdwh yduldeohv= suhghwhuplqhg dqg h{rjhqrxv +vkrfnv,1 Lq

wkh qh{w vhfwlrq/ zh dqdo|}h wkh h�hfwv ri fkdqjhv lq wkh odwwhu1

: Lpsxovh0uhvsrqvh ixqfwlrqv

Lpsxovh uhvsrqvh ixqfwlrqv duh fdofxodwhg dv wkh lpsdfw rq wkh hqgrjhqrxv yduldeohv ri hdfk

ri wkh irxu w|shv ri vkrfnv lqfrusrudwhg wr wkh prgho= surgxfwlrq ixqfwlrq +whfkqrorj|,

vkrfn/ prqhwdu| srolf| uxoh vkrfn/ frqvxpswlrq suhihuhqfh vkrfn lq wkh xwlolw| ixqfwlrq/ dqg

vkrsslqj wlph ixqfwlrq vkrfn1 Wkhvh vkrfnv duh jhqhudwhg e| dvvljqlqj d ydoxh ri 4 wr wkh

huuru whup ri wkh h{rjhqrxv surfhvvhv lq rqh sduwlfxodu txduwhu dqg d ydoxh ri 3 iru doo wkh

frplqj txduwhuv1 Iljxuhv 407 vkrz sorwv ri wkh uhvxowlqj lpsxovh uhvsrqvh ixqfwlrqv iru wkh

yduldeohv +lq rughu ri dsshdudqfh, e+|/ e+|/ Z|�Zrr/ eS|/ e%|/ e6|/ er|/ e&|n�/ e?|/ s&|�s&rr / o|�orr/ dqg

-|�-rr1 Dv gh�qhg deryh/ wkh �kdw� �jxuhv sorw shufhqw ghyldwlrqv ri wkhvh yduldeohv iurp

wkhlu vwhdg|0vwdwh ydoxhv1 Wkh pdujlqdo surgxfw ri fdslwdo/ wkh qrplqdo dqg uhdo lqwhuhvw

udwhv/ dqg wkh lq dwlrq udwh duh sorwwhg dv ohyho ghyldwlrqv iurp vwhdg| vwdwh lq iudfwlrqdo

xqlwv1

:14 Whfkqrorj| vkrfn

D srvlwlyh vkrfn wr wkh surgxfwlrq ixqfwlrq rffxuv zkhq wkh h{rjhqrxv frpsrqhqw 5| wdnhv d

srvlwlyh ydoxh lq sE��1 Gxh wr wkh kljk ghjuhh ri vhuldo fruuhodwlrq ri wkh surfhvv +�5 ' f�bD,/ d

rqh0shulrg vkrfn lpsolhv odvwlqj h�hfwv lq wkh uhvsrqvhv ri rxwsxw/ frqvxpswlrq/ lqyhvwphqw/

dqg uhdo prqh| edodqfhv1 Iljxuh 4 ghslfwv wkhvh h�hfwv gxulqj wkh 63 txduwhuv frplqj diwhu

wkh vkrfn1

Fdsdflw| rxwsxw ulvhv pruh dqg hduolhu wkdq fxuuhqw rxwsxw fuhdwlqj d whpsrudu| qhjdwlyh

rxwsxw jds1 Lw lv lqwhuhvwlqj wr revhuyh lq Iljxuh 4 krz fxuuhqw rxwsxw uhdfkhv lwv shdn

+9;( ri wkh vkrfn, zlwk d ghod| ri hljkw txduwhuv zlwk uhvshfw wr wkh vkrfn1 Ghpdqg

frpsrqhqwv/ erwk frqvxpswlrq dqg lqyhvwphqw/ vkrz wkhlu pd{lpxp uhvsrqvhv diwhu hljkw

txduwhuv dv zhoo1 Krzhyhu/ lqyhvwphqw kdv d udwkhu kljkhu shdn ri durxqg wkuhh wlphv wkh vl}h

ri frqvxpswlrq1 Rq wkh frqwudu|/ wkh vwrfn ri fdslwdo suhvhqwv d yhu| vorz srvlwlyh uhvsrqvh

wr d whfkqrorj| vkrfn1 Lwv pd{lpxp ydoxh lv 78( ri wkh vkrfn/ uhdfkhg diwhu 65 txduwhuv +;
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|hduv$,/ ihdwxulqj d vprrwk vkdsh dv Iljxuh 4 vkrzv1

Lq dwlrq gursv gxulqj wkh qh{w txduwhuv diwhu wkh vkrfn1 Wkh pdmru lpsdfw rq lq dwlrq

rffxuv irxu shulrgv diwhu wkh vkrfn zkhq lw idoov e| 44( ri wkh vkrfn15; Wklv txduwhu lv odwhu

wkdq wkh pdmru uhvsrqvhv rq fdsdflw| rxwsxw exw hduolhu wkdq wkh shdn rq fxuuhqw rxwsxw1

Erwk wkh pdujlqdo surgxfw ri fdslwdo dqg/ hvshfldoo|/ wkh uhdo lqwhuhvw udwh jr xs dv d uhvxow

ri d whfkqrorj| vkrfn1

Wkh ghpdqg iru uhdo prqh| edodqfhv uhsruwv dq lqfuhdvh e| 97( ri wkh vkrfn zlwk fhuwdlq

ghod| wkdw lv fdxvhg e| d odujhu yroxph ri frqvxpswlrq dqg d odwh idoo lq wkh qrplqdo lqwhuhvw

udwh1

Wkh vkrsslqj wlph ixqfwlrq phdvxuhv wkh wudqvdfwlrq frvwv1 Dowkrxjk frqvxpswlrq lv

ulvlqj zlwk d whfkqrorj| vkrfn wkhuh lv qr vljql�fdqw lpsdfw lq wudqvdfwlrq frvwv gxh wr d

vlpxowdqhrxv juhdwhu ghpdqg ri pruh prqhwdu| vhuylfhv1

:15 Prqhwdu| vkrfn

Lq dffrugdqfh zlwk wkh prqhwdu| srolf| uxoh +5144,/ d prqhwdu| vkrfn uhsuhvhqwv dq xqh{0

shfwhg lqfuhdvh lq wkh qrplqdo prqh| jurzwk udwh >|1 Wkh h�hfwv ri d xqlw vkrfn fdq eh

revhuyhg lq Iljxuh 51

Wkh uhvsrqvh ri lq dwlrq wr d kljkhu prqh| jurzwk uhdfkhv lwv pd{lpxp �yh txduwhuv

diwhu wkh vkrfn zkhq wkhuh lv dq lqfuhdvh ri 66( ri wkh vkrfn15< Wklv uhsuhvhqwv d ehoo0vkdshg

lpsxovh uhvsrqvh ixqfwlrq dv uhsruwhg lq wkh wklug er{ ri Iljxuh 511

D oltxlglw| +ghfuhdvlqj, h�hfw rq wkh qrplqdo lqwhuhvw udwh wrjhwkhu zlwk sulfh vwlfnlqhvv

wkdw uhvxowv lq d vorz ulvh ri lq dwlrq ohdg wr d x0vkdsh idoo lq wkh uhdo lqwhuhvw udwh e|

75( ri wkh vkrfn1 Lq wxuq/ erwk frqvxpswlrq dqg lqyhvwphqw jr xs dqg pdnh fxuuhqw

rxwsxw lqfuhdvh e| 453( ri wkh vkrfn631 Lqyhvwphqw lv pxfk pruh vhqvlwlyh wr wkh vkrfn

wkdq frqvxpswlrq zklfk suhvhqwv d vprrwkhu sdwwhuq1 Lqghhg/ sulfh vwlfnlqhvv eulqjv derxw

vljql�fdqw vkruw0whup uhdo h�hfwv iurp prqh|0jurzwk vxusulvhv gxh wr wkh shuvlvwhqw idoo lq

5;Wkhuhiruh/ d whfkqrorj| vkrfn wkdw lqfuhdvhv fdsdflw| rxwsxw e| 4( jlyhv ulvh wr d pd{lpxp gurs lq

dqqxdo lq dwlrq ri 3177(1
5<Lq rwkhu zrugv/ d 7( xqh{shfwhg lqfuhdvh lq wkh dqqxdo qrplqdo prqh| jurzwk udwh ohdgv wr d 4165(

pd{lpxp lqfuhdvh lq wkh dqqxdo udwh ri lq dwlrq uhdfkhg 8 txduwhuv diwhu wkh vkrfn1
63Rqh pd| eholhyh wkdw wklv uhvsrqvh lv wrr odujh1 Wkh uhdvrq iru wklv fdq eh wkh odfn ri dq| vwdelol}lqj

phfkdqlvp lq wkh prqh|0jurzwk prqhwdu| srolf| uxoh1 Li zh lqwurgxfhg vwdelol}lqj surshuwlhv lq wkh prqhwdu|

srolf| uxoh/ iru h{dpsoh/ d Wd|oru0w|sh uxoh/ wkh uhvsrqvh zrxog eh txlwh vpdoohu1
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wkh uhdo lqwhuhvw udwh1

Rq wkh vxsso| vlgh/ zh pxvw vhh krz fdslwdo dqg pdunhw fohdulqj oderu uhdfw wr ghwhuplqh

fdsdflw| rxwsxw1 Fdslwdo ulvhv vorzo| wr uhdfk d 58( ri wkh vkrfn shdn 9 txduwhuv diwhu wkh

vkrfn1 Dv iru pdunhw fohdulqj oderu/ wkhuh lv dq lpphgldwh gurs e| 49( ri wkh vkrfn gxh

wr wkh ghfuhdvh lq wkh oderu vxsso|1 Wkh hduo| idoo rq pdunhw0fohdulqj oderu grplqdwhv lq

wkh surgxfwlrq ixqfwlrq ryhu wkh odwhu lqfuhdvh lq wkh vwrfn ri fdslwdo/ dqg fdsdflw| rxwsxw

uhsruwv d voljkw ghfuhdvh +43( ri wkh vkrfn,1

Wkh dprxqw ri e6| ulvhv e| 453( ri wkh vkrfn gxh wr orzhu qrplqdo lqwhuhvw udwhv +oltxlglw|

h�hfw wr fohdu wkh prqh| pdunhw,/ dqg pruh frqvxpswlrq h{shqglwxuhv1 Wklv uhvsrqvh ri

uhdo prqh| lv frqvlghudeo| odujhu wkdq wkh uhvsrqvh ri frqvxpswlrq +e| dssur{lpdwho| 6

wlphv,1 Dv d uhvxow/ wkh wudqvdfwlrqv +vkrsslqj, wlph idoov gdzq e| qhdu 68( ri wkh vl}h ri

wkh vkrfn gxulqj wkh �uvw txduwhuv diwhu wkh vkrfn1 Krzhyhu/ wkhuh lv d surjuhvvlyh uhwxuq wr

wkh vwhdg| vwdwh ydoxh dqg �jxuhv jr ryhu wkh srvlwlyh vlgh whq txduwhuv diwhu wkh vkrfn1

:16 Frqvxpswlrq suhihuhqfh vkrfn

Dv vkrzq lq Iljxuh 6/ d xqlwdu| srvlwlyh vkrfn wr wkh vwdwh ri frqvxpswlrq suhihuhqfh hqwhulqj

wkh xwlolw| ixqfwlrq ohdgv wr d ulvh lq wkh frqvxpswlrq ohyho e| 53( ri wkh vl}h ri wkh vkrfn1

Vlqfh frqvxpswlrq lv rqh ri wkh hohphqwv ri rxwsxw/ wkhuh lv dv zhoo d srvlwlyh h�hfw lq wklv

yduldeoh +47( ri wkh vkrfn lqfuhdvh,1

Wkh qrplqdo lqwhuhvw udwh/ lq dwlrq/ dqg wkh uhdo lqwhuhvw udwh uhvsrqg yhu| olwwoh1 Uhdo

prqh| edodqfhv dovr uhpdlq forvh wr wkh vwhdg| vwdwh �jxuhv1

Wkh frqvxpswlrq suhihuhqfh vkrfn uhvxowhg lq d kljkhu frqvxpswlrq ohyho zlwk qr vlj0

ql�fdqw fkdqjh lq uhdo prqh|1 Wkxv/ wkh wudqvdfwlrq frvwv phdvxuhg e| wkh vkrsslqj wlph

ixqfwlrq ulvh gxulqj wkh txduwhuv zlwk kljkhu frqvxpswlrq1 Wklv lv txlwh d whpsrudu| lq0

fuhdvh dqg 6 txduwhuv diwhu wkh vkrfn wkh vkrsslqj wlph sudfwlfdoo| uhwxuqv wr wkh vwhdg|

vwdwh ydoxh1 Wkh vl}h ri wkh uhvsrqvh ri wkh vkrsslqj wlph lv 7( ri wkh vkrfn1

:17 Wudqvdfwlrqv +vkrsslqj, whfkqrorj| vkrfn

D udqgrp zdon zdv vshfl�hg wr ghvfuleh wkh surfhvv ri wkh h{rjhqrxv vkrfn wr wkh vkrsslqj

wlph ixqfwlrq1 Wkhuhiruh/ d vkrfn wkdw hqwhuv wkh surfhvv wkurxjk wkh lqqrydwlrq wkh udq0

grp zdon zloo vwd| lq wkh surfhvv iru doo ixwxuh shulrgv1 D srvlwlyh vkrfn uhsuhvhqwv pruh
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wudqvdfwlrq frvwv iru wkh vdph ohyho ri eS| dqg e6|/ l1h1/ d zruvhqlqj lq vkrsslqj frqglwlrqv1

Iljxuh 7 vkrzv wkh lpsdfw ri dq xqlw vkrfn lq wkh yduldeohv ri wkh prgho1

Wkh wudqvdfwlrqv whfkqrorj| vkrfn dsshduv lq wkh prgho dv rqh ri wkh h{sodqdwru| ydul0

deohv lq wkh prqh| ghpdqg ixqfwlrq1 Pruh prqh| zloo eh ghpdqghg wr fduu| rxw wudqvdfwlrqv

zkhq wkh vkrsslqj wlph surfhvv lv pruh frvwo|1 Khqfh/ wkhuh lv d shupdqhqw lqfuhdvh lq wkh

txdqwlw| ri uhdo prqh| khog frpsohwhg 45 txduwhuv diwhu wkh vkrfn1 Wklv ulvh dprxqwv wr

derxw 43( ri wkh vkrfn1

Wkh qrplqdo lqwhuhvw udwh dqg wkh udwh ri lq dwlrq dovr ydu|1 D kljkhu ghpdqg ri uhdo

prqh| jhqhudwhv dq lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh dqg glplqlvklqj lq dwlrq1 Wkhvh

fkdqjhv duh qrw txdqwlwdwlyho| lpsruwdqw exw erwk wrjhwkhu pdnh wkh uhdo lqwhuhvw udwh ulvh

derxw 516( ri wkh vkrfn lq lwv shdn1 Kljkhu uhdo lqwhuhvw udwhv uhvxow lqwr orzhu frqvxps0

wlrq/ lqyhvwphqw/ dqg rxwsxw1 Vr/ wkhuh zloo eh vrph +vljql�fdqwo| vpdoo, uhdo h�hfwv ri d

wudqvdfwlrqv whfkqrorj| vkrfn +vhh Iljxuh 7,1

Qhlwkhu fdsdflw| rxwsxw qru lwv wzr frpsrqhqwv/ fdslwdo dqg pdunhw0fohdulqj oderu/ vkrzv

vxevwdqwldo ghyldwlrqv iurp wkh vwhdg| vwdwh zkhq d wudqvdfwlrqv whfkqrorj| vkrfn rffxuv1

Reylrxvo|/ wkh txdqwlwdwlyho| prvw lpsruwdqw lpsdfw ri wkh wudqvdfwlrqv whfkqrorj| vkrfn

lv revhuyhg lq wkh vkrsslqj wlph ixqfwlrq +vhyhqwk er{ lq Iljxuh 7,1 Wudqvdfwlrq frvwv

ulvh gluhfwo| dv d frqvhtxhqfh ri wkh vkrfn1 Wklv lqfuhphqw ehfrphv shupdqhqw xqghu wkh

dvvxpswlrq ri d udqgrp zdon surfhvv iru wkh vkrfn1 Dv orqj dv wlph sdvvhv/ wkh lqlwldo h�hfw

lv voljkwo| uhgxfhg ehfdxvh ri wkh kljkhu ghpdqg iru uhdo prqh| edodqfhv1 Lq wkh hqg/ wkhuh

lv d shupdqhqw uhvsrqvh ri wkh vkrsslqj wlph phdvxuhg dv dq lqfuhphqw e| <9( ri wkh lqlwldo

vkrfn1

; Frqfoxvlrqv

Wklv sdshu kdv suhvhqwhg dqg vroyhg d Vlgudxvnl0w|sh rswlpl}lqj prgho zlwk prqh| lqfrusr0

udwhg lq lwv uroh dv d phglxp ri h{fkdqjh1 Zh iroorzhg wkh wlph0frvw wudqvdfwlrqv dssurdfk

olqnlqj wkh dprxqw ri uhdo prqh| zlwk wkh wlph qhhghg wr fduu| rxw sxufkdvhv1 Wkxv/ d

vkrsslqj wlph ixqfwlrq jlyhv wkh wudqvdfwlrq frvwv dv d ixqfwlrq ri wkh ohyho ri frqvxpswlrq/

wkh dprxqw ri uhdo prqh| edodqfhv/ dqg wkh vwdwh ri wudqvdfwlrqv whfkqrorj|1

Hfrqrplf ghflvlrqv duh pdgh e| d uhsuhvhqwdwlyh krxvhkrog wkdw pd{lpl}h xwlolw| vxemhfw

wr exgjhw dqg wlph frqvwudlqwv1 Lq wxuq/ d vhw ri �uvw rughu frqglwlrqv ghvfuleh wkh g|qdplfv
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ri wkh v|vwhp1 Zh irfxvhg dwwhqwlrq rq wkh uhvxowlqj frqvxpswlrq/ lqyhvwphqw/ dqg prqh|

ghpdqg htxdwlrqv1

Wkh frqvxpswlrq ixqfwlrq lv iruzdug0orrnlqj ehfdxvh ri wkh lqfoxvlrq ri wkh h{shfwhg

qh{w shulrg*v frqvxpswlrq ydoxh dv rqh ri wkh h{sodqdwru| yduldeohv1 Wkh dprxqw ri frq0

vxpswlrq ghshqgv qhjdwlyho| rq wkh uhdo lqwhuhvw udwh dqg wkh uhdo zdjh/ dqg srvlwlyho| rq

d frqvxpswlrq suhihuhqfh vkrfn dqg d uhdo edodqfh whup1

Xqolnh prvw ri wkh prghov ri wkh uhfhqw olwhudwxuh/ lqyhvwphqw lv rqh pruh hqgrjhqrxv

yduldeoh ri wkh prgho1 Zh lqfrusrudwhg dgmxvwphqw frvwv dvvrfldwhg wr wkh wudqvirupdwlrq ri

rxwsxw vdylqjv lqwr fdslwdo1 Rswlpl}lqj lqyhvwruv ghflgh wkh txdqwlw| ri fxuuhqw lqyhvwphqw

ghshqglqj rq doo wkh h{shfwhg suhplxpv ri wkh uhwxuq rq wkh sk|vlfdo dvvhw +fdslwdo, ryhu

wkh uhwxuq rq wkh �qdqfldo dvvhw +jryhuqphqw erqgv,1 Wkh h{lvwhqfh ri dgmxvwphqw frvwv

lpso| d srvlwlyh vwhdg| vwdwh suhplxp wr wkh uhdo dvvhwv zklfk lv htxdo wr wkh pdujlqdo frvw

ri lqvwdoolqj lqyhvwphqw1 Wkh uhvxowv rewdlqhg khuh fdq eh ghulyhg iru dq| nlqg ri prqhwdu|

dqg qrq0prqhwdu| vshfl�fdwlrq zlwklq wkh Vlgudxvnl0w|sh prghov1

Rxu prqh| ghpdqg ixqfwlrq jlyhv wkh rswlpdo txdqwlw| ri uhdo edodqfhv ghshqglqj srvl0

wlyho| rq frqvxpswlrq/ wkh uhdo zdjh dqg wkh wudqvdfwlrqv whfkqrorj| vkrfn/ dqg qhjdwlyho|

rq wkh qrplqdo lqwhuhvw udwh1

Rxwsxw lv ghpdqg0ghwhuplqhg dqg zdv suhvhqwhg lq ghyldwlrqv iurp lwv vwhdg| vwdwh dv

d zhljkwhg vxp ri frqvxpswlrq dqg lqyhvwphqw1 Wkh ghpdqg vlgh ri wkh hfrqrp| fdq eh

vxppdul}hg lq d vhw ri vhyhq htxdwlrqv wkdw zh qdphg vwuxfwxudo LV0OP hfrqrp|1 Ixuwkhu0

pruh/ vrph gh�qlwlrqv/ pdunhw0fohdulqj frqglwlrqv/ dqg d prqhwdu| srolf| uxoh rq prqh|

jurzwk duh dgghg wr wkh LV0OP vhfwru vr dv wr rewdlq d jhqhudo htxloleulxp1

Vwlfn| sulfhv zhuh lqwurgxfhg iroorzlqj wkh Ixkuhu0Prruh frqwudfw sulfhv vhwwlqj1 Wkh

h{lvwhqfh ri qrplqdo uljlglwlhv jlyhv ulvh wr wzr gh�qlwlrqv ri rxwsxw= fxuuhqw rxwsxw dqg

fdsdflw| +pdunhw0fohdulqj, rxwsxw1 Wkh vhwxs ghvfulehg lq wkh sdshu shuplwv wr kdyh fdsdflw|

rxwsxw dv dqrwkhu hqgrjhqrxv yduldeoh1 Wkxv/ xvlqj d Free0Grxjodv whfkqrorj|/ fdsdflw|

rxwsxw lv ghwhuplqhg ghshqglqj rq fdslwdo pryhphqwv/ pdunhw0fohdulqj oderu/ dqg wkh vwdwh

ri surgxfwlrq whfkqrorj|1

Lpsxovh uhvsrqvh uhsuhvhqwdwlrqv zhuh fdofxodwhg iurp vkrfnv wr wkh surgxfwlrq ixqfwlrq/

wr wkh prqhwdu| srolf| uxoh/ wr frqvxpswlrq suhihuhqfhv/ dqg wr wkh vkrsslqj wlph ixqfwlrq1

Fxuuhqw rxwsxw ihdwxuhg vl}hdeoh uhvsrqvhv wr wkh surgxfwlrq whfkqrorj| vkrfn dqg wr wkh

prqhwdu| vkrfn1 Hlwkhu srvlwlyh vkrfn kdg d vljql�fdqw srvlwlyh h�hfw rq rxwsxw= :3( ri
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wkh vl}h ri wkh vkrfn iru wkh whfkqrorj| vkrfn dqg 453( iru wkh prqhwdu| vkrfn1 Lqyhvwphqw

ehkdyhg pxfk pruh vhqvlwlyh wr wkh vkrfnv wkdq frqvxpswlrq1 Lq dgglwlrq/ wkh whfkqrorj|

vkrfn ihdwxuhg pxfk pruh shuvlvwhqw h�hfwv wkdq wkh prqh| jurzwk vkrfn1

Lq dwlrq vkrzv d srvlwlyh lpsdfw iurp d prqhwdu| vkrfn dqg d qhjdwlyh h�hfw iurp d

whfkqrorj| vkrfn1 Wkhvh uhvsrqvhv uhdfkhg shdnv ri 66( +lqfuhdvh, dqg 44( +ghfuhdvh,/

uhvshfwlyho|/ ri wkh vkrfn1 Wzr sdwwhuqv zhuh frpprq lq wkh uhvsrqvhv ri lq dwlrq= kljk

shuvlvwhqfh dqg ghod|hg pd{lpxp1

Wkh h{lvwhqfh ri dgmxvwphqw frvwv pdgh wkh uhvsrqvhv ri fdslwdo wr whfkqrorj| ru prqh0

wdu| vkrfnv eh uhdvrqdeo| vpdoo dqg zhoo0frqvwudlqhg1

D frqvxpswlrq suhihuhqfh vkrfn ohg wr d ulvh lq frqvxpswlrq dqg vxevhtxhqwo| lq rxwsxw1

Wkh uhvsrqvh ri lq dwlrq zdv srvlwlyh exw qrw vxevwdqwldo1 Wkh odvw nlqg ri vkrfn dqdo|}hg

zdv d vkrsslqj whfkqrorj| vkrfn1 Wkh prvw vljql�fdqw uhvsrqvh zdv d <8( shupdqhqw

lqfuhdvh lq wudqvdfwlrq frvwv1 Wkhuh zdv dovr d shupdqhqw h�hfw ri d 43( lqfuhdvh rq wkh

dprxqw ri uhdo prqh| edodqfhv dqg vrph qhjdwlyh uhdo h�hfw rq fxuuhqw rxwsxw dqg lwv wzr

frpsrqhqwv1
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DSSHQGL[

Ghulylqj dqg fdoleudwlqj wkh LV fxuyh1

Wkh vwuxfwxudo LV0OP vhw ri htxdwlrqv lq wkh pdlq wh{w lqfoxghv wkh frqvxpswlrq ixqfwlrq

+6163d,/ wkh lqyhvwphqw ixqfwlrq +6163e,/ dqg wkh ryhudoo uhvrxufhv frqvwudlqw +6163f,

eS| ' .|eS|n� n k�Eo| � orr� n k2E e�| �.| e�|n�� n k�Ee6| �.| e6|n�� n kel| +6163d,

e%| ' E�� B�.|e%|n� n �
E#3���%E%rr�

E.|s&|n� � B � o|� +6163e,

e+| ' ��eS| n �2e%| +6163f,

Lqvhuwlqj erwk frqvxpswlrq dqg lqyhvwphqw iurp wkh �uvw wzr htxdwlrqv lq wkh wklug rqh

e+| ' ��.|eS|n� n ��k�Eo| � orr� n ��k2E e�| � .| e�|n�� n ��k�Ee6| � .| e6|n�� n

��kel| n �2E�� B�.|e%|n� n �2
�

E#3���%E%rr�
E.|s&|n� � B � o|�� +D14,

Iurp htxdwlrq +6163f, rqh shulrg dkhdg/ zh kdyh

.|e+|n� ' ��.|eS|n� n �2.|e%|n�� +D15,

Frpelqlqj +D14, dqg +D15,/ lw |lhogv wkh iroorzlqj h{shfwdwlrqdo LV ixqfwlrq

e+| ' .|e+|n� n ��k�Eo| � orr� n ��k2Ee�| � .| e�|n�� n ��k�Ee6| � .| e6|n�� +D16,

n��kel| � �2B.|e%|n� n �2
�

E#3���%E%rr�
E.|s&|n� � B � o|��

Xvlqj wkh fdoleudwlrq ri wkh sdudphwhuv ghvfulehg lq vhfwlrq 9 dqg fdofxodwlqj vwhdg|0vwdwh

�jxuhv/ rqh rewdlqv wkh iroorzlqj qxpehuv=
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dqg B ' f�f2D1

Vxevwlwxwlqj wkhp lq +D16, zh kdyh

e+| ' .|e+|n� � f�2Eo| � orr� n f��l| � f�fffHEe�| � .| e�|n��

n f�ff.�Ee6| �.| e6|n��� f�ffSS.|e%|n� n f��bDE.|s&|n� � B � o|�� +D17,

Lqwhuhvwlqjo|/ wkh uhdo prqh| edodqfhv dqg uhdo zdjh frpsrqhqwv suhvhqw d yhu| vpdoo txdq0

wlwdwlyh vljql�fdqfh1 Qhjohfwlqj wkh vpdoo qxpehuv/l1h1/ wkrvh vpdoohu wkdq 3134/ wkh h{shf0

wdwlrqdo LV htxdwlrq +D17, frxog eh dssur{lpdwhg e| wklv vlpsohu htxdwlrq

e+| ' .|e+|n� � f�2Eo| � orr� n f��l| n f��bDE.|s&|n� � B � o|�� +D�D,

Wkh dsshdudqfh ri +D18, uhplqgv wkh w|sh ri h{shfwdwlrqdo LV ixqfwlrq iuhtxhqwo| xvhg wr

vlpxodwh pdfurhfrqrplf g|qdplfv +iru h{dpsohv vhh Nhuu dqg Nlqj +4<<9,/ Urwhpehuj dqg

Zrrgirug +4<<:,/ dqg PfFdooxp dqg Qhovrq +4<<:,, zlwk wkh lqfoxvlrq ri wkh h{shfwhg

suhplxp wr wkh uhwxuq rq wkh uhdo dvvhw
�
.|s&|n� � B � o|

�
wr h{sodlq lqyhvwphqw ehkdylru1
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UHIHUHQFHV

Deho/ D1 +4<;6,1 �Rswlpdo lqyhvwphqw xqghu xqfhuwdlqw|�1 Dphulfdq Hfrqrplf Uhylhz/

:6/ 55;05661

Dwwdqdvlr/ R1S1/ Jxlvr/ O1/ dqg Mdsshool/ W1 �Wkh ghpdqg iru prqh|/ �qqdqfldo lqqryd0

wlrq/ dqg wkh zhoiduh frvw ri lq dwlrq= dq dqdo|vlv zlwk krxvhkrog*v gdwd�1 QEHU1 Zrunlqj

sdshu 98<61

Edoo/ O1 +4<<;,1 �Dqrwkhu orrn dw orqj0uxq prqh| ghpdqg�1 QEHU/ zrunlqj sdshu 98<:1

Ehqdvv|/ M1S1 +4<<8,1 �Prqh| dqg zdjh frqwudfwv lq dq rswlpl}lqj prgho ri wkh exvlqhvv

f|foh�1 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 68/ 63606481

Eurfn/ Z1D1 +4<:8,1 �D vlpsoh shuihfw iruhvljkw prqhwdu| prgho� Mrxuqdo ri Prqhwdu|

Hfrqrplfv 4/ 46604831

Fdoyr/ J1D1 +4<;6,1 �Vwdjjhuhg sulfhv lq d xwlolw|0pd{lpl}lqj iudphzrun�1 Mrxuqdo ri

Prqhwdu| Hfrqrplfv 45/ 6;606<;1

Fdvduhv/ P1 +4<<<,1 �Orqj0uxq dqdo|vlv lq rswlpl}lqj prqhwdu| prghov�/ grfwrudo wkhvlv/

40871

��/ dqg PfFdooxp/ E1W1 +5333,1 �Dq rswlpl}lqj LV0OP iudphzrun zlwk hqgrjhqrxv

lqyhvwphqw�/ xqsxeolvkhg1

Fkdgkd/ M1V1/ Kdogdqh/ D1J1/ dqg Mdqvvhq/ Q1J1M1 +4<<;,1 �Vkrh0ohdwkhu frvwv uhfrqvlg0

huhg�1 Hfrqrplf Mrxuqdo/ 43;/ 69606;51

Fkdul/ Y1Y1/ Nhkrh/ S1M1/ dqg PfJudwwdq/ H1U1/ +4<<9,1 �Vwlfn| sulfh prghov ri wkh

exvlqhvv f|foh= fdq wkh frqwudfw pxowlsolhu vroyh wkh shuvlvwhqfh sureohp�1 QEHU1 Zrunlqj

sdshu 8;3<1

Fkr/ M1 R1/ dqg Frroh|/ W1I1 +4<<8,1 �Wkh exvlqhvv f|foh zlwk qrplqdo frqwudfwv�1

Hfrqrplf Wkhru|/ 9/ 460661

Frroh|/ W1I1/ dqg Kdqvhq/ J1G1 +4<;<,1 �Wkh lq dwlrq wd{ lq d uhdo exvlqhvv f|foh prgho�1

Dphulfdq Hfrqrplf Uhylhz/ :</ :660:7;1
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Gl{lw/ D1N1/ dqg Vwljolw}/ M1H1 +4<::,1 �Prqrsrolvwlf frpshwlwlrq dqg rswlpxp surgxfw

glyhuvlw|�1 Dphulfdq Hfrqrplf Uhylhz/ 9:/ 5<:063;1

Grwvh|/ P1/ Nlqj/ U1/ dqg Zropdq/ D1 +4<<:,1 �Phqx frvwv/ vwdjjhuhg sulfh vhwwlqj/ dqg

hodvwlf idfwru vxsso|�1 Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ pdqxvfulsw1

Grz/ M1S1 +4<<8,1 �Wkh ghpdqg dqg oltxlglw| h�hfwv ri prqhwdu| vkrfnv�1 Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 69/ <404481

Gxwwrq/ G1V1/ dqg Judpp/ Z1S1 +4<:6,1 �Wudqvdfwlrqv frvwv/ wkh zdjh udwh/ dqg wkh

ghpdqg iru prqh|�1 Dphulfdq Hfrqrplf Uhylhz/ 96/ 98509981

Ihhqvwud/ U1F1 +4<;9,1 �Ixqfwlrqdo htxlydohqfh ehwzhhq oltxlglw| frvwv dqg wkh xwlolw| ri

prqh|�1 Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4:/ 5:405<41

Ixkuhu/ M1F1 dqg Prruh/ J1U1 +4<<8,1 �Lq dwlrq shuvlvwhqfh�1 Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 443/ 45:048<1

Kdludxow/ M1R1/ dqg Sruwlhu/ I1 +4<<6,1 �Prqh|/ qhz0nh|qhvldq pdfurhfrqrplfv dqg wkh

exvlqhvv f|foh�1 Hxurshdq Hfrqrplf Uhylhz/ 6:/ 48660489;1

Luhodqg/ S1Q1 +4<<:,1 �D vpdoo/ vwuxfwxudo/ txduwhuo| prgho iru prqhwdu| srolf| hydoxd0

wlrq�1 Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 7:/ ;6043;1

Mrkqvrq/ W1U1/ dqg Shqfdyho/ M1K1 �G|qdplf krxuv ri zrun ixqfwlrqv iru kxvedqgv/ zlyhv/

dqg vlqjoh ihpdohv�1 Hfrqrphwulfd/ 85+5,/ 69606;<1

Nduql/ H1 +4<:6,1 �Wkh wudqvdfwlrqv ghpdqg iru fdvk= lqfrusrudwlrq ri wkh ydoxh ri wlph

lqwr wkh lqyhqwru| dssurdfk�1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;4/ 4549045581

Nhuu/ Z1/ dqg Nlqj/ U1J1 +4<<9,1 �Olplwv rq lqwhuhvw udwh uxohv lq wkh LV prgho�1 Ihghudo

Uhvhuyh Edqn ri Ulfkprqg Hfrqrplf Txduwhuo|/ ;5/ 7:0:81

Nlqj/ U1/ dqg Zdwvrq/ P1 +4<<8,1 �Prqh|/ sulfhv/ lqwhuhvw udwhv/ dqg exvlqhvv f|fohv�1

Ihghudo Uhvhuyh Edqn ri Fklfdjr1 Zrunlqj sdshu <80431

Nohlq/ S1 +4<<:,1 �Xvlqj wkh jhqhudol}hg Vfkxu irup wr vroyh d v|vwhp ri olqhdu h{shfwd0

wlrqdo gl�huhqfh htxdwlrqv�1 Zrunlqj sdshu1 Xqlyhuvlw| ri Vwrfnkrop1
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Nroopdq/ U1 +4<<9,1 �Wkh h{fkdqjh udwh lq d g|qdplf0rswlpl}lqj fxuuhqw dffrxqw prgho

zlwk qrplqdo uljlglwlhv= d txdqwlwdwlyh lqyhvwljdwlrq� Xqlyhuvlwh gh Prqwuhdo/ F1U1G1H1/

fdklhu 4;<91

PfFdooxp/ E1W1 +4<<<d,1 �Wkhruhwlfdo Dqdo|vlv Uhjduglqj d ]hur Orzhu Erxqg rq Qrp0

lqdo Lqwhuhvw Udwhv/� Zrunlqj Sdshu1

��/ +4<<<e,1 �Urohv ri wkh plqlpdo vwdwh yduldeoh fulwhulrq lq udwlrqdo h{shfwdwlrqv

prghov�1 QEHU1 Zrunlqj sdshu :3;:1

��/ dqg P1V1 Jrrgiulhqg +4<;:,1 �Ghpdqg iru prqh|= wkhruhwlfdo vwxglhv� Wkh qhz

Sdojudyh= d glfwlrqdu| ri Hfrqrplfv1 Orqgrq/ Pdfploodq Suhvv1 Uhsulqwhg lq Ihghudo Uh0

vhuyh Edqn ri Ulfkprqg Hfrqrplf Uhylhz +4<;;,/ :7/ 490571

��/ dqg H1 Qhovrq +4<<:,1 �Shuirupdqfh ri rshudwlrqdo srolf| uxohv lq dq hvwlpdwhg

vhpl0fodvvlfdo vwuxfwxudo prgho�1 QEHU1Zrunlqj sdshu 98<<1 Iruwkfrplqj lq Wd|oru +4<<<,1

Phow}hu/ D1K1/ dqg Udvfkh/ U1K1 +4<<9,1 �Wkh ghpdqg iru prqh|= wkh wlph vhulhv uhylv0

lwhg�/ xqsxeolvkhg1 Fduqhjlh Phoorq Xqlyhuvlw|/ Slwwvexujk/ SD1

Qhovrq/ H1 +4<<;,1 �Voxjjlvk lq dwlrq dqg rswlpl}lqj prghov ri wkh exvlqhvv f|foh�1

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 75/ 63606551

Shqfdyho/ M1 +4<;9,1 �Oderu vxsso| ri phq= d vxuyh|�1 Kdqgerrn ri Oderu Hfrqrplfv1

Dpvwhugdp= Qruwk0Kroodqg1

Urehuwv/ M1P1 +4<<8,1 �Qhz nh|qhvldq hfrqrplfv dqg wkh Skloolsv fxuyh�1 Mrxuqdo ri

Prqh|/ Fuhglw/ dqg Edqnlqj/ 5:/ <:80<;71

Urwhpehuj/ M1M1/ dqg Zrrgirug/ P1 +4<<:,1 �Dq rswlpl}lqj0edvhg hfrqrphwulf iudph0

zrun iru wkh hydoxdwlrq ri prqhwdu| srolf|/� QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/ E1P1

Ehuqdqnh dqg M1M1 Urwhpehuj/ hgv1 PLW Suhvv/ Fdpeulgjh/ PD1

Urwhpehuj/ M1M1/ dqg Zrrgirug/ P1 +4<<<,1 �Lqwhuhvw udwh uxohv lq dq hvwlpdwhg vwlfn|

sulfh prgho�1 Prqhwdu| Srolf| Uxohv1 Mrkq E1 Wd|oru +hg1,1 Xqlyhuvlw| ri Fklfdjr Suhvv iru

QEHU/ 8:044<1
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Vlgudxvnl/ P1 +4<9:,1 �Udwlrqdo fkrlfh dqg sdwwhuqv ri jurzwk lq d prqhwdu| hfrqrp|�1

Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ 7:/ 86708771

Vlpv/ F1D1 +4<<7,1 �D vlpsoh prgho iru vwxg| ri wkh ghwhuplqdwlrq ri wkh sulfh ohyho dqg

wkh lqwhudfwlrq ri prqhwdu| dqg �vfdo srolf|�1 Hfrqrplf Wkhru|/ 7/ 6;406<<1

Wd|oru/ M1 +4<:<,1 �Vwdjjhuhg sulfh vhwwlqj lq d pdfur prgho�1 Dphulfdq Hfrqrplf

Uhylhz 9</ 43;04461

Xkolj/ K1 +4<<;, �D wrronlw iru dqdo|}lqj qrqolqhdu g|qdplf vwrfkdvwlf prghov hdvlo|�

pdqxvfulsw/ Xqlyhuvlw| ri Wloexuj1

Zrrgirug/ P1 +4<<7,1 �Prqhwdu| srolf| dqg sulfh ohyho ghwhuplqdf| lq d fdvk0lq0dgydqfh

hfrqrp|�1 Hfrqrplf Wkhru| 7/ 67806;31

��/ P1 +4<<9,1 �Frqwuro ri wkh sxeolf ghew= d uhtxluhphqw iru sulfh vwdelolw|B�1 QEHU1

Zrunlqj sdshu 8;971

\xq/ W1 +4<<9,1 �Qrplqdo sulfh uljlglw|/ prqh| vxsso| hqgrjhqhlw|/ dqg exvlqhvv f|fohv�1

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6:/ 67806:31
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