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Devwudfw

Lq prghov zlwk xqrevhuyhg wdvwh khwhurjhqhlw|/ glvwulexwlrqdo dv0

vxpswlrqv fdq eh sodfhg lq wzr zd|v= +4, e| vshfli|lqj wkh glvwule0

xwlrq ri frh!flhqwv lq wkh xwlolw| ixqfwlrq dqg ghulylqj wkh glvwulex0

wlrq ri zloolqjqhvv wr sd| +zws,/ ru +5, e| vshfli|lqj wkh glvwulexwlrq

ri zws dqg ghulylqj wkh glvwulexwlrq ri frh!flhqwv1 Lq jhqhudo wkh

wzr dssurdfkhv duh htxlydohqw/ lq wkdw dq| pxwxdoo| frpsdwleoh glv0

wulexwlrqv iru frh!flhqwv dqg zws fdq eh uhsuhvhqwhg lq hlwkhu zd|1

Krzhyhu/ lq sudfwlfh/ frqyhqlhqw glvwulexwlrqv/ vxfk dv qrupdo ru

orjqrupdo/ duh xvxdoo| vshfl�hg/ dqg wkhvh frqyhqlhqw glvwulexwlrqv

kdyh gl�huhqw lpsolfdwlrqv zkhq sodfhg rq zws*v wkdq rq frh!flhqwv1

Zh frpsduh prghov wkdw xvh qrupdo dqg orjqrupdo glvwulexwlrqv iru

frh!flhqwv +fdoohg prghov lq suhihuhqfh vsdfh, zlwk prghov xvlqj

wkhvh glvwulexwlrqv iru zws +fdoohg prghov lq zws vsdfh,1 Zh �qg

wkdw wkh prghov lq suhihuhqfh vsdfh �w wkh gdwd ehwwhu exw surylgh

ohvv uhdvrqdeoh glvwulexwlrqv ri zws wkdq wkh prghov lq zws vsdfh1

Rxu �qglqjv vxjjhvwv wkdw ixuwkhu zrun lv qhhghg wr lghqwli| glvwule0

xwlrqv wkdw hlwkhu �w ehwwhu zkhq dssolhg lq zws vsdfh ru lpso| pruh

uhdvrqdeoh glvwulexwlrqv ri zws zkhq dssolhg lq suhihuhqfh vsdfh1

Nh|zrugv= Glvfuhwh fkrlfh/ zloolqjqhvv wr sd|/ vwdwhg suhihuhqfh/

yhklfoh fkrlfh/ Ed|hvldq hvwlpdwlrq1

MHO Fodvvl�fdwlrq= F44/ F58/ G45
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Glvfuhwh Fkrlfh Prghov lq Suhihuhqfh Vsdfh dqg
Zloolqjqhvv0wr0Sd| Vsdfh

e|

Nhqqhwk Wudlq

Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ dqg

Phoy|q Zhhnv

Xqlyhuvlw| ri Fdpeulgjh

4 Lqwurgxfwlrq

Lq pdq| dssolfdwlrqv ri glvfuhwh fkrlfh prghov zlwk udqgrp frh!0

flhqwv/ wkh sulfh frh!flhqw lv khog frqvwdqw/ hvshfldoo| zkhq wkh jrdo

lv wr hvwlpdwh wkh glvwulexwlrq ri frqvxphuv* zloolqjqhvv wr sd| iru

surgxfw dwwulexwhv +h1j1/ Uhyhow dqg Wudlq/ 4<<;> Jrhww hw do1/ 5333>

Khqvkhu hw do1/ 53371, Wklv uhvwulfwlrq doorzv wkh glvwulexwlrqv ri

zloolqjqhvv wr sd| +zws, wr eh fdofxodwhg hdvlo| iurp wkh glvwulex0

wlrqv ri wkh qrq0sulfh frh!flhqwv/ vlqfh wkh wzr glvwulexwlrqv wdnh

wkh vdph irup1 Iru h{dpsoh/ li wkh frh!flhqw ri dq dwwulexwh lv

glvwulexwhg qrupdoo|/ wkhq zws iru wkdw dwwulexwh/ zklfk lv wkh dw0

wulexwh*v frh!flhqw glylghg e| wkh sulfh frh!flhqw/ lv dovr qrupdoo|

glvwulexwhg1 Wkh phdq dqg vwdqgdug ghyldwlrq ri zws lv vlpso| wkh

phdq dqg vwdqgdug ghyldwlrq ri wkh dwwulexwh frh!flhqw vfdohg e|

wkh lqyhuvh ri wkh +�{hg, sulfh frh!flhqw1 Wkh uhvwulfwlrq dovr id0

flolwdwhv hvwlpdwlrq1 Dv Uxxg +4<<9, srlqwv rxw/ d prgho zlwk doo

udqgrp frh!flhqwv/ lqfoxglqj wkh sulfh frh!flhqw/ fdq eh sudfwl0

fdoo| xqlghqwl�hg hpslulfdoo|/ hvshfldoo| lq gdwdvhwv zlwk rqo| rqh

revhuyhg fkrlfh iru hdfk ghflvlrq0pdnhu1

D �{hg sulfh frh!flhqw/4 krzhyhu/ lpsolhv wkdw wkh vwdqgdug ghyl0

dwlrq ri xqrevhuyhg xwlolw|/ zklfk lv fdoohg wkh vfdoh sdudphwhu/ lv wkh

vdph iru doo revhuydwlrqv1 Orxylhuh +5336, glvfxvvhv wkh lpsruwdqfh

ri uhfrjql}lqj wkdw wkh vfdoh sdudphwhu fdq/ dqg lq pdq| vlwxdwlrqv
4Ru/ pruh jhqhudoo|/ dq| �{hg frh!flhqw/ ru xqfruuhodwhg udqgrp frh!flhqwv1
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fohduo| grhv/ ydu| udqgrpo| ryhu revhuydwlrqv dqg wkdw ljqrulqj wklv

yduldwlrq lq hvwlpdwlrq fdq ohdg wr huurqhrxv lqwhusuhwdwlrq dqg frq0

foxvlrqv1 Iru h{dpsoh/ li wkh sulfh frh!flhqw lv frqvwudlqhg wr eh

�{hg zkhq lq idfw vfdoh ydulhv ryhu revhuydwlrqv/ wkhq wkh yduldwlrq

lq vfdoh zloo eh huurqhrxvo| dwwulexwhg wr yduldwlrq lq zws1

Lq wklv sdshu zh lqyhvwljdwh dowhuqdwlyh zd|v wr vshfli| udqgrp

frh!flhqwv dqg zws zkhq wkh sulfh frh!flhqw ydulhv1 Fdphurq dqg

Mdphv +4<;:, dqg Fdphurq +4<;;, lqwurgxfhg wkh frqfhsw ri sd0

udphwhul}lqj d �{hg0frh!flhqw prgho lq whupv ri zws udwkhu wkdq

frh!flhqwv1 Zh h{whqg wkhlu dqdo|vlv wr prghov zlwk udqgrp fr0

h!flhqwv/ zkhuh glvwulexwlrqdo dvvxpswlrqv dqg uhvwulfwlrqv fdq eh

sodfhg rq wkh frh!flhqwv ru rq wkh zws*v1 Wkh wzr dssurdfkhv duh

irupdoo| htxlydohqw/ lq wkh vhqvh wkdw dq| glvwulexwlrq ri frh!flhqwv

wudqvodwhv lqwr vrph ghulydeoh glvwulexwlrq ri zws*v/ dqg ylfh0yhuvd1

Krzhyhu/ wkh wzr dssurdfkhv gl�hu lq whupv ri qxphulfdo frqyhqlhqfh

xqghu dq| jlyhq glvwulexwlrqdo dvvxpswlrqv1 Iru h{dpsoh/ d prgho

zlwk dq dwwulexwh frh!flhqw wkdw lv qrupdoo| glvwulexwhg dqg d sulfh

frh!flhqw wkdw lv orjqrupdo lpsolhv wkdw zws iru wkh dwwulexwh lv

glvwulexwhg dv wkh udwlr ri d qrupdo wr d orjqrupdo1 D uhvhdufkhu

zrunlqj gluhfwo| lq zws vsdfh lv xqolnho| wr fkrrvh wklv lqfrqyh0

qlhqw glvwulexwlrq iru zws*v1 Frqyhuvho|/ d prgho zlwk qrupdo zws

dqg orjqrupdo sulfh frh!flhqw lpsolhv wkdw wkh dwwulexwh frh!flhqw

lv wkh surgxfw ri d qrupdo dqg orjqrupdo/ zklfk lv d glvwulexwlrq

wkdw kdv qhyhu/ wr rxu nqrzohgjh/ ehhq dssolhg lq suhihuhqfh vsdfh1

Uhvwulfwlrqv duh dovr dv|pphwulf1 Iru h{dpsoh/ xqfruuhodwhg frhi0

�flhqwv wudqvodwh lqwr zws*v wkdw duh fruuhodwhg lq d sduwlfxodu zd|

wkdw zrxog eh kdug wr lpsohphqw dqg whvw lq wkh frqwh{w ri zws

glvwulexwlrqv/ dqg ylfh yhuvd1

Zh hvwlpdwh dqg frpsduh prghov wkdw duh sdudphwhul}hg lq whupv

ri frh!flhqwv/ fdoohg �prghov lq suhihuhqfh vsdfh/� dqg prghov sd0

udphwhul}hg lq whupv ri zws/ fdoohg �prghov lq zws vsdfh1� Iru wkh

prghov lq suhihuhqfh vsdfh/ d frqyhqlhqw glvwulexwlrq lv vshfl�hg iru

wkh frh!flhqwv/ dqg wkh sdudphwhuv ri wklv glvwulexwlrq +vxfk dv lwv
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phdq dqg yduldqfh, duh hvwlpdwhg1 Wkh glvwulexwlrq ri zws*v lv wkhq

ghulyhg iurp wkh hvwlpdwhg glvwulexwlrq ri frh!flhqwv1 Wklv lv fxu0

uhqwo| wkh vwdqgdug sudfwlfh iru dssolfdwlrq ri fkrlfh prghov1 Iru

wkh prghov lq zws vsdfh/ frqyhqlhqw glvwulexwlrqv duh vshfl�hg iru

wkh zws*v dqg wkh sulfh frh!flhqw1 Wkh sdudphwhuv ri wklv glvwulex0

wlrq duh hvwlpdwhg/ iurp zklfk wkh hvwlpdwhg glvwulexwlrq ri xwlolw|

frh!flhqwv lv ghulyhg1

Zh �qg wkdw prghov xvlqj frqyhqlhqw glvwulexwlrqv lq suhihuhqfh

vsdfh �w wkh gdwd ehwwhu/ erwk zlwklq vdpsoh dqg rxw0ri0vdpsoh/

wkdq prghov xvlqj frqyhqlhqw glvwulexwlrqv lq zws vsdfh1 Krzhyhu/

wkh glvwulexwlrqv ri zws wkdw duh ghulyhg iurp wkhvh prghov kdyh

xquhdvrqdeo| odujh yduldqfh/ zklfk wudqvodwhv lqwr dq xqwhqdeoh lp0

solfdwlrq wkdw pdq| shrsoh duh zloolqj wr sd| dq hqruprxv dprxqw

ri prqh| wr kdyh ru dyrlg dq dwwulexwh1 Vwdwlqj wkh frqfoxvlrqv lq

frpelqdwlrq= wkh prghov wkdw �w ehwwhu jlyh ohvv uhdvrqdeoh glvwule0

xwlrqv iru zws1 Wkhvh uhvxowv vxjjhvwv wkdw dowhuqdwlyh glvwulexwlrqdo

vshfl�fdwlrqv duh qhhghg wkdw hlwkhu �w wkh gdwd ehwwhu zkhq ds0

solhg lq zws vsdfh ru lpso| pruh uhdvrqdeoh zws glvwulexwlrqv zkhq

dssolhg lq suhihuhqfh vsdfh1

Rxu dqdo|vlv dqg �qglqjv pluuru wkrvh ri Vrqqlhu/ Dlqvohh/ dqg

Rwwhu +5336,/ zlwk rqh h{fhswlrq1 Lq vlplodu frpsdulvrqv dv rxuv

wkh| �qg wkdw wkhlu prghov lq suhihuhqfh vsdfh �w wkh zlwklq0vdpsoh

gdwd ehwwhu wkdq wkhlu prghov lq zws vsdfh exw surylgh xquhdvrqdeo|

odujh yduldqfhv lq zws1 Lq wkhvh uhjdugv/ wkhlu uhvxowv pdwfk rxuv1

Krzhyhu/ wkh| �qg wkdw wkhlu prghov lq zws vsdfh dwwdlq ehwwhu rxw0

ri0vdpsoh �w wkdq wkhlu prghov lq suhihuhqfh vsdfh/ zklfk lv rssrvlwh

ri zkdw zh �qg1 Vrqqlhu hw do1 xvh d gl�huhqw phwkrg iru hydoxdwlqj

rxw0ri0vdpsoh �w wkdq zh gr/ zklfk pljkw dffrxqw iru wkh gl�huhqfh1

Krzhyhu/ gl�huhqfhv olnh wklv rqh duh wr eh h{shfwhg ryhu gl�huhqw

gdwdvhwv/ vlqfh wkh lvvxh xqghu lqyhvwljdwlrq lv wkh shuirupdqfh ri

ydulrxv glvwulexwlrqdo vshfl�fdwlrqv dqg wkh dssursuldwh glvwulexwlrq

lv qhfhvvdulo| vlwxdwlrq0ghshqghqw1
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5 Vshfl�fdwlrq

Lq wklv vhfwlrq zh ghvfuleh wkh wzr w|shv ri prghov1 Ghflvlrq0pdnhuv

duh lqgh{hg e| ?/ dowhuqdwlyhv e| �/ dqg fkrlfh vlwxdwlrqv e| |1 Wr

idflolwdwh glvfxvvlrq/ zh vshfli| xwlolw| dv vhsdudeoh lq sulfh/ R/ dqg

qrq0sulfh dwwulexwhv/ %=

Lqmw ' �kqRqmw n q3

q%qmw n eqmw +4,

zkhuh kq dqg qq ydu| udqgrpo| ryhu ghflvlrq0pdnhuv dqg eqmw lv llg1

Zh dvvxph eqmw lv glvwulexwhg h{wuhph ydoxh/ wkrxjk wkh dqdo|vlv lv

wkh dqdorjrxv iru rwkhu glvwulexwlrqv1 Wkh yduldqfh ri eqmw fdq eh

gl�huhqw iru gl�huhqw ghflvlrq0pdnhuv= T @oEeqmw� ' &5qEZ
5*S�/ zkhuh

&q lv wkh vfdoh sdudphwhu iru ghflvlrq0pdnhu ?1

Wkrxjk wkh xwlolw| vshfl�fdwlrq lv qrw |hw qrupdol}hg/ wkh fxu0

uhqw irupxodwlrq doorzv xv wr foduli| wkh flufxpvwdqfhv xqghu zklfk

wkh vfdoh sdudphwhu fdq eh h{shfwhg wr ydu| ryhu ghflvlrq0pdnhuv1 D

udqgrp vfdoh sdudphwhu lv frqfhswxdoo| gl�huhqw iurp udqgrp ydoxhv

iru k dqg q1 kq dqg qq uhsuhvhqw wkh wdvwhv ri shuvrq ?/ dqg wkhvh

sdudphwhuv ydu| ryhu ghflvlrq0pdnhuv ehfdxvh gl�huhqw shrsoh kdyh

gl�huhqw wdvwhv1 Lq frqwudvw/ wkh vfdoh sdudphwhu grhv qrw uhsuhvhqw

d whup zlwklq wkh xwlolw| ixqfwlrq lq dq| jlyhq fkrlfh vlwxdwlrq exw

udwkhu wkh vwdqgdug ghyldwlrq ri xwlolw| ryhu gl�huhqw fkrlfh vlwxd0

wlrqv1 E| doorzlqj wkh vfdoh sdudphwhu wr eh udqgrp/ wkh uhvhdufkhu

jlyhv d yduldqfh wr d yduldqfh1 Wkh txhvwlrq dulvhv= zkdw zrxog

fdxvh wkh yduldqfh ri e wr ydu|B Wzr surplqhqw vlwxdwlrqv dulvh=

41 Wkh xqrevhuyhg whup e pljkw uh hfw idfwruv wkdw duh dfwx0

doo| udqgrp ru txl{rwlf iurp wkh ghflvlrq0pdnhu*v shuvshfwlyh/

udwkhu wkdq/ dv lq wkh xvxdo ghulydwlrq/ idfwruv wkdw duh nqrzq

wr wkh ghflvlrq0pdnhu exw xqnqrzq e| wkh uhvhdufkhu1 Lq wklv

vlwxdwlrq/ wkh yduldqfh ri e uh hfwv wkh ghjuhh ri udqgrpqhvv lq

wkh ghflvlrq0pdnhu*v surfhvv/ zklfk fdq eh h{shfwhg wr gl�hu

ryhu ghflvlrq0pdnhuv1 Wklv frqfhsw ri udqgrpqhvv lv sduwlfx0

oduo| uhohydqw zlwk vwdwhg suhihuhqfh gdwd/ zkhuh uhvsrqghqwv
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gl�hu lq wkhlu dwwhqwlrq wr wkh wdvn dqg lq wkhlu frqvwuxfwv ri

xqolvwhg dwwulexwhv1 Krzhyhu/ udqgrpqhvv lq ehkdylru fdq dulvh

lq uhyhdohg suhihuhqfh gdwd dv zhoo1

51 Lq sdqho gdwd vhwwlqjv/ hdfk ghflvlrq0pdnhu idfhv d vhtxhqfh ri

fkrlfh vlwxdwlrqv zlwk xqrevhuyhg idfwruv gl�hulqj lq hdfk fkrlfh

vlwxdwlrq1 Lw lv uhdvrqdeoh wr eholhyh lq wklv vlwxdwlrq wkdw wkh

yduldqfh ri wkhvh xqrevhuyhg idfwruv ryhu fkrlfh vlwxdwlrqv iru

hdfk ghflvlrq0pdnhu lv gl�huhqw iru gl�huhqw ghflvlrq0pdnhuv/

hyhq zkhq wkh xqrevhuyhg idfwruv duh nqrzq wr wkh ghflvlrq0

pdnhu dqg xqrevhuyhg rqo| e| wkh uhvhdufkhu1

Wkhvh wzr vlwxdwlrqv dovr foduli| wkh frqyhuvh= Zkhq e uhsuhvhqwv

idfwruv wkdw duh nqrzq wr wkh ghflvlrq0pdnhu exw xqnqrzq e| wkh uh0

vhdufkhu/ dqg rqo| rqh fkrlfh vlwxdwlrq lv revhuyhg iru hdfk ghflvlrq0

pdnhu vxfk wkdw hdfk revhuydwlrq uhsuhvhqwv d gl�huhqw ghflvlrq0

pdnhu/ wkhuh lv shukdsv olwwoh qhhg ru phdqlqj wr doorzlqj wkh vfdoh

sdudphwhu wr ydu| ryhu ghflvlrq0pdnhuv1 Lq wklv flufxpvwdqfh/ wkh

vfdoh sdudphwhu fdswxuhv yduldqfh ryhu revhuydwlrqv lq idfwruv wkdw

wkh uhvhdufkhu grhv qrw revhuyh> wklv yduldqfh lv gh�qhg rq wkh uh0

vhdufkhu/ qrw wkh ghflvlrq0pdnhu/ dqg wdnhv d jlyhq +l1h1/ �{hg, ydoxh

iru wkh uhvhdufkhu1

Glylglqj xwlolw| +4, e| wkh vfdoh sdudphwhu grhv qrw d�hfw ehkdy0

lru dqg |hw uhvxowv lq d qhz huuru whup wkdw kdv wkh vdph yduldqfh

iru doo ghflvlrq0pdnhuv=

Lqmw ' �Ekq*&q�Rqmw n Eqq*&q�
3%qmw n 0qmw +5,

zkhuh 0qmw lv llg w|sh0rqh h{wuhph ydoxh/ zlwk frqvwdqw yduldqfh

Z5*S1 Wkh xwlolw| frh!flhqwv duh gh�qhg dv bq ' Ekq*&q� dqg

Sq ' Eqq*&q�/ vxfk wkdw xwlolw| lv zulwwhq=

Lqmw ' �bqRqmw n S3q%qmw n 0qmw +6,

Qrwh wkdw li &q ydulhv udqgrpo|/ wkhq wkh xwlolw| frh!flhqwv duh fruuh0

odwhg/ vlqfh &q hqwhuv wkh ghqrplqdwru ri hdfk frh!flhqw1 Vshfli|lqj
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wkh xwlolw| frh!flhqwv wr eh lqghshqghqw lpsolflwo| frqvwudlqv wkh

vfdoh sdudphwhu wr eh frqvwdqw1 Li wkh vfdoh sdudphwhu ydulhv dqg

kq dqg qq duh �{hg/ wkhq wkh xwlolw| frh!flhqwv ydu| zlwk shuihfw

fruuhodwlrq1 Li wkh xwlolw| frh!flhqwv kdyh fruuhodwlrq ohvv wkdq xqlw|/

wkhq kq dqg qq duh qhfhvvdulo| ydu|lqj lq dgglwlrq wr/ ru lqvwhdg ri/

wkh vfdoh sdudphwhu1

Htxdwlrq +6, lv fdoohg wkh prgho lq suhihuhqfh vsdfh1 Zloolqjqhvv

wr sd| iru dq dwwulexwh lv wkh udwlr ri wkh dwwulexwh*v frh!flhqw wr

wkh sulfh frh!flhqw= �q ' Sq*bq1 Xvlqj wklv gh�qlwlrq/ xwlolw| fdq

eh uhzulwwhq dv

Lqmw ' �bqRqmw n Ebq�q�
3%qmw n 0qmwc +7,

zklfk lv fdoohg xwlolw| lq zws vsdfh1 Xqghu wklv sdudphwhul}dwlrq/

wkh yduldwlrq lq zws/ zklfk lv lqghshqghqw ri vfdoh/ lv glvwlqjxlvkhg

iurp wkh yduldwlrq lq wkh sulfh frh!flhqw/ zklfk lqfrusrudwhv vfdoh15

Wkh xwlolw| h{suhvvlrqv duh htxlydohqw ri frxuvh1 Dq| glvwulexwlrq

ri bq dqg Sq lq +6, lpsolhv d glvwulexwlrq ri bq dqg �q lq +7,/ dqg

ylfh yhuvd1 Wkh jhqhudo sudfwlfh kdv ehhq wr vshfli| glvwulexwlrqv

lq suhihuhqfh vsdfh/ hvwlpdwh wkh sdudphwhuv ri wkrvh glvwulexwlrqv/

dqg ghulyh wkh glvwulexwlrqv ri zws iurp wkhvh hvwlpdwhg glvwulex0

wlrqv lq suhihuhqfh vsdfh +h1j1/ Wudlq/ 4<<;1, Zkloh ixoo| jhqhudo lq

wkhru|/ wklv sudfwlfh lv xvxdoo| olplwhg lq lpsohphqwdwlrq e| wkh xvh

ri frqyhqlhqw glvwulexwlrqv iru xwlolw| frh!flhqwv1 Frqyhqlhqw glvwul0

exwlrqv iru xwlolw| frh!flhqwv gr qrw lpso| frqyhqlhqw glvwulexwlrqv

iru zws/ dqg ylfh yhuvd1 Dv vwdwhg deryh/ li wkh sulfh frh!flhqw lv

glvwulexwhg orjqrupdo dqg wkh frh!flhqwv ri qrq0sulfh dwwulexwhv duh

qrupdo/ wkhq zws lv wkh udwlr ri d qrupdo whup wr d orjqrupdo whup1

Vlploduo|/ qrupdo glvwulexwlrqv iru zws dqg d orjqrupdo iru wkh sulfh

frh!flhqw lpsolhv wkdw wkh xwlolw| frh!flhqwv duh wkh surgxfw ri d

qrupdo whup dqg d orjqrupdo whup1 Wkh sodfhphqw ri uhvwulfwlrqv lv

vlploduo| dv|pphwulf1 Lw lv idluo| frpprq iru uhvhdufkhuv wr vshfli|
5Dq| frh!flhqw fdq eh xvhg dv wkh edvh wkdw lqfrusrudwhv vfdoh/ zlwk hdfk

rwkhu frh!flhqw h{suhvvhg dv wkh surgxfw ri wklv frh!flhqw dqg d whup wkdw lv
lqghshqghqw ri vfdoh1 Wkh rqo| uhdvrq wr xvh wkh sulfh frh!flhqw dv wkh edvh lv
wkdw wkh vfdoh0iuhh whupv ehfrph zws*v/ zklfk duh hdv| wr lqwhusuhw1
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xqfruuhodwhg xwlolw| frh!flhqwv> krzhyhu/ wklv uhvwulfwlrq lpsolhv wkdw

vfdoh lv frqvwdqw/ dv vwdwhg deryh/ dqg pruhryhu wkdw zws lv fruuh0

odwhg lq d sduwlfxodu zd|1 Lw lv grxewixo wkdw d uhvhdufkhu lq vshfli|lqj

xqfruuhodwhg frh!flhqwv lv dfwxdoo| wklqnlqj wkdw zws lv fruuhodwhg

lq wklv zd|1 Vlploduo|/ xqfruuhodwhg zws/ zklfk wkh uhvhdufkhu pljkw

zdqw wr dvvxph ru whvw/ lpsolhv d sdwwhuq ri fruuhodwlrq lq xwlolw|

frh!flhqwv wkdw lv gl!fxow wr lpsohphqw lq suhihuhqfh vsdfh1

Wkh lvvxh ehfrphv= grhv wkh xvh ri frqyhqlhqw glvwulexwlrqv dqg

uhvwulfwlrqv lq suhihuhqfh vsdfh ru zws vsdfh uhvxow lq pruh dffxudwh

dqg uhdvrqdeoh prghovB Wkh dqvzhu lv qhfhvvdulo| vlwxdwlrqdoo| gh0

shqghqw/ vlqfh wkh wuxh glvwulexwlrqv gl�hu lq gl�huhqw dssolfdwlrqv1

Krzhyhu/ vrph lqvljkw lqwr wkh lvvxh fdq eh rewdlqhg e| frpsdulvrqv

rq d jlyhq gdwdvhw1 Wklv lv wkh wrslf ri wkh qh{w vhfwlrq1

6 Gdwd

Zh xvh wkh vwdwhg0suhihuhqfh gdwd froohfwhg e| Wudlq dqg Kxgvrq

+5333, rq krxvhkrogv* fkrlfh dprqj dowhuqdwlyh0ixhohg yhklfohv/ lq0

foxglqj jdv/ hohfwulf/ dqg k|eulg jdv0hohfwulf yhklfohv1 833 uhvsrq0

ghqwv zhuh suhvhqwhg zlwk 48 fkrlfh vlwxdwlrqv dslhfh1 Iru hdfk

fkrlfh vlwxdwlrq/ wkh uhvsrqghqw zdv jlyhq d fdug wkdw ghvfulehg

wkuhh yhklfohv dqg zdv dvnhg wr vwdwh zklfk ri wkh yhklfohv kh2vkh

zrxog fkrrvh wr ex|1 Hdfk yhklfoh zdv ghvfulehg lq whupv ri wkh

iroorzlqj yduldeohv=

� Hqjlqh w|sh +jdv/ hohfwulf/ ru k|eulg,/

� Sxufkdvh sulfh/ lq grooduv/

� Rshudwlqj frvw/ lq grooduv shu prqwk/

� Shuirupdqfh +jurxshg lqwr wkuhh ohyhov/ zklfk zh fdoo �orz/�

�phglxp/� dqg �kljk/� 6

6Shuirupdqfh zdv ghvfulehg rq wkh fdug lq whupv ri wrs vshhg dqg vhfrqgv
uhtxluhg wr uhdfk 93 psk1 Krzhyhu/ wkhvh wzr frpsrqhqwv zhuh qrw ydulhg lqgh0
shqghqwo|/ dqg rqo| wkuhh frpelqdwlrqv ri wkh wzr frpsrqhqwv zhuh xwlol}hg1
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� Udqjh ehwzhhq uhfkdujlqj2uhixholqj/ lq kxqguhgv ri plohv/

� Erg| w|sh +43 w|shv udqjlqj iurp plql fdu wr odujh ydq,1

Hdfk ri wkh dwwulexwhv ydulhg ryhu fkrlfh vlwxdwlrqv dqg ryhu uh0

vsrqghqwv1 Udqjh ydulhg iru hohfwulf yhklfohv exw zdv frqvwdqw iru

jdv dqg k|eulg yhklfohv/ vlqfh wkh sxusrvh ri wklv yduldeoh zdv wr

ghwhuplqh frqvxphuv* uhvsrqvh wr wkh uhodwlyho| uhvwulfwhg udqjh ri

hohfwulf yhklfohv1 Doo exw d ihz uhvsrqghqwv frpsohwhg wkh �iwhhq

fkrlfh wdvnv/ jlylqj d wrwdo ri :76: revhuydwlrqv iru hvwlpdwlrq1 Wkhvh

gdwd kdyh ehhq suhylrxvo| xvhg e| Khvv hw do1 +5336, dqg Wudlq dqg

Vrqqlhu +5336, iru rwkhu sxusrvhv1 Zh xvh wkh gdwd wr frpsduh

vshfl�fdwlrqv lq suhihuhqfh dqg zws vsdfh1

7 Hvwlpdwlrq

714 Xqfruuhodwhg frh!flhqwv lq suhihuhqfh vsdfh

Rxu �uvw prgho lv vshfl�hg lq suhihuhqfh vsdfh zlwk d udqgrp fr0

h!flhqw iru hdfk yduldeoh dqg qr fruuhodwlrq ryhu frh!flhqwv1 Dv

glvfxvvhg deryh/ xqfruuhodwhg frh!flhqwv lpsolhv wkdw wkh vfdoh sd0

udphwhu lv �{hg1 Wklv prgho fdq wkhuhiruh eh vhhq dv d yhuvlrq wkdw

grhv qrw doorz iru udqgrp vfdoh1 Lw lv frpsduhg zlwk prghov/ gh0

vfulehg ehorz/ wkdw doorz udqgrp vfdoh1

Iru wklv dqg rwkhu prghov lq suhihuhqfh vsdfh/ wkh dwwulexwhv wkdw

duh ghvludeoh/ ru xqghvludeoh/ iru hyhu|rqh duh jlyhq orjqrupdoo| glv0

wulexwhg frh!flhqwv1 Wkhvh dwwulexwhv duh= sulfh/ rshudwlqj frvw/

udqjh/ d gxpp| iru phglxp shuirupdqfh ru kljkhu/ dqg d gxpp|

iru kljk shuirupdqfh1 Wkh frh!flhqw iru wkh �uvw ri wkh shuiru0

pdqfh yduldeohv fdswxuhv wkh h{wud xwlolw| dvvrfldwhg zlwk lqfuhdvlqj

shuirupdqfh iurp orz wr phglxp/ zkloh wkh frh!flhqw iru wkh vhf0

rqg shuirupdqfh yduldeoh uh hfwv wkh h{wud xwlolw| dvvrfldwhg zlwk

lqfuhdvlqj shuirupdqfh iurp phglxp wr kljk1 Sulfh dqg rshudwlqj

frvw duh hqwhuhg dv qhjdwlyh/ vlqfh wkh orjqrupdo glvwulexwlrq lpsolhv

srvlwlyh frh!flhqwv1 Wkh rwkhu dwwulexwhv fdq eh hlwkhu ghvludeoh
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ru xqghvludeoh/ ghshqglqj rq wkh ylhzv dqg wdvwhv ri wkh frqvxphu1

Wkhvh dwwulexwhv duh= gxpplhv iru hohfwulf dqg k|eulg hqjlqhv/ zkrvh

frh!flhqwv uh hfw wkh ydoxh ri wkhvh hqjlqh w|shv uhodwlyh wr jdv> dqg

gxpplhv iru hdfk erg| w|sh h{fhsw plg0vl}hg fdu/ zkrvh frh!flhqwv

uh hfw wkh ydoxh ri wkhvh erg| w|shv uhodwlyh wr d plg0vl}hg fdu +krog0

lqj rwkhu dwwulexwhv frqvwdqw/ ri frxuvh1, Wkh frh!flhqwv ri wkhvh

yduldeohv duh jlyhq qrupdo glvwulexwlrqv1

Wkh prgho/ dqg doo wr rqhv wr iroorz/ zdv hvwlpdwhg e| Ed|hvldq

PFPF surfhgxuhv/ xvlqj gl�xvh sulruv1 Wkhvh surfhgxuhv iru pl{hg

orjlw prghov duh ghvfulehg e| Wudlq +5336, lq jhqhudo dqg e| Wudlq

dqg Vrqqlhu +5336, lq uhodwlrq wr wkhvh sduwlfxodu gdwd1 43/333 lw0

hudwlrqv zhuh xvhg dv �exuq0lq� diwhu zklfk hyhu| whqwk gudz zdv

uhwdlqhg iurp 43/333 dgglwlrqdo lwhudwlrqv/ surylglqj d wrwdo 4333

gudzv iurp wkh srvwhulru glvwulexwlrq ri wkh sdudphwhuv1 Suhylrxv

dqdo|vlv ri wkhvh gdwd e| Wudlq dqg Vrqqlhu/ dv zhoo dv rxu rzq

dqdo|vlv/ lqglfdwhv wkdw wkh PFPF vhtxhqfhv frqyhujhg zlwklq wkh

exuq0lq shulrg1

Wkh Ehuqvwhlq0yrq Plvhv wkhruhp vwdwhv wkdw/ xqghu idluo| ehqljq

frqglwlrqv/ wkh phdq ri wkh Ed|hvldq srvwhulru lv d fodvvlfdo hvwlpdwru

wkdw lv dv|pswrwlfdoo| htxlydohqw wr wkh pd{lpxp olnholkrrg hvwlpd0

wru1 Dovr/ wkh yduldqfh ri wkh srvwhulru lv wkh dv|pswrwlf yduldqfh

ri wklv hvwlpdwru1 Vhh Wudlq/ 5336/ iru dq h{sodqdwlrq zlwk flwd0

wlrqv1 Wkhuhiruh/ hyhq wkrxjk wkh prgho lv hvwlpdwhg e| Ed|hvldq

surfhgxuhv/ wkh uhvxowv fdq eh lqwhusuhwhg iurp d sxuho| fodvvlfdo

shuvshfwlyh1

Wdeoh 4 jlyhv hvwlpdwlrq uhvxowv iru rxu prgho lq suhihuhqfh vsdfh

zlwk xqfruuhodwhg frh!flhqwv1 Wkh hvwlpdwh iru hdfk sdudphwhu lv

wkh phdq ri wkh 4333 gudzv iurp wkh srvwhulru/ dqg wkh vwdqgdug

huuru ri wkh hvwlpdwh lv wkh vwdqgdug ghyldwlrq ri wkhvh gudzv1 Suh0

vhqwlqj wkh uhvxowv lq wklv zd| idflolwdwhv lqwhusuhwdwlrq e| uhvhdufkhuv

zkr pdlqwdlq d fodvvlfdo shuvshfwlyh= wkh hvwlpdwhv dqg vwdqgdug hu0

uruv fdq eh lqwhusuhwhg wkh vdph dv li wkh| kdg ehhq rewdlqhg e|

pd{lpxp olnholkrrg surfhgxuhv1 Wkh uhvxowv fdq dovr/ ri frxuvh/ eh

43



lqwhusuhwhg iurp d Ed|hvldq shuvshfwlyh/ zlwk wkh phdq dqg vwdq0

gdug ghyldwlrq ri wkh gudzv surylglqj vxppdu| lqirupdwlrq derxw

wkh srvwhulru1 Wkh orj0olnholkrrg ydoxh jlyhq dw wkdw erwwrp ri wkh

wdeoh lv fdofxodwhg lq wkh fodvvlfdo zd| dw wkh sdudphwhu hvwlpdwhv17

Iru wkh orjqrupdoo| glvwulexwhg frh!flhqwv/ wkh hvwlpdwhv lq Wd0

eoh 4 duh wkh phdq dqg yduldqfh ri wkh orj ri frh!flhqw/ zklfk duh

gl!fxow wr lqwhusuhw gluhfwo|1 Wdeoh 5 jlyhv wkh hvwlpdwhg phdq dqg

vwdqgdug ghyldwlrq ri wkh frh!flhqwv wkhpvhoyhv/ ghulyhg iurp wkh

hvwlpdwhg sdudphwhuv lq Wdeoh 41 Wkh hvwlpdwhv vhhp jhqhudoo| uhd0

vrqdeoh1 Hohfwulf yhklfohv duh frqvlghuhg zruvh wkdq jdv yhklfohv e|

wkh ydvw pdmrulw| ri wkh srsxodwlrq/ hyhq li wkh wzr w|shv ri yhkl0

fohv frxog frvw wkh vdph dqg kdyh wkh vdph udqjh1 Wkh phdq dqg

vwdqgdug ghyldwlrq ri wkh hohfwulf yhklfoh frh!flhqw lpso| wkdw <7

shufhqw ri wkh srsxodwlrq sodfh d qhjdwlyh ydoxh ri hohfwulf yhklfohv

uhodwlyh wr jdv1 K|eulg yhklfohv/ rq wkh rwkhu kdqg/ duh suhihuuhg wr

jdv yhklfohv e| prvw frqvxphuv/ li wkh| zhuh wr frvw wkh vdph1 Wkh

hvwlpdwhg phdq dqg vwdqgdug ghyldwlrq lpso| wkdw :8 shufhqw kdyh d

srvlwlyh frh!flhqw iru wkh k|eulg gxpp|1 Shuirupdqfh lv ydoxhg dw

d ghfuhdvlqj udwh/ dv h{shfwhg1 Wkh dyhudjh xwlolw| dvvrfldwhg zlwk

prylqj iurp orz wr phglxp shuirupdqfh lv juhdwhu wkdq wkdw iru

prylqj iurp phglxp wr kljk shuirupdqfh +3187;6 dqg 1584; uhvshf0

wlyho|1, Wkh vwdqgdug ghyldwlrq ri wkh udqjh frh!flhqw lv pxfk orzhu

wkdq ri wkh wzr shuirupdqfh yduldeohv1 Wklv gl�huhqfh lqglfdwhv wkdw

frqvxphuv duh pruh vlplodu lq wkhlu ghvluh iru h{wud udqjh wkdq lq

wkhlu ydoxh iru kljkhu wrs vshhg dqg dffhohudwlrq1 Wkh erg| w|sh

frh!flhqwv vhhp uhdvrqdeoh/ zlwk plg0vl}hg fduv dqg VXYv ehlqj

suhihuuhg/ rq dyhudjh/ wr hlwkhu vpdoohu ru odujhu yhuvlrqv +kroglqj

sulfh dqg rshudwlqj frvw frqvwdqw,1 Dqg slfnxsv duh ydoxhg ohvv/ rq

dyhudjh/ wkdq frpsdudeo| vl}hg VXYv1

Wkh hvwlpdwhg sdudphwhuv lq suhihuhqfh vsdfh lpso| glvwulexwlrqv

ri zws1 D gudz iurp wkh hvwlpdwhg glvwulexwlrq ri zws iru dq dw0
7D Ed|hvldq orj0olnholkrrg zrxog eh fdofxodwhg e| lqwhjudwlqj wkh orj0olnholkrrg

ryhu wkh srvwhulru ru/ dv ghvfulehg e| Vrqqlhu hw do1/ 5336/ e| lqwhjudwlqj wkh lqyhuvh
ri wkh orj0olnholkrrg ryhu wkh srvwhulru dqg wkhq wdnlqj wkh lqyhuvh1
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wulexwh lv vlpxodwhg e| wdnlqj d gudz iurp wkh hvwlpdwhg glvwulex0

wlrq ri wkh dwwulexwh*v frh!flhqw dqg glylglqj e| d gudz iurp wkh

hvwlpdwhg glvwulexwlrq ri wkh sulfh frh!flhqw1 Vwdwlvwlfv iru wkh glv0

wulexwlrq ri zws duh rewdlqhg e| wdnlqj qxphurxv vxfk gudzv dqg

fdofxodwlqj wkh uhtxlvlwh vwdwlvwlf iru wkhvh gudzv1 Wkh hvwlpdwhg

phdq dqg vwdqgdug ghyldwlrq ri wkh zws iru hdfk dwwulexwh lv jlyhq

lq wkh �qdo wzr froxpqv ri Wdeoh 51

Wkh prvw glvwlqjxlvklqj dvshfw ri wkh hvwlpdwhg glvwulexwlrqv ri

zws lv wkh suhydohqfh ri odujh vwdqgdug ghyldwlrqv1 Wkh vwdqgdug

ghyldwlrq h{fhhgv wkh phdq iru doo zws*v/ dqg duh pruh wkdq wzlfh

wkh phdqv iru hljkw ri wkh �iwhhq1 Wkhvh odujh vwdqgdug ghyldwlrqv

lpso| wkdw d qrqwulyldo vkduh ri shrsoh duh zloolqj wr sd| hqruprxv

dprxqwv ri prqh| wr rewdlq2dyrlg vrph dwwulexwhv1 Iru h{dpsoh/

whq shufhqw wkh srsxodwlrq lv hvwlpdwhg wr kdyh d zws iru udqjh wkdw

h{fhhgv 51 Jlyhq wkh xqlwv iru sulfh dqg udqjh/ d zws ryhu 5 phdqv

wkdw wkh frqvxphu lv zloolqj wr sd| pruh wkdq '53/333 wr kdyh dq

h{wud 433 plohv ri udqjh1 Vlploduo|/ whq shufhqw ri wkh srsxodwlrq

lv hvwlpdwhg wr eh zloolqj wr sd| ryhu '53/333 wr pryh iurp orz wr

phglxp shuirupdqfh1 Zh uhwxuq wr wklv lvvxh diwhu suhvhqwlqj uhvxowv

ri d prgho hvwlpdwhg lq zws vsdfh/ zkhuh wkh glvwulexwlrq ri zws

lv hvwlpdwhg gluhfwo| udwkhu wkdq ghulyhg iurp hvwlpdwhg frh!flhqw

glvwulexwlrqv1

Dv vwdwhg deryh/ d prgho zlwk xqfruuhodwhg frh!flhqwv lq suhi0

huhqfh vsdfh lpsolhv fruuhodwhg zws/ zlwk wkh fruuhodwlrq ehlqj wkh

idluo| duelwudu| rxwfrph +lq wkh vhqvh wkdw wkh uhvhdufkhu grhv qrw

vshfli| lw gluhfwo|, ri wkh hvwlpdwhg phdqv dqg yduldqfhv ri wkh frhi0

�flhqwv wkhpvhoyhv1 Wkh fruuhodwlrq ri zws ryhu dwwulexwhv lv jlyhq lq

Wdeoh 61 Wr frqvhuyh vsdfh/ wkh fruuhodwlrq pdwul{ grhv qrw frqwdlq

wkh erg| w|shv1 Dv wkh wdeoh lqglfdwhv/ fruuhodwlrqv dprqj zws*v duh

idluo| odujh> uhvhdufkhuv dvvxplqj xqfruuhodwhg frh!flhqwv pljkw qrw

eh dzduh wkdw wkh| duh lpsolflwo| dvvxplqj idluo| odujh fruuhodwlrqv

dprqj zws*v1
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715 Xqfruuhodwhg zws*v lq zws vsdfh

Zh hvwlpdwhg d prgho zlwk xwlolw| vshfl�hg dv lq htxdwlrq +7,/ zkhuh

wkh frh!flhqw ri hdfk qrq0sulfh dwwulexwh lv wkh surgxfw ri wkh zws

iru wkdw dwwulexwh wlphv wkh sulfh frh!flhqw1 Wklv prgho doorzv iru

udqgrp vfdoh1 Li rqo| vfdoh ydulhv/ wkhq wkh fruuhodwlrq ehwzhhq hdfk

sdlu ri frh!flhqwv lv rqh> fruuhodwlrqv ehorz rqh lq frh!flhqwv lpso|

wkdw zws ydulhv dv zhoo dv vfdoh1

Wkh sulfh frh!flhqw lv jlyhq d orjqrupdo glvwulexwlrq1 Wkh zws*v

iru rshudwlqj frvw/ udqjh/ dqg wkh wzr shuirupdqfh yduldeohv duh

vshfl�hg wr eh orjqrupdo/ dqg zws*v iru hqjlqh dqg erg| w|shv duh

qrupdo1 Wkh zws*v duh dvvxphg wr eh xqfruuhodwhg ryhu dwwulexwhv1

Qrwh ri frxuvh wkdw zkhq zws iru dq dwwulexwh lv qrupdoo| glvwulexwhg

dqg wkh sulfh frh!flhqw lv orjqrupdo/ wkh frh!flhqw ri wkh dwwulexwh

lv qrw qrupdo +dv lq wkh suhylrxv prgho,1 Dovr/ dv vwdwhg deryh/

xqfruuhodwhg zws lpsolhv fruuhodwhg frh!flhqwv +xqolnh wkh suhylrxv

prgho,/ gxh wr wkh frpprq lq xhqfh ri wkh sulfh frh!flhqw rq hdfk

rwkhu frh!flhqw1 Wkh fxuuhqw prgho gl�huv iurp wkh suhylrxv rqh lq

erwk ri wkhvh zd|v1

Wdeoh 7 jlyhv wkh hvwlpdwlrq uhvxowv1 Wkh orj0olnholkrrg lv frq0

vlghudeo| orzhu wkdq wkdw iru wkh prgho lq Wdeoh 41 Krzhyhu/ wkh

glvwulexwlrqv ri zws vhhp pruh uhdvrqdeoh1 Frpsdulqj Wdeoh 8 zlwk

Wdeoh 5/ wkh pdlq glvwlqfwlrq lv wkdw wkh phdqv dqg hvshfldoo| wkh

vwdqgdug ghyldwlrqv ri zws*v duh vpdoohu iru wkh prgho lq zws vsdfh

wkdq wkh prgho lq suhihuhqfh vsdfh1 Wklv gl�huhqfh phdqv wkdw wkhuh

lv d vpdoohu vkduh zlwk xquhdvrqdeo| odujh zws*v1 Iru h{dpsoh/ wkh

prgho lq zws vsdfh lpsolhv wkdw 41: shufhqw duh hvwlpdwhg wr eh zloo0

lqj wr sd| pruh wkdq '53/333 iru 433 plohv ri h{wud udqjh/ zkloh/ dv

vwdwhg deryh/ wkh prgho lq suhihuhqfh vsdfh lpsolhv ryhu 43 shufhqw1

Vlploduo|/ exw qrw dv gudpdwlfdoo|/ wkh vkduh zkr duh zloolqj wr sd|

ryhu '53/333 wr pryh iurp orz wr phglxp shuirupdqfh lv hvwlpdwhg

wr eh 9 shufhqw lq wkh prgho lq zws vsdfh/ zklfk lv ohvv wkdq wkh 43

shufhqw lpsolhg e| wkh prgho lq suhihuhqfh vsdfh1

Qrwh wkdw wkh rssrvlwh dulvhv iru wkh frh!flhqwv= wkh prgho lq zws
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vsdfh jlyhv odujhu phdqv dqg hvshfldoo| odujhu vwdqgdug ghyldwlrqv

iru frh!flhqwv wkdq wkh prgho lq suhihuhqfh vsdfh1 Wkh uhvxowv duh

d pluuru lpdjh ri wkrvh iru zws= wkh phdqv dqg vwdqgdug ghyldwlrqv

ri frh!flhqwv duh kljkhu zkhq wkh| duh ghulyhg iurp hvwlpdwhg glv0

wulexwlrqv ri zws udwkhu wkdq hvwlpdwhg gluhfwo|/ dqg wkh phdqv dqg

vwdqgdug ghyldwlrqv ri zws duh kljkhu zkhq wkh| duh ghulyhg iurp

hvwlpdwhg glvwulexwlrqv ri frh!flhqwv udwkhu wkdq hvwlpdwhg gluhfwo|1

Iru erwk frh!flhqwv dqg zws*v/ wkh lqgluhfw zd| ri hvwlpdwlqj wkh

glvwulexwlrqv uhvxowv lq odujhu phdqv dqg vwdqgdug ghyldwlrqv wkdq

zkhq wkh glvwulexwlrqv duh hvwlpdwhg gluhfwo|1 Dv glvfxvvhg deryh/

wkh odujhu vwdqgdug ghyldwlrqv lq zws lpso| lpsodxvleoh vkduhv ri

wkh srsxodwlrq zloolqj wr sd| odujh dprxqwv iru dq dwwulexwh1 Wkh

phdqlqj ri odujhu phdqv dqg vwdqgdug ghyldwlrqv ri frh!flhqwv lv

qrw fohdu1

Wdeoh 9 jlyhv wkh fruuhodwlrqv ehwzhhq frh!flhqwv wkdw duh lp0

solhg e| wkh hvwlpdwhg glvwulexwlrqv ri zws dqg wkh sulfh frh!flhqw1

Wkh fruuhodwlrqv duh idluo| kljk/ gxh wr wkh idfw wkdw hdfk zws lv

pxowlsolhg e| wkh frpprq sulfh frh!flhqw1 Wkhvh kljk fruuhodwlrqv

vxjjhvw wkdw prghov zlwk xqfruuhodwhg frh!flhqwv lq suhihuhqfh vsdfh

duh lqfrpsdwleoh hpslulfdoo| +dv zhoo dv wkhruhwlfdoo|/ ri frxuvh, zlwk

lqghshqghqw zws*v dqg sulfh frh!flhqw1 Uhvhdufkhuv/ zkhq frqvlghu0

lqj lqghshqghqfh ryhu dwwulexwhv/ pxvw eh fduhixo lq glvwlqjxlvklqj

zkhwkhu wkh| zdqw wr dvvxph wkdw zws*v duh lqghshqghqw ru wkdw

xwlolw| frh!flhqwv duh lqghshqghqw/ vlqfh lqghshqghqfh ri rqh lp0

solhv qrq0lqghshqghqfh ri wkh rwkhu1

716 Fruuhodwhg frh!flhqwv dqg zws

Lq jhqhudo/ qhlwkhu frh!flhqwv qru zws*v duh lqghshqghqw1 Zh hvwl0

pdwhg d prgho lq suhihuhqfh vsdfh zlwk fruuhodwhg frh!flhqwv dqg d

prgho lq zws vsdfh zlwk fruuhodwhg zws*v1 Wkh prgho lq suhihuhqfh

vsdfh lqfrusrudwhv udqgrp vfdoh/ vlqfh lw doorzv fruuhodwlrq ehwzhhq

doo frh!flhqwv1 Wkh wzr prghov +lq suhihuhqfh vsdfh dqg zws vsdfh,

duh wkhuhiruh wkh vdph lq doorzlqj iru udqgrp vfdoh dqg gl�hu rqo| lq
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wkh glvwulexwlrqdo dvvxpswlrqv iru frh!flhqwv dqg zws1 Erwk prghov

dvvxph d orjqrupdo sulfh frh!flhqw1 Wkh prgho lq suhihuhqfh vsdfh

dvvxphv qrupdo dqg orjqrupdo qrq0sulfh frh!flhqwv/ zklfk lpsolhv

wkdw zws*v duh glvwulexwhg dv wkh udwlr ri d qrupdo ru orjqrupdo wr d

orjqrupdo1 Wkh prgho lq zws vsdfh dvvxphv qrupdo dqg orjqrupdo

zws*v/ zklfk lpsolhv frh!flhqwv wkdw duh wkh surgxfw ri d orjqrupdo

zlwk d qrupdo ru orjqrupdo1

Wr vdyh vsdfh/ zh gr qrw suhvhqw wkh hvwlpdwhv ri wkhvh prgho>

wkh| duh dydlodeoh wr lqwhuhvwhg uhdghuv xsrq uhtxhvw1 Wkh uhvxowv duh

frqvlvwhqw zlwk wkrvh rewdlqhg deryh/ qdpho|= +4, wkh prgho lq suhi0

huhqfh vsdfh rewdlqv d kljkhu orj0olnholkrrg/ exw +5, wkh hvwlpdwhg

glvwulexwlrq ri zws lv pruh uhdvrqdeoh +zlwk vpdoohu phdqv dqg ydul0

dqfhv, iru wkh prgho lq zws vsdfh1 Lq dgglwlrq/ vhyhudo frqfoxvlrqv

fdq eh gudzq frqfhuqlqj fruuhodwlrqv=

� Wkh k|srwkhvlv wkdw frh!flhqwv lq suhihuhqfh vsdfh duh xqfru0

uhodwhg fdq eh uhmhfwhg1 Wkh prgho lq suhihuhqfh vsdfh dwwdlqv

d orj0olnholkrrg ri 094:;14499 zlwk fruuhodwhg frh!flhqwv/ frp0

sduhg wr 095<:1;45; iru wkh prgho jlyhq lq Wdeoh 4 zlwk xqfruuh0

odwhg frh!flhqwv1 Wkh olnholkrrg udwlr whvw vwdwlvwlf lv wkhuhiruh

56<17 iru wkh k|srwkhvlv wkdw doo 453 fryduldqfhv duh }hur/ zklfk

lv juhdwhu wkdq wkh <<0shufhqwloh ydoxh ri wkh fkl0vtxduh zlwk

453 ghjuhhv ri iuhhgrp1

� Wkh hvwlpdwhg fruuhodwlrqv dprqj frh!flhqwv duh jhqhudoo| vpdoo

ru prghudwh lq vl}h1 7: ri wkh 493 fruuhodwlrqv duh ehorz 14 lq

pdjqlwxgh/ dqg rqo| 45 duh deryh 17 lq pdjqlwxgh1

� Wkh prgho lq zws vsdfh dwwdlqv d orj0olnholkrrg ri 0955;163;;

zkhq wkh zws*v dqg sulfh frh!flhqw duh doo doorzhg wr eh fruuh0

odwhg dqg 0969514666 zkhq wkh| duh frqvwudlqhg wr eh xqfruuh0

odwhg1 Wkh k|srwkhvlv ri qr fruuhodwlrq fdq eh uhmhfwhg1

� Wkh hvwlpdwhg fruuhodwlrqv ehwzhhq zws*v iru wkh prgho lq zws

vsdfh duh jhqhudoo| vpdoo ru prghudwh/ vlplodu wr wkh hvwlpdwhg
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fruuhodwlrqv ehwzhhq frh!flhqwv iru wkh prgho lq suhihuhqfh

vsdfh1

� Wkh fruuhodwlrqv dprqj frh!flhqwv wkdw duh ghulyhg iurp wkh

prgho lq zws vsdfh duh frqvlghudeo| odujhu lq pdjqlwxgh wkdq

wkrvh hvwlpdwhg gluhfwo| lq wkh prgho lq suhihuhqfh vsdfh1 Vlp0

loduo|/ wkh fruuhodwlrqv dprqj zws*v wkdw duh ghulyhg iurp wkh

prgho lq suhihuhqfh vsdfh duh frqvlghudeo| odujhu wkdq wkrvh

hvwlpdwhg gluhfwo| lq wkh prgho lq zws vsdfh1 Wkhvh �qglqjv

duh vlplodu wr wkrvh jlyhq deryh iru yduldqfhv/ l1h1/ wkdw odujhu

yduldqfhv lq frh!flhqwv duh rewdlqhg zkhq wkh| duh hvwlpdwhg

lqgluhfwo| lqvwhdg ri gluhfwo|/ dqg odujhu yduldqfhv lq zws*v duh

rewdlqhg zkhq hvwlpdwhg lqgluhfwo| wkdq gluhfwo|1 Lw vhhpv wkdw

wkh surfhvv ri frpelqlqj hvwlpdwhg glvwulexwlrqv +glylglqj d

qrupdo e| d orjqrupdo iru zws ru pxowlso|lqj d qrupdo e| d

orjqrupdo iru d frh!flhqw, whqgv wr lq dwh wkh hvwlpdwhg ydul0

dqfhv dqg fryduldqfhv1

Vrqqlhu hw do1 +5336, hvwlpdwhg prghov lq suhihuhqfh vsdfh dqg

zws vsdfh/ xvlqj wkh whupv �olqhdu prghov� dqg �qrqolqhdu prghov�

lqvwhdg ri rxu whuplqrorj| wr ghqrwh wkdw wkh udqgrp fxvwrphu0ohyho

sdudphwhuv hqwhu xwlolw| olqhduo| lq wkh iruphu dqg qrqolqhduo| lq wkh

odwhu1 Wkhlu uhvxowv duh frqvlvwhqw zlwk rxu pdlq frqfoxvlrqv/ lq wkdw

wkh| rewdlqhg ehwwhu zlwklq0vdpsoh �w iru wkhlu prgho lq suhihuhqfh

vsdfh exw pruh uhdvrqdeoh zws glvwulexwlrqv iru wkhlu prgho lq zws

vsdfh1 Krzhyhu/ wkhlu uhvxowv gl�hu iurp rxuv lq rqh uhjdug1 Wkh|

shuiruphg rxw0ri0vdpsoh dqdo|vlv dqg frqfoxghg wkdw wkhlu prgho

lq zws vsdfh �wv ehwwhu rxw0ri0vdpsoh/ hyhq wkrxjk lw �wv zruvh lq0

vdpsoh1 Wr h{dplqh wklv lvvxh/ zh glylghg rxu vdpsohg uhvsrqghqwv

lqwr wzr htxdo0vl}hg vxe0vdpsohv/ hvwlpdwhg hdfk prgho rq rqh vxe0

vdpsoh/ dqg hydoxdwhg wkh orj0olnholkrrg ri wkh hvwlpdwhg prghov rq

wkh rwkhu vxe0vdpsoh1 Lq hdfk frpsdulvrq +hvwlpdwlrq rq �uvw kdoi

zlwk hydoxdwlrq rq wkh vhfrqg kdoi/ dqg hvwlpdwlrq rq wkh vhfrqg

kdoi zlwk hydoxdwlrq rq wkh �uvw kdoi,/ wkh prgho lq suhihuhqfh vsdfh

rewdlqhg d kljkhu orj0olnholkrrg wkdq wkh prgho lq zws vsdfh rq wkh
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rxw0ri0hvwlpdwlrq vxe0vdpsoh1 Rxu uhvxowv wkhuhiruh gl�hu lq wklv uh0

jdug iurp wkrvh ri Vrqqlhu hw do1 Wkh gl�huhqfh fdq shukdsv eh

h{sodlqhg e| wkh idfw wkdw zh xvhg d vrphzkdw gl�huhqw phwkrg wr

hydoxdwh rxw0ri0vdpsoh �w wkdq wkh| glg1 Zh hvwlpdwhg rq kdoi wkh

uhvsrqghqwv xvlqj doo ri wkhlu fkrlfh vlwxdwlrqv dqg wkhq fdofxodwhg

wkh orj0olnholkrrg iru doo wkh fkrlfh vlwxdwlrqv iru wkh rwkhu kdoi ri wkh

uhvsrqghqwv/ zkloh wkh| hvwlpdwhg wkh prgho rq doo exw rqh fkrlfh vlw0

xdwlrq iru hdfk uhvsrqghqw dqg wkhq fdofxodwhg wkh orj0olnholkrrg iru

wklv rqh �krog0rxw� fkrlfh vlwxdwlrq iru hdfk uhvsrqghqw1 Krzhyhu/

wkhuh lv qr uhdvrq wr h{shfw wkh vdph uhvxowv lq gl�huhqw vhwwlqjv/

vlqfh wkh dqvzhu wr wkh txhvwlrq �Zklfk glvwulexwlrqv �w ehwwhuB� lv

qhfhvvdulo| vlwxdwlrq0ghshqghqw1 Wkh sxusrvh ri wkh h{sorudwlrqv lv

wr irfxv rxu dwwhqwlrq rq wkh uhodwlrq ehwzhhq glvwulexwlrqv ri frhi0

�flhqwv dqg glvwulexwlrqv ri zws/ udwkhu wkdq wr dwwhpsw wr lghqwli|

wkh dssursuldwh glvwulexwlrqv wr xvh lq doo vlwxdwlrqv1
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Uhihuhqfhv

Fdphurq/ W1 +4<;;,/ cD qhz sdudgljp iru ydoxlqj qrq0pdunhw jrrgv

xvlqj uhihuhqgxp gdwd= Pd{lpxp olnholkrrg hvwlpdwlrq e| fhq0

vruhg orjlvwlf uhjuhvvlrq*/ Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv

dqg Pdqdjhphqw 48/ 688�6:<1

Fdphurq/ W1 dqg P1 Mdphv +4<;:,/ cH!flhqw hvwlpdwlrq phwkrgv

iru forvhg0hqghg frqwlqjhqw ydoxdwlrq vxuyh| gdwd*/ Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv 9</ 59<�5:91

Jrhww/ D1/ N1 Kxgvrq dqg N1 Wudlq +5333,/ cFrqvxphuv* fkrlfh

dprqj uhwdlo hqhuj| vxssolhuv= Wkh zloolqjqhv0wr0sd| iru vhuylfh

dwwulexwhv*/ Wkh Hqhuj| Mrxuqdo 54/ 4�5;1

Khqvkhu/ G1/ Q1 Vkruh dqg N1 Wudlq +5337,/ cKrxvhkrogv* zloolqjqhvv

wr sd| iru zdwhu vhuylfh dwwulexwhv*/ Zrunlqj Sdshu/ Vfkrro ri

Exvlqhvv/ Wkh Xqlyhuvlw| ri V|gqh|/ dqg Ghsduwphqw ri Hfr0

qrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|1

Khvv/ V1/ N1 Wudlq dqg M1 Srodn +5336,/ cRq wkh xvh ri udqgrpo|

vkliwhg dqg vkx"hg xqlirup yhfwruv lq wkh hvwlpdwlrq ri d pl{hg

orjlw prgho iru yhklfoh fkrlfh*/ Zrunlqj Sdshu/ Fhqwuh iru Wudqv0

sruw Vwxglhv/ Lpshuldo Froohjh Orqgrq/ iruwkfrplqj lq Wudqv0

sruwdwlrq Uhvhdufk/ Sduw E1

Orxylhuh/ M1 +5336,/ cUdqgrq xwlolw| wkhru|0edvhg vwdwhg suhihuhqfh

holflwdwlrq phwkrgv= Dssolfdwlrqv lq khdowk hfrqrplfv zlwk vsh0

fldo uhihuhqfh wr frpelqlqj vrxufhv ri suhihuhqfh gdwd*/ Zrunlqj

Sdshu/ Idfxow| ri Exvlqhvv/ Xqlyhuvlw| ri Whfkqrorj|/ V|gqh|1

Uhyhow/ G1 dqg N1 Wudlq +4<<;,/ cPl{hg orjlw zlwk uhshdwhg fkrlfhv*/

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3/ 97:�98:1

Uxxg/ S1 +4<<9,/ cVlpxodwlrq ri wkh pxowlqrpldo surelw prgho=

Dq dqdo|vlv ri fryduldqfh pdwul{ hvwlpdwlrq*/ Zrunlqj Sd0

shu/Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliruqld1
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Vrqqlhu/ J1/ D1 Dlqvolh dqg W1 Rwwhu +5336,/ cWkh lq xhqfh ri eudqg

lpdjh dqg surgxfw vw|oh rq frqvxphu eudqg ydoxdwlrqv*/ Zrun0

lqj Sdshu/ Dqghuvrq Judgxdwh Vfkrro ri Pdqdjhphqw/ Xqlyhu0

vlw| ri Fdoliruqld/ Orv Dqjhohv1

Wudlq/ N1 +4<<;,/ cUhfuhdwlrq ghpdqg prghov zlwk wdvwh yduldwlrq*/

Odqg Hfrqrplfv :7/ 563�56<1

Wudlq/ N1 +5336,/ Glvfuhwh Fkrlfh Phwkrgv zlwk Vlpxodwlrq/ Fdp0

eulgjh Xqlyhuvlw| Suhvv/ Qhz \run1

Wudlq/ N1 dqg J1 Vrqqlhu +5336,/ cPl{hg orjlw zlwk erxqghg glvwulex0

wlrqv ri sduwzruwkv*/ Zrunlqj Sdshu/ Ghsduwphqw ri Hfrqrplfv/

Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|1

Wudlq/ N1 dqg N1 Kxgvrq +5333,/ cWkh lpsdfw ri lqirupdwlrq lq yh0

klfoh fkrlfh dqg wkh ghpdqg iru hohfwulf yhklfohv lq fdoliruqld*/

surmhfw uhsruw/ Qdwlrqdo Hfrqrplf Uhvhdufk Dvvrfldwhv1
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Wdeoh 4= Prgho lq Suhihuhqfh Vsdfh zlwk Xqfruuhodwhg Frh!flhqwv

Dwwulexwh Sdudphwhu Hvwlpdwh Vwdqgdug huuru

Sulfh lq '43/333*v Phdq ri oq+0frh!flhqw, 0315566 31383;
Yduldqfh ri oq+0frh!flhqw, 318775 313968

Rshudwlqj frvw lq '2prqwk Phdq ri oq+0frh!flhqw, 061887 313<<6
Yduldqfh ri oq+0frh!flhqw, 31::5: 31477<

Udqjh lq 433*v ri plohv Phdq ri oq+frh!flhqw, 031:5:5 3145<;
Yduldqfh ri oq+frh!flhqw, 31664: 31453<

Hohfwulf hqjlqh Phdq ri frh!flhqw 041<786 314687
Yduldqfh ri frh!flhqw 4197<5 315;53

K|eulg hqjlqh Phdq ri frh!flhqw 31;664 314435
Yduldqfh ri frh!flhqw 4173;< 314:<:

Kljk shuirupdqfh Phdq ri oq+frh!flhq, 061396< 316879
Yduldqfh ri oq+frh!flhqw, 6169;4 31;7<6

Phglxp ru kljk shuirupdqfh Phdq ri oq+frh!flhqw, 0416363 315963
Yduldqfh ri oq+frh!flhqw, 417374 318537

Plql fdu Phdq ri frh!flhqw 0613658 314:9:
Yduldqfh ri frh!flhqw 618873 413868

Vpdoo fdu Phdq ri frh!flhqw 0416<99 314573
Yduldqfh ri frh!flhqw 4163;9 3175<3

Odujh fdu Phdq ri frh!flhqw 031733; 3145:5
Yduldqfh ri frh!flhqw 4163;7 31:3;3

Vpdoo VXY Phdq ri frh!flhqw 031;7<< 3143:5
Yduldqfh ri frh!flhqw 31:365 316988

Plgvl}h VXY Phdq ri frh!flhqw 3157<3 31477<
Yduldqfh ri frh!flhqw 31<::5 31687;

Odujh VXY Phdq ri frh!flhqw 03145<8 314:98
Yduldqfh ri frh!flhqw 517667 31<8:;

Frpsdfw slfnxs Phdq ri frh!flhqw 0416534 31483:
Yduldqfh ri frh!flhqw 41653< 3177;7

Ixoo0vl}hg slfnxs Phdq ri frh!flhqw 031:<3; 314877
Yduldqfh ri frh!flhqw 6146:3 31;659

Plqlydq Phdq ri frh!flhqw 031854< 314774
Yduldqfh ri frh!flhqw 51989< 319667

Orj olnholkrrg dw frqyhujhqfh 095<:1;45;
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Wdeoh 5= Phdq dqg vwdqgdug ri frh!flhqwv dqg zloolqjqhvv0wr0sd|/
lpsolhg e| hvwlpdwhg sdudphwhuv ri prgho lq suhihuhqfh vsdfh +Wdeoh 4,

Dwwulexwh Frh!flhqw Frh!flhqw Zws Zws
Phdq Vwg ghy Phdq Vwg ghy

Sulfh lq '43/333*v 04137<< 31;<7;
Rshudwlqj frvw lq '2prqwk 0313754 313786 03139<3 314463
Udqjh lq 433*v ri plohv 318:34 3168:9 31<698 4143::
Hohfwulf hqjlqh 041<786 415;75 0614<8: 61;938
K|eulg hqjlqh 31;664 414;:3 416:36 51;395
Kljk shuirupdqfh 31584; 414;5< 317497 51:944
Phglxp ru kljk shuirupdqfh 3187;6 31<8;4 31<337 514<4:
Plql fdu 0613658 41;;85 071<::6 81;896
Vpdoo fdu 0416<99 41476< 0515<6; 614779
Odujh fdu 031733; 41476< 03198<; 518647
Vpdoo VXY 031;7<< 31;6;9 0416<85 51493:
Plgvl}h VXY 3157<3 31<;;8 317393 51485:
Odujh VXY 03145<8 4188<< 0315453 616953
Frpsdfw slfnxs 0416534 4147<6 0514:35 613;:7
Ixoo0vl}hg slfnxs 031:<3; 41::45 0416365 61<986
Plqlydq 031854< 419633 031;954 618;8<

Wdeoh 6= Fruuhodwlrqv ehwzhhq zloolqjqhvv0wr0sd| iru dwwulexwhv/
lpsolhg e| hvwlpdwhg sdudphwhuv ri prgho lq suhihuhqfh vsdfh +Wdeoh 4,

Dwwulexwh Rs frvw Udqjh Hohfwulf K|eulg Kl Shui Phg Shui

Rshudwlqj frvw 413333 3169;: 031695: 31545< 3139:< 314:;7
Udqjh 3169;: 413333 031835< 315<98 313<8; 3157<9
Hohfwulf 031695: 031835< 413333 0315;88 0313<5< 0315744
K|eulg 31545< 315<98 0315;88 413333 3138;7 314766
Kljk shui 3139:< 313<8; 0313<5< 3138;7 413333 31376<
Phg0kl Shui 314:;7 3157<9 0315744 314766 31376< 413333
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Wdeoh 7= Prgho lq Zws Vsdfh zlwk Xqfruuhodwhg Zws*v

Dwwulexwh Sdudphwhu Hvwlpdwh Vwdqgdug huuru

Sulfh lq '43/333*v Phdq ri oq+0frh!flhqw, 03137<; 313935
Yduldqfh ri oq+0frh!flhqw, 31<347 314567

Rshudwlqj frvw lq '2prqwk Phdq ri oq+0zws, 0617439 31443
Yduldqfh ri oq0zws, 31:;7: 314863

Udqjh lq 433*v ri plohv Phdq ri oq+zws, 0317378 3145;9
Yduldqfh ri oq+zws, 315:39 313<6<

Hohfwulf hqjlqh Phdq ri zws 0518686 31569<
Yduldqfh ri zws 41<;5; 317776

K|eulg hqjlqh Phdq ri zws 31;:6; 3143<3
Yduldqfh ri zws 5144;4 315:78

Kljk shuirupdqfh Phdq ri oq+zws, 041;;87 315;73
Yduldqfh ri oq+zws, 41:4:5 318;<;

Phglxp ru kljk shuirupdqfh Phdq ri oq+zws, 041:6;3 315<4:
Yduldqfh ri oq+zws, 517:34 31:643

Plql fdu Phdq ri zws 0617978 314;<7
Yduldqfh ri zws 918:9: 416;;<

Vpdoo fdu Phdq ri zws 0418<<5 314784
Yduldqfh ri zws 41:343 31866:

Odujh fdu Phdq ri zws 031947; 314:49
Yduldqfh ri zws 41<686 319:83

Vpdoo VXY Phdq ri zws 04139:4 3145;:
Yduldqfh ri zws 31;536 318::9

Plgvl}h VXY Phdq ri zws 3154:6 314944
Yduldqfh ri zws 41;877 3176;<

Odujh VXY Phdq ri zws 031:88< 315<56
Yduldqfh ri zws ;15596 5163:5

Frpsdfw slfnxs Phdq ri zws 0417:85 3146<;
Yduldqfh ri zws 4159:8 318599

Ixoo0vl}hg slfnxs Phdq ri zws 0414563 314;76
Yduldqfh ri zws 81::95 41588;

Plqlydq Phdq ri zws 031:739 314;5:
Yduldqfh ri zws 61<;7: 31<585

Orj olnholkrrg dw frqyhujhqfh 0969514666
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Wdeoh 8= Phdq dqg vwdqgdug ri frh!flhqwv dqg zloolqjqhvv0wr0sd|/
lpsolhg e| hvwlpdwhg sdudphwhuv ri prgho lq zws vsdfh +Wdeoh 7,

Dwwulexwh Frh!flhqw Frh!flhqw Zws Zws
Phdq Vwg ghy Phdq Vwg ghy

Sulfh lq '43/333*v 0417<67 41;456
Rshudwlqj frvw lq '2prqwk 0313:65 314949 03137;< 313864
Udqjh lq 433*v ri plohv 414739 41:35: 31:969 31758:
Hohfwulf hqjlqh 061:;:3 819898 0518686 4173;4
K|eulg hqjlqh 416386 61:8;8 31;:6; 417887
Kljk shuirupdqfh 318668 41:<:7 3168;7 31:896
Phglxp ru kljk shuirupdqfh 31;<84 7189:< 31937: 41<875
Plql fdu 0814:45 ;198:< 0617978 518978
Vpdoo fdu 0516;7< 714;;: 0418<<5 416375
Odujh fdu 031<4;3 61758< 031947; 416<45
Vpdoo VXY 0418<47 51;894 04139:4 31<38:
Plgvl}h VXY 316484 614<<: 3154:6 41694;
Odujh VXY 0414669 91;:58 031:88< 51;9;5
Frpsdfw slfnxs 051535< 61::33 0417:85 41458;
Ixoo0vl}hg slfnxs 0419;8; 81<;<6 0414563 517367
Plqlydq 0414494 71;:5< 031:739 41<<95

Wdeoh 9= Fruuhodwlrqv ehwzhhq frh!flhqwv ri dwwulexwhv/
lpsolhg e| hvwlpdwhg sdudphwhuv ri prgho lq zws vsdfh +Wdeoh 7,

Dwwulexwh Sulfh Rs frvw Udqjh Hohfwulf K|eulg Kl Shui Phg Shui

Sulfh 413333 318859 31;44: 031;3;3 31748: 3168:3 315575
Rs frvw 318859 413333 3177;4 0317789 315655 3153;: 3145;4
Udqjh 31;44: 3177;4 413333 0319865 3166:8 315;<8 314:<9
Hohfwulf 031;3;3 0317789 0319865 413333 0316676 0315;86 0314;8:
K|eulg 31748: 315655 3166:8 0316676 413333 31476< 313<78
Kl shui 3168:3 3153;: 315;<8 0315;86 31476< 413333 313:<7
Phg2Kl Shui 315575 3145;4 314:<9 0314;8: 313<78 313:<7 413333
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