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Devwudfw

Wkh hpslulfdo olwhudwxuh rq frqwdjlrq kdv pdlqo| phdvxuhg wkh sursdjdwlrq ri vkrfnv dfurvv frxqwulhv
xvlqj gdlo| vwrfn pdunhwv/ lqwhuhvw udwhv/ dqg h{fkdqjh udwhv1 Vhyhudo phwkrgrorjlhv kdyh ehhq xvhg iru
wklv sxusrvh/ krzhyhu/ wkh surshuwlhv ri wkh gdwd lqwurgxfhv lpsruwdqw olplwdwlrqv rq wkh lpsohphqwdwlrq
ri wkhvh surfhgxuhv/ dv zhoo dv rq wkh lqwhusuhwdwlrq ri wkh uhvxowv1

Wklv sdshu/ kdv wkuhh remhfwlyhv= Iluvw/ lw hydoxdwhv vrph ri wkh whfkqltxhv wkdw kdyh ehhq xvhg iuh0
txhqwo| wr phdvxuh frqwdjlrq1 Wkh sdshu dujxhv wkdw li wkh gdwd vx�huv iurp khwhurvnhgdvwlflw| +frqglwlrqdo
ru qrw,/ rplwwhg yduldeohv dqg vlpxowdqhrxv htxdwlrq sureohpv/ wkh frqfoxvlrqv gudzq iurp prvw ri wkh
surfhgxuhv frxog eh eldvhg1 Vhfrqg/ wkh sdshu vxppdul}hv wzr qhz surfhgxuhv wkdw kdyh ehhq ghyhorshg
wr frsh zlwk wkhvh sureohpv1 Rqh phwkrgrorj| lv dlphg wr whvw iru wkh vwdelolw| ri sdudphwhuv/ zkloh wkh
rwkhu rqh hvwlpdwhv frqvlvwhqwo| wkh frqwhpsrudqhrxv uhodwlrqvkls dfurvv frxqwulhv1 Ilqdoo|/ wkh sdshu
hvwlpdwhv +frqvlvwhqwo|, wkh frqwhpsrudqhrxv wudqvplvvlrq phfkdqlvp ehwzhhq hphujlqj vwrfn pdunhwv/
dqg erqg pdunhwv1 Ixuwkhupruh/ lw lv irxqg wkdw uhjlrqdo yduldeohv/ dv zhoo dv wudgh olqndjhv/ frqvwlwxwh d
vl}hdeoh h{sodqdwlrq ri wkh vwuhqjwk ri wkh sursdjdwlrq ri vkrfnv dfurvv erqg pdunhwv/ exw qrw dv lpsruwdqw
lq vwrfn pdunhwv1

MHO Fodvvl�fdwlrq Qxpehuv=
Nh|zrugv= Frqwdjlrq/ Ilqdqfldo Fulvhv/ H{fkdqjh Udwh Fulvhv/ Frqglwlrqdo Khwhurvnhgdvwlflw|/ Vlpxo0

wdqhrxv Htxdwlrqv/ Rplwwhg Yduldeohv1
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Wkh lvvxh ri _frqwdjlrq% kdv ehhq rqh ri wkh prvw ghedwhg wrslfv lq lqwhuqdwlrqdo �qdqfh vlqfh wkh Dvldq

fulvhv1 Rqh lqwhuhvwlqj dvshfw ri wklv glvfxvvlrq lv wkh vwurqj djuhhphqw wkdw h{lvwv dprqj hfrqrplvwv rq

zklfk hyhqwv kdyh frqvwlwxwhg lqvwdqfhv ri frqwdjlrq= wkh Ghew fulvhv lq 4<;5 / wkh Ph{lfdq Whtxlod h�hfw

lq Ghfhpehu ri 4<<7/ wkh Dvldq Iox lq wkh odvw kdoi ri 4<<:/ wkh Uxvvldq Frog lq Dxjxvw 4<<; +lqfoxglqj

wkh OWFP fulvlv,/ wkh Eud}loldq Vqhh}h lq Mdqxdu| ri 4<<</ dqg wkh QDVGDT Udvk lq Dsulo ri 53331

Sdudgr{lfdoo|/ rq wkh rwkhu kdqg/ wkhuh lv qr dffrugdqfh rq zkdw frqwdjlrq phdqv1

Wklv sdshu ghdov zlwk wkh txhvwlrq ri krz wr phdvxuh frqwdjlrq/ wkhuhiruh/ lqvwhdg ri surylglqj d olvw ri

doo lwv srvvleoh gh�qlwlrqv dqg surfhgxuhv wr phdvxuh lw/ wklv sdshu frqfhqwudwhv rq wkh wzr prvw iuhtxhqwo|

dvnhg txhvwlrqv udlvhg e| dssolhg sdshuv lq wklv duhd= Iluvw/ zkdw duh wkh fkdqqhov wkurxjk zklfk vkrfnv

duh sursdjdwhg iurp rqh frxqwu| wr wkh rwkhu1 Lq rwkhu zrugv/ lv lw wudgh/ pdfur vlplodulwlhv/ frpprq

ohqghu/ ohduqlqj/ ru pdunhw sk|frorj|/ zkdw ghwhuplqhv wkh ghjuhh ri frqwdjlrq1 Dqg vhfrqg/ grhv wkh

wudqvplvvlrq phfkdqlvp lv vwdeoh wkurxjk wlphB ru pruh vshfl�fdoo| grhv lw fkdqjh gxulqj wkh fulvhvB

Surylglqj wkh dqvzhu wr dq| ri wkh suhylrxv wzr txhvwlrqv hqfrxqwhuv lpsruwdqw hfrqrphwulf olplwd0

wlrqv1 Frqwdjlrq kdv ehhq dvvrfldwhg zlwk kljk iuhtxhqf| hyhqwv> khqfh/ lw kdv ehhq phdvxuhg rq vwrfn

pdunhw uhwxuqv/ lqwhuhvw udwhv/ h{fkdqjh udwhv/ ru olqhdu frpelqdwlrqv ri wkhp1 Wklv gdwd lv sodjxhg zlwk

vlpxowdqhrxv htxdwlrqv/ rplwwhg yduldeohv/ frqglwlrqdo dqg xqfrqglwlrqdo khwhurvnhgdvwlflw|/ vhuldo fruuhod0

wlrq/ qrq0olqhdulw| dqg qrq0qrupdolw| sureohpv1 Xqiruwxqdwho|/ wkhuh lv qr surfhgxuh wkdw fdq kdqgoh doo

wkhvh sureohpv dw wkh vdph wlph1 Dqg wkhuhiruh/ wkh olwhudwxuh kdv ehhq irufhg wr wdnh vkruw fxwv1

Lq wklv sdshu/ wkh shuirupdqfh ri vrph ri wkrvh whfkqltxhv lv hydoxdwhg1 Reylrxvo|/ wkhuh lv qrw hqrxjk

vsdfh wr vwxg| doo wkh srvvleoh hpslulfdo surfhgxuhv qru doo wkh sureohpv1 Wkxv/ wkh sdshu glvfxvvhv wkh

prvw zlgho| xvhg phwkrgrorjlhv lq wkh frqwdjlrq olwhudwxuh= olqhdu uhjuhvvlrqv/ orjlw0surelw uhjuhvvlrqv/

dqg whvwv edvhg rq Sulqflsdo Frpsrqhqwv dqg fruuhodwlrq frh�flhqwv�/ dqg frqfhqwudwhv lq wkh wkuhh pdlq

sureohpv h{klelwhg e| wkh gdwd= vlpxowdqhrxv htxdwlrqv/ rplwwhg yduldeohv/ dqg khwhurvnhgdvwlflw|1 Lvvxhv

uhodwhg wr vhuldo fruuhodwlrq/ qrq0qrupdolw| dqg qrq0olqhdulw| duh ohiw rxw ri wkh dqdo|vlv1

Wkh sdshu eulh�| h{dplqhv wzr qhz surfhgxuhv wkdw duh urexvw wr wkh sureohpv khuh vwxglhg1 Rqh

ghvljqhg wr whvw iru wkh vwdelolw| ri sdudphwhuv/ dqg wkh vhfrqg rqh dlphg wr vroyh wkh sureohp ri lghqwl�0

fdwlrq1 Lq hdfk fdvh/ wkh dvvxpswlrqv xqghuo|lqj wkh phwkrgrorjlhv/ dqg wkh flufxpvwdqfhv lq zklfk wkh|

fdq eh xvhg duh uhylhzhg1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 lqwurgxfhv wkh vwdwlvwlfdo prghov wkdw duh xvhg lq wkh

glvfxvvlrqv1 Vhfwlrq 6 lqyhvwljdwhv wkh sureohpv vxuurxqglqj wkh vhfrqg txhvwlrq lq frqwdjlrq= whvw iru
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fkdqjhv lq wkh sursdjdwlrq phfkdqlvp1 Wkh sdshu dqdo|}hv wklv txhvwlrq �uvw ehfdxvh wkh olplwdwlrqv

ri wkh vwdqgdug whfkqltxhv ehfrph hylghqw lq vlpsoh prghov1 Wkh vhfwlrq vwxglhv dowhuqdwlyh fruuhfwlrqv

iru wkh vwdqgdug whvwv dqg wkh frqglwlrqv zkhuh wkh| fdq eh xvhg1 Ilqdoo|/ d qhz surfhgxuh wr whvw iru

sdudphwhu vwdelolw| xqghu vlpxowdqhrxv htxdwlrqv/ rplwwhg yduldeohv dqg khwhurvnhgdvwlflw| lv vxppdul}hg1

Wkh dvvxpswlrqv uhtxluhg iru lwv xvh duh dovr srlqwhg rxw1

Vhfwlrq 7 frqvlghuv wkh pruh frpsolfdwhg txhvwlrq= wkh phdvxuhphqw ri wkh wudqvplvvlrq fkdqqhov1

Vhyhudo Prqwh Fduor vlpxodwlrqv duh suhvhqwhg wr looxvwudwh wkh sureohpv lq wkh lqwhusuhwdwlrq ri wkh uhvxowv

zkhq wkh sursdjdwlrq fkdqqho lv phdvxuhg e| Surelw/ ROV ru Sulqflsdo Frpsrqhqwv1 Dw wkh hqg ri wkh

vhfwlrq/ d qhz surfhgxuh wr hvwlpdwh wkh frqwhpsrudqhrxv lqwhuuhodwlrqvkls dfurvv frxqwulhv lv uhylhzhg1

Wklv surfhgxuh lv urexvw wr wkh gdwd sureohpv khuh hpskdvl}hg1

Vhfwlrq 8 dssolhv wkh wzr qhz whfkqltxhv wr phdvxuh frqwdjlrq lq Odwlq Dphulfdq dqg Vrxwk Hdvw

Dvldq frxqwulhv1 Iluvw/ wkh whvw rq vwdelolw| ri sdudphwhuv dfurvv wlph lv lpsohphqwhg1 Dqg vhfrqg/ wkh

wudqvplvvlrq phfkdqlvp lv hvwlpdwhg1 Vhfwlrq 9 h{soruhv dyhqxhv iru ixwxuh uhvhdufk1 Dqg/ vhfwlrq :

frqfoxghv1

2 A�i 4L_i*t

Lq rughu wr glvfxvv wkh sureohpv lqyroyhg lq wkh phdvxuhphqw ri frqwdjlrq vhyhudo vlpsoh prghov duh xvhg1

Hyhq wkrxjk/ wkh wuxh ghvfulswlrq ri wkh zruog lv suredeo| wkh xqlrq ri wkhvh sduwlfxodu slhfhv/ wkh pdlq

uhdvrq wr xvh plqlpdo vwdwlvwlfdo iudphzrunv lv ehfdxvh lw lv hdvlhu wr kljkoljkw wkh sureohpv wkhuh1

Wkh frxqwu| yduldeohv ri lqwhuhvw duh ghqrwhg e| {| dqg ||1 Wkh| uh�hfw hlwkhu vwrfn pdunhw uhwxuqv/

h{fkdqjh udwhv/ lqwhuhvw udwhv/ ru frpelqdwlrqv ri wkhp1 Zlwkrxw orvv ri jhqhudolw|/ dvvxph wkdw {| dqg ||

kdyh ehlqj ghphdqhg dqg duh vhuldoo| xqfruuhodwhg1 Frpprq xqrevhuydeoh vkrfnv duh ghqrwhg e| }|1 Wkhvh

vkrxog eh lqwhusuhwhg dv oltxlglw| vkrfnv/ ulvn suhihuhqfhv/ lqyhvwru*v vhqwlphqwv/ hwf1 Doo wkh lglrv|qfudwlf

lqqrydwlrqv duh ghqrwhg e| %| dqg �|1 Lw lv dvvxphg wkdw wkh| duh lqghshqghqw zlwk phdq }hur/ dqg dovr

lqghshqghqw iurp wkh frpprq vkrfnv1 Wkh prghov frqfhqwudwh rq wkh elyduldwh fdvh/ dowkrxjk prvw ri

wkh uhvxowv fdq eh hdvlo| h{whqghg wr odujhu vhwxsv1

Zkhq wkh sdshu irfxv rq wkh sureohpv ri vlpxowdqhrxv htxdwlrqv/ wkh iroorzlqj prgho wr ghvfuleh wkh

lqwhuuhodwlrqvkls ehwzhhq wkh frxqwulhv lv xvhg=

|| @ �{| . %|> +Prgho 4,

{| @ �|| . �|>

zkhuh H ^%|` @ 3/ H ^�|` @ 3/ dqg H ^%|�|` @ 3/ dqg wkhlu yduldqfhv duh ghqrwhg e| �0 dqg �#1 Zkhq wkh
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sureohp ri rplwwhg yduldeohv lv frqwhpsodwhg/ wkh prgho xvhg lv

|| @ �{| . �}| . %|> +Prgho 5,

{| @ }| . �|=

zkhuh/ dgglwlrqdoo| wr wkh suhylrxv prphqw uhvwulfwlrqv/ lw lv dvvxphg wkdw H ^%|}|` @ 3/ dqg H ^�|}|` @ 31

Wkh yduldqfh ri wkh frpprq vkrfn lv �51

Lq doo wkhvh prghov/ wkh sdudphwhu ri lqwhuhvw lv � +ru zkhwkhu ru qrw lw kdv vkliwhg,1 Lw lv dvvxphg wkdw

wkh htxdwlrq wr eh �wwhg lv wkh iroorzlqj=

|| @ �{| . �| +4,

Gxh wr wkh sureohpv ri vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv lw lv zhoo nqrzq wkdw wklv htxdwlrq

fdqqrw eh frqvlvwhqwo| hvwlpdwhg zlwkrxw ixuwkhu lqirupdwlrq1 Irupdoo|/ H ^{|�|` lv gl�huhqw iurp }hur +wkh

_lghqwl�fdwlrq frqglwlrq%, iru erwk Prgho 4 dqg Prgho 5/ zklfk lpsolhv lqfrqvlvwhqw hvwlpdwhv1

Rqh vroxwlrq lv wr �qg ydolg lqvwuxphqwv1 Krzhyhu/ iru wkh sxusrvh ri wkh sdshu/ lw lv dvvxphg wkdw wkrvh

lqvwuxphqwv gr qrw h{lvw1 Qhyhuwkhohvv/ wkhuh duh flufxpvwdqfhv zkhuh lw frxog eh fodlphg rwkhuzlvh1 Iru

h{dpsoh/ lw lv srvvleoh wr dvvxph wkdw RHFG frxqwulhv duh xqd�hfwhg e| hphujlqj pdunhwv edvhg ri odujh

hfrqrp| dujxphqwv1 Wklv zrxog prwlydwh dq h{foxvlrq uhvwulfwlrq/ � @ 31 Hyhq wkrxjk wklv dvvxpswlrq

pljkw eh dsshdolqj/ lw udlvhv lpsruwdqw txhvwlrqv ri zk| gxulqj erwk wkh Krqj Nrqj dqg Uxvvldq fulvhv

wkh XV dqg Hxurshdq vwrfn pdunhwv zhuh vr khdylo| lq�xhqfhg1 Lq idfw/ sduw ri wkh IHG*v prwlydwlrq

wr orzhu lqwhuhvw udwhv dw wkh hqg ri 4<<; zdv edvhg rq wkh vwdelolw| ri zruog pdunhwv1 Vlploduo|/ lw lv

srvvleoh wr dujxh wkdw sur{lhv iru wkh frpprq vkrfnv h{lvwv1 Krzhyhu/ prvw ri wkhvh phdvxuh duh dw ehvw

ghulyhg iurp wkh vdph sulfhv dqg yroxphv wkh prgho lv h{sodlqlqj1 Lq wklv sdshu/ lw lv dvvxphg wkdw wkh

lqvwuxphqwv duh zhdn +zkhqhyhu wkh| h{lvw,/ dqg wkdw wkh sureohpv shuvlvw1

Wr wdfnoh wkh txhvwlrq rq wkh phdvxuhphqw ri wkh fkdqqhov ri frqwdjlrq/ wkh vwdwlvwlfdo iudphzrun kdv

wr eh voljkwo| pruh jhqhudo1 Prvw ri wkh wkhrulhv ri frqwdjlrq lpso| wkdw wkh wudqvplvvlrq ri vkrfnv dfurvv

frxqwulhv lv d ixqfwlrq ri wkh vwuhqjwk ri wkh frqwdjlrq fkdqqho1 Wkhuhiruh/ d uhgxfhg irup ri frxqwu|*v {�c|

uhwxuq zrxog eh ghvfulehg e| d odwhqw idfwru prgho dv iroorzv=

{�c| @ ��[��c| . �2Wudgh�c��[��c| . ��Pdfur
�c��[��c| . �eUhjlrq�c��[��c| . ===

.��c�Oltxlglw|| . �2c�Ulvn| . ===. %�c|

zkhuh {�c| lv wkh l*wk frxqwu| uhwxuq1 %�c| lv wkh lglrv|qfudwlf vkrfn wr frxqwu| l*v ixqgdphqwdov1 [��c|

duh wkh uhwxuqv ri wkh uhvw ri wkh frxqwulhv1 Wudgh
�c�� lv wkh yhfwru wkdw phdvxuhv wudgh ehwzhhq frxqwu|

l dqg rwkhu frxqwulhv/ Pdfur
�c�� lv wkh ghjuhh ri pdfur vlplodulwlhv dfurvv wkh frxqwulhv/ zkloh Uhjlrq

�c��

fdswxuhv uhjlrqdo fkdudfwhulvwlfv +vlploduo| iru rwkhu fkdqqhov ri frqwdjlrq qrw lqfoxghg lq wkh vshfl�fdwlrq,1
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Frpprq xqrevhuydeoh vkrfnv dovr d�hfw frxqwu| uhwxuqv/ dqg lq wklv h{dpsoh/ oltxlglw| vkrfnv dqg vkliwv

lq ulvn suhihuhqfhv kdyh ehhq prghohg1 Rwkhu vkrfnv frxog eh lqfrusrudwhg1

Hdfk frxqwu| vdwlv�hv dq dqdorjrxv htxdwlrq/ zklfk frqirupv d v|vwhp ri htxdwlrqv=

D�[| .D2 ^Wudgh`[| .D� ^Pdfur`[| .De ^Uhjlrq`[| . === @ E�Oltxlglw|| .E2Ulvn| . ===. %|=

zklfk fdq eh uhzulwwhq dv

D[| @ E]| . %| +5,

D @ D� .D2 ^Wudgh` .D� ^Pdfur` .De ^Uhjlrq` . ===

E @ iE�>E2> ===j

]| @ iOltxlglw||> Ulvn|> ===j
�

Wklv prgho lv wrr frpsoh{ wr dqdo|}h1 Wkhuhiruh/ lw lv vlpsol�hg lw lq wzr gluhfwlrqv= Iluvw/ Prgho 6

frqfhqwudwhv rq wkh rplwwhg yduldeoh sureohpv zlwk pxowlsoh uhjuhvvruv1 Wkhuhiruh/ D lv dvvxphg wr eh

wuldqjxodu/ dqg E gl�huhqw iurp }hur dqg qrq0wuldqjxodu1 Lq sduwlfxodu/ wkh prgho zlwk wkuhh frxqwulhv lv=

|| @ �{�c| . }| . %|> +Prgho 6,

{�c| @ ��}| . ��c|>

{2c| @ �2}| . �2c|>

zkhuh || dqg }| duh dv ehiruh dqg {�c| duh wzr rwkhu frxqwulhv1 Wkh lglrv|qfudwlf vkrfnv duh dvvxphg wr eh

lqghshqghqw1

Lq wklv prgho/ {2c| grhv qrw hqwhu wkh vwuxfwxudo htxdwlrqv ri ||1 Wkh rqo| uhodwlrqvkls ehwzhhq wkhvh

yduldeohv dulvhv iurp wkh rplwwhg frpprq vkrfn1 Wkh pdlq txhvwlrq lv krz zhoo wkh vwdqgdug surfhgxuhv

fdswxuh wkh wuxh xqghuo|lqj vwuxfwxuh ri wkh prgho1

Vhfrqg/ Prgho 6d irfxvhv rq vlpxowdqhrxv htxdwlrqv sureohpv1 Wkh frpprq vkrfnv duh vkxw grzq

+E @ 3, dqg wkh wkuhh frxqwu| uhwxuqv duh ghwhuplqhg e|=

D

3
EEC

||

{�c|

{2c|

4
FFD @

3
EEC

%|

��c|

�2c|

4
FFD > +Prgho 6d,

zkhuh D lv qrq eorfn gldjrqdo1 Djdlq/ wkh txhvwlrq lq wklv prgho lv uhodwhg wr wkh lghqwl�fdwlrq ri pdwul{

D1

Wkhvh prghov duh +lq jhqhudo, hvwlpdwhg xvlqj wkuhh surfhgxuhv= ROV/ Surelw/ dqg Sulqflsdo Frpsr0
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qhqwv1 Zkhq ROV lv xvhg/ lw lv dvvxphg wkdw wkh uhvhdufkhg �wv wkh iroorzlqj htxdwlrq=

|| @ ��{�c| . �2{2c| . �|= +6,

Lw lv zhoo nqrzq wkdw �� dqg �2 zloo eh eldvhg/ exw wkh txhvwlrq lv wkh vl}h dqg gluhfwlrq ri lw1

Wkhuh lv dqrwkhu lpsruwdqw vwudqg ri wkh frqwdjlrq olwhudwxuh wkdw hvwlpdwhv Prghov 6 dqg 6d xvlqj

Surelw +Orjlw ru Pxowlqrpldo, vhwxsv1 Wkh htxdwlrq �wwhg lv=

|W

| @ 4 ^f. ��{�c| . �2{2c| A �|` +7,

Djdlq/ wkh txhvwlrq lv wkh eldv ri �� dqg �21

Ilqdoo|/ wkh odvw whfkqltxh xvhg wr ghwhuplqh wkh lpsruwdqfh ri wkh frqwdjlrq fkdqqhov lv edvhg rq

Sulqflsdo Frpsrqhqwv hvwlpdwlrq rq wkh pxowlyduldwh v|vwhp1

� Ait|�?} uLh U�@?}it �? |�i ThLT@}@|�L? 4iU�@?�t4

D odujh dssolhg olwhudwxuh gh�qhv frqwdjlrq dv d vkliw lq wkh wudqvplvvlrq fkdqqho1 Khqfh/ whvwlqj iru wkh

h{lvwhqfh ri frqwdjlrq lv lpsohphqwhg dv d whvw iru sdudphwhu vwdelolw|1

Wkh prvw zlgho| xvhg surfhgxuhv duh edvhg rq ROV hvwlpdwhv +lqfoxglqj JOV dqg IJOV,/ Sulqflsdo

Frpsrqhqwv/ dqg fruuhodwlrq frh�flhqwv1 Wkh remhfwlyh ri wkh whvwv lv wr ghwhuplqh li wkhuh lv d fkdqjh lq

wkh frh�flhqwv dfurvv wzr gl�huhqw vdpsohv> xvxdoo| fulvlv dqg wudqtxlo shulrgv1

Dv zloo ehfrph fohdu ehorz/ li wkh gdwd vx�huv iurp khwhurvnhgdvwlflw| dqg dq| ri wkh rwkhu wzr sureohpv

+vlpxowdqhrxv htxdwlrqv ru rplwwhg yduldeohv, wkhq prvw ri wkh vwdqgdug whfkqltxhv duh lqdssursuldwh wr

whvw iru wkh vwdelolw| ri wkh sdudphwhuv1

Lw lv lpsruwdqw wr kljkoljkw wkdw wkh vwdqgdug whfkqltxhv duh rqo| lqdssursuldwh li doo sureohpv duh

suhvhqw1 Iru h{dpsoh/ li wkh gdwd lv krprvnhgdvwlf/ wkhq wkh whvwv iru sdudphwhu vwdelolw| duh frqvlvwhqw

hyhq lq wkh suhvhqfh ri vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv1 Lq rwkhu zrugv/ li wkh vwuxfwxudo

fkdqjh whvw lv uhmhfwhg/ wkhq lw kdv wr eh h{sodlqhg e| sdudphwhu lqvwdelolw|1 Wkh whvw grhv qrw surylgh

dq dqvzhu wr zklfk rqh kdv fkdqjhg/ qru lq zklfk htxdwlrq/ exw dw ohdvw lw lqglfdwhv wkdw d vkliw kdv

rffxuuhg1 Rq wkh rwkhu kdqg/ li wkhuh lv rqo| khwhurvnhgdvwlflw| wkhq wkhuh h{lvwv surfhgxuhv wr fruuhfw doo

wkh wudglwlrqdo whvwv dqg dfklhyh frqvlvwhqf|1 Lw lv wkh lqwhudfwlrq ehwzhhq wkh khwhurvnhgdvwlflw| dqg wkh

rwkhu sureohpv zkdw fuhdwhv wkh lqfrqvlvwhqf| lq wkh whvwv1

Wkh lqwxlwlrq zk| wklv lv wkh fdvh lv vlpsoh= erwk wkh hqgrjhqrxv dqg wkh rplwwhg yduldeoh eldvhv

ghshqg rq wkh uhodwlyh yduldqfhv1 Li wkh gdwd h{klelwv khwhurvnhgdvwlflw|/ wkhq wkh eldvhv vkliw dfurvv wkh

vdpsoh1 Wkhuhiruh/ lw lv srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh hvwlpdwhv duh vwdeoh ehfdxvh ri wkh fkdqjh

lq wkh eldvhv/ dqg qrw ehfdxvh ri d vkliw lq wkh xqghuo|lqj sdudphwhuv1

Wkh remhfwlyh ri wklv vhfwlrq lv wr irupdoo| vkrz wkhvh uhvxowv1 Lw lv rujdql}hg dv iroorzv= Iluvw/ lw

8



dqdo|}hv hdfk ri wkh surfhgxuhv dqg wkhlu sureohpv1 Vhfrqg/ lw vxppdul}hv vrph ri wkh dgmxvwphqwv wkdw

fdq eh lqwurgxfhg wr +sduwldoo|, vroyh wkhp1 Lq vrph sduwlfxodu fdvhv wkhuh h{lvw h{dfw fruuhfwlrqv1 Krzhyhu/

wkhvh dgmxvwphqwv duh qrw jhqhudo dqg riwhq rqo| dssur{lpdwlrqv fdq eh xvhg1 Ilqdoo|/ lw uhylhzv d qhz

whvw wkdw lv urexvw wr wkh suhvhqfh ri doo wkuhh sureohpv1 Wkh vhfwlrq lqglfdwhv wkh vlwxdwlrqv zkhuh wkh

whvw fdq eh xvhg dqg zkdw duh wkh dvvxpswlrqv qhhghg1

��� Ait|�?} �t�?} �w5

Wkh ROV hvwlpdwhv ri wkh �uvw htxdwlrq lq Prgho 4 dqg Prgho 5 duh=

a��J_� � � @ � +4� ��,
�0

�2�0 . �#
> +8,

a��J_2 � � @ �
�5

�5 . �#
> +9,

uhvshfwlyho|1 Qrwh wkdw wkh eldv +lq erwk, fdvhv ghshqgv rq wkh uhodwlyh yduldqfhv ri glvwxuedqfhv1

Dvvxph wkdw wkh txhvwlrq ri lqwhuhvw lv zkhwkhu ru qrw wkh sdudphwhuv duh vwdeoh dorqj wkh vdpsoh1 Lq

jhqhudo/ wkh vwuxfwxudo fkdqjh whvw wdnhv wzr irupv= hlwkhu lw hvwlpdwhv d � lq wkh wzr vxe0vdpsohv dqg

shuirupv d frpsdulvrq/ ru lw lqwurgxfhv d gxpp| lq rqh ri wkh vxe0vdpsohv dqg whvw iru lwv vljql�fdqfh1

Lqghshqghqwo| ri wkh vhwxs/ wkrxjk/ wkh uhvxowv lqglfdwhg ehorz duh wkh vdph1 Iru vlpsolflw| lq wkh

h{srvlwlrq/ lw lv dvvxphg wkdw wkh vdpsoh lv vsolw dqg wzr vhsdudwh uhjuhvvlrqv duh uxq1

Uhvxow 4 Zkhq wkhuh lv qr khwhurvnhgdvwlflw|/ wkhq uhjdugohvv ri wkh vlpxowdqhrxv htxdwlrqv ru rplwwhg

yduldeohv sureohpv wkh whvw iru vwuxfwxudo fkdqjh lv frqvlvwhqw1

Wklv uhvxowv frphv iurp wkh idfw wkdw wkh eldvhv xqghu wkh qxoo k|srwkhvlv duh wkh vdph lq erwk vxe0

vdpsohv1 Irupdoo|/ wkh gl�huhqfh lq wkh hvwlpdwhv lv

�
a��J_�cr� � �r�

�
�

�
a��J_�cr2 � �r2

�
@ �

�2

�2 .
j#
j0

+�r� � �r2,

lq Prgho 4 dqg

�
a��J_2cr� � �r�

�
�

�
a��J_2cr2 � �r2

�
@

4

4 .
j#
j5

+�r� � �r2,

lq Prgho 5/ zkhuh v4 dqg v5 vwdqg iru hdfk vxe0vdpsoh1

Xqghu wkh qxoo k|srwkhvlv wkdw �/ �/ dqg � duh frqvwdqw dfurvv vdpsohv/ wkh gl�huhqfh lq wkh hvwlpdwhv

lv }hur> lw lv sursruwlrqdo wr wkh fkdqjh lq wkh sdudphwhuv1 Wkxv/ wkh uhmhfwlrq rffxuv rqo| li wkh sdudphwhuv

kdyh vkliwhg1
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Uhvxow 5 Zkhq wkh gdwd kdv khwhurvnhgdvwlflw| dqg hlwkhu vlpxowdqhrxv htxdwlrqv ru rplwwhg yduldeohv

sureohpv/ wkh whvw iru vwdelolw| lv lqfrqvlvwhqw1

Li wkhuh lv khwhurvnhgdvwlflw| lq wkh vdpsoh/ wkh whvw iru vwdelolw| fdq eh uhmhfwhg xqghu wzr fdvhv= +4, li

wkh sdudphwhuv kdyh fkdqjhg/ ru +5, li wkh yduldqfhv +dqg khqfh wkh eldvhv, vkliwhg1 Wr h{hpsoli| wklv srlqw/

dvvxph wkhuh lv khwhurvnhgdvwlflw| dqg wkdw wkh sdudphwhuv duh frqvwdqw1 Wkh gl�huhqfh lq wkh hvwlpdwhv

lv=

a��J_�cr� �
a��J_�cr2 @ � +4� ��,

3
C 4

�2 .
�
j#
j0

�
r�

�

4

�2 .
�
j#
j0

�
r2

4
D

lq Prgho 4 dqg

a��J_2cr� �
a��J_2cr2 @ �

3
C 4

4 .
�
j#
j5

�
r�

�

4

4 .
�
j#
j5

�
r2

4
D

lq Prgho 51

Wkh eldvhv dfurvv wkh vdpsohv fdqfho hdfk rwkhu li wkhuh lv krprvnhgdvwlflw| ru wkh khwhurvnhgdvwlflw|

lpsolhv d sursruwlrqdo lqfuhdvh lq wkh yduldqfh ri doo vkrfnv +
j#
j0

ru
j#
j5

duh lqyduldqw,1 Rwkhuzlvh/ wkh

hvwlpdwhv duh gl�huhqw hyhq wkrxjk wkh xqghuo|lqj sdudphwhuv duh frqvwdqw12 Pruhryhu/ wklv sureohp

fdqqrw eh vroyhg e| hvwlpdwlqj wkh sdudphwhuv xvlqj JOV ru IJOV1

Lq frqfoxvlrq/ zkhq wkhuh duh sureohpv ri vshfl�fdwlrq wkh whvw iru vwdelolw| +edvhg rq d yhuvlrq ri wkh

Fkrz whvw, lv lpsolflwo| whvwlqj djdlqvw wkh mrlqw dowhuqdwlyh k|srwkhvlv= wkh vwdelolw| ri sdudphwhuv dqg

wkh krprvnhgdvwlflw| ri wkh uhvlgxdov1 Lq wkh sduwlfxodu fdvh ri frqwdjlrq/ lw lv lpsruwdqw wr uhphpehu wkdw

wkh gdwd lv fkdudfwhul}hg e| odujh vkliwv lq vhfrqg prphqwv1 Wkxv/ pdnlqj lqihuhqfh derxw wkh vwdelolw|

ri sdudphwhuv lq wkh olqhdu uhjuhvvlrq frqwh{w frpsolfdwhg> wkh whvw grhv qrw surylgh wkh uhdvrq iru wkh

uhmhfwlrq1

��2 Ait|�?} �t�?} �h�?U�T@* �L4TL?i?|t

Sulqflsdo Frpsrqhqwv lv d whfkqltxh ghvljqhg wr �qg frpprq idfwruv iru d vhw ri wlph vhulhv1 Wkh remhfwlyh

ri wkh phwkrgrorj| lv zhoo vxppdul}hg e| Ndplvn| dqg Uhlqkduw ^5333` _lq wkh fdvh zkhuh wkh ruljlqdo

vhulhv duh lghqwlfdo/ wkh �uvw Sulqflsdo Frpsrqhqw h{sodlqv 433 shufhqw ri wkh yduldwlrq lq wkh ruljlqdo vhulhv1

Dowhuqdwlyho|/ li wkh vhulhv duh ruwkrjrqdo wr rqh dqrwkhu/ lw zrxog wdnh dv pdq| Sulqflsdo Frpsrqhqwv

dv wkhuh duh vhulhv wr h{sodlq doo wkh yduldqfh lq wkh ruljlqdo vhulhv1 Lq wkdw fdvh/ qr dgydqwdjh zrxog eh

2
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jdlqhg e| orrnlqj dw frpprq idfwruv/ dv qrq h{lvw1%�

Irupdoo|/ dvvxph wkhuh duh N yduldeohv hdfk zlwk q revhuydwlrqv1 Ghqrwh wkh vdpsoh gdwd dv [ dqg

wkhlu fryduldqfh pdwul{ dv 
1 Wkh �uvw frpsrqhqw h{sodlqv wkh N vhulhv dv ehvw dv srvvleoh1 Wkxv/ lw

plqlpl}hv wkh glvfuhsdqflhv ri

[ � d�s

zkhuh s lv wkh Sulqflsdo Frpsrqhqwv/ dqg d� lv d pdwul{ ri vfdoduv1 s lv rqo| lghqwl�hg xs wr d frqvwdqw/

dqg wkhuhiruh vrph qrupdol}dwlrq lv lpsrvhg +xvxdoo| s�s @ 4 ru wkh gldjrqdo ri wkh s pdwul{ lv htxdwhg

wr rqh,1 Lw fdq eh vkrzq wkdw wkh �uvw frpsrqhqw fruuhvsrqgv wr wkh hljhqyhfwru ri wkh odujhvw hljhqydoxh

ri 
1 Wkh frpsrqhqwv ri s duh nqrzq dv wkh ordglqj dqg uh�hfw wkh lpsruwdqfh ri d sduwlfxodu yduldeoh lq

h{sodlqlqj wkh uhvw1

Sulqflsdo Frpsrqhqwv kdyh ehhq zlgho| xvhg wr whvw iru wkh vwdelolw| ri wkh sursdjdwlrq phfkdqlvp

ehfdxvh wkhlu hvwlpdwhv duh frqvlvwhqw hyhq li wkh gdwd kdv vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv

sureohpv1e Wklv dvshfw ri wkh phdvxuhphqw lv shukdsv wkh eljjhvw dgydqwdjh ri xvlqj Sulqflsdo Frpsr0

qhqwv1

Uhvxow 6 Zkhq wkhuh lv qr khwhurvnhgdvwlflw|/ whvwv ri vwdelolw| edvhg rq Sulqflsdo Frpsrqhqwv duh frq0

vlvwhqw1

Wkh lqwxlwlrq ri wkh vwuxfwxudo fkdqjh whvw edvhg rq Sulqflsdo Frpsrqhqwv lv wkdw li wkh ordglqjv lq

wkh �uvw frpsrqhqw fkdqjh wkhq wkh sdudphwhuv xqghuo|lqj wkh vwdwlvwlfdo prgho kdyh vkliwhg wrr1 Prgho

4 lpsolhv d fryduldqfh pdwul{ htxdo wr=D
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Dqg wkh hljhqyhfwru ri wkh �uvw hljhqydoxh +wkh odujhvw rqh, lv
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Qrwh wkdw wkh hljhqydoxhv dqg hljhqyhfwruv rqo| ghshqg rq wkh sdudphwhuv +� dqg �, dqg wkh uhodwlyh

yduldqfh ri wkh lglrv|qfudwlf vkrfnv +�,1

Wkhuhiruh/ xqghu wkh dvvxpswlrq ri krprvnhgdvwlflw|/ d fkdqjh lq wkh ordglqjv ri wkh Sulqflsdo Frp0

srqhqw lqghhg lpsolhv d vkliw lq wkh sdudphwhuv +� dqg �,1 Wkhvh surshuw| ri wkh Sulqflsdo Frpsrqhqwv

lv zkdw judqwv lwv xvh wr whvw iru sdudphwhu vwdelolw|1 Krzhyhu/ vlploduo| dv ehiruh/ wklv uhvxow rqo| krogv lq

wkh odfn ri khwhurvnhgdvwlflw|1

Uhvxow 7 Whvwv ri sdudphwhu vwdelolw| edvhg rq Sulqflsdo Frpsrqhqwv duh lqfrqvlvwhqw lq wkh suhvhqfh ri

khwhurvnhgdvwlflw|1

Wklv uhvxow lv vwurqjhu wkdq wkh rqh vwdwhg iru wkh ROV fdvh1 Lw vd|v wkdw hyhq lq wkh devhqfh ri

vlpxowdqhrxv htxdwlrq dqg rplwwhg yduldeoh sureohpv wkh whvwv ri vwuxfwxudo fkdqjh edvhg rq Sulqflsdo

Frpsrqhqwv duh lqfrqvlvwhqw li wkh uhvlgxdov duh khwhurvnhgdvwlf1 Khqfh/ dv rssrvh wr wkh ROV ru wkh

fruuhodwlrq fdvh +vhh ehorz, wkhuh lv qr surfhgxuh wkdw fdq ghdo zlwk wkh h{lvwhqfh ri khwhurvnhgdvwlflw|

dorqh1 D vkliw lq wkh uhodwlyh yduldqfhv +�, dowhuv wkh ordglqjv/ hyhq li � ru � duh htxdo wr }hur1S

Djdlq/ wkh idfw wkdw frqwdjlrq lv dffrpsdqlhg e| odujh vkliwv lq vhfrqg prphqwv lpsolhv wkdw frpsdu0

lvrqv ri Sulqflsdo Frpsrqhqwv dfurvv vdpsohv duh lqdghtxdwh dv dq lqglfdwlrq ri sdudphwhu vwdelolw|1

��� Ait|�?} �t�?} |�i �Lhhi*@|�L?

Wkh �uvw sdshu +wr p| nqrzohgjh, whvwlqj iru fkdqjhv lq wkh sursdjdwlrq phfkdqlvp xvlqj fruuhodwlrq

phdvxuhv zdv wkh lq�xhqwldo frqwulexwlrq e| Nlqj dqg Zdgkzdql ^4<<3`1 Wkh lqwxlwlrq ri wkh whvw lv wkdw
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fkdqjhv lq wkh xqghuo|lqj frh�flhqwv lpso| d vkliw lq wkh fruuhodwlrq frh�flhqwv dv zhoo1 Wklv whvw kdv

ehhq zlgho| xvhg lq wkh olwhudwxuh ehfdxvh ri lwv vlpsolflw| dqg lqwxlwlyh lpsolfdwlrqv1

Krzhyhu/ wkh frqglwlrqv zkhuh d fkdqjh lq fruuhodwlrqv lpso| d vkliw lq wkh xqghuo|lqj sdudphwhuv duh

uhvwulfwlyh1 Urqq ^4<<;` vkrzv wkdw lqfuhdvhv lq yduldqfh lpsolhv d ulvh lq wkh fruuhodwlrq1.

Iru lqvwdqfh/ dvvxph wkh sureohp ri hqgrjhqrxv yduldeohv grhv qrw h{lvw +pdnh � @ 3 lq Prgho 4,1

Wkh fruuhodwlrq ehwzhhq {| dqg || lv

� @
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w
. �2

zklfk lv d ixqfwlrq ri �1

Vkrfnv wr wkh yduldqfh ri {| lpso| dq lqfuhdvh lq �/ zklfk fdxvhv wkh devroxwh ydoxh ri wkh fruuhodwlrq

wr ulvh wrr1 Lq wkh olplw/ zkhq vkrfnv wr frxqwu| {| duh lq�qlwho| odujh/ wkh lglrv|qfudwlf vkrfnv wr || duh

qhjoljleoh dqg wkh fruuhodwlrq ehwzhhq wkh wzr yduldeohv lv rqh1 Rq wkh rwkhu kdqg/ zkhq wkh yduldqfh ri

�| jrhv wr }hur wkh fruuhodwlrq lv }hur1 Qrwh wkdw wkh fruuhodwlrq pryhv iurp }hur wr rqh dqg wkh sdudphwhu

� uhpdlqv wkh vdph1H

Uhvxow 8 Whvwv ri sdudphwhu vwdelolw| edvhg rq +xqdgmxvwhg, fruuhodwlrq frh�flhqwv duh lqfrqvlvwhqw li wkh

gdwd lv khwhurvnhgdvwlf1

Wkh uhvxow lv vwdwhg rq xqdgmxvwhg fruuhodwlrq ehfdxvh wkhuh duh vrph fdvhv zkhuh wkh eldv fdq eh

fruuhfwhg1 Wklv dgmxvwphqw zdv �uvw sursrvhg e| Urqq ^4<<;` lq wkh elyduldwh vhwwlqj1b Wkh pdlq dv0

vxpswlrq uhtxluhg lv wkdw wkhuh duh qr sureohpv ri vlpxowdqhrxv htxdwlrqv ru rplwwhg yduldeohv dqg wkdw

wkh khwhurvnhgdvwlflw| lv ixoo| h{sodlqhg e| vkliwv lq �|/ dqg qrw lq %|1 Lq wklv fdvh/ wkh gdwd surylghv d

phdvxuh ri wkh fkdqjh lq � +zklfk lv jlyhq e| wkh lqfuhdvh lq wkh yduldqfh ri {|,/ dqg wkh _xqfrqglwlrqdo%

fruuhodwlrq fdq eh frpsxwhg1 Zkhuh wkh xqfrqglwlrqdo fruuhodwlrq fdq eh frpsduhg dfurvv vdpsohv/ dqg

lwv vwdelolw| lv frqvhtxhqwldo iru whvwv ri vwuxfwxudo fkdqjh1

Wkh surfhgxuh lv dv iroorzv= dvvxph wkh yduldqfh ri {| lqfuhdvhv lq �/ wkhq wkh fruuhodwlrq lq wkdw

vxe0vdpsoh lv jlyhq e|
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Wkh lpsolhg xqfrqglwlrqdo fruuhodwlrq lv wkh rqh wkdw zrxog kdyh suhydlohg li wkh huuruv zhuh krprvnhgdvwlf1

Khqfh/ lw lv jlyhq e|=

�� @
�t

�
w
. �2

>

Vroylqj iru wkh lpsolhg xqfrqglwlrqdo fruuhodwlrq +��, dv d ixqfwlrq ri wkh frqglwlrqdo fruuhodwlrqv dqg wkh

vkliw lq wkh yrodwlolw| wkh iroorzlqj dgmxvwphqw lv irxqg=

�� @ �S

v
4 . �

4 . ��2S

Wkh ��*v fdq eh frpsduhg dfurvv vdpsohv1 Dqg xqghu wkh dvvxpswlrqv vwdwhg lq wklv ghulydwlrq/ li wkh|

fkdqjh wkhq lw lv wkh fdvh wkdw wkh �*v kdyh vkliwhg wrr1 Wkh wzr pdlq dgydqwdjhv ri wklv surfhgxuh duh=

Iluvw/ � fdq eh hvwlpdwhg gluhfwo| iurp wkh vdpsoh e| orrnlqj dw wkh vkliw lq wkh yduldqfh ri {|1 Wklv pdnhv

wkh dgmxvwphqw yhu| vlpsoh1 Vhfrqg/ wkhuh lv qr qhhg wr hvwlpdwh � wr shuirup d whvw ri lwv vwdelolw|1

Krzhyhu/ dv zdv phqwlrqhg ehiruh/ wklv dgmxvwphqw fdq rqo| eh xvhg li wkhuh duh qr vlpxowdqhrxv

htxdwlrqv dqg rplwwhg yduldeohv lvvxhv1�f Lq idfw/ lq wklv vlwxdwlrq/ wkhuh lv qr sureohp xvlqj ROV> wkxv qr

qhhg wr hvwlpdwh wkh fruuhodwlrq frh�flhqw lq wkh �uvw sodfh1 Wklv lv wkh pdlq zhdnqhvv ri xvlqj fruuhodwlrq

frh�flhqwv dv dq lqglfdwlrq ri wkh vwdelolw| ri d prgho> wkh vhwwlqj xqghu zklfk wkh fkdqjh lq wkh fruuhodwlrq

frh�flhqw +ru lwv dgmxvwphqw, lv phdqlqjixo/ jhqhudoo| mxvwl�hv wkh lpsohphqwdwlrq ri rwkhu phwkrgrorjlhv1

��e �i� ThLUi_�hi�

Wkh suhylrxv glvfxvvlrq fohduo| lqglfdwhv wkdw wkh hpslulfdo txhvwlrq ri wkh vwdelolw| ri sdudphwhuv dfurvv

frxqwulhv idfhv wuhphqgrxv hfrqrphwulf gl�fxowlhv1 Wkh surshuwlhv ri wkh gdwd pdnh surfhgxuhv wkdw zhuh

ghvljqhg wr frsh zlwk rqh ri wkh hpslulfdo lvvxhv/ lqdssursuldwh zkhq doo wkh sureohpv duh suhvhqw1

Wklv vhfwlrq ghvfulehv d qhz phwkrgrorj| wr whvw iru vwuxfwxudo fkdqjh xqghu vlpxowdqhrxv htxdwlrqv/

rplwwhg yduldeohv/ dqg khwhurvnhgdvwlflw| sureohpv1 Lw lv d vlpsol�hg yhuvlrq ri Uljrerq ^5333e`1 Wklv

surfhgxuh lv edvhg rq wkh dvvxpswlrqv wkdw> +4, wkh frxqwu| jhqhudwlqj wkh fulvlv lv nqrzq/ dqg +5, wkdw
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wkh fkdqjhv lq wkh yduldqfh ri wkh uhvw ri wkh frxqwulhv lv h{sodlqhg/ dw ohdvw lq wkh vkruw uxq/ e| wkh frxqwu|

xqghu fulvlv/ dqg qrw e| rwkhu lglrv|qfudwlf vkrfnv1

Wkh �uvw dvvxpswlrq lv uhodwlyho| xqfrqwuryhuvldo1 Krzhyhu/ lw lv lpsruwdqw wr kljkoljkw wkdw wkhuh duh

vhyhudo hyhqwv zkhuh wklv lqirupdwlrq lv qrw dydlodeoh1 Iru h{dpsoh/ gxulqj wkh HPV fulvhv/ zkr lv wkh

frxqwu| wr eh eodphg iru wkh lqfuhdvh lq yrodwlolw|B Wkh vhfrqg dvvxpswlrq lv shukdsv wkh prvw gl�fxow

rqh wr dfnqrzohgjh1 Lw lv d fuxfldo dvvxpswlrq exw rqh wkdw lq wkh frqwdjlrq olwhudwxuh lv uhdvrqdeoh dqg/

lqghhg lw lv whvwdeoh1 Lq wkh glvfxvvlrq ehorz/ wklv surshuw| ri wkh whvw lv h{soruhg pruh fduhixoo|1

Dvvxph wkh yduldeohv duh ghvfulehg e| Prgho 41�� Dgglwlrqdoo|/ dvvxph wkdw lw lv nqrzq wkdw lq d

vxe0vdpsoh wkh yduldqfhv ri {| dqg || ulvh ehfdxvh wkh yduldqfh ri �| lqfuhdvhv/ zkloh wkh yduldqfh ri %|

uhpdlqv frqvwdqw1 Lq wklv fdvh/ wzr fryduldqfh pdwulfhv fdq eh frpsxwhg= rqh iru wkh orz yrodwloh shulrg/

dqg rqh iru wkh kljk yrodwloh shulrg=
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Qrwh wkdw wkh fkdqjh lq wkh fryduldqfh pdwul{ lv jlyhq e|
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zklfk kdv d ghwhuplqdqw htxdo wr }hur1 Lq idfw/ sursrvlwlrq 4 lq Uljrerq ^5333e` dssolhg wr wkh fdvh vwxglhg

khuh vwdwhv wkdw=

Uhvxow 9 +GFF Whvw, Wkh ghwhuplqdqw ri wkh fkdqjh lq wkh fryduldqfh pdwulfhv lv }hur li wkh sdudphwhuv

duh vwdeoh dqg li wkh khwhurvnhgdvwlflw| lv h{sodlqhg e| wkh vkliw lq wkh yduldqfh ri rqo| rqh ri wkh vkrfnv1

Lq rwkhu zrugv/ li wkh sdudphwhuv vkliw ru li wkh wzr yduldqfhv fkdqjh/ wkhq wkh ghwhuplqdqw ri wkh

gl�huhqfh ri wkh fryduldqfh pdwulfhv lv qrw }hur1 Wkh prgho fdq kdyh frpprq vkrfnv wrjhwkhu zlwk

vlpxowdqhrxv htxdwlrqv dqg vwloo wklv uhvxow krogv1�2
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Wzr uhpdunv derxw wkh whvw duh zruwk kljkoljkwlqj= +4, wkh whvw lv uhmhfwhg lq wzr vlwxdwlrqv= zkhq

wkh sdudphwhuv vkliw +zklfk lv wkh lqwhuhvwlqj fdvh, dqg zkhq wkhuh lv khwhurvnhgdvwlflw| lq pruh wkdq wzr

lglrv|qfudwlf vkrfnv1 Wklv vhfrqg uhmhfwlrq lv xqlqwhuhvwlqj iru wkh sxusrvhv ri frqwdjlrq1 +5, wkh whvw

uhtxluhv wkh nqrzohgjh ri wkh frxqwu| jhqhudwlqj wkh lqfuhdvh lq yrodwlolw|/ dv zhoo dv lwv wlplqj1 Hyhq

wkrxjk wkh frxqwu| surgxflqj wkh fulvlv fdq eh srlqwhg rxw lq vrph fdvhv/ wkh wudqtxlo dqg fulvlv shulrgv

pljkw qrw eh dv hdv| wr ghwhuplqh1

Wkhvh wzr zhdnqhvvhv ghvhuyh ixuwkhu glvfxvvlrq1

Wzr dowhuqdwlyh k|srwkhvhv1 Iluvw/ vr idu/ wkhuh lv qr surfhgxuh wr glvhqwdqjoh ehwzhhq wkh wzr

dowhuqdwlyh k|srwkhvlv1 Krzhyhu/ dq dgydqwdjh ri wkh whvw lv wkdw li wkhuh lv qr uhmhfwlrq wkhq wkh dvvxpswlrq

ri vwdelolw|/ dqg wkh dvvxpswlrq rq wkh sduwlfxodu irup ri wkh khwhurvnhgdvwlflw| duh dffhswhg1 Lw lv rqo|

zkhq wkh whvw lv uhmhfwhg wkdw wkh dvvxpswlrq derxw wkh irup ri wkh khwhurvnhgdvwlflw| ehfrphv fuxfldo iru

wkh lqwhusuhwdwlrq ri wkh uhvxowv1

Wkh txhvwlrq wkhq/ lv rqh ri wkh srzhu ri wkh whvw1 Uljrerq ^5333` vwxglhv wkh srzhu djdlqvw wzr srvvleoh

dowhuqdwlyh k|srwkhvlv= +4, d fkdqjh lq �/ dqg +5, vkliwv lq wkh wzr yduldqfhv1 Wkh pdlq frqfoxvlrqv ri

wkdw h{huflvh lv wkdw zlwk vdpsohv vl}hv durxqg 93 revhuydwlrqv/ li wkh sdudphwhuv duh qrw wrr odujh +� dqg

� vkrxog eh vpdoohu wkdq 31;, dqg li wkh revhuyhg khwhurvnhgdvwlflw| ri {| dqg || lv uhodwlyho| odujh +wkh

yduldqfhv lqfuhdvh e| dw ohdvw 8 wlphv, wkhq wkh srzhu ri wkh whvw djdlqvw erwk dowhuqdwlyh k|srwkhvhv lv

ehwwhu wkdq 43 shufhqw1

Lq dssolfdwlrqv ri frqwdjlrq erwk frqglwlrqv duh jhqhudoo| vdwlv�hg1 Iluvw/ frqfhuqlqj wkh vkliw lq ydul0

dqfh/ �qglqj fkdqjhv ri wkh rughu ri 43 wlphv duh frpprq lq vwrfn pdunhwv/ grphvwlf lqwhuhvw udwhv/

h{fkdqjh udwhv dqg Eudg| Erqg uhwxuqv1 Vhfrqg/ hvwlpdwhv odujhu wkdq 31; lpso| h{wuhpho| kljk lqwhu0

uhodwlrqvklsv qrw hyhq irxqg lq Eudg| Erqg pdunhwv1 Pruhryhu/ vwudljkw ROV uhjuhvvlrq hvwlpdwhv duh

jhqhudoo| vpdoohu wkdq 31;1 Gxh wr wkh hqgrjhqrxv eldvhv lw vkrxog eh h{shfwhg wkdw wkhvh hvwlpdwhv duh

xszdug eldvhg/ vxjjhvwlqj wkdw wkh wuxh sdudphwhuv duh vpdoohu wkdq 31;1

Gh�qlwlrq ri wkh shulrgv1 Wkh vhfrqg txhvwlrq lv uhodwhg wr wkh gh�qlwlrq ri wkh shulrgv ri kljk dqg

orz yrodwlolw|1 Rqh lpsruwdqw uhvxow ri wklv whvw lv wkdw wkh ghwhuplqdqw ri wkh fkdqjh lq wkh fryduldqfh lv

frqvlvwhqw hyhq li wkh zlqgrzv duh plvvshfl�hg1 Wklv lpsolhv wkdw wkh whvw lv urexvw wr edgo| vwlsxodwhg

shulrgv1 Wklv lv d pdmru dgydqwdjh ri wkh whvw ehfdxvh lq prvw ri wkh frqwdjlrq hyhqwv wkh ehjlqqlqj ri

wkh fulvhv duh uhodwlyho| fohdu/ exw qrw wkhlu hqg1 Rq wkh rwkhu kdqg/ wkh frvw ri wkh plvvshfl�fdwlrq lv wkdw

wkh whvw orvvhv srzhu/ wkxv lw lv pruh olnho| qrw wr �qg d uhmhfwlrq1

Wkh lqwxlwlrq ri wkh frqvlvwhqf| ri wkh whvw lv wkh iroorzlqj= li wkh shulrgv duh plvvshfl�hg wkh hvwlpdwhg

fryduldqfh pdwulfhv duh olqhdu frpelqdwlrqv ri wkh wuxh xqghuo|lqj pdwulfhv1 Wkh gl�huhqfh ehwzhhq wkh

plvvshfl�hg rqhv lv dovr d olqhdu frpelqdwlrq ri wkh gl�huhqfh ri wkh wuxh rqhv1 Li wkh ruljlqdo fkdqjh lq

pdwulfhv lv ohvv wkdq ixoo udqn/ wkh olqhdu frpelqdwlrq zrxog eh vr wrr1 Khqfh/ frqvlvwhqf| lv dvvxuhg1 Wkh
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orvv lq srzhu lv dovr xqghuvwrrg iurp wklv lqwxlwlrq ehfdxvh wkh olqhdu frpelqdwlrq uhgxfhv wkh gl�huhqfh

dfurvv wkh vdpsohv e| dyhudjlqj wkh xqghuo|lqj pdwulfhv1

Lw lv lpsrvvleoh/ lq sudfwlfh/ wr gh�qh wkh fulvlv shulrg suhflvho|1 Khqfh/ urexvwqhvv ri wkh uhvxowv zkhq

wkh zlqgrz lv prgl�hg vkrxog eh vwxglhg1��

Zkhq wr xvh wkh whvwB Wkh wudglwlrqdo whfkqltxhv whvwlqj iru vwuxfwxudo fkdqjh/ lq jhqhudo/ duh qrw

dssursuldwh wr whvw iru frqwdjlrq ehfdxvh wkh gdwd kdv vlpxowdqhrxv htxdwlrqv/ rplwwhg yduldeohv/ dqg

khwhurvnhgdvwlflw| sureohpv1 Wkhuh duh vrph dgmxvwphqwv wkdw pljkw uhgxfh wkh eldvhv/ exw lq idfw/ wkhuh

lv qr jxdudqwhh wkdw wkrvh fruuhfwlrqv duh lpsurylqj wkh whvw1 Pruh lpsruwdqwo|/ wkh frqglwlrqv xqghu

zklfk Sulqflsdo Frpsrqhqwv dqg fruuhodwlrqv hvwlpdwhv fdq eh dgmxvwhg duh wkrvh zkhq ROV frxog eh

hvwlpdwhg/ dqg vkrxog1

Wkh whvw vxppdul}hg lq wklv vhfwlrq ghdov zlwk vrph ri wkh sureohpv wkdw wkh gdwd kdv1 Reylrxvo|/ lw

ghshqgv rq d gl�huhqw lpsruwdqw dvvxpswlrq= pdlqo|/ wkdw wkh khwhurvnhgdvwlflw| kdv wr eh h{sodlqhg e| d

vxevhw ri wkh lglrv|qfudwlf vkrfnv1 Wklv lv wkh pdmru dvvxpswlrq +dqg wkhuhiruh zhdnqhvv, ri wkh surfhgxuh

dqg vkrxog eh wdnhq fdxwlrxvo|1

Iru h{dpsoh/ wkh dssolfdwlrq ri wklv phwkrgrorj| gxulqj wkh Ph{lfdq fulvlv vdwlv�hv wkh suhplvhv lq wkh

whvw1 Lw lv gl�fxow wr fodlp wkdw wkh lqfuhdvh lq wkh yrodwlolw| ri wkh rwkhu Odwlq Dphulfdq vwrfn pdunhwv

+iroorzlqj wzr zhhnv diwhu wkh Ghfhpehu 4</ 4<<7 ghydoxdwlrq, lv h{sodlqhg e| vkrfnv wr wkrvh sduwlfxodu

frxqwulhv dqg qrw d gluhfw frqvhtxhqfh ri Ph{lfdq sureohpv1 Lq idfw/ dv lw lv vkrzq lq wkh hpslulfdo vhfwlrq/

wkh vwdelolw| lv qrw uhmhfwhg iru wklv fulvlv1

Krzhyhu/ xvlqj wkh vdph surfhgxuh wr whvw iru vwdelolw| ri sdudphwhuv gxulqj wkh HPV ru wkh Nruhdq

fulvhv lv pruh gl�fxow1 Zklfk frxqwu| vkrxog eh eodphg e| wkh lqfuhdvh lq yrodwlolw| gxulqj wkh froodsvh

ri wkh HPVB Rqh/ wzr/ ru doo ri wkhpB Lqghhg/ li wkh whvw lv dssolhg wr wkh HPV dqg wkh Nruhdq fulvhv/ lw

zrxog eh hdv| wr uhmhfw wkdw wkh ghwhuplqdqw lv }hur1 Iru wkh HPV lw lv fohdu wkdw qr vlqjoh frxqwu| fdq

eh srlqwhg rxw dv wkh vrxufh ri wkh khwhurvnhgdvwlflw|1 Iru wkh Nruhdq fulvlv wkhuh grhv qrw h{lvwv d shulrg

ri 43 frqvhfxwlyh gd|v zlwkrxw d fulvlv lq dqrwkhu VHD frxqwu|1 E| wkh fkdudfwhulvwlfv ri wkhvh wzr fulvhv/

lw vkrxog eh h{shfwhg d uhmhfwlrq1 Krzhyhu/ fodlplqj wkdw lw lv gxh wr sdudphwhu lqvwdelolw| lv lpsrvvleoh1

Djdlq/ wklv lv d fdvh zkhuh wkh uhmhfwlrqv duh qrq lqwhuhvwlqj1

Lq wkh lpsohphqwdwlrq ri wklv phwkrgrorj| wkh wzr pdlq txhvwlrqv vkrxog eh= Iluvw/ zkhwkhu ru qrw wkh

gdwd lv khwhurvnhgdvwlf/ dqg wkdw lw lv odujh hqrxjk1 Wklv lv wkh suhfrqglwlrq iru wkh vhfrqg txhvwlrq= fdq

lw eh ghvfulehg e| vkliwv lq wkh yduldqfhv ri d vxevhw ri wkh lglrv|qfudwlf vkrfnvB Li vr/ wkhq wkh surfhgxuh

khuh ghvfulehg lv d ydolg whvw iru sdudphwhu vwdelolw|1 Prvw ri wkh frqwdjlrq hyhqwv/ krzhyhu/ fdq dqvzhu

d�updwlyho| erwk txhvwlrqv1
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Wkh vhfrqg txhvwlrq wkdw prvw hpslulfdo dssolfdwlrqv ri frqwdjlrq wdfnoh lv wkh phdvxuhphqw ri wkh gl�huhqw

fkdqqhov wkurxjk zklfk vkrfnv duh sursdjdwh dfurvv frxqwulhv1�e Uhjdugohvv ri wkh fkdqqhov/ iurp wkh

hpslulfdo srlqw ri ylhz/ wkhuh h{lvwv hvvhqwldoo| wkuhh dssurdfkhv xvhg wr phdvxuh wkhp= Surelw/ ROV/ dqg

Sulqflsdo Frpsrqhqwv1

e�� �i@t�h�?} �t�?} �hLM�|�wL}�|�

Rqh ri wkh �uvw hpslulfdo sdshuv lq wkh frqwdjlrq olwhudwxuh zdv Hlfkhqjuhhq/ Urvh/ dqg Z|sorv} ^4<<9`1

Wkh| dvnhg wkh txhvwlrq/ zkdw lv wkh suredelolw| wkdw frxqwu| | idfhv d vshfxodwlyh dwwdfn/ jlyhq wkdw

frxqwu| { lv vx�hulqj rqh1 Wkhlu lqwhusuhwdwlrq ri frqwdjlrq lv qdwxudo dqg dsshdolqj1

Wr lpsohphqw wkhlu whvw/ wkh| wdnh wkuhh vwhsv= Iluvw/ wkh| gh�qh dq lqgh{ +fdswxulqj wkh vwuhqjwk ri

dq vshfxodwlyh dwwdfn,/ vhfrqg wkh| fkdudfwhul}h wkh fulvlv dv odujh pryhphqwv lq vxfk lqgh{hv/ dqg wklug

wkh| frpsxwh wkh lqwhuuhodwlrqvkls dfurvv frxqwulhv xvlqj Surelw1�D Lq rughu wr whvw iru wkh lpsruwdqfh

ri wkh gl�huhqw fkdqqhov ri frqwdjlrq wkh| lqwhudfwhg wkh uljkw kdqg vlgh fulvhv lqgh{hv zlwk phdvxuhv ri

wudgh/ frxqwu| vlplodulwlhv/ hwf1 Wkh lqwhusuhwdwlrq ri wkhlu uhvxowv duh xqgrxewhgo| hqjdjlqj1 Krzhyhu/

wklv prgho hqfrxqwhuv 5 sureohpv= +4, zkhq wkh uhvlgxdov duh khwhurvnhgdvwlf/ +5, zkhq wkhuh duh rplwwhg

yduldeohv dqg vlpxowdqhrxv htxdwlrqv sureohpv1

Khwhurvnhgdvwlflw| lq ||*v uhvlgxdov= Rqh ri wkh prvw gl�fxow sureohpv wr vroyh lq olplwhg ghshqgdqw

yduldeoh uhjuhvvlrqv lv wkh frqvlvwhqf| ri wkh hvwlpdwhv zkhq wkh uhvlgxdov ri wkh vhohfwlrq htxdwlrq duh

khwhurvnhgdvwlf1 Vhyhudo surfhgxuhv kdyh ehhq ghyhorshg wr ghdo zlwk wklv lvvxh= Iru h{dpsoh/ Pd{lpxp

Vfruh +vhh Pdqvnl ^4<;8` / Krurzlw} ^4<<5/ 4<<6`, dqg V|pphwulf Wulpplqj +vhh Srzhoo ^4<;9`/ dqg dovr

Krqruh ^4<<5` dqg Krqruh/ N|uld}lgrx dqg Xgu|,1 Wkhvh phwkrgrorjlhv duh deoh wr kdqgoh wkh hvwlpdwlrq

eldvhv1 Qhyhuwkhohvv/ wkh| kdyh qrw ehlqj xvhg lq frqwdjlrq dssolfdwlrqv |hw1 Rq wkh rwkhu kdqg/ wkh odfn

ri frqwuro iru khwhurvnhgdvwlflw| d�hfwv vljql�fdqwo| wkh hvwlpdwhv1 Wklv lv wkh glvfxvvlrq kljkoljkwhg lq

wklv vhfwlrq1

D Prqwh Fduor vlpxodwlrq lv uxq wr txdqwli| wkh eldv1 Dvvxph wkdw wkh uhwxuqv duh ghvfulehg e| Prgho
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Dvvxph wkdw wkh wklug vkrfn +�2c|, lv wkh rqo| rqh wkdw vx�huv iurp khwhurvnhgdvwlf1

Wkh Prqwh Fduor vlpxodwlrq frqvlvwv ri 833 udqgrp0lqghshqghqw gudzv ri wkh wkuhh vkrfnv/ zlwk vdpsoh

ohqjwk ri 4333 revhuydwlrqv hdfk1 Wkh vdpsoh ri �2c| lv vsolw lq wzr dqg wkh vhfrqg kdoi lv dvvxphg wr kdyh

kljkhu yduldqfh1 Wkuhh gl�huhqw ghjuhhv ri khwhurvnhgdvwlflw| duh vwxglhg= lqfuhdvhv e| 5/ 8/ dqg 43 wlphv1

Wkuhh gl�huhqw ydoxhv ri � duh dovr vwxglhg +314/ 315/ dqg 316,1

Wkh yduldeohv ||/ {�c|/ dqg {2c| duh frpsxwhg iru hdfk uhdol}dwlrq xvlqj Prgho 6d/ dqg wkh yduldeoh

|W| @ 4 ^|| A 3` lv fdofxodwhg diwhuzdugv1 Ilqdoo|/ wkh Surelw uhjuhvvlrq +htxdwlrq +7,, lv hvwlpdwhg= |W| @

4 ^f. ��{�c| . �2{2c|`1

Wkh remhfwlyh ri wkh h{huflvh lv wr frpsduh wkh hvwlpdwhv ri wkh frh�flhqwv +�� dqg �2, zlwk dqg

zlwkrxw khwhurvnhgdvwlflw|1 Wkh uhvxowv duh vkrzq lq Wdeohv 4 dqg 51
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Wdeoh 4= Surelw hvwlpdwhv ri wkh {�c| frh�flhqw/ iru gl�huhqw ydoxhv ri �/ dqg gl�huhqw ghjuhhv ri khw0
hurvnhgdvwlflw|1 Iru hdfk vlpxodwlrq 833 gudzv duh frpsxwhg1 Wkh wudqtxlo vdpsoh dqg wkh kljk yrodwloh
vdpsoh duh 833 revhuydwlrqv orqj hdfk1

Lq Wdeoh 4 wkh uhvxowv iru wkh �uvw frh�flhqw +a��, duh vxppdul}hg1 Wkh �uvw irxu urzv duh wkh hvwlpdwhv

zkhq � @ 3=4/ wkh qh{w irxu urzv duh wkh hvwlpdwhv zkhq � @ 3=5/ zkloh wkh odvw irxu duh wkh uhvxowv iru

� @ 3=61 Iru hdfk ydoxh ri � wkhuh duh irxu urzv= Wkh �uvw rqh duh wkh uhvxowv xqghu krprvnhgdvwlflw|/

zklfk lv wkh ehqfkpdun iru frpsdulvrq1 Wkh qh{w wkuhh urzv duh wkh wkuhh khwhurvnhgdvwlflwlhv vwxglhg1

Wkh �uvw froxpq duh wkh srlqw hvwlpdwhv1 Wkhlu vwdqgdug ghyldwlrqv duh qrw vkrzq ehfdxvh wkh remhfwlyh
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ri wkh vlpxodwlrq lv wr frqfhqwudwh rq wkh gl�huhqfh ehwzhhq wkh hvwlpdwhv1 Krzhyhu/ lw lv lpsruwdqw wr

kljkoljkw wkdw doo ri wkhp zhuh vwdwlvwlfdoo| gl�huhqw iurp }hur1 Wkh vhfrqg froxpq lv wkh gl�huhqfh ehwzhhq

wkh hvwlpdwhv zlwk khwhurvnhgdvwlflw| dqg wkh uhvshfwlyh rqh xqghu krprvnhgdvwlflw|1 Wkh wklug froxpq

vkrzv wkh frpsxwhg vwdqgdug ghyldwlrq ri wkh gl�huhqfh1 Lw zdv rewdlqhg e| errwvwudsslqj1 Wkh irxuwk

froxpq fdofxodwhv wkh w0vwdwlvwlf1

Wkuhh uhpdunv fdq eh h{wudfwhg iurp wkh wdeoh= Iluvw/ dq lqfuhdvh lq wkh khwhurvnhgdvwlflw| ri {2c| eldvhv

wkh hvwlpdwhv ri {�c| xszdug1 Vhfrqg/ wkh odujhu wkh khwhurvnhgdvwlflw| lv/ wkh odujhu lwv eldv lv1 Wklugo|/ wkh

odujhu wkh wuxh frh�flhqw lv +� eljjhu, wkh kljkhu wkh uhodwlyh lpsdfw ri wkh khwhurvnhgdvwlflw|1 Qhyhuwkhohvv/

hyhq wkrxjk wkhvh sdwwhuqv duh txlwh vwurqj/ vwdwlvwlfdoo| lw lv lpsrvvleoh wr uhmhfw wkh k|srwkhvlv wkdw doo

frh�flhqwv duh wkh vdph dv wkrvh xqghu krprvnhgdvwlflw|1

Wdeoh 5 vkrzv wkh uhvxowv iru wkh {2c| frh�flhqw1 Lq wklv fdvh wkh k|srwkhvhv ri htxdolw| dfurvv ghjuhhv

ri khwhurvnhgdvwlflw| duh uhmhfwhg1
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Wdeoh 5= Surelw hvwlpdwhv ri wkh {2c| frh�flhqw/ iru gl�huhqw ydoxhv ri �/ dqg gl�huhqw ghjuhhv ri khw0
hurvnhgdvwlflw|1 Iru hdfk vlpxodwlrq 833 gudzv duh frpsxwhg1 Wkh wudqtxlo vdpsoh dqg wkh kljk yrodwloh
vdpsoh duh 833 revhuydwlrqv orqj hdfk1

Iluvw/ qrwh wkdw wkh eldv lv grzqzdug/ dv rssrvh wr xszdug1 Vhfrqg/ wkh sdwwhuqv derxw wkh h�hfwv ri

wkh khwhurvnhgdvwlflw| dqg wkh vl}h ri � rq wkh eldv duh wkh vdph dv ehiruh1 Wklugo|/ fkdqjhv lq yrodwlolw|

ri wkh rughu ri 43 wlphv lpso| frh�flhqwv wkdw duh doprvw kdoi wkh vl}h iurp wkrvh xqghu krprvnhgdvwlflw|1

Wkh odvw h{huflvh shuiruphg lv wkh frpsdulvrq ri wkh a�� dqg
a�2 hvwlpdwhv iru wkh vdph vhw ri sdudphwhuv1

E| frqvwuxfwlrq +ri pdwul{ D,/ wkh| vkrxog eh wkh vdph1 Lq idfw/ xqghu krprvnhgdvwlflw| wkh hvwlpdwhv duh

doprvw lghqwlfdo1 Krzhyhu/ xqghu wkhvh sdudphwhuv/ zkhq rqh ri wkh yduldeohv vx�huv iurp khwhurvnhgdv0

wlflw|/ lwv hvwlpdwh jrhv grzq/ zkloh wkh hvwlpdwh ri wkh rwkhu rqh jrhv xs1 Pruhryhu/ wkhlu gl�huhqfhv duh

vwdwlvwlfdoo| vljql�fdqw1

4:



Wklv odwhu surshuw| lv shukdsv frqfhlydeo| wkh prvw lpsruwdqw uhjduglqj wkh lqwhusuhwdwlrq ri wkh uhvxowv

iurp wkh frqwdjlrq olwhudwxuh= Li wkh khwhurvnhgdvwlflw| lv fruuhodwhg zlwk vrph fkdqqho wkhq zh frxog eh

�qglqj vsxulrxv uhodwlrqvklsv1 Iru h{dpsoh/ dvvxph doo frqwhpsrudqhrxv frh�flhqwv duh wkh vdph dqg wkh

khwhurvnhgdvwlflw| lv fruuhodwhg zlwk wkh h{fkdqjh udwh uhjlph1 Lq sduwlfxodu/ dvvxph wkdw vwrfn pdunhw lq

grooduv duh pruh khwhurvnhgdvwlf gxulqj �h{leoh uhjlphv wkdq gxulqj �{hg uhjlphv1 D Surelw uhjuhvvlrq/ lq

wklv fdvh/ pljkw frqfoxgh wkdw frxqwulhv wkdw vkduh wkh vdph uhjlph kdyh vwurqjhu lqwhuuhodwlrqvklsv/ dqg

wkxv pruh olnho| wr vx�hu iurp frqwdjlrq1

Lghqwl�fdwlrq ri sdudphwhuv= D vhfrqg gl�fxow| lq wkh hvwlpdwlrq ri htxdwlrq +7, dulvhv zkhq wkh

gdwd kdv vlpxowdqhrxv htxdwlrqv ru rplwwhg yduldeohv sureohpv dorqh1 Lq rughu wr looxvwudwh wklv lvvxh/ d

Prqwh Fduor vlpxodwlrq lv uxq/ hvwlpdwlqj Prgho 7 zkhuh wkh xqghuo|lqj uhwxuqv duh jlyhq e| Prgho 61�S

Wkh vdph surfhgxuh dv ehiruh lv lpsohphqwhg= +l, 833 lqghshqghqw uhdol}dwlrqv ri wkh vkrfnv duh gudzq>

+ll, {�c| dqg || duh frqvwuxfwhg xvlqj Prgho 6> +lll, |W| @ 4 ^|| A 3` lv frpsxwhg> dqg +ly, wkh Surelw lv uxq/

zkhuh |W| @ 4 ^f. ��{�c| . �2{2c|`1

Wkh sdudphwhuv fkrvhq zhuh= � @ 3=5/ �� @ 3=4/ �2 zdv ydulhg iurp 314 wr 318/ wkh yduldqfh ri %|/

��c|/ dqg �2c| duh htxdo wr rqh/ dqg wkh yduldqfh ri }| zdv fkdqjhg dv iroorzv i3=4> 4> 8> 43j1 Mxvw dv d

fodul�fdwlrq srlqw/ wkhuh lv qr khwhurvnhgdvwlflw| lq wklv h{huflvh1 Wkh gl�huhqw yrodwlolwlhv ri }| duh vwxglhg

wr xqghuvwdqg wkh lpsolfdwlrqv rq wkh hvwlpdwhv zkhq wkh +uhodwlyh, lpsruwdqfh ri wkh rplwwhg yduldeoh

fkdqjhv1

Wkh remhfwlyh ri wkhvh vlpxodwlrq/ lqghhg/ lv wr vkrz krz wkh eldvhv lq wkh hvwlpdwhv fkdqjh iru wkh

gl�huhqw yrodwlolwlhv dqg frh�flhqwv ri wkh rplwwhg yduldeoh vkrfn1

E| frqvwuxfwlrq/ li wkh hvwlpdwhv duh frqvlvwhqw/ a�� vkrxog eh htxdo wr �/ dqg a�2 vkrxog eh htxdo wr }hur1

Lq wkh rplwwhg yduldeoh fdvh/ zkhq wkh yduldqfh ri }| lv vpdoo uhodwlyh wr wkh rwkhu vkrfnv/ lw lv h{shfwhg

wkdw wkh eldv lv vpdoo1 Wkh frqyhuvh vkrxog rffxu zkhq wkh yduldqfh ri }| lv odujh1 Wkh uhvxowv vkrzq lq

Wdeoh 6/ frq�up wklv lqwxlwlrq1

Wkh �uvw vhw ri wkuhh froxpqv vkrz wkh srlqw hvwlpdwh/ vwdqgdug ghyldwlrq/ dqg w0vwdw ri wkh {�c|

frh�flhqw1 Wkh vhfrqg vhw ri wkuhh froxpqv duh wkh uhvxowv iru wkh frh�flhqw rq {2c|1 Wkh vlpxodwlrq lv

uxq iru doo �yh ydoxhv ri �2 dqg irxu srvvleoh yduldqfhv ri }|1 Wkh uhvxowv iurp hdfk ri wkh sdudphwhuv duh

uhsruwhg lq wkhlu uhvshfwlyh urzv1

Irxu uhpdunv fdq eh h{wudfwhg iurp wkh wdeoh1 Iluvw/ zkhq wkh yduldqfh ri }| lv 3=4 wkh hvwlpdwhv duh

forvh wr wkh wuxh rqhv> Doo wkh a�� hvwlpdwhv duh qhdu e| 3=53 zkloh wkh hvwlpdwhv ri a�2 duh vwdwlvwlfdoo|

lqvljql�fdqw1 Vhfrqg/ zkhq wkh yduldqfh ri wkh frpprq vkrfn lqfuhdvhv erwk hvwlpdwhv duh eldvhg xszdug1

Wklv lv wkh fdvh ehfdxvh wkh ��*v duh srvlwlyh lq erwk vwuxfwxudo htxdwlrqv1 Wklug/ dv vkrxog eh h{shfwhg/

wkh odujhu �2 lv/ wkh kljkhu wkh eldv rq
a�2 lv1 Irxuwk/ lw lv srvvleoh wkdw

a�2 A
a�� dqg vwdwlvwlfdoo| vljql�fdqw1
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Wdeoh 6= Surelw hvwlpdwhv ri erwk frh�flhqwv1 Vwdqgdug Ghyldwlrqv frpsxwhg xvlqj errwvwuds1 Vlpxodwlrqv
iru gl�huhqw yduldqfhv ri }| +Uhodwlyh Yduldqfh,1 Yduldqfhv ri wkh rwkhu vkrfnv kdyh ehhq qrupdol}hg wr
rqh1 Iru hdfk vlpxodwlrq 833 gudzv duh frpsxwhg1 Wkh vdpsoh lv 4333 revhuydwlrqv orqj1

4<



Lq wkh wkhruhwlfdo olwhudwxuh ri frqwdjlrq/ xqrevhuydeoh vkrfnv kdyh frqvwlwxwhg dq lqwhjudo sduw ri wkh

sursdjdwlrq phfkdqlvpv1 Wkhuh lv d odujh olwhudwxuh dujxlqj lq idyru ri oltxlglw| vkrfnv dqg vkliwv lq ulvn

suhihuhqfhv dv pdmru frqwulexwruv wr wkh h{fhvv frpryhphqw ri vwrfn pdunhwv/ lqwhuhvw udwhv/ dqg h{fkdqjh

udwhv lq hphujlqj pdunhwv1�. Li doo frh�flhqwv duh srvlwlyh/ wkhq wkh h{lvwhqfh ri wkhvh frpprq vkrfnv

xszdug eldvhv wkh ghjuhh ri lqwhuuhodwlrqvkls dfurvv frxqwulhv1

e�2 �i@t�h�?} �t�?} �w5

D vhfrqg vwudqg ri wkh olwhudwxuh phdvxuhv wkh sursdjdwlrq phfkdqlvp xvlqj ROV uhjuhvvlrqv1�H Wkh

sureohpv duh vlplodu wr wkh rqhv ghvfulehg lq wkh suhylrxv vxe0vhfwlrq1

Dvvxph wkh gdwd lv surgxfhg e| Prgho 61 Wkh ROV hvwlpdwhv duh jlyhq e| +diwhu vrph dojheud,=

a�� @ �� .
�5

!
���#c2

a�2 @ �2 .
�5

!
�2�#c�

! @ �5

�
�22�#c� . �2��#c2

�
. �#c��#c2

Qrwh wkdw wkh wuxh ydoxhv duh �2 @ 3 dqg �� @ �1 Krzhyhu/ wkh eldvhv fdq pdnh a�2 odujhu wkdq }hur/ dqg

hyhq vljql�fdqw1 Pruhryhu/ ghshqglqj rq wkh vljqv ri wkh ��v dqg wkh uhodwlyh yduldqfhv/ lw lv dovr srvvleoh

wkdw a�� lv lqvljql�fdqw1 Lq wklv prgho/ dq| frqfoxvlrq derxw wkh uhodwlrqvkls ehwzhhq || dqg wkh {�c|*v fdq

eh rewdlqhg1 Vlplodu frqfoxvlrqv frxog eh gudzq li Prgho 6d lv xvhg1 Vhh dsshqgl{ D iru dq h{dpsoh1

D Prqwh Fduor vlpxodwlrq lv uxq/ xvlqj wkh vdph frh�flhqwv dv lq wkh suhylrxv vxe0vhfwlrq/ wr frpsduh

wkh vl}h ri wkh eldvhv1 Lq Wdeoh 7 wkh uhvxowv duh vkrzq1 Dv fdq eh vhhq/ wkh sdwwhuqv lq wkh hvwlpdwhv duh

vlplodu wr wkrvh iurp Wdeoh 61

Rqh dgydqwdjh ri ROV ryhu Surelw lv wkdw lw lv urexvw wr khwhurvnhgdvwlflw|/ zkloh Surelw lv qrw1 Lq wkh

ROV fdvh/ wkh odujhu lqfrqyhqlhqfh wkdw lqwurgxfhv wkh h{lvwhqfh ri khwhurvnhgdvwlflw| lv wr xqghuhvwlpdwh

wkh vwdqgdug ghyldwlrqv/ exw wkhuh duh vhyhudo surfhgxuhv wkdw fdq kdqgoh wklv frqfhuq1

e�� �i@t�h�?} �t�?} �h�?U�T@* �L4TL?i?|t

Dv zdv lqglfdwhg lq wkh vhfwlrq 615/ whvwv iru fkdqjhv lq sdudphwhuv edvhg rq Sulqflsdo Frpsrqhqwv duh

eldvhg lq wkh suhvhqfh ri khwhurvnhgdvwlflw|1 Lq wklv vhfwlrq/ d vwurqjhu fodlp lv pdgh= wkh hvwlpdwhv/ e|

lwvhoi/ duh lqfrqvlvwhqw wrr1
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53



	q
�
G %�c| �Li�U�i?| 	q

2
G %2c| �Li�U�i?|

,t|�4@|i 5|_� #i�� A�5|@| ,t|�4@|i 5|_� #i�� A�5|@|
Ah�i �

2
'f��

+i*@|��i V@h�@?UiG f�� f�2��e f�f��f S�e� f�f��f f�f��H f��2
+i*@|��i V@h�@?UiG � f�2bH. f�fee� S�.D f�fb.. f�feDS 2��e
+i*@|��i V@h�@?UiG D f�SD�e f�f.�S H�HH f�eD2f f�f.D� S�ff
+i*@|��i V@h�@?UiG �f ��f�fb f�fbef �f�bS f�H2b. f�fbDe H�Sb

Ah�i �
2
'f�2

+i*@|��i V@h�@?UiG f�� f�2f.S f�f��� S�2� f�f�HS f�f�2f f�DH
+i*@|��i V@h�@?UiG � f�2b�e f�fe�� S�H� f��HHH f�fe2f e�eb
+i*@|��i V@h�@?UiG D f�DbHS f�fSDe b��D f�.bb� f�fS�f �2�.f
+i*@|��i V@h�@?UiG �f f�HSD2 f�f.HH �f�b. �����b f�f.�b �H�fS

Ah�i �
2
'f��

+i*@|��i V@h�@?UiG f�� f�2fbH f�f�eD S�fb f�f�fe f�f��� f�b2
+i*@|��i V@h�@?UiG � f�2b�2 f�feDb S��e f�2.�S f�fe�f S�S.
+i*@|��i V@h�@?UiG D f�D�ef f�fSHf .�HD ��ff�� f�fD�f �H�bf
+i*@|��i V@h�@?UiG �f f�.ffb f�f.HS H�b2 ��Df�f f�fDDe 2.�fH

Ah�i �
2
'f�e

+i*@|��i V@h�@?UiG f�� f�2fHS f�f�2f S�D� f�f�bD f�f��. ���.
+i*@|��i V@h�@?UiG � f�2H�. f�fe2b S�S� f��e22 f�fe�� .�bD
+i*@|��i V@h�@?UiG D f�eS.� f�fS�S .�DH ��fH�f f�feH� 22��.
+i*@|��i V@h�@?UiG �f f�DSSD f�fSb� H��. ��eH�e f�feeS ����b

Ah�i �
2
'f�D

+i*@|��i V@h�@?UiG f�� f�2�fe f�f�e� S��. f�feb2 f�f��e ��D.
+i*@|��i V@h�@?UiG � f�2Hf� f�fe�b S�Sb f��b.S f�f�DD ���2f
+i*@|��i V@h�@?UiG D f�e�H2 f�fDef .�.D ��fH.f f�f�Sf �f�22
+i*@|��i V@h�@?UiG �f f�e.H. f�fDHS H��. ���HHS f�f�2. e2�ef
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Xvlqj wkh vdph h{dpsoh dv lq vhfwlrq 615/ htxdwlrq +:, lv wkh �uvw Sulqflsdo Frpsrqhqw/ uhsurgxfhg

khuh iru frqyhqlhqfh= %
�

2

j0

knqw

�
�� .

s
�2

�
4

&

Qrwh wkdw lw lv qrw d olqhdu ixqfwlrq ri �1 Wkhuhiruh/ wkh khwhurvnhgdvwlflw| +yrodwlolw| lq �, eldvhv wkh

ordglqjv1 Iru h{dpsoh/ dvvxph wkh frxqwulhv duh srvlwlyho| fruuhodwhg +zklfk lv doprvw dozd|v wkh fdvh lq

frqwdjlrq= � dqg � duh srvlwlyh,1 Wkhq/ wkrvh frxqwulhv lq zklfk lwv lglrv|qfudwlf yduldqfh fkdqjhv pruh

+odujhu yrodwlolw| lq �|, kdyh kljkhu ordglqjv +doo wklqjv htxdo,1 Lw lv srvvleoh/ wkhuhiruh/ wkdw vwurqj olqndjhv

duh irxqg ehfdxvh wkh khwhurvnhgdvwlflw| lv kljk iru wkrvh frxqwulhv1

D Prqwh Fduor vlpxodwlrq zdv uxq lq wklv fdvh/ exw iru euhylw| wkh uhvxowv duh qrw suhvhqwhg/ rqo| wkh

frqfoxvlrqv iurp wkdw h{huflvh1 Iluvw/ wkh khwhurvnhgdvwlflw| lq wkh vhfrqg vkrfn lpsolhv wkdw wkh ordglqj

ri wkh �uvw frxqwu| lq wkh �uvw frpsrqhqw lv grzqzdug eldvhg1 Wklv vkrxog eh h{shfwhg ehfdxvh zkhq �

dqg � duh srvlwlyh htxdwlrq +:, lv d frqyh{ ixqfwlrq ri �1 Dq lqfuhdvh lq wkh khwhurvnhgdvwlflw| lpsolhv wkdw

wkh vhfrqg frxqwu| ehfrphv uhodwlyho| pruh lpsruwdqw h{sodlqlqj wkhlu frpprq frpsrqhqw1 Pruhryhu/

wkh odujhu wkh khwhurvnhgdvwlflw| lv/ wkh kljkhu wkh grzqzdug eldv lv1 Vhfrqg/ zkhq wkh ordglqjv duh

frpsduhg dfurvv gl�huhqw ghjuhhv ri khwhurvnhgdvwlflw|/ wkhlu hvwlpdwhv zhuh vwdwlvwlfdoo| gl�huhqw1 Ilqdoo|/

lw lv hdv| wr vkrz wkdw li wkh vwuxfwxudo huuruv duh surshuo| qrupdol}hg/ wkhq wkh eldv glvdsshduv1 Krzhyhu/

wklv qrupdol}dwlrq lv rqo| srvvleoh li wkh gdwd grhv qrw vx�hu iurp vlpxowdqhrxv htxdwlrqv qru rplwwhg

yduldeoh sureohpv1 Lq wkhvh fdvhv/ lw lv zruwk dvnlqj zk| xvh Sulqflsdo Frpsrqhqwv zkhq ROV +ru IJOV,

lv frqvlvwhqwB Wklv lv frqfhlydeo| wkh kljkhvw zhdnqhvv ri Sulqflsdo Frpsrqhqwv dv d surfhgxuh wr whvw

dqg phdvxuh frqwdjlrq1 Li wkh khwhurvnhgdvwlflw| lv qrw wdnhq lqwr frqvlghudwlrq/ wkhq wkh hvwlpdwhv dqg

frqfoxvlrqv pljkw eh eldvhg1 Rq wkh rwkhu kdqg/ wkh rqo| flufxpvwdqfhv zkhuh lw fdq eh fruuhfwhg duh

wkrvh lq zklfk ROV vkrxog eh xvhg1

e�e �i� ThLUi_�hi

Lq wkh frqwdjlrq olwhudwxuh/ wkh lvvxhv ri khwhurvnhgdvwlflw|/ vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv

duh xqdyrlgdeoh1 Vshfldoo|/ ehfdxvh wkhuh duh qr jrrg lqvwuxphqwv wr vroyh wkhp1�b Pruhryhu/ wkh idfw wkdw
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prvw sdshuv xvh _lqgh{hv% lqvwhdg ri h{fkdqjh udwhv/ ru lqwhuhvw udwhv/ gluhfwo| h{dfhuedwhv wkh sureohpv

hyhq pruh1

Lq jhqhudo/ wkh lqgh{ lv frqvwuxfwhg dv d olqhdu frpelqdwlrq ri wkh kljk iuhtxhqf| pdfur yduldeohv1

Wkh dgydqwdjh lv/ iru h{dpsoh/ wkdw vshfxodwlyh dwwdfnv pljkw kdyh gl�huhqw lpsolfdwlrqv ghshqglqj rq

krz Fhqwudo Edqnv ghflgh wr frsh zlwk lw1 Wkh lqgh{ fdswxuhv wkh djjuhjdwh vwuhqjwk ri wkh uhvsrqvh

e| orrnlqj dw doo lwv srvvleoh frqvhtxhqfhv1 Rq wkh rwkhu kdqg/ wkh glvdgydqwdjh lv wkdw xvlqj sulfhv dqg

h{fkdqjh udwhv mrlqwo| lq dq lqgh{ djjudydwhv wkh hqgrjhqhlw| sureohpv1 Pdnlqj wkh lqihuhqfh derxw wkh

wudqvplvvlrq phfkdqlvp pruh frpsolfdwhg1 Xvlqj dq lqgh{ wr phdvxuh wkh sursdjdwlrq ri vkrfnv kdv

vwurqj wkhruhwlfdo mxvwl�fdwlrq/ dqg lqwxlwlyh dsshdo/ exw lw lv lpsruwdqw wr uhphpehu wkdw lw hqfrxqwhuv

htxdoo| vwurqj hfrqrphwulf frpsolfdwlrqv1

Lq wklv vhfwlrq/ d uhylhz ri d qhz surfhgxuh ghyhorshg e| Uljrerq ^5333d` lv suhvhqwhg1 Wkh remhfwlyh

ri wkh phwkrgrorj| lv wr surylgh d frqvlvwhqw hvwlpdwh ri wkh frqwhpsrudqhrxv uhodwlrqvkls dfurvv yduldeohv

hyhq li wkh gdwd vx�huv iurp khwhurvnhgdvwlflw|/ vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv1 Khuh rqo|

wkh fdvh ri vlpxowdqhrxv htxdwlrqv lv looxvwudwhg/ iru wkh jhqhudo wuhdwphqw vhh wkh ruljlqdo uhihuhqfh1

Dvvxph wkhuh duh N yduldeohv mrlqwo| ghwhuplqhg vdwlvi|lqj wkh iroorzlqj uhodwlrqvkls=

D[| @ %|

zkhuh D lv d N{N qrq0wuldqjxodu pdwul{/ [| lv wkh pdwul{ ri frxqwu| yduldeohv/ dqg %| lv wkh yhfwru

ri lglrv|qfudwlf vkrfnv1 Wkh gldjrqdo ri D lv xvxdoo| vhw wr rqh= zklfk lv wkh qrupdol}dwlrq dvvxpswlrq1

Dgglwlrqdoo|/ lw lv frpprqo| dvvxphg/ lq pdfur dssolfdwlrqv/ wkdw wkh lglrv|qfudwlf vkrfnv duh xqfruuhodwhg=

H ^%�c|%�c|` @ 3 iru doo l 9@ m1 Wklv lv wkh fryduldqfh uhvwulfwlrq xvhg lq prvw pdfur0dssolfdwlrqv1 Vwloo zlwk

doo wkhvh dvvxpswlrqv/ krzhyhu/ D fdqqrw eh hvwlpdwhg1 Wkh uhdvrq lv wkdw iurp wkh uhgxfhg irup rqo| wkh

fryduldqfh pdwul{ iurp [| fdq eh rewdlqhg/ zklfk frqvwlwxwhv dq xqghulghqwl�hg v|vwhp ri htxdwlrqv1

Irupdoo|/ wkh uhgxfhg irup lv

[| @ D3�%| @ �|>

zklfk lpsolhv d fryduldqfh pdwul{


| @ D�3�
0
|D

3�=

zkhuh 
0
| lv gldjrqdo gxh wr wkh fryduldqfh uhvwulfwlrq1


| lv hvwlpdwhg iurp wkh vdpsoh dqg lw surylghv gEgn��
2 lqghshqghqw htxdwlrqv1 Wkh xqnqrzqv duh N

iurp wkh yduldqfhv ri wkh lglrv|qfudwlf vkrfnv/ dqg N+N � 4, iurp pdwul{ D1 Qrwh wkdw iru dq| N A 4
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wkh qxpehu ri xqnqrzqv lv vwulfwo| odujhu wkdq wkh qxpehu ri nqrzv1 Wklv lv wkh vwdqgdug lghqwl�fdwlrq

sureohp udlvhg e| vlpxowdqhrxv htxdwlrqv1

Wkh nh| ihdwxuh ri wkh Uljrerq*v lghqwl�fdwlrq lv wkh uhdol}dwlrq wkdw xqghu wkh h{dfw vdph uhvwulfwlrqv

wkh h{lvwhqfh ri khwhurvnhgdvwlflw| dggv dgglwlrqdo frqvwudlqwv1

Wkh vlpsohvw fdvh lv zkhq wkh khwhurvnhgdvwlflw| fdq eh ghvfulehg e| wzr uhjlphv= kljk dqg orz

yduldqfh1 Lq wklv lqvwdqfh/ wkhuh duh wzr fryduldqfh pdwulfhv surylglqj N+N . 4, htxdwlrqv/ zkhuhdv wkh

qxpehu ri xqnqrzqv lv= 5N iurp wkh yduldqfhv ri wkh lglrv|qfudwlf vkrfnv +N iru hdfk uhjlph,/ exw wkh

vdph N+N�4, iurp pdwul{ D1 Wkxv/ wkh v|vwhp lv mxvw lghqwl�hg= N+N.4, @ 5N.N+N�4,=Pruhryhu/

lw vkrxog eh fohdu wkdw lw lv ryhulghqwl�hg zkhq wkhuh duh pruh wkdq wzr uhjlphv1 Wkhuhiruh/ iru ulfkhu

ghvfulswlrqv ri wkh khwhurvnhgdvwlflw|/ dq ryhulghqwl�fdwlrq whvw fdq eh lpsohphqwhg dqg wkh sdudphwhu

vwdelolw| fdq eh h{dplqhg1

Wkh nh| dvvxpswlrqv duh wkdw wkhuh lv khwhurvnhgdvwlflw|/ wkdw wkh sdudphwhuv duh vwdeoh/ dqg wkdw wkh

vwuxfwxudo vkrfnv duh xqfruuhodwhg1 Wklv lv h{dfwo| wkh fdvh ri prvw pdfur dssolfdwlrqv zkhuh YDU prghov

kdyh ehhq xvhg/ dqg �qdqfldo dssolfdwlrqv zkhuh DUFK ru JDUFK prghov kdyh ehhq frpsxwhg1 Lq wkh

ghulydwlrq khuh ghyhorshg/ rqo| xqfrqglwlrqdo khwhurvnhgdvwlflw| kdv ehhq vwxglhg1 Vlplodu dujxphqwv fdq

eh h{whqghg wr lqfoxgh wkh fdvh zkhuh rqo| frqglwlrqdo fkdqjhv lq wkh yrodwlolw| rffxu1

Xvlqj wklv phwkrgrorj|/ d frqvlvwhqw hvwlpdwh ri D fdq eh rewdlqhg uhjdugohvv ri wkh sureohp ri

hqgrjhqrxv dqg rplwwhg yduldeoh eldvhv1 Diwhuzdugv/ D fdq eh h{sodlqhg dv d ixqfwlrq ri wkh gl�huhqw

fkdqqhov ri frqwdjlrq1 Wklv lv wkh remhfwlyh ri wkh qh{w vhfwlrq1

D �? @TT*�U@|�L? |L ,4ih}�?} �@h!i|t�

Wklv vhfwlrq h{dplqhv wkh txhvwlrqv ri vwdelolw| ri wkh sursdjdwlrq ri vkrfnv dfurvv Odwlq Dphulfdq dqg

Vrxwk Hdvw Dvldq frxqwulhv durxqg wkh uhfhqw fulvhv> krz lpsruwdqw wkrvh olqndjhv duh> dqg zkdw ghwhuplqhv

wkhp1 Wkh �uvw txhvwlrq lv lpsohphqwhg dv wkh whvw iru sdudphwhu vwdelolw| lqwurgxfhg lq Vhfwlrq 6171 Zkloh

wkh rwkhu wzr txhvwlrqv duh dqvzhuhg e| xvlqj wkh phwkrgrorj| ghvfulehg lq Vhfwlrq 7171

Wzr gdwd vhwv duh xvhg= vryhuhljq erqgv dqg vwrfn pdunhwv1 Wkh gdwd iru vwrfn pdunhwv zdv froohfwhg

iurp Gdwdvwuhdp/ dqg lw frqvlvwv ri gdlo| vwrfn pdunhw uhwxuqv +lq grooduv, iru 47 frxqwulhv/ fryhulqj wkh

shulrg iurp Mdqxdu| 4<<6 wr Ghfhpehu 4<<;1 Wkh frxqwulhv vwxglhg duh= Dujhqwlqd/ Eud}lo/ Fkloh/ Krqj

Nrqj/ Pdod|vld/ Ph{lfr/ Shux/ Sklolsslqhv/ Vlqjdsruh/ Nruhd/ Wdlzdq/ Wkdlodqg/ XV/ dqg Yhqh}xhod1

Wkh vryhuhljq erqg gdwd frqwdlqv wkh gdlo| frxqwu| erqg uhwxuqv iurp Mdqxdu| 4<<7 wr Ghfhpehu

4<<; rewdlqhg iurp wkh Hphujlqj Pdunhwv Erqg Lqgh{ Soxv +HPEL., frqvwuxfwhg e| MSPrujdq1 Wkh

HPEL. frxqwu| lqgh{hv wudfn wrwdo uhwxuqv iru wudghg h{whuqdo ghew lqvwuxphqwv lq hphujlqj pdunhwv1

Prvw ri wkh erqgv fryhuhg duh Eudg| Erqgv/ exw dovr rwkhu iruhljq ghqrplqdwhg erqgv duh wdnhq lqwr

frqvlghudwlrq1 Wkh lqgh{hv duh frpsxwhg e| vlpxodwlqj kroglqj d sruwirolr zlwk wkh zhljkwv ghwhuplqhg

e| ulvn/ pdunhw fdslwdol}dwlrq/ oltxlglw|/ dqg froodwhudo frqvlghudwlrqv1 Wkh frxqwulhv lqfoxghg lq wkh Erqg
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gdwd duh Dujhqwlqd/ Eud}lo/ Hfxdgru/ Ph{lfr/ Sdqdpd/ Shux/ dqg Yhqh}xhod1 Wkh rqo| wzr Vrxwk Hdvw

Dvldq frxqwulhv lq wkh MSPrujdq gdwd duh Nruhd dqg Sklolsslqhv/ exw wkh ohqjwk ri wkhlu gdwd lv vpdoo lq

frpsdulvrq wr wkh rwkhu frxqwulhv1 Wkxv/ wkh| zhuh gursshg iurp wkh dqdo|vlv1

Lqirupdwlrq rq XV lqwhuhvw udwhv lv rewdlqhg iurp Gdwdvwuhdp1 Iru doo wkh uhvxowv suhvhqwhg lq wklv

sdshu wkh 43 |hdu XV Jryhuqphqw erqg zdv xvhg1 Wklv erqg kdv wkh forvhvw pdwxulw| wr wkh dyhudjh

vryhuhljq erqg lq wkh gdwd1 Krzhyhu/ urexvwqhvv fkhfnv zhuh shuiruphg e| xvlqj vkruwhu krul}rqv +4 |hdu

dqg 6 prqwk, dqg wkh uhvxowv zhuh txdolwdwlyho| wkh vdph1

Wkh remhfwlyhv ri orrnlqj dw wkhvh wzr pdunhwv duh wr frpsduh wkh wudqvplvvlrq phfkdqlvpv/ wr gh0

whuplqh krz pxfk wudgh h{sodlqv derxw wkh sursdjdwlrq phfkdqlvp lq hdfk ri wkhp/ dqg wr frpsxwh wkh

lpsruwdqfh ri oltxlglw| vkrfn lq erwk1

D�� Ait| uLh t|@M�*�|)

Wkh vwdelolw| ri sdudphwhuv iru erwk wkh vwrfn dqg erqg pdunhwv lv vwxglhg e| shuiruplqj wkh GFF whvw

ghvfulehg lq vhfwlrq 6171 Wklv whvw lv edvhg rq wkh dvvxpswlrq wkdw lq d vxe0vdpsoh wkh khwhurvnhgdvwlflw| lv

h{sodlqhg e| wkh khwhurvnhgdvwlflw| lq rqo| d vxe0vhw ri wkh vkrfnv1 Pruhryhu/ lw kdv wr eh hlwkhu d vxe0vhw

ri wkh lglrv|qfudwlf vkrfnv/ ru d vxe0vhw ri wkh frpprq vkrfnv1 Wkh hdvlhvw zd| wr vdwlvi| wklv frqglwlrq lv

wr frqfhqwudwh wkh dqdo|vlv durxqg wkh fulvhv1 Gxulqj wkhvh shulrgv/ wkh dvvxpswlrq wkdw wkh lqfuhdvh lq

wkh yduldqfh ri doo hphujlqj pdunhwv lv d frqvhtxhqfh ri wkh frxqwu| surgxflqj wkh fulvlv lv d uhdvrqdeoh

rqh1

Dv zloo ehfrph fohdu qh{w d frqvlghudeoh dprxqw ri wlph lv ghyrwhg wr wkh gh�qlwlrq ri wkhvh zlqgrzv1

Wkh pdlq uhdvrq lv li d uhmhfwlrq lv irxqg lq d srruo| ghvljq whvw/ lwv lqwhusuhwdwlrq ehfrphv fxpehuvrph1

81414 Wkh prgho

Lw lv dvvxphg wkdw uhwxuqv lq vwrfn dqg erqg pdunhwv duh ghvfulehg e| d odwhqw idfwru prgho

D[| @ !+O,[| .�}| . %|

zkhuh [| uhsuhvhqw wkh frxqwu| uhwxuqv/ D lv wkh frqwhpsrudqhrxv olqndjhv +wkh frh�flhqwv ri lqwhuhvw,/

!+O, lv d pdwul{ ri odjv1 }| lv d rqh glphqvlrqdo xqrevhuydeoh vkrfn/ � duh wkh sdudphwhuv ri krz frpprq

vkrfnv d�hfw frxqwu| uhwxuqv +ru yxoqhudelolwlhv,1 %| duh wkh lglrv|qfudwlf vkrfnv dvvxphg wr eh xqfruuhodwhg

dprqj wkhpvhoyhv/ dqg zlwk uhvshfw wr wkh frpprq vkrfn1

Iru qrupdol}dwlrq sxusrvhv/ wkh gldjrqdo ri D lv dvvxphg wr eh htxdo wr rqh/ dqg wkh frh�flhqw rq wkh

XV lq � lv vhw wr 3=41 Wkh lpsrvlwlrq ri wklv qrupdol}dwlrq phdqv wkdw vwxg|lqj wkh uhodwlyh lpsruwdqfh ri

frpprq vkrfnv yhuvxv lglrv|qfudwlf vkrfnv fdqqrw eh shuiruphg e| orrnlqj dw wkh vwdqgdug ghyldwlrq ri

wkh vkrfnv1 Udwkhu/ d yduldqfh ghfrpsrvlwlrq h{huflvh kdv wr eh frqgxfwhg1
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Wkh uhgxfhg irup ri wklv prgho lv wkh iroorzlqj=

[| @ D3�!+O,[| .D3� ^�}| . %|`

@ �+O,[| . �|= +;,

Zkhuh wkh uhgxfhg irup uhvlgxdov vdwlvi|/

D�| @ �}| . %|= +<,

Qrwh wkdw wkh surfhgxuhv ghyhorshg lq vhfwlrq 617 ghdov zlwk wkh vwdelolw| dqg lghqwl�fdwlrq ri sdudphwhuv

lv htxdwlrq +<,1 Ehfdxvh wkh uhgxfhg irup uhvlgxdov vkduh wkh vdph frqwhpsrudqhrxv surshuwlhv dv wkh

uhwxuqv/ lq wkh hvwlpdwlrq �uvw/ d YDU lv uxq lq wkh zkroh vdpsoh wr holplqdwh wkh vhuldo fruuhodwlrq

+htxdwlrq +;,,1 Diwhu wkh uhvlgxdov/ �|/ duh uhfryhuhg iurp wkh hvwlpdwlrq/ wkh uhjlphv duh gh�qhg/ dqg

wkh whvw iru vwdelolw| lv shuiruphg rq wkh uhvlgxdov1 Dq lpphgldwh txhvwlrq wkdw dulvhv frqfhuqlqj wklv

surfhgxuh lv zkdw duh wkh sdudphwhuv whvwhg iru1 Lqghhg/ lw lv whvwlqj iru wkh vwdelolw| ri D/ �/ dqg !+O,1 Dw

d �uvw jodqfh/ wkh lqfoxvlrq ri !+O, lq wklv olvw wklv pljkw eh vxusulvlqj/ exw vhh wkh dsshqgl{ iru d irupdo

ghulydwlrq1

Iru euhylw|/ wkh uhvxowv iurp wkh YDU*v duh qrw suhvhqwhg1

81415 Gh�qlwlrq ri wkh zlqgrzv1

Lq rughu wr lpsohphqw wkh GFF whvw d kljk dqg orz yrodwloh uhjlph kdv wr eh gh�qhg1 Pruhryhu/ iru

wkh dowhuqdwlyh k|srwkhvlv wr eh lqirupdwlyh/ wkh shulrgv kdyh wr eh ghwhuplqhg lq vxfk d zd| wkdw wkh

dvvxpswlrq derxw wkh khwhurvnhgdvwlflw| lv olnho| wr eh vdwlv�hg1 Lq sudfwlfh/ frqfhqwudwlqj durxqg wkh

fulvhv vkrxog lqfuhdvh wkh olnholkrrg ri vdwlvi|lqj vxfk dvvxpswlrqv1

Iurp 4<<7 wr 4<<; lqwhuqdwlrqdo pdunhwv idfhg 6 pdmru fulvlv1 Wkrvh duh xvhg wr gh�qh wkh uhjlphv1 Lq

Wdeoh 8 wkh orz dqg kljk yrodwloh gdwhv duh vkrzq1

Iru wkh Ph{lfdq fulvlv/ wkh orz yrodwloh uhjlph lv gh�qhg dv wkh shulrg iurp Mxqh wr Ghfhpehu ri 4<<7

uljkw ehiruh wkh ghydoxdwlrq1 Wkh kljk yrodwloh uhjlph vwduwv zlwk wkh ghydoxdwlrq lq Ghfhpehu/ 4<wk ri

4<<71 Wkh hqg ri wklv shulrg/ krzhyhu/ lv xqfohdu1 Diwhu wkh Ph{lfdq ghydoxdwlrq vhyhudo rwkhu vkrfnv

rffxuuhg> wkh glvfxvvlrq ri wkh uhvfxh sdfndjh lq Mdqxdu|/ iru lqvwdqfh1 Wkhvh vkrfnv pdlqwdlqhg wkh kljk

yrodwlolw| iru vhyhudo prqwkv1 Wkhuhiruh/ wzr srvvleoh fulvlv uhjlphv duh vwxglhg= rqh hqglqj lq Mdqxdu|

;wk/ dqg wkh rwkhu rqh odvwlqj xqwlo Pdufk 64vw1 Wkh fkrlfh ri Mdqxdu| ;wk lv edvhg rq wkh idfw wkdw lq

Mdqxdu| <wk wkh qrq0urooryhu ri wkh vkruw whup ghew zdv dqqrxqfhg1 Wklv surgxfhg d odujh vkrfn lq erqg

pdunhwv durxqg wkh zruog1 Lqghhg/ wkh HPEL. gursshg e| doprvw ; shufhqw wkdw gd|1 Wklv vkrfn frxog eh

lqwhusuhwhg dv d oltxlglw| vkrfn/ dqg wkhuhiruh/ lq wkh prgho khuh hvwlpdwhg dv d frpprq vkrfn1 Wkh GFF

zrxog uhmhfw li wkhuh lv khwhurvnhgdvwlflw| lq erwk d lglrv|qfudwlf dqg d frpprq vkrfn1 Wkhuhiruh/ wkhvh
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Wdeoh 8= Zlqgrzv iru wkh GFF Whvw11

vdpsohv vkrxog eh frqvlghuhg vhsdudwho|1 Lqghhg/ wkuhh fdvhv duh vwxglhg/ rqh vwdulqj zlwk wkh ghydoxdwlrq

dqg hqglqj ehiruh Mdqxdu| </ dqrwkhu rqh vwduwlqj lq Mdqxdu| <wk dqg odvwlqj xqwlo wkh hqg ri Pdufk/ dqg

wkh odvw rqh wkdw lqfoxghv erwk shulrgv1

Orrnlqj dw wklv wzr vdpsohv wrjhwkhu kdv wkh iroorzlqj dgydqwdjhv= lw vkrxog eh h{shfwhg wkdw wkh

GFF whvw zloo surgxfh d uhmhfwlrq lq wkh erqg pdunhw gdwd iru wkh wzr shulrgv wrjhwkhu1 Wklv/ lpsolflwo|/

lv d whvw ri krz srzhuixo wkh whvw lv lq wklv gdwd1 Krzhyhu/ li lqghhg wkhuh lv d vkliw lq wkh sdudphwhuv diwhu

Mdqxdu| </ exw qrw ehiruh/ wkhq wkh whvw lv uhmhfwhg dovr zkhq wkdw shulrg lv xqghu frqvlghudwlrq1 Lq rwkhu

zrugv/ li wkh uhmhfwlrq rqo| rffxuv zkhq wkh wzr kljk yrodwloh vdpsohv duh sxw wrjhwkhu/ wkhq lw lv srvvleoh

wr dujxh wkdw lw lv gxh wr qrw vdwlvi|lqj wkh khwhurvnhgdvwlflw| dvvxpswlrq1 Rq wkh rwkhu kdqg/ li wkhuh lv

d uhmhfwlrq lq rqh ri wkh vxe0vdpsohv/ lw pxvw eh wkh fdvh wkdw wrjhwkhu wkh| duh dovr uhmhfwhg1 Wklv zloo

doorz xv wr lghqwli| wkh shulrg lq zklfk wkh sdudphwhuv kdyh vkliwhg1 Vlplodu h{huflvhv duh lpsohphqwhg lq

wkh qh{w wzr fulvhv1

Wkh Dvldq fulvhv vwduwhg lq Mxqh ri 4<<9 zlwk Wkdlodqg*v ghydoxdwlrq dqg odvwhg ixuwkhu lqwr 4<<; xqwlo

wkh Nruhdq fulvlv1 Iru wkh sduwlfxodu fdvh ri wkh Dvldq fulvhv wkh wudqtxlo shulrg lv dozd|v gh�qhg dv wkh

vl{ prqwkv sulru wr Wkdlodqg*v ghydoxdwlrq1 Vhyhudo kljk yrodwloh shulrgv duh gh�qhg1 Wkh Wkdlodqg fulvlv

vwduwhg dw wkh ehjlqqlqj ri Mxqh 4<<:1 Wkh Krqj Nrqj fulvlv vwduwhg lq Rfwrehu 5:wk/ 4<<:1 Wkh Nruhdq

fulvlv vwduwhg durxqg Ghfhpehu 48wk/ 4<<:1 Wkh Krqj Nrqj fulvlv lv wkh rqo| rqh wkdw kdv d fohdu lqlwldo

gdwh zklfk lv rewdlqhg e| wkh gd| lq zklfk vkruw whup lqwhuhvw udwhv lqfuhdvhg gudpdwlfdoo|1 Iru wkh rwkhu

wzr fulvhv/ krzhyhu/ wkh lqlwldo gd| lv xqfohdu ehfdxvh wkhuh lv lpsruwdqw dfwlrq rq wkh erqg dqg vwrfn

pdunhw sulru wr wkh h{fkdqjh udwh ghydoxdwlrq1

Gxulqj wkh Dvldq fulvhv vhyhudo frpelqdwlrq ri zlqgrzv duh vwxglhg1 Krzhyhu/ lw lv lpsruwdqw wr

kljkoljkw wkdw hyhq wkrxjk vrph ri wkhvh zlqgrzv lqfoxgh vhyhudo fulvlv/ wkh| vkrxog qrw ehfrph d ylrodwlrq
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ri wkh khwhurvnhgdvwlflw| dvvxpswlrq1 Lq wkh erqg pdunhw gdwd/ doo Vrxwk Hdvw Dvldq frxqwulhv duh h{foxghg

iurp wkh uhjuhvvlrq/ wkxv/ wkhvh fulvhv duh vxppdul}hg e| wkh frpprq xqrevhuydeoh vkrfn1 Wkhuhiruh/ lw lv

d vxe0vhw ri wkh vkrfnv dqg qr uhmhfwlrq vkrxog eh rewdlqhg ehfdxvh wkh khwhurvnhgdvwlflw| dvvxpswlrq zdv

qrw vdwlv�hg1 Rq wkh rwkhu kdqg/ iru wkh vwrfn pdunhw gdwd/ doo wkh frxqwulhv duh lqfoxghg lq wkh uhjuhvvlrq/

dqg wkhuhiruh wkh Vrxwk Hdvw Dvldq fulvhv fdq eh prghoohg dv fkdqjhv lq wkh yrodwlolw| ri d vxe0vhw ri wkh

lglrv|qfudwlf vkrfnv1 Djdlq/ wkh GFF vkrxog qrw eh uhmhfwhg ehfdxvh ri loo0vshfl�hg khwhurvnhgdvwlflw|1

Ilqdoo|/ wkh wklug fulvlv vwxglhg lv wkh Uxvvldq dqg OWFP froodsvhv1 Wkh wudqtxlo shulrg jrhv iurp

Pdufk wr Mxo| ri 4<<;/ dqg vhyhudo kljk yrodwloh shulrgv duh vwxglhg= Iluvw/ wkh sxuh Uxvvldq froodsvh

vwduwhg dw wkh ehjlqqlqj ri Dxjxvw1 Vhfrqg/ wkh OWFP sureohpv dsshduhg dw wkh hqg ri Dxjxvw dqg

odvwhg xqwlo wkh hqg ri Vhswhpehu1 Ilqdoo|/ lq Rfwrehu/ wkhuh lv dqrwkhu vkrfnv zklfk lv d vshfxodwlyh

dwwdfn wr wkh Eud}loldq fxuuhqf|1 Khqfh/ dv lq wkh Ph{lfdq fdvh/ wkh OWFP froodsvh kdv ehhq dvvrfldwhg

zlwk dq djjuhjdwh oltxlglw| vkrfn1

Vhyhudo vhqvlwlylw| dqdo|vlv zhuh shuiruphg wr hydoxdwh wkh urexvwqhvv ri wkh uhvxowv wr +plqru, fkdqjhv

lq wkh gh�qlwlrq ri wkh zlqgrzv1 Wkh uhvxowv duh urexvw wr wkrvh/ exw qr urexvwqhvv vkrxog eh h{shfwhg wr

d udqgrp gh�qlwlrq ri uhjlphv1 Lw lv fuxfldo/ dqg L krsh wklv glvfxvvlrq kdv pdnh lw fohdu/ wkdw lq rughu

wr lpsohphqw wkh whvw d frpsuhkhqvlyh ylhz ri wkh fkdqjhv lq vhfrqg prphqwv kdyh wr eh lpsrvhg ehiruh

uxqqlqj wkh whvw1 Rwkhuzlvh/ uhmhfwlrqv duh phdqlqjohvv1

81416 Vwrfn pdunhwv

Jlyhq wkh uhjlphv2zlqgrzv/ wkh qh{w vwhs lv wr hvwlpdwh wkh fryduldqfh pdwul{ ri wkh uhvlgxdov iurp wkh

uhgxfhg irup dqg shuirup wkh GFF whvw1

Lq Wdeoh 9/ wkh fkdqjh lq fryduldqfh pdwulfhv lv vkrzq iru doo wkh fkrlfhv ri zlqgrzv1 Wklv wdeoh vkrzv

krz odujh wkh khwhurvnhgdvwlflw| +rq dyhudjh, lv1 Lq rughu wr frpsxwh wkh fkdqjh lq wkh fryduldqfh pdwul{

wzr gl�huhqw qrupv zhuh xvhg= Wkh �uvw froxpq uhsuhvhqwv wkh dyhudjh fkdqjh lq wkh yduldqfhv1 Wkh

uhodwlyh fkdqjh iru doo frxqwulhv lv frpsxwhg iurp wkh fryduldqfh pdwulfhv dqg wkh dyhudjh lv uhsruwhg1 Wkh

vhfrqg froxpq vkrzv wkh lqfuhdvh lq wkh pd{lpxp vlqjxodu ydoxh/ zklfk lv shukdsv wkh prvw lqirupdwlyh

phdvxuh1

Dv fdq eh vhhq/ wkh yrodwloh uhjlphv uhsuhvhqw lpsruwdqw fkdqjhv lq yduldqfh1 Iru h{dpsoh/ gxulqj wkh

Ph{lfdq fulvlv dq dyhudjh lqfuhdvh lq yduldqfh ri ; wlphv zdv revhuyhg1 Vlploduo|/ gxulqj wkh Krqj Nrqj

vshfxodwlyh dwwdfn wkh lqfuhdvh lq vwrfn pdunhwv zdv doprvw 451 Wkhvh lqfuhdvhv lq yrodwlolw| uhsuhvhqw d

vljql�fdqw ulvh lq yrodwlolw| lq hphujlqj pdunhwv1 Uhphpehu wkdw wkh gdwd lqfoxgh frxqwulhv vxfk dv XV/

Vlqjdsruh/ Fkloh/ hwf1 zkhuh wkh lqfuhdvhv lq yrodwlolw| gxulqj wklv vdpsoh zhuh vpdoohu wkdq 51

Diwhu wkh fryduldqfh pdwulfhv duh hvwlpdwhg/ wkh ghwhuplqdqw rq wkhlu fkdqjh lv frpsxwhg1 Wkh uhvxowv

iru wkh Vwrfn pdunhw whvw duh vkrzq lq Wdeoh :1 Wkh �uvw froxpq lqglfdwhv wkh srlqw hvwlpdwh/ wkh vhfrqg

froxpq lv wkh frpsxwhg vwdqgdug ghyldwlrq/ wkh wklug rqh lv wkh pdvv ehorz }hur/ dqg wkh irxuwk rqh lv

dqg lqglfdwru/ zkhuh 4 phdqv wkdw wkh whvw ri vwdelolw| zdv uhmhfwhg1 Wkh vwdqgdug ghyldwlrq dqg wkh pdvv
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Wdeoh 9= Fkdqjhv lq yduldqfhv phdvxuhg dv vhyhudo pdwul{ qrupv1

ehorz }hur duh frpsxwhg xvlqj d errwvwuds1 Wkh surfhgxuh xvhv wkh fkdqjhv lq frqglwlrqdo yduldqfh dfurvv

wkh zlqgrzv wr surgxfh vhyhudo fryduldqfh pdwulfhv1 Wkhq lw frpsxwhv wkh ghwhuplqdqw rq wkh fkdqjh

dqg hvwlpdwhv erwk wkh vwdqgdug ghyldwlrq dv zhoo dv wkh pdvv ehorz }hur1 Vwdqgdug ghyldwlrqv duh odujh

ehfdxvh wkh vpdoo vdpsoh glvwulexwlrq ri wkh ghwhuplqdqw lv qrw qrupdo/ wkxv/ wr jlyh wkh whvw vrph fkdqfh

ri uhmhfwlrq wkh pdvv ehorz }hur lv xvhg1 Wkh gxpp| lv vhw wr rqh li wkh sursruwlrq ri wkh vlpxodwlrqv zlwk

ghwhuplqdqw vpdoohu wkdw }hur +pdvv ehorz }hur, lv hlwkhu 43 ru <3 shufhqw1
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Wdeoh := GFF Whvw iru Vwrfn Pdunhwv1

Revhuyh wkdw lq Wdeoh :/ wkhuh lv qr vlqjoh fdvh lq zklfk wkh whvw lv uhmhfwhg1 Wkh lpphgldwh txhvwlrq
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lv zkhwkhu ru qrw wkh whvw kdv srzhu1 Wzr uhpdunv lq wklv uhvshfw> lq Uljrerq ^5333e` lw lv vkrzq wkdw iru

wkh vl}h ri wkhvh zlqgrzv dqg wkh revhuyhg fkdqjhv lq yduldqfh/ wkh whvw lv txlwh srzhuixo +w|sh LL huuruv

zhuh vpdoohu wkdq 43 shufhqw iru d whvw zlwk vl}h 8 shufhqw,1 Vhfrqg/ dv zloo eh vhhq ehorz/ xvlqj erqg gdwd

wkhuh duh vrph uhmhfwlrqv1 Wkhuhiruh/ wkh odfn ri uhmhfwlrq frxog qrw eh hqwluho| eodphg rq wkh srzhu ri

wkh whvw1 Khqfh/ wklv hylghqfh vxjjhvwv wkdw wkh sursdjdwlrq ri vkrfnv dfurvv vwrfn pdunhwv lv +uhodwlyho|,

vwdeoh gxulqj wkh uhfhqw fulvhv1

81417 Erqg pdunhwv

Wklv vhfwlrq wxuqv lwv dwwhqwlrq wr wkh erqg pdunhw1 Wkh vdph zlqgrzv dv ehiruh zhuh xvhg wr whvw iru wkh

vwdelolw| ri sdudphwhuv dprqj HPEL. lqgh{hv1

Lq Wdeoh ;/ wkh fkdqjh lq fryduldqfh pdwulfhv lv vkrzq djdlq wr kljkoljkw wkh fkdqjhv lq yduldqfhv

h{shulhqfhg lq wkh vdpsoh1 Wkh lqwhusuhwdwlrq ri wkh froxpqv lv wkh vdph dv ehiruh1 Qrwh wkdw lq wklv fdvh/

krzhyhu/ wkh vkliw lq wkh yduldqfhv duh odujhu wkdq wkh rqhv irxqg lq vwrfn pdunhwv1

��ih@}i W?Uhi@ti

�?Uhi@ti �? 4@ �4�4

�? �@h�@?Uit t�?}�*@h �@*�i

�i �U@? �h�t�t

��hhi?U) #i�@*�@|�L? �2�.� �f��e

�L +L**L�ih �b�bS 22�b2

��hh� #i�� n �L +L**L�ih �H�DS 2f�2�

�t�@? �h�tit

OL?} kL?} ���Sb �D�.�

kLhi@ 2��b ����

OL?} kL?} n kLhi@ ���e ��2H

A�@�*@?_ f�H2 ��fe

�** ��ff ��f�

+�tt�@? �h�t�t

+�tt�@ eb��D e.�.2

wA�� DH�Hb DS�.D

+�tt�@nwA�� D��De Df�Sb

�h@3�*i@? tTiU�*@|��i @||@U! ����� ���HH

�** �H�.b �.�D�

Wdeoh ;= GFF Whvw iru Erqg Pdunhwv1 Fkdqjhv lq yduldqfhv phdvxuhg dv vhyhudo pdwul{ qrupv1

Vshfldoo|/ revhuyh wkdw gxulqj wkh Ph{lfdq fulvlv diwhu wkh qrq0urooryhu dqqrxqfhphqw wkh yduldqfhv

grxeohg1 Olnhzlvh/ wkh OWFP froodsvh lpsolhg dq lqfuhdvh lq yrodwlolw| deryh wkh rqh wkdw zdv douhdg|

h{shulhqfhg e| wkh Uxvvldq fudvk1 Wdnh lqwr frqvlghudwlrq wkdw wklv sdwwhuq zdv devhqw lq wkh vwrfn pdunhw

gdwd +vhh Wdeoh 9,1 Wklv frq�upv wkh frpprq zlvgrp lq pdunhw sduwlflsdqwv wkdw wkh diwhupdwk ri wkh

Ph{lfdq fulvlv dqg wkh OWFP vkrfnv zhuh pdlqo| vkrfnv wr wkh erqg pdunhwv1

Rq wkh rwkhu kdqg/ dq lqwhuhvwlqj dvshfw lq wklv wdeoh lv wkdw h{foxglqj wkh Krqj Nrqj vshfxodwlyh

dwwdfn/ wkh Dvldq fulvhv kdg doprvw qr lpsdfw rq wkh yduldqfh ri Odwlq Dphulfdq erqg pdunhwv/ dw ohdvw

lq wkhlu yrodwlolwlhv1 Uhphpehu wkdw li wkh khwhurvnhgdvwlflw| lv vpdoo wkh GFF whvw kdv olwwoh srzhu1 Vr/ d
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odfn ri uhmhfwlrq vkrxog eh h{shfwhg gxulqj wkh Vrxwk Hdvw Dvldq fulvlv iru wkh erqg gdwd1

Wkh uhvxowv iru wkh Erqg pdunhw GFF whvw duh vkrzq lq Wdeoh <1 Wkh lqwhusuhwdwlrq ri wkh wdeoh lv wkh

vdph dv lq wkh vwrfn pdunhw1 Lq wklv fdvh/ wkhuh duh wzr lqvwdqfhv lq zklfk wkh sdudphwhuv duh xqvwdeoh1

Wkh Mdqxdu| <wk vkrfn dqg wkh OWFP froodsvh1 Qrwh wkdw wkh GFF whvw lv uhmhfwhg zkhq wkhvh fulvhv duh

dqdo|}hg vhsdudwho| ru mrlqwo| zlwk rwkhu hyhqwv1 Vxjjhvwlqj wkdw wkh whvw lv uhmhfwhg ehfdxvh d vkliw lq wkh

sdudphwhuv gxulqj wkrvh wlphv/ dqg qrw ehfdxvh wkhuh lv wkh dowhuqdwlyh k|srwkhvlv lv plvvshfl�hg1

Lq wkh Ph{lfdq fdvh wkh whvw lv uhmhfwhg li wkh vdpsoh fryhuv wkh shulrg iurp Mdqxdu| wr Pdufk/ ru

iurp Ghfhpehu 4<wk wr Pdufk1 Vlploduo|/ wkh whvw lv uhmhfwhg iru wkh OWFP fulvlv dorqh +hqg ri Dxjxvw

soxv Vhswhpehu, ru li lw lv lqfoxghg wrjhwkhu zlwk wkh Uxvvldq fulvlv/ ru zlwk wkh Uxvvldq dqg Eud}loldq

dwwdfnv1 Krzhyhu/ qr lqvwdelolw| zdv irxqg diwhu Rfwrehu ri 4<<;1 Wkxv/ lqglfdwlqj wkdw wkh fkdqjhv lq wkh

wudqvplvvlrq phfkdqlvp dfurvv erqg pdunhwv rffxuuhg vkruwo| diwhu wkh OWFP froodsvh1
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Wdeoh <= GFF Whvw iru Erqg Pdunhwv1

Lq vxppdu|/ wkh hyhqwv lq zklfk wkh whvw lv uhmhfwhg uh�hfw lqvwdqfhv zkhuh lpsruwdqw frpprq vkrfnv

duh kdsshqlqj wr wkh erqg pdunhw1 Pdunhw sduwlflsdqwv kdyh lghqwl�hg wkhvh wzr sduwlfxodu hyhqwv zlwk

oltxlglw| vkrfnv1 Lq wkh vhwxs khuh hvwlpdwhg/ wkhuh lv pruh wr wkhvh vkrfnv wkdq d sxuh oltxlglw| vkrfn1 Lq

htxdwlrq +<, wkh suhvhqfh ri d oltxlglw| vkrfn kdv ehhq douhdg| wdnhq lqwr frqvlghudwlrq e| wkh lqfoxvlrq

ri }|1 Wkh idfw wkdw wkh GFF lv uhmhfwhg lpsolhv/ wkhq/ wkdw hlwkhu wkh uhodwlrqvkls lv qrq0olqhdu ru wkhuh

lv d fkdqjh lq wkh lqwhqvlw| lq zklfk wkh oltxlglw| vkrfnv duh sursdjdwhg1 Zlwk wkh whfkqltxhv dydlodeoh/

xqiruwxqdwho|/ wkhuh lv qr surfhgxuh wkdw fdq glvhqwdqjoh ehwzhhq wklv wzr h{sodqdwlrqv1
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Lq wklv vxe0vhfwlrq/ wkh frqwhpsrudqhrxv uhodwlrqvkls ehwzhhq vwrfn pdunhwv dqg erqg uhwxuqv lv hvwlpdwhg1

Wkh txhvwlrqv ri lqwhuhvw duh wkuhhirog= Zkdw lv wkh hvwlpdwh ri DB Krz pxfk wudgh dqg uhjlrqdo yduldeohv

h{sodlq DB Dqg zkdw lv wkh uhodwlyh lpsruwdqfh ri wkh frpprq vkrfnv +}|, dfurvv fulvhv dqg uhjlphvB

81514 Prgho dqg lghqwl�fdwlrq

Dv ehiruh/ lw lv dvvxphg wkdw uhwxuqv duh ghvfulehg e| wkh vdph odwhqw idfwru prgho

D[| @ !+O,[| .�}| . %|= +43,

Dvvxphg wkdw wkhuh duh F frpprq vkrfnv dqg N hqgrjhqrxv yduldeoh1 Djdlq/ d YDU lv hvwlpdwhg �uvw

dqg wkh whvwv duh shuiruphg rq wkh uhgxfhg iurp uhvlgxdov htxdwlrq +<,1

Lghqwl�fdwlrq= Wkh surfhgxuh ghvfulehg lq Vhfwlrq 717 vkrzv wkdw xqghu ruwkrjrqdolw| ri wkh vwuxfwxudo

vkrfnv dqg wkh h{lvwhqfh ri khwhurvnhgdvwlflw|/ lw lv srvvleoh wr lghqwli| dq htxdwlrq vxfk dv htxdwlrq +43,

li wkh khwhurvnhgdvwlflw| lv uljk hqrxjk1

Jlyhq wkh qxpehu ri hqgrjhqrxv dqg rplwwhg yduldeohv/ wkh xqnqrzqv lq wkh v|vwhp ri htxdwlrqv duh=

N+N � 4, xqnqrzqv duh wkh sdudphwhuv iurp pdwul{ D= F+N � 4, sdudphwhuv iurp � diwhu qrupdol}dwlrq1

N wlphv V yduldqfhv iurp wkh lglrv|qfudwlf vkrfnv= wkhuh duh N yduldqfhv ri lglrv|qfudwlf vkrfnv iru hdfk

uhjlph lq wkh khwhurvnhgdvwlflw| +V,1 Dqg F wlphv V yduldqfhv iurp wkh frpprq vkrfnv= wkhuh duh F

yduldqfhv ri frpprq vkrfnv iru hdfk uhjlph1 Wkhuhiruh/ wkh wrwdo qxpehu ri xqnqrzqv lv

N+N � 4,
� ~} �

uhL4 �

.F+N � 4,
� ~} �

uhL4 K

. NV
�~}�

�_�Lt)?Uh@|�U t�LU!t

. FV
�~}�

UL44L? t�LU!t

= +44,

Wkh �uvw frqglwlrq iru lghqwl�fdwlrq lv wkdw hdfk uhjlph lq wkh khwhurvnhgdvwlflw| vkrxog dgg pruh

htxdwlrqv wkdq xqnqrzqv1 Wklv lv uhtxluhg iru wkh rughu frqglwlrq wr eh vdwlv�hg1 Hdfk qhz fryduldqfh

pdwul{ dggv N+N . 4,@5 htxdwlrqv +zklfk lv wkh fryduldqfh pdwul{ hvwlpdwhg rq wkh uhvlgxdov,/ zkloh lw

dggv N qhz lglrv|qfudwlf yduldqfhv/ dqg F qhz frpprq vkrfn yduldqfhv1 Wkhuhiruh/ hdfk uhjlph dggv

pruh htxdwlrqv wkdq xqnqrzqv li dqg rqo| li

N+N . 4,

5
A N .F

N+N � 4, A 5F +45,

Wklv lv wkh _fdwfk xs% frqvwudlqw1

Diwhu frqglwlrq +45, lv vdwlv�hg/ wkhq wkhuh kdv wr h{lvw d plqlpxp qxpehu ri uhjlphv wkdw lpso| wkdw

wkhuh h{lvwv dw ohdvw wkh vdph qxpehu ri htxdwlrqv wkdq xqnqrzqv1 Wkh qxpehu ri nqrzv lv surylghg e|
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wkh fryduldqfh pdwul{ lq hdfk uhjlph dqg lw lv htxdo wr=

N+N . 4,

5
V= +46,

Wkhuhiruh/ lpsrvlqj wkdw htxdwlrq +46, lv odujhu ru htxdo wkdq htxdwlrq +44,/ dqg vroylqj iru V/ wkh plqlpxp

qxpehu ri uhjlphv uhtxluhg iru lghqwl�fdwlrq lv

V � 5
+N .F, +N � 4,

N2 �N � 5F
= +47,

Lq wkh wzr h{dpsohv vwxglhg khuh rqh frpprq vkrfn lv doorzhg1 Wkhuhiruh/ wkh qxpehu ri uhjlphv

uhtxluhg iru lghqwl�fdwlrq lq hdfk fdvh lv wkh iroorzlqj=

41 Lq wkh erqg pdunhwv wkhuh duh ; frxqwulhv +hqgrjhqrxv yduldeohv,1 Wkh _fdwfk xs% frqvwudlqw +45, lv

hdvlo| vdwlv�hg dqg wkh plqlpxp qxpehu ri uhjlphv lv V � 47@91

51 Iru wkh vwrfn pdunhw fdvh wkhuh duh 47 frxqwulhv1 Wkxv/ lqhtxdolw| +45, lv vdwlv�hg dqg wkh qxpehu

ri uhjlphv uhtxluhg lv V � 46@91 Lq vxppdu|/ wkuhh uhjlphv duh hqrxjk wr dfklhyh lghqwl�fdwlrq lq

erwk h{dpsohv1

Hvwlpdwlrq= Iurp wkh uhgxfhg irup/ htxdwlrq +<,/ wkh fryduldqfh pdwul{ ri uhvlgxdov lv jlyhq e|


D
| @ D3��
5

|�
�D�3� .D3�
0

|D
�3�= +48,

Zkhuh wkh ohiw kdqg vlgh duh wkh hvwlpdwh ri wkh fryduldqfh pdwul{ lq uhjlph w 5 i4> = = = > Vj/ dqg wkh uljkw

kdqg vlgh duh wkh frh�flhqwv ri lqwhuhvw1 Wklv lv d qrq0olqhdu v|vwhp ri htxdwlrqv wkdw lv hvwlpdwhg e|

JPP/ zkhuh htxdwlrq +48, lv wkh vhw ri prphqw uhvwulfwlrqv12f

Diwhu wkh YDU lv hvwlpdwhg dqg wkh uhvlgxdov kdyh ehhq uhfryhuhg +zklfk lq idfw duh wkh vdph uhvlgxdov

dv wkrvh xvhg lq wkh suhylrxv vhfwlrq,/ wkh uhjlphv duh gh�qhg/ wkh fryduldqfh pdwulfhv fdofxodwhg/ dqg

wkh v|vwhp ri htxdwlrqv lv hvwlpdwhg1 Dq lpsruwdqw dvshfw ri wkh lghqwl�fdwlrq wkurxjk khwhurvnhgdvwlflw|

lv wkdw wkh hvwlpdwhv duh frqvlvwhqw hyhq li wkh uhjlphv duh plvvshfl�hg1 Wkhuhiruh/ wkh gh�qlwlrq ri wkh

zlqgrzv lv e| orrnlqj dw wkh shulrgv ri phglxp dqg kljk yrodwlolw| ghulyhg iurp wkh frqglwlrqdo yrodwlolw|1

Ixuwkhupruh/ wkh lghqwl�fdwlrq lv rewdlqhg li wkh fkdqjhv lq yduldqfh duh frqglwlrqdo ru qrw/ wkxv/ wkh xvh

ri wkh vdpsoh fryduldqfh pdwulfhv wr ghwhuplqh wkh uhjlphv lv hdvlo| mxvwl�hg12�
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Iru Vwrfn pdunhwv wkh vdpsoh vwxglhg uxqv iurp Mxo| 4<<7 wr wkh hqg ri 4<<;1 Iru erqg pdunhwv/

zh h{foxgh wkh Ph{lfdq dqg Uxvvldq fulvhv/ wkxv wkh vdpsoh uxqv iurp Dsulo 4vw 4<<8 xqwlo Mxo| 64vw

4<<;1 Wkh dvvxpswlrq ri sdudphwhu vwdelolw| lv fuxfldo iru wkh lghqwl�fdwlrq/ dqg wkh suhylrxv vxe0vhfwlrq

kdyh douhdg| vkrzq wkdw erqg pdunhwv kdg xqvwdeoh sdudphwhuv gxulqj wkh �uvw txduwhu ri 4<<8 dqg diwhu

Dxjxvw 54vw ri 4<<;1

Djdlq/ wkh uhvxowv iurp wkh YDU duh qrw vkrzq1

81515 Vwrfn pdunhwv

Gh�qlwlrq ri wkh uhjlphv= Wdnlqj wkh uhvlgxdov iurp wkh YDU/ �uvw/ d 53 gd|v uroolqj zlqgrz fryduldqfh

pdwul{ zdv frpsxwhg1 D qrup rq wkh fryduldqfh pdwul{ zdv gh�qhg +lq wklv sdshu/ wkh pd{lpxp vlqjxodu

ydoxh zdv xvhg1 Krzhyhu/ rwkhu phdvxuhv surgxfhg yhu| vlplodu vsolwv lq wkh uhjlphv,1 Vhfrqg/ xvlqj wkh

frqglwlrqdo fryduldqfh pdwulfhv wkh uhjlphv zhuh gh�qhg dv iroorzv= wkh orz yrodwloh uhjlph duh wkrvh gd|v

lq zklfk wkh pdwul{ qrup lv vpdoohu wkdq wkh dyhudjh> wkh kljk yrodwloh uhjlph duh wkh gdwhv lq zklfk wkh

qrup lv odujhu wkdq wzr vwdqgdug ghyldwlrqv ri wkh phdq> dqg wkh phglxp uhjlph lv wkh uhvw ri wkh vdpsoh1

Lq Iljxuh 4 wkh wkuhh uhjlphv duh vkrzq/ zkhuh 4 fruuhvsrqgv wr wkh orz/ 5 lv wkh phglxp dqg 6 lv

wkh kljk yrodwloh shulrg1 Wkhuh duh ;7; revhuydwlrqv lq wkh orz yrodwloh uhjlph/ 65< lq wkh phglxp yrodwloh

uhjlph/ dqg <8 lq wkh kljk yrodwloh uhjlph1 Lw lv lpsruwdqw wr kljkoljkw wkdw wkh uhjlphv frlqflgh zlwk prvw

ri wkh fulvhv dqg hyhqwv lq zklfk _frqwdjlrq% kdg ehhq vxvshfwhg wr kdyh h{lvwhg1

Ilqdoo|/ diwhu wkh zlqgrzv duh gh�qhg/ wkh fryduldqfh pdwul{ lq hdfk uhjlph lv frpsxwhg dqg wkh JPP

lv lpsohphqwhg wr hvwlpdwh htxdwlrq +48,1

Glvwulexwlrqv dqg vwdqgdug ghyldwlrqv zhuh frpsxwhg e| errwvwuds1 Wkh lghd lv wr gudz vhyhudo frydul0

dqfh pdwulfhv dqg vroyh wkh v|vwhp ri htxdwlrqv iru hdfk uhdol}dwlrq1 Krzhyhu/ dvvxplqj wkdw wkh fryduldqfh

pdwulfhv dfurvv uhjlphv duh lqghshqghqw lv xqvdwlvidfwru|1 Wkxv/ lq rughu wr wdnh lqwr frqvlghudwlrq wkh

vhuldo fruuhodwlrq lq wkh fryduldqfh pdwulfhv/ lw zdv dvvxphg wkdw rqo| wkh fkdqjh lq wkh fryduldqfhv zdv

lqghshqghqw dfurvv uhjlphv1 Wkhuhiruh/ frqglwlrqdo rq wkh srlqw hvwlpdwhv ri wkh fryduldqfh pdwulfhv ri wkh

uhgxfhg irup/ udqgrp gudzv ri fryduldqfh pdwulfhv zhuh rewdlqhg frqvlvwhqw zlwk wkh vdpsoh vl}h lq hdfk

uhjlph dqg lwv fryduldqfh vwuxfwxuh1 Iru hdfk vhw ri fryduldqfh pdwulfhv wkh v|vwhp ri htxdwlrqv lv vroyhg

+xvlqj JPP, dqg wklv surfhvv lv uhshdwhg 433 wlphv1 Wkh glvwulexwlrq ri wkh frh�flhqwv lv wkh vroxwlrq wr

hdfk ri wkh uhdol}dwlrqv ri wkh v|vwhp ri htxdwlrqv1

Frqwhpsrudqhrxv wudqvplvvlrq phfkdqlvp= Wkh uhvxowv ri hvwlpdwlqj D duh vkrzq lq Wdeoh 431

Wkh gldjrqdo lv rplwwhg ehfdxvh lw lv nqrzq wkdw lw lv htxdo wr rqh/ dqg wkh vljq ri wkh frh�flhqwv kdyh
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ehhq fkdqjhg vr wkh| fdq eh xqghuvwrrg dv wkh hodvwlflwlhv lq wkh uljkw kdqg vlgh +lwv qdwxudo lqwhusuhwdwlrq,1

Wkh urz uhsuhvhqwv wkh htxdwlrq ri wkdw frxqwu|/ dqg wkh froxpqv duh wkh uhjuhvvruv1 Wkhuhiruh/ wkh

uhdglqj ri wkh frh�flhqwv lv dv iroorzv= wkh urz frxqwu| +Dujhqwlqd, lv frqwhpsrudqhrxvo| d�hfwhg e| wkh

froxpq frxqwu| +Ph{lfr, e| d frh�flhqw ri 315671 Wkh frh�flhqwv wkdw duh vwdwlvwlfdoo| vljql�fdqw gl�huhqw

iurp }hur dw <3 shufhqw frq�ghqfh duh lq erog w|sh/ zkhuh wkh frq�ghqfh lqwhuydo lv frpsxwhg xvlqj wkh

errwvwudsshg glvwulexwlrq1
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A@� f�2� f�ff f�f� f�e� f�22 f��S f�eH f�e� f��e f��H f��. f�2� f�fe

A�@ f�fS f�fb f�.f f��D f�2S f�ff f�eb f��D f�D� f��� f��D f��S f�ff

N5� f��b f�fb f�fb f��. f��H f�2e f�22 f�e. f��f f��. f��2 f��f f�f.

Vi? f�2� f�ff f�.� f�ff f��� f��f f�2D f�Db f�DS f��b f��b f��� f�fS

Wdeoh 43= Srlqw hvwlpdwhv ri D1

Vhyhudo uhpdunv iurp Wdeoh 43 duh zruwk kljkoljkwlqj1 Iluvw/ wkh frh�flhqwv lq wkh XV htxdwlrq duh doo

qrq vwdwlvwlfdoo| vljql�fdqw1 Qrwh wkdw wklv zdv qrw lpsrvhg lq wkh hvwlpdwlrq surfhgxuh/ hyhq wkrxjk rxu

sulru zrxog kdyh vxjjhvwhg vr1 Rq wkh rwkhu kdqg/ XV d�hfwv lpsruwdqwo| vrph ri wkh hphujlqj pdunhwv1

Vhfrqg/ wkh frh�flhqwv duh uhodwlyho| odujh/ h{sodlqlqj wkh kljk frpryhphqw wkdw h{lvwv dprqj lqwhu0

qdwlrqdo vwrfn pdunhwv1 Lq idfw/ wkhvh frh�flhqwv h{sodlq fruuhodwlrqv ri dq dyhudjh ri 55 shufhqw dprqj

doo frxqwulhv1

Wklug/ lq wkh wdeoh wkhuh duh 65 rxw ri 4;5 frh�flhqwv wkdw duh vwdwlvwlfdoo| gl�huhqw iurp }hur1 Dprqj

wkh Odwlq Dphulfdq frxqwulhv/ wkhuh duh 46 vljql�fdqw hvwlpdwhv rxw ri 63 srvvleoh frh�flhqwv1 Vlploduo|/

dprqj wkh Vrxwk Hdvw Dvldq frxqwulhv 45 rxw ri 75 duh vljql�fdqwo| gl�huhqw iurp }hur1 Lqwhuhvwlqjo|/

wkhuh duh rqo| 6 +rxw ri ;7, frh�flhqwv dfurvv uhjlrqv +h{foxglqj wkrvh iurp wkh XV, wkdw duh vwdwlvwlfdoo|

gl�huhqw iurp }hur> Wkhvh duh wkh sursdjdwlrqv iurp Fkloh wr Nruhd/ iurp Fkloh wr Wkdlodqg/ dqg iurp

Nruhd wr Ph{lfr1 Wklv frq�upv/ txlwh vwurqjo|/ wkh frpprq zlvgrp wkdw wkh sursdjdwlrq ri vkrfnv dfurvv

frxqwulhv zdv frqfhqwudwhg zlwklq jhrjudsklfdo uhjlrqv1

Lq Wdeoh 44/ wkh vwdqgdug ghyldwlrq ri wkh frh�flhqwv lv vkrzq/ zklfk duh rewdlqhg iurp wkh errwvwuds1

Rqh dsshdolqj idfw iurp Wdeoh 44 lv wkdw wkh suhflvlrq ri wkh hvwlpdwhv ghshqgv rq krz vhyhuh wkh frxqwu|

zdv d�hfwhg e| wkh fulvhv1

Iru h{dpsoh/ Dujhqwlqd/ Eud}lo/ Krqj Nrqj/ Pdod|vld/ Ph{lfr/ Nruhd/ dqg Wkdlodqg zhuh hlwkhu wkh
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Wdeoh 44= Vwdqgdug Ghyldwlrq ri D hvwlpdwhv1

ruljlqdwruv ri wkh fulvhv ru wkh pdlq d�hfwhg frxqwulhv1 Wkh vwdqgdug ghyldwlrqv iru wkhvh hvwlpdwhv lv

313961 Rq wkh rwkhu kdqg/ XV hvwlpdwhv duh ohvv suhflvho| hvwlpdwhg1 Wkh dyhudjh vwdqgdug ghyldwlrq lv

3146991 Wkh uhdvrq ehklqg wklv rxwfrph lv krz wkh lghqwl�fdwlrq sureohp lv vroyhg> wkh khwhurvnhgdvwlflw|

lv wkh lghqwli|lqj ghylfh1 Wkh txdolw| ri wkh hvwlpdwlrq/ dqg wkhuhiruh lwv suhflvlrq/ ghshqgv rq krz odujh

wkh khwhurvnhgdvwlflw| lv1 Wkh odujhu wkh vkliw lq wkh yduldqfh ri wkdw frxqwu|/ wkh ehwwhu hvwlpdwhg wkh

frh�flhqwv ri wkh sursdjdwlrqv iurp wkdw frxqwu| duh1 Wkh lqfuhdvhv lq yrodwlolw| lq hphujlqj pdunhwv duh

doprvw dq rughu ru pdjqlwxgh odujhu wkdq wkrvh iurp XV +ru Vlqjdsruh, dqg wkdw lv zk| wkrvh vwdqgdug

ghyldwlrqv duh vpdoohu1
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Wdeoh 45= }0vwdwv ri D hvwlpdwhv1

Ilqdoo|/ lq Wdeoh 45/ wkh txdvl0} vwdwlvwlf zdv frpsxwhg1 Hyhq wkrxjk wkh whvw ri vljql�fdqfh zdv

lpsohphqwhg e| orrnlqj dw wkh glvwulexwlrq/ lw lv lqirupdwlyh wr fdofxodwh wkh udwlr ehwzhhq wkh srlqw

hvwlpdwh dqg wkh vwdqgdug ghyldwlrq ehfdxvh wkh frqfoxvlrqv ri erwk surfhgxuhv duh vlplodu/ dqg wklv rqh lv
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pxfk hdvlhu wr lpsohphqw1 Wkh lqfrqyhqlhqfh lv wkdw wkh }0vwdwlvwlf whqgv wr ryhuhvwlpdwh wkh vljql�fdqfh

ri wkh frh�flhqwv1

Iru h{dpsoh/ li d vlqjoh vlghg <3 shufhqw frq�ghqfh lqwhuydo lv xvhg +dv zdv wkh fdvh zlwk wkh errw0

vwudsshg glvwulexwlrq, wkhq pruh frh�flhqwv duh vljql�fdqw xvlqj wkh }0vwdwlvwlf wkdq e| orrnlqj dw wkh

errwvwudsshg glvwulexwlrq1 Lq Wdeoh 43/ wkhuh duh 65 rxw ri 4;5 vljql�fdqw frh�flhqwv/ zkloh xvlqj wkh

}0vwdwlvwlf 7: zrxog kdyh ehhq vljql�fdqw1 Lw lv lpsruwdqw wr phqwlrq wkdw doo wkh frh�flhqwv wkdw duh

vljql�fdqw xvlqj wkh errwvwudsshg glvwulexwlrq duh dovr vljql�fdqw xvlqj wkh }0vwdwlvwlf1

Rq wkh rwkhu kdqg/ li d 8 shufhqw frq�ghqfh lqwhuydo lv xvhg dv wkh fulwhuld rq wkh }0vwdwlvwlfv/ wkhq 64

frh�flhqwv sdvv wkh whvw1 Wkh frh�flhqw wkdw orrvhv vljql�fdqfh lv wkh wudqvplvvlrq ehwzhhq XV dqg Shux1

Lq vxppdu|/ wkh sdwwhuqv vkrzq e| wkh frh�flhqwv hvwlpdwhg lq pdwul{ D lpso| xqfrqglwlrqdo fru0

uhodwlrqv wkdw duh uhodwlyho| odujh1 Wkhvh frh�flhqwv duh wkh frpelqdwlrq ri vhyhudo srvvleoh fkdqqhov ri

frqwdjlrq1 Wkh txhvwlrq lv wkhq/ zkdw duh wkh srvvleoh h{sodqdwlrqv ehklqg wkhp1 Odwhu lq wklv vhfwlrq/ d

sduwldo vwuxfwxudo lqwhusuhwdwlrq wr wkh frh�flhqwv lv surylghg e| dqdo|}lqj wkh lpsruwdqfh ri wudgh dqg

uhjlrqdo yduldeohv1 Krzhyhu/ ehiruh vwxg|lqj wkh fkdqqhov ri frqwdjlrq/ lw lv zruwk vshqglqj vrph wlph

glvfxvvlqj wkh yxoqhudelolw| frh�flhqwv dqg wkh uhodwlyh lpsruwdqfh ri frpprq vkrfnv lq wklv vdpsoh1

Yxoqhudelolwlhv= Wkh JPP surfhgxuh dovr surylghv dq hvwlpdwh ri wkh vhqvlwlylw| ri frxqwulhv* vwrfn

pdunhwv wr frpprq vkrfnv1 Wkhvh frh�flhqwv duh lghqwl�hg rqo| xs wr d qrupdol}dwlrq dqg/ lq wklv

sduwlfxodu fdvh/ wkh XV hodvwlflw| zdv fkrvhq wr eh htxdo wr 3141 Lq Wdeoh 46 wkh uhvxowv duh vkrzq1 Wkh

�uvw froxpq fruuhvsrqgv wr wkh srlqw hvwlpdwh1 Wkh vhfrqg froxpq vkrzv wkh vwdqgdug ghyldwlrq frpsxwhg

iurp wkh errwvwudsshg glvwulexwlrq1 Dqg wkh wklug froxpq lv wkh }0vwdwlvwlf fdofxodwhg dv ehiruh1
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Wdeoh 46= Yxoqhudelolwlhv +hvwlpdwhv ri �,

Dv zdv fodlphg lq wkh lqwurgxfwlrq/ wkh frpprq vkrfnv uhsuhvhqw fkdqjhv lq ulvn suhihuhqfhv/ oltxlglw|

vkrfnv/ hwf1 Qrwh wkdw doo frh�flhqwv +h{fhsw wkh rqh iurp Krqj Nrqj, duh odujhu wkdq 3141 Vxjjhvwlqj
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wkdw hphujlqj hfrqrplhv duh pruh _yxoqhudeoh% wr frpprq vkrfnv wkdq wkh XV1 Iru h{dpsoh/ Dujhqwlqd/

Eud}lo/ dqg Ph{lfr duh forvh wr eh 7 wlphv pruh yxoqhudeoh wr wkh XV wr wkh vdph frpprq oltxlglw| vkrfn1

Hyhq wkrxjk wklv sdwwhuq lv txlwh lqirupdwlyh/ lw zdv lpsrvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh hvwlpdwhv

zhuh doo htxdo wr }hur1 Ehfdxvh ri wklv/ lqvwhdg ri vwxg|lqj wkhlu dvshfwv/ wkh qh{w vxevhfwlrq wxuqv lwv

dwwhqwlrq wr wkh yduldqfh ghfrpsrvlwlrq ehwzhhq lglrv|qfudwlf dqg frpprq vkrfnv1

Yduldqfh Ghfrpsrvlwlrq= Wkh yduldqfh ghfrpsrvlwlrq lqglfdwhv wkh uhodwlyh lpsruwdqfh ri wkh frpprq

vkrfn lq hdfk ri wkh uhjlphv dqg frxqwulhv1 Wkxv/ wkh dqdo|vlv ri yxoqhudelolw| fdq dovr eh vwxglhg lq wklv

frqwh{w1 Pruhryhu/ jlyhq wkh lqwhusuhwdwlrq ri wkh frpprq vkrfn dv oltxlglw| ru ulvn suhihuhqfhv/ wklv

glvdjjuhjdwlrq fdq eh xvhixo wr xqghuvwdqg wkh uhohydqfh ri wkrvh vkrfnv lq wkh h{sodqdwlrq ri wkh uhfhqw

fulvhv1

Wkh yduldqfh ghfrpsrvlwlrq zdv hvwlpdwhg e| fdofxodwlqj wkh wrwdo xqfrqglwlrqdo yduldqfh shu uhjlph

dqg frpsduh lw zlwk wkh lpsolhg xqfrqglwlrqdo yduldqfh dvvxplqj wkdw wkh frpprq vkrfnv gr qrw h{lvw1

Wkh surfhgxuh lv dv iroorzv= Xvlqj wkh hvwlpdwhg frh�flhqwv dqg yduldqfhv lq hdfk uhjlph/ wkh xqfrqglwlrqdo

fryduldqfh pdwul{ lv hvwlpdwhg xvlqj htxdwlrq +48,1 Wkhq/ wkh vdph htxdwlrq lv hvwlpdwhg exw 
5
| lv vhw

wr }hur1 Wklv lv wkh xqfrqglwlrqdo fryduldqfh rqo| zlwk lglrv|qfudwlf vkrfnv +ru lq rwkhu zrugv/ zlwkrxw

frpprq vkrfnv,1 Lq Wdeoh 47/ wkh udwlr ehwzhhq wkh yduldqfh ri hdfk frxqwu| h{sodlqhg e| lglrv|qfudwlf

vkrfnv rqo| lv glylghg e| wkh lwv yduldqfh zkhq frpprq vkrfnv duh lqfoxghg1 Wklv surfhgxuh lv uhshdwhg

iru hdfk uhjlph1
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kLh Hb�2I He��I Hb�SI
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N5� bD�HI b2�.I Hb�fI

Vi? b.�HI b���I b.��I

Wdeoh 47= Yduldqfh Ghfrpsrvlwlrq1 Shufhqwdjh h{sodlqhg e| wkh lglrv|qfudwlf vkrfnv11

Wkuhh uhpdunv fdq eh h{wudfwhg iurp wkh wdeoh1 Iluvw/ qrwlfh wkdw XVD lv doprvw xqd�hfwhg e| frpprq

vkrfnv +vxusulvlqjo| Yhqh}xhod lv dovr htxdoo| xqd�hfwhg e| frpprq vkrfnv,1 Lq doo wkuhh uhjlphv forvh wr

<3 shufhqw ri wkh yduldwlrq lq XV vwrfn uhwxuqv lv h{sodlqhg e| lglrv|qfudwlf vkrfnv1 Wklv grhv qrw phdq

wkdw oltxlglw| vkrfnv ru ulvn suhihuhqfhv duh xqlpsruwdqw lq wkh XV1 Zkdw wklv lv vd|lqj lv wkdw wkh frpprq
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frpsrqhqw ri wkhvh vkrfnv fdq eh ghvfulehg pdlqo| dv lglrv|qfudwlf vkrfnv wr wkh XV1 Wkhuhiruh/ lq wklv

h{huflvh/ wkh frpprq oltxlglw| vkrfn qrw d�hfwlqj XV lv wkh rqh wkdw lv ehlqj hydoxdwhg1

Vhfrqg/ wkh kljk yrodwloh uhjlph lqfoxghv d odujhu sursruwlrq ri frpprq vkrfnv= wkh dyhudjh ghfrpsr0

vlwlrq gxulqj wkh kljk yrodwlolw| uhjlph lpsolhv wkdw :7 shufhqw ri wkh yduldwlrq lv h{sodlqhg e| lglrv|qfudwlf

vkrfnv1 Wklv vkrxog eh frpsduhg zlwk ;9 shufhqw zklfk lv wkh dyhudjh ri wkh lglrv|qfudwlf h{sodlqlqj gxu0

lqj wkh orz yduldqfh uhjlph1 Wklv sdwwhuq lv vxjjhvwlyh wkdw gxulqj wkh uhfhqw fulvhv wkhuh zdv d frpprq

frpsrqhqw wr hphujlqj pdunhwv wkdw frqwulexwhg wr wkh frpryhphqw dfurvv vwrfn pdunhwv1 Dv zloo eh vhhq

ehorz/ wklv vw|ol}hg idfw lv hyhq vwurqjhu lq erqg pdunhwv1

Wklug/ gxulqj wkh kljk yrodwloh uhjlphv wkh frxqwulhv wkdw kdg wkh odujhvw frpsrqhqw ri frpprq vkrfn

zkhuh wkh Dvldq frxqwulhv1 Vxusulvlqjo|/ iru wkh Odwlq Dphulfdq frxqwulhv wkh fkdqjh lq wkh frpprq

frpsrqhqw lv vpdoo ehwzhhq wkh orz wkurxjk wkh kljk uhjlphv1

Hvwlpdwlqj wkh lpsruwdqfh ri wudgh= Wkh �qdo h{huflvh lv wr h{sodlq wkh frh�flhqwv iurp wkh D

pdwul{ e| wudgh dqg uhjlrqdo yduldeohv1 Wkxv/ dq hydoxdwlrq ri wkh vwuhqjwk ri wkhvh fkdqqhov ri frqwdjlrq

lv shuirphg lq wklv vhfwlrq1

Wkh dgglwlrqdo gdwd froohfwhg lv wkh iroorzlqj= lqirupdwlrq rq wudgh lv rewdlqhg iurp Ihhqvwud*v Zruog

Gdwd Iorzv1 Wkh wudgh vkduh lv frpsxwhg dv wkh dyhudjh wudgh vkduh ri wkh frxqwulhv lq wkh <3*v1 Lqirupdwlrq

rq glvwdqfh/ vkdulqj erughu/ dqg ehorqjlqj wr Odwlq Dphulfd dqg Vrxwk Hdvw Dvld gxpp| lv dovr lqfoxghg

lq wkh uhjuhvvlrq1 Wkh ohiw kdqg vlgh duh wkh srlqw hvwlpdwhv iurp pdwul{ D dqg wkh uhjuhvvlrq uxq lv wkh

iroorzlqj=

��� @ ff . f�OD. f2VHD. f�Wudgh�� . feErughu. fD orj+Glvwdqfh, . %|

Lw lv olnho| wkdw wklv uhjuhvvlrq kdv khwhurvnhgdvwlflw| ehfdxvh wkh D frh�flhqwv zhuh hvwlpdwhg zlwk gl�huhqw

ghjuhhv ri suhflvlrq1 Wkhuhiruh/ d JOV zdv hvwlpdwhg zkhuh wkh fryduldqfh pdwul{ ri wkh frh�flhqwv

rewdlqhg lq wkh errwvwudsslqj zdv xvhg wr zhljkw wkh uhjuhvvlrq1 Lq Wdeoh 48/ wkh uhvxowv duh vkrzq1

V@h�@M*i �Li�U�i?| 5|_� ,hhLh |�5|@|�t|�U �hLM�
� f�Dfe.�H f��S2bfH ��fbH f�ff22S.
A+�#, f����S2H f��Sb�2b ��b.2 f�fDf�fe
w�BE#W5A���,� �f�f�2�fe f�f�SSe ���be� f�fD�H2
��+#,+ �f�f�H�HD f�fDHbeb �f��fH f�.DHfSb
w� f�f�S�DD f�fD.fDS f�S�� f�D2.�22
5,� �f�f2f�D. f�fDSHbH �f��D. f�.2fb�e
+�t^�@hi_ f�fSS�2
�hLME6�t|@|�t|�U� f�f�2e�

Wdeoh 48= H{sodlqlqj D frh�flhqwv1

Qrwh wkdw wudgh lv doprvw vljql�fdqw dqg zlwk wkh fruuhfw vljq= kljkhu wudgh vkduh whqgv wr lpso| d

odujhu frqwhpsrudqhrxv frh�flhqw1 Wkh srlqw hvwlpdwh lv 3166 zlwk d vwdqgdug ghyldwlrq ri 314:1 Wklv
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hvwlpdwhg zloo eh frpsduhg zlwk wkh rqh rewdlqhg lq wkh Erqg uhjuhvvlrq1

Wkh hvwlpdwhv rq glvwdqfh duh dovr +doprvw, vljql�fdqw dqg zlwk wkh fruuhfw vljq1 Vxusulvlqjo| +dw ohdvw

wr ph, lv wkh idfw wkdw wkh uhjlrqdo gxpplhv duh qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh U0vtxduhg lv txlwh orz

hyhq wkrxjk wkh I0whvw vkrzv wkdw wkh uhjuhvvlrq lv vljql�fdqw dv d zkroh1 Wklv uhvxowv frqwudvw zlwk wkh

�qglqjv iurp wkh erqg pdunhw> wklv lv wkh wrslf wkdw iroorzv1

81516 Erqg pdunhwv

Wkh gdwd rq erqg pdunhwv lv uhvwulfwhg wr wkh shulrg ehwzhhq Dsulo 4<<8 xqwlo Mxo| 4<<;1 Krzhyhu/ wkh

hvwlpdwlrq phwkrgrorj| lv wkh vdph dv lq vwrfn pdunhwv1 Lq Iljxuh 5/ wkh yrodwloh uhjlphv duh vkrzq

+ghwhuplqhg zlwk wkh surfhgxuh kljkoljkwhg deryh,1 Lq wklv fdvh/ wkhuh duh 859 revhuydwlrqv lq wkh orz0

phglxp yrodwloh uhjlph/ 59; lq wkh phglxp yrodwloh uhjlph/ dqg 74 lq wkh kljk yrodwloh uhjlph1 Qrwlfh/

wkdw wkh kljk yrodwlolwlhv rffxu gxulqj wkh Krqj Nrqj fulvlv dqg lq Mxqh ri 4<<8122

Frqwhpsrudqhrxv wudqvplvvlrq phfkdqlvp= Lq Wdeoh 49/ wkh uhvxowv iurp hvwlpdwlqj pdwul{ D

duh vkrzq1 Wkh gldjrqdo lv rplwwhg dqg wkh vljq ri wkh frh�flhqwv kdyh ehhq fkdqjhg vr wkh| fdq eh

gluhfwo| lqwhusuhwhg dv wkh uljkw kdqg vlgh hodvwlflwlhv1 Wkh wdeoh vkrxog eh uhdg dv ehiruh= wkh urz frxqwu|

+Dujhqwlqd, lv frqwhpsrudqhrxvo| d�hfwhg e| wkh froxpq frxqwu| +Ph{lfr, e| wkh frh�flhqw 316:1

Wkrvh frh�flhqwv wkdw duh vwdwlvwlfdoo| vljql�fdqw dw <3 shufhqw frq�ghqfh duh lq erog w|sh1 Dv ehiruh/

wkh glvwulexwlrqv dqg wkh pdvv ehorz }hur duh rewdlqhg e| errwvwudsslqj xvlqj wkh vdph surfhgxuh dv wkh

rqh ghvfulehg deryh1

,t|�4@|i
�h} �h@ ,U� �i �@? �ih Vi? N5�

�h} f��� f��H f��. f�fe f�f2 f��b f���
�h@ f�2f f��e f�D� f�fS f��2 f��H f�e.

,U� f��S f�2H f�2f f��2 f��D f�ee f�S2

�i f�2� f�22 f��f f�f. f��� f�2b f��b
�@? f�2S f�2D f�f2 f�eS f�2b f�ee f�.�

�ih f��H f��� f�2� f�e� f��D f�fb f�S�

Vi? f�ef f�f. f�fS f��D f�2S f��f f��2
N5� f�f� f�f. f�f� f�fe f�fe f�f� f�f2

Wdeoh 49= D hvwlpdwhv1

Vhyhudo ohvvrqv fdq eh h{wudfwhg iurp wkh wdeoh1 Iluvw/ djdlq/ qrwlfh wkdw XVD lv qrw d�hfwhg e| dq|

Odwlq Dphulfdq frxqwu|1 Revhuyh wkdw qrw rqo| wkh frh�flhqwv duh qrw vljql�fdqw/ exw dovr wkh srlqw

hvwlpdwhv duh yhu| vpdoo1 Wklv zdv qrw lpsrvh lq wkh hvwlpdwlrq surfhgxuh/ exw rxu sulruv zrxog kdyh

lqglfdwhg wkdw lqghhg wklv vkrxog eh wkh fdvh1

22W? a�?i Lu �bbDc |�i hitU�i T@U!@}i �@t �?_ih �@)c @?_ }LL_ ?i�t @ML�| �i �UL �ihi hi*i@ti_( �|t @UUitt |L �?|ih?@|�L?@*
�?@?U�@* 4@h!i|t �@t hi?i�i_� A��tc *@�}� �t @*tL UL?|@}�L�t�
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Vhfrqg/ Erqg Pdunhw sduwlflsdqwv djuhh wkdw wkh wzr prvw lpsruwdqw frxqwulhv lq wkh vryhuhljq erqg

pdunhw duh Dujhqwlqd dqg Ph{lfr1 Wkh erqgv iurp wkhvh wzr frxqwulhv duh jhqhudoo| xvhg dv ehqfkpdunv

wr gh�qh sulfhv iru rwkhu frxqwulhv1 Wkh uhvxowv iurp Wdeoh 49 frq�up wklv frpprq zlvgrp1 Ph{lfr d�hfwv

doo Odwlq Dphulfdq frxqwulhv lq wkh vdpsoh h{fhsw iru Hfxdgru/ zkloh Dujhqwlqd vljql�fdqwo| lq�xhqfhv doo

frxqwulhv lq wkh uhjlrq h{foxglqj Shux dqg Yhqh}xhod1

Wklug/ wkh XV kdv dq lpsruwdqw lpsdfw rq Odwlq Dphulfdq frxqwulhv1 Wklv gdwd zdv frqvwuxfwhg

wr uh�hfw wkh frxqwu| ulvn suhplxp +lq wkh �uvw vwdjh wkh lqgh{hv zhuh uhjuhvvhg rq XV 43 |hdu erqg

udwhv,1 Khqfh/ wkh idfw wkdw wkh XV frh�flhqwv duh srvlwlyh dqg vljql�fdqw lqglfdwhv wkdw wkh frxqwu|

ulvn suhplxp lq wkhvh frxqwulhv lqfuhdvhv zlwk XV lqwhuhvw udwhv1 Lq rwkhu zrugv/ wkh sdvv wkurxjk rq

lqwhuqdwlrqdo lqwhuhvw udwhv lv odujhu wkdq rqh12�

Ilqdoo|/ qrwlfh wkdw wkh frh�flhqwv duh vlplodu wr wkrvh rewdlqhg iurp wkh vwrfn pdunhwv1 Hyhq wkrxjk

d gluhfw frpsdulvrq fdqqrw eh pdgh ehfdxvh wkh vdpsohv duh yhu| gl�huhqw/ lw lv lqirupdwlyh wr frqfhqwudwh

lq d frxsoh ri frxqwulhv=

41 Iru h{dpsoh/ wkh Ph{lfdq frh�flhqw lq wkh Dujhqwlqhdq htxdwlrq lv 316: khuh dqg 3156 ehiruh1 Erwk

vwdwlvwlfdoo| gl�huhqw iurp }hur/ exw qrw ehwzhhq wkhp1 Eud}loldq frh�flhqw lq wkh vdph htxdwlrq lv

3166 khuh dqg 3159 ehiruh1

51 Ehiruh/ Ph{lfr d�hfwhg vljql�fdqwo| Dujhqwlqd/ Eud}lo dqg Shux/ khuh wkh vdph wkuhh frxqwulhv +dqg

rwkhu wzr, duh d�hfwhg1 Wkh uhjxodulwlhv dfurvv wkh wzr h{huflvhv lv zruwk ixuwkhu h{sorulqj1

Lq Wdeoh 4:/ wkh vwdqgdug ghyldwlrq ri wkh frh�flhqwv lv vkrzq1 Qrwh wkdw hyhq wkrxjk wkh vwdqgdug

ghyldwlrqv ri wkh XV htxdwlrq duh txlwh vpdoo wkh hvwlpdwhv zhuh qrw vwdwlvwlfdoo| vljql�fdqw iurp }hur1

Wkhuhiruh/ wkh uhdvrq iru wkh odfn ri vljql�fdqfh lv qrw wkh qhhg ri suhflvlrq1 Dv rssrvh wr wkh vwrfn

pdunhw fdvh/ wkhuh lv qr ixuwkhu sdwwhuq derxw wkh suhflvlrq ri wkh hvwlpdwhv1

5|@?_@h_ #i��@|�L?
�h} �h@ ,U� �i �@? �ih Vi? N5�

�h} f��� f�fb f��� f�fS f�fe f��� f���
�h@ f��� f�fb f��D f�f. f�fH f��2 f��S
,U� f��H f��D f��D f��e f��� f�2� f�2D
�i f��2 f��� f��f f�fH f�fb f��� f��S
�@? f��. f��b f�fD f�2� f��H f��b f�2f
�ih f�2� f��2 f��� f��H f��e f��f f�22
Vi? f��e f�fH f�fS f��D f�fb f�fb f��H
N5� f�fe f�fH f�f� f�fS f�fD f�f� f�f�

Wdeoh 4:= Vwdqgdug Ghyldwlrq ri D hvwlpdwhv1

Lq Wdeoh 4; wkh txdvl0} vwdwlvwlf zdv frpsxwhg1 Dv ehiruh/ wkh vwdwlvwlf whqgv wr ryhuhvwlpdwh wkh

vljql�fdqfh ri wkh hvwlpdwhv1 Iru h{dpsoh/ li d vlqjoh vlgh <3 shufhqw frq�ghqfh lqwhuydo lv xvhg +dv zdv wkh

2�5ii 6h@?!i* d2fffo @?_ O@�t4@?? @?_ d2fffo
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fdvh zlwk wkh errwvwudsshg glvwulexwlrq, wkhq pruh frh�flhqwv duh vljql�fdqw1 Lq Wdeoh 49 wkhuh duh 53

rxw ri 89 vljql�fdqw frh�flhqwv/ zkloh xvlqj wkh }0vwdwlvwlf 59 zrxog eh vljql�fdqw1 Djdlq/ doo wkh hvwlpdwhv

wkdw duh vljql�fdqw xvlqj wkh errwvwudsshg glvwulexwlrq/ duh dovr vljql�fdqw zlwk wkh }0vwdwlvwlf1 Wkh vl}h

ri wkh whvw lv lqfruuhfw/ exw/ li d frh�flhqw lv qrw vljql�fdqw dvvxplqj qrupdolw| wkhq lw zloo qrw eh vr xvlqj

wkh vpdoo vdpsoh glvwulexwlrq1

3�t|@|�t|�Ut
�h} �h@ ,U� �i �@? �ih Vi? N5�

�h} 2�bD 2�fb 2�He f�.e f�Db ��.2 f�bH
�h@ ��Df ��D� ��e� f�b2 ��D� ��De 2�bD
,U� ��bH ��HH ���2 f�He 2�.e 2��e 2�D�
�i ��.H ��SS ��f� f�HS ���. 2�2. ���.
�@? ��De ���� f�e� 2�2� ��S. 2��S ��S�
�ih ��HD ���S ��HD 2��H ��fb f�H. 2�.b
Vi? 2�be f�HD ��fS 2��D 2�HS ���S ��..
N5� f�Db f�H� f�Df f�SH f�H. f��2 f�SD

Wdeoh 4;= }0vwdwv ri D hvwlpdwhv1

Ehiruh h{sodlqlqj wkh frh�flhqwv zlwk wudgh dqg uhjlrqdo yduldeohv/ wkh qh{w vxevhfwlrqv orrn dw wkh

yxoqhudelolw| frh�flhqwv dqg wkh yduldqfh ghfrpsrvlwlrq1

Yxoqhudelolwlhv= Wkh vhfrqg vhw ri frh�flhqwv hvwlpdwhg iurp wkh vwuxfwxudo htxdwlrq 43 duh wkh hodvwlf0

lwlhv wr djjuhjdwh vkrfnv1 Wkh frh�flhqwv duh lghqwl�hg rqo| xs wr d qrupdol}dwlrq> wkxv XV zdv htxdwhg

wr 3141 Lq Wdeoh 4< wkh uhvxowv duh vkrzq1 Wkh �uvw froxpq fruuhvsrqg wr wkh srlqw hvwlpdwh/ zkhuh

wkh frh�flhqwv zlwk pdvv deryh }hur odujhu wkdq <3 shufhqw duh kljkoljkwhg lq erog1 Wkh vhfrqg froxpq

vkrz wkh vwdqgdug ghyldwlrq frpsxwhg iurp wkh errwvwudsshg glvwulexwlrq1 Dqg wkh wklug froxpqv lv wkh

}0vwdwlvwlf fdofxodwhg dv wkh udwlr ehwzhhq wkh srlqw hvwlpdwh dqg wkh vwdqgdug ghyldwlrq1

V�*?ih@M�*�|)
�L�?| 5|@?_@h_ 3t|@|

,t|�4@|i #i��@|�L?
�h} f��D f��� ���2
�h@ f�2b f��. ��.2
,U� f��. f�2S f�SD
�i f��S f��. 2��e
�@? f�Sf f�2b 2�fH
�ih f�D. f�2S 2��.
Vi? f��� f��. ��HS
N5� f��f

Wdeoh 4<= Yxoqhudelolwlhv +hvwlpdwhv ri �,

Ehiruh glvfxvvlqj wkh frh�flhqwv lv lpsruwdqw wr foduli| zkdw lv/ lq wklv fdvh/ wkh lqwhusuhwdwlrq ri

wkh vkrfn }|1 Lq wklv gdwd/ wkh xqrevhuydeoh frpprq vkrfnv duh dv ehiruh fkdqjhv lq ulvn suhihuhqfhv/

oltxlglw| vkrfnv/ hwf1 Krzhyhu/ wkhvh vkrfnv dovr lqfoxgh vkrfnv wr rwkhu frxqwulhv wkdw duh qrw lqfoxghg

lq wkh vdpsoh1 Lq sduwlfxodu/ doo wkh Vrxwk Hdvw Dvldq frxqwulhv1 Wkhuhiruh/ wkh frpprq vkrfn djjuhjdwhv
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doo wkrvh glvwxuedqfhv/ dqg wkh frh�flhqw lv wkh dyhudjh uhvsrqvh ri wkh frxqwulhv lq wkh vdpsoh wr wkrvh

vkrfnv1 Wklv lpsolhv wkdw/ xqiruwxqdwho|/ wklv hvwlpdwhv fdqqrw eh gluhfwo| frpsduhg zlwk wkrvh rewdlqhg

iru wkh vwrfn pdunhwv1

Dq lqwhuhvwlqj dvshfw lq Wdeoh 4</ krzhyhu/ lv wkdw wkh hvwlpdwhv ri doo frxqwulhv duh odujhu wkdq wkh XV

frh�flhqw1 Djdlq/ lw lv lpsrvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh frh�flhqwv duh wkh vdph wr wkh XVD

rqh2e/ exw wkh| vkduh d vlplodu sdwwhuq dv wkh rqhv rewdlqhg iurp wkh Vwrfn Pdunhw gdwd1

Yduldqfh Ghfrpsrvlwlrq= Lqvwhdg ri frqfhqwudwlqj rq wkh yxoqhudelolw| frh�flhqwv/ lw lv ehwwhu wr frp0

sxwh wkh frqwulexwlrq wr wkh yduldqfh e| wkh frpprq vkrfnv1 Wkh yduldqfh ghfrpsrvlwlrq zdv hvwlpdwhg dv

ehiruh= wkh suhglfwhg xqfrqglwlrqdo yduldqfh lq hdfk uhjlph lv frpsxwhg e| xvlqj wkh hvwlpdwhg frh�flhqwv

dqg yduldqfhv> wkhq wkh suhglfwhg yduldqfh dvvxplqj rqo| lglrv|qfudwlf vkrfnv lv fdofxodwhg> dqg �qdoo|/

wkh udwlr ehwzhhq wkhvh wzr yduldqfhv lv fdofxodwhg iru hdfk frxqwu|1 Lq Wdeoh 53 wkh uhvxowv duh uhsruwhg1

V@h�@?Ui #iUL4TLt�|�L?
wL� �i_��4 O�}�

�h} Df���I e��eHI �.�2HI
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Wdeoh 53= Yduldqfh Ghfrpsrvlwlrq1 Shufhqwdjh h{sodlqhg e| wkh lglrv|qfudwlf vkrfnv11

Wkh remhfwlyh ri wklv h{huflvh lv wr hydoxdwh wkh uhodwlyh lpsruwdqfh ri frpprq vkrfnv dfurvv uhjlphv1

Jlyhq wkh vsdq ri wkh gdwd +pdlqo| fryhulqj wkh Vrxwk Hdvw Dvldq fulvhv, dqg wkh lqwhusuhwdwlrq ri wkh

frpprq vkrfnv lq wkh erqg pdunhw +pdlqo| VHD dv zhoo dv oltxlglw| dqg ulvn suhihuhqfh vkrfnv, lw vkrxog

eh h{shfwhg wkdw wkh frqwulexwlrq ri wkhvh vkrfnv lqfuhdvhv gxulqj wkh kljk yrodwloh uhjlphv pruh wkdq

lq wkh vwrfn pdunhw fdvh1 Wklv lqwxlwlrq lv frq�uphg e| wkh uhvxowv1 Lq wkh orz uhjlph +h{foxglqj XV,

lglrv|qfudwlf vkrfnv h{sodlq dq dyhudjh ri 9917< shufhqw ri wkdw yduldwlrq1 Gxulqj wkh phglxp yrodwlolw|

uhjlph/ wkh| h{sodlq 861;5 shufhqw1 Zklfk uh�hfwv d vpdoo gurs lq wkh lpsruwdqfh ri lglrv|qfudwlf vkrfnv1

Lq wkh kljk yrodwloh uhjlph/ wkh frqwulexwlrq ri lglrv|qfudwlf vkrfnv idoo wr 64177 shufhqw> ohvv wkdq kdoi ri

wkhlu lpsruwdqfh gxulqj wkh orz yrodwloh uhjlph1

Dgglwlrqdoo|/ revhuyh wkdw XVD lv doprvw xqd�hfwhg e| frpprq vkrfnv1 Lq doo wkuhh uhjlphv pruh wkdq

<< shufhqw ri wkh yduldwlrq lq XV lqwhuhvw udwhv duh h{sodlqhg e| lglrv|qfudwlf vkrfnv1 Wklv lv lq vkdus

frqwudvw zlwk wkh hphujlqj pdunhw frxqwulhv/ zkhuh wkh frpprq vkrfnv dozd|v h{sodlq dw ohdvw 53 shufhqw

ri wkh yduldwlrq1
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Dq lqwhuhvwlqj frpsdulvrq ehwzhhq wkh yduldqfh ghfrpsrvlwlrq ehwzhhq erqgv dqg vwrfn pdunhwv lv

wkdw wkh uhodwlyh lpsruwdqfh ri wkh frpprq vkrfnv lq wklv gdwd lv vljql�fdqwo| odujhu wkdq lq vwrfn pdunhwv1

Krzhyhu/ wklv frpsdulvrq vkrxog eh wdnhq fdxwlrxvo|1

Hvwlpdwlqj wkh lpsruwdqfh ri wudgh= Wkh odvw h{dplqdwlrq ri wkh gdwd lv wr frqvlghu wkh txhvwlrq

ri krz pxfk grhv wudgh h{sodlqv wkh frh�flhqwv ri pdwul{ D1 Wkh surfhgxuh lv wr uxq d vlpsoh olqhdu

uhjuhvvlrq zkhuh wkh frh�flhqwv duh h{sodlqhg e| wudgh ehwzhhq wkh wzr frxqwulhv/ wkhlu glvwdqfh/ dqg d

gxpp| uhsuhvhqwlqj zkhwkhu ru qrw wkh| vkduh d erughu1 Wkh lqirupdwlrq derxw wudgh lv wkh vdph dv

ehiruh1

Djdlq/ wkh frh�flhqwv lq wkh ohiw kdqg vlgh duh hvwlpdwhg zlwk gl�huhqw ghjuhhv ri h�flhqf|/ lq wklv

uhjuhvvlrq wkhuh h{lvwv khwhurvnhgdvwlflw| wkdw frxog surgxfh wkh zurqj vwdqgdug ghyldwlrqv1 Wkhuhiruh/

iurp wkh �uvw vwhs/ wkh fryduldqfh pdwul{ ri wkh hvwlpdwhv lv xvhg wr hvwlpdwh d JOV12D

Lq Wdeoh 54 wkh uhvxowv iurp wkh hvwlpdwlrq duh uhsruwhg1

V@h�@M*i �Li�U�i?| 5|_� ,hhLh |�5|@|�t|�U �hLM�
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Wdeoh 54= H{sodlqlqj D frh�flhqwv1

Iluvw/ qrwh wkdw wkh frh�flhqw rq wudgh lv vljql�fdqw dqg zlwk wkh fruuhfw vljq1 Pruhryhu/ qrwlfh wkdw

wkh frh�flhqw lv 3177< zklfk lv forvh wr wkh rqh uhsruwhg lq wkh vwrfn pdunhwv +31666,1 Wkh frh�flhqw rq

wkh glvwdqfh lv htxdoo| vljql�fdqw dqg zlwk wkh fruuhfw vljq1 Rqh gl�huhqfh ehwzhhq wklv uhjuhvvlrq dqg

Wdeoh 48 lv wkdw khuh wkh erughu gxpp| lv yhu| vljql�fdqw1 Krzhyhu/ lw vhhpv wr vxjjhvw wkdw lw jrhv lq

wkh zurqj gluhfwlrq1

Pruh lpsruwdqwo| lv wkh idfw wkdw wkhvh wkuhh yduldeohv h{sodlq doprvw :8 shufhqw ri wkh yduldwlrq ri

wkh frh�flhqwv1 Wklv lv lq vkdus frqwudvw zlwk wkh uhvxowv rewdlqhg iurp wkh vwrfn pdunhw h{huflvh1

S 6�|�hi +iti@hU�

Wkh txhvwlrq ri phdvxulqj frqwdjlrq lv idu iurp dqvzhuhg1 Qhyhuwkhohvv/ wkhuh kdv ehhq sohqw| ri uhvhdufk

lq h{fkdqjh udwhv/ lqwhuhvw udwhv dqg vwrfn pdunhwv1 Wkh uhvxowv duh qrw frqfoxvlyh/ |hw/ exw vxjjhvwlyh=

sursdjdwlrqv duh uhodwlyho| vwdeoh wurxjk wlph/ dqg wudgh dqg uhjlrqdo yduldeohv surgxfh d vl}hdeoh h{sod0
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qdwlrq ri wkh revhuyhg frpryhphqw1 Wkh uhvxowv lq wklv sdshu frq�up wkhvh wzr ylhzv1 Pruh kdv wr eh

grqh1

Wkhuh duh/ krzhyhu/ rwkhu dvshfwv ri frqwdjlrq wkdw kdyh qrw ehhq h{soruhg zlwk wkh vdph lqwhqvlw|1

Lqghhg/ wkhvh duh duhdv lq zklfk wkhuh h{lvw krsh wkdw vrph ri wkh lqfrqyhqlhqfhv ri wkh sulfh gdwd fdq eh

ryhufrph1 Ehorz lv d olvw ri zkdw L wklqn duh wkh qh{w vhw ri txhvwlrqv wkdw wkh frqwdjlrq olwhudwxuh kdv wr

dgguhvv +wkhuh duh lq p| sduwlfxodu rughu ri lpsruwdqfh/ dqg ihdvlelolw| wr eh dqvzhuhg/ exw fohduo| wklv lv

doprvw d udqgrp rughu,1

Sdwwhuq ri fruuhodwlrqv= Rqh xqvwxglhg dvshfw ri frqwdjlrq lv wkh sdwwhuq ri fruuhodwlrqv dfurvv gl�huhqw

lqvwuxphqwv1 Lq sduwlfxodu/ rq dyhudjh wkh fruuhodwlrq dprqj erqg pdunhwv uhwxuqv lv wzlfh dv odujh dv wkh

rqh rq vwrfn pdunhwv/ zklfk lv grxeohg wkh rqh wkdw h{lvwv dprqj h{fkdqjh udwhv1

Dv idu dv L nqrz/ L kdyh vhhq wklv idfw uhsruwhg lq rqo| wzr sdshuv= Iluvw/ Ndplqvn| dqg Uhlqkduw

^5333` frpsxwh wkh sulqflsdo frpsrqhqwv dqg vkrz wkdw wkh sursruwlrq h{sodlqhg e| wkh �uvw frpsrqhqw

lv odujhu lq erqgv wkdq vwrfn pdunhwv1 Vhfrqg/ lq dq hduolhu sdshu zlwk Hgxdugr Ihuqdqgh} Duldv zh

uhsruwhg wklv �qglqj e| mxvw orrnlqj dw wkh fruuhodwlrqv1 Dv zdv phqwlrqhg lq wkh suhylrxv vhfwlrqv li

wkh yduldqfhv ri erqg dqg vwrfn pdunhw uhwxuqv duh gl�huhqw wkhq erwk wkh fruuhodwlrq dqg wkh Sulqflsdo

Frpsrqhqwv hvwlpdwhv duh eldvhg1 Krzhyhu/ wkh uhvxowv lq wklv sdshu frq�up wklv �qglqj1 Lw lv wkh fdvh

wkdw wkh frh�flhqwv dqg xqfrqglwlrqdo fruuhodwlrqv dfurvv erqg pdunhwv lv odujhu wkdq lq vwrfn pdunhwv1

Lq rughu wr surylgh vrph hylghqfh L frqfhqwudwh rq Dujhqwlqd/ Eud}lo/ Ph{lfr/ Shux dqg Yhqh}xhod zklfk

duh lq erwk gdwdv1 Wkh fruuhodwlrqv dprqj wkhvh frxqwulhv/ lpsolhg e| wkh xqfrqglwlrqdo yduldqfh uhjlph

duh grfxphqwhg lq Wdeoh 551
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Wdeoh 55= Xqfrqglwlrqdo fruuhodwlrq shu uhjlph1

Iluvw/ qrwh wkdw wkh fruuhodwlrqv lqfuhdvh zlwk wkh uhjlphv/ dv vkrxog eh h{shfwhg e| wkh lqfuhdvh lq

yduldqfh lpsolhg e| wkh fulvhv1 Qhyhuwkhohvv/ wkh fruuhodwlrqv rewdlqhg lq erqg pdunhwv duh dq rughu ri

pdjqlwxgh odujhu wkdq wkrvh iurp vwrfn pdunhwv1 Uhphpehu/ wklv lv wkh suhglfwhg fruuhodwlrq jlyhq wkh D

78



dqg � frh�flhqwv1

Wkh suhylrxv glvfxvvlrq kdv lqglfdwhg wkdw frpprq vkrfnv lv d vl}hdeoh sursruwlrq ri wkh h{sodqdwlrq

ri wkh fkdqjhv lq wkh sdwwhuq ri fruuhodwlrqv dfurvv wlph1 Lw lv srvvleoh wkdw wklv lv wrr wkh h{sodqdwlrq

iru erqg sulfhv1 Wkdw txhvwlrq frxog qrw eh dqvzhuhg khuh ehfdxvh wkh wzr gdwd duh qrw frpsdudeoh/

dqg ehfdxvh lw zloo eh eh|rqg wkh vfrsh ri wkh sdshu1 Krzhyhu/ zlwk wkh whfkqltxhv looxvwudwhg khuh lw lv

srvvleoh wkdw dq dqvzhuhg frxog eh surylghg1

Ixwxuh uhvhdufk vkrxog frqfhqwudwh rq ghyhorslqj wkh wkhrulhv dqg hpslulfdo whvwv wr uhsruw +jlyh wkh

h{dfw vw|ol}hg idfw, dqg h{sodlq lw1

Phdvxuhphqw ri Frqwdjlrq= Uhylvlwhg1 Prvw ri wkh glvfxvvlrq ri frqwdjlrq kdv frqfhqwudwhg rq

wkh vlpxowdqhrxv uhdfwlrq dfurvv frxqwulhv1 Wkxv/ lw kdv ehhq wkh hpskdvlv lq wklv sdshu1 Krzhyhu/ wkh

sursdjdwlrq phfkdqlvp frxog wdnh lpsruwdqw odjv qrw ixoo| fdswxuhg lq wkh D pdwul{/ exw lq wkh !+O,

frh�flhqwv1

Uhjduglqj wkh txhvwlrq ri vwdelolw| wkh whvw kljkoljkwhg lq vhfwlrq 617 lv deoh wr ghwhfw iru fkdqjhv lq

sdudphwhuv ri wkh odj yduldeohv1 Krzhyhu/ wkh phdvxuhphqw ri wkh sursdjdwlrq phfkdqlvp zdv hqwluho|

hvwlpdwhg e| wkh frqwhpsrudqhrxv uhodwlrqvkls +prvw sdshuv orrn dw zhhno|/ 50gd|/ ru gdlo| h�hfwv,1

Lq wkh prgho hvwlpdwhg lq wkh suhylrxv vhfwlrq/ doo wkh g|qdplfv iurp !+O, kdyh ehhq glvuhjdughg1

Wkhuh duh dw ohdvw wzr uhdvrqv wkdw mxvwli| zk| wkh olwhudwxuh glg wkdw +dqg vr wklv sdshu,= Iluvw/ wkh

sdwwhuq ri frqwhpsrudqhrxv fruuhodwlrqv lv sx}}olqj hqrxjk +dqg dv L phqwlrqhg deryh/ lw frqwlqxhv wr

eh wkh fdvh,1 Vhfrqg/ zlwkrxw hvwlpdwlqj wkh vlpxowdqhrxv frh�flhqwv/ wkhuh lv qr zd| ri hvwlpdwlqj

hfrqrplfdoo| phdqlqjixo odj frh�flhqwv1 Zlwk wkh phwkrgrorjlhv kljkoljkwhg deryh/ qrz lw lv srvvleoh wr

hvwlpdwh wkh frqwhpsrudqhrxv uhodwlrqvkls surshuo|/ dqg d forvhu orrn dw wkh g|qdplfv ri wkh sursdjdwlrq

ri vkrfnv frxog eh iuxlwixo1

Lq wklv surfhvv/ uhsruwlqj wkh idfwv dqg xqghuvwdqglqj wkh g|qdplfv ehfrph dvshfwv ri wkh glvfxvvlrq

ri wkh sursdjdwlrq ri vkrfnv> qrw rqo| wkh hvwlpdwlrq ri lpsxovh uhvsrqvhv sod| d fuxfldo uroh/ exw wkh

gh�qlwlrq ri vhqvleoh vwdwlvwlfv ryhu wkrvh uhvsrqvhv zloo uhsuhvhqw dq lpsruwdqw sduw ri wkh glvfxvvlrq ri

zkdw vkrxog ru qrw eh frqvlghuhg frqwdjlrq1

Sulfhv yhuvxv Yroxphv= D wklug lpsruwdqw wrslf lv wkdw prvw ri wkh sdshuv lq wkh duhd orrn dw sulfhv

udwkhu wkdq yroxphv1 Wkh pdlq uhdvrq ehlqj wkh hdvlo| dydlodelolw| ri kljk iuhtxhqf| gdwd/ ri wkh iruphu/

dqg wkh doprvw frpsohwh xqdydlodelolw| ri wkh odwhu rqh1

Wkhuh kdyh ehhq vrph sdshuv/ krzhyhu/ wkdw kdyh vwxglhg wkh ehkdylru ri txdqwlwlhv durxqg wkh uhfhqw

fulvhv1 Wkh wkuhh prvw lq�xhqwldo sdshuv lq wklv duh Hlfkhqjuhhq dqg Prg| ^5333`/ Iurrw/ R*Frqqhoo dqg

Vhdvkrohv ^5333`/ Nduro|l dqg Vwxo} ^4<<9` / dqg Vwxo} ^4<<<`1

Ixuwkhu uhvhdufk lq wklv duhd lv surplvlqj1 Prvw ri wkh wkhrulhv ri frqwdjlrq kdyh vwurqj lpsolfdwlrqv

derxw wudglqj yroxphv dqg lqyhvwru*v srvlwlrqv1 Lq idfw/ wkh lpsolfdwlrqv rq sulfhv duh ghulyhg iurp wkrvh
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yroxph ghflvlrqv1 Orrnlqj rqo| dw sulfhv plvvhv wkhvh ulfk vhw ri lpsolfdwlrqv1 Wkh pdlq olplwdwlrq lv gdwd

dydlodelolw|/ exw lw vkrxog eh fohdu wkdw li sulfhv hqfrxqwhuhg lpsruwdqw hfrqrphwulf sureohpv/ yroxphv zloo

gr wrr1

Lv wkh sursdjdwlrq wkurxjk wkh phdqv ru wkh yduldqfhvB Irxuwk/ wkh txhvwlrq zkhwkhu wkh vkrfnv

duh wudqvplwwhg gluhfwo| wkurxjk sulfhv/ ru wkh idoo lq sulfhv uh�hfwv kljkhu yrodwlolwlhv kdv qrw ehhq udlvhg

zlwk wkh hpskdvlv lw vkrxog1 Wkh rqo| sdshu +wr p| nqrzohgjh, orrnlqj dw wkhvh lvvxhv lv Hgzdugv dqg

Vxvpho ^5333`1 Xqiruwxqdwho|/ wkh| kdyh wr pdnhv wkh qhfhvvdu| dvvxpswlrq wr dyrlg wkh lghqwl�fdwlrq

sureohp1 Wkh prghov khuh vwxglhg kdyh kljkoljkwhg wkh gluhfw sursdjdwlrq ri sulfhv/ exw wkh| frxog

shuihfwo| uhsuhvhqw d uhgxfhg irup ri d yrodwlolw| wudqvplvvlrq prgho1 Vr idu/ wkh surfhgxuhv hpskdvl}hg

duh xqdeoh wr glvhqwdqjohg wkh h{dfw fkdqqho1

Iurp wkh wkhruhwlfdo srlqw ri ylhz/ wklv lv dq lpsruwdqw txhvwlrq1 Krz wkh sursdjdwlrq rffxuv kdv

sruwirolr/ dv zhoo dv/ srolf| lpsolfdwlrqv1 Irupdoo|/ dq h{whqvlrq ri Prgho 4 lqfoxglqj odjv dqg DUFK

h�hfwv lv dv iroorzv=
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zkhuh �0c| dqg �#c| duh xqfruuhodwhg/ dqg wkh pdwulfhv D dqg E duh qrw gldjrqdo12S D uh�hfwv wkh sursd0

jdwlrq wkurxjk sulfhv/ zkloh E h{sodlqv wkh sursdjdwlrq wkurxjk yduldqfhv1 Ehfdxvh lq wkh uhgxfhg irup

rqo| frqglwlrqdo fryduldqfh pdwulfhv duh frpsxwhg/ lq jhqhudo/ wkhuh lv qr surfhgxuh wr vhsdudwh D iurp

E1 Ixwxuh uhvhdufk vkrxog ghyhors whfkqltxhv wkdw frxog ghdo zlwk wklv txhvwlrq1

Qrq olqhdulw| dqg glvwulexwlrq iuhh whfkqltxhv= Ilqdoo|/ hyhq wkrxjk vrph ri wkh surfhgxuhv khuh

kljkoljkwhg duh qrw ghshqghqw rq d sduwlfxodu glvwulexwlrq ri wkh uhvlgxdov/ prvw ri wkh sdshuv dvvxph
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olqhdu prghov dqg qrupdo glvwulexwlrqv1

D fdvxdo orrn wr wkh gdwd fohduo| lqglfdwhv wkdw hlwkhu wkh glvwulexwlrqv duh qrw qrupdo/ ru wkh prghov duh

qrq0olqhdu +ru erwk,1 Wkhuh kdyh ehhq vrph dwwhpswv wr orrn dw h{wuhph uhdol}dwlrqv dv d zd| wr frpsduh

wkh ehkdylru ri wkh vwdwlvwlfdo prgho lq wklv vlwxdwlrq zlwk qrupdo flufxpvwdqfhv1 Vhh Edh/ Nduro|l dqg

Vwxo} ^5333`/ dqg Orqjxlq dqg Vorqln ^4<<8` iru vrph hylghqfh1 Ixuwkhu uhvhdufk lq wkh duhd lv fohduo|

judqwhg1

. �L?U*�t�L?t

Wkh hpslulfdo txhvwlrq ri frqwdjlrq lv rqh ri wkh prvw gl�fxow wdvnv zh kdyh hqfrxqwhuhg lq lqwhuqdwlrqdo

pdfurhfrqrplfv lq wkh uhfhqw |hduv1 Wkh gdwd vx�huv iurp wkh zruvw ri +zkdw L fdoo, wkh pdfur sureohpv=

vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeoh eldvhv1 Dqg/ wkh gdwd dovr h{klelwv wkh zruvw ri �qdqfh=

frqglwlrqdo dqg xqfrqglwlrqdo khwhurvnhgdvwlflw|/ qrq0olqhdulw|/ qrq0qrupdolw|/ dqg vhuldo fruuhodwlrq1

Wklv sdshu kdv vhyhudo remhfwlyhv= Iluvw/ lw surylghv d fulwlfdo ylhz wr wkh prvw iuhtxhqwo| xvhg whfkqltxhv

lq dssolhg sdshuv ri frqwdjlrq1 Wkh �uvw wzr vhfwlrqv glvfxvv wkh eldvhv dqg lqfrqvlvwhqflhv wkdw dulvh lq

ROV/ Surelw/ dqg vshfldoo| Sulqflsdo Frpsrqhqwv dqg fruuhodwlrq hvwlpdwhv1 Lq wkrvh vhfwlrqv/ L sursrvh

wkh xvh ri wzr qhz whfkqltxhv wkdw fdq ghdo zlwk vrph ri wkh sureohpv/ exw fhuwdlqo| ixuwkhu uhvhdufk

vkrxog dqg zloo frqwlqxh wr lpsuryh wkh whfkqltxhv1

Wkh vhfrqg remhfwlyh ri wkh sdshu lv wr xvh wkhvh qhz whfkqltxhv lq d eurdg dssolfdwlrq ri frqwdjlrq

+wkh ruljlqdo sdshuv frqfhqwudwhg rq yhu| vshfldo fdvhv/ ru rqo| vlpxodwlrqv,1 Vhfwlrq 8 whvwhg iru sdudphwhu

vwdelolw| dqg wkh lpsruwdqfh ri wudgh lq erqg dqg vwrfn pdunhwv1 Wzr vxusulvlqj uhvxowv lq wklv vhfwlrq duh>

+4, Wkh sdudphwhuv duh vwdeoh lq vwrfn pdunhw dfurvv yhu| gl�huhqw fulvhv/ dqg shulrgv ri wlph1 Krzhyhu/

wkh sursdjdwlrq ri vkrfnv dfurvv erqg pdunhwv zdv qrw vwdeoh gxulqj wkh �uvw txduwhu ri 4<<8 dqg gxulqj

wkh OWFP fulvlv1 Erwk lqvwdqfhv uhsuhvhqwhg lpsruwdqw oltxlglw| vkrfnv wr erqg pdunhwv1 Wkh sdudphwhu

lqvwdelolw| frxog eh hlwkhu d fkdqjh lq wkh frh�flhqw ru d qrq0olqhdulw|1 Zlwk wkh fxuuhqw whfkqltxhv/

xqiruwxqdwho|/ qr dqvzhu fdq eh surylghg1 +5, Uhjduglqj wkh lpsruwdqfh ri wudgh lq h{sodlqlqj wkh frq0

whpsrudqhrxv frh�flhqwv/ lw zdv irxqg wkdw Wudgh dqg uhjlrqdo yduldeohv duh +doprvw, vljql�fdqw dqg zlwk

wkh fruuhfw vljq lq h{sodlqlqj wkh vwrfn pdunhw dqg erqg uhwxuq frqwhpsrudqhrxv frh�flhqwv1 Lq wkh vwrfn

pdunhw/ wkhvh yduldeohv rqo| h{sodlq 9 shufhqw ri wkh yduldwlrq/ exw wkh| h{sodlq doprvw :8 shufhqw ri wkh

yduldwlrq ri wkh Erqg frh�flhqwv1

Ilqdoo|/ wklv sdshu kdv glvfxvvhg/ uhodwlyho| h{whqvlyho|/ d olvw ri ixuwkhu duhdv ri uhvhdufk zkhuh qhz

vw|ol}hg idfw/ qhz gdwd/ dqg suredeo| qhz whfkqltxhv zloo kdyh wr eh ghyhorshg lq rughu wr surylgh d ehwwhu

xqghuvwdqglqj ri krz vkrfnv duh sursdjdwhg lqwhuqdwlrqdoo|1
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Duldv/ H1 I1/ Kdxvpdqq/ U1/ dqg Uljrerq/ U1 +4<<;,1 Frqwdjlrq lq erqg pdunhwv1 LGE Zrunlqj Sdshu1

Edh/ N10K1/ Nduro|l/ J1 D1/ dqg Vwxo}/ U1 P1 +5333,1 D qhz dssurdfk wr phdvxulqj �qdqfldo frqwdjlrq1

QEHU Plphr :<461

Edlj/ W1 dqg Jrogidmq/ L1 +4<<;,1 Ilqdqfldo pdunhwv frqwdjlrq lq wkh dvldq fulvhv1 LPI Plphr1

Edlj/ W1 dqg Jrogidmq/ L1 +5333,1 Wkh uxvvldq ghidxow dqg wkh frqwdjlrq wr eud}lo1 Xqlyhuvlgdgh Fdwrolfd/

Plphr1

Er|hu/ E1 K1/ Jlevrq/ P1 V1/ dqg Oruhwdq/ P1 +4<<<,1 Slwidoov lq whvwv iru fkdqjhv lq fruuhodwlrqv1 Ihghudo

Uhvhuyh Erduv/ LIV Glvfxvvlrq Sdshu Qr1 8<:U1

Fdoyr/ J1 +4<<<,1 Frqwdjlrq lq hphujlqj pdunhwv= Zkhq zdoo vwuhhw lv d fduulhu1 Xqlyhuvlw| ri Pdu|odqg/

Plphr1

Fdoyr/ J1 dqg Phqgr}d/ H1 +5333,1 Udwlrqdo frqwdjlrq dqg wkh joredol}dwlrq ri vhfxulw| pdunhwv1 Mrxuqdo

ri Lqwhuqdwlrqdo Hfrqrplfv/ 84=:<~4461

Fdoyr/ V1 dqg Uhlqkduw/ F1 +4<<8,1 Fdslwdo lq�rzv wr odwlq dphulfd= Lv wkhuh hylghqfh ri frqwdjlrq h�hfwv1

Plphr1 Zruog Edqn dqg Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Fdvklq/ S1/ Nxpdu/ P1/ dqg PfGhuprww/ F1 M1 +4<<8,1 Lqwhuqdwlrqdo lqwhjudwlrq ri htxlw| pdunhwv dqg

frqwdjlrq h�hfwv1 LPI Zrunlqj Sdshu ZS2<824431

Fkhq/ V1 dqg Nkdq/ V1 +4<<<,1
s
q0frqvlvwhqw hvwlpdwlrq ri khwhurvnhgdvwlf vdpsoh vhohfwlrq prghov1

Xqlyhuvlw| ri Urfkhvwhu/ Plphr1

Hgzdugv/ V1 dqg Vxvpho/ U1 +5333,1 Lqwhuhvw udwh yrodwlolw| dqg frqwdjlrq lq hphujlqj pdunhwv= Hylghqfh

iurp wkh 4<<3*v1 XFOD/ Plphr1

Hlfkhqjuhhq/ E1 dqg Prg|/ D1 +5333,1 Frqwdjlrq iurp wkh uxvvldq fulvlv= Zkr zdv lqihfwhg dqg zk|B XF

Ehunhoh|/ Plphr1

Hlfkhqjuhhq/ E1/ Urvh/ D1/ dqg Z|sorv}/ F1 +4<<9,1 Frqwdjlrxv fxuuhqf| fulvhv1 QEHU Zrunlqj Sdshu

89;41

Idyhur/ F1 dqg Jldyd}}l/ I1 +5333,1 Orrnlqj iru frqwdjlrq= Hylghqfh iurp wkh 4<<5 HUP fulvlv1 Erffrql

Xqlyhuvlw|/ Plphr1

Ilvkhu/ I1 P1 +4<:9,1 Wkh Lghqwl�fdwlrq Sureohp lq Hfrqrphwulfv1 Urehuw H1 Nulhjhu Sxeolvklqj Fr1/ Qhz

\run/ vhfrqg hglwlrq1
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Iruehv/ N1 +4<<<,1 Krz duh vkrfnv sursdjdwhg lqwhuqdwlrqdoo|B �up0ohyho hylghqfh iurp wkh uxvvldq dqg

dvldq fulvhv1 PLW Plphr1

Iruehv/ N1 dqg Uljrerq/ U1 +4<<<,1 Qr frqwdjlrq/ rqo| lqwhughshqghqfh= Phdvxulqj vwrfn pdunhw fr0

pryhphqwv1 QEHU Zrunlqj Sdshu/ :59:1

Iruehv/ N1 dqg Uljrerq/ U1 +5333,1 Phdvxulqj frqwdjlrq= Frqfhswxdo dqg hpslulfdo lvvxhv1 PLW plphr1

Iurrw/ N1/ R*Frqqhoo/ S1/ dqg Vhdvkrohv/ P1 +5333,1 Wkh sruwirolr �rzv ri lqwhuqdwlrqdo lqyhvwruv1 Kduydug

Xqlyhuvlw|/ Plphr1

Jhorv/ J1 dqg Vdkd|/ U1 +5333,1 Ilqdqfldo pdunhwv vslooryhuv lq wudqvlwlrq hfrqrplhv1 LPI/ Plphr1

Jolfn/ U1 dqg Urvh/ D1 +4<<;,1 Frqwdjlrq dqg wudgh= Zk| duh fxuuhqf| fulvhv uhjlrqdoB Plphr1

Jrogvwhlq/ P1/ Uhlqkduw/ F1/ dqg Ndplqvn|/ J1 +5333,1 Dvvhvvlqj Ilqdqfldo Yxoqhudelolw| = Dq Hduo|

Zduqlqj V|vwhp iru Hphujlqj Pdunhwv1 Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplfv1

Juhjrulr/ M1 G1 dqg Ydog�hv/ U1 +5333,1 Fulvlv wudqvplvvlrq= Hylghqfh iurp wkh ghew/ whtxlod dqg dvldq �x

fulvhv1 Xqlyhuvlgdg Fdwrolfd gh Fkloh/ Plphr1

Krqruh/ E1 H1 +4<<5,1 Vlpsoh hvwlpdwlrq ri d gxudwlrq prgho zlwk xqrevhuyhg khwhurjhqhlw|1 Hfrqrphwulfd/

8;+5,=786~:61

Krqruh/ E1 H1/ N|uld}lgrx/ H1/ dqg Xgu|/ F1 +4<<:1,1 Hvwlpdwlrq ri w|sh 6 wrelw prghov xvlqj v|pphwulf

wulpplqj dqg sdluzlvh frpsdulvrqv1 Mrxuqdo ri Hfrqrphwulfv/ :9+405,=43:~5;1

Krurzlw}/ M1 +4<<5,1 D vprrwkhg pd{lpxp vfruh hvwlpdwru iru wkh elqdu| uhvsrqvh prgho1 Hfrqrphwulfd/

93=838~8641

Krurzlw}/ M1 +4<<6,1 Vhplsdudphwulf hvwlpdwlrq ri d zrun0wuls prgh fkrlfh prgho1 Mrxuqdo ri Hfrqrphwulfv/

8;=7<~:31

Ndplqvn|/ J1 dqg Uhlqkduw/ F1 +5333,1 Wkh fhqwhu dqg wkh shulskhu|= Wdohv ri �qdqfldo wxuprlo1 JZX/

Plphr1

Nduro|l/ J1 D1 dqg Vwxo}/ U1 P1 +4<<9,1 Zk| gr pdunhwv pryh wrjhwkhuB dq lqyhvwljdwlrq ri x1v1 0 mdsdq

vwrfn uhwxuq frpryhphqwv1 Wkh Mrxuqdo ri Ilqdqfh/ 84+6,=<84=<;91

Nlqj/ P1 dqg Zdgkzdql/ V1 +4<<3,1 Wudqvplvvlrq ri yrodwlolw| ehwzhhq vwrfn pdunhwv1 Uhylhz ri Ilqdqfldo

Vwxglhv/ 6+4,=8~661

Nohlq/ U1 dqg Yhood/ I1 +5333,1 Lghqwl�fdwlrq dqg hvwlpdwlrq ri wkh elqdu| wuhdwphqw prgho xqghu khw0

hurvnhgdvwlflw|1 Uxwjhuv plphr1
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Nrguhv/ O1 dqg Sulwvnhu/ P1 +4<<<,1 D udwlrqdo h{shfwdwlrqv prgho ri �qdqfldo frqwdjlrq1 Plphr1 Erdug

ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1

Orqjxlq/ I1 dqg Vorqln/ E1 +4<<8,1 Lv wkh fruuhodwlrq lq lqwhuqdwlrqdo htxlw| uhwxuqv frqvwdqw= 4<9304<<31

Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 47+4,=6~591

Oruhwdq/ P1 dqg Hqjolvk/ Z1 E1 +5333,1 Hydoxdwlrq _fruuhodwlrq euhdngrzqv% gxulqj shulrgv ri pdunhw

yrodwlolw|1 Ihghudo Uhvhuyh Erdug/ Plphr1

Pdqvnl/ F1 +4<;8,1 Vhplsdudphwulf dqdo|vlv ri glvfuhwh uhvsrqvh= Dv|pswrwlf surshuwlhv ri wkh pd{lpxp

vfruh hvwlpdwru1 Mrxuqdo ri Hfrqrphwulfv/ 5:=646~6671

Pdvvrq/ S1 +4<<:,1 Prqvrrqdo h�hfwv/ vslooryhuv/ dqg frqwdjlrq1 LPI Plphr1

Srzhoo/ M1 O1 +4<;9,1 V|pphwulfdoo| wulpphg ohdvw vtxduhv hvwlpdwlrq iru wrelw prghov1 Hfrqrphwulfd/

87=4768~931

Uljrerq/ U1 +4<<<d,1 Grhv frqwdjlrq h{lvwvB Wkh Lqyhvwphqw Vwudwhj| Sdfn/ Edqnlqj Ghsduwphqw ri wkh

ELV1

Uljrerq/ U1 +4<<<e,1 Rq wkh phdvxuhphqw ri wkh lqwhuqdwlrqdo sursdjdwlrq ri vkrfnv1 PLW Plphr1

Uljrerq/ U1 +5333d,1 Lghqwl�fdwlrq wkurxjk khwhurvnhgdvwlflw|1 PLW Plphr1

Uljrerq/ U1 +5333e,1 D vlpsoh whvw iru vwdelolw| ri olqhdu prghov xqghu khwhurvnhgdvwlflw|/ rplwwhg yduldeoh/

dqg hqgrjqhrxv yduldeoh sureohpv1 PLW Plphr1

Ulmfnhjkhp/ F1 Y1 dqg Zhghu/ E1 +5333,1 Ilqdqfldo frqwdjlrq= Vslooryhu h�hfwv wkurxjk edqnlqj fhqwhuv1

Xqlyhuvlw| ri Edvho/ Plphr1

Urqq/ H1 +4<<;,1 Wkh lpsdfw ri odujh fkdqjhv lq dvvhw sulfhv rq lqwud0pdunhw fruuhodwlrqv lq wkh vwrfn dqg

erqg pdunhwv1 Plphr1

Vhqwdqd/ H1 dqg Ilruhqwlql/ J1 +4<<<,1 Lghqwl�fdwlrq/ hvwlpdwlrq dqg whvwlqj ri frqglwlrqdo khwhurvnhgdvwlf

idfwru prghov1 FHPIL plphr1

Vwxo}/ U1 +4<<<,1 Lqwhuqdwlrqdo sruwirolr �rzv dqg vhfxulw| pdunhwv1 Wkh Fkduohv D1 Glfh Fhqwhu iru

Uhvhdfk lq Ilqdqfldo Hfrqrplfv/ ZS <<061
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Qrwh wkdw lq wklv fdvh wkh lqwhuuhodwlrqvkls ehwzhhq doo yduldeohv lv wkh vdph1 Dvvxph zh hvwlpdwh || @

��{�c| . �2{2c|1 Wkh ROV hvwlpdwhv ri hdfk ri wkh frh�flhqwv duh +diwhu d orw ri dojheud,=

a�� @ �. � +4 . �,�0

��#� � +4� �,�#2

�2�#��0 . �2�#2�0 . �#��#2

a�2 @ �. � +4 . �,�0

��#2 � +4� �,�#�

�2�#��0 . �2�#2�0 . �#��#2

zkhuh wkh gl�huhqfh lq wkh hvwlpdwhv lv

a�� � a�2 @ � +�#� � �#2,
� +4 . �,�0

�2�#��0 . �2�#2�0 . �#��#2

Qrwh wkdw li wkh yduldqfhv ri frxqwulhv {�c| dqg {2c| duh gl�huhqw/ wkhq wkh hvwlpdwhv duh dovr gl�huhqw1

Pruhryhu/ wkh frxqwu| zlwk wkh kljkhu yduldqfh kdv wkh vpdoohvw frh�flhqw1 Lq wkh olplw/ dvvxph wkdw wkh

yduldqfh ri {2c| jrhv wr lq�qlw| wkhq wkh hvwlpdwhv duh

a�� @ �. � +4 . �,�0

�

�2�0 . �#2

a�2 @ �. � +4 . �,�0

� +4� �,

�2�0 . �#2

=

Dv fdq eh vhhq/ rqh ri wkh frh�flhqwv lv grzqzdug eldvhg zkloh wkh rwkhu rqh lv xszdug eldvhg1
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Wkh vwuxfwxudo prgho lv

D[| @ !+O,[| .�}| . %|

exw wkh vwdelolw| whvw lv shuiruphg rq wkh uhgxfhg iurp uhvlgxdov=

[| @ D3�!+O,[| .D3� ^�}| . %|`

@ �+O,[| . �|=

D�| @ �}| . %|=

Wkh txhvwlrq lv li whvwlqj rq wkh uhgxfhg irup dovr lv whvwlqj iru wkh sdudphwhu vwdelolw| ri wkh vwuxfwxudo

htxdwlrq1

Lw vkrxog eh reylrxv wkdw li wkhuh lv d fkdqjh lq D ru � wkh whvw rq wkh uhgxfhg irup lv ghwhfwlqj wkhp1

Wkh txhvwlrq lv li fkdqjhv lq !+, fdq eh irxqg wrr1 Dvvxph wkhuh lv d vkliw lq wkh vwuxfwxudo frh�flhqwv=

D�[| @ !�+O,[| .��}| . %| iru w ? W

D2[| @ !2+O,[| .�2}| . %| iru w A W

zklfk lpso| wkh iroorzlqj uhgxfhg irupv

[| @ D3�
�
!�+O,[| .D3�

�
��}| .D3�

�
%| iru w ? W

[| @ D3�
2
!2+O,[| .D3�

2
�2}| .D3�

2
%| iru w A W

Ehfdxvh/ lq wkh YDU zh duh lpsrvlqj wkdw wkh odj frh�flhqwv kdyh wr eh wkh vdph lq erwk vdpsohv/ wkh

dfwxdo hvwlpdwh lv dq dyhudjh ri D3�
�
!� dqg D3�

2
!21 Ghqrwh wklv hvwlpdwh dv a�1 Wkh uhvlgxdov iurp wkh

uhgxfhg iurp/ wkhq zloo eh ghvfulehg e|=

�| @

k
D3�
�
!�+O,� a�+O,

l
[| .D3�

�
��}| .D3�

�
%| iru w ? Wk

D3�
2
!2+O,� a�+O,

l
[| .D3�

2
�2}| .D3�

2
%| iru w A W

Dv fdq eh vhhq/ wkh uhvlgxdov ri wkh uhgxfhg irup duh d ixqfwlrq ri !�1 Iru vlpsolflw| dvvxph wkdw D� @ D2/
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dqg �� @ �21 Wkhq wkh fryduldqfh pdwul{ ri wkh uhgxfhg irup lq hdfk uhjlph zrxog eh


� @ ��[|[
�

|�
�

� .D3��
5

��
�D�3� .D3�
0

�D
�3�


2 @ �2[|[
�

|�
�

2 .D3��
5

2�
�D�3� .D3�
0

2D
�3�

�� / D3�

�
!�+O,� a�+O,

�2 / D3�

2
!2+O,� a�+O,

Qrwh wkdw li wkh fkdqjh lq wkh fryduldqfh pdwul{ lv h{sodlqhg e| wkh vkliw lq ! +iru h{dpsoh, wkhq wkh

fkdqjh lq wkh fryduldqfh pdwul{ lv
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Lw lv xqolnho| wkdw wklv wudqvirupdwlrq ri frh�flhqwv zrxog eh ohvv wkdq ixoo udqn1 Lq wkh vdph zd| wkdw

wkh ghwhuplqdqw lv qrw qhfhvvdulo| ohvv wkdq ixoo udqn zkhq wkh frh�flhqwv D dqg2ru � fkdqjh1
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Iljxuh 4= Uhjlphv lq wkh Vwrfn Pdunhw gdwd1
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Iljxuh 5= Uhjlphv lq wkh Erqg Pdunhw1
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