
Wkh hfrqrplfv ri oderu vxsso| lq wkh vkruw dqg orqj

uxq

Ldq Zdonhu

Uhsruw e| Dlfr S1 ydq Yxxuhq �

4 Lqwurgxfwlrq

Wkh oderu hfrqrplfv2hfrqrphwulfv ohfwxuhv dw wkh Urwwhugdp zrunvkrs zhuh jlyhq e| Ldq

Zdonhu/ surihvvru lq Hfrqrplfv dw Nhhoh Xqlyhuvlw| +Wkh Xqlwhg Nlqjgrp,1 Lq wkh sdvw

ghfdgh/ kh sxeolvkhg d orw ri klv uhvhdufk rq oderu vxsso| wrjhwkhu zlwk Ulfkdug Eoxqghoo

+Xqlyhuvlw| Froohjh Orqgrq,/ zkr zdv ruljlqdoo| vfkhgxohg iru wkh hfrqrphwulfv ohfwxuhv

ri wkh zrunvkrs1 Wkh ohfwxuhv zhuh rqo| uhodwhg zlwk wkh wudglwlrqdo dssurdfk ri oderu

vxsso| wkhru|1 Khqfh/ wkh wkhru| ri mre vhdufk zdv qrw lqfoxghg zlwklq wkhvh ohfwxuhv +vhh

iru h{dpsoh Iolqq ) Khfnpdq +4<;5,/ Pruwhqvhq +4<;9,/ Odqfdvwhu +4<<3, dqg Ghylqh )

Nlhihu +4<<4,,1

Wkh ohfwxuhv zhuh vxeglylghg lqwr vkruw0 dqg orqj0uxq oderu vxsso| prghov1 Lq wkh qh{w

wzr vhfwlrqv/ vkruw0uxq oderu vxsso| prghov duh glvfxvvhg1 Vhfwlrq 5 glvfxvvhv wkh edvlf

iudphzrun dqg wkh hvwlpdwlrq ri wkhvh prghov lv vxppdul}hg lq vhfwlrq 61 Dowkrxjk wkh

ohfwxuh dovr frqwdlqhg d srolf| dqdo|vlv sduw/ lw glg qrw rewdlq pxfk dwwhqwlrq1 Zdonhu

jdyh rqh h{dpsoh ri d srolf| dqdo|vlv sdshu/ qdpho| Suhvwrq ) Zdonhu +4<<<,1 Ilqdoo|/

oderu vxsso| lq wkh orqj0uxq lv glvfxvvhg lq vhfwlrq 71

�Ghsduwphqw ri Hfrqrplfv/ Iuhh Xqlyhuvlw| dqg Wlqehujhq Lqvwlwxwh1 Dgguhvv= Ydnjurhs Dojhphqh
Hfrqrplh/ Urrp 5H09;/ Gh Erhohoddq 4438/ QO043;4 KY Dpvwhugdp/ Wkh Qhwkhuodqgv1 Hpdlo=
yxxuhqCwlqelqvw1qo> Id{= .640+3,53077709363> Sk= .640+3,53077709453

5<
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5 Vkruw0uxq oderu vxsso| wkhru|

514 Wkh vwdwlf prgho

Wklv vxevhfwlrq lv d vkruw lqwurgxfwlrq wr wkh olwhudwxuh1 Zh vwduw zlwk wkh lqwurgxfwlrq

ri wkh ghflvlrq surfhvv iru d zrunhu idflqj wkh fkrlfh ehwzhhq frqvxpswlrq dqg ohlvxuh/ dv

ghvfulehg lq hohphqwdu| wh{werrnv lq plfurhfrqrplfv +Odlgohu ) Hvwulq +4<;<,,=

4@ Sc, LESc ,( �

v1w1 S n �, ' >n �A
+4,

/ S ' >n EA � ,��

' >n ��

Zkhuh wkh v|perov S/ ,/ �/ >/ A dqg � uhsuhvhqw frqvxpswlrq/ ohlvxuh wlph/ wkh zdjh udwh/

xqhduqhg lqfrph/ wrwdo dydlodeoh wlph +iru ohlvxuh dqg zrun, dqg zrunlqj wlph +oderu

vxsso|,1 Wkh yhfwru  uhsuhvhqwv shuvrqdo fkdudfwhulvwlfv/ vxfk dv jhqghu/ krxvhkrog

frpsrvlwlrq/ djh/ hgxfdwlrqdo ohyho/ hwf1 Wkh �uvw rughu frqglwlrqv ri xwlolw| pd{lpl}dwlrq

duh=

LSESc ,( � ' b

L,ESc ,( � ' b�

Surylghg wkdw , � A 1 Li L,ESc ,( � � b� iru doo , 5 dfc A o/ wkhq , ' A dqg khqfh � ' f1 Dq

h{dpsoh ri wkh xwlolw| ixqfwlrq lv wkh Vwrqh0Jhdu| xwlolw| ixqfwlrq/ gh�qhg e|=

LESc ,( � ' qE � *L}ES� �SE �� n E�� qE �� *L}E, � �,E ��

E| vroylqj wkh v|vwhp/ lw lv srvvleoh wr �qg wkdw wkh rswlpdo wlph ri ohlvxuh lv htxdo wr

,W ' �,E �qE � n
�3qE �

�
E> n A� � �SE ��1 Rwkhu vshfl�fdwlrqv ri wkh xwlolw| ixqfwlrq lq

uhodwlrqvkls zlwk wkh oderu vxsso| ixqfwlrq duh jlyhq e| Vwhuq +4<;9,1

515 Idplo| oderu vxsso|

Vlqfh wkh oderu vxsso| ghflvlrq lv xvxdoo| pdgh zlwklq wkh krxvhkrog/ lw vhhpv ehwwhu

wr prgli| wkh prgho ri wkh suhylrxv vhfwlrq1 Dq ruljlqdoo| yhu| srsxodu iudphzrun lv

wkh xqlwdu| prgho/ zklfk dvvxphv wkdw idplo| phpehuv pd{lpl}h d xqltxh/ zhoo ehkdyhg

krxvhkrog xwlolw| ixqfwlrq +Iruwlq ) Odfurl{ +4<<:,,1 Wkh pd{lpl}dwlrq sureohp ri htxdwlrq
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+4, lv wkhq uhzulwwhq dv iroorzv +Dvkhqihowhu ) Khfnpdq +4<:7,,=

4@ Sc, LESc ,6c ,s ( �

v1w1 S ' >n EA � ,6��6 n EA � ,s��s

Zkhuh wkh vxevfulswv6 dqg s ghqrwh pdoh dqg ihpdoh/ uhvshfwlyho|1 Iurp wklv pd{lpl}dwlrq

sureohp/ wkh oderu vxsso| ixqfwlrqv ri wkh idplo| phpehuv iroorz=

�� ' ��E�6c �s c Ac >�

Iru � ' i6c sj1 Dgglwlrqdoo|/ wkh idprxv Voxwvn| ghfrpsrvlwlrq khosv wr rewdlq whvwv iru

wkh xqlwdu| prgho=

Y��
Y`�

' 7�� n ��
Y��
Yt

Zkhuh 7�� lv wkh vxevwlwxwlrq h�hfw1 Wkhuh pxvw krog wkdw= +4, 7�� : f/ +5, 76s ' 7s6

dqg +6, _i|E7��� : f1

Uhfhqwo|/ wkhuh lv vrph fulwltxh rq wkh xqlwdu| oderu vxsso| prgho1 Wkh pdmru sureohp

lv wkdw lw grhv qrw wdnh dffrxqw ri wkh ghflvlrq pdnlqj ri lqglylgxdov zlwklq wkh krxvhkrog1

Pruhryhu/ lw lv qrw deoh wr h{sodlq fkdqjhv zlwklq wkh krxvhkrog frpsrvlwlrq +Iruwlq )

Odfurl{ +4<<:,,1

516 Oderu vxsso| dqg h{shqglwxuh sdwwhuqv

Wkh suhylrxv vhfwlrqv zhuh lpsolflwo| edvhg rq wkh frpprq dvvxpswlrq ri vhsdudelolw|1

Wklv dvvxpswlrq vwdwhv wkdw wkh sdwwhuq ri frqvxpswlrq lv lqghshqghqw ri wkh sdwwhuq

ri oderu vxsso|1 Khqfh/ wkhuh duh qr frqvxpswlrq jrrgv wkdw duh hlwkhu vxevwlwxwhv

ru frpsohphqwv wr ohlvxuh1 Eoxqghoo ) Zdonhu +4<;5, duh deoh wr whvw wklv vhsdudelolw|

dvvxpswlrq e| xvlqj d prgho ghwhuplqlqj wkh krxvhkrog oderu vxsso| dqg frpprglw|

ghpdqgv1 Wkh| xvh wkh iroorzlqj ghpdqg v|vwhp iru frpprglw| �=

R�^� ' R���6� n B6��6_6 n Bs��s_s n �E�6c �s c _6c _s �

Zkhuh R�/ ^� dqg 6� uhsuhvhqw wkh sulfh iru frpprglw| �/ wkh txdqwlw| sxufkdvhg ri

frpprglw| � dqg wkh qxpehu ri htxlydohqw dgxowv lq hdfk krxvhkrog/ uhvshfwlyho|1 Wkh

sdudphwhuv _6 dqg _s duh gh�qhg iurp wkh frvwv ixqfwlrq wkdw lv xvhg +vhh Eoxqghoo )

Zdonhu +4<;5,,1 Wkh ixqfwlrq � frqwdlqv wkh uhvlgxdo whupv dqg wkh rwkhu sdudphwhuv duh

uhgxfhg irup sdudphwhuv1 Vhsdudelolw| uhtxluhv wkdw wkh B*v duh htxdo wr 31 Lq wkh hpslulfdo

dqdo|vlv ri wkh sdshu/ Eoxqghoo ) Zdonhu �qg wkdw wklv uhvwulfwlrq lv vwurqjo| uhmhfwhg1
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517 Olih f|foh oderu vxsso|

Wkh vwdwlf prghov dvvxph wkdw wkh xwlolw| ohyho ri rqh shulrg jhwv wkh vdph zhljkw dv

wkh xwlolw| ohyho ri doo rwkhu shulrgv1 Lq rwkhu zrugv/ wkhvh prghov xvh wkh dvvxpswlrq ri

lqwhuwhpsrudo vhsdudelolw|1 Pruh jhqhudo prghov orrn dw wkh pd{lpl}dwlrq sureohp uhodwhg

wr wkh g|qdplf oderu vxsso| ghflvlrq=

4@ Src,r(rMQcrD| L| ' LESrc ,r( r 5 Qc r � |�

v1w1 �rn� ' E� n or�E�r n �r�r � Sr� r 5 Qc r � |

Zkhuh wkh vxevfulswv r dqg | ghqrwh wkh wlph shulrgv dqg wkh v|perov o dqg �r uhsuhvhqw

wkh pdunhw udwh ri uhwxuq dqg wkh dvvhw ohyhov dw wlph shulrg r/ uhvshfwlyho|1 Wklv sureohp

lv lqwudfwdeoh iru hpslulfdo dssolfdwlrqv1 Wkhuhiruh lw lv ehwwhu wr uhgxfh wkh sureohp e|

pdnlqj wkh dvvxpswlrq ri dgglwlyh vhsdudelolw|1 Wkhq/ wkh pd{lpl}dwlrq sureohp uhgxfhv

wr=

6@%S|c,|(|MQ L| '
SA

�'f
LES|n�c,|n��

E�n4��

v1w1
SA

�'f
S|n�

E�no|n���
'

SA

�'f
�|n��|n�

E�no|n���
n �f

+5,

Zkhuh 4 lv wkh vxemhfwlyh glvfrxqw udwh1 Wkhuh duh wzr phwkrgv wr ghwhuplqh wkh uhodwlyh

dprxqwv ri , dqg S lq hdfk shulrg1 Wkhvh duh= +4, wzr vwdjh exgjhwlqj +Eoxqghoo ) Zdonhu

+4<;9,, dqg +5, wkh b0frqvwdqw dssurdfk/ zklfk dvvxphv frqvwdqw pdujlqdo xwlolw| ri prqh|

+Khfnpdq ) Pdfxug| +4<;3,/ Ghdwrq ) Pxhooedxhu +4<;4, dqg Eurzqlqj/ Ghdwrq ) Lulvk

+4<;8,,1

51714 Wzr vwdjh exgjhwlqj

Wklv phwkrg lv iru h{dpsoh ghvfulehg lq Eoxqghoo ) Zdonhu +4<;9,1 Wkh wzr vwdjhv duh

ghvfulehg dv iroorzv=

41 Wkh krxvhkrog doorfdwhv ixoo olih0f|foh zhdowk dfurvv wkh olih0wlph vr dv wr htxdol}h wkh

pdujlqdo xwlolw| ri prqh| lq doo shulrgv ri wkh olih0f|foh1

51 Wkh fxuuhqw shulrg*v doorfdwlrq ri ixoo lqfrph rxw ri olih0f|foh zhdowk lv glvwulexwhg

ehwzhhq frqvxpswlrq dqg ohlvxuh ghshqglqj rq wkh ohyho ri wkh fxuuhqw uhdo zdjhv1

Li ixoo lqfrph lq shulrg | lv gh�qhg dv=

+| ' �s|As n �6|A6 n >|
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Zlwk=

>| ' o|�|3� �u|�|

Wkhq wkh sureohp lq wkh �uvw vwdjh lv krz wr doorfdwh wkh +|*v dprqj wkh olih0f|foh/

frqglwlrqdo rq fxuuhqw dqg ixwxuh sulfhv dqg wkh pdunhw glvfrxqw udwh1 Lq wkh vhfrqg

vwdjh/ wkh ghpdqgv iru frpprglwlhv duh ghwhuplqhg/ jlyhq wkhvh +|*v dqg fxuuhqw sulfhv

+Eoxqghoo ) Zdonhu +4<;9,,1

51715 Wkh frqvwdqw b dssurdfk

Wklv lv wkh ruljlqdo dssurdfk ri olih f|foh oderu vxsso| prghov1 Wkh pd{lpl}dwlrq ri olihwlph

xwlolw|/ dv gh�qhg lq htxdwlrq +5, ohdgv wr +fi1 Eoxqghoo ) Zdonhu +4<;9,,=

b| '
� n o|
� n 4

b|n�

Zkhuh wkh b|*v uhsuhvhqw wkh Odjudqjh pxowlsolhuv1 Wdnlqj orjv ri wklv htxdwlrq ohdgv wr=

*L} b| ' _| n *L} b|n�

Zkhuh _| ' E� n o|�*E� n 4�1 Uhshdwhg vxevwlwxwlrq jlyhv *L}b| '
S

_| n
S

*L} bf dqg

khqfh bf lv dq lqglylgxdo �{hg h�hfw1

518 Qhz ghyhorsphqwv

Lpsruwdqw qhz ghyhorsphqwv duh uhodwhg zlwk +4, xqlrqv dqg krxuv/ +5, lqwhughshqghqw

xwlolw|/ +6, lqwud krxvhkrog ghflvlrq pdnlqj +Fkldssrul +4<;;,/ Fkldssrul +4<<5, dqg

Eurzqlqj ) Fkldssrul +4<<;,,/ +7, krxvhkrog surgxfwlrq/ +8, ohduqlqj e| grlqj +Hfnvwhlq

) Zroslq +4<;<,,/ +9, kxpdq fdslwdo pdunhwv dqg +:, ihuwlolw| +Krw} ) Ploohu +4<;;,,1 Zh

gr qrw glvfxvv wkhvh lvvxhv lq ghwdlo dqg uhihu wr wkh flwhg duwlfohv1

6 Hvwlpdwlqj oderu vxsso| prghov

Wkhuh duh irxu dssurdfkhv lq wkh olwhudwxuh= +4, txhvwlrqqdluh hylghqfh/ +5, vrfldo h{shulphqwv

+Dvkhqihowhu +4<;6, dqg Khfnpdq/ Lfklpxud ) Vplwk +4<<;,,/ +6, qdwxudo h{shulphqwv

+Eoxqghoo/ Gxqfdq )Phjklu +4<<;,, dqg +7, furvv0vhfwlrq hfrqrphwulfv1 Wkh prvw lpsruwdqw

gudzedfnv ri wkhvh dssurdfkhv duh jlyhq lq wdeoh 41 Lq wkh qh{w vxevhfwlrqv/ vrph uhvhdufk

�hogv dqg rqh ri wkhvh dssurdfkhv duh ghvfulehg1
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Phwkrg= Txhvwlrqqdluh Hylghqfh

Gudzedfnv= Gl!fxow wr dvvhv frpshqvdwhg delolw|

Phwkrg= Vrfldo H{shulphqw

Gudzedfnv= Gl!fxow wr ydoxh lqwhuwhpsrudo h�hfwv

Gurs rxwv duh qrq0udqgrp

Phwkrg= Qdwxudo H{shulphqw

Gudzedfnv= Dvkhqihowhu �gls�

Pd| eh gl!fxow wr jhqhudol}h

Phwkrg= Furvv0vhfwlrq hfrqrphwulfv

Gudzedfnv= Zdjh hqgrjhqhlw|

Wdeoh 4= Gudzedfnv ri wkh gl�huhqw dssurdfkhv iru hvwlpdwlrq

614 Wkh hfrqrphwulfv ri slhfhzlvh0olqhdu frqvwudlqwv

Lqglylgxdov idfh d qrq0vwdqgdug exgjhw frqvwudlqw lq wkhlu oderu vxsso| ghflvlrq1 Khqfh/

ruglqdu| hvwlpdwlrq whfkqltxhv duh qrw ydolg dq| pruh1 Iru h{dpsoh/ zkhq wkhuh lv rqh

wd{ udwh zlwk d edvlf wd{ doorzdqfh/ wkhq wkh exgjhw frqvwudlqw ri dq lqglylgxdo zrunhu lv

dv looxvwudwhg lq Iljxuh 41 Wkh sureohp lv wkdw ruglqdu| ohdvw vtxduhv lv qrw frqvlvwhqw lq

wkh suhvhqfh ri wkhvh slhfhzlvh0olqhdu exgjhw frqvwudlqwv +Pr!w +4<;9,, dqg rqh kdv wr

ghyhors pruh vrsklvwlfdwhg whfkqltxhv zklfk gr wdnh dffrxqw ri wkh srvvleoh fruuhodwlrq

ehwzhhq erwk revhuyhg dqg xqrevhuyhg khwhurjhqhlw| dqg phdvxuhphqw huuru1 Pr!w

+4<;9, ghyhorsv d pd{lpxp olnholkrrg whfkqltxh iru wklv sureohp1 Zh uhihu wr Kdxvpdq )

Uxxg +4<;7,/ PdFxug|/ Juhhq ) Sdduvfk +4<<3, dqg Eoxqghoo/ Gxqfdq ) Phjklu +4<<5,

iru dssolfdwlrqv1

Dq lqglylgxdo zrunhu/ zkr idfhv wkh exgjhw frqvwudlqw ri Iljxuh 4 pljkw suhihu wr zrun

hlwkhu +4, dw }hur krxuv/ �f/ +5, lq wkh lqwhuydo E�f/���/ +6, dw wkh nlqn srlqw ��/ +7, lq wkh

lqwhuydo E��c A � ru +8, dw wkh pd{lpxp qxpehu ri krxuv/ A 1 Lq wklv vlwxdwlrq ri d frqyh{

exgjhw vhw/ lw lv srvvleoh wr vkrz wkdw lqglylgxdov duh txlwh olnho| wr fkrrvh wkhlu oderu

vxsso| dw wkh nlqn srlqw1

Li zh lqwurgxfh wkh ixqfwlrq s� wr eh wkh glvwulexwlrq ixqfwlrq ri wkh +xqrevhuyhg,

shuvrqdo fkdudfwhulvwlfv �/ wkhq lw lv srvvleoh wr fdofxodwh wkh suredelolw| ri revhuylqj dq
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�f ��
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??
??
??
??
?

h��

�

frqvwudlqw

E�� ���

�

A

Iljxuh 4= Looxvwudwlrq ri wkh slhfhzlvh0olqhdu exgjhw frqvwudlqw lq wkh suhvhqfh ri d

surjuhvvlyh wd{ udwh

lqglylgxdo lq hlwkhu ri wkh �yh uhjlphv1 Xvlqj wklv vlpsoh dssurdfk/ wkh suredelolwlhv ri

revhuylqj lqglylgxdov dw wkh nlqn srlqwv duh yhu| kljk/ zklfk lv vrphzkdw frxqwhuidfwxdo1

Wkhuhiruh/ lq prvw hpslulfdo vwxglhv dq dgglwlrqdo vwrfkdvwlf yduldeoh lv lqwurgxfhg/ zklfk

lv lqwhusuhwhg dv phdvxuhphqw huuru1 Iru h{dpsoh/ PdFxug| hw do1 +4<<3, xvh wkh iroorzlqj

vshfl�fdwlrq=

M ' � n 0

Zkhuh M lv revhuyhg oderu vxsso| dqg 0 lv wkh phdvxuhphqw huuru whup zklfk lv dvvxphg

wr eh qrupdoo| glvwulexwhg1 Dq lpsruwdqw dgglwlrqdo sureohp lq wkh hpslulfdo dssolfdwlrqv

ri wklv phwkrg lv wkdw wkh erxqgdu| ydoxhv ehwzhhq wkh gl�huhqw uhjlphv duh ghwhuplqhg

e| wkh revhuyhg zdjh ohyhov1 Wklv eulqjv lq vrph dgglwlrqdo vhohfwlrq eldv vlqfh zdjhv duh

rqo| revhuyhg iru wkrvh zkr duh lq wkh uhjlphv +5,0+9,1 PdFxug| hw do1 +4<<3, ghyhors d

phwkrg wr wdnh dffrxqw ri wkhvh xqrevhuyhg zdjhv1

Dqrwkhu hvwlpdwlrq phwkrg lv rewdlqhg e| wkh frqvwuxfwlrq ri gl�huhqwldeoh frqvwudlqwv/

zklfk holplqdwhv d orw ri wkh sureohpv ghvfulehg deryh +PdFxug| hw do1 +4<<3,,1 Wklv

hvwlpdwlrq phwkrg lv edvhg rq dq dssur{lpdwlrq ri wkh dfwxdo qrq frqwlqxrxv wd{ vfkhgxoh1
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615 Surjudp sduwlflsdwlrq

D sx}}olqj skhqrphqrq dprqj hfrqrplvwv lv wkh qrq sduwlflsdwlrq ri lqglylgxdov lq zhoiduh

surjudpv1 Xvxdoo|/ wklv skhqrphqrq lv h{sodlqhg e| wkh h{lvwhqfh ri zhoiduh vwljpd1 Wklv

phdqv wkdw lqglylgxdov gr qrw sduwlflsdwh ehfdxvh ri wkh glvxwlolw| dulvlqj iurp wkhvh zhoiduh

surjudpv +Pr!w +4<;6,,1 Lw lv srvvleoh wr glvwlqjxlvk wzr w|shv ri vwljpd= +4, d  dw dprxqw

dulvlqj iurp sduwlflsdwlrq/ vd| �/ ru +5, dq dprxqw wkdw ydulhv zlwk wkh vl}h ri wkh ehqh�w1

Dgglwlrqdoo|/ lw lv lpsruwdqw wkdw wkh sduwlflsdwlrq ghflvlrq lv uhodwhg zlwk wkh oderu vxsso|

ghflvlrq1

Wkh hdvlhvw zd| wr looxvwudwh d vwljpd lv e| uhsuhvhqwdwlrq ri d xwlolw| ixqfwlrq LE�c +�/

zkhuh + lv lqfrph1 Wkh pd{lpl}dwlrq sureohp idfhg e| dq lqglylgxdo zkr lv holjleoh iru d

fhuwdlq zhoiduh surjudp lv qrz jlyhq e|=

4@ �c� LE�c + n ���E�c ���� ��

v1w1 + ' �� n >

Zkhuh wkh v|perov � 5 ifc �j dqg > uhsuhvhqw d gxpp| yduldeoh zkhwkhu wkh lqglylgxdo

sduwlflsdwhv ru qrw dqg wkh xqhduqhg lqfrph/ uhvshfwlyho|1 � lv wkh dprxqw rewdlqhg e|

surjudp sduwlflsdwlrq dqg wkh sdudphwhu � uhsuhvhqwv wkh yduldeoh vwljpd1 Wkh h{lvwhqfh

ri  dw dqg yduldeoh vwljpd lv whvwhg e| wkh k|srwkhvhv � : f dqg f � � 	 �1

Wkh deryh uhsuhvhqwdwlrq vkrzv wkdw wkhuh duh dfwxdoo| wzr vlpxowdqhrxv olplwhg ghshqghqw

yduldeohv lq wkh prgho/ qdpho| � dqg � 1 Wkh �uvw yduldeoh lv hvwlpdwhg e| d Wrelw prgho/

zkloh wkh vhfrqg lv hvwlpdwhg e| d Surelw prgho1 Pr!w +4<;6, �qgv wkdw wkh  dw zhoiduh

vwljpd vhhpv wr eh lpsruwdqw lq wkh sduwlflsdwlrq ri wkh DIGF +Dlg wr Idplolhv zlwk

Ghshqghqw Fkloguhq, surjudp lq wkh Xqlwhg Vwdwhv1 Krzhyhu/ wkh yduldeoh vwljpd vhhpv

wr eh qrw lpsruwdqw dw doo 41

616 Udqgrp xwlolw| prghov

D orw ri hpslulfdo uhvhdufk lq wkh hfrqrplfv ri oderu vxsso| xvhv udqgrp xwlolw| prghov

+Elqjoh| ) Zdonhu +4<<:, dqg Nhdqh ) Pr!w +4<<9,1 D jhqhudo iudphzrun lv jlyhq lq

Juhhqh +4<<6,,1 Wkhvh prghov dvvxph wkdw wkhuh lv d glvfuhwh vhw ri srvvleoh zrunlqj

krxuv1 Wkh zlgh xvh ri wkhvh prghov lv gulyhq e| wzr prwlydwlrqv1 Iluvw/ lw vhuyhv dv

d vlpsol�fdwlrq iru wkh prghov zlwk slhfhzlvh0olqhdu exgjhw frqvwudlqwv +Nhdqh ) Pr!w

+4<<9,,1 Vhfrqg/ rqh frxog dujxh wkdw wkh fkrlfh ehwzhhq glvfuhwh krxuv lv lq idfw dq

hpslulfdo uhjxodulw| +Elqjoh| ) Zdonhu +4<<:,,1

4Lw lv hyhq irxqg wkdw � lv vljql�fdqwo| juhdwhu wkdq rqh/ zklfk vxjjhvwv wkdw wkhuh pljkw eh vrphwklqj
zurqj zlwk wkh prgho



Zrunvkrs Uhsruw= Dlfr ydq Yxxuhq rq Ldq Zdonhu 6:

Vxssrvh wkdw wkh xwlolw| ixqfwlrq lv jlyhq e| L WE+c �c c 0�/ zkhuh  lv d yhfwru ri

revhuyhg fkdudfwhulvwlfv dqg 0 lv d vwrfkdvwlf yduldeoh ri xqrevhuyhg fkdudfwhulvwlfv1 Lqglylgxdo

� fkrrvhv � ryhu & zkhqhyhu wkh xwlolw| ohyho ghulyhg iurp �/ L W
�� h{fhhgv wkh xwlolw| ohyho

ghulyhg iurp &/ L W
�&1 Khqfh/ wkh suredelolw| ri revhuylqj lqglylgxdo � lq vwdwh � lv jlyhq e|=

��� ' SEL W
�� : L W

�&� ;� 9' &

Zkhq wkh huuru whupv duh mrlqwo| qrupdoo| glvwulexwhg/ wkhq zh rewdlq d pxowlqrpldo Surelw

udqgrp xwlolw| prgho1 Lw lv irxqg wkdw wkh hvwlpdwlrq ri wkhvh prghov lv qxphulfdoo| txlwh

exughqvrph dqg wkhuhiruh vlpxodwlrq whfkqltxhv duh xvhg lq dssolfdwlrqv +Nhdqh ) Pr!w

+4<<9, dqg Vwhuq +4<<:,,1

617 Wkh qdwxudo h{shulphqw dssurdfk

Wkh qdwxudo h{shulphqw dssurdfk lv edvhg rq wkh frpsdulvrq ri wzr jurxsv/ rqh wkdw lv

d�hfwhg +wuhdwphqw jurxs, dqg rqh wkdw lv xqd�hfwhg +frqwuro jurxs, e| d uhirup1 Vxfk

frpsdulvrqv surylgh wkh irxqgdwlrq ri pxfk ri wkh hpslulfdo zrun lq oderu hfrqrplfv/

vxfk dv= +4, lqfoxglqj h{rjhqrxv yduldeohv wr dgmxvw iru gl�huhqfhv ehwzhhq revhuydwlrqv/

xvlqj lqvwuxphqwdo yduldeoh hvwlpdwruv/ +5, vhohfw revhuydwlrqv wr jhqhudwh %pdwfkhg% sdluv

dffruglqj wr revhuydeoh yduldeohv/ +6, ehiruh dqg diwhu frpsdulvrqv dqg +7, gl�huhqfh ri

gl�huhqfhv hvwlpdwruv1

Wkh �uvw xvh ri qdwxudo h{shulphqwv wkdw lv ghvfulehg khuh lv wkh �{hg h�hfwv hvwlpdwru1

Vxssrvh wkdw wkhuh lv d vdpsoh ri lqglylgxdov/ � ' �c � � � � 1 Ohw B�| eh d gxpp| yduldeoh

zklfk lqglfdwhv zkhwkhu wkh lqglylgxdo � lv d�hfwhg e| d srolf| fkdqjh1 Zh dvvxph wkdw

d�hfwhg shrsoh uhdfw e| dq dprxqw �1 Wkhq/ wkh �{hg h�hfwv prgho lv gh�qhg e| wkh

iroorzlqj htxdwlrq=

+�| ' �B�| n #� n6| n 0�|

Zkhuh #� lv wkh lqglylgxdo �{hg h�hfw dqg 6| lv wkh wlph shulrg �{hg h�hfw1 Wkh yduldeoh

0�| lv d vwrfkdvwlf yduldeoh dqg uhsuhvhqwv dq huuru whup1 Li #� dqg 6| duh dovr udqgrp/ wkhq

jhqhudol}hg ohdvw vtxduhv lv frqvlvwhqw dqg h!flhqw +Kvldr +4<;9,,1 D yhuvlrq ri wklv zlwklq

hvwlpdwru xvhv �uvw gl�huhqfhv=

u|+�| ' �u|B�| nu|6| nu|0�| +6,

Zkhuhu|%�| ' %�|�%�c|3�1 Wklv lv wkh gl�huhqfh ri gl�huhqfhv hvwlpdwru +Hlvvd ) Olhepdq

+4<<9, dqg Eoxqghoo hw do1 +4<<;,,1 Lw lv lpsruwdqw wr qrwh wkdw/ dsduw iurp wkh udqn
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frqglwlrqv ri wkh fryduldqfh vwuxfwxuh/ wkh gl�huhqfh ri gl�huhqfhv hvwlpdwru lv edvhg rq

wzr lpsruwdqw dvvxpswlrqv1 Wkhvh duh +4, frpprq wlph h�hfwv dqg +5, wkh frpsrvlwlrq

ri wkh wuhdwphqw dqg frqwuro jurxsv lv h{rjhqrxv1 Erwk dvvxpswlrqv duh kdug wr mxvwli|1

Iru h{dpsoh/ wd{ uhirupv pd| ohdg wr fkdqjhv lq oderu pdunhw sduwlflsdwlrq +fi1 Eoxqghoo

hw do1 +4<<;,,1

D uhodwhg lwhp lv wkh jurxslqj hvwlpdwru1 Vxssrvh wkdw wkh gdwd lv jurxshg dffruglqj

wr vrph yduldeoh }�| wkdw doorfdwhv lqglylgxdov lqwr gl�huhqw jurxsv +vd| djh/ hgxfdwlrqdo

ohyho/ hwf1,1 Vxssrvh wkdw wkh jurxslqj vdwlv�hv wkh iroorzlqj dvvxpswlrq=

u|+�| ' �u|B�| n w}| nu|6| nu|0�|

Wklv htxdwlrq lv dq h{whqvlrq ri htxdwlrq +6, dqg lw jhqhudol}hv wkh ruglqdu| gl�huhqfh ri

gl�huhqfhv hvwlpdwru e| qrw dvvxplqj frpprq wlph h�hfwv1 Dq lpsruwdqw h{whqvlrq ri wkh

gl�huhqfh ri gl�huhqfhv hvwlpdwru lv ghyhorshg e| Eoxqghoo hw do1 +4<<;,1 Wkhvh dxwkruv

xvh wkhlu iudphzrun iru dq dssolfdwlrq ri oderu vxsso|1 Wkhlu prgho lv ghvfulehg e| wkh

iroorzlqj oderu vxsso| htxdwlrq=

��| ' @n K *L}��| n ��|

Zlwk=

HE��|m��|c }c |� ' @} n6| n Bb}|

Zkhuh wkh v|perov � dqg } uhsuhvhqw oderu pdunhw sduwlflsdwlrq dqg wkh jurxs ri wkh

revhuyhg lqglylgxdo +frqwuro ru wuhdwphqw,/ uhvshfwlyho|1 Wdnlqj h{shfwdwlrqv/ zh rewdlq=

HE��|m��|c }c |� ' KHE��|m��|c }c |� n @} n6| n Bb}|

Hfrqrphwulf whfkqltxhv wr hvwlpdwh wklv htxdwlrq iroorz iurp wklv +Eoxqghoo hw do1 +4<<;,/

sdjh ;69,1

7 Oderu vxsso| lq wkh orqj0uxq= Kxpdq fdslwdo dffx0
pxodwlrq

Wkh �qdo ohfwxuh zdv dgguhvvhg wr wkh hvwlpdwlrq ri wkh udwhv ri uhwxuq wr vfkrrolqj1

Vwdqgdug kxpdq fdslwdo wkhru| vwdwhv wkdw vfkrrolqj lv dq lqyhvwphqw ghflvlrq dqg lqfuhdvhv

wkh zdjh ohyho ri dq lqglylgxdo1 Khqfh/ jlyhq wkh ohyho ri krxuv zrunhg/ wkh lqfrph ohyho

lv d ixqfwlrq ri hgxfdwlrq/ vd| � ' sE7�/ zkhuh 7 lv wkh qxpehu ri |hduv ri vfkrrolqj1
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Iljxuh 5= Looxvwudwlrq ri wkh edvlfv ri kxpdq fdslwdo wkhru|

Wklv lv looxvwudwhg lq Iljxuh 51 Lq wkh uljkw kdoi ri wklv �jxuh/ wkhuh lv dq looxvwudwlrq ri wkh

ghflvlrq surfhvv1 Dv orqj dv wkh udwh ri uhwxuq wr vfkrrolqj lv kljkhu wkdq wkh pdunhw udwh

ri uhwxuq/ lw lv rswlpdo wr wdnh dqrwkhu |hdu ri vfkrrolqj1 Kxpdq fdslwdo wkhru| lv xvxdoo|

uhsuhvhqwhg lq wkh iroorzlqj zd|=

*L}� ' kn �7 n }E � +7,

Zkhuh � lv wkh sulydwh udwh ri uhwxuq dqg  lv djdlq d yhfwru ri shuvrqdo fkdudfwhulvwlfv/

vxfk dv h{shulhqfh1 Wkhuh duh vhyhudo sureohpv zlwk wkh hvwlpdwlrq ri htxdwlrq +7, zklfk

duh uhodwhg zlwk wkh hqgrjhqhlw| ri wkh yduldeoh vfkrrolqj1 Iluvw/ wkhuh lv wkh delolw| eldv1

Lw pljkw eh wkh fdvh wkdw pruh deoh lqglylgxdov rewdlq kljkhu vfkrrolqj1 Vhfrqg/ wkhuh

lv wkh sureohp ri phdvxuhphqw huuru1 Ilqdoo|/ wkhuh lv wkh fruuhodwlrq ri vfkrrolqj zlwk

rwkhu +xqrevhuyhg, yduldeohv/ vxfk dv wkh glvfrxqw udwh/ prwlydwlrq dqg frqwdfwv1 Wkhvh

sureohpv pdnh ruglqdu| ohdvw vtxduhv eldvhg dqg lqfrqvlvwhqw1

Wkhuh duh irxu vroxwlrqv wr wklv sureohp +vhh dovr Kduprq )Zdonhu +4<<8,,1 Iluvw/ rqh

pljkw xvh lqvwuxphqwdo yduldeoh hvwlpdwruv/ wkdw fruuhfw iru wkh delolw| eldv +Fdug +4<<8,,1

Dq h{dpsoh lv wkh xvh ri LT whvwv1 Vhfrqg/ lw lv srvvleoh wr xvh d qdwxudo h{shulphqw/ iru

h{dpsoh e| orrnlqj dw wkh vhdvrq ri eluwk1 D wklug surfhgxuh lv wr wuhdw delolw| dv d �{hg

h�hfw dqg wr xvh sdqho gdwd1 Wkh �qdo dssurdfk xvhv gdwd rewdlqhg iurp wzlqv/ vleolqjv

dqg iduwkhu2vrq sdluv +Dvkhqihowhu ) Nuxhjhu +4<<7, dqg Dvkhqihowhu ) Urxvh +4<<;,,1

Zh h{sodlq wkh odwwhu phwkrg vrphzkdw ixuwkhu/ vlqfh lw uhfhqwo| rewdlqhg d orw ri

dwwhqwlrq +vhh iru h{dpsoh/ Fdug +4<<;,,1 Zh dvvxph wkdw wkh uhodwlrqvkls ehwzhhq

vfkrrolqj dqg lqfrph lv jlyhq e|=

1�� ' k � n �7�� n >� n 0��
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Zkhuh wkh vxevfulsw � ' �c 2 ghqrwhv wkh lqgh{ qxpehu ri wkh wzlq dqg � ghqrwhv wkh wzlq

sdlu lq wkh vdpsoh1 Wkh v|perov 1��/ >� dqg 0�� uhsuhvhqw *L}���/ wkh idplo| +�{hg, h�hfw

dqg dq huuru whup1 Qrwh wkdw zh dvvxph wkdw wkh lqglylgxdo fkdudfwhulvwlfv duh wkh vdph

iru erwk wzlqv1 Wklv lv ri frxuvh d udwkhu uhvwulfwlyh dvvxpswlrq/ exw lw �wv iru looxvwudwlrq1

Zh uhihu wr Dvkhqihowhu ) Nuxhjhu +4<<7, iru d pruh jhqhudo prgho1 Xvlqj htxdwlrq +7,/

zh �qg wkdw wkh gl�huhqfh ehwzhhq wkh lqfrph ohyhov ri wkh wzlqv lv htxdo wr=

1�� � 12� ' �E7W�� � 7W2�� n 0�� � 02�

Zkhuh 7W/ lv wkh uhsruwhg hgxfdwlrq ohyho ri wkh wzlq1 Lw lv srvvleoh wr hvwlpdwh wklv e|

xvlqj �{hg h�hfwv1 D sureohp krzhyhu lv wkdw lw hyhq lqfuhdvhv wkh lpsdfw ri phdvxuhphqw

huuruv1 Dvkhqihowhu ) Nuxhjhu +4<<7, vroyh wklv e| xvlqj dq lqvwuxphqw iru wkh gl�huhqfh

ehwzhhq vfkrrolqj ohyhov1 Wkh lqvwuxphqw lv rewdlqhg iurp wkh uhsruwhg ydoxhv ri wkh wzlqv

derxw wkh vfkrrolqj ohyho ri wkh rwkhu wzlq1

Uhihuhqfhv

Dvkhqihowhu/ R1 +4<;6,/ cGhwhuplqlqj sduwlflsdwlrq lq lqfrph0whvwhg vrfldo surjudpv*/

Mrxuqdo0ri0wkh0Dphulfdq0Vwdwlvwlfdo0Dvvrfldwlrq :;+6,/ 84:�581

Dvkhqihowhu/ R1 ) D1 Nuxhjhu +4<<7,/ cHvwlpdwhv ri wkh hfrqrplf uhwxuq wr vfkrrolqj iurp

d qhz vdpsoh ri wzlqv*/ Dphulfdq Hfrqrplf Uhylhz ;7+8,/ 448:�44:61

Dvkhqihowhu/ R1 ) F1 Urxvh +4<<;,/ cLqfrph/ vfkrrolqj/ dqg delolw|= hylghqfh irup d qhz

vdpsoh ri lghqwlfdo wzlqv*/ Txdwhuo| Mrxuqdo ri Hfrqrplfv 446/ 586�5:81

Dvkhqihowhu/ R1 ) M1M1 Khfnpdq +4<:7,/ cWkh hvwlpdwlrq ri lqfrph dqg vxevwlwxwlrq hihihfw

lq d prgho ri idplo| oderu vxsso|*/ Hfrqrphwulfd 75+4,1

Elqjoh|/ S1 ) L1 Zdonhu +4<<:,/ cWkh oderxu vxsso|/ xqhpsor|phqw dqg sduwlflsdwlrq ri orqh

prwkhuv lq lq0zrun wudqvihu surjudpphv*/ Wkh Hfrqrplf Mrxuqdo 43:/ 46:8�46<31

Eoxqghoo/ U1/ D1 Gxqfdq ) F1 Phjklu +4<<5,/ cWd{dwlrq lq hpslulfdo oderxu vxsso| prgho=

Orqh prwkhuv lq wkh xn*/ Wkh Hfrqrplf Mrxuqdo 435/ 598�5:;1

Eoxqghoo/ U1/ D1 Gxqfdq ) F1 Phjklu +4<<;,/ cHvwlpdwlqj oderu vxsso| dqg uhvsrqvhv xvlqj

wd{ uhirupv*/ Hfrqrphwulfd 99+7,/ ;5:�;941

Eoxqghoo/ U1 ) L1 Zdonhu +4<;5,/ cPrghoolqj wkh mrlqw ghwhuplqdwlrq ri krxvhkrog oderxu

vxssolhv dqg frpprglw| ghpdqgv*/ Wkh Hfrqrplf Mrxuqdo <5/ 684�6971
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Eoxqghoo/ U1 ) L1 Zdonhu +4<;9,/ cD olih0f|foh frqvlvwhqw hpslulfdo prgho ri idplo| oderxu

xvlqj furvv0vhfwlrq gdwd*/ Uhylhz ri Hfrqrplf Vwxglhv 86/ 86<�88;1

Eurzqlqj/ P1/ D1 Ghdwrq ) P1 Lulvk +4<;8,/ cD sur�wdeoh dssurdfk wr oderu vxsso| dqg

frpprglw| ghpdqgv ryhu wkh olih f|foh*/ Hfrqrphwulfd 86+6,/ 836�8761

Eurzqlqj/ P1 ) S1D1 Fkldssrul +4<<;,/ cH!flhqw lqwud0krxvhkrog doorfdwlrqv= D jhqhudo

fkdudfwhul}dwlrq dqg hpslulfdo whvwv*/ Hfrqrphwulfd 99+9,/ 4574�45:;1

Fdug/ G1 +4<<8,/ cHduqlqjv/ vfkrrolqj dqg delolw| uhylvlwhg*/ Uhdvhdufk lq Oderu Hfrqrplfv

47/ 56�7;1

Fdug/ G1 +4<<;,/ Hgxfdwlrq dqg hduqlqjv1 Ilvkhu Vfkxow} ohfwxuh/ HVHP 4<<;/ Ehuolq1

Fkldssrul/ D0S +4<;;,/ cUdwlrqdo krxvhkrog oderu vxsso|*/ Hfrqrphwulfd 89+4,/ 96�<31

Fkldssrul/ D0S +4<<5,/ cGhsduwhphqw hw oderudwrluh g*hfrqrplh wkhrultxh hw dssoltxhh*/

Mrxuqdo ri Srolwlfdo Hfrqrp| 433+6,/ 76:�79:1

Ghdwrq/ D1 ) M1 Pxhooedxhu +4<;4,/ cIxqfwlrqdo irupv iru oderu vxsso| dqg frpprglw|

ghpdqgv zlwk dqg zlwkrxw txdqwlw| uhvwulfwlrqv*/ Hfrqrphwulfd 7<+9,/ 4854�48651

Ghylqh/ W1M1 ) Q1P1 Nlhihu +4<<4,/ Hpslulfdo Oderu Hfrqrplfv = Wkh Vhdufk Dssurdfk/

R{irug Xqlyhuvlw| Suhvv1

Hfnvwhlq/ ]1 ) N1L1 Zroslq +4<;<,/ cG|qdplf oderxu irufh sduwlflsdwlrq ri pduulhg zrphq

dqg hqgrjhqrxv zrun h{shulhqfh*/ Uhylhz ri Hfrqrplf Vwxglhv 89/ 6:8�6<31

Hlvvd/ Q1 ) M1E1 Olhepdq +4<<9,/ cOderu vxsso| uhvsrqvh wr wkh hduqhg lqfrph wd{ fuhglw*/

Txdwhuo| Mrxuqdo ri Hfrqrplfv 444/ 938�96:1

Iolqq/ F1 ) M1M1 Khfnpdq +4<;5,/ cQhz phwkrgv iru dqdo|}lqj vwuxfwxudo prghov ri oderu

irufh g|qdplfv*/ Mrxuqdo ri Hfrqrphwulfv 4;/ 448�49;1

Iruwlq/ E1 ) Jx| Odfurl{ +4<<:,/ cD whvw ri wkh xqlwdulw| dqg froohfwlyh prghov ri krxvhkrog

oderxu vxsso|*/ Wkh Hfrqrplf Mrxuqdo 43:/ <66�<881

Juhhqh/ Z1K1 +4<<6,/ Hfrqrphwulf Dqdo|vlv/ Suhqwlfh0Kdoo1

Kduprq/ F1 ) L1 Zdonhu +4<<8,/ cHvwlpdwhv ri wkh hfrqrplf uhwxuq wr vfkrrolqj iru wkh

xqlwhg nlqjgrp*/ Dphulfdq Hfrqrplf Uhylhz ;8+8,/ 45:;�45;91
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Kdxvpdq/ M1 ) S1 Uxxg +4<;7,/ cIdplo| oderu vxsso| zlwk wd{hv*/ Dphulfdq Hfrqrplf

Uhylhz :7+5,/ 575�57;1

Khfnpdq/ M1M1/ K1 Lfklpxud ) M1 Vplwk +4<<;,/ cFkdudfwhul}lqj vhohfwlrq eldv xvlqj

h{shulphqwdo gdwd*/ Hfrqrphwulfd 99+8,/ 434:�43<;1

Khfnpdq/ M1M1 ) W1H1 Pdfxug| +4<;3,/ cD olih f|foh prgho ri ihpdoh oderxu vxsso|*/ Uhylhz

ri Hfrqrplf Vwxglhv 7:/ 7:�:71

Krw}/ M1 ) U1D1 Ploohu +4<;;,/ cDq hpslulfdo dqdo|vlv ri olih f|foh ihuwlolw| dqg ihpdoh oderu

vxsso|*/ Hfrqrphwulfd 89+4,/ <4�44;1

Kvldr/ F1 +4<;9,/ Dqdo|vlv ri Sdqho Gdwd/ Yro1 44 ri Hfrqrphwulf Vrflhw| Prqrjudskv/

Fdpeulgjh Xqlyhuvlw| Suhvv1

Nhdqh/ P1 ) U1 Pr!w +4<<9,/ D vwuxfwxudo prgho ri pxowlsoh zhoiduh surjudp sduwlflsdwlrq

dqg oderu vxsso|/ Whfkqlfdo Uhsruw 43;3�<9/ Lqvwlwxwh iru Uhvhdufk dqg Sryhuw|1

Odlgohu/ G1 ) V1 Hvwulq +4<;<,/ Lqwurgxfwlrq wr Plfurhfrqrplfv/ Sklools Doodq1

Odqfdvwhu/ W1 +4<<3,/ Wkh Hfrqrphwulfv ri Wudqvlwlrq Gdwd/ Yro1 4: ri Hfrqrphwulf Vrflhw|

Prqrjudskv/ Fdpeulgjh Xqlyhuvlw| Suhvv1

PdFxug|/ W1/ G1 Juhhq ) K1 Sdduvfk +4<<3,/ cDvvhvlqj hpslulfdo dssurdfkhv iru dqdo|}lqj

wd{hv dqg oderu vxsso|*/ Mrxuqdo ri Kxpdq Uhvrxufhv 58+6,/ 748�7<31

Pr!w/ U1 +4<;6,/ cDq hfrqrplf prgho ri zohiduh vwljpd*/ Dphulfdq Hfrqrplf Uhylhz

:6+8,/ 4356�43681

Pr!w/ U1 +4<;9,/ cWkh hfrqrphwulfv ri slhfhzlvh0olqhdu exgjhw frqvwudlqwv= D vxuyh| dqg

h{srvlwlrq ri wkh pd{lpxp olnholkrrg phwkrg*/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf

Vwdwlvwlfv 7+6,/ 64:�65;1

Pruwhqvhq/ G1W +4<;9,/ Mre vhdufk dqg oderu pdunhw dqdo|vlv/ lq R1Dvkhqihowhu )

U1Od|dug/ hgv/ cKdqgerrn ri Oderu Hfrqrplfv*/ Yro1 5/ Hovhylhu Vflhqfh Sxeolvkhuv

EY/ ss1 ;7<�<4<1

Suhvwrq/ L1 ) L Zdonhu +4<<<,/ cZhoiduh phdvxuhphqw lq oderxu vxsso| prghov zlwk

qrqolqhdu exgjhw frqvwudlqwv*/ Mrxuqdo ri Srsxodwlrq Hfrqrplfv 45/ {{�{{1

Vwhuq/ Q1 +4<;9,/ Rq wkh vshfl�fdwlrq ri oderxu vxsso| ixqfwlrqv/ lq cXqhpsor|phqw/ Vhdufk

dqg Oderxu Vxsso|*/ Fdpeulgjh Xqlyhuvlw| Suhvv1



Zrunvkrs Uhsruw= Dlfr ydq Yxxuhq rq Ldq Zdonhu 76

Vwhuq/ V1 +4<<:,/ cVlpxodwlrq0edvhg hvwlpdwlrq*/ Mrxuqdo ri Hfrqrplf Olwhudwxuh 68/ 5339�
536<1


