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4 Lqwurgxfwlrq

Wklv duwlfoh lv prwlydwhg e| wkh revhuydwlrq wkdw wkh oderu pdunhw vwuxfwxuhv
lq wkh Hxurshdq frxqwulhv vxjjhvw d qhhg wr lqwhjudwh qrq0Zdoudvldq hohphqwv
lqwr wkh UEF sdudgljp1 Ihyh dqg Odqjrw +4<<7 dqg 4<<9, kdyh vwuhvvhg wklv
dvshfw/ kljkoljkwlqj dv Zdoudvldq prghov fdqqrw plplf Iuhqfk vw|ol}hg idfwv1
Wkh oderu pdunhw lq Lwdo|/ Jhupdq|/ Iudqfh dqg rwkhu Hxurshdq frxqwulhv
duh fkdudfwhul}hg e| odujh dqg shuvlvwhqw  xfwxdwlrq ri xqhpsor|phqw dqg e|
vrph frpprq ihdwxuh1 H{lvwlqj UEF prghov jhqhudwh vhyhudo vkruwfrplqjv
dqg hpsor|phqw yduldelolw| sx}}oh dqg surgxfwlylw| sx}}oh duh wurxeohvrph
rxwfrphv riwhq vkrzhg e| wkhlu vlpxodwlrqv1 Pruhryhu/ d juhdw ghdo ri wkhvh
prghov duh gh�qhg/ fdoleudwhg dqg vlpxodwhg iru wkh X1V1 hfrqrp|1 Wkh uho0
hydqw lqwhuqdwlrqdo gdwd dvvhpeohg lq wkh sdshu ri Gdqwklqh dqg Grqdogvrq
+4<<6, dqg Ilrulwr dqg Nroolqw}dv +4<<7, pdnh fohdu wkdw oderu pdunhw ehkdy0
lru lv vxevwdqwldoo| gl�huhqw dfurvv frxqwulhv/ uh hfwlqj glvwlqfw lqvwlwxwlrqdo
duudqjhphqwv1 Lw lv qrwhzruwk| wkdw wkh glphqvlrq ri wkh djjuhjdwh  xfwx0
dwlrqv duh txlwh gl�huhqw ehwzhhq wkh Hxurshdq dqg X1V1 hfrqrp|1 Vxfk d
uhvxow ixoo| mxvwli| wkh dwwhqwlrq wr qrq0Zdoudvldq ihdwxuhv iru lpsurylqj wkh
hpslulfdo shuirupdqfh ri wkh UEF prgho14 Vhyhudo prgl�fdwlrq ri wkh Zdo0
udvldq prgho kdyh ehhq sursrvhg wr uhphg| wkhvh prgho*v zhdnqhvv lq oderu
pdunhw djjuhjdwh  xfwxdwlrqv/ Kdqvhq +4<;8,*v lqwurgxfwlrq ri qrqfrqyh{l0
wlhv lqwr wkh frqvxphu zrunhu*v oderu0ohlvxuh fkrlfh/ Gdqwklqh dqg Grqdogvrq
+4<<3,/ h!flhqf| zdjhv prgho/ Fkr dqg Frroh| +4<<8, qrplqdo zdjh frq0
wudfwv duudqjhphqw dqg wkh sdshuv vxuyh|hg lq wkh Frroh|*v +4<<8, errn duh
vrph ri wkh prvw qrwdeo|1 Zh ihho wkdw iru vhyhudo Hxurshdq frxqwulhv/ vrph
lqvwlwxwlrqdo ihdwxuhv pd| eh uhohydqw ru pd| hyhq eh fuxfldo lq h{sodlqlqj
wkh hpsor|phqw yduldelolw| sx}}oh1

Wr lpsuryh wkh delolw| wr dffrxqw iru wkh vw|ol}hg idfwv/ zh iroorz d wzrirog
urxwhv pxwxdoo| frqvlvwhqw> zh lqwurgxfh wudgh xqlrq ehkdylru rq wkh oderu
pdunhw dqg dedqgrq rqh0vkrfn prgho ri djjuhjdwh  xfwxdwlrqv/ lqfoxglqj d
ixuwkhu vkrfn1 Wklv lvvxh lv fuxfldo= dv vwuhvvhg e| Fkulvwldqr dqg Hfkhqedxp
+4<<5, wkh pdmru idloxuh ri wkh wudglwlrqdo UEF prghov pd| eh dwwulexwhg
mxvw wr wkh rqh0whfkqrorjlfdo0vkrfn dvvxpswlrq zklfk lqhylwdeo|/ lpsolhv d
kljk dqg srvlwlyh fruuhodwlrq ehwzhhq hpsor|phqw dqg surgxfwlylw|1 Lq jhq0
hudo/ pdq| dxwkruv kdyh ehhq hpskdvl}hg wkdw vrph ri wkh exvlqhvv f|foh
glphqvlrqv vhhp wr eh yhu| gl!fxow wr plplf zlwk d prgho wkdw kdv rqo|

4Wklv shuvshfwlyh lv hpskdvl}hg e| Zlfnhqv +4<<8, dqg Suhvfrww +4<<;,1
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d whfkqrorj| vkrfn +Fkr 4<<6/ Ihyh dqg Odqjrw 4<<9 dprqj rwkhuv, zkloh
rwkhuv +h1j1 Lqjudp/ Nrfkhuodnrwd dqg Vdylqj 4<<7, dujxhv wkdw wkh rqh0
vkrfn prgho lv ixqgdphqwdoo| lqghwhuplqdwh +dqg/ dgglwlrqdoo|/ vruwlqj rxw
wkh vhsdudwh h�hfwv ri wkh qhhghg pxowlsoh vkrfnv rq d vlqjoh yduldeoh lv
lpsrvvleoh,1

Lq wklv sdshu zh irfxv rq wkh uhvhuydwlrq zdjh +ehqh�wv, yduldeoh1 Wklv
yduldeoh lv wuhdwhg e| wkh xqlrq prgho dv d frqvwdqw= dowhuqdwlyh ydoxhv ri
wklv yduldeoh d�hfw srvlwlyho| xqlrq zdjh1 Iru d prqrsro| ru uljkw0wr0pdqdjh
xqlrq prgho/ d fkdqjh lq ehqh�wv zloo fdxvh pryhphqwv xs dqg grzq wkh
oderu ghpdqg fxuyh1 Dfwxdoo|/ wkhuh lv d ghduwk ri dqdo|vlv doorzlqj iru g|0
qdplf h�hfwv ri dowhuqdwlyh zdjhv ru ehqh�wv1 D srvlwlyh vkrfn wr wkh xqhp0
sor|phqw ehqh�wv vkliwv wkh oderu vxsso| fxuyh +wkh edujdlqlqj zdjh fxuyh,
ohiwzdug r�vhwwlqj wkh vwurqj srvlwlyh fruuhodwlrq ehwzhhq hpsor|phqw dqg
zdjh/ suhglfwhg e| wkh rqh0vkrfn uhdo exvlqhvv f|foh prghov zlwk vwrfkdvwlf
vkliwv lq wkh surgxfwlrq ixqfwlrq1

N|godqg dqg Suhvfrww +4<<9,/ vwuhvv wkdw dq| hfrqrplf frpsxwdwlrqdo
h{shulphqw lv wkdw ri ghulylqj d txdqwlwdwlyh dqvzhu wr vrph zhoo0srvhg
txhvwlrq1 Zh frqvwuxfw d prgho hfrqrp|/ fdoleudwh lw dqg uxq vlpxodwlrqv
wr dqvzhu txhvwlrqv frqfhuqlqj wkh txdqwlwdwlyh lpsolfdwlrqv ri wkhru| iru
wkh hpsor|phqw dqg surgxfwlylw| sx}}ohv1 Lq sduwlfxodu/ grhv wkh lqwurgxf0
wlrq ri g|qdplf xqlrq ehkdylru lqwr uhdo exvlqhvv f|foh prgho iru Hxurshdq
frxqwulhv/ holplqdwh wkh oderu pdunhw vkruwfrplqjv hqwdlohg e| frqyhqwlrqdo
htxloleulxp prghov B Zkdw lv wkh frqwulexwlrq ri wkh jryhuqphqw xqhpsor|0
phqw ehqh�wv lq d xqlrql}hg hfrqrp| wr exvlqhvv f|foh  xfwxdwlrqvB Rxu
vlpxodwlrq uhvxowv vkrz wkdw lqfoxglqj lqwr wkh prgho xqlrq ehkdylru dqg
udqgrpl}lqj xqhpsor|phqw ehqh�wv lqwr wkh xqlrq suhihuhqfhv vxevwdqwldoo|
lpsuryhv wkh UEF prgho shuirupdqfh iru wkh Hxurshdq frxqwulhv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq L/ zh ghvfuleh wkh hfrq0
rp|/ vwuhvvlqj wkh sureohp idflqj xqlrqv dqg �upv dqg wkdw gh�qhg e| wkh
krxvhkrogv1 Htxloleuld zlwk zdjh uljlglw| duh gh�qhg dqg vhyhudo lpsolfd0
wlrqv duh ghvfulehg lq Vhfwlrq LL1 Vhfwlrq LLL uhsruwv vw|ol}hg idfwv dqg prgho
vlpxodwlrqv jhqhudwhg iru Iudqfh dqg Lwdo|/ e| slqlqj grzq vhohfwhg sdudp0
hwhu ydoxhv1 Lq wklv vhfwlrq/ zh surylgh xvhixo lqirupdwlrq lq wkh irup ri
dxwrfruuhodwlrq ixqfwlrqv/ frpryhphqwv zlwk rxwsxw dqg yduldelolw| ri wkh
djjuhjdwh vhulhv lqyroyhg1 Wr gudz dgglwlrqdo lqirupdwlrq derxw g|qdplf
uhvsrqvh ri wkh yduldeohv wr ydulrxv vkrfnv/ wkh lpsxovh0uhvsrqvh ixqfwlrqv
duh dovr surylghg1 Vhfwlrq LY frqfoxghv1

6



5 Wkh hfrqrp|

514 Wkh idfwv

Uhfhqw vwdwlvwlfv rq xqlrq phpehuvkls dqg rq xqlrq fryhudjh lq wkh Hxur0
shdq frxqwulhv dqg Xqlwhg Vwdwhv duh suhvhqwhg lq Wdeoh 41 Dowkrxjk xqlrq
phpehuvkls wuhqg kdv xqghujrqh d vkdus ghfolqh vlqfh 4<;8/ d uhohydqw iudf0
wlrq ri Hxurshdq zrunhuv dfwxdoo| ehorqj wr xqlrqv1 Pruhryhu/ derxw wkuhh0
txduwhuv ri wkh zrun irufh kdyh wkhlu zdjhv dqg zrunlqj frqglwlrqv vhw lq
d froohfwlyh edujdlqlqj djuhhphqw1 Wkh �jxuhv vkrz dovr wkdw X1V1 xqlrq
fryhudjh dqg phpehuvkls duh pxfk orzhu wkdq wkrvh suhvhqwhg lq Hxurshdq
oderu pdunhwv1 Ixuwkhupruh/ xqlrql}hg vhfwruv lq wkh X1V1 hfrqrp| gr qrw
r�hu pxfk vfrsh iru prqrsrolvwlf zdjh0vhwwlqj/ vlqfh edujdlqlqj lv frqgxfwhg
rq dq hqwhusulvh0e|0hqwhusulvh edvlv1 Wkhuh duh qr grxewv wkdw wudgh xqlrq
lq xhqfh dqg srzhu fdqqrw eh phdvxuhg phuho| lq whupv ri wkh qxpehu ri
dfwlyh phpehuv1 Uhsuhvhqwdwlyho| lv qrw wkh rqo| rqh idfwru iru dvvhvvlqj wkh
xqlrq srzhu1 Lq Vsdlq dqg Iudqfh/ iru lqvwdqfh/ wkh xqlrq frqihghudwlrqv
kdyh d uhpdundeoh fdsdflw| wr fdoo iru dfwlrq/ ghvslwh wkh yhu| orz xqlrq0
l}dwlrq udwh1 Lq wkhvh frxqwulhv wkhuh h{lvwv d fohdu srolwlfdo frqfhswlrq ri
lqgxvwuldo uhodwlrqv dqg xqlrqv duh gluhfwo| uhodwhg wr wkh sduwlhv= xvxdoo|/
jryhuqphqw0vdqfwlrqhg h{whqvlrq ri xqlrq frqwudfwv wr qrq0xqlrq phpehuv/
d vhwxs frq�uphg e| wkh vwulnlqj jds ehwzhhq fryhudjh dqg phpehuvkls lq
wkrvh frxqwulhv1

Wdeoh 4= Xqlrq Phpehuvkls/ Fryhudjh dqg Uhsodfhphqw Udwhv

XQLRQ PHPEHUVKLS FRYHUDJH UHSODF1 UDWHV

( qrq0djulfxo1 oderxu irufh ( zdjh0vdodu| hduqhu ( ri hpsor|hg RHFG+4<<72<8,-

Ehojlxp 6;14 841< <3 98
Ghqpdun 9;15 ;314 <3 ;4
Iudqfh 914 <14 <5 9;

Jhupdq| 5<19 5;1< <3 9;
Lwdo| 6319 7714 <3 4<--

Qhwkhuodqgv 541; 5819 :4 ;5
Vsdlq 4417 4;19 9; 86

Xqlwhg Nlqjgrp 5915 651< 7: 9<
Xqlwhg Vwdwhv 451: 4715 4; 4<

Vrxufhv= LOR/ Zruog Oderu Uhsruw/ Jhqhyd 4<<;> RHFG/Hfrqrplf Vwxglhv/

q159/ Sdulv/ 4<<91 -Uhsodfhphqw udwhv= Hqwlwohphqwv fdofxodwhg ryhu 8 |hduv ri
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xqhpsor|phqw lq ( ri suhylrxv hduqlqjv1 Wkh dyhudjh h{foxghv wkh Uhsodfhphqw

udwh ri frxsoh zlwk rqh sduwqhu lq hpsor|phqw1 --Wkh hvwlpdwhv ri UU iru Lwdo|

gr qrw lqfoxgh wkh FLJ +zdjh vxssohphqwdu| ixqg, ehqh�wv duh sdlg wr zrunhuv

d�hfwhg e| froohfwlyh od|0r�v lq �upv zlwk 49 ru pruh hpsor|hhv dv d uhvxow ri d

whpsrudu| ghfolqh lq hfrqrplf dfwlylw|1 Ehqh�wv duh htxdo wr ;3( ri jurvv hduqlqj

xs wr d prqwko| pd{lpxp zklfk lv derxw 98( ri dyhudjh hduqlqjv1

Wkh odvw froxpq ri Wdeoh4 uhsruwv dqrwkhu fkdudfwhulvwlf wkdw lq xhqfh
wkh oderu pdunhw/ wkh RHFG phdvxuh ri ehqh�wv hqwlwohphqwv= wkh hqwlwoh0
phqwv fdofxodwhg ryhu 8 |hduv ri xqhpsor|phqw lq shufhqwdjh ri suhylrxv
hduqlqjv1 Xqhpsor|phqw ehqh�wv duh pxowlglphqvlrqdo dqg/ wkhuhiruh/ gl!0
fxow wr gh�qh lq d vlqjoh lqglfdwru1 Khuh/ vlpso| rq wkh edvlv ri uhsodfhphqw
udwhv vxppdu| hvwlpdwhv/ zh hpskdvl}h wkdw lq prvw Hxurshdq frxqwulhv
lqvxudqfh ehqh�wv kdyh d uroh lq wkh oderu pdunhw1 Xqlrq ehkdylru pd| eh
lq xhqfhg e| xqhpsor|hg ehqh�wv ehfdxvh d jhqhurxv v|vwhp lpsolhv wkdw
wkrvh zkr pd| orvh wkhlu mrev pd| wdnh juhdwhu ulvn lq froohfwlyh edujdlq0
lqj ryhu zdjhv1 Xqhpsor|hg ehqh�wv/ whqg wr uhgxfh wkh frvw ri ehfrplqj
xqhpsor|hg1 Jlyhq wkhvh h{wuhph ihdwxuhv ri wkh Hxurshdq oderu pdunhwv/
vhwwlqj rxw d uhdo exvlqhvv f|foh prgho uhsuhvhqwv dq lqwhuhvwlqj fkdoohqjh1

515 Xqlrq dqg �upv

Lq wklv hfrqrp| wkhuh lv d odujh qxpehu ri lghqwlfdo dqg lq�qlwho|0olyhg krxvh0
krogv dqg �upv zklfk surgxfh dq krprjhqhrxv rxwsxw1 Wkh hfrqrp| lv
fkdudfwhul}hg e| wzr jrrgv/ oderu dqg rxwsxw1 Wr gh�qh dq htxloleulxp iru
wklv hfrqrp| zh qhhg wr orrn vhsdudwho| erwk ri wkh sureohpv idflqj xqlrq
dqg �upv dqg wkh sureohpv idflqj krxvhkrogv dqg oderu pdunhw rxwfrphv1

Lghqwlfdo �upv � xvh wkh vdph frqvwdqw uhwxuqv0wr vfdoh surgxfwlrq ixqf0
wlrq wr surgxfh dq xqltxh krprjhqhrxv jrrg1 Lq wkh Xqlwhg Vwdwhv dqg
pdq| Hxurshdq frxqwulhv fdslwdo dqg oderu vkduhv ri rxwsxw kdg ehhq ds0
sur{lpdwho| frqvwdqw 1 Wkh Free0Grxjodv surgxfwlrq ixqfwlrq zlwk lwv xqlw
hodvwlflw| ri vxevwlwxwlrq doorzv oderu*v vkduh ri surgxfw wr eh frqvwdqw/ hyhqw
wkrxjk zdjhv dqg uhqwdo sulfh duh gl�huhqw +Suhvfrww 4<;9> 4<<;,=5

t| ' �|g
w
|�

�3w
| +4,

5Surylghg qr �upv kdv dq| pdunhw srzhu/ zh fdq wuhdw doo �upv dv rqh surgxfwlrq
hqwlw|1
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Wkh surgxfwlrq ixqfwlrq lv vxemhfw wr dq djjuhjdwh surgxfwlylw| vkrfn
�|/ frpprq wr doo wkh �upv/ zkloh g| dqg �| ghqrwh/ uhvshfwlyho|/ fdslwdo
vwrfn dqg hpsor|phqw1

Wkh whfkqrorj| vkrfn iroorzv wkh vwdwlrqdu| �-E�� surfhvv

*?�|n� ' E�� 4� *?�n 4 *?�| n 0| +5,

zkhuh f � 4 � � dqg 0| lv d l1l1g udqgrp yduldeoh zlwk wkh iroorzlqj
glvwulexwlrq 0| � �Efc j20�1 *?E�� lv wkh phdq ri wkh orj whfkqrorj| vkrfn
surfhvv1

Hdfk �up dffxpxodwhv fdslwdo g| dffruglqj wr

g|n� ' E� � B�g| n U| +6,

zkhuh wkh whup B uhsuhvhqwv ghsuhfldwlrq Ef � B 	 ��1 Wkh uljkw wr ghwhuplqh
wkh txdqwlw| ri oderu hpsor|hg lq shulrg w lv fhghg wr wkh xqlrq e| wkh �up1
Lq idfw/ lw lv frpprq nqrzohgjh wkdw xqghu xqlrq zdjh/ wkh �up vroyhv wkh
sur�w0pd{lpl}lqj sureohp/

�| ' 4@ �|8 Eg|c �|��`L
| �| �-|g|c zlwk g| � fc �| � fc

uhdfklqj wkh iroorzlqj uhvxow=

�8�Egc�� ' -|

�82Egc�� ' `L
|

Qdpho|/ lq rxu hfrqrp|

`L
| ' E�� w��|

�
g|

�|

�w
+7,

-| ' w
�
t|
g|

�
n E�� B� +8,

Diwhu wkh whfkqrorj| vkrfn lv uhyhdohg dw wkh ehjlqqlqj ri shulrg w/ �up
dqg xqlrq ghwhuplqh zdjh dqg txdqwlw| ri oderu hpsor|hg lq wkdw shulrg1
Rqfh wkh txdqwlw| ri djjuhjdwh oderu lqsxw lv ghwhuplqhg e| wkh xqlrq/ wkh
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uhsuhvhqwdwlyh djhqw*v fkrlfh ri krxuv shu hpsor|hg dqg wkh qxpehu ri hp0
sor|hg lq wkh pdunhw vhfwru vkrxog eh uhvwulfwhg e| wkh txdqwlw| fkrvhq e|
wkh xqlrq1

Wkh prqrsro| xqlrq vroyhv d g|qdplf rswlpl}dwlrq sureohp1 Wkh wudgh
xqlrq kdv wr vhohfw d wlph sdwk iru wkh zdjh udwh ru/ dowhuqdwlyho|/ iru hp0
sor|phqw1 Zh dvvxph dv lq Nlgg dqg Rvzdog +4<;:,/ wkdw qhz hpsor|hhv
mrlq wkh xqlrq +d srvw hqwu| forvhg0vkrs prgho,= �|n� ' �| Wklv gl�huhqfh
htxdwlrq vd|v wkdw phpehuvkls wrpruurz lv ghwhuplqhg e| hpsor|phqw wr0
gd|/ wkdw doo wkh qhz hpsor|hhv mrlq wkh xqlrq dqg doo wkh lqglylgxdov wkdw
orvh wkhlu mrev ohdyh lw/ dqg wkdw ulvhv dqg idoov duh v|pphwulf1 Pruhryhu/
wklv phpehuvkls uxoh ohdgv wkh wudgh xqlrq wr wdnh fduh ri erwk fxuuhqw dqg
ixwxuh phpehuv1

Li zh vhw wkh xqlrq*v xwlolw| ixqfwlrq dv ��E` � n E� � ���E��czkhuh
�E�� lv wkh lqglylgxdo zrunhu*v frqfdyh xwlolw| ixqfwlrq/ � lv wkh vwrfn ri
phpehuvklsc �| lv d phdvxuh ri hpsor|phqwc` lv wkh dyhudjh zdjh iru
xqlrql}hg hpsor|hhv/ � lv wkh uhvhuydwlrq zdjh/ uhfhlyhg e| qrq0xqlrql}hg
hpsor|hhv/ wkhq zh pd| vwdwh wkh xqlrq suhihuhqfhv dv iroorzv/

4@ 
�|c�|

.|

"[
�'f

q|

%
�|

#
` �3#

|

�� #

$
n E�| ��|�

#
��3#
|

�� #

$&
+9,

r�|� �|n� ' �| +:14,
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Wklv xwlolw| ixqfwlrq kdv wkh surshuw| wkdw uhodwlyh ulvn dyhuvlrq/ gh�qhg dv
� d���E���o *��E��/ lv jlyhq e| #16 Fohduo|/ li wkh ydoxh ri # lv qrw gl�huhqw
iurp }hur/ wkhq wkh xwlolw| ixqfwlrq lv olqhdu lq zdjhv +ulvn0qhxwudo,1Pruhryhu/
lw vkrxog eh qrwhg wkdw/ lq wkh odwwhu fdvh/ +9, qhvwv wkh uhqw pd{lpl}dwlrq
xwlolw| ixqfwlrq dv vshfldo fdvh1 Wkh g|qdplf prgho ri phpehuvkls/ dvvxphv
wkdw wkh fxuuhqw qxpehu ri zrunhuv zkr mrlq wkh xqlrq lv h{dfwo| htxdo wr
wkh ohyho ri hpsor|phqw lq wkh suhylrxv shulrg1 Wklv srvw0hqwu| forvhg vkrs
pd| eh pdgh ohvv vwulqjhqw/ dvvxplqj d pruh jhqhudo irupxodwlrq zkhuh d
udwh dw zklfk qhz zrunhuv mrlq wkh xqlrq dqg/ srvvleo|/ d udwh ri vhsdud0
wlrqv duh lqfoxghg/ iru uhvshfwlyho|/ �| dqg �|� Krzhyhu/ wklv dvvxpswlrq lv
frpsolfdwhg ehfdxvh lw lqyroyhv d ulfkhu khwhurjhqhlw|1 Ehorz/ zh vlpsoli|

6Iduehu +4<:;, dqg Fduuxwk D1 dqg Rvzdog +4<;8, surylghv vrph hvwlpdwlrq ri wklv
prgho iru wkh X1N1 dqg wkh X1V hfrqrp|1

:



wkh khwhurjhqhlw| lpsolhg e| wkh xqlrq ehkdylru e| xvlqj d uhsuhvhqwdwlyh
krxvhkrog1

Wkurxjkrxw/ zh dvvxph wkdw xqlrq frqvlghuv �| dv dq h{rjhqrxv/ xqfrq0
wuroodeoh �-E�� vwrfkdvwlf surfhvv/

�|n� ' E�� /�� n /�| n 1| +;,

zkhuh f � / � � dqg 1| lv d l1l1g udqgrp yduldeoh zlwk wkh iroorzlqj
glvwulexwlrq 1| � �Efc j21�1 Lq vxfk d fdvh � ' � lq wkh vwhdg| vwdwh1 Wkxv/
whfkqrorj| vkrfnv duh qrw wkh rqo| vrxufh ri  xfwxdwlrqv1 Wkh vxemhfwlyh
glvfrxqw udwh lv �{hg dw q Ef � q 	 ��1 Lq slfnlqj d wlph sdwk iru/ vd|/
hpsor|phqw/ xqlrq frqvlghuv wkh oderu ghpdqg fxuyh +7,1 Wkh xqlrq sureohp
|lhogv wkh iroorzlqj �uvw rughu frqglwlrqv +vhh Dsshqgl{ D,=

�|n� ' �| +<14,
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Lw fdq eh vkrzhg wkdw wkh xqlrq*v xwlolw| ixqfwlrq lv frqfdyh lq P h Q/ vr

wkdw �uvw rughu frqglwlrqv duh vx!flhqw iru d pd{lpxp1 Wkhvh surylghv wkh
iroorzlqj g|qdplf vroxwlrq7
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wE#3�� E� � w��*w�Wkh vwhdg| vwdwh htxloleulxp lv
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7Lq rughu wr hydoxdwh wkh h{shfwhg ydoxh lq +<16,/ zh xvh wkh olqhdu dssur{lpdwlrq

durxqg wkh vwhdg| vwdwh +E @ 4,
�
E
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�
@ Ew . r+Ew, 1
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� ' � +4415,

Wkh fdslwdo dffxpxodwlrq uxoh/ wkh whfkqrorjlfdo surfhvvhv dqg wkh uhvhu0
ydwlrq zdjh +ehqh�wv, duh wkh htxdwlrqv ri prwlrq iru wklv hfrqrp|/ 7| '
Eg|c �|c �|�1

Wkxv/ zh dgrsw d prqrsro| xqlrq prgho wr vhw xqlodwhudoo| wkh hpsor|0
phqw +ru htxlydohqwo| wkh zdjh ohyho,/ vxemhfw wr wkh �up*v oderu ghpdqg
fxuyh1 Ilupv/ wkhuhiruh/ uhdg r� iurp oderu ghpdqg fxuyh wkh qxpehu ri
zrunhuv wr kluh dw wkh xqlrq zdjh1 Wkuhh dvshfwv pxvw eh vwuhvvhg iru fkdu0
dfwhul}lqj d prqrsro| xqlrq rxwfrph lq d jhqhudo htxloleulxp iudphzrun1
Iluvw/ xqghu wklv vlpsoh prgho/ wkh xqlrq vhohfwv zdjhv +ru hpsor|phqw, rq
lwv rzq/ zlwk qr edujdlqlqj1 Vhfrqg/ wkh prgho dvvxphv xqhpsor|phqw lq0
vxudqfh e| vshfli|lqj d jxdudqwhhg lqfrph  rz wr hdfk zrunhu xqhpsor|hg
+uhvhuydwlrq zdjh ru ehqh�w,1 Ehorz/ zh ghdo zlwk xqhpsor|hg lqglylgx0
dov dvvxplqj lghqwlfdo idplolhv zlwk wzr khwhurjhqhrxv phpehuv/ hpsor|hg
yv1 xqhpsor|hg/ exw zlwk lghqwlfdo suhihuhqfhv iru frqvxpswlrq1 Vxfk dq
hqylurqphqw lv qrw htxlydohqw wr rqh zkhuh wkh pdunhw iru xqhpsor|phqw
lqvxudqfh surylghv d phdqv wr dwwdlq ulvn vkdulqj18 Doehlw wkh idplo| lqgl0
ylgxdov frqvxph lghqwlfdo dprxqwv uhjdugohvv ri wkhlu hpsor|phqw vwdwxv/ zh
grhv qrw dvvxph/ dv lq Kdqvhq +4<;8,/ wkdw �upv r�hu oderu frqwudfwv +lq0
foxglqj xqhpsor|phqw lqvxudqfh, wkdw duh wudghg frpshwlwlyho|/ exw udwkhu/
oderu pdunhw lv lpshuihfwo| frpshwlwlyh/ dqg xqlrq zdjhv duh kljkhu wkdq
xqhpsor|phqw ehqh�wv1 Wklug/ wkh xqlrq/ vhhnlqj lwv kljkhvw ohyho ri xwlolw|/
vxemhfw wr wkh frqvwudlqw ri wkh oderu ghpdqg fxuyh/ wdnhv lqwr dffrxqw wkdw
lwv ehkdylru pd| uhgxfh hpsor|phqw dqg/ wkhuhiruh/ xqlrq phpehuv dqg xwlo0
lw|= lq htxloleulxp pdujlqdo ehqh�wv +dq| phpehu hpsor|hg zloo uhfhlyh dq
kljkhu zdjh, dqg pdujlqdo frvw +dq| phpehu idfhv dq kljkhu suredelolw| ri
ehlqj xqhpsor|hg, vkrxog eh htxdo1

516 Wkh Vrorz uhvlgxdo lq d xqlrql}hg hfrqrp|

Suhvfrww +4<;9, phdvxuhv wkh vwrfkdvwlf lpsxovh wr wkh hfrqrp|/ dv wkh
fkdqjh lq wrwdo idfwru surgxfwlylw|1 Dvvxplqj d Free0Grxjodv surgxfwlrq
ixqfwlrq +frqvwdqw uhwxuqv wr vfdoh, dqg shuihfw frpshwlwlrq/ wkdw dprxqwv
wr fdofxodwh wkh Vrorz uhvlgxdo

8Vhh Ol +4<<<, iru dq xsgdwhg glvfxvvlrq1

<



*?�| ' *L} t| � w *L}g| � E�� w� *L}�|

Uhfhqw ghyhorsphqwv ri olwhudwxuh lq wklv �hog kdyh srlqwhg rxw wkdw wklv
uhvlgxdo lv qrw d fruuhfw phdvxuh ri whfkqlfdo fkdqjh lq fdvh ri oderu krdug0
lqj/ lpshuihfw frpshwlwlrq ru phdvxuhphqw huuruv lq yduldeohv +h1j1 Kdoo
4<;9/ 4<<3,1 Pruhryhu/ wkhruhwlfdo dqdo|vlv dqg hpslulfdo hylghqfh vxjjhvw
wkdw pdq| rwkhu idfwruv eh|rqg whfkqrorjlfdo vkrfnv fdq d�hfwv hfrqrp|
erwk iurp vxsso|0vlgh ru iurp ghpdqg0vlgh1 Rwkhuv +h1j1 Hydqv/4<<5, �qg
vrph urexvw hylghqfh iru Vrorz uhvlgxdo qrw wr eh h{rjhqrxv/ exw eh Judqjhu0
fdxvhg e| vrph srolf| yduldeohv vxfk dv lqwhuhvwv udwhv ru jryhuqphqw vshqg0
lqj1

Whfkqrorj| vkrfn lv dq lpsruwdqw frqwulexwru wr  xfwxdwlrqv lq wkh hfrq0
rp|1 Krzhyhu/ lw lv rqo| d idfwru/ rwkhu ghwhuplqdqwv pd| irvwhu ru fxue
whfkqrorjlfdo jurzwk1 Kdqvhq dqg Suhvfrww +4<<6, hpskdvl}h wkdw iurp wkh
srlqw ri exvlqhvv f|fohv/ fkdqjhv lq wkh ohjdo dqg uhjxodwru| v|vwhp pd| wxuq
rxw wr eh fuxfldo1 Wkhvh fkdqjhv pd| eh srvlwlyh/ ehfdxvh wkh| doorz dq
lqgxvwu| wr ghyhors dqg/ wkhuhiruh/ lqfuhdvh wkh exvlqhvv vhfwru surgxfwlylw|/
exw wkhvh vkrfnv pd| dovr eh qhjdwlyh fkdqjhv lq whfkqrorj|/ ehfdxvh wkh|
uhvxow lq d fkdqjh lq uhvrxufhv doorfdwlrq iurp surgxfwlyh wr xqsurgxfwlyh
w|sh dfwlylwlhv1 Hpslulfdo hylghqfh ri wkhvh vkrfnv pd| eh irxqg lq doo ri
lqgxvwuldol}hg frxqwulhv dqg wkhlu h�hfw1 Olnhzlvh wkh h�hfw ri d qhz lqyhq0
wlrq/ wkhlu h�hfw lv wr vkliw wkh surgxfwlrq ixqfwlrq ri wkh hfrqrp|/ krzhyhu/
frqwudu| wr d qhz nqrzohgjh h�hfw/ wkhvh vkrfnv pd| kdyh dgyhuvh h�hfwv rq
wkh surgxfwlrq srvvlelolwlhv vhwv1

Dv d frqvhtxhqfh ri wklv lqwhusuhwdwlrq ri wkh WIS vkrfnv/ lq wkh Hxur0
shdq oderu pdunhw frqwh{w/ zh lghqwli| wkh lqgxvwuldo uhodwlrq vwuxfwxuh dv
d ixuwkhu ohdglqj idfwru wr fkdqjh ri wkh �surgxfwlrq srvvlelolw| vhwv ri wkh
sur�w fhqwhuv�1 Fkdqjhv lq wkh lqgxvwuldo uhodwlrq v|vwhp vkrxog d�hfw wkh
frqgxfw ri exvlqhvv iru wkh| kdyh lpsruwdqw frqvhtxhqfhv iru wkh lqfhqwlyhv
wr dgrsw pruh dgydqwdjh whfkqrorjlhv dqg iru dfklhylqj d pruh h!flhqw uh0
vrxufhv doorfdwlrq1 Wklv pd| uhsuhvhqw d gl�huhqfh ehwzhhq wkh Xqlwhg Vwdwhv
dqg Hxurshdq exvlqhvv f|fohv1

Wkxv/ lq d xqlrql}hg oderu pdunhw/ lqgxvwuldo uhodwlrqv fdq eh d ixuwkhu
yduldeoh wr dffrxqw iru fkdqjhv ryhu wlph ri wkh ohyho ri hfrqrplf dfwlylw|1 Iru
lqvwdqfh/ iurp wkh hqg ri 4<93v wr 4<;3/ Lwdo| h{shulhqfhg dq h{wudruglqdu|
lqfuhdvh lq xqlrql}dwlrq1 Wkh vkdus ulvh lq wkh xqlrql}dwlrq udwh kdv ehhq
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lqwhusuhwhg dv d jurzwk ri phpehuv lq douhdg| kljko| xqlrql}hg vhfwruv ri
lqgxvwu| dqg wr d juhdwhu gl�xvlrq ri xqlrq phpehuvkls dprqj zklwh0froodu
zrunhuv lq lqgxvwu| dqg sxeolf dgplqlvwudwlrq1 Wkh 4<:3v vwduwhg r� zlwk
d pdmru fkdqjh lq lqgxvwuldo uhodwlrqv/ lq d frqwh{w ri kljk xqhpsor|phqw
dqg d udslg jurzwk lq frq lfw1 Lq wkh shulrg 4<9<0::/ wkh qxpehu ri lqgxv0
wuldo glvsxwhv zdv rq dyhudjh pruh wkdq 7 wkrxvdqg shu |hdu zlwk derxw 918
ploolrq zrunhuv lqyroyhg hdfk |hdu/ dqg wkh qxpehu ri krxuv orvw wkurxjk
vwulnhv dyhudjhg 487 ploolrq shu |hdu1 Wkh ulvh ri frq lfw zdv uhodwhg wr d
juhdwhu zdjh sxvk iurp wkh udqn dqg �oh lq d frqwh{w ri frqvlghudeoh udwlr0
qdol}dwlrq +lqqrydwlrq, ri wkh surgxfwlyh v|vwhp +vhh/ iru lqvwdqfh Wdudqwhool
dqg Zloonh 4<;4,1 Lq wkh vxffhvvlyh wzr ghfdghv/ d pruh frpsuhkhqvlyh dqg
fhqwudol}hg xqlrqv dqg hpsor|huv* rujdql}dwlrqv zhuh rulhqwhg wrzdugv uh0
vsrqvleoh vwudwhjlhv ri froohfwlyh dfwlrq1 Dv d uhvxow/ wkh Lwdoldq hfrqrp|
kdv ehqh�whg iurp d uhpdundeoh fkdqjh lq oderu pdunhw vwuxfwxuh1 Wkh �uvw
vwhs lq wklv gluhfwlrq zdv wkh 4<;6 djuhhphqw1 Xqlrq prgl�fdwlrqv wr wkh
zdjh lqgh{dwlrq vfkhph dqg vrph frqfhvvlrqv uhjduglqj klulqj surfhgxuhv
zhuh rewdlqhg lq wkh vxevhtxhqw |hduv dorqj zlwk vhyhudo dwwhpswv wr vhw rxw
dq lqfrph srolf|1 Pdwwhuv udglfdoo| fkdqjhg iurp Mxo| 4<<6 zkhq xqghu dq
lqfrphv srolf| dffrug wkh jryhuqphqw derolvkhg wkh zdjh lqgh{dwlrq phfkd0
qlvp1 Wkh uhvxow zdv d srolf| ri zdjh uhvwudlqw zkloh oderu pdunhw uhjxodwlrq
ehfdph pruh  h{leoh dqg froohfwlyh djuhhphqwv vljqhg dw qdwlrqdo ohyho zhuh
frxsohg wr qhjrwldwlrqv dw frpsdq| ohyho1

Wkhvh gl�huhqw uhjlphv ri lqgxvwuldo uhodwlrqv kdyh lpslqjhg rq wkh sur0
gxfwlrq srvvlelolw| vhwv1 Iljxuh 4 uhsruwv wkh ghyldwlrqv ri wkh Vrorz uhvlgxdo
iurp d KS wlph wuhqg/ fdofxodwhg iru wkh Lwdoldq hfrqrp| xvlqj wkh �lqgluhfw
hylghqfh� vxjjhvwhg e| Iduphu +4<<6,1 Zh dvvxph k ' f�eDc d ydoxh xvhg e|
Fhqvror dqg Rqriul +4<<6, iru wkh Lwdoldq hfrqrp|1 Ixuwkhupruh/ g| lv glvdj0
juhjdwhg e| lqwhusrodwlrq xvlqj txduwhuo| lqyhvwphqwv +vhh Ohy|0Fkhq/ 4<<7,
dqg lqfoxghv wkh vwrfn ri uhvlghqwldo krxvhv/ exw h{foxghv gxudeohv jrrgv
+Hydqv/4<<5,1 Lw vkrxog eh qrwhg krz wkh ghyldwlrqv iurp wuhqg duh kljko|
shuvlvwhqw +zlwk orqj vzlqjv dzd| iurp wuhqg, lq wkh �uvw sduw ri wkh shulrg/
zkhq wkh lqgxvwuldo uhodwlrqv v|vwhp lv h{wuhpho| frq lfwxdo1 Vxevhtxhqwo|/
wkh Vrorz uhvlgxdo uh hfwv d ehwwhu folpdwh lq wkh oderu pdunhw dqg vwuxfwxudo
dgmxvwphqwv zklfk/ ghwhuplqlqj d vl}hdeoh wudqvirupdwlrq lq Lwdo|*v surgxf0
wlrq vwuxfwxuh dqg lq lwv lqgxvwuldo uhodwlrqv/ d�hfwhg wkh revhuydwlrqv rq wkh
wrwdo surgxfwlylw| glvwxuedqfh= wkh uhvlgxdo wdnhv vkruw vzlqjv dzd| iurp wkh
wuhqg dqg lv idu ohvv shuvlvwhqw wkdq wkdw phdvxuhg lq wkh suhylrxv shulrg1

44



-0,05
-0,04
-0,03
-0,02
-0,01

0
0,01
0,02
0,03
0,04
0,05

19
71

:1

19
72

:4

19
74

:3

19
76

:2

19
78

:1

19
79

:4

19
81

:3

19
83

:2

19
85

:1

19
86

:4

19
88

:3

19
90

:2

19
92

:1

19
93

:4

Iljxuh 4= KS0�owhuhg Vrorz Uhvlgxdo iru Lwdo|

517 Krxvhkrog

Hpslulfdo hylghqfh vkrzv wkdw prvw ri wkh yduldwlrq lq wrwdo krxuv ri
hpsor|phqw ryhu wkh exvlqhvv f|foh duh gxh wr pryhphqwv lq wkh oderu irufh
udwkhu wkdq lq dgmxvwphqwv lq dyhudjh krxuv ri zrunv1 Lq wkh fdqrqlfdo UEF
prghov wklv dvshfw kdv ehhq vnlsshg/ e| fkdudfwhul}lqj djhqwv dv hlwkhu frq0
wlqxrxvo| dgmxvwlqj wkhlu krxuv +N|godqg dqg Suhvfrww, ru ghflglqj rqo| oderu
irufh zlwk lqglylvleoh oderu +Kdqvhq0Urjhuvrq,19

Zh iroorz Fkr dqg Urjhuvrq +4<;;, idplo| oderu vxsso| prgho/ dvvxplqj
d odujh qxpehu ri lghqwlfdo idplolhv/ hdfk ri zklfk frqvlvwv ri wzr phpehuv1
Wkh khwhurjhqhlw| zklfk lv ri lqwhuhvw lq rxu oderu pdunhw lv wkh oderu vxsso|
ri zrunhu xqlrq phpehuv dqg xqhpsor|hg1 Wkh odwwhu kdyh d orzhu hduqlqj
frpshqvdwlrq � zkhuhdv xqlrq zrunhuv kdyh ` 1 Wkxv zh dvvxph wkdw hdfk
uhsuhvhqwdwlyh idplo| lv frpsrvhg e| wzr phpehuv/ zkrvh mxvw rqh vxssolhv
oderu1 Pruhryhu/ dv lq Fkr dqg Urjhuvrq*v zrun/ zh dvvxph wkdw erwk
zrunhuv dqg xqhpsor|hg phpehu ri wkh idplo| kdyh wkh vdph vwulfwo| frqyh{
suhihuhqfhv iru frqvxpswlrq1 Wkh krxvhkrog sureohp lv/ wkhuhiruh/

�ES�|c ,�|c e�|� ' 2�ES�|�� �E��e�| � >Ee�e�| +45,

zkhuh � ' �� , lv krxuv zrunhg shu shulrg1: Lqglylgxdov lq wklv hfrqrp|
duh vxssrvhg wr pdnh wzr nlqg ri fkrlfhv> wkh| fdq fkrrvh wkh qxpehu ri

9Vhh/ N|godqg dqg Suhvfrww +4<;5,/ Kdqvhq +4<;8, dqg Urjhuvrq +4<;;,1
:
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gd|v wr zrun lq hdfk shulrg ru wkh qxpehu ri krxuv wr zrun shu hdfk gd|
wkh| zrun1 Wkh deryh irup ri whpsrudo suhihuhqfhv lv/ wkhuhiruh/ frqvlvwhqw
zlwk wkh idfw wkdw wkh  xfwxdwlrqv wdnh sodfh rq erwk wkh lqwhqvlyh dqg h{0
whqvlyh pdujlqv1 Zh pd| ohw � wr eh wkh qxpehu ri krxuv wkh| zrun dqg e
wkh iudfwlrq ri gd|v wkh| zrun lq hdfk txduwhu> e lv hvvhqwldoo| wkh krxvhkrog*v
hpsor|phqw udwh/ dqg lq d uhsuhvhqwdwlyh djhqw iudphzrun wklv dprxqwv wr
wkh djjuhjdwh hpsor|phqw udwh lq htxloleulxp1 Lq wkh xwlolw| ixqfwlrq ds0
shduv dovr d �{hg frvw >Ee�/ dvvrfldwhg zlwk hdfk shulrg wkh djhqw fkrrvh
wr zrun1 Lq rxu frqwh{w/ wkh frvw pd| eh uhodwhg wr xqlrq phpehuvkls/ iru
lqvwdqfh/ vxevfulswlrq gxhv/ zklovw Fkr dqg Frroh| +4<<7,/ surylghv idplo|
rujdql}dwlrq mxvwl�fdwlrqv dvvrfldwhg zlwk wkh ghflvlrq wr sduwlflsdwh lq wkh
oderu pdunhw1

Qrwlfh wkdw dowkrxjk wkh xwlolw| ixqfwlrq lv dvvxphg wr eh vhsdudeoh lq
frqvxpswlrq dqg ohlvxuh/ wkh txdqwlw| ri djjuhjdwh oderu lqsxw lv ghwhuplqhg
e| wkh xqlrq1 Lq vhohfwlqj zrunlqj krxuv dqg d iudfwlrq ri wkh zrunlqj shulrg/
wkh uhsuhvhqwdwlyh krxvhkrogv pxvw eh uhvwulfwhg e| wkh txdqwlw| ri oderu lq0
sxw ghwhuplqhg e| wkh ehkdylru ri xqlrq dqg �up1 Wkh oderu txdqwlw| wxuqv
rxw wr eh d frqvwudlqw iru wkh krxvhkrog zklfk pd| zlvkhv wr vxsso| d gl�hu0
hqw txdqwlw| ri oderu1 Lq wklv hfrqrp|/ hpsor|phqw  xfwxdwlrqv duh lqgxfhg
e| fkdqjhv lq xqlrq zdjh fxuyh dqg �up oderu ghpdqg1 Wklv iudphzrun lp0
solhv wkdw hpsor|phqw  xfwxdwlrqv duh qrw uhodwhg wr frqvxphu lqwhuwhpsrudo
vxevwlwxwlrq1 Wkh rswlpdo uhvsrqvh ri krxvhkrogv wr vkrfnv lv qrz uhgxfhg
wr d vhohfwlrq ehwzhhq � dqg e/ zkloh � lv ghwhuplqhg lq wkh oderu pdunhw e|
xqlrq dqg �up1 Lq wklv iudphzrun wkh zdjh0vhwwlqj uhodwlrq uhsodfhv d vwdq0
gdug oderu0vxsso| uhodwlrq1 Wkh zdjh/ ru wkh hpsor|phqw/ fruuhvsrqglqj wr

Li wkh xwlolw| ixqfwlrq wdnhv wkh irup

X @ X +f> h> k,

wkhq lw pxvw eh krprjhqrxv ri vrph ghjuhh 4 � u lq f iru wkh h{lvwhqfh ri d edodqfhg
jurzwk sdwk1 Wklv lpsolhv wkdw wkh ixqfwlrq pxvw wdnh wkh irup

X +f> h> k, @
^fY +h> k,`4�u � 4

4� u
=

Wkh deryh ixqfwlrq lv lq wklv fodvv dqg lv wkhuhiruh frqvlvwhqw zlwk edodqfhg jurzwk1 Dv
u$ 4/ lw iroorzv xvlqj O*Krvslwdo*v uxoh/ wkdw

X +f> h> k,$ orj +f, . orj +Y +h> k,, =

46



d jlyhq ohyho ri hpsor|phqw +zdjh, lq wkh zdjh vhwwlqj uhodwlrq pd| eh wkh
uhvxow ri d frpsoh{ surfhvv ri edujdlqlqj ehwzhhq xqlrq dqg �up ru xqlodw0
hudo zdjh vhwwlqj e| xqlrqv1 Khuh/ idfwruv vxfk dv wkh vwuxfwxuh ri froohfwlyh
edujdlqlqj/ wkh folpdwh ri lqgxvwuldo uhodwlrqv dqg wkh g|qdplf vwuxfwxuh ri
phpehuvkls d�hfw wkh zdjh vhwwlqj uhodwlrq1 Reylrxvo|/ wkhvh idfwruv kdyh
qr sodfh lq wkh vwdqgdug ru frqyh{li|hg

vxsso| uhodwlrq1

Lw lv zruwk qrwlqj wkdw/ wkrxjk wkh hfrqrp| lv fkdudfwhul}hg e| wudgh
xqlrqv ehkdylru/ wkh prgho lv xqdeoh wr jhqhudwh gdwd rq xqhpsor|phqw1
Xqhpsor|hg shrsoh duh d frpsrqhqw ri wkh idplo|1 Jlyhq rxu sxusrvh/ wkh
prgho grhv gr qrw lqyroyh wkh khwhurjhqhlw| lpsolfdwlrqv/ exw/ udwkhu/ lw xvhv
d uhsuhvhqwdwlyh krxvhkrog/ wkhuhe| holplqdwlqj zhdowk0uhglvwulexwlrq h�hfwv1
Dowkrxjk rxu prgho lv vlpsohu/ wkh edvlf lghd lv vlplodu wr wkh FLD vsolwwlqj
prgho ghyhorshg e| Oxfdv +4<<3, dqg Ixhuvw +4<<5,1 Lqlwldoo|/ lq wkh oderu
pdunhw/ wkh prgho vsolwv wkh uhsuhvhqwdwlyh krxvhkrog lqwr zrunhu0lqglylgxdov
dqg xqhpsor|hg0lqglylgxdov/ exw erwk nlqg ri lqglylgxdov ixoo| sduwlflsdwh lq
ghwhuplqlqj wkh krxvhkrog exgjhw frqvwudlqw/ zlwk oderu lqfrph dqg ehqh�wv1

Wkh iroorzlqj olihwlph h{shfwhg xwlolw| lv pd{lpl}hg e| wkh krxvhkrog/
wdnlqj lqwr dffrxqw klv exgjhw frqvwudlqw/

L ' .

+
"[
�'f

q|d2

#
S�3^
�|

� �

�� ^

$
� �E?

�|
�e

�|
� >Ee

�|
�e�|o

,
+4514,

v1w1
2S| n &|n� ' �|e�||��| n�|E�� e�|��|� n-|&�| +4515,

Wkh �uvw rughu frqglwlrqv/ |lhog=

uS ' 2S3^�| � 2b| ' f +4516,

u� ' ���E�|�e�| n b|�|e�| � b|�|e�|
' f +4517,

ue ' ��E�|��nb|�|e�| � >Ee
�|
� ' f +4518,

u& ' �b| n q.Eb|n�-|n�� ' f +4519,

2S�| n &�|n� � �|?�| ��|E�� ?�|��-|&�| ' f +451:,
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Xvlqj �E�� ' ds*E� n ��o��n� dqg >Ee� ' d}*E� n R�oe�nR zh jhw

�s�+
�|
n b|�|e�|

� b|�|e�|
' f

�s*E� n ����n�
�|

� }eR
�|
n b|�|��|

� b|�|��|
' f

Vroylqj vlpxowdqhrxvo| iru � dqg e dqg xvlqj +4516,

�
�|
' d�3#E�| ��|�*s o

�*� +451;,

s*E� n ����
�|
n }eR

�|
' b|E�| ��|� +451<,

eR
�|
'
q
d�*E� n ��}od�3#E�| ��|�*s o

r�*R
+45143,

zkhuh zh xvhg +451;, lq +451<, iru �
�|
1

6 Htxloleulxp

Gh�qlwlrq 4 D vwdwlrqdu| frpshwlwlyh htxloleulxp iru wklv hfrqrp| frqvlvwv
ri d vhw ri ghflvlrq uxohv/ S�|Er|�c e�|Er|�c ��|Er|�(d vhw ri djjuhjdwh ghflvlrq
uxohvc`|E7|�c �|E7|�c .|E7|�cM|E7|� dqg d ydoxh ixqfwlrq T Er|� vxfk wkdw

d, wkh ixqfwlrq T Er|�c`|E7|�c �|E7|�c .|E7|�c M|E7|� vdwlvi| +4514, dqg
S�|Er|�c e�|Er|�c ��|Er|� duh wkh dvvrfldwhg ghflvlrq uxohv>

e, e�|Er|� ' .|E7|�c S�|Er|� ' �|E7|�c ��|Er|� ' M|E7|� zkhq &�| ' g|�

Wkh htxloleulxp zh duh jrlqj wr gh�qh fdqqrw eh rewdlqhg dv d vroxwlrq
wr d g|qdplf surjudpplqj sureohp/ iru zh qhhg wr dqdo|}h vhsdudwho| dw
wkh sureohpv idflqj �upv dqg krxvhkrogv1

Wkh olqn ehwzhhq �up*v ghflvlrq dqg krxvhkrog*v rqh lv wkh k|srwkhvlv
wkdw wkh txdqwlw| ri oderu lv ghwhuplqhg e| wkh �up dqg lq hdfk shulrg �_c
dqg wkh djjuhjdwh oderu vxsso| lv wkh surgxfw ri wkh hpsor|phqw udwh . dqg
wkh krxuv ri zrun M�

Wkh htxloleulxp zdjh �W

| lv rewdlqhg htxdwlqj wkh djjuhjdwh ghpdqg dqg
vxsso| ri oderu/

+vhh Dsshqgl{ E,/ � r ' . �M ' �_ G
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zkhuh/ � ' E�*� n �*R�( 7@E�*s �E�*��d�*E� n ��o�*R�

Vxevwlwxwlqj wkh gh�qlwlrq ri wkh htxloleulxp zdjh lq +451;, dqg +45143,/
doorzv xv wr gh�qh dq htxloleulxp iru krxuv dqg hpsor|phqw udwh1 Wkh
hfrqrp| wkdw vroyhv wkh sureohp idflqj e| xqlrq/ �upv dqg krxvhkrogv lv
ghvfulehg e| wkh iroorzlqj Hxohur htxdwlrqv=

MW

| '

+
� �

|

7s
� E� n �3#

| �
K|
s

,
+4714,

.dq

#
�|

�|n�

$#

-|n� ' � +4715,

-| ' w�|g
w3�
| ��3w

| n E�� B� +4716,

�| '
�

2

q
�|g

w
|�

�3w
| n E� � B�g| �g| n�|E� ��|�

r
+4717,

t| ' �|g
w
|�

�3w
| +4718,

614 Wkh vwhdg| vwdwh

Frjoh| dqg Qdvrq +4<<8, hpskdvl}h wkuhh nlqg ri vwdwlrqdulw|= 4, vwdwlrq0
du| durxqg d ghwhuplqlvwlf wuhqg/ 5, gl�huhqfh vwdwlrqdu| prgho zlwk vkrfnv
iroorzlqj d udqgrp zdon +4 ' �,/ 6, vwdwlrqdu| durxqg d vwhdg| vwdwh htxlole0
ulxp1 Wkh wklug vshfl�fdwlrq lv ri rxu lqwhuhvw lq wklv sdshu1 D vwhdg|0vwdwh
iru rxu hfrqrp| lv

q- ' � +4814,

- ' w�gw3�� �3w n E� � B� +4815,

� '
�

2

q
�gw��3w

� Bg n E�����
r

+4816,
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t ' �gw��3w +4817,

M '

+
� �

7s
� E� n �3#�

K

s

,E�*��

+4818,

� ' ��
�

wE#3��g +4819,

� ' � +481:,

Jlyhq rxu dvvxpswlrqv rq ixqfwlrqdo irupv/ whfkqrorj| dqg sdudphwhu*
uhvwulfwlrqv/ wkh vwhdg| vwdwh vroxwlrq +48140481:, h{lvwv dqg lv xqltxh1 Wkh
vroxwlrq phwkrg xvhg lq wklv sdshu lv wkdw vxjjhvwhg e| Nlqj/ Sorvvhu dqg
Uhehor +4<;;d/e,1 Wkh hvvhqfh ri wklv phwkrg lv wr wudqvirup wkh hfrqrp|*v
htxloleulxp fkdudfwhul}dwlrq/ htxdwlrqv +4814,0+481:,/ lqwr dq dssur{lpdwlqj
�uvw0rughu dxwruhjuhvvlyh olqhdu v|vwhp1

Xvlqj olqhdu dssur{lpdwlrqv +h1j1 Fdpsehoo/ 4<<7/ Xoklj 4<<< dprqj
rwkhuv, zh fdq zulwh +vhh Dsshqgl{ F,=

S| '
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E@| n Ew � ��&| n E� � w�?|� +4914,

+| ' E@| n w&| n E� � w�?|� +4915,

f ' .|d#ES| � S|n�� n o|n�o +4916,

?| ' E
�

wE# � ��
K| n

�

w
@| n &|� +4917,

K|n� ' ZK| n 1| +4918,

@|n� ' 4@| n 0| +4919,

Wkh odvw wzr htxdwlrqv uhsuhvhqw wkh vwrfkdvwlf surfhvvhv lq whupv ri
ghyldwlrqv iurp vwhdg| vwdwh1
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7 Txdqwlwdwlyh uhvxowv

714 Wkh vw|ol}hg idfwv ri wkh Hxurshdq  xfwxdwlrqv

Lq d vhplqdo sdshu/ Suhvfrww +4<;9, hpskdvl}hg wkh wkuhh glphqvlrqv ri wkh
exvlqhvv f|foh skhqrphqrq/ wkh shulrglflw| ri rxwsxw/ frpryhphqwv ri rwkhu
yduldeohv zlwk rxwsxw dqg wkh uhodwlyh yduldelolw| ri rwkhu vhulhv1 Wklv sdshu
surylghv lqirupdwlrq rq wkhvh glphqvlrqv/ e| frpsdulqj rxwsxw g|qdplfv/
frpryhphqwv dqg yduldelolw| ri vhyhudo jhqhudwhg duwl�fldo gdwd zlwk vw|ol}hg
idfwv iru wzr Hxurshdq frxqwulhv/ Iudqfh dqg Lwdo|1

Lq wkh Wdeohv 506 ehorz/ zh uhsruw d vxppdu| vwdwlvwlfv iru/ uhvshfwlyho|
Lwdo| dqg Iudqfh/ zkhuhdv Wdeoh 7 uhsurgxfhv iurp Kdludxow +4<<8, vrph
vwdwlvwlfv iru gdwd jhqhudwhg iurp vlpxodwlqj d uhdo exvlqhvv f|foh prgho
zlwk oderu lqglylvlelolw| lq wkh olqh ri Kdqvhq +4<;8,1 Wkh gdwd duh ghwuhqghg
xvlqj wkh Krgulfn0Suhvfrww �owhu vr wkdw exvlqhvv f|fohv duh ghyldwlrqv ri wkh
yduldeohv durxqg wklv wuhqg1 Wkh iroorzlqj fdoleudwlrq rq Iuhqfk hfrqrp| lv=q

w ' f�e2( B ' f�f�2D( 4 ' f�bD(j� ' f�b(q ' f�bb( �� ' f�2
r

Ilqdoo|/ d prgho zlwk oderu lqglylvlelolw| fdoleudwhg rq Lwdo| kdv ehhq
whpswhg dqg uhsruwhg lq Wdeoh 81 Wr fdoleudwh rq Lwdoldq hfrqrp| zh xvh
sdudphwhuv gh�qhg lq Fhqvror dqg Rqriul +4<<6,/

q
w ' f�DDD( B ' f�f2H( 4 ' f�HH(j� ' f�.(q ' f�bHH( �� ' f��

r
�

Dowkrxjk wkhvh prgho vlpxodwlrqv fdq dffrxqw iru vrph gudzedfnv/ vrph
dvshfwv ri wkh gdwd jhqhudwhg e| wkhvh prghov dqg uhsruwhg lq wkh wdeohv/
dsshdu wr eh lqfrqvlvwhqw zlwk wkh wzr Hxurshdq hfrqrplhv1 Wkh Kdqvhq*v
vlpxodwlrqv vkrz wkdw surgxfwlylw| lv kljko| srvlwlyho| fruuhodwhg zlwk erwk
rxwsxw dqg oderu lqsxw1 Zlwk uhvshfw wr rxwsxw/ wkh surgxfwlylw| yduldeoh
vkrzv d fruuhodwlrq ri 31<6 iru Iuhqfk hfrqrp| dqg 319: iru wkh Lwdoldq hfrq0
rp| zkloh wkh fruu+q/ Z� lv uhvshfwlyho|/ 31;: dqg 31<<1 Dfwxdo gdwd vkrzv
wkdw wkh odwwhu fruuhodwlrq lv }hur ru qhjdwlyh/ zkloh wkh rxwsxw0surgxfwlylw|
fruuhodwlrq lv vrphzkdw prghudwh +3178 iru Iuhqfk gdwd dqg 3169 iru wkh
Lwdoldq hfrqrp|,1 Olwhudwxuh rq UEF lqglfdwhv wkh vkrfn rq wkh wrwdo idfwru
surgxfwlylw| dv rqh ri wkh pdmru fdxvh ri wklv uhvxow1

Wdeoh 51 F|folfdo Surshuwlhv rq Iuhqfk Gdwd

4;



yduldeoh +y, | f l q Z
v1g1 31<4 31;4 6197 31;6 3198

v1g12v1g1+|, 4 31<3 7134 31<5 31:5
DU+4, 31:9 319: 31;5 31;< 3196

Fruu+|/y, 4 3196 31;3 31:4 3178
Fruu+q/y, 03168

Wdeoh 61 F|folfdo Surshuwlhv rq Lwdoldq Gdwd
yduldeoh+y, | f l q Z

v1g1 4179 4157 61:3 416< 51:;
v1g12v1g1+|, 4 31;8 5186 31<8 41<3
DU+4, 31;8 31<5 31<4 31<3 31;3

Fruu+|/y, 4 31;3 31:; 3196 3169
Fruu+q/y, 314<

Wdeoh 71 Kdqvhq*v prgho= Iuhqfk Hfrqrp|
yduldeoh+y, | f l q Z

v1g1 41;8 318: 813 4165 318:
v1g12v1g1+|, 4 3163 519< 31:4 3163
DU+4, 319; 31:6 319: 319: 31:6

Fruu+|/y, 4 31<6 31<< 31<; 31<6
Fruu+q/y, 31;:

Wdeoh 81 Kdqvhq*v prgho= Lwdoldq Hfrqrp|
yduldeoh+y, | f l q Z

v1g1 4178 315< 6177 415: 315<
v1g12v1g1+|, 4 3153 516: 31;; 3153
DU+4, 3198 31;9 3197 3196 31;9

Fruu+|/y, 4 319: 31<< 31<< 319:
Fruu+q/y, 31<<

715 Fdoleudwlqj xqlrq prgho

Udqgrp vkrfnv duh duwl�fldo/ dqg wkhuh lv qr zd| ri frpsdulqj jhqhudwhg
wlph vhulhv zlwk klvwrulfdo gdwd1 Wklv ohg N|godqg dqg Suhvfrww wr prgho
wkh surgxfwlylw| vkrfn dv d udqgrp surfhvv zlwk vhohfwhg sdudphwhu/ fkrvhq
wr plplf wkh yduldqfh ri JQS lq wkh XV hfrqrp|1 Ehjlqqlqj zlwk Suhvfrww
+4<;9,/ whfkqrorj| kdg ehhq hvwlpdwhg e| wkh Vrorz uhvlgxdo1 Qhyhuwkh0
ohvv/ fdoleudwlrq ri whfkqrorj| sdudphwhu edvhg rq yduldqfh ri JQS kdv ehhq

4<



uhfhqwo| xvhg lq Frjoh| 0Qdvrq +4<<8,1 Lq wklv sdshu zh iroorz wkh odwwhu
dssurdfk iru wkh wzr Hxurshdq hfrqrplhv1

Wkh vxppdu| vwdwlvwlfv iurp wkh Iuhqfk dqg Lwdoldq xqlrql}hg hfrqrplhv
duh lq Wdeohv 9 dqg :1 Wkh pdlq gl�huhqfhv lq wkh vwdwlvwlfv suhvhqwhg khuh
iurp wkrvh irxqg zlwk wkh Kdqvhq*v prgho/ duh lq wkh xqlrq suhihuhqfhv dqg
wkh dgglwlrqdo vkrfn yduldeoh iru xqhpsor|hg ehqh�wv1

Wkh sdudphwhuv/ ghwhuplqlqj wkh xqlrq ehkdylru duh wkh ulvn dyhuvlrq
sdudphwhu # ' f�eSc wkh shuvlvwhqfh ri wkh vkrfn / ' f�SDc dqg lwv vl}h
j� ' f�fD� Wkh ehqh�w vkrfn sdudphwhu lv vhw wr surylgh d orzhu ghjuhh ri
shuvlvwhqfh zlwk uhvshfw wr wkh whfkqrorj| sdudphwhu1 Wr vhohfw wklv sdudp0
hwhu zh dffrxqw iru ruglqdu| zdjh vxssohphqwdu| ixqg ehqh�wv/ zklfk duh
sdlg wr Lwdoldq zrunhuv d�hfwhg e| froohfwlyh od|0r�v lq �upv zlwk 49 ru pruh
hpsor|hhv dv d uhvxow ri d whpsrudu| ghfolqh lq hfrqrplf dfwlylw|1 Vlqfh
ehqh�w lqvxudqfh lv kljko| surf|folfdo/ lwv h�hfw vkrxog eh ohvv shuvlvwhqw1
Zh h{whqg wklv frqvlghudwlrq wr wkh Iudqfk oderu pdunhw1 Zlwk uhjdug wkh
ulvn dyhuvlrq sdudphwhu/ wkh ydoxh vhohfwhg vxjjhvw wkdw erwk wkh Lwdoldq dqg
Iuhqfk zrunhuv duh uhodwlyho| ulvn dyhuvh1 Wklv lqglfdwhv wkdw xqlrqv lq wkhvh
frxqwulhv/ frqvlghu lq vrph zd| wkh hpsor|phqw frqvhtxhqfhv ri wkhlu zdjh
srolflhv1 Rxu xqlrql}hg hfrqrp| r�huv d vfrsh iru prqrsrolvwlf zdjh vhwwlqj
vlqfh edujdlqlqj lv frqfoxghg/ lq wkhvh frxqwulhv/ rq dq fhqwudo0vhfwruldo ed0
vlv1 Krzhyhu/ ehfdxvh xqlrq phpehuvkls lv frqglwlrqdo xsrq hpsor|phqw/
wkh gdqjhu ri prqrsrolvwlf zdjh0vhwwlqj lv uhgxfhg= xqlrq pd| wdnhv d orzhu
ulvn lq glvsxwhv zlwk hpsor|huv dvvrfldwlrqv1 Wkh uhpdlqlqj sdudphwhu lv wkh
fruuhodwlrq ehwzhhq wkh udqgrp whfkqrorj| dqg ehqh�w vkrfnv/ dvvxphg wr
eh l�c� ' f��2� +ehorz/ lq d ixuwkhu h{shulphqw/ zh uhod{ wklv dvvxpswlrq/
uxqqlqj d prgho zlwk ruwkrjrqdo udqgrp surfhvvhv,1
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Wdeoh 91 Xqlrq*v prgho= Iuhqfk Hfrqrp|
yduldeoh+y, | f l q Z

v1g1 5158 3178 ;144 5149 3184
v1g12v1g1+|, 4 3153 6194 31<9 3156
DU+4, 3178 31;: 3177 3179 31:3

Fruu+|/y, 4 3173 4 31<; 3163
Fruu+q/y, 3148

Wdeoh :1 Xqlrq*v prgho= Lwdoldq Hfrqrp|
yduldeoh+y, | f l q Z

v1g1 4177 3178 617; 4165 3196
v1g12v1g1+|, 4 3164 5174 31<5 3177
DU+4, 3193 31<5 318; 3193 31:<

Fruu+|/y, 4 3186 4 31<6 3173
Fruu+q/y, 314;

Rqh idfw zruwk qrwlqj lv wkdw wkh qhz prgho vlpxodwlrqv |lhog d uhpdun0
deoh lpsuryhphqw ri wkh �wurxeohvrph idfwv�ghslfwhg e| wkh surwrw|sh UEF
prghov1 Wkh prvw vxffhvvixo ihdwxuhv ri wkh prgho duh lq wkh lpsolhg fru0
uhodwlrq vwuxfwxuh1 Xqghu wkh deryh frqglwlrqv/ wkh prghov vhhp glvsod|
uhdolvwlf ihdwxuhv iru erwk/ wkh hpsor|phqw yduldelolw| sx}}oh dqg wkh sur0
gxfwlylw| sx}}oh +frqwudvw Wdeohv 5 dqg 6 zlwk Wdeohv 90:,1 Dowkrxjk wkh
Lwdoldq xqlrq UEF prgho suhglfwv wkdw hpsor|phqw lv ohvv yduldeoh wkdq lq
uhdow|/ lwv lpsuryhphqw zlwk uhvshfw wkh Kdqvhq yhuvlrq lv uhpdundeoh1 Frp0
sdulqj zlwk wkh dfwxdo gdwd/ d prgho*v xqvxffhvvixo ihdwxuh lv wkh udwlr ri
vwdqgdug ghyldwlrq ri hpsor|phqw uhodwlyh wr surgxfwlylw|1 Wklv udwlr lv 318
lq wkh Lwdoldq hfrqrp| dqg 716; lq wkh Kdqvhq prgho vroxwlrq1 Wkh xqlrq
prgho/ krzhyhu/ ohvvhqv wkh yrodwlolw| ri hpsor|phqw wr oderu surgxfwlylw| wr
514 zkhuhdv iru wkh Iuhqfk hfrqrp| wklv ihdwxuh uhpdlqv xqvdwlvidfwru|= wkh
udwlr lv 416 lq wkh Iuhqfk hfrqrp| exw lw lv 715 lq wkh xqlrq prgho hfrqrp|
+717 lq wkh Kdqvhq*v prgho,1 Pruhryhu/ wkh fruuhodwlrqv frqfhuqlqj wkh oderu
surgxfwlylw| yduldeoh zlwk rxwsxw dqg hpsor|phqw duh prghudwh dqg yhu|
forvh wr wkh uhdow| dv h{suhvvhg e| wkh vwdwlvwlfv lq Wdeohv 5 dqg 61 Ryhudoo/
wkh prgho vhhp wr h{sodlq wkh yrodwlolw| ri rxwsxw dqg wkh rwkhu yduldeohv
h{fhsw frqvxpswlrq1

Lq rughu wr dqdo|}h wkh hpsor|phqw dqg surgxfwlylw| sx}}oh ri wkh fdo0
leudwhg Xqlrq*v UEF prgho/ pd| eh xvhixo fduu| rxw dq h{shulphqw zlwk

54



d orzhu fruuhodwlrq iru wkh wzr udqgrp vkrfnv1 Wr wklv hqg/ zh vhw wkh iro0
orzlqj sdudphwhuv

q
w( B( 4(/(j�(j�( #(q( ��

r
dv lq wkh suhylrxv h{shulphqw1

Dovr shuvlvwhqfh dqg yduldqfh ri wkh vkrfnv duh xqfkdqjhg/ zklovw wkh lpsrvh
ruwkrjrqdolw| ri wkh vwrfkdvwlf surfhvvhv/ l�c� ' f/ iru erwk wkh hfrqrplhv
+Iuhqfk dqg Lwdoldq,1 Lqwhuhvwlqjo|/ uhgxflqj fruuhodwlrq ehwzhhq wkh vkrfnv
fdxvhv d frxqwhuf|folfdo ehkdylru ri surgxfwlylw| dqg hpsor|phqw1 Wkh
surgxfwlylw| fruuhodwlrq vwuxfwxuhv lv iru wkh Lwdoldq prgho/ Fruu+|/Z,@03156
Fruu+q/Z,@0316</ zkloh iru wkh Iuhqfk prgho lv Fruu+|/Z,@3144/ Fruu+q/Z,@0
31571

Iljxuh 5 dqg 6 wudfh rxw wkh lpsxovh0uhvsrqvh ixqfwlrqv wkdw uhvxow iurp
wkh uhvroxwlrq ri wkh prgho1 Wkh wzr ihdwxuhv wkdw duh prvw qrwlfhdeoh duh
wkh wkh frqwudvwlqj shuirupdqfh ri wkh yduldeohv xqghu wkh wzr vkrfnv1 Iluvw/
wkh uhvsrqvhv ri rxwsxw/ frqvxpswlrq/ lqyhvwphqw dqg hpsor|phqw gxh wr
wkh h�hfw ri wkh ehqh�w vkrfn duh lqvwdqwdqhrxvo| ehorz wkhlu vwhdg| vwdwh
ohyho dqg wkhq lqfuhdvh wr wkhlu orzhu vwdwlrqdu| ohyhov1 Wkh frqvxpswlrq
sdwk glvsod|v d ghfolqlqj sdwk1 Wkh slfwxuh lv uhyhuvhg zkhq wkh hfrqrp| lv
klw e| d surgxfwlylw| vkrfn1 Iru lqvwdqfh/ wkh �jxuhv lqglfdwh wkdw wkh wzr
vkrfnv fkdqjh hpsor|hg dqg xqhpsor|hg frqvxpswlrq e| wkh vdph dprxqw
deryh +WIS vkrfn, dqg ehorz +ehqh�w vkrfn, wkhlu uhvshfwlyh vwhdg| vwdwh
ydoxhv1 Wkh vhfrqg glvwlqjxlvklqj uhvxow/ frqfhuqv wkh odwwhu vkrfn> wkh vkliw
lq whfkqrorj| grhv qrw d�hfw oderu surgxfwlylw|1 Lq �jxuh 5 wkhuh lv qr
surgxfwlylw| ghyldwlrq iurp wkh vwhdg| vwdwh= htxdwlrq +4915, dqg +4917,
deryh/ lqglfdwh wkdw iru wkh fkrvhq vshfl�fdwlrq +Free0Grxjodv surgxfwlrq
ixqfwlrq, dqg zlwk hpsor|phqw  xfwxdwlrqv zklfk gr qrw ghshqg rq wkh
frqvxphu rswlpdo uhvsrqvh/ exw duh xqltxho| ghwhuplqhg lq wkh oderu pdunhw/
d whfkqrorj| vkrfn fdxvhv dq htxdo lqfuhdvh ri hpsor|phqw dqg rxwsxw deryh
wkh vwhdg| vwdwh1

8 Frqfoxvlrqv

Zh vshfli|/ vroyh dqg vlpxodwh d UEF prgho zkhuh wkh oderu pdunhw lv lq x0
hqfhg e| wudgh xqlrq ehkdylru1 D g|qdplf prgho ri xqlrq dqg phpehuvkls
lv gh�qhg dqg lqfoxghg lq wkh UEF iudphzrun1 Wzr vrxufhv ri udqgrp0
qhvv/ d vkrfn wr wrwdo idfwru surgxfwlylw| dqg d vkrfn wr wkh xqhpsor|hg
ehqh�wv/ gulyh wkh prgho1 Lqqrydwlrq lq ehqh�wv dsshdu wr frqwulexwh frq0
vlghudeo| wr pdfurhfrqrplf  xfwxdwlrqv1 Jlyhq wkh vwuxfwxuh ri wkh prgho/
wkh vkrfnv uhgxfh uhpdundeo| vrph vkruwfrplqj ri wkh fdqrqlfdo UEF/ sur0
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ylglqj surplvlqj uhvxowv1 Wkh pdlq lpsolfdwlrq lv wkdw wkh xqlrq prgho dowhu
wkh vwuxfwxuh ri wkh UEF prgho1 Krxvhkrog/ qrz/ vxssolhv h{dfwo| wkh oderu
txdqwlw| uhtxhvwhg e| wkh xqlrq/ dqg wkh �up lv dozd|v rq lwv oderu ghpdqg
fxuyh1 Wkxv wklv prgho r�huv dq dowhuqdwlyh h{sodqdwlrq ri djjuhjdwh hp0
sor|phqw  xfwxdwlrqv wr wkh fdqrqlfdo frqvxphu lqwhuwhpsrudo vxevwlwxwlrq
uhvsrqvhv1 Wkh rswlpdo vxssolhuv* uhvsrqvh lv frqvwudlqhg e| wkh oderu pdu0
nhw rxwfrphv1 Wklv lpsolhv wkdw wkh h{whqw wr zklfk hpsor|phqw +ru zdjhv,
fkdqjhv iurp d surgxfwlylw| vkrfn grhv qrw ghshqg rq wkh vorsh ri wkh oderu
vxsso| fxuyh +dqg �qdoo| rq wkh lqwhuwhpsrudo vxevwlwxwlrq ri oderu vxsso|,/
exw lv gh�qhg e| wkh fkdudfwhulvwlfv ri wkh edujdlqlqj zdjh fxuyh1
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9 Dsshqgl{ D= wkh xqlrq prgho1
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