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41 Lqwurgxfwlrq

Wkh rshq hfrqrp| shupdqhqw lqfrph k|srwkhvlv +SLK, lpsolhv wkdw zkhq d frxqwu|
h{shfwv d fkdqjh lq ixwxuh lqfrph/ lw xvhv wkh fxuuhqw dffrxqw wr vprrwk frqvxps0
wlrq lqwhuwhpsrudoo|1 Frqvhtxhqwo|/ wkh fxuuhqw dffrxqw/ zklfk e| gh�qlwlrq lv htxdo
wr wkh fkdqjh lq wkh frxqwu|*v qhw iruhljq dvvhwv/ phdvxuhv vdylqj iru wkh hfrqrp| dv
d zkroh1 Lq wkh fdvh ri dq h{shfwhg ghfolqh lq lqfrph/ wkh fxuuhqw dffrxqw zloo eh lq
vxusoxv/ dv wkh SLK lpsolhv wkdw wkh frxqwu| zloo vdyh �iru d udlq| gd|� +Fdpsehoo/
4<;:,1 Frqyhuvho|/ li lqfrph lv h{shfwhg wr ulvh/ frqvxpswlrq zloo eh vprrwkhg e|
phdqv ri eruurzlqj lq zruog fdslwdo pdunhwv/ dqg wkh fxuuhqw dffrxqw zloo vkrz d
gh�flw1

E| phdqv ri d yhfwru dxwruhjuhvvlrq +YDU, iru lqfrph dqg wkh fxuuhqw dffrxqw/ lw
lv srvvleoh wr whvw wkh uhvwulfwlrqv wkdw duh lpsolhg e| wkh SLK1 Pruhryhu/ lw lv srvvleoh
wr ylvxdoo| fkdudfwhul}h wkh �w ri wkh prgho1 Iurp wkh YDU dqg wkh xqghuo|lqj
wkhru|/ rqh fdq frqvwuxfw d suhglfwlrq ri wkh fxuuhqw dffrxqw1 Dq dvvhvvphqw ri wkh
prgho fdq wkhq eh pdgh e| frpsdulqj wkh dfwxdo fxuuhqw dffrxqw zlwk wkh suhglfwhg
fxuuhqw dffrxqw lq d wlph vhulhv sorw1 Li wkh SLK lv wuxh/ wkhq wkh wzr vhulhv vkrxog
eh lghqwlfdo1 �

Hpslulfdoo|/ wkh SLK xvxdoo| idlov/ dqg lw idlov lq d zd| wkdw pdnhv wkh dfwxdo
fxuuhqw dffrxqw  xfwxdwh pruh wkdq wkh suhglfwhg fxuuhqw dffrxqw1 Wklv �h{fhvv
yrodwlolw|� ri wkh fxuuhqw dffrxqw lv d sx}}oh wkdw dsshduv wr eh suhvhqw lq prvw
lqgxvwuldol}hg frxqwulhv1 Iru lqvwdqfh/ xvlqj srvwzdu gdwd iru Fdqdgd/ Jhupdq|/
Mdsdq/ dqg wkh Xqlwhg Nlqjgrp/ Jkrvk +4<<8, uhmhfwv wkh SLK dqg �qgv wkdw wkh
fxuuhqw dffrxqwv ri wkhvh frxqwulhv duh h{fhvvlyho| yrodwloh1 Wkh Xqlwhg Vwdwhv lv wkh
rqo| frxqwu| lq Jkrvk*v vdpsoh zkhuh wkh hylghqfh lv lq idyru ri wkh SLK1 Rwkhu
� Wkh phwkrg lv gxh wr Fdpsehoo +4<;:, zkr ruljlqdoo| dssolhg wkh SLK prgho wr lqyhvwljdwh
vdylqj ghflvlrqv ri lqglylgxdov vxemhfw wr oderu lqfrph +vhh dovr Fdpsehoo dqg Vkloohu/ 4<;:,1 Vxfk
d vhwxs lv riwhq uhihuuhg wr dv wkh SLK lq d forvhg hfrqrp| frqwh{w1 Wkh h{whqvlrq ri wkh SLK wr
wkh rshq hfrqrp|/ l1h1 wkh h{whqvlrq ri wkh SLK wr wkh fxuuhqw dffrxqw/ xvlqj Fdpsehoo*v phwkrg
lv gxh wr Vkh�ulq dqg Zrr +4<<3,/ Rwwr +4<<5,/ dqg Jkrvk +4<<8,1 Iru d vxuyh|/ vhh Revwihog dqg
Urjr� +4<<8,1
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vwxglhv/ lqfoxglqj Vkh�ulq dqg Zrr +4<<3,/ Rwwr +4<<5,/ dqg Revwihog dqg Urjr�
+4<<8/ 4<<9, uhdfk vlplodu frqfoxvlrqv1 Iru ghyhorslqj frxqwulhv/ wkh prgho dsshduv
wr shuirup ehwwhu1 Jkrvk dqg Rvwu| +4<<8, dsso| wkh prgho wr iruw|0�yh ghyhorslqj
frxqwulhv dqg �qg wkdw/ iru d pdmrulw|/ wkh SLK fdqqrw eh uhmhfwhg1 Vwloo/ iru prvw
frxqwulhv lq wkhlu vwxg|/ wkh uhvxowv lqglfdwh/ dw ohdvw ylvxdoo|/ wkdw wkh dfwxdo fxuuhqw
dffrxqw lv pruh yrodwloh wkdq wkh suhglfwhg fxuuhqw dffrxqw1

Wkh sxusrvh ri wklv sdshu lv wr wu| wr dffrxqw iru wkh idloxuh ri wkh SLK dqg
wkh uhodwhg sx}}oh ri dq h{fhvvlyho| yrodwloh fxuuhqw dffrxqw e| dsso|lqj Iodylq*v
+4<<6, h{fhvv vhqvlwlylw| k|srwkhvlv +HVK, wr wkh rshq hfrqrp| vhwwlqj1 Iodylq*v
zrun/ zklfk iroorzv iurp Kdoo*v +4<:;, vhplqdo sdshu/ lv frqfhuqhg zlwk vwxg|lqj
frqvxpswlrq dqg wrwdo �qdqfldo vdylqj ri lqglylgxdov vxemhfw wr oderu lqfrph1 Dv
Kdoo vkrzv/ jlyhq vwulfw uhvwulfwlrqv rq wdvwhv/ wkh SLK lpsolhv wkdw frqvxpswlrq
iroorzv d pduwlqjdoh dqg wkxv lv ruwkrjrqdo wr odjjhg fkdqjhv lq rwkhu yduldeohv1 E|
frqwudvw/ wkh HVK srvlwv wkdw frqvxpswlrq h{klelwv vhqvlwlylw| wr fxuuhqw lqfrph1
Wkh fruuhvsrqglqj lqfrph phdvxuh lq wkh rshq hfrqrp| vhwwlqj lv qdwlrqdo fdvk
 rz/ gh�qhg dv rxwsxw ohvv lqyhvwphqw ohvv jryhuqphqw frqvxpswlrq1 Frqvhtxhqwo|/
wkh rshq hfrqrp| yhuvlrq ri wkh HVK srvlwv wkdw frqvxpswlrq h{klelwv vhqvlwlylw|
wr fxuuhqw qdwlrqdo fdvk  rz1

Vhfwlrq 514 h{whqgv Iodylq*v +4<<6, zrun rq wkh HVK wr wkh rshq hfrqrp| vhwwlqj/
l1h1/ wr wkh fxuuhqw dffrxqw1 Wkh dssolfdwlrq lv vwudljkwiruzdug/ vlqfh wkh phwkrg ri
h{whqglqj wkh HVK wr wkh fxuuhqw dffrxqw forvho| iroorzv wkdw ri h{whqglqj wkh SLK
wr wkh fxuuhqw dffrxqw1 Wklv lv ehfdxvh/ mxvw dv Iodylq srlqwv rxw/ wkh SLK fdq eh
uhjdughg dv d vshfldo fdvh ri wkh HVK1 Wkh vhfwlrq glvfxvvhv wkh pdlq surshuwlhv ri
wkh HVK dqg wkhq/ Vhfwlrq 515 vkrzv krz wkhvh surshuwlhv wudqvodwh lqwr whvwdeoh
furvv0htxdwlrq YDU uhvwulfwlrqv1 Lw lv dovr vkrzq krz wkh phwkrg ri frqvwuxfwlqj
wkh suhglfwhg fxuuhqw dffrxqw gluhfwo| fduulhv ryhu wr wkh HVK iudphzrun1

Vhfwlrq 516 vkrzv wkdw wkh HVK lv d jhqhudol}dwlrq ri wkh SLK wkdw fdq eh lq0
whusuhwhg dv uhod{lqj wkh dvvxpswlrq ri shuihfw lqwhuqdwlrqdo fdslwdo prelolw|1 Lq
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frqwudvw wr wkh SLK/ wkh HVK doorzv iru dq| ghjuhh ri lqwhuqdwlrqdo fdslwdo pr0
elolw| wkdw lv frqvlvwhqw zlwk wkh ixqgdphqwdo remhfwlyh ri vprrwklqj frqvxpswlrq
lqwhuwhpsrudoo|1 Iurp wklv/ lw iroorzv wkdw wkh wkhruhwlfdo surshuwlhv ri wkh HVK
fdq eh uhfrqflohg zlwk Jkrvk*v +4<<8, dujxphqw wkdw wkh idloxuh ri wkh SLK dqg
wkh h{fhvv yrodwlolw| ri wkh fxuuhqw dffrxqw lv gxh wr �wrr pxfk� fdslwdo prelolw|1
Dffruglqjo|/ wkh HVK r�huv d irupdo vroxwlrq wr wkh sx}}oh ri dq h{fhvvlyho| yrodwloh
fxuuhqw dffrxqw1 Ixuwkhupruh/ wkh HVK vxjjhvwv dq dowhuqdwlyh dssurdfk wr Jkrvk*v
phwkrg iru phdvxulqj wkh ghjuhh ri d frxqwu|*v lqwhuqdwlrqdo fdslwdo prelolw|1 �

Vhfwlrq 6 xvhv Vzhglvk srvwzdu gdwd wr whvw wkh SLK dqg wkh HVK1 Vzhghq lv d
vpdoo rshq hfrqrp| wkdw fohduo| looxvwudwhv zkdw lv frpprq zkhq wkh SLK lv dssolhg
wr dq lqgxvwuldol}hg frxqwu|*v fxuuhqw dffrxqw1 � Dowkrxjk wkh prgho surylghv d
uhdvrqdeoh �w/ wkh uhvwulfwlrqv lpsolhg e| wkh SLK fdq eh uhmhfwhg/ dqg wkh fxuuhqw
dffrxqw lv h{fhvvlyho| yrodwloh1 E| frqwudvw/ wklv sdshu vkrzv wkdw zkhq lw lv dvvxphg
wkdw frqvxpswlrq lv jhqhudwhg e| wkh HVK/ wkh prgho fdqqrw eh uhmhfwhg/ dqg wkh
dfwxdo dqg suhglfwhg fxuuhqw dffrxqw vhulhv duh doprvw lghqwlfdo1 Wkdw lv/ zkhq
frqvxpswlrq lv dvvxphg wr eh jhqhudwhg e| wkh HVK/ wkh sx}}oh ri dq h{fhvvlyho|
yrodwloh fxuuhqw dffrxqw lv vroyhg1 Vhfwlrq 7 surylghv vrph frqfoxglqj uhpdunv1

51 Wkh rshq hfrqrp| h{fhvv vhqvlwlylw| k|srwkhvlv
514 Wkh prgho
Wkh h{whqvlrq ri wkh HVK wr wkh rshq hfrqrp| exlogv rq zrun e| Fdpsehoo +4<;:,/
Fdpsehoo dqg Ghdwrq +4<;<,/ dqg prvw qrwdeo|/ e| Iodylq +4<<6,1 Frpsduhg wr wkh
forvhg hfrqrp| vhwwlqj/ wkh rshq hfrqrp| vhwwlqj irfxvhv rq d eurdghu phdvxuh ri
lqfrph dqg d qduurzhu fdwhjru| ri dvvhwv1 Wkh lqfrph phdvxuh lq wkh rshq hfrqrp|
� Dq dssurdfk iru dvvhvvlqj d frxqwu|*v ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| wkdw lv vlplodu
wr wkh rqh h{soruhg lq wklv sdshu lv jlyhq e| Vkledwd dqg Vklqwdql +4<<;,1 Krzhyhu/ d gluhfw
frpsdulvrq zlwk wkhlu zrun lv gl!fxow ehfdxvh wkh| xvh d voljkwo| gl�huhqw xqghuo|lqj wkhru| iru
frqvxpswlrq/ d gl�huhqw olqh ri wkhruhwlfdo uhdvrqlqj/ dqg d gl�huhqw hpslulfdo phwkrg +vhh i1q1
44,1� Revwihog dqg Urjr� +4<<8/ 4<<9, suhvhqw ylvxdo hylghqfh iru Vzhghq dqg rwkhu lqgxvwuldol}hg
frxqwulhv lqfoxglqj Ehojlxp/ Fdqdgd/ Ghqpdun/ dqg wkh Xqlwhg Nlqjgrp1
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vhwwlqj lv qdwlrqdo fdvk  rz/ ] � / gh�qhg dv

] � ' T � �J � � L � > +4,
zkhuh T � lv wkh ohyho ri uhdo shu fdslwd rxwsxw> J � lv wkh ohyho ri uhdo shu fdslwd
jryhuqphqw frqvxpswlrq> dqg L � lv wkh ohyho ri uhdo shu fdslwd lqyhvwphqw1 Lw lv
dvvxphg wkdw qdwlrqdo fdvk  rz iroorzv dq h{rjhqrxv vwrfkdvwlf surfhvv wkdw lv
vwdwlrqdu| lq �uvw gl�huhqfhv1 Wkh dvvhw fdwhjru| ri lqwhuhvw lv uhdo shu fdslwd qhw
iruhljq fodlpv/ E � / zklfk hyroyh ryhu wlph dffruglqj wr

E �
	�� ' E� n u�E � n ] � � F � > +5,
zkhuh u ghqrwhv wkh zruog udwh ri uhdo lqwhuhvw +dvvxphg frqvwdqw, dqg F � ghqrwhv
wkh ohyho ri uhdo shu fdslwd frqvxpswlrq1 Wkh fxuuhqw dffrxqw/ FD � / lv wkhq gh�qhg
dv wkh fkdqjh lq qhw iruhljq dvvhwv/ l1h1/

FD � ' E �	�� �E � ' uE � n ] � � F � = +6,
Wdnlqj wkh �uvw gl�huhqfh dqg uhduudqjlqj/ jlyhv

{F � ' E� n u�FD ����� � FD � n{] � = +7,
Wr whvw wkh prgho/ rqh fdq lpsrvh rq wkh lghqwlw| +7, wkh ghulyhg irup iru

FD � lpsolhg e| wkh HVK/ dqg wkhq xvh d YDU iru FD � dqg {] � wr hydoxdwh wkh
uhvxowlqj uhvwulfwlrqv1 Wkh ghwdlov uhjduglqj wklv duh rxwolqhg lq Vhfwlrq 5151 Mxvw
dv zlwk wkh SLK/ lw lv dovr srvvleoh wr xvh wkh YDU wr frqvwuxfw d suhglfwlrq ri wkh
fxuuhqw dffrxqw dqg wkhq frpsduh lw wr wkh dfwxdo fxuuhqw dffrxqw vhulhv1 Li wkh
HVK lv wuxh/ wkh wzr vhulhv vkrxog eh lghqwlfdo1 Krzhyhu/ dv Vhfwlrq 516 dujxhv/ wkh
hfrqrplf lqwhusuhwdwlrq ri wklv frpsdulvrq lv yhu| gl�huhqw iurp zkhq frqvxpswlrq
lv dvvxphg wr eh jhqhudwhg e| wkh SLK1

Lq lwv ruljlqdo irup/ wkh HVK lv d vwdwhphqw derxw frqvxpswlrq lq ohyhov1 Lq
rughu wr ghulyh lw/ frqvlghu �uvw wkh rshq hfrqrp| frxqwhusduw ri Iodylq*v +4<;4,
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shupdqhqw lqfrph/ l1h1 shupdqhqw qdwlrqdo fdvk  rz/ ] �
� / zklfk lv gh�qhg dv wkh

dqqxlw| ydoxh ri wkh vxp ri qhw iruhljq dvvhwv dqg wkh suhvhqw glvfrxqwhg ydoxh ri
h{shfwhg ixwxuh qdwlrqdo fdvk  rz1 Wkdw lv/

] �
� ' uE � n u

� n u
�[
��� �

� �
� n u

� � ���
H � ] � > +8,

zkhuh H � lv wkh h{shfwdwlrqv rshudwru/ frqglwlrqdo rq wkh djhqw*v frpsohwh lqirupd0
wlrq vhw dw w/ L � 1 Qh{w/ gh�qh wudqvlwru| qdwlrqdo fdvk  rz/ ] �

� / dv wkh uhvlgxdo

] �
� ' Y � � ] �

� ' ] � n uE � � ] �
� > +9,

zkhuh Y � lv wrwdo fdvk  rz gh�qhg dv ] � n uE � / l1h1 wkh vxp ri qdwlrqdo fdvk  rz
dqg lqwhuhvw hduqhg rq suhylrxvo| dftxluhg dvvhwv1 Lq wklv rshq hfrqrp| vhwwlqj/
Iodylq*v +4<<6, h{fhvv vhqvlwlylw| k|srwkhvlv ri frqvxpswlrq ehkdylru ehfrphv

F � ' �] �
� n ] �

� > +:,
zkhuh � lv wkh h{fhvv vhqvlwlylw| sdudphwhu1 Wkxv/ zkhq � lv gl�huhqw iurp }hur/
frqvxpswlrq lv h{fhvvlyho| vhqvlwlyh lq wkh vhqvh wkdw lw ghshqgv qrw rqo| rq shu0
pdqhqw exw dovr rq wudqvlwru| qdwlrqdo fdvk  rz1 Lq wkh vshfldo fdvh zkhq � ' f/
wkhuh lv qr h{fhvv vhqvlwlylw|/ dqg wkh uhvxow lv wkh SLK/ l1h1

F � ' ] �
� = +;,

Lw iroorzv iurp Kdoo +4<:;, wkdw wkh SLK vwdwhg dv lq +;, lv wkh rswlpdo vroxwlrq iru
dq djhqw zlwk txdgudwlf xwlolw| zkr vhwv wkh vxemhfwlyh glvfrxqw udwh htxdo wr wkh
uhdo lqwhuhvw udwh1

Zkloh shupdqhqw qdwlrqdo fdvk  rz iroorzv d pduwlqjdoh xqghu wkh SLK/ wklv lv
qrw wuxh xqghu wkh HVK1 Wr vhh wklv/ vxevwlwxwh +:, lqwr +5,/ odj rqh shulrg/ dqg
wkhq vxevwlwxwh wkh uhvxowlqj h{suhvvlrq iru E � lqwr +8,1 Diwhu vrph pdqlsxodwlrq/
wkh uhvxow lv
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] �
� ' ] �

����� � u�] �
����� n u

� n u
�[
��� �

� �
� n u

� � ���
EH � � H ����� �] � = +<,

Lw lv hylghqw iurp +<, wkdw wkh suhvhqfh ri wkh whup u�] �
����� ghvwur|v wkh pduwlqjdoh

surshuw|1 Krzhyhu/ uhjdugohvv ri zkhwkhu � lv gl�huhqw iurp }hur/ wkh lqqrydwlrq lq
shupdqhqw qdwlrqdo fdvk  rz lv jlyhq e|

% � � � ' ] �
� � H ����� ] �

� ' u
� n u

�[
��� �

� �
� n u

� � ���
EH � � H ����� �] � = +43,

Ehfdxvh erwk shupdqhqw dqg wudqvlwru| qdwlrqdo fdvk  rz ghshqg rq h{shf0
wdwlrqv derxw ixwxuh qdwlrqdo fdvk  rz/ lw lv gl!fxow wr xvh +:, wr ghwhuplqh wkh
uhvwulfwlrqv wkdw wkh ixqgdphqwdo dvvxpswlrq ri frqvxpswlrq vprrwklqj ehkdylru
sodfhv rq wkh h{fhvv vhqvlwlylw| sdudphwhu/ �1 Ixuwkhupruh/ dv vkrzq ehorz/ wudqvl0
wru| qdwlrqdo fdvk  rz lv e| gh�qlwlrq sursruwlrqdo wr h{shfwhg ghfolqhv lq qdwlrqdo
fdvk  rz1 Dv d frqvhtxhqfh/ lw fdq dovr eh gl!fxow wr xvh +:, wr ghwhuplqh wkh h{0
dfw lpsdfw ri h{shfwhg ixwxuh fkdqjhv lq qdwlrqdo fdvk  rz rq fxuuhqw frqvxpswlrq1
Iruwxqdwho|/ h{suhvvlqj wkh HVK dv d vwdwhphqw derxw vdylqj/ FD � / doorzv iru d fohdu
lqwhusuhwdwlrq ri erwk wkh hfrqrplf dqg wlph vhulhv surshuwlhv ri wkh k|srwkhvlv1 �

Khqfh/ ehiruh lqyhvwljdwlqj wkh surshuwlhv ri wkh HVK ixuwkhu/ +:, lv wudqviruphg
lqwr d vwdwhphqw derxw vdylqj1

Lqwxlwlyho|/ wkh iudfwlrq ri wudqvlwru| qdwlrqdo fdvk  rz wkdw lv qrw frqvxphg lq
wkh fxuuhqw shulrg lv vdyhg1 Wr vhh wklv irupdoo|/ vxevwlwxwh +9, dqg +:, lqwr +6,/ vr
wkdw

FD � ' ] �
� n ] �

� � �] �
� � ] �

� ' E�� ��] �
� = +44,

Wudqvlwru| qdwlrqdo fdvk  rz fdq eh h{sdqghg lq dq lqirupdwlyh zd|1 Iluvw/ vxevwl0
wxwh +8, lqwr +9, lq rughu wr rewdlq
� Iru ixuwkhu hoderudwlrq rq wklv srlqw/ vhh Fdpsehoo +4<;:,1
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] �
� ' ] � � u

� n u
�[
��� �

� �
� n u

� � ���
H � ] � = +45,

Diwhu vrph pdqlsxodwlrq/ wklv |lhogv

] �
� ' �

�[
��� �	��

� �
� n u

� � ���
H � {] � > +46,

zkhuh {] � ' ] � � ] � ��� = Wkxv/ dv fodlphg deryh/ wudqvlwru| qdwlrqdo fdvk  rz lv
sursruwlrqdo wr h{shfwhg ghfolqhv lq qdwlrqdo fdvk  rz1 Vxevwlwxwlqj +46, lqwr +44,/
wkh HVK fdq eh vwdwhg dv

FD � ' E�� ��
%
�

�[
��� �	��

� �
� n u

� � ���
H � {] �

&
= +47,

Wkxv/ dffruglqj wr wkh HVK/ wkh fxuuhqw dffrxqw lv htxdo wr wkh suhvhqw glvfrxqwhg
ydoxh ri h{shfwhg ghfolqhv lq qdwlrqdo fdvk  rz wlphv d vfdolqj idfwru wkdw ghshqgv
rq wkh pdjqlwxgh ri wkh h{fhvv vhqvlwlylw| sdudphwhu/ �1

Htxdwlrq +47, lv d jhqhudol}dwlrq ri Fdpsehoo*v +4<;:, �vdylqj0iru0d0udlq|0gd|�
htxdwlrq/ dqg lw uhyhdov wkh uhvwulfwlrq wkdw wkh dvvxpswlrq ri frqvxpswlrq vprrwk0
lqj ehkdylru sodfhv rq wkh h{fhvv vhqvlwlylw| sdudphwhu/ �1 Lw iroorzv wkdw frqvxps0
wlrq vprrwklqj ehkdylru lv rqo| frqvlvwhqw zlwk dq| ydoxh ri � wkdw lv ohvv wkdq
xqlw|1 Wkdw lv/ zkhq � ? �> +47, lpsolhv wkdw zkhq ixwxuh qdwlrqdo fdvk  rz lv
h{shfwhg wr idoo/ wkh fxuuhqw dffrxqw lv lq vxusoxv/ l1h1/ wkh djhqw vdyhv lq rughu wr
vprrwk frqvxpswlrq ryhu wlph1 Rq wkh rwkhu kdqg/ zkhq wkh djhqw h{shfwv dq
lqfuhdvh lq ixwxuh qdwlrqdo fdvk  rz/ wkh fxuuhqw dffrxqw lv lq gh�flw/ l1h1/ wkh djhqw
eruurzv lq rughu wr vprrwk frqvxpswlrq ryhu wlph1 E| frqwudvw/ zkhq � ' �/ wkh
fxuuhqw dffrxqw lv forvhg dqg fdq wkhuhiruh qrw eh xvhg wr vprrwk frqvxpswlrq1
Zkhq � A �> wkh h{shfwdwlrq ri/ vd|/ d ixwxuh lqfuhdvh lq qdwlrqdo fdvk  rz lpsolhv
d fxuuhqw dffrxqw vxusoxv1 Lw lv hylghqw wkdw vdylqj deurdg dqg frqvxplqj uhodwlyho|
ohvv wrgd| zkhq ixwxuh lqfrph lv h{shfwhg wr lqfuhdvh/ fdq qhyhu eh frqvlvwhqw zlwk
dw ohdvw vrph ghjuhh ri frqvxpswlrq vprrwklqj ehkdylru1 Khqfh/ lq dq rshq frq0
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vxpswlrq vprrwklqj hfrqrp|/ dq hvwlpdwh ri � wkdw lv htxdo ru odujhu wkdq xqlw|
fdqqrw eh mxvwl�hg1

Vxevwlwxwlqj +47, lqwr +6,/ wkh HVK fdq qrz eh uhvwdwhg dv

F � ' uE � n ] � n E�� ��
�[

��� �
	��

� �
� n u

� � ���
H � {] � = +48,

Wkxv/ lq frqwudvw wr +:,/ +48, vkrzv wkdw frqvxpswlrq fdq eh ghfrpsrvhg lqwr rqh
sduw wkdw lv htxdo wr wrwdo fxuuhqw lqfrph/ l1h1 wrwdo fdvk  rz/ Y � ' uE � n ] � / dqg
lqwr rqh sduw wkdw lv ghshqghqw rq h{shfwdwlrqv derxw ixwxuh lqfrph/ l1h1 wkh fxuuhqw
dffrxqw gh�flw1 Vlpso| sxw/ suhvhqw frqvxpswlrq lv wkh vxp ri wrwdo fxuuhqw lqfrph
dqg glvvdylqj1 Ri frxuvh/ +48, mxvw looxvwudwhv wkh  ls vlgh ri wkh vdylqj ghflvlrq>
lw h{solflwo| vkrzv krz frqvxpswlrq lv vprrwkhg e| phdqv ri wkh fxuuhqw dffrxqw
zkhqhyhu wkh hfrqrp| lv rshq +l1h1/ zkhqhyhu � ? �,1 Zkhq qdwlrqdo fdvk  rz
lv h{shfwhg wr ulvh dw vrph srlqw lq wkh ixwxuh/ frqvxpswlrq vprrwklqj ehkdylru
lpsolhv wkdw suhvhqw frqvxpswlrq dozd|v lqfuhdvhv deryh fxuuhqw wrwdo fdvk  rz
e| wkh dprxqw wkdw lv eruurzhg deurdg1 Frqyhuvho|/ zkhq qdwlrqdo fdvk  rz lv
h{shfwhg wr idoo/ frqvxpswlrq vprrwklqj ehkdylru lpsolhv wkdw suhvhqw frqvxpswlrq
dozd|v idoov ehorz fxuuhqw wrwdo fdvk  rz e| wkh dprxqw wkdw lv vdyhg deurdg1

515 Hpslulfdo phwkrg iru hydoxdwlqj wkh HVK
Ehfdxvh +47, lv frqglwlrqdo rq wkh lqirupdwlrq vhw L � zklfk frqwdlqv doo lqirupdwlrq
dydlodeoh wr wkh djhqw/ xvlqj lw wr whvw wkh HVK pd| orrn lpsrvvleoh1 Krzhyhu/ wklv
sureohp fdq eh vroyhg e| dvvxplqj wkdw wkh lqirupdwlrq vhw xvhg e| wkh hfrqrph0
wulfldq/ K � > lv frqwdlqhg lq L � = Wdnlqj h{shfwdwlrqv ri +47, frqglwlrqdo rq K � jlyhv
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vlqfh FD � lv revhuydeoh dqg wkhuhiruh frqwdlqhg lq K � dqg K � � L � 1 Wkxv/ lq iruplqj
h{shfwdwlrqv derxw ixwxuh fkdqjhv lq qdwlrqdo fdvk  rz/ wkh djhqw lv olnho| wr xvh
vxshulru lqirupdwlrq/ l1h1 lqirupdwlrq wkdw lv qrw dydlodeoh wr wkh hfrqrphwulfldq1
Exw wkh xvh ri vxshulru lqirupdwlrq lv uh hfwhg lq wkh revhuydeoh fxuuhqw dffrxqw/ dqg
lqfoxglqj lw zkhq suhglfwlqj ixwxuh fkdqjhv lq qdwlrqdo fdvk  rzpdnhv lw srvvleoh iru
wkh hfrqrphwulfldq wr frqwuro iru lqirupdwlrq eh|rqg sdvw fkdqjhv lq qdwlrqdo fdvk
 rz1 Khqfh/ dq hfrqrphwulf lpsolfdwlrq ri wkh HVK lv wkdw zkhq FD ����� Judqjhu0
fdxvhv {] � > wkhuh lv vwdwlvwlfdo hylghqfh wkdw wkh djhqw kdv vxshulru lqirupdwlrq1

Wkh hpslulfdo yhklfoh iru hydoxdwlqj wkh HVK lv wkh YDU
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zkhuh wkh phdqv ri {] � dqg FD � kdyh ehhq uhpryhg1 ( Ehiruh hvwlpdwlqj wklv
YDU/ ehvlghv yhuli|lqj wkdw ] � lv L+4,/ lw lv vwdqgdug surfhgxuh wr yhuli| wkdw wkh
frpsrqhqwv ri wkh yhfwru EY � / F � � duh frlqwhjudwhg vxfk wkdw FD � lv vwdwlrqdu|1
Wkdw lv/ e| wkhru|/ Y � dqg F � vkrxog erwk eh L+4, vxfk wkdw wkh olqhdu frpelqdwlrq
E�>���EY � / F � � ) ' Y � � F � ' FD � lv L+3,1 * Lq pdwul{ qrwdwlrq/ +4:, ehfrphv

[ � ' [[ ����� n % � = +4;,
Iroorzlqj Fdpsehoo +4<;:,/ wkhuh duh wzr htxlydohqw dssurdfkhv iru hydoxdwlqj

wkh HVK e| phdqv ri wkh YDU +4:,1 Wkh �uvw lv wr lpsrvh wkh HVK +49, rq wkh
lghqwlw| +7,/ dqg wkhq whvw wkh lpsolhg furvv0htxdwlrq uhvwulfwlrqv ri wkh YDU1 Wkh
vhfrqg lv wr zulwh wkh HVK +49, gluhfwo| lq whupv ri wkh YDU dqg wkhq whvw wkh
uhvxowlqj furvv0htxdwlrq uhvwulfwlrqv1

Wr vkrz wkh �uvw dssurdfk/ xvh wkh HVK +49, wr zulwh wkh uljkw0kdqg vlgh ri +7,
+ Iru wkh dqqxdo gdwd xvhg lq wklv sdshu/ d rqh odj YDU lv vx!flhqw wr fdswxuh wkh wlph vhulhv
surshuwlhv1 Krzhyhu/ li qhfhvvdu|/ wkh YDU fdq hdvlo| eh h{whqghg wr lqfrusrudwh vhyhudo odjv1, Qrwh wkdw +47, lpsolhv wkdw FD - lv L+3, vlqfh lw lv d olqhdu frpelqdwlrq ri h{shfwhg fkdqjhv
lq qdwlrqdo fdvk  rz1 Iru dgglwlrqdo ghwdlov ri wkh frlqwhjudwlrq surshuwlhv lq wklv vhwwlqj/ vhh
Fdpsehoo +4<;:,1
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dv

E� n u�FD ����� � FD � n{] �
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� � ���
dHE{] � mK � �� HE{] � mK ����� � o = +4<,

Li zh gh�qh h ) � ' E�> f� dqg h ) ! ' Ef> �� vxfk wkdw h ) � [ � ' {] � dqg h ) ! [ � ' FD � > wkh
ohiw0kdqg vlgh ri +4<, fdq eh zulwwhq lq YDU qrwdwlrq dv

E� n u�FD ����� � FD � n{] �

' E� n u�h ) ! [ ����� � h ) ! [ � n h ) � [ �

' EEh ) � � h ) ! �[ n E� n u�h ) ! �[ ����� n Eh ) � � h ) ! �% � = +53,

Xvlqj wkh vdph qrwdwlrq rq wkh uljkw0kdqg vlgh ri +4<, |lhogv
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Li wkh HVK lv wuxh/ wkh ohiw0kdqg vlgh ri +53, vkrxog eh htxdo wr wkh ohiw0kdqg vlgh
ri +54,1 Frqvhtxhqwo|/ lq whupv ri wkh YDU/ l1h1/ lq whupv ri wkh uljkw0kdqg vlghv ri
+53, dqg +54,/ wkh iroorzlqj vhw ri uhvwulfwlrqv pxvw eh vdwlv�hg=

Eh ) � � h ) ! �[ n E� n u�h ) ! ' �h ) � [ +55,
h ) � � h ) ! ' �h ) � n E�� ��
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��� �

� �
� n u

� � ���
h ) � [ � ��� = +56,

Zkhq � 9' f/ wkh uhvwulfwlrqv lq +55, lpso| wkdw wkh fkdqjh lq frqvxpswlrq uh0
vsrqgv wr suhglfwdeoh fkdqjhv lq qdwlrqdo fdvk  rz/ l1h1/ frqvxpswlrq uhvsrqgv wr
odjjhg fkdqjhv lq qdwlrqdo fdvk  rz dqg odjjhg fxuuhqw dffrxqw1 Wkh| uhsuhvhqw
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wkh irupdoo| whvwdeoh lpsolfdwlrqv ri wkh HVK dqg fdq eh hydoxdwhg e| phdqv ri d
olnholkrrg0udwlr whvw1 Dv srlqwhg rxw e| Iodylq +4<<6,/ iurp wkh uhvwulfwhg prgho
wkdw xqghuolhv wkh fdofxodwlrq ri wkh olnholkrrg0udwlr vwdwlvwlf/ dq hvwlpdwh ri wkh
h{fhvv vhqvlwlylw| sdudphwhu/ �> fdq eh rewdlqhg1 Wkh uhvwulfwlrqv lq +56, lpso| wkdw
wkh lqqrydwlrq lq wkh fkdqjh lq frqvxpswlrq ghshqg rq erwk wkh lqqrydwlrq lq wkh
fkdqjh lq qdwlrqdo fdvk  rz dqg wkh lqqrydwlrq lq shupdqhqw qdwlrqdo fdvk  rz>
wkh| duh dojheudlfdoo| htxlydohqw wr wkh rqhv lq +55,1 Wr vhh wklv/ qrwh wkdw +55, fdq
eh zulwwhq dv

E�� ��h ) � ' EE�� ��h ) � � h ) ! �EL � E� n u� ��� [�
/

E�� ��h ) � EL � E� n u� ��� [� ��� ' EE�� ��h ) � � h ) ! �> +57,

zklfk lv htxlydohqw wr +56,1 .

Wr vkrz wkh vhfrqg dssurdfk iru hydoxdwlqj wkh HVK/ qrwh wkdw wkh suhglfwhg
fxuuhqw dffrxqw/ gFD � / lv fdofxodwhg iurp +49, dv
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� n u[� ��� [ � = +58,

Li wkh HVK lv wuxh/ wkh uhvwulfwlrqv lq +55, krog dqg fdq eh uhduudqjhg wr |lhog

��� �
� n u h

)
� [EL� �

� n u[� ��� ' h ) ! = +59,
Vxevwlwxwlqj wklv lqwr +58, jlyhv
0 Lq wkh fdvh ri wkh SLK/ wkh uhvwulfwlrqv +55, dqg +56, duh nqrzq dv wkh ruwkrjrqdolw| dqg vprrwk0
qhvv frqglwlrq/ uhvshfwlyho|1 Wkdw lv/ li � lv irufhg wr }hur/ wkh uhvwulfwlrqv lq +55, jxdudqwhh wkdw
wkh fkdqjh lq frqvxpswlrq lv lqghshqghqw ri hlwkhu odjjhg fxuuhqw dffrxqw ru odjjhg fkdqjhv lq
qdwlrqdo fdvk  rz1 Wkh uhvwulfwlrqv lq +56, wkhq hqvxuh wkdw wkh fkdqjh lq frqvxpswlrq lv htxdo
wr wkh lqqrydwlrq lq shupdqhqw qdwlrqdo fdvk  rz> li wkh| duh vdwlv�hg/ frqvxpswlrq fdqqrw eh
�h{fhvvlyho| vprrwk�1 Iru dq hoderudwlrq/ vhh Fdpsehoo dqg Ghdwrq +4<;<, dqg Iodylq +4<<6,1
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gFD � ' h ) ! [ � ' FD � = +5:,
Wkdw lv/ li wkh uhvwulfwlrqv lpsolhg e| wkh HVK duh vdwlv�hg/ wkh suhglfwhg dqg dfwxdo
fxuuhqw dffrxqw vhulhv duh lghqwlfdo1 Jkrvk +4<<8, dqg Vkh�ulq dqg Zrr +4<<3,/
dprqj rwkhuv/ edvh wkhlu hydoxdwlrq ri wkh SLK rq whvwlqj wkh qrqolqhdu uhvwulfwlrqv
lq +59, e| phdqv ri d Zdog whvw1 Dowkrxjk +59, lv htxlydohqw wr +55,/ lw pxvw eh
hpskdvl}hg wkdw qrqolqhdu wudqvirupdwlrqv ri uhvwulfwlrqv fdq fkdqjh wkh ydoxhv dqg
srzhu ri Zdog vwdwlvwlfv +vhh Fdpsehoo dqg Vkloohu/ 4<;:> dqg Juhjru| dqg Yhdoo/
4<;8,1 Vhfwlrq 6 uhsruwv Zdog whvw uhvxowv iru erwk yhuvlrqv ri wkh uhvwulfwlrqv1 1

516 H{fhvv vhqvlwlylw| dqg lqwhuqdwlrqdo fdslwdo prelolw|
Xqghu wkh dvvxpswlrq ri wkh SLK/ zklfk lpsolflwo| lqfoxghv wkh dvvxpswlrq ri shuihfw
lqwhuqdwlrqdo fdslwdo prelolw|/ Jkrvk*v +4<<8, fdslwdo prelolw| k|srwkhvlv srvlwv wkdw
wkh yduldqfhv ri wkh suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv vkrxog eh htxdo1 Lq
whupv ri wkh HVK prgho/ wklv phdqv iruflqj wkh h{fhvv vhqvlwlylw| sdudphwhu/ �/ wr
}hur lq +58,/ dqg srvlwlqj wkdw

yduEgFD � � ' yduEFD � �= +5;,
Li D ' �E� n u� ��� h ) � [EL � E� n u� ��� [� ��� / wkhq wkh fdslwdo prelolw| qxoo k|srwkhvlv
fdq dowhuqdwlyho| eh zulwwhq dv

DyduE[ � �D ) ' h ) ! yduE[ � �h ! > +5<,

zkhuh yduE[ � � lv wkh yduldqfh0fryduldqfh pdwul{ ri {] � dqg FD � = Wkh fxuuhqw df0
frxqw lv vdlg wr eh h{fhvvlyho| yrodwloh li

DyduE[ � �D ) ? h ) ! yduE[ � �h ! = +63,
2 Wkh olnholkrrg0udwlr vwdwlvwlf lv lqyduldqw wr wkh wudqvirupdwlrq dqg lv wkhuhiruh qrw uhsruwhg iru
wkh whvw ri wkh uhvwulfwlrqv lq +59,1
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Wkh frpprq dssurdfk lv wr fdofxodwh wkh yduldqfh ru vwdqgdug ghyldwlrq udwlr
ehwzhhq wkh suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv dqg wkhq whvw zkhwkhu lw lv
vljql�fdqwo| gl�huhqw iurp xqlw|1 Lw iroorzv wkdw rqh fdvh lq zklfk wkh fdslwdo prelo0
lw| k|srwkhvlv krogv/ lv zkhq wkh SLK lv wuxh/ ehfdxvh wkhq/ e| +59,/ D ' h ) ! 1 Xvlqj
wkh SLK iudphzrun/ Jkrvk wkhq dujxhv wkdw li wkh fdslwdo prelolw| k|srwkhvlv idlov
lq d zd| wkdw pdnhv wkh dfwxdo fxuuhqw dffrxqw  xfwxdwh pruh wkdq wkh suhglfwhg
fxuuhqw dffrxqw/ dv lq +63,/ lw lqglfdwhv wkdw wkh ghjuhh ri fdslwdo prelolw| lv kljkhu
wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Rq wkh rwkhu kdqg/ li wkh
lqhtxdolw| lq +63, lv uhyhuvhg vr wkdw wkh dfwxdo fxuuhqw dffrxqw  xfwxdwhv ohvv wkdq
wkh suhglfwhg fxuuhqw dffrxqw/ wkh ghjuhh ri fdslwdo prelolw| lv orzhu wkdq wkh ghjuhh
wkdw lv shuihfw dffruglqj wr wkh SLK1 Lq dgglwlrq/ Jkrvk dovr dujxhv wkdw h{fhvvlyh
fdslwdo  rzv fdq eh gxh wr vshfxodwlrq/ dqg wkdw uhodwlyho| vpdoo fdslwdo  rzv fdq
eh gxh wr h�hfwlyh eduulhuv wr lqwhuqdwlrqdo fdslwdo prelolw| +vhh dovr Jkrvk dqg
Rvwu|/ 4<<8,1

Dv Jkrvk +4<<8, qrwhv/ wkh pdlq fdyhdw wr klv dqdo|vlv lv wkdw li wkh fdslwdo
prelolw| k|srwkhvlv lv uhmhfwhg lq wkh SLK iudphzrun/ lwv idloxuh fdq eh dwwulexwhg
wr dq| ri wkh xqghuo|lqj dvvxpswlrqv/ zlwk shuihfw fdslwdo prelolw| ehlqj mxvw rqh
dprqj vhyhudo rwkhuv1 Gl�huhqwo| sxw/ jlyhq wkdw wkh fdslwdo prelolw| k|srwkhvlv
idlov/ dvvhvvphqwv derxw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| fdq lq idfw eh
xvhohvv ehfdxvh lw lv hqwluho| srvvleoh wkdw wkh dvvxpswlrq ri shuihfw fdslwdo prelolw|
vwloo krogv1 Lw lv hylghqw wkdw li rqh vhwv rxw wr phdvxuh wkh ghjuhh ri lqwhuqdwlrqdo
fdslwdo prelolw|/ lw zrxog eh ehwwhu wr xvh d k|srwkhvlv wkdw/ xqghu wkh qxoo/ fdq
doorz iru dq| ghjuhh ri fdslwdo prelolw|/ udwkhu wkdq xvlqj d k|srwkhvlv/ vxfk dv wkh
SLK/ wkdw dvvxphv wkdw wkh ghjuhh ri fdslwdo prelolw| lv dozd|v shuihfw1

Lw wxuqv rxw wkdw wkh HVK lv dq dowhuqdwlyh wr wkh SLK wkdw doorzv iru dq|
ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw|1 Dv vxfk/ wkh HVK fdq eh lqwhusuhwhg dv
d irupdol}dwlrq ri Jkrvk*v dujxphqw1 Lq wkh rshq hfrqrp| vhwwlqj/ wkh h{fhvv
vhqvlwlylw| sdudphwhu fdq fdswxuh wkh h{whqw wr zklfk wkh ghjuhh ri lqwhuqdwlrqdo
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eruurzlqj dqg ohqglqj/ l1h1/ wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw|/ ghyldwhv
iurp wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Wr foduli|/ frqvlghu wkh iroorzlqj
wkuhh fdvhv zklfk fdq rffxu zkhq wkh HVK lv wuxh=

Li � ' f/ wkhq wkhuh lv qr h{fhvv vhqvlwlylw|/ dqg wkh uhvxow lv wkh SLK1 Wklv lv wkh
fdvh ri rswlpdo frqvxpswlrq vprrwklqj dqg shuihfw lqwhuqdwlrqdo fdslwdo prelolw|1
Iru lqvwdqfh/ d vxgghqo| h{shfwhg lqfuhdvh lq ixwxuh qdwlrqdo fdvk  rz lpsolhv wkdw
fxuuhqw frqvxpswlrq lv uhylvhg xszdug wr h{dfwo| htxdo shupdqhqw qdwlrqdo fdvk  rz
e| eruurzlqj dq dprxqw h{dfwo| htxdo wr wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg
fkdqjhv lq qdwlrqdo fdvk  rz1 Wkh eruurzhg dprxqw lv wkh dprxqw qhhghg wr vprrwk
frqvxpswlrq shuihfwo|/ l1h1 wkh dprxqw pdnlqj h{shfwhg frqvxpswlrq frqvwdqw1 Lq
wklv vhqvh/ lw lv qdwxudo wr frqvlghu wkh SLK d ehqfkpdun fdvh1

Lw vkrxog eh hpskdvl}hg wkdw lq wkh SLK prgho/ l1h1 zkhq � ' f/ �shuihfw�
lqwhuqdwlrqdo fdslwdo prelolw| lv qrw qhfhvvdulo| v|qrq|prxv zlwk d fdslwdo pdu0
nhw zlwk qr uhjxodwlrqv iru lqwhuqdwlrqdo fdslwdo  rzv1 Lq wklv iudphzrun/ shuihfw
lqwhuqdwlrqdo fdslwdo prelolw| phuho| phdqv wkh vshfl�f ghjuhh ri fdslwdo prelolw|
wkdw doorzv wkh djhqw wr dozd|v vprrwk frqvxpswlrq shuihfwo| +l1h1 rswlpdoo|, e|
vhwwlqj wkh fxuuhqw dffrxqw h{dfwo| htxdo wr wkh suhvhqw glvfrxqwhg ydoxh ri h{0
shfwhg ghfolqhv lq qdwlrqdo fdvk  rz1 Lq jhqhudo/ hpslulfdo vwxglhv xvlqj Jkrvk*v
+4<<8, fdslwdo prelolw| k|srwkhvlv vxjjhvw wkdw lw lv hqwluho| srvvleoh wr vprrwk frq0
vxpswlrq shuihfwo| e| phdqv ri wkh fxuuhqw dffrxqw hyhq lq frxqwulhv zkhuh fdslwdo
pdunhwv duh vxemhfw wr prelolw| frqvwudlqwv1 3

Dv d vhfrqg fdvh/ dvvxph wkdw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| lv orzhu
wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Wr vhh krz h{fhvv vhqvlwlylw| lv
jhqhudwhg/ dvvxph wkdw lq shulrg w/ qdwlrqdo fdvk  rz lv vxgghqo| h{shfwhg wr ulvh lq
wkh ixwxuh vr wkdw wkh suhvhqw glvfrxqwhg ydoxh ri h{shfwhg fkdqjhv lq qdwlrqdo fdvk
 rz ehfrphv srvlwlyh +dqg odujhu wkdq suhylrxvo| h{shfwhg,1 Dv +48, lpsolhv/ lq
uhvsrqvh wr wkh h{shfwhg lqfuhdvh/ dfwxdo frqvxpswlrq lv uhylvhg xszdug e| phdqv
4 Vhh iru lqvwdqfh Jkrvk dqg Rvwu| +4<<8,1
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ri eruurzlqj deurdg1 Krzhyhu/ gxh wr wkh uhodwlyho| orzhu ghjuhh ri lqwhuqdwlrqdo
fdslwdo prelolw|/ lw lv qrw srvvleoh wr eruurz dqg frqvxph dv pxfk dv zrxog kdyh
ehhq srvvleoh li wkh ghjuhh ri fdslwdo prelolw| kdg ehhq shuihfw1 Dffruglqjo|/ uhodwlyh
wr zkdw zrxog kdyh rffxuuhg li wkh SLK kdg ehhq wuxh/ frqvxpswlrq lv uhgxfhg e| wkh
dprxqw wkdw fdqqrw eh eruurzhg/ dqg h{fhvv vhqvlwlylw| lv wkhuhe| jhqhudwhg lq wkh
irup ri d srvlwlyh �1 Vshfl�fdoo|/ dv vkrzq lq +48,/ wkh h{fhvv vhqvlwlylw| sdudphwhu/
�/ fdswxuhv wkh iudfwlrq ri wkh suhvhqw glvfrxqwhg ydoxh ri wkh h{shfwhg lqfuhdvh lq
qdwlrqdo fdvk  rz wkdw fdqqrw eh eruurzhg dqg frqvxphg1 �65 Wkh orzhu wkh ghjuhh
ri lqwhuqdwlrqdo fdslwdo prelolw|/ wkh kljkhu wkh �/ l1h1/ wkh kljkhu wkh iudfwlrq wkdw
fdqqrw eh eruurzhg1 Lq wkh erughuolqh fdvh zkhq � ' �/ wkh fxuuhqw dffrxqw lv
forvhg dqg suhvhqw frqvxpswlrq fdqqrw eh vprrwkhg dqg uhylvhg xszdug dw doo e|
eruurzlqj deurdg1 Rqh fdq xvh dqdorjrxv uhdvrqlqj wr frqfoxgh wkdw zkhq qdwlrqdo
fdvk  rz lv h{shfwhg wr ghfuhdvh/ frqvxpswlrq vprrwklqj ehkdylru lq frpelqdwlrq
zlwk uhodwlyho| orz fdslwdo prelolw| lpsolhv d srvlwlyh h{fhvv vhqvlwlylw| sdudphwhu
dqg ohvv vdylqj uhodwlyh wr zkdw lv rswlpdo dffruglqj wr wkh SLK1

Dv d wklug fdvh/ dvvxph wkdw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| lv kljkhu
wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Dvvxph djdlq wkdw qdwlrqdo
fdvk  rz lv vxgghqo| h{shfwhg wr ulvh lq wkh ixwxuh1 Lq uhvsrqvh/ mxvw dv zkhq fdsl0
wdo prelolw| lv uhodwlyho| orz/ frqvxpswlrq vprrwklqj ehkdylru lpsolhv wkdw suhvhqw
frqvxpswlrq lqfuhdvhv deryh wrwdo fdvk  rz e| wkh dprxqw wkdw lv eruurzhg1 Krz0
hyhu/ vlqfh wkhuh lv pruh eruurzlqj wdnlqj sodfh wkdq wkh eruurzlqj wkdw lv qhhghg
iru vprrwklqj frqvxpswlrq shuihfwo|/ frqvxpswlrq lv lqfuhdvhg e| pruh uhodwlyh wr
zkdw zrxog kdyh rffxuuhg li wkh SLK kdg ehhq wuxh1 Wkxv/ h{fhvv vhqvlwlylw| lv jhq0
hudwhg lq wkh irup ri d qhjdwlyh �1 Lq +48,/ �� phdvxuhv wkh iudfwlrq ri wkh suhvhqw
glvfrxqwhg ydoxh ri wkh h{shfwhg lqfuhdvh lq qdwlrqdo fdvk  rz wkdw lv eruurzhg lq
��7 Wkdw lv/ dffruglqj wr +48,/ zkhq ixwxuh qdwlrqdo fdvk  rz lv h{shfwhg wr lqfuhdvh/ frqvxpswlrq
vprrwklqj ehkdylru lpsolhv wkdw suhvhqw frqvxpswlrq lqfuhdvhv deryh wrwdo fdvk  rz e| +4 �
�,

8S
96:/;=<?>

� >>6</@
� 9BA/;

H ; �] 9 1 Uhodwlyh wr zkdw zrxog kdyh rffxuuhg li wkh SLK kdg ehhq wuxh/ krzhyhu/
frqvxpswlrq +dqg eruurzlqj, lv uhgxfhg e| �

8S
96:/;=<?>

� >>6</@
� 9BA/;

H ; �] 9 1
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h{fhvv ri zkdw zrxog kdyh rffxuuhg li wkh SLK kdg ehhq wuxh1 Rqh fdq xvh dqdo0
rjrxv uhdvrqlqj wr frqfoxgh wkdw zkhq qdwlrqdo fdvk  rz lv h{shfwhg wr ghfuhdvh/
frqvxpswlrq vprrwklqj ehkdylru/ lq frpelqdwlrq zlwk uhodwlyho| kljk fdslwdo pr0
elolw|/ lpsolhv d qhjdwlyh h{fhvv vhqvlwlylw| sdudphwhu dqg pruh vdylqj uhodwlyh wr
zkdw lv rswlpdo dffruglqj wr wkh SLK1

Reylrxvo|/ wkh HVK lpsolhv d yhu| gl�huhqw hfrqrplf lqwhusuhwdwlrq ri wkh fdslwdo
prelolw| k|srwkhvlv +5;,1 Iurp +59, dqg +5:, lw iroorzv wkdw +5;, krogv qrw rqo| zkhq
SLK lv wuxh/ exw dovr zkhq wkh HVK lv wuxh1 Krzhyhu/ vlqfh wkh HVK doorzv iru dq|
ghjuhh ri fdslwdo prelolw| wkdw lv frqvlvwhqw zlwk frqvxpswlrq vprrwklqj ehkdylru/
lw qr orqjhu wdnhv rq wkh vdph lqwhusuhwdwlrq dv zkhq wkh SLK lv dvvxphg1 Wkdw
lv/ li wkh HVK lv wuxh/ wkh yduldqfh ri wkh suhglfwhg fxuuhqw dffrxqw lv htxdo wr wkh
yduldqfh ri wkh dfwxdo fxuuhqw dffrxqw hyhq li wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo
prelolw| lv orzhu ru kljkhu wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1

Dv dq h{dpsoh/ li wkh lqhtxdolw| +63, lv wkh rxwfrph xqghu wkh idloxuh ri wkh SLK/
zlwk wkh wuxh uhdvrq ehlqj h{fhvvlyh fdslwdo  rzv/ wkhq wkh sx}}oh ri dq h{fhvvlyho|
yrodwloh fxuuhqw dffrxqw fdq eh h{sodlqhg e| wkh HVK1 Zkhq wkh HVK lv dvvxphg/
wkh ohiw0kdqg vlgh ri +63, ehfrphv

E�� �� C DyduE[ D �D E = +64,
Iurp wkh deryh/ zh nqrz wkdw zkhq fdslwdo prelolw| lv uhodwlyho| kljk/ � ? f1
Dffruglqjo|/ h{suhvvlrq +64, lv dozd|v odujhu wkdq DyduE[ D �D E > dqg wkh suhglfwhg
fxuuhqw dffrxqw vhulhv xqghu wkh HVK  xfwxdwhv pruh wkdq wkh suhglfwhg fxuuhqw
dffrxqw vhulhv xqghu wkh SLK1 Wkxv/ li wkh HVK lv wuxh/ wkh ohiw0kdqg vlgh ri +63, lv
uhsodfhg e| +64,/ wkh lqhtxdolw| ehfrphv dq htxdolw|/ dqg wkh sx}}oh ri dq h{fhvvlyho|
fxuuhqw dffrxqw lv vroyhg1

Dqdorjrxv uhdvrqlqj fdq dovr vroyh wkh sx}}oh ri wkh SLK idlolqj lq d zd| wkdw
pdnhv wkh dfwxdo fxuuhqw dffrxqw wrr vprrwk1 Lq vxfk d fdvh/ li wkh idloxuh lv gxh wr
uhodwlyho| orz fdslwdo prelolw|/ � lv srvlwlyh dqg ohvv wkdq xqlw| dqg wkh HVK krogv1
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Frqvhtxhqwo|/ wkh yduldqfh ri wkh suhglfwhg fxuuhqw dffrxqw xqghu wkh HVK +64, lv
orzhu wkdq wkh yduldqfh xqghu wkh SLK/ DyduE[ D �D E / dqg htxdo wr wkh yduldqfh ri
wkh dfwxdo fxuuhqw dffrxqw/ h E C yduE[ D �h C 1

Dffruglqjo|/ lq vxp/ li rqh dwwulexwhv h{fhvv vhqvlwlylw| wr wkh ghjuhh wr zklfk lq0
whuqdwlrqdo eruurzlqj dqg ohqglqj ghyldwhv iurp wkh ghjuhh wkdw lv rswlpdo dffruglqj
wr wkh SLK/ wkh HVK vxjjhvwv dq dowhuqdwlyh phdvxuh ri lqwhuqdwlrqdo fdslwdo pr0
elolw|1 Wklv phdvxuh lv edvhg rq wkh vljq dqg pdjqlwxgh ri wkh h{fhvv vhqvlwlylw|
sdudphwhu/ �1 Vshfl�fdoo|/ � lv lqyhuvho| uhodwhg wr wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo
prelolw| dqg kdv dq xsshu erxqg htxdo wr xqlw|1 Wkh forvhu � lv wr xqlw|/ wkh pruh
forvhg wkh hfrqrp|1 Lq wkh lqwhuydo f ? � ? �> wkh ghjuhh ri fdslwdo prelolw| lv orzhu
wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Lq dq rswlpdo frqvxpswlrq
vprrwklqj vhqvh/ zkhq � ' f/ fdslwdo prelolw| lv shuihfw1 Ilqdoo|/ zkhq � ? f/ wkh
ghjuhh ri fdslwdo prelolw| lv kljkhu wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh
SLK1 F#F

61 Hpslulfdo hvwlpdwlrq dqg uhvxowv

Wkh dqqxdo Vzhglvk qdwlrqdo dffrxqw gdwd xvhg lq wklv vhfwlrq duh wdnhq iurp Lqwhu0
qdwlrqdo Ilqdqfldo Vwdwlvwlfv dqg fryhu wkh shulrg 4<840<<1 Vshfl�fdoo|/ jryhuqphqw
frqvxpswlrq/ J D / lv ghulyhg iurp olqh <4I> lqyhvwphqw/ L D iurp olqhv <6H.<6L> JQS D

iurp olqh <<D> fxuuhqw JGS/ T D iurp olqh <<E> uhdo JGS iurp olqh <<EY> dqg srs0
xodwlrq iurp olqh <<]1 Iroorzlqj Jkrvk +4<<8,/ wkh fxuuhqw dffrxqw lv fdofxodwhg
dv FD D ' JQS D � L D � J D � F D 1 Wkxv/ lw iroorzv iurp gh�qlwlrq +6, deryh wkdw
JQS D ' uE D nT D vxfk wkdw Y D ' JQS D �J D � L D 1 Doo yduldeohv duh frqyhuwhg lqwr
G�G Wkh frqvxpswlrq ixqfwlrq jhqhudwhg lq wkh lqwhuydo 3 ? � ? 4 lv vlplodu wr wkh rqh wkdw Vkledwd
dqg Vklqwdql +4<<;, exlog wkhlu prgho dqg whvw ri lqwhuqdwlrqdo fdslwdo prelolw| durxqg1 Lq frqwudvw
wr wklv sdshu/ wkh| xvh d voljkwo| gl�huhqw wkhru| iru frqvxpswlrq wkdw lqfoxghv wkh dxwdun| fdvh
+E ; @ 3> F ; @ ] ; , lq zklfk frqvxpswlrq vprrwklqj e| phdqv ri wkh fxuuhqw dffrxqw lv lpsrvvleoh1
Dovr lq frqwudvw wr wklv sdshu/ wkh| xvh d gl�huhqw hpslulfdo phwkrg wkdw ohdyhv rxw wkh zd| ri
hydoxdwlqj prgho �w e| frpsdulqj dfwxdo dqg suhglfwhg fxuuhqw dffrxqwv1 Dowkrxjk wkh| rewdlq
qhjdwlyh hvwlpdwhv ri wkh h{fhvv vhqvlwlylw| sdudphwhu lq vrph fdvhv/ wkh| gr qrw frqvlghu wkh
srvvlelolw| wkdw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| pd| eh kljkhu wkdq wkh ghjuhh wkdw lv
shuihfw dffruglqj wr wkh SLK1
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uhdo whupv shu fdslwd e| glylglqj e| wkh lpsolflw JGS gh dwru dqg srsxodwlrq1
Ehiruh hvwlpdwlrq ri wkh YDU +4:,/ lw pxvw eh yhul�hg wkdw Y D dqg F D duh L+4,

dqg frlqwhjudwhg vxfk wkdw Y D � F D ' FD D lv L+3,1 Ixuwkhupruh/ wkh prgho dovr
uhvwv rq wkh dvvxpswlrq wkdw ] D lv L+4,1 Wr yhuli| qrq0vwdwlrqdulw| ri Y D / F D / dqg ] D /
dxjphqwhg Glfnh|0Ixoohu +GI, whvwv duh shuiruphg +vhh Glfnh| dqg Ixoohu/ 4<;4,1 Wr
yhuli| wkdw Y D dqg F D duh frlqwhjudwhg/ d GI whvw ri d xqlw urrw lq FD D lv uhsruwhg1
Wkhq/ e| phdqv ri wkh Mrkdqvhq +4<;;, surfhgxuh/ wkh GI whvw iru FD D / Y D / dqg F D lv
vxssohphqwhg e| d frlqwhjudwlrq dqdo|vlv ri wkh olqhdu frpelqdwlrq E� H > � C �EY D > F D � E 1
Lq frqwudvw wr wkh dxjphqwhg GI whvw/ wkh Mrkdqvhq +4<;;, surfhgxuh vshfl�hv L+3,
dv d qxoo k|srwkhvlv iru FD D / Y D dqg F D 1

Wdeoh 4
Xqlw urrw whvwv

Yduldeoh GI w0vwdwlvwlf OP
Y D �2=b� f=fH
F D �2=ef �=�.
] D ��=eD f=fb
FD D �2=2� I f=�S
{Y D �.=.. I#I f=2H
{F D �D=�b I#I f=bH
{] D �H=�� I#I f=2�

Qrwhv= OP lv wkh Odjudqjh pxowlsolhu whvw iru uhvlgxdo fruuhodwlrq iurp odjv 4 wr 51 � J�J � dqg � J �
lqglfdwh uhmhfwlrq dw wkh 4 dqg 8 shufhqw ohyho ri vljql�fdqfh/ uhvshfwlyho|1

Wdeoh 4 uhsruwv wkh uhvxowv ri wkh dxjphqwhg GI xqlw urrw whvwv1 Wkh ydolglw|
ri wkh GI phwkrg uhvwv khdylo| rq wkh dvvxpswlrq ri xqfruuhodwhg uhvlgxdov/ dqg
wr yhuli| wklv/ Odjudqjh pxowlsolhu whvwv iru uhvlgxdo dxwrfruuhodwlrq duh shuiruphg1
Wkh uhvxowv duh dovr vkrzq lq Wdeoh 41 E| odj0ohqjwk vhohfwlrq whvwv dqg gldjqrvwlf
fkhfnlqj/ lw zdv frqfoxghg wkdw uhjuhvvlqj wkh �uvw gl�huhqfh ri hdfk yduldeoh Y D /
F D / dqg ] D rq d frqvwdqw/ d wuhqg/ dqg wkh odjjhg ohyho ri wkh yduldeoh zdv hqrxjk
wr dyrlg uhvlgxdo dxwrfruuhodwlrq1 Lq wkh fdvh ri FD D / wkh vlpsohvw GI uhjuhvvlrq
{FD D ' �FD D�K�H nx D dsshduhg wr eh hqrxjk wr hqvxuh vhuldoo| xqfruuhodwhg uhvlgxdov1
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Wkh qxoo k|srwkhvlv ri d xqlw urrw lv qrw uhmhfwhg iru Y D / F D / dqg ] D / zkloh lw lv uhmhfwhg
iru FD D 1 Wkh dxjphqwhg GI whvw lv dovr shuiruphg iru wkh �uvw gl�huhqfh ri Y D / F D /
dqg ] D 1 Lq hdfk fdvh/ wkh qxoo k|srwkhvlv lv vwurqjo| uhmhfwhg/ zklfk vxjjhvwv wkdw
wkhuh lv qr xqlw urrw lq dq| ri wkh gl�huhqfhg vhulhv1

Wkh whvw uhvxowv iurp wkh Mrkdqvhq +4<;;, surfhgxuh duh vxppdul}hg lq Wdeoh
51 Wkh �uvw wzr froxpqv ri wkh wdeoh vshfli| wkh uhvwulfwlrq rq wkh yhfwru E� H > � C �1
Wkh wklug froxpq vkrzv wkh " C vwdwlvwlf iurp wkh olnholkrrg0udwlr whvw ri wkh qxoo
k|srwkhvlv wkdw wkh vshfl�hg yhfwru ehorqjv wr wkh frlqwhjudwlqj vsdfh1 Wkh odvw
froxpq vkrzv wklv whvw vwdwlvwlf*v s0ydoxh1 Wkh whvw uhvxow ri wkh pdlq k|srwkh0
vlv/ l1h1/ zkhwkhu E� H > � C � ' E�>��� ehorqjv wr wkh frlqwhjudwlqj vsdfh vxfk wkdw
E�>���EY D > F D � E ' FD D lv L+3,/ lv glvsod|hg lq wkh �uvw urz ri wkh wdeoh= " C ' f=Hf
dqg wkh fruuhvsrqglqj s0ydoxh 316:5 lpso| wkdw wkh qxoo k|srwkhvlv fdqqrw eh uh0
mhfwhg1 Wkh odvw wzr urzv glvsod| uhvxowv iurp wkh whvw ri vwdwlrqdulw| ri Y D dqg F D 1
Iru hdfk yduldeoh/ wkh qxoo k|srwkhvlv lv vwurqjo| uhmhfwhg1 Khqfh/ wkh uhvxowv ri wkh
xqlw urrw dqg frlqwhjudwlrq whvwv lqglfdwh wkdw ] D lv L+4,/ dqg wkdw Y D dqg F D duh
erwk L+4, dqg frlqwhjudwhg vxfk wkdw FD D lv L+3,1

Wdeoh 5
Uhvwulfwhg frlqwhjudwlrq whvwv
O L =

� H � C " C E�� s0ydoxh
� �� f=Hf f=�.2
� f H=.e f=ff�
f � H=DS f=ff�

Qrwhv= Wkh qxoo k|srwkhvlv lv wkdw wkh yhfwru +� M > � N , ehorqjv wr wkh frlqwhjudwlqj vsdfh vxfk wkdw
+� M > � N ,+Y ; > F ; , O @ � M Y ; .� N F ; lv L+3,1 Lq wkh sulru YDU hvwlpdwlrq/ rqh odj zdv vx!flhqw wr fdswxuh
wkh wlph vhulhv surshuwlhv dqg wr dvvxuh qr vhuldo fruuhodwlrq dprqj wkh uhvlgxdov1

Wkh qh{w vwhs lv wr hvwlpdwh wkh YDU dqg whvw wkh uhvwulfwlrqv rq wkh sdudphwhuv
lpsolhg e| wkh SLK dqg wkh HVK1 Odj0ohqjwk vhohfwlrq whvwv dqg gldjqrvwlf fkhfnlqj
lqglfdwhg wkdw d rqh0odj YDUzdv vx!flhqw wr fdswxuh wkh wlph vhulhv surshuwlhv1 Wkh
uhvxowv ri wkh YDU hvwlpdwlrq duh vkrzq lq wkh wrs sdqho ri Wdeoh 61 Wkh frh!flhqw
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iru FD D�K�H lq wkh uhjuhvvlrq iru {] D lv qhjdwlyh dv h{shfwhg/ exw wkh k|srwkhvlv wkdw
FD D�K�H grhv qrw Judqjhu fdxvh {] D fdqqrw eh uhmhfwhg1 Wkxv/ vwdwlvwlfdoo|/ lw lv qrw
srvvleoh wr frqfoxgh wkdw djhqwv kdyh vxshulru lqirupdwlrq1

Wxuqlqj wr wkh erwwrp sdqho ri wkh wdeoh/ uhfdoo iurp +55, wkdw whvwlqj wkh SLK
lpsolhv iruflqj � wr }hur dqg whvwlqj wkh uhvwulfwlrqv

[ C H ' [ H H

[ C#C ' E� n u� n [ H C = +65,

Rq wkh rwkhu kdqg/ li wkh HVK lv wuxh/ lw iroorzv iurp +55, wkdw

[ C H ' E�� ��[ H#H

[ C C ' E� n u� n E�� ��[ H C = +66,

Iroorzlqj Iodylq +4<<6,/ erwk Zdog dqg olnholkrrg0udwlr whvwv iru hdfk ri wkh uhvwulf0
wlrqv +65, dqg +66, duh uhsruwhg/ dqg wkh uhvxowv lq Wdeoh 6 duh edvhg rq 7 dqg 47
shufhqw udwhv ri lqwhuhvw1 P�Q Lq dgglwlrq/ wkh Zdog vwdwlvwlf ri wkh wudqviruphg yhuvlrq
ri wkh uhvwulfwlrqv +59, iru hdfk dvvxphg k|srwkhvlv dqg lqwhuhvw udwh lv uhsruwhg1
R6S Suhylrxv vwxglhv ri wkh SLK xvxdoo| vshfli| u wr eh vrphzkhuh lq wkh lqwhuydo 3=37 � u � 3=471
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Wdeoh 6
YDU hvwlpdwlrq dqg whvwv ri uhvwulfwlrqv

YDU hvwlpdwlrq
{] D FD D

{] D�K�H �f=�2f �f=�DS w TVU ��=f�
v1h1 Ef=�Df� Ef=�DS� s0ydoxh f=��b
FD D�K�H �f=�f. f=.bS
v1h1 Ef=�fS� Ef=����

Whvwv ri uhvwulfwlrqv
SLK= eI �eI HVK= eI �eI
" CW H E2� S=DD �H=.S " CW H E�� f=2e f=Df
s0ydoxh f=f�H ? f=ff� s0ydoxh f=S2� f=e.H
" CXZY E2� D=�D ��=22 " CXZY E�� f=�b f=�D
s0ydoxh f=f.S f=ff� s0ydoxh f=SS2 f=DD.
" CW[C E2� H=S� 2f=S. " CW[C E�� f=fb f=��
s0ydoxh f=f�� ? f=ff� s0ydoxh f=.S2 f=.�De� �f=be� ��=Se�

v1h1 f=See f=bDH
Qrwhv= Lq wkh wrs sdqho/ froxpq yduldeohv duh uhjuhvvhg rq urz yduldeohv +vwdqgdug huuruv lq
sduhqwkhvhv,1 Wkh vdpsoh shulrg lv 4<840<<1 w \^] lv wkh whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv wkdw
FD _`?a grhv qrw Judqjhu fdxvh �] _ 1 Lq wkh erwwrp sdqho/ " b c a lv wkh Zdog vwdwlvwlf iru wkh whvw
ri wkh uhvwulfwlrqv lpsolhg e| wkh SLK +65, dqg wkh HVK +66,> " b dfe lv wkh fruuhvsrqglqj olnholkrrg0
udwlr vwdwlvwlf1 " b c b lv wkh Zdog vwdwlvwlf iru wkh whvw ri wkh uhvwulfwlrqv zkhq wkh| kdyh ehhq
wudqviruphg dffruglqj wr +59,1

Uhjdugohvv ri wkh lqwhuhvw udwh xvhg ru wkh yhuvlrq ri uhvwulfwlrqv whvwhg/ vwdwlvwlfdo
vxssruw iru wkh SLK lv dw ehvw yhu| zhdn1 Iru wkh olnholkrrg0udwlr whvw zlwk u '
f=fe/ lw lv srvvleoh wr uhmhfw wkh qxoo k|srwkhvlv +65, dw wkh :19 shufhqw ohyho ri
vljql�fdqfh1 Iru wkh Zdog whvw zlwk wkh vdph lqwhuhvw udwh/ lw lv srvvleoh wr uhmhfw
dw wkh 61; shufhqw ohyho1 Wkh Zdog whvw iru u ' f=fe zkhq wkh uhvwulfwlrqv kdyh ehhq
wudqviruphg dffruglqj wr +59, +dqg � vhw wr }hur,/ uhmhfwv wkh qxoo dw wkh 416 shufhqw
ohyho ri vljql�fdqfh1 Zkhq u ' f=�e/ wkh qxoo lv uhmhfwhg dw dq| frqyhqwlrqdo ohyho ri
vljql�fdqfh1

Rq wkh rwkhu kdqg/ zkhq whvwlqj wkh ryhulghqwli|lqj uhvwulfwlrqv lpsolhg e| wkh
HVK/ wkh qxoo k|srwkhvlv +66, dqg lwv htxlydohqw wudqvirupdwlrq lq +59, fdqqrw eh uh0

54



mhfwhg dw dq| frqyhqwlrqdo ohyho ri vljql�fdqfh1 Ixuwkhupruh/ wkh uhvxowv iru wkh HVK
duh urexvw zlwk uhjdug wr wkh fkrlfh ri ohyho ri lqwhuhvw udwh1 Wkh wdeoh dovr vkrzv
hvwlpdwhv dqg vwdqgdug huuruv ri wkh h{fhvv vhqvlwlylw| sdudphwhu/ �/ jhqhudwhg iurp
wkh uhvwulfwhg prghov rewdlqhg zkhq fdofxodwlqj wkh olnholkrrg0udwlr whvw vwdwlvwlfv1
Iru hdfk lqwhuhvw udwh/ wkh hvwlpdwhg � lv qhjdwlyh> lw lv �f=be� zkhq u ' f=fe/ dqg
��=Se� zkhq u ' f=�e1 Wklv vxjjhvwv wkdw Vzhghq*v ghjuhh ri lqwhuqdwlrqdo fdslwdo
prelolw| lv kljkhu wkdq wkh ghjuhh wkdw lv shuihfw dffruglqj wr wkh SLK1 Vwdwlvwlfdoo|/
zkhq u ' f=fe/ wkh hvwlpdwhg � lv zhdno| qhjdwlyh/ vlqfh lw lv mxvw �=eS vwdqgdug
huuruv iurp }hur1 Zkhq u ' f=�e/ wkh hvwlpdwhg � lv �=.� vwdqgdug huuruv iurp }hur1

Iljxuhv 4 dqg 5 sorw wkh suhglfwhg fxuuhqw dffrxqw vhulhv xqghu wkh SLK dqg
HVK/ uhvshfwlyho|/ dorqj zlwk wkh dfwxdo fxuuhqw dffrxqw vhulhv> Wdeoh 7 vkrzv wkh
hvwlpdwhg vwdqgdug ghyldwlrq udwlrv ri wkh vhulhv1 Vlqfh wkh vwdqgdug ghyldwlrq udwlr
lv d kljko| qrqolqhdu ixqfwlrq ri wkh xqghuo|lqj YDU sdudphwhuv/ fdxwlrq pxvw eh
wdnhq zkhq pdnlqj lqihuhqfh iurp lw +Ehndhuw hw do1/ 4<<:> Nloldq/ 4<<;,1 Dffrug0
lqjo|/ errwvwuds vlpxodwlrqv duh xvhg wr frqvwuxfw <8 shufhqw frq�ghqfh lqwhuydov1
Wkh hqgsrlqwv ri hdfk ri wkhvh lqwhuydov duh sulqwhg zlwklq eudfnhwv ehqhdwk wkh
fruuhvsrqglqj vwdqgdug ghyldwlrq udwlr hvwlpdwh lq Wdeoh 71 g�h

i�j Hdfk frq�ghqfh lqwhuydo lv frqvwuxfwhg e| phdqv ri Nloldq*v +4<<;, �errwvwuds0diwhu0errwvwuds�
phwkrg1 Wkh phwkrg lv edvlfdoo| glylghg lqwr wzr sduwv1 Iluvw/ edvhg rq 4/333 duwl�fldo vhulhv ri
�] _ dqg FD _ / hvwlpdwlrq ri dqg fruuhfwlrq iru eldv lq wkh ruljlqdo YDU sdudphwhuv duh pdgh1
Wkhq/ e| xvh ri wkhvh eldv fruuhfwhg hvwlpdwhv/ dqrwkhu 5/333 duwl�fldo vhulhv ri �] _ dqg FD _ duh
surgxfhg1 Iru hdfk vhulhv ri �] _ dqg FD _ > wkh YDU sdudphwhuv duh hvwlpdwhg dqg djdlq fruuhfwhg
iru eldv1 Wkhq/ wkh udwlr ri vwdqgdug ghyldwlrqv ri wkh suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv lv
fdofxodwhg1 Uhshdwlqj wklv surfhgxuh |lhogv 5333 hvwlpdwhg vwdqgdug ghyldwlrq udwlrv1 Ilqdoo|/ d <8
shufhqw frq�ghqfh lqwhuydo lv frqvwuxfwhg iurp wkh 518wk dqg <:18wk shufhqwloh lqwhuydo hqgsrlqwv
ri wkh uhvxowlqj hpslulfdo glvwulexwlrq1 Iru ixoo ghwdlov/ vhh Nloldq +4<<;,1

55



1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000

-5

-2.5

0

2.5

5

7.5
Actual PIH Prediction (r=0.04)
PIH Prediction (r=0.14)

Ilj1 41 SLK suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv/ 4<850<<1

Frqvlghu �uvw wkh SLK1 Dv Iljxuh 4 vkrzv/ wkh suhglfwhg fxuuhqw dffrxqw grhv
d jrrg mre lq fdswxulqj wkh vkliwv ri wkh dfwxdo fxuuhqw dffrxqw1 Krzhyhu/ wkh
dfwxdo fxuuhqw dffrxqw  xfwxdwhv pruh wkdq lwv suhglfwhg frxqwhusduw1 Dv glvfxvvhg/
wklv skhqrphqrq lv frpprq zkhq wkh SLK lv dssolhg wr rshq hfrqrplhv1 Wdeoh 7
vkrzv wkdw zkhq u ' f=fe/ wkh hvwlpdwhg vwdqgdug ghyldwlrq udwlr lv f=e�21 Wkh
uljkw hqgsrlqw ri wkh frq�ghqfh lqwhuydo lv forvh wr exw mxvw xqghu xqlw|/ dqg lw lv
wkhuhiruh srvvleoh wr uhmhfw wkh fdslwdo prelolw| k|srwkhvlv dw wkh 8 shufhqw ohyho ri
vljql�fdqfh1 Zkhq u ' f=�e/ wkh hvwlpdwhg vwdqgdug ghyldwlrq udwlr lv f=���/ dqg
wkh fruuhvsrqglqj frq�ghqfh lqwhuydo vxjjhvwv wkdw wkh fdslwdo prelolw| k|srwkhvlv
fdq eh vwurqjo| uhmhfwhg1

56



1952 1955 1958 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000

-5

-2.5

0

2.5

5

7.5
Actual ESH Prediction (r=0.04)
ESH Prediction (r=0.14)

Ilj1 51 HVK suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv/ 4<850<<1

Wdeoh 7
Hvwlpdwhg vwdqgdug ghyldwlrq udwlrv dqg frq�ghqfh lqwhuydov

SLK HVK
7( 47( 7( 47(

�EgFD k �@�EFD k � 31765 31644 31;73 31;54
<8( f1l1 ^313:< 31<;<` ^31393 31976` ^31486 41<53` ^3148< 419<<`

Lq wkh fdvh ri wkh HVK/ Iljxuh 5 vkrzv wkdw/ dv vxjjhvwhg e| wkh irupdo whvwv/ wkh
suhglfwhg dqg dfwxdo fxuuhqw dffrxqw vhulhv duh doprvw lghqwlfdo1 Wkh fruuhvsrqglqj
hvwlpdwhg vwdqgdug ghyldwlrq udwlrv vkrzq lq Wdeoh 7 dovr fruurerudwh wkh idloxuh
wr uhmhfw wkh HVK1 Iru erwk lqwhuhvw udwhv/ wkh udwlrv duh deryh 31;/ dqg xqlw| lv
hdvlo| frqwdlqhg lq wkh fruuhvsrqglqj frq�ghqfh lqwhuydov1 Khqfh/ iru hdfk lqwhuhvw
udwh/ wkh k|srwkhvlv wkdw wkh udwlr ri vwdqgdug ghyldwlrqv lv htxdo wr xqlw|/ fdqqrw
eh uhmhfwhg1
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71 Frqfoxglqj uhpdunv

Dv hpskdvl}hg e| Iodylq +4<<6,/ udwkhu wkdq wkh frpsohwho| jhqhudo dowhuqdwlyh
�dq| rwkhu ehkdylrxu rwkhu wkdq wkdw suhglfwhg e| wkh SLK�/ wkh HVK lv d vshfl�f
dowhuqdwlyh k|srwkhvlv wr wkh SLK wkdw/ lq wkh rshq hfrqrp| vhwwlqj/ lpsolhv d phuh
uhvfdohphqw ri wkh fxuuhqw dffrxqw/ l1h1/ d phuh uhvfdohphqw ri wkh ghjuhh ri lqwhu0
qdwlrqdo eruurzlqj dqg ohqglqj1 Xqghu wkh dvvxpswlrq ri frqvxpswlrq vprrwklqj
ehkdylru/ wkh sdudphwhu wkdw ghwhuplqhv wkh vl}h ri wkh uhvfdohphqw/ l1h1/ wkh h{fhvv
vhqvlwlylw| sdudphwhu/ lv uhvwulfwhg wr eh ohvv wkdq xqlw|1 Lq rughu wr vroyh wkh sx}}oh
ri dq h{fhvvlyho| yrodwloh fxuuhqw dffrxqw/ wkh h{fhvv vhqvlwlylw| sdudphwhu vkrxog eh
qhjdwlyh1 Frqyhuvho|/ lq rughu wr vroyh wkh srvvleoh sx}}oh ri d wrr vprrwk fxuuhqw
dffrxqw/ wkh h{fhvv vhqvlwlylw| sdudphwhu vkrxog eh srvlwlyh dqg ohvv wkdq xqlw|1

Xvlqj wkh SLK iudphzrun/ Jkrvk +4<<8, dujxhv wkdw wkh sx}}oh ri dq h{fhvvlyho|
yrodwloh fxuuhqw dffrxqw lv gxh wr �wrr pxfk� fdslwdo prelolw|1 Exw/ dv kh qrwhv/
vlqfh wkh SLK lpsolflwo| dvvxphv wkdw wkh ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| lv
�{hg dqg/ lq dq rswlpdo frqvxpswlrq vprrwklqj vhqvh/ shuihfw/ vxfk d frqfoxvlrq
pxvw eh lqwhusuhwhg zlwk fdxwlrq1 Lq jhqhudo/ vlqfh vhyhudo k|srwkhvhv duh whvwhg
mrlqwo|/ lw lv qrw srvvleoh wr dwwulexwh prgho idloxuh vshfl�fdoo| wr wkh dvvxpswlrq ri
shuihfw fdslwdo prelolw|1 Wkxv/ lq wkh SLK iudphzrun/ dq h{fhvvlyho| fxuuhqw dffrxqw
uhpdlqv d sx}}oh1 Krzhyhu/ e| vkrzlqj wkdw wkh ehkdylrudo frqvxpswlrq vprrwklqj
surshuwlhv ri wkh HVK iudphzrun fdq eh uhfrqflohg zlwk Jkrvk*v dujxphqw/ d vrox0
wlrq wr wkh sx}}oh ri dq h{fhvvlyho| yrodwloh fxuuhqw dffrxqw lv r�huhg1 Lq frqwudvw
wr wkh SLK/ wkh HVK doorzv iru dq| ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| wkdw lv
frqvlvwhqw zlwk frqvxpswlrq vprrwklqj ehkdylru1 Lw wxuqv rxw wkdw li wkh HVK lv
wuxh zkhq wkh ghjuhh ri fdslwdo prelolw| lv kljkhu wkdq wkh ghjuhh wkdw lv shuihfw
dffruglqj wr wkh SLK/ wkh h{fhvv vhqvlwlylw| sdudphwhu lv qhjdwlyh1 Khqfh/ dffruglqj
wr wkh HVK/ dq h{fhvvlyho| yrodwloh fxuuhqw dffrxqw lv qrw d sx}}oh/ exw udwkhu zkdw
rqh zrxog h{shfw zkhq wkh ghjuhh ri fdslwdo prelolw| lv uhodwlyho| kljk1 Frqyhuvho|/
li wkh HVK lv wuxh zkhq fdslwdo prelolw| lv uhodwlyho| orz/ wkh hvwlpdwhg h{fhvv vhq0
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vlwlylw| sdudphwhu lv srvlwlyh dqg ohvv wkdq xqlw|1 Wkh h{fhvv vhqvlwlylw| sdudphwhu
fdq eh xvhg wr phdvxuh lqwhuqdwlrqdo fdslwdo prelolw|> lw lv lqyhuvho| uhodwhg wr wkh
ghjuhh ri fdslwdo prelolw| dqg kdv dq xsshu erxqg htxdo wr xqlw|1

Dqqxdo Vzhglvk gdwd iru wkh shulrg 4<840<< duh xvhg wr frpsduh wkh SLK zlwk wkh
HVK1 Wkh gdwd looxvwudwh zkdw w|slfdoo| kdsshqv zkhq whvwlqj wkh SLK rq vpdoo rshq
hfrqrplhv= Vwdwlvwlfdo hylghqfh iru wkh ydolglw| ri wkh prgho lv dw ehvw yhu| zhdn/
dqg wkh fxuuhqw dffrxqw lv h{fhvvlyho| yrodwloh1 E| frqwudvw/ zkhq lw lv dvvxphg wkdw
frqvxpswlrq lv jhqhudwhg e| wkh HVK/ wkh prgho fdqqrw eh uhmhfwhg dqg wkh dfwxdo
dqg suhglfwhg fxuuhqw dffrxqw vhulhv duh doprvw lghqwlfdo1 Dffruglqjo|/ hpslulfdo
hvwlpdwhv ri wkh h{fhvv vhqvlwlylw| sdudphwhu duh qhjdwlyh/ vxjjhvwlqj wkdw Vzhghq*v
ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| lv kljkhu wkdq wkh ghjuhh wkdw lv shuihfw
dffruglqj wkh SLK1 l6m

Ilqdoo|/ wkhuh duh vrph fdyhdwv wr wkh dqdo|vlv1 Dv dujxhg/ wkh h{lvwhqfh ri h{fhvv
vhqvlwlylw| fdq eh uhfrqflohg zlwk wkh ylhz wkdw lqwhuqdwlrqdo fdslwdo prelolw| lv qrw
shuihfw1 Krzhyhu/ dv Ghdwrq +4<<4, srlqwv rxw/ wkhuh frxog eh rwkhu h{sodqdwlrqv iru
h{fhvv vhqvlwlylw| dv zhoo/ lqfoxglqj gxudelolw| dqg kdelw shuvlvwhqfh1 Wkxv/ ghwhfwlqj
h{fhvv vhqvlwlylw| lv rqh wklqj/ dwwulexwlqj lw ixoo| wr qrqshuihfw fdslwdo  rzv lv
dqrwkhu/ dqg wklv lv d olplwdwlrq rqh pxvw uhfrjql}h1 Vwloo/ wr wkh h{whqw wkdw wkh
ghjuhh ri lqwhuqdwlrqdo fdslwdo prelolw| grhv ghyldwh iurp wkh ghjuhh wkdw lv shuihfw
dffruglqj wkh SLK/ lw vkrxog eh fdswxuhg e| wkh h{fhvv vhqvlwlylw| sdudphwhu1 Lq
wklv vhqvh/ wkh riwhq revhuyhg yrodwlolw| ri lqwhuqdwlrqdo fdslwdo pdunhwv vxjjhvwv wkdw
d qrqshuihfw ghjuhh ri fdslwdo prelolw| lv d vwurqj fdqglgdwh iru h{sodlqlqj h{fhvv
vhqvlwlylw| dqg wkh idloxuh ri wkh SLK lq lqgxvwuldol}hg frxqwulhv1 Dw wkh vdph wlph/
lw vkrxog dovr eh qrwhg wkdw wkhuh pd| dovr eh rwkhu dowhuqdwlyhv wr wkh SLK wkdw
n�o Lw lv zhoo0nqrzq wkdw/ rq vhyhudo rffdvlrqv gxulqj wkh sdvw ghfdghv/ wkh Vzhglvk nurqd kdv ehhq
vxemhfw wr ghydoxdwlrq h{shfwdwlrqv/ uhvxowlqj lq pdvvlyh fdslwdo  rzv1 Dv Jkrvk +4<<8, srlqwv
rxw/ wr wkh h{whqw wkdw vxfk  rzv duh qrw devruehg e| uhvhuyhv/ wkh| pxvw eh uh hfwhg lq wkh
fkdqjh lq wkh frxqwu|*v qhw iruhljq dvvhwv/ l1h1/ lq wkh fxuuhqw dffrxqw1 Wkxv/ Jkrvk*v dgglwlrqdo
dujxphqw wkdw dq h{fhvvlyho| yrodwloh fxuuhqw dffrxqw fdq eh gxh wr vshfxodwlyh  rzv udwkhu wkdq
hfrqrplf ixqgdphqwdov/ fdqqrw eh uxohg rxw1
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fdq lpsuryh wkh prgho �w1 l�p Ixwxuh uhvhdufk pd| vkhg pruh oljkw rq wkhvh lvvxhv1

UHIHUHQFHV
Ehndhuw/ J1/ Krgulfn/ U1M1 dqg Pduvkdoo/ G1D1 +4<<:,1 �Rq eldvhv lq whvwv ri wkh h{0

shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv1� Mrxuqdo ri Il0
qdqfldo Hfrqrplfv/ yro1 77 +6,/ Mxqh/ ss1 63<07;1

Ehujlq/ S1U1/ Vkh�ulq/ V1P1 +5333,1 �Lqwhuhvw udwhv/ h{fkdqjh udwhv dqg suhvhqw ydoxh
prghov ri wkh fxuuhqw dffrxqw1� Hfrqrplf Mrxuqdo/ yro1 443 +796,/ Dsulo/ ss1
86808;1

Ehuqdqnh/ E1 +4<;8,1 �Dgmxvwphqw frvwv/ gxudeohv/ dqg djjuhjdwh frqvxpswlrq1�
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 48 +4,/ Mdqxdu|/ ss1 7409;1

Fdpsehoo/ M1\1 +4<;:,1 �Grhv vdylqj dqwlflsdwh ghfolqlqj oderu lqfrphB Dq dowhu0
qdwlyh whvw ri wkh shupdqhqw lqfrph k|srwkhvlv1� Hfrqrphwulfd/ yro1 88 +9,/
Qryhpehu/ ss1 457<0:61

Fdpsehoo/ M1\1/ Ghdwrq/ D1 +4<;<,1 �Zk| lv frqvxpswlrq vr vprrwkB� Uhylhz ri
Hfrqrplf Vwxglhv/ yro1 89 +6,/ Mxo|/ ss1 68:0:61

Fdpsehoo/ M1\1/ Vkloohu U1 +4<;:,1 �Frlqwhjudwlrq dqg whvwv ri suhvhqw ydoxh prghov1�
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 <8 +8,/ Rfwrehu/ ss1 43950;;1

Ghdwrq/ D1 +4<<5,1 Xqghuvwdqglqj frqvxpswlrq1 R{irug= Foduhqgrq Suhvv1
Glfnh|/ G1D1/ Ixoohu/ Z1D1 +4<;4,1 �Olnholkrrg udwlr vwdwlvwlfv iru dxwruhjuhvvlyh wlph

vhulhv zlwk d xqlw urrw1� Hfrqrphwulfd/ yro1 7< +7,/ Mxo|/ ss1 438:0:51
Iodylq/ P1 +4<;4,1 �Wkh dgmxvwphqw ri frqvxpswlrq wr fkdqjlqj h{shfwdwlrqv derxw

ixwxuh lqfrph1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;< +8,/ Rfwrehu/ ss1 <:70
433<1

Iodylq/ P1 +4<<6,1 �Wkh h{fhvv vprrwkqhvv ri frqvxpswlrq= Lghqwl�fdwlrq dqg lqwhu0
suhwdwlrq1� Uhylhz ri Hfrqrplf Vwxglhv/ yro1 93 +6,/ Mxo|/ ss1 9840991

n6q Ehujlq dqg Vkh�ulq +5333, ghyhors d prgho ri wkh fxuuhqw dffrxqw wkdw doorzv iru yduldeoh lqwhuhvw
udwhv dqg h{fkdqjh udwhv/ dqg wkhq xvh Fdpsehoo*v +4<;:, phwkrg wr hydoxdwh dqg whvw lw rq
Dxvwudold/ Fdqdgd/ dqg wkh Xqlwhg Nlqjgrp +zklfk doo kdyh h{fhvvlyho| yrodwloh fxuuhqw dffrxqwv,1
Iru wkhvh frxqwulhv/ wkh �w ri wkh prgho lv lpsuryhg zkhq frpsduhg wr wkh ehqfkpdun SLK prgho
xvhg e| suhylrxv vwxglhv1 Lq dqrwkhu h{whqvlrq ri wkh ehqfkpdun SLK prgho/ Jkrvk dqg Rvwu|
+4<<:, vkrz wkdw suhfdxwlrqdu| vdylqj prwlyhv fdq eh dq lpsruwdqw ghwhuplqdqw ri fxuuhqw dffrxqw
vxusoxvhv1
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Jkrvk/ D1U1 +4<<8,1 �Lqwhuqdwlrqdo fdslwdo prelolw| dprqjvw wkh pdmru lqgxvwul0
dolvhg frxqwulhv= Wrr olwwoh ru wrr pxfkB� Hfrqrplf Mrxuqdo/ yro1 438 +75;,/
Mdqxdu|/ ss1 43:05;1

Jkrvk/ D1U1/ Rvwu|/ M1G1 +4<<8,1 �Wkh fxuuhqw dffrxqw lq ghyhorslqj frxqwulhv= D
shuvshfwlyh iurp wkh frqvxpswlrq vprrwklqj dssurdfk1� Zruog Edqn Hfr0
qrplf Uhylhz/ yro1 < +5,/ Pd|/ ss1 6380661

Jkrvk/ D1U1/ Rvwu|/ M1G1 +4<<:,1 �Pdfurhfrqrplf xqfhuwdlqw|/ suhfdxwlrqdu| vdy0
lqj/ dqg wkh fxuuhqw dffrxqw1� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ yro1 73 +4,/
Vhswhpehu/ ss1 45406<1

Juhjru|/ D1Z1/ Yhdoo/ P1U1 +4<;8,1 �Irupxodwlqj Zdog whvwv ri qrqolqhdu uhvwulf0
wlrqv1� Hfrqrphwulfd/ yro1 86 +9,/ Qryhpehu/ ss1 479809;1

Kdoo/ U1H1 +4<:;,1 �Vwrfkdvwlf lpsolfdwlrqv ri wkh olih f|foh0shupdqhqw lqfrph k|0
srwkhvlv= Wkhru| dqg hylghqfh1� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;9 +9,/
Ghfhpehu/ ss1 <:40;:1

Mrkdqvhq/ V1 +4<;;,1 �Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv1� Mrxuqdo ri Hfr0
qrplf G|qdplfv dqg Frqwuro/ yro1 45/ ss1 56405871

Nloldq/ O1 +4<<;,1 �Vpdoo vdpsoh frq�ghqfh lqwhuydov iru lpsxovh uhvsrqvh ixqfwlrqv1�
Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 ;3 +5,/ Pd|/ ss1 54;0631

Revwihog/ P1/ Urjr�/ N1 +4<<8,1 �Wkh lqwhuwhpsrudo dssurdfk wr wkh fxuuhqw df0
frxqw1�/ lq +J1 Jurvvpdq dqg N1 Urjr� hgv1,/ Kdqgerrn ri lqwhuqdwlrqdo hfr0
qrplfv/ yro161 Dpvwhugdp= Qruwk0Kroodqg1

Revwihog P1/ Urjr�/ N1 +4<<9,1 Irxqgdwlrqv ri lqwhuqdwlrqdo pdfurhfrqrplfv1 Fdp0
eulgjh/ PD= PLW Suhvv1

Rwwr/ J1 +4<<5,1 �Whvwlqj d suhvhqw ydoxh prgho ri wkh fxuuhqw dffrxqw= Hylghqfh
iurp XV dqg Fdqdgldq wlph vhulhv1� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Il0
qdqfh/ yro1 44 +8,/ Rfwrehu/ ss1 7470631

Vkh�ulq/ V1P1/ Zrr/ Z1W1 +4<<3,1 �Suhvhqw ydoxh whvwv ri dq lqwhuwhpsrudo prgho
ri wkh fxuuhqw dffrxqw1� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 5< +607,/
Qryhpehu/ ss1 56:0861

Vkledwd/ D1/ Vklqwdql/ P1 +4<<;,1 �Fdslwdo prelolw| lq wkh zruog hfrqrp|= dq dowhu0
qdwlyh whvw1� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ yro1 4: +8,/ Rfwrehu/
ss1 :740:891
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