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Devwudfw

Zh looxvwudwh wkh irxqgdwlrqv ri wkh wkhru| ri gl�huhqwldo jdphv/

zlwk sduwlfxodu uhjdug wr wkh gh�qlwlrq ri lqirupdwlrq vhwv dqg vroxwlrq

frqfhswv1 Wkhq/ zh surylgh d vxuyh| ri vhyhudo uhohydqw dssolfdwlrqv

ri wkh wkhru| wr prghoolqj wkh ehkdylrxu ri roljrsrolvwlf �upv1
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4 Lqwurgxfwlrq

Wklv fkdswhu dlpv dw lqwurgxflqj wkh uhdghu wr wkh g|qdplf prghov ri roljrsrolv0
wlf frpshwlwlrq1 Lq sduwlfxodu/ zh zdqw wr rxwolqh wkh edvlfv ri wkh wkhru|
ri gl�huhqwldo jdphv dqg surylgh wkh uhdghu zlwk d eulhi vxuyh| ri wkh olwhu0
dwxuh frqfhuqlqj lwv dssolfdwlrqv wr lqgxvwuldo rujdql}dwlrq1 Lw lv vxusulvlqj
wkdw wkh prvw sduw ri vwdqgdug plfurhfrqrplf dqdo|vlv 0 dqg vshfl�fdoo| wkh
wkhru| ri lqgxvwuldo rujdql}dwlrq 0 kdv ehhq ghyhorshg lq vwdwlf frqwh{wv/
dowkrxjk wklv lv fohduo| dw rggv zlwk uhdolw|1 Hyhq wkh lvvxh ri vwudwhjlf lq0
whudfwlrq dprqj �upv ryhu wlph kdv ehhq prghoohg prvwo| wkurxjk wkh wrrov
ri uhshdwhg jdphv/ zklfk duh lqkhuhqwo| vwdwlf1

Wkh wkhru| ri gl�huhqwldo jdphv ruljlqdwhg iurp wkh zrun ri Lvddfv +4<87,/
lq wkh irup ri xqsxeolvkhg uhsruwv ri wkh UDQG Frusrudwlrq/ dffrxqwlqj iru
klv uhvhdufk dfwlylw| lq wkh suhylrxv �yh |hduv/ dw ohdvw1 Wkh uhdvrq zk|
gl�huhqwldo jdph wkhru| uhpdlqhg iru d orqj wlph dw wkh pdujlq ri uhvhdufk
lq hfrqrplfv lv fhuwdlqo| wr eh irxqg lq wkh idfw wkdw Lvddfv/ dv zhoo dv pdq|
ri klv froohdjxhv zrunlqj lq wkh vdph �hog ru lq uhodwhg �hogv/ zdv lq idfw
dssrlqwhg e| wkh XV Jryhuqphqw wr ghdo zlwk plolwdu| sureohpv uhodwhg wr
wkh Frog Zdu14 Pxfk wkh vdph fdq eh wrog derxw wkhlu Uxvvldq frxqwhusduwv1
Lq erwk fdvhv/ wkh surgxfwv ri uhvhdufk vwduwhg ehlqj sxeolvkhg lq wkh plg0
vl{wlhv +Lvddfv/ 4<98> Srqwu|djlq/ 4<99,/ dqg/ dv d uhvxow ri wklv ghod|/ wkhlu
dssolfdwlrqv wr hfrqrplfv duh h{wuhpho| uhfhqw dqg uhodwlyho| ihz1

Prvw ri wkh dssolfdwlrqv ri gl�huhqwldo jdph wkhru| duh wr eh irxqg lq wkh
�hog ri lqgxvwuldo rujdql}dwlrq/5 dqg/ pruh suhflvho|/ wkh| fdq eh sduwlwlrqhg
lqwr irxu jurxsv=

L1 Roljrsro| jdphv zlwk g|qdplf sulfhv

LL1 Roljrsro| jdphv zlwk fdslwdo dffxpxodwlrq iru surgxfwlrq

4Wklv lv wkh fdvh iru Duurz/ Ehoopdq/ Qdvk/ yrq Qhxpdqq/ Wxfnhu dqg pdq| rwkhuv1
D yhu| hqmr|deoh dffrxqw ri wkh dfwlylw| dw UDQG Frusrudwlrq lq wkh hduo| �iwlhv fdq eh
irxqg lq Qdvdu +4<<;,1 Uhohydqw dssolfdwlrqv ri gl�huhqwldo jdph wkhru| wr plolwdu| lvvxhv
lqfoxgh Eulwr +4<:5,/ Wd|oru +4<:;,/ Lqwuloljdwru dqg Eulwr +4<;7/ 4<;<,1

5Vhyhudo dssolfdwlrqv fdq dovr eh irxqg lq pdfurhfrqrplfv1 Vhh Sdx +4<:8,/ Ed�vdu/
Wxuqryvn| dqg g*Ruh| +4<;9,/ Srkmrod +4<;9,/ Ed�vdu dqg Vdoprq +4<;;,/ ydq ghu Sorhj
dqg gh ]hhxz +4<;<,/ gh ]hhxz dqg ydq ghu Sorhj +4<<4,1
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LLL1 U)G jdphv

LY1 Dgyhuwlvlqj jdphv

Lq wklv vxuyh|/ zh jlyh dq dffrxqw ri L0LLL16 Wkh sdshu lv rujdqlvhg dv
iroorzv1 Iluvw/ wkh irxqgdwlrqv ri gl�huhqwldo jdphv duh odlg rxw/ wrjhwkhu
zlwk wkh Kdplowrqldq vroxwlrq phwkrg +vhfwlrq 5,1 Wkhq/ zh lqwurgxfh wkh
vlpsohvw zd| wr wuhdw g|qdplfv lq d pdunhw jdph/ uhylhzlqj jdphv zlwk g|0
qdplf sulfhv zkhuh �upv ehdu vroho| yduldeoh frvwv/ l1h1/ wkhuh lv qr fdslwdo
dffxpxodwlrq ri dq| nlqg +vhfwlrq 6,1 Wkh iroorzlqj vwhs frqvlvwv lq ghvfule0
lqj erwk Frxuqrw dqg Ehuwudqg frpshwlwlrq zlwk fdslwdo dffxpxodwlrq iru
surgxfwlrq +vhfwlrq 7,1 Ilqdoo|/ zh vxuyh| jdphv ri lqqrydwlrq/ zkhuh lqyhvw0
phqw lv dlphg dw dfklhylqj hlwkhu surfhvv ru surgxfw lqqrydwlrq +vhfwlrq 8,1
Frqfoxglqj frpphqwv duh lq Vhfwlrq 91

5 Whfkqlfdo ihdwxuhv

Khuh/ zh eulh | looxvwudwh wkh fruqhuvwrqhv ri wkh wkhru| ri gl�huhqwldo jdphv/

qdpho|/ wkh qrwlrqv ri

� vwdwh yduldeoh dqg frqwuro yduldeoh

� remhfwlyh ixqfwlrqv ri sod|huv

� lqirupdwlrq dqg uhodwhg vroxwlrq frqfhswv

514 Wkh vwdwh yduldeoh dqg wkh frqwuro yduldeoh

Lq dq| g|qdplf vhwwlqjv/ dw ohdvw rqh yduldeoh fkdqjhv ryhu wlph/ ghshqglqj

rq lwv sdvw ydoxhv dv zhoo dv wkh sod|huv* fkrlfhv1 Zh gh�qh wklv yduldeoh dv

wkh vwdwh yduldeoh1 Dq h{dpsoh shuwdlqlqj wr lqgxvwuldo rujdql}dwlrq pd| eh

d �up*v surgxfwlyh fdsdflw| ru lqvwdoohg fdslwdo/ zklfk ghshqg xsrq erwk

wkh fdsdflw| khog e| wkh �up lq sdvw shulrgv dqg khu fxuuhqw lqyhvwphqw

ghflvlrqv1 Lqvridu dv wkhuh h{lvwv vwudwhjlf lqwhughshqghqfh dprqj �upv/ erwk

wkh rswlpdo lqyhvwphqw dw dq| srlqw lq wlph/ dqg wkh uhvxowlqj hyroxwlrq ri

fdsdflw| ryhu wlph/ ghshqg xsrq wkh lqyhvwphqw xqghuwdnhq e| doo rwkhu

6Mûujhqvhq +4<;5, surylghv d vxuyh| ri gl�huhqwldo jdphv zlwk dgyhuwlvlqj1 Vhh dovr
Ohlwpdqq dqg Vfkplwhqgrui +4<:;,> Ihlfkwlqjhu +4<;6,> Grfnqhu dqg Ihlfkwlqjhu +4<;9,1
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�upv1 Wkh dfwlrqv ri sod|huv dw dq| wlph | frqvlvwv lq vhwwlqj wkh vr0fdoohg

frqwuro yduldeohv1 Lq wkh mdujrq ri wkh suhylrxv h{dpsoh/ fxuuhqw lqyhvwphqw

lv wkh frqwuro yduldeoh ri wkh jhqhulf �up �c zkr pxvw vhw lw rswlpdoo| ryhu

wlph1

Ohw wkh jdph xqudyho ryhu | 5 dfc A o�7 Gh�qh wkh vhw ri sod|huv dv S �
i�c 2c �c ����j� Pruhryhu/ ohw %�E|� gh�qh wkh vwdwh yduldeoh iru sod|hu �18 Iru0

pdoo|/ lwv g|qdplfv fdq eh ghvfulehg e| wkh iroorzlqj=

_%�E|�

_|
�

�

%� E|� ' s
�
%�E|�c i��E|�j

�

�'�

�
+4,

zkhuh i��E|�j
�

�'�
lv wkh yhfwru ri sod|huv* dfwlrqv dw wlph |c l1h1/ lw lv wkh yhfwru

ri wkh ydoxhv ri frqwuro yduldeohv dw wlph |�

Wkh ydoxh ri wkh vwdwh yduldeohv dw wkh ehjlqqlqj ri wlph +| ' f, lv dv0
vxphg wr eh nqrzq= i%�Ef�j

�

�'�
' i%fc�j

�

�'�
� Wkh ehkdylrxu ri wkh vwdwh

yduldeoh ryhu wlph uhsuhvhqwv d g|qdplf frqvwudlqw iru hdfk sod|hu1 Dv orqj
dv wkh vwdwh yduldeoh d�hfwv hdfk sod|hu*v rswlpdo ghflvlrqv/ dqg wkhuh h{0
lvwv d ihhgedfn iurp wkh sod|huv* dfwlrqv wr wkh ydoxh ri hdfk vwdwh yduldeoh/
vwudwhjlf lqwhughshqghqfh dprqj sod|huv hphujhv1

515 Wkh remhfwlyh ixqfwlrq

Hdfk sod|hu kdv dq remhfwlyh ixqfwlrq/ wr eh hlwkhu pd{lplvhg ru plqlplvhg/
ghshqglqj xsrq wkh zd| zh gh�qh sd|r� ixqfwlrqv +l1h1/ zkhwkhu sd|r�v
ghqrwh jdlqv ru orvvhv,1 Wkh ixqfwlrq lv gh�qhg dv wkh glvfrxqwhg ydoxh
ri wkh  rz ri sd|r�v ryhu wlph1 Gh�qh wkh lqvwdqwdqhrxv sd|r� dffux0
lqj wr sod|hu � dw wlph | dv Z�E|�c dqg/ iru wkh vdnh ri vlpsolflw|/ vxs0
srvh Z�E|� lv d jdlq +ru sur�w,1 Ri frxuvh/ wkh lqvwdqwdqhrxv sd|r� pxvw

ghshqg xsrq wkh fkrlfhv pdgh e| sod|hu � dv zhoo dv lwv ulydov/ wkdw lv/

Z�E|� ' Z� E%�E|�c %3�E|�c ��E|�c �3�E|�� c zkhuh �
3�E|� vxppdulvhv wkh dfwlrqv

ri doo rwkhu sod|huv dw wlph |� Sod|hu �*v remhfwlyh lv wkhq

4@ 
��E|�

a� �

]
A

f

Z�E|�e
34|

_| +5,

7Wkh wlph krul}rq ri wkh jdph pd| zhoo eh lq�qlwho| orqj1 Vhh vhfwlrqv 7 dqg 8 iru

prghov zkhuh w 5 ^3>4,=
8Wkh vwdwh yduldeoh pljkw eh xqltxh iru doo sod|huv/ exw lw lv qrw qhfhvvdulo| vr1 Lq

wkh deryh h{dpsoh/ lw lv fhuwdlqo| qrw/ ehfdxvh wkh dffxpxodwulrq ri fdsdflw| ru fdslwdo

fkdudfwhulvh hyhu| lqglylgxdo �up lq wkh pdunhw/ srvvleo| lq gl�huhqw zd|v1 Vhh vhfwlrq 8

iru fdvhv zkhuh {+w, lv lqghhg xqltxh iru doo sod|huv1
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zkhuh wkh idfwru e
34| glvfrxqwv ixwxuh jdlqv1 Revhuyh wkdw wkh glvfrxqw udwh

4 kdv qr lqgh{/ gxh wr wkh vlpsoli|lqj dvvxpswlrq wkdw doo sd|huv glvfrxqw

ixwxuh sd|r�v dw wkh vdph frqvwdqw udwh1 Lq rughu wr vroyh klv rswlpxp

sureohp/ hdfk sod|hu vhwv wkh ydoxh ri klv frqwuro yduldeoh ��E|� lq hdfk shulrg/
vr wkdw kh dfwxdoo| fkrrvhv d wlph sdwk iru klv frqwuro/ xqghu wkh g|qdplf
frqvwudlqw uhsuhvhqwhg e| wkh ehkdylrxu ri wkh vwdwh yduldeoh +4,1

516 Lqirupdwlrq

Zkdw lv wkh uhohydqw lqirupdwlrq vhw dydlodeoh wr hdfk sod|hu dw dq| gdwh

| 5 dfc A oB G|qdplf jdph wkhru| glvwlqjxlvkhv wkuhh fdvhv=

Rshq0Orrs Lqirupdwlrq +ROL, Frpprq nqrzohgjh frqvlvwv rqo| lq wkh

vwdwh ri wkh zruog/ l1h1/ wkh yhfwru ri ydoxhv ri wkh vwdwh yduldeohv/ dw
lqlwldo wlph | ' f� Dw wklv gdwh/ hdfk sod|hu vhwv wkh sdwk ri klv frq0
wuro yduldeoh +wdnlqj lqwr dffrxqw wkh h{shfwhg ehkdylrxu ri doo rwkhu
sod|huv,1 Doo ghflvlrqv duh wdnhq dw | ' fc dqg dssolhg dffruglqjo| e|
sod|huv gxulqj wkh zkroh uhohydqw wlph vsdq1

Ihhgedfn Lqirupdwlrq +IL, Sod|huv duh dvvxphg wr nqrz/ dw dq| |c wkh

vwdwh ri wkh zruog dw |� �c vr wkdw wkh lqirupdwlrq vhw dw wlph | fdq eh

vxppdulvhg e| wkh yhfwru ri ydoxhv ri wkh vwdwh yduldeohv ri doo sod|huv

dw | � �c gh�qhg dv fE| � �� � i%�E|� ��c %2E|� ��c ��� %�E|� ��j +ru
fE|�0�c zkhuh 0 lv srvlwlyh dqg duelwudulo| vpdoo/ li wkh jdph lv vshfl�hg
lq frqwlqxrxv wlph,1

Forvhg0Orrs Lqirupdwlrq +FOL, Xqghu forvhg0orrs +ru klvwru|0ghshqghqw,
lqirupdwlrq/ sod|huv duh dvvxphg wr nqrz dw gdwh | wkh zkroh suhylrxv
klvwru| ri wkh jdph ryhu dfc |��

Lq wkh uhpdlqghu/ zh zloo looxvwudwh lqgxvwuldo rujdql}dwlrq prghov xqghu

ROL1 Wklv vroxwlrq lv zhdno| wlph frqvlvwhqw/ lq wkh vhqvh wkdw/ li rqh frqvlg0

huv wkh jdph ryhu wkh wuxqfdwhg lqwhuydo djc A o c zkhuh j 5 Efc A �c lwv vroxwlrq
frlqflghv zlwk wkh vroxwlrq wr wkh ruljlqdo jdph ryhu wkh vdph lqwhuydo/ sur0

ylghg wkdw djhqwv kdyh sod|hg rswlpdoo| ryhu dfc j��9

9Wkh olplwdwlrqv d�hfwlqj rshq orrs vroxwlrqv duh zhoo nqrzq +N|godqg/ 4<::> Vshqfh/
4<:<> vhh dovr Ixghqehuj dqg Wluroh/ 4<<4/ ss1 853069,1 Lq olqh ri sulqflsoh/ lw zrxog eh
suhihudeoh wr vroyh d gl�huhqwldo jdph xqghu hlwkhu IL ru/ hyhq ehwwhu/ FOL/ udwkhu wkdq
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517 Htxloleulxp frqfhswv

H{dfwo| olnh lq vwdwlf jdphv/ zh pd| ghvfuleh vwudwhjlf lqwhudfwlrq ehwzhhq

sod|huv lq gl�huhqw zd|v1 Iluvw ri doo/ zh pd| vxssrvh wkdw hdfk sod|hu wdnhv

doo klv rssrqhqwv* fkrlfhv dv jlyh/ lq zklfk fdvh wkh uhohydqw htxloleulxp frq0

fhsw/ l1h1/ wkh Qdvk htxloleulxp/ fdq eh gh�qhg dv xvxdo= d vhw ri vwudwhj|

sdwkv lv d Qdvk htxloleulxp li hdfk sod|hu frqvlghu klv rzq dfwlrq dv rswl0

pdo jlyhq wkh rwkhu sod|huv* ehkdylrxu/ dqg hyhq diwhu kdylqj revhuyhg vxfk

ehkdylrxu1

Vhfrqg/ zh pd| frqvlghu wkh Vwdfnhoehuj htxloleulxp/ zkhuh wkh ohdghu

wdnhv lqwr dffrxqw wkh iroorzhu*v ehvw uhso|/ vr wkdw wkh uhdfwlrq ixqfwlrq

ri wkh iroorzhu pxvw eh lqvhuwhg lqwr wkh ohdghu*v sureohp dv dq dgglwlrqdo

frqvwudlqw1

Wklug/ sod|huv fdq frrshudwh/ l1h1/ wkh| fdq dgrsw d frpprq remhfwlyh

ixqfwlrq gh�qhg/ iru lqvwdqfh/ e| wkh vxp ri lqglylgxdo glvfrxqwhg  rzv ri

sd|r�v1 Lq wkh �hog ri lqgxvwuldo rujdql}dwlrq/ wklv lv wkh fdvh zkhq/ h1j1/ �upv

exlog xs d fduwho lq rughu wr pd{lplvh mrlqw sur�wv z1u1w1 wkhlu lqyhvwphqw lq

U)G wr uhgxfh pdujlqdo surgxfwlrq frvwv ru wr lqwurgxfh qhz surgxfwv1

518 Rswlpl}dwlrq ryhu wlph

Vroylqj d gl�huhqwldo jdph dprxqwv wr vroylqj d sureohp ri g|qdplf sodqqlqj

zlwk vhyhudo djhqwv lqwhudfwlqj vwudwhjlfdoo| zlwk hdfk rwkhu1 Zh duh qrw

jrlqj lqwr wkh irupdo ghwdlov ri g|qdplf rswlpl}dwlrq>: udwkhu/ zh frq�qh

wr uhsruwlqj vrph rshudwlyh uxohv wr vroyh d gl�huhqwldo jdph1 Qdpho|/ zh

suhvhqw wkh Kdplowrq whfkqltxh1

Frqvlghu wkh iroorzlqj sureohp iru sod|hu � G
;

4@ 

��E|�
a� �

]
A

f

Z� E%�E|�c %3�E|�c ��E|�c �3�E|�� e
34|_| +6,

xqghu ROL1 Lw fdq eh vkrzq wkdw wkhuh duh fodvvhv ri jdphv iru zklfk wkh rshq0orrs dqg
wkh forvhg0orrs vroxwlrqv frlqflgh +vhh Uhlqjdqxp/ 4<;5e/ Phkopdqq dqg Zloolqj /4<;6/
dqg Ihuvkwpdq/ 4<;:,1 Iru dq h{kdxvwlyh glvfxvvlrq ri wlph frqvlvwhqf| dqg vxejdph
shuihfwqhvv lq gl�huhqwldo jdph wkhru|/ vhh Phkopdqq +4<;;/ fk1 7, dqg Ed�vdu dqg Rovghu
+4<<85/ fkv1 8 dqg 9,1

:Zh uhihu wkh uhdghu lqwhuhvwhg lq d wkrurxjk h{srvlwlrq ri phwkrgv iru g|qdplf rs0
wlpl}dwlrq dqg gl�huhqwldo jdphv wr Fkldqj +4<<5,> dqg Phkopdqq +4<;;, ru Ed�vdu dqg
Rovghu +4<<85,/ uhvshfwlyho|1

;Qrwh wkdw sod|hu l pd| idfh hlwkhu d pd{lpl}dwlrq ru d plqlpl}dwlrq sureohp1 Lq wkh

uhpdlqghu/ zh zloo irfxv rq wkh iruphu fdvh1
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zkhuh %�E|� dqg ��E|� ghqrwh sod|hu �*v vwdwh yduldeoh dqg frqwuro yduldeoh/

uhvshfwlyho|1 Zh lqwurgxfh qrz wkh Kdplowrqldq ixqfwlrq/ gh�qhg dv iroorzv=

K E%�E|�c ��E|�� �
k
Z� E%�E|�c ��E|�c �3�E|�� n b�E|� � s

�
%�E|�c i��E|�j

�

�'�

�l
� e
34|c

+8,
zkhuh b�E|� ' >

�
E|�e4| lv dq dx{loldu| yduldeoh/ fdoohg wkh fr0vwdwh yduldeoh/ lwv

lqwhusuhwdwlrq ehlqj pxfk wkh vdph dv wkdw dwwdfkhg wr Odjudqjh pxowlsolhuv
lq vwdwlf frqvwudlqhg rswlpl}dwlrq sureohpv1 Wkdw lv/ wkh fr0vwdwh yduldeoh
fdq eh vhhq dv wkh vkdgrz sulfh ri d yduldwlrq ri wkh vwdwh yduldeoh1

Wkh �uvw rughu frqglwlrqv +IRFv, iru wkh vroxwlrq ri wkh g|qdplf sureohp
duh=

YK E%�E|�c ��E|��

Y��E|�
' f( +9,

dqg

�

YK E%�E|�c ��E|��

Y%�E|�
'

Yb�E|�

Y|
+:,

dorqj zlwk wkh lqlwldo frqglwlrq %�Ef� ' %f dqg d wudqvyhuvdolw| frqglwlrq/
zklfk vhwv wkh �qdo ydoxh +dw wlph A , ri wkh vwdwh dqg2ru fr0vwdwh yduldeohv1
Lq sureohpv gh�qhg ryhu dq lq�qlwh wlph krul}rq/ lw lv yhu| frpprq wr vhw

*�4
|<"

b�E|� � %�E|� ' f +;,

dv wkh wudqvyhuvdolw| frqglwlrq1 Lw dprxqwv wr vd|lqj wkdw wkh �prqhwdu|�
ydoxh ri wkh vwdwh yduldeoh dw lq�qlw| lv qlo1

Lq dqdo|vlqj g|qdplf vhwwlqjv/ zh duh dovr jhqhudoo| lqwhuhvwhg lq hydox0
dwlqj zkhwkhu d vwhdg| vwdwh h{lvwv/ l1h1/ d yhfwru ri yduldeohv zklfk srvvhvvhv
wkh ghvludeoh surshuw| wkdw/ zkhqhyhu sod|huv uhdfkhg wkh vwhdg| vwdwh/ wkhq
doo wkh uhohydqw yduldeohv zrxog uhpdlq xqfkdqjhg wkhuhdiwhu1

D vwhdg| vwdwh htxloleulxp pd| qrw h{lvw/ ru/ li lw grhv/ lw pd| qrw eh
xqltxh1< Odvw exw qrw ohdvw/ d vwhdg| vwdwh htxloleulxp pd| h{klelw gl�huhqw
ihdwxuhv dv idu dv lwv vwdelolw| lv frqfhuqhg1 Pruh suhflvho|/ wkh vwhdg| vwdwh
htxloleulxp fdq eh=

<Wkhuh h{lvwv dovr wkh srvvlelolw| wkdw d vwhdg| vwdwh eh phdqlqjohvv iurp dq hfrqrplf

vwdqgsrlqw1 Vhh ehorz/ vhfwlrqv 7 dqg 81

:



D1 d vwdeoh +xqvwdeoh, qrgh/ zkhq wkh v|vwhp qrq0f|folfdoo| frqyhujhv wr
+glyhujhv iurp, wkdw vwhdg| vwdwh/ uhjdugohvv ri zkhuh lw vwduwv iurp>

E1 vwdeoh dorqj d vdggoh sdwk/ zkhq wkhuh h{lvwv rqh dqg rqo| rqh wlph sdwk
ohdglqj wr wkh vwhdg| vwdwh>

F1 d vwdeoh +xqvwdeoh, irfxv/ zkhq wkh v|vwhp f|folfdoo| frqyhujhv wr +gl0
yhujhv iurp, iurp wkh vwhdg| vwdwh>

G1 d yruwh{/ zkhq wkh v|vwhp ruelwv durxqg wkh vwhdg| vwdwh lq d shushwxdo
prwlrq1

Gh�qh wkh vwhdg| vwdwh dv wkh yhfwru i%Wc �Wj1 Wklv yhfwru lv wkh rxwfrph

ri wkh g|qdplf v|vwhp=+
_%E|�
_|
�

�

% E|� ' s E%c �� ' f
_�E|�
_|
�

�

� E|� ' }E%c�� ' f
+<,

Wkh g|qdplf htxdwlrqv lq +<, fdq eh olqhdulvhg durxqg wkh vwhdg| vwdwh srlqw
wkurxjk d �uvw rughu Wd|oru h{sdqvlrq/ vr wkdw wkh v|vwhp +<, fdq eh zulwwhq
lq pdwul{ qrwdwlrq dv iroorzv=

5
97

u

%

u

�

6
:8 ' s

5
7
E%� %

W�

E�� �
W�

6
8n[ +43,

zkhuh s lv wkh pdwul{ ri sduwldo ghulydwlyhv hydoxdwhg dw i%Wc �Wj=

s '

�
s
%

s
�

}% }�

�
�%Wc�W

dqg [ ' isE%Wc �W�c }E%Wc �W�j lv d froxpq yhfwru zkrvh frpsrqhqwv duh }hur/

vlqfh s E�c �� dqg }E�c �� duh qlo zkhq hydoxdwhg dw i%W

c �
Wj1

43 Wkh vwdelolw| surs0

huwlhv ri wkh v|vwhp lq wkh qhljkerxukrrg ri wkh vwhdg| vwdwh ghshqg xsrq

wkh wudfh dqg ghwhuplqdqw ri pdwul{ s1 Lq sduwlfxodu/ wkh v|vwhp surgxfhv

d vdggoh zkhq wkh ghwhuplqdqw lv qhjdwlyh1 Ri frxuvh/ lq orrnlqj iru vwhdg|

43Qrwlfh wkdw zh kdyh gursshg lqgh{ l= Wklv lv dgplvvleoh li sod|huv duh v|pphwulf/ vr

wkdw wkh vwdwh dqg frqwuro yduldeohv duh v|pphwulf lq htxloleulxp1

;



vwdwhv/ zh kdyh wr dvfhuwdlq zkhwkhu rswlpdolw| frqglwlrqv +90:, duh lqghhg
frpsdwleoh zlwk _%E|�*_| ' f dqg _�E|�*_| ' f�

Dv d odvw uhpdun rq vwhdg| vwdwh Qdvk htxloleuld/ revhuyh wkdw wkh dqdo|0
vlv ri wkh surshuwlhv ri d g|qdplf v|vwhp lv frqfhswxdoo| glvwlqfw iurp dqg
lqghshqghqw ri wkh lvvxh ri wkh htxloleulxp ri d gl�huhqwldo jdph1 Zh kdyh
d Qdvk htxloleulxp zkhq hdfk djhqw sod|v wkh ehvw uhvsrqvh wkh doo klv rs0
srqhqwv* dfwlrqv1 Iurp wkh vwdqgsrlqw ri wkh dqdo|vlv ri d g|qdplf v|vwhp/
�htxloleulxp� phdqv wkdw yduldeohv duh vwdwlrqdu| ryhu wlph1 Erwk lvvxhv duh
uhohydqw zkhq zh irfxv xsrq d vwhdg| vwdwh Qdvk htxloleulxp/ l1h1/ d vwdwh
zkhuh wkh v|vwhp +wkh pdunhw/ li zh uhihu wr lqgxvwuldo rujdql}dwlrq h{dpsohv,
vwd|v/ surylghg hdfk djhqw sod|v klv rswlpdo vwudwhj|1

Zh duh qrz lq d srvlwlrq wr surfhhg wr d vhohfwhg ryhuylhz ri wkh h{lvw0
lqj olwhudwxuh rq g|qdplf roljrsro| jdphv1 Lq wkh qh{w vhfwlrq/ zh h{srvh
d prgho zkhuh �upv surgxfh zlwkrxw fdslwdo/ zlwk yduldeoh frvwv rqo|/ dqg
g|qdplfv hqwhuv wkh slfwxuh wkurxjk wkh hyroxwlrq ri pdunhw sulfh ryhu wlph1
Wkhq/ lq wkh iroorzlqj vhfwlrqv/ zh irfxv xsrq wkh g|qdplfv ri fdslwdo dffx0
pxodwlrq ryhu wlph/ dlphg hlwkhu dw surgxflqj �qdo frqvxpswlrq jrrgv/ ru
dw dfklhylqj surfhvv ru surgxfw lqqrydwlrqv wkurxjk U)G dfwlylwlhv1

6 G|qdplf sulfhv

Suredeo|/ wkh vlpsohvw zd| wr wklqn derxw wkh g|qdplfv ri pdunhw lqwhudfwlrq
frqvlvwv lq dvvxplqj wkdw sulfhv hyroyh ryhu wlph dffruglqj wr vrph dffhswdeoh
uxohv1 Wkdw lv/ lw frqvlvwv lq wdnlqj sulfh dv wkh vwdwh yduldeoh1 Wklv lv
wkh sureohp dqdo|vhg lq Vlpddq dqg Wdnd|dpd +4<:;, dqg Ihuvkwpdq dqg
Ndplhq +4<;:,144 Lq wklv vhfwlrq/ zh suhvhqw d vlpsol�hg yhuvlrq ri wkh prgho1

Frqvlghu dq roljrsro| zkhuh/ dw dq| | 5 dfc4�c � �upv surgxfh txdq0

wlwlhv ^�E|�c � 5 i�c 2c ����jc ri wkh vdph krprjhqhrxv jrrg dw d wrwdo

frvw ��E|� ' S^�E|� �
�

2
d^�E|�o

2
� Lq hdfk shulrg/ pdunhw ghpdqg lv eRE|� '

���
S
�

�'�
^�E|�� Khqfh/ wkh sureohp ri �up � lv=

4@ 

^�E|�
a� '

]
"

f

e
34| ^�E|� �

�
RE|�� S�

�

2
^�E|�

�
_| +44,

vxemhfw wr=
_RE|�

_|
�

�

R E|� ' � ieRE|�� RE|�j +45,

44Vhh dovr Phkopdqq +4<;;/ fk1 8, iru dq h{kdxvwlyh h{srvlwlrq ri erwk frqwulexwlrqv1

<



REf� ' f( dqg RE|� � f iru doo | 5 dfc A o � +46,

Qrwlfh wkdw wkh g|qdplfv ghvfulehg e| +45, hvwdeolvkhv wkdw sulfh dgmxvwv
sursruwlrqdwho| wr wkh gl�huhqfh ehwzhhq wkh sulfh ohyho jlyhq e| wkh lqyhuvh
ghpdqg ixqfwlrq dqg wkh fxuuhqw sulfh ohyho/ wkh vshhg ri dgmxvwphqw ehlqj
ghwhuplqhg e| wkh frqvwdqw �1 Wklv dprxqwv wr vd|lqj wkdw wkh sulfh phfk0
dqlvp lv vwlfn|/ wkdw lv/ �upv idfh phqx frvwv lq dgmxvwlqj wkhlu sulfh wr wkh
ghpdqg frqglwlrqv ghulylqj iurp frqvxphuv* suhihuhqfhv= wkh| pd| qrw +dqg/
lq jhqhudo/ wkh zloo qrw, fkrrvh rxwsxwv vr wkdw wkh sulfh uhdfkhv lpphgldwho|
wkh �fruuhfw� pdunhw fohdulqj ohyho/ jlyhq e| eRE|�� Wkh Kdplowrqldq ixqfwlrq

lv=

KE|� ' e
34|

�

+
^�E|� �

�
RE|�� S�

�

2
^�E|�

�
n b�E|��

%
���

�[

�'�

^�E|�� RE|�

&,
c

+47,
zkhuh b�E|� ' >

�
E|�e4|c dqg >�E|� lv wkh fr0vwdwh yduldeoh dvvrfldwhg wr RE|��

Wkh vxssohphqwdu| yduldeoh b�E|� lv lqwurgxfhg wr hdvh fdofxodwlrqv dv zhoo

dv wkh uhpdlqghu ri wkh h{srvlwlrq1 Frqvlghu wkh �uvw rughu frqglwlrq +IRF,
z1u1w1 ^�E|�c fdofxodwhg xvlqj +47,=

YKE|�

Y^�E|�
' RE|�� S� ^�E|�� b�E|��� ' f � +48,

Wklv |lhogv wkh rswlpdo rshq0orrs rxwsxw iru �up �c dv iroorzv=45

^�E|� '

�
RE|�� S� b�E|��� li RE|� : Sn b�E|���
f rwkhuzlvh1

+49,

Wkh uhpdlqlqj frqglwlrqv iru rswlpxp duh=

�

YKE|�

YRE|�
' �^�E|� n b�E|�� '
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�
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Yb�E|�

Y|
' b�E|�E� n 4�� ^�E|� ( +4:,

*�4
|<"

>
�
E|� � RE|� ' f � +4;,

Gl�huhqwldwlqj +49, dqg xvlqj +4:,/ zh rewdlq=

_^�E|�

_|
'

_R

_|
��� dE4n ��b�E|�� ^�E|�o � +4<,

45Lq wkh uhpdlqghu/ zh frqvlghu wkh srvlwlyh vroxwlrq1 Reylrxvo|/ wkh ghulydwlrq ri wkh

vwhdg| vwdwh hqwdlov qrq0qhjdwlylw| frqvwudlqwv rq sulfh dqg txdqwlw|/ wkdw zh dvvxph wr

eh vdwlv�hg1
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Qrz/ vxevwlwxwh lqwr +4<, +l, _R*_| ' � ieRE|�� RE|�j c zlwk eRE|� ' � �

��^E|�c zkhuh d v|pphwu| dvvxpswlrq lv lqwurgxfhg iru lqglylgxdo �up*v
rxwsxw> dqg +ll, �b�E|� ' dRE|�� S� ^E|�o*� iurp +49,1 Wklv |lhogv=

_^E|�

_|
' ��n E� n 4�S� E2� n 4�RE|� n d��E���� n � n 4o ^E|� +53,

Qrwh wkdw _^E|�*_| ' f lv d olqhdu uhodwlrqvkls ehwzhhq RE|� dqg ^E|�� Wklv/ wr0
jhwkhu zlwk _RE|�*_| ' fc dovr d olqhdu ixqfwlrq/ ixoo| fkdudfwhulvh wkh vwhdg|
vwdwh ri wkh v|vwhp1 Wkh g|qdplf v|vwhp fdq eh lpphgldwho| uhzulwwhq lq
pdwul{ irup dv iroorzv=
5
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+54,
Dv wkh ghwhuplqdqw ri wkh deryh 2 � 2 pdwul{ lv qhjdwlyh/ wkh htxloleulxp
srlqw lv d vdggoh/ zlwk

^
W

'

E�� S�E� n 4�

E� n 4�E� n��� n ��
( RW ' ����^W � +55,

7 Fdslwdo dffxpxodwlrq iru surgxfwlrq

Khuh/ zh suhvhqw d prgho hqfrpsdvvlqj vhyhudo frqwulexwlrqv frqfhuqlqj wkh
qhhg iru �upv wr lqyhvw lq fdslwdo ryhu wlph lq rughu wr surgxfh wkh �qdo
jrrgv wr eh vxssolhg wr frqvxphuv +Ndplhq dqg Vfkzduw}/ 4<:<> Ihuvkwpdq
dqg Pxoohu/ 4<;7> Fhoolql dqg Odpehuwlql/ 4<<;> vhh dovr Vshqfh/ 4<:<,1 Wkh
iroorzlqj h{srvlwlrq iroorzv Fhoolql dqg Odpehuwlql +4<<;,1

Frqvlghu d pdunhw zkhuh Q vlqjoh0surgxfw �upv r�hu gl�huhqwldwhg surg0

xfwv ryhu | 5 dfc4�1 Dw dq| wlph |c wkh lqyhuvh ghpdqg ixqfwlrq iru ydulhw|
� lv +vhh Vshqfh/ 4<:9,=

R�E|� ' ���^�E|��(
[

� �'�

^�E|� +56,

zkhuh ( 5 dfc �o lv wkh v|pphwulf ghjuhh ri vxevwlwxwdelolw| ehwzhhq dq|
sdlu ri ydulhwlhv1 Li ( ' �c surgxfwv duh frpsohwho| krprjhqhrxv> li ( ' fc
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vwudwhjlf lqwhudfwlrq glvdsshduv dqg �upv duh lqghshqghqw prqrsrolvwv1 Wkh
gluhfw ghpdqg ixqfwlrq rewdlqv e| lqyhuwlqj +56,=

^�E|� '
�

� n(E� � ��
�

+
��

d� n(E� � 2�oR�E|�

� �(
n

(

� �(

[

� �'�

R�E|�

,
�

+57,
Surgxflqj dq| ydulhw| � uhtxluhv sk|vlfdo fdslwdo &/ dffxpxodwlqj ryhu wlph
wr fuhdwh fdsdflw|1 Dw dq| |c wkh rxwsxw ohyho lv +�E|� ' sE&�E|��c zlwk s �

�

Ys E&�E|��*Y&�E|� : f dqg s� � Y2sE&�E|��*Y&�E|�2 	 f�
D uhdvrqdeoh dvvxpswlrq lv wkdw ^�E|� � +�E|�c wkdw lv/ wkh ohyho ri vdohv lv

dw prvw htxdo wr wkh txdqwlw| surgxfhg1 H{fhvv rxwsxw lv uhlqwurgxfhg lqwr

wkh surgxfwlrq surfhvv |lhoglqj dffxpxodwlrq ri fdsdflw| dffruglqj wr wkh

iroorzlqj surfhvv=

Y&�E|�

Y|
' s E&�E|��� ^�E|�� B&�E|�c +58,

zkhuh B ghqrwhv wkh udwh ri ghsuhfldwlrq ri fdslwdo1 Lq rughu wr vlpsoli| ixu0
wkhu wkh dqdo|vlv/ vxssrvh wkdw xqlw yduldeoh frvw lv frqvwdqw dqg htxdo wr
}hur1 Wkh frvw ri fdslwdo lv uhsuhvhqwhg e| wkh rssruwxqlw| frvw ri lqwhuwhp0
srudo uhorfdwlrq ri xqvrog rxwsxw1 Ilup �*v lqvwdqwdqhrxv sur�wv � duh

Z�E|� ' R�E|�^�E|�� +59,

Ilup � pd{lpl}hv wkh glvfrxqwhg  rz ri lwv sur�wv=

a� '

]
"

f

e
34|

Z�E|� _| +5:,

xqghu wkh frqvwudlqw +58, lpsrvhg e| wkh g|qdplfv ri wkh vwdwh yduldeoh &�E|�1
Qrwlfh wkdw wkh vwdwh yduldeoh grhv qrw hqwhu gluhfwo| wkh remhfwlyh ixqfwlrq1

Lw fdq eh dvvxphg/ dowhuqdwlyho|/ wkdw doo �upv ehkdyh dv hlwkhu txdqwlw|0

vhwwhuv ru sulfh vhwwhuv1 Khqfh/ wkh frqwuro yduldeoh lv hlwkhu ^�E|� zkhq doo

�upv duh Frxuqrw djhqwv/ ru R�E|� lq wkh fdvh zkhuh �upv dgrsw d Ehuwudqg
ehkdylrxu1
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714 Frxuqrw frpshwlwlrq

Zkhq �upv frpshwh lq txdqwlwlhv/ vxevwlwxwh +56, lq +5:, wr jhw wkh uhohydqw
remhfwlyh ixqfwlrq ri �up �=

a� '

]
"

f

e
34|

^�E|� �
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���^�E|��(

[

� �'�

^�E|�

&
_| +5;,

zklfk pxvw eh pd{lplvhg z1u1w1 ^�E|�c xqghu +58,1 Wkh fruuhvsrqglqj Kdplo0

wrqldq ixqfwlrq lv=

KE|� ' e
34|

�

+
^�E|�

%
���^�E|��(

[

� �'�

^�E|�

&
n b�E|� ds E&�E|��� ^�E|�� B&�E|�o

,
c

+5<,
zkhuh b�E|� ' >

�
E|�e4|c dqg >�E|� lv wkh fr0vwdwh yduldeoh dvvrfldwhg wr &�E|��

Wkh vroxwlrq ri �up �*v sureohp iroorzv iurp wkh deryh frqglwlrqv +9,/
+:, dqg +;,/ dssursuldwho| zulwwhq iru wkh suhvhqw prgho1 Vshfl�fdoo|/ wkh
qhfhvvdu| dqg vx!flhqw frqglwlrqv iru d sdwk wr eh rswlpdo duh=

YKE|�

Y^�E|�
' �� 2�^�E|��(
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^�E|�� b�E|� ' f( +63,
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Yb�E|�
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' d4n B � s �E&�E|��ob�E|�( +64,

*�4
|<"

>
�
E|� � &�E|� ' f � +65,

Iurp +63, zh rewdlq

^�E|� '
��(

S
� �'�

^�E|�� bE|�

2�
+66,

zklfk fdq eh gl�huhqwldwhg z1u1w1 wlph wr jhw

_^�E|�

_|
'
�(
S

� �'�
E_^�E|�*_|�� _b�E|�*_|

2�
� +67,

Wkdqnv wr +64,/ wkh h{suhvvlrq lq +67, vlpsol�hv dv iroorzv=

_^�E|�
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Lq rughu wr vlpsoli| fdofxodwlrqv dqg wr rewdlq dq dqdo|wlfdo vroxwlrq/ zh
dgrsw wkh iroorzlqj dvvxpswlrq/ edvhg rq �upv* h{ dqwh v|pphwu|=

[

� �'�

^�E|� ' E� � ��^�E|� +69,

vr wkdw [

� �'�

_^�E|�

_|
'

E� � ��_^�E|�

_|
�

Wkdqnv wr v|pphwu|/ lq wkh uhpdlqghu zh gurs wkh lqglfdwlrq wkh lghqwlw|
ri wkh �up1 Dv d ixuwkhu vlpsol�fdwlrq/ zh dovr gurs wkh lqglfdwlrq ri wlph1
Xvlqj +69, dqg +64,/ zh uhzulwh +68, dv iroorzv=

_^

_|
' Es �E&�� 4 � B� �

�� E2� n(E� � ���^

2� n(E� � ��
� +6:,

Zh duh qrz deoh wr gudz d skdvh gldjudp lq wkh vsdfh i&c ^j c lq rughu wr

fkdudfwhulvh wkh vwhdg| vwdwh htxloleulxp1 Wkh orfxv
u

^� _^*_| ' f lv jlyhq

e| ^ ' �*E2� n (E� � ��� dqg s �E&� ' 4 n B lq �jxuh 41 Qrwlfh wkdw

wkh krul}rqwdo orfxv ^ ' �*E2� n(E� � ��� ghqrwhv wkh xvxdo htxloleulxp
vroxwlrq zh duh zhoo dffxvwrphg zlwk iurp wkh h{lvwlqj olwhudwxuh ghdolqj
zlwk vwdwlf pdunhw jdphv +vhh/ h1j1/ Vlqjk dqg Ylyhv/ 4<;7> Pdmhuxv/ 4<;;,1
Wkh wzr orfl sduwlwlrq wkh vsdfh i&c ^j lqwr irxu uhjlrqv/ zkhuh wkh g|qdplfv
ri ^ lv ghwhuplqhg e| +6:,/ dv vxppdulvhg e| wkh yhuwlfdo duurzv1 Wkh orfxv
u

&� _&*_| ' f dv zhoo dv wkh g|qdplfv ri &c ghslfwhg e| krul}rqwdo duurzv/
ghulyh iurp +58,1 Vwhdg| vwdwhv/ ghqrwhg e| �c u dorqj wkh krul}rqwdo dup/
dqg � dorqj wkh yhuwlfdo rqh/ duh lghqwl�hg e| lqwhuvhfwlrqv ehwzhhq orfl1
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Iljxuh 4= Frxuqrw frpshwlwlrq
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Lw lv zruwk qrwlqj wkdw wkh vlwxdwlrq looxvwudwhg lq �jxuh 4 lv rqo| rqh rxw

ri �yh srvvleoh frq�jxudwlrqv/ gxh wr wkh idfw wkdw wkh srvlwlrq ri wkh yhuwlfdo

olqh s �E&� ' 4n B lv lqghshqghqw ri ghpdqg sdudphwhuv/ zkloh wkh krul}rqwdo

orfxv ^ ' �*E2� n(E� � ��� vkliwv xszdugv +grzqzdugv, dv � +�c ( dqg
�, lqfuhdvhv1 Wkhuhiruh/ zh rewdlq rqh rxw ri �yh srvvleoh uhjlphv=

^4`1 Wkhuh h{lvw wkuhh vwhdg| vwdwh srlqwv/ zlwk &� 	 &� 	 &u +wklv lv wkh
vlwxdwlrq ghslfwhg lq �jxuh 4,1

^5`1 Wkhuh h{lvw wzr vwhdg| vwdwh srlqwv/ zlwk &� ' &� 	 &u�

^6`1 Wkhuh h{lvw wkuhh vwhdg| vwdwh srlqwv/ zlwk &� 	 &� 	 &u�

^7`1 Wkhuh h{lvw wzr vwhdg| vwdwh srlqwv/ zlwk &� 	 &� ' &u�

^8`1 Wkhuh h{lvwv d xqltxh vwhdg| vwdwh srlqw/ fruuhvsrqglqj wr ��

Dq lqwxlwlyh h{sodqdwlrq iru wkh deryh wd{rqrp| fdq eh surylghg/ lq wkh

iroorzlqj whupv1 Wkh yhuwlfdo orfxv s �E&� ' 4 n B lghqwl�hv d frqvwudlqw
rq rswlpdo fdslwdo hperg|lqj �upv* lqwhuwhpsrudo suhihuhqfhv/ l1h1/ wkhlu
frpprq glvfrxqw udwh1 Dffruglqjo|/ pd{lpxp rxwsxw ohyho lq vwhdg| vwdwh
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zrxog eh wkdw fruuhvsrqglqj wr +l, 4 ' fc dqg +ll, d fdsdflw| vxfk wkdw
s �E&� ' B� \hw/ d srvlwlyh glvfrxqwlqj +wkdw lv/ lpsdwlhqfh, lqgxfhv surgxfhuv
wr lqvwdoo d vpdoohu vwhdg| vwdwh fdsdflw|/ pxfk wkh vdph dv lw kdsshqv lq
wkh zhoo nqrzq Udpvh| prgho +Udpvh|/ 4<5;,146 Rq wkhvh jurxqgv/ gh�qh

wklv ohyho ri & dv wkh rswlpdo fdslwdo frqvwudlqw/ dqg odeho lw dv e&1 Zkhq wkh
uhvhuydwlrq sulfh � lv yhu| odujh +ru �c (/ � / duh orz,/ srlqwv � dqg u

hlwkhu gr qrw h{lvw +uhjlph ^8`, ru idoo wr wkh uljkw ri � +uhjlphv ^5`/ ^6`/ dqg
^7`,1 Xqghu wkhvh flufxpvwdqfhv/ wkh fdslwdo frqvwudlqw lv rshudwlyh dqg �upv
fkrrvh wkh fdslwdo dffxpxodwlrq fruuhvsrqglqj wr � 1 Dv zh zloo vhh ehorz/
wklv lv ixoo| frqvlvwhqw zlwk wkh g|qdplf surshuwlhv ri wkh vwhdg| vwdwh srlqwv1

Qrwlfh wkdw/ vlqfh erwk vwhdg| vwdwh srlqwv orfdwhg dorqj wkh krul}rqwdo
orfxv hqwdlo wkh vdph ohyhov ri vdohv1 Dv d frqvhtxhqfh/ srlqw u lv vxuho|
lqh!flhqw lq wkdw lw uhtxluhv d kljkhu dprxqw ri fdslwdo1 Srlqw �c dv douhdg|
phqwlrqhg deryh/ fruuhvsrqgv wr wkh rswlpdo txdqwlw| hphujlqj iurp wkh vwd0
wlf yhuvlrq ri wkh jdph1 Lw lv kdugo| wkh fdvh ri hpskdvlvlqj wkdw wklv vroxwlrq
hqfrpsdvvhv erwk prqrsro| +hlwkhu zkhq � ' � ru zkhq( ' f, dqg shuihfw
frpshwlwlrq +dv/ lq wkh olplw/ � $4,147 Lq srlqw � / _Z�E|�*_^�E|� ' fc wkdw
lv/ pdujlqdo lqvwdqwdqhrxv sur�w lv qlo1

Qrz zh frph wr wkh vwdelolw| dqdo|vlv ri wkh deryh v|vwhp1 Wkh mrlqw
g|qdplfv ri ^ dqg &c fdq eh ghvfulehg e| olqhdulvlqj +6:, dqg +58, durxqg
E&Wc ^W�c wr jhw zkdw iroorzv=

5
97

u

&

u

^

6
:8 ' s

5
7
E& � &

W�

E^ � ^
W�

6
8 +6;,

zkhuh

s '

5
7

s �E&�� B ��

�3E2�n(E?3���^
2�n(E?3��

s�E&� �Es �E&�� 4� B�

6
8

46Iru d ghwdlohg h{srvlwlrq ri wkh Udpvh| prgho/ zh uhihu wkh uhdghu wr Eodqfkdug dqg
Ilvfkhu +4<;</ fk1 5,1

47Wkh dqdo|vlv ri g|qdplf prqrsro| zlwk fdslwdo dffxpxodwlrq gdwhv edfn wr Hydqv
+4<57,1 Vhh Fkldqj +4<<5, iru d uhfhqw h{srvlwlrq ri wkh ruljlqdo prgho e| Hydqv/ dv zhoo
dv odwhu ghyhorsphqwv1
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Wkh vwdelolw| surshuwlhv ri wkh v|vwhp lq wkh qhljkerxukrrg ri wkh vwhdg|

vwdwh ghshqg xsrq wkh wudfh dqg ghwhuplqdqw ri wkh 2 � 2 pdwul{ s1 Lq

vwxg|lqj wkh v|vwhp/ zh frq�qh wr vwhdg| vwdwh srlqwv1 Wkh wudfh ri s lv

|oEs� ' 4 : fc zkhuhdv wkh ghwhuplqdqw {Es� ydulhv dffruglqj wr wkh srlqw

zkhuh lw lv hydoxdwhg1 Frqvlghu wkh deryh wd{rqrp|1

Uhjlph ^4`1 Lq � / {El� 	 fc khqfh wklv lv d vdggoh srlqw1 Lq �c {El� : fc
vr wkdw � lv dq xqvwdeoh irfxv1 Lq u/ {El� 	 fc dqg wklv lv djdlq d

vdggoh srlqw/ zlwk wkh krul}rqwdo olqh dv wkh vwdeoh dup1

Uhjlph ^5`1 Lq wklv uhjlph/ � Frlqflghv zlwk �c vr wkdw zh kdyh rqo| wzr

vwhdg| vwdwhv zklfk duh erwk duh vdggoh srlqwv1 Lq � ' � / wkh vdggoh

sdwk dssurdfkhv wkh vdggoh srlqw iurp wkh ohiw rqo|/ zkloh lq u wkh

vwdeoh dup lv djdlq wkh krul}rqwdo olqh1

Uhjlph ^6`1 Khuh/ � lv d vdggoh>� lv dq xqvwdeoh irfxv> u lv d vdggoh srlqw/
dv lq uhjlphv ^4` dqg ^5`1

Uhjlph ^7`1 Khuh/ srlqwv � dqg u frlqflgh1 � uhpdlqv d vdggoh/ zkloh
� ' u lv d vdggoh zkrvh frqyhujlqj dup surfhhgv iurp wkh uljkw dorqj

wkh krul}rqwdo olqh1

Uhjlph ^8`1 Khuh/ wkhuh h{lvwv d xqltxh vwhdg| vwdwh srlqw/ �c zklfk lv dovr

d vdggoh srlqw1

Zh fdq vxp xs wkh deryh glvfxvvlrq dv iroorzv1 Wkh xqltxh h!flhqw dqg

qrq0xqvwdeoh vwhdg| vwdwh srlqw lv � li &� 	 &� c zkloh lw lv� li wkh rssrvlwh

lqhtxdolw| krogv1 Vxfk d srlqw lv dozd|v d vdggoh1 Lqglylgxdo htxloleulxp rxw0

sxw lv ^�
�
' �*E2�n(E����� li wkh htxloleulxp lv lghqwl�hg e| srlqw �c ru

wkh ohyho fruuhvsrqglqj wr wkh rswlpdo fdslwdo frqvwudlqw e& li wkh htxloleulxp

lv lghqwl�hg e| srlqw �� Wkh uhdvrq lv wkdw/ li wkh fdsdflw| dw zklfk pdujlqdo

lqvwdqwdqhrxv sur�w lv qlo lv odujhu wkdq wkh rswlpdo fdslwdo frqvwudlqw/ wkh

odwwhu ehfrphv elqglqj1 Rwkhuzlvh/ wkh fdslwdo frqvwudlqw lv luuhohydqw/ dqg

�upv* ghflvlrqv lq hdfk shulrg duh vroho| gulyhq e| wkh xqfrqvwudlqhg pd{0

lplvdwlrq ri vlqjoh0shulrg sur�wv1 Lw lv dssduhqw wkdw/ lq wkh suhvhqw vhwwlqj/

�upv dozd|v rshudwh dw ixoo fdsdflw|148 Zkhq rswlpdo rxwsxw lv ^�
�

c shu0�up

48Wkh srvvlelolw| iru �upv wr fkrrvh fdsdflw| vwudwhjlfdoo| kdv ehhq h{whqvlyho| ghedwhg
lq vwdwlf prghov +Ohylwdq dqg Vkxeln/ 4<:5> Nuhsv dqg Vfkhlqnpdq/ 4<;6> Gdylgvrq dqg
Ghqhfnhuh/ 4<;9> Rveruqh dqg Slwfklfn/ 4<;9,1
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lqvwdqwdqhrxv sur�wv lq vwhdg| vwdwh duh

Z
�

�
'

�2�

d2� n(E� � ��o2
+6<,

zkloh wkh| duh Z�
�
'
e&

q
�� d� n(E� � ��oe&r li rswlpdo rxwsxw lv e&�49

715 Ehuwudqg frpshwlwlrq

Frqvlghu qrz wkh dowhuqdwlyh vhwwlqj zkhuh �upv frpshwh lq sulfhv1 Lq wklv

fdvh/ wkh ghpdqg ixqfwlrq lv +57,/ dqg �up �*v g|qdplf sureohp lv=
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+74,
Wkh fruuhvsrqglqj Kdplowrqldq ixqfwlrq lv qrz uhodwlyho| vwudljkwiruzdug1
Rq wkh edvlv ri IRFv/ dqg xvlqj wkh v|pphwu| dvvxpswlrq

S
� �'�

R� ' E� �
��R�c wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh rswlpdo sdwk rewdlq=

u

R�
_R

_|
' f(

u

&�
_&

_|
' fc +75,

dorqj zlwk wkh vwdqgdug wudqvyhuvdolw| frqglwlrq

*�4
|<"

iE|� � &E|� ' fc +76,

zkhuh iE|� lv wkh fr0vwdwh yduldeoh dvvrfldwhg zlwk &E|�� Wkh h{solflw ghulyd0
wlrq ri h{suhvvlrqv +75, lv ohiw wr wkh uhdghu/ dv zhoo dv wkh shuwdlqlqj skdvh

49Rxu dssurdfk jhqhudolvhv wkh dqdo|vlv lq Ihuvkwpdq dqg Pxoohu +4<;7,1 Wkh| gr
qrw frqvlghu ghpdqg frqglwlrqv/ dqg vxssrvh wkdw lqvwdqwdqhrxv lqglylgxdo sur�wv duh
hyhu|zkhuh lqfuhdvlqj lq hdfk �up*v rzq fdslwdo +vhh wkhlu dvvxpswlrq 5/ s1 658,1 Lq rxu
whuplqrorj|/ wkh| rqo| lghqwli| wkh htxloleulxp lq S dorqj wkh yhuwlfdo orfxv i 3+n, @ �.�=

Wkh| duh suhyhqwhg iurp uhdfklqj dq htxloleulxp olnh srlqw P> lq wkdw wkh krul}rqwdo orfxv

t @ D@+5E .G+Q � 4,, grhv qrw dsshdu lq wkhlu prgho1
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gldjudp lq wkh vsdfh i&c Rj � Wkh orfxv
u

&' f lv d frqyh{ fxuyh/ zkloh wkh

orfxv
u

R
' f frqvlvwv ri wkh wzr ruwkrjrqdo olqhv dorqj zklfk s �E&� ' 4n B +dv

lq wkh Frxuqrw fdvh, dqg

R
W

'

�E� �(�

2E� �(� n(E� � ��
c +77,

uhvshfwlyho|1 Wkh dqdo|vlv ri wkh sulfh0vhwwlqj fdvh lv txdolwdwlyho| dqdorjrxv

wr wkh fdvh ri txdqwlw|0vhwwlqj ehkdylrxu1 Wkhuh h{lvw rqh/ wzr ru wkuhh

vwhdg| vwdwh srlqwv/ dffruglqj wr wkh uhodwlyh srvlwlrq ri wkh wzr orfl1 Iurp

wkh dqdo|vlv ri wkh g|qdplf surshuwlhv ri wkh v|vwhp/ zh gudz wkh iroorzlqj

frqfoxvlrqv1 Wkh xqltxh h!flhqw dqg qrq0xqvwdeoh vwhdg| vwdwh srlqw lv � li

&� 	 &� c zkloh lw lv � li wkh rssrvlwh krogv1 Wklv lv dozd|v d vdggoh srlqw1

Lqglylgxdo htxloleulxp rxwsxw lv

^�
�
'

� d� n(E� � 2�o

E2E� �(� n(E� � ��� E� n(E� � ���
+78,

lq �c ru wkh ohyho fruuhvsrqglqj wr wkh rswlpdo fdsdflw| frqvwudlqw e& lq ��

Lq wkh iruphu fdvh/ lqvwdqwdqhrxv vwhdg| vwdwh sur�wv shu �up duh

Z
�

�
'

�2E� �(� d� n(E� � 2�o

d2E� �(� n(E� � ��o2 d� n(E� � ��o
+79,

zkloh Z�
�
' Z

�

�
'
e&

q
�� d� n(E� � ��oe&r li rswlpdo rxwsxw lv e&�

716 Wkh vrfldo rswlpxp

Iurp d vrfldo sodqqhu*v ylhzsrlqw/ wkh fkrlfh ehwzhhq sulfhv dqg txdqwlwlhv

lv frpsohwho| lppdwhuldo1 Pruhryhu/ lq wklv fdvh wkh v|pphwu| dvvxpswlrq

fdq eh dgrswhg iurp wkh rxwvhw/ vr wkdw pdunhw ghpdqg iru hdfk surgxfw

zulwhv dv R ' �� E� n(E� � ���^c zkhuh ^ lv wkh lqglylgxdo �up*v ohyho ri

vdohv1 Lqvwdqwdqhrxv vrfldo zhoiduh/ gh�qhg dv wkh vxp ri frqvxphu vxusoxv

dqg �upv* sur�wv/ lv

r�E|� '
�^E|�

2
d2�� E� n(E� � ���^E|�o � +7:,

Wkh uhvxowlqj rswlpxp sureohp iru wkh vrfldo sodqqhu fdq eh zulwwhq dv

iroorzv=
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r�|�
Y&E|�

Y|
' sE&E|��� ^E|�� B&E|�� +7<,

Wkh vroxwlrq ri wkh vrfldo rswlpxp sureohp lv irupdoo| htxlydohqw wr zkdw zh

fduulhg rxw lq wkh vhfwlrq ghdolqj zlwk Frxuqrw ehkdylrxu xqghu doo uhvshfwv/

zlwk wkh h{fhswlrq ri wkh xqfrqvwudlqhg rswlpdo vdohv ohyho/ zklfk khuh lv

^
7

�
'

�

� n(E� � ��
+83,

Wklv rxwsxw ohyho lv reylrxvo| odujhu wkdq erwk wkh Frxuqrw dqg wkh Ehuwudqg

ohyhov/ li wkh fdslwdo frqvwudlqw lv qrw elqglqj/ zkloh wkh wkuhh uhjlphv duh

lqglvwlqjxlvkdeoh iurp rqh dqrwkhu zkhq wkh fdslwdo frqvwudlqw ehfrphv rs0

hudwlyh lq wkh Frxuqrw vhwwlqj1 Lqwxlwlyho|/ wkhuh fdq eh fdvhv zkhuh wkh frq0

vwudlqw elqgv xqghu vrfldo sodqqlqj dqg ru Ehuwudqg ehkdylrxu exw qrw xqghu

Frxuqrw frpshwlwlrq1 Khqfh/ li &� : &� lq doo uhjlphv/ wkhq ^7
�

: ^�
�

: ^�
�
�

L� &� � &� lq wkh Frxuqrw vhwwlqj/ wkhq wkh rswlpdo h!flhqw srlqw fruuh0

vsrqgv wr &� ' s �3�E4n B� lq doo uhjlphv/ zlwk ^
7

�
' ^

�

�
' ^

�

�
1

D vwudljkwiruzdug lpsolfdwlrq ri wkh deryh sursrvlwlrq lv wkdw/ zkhq wkh

fdslwdo dffxpxodwlrq frqvwudlqw frphv lqwr rshudwlrq lq doo vhwwlqjv/ wkh wkuhh

uhjlphv duh revhuydwlrqdoo| htxlydohqw1 Lq sduwlfxodu/ wkh iroorzlqj uhohydqw

frqfoxvlrq fdq eh gudzq1 Li &� : &� lq doo uhjlphv/ wkhq 7` 7 � 7`� �

7`�
( rwkhuzlvh/ 7` 7

' 7`�
' 7`� �

4: Wkh �uvw fkdlq ri lqhtxdolwlhv rq

wkh udqnlqj ri vrfldo zhoiduh ohyhov dfurvv uhjlphv uhsolfdwhv wkh hvwdeolvkhg

zlvgrp dffruglqj wr zklfk vrfldo sodqqlqj lv pruh h!flhqw wkdq Ehuwudqg

frpshwlwlrq/ dqg erwk duh pruh h!flhqw wkdq Frxuqrw frpshwlwlrq/ dv orqj

dv surgxfwv duh gl�huhqwldwhg dqg wkh qxpehu ri �upv lv �qlwh1 Lq wklv fdvh/

vrfldo zhoiduh lv wkh vdph luuhvshfwlyho| ri wkh pdunhw uhjlph/ rqo| zkhq

wkh qxpehu ri �upv ehfrphv lq�qlwho| odujh1 Vrfldo sodqqlqj dqg Ehuwudqg

frpshwlwlrq frlqflgh dovr zkhq surgxfwv duh shuihfw vxevwlwxwhv1 Wkh vhfrqg

uhvxow lq wkh deryh fruroodu| lqglfdwhv wkdw pdunhw frqglwlrqv duh luuhohydqw

li wkh doorfdwlrq ri uhvrxufhv lv gulyhq rqo| e| wkh g|qdplf dffxpxodwlrq

frqvwudlqw1

4:Dv lw lv xvxdoo| grqh lq wkh h{lvwlqj olwhudwxuh rq vwdwlf roljrsro| frpshwlwlrq/ wkhvh
lqhtxdolwlhv duh fdofxodwhg iru d jlyhq qxpehu ri �upv +vhh Ylyhv/ 4<;8> Rnxjxfkl/ 4<;:,1 Lw
fdq eh vkrzq wkdw wkh lqfhqwlyh wr hqwhu ydqlvkhv idvwhu xqghu sulfh wkdq xqghu txdqwlw|
frpshwlwlrq/ vr wkdw zh pljkw h{shfw wkh qxpehu ri �upv wr eh odujhu lq wkh Frxuqrw
vwhdg| vwdwh1 Wklv pd| uhyhuvh wkh deryh lqhtxdolwlhv rq rxwsxw dqg vrfldo zhoiduh ohyhov/
dqg pdnh Frxuqrw vrfldoo| pruh ghvludeoh wkdq Ehuwudqg +vhh Fhoolql/ Odpehuwlql dqg
Rwwdyldqr/ 4<<<,1
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8 Surgxfw dqg surfhvv lqqrydwlrq

Uhvhdufk lq wkh hfrqrplfv ri lqqrydwlrq kdv irfxvhg xsrq wzr gl�huhqw lvvxhv/
surfhvv dqg surgxfw lqqrydwlrq/ wkh �uvw kdylqj uhfhlyhg pruh dwwhqwlrq wkdq
wkh vhfrqg1 Krzhyhu/ wkh gl�huhqwldo jdph dssurdfk wr erwk sureohpv kdv
surgxfhg uhodwlyho| ihz frqwulexwlrqv1 Lq wklv vhfwlrq/ zh suhvhqw wzr prghov/
ghdolqj/ uhvshfwlyho|/ zlwk +l, surgxfw lqqrydwlrq lq d iudphzrun ri shuihfw
fhuwdlqw| dqg +ll, d vwrfkdvwlf udfh iru d jhqhulf whfkqrorjlfdo euhdnwkurxjk/
wkdw pljkw wxuq lqwr hlwkhu d qhz surgxfw ru d qhz +dqg fkhdshu, surgxfwlrq
surfhvv iru h{lvwlqj surgxfwv1

814 U)G dfwlylw| iru surgxfw lqqrydwlrq

Khuh/ zh xvh wkh vdph ghpdqg vwuxfwxuh dv lq vhfwlrq 7/ h{fhsw wkdw zh dv0

vxph wkdw wkh ghjuhh ri vxevwlwxwdelolw|/ (/ lv wkh uhvxow ri U)G dfwlylw|1

Wkxv/ ( lv wkh vwhdg| vwdwh yduldeoh frpprq wr doo �upv/ dqg zh vxssrvh

wkdw wkhuh lv qr fdsdflw| frqvwudlqw rq �upv* rxwsxw1 Qrwlfh wkdw lqyhvwlqj

wr uhgxfh ( dprxqwv wr lqyhvwlqj lq surgxfw gl�huhqwldwlrq1 Zh lqyhvwljdwh

wzr dowhuqdwlyh vlwxdwlrqv1 Lq wkh �uvw/ �upv wdnh wkhlu ghflvlrqv qrqfrrshu0

dwlyho|/ zlwk uhvshfw wr erwk wkh U)G lqyhvwphqw dqg wkh pdunhw ehkdylrxu1

Khuh/ zh uhdfk dq Duurzldq frqfoxvlrq dffruglqj wr zklfk wkh dprxqw ri

uhvrxufhv lqyhvwhg e| wkh lqgxvwu| lq surgxfw gl�huhqwldwlrq lv lqfuhdvlqj lq

wkh qxpehu ri �upv/ l1h1/ lq wkh lqwhqvlw| ri pdunhw frpshwlwlrq1 Lq wkh vhf0

rqg vhwwlqj/ zh prgho wkh ehkdylrxu ri dq U)G fduwho pdgh xs e| doo �upv/

zklfk frqwlqxh wr ehkdyh qrqfrrshudwlyho| lq vhwwlqj wkhlu uhvshfwlyh rxwsxw

ohyhov1 Lq wklv fdvh/ wkh pdlq uhvxow lv wkdw wkh U)G fduwho lqyhvwv pruh wkdq

wkh vxp ri lqghshqghqw yhqwxuhv/ dqg wkhuhiruh rewdlqv d kljkhu ghjuhh ri

surgxfw gl�huhqwldwlrq1

81414 Wkh vhwxs

Zh xvh wkh vdph vhwxs dv lq wkh suhylrxv vhfwlrq1 Frqvlghu d pdunhw zkhuh

� vlqjoh0surgxfw �upv vhoo gl�huhqwldwhg surgxfwv ryhu | 5 dfc4�1 Pdunhw

frpshwlwlrq wdnhv sodfh ã od Frxuqrw1 Wkh ghpdqg vwuxfwxuh lv +56,1 Dw dq|
wlph |c wkh rxwsxw ohyho ^�E|� lv surgxfhg dw frqvwdqw uhwxuqv wr vfdoh/ iru d

jlyhq (c dqg zh qrupdolvh pdujlqdo +dqg dyhudjh, frvw wr }hur1
Zh dvvxph wkdw/ dw wkh lqlwldo lqvwdqw | ' fc ( ' �c vr wkdw �upv pd|

surgxfh wkh vdph krprjhqhrxv jrrg wkurxjk d whfkqrorj| zklfk lv sxeolf
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grpdlq14; Surgxfw gl�huhqwldwlrq pd| lqfuhdvh +wkdw lv/ ( pd| ghfuhdvh,
wkurxjk �upv* U)G lqyhvwphqw dffruglqj wr=

Y(E|�

Y|
' �

gE|�

� ngE|�
�(E|� � �

&�E|� n
S

� �'�
&�E|�

� n
k
&�E|� n

S
� �'�

&�E|�
l �(E|�( &�E|� � f ; ��

+84,
Wkh deryh g|qdplfv ri surgxfw gl�huhqwldwlrq fdq eh lqwhusuhwhg dv iroorzv1
Wkh lqgxvwu| ryhudoo U)G h{shqglwxuh lv gE|�c zkloh &�E|� lv lqglylgxdo lq0

yhvwphqw1 Jlyhq wkh v|pphwulf qdwxuh ri surgxfw gl�huhqwldwlrq lq wklv
prgho/ wkhuh h{lvwv d frpsohwh vslooryhu h�hfw lq wkh U)G surfhvv1 Qrwlfh
wkdw wkh h{whuqdolw| h�hfw zh frqvlghu khuh hqwdlov wkdw wkh rxwfrph ri U)G
dfwlylw| lv sxeolf grpdlq yld wkh ghpdqg ixqfwlrq1 Rq wkh frqwudu|/ wkh h{0
whuqdolw| h�hfwv xvxdoo| frqvlghuhg lq wkh olwhudwxuh duh dvvrfldwhg zlwk lqiru0
pdwlrq ohdndjh ru wudqvplvvlrq +vhh/ lqwhu dold/ g*Dvsuhprqw dqg Mdftxhplq/
4<;;,1 Wkh U)G whfkqrorj| gh�qhg e| +84, h{klelwv ghfuhdvlqj uhwxuqv wr
vfdoh1 Dv d uhvxow/ (E|� lv qrq0lqfuhdvlqj ryhu wlph/ dqg zrxog dssurdfk }hur

li gE|� whqghg wr lq�qlw|1

Wkh lqvwdqwdqhrxv sur�w lv Z�E|� ' R�E|�^�E|� � &�E|�� Hdfk �up dlpv dw

pd{lpl}lqj wkh glvfrxqwhg ydoxh ri lwv  rz ri sur�wv a� '

U
"

f
e
34|

Z�E|� _|

xqghu wkh g|qdplf frqvwudlqw +84, frqfhuqlqj wkh vwdwh yduldeoh (E|�1 Wkh
frqwuro yduldeohv duh ^�E|� dqg &�E|�1

81415 Qrq0frrshudwlyh U)G

Vxssrvh �upv fkrrvh qrq0frrshudwlyho| erwk U)G h�ruwv dqg rxwsxw ohy0

hov1 Wkh vroxwlrq frqfhsw zh dgrsw lv wkh rshq0orrs Qdvk htxloleulxp1 Wkh

remhfwlyh ixqfwlrq ri �up � lv=

a� '

]
"

f

e
34|

+
^�E|� �

%
���^�E|��(E|�

[

� �'�

^�E|�

&
� &�E|�

,
_| +85,

wr eh pd{lplvhg z1u1w1 ^�E|� dqg &�E|�c xqghu +84,1 Wkh fruuhvsrqglqj Kdplo0

wrqldq ixqfwlrq lv=

KE|� ' e
34|

� i�^�E|���E^�E|��
2
�(E|�^�E|�

[

� �'�

^�E|�� &�E|�n +86,

4;
Wkh lghd wkdw G ghshqgv xsrq wkh ehkdylrxu ri �upv kdv ehhq lqyhvwljdwhg lq vwdwlf

prghov e| Kduulqjwrq +4<<8,> Odpehuwlql dqg Urvvlql +4<<;,> Odpehuwlql/ Srggdu dqg
Vdvdnl +4<<;,1
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nb�E|�d�
&�E|� n

S
� �'�

&�E|�

� n
k
&�E|� n

S
� �'�

&�E|�
l

� (E|�ojc

zkhuh b�E|� ' >
�
E|�e4|c >�E|� ehlqj wkh fr0vwdwh yduldeoh dvvrfldwhg wr (E|��

Qhfhvvdu| dqg vx!flhqw frqglwlrqv iru d sdwk wr eh rswlpdo duh=

YKE|�

Y^�E|�
' �� 2�^�E|��(E|�

[

� �'�

^�E|� ' f( +87,

YKE|�

Y&�E|�
' �� �(E|�b�E|�

��
�n &�E|� n

S
� �'�

&�E|�
�
2
' f( +88,

�

YKE|�

Y(E|�
'

Y>
�
E|�

Y|
,

Yb�E|�

Y|
' ^�E|�

[

� �'�

^�E|�nb�E|�

3
C &�E|� n

S
� �'�

&�E|�

� n
k
&�E|� n

S
� �'�

&�E|�
l n 4

4
D (

+89,
*�4
|<"

>
�
E|� � (E|� ' f +8:,

Zh lqwurgxfh wkh xvxdo v|pphwu| dvvxpswlrq lqyroylqj qr orvv ri jhqhudolw|=
^�E|� ' ^�E|� ' ^E|�c dqg &�E|� ' &�E|� ' &E|�� Wklv lpsolhv

S
� �'�

^�E|� '
E� � ��^E|� dqg

S
� �'�

&�E|� ' E� � ��&E|��

Iurp +87, zh jhw wkh lqglylgxdo htxloleulxp rxwsxw=4<

^E|� '
�

2� n E� � ��(E|�
+8;,

Khqfh/ +88, uhzulwhv dv

�bE|� '
d� n�&E|�o2

(E|�
� +8<,

Olnhzlvh/ +89, vlpsol�hv dv iroorzv=

YbE|�

Y|
' E� � �� d^E|�o2 n

�bE|�&E|�

� n�&E|�
n bE|�4� +93,

4<Zklfk/ djdlq/ frlqflghv zlwk wkh vwdqgdug rxwfrph ri Frxuqrw prghov zlwk surgxfw
gl�huhqwldwlrq +Vlqjk dqg Ylyhv/ 4<;7> Pdmhuxv/ 4<;;,1
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Iurp +8<, zh rewdlq &E|�c zklfk fdq eh gl�huhqwldwhg z1u1w1 |1 Wkhq/ soxjjlqj
+93, lqwr Y&E|�*Y|/ rqh rewdlqv=

Y&E|�

Y|
'

�

2�

v
(E|�

�bE|�
�

�
�bE|�4� E� � ��d^E|�o2

�
� +94,

Wklv fdq eh ixuwkhu vlpsol�hg e| vxevwlwxwlqj wkh fr0vwdwh yduldeoh zlwk +8<,/
wr jhw=

Y&E|�

Y|
'

�

2?E� n�&E|��
�

�
4

(E|�
d� n�&E|�o2 � E� � ��d^E|�o2

�
� +95,

zklfk reylrxvo| krogv iru doo (E|� 5 Efc �o� Li (E|� ' fc rswlpdo shu0shulrg

lqyhvwphqw lv &E|� ' f�
Zh duh qrz lq d srvlwlrq wr dvvhvv wkh ryhudoo g|qdplf surshuwlhv ri wkh

prgho/ ixoo| fkdudfwhulvhg e| +95, dqg Y(E|�*Y| ' ��&E|�(E|�*E�n�&E|���
Wkh odwwhu htxdwlrq hvwdeolvkhv wkdw Y(E|�*Y| 	 f iru doo &E|� 5 Efc4� dqg

iru doo (E|� 5 Efc �o( zkloh Y(E|�*Y| ' f li &E|� ' f ru (E|� ' f� Lq wkh odwwhu

fdvh/ lw lv lpphgldwh wr yhuli| wkdw Y^E|�*Y| lv dovr qlo1 Pruhryhu/

vljq

�
Y&E|�

Y|

�
' vljq

�
4

(E|�
d�n�&E|�o2 � E� � ��d^E|�o2

�
� +96,

Wkxv/ xvlqj htxloleulxp rxwsxw +8;,/ zh kdyh=

Y&E|�

Y|
: f l� &E|� :

�

�

%
�
s

E� � ��(E|�

d2� n E� � ��(E|�o
s
4
� �

&
� +97,

Zh duh lqwhuhvwhg lq lqyhvwljdwlqj wkh g|qdplfv ri wkh v|vwhp lq wkh srvlwlyh
txdgudqw ri wkh vsdfh i(c &j c zklfk lv ghvfulehg lq �jxuh 51 Wkh orfxv
Y(E|�*Y| ' f fruuhvsrqgv wr wkh d{hv1 Wkh orfxv Y&E|�*Y| ' f gudzv d

fxuyh ryhu wkh dgplvvleoh udqjh ri sdudphwhu (c zklfk pd| ru pd| qrw furvv

wkh krul}rqwdo d{lv zlwklq wkh vdph udqjh/ l1h1/ ( 5 Efc�o� Li lw grhv/ wkh

uhvxowlqj ghjuhh ri vxevwlwxwdelolw| lq vwhdg| vwdwh lv

(
W

'

�2
� e�4� E�� S�

s
E�� S�2 � H�4

2E� � ��4
� +98,
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Iljxuh 5 = G|qdplfv lq wkh vsdfh E(c &�

�

! (3

&

�

�

?

�(
W

Y&E|�
Y|
' f

" �

"
�

Vhh Fhoolql dqg Odpehuwlql +4<<<, iru ghwdlov frqfhuqlqj wkh frqglwlrqv
hqvxulqj wkdw (W

5 Efc�o� Zkhq qr vwhdg| vwdwh h{lvwv/ wkh prgho ehfrphv

wulyldo/ lq wkdw wkh rqo| dgplvvleoh vwudwhj| lv &E|� ' f dw hyhu| |c lpso|lqj

wkdw �upv duh vwxfn zlwk krprjhqhrxv surgxfwv iruhyhu1

Dv wr wkh vwdelolw| ri wkh v|vwhp/ lw uhpdlqv wr eh vwuhvvhg wkdw/ zkhqhyhu

(W

5 Efc�oc lw lv d vdggoh/ dqg lw fdq reylrxvo| eh dssurdfkhg rqo| dorqj
wkh qruwk0hdvw dup ri wkh vdggoh sdwk1

Zh qrz surfhhg wr wkh frpsdudwlyh vwdwlfv rq (W z1u1w1 doo sdudphwhuv1
Iurp +98,/ lw lv lpphgldwho| yhul�hg wkdw/ fhwhulv sdulexv/ (W lv ghfuhdv0

lqj/ l1h1/ vwhdg| vwdwh surgxfw gl�huhqwldwlrq lv lqfuhdvlqj/ lq wkh qxpehu ri
�upv1 Wklv uhvxow fdq eh lqwhusuhwhg lq wkh oljkw ri wkh ghedwh ehwzhhq wkh
srodu srvlwlrqv ri Vfkxpshwhu +4<75, dqg Duurz +4<95,/ frqfhuqlqj wkh uh0
odwlrqvkls ehwzhhq wkh lqwhqvlw| ri pdunhw frpshwlwlrq dqg wkh lqfhqwlyhv wr
lqyhvw lq U)G +iru d vxuyh|/ vhh Uhlqjdqxp/ 4<;<,1 Khuh/ U)G h�ruwv duh
dlphg dw lqfuhdvlqj surgxfw gl�huhqwldwlrq1 Lq jhqhudo/ dq| lqfuhdvh lq wkh
qxpehu ri �upv orzhuv sur�wv/ dqg wklv whqghqf| fdq eh frxqwhuedodqfhg e|
lqyhvwlqj d odujhu dprxqw ri uhvrxufhv lq rughu wr ghfuhdvh wkh ghjuhh ri vxe0
vwlwxwdelolw| dprqj surgxfwv1 Qrwlfh wkdw wkh dqwl0Vfkxpshwhuldq  dyrxu ri
wkhvh frqvlghudwlrqv lv hylghqw/ lq wkh olplw fdvh � ' �/ zkhq wkh prqrsrolvw
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kdv qr lqfhqwlyh dw doo wr lqyhvw1
Qrw vxusulvlqjo|/ Y(W*Y� : f dqg Y(W*Y� 	 f� Jlyhq wkdw �*� |lhogv

d phdvxuh ri pdunhw vl}h dqg sur�wdelolw|/ dq| lqfuhdvh lq wklv udwlr lqgxfhv

�upv wr uhgxfh wkhlu h{shqglwxuh lq surgxfw gl�huhqwldwlrq1

Ilqdoo|/ Y(W*Y4 	 f fdq eh lqwhusuhwhg lq wkh iroorzlqj whupv1 Dv 4

ehfrphv kljkhu/ wkh suhvhqw ydoxh ri ixwxuh sur�wv vkulqnv1 Wklv fdq eh

edodqfhg e| d kljkhu lqyhvwphqw lq surgxfw gl�huhqwldwlrq1 Pruh h{solf0

lwo|/ dq lqfuhdvh lq 4 vhhplqjo| uhgxfhv/ fhwhulv sdulexv/ �upv fdsdelolw| wr

vshqg dv phdvxuhg e| wkh lqfrplqj sur�w  rzv1 Krzhyhu/ d uhgxfwlrq lq (W

grhv lqghhg uhvwruh hqgrjhqrxvo| �upv* sur�wdelolw| dqg/ frqvhtxhqwo|/ wkhlu
lqfhqwlyh wr lqyhvw vr dv wr r�vhw wkh qhjdwlyh h�hfwv surgxfhg e| kljkhu
glvfrxqwlqj1

81416 Frrshudwlyh U)G

Khuh/ zh dvvxph wkdw �upv ehkdyh qrqfrrshudwlyho| lq wkh pdunhwlqj skdvh/
zkloh wkh| dfwlydwh d fduwho lq wkh U)G lqyhvwphqw skdvh1 Dv lq suhylrxv
olwhudwxuh +g*Dvsuhprqw dqg Mdftxhplq/ 4<;;> Ndplhq/ Pxoohu dqg ]dqj/
4<<5,/ zh dvvxph wkh fduwho wr frruglqdwh wkh U)G h{shqglwxuh ri doo �upv
vr dv wr pd{lplvh lqgxvwu| sur�wv lq wkh U)G skdvh1

Wklv hqwdlov pd{lplvlqj

a� '

]
"

f

e
34|

+
^�E|� �

%
���^�E|��(E|�

[

� �'�

^�E|�

&
� &E|�

,
_| +99,

vxemhfw wr wkh frqvwudlqw=

Y(E|�

Y|
' �

gE|�

� ngE|�
�(E|� � �

�&E|�

� n�&E|�
�(E|�( &E|� � f � +9:,

Qrwlfh wkdw &E|� kdv qr vxevfulsw lq wkdw zh lpsrvh v|pphwu| dfurvv �upv lq
wkh U)G skdvh iurp wkh rxwvhw/ lq rughu wr fdswxuh wkh lghd wkdw wkh U)G
fduwho rswlplvhv z1u1w1 gE|� dqg wkhq v|pphwulfdoo| fkdujhv hdfk �up ri khu
vkduh &E|� ' gE|�*? ri wkh ryhudoo h{shqglwxuh1 Lw lv dovr zruwk vwuhvvlqj
wkdw wklv surfhgxuh lv htxlydohqw wr zkdw zh xvxdoo| revhuyh lq vwdwlf U)G
prghov +Ndw}/ 4<;9> g*Dvsuhprqw dqg Mdftxhplq/ 4<;;> Ndplhq/ Pxoohu dqg
]dqj/ 4<<5> Vx}xpxud/ 4<<5/ lqwhu dold,/ zkhuh �upv* ehkdylrxu lv ghvfulehg
e| d wzr0vwdjh jdph1 Lq wkh �uvw/ d vlqjoh djhqw +wkh fduwho, fkrrvhv wkh
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v|pphwulf lqyhvwphqw ohyho pd{lplvlqj fduwho sur�wv> lq wkh vhfrqg/ �upv
frpshwh lq wkh uhohydqw pdunhw yduldeoh1

Dgrswlqj wkh xvxdo surfhgxuh/ zh �qg wkdw wkh fdqglgdwh vwhdg| vwdwh
ohyho ri ( lv

e( '
� E�� S�2 � e�4��

s
�2E�� S�2 � H�4�

2E� � ��4
� +9;,

Wkhq/ e( 5 dfc�o l� �2 � E� n ��2�4*d�E� � ��o� Djdlq/ vhh Fhoolql dqg
Odpehuwlql +4<<<, iru ixuwkhu ghwdlov1

Zh duh qrz deoh wr fkdudfwhulvh wkh pdlq uhvxow/ qdpho|/ wkdw e( 	 (
W

zkhq erwk h{lvw1 Wklv dprxqwv wr vd|lqj wkdw surgxfw vxevwlwxwdelolw| lq

vwhdg| vwdwh lv orzhu xqghu U)G frrshudwlrq wkdq xqghu qrqfrrshudwlyh

ehkdylrxu1 Dffruglqjo|/ erwk wkh shu0�up dqg wkh djjuhjdwh vwhdg| vwdwh

rxwsxw ohyho lv odujhu zkhq dq U)G fduwho rshudwhv1

Wklv kdv vrph uhohydqw lpsolfdwlrqv dv wr wkh hvwdeolvkhg zlvgrp rq wkh

lqyhvwphqw ehkdylrxu ri U)G fduwhov/ dffruglqj wr zklfk dq U)G fduwho

lqyhvwv ohvv wkdq d ghfhqwudolvhg lqgxvwu|/ li whfkqrorjlfdo vslooryhuv duh orz

hqrxjk/ dqg frqyhuvho|153 Khqfh/ zlwk orz vslooryhuv/ dq U)G fduwho fdq eh

vxffhvvixo lq plwljdwlqj wkh zhoo nqrzq zdvwhixo gxsolfdwlrq ri h�ruwv d�hfw0

lqj frpshwlwlyh lqgxvwulhv1 Krzhyhu/ wklv olwhudwxuh ghdov zlwk surfhvv udwkhu

wkdq surgxfw lqqrydwlrqv1 Frqvhtxhqwo|/ vslooryhu h�hfwv rshudwh zlwklq wkh

U)G whfkqrorj|1 Lq rxu vhwwlqj/ wkhuh h{lvwv d ixoo vslooryhu h�hfw iurp hdfk

�up*v lqyhvwphqw wr khu pdunhw pdwhv wkurxjk frqvxphu suhihuhqfhv/ l1h1/

wkhuh lv qr zdvwhixo gxsolfdwlrq ri h�ruwv154 Wkhuhiruh/ wkh xowlpdwh lpsolfd0

wlrq ri wkh h{whuqdolw| lv wr gulyh wkh U)G fduwho*v lqyhvwphqw zhoo eh|rqg

wkdw uhvxowlqj iurp lqghshqghqw yhqwxuhv1 Dq dowhuqdwlyh ylhzsrlqw wr lqwhu0

suhw wkh deryh uhvxowv lv wkdw/ jlyhq wkh qrqfrrshudwlyh ehkdylrxu ri �upv lq

vhwwlqj wkh rxwsxw ohyhov/ fduwholvdwlrq lq wkh ghyhorsphqw skdvh fdq surgxfh

kljkhu sur�wv iru lwv phpehuv rqo| e| lqfuhdvlqj gl�huhqwldwlrq1

53Fi1 g*Dvsuhprqw dqg Mdftxhplq +4<;;/ s1 4468,> Ndplhq/ Pxoohu dqg ]dqj +4<<5/
sursrvlwlrq 4/ s1 4634,1 Vhh dovr Ndw} dqg Rugryhu +4<<3,/ iru dq h{kdxvwlyh vxuyh|1

54Vhwwlqj xs d uhvhdufk mrlqw yhqwxuh zrxog lqghhg holplqdwh gxsolfdwlrq frpsohwho|/ lq
wkdw �upv zrxog mrlqwo| surfhhg wr wkh ghyhorsphqw ri d vlqjoh jrrg1 Lq wkh suhvhqw prgho
wklv zrxog wulyldoo| lpso| wkdw wkh| vkrxog qrw lqyhvw dw doo dqg pdunhw wkh xqgl�huhqwldwhg
jrrg dydlodeoh dw w @ 3=
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815 U)G udfhv xqghu xqfhuwdlqw|

Vr idu/ zh kdyh wuhdwhg lqqrydwlrq dv dq hqwhusulvh zkrvh rxwfrph lv shu0
ihfwo| nqrzq iurp wkh rxwvhw1 Krzhyhu/ rqh frxog vwuhvv wkdw lqqrydwlrq lv
dq xqfhuwdlq dgyhqwxuh1 Ilupv duh vxemhfw wr whfkqrorjlfdo xqfhuwdlqw|/ lq
wkdw wkh| duh xqdeoh wr iruhvhh zlwk fhuwdlqw| wkh U)G lqyhvwphqw joredoo|
uhtxluhg iru dq| ri wkhp wr dfklhyh dq lqqrydwlrq1 Lq dgglwlrq wr wklv/ hdfk
�up lv vxemhfw wr wkh xqfhuwdlqw| dvvrfldwhg zlwk wkh srvvlelolw| ri d ulydo*v
suh0hpswlyh euhdnwkurxjk1 Dffruglqjo|/ U)G dfwlylw| kdv ehhq prghoohg
lq vwrfkdvwlf hqylurqphqwv lq wkh gl�huhqwldo jdph dssurdfk1 Ndplhq dqg
Vfkzduw} +4<:5> 4<:9, dqg Uhlqjdqxp +4<;4> 4<;5d, duh wkh prvw uhohydqw
frqwulexwlrqv lq wkh �hog ri vwrfkdvwlf gl�huhqwldo jdphv ri lqqrydwlrq1 Khuh/
zh eurdgo| iroorz Uhlqjdqxp +4<;4/ 4<;5d,1 Vxssrvh � �upv frpshwh ryhu

| 5 dfc A o iru d whfkqrorjlfdo lqqrydwlrq/ wkdw pljkw ohdg hlwkhu wr d qhz dqg

fkhdshu surgxfwlrq surfhvv iru dq h{lvwlqj frpprglw|/ ru wr d qhz jrrg1

Vxssrvh wkh lqqrydwlrq gdwh iru �up � lv d udqgrp yduldeoh � � glvwulexwhg

dffruglqj wr 8�E|� ' �hi� � � |jc zlwk gdwhv � � ehlqj l1l1g11 Wkh prgho lv

zrunhg rxw xqghu wkh dvvxpswlrq wkdw wkh lqqrydwru jhwv d sdwhqw ri lq�qlwh

gxudwlrq ryhu wkh lqqrydwlrq/ exw wkhuh h{lvwv wkh srvvlelolw| ri lplwdwlrq gxh

wr lpshuihfw sdwhqw surwhfwlrq/ vr wkdw doo rwkhu �upv pd| frqwlqxh wr rs0

hudwh zlwk wkh whfkqrorj| douhdg| dydlodeoh ehiruh wkh lqqrydwlrq/ ru lplwdwh

wkh lqqrydwru155 Li wkh lqqrydwlrq rffxuv dw � ' 4�?� � �c wkh lqqrydwru lv �up

� zlwk � � ' � � Lqghshqghqf| lpsolhv=

8 E|� ' �hi� � |j ' ���
�

�'�
d�� 8�E|�o +9<,

Zh gh�qh dv &�E|� wkh lqwhqvlw| ri wkh uhvhdufk h�ruw ri �up � dw wlph |c zlwk

wkh U)G frvw ehlqj ��E|� ' d&�E|�o
2 *2c dqg lqwurgxfh wkh dvvxpswlrq wkdw

�up �*v frqglwlrqdo suredelolw| ri lqqrydwlrq dw gdwh | +wkh kd}dug udwh, lv

_8�E|�

_|
�

u

8 � E|� ' q&�E|� d� � 8�E|�o ( q : f( 8�Ef� ' f � +:3,

Lq frqwudvw zlwk wkh prghov uhylhzhg vr idu/ khuh wkh pdunhw lqwhudfwlrq
dqg wkh uhvxowlqj shu0shulrg sur�wv duh eodfner{hg1 Gh�qh wkh suhvhqw ydoxh

55Wklv dprxqwv wr vd|lqj wkdw wkh sur�wv iurp wkh lqqrydwlrq dffuxhv vroho| wr wkh
zlqqhu/ exw wkh lqqrydwlrq lv qrq0gudvwlf/ l1h1/ lw grhv qrw fuhdwh d prqrsro| iru wkh
lqqrydwru1 Lq wklv uhvshfw/ zh iroorz Uhlqjdqxp +4<;5d,1 Iru wkh frqvhtxhqfhv ri wkh
dowhuqdwlyh dvvxpswlrq wkdw wkh zlqqhu wdnhv doo/ vhh Uhlqjdqxp +4<;4,1 Iru ixuwkhu
glvfxvvlrq rq wkhvh lvvxhv/ vhh Wluroh +4<;;/ fk1 43, dqg Uhlqjdqxp +4<;<,/ lqwhu dold1

5;



ri wkh lqqrydwlrq wr wkh zlqqhu dv T` c dqg wkh suhvhqw ydoxh wr wkh orvhu+v, ri
dq dowhuqdwlyh whfkqrorj| dv Tu�

56 Wkh h{shfwhg sur�w  rz ri �up � lv wkhq=

a
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u
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d�� 8�E|�on +:4,
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d&�E|�o
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2e4|
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� d�� 8�E|�oj_|

Lq rughu wr vlpsoli| wkh h{srvlwlrq/ gh�qh *?d�� 8�E|�o ' �q%�E|�c vr wkdw lw

lv srvvleoh wr zulwh �up �*v sureohp dv=57
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Wkh jdph fkdudfwhulvhg dv lq +:50:6, kdv d xqltxh rshq orrs Qdvk htxlole0
ulxp1 Xvlqj wkh iroorzlqj wudqvirupdwlrq=

# ' i T

+
�kq

�[
�'�

%�E|�

,
+:7,

dqg surylghg k 9' fc zh pd| zulwh wkh Kdplowrqldq ixqfwlrq=

K�E|� ' #�*k�
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qT`&�E|� n qTu
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iurp zklfk zh rewdlq=

&
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�
E|c kc #� '

�
T` � kb�E|�#

Ek3��*k
�
qe4| +:9,

56Wkh sd|r� YO frxog eh wkh sur�w uhvxowlqj iurp wkh xvh ri dq lqihulru whfkqrorj|

dydlodeoh diwhu wkh lqqrydwru*v euhdnwkurxjk1 Reylrxvo|/ YO ? YZ =
57Uhlqjdqxp +4<;4/ 4<;5d, dvvxphv wkdw/ iru dq| �up l/ wkh suredelolw| ri ehlqj wkh

lqqrydwru dw dq| gdwh w lv srvlwlyho| uhodwhg wr wkh dprxqw ri nqrzohgjh �l+w, dffxpxodwhg

e| wkh vdph gdwh=

�l ^�l+w,` @ 4� h{s i���l+w,j

zlwk
�

�� g�l+w,@gw @ �l+w, ehlqj wkh udwh dw zklfk nzrohgjh dffxpxodwhv ryhu wlph1
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zkhuh b�E|� pxvw vdwlvi|=
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( b�EA � ' f +::,

Iurp +:9, lw fdq eh dvfhuwdlqhg wkdw lqfuhdvlqj wkh sul}h +T` , iru wkh lq0
qrydwlrq lqgxfhv �up � wr lqfuhdvh wkh +rswlpdo, U)G h�ruw1 Wkh rssrvlwh
reylrxvo| krogv iru dq lqfuhdvh lq k dqg2ru #�

D frrshudwlyh vroxwlrq fdq dovr eh dgrswhg +vhh Uhlqjdqxp/ 4<;4/ ss1
64066,1 Lq vxfk d fdvh/ �upv zrxog pd{lplvh mrlqw sur�wv z1u1w1 wkh fro0
ohfwlyh U)G h�ruw1 Uhlqjdqxp +4<;4/ ss1 67069, vkrzv wkdw U)G frrs0
hudwlrq doorzv �upv wr uhgxfh zdvwhixo h�ruw gxsolfdwlrq1 Sxw lw wkh rwkhu
zd| durxqg/ ulydou| lqgxfhv sod|hu wr lqyhvw lq U)G dw d xqlirupo| kljkhu
udwh wkdq frrshudwlrq grhv1 Wkh rwkhu vlgh ri wkh kloo lv wkdw qrqfrrshudwlyh
ehkdylrxu doorzv �upv wr lqqrydwh hduolhu wkdq wkh| zrxog xqghu frrshud0
wlyh ehkdylrxu158 Khqfh/ wkh txhvwlrq zkhwkhu frrshudwlrq lv ehwwhu wkdq

ulydou| lv hoxvlyh/ dqg vr duh wkh lpsolfdwlrqv iru dqwlwuxvw srolf| dqg U)G

vxevlglvdwlrq dv zhoo1

9 Frqfoxglqj uhpdunv

Lq wklv fkdswhu/ zh kdyh surylghg wkh uhdghu zlwk d vxppdu| ri wkh wrroer{ ri

gl�huhqwldo jdph wkhru|/ zlwk d eulhi froohfwlrq ri h{dpsohv ri lwv dssolfdwlrqv

wr roljrsro| vhwwlqjv1 Dowkrxjk h{kdxvwlyhqhvv lv idu eh|rqg wkh vfrsh ri

rxu h{srvlwlrq/ zh eholhyh wkdw wkh iruhjrlqj ryhuylhz vx!fhv wr judvs wkh

lqyhvwljdwlyh srzhu ri gl�huhqwldo jdph wkhru| zlwk uhvshfw wr wkh uhvhdufk

fxuuhqwo| xqghuwdnhq lq wkh �hog ri lqgxvwuldo rujdql}dwlrq1 Lq sduwlfxodu/

gl�huhqwldo jdphv surshuo| kljkoljkw wkh uroh ri wlph lq vwudwhjlf lqwhudfwlrqv

zkhuh vrph irup ri fdslwdo dffxpxodwhv ryhu wlph1 Wklv ihdwxuh uhpdlqv

riwhq rxw ri uhdfk lq vwdwlf pxowl0vwdjh prghov/ zkhuh/ e| gh�qlwlrq/ qr frvwo|

g|qdplf dffxpxodwlrq h{lvwv1

58Wklv krogv zkhq wkh rxwfrphv ri lqqrydwlyh dfwlylw| fdq eh sulydwho| uhwdlqhg1 Wkh

frqfoxvlrq lv frpsohwho| uhyhuvhg li wkh uhvxowv rewdlqhg e| U)G dfwlylw| duh sxeolf gr0

pdlq/ l1h1/ li wkh| ixoo| ohdn rxw wr ulydov1
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Uhihuhqfhv

^4` Duurz/ N1M1 +4<95,/ �Hfrqrplf Zhoiduh dqg wkh Doorfdwlrq ri Uhvrxufhv
iru Lqyhqwlrq�/ lq U1 Qhovrq +hg1,/ Wkh Udwh dqg Gluhfwlrq ri Lqgxvwuldo

Dfwlylw|/ Sulqfhwrq/ QM/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^5` Ed�vdu/ W1 +4<;9/ hg1,/ G|qdplf Jdphv dqg Dssolfdwlrqv lq Hfrqrplfv/
Ohfwxuh Qrwhv rq Hfrqrplfv dqg Pdwkhpdwlfdo V|vwhpv/ yro1 598/ Ehuolq
dqg Khlghoehuj/ Vsulqjhu0Yhuodj1

^6` Ed�vdu/ W1 dqg J1M1 Rovghu +4<;5/ 4<<82,/ G|qdplf Qrqfrrshudwlyh

Jdph Wkhru|/ Vdq Glhjr/ Dfdghplf Suhvv1

^7` Ed�vdu/ W1 dqg P1 Vdoprq +4<;;,/ �Rq wkh Frqyhujhqfh ri Eholhiv dqg
Srolf| wr d Udwlrqdo H{shfwdwlrqv Htxloleulxp lq d Gxdo Srolf| Sure0
ohp�/ lq Odxvvho/ Pdurlv dqg Vrxeh|udq +4<;;/ hgv1,/ 53:0561

^8` Ed�vdu/ W1/ V1M1 Wxuqryvn| dqg Y1 g*Ruh| +4<;9,/ �Rswlpdo Vwudwhjlf
Prqhwdu| Srolflhv lq G|qdplf Lqwhughshqghqw Hfrqrplhv�/ lq Ed�vdu/ W1
+4<;9/ hg1,/ 4670:;1

^9` Eodqfkdug/ R1 dqg V1 Ilvfkhu +4<;<,/ Ohfwxuhv rq Pdfurhfrqrplfv/ Fdp0
eulgjh/ PD/ PLW Suhvv1

^:` Eulwr/ G1O1 +4<:5,/ �D G|qdplf Prgho ri dq Dupdphqwv Udfh�/ Lqwhu0
qdwlrqdo Hfrqrplf Uhylhz/ 46/ 68<0:81

^;` Fhoolql/ U1 dqg O1 Odpehuwlql +4<<;,/ �D G|qdplf Prgho ri Gl�huhqwl0
dwhg Roljrsro| zlwk Fdslwdo Dffxpxodwlrq�/ Mrxuqdo ri Hfrqrplf Wkh0

ru|/ ;6/ 4780881

^<` Fhoolql/ U1 dqg O1 Odpehuwlql +4<<<,/ �D Gl�huhqwldo Jdph Dssurdfk
wr Lqyhvwphqw lq Surgxfw Gl�huhqwldwlrq�/ Glvfxvvlrq sdshu <<28/ Gh0
sduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Erorjqd +Ulplql Fhqwuh,1

^43` Fhoolql/ U1/ O1 Odpehuwlql dqg J1L1S1 Rwwdyldqr +4<<<,/ �Zhoiduh lq d
Gl�huhqwldwhg Roljrsro| zlwk Iuhh Hqwu|= D Fdxwlrqdu| Qrwh�/ Glv0
fxvvlrq sdshu <<2</ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Erorjqd
+Ulplql Fhqwuh,1
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^44` Fkldqj/ D1 +4<<5,/ Hohphqwv ri G|qdplf Rswlpl}dwlrq/ Qhz \run/
PfJudz0Kloo1

^45` g*Dvsuhprqw/ F1 dqg D1 Mdftxhplq +4<;;,/ �Frrshudwlyh dqg Qrqfrrs0
hudwlyh U)G lq Gxrsro| zlwk Vslooryhuv�/ Dphulfdq Hfrqrplf Uhylhz/
:;/ 44660:1

^46` Gdylgvrq/ F1 dqg U1 Ghqhfnhuh +4<;9,/ �Orqj0Uxq Frpshwlwlrq Fdsdf0
lw|/ Vkruw0Uxq Frpshwlwlrq lq Sulfh/ dqg wkh Frxuqrw Prgho�/ UDQG
Mrxuqdo ri Hfrqrplfv/ 4:/ 7370481

^47` gh ]hhxz/ D1 dqg I1 ydq ghu Sorhj +4<<4,/ �Gl�huhqfh Jdphv dqg Srolf|
Hydoxdwlrq= D Frqfhswxdo Iudphzrun�/ R{irug Hfrqrplf Sdshuv/ 76/
9450691

^48` Grfnqhu/ H1 dqg J1 Ihlfkwlqjhu +4<;9,/ �G|qdplf Dgyhuwlvlqj dqg Sulf0
lqj lq dq Roljrsro|= DQdvk Htxloleulxp Dssurdfk�/ lq Ed�vdu/ W1 +4<;9/
hg1,/ 56;0841

^49` Hydqv/ J1F1 +4<57,/ �Wkh G|qdplfv ri Prqrsro|�/ Dphulfdq Pdwkh0

pdwlfdo Prqwko|/ 64/ :80;61

^4:` Ihlfkwlqjhu/ J1 +4<;6,/ �Wkh Qdvk Vroxwlrq ri dq Dgyhuwlvlqj Gl�huhq0
wldo Jdph= Jhqhudol}dwlrq ri d Prgho e| Ohlwpdqq dqg Vfkplwhqgrui�/
LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ 5;/ 437707;1

^4;` Ihuvkwpdq/ F1 +4<;:,/ �Lghqwl�fdwlrq ri Fodvvhv ri Gl�huhqwldo Jdphv
iru Zklfk wkh Rshq0Orrs lv d ghjhqhuwdhg Ihhgedfn Qdvk Htxloleulxp�/
Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 88/ 54:0641

^4<` Ihuvkwpdq/ F1 dqg P1L1 Ndplhq +4<;:,/ �G|qdplf Gxrsrolvwlf Frpsh0
wlwlrq zlwk Vwlfn| Sulfhv�/ Hfrqrphwulfd/ 88/ 44840971

^53` Ihuvkwpdq/ F1 dqg H1 Pxoohu +4<;7,/ �Fdslwdo Dffxpxodwlrq Jdphv ri
Lq�qlwh Gxudwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 66/ 65506<1

^54` Ixghqehuj/ G1 dqg M1 Wluroh +4<<4,/ Jdph Wkhru|/ Fdpeulgjh/ Pdvv1/
PLW Suhvv1

^55` Lqwuloljdwru/ P1G1 dqg G1O1 Eulwr +4<;7,/ �Fdq Dupv Udfhv Ohdg wr wkh
Rxweuhdn ri ZduB�/ Mrxuqdo ri Frq lfw Uhvroxwlrq/ 5;/ 960;71
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^56` Lqwuloljdwru/ P1G1 dqg G1O1 Eulwr +4<;<,/ �D G|qdplf Khxulvwlf Jdph
Wkhru| Prgho ri dq Dupv Udfh�/ lq Ydq ghu Sorhj/ I1 dqg D1 gh ]hhxz
+4<;</ hgv1,/ :60<31

^57` Lvddfv/ U1 +4<87,/ �Gl�huhqwldo Jdphv/ L/ LL/ LLL/ LY�/ Uhsruwv UP046<4/
46<</ 4744/ 47;9/ UDQG Frusrudwlrq1

^58` Lvddfv/ U1 +4<98,/ Gl�huhqwldo Jdphv/ Qhz \run/ Zloh|1

^59` Mûujhqvhq/ V1 +4<;5,/ �D Vxuyh| ri Vrph Gl�huhqwldo Jdphv lq Dgyhu0
wlvlqj�/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 7/ 67409<1

^5:` Ndplhq/ P1L1/ dqg Q1 Vfkzduw} +4<:5,/ �Wlplqj ri Lqqrydwlrqv xqghu
Ulydou|�/ Hfrqrphwulfd/ 73/ 760931

^5;` Ndplhq/ P1L1/ dqg Q1 Vfkzduw} +4<:9,/ �Rq wkh Ghjuhh ri Ulydou| iru
Pd{lpxp Lqqrydwlrq Dfwlylw|�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <3/
5780931

^5<` Ndplhq/ P1L1/ dqg Q1 Vfkzduw} +4<:<,/ �Rswlpdo Fdslwdo Dffxpxodwlrq
dqg Gxudeoh Jrrg Surgxfwlrq�/ ]hlwvfkuliw iÿu Qdwlrqdo Ùnrqrplh/ 6:/
580761

^63` Ndplhq/ P1L1/ H1 Pxoohu dqg L1 ]dqj +4<<5,/ �Frrshudwlyh Mrlqw Yhq0
wxuhv dqg U)G Fduwhov�/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ 45<6046391

^64` Ndw}/ P1O1 +4<;9,/ �Dq Dqdo|vlv ri Frrshudwlyh Uhvhdufk dqg Ghyhors0
phqw�/ UDQG Mrxuqdo ri Hfrqrplfv/ 4:/ 85:0761

^65` Ndw} P1O1 dqg M1D1 Rugryhu +4<<3,/ �U)G Frrshudwlrq dqg Frpshwl0
wlrq�/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 3 +Vshfldo lvvxh,/ 46:0<41

^66` Nuhsv/ G1 dqg M1 Vfkhlqnpdq +4<;6,/ �Txdqwlw| Suhfrpplwphqw dqg
Ehuwudqg Frpshwlwlrq \lhog Frxuqrw Rxwfrphv�/ Ehoo Mrxuqdo ri Hfr0
qrplfv/ 47/ 65906:1

^67` N|godqg/ I1H1 +4<::,/ �Htxloleulxp Vroxwlrqv lq G|qdplf Grplqdqw
Sod|hu Prghov�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 48/ 63:0571

^68` Odpehuwlql/ O1 dqg J1 Urvvlql +4<<;,/ �Surgxfw Krprjhqhlw| dv d Sulv0
rqhu*v Glohppd lq d Gxrsro| zlwk U)G�/ Hfrqrplfv Ohwwhuv/ 8;/ 5<:0
6341
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^69` Odpehuwlql/ O1/ V1 Srggdu dqg G1 Vdvdnl +4<<;,/ �Vwdqgdugl}dwlrq dqg
wkh Vwdelolw| ri Frooxvlrq�/ Hfrqrplfv Ohwwhuv/ 8;/ 6360431

^6:` Odxvvho/ G1/ Z1 Pdurlv dqg D1 Vrxeh|udq +4<;;/ hgv1,/Prqhwdu| Wkhru|

dqg Srolf|/ Ehuolq dqg Khlghoehuj/ Vsulqjhu0Yhuodj1

^6;` Ohlwpdqq/ J1 dqg Z1H1 Vfkplwhqgrui +4<:;,/ �Sur�w Pd{lpl}dwlrq
wkurxjk Dgyhuwlvlqj= D Qrq}hur Vxp Gl�huhqwldo Jdph Dssurdfk�/
LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ 56/ 9790831

^6<` Ohylwdq/ U1 dqg P1 Vkxeln +4<:5,/ �Sulfh Gxrsro| dqg Fdsdflw| Frq0
vwudlqwv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 46/ 4440561

^73` Pdmhuxv/ G1 +4<;;,/ �Sulfh yv Txdqwlw| Frpshwlwlrq lq Roljrsro| Vx0
shujdphv�/ Hfrqrplfv Ohwwhuv/ 5:/ 5<60<:1

^74` Phkopdqq/ D1 +4<;;,/ Dssolhg Gl�huhqwldo Jdphv/ Qhz \run/ Sohqxp
Suhvv1

^75` Phkopdqq/ D1 dqg U1Zloolqj +4<;6,/ �Rq Qrqxqltxh Forvhg0Orrs Qdvk
Htxloleuld iru d Fodvv ri Gl�huhqwldo Jdphv zlwk d Xqltxh dqg Ghjhq0
hudwh Ihhgedfn Vroxwlrq�/ Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssol0

fdwlrqv/ 747960:51

^76` Qdvdu/ V1 +4<<;,/ D Ehdxwlixo Plqg= D Elrjudsk| ri Mrkq Iruehv Qdvk/

Mu1/ Qhz \run/ Vlprq ) Vfkxvwhu1

^77` Rnxjxfkl/ N1 +4<;:,/ �Htxloleulxp Sulfhv lq wkh Ehuwudqg dqg Frxuqrw
Roljrsrolhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 75/ 45;06<1

^78` Rveruqh/ P1 dqg F1 Slwfkln +4<;9,/ �Sulfh Frpshwlwlrq lq d Fdsdflw|0
Frqvwudlqhg Gxrsro|�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 6;/ 56;0931

^79` Sdx/ O1I1 +4<:8,/ �D Gl�huhqwldo Jdph dprqj Vhfwruv lq d Pdfurhfrq0
rp|�/ Dxwrpdwlfd/ 44/ 7:60;81

^7:` Slqg|lfn/ U1V1 +4<::,/ �Rswlpdo Hfrqrplf Vwdelol}dwlrq Srolflhv xqghu
Ghfhqwudol}hg Frqwuro dqg Frq lfwlqj Remhfwlyhv�/ LHHH Wudqvdfwlrqv

rq Dxwrpdwlf Frqwuro/ 55/ 84:0631

^7;` Srkmrod/ P1 +4<;9,/ �Dssolfdwlrqv ri G|qdplf Jdph Wkhru| wr Pdfur0
hfrqrplfv�/ lq Ed�vdu/ W1 +4<;9/ hg1,/ 4360661
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^7<` Srqwu|djlq/ O1V1 +4<99,/ �Rq wkh Wkhru| ri Gl�huhqwldo Jdphv�/ Xv0
shnkl Pdw1 Qdxn/ 54/ 54<0:71

^83` Udpvh|/ I1S1 +4<5;,/ �D Pdwkhpdwlfdo Wkhru| ri Vdylqj�/ Hfrqrplf

Mrxuqdo/ 6;/ 87608<1 Uhsulqwhg lq Vwljolw}/ M1H1 dqg K1 X}dzd +4<9</
hgv1,/ Uhdglqjv lq wkh Prghuq Wkhru| ri Hfrqrplf Jurzwk/ Fdpeulgjh/
PD/ PLW Suhvv1

^84` Uhlqjdqxp/ M1 +4<;4, �G|qdplf Jdphv ri Lqqrydwlrq�/ Mrxuqdo ri Hfr0
qrplf Wkhru|/ 58/ 540741

^85` Uhlqjdqxp/ M1 +4<;5d, �D G|qdplf Jdph ri U)G= Sdwhqw Surwhfwlrq
dqg Frpshwlwlyh Ehkdylru�/ Hfrqrphwulfd/ 83/ 9:40;;1

^86` Uhlqjdqxp/ M1 +4<;5e,/ �D Fodvv ri Gl�huhqwldo Jdphv iru Zklfk wkh
Forvhg Orrs dqg Rshq Orrs Qdvk Htxloleuld Frlqflgh�/ Mrxuqdo ri Rs0
wlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 69/ 5860951

^87` Uhlqjdqxp/ M1 +4<;<,/ �Wkh Wlplqj ri Lqqrydwlrq= Uhvhdufk/ Ghyhors0
phqw dqg Gl�xvlrq�/ lq U1 Vfkpdohqvhh dqg U1 Zloolj +hgv1,/ Kdqgerrn
ri Lqgxvwuldo Rujdql}dwlrq/ yro1 4/ Dpvwhugdp/ Qruwk0Kroodqg1

^88` Vfkxpshwhu/ M1D1 +4<75/ 5qg,/ Fdslwdolvp/ Vrfldolvp dqg Ghprfudf|/
Qhz \run/ Kdushu1

^89` Vlpddq/ P1 dqg W1 Wdnd|dpd +4<:;,/ �Jdph Wkhru| Dssolhg wr G|0
qdplf Gxrsro| Sureohpv zlwk Surgxfwlrq Frqvwudlqwv�/ Dxwrpdwlfd/
47/ 4940991

^8:` Vlqjk/ Q1 dqg [1 Ylyhv +4<;7,/ �Sulfh dqg Txdqwlw| Frpshwlwlrq lq d
Gl�huhqwldwhg Gxrsro|�/ UDQG Mrxuqdo ri Hfrqrplfv/ 48/ 8790871

^8;` Vshqfh/ P1 +4<:9,/ �Surgxfw Gl�huhqwldwlrq dqg Zhoiduh�/ Dphulfdq

Hfrqrplf Uhylhz/ 99/ 73:0471

^8<` Vshqfh/ P1 +4<:<,/ �Lqyhvwphqw Vwudwhj| dqg Jurzwk lq d QhzPdunhw�/
Ehoo Mrxuqdo ri Hfrqrplfv/ 43/ 404<1

^93` Vx}xpxud/ N1 +4<<5,/ �Frrshudwlyh dqg Qrqfrrshudwlyh U)G lq dq
Roljrsro| zlwk Vslooryhuv�/ Dphulfdq Hfrqrplf Uhylhz/ ;5/ 463:0531
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^94` Wd|oru/ M1J1 +4<:;,/ �Gl�huhqwldo0Jdph H{dplqdwlrqv ri Rswlpdo Wlph0
Vhtxhqwldo Iluh0Vxssruw Vwudwhjlhv�/ Qdydo Uhvhdufk Orjlvwlfv Txdu0

whuo|/ 58/ 6560891

^95` Wluroh/ M1 +4<;;,/ Wkh Wkhru| ri Lqgxvwuldo Rujdql}dwlrq/ Fdpeulgjh/
PD/ PLW Suhvv1

^96` ydq ghu Sorhj/ I1 dqg D1 gh ]hhxz +4<;</ hgv1,/ G|qdplf Srolf| Jdphv

lq Hfrqrplfv/ Qruwk0Kroodqg/ Dpvwhugdp1

^97` Ylyhv/ [1 +4<;8,/ �H!flhqf| ri Ehuwudqg dqg Frxuqrw Htxloleuld zlwk
Surgxfw Gl�huhqwldwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 69/ 4990:81
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