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Gxdo Oderxu Pdunhwv dqg Phqx Frvwv= H{sodlqlqj wkh

F|folfdolw| ri Surgxfwlylw| dqg Zdjh Gl�huhqwldov�

Kxz Gdylg Gl{rq
Xqlyhuvlw| ri \run dqg FHSU

Fodxv Wkxvwuxs Kdqvhq
Xqlyhuvlw| ri Frshqkdjhq dqg HSUX|

Khquln Mdfrevhq Nohyhq
Xqlyhuvlw| ri Frshqkdjhq dqg HSUX|

Mxqh 4<<<

Devwudfw

Wkh frqyhqwlrqdo phqx frvw iudphzrun shuirupv srruo| zlwk uh0

dolvwlf oderxu vxsso| hodvwlflwlhv> wkh phqx frvwv uhtxluhg iru sulfh

uljlglw| duh yhu| kljk dqg wkh zhoiduh frqvhtxhqfhv ri prqhwdu| glv0

wxuedqfhv duh qhjoljleoh1 Zh vkrz wkdw wkh suhvhqfh ri gxdo oderxu

pdunhwv juhdwo| lpsuryhv wkh shuirupdqfh ri wkh iudphzrun erwk e|

uhgxflqj phqx frvw uhtxluhphqwv dqg e| errvwlqj wkh zhoiduh frqvh0

txhqfhv1 Lq dgglwlrq/ wkh lqwurgxfwlrq ri gxdo oderxu pdunhwv surylghv

dq h{sodqdwlrq ri surf|folfdo surgxfwlylw| dqg wkh vkulqnlqj ri zdjh

gl�huhqwldov gxulqj errpv/ lq olqh zlwk vw|ol}hg idfwv rq exvlqhvv f|0

fohv1

Nh|zrugv= Qrplqdo Uljlglw|/ Gxdo Oderxu Pdunhwv1
MHO Fodvvl�fdwlrqv= H63/ M55/ M751

�Zh zrxog olnh wr wkdqn Shwhu Elufk Vûuhqvhq iru khosixo vxjjhvwlrqv1 Frpphqwv e|

vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Frshqkdjhq duh dovr judwhixoo| dfnqrzohgjhg1
|Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh �qdqfhg wkurxjk d judqw

iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1



4 Lqwurgxfwlrq

Rqh ri wkh pdlq srlqwv ri wkh QhzNh|qhvldq olwhudwxuh lv wkdw qrplqdo lqhuwld

ri sulfhv dqg zdjhv fdq eh h{sodlqhg lq dq lpshuihfwo| frpshwlwlyh vhwwlqj e|

wkh suhvhqfh ri oxps0vxp frvwv dvvrfldwhg zlwk sulfh2zdjh fkdqjhv +Pdqnlz/

4<;8> Eodqfkdug dqg Nl|rwdnl/ 4<;:,/ ru gxh wr erxqghg udwlrqdolw| +Dnhuori

dqg \hoohq/ 4<;8,1 Zlwk sulfh ru zdjh vhwwhuv/ qrplqdo sulfhv duh h{shfwhg wr

eh dw ru qhdu wr wkh rswlpdo ohyhov/ zlwk qr �uvw rughu h�hfwv ri sulfh fkdqjhv

rq sd|r�1 Ixuwkhupruh/ zlwk lpshuihfw frpshwlwlrq � lpso|lqj d vrfldoo|

vxerswlpdo htxloleulxp � qrplqdo lqhuwld jlyhv ulvh wr �uvw rughu zhoiduh

h�hfwv dv rxwsxw dqg hpsor|phqw ydu|1 Wkxv/ qrplqdo glvwxuedqfhv pd|

jhqhudwh odujh zhoiduh h�hfwv gxh wr wkh suhvhqfh ri vpdoo phqx frvwv1 Zklovw

wkh dujxphqw lv vlpsoh dqg lqwxlwlyh/ wkh prghov uxq lqwr d ixqgdphqwdo

sureohp= wkh phqx frvwv uhtxluhg duh wrr odujh iru uhdolvwlf ydoxhv ri wkh

oderxu vxsso| hodvwlflw|1 Wkh zhljkw ri hpslulfdo hylghqfh lv wkdw wkh oderxu

vxsso| hodvwlflw| lv yhu| vpdoo +Shqfdyho/ 4<;9,1 Li wklv lv vr/ wkhq dq lqfuhdvh

lq hpsor|phqw zloo uhvxow lq d vljql�fdqw xszdug suhvvxuh rq zdjhv zklfk

zloo ehdu gluhfwo| rq sulfhv1 Wkxv/ lq Eodqfkdug dqg Nl|rwdnl +4<;:,/ zlwk

d }hur hodvwlflw| ri oderxu vxsso| qr �qlwh ohyho ri phqx frvwv fdq ohdg wr

qrplqdo uljlglw|1

Lq dgglwlrq/ hyhq li phqx frvwv gr uhvxow lq d qrplqdo vkrfn lqfuhdvlqj

rxwsxw/ wkhvh prghov duh vwloo xqdeoh wr h{sodlq wkh revhuyhg f|folfdolw| ri

surgxfwlylw| dqg zdjh gl�huhqwldov1 Iluvw/ surgxfwlylw| lv hlwkhu df|folfdo ru

frxqwhuf|folfdo ghshqglqj rq zkhwkhu surgxfwlrq h{klelwv frqvwdqw ru glplq0

lvklqj uhwxuqv wr vfdoh/ wkxv frq lfwlqj zlwk wkh vw|ol}hg idfw wkdw ghpdqg

glvwxuedqfhv |lhog surf|folfdo surgxfwlylw| +h1j1/ Urwhpehuj dqg Vxpphuv/

4<<3,1 Vhfrqg/ vlqfh oderxu pdunhwv duh dvvxphg wr eh frpsohwho| v|pphw0

ulf/ doo zdjhv duh lghqwlfdo1 Wkhuhiruh/ wkh prghov fdqqrw fdswxuh wkh frp0

suhvvlrq ri zdjh gl�huhqwldov gxulqj errpv dv lqglfdwhg e| vhyhudo hpslulfdo

vwxglhv +vhh Phorz/ 4<;4> Iuhhpdq/ 4<;7> Zxqqdyd dqg Krqqh|/ 4<<4,1

Zh eholhyh wkdw wkhvh vkruwfrplqjv uh hfw wkh vshfl�f qdwxuh ri wkh h{lvw0

lqj prghov udwkhu wkdq ehlqj d jhqhudo ihdwxuh ri Qhz Nh|qhvldq Hfrqrplfv1
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Lq sduwlfxodu/ wkh xvh ri wkh uhsuhvhqwdwlyh vhfwru iudphzrun/ lpso|lqj wkdw

doo vhfwruv duh lghqwlfdo/ lv lqlplfdo wr wkh h{sodqdwru| srzhu ri phqx frvwv1

Lq wklv sdshu zh irfxv rq wkh suhvhqfh ri gxdo oderxu pdunhwv/ zklfk kdv

ehfrph dq hvwdeolvkhg sduw ri oderxu pdunhw wkhru| vlqfh Kduulv dqg Wrgdur

+4<:3, dqg lv frq�uphg e| d vxevwdqwldo dprxqw ri hpslulfdo hylghqfh> vhh

Glfnhqv dqg Odqj +4<;8, dqg wkh vxuyh| lq Vdlqw0Sdxo +4<<9/ ss1 9509;,1

Lq rxu iudphzrun/ wkhuh lv d sulpdu| oderxu pdunhw zlwk prqrsrolvwlf zdjh

vhwwlqj dqg d vhfrqgdu| oderxu pdunhw fkdudfwhul}hg e| shuihfw frpshwlwlrq1

Wkxv/ lq htxloleulxp wkhuh lv d zdjh gl�huhqwldo lq idyrxu ri sulpdu| oderxu1

Wkh rxwsxw pdunhw kdv d uhsuhvhqwdwlyh prqrsrolvwlf vhfwru/ vr wkdw wkh vsh0

fldo fdvh ri qr vhfrqgdu| oderxu pdunhw fruuhvsrqgv wr wkh Eodqfkdug dqg

Nl|rwdnl prgho1

Wkh gxdo oderxu pdunhw htxloleulxp lv fkdudfwhulvhg e| wzr glvwruwlrqv=

wkh djjuhjdwh ohyho ri hpsor|phqw lv wrr orz dqg wkh doorfdwlrq ri hpsor|0

phqw lv glvwruwhg dzd| iurp wkh sulpdu| oderxu pdunhw1 Wkh ohyho h�hfw

lv dovr suhvhqw lq uhsuhvhqwdwlyh vhfwru iudphzrunv/ zkhuhdv wkh doorfdwlrq

h�hfw lv wkh uhvxow ri oderxu pdunhw gxdolvp1 Oderxu pdunhw gxdolw| lp0

suryhv wkh shuirupdqfh ri wkh phqx frvw prgho iru uhdolvwlf ydoxhv ri wkh

oderxu vxsso| hodvwlflw|/ dqg wklv lv h{dfwo| gxh wr wkh doorfdwlrq h�hfw1 Zh

orrn dw zkdw kdsshqv lq uhvsrqvh wr d prqhwdu| h{sdqvlrq lq wkh suhvhqfh

ri phqx frvwv lq erwk rxwsxw pdunhwv dqg oderxu pdunhwv +dv lq Eodqfkdug

dqg Nl|rwdnl/ 4<;:,1 Zh �qg wkdw ryhudoo wkh ohyho ri phqx frvwv uhtxluhg

dv d shufhqwdjh ri JGS lv vpdoohu zlwk gxdo oderxu pdunhwv/ dqg wkdw wkh

zhoiduh frqvhtxhqfhv ri qrplqdo glvwxuedqfhv duh odujhu1 Ixuwkhupruh/ lq df0

frugdqfh zlwk hpslulfdo hylghqfh zdjh gl�huhqwldov duh frxqwhuf|folfdo dqg

surgxfwlylw| pd| eh surf|folfdo1 Zklovw wkhuh duh rwkhu sdshuv zklfk h{sodlq

surf|folfdo surgxfwlylw| zlwklq wkh phqx frvw iudphzrun +Edvx/ 4<<8> Gl{rq

dqg Kdqvhq/ 4<<<,/ wkhvh sdshuv duh xqdeoh wr dgguhvv wkh dgglwlrqdo lvvxh

ri zdjh frpsuhvvlrq gxulqj errpv1

Doo wkh uhvxowv vwhp iurp wkh vdph xqghuo|lqj lqwhudfwlrq ehwzhhq rxwsxw

dqg hpsor|phqw lq wkh wzr oderxu pdunhwv1 Lw lv zhoo0nqrzq wkdw vpdoo phqx
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frvwv fdqqrw suhyhqw sulfh ru zdjh fkdqjhv lq d frpshwlwlyh pdunhw/ lpso|lqj

wkdw vhfrqgdu| zdjhv duh sxvkhg xs iroorzlqj d srvlwlyh ghpdqg vkrfn1 E|

frqwudvw li phqx frvwv duh vx!flhqwo| odujh/ zrunhuv lq wkh sulpdu| oderxu

pdunhw fkrrvh wr vdwlvi| wkh h{wud ghpdqg lqvwhdg ri udlvlqj zdjhv1 Khqfh/

wkh zdjh gl�huhqwldo lq idyrxu ri sulpdu| oderxu vkulqnv/ dqg hpsor|phqw

lq wkh sulpdu| pdunhw lqfuhdvhv uhodwlyh wr hpsor|phqw lq wkh vhfrqgdu|

pdunhw1 Vlqfh surgxfwlylw| lv kljkhu lq wkh sulpdu| pdunhw/ vxfk d fkdqjh lq

wkh doorfdwlrq ri hpsor|phqw lqfuhdvhv ryhudoo surgxfwlylw|/ wkhuhe| errvwlqj

erwk JGS dqg zhoiduh1

Ilqdoo|/ wkh phqx frvwv qhhghg iru zdjh uljlglw| lq wkh oderxu pdunhw

ghfuhdvh1 Wr judvs wkh lqwxlwlrq iru wklv uhvxow/ qrwh wkdw lq wkh vwdqgdug

iudphzrun dq lqfuhdvh lq surgxfwlrq fdq frph derxw rqo| e| dq lqfuhdvh

lq djjuhjdwh hpsor|phqw/ zkhuhdv lq rxu iudphzrun wkhuh lv wkh dgglwlrqdo

srvvlelolw| ri oderxu uhdoorfdwlrq1 Vlqfh lw lv ohvv frvwo| iru wkh krxvhkrogv wr

uhdoorfdwh oderxu wkdq lw lv wr h{sdqg wkh djjuhjdwh qxpehu ri zrun krxuv/

wkh frvwv ri nhhslqj zdjhv �{hg duh orzhu lq wkh gxdo oderxu pdunhw fdvh/

wkhuhe| |lhoglqj orzhu phqx frvw uhtxluhphqwv ri zrunhuv1 E| frqwudvw/ wkh

phqx frvw uhtxluhphqwv ri �upv lqfuhdvh ehfdxvh ri kljkhu zdjhv lq wkh

vhfrqgdu| pdunhw iroorzlqj d prqhwdu| h{sdqvlrq1 Krzhyhu/ wkh djjuhjdwh

phqx frvw uhtxluhphqw ri �upv dqg zrunhuv lv uhgxfhg e| wkh lqwurgxfwlrq

ri d gxdo oderxu pdunhw1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg lq wkh iroorzlqj zd|1 Lq Vhfwlrq

5 zh rxwolqh wkh edvlf vwuxfwxuh ri wkh prgho dqg wkh surshuwlhv ri wkh htxl0

oleulxp zlwk ixoo|  h{leoh sulfhv1 Lq Vhfwlrq 6 zh orrn dw wkh f|folfdolw| ri

zhoiduh/ surgxfwlylw|/ dqg zdjh gl�huhqwldov lq wkh suhvhqfh ri phqx frvwv iru

erwk zdjh dqg sulfh vhwwhuv1 Lq erwk vhfwlrqv wkh prgho hlwkhu kdv d forvhg

irup vroxwlrq ru vwdqgdug dssur{lpdwlrqv duh xvhg vr wkdw d txdqwlwdwlyh

hydoxdwlrq ri wkh prgho fdq eh xqghuwdnhq1 Ilqdoo|/ Vhfwlrq 7 frqfoxghv1
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5 Wkh Prgho

D vlpsoh gxdo oderxu pdunhw/ dorqj wkh olqhv ri Fdoyr +4<:;,/ lv lqfrusrudwhg

lq d vwdqgdug phqx frvw vhwwlqj1 Wr pdlqwdlq wkh uhsuhvhqwdwlyh djhqw iudph0

zrun/ zh dvvxph wkdw hdfk krxvhkrog zrunv lq wzr vhsdudwh oderxu pdunhwv>

+l, d sulpdu| pdunhw fkdudfwhul}hg e| prqrsrolvwlf frpshwlwlrq dqg +ll, d

vhfrqgdu| pdunhw fkdudfwhul}hg e| shuihfw frpshwlwlrq1 Lq wkh �uvw pdunhw/

wkh zdjh lv vhw e| wkh krxvhkrog zkr lv wkh rqo| vxssolhu ri d sduwlfxodu vnloo1

Lq grlqj vr/ wkh krxvhkrog wdnhv lqwr dffrxqw wkdw lw lv srvvleoh wr zrun lq

wkh vhfrqgdu| pdunhw dw wkh frpshwlwlyh zdjh1

Wkh �upv surgxfh gl�huhqwldwhg jrrgv xvlqj oderxu lqsxw erwk iurp wkh

sulpdu| dqg iurp wkh vhfrqgdu| oderxu pdunhw1 Wkxv/ wkh prgho lv rqh

ri lqwudvhfwrudo gxdolvp/ zkhuh kljk0zdjh mrev frh{lvw zlwk orz0zdjh mrev

zlwklq hdfk �up1 Krzhyhu/ wkh prgho fdq hdvlo| eh uhlqwhusuhwhg dv rqh ri

lqwhuvhfwrudo gxdolvp/ zkhuh zdjhv gl�hu dfurvv vhfwruv1

Wkh uhodwlyh lpsruwdqfh ri wkh wzr oderxu pdunhwv lv ghwhuplqhg e| d

sdudphwhu/ #1 Dsduw iurp d ihz wulyldo vlpsol�fdwlrqv/4 rxu iudphzrun kdv

wkh Eodqfkdug dqg Nl|rwdnl +4<;:, prgho dv wkh vshfldo fdvh ri qr vhfrqgdu|

oderxu pdunhw/ fruuhvsrqglqj wr # ' �1 Ixuwkhupruh/ wr idflolwdwh frpsdulvrq

zlwk wkh Eodqfkdug dqg Nl|rwdnl iudphzrun zh xvh wkh vdph qrwdwlrq1

514 Krxvhkrogv

Wkhuh lv d frqwlqxxp ri krxvhkrogv � 5 dfc �o1 Hdfk krxvhkrog � rewdlqv wkh

iroorzlqj xwlolw| ohyho

L� '

�] �

�'f

�
Ew3��*w
�� _�

�w*Ew3��

��q
� c q : �c w : �� +4,

4Zh h{foxgh prqh| iurp wkh xwlolw| ixqfwlrq dqg dvvxph lqvwhdg olnh Edoo dqg Urphu

+4<;</ 4<<3/ 4<<4, wkdw d vlpsoh wudqvdfwlrqv whfkqrorj| ghwhuplqhv wkh uhodwlrq ehwzhhq

djjuhjdwh vshqglqj dqg uhdo prqh| edodqfhv1 Zh dovr dvvxph wkdw jrrgv dqg zrunhuv duh

glvwulexwhg rq wkh xqlw lqwhuydo1 Wklv uhpryhv d orw ri frqvwdqwv iurp wkh Eodqfkdug dqg

Nl|rwdnl iudphzrun dqg dyrlgv wkh fulwltxh ri wkh Gl{lw0Vwljolw} iudphzrun sxw iruzdug

e| g*Dvsuhprqw hw do1 +4<<9,1
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Wkh �uvw whup lv d frpsrvlwh jrrg frqvlvwlqj ri d frqwlqxxp ri gl�huhqwldwhg

jrrgv/ ���/ zlwk dq hodvwlflw| ri vxevwlwxwlrq ehwzhhq dq| wzr jrrgv htxdo

wr w1 Wkh vhfrqg whup uhsuhvhqwv glvxwlolw| ri zrun/ ��/ zkhuh wkh hodvwlflw|

ri pdujlqdo glvxwlolw| ri zrun/ q � �/ lv srvlwlyh1 Wkh exgjhw frqvwudlqw ri

krxvhkrog � lv jlyhq e|] �

�'f

�����_� � `�
� ��

� n` 7�7
� n

] �

�'f

T��_� � U�c +5,

zkhuh �� lv wkh sulfh ri jrrg �/ `�
� dqg ` 7 duh wkh zdjhv lq wkh sulpdu|

dqg vhfrqgdu| oderxu pdunhw/ uhvshfwlyho|/ ��
� dqg �7

� duh wkh hpsor|phqw

ri wkh krxvhkrog lq wkh wzr pdunhwv/ dqg T�� lv wkh krxvhkrog*v +oxps vxp,

vkduh ri sur�wv iurp �up �1 Wrwdo hpsor|phqw ri wkh krxvhkrog lv jlyhq e|

�� ' ��
� n�7

� 1 Pd{lpl}lqj +4, zlwk uhvshfw wr ��� vxemhfw wr +5, jlyhv wkh

ghpdqg iru jrrg � ri krxvhkrog �

��� '

�
��
�

�
3w

U�
�
c +6,

zkhuh � lv wkh frqvxphu sulfh lqgh{ jlyhq e|

� �

�] �

�'f

� �3w
� _�

��*E�3w�

� +7,

E| xvlqj +4, wkurxjk +7, zh rewdlq wkh lqgluhfw xwlolw| ixqfwlrq

7� '
`�

� ��
� n` 7�7

� n
U �

�'f
T��_�

�
�
�
��
� n�7

�

�q
� +8,

Wkh krxvhkrog pd{lpl}hv wklv h{suhvvlrq zlwk uhvshfw wr �7
� dqg`�

� wdnlqj

lqwr dffrxqw d qhjdwlyh uhodwlrqvkls ehwzhhq zdjh dqg hpsor|phqw lq wkh

sulpdu| pdunhw1 Wkh �uvw rughu frqglwlrqv fdq eh zulwwhq lq wkh iroorzlqj

zd|
` 7

�
' q

�
��
� n�7

�

�q3�
c +9,

`�
�

�
E�� D� ' q

�
��
� n�7

�

�q3�
c +:,

zkhuh D � �
Y`�

�

Y��
�

��
�

`�
�

lv wkh ghjuhh ri prqrsro| srzhu phdvxuhg e| wkh

Ohuqhu lqgh{ lq wkh sulpdu| pdunhw1 Wkxv/ wkh krxvhkrog vhwv wkh sulpdu|
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zdjh dv d pdun0xs ryhu wkh pdujlqdo glvxwlolw| ri zrun/ zkhuhdv wkh vxsso|

ri oderxu lq wkh vhfrqgdu| pdunhw lv vhw vxfk wkdw wkh pdujlqdo glvxwlolw| ri

zrun htxdov wkh uhdo frqvxpswlrq zdjh lq wkdw pdunhw1

Ilqdoo|/ zh dvvxph wkdw vrph wudqvdfwlrqv whfkqrorj| +h1j1 d fdvk0lq

dgydqfh frqvwudlqw, ghwhuplqhv wkh uhodwlrq ehwzhhq djjuhjdwh vshqglqj ri

wkh krxvhkrogv dqg prqh| edodqfhv] �

�'f

U�_� ' �� +;,

515 Ilupv

Wkh whfkqrorj| ri �up � lv ghvfulehg e|

t� '
��

��
�

�# �
�7
�

��3#��*k

c k � �c f � # � �c +<,

��
� '

�] �

�'f

�
��
��

�Ej3��*j
_�

�j*Ej3��

c j : �c

zkhuh ��
�� lv hpsor|phqw ri zrunhu � kluhg lq wkh sulpdu| oderxu pdunhw/

�7
� lv lqsxw kluhg lq wkh vhfrqgdu| oderxu pdunhw/ j phdvxuhv wkh ghjuhh ri

vxevwlwxwlrq ehwzhhq dq| wzr w|shv ri vnloo lq wkh sulpdu| oderxu pdunhw/

dqg k lv d uhwxuqv wr vfdoh sdudphwhu1 Wkh sdudphwhu # ghwhuplqhv wkh

uhodwlyh lpsruwdqfh ri sulpdu| dqg vhfrqgdu| hpsor|phqw/ zkhuh wkh olplwv

fruuhvsrqg wr kdylqj rqo| rqh oderxu pdunhw fkdudfwhul}hg hlwkhu e| shuihfw

frpshwlwlrq +# ' f, ru prqrsrolvwlf frpshwlwlrq +# ' �, dv lq Eodqfkdug

dqg Nl|rwdnl +4<;:,1

Frvw plqlpl}dwlrq lpsolhv wkdw wkh �up ghpdqgv oderxu dffruglqj wr

��
�� '

#
`�

�

`�

$
3j

#
`t k

�

`�
c �7

� ' E�� #�
`t k

�

` 7
c +43,

zkhuh

` �

�
`�

#

�# �
` 7

�� #

��3#

c `� �

�] �

�'f

�
`�

�

��3j
_�

� �
�3j

� +44,

9



E| xvlqj htxdwlrqv +<, dqg +43, zh fdq zulwh sur�wv dv

T� ' ��t� �`���
� �` 7�7

� c +45,

zkhuh wkh sulfh dqg rxwsxw ri �up � duh frqvwudlqhg e| wkh djjuhjdwh ghpdqg

ri wkh krxvhkrogv/ ghulyhg iurp +6, dqg +;,/ l1h1

t� '

�
��
�

�
3w

�

�
� +46,

Pd{lpl}lqj sur�wv vxemhfw wr +<, dqg +46, |lhogv wkh iroorzlqj sulfh0vhwwlqj

uxoh ri wkh �up
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� +47,

516 Jhqhudo Htxloleulxp

Lw iroorzv iurp +43, wkdw wkh Ohuqhu lqgh{/ D/ lq +:, lv htxdo wr �*j1 E|

xvlqj wklv uhodwlrqvkls dv zhoo dv wkh v|pphwu| surshuw| `�
� ' `� / zh fdq

frpelqh wkh htxdwlrqv +9, dqg +:, vr dv wr jhw

`�

` 7
'

j

j � �
c +48,

zklfk ghwhuplqhv wkh uhodwlyh zdjhv +UZ, lq wkh wzr oderxu pdunhwv dv d

ixqfwlrq ri wkh ghjuhh ri vxevwlwxwlrq dprqj zrunhuv lq wkh sulpdu| oderxu

pdunhw1 Wkh v|pphwu| ri wkh prgho dqg htxdwlrq +43, ghwhuplqh d fruuh0

vsrqglqj htxdwlrq iru wkh uhodwlyh ghpdqg iru oderxu +UG,=
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�
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`7

�
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� +49,

Wkh htxdwlrqv +48, dqg +49, duh glvsod|hg lq Iljxuh 4/ zklfk looxvwudwhv wkh

lpsolfdwlrqv ri kdylqj wkh gxdo oderxu pdunhw1 Wkh htxloleulxp lv ghwhu0

plqhg e| wkh lqwhuvhfwlrq ri UZ dqg UG jlyhq e| srlqw D1 Wklv vroxwlrq

lv lqh!flhqw> wkh krxvhkrog kdv wkh vdph glvxwlolw| ri zrun lq wkh wzr pdu0

nhwv dqg vr wkh h!flhqw uhodwlyh zdjh lv htxdo wr rqh/ |lhoglqj wkh h!flhqw

uhodwlyh hpsor|phqw dw srlqw F1 Wkxv/ wkh suhvhqfh ri d gxdo oderxu pdunhw

:



lpsolhv wkdw wrr pxfk lqsxw lv doorfdwhg wr wkh vhfrqgdu| pdunhw uhodwlyh wr

wkh sulpdu| pdunhw1 Wklv plvdoorfdwlrq ri oderxu lqsxw |lhogv wkh zhoiduh

orvv lqglfdwhg e| wkh vkdghg duhd lq Iljxuh 41

	 Iljxuh 4 :

Lq dgglwlrq wr wklv plvdoorfdwlrq h�hfw/ wkh prgho dovr fdswxuhv wkh vwdq0

gdug dgyhuvh h�hfw ri prqrsrolvwlf frpshwlwlrq rq wkh djjuhjdwh ohyho ri

hpsor|phqw1 Wklv lv dssduhqw li zh ghulyh wkh djjuhjdwh hpsor|phqw ri wkh

krxvhkrogv1 Htxdwlrqv +9,/ +;,/ +<,/ +43,/ +47,/ +48,/ +49,/ dqg �� ' � lpso|

+vhh dsshqgl{,

� '
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w
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j

�k3�
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kq3�

	� � 	�c +4:,

zkhuh 	� �
�
Ekq�3k E�� #��3# ##

� �
kq3� lv wkh h!flhqw +Zdoudvldq, hpsor|0

phqw ohyho1 Lw lv hylghqw iurp wklv htxdwlrq wkdw htxloleulxp hpsor|phqw

lv ehorz lwv h!flhqw ohyho dqg wkdw wkh gl�huhqfh lv odujhu zkhq jrrgv duh

ohvv vxevwlwxwdeoh +vpdoohu w,/ zkhq wkh vnloov ri wkh zrunhuv duh ohvv vxevwl0

wxwdeoh +vpdoohu j,/ dqg zkhq wkh oderxu vxsso| lv pruh hodvwlf +vpdoohu q,1

D kljkhu # dovr uhgxfhv hpsor|phqw/ vlqfh wklv h{sdqgv wkh uhodwlyh vl}h ri

wkh oderxu pdunhw fkdudfwhul}hg e| prqrsrolvwlf zdjh vhwwlqj1 Ilqdoo|/ qrwh

wkdw djjuhjdwh hpsor|phqw lv dw wkh h!flhqw ohyho zkhq wkh oderxu vxsso| lv

frpsohwho| lqhodvwlf/ fruuhvsrqglqj wr q $ 41

Wkxv/ zh kdyh wzr glvwruwlrqv lq wkh oderxu pdunhw= +l, Wkh ohyho ri hp0

sor|phqw lv wrr orz gxh wr lpshuihfw frpshwlwlrq lq erwk rxwsxw dqg oderxu

pdunhwv/ dqg +ll, wkh doorfdwlrq ri hpsor|phqw lv glvwruwhg lq idyrxu ri wkh

vhfrqgdu| pdunhw gxh wr wkh h{fhvvlyh sulpdu| zdjh1 Erwk glvwruwlrqv duh

uh hfwhg lq djjuhjdwh frqvxpswlrq2JGS1 Wklv lv vhhq e| frpelqlqj htxd0

wlrqv +9,/ +;,/ +<,/ +43,/ +47,/ +48,/ +49,/ dqg �� ' � / wkhuhe| |lhoglqj +vhh

dsshqgl{,
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lv wkh h!flhqw ohyho ri frqvxpswlrq1

Htxdwlrq +4;, vkrzv wkdw djjuhjdwh frqvxpswlrq lv ehorz wkh h!flhqw ohyho

dqg � olnh wr hpsor|phqw � frqvxpswlrq ghshqgv srvlwlyho| rq wkh sdudp0

hwhuv w/ j dqg q1 Wr vhh wkh uroh ri oderxu pdunhw gxdolvp iru djjuhjdwh

frqvxpswlrq/ ohw xv orrn dw wkh vshfldo fdvh zkhuh oderxu vxsso| lv frp0

sohwho| lqhodvwlf=

*�4
q<"

� '

�
j � �

j

�#*k�
j

j � #

��*k

	� � 	�� +4<,

Wklv htxdwlrq kljkoljkwv wkh gl�huhqfh ehwzhhq d vwdqgdug phqx frvw iudph0

zrun/ rewdlqhg e| vhwwlqj # htxdo wr f ru �/ dqg wkh jhqhudol}hg prgho zlwk

f 	 # 	 �1 Lq wkh iruphu fdvh/ wkh htxloleulxp ohyho ri frqvxpswlrq lv dw wkh

h!flhqw ohyho zkhq oderxu vxsso| lv lqhodvwlf/ zkhuhdv lq wkh odwwhu fdvh wklv

lv qr orqjhu vx!flhqw iru wkh htxloleulxp wr eh d vrfldo rswlpxp1 Wkh suhv0

hqfh ri d gxdo oderxu pdunhw lpsolhv wkdw surgxfwlylw| lq wkh sulpdu| oderxu

pdunhw lv kljkhu wkdq surgxfwlylw| lq wkh vhfrqgdu| oderxu pdunhw1 Wkxv/

e| uhdoorfdwlqj zrunhuv iurp vhfrqgdu| hpsor|phqw wr sulpdu| hpsor|phqw

wkh hfrqrp| zrxog uhds d surgxfwlylw| jdlq/ wkhuhe| lqfuhdvlqj JGS dqg

frqvxpswlrq zlwkrxw lq lfwlqj pruh glvxwlolw| ri zrun rq wkh krxvhkrogv1

Fohduo|/ vxfk d uhdoorfdwlrq lqfuhdvhv zhoiduh/ dqg wkhuhiruh wkh pdunhw htxl0

oleulxp lv qrw d vrfldo rswlpxp hyhq zlwk lqhodvwlf oderxu vxsso|1

Wdeoh 4 surylghv qxphulfdo h{dpsohv ri jhqhudo htxloleuld1 Lq wkh �uvw

wkuhh urzv q lv ��S/ fruuhvsrqglqj wr d zdjh hodvwlflw| ri oderxu vxsso| htxdo

wr �2
�
/ wkh prvw lqhodvwlf fdvh frqvlghuhg e| Eodqfkdug dqg Nl|rwdnl +4<;:,1

Lq wkh �uvw urz zh frqvlghu wkh frqyhqwlrqdo rqh vhfwru iudphzrun/ l1h1 # ' �/

dqg xvh d frqvwhoodwlrq ri kc j/ dqg w dovr h{dplqhg e| Eodqfkdug dqg Nl|0

rwdnl +4<;:,1 Wdeoh 4 dovr glvsod|v wkh dyhudjh +pdfur, ghjuhh ri lpshuihfw

frpshwlwlrq lq wkh sulpdu| dqg vhfrqgdu| oderxu pdunhwv/ phdvxuhg e| wkh

dyhudjh +pdfur, Ohuqhu lqgh{
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zkhuh q
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�� n�7

�q3�
lv wkh pdujlqdo glvxwlolw| ri zrun/ dqg zkhuh wkh odvw

htxdolw| iroorzv iurp htxdwlrqv +9, dqg +:,1 Wkh sdudphwhu ydoxhv lq wkh

�uvw urz lpso| wkdw wkh pdfur Ohuqhu lqgh{ lv f�2f/ dqg wkdw hpsor|phqw

dqg frqvxpswlrq duh doprvw Df shu fhqw orzhu wkdq wkhlu vrfldoo| rswlpdo

ohyhov1 Lq wkh qh{w urz zh fkdqjh # iurp � wr f�D/ nhhslqj frqvwdqw doo

rwkhu sdudphwhuv1 Lw lv lpsruwdqw wr vhh wkdw vxfk d fkdqjh lqyroyhv wzr

h�hfwv= +l, E| ghfuhdvlqj wkh pdfur ghjuhh ri lpshuihfw frpshwlwlrq/ 1/

wkh glvwruwlrq lq wkh ohyho ri hpsor|phqw lv uhgxfhg +d�hfwlqj JGS dqg

xwlolw| srvlwlyho|, dqg +ll, e| lqwurgxflqj gxdolvp lq wkh oderxu pdunhw wkh

doorfdwlrq ri hpsor|phqw ghwhulrudwhv +d�hfwlqj JGS dqg xwlolw| qhjdwlyho|,1

Dv d uhvxow ri wkh �uvw h�hfw hpsor|phqw jrhv xs e| �H shu fhqw uhodwlyh wr wkh

v|pphwulf fdvh/ exw vlqfh wkh frpsrvlwlrq ri hpsor|phqw jhwv ohvv h!flhqw

JGS jrhv xs e| rqo| �D shu fhqw1 Wr lvrodwh wkh h�hfw ri d gxdo oderxu

pdunhw/ ohw xv uhgxfh # dqg dw wkh vdph wlph dgmxvw j vr dv wr nhhs wkh

pdfur Ohuqhu lqgh{ frqvwdqw1 Wklv lv grqh lq wkh wklug urz/ dqg lw lv hylghqw

wkdw wkh lqwurgxfwlrq ri dv|pphwu| lq wkh oderxu pdunhw uhgxfhv wkh ohyhov

ri erwk hpsor|phqw/ JGS/ dqg zhoiduh1

Wdeoh 41 H{dpsohv ri jhqhudo htxloleuld

q j # 1 ' #*j �* 	� �* 	� L* 	L
��S D�f ��f f�2f f�D2 f�DS f�H2

D�f f�D f��f f�S2 f�Se f�HH
2�D f�D f�2f f�Df f�D2 f�..

S�f D�f ��f f�2f f�b2 f�b2 f�bH
D�f f�D f��f f�be f�be f�bH
2�D f�D f�2f f�b� f�Hb f�bD

4 D�f ��f f�2f � � �
2�D f�D f�2f � f�b. f�b.

Qrwh= Lq doo h{dpsohv zh xvh k ' ��� dqg w ' D1

Wkh ydoxh ri q fdq eh ghwhuplqhg lq wzr gl�huhqw zd|v> hlwkhu rqh fdq vhw

q lq dffrugdqfh zlwk hpslulfdo hvwlpdwhv ri wkh oderxu vxsso| hodvwlflw|/ ru

dowhuqdwlyho| rqh fdq uhvruw wr d fdoleudwlrq surfhgxuh/ l1h1 wr vhw q vxfk wkdw

wkh prgho jhqhudwhv uhdolvwlf htxloleulxp ydoxhv ri hpsor|phqw dqg JGS1

Dv douhdg| phqwlrqhg/ wkh fdvh zlwk d oderxu vxsso| hodvwlflw| ri �2
�
+l1h1
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q ' ��S, lv wkh prvw lqhodvwlf fdvh h{dplqhg lq Eodqfkdug dqg Nl|rwdnl

+4<;:,1 Krzhyhu/ wklv hodvwlflw| lv pxfk wrr kljk erwk iurp dq hvwlpdwlrq

dqg d fdoleudwlrq srlqw ri ylhz1 D odujh erg| ri hpslulfdo olwhudwxuh/ vhh

h1j1 Shqfdyho +4<;9,/ vxjjhvwv wkdw wkh oderxu vxsso| hodvwlflw| lv zhoo ehorz

f�D/ dqg lq dgglwlrq q ' ��S jhqhudwhv d yhu| xquhdolvwlf htxloleulxp zlwk

xqghuxwlol}dwlrq ri oderxu ri doprvw Df shu fhqw1 Wkhuhiruh/ ohw xv wxuq wr

wkh fdvh zlwk q ' S�f/ lpso|lqj d oderxu vxsso| hodvwlflw| ri f�21 Wklv

fdvh lv lq olqh zlwk hpslulfdo hvwlpdwhv dqg/ lq dgglwlrq/ jhqhudwhv d pxfk

pruh uhdolvwlf htxloleulxp zlwk hpsor|phqw ehlqj H shu fhqw orzhu wkdq wkh

vrfldoo| rswlpdo ohyho lq wkh v|pphwulf vhwwlqj zlwk # ' �1 Wkh sdudphwhu

ydoxhv xqghuo|lqj wkh uhvxowv lq erog frqvwlwxwhv rxu ehqfkpdun frpsdulvrq

ehwzhhq wkh vwdqgdug prgho dqg wkh gxdo prgho wkurxjkrxw wkh sdshu1

Wkh txdolwdwlyh h�hfwv ri lqwurgxflqj gxdolvp lq wkh oderxu pdunhw duh

xqd�hfwhg e| wkh ydoxh ri q1 Krzhyhu/ zkhq wkh oderxu vxsso| hodvwlflw| lv

orzhu/ wkh doorfdwlrq h�hfw lv vwurqjhu uhodwlyh wr wkh h�hfw ri ghfuhdvlqj wkh

pdfur ghjuhh ri lpshuihfw frpshwlwlrq1 Lq idfw/ zkhq # lv uhgxfhg iurp � wr

f�D/ lpso|lqj d uhgxfwlrq lq wkh pdfur Ohuqhu lqgh{ iurp f�2f wr f��f/ wkh

ghwhulrudwlrq lq wkh doorfdwlrq ri hpsor|phqw lv vwurqj hqrxjk wr suhyhqw dq

lqfuhdvh lq zhoiduh1 Lq wkh qh{w urz zh nhhs frqvwdqw wkh pdfur Ohuqhu lqgh{/

lpso|lqj wkdw zhoiduh idoov � shu fhqw ehorz wkh ohyho ri wkh v|pphwulf fdvh1

Ilqdoo|/ lq wkh odvw wzr urzv zh vhw wkh hodvwlflw| ri oderxu vxsso| wr }hur1

Lq wkh v|pphwulf fdvh hpsor|phqw/ JGS/ dqg zhoiduh duh dw wkhlu vrfldoo|

rswlpdo ohyhov/ zkhuhdv lq wkh dv|pphwulf fdvh rqo| hpsor|phqw lv dw lwv

h!flhqw ohyho1

6 Qrplqdo Uljlglw| dqg Ioxfwxdwlrqv

Wkh suhylrxv vhfwlrq dqdo|vhg krz gxdo oderxu pdunhwv lq xhqfh wkh htxl0

oleulxp ri dq hfrqrp| zlwkrxw dq| qrplqdo iulfwlrqv1 Dv zlwk d vlpsoh/

vlqjoh oderxu pdunhw/ prqh| lv qhxwudo vlqfh doo remhfwlyh ixqfwlrqv duh gh0

�qhg rq uhdo yduldeohv1 Krzhyhu/ li sulfh2zdjh vhwwhuv idfh vpdoo dgmxvwphqw

frvwv +phqx frvwv, ri fkdqjlqj sulfhv2zdjhv/ prqh| pd| eh qrq0qhxwudo dqg
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fkdqjhv lq djjuhjdwh ghpdqg pd| jlyh ulvh wr  xfwxdwlrqv lq uhdo yduldeohv1

Rqh ri wkh pdlq lqvljkwv iurp wkh Qhz Nh|qhvldq olwhudwxuh lv wkdw lpshuihfw

frpshwlwlrq plwljdwhv wkh phqx frvwv uhtxluhg iru prqhwdu| qrq0qhxwudolw|

dqg pd| fdxvh qrplqdo glvwxuedqfhv wr |lhog odujhu zhoiduh  xfwxdwlrqv wkdq

wkh dgmxvwphqw frvwv fdxvlqj wkhp/ vhh Pdqnlz +4<;8,/ Dnhuori dqg \hoohq

+4<;8,/ Eodqfkdug dqg Nl|rwdnl +4<;:,/ Urwhpehuj +4<;:,/ Edoo dqg Urphu

+4<;</ 4<<3/ 4<<4,1 Krzhyhu/ wkhvh sdshuv uho| rq prghov zkhuh oderxu

pdunhwv duh frpsohwho| v|pphwulf/ l1h1 hlwkhu shuihfwo| frpshwlwlyh ru pr0

qrsrolvwlfdoo| frpshwlwlyh15 Lq wklv vhfwlrq/ zh dvn krz wkh suhvhqfh ri d gxdo

oderxu pdunhw lq xhqfhv wkh phqx frvw uhtxluhphqwv dqg wkh frqvhtxhqfhv ri

qrplqdo glvwxuedqfhv1 Wkh �uvw vxevhfwlrq ghdov zlwk wkh vl}h ri phqx frvwv

qhhghg wr jhqhudwh sulfh vwlfnlqhvv/ zkhuhdv wkh vhfrqg vxevhfwlrq ghdov zlwk

 xfwxdwlrqv lq zhoiduh/ surgxfwlylw|/ dqg zdjh gl�huhqwldov gxh wr qrplqdo

glvwxuedqfhv1

Lw lv zhoo0nqrzq wkdw lpshuihfw frpshwlwlrq lv d suhfrqglwlrq iru phqx

frvw uhtxluhphqwv wr eh vpdoo1 Wkxv/ wkh gl�huhqfh lq frpshwlwlyhqhvv eh0

wzhhq wkh sulpdu| dqg vhfrqgdu| oderxu pdunhw lpsolhv wkdw wkh wzr pdunhwv

uhdfw gl�huhqwo| wr qrplqdo glvwxuedqfhv dqg wklv lv fuxfldo iru xqghuvwdqglqj

wkh uhvxowv1 Wkhuhiruh/ d ihz qrwhv rq wkh wzr glvwlqfw oderxu pdunhwv duh

zduudqwhg ehiruh wxuqlqj wr wkh vxevhfwlrqv1 Iluvw/ qrwh wkdw lw lv lpsrvvl0

eoh iru phqx frvwv ri dq| vl}h wr suhyhqw zdjh fkdqjhv lq wkh frpshwlwlyh

oderxu pdunhw16 Wkxv/ wkh zdjh lq wkh vhfrqgdu| pdunhw ulvhv diwhu dq lq0

fuhdvh lq oderxu ghpdqg gxh wr d prqhwdu| h{sdqvlrq1 Vhfrqg/ qrwh iurp

htxdwlrq +49, wkdw li phqx frvwv duh vx!flhqwo| kljk wr suhyhqw zdjh fkdqjhv

lq wkh sulpdu| pdunhw wkhq d prqhwdu| h{sdqvlrq dozd|v lqfuhdvhv sulpdu|

5Lq idfw/ Dnhuori dqg \hoohq +4<;8, gr hpskdvl}h gxdo oderxu pdunhwv dv dq lpsruwdqw

vw|ol}hg ylhz ri wkh hfrqrp|/ exw zlwkrxw jrlqj lqwr wkh lpsolfdwlrqv iru wkh qrq0qhxwudolw|

ri prqh|1
6Wklv pd| eh vhhq e| ghulylqj wkh phqx frvw uhtxluhphqw ri d prqrsrolvwlf zrunhu

dqg ohwwlqj wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq zrunhuv jr wr lq�qlw|1 Wklv fruuhvsrqgv

wr ohwwlqj � jr wr lq�qlw| lq htxdwlrq +55,1 Qrwh dovr/ e| frqwlqxlw|/ wkdw phqx frvwv zloo

eh yhu| odujh hyhq zlwk d vpdoo dprxqw ri lpshuihfw frpshwlwlrq1 Wkxv/ wkh txdolwdwlyh

uhvxowv wkdw iroorz duh qrw uhvwulfwhg wr wkh nqlih0hgjh fdvh ri shuihfw frpshwlwlrq lq wkh

vhfrqgdu| pdunhw1
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hpsor|phqw uhodwlyh wr vhfrqgdu| hpsor|phqw1 Wklv uhdoorfdwlrq h�hfw/ qrw

suhvhqw lq wkh vwdqgdug iudphzrun +# ' �,/ lqfuhdvhv JGS dqg zhoiduh/ fi1

wkh pryhphqw iurp D wr E lq Iljxuh 41 Krzhyhu/ wkh zdjh lqfuhdvh lq wkh

vhfrqgdu| pdunhw pd| dovr lqfuhdvh wkh phqx frvw uhtxluhphqw ri wkh �upv

e| lqfuhdvlqj wkhlu pdujlqdo frvwv ri vdwlvi|lqj wkh h{wud ghpdqg1 Wkxv/ wkh

pdjqlwxgh ri wkh zdjh ulvh lq wkh vhfrqgdu| pdunhw iroorzlqj d prqhwdu|

h{sdqvlrq lv fuxfldo erwk iru wkh phqx frvwv uhtxluhphqwv dqg iru wkh zhoiduh

h�hfwv1 Wkhuhiruh/ zh vwduw e| �qglqj wkh uhvsrqvh ri wkh vhfrqgdu| zdjh

iroorzlqj d prqhwdu| h{sdqvlrq jlyhq wkdw �upv dqg zdjh vhwwhuv lq wkh sul0

pdu| oderxu pdunhw nhhs wkhlu uhvshfwlyh sulfhv dqg zdjhv �{hg1 Wklv lv

ghulyhg iurp +9,/ +;,/ +43,/ dqg +48,/ dqg lv jlyhq lq hodvwlflw| irup e| +vhh

dsshqgl{,

l �
_` 7*` 7

_�*�
'

k E�� 1� Eq � ��

1 E�� #� Eq � �� n �� 1
: f� +53,

Wklv hodvwlflw| lqglfdwhv zk| vwdqgdug Qhz Nh|qhvldq uhvxowv euhdn grzq

zkhq oderxu vxsso| ehfrphv shuihfwo| lqhodvwlf +q $ 4,1 Lq wklv fdvh l

htxdov kE�31�

1E�3#�
zklfk jrhv wr lq�qlw| zkhq wkh gxdo oderxu pdunhw lv h{foxghg

iurp wkh dqdo|vlv +# $ �,1 Lq wkh devhqfh ri d gxdo oderxu pdunhw/ d pdujlqdo

lqfuhdvh lq surgxfwlrq fdq frph derxw rqo| e| dq lqfuhdvh lq wkh qxpehu

ri zrun krxuv/ dqg zlwk q ' 4 pruh zrun krxuv lpso| dq lq�qlwh lqfuhdvh

lq wkh pdujlqdo glvxwlolw| ri zrun +ru/ htxlydohqwo|/ wkh frpshwlwlyh zdjh,1

Ixuwkhupruh/ zlwk lq�qlwh pdujlqdo glvxwlolw| ri zrun phqx frvwv ri dq|

vl}h zloo qrw pdnh wkh krxvhkrogv lqfuhdvh hpsor|phqw lqvwhdg ri fkdqjlqj

wkh zdjhv1 Wkhvh vkruwfrplqjv ri wkh vwdqgdug wkhru| gr qrw dulvh lq wkh

suhvhqfh ri d gxdo oderxu pdunhw dv wkh deryh hodvwlflw| lv �qlwh hyhq iru d

shuihfwo| lqhodvwlf oderxu vxsso|1 Wklv lv ehfdxvh dq lqfuhdvh lq surgxfwlrq

fdq eh dfklhyhg � dw d �{hg qxpehu ri wrwdo zrun krxuv � e| vxevwlwxwlqj

sulpdu| zrun krxuv +zlwk kljk surgxfwlylw|, iru vhfrqgdu| zrun krxuv +zlwk

orz surgxfwlylw|,1 Wkh iroorzlqj vxevhfwlrqv dqdo|vh wklv lvvxh lq juhdwhu

ghwdlo1
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614 Phqx Frvw Uhtxluhphqwv

Wklv vxevhfwlrq ghulyhv wkh ohyhov ri phqx frvwv ri �upv dqg zrunhuv wkdw duh

vx!flhqw wr pdnh sulfh dqg zdjh uljlglw| d Qdvk0htxloleulxp17 Iru wkh �upv

wr nhhs sulfhv �{hg/ phqx frvwv pxvw eh juhdwhu wkdq ru htxdo wr wkh lqfuhdvh

lq sur�wv uhvxowlqj iurp dgmxvwphqw ri sulfhv1 Wkh sur�w jdlq uhvxowlqj iurp

dgmxvwphqw ru/ htxlydohqwo|/ wkh phqx frvw uhtxluhphqw ri �upv lv ghulyhg

e| pdnlqj d vhfrqg rughu Wd|oru dssur{lpdwlrq rq +45, durxqg wkh lqlwldo

htxloleulxp/ dvvxplqj wkdw rwkhu �upv gr qrw fkdqjh wkhlu sulfhv dqg wkdw

zrunhuv nhhs sulpdu| zdjhv �{hg1 Wkh djjuhjdwh phqx frvw uhtxluhphqw ri

�upv lq sursruwlrq ri JGS htxdov +vhh dsshqgl{,

_T

�
� 8 Ewc kc #c lc6� �

�

2

�
w � �

�� w n wk

�
dE�� #� l n k� �o262c +54,

zkhuh T �
U �

�'f
T�_� dqg 6 � _�*� 1 Htxdwlrqv +53, dqg +54, uhyhdo wkdw

wkh phqx frvw uhtxluhphqw ri �upv lv juhdwhu lq wkh suhvhqfh ri d gxdo oderxu

pdunhw frpsduhg wr wkh fdvh zlwk d vlqjoh prqrsrolvwlf oderxu pdunhw1 Vlqfh

prqrsrolvwlf zdjhv duh uljlg/ zkhuhdv frpshwlwlyh zdjhv lqfuhdvh iroorzlqj

d prqhwdu| h{sdqvlrq/ pdujlqdo frvwv ri �upv lqfuhdvh pruh zkhq d srvlwlyh

vkduh ri wkh oderxu pdunhw lv fkdudfwhul}hg e| frpshwlwlyh zdjh vhwwlqj1

Kljkhu pdujlqdo frvwv lpso| wkdw lw lv pruh frvwo| iru wkh �up wr vdwlvi|

wkh h{wud ghpdqg/ wkhuhe| gulylqj xs phqx frvw uhtxluhphqwv1 Krzhyhu/

wklv suhvxphv wkdw zrunhuv gr qrw dgmxvw wkh zdjhv lq wkh sulpdu| oderxu

pdunhw/ dqg lw lv h{dfwo| wkh phqx frvw uhtxluhphqwv lq wkh oderxu pdunhw

wkdw fuhdwh wkh gl!fxowlhv iru wkh vwdqgdug wkhru|1

Wxuqlqj wr wkh oderxu pdunhw/ zh ghulyh wkh sulydwh jdlq ri d zrunhu iurp

dgmxvwlqj wkh zdjh lq wkh sulpdu| oderxu pdunhw ru/ htxlydohqwo|/ wkh phqx

frvw uhtxluhphqw ri zrunhuv1 Wklv fdofxodwlrq lv grqh e| pdnlqj d vhfrqg

rughu Wd|oru dssur{lpdwlrq rq +8, durxqg wkh lqlwldo htxloleulxp/ dvvxplqj

wkdw rwkhu zrunhuv gr qrw fkdqjh zdjhv lq wkh sulpdu| oderxu pdunhw dqg

7Zh uhvwulfw wkh dqdo|vlv wr wklv dssurdfk dgrswhg iurp Eodqfkdug dqg Nl|rwdnl +4<;:,1

Krzhyhu/  h{lelolw| pd| dovr eh dq htxloleulxp xqohvv phqx frvwv duh vx!flhqwo| odujh/ dv

qrwhg lq Edoo dqg Urphu +4<<4,1
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wkdw rxwsxw sulfhv duh �{hg1 Wkh djjuhjdwh phqx frvw uhtxluhphqw ri zrunhuv

lq sursruwlrq ri JGS lv jlyhq e| +vhh dsshqgl{,

_7

�
� C Ejc #c wc kc lc6� �

�

2
Ej � ��

# Ew � ��

kw
l262c +55,

zkhuh 7 �
U �

�'f
7�_�1 Wkh phqx frvwv qhhghg iru zdjh uljlglw| lq wkh sulpdu|

pdunhw duh dozd|v lqfuhdvlqj lq wkh zdjh uhvsrqvh ri wkh vhfrqgdu| pdunhw/

l1 Dffruglqj wr htxdwlrq +53, dqg wkh gh�qlwlrq ri wkh pdfur Ohuqhu lqgh{/

1/ wkh zdjh uhvsrqvh/ l/ lv dozd|v orzhu zlwk d gxdo oderxu pdunhw/ dqg

wkhuhiruh lw iroorzv iurp wkh deryh htxdwlrq wkdw wkh phqx frvw uhtxluhphqw

ri zrunhuv lv dovr orzhu1 Qrwh wkdw wklv krogv lqghshqghqwo| ri zkhwkhu wkh

frpsdulvrq ehwzhhq wkh vwdqgdug prgho dqg wkh gxdo prgho lv pdgh rq edvlv

ri d frqvwdqw pdfur Ohuqhu lqgh{ ru qrw1 Wkxv/ zh fdq vwdwh wkh iroorzlqj

sursrvlwlrq rq wkh phqx frvw uhtxluhphqwv ri �upv dqg zrunhuv=

Sursrvlwlrq 4 Frpsdulqj wkh gxdo oderxu pdunhw vhwwlqj Ef 	 # 	 �� zlwk

wkh vlqjoh/ prqrsrolvwlf oderxu pdunhw vhwwlqj E# ' �� zh kdyh= +l, Wkh phqx

frvw uhtxluhphqw ri �upv/ 8 E��/ lv juhdwhu zlwk d gxdo oderxu pdunhw/ zkhuhdv

+ll, wkh phqx frvw uhtxluhphqw ri zrunhuv/ C E��/ lv vpdoohu zlwk d gxdo oderxu

pdunhw1

Surri1 +l, iroorzv iurp +53,/ +54,/ dqg wkh gh�qlwlrq ri 11 +ll, iroorzv iurp

+53,/ +55,/ dqg wkh gh�qlwlrq ri 11 �

Wr hoderudwh ixuwkhu rq wkh lpsolfdwlrqv ri kdylqj d gxdo oderxu pdunhw

zh suhvhqw vrph qxphulfdo h{dpsohv lq Wdeoh 5/ looxvwudwlqj wkh phqx frvw

uhtxluhphqwv iroorzlqj d D shu fhqw prqhwdu| h{sdqvlrq1 Lq wkh �uvw wkuhh

urzv zh frqvlghu d oderxu vxsso| hodvwlflw| htxdo wr �2
�
+l1h1 q ' ��S,1 Wkh

�uvw urz frqvlghuv wkh vlqjoh/ prqrsrolvwlf oderxu pdunhw +# ' �, dqdo|vhg

e| Eodqfkdug dqg Nl|rwdnl zklfk |lhogv yhu| orz phqx frvw uhtxluhphqwv18

Lq wkh vhfrqg urz/ zh lqwurgxfh d gxdo oderxu pdunhw e| uhgxflqj # wr f�D1

8Lq idfw/ wkh phqx frvw uhtxluhphqwv ri zrunhuv duh pxfk orzhu wkdq lq Eodqfkdug dqg

Nl|rwdnl +4<;:, gxh wr dq huuru lq wkh ruljlqdo duwlfoh/ vhh Kdqvhq +4<<;,1
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Dv h{sodlqhg deryh/ wklv lqfuhdvhv wkh phqx frvw uhtxluhphqw ri �upv/ exw

uhgxfhv wkh phqx frvw uhtxluhphqw ri zrunhuv1 Krzhyhu/ wklv fkdqjh ri #

lqyroyhv d uhgxfwlrq ri wkh pdfur ghjuhh ri lpshuihfw frpshwlwlrq lq wkh

oderxu pdunhw/ 11 Lq wkh wklug urz/ zh lvrodwh wkh h�hfw ri d gxdo oderxu

pdunhw e| dgmxvwlqj j vr dv wr nhhs frqvwdqw wkh pdfur Ohuqhu lqgh{1 Lq

wklv fdvh wkhuh lv d pxfk odujhu uhgxfwlrq ri wkh phqx frvw uhtxluhphqw ri

zrunhuv frpsduhg wr wkh vlqjoh pdunhw fdvh1

Wdeoh 51 Phqx frvw uhtxluhphqwv dv shufhqwdjh ri JGS
iroorzlqj d prqhwdu| h{sdqvlrq ri DI1

Ilupv Zrunhuv

q j # 1 8 E�� C E��
��S D�f ��f f�2f f�ff f��S

D�f f�D f��f f�fS f�f.
2�D f�D f�2f f�fS f�f�

S�f D�f ��f f�2f f�ff ���ff
D�f f�D f��f ��Sb ���.
2�D f�D f�2f ��f. f�.H
��e f�� f�2f ��DD f��2
��� f�. f�2f f�DS 2�DD
2 f�D f�2D f�HD f�e�

4 D�f ��f f�2f f�ff 4

2�D f�D f�2f S�SD D�2f
Qrwh= Lq doo h{dpsohv zh xvh k ' ��� dqg w ' D1

D oderxu vxsso| hodvwlflw| ri �2
�
lv fohduo| xquhdolvwlf dv glvfxvvhg lq Vhf0

wlrq 5161 Khqfh/ wkh qh{w vl{ urzv frqvlghu d pxfk pruh uhdolvwlf hodvwlflw|

ri f�2 +l1h1 q ' S,1 Lq wkh frqyhqwlrqdo v|pphwulf prgho/ wkh phqx frvw uh0

txluhphqw ri �upv lv vwloo yhu| orz1 Lq idfw/ zlwk d vlqjoh prqrsrolvwlf oderxu

pdunhw wkh oderxu vxsso| hodvwlflw| lv luuhohydqw iru wkh phqx frvw uhtxluh0

phqw ri �upv> zkdw pdwwhuv lv wkh uhwxuqv wr vfdoh sdudphwhu/ k/ dqg zkhq

uhwxuqv wr vfdoh duh forvh wr frqvwdqw/ phqx frvw uhtxluhphqwv duh dozd|v

orz1 Krzhyhu/ wkh phqx frvw uhtxluhphqw ri �upv lv ghulyhg rq wkh dvvxps0

wlrq wkdw zdjhv duh uljlg lq wkh sulpdu| pdunhw/ dqg wklv dvvxpswlrq lv qrw

d uhdvrqdeoh rqh/ zkhq oderxu vxsso| lv lqhodvwlf1 Lq idfw/ wkh phqx frvw

uhtxluhphqw ri zrunhuv lv htxdo wr ��I ri JGS/ zklfk lv fohduo| xquhdolvwlf1
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Lq wkh qh{w urz zh lqwurgxfh oderxu pdunhw gxdolvp e| uhgxflqj # iurp

� wr f�D1 Lq wklv fdvh wkh phqx frvw uhtxluhphqw ri �upv lv kljkhu/ vlqfh

pdujlqdo frvwv duh sxvkhg xs e| kljkhu vhfrqgdu| zdjhv1 Krzhyhu/ wkh phqx

frvw uhtxluhphqw ri zrunhuv lv vljql�fdqwo| uhgxfhg1 Zlwk d v|pphwulf oderxu

pdunhw zrunhuv fdq rqo| dffrpprgdwh wkh kljkhu ghpdqg e| lqfuhdvlqj wkh

qxpehu ri zrun krxuv/ dqg wklv lv frvwo| zkhq oderxu vxsso| lv lqhodvwlf1

E| frqwudvw/ lq wkh dv|pphwulf vhwwlqj wkh vdph h�hfw fdq eh dfklhyhg lq

d pxfk ohvv frvwo| zd| e| vxevwlwxwlqj kljk0surgxfwlyh/ sulpdu| zrun iru

orz0surgxfwlyh/ vhfrqgdu| zrun1 Ri frxuvh/ wklv h{dpsoh grhv qrw lvrodwh wkh

h�hfw ri d gxdo oderxu pdunhw/ vlqfh uhgxflqj # dovr lpsolhv ohvv lpshuihfw

frpshwlwlrq rq d pdfur ohyho1 Wkh sxuh h�hfw ri d gxdo oderxu pdunhw lv

dssduhqw e| frpsdulqj wkh irxuwk dqg vl{wk urzv +lq erog,/ zkhuh # lv �

dqg f�D uhvshfwlyho|/ dqg zkhuh wkh pdfur ghjuhh ri lpshuihfw frpshwlwlrq/

1/ lv khog frqvwdqw dw f�21 Lw lv hylghqw wkdw wkh phqx frvw uhtxluhphqw ri

zrunhuv lv �e wlphv orzhu uhodwlyh wr wkh v|pphwulf vhwwlqj1 Lq wkh gxdo oderxu

pdunhw fdvh/ sulfhv dqg zdjhv duh vwlfn| zkhq phqx frvwv ri �upv +zrunhuv,

duh durxqg � shu fhqw +f�H shu fhqw, ri JGS1 Wkh phqx frvw uhtxluhphqw

ri �upv lv lq olqh zlwk wkh hpslulfdo hylghqfh lq Ohy| hw do1 +4<<:, exw wr

rxu nqrzohgjh qr hylghqfh h{lvwv rq zdjh dgmxvwphqw frvwv1 Krzhyhu/ wkhuh

vhhpv qr uhdvrq wr eholhyh wkdw wkh frvwv ri zdjh dgmxvwphqwv duh orzhu wkdq

wkrvh ri sulfh dgmxvwphqwv1

Lq wkh qh{w urzv/ zh dqdo|vh wkh vhqvlwlylw| ri phqx frvwv zlwk uhvshfw wr

# dqg 11 Dffruglqj wr wkh wdeoh/ wkh orzhu # dqg wkh kljkhu 1/ wkh orzhu lv wkh

phqx frvw uhtxluhphqw ri zrunhuv1 Ilqdoo|/ lq wkh odvw wzr urzv zh orrn dw wkh

lqwhuhvwlqj vshfldo fdvh/ zkhuh wkh hodvwlflw| ri oderxu vxsso| lv htxdo wr }hur1

Lq wkh vwdqgdug iudphzrun/ Nh|qhvldq uhvxowv euhdn grzq> phqx frvwv ri dq|

vl}h fdqqrw jhqhudwh prqhwdu| qrq0qhxwudolw| +wkh phqx frvw uhtxluhphqw ri

�upv lv vwloo orz/ exw lw lv ghulyhg rq wkh dvvxpswlrq wkdw sulpdu| zdjhv duh

uljlg/ zklfk wkh| zrq*w eh,1 E| frqwudvw/ lq wkh gxdo oderxu pdunhw prgho

phqx frvw uhtxluhphqwv duh �qlwh> li phqx frvwv duh vx!flhqwo| kljk/ zrunhuv

duh zloolqj wr nhhs sulpdu| zdjhv �{hg dqg dffrpprgdwh wkh kljkhu ghpdqg
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iru sulpdu| oderxu/ dqg dw wkh vdph wlph uhgxfh wkh qxpehu ri vhfrqgdu|

krxuv vxfk wkdw wkh wrwdo qxpehu ri zrunlqj krxuv lv frqvwdqw1 Krzhyhu/

lw vkrxog eh qrwhg wkdw zlwk d shuihfwo| lqhodvwlf oderxu vxsso| phqx frvw

uhtxluhphqwv duh qrw zlwklq uhdolvwlf olplwv1

615 Ioxfwxdwlrqv lq Zhoiduh/ Surgxfwlylw|/ dqg Zdjh
Gl�huhqwldov

Wklv vhfwlrq lv frqfhuqhg zlwk wkh frqvhtxhqfhv ri prqhwdu| h{sdqvlrqv/ dv0

vxplqj wkdw phqx frvwv duh lqghhg deoh wr jhqhudwh qrplqdo uljlglw|1 Zh

vkrz wkdw oderxu pdunhw gxdolvp errvwv wkh zhoiduh frqvhtxhqfhv ri prqh0

wdu| h{sdqvlrqv/ dqg lq dgglwlrq r�huv d qhz h{sodqdwlrq ri wkh f|folfdolw|

ri surgxfwlylw| dqg zdjh gl�huhqwldov1

Vwduwlqj zlwk wkh lpsolfdwlrqv iru zdjh gl�huhqwldov/ qrwh wkdw d prq0

hwdu| h{sdqvlrq sxvkhv xs zdjhv lq wkh vhfrqgdu| oderxu pdunhw/ zkhuhdv

phqx frvwv suhyhqw zdjh dgmxvwphqw lq wkh sulpdu| oderxu pdunhw1 Wklv

lpsolhv wkdw wkh zdjh gl�huhqwldo/ `� � `7/ qduurzv gxulqj errpv dqg

zlghqv gxulqj uhfhvvlrqv1 Wklv lv lq olqh zlwk hpslulfdo lqyhvwljdwlrqv rq wkh

f|folfdolw| ri xqlrq0qrqxqlrq zdjh gl�huhqwldov e| Phorz +4<;4,/ Iuhhpdq

+4<;7,/ Zxqqdyd dqg Krqqh| +4<<4, dqg rwkhuv1 Lq dgglwlrq/ wklv ihdwxuh ri

wkh prgho lv fuxfldo iru wkh frqvhtxhqfhv iru zhoiduh dqg surgxfwlylw|1 Wkh

zhoiduh h�hfw ri dq lqfuhdvh lq wkh prqh| vwrfn lv ghulyhg e| pdnlqj d vhf0

rqg rughu Wd|oru dssur{lpdwlrq rq wkh xwlolw| ixqfwlrq +4, durxqg wkh lqlwldo

htxloleulxp1 Wklv |lhogv +vhh dsshqgl{,

_L

�
* ` Ewc kc 1c qc lc6� ' 6�

w � �

wk

�� 1

q � �

�
l6n

�

2
l262

�
� +56,

Wkh zhoiduh h�hfw ghshqgv rq # erwk wkurxjk wkh pdfur Ohuqhu lqgh{/ 1 '

#*j/ dqg wkurxjk wkh zdjh uhvsrqvh ri wkh vhfrqgdu| oderxu pdunhw/ l1 Wkh

sxuh h�hfw ri d gxdo oderxu pdunhw lv phdvxuhg e| fkdqjlqj # dqg dw wkh

vdph wlph dgmxvwlqj j vr dv wr krog 1 frqvwdqw1 Vlqfh l lv dozd|v orzhu lq

wkh fdvh ri d gxdo oderxu pdunhw wkdq lq wkh fdvh ri d vlqjoh prqrsrolvwlf

oderxu pdunhw/ htxdwlrq +56, vkrzv wkdw wkh zhoiduh h�hfw ri d prqhwdu|
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h{sdqvlrq lv odujhu lq wkh suhvhqfh ri oderxu pdunhw gxdolvp1 Wkh lqwxlwlrq

iru wklv uhvxow lv qrw gl!fxow wr judvs1 Iroorzlqj d prqhwdu| h{sdqvlrq/ wkh

vhfrqgdu| zdjhv uhodwlyh wr sulpdu| zdjhv jr xs/ dqg dffruglqj wr htxdwlrq

+49,/ wklv lpsolhv dq h{sdqvlrq ri sulpdu| hpsor|phqw uhodwlyh wr vhfrqgdu|

hpsor|phqw1 Vlqfh wkh doorfdwlrq ri oderxu lv glvwruwhg dzd| iurp sulpdu|

hpsor|phqw lq wkh lqlwldo htxloleulxp/ vxfk d uhdoorfdwlrq fuhdwhv d srvlwlyh

zhoiduh h�hfw lq dgglwlrq wr wkh srvlwlyh zhoiduh h�hfw uhvxowlqj iurp d kljkhu

hpsor|phqw ohyho dovr suhvhqw lq wkh vwdqgdug iudphzrun1

Wxuqlqj wr wkh fkdqjh lq surgxfwlylw| iroorzlqj prqhwdu| glvwxuedqfhv/

zh gh�qh djjuhjdwh surgxfwlylw|' � �*� 1 Dv d phdvxuh ri wkh f|folfdolw| ri

surgxfwlylw|/ zh fdofxodwh wkh shufhqwdjh fkdqjh lq surgxfwlylw|/ '/ uhodwlyh

wr wkh shufhqwdjh fkdqjh lq JGS +vhh dsshqgl{,

f Eqc l� �
_'*'

_�*�
' ��

l

q � �
� +57,

Lq rwkhu zrugv/ f lv wkh vkduh ri wkh lqfuhdvh lq JGS dffrxqwhg iru e| kljkhu

surgxfwlylw|1 Lw lv d zhoo hvwdeolvkhg hpslulfdo uhjxodulw| wkdw surgxfwlylw|

lv surf|folfdo +vhh h1j1 Urwhpehuj dqg Vxpphuv/ 4<;:,/ dqg dq| vdwlvidfwru|

wkhru| ri exvlqhvv f|fohv vkrxog eh deoh wr fdswxuh wklv vw|ol}hg idfw1 Krz0

hyhu/ wklv lv qrw wkh fdvh iru wkh Eodqfkdug dqg Nl|rwdnl +4<;:, vhwxs1 E|

vhwwlqj # htxdo wr �/ lw iroorzv iurp htxdwlrqv +53, dqg +57, wkdw surgxfwlylw|

lv frxqwhuf|folfdo zlwk ghfuhdvlqj uhwxuqv wr vfdoh +k : �, dqg df|folfdo lq wkh

vshfldo fdvh zlwk frqvwdqw uhwxuqv wr vfdoh +k ' �,1 E| frqwudvw/ zlwk d gxdo

oderxu pdunhw +f 	 # 	 �, surgxfwlylw| pd| eh surf|folfdo zlwk ghfuhdv0

lqj uhwxuqv dqg lv dozd|v surf|folfdo zlwk frqvwdqw uhwxuqv1 Ixuwkhupruh/

frpsdulqj wkh vwdqgdug iudphzrun zlwk wkh gxdo oderxu pdunhw prgho/ wkh

surgxfwlylw| h�hfw/ f/ lv dozd|v juhdwhu lq wkh odwwhu fdvh1 Lqwxlwlyho|/ gxulqj

d errp hpsor|phqw ri sulpdu| oderxu jrhv xs uhodwlyh wr wkdw ri vhfrqgdu|

oderxu/ dqg vlqfh surgxfwlylw| lv kljkhu iru sulpdu| oderxu/ wklv uhdoorfdwlrq

frqwulexwhv srvlwlyho| wr surgxfwlylw|1 Zh duh qrz deoh wr vwdwh wkh iroorzlqj

sursrvlwlrq rq wkh frqvhtxhqfhv ri prqhwdu| vkrfnv iru zdjh gl�huhqwldov/

zhoiduh/ dqg surgxfwlylw|=
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Sursrvlwlrq 5 Kroglqj frqvwdqw wkh pdfur Ohuqhu lqgh{ 1 zh kdyh= +l,

Wkh zdjh gl�huhqwldo/ `� �` 7/ lv frxqwhuf|folfdo zlwk d gxdo oderxu pdunhw

Ef 	 # 	 ��1 +ll, Wkh zhoiduh h�hfw ri d prqhwdu| h{sdqvlrq/ ` E��/ lv dozd|v

juhdwhu zlwk d gxdo oderxu pdunhw1 +lll, Zlwk d vlqjoh/ prqrsrolvwlf oderxu

pdunhw E# ' �� surgxfwlylw| lv frxqwhuf|folfdo/ l1h1 f E�� � f1 Surgxfwlylw| lv

ohvv frxqwhuf|folfdo ru surf|folfdo zlwk d gxdo oderxu pdunhw1

Surri1 +l, iroorzv iurp wkh idfw wkdw sulpdu| zdjhv duh �{hg gxh wr wkh

phqx frvwv/ zkhuhdv vhfrqgdu| zdjhv lqfuhdvh dffruglqj wr +53,1 +ll, iroorzv

iurp +53, dqg +56,1 +lll, iroorzv iurp +53, dqg +57,1 �

Wdeoh 6 glvsod|v wkh wrwdo phqx frvw uhtxluhphqw ri �upv dqg zrunhuv dv

zhoo dv wkh fkdqjh lq zhoiduh dqg surgxfwlylw| iroorzlqj d prqhwdu| h{sdqvlrq

ri D shu fhqw1 Lq wkh �uvw wkuhh urzv zh frqvlghu q htxdo wr ��S1 Lq wklv

vlwxdwlrq/ wkh Eodqfkdug dqg Nl|rwdnl vhwxs shuirupv zhoo> vpdoo phqx frvwv

+f��S shu fhqw ri JGS, jhqhudwh odujh zhoiduh f|fohv +��.D shu fhqw ri JGS,1

\hw/ wkh prgho frq lfwv zlwk hpslulfdo hylghqfh e| jhqhudwlqj frxqwhuf|folfdo

surgxfwlylw|1 Lqwurgxflqj oderxu pdunhw gxdolvp/ kroglqj frqvwdqw wkh pdfur

Ohuqhu lqgh{/ 1/ wkh prgho shuirupv ehwwhu1 Phqx frvwv duh vpdoohu/ wkh

zhoiduh h�hfw lv odujhu/ dqg surgxfwlylw| lv ohvv frxqwhuf|folfdo1

Lq wkh pxfk pruh uhdolvwlf fdvh zlwk d oderxu vxsso| hodvwlflw| htxdo wr

f�2 +q ' S�f,/ wkh Eodqfkdug dqg Nl|rwdnl prgho shuirupv yhu| edgo|1 Lw

wdnhv yhu| odujh phqx frvwv +�� shu fhqw ri JGS, wr jhqhudwh f|fohv ri d pxfk

vpdoohu pdjqlwxgh +���S shu fhqw ri JGS,/ dqg lq dgglwlrq surgxfwlylw| lv

frxqwhuf|folfdo1 Uhgxflqj # iurp � wr f�D vljql�fdqwo| lpsuryhv wkh uhvxowv1

Wkh phqx frvw uhtxluhphqw lv pruh wkdq kdoyhg/ wkh zhoiduh h�hfw lv errvwhg/

dqg surgxfwlylw| lv qrz surf|folfdo1 Dgmxvwlqj j vr dv wr fdswxuh wkh sxuh

h�hfw ri d gxdo oderxu pdunhw/ wkh slfwxuh orrnv hyhq ehwwhu1 Wkh wrwdo phqx

frvw uhtxluhphqw lv rqo| ��HD shu fhqw ri JGS/ dqg wkh zhoiduh h�hfw lv qrz

odujhu wkdq wkh phqx frvwv fdxvlqj lw +2�HS shu fhqw ri JGS,1 Ixuwkhupruh/ �2

shu fhqw ri wkh h{sdqvlrq lq JGS lv dffrxqwhg iru e| lqfuhdvhg surgxfwlylw|1

Wkxv/ wkh lqwurgxfwlrq ri gxdo oderxu pdunhwv vljql�fdqwo| lpsuryhv wkh
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delolw| ri phqx frvw prghov wr h{sodlq hfrqrplf  xfwxdwlrqv1

Wdeoh 61 Wkh frqvhtxhqfhv iru zhoiduh dqg surgxfwlylw|
iroorzlqj d prqhwdu| h{sdqvlrq ri DI

Phqx Frvwv Zhoiduh Surgxfwlylw|

q j # 1 8 E�� nC E�� ` E�� f E��
��S D�f ��f f�2f f��S ��.D ��f

D�f f�D f��f f��� ��eS �S
2�D f�D f�2f f�fH ��bH �2

S�f D�f ��f f�2f ���ff ���S ��f

D�f f�D f��f D�fS ��HH �e
2�D f�D f�2f ��HD 2�HS �2

��e f�� f�2f ��SS ���. e�
��� f�. f�2f ���� 2�ee 2f
2 f�D f�2D ��2S ��2e ef

4 D�f ��f f�2f 4 � �

2�D f�D f�2f �2�f� D�ff �ff
Qrwh= Lq doo h{dpsohv zh xvh k ' ��� dqg w ' D1 Iljxuhv iru Phqx

Frvwv/ Zhoiduh/ dqg Surgxfwlylw| duh h{suhvvhg dv shufhqwdjhv1

Lq wkh qh{w urzv/ zh suhvhqw d vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh

zdjh vkduh iru sulpdu| oderxu/ #/ dqg wkh pdfur Ohuqhu lqgh{/ 11 Wkh orzhu

# dqg wkh kljkhu 1/ wkh ehwwhu wkh shuirupdqfh ri wkh prgho1 Ilqdoo|/ lq

wkh odvw wzr urzv zh orrn dw wkh fdvh ri d shuihfwo| lqhodvwlf oderxu vxsso|1

Lq wkh vwdqgdug iudphzrun/ phqx frvwv ri dq| vl}h zloo qrw eh deoh wr jhq0

hudwh sulfh dqg zdjh uljlglw|/ dqg dffruglqjo| wkhuh lv prqhwdu| qhxwudolw|1

E| frqwudvw/ lq wkh gxdo oderxu pdunhw prgho phqx frvwv fdq/ lq sulqflsoh/

h{sodlq exvlqhvv f|fohv1 Qrwh wkdw vlqfh wkh errp lv qrz vroho| jhqhudwhg

e| d uhdoorfdwlrq iurp orz0surgxfwlyh/ vhfrqgdu| hpsor|phqw wrzdugv kljk0

surgxfwlyh/ sulpdu| hpsor|phqw/ doo ri wkh JGS lqfuhdvh lv dffrxqwhg iru

e| surf|folfdo surgxfwlylw|1

7 Frqfoxglqj Uhpdunv

Lq wklv sdshu/ zh kdyh vkrzq wkdw wkh lqwurgxfwlrq ri gxdo oderxu pdunhwv

juhdwo| lpsuryhv wkh shuirupdqfh ri wkh frqyhqwlrqdo phqx frvw iudphzrun=

ryhudoo phqx frvw uhtxluhphqwv duh orzhu/ zhoiduh frqvhtxhqfhv ri qrplqdo
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glvwxuedqfhv duh odujhu/ dqg lq dgglwlrq oderxu pdunhw gxdolvp surylghv dq

h{sodqdwlrq ri surf|folfdo surgxfwlylw| dqg frxqwhuf|folfdo zdjh gl�huhqwldov1

Wkh qxphulfdo h{dpsohv vxjjhvw wkdw wkh suhvhqfh ri gxdo oderxu pdunhwv

grhv ohdg wr phqx frvw uhtxluhphqwv wkdw duh zlwklq uhdolvwlf olplwv hyhq

zkhq oderxu vxsso| lv yhu| lqhodvwlf1 Krzhyhu/ lw pxvw eh vdlg wkdw wkh

zhoiduh h�hfw lv vwloo vpdoo uhodwlyh wr wkh phqx frvwv uhtxluhg iru sulfh uljlglw|/

lpso|lqj wkdw wkh h!flhqf| orvv ri  xfwxdwlrqv lv prghvw1

Zkloh zh suhvhqwhg rxu prgho dv rqh ri lqwudvhfwrudo gxdolvp/ zkhuh

kljk0sd|lqj mrev frh{lvw zlwk orz0sd|lqj mrev zlwklq hdfk �up/ vhyhudo rwkhu

zulwhuv kdyh irfxvhg rq wkh lvvxh ri lqwhuvhfwrudo gxdolvp/ zkhuh zdjhv gli0

ihu dfurvv vhfwruv +h1j1/ Kduulv dqg Wrgdur/ 4<:3> Fdoyr/ 4<:;> Exorz dqg

Vxpphuv/ 4<;9,1 Lw fdq eh vkrzq wkdw rxu prgho fdq eh uhlqwhusuhwhg dv

d prgho ri lqwhuvhfwrudo gxdolvp1 Lq wklv uhlqwhusuhwdwlrq zh frqvlghu dq

hfrqrp| zlwk wzr vhfwruv surgxflqj gl�huhqw jrrgv> rqh vhfwru kluhv rqo|

prqrsrolvwlf oderxu/ zkhuhdv wkh rwkhu kluhv rqo| frpshwlwlyh oderxu1 Wklv

wzr vhfwru prgho lv irupdoo| htxlydohqw wr wkh rqh vhfwru prgho ri wklv sdshu

zkhq djjuhjdwh frqvxpswlrq lv prghoohg dv d Free0Grxjodv djjuhjdwh ri wkh

wzr w|shv ri jrrgv lq wkh vdph zd| dv wkh wzr w|shv ri oderxu duh djjuhjdwhg

lq wkh rqh vhfwru prgho1 Wkxv/ rxu uhvxowv duh qrw uhvwulfwhg wr d vshfl�f w|sh

ri oderxu pdunhw gxdolvp1

Wkh phfkdqlvp iru errvwlqj surgxfwlylw| lq wklv sdshu lv wkh uhdoorfdwlrq

ri oderxu iurp wkh vhfrqgdu| wr wkh sulpdu| oderxu pdunhw lq uhvsrqvh wr d

srvlwlyh ghpdqg vkrfn1 Wklv lv dqdorjrxv wr wkh lqgxvwuldo srolf| dgyrfdwhg

e| Exorz dqg Vxpphuv +4<;9,/ qdpho| wkh vxevlglvlqj ri wkh sulpdu| vhf0

wru wr lqfuhdvh lwv vkduh ri djjuhjdwh hpsor|phqw1 Wklv zrxog dovr kdyh wkh

h�hfw ri frpsuhvvlqj zdjh gl�huhqwldov1 Krzhyhu/ wkhuh lv dovr dq lpsruwdqw

gl�huhqfh1 Dq rq0jrlqj lqgxvwuldo vxevlg| surjudpph zloo kdyh d shupdqhqw

h�hfw/ lpso|lqj d shupdqhqw �vfdo frvw zlwk dvvrfldwhg glvwruwlrqdu| wd{d0

wlrq1 E| frqwudvw/ wkh surgxfwlylw| h�hfw khuh lv wudqvlwru| dqg kdv qr �vfdo

lpsolfdwlrqv1

Fohduo|/ wkh lpsruwdqfh ri phqx frvwv lv d pdwwhu ri vrph ghedwh1 Zh
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fdq wdnh d qduurz olwhudo ylhz ri phqx frvwv/ lq zklfk fdvh wkh| duh shukdsv

qrw vr lpsruwdqw1 Krzhyhu/ li zh wdnh d eurdghu ylhz +lqfoxglqj frvwv ri

ghflvlrq dqg hohphqwv ri erxqghg udwlrqdolw|,/ wkhq wkh| duh pruh vljql�fdqw1

Hlwkhu zd|/ wkh| uhpdlq wkh pdlq wkhru| ri qrplqdo uljlglwlhv wkdw zh kdyh1

Wkh txhvwlrq uhpdlqv dv wr zkhwkhu wkh edvlf vlpsoh lqwxlwlrq xqghuo|lqj

wkh phqx frvw lghd lv frpsdwleoh zlwk sodxvleoh pdjqlwxghv ri sdudphwhuv1

Zkdw wklv sdshu vkrzv dorqj zlwk Edvx +4<<8, dqg Gl{rq dqg Kdqvhq +4<<<,

lv wkdw wkh shvvlplvp ri hduo| sdshuv zdv gxh wr wkh uhsuhvhqwdwlyh vhfwru

iudphzrun dqg lv qrw jhqhulf wr phqx frvwv rxwvlgh wkdw iudphzrun1

Uhihuhqfhv

^4` Dnhuori/ J1 D1 dqg \hoohq/ M1 O1 +4<;8,= �D Qhdu0Udwlrqdo Prgho ri

wkh Exvlqhvv F|foh/ zlwk Zdjh dqg Sulfh Lqhuwld1� Txduwhuo| Mrxuqdo ri

Hfrqrplfv 433/ Vxssohphqw/ ss1 ;560;6;1

^5` Edoo/ O1 dqg Urphu/ G1 +4<;<,= �Duh Sulfhv Wrr Vwlfn|B� Txduwhuo|

Mrxuqdo ri Hfrqrplfv 437/ ss1 83:08571

^6` Edoo/ O1 dqg Urphu/ G1 +4<<3,= �Uhdo Uljlglwlhv dqg wkh Qrqqhxwudolw|

ri Prqh|1� Uhylhz ri Hfrqrplf Vwxglhv 8:/ ss1 4;605361

^7` Edoo/ O1 dqg Urphu/ G1 +4<<4,= �Vwlfn| Sulfhv dv Frruglqdwlrq Idloxuh1�

Dphulfdq Hfrqrplf Uhylhz ;4+6,/ ss1 86<08851

^8` Edvx/ V1 +4<<8,= �Lqwhuphgldwh Jrrgv dqg Exvlqhvv F|fohv= Lpsolfdwlrqv

iru Surgxfwlylw| dqg Zhoiduh1� Dphulfdq Hfrqrplf Uhylhz ;8+6,/ ss1

84508641

^9` Eodqfkdug/ R1 M1/ dqg Nl|rwdnl/ Q1 +4<;:,= �Prqrsrolvwlf Frpshwlwlrq

dqg wkh H�hfwv ri Djjuhjdwh Ghpdqg1� Dphulfdq Hfrqrplf Uhylhz ::/

ss1 97:09991
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^:` Exorz/ M1 L1 dqg Vxpphuv/ O1 K1 +4<;9,= �D Wkhru| ri Gxdo Oderu Pdu0

nhwv zlwk Dssolfdwlrq wr Lqgxvwuldo Srolf|/ Glvfulplqdwlrq/ dqg Nh|qh0

vldq Xqhpsor|phqw1� Mrxuqdo ri Oderu Hfrqrplfv 7/ qr1 4/ ss1 6:907471

^;` Fdoyr/ J1 D1 +4<:;,= �Xuedq Xqhpsor|phqw dqg Zdjh Ghwhuplqdwlrq

lq OFG*v= Wudgh Xqlrqv lq wkh Kduulv0Wrgdur Prgho1� Lqwhuqdwlrqdo

Hfrqrplf Uhylhz 4</ qr1 4/ ss1 980;41

^<` g*Dvsuhprqw/ F1 hw do1 +4<<9,1 �Rq wkh Gl{lw0Vwljolw} Prgho ri Prqrs0

rolvwlf Frpshwlwlrq1� Dphulfdq Hfrqrplf Uhylhz/ yro1 ;9/ qr1 6/ ss1

95605<1

^43` Glfnhqv/ Z1 W1 dqg Odqj/ N1 +4<;8,= �D Whvw ri Gxdo Oderu Pdunhw

Wkhru|1� Dphulfdq Hfrqrplf Uhylhz :8+7,/ ss1 :<50;381

^44` Gl{rq/ K1 G1 dqg Kdqvhq/ F1 W1 +4<<<,= �D Pl{hg Lqgxvwuldo Vwuxfwxuh

Pdjql�hv wkh Lpsruwdqfh ri Phqx Frvwv1� Iruwkfrplqj lq Hxurshdq

Hfrqrplf Uhylhz1

^45` Iuhhpdq/ U1 +4<;7,= �Orqjlwxglqdo Dqdo|vhv ri wkh h�hfwv ri Wudgh

Xqlrqv1� Mrxuqdo ri Oderu Hfrqrplfv 5+4,/ ss1 40591

^46` Kdqvhq/ F1 W1 +4<<;,= �D Qrwh rq Eodqfkdug dqg Nl|rwdnl +4<;:,1�

HSUX Zrunlqj Sdshu 4<<;0391

^47` Kduulv/ M1 dqg Wrgdur/ P1 +4<:3,= �Pljudwlrq/ Xqhpsor|phqw dqg Gh0

yhorsphqw= D Wzr Vhfwru Dqdo|vlv1� Dphulfdq Hfrqrplf Uhylhz 93/

qr1 4/ ss1 4590761

^48` Ohy|/ G1/ Ehujhq/ P1/ Gxwwd/ V1 dqg Yhqdeoh/ U1 +4<<:,= �Rq wkh Pdj0

qlwxgh ri Phqx Frvwv= Gluhfw Hylghqfh iurp Odujh X1V1 Vxshupdunhw

Fkdlqv1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 445/ qr1 6/ ss1 :<40;581

^49` Pdqnlz/ Q1 J1 +4<;8,= �Vpdoo Phqx Frvwv dqg Odujh Exvlqhvv F|fohv=

DPdfurhfrqrplf Prgho ri Prqrsro|1�Txduwhuo| Mrxuqdo ri Hfrqrplfv

433/ ss1 85<086<1
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^4:` Phoorz/ Z1 +4<;4,= �Xqlrqlvp dqg Zdjhv= D Orqjlwxglqdo Dqdo|vlv1�

Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 96/ ss1 780851

^4;` Shqfdyho/ M1 +4<;9,= �Oderu Vxsso| ri Phq= D Vxuyh|1� Fkdswhu 4 ri

Kdqgerrn ri Oderu Hfrqrplfv1 Hgv1= R1 Dvkhqihowhu dqg U1 Od|dug/

Dpvwhugdp= Qruwk0Kroodqg/ ss1 604351

^4<` Urwhpehuj/ M1 M1 +4<;:,= �Wkh Qhz Nh|qhvldq Plfurirxqgdwlrqv1�

QEHU Pdfurhfrqrplfv Dqqxdo/ Fdpeulgjh= PLW Suhvv/ Yro1 51

^53` Urwhpehuj/ M1 M1 dqg Vxpphuv/ O1 K1 +4<<3,= �Lq h{leoh Sulfhv dqg

Surf|folfdo Surgxfwlylw|1� Txduwhuo| Mrxuqdo ri Hfrqrplfv 438+7,/ ss1

;840;:71

^54` Vdlqw0Sdxo/ J1 +4<<9,= Gxdo oderxu Pdunhwv= D Pdfurhfrqrplf Shuvshf0

wlyh1 PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1

^55` Zxqqdyd/ S1 Y1 dqg Krqqh|/ M1 N1 +4<<4,= �Wkh Xqlrq0Qrqxqlrq Zdjh

Gl�huhqwldo ryhu wkh Exvlqhvv F|foh1� Hfrqrplfv Ohwwhuv 6:/ ss1 <:04361

D Ghulydwlrq ri htxdwlrqv +4:, wr +57,

D14 Ghulydwlrq ri +4:,

Ht1 +47, dqg wkh v|pphwu| ri wkh �upv lq wkh prgho/ l1h1 �� ' � ;�/ lpso|

`

�
'

w � �

wk

�
�

�

��3k

c

dqg diwhu xvlqj +<, dqg +46,/ zh jhw

`

�
'

w � �

wk

��
��

�# �
�7

��3#� �3k
k

� +58,

Wkh uhodwlyh hpsor|phqw lq wkh wzr pdunhwv fdq eh ghulyhg e| frpelqlqj

+48, dqg +49,=
��

�7
'

#

�� #

j � �

j
c +59,
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dqg diwhu xvlqj wkh lghqwlw| �� n�7 ' � / zh kdyh

�7 ' �
E�� #�j

j � #
� +5:,

Lqvhuwlqj wkhvh wzr htxdwlrqv lq +58, |lhogv wkh iroorzlqj uhodwlrqvkls ehwzhhq

djjuhjdwh hpsor|phqw dqg wkh uhdo zdjh

`

�
'

w � �

wk

��
#

�� #

j � �

j

�#
E�� #�j

j � #
�

� �3k
k

� +5;,

D fruuhvsrqglqj uhodwlrqvkls fdq eh irxqg e| frpelqj +9,/ +44,/ dqg +48,1

Lqvhuwlqj `� iurp +48, lqwr +44, |lhogv

`

�
'

�
j

j � �

�

#

�# �
�

�� #

��3#
` 7

�
c

zklfk frpelqhg zlwk +9, jlyhv

`

�
' q

�
j

j � �

�

#

�# �
�

�� #

��3#

�q3�� +5<,

E| vhwwlqj ht1 +5;, htxdo wr ht1 +5<, dqg vlpsoli|lqj rqh |lhogv

� '

#�
w � �

w

�k�
j � �

j

�# �
j � #

j

�k3�
$ �

kq3�

	�c

zkhuh

	� � *�4
w<"cj<"

� '
�
Ekq�3k E�� #��3# ##

� �
kq3� c

lv wkh lv wkh h!flhqw +Zdoudvldq, hpsor|phqw ohyho1 THG1

D15 Ghulydwlrq ri +4;,

Wkh v|pphwu| ri wkh �upv lq wkh prgho/ l1h1 �� ' � ;�/ lpsolhv

� �

] �

�'f

��t�
�

_� '

] �

�'f

t�_� ' t�

Diwhu lqvhuwlqj +59, dqg +5:, lq +<,/ zh jhw

t '

��
#
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j � �

j

�#
E�� #�j

j � #
�

��*k

�
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Lqvhuwlqj +4:, lq wklv htxdwlrq dqg vlpsoli|lqj lpsolhv

� �

] �

�'f

��t�
�

_� '

#
w � �

w

�
j � �

j

�#q �
j � #

j

��3q
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kq3�

	� � 	�c

zkhuh

	� � *�4
w<"cj<"

� '
�
kq#3#q E�� #�qE#3��

� �
�3kq

c

lv wkh h!flhqw ohyho ri frqvxpswlrq1 THG1

D16 Ghulydwlrq ri +53,

Qrwh/ wkdw +:, qr orqjhu krogv diwhu d prqhwdu| vkrfn zkhuh phqx frvwv duh

vx!flhqwo| kljk wr nhhs `�
� �{hg1 Zh vwduw e| �qglqj wkh djjuhjdwh oderxu

ghpdqg lq wkh vhfrqgdu| oderxu pdunhw iurp htxdwlrqv +43, dqg +46,1 Wklv

|lhogv

�7 '

] �

�'f

�7
� _� ' E�� #�

`

`7

�
�

�

�k

� +63,

Wkh djjuhjdwh oderxu vxsso| lq wkh vhfrqgdu| oderxu pdunhw iroorzv iurp +9,

�7 '

] �

�'f

�7
� _� '

�
�

q

`7

�

��*Eq3��

��� �

Uhzulwlqj wklv htxdwlrq e| lqvhuwlqj �� ghulyhg iurp htxdwlrq +43,/ +46,/

�� ' � ;�/ dqg `�
� ' `� ;�/ zh kdyh

�7 '
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�

q

`7

�

��*Eq3��

� #
`
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�
�

�

�k

� +64,

E| htxloleudwlqj vxsso|/ ht1 +64,/ dqg ghpdqg/ ht1 +63,/ lq wkh vhfrqgdu|

oderxu pdunhw/ zh jhw wkh iroorzlqj htxdwlrq ghwhuplqlqj wkh vhfrqgdu| zdjh
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