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4 Lqwurgxfwlrq

Uhfhqwo|/ hfrqrplvwv kdyh ehhq h{sorulqj wkh qdwxuh ri �up djjorphudwlrq

lqwr lqgxvwuldo foxvwhuv1 Zkhq �upv duh orfdwhg wrjhwkhu/ wkh| ehqh�w iurp

frvwv uhgxfwlrqv wkurxjk wkh h�hfwv ri hfrqrplhv ri djjorphudwlrq +vhh h1j1

Khqghuvrq +4<;;,/ Nuxjpdq +4<<4d,/ Rwwdyldqr dqg Sxjd +4<<;,/ Ihogpdq

dqg Dxguhwvfk +4<<<, ru Ixmlwd/ Nuxjpdq dqg Yhqdeohv +4<<<,,1 Iru lq0

vwdqfh/ Sruwhu +4<<3/ s1 767, uhsruwv wkdw �^d` vwulnlqj ihdwxuh ri vxffhvvixo

Lwdoldq lqgxvwulhv lv jhrjudsklf frqfhqwudwlrq/ lq zklfk pdq| li qrw kxqguhgv

ri �upv lq rqh lqgxvwu| duh orfdwhg lq d vlqjoh wrzq�= fhudplf wlohv lq Vdv0

vxror/ oljkwlqj lq Fdvwho Jr�uhgr/ irrg surfhvvlqj pdfklqhu| lq Erorjqd/

hwf1

Dv vkrzq lq wkh olwhudwxuh/ hfrqrplhv ri djjorphudwlrq duh r�vhw e| wudqv0

sruwdwlrq frvwv vlqfh wkhvh frvwv lqgxfh �upv wr rshudwh lq vhsdudwh pdunhwv1

Krzhyhu/ wkh vl}h ri wudqvsruwdwlrq frvwv kdv ehhq glplqlvklqj iru |hduv dqg

pruh lqgxvwu| djjorphudwlrq lv h{shfwhg dv zruog joredol}dwlrq jrhv rq1 Vwloo/

lq wkh devhqfh ri lqwhu0uhjlrqdo prelolw| ri zrunhuv vxfk dv lq wkh Hxurshdq

Xqlrq +Ghfuhvvlq dqg Idwäv +4<<8,,/ frpshwlwlyh oderu pdunhwv fdq dovr sur0

ylgh d glvshuvlrq irufh wkdw uhvwudlqv djjorphudwlrq1 Vlqfh wkh ghpdqg iru

oderu lqfuhdvhv lq wkh uhjlrq lq zklfk �upv djjorphudwh/ wkh frpshwlwlyh zdjh

fdq lqfuhdvh lq wkdw uhjlrq/ zklfk zrxog uhgxfh wkh dgydqwdjh ri djjorphu0

dwlrq1 Slfdug dqg Wrxohprqgh +5333, vkrzv wkdw �upv orfdwh v|pphwulfdoo|

dfurvv uhjlrqv zkhq oderu vxsso| lv shuihfwo| lqhodvwlf1

Krzhyhu/ wkh h{lvwhqfh ri orzhu erxqg rq zdjh lq wkh oderu pdunhwv whp0

shuv wkh glvshuvlrq irufh1 Lqghhg/ fkdqjhv lq oderu ghpdqg gr qrw hqwdlo

fkdqjhv lq zdjhv zkhq zdjhv vwlfn wr d uhvhuydwlrq zdjh ru zkhq wkh| duh

erxqg wr plqlpxp zdjhv1 Rq wkh rqh kdqg/ uhvhuydwlrq zdjhv duh olnho| wr

kdyh d vwurqj lpsdfw lq lqgxvwulhv wkdw hpsor| vnloohg zrunhuv/ h1j1 ghvljq

lqgxvwu|/ frpsxwhu lqgxvwu|/ vsdfh lqgxvwu|/ 111 Rq wkh rwkhu kdqg/ vlqfh plq0

lpxp zdjhv kdyh ehhq zlgho| lqwurgxfhg lq Hxurshdq frxqwulhv +Hxurshdq

Frpplvvlrq +4<<:,,/ wkh| vxuho| ehfrph dq lvvxh lq pdq| orz zdjh lqgxv0

wulhv1 Wkh irfxv ri wklv sdshu lv suhflvho| wr vwxg| wkh lqwhudfwlrq ehwzhhq

uhvhuydwlrqv zdjhv/ plqlpxp zdjhv dqg hfrqrplhv ri djjorphudwlrq1
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Zh exlog rq Rwwdyldqr dqg Wklvvh +4<<<, dqg rq Ehooh dpph/ Slfdug

dqg Wklvvh +5333,1 Lq frqwudvw wr Nuxjpdq +4<<4e,/ zh suhvhqw d sduwldo

htxloleulxp prgho ri dq lqgxvwu| lq zklfk �upv vhoo gl�huhqwldwhg surgxfwv

wr fxvwrphuv orfdwhg lq wzr uhjlrqv +flwlhv,1 Zh irfxv rq wkh Hxurshdq vrflr0

hfrqrplf frqwh{w lq zklfk zrunhuv pd| eh frqvlghuhg dv lppreloh exw lq

zklfk �upv fkrrvh wkhlu uhjlrqdo orfdwlrq1 Zh prgho uhvhuydwlrq zdjhv dqg

plqlpxp zdjhv dv orzhu erxqgv ehorz zklfk zdjhv fdqqrw idoo1 Vlqfh erwk

frqfhswv dffhsw htxlydohqw prghoolqj/ zh frqfhqwudwh rxu dwwhqwlrq rq wkh

lpsdfw ri plqlpxp zdjhv rq djjorphudwlrq1 Wkh h{whqvlrq wr uhvhuydwlrq

zdjhv lv vwudljkwiruzdug1 Ilqdoo|/ zh wdnh wkh hfrqrplhv ri djjorphudwlrq dv

jlyhq/ wkdw lv/ zh dvvxph wkdw wkhuh h{lvwv d ixqfwlrq wkdw olqnv wkh qxpehu

ri �upv lq rqh uhjlrq wr wkh surgxfwlylw| ri zrunhuv lq wkdw uhjlrq1

Pdq| vw|ol}hg idfwv derxw lqgxvwuldo foxvwhulqj �w wklv prgho1 Djdlq/

Lwdoldq lqgxvwuldo foxvwhuv surylgh d jrrg h{dpsoh1 Foxvwhuv rffxu lq oderu

lqwhqvlyh lqgxvwulhv1 Qxphurxv vpdoo �upv surgxfh kljko| glyhuvl�hg jrrgv1

Zrunhuv duh forvho| dwwdfkhg wr wkhlu lqgxvwu| dqg wr wkhlu sduwlfxodu uhjlrq1

Zlwklq dq lqgxvwu|/ qhwzrunv ri +riwhq idplo| ru frppxqlw| uhodwhg, surgxf0

huv lq wkh frqfhqwudwhg uhjlrqv doorz iru udslg gl�xvlrq ri whfkqrorjlhv dqg

lqqrydwlrqv zklfk |lhogv vwurqj hfrqrplhv ri djjorphudwlrq +Sruwhu 4<<3,1

Wkh suhvhqfh ri plqlpxp zdjhv lqwurgxfhv dv|pphwulf orfdwlrq htxlole0

uld wkdw gr qrw h{lvw zlwk frpshwlwlyh oderu pdunhwv1 Zh vkrz wkdw/ hyhq li

wkh plqlpxp zdjh olhv ehorz wkh zdjh wkdw zrxog suhydlo lq frpshwlwlyh od0

eru pdunhwv/ djjorphudwlrq lq rqh uhjlrq +flw|, ehfrphv d qhz htxloleulxp1

Pruhryhu/ zh vkrz wkdw fkdqjhv lq plqlpxp zdjhv ru lq joredo surgxfw

ghpdqg pd| lqgxfh luuhyhuvleoh fkdqjhv lq orfdwlrq htxloleuld1 Xqghu wkh

suhvhqfh ri plqlpxp zdjhv/ dv|pphwulhv lq �upv orfdwlrq pd| wkxv hphujh

dqg shuvlvw1 Wkh lpsdfw ri uhvhuydwlrq zdjhv rq djjorphudwlrq fdq eh gh0

ulyhg iurp wkhvh uhvxowv1 Lq sduwlfxodu/ �upv pd| shuvlvwhqwo| djjorphudwh

lq rqh uhjlrq lq lqgxvwulhv zkhuh uhvhuydwlrq zdjhv kdyh whpsrudulo| ulvhq ru

lq zklfk ghpdqg kdv whpsrudulo| ghfuhdvhg1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg

Vhfwlrq 6 vwxglhv wkh orfdwlrq htxloleuld zkhq wkh plqlpxp zdjh elqgv lq

}hur/ rqh ru wzr uhjlrqv1 Vhfwlrq 7 surylghv d glvfxvvlrq wkdw jdwkhuv wrjhwkhu
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wkh suhylrxv uhvxowv zkhq d frpprq plqlpxp zdjh lv vhw e| d fhqwudo hqwlw|/

dqg zkhq plqlpxp zdjhv duh lqghshqghqwo| vhw lq hdfk uhjlrq1 D frqfoxvlrq

iroorzv1

5 Wkh Prgho

Lq wklv sdshu zh exlog rq wkh Ehooh dpph/ Slfdug dqg Wklvvh +5333, prgho ri

lpshuihfw frpshwlwlrq zlwk gl�huhqwldwhg surgxfwv1 Zh frqvlghu dq lqgxvwu|

zkhuh hdfk �up surgxfhv d gl�huhqwldwhg ydulhw| � ri frpprglw| dqg zkhuh

ydulhwlhv duh slfnhg lq wkh lqwhuydo dfc �o1 Wkh dvvxpswlrq ri frqwlqxrxv ydul0

hwlhv lpsuryhv wkh prgho wudfwdelolw|1 Lqghhg/ wkh orfdwlrq ri �upv ehfrphv

d frqwlqxrxv surfhvv udwkhu wkdq d glvfuhwh surfhvv dv lq prghov zlwk d �qlwh

qxpehu ri ydulhwlhv ru �upv1

514 Frqvxphuv

Wkh uhsuhvhqwdwlyh frqvxphu*v xwlolw| ixqfwlrq lv

LE^f( ^E��c � 5 dfc �o� ' k

]
�

f

^E��_��q � B

2

]
�

f

^E��2_��B

2

]
�

f

]
�

f

^E��^E��_�_�n^f

+4,

zkhuh ^E�� lv wkh txdqwlw| ri ydulhw| � 5 dfc �o dqg ^f wkh txdqwlw| ri wkh

qxpìudluh1 Wkh sdudphwhuv duh vxfk wkdw k : f dqg q : B : f1 Lq h{suhv0

vlrq +4,/ k h{suhvvhv wkh lqwhqvlw| ri suhihuhqfhv iru wkh gl�huhqwldwhg surgxfw

zlwk uhvshfw wr wkh qxpìudluh1 Wkh k|srwkhvlv q : B phdqv wkdw wkh uhs0

uhvhqwdwlyh frqvxphu lv eldvhg wrzdug d glvshuvhg frqvxpswlrq ri ydulhwlhv1

Wkxv/ lw uh hfwv d oryh iru ydulhw|1

Wkh frqvxphu lv hqgrzhg zlwk ^
f
: f xqlwv ri wkh qxpìudluh1 Khu exgjhw

frqvwudlqw fdq wkhq eh zulwwhq dv iroorzv=]
�

f

RE��^E��_�n ^f ' ^f

zkhuh RE�� lv wkh sulfh ri ydulhw| � dqg ^f khu frqvxpswlrq ri wkh qxpìudluh1

Wkh lqlwldo hqgrzphqw ^f lv vxssrvhg wr eh odujh hqrxjk iru wkh rswlpdo

frqvxpswlrq ri wkh qxpìudluh wr eh vwulfwo| srvlwlyh dw wkh pdunhw rxwfrph1
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Vroylqj wkh exgjhw frqvwudlqw iru wkh qxpìudluh frqvxpswlrq/ soxjjlqj wkh

fruuhvsrqglqj h{suhvvlrq lqwr +4, dqg vroylqj wkh �uvw rughu frqglwlrqv zlwk

uhvshfw wr ^E�� |lhogv

k� Eq � B�^E��� B

]
�

f

^E��_� ' RE��c � 5 dfc �o

Wkh ghpdqg ixqfwlrq iru ydulhw| � 5 dfc �o fdq eh zulwwhq dv

^E�� ' @� KRE�� n _

]
�

f

dRE��� RE��o_� +5,

zkhuh @ � k*q/ K � �*q dqg _ � B*qEq � B�1

Sdudphwhu @ lv d phdvxuh ri wkh vl}h ri wkh surgxfw pdunhw1 Sdudphwhu

K jlyhv wkh olqn ehwzhhq lqglylgxdo dqg lqgxvwu| ghpdqg1 Zkhq K lqfuhdvhv/

frqvxphuv duh pruh vhqvlwlyh wr wkh rxwsxw sulfh1 Wkh ghjuhh ri surgxfw

gl�huhqwldwlrq ehwzhhq ydulhwlhv lv uh hfwhg e| sdudphwhu _� Zkhq ydulhwlhv

duh shuihfw vxevwlwxwh/ _ $ 4/ zkhuhdv/ zkhq wkh| duh lqghshqghqw/ _ ' f/

dqg �up � kdv prqrsro| srzhu rq ydulhw| �1

515 Ilupv

Wkhuh duh wzr uhjlrqv � dqg � zlwk �g �upv lq uhjlrq g 5 i�c�j1 Vlqfh
ydulhwlhv duh slfnhg lq wkh lqwhuydo dfc �o/ zh kdyh�g 5 dfc �o dqg��n�� ' �1

Lq d �uvw vwhs/ zh vwxg| wkh surfhvv ri frpshwlwlrq ehwzhhq �upv iru d jlyhq

vsdwldo glvwulexwlrq E��c ��� ri �upv1 Dv lq Rwwdyldqr dqg Wklvvh +4<<<,/

hdfk �up kdv d }hur pdvv dqg kdv qr gluhfw lpsdfw rq wkh pdunhw1 Khqfh/

zkhq fkrrvlqj sulfhv/ d �up lq � qhjohfwv wkh lpsdfw ri lwv ghflvlrq ryhu wkh

uhjlrqdo sulfh lqglfhv1 Lq dgglwlrq/ ehfdxvh �upv vhoo gl�huhqwldwhg ydulhwlhv/

hdfk rqh kdv vrph prqrsro| srzhu lq wkdw lw idfhv d ghpdqg ixqfwlrq zlwk

�qlwh hodvwlflw|1 Krzhyhu/ lq wkh ghwhuplqdwlrq ri lwv rzq sulfh/ hdfk �up

dffrxqwv iru wkh sulfh lqgh{ ri hdfk uhjlrq1 Dv d frqvhtxhqfh/ rxu pdunhw

vroxwlrq lv jlyhq e| d Qdvk htxloleulxp zlwk d frqwlqxxp ri sod|huv lq zklfk

sulfhv duh lqwhughshqghqw= hdfk �up qhjohfwv lwv lpsdfw rq wkh pdunhw exw lv

dzduh wkdw wkh pdunhw dv d zkroh kdv d qrq0qhjoljleoh lpsdfw rq lwv ehkdylru1

Wkh devhqfh ri wudqvsruwdwlrq frvwv dqg wkh dvvxpswlrq ri lghqwlfdo frq0

vxphuv lpsolhv wkdw �upv gr qrw kdyh dq| lqfhqwlyh wr glvfulplqdwh frqvxphuv
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e| vhwwlqj gl�huhqw sulfhv dfurvv uhjlrqv +vhh Ehooh dpph/ Slfdug dqg Wklvvh/

5333/ iru wkh uroh ri wudqvsruwdwlrq frvwv,1 Hdfk �up � vhoov wkh ydulhw| � dw

wkh vdph sulfh lq erwk uhjlrqv1 Zh dgrsw wkh iroorzlqj qrwdwlrq=

�g �
]
�Mg

RgE�� _�

E| +5,/ ghpdqgv iru �up � 5 g duh wkhq jlyhq e|=

2^gE�� ' @� EKn _�RgE�� n _E�g n �u� zkhuh g 9' u/ u 5 i�c�j

Ilup � pd{lpl}hv sur�wv gh�qhg e|=

�gE�� ' 2^gE��dRgE��� Sgo +6,

zkhuh Sg lv wkh pdujlqdo frvw lq uhjlrq g1

Zh �uvw gl�huhqwldwh +6, zlwk uhvshfw wr sulfhv RgE�� wr rewdlq wkh �uvw

rughu frqglwlrqv1 Lqwhjudwlqj wkh fruuhvsrqglqj h{suhvvlrqv dfurvv �upv �

orfdwhg lq g/ zh rewdlq wkh iroorzlqj htxdwlrq=

d2EKn _�� _�go�g � _�g�u ' �gd@n EKn _�Sgo zkhuh g 9' u +7,

Vlqfh sur�w ixqfwlrqv duh frqfdyh lq rzq sulfh dqg ydulhwlhv duh v|pphw0

ulf/ vroylqj wkh v|vwhp ri htxdwlrqv +7, irug 5 i�c�j |lhogv wkh htxloleulxp
sulfhv dqg txdqwlwlhv=

Rg '
Sg
2

n
2@n _d��S� n��S�o

2E2Kn _�
+8,

^g ' EKn _�ERg � Sg� +9,

Wkh sulfhv dqg txdqwlwlhv ri ydulhwlhv surgxfhg lq uhjlrq g pd| gl�hu iurp

wkrvh surgxfhg lq uhjlrq u 9' g ehfdxvh wkh frvw frqglwlrqv pd| eh gl�huhqw1

Wkh htxloleulxp sur�wv ri dq| �up orfdwhg lq uhjlrq g duh wkxv

�g ' 2ERg � Sg�^g '

�
2EKn _�ERg � Sg�

2 li Rg : Sg
f rwkhuzlvh1

Li wkh gl�huhqfh lq sur�wdelolw| ehwzhhq uhjlrq � dqg uhjlrq � lv srvl0

wlyh/ �upv ohdyh uhjlrq � wr jr lq uhjlrq �/ dqg ylfh yhuvd1 Wkhuhiruh/ wkh

8



gl�huhqfh lq sur�wdelolw| ehwzhhq wkh wzr uhjlrqv lv wkh nh| lqglfdwru wkdw

ghwhuplqhv wkh orfdwlrq ri �upv1 Xvlqj +8,/ wkh gl�huhqfh lq sur�wdelolw|

pd| eh zulwwhq dv

{� � �� ���

' 2EKn _�
�
ER� � S��

2 � ER� � S��
2
�

' EKn _� dS� � S�o dER� � S�� n ER� � S��o � +:,

Rxu remhfwlyh lv wr kljkoljkw uhjlrqdo dv|pphwulhv lq wkh frqwh{w ri vwuxf0

wxudoo| lghqwlfdo uhjlrqv1 Zh dvvxph wkdw zkdwhyhu wkh qxpehu ri �upv lq

rqh uhjlrq/ surgxfwlrq zrxog jhqhudwh vrph vxusoxv lq wkdw uhjlrq/ wkdw lv/

wkh kljkhvw ydoxdwlrq ri dq| ydulhw| +@*K, lv dozd|v juhdwhu wkdq wkh pdujlqdo

frvwv=
@

K
: Sg ;g dqg ;�g 5 dfc �o +D4,

Wklv dvvxpswlrq vwuhqjwkhqv wkh vwuxfwxudo v|pphwu| exw vwloo doorzv iru

dv|pphwulf rxwfrphv1 Lwv pdlq dgydqwdjh lv wr vlpsoli| wkh suhvhqwdwlrq e|

dyrlglqj elqglqj frqvwudlqwv rq txdqwlwlhv/ l1h1 ^g ' f1 Khqfh/ lq wkh uhvw ri

wkh sdshu/ ^g : f1 Wkhuhiruh Rg : Sg dqg wkh odvw eudfnhw lq h{suhvvlrq +:,

lv vwulfwo| srvlwlyh1

Iurp h{suhvvlrq +:,/ lw lv fohdu wkdw wkh gl�huhqfh lq sur�wdelolw| ehwzhhq

uhjlrqv ghshqgv rq wkh pdujlqdo frvwv= S� dqg S�1 Vlqfh pdujlqdo frvwv

ghshqg rq qdwxuh ri djjorphudwlrq dqg rq oderu pdunhwv/ wkh orfdwlrq htxl0

oleulxp ghshqgv rq wkh vkdsh ri wkh hfrqrplhv ri djjorphudwlrq dqg rq wkh

surshuwlhv ri wkh oderu pdunhw1

516 Oderu Frvwv dqg Hfrqrplhv ri Djjorphudwlrq

Pdujlqdo frvwv ghshqg rq oderu frvwv dqg rq wkh hfrqrplhv ri djjorphud0

wlrq1 Zh gr qrw hqgrjhql}h wkh hfrqrplhv ri djjorphudwlrq1 Udwkhu/ zh

dvvxph wkdw wkhuh h{lvwv d ixqfwlrq wkdw uhodwhv wkh qxpehu ri �upv lq rqh

uhjlrq wr wkh surgxfwlylw| ri zrunhuv lq wkdw uhjlrq1 Pruhryhu/ zh dvvxph

wkdw wklv ixqfwlrq lv olqhdu1 Wkhvh dvvxpswlrqv frqyh| wkh pdlq lghdv eh0

klqg hfrqrplhv ri djjorphudwlrq dqg wkh| doorz wr jhw dqdo|wlfdoo| wudfwdeoh
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h{suhvvlrqv wkdw duh xvhixo wr suhvhqw wkh phfkdqlvpv wkdw h{sodlqv wkh hphu0

jhqfh dqg shuvlvwhqfh ri dv|pphwulhv41

Lq dffrugdqfh zlwk d vw|ol}hg idfw ri wkh Hxurshdq oderu pdunhwv/ zh

dvvxph wkdw wkh zrunhuv duh lppreloh lq wkh vhqvh wkdw wkh| fdqqrw pryh

ehwzhhq uhjlrqv +vhh Ghfuhvvlq dqg Idwäv +4<<8, zkr vkrz wkdw zrunhuv duh

udwkhu lppreloh lq Hxursh/ hyhq zlwklq frxqwulhv,1 Zrunhu surgxfwlylw| lv

lqghshqghqw ri wkh ohyho ri surgxfwlrq lq wkh �up exw lw ydulhv zlwk wkh

lqwhqvlw| ri djjorphudwlrq lq wkh uhjlrq1 Zh dvvxph wkdw/ lq hdfk uhjlrq

g 5 i�c�j/ wkh surgxfwlrq ri rqh jrrg uhtxluhv qE�� w�g� zrunhuv zkhuh

E� � w�g� uhsuhvhqwv wkh surgxfwlylw| lpsuryhphqw gxh wr djjorphudwlrq

hfrqrplhv1 Wkh pdujlqdo frvwv lq uhjlrq g duh

Sg ' q�g E�� w�g�

zkhuh �g lv wkh pdunhw zdjh lq uhjlrq g1 Dv lq Ehooh dpph/ Slfdug dqg

Wklvvh +5333,/ wkh pdujlqdo frvwv ri �upv lq uhjlrq g olqhduo| ghfuhdvh dv

wkh qxpehu ri �upv lq wkdw uhjlrq ulvhv1 Wr nhhs srvlwlyh pdujlqdo frvwv/ zh

dvvxph wkdw w 5 dfc ��1

Wkh oderu ghpdqg lq uhjlrq g lv wkhq

u(g ' 2�gqE�� w�g�^g

Zh dvvxph wkdw wkhuh h{lvwv d plqlpxp zdjh �g zklfk pd| gl�hu dfurvv

uhjlrqv1 Dv phqwlrqhg lq wkh lqwurgxfwlrq/ �
g
lv d orzhu erxqg rq zdjh wkdw

fdq dovr eh lqwuhsuhwhg dv wkh uhvhuydwlrq zdjh lq uhjlrq g1 Zh prgho wkh

oderu vxsso| dv iroorzv=

u7
g
'

;A?A=
0 li �g : �g

Efc 0� li �g ' �
g

f li �g 	 �g

4Wkh dowhuqdwlyh lv wr hqgrjhql}h wkh hfrqrplhv ri djjorphudwlrq +iru lqvwdqfh wkurxjk

dq lqsxw0rxwsxw vwuxfwxuh dv lq Yhqdeohv +4<<9,,/ ru wr xvh qrq olqhdu ixqfwlrqv1 Krzhyhu/

wklv zrxog pdnh wkh prgho dqdo|wlfdoo| lqwudfwdeoh dqg zh vkrxog uhvruw wr qxphulfdo

vlpxodwlrqv wr suhvhqw uhvxowv wkdw zrxog eh txdolwdwlyho| vlplodu1

:



zkhuh 0 lv srvlwlyh1 Wkhuhiruh wkh oderu pdunhw htxloleulxp lv jlyhq e|

2�gqE�� w�g�^g '

;A?A=
0 li �g : �

g
c

Efc 0� li �g ' �gc

f li �g 	 �
g
�

6 Orfdwlrq Htxloleuld dqg Plqlpxp Zdjhv

Lq wklv vhfwlrq/ zh dqdo|}h wkh orfdwlrq htxloleuld lq wkuhh frq�jxudwlrqv ri

oderu pdunhwv1 Dv d ehqfkpdun/ zh �uvw vwxg| frpshwlwlyh oderu pdunhwv1

Wklv vlwxdwlrq rffxuv zkhq plqlpxp zdjhv qhyhu elqg iru dq| orfdwlrq ri

�upv1 Zh wkhq suhvhqw wkh fdvh lq zklfk plqlpxp zdjhv dozd|v elqg lq

erwk uhjlrqv iru dq| orfdwlrq1 Ilqdoo| zh ghyhors wkh prvw lqwhuhvwlqj vlw0

xdwlrq zkhuh d plqlpxp zdjh elqgv lq rqo| rqh uhjlrq iru dq| orfdwlrq1

Wkhvh wkuhh frq�jxudwlrqv ri oderu pdunhwv duh fohduo| uhvwulfwlyh vlqfh vhy0

hudo frq�jxudwlrqv fdq vlpxowdqhrxvo| dsshdu1 Iru lqvwdqfh/ iru d vdph vhw

ri sdudphwhuv/ lw lv srvvleoh wkdw plqlpxp zdjhv elqg lq erwk uhjlrqv dw wkh

v|pphwulf orfdwlrq dqg wkdw wkh plqlpxp zdjh grhv qrw elqg lq rqh uhjlrq

li ixoo djjorphudwlrq wdnhv sodfh lq wkdw uhjlrq1 Wklv lvvxh lv vwxglhg lq wkh

qh{w vhfwlrq1

Ehiruh surfhhglqj wr wkh fkdudfwhul}dwlrq ri wkh orfdwlrq htxloleulxp/ lw

lv frqyhqlhqw wr wdnh dgydqwdjh ri wkh v|pphwu| ri wkh sureohp e| vhwwlqj

{� � �� � ��1 Wkxv/ �� ' E�*2�E� n {��/ �� ' E�*2�E� � {��1 D

orfdwlrq htxloleulxp lv gh�qhg dv iroorzv=

Gh�qlwlrq 4 D orfdwlrq htxloleulxp lv vxfk wkdw qr orfdwlrqdo ghyldwlrq e|

d vlqjoh �up lv sur�wdeoh1

Khqfh/ wkhuh pxvw eh qr lqfhqwlyhv iru �upv wr uhorfdwh1 Li d uhjlrq

r�huv kljkhu sur�wv wkdq wkh rwkhu/ �upv zloo pryh wr wkdw orfdwlrq xqwlo

wkh sur�w gl�huhqwldo {�E{�� ehwzhhq wkh uhjlrqv idoov wr }hur ru xqwlo doo

�upv duh orfdwhg lq wkdw uhjlrq1 D orfdwlrq htxloleulxp dulvhv dw dq lqwhulru

srlqw �g 5 Efc �� zkhq {�E{�� ' f/ ru dw fruqhuv srlqwv �� ' f zkhq

{�E��� � fc dqg �� ' � zkhq {�E�� � f� Lq wkh �uvw fdvh/ zh kdyh hlwkhu

;



wzr lghqwlfdo foxvwhuv ru wzr dv|pphwulf foxvwhuv> lq wkh odvw wzr fdvhv/ zh

kdyh d vlqjoh foxvwhu1

Gh�qlwlrq 5 D orfdwlrq htxloleulxp {�W lv vwdeoh li/ lq wkh qhljkerukrrg ri

{�W/ qr orfdwlrqdo ghyldwlrq e| d jurxs ri �upv +qrq }hur pdvv, lv sur�wdeoh1

Frqwlqxlw| ri wkh sur�w ixqfwlrqv lpsolhv wkdw fruqhu vroxwlrqv duh dozd|v

vwdeoh1 Iru lqwhulru vroxwlrqv {�W zkhuh {�E{�W� ' f/ vwdelolw| lpsolhv

wkdw ����� ghfuhdvhv +uhvs1 lqfuhdvhv, li d jurxs ri �up pryhv iurp � wr

� +uhvs1 � wr �,1 Wkdw lv/ wkh vorsh ri {�E{�� pxvw eh qhjdwlyh lq wkh

qhljkerukrrg ri wkh htxloleulxp1

Vhyhudo nlqgv ri htxloleuld pd| dulvh lq wklv vhwwlqj1 Hlwkhu doo �upv

djjorphudwh lq rqh uhjlrq +fruqhu vroxwlrq, ru wkh| vsuhdg dfurvv uhjlrqv

+lqwhulru vroxwlrq, lq d zd| wkdw htxdol}hv sur�wv1 Lq wkh odwwhu fdvh/ �upv

fdq vsuhdg hyhqo| +{� ' f, ru xqhyhqo| dfurvv uhjlrqv1 Zh qrz fkdudfwhul}h

wkh vwdeoh orfdwlrq htxloleuld dffruglqj wr ydulrxv vhwwlqjv ri oderu pdunhwv1

614 Frpshwlwlyh Oderu Pdunhwv

Zkhq oderu pdunhwv duh frpshwlwlyh lq erwk uhjlrqv/ wkh htxloleulxp ohyho ri

hpsor|phqw lv jlyhq e|

2�gqE�� w�g�^g ' 0 ;g 5 i�c�j +;,

Lw lv hdv| wr ghulyh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 6 Xqghu frpshwlwlyh oderu pdunhwv/ wkh v|pphwulf orfdwlrq +{�W '

f, lv wkh xqltxh vwdeoh orfdwlrq htxloleulxp1

Surri1 +l, Lqwhulru htxloleuld uhtxluh wkdw {�E{�� ' f1 E| +:,/ wklv

lpsolhv wkdw S� ' S�1 Wkxv/ e| +8, dqg +9,/ R� ' R� dqg ^� ' ^�1 E| +;,/

2��qE��w���^� ' 2��qE��w���^�1 Wkxv/ ��E��w��� ' ��E��w���1

Khqfh/ �� ' �� dqg {�W ' f1

+ll, D fruqhu htxloleulxp dw {� ' � lv lpsrvvleoh1 Lqghhg/ vxssrvh wkdw

{� ' �/ wkhq �� ' f dqg u� ' f1 Wkxv/ �� ' f dqg S� ' q�� ' f1

<



Vlqfh �� ' �/ u� ' 0 dqg �� : f1 Wkhuhiruh/ S� ' q��E�� w� : f1 Khqfh/

S� � S� 	 f dqg e| +:,/ {�E�� 	 f/ zklfk lv d frqwudglfwlrq1 E| v|pphwu|/

fruqhu htxloleulxp dw {� ' �� lv dovr lpsrvvleoh1
+lll, Vwdelolw| dw {�W ' f lv judqwhg1 Wkh ixqfwlrq {�E{�� lv lqghhg

frqwlqxrxv> e| +l,/ lw kdv d xqltxh }hur dw {� ' f( e| +ll,/ lw lv srvlwlyh

dw {� ' � dqg qhjdwlyh dw {� ' ��1 Wkh vorsh ri wklv ixqfwlrq pxvw

wkhuhiruh eh qhjdwlyh dw {� ' f1

Wkh lqwxlwlrq lv dv iroorzv1 Ilupv qhyhu djjorphudwh lq d vlqjoh foxvwhu

ehfdxvh ixoo djjorphudwlrq lq rqh uhjlrq zrxog sxvk wkh ghpdqg iru oderu

dqg wkh zdjh lq wkh ghvhuwhg uhjlrq wr }hur1 Wklv zrxog gh�qlwho| hqwlfh

�upv wr orfdwh lq wkh ghvhuwhg uhjlrq1 Wkh idfw wkdw �upv orfdwh lq lghqwlfdo

foxvwhuv uhvxowv iurp wkh dvvxpswlrq ri lghqwlfdo oderu vxssolhv1 V|pphwu|

lpsolhv wkdw hfrqrplhv ri djjorphudwlrq dqg oderu ghpdqgv duh lghqwlfdo lq

hdfk foxvwhu1 Li oderu vxssolhv zhuh gl�huhqw/ wkh orfdwlrq htxloleulxp zrxog

eh eldvhg wrzdug wkh uhjlrq zlwk wkh odujhvw oderu vxsso| +exw suredeo| qrw lq

sursruwlrq ri wkh vwuxfwxudo dv|pphwulhv lq wkh oderu pdunhwv/ vhh Rwwdyldqr

dqg Sxjd +4<<;,,1 Wkh xqltxhqhvv ri wkh htxloleulxp uhvxowv iurp wkh olqhdu

vkdsh ri surgxfw ghpdqg dqg iurp wkh shuihfwo| lqhodvwlf qdwxuh ri wkh oderu

vxssolhv1 Dv vkrzq lq Slfdug dqg Wrxohprqgh +5333,/ dgglwlrqdo htxloleuld

pd| rffxu xqghu pruh jhqhudo oderu vxssolhv1

Xqghu wklv v|pphwulf htxloleulxp +�g ' �*2,/ zdjhv dqg pdujlqdo frvwv

duh lghqwlfdo lq erwk uhjlrqv= �g ' �W dqg Sg ' q�WE� � w*2�1 Vr duh wkh

txdqwlwlhv

^g '
Kn _

2Kn _

�
@� Kq�W

�
�� w

2

��
Soxjjlqj wklv h{suhvvlrq lq +;, iru �g ' �*2 |lhogv wkh frpshwlwlyh zdjh

�W '
�

Kq2E�� w

2
�

#
@q � 0

�� w

2

2Kn _

Kn _

$
+<,

Xqghu +D4,/ wkh frpshwlwlyh htxloleulxp lv dozd|v ihdvleoh/ wkdw lv

@

K
: Sg ' q�WE�� w*2�� +43,
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615 Plqlpxp Zdjhv Elqglqj lq Erwk Uhjlrqv

Zkhqplqlpxpzdjhv elqg lq erwk uhjlrqv/ �upv kdyh wkh iroorzlqj pdujlqdo

frvwv=

Sg ' q�g E�� w�g�

Vlqfh zdjhv duh uljlg/ djjorphudwlrq lq rqh uhjlrq grhv qrw dowhu oderu frvwv

exw jhqhudwhv hfrqrplhv ri djjorphudwlrq1 Ixoo djjorphudwlrq lv wkhuhiruh

h{shfwhg/ dv frq�uphg e| wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 7 Zkhq plqlpxp zdjhv elqg lq erwk uhjlrqv/ �upv djjorphu0

dwh lq d vlqjoh foxvwhu1 Wkh| djjorphudwh rqo| lq uhjlrq � li ��*�� 	 E��w�
ru rqo| lq uhjlrq � li ��*�� : �*E�� w�1 Wkh| djjorphudwh lq dq| uhjlrq

� ru � li E�� w� 	 ��*�� 	 �*E�� w�1

Surri1 +l, Lqwhulru htxloleuld duh dozd|v xqvwdeoh1 Qrwh �uvw wkdw

S� � S� ' qd��E�� w���� ��E�� w���o

' q

��
�� w

2

�
E�� � ��� n

w

2
E�� n ���{�

�
zklfk lv lqfuhdvlqj lq {� 1 E| +:,/ wkh sur�w gl�huhqwldo {�E{�� kdv d

xqltxh }hur dw { h� ' � E2� w� E�� � ��� *EwE�� n ���� dqg lv lqfuhdvlqj

dw wklv srlqw1 Wkhuhiruh dq| lqwhulru orfdwlrq htxloleulxp { h� 5 d��c �o lv
xqvwdeoh1

+ll, Wkh fruqhu htxloleulxp {� ' � uhtxluhv wkdw {�E�� : f/ l1h1/ e| +:,/

S� � S� ' q

��
�� w

2

�
E�

�
� �

�
� n

w

2
E�

�
n �

�
�

�
: f

zklfk lv htxlydohqw wr �� : E� � w���1 D vlplodu dujxphqw lqglfdwhv wkdw

{� ' �� lv d fruqhu htxloleulxp li �� : E�� w���1

616 Plqlpxp Zdjh Elqglqj lq Rqh Uhjlrq

Lq wklv vhfwlrq zh vwxg| wkh vlwxdwlrq zkhuh wkh plqlpxp zdjh elqgv lq rqo|

rqh uhjlrq/ vd| uhjlrq �1 Wkhuhiruh/ wkh oderu pdunhw lv fkdudfwhul}hg e|

u7
�
' 0 dqg �� ' ��

44



Zkhq oderu pdunhw fohduv lq uhjlrq �/ zh kdyh 2��q^�E� � w��� ' 0

zkhuh e| +8, dqg +9,

^� '
Kn _

2

�
�S� n

2@n _ E��S� n��S��

2Kn _

�
Lq uhjlrq �/ S� ' q��E� � w���1 Xvlqj wkhvh wkuhh h{suhvvlrqv/ rqh

rewdlqv

S��S� '
�

q E2Kn _�����

�
0

E�� w���

2Kn _

Kn _
� 2@q�� n 2Kq2�

�
E�� w�����

�
zklfk/ xvlqj +<,/ fdq dovr eh zulwwhq lq ixqfwlrq ri {� dv

S� � S� '
~ E{��

e�� E2Kn _��� E�� w���

zkhuh

~ E{�� ' �qK��w2 E{��� n w E2@� Kq��w� E{��2

� �e@ E�� w�� Kq�� E2� w�2
�
{� n Kq E�� � �W� E2� w�2 �+44,

Iurp +:,/ wkh sur�w gl�huhqwldo kdv wkh vdph }hurv dqg wkh vdph vljq dv

~ E{��1 Wkh vwxg| ri orfdwlrq htxloleuld lv wkxv htxlydohqw wr wkh dqdo|vlv

ri ~ E{��1

Ohw xv gh�qh e� vxfk wkdw ~ E{�� ' f dw {� ' � zkhq �� ' e�1 Rqh
fdq frpsxwh e� � �

2Kq2

�
2@q � 0

E�� w�

2Kn _

Kn _

�
�

Lw lv hdv| wr fkhfn wkdw ~ E{�� lqfuhdvhv zlwk ��/ dqg wkxv/ wkh sur�w

gl�huhqwldo lqfuhdvhv zlwk ��1 Ohw dovr ghqrwh h� wkh vpdoohvw plqlpxp zdjh

�� vxfk wkdw wkh {��fxelf h{suhvvlrq ri ~E{�� wdnhv qrq qhjdwlyh ydoxhv

iru doo {� 5 d��c �o1 Li �� : h�/ wkhq ~ E{�� kdv qr urrw ryhu wkh lqwhuydo

d��c �o1 Qrwh wkdw e� � h�1 Lqghhg/ vxssrvh wkdw e� : h�/ wkhq ~ E{�� kdv qr

urrw zkhq �� ' e� zklfk frqwudglfwv wkh gh�qlwlrq ri e� +l1h1 ~ E{�� ' f

dw �� ' � zkhq �� ' e�,1
Zh fdq wkhq ghulyh wkh iroorzlqj sursrvlwlrq1
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Sursrvlwlrq 8 Zkhq wkh plqlpxp zdjh elqgv rqo| lq uhjlrq �/ rqh ru wzr

orfdwlrq htxloleuld pd| eh vwdeoh1

+l, Li �� 	 e�/ wkhq wkhuh h{lvwv d xqltxh vwdeoh htxloleulxp zlwk sduwldo +ru

qr, djjorphudwlrq> wkhuh lv qr djjorphudwlrq li �� ' �W�

+ll, Li e� � �� � h� wkhq wkhuh h{lvw wzr vwdeoh htxloleuld= rqh zlwk ixoo

djjorphudwlrq lq uhjlrq � dqg dqrwkhu zlwk sduwldo +ru qr, djjorphudwlrq>

wkhuh lv qr djjorphudwlrq li �� ' �W�

+lll, Rwkhuzlvh/ wkhuh h{lvwv d xqltxh vwdeoh htxloleulxp zlwk ixoo djjorphud0

wlrq lq uhjlrq �1

Surri1 Lq wklv surri zh xvh wkh iroorzlqj gh�qlwlrq= d ixqfwlrq sE%� lv

X0vkdshg rq wkh lqwhydo d%c %o li wkhuh h{lvwv dq e% 5 d%c %o vxfk wkdw s �E%� � f

; % 5 d%c e%o dqg s �E%� � f ; % 5 de%c %o1 Wkxv/ wkh ixqfwlrq sE%� lv/ +4,

ghfuhdvlqj rq wkh zkroh lqwhuydo/ ru +5, lqfuhdvlqj rq wkh zkroh lqwhuydo/ ru

+6, ghfuhdvlqj rq wkh �uvw sduw ri wkh lqwhuydo dqg wkhq lqfuhdvlqj1

Iluvw/ zh hvwdeolvk wkh iroorzlqj ohppd=

Ohppd ~ E{�� lv X0vkdshg rq d��c �o zlwk ~ E��� : f1

Wkh idfw wkdw ~ E��� : f lv hdvlo| fkhfnhg1 Ohwwlqj {� ' ��/ ~ E{��

ehfrphv E2� w� EKq�Ww n 2 E@� Kq�W�� zklfk lv srvlwlyh vlqfh @ : Kq�W +vhh

wkh dvvxpswlrq D4,1

Wkh idfw wkdw ~ E{�� lv X0vkdshg rq d��c �o lv rewdlqhg e| revhuylqj wkh
�uvw ghulydwlyh ri ~ E{��/

~ � E{�� ' ��Kq��w
2 E{��2�2w E�2@n K��qw�{�nEw � �� e@nKq�� Ew � 2�2 �

Lw kdv wzr urrwv=

{�� '
2@� K��qw � 2

s
4

�Kq��w
c

{�2 '
2@� K��qw n 2

s
4

�Kq��w
c

zkhuh

4 '

�
@n ��Kq

��� n 2w

2

��2

n
�

e
�2

�
K2q2 : f
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Vlqfh wkh frh!flhqw ri wkh fxelf whup ri ~ E{�� lv qhjdwlyh dqg vlqfh{�� 	

{�2/ ~E{��� lv d orfdo plqlpxp dqg ~E{�2� lv d orfdo pd{lpxp1

Wkh orfdo pd{lpxp {�2 grhv krzhyhu qrw ehorqj wr wkh lqwhuydo d��c �o1
Wr vhh wklv/ qrwh �uvw wkdw {�2 lqfuhdvhv zlwk @1 Khqfh/ {�2 wdnhv lwv orzhvw

ydoxh zkhq @ lv wkh orzhvw1 Lq uhjlrq �/ dvvxpswlrq D4 fdq eh zulwwhq dv

@ � Kq��1 Wkxv/ wkh orzhvw ydoxh ri {�2 lv iru @ ' Kq��1 Lq wkdw fdvh/

{�2 '
�
2� w n 2

t�
�� w n w2

��
*�w/ zklfk ghfuhdvhv lq w1 Zkhq w ' �/

{�2 ' �1 Wkhuhiruh/ {�2 lv dozd|v juhdwhu wkdq ru htxdo wr �1

Khqfh/ vlqfh wkh pd{lpxp olhv rxwvlgh d��c �o/ ~ E{��pxvw eh X0vkdshg

rq d��c �o/ zklfk suryhv wkh ohppd1

Qrz zh fdq suryh wkh Sursrvlwlrq1

+l, Vxssrvh �� 	 e�1 Wkhq/ ~ E�� 	 f1 Vlqfh ~ E��� : f dqg vlqfh

~ E{�� lv X0vkdshg dqg frqwlqxrxv/ ~ E{�� kdv d xqltxh urrw {�W lq

d��c �o vxfk wkdw ~ � E{�W� 	 f1 Khqfh/ {�W lv d vwdeoh htxloleulxp1 Zkhq

�� ' �W/ {� ' f lv d urrw ri {�E{��1

+ll, Vxssrvh e� � �� � h�1 Wkhq/ vlqfh e� � ��/ ~ E�� : f dqg {�W ' �

lv d vwdeoh htxloleulxp1 Dovr/ e| �
�
� h�/ ~ E{�� wdnhv qhjdwlyh ydoxhv lq

d��c �o1 Vlqfh ~ E��� : f/ vlqfh ~ E�� : f dqg vlqfh ~ E{�� lv X0vkdshg dqg

frqwlqxrxv/ ~ E{�� kdv wzr urrwv lq d��c �o1 Wkh vpdoohvw urrw {�WW lv vxfk

wkdw ~ � E{�WW� 	 f1 Khqfh/ {�WW lv d vwdeoh htxloleulxp1 Zkhq �� ' �W/

{� ' f lv d urrw ri {�E{��1

+lll, Vxssrvh �� : h�1 Wkhq/ ~ E{�� : f iru doo {� 5 d��c �o1 Vr/

~ E�� : f dqg {�W ' � lv wkh xqltxh vwdeoh htxloleulxp1

7 Glvfxvvlrq

Dv dqqrxqfhg lq wkh suhylrxv vhfwlrq/ vhyhudo frq�jxudwlrqv ri wkh oderu

pdunhwv fdq vlpxowdqhrxvo| rffxu1 Iru lqvwdqfh/ dvvxph wkdw plqlpxpzdjhv

duh elqglqj lq erwk uhjlrqv1 Wkhq/ li �upv uhorfdwh lq rqh uhjlrq/ wkh oderu

pdunhw frxog ehfrph frpshwlwlyh lq wkdw uhjlrq zkloh wkh plqlpxp zdjh

zrxog uhpdlq elqglqj lq wkh ghvhuwhg uhjlrq1 Dv dqrwkhu h{dpsoh/ dvvxph

wkdw plqlpxp zdjhv gr qrw elqg iru d sduwlfxodu orfdwlrq ri �upv1 Wkhq/
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li �upv uhorfdwh lq rqh uhjlrq/ zdjhv lq wkdw uhjlrq ulvh zkhuhdv zdjhv lq

wkh ghvhuwhg uhjlrq idoo1 Wkh| frxog idoo wr wkh plqlpxp zdjh1 Lq wklv

vhfwlrq/ zh vkrz krz ixoo ru sduwldo djjorphudwlrq fdq eh wkh uhvxow ri wkh

lqwurgxfwlrq ri d plqlpxp zdjh lq dq hfrqrp| lq zklfk wkh v|pphwulf

htxloleulxp suhydlohg1 Zh dovr vkrz wkdw k|vwhuhvlv h�hfwv rffxu1 Lq wkh

qh{w vxe0vhfwlrq zh irfxv rq wkh jhqxlqh v|pphwulf fdvh lq zklfk plqlpxp

zdjhv duh lghqwlfdo1 Zh wkhq glvfxvv wkh fdvh zkhq plqlpxp zdjhv duh vhw

wr gl�huhqw ydoxhv dfurvv uhjlrqv1

714 Lghqwlfdo Plqlpxp Zdjhv

Lq wklv vhfwlrq/ zh dvvxph wkdw plqlpxp zdjhv duh lghqwlfdo lq erwk uhjlrqv/

wkdw lv/ �� ' �� ' �1 Qrwh wkdw/ vlqfh wkh oderu ghpdqg lq uhjlrq g

lqfuhdvhv zlwk wkh qxpehu ri �upv lq wkdw uhjlrq/ �gc dqg ghfuhdvhv zlwk

wkdw lq wkh rwkhu uhjlrq/ �u/ zdjhv lq uhjlrq g ulvh zlwk �g dqg idoo zlwk

�u1
_�g
_�g

� f dqg
_�g
_�u

� f

Khqfh/ pruh djjorphudwlrq lq d uhjlrq uhod{hv wkh plqlpxp zdjh frqvwudlqw

lq wkdw uhjlrq dqg vwuhqjwkhqv wkh frqvwudlqw lq wkh rwkhu uhjlrq1 Wzr fdvhv

pd| eh hqfrxqwhuhg dffruglqj wr wkh frq�jxudwlrq ri wkh oderu pdunhw dw

wkh v|pphwulf orfdwlrq1

Iluvw/ vxssrvh wkdw qrqh ri wkh plqlpxp zdjhv elqg dw wklv v|pphwulf

orfdwlrq +� � �W,1 Wkhq/ lq Iljxuh 41d/ wkh sur�w gl�huhqwldo durxqg wkh

v|pphwulf orfdwlrq lv ghslfwhg e| wkh ghfuhdvlqj sodlq fxuyh wkdw furvvhv wkh

ruljlq dw {� ' f1 Wkh v|pphwulf orfdwlrq lv wkxv d vwdeoh htxloleulxp +dv

suryhg lq Vhfwlrq 614,1

Krzhyhu/ dv pruh �upv orfdwh lq uhjlrq g/ zdjhv lq uhjlrq u idoo dqg

fdq klw wkh plqlpxp zdjh frqvwudlqw1 Lq wklv fdvh/ wkh sur�w gl�huhqwldo lv

suhvhqwhg e| wkh wzr grwwhg fxuyhv lq Iljxuh 41d +vhh +44, lq Vhfwlrq 616,1 Lq

wkh �jxuh/ wkh X0vkdshg fxuyh uhsuhvhqwv wkh vlwxdwlrq lq zklfk wkh plqlpxp

zdjh elqgv lq uhjlrq � exw qrw lq uhjlrq �/ zkhuhdv wkh lqyhuvh X0vkdshg

fxuyh uhsuhvhqwv wkh vlwxdwlrq lq zklfk wkh plqlpxp zdjh elqgv lq uhjlrq �

exw qrw lq uhjlrq �1 Wkh frq�jxudwlrq ri wkh oderu pdunhw vzlwfkhv dw{� '
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	{��1 Oderu pdunhwv fohdu lq erwk uhjlrqv iru m{� m � {�� exw plqlpxp

zdjh elqgv lq wkh ghvhuwhg uhjlrq iru m{� m : {��1 Wkh uhvxowlqj sur�w

gl�huhqwldo lv suhvhqwhg e| wkh erog fxuyh zklfk wdnhv d srvlwlyh +qhjdwlyh,

ydoxh zkhq �upv ixoo| djjorphudwh lq uhjlrq � +�,= {� B f dw {� ' 	�1
Dv suryhg lq Sursrvlwlrq 8/ wklv rffxuv li � � e�1 Khqfh/ ixoo| dv|pphwulf

htxloleuld fdq eh vwdeoh dw wkh vdph wlph dv wkh v|pphwulf htxloleulxp1 Wkh

vwdeoh htxloleuld duh uhsuhvhqwhg e| wkh juh| grwv lq Iljxuh 41d1

1

∆N

Figure 1.a

-1

∆Π

∆N1-∆N1

1

∆N

Figure 1.b

-1

∆Π

∆N2-∆N2

Vhfrqg/ vxssrvh wkdw wkh plqlpxp zdjh elqgv lq erwk uhjlrqv dw wkh

v|pphwulf orfdwlrq +� : �W,1 Wkhq/ lq Iljxuh 41e/ wkh sur�w gl�huhqwldo

durxqg wkh v|pphwulf orfdwlrq lv ghslfwhg e| wkh ulvlqj sodlq fxuyh furvvlqj

wkh ruljlq1 Wkh v|pphwulf orfdwlrq lv xqvwdeoh +dv suryhg lq Vhfwlrq 615,1

Dv pruh �upv orfdwh lq uhjlrq g/ wkh oderu ghpdqg lqfuhdvhv lq wkdw uhjlrq

dqg wkh plqlpxp zdjh frqvwudlqw lv uhod{hg1 Wkh frq�jxudwlrq ri wkh oderu

pdunhw vzlwfkhv dw {� ' 	{�21 Plqlpxp zdjhv elqg lq erwk uhjlrqv iru

m{� m � {�2 zkloh lw elqgv rqo| lq wkh ghvhuwhg uhjlrq iru m{� m : {�21

Lq wklv fdvh/ wkh sur�w gl�huhqwldo lv suhvhqwhg e| wkh grwwhg fxuyhv +gh�qhg

e| +44, lq Vhfwlrq 616,1 Iljxuh 41e vkrzv wkh prvw lqwhuhvwlqj vlwxdwlrq ri

orfdwlrq htxloleuld1 Lqghhg/ wkh sur�w gl�huhqwldo +erog fxuyh, kdv �yh }hurv>

rqo| wkrvh wzr wkdw olh rq wkh ghfuhdvlqj vhfwlrqv ri {� fruuhvsrqg wr vwdeoh

htxloleuld1 Pruhryhu/ wkh sur�w gl�huhqwldo wdnhv d srvlwlyh +qhjdwlyh, ydoxh
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zkhq �upv ixoo| djjorphudwh lq uhjlrq � +�,1 Wkhuhiruh/ ixoo| dv|pphwulf

htxloleuld fdq eh vwdeoh dw wkh vdph wlph dv sduwldoo| dv|pphwulf htxloleuld1

Sduwldoo| dv|pphwulf htxloleuld h{lvw rqo| li wkh vpdoohvw urrw ri {� ehorqjv

wr Efc �o +vhh lwhpv +l,0+ll, ri Sursrvlwlrq 8,1 Zkhq � whqgv wr�W/ wkh sduwldoo|

dv|pphwulf htxloleuld whqg wr wkh v|pphwulf rxwfrph1

Wkh vhw ri orfdwlrq htxloleuld duh ghslfwhg e| wkh erog olqh lq Iljxuh 51

Lq wkh fdvh zkhuh wkh plqlpxp zdjh elqgv lq uhjlrq � rqo|/ zh kdyh vhhq

wkdw wkh sur�w gl�huhqwldo ghfuhdvhv zlwk �/ zkhuhdv zkhq lw elqgv lq uhjlrq

� rqo|/ lw lqfuhdvhv zlwk � +vhh wkh ixqfwlrq ~E{��,1 Khqfh/ iru orz ydoxhv

ri wkh plqlpxp zdjh/ �upv orfdwh lq v|pphwulf foxvwhuv1 Lw lv Iljxuh 41d lq

zklfk wkh uhohydqw sduw ri wkh lqyhuvh X0vkdshg fxuyh +orz ydoxhv ri {�, lv

dozd|v srvlwlyh dqg wkh uhohydqw sduw ri wkh X0vkdshg fxuyh +kljk ydoxhv ri

{�, lv dozd|v qhjdwlyh1 Iru lqwhuphgldwh ydoxhv ri wkh plqlpxp zdjh/ �upv

pd| djjorphudwh lq vlqjoh foxvwhuv ru wkh| pd| orfdwh lq v|pphwulf foxvwhuv1

Lw lv Iljxuh 41d1 Zkhq wkh plqlpxp zdjh lv odujhu wkdq �W/ lw elqgv dw wkh

v|pphwulf orfdwlrq1 Zh jhw Iljxuh 41e lq zklfk �upv pd| djjorphudwh lq

vlqjoh foxvwhuv ru lq sduwldoo| dv|pphwulf foxvwhuv1 Wkh sduwldoo| dv|pphwulf

htxloleuld deuxswo| glvdsshduv zkhq wkh plqlpxp zdjh lv kljkhu wkdq ��=

wkh lqyhuvh X0vkdshg fxuyh lv dozd|v ehorz wkh krul}rqwdo d{lv zkhuhdv wkh

X0vkdshg fxuyh lv dozd|v deryh lw1 Wkxv/ iru odujh ydoxhv ri plqlpxp zdjhv/

�upv djjorphudwh lq d vlqjoh foxvwhu1 Lw lv zruwk wr qrwh wkdw wkh lqwurgxfwlrq

ri plqlpxp zdjhv orzhu +ru htxdo wr, wkdq wkh frpshwlwlyh htxloleulxp pd|

jhqhudwh ixoo djjorphudwlrq1
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Wklv dqdo|vlv dssolhv wr frxqwulhv ru ihghudwlrqv lq zklfk plqlpxp zdjhv

duh vhw e| d fhqwudo hqwlw| wr lghqwlfdo ohyhov1 Iru lqvwdqfh/ wklv lv wkh fdvh

lq Ehojlxp/ Ghqpdun/ Iudqfh/ Vsdlq/ ru wkh XV +vhh Od|dug/ Qlfnhoo dqg

Mdfnpdq +4<<4/ s1 84:057,,1

Lw lv qdwxudo wr dvvxph wkdw klvwru| frqwulexwhv wr wkh vhohfwlrq ri wkh

orfdwlrq htxloleulxp dprqj wkh vhw ri vwdeoh htxloleuld1 Vxssrvh wkdw d plq0

lpxp zdjh � kdv ehhq vhw ehorz exw forvh wr h�1 Dovr dvvxph wkdw/ e|

klvwru|/ wkhuh lv sduwldo dv|pphwulf orfdwlrq lq uhjlrq � +f 	 {�� 	 �,1

Li wkh fhqwudo hqwlw| ghflghv wr lqfuhdvh wkh plqlpxp zdjh deryh h� wkhq

wkh suhylrxv orfdwlrq ehfrphv xqvwdeoh ehfdxvh wkh sur�w gl�huhqwldo idyruv

uhjlrq � +{�E{��� : f,1 Lw lv Iljxuh 41e lq zklfk wkh X0vkdshg fxuyh kdv

pryhg xszdugv dqg lv qrz deryh wkh krul}rqwdo d{lv1 Wklv dwwudfwv �upv

lq uhjlrq � xqwlo ixoo djjorphudwlrq wdnhv sodfh lq wkdw uhjlrq1 Krzhyhu/

vwduwlqj iurp wklv qhz htxloleulxp +{�2 ' �,/ dq| ghfuhdvh lq wkh plqlpxp

zdjh zloo qrw uhvwruh wkh suhylrxv htxloleulxp ehfdxvh lw nhhsv wkh sur�w

gl�huhqwldo lq idyru ri uhjlrq � +{�E{�2� : f,/ zklfk lqgxfhv �upv wr vwd|

lq wkdw uhjlrq1 Ixoo djjorphudwlrq uhpdlqv wkh orfdwlrq htxloleulxp xqwlo wkh

sur�w gl�huhqwldo idyruv uhjlrq � +{�E{�2� 	 f,/ l1h1/ � idoov ehorz e�1 Lq
vhfwlrq 616/ zh kdyh vkrzq wkdw h� : e�1 Wklv dujxphqw doorzv xv wr pdnh

wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 9 Xqghu lghqwlfdo plqlpxp zdjhv/ wkh iroorzlqj k|vwhuhvlv hi0

ihfw wdnhv sodfh= rq wkh rqh kdqg/ rqfh ixoo djjorphudwlrq rffxuv/ lw shuvlvwv

xqwlo wkh plqlpxp zdjh idoov ehorz e�1 Rq wkh rwkhu kdqg/ rqfh v|pphwulf

ru sduwldoo| dv|pphwulf htxloleuld rffxu/ wkh| shuvlvw xqwlo wkh plqlpxp zdjh

ulvhv deryh h� : e�1
Li wkh fhqwudo hqwlw| grhv qrw zdqw wr uhgxfh wkh plqlpxp zdjh ehorz e�/

rwkhu srolf| lqvwuxphqwv duh wkhq qhhghg wr frxqwhu wkh qhjdwlyh k|vwhuhvlv

h�hfw dqg wr uhvwruh vrph v|pphwu|1 Iru lqvwdqfh/ lw frxog lpsrvh wd{hv rq

�upv* sur�wv wkdw duh gl�huhqwldwhg dffruglqj wr wkh orfdwlrq/ lw frxog iruelg

wkh ghorfdol}dwlrq ri d +vpdoo, pdvv ri �upv/ hwf1

Lq wklv vhfwlrq zh kdyh dqdo|}hg wkh lpsdfw ri yduldwlrqv lq wkh plqlpxp

zdjh rq �upv orfdwlrq1 Surgxfw ghpdqg dovr sod|v dq lpsruwdqw uroh iru
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wkh �upv* djjorphudwlrq1 Rqh fdq hdvlo| vkrz wkdw dq lqfuhdvh lq wkh joredo

ghpdqg @ udlvhv wkh frpshwlwlyh zdjh �W/ dqg wkh zdjh e�1 Lq Iljxuh 5/

wklv fruuhvsrqgv wr d vkliw ri doo fxuyhv wr wkh uljkw1 Kroglqj wkh plqlpxp

zdjh �{hg dqg lqfuhdvlqj wkh joredo ghpdqg @/ rqh fdq gudz wkh orfxv ri

orfdwlrq htxloleuld dv d ixqfwlrq ri �*@1 Wklv zrxog |lhog d �jxuh wkdw lv

vlplodu wr Iljxuh 5 lq zklfk � lv uhsodfhg e| �*@1 Rq wkh rqh kdqg/ rqfh ixoo

djjorphudwlrq kdv rffxuuhg/ lw shuvlvwv xqwlo wkh joredo ghpdqg ulvhv deryh d

�uvw wkuhvkrog e@� Rq wkh rwkhu kdqg/ rqfh v|pphwulf ru sduwldoo| dv|pphwulf
htxloleuld kdyh rffxuuhg/ wkh| shuvlvw xqwlo wkh joredo ghpdqg gursv ehorz

d vhfrqg wkuhvkrog h@ 	 e@1 Khqfh/ k|vwhuhvlv h�hfwv djdlq rffxu dqg vlplodu

srolf| lpsolfdwlrqv krog1

715 Dv|pphwulhv lq Plqlpxp Zdjhv

Lq wklv vhfwlrq/ zh dvvxph wkdw plqlpxp zdjhv fdq eh gl�huhqw ehwzhhq

uhjlrqv1 Zh dqdo|}h krz gl�huhqw plqlpxp zdjhv lq xhqfh wkh orfdwlrq

ri �upv1 Iljxuh 6 ghslfwv wkh sur�w gl�huhqwldo zkhq wkh plqlpxp zdjh lq

uhjlrq � lv �{hg zkloh wkh plqlpxp zdjh lq wkh rwkhu uhjlrq lv vhw dw ydulrxv

ohyhov1 Zh irfxv rq wkh prvw lqwhuhvwlqj fdvh zkhuh �W : e� dqg �� : �W1

Wklv kdv douhdg| ehhq sduwldoo| dqdo|}hg lq Iljxuh 41e zkhuh �� ' ��1

H{whqglqj wkh uhvxowv wr wkh rwkhu fdvhv lv vwudljkwiruzdug1

Qrwh �uvw wkdw wkh sur�w gl�huhqwldo lqfuhdvhv zkhq wkh plqlpxp zdjh

�� elqgv dqg ulvhv1 Lqghhg/ iru dq| {� / ulvlqj �� lqfuhdvhv wkh frvwv dqg

ghfuhdvhv wkh sur�wv lq uhjlrq � zkloh lw grhv qrw d�hfw qhjdwlyho| wkh frvwv

lq wkh rwkhu uhjlrq1 Wklv fdq uhdglo| eh fkhfnhg e| lqvshfwlrq ri +44,1 Lq

Iljxuh 6/ wklv lpsolhv wkdw fxuyhv E��� E.� duh udqnhg e| lqfuhdvlqj rughu ri

��1 Dovr qrwh wkdw wkh plqlpxp zdjh �� elqgv lq uhjlrq � rqo| iru ydoxhv

ri {� 	 {�21
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Iljxuh 6

Iru yhu| odujh ydoxhv ri �� +fxuyh +:,,/ wkh plqlpxp zdjh elqgv lq uhjlrq

� zkhq {� : {�2 dqg lw elqgv lq erwk uhjlrqv rwkhuzlvh1 Krzhyhu/ wkh

sur�w lv dozd|v odujhu lq uhjlrq � zklfk pdnhv ixoo djjorphudwlrq lq wkdw

uhjlrq wkh xqltxh vwdeoh htxloleulxp1 Iru voljkwo| orzhu �� +fxuyh +9,,/ wkh

plqlpxp zdjh fhdvhv wr elqg lq uhjlrq � zkhq pdq| �upv djjorphudwh

lq wkdw uhjlrq1 Sur�wv ehfrph odujhu lq uhjlrq � ehfdxvh ri hfrqrplhv ri

djjorphudwlrq lqgxfhg e| wkh vlqjoh foxvwhu lq wkdw uhjlrq1 Dv d uhvxow ixoo

djjorphudwlrq lq uhjlrq � lv d vwdeoh htxloleulxp1 Ixoo djjorphudwlrq lq

uhjlrq � uhpdlqv dovr d vwdeoh htxloleulxp1 Dv wkh �jxuh vkrzv/ d qhz

vwdeoh htxloleulxp dsshduv zkhq wkh plqlpxp zdjh �� idoov wr d orzhu ydoxh

+fxuyh +8,,1 Wkh vl}h ri wkh foxvwhu lq wklv sduwldoo| dv|pphwulf htxloleulxp

lv ghwhuplqhg e| wkh ydoxh ri wkh plqlpxp zdjh lq uhjlrq �= wkh odujhu

��/ wkh pruh djjorphudwlrq lq uhjlrq �1 Zkhq �� vwloo gursv wr d orzhu

ydoxh +fxuyh +7, zklfk lv vlplodu wr Iljxuh 41e,/ d vhfrqg sduwldoo| dv|pphwulf

vwdeoh htxloleulxp ehfrphv srvvleoh1 Dv Sursrvlwlrq 8 lqglfdwhv/ wklv kdsshqv

zkhq e� � �� � h�1 Dv �� ghfuhdvhv/ wkh sduwldo djjorphudwlrq lq uhjlrq �

lv ohvv lpsruwdqw dqg glvdsshduv zkhq �� idoov ehorz �W +dv vkrzq e| fxuyh

+6,,1 Iru ydoxhv ri �� wkdw duh orzhu wkdq e�/ wkh sur�w gl�huhqwldo ehfrphv
qhjdwlyh iru ixoo djjorphudwlrq lq uhjlrq �1 Wkhuhiruh/ rqo| wzr htxloleuld

uhpdlq vwdeoh= sduwldo djjorphudwlrq dqg ixoo djjorphudwlrq lq uhjlrq � +vhh

fxuyhv +5, dqg +4,,1 Qrwh wkdw iru vpdoo ydoxhv ri ��/ dqg iru orfdwlrq
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sdwwhuqv zkhuh {� lv voljkwo| odujhu wkdq {�2/ zdjhv ehfrph frpshwlwlyh

lq erwk uhjlrqv +fxuyh +4,,1
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1

-1

0 w~Awŵ ŵ
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Wklv dqdo|vlv dssolhv wr frxqwulhv ru ihghudwlrqv +h1j1 wkh Hxurshdq

Xqlrq, lq zklfk plqlpxp zdjhv duh vhw e| orfdo lqvwlwxwlrqv1 Klvwru| frq0

wulexwhv wr wkh vhohfwlrq ri wkh orfdwlrq htxloleulxp dqg k|vwhuhvlv h�hfwv dovr

rffxu1 Wkhvh k|vwhuhvlv h�hfwv duh looxvwudwhg e| Iljxuh 7 lq zklfk wkh plql0

pxp zdjh lq uhjlrq � ydulhv zkloh wkdw ri wkh rwkhu uhjlrq lv nhsw frqvwdqw

deryh �W1 Wkh orfdwlrq htxloleuld duh suhvhqwhg e| wkh erog olqhv1 Qrwh

wkdw wkh orfdwlrq dv|pphwu| pd| qrw rffxu lq wkh uhjlrq zlwk wkh orzhvw

plqlpxp zdjh1 Wkh grwwhg duurzv ghslfw wkh mxpsv ehwzhhq wkh gl�huhqw

w|shv ri htxloleuld1 Lq Iljxuh 71d wkh sduwldo dv|pphwulhv lq idyru ri uhjlrq

� frpsohwho| glvdsshdu zkhq wkh plqlpxp zdjh lv udlvhg deryh h� ru zkhq

lw lv gursshg ehorz ��1 Rqfh wkh hfrqrp| kdv pryhg rxw ri wkhvh sduwldoo|

dv|pphwulf htxloleuld lq uhjlrq �/ lw qhyhu uhdfkhv wkhp djdlq1 Lw vwd|v dw

ixoo djjorphudwlrq lq � ru dw sduwldo djjorphudwlrq lq �/ ru lw pd| mxps iurp

rqh wr wkh rwkhu1 Lq Iljxuh 71e/ sduwldoo| dv|pphwulf orfdwlrq htxloleuld lq

uhjlrq � duh dozd|v dwwdlqdeoh zkhq wkh plqlpxp zdjh �� lv ghfuhdvhg eh0

orz e�1 D ixuwkhu ghfuhdvh ehorz �� lqgxfhv d mxps wr sduwldoo| dv|pphwulf

orfdwlrq lq uhjlrq �1 Wkxv/ e| surjuhvvlyho| ghfuhdvlqj wkh plqlpxp zdjh

lq uhjlrq �/ �upv uhorfdwh wr wkdw uhjlrq e| vwhsv1
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Dv phqwlrqhg deryh/ wklv dqdo|vlv fdq hdvlo| eh h{whqghg wr wkh fdvhv

zkhuh �� 	 �W1 Wkh htxloleuld ghslfwhg lq Iljxuh 6 uhpdlq uhohydqw h{fhsw

wkh sduwldoo| dv|pphwulf htxloleulxp lq uhjlrq �1 Dv douhdg| vkrzq lq Iljxuh

41d/ wklv htxloleulxp grhv qrw dsshdu xqghu htxdo plqlpxp zdjhv1 Wklv

h{whqgv wr dv|pphwulhv lq plqlpxp zdjhv1

8 Frqfoxglqj Uhpdunv

Lq wklv sdshu/ zh exlog d vlpsoh prgho ri dq lqgxvwu| surgxflqj zlwklq wzr

vwuxfwxudoo| v|pphwulf uhjlrqv1 Zh lqfoxgh hfrqrplhv ri djjorphudwlrq dqg

oderu pdunhwv lq zklfk zrunhuv gr qrw pryh dfurvv uhjlrqv1 Wkh fruh ri wkh

sdshu irfxvhv rq wkh lpsdfw ri plqlpxp zdjhv rq �upv djjorphudwlrq1 Dv

phqwlrqhg lq wkh lqwurgxfwlrq/ wkh h{whqvlrq wr uhvhuydwlrq zdjhv lv vwudljk0

irzdug1 Lq wklv vhfwlrq/ zh �uvw vxppdul}h wkh uhvxowv rewdlqhg iru plqlpxp

zdjhv1 Zh wkhq lqwhusuhw wkhvh uhvxowv lq whupv ri uhvhuydwlrq zdjhv1

Wkh suhvhqfh ri d plqlpxp zdjh fuhdwhv qhz orfdwlrq htxloleuld1 Rq wkh

rqh kdqg/ rqh zrxog h{shfw wkdw wkh lqwurgxfwlrq ri d plqlpxp zdjh vpdoohu

wkdq wkh frpshwlwlyh zdjh zrxog qrw dowhu wkh v|pphwu| lq �up orfdwlrq1

Krzhyhu/ zh vkrz wkdw ixoo djjorphudwlrq lq d vlqjoh +duelwudu|, foxvwhu pd|

rffxu lq wkdw fdvh1 Rq wkh rwkhu kdqg/ li wkh plqlpxp zdjh lv odujhu wkdq

wkh frpshwlwlyh zdjh/ wkh v|pphwulf orfdwlrq htxloleulxp ehfrphv xqvwdeoh=

sduwldoo| dv|pphwulf orfdwlrq ru ixoo djjorphudwlrq lq rqh uhjlrq rffxu1

Zkhq wkh plqlpxp zdjh ru sdudphwhuv ri wkh prgho vxfk dv wkh joredo

surgxfw ghpdqg ydu|/ orfdwlrq htxloleuld pryh lq d frqwlqxrxv zd| ru mxps

iurp rqh w|sh ri htxloleuld wr wkh rwkhu1 Wkh h{lvwhqfh ri mxpsv ehwzhhq

pxowlsoh orfdwlrq htxloleuld jhqhudwhv k|vwhuhvlv h�hfwv1 Fkdqjhv lq plql0

pxp zdjh ru lq joredo surgxfw ghpdqg pd| lqgxfh luuhyhuvleoh fkdqjhv lq

orfdwlrq htxloleuld1 Iru lqvwdqfh/ dq lqfuhdvh lq wkh plqlpxp zdjh fdq pryh

wkh htxloleulxp iurp sduwldo dv|pphwu| wr ixoo djjorphudwlrq1 Qhyhuwkhohvv/

vhwwlqj wkh plqlpxp zdjh edfn wr lwv lqlwldo ydoxh zrxog qrw uhvwruh wkh sdu0

wldo dv|pphwulf htxloleulxp1 Wklv uhvxow krogv zkhqhyhu plqlpxp zdjhv duh

vhw e| d fhqwudo hqwlw| ru e| uhjlrqdo hqwlwlhv1 Zkhq plqlpxp zdjhv gl�hu
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ehwzhhq uhjlrqv/ wkh orfdwlrq dv|pphwu| pd| qrw eh lq idyru ri wkh uhjlrq

zlwk wkh orzhvw plqlpxp zdjh1

Ehfdxvh uhvhuydwlrq zdjhv sod| wkh vdph uroh dv plqlpxp zdjhv/ vlplodu

djjorphudwlrq sdwwhuqv dqg k|vwhuhvlv h�hfwv rffxu1 D ulvh lq uhvhuydwlrq

zdjhv ru d ghfolqh lq joredo surgxfw ghpdqg lqfuhdvhv wkh olnholkrrg ri dj0

jorphudwlrq1 Krzhyhu/ zkhq djjorphudwlrq kdv rffxuhg/ wkh uhyhuvdo ri wkhvh

sdudphwhuv wr wkhlu lqlwldo ydoxhv zrxog qrw uhvwruh wkh suhylrxv htxloleulxp1

Uhihuhqfhv

S1 Ehooh dpph/ S1 Slfdug dqg M10I1 Wklvvh +5333,/ Dq Hfrqrplf Wkhru| ri

Uhjlrqdo Foxvwhuv/ Mrxuqdo ri Xuedq Hfrqrplfv/ 7;/ 48;04;71

M1 Ghfuhvvlq dqg D1 Idwäv +4<<8,/ Uhjlrqdo Oderu Pdunhw G|qdplfv lq Hx0

ursh/ Hxurshdq Hfrqrplf Uhylhz/ 6</ 495:049881

Hxurshdq Frpplvvlrq +4<<:, Hpsor|phqw revhuydwru|1 Wdeohdx gh erug

4<<9= iroorz0xs wr wkh frqfoxvlrqv ri wkh Hvvhq Hxurshdq frxqflo rq hpsor|0

phqw srolflhv/ R!fh iru r!fldo sxeolfdwlrqv ri wkh Hxurshdq frppxqlwlhv

Ox{hperxuj1

P1S1 Ihogpdq dqg G1E1 Dxguhwvfk +4<<<,/ Lqqrydwlrq lq Flwlhv= Vflhqfh0

edvhg Glyhuvlw|/ Vshfldol}dwlrq dqg Orfdol}hg Frpshwlwlrq/ Hxurshdq Hfr0

qrplf Uhylhz/ 76/ 73<075<1

P1 Ixmlwd/ S1 Nuxjpdq dqg D1 M1 Yhqdeohv +4<<<,/ �Wkh Vsdwldo Hfrqrp|=

Flwlhv/ Uhjlrqv dqg Lqwhuqdwlrqdo Wudgh�/ PLW Suhvv/ Fdpeulgjh/ PD1

M1Y1 Khqghuvrq +4<;;,/ �Xuedq Ghyhorsphqw1 Wkhru|/ Idfw dqg Looxvlrq�/

R{irug/ R{irug Xqlyhuvlw| Suhvv1

S1U1 Nuxjpdq +4<<4d,/ �Jhrjudsk| dqg Wudgh�/1Fdpeulgjh Pdvvdfkxvvhwv/

P1L1W1 Suhvv1

S1U1 Nuxjpdq +4<<4e,/ Lqfuhdvlqj Uhwxuqv dqg Hfrqrplf Jhrjudsk|/ Mrxu0

qdo ri Srolwlfdo Hfrqrp|/ <</ 7;607<<1

U1 Od|dug/ V1 Qlfnhoo dqg U1 Mdfnpdq +4<<4,/ Xqhpsor|phqw 0 Pdfurhfr0

qrplf Shuirupdqfh dqg wkh Oderxu Pdunhw/ R{irug Xqlyhuvlw| Suhvv1
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J1L1S1 Rwwdyldqr dqg G1 Sxjd +4<<;,/ Djjorphudwlrq lq wkh Joredo Hfrqrp|=

D Vxuyh| ri wkh cQhz Hfrqrplf Jhrjudsk|*/ Wkh Zruog Hfrqrp|/ 54/ :3:0

:641

J1L1S1 Rwwdyldqr dqg M10I1 Wklvvh +4<<<,/ Prqrsrolvwlf Frpshwlwlrq/ Pxo0

wlsurgxfw Ilupv dqg Rswlpxp Surgxfw Glyhuvlw|/ FRUH Glvfxvvlrq Sdshu

Q�<<361

S1P1 Slfdug dqg H1 Wrxohprqgh +5333,/ Uhjlrqdo Dv|pphwulhv= Hfrqrplhv

ri Djjorphudwlrq yhuvxv Oderu Pdunhwv/ Glvfxvvlrq Sdshu/ Xqlyhuvlw| ri

Pdqfkhvwhu1

P1H1 Sruwhu +4<<3,/ �Wkh Frpshwlwlyh Dgydqwdjh ri Qdwlrqv�/ Pdfploodq/

Qhz \run1

D1M1 Yhqdeohv +4<<9,/ �Htxloleulxp Orfdwlrqv ri Yhuwlfdoo| Olqnhg Lqgxv0

wulhv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6:/ 674068<1
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