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Lv Xqhpsor|phqw Dozd|v Kljkhu zkhq Lqvlghuv

GhflghB�

Wulqh Ilojhv|dqg Eluwkh Oduvhq}

Dsulo 5333

Devwudfw

Wklv sdshu fkdoohqjhv wkh wudglwlrqdo ylhz wkdw xqhpsor|phqw lv kljk

ehfdxvh lqvlghuv ghwhuplqh wkh xqlrq zdjh1 Wkh lqvlghuv lq wklv sdshu duh

fkdudfwhul}hg e| ehlqj pruh h!flhqw zkhq wkh| vhdufk iru d mre wkdq wkh

rxwvlghuv/ lpso|lqj wkdw wkh| h{shulhqfh uhodwlyho| ohvv xqhpsor|phqw1 Zh

dvvxph wkdw zdjhv duh ghwhuplqhg e| d prqrsro| xqlrq dqg ixuwkhu wkdw

d xqlrq ohdghu lv hohfwhg e| d pdmrulw| yrwlqj uxoh1 Lqvlghuv pd| suhihu d

orzhu zdjh wkdq rxwvlghuv/ lpso|lqj wkh srvvlelolw| ri orzhu xqhpsor|phqw

�Wkh surmhfw kdv ehhq vxssruwhg �qdqfldoo| e| wkh Gdqlvk Uhvhdufk Djhqf| +wkh IUHMD

judqw, dqg Fhqwuh iru Oderxu Pdunhw dqg Vrfldo Uhvhdufk/ Èukxv Xqlyhuvlw|1 Zh duh yhu| judwh0

ixo iru frpphqwv iurp Plfkdho Vdwwlqjhu/ Fkulvwldq Vfkxow}/ Wurhov Ûvwhujddug Vûuhqvhq/ iurp

sduwlflsdqwv dw wkh Pdfurhfrqrplf Zrunvkrs/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshq0

kdjhq/ Iheuxdu| 4<<:/ sduwlflsdqwv dw wkh HVSH frqihuhqfh/ Dpvwhugdp/ 4<<;/ dqg sduwlflsdqwv

rq wkh Frqihuhqfh rq Sdqho Gdwd dqg Vwuxfwxudo Oderxu Pdunhwv/ Vûqghueruj/ Mxqh <;1
|Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq dqg Wkh Gdqlvk Qdwlrqdo

Lqvwlwxwh ri Vrfldo Uhvhdufk/ Khuoxi Wuroohv Jdgh 44/ GN04385 Frshqkdjhq N/ H0pdlo dgguhvv=

wliCv�1gn/ Skrqh= .78 667; 3<59/ Id{= .78 667; 3;66
} Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq dqg Frshqkdjhq Exvlqhvv

Vfkrro/ Ghsduwphqw ri Hfrqrplfv/ Vroemhuj Sodgv 6/ GN05333 Frshqkdjhq I1 H0pdlo dgguhvv=

eo1hfrCfev1gn



zkhq lqvlghuv duh ghflvlyh lq wkh xqlrq wkdq li rxwvlghuv zhuh ghflvlyh lq

wkh xqlrq1

Nh|zrugv= Lqvlghuv dqg rxwvlghuv/ vhdufk/ xqhpsor|phqw1

MHO fodvvl�fdwlrqv= M5/ M8/ M91
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41 Lqwurgxfwlrq

Wkh sxusrvh ri wklv sdshu lv wr dqdo|vh zkdw kdsshqv wr htxloleulxp zdjhv dqg

xqhpsor|phqw lq wkh k|srwkhwlfdo fdvh wkdw rxwvlghuv kdyh wkh ghflvlrq srzhu

lq wkh xqlrq1 Wkh frqyhqwlrqdo zlvgrp lv wkdw wkh xqlrq zdjh lv ghwhuplqhg e|

wkh suhihuhqfhv ri wkh lqvlghuv1 Dv lqvlghuv duh eholhyhg wr suhihu kljkhu zdjhv

wkdq wkh rxwvlghuv/ htxloleulxp xqhpsor|phqw hqgv xs ehlqj kljkhu wkdq li wkh

rxwvlghuv zhuh wr ghwhuplqh zdjhv1

Krzhyhu/ wkh suhvhqw sdshu txhvwlrqv wklv k|srwkhvlv1 Zh vkrz wkdw lw lv

srvvleoh wkdw lqvlghuv suhihu orzhu zdjhv wkdq rxwvlghuv/ ohdglqj wr d orzhu xqhp0

sor|phqw udwh zkhq lqvlghuv ghwhuplqh zdjhv frpsduhg wr wkh k|srwkhwlfdo fdvh

ri rxwvlghuv ghwhuplqlqj zdjhv1

Ixuwkhupruh/ wkh sdshu lqwurgxfhv d qhz dqg pruh jhqhudo iudphzrun lq

zklfk wr dqdo|vh wklv txhvwlrq1 Lq d wudglwlrqdo Lqvlghu0Rxwvlghu prgho +Vhh iru

h{dpsoh/ Olqgehfn dqg Vqrzhu 4<;9, d jurxs ri zrunhuv kdsshq wr eh hpsor|hg

dqg dqrwkhu jurxs lv xqhpsor|hg dw d srlqw lq wlph1 Li wkh �up*v hpsor|phqw

ghflvlrq lv edvhg rq d vwulfw vhqlrulw| uxoh/ dv iru h{dpsoh lq Rvzdog +4<;8, dqg

Errwk +4<<8, wklv lpsolhv wkdw iru d jlyhq oderxu ghpdqg dq lqglylgxdo zrunhu*v

hpsor|phqw suredelolw| lv hlwkhu }hur ru rqh1 Krzhyhu/ lq Hxurshdq Frxqwulhv

rqo| dq dyhudjh ri rqh wklug ri wkh oderxu irufh lv xqhpsor|hg iru pruh wkdq d

|hdu14 Ixuwkhupruh/ wklv wudglwlrqdo iudphzrun gr qrw frqvlghu wkh frqwlqxrxv

 rzv lqwr dqg rxw ri hpsor|phqw1 D zrunhu fdq qhyhu eh devroxwho| vxuh ri

nhhslqj klv suhvhqw mre dqg xqhpsor|hg zrunhuv gr kdyh d srvlwlyh hpsor|phqw

suredelolw|1 Khqfh/ wkh dvvxpswlrq wkdw d zrunhu kdv hlwkhu d }hur hpsor|phqw

suredelolw| ru dq hpsor|phqw suredelolw| ri rqh lv qrw uhdolvwlf1 Dw wkh rwkhu

h{wuhph zh riwhq �qg lq wudglwlrqdo oderxu xqlrq prghov wkh dvvxpswlrq wkdw

zrunhuv kdyh htxdo hpsor|phqw suredelolwlhv/ vhh iru h{dpsoh Rvzdog +4<;8, iru

d vxuyh|1 Krzhyhu/ vrph zrunhuv pd| kdyh kljkhu hpsor|phqw suredelolwlhv wkdq

4RHFG Mrev Vwxg|/ 4<<6/ fkduw 414:
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rwkhu zrunhuv1 Hpslulfdo hylghqfh vkrzv wkdw lqglylgxdo hpsor|phqw suredelol0

wlhv gl�hu1 Iru h{dpsoh Shghuvhq ) Zhvwhujèug0Qlhovhq +4<<6, vxuyh| hylghqfh

iru RHFG frxqwulhv rewdlqhg iurp sdqho gdwd frqfhuqlqj idfwruv zklfk lq xhqfh

lqglylgxdo hpsor|phqw suredelolwlhv1 Wkh| �qg wkdw lqglylgxdo fkdudfwhulvwlfv/

vxfk dv djh/ jhqghu/ pdulwdo vwdwxv/ fkloguhq/ khdowk vwdwxv dqg hgxfdwlrq lq xhqfh

wkh suredelolw| ri ehlqj hpsor|hg1 Khqfh lq vkruw/ zh eholhyh wkdw d vriwhqlqj

dqg jhqhudol}dwlrq ri wkh vwulfw lqvlghu0rxwvlghu prgho lv qhhghg/ zlwkrxw jrlqj

wr wkh h{wuhph ri htxdo hpsor|phqw suredelolwlhv1

Lq wklv sdshu zh dvvxph wkdw wkh zrunhuv*v lqglylgxdo hpsor|phqw suredelo0

lwlhv gl�hu1 Zkhq frqvlghulqj xqhpsor|phqw zh qhhg d  rz htxloleulxp prgho

dfnqrzohgjlqj wkh frqwlqxlqj  rzv ehwzhhq xqhpsor|phqw dqg hpsor|phqw frq0

vwlwxwlqj wkh htxloleulxp xqhpsor|phqw udwh1 Zh uhgh�qh wkh whupv lqvlghuv dqg

rxwvlghuv1 Zh gh�qh d  rz0prgho lqvlghu/ IP0lqvlghu/ dv d zrunhu zlwk pruh hp0

sor|phqw shulrgv gxulqj d zrunlqj olih wkdq d  rz0prgho rxwvlghu/ IP0rxwvlghu1

Zh frqvlghu dq hfrqrp| zkhuh �upv duh krprjhqrxv dqg vxemhfw wr plv0

pdwfk/ zklfk ohdyhv vrph ri wkhlu ydfdqflhv xq�oohg1 Wkhuh duh wzr jurxsv ri

zrunhuv zkr gl�hu lq whupv ri wkh h!flhqf| ri vhdufk1 Wkh jurxs ri kljk vhdufk

h!flhqf| zrunhuv kdv d wljkwhu frqqhfwlrq wr wkh oderxu pdunhw frpsduhg wr wkh

jurxs ri orz vhdufk h!flhqf| zrunhuv dv wkhlu wudqvlwlrq udwh iurp xqhpsor|phqw

wr hpsor|phqw lv kljkhu= wkh kljk h!flhqf| zrunhuv h{shulhqfh d orzhu udwh ri

xqhpsor|phqw1 Wklv fruuhvsrqgv wr wkdw wkh jurxs ri kljk h!flhqf| zrunhuv

kdv d kljkhu hpsor|phqw suredelolw| gxulqj d zrunlqj olih/ zkhuhe| wklv jurxs

frqvwlwxwhv wkh pdmrulw| ri wkh hpsor|hg zrunhuv1 Zh wkhuhiruh ghqrwh wkh jurxs

ri zrunhuv zlwk d kljk vhdufk h!flhqf| wkh IP0lqvlghuv dqg wkh rwkhu jurxs wkh

IP0rxwvlghuv/ zklfk lv d jhqhudolvdwlrq ri wkh gh�qlwlrq lq wkh wudglwlrqdo lqvlghu0

rxwvlghu wkhru| +Olqgehfn dqg Vqrzhu 4<;9,1 Lqvlghuv kdyh d kljkhu hpsor|phqw

suredelolw| wkdq rxwvlghuv/ exw wkh| gr wdnh lqwr dffrxqw wkh ulvn ri ehfrplqj

xqhpsor|hg1

Wkh zdjh ghwhuplqdwlrq surfhgxuh lv hvvhqwldo1 Wkh zrunhuv duh phpehuv ri
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d wudgh xqlrq1 Hyhq wkrxjk zrunhuv kdyh gl�huhqw suhihuhqfhv wkh| hqjdjh lq

froohfwlyh edujdlqlqj dqg duh sdlg wkh vdph zdjh1 Xvxdoo| xqlrqv duh dvvxphg

wr eh xwlolwduldq lpso|lqj wkdw wkh xqlrq ohdghu dfwv xsrq wkh lqwhuhvwv ri doo

phpehuv1 Exw uhfrjql}lqj wkdw xqlrq ohdghuv duh hohfwhg +vhh iru h{dpsoh Ndxi0

pdq 5333/ Vdqgyhu dqg Uhdg| 4<<; dqg Fodun dqg Jloehuw 4<<;, dqg dvvxplqj

wkdw doo xqlrq ohdghuv fduh derxw lv wr eh uhhohfwhg lpsolhv wkdw wkh xqlrq ohdghu

dfwv xsrq wkh lqwhuhvwv ri wkh pdmrulw|1 Iduehu 4<:; dqg Eodlu dqg Fudzirug

4<;7 glvfxvv wkh sureohp ri gh�qlqj wkh xqlrq*v remhfwlyh ixqfwlrq zkhq d xqlrq

ohdghu lv hohfwhg e| pdmrulw| yrwlqj1 Lq wklv sdshu zh iroorz Iduehu e| frqvlghu0

lqj d prqrsro| xqlrq/ lq rughu wr vlpsoli| zkloh lqwurgxflqj hqgrjhqrxv vhdufk1

Khqfh/ d xqlrq ohdghu lv hohfwhg e| d pdmrulw| yrwlqj uxoh dqg wkh suhihuhqfhv ri

wkh pdmrulw| ghwhuplqh wkh xqlrq zdjh1

Vhdufk lv frvwo| dqg wkh rswlpdo vhdufk lqwhqvlw| lv d�hfwhg e| zdjhv1 Df0

nqrzohgjlqj frvwo| vhdufk dqg krz zdjhv d�hfw zrunhu*v vhdufk lqwhqvlw|/ jlyh

ulvh wr rssrvlwh gluhfwhg h�hfwv rq zdjhv zkhq wkh ghflvlrq srzhu fkdqjhv iurp

IP0lqvlghuv wr IP0rxwvlghuv1 Kljkhu zdjhv dqg kljkhu xqhpsor|phqw zkhq

IP0lqvlghuv ghflgh zdjhv frpsduhg wr IP0rxwvlghuv ghflglqj zdjhv/ lv d srvvl0

eoh rxwfrph1 Krzhyhu/ wkh srvvlelolw| ri IP0lqvlghuv suhihuulqj orzhu zdjhv wkdq

IP0rxwvlghuv dulvhv li lw lv rswlpdo iru wkh IP0lqvlghuv wr vhdufk pruh wkdq wkh

IP0rxwvlghuv1 Wkh h{shfwhg xwlolw| ri ghpdqglqj d kljk zdjh dv dq xqhpsor|hg

IP0lqvlghu lv orz zkhq wkh rswlpdo vhdufk lqwhqvlw| lv kljk dv d kljk vhdufk lq0

whqvlw| lpsolhv kljk vhdufk frvwv1 Wkh lpsolfdwlrq lv wkdw wkh fkrvhq zdjh dqg

khqfh xqhpsor|phqw lv qrw qhfhvvdulo| kljkhu zkhq IP0lqvlghuv ghflgh frpsduhg

wr IP0rxwvlghuv ghflglqj1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho lv suhvhqwhg lq Vhfwlrq 21 Lq

Vhfwlrq �/ wkh htxloleulxp lv ghvfulehg zkhq vhdufk lv h{rjhqrxv dqg zh h{dplqh

wkh lpsdfw ri d fkdqjh lq ghflvlrq srzhu iurp IP0lqvlghuv wr IP0rxwvlghuv1

Vhfwlrq e dqg D frqvlghu wkh vdph lvvxh zkhq vhdufk lv hqgrjhqrxv1 Vhfwlrq S

r�huv vlpxodwlrqv dqg wkh odvw vhfwlrq frqfoxghv1
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51 Wkh Prgho5

Frqvlghu dq hfrqrp| frqvlvwlqj ri pdq| krprjhqrxv �upv dqg rqh prqrsro|

wudgh xqlrq rujdql}lqj doo hpsor|hg zrunhuv1 Hpsor|hg zrunhuv hohfw d xqlrq

ohdghu e| d pdmrulw| yrwlqj uxoh dqg wkh xqlrq ohdghu ghwhuplqhv zdjhv rq wkhlu

ehkdoi wdnlqj lqwr frqvlghudwlrq wkdw wkh lqglylgxdo zrunhu*v vhdufk lqwhqvlw| lv d

ixqfwlrq ri wkh zdjh ohyho1

Zrunhuv duh khwhurjhqhrxv/ wkh| kdyh gl�huhqw vhdufk h!flhqf|1 Iru vlpsolf0

lw|/ zh rqo| frqvlghu wzr jurxsv ri zrunhuv1 Wkh jurxs ri zrunhuv zlwk wkh kljk

vhdufk h!flhqf| zh ghqrwh wkh IP0lqvlghuv/ dv wkh| duh pruh riwhq hpsor|hg

gxulqj wkhlu zrunlqj olih wkdq wkh rwkhu jurxs/ wkh IP0rxwvlghuv1 Rqo| wkh xq0

hpsor|hg zrunhuv vhdufk iru d mre1 Xqhpsor|hg zrunhuv fkrrvh krz pxfk wr

vhdufk dffruglqj wr wkhlu h{shfwhg olihwlph xwlolw| ixqfwlrq1

Lq wklv vhfwlrq zh ghvfuleh wkh prgho dqg lq wkh qh{w vhfwlrq zh ghulyh htxl0

oleulxp zdjhv dqg vhdufk lqwhqvlw|1

5141 Zrunhuv* Ydoxh Ixqfwlrqv

Ohw K.� dqg KL� ghqrwh wkh h{shfwhg suhvhqw ydoxhv ri olihwlph xwlolwlhv ri eh0

lqj hpsor|hg dqg xqhpsor|hg/ uhvshfwlyho|1 Vxevfulsw � ' Mcu ghqrwhv kljk

vhdufk h!flhqf| zrunhuv/ Mc dqg orz vhdufk h!flhqf| zrunhuv/ u1 Shghuvhq dqg

Zhvwhujèug0Qlhovhq +4<<6, �qg lq wkhlu vxuyh| wkdw lqglylgxdo fkdudfwhulvwlfv vxfk

dv djh dqg jhqghu lq xhqfh wkh suredelolw| ri ehlqj hpsor|hg1 Khqfh wkh hyl0

ghqfh vkrzv wkdw rwkhu wklqjv wkdq surgxfwlylw| d�hfw wkh suredelolw| ri ehlqj

hpsor|hg1 Lq wklv sdshu zh dvvxph wkdw kljk dqg orz vhdufk h!flhqf| zrunhuv

kdyh wkh vdph surgxfwlylw| dqg khqfh uhfhlyh wkh vdph zdjh16 Zrunhuv rqo|

gl�hu zlwk uhvshfw wr wkhlu h!flhqf| ri vhdufk1 Zh wkhq kdyh=

5Rxu prgho lv lqvsluhg e| Nldqghu 4<<5/ Krvlrv 4<<3/ dqg Slvvdulghv 4<<31
6Vhh Oduvhq +5333, iru dq dqdo|vlv zkhuh zrunhuv ulvn d orvv ri vnloo zkloh xqhpsor|hg1 Khqfh/

vrph zrunhuv ehfrph ohvv surgxfwlyh dqg ohvv dwwudfwlyh iru wkh �upv/ lpso|lqj wkh| uhfhlyh

orzhu zdjhv wkdq wkh zrunhuv zkr kdyh qrw orvw vrph ri wkhlu vnloov1
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BK.� ' � n ^EKL� � K.� �c � ' Mcu +514,

BKL� ' K� Sr� n R�EK
.
� � KL� �c � ' Mcu +515,

zkhuh K lv wkh xqhpsor|phqw lqvxudqfh/ � lv wkh zdjh udwh/ B lv wkh glvfrxqw

udwh dqg ^ lv dq h{rjhqrxv iudfwlrq ri fxuuhqwo| hpsor|hg zrunhuv ohdylqj wkhlu

mrev1 Vhdufk lqwhqvlw| lv ghqrwhg e| r�/ S lv wkh pdujlqdo frvw ri vhdufk dqg

R� lv d zrunhu*v wudqvlwlrq udwh iurp xqhpsor|phqw lqwr hpsor|phqw1 Rqo| wkh

xqhpsor|hg zrunhuv vhdufk iru d mre1 Htxdwlrq +514, vwdwhv wkdw wkh xwlolw| vwuhdp

ri ehlqj hpsor|hg htxdov wkh zdjh ohyho soxv wkh suredelolw| ri jhwwlqj vhsdudwhg

iurp d mre wlphv wkh fkdqjh lq olihwlph xwlolw|1 Zkloh xqhpsor|hg/ wkh zrunhu

uhfhlyhv xqhpsor|phqw lqvxudqfh dqg sd|v d vhdufk frvw jlyhq e| Sr�1

Zh gh�qh wkh vwhdg| vwdwh olihwlph xwlolw|  rz ri dq +xq,hpsor|hg zrunhu dv

~6
� ' BK6� c 6 ' Lc.c jlylqj=

~.
� '

EB n R��� n ^EK� Sr��

B n R� n ^
c ~L

� '
R�� n EB n ^�EK� Sr��

B n R� n ^
c � ' Mcu +516,

Wkh xwlolw|  rz lv d zhljkwhg dyhudjh ri hpsor|phqw dqg ri xqhpsor|phqw

jlyhq wkh zrunhu*v fxuuhqw hpsor|phqw vwdwxv1

5151 Pdwfklqj dqg Xqhpsor|phqw

Wkh zrun irufh lv glylghg lqwr wzr jurxsv zkr gl�hu lq rqh uhvshfw rqo|1 Rqh

jurxs/ M/ kdv d kljkhu wudqvlwlrq udwh/ RM / wkdq wkh rwkhu jurxs/ u/ zklfk kdv

wudqvlwlrq udwh Ru1 Zh qrupdol}h wkh oderxu irufh wr rqh1 Wkh qxpehu ri zrunhuv

zlwk wkh kljk wudqvlwlrq udwh lv jlyhq e| \ dqg wkh qxpehu ri zrunhuv zlwk wkh

orz wudqvlwlrq udwh lv � � \1 Lq d vwhdg| vwdwh/ xqhpsor|phqw iru jurxs McLM c

lv ghwhuplqhg e|=

^E\� LM� ' RMLM 1 +517,

:



Wkh lq rz lqwr xqhpsor|phqw/ wkh ohiw kdqg vlgh/ lv htxdo wr wkh rxw rz iurp

xqhpsor|phqw/ wkh uljkw kdqg vlgh1 Htxdwlrq +517, uhgxfhv wr=

LM '
^

^ n RM
\�

Vlploduo|/ xqhpsor|phqw iru wkh u jurxs lv ghwhuplqhg e|=

Lu '
^

^ n Ru
E�� \��

Wkh wrwdo udwh ri xqhpsor|phqw lv wkhuhiruh=

L '
^

^ n RM
\ n

^

^ n Ru
E�� \��

Xqhpsor|phqw lv lqfuhdvlqj lq wkh vhsdudwlrq udwhv dqg ghfuhdvlqj lq wkh

wudqvlwlrq udwhv1

Wkh lqglylgxdo wudqvlwlrq udwh/ R�/ � ' Mcuc ghshqgv erwk rq wkh lqglylgxdo

pdwfk h!flhqf| ixqfwlrq/ sEe�c r��c dqg rq oderxu pdunhw wljkwqhvv/ w=

REe�c r�c w� ' sEe�c r��
s
wc w '

T

8L
/ � ' Mcuc +518,

zkhuh r� lv vhdufk lqwhqvlw| ri d zrunhu lq jurxs �/ dqg e� lv d phdvxuh ri h!flhqf|

ri d zrunhu lq jurxs �1

Oderxu pdunhw wljkwqhvv phdvxuhv krz wljkw wkh oderxu pdunhw lv lq whupv ri

ydfdqw mrev/ T / uhodwlyho| wr xqhpsor|phqw/ Lc lq h!flhqf| whupv/ 8L 1 8 lv wkh

dyhudjh pdwfk h!flhqf| ixqfwlrq=

8 '
LM
L

sEeM c rM� n
Lu
L
sEeuc ru� +519,

Wkh lqglylgxdo zrunhu lv dwrplvwlf dqg wkhuhiruh shufhlyhv oderxu pdunhw

wljkwqhvv/ wc dv d frqvwdqw1

Wkh lqglylgxdo h!flhqf| ixqfwlrq sEe�c r�� lv gh�qhg lq wkh grpdlq r� 5 dfc �o c

e� 5 dfc4o � Zh rqo| frqvlghu vlwxdwlrqv zkhuh kljkhu h!flhqf| lpsolhv d kljkhu

wudqvlwlrq udwh= eM : eu , RM : Ru1 Zrunhu  rzv duh looxvwudwhg lq �jxuh 41

;



(+ (/

8/8+

S+8+ S/8/

T8+

T8/

Iljxuh 514= Zrunhu Iorzv

Wkh vhdufk h!flhqf| ixqfwlrq/ sEe�c r��c ixo�oov wkh iroorzlqj uhvwulfwlrqv=

Ys

Ye�
: fc

Ys

Yr�
� fc

Y2s

Yr�Yr�
	 fc

YsEe�c f�

Yr�
: fc sEe�c f� ' f� +51:,

Wkh ixqfwlrq lv hyhu|zkhuh vwulfwo| frqfdyh lq r� dqg lqfuhdvhv zlwk pdwfk

h!flhqf|1 Qrwh wkdw wkh wudqvlwlrq udwh/ REe�c r�c w� lv d olqhdu wudqvirupdwlrq

ri wkh vhdufk h!flhqf| ixqfwlrq/ sEe�c r��c dqg ixo�oov doo wkh uhvwulfwlrqv jlyhq

lq +51:,1 Ixuwkhupruh/ zkhq rM dqg ru duh erwk htxdo wr }hur/ wkh zrunhuv*

wudqvlwlrq udwhv duh }hur dqg xqhpsor|phqw lv htxdo wr rqh1

Zh dvvxph wkh wzr jurxsv duh ri htxdo vl}h lq rughu wr irfxv rq wkh dv|pphwu|

gxh wr wkh gl�huhqfh lq vhdufk h!flhqf|/ l1h1 \ ' �
2
1

Wkh qxpehu ri pdwfkhv iruphg lq wkh hfrqrp|/ %/ lv jlyhq e| wkh pdwfklqj

ixqfwlrq=

%ETc 8L� '
s
T
s
8L� +51;,

Qrwh wkdw wkh qxpehu ri pdwfkhv kdv srvlwlyh �uvw rughu ghulydwlyhv lq 8L

dqg T / qhjdwlyh vhfrqg rughu ghulydwlyhv/ srvlwlyh furvv sduwldo ghulydwlyhv dqg lv

krprjhqrxv ri ghjuhh rqh lq 8L dqg T 1 Slvvdulghv ;9 dqg Eodqfkdug dqg Gld0

prqg ;< surylgh hpslulfdo mxvwl�fdwlrq iru wkh Free0Grxjodv pdwfklqj ixqfwlrq

<



zlwk htxdo h{srqhqwv1 Wkh wudqvlwlrq udwh lv fkrvhq vr lw lpsolhv wkh sduwlfxodu

pdwfklqj ixqfwlrq jlyhq lq +51;,1

5161 Hpsor|phqw Glvwulexwlrq

Wkh udwhv ri jurxs u dqg jurxs M hpsor|hg zrunhuv uhodwlyho| wr wkh wrwdo udwh

ri hpsor|phqw duh ghqrwhg e| # dqg �� #c uhvshfwlyho|=

# '
.u

.
'

�

� n \
�3\

RM*E^nRM�
Ru*E^nRu�

c �� # '
.M

.
'

�

� n �3\
\

Ru*E^nRu�
RM*E^nRM�

�

Iru \ � �*2 zh kdyh # 	 �*2= wkhuh duh uhodwlyho| pruh kljk h!flhqf|

hpsor|hg zrunhuv +wkh zrunhuv zlwk wkh kljk wudqvlwlrq udwh,/ wkdq hpsor|hg orz

h!flhqf| zrunhuv1 Wkh jurxs ri zrunhuv zlwk wkh orz wudqvlwlrq udwh h{shulhqfhv

d orzhu hpsor|phqw suredelolw|/ Ru
^nRu

wkdq wkh jurxs zlwk wkh kljk wudqvlwlrq

udwh1 Wkh u jurxs ri zrunhuv duh ohvv hpsor|hg gxulqj wkhlu zrunlqj olih wkdq wkh

M jurxs ri zrunhuv1 Zh wkhuhiruh frqvlghu wkh orz h!flhqf| jurxs ri zrunhuv

dv ehlqj wkh IP0rxwvlghuv dqg wkh kljk h!flhqf| jurxs ri zrunhuv dv ehlqj wkh

IP0lqvlghuv1

Iru vlpsolflw| dqg lq rughu wr irfxv rq wkh dv|pphwulhv gxh wr h!flhqf| zh

dvvxph wkh wzr jurxsv duh ri htxdo vl}h1 Lq wklv fdvh/ wkh orz h!flhqf| jurxs

kdyh wkh pdmrulw| dprqj wkh xqhpsor|hg zrunhuv dqg wkh kljk h!flhqf| jurxs

kdyh wkh pdmrulw| dprqj wkh hpsor|hg zrunhuv1 Lw grhv qrw/ krzhyhu/ kdyh

dq| lpsdfw rq wkh gluhfwlrq ri rxu uhvxowv frpsduhg wr wkh pruh uhdolvwlf fdvh=

pruh kljk h!flhqf| wkdq orz h!flhqf| zrunhuv1 Wkh kljk h!flhqf| zrunhuv

zrxog vwloo kdyh wkh pdmrulw| dprqj wkh hpsor|hg zrunhuv1 Wkh| pd| dovr kdyh

wkh pdmrulw| dprqj wkh xqhpsor|hg zrunhuv/ hyhq wkrxjk wkhlu hpsor|phqw

suredelolw| lv kljkhu wkdq wkh hpsor|phqw suredelolw| ri d orz h!flhqf| zrunhu1

Wkh fdvh zlwk pruh kljk h!flhqf| zrunhuv wkdq orz h!flhqf| zrunhuv lv pruh

uhdolvwlf ehfdxvh ri wkh idfw wkdw wkh dyhudjh udwh ri orqj0whup xqhpsor|phqw iru

Hxurshdq frxqwulhv lv rqh wklug17 Lq rwkhu zrugv/ lw lv d vpdoo jurxs ri zrunhuv

7RHFG Mrev Vwxg|/ 4<<6/ fkduw 414:
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zkr h{shulhqfhv wkh kljkhvw xqhpsor|phqw suredelolwlhv1

5171 Ilupv

Ilupv vxsso| mrev ghshqghqw xsrq wkh zdjh dqg wkhlu klulqj frvwv1 Ilupv vxsso|

rqh mre hdfk dqg kluh erwk orz vhdufk h!flhqf| dqg kljk vhdufk h!flhqf| zrunhuv

dv wkh| kdyh wkh vdph surgxfwlylw|1 Ohw + eh wkh pdujlqdo surgxfw ri d zrunhu1

Wkh h{shfwhg suhvhqw ydoxhv ri d �oohg mre/ Ka c dqg ri d ydfdqw mre/ KT / duh

ghwhuplqhg e| wkh htxdwlrqv=

BKa ' + � � n ^EKT � Ka�c +51<,

BKT '
�s
w
EKa � KT �� &c +5143,

zkhuh �I
w
lv wkh �up*v wudqvlwlrq udwh/ l1h1 wkh qxpehu ri pdwfkhv jlyhq lq +51;,

glylghg e| wkh qxpehu ri ydfdqflhv1 Wkh gluhfw frvwv dvvrfldwhg zlwk mre vxsso|

duh jlyhq e| &1 Iuhh hqwu| lpsolhv wkdw mrev duh vxssolhg dv orqj dv lw lv sur�wdeoh/

l1h1 xqwlo KT ' f� Xvlqj wklv frqglwlrq dqg frpelqlqj htxdwlrqv +51<, dqg +5143,

jlyh dq htxdwlrq wr ghwhuplqh oderxu pdunhw wljkwqhvv=

wE�� '

#
E+ � ��

&E^ n B�

$2

� +5144,

Oderxu pdunhw wljkwqhvv ghshqgv qhjdwlyho| rq zdjhv1

61 H{rjhqrxv Vhdufk

Lq wklv vhfwlrq zh ghulyh wkh vwdqgdug uhvxow lq wklv pruh jhqhudo prgho1 Vhdufk

lv h{rjhqrxv/ wkdw lv/ vhdufk lqwhqvlw| grhv qrw uhvsrqg wr zdjhv1 Zdjhv duh

ghwhuplqhg e| wkh ohdghu ri wkh prqrsro| xqlrq1 Rqo| hpsor|hg zrunhuv duh

phpehuv ri wkh xqlrq1 Wkh xqlrq phpehuv hohfw d xqlrq ohdghu gluhfwo| e|

pdmrulw| yrwlqj1 Wkh hohfwhg xqlrq ohdghu wkhq ghwhuplqhv wkh zdjh ohyho1 Wkh

xqlrq ohdghu lv rqo| frqfhuqhg derxw ehlqj uhhohfwhg/ wkxv kh fkrrvhv d zdjh
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ohyho wkdw pd{lpl}hv wkh xwlolw| ri wkh pdmrulw|1 Wkh xqlrq zdjh vroyhv wkh

pd{lpl}dwlrq sureohp=

4@ 
�

K.
� '

EB n REe�c r�c w��� n ^EK� Sr��

B n REe�c r�c w� n ^
c +614,

vw1 htxdwlrq +5144,1 Wkh pd{lpl}dwlrq sureohp kdv wkh �uvw rughu frqglwlrq=

EB n REe�c r�c w�� EB n REe�c r�c w� n ^� n ^
YREe�c r�c w�

Yw

Yw

Y�
E� � Kn Sr� ' f�

Vxevwlwxwlqj iru wkh ghulydwlyhv zh rewdlq=

EB n REe�c r�c w�� EB n REe�c r�c w� n ^�� ^
sEe�c r��

&E^ n B�
E� � Kn Sr� ' f� +615,

Wkh vhfrqg rughu frqglwlrq lv=

7��E��me%J}� r ' �2 sEe�c r��
&E^ n B�

EB n REe�c r�c w� n ^� 	 f1

Rxwvlghuv ghwhuplqlqj zdjhv lqvwhdg ri IP0lqvlghuv fruuhvsrqg wr frqvlghulqj

wkh pd{lpl}dwlrq sureohp +614, iru orz vhdufk h!flhqf|/ euc lqvwhdg ri iru kljk

vhdufk h!flhqf|/ eM 1 Zh gl�huhqwldwh htxdwlrq +615, zlwk uhvshfw wr e� dqg �� wr

rewdlq=
_�

_e�
'

�

sEe�c r��

YsEe�c r��

Ye�

REe�c r�c w�
2 � B EB n ^�

�7��E��me%J}� r �

Zh revhuyh wkdw zdjhv lqfuhdvh zlwk h!flhqf| zkhqhyhu wkh mre suredelolw|

lv odujhu wkdq wkh vhsdudwlrq udwh soxv glvfrxqwlqj1 Khqfh/ iru REe�c r�c w� : Bn ^/

d fkdqjh lq ghflvlrq srzhu wrzdugv IP0rxwvlghuv/ _e� 	 f/ zrxog uhgxfh zdjhv

dqg dv=
YL

Ye�
_e� ' ��

2
^

#
sEeM c rM�

E^ n RM�2
n

sEeuc ru�

E^ n Ru�2

$
Yw

Y�

_�

_e�
_e�c

xqhpsor|phqw zrxog idoo1 Lq wkh iroorzlqj wzr vhfwlrqv zh lqwurgxfh hqgrjhqrxv

vhdufk lqwhqvlw| dqg dqdo|vh krz wkh uhvxow lv prgl�hg1
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71 Hqgrjhqrxv Vhdufk

Lq wklv vhfwlrq zh ghulyh wkh htxloleulxp lq wkh IP0lqvlghu0rxwvlghu prgho zkhq

vhdufk lv hqgrjhqrxv1 Lq wkh qh{w vhfwlrq zh dqdo|vh zkdw kdsshqv wr zdjhv/

vhdufk lqwhqvlwlhv iru wkh wzr jurxsv ri zrunhuv dqg xqhpsor|phqw lq wkh k|sr0

wkhwlfdo fdvh zkhuh wkh ghflvlrq srzhu fkdqjhv iurp IP0lqvlghuv wr IP0rxwvlghuv1

Zkhq vhdufk lqwhqvlw| lv hqgrjhqrxv/ wkh xqlrq ghwhuplqhv zdjhv jlyhq d

nqrzohgjh ri krz vhdufk lqwhqvlw| uhvsrqgv wr wkh zdjh ohyho1 Hdfk zrunhu lv

dwrplvwlf dqg wkhuhiruh wkh lqglylgxdo zrunhu shufhlyhv wkh zdjh dqg oderxu pdu0

nhw wljkwqhvv dv frqvwdqwv1

Wkh rswlpdo vhdufk lqwhqvlw| ri dq lqglylgxdo zrunhu lv ghwhuplqhg vxfk wkdw

lw pd{lpl}hv wkh h{shfwhg xwlolw| zkhq xqhpsor|hg/ wdnlqj dv jlyhq wkh zdjh

dqg oderxu pdunhw wljkwqhvv1 Khqfh/ vhdufk lqwhqvlw| lv irxqg e| vroylqj wkh

pd{lpl}dwlrq sureohp=

4@ 
r�

+
REe�c r�c w�� n EB n ^�EK� Sr��

B n REe�c r�c w� n ^

,
/ � ' Mcuc +714,

vw1 htxdwlrq +5144,/ zklfk jlyhv wkh �uvw rughu frqglwlrq wr ghwhuplqh vhdufk

lqwhqvlw|=

YREe�c r�c w�*Yr�
EB n ^ n REe�c r�c w��

E� � Kn Sr��� S ' f� +715,

Wkh vhfrqg rughu frqglwlrq lv ixo�oohg jlyhq wkh uhvwulfwlrqv rq wkh h!flhqf|

ixqfwlrq lq +51:,=

7��Er�� '
Y2REe�c r�c w�

Yr�Yr�
E� � Kn Sr�� 	 f� +716,

Wkh rswlpdo vhdufk lqwhqvlw| htxdwhv wkh pdujlqdo jdlq iurp vhdufk wr wkh

pdujlqdo vhdufk frvwv1 Wkh pdujlqdo vhdufk frvw lv frqvwdqw/ wkxv IP0lqvlghuv

kdyh dq lqfhqwlyh wr vhdufk pruh +ohvv, wkdq IP0rxwvlghuv li wkhlu pdujlqdo jdlq

iurp vhdufk lv kljkhu +orzhu,1
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Qrwh wkdw htxdwlrq +715, lpsolflwo| ghwhuplqhv wkh rswlpdo vhdufk lqwhqvlw| dv

d ixqfwlrq ri h!flhqf| dqg wkh zdjh=

rW� ' rW� Ee�c �� +717,

Zdjhv duh ghwhuplqhg e| wkh prqrsro| xqlrq1 Rqo| hpsor|hg zrunhuv duh

phpehuv ri wkh xqlrq1 Wkh xqlrq phpehuv hohfw d xqlrq ohdghu gluhfwo| e|

pdmrulw| yrwlqj1 Wkh hohfwhg xqlrq ohdghu wkhq ghwhuplqhv wkh zdjh ohyho1 Wkh

xqlrq ohdghu lv rqo| frqfhuqhg derxw ehlqj uhhohfwhg/ wkxv kh fkrrvhv d zdjh ohyho

wkdw pd{lpl}hv wkh xwlolw| ri wkh pdmrulw|/ wdnlqj lqwr dffrxqw wkdw wkh zdjh

d�hfwv wkh rswlpdo vhdufk lqwhqvlw|1 Wkh xqlrq zdjh vroyhv wkh pd{lpl}dwlrq

sureohp=

4@ 
�

K. '
EB n REe�c r

W

� c w��� n ^EK� SrW� �

B n REe�c rW� c w� n ^
+718,

r�|�

wE�� '

#
E+ � ��

&E^ n B�

$2

c rW� ' rW� Ee�c ��c

zklfk kdv wkh �uvw rughu frqglwlrq=

EB n REe�c r
W

� c w�� EB n REe�c r
W

� c w� n ^� n ^
_REe�c r

W

� c w�

_�
E� � Kn SrW� � ' f� +719,

Xvlqj wkh �uvw rughu frqglwlrq iru vhdufk/ htxdwlrq +715, dqg vxevwlwxwlqj iru

wkh ghulydwlyhv zh rewdlq=

EB n REe�c r
W

� c w��
YsEe�c r

W

� �

YrW�
E+ � ��� ^SsEe�c r

W

� � ' fc +71:,

zkhuh wkh vhfrqg rughu frqglwlrq lv=

7��E�� ' � EB n REe�c r
W

� c w�� n
_REe�c r

W

� c w�

_�
E+ � �� 	 f1

Htxdwlrq +715, dqg +71:, wrjhwkhu ghwhuplqh htxloleulxp vhdufk lqwhqvlw| dqg

zdjhv1
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81 Fkdqjh lq Ghflvlrq Srzhu

Frqvlghu wkh k|srwkhwlfdo fdvh zkhuh wkh ghflvlrq srzhu fkdqjhv iurp wkh IP0

lqvlghuv wr wkh IP0rxwvlghuv1 Khqfh wkh IP0rxwvlghuv* suhihuhqfhv ghwhuplqh wkh

ehkdylrxu ri wkh xqlrq ohdghu/ hyhq wkrxjk IP0rxwvlghuv gr qrw kdyh wkh pdmrulw|

lq wkh xqlrq1 D fkdqjh lq ghflvlrq srzhu iurp jurxsM wr jurxs u fruuhvsrqgv wr

d fkdqjh lq wkh vhdufk h!flhqf| sdudphwhu e� lq wkh xqlrq ohdghu*v pd{lpl}dwlrq

sureohp/ htxdwlrq +718,1 Zh shuirup wklv dqdo|vlv e| frqvlghulqj wkh h�hfw rq

wkh zdjh iurp d ghfuhdvh lq wkh vhdufk h!flhqf| sdudphwhu e�c l1h1 _e� 	 f lq

htxdwlrq +718,1 Wkh zdjh fkdqjh ixuwkhu lpsolhv fkdqjhg vhdufk lqwhqvlwlhv ri

erwk jurxsv ri zrunhuv1

Xvxdoo| |rx zrxog h{shfw zdjhv dqg xqhpsor|phqw wr eh orzhu li wkh IP0

rxwvlghuv/ l1h1 jurxs u zhuh ghflvlyh1 L1h1 zkhq e� ghfuhdvhv zh vkrxog vhh d

qhjdwlyh h�hfw rq zdjhv1 Zh zrxog dovr h{shfw orzhu zdjhv wr eh dvvrfldwhg

zlwk orzhu vhdufk lqwhqvlw|/ dv lw ehfrphv ohvv dwwudfwlyh wr �qg d mre1 Krzhyhu/

lw lv vkrzq ehorz wkdw lq htxloleulxp/ orzhu zdjhv lq idfw lqfuhdvhv wkh rswlpdo

vhdufk lqwhqvlw|1

Zh dvvxph wkdw wkh vhdufk h!flhqf| ixqfwlrq lv jlyhq e|= sEe�c r�� ' ��r
k�
� �

Hlwkhu �� ru k� +ru erwk, pd| eh d ixqfwlrq ri h!flhqf|/ e�1 Lq wkh iroorzlqj zh

frqvlghu wkh vlpsohvw srvvleoh h!flhqf| ixqfwlrq/ rqo| � lv d ixqfwlrq ri e�c �� ' e�

dqg k� lv d frqvwdqw/ k� ' k Wkh �uvw rughu frqglwlrqv iru vhdufk uhvshfwlyho|

zdjhv ehfrph=

8��Er�� '
e�kr

k3�
�

s
w E� � Kn Sr��

EB n ^ n e�rk�
s
w�

� S ' fc +814,

8��E�� '
�
B n e�r

k
�

s
w
�
kE+ � ��� ^Sr� ' f� +815,

Xqhpsor|phqw lv d�hfwhg e| d fkdqjh lq ghflvlrq srzhu iurp IP0lqvlghuv wr

IP0rxwvlghuv lq wkh iroorzlqj zd|=

YL

Ye�
_e� ' ��

2

#
^

E^ n RM�2

#
YRM
YrM

YrM
Y�

n
YRM
Y�

$
n

^

E^ n Ru�2

#
YRu
Yru

Yru
Y�

n
YRu
Y�

$$
_�

_e�
_e��
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Li IP0rxwvlghuv suhihu d kljkhu zdjh ohyho wkdq wkh IP0lqvlghuv/ xqhpsor|0

phqw lqfuhdvhv zkhq wkh ghflvlrq srzhu fkdqjhv li#
^

E^ n RM�2

#
YRM
YrM

YrM
Y�

n
YRM
Y�

$
n

^

E^ n Ru�2

#
YRu
Yru

Yru
Y�

n
YRu
Y�

$$
	 f� +816,

Dv kljkhu zdjhv lpso| d gluhfw qhjdwlyh h�hfw rq wkh zrunhuv* wudqvlwlrq udwhv/

d vx!flhqw frqglwlrq iru frqglwlrq +816, wr krog lv wkdw vhdufk lqwhqvlw| lv ghfuhdv0

lqj lq zdjhv1 Wkh h�hfw ri kljkhu zdjhv rq vhdufk lqwhqvlw| lv=

_r�
_�

'

�
+3�

�
�SEB n ^� n kR�r

3�
� E+ � ��

�
�7��Er�� c +817,

zkhuh zh kdyh xvhg wkh �uvw rughu frqglwlrq/ htxdwlrq +814, iru vhdufk wr vlpsoli|1

Wkhuh lv d qhjdwlyh dqg d srvlwlyh h�hfw rq vhdufk zkhq zdjhv lqfuhdvh1 Wkh

qhjdwlyh h�hfw rq vhdufk uhvxowv iurp wkh qhjdwlyh lpsdfw rq wkh zrunhu*v wudqvl0

wlrq udwh1 Wkh srvlwlyh h�hfw rq vhdufk lv gxh wr wkh idfw wkdw kljkhu zdjhv pdnh

hpsor|phqw pruh dwwudfwlyh1

Zh fdq vkrz wkdw durxqg wkh htxloleulxp/ wkh qhjdwlyh h�hfw grplqdwhv=

Sursrvlwlrq 8141 Durxqg wkh htxloleulxp/ vhdufk ghfuhdvhv lq zdjhv/ _r�
_�

	 f 1

Surri1 Zh kdyh iurp htxdwlrq +817, wkdw

_r�
_�

'

�
+3�

�
�SEB n ^� n kR�r

3�
� E+ � ��

�
�7��Er�� 	 f/

kr3�� E+ � ��R� 	 SEB n ^��

Uhzulwlqj wkh ohiw kdqg vlgh xvlqj wkh �uvw rughu frqglwlrq iru zdjhv/ htxdwlrq

+815, zh rewdlq=

kr3�� E+ � ��R� '
^SR�

EB n R��
	 SEB n ^�/

^R� 	 EB n ^�EB n R���

Wkdw lv/ _r�
_�

	 f�

Zlwk wklv uhvxow zh fdq ghwhuplqh wkh lpsdfw rq xqhpsor|phqw zkhq zdjhv

ghfuhdvh=
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Fruroodu| 8151 Zkhq wkh ghflvlrq srzhu fkdqjhv iurp IP0lqvlghuv wr IP0

rxwvlghuv/ xqhpsor|phqw ghfuhdvhv li dqg rqo| li d orzhu zdjh ohyho lv suhihuuhg1

Ehiruh zh fdq ghulyh wkh lpsdfw rq zdjhv uhvxowlqj iurp d fkdqjh lq ghflvlrq

srzhu/ zh ghulyh wkh h�hfw rq vhdufk lqwhqvlw| iurp d kljkhu vhdufk h!flhqf|1

Qrwh wkdw vhdufk h!flhqf| ri wkh wzr jurxsv gr qrw fkdqjh/ zh phuho| zdqw wr

frpsduh wkh vhdufk lqwhqvlwlhv ri wkh wzr jurxsv iru d jlyhq zdjh1 Wkh lpsdfw

rq vhdufk lqwhqvlw| iurp kljkhu h!flhqf| lv srvlwlyh li wkh pdujlqdo jdlq iurp

vhdufk lqfuhdvhv1 Iurp htxdwlrq +715, zh kdyh wkdw vhdufk lqwhqvlw| fkdqjhv zlwk

h!flhqf| lq wkh iroorzlqj zd|=

_r�
_e�

'

�
YsEe�cr��
Yr�Ye�

EB n ^ n REe�c r�c w��� YsEe�cr��
Yr�

YsEe�cr��
Ye�

s
w
�

S
YsEe�cr��

Yr�

�7��Er�� �

Wkhuh lv d qhjdwlyh dqg d srwhqwldo srvlwlyh h�hfw1 Wkh srvlwlyh h�hfw dulvhv

li d kljkhu h!flhqf| lqfuhdvhv wkh zrunhu*v pdujlqdo vhdufk h!flhqf| ixqfwlrq/

l1h1 li YsEe�cr��
Yr�Ye�

: f1 Krzhyhu/ dv vhdufk lv frvwo| lw sd|v/ lq h{shfwhg xwlolw|

whupv/ wr uhgxfh vhdufk lqwhqvlw| zkhq h!flhqf| lv kljkhu1 Iru wkh vshfl�f vhdufk

h!flhqf| ixqfwlrq zkhuh rqo| � lv d ixqfwlrq ri e�c �� ' e� dqg k� lv d frqvwdqw/

k� ' kc wkh srvlwlyh h�hfw grplqdwhv/ vhdufk lqwhqvlw| xqdpeljxrxvo| lqfuhdvhv

zlwk h!flhqf|1

Sursrvlwlrq 8161 Iru wkh h!flhqf| ixqfwlrq/ sEe�c r�� ' e�r
k
� / rswlpdo vhdufk

lqwhqvlw| lqfuhdvhv zlwk h!flhqf|1

Surri1 Iru wkh vhdufk h!flhqf| ixqfwlrq/ sEe�c r�� ' e�r
k
� 1 vhdufk lqwhq0

vlw| lqfuhdvhv zlwk h!flhqf| dv YsEe�cr��
Yr�Ye�

EB n ^ n REe�c r�c w��� YsEe�cr��
Yr�

YsEe�cr��
Ye�

s
w '

EB n ^�krk3�� : f1

Gl�huhqwldwlqj wkh �uvw rughu frqglwlrq iru zdjhv/ htxdwlrq +815,/ zlwk uhvshfw

wr vhdufk h!flhqf| dqg zdjhv jlyh wkh h�hfw rq zdjhv iurp d fkdqjh lq ghflvlrq

srzhu iurp IP0lqvlghuv wr IP0rxwvlghuv =

_�

_e�
_e� '

�
krk�

s
wE+ � ���

�
^S� e�k

2rk3��

s
wE+ � ��

�
_r�
_e�

�
�7��E�� _e�� +818,
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Wkhuh lv d gluhfw qhjdwlyh h�hfw rq zdjhv iurp orzhu h!flhqf| dv wkh wudqvlwlrq

udwh gluhfwo| ghfuhdvhv1 Wkhuh duh wzr lqgluhfw vhdufk h�hfwv1 Wkhuh lv d srvlwlyh

lqgluhfw vhdufk h�hfw/ gxh wr wkh idfw wkdw d orzhu vhdufk lqwhqvlw| ghfuhdvhv

vhdufk frvwv dqg wkhuhe| lqfuhdvhv wkh ydoxh ri xqhpsor|phqw iru jlyhq zdjhv1

Wkhuh lv d qhjdwlyh lqgluhfw vhdufk h�hfw/ vwhpplqj iurp wkh gluhfw uhgxfwlrq lq

wkh zrunhu*v wudqvlwlrq udwh zkhq vhdufk lqwhqvlw| ghfuhdvhv1 Zh qrwh wkdw wkh

frvw h�hfw grplqdwhv/ l1h1 ^S � e�k
2rk3��

s
wE+ � �� lv srvlwlyh/+vhh wkh surri ri

sursrvlwlrq 817,1

Iru rxu vshfl�f vhdufk h!flhqf| ixqfwlrq zh rewdlq wkh iroorzlqj suhsrvlwlrq1

Sursrvlwlrq 8171 Iru wkh vhdufk h!flhqf| ixqfwlrq sEe�c r�� ' e�r
k
� / zdjhv lq0

fuhdvh zkhq wkh ghflvlrq srzhu fkdqjhv iurp IP0lqvlghuv wr IP0rxwvlghuv li dqg

rqo| li R�
BnE�3k�R�

	 e�
r�

_r�
_e�
/ wkh hodvwlflw| ri vhdufk lqwhqvlw| zlwk uhvshfw wr vhdufk

h!flhqf| lv qrw wrr vpdoo1

Surri1 Uhzulwlqj wkh �uvw rughu frqglwlrq iru zdjhv zh kdyh=

kE+ � ��B ' r�
�
^S� e�kr

k3�
�

s
wE+ � ��

�
�

Dv + � � : f/ zklfk lw pxvw eh iru srvlwlyh vhdufk lqwhqvlw|/ vhh htxdwlrq

+814,/ zh kdyh wkdw
�
^S� e�kr

k3�
�

s
wE+ � ��

�
: f

Zh kdyh wkdw _�
_e�
_e� : f li dqg rqo| li=

krk�
s
wE+ � �� 	

�
^S� e�k

2rk3�
s
wE+ � ��

� _r�
_e�

�

Xvlqj wkh �uvw rughu frqglwlrq iru zdjhv jlyhv

krk�
s
wE+ � �� 	

kE+ � ��EB n E�� k�R�
r�

_r�
_e�

�

Pxowlso|lqj zlwk e� rq erwk vlghv ri wkh lqhtxdolw| vljq zh rewdlq=

R� 	
e�
r�

_r�
_e�

EB n E�� k�R�� � +819,

Wkh uhvxow lv lpphgldwh1
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Khqfh li wklv frqglwlrq lv vdwlv�hg/ wkh lpsdfw rq vhdufk lqwhqvlw| lv vr vwurqj

wkdw IP0rxwvlghuv dfwxdoo| suhihu kljkhu zdjhv wkdq IP0lqvlghuv1 Wkhq zh nqrz

iurp wkh fruroodu| wkdw xqhpsor|phqw lqfuhdvhv zkhq wkh ghflvlrq srzhu fkdqjhv

iurp IP0lqvlghuv wr IP0rxwvlghuv1

Iru wkh vshfl�f vhdufk h!flhqf| ixqfwlrq sEe�c r�� ' e�r
k
� zh fdq uhgxfh frq0

glwlrq +819, ixuwkhu1 Vxevwlwxwlqj iru _r�
_e�

jlyhv=

R�
B n E�� k�R�

	
SEB n ^�

E�� k�ke�r
k3�
�

s
wE� � Kn Sr��

�

Xvlqj wkh �uvw rughu frqglwlrq iru vhdufk/ htxdwlrq +814, zh kdyh=

R�
B n E�� k�R�

	
B n ^

E�� k�EB n ^ n R��
/

R2� E�� k� 	 BEB n ^��

Khqfh IP0rxwvlghuv suhihu kljkhu zdjhv wkdq IP0lqvlghuv li wkh wudqvlwlrq

udwh lv qrw wrr kljk1 Krzhyhu/ wkh frqglwlrq lv d frqglwlrq lq hqgrjhqrxv whupv1

Zh wkhuhiruh qhhg vlpxodwlrqv lq rughu wr ghwhuplqh li wkh frqglwlrq pd| eh

vdwlv�hg iru uhdolvwlf sdudphwhu ydoxhv1 Wkh qh{w vhfwlrq r�huv vlpxodwlrqv zkhuh

wkh zrunhuv zlwk wkh kljkhu vhdufk h!flhqf|/ IP0lqvlghuv ghwhuplqlqj zdjhv ohdg

wr orzhu zdjhv dqg wkhuhe| orzhu xqhpsor|phqw wkdq li IP0rxwvlghuv ghwhuplqhg

zdjhv1

91 Vlpxodwlrqv

Iru wkh vlpxodwlrqv zh xvh wkh vhdufk h!flhqf| ixqfwlrq sEe�c r�� ' e�r
k
� 1 Wkh

vshfl�f ydoxhv ri wkh yduldeohv duh jlyhq lq wkh wdeoh ehorz +vhh Ploodug dqg

Pruwhqvhq 4<<:,=

K & + ^ S B

f�.� f�� � f�fS ��D f��

Wkh ydoxhv ri e� dqg k duh vhw lq rughu wr jhw d uhdvrqdeoh xqhpsor|phqw

udwh1 Wkh vlpxodwlrqv shuiruphg duh wr frpsduh wkh zdjh ohyho dqg fruuhvsrqglqj

4<



xqhpsor|phqw udwh zkhq zdjhv lv fkrvhq e| kljk h!flhqf| zrunhuv zlwk eM '

f�S� wr wkh zdjh ohyho dqg fruuhvsrqglqj xqhpsor|phqw udwh zkhq zdjhv lv fkrvhq

e| orz h!flhqf| zrunhuv zlwk eu ' f�S2� k lv wkurxjkrxw vhw wr k ' f�bS1 Wkh

uhvxowv duh jlyhq lq wkh wdeoh ehorz=

YduldeohvqGhflvlyh jurxs Lqvlghuv Rxwvlghuv

rM f� D.D2b f�DSSHH

ru f�D2SHH f�D�He�

� f� b22Se f�b22HH

L f� fbDS� f�fb.2f

Lw iroorzv wkdw wkh pdujlqdo jdlq iurp vhdufk xqdpeljxrxvo| lqfuhdvhv zlwk

h!flhqf|/ lpso|lqj wkdw IP0lqvlghuv vhdufk pruh wkdq IP0rxwvlghuv1 Iru wkh

vshfl�f vhdufk h!flhqf| ixqfwlrq dqg wkh sdudphwhuv fkrvhq/ IP0lqvlghuv suhihu

d orzhu zdjh wkdq IP0rxwvlghuv1 Zh kdyh wkdw xqhpsor|phqw lv orzhu zkhq

IP0lqvlghuv ghflgh wkdq zkhq IP0rxwvlghuv ghflgh1

Wkh frqfoxvlrq lv wkdw lw pd| qrw eh edg iru wkh IP0rxwvlghuv/ lq whupv ri

wkhlu hpsor|phqw fkdqfhv/ wkdw wkh IP0lqvlghuv* suhihuhqfhv ghwhuplqh xqlrq

zdjhv1 Ghshqglqj xsrq wkh vshfl�f vhdufk h!flhqf| ixqfwlrq lw pd| eh wkh fdvh

wkdw lw lv rswlpdo iru IP0lqvlghuv wr vhdufk pruh wkdq IP0rxwvlghuv/ ohdglqj wr d

orzhu xqlrq zdjh dqg khqfh xqhpsor|phqw zkhq IP0lqvlghuv kdyh wkh pdmrulw|

lq wkh xqlrq1

:1 Frqfoxvlrq

Lq wklv sdshu zh kdyh dvnhg wkh txhvwlrq= lv xqhpsor|phqw dozd|v kljkhu zkhq

IP0lqvlghuv ghflghB Wkh dqvzhu wxuqv rxw wr eh qr1

Zh kdyh vkrzq wkdw zkhq vhdufk lv hqgrjhqrxv/ IP0lqvlghuv pd| suhihu orzhu

zdjhv wkdq IP0rxwvlghuv/ lpso|lqj wkh zdjh ohyho lv kljkhu lq wkh k|srwkhwlfdo

fdvh ri IP0rxwvlghuv ehlqj ghflvlyh lq wkh xqlrq lqvwhdg ri wkh IP0lqvlghuv1 Wklv

srwhqwldoo| kdsshqv zkhq wkh rswlpdo vhdufk lqwhqvlw| ri wkh IP0lqvlghuv lv kljkhu
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wkdq wkh rswlpdo vhdufk lqwhqvlw| ri wkh IP0rxwvlghuv/ iru d jlyhq zdjh ohyho1 Dv

vhdufk lv frvwo|/ kljkhu vhdufk lqwhqvlw| lv dvvrfldwhg zlwk d orzhu h{shfwhg lqfrph

li wkh zrunhu vkrxog orvh klv ru khu mre dqg ehfrph xqhpsor|hg1 Khqfh/ wkh xqlrq

prgl�hv lwv zdjh ghpdqg lq rughu wr lqfuhdvh wkh lqglylgxdo zrunhu*v wudqvlwlrq

udwh iurp xqhpsor|phqw lqwr hpsor|phqw1

Zh ghulyhg wkdw orzhu zdjhv/ dv h{shfwhg/ pd| uhgxfh xqhpsor|phqw dqg

suhvhqwhg vlpxodwlrqv zklfk jhqhudwhg kljkhu zdjhv dqg kljkhu xqhpsor|phqw

iru IP0rxwvlghuv ehlqj ghflvlyh lq wkh xqlrq1 Zh gr qrw suryh wkdw wklv lv dozd|v

vr1 Wkh uhvxow ghshqgv xsrq wkh vshfl�fdwlrq ri wkh vhdufk h!flhqf| ixqfwlrq1

Wkh sdshu wkxv vhuyhv wr looxvwudwh wkdw wkh h�hfw ri xqlrq edujdlqlqj rq xqhp0

sor|phqw lv/ jlyhq vhdufk lv hqgrjhqrxv/ zklfk zh eholhyh lw lv/ shukdsv qrw dv

fohdu0fxw dv h{shfwhg1
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