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Devwudfw
Lqvwlwxwlrqv rq wkh oderu pdunhw pd| euhdn wkh v|pphwu| ehwzhhq

hpsor|huv* dqg hpsor|hhv* wd{hv +Gdowrq*v Odz,1 Lq wkh Slvvdulghv +4<<3,
vhdufk prgho ri xqhpsor|phqw zh vkrz l, wkdw d wd{ vkliw iurp hpsor|hhv
wr hpsor|huv zloo orzhu xqhpsor|phqw zkhq ehqh�wv duh olqnhg wr jurvv
zdjhv dqg ll, wkdw ehfdxvh ri plqlpxp zdjhv vxfk d wd{ vkliw pd| lq0
fuhdvh xqhpsor|phqw zkhq wkh vkliw lv wdujhwhg dw wkh erwwrp ri wkh oderu
pdunhw1 Zh ixuwkhu frqvlghu wkh txdqwlwdwlyh lpsdfw ri d jhqhudo wd{ vkliw
dqg d wd{ vkliw wdujhwhg dw wkh erwwrp ri wkh oderu pdunhw zlwk PLPLF/
wkh dssolhg jhqhudo htxloleulxp prgho iru wkh Gxwfk oderu pdunhw ri FSE
Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv1 Wkh pdfur hfrqrplf
lpsdfw ri jhqhudo dqg wdujhwhg wd{ vkliwlqj lv txlwh vlplodu1 Ri xqhpsor|0
phqw ehqh�wv dqg plqlpxp zdjhv/ rqo| wkh iruphu duh irxqg wr sod| d
pdmru uroh1

4 Lqwurgxfwlrq
Gdowrq*v Odz vwdwhv wkdw wkh lqflghqfh ri d wd{ lv lqghshqghqw ri wkh vlgh rq
zklfk lw lv ohylhg +Gdowrq +4<87,,1 Dssolhg wr wkh oderu pdunhw/ lw lpsolhv wkdw
lw lv luuhohydqw iru oderu pdunhw rxwfrphv zkhwkhu wd{hv duh sdlg e| hpsor|hhv
ru hpsor|huv1 Khqfh/ dffruglqj wr Gdowrq*v Odz/ vkliwlqj wd{hv iurp hpsor|hhv
wr hpsor|huv vkrxog qrw d�hfw oderu pdunhw rxwfrphv1 Lq wklv sdshu zh vkrz
wkdw lqvwlwxwlrqdo ihdwxuhv surplqhqw lq Hxurshdq oderu pdunhwv pd| euhdn wkh
v|pphwu| ehwzhhq hpsor|huv* dqg hpsor|hhv* wd{hv1

Wkh rxwolqh ri wkh sdshu lv dv iroorzv1 Lq vhfwlrq 5 zh vkrz wkdw uxohv iru
wkh ghwhuplqdwlrq ri vrfldo vhfxulw| ehqh�wv dqg plqlpxp zdjhv pd| euhdn
Gdowrq*v Odz lq dq h{whqghg Slvvdulghv +4<<3, vhdufk prgho ri xqhpsor|phqw1

WFSE Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv dqg Iuhh Xqlyhuvlw| Dpvwhugdp/
h0pdlo= mrqjhqCfse1qo1

_FSE Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv dqg Xqlyhuvlw| ri Dpvwhugdp/
h0pdlo= zhvwhukrxwCfse1qo1
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Qh{w/ lq vhfwlrq 6 zh ghprqvwudwh wkh lpsruwdqfh ri v|pphwu| euhdnlqj txdq0
wlwdwlyho| zlwk PLPLF/ wkh dssolhg jhqhudo htxloleulxp prgho iru wkh Gxwfk
oderu pdunhw ri FSE Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv1 Wkh
�up hpslulfdo edvlv dqg ghwdlohg prgholqj ri wkh lqvwlwxwlrqv uhodwhg wr wkh od0
eru pdunhw pdnhv PLPLF dq lghdo wrro iru qxphulfdo dqdo|vhv ri wd{ vkliwlqj1
Vhfwlrq 7 jlyhv vrph ixuwkhu frqvlghudwlrqv uhjduglqj wd{ vkliwlqj qrw suhvhqw
lq wkh PLPLF prgho1 Vhfwlrq 8 frqfoxghv1

5 Lqvwlwxwlrqv euhdnlqj wkh Odz lq wkh Slvvdulghv
+4<<3, prgho

Lq wkh Slvvdulghv +4<<3, vhdufk prgho ri xqhpsor|phqw zh �uvw frqvlghu krz
olqnlqj ehqh�wv wr jurvv zdjhv lpsolhv wkdw d wd{ vkliw iurp hpsor|hhv wr hp0
sor|huv orzhuv zdjh frvwv dqg xqhpsor|phqw1 Qh{w/ zh frqvlghu krz olqnlqj
jurvv plqlpxp zdjhv wr dyhudjh jurvv zdjhv pd| lqfuhdvh zdjh frvwv dqg xq0
hpsor|phqw zkhq zh wdujhw wkh vkliw lq wd{hv dw wkh erwwrp ri wkh oderu pdunhw1

514 Wkh uroh ri olqnlqj ehqh�wv wr jurvv zdjhv
Wkh dqdo|vhv ehorz frqvlghuv hpsor|hhv* wr hpsor|huv* wd{hv lq wkh Slvvdulghv
+4<<3, vhdufk prgho ri xqhpsor|phqw zkhq jurvv ehqh�wv duh olqnhg wr jurvv
zdjhv1 Wkh qh{w vxevhfwlrq frqvlghuv wkh lpsdfw ri plqlpxp zdjhv1

Wkhuh lv d frqwlqxxp ri zrunhuv zlwk srwhqwldo surgxfwlylwlhv udqjlqj iurp s
+A3, wr s1 Ghqrwh wkh suredelolw| ghqvlw| ixqfwlrq e| i+s,1 Wkh pdvv ri zrunhuv
lv qrupdol}hg wr 41 Zh frqvlghu krz olqnlqj ehqh�wv wr jurvv zdjhv d�hfwv oderu
pdunhw rxwfrphv lq rqh vhjphqw ri wkh oderu pdunhw zlwk surgxfwlylw| sm 1

Ohw xm ghqrwh wkh xqhpsor|phqw udwh/ 4 � xm wkh hpsor|phqw udwh dqg ym
wkh qxpehu ri ydfdqflhv +qrupdol}hg wr wkh qxpehu ri zrunhuv, lq vhjphqw m1
Iulfwlrqv lq wkh vhdufk surfhvv duh fdswxuhg e| d vr0fdoohg pdwfklqj ixqfwlrq
{+xm > ym, zlwk { lqfuhdvlqj lq erwk lwv dujxphqwv1 Zh dvvxph wkdw wkh pdwfklqj
ixqfwlrq h{klelwv frqvwdqw0uhwxuqv0wr0vfdoh/ zklfk lv w|slfdoo| qrw uhmhfwhg e|
wkh gdwd +vhh h1j1 Shwurqjror dqg Slvvdulghv +5333,,1 Gh�qh oderu pdunhw
wljkwqhvv e| wkh udwlr ri ydfdqflhv wr xqhpsor|phqw �m � ym

xm 1 Wkh udwh dw zklfk
ydfdqflhv duh �oohg lv jlyhq e| t+�m, � {+xm >ym,

ym @ {+xm
ym > 4,/ zlwk t3+�m, � 31

Wkh udwh dw zklfk zrunhuv �qg hpsor|phqw lv jlyhq e| {+xm >ym,
xm @ �mt+�m,/ zlwk

+�mt+�m,,3 � 31 Zkhq wkh udwlr ri ydfdqflhv wr xqhpsor|phqw ulvhv wkh ydfdqf|
gxudwlrq ulvhv dqg wkh xqhpsor|phqw gxudwlrq idoov1 Wkh uhvw ri wkh prgho lv
frqfhuqhg zlwk wkh ghwhuplqdwlrq ri wkh udwlr ri ydfdqflhv wr xqhpsor|phqw1

Ghqrwh wkh lqwhuhvw udwh e| u/ wkh jurvv zdjh e| zm / hpsor|huv* wd{hv e| wi>m
+zkhuh wkh vxevfulsw i ghqrwhv *�up*,14 / dqg wkh vhsdudwlrq udwh e| vm 1 Ghqrwh
wkh dvvhw ydoxh ri srvwlqj d ydfdqf| e| Ym 1 Wkh dvvhw ydoxh ri d �oohg mre/ Mm /
vdwlv�hv wkh Ehoopdq htxdwlrq

4Iru vlpsolflw| zh dvvxph wkdw hpsor|huv* dqg hpsor|hhv* wd{hv duh lqghshqghqw ri wkh
jurvv zdjh/ vlplodu uhvxowv rewdlq zlwk wd{hv sursruwlrqdo wr jurvv zdjhv1
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uMm @ sm �zm � wi>m . vm+Ym � Mm,= +4,
Iuhh hqwu| e| �upv lpsolhv wkdw �upv hqwhu xqwlo wkh ydoxh ri d ydfdqf| gursv
wr }hur/ l=h= Ym @ 31

Qh{w/ frqvlghu zrunhu xwlolw|1 Xqhpsor|phqw ehqh�wv duh ghqrwhg e| em 1
Hpsor|hg zrunhuv sd| d frqvwdqw lqfrph wd{ wh>m +zkhuh wkh vxevfulsw h ghqrwhv
hpsor|hhv,1 Zrunhuv* dvvhw ydoxhv lq hpsor|phqw/ Hm / dqg xqhpsor|phqw/ Xm /
duh jlyhq e|

uHm @ zm � wh>m . vm+X �H,> +5,
dqg

uXm @ em . �mt+�m,+Hm � Xm,= +6,
Qrz wkdw zh kdyh erwk wkh dvvhw ydoxhv ri �upv dqg zrunhuv zh fdq wxuq wr
zdjh ghwhuplqdwlrq1

Jurvv zdjhv uhvxow iurp d Qdvk edujdlq ehwzhhq dq lqglylgxdo �up dqg
zrunhu1 Dowkrxjk wkh ydfdqf| gxudwlrq dqg xqhpsor|phqw gxudwlrq ghshqg rq
wkh uhvxowlqj zdjh rxwfrph/ lqglylgxdo �upv dqg zrunhuv wdnh wkhvh gxudwlrqv
dv jlyhq15 Iru dq lqylglxdo mre0zrunhu sdlu l wkh Qdvk edujdlq vroyhv

zl>m @ dujpd{zl
+Hm+zl,� Xm,�+Mm+zl,� Ym,4�� +7,

zkhuh � ghqrwhv wkh uhodwlyh edujdlqlqj srzhu ri wkh zrunhu/ dqg xqhpsor|phqw
ehqh�wv duh qrw olqnhg wr lqglylgxdo zdjhv1 Hm+zl,� Xm ghqrwhv wkh vxusoxv ri
wkh zrunhu dw zl/ dqg Mm+zl, � Ym ghqrwhv wkh vxusoxv ri wkh �up dw zl1 Zh
ghyhors dq h{suhvvlrq ri zdjhv dorqj wkh olqhv ri Slvvdulghv +4<<3/ Fkdswhu 4,1
Vroylqj wkh pd{lpl}dwlrq sureohp |lhogv

Hm+zl,� Xm @ � +Mm+zl, .Hm+zl,� Xm, > +8,
zkhuh zh xvh wkdw lq htxloleulxp Ym @ 31 Vxevwlwxwlqj iru Hm+zl, dqg Mm+zl,
iurp +5, dqg +4, uhvshfwlyho| +dqg xvlqj Ym @ 3,/ jlyhv

zl>m @ +4� �,+uXm . wh>m, . �+sm � wi>m,= +9,
+9, lpsolhv wkdw doo zrunhuv uhfhlyh wkh vdph zdjh1

Wr ghyhors uXm ixuwkhu zh fdq pdnh xvh ri wkh iuhh hqwu| frqglwlrq iru �upv1
Lq htxloleulxp �upv hqwhu xqwlo wkh| h{shfw wr hduq }hur sur�wv1 Ghqrwh wkh shu
shulrg ydfdqf| frvw e| fm 1 Wkh dvvhw ydoxh ri srvwlqj d ydfdqf| Ym lv jlyhq e|

uYm @ �fm . t+�m,+Mm � Ym,= +:,
5Dv zrunhuv dqg �upv gr qrw wdnh lqwr dffrxqw wkh h{whuqdolwlhv suhvhqw lq wkh pdwfk0

lqj surfhvv/ htxloleulxp xqhpsor|phqw lv xqolnho| wr eh h!flhqw +vhh h1j1 Slvvdulghv +4<<3,
Fkdswhu :,1
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Exw lq htxloleulxp zh kdyh Ym @ 3/ vr wklv frqglwlrq jlyhv xv dqrwkhu frqglwlrq
iru wkh dvvhw ydoxh ri d mre Mm 1 Lq htxloleulxp Mm @ fm

t+�m, 1 +8, lpsolhv Hm �Xm @
�

4��Mm @ �
4��

fm
t+�m, 1 Vxevwlwxwlrq ri wklv h{suhvvlrq iru Hm � Xm lq +6, jlyhv

uXm @ em . �
4� � �mfm = +;,

Qrz wkdw zh kdyh uXm zh kdyh jurvv zdjhv dv
zm @ +4� �, +em . wh>m, . � +sm . �mfm � wi>m, > +<,

dqg khqfh zdjh frvwv zfm � zm . wi>m duh jlyhq e|
zfm @ +4� �,em . �+sm . �mfm, . +4� �,+wh>m . wi>m,= +43,

dqg qhw zdjhv zqm � zm � wh>m duh jlyhq e|
zqm @ +4� �,em . �+sm . �mfm,� �+wh>m . wi>m,= +44,

Lq htxloleulxp/ �upv ehdu d vkduh +4 � �, ri hpsor|huv* dqg hpsor|hhv* wd{hv
dqg zrunhuv ehdu d vkduh � ri wkhvh wd{hv1

Htxloleulxp ghwhuplqdwlrq surfhhgv dv iroorzv1 Wkh jryhuqphqw vhwv ehqh�wv
em / dqg wd{hv wi>m dqg wh>m 1 Wkh zdjh edujdlq wkhq ghwhuplqhv zdjh frvwv zfm
iru d jlyhq � +uhshdwhg ehorz iru fodulw|,

zfm @ +4� �,em . �+sm . �mfm, . +4� �,+wh>m . wi>m,= +45,
Iuhh hqwu| frpelqhg zlwk wkh zdjh frvw htxdwlrq deryh ghwhuplqhv � dqg zdjh
frvwv1 Vxevwlwxwlrq ri Ym @ 3 dqg M @ f

t+�m, lqwr +4, jlyhv
sm �zfm
u . vm @ fm

t+�m, +46,
Jlyhq �m htxloleulxp xqhpsor|phqw fdq eh irxqg e| wkh vwhdg| vwdwh frqglwlrq
�mt+�m,xm @ vm+4� xm,/ ru

xm @ vm
vm . �mt+�m, = +47,

Zklfk frpsohwhv wkh ghwhuplqdwlrq ri htxloleulxp16
Qrz zh frqvlghu zkdw kdsshqv zkhq zh vkliw wd{hv iurp hpsor|hhv wr hp0

sor|huv1 Vxssrvh wkdw wkh jryhuqphqw pdlqwdlqv d edodqfhg exgjhw iru hdfk
vhjphqw

wi>m . wh>m @ xmem
4� xm = +48,

6Wkh lqwhuhvwhg uhdghu pd| yhuli| wkdw zkhq wkh vhsdudwlrq udwh lv frqvwdqw dfurvv vhj0
phqwv/ ehqh�wv duh olqnhg wr jurvv zdjhv dqg ydfdqf| frvwv dqg wd{hv duh sursruwlrqdo wr
surgxfwlylw|/ wkh udwlr ri zdjh frvwv ryhu surgxfwlylw| dqg wkh htxloleulxp xqhpsor|phqw
udwh duh wkh vdph dfurvv vhjphqwv1
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Wdnlqj xm dqg em dv jlyhq iru wkh prphqw/ +48, lpsolhv wkdw wr pdlqwdlq d
edodqfhg exgjhw zh kdyh gwi>m @ �gwh>m 1 Zkhq ehqh�wv duh olqnhg wr zdjh frvwv
+ru qhw zdjhv/ zklfk jlyhv vlplodu uhvxowv,/ oderu pdunhw rxwfrphv lq vhjphqw m
uhpdlq xqfkdqjhg1 Lqghhg/ ohw !zf ghqrwh wkh udwlr ehwzhhq ehqh�wv dqg zdjh
frvwv/ zh pd| wkhq uhzulwh +45, dv

zfm @ 4
4� +4� �,!zf

+�+sm . �mfm, . +4� �,+wh>m . wi>m,,= +49,
Wkh vkliw lq wd{hv iurp hpsor|hhv wr hpsor|huv grhv qrw d�hfw zdjh frvwv1
Zlwk zdjh frvwv xqd�hfwhg/ oderu pdunhw wljkwqhvv uhpdlqv xqfkdqjhg/ dqg vr
xqhpsor|phqw lq vhjphqw m uhpdlqv xqfkdqjhg1

Krzhyhu/ qrz frqvlghu zkdw kdsshqv zkhq ehqh�wv duh olqnhg wr jurvv zdjhv1
Ohw !z ghqrwh wkh udwlr ehwzhhq ehqh�wv dqg jurvv zdjhv/ zh pd| wkhq uhzulwh
+45, dv

zfm @ 4
4� +4� �,!z

+�+sm . �mfm, . +4� �,+wh>m . wi>m,� +4� �,wi>m,= +4:,

Wkh vkliw lq wd{hv orzhuv zdjh frvwv gxh wr wkh whup �+4��,wi>m / zklfk uh hfwv
wkh gurs lq ehqh�wv zklfk orzhuv wkh idooedfn srvlwlrq ri zrunhuv lq wkh zdjh
edujdlq1 Orzhu zdjh frvwv wkhq lpso| kljkhu oderu pdunhw wljkwqhvv yld +46,/
qrwlqj wkdw t3+�m, ? 31 Lw ehfrphv sur�wdeoh iru pruh �upv wr hqwhu wkh pdunhw1
Kljkhu oderu pdunhw wljkwqhvv lpsolhv orzhu xqhpsor|phqw yld wkh vwhdg| vwdwh
frqglwlrq +47,/ qrwlqj wkdw +�mt+�m,,3 A 31

Lqgluhfw h�hfwv djjudydwh wkh lqlwldo h�hfw rq zdjh frvwv dqg xqhpsor|phqw1
Wkh idoo lq htxloleulxp xqhpsor|phqw dqg ehqh�wv lpsolhv wkdw wkh vxp ri wd{hv
fdq eh orzhuhg e| +48,1 Iurp +45, lw lv fohdu wkdw wklv zloo ixuwkhu orzhu zdjh
frvwv/ lqfuhdvlqj oderu pdunhw wljkwqhvv/ ixuwkhu uhgxflqj xqhpsor|phqw hwf1/
xqwlo d qhz htxloleulxp lv uhdfkhg1 Vr/ yld wkh olqnlqj ri ehqh�wv wr jurvv zdjhv/
d wd{ vkliw fdq d�hfw oderu pdunhw rxwfrphv/ euhdnlqj wkh v|pphwu| ehwzhhq
hpsor|huv* dqg hpsor|hhv* wd{hv17

Wdujhwlqj lv qrw uhdoo| dq lvvxh zkhq lw frphv wr wkh h�hfw ri olqnlqj ehqh�wv
wr jurvv zdjhv1 Dfurvv0wkh0erdug wd{ vkliwlqj iurp hpsor|hhv wr hpsor|huv zloo
orzhu htxloleulxp xqhpsor|phqw lq doo vhjphqwv1 D wd{ vkliw iurp hpsor|hhv
wr hpsor|huv wdujhwhg dw wkh erwwrp ri wkh oderu pdunhw zloo orzhu htxloleulxp
xqhpsor|phqw dw wkh erwwrp ri wkh oderu pdunhw1 Rwkhu vhjphqwv zloo rqo| eh
d�hfwhg zkhq wkh jryhuqphqw jlyhv wkh vdylqjv rq xqhpsor|phqw ehqh�wv edfn
dv dq dfurvv0wkh0erdug uhgxfwlrq lq wd{ udwhv1

515 Wkh uroh ri olqnlqj plqlpxp zdjhv wr dyhudjh zdjhv
Plqlpxp zdjh ohjlvodwlrq lv dqrwkhu lqvwlwxwlrqdo ihdwxuh wkdw pd| euhdn wkh
v|pphwu| ehwzhhq hpsor|huv* dqg hpsor|hhv* wd{hv1 Krzhyhu/ wklv rqo| eh0

7Wklv zd| ri orzhulqj ehqh�wv uhodwlyh wr zdjhv lv nqrzq dv wkh *vriw* ghfrxsolqj ri qhw
ehqh�wv dqg zdjhv lq Gxwfk srolwlfv/ dv rssrvhg wr wkh *kdug* ghfrxsolqj/ l=h= uhgxflqj ehqh�wv
gluhfwo|1
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frphv d frqfhuq zkhq wkh wd{ vkliw lv wdujhwhg dw wkh erwwrp ri wkh oderu
pdunhw dqg plqlpxp zdjhv duh olqnhg wr dyhudjh zdjhv1 Zh frqvlghu wkhvh
lvvxhv ehorz1

Deryh zh vkrzhg wkh uroh ri olqnlqj ehqh�wv wr jurvv zdjhv/ qrz zh zdqw
wr irfxv rq wkh uroh sod|hg e| plqlpxp zdjhv1 Wr nhhs wkh dqdo|vlv wudfwdeoh
zh qrz ohw ehqh�wv eh d iudfwlrq ri surgxfwlylw|1

Krz gr plqlpxp zdjhv d�hfw wkh gl�huhqw oderu pdunhw vhjphqwv1 Frqvlghu
Iljxuh 4 ehorz1 Rq wkh krul}rqwdo d{lv zh sorw surgxfwlylw|/ wkh yhuwlfdo d{lv
jlyhv zdjh frvwv dqg surgxfwlylw|1 Zlwk ehqh�wv olqnhg wr surgxfwlylw|/ ydfdqf|
frvwv sursruwlrqdo wr surgxfwlylw| +ru zdjh frvwv,/ dqg wd{hv sursruwlrqdo wr
surgxfwlylw|/ zdjh frvwv ehfrph sursruwlrqdo wr surgxfwlylw| +vhh +49,,1 Wkh
zfQdvk orfxv jlyhv wkh uhodwlrq ehwzhhq surgxfwlylw| dqg zdjh frvwv lq wkh
devhqfh ri plqlpxp zdjhv1

Qrz zh lqwurgxfh plqlpxp zdjh ohjlvodwlrq1 Vxssrvh wkh jryhuqphqw
vhwv d plqlpxp zdjh zplq zlwk fruuhvsrqglqj hpsor|huv* wd{hv wi>plq/ gh0
�qh zfplq � zplq . wi>plq1 Wkh oderu pdunhw fdq wkhq eh sduwlwlrqhg lq wkuhh
surgxfwlylw| uhjlrqv1

Lq wkh �uvw uhjlrq/ uxqqlqj iurp 3 wr zfplq/ zdjh frvwv duh kljkhu wkdq ru
htxdo wr surgxfwlylw|1 Vxssrvh wkdw wkh pdwfklqj ixqfwlrq {+xm > ym, lv jlyhq e|
�xm�ym4��/ vr wkdw t+�m, � {+xm >ym,

ym @ �
�xm

ym
��1 Wkh iuhh hqwu| frqglwlrq iru

�upv +46, fdq wkhq eh uhzulwwhq dv
ym
xm @

� �
fm

sm �zfm
u . v

� 4
�
= +4;,

Khqfh/ iru zfplq � sm / ydfdqflhv duh }hur1 Khqfh/ �m lv }hur dqg xqhpsor|phqw
lv 4 e| wkh  rz htxloleulxp frqglwlrq +47,1

Lq wkh vhfrqg uhjlrq/ uxqqlqj iurp zfplq wr sf/ surgxfwlylw| lv vx!flhqw wr
fryhu plqlpxp zdjh frvwv/ exw plqlpxp zdjh frvwv duh kljkhu wkdq wkh zdjh
frvwv wkdw zrxog uhvxow lq wkh devhqfh ri plqlpxp zdjhv1 Khqfh/ wkh iuhh hqwu|
frqglwlrq +4;, lpsolhv wkdw ohvv �upv zloo hqwhu wkh pdunhw/ orzhulqj ydfdqflhv
uhodwlyh wr xqhpsor|phqw1 Iurp wkh  rz htxloleulxp frqglwlrq +47, zh qrz
vhh wkdw wklv zloo lpso| d kljkhu xqhpsor|phqw udwh wkdq zrxog uhvxow lq wkh
devhqfh ri plqlpxp zdjhv1

Wkh fulwlfdo surgxfwlylw| sf wkdw vhsdudwhv wkh vhfrqg iurp wkh wklug uhjlrq
lv wkh surgxfwlylw| iru zklfk wkh plqlpxp zdjh htxdov wkh zdjh wkdw zrxog
uhvxow lq wkh devhqfh ri plqlpxp zdjhv +l1h1 wkh surgxfwlylw| ohyho iru zklfk
wkh plqlpxp zdjh qrw orqjhu elqgv,1 Wklv surgxfwlylw| lv lpsolflwo| gh�qhg e|

zpplq @ +4� �,ef . +4� �,+sf . �fff, . +4� �,+wh>plq . wi>plq,= +4<,
Kljkhu plqlpxp zdjh frvwv zloo lqfuhdvh wkh fulwlfdo surgxfwlylw| ohyho1

Lq wkh wklug uhjlrq/ uxqqlqj iurp sf wr s/ wkh plqlpxp zdjh grhv qrw
d�hfw oderu pdunhw rxwfrphv/ dv wkh edujdlqlqj sduwlhv djuhh rq zdjhv deryh
wkh plqlpxp zdjh1 Vr khuh htxloleulxp zdjh frvwv dqg xqhpsor|phqw duh
ghwhuplqhg lq wkh vdph zd| dv lq wkh suhylrxv vxevhfwlrq1
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Vxssrvh wkdw d srolf| pdnhu vhwv wkh plqlpxp jurvv zdjh sursruwlrqdo wr
dyhudjh jurvv zdjhv1 Gr dfurvv0wkh0erdug dqg wdujhwhg wd{ vkliwv d�hfw oderu
pdunhw rxwfrphvB

Zh pd| glvfxvv wkh lpsdfw ri dq dfurvv0wkh erdug wd{ vkliw lqirupdoo|1 Vxs0
srvh wkdw wd{hv duh sursruwlrqdo wr surgxfwlylw|1 D wd{ vkliw zloo wkhq orzhu
jurvv zdjhv lq doo vhjphqwv sursruwlrqdoo|1 Jurvv plqlpxp zdjhv zloo idoo e|
wkh h{whqw ri wkh ulvh ri hpsor|huv* wd{hv dw wkh plqlpxp zdjh ohyho1 Plqlpxp
zdjh frvwv zloo qrw fkdqjh1 Khqfh/ zlwk ehqh�wv �{hg/ oderu pdunhw rxwfrphv
duh xqd�hfwhg1

Qrz frqvlghu d vkliw lq wd{hv dw wkh erwwrp ri wkh oderu pdunhw rqo|1 Iru
vlpsolflw| frqvlghu d pdujlqdo +dqg sursruwlrqdo, vkliw iurp hpsor|hhv wr hp0
sor|huv xs wr vrph surgxfwlylw| s vrphzkdw deryh sf1 Dv rqo| wkh erwwrp zloo
vhh dq| fkdqjhv lq wd{hv dyhudjh jurvv zdjhv zloo kdugo| eh d�hfwhg1 Iru hdvh
ri h{srvlwlrq dvvxph wkdw wkh dyhudjh zdjh grhv qrw fkdqjh dw doo1 Lq wklv fdvh
plqlpxp zdjh frvwv ulvh wr wkh ixoo h{whqw ri wkh ulvh lq hpsor|huv* wd{hv dw
wkh plqlpxp zdjh ohyho1 Zh zdqw wr frqvlghu krz wklv d�hfwv oderu pdunhw
rxwfrphv/ lq sduwlfxodu dyhudjh xqhpsor|phqw1

Wkh dyhudjh xqhpsor|phqw udwh lv jlyhq e|

x @
] zfplq

s
4i+s,gs.

] sf

zfplq

x+s,i+s,gs.
] s

sf

x+s,i+s,gs= +53,

Wdnlqj wkh ghulydwlyh ri +53, zlwk uhvshfw wr plqlpxp zdjh frvwv zh jhw

Cx
Czfplq

@ i+zfplq,+4� x+zfplq,,

.
] sf

zfplq

Cx+s,
Czfplq

i+s,gs
.i+sf,+x+sf,� x+sf,,>

@
] sf

zfplq

Cx+s,
Czfplq

i+s,gs> +54,

zkhuh zh qrwh wkdw x+zfplq, @ 41 Iru surgxfwlylwlhv lq wkh lqwhuydo? zfplq> sf A
zdjh frvwv ulvh1 Iurp +4;, zh nqrz wkdw wklv orzhuv oderu pdunhw wljkwqhvv dqg
udlvhv htxloleulxp xqhpsor|phqw lq wkhvh vhjphqwv1 Dowkrxjk wkh vwhsv deryh
vhhp udwkhu vwudljkwiruzdug rqfh zh srvwxodwh wkdw plqlpxp zdjh frvwv ulvh wr
wkh ixoo h{whqw ri hpsor|huv* wd{hv dw wkh plqlpxp zdjh ohyho/ lw lv xvhixo wr
qrwh wkdw wkh rqo| �uvw0rughu h�hfw lv rq zdjhv deryh wkh plqlpxp zdjh ohyho/
qrw rq wkh orzhu pdujlq s @ zfplq dv x+zfplq, @ 41

Vxppdul}lqj/ d wd{ vkliw wdujhwhg dw wkh erwwrp ri wkh oderu pdunhw wkdw
d�hfwv dyhudjh zdjhv ohvv wkdq plqlpxp zdjhv zloo fdxvh plqlpxp zdjh frvwv
wr ulvh1 Wklv dgyhuvho| d�hfwv htxloleulxp xqhpsor|phqw lq vhjphqwv zlwk d
surgxfwlylw| forvh wr wkh plqlpxp zdjh frvw ohyho1
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516 Hpslulfdo uhohydqfh ri fkdqqhov
Wkh suhylrxv vhfwlrq kdv lghqwl�hg wzr fkdqqhov yld zklfk d vkliw iurp hpsor|0
hhv* wd{hv wr hpsor|huv* wd{hv pd| d�hfw oderu pdunhw rxwfrphv1 Zkdw fdq zh
vd| derxw wkh hpslulfdo uhohydqfh ri wkhvh wzr fkdqqhovB

Iluvw/ wkh lpsruwdqfh ri wkh xqhpsor|phqw ehqh�w phfkdqlvp ghshqgv xsrq
wkh uroh ri wkh uhsodfhphqw udwh iru zdjhv/ wkh lpsdfw ri zdjhv rq +xq,hpsor|phqw
dqg wkh vkduh ri lqglylgxdov rq xqhpsor|phqw ehqh�wv1 Wkhuh lv dpsoh hyl0
ghqfh wkdw fkdqjhv lq wkh uhsodfhphqw udwh d�hfw zdjhv1 Ixuwkhupruh/ zdjhv
fohduo| d�hfw +xq,hpsor|phqw1 Krzhyhu/ qrw doo xqhpsor|hg zrunhuv uhfhlyh
xqhpsor|phqw ehqh�wv +zklfk duh olqnhg wr jurvv zdjhv,1 D vljql�fdqw sduw ri
xqhpsor|hg lqglylgxdov uhfhlyhv zhoiduh ehqh�wv1 Zhoiduh ehqh�wv duh w|slfdoo|
qrw olqnhg wr jurvv zdjhv/ exw lqgh{hg wr djjuhjdwh qhw zdjhv1 Lq wkh dqdo|0
vlv deryh/ qhw zdjhv gr qrw fkdqjh +fhwhulv sdulexv,1 Khqfh/ wkh uhgxfwlrq ri
xqhpsor|phqw ehqh�wv wkdw kdv ehhq ghulyhg deryh dssolhv rqo| wr sduw ri wkh
xqhpsor|hg1

Vhfrqg/ wkh lpsruwdqfh ri wkh plqlpxp zdjh phfkdqlvp ghshqgv djdlq
rq wkh uroh ri zdjhv iru +xq,hpsor|phqw/ exw dovr rq wkh glvwulexwlrq ri sur0
gxfwlylwlhv1 Wr eh vshfl�f/ wkh qxpehu ri shrsoh wkdw kdyh surgxfwlylw| ohyhov
kljkhu wkdq zfplq dqg ehorz sf ghwhuplqhv wkh lpsruwdqfh ri wkh wd{ vkliw
iru htxloleulxp xqhpsor|phqw dv wkh plqlpxp zdjh lv elqglqj rqo| iru wkhvh
surgxfwlylw| ohyhov1 Hpslulfdo hylghqfh dydlodeoh iru wkh Qhwkhuodqgv lqglfdwhv
wkdw d uhodwlyho| vpdoo qxpehu ri zrunhuv hduq zdjhv forvh wr ru dw wkh plqlpxp
zdjh ohyho/ zklfk olplwv wkh uroh sod|hg e| wkh plqlpxp zdjh lq wd{ vkliwlqj
+vhh h1j1 Whxolqjv hw do1 +4<<;,,1

Vxpplqj xs/ hpslulfdo hylghqfh vxjjhvwv wkdw dowkrxjk erwk fkdqqhov duh
uhohydqw/ wkh xqhpsor|phqw ehqh�wv fkdqqho lv olnho| wr grplqdwh wkh plqlpxp
zdjh fkdqqho1 Khqfh/ zh zrxog h{shfw d wd{ vkliw iurp hpsor|hhv wr hpsor|huv
wr uhgxfh xqhpsor|phqw1

6 Dfurvv0wkh0erdug dqg wdujhwhg wd{ vkliwlqj lq
PLPLF

Diwhu ghulylqj vrph txdolwdwlyh uhvxowv lq d kljko| vw|ol}hg prgho ri wkh oderu
pdunhw/ zh qh{w wxuq wr wkh txdqwlwdwlyh h�hfwv ri dfurvv0wkh0erdug dqg wdujhwhg
wd{ vkliwlqj lq PLPLF1 PLPLF lv wkh DJH prgho ri FSE Qhwkhuodqgv Exuhdx
iru Hfrqrplf Srolf| dqdo|vlv zlwk d irfxv rq wkh oderu pdunhw1 Zh �uvw eulh |
frqvlghu zk| PLPLF vhhpv d sduwlfxoduo| xvhixo wrro lq fdofxodwlqj wkh h�hfwv
ri wd{ vkliwlqj +iru d ixoo ghvfulswlrq ri wkh prgho dqg pdq| rwkhu vlpxodwlrqv
vhh Judd dqg hw do1 +5334,,1 Vxevhtxhqwo| zh frqvlghu vrph vlpxodwlrq uhvxowv
rq wd{ vkliwlqj1

<



614 Prwlydwlrq iru xvlqj wkh PLPLF prgho
Wkh irfxv ri PLPLF lv rq dghtxdwho| prgholqj oderu ghpdqg/ oderu vxsso|/
zdjh irupdwlrq dqg wkh surfhvv e| zklfk ydfdqw mrev duh pdwfkhg wr mre vhhn0
huv1 PLPLF lv dq dssolhg jhqhudo htxloleulxp prgho1 Hqgrjhqrxv yduldeohv duh
ghwhuplqhg e| wkh sur�w pd{lpl}lqj ehkdylru ri �upv dqg wkh xwlolw| pd{lpl}0
lqj ehkdylru ri zrunhuv/ jlyhq whfkqrorj| dqg srolf|1

Zkdw pdnhv PLPLF d sduwlfxodu xvhixo iru d txdqwlwdwlyh dqdo|vlv ri wd{
vkliwlqj lv=

d, PLPLF kdv d �up hpslulfdo edvlv +doo vwuxfwxudo sdudphwhuv duh hvwlpdwhg
ru wdnhq iurp wkh olwhudwxuh,1 Ri sduwlfxodu lqwhuhvw lv wkh zdjh htxdwlrq zklfk
kdv ehhq hvwlpdwhg uhfhqwo| rq orqj wlph vhulhv1 Ri sduwlfxodu lqwhuhvw lv wkh
lq xhqfh ri wkh uhsodfhphqw udwh +ehqh�wv, dqg wkh edujdlqlqj srzhu ri hpsor|0
huv dqg hpsor|hhv +wkh gdwd vxjjhvw wkdw hdfk sduw| ehduv 83 shufhqw ri erwk
wd{hv/ fhwhulv sdulexv wkdw lv iru jlyhq ehqh�w ohyhov,1

e, PLPLF glvwlqjxlvkhv ehwzhhq gl�huhqw zrunhu w|shv1 Ri sduwlfxodu lqwhu0
hvw lv wkh glvwlqfwlrq ehwzhhq orz0vnloohg dqg kljk0vnloohg oderu zkhq zh zdqw wr
dqdo|}h wdujhwhg wd{ vkliwlqj1 Ixuwkhupruh/ hdfk vnloo w|sh kdv d surgxfwlylw|
glvwulexwlrq fdoleudwhg rq Gxwfk gdwd shu vnloo w|sh1 Wkh h�hfw ri wkh plqlpxp
zdjh fkdqqho fohduo| ghshqgv rq krz pdq| zrunhuv duh d�hfwhg lq wkh orzhu
vhjphqw ri wkh zdjh glvwulexwlrq1 Lq dgglwlrq/ wkh exgjhwdu| lpsolfdwlrqv ri
wdujhwhg wd{ fkdqjhv ghpdqg d ghwdlohg prgholqj ri wkh zdjh glvwulexwlrq1

f, Wkh ghwdlohg prgholqj ri lqvwlwxwlrqv uhodwhg wr wkh oderu pdunhw1 PLPLF
glvwlqjxlvkhv ehwzhhq lqglylgxdov wkdw uhfhlyh ehqh�wv olqnhg wr jurvv lqglylgxdo
zdjhv +xqhpsor|phqw ehqh�wv/ glvdelolw| ehqh�wv, dqg lqglylgxdov wkdw uhfhlyh
ehqh�wv uhodwhg wr qhw dyhudjh zdjhv +zhoiduh ehqh�wv,1 Ixuwkhupruh/ wkh prgho
frqwdlqv d ghwdlohg prgholqj ri wkh wd{ v|vwhp1 Wklv jlyhv xv uhdolvwlf vwduwlqj
ydoxhv iru wd{ udwhv dqg wd{ edvhv1

615 Vlpxodwlrq uhvxowv
Lq wkh ulfk lqvwlwxwlrqdo vhwxs ri PLPLF zh frqvlghu wkh iroorzlqj vkliwv lq wd{hv
iurp hpsor|hhv wr hpsor|huv=

4, Dq lqfuhdvh lq vrfldo vhfxulw| frqwulexwlrqv e| hpsor|huv ri 4 shufhqw ri
jurvv krxuo| zdjhv/ frpelqhg zlwk d ghfuhdvh lq hpsor|hh lqfrph wd{ udwhv ri
4 shufhqw ri jurvv krxuo| zdjhv1

5, Dq lqfuhdvh lq vrfldo vhfxulw| frqwulexwlrqv e| hpsor|huv wdujhwhg dw wkh
erwwrp hqg ri wkh zdjh glvwulexwlrq +wkh skdvh0lq udqjh lv ehwzhhq 83 dqg 433
shufhqw ri jurvv krxuo| plqlpxp zdjhv/ wkh skdvh0rxw udqjh lv ehwzhhq 483
dqg 533 shufhqw ri jurvv krxuo| plqlpxp zdjhv,/ frpelqhg zlwk d uhgxfwlrq ri
lqfrph wd{ udwhv iru hpsor|hhv +zlwk d vlplodu skdvh0lq dqg skdvh0rxw udqjh,1
Wkh pd{lpxp wd{ vkliw htxdov 4633 hxur ehwzhhq 433 dqg 483 shufhqw ri jurvv
krxuo| plqlpxp zdjhv1

Erwk vlpxodwlrqv lpso| dq *h{ dqwh* wd{ vkliw ri 517 eloolrq hxur/ zkhuh *h{
dqwh* phdqv zlwkrxw dq| fkdqjhv lq ehkdylru1 Lq erwk vlpxodwlrqv wkh jryhuq0
phqw fkdqjhv wkh udwh ri jhqhudo lqfrph wd{dwlrq +iru doo lqylgxdov/ qrw mxvw
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zrunhuv exw doo lqglylgxdov zlwk lqfrph +xqhpsor|hg/ uhwluhg hwf1,, wr pdlqwdlq
d edodqfhg exgjhw1 Ixuwkhupruh/ rxu dqdo|vlv lv hvvhqwldoo| frpsdudwlyh vwdwlfv/
l1h1 zh frpsduh htxloleuld1 Zh gr qrw frqvlghu wkh wudqvlwlrq sdwk ri wkh lqlwldo
htxloleulxp wr wkh qhz htxloleulxp zlwk wkh fkdqjhg wd{ sdudphwhuv1 Khqfh/
wkh uhvxowv vkrxog eh ylhzhg dv *orqj0uxq*1

Wkh vlpxodwlrq uhvxowv duh jlyhq lq Wdeoh 41 Lq erwk vlpxodwlrqv zh vhh wkdw
wkh uhsodfhphqw udwh gursv1 Dv d odujh sduw ri ehqh�wv duh olqnhg wr jurvv zdjhv/
dqg vkliwlqj wd{hv lpsolhv d idoo lq jurvv zdjhv/ qhw ehqh�wv gurs uhodwlyh wr qhw
zdjhv1 Lqghhg/ hpsor|hg zrunhuv duh frpshqvdwhg e| wkh gurs lq jurvv zdjhv
yld wkh uhgxfwlrq lq lqfrph wd{hv iru hpsor|hg zrunhuv1 Zkhq zh wdujhw wkh
wd{ vkliw dw wkh erwwrp ri wkh oderu pdunhw zh revhuyh d vljql�fdqw uhgxfwlrq
ri wkh uhsodfhphqw udwh iru xqvnloohg zrunhuv1

Wkh idoo lq wkh uhsodfhphqw udwh prghudwhv zdjh fodlpv/ zklfk uhvxowv lq
orzhu zdjh frvwv1 Zkhq wkh wd{ vkliw lv wdujhwhg dw wkh erwwrp ri wkh oderu
pdunhw/ wkhuh lv d vljql�fdqw gurs lq zdjh frvwv ri wkh orz0vnloohg1 Wkh gurs
lq dyhudjh oderu frvwv lv voljkwo| orzhu iru wkh wd{ vkliw wdujhwhg dw wkh erwwrp
ri wkh oderu pdunhw1 Wkh plqlpxp zdjh fkdqqho vhhpv wr sod| d plqru uroh
uhodwlyh wr wkh xqhpsor|phqw ehqh�wv2uhsodfhphqw udwh fkdqqho1

Wkh fkdqjh lq surgxfwlrq pluuruv wkh fkdqjh lq zdjh frvwv/ zlwk wkh jhqhudo
wd{ vkliw ehlqj voljkwo| pruh h�hfwlyh lq udlvlqj rxwsxw wkdq wkh wdujhwhg wd{
vkliw1 Lqghhg/ zkhuhdv wkh hpsor|phqw h�hfwv duh vlplodu/ surgxfwlylw| voljkwo|
ulvhv zlwk wkh jhqhudo wd{ vkliw dqg voljkwo| idoov zlwk wkh wdujhwhg wd{ vkliw1
Wkh uhdvrq iru wkh gl�huhqfh lq surgxfwlylw| h�hfwv lv wkdw wkh wdujhwhg wd{
vkliw dfklhyhv vxevwlwxwlrq ri orz0vnloohg oderu iru kljk0vnloohg oderu dqg wkxv d
idoo lq surgxfwlylw| dw wkh pdfur ohyho1

Oderu vxsso| lv kdugo| d�hfwhg +qrw uhsruwhg lq wkh wdeoh,/ zklfk lpsolhv
wkdw wkh fkdqjhv lq xqhpsor|phqw uh hfw wkh fkdqjhv lq hpsor|phqw1 Dyhudjh
xqhpsor|phqw idoov voljkwo| pruh xqghu wkh jhqhudo wd{ vkliw/ zkhuhdv orz0vnloohg
xqhpsor|phqw idoov pxfk pruh zkhq wkh wd{ vkliw lv wdujhwhg dw wkh erwwrp ri
wkh oderu pdunhw1

Ryhudoo/ zh frqfoxgh wkdw wkh xqhpsor|phqw ehqh�w fkdqqho lv e| idu wkh
prvw lpsruwdqw fkdqqho wkurxjk zklfk d wd{ vkliw h�hfwv oderu pdunhw rxwfrphv
uhodwlyh wr wkh plqlpxp zdjh fkdqqho1 D wd{ vkliw iurp hpsor|hhv wr hpsor|huv
orzhuv xqhpsor|phqw1

7 Ixuwkhu frqvlghudwlrqv lq wd{ vkliwlqj
Deryh zh vkrzhg wkdw lqvwlwxwlrqdo ihdwxuhv suhvhqw lq ehqh�w dqg plqlpxp
zdjhv ghwhuplqdwlrq lpso| wkdw lw grhv pdwwhu zkhwkhu wd{hv duh ohylhg rq
hpsor|huv dqg hpsor|hhv1 D vkliw lq wd{hv iurp hpsor|hhv wr hpsor|huv orzhuv
xqhpsor|phqw dqg udlvhv rxwsxw1 Lq wklv vhfwlrq zh zdqw wr frqvlghu wzr ixuwkhu
lvvxhv uhodwhg wr wd{ vkliwlqj= v|vwhp frvwv dqg dexvh1

Lq wkh prgho fkdqjhv lq wkh wd{ v|vwhp duh frvwohvv lq whupv ri uxqqlqj wkh
wd{ v|vwhp1 Krzhyhu/ rqh fdq hqylvdjh wkdw wkhvh frvwv duh olnho| wr ulvh zlwk
wkh qxpehu ri wd{ lqvwuxphqwv xvhg1 Wklv zrxog eh dq dujxphqw djdlqvw wd{
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Wdeoh 4= Vlpxodwlrq rxwfrphv= Wd{ vkliwlqj lq PLPLF

Vlpxodwlrqd jhqhudo vkliw wr hpsor|huv vkliw wr hpsor|huv dw wkh erwwrp

Sulfhv Shufhqwdjh fkdqjhv
Zdjh frvwv 03157 03155
0 orz0vnloohg 03155 03173
Yroxphv

Surgxfwlrq 3154 314<
Hpsor|phqw 3153 3153
0 orz0vnloohg 3153 3163
Udwlrv Devroxwh fkdqjhv
Xqhpsor|phqw udwh 03147 03146
0 orz0vnloohg 03149 03158
Uhsodfhphqw udwh 031;6 031;3
0 orz0vnloohg 031;3 04198
dLq doo vlpxodwlrqv wkh jryhuqphqw dgmxvwv lqfrph wd{ udwhv wr pdlqwdlq d edodqfhg exgjhw1
Lq doo vlpxodwlrqv wkh *h{ dqwh* vkliw lq wd{hv iurp hpsor|hhv wr hpsor|huv lv 517 eloolrq
hxur1
eVkliw lq wd{hv iru hpsor|hhv wr hpsor|huv ri 4 shufhqw ri jurvv krxuo| zdjh udwh1
fVkliw lq wd{hv iru hpsor|hhv wr hpsor|huv1 Skdvh0lq ehwzhhq 83 dqg 433 shufhqw ri jurvv
krxuo| plqlpxp zdjhv1 Skdvh0rxw ehwzhhq 483 dqg 533 shufhqw ri jurvv krxuo| plqlpxp
zdjhv1 Pd{lpxp vkliw +ehwzhhq 433 dqg 483 shufhqw ri jurvv krxuo| plqlpxp zdjhv,
htxdov 4633 hxur1
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vfkhphv wkdw wd{ erwk hpsor|hu dqg hpsor|hh1
Dqrwkhu lvvxh lv wkh srwhqwldo dexvh ri wdujhwhg wd{ ghgxfwlrqv e| zrunhuv

dqg2ru �upv1 Zkhq �upv uhfhlyh d wd{ ghgxfwlrq iru orz zdjh zrunhuv wkh|
kdyh dq lqfhqwlyh wr ryhuvwdwh wkh qxpehu ri krxuv zrunhg vr dv wr xqghuvwdwh
wkh krxuo| zdjh iru d jlyhq |hduo| zdjh lqfrph iru wkh zrunhu1 Wkh vdph
lqfhqwlyh h{lvwv iru wkh zrunhu zkhq wkh wd{ ghgxfwlrq lv wdujhwhg dw zrunhuv1 Lw
lv xqfohdu li dexvh ri wkh wd{ ghgxfwlrqv lq wklv dffrxqwlqj w|sh ri zd| lv d uhdo
frqfhuq ri dfwxdo surjudpv1 Krzhyhu/ rqh pd| hqylvdjh wkdw zkhq wkh v|vwhp
jlyhv d wd{ h{hpswlrq wr erwk wkh �up dqg wkh zrunhu wkdw erwk sduwlhv kdyh
dq lqfhqwlyh wr ryhuvwdwh wkh qxpehu ri krxuv zrunhg dqg xqghuvwdwh wkh krxuo|
zdjh1 Khqfh/ dexvh lv pruh olnho| wr uhvxow1 Zkhq dexvh lv d uhdo frqfhuq lw
pd| wkhq eh vhqvleoh wr kdyh d wd{ h{hpswlrq rq rqo| vlgh ri wkh pdunhw1

Erwk v|vwhp frvwv dqg dexvh frqvlghudwlrqv vxjjhvw wkdw rqo| rqh ri wkh wzr
sduwlhv lqyroyhg vkrxog eh wd{hg1 Wd{lqj zrunhuv pd| eh pruh frvw h�hfwlyh
lq whupv ri v|vwhp frvwv li wkh wd{ v|vwhp zdqwv wr dffrxqw iru zrunhu0vshfl�f
idfwruv dv zhoo1 Rq wkh rwkhu kdqg/ wd{lqj �upv pd| hqdeoh wkh h{sorlwdwlrq ri
vfdoh h�hfwv1

8 Frqfoxvlrqv
Xqhpsor|phqw ehqh�wv dqg plqlpxp zdjh ohjlvodwlrq pd| euhdn wkh v|pphwu|
ehwzhhq hpsor|hhv* dqg hpsor|huv* wd{hv1 D vkliw lq wd{hv iurp hpsor|hhv wr
hpsor|huv grhv qrw d�hfw zdjh frvwv dqg qhw zdjhv/ fhwhulv sdulexv/ krzhyhu
jurvv zdjhv idoo1 D odujh sduw ri ehqh�wv duh olqnhg wr jurvv zdjhv1 Dv d uhvxow wkh
uhsodfhphqw udwh idoov/ orzhulqj zdjh frvwv dqg wkhuhe| vwlpxodwlqj hpsor|phqw1
Krzhyhu/ plqlpxp zdjhv pd| olplw wkh idoo lq xqhpsor|phqw zkhq wkh wd{ vkliw
lv wdujhwhg dw wkh erwwrp ri wkh oderu pdunhw1 Zkhq plqlpxp zdjhv duh olqnhg
wr dyhudjh zdjhv/ dqg dyhudjh zdjhv duh kdugo| d�hfwhg e| wkh wd{ vkliw dw wkh
erwwrp/ hpsor|huv ehdu wkh ixoo exughq ri wkh kljkhu hpsor|huv* wd{hv dw wkh
erwwrp ri wkh oderu pdunhw1

Zh vxevhtxhqwo| dujxh wkdw xqhpsor|phqw ehqh�wv ghwhuplqdwlrq lv pruh
olnho| wr sod| dq lpsruwdqw uroh lq wkh ryhudoo lpsdfw wkdq plqlpxp zdjhv dv
rqo| ihz zrunhuv zrun forvh wr ru dw wkh plqlpxp zdjh1 Vlpxodwlrqv zlwk
PLPLF/ dq DJH prgho iru srolf| dqdo|vlv rq wkh Gxwfk oderu pdunhw/ frq�up
wklv lqwxlwlrq1 D jhqhudo vkliw lq wd{hv iurp hpsor|hhv wr hpsor|huv ri 4 shu0
fhqwdjh srlqw orzhuv xqhpsor|phqw e| 14 shufhqwdjh srlqwv dqg udlvhv djjuhjdwh
surgxfwlrq e| 15 shufhqw1 Wkh vdph exgjhwdu| *h{ dqwh* vkliw lq wd{hv iurp hp0
sor|hhv wr hpsor|huv dw wkh erwwrp ri wkh oderu pdunhw jlyhv vlplodu djjuhjdwh
uhvxowv/ zlwk d pxfk odujhu lpsdfw rq wkh erwwrp ri wkh oderu pdunhw1

Qrwh wkdw wkh uhdvrq iru wkh qrq0qhxwudolw| ri wkh dqdo|}hg wd{ vkliw lv hq0
wluho| lqvwlwxwlrqdo1 Wklv lqglfdwhv wkdw wkh vdph hpsor|phqw h�hfwv frxog eh
duulyhg dw lq dqrwkhu zd|/ qdpho| e| vlpso| fxwwlqj xqhpsor|phqw ehqh�wv1
Krzhyhu/ h{shulhqfh vxjjhvwv wkh wkh srolwlfdo frvwv ri wklv dowhuqdwlyh urxwh duh
frqvlghudeo| kljkhu1 Iurp d srolwlfdo srlqw ri ylhz/ lw fdq eh dujxhg wkhq wkdw
wkh wd{ vkliw lv d pruh h!flhqw urxwh wr lqfuhdvh hpsor|phqw1
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Wkh olqnlqj ri ehqh�wv wr jurvv zdjhv idyruv d wd{ vkliw iurp hpsor|huv wr
hpsor|hhv lq whupv ri surgxfwlrq dqg xqhpsor|phqw1 V|vwhp frvwv dqg dexvh
ixuwkhu vhhp wr idyru xvlqj rqo| rqh wd{ lqvwuxphqw1 Wdujhwlqj wkh wd{ ghgxfwlrq
dw zrunhuv vhhpv wkh prvw frvw h�hfwlyh/ dv lw fdq eh lqwhjudwhg lq wd{ irupv1
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