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Wklv vwxg| dqdo|}hv xqghu zkdw oderu0 dqg surgxfw0pdunhw vwuxfwxuhv

d �up pd| kluh pruh oderu wkdq qhhghg wr surgxfh lwv sur�w pd{lpl}0

lqj rxwsxw1 Wkuhh oderu0pdunhw vwuxfwxuhv duh vwxglhg= +4, ghfhqwudol}hg

+�up0vshfl�f xqlrqv,/ +5, rqh0vlghg fhqwudol}dwlrq +fhqwudo xqlrq dqg vhy0

hudo �upv,/ dqg +6, fhqwudol}hg +fhqwudo xqlrq dqg hpsor|huv* dvvrfldwlrq,1

H{fhvv oderu lv h{sodlqhg e| wkh ulvn0vkdulqj prwlyh wkdw lq wkh prgho h{0

lvwv ehwzhhq wkh ulvn0dyhuvh zrunhuv dqg wkh ulvn0qhxwudo �up rzqhu1 Oderu

pd| eh h{fhvvlyho| kluhg lq dq| ri wkh oderu0pdunhw vwuxfwxuhv dqg xqghu

d zlgh udqjh ri surgxfw0pdunhw vwuxfwxuhv> gxrsro|/ roljrsro| hwf1 Mrxuqdo

ri Hfrqrplf Olwhudwxuh Fodvvl�fdwlrq Qxpehuv= M54/ M84/ dqg O441

Nh|zrugv= H!flhqw zdjh edujdlqlqj/ fhqwudol}dwlrq/ pdunhw srzhu/ whfkql0

fdo h!flhqf|1

� Wkh dxwkru lv judwhixo wr Ehuwlo Kropoxqg/ \hrqjmdh Ndqj/ Zroijdqj Ohlqlqjhu/ Vwhyh Qlfn0

hoo/ R} Vk|/ dqg Mùujhq Z1 Zhlexoo iru khosixo frpphqwv1 L dp dovr lqghewhg wr wkh Ghsduwphqw

ri Hfrqrplfv dw wkh Xqlyhuvlw| ri Gruwpxqg iru wkhlu krvslwdolw| gxulqj p| ylvlw1 Wkh �qdqfldo

vxssruw ri Wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq lv judwhixoo| dfnqrzohgjhg1 Wkh dx0

wkru dovr wkdqnv Mdq Zdoodqghu dqg Wrp Khgholxv* Uhvhdufk Irxqgdwlrq iru �qdqfldo vxssruw

gxulqj wkh odvw vwdjh ri wkh zrun1
| H0pdlo= qhevCkkv1vh1



41 Lqwurgxfwlrq

Wklv sdshu h{sodlqv zk| d �up pd| kluh pruh oderu wkdq lw qhhgv wr surgxfh

lwv sur�w pd{lpl}lqj txdqwlw|1 Lw dovr dqdo|}hv xqghu zkdw oderu0 dqg surgxfw0

pdunhw vwuxfwxuhv h{fhvv oderu lv kluhg1 Wkh dqdo|vlv lv fduulhg rxw zlwklq wkh

iudphzrun ri d vwdqgdug zdjh0edujdlqlqj prgho1 Lq wkh prgho/ wkh surgxfw0

pdunhw ghpdqg lv nqrzq exw wkh vl}h ri wkh xqlrq zloo w|slfdoo| eh odujhu wkdq wkh

qxpehu ri dydlodeoh mrev1 Wkh rqo| xqfhuwdlqw| lv wkhuhiruh idfhg e| wkh lqglylgxdo

zrunhu zkr grhvq*w nqrz lq dgydqfh li kh zloo eh hpsor|hg ru qrw1 Zrunhuv kdv

olplwhg dffhvv wr lqfrph lqvxudqfh dqg lw wxuqv rxw wkdw klulqj ri h{fhvv oderu

fdq eh uhdol}hg dv d frqvhtxhqfh ri wkh ulvn0vkdulqj prwlyh wkdw h{lvwv ehwzhhq

wkh ulvn0dyhuvh zrunhuv dqg wkh ulvn0qhxwudo �up rzqhu +vhh Sduvrqv +4<;9, iru

d pruh ghwdlohg glvfxvvlrq,1 Wkh hpsor|phqw suhvfulehg e| d Sduhwr h!flhqw

djuhhphqw ryhu zdjhv dqg hpsor|phqw ehwzhhq wkh �up dqg wkh xqlrq lv kljkhu

wkdq wkh hpsor|phqw suhvfulehg e| wkh �up*v oderu0ghpdqg fxuyh dw wkh vdph

zdjh1 Wklv lv wr eh ylhzhg dv dgglwlrqdo surwhfwlrq iru wkh zrunhuv frpsduhg wr

d vlwxdwlrq zkhuh wkh �up xqlodwhudoo| ghwhuplqhv wkh hpsor|phqw1 Wkh vl}h ri

wklv dgglwlrqdo hpsor|phqw dqg lwv xvh lq surgxfwlrq ghshqg rq wkh vwuxfwxuhv ri

wkh oderu dqg surgxfw pdunhwv1 Lw lv wkhvh uhodwlrqvklsv wkdw duh lqyhvwljdwhg lq

wklv vwxg|1

Wkh wlplqj lq wkh prgho lv wkh iroorzlqj= �uvw wkhuh lv vlpxowdqhrxv edujdlqlqj

ryhu oderu frqwudfwv +zdjhv dqg hpsor|phqw, ehwzhhq rqh ru vhyhudo �upv dqg

�up0vshfl�f xqlrqv ru wkh fruuhvsrqglqj fhqwudo rujdql}dwlrqv1 Sulru wr wkh edu0

jdlqlqj doo �upv dqg xqlrqv vkduh d frpprq eholhi ryhu wkh ixwxuh djuhhphqwv1

Wklv vwdjh zloo eh fdoohg wkh oderu0pdunhw vwdjh1 Wkhuhdiwhu wkh �upv frpshwh

lq d Frxuqrw pdunhw iru wkhlu surgxfwv1 Wkh| vlpxowdqhrxvo| pdnh wkhlu sur0

gxfwlrq ghflvlrqv zlwkrxw ehlqj lqiruphg derxw wkh oderu frqwudfwv ri wkh rwkhu

�upv dqg vxemhfw wr wkh uhvwulfwlrqv vhw rxw e| wkhlu oderu frqwudfwv dqg wkh eh0

olhi glvfxvvhg deryh1 Wklv vwdjh zloo eh fdoohg wkh surgxfw0pdunhw vwdjh1 Wkuhh

gl�huhqw oderu0pdunhw vwuxfwxuhv duh vwxglhg> ghfhqwudol}hg edujdlqlqj/ rqh0vlghg

fhqwudol}hg edujdlqlqj/ dqg fhqwudol}hg edujdlqlqj1

Wkurxjkrxw wkh vwxg|/ �upv duh dvvxphg wr eh lghqwlfdo dqg zrunhuv wr kdyh

qr prelolw| ehwzhhq �upv/ wr kdyh lghqwlfdo zhoo0ehkdyhg suhihuhqfhv/ dqg wr eh

glylghg lqwr htxdoo| odujh �up0vshfl�f xqlrqv1 Wkh fhqwudo0 ru �up0vshfl�f xqlrq

pd{lpl}hv wkh mrlqw xwlolw| ri lwv phpehuv1 Wkh �up ru hpsor|huv* dvvrfldwlrq

pd{lpl}hv sur�wv ru mrlqw sur�wv/ uhvshfwlyho|1 Wkh edujdlqlqj lv prghoohg e|

zd| ri wkh Qdvk edujdlqlqj vroxwlrq dqg lw lv dvvxphg wr eh ryhu erwk zdjhv dqg

hpsor|phqw1 Wklv dvvxpswlrq lv pdgh ehfdxvh lw pdnhv wkh edujdlqlqj rxwfrph

Sduhwr h!flhqw1 Zh eholhyh wkdw lw lv uhdvrqdeoh wr h{shfw wkh rxwfrph ri d

edujdlqlqj ehwzhhq wzr udwlrqdo sduwlhv wr eh Sduhwr h!flhqw1 Pruhryhu/ lw fdq
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eh vkrzq wkdw lq wkh frqwh{w ri wkh prgho/ lw lv lq wkh lqwhuhvw ri wkh xqlrq wr
edujdlq ryhu erwk zdjhv dqg hpsor|phqw1 Iru pruh h{kdxvwlyh glvfxvvlrqv ri
edujdlqlqj ryhu zdjhv yhuvxv edujdlqlqj ryhu zdjhv dqg hpsor|phqw/ vhh Iduehu
+4<;9,/ Iodqdjdq hw do1 +4<<6,/ dqg Dqguhzv dqg Vlpprqv +4<<8,1

Oderu lv dvvxphg wr eh lqglylvleoh/ hlwkhu d zrunhu lv hpsor|hg dqg vxssolhv
rqh xqlw ri oderu ru kh lv xqhpsor|hg1 Li wkh oderu frqwudfw vshfl�hv d oderu irufh
vpdoohu wkdq wkh vl}h ri wkh xqlrq/ wkhq hyhu| zrunhu kdv htxdo suredelolw| ri
ehlqj hpsor|hg1 Xqhpsor|hg zrunhuv uhfhlyh dq xqhpsor|phqw ehqh�w sdlg e|
wkh jryhuqphqw14

Diwhu wkh oderu0pdunhw vwdjh wkh �upv hqwhu wkh surgxfw0pdunhw vwdjh zkhuh
wkh| frpshwh lq txdqwlwlhv lq d pdunhw zlwk d nqrzq lqyhuvh ghpdqg ixqfwlrq1
Hyhu| oderu frqwudfw lv dvvxphg wr eh sulydwh lqirupdwlrq wr wkh �up dqg xqlrq
lq txhvwlrq +wklv dvvxpswlrq lv glvfxvvhg ixuwkhu lq Vhfwlrq 9,1 Wkh surgxfwlrq
whfkqrorj| lv d frqvwdqw uhwxuqv0wr0vfdoh whfkqrorj| xvlqj rqo| oderu dv lqsxw1

Wkh lqglylgxdo �up lv dvvxphg wr kdyh iuhh glvsrvdo ri lwv frqwudfwhg oderu
irufh1 Wkh �up*v h{shfwdwlrq ryhu lwv frpshwlwruv* rxwsxw ghflvlrqv lv frqwlqjhqw
rq lwv eholhi ryhu wkhlu oderu frqwudfwv1 Li hyhu| �up dqg xqlrq dqwlflsdwhv wkh
oderu frqwudfwv fruuhfwo|/ l1h1/ li h{shfwdwlrqv duh udwlrqdo/ hyhu| oderu frqwudfw
zloo eh d �ehvw uhso|� wr doo wkh rwkhu frqwudfwv dqg wkh surgxfhg txdqwlwlhv zloo
frqvwlwxwh dq htxloleulxp lq wkh surgxfw pdunhw1 Lq wkh iroorzlqj zh zloo fdoo d
vlwxdwlrq zkhuh erwk pdunhwv duh lq htxloleulxp d oderu0pdunhw htxloleulxp ru mxvw
dq htxloleulxp1 Li wkh kluhg oderu irufh ri d �up lv juhdwhu wkdq qhhghg wr surgxfh
wkh sur�w pd{lpl}lqj txdqwlw|/ wkh �up zloo qrw surgxfh rq wkh erxqgdu| ri lwv
surgxfwlrq0srvvlelolw| vhw dqg vrph ru doo zrunhuv zloo eh wrog wr �vklun1�

Lq wkh ghfhqwudol}hg vhwwlqj/ hyhu| �up0vshfl�f xqlrq qhjrwldwhv zlwk �lwv�
�up dqg wkh xqltxh htxloleulxp yhfwru ri oderu frqwudfwv lv v|pphwulf1 H{fhvv
oderu pd| eh kluhg xqghu dq| surgxfw0pdunhw vwuxfwxuh ghshqglqj rq wkh ghjuhh
ri zrunhuv* ulvn dyhuvlrq dqg wkh vl}h ri wkh xqhpsor|phqw ehqh�w1 Wkh kljkhu wkh
ghjuhh ri ulvn dyhuvlrq dqg wkh orzhu wkh xqhpsor|phqw ehqh�w/ wkh kljkhu lv wkh
odujhvw qxpehu ri �upv wkdw lv frqvlvwhqw zlwk h{fhvv hpsor|phqw lq htxloleulxp1

Wkh vhfrqg fdvh lv rqh0vlghg fhqwudol}dwlrq1 Khuh/ wkh �up0vshfl�f xqlrqv
mrlq wrjhwkhu lqwr rqh fhqwudo xqlrq wkdw qhjrwldwhv vlpxowdqhrxvo| zlwk hyhu|
�up1 Oderu frqwudfwv duh sulydwh lqirupdwlrq dqg wklv doorzv wkh fhqwudo xqlrq
wr wuhdw hyhu| edujdlqlqj dv d vhsdudwh sureohp vlqfh wkh �upv* rxwsxw ghflvlrqv

4Lq wkh prgho/ li d oderu frqwudfw vshfl�hv ohvv wkdq ixoo hpsor|phqw wkhq lw lv qrw lq wkh

lqwhuhvw ri wkh xqlrq wr vkduh wkh dydlodeoh mrev htxdoo| dprqj lwv phpehuv/ l1h1/ wr fuhdwh sduw0

wlph mrev1 Wklv lv ehfdxvh wkh phpehuv zrxog wkhq orvh wkh xqhpsor|phqw ehqh�w sdlg e|

wkh jryhuqphqw/ dqg wkh wrwdo dprxqw ri prqh| uhfhlyhg zrxog eh vpdoohu1 Wkh holplqdwlrq ri

wkh ulvn ri ehlqj xqhpsor|hg fdq qrw frpshqvdwh iru wklv orvv1 Pruhryhu/ lq wkh prgho wklv lv

wuxh iru dq| lqfrph0lqvxudqfh v|vwhp �qdqfhg e| wkh jryhuqphqw dqg lq zklfk wkh ehqh�w lv d

qrq0ghfuhdvlqj ixqfwlrq ri wkh zdjh1
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duh frqwlqjhqw rq wkhlu eholhi dqg qrw rq wkh dfwxdo oderu frqwudfwv1 Lq hyhu|
edujdlqlqj wkh lqfhqwlyhv ri wkh fhqwudo xqlrq frlqflgh zlwk wkh lqfhqwlyhv ri wkh
�up0vshfl�f xqlrq dqg/ khqfh/ wkh oderu0pdunhw htxloleulxp lv lghqwlfdo wr wkh
ghfhqwudol}hg oderu0pdunhw htxloleulxp1

Wkh odvw oderu0pdunhw vwuxfwxuh wr eh dqdo|}hg lv wkh ixoo| fhqwudol}hg vwuxf0
wxuh1 Khuh/ wkh �up rzqhuv mrlq wrjhwkhu lqwr dq hpsor|huv* dvvrfldwlrq wkdw
edujdlqv zlwk wkh fhqwudo xqlrq ryhu d fhqwudo oderu frqwudfw vshfli|lqj wkh vdph
zdjh dqg hpsor|phqw lq doo �upv1 Wkh hpsor|huv* dvvrfldwlrq pd{lpl}hv mrlqw
sur�w frqglwlrqdo rq wkdw lwv phpehuv fdqqrw frooxgh lq wkh surgxfw pdunhw exw
zloo frpshwh dv dq rqh0vkrw roljrsro|1 Lw wxuqv rxw wkdw wkh fhqwudo oderu frqwudfw
lvq*w d frqwlqxrxv ixqfwlrq ri wkh sdudphwhuv ri wkh prgho +zrunhuv* ulvn dyhuvlrq/
wkh xqhpsor|phqw ehqh�w/ dqg wkh qxpehu ri �upv,1 Wklv glvfrqwlqxlw| dulvhv
ehfdxvh ri wkh glyhujhqfh lq lqwhuhvw ehwzhhq wkh hpsor|huv* dvvrfldwlrq dqg wkh
lqglylgxdo �up vlqfh wkh hpsor|huv* dvvrfldwlrq lqwhuqdol}hv wkh h�hfw ri lqfuhdvhg
hpsor|phqw rq mrlqw sur�wv zkloh wkh lqglylgxdo �up grhvq*w1 Wkh hpsor|huv*
dvvrfldwlrq h{shulhqfhv d vwurqjhu pdujlqdo h�hfw ri hpsor|phqw rq sur�wv wkdq
wkh lqglylgxdo �up dqg lw lv frqvhtxhqwo| pruh uhoxfwdqw wkdq wkh �up wr lqvxuh
zrunhuv djdlqvw lqfrph xqfhuwdlqw| e| phdqv ri hpsor|phqw1 Li wkh sdudphwhuv
ri wkh prgho duh vxfk wkdw qr h{fhvv oderu lv kluhg lq htxloleulxp lq qhlwkhu wkh
ghfhqwudol}hg vhwwlqj qru lq wkh fhqwudol}hg vhwwlqj/ wkhq zdjhv duh kljkhu dqg hp0
sor|phqw lv orzhu lq wkh fhqwudol}hg vhwwlqj wkdq lq wkh ghfhqwudol}hg vhwwlqj1 Rq
wkh rwkhu kdqg/ li oderu lv h{fhvvlyho| kluhg/ rxwsxw lv xqd�hfwhg e| dq lqfuhdvh lq
hpsor|phqw dqg wkh pdujlqdo h�hfw ri hpsor|phqw rq sur�wv lv wkh vdph iru wkh
�up dqg wkh hpsor|huv* dvvrfldwlrq1 Khqfh/ li wkh sdudphwhuv duh vxfk wkdw h{fhvv
oderu lv kluhg lq htxloleulxp lq erwk wkh ghfhqwudol}hg dqg fhqwudol}hg vhwwlqjv/
wkhq zdjhv dqg hpsor|phqw duh wkh vdph1

Grzulfn +4<;<, dqdo|vhv wkh lqwhudfwlrq ri xqlrq0�up edujdlqlqj dqg roljrsrolv0
wlf sulfh0vhwwlqj zkhq frooxvlrq lq wkh surgxfw pdunhw lv fdswxuhg e| frqmhfwxudo
yduldwlrq1 Kh �qgv/ dprqj rwkhu wklqjv/ wkdw wkh vwuxfwxudo frqglwlrqv lq wkh surg0
xfw pdunhw zklfk ohdg wr kljkhu sur�w pdujlqv dovr ohdg wr kljkhu zdjhv1 Dovr/
zkhq wkh zdjh edujdlqlqj lv h!flhqw/ lqfuhdvhg frooxvlrq lq wkh surgxfw pdunhw
ohdgv wr kljkhu zdjhv1 Vwxg|lqj vlplodu prghov/ Gdylgvrq +4<;;, dqg Grzulfn
+4<<6, lqyhvwljdwhv wkh uhodwlrq ehwzhhq edujdlqlqj vwuxfwxuh dqg zdjhv lq xqlrq0
l}hg roljrsrolvwlf lqgxvwulhv1 Gdylgvrq pdlq �qglqj lv wkdw zdjhv duh kljkhu zkhq
wkhuh lv d fhqwudo xqlrq dqg wklv ehqh�wv wkh �up0vshfl�f xqlrqv dqg uhgxfhv wkh
sur�w ri wkh �upv1 Grzulfn +4<<6, vkrzv wkdw prylqj iurp edujdlqlqj dw wkh qd0
wlrqdo ohyho wr �up0ohyho edujdlqlqj grhvq*w qhfhvvdulo| prghudwh zdjh suhvvxuh1
Djjuhjdwh zdjh suhvvxuh dqg zdjh lqhtxdolwlhv lqfuhdvh zkhq wkh edujdlqlqj lv
ehwzhhq fudiw0 dqg lqgxvwu| rujdql}dwlrqv15

5
Xvlqj wkh vdph w|sh ri prghov/ Grzulfn dqg Vshqfhu +4<<7, vwxg| xqlrqv* dwwlwxghv wrzdug
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Ehqwrolod hw do1 +4<<9, vkrzv wkdw zdjhv duh vwudwhjlf frpsohphqwv iurp wkh
xqlrqv* srlqw ri ylhz dqg vwudwhjlf vxevwlwxwhv iurp wkh �up rzqhuv* srlqw ri ylhz1
Frpsdudwlyh0vwdwlfv dqdo|vlv ri krz zdjhv uhvsrqg wr fkdqjhv lq wkh oderu0 dqg
surgxfw pdunhwv wkxv ghshqg rq wkh uhodwlyh edujdlqlqj vwuhqjwk ri xqlrqv dqg
�up rzqhuv dw wkh edujdlqlqj wdeoh1 Kdvnho dqg Vdqfklv +4<<;, vwxg| wkhruhwlfdoo|
�upv* whfkqlfdo dqg doorfdwlyh h!flhqf| zkhq �upv dqg xqlrqv edujdlq ryhu zdjhv
dqg h�ruw zkhq hyhu| �up lv d prqrsrolvwlf frpshwlwru1 Wkhlu dlp lv wr surylgh
d wkhru| wkdw h{sodlqv wkh lqh!flhqflhv wkh hpslulfdo olwhudwxuh vhhnv wr hvwlpdwh1
Wkh pdlq uhvxowv duh forvhg irup vroxwlrqv ri wkh wzr lqh!flhqflhv uhodwlqj wkhp
wr surshuwlhv ri wkh surgxfwlrq ixqfwlrq/ xqlrq suhihuhqfhv dqg wkh �up*v pdunhw
srzhu1

Wkh pdlq gl�huhqfh ri rxu vwxg| dqg wkh vwxglhv deryh lv wkh srvhg txhvwlrq1
Wkh irfxv lv qrw rq zdjhv exw rq wkh frqqhfwlrq ehwzhhq hpsor|phqw dqg �upv*
xvh ri oderu dqg wkh vwuxfwxuhv ri wkh oderu0 dqg surgxfw pdunhwv1 Lw gl�huv iurp
doo wkh vwxglhv h{fhsw Grzulfn +4<;<, lq wkdw wkh edujdlqlqj lv h!flhqw dqg lw
gl�huv iurp Grzulfn +4<;<, lq wkdw �upv kdyh iuhh glvsrvdo ri oderu dqg frpshwh
lv lq txdqwlwlhv1 Wkh pdlq gl�huhqfh wr Kdvnho dqg Vdqfklv +4<<;, lv wkdw wkh
edujdlqlqj dqg surgxfw pdunhw duh prghoohg gl�huhqwo| dqg wkdw dovr wkh oderu0
pdunhw vwuxfwxuh lv lqfrusrudwhg lq wkh dqdo|vlv16 c 7

Wkh surgxfw0pdunhw vwdjh dqg wkh ghfhqwudol}hg oderu pdunhw duh suhvhqwhg
lq Vhfwlrq 51 Vhfwlrqv 6 dqg 7 frqwdlq wkh fdvhv ri rqh�vlghg fhqwudol}hg edu0
jdlqlqj dqg fhqwudol}hg edujdlqlqj/ uhvshfwlyho|1 Wkh qxphulfdo h{dpsoh lv jlyhq
lq Vhfwlrq 8 dqg Vhfwlrq 9 frqwdlqv wkh glvfxvvlrq1 Doo surriv duh jlyhq lq wkh
Dsshqgl{1

oderu0vdylqj lqqrydwlrqv dqg Vdqwrql +4<<9, vwxglhv vwudwhjlf h�hfwv ri lqwhuqdwlrqdo wudgh rq
grphvwlf zdjh vhwwlqj1

6Ndkq dqg Uhdjdq +4<<6, lqwurgxfh zrunlqj uxohv lq wkhlu prgho ri lpsolflw frqwudfwv1 Wkh|
�qg wkdw wklv pd| fdxvh oderu krduglqj dqg lqh!flhqw xvh ri wkh kluhg oderu irufh1 Wklv �qglqj
kdv vrph hpslulfdo vxssruw1 Hvshfldoo|/ lqfuhdvhv lq wkh ohyho ri frpshwlwlrq lq wkh surgxfw
pdunhw whqg wr lqfuhdvh surgxfwlylw| yld ohvv uhvwulfwlyh zrunlqj uxohv dqg orzhu zdjhv/ vhh
Qlfnhoo hw do1 +4<<7, dqg Qlfnhoo dqg Qlfrolwvdv +4<<8,1

7Gl{lw +4<;3, vwxglhv hqwu| ghwhuuhqfh dqg lqyhvwphqw lq fdsdflw|1 Rqh pdlq uhvxow lv wkdw
h{fhvv fdsdflw| lv qhyhu lqvwdoohg zkhq fdsdflw| fdq eh erxjkw lq dq xqolplwhg dprxqw dw d �{hg
sulfh1 Lq wkh prgho suhvhqwhg ehorz/ rqh pd| lqwhusuhw hpsor|phqw dv fdsdflw|1 Wkh uhdvrq
zk| h{fhvv oderu pd| eh kluhg lv wkdw oderu lv qrw dydlodeoh lq dq xqolplwhg txdqwlw| dw vrph
�{hg zdjh1 Lqvwhdg/ zdjh dqg hpsor|phqw duh edujdlqhg ryhu dqg frqvhtxhqwo| Gl{lw*v uhvxow
grhv qrw fduu| ryhu1
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51 Wkh Prgho

Wkh prgho frqvlvwv ri wzr vwdjhv/ wkh oderu0pdunhw vwdjh dqg wkh surgxfw0pdunhw
vwdjh1 Ilupv dqg zrunhuv duh udwlrqdo dqg wkxv iruzdug orrnlqj dw wkh oderu0
pdunhw vwdjh1 Iru wklv uhdvrq wkh surshuwlhv ri wkh surgxfw pdunhw lv hvvhqwldo
zkhq prghoolqj wkh edujdlqlqj1 Wkh surgxfw pdunhw lv wkhuhiruh suhvhqwhg ehiruh
zh surfhhg wr wkh oderu0pdunhw vwdjh dqg wkh dqdo|vlv1

5141 Wkh Surgxfw Pdunhw

Frqvlghu d surgxfw pdunhw lq zklfk wkhuh duh 6 � � lghqwlfdo �upv xvlqj rqo|
rqh lqsxw/ oderu1 Ohw ? ' E?�c ���c ?6� dqg � ' E��c ���c �6� ghqrwh wkh yhfwruv
ri hpsor|phqw dqg zdjhv ri wkh �upv1 Wkh zdjh lq �up � lv �� � f dqg iru
uhdvrqv h{sodlqhg ehorz wkh hpsor|phqw lv ?� 5 dfc �*6o1 Wkh �upv frpshwh lq
txdqwlwlhv dqg wkh| pdnh wkhlu surgxfwlrq ghflvlrqv vlpxowdqhrxvo|1 Wkh lqyhuvh
ghpdqg ixqfwlrq lv � E^� ' � �

S
6

�'�
^� zkhuh ^ ' E^�c ���c ^6� lv wkh rxwsxw

yhfwru1 Wkh �upv kdyh lghqwlfdo FUV whfkqrorjlhv dqg hyhu| �up lv dvvxphg
wr kdyh iuhh glvsrvdo ri lwv oderu irufh1 Khqfh/ ^� � ?�1 Wkh sur�w ri �up � lv
Z�E^c ?�c ��� ' ^�� E^� � ?��� zkhuh wkh frvw ��?� lv �{hg1 Wkh xqltxh sur�w0
pd{lpl}lqj rxwsxw ri �up � iru d jlyhq ohyho ri hpsor|phqw ?� lv jlyhq e|

^JE?�c^3�� ' 4�?

�
?�c

��
S

� �'� ^�

2

�

zkhuh ^3� ' E^�c ���c ^�3�c ^�n�c ���c ^6�1 Jlyhq ?/ wkh v|vwhp ^� ' ^JE?�c^3��/ � '
�c 2c ���c6 kdv d xqltxh vroxwlrq1 Ohw ^eE?� ' E^e

�
E?�c ���c ^e

6
E?�� eh wklv vroxwlrq1

Wkh gl�huhqfh ehwzhhq wklv vlpsoh surgxfw0pdunhw prgho dqg d vwdqgdug
Frxuqrw prgho lv wkh �upv* fdsdflw| frqvwudlqwv1 Oderu lv khuh ylhzhg dv lu0
uhyrfdeo| kluhg ehiruh wkh pdnlqj ri wkh surgxfwlrq ghflvlrq dqg wklv lqgxfhv d
+fdsdflw|, frqvwudlqw rq wkh lqglylgxdo �up*v pd{lpl}dwlrq sureohp/ ^� � ?�1 Eh0
fdxvh hpsor|phqw lv luuhyrfdeoh/ wkh pdujlqdo frvw ri surgxfwlrq fdq eh ylhzhg
dv }hur xs wr wkh fdsdflw| olplw dqg lq�qlwh iru txdqwlwlhv deryh wkh fdsdflw| olplw1
Lq wkh v|pphwulf fdvh/ li wkh fdsdflw| frqvwudlqwv duh qrw elqglqj wkhq wkh �upv
surgxfh dv lq wkh fruuhvsrqglqj Frxuqrw prgho zlwk }hur pdujlqdo frvw dqg li
wkh frqvwudlqwv duh elqglqj wkhq wkh �upv surgxfh dw wkhlu fdsdflw| olplwv1 D
vlpsoh h{dpsoh zloo looxvwudwh wklv1 Ohw ?� ' ? iru doo �1 Li ? � �*E6n�� wkhq wkh
surgxfw0pdunhw htxloleulxp lv dv lq wkh vwdqgdug Frxuqrw fdvh/ ^e

�
E?� ' �*E6n��/

dqg li ? 	 �*E6n �� wkhq ^e
�
E?� ' ?1

Gh�qlwlrq 41 Ilup � kluhv h{fhvv oderu li ?� : ^�1

9



Wkxv/ li wkh fdsdflw| frqvwudlqw grhvq*w elqg zh vd| wkdw �up � kluhv h{fhvv

oderu1 Lq wkh iroorzlqj zh dovr vd| wkdw wkh surgxfw pdunhw kdv vwuxfwxuh 6 li

wkhuh duh 6 �upv1

5151 Wkh Ghfhqwudol}hg Oderu Pdunhw

Lq wkh oderu pdunhw/ zrunhuv duh lghqwlfdo/ wkh| kdyh qr prelolw|/ dqg wkh| duh

rujdql}hg lq 6 htxdoo| odujh �up0vshfl�f xqlrqv1 Wkh vl}h ri wkh oderu pdunhw

lv qrupdol}hg wr � dqg wkh vl}h ri hyhu| xqlrq lv �*61 Dw hpsor|phqw ?� 5

dfc �*6o/ hyhu| zrunhu lq xqlrq � kdv htxdo suredelolw| ri ehlqj hpsor|hg/ 6?�1

Wkh xwlolw| ri lqfrph wr d zrunhu lv jlyhq e| wkh yrq Qhxpdqq 0 Prujhqvwhuq

xwlolw| ixqfwlrq �E��� ' � � e3w�� zkhuh w : f ghwhuplqhv wkh pdujlqdo xwlolw| ri

lqfrph1 Pruhryhu/ w lv htxdo wr wkh Duurz0Sudww phdvxuh ri devroxwh ulvn dyhuvlrq

zklfk khuh lv frqvwdqw1 Zlwk suredelolw| ��6?� wkh zrunhu zloo eh xqhpsor|hg

dqg uhfhlyh dq xqhpsor|phqw ehqh�w K 5 dfc�� sdlg e| wkh jryhuqphqw1 Wkh

ehqh�w pd| eh lqwhusuhwhg dv dovr fdswxulqj wkh xwlolw| iurp ohlvxuh lq fdvh ri

xqhpsor|phqw1

Ohw E?�c ��� eh wkh oderu frqwudfw vshfli|lqj hpsor|phqw dqg zdjh lq �up �1

Li wkh �up dqg wkh xqlrq grq*w uhdfk dq djuhhphqw/ wkhq hyhu| zrunhu zloo eh

xqhpsor|hg dqg uhfhlyh wkh xqhpsor|phqw ehqh�w1 Wkh h{shfwhg xwlolw| jdlq iru

d zrunhu lq xqlrq � iurp wkh oderu frqwudfw lv

�E?�c��� ' 6?�E�E���� �EK���

Lq wkh ghfhqwudol}hg oderu pdunhw/ wkh oderu frqwudfwv duh ghwhuplqhg lq 6

sdlu0zlvh dqg vlpxowdqhrxv qhjrwldwlrqv zkhuh hdfk xqlrq edujdlqv zlwk �lwv� �up1

Wkh remhfwlyh ri xqlrq � lv wr pd{lpl}h wkh h{shfwhg xwlolw| ri d uhsuhvhqwdwlyh

phpehu dqg wkh remhfwlyh ri wkh �up lv wr pd{lpl}h h{shfwhg sur�wv1 Sulru wr

wkh edujdlqlqj doo �upv dqg xqlrqv krog wkh vdph eholhi ryhu wkh ixwxuh yhfwru

ri hpsor|phqw/ ?e ' E?e
�
c ���c ?e

6
� 5 dfc �*6o

6
c dqg wklv lv frpprq nqrzohgjh1

Wkhq/ lw lv uhdvrqdeoh wr dvvxph hyhu| �up dqg xqlrq dovr wr eholhyh ^eE?e� wr

eh wkh yhfwru ri ixwxuh rxwsxw ghflvlrqv1 Hyhu| oderu frqwudfw E?�c ��� duulyhg

wr lq wkh zdjh edujdlqlqj lv dvvxphg wr eh sulydwh lqirupdwlrq wr wkh �up dqg

xqlrq lq txhvwlrq/ l1h1/ diwhu wkh edujdlqlqj �up dqg xqlrq � vwloo eholhyh wkh rwkhu

�upv wr hpsor| ?
e

3�
' E?e

�
c ���c ?e

�3�
c ?e

�n�
c ���c ?e

6
� dqg nqrz wkhp wr eholhyh wkdw

�up � kdv hpsor|hg ?e
�
zrunhuv1 Khqfh/ �up dqg xqlrq � h{shfw wkh rwkhu �upv

wr surgxfh ^e
3�
E?

e
�1 Jlyhq wklv h{shfwdwlrq/ wkh ehvw �up � fdq gr lv wr surgxfh

^JE?�c^
e

3�
E?

e
� dqg lwv h{shfwhg sur�w lv

Ze
�
E?

ec ?�c ��� ' Z�E^
e

3�
E?

e
�c ^JE?�c^

e

3�
E?

e
��c ?�c ����

Wkh vhw ri ihdvleoh oderu frqwudfwv ehwzhhq �up dqg xqlrq � lv

�(

�
E?

e
� ' iE?�c ��� 5 dfc �*6o� dfc�o m �E?�c ���c Z

e

�
E?

ec ?�c��� � fj �
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Wkh Qdvk edujdlqlqj vroxwlrq lv

E?(
�
c �

(

�
� ' @h} 4@ 

E?�c���M�(

�
E?e�

E�E?�c ���� ��EZe
�
E?ec ?�c ���� Z� +514,

zkhuh � ' Z ' f ehfdxvh li wkhuh lv qr djuhhphqw wkhq wkhuh lv qr xwlolw| jdlq wr
wkh xqlrq dqg wkh �up pdnhv }hur sur�w vlqfh lw kdv qr uhyhqxh dqg qr h{shqvhv18

Wkh Qdvk edujdlqlqj vroxwlrq lpsolflwo| gh�qhv wkh hpsor|phqw dqg zdjh dv frq0
wlqxrxv ixqfwlrqv ri wkh sdudphwhuv ri wkh prgho/ #

(

�
EKc wc?e� dqg /

(

�
EKc wc?e�

uhvshfwlyho|1 Wkh zdjh lv ghfuhdvlqj lq w dqg lqfuhdvlqj lq K1 Wkh zrunhuv* jdlq
iurp wudglqj zdjh iru hpsor|phqw lqfuhdvhv zlwk wkhlu ulvn dyhuvlrq/ w1 Kljkhu
hpsor|phqw uhtxluhv orzhu zdjh e| wkh �uvw0rughu frqglwlrqv ri wkh Qdvk edu0
jdlqlqj vroxwlrq1 Lqfuhdvhv lq K ghfuhdvhv wkh zrunhuv* jdlq iurp wudglqj zdjh iru
hpsor|phqw dqg lqfuhdvhv wkhuhiruh wkh zdjh1 Hpsor|phqw lv qrq0lqfuhdvlqj lq
� dqg wkhuhiruh qrq0ghfuhdvlqj lq w dqg qrq0lqfuhdvlqj lq K1 Wkh �qrq�0sduwv ri
wkh wzr �hpsor|phqw� vwdwhphqwv duh gxh wr wkh uhvwulfwlrq f � ? � �*6 zklfk
fdq eh lqwhusuhwhg dv wkh xqlrq pd{lpl}lqj wkh h{shfwhg xwlolw| ri lwv fxuuhqw
phpehuv1 Hpsor|phqw kljkhu wkdq �*6 orzhuv wkh zdjh zlwkrxw lqfuhdvlqj fxu0
uhqwv phpehuv* suredelolw| ri ehlqj hpsor|hg dqg wklv lv qrw lq wkh lqwhuhvw ri wkh
xqlrq1 D yhfwru ri oderu frqwudfwv

E?(Wc�(W� ' E?(W� c ���c ?
(W

6
c �

(W

� c ���c �
(W

6
�

lv d oderu0pdunhw htxloleulxp li E?(W
�
c �

(W

�
� ' E#(

�
EKc wc?e�c /(

�
EKc wc?e��/ � '

�c ���c6c dqg h{shfwdwlrqv duh udwlrqdo/ ?e ' ?
(W1 Gxh wr wkh v|pphwu| ri wkh 6

edujdlqlqj sureohpv dqg wkh frqwlqxlw| ri #(
�

dqg /
(

�
wkhuh h{lvwv d v|pphwulf

htxloleulxp/ E?(W
�
c �

(W

�
� ' E?(Wc �(W� iru doo �� Wklv lv dovr wkh xqltxh htxloleulxp1

Sursrvlwlrq 41 Wkhuh h{lvwv d v|pphwulf oderu0pdunhw htxloleulxp E?(Wc�(W�

wr wkh ghfhqwudol}hg oderu pdunhw dqg/ pruhryhu/ wklv htxloleulxp lv xqltxh1

Surri1 Vhh wkh Dsshqgl{1
Iurp wkh v|pphwu| lw iroorzv wkdw doo �upv pdnh wkh vdph rxwsxw ghflvlrq

dqg wkh vdph sur�w1 Wkh h{shfwhg xwlolw| ri dq duelwudu| zrunhu lv frqvhtxhqwo|
wkh vdph lq doo xqlrqv1 Xvlqj wkh �uvw0rughu frqglwlrq ri wkh Qdvk edujdlqlqj
vroxwlrq zlwk uhvshfw wr hpsor|phqw dqg wkh v|pphwu| ri wkh htxloleulxp jlyhv
iru hyhu| surgxfw0pdunhw vwuxfwxuh 6 d fulwlfdo zdjh vxfk wkdw h{fhvv oderu lv
kluhg lq htxloleulxp li dqg rqo| li wkh htxloleulxp zdjh lv orzhu wkdq wklv fulwlfdo
zdjh1

8Wkurxjkrxw wkh vwxg| zh xvh wkh euhdn0grzq lqwhusuhwdwlrq ri wkh Qdvk edujdlqlqj vroxwlrq/

vhh Elqpruh hw do1 +4<;9,1

;



Ohppd 41 Ohw wkh oderu pdunhw eh ghfhqwudol}hg1 Wkhq oderu lv h{fhvvlyho| kluhg

lq htxloleulxp li dqg rqo| li

�
(W

	 �
(

E6� '
�

2E6n ��
� +515,

Surri1 Vhh wkh Dsshqgl{1

Wkh htxloleulxp zdjh �
(W lv kljkhu wkdq wkh xqhpsor|phqw ehqh�w iru doo

ghjuhhv ri zrunhuv* ulvn dyhuvlrq1 Wklv pdnhv �(
E6� : K d qhfhvvdu| frqglwlrq

iru h{fhvv oderu lq htxloleulxp dw surgxfw0pdunhw vwuxfwxuh 61 Wkh fulwlfdo zdjh

ohyho �( lv ghfuhdvlqj lq wkh qxpehu ri �upv dqg dq lqfuhdvhg surgxfw0pdunhw

frpshwlwlrq lq wkh vhqvh ri dq lqfuhdvhg qxpehu ri �upv lqgxfhv d ghfuhdvh lq

wkh fulwlfdo zdjh ohyho �(1 Wklv ghfuhdvh kdv wzr h�hfwv rq wkh vhw ri ydoxhv ri

K dqg w dw zklfk h{fhvv oderu lv kluhg lq htxloleulxp1 Iluvw/ wkh kljkhvw ydoxh

ri K vxfk wkdw �(

E6� : K jrhv grzq1 Vhfrqgo|/ wkh orzhvw ydoxh ri w vxfk wkdw

�
(

E6� : �
(W iru d jlyhq K jrhv xs1 Dq lqfuhdvh lq wkh qxpehu ri �upv wkxv

uhgxfhv wkh udqjh ri sdudphwhu ydoxhv dw zklfk h{fhvv oderu lv kluhg dqg lq wklv

vhqvh/ lqfuhdvhg frpshwlwlrq lq wkh surgxfw pdunhw fdq eh vdlg wr pdnh klulqj ri

h{fhvv oderu lq htxloleulxp ohvv olnho|1

Wkh h{whqw wr zklfk h{fhvv oderu lv kluhg grhvq*w rqo| ghshqg rq zrunhuv* ulvn

dyhuvlrq dqg wkh xqhpsor|phqw ehqh�w1 Wkh surgxfw0pdunhw vwuxfwxuh lv dovr ri

lpsruwdqfh1 Vxssrvh wkdw w dqg K duh vxfk wkdw h{fhvv oderu lv kluhg dw 6 dqg

6
� zkhuh 6

�

: 6� Wkhq/ wkh lqglylgxdo �up kluhv ohvv h{fhvv oderu xqghu wkh

pruh frpshwlwlyh surgxfw0pdunhw vwuxfwxuh 6
� wkdq xqghu wkh ohvv frpshwlwlyh

vwuxfwxuh 61 Wkhuh lv dovr ohvv djjuhjdwh h{fhvv oderu xqghu 6� wkdq xqghu 61

Pruhryhu/ jlyhq wkh xqhpsor|phqw ehqh�w ohyho h{fhvv oderu fdqqrw eh kluhg

xqghu hyhu| surgxfw0pdunhw vwuxfwxuh1 Wkh fulwlfdo zdjh �( lv ghfuhdvlqj lq 6

dqg li K : f wkhq wkhuh h{lvwv d surgxfw0pdunhw vwuxfwxuh 6EK� dw zklfk �upv

pd| kluh h{fhvv oderu lq htxloleulxp exw qrw li rqh pruh �up lv dgghg/ l1h1/ d

surgxfw0pdunhw vwuxfwxuh vxfk wkdw /(
E6EK�� : K dqg /

(
E6EK� n �� 	 K1 E| xvh

ri Htxdwlrq 515/ wkh fulwlfdo surgxfw0pdunhw vwuxfwxuh 6EK� lv ghulyhg1 Wkh wzr

uhvxowv duh irupdol}hg lq Sursrvlwlrq 51

Sursrvlwlrq 51 +l, Ohw 6
�

: 6 dqg ohw K dqg w eh vxfk wkdw h{fhvv oderu

lv kluhg lq wkh wzr fruuhvsrqglqj oderu0pdunhw htxloleuld/ E?(W

c�
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� dqg
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Surri1 Vhh wkh Dsshqgl{1

Wkxv/ li wkh xqhpsor|phqw ehqh�w lv vpdoo hqrxjk wkhq oderu pd| eh h{0

fhvvlyho| kluhg hyhq li wkh qxpehu ri �upv lv odujh1 Iru h{dpsoh/ ohw K ' f�f2/

wkhq wkh odujhvw qxpehu ri �upv frqvlvwhqw zlwk h{fhvv oderu lv 571 Wkh nh| wr

Sursrvlwlrq 5+ll, lv wkdw zrunhuv pd| eh lq�qlwho| ulvn dyhuvh1 Wkh htxloleulxp

zdjh �W( lv ghfuhdvlqj lq w dqg dssurdfklqj K dv w jrhv wr lq�qlw|1 Khqfh/ li

K 	 �(E6� wkhq wkhuh h{lvwv d zhoo0gh�qhg ydoxh ri w vxfk wkdw wkh htxloleulxp

zdjh lv orzhu wkdq wkh fulwlfdo zdjh rqo| li w h{fhhgv wklv ydoxh1 Zh wkhq vd| wkdw

wkh surgxfw0pdunhw vwuxfwxuh lv frqvlvwhqw zlwk h{fhvv oderu dw xqhpsor|phqw

ehqh�w ohyho K dqg 6EK� lv wkh prvw frpshwlwlyh surgxfw0pdunhw vwuxfwxuh wkdw lv

frqvlvwhqw zlwk h{fhvv oderu dw K1

61 Rqh0Vlghg Fhqwudol}dwlrq

Lq wkh fdvh ri rqh0vlghg fhqwudol}dwlrq/ wkh �up0vshfl�f xqlrqv mrlq wrjhwkhu lqwr

d fhqwudo xqlrq wkdw vlpxowdqhrxvo| dqg vhsdudwho| edujdlqv zlwk wkh 6 �upv1 Dv

lq wkh ghfhqwudol}hg vhwwlqj lw lv frpprq nqrzohgjh wkdw wkh xqlrq dqg wkh �upv

doo krog wkh eholhi ?e1 Ohw �e ' E�e

�
c ���c �e

6
� eh wkh fhqwudo xqlrq*v eholhi ryhu

ixwxuh zdjhv1 Wkh xqlrq*v remhfwlyh lv wr pd{lpl}h wkh vxp ri h{shfwhg xwlolwlhv

ri lwv phpehuv

T E?c�� '

6[

�'�

�E?�c ����

Zrunhuv kdyh qr prelolw| dqg hyhu| oderu frqwudfw lv dvvxphg wr eh sulydwh lqiru0

pdwlrq wr wkh xqlrq dqg wkh �up lq txhvwlrq1 D fkdqjh lq wkh fhqwudol}hg xqlrq*v

frqwudfw zlwk �up � grhv wkhuhiruh qrw lqgxfh d fkdqjh lq dq| ri wkh 6� � rwkhu

edujdlqlqj sureohpv1 Wkh xqlrq frqvhtxhqwo| wuhdwv wkh 6 qhjrwldwlrqv dv vhs0

dudwh dqg lwv remhfwlyh frlqflghv zlwk wkh remhfwlyh ri wkh �up0vshfl�f xqlrq lq

hyhu| edujdlqlqj1 Wkh xwlolw| jdlq ri wkh xqlrq iurp dq djuhhphqw zlwk �up � lv

T E?e
3�
c ?�c�

e

3�
c ���� T E?e

3�
c
�

6
c�e

3�
c K� ' �E?�c���

zkhuh �e

3�
' E�e

�
c ���c�e

�3�
c �e

�n�
c ���c �e

6
�1 Khqfh/ wkh vhw ri ihdvleoh oderu frqwudfwv

ehwzhhq �up � dqg wkh fhqwudo xqlrq lv

�7

�
E?e� ' iE?�c ��� 5 dfc �*6o� dfc �o m �E?�c ���c Z

e

�
E?ec ?�c ��� � fj ' �(

�
E?e��

Ehfdxvh wkh vhwv �7

�
E?e� dqg �(

�
E?e� duh lghqwlfdo/ jlyhq ?e/ hyhu| edujdlqlqj

rxwfrph lq wkh rqh0vlghg fhqwudol}hg vhwwlqj lv lghqwlfdo wr wkh fruuhvsrqglqj

rxwfrph lq wkh ghfhqwudol}hg vhwwlqj1 Ohw E?7Wc�7W� ghqrwh wkh htxloleulxp wr

wkh rqh0vlghg fhqwudol}hg oderu pdunhw1

43



Sursrvlwlrq 61 E?7Wc�7W� ' E?(Wc�(W� iru doo wc K/ dqg 61

Surri1 Vhh wkh Dsshqgl{1

Iurp Sursrvlwlrq 6 lw iroorzv wkdw wkh uhvxowv duulyhg wr lq Vhfwlrq 515 fduu|

ryhu wr wkh fdvh ri rqh0vlghg fhqwudol}dwlrq1

Fruroodu| 51 Sursrvlwlrqv 4 dqg 5 dqg Ohppd 4 dsso| wr fdvh ri rqh0vlghg

fhqwudol}dwlrq1

Surri1 Vhh wkh Dsshqgl{1

71 Wkh Fhqwudol}hg Oderu0Pdunhw

Lq wkh fhqwudol}hg oderu pdunhw wkh fhqwudo xqlrq qhjrwldwhv ryhu zdjhv dqg hp0

sor|phqw zlwk dq hpsor|huv* dvvrfldwlrq iruphg e| wkh 6 �upv1 Wkh hpsor|huv*

dvvrfldwlrq pd{lpl}hv wrwdo sur�wv frqglwlrqdo rq vxevhtxhqw qrq0frooxvlrq lq wkh

surgxfw pdunhw1 Zh kdyh uhtxluhg wkh edujdlqlqj rxwfrph wr eh v|pphwulf/ l1h1/

wkh fhqwudo oderu frqwudfw lv uhtxluhg wr vwlsxodwh wkh vdph zdjh dqg hpsor|phqw

lq doo �upv/ ? ' E?c ���c ?� dqg � ' E�c ���c ��1 Wkh v|pphwu| ri wkh fhqwudo oderu

frqwudfw lv frpprq nqrzohgjh dqg hyhu| �up wkxv nqrzv wkh hpsor|phqw ri lwv

frpshwlwruv1 Wkhuhiruh/ ?e ' ? dqg wkh vhw ri ihdvleoh frqwudfwv lv

�� ' iE?c�� 5 dfc �*6o� dfc �o m �E?c��c ZeE?c �� � fj

zkhuh ZeE?c�� ' Ze� E?c �� iru doo �1 Wkh Qdvk edujdlqlqj vroxwlrq lv

E?�Wc��W� ' @h} 4@ 
E?c��M��

E�E?c��� ��EZeE?c ��� Z�� +714,

Wkh edujdlqlqj rxwfrph E?�Wc ��W� zkhuh ��W ' /�EKc w� dqg ?�W ' #�EKc wc6�

lv dxwrpdwlfdoo| d oderu0pdunhw htxloleulxp vlqfh h{shfwdwlrqv duh udwlrqdo e|

dvvxpswlrq1 Krzhyhu/ iru vrph ydoxhv ri K dqg w wkh ixqfwlrqv /� dqg #� duh

qrw frqwlqxrxv li 6 � 21 Lqwxlwlyho|/ wkh glvfrqwlqxlwlhv dulvhv ehfdxvh wkh hp0

sor|huv* dvvrfldwlrq lqwhuqdol}hv wkh h�hfw ri hpsor|phqw rq wrwdo sur�wv dqg wkh

dvvxpswlrq ri wkh lqglylgxdo �up*v iuhh glvsrvdo ri kluhg oderu1

Lq wkh surgxfw pdunhw wkh lqglylgxdo �up surgxfhv xqwlo hlwkhu wkh pdujlqdo

uhyhqxh lv }hur ru wkh fdsdflw| uhvwulfwlrq lv elqglqj1 Wkh hpsor|huv* dvvrfldwlrq/

rq wkh rwkhu kdqg/ dlpv wr pd{lpl}h wrwdo sur�wv dqg lw udwlrqdoo| dqwlflsdwhv

wkh surgxfw0pdunhw htxloleulxp wkdw iroorzv iurp wkh fhqwudo oderu frqwudfw1 Wkh

mrlqw sur�w lv pd{lpl}hg zkhq wkh �upv dfw dv d prqrsrolvw exw wkh �upv fdqqrw

frooxgh lq wkh surgxfw pdunhw1 Vxssrvh wkdw ? lv vxfk wkdw wrwdo hpsor|phqw

lv ehwzhhq wkh prqrsro| rxwsxw dqg wkh Frxuqrw rxwsxw dw }hur pdujlqdo frvw/
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l1h1 ? 5 E�*26c �*E6n ���1 Wkhq dq lqfuhdvh lq hpsor|phqw lqgxfhv dq lq0
fuhdvh lq surgxfwlrq zklfk lq wxuq orzhuv wkh +qhjdwlyh, pdujlqdo mrlqw uhyhqxh
iurp hpsor|phqw1 Exw li ? : �*E6 n �� wkhq wkh surgxfwlrq lv xqd�hfwhg e|
vpdoo fkdqjhv lq hpsor|phqw ehfdxvh ri �upv* iuhh glvsrvdo ri oderu dqg wkh mrlqw
uhyhqxh iurp hpsor|phqw lv }hur1 Lq erwk fdvhv wkh pdujlqdo mrlqw frvw ri hp0
sor|phqw lv ��61 Khqfh/ wkh pdujlqdo h�hfw ri hpsor|phqw rq mrlqw sur�wv lv
glvfrqwlqxrxv dw ? ' �*E6n ��1

Wkh fhqwudo oderu frqwudfw lv Sduhwr h!flhqw dqg wkh pdujlqdo udwh ri vxe0
vwlwxwlrq ehwzhhq zdjh dqg hpsor|phqw lv wkh vdph iru wkh xqlrq dv iru wkh
hpsor|huv* dvvrfldwlrq1 Dv h{sodlqhg deryh/ wkh pdujlqdo h�hfw ri hpsor|phqw
rq mrlqw sur�wv lv glvfrqwlqxrxv dqg wklv fdxvhv d glvfrqwlqxrxv vkliw lq wkh fhq0
wudo oderu frqwudfw dw vrph sdudphwhu ydoxhv1 Wklv sureohp grhvq*w dulvh lq wkh
ghfhqwudol}hg0 dqg rqh0vlghg fhqwudol}hg oderu pdunhwv ehfdxvh wkh lqglylgxdo �up
frqvlghuv lwv hqylurqphqw dv �{hg zkhq edujdlqlqj lq d ghfhqwudol}hg oderu pdunhw
dqg wkh pdujlqdo h�hfw ri hpsor|phqw rq sur�wv lv frqwlqxrxv1 Wkh �uvw0rughu
frqglwlrqv wr Htxdwlrqv 514 dqg 714 jlyhv Sursrvlwlrq 71

Sursrvlwlrq 71 Ohw 6c w dqg K eh jlyhq1 Wkhq=

+l, Li ?�Wc ?(W � �*E6n ��c wkhq ��W : �(W dqg ?�W 	 ?(W1

+ll, Li ?�Wc ?(W : �*E6n ��c wkhq ��W ' �(W dqg ?�W ' ?(W1

Surri1 Vhh wkh Dsshqgl{1
Sursrvlwlrq 7+l, vwdwhv wkdw li qr h{fhvv oderu lv kluhg lq dq| ri wkh wzr vhwwlqjv/

wkhq zdjhv duh kljkhu dqg hpsor|phqw lv orzhu lq wkh fhqwudol}hg vhwwlqj wkdq lq
wkh ghfhqwudol}hg1 Wkh lqwxlwlrq ehklqg wklv uhvxow lv wkdw wkh pdujlqdo h�hfw
ri hpsor|phqw rq sur�wv idfhg e| wkh hpsor|huv* dvvrfldwlrq lv kljkhu wkdq wkh
fruuhvsrqglqj h�hfw idfhg e| wkh lqglylgxdo �up1 Wkh hpsor|huv* dvvrfldwlrq lv
wkhuhiruh pruh uhoxfwdqw wkdq wkh lqglylgxdo �up wr lqvxuh wkh zrunhuv djdlqvw
lqfrph xqfhuwdlqw| e| phdqv ri hpsor|phqw1 Li/ rq wkh rwkhu kdqg/ h{fhvv oderu
lv kluhg lq erwk vhwwlqjv wkhq wkh pdujlqdo h�hfw ri hpsor|phqw lv wkh vdph lq
wkh wzr vhwwlqjv1 Khqfh wkh lghqwlfdo zdjh dqg hpsor|phqw1

81 Dq H{dpsoh

Frqvlghu wkh fdvh ri d gxrsro|/ 6 ' 2/ dqg ohw wkh xqhpsor|phqw ehqh�w eh
K ' f�fD1 Vxssrvh wkh zdjh edujdlqlqj lv ghfhqwudol}hg ru rqh0vlghg fhqwudol}hg1
Wkhq wkh htxloleulxp zdjh pxvw eh ohvv wkdq �(E2� ' �*S iru h{fhvv oderu wr eh
kluhg1 Wkh zdjh �(W dv d ixqfwlrq ri w lv vkrzq lq �jxuh 8141
Iru wkh fkrvhq ydoxhv ri K dqg 6 h{fhvv oderu lv kluhg li w : D� .b1 Wkh kljkhvw
qxpehu ri �upv wkdw lv frqvlvwhqw zlwk h{fhvv oderu lv 6Ef�fD� ' H1
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Iljxuh 814= Wkh zdjhv ��W +gdvkhg, dqg �
(W dv ixqfwlrqv ri w iru K ' f�fD dqg

6 ' 21

Frqvlghu wkh fhqwudol}hg oderu pdunhw1 Wkh fhqwudo oderu frqwudfw vshfl�hv

wkh vdph zdjh dqg hpsor|phqw lq hyhu| �up e| dvvxpswlrq dqg h{shfwdwlrqv duh

dxwrpdwlfdoo| udwlrqdo/ ?e ' ?1 Iru wkh fkrvhq sdudphwhu ydoxhv/ h{fhvv oderu lv

qrw kluhg lq wkh fhqwudol}hg vhwwlqj iru dq| w1 Wkh zdjh ��W dv d ixqfwlrq ri w lv

vkrzq dv wkh gdvkhg olqh lq Iljxuh 8141

91 Glvfxvvlrq

Rqh lpsruwdqw dvvxpswlrq lq wkh ghfhqwudol}hg dqg rqh0vlghg fhqwudol}hg vhwwlqjv

lv wkdw oderu frqwudfwv duh sulydwh lqirupdwlrq1 Wklv holplqdwhv wkh vwudwhjlf lq0

whudfwlrq dprqj �upv +dqg xqlrqv, dw wkh oderu0pdunhw vwdjh1 Li oderu frqwudfwv

zhuh qrw sulydwh lqirupdwlrq exw dqqrxqfhg ehiruh wkh pdnlqj ri wkh surgxfwlrq

ghflvlrqv/ wkhq wkh oderu frqwudfw ehwzhhq d �up dqg d xqlrq zrxog qr orqjhu

fkdqjh frqwlqxrxvo| iru doo sdudphwhu ydoxhv dv wkh rwkhu �upv pdujlqdoo| uhylvh

wkhlu frqwudfwv1 Wkhuhiruh lw pd| qrw dozd|v h{lvw d oderu0pdunhw htxloleulxp1

Krzhyhu/ wkh txdolwdwlyh uhvxowv ri wkh sulydwh0lqirupdwlrq vhwwlqj fduu| ryhu lq

wkrvh fdvhv dq htxloleulxp h{lvwv1 Wkh vlpsolflw| ri wkh sulydwh0lqirupdwlrq iudph0

zrun lv wkhuhiruh dq dwwudfwlyh surshuw|1 Ixuwkhupruh/ klulqj ri h{fhvv oderu lv

pruh hdvlo| rewdlqhg lq wkh ghfhqwudol}hg0 dqg rqh0vlghg fhqwudol}hg vhwwlqjv li od0

eru frqwudfwv duh sxeolf lqirupdwlrq wkdq li qrw1 Wkh uhdvrq lv wkdw wkh +qhjdwlyh,

pdujlqdo h�hfw ri hpsor|phqw rq wkh �up*v sur�w pd| ghfuhdvh zkhq oderu frq0
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wudfwv duh pdgh sxeolf> lqfuhdvhg hpsor|phqw lq rqh �up pdnhv wkdw �up pruh

djjuhvvlyh dqg iru vrph hpsor|phqw ohyhov wkh ehvw uhvsrqvh ri hyhu| rwkhu �up

lv wr surgxfh ohvv1 Wkh h{sdqglqj �up pd| frqvhtxhqwo| qrw kdyh wr ehdu wkh

ixoo frvwv ri lwv dfwlrq dqg wklv lqfuhdvhv lwv zloolqjqhvv wr hpsor|1 D xqlrq pd|

frqvhtxhqwo| kdyh dq lqfhqwlyh wr pdnh oderu frqwudfwv sxeolf lqirupdwlrq dqg vr

pd| wkh lqglylgxdo �up1

Dq rwkhu vwurqj dvvxpswlrq lv wkdw ri qr oderu prelolw| ehwzhhq �upv1 Wklv lv

d vlpsoli|lqj dvvxpswlrq dqg doorzlqj iru oderu prelolw| lv qrw olnho| wr holplqdwh

wkh srvvlelolw| ri h{fhvv oderu lq htxloleulxp ehfdxvh ri wkh v|pphwu| ri wkh prgho/

exw lw pd| doorz iru pxowlsoh htxloleuld1 Lq wkh surgxfwlrq ixqfwlrq wkhuh lv qr

fdslwdo1 Li zh doorz iru fdslwdo wkhq h{fhvv oderu pd| vwloo h{lvw li wkhuh lv vrph

plqlpdo fdslwdo uhtxluhphqw ru vrph qrq0vxevwlwxwlrqdolelolw| ehwzhhq oderu dqg

fdslwdo1

Wkh shukdsv prvw lpsruwdqw dvshfw devwudfwhg iurp lq wkh prgho lv wkh xqlrq*v

lqwhuqdo ghprfudwlf ghflvlrq surfhvv1 Wzr srvvleoh frq lfwv duh wkhuhe| uxohg rxw>

wkh frq lfw lq lqwhuhvwv ehwzhhq wkh ohdghuv dqg wkh phpehuv dqg wkh frq lfw lq

lqwhuhvwv ehwzhhq gl�huhqw jurxsv ri phpehuv1 Vxfk h{whqvlrqv pd| vxevwdqwldoo|

fkdqjh wkh uhvxowv duulyhg wr lq wklv vwxg|1 Dv dq h{dpsoh/ pdnlqj wkh prgho

g|qdplf dqg ohwwlqj wkh xqlrq lq wlph | uhsuhvhqw zrunhuv hpsor|hg lq |� � dv lq

wkh �lqvlghu0rxwvlghu wkhru|� +Olqgehfn dqg Vqrzhu +4<;<,, lv olnho| wr holplqdwh

hpsor|phqw ri h{fhvv oderu1

Dsshqgl{= Surriv

Sursrvlwlrq 41 Wklv surri lv fduulhg rxw lq wzr vwhsv1 Iluvw/ wkh h{lvwhqfh ri

d v|pphwulf htxloleulxp lv vkrzq dqg vhfrqgo| lw lv vkrzq wkdw wklv htxloleulxp lv

xqltxh1 Wkurxjkrxw wkh surri rqo| ?( lv frqvlghuhg dqg wklv lv srvvleoh ehfdxvh

wkh xqltxhqhvv ri wkh oderu frqwudfwv> �(

�
fdq wkxv eh ylhzhg dv d ixqfwlrq ri ?(

�
1

Vwhs 4= Lq htxloleulxp ?
e ' ? dqg hdfk oderu frqwudfw #(

�
EKc wc?� lv d �ehvw

uhvsrqvh� e| �up0xqlrq sdlu � wr ?
3�1 Ohw �E?� ' �6

�'�
#(
�
EKc wc?�1 Iurp wkh

xqltxhqhvv dqg frqwlqxlw| ri wkh Qdvk edujdlqlqj vroxwlrq lw iroorzv wkdw � lv

d frqwlqxrxv ixqfwlrq pdsslqj dfc �*6o
6
lqwr lwvhoi1 Frqvlghu wkh frpsdfw dqg

frqyh{ vxevhw ri dfc �*6o
6

( ' iE_c ���c _� 5 dfc �*6o
6
m f � _ � �*6j �

Wkh fruuhvsrqghqfh � pdsv ( lqwr ( dqg khqfh kdv d �{hg srlqw ?( lq ( e|

Ndnxwdql*v �{hg srlqw wkhruhp1

Vwhs 5= Khuh lw lv �uvw vkrzq wkdw li ?(c?� 5 dfc �*6o
6
vroyhv �E?� ' ? dqg

?
( lv wkh v|pphwulf htxloleulxp iurp vwhs 4/ wkhq pxvw ?�

�
c ?�

�
9' ?( iru vrph

� 9' �1 Wklv lv wkhq xvhg wr vkrz d frqwudglfwlrq1

47



Ohw 0 ' E0�c ���c 06� ' ?
� � ?

( dqg vxssrvh ^eE?(� ' ^
eE?��1 Wkhq wkh edu0

jdlqlqj sureohp ehwzhhq �up dqg xqlrq � lv wkh vdph lq erwk htxloleuld1 Khqfh/
#
(

�
EKc wc?�� ' #

(

�
EKc wc?(� iru doo � dqg ?

� ' ?
(1 Lw iroorzv wkdw li ?� 9' ?

( wkhq
^
e

�
E?(� 	 ^

e

�
E?�� dqg ^

e

�
E?(� : ^

e

�
E?�� iru vrph � 9' �� Iurp wkh uhohydqw �uvw0rughu

frqglwlrqv wr wkh Qdvk edujdlqlqj vroxwlrq +Htxdwlrqv 914 dqg 915, lw iroorzv wkdw
wkhq lv 0� : f dqg 0� 	 f1 Pruhryhu/ lw dovr iroorzv wkdw f : _?�*_?� : �� dorqj
#� zkhq ?�5 Efc �*6� dqg _^

e

�
*_?� 9' f� Wkhq/ wkh iroorzlqj pxvw eh wuxh

0� 	 �E
S

& �'�c�
0& n 0��

0� : �E
S

& �'�c� 0& n 0���

Wkh v|vwhp fdq eh uhzulwwhq

0� 	 �E
S

& �'�c�
0& n 0��

0� : �E
S

& �'�c�
0& n 0���

zklfk lv d frqwudglfwlrq1 Khqfh/ ?( lv wkh xqltxh htxloleulxp1 �

Ohppd 41 Li ?(
�
' ^

JE?(
�
c^

e

3�E?
e�� wkhq E?(

�
c�

(

�
� pxvw vdwlvi| wkh v|vwhp ri

�uvw0rughu frqglwlrqv wr wkh Qdvk edujdlqlqj vroxwlrq

?
(

�
�

2E� ��
(

�
�
S

� �'�
^
e

�
E?e��

�
' f +914,
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(
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S
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e
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3wEK3�

(
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w
' f +915,

dqg li �
6
: ?

(

�
: ^

JE?(

�
c^

e

3�E?
e�� wkhq lw pxvw vdwlvi| wkh v|vwhp

?
(

�
�

E� �
S

� �'�
^
e

�
E?e��2

H�
' f +916,

�
(

�
�

e
3wEK3�(

�
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w
' f� +917,

Li ? ' �
6

wkhq �
(

�
pxvw vdwlvi|

E� �
S

� �'�
^
e

�
E?e��2

e
�

�

6
�

e
3wEK3�(

�
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w
' f� +918,

Zkhq �
(

�
' E� �

S
� �'�

^��*e lv ?
(

�
' E� �

S
� �'�

^��*2 zklfk lv wkh kljkhvw
ohyho ri hpsor|phqw lq �up � vxfk wkdw wkh �up grhvq*w kluh h{fhvvlyh oderu1
Dw wklv srlqw Htxdwlrqv 914 dqg 915 frlqflgh zlwk Htxdwlrqv 916 dqg 9171 Li
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�(

�
' 6E� �

S
� �'� ^

e

�
E?e��2*H wkhq lv ?(

�
' �*6 dqg Htxdwlrqv 916 dqg 917 fr0

lqflgh zlwk Htxdwlrq 9181 Khqfh/ wkh hpsor|phqw dqg wkh zdjh duh frqwlqxrxv

ixqfwlrqv ri wkh sdudphwhuv ri wkh prgho1

Xvlqj wkdw wkh xqltxh htxloleulxp lv v|pphwulf jlyhv wkdw Htxdwlrqv 914 dqg

915 frlqflghv zlwk Htxdwlrqv 916 dqg 917 zkhq ?(W ' �*E6 n �� dqg �(W '

E�� E6� ��*E6n ���*e ' �*2E6n ��� �

Sursrvlwlrq 51 +l, Wklv surri lv fduulhg rxw lq wzr vwhsv1 Iurp Htxdwlrqv

916 dqg 918 lq wkh surri ri Ohppd 4 zh kdyh wkdw ?(W ' �*6 l� �(W � h�E6� '
6

2E�n6�2
1 Ohw E?(Wc�(W� dqg E?(W�c�(W�� eh wkh wzr oderu0pdunhw htxloleuld dv0

vrfldwhg zlwk Ewc Kc6� dqg Ewc Kc6��c uhvshfwlyho|1 Ohw ?(W � �*E6 n �� dqg ohw

?(W� � �*E6� n ��1

Vwhs 4 = Khuh zh vkrz e| frqwudglfwlrq wkdw li �(W� � h�E6�� wkhq �(W � h�E6�1

Vxssrvh wkh frqwudu|/ wkdw �(W : h�E6�1 Wkhq E�(Wc ?(W� vroyhv wkh Htxdwlrqv

916 dqg 9171 E| dvvxpswlrq lv ?(W� ' �*6� dqg �(W� vroyhv Htxdwlrq 9181 Zh zloo

qrz vkrz wkdw E?(W�c�(W�� fdqqrw eh d oderu0pdunhw htxloleulxp/ l1h1 E�(W�c ?(W��

lvq*w wkh Qdvk edujdlqlqj vroxwlrq ri �up dqg xqlrq �1 Ohw � ' �(W�?(W� eh wrwdo

zdjhv sdlg wr wkh zrunhuv1 Vxssrvh wkh xqlrq iuhho| frxog ghflgh rq ?� dqg ��

dqg glvwulexwh � dprqj lwv zrunlqj phpehuv vxemhfw wr ?� � �*E6� n �� zklfk

nhhsv wkh �up*v sur�w frqvwdqw dw wkh fxuuhqw ohyho1 Wkh xqlrq zloo vhw � ' �*?

dqg lwv pd{lpl}dwlrq sureohp lv

4@ 
�Md�6�c�E6�n��o

�E�*�c��� +919,

Iru wkh prphqw/ frqvlghu wkh xquhvwulfwhg pd{lpl}dwlrq sureohpzklfk �uvw0rughu

frqglwlrq lv jlyhq e| Htxdwlrq 9171 �(W lv wkh vroxwlrq wr wkh xquhvwulfwhg sureohp

dqg �E�*�c�� lv lqfuhdvlqj lq � iru doo � 	 �(W1 Htxdwlrqv 916 dqg 918 jlyh � 	

�(W*6� zklfk lv htxlydohqw wr ? 	 �*6�1 Khqfh/ li � � �(W*E6� n�� wkhq lv �(W

wkh xqltxh vroxwlrq wr wkh uhvwulfwhg pd{lpl}dwlrq sureohp1 Li � 	 �(W*E6� n ��

wkhq wkh fruqhu vroxwlrq � ' �E6� n �� lv wkh xqltxh vroxwlrq wr wkh uhvwulfwhg

pd{lpl}dwlrq sureohp1 Khqfh/
�
�(W�c ?(W�

�
grq*www pd{lpl}h wkh Qdvk surgxfw

ri �up dqg xqlrq � dqg E?(W�c�(W�� fdqqrw eh d oderu0pdunhw htxloleulxp1

Vwhs 5= Khuh zh frqvlghu wkuhh gl�huhqw fdvhv +wkh irxuwk lv uxohg rxw lq vwhs

4,> +d, �(W� � h�E6�� dqg �(W � h�E6�/ +e, �(W� : h�E6�� dqg �(W � h�E6�c

dqg +f, �(W� : h�E6�� dqg �(W : h�E6�1 Lq fdvhv +d, dqg +e, Sursrvlwlrq 5+l, lv

wulyldoo| wuxh vlqfh ?(W ' �*6c ?(W� � �*6�c ^e
�
E?(W� ' �*E6n��c dqg ^e

�
E?(W�� '

�*E6�n��1 Lq fdvh +f, lv�(W ' �(W�c ?(W 	 �*6 dqg ?(W� 	 �*6�1 E| dvvxpswlrq

lv 6� : 6 dqg lq htxloleulxp lv
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�
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dqg

6[
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E?(W

� ^e
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E?(W�� '
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2�(WE6� n ��
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E?(W�

� ^e
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+ll, Iluvw 6EK� lv ghulyhg dqg wkhq lw lv vkrzq wkdw wkhuh h{lvwv d w vxfk wkdw h{fhvv

oderu lv kluhg dw surgxfw0pdunhw vwuxfwxuh 6EK�1

Wkdw �(

�
: K iru doo w : f iroorzv iurp wkh surshuwlhv ri wkh Qdvk edujdlqlqj

vroxwlrq1 H{fhvv oderu dw surgxfw0pdunhw vwuxfwxuh 6 wkxv uhtxluhv K 	 �(E6�/

6 	 E� � 2K�*2K1 Li K : �(E�� wkhq wkhuh h{lvwv qr 6 � � vxfk wkdw K 	 �(E6�1

Ohw 6EK� eh wkh odujhvw lqwhjhu 6 wkdw vdwlv�hv 6 	 E� � 2K�*2K1 Li K ' f wkhq

hyhu| lqwhjhu vdwlv�hv wkh lqhtxdolw| dqg 6EK� ' n41

Ohw K 	 �(E�� dqg ohw6 ' 6EK�1 Li wkhuh h{lvwv d w vxfk wkdw K 	 �(W 	 �(E6EK��

wkhq surgxfw0pdunhw vwuxfwxuh 6EK� lv frqvlvwhqw zlwk h{fhvv hpsor|phqw1 Ohw

K 	 �(W 	 �(E6EK�� dqg vxevwlwxwh �(W lqwr Htxdwlrq 9171 E| wkh surshuwlhv

ri wkh Htxdwlrq 917 jlyhv wkdw d xqltxh vroxwlrq w : f h{lvwv1 Vlqfh w lv vxfk

wkdw �(W 	 �(E6EK�� wkhuh h{lvwv qr vroxwlrq wr Htxdwlrqv 914 dqg 915 wkdw

pd{lpl}hv wkh Qdvk surgxfw1 Khqfh/ 6EK� lv frqvlvwhqw zlwk h{fhvv hpsor|phqw

dqg e| Ohppd 4 vr lv hyhu| surgxfw0pdunhw vwuxfwxuh 6 	 6EK�1 �

Sursrvlwlrq 61 Frqvlghu wkh h{suhvvlrq T � T 1 Vlpsoli|lqj jlyhv

T E?e
3�
c ?c�e

3�
c ��� T E

�

6
c?e

3�
c Kc�e

3�
� ' �E?c�� +91:,

zklfk pdnhv wkh edujdlqlqj sureohp ri wkh �up dqg xqlrq lghqwlfdo wr wkdw ri d

ghfhqwudol}hg oderu pdunhw1 Khqfh/ E?7
�
c �7

�
� ' E?(

�
c �(

�
� iru doo wc Kc6c dqg �1 �

Fruroodu| 41 Iroorzv gluhfwo| iurp wkh surri ri Sursrvlwlrq 61 �

Sursrvlwlrq 71 Li ?�W ' ^JE?�Wc^e
3�
E?�W�� wkhq E?�Wc��W� pxvw vdwlvi| wkh

v|vwhp ri �uvw0rughu frqglwlrqv wr wkh Qdvk edujdlqlqj vroxwlrq

?�W �
2E�� ��W�

�6
' f +91;,

� � ��W

�
�

e3wEK3�
�W�
� �

w
' f +91<,
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dqg li �

6
: ?�W : ^JE?�Wc^e3�E?

�W�� wkhq lw pxvw vdwlvi| wkh v|vwhp

?
�W
�

�

2E6n ��2��W
' f +9143,

�
�W
�

e3wEK3�
�W

� � �

w
' f� +9144,

Zkhq ?�W ' �*6 wkhq ��W pxvw vdwlvi|

6

2E6n ��2
�

e3wEK3�
�W

� � �

w
' f� +9145,

Vxssrvh Kc w duh vxfk wkdw ?(W� c ?�W � �*E6 n ��1 Frpsduh Htxdwlrq 91< zlwk

Htxdwlrq 915 xvlqj wkdw E?(Wc�(W� lv v|pphwulf1 Iurp
S

� �'� ^
e
� : f lw iroorzv wkdw

�(W
� 	 ��W1 Xvlqj wklv lqhtxdolw| dqg Htxdwlrqv 91; dqg 914 jlyhv ?(W� : ?�W1

Vxssrvh Kc w duh vxfk wkdw ?(W� c ?�W : �*E6 n ��1 Wkh Htxdwlrqv 917 dqg 9144
duh lghqwlfdo dqg vr duh Htxdwlrqv 918 dqg 9145 zkhq xvlqj wkh v|pphwu| ri
E?(Wc�(W�1 Khqfh/ �(W

� ' ��W dqg ?(W� ' ?�W1 �

Uhihuhqfhv

Dqguhzv/ P1 dqg Vlpprqv/ U1 +4<<8,1 �Duh H�ruw Edujdlqlqj Prghov Frqvlvwhqw
zlwk wkh IdfwvB Dq Dvvhvvphqw ri wkh Hduo| 4<;3v/� Hfrqrplfd 95/ 64606671

Ehqwrolod/ V1/ Grodgr/ M1/ dqg Sdglood/ D1 +4<<9,1 �Zdjh Edujdlqlqj lq Lqgxvwulhv
zlwk Pdunhw Srzhu/� Mrxuqdo ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj| 8/ 8680
8971

Elqpruh/ N1/ Uxelqvwhlq/ D1/ dqg Zrolqvn|/ D1 +4<;9,1 �Wkh Qdvk Edujdlqlqj
Vroxwlrq lq Hfrqrplf Prghoolqj1� Udqg Mrxuqdo ri Hfrqrplfv 4:/ 4:904;;1

Fdopiruv/ O1 +4<<6,1 �Fhqwudolvdwlrq ri Zdjh Edujdlqlqj dqg Pdfurhfrqrplf
Shuirupdqfh 0 d Vxuyh|/� RHFG Hfrqrplf Vwxglhv 54/ 49404<41

Gdylgvrq/ F1 +4<;;,1 �Pxowlxqlw Edujdlqlqj lq Roljrsrolvwlf Lqgxvwulhv/� Mrxuqdo

ri Oderu Hfrqrplfv 9/ 6<:07551

Gl{lw/ D1 +4<;3,1 �Wkh Uroh ri Lqyhvwphqw lq Hqwu|0Ghwhuuhqfh/� Wkh Hfrqrplf
Mrxuqdo <3/ <804391

Grzulfn/ V1 +4<;<,1 �Xqlrq0Roljrsro| Edujdlqlqj/� Wkh Hfrqrplf Mrxuqdo <</
4456044751

Grzulfn/ V1 +4<<6,1 �Hqwhusulvh Edujdlqlqj/ Xqlrq Vwuxfwxuh dqg Zdjhv/� Wkh

Hfrqrplf Uhfrug 9</ 6<607371

Grzulfn/ V1 dqg Vshqfhu/ E1 +4<<7,1 �Xqlrq Dwwlwxghv wr Oderu0Vdylqj Lqqr0
ydwlrq= Zkhq duh Xqlrq OxgglwhvB/� Mrxuqdo ri Oderu Hfrqrplfv 45/ 64906771

4;



Iduehu/ K1 +4<;9,1 �Wkh Dqdo|vlv ri Xqlrq Ehkdylru� lqKdqgerrn ri Oderu Hfrqr0

plfv +Dvnhqihowhu dqg Od|dug/ Hgv1,/ Yro1 LL1 Dpvwhugdp= Hovhylhu1

Iodqdjdq/ U1/ Prhqh/ N1/ dqg Zdoohuvwhlq/ P1 +4<<6,1 Wudgh Xqlrq Ehkdylru/

Sd|0Edujdlqlqj/ dqg Hfrqrplf Shuirupdqfh1 R{irug Xqlyhuvlw| Suhvv1

Kdvnho/ M1/ Vdqfklv/ D1 +4<<;,1 �D Edujdlqlqj Prgho ri Iduuhoo Lqh!flhqf|�/

Zrunlqj Sdshu Qr1 6;6/ Txhhq Pdu| dqg Zhvw�hog Froohjh/ Xqlyhuvlw|

ri Orqgrq1

Ndkq/ F1 dqg Uhdjdq/ S1 +4<<6,1 �Lqwurgxflqj Zrun Uxohv lqwr Prghov ri Zdjh0

Hpsor|phqw Frqwudfwv/� Wkh Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh

66/ 54:05641

Olqgehfn/ D1/ dqg Vqrzhu/ G1 +4<;<,1 Wkh Lqvlghu0Rxwvlghu Wkhru| ri Hpsor|0

phqw dqg Xqhpsor|phqw1 Fdpeulgjh/ PD1= PLW Suhvv1

Qlfnhoo/ V1 dqg Qlfrolwvdv/ G1 +4<<7,1 �Zdjhv/ Uhvwulfwlyh Sudfwlfhv dqg Surgxfw0

lylw|/� Zrunlqj sdshu +uhylvhg 4<<8,/ Lqvwlwxwh ri Hfrqrplfv dqg Vwdwlvwlfv/

Xqlyhuvlw| ri R{irug1

Qlfnhoo/ V1/ Ydlqlrpdwl/ M1/ dqgZdgkzdql/ V1 +4<<7,1 �Zdjhv dqg Surgxfw Pdunhw

Srzhu/� Hfrqrplfd 94/ 78:07:61

Sduvrqv/ G1 +4<;9,1 �Wkh Hpsor|phqw Uhodwlrqvkls= Mre Dwwdfkphqw/ Zrun

H�ruw/ dqg wkh Qdwxuh ri Frqwudfwv/� lqKdqgerrn ri Oderu Hfrqrplfv +Dvnhq0

ihowhu dqg Od|dug/ Hgv1,/ Yro1 LL1 Dpvwhugdp= Hovhylhu1

Vdqwrql/ P1 +4<<9,1 �Xqlrq0Roljrsro| Vhtxhqwldo Edujdlqlqj= Wudgh dqg Lqgxv0

wuldo Srolflhv/� R{irug Hfrqrplf Sdshuv 7;/ 97309961

4<


