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Devwudfw

Lq wklv sdshu zh xvh d vlpsoh prgho wr dqdo|}h wkh irufhv zklfk ghwhuplqh wkh vl}h ri wkh

sxeolf vhfwru dqg wkh txdolw| ri zrunhuv hpsor|hg lq wkdw vhfwru1 Zrunhuv duh khwhurjhqhrxv/

dqg wkh sxeolf vhfwru fkrrvhv dq hpsor|phqw vwudwhj| zklfk pd{lpl}hv d vrfldo zhoiduh ixqf0

wlrq X+v> \ , zklfk ghshqgv rq wkh vkduh ri wkh oderu irufh hpsor|hg lq sxeolf vhuylfh v dqg

sulydwh vhfwru rxwsxw \ 1 Wkh jryhuqphqw lv ixoo| lqiruphg derxw zrunhu surgxfwlylw|1 E|

h{dplqlqj wkh zhoiduh surshuwlhv ri wkh srvvleoh rxwfrphv/ zh duh deoh wr looxplqdwh vlwxdwlrqv

lq zklfk srolflhv zklfk vhhn wr frqvwudlq wkh sxeolf vhfwru pd| ru pd| qrw lpsuryh hfrqrplf

h!flhqf|1

41 Lqwurgxfwlrq

Hfrqrplf prghov riwhq uhjdug wkh uroh ri jryhuqphqw wr eh rqh ri gh�qlqj wd{ dqg vshqglqj

srolflhv lq d frqwh{w lq zklfk h{kdxvwlyh jryhuqphqw vshqglqj pdnhv qr gluhfw frqwulexwlrq wr
wkh surgxfwlrq surfhvv1 Wkh vwdqgdug suhvfulswlrq wkdw hphujhv iurp wklv dssurdfk lv rqh ri

�qglqj dssursuldwho| qrq0glvwruwlrqdu| wd{ srolflhv dqg vhwwlqj ryhudoo wd{ dqg vshqglqj ohyhov wr
dfklhyh djjuhjdwh ghpdqg remhfwlyhv1 Iurp wkh sxeolf �qdqfh shuvshfwlyh/ krzhyhu/ wkh sxeolf

vhfwru lv w|slfdoo| dvvxphg wr surgxfh sxeolf jrrgv zklfk hqkdqfh zhoiduh1 Wklv rffxuv qrw rqo|
wkurxjk jryhuqphqw surylvlrq ri jrrgv vxfk dv sdunv dqg pxvhxpv/ iru h{dpsoh/ exw dovr wkurxjk

wkh surylvlrq ri sxeolf jrrgv wkdw hqkdqfh wkh surgxfwlylw| ri idfwruv lq wkh sulydwh vhfwru +vxfk
dv zkhq dq lpsuryhg ohjdo dqg uhjxodwru| iudphzrun uhgxfhv wudqvdfwlrqv frvwv dqg surprwhv
lqfuhdvhg pdunhw h!flhqf|,14

Wklv sdshu irfxvhv rq dq lpsruwdqw ghwhuplqdqw ri wkh jryhuqphqw*v frqwulexwlrq wr sulydwh
vhfwru surgxfwlylw| � wkh ohyho ri kxpdq fdslwdo hpsor|hg lq wkh sxeolf vhfwru1 Li jryhuqphqw

surgxfhv d fuxfldo sxeolf lqsxw iru wkh sulydwh vhfwru � zh pljkw fdoo lw cjryhuqdqfh*� xvlqj erwk
sk|vlfdo dqg kxpdq fdslwdo/ lw pxvw frpshwh iru wkhvh uhvrxufhv zlwk wkh sulydwh vhfwru1 Lw udlvhv

uhyhqxhv e| phdqv ri wd{dwlrq dqg sxufkdvhv oderu vhuylfhv iurp wkh pdunhw rq wkh vdph whupv
dv wkh sulydwh vhfwru1 Ehfdxvh wkhvh uhvrxufhv duh lqgluhfwo| surgxfwlyh lq wkh sulydwh vhfwru/ wkh

h!flhqf| ri wkhlu doorfdwlrq ehwzhhq wkh sulydwh dqg sxeolf vhfwruv kdv lpsruwdqw lpsolfdwlrqv
iru wkh djjuhjdwh surgxfwlylw| ri grphvwlf uhvrxufhv1

D ydulhw| ri vrxufhv/ pdq| lq lpsuhvvlrqlvwlf irup/ vxjjhvw wkdw lq wkh vshfl�f frqwh{w ri ghyho0
rslqj frxqwulhv/ wkh doorfdwlrq ri kxpdq fdslwdo wr wkh sxeolf vhfwru pd| riwhq eh lqdghtxdwh1 Wklv

kdv ehhq frqvlghuhg wr eh dq lpsruwdqw fdxvh ri dgplqlvwudwlyh erwwohqhfnv lq vxfk frxqwulhv15

WLqwhuqdwlrqdo Prqhwdu| Ixqg
_Zlooldpv Froohjh
hRehuolq Froohjh
4Dq h{dpsoh ri wkh odwwhu dssurdfk lv Eduur +4<<3,/ zkr dvvxphg wkdw wkh jryhuqphqw surgxfhv d sxeolf jrrg

zklfk wkh sulydwh vhfwru xvhv dv dq lqsxw lqwr lwv surgxfwlrq surfhvv1
5Vhh Kdtxh dqg Vdkd| +4<<9, dqg Olqgdxhu dqg Qxqehuj +4<<7, dprqj rwkhuv iru vrph hylghqfh dqg glvfxvvlrq

ri wklv lvvxh1



Zh zloo irfxv rq rqh doohjhg uhdvrq iru wkh hphujhqfh ri vxfk dq lqh!flhqf| � wkh ydoxh sodfhg

e| srolf|pdnhuv rq wkh vfdoh ri sxeolf vhfwru hpsor|phqw1 Klvwrulfdoo|/ ghyhorslqj frxqwulhv kdyh
h{sdqghg sxeolf vhfwru hpsor|phqw iru d ydulhw| ri uhdvrqv= dv d vxevwlwxwh iru xqhpsor|phqw

lqvxudqfh/ iru grphvwlf srolwlfdo jdlqv/ dqg dv glfwdwhg e| hduo| dssurdfkhv wr ghyhorsphqw/ zklfk
sodfhg d frqvlghudeoh hpskdvlv rq sodqqlqj/ qdwlrqdol}dwlrq dqg jryhuqphqw0surmhfw ohg jurzwk1

Jryhuqphqwv lq vxfk frxqwulhv kdyh riwhq dwwhpswhg wr pd{lpl}h hpsor|phqw � ru dw ohdvw uhvlvw
uhwuhqfkphqw � lq wkh frqwh{w ri vwdelol}dwlrq1 Ilvfdo uhvwudlqw kdv riwhq ehhq dfklhyhg wkurxjk

fxwv lq sxeolf vhfwru zdjhv ru qrplqdo zdjh iuhh}hv udwkhu wkdq hpsor|phqw uhgxfwlrqv +vhh Nudd|
dqg Ydq Ulmfnhjkhp +4<<8,,1 Frqvhtxhqwo|/ uhdo zdjhv lq wkh sxeolf vhfwru lq pdq| ghyhorslqj
frxqwulhv kdyh ghfolqhg ryhu wkh odvw wzr ghfdghv/ rffdvlrqdoo| uhdfklqj ohyhov vxevwdqwldoo| ehorz

frpsdudeoh sulydwh vhfwru ohyhov +vhh Kdtxh dqg Vdkd| +4<<9,,16Wkh uhvxow kdv ehhq wr ghsulyh
wkh sxeolf vhfwru ri hpsor|hhv zlwk odujh vwrfnv ri kxpdq fdslwdo1

D sxeolf vhfwru zklfk lv vwduyhg ri kxpdq fdslwdo lq uhvsrqvh wr grphvwlf srolwlfdo prwlyhv
zloo kdyh uhvwulfwhg fdsdflw| wr surgxfh sxeolf jrrgv wkdw pd| eh ylwdo iru hfrqrplf ghyhorsphqw1

Frqvhtxhqwo|/ dq lpsruwdqw txhvwlrq wkdw dulvhv lq wklv frqwh{w lv zkdw wklv vwdwh ri d�dluv lpsolhv
iru wkh ehkdylru ri iruhljq grqruv1 Wkh odwwhu duh lq frqwuro ri d srolf| lqvwuxphqw � lq wkh irup

ri wkh txdqwlw| ri dlg glvexuvhg wr wkh frxqwu| � zklfk fdq lq sulqflsoh d�hfw wkh zdjh dqg
hpsor|phqw srolflhv ri wkh grphvwlf jryhuqphqw1 Wkh vshfl�f txhvwlrq wkdw wkh grqruv idfh lv

wkxv zkhwkhu wkh uhod{dwlrq ri lwv exgjhw frqvwudlqw wkurxjk dq h{sdqvlrq ri dlg zloo pryh wkh
uhflslhqw jryhuqphqw wrzdug ru dzd| iurp wkh vrfldoo| rswlpdo ohyho ri surylvlrq ri sxeolf jrrgv/
jlyhq wkh glvwruwlrq lqwurgxfhg e| dq duwl�fldo hpsor|phqw remhfwlyh1

Wklv sdshu dwwhpswv wr prgho dqg xqghuvwdqg wkh surgxfwlylw| lpsolfdwlrqv ri wkh dvshfwv ri
sxeolf vhfwru zdjh srolf| ghvfulehg deryh � vshfl�fdoo|/ wkh sd|phqw ri orz dyhudjh zdjhv uhodwlyh

wr wkh sulydwh vhfwru dqg wkh h{lvwhqfh ri zdjh frpsuhvvlrq zlwklq wkh sxeolf vhfwru � zlwk d ylhz
wr dgguhvvlqj wkh srolf| lpsolfdwlrqv1 Lwv vwuxfwxuh lv dv iroorzv1 Zh ehjlq e| suhvhqwlqj d pruh

frpsohwh ghvfulswlrq ri vrph vw|ol}hg idfwv frqfhuqlqj sxeolf vhfwru zdjh srolf| lq ghyhorslqj
frxqwulhv lq wkh qh{w vhfwlrq1 Vhfwlrq 6 suhvhqwv d vlpsoh dqdo|wlfdo prgho wr h{sodlq wkhvh vw|ol}hg

idfwv1 Lwv ghyhorsphqw surfhhgv lq wzr vwdjhv= �uvw zh fkdudfwhul}h wkh zdjh dqg hpsor|phqw
ghflvlrqv pdgh e| d sxeolf vhfwru wkdw grhv qrw kdyh dq h{solflw hpsor|phqw remhfwlyh/ dqg wkhq

zh h{soruh wkh lpsolfdwlrqv ri lqwurgxflqj vxfk dq remhfwlyh1 Zh ghulyh lpsolfdwlrqv iru zdjhv
lq wkh sxeolf vhfwru dv zhoo dv iru rxwsxw lq wkh sulydwh vhfwru1 Wkh lpsolfdwlrqv iru grqru srolf|
duh ghulyhg lq Vhfwlrq 7/ diwhu wkh frqjuxhqfh ri wkh prgho zlwk wkh vw|ol}hg idfwv lv hvwdeolvkhg1

Wkh �qdo wzr vhfwlrqv frqwdlq d glvfxvvlrq ri srvvleoh h{whqvlrqv dqg vrph frqfoxglqj uhpdunv1

51 Vw|ol}hg idfwv uhjduglqj jryhuqphqw zdjh srolf| lq ghyhorslqj frxqwulhv

Vlqfh wkh sxeolf vhfwru kdv wudglwlrqdoo| ehhq uhjdughg dv d eodfn er{/ wkhuh lv olwwoh v|vwhpdwlf

hylghqfh dydlodeoh rq lqsxw xwlol}dwlrq lq wkh jryhuqphqw ru rq wkh txdolw| ri lwv rxwsxw1 Uholdeoh

gdwd rq wkh vwuxfwxuh ri sxeolf vhfwru zdjhv dqg hpsor|phqw duh qrw dydlodeoh iru prvw ghyhorslqj

frxqwulhv1 Wkh vwxglhv wkdw gr surylgh lqirupdwlrq rq vrph olplwhg dvshfwv ri sxeolf vhfwru

pdqdjhphqw duh rqo| phdqw wr surylgh d vqdsvkrw ri wkh sxeolf vhfwru dw d srlqw lq wlph17 Lw lv

qrw srvvleoh/ wkhuhiruh/ wr ghulyh iurp wkhp sdqho gdwd ri vx!flhqw ohqjwk wr doorz d uhdvrqdeo|

vrsklvwlfdwhg hpslulfdo lqyhvwljdwlrq18 Wkh dydlodeoh hylghqfh rq wkh hyroxwlrq ri sxeolf vhfwru

6Wkh uhvsrqvh wr ghfolqlqj uhdo zdjhv kdv riwhq ehhq wr doorz qrplqdo zdjh fxwv exw lqfuhdvh wkh surylvlrq ri

uhdo shunv1 Lq vrph fdvhv/ wkh shunv duh qrz odujhu wkdq wkh vdodulhv1 Krzhyhu/ shunv uhpdlq dq lqh!flhqw dqg

frvwo| phdqv ri sd|phqw1 Wkhlu kljk pdlqwhqdqfh frvwv frxog dovr eh dq lpsruwdqw hohphqw lq wkh lqdelolw| wr
frqwuro h{shqglwxuh lq pdq| frxqwulhv zkloh dovr surylglqj juhdwhu uhqwvhhnlqj rssruwxqlwlhv1 Uhqw vhhnlqj pd| eh

pruh ghvludeoh qrz dv wkh shunv pljkw qrw eh ydoxhg dw dq dprxqw wkdw lv htxlydohqw wr wkhlu frvw1
7Vhh Olqgdxhu dqg Qxqehuj +4<<7,/ Fkdxgku| hw do1 +4<<7, dqg Ydq Jlqqhnhq +4<<4,1
8Wkh lqirupdwlrq wkdw lv dydlodeoh lv lwvhoi d�hfwhg e| sxeolf vhfwru lqh!flhqflhv1 Iru h{dpsoh/ lqfuhdvlqj sxeolf

vhfwru lqh!flhqf| ohdgv wr wkh sureohpv ri jkrvw zrunhuv wkdw pdnhv lw gl!fxow dffxudwho| wr uhfrug sxeolf vhfwru

5



zdjhv vxjjhvwv wkh iroorzlqj revhuydwlrqv=

41 Pdq| ghyhorslqj frxqwulhv kdyh h{shulhqfhg ghfolqhv lq wkh uhdo zdjh sdlg wr sxeolf vhfwru

hpsor|hhv gxulqj uhfhqw |hduv1 Wkh ghfolqh dsshduv wr eh kljkhu dw wkh xsshu ohyhov ri wkh

sxeolf vhfwru zdjh glvwulexwlrq wkdq dw wkh orzhu rqhv/ uhvxowlqj lq zdjh frpsuhvvlrq/ d

uhgxfwlrq lq wkh yduldqfh ri zdjh ohyhov zlwklq wkh jryhuqphqw1 Iljxuh 514 looxvwudwhv wklv

skhqrphqrq iru vhyhudo frxqwulhv1 Zlwk d edvh |hdu ri 4<:8@433/ wkh �jxuh vkrzv wkh

4<;8 zdjh ohyho dw wkh orzhvw +vrolg, dqg kljkhvw +kdwfkhg, zdjh ohyhov lq wkh sxeolf vhfwru1

Qrwh wkdw zlwk rqh h{fhswlrq/ uhdo zdjh ghfolqhv zhuh h{shulhqfhg dw erwk wkh kljkhvw dqg

orzhvw zdjh ohyhov lq wkh sxeolf vhfwru lq wklv vdpsoh19 Wkh qxpehuv dw wkh hqg ri hdfk

frxqwu|*v edu jurxs suhvhqw wkh udwlr ri wkh zdjh lqglfhv jlyhq lq wkh �jxuh iru hdfk frxqwu|/

h{suhvvlqj wkh uhodwlyh 4<;8 uhdo zdjh lqgh{ iru wkrvh dw wkh orzhvw hqg ri wkh zdjh vfdoh dv d

pxowlsoh ri wkh uhodwlyh 4<;8 zdjh lqgh{ iru wkrvh dw wkh kljkhvw hqg/ frqyhuwhg wr dq lqgh{

qxpehu1 Vlqfh 4<:8 lv wkh edvh |hdu/ d udwlr lq h{fhvv ri 433 wkxv lqglfdwhv dq lqfuhdvh

lq zdjh frpsuhvvlrq1 Wkh frxqwulhv duh udqnhg lq ghfuhdvlqj rughu ri zdjh frpsuhvvlrq

gxulqj wkh 4<:80;8 shulrg1 Qrwh wkdw zdjh frpsuhvvlrq lv revhuyhg iru doo wkh frxqwulhv lq

wkh vdpsoh h{fhsw Prurffr dqg Ehqlq1
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Iljxuh 514= Uhdo sxeolf vhfwru zdjhv dqg zdjh frpsuhvvlrq= 4<:804<;8

51 Lq dgglwlrq wr wkh devroxwh ghfolqh lq uhdo sxeolf vhfwru zdjhv/ wkhuh kdv ehhq d ghfolqh lq

wkh zdjh iru zrunhuv lq wkh sxeolf vhfwru uhodwlyh wr wkrvh lq wkh sulydwh vhfwru lq vhyhudo

ghyhorslqj frxqwulhv1: Xqiruwxqdwho|/ wklv pxvw riwhq eh phdvxuhg lqgluhfwo|1 Wkurxjk wkh

hpsor|phqw +vhh Olqgdxhu dqg Qxqehuj +4<<7,,1
9Vhh ydq Jlqqhnlq +4<<4,/ Olqgdxhu dqg Qxqehuj +4<<7,/ Fkdxgku| hw do1 +4<<7, dqg Kdtxh dqg Vdkd| +4<<9,1
:Zkloh uhdo zdjhv kdyh ehhq ghfolqlqj lq ghyhorslqj frxqwulhv/ uhfhqw gdwd rq uhdo zdjh ohyhov lq wkh jryhuqphqw

vhfwru lq wudqvlwlrq hfrqrplhv lqglfdwh wkdw lq wkh lqlwldo |hduv diwhu olehudol}dwlrq uhdo zdjhv ghfolqhg txlwh vkduso|
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odvw wzr ghfdghv/ iru h{dpsoh/ wkh dyhudjh sxeolf vhfwru zdjh uhodwlyh wr shu fdslwd lqfrph

ghfolqhg vkduso| iru wkh frxqwulhv lq Iljxuh 5141 Pruhryhu/ lqfuhdvhv lq grphvwlf rxwsxw glg

qrw wudqvodwh lqwr frpphqvxudwh lqfuhdvhv lq wkh uhdo sxeolf vhfwru zdjh +vhh Nudd| dqg

ydq Ulmfnhjkhp +4<<8,,1 Zkhuh wkh lqirupdwlrq lv dydlodeoh wr pdnh gluhfw frpsdulvrqv/

sxeolf vhfwru zdjhv kdyh ehhq irxqg wr eh vxevwdqwldoo| orzhu wkdq sulydwh vhfwru zdjhv lq

pdq| ghyhorslqj frxqwulhv1; Dw pdqdjhuldo ohyhov/ wkh zdjh lq wkh sxeolf vhfwru lv riwhq

vxevwdqwldoo| orzhu wkdq wkh sulydwh vhfwru +vhh Kdtxh dqg Vdkd| +4<<9,,1
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Iljxuh 515= Vkduh ri oderu irufh lq wkh sxeolf vhfwru

61 Gxulqj wklv shulrg ri frpsuhvvlrq dqg ghfolqh lq uhdo sxeolf vhfwru zdjh ohyhov/ wkh vkduh

ri wkh oderu irufh hpsor|hg lq wkh vhfwru uhpdlqhg uhodwlyho| frqvwdqw1 Wkh vlwxdwlrq lv

looxvwudwhg lq wkh ohiw0kdqg sruwlrq ri Iljxuh 515/ zklfk vkrzv wkh shufhqwdjh ri srsxodwlrq

hpsor|hg lq wkh sxeolf vhfwru lq d jurxs ri ghyhorslqj frxqwulhv gudzq iurp wkh suhylrxv

vdpsoh < iurp 4<:8 wkurxjk 4<;8/ d shulrg ri wlph fruuhvsrqglqj wr wkdw iru zklfk zh kdyh

uhodwlyh zdjh gdwd1 Wklv vwhdg| vkduh ri hpsor|phqw kdv rffxuuhg ghvslwh wkh idoo lq zdjhv

lq wkh sxeolf vhfwru uhodwlyh wr rwkhu vhfwruv1 Zkloh lq pruh uhfhqw |hduv/ wkh uljkw0kdqg

sruwlrq ri Iljxuh 515 vxjjhvwv wkdw wkhuh pd| kdyh ehhq dfwxdo lqfuhdvhv lq wkh vkduh ri oderu

hpsor|hg lq wkh sxeolf vhfwru/ wkhuh lv olwwoh ru qr hylghqfh ri dq lqfuhdvh lq wkh uhodwlyh

zdjh sdlg wr sxeolf hpsor|hhv1

lq prvw frxqwulhv1 Iodqdjdq +4<<8, �qgv wkdw lq wkh F}hfk Uhsxeolf gxulqj wkh wudqvlwlrq/ ixoo0wlph hpsor|hhv lq
wkh sulydwh vhfwru hduq frqvlghudeo| pruh wkdq wkhlu frxqwhusduwv lq wkh vwdwh vhfwru1 Diwhu frqwuroolqj iru vfkrrolqj

dqg srwhqwldo h{shulhqfh/ vxuyh| uhvxowv vkrz wkdw zrunhuv +rzqhuv, lq qhz sulydwh �upv hduq 4; +76, shufhqw pruh

wkdq uhvsrqghqwv lq fxuuhqw ru iruphu vwdwh hqwhusulvhv1 Wkhvh odujh gl�huhqwldov iru zrunhuv ri htxlydohqw kxpdq
fdslwdo udlvh wkh frqfhuq wkdw wkh sxeolf vhfwru zloo eh kdug suhvvhg wr uhwdlq txdol�hg shuvrqqho1

;Lq ghyhorslqj frxqwulhv/ lw lv dssursuldwh wr frpsduh vdodulhv ri jryhuqphqw r!fldov wr wkrvh lq wkh irupdo

sulydwh vhfwru ehfdxvh wkh vnloo uhtxluhphqwv duh pruh frpsdudeoh wkdq iru wkh sulydwh vhfwru dv d zkroh/ dqg iru
wkdw uhdvrq wkh uhohydqw rssruwxqlw| frvw lv olnho| wr eh wkh zdjh lq wkh irupdo sulydwh vhfwru1 Wkh uhvxowv suhvhqwhg

khuh duh edvhg rq wklv frpsdulvrq1
<Wkh qxpehu ri frxqwulhv ydulhv dfurvv |hduv dffruglqj wr wkh dydlodelolw| ri gdwd
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61 Surgxfwlrq dqg fkrlfh

Lq wklv vhfwlrq zh ghyhors d prgho lqwhqghg wr h{sodlq wkhvh revhuydwlrqv1 Zh ehjlq e| lqwurgxflqj

wkh edvlf vwuxfwxuh ri wkh prgho dqg h{sorulqj wkh w|shv ri oderu pdunhw rswlrqv rshq wr wkh sxeolf

vhfwru1 Zh wkhq glvfxvv wkh vrfldo zhoiduh ixqfwlrq dqg fkdudfwhul}h wkh vwudwhj| wkdw zrxog eh

fkrvhq e| dq rswlpl}lqj jryhuqphqw1

6141 Surgxfwlrq dqg oderu pdunhw vwudwhjlhv

Frqvlghu d vlpsoh hfrqrp| lq zklfk d sulydwh vhfwru surgxfhv rxwsxw \ xvlqj d txdvl0olqhdu

surgxfwlrq ixqfwlrq zklfk ghshqgv xsrq txdolw|0dgmxvwhg oderu lqsxw/ fdslwdo/ dqg wkh rxwsxw ri

wkh sxeolf vhfwru1 Wkh irup ri wkh surgxfwlrq ixqfwlrq lv jlyhq e|=

\ @ tR+4� v,Q .DJ�Nk +614,

zkhuh=

tR @ phdq txdolw| ri zrunhuv lq wkh sulydwh vhfwru

Q @ wkh djjuhjdwh oderu irufh

v @ vkduh ri oderu irufh hpsor|hg lq wkh sxeolf vhfwru

J @ sxeolf vhfwru rxwsxw

N @ sulydwh vhfwru fdslwdo vwrfn +�{hg,

D> �>� @ surgxfwlrq ixqfwlrq sdudphwhuv/ 3 ? �>� ? 4 zlwk � . � ? 4

Wkh uhvwulfwlrq rq wkh vxp �.� reylrxvo| lpsolhv wkdw sulydwh vhfwru rxwsxw lv fkdudfwhul}hg e|

ghfuhdvlqj uhwxuqv wr vfdoh lq oderu/ fdslwdo/ dqg sxeolf vhfwru vhuylfhv1

Wkh rxwsxw ri wkh sxeolf vhfwru lv dq lqwhuphgldwh lqsxw zlwk qr gluhfw frqvxpswlrq ydoxh431

Wklv rxwsxw lv surgxfhg xvlqj d olqhdu surgxfwlrq uhodwlrqvkls zklfk ghshqgv rq wkh txdolw|0

dgmxvwhg dprxqw ri oderu hpsor|hg144 Wkxv zh kdyh=

J @ t} � v � Q +615,

zkhuh=

t} @ phdq txdolw| ri sxeolf vhuydqwv

Hdfk zrunhu lq wkh hfrqrp| lv fkdudfwhul}hg e| d ctxdolw| ohyho* ru surgxfwlylw| (= Wkh sur0

gxfwlylw| ohyhov ( duh xqlirupo| glvwulexwhg rq wkh xqlw lqwhuydo +3> 4, zlwk ghqvlw| Q / vr wkh

dyhudjh txdolw| ri wkh oderu irufh lv �

2
1 Vlqfh zrunhu surgxfwlylw| lv ixoo| nqrzq e| erwk zrunhu

dqg hpsor|hu/ frpshwlwlyh oderu pdunhwv lpso| wkdw hdfk zrunhu zloo eh sdlg ( zkhwkhu kh lv
hpsor|hg lq wkh sxeolf ru wkh sulydwh vhfwru1

Wkh sxeolf vhfwru kdv vrph  h{lelolw| lq wkh txdolw| ohyho ri zrunhuv lw hpsor|v/ ghshqglqj
xsrq wkh iudfwlrq ri wkh oderu irufh lw vhhnv wr kluh1 Dw rqh h{wuhph/ wkh jryhuqphqw fdq vhhn

wkh prvw surgxfwlyh zrunhuv �uvw xqwlo lw uhdol}hv lwv klulqj jrdov +zklfk zh pljkw fkdudfwhul}h dv
d cfkhuu| slfnlqj* oderu pdunhw vwudwhj|,1 Lq wklv fdvh wkh dyhudjh txdolw| ri wkh oderu irufh zloo
eh jlyhq e| t} @ 4 �

r

2
1 Rq wkh rwkhu kdqg/ lw pljkw kluh wkh ohdvw surgxfwlyh �uvw/ hpsor|lqj

d cerwwrp ihhglqj* dssurdfk wr wkh oderu pdunhw/ lq zklfk fdvh wkh dyhudjh oderu irufh txdolw|

zrxog eh r

2
1 Iljxuh 614 looxvwudwhv wkh udqjh ri srvvleoh fkrlfhv zklfk dulvhv iurp hdfk ri wkhvh

vwudwhjlhv1

Wkh yhuwlfdo d{lv lqglfdwhv phdq txdolw| ohyho/ dqg wkh krul}rqwdo d{lv phdvxuhv wkh vkduh

ri wkh oderu irufh hpsor|hg1 Wkh wrs dqg erwwrp erxqgdulhv ri wkh wuldqjxodu uhjlrq looxvwudwh

43Wkhuhiruh lq wkh frqwh{w ri wklv prgho/ t uhsuhvhqwv wkh hfrqrp|*v JQS1
44D pruh jhqhudo surgxfwlrq ixqfwlrq iru sxeolf vhfwru rxwsxw/ ri zklfk htxdwlrq 615 lv d vshfldo fdvh/ lv glvfxvvhg

lq Vhfwlrq 81 Wkh uhvwulfwhg yhuvlrq lv xvhg lq wklv vhfwlrq iru wkh vdnh ri wudqvsduhqf|1

8
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Iljxuh 614= Sxeolf vhfwru fkrlfh vhw zlwk J 0lvrtxdqwv

wkh uhodwlrqvkls ehwzhhq sxeolf vhfwru hpsor|phqw dqg wkh dyhudjh txdolw| ri wkh sxeolf vhfwru

oderu irufh xvlqj wkh cfkhuu| slfnlqj* dqg cerwwrp ihhglqj* vwudwhjlhv/ uhvshfwlyho|1 Srlqwv zlwklq

wkh wuldqjxodu vkdghg uhjlrq lghqwli| sdluv +v> t}, zklfk pd| eh uhdol}hg xvlqj klulqj vwudwhjlhv

lqwhuphgldwh ehwzhhq wkrvh ghvfulehg deryh1 Qrwh wkdw wkh ctxdolw| ohyho* t} lv wkh dyhudjh txdolw|

ri zrunhuv hpsor|hg lq wkh jryhuqphqw1 Iru dq| ohyho ri sxeolf vhfwru hpsor|phqw v wkhuh lv d

udqjh ri dyhudjh txdolw| ohyhov dfklhydeoh yld wkh sxuvxlw ri dowhuqdwlyh oderu pdunhw vwudwhjlhv1

Li doo zrunhuv duh wr eh hpsor|hg e| wkh jryhuqphqw +v @ 4, wkhq fohduo| wkhuh lv rqo| d vlqjoh

txdolw| ohyho zklfk fdq eh uhdol}hg/ qdpho| t} @
�

2
1 Dv wkh vkduh ri zrunhuv wr eh hpsor|hg lv

uhgxfhg/  h{lelolw| lqfuhdvhv1

Jlyhq wkh surgxfwlrq ixqfwlrq vshfl�hg lq htxdwlrq 615/ wkhuh lv d vlpsoh uhodwlrqvkls zklfk

lghqwl�hv wkh sdluv +v> t}, zklfk zloo surylgh d sduwlfxodu ohyho ri sxeolf vhfwru surgxfwlrq1 Jlyhq

oderu irufh Q dqg ohyho ri sxeolf vhfwru surgxfwlrq J/ 615 lpsolhv wkdw=

t} @
J

v �Q
+616,

Vhyhudo vxfk clvrtxdqwv* duh lqglfdwhg lq Iljxuh 614/ zlwk pryhphqw wr wkh uljkw dqg xs lqglfdwlqj

kljkhu ohyhov ri J1

Wkh surgxfwlrq uhodwlrqvkls vshfl�hg lq htxdwlrq 614 dqg wkh vkduhg srro ri khwhurjhqhrxv

oderu ghwhuplqh d uhodwlrqvkls ehwzhhq sulydwh vhfwru rxwsxw dqg sxeolf vhfwru surgxfwlrq1 Wkh

glvwulexwlrq ri zrunhu surgxfwlylw| lpsolhv wkdw

4

5

@ v � t} . +4� v, � tR +617,

Vroylqj iru tR/ vxevwlwxwlqj lqwr 614/ dqg vlpsoli|lqj zh rewdlq=

9
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Wklv lqglfdwhv wkdw iru wklv prgho sulydwh vhfwru rxwsxw ghshqgv rq wkh ohyho ri sxeolf vhfwru

rxwsxw/ exw qrw rq krz J lv surgxfhg1 Htxdwlrq 618 lpsolhv wkdw iru dq| ohyho ri J wkhuh lv d
xqltxh dvvrfldwhg ohyho ri rxwsxw \ 1 Zh fdq wkhuhiruh dovr uhjdug wkh cJ 0lvrtxdqwv* looxvwudwhg

lq Iljxuh 614 dv clvr0rxwsxw* frqwrxuv1 Dv wkh sxeolf vhfwru frqwhpsodwhv dowhuqdwlyh oderu pdunhw
vwudwhjlhv/ xvh ri +v> t}, sdluv rq wkh vdph frqwrxu zloo eh dvvrfldwhg zlwk wkh vdph ohyho ri sulydwh

vhfwru rxwsxw1
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Iljxuh 615= \ dv d ixqfwlrq ri J

Wkh uhodwlrq ehwzhhq J dqg \ lv looxvwudwhg lq Iljxuh 6151 Wr ghulyh lwv surshuwlhv/ qrwh wkdw

e| gl�huhqwldwlqj htxdwlrq 618 zh fdq vroyh iru wkh ohyho ri sxeolf vhfwru rxwsxw zklfk pd{lpl}hv

sulydwh vhfwru rxwsxw \ =

C

�
�

2
�J.DJ�

N
k

�

CJ
@ 3 +619,

zklfk lpsolhv wkdw wkh rswlpdo ohyho ri sxeolf jrrg surgxfwlrq JW

8
lv jlyhq e|=45

J
W

8 @ +D�Nk
,

�

�3� +61:,

Wklv lghqwl�hv wkh rswlpdo lvr0rxwsxw frqwrxu/ odehohg JW

8
> lq �jxuh 6141 Qrwlfh wkdw wkh vkduh

ri sxeolf vhfwru hpsor|phqw fdq olh dq|zkhuh ehwzhhq vu dqg vL lq wkh �jxuh/ dqg wkh rswlpdo

+v> t}, frpelqdwlrq lv lqghwhuplqdwh/ dqg pd| rffxu dq|zkhuh dorqj wkh duf OX 1

Li wklv ohyho ri sxeolf vhfwru rxwsxw lv pdgh dydlodeoh/ sulydwh vhfwru rxwsxw zloo eh=

\
W

8 @

Q

5
. +4� �, +DNk��,

�

�3� +61;,

E| frqwudvw/ li sxeolf vhfwru rxwsxw lv vhw wr J @ 3/ wkhq sulydwh vhfwru rxwsxw lv fohduo| \ @
�

2
? \ W1 Li sxeolf vhfwru rxwsxw lv pd{lpl}hg/ wkhq sulydwh vhfwru rxwsxw lv jlyhq e|=

\ @ D

�
Q

5

�
�

N
k +61<,

45Wkh phdqlqj ri wkh vxevfulsw I lv h{sodlqhg ehorz1

:



6151 Wkh sxeolf vhfwru exgjhw frqvwudlqw

Jlyhq frpsohwh lqirupdwlrq uhjduglqj surgxfwlylw|/ zrunhuv lq erwk wkh sxeolf dqg sulydwh vhfwruv

zloo eh sdlg wkhlu surgxfwlylw| (1 Wkxv wkh jryhuqphqw zdjh eloo zloo eh htxdo wr wkh ohyho ri sxeolf

vhfwru rxwsxw vQt} 1 Ehfdxvh wkh jryhuqphqw*v rxwsxw lv d sxeolf jrrg/ lw fdqqrw eh vrog lq wkh

pdunhw1 Zh dvvxph wkdw wzr vrxufhv ri uhyhqxh duh dydlodeoh wr wkh jryhuqphqw wr �qdqfh lwv

zdjh eloo= wd{hv W dqg iruhljq wudqvihuv I 1 Wkh sxeolf vhfwru exgjhw frqvwudlqw lv wkhq=

J @ I . W +6143,

Lpsrvlwlrq ri wd{hv jhqhudwhv uhgxfwlrqv lq sulydwh vhfwru rxwsxw ri pdjqlwxgh K+W ,/ zlwk

K+3, @ 3>
CK+W ,

CW
� 3> dqg

C2K+W ,

CW 2
A 3= +6144,

Li wkh jryhuqphqw zhuh wr eh lq wkh iruwxqdwh srvlwlrq ri kdylqj dffhvv wr vx!flhqw ohyhov ri I

wr �qdqfh JW

8
ghwhuplqhg lq htxdwlrq 61: zlwkrxw ohy|lqj wd{hv/ wkhq lw zloo dfwxdoo| eh deoh wr

dfklhyh wkh sulydwh vhfwru rxwsxw ohyho \ W

8
jlyhq lq 61;1

46
Lq wkh pruh xvxdo vlwxdwlrq/ wd{hv duh

uhtxluhg wr vdwlvi| wkh exgjhw frqvwudlqw 6143/ vr wkdw wkh pd{lpdo sulydwh vhfwru rxwsxw qhw ri

wd{hv zklfk fdq eh dfklhyhg zloo eh ohvv wkdq \
W

8
1 Sulydwh vhfwru orvvhv gxh wr wkh wd{ duh wkhq

jlyhq e| K+J�I , dqg wkh vl}h ri jryhuqphqw zklfk pd{lpl}hv qhw sulydwh vhfwru rxwsxw \ �K

zloo eh ghwhuplqhg e| wkh htxdwlrq

J
W

A
@

�
�DNk

4 .K
�

� �

�3�

+6145,

Ri frxuvh/ wklv zrxog surylgh dq h{solflw vroxwlrq iru wkh rswlpdo vl}h ri wkh sxeolf vhfwru rqo| li

K
� zhuh frqvwdqw1 Lq jhqhudo/ K � ghshqgv xsrq J dqg wkxv/ yld 6143/ rq I 1 Wkhq wkh rswlpdo vl}h

ri wkh sxeolf vhfwru zloo eh lpsolflwo| gh�qhg e| htxdolw| 61451 Wkxv wkh vroxwlrq iru wkh rswlpdo

vl}h ri wkh sxeolf vhfwru zloo eh=

J
W

A @ J
W

A +I ,/ +6146,

zlwk=

3 ?
CJW

A

CI
@

�

�3�

�
��gk

�nM
�

� �

�3�

�
M

��

�nM
�

�

4 .
�

�3�

�
��gk

�nM
�

� �

�3�

�
M

��

�nM
�

� ? 4

Dq lqfuhdvh lq I zloo lqfuhdvh wkh rswlpdo ydoxh ri J/ hvvhqwldoo| ehfdxvh lw uhgxfhv wkh wd{0

froohfwlrq frvw dvvrfldwhg zlwk �qdqflqj dq lqfuhdvh lq sxeolf vhfwru rxwsxw147 Wkh pd{lpxp qhw

sulydwh vhfwru rxwsxw dfklhyhg zlwk wklv sxeolf vhfwru zrxog wkhq eh jlyhq e|=

\
W

A @

Q

5
.

�
�DNk

4.K
�

� �

�3� DN
k

4.K
�
+4� �,�K+W , +6147,

zlwk

W @

�
�DNk

4.K �

� �

�3�

�I +6148,

46Wkxv wkh vxevfulsw I uhihuv wr sxuho| dlg0�qdqfhg sxeolf jrrg surgxfwlrq1
47Qrwlfh wkdw li M

3

' f/ wkhq C
3

' f dv zhoo1

;



6161 Sxeolf vhfwru ehkdylru zlwk dq hpsor|phqw remhfwlyh

Jlyhq wklv vwuxfwxuh dqg vhw ri srvvleoh fkrlfhv/ zkdw oderu pdunhw vwudwhj| zloo eh dgrswhg e|

wkh sxeolf vhfwruB Wr fdswxuh wkh uroh ri dq hpsor|phqw remhfwlyh/ zh dvvxph wkdw wkh fkrlfhv

pdgh e| wkh sxeolf vhfwru duh ghwhuplqhg e| d xwlolw| ru vrfldo zhoiduh ixqfwlrq

X+v> \ �K+W ,, +6149,

zklfk ghshqgv rq wkh vkduh ri wkh oderu irufh hpsor|hg lq wkh sxeolf vhfwru dv zhoo dv rq sulydwh

vhfwru rxwsxw qhw ri orvvhv dvvrfldwhg zlwk wd{ froohfwlrq1 Zh dvvxph wkdw wkh pdujlqdo xwlolwlhv

Xr dqg Xt duh qrq0qhjdwlyh/ dqg wkdw wkh sxeolf vhfwru xwlolw| ixqfwlrq lwvhoi lv frqfdyh1 Wkh

lqfoxvlrq ri v hqdeohv uhsuhvhqwdwlrq ri wkh hpsor|phqw jrdov ri jryhuqphqwv dqg lv sduwlfxoduo|

zhoo vxlwhg wr uhsuhvhqwdwlrq ri wkh srolwlfdo jrdov ri lqglylgxdov lq wkh sxeolf vhfwru zkr vhhn wr

hvwdeolvk d edvlv ri vxssruw e| surylglqj hpsor|phqw wr d vxevwdqwldo sruwlrq ri wkh hohfwrudwh1

Jlyhq wklv xwlolw| ixqfwlrq/ wkh pdujlqdo udwh ri vxevwlwxwlrq Lr

Lt
phdvxuhv wkh pdujlqdo zloo0

lqjqhvv wr vdful�fh sulydwh vhfwru rxwsxw iru lqfuhdvlqj sxeolf vhfwru hpsor|phqw1 Jryhuqphqwv

zklfk duh sduwlfxoduo| vxemhfw wr srolwlfdo suhvvxuh/ idfh zhoo0rujdql}hg rssrvlwlrq pryhphqwv/ ru

pxvw vxeplw wr iuhtxhqw ru sur{lpdwh hohfwrudo vfuxwlq| pljkw eh wkrxjkw ri dv ehlqj fkdudfwhul}hg

e| kljk ohyhov ri Lr

Lt
1

Wr fkdudfwhul}h wkh fkrlfh pdgh e| dq rswlpl}lqj jryhuqphqw/ frqvlghu wkh vhw ri rswlrqv dqg

clvr0rxwsxw* frqwrxuv idflqj wkh ghflvlrq pdnhu/ looxvwudwhg lq Iljxuh 6161 Wkh vlqjoh lvr0rxwsxw

frqwrxu lv dvvrfldwhg zlwk wkh ydoxh \ W/ wkh pd{lpdo ohyho ri sulydwh vhfwru rxwsxw1 Wkh xwlolw|

ixqfwlrq 6149 zloo gh�qh dq lqgluhfw zhoiduh ixqfwlrq ryhu fkrlfhv +v> t}, dqg Iljxuh 616 looxvwudwhv

wkuhh lqgl�huhqfh fxuyhv1
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Iljxuh 616= Sxeolf vhfwru fkrlfh

Qrwh wkh lqwhuvhfwlrq ehwzhhq wklv frqwrxu dqg wkh orzhu erxqgdu| ri wkh ihdvleoh duhd1 Wklv

lv dvvrfldwhg zlwk d vkduh ri oderu hpsor|hg lq wkh sxeolf vhfwru jlyhq e|=

v
W

@

yxxw 5

Q

�
�DNk

4.K �

� �

�3�

+614:,

<



Wklv srlqw lghqwl�hv wkh odujhvw srvvleoh ohyho ri sxeolf vhfwru hpsor|phqw frqvlvwhqw zlwk wkh

ohyho ri sulydwh vhfwru rxwsxw \ W1 Li wkh sxeolf vhfwru xwlolw| ixqfwlrq dwwdfkhg qr ydoxh wr v/ wkhq

dq| srlqw dorqj wkh frqwrxu zrxog eh htxdoo| ghvludeoh dqg zrxog grplqdwh doo rwkhu ihdvleoh

fkrlfhv1 Jlyhq wkh dvvxpswlrq wkdw Xr A 3/ krzhyhu/ srlqwv rq dq clvr0rxwsxw* frqwrxu duh qrw

doo htxdoo| ghvludeoh/ dv lqglfdwhg e| wkh lqgl�huhqfh fxuyhv1 Pryhphqw grzq dqg wr wkh uljkw

dorqj wkh lvr0rxwsxw frqwrxu krogv \ frqvwdqw/ exw lqfuhdvhv v dqg wkxv lpsuryhv sxeolf vhfwru

xwlolw|1 Wkh fkrlfh zklfk pd{lpl}hv sxeolf vhfwru xwlolw| zloo eh orfdwhg rq wkh orzhu erxqgdu|

ri wkh ihdvleoh vhw/ dq h{dpsoh ehlqj v
� looxvwudwhg lq Iljxuh 6161 Wklv lpsolhv=

Sursrvlwlrq 6141 D jryhuqphqw zklfk pd{lpl}hv xwlolw| ixqfwlrq X+v> \ �K+W ,, zloo dozd|v eh

d cerwwrp ihhghu* lq wkh oderu pdunhw/ fkrrvlqj d srolf| zklfk idyruv wkh ohdvw txdol�hg zrunhuv

dydlodeoh1

Dorqj wklv orzhu erxqgdu|/ zh kdyh t} @
r

2
/ vr wkdw J @ r

2
�

2
1 Vxevwlwxwlqj wklv lqwr htxdwlrq

618 zh fdq fkdudfwhul}h wkh remhfwlyh ri wkh sxeolf vhfwru dv rqh ri fkrrvlqj v wr pd{lpl}h=

X

#
v>
Q

5
�

v2Q

5
.D

#
v2Q

5

$
�

N
k
�K

#
v
2
Q

5
� I

$$
+614;,

Pd{lpl}dwlrq ri wklv uhtxluhv wkdw v eh fkrvhq vr wkdw=

Xr

Xt

@ vQ

#
4� �DNk

�
5

v
2Q

�
�3�

.K
�

$
+614<,

Vxevwlwxwlrq ri wkh ydoxh v
W iurp htxdwlrq 614: lqwr htxdwlrq 614< vkrzv wkdw dw v

W wkh ydoxh ri

wkh uljkw kdqg vlgh ri htxdwlrq 614< lv }hur1 Wklv ghprqvwudwhv wkdw d xwlolw| pd{lpl}lqj sxeolf

vhfwru zloo qrw lq jhqhudo fkrrvh wr hpsor| v
W xqohvv Xr @ 3 ru Xt @41 Wkh rswlpdo fkrlfh ri v

iru vxfk d jryhuqphqw zloo olh ehwzhhq v
W
dqg v @ 4= Zh duh wkxv ohg wr=

Sursrvlwlrq 6151 D jryhuqphqw zklfk pd{lpl}hv xwlolw| ixqfwlrq X+v> \ � K+W ,, zloo qrw lq

jhqhudo fkrrvh dq hpsor|phqw vwudwhj| zklfk pd{lpl}hv sulydwh vhfwru rxwsxw/ exw udwkhu zloo

csxufkdvh* kljkhu sxeolf vhfwru hpsor|phqw e| vdful�flqj sulydwh vhfwru rxwsxw xqwlo frqglwlrq

614< lv vdwlv�hg1

Wkh dqdo|vlv dovr surylghv xv zlwk dq xqghuvwdqglqj ri krz jryhuqphqwv zloo uhvsrqg wr

lqfuhdvlqj �vfdo frqvwudlqwv1 Frqvlghu djdlq wkh frqglwlrq zklfk fkdudfwhul}hv rswlpdo fkrlfh iru

wkh sxeolf vhfwru

Xr

Xt

@ vQ

#
4� �DNk

�
5

v
2Q

�
�3�

.K
�

$

dqg vxssrvh wkdw wkh jryhuqphqw h{shulhqfhv dq h{rjhqrxvo| lpsrvhg ghfolqh lq iruhljq wudqvihuv

I 1 Wklv fdxvhv wkh uhtxluhg wd{ exughq r
2
�

2
� I wr lqfuhdvh dqg/ jlyhq wkh surshuwlhv lghqwl�hg

lq 6144 deryh/ wklv zloo uhvxow lq dq lqfuhdvh lq K
�
1 Rswlpl}dwlrq wkhq uhtxluhv fkrlfh ri d ohyho v

dw zklfk
Lr

Lt
lv juhdwhu/ zklfk jlyhq wkh frqfdyh xwlolw| ixqfwlrq fdq eh dfklhyhg e| uhgxflqj v1

Exw wkh cerwwrp ihhglqj* vwudwhj| wkhq lpsolhv d uhgxfwlrq lq wkh dyhudjh txdolw| ri sxeolf vhfwru

zrunhuv/ dv zhoo dv d frpsuhvvlrq ri wkh sxeolf vhfwru zdjh glvwulexwlrq1 Wklv dujxphqw doorzv xv

wr suhvhqw=

Sursrvlwlrq 6161 Li d jryhuqphqw zklfk pd{lpl}hv xwlolw| ixqfwlrq X+v> \ �K+W ,, lv vxemhfw

wr h{whuqdo frqvwudlqwv rq wkh ohyho ri sxeolf vhfwru uhvrxufhv/ wkh dyhudjh txdolw| ri zrunhuv lq

wkh sxeolf vhfwru zloo eh uhgxfhg/ dqg wkh sxeolf vhfwru zdjh glvwulexwlrq zloo eh frpsuhvvhg1
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71 Revhuyhg ehkdylru dqg srolf| lpsolfdwlrqv

7141 Frqvlvwhqf| zlwk vw|ol}hg idfwv

Wklv prgho surylghv d yhu| vlpsoh zd| ri xqghuvwdqglqj wkh vhyhudo hpslulfdo vwxglhv ri sxeolf
vhfwru ehkdylru lq ghyhorslqj hfrqrplhv1 Iru h{dpsoh/ wkh dqdo|vlv ri Nudd| dqg Ydq Ulmfnhjkhp

+4<<8, lqglfdwhv d vwurqj qhjdwlyh lpsdfw rq sxeolf vhfwru zdjhv lq ghyhorslqj frxqwulhv uhvxow0
lqj iurp lpsohphqwdwlrq ri VDI2HVDI ru cvwdqge|* surjudpv1 Dv lpsolhg e| Sursrvlwlrq 616/
uhgxfwlrqv lq zrunhu txdolw| dqg sxeolf vhfwru zdjhv duh h{dfwo| zkdw zh zrxog h{shfw iurp vxfk

�vfdo frqvwudlqwv1
Vwxglhv ri sxeolf vhfwru zdjhv48 lq ghyhorslqj frxqwulhv kdyh dovr lqglfdwhg vwulnlqj ohyhov

ri zdjh frpsuhvvlrq 0 erwk ghyhorslqj ryhu wlph dqg uhodwlyh wr wkh sulydwh vhfwru1 Wkh prgho

suhvhqwhg deryh zloo lq dq| hyhqw uhvxow lq d sxeolf vhfwru zlwk juhdwhu zdjh frpsuhvvlrq wkdq

wkh sulydwh vhfwru1 Wkh cerwwrp ihhglqj* vwudwhj| dgrswhg e| wkh sxeolf vhfwru lv dfklhyhg e|

klulqj rqo| wkrvh zrunhuv lq wkh orzhu sruwlrq ri wkh txdolw| vshfwuxp1 Wkh sxeolf vhfwru dovr

zloo fkrrvh d phdq zrunhu txdolw| orzhu wkdq wkh sulydwh vhfwru1 Wkhvh wzr idfwv lpso| sxeolf

vhfwru zdjh frpsuhvvlrq1 Ixuwkhupruh/ wr wkh h{whqw wkdw ghyhorslqj frxqwulhv kdyh ehhq vxemhfw

wr lqfuhdvlqj ohyhov ri �vfdo frqvwudlqw ryhu wkh sdvw wzr ghfdghv/ rxu prgho suhglfwv wkdw wkh|

zrxog uhvsrqg e| fkrrvlqj orzhu ohyhov ri v/ ixuwkhu h{dfhuedwlqj wkh zdjh frpsuhvvlrq sureohp1

7151 Srolf| lpsolfdwlrqv

Vxssrvh wkdw wkh pd{lpl}dwlrq ri qhw sulydwh vhfwru rxwsxw +JQS, lv dgrswhg dv d zhoiduh ful0

whulrq1 Jlyhq wkdw jryhuqphqw rxwsxw frqvlvwv ri d surgxfwlyh lqwhuphgldwh jrrg dqg wkdw �vfdo

dxvwhulw| lpsolhv erwk d uhgxfwlrq lq sxeolf vhfwru hpsor|phqw dv zhoo dv lq wkh dyhudjh txdolw|

ri zrunhuv lq wkh sxeolf vhfwru1 Grhv wkh lqwurgxfwlrq ri �vfdo dxvwhulw| � vd| yld wkh uhgxfwlrq

ri iruhljq wudqvihuv � lpsrvh dq ch{fhvv exughq* rq wkh hfrqrp| lq wkh irup ri d frqwudfwlrq lq

qhw sulydwh rxwsxwB Wkh prgho shuplwv xv wr revhuyh wkdw/ xqolnh zkdw lv frpprqo| vxssrvhg/

dlg uhgxfwlrqv wkdw lqgxfh vxfk fkdqjhv fdqqrw xqlirupo| eh mxgjhg wr eh hlwkhu ghvludeoh ru xq0

ghvludeoh1 Li d jryhuqphqw kdv d vx!flhqwo| vpdoo Lr

Lt
/ hlwkhu iurp d odujh Xt +shukdsv d frxqwu|

zlwk yhu| orz shu fdslwd lqfrph, ru iurp d uhodwlyho| vpdoo ohyho ri Xr +shukdsv gxh wr srolwlfdo

vwdelolw| ru d uhjlph zklfk lv rwkhuzlvh qrw vxemhfw wr hohfwrudo suhvvxuh,/ wkhq lwv fkrvhq ohyho

ri sxeolf vhfwru hpsor|phqw v pd| eh forvh hqrxjk wr v
W wkdw lpsrvlqj d glvfuhwh frqvwudlqw rq

wkh sxeolf vhfwru pd| lqghhg uhvxow lq dfwxdo ghfolqhv lq \> dv v frqwudfwv iurp d ydoxh vf A v
W
wr

v� ? v
W
1

Rq wkh rwkhu kdqg/ li d jryhuqphqw kdv d uhodwlyho| odujh
Lr

Lt
/ wkhq lpsrvlqj uhvwulfwlrqv rq

wkh sxeolf vhfwru pd| dfwxdoo| lqfuhdvh \ 1 Zkhwkhu wklv lv vr ghshqgv rq wkh pdjqlwxgh ri wkh

jds ehwzhhq v dqg v
Wdv zhoo dv rq wkh vhyhulw| ri wkh lpsrvhg �vfdo frqvwudlqw1 Wklv ohdgv wr rxu

fhqwudo uhvxow=

Sursrvlwlrq 7141 Li/ iru vrph ydoxh ri iruhljq dvvlvwdqfh If wkh htxloleulxp lv rqh zkhuh
Lr

Lt
A 3/

wkhuh h{lvwv d ydoxh I� vxfk wkdw I� ? If/ dqg \ +I�, A \ +If,1

Wkxv/ zkloh wkh uhgxfwlrq lq wkh txdolw| ri wkh sxeolf vhfwru oderu irufh dqg wkh frqwudfwlrq

lq sxeolf vhfwru hpsor|phqw zloo reylrxvo| uhgxfh sxeolf vhfwru rxwsxw/ sulydwh vhfwru rxwsxw zloo

qhyhuwkhohvv lqfuhdvh/ xqohvv wkh lqlwldo glvwruwlrq lv vpdoo dqg wkh �vfdo frqvwudlqw lv yhu| vhyhuh1

Wkh uhdvrq lv wkdw wkh srvlwlyh zhljkw sodfhg rq sxeolf hpsor|phqw lq wkh jryhuqphqw*v remhfwlyh

ixqfwlrq whqgv wr fuhdwh d sxeolf vhfwru zklfk lv h{fhvvlyho| odujh uhodwlyh wr wkh rswlpxp + v A vW

,/ vr wkh uhgxfwlrq lq I sxvkhv sxeolf hpsor|phqw forvhu wr wkh rswlpdo ohyho1

48Iru h{dpsoh/ Ydq Jlqqhnlq +4<<4,/ Olqgdxhu dqg Qxqehuj +4<<7,/ Fkdxgku| hw do1 +4<<7, dqg Kdtxh dqg

Vdkd| +4<<9,
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Lqwxlwlyho|/ wklv uhvxow krogv ehfdxvh/ lq wkh lqlwldo glvwruwhg htxloleulxp/ wkh ydoxh sodfhg rq

sxeolf vhfwru hpsor|phqw e| wkh grphvwlf jryhuqphqw fdxvhv lw wr ryhuvxsso| sxeolf jrrgv lq d

frqwh{w lq zklfk lwv lqfhqwlyhv wr gr vr duh qrw whpshuhg e| wkh qhhg wr �qdqfh wkh surgxfwlrq ri

vxfk jrrgv e| ohy|lqj glvwruwlrqdu| wd{hv1 Wkh uhgxfwlrq ri dlg shqdol}hv wkh surylvlrq ri sxeolf

jrrgv e| lqfuhdvlqj wkh qhhg iru glvwruwlrqdu| wd{ �qdqflqj/ wkxv glvfrxudjlqj wkh surgxfwlrq ri

vxfk jrrgv dqg prylqj wkh hfrqrp| forvhu wr wkh xqglvwruwhg rswlpxp1

81 H{whqvlrqv

Wkh prgho suhvhqwhg deryh zdv edvhg rq d vlpsoh dqg wudfwdeoh surgxfwlrq ixqfwlrq iru sxeolf

vhuylfhv lq zklfk wkh wudghr� ehwzhhq ctxdolw|* +dv uhsuhvhqwhg e| t}, dqg txdqwlw| +dv uhsuhvhqwhg

e| v, wrrn rq d sduwlfxoduo| vlpsoh irup1 Vxfk d uhsuhvhqwdwlrq pd| qrw eh zduudqwhg iru vrph/

shukdsv hyhq prvw w|shv ri surgxfwlyh dfwlylwlhv lq wkh sxeolf vhfwru149 Wkh prgho dovr suhvxphg

wkdw hpsor|huv srvvhvvhg ixoo lqirupdwlrq derxw zrunhu surgxfwlylwlhv/ vr wkdw qr lqirupdwlrq
dv|pphwulhv frpsolfdwhg wkh uhodwlrq ehwzhhq zdjhv dqg zrunhu txdolw|1 Wklv phdqw wkdw wkhuh
zdv qr qhfhvvlw| iru lqglylgxdov wr vljqdo wkh jryhuqphqw ru sulydwh vhfwru hpsor|huv frqfhuqlqj

wkhlu surgxfwlylw|1 Lq wklv vhfwlrq zh r�hu vrph wkrxjkwv rq srvvleoh h{whqvlrqv wr wkh prgho/
sduwlfxoduo| dv uhjdugv wkhvh wzr lvvxhv1

8141 Prgholqj wkh wudghr� ehwzhhq txdolw| dqg txdqwlw|

Surylglqj d pruh ghwdlohg prgho ri wkh wudghr� ehwzhhq txdolw| dqg txdqwlw| zlwklq wkh sxeolf

vhfwru zrunirufh zloo uhtxluh frqvlghudwlrq ri pruh frpsoh{ surgxfwlrq ixqfwlrqv iru wkh vhfwru1
Dq dowhuqdwlyh dssurdfk zrxog eh wr frqvlghu d sxeolf vhfwru zkrvh remhfwlyh ixqfwlrq ghshqghg

gluhfwo| rq wkh txdolw| ri lwv hpsor|hhv1 Krzhyhu/ wklv vhhpv d ohvv surplvlqj zd| wr h{whqg
wkh prgho1 Lw vhhpv txlwh uhdvrqdeoh wkdw jryhuqphqwv vkrxog eh frqfhuqhg derxw qhw sulydwh
vhfwru rxwsxw1 Ixuwkhupruh/ zkhq frqwlqxdwlrq ri jryhuqphqw srzhu ghshqgv rq wkh h{whqw ri

sxeolf vxssruw +hlwkhu gxh wr hohfwrudo frqvlghudwlrqv ru wkh vlpsoh ghvluh wr uhgxfh wkh vxssruw
iru uhehoolrq, lw vhhpv sodxvleoh wkdw wkh sxeolf vhfwru vkrxog eh frqfhuqhg derxw wkh qxpehu

ri zrunhuv lw hpsor|v/ ru wkh vkduh v ri wkh oderu irufh hpsor|hg1 Pruhryhu/ erwk ri wkhvh

dvvxpswlrqv dsshdu wr eh frqvlvwhqw zlwk revhuyhg ehkdylru1 Krzhyhu/ lw lv kdug wr mxvwli| zk|

wkh jryhuqphqw vkrxog eh frqfhuqhg derxw dfwxdo hpsor|hh txdolw|/ h{fhsw wr wkh h{whqw wkdw lw

dgyhuvho| d�hfwv sxeolf vhfwru rxwsxw J dqg khqfh qhw sulydwh vhfwru rxwsxw1

Ohw xv frqvlghu/ wkhq/ h{whqglqj wkh prgho ri sxeolf vhfwru surgxfwlrq wr doorz pruh frpsoh{

wudghr�v ehwzhhq txdolw| dqg txdqwlw|1 Iru h{dpsoh/ zh frxog dgrsw dq dssurdfk lq zklfk zrunhu

surgxfwlylw| dqg wrwdo sxeolf vhfwru rxwsxw lv dgyhuvho| d�hfwhg e| wkh surgxfwlylw| ri wkh orzhvw

txdolw| zrunhuv hpsor|hg1 Dq h{dpsoh zklfk zrxog fdswxuh wklv zrxog eh wr ohw t uhsuhvhqw wkh

txdolw| ri wkh ohdvw surgxfwlyh zrunhu hpsor|hg lq wkh sxeolf vhfwru/ dqg wkhq wr uhsuhvhqw sxeolf

vhfwru rxwsxw e|

J @ t} � vQ � t +814,

Vxfk dq dssurdfk lv lq wkh vslulw ri Nuhphu*v +4<<6, cR0ulqj* dssurdfk wr surgxfwlrq dqg gh0

yhorsphqw/ dqg pljkw eh surplvlqj lq whupv ri fdswxulqj wkh ehkdylru ri jryhuqphqwv zkr kluh

orz txdolw| zrunhuv rq dyhudjh/ exw vwloo vhhn wr hqvxuh d plqlpxp vwdqgdug ri frpshwhqf|/ iru

h{dpsoh e| lqvlvwlqj wkdw doo zrunhuv dw ohdvw sdvv d flylo vhuylfh h{dp1

Zkloh vxfk d surgxfwlrq ixqfwlrq zrxog fhuwdlqo| pryh dq rswlpl}lqj sxeolf vhfwru r� iurp

wkh orzhu erxqgdu| ri lwv fkrlfh vhw/ dqg zrxog lqfuhdvh wkh pdwkhpdwlfdo gl!fxow| ri wkh prgho

vrphzkdw/ lw zrxog vhhp wr ohdyh lqwdfw wkh edvlf lqwxlwlyh vwuxfwxuh ri rxu uhvxowv1 Jryhuqphqwv

zkr fduh derxw erwk sxeolf vhfwru hpsor|phqw dqg sulydwh vhfwru rxwsxw zloo fkrrvh d srvlwlrq

49Vhh Nuhphu +4<<6, iru dq h{fhoohqw glvfxvvlrq ri wkhvh lvvxhv1
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qhdu wkh erwwrp ri wkh oderu txdolw| vshfwuxp/ xvlqj juhdwhu txdqwlw| +wr wkh h{whqw srvvleoh,

udwkhu wkdq txdolw|1 Wklv iuhhv xs kljkhu txdolw| zrunhuv iru wkh sulydwh vhfwru +hqkdqflqj sul0
ydwh vhfwru rxwsxw, dqg lqfuhdvhv wkh qxpehu ri zrunhuv zkr ghshqg xsrq wkh jryhuqphqw iru

hpsor|phqw/ suhvxpdeo| vwuhqjwkhqlqj wkhlu hohfwrudo srvlwlrq1 Doo ri wklv zloo vwloo eh wuxh hyhq
li sxeolf vhfwru surgxfwlrq lv ghvfulehg e| htxdwlrq 8141

Dq dowhuqdwlyh dssurdfk zrxog eh wr xvh d pruh jhqhudo surgxfwlrq ixqfwlrq lq zklfk rxwsxw
ghshqgv rq erwk wkh txdolw| t} dqg wkh vkduh v ri zrunhuv lq wkh sxeolf vhfwru1 Vxssrvh/ iru

h{dpsoh/ wkdw zh kdyh=
4:

J @ Q
�
tj
}
. � � v

j

� �

j +815,

Iru � @ 4 wklv lpsolhv wkdw txdolw| dqg txdqwlw| duh shuihfw vxevwlwxwhv1 Lq wkh olplw/ dv � $ 3/

zh kdyh wkh vdph wudghr� ehwzhhq txdolw| dqg txdqwlw| dv lpsolhg lq htxdwlrq 615 deryh1 Zlwk

wklv surgxfwlrq uhodwlrqvkls/ sulydwh vhfwru rxwsxw zloo ghshqg qrw rqo| rq wkh ohyho ri rxwsxw

J exw dovr xsrq wkh pl{wxuh +v> t}, ri txdqwlw| dqg txdolw| fkrvhq e| wkh sxeolf vhfwru1 Wklv

frqwudvwv zlwk wkh vlwxdwlrq suhvhqwhg deryh/ lq zklfk zh hvwdeolvkhg +lq htxdwlrqv 616 wkurxjk

618, lqghshqghqfh ehwzhhq \ dqg wkh zd| lq zklfk J lv surgxfhg1

Htxdwlrq 815 surylghv iru d frqvwdqw hodvwlflw| ri vxevwlwxwlrq ehwzhhq txdolw| dqg txdqwlw|1

Frpelqlqj htxdwlrqv 614 dqg 617 revhuyh wkdw sulydwh vhfwru rxwsxw lv jlyhq e|=

\ @ Q

�
4

5
� v � t}

�
.DN

k
J
� +816,

wkhq e| vxevwlwxwlqj htxdwlrq 815 zh rewdlq=

\ @ Q
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4
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� v � t}
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.DNk

�
tj
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j
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j

�
+817,

Dvvxplqj uhyhqxh froohfwlrq frvwv K duh qhjoljleoh/ wkh jryhuqphqw wkhq vhhnv wr fkrrvh +v> t},
wr pd{lpl}h X +\> v,1 Iluvw rughu frqglwlrqv iru vroxwlrq ri wklv sureohp zrxog eh=
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+819,

Frqglwlrqv 818 dqg 819 zloo lghqwli| dq lqwhulru vroxwlrq lq zklfk wkh sxeolf vhfwru pd{lpl}hv

X +\> v, e| fkrrvlqj dq rxwfrph zklfk lv lqwhuphgldwh ehwzhhq wkh h{wuhph cerwwrp ihhglqj* dqg

cfkhuu| slfnlqj* vwudwhjlhv4;1

Lqwurgxflqj froohfwlrq frvwv lq wklv vhw0xs phdqv prgli|lqj htxdwlrq 817 wr lqfoxgh dq dg0

glwlrqdo whup jlylqj frvwv dv d ixqfwlrq ri uhtxluhg uhyhqxhv1 Wklv zrxog wdnh wkh irup ri=

�K+J�I ,1 Htxdwlrqv 818 dqg 819 zrxog eh prgl�hg dffruglqjo|/ dqg ydoxhv ri v dqg t} frxog

eh irxqg wr pd{lpl}h wkh jryhuqphqw*v remhfwlyh ixqfwlrq1 Vxfk ydoxhv zrxog eh ixqfwlrqv ri I /

dqg iru vxlwdeoh ydoxhv ri wkh sdudphwhuv/ d uhgxfwlrq lq I frxog eh vkrzq wr lpso| dq lqfuhdvh

lq \ �K 1

4<

4:Zh douhdg| nqrz wklv lv vr/ vlqfh wkh prgho dqdo|}hg deryh lv wkh vshfldo fdvh iru wkh vshfl�f sdudphwhu ydoxh

j ' ��

4;Lw lv uhodwlyho| hdv| wr frqvwuxfw looxvwudwlyh h{dpsohv1 Ohw LErc t � ' Et n 2�uEr n ��
4

43 dqg vhw rwkhu sdudphwhuv

dv iroorzv= � ' �ff/ M ' f/ � ' g ' �/ k ' f��/ � ' f��/ j ' f�2/ dqg D ' f�.� Wkhq vroxwlrq iru wkh rswlpxp

jlyhv Erc ^}� ' Ef�SDHcf�eHe�/ zklfk vdwlv�hv wkh lqhtxdolw| r

2
	 ^} 	 �3

r

2
/ dqg wkxv looxvwudwhv d vlwxdwlrq lq zklfk

wkh sxeolf vhfwru sxuvxhv dq lqwhulru oderu pdunhw vwudwhj|1
4<Zh douhdg| nqrz wklv lv vr/ vlqfh wkh prgho zrunhg rxw suhylrxvo| zdv suhflvho| ghulyhg iurp wklv rqh e|

lpsrvlqj d vshfl�f ydoxh ri wkh sdudphwhu j � l1h1/ j ' ��
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8151 Wlph dqg lqirupdwlrq

Wkhuh duh d ydulhw| ri rwkhu frqvlghudwlrqv wkdw frxog eh eurxjkw lqwr wklv iudphzrun wkdw pljkw

surylgh dgglwlrqdo lqvljkwv frqfhuqlqj wkh vwuxfwxuh ri wkhvh hfrqrplhv dqg wkh lpsdfwv ri srolf|1

Reylrxvo| oderu pdunhwv duh qrw dozd|v fkdudfwhul}hg e| shuihfw lqirupdwlrq/ dqg lw zrxog eh

lqwhuhvwlqj wr frqvlghu d sxeolf vhfwru zklfk pxvw kluh zrunhuv iru d suredwlrqdu| shulrg wr ohduq

derxw wkhlu surgxfwlylw|1 Vxfk d prgho zrxog dovr eh hvvhqwldoo| vwdwlf1 Dq dgglwlrqdo xvhixo

h{whqvlrq zrxog eh wr frqvlghu wkh lpsolfdwlrqv iru jurzwk ri wkh hfrqrplf vwuxfwxuh suhvhqwhg

deryh1

91 Frqfoxvlrqv

Zh kdyh suhvhqwhg d vlpsoh prgho zklfk surylghv iru dq hqgrjhqrxv ghwhuplqdwlrq ri zrunhu

txdolw| lq wkh sxeolf vhfwru1 Wkh prgho lv fkdudfwhul}hg e| ixoo lqirupdwlrq dqg d frpshwlwlyh

oderu pdunhw lq zklfk zrunhuv duh sdlg dffruglqj wr wkhlu wuxh surgxfwlylw|1 Wkh sxeolf vhfwru

lv qhlwkhu sdvvlyh qru hfrqrplfdoo| xqsurgxfwlyh1 Lw lv dvvxphg wr vhw srolf| e| pdnlqj wkrvh

fkrlfhv zklfk pd{lpl}h d xwlolw| ixqfwlrq zklfk ghshqgv rq sxeolf vhfwru hpsor|phqw dqg sulydwh

vhfwru rxwsxw qhw ri wkh hfrqrplf frvwv ri wd{dwlrq1

Rxu dqdo|vlv fkdudfwhul}hv wkh fkrlfhv wkdw zloo eh pdgh e| wkh sxeolf vhfwru/ dqg uhyhdov wkdw

vxfk jryhuqphqwv zloo dozd|v sxuvxh oderu pdunhw vwudwhjlhv lq zklfk wkh| hpskdvl}h klulqj ri

orzhu txdolw| zrunhuv1 Rxu dqdo|vlv dovr vxjjhvwv wkdw zkloh vxfk jryhuqphqwv zloo pd{lpl}h wkhlu

rzq xwlolw| ixqfwlrqv/ wkh| w|slfdoo| zloo qrw fkrrvh d ohyho ri sxeolf vhfwru rxwsxw ru hpsor|phqw

zklfk lv crswlpdo* lq wkh vhqvh ri pd{lpl}lqj qhw sulydwh vhfwru rxwsxw1 Lqvwhdg wkh| zloo csxufkdvh*

dgglwlrqdo hpsor|phqw dw wkh frvw ri uhgxfhg sulydwh vhfwru rxwsxw1 Wklv prgho surylghv d

vlpsoh zd| wr xqghuvwdqg wkh vw|ol}hg idfwv frqfhuqlqj sxeolf vhfwru zdjhv dqg hpsor|phqw

lq ghyhorslqj frxqwulhv1 Rxu fhqwudo �qglqj lv wkdw lq wklv vhwwlqj wkhuh lv srwhqwldo vfrsh iru

lpsurylqj rxwsxw +dqg srwhqwldoo| jurzwk, lq vxfk frxqwulhv e| lpsrvlqj d �vfdo frqvwudlqw1

Reylrxvo|/ lw lv dovr srvvleoh wr ryhuvkrrw zlwk vxfk srolflhv= uhgxfwlrqv lq sxeolf vhfwru surgxfwlrq

gr qrw prqrwrqlfdoo| lqfuhdvh qdwlrqdo rxwsxw1 Rxu prgho khosv wr lghqwli| fdvhv lq zklfk vxfk

cryhuvkrrwlqj* pljkw eh d frqfhuq1

Zkloh h{whqvlrqv wr wkh prgho wr hqdeoh h{solflw frqvlghudwlrq ri dowhuqdwlyh sxeolf vhfwru

surgxfwlrq ixqfwlrqv/ lqirupdwlrq vwuxfwxuhv/ dqg g|qdplf surshuwlhv vkrxog eh sxuvxhg/ zh duh

fdxwlrxvo| rswlplvwlf wkdw wkh iudphzrun ri wklv sdshu zloo suryh xvhixo iru xqghuvwdqglqj wkhvh

frpsoh{ dqg lpsruwdqw sureohpv1

Uhihuhqfhv

^4` Eduur/ Urehuw/ cJryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hqgrjhqrxv Jurzwk*/ Mrxuqdo ri

Srolwlfdo Hfrqrp| > <;=8/ 4<<3/ V436059/ +4<<3,

^5` Fkdxgku|/ Vkdklg Dpmdg> Uhlg/ Jdu| Mdphv> dqg Pdoln/ Zdohhg Kdlghu/ hgv1/ Flylo vhuylfh

uhirup lq Odwlq Dphulfd dqg wkh Fduleehdq= Surfhhglqjv ri d frqihuhqfh/ Whfkqlfdo Sdshu/

qr1 58<1 Zdvklqjwrq/ G1F1= Zruog Edqn/ +4<<7,1

^6` Iodqdjdq/ Urehuw M1/cZdjh Vwuxfwxuhv lq wkh Wudqvlwlrq ri wkh F}hfk Hfrqrp|*/ Lqwhuqdwlrqdo

Prqhwdu| Ixqg Vwd� Sdshuv/ 75=7/ sdjhv ;69087/ +4<<8,1

^7` Kdtxh/ Qdghhp xo dqg Vdkd|/ Udwqd/ cGr Jryhuqphqw Zdjh Fxwv Forvh Exgjhw Gh�flwvB � D

Frqfhswxdo Iudphzrun iru Ghyhorslqj Frxqwulhv dqg Wudqvlwlrq Hfrqrplhv*/ Zrunlqj Sdshu

ZS2<924</ Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<9,1
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^8` Khzlww/ G1 dqg Ydq Ulmfnhjkhp/ F1/ Zdjh H{shqglwxuhv ri Fhqwudo Jryhuqphqwv/ LPI Zrun0

lqj Sdshu/ Zdvklqjwrq= Lqwhuqdwlrqdo Prqhwdu| Ixqg/ +4<<8,1

^9` Nudd|/ Dduw dqg Ydq Ulmfnhjkhp/ Fdurolqh/ cHpsor|phqw dqg Zdjhv lq wkh Sxeolf Vhfwru �

D Furvv Frxqwu| Vwxg|*/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Zrunlqj Sdshu/ Zdvklqjwrq= Lqwhuqd0

wlrqdo Prqhwdu| Ixqg/ +4<<8,1

^:` Nuhphu/ Plfkdho/ cWkh R0Ulqj Wkhru| ri Hfrqrplf Ghyhorsphqw*/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ 43;=6/ 884�8:8/+4<<6,1

^;` Olqgdxhu/ Gdylg dqg Qxqehuj/ Eduedud/ hgv1/ Uhkdelolwdwlqj Jryhuqphqw= Sd| dqg Hpsor|0

phqw Uhirup lq Diulfd/ Zdvklqjwrq= Wkh Zruog Edqn +4<<7,

^<` Ydq Jlqqhnhq/ Zrxwhu/ hg1/ Jryhuqphqw dqg lwv hpsor|hhv= Fdvh vwxglhv ri ghyhorslqj frxq0

wulhv1 Eurrn�hog/ Yw1= Jrzhu/ +4<<4,1
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