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Lq wkh hpslulfdo olwhudwxuh rq hgxfdwlrq dqg wudlqlqj lw lv riwhq uhpdunhg wkdw wkh

XV kdv dw ohdvw dv kljk ohyhov ri vfkrrolqj exw ohvv hqwhusulvh wudlqlqj wkdq Jhu0

pdq| ru Mdsdq +vhh O|qfk +4<<7,,1 Hgxfdwlrqdo dwwdlqphqw lq 4<<5/ phdvxuhg

e| wkh shufhqwdjh ri lqglylgxdov djhg ehwzhhq 58 dqg 77 zkr kdyh dwwdlqhg dw

ohdvw xsshu vhfrqgdu| hgxfdwlrq/ zdv zhoo deryh ;3( lq wkhvh wkuhh frxqwulhv/

dqg kljkhu wkdq dyhudjh dwwdlqphqw lq wkh RHFG duhd +Vhh RHFG +4<<8,,1 Li

zh uhvwulfw rxu gh�qlwlrq ri dwwdlqphqw wr whuwldu| hgxfdwlrq/ wkh XV grhv ehwwhu

wkdq Mdsdq dqg Jhupdq|/ zlwk derxw 64 shufhqw ri lqglylgxdov djhg 58 wr 97

kdylqj frpsohwhg whuwldu| hgxfdwlrq/ frpsduhg wr 5618( lq Mdsdq dqg wr 55(

lq Jhupdq|1

Wkh XV/ krzhyhu/ grhv qrw shuirup dv zhoo zkhq zrunsodfh wudlqlqj lv frq0

fhuqhg1 Wkh ylhz wkdw XV �upv xqghu0lqyhvw lq wkhlu zrunhuv zkhq frpsduhg

wr Mdsdq dqg Jhupdq| lv suhvhqwhg e| Elvkrs +4<<6, dqg O|qfk +4<<6,1 Df0

fruglqj wr Iuhhpdq +4<<8,/ �11wkh XV kdv d zhdn lq0�up wudlqlqj v|vwhp1111Wkh

h{shulhqfh ri Jhupdq| dqg Mdsdq/ wkh h{hpsoduv ri lq0�up wudlqlqj/ vkrzv wkdw

frqvlghudeoh lqvwlwxwlrqdo vwuxfwxuh lv qhhghg wr lqgxfh �upv wr surylgh wudlqlqj

wr zrunhuv111�+4<<8/ s1:,1

Lqwhuqdwlrqdo frpsdulvrqv ri wudlqlqj gdwd duh gl!fxow ehfdxvh ri wkh srru

frpsdudelolw| ri dydlodeoh gdwd1 Wkh hylghqfh/ krzhyhu/ vxssruwv wklv ylhz1 Df0

fruglqj wr d uhfhqw RHFG vwxg|/ iru lqvwdqfh/ wkh lqflghqfh ri lq0krxvh wudlqlqj

iru zrunhuv zlwk ohvv wkdq 4 |hdu ri whqxuh lq wkh hduo| 4<<3v zdv forvh wr ;3

shufhqw lq Mdsdq dqg ohvv wkdq 43 shufhqw lq wkh XV +RHFG +4<<6,,1 Wklv

gl�huhqfh lv ohvv gudpdwlf exw vwloo uhpdundeoh zkhq lqirupdo wudlqlqj lq wkh

XV lv dffrxqwhg iru1 Lq wklv fdvh/ wkh lqflghqfh ri lq0krxvh wudlqlqj lv forvh

wr <3 shufhqw dprqj odujh Mdsdqhvh �upv dqg forvh wr 83 shufhqw dprqj odujh

Dphulfdq �upv +vhh Eurzq hw do +4<<:,,1

Hfrqrplf h{sodqdwlrqv ri wkhvh lqwhuqdwlrqdo gl�huhqfhv kdyh irfxvhg hl0

wkhu rq hgxfdwlrqdo dwwdlqphqw ru rq zrunsodfh wudlqlqj1 Eolqghu dqg Nuxhjhu

+4<<4,/ iru lqvwdqfh/ dwwulexwh wkh uhodwlyh odfn ri zrunsodfh wudlqlqj lq wkh XV

wr kljk wxuqryhu1 Lq d vlplodu idvklrq/ Dfhprjox dqg Slvfknh +4<<<, suhvhqw d

prgho wkdw ihdwxuhv pxowlsoh htxloleuld dqg vwuhvv wkh wudgh r� ehwzhhq wudlqlqj

dqg txlwv1

Rwkhu frqwulexwlrqv kdyh wuhdwhg hgxfdwlrq dqg wudlqlqj dv d vlqjoh ghflvlrq

wdnhq e| lqglylgxdov1 Vdlqw Sdxo +4<<9,/ iru lqvwdqfh/ suhvhqwv dq ROJ prgho

zlwk uljlg uhdo zdjhv zkhuh wkh |rxqj jhqhudwlrq ghflghv zkhwkhu wr lqyhvw lq

+jhqhudo, kxpdq fdslwdo e| lqyhvwlqj lq hgxfdwlrq1 Vqrzhu +4<<8, ghyhorsv d

vhdufk htxloleulxp prgho lq wkh wudglwlrq ri Gldprqg dqg Slvvdulghv zkhuhe|

�upv vxsso| vnloohg ydfdqflhv dqg zrunhuv lqyhvw lq vnloov e| dftxlulqj hgx0

fdwlrq1 Ilqdoo|/ Odlqj/ Sdolyrv dqg Zdqj +4<<8, kdyh dq hqgrjhqrxv jurzwk

prgho zkhuh hgxfdwhg zrunhuv dftxluh kxpdq fdslwdo rq wkh mre dw d idvwhu udwh

wkdq qrq0hgxfdwhg zrunhuv1 Wkh dftxlvlwlrq surfhvv/ krzhyhu/ lv h{rjhqrxvo|

ghwhuplqhg4 1

4
Rwkhu uhohydqw frqwulexwlrqv lqfoxgh Dfhprjox +4<<9, dqg Uhgglqj +4<<9,1

5



Wuhdwlqj hgxfdwlrq dqg wudlqlqj dv d vlqjoh ghflvlrq lv vdwlvidfwru| zkhq wkh

irfxv lv rq yrfdwlrqdo wudlqlqj surylghg e| vfkrrov/ exw ohvv vdwlvidfwru| zkhq zh

frqvlghu wkdw d vxevwdqwldo dprxqw ri wudlqlqj lq prghuq hfrqrplhv lv surylghg

e| �upv5 1 Zkhq zrunsodfh wudlqlqj lv lpsruwdqw/ wkh ghflvlrq wr lqyhvw lq

hgxfdwlrq dqg wkh ghflvlrq wr wudlq vkrxog eh wuhdwhg dv vhsdudwh ghflvlrqv/ wkdw

lqyroyh erwk zrunhuv dqg �upv1

Wklv sdshu suhvhqwv d vlpsoh h{sodqdwlrq ri wkh vw|ol}hg gl�huhqfhv lq hg0

xfdwlrq dqg zrunsodfh wudlqlqj lq wkh XV/ Jhupdq| dqg Mdsdq wkdw lv edvhg

rq wkh vhsdudwlrq ri wkh ghflvlrq wr lqyhvw lq hgxfdwlrq/ wdnhq e| zrunhuv/ iurp

wkh ghflvlrq wr lqyhvw lq wudlqlqj/ wdnhq e| �upv1 Iru wklv sxusrvh/ zh wuhdw yr0

fdwlrqdo wudlqlqj/ wkdw lv dftxluhg lq wkh fodvvurrp/ dv hgxfdwlrq/ dqg lq0krxvh

wudlqlqj/ wkdw lv dftxluhg lq wkh zrunsodfh/ dv wudlqlqj6 1 Zh ghyhors d vlpsoh

vhdufk htxloleulxp prgho ri zrunsodfh wudlqlqj dqg hgxfdwlrq edvhg rq wkuhh

ihdwxuhv1 Iluvw/ lqyhvwphqw lq hgxfdwlrq lpsuryhv mre0uhodwhg ohduqlqj vnloov dqg

uhgxfhv wudlqlqj frvwv eruq e| �upv +Vhh Urvhq +4<:9,,7 1 Vhfrqg/ �upv zlwk

ydfdqw vnloohg mre vorwv fdq fkrrvh ehwzhhq uhfuxlwphqw iurp wkh pdunhw dqg

wudlqlqj1 Wklv fkrlfh ghshqgv erwk rq wudlqlqj dqg rq uhfuxlwphqw frvwv1 Wklug/

wudlqlqj srvlwlrqv duh �oohg e| hgxfdwhg lqglylgxdov ehfdxvh wkh frpsohphqwdu0

lw| ri hgxfdwlrq dqg wudlqlqj pdnhv hgxfdwhg zrunhuv fkhdshu wr wudlq1 Zh

hpskdvl}h wudlqlqj dv dq rswlrq wkdw vdyhv rq uhfuxlwphqw frvwv/ lq olqh zlwk

uhfhqw wkhruhwlfdo zrun dqg zlwk wkh h{lvwlqj hylghqfh wkdw �upv duh zloolqj wr

ehdu sduw ru doo ri wkh wudlqlqj frvwv hyhq zkhq vnloov duh jhqhudo +Eduurq/ Eodfn

dqg Orzhqvwhlq +4<;<,/ Vwhyhqv +4<<7,/ Iudq}0Vrvnlfh +4<<8,/ Euxqhoor +4<<9,

dqg Dfhprjox dqg Slvfknh +4<<<,,1

Zh vkrz wkdw/ fhwhulv sdulexv/ d kljkhu h!flhqf| ri wkh pdwfklqj surfhvv lv

dvvrfldwhg/ lq htxloleulxp/ wr ohvv zrunsodfh wudlqlqj1 D kljkhu pdwfklqj h!0

flhqf|/ krzhyhu/ grhv qrw qhfhvvdulo| lpso| d vpdoohu zdjh gl�huhqwldo ehwzhhq

vnloohg dqg xqvnloohg mrev1 Wkhuhiruh/ d pruh frpsuhvvhg zdjh vwuxfwxuh lv qrw

uhtxluhg wr lqgxfh pruh �upv wr wudlq8 1 Zh dovr vkrz wkdw/ xqohvv dgglwlrqdo dv0

vxpswlrqv lqyroylqj wkh zdjh vwuxfwxuh dqg wkh suredelolw| ri �qglqj d wudlqlqj

srvlwlrq duh lqwurgxfhg/ zh fdqqrw whoo xqdpeljxrxvo| zkhwkhu kljkhu pdwfklqj

5
Wkh lpsruwdqfh ri zrunsodfh wudlqlqj lv zlgho| uhfrjql}hg +vhh RHFG +4<<4,/ O|qfk

+4<<7, dqg wkh uhihuhqfhv wkhuhlq,1 Lq klv zhoo nqrzq mre frpshwlwlrq prgho/ Ohvwhu Wkxurz

+4<:8, dujxhg wkdw/ hyhq zkhq vnloov duh ixoo| wudqvihuudeoh/ hgxfdwlrq lv xqolnho| wr surgxfh

pdunhwdeoh vnloov zlwkrxw dq| mre h{shulhqfh1
6
Wklv glvwlqfwlrq lv vrphzkdw duwl�fldo/ ehfdxvh wudlqlqj vfkhphv riwhq frpelqh wudlqlqj lq

wkh fodvvurrp zlwk wudlqlqj lq wkh zrunsodfh1 D w|slfdo h{dpsoh lv wkh Jhupdq dssuhqwlfhvkls

v|vwhp1 Lq wklv sdshu/ zh fodvvli| dssuhqwlfhvklsv duh wudlqlqj1
7
Wkh RHFG uhsruw vxppdul}hv wkh hpslulfdo hylghqfh dv iroorzv111�Hgxfdwlrq dqg srvw0

vfkrro wudlqlqj vhhp wr eh frpsohphqwv1 Rqh lpsolfdwlrq lv wkdw/ rq dyhudjh/ ohvv irupdo

vfkrrolqj suredeo| ohdgv wr pruh olplwhg wudlqlqj rssruwxqlwlhv dqg srvvlelolwlhv iru dxj0

phqwlqj kxpdq fdslwdo11�++4<<4,/ s1485,1 Dffruglqj wr Wkxurz/ hpsor|huv udqn zrunhuv lq

dffrugdqfh zlwk wkhlu edfnjurxqg fkdudfwhulvwlfv/ zklfk wkh| xvh dv lqgluhfw lqglfdwruv ri wkh

frvwv qhfhvvdu| wr surgxfh wkh vwdqgdug zrun shuirupdqfh1 Hgxfdwlrq lv shukdsv wkh prvw

uhohydqw edfnjurxqg fkdudfwhulvwlf dqg lv nh| wr dffhvv wr vnloohg dqg ehwwhu sdlg mrev1
8
Dfhprjox dqg Slvfknh +4<<<, vkrz wkdw zdjh frpsuhvvlrq lv uhtxluhg wr lqgxfh �upv wr

wudlq1 Wkhlu gh�qlwlrq ri zdjh frpsuhvvlrq/ krzhyhu/ uhihuv wr wkh zdjhv ri wkh vdph zrunhu

zkhq wudlqhg dqg xqwudlqhg/ udwkhu wkdq wr wkh zdjh gl�huhqwldo ehwzhhq vnloohg dqg xqvnloohg

hpsor|hhv1

6



h!flhqf| ohdgv wr pruh ru wr ohvv vfkrrolqj1

Lq d vlplodu idvklrq/ d kljkhu +h{rjhqrxv, lq rz udwh lqwr xqhpsor|phqw lv

dvvrfldwhg/ lq htxloleulxp/ wr ohvv zrunsodfh wudlqlqj1 Dv lq wkh fdvh ri pdwfklqj

h!flhqf|/ wkh uhodwlrqvkls ehwzhhq wkh lq rz udwh/ wkh zdjh vwuxfwxuh dqg wkh

htxloleulxp vkduh ri hgxfdwhg lqglylgxdov lv dpeljxrxv1

Frpsduhg wr Jhupdq| dqg Mdsdq/ wkh XV frpelqhv d kljkhu lq rz udwh lqwr

xqhpsor|phqw zlwk d kljkhu h!flhqf| ri wkh pdwfklqj surfhvv wr surgxfh d

kljkhu rxw rz udwh iurp wkh xqhpsor|phqw srro1 Zkloh wkh mrlqw h�hfw ri wkhvh

gl�huhqfhv lq pdwfklqj h!flhqf| dqg lq wkh lq rz udwh rq wkh vkduh ri hgxfdwhg

oderu lv dpeljxrxv/ d nh| �qglqj ri wkh sdshu lv wkdw wkh| xqdpeljxrxvo| uhgxfh

wkh shufhqwdjh ri �upv xqghuwdnlqj zrunsodfh wudlqlqj1

Wkh pdwhuldo ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh

prgho dqg Vhfwlrq 6 glvfxvvhv wkh pdlq uhvxowv dqg frqfoxghv1

� �
� �����

��� �����

Frqvlghu d surwrw|sh hfrqrp| srsxodwhg e| d odujh qxpehu ri ulvn qhxwudo

zrunhuv dqg �upv1 Hdfk �up lq wklv hfrqrp| fdq fkrrvh ehwzhhq wzr whfkqror0
jlhv1 Zlwk wkh �uvw whfkqrorj|/ d �up surgxfhv rxwsxw e| �oolqj d vnloohg mre

vorw1 Zlwk wkh vhfrqg whfkqrorj|/ rxwsxw lv surgxfhg e| �oolqj dq xqvnloohg mre

vorw1 Zlwk rqh zrunhu shu �up/ wkh qxpehu ri �upv lv htxdo wr wkh qxpehu ri
hpsor|hg zrunhuv lq vnloohg dqg xqvnloohg mrev1 Vnloov duh jhqhudo dqg zh dvvxph

wkdw wkh rxwsxw surgxfhg lq dq xqvnloohg mre lv orzhu wkdq rxwsxw surgxfhg lq
d vnloohg mre vorw1 Gxulqj hdfk shulrg ri wlph/ d iudfwlrq v ri �oohg mre pdwfkhv

ehwzhhq zrunhuv dqg �upv glvvroyh ehfdxvh ri h{rjhqrxv txlwv1 Wklv lv htxlyd0

ohqw wr vd|lqj wkdw d iudfwlrq ri �upv hqgv xs zlwk xq�oohg mre srvlwlrqv9 1 Zh
uxoh rxw hqgrjhqrxv wxuqryhu e| dvvxplqj wkdw wkh zdjhv sdlg wr vnloohg dqg

xqvnloohg hpsor|hhv gr qrw ydu| dprqj �upv: 1

Zkloh xqvnloohg mrev fdq rqo| eh �oohg e| wudglqj lq wkh pdunhw +pdwfklqj,/
vnloohg mrev fdq eh �oohg hlwkhu e| wudglqj ru e| wudlqlqj1 Hgxfdwlrq lv xvhixo

lq wklv vhwxs ehfdxvh lw lpsuryhv wkh delolw| wr ohduq vnloov/ wkhuhe| uhgxflqj
wudlqlqj frvwv +Urvhq +4<:9/ s1V7:,1 Vlqfh hgxfdwhg zrunhuv kdyh orzhu wudlqlqj

frvwv wkdq qrq hgxfdwhg zrunhuv/ zkhq wkh vxsso| ri hgxfdwhg oderu pdunhw

hqwudqwv lv vx!flhqw �upv suhihu wr wudlq hgxfdwhg wr qrq hgxfdwhg zrunhuv1
Khqfh/ hgxfdwlrq lv d wlfnhw wr vnloohg dqg ehwwhu sdlg mrev; 1 Li qrw xvhg wr

ohduq d vnloo/ krzhyhu/ wkh uhodwlyh dgydqwdjh ri ehlqj hgxfdwhg udslgo| ghfd|v1

9Ilupv zlwk xq�oohg mre vorwv fdq vzlwfk frvwohvvo| iurp rqh whfkqrorj| wr wkh rwkhu exw

mrev fdqqrw eh sur�wdeo| khog e| hlwkhu w|sh ri zrunhu1 Iru vlpsolflw|/ wkh vhsdudwlrq udwh v

lv dvvxphg qrw wr ydu| zlwk wkh w|sh ri mre1
:Wklv dvvxpswlrq lv eulh | glvfxvvhg lq irrwqrwh 481
;�11sulydwh �upv duh h{wuhpho| uhoxfwdqw wr lqyhvw khdylo| lq wudlqlqj orz vnloohg zrunhuv11�

+RHFG +4<<4,/ s164,1 Dffruglqj wr wkh Hxurshdq Frpplvvlrq1 �11wkhuh lv lqfuhdvlqj hylghqfh

wkdw krz zhoo wkh| duh hgxfdwhg lv d nh| ghwhuplqdqw ri wkh delolw| ri zrunhuv wr dftxluh qhz

vnloov dqg wr dgdsw wr fkdqjhv lq whfkqrorj| dqg phwkrgv ri zrunlqj� +Hxurshdq Frpplvvlrq

+4<<5,1

7



Zh fdswxuh wklv revrohvfhqfh surfhvv e| dvvxplqj wkdw hgxfdwhg oderu pdunhw

hqwudqwv zkr uhpdlq xqhpsor|hg iru d shulrg ri wlph orvh wkhlu uhodwlyh dgydq0
wdjh lq vnloo dftxlvlwlrq dqg duh wuhdwhg e| �upv dv htxlydohqw wr lqglylgxdov

zlwkrxw hgxfdwlrq< 1

Wudglqj lv wlph frqvxplqj dqg lpsolhv srvlwlyh pdwfklqj frvwv exw vdyhv
wudlqlqj frvwv/ ehfdxvh kluhg hpsor|hhv douhdg| kdyh wkh uhtxluhg jhqhudo vnloov1

Wudlqlqj/ rq wkh rwkhu kdqg/ uhtxluhv rqo| wudlqlqj frvwv1 Wkhvh frvwv ydu| dfurvv
�upv1 Lq uhdo olih/ wudlqlqj dovr uhtxluhv wlph1 Rxu dvvxpswlrq wkdw wudlqlqj

wdnhv sodfh lqvwdqwdqhrxvo| dw d srvlwlyh frvw lv fohduo| d vlpsol�fdwlrq/ wkdw

zh �qg xvhixo wr vkdushq wkh wudgh0r� zlwk pdwfklqj1 Khwhurjhqhrxv wudlqlqj
frvwv lpso| wkdw rqo| vrph �upv dgrswlqj wkh whfkqrorj| zlwk d vnloohg mre vorw

zloo xvh wudlqlqj dv d zd| ri �oolqj xs wkhlu ydfdqw vorw1 Ohw wkh iudfwlrq ri �upv

xvlqj wudlqlqj udwkhu wkdq klulqj e| �> 3� � � 4=

Zh irfxv rxu dqdo|vlv h{foxvlyho| xsrq wkh vwhdg| vwdwh htxloleulxp/ dqg zh

fkdudfwhul}h lw e| wkh devhqfh ri surgxfwlylw| jurzwk dqg e| d frqvwdqw oderu
irufh43 1 Wkh oderu pdunhw lv vhjphqwhg lqwr vnloohg dqg xqvnloohg1 Lq hdfk shulrg

ri wlph/ wkh frqvwdqw oderu irufh O lv frpsrvhg ri OH hgxfdwhg lqglylgxdov dqg

ri O�OH zrunhuv zlwkrxw hgxfdwlrq1 Lq wklv sdshu/ e| hgxfdwlrq zh phdq xsshu

vhfrqgdu| ru kljkhu hgxfdwlrq/ lqfoxvlyh ri r�0wkh0mre yrfdwlrqdo wudlqlqj/ dqg

e| odfn ri hgxfdwlrq zh phdq frpsxovru| hgxfdwlrq44 1 Dv phqwlrqhg deryh/ doo

hgxfdwhg zrunhuv kdyh wr eh wudlqhg lq rughu wr ehfrph vnloohg hpsor|hhv1

Lq wkh vwhdg| vwdwh htxloleulxp/ wkh vkduh ri hgxfdwhg lqglylgxdov lq wkh oderu

irufh/ OH@O/ lv frqvwdqw dqg htxdo wr �> zkhuh 3 � � � 41 Hgxfdwhg zrunhuv duh

hlwkhu hpsor|hg lq d vnloohg mre +Q5, ru xqhpsor|hg diwhu h{shulhqflqj d vnloohg

mre +XQ5, ru xqhpsor|hg oderu pdunhw hqwudqwv zlwkrxw dq| wudlqlqj +XH,1

Khuh/ wkh vxevfulsw 5 uhihuv wr vnloohg oderu dqg wkh vxevfulsw 4 wr xqvnloohg

oderu1 Wkh odwwhu jurxs frqvlvwv ri qhz oderu pdunhw hqwudqwv/ zkr kdyh mxvw

frpsohwhg wkhlu hgxfdwlrq1 Lq wkh vwhdg| vwdwh/ wkh vl}h ri wklv jurxs ghshqgv rq

ghprjudsklf idfwruv vxfk dv wkh shufhqwdjh ri |rxqj lqglylgxdov lq wkh hgxfdwhg

oderu irufh1 Ohw � @ XH

OH
eh wklv shufhqwdjh45 1 Zrunhuv zlwkrxw hgxfdwlrq mrlq

wkh xqvnloohg oderu pdunhw dqg fdq eh hlwkhu hpsor|hg +Q4, ru xqhpsor|hg

+XQ4,1 Hgxfdwhg oderu pdunhw hqwudqwv zkr �qg d wudlqlqj srvlwlrq lq d �up

mrlq wkh vnloohg oderu pdunhw1 Wkrvh zkr frxog qrw �qg d wudlqlqj srvlwlrq orvh

wkh uhodwlyh dgydqwdjh lq vnloo dftxlvlwlrq surylghg e| hgxfdwlrq dqg ehfrph dw

wkh hqg ri wkh shulrg revhuydwlrqdoo| htxlydohqw wr xqhgxfdwhg zrunhuv1 Wkh|

mrlq wkh xqvnloohg oderu pdunhw1

Doo �upv rshudwlqj lq wklv hfrqrp| vkduh wkh vdph pdwfklqj whfkqrorj|1

Dvvxplqj d Free Grxjodv pdwfklqj ixqfwlrq/ zlwk wkh qxpehu ri pdwfkhv lq0

fuhdvlqj erwk lq wkh qxpehu ri vnloohg ydfdqflhv dqg lq wkh qxpehu ri vnloohg

<Vlplodu h�hfwv duh glvfxvvhg lq wkh olwhudwxuh rq �ryhu0hgxfdwlrq�1 Vhh iru lqvwdqfh Vlfkhu0
pdq +4<<4,1

43Zh uhihu wkh uhdghu wr Euxqhoor dqg Phglr +4<<9, iru wkh dqdo|vlv ri wkh h{lvwhqfh dqg

vwdelolw| ri htxloleuld lq d vlplodu/ exw pruh frpsoh{/ vhwxs1
44Vlqfh hgxfdwlrq lv qrw htxlydohqw wr vnloo/ ehfdxvh ri wkh qhhg ri dgglwlrqdo wudlqlqj/ wkh

doorfdwlrq ri lqglylgxdov wr wkh hgxfdwhg dqg wkh qrq hgxfdwhg jurxs lv qrw htxlydohqw wr wkh

doorfdwlrq wr vnloohg dqg xqvnloohg oderu1
45Wklv lpsolhv wkdw wkh vkduh ri vnloohg oderu lq wkh oderu irufh lv E�3 l� #1

8



xqhpsor|hg zrunhuv/ wkh udwlr ri pdwfkhv wr vnloohg ydfdqflhv t5 fdq eh zulwwhq

dv

t5 @ p5�
�n5
5

+4,

zkhuh n5 ? 4/ �5 lv wkh udwlr ri vnloohg ydfdqflhv wr vnloohg xqhpsor|phqw dqg

p5 phdvxuhv wkh h!flhqf| ri wkh pdwfklqj whfkqrorj| +vhh Eodqfkdug dqg Gl0

dprqg +4<;<,,1 Zlwk d fkdqjh ri vxevfulswv/ d vlplodu h{suhvvlrq krogv iru wkh

udwlr ri pdwfkhv wr xqvnloohg ydfdqflhv/ t4= Zh dovr gh�qh wkh rxw rz udwh iurp

vnloohg xqhpsor|phqw dv wkh udwlr ehwzhhq pdwfkhv {5 dqg vnloohg xqhpsor|0

phqw XQ51 Wklv rxw rz lv htxdo wr t5�5 @ p5�
4�n5
5

1

Ilupv gl�hu lq wkhlu wudlqlqj frvwv1 Zh dvvxph wkdw wkh wudlqlqj frvw lv
d udqgrp yduldeoh 
 wdnlqj ydoxhv lq wkh srvlwlyh lqwhuydo � 5 +�4> W ,/ zlwk

fxpxodwlyh glvwulexwlrq ixqfwlrq J +�, @Sure+
 � �,1

��� �����

Zlwk dq h{rjhqrxv vhsdudwlrq udwh v/ lq hdfk shulrg ri wlph wkhuh duh vQ5 vnloohg
hpsor|hhv zkr pryh iurp vnloohg hpsor|phqw lqwr wkh xqhpsor|phqw srro XQ5

dqg {5 qhz pdwfkhv ri vnloohg zrunhuv zlwk ydfdqw vnloohg mrev1 Pdwfkhv {5 duh
htxdo wr {5 @ t5�5XQ51

Vnloohg zrunhuv lq wkh xqhpsor|phqw srro XQ5 hlwkhu orrn iru d qhz pdwfk

ru uhwluh iurp wkh oderu pdunhw46 1 Hgxfdwhg qhz hqwudqwv/ zkr e| gh�qlwlrq
kdyh uhfhlyhg qr wudlqlqj/  rz lqwr wkh vwrfn XH dw d frqvwdqw udwh shu shulrg1

Ohwwlqj s eh wkh suredelolw| ri �qglqj d wudlqlqj mre gxulqj d shulrg ri wlph/

sXH qhz hqwudqwv pryh hdfk shulrg iurp xqhpsor|phqw wr hpsor|phqw dqg
wkh uhvw mrlqv wkh xqvnloohg oderu pdunhw dw wkh hqg ri wkh shulrg1

Zlwk � �upv �oolqj wkhlu vnloohg ydfdqflhv e| wudlqlqj hgxfdwhg oderu pdunhw
hqwudqwv/ dqg xvlqj vpdoo ohwwhuv iru udwhv/ wkh  rz udwh sxh lv dovr htxdo wr

sxh @ s� @ �vq5 +5,

zkhuh q5@
Q5

OH
lv wkh vwhdg| vwdwh hpsor|phqw udwh ri hgxfdwhg oderu lq vnloohg

mrev1 Vlqfh d shufhqwdjh +4� �, ri �upv �oo wkhlu vnloohg ydfdqflhv e| klulqj
vnloohg hpsor|hhv/ q5 lv jlyhq e|

t5�5xq5 @ +4� �, vq5 +6,

Qh{w/ wkh xqhpsor|phqw udwh ri hgxfdwhg oderu/ xH@+xq5 . xh,/ lv jlyhq vlpso|
e|

xq5 @ 4� � � q5 +7,

Jlyhq �5 dqg �/ Htv1 +6, dqg +7, duh vx!flhqw wr ghwhuplqh erwk xqhp0
sor|phqw dqg hpsor|phqw ri vnloohg oderu lq wkh vwhdg| vwdwh htxloleulxp1 Lq

46
Lq wklv sdshu uhwluhphqw lv gulyhq e| h{rjhqrxv idfwruv dqg fdq rqo| rffxu iurp wkh +vnloohg

dqg xqvnloohg, xqhpsor|phqw srro1
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sduwlfxodu/ wkh htxloleulxp xqhpsor|phqw udwh xH lv jlyhq e|

xH @
v +4� �, . �t5�5

v +4� �, . t5�5

+8,

Xvlqj Htv1 +5,/ +7, dqg +8, zh dovr rewdlq wkdw wkh suredelolw| ri �qglqj d

wudlqlqj vorw lv htxdo wr

s @
v� +4� �, t5�5

� ^v +4� �, . t5�5`
+9,

Htxloleulxp xqhpsor|phqw xH lv d ghfuhdvlqj ixqfwlrq erwk ri � dqg ri t5�51

Lw whqgv wr � zkhq � whqgv wr 4 dqg wr v.�t5�5
v.t5�5

zkhq � whqgv wr }hur1 Pruhryhu/

wkh suredelolw| s whqgv wr }hur dv � jrhv wr }hur dqg wr
v+4��,

�
dv � jrhv wr 41

Wkhuhiruh/ wr jxdudqwhh wkdw s 5 +3> 4, zh kdyh wr dvvxph wkdw � � v
4�v

1 Wklv

lv htxlydohqw wr dvvxplqj wkdw wkhuh lv dozd|v d vx!flhqw vxsso| ri hgxfdwhg

oderu pdunhw hqwudqwv wr �oo wkh vnloohg ydfdqflhv jhqhudwhg e| h{rjhqrxv mre

vhsdudwlrqv1 Zh eulh | frph edfn wr wklv srlqw odwhu rq lq wkh sdshu1

Ilqdoo|/ qrwlfh wkdw wkh suredelolw| s lqfuhdvhv erwk zlwk � dqg zlwk t5�51 Lq

wkh iruphu fdvh/ wklv kdsshqv ehfdxvh wkh shufhqwdjh ri wudlqlqj �upv lqfuhdvhv1

Lq wkh odwwhu fdvh/ wkh htxloleulxp hpsor|phqw udwh q5 lqfuhdvhv1 Wkhuhiruh/

wkh qxpehu ri vnloohg ydfdqflhv jhqhudwhg e| h{rjhqrxv vhsdudwlrqv pxvw dovr

lqfuhdvh1

��� ���	

�� ��� ���
�
��

Ydfdqw vorwv iru vnloohg mrev fdq eh �oohg hlwkhu iurp wkh pdunhw ru e| wudlqlqj

dq hgxfdwhg exw xqvnloohg lqglylgxdo1 Gh�qh Y5 dqg W5m uhvshfwlyho| dv wkh dvvhw

ydoxh ri d vnloohg ydfdqf| �oohg iurp wkh pdunhw dqg wkh dvvhw ydoxh ri d vnloohg

ydfdqf| �oohg e| wudlqlqj1 Ilupv gr qrw gl�hu lq wkhlu pdwfklqj whfkqrorjlhv/

exw kdyh �up0vshfl�f wudlqlqj frvwv1 Khqfh/ zh xvh wkh �up lqgh{ m iru W5 exw

qrw iru Y5=

Zkhq d ydfdqf| lv �oohg iurp wkh pdunhw/ lwv h{shfwhg uhwxuq lv jlyhq e|

uY5 @ �4 . t5 +M5 � Y5, +:,

zkhuh u lv wkh udwh ri lqwhuhvw/ h{rjhqrxv wr wkh prgho/ M5 lv wkh dvvhw ydoxh ri d

�oohg vnloohg mre/ wkh frvw ri nhhslqj d vnloohg ydfdqf| xq�oohg lv qrupdol}hg wr 4

dqg +M5 � Y5, lv wkh qhw uhwxuq iurp wkh fkdqjh ri vwdwh/ wkdw rffxuv dw wkh udwh

t51 Lq wkh devhqfh ri �up vshfl�f pdwfklqj frvwv/ doo sur�w rssruwxqlwlhv iurp

qhz ydfdqflhv duh h{sorlwhg lq htxloleulxp dqg Y5 @ 3 +vhh Slvvdulghv +4<<3,,1

Wklv lpsolhv wkdw M5 @
4

t5
1

Vlqfh wudlqlqj grhv qrw uhtxluh pdwfklqj frvwv/ hdfk wudlqlqj srvlwlrq fdq eh

�oohg lpphgldwho|1 Dvvxph wkdw wkh frvw ri wudlqlqj eh eruqh hqwluho| e| �upv/

dv glvfxvvhg lq ghwdlo e| Dfhprjox dqg Slvfknh +4<<<,1 Wkh dvvhw ydoxh ri d

wudlqlqj srvlwlrq lv jlyhq e|

W5m @ M5 � �m +;,

:



zkhuh �m lv wkh lglrv|qfudwlf wudlqlqj frvw1 Ilupv ghflgh zkhwkhu wr wudlq dq

hgxfdwhg oderu pdunhw hqwudqw e| frpsdulqj wkh dvvhw ydoxh iurp wudlqlqj zlwk

wkh dvvhw ydoxh iurp pdwfklqj1 Vlqfh wudlqlqj frvwv ydu| dfurvv �upv/ qrw doo

�upv hqjdjhg lq wudlqlqj pdnh }hur sur�wv1 Gh�qh wkh pdujlqdo �up f dv wkh

�up wkdw lv mxvw lqgl�huhqw ehwzhhq wudlqlqj dqg pdwfklqj1 Iru wklv �up/ wkh

dvvhw ydoxh W5f lv htxdo wr }hur lq wkh vwhdg| vwdwh htxloleulxp1 Ilupv zlwk

srvlwlyh dvvhw ydoxhv ri wudlqlqj +W5m A 3, suhihu wr �oo wkhlu vnloohg ydfdqflhv

e| rshqlqj wudlqlqj srvlwlrqv dqg �upv zlwk qhjdwlyh dvvhw ydoxhv ri wudlqlqj

+W5m ? 3, suhihu pdwfklqj wr wudlqlqj1

Xvlqj wkh }hur sur�w frqglwlrq rq vnloohg ydfdqflhv +Y5 @ 3,/ zh rewdlq wkdw

wkh wudlqlqj frvw dvvrfldwhg wr wkh pdujlqdo �up lv

�f @
4

t5
+<,

Vlqfh �upv gl�hu rqo| lq wkhlu wudlqlqj frvw � / wkh � �upv zklfk vhohfw wudlqlqj

kdyh wudlqlqj frvwv � m � � f1 Khqfh/ � @ J +� f,1 Dv wkh udwlr ehwzhhq pdwfkhv

dqg vnloohg ydfdqflhv t5 jrhv wr }hur/ wkh wudlqlqj frvw � f jrhv wr lq�qlw| dqg

J +� f, jrhv wr 41 Rq wkh rwkhu kdqg/ zkhq wkh pdwfklqj suredelolw| t5 lv

htxdo wr 4 wkh pdujlqdo wudlqlqj frvw � f lv dovr htxdo wr 41 Lq wklv fdvh/ li wkh

plqlpxp wudlqlqj frvw �4 lv ohvv wkdq 4/ wkh shufhqwdjh ri wudlqlqj �upv lv

htxdo wr � @ J +4, A 3/ dqg wkhuh zloo dozd|v eh vrph �upv �oolqj wkhlu vnloohg

ydfdqflhv zlwk wudlqlqj udwkhu wkdq zlwk pdwfklqj1 Khqfhiruwk/ zh vkdoo uhvwulfw

rxu dqdo|vlv wr hfrqrplhv iru zklfk wklv dvvxpswlrq krogv1

Ehfdxvh wkh fulwlfdo frvw �f ghshqgv xsrq wkh pdwfklqj suredelolw| t5/ wkdw

ghshqgv rq �5/ zh qhhg wr ghwhuplqh wkh htxloleulxp udwlr ri vnloohg ydfdqflhv

wr vnloohg xqhpsor|phqw1 Zh vwduw iurp wkh uhodwlrq M5 @
4

t5
/ wkdw htxdwhv wkh

dvvhw ydoxh ri d �oohg vnloohg mre zlwk wkh +h{shfwhg, gxudwlrq ri d vnloohg ydfdqf|1

Wkh uhwxuq wr d �oohg vnloohg mre lv htxdo wr wkh fxuuhqw sur�w |5 � z5/ zkhuh

|5 lv rxwsxw shu vnloohg zrunhu dqg z5 lv wkh vnloohg zdjh/ soxv wkh h{shfwhg

uhwxuq iurp d fkdqjh ri vwdwh/ wkdw rffxuv zlwk suredelolw| v1

Zkhq d vnloohg mre wxuqv ydfdqw/ lw fdq eh �oohg hlwkhu e| pdwfklqj ru e|

wudlqlqj1 Frqvlghu wkh pdujlqdo �up f1 Iru wklv �up/ wkh dvvhw ydoxh ri d ydfdqw

vnloohg mre lv }hur dqg wkh uhwxuq iurp d �oohg vnloohg mre lv

uM5 @ |5 � z5 � vM5 +43,

Wklv lv dovr wkh uhwxuq h{shfwhg e| �upv wkdw �oo wkhlu vnloohg ydfdqflhv e|

pdwfklqj1 Qrwlfh wkdw �upv zlwk wudlqlqj frvwv orzhu wkdq � f/ zklfk �oo wkhlu

ydfdqflhv e| wudlqlqj/ fdq h{shfw kljkhu uhwxuqv iurp �oohg vnloohg mrev/ ehfdxvh

wkh ydoxh ri wkhlu vnloohg ydfdqflhv lv vwulfwo| srvlwlyh +W5m A 3,1 Wkhvh uhqwv duh

dvvrfldwhg wr wkh suhvhqfh ri �up vshfl�f wudlqlqj frvwv1

Zdjh ghwhuplqdwlrq uhtxluhv wkdw zh gh�qh erwk wkh uhwxuq iurp vnloohg

hpsor|phqw dqg wkh uhwxuq iurp vnloohg xqhpsor|phqw1 Vlqfh zdjhv gr qrw

ydu| dprqj �upv e| dvvxpswlrq/ zh fdq irfxv rq wkh pdujlqdo �up dqg zulwh

;



uH5 @ z5 . v +X5 �H5, +44,

zkhuh H5 lv wkh dvvhw ydoxh ri vnloohg hpsor|phqw1

Dv phqwlrqhg deryh/ vnloohg zrunhuv lq wkh xqhpsor|phqw srro fdq hlwkhu

uhpdlq xqhpsor|hg/ �qg d qhz vnloohg pdwfk ru uhwluh iurp wkh oderu pdunhw1

Ohw lqfrph iurp fxuuhqw xqhpsor|phqw eh htxdo wr }hur dqg dvvxph wkdw wkh

dvvhw ydoxh ri uhwluhphqw eh htxdo wr wkh dvvhw ydoxh ri xqhpsor|phqw47 1 Wkhq

wkh uhwxuq iurp xqhpsor|phqw lv

uX5 @ t5�5 +H5 � X5, +45,

zkhuh X5 lv wkh dvvhw ydoxh ri vnloohg xqhpsor|phqw1

Zdjhv duh vhw e| Qdvk edujdlqlqj ehwzhhq wkh sduwlhv lqyroyhg lq wkh pdwfk/

dqg wkh qhw uhwxuq iurp wkh pdwfk lv H5 � X5 iru wkh zrunhu dqg M5 iru wkh

+pdujlqdo, �up +vhh Slvvdulghv +4<<3,,1 Ohw wkh sduwlhv vkduh wkh vdph edujdlq0

lqj srzhu1 Khqfh/ wkh uhodwlyh edujdlqlqj srzhu ri vnloohg oderu/ �5/ lv htxdo wr
4

5
1 Wkhvh dvvxpswlrqv hqvxuh wkdw/ lq wkh vwhdg| vwdwh htxloleulxp/ wkh vnloohg

zdjh lv htxdo wr z5 @
4

5
+|5 . �5,

48 dqg wkdw wkh ydfdqf|0xqhpsor|phqw udwlr

�5 eh jlyhq e|

|5 � �5

5 +u . v,
@

�
n5

5

p5

+46,

Wrwdo gl�huhqwldwlrq ri Ht1 +46, vkrzv wkdw �5 lv lqfuhdvlqj lq p5 dqg

ghfuhdvlqj lq v49 1 Zh fdq xvh wkhvh uhvxowv wr vwdwh wkh iroorzlqj

Uhpdun 4 Dq lqfuhdvh lq wkh h!flhqf| ri wkh pdwfklqj whfkqrorj| p5 uhgxfhv

wkh vkduh � ri �upv xqghuwdnlqj wudlqlqj ehfdxvh lw lqfuhdvhv wkh udwlr ri vnloohg

ydfdqflhv wr vnloohg xqhpsor|phqw �51

Qrwlfh wkdw � lqfuhdvhv zlwk �f1 Pruhryhu/ �f ghfuhdvhv zlwk t5/ wkh sured0

elolw| ri �oolqj d vnloohg ydfdqf| iurp wkh pdunhw1 Vlqfh
Ct5

Cp5

lv srvlwlyh ehfdxvh

47Wklv lv frqvlvwhqw zlwk rxu dvvxpswlrq wkdw uhwluhphqw lv gulyhq e| h{rjhqrxv idfwruv1
48Uhod{lqj wkh dvvxpswlrq wkdw �upv sd| wkh vdph zdjh wr wkhlu vnloohg +ru xqvnloohg,

hpsor|hhv grhv qrw d�hfw wkh rxwfrph erwk iru wkh pdujlqdo �up dqg iru �upv xvlqj pdwfklqj

udwkhu wkdq wudlqlqj wr �oo vnloohg ydfdqflhv1 Lq sulqflsoh lw frxog d�hfw wkh zdjhv sdlg e|

�upv zlwk srvlwlyh dvvhw ydoxhv ri wudlqlqj EA2� : f�/ ehfdxvh wkhvh �upv frxog vsolw wkhvh

uhqwv zlwk wkhlu hpsor|hhv1 Zh �qg wklv rxwfrph xqolnho| lq wkh suhvhqfh ri jhqhudo dqg ixoo|

wudqvihuudeoh vnloov1

49
Xqghu wkh srvwxodwhg dvvxpswlrqv rq wkh sdudphwhuv/ Ht1 +46, kdv d xqltxh srvlwlyh

vroxwlrq iru w21 Wklv fdq eh vhhq e| uh0zulwlqj Ht1 +46, dv

s� Ew2� ' s2 Ew2�

zkhuh s� Ew2� '
+53w5
2Eonr�

dqg s2 Ew2� '
w
n5

5

65

1 Lw lv hdv| wr yhuli| jhrphwulfdoo| wkdw wkh wzr

ixqfwlrqv kdyh d xqltxh lqwhuvhfwlrq lq wkh srvlwlyh ruwkdqw1

<



ri Ht1+46,/ wkh vkduh ri wudlqlqj �upv ghfolqhv zkhq h!flhqf| p5 lqfuhdvhv4: 1

Wkh hfrqrplf lqwxlwlrq lv vlpsoh1 Dq lpsuryhphqw lq wkh pdwfklqj whfkqrorj|

pdnhv lw hdvlhu iru �upv wr �oo vnloohg ydfdqflhv gluhfwo| iurp wkh pdunhw/ wkxv

uhgxflqj wkh lqfhqwlyh wr wudlq xqvnloohg hgxfdwhg oderu1

Uhpdun 5 Iru dq| jlyhq ohyho ri p5/ dq lqfuhdvh lq wkh h{rjhqrxv lq rz udwh

lqwr xqhpsor|phqw v uhgxfhv �5/ wkxv uhgxflqj wkh vkduh � ri �upv xqghuwdnlqj

wudlqlqj1

Wklv iroorzv iurp wkh idfw wkdw erwk
Ct5
C�5

dqg C�5
Cv

duh qhjdwlyh1 Ilupv wkdw

sd| iru wudlqlqj qhhg wr uhfryhu wkhlu frvwv1 Zkhq wkh lq rz udwh v lqfuhdvhv/

wkh wlph shulrg gxulqj zklfk �upv fdq uhfryhu wkhvh frvwv lv vkruwhu4; 1 Wklv

uhgxfhv wkh lqfhqwlyh wkdw �upv kdyh wr rshq vnloohg ydfdqflhv1 Zlwk uhodwlyho|

ihzhu vnloohg ydfdqflhv/ wkh suredelolw| ri �oolqj d ydfdqf| iurp wkh pdunhw

t5 lqfuhdvhv dqg wkh sursruwlrq ri wudlqlqj �upv idoov1

Wr frqfoxgh wklv vhfwlrq/ dq lpsruwdqw txhvwlrq lv zkhwkhu lqglylgxdov zlwk

qr hgxfdwlrq fdq xqghuelg hgxfdwhg zrunhuv dqg rewdlq d wudlqlqj srvlwlrq1

Zlwk d vx!flhqw vxsso| ri hgxfdwhg zrunhuv/ wkh dqvzhu lv qhjdwlyh iru wkh

iroorzlqj wzr uhdvrqv= �uvw/ lqglylgxdov zlwk qr hgxfdwlrq uhtxluh kljkhu wudlqlqj

frvwv1 Vhfrqg/ xqohvv wkh| fdq frpplw wr zrun dw d zdjh orzhu wkdq z5/ zrunhuv

zlwk qr hgxfdwlrq zkr fdq �qg d vnloohg mre zloo elg wkhlu zdjh xs wr z5 diwhu

�upv kdyh vxqn wkhlu wudlqlqj frvwv4< 1

��� ������
�� 
� ���	��
��

Qh{w/ zh wxuq wr wkh lqglylgxdo ghflvlrq wr lqyhvw lq hgxfdwlrq1 Lw lv vlpsohvw wr

wklqn ri wkh lqyhvwphqw lq hgxfdwlrq dv d wlph frqvxplqj dfwlylw| wkdw rffxuv

ehiruh hqwhulqj wkh oderu pdunhw1 Lq zkdw iroorzv/ zh dvvxph wkdw zrunlqj

lqglylgxdov gr qrw jr edfn wr hgxfdwlrq/ wkdw lv ixoo| dftxluhg ehiruh dq| oderu

pdunhw dfwlylw| lv vwduwhg1 Ixuwkhupruh/ hgxfdwhg lqglylgxdov duh dvvxphg wr

hqwhu wkh oderu pdunhw dv xqhpsor|hg zrunhuv zlwkrxw ixoo| ghyhorshg vnloov

dqg wr txhxh iru d wudlqlqj mre vorw1 Vlploduo|/ lqglylgxdov zlwk qr hgxfdwlrq

duh dvvxphg wr hqwhu wkh oderu pdunhw yld wkh srro ri xqvnloohg xqhpsor|phqw1

Wkxv hgxfdwlrq shu vh lv d frqglwlrq exw grhv qrw jxdudqwhh hpsor|phqw

lq d vnloohg mre vorw1 Hgxfdwhg zrunhuv qhhg dovr zrunsodfh wudlqlqj1 Ohw L

eh wkh dvvhw ydoxh ri txhxhlqj iru d wudlqlqj srvlwlrq1 Dffhvv wr wkh txhxh

lv olplwhg wr hgxfdwhg oderu dqg uhtxluhv wkdw lqglylgxdov sd| wkh hgxfdwlrq

frvw �l/ zlwk 3 � �
l � �

P / wkdw ydulhv dprqj lqglylgxdov1 Wkh qhw uhwxuq iurp

txhxhlqj dv dq xqhpsor|hg hgxfdwhg qhz hqwudqw/ uL/ lv htxdo wr wkh +h{shfwhg,

4:Xvlqj Htv1 +4, dqg +46, zh fdq vkrz wkdw

Y *? ^2
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4;Vhh Dfhprjox +4<<:,1
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Vhh wkh glvfxvvlrq ri wkh krog xs sureohp lq Pdofropvrq +4<<:,1
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uhwxuq iurp �qglqj d wudlqlqj srvlwlrq dqg mrlqlqj wkh vnloohg oderu pdunhw/ wkdw

rffxuv zlwk suredelolw| s/ soxv wkh +h{shfwhg, uhwxuq iurp dffhvv wr wkh xqvnloohg

oderu pdunhw/ wkdw wdnhv sodfh diwhu d vshoo dv dq xqhpsor|hg qhz hqwudqw dqg

rffxuv zlwk suredelolw| 4 � s/ plqxv wkh lqyhvwphqw frvw �1 Hpsor|phqw lq d

vnloohg mre |lhogv H5
53 1 Hqwu| lq wkh xqvnloohg oderu pdunhw iurp wkh srro ri

xqhpsor|hg hgxfdwhg qhz hqwudqwv |lhogv X4/ wkh dvvhw ydoxh ri xqhpsor|phqw

dv dq xqvnloohg lqglylgxdo1 Khqfh/ uL @ s +H5 � L, . +4� s, ^X4 � L`� �1

Wkh frvwv ri lqyhvwlqj lq hgxfdwlrq pxvw dovr lqfoxgh wkh iruhjrqh hduqlqjv

iurp lpphgldwh dffhvv wr wkh xqvnloohg oderu pdunhw dv d qrq hgxfdwhg zrunhu/

uX41 Wkh gh�qlwlrqv ri wkh dvvhw ydoxhv iru qrq hgxfdwhg oderu/ lqfoxglqj X4/ duh

vlplodu wr htxdwlrqv +43,0+45,/ zlwk wkh h{fhswlrq wkdw zh dvvxph wkdw xqvnloohg

zrunhuv kdyh ohvv edujdlqlqj srzhu wkdq vnloohg zrunhuv1 Ohwwlqj �
4
eh wkh

uhodwlyh edujdlqlqj srzhu ri xqvnloohg oderu/ wklv lv htxlydohqw wr dvvxplqj wkdw

�
4
?

4

5

54 1

Lq wkh vwhdg| vwdwh htxloleulxp/ wkh vkduh ri hgxfdwhg lqglylgxdov lv ghwhu0

plqhg e| wkh pdujlqdo lqyhvwphqw ghflvlrq/ xqghuwdnhq e| wkh lqglylgxdo zkr

lv mxvw lqgl�huhqw ehwzhhq lqyhvwlqj dqg qrw lqyhvwlqj1 Wkh fulwlfdo ydoxh ri

wkh frvw ri hgxfdwlrq/ ��/ wkdw |lhogv lqgl�huhqfh ehwzhhq lqyhvwlqj dqg qrw

lqyhvwlqj lv

�
� @ s ^H5 � X4`� uX4 +47,

zkhuh wkh suredelolw| s lv ghwhuplqhg e| Ht1 +9,1 Dv glvfxvvhg deryh/ wkh sured0

elolw| ri �qglqj d wudlqlqj srvlwlrq ghshqgv srvlwlyho| erwk rq �/ wkh shufhqwdjh

ri �upv xqghuwdnlqj wudlqlqj/ dqg rq wkh rxw rz udwh iurp xqhpsor|phqw t5�51

Khqfh/ dq lqfuhdvh lq wkh h!flhqf| ri wkh pdwfklqj whfkqrorj| p5 kdv wzr rs0

srvlwh h�hfwv rq s1 Iluvw/ lw lqfuhdvhv lw ehfdxvh lw udlvhv wkh hpsor|phqw udwh

yld d kljkhu rxw rz udwh1 Vhfrqg/ lw uhgxfhv lw ehfdxvh wkh shufhqwdjh ri wudlq0

lqj �upv � ghfolqhv +vhh Uhpdun 514,1 Wkxv wkh ryhudoo h�hfw fdqqrw eh vljqhg1

Rq wkh rwkhu kdqg/ dq lqfuhdvh lq wkh vhsdudwlrq udwh v uhgxfhv wkh suredelolw|

s/ ehfdxvh erwk � dqg t5�5 ghfolqh1

Wkh zdjhv ri vnloohg zrunhuv kdyh douhdg| ehhq glvfxvvhg1 Wkh zdjh sdlg wr

xqvnloohg oderu lv ghwhuplqhg lq d vlplodu idvklrq/ e| vroylqj d vwdqgdug frrs0

hudwlyh Qdvk edujdlqlqj jdph ehwzhhq wkh sduwlhv1 Lq wklv fdvh/ zh kdyh wkdw

z4 @ �
4
+|4 . �4,1 Frqvhtxhqwo|/ wkh zdjh vwuxfwxuh/ gh�qhg dv wkh gl�huhqwldo

ehwzhhq wkh vnloohg dqg wkh xqvnloohg zdjh/ lv htxdo wr

53
Zh duh dvvxplqj wkdw lqfrph gxulqj wudlqlqj lv }hur1 Vlqfh rxwsxw gxulqj wudlqlqj lv dovr

dvvxphg wr eh }hur/ wkh frvw ri wudlqlqj lv eruq hqwluho| e| wkh �up1
54
Lq wkh vwhdg| vwdwh htxloleulxp wkh xqvnloohg xqhpsor|phqw udwh lv ghwhuplqhg dv iroorzv=

�uvw/ wkhuh pxvw eh vx!flhqw rxw rzv iurp wkh qrq hgxfdwhg oderu irufh wr frpshqvdwh wkh

lq rzv e| qhz hqwudqwv dqg e| hgxfdwhg lqglylgxdov zkr kdyh orvw wkhlu uhodwlyh dgydqwdjh

ehfdxvh ri xqhpsor|phqw1 Vhfrqg/ h{rjhqrxv vhsdudwlrqv ri xqvnloohg zrunhuv pxvw eh htxdo

wr lq rzv iurp xqvnloohg xqhpsor|phqw/ dqg wkh htxloleulxp xqvnloohg xqhpsor|phqw udwh lv

�� '
r

rn ^�w�
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+48,

Zkhq wkhuh duh hqrxjk qhz hgxfdwhg hqwudqwv wr �oo wkh dydlodeoh wudlqlqj

srvlwlrqv/ zrunhuv zlwk qr hgxfdwlrq duh wudsshg lq wkh xqvnloohg oderu pdunhw1

Xvlqj wkh dvvhw htxdwlrqv iru xqvnloohg oderu dqg wkh gh�qlwlrq ri wkh zdjh z4

uhvxowlqj iurp Qdvk edujdlqlqj/ wkh ydfdqf|0xqhpsor|phqw udwlr iru xqvnloohg

oderu �4 lv ghwhuplqhg e|

|4 +4� �
4
,� �

4
�4

+u . v,
@

�
n4
4

p4

+49,

Dvvxplqj wkdw wkh frvw ri hgxfdwlrq � kdv d xqlirup glvwulexwlrq dqg wkdw

lqglylgxdov duh qrw fuhglw frqvwudlqhg/ wkh vwhdg| vwdwh vkduh ri hgxfdwhg zrunhuv

lq wkh oderu irufh � @ ��

�
P

lv jlyhq e|55
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�
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�
4
�4

4� �
4

+4:,

Zh fdq xvh Htv1 +9,/ +46, dqg +4:, wr vwdwh wkh iroorzlqj

Uhpdun 6 Dq lqfuhdvh lq wkh pdwfklqj h!flhqf| pk +k @ 4> 5, kdv dpeljxrxv

h�hfwv rq wkh htxloleulxp vkduh ri hgxfdwhg oderu �/ ghshqglqj rq wkh uhodwlyh

vl}h ri wkh h�hfwv rq wkh suredelolw| s dqg rq wkh ydfdqf|0xqhpsor|phqw udwlrv

�k +k @ 4> 5,1

Dv zh kdyh vhhq deryh/ dq lqfuhdvh lq wkh h!flhqf| ri wkh pdwfklqj surfhvv
kdv dpeljxrxv h�hfwv rq wkh suredelolw| s ri �qglqj d wudlqlqj srvlwlrq1 Pruh0
ryhu/ d kljkhu pk +k @ 4> 5, lqfuhdvhv erwk �4 dqg �5/ zlwk dpeljxrxv h�hfwv
rq �1

Uhpdun 7 Dq lqfuhdvh lq wkh h!flhqf| ri wkh pdwfklqj surfhvv pk +k @ 4> 5,
pdnhv wkh zdjh vwuxfwxuh � ohvv frpsuhvvhg rqo| zkhq �

4
@ 3=

Li zh lqwhusuhw dq lqfuhdvh lq wkh h!flhqf| ri pdwfklqj dv d uhgxfwlrq ri oderu
pdunhw lpshuihfwlrqv/ dv grqh e| Dfhprjox dqg Slvfknh +4<<<,/ wklv uhgxfwlrq
ohdgv wr d vpdoohu vkduh ri �upv xqghuwdnlqj wudlqlqj zlwkrxw qhfhvvdulo| lq0
fuhdvlqj wkh zdjh gl�huhqwldo ehwzhhq vnloohg dqg xqvnloohg mrev1 Wr vhh wklv/
qrwlfh wkdw dq lqfuhdvh lq pdwfklqj h!flhqf| lqfuhdvhv erwk �4 dqg �5/ wkdw
hqwhu zlwk rssrvlwh vljqv lq Ht1 +48,1 Khqfh/ d ohvv frpsuhvvhg zdjh vwuxf0
wxuh lv qrw uhtxluhg wr lqgxfh �upv wr lqyhvw pruh lq wudlqlqj1 Pruhryhu/ dqg
frqwudu| wr Dfhprjox dqg Slvfknh +4<<<,/ d uhgxfwlrq lq oderu pdunhw lpshu0
ihfwlrqv wkdw uhgxfhv wudlqlqj qhhg qrw qhfhvvdulo| lqfuhdvh wkh shufhqwdjh ri
lqglylgxdov lqyhvwlqj lq hgxfdwlrq1

55Qdvk edujdlqlqj/ a2 '
�

^5
dqg T2 ' f |lhog .2 ' L2n

�
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1 Khqfh/ .23L� ' L23L�n

�
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Uhpdun 8 Zkhq wkh uhodwlyh edujdlqlqj srzhu ri xqvnloohg zrunhuv �
4
lv htxdo

wr }hur/ dq lqfuhdvh lq wkh h{rjhqrxv lq rz udwh v uhgxfhv wkh htxloleulxp vkduh

ri hgxfdwhg oderu �1

Frpsduhg wr wkh suhylrxv fdvh/ d kljkhu lq rz udwh lqwr xqhpsor|phqw uhgxfhv

erwk wkh suredelolw| s dqg �5/ ehfdxvh wkh sur�wdelolw| ri vnloohg ydfdqflhv

ghfolqhv1

Wr frqfoxgh wklv vhfwlrq/ zh eulh | frqvlghu wkh fdvh ri olplwhg vxsso| ri

hgxfdwhg qhz hqwudqwv/ wkdw zh kdyh h{foxghg dw wkh vwduw e| dvvxplqj wkdw

� �
v

4�v
1 Lq wklv fdvh/ wudlqlqj �upv qhhg wr kluh zrunhuv zlwkrxw hgxfdwlrq

iru wudlqlqj1 Dvvxplqj wkdw wklv  rz ruljlqdwhv iurp wkh vwrfn ri xqhpsor|hg

oderu zlwkrxw hgxfdwlrq/ wkhuh duh wzr pdmru fkdqjhv zlwk uhvshfw wr wkh fdvh

ri vx!flhqw vxsso|1 Iluvw/ wkh suredelolw| wkdw dq hgxfdwhg qhz hqwudqw �qgv d

wudlqlqj mre lv qrz htxdo wr 41 Vhfrqg/ wkh qhw uhwxuq iurp lqyhvwlqj lq hgxfdwlrq

ghfolqhv/ ehfdxvh d wudlqlqj srvlwlrq dqg d vnloohg mre fdq eh rewdlqhg hyhq

zlwkrxw hgxfdwlrq1 Wkhvh fkdqjhv lpso| wkdw wkh htxloleulxp vkduh ri hgxfdwhg

zrunhuv lq wkh srsxodwlrq lv orzhu1 Wkh htxloleulxp shufhqwdjh ri wudlqlqj �upv

lv dovr d�hfwhg1 Wr vhh zk|/ frqvlghu wzr wklqjv1 Iluvw/ wkh htxloleulxp ydfdqf| 0

xqhpsor|phqw udwlr iru vnloohg mrev grhv qrw ydu|1 Khqfh/ wkh pdujlqdo wudlqlqj

frvw � f dovr uhpdlqv xqfkdqjhg1 Vhfrqg/ �upv wkdw zhuh zloolqj wr wudlq ehfdxvh

wkhlu frvw ri wudlqlqj dq hgxfdwhg zrunhu zdv orzhu wkdq �f frxog eh xqzloolqj

wr wudlq d qrq hgxfdwhg zrunhu dw d pxfk kljkhu frvw1

� �
�	���
�� ��� ���	���
���

Wzr lpsruwdqw sdudphwhuv lq wkh prgho ghvfulehg deryh duh pk +k @ 4> 5,/
wkh h!flhqf| ri wkh pdwfklqj surfhvv/ dqg v/ wkh h{rjhqrxv lq rz udwh iurp

hpsor|phqw wr xqhpsor|phqw1 Wdeoh 4 uhsruwv hvwlpdwhv ri wkh rxw rz udwhv

iurp hpsor|phqw dqg xqhpsor|phqw lq wkh XV/ Jhupdq| dqg Mdsdq/ gudzq

iurp Exugd dqg Z|sorv} +4<<6,1

Wklv wdeoh vkrzv wkdw xqhpsor|phqw rxw rz udwhv duh vxevwdqwldoo| kljkhu

lq wkh XV wkdq lq Jhupdq| ru Mdsdq1 Hpsor|phqw rxw rz udwhv duh dovr kljkhvw

lq wkh XV/ exw wkh gl�huhqfh zlwk Jhupdq| lv udwkhu vpdoo1 Fhwhulv sdulexv/

wkh kljkhu wkh xqhpsor|phqw rxw rz udwh/ wkh orzhu xqhpsor|phqw gxudwlrq1

Khqfh/ wkh wdeoh dovr vkrzv wkdw xqhpsor|phqw gxudwlrq lv orzhu lq wkh XV

wkdq lq Jhupdq| dqg Mdsdq1 Zkloh wkhvh lqwhuqdwlrqdo gl�huhqfhv uhihu wr

djjuhjdwh oderu pdunhwv/ wkhuh duh uhdvrqv wr eholhyh wkdw wkh| dsso| dovr zkhq

zh glvdjjuhjdwh e| hgxfdwlrq1 Dffruglqj wr Od|dug hw do +4<<4,/ iru lqvwdqfh/ wkh

dyhudjh gxudwlrq ri xqhpsor|phqw lq wkh XV lv derxw wkh vdph iru surihvvlrqdo

dqg pdqdjhuldo mrev/ wkdw duh �oohg pdlqo| e| wkh kljko| hgxfdwhg/ dqg iru

pdqxdo mrev/ wkdw duh wdnhq e| wkh ohvv hgxfdwhg
56
1

Lq rxu prgho/ wkh rxw rz udwh iurp xqhpsor|phqw lv htxdo wr tk�k +k @
4> 5,1 Wklv udwh lv dq lqfuhdvlqj ixqfwlrq ri wkh h!flhqf| ri pdwfklqj p

k
dqg d

56Vhh Od|dug hw do +4<<4,/ sdjh 5<41
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ghfuhdvlqj ixqfwlrq ri wkh lq rz udwh v1 Wkhuhiruh/ zlwk rwkhu wklqjv xqfkdqjhg/

d kljkhu rxw rz udwh fdq eh frqvlvwhqw zlwk d kljkhu lq rz udwh v rqo| li wkh

h!flhqf| ri pdwfklqj p
k
lv kljkhu1

D nh| lpsolfdwlrq ri rxu prgho lv wkdw wkh frpelqdwlrq ri d pruh h!flhqw

pdwfklqj surfhvv zlwk d kljkhu vhsdudwlrq udwh uhgxfhv wkh sursruwlrq � ri �upv

xqghuwdnlqj wudlqlqj1 Wkxv/ wklv sursruwlrq vkrxog eh orzhu lq wkh XV/ wkdw kdv

erwk d kljkhu pdwfklqj h!flhqf| dqg d kljk lq rz udwh lqwr xqhpsor|phqw1

Dqrwkhu nh| lpsolfdwlrq lv wkdw wkh mrlqw h�hfw ri d kljkhu pdwfklqj h!flhqf|

p
k
dqg ri d kljkhu vhsdudwlrq udwh v rq wkh vkduh ri hgxfdwhg lqglylgxdov �

lv dpeljxrxv/ hyhq zkhq �
4
lv htxdo wr }hur1 Ghshqglqj rq wkh uhodwlyh vl}h

ri wkhvh lqfuhdvhv/ dqg rq wkh uhodwlyh edujdlqlqj srzhu ri xqvnloohg oderu/ wkh

vkduh ri hgxfdwhg oderu fdq lqfuhdvh/ ghfuhdvh ru uhpdlq xqfkdqjhg1 Khqfh/

lw lv txlwh srvvleoh iru hfrqrplhv wkdw gl�hu rqo| lq wkh ydoxhv ri pk dqg v

wr kdyh vljql�fdqwo| gl�huhqw ohyhov ri zrunsodfh wudlqlqj dqg vlplodu ohyhov ri

hgxfdwlrqdo dwwdlqphqw/ dv grfxphqwhg lq wkh fdvh ri wkh XV/ Jhupdq| dqg

Mdsdq1
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Wdeoh 41 Xqhpsor|phqw dqg hpsor|phqw rxw rzv1 4<;:

XH2X HX2H

XV 5176 3159

Jhupdq| 4179 3154

Mdsdq 4149 313<

Qrwh= wkh qxpehuv lq wkh wdeoh duh udwlrv ri dyhudjh dqqxdo  rzv ryhu dy0

hudjh vwrfnv1 Vwrfnv uhihu wr wkh frqglwlrq ri ruljlq ri wkh  rz1 XH=  rzv iurp

xqhpsor|phqw wr hpsor|phqw> HX=  rzv iurp hpsor|phqw wr xqhpsor|phqw>

X= xqhpsor|phqw> H= hpsor|phqw1
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^4` Dfhprjox/G1 +4<<9,/ D Plfurirxqgdwlrq iru Vrfldo Lqfuhdvlqj Uhwxuqv lq

Kxpdq Fdslwdo Dffxpxodwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444/ ::<0

;371

^5` Dfhprjox/ G1 dqg Slvfknh/ M1 +4<<;,/ Zk| gr �upv wudlqB Wkru| dqg

hylghqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 443/ 5/ 6880;41

^6` Dfhprjox/ G1 +4<<:,/ Wudlqlqj dqg Lqqrydwlrq lq dq Lpshuihfw Oderu Pdu0

nhw/ Uhylhz ri Hfrqrplf Vwxglhv/ 97/ 6/ 7780971

^7` Dfhprjox/ G1 dqg Slvfknh/ M1 +4<<<,/ Wkh Vwuxfwxuh ri Zdjhv dqg Lqyhvw0

phqw lq Jhqhudo Wudlqlqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 43:/ 6/ 86<0:51

^8` Eduurq/ M1/ Eodfn/ G1 dqg Orzhqvwhlq/ P1/ +4<;<,/ Mre pdwfklqj dqg rq0

wkh0mre wudlqlqj/ Mrxuqdo ri Oderu Hfrqrplfv/ 404<1

^9` Elvkrs/ M1/ +4<<6,/ Xqghulqyhvwlqj lq Hpsor|hu Wudlqlqj= D Pdqgdwh wr

VshqgB/ Kxpdq Uhvrxufh Ghyhorsphqw Txduwhuo|/ 7/ 6/ 55605741

^:` Eodqfkdug/ R1 dqg Gldprqg/ S1 +4<;<,/ Wkh Ehyhulgjh Fxuyh/ Eurrnlqjv

Sdshuv rq Hfrqrplf Dfwlylw|/ 41

^;` Eolqghu/ D1 dqg Nuxhjhu/ D1 +4<<4,/ Lqwhuqdwlrqdo gl�huhqfhv lq wxuqryhu=

d frpsdudwlyh vwxg| zlwk hpskdvlv rq wkh XV dqg Mdsdq/ Sulqfhwrq Xql0

yhuvlw|1

^<` Eurzq/ F1 hw do +4<<:,/ Zrun dqg Sd| lq wkh Xqlwhg Vwdwhv dqg Mdsdq/

r{irug Xqlyhuvlw| Suhvv1

^43` Euxqhoor/ J1 +4<<9,/ Htxloleulxp Xqhpsor|phqw zlwk Lqwhuqdo Oderu Pdu0

nhwv/ Hfrqrplfd/ 96/ 4<0681

^44` Euxqhoor/ J1 dqg Phglr/ D1 +4<<9,/ D Mre Frpshwlwlrq Prgho ri Zrunsodfh

Wudlqlqj dqg Hgxfdwlrq/ IHHP Zrunlqj Sdshu qr1 :80<91

^45` Exugd/ P1 dqg Z|sorv}/ F1 +4<<6,/ Jurvv Zrunhu dqg Mre Iorzv lq Hxursh/

FHSU Glvfxvvlrq Sdshu q1 ;9;1

^46` Hxurshdq Frpplvvlrq +4<<5,/ Hpsor|phqw lq Hxursh/ Eux{hoohv1

^47` Iudq}/ Z/ dqg Vrvnlfh/ G1/ +4<<8,/ Wkh Jhupdq Dssuhqwlfhvkls V|vwhp/ lq

Exwwohu/I1/ Iudq}/Z1/ Vfkhwwndw/ U1 dqg Vrvnlfh/ G1/ Lqvwlwxwlrqdo Iudph0

zrunv dqg oderu pdunhw shuirupdqfh/ Urxwohgjh1

^48` Iuhhpdq/ U1 +4<<8,/ Grhv lw IlwB Gudzlqj Ohvvrqv iurp Gl�hulqj Oderu

Sudfwlfhv/ FHS Glvfxvvlrq Sdshu q1563/ OVH1

^49` Odlqj/ G1/ Sdolyrv/ W1 dqg Zdqj/ S1 +4<<8,/ Ohduqlqj/ Pdwfklqj dqg

Jurzwk/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 95/ 448045<1
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^4:` Od|dug/ U1/ Qlfnhoo/ V1 dqg Mdfnpdq/ U1 +4<<4,/ Xqhpsor|phqw/ Eodfnzhoo1

^4;` O|qfk/ O1 +4<<6,/ Wkh Hfrqrplfv ri \rxwk Wudlqlqj lq wkh Xqlwhg Vwdwhv/

Wkh Hfrqrplf Mrxuqdo/ 436/ 45<5046351

^4<` O|qfk/ O1 +4<<7,/ Wudlqlqj dqg wkh Sulydwh Vhfwru/ Wkh Xqlyhuvlw| ri

Fklfdjr Suhvv1

^53` Pdofropvrq/ M1 +4<<:,/ Frqwudfwv/ krog xsv dqg oderu pdunhwv/ lq Mrxuqdo

ri Hfrqrplf Olwhudwxuh/ 68/ 4<4908:1

^54` RHFG +4<<4,/ Hqwhusulvh0Uhodwhg Wudlqlqj/ Hpsor|phqw Rxworrn/ Sdulv1

^55` RHFG +4<<6,/ Hpsor|phqw Rxworrn/ Sdulv1

^56` RHFG +4<<7,/ Wkh Mrev Vwxg|/ Sdulv1

^57` RHFG +4<<8,/ Hgxfdwlrq dw d Jodqfh/ Sdulv1

^58` Slvvdulghv/ F1 +4<<3,/ Htxloleulxp Xqhpsor|phqw Wkhru|/ Eodfnzhoo/ R{0

irug

^59` Uhgglqj/V1 +4<<9,/ Wkh Orz Vnloo0 Orz Txdolw| Wuds= Vwudwhjlf Frpsoh0

phqwdulwlhv ehwzhhq Kxpdq Fdslwdo dqg U)G/ Wkh Hfrqrplf Mrxuqdo/
439/ 78;07:31

^5:` Urvhq/ V1 +4<:9,/ D Wkhru| ri Olih Hduqlqjv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/

;7/ 7/ V770V9:1

^5;` Vdlqw Sdxo/ J1 +4<<9,/ Gxdo Oderu Pdunhwv/ PLW Suhvv/ Fdpeulgjh PD1

^5<` Vlfkhupdq/ Q1 +4<<4,/ Ryhuhgxfdwlrq lq wkh Oderu Pdunhw/ Mrxuqdo ri Oderu

Hfrqrplfv/ </ 5/ 43404551

^63` Vqrzhu/ G1 +4<<7,/ Wkh Orz0Vnloo/ Edg0Mre Wuds/ Glvfxvvlrq Sdshu q147/
Eluehfn Froohjh/ Orqgrq1

^64` Vwhyhqv/ P1 +4<<7,/ Dq Lqyhvwlphqw Prgho iru wkh Vxsso| ri Wudlqlqj e|

Hpsor|huv/ Wkh Hfrqrplf Mrxuqdo/ 437/ 88908:31

^65` Wkxurz/ O1 +4<:8,/ Jhqhudwlqj Lqhtxdolw|/ PfPloodq/ Orqgrq1

4:


