
Xqhpsor|phqw dqg Vhdufk

H{whuqdolwlhv lq d prgho zlwk

Khwhurjhqhrxv Mrev dqg

Khwhurjhqhrxv Zrunhuv�

Slhwhu D1 Jdxwlhu |

Iluvw yhuvlrq Pdufk 4<<:/ wklv yhuvlrq= Mxqh 58/ 4<<<

Devwudfw

Wkh frqwlqxlqj ghwhulrudwlrq ri wkh srvlwlrq ri orz vnloohg zrunhuv

lq wkh ehjlqqlqj ri wkh <3*v lq hvvhqwldoo| doo lqgxvwuldol}hg frxqwulhv

lv rqh ri wkh prvw ghedwhg lvvxhv lq erwk oderu dqg pdfur0hfrqrplfv1

Lq wklv sdshu d pdwfklqj prgho zlwk orz dqg kljk vnloohg zrunhuv dqg

vlpsoh dqg frpsoh{ mrev lv suhvhqwhg1 L vkrz wkdw wkh ghjuhh wr zklfk

orz vnloohg zrunhuv duh kduphg e| kljk vnloohg zrunhuv zkr duh zloolqj

wr whpsrudulo| dffhsw vlpsoh mrev ghshqgv rq wkh uhodwlyh surgxfwlylw|

ri kljk dqg orz vnloohg zrunhuv rq vlpsoh mrev1 Xqghu fhuwdlq frqgl0

wlrqv orz vnloohg zrunhuv fdq hyhq ehqh�w iurp mre frpshwlwlrq e|

kljk vnloohg zrunhuv1

Nh|zrugv= xqhpsor|phqw/ vhdufk h{whuqdolwlhv

MHO frghv= M54/ M56/

�L juhdwo| dssuhfldwh wkh khosixo frpphqwv ri Mdds Deeulqj/ Dxgud Erzoxv/ Shwhu

Gldprqg/ Pduf Srps dqg Sdxo Iulmwhuv1
|Qhwkhuodqgv Exuhdx iru Hfrqrplf Srolf| Dqdo|vlv dqg Ghsduwphqw ri Hfrqrplfv/ Iuhh

Xqlyhuvlw| Dpvwhugdp> sjdxwlhuChfrq1yx1qo
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4 Lqwurgxfwlrq

Gxh wr wkh vhplqdo zrun ri Gldprqg +4<;5,/ Slvvdulghv +4<<3/4<<7,/ Krvlrv

+4<<3, dqg Pruwhqvhq dqg Slvvdulghv +4<<7, zh nqrz wkdw rswlpdo vhdufk

h�ruw dw wkh plfur ohyho fdq jhqhudwh lqh!flhqw rxwfrphv dw wkh pdfur ohyho1

Wklv olwhudwxuh kdv vkrzq wkdw wkhuh lv qr uhdvrq wr h{shfw wkdw wkh pdunhw

rxwfrph lv h!flhqw ehfdxvh lqglylgxdo zrunhuv dqg �upv gr qrw wdnh wkh

h�hfwv ri wkh edujdlqhg zdjh rq djjuhjdwh oderu pdunhw wljkwqhvv lqwr df0

frxqw1 Wkh lqh!flhqf| lv fdxvhg e| wkh idfw wkdw zdjhv duh ghwhuplqhg diwhu

wkh �up dqg zrunhu phhw1 Lq jhqhudo/ dq dgglwlrqdo mre vhdufkhu pdnhv �upv

zlwk ydfdqflhv ehwwhu r� exw kh zruvhqv wkh srvlwlrq ri wkh rwkhu mre vhhnhuv1

Wklv sdshu ghvfulehv dq hfrqrp| zlwk vlpsoh dqg frpsoh{ mrev dqg orz

dqg kljk vnloohg oderu1 Doo zrunhuv fdq dsso| iru vlpsoh mrev exw rqo| kljk

vnloohg zrunhuv fdq dsso| iru frpsoh{ mrev1 Zkhq wkhuh duh vhdufk iulfwlrqv

dqg erwk wkh xqhpsor|hg orz dqg kljk vnloohg zrunhuv frpshwh iru vlpsoh

mrev/ wkhuh duh wzr dgglwlrqdo h{whuqdolwlhv zklfk kdyh wr eh wdnhq lqwr df0

frxqw1 Wkh �uvw rqh vwhpv iurp wkh idfw wkdw kljk vnloohg zrunhuv kdyh d

srvlwlyh txlw suredelolw| rq vlpsoh mrev +vlqfh wkh| frqwlqxh vhdufklqj iru d

kljkhu sd|lqj frpsoh{ mre,1 Ilupv zloo dqwlflsdwh wklv dqg wkh| zloo uhvwruh

sur�wdelolw| e| rshqlqj ohvv vlpsoh mre ydfdqflhv lq htxloleulxp1 Wkh orz

vnloohg zrunhuv +zkr qhyhu txlw, duh wkhuhiruh dovr sxqlvkhg iru wkh txlwv ri

wkh kljk vnloohg zrunhuv1 Wkh rwkhu h{whuqdolw| vwhpv iurp wkh idfw wkdw wkh

surgxfwlylw| rq vlpsoh mrev ghshqgv rq wkh vnloo ri wkh zrunhu1 Zkhq kljk

vnloohg zrunhuv duh vx!flhqwo| pruh surgxfwlyh wkdq orz vnloohg zrunhuv +dw

vlpsoh mrev,/ wkh htxloleulxp vxsso| ri ydfdqflhv zloo ghshqg srvlwlyho| rq

wkh iudfwlrq ri kljk vnloohg zrunhuv vhdufklqj iru vlpsoh mrev1 Wkh orz vnloohg

zrunhuv dovr ehqh�w iurp wklv odujhu vxsso| ri ydfdqflhv1 Xqghu fhuwdlq frq0

glwlrqv/ wklv h�hfw grplqdwhv wkh wzr rwkhu h{whuqdolwlhv1 Lq wkdw fdvh/ wkh

orz vnloohg zrunhuv zloo eh ehwwhu r� zkhq dq dgglwlrqdo kljk vnloohg zrunhu

vwduwv vhdufklqj +hyhq zkhq wkh pdwfklqj ixqfwlrq h{klelwv frqvwdqw uhwxuqv

wr vfdoh,1

Wkh prgho lv uhodwhg wr wkh Slvvdulghv +4<<7, prgho zklfk kdv khwhur0

jhqhlw| rq rqh vlgh ri wkh pdunhw +jrrg dqg edg mrev, dqg doorzv iru rq wkh

mre vhdufk1 Slvvdulghv vkrzhg wkdw vrph zrunhuv fdq jhw orfnhg lq dw edg

mrev dv wkhlu zdjhv lqfuhdvh zlwk mre whqxuh1 Lq vrph uhvshfwv wkh prgho

lq wklv sdshu lv vlpsohu wkdq wkh Slvvdulghv +4<<7, prgho vlqfh lw grhv qrw

frqvlghu whqxuh h�hfwv1 Lw grhv krzhyhu doorz iru khwhurjhqhlw| lq wkh zrun

irufh1 Wklqjv uhpdlq wudfwdeoh ehfdxvh d gl�huhqw vwudwhjlf xqghuslqqlqj
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ri wkh xvxdo Qdvk Edujdlqlqj vroxwlrq +dv lq iru h{dpsoh Slvvdulghv +4<<3,,

lv dssolhg1 Dv Deeulqj +4<<<, vkrzv/ wkh wudglwlrqdo lqwhuwhpsrudo vxusoxv

vkdulqj vroxwlrq fdq eh hlwkhu vxssruwhg e| dq lq�qlwho| odujh ulvn ri euhdn0

grzq +uhodwlyh wr wkh glvfrxqw udwh, ru e| suhfrpplwphqw wr vhdufk gxulqj

glvdjuhhphqw1 Wkh �uvw rqh lv xqdwwudfwlyh vlqfh lw lv qrw fohdu zk| wkh

surgxfwlrq hqylurqphqw +zlwk d �qlwh mre ghvwuxfwlrq udwh, zrxog eh vr gli0

ihuhqw iurp wkh edujdlqlqj hqylurqphqw1 Wkh vhfrqg xqghuslqqlqj dvvxphv

suhfrpplwphqw wr vhdufk exw zkhq vhdufk lv xqrevhuydeoh dv lq Zrolqvn|

+4<;:,/ zrunhuv fdq rqo| suhfrpplw wr vhdufk zkhq hpsor|huv dfwxdoo| uhdo0

l}h wkdw wkhuh duh ehwwhu sduwqhuv rxw wkhuh lq wkh pdunhw sodfh1 L wkhuhiruh

rqo| doorz kljk vnloohg zrunhuv zkr edujdlq zlwk vlpsoh ydfdqf| vxssolhuv wr

fuhgleo| wkuhdw wr frqwlqxh vhdufklqj iru frpsoh{ mrev1

Vdlqw Sdxo +4<<9,/ +VS, dovr dqdo|}hv dq htxloleulxp vhdufk prgho zlwk

gl�huhqw mre dqg zrunhu w|shv1 Wkh prvw lpsruwdqw gl�huhqfh ehwzhhq klv

prgho dqg wkh prgho suhvhqwhg khuh lv wkdw VS dvvxphv wkdw wkh wrwdo qxpehu

ri mrev lv �{hg/ zkloh L dvvxph iuhh hqwu| ri ydfdqflhv1 Dqrwkhu gl�huhqfh

lv wkdw L doorz vlpsoh ydfdqflhv wr eh �oohg e| erwk kljk dqg orz vnloohg

zrunhuv exw uhvwulfw wkh frpsoh{ mre ydfdqflhv wr eh rffxslhg e| kljk vnloohg

zrunhuv rqo|/ zkloh lq wkh VS prgho orz vnloohg zrunhuv fdq rffxs| doo mrev1

Wkh frqfoxvlrqv ri wkh VS prgho dqg wkh prgho lq wklv sdshu wkhuhiruh gl�hu

vkduso|1

Wkh prgho ri Doeuhfkw dqg Yurpdq +4<<;, lv dovr uhodwhg wr wklv prgho1

Lq wkhlu prgho/ rqo| kljk vnloohg zrunhuv fdq rffxs| frpsoh{ mrev dqg wkhuh

lv iuhh hqwu| ri ydfdqflhv1 Wkh zdjh edujdlqlqj surfhvv lq wkh Doeuhfkw dqg

Yurpdq prgho lv krzhyhu gl�huhqw wkdq lq wkh prgho ri wklv sdshu dqg wkhuh

lv qr rq wkh mre vhdufk1 Pruhryhu/ lq wkhlu prgho/ kljk vnloohg zrunhuv dozd|v

hduq kljkhu zdjhv wkdq orz vnloohg zrunhuv dw vlpsoh mrev ehfdxvh wkh| kdyh

d ehwwhu rxwvlgh rswlrq1 Lq wklv prgho/ kljk vnloohg zrunhuv dovr kdyh d ehwwhu

edujdlqlqj srvlwlrq exw wkh| gr qrw qhfhvvdulo| hduq kljkhu zdjhv ehfdxvh

hpsor|huv dqwlflsdwh wkhlu kljkhu txlw suredelolw| zklfk uhgxfhv wkh pdwfk

vxusoxv1

Wkh sureohp ri pdwfklqj khwhurjhqhrxv zrunhuv zlwk khwhurjhqhrxv mrev

lv dovr d fhqwudo lvvxh lq wkh dvvljqphqw olwhudwxuh/ h1j1 Vdwwlqjhu +4<<6/ 4<<8,/

Whxolqjv +4<<8, dqg Vklphu dqg Vplwk +4<<;,1 Zkhq zrunhuv zlwk kljkhu

vnloo ohyhov kdyh devroxwh dqg frpsdudwlyh dgydqwdjhv dw kljkhu ohyho mrev/ lw

fdq eh vkrzq wkdw zlwkrxw iulfwlrqv/ dvvruwdwlyh pdwfklqj zloo wdnh sodfh1 Lq

wkh suhvhqfh ri vhdufk iulfwlrqv/ wkh ehvw zrunhuv gr qrw qhfhvvdu| pdwfk zlwk
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wkh ehvw mrev dqg wkh dvvruwdwlyh pdwfklqj uxoh fdq euhdn grzq14 Dowkrxjk

wkh prgho lq wklv sdshu rqo| wdnhv dffrxqw ri wzr mre dqg zrunhu w|shv/ lw

grhv qrw uhtxluh dq devroxwh dgydqwdjh ri wkh kljk vnloohg zrunhuv rq vlpsoh

mrev dqg prvw lpsruwdqwo|/ lw doorzv iru rq wkh mre vhdufk15

Wkh vhfrqg dlp ri wklv sdshu lv wr uhodwh wkh rxwfrphv ri wkh prgho wr

wkh uhodwlyho| kljk dqg shuvlvwhqw xqhpsor|phqw udwhv iru orz vnloohg zrunhuv

lq pdq| RHFG frxqwulhv dv uhsruwhg lq Wdeoh 41 Wkhuh lv qr vkruwdjh ri

h{sodqdwlrqv iru wklv idfw1 L irfxv rq irxu srsxodu rqhv1 Iluvw/ vlqfh wkh

ohyhov ri frpsohwhg hgxfdwlrq kdyh lqfuhdvhg/ orz vnloohg zrunhuv pd| vx�hu

iurp dq lqfuhdvlqj qxpehu ri kljk vnloohg zrunhuv zkr vhdufk iru vlpsoh

mrev1 Vhfrqg/ vnloo eldvhg whfkqlfdo fkdqjh ghfuhdvhv wkh uhodwlyh sur�wdelolw|

ri vlpsoh mrev dqg lqfuhdvhv wkh uhodwlyh sur�wdelolw| ri frpsoh{ mrev1 Wklug/

�ulqj udwhv dw vlpsoh mrev duh lq jhqhudo kljkhu vlqfh vlpsoh mrev uhtxluh

uhodwlyho| olwwoh vshfl�f +vxqn, lqyhvwphqwv1 Irxuwk/ d jhqhudo vorz grzq ri

wkh hfrqrp| ohdgv wr erwk kljkhu orz dqg kljk vnloohg xqhpsor|phqw udwhv1

Lq d fdoleudwhg yhuvlrq ri wkh prgho/ L dqdo|}h wkh h�hfwv ri vkrfnv/ zklfk

duh frqvlvwhqw zlwk wkrvh vwrulhv/ rq wkh pdjqlwxgh/ h{shfwhg gxudwlrq dqg

wkh frpsrvlwlrq ri xqhpsor|phqw dqg rq wkh zdjhv ri kljk dqg orz vnloohg

zrunhuv1 Pruhryhu/ wkh prgho fdq eh xvhg wr dqdo|}h wkh vrfldo dqg sxeolf

ehqh�wv ri wudlqlqj ehfdxvh lw ghulyhv h{solflw h{suhvvlrqv iru wkh dvvhw ydoxhv

ri kljk dqg orz vnloohg zrunhuv1 Wkh gl�huhqfh ehwzhhq wkhp lv d pruh

uhohydqw phdvxuh iru wkh uhwxuqv wr vfkrrolqj wkdq zdjh gl�huhqwldov dw d

srlqw lq wlph1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho dqg vkrzv

krz htxloleulxp zdjhv duh fdofxodwhg iru orz vnloohg zrunhuv/ kljk vnloohg

zrunhuv dw vlpsoh mrev dqg kljk vnloohg zrunhuv dw frpsoh{ mrev1 Vhfwlrq

6 ghulyhv wkh htxloleulxp ydfdqf| vwrfnv dqg wkh rxwsxw ydoxh dw d vlpsoh

mre iru zklfk hpsor|huv duh lqgl�huhqw ehwzhhq kljk dqg orz vnloohg zrunhuv1

Vhfwlrq 7 jlyhv vrph vlpxodwlrq uhvxowv ri d fdoleudwhg yhuvlrq ri wkh prgho

dqg vhfwlrq 8 frqfoxghv1

4
Vklphu dqg Vplwk +4<<:, vkrz wkdw orj0vxshuprgxodulw| ri wkh ixqfwlrq wkdw dwwdwfkhv

d ydoxh wr hdfk pdwfk w|sh lv vx!flhqw wr dvvxuh srvlwlyh dvvruwdwlyh pdwfklqj hyhq zkhq

wkhuh duh vhdufk iulfwlrqv1 Wkhlu prgho grhv krzhyhu qrw doorz iru rq wkh mre vhdufk1
5Prvw oderu pdunhw wudqvlwlrqv lq RHFG frxqwulhv uh hfw mre wr mre pryhphqwv/ vhh

h1j1 Jdxwlhu +4<<:,1
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5 Dq htxloleulxp vhdufk prgho zlwk mre frp0

shwlwlrq

Frqvlghu dq hfrqrp| zlwk wzr w|shv ri mrev/ frpsoh{ dqg vlpsoh1 Frpsoh{

ydfdqflhv fdq rqo| eh �oohg e| kljk vnloohg zrunhuv zkloh vlpsoh mre ydfdqflhv

fdq eh �oohg e| erwk kljk dqg orz vnloohg zrunhuv1 Wklv vhhpv wr eh frqvlv0

whqw zlwk zkdw zh revhuyh lq wkh uhdo zruog zkhuh hyhu|erg| fdq rffxs| d

kdpexujhu  lsslqj mre zkloh rqo| yhu| vnloohg zrunhuv fdq ehfrph d urfnhw

hqjlqhhu dw QDVD16 Dvvxph wkdw wkh w|sh ri ydfdqf| zklfk lv rshqhg kdv wr

eh ghwhuplqhg h{ dqwh1 Wkxv lw lv qrw srvvleoh iru d �up wr rshq d jhqhudo

ydfdqf| dqg ghflgh xsrq wkh mre w|sh diwhu wkh �uvw zrunhu kdv vkrzq xs1

Ixuwkhupruh/ dvvxph wkdw zrunhuv dqg ydfdqflhv phhw dffruglqj wr d FUV

pdwfklqj ixqfwlrq zklfk lv lqfuhdvlqj lq wkh uhohydqw dprxqw ri vhdufkhuv

dqg ydfdqflhv1 Iljxuh 4 fdswxuhv wkh edvlf vwuxfwxuh ri wkh prgho1 Wkh

srrov ri xqhpsor|hg +L, dqg vlpsoh hpsor|phqw +7, frqvlvw ri wzr w|shv ri

zrunhuv/ kljk vnloohg +M, dqg orz vnloohg +u,1 Wkh frpsoh{ mrev +�, fdq e|

dvvxpswlrq rqo| eh rffxslhg e| kljk vnloohg zrunhuv1 Wkh duurzv jlyh wkh

srvvleoh  rzv ehwzhhq wkh gl�huhqw vwdwhv1

Dvvxph wkdw frpsoh{ mrev surgxfh rxwsxw +S zkloh vlpsoh mrev rffxslhg

e| d orz vnloohg zrunhu surgxfh rxwsxw +r ' �+S/ zkhuh f 	 � 	 �/ dqg

vlpsoh mrev rffxslhg e| d kljk vnloohg zrunhu surgxfh rxwsxw >+
r
zkhuh

f 	 > 	 �*�� Wkxv/ wkh rxwsxw dw frpsoh{ mrev lv dozd|v kljkhu wkdq wkh
rxwsxw dw vlpsoh mrev1

Wkhuh lv qr d sulrul uhdvrq wr h{shfw > wr eh odujhu ru vpdoohu wkdq rqh1
Rqh fdq lpdjlqh wkdw kljk vnloohg zrunhuv shuirup zruvh rq vlpsoh uhshdwlqj
dfwlylwlhv +xqlyhuvlw| surihvvruv duh qrw ehwwhu jduedjh phq wkdq kljk vfkrro
gurs rxwv, exw iru vrph w|shv ri vlpsoh mrev/ kljk vnloohg zrunhuv fdq kdyh d

kljkhu surgxfwlylw| wkdq orz vnloohg zrunhuv1 H{dpsohv pd| lqfoxgh zdlwhuv

zkr vshdn pdq| odqjxdjhv ru qxuvhv zlwk d orw ri phglfdo nqrzohgjh1 Lw wxuqv
rxw wkdw > sod|v dq lpsruwdqw uroh lq ghwhuplqlqj wkh htxloleulxp vwrfnv ri
ydfdqflhv dqg xqhpsor|phqw lq htxloleulxp1 Shukdsv vxusulvlqjo|/ orz vnloohg

zrunhuv ehqh�w iurp kljk vnloohg zrunhuv zkr kdyh d kljk surgxfwlylw| dw

6Pdq| rwkhu dvvxpswlrqv duh pdgh lq wkh olwhudwxuh1 Dv glvfxvvhg lq wkh lqwurgxfwlrq/
lq Vdlqw Sdxo +4<<9, dqg vrph ri wkh dvvljqphqw olwhdwxuh lw lv dvvxphg wkdw orz vnloohg
zrunhuv fdq eh hpsor|hg dw doo mrev1 Nuhphu +4<<6, dvvxphv dq R0ulqj surgxfwlrq vwuxf0
wxuh zkhuh wrwdo surgxfwlrq lv ghwhuplqhg e| pdq| uhodwhg wdvnv dqg zkhuh kljk vnloohg
zrunhuv kdyh d vpdoohu suredelolw| ri pdnlqj d +frvwo|, plvwdnh1
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vlpsoh mrev1

L zloo xvh wkh iroorzlqj lqirupdwlrq vwuxfwxuh1 Zrunhuv gr nqrz zkhwkhu d

ydfdqf| lv iru d vlpsoh ru d frpsoh{ mre exw vlpsoh ydfdqf| vxssolhuv fdqqrw

h{ dqwh h{foxgh rqh w|sh ri zrunhu iurp vhdufklqj1 Wkh prwlydwlrq ehklqg

wklv dvvxpswlrq lv wkdw lw grhv qrw vhhp wr eh yhu| gl!fxow iru d �up wr

pdnh fohdu zkhwkhu d ydfdqf| lv vlpsoh ru frpsoh{ +h1j1 rq lqwhuqhw ru lq d

qhzvsdshu dgyhuwlvhphqw, exw wkdw lv gl!fxow wr h{foxgh fhuwdlq jurxsv iurp

uhdglqj wklv dgyhuwlvhphqw1

Wkh qxpehu ri frqwdfwv ehwzhhq vlpsoh mrev dqg xqhpsor|hg zrunhuv lv

jlyhq e|=

%
r
' %

r
E�

r
c �� n �,� +4,

zkhuh �r uhihuv wr d vlpsoh mre ydfdqf|/ �, dqg �� duh orz dqg kljk vnloohg

xqhpsor|phqw/ dqg %r lv d FUV pdwfklqj ixqfwlrq/ zklfk lv lqfuhdvlqj lq

erwk lwv dujxphqwv/ dqg frqfdyh1 Vlqfh rqo| kljk vnloohg zrunhuv dsso| iru

frpsoh{ mrev/ wkh qxpehu ri frqwdfwv ehwzhhq frpsoh{ mrev dqg zrunhuv lv

jlyhq e|=

%S ' %
S
E�

S
c �� n er�� +5,

zkhuh �S uhihuv wr frpsoh{ mre ydfdqflhv/ dqg er� vwdqgv iru wkh qxpehu ri

kljk vnloohg zrunhuv rffxs|lqj vlpsoh mrev1 Qrwh wkdw lw lv lpsolflwo| dvvxphg

wkdw hpsor|hg dqg xqhpsor|hg kljk vnloohg zrunhuv vhdufk htxdoo| h!flhqwo|

iru frpsoh{ mrev dqg dovr wkdw kljk dqg orz vnloohg zrunhuv vhdufk htxdoo|

h!flhqwo| iru vlpsoh mrev1 Lq dgglwlrq/ L qrupdol}h wkh wrwdo oderxu irufh wr

rqh1 Lw lv dovr frqyhqlhqw wr gh�qh wkh yduldeohv wr dqg wS zklfk uhsuhvhqw

wkh udwlr ri ydfdqflhv dqg vhdufkhuv rq hdfk vlgh ri wkh pdunhw iru vlpsoh dqg

frpsoh{ mrev uhvshfwlyho|/

wr '
�r

�, n ��

dqg wS '
�S

�� n er�

Dv Slvvdulghv +4<<3, vkrzv/ xqghu wkh FUV dvvxpswlrq/ wkh udwh dw zklfk

orz dqg kljk vnloohg ydfdqflhv duh �oohg fdq eh zulwwhq dv=

^rEwr� �
%r

�r
' %rE�c w

3�

r
� +6,

^
S
Ew

S
� �

%S

�S

' %
S
E�c w3�

S
� +7,
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Wkh udwhv dw zklfk orz dqg kljk vnloohg xqhpsor|hg zrunhuv �qg vlpsoh mrev

duh wkhq jlyhq e|= R
r
' %

r
*E�� n �,� ' wr^rEwr� dqg RS ' %S*E�� n er�� '

wS^SEwS�1 Qrwh wkdw jlyhq wkh surshuwlhv ri wkh pdwfklqj whfkqrorj|/ ^
r
dqg

^S duh ghfuhdvlqj lq ydfdqflhv dqg lqfuhdvlqj lq wkh qxpehu ri mre vhhnhuv=

^
�

r
Ewr� � f dqg ^

�

S
EwS� � f/ zkloh wr^rEwr� dqg wS^SEwS� duh lqfuhdvlqj lq

ydfdqflhv dqg ghfuhdvlqj lq wkh dprxqw ri mre vhhnhuv1

Lq dgglwlrq lw kdv wr eh vshfl�hg krz zdjhv duh vhw1 Lq wkh olwhudwxuh

lw lv frpprq sudfwlfh wr ohw zdjhv eh ghwhuplqhg e| dq d{lrpdwlf Qdvk

edujdlqlqj vroxwlrq/ vhh Gldprqg +4<;5,/ Slvvdulghv +4<<3,/ dqg Elqpruh

hw do1 +4<;9,1 Edujdlqlqj zlwk wzr ru pruh zrunhu dqg mre w|shv fdq jhw

yhu| frpsoh{ krzhyhu zkhq wkh wkuhdw srlqwv ri erwk sduwlhv ghshqg rq doo

srvvleoh oderxu pdunhw vwdwhv dqg wkh suredelolwlhv wr hqwhulqj hdfk ri wkrvh

vwdwhv1 Wr nhhs wkh prgho wudfwdeoh dvvxph wkdw=

41 Edujdlqlqj zlwk dqrwkhu hpsor|hu zkloh rffxs|lqj d mre lv lpsrvvleoh1
7

51 Hpsor|huv revhuyh wkh vnloo ri d zrunhu dw wkh prphqw wkh edujdlqlqj

vwduwv1

61 Doo �upv duh vlqjoh zrunhu �upv1

71 Vhdufk lv qrw revhuydeoh18

Wkh vwdqgdug dssurdfk wr vroyh htxloleulxp vhdufk prghov ri wklv w|sh lv wr

dwwdfk dq dvvhw ydoxh wr hyhu| srvvleoh zrunhu dqg mre vwdwh1

Wkh iroorzlqj qrwdwlrq lv lqwurgxfhg1 Wkh h{shfwhg lqfrph vwuhdp iru

xqhpsor|hg orz vnloohg zrunhuv dqg xqhpsor|hg kljk vnloohg zrunhuv zloo

eh ghqrwhg e| +o`Lu, dqg +o`LM, uhvshfwlyho|1 Ixuwkhupruh/ wkhuh duh 6

7Qrwh wkdw vhdufk rq wkh mre lv srvvleoh1 Slvvdulghv +4<<8, dovr dvvxphv wkdw zrunhuv

kdyh wr ehfrph xqhpsor|hg �uvw ehiruh wkh| fdq edujdlq zlwk d qhz hpsor|hu1 Wklv

dvvxpswlrq fdq eh ghihqghg e| dfnqrzohgjlqj wkdw wkh rxwvlgh rswlrq ri wkh qhz mre lv

wkh vwdwh ri xqhpsor|phqw iru doo zrunhuv1 Lq rxu prgho wklv dvvxpswlrq frxog eh uhod{hg

dw wkh frvw ri pruh frpsoh{lw|1 Wkh wkuhdw srlqw ri d zrunhu zkr pryhv iurp d vlpsoh

wr d frpsoh{ mre lv wkhq htxdo wr klv suhylrxv zdjh/ zkloh wkh wkuhdw srlqw ri d zrunhu

zkr hqwhuv wkh frpsoh{ vhfwru iurp xqhpsor|phqw uhpdlqv htxdo wr klv xqhpsor|phqw

lqfrph1 Wklv zloo/ krzhyhu/ dovr lq xhqfh wkh vxsso| ri frpsoh{ ydfdqflhv1 Wkh odujhu

xk@hvk lv/ wkh pruh frpsoh{ ydfdqflhv zloo eh vxssolhg ehfdxvh wkh hpsor|hu*v vxusoxv zloo

eh odujhu/ zkhq d irupdoo| xqhpsor|hg zrunhu zlwk d zhdnhu edujdlqlqj srvlwlrq rffxslhv

wkh frpsoh{ mre1
8
Deeulqj +4<<<, dqg Zrolqvn| +4<;:, vkrz wkdw wklv jxdudqwhhv wkdw zrunhuv dqg �upv

zloo qrw frqwlqxh vhdufklqj iru vlplodu sduwqhuv gxulqj wkh edujdlqlqj1

:



srvvleoh hpsor|phqw +o`.�, mre +o`8 �, dqg glvdjuhhphqw0zkloh0 edujdlqlqj

+o`(�, vwdwhv zlwk � 5 i7uc 7Mc�j/ zkhuh 7uc 7Mc dqg � uhsuhvhqw d

vlpsoh mre zlwk d orz vnloohg zrunhu/ d vlpsoh mre zlwk d kljk vnloohg zrunhu

dqg d frpsoh{ mre zlwk d kljk vnloohg zrunhu uhvshfwlyho|1 Wkh dvvhw ydoxhv

iru orz dqg kljk vnloohg xqhpsor|hg zrunhuv duh htxdo wr wkhlu xqhpsor|phqw

lqfrph +K, soxv wkh udwh dw zklfk vlpsoh ydfdqflhv phhw zrunhuv wlphv wkh

h{shfwhg zhdowk lpsuryhphqw zkhq wkh zrunhu lv hpsor|hg1

o`Lu ' Kn Rrd`.7u �`Luo +8,

o`LM ' Kn Rrd`.7M �`LMo n RSd`.� �`LM o +9,

Wkh h{shfwhg lqfrph  rzv iru hpsor|hg zrunhuv fdq eh h{suhvvhg lq d vlplodu

zd|1

o`.7u ' �r, � rrd`.7u �`Luo +:,

o`.7M ' �r� n RSd`.� �`.7Mo� rrd`.7M �`LMo +;,

o`.� ' �S � rSd`.� �`LM o +<,

zkhuh �
r,/ �r�/ dqg �S ghqrwh wkh zdjhv iru orz vnloohg zrunhuv dw vlpsoh

mrev/ kljk vnloohg zrunhuv dw vlpsoh mrev dqg kljk vnloohg zrunhuv dw frpsoh{

mrev uhvshfwlyho|1 Vlpsoh dqg frpsoh{ mre ghvwuxfwlrq udwhv/ rr dqg rS/ duh

h{rjhqrxv/ lqghshqghqw ri wkh klulqj udwh dqg iroorz d Srlvvrq surfhvv1 Zkhq

vxfk d vkrfn duulyhv/ doo surgxfwlrq srwhqwldo ri wkh pdwfk zloo eh ghvwur|hg1

Jdxwlhu hw do1 +4<<<, vkrz iru wkh Qhwkhuodqgv wkdw lq jhqhudo/ rr lv odujhu

wkdq rS1 Ixuwkhu qrwh wkdw wkh rqo| mre wr mre pryhphqw wkdw zloo wdnh sodfh

lv wkdw ri d kljk vnloohg zrunhu rq d vlpsoh mre +er�, zkr folpev wkh mre odgghu

dqg pryhv wr d frpsoh{ mre +eS,1 Wkh dvvhw ydoxhv ri wkh gl�huhqw pdwfkhv

iurp wkh hpsor|hu*v srlqw ri ylhz duh wkhq jlyhq e|=

o`87u ' +r � �r, � rrd`87u �`T 7 o +43,

o`87M ' >+r � �r� � Err n RS�d`87M �`T 7o +44,

o`8� ' +S � �S
� r

S
d`8� �`T � o +45,

Ilqdoo|/ wkh 6 gl�huhqw zrunhu glvdjuhhphqw sd|r�v lq wkh edujdlqlqj vwdwh/

o`(�/ iru hdfk ri wkh 6 pdwfk w|shv qhhgv wr eh gh�qhg1 Uhphpehu wkdw

wkh rqo| srvvleoh vhdufk gxulqj edujdlqlqj lv e| d kljk vnloohg zrunhu zkr

orrnv iru frpsoh{ ydfdqflhv zkloh kh edujdlqv zlwk d vlpsoh ydfdqf| vxssolhu

;



dqg wkdw ydfdqflhv kdyh wkh vdph suredelolw| ri ehlqj ghvwur|hg gxulqj wkh

edujdlqlqj dv h{lvwlqj mrev19

o`(7u ' Kn rrd`Lu �`(7uo +46,

o`(7M ' Kn RSd`.� �`(7M o n rSd`LM �`(7Mo +47,

o`(� ' Kn rSd`LM �`(� o +48,

Wkhvh dvvhw ydoxhv lpsolflwo| ghwhuplqh wkh uhvhuydwlrq surgxfwlylw| dqg wkh

vxsso| ri frpsoh{ dqg vlpsoh mrev1:

Wkh prgho fdq eh forvhg e| dvvxplqj wkdw ydfdqflhv duh rshqhg xqwlo wkh

h{shfwhg lqfrph vwuhdp lv }hur1

o`T 7 '

%r

�rE�, n ���
E�,`87u n ��`87M �`T 7�� Sr ' f +49,

Wkh h{shfwhg lqfrph vwuhdp ri d vlpsoh ydfdqf| lv htxdo wr wkh suredelo0

lw| wkdw wkh ydfdqf| phhwv d sduwlfxodu zrunhu wlphv wkh h{shfwhg uhqwv ri
d pdwfk zlwk wklv zrunhu1 Lw grhv qrw rqo| ghshqg rq wkh vwrfn ri xqhp0
sor|hg zrunhuv exw dovr rq wkh frpsrvlwlrq ri xqhpsor|phqw1 Wkh odujhu
wkh rxwsxw dw vlpsoh mrev surgxfhg e| d kljk vnloohg zrunhu uhodwlyh wr d orz
vnloohg zrunhu +>, lv/ wkh pruh hpsor|huv suhihu kljk vnloohg zrunhuv rq vlp0
soh mrev1 Lq wkh qh{w vhfwlrq L ghulyh wkh fulwlfdo ydoxh iru zklfk hpsor|huv

duh lqgl�huhqw ehwzhhq orz dqg kljk vnloohg zrunhuv1 Jlyhq wkh dvvxpswlrqv
rq zdjhv dqg surgxfwlylw|/ hpsor|huv zlwk frpsoh{ ydfdqflhv duh lqgl�huhqw
zlwk uhvshfw wr wkh suhylrxv oderu pdunhw vwdwh ri wkh kljk vnloohg zrunhu1

o`T � '

%S

�S
d`8� �`T � o� SS ' f +4:,

Iru hdfk pdwfk/ wkh Qdvk edujdlqlqj vroxwlrq lv wkh �� wkdw pd{lpl}hv wkh

zhljkwhg pdwfk vxusoxv=

9Doo zh qhhg lv �hsvlorq� vhdufk frvwv wr hvwdeolvk wkdw erwk orz vnloohg zrunhuv zkr

edujdlq zlwk vlpsoh ydfdqf| vxssolhuv dqg kljk vnloohg zrunhuv zkr edujdlq zlwk frpsoh{

ydfdqf| vxssolhuv zloo qrw frqwlqxh vhdufklqj gxulqj wkh edujdlqlqj vlqfh dw prvw wkh| zloo

�qg dq h{dfwo| vlplodu qhz edujdlqlqj sduwqhu1 Khqfh wkh| fdqqrw fuhgleo| wkuhdwhq wr

frqwlqxh vhdufklqj gxulqj edujdlqlqj1
:Fdslwdo +n, frxog eh dgghg lq d vwudljkwiruzdug zd| e| uhsodflqj |v e| i+n,1 Zkhq

wkh �up wdnhv wkh lqwhuhvw udwh dv jlyhq/ lw zloo uhqw wkh dprxqw ri fdslwdo zklfk pd{lpl}hv

wkh ydoxh ri wkh mre1 Xqghu jhqhudo dvvxpswlrqv +iuhh hqwu|/ FUV,/ wkh dprxqw ri fdslwdo
fkrvhq vdwlv�hv= i 3+n, @ � . u/ zkhuh � lv wkh ghsuhfldwlrq udwh dqg u lv wkh uhqwdo udwh ri

fdslwdo1 Vhh dovr Slvvdulghv +4<<3,1

<



E`.� �`(��
qE`8��

�3q +4;,

Doo zdjhv fdq wkhq eh ghulyhg iurp=

d`.� �`(�o ' qd`.� n`8 � �`(�o +4<,

Ehiruh ghulylqj h{solflw h{suhvvlrqv iru wkh zdjhv/ dvvxph wkdw xqhpsor|phqw

ehqh�wv/ K/ duh d �{hg iudfwlrq v ri +r +f 	 v 	 �,1 Wklv jxdudqwhhv wkdw

hdfk frqwdfw ehwzhhq d zrunhu dqg d ydfdqf| uhvxowv lq d pdwfk +h{fhsw ri

frxuvh ehwzhhq d orz vnloohg zrunhu dqg d frpsoh{ ydfdqf|,1 Lq prvw RHFG

frxqwulhv vxfk d uhodwlrq hlwkhu h{lvwv irupdoo| ru lqirupdoo|11

Iru orz vnloohg zrunhuv rq vlpsoh mrev wklv lpsolhv wkdw= �
r,
' KnqE+

r
�K�1

Vlqfh K ' v+r dqg f 	 v 	 �/ lw iroorzv wkdw

�r, ' EE�� q�v n q� +r +53,

Vlploduo|/

�
r� ' Kn qE>+r � K� ' EE�� q�v n q>� +

r
+54,

dqg

�S ' Kn qE+S � K� '

#
E� � q�v n

q

�

$
+r +55,

Li kljk vnloohg zrunhuv frxog edujdlq zlwk frpsoh{ ydfdqf| vxssolhuv zkloh

wkh| rffxs| d vlpsoh mre/ wkh| frxog kdyh xvhg wkhlu fxuuhqw zdjh dv d

wkuhdw srlqw1 Lq wkdw fdvh/ wkh zdjh iru wkh kljk vnloohg zrunhuv lq wkh

frpsoh{ vhfwru zkr suhylrxvo| rffxslhg d vlpsoh mre zrxog kdyh ehhq htxdo

wr �Sr ' �r� n qE+S � �r��1

Qrwh wkdw �
r� : �r, li > : �1 Li > ' �/ wkh wrwdo pdwfk vxusoxv lv vpdoohu

zkhq d vlpsoh mre lv rffxslhg e| d kljk vnloohg zrunhu ehfdxvh ri klv srvlwlyh

txlw suredelolw|1 Wkh kljk vnloohg zrunhuv duh deoh wr edujdlq wkh vdph zdjh

krzhyhu ehfdxvh wkh| kdyh d vwurqjhu edujdlqlqj srvlwlrq +vlqfh wkh| fdq

fuhgleo| wkuhdwhq wr frqwlqxh vhdufklqj iru d frpsoh{ mre zkloh edujdlqlqj

zlwk d vlpsoh ydfdqf| vxssolhu,1 Wklv h{dfwo| frpshqvdwhv iru wkh vpdoohu

pdwfk vxusoxv1 Lw lpsolhv wkdw hpsor|huv zlwk vlpsoh ydfdqflhv suhihu wr phhw

orz vnloohg zrunhuv zkhq > ' �1 L uhwxuq wr wklv lvvxh lq wkh qh{w vhfwlrq1

Ehiruh glvfxvvlqj wkh h{whuqdolwlhv wkdw kljk vnloohg dqg orz vnloohg zrunhuv

fdq lpsrvh rq hdfk rwkhu/ lw fdq eh vkrzq wkdw jlyhq wkh dvvxpswlrqv ri

wkh prgho/ wkh uhvhuydwlrq zdjh uxohv duh dozd|v phw1 Wklv iroorzv iurp

43



wkh frqglwlrqv wkdw o`.7u : o`Lu dqg o`.7M : o`LM 1 Iluvw qrwh wkdw

wkh vkdulqj uxoh lpsolhv wkdw �r, : K/ wkhuhiruh iurp +:, lw iroorzv wkdw

o`.7u : K� r
r
d`.7u �`Luo1 Dovr qrwh wkdw vlqfh lw iroorzv iurp +8, wkdw

K ' o`Lu � Rrdo`.7u � o`Luo/ lw pxvw dovr krog wkdw o`.7u : o`Lu1

Xvlqj vlplodu dujxphqwv/ lw fdq hdvlo| eh ghulyhg wkdw o`.7M : o`LM dqg

o`.� : o`LM 1

6 Ydfdqf| vxsso| dqg vhdufk h{whuqdolwlhv

Gldprqg +4<;5, dqg Slvvdulghv +4<<3, vkrzhg wkdw sduwlhv rq wkh vdph vlgh

ri wkh pdunhw fuhdwh lq jhqhudo qhjdwlyh vhdufk h{whuqdolwlhv dqg sduwlhv rq

gl�huhqw vlghv ri wkh pdunhw fuhdwh srvlwlyh vhdufk h{whuqdolwlhv iru hdfk rwkhu1

Lq wklv prgho lw fdq eh vkrzq wkdw/ ghshqglqj rq wkh uhodwlyh rxwsxw ri kljk

dqg orz vnloohg zrunhuv rq vlpsoh mrev/ kljk vnloohg zrunhuv zkr dovr vhdufk

iru vlpsoh mrev/ fdq jhqhudwh erwk srvlwlyh dqg qhjdwlyh vhdufk h{whuqdolwlhv1

Iluvw/ dvvxph wkh iroorzlqj vwdqgdug ixqfwlrqdo irupv iru wkh pdwfklqj ixqf0

wlrqv/ %
r
dqg %S1

%r ' br�r
kE�, n ���

�3k +56,

%S ' bS�S
kE�� n er��

�3k +57,

Hpsor|huv zlwk vlpsoh ydfdqflhv duh lqgl�huhqw ehwzhhq d kljk dqg d orz

vnloohg zrunhu zkhq wkh kljkhu surgxfwlylw| ri d kljk vnloohg zrunhu rq d

vlpsoh mre h{dfwo| frpshqvdwhv iru klv kljkhu txlw suredelolw|1 Fdoo wkh

ydoxh ri > iru zklfk wklv krogv= >W1 Zh fdq ghulyh >W iurp wkh frqglwlrq wkdw

`87M ' `87u/ khqfh +43, dqg +44, lpso| wkdw=

>
W

' v n
Eo n r

S
n R

S
�E�� v�

r
r
n o

+58,

Lq wkh vshfldo fdvh wkdw rr ' rS wklv uhgxfhv wr=

>
W

' � n
RSE� � v�

r
r
n o

+59,

Wkh kljkhu wkh suredelolw| iru d kljk vnloohg zrunhu wr �qg d frpsoh{ mre/

wkh kljkhu klv surgxfwlylw| rq vlpsoh mrev pxvw eh wr frpshqvdwh hpsor|huv

iru wkh vkruwhu h{shfwhg pdwfk gxudwlrq1 Ehiruh ghulylqj wkh htxloleulxp

ydfdqf| vwrfn/ lw lv frqyhqlhqw wr ghulyh h{solflw vroxwlrqv iru wkh dvvhw ydoxhv

ri �oohg mrev1 Wklv fdq hdvlo| eh grqh e| uhzulwlqj +43,/ +44, dqg +45, dv=

44



`87u '

E�� q�E� � v�+
r

o n r
r

+5:,

`87M '

E� � q�E>� v�+r
o n rr n RS

+5;,

`8� '

E�� q�E�3� � v�+
r

o n r
S

+5<,

Wkh vxsso| ri frpsoh{ ydfdqflhv fdq wkhq eh ghulyhg vwudljkwiruzdugo| iurp+4:,/

+57, dqg +5<,=

�S ' E�� n er��

#
bS`8�

SS

$ �

�3k

+63,

dqg w
S
lv vlpso| htxdo wr=

wS '

#
bS`8�

SS

$ �

�3k

+64,

Qrwh wkdw wS lv lqghshqghqw ri �� dqg lqfuhdvlqj lq +S1Wkh vxsso| ri frpsoh{
mre ydfdqflhv ghshqgv srvlwlyho| rq wkh h!flhqf| ri wkh pdwfklqj surfhvv/ wkh
h{shfwhg hpsor|hu*v vkduh ri wkh pdwfk vxusoxv dqg wkh dprxqw ri frpsoh{
mre vhdufkhuv +hpsor|hg dqg xqhpsor|hg,1 Lw ghshqgv qhjdwlyho| rq wkh  rz
frvwv ri nhhslqj wkh ydfdqf| rshq/ wkh lqwhuhvw rq dowhuqdwlyh lqyhvwphqwv

dqg wkh suredelolw| wkdw wkh pdwfk hqgv1 Wkh vxsso| ri vlpsoh ydfdqflhv fdq
eh ghulyhg lq d vlplodu zd| iurp/ +56, +5:,/ dqg +5;,=

�r '

#
b
r
E�,`87u n ��`87M�

SrE�, n ���
k

$ �

�3k

+65,

Ehvlghv wkh idfwruv phqwlrqhg deryh/ wkh vxsso| ri vlpsoh ydfdqflhv dovr
ghshqgv rq wkh frpsrvlwlrq ri xqhpsor|phqw1 Dw wkh prphqw wkh ydfdqf| lv
rshqhg/ hpsor|huv gr qrw nqrz zkhwkhu wkh| zloo phhw d orz ru d kljk vnloohg
zrunhu1 Exw wkh| gr nqrz wkh djjuhjdwh frpsrvlwlrq ri xqhpsor|phqw dqg
wkhuhiruh wkh| fdq fdofxodwh wkh suredelolw| ri phhwlqj hdfk ri wkh zrunhu
w|shv1

Qrz wkh udwh ri vlpsoh ydfdqflhv wr vlpsoh mre vhhnhuv wr fdq eh ghulyhg
iurp +5:,/ +5;, dqg +65, =

w
r
'

#
b
r
E�,`87u n ��`87M�

SrE�, n ���

$ �

�3k

+66,
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'

#
+rbr

�, n ��

#
�,E� � q�E�� v�

SrEo n rr�
n

��E� � q�E>� v�

SrEo n rr n RS�

$$ �

�3k

zkhuh=

R
S
' b

S
Ew

S
�
k +67,

Djdlq/ wr ghshqgv rq wkh frpsrvlwlrq ri xqhpsor|phqw1 Zkhq > 	 >W/ �upv

zlwk vlpsoh ydfdqflhv suhihu orz vnloohg zrunhuv ehfdxvh kljk vnloohg zrunhuv

gr qrw surgxfh hqrxjk wr frpshqvdwh wkh hpsor|huv iru wkhlu srvlwlyh txlw

suredelolw| wr d frpsoh{ mre +zklfk irufhv hpsor|huv wr lqfxu qhz vhdufk

frvwv,1 Zkhq kljk vnloohg zrunhuv surgxfh vx!flhqwo| pruh wkdq orz vnloohg

zrunhuv rq vlpsoh mrev +> : >W,/ wkh| qrw rqo| fuhdwh wkh vwdqgdug qhjdwlyh

frqjhvwlrq h{whuqdolw| exw dovr lpsrvh d srvlwlyh vhdufk h{whuqdolw| rq orz

vnloohg zrunhuv +zklfk fdq/ dv vkrzq odwhu/ hyhq grplqdwh,1 Wklv frxqwhu0
lqwxlwlyh uhvxow vwhpv iurp wkh idfw wkdw wkh pruh kljk vnloohg zrunhuv vhdufk
iru vlpsoh mrev/ wkh pruh dwwudfwlyh lw lv iru hpsor|huv wr rshq xs vlpsoh
ydfdqflhv1 Wklv fdq eh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 4 Zkhq > : v a > 	 E:� >W/ wkh udwlr ri vlpsoh ydfdqflhv wr

vlpsoh mre vhdufkhuv lv ghfuhdvlqj +lqfuhdvlqj, lq wkh dprxqw ri kljk vnloohg

mre vhdufkhuv/ ��/ dqg lq wkh iudfwlrq ri xqhpsor|hg zrunhuv zkr duh kljk

vnloohg/ ��*E�, n ���1

Surri1 Iluvw qrwh wkdw zkhq > 	 v / vlpsoh mrev rffxslhg e| kljk vnloohg

zrunhuv duh qrw sur�wdeoh dqg wkh oderu pdunhw zloo eh frpsohwho| vhjuhjdwhg1

Wkh vhfrqg sduw ri wkh sursrvlwlrq iroorzv vlpso| iurp gl�huhqwldwlqj wr lq

htxdwlrq +66, zlwk uhvshfw wr �� dqg iurp wkh gh�qlwlrq ri >W1

Wkh qhjdwlyh h{whuqdolw| dulvhv ehfdxvh wkh orz vnloohg zrunhuv duh sxq0

lvkhg h{dfwo| dv pxfk dv wkh kljk vnloohg zrunhuv iru wkh idfw wkdw kljk vnloohg

zrunhuv kdyh d txlw suredelolw|/ R
S
: f1 Wkh srvlwlyh h{whuqdolw| dulvhv zkhq

wkh orz vnloohg zrunhuv ehqh�w iurp wkh odujhu vxsso| ri vlpsoh ydfdqflhv

fdxvhg e| wkh kljkhu surgxfwlylw| ri kljk vnloohg zrunhuv dw vlpsoh mrev1

Dovr qrwh wkdw/ zkhq _wr*_�� : f/ _Rr*_�� ' EYRr*Ywr�E_wr*_��� '

kbrw
k3�

r
E_w

r
*_��� : f1 Wkxv > : >W lpsolhv wkdw wkh suredelolw| iru orz

vnloohg xqhpsor|hg mre vhhnhuv wr �qg d vlpsoh ydfdqf| lqfuhdvhv zkhq wkhuh

duh pruh xqhpsor|hg kljk vnloohg zrunhuv1 Wklv uhvxow ghshqgv fuxfldoo| rq

wkh FUV surgxfwlrq whfkqrorj|1 Zkhq wkhuh duh ghfuhdvlqj uhwxuqv dw wkh
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pdfur ohyho/ orz vnloohg zrunhuv zloo vx�hu pruh iurp mre frpshwlwlrq e| kljk

vnloohg zrunhuv1;

Wkh uhodwlrq ehwzhhq wkh suredelolw| ri �qglqj d mre iru d orz vnloohg

zrunhu dqg wkh uhodwlyh surgxfwlylw| ri kljk vnloohg zrunhuv rq vlpsoh mrev

lv ghslfwhg lq Iljxuh 5 zklfk vkrzv wkdw wkh uhodwlrqvkls ehwzhhq Rr dqg >

lv glvfrqwlqxrxv dqg qrq0prqrwrqlf1 Dv orqj dv > 	 v/ `87M lv qhjdwlyh1

Hpsor|huv rqo| kluh orz vnloohg zrunhuv dw vlpsoh mrev dqg Rr lv lqghshqghqw

ri >1 Zkhq > : v/ wkhuh lv d uhjlph vzlwfk dqg `87M ehfrphv srvlwlyh1

Kljk vnloohg zrunhuv duh dovr kluhg iru vlpsoh mrev dqg wkh oderu pdunhw lv qr

orqjhu vhjuhjdwhg1 Rq wkh wudmhfwru| ehwzhhq v dqg >W/ wkh qhjdwlyh vhdufk

h{whuqdolw| ri kljk vnloohg zrunhuv +fdxvhg e| wkhlu srvlwlyh txlw suredelolw|,

grplqdwhv1 Zkhq > h{fhhgv >W/ wkh srvlwlyh h{whuqdolw| grplqdwhv dqg wkh

orz vnloohg zrunhuv vwduw wr ehqh�w iurp wkh kljkhu surgxfwlylw| ri kljk vnloohg

zrunhuv1

Ilqdoo|/ lw lv lqwhuhvwlqj wr vhh iurp d zhoiduh srlqw ri ylhz zkdw kdsshqv zkhq

kljk vnloohg zrunhuv gr qrw vhdufk iru vlpsoh mrev1 Wkh iroorzlqj sursrvlwlrq

fdq eh irupxodwhg=

Sursrvlwlrq 5 Wkh idfw wkdw kljk vnloohg zrunhuv +whpsrudulo|, rffxs| vlp0

soh mrev lv qrw lqh!flhqw dv orqj dv > : v / lq wkh vhqvh wkdw wrwdo surgxfwlrq

dqg hpsor|phqw zrxog eh orzhu li wkh| zrxog rqo| orrn iru frpsoh{ mrev1

Surri1 Qrwh iurp +63, dqg +65, wkdw erwk �
r
dqg �S duh lqfuhdvlqj lq ��1

Zkhq kljk vnloohg zrunhuv rqo| vhdufk iru frpsoh{ mrev/ ihzhu vlpsoh mrev

duh vxssolhg +dffruglqj wr +65,/ �r fdq eh ghfuhdvlqj lq +��*�r, zkhq > 	 >W

/

lw lv krzhyhu dozd|v lqfuhdvlqj lq ��,/ ryhudoo surgxfwlrq jrhv grzq dqg kljk

vnloohg xqhpsor|phqw ulvhv pruh wkdq orz vnloohg xqhpsor|phqw idoov1 Wklv

uhvxow grhv sduwo| ghshqg rq wkh dvvxpswlrq wkdw wkh vhdufk lqwhqvlw| ri kljk

vnloohg zrunhuv lv lqghshqghqw ri wkhlu oderxu pdunhw vwdwh1 Lq Slvvdulghv

+4<<3,/ vwhhs zdjh0whqxuh sur�ohv suhyhqw kljk vnloohg zrunhuv dw vlpsoh mrev

iurp frqwlqxlqj vhdufk iru frpsoh{ mrev1

614 Vwhdg| vwdwh frqglwlrqv

Wkh prgho fdq eh forvhg e| zulwlqj grzq wkh 6 vwhdg| vwdwh htxloleulxp

 rz frqglwlrqv iru wkh gl�huhqw zrunhu vwdwhv zklfk lq wxuq ghwhuplqh wkh

;Qrwh krzhyhu wkdw FUV lv qhfhvvdu| wr jhqhudwh d edodqfhg jurzwk sdwk1
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hpsor|phqw dqg xqhpsor|phqw udwhv1 Lq wkh vwhdg| vwdwh/ wkh lq rz lqwr

hdfk vwdwh kdv wr eh htxdo wr wkh rxw rz1<

R
r
�� ' ERS n rr�er� +68,

R
r
�, ' rrer, +69,

RSE�� n er�� ' rSeS +6:,

Lq vwhdg| vwdwh htxloleulxp/ wkh xqhpsor|phqw udwh iru orz vnloohg zrunhuv

lv kljkhu wkdq wkh xqhpsor|phqw udwh iru kljk vnloohg zrunhuv1 Iurp +69,

lw iroorzv wkdw lq wkh vwhdg| vwdwh= er,*�, ' Rr*rr dqg iurp +68, dqg +6:,

lw iroorzv wkdw Ee
r� n eS�*�� ' Rr*ERS n rr� n RSERr n RS n rr�*rSERS n rr�1

Wkh gl�huhqfh ehwzhhq orz dqg kljk vnloohg hpsor|phqw udwhv lv hdv| wr

fdofxodwh zkhq r
r
' r

S
1 Lq wkdw fdvh zh jhw= e

r,
*�

,
� Ee

r� n eS�*�� ' �RS*rr1
Lq wkh olnho| fdvh wkdw vlpsoh mrev duh ghvwur|hg vrrqhu/ wkh gl�huhqfh lq

xqhpsor|phqw udwhv ehwzhhq kljk dqg orz vnloohg zrunhuv zloo eh odujhu1

Wkh lqwxlwlrq lv vlpsoh1 Wkh suredelolw| iru xqhpsor|hg kljk vnloohg zrunhuv

wr phhw d vlpsoh ydfdqf| lv h{dfwo| wkh vdph dv iru orz vnloohg zrunhuv +wklv

iroorzv iurp wkh pdwfklqj ixqfwlrq, exw wkh| dovr phhw d srvlwlyh dprxqw ri

frpsoh{ ydfdqflhv +e| dvvxpswlrq= RS : f dqg rS 	 �,1 Wkhuhiruh/ wkh| duh

pruh olnho| wr eh hpsor|hg1 Lq wkh qh{w vhfwlrq/ vrph vlpxodwlrqv duh fduulhg

rxw zlwk d fdoleudwhg yhuvlrq ri wkh prgho1

7 Zk| duh xqhpsor|phqw udwhv iru orz vnloohg

zrunhuv vr pxfk kljkhuB

Lq wklv vhfwlrq/ vrph vlpxodwlrqv duh fduulhg rxw wr plplf fhuwdlq vkrfnv

zklfk kdyh ehhq sxw iruzdug lq wkh olwhudwxuh wr h{sodlq wkh uhodwlyh gh0

fuhdvh lq wkh oderu pdunhw srvlwlrq ri orz vnloohg zrunhuv lq Hxursh dqg

Qruwk Dphulfd1 H{dpsohv lqfoxgh vnloo eldvhg whfkqlfdo fkdqjh/ dq lqfuhdvh

lq wkh jhqhudo ohyho ri hgxfdwlrq/ dq lqfuhdvh lq wkh uhsodfhphqw udwlr dqg dq

lqfuhdvh lq wkh mre ghvwuxfwlrq udwh ri vlpsoh mrev1

<Vlqfh doo rxw ri vwhdg| vwdwh gl�huhqwldo htxdwlrqv duh vwdeoh/ lw lv hdv| wr vhh wkdw d

vwhdg| vwdwh h{lvwv1
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714 Edvholqh sdudphwhu ydoxhv

Wkh h{rjhqrxv yduldeohv ri wkh prgho duh vhw dw wkh iroorzlqj ydoxhv1

k ' f�Dc q ' f�D c v ' f�ec er,n�,

��ner�neS
'

,

�
' f�Dc +

S
' �c � ' f�Dc

> ' �c o ' f��fc rr ' f��Hc rS ' f�fDc

Xqhpsor|phqw dqg ydfdqflhv duh dvvxphg wr kdyh htxdo zhljkwv lq wkh

pdwfklqj ixqfwlrq +dfwxdo hvwlpdwhv ri k olh ehwzhhq 317 dqg 31:,1 q lv vhw

htxdo wr k vr wkdw wkh Krvlrv h!flhqf| frqglwlrq lv phw dqg wkh sduwlfxodu

vhdufk h{whuqdolwlhv ri wklv sdshu fdq eh dqdo|}hg lvrodwhg1 Wkh ydoxhv ri b
r
/

b
S
/ dqg wkh  rz frvwv ri nhhslqj d ydfdqf| rshq zhuh fkrvhq duelwudulo| lq

d zd| wkdw wkh xqhpsor|phqw udwhv iru kljk dqg orz vnloohg zrunhuv duh lq

wkh vdph rughu ri pdjqlwxgh dv lq wkh w|slfdo RHFG frxqwu| ri Wdeoh 41

Wkh ehqh�w ohyho lv vhw dw f�e +r, ' f�2 1 Lq wkh edvholqh surmhfwlrq/ kljk

vnloohg zrunhuv duh dvvxphg wr eh htxdoo| surgxfwlyh dw vlpsoh mrev dv orz

vnloohg zrunhuv +> ' �,1 Wklv lpsolhv wkdw kljk vnloohg zrunhuv hduq wkh vdph

zdjh dw vlpsoh mrev dv orz vnloohg zrunhuv/ zklfk lv lq olqh zlwk hylghqfh ri

Jdxwlhu hw do1 +4<<;d, iru wkh Qhwkhuodqgv143 Lw dovr lpsolhv wkdw kljk vnloohg

zrunhuv lpsrvh d qhjdwlyh h{whuqdolw| rq orz vnloohg zrunhuv1 Wkh lqwhuhvw

udwh rq dowhuqdwlyh lqyhvwphqwv lv vhw dw 3143 shu |hdu zkloh wkh rxw rz udwhv

iru vlpsoh dqg frpsoh{ mrev duh uhvshfwlyho| vhw dw 3138 dqg 314; shu |hdu1441

715 Vlpxodwlrqv

Wkh uhvxowv ri wkh vlpxodwlrqv duh suhvhqwhg lq Wdeoh 5 1 H{dplqlqj wkh edvh

fdvh vkrzv wkdw wkh orz vnloohg xqhpsor|phqw udwh lv 451<( dqg wkh kljk

vnloohg xqhpsor|phqw udwh lv 71:( lq htxloleulxp1 Wkrvh ydoxhv duh lq wkh

vdph rughu ri pdjqlwxgh dv wkh xqhpsor|phqw udwhv ri wkh RHFG frxqwulhv

lq wkh hqg ri wkh hljkwlhv/ suhvhqwhg lq Wdeoh 41 Wkh djjuhjdwh htxloleulxp

xqhpsor|phqw udwh lq wkh edvholqh fdvh lv :17( dqg 58( ri wkh vlpsoh mrev

duh rffxslhg e| kljk vnloohg zrunhuv1 Wkh h{shfwhg xqhpsor|phqw gxudwlrq

iru d orz vnloohg zrunhu lq wkh edvholqh surmhfwlrq lv 31;6 |hduv/ zkloh iru d

43Rwkhu vwxglhv/ vxppdul}hg lq Kduwrj +4<<;, �qg srvlwlyh uhwxuqv wr vxusoxv vfkrrolqj
exw wkh| gr qrw wdnh �{hg �up h�hfwv lqwr dffrxqw1

44Prvw hvwlpdwhv ri vhsdudwlrq udwhv lq RHFG frxqwulhv olh lq wkh 43(063( lqwhuydo/ vhh
Jdxwlhu +4<<;,1
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kljk vnloohg zrunhu lw lv 31:4 |hduv145 Wkh zdjh glvshuvlrq wkdw wkh prgho

jhqhudwhv lv dovr lq wkh vdph rughu ri pdjqlwxgh dv wkh zdjh glvshuvlrq lq

prvw RHFG frxqwulhv1 Lw lv dssur{lpdwhg e| �
S
*�

r,
' ��.�1461 Lw lv ri frxuvh

pruh uhohydqw wr frpsduh wkh dvvhw ydoxhv ri wkh vwdwhv ri xqhpsor|phqw dqg

hpsor|phqw1 Wkrvh ydoxhv fdq eh ghulyhg vwudljkwiruzdugo| iurp htxdwlrqv

+8,0+<,1 Lw lv hdvlhu wr lqwhusuhw wkhp zkhq wkh| duh h{suhvvhg dv iudfwlrq

ri wkh zdjh ri frpsoh{ mrev1 Lw wxuqv rxw wkdw o`Lu ' f��S ' f�2.�S dqg

wkdw o`LM ' f�ef ' f�S.�S1 Wkxv/ o`LM*o`Lu ' 2�D/ zklfk lv odujhu wkdq

�S*�r,1 Wkh pdlq uhdvrq lv wkdw wkh dvvhw htxdwlrq dovr fdswxuhv h{shfwhg

xqhpsor|phqw gxudwlrq ryhu wkh zkroh fduhhu ri wkh zrunhu dqg kljk vnloohg

zrunhuv h{shulhqfh ihzhu dqg vkruwhu xqhpsor|phqw vshoov1

Wkh fulwlfdo ydoxh ri >W lv 414; lq wkh edvh uxq1 Wklv phdqv wkdw zkhq

kljk vnloohg zrunhuv surgxfh pruh wkdq 414; wlphv dv pxfk dv orz vnloohg

zrunhuv rq vlpsoh mrev/ hpsor|huv zloo dfwxdoo| suhihu kljk vnloohg zrunhuv

dw wkrvh vlpsoh mrev +wkhlu kljkhu surgxfwlylw| rxwzhljkv wkhlu kljkhu txlw

suredelolw|, dqg wkh| zloo rshq pruh vlpsoh ydfdqflhv zkhq ��*�, lqfuhdvhv1

Qrwh krzhyhu wkdw lq wkh vlpxodwlrqv/ > lv vwloo vhw dw 4 vr wkdw orz vnloohg

zrunhuv vx�hu iurp kljk vnloohg zrunhuv zkr orrn iru vlpsoh mrev1 Ilqdoo|/ dq

doorfdwlrq phdvxuh + t|J|

t4@ 

, lv suhvhqwhg1 Lw lv fdofxodwhg dv wkh udwh ri dfwxdo
rxwsxw ryhu wkh rxwsxw wkdw zrxog kdyh ehhq jhqhudwhg lq d iulfwlrqohvv zruog

zkhuh doo kljk vnloohg zrunhuv rffxs| d frpsoh{ mre dqg doo orz vnloohg zrunhuv

rffxs| d vlpsoh mre1

Qh{w zh wxuq wr wkh vlpxodwlrqv1 Lq vrph fdvhv/ wkh uhvxowv fdq dovr

eh ghulyhg dqdo|wlfdoo|1 Lq wkrvh fdvhv L vwduw zlwk ghvfulelqj wkh uhohydqw

phfkdqlvpv ehiruh wxuqlqj wr wkh vlpxodwlrq rxwfrphv1

71514 Wkh fdvh zkhuh > : >W

Zkhq wkh rxwsxw ri kljk vnloohg zrunhuv dw vlpsoh mrev lv vx!flhqwo| kljk/
+> ' ��2D : >

W,/ orz vnloohg zrunhuv ehqh�w iurp kljk vnloohg zrunhuv orrnlqj

iru vlpsoh mrev1 Doo hovh htxdo/ wkh orz vnloohg xqhpsor|phqw udwh gursv e|

45Deeulqj hw do1 +4<<;, uhsruw wkdw wkh h{shfwhg suredelolw| wr �qg d mre zlwklq 9
prqwkv lv 3187 lq wkh Qhwkhuodqgv dqg 319< lq wkh XV1 zkloh wkh suredelolw| wr hqwhu
hpsor|phqw zlwklq rqh |hdu lv 31:5 lq wkh Qhwkhuodqgv dqg 31:; lq wkh XV1

46Dffruglqj wr wkh RHFG hpsor|phqw rxworrn +4<<3/4<<6/4<<;,/ lw lv txlwh forvh wr wkh
zdjh glvshuvlrq +phdvxuhg dv wkh udwlr ri wkh phdq jurvv zdjh ehiruh wd{hv ri zrunhuv
zlwk d xqlyhuvlw| ghjuhh dqg zrunhuv zlwk d orzhu vhfrqgdu| hgxfdwlrq, lq Fdqdgd *<8
+41:9,/ Ghqpdun *<8 +4195,/ Jhupdq| *<8 +41:<,/ wkh Qhwkhuodqgv *;< +418:, dqg Vsdlq *;<
+41:9,1 Exw lw lv pxfk ohvv wkdq lq wkh XV *<5 +517,1
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31; shufhqwdjh srlqwv wr 4514(/ wkh kljk vnloohg xqhpsor|phqw udwh dovr idoov
voljkwo| dqg pruh kljk vnloohg zrunhuv rffxs| vlpsoh mrev1 Lq wkh Qhwkhu0
odqgv/ lw kdv ehhq dujxhg wkdw wkh kljk xqhpsor|phqw udwhv iru orz vnloohg
zrunhuv fdq eh h{sodlqhg e| wkh idfw wkdw kljk vnloohg zrunhuv wdnh vlpsoh
mrev1 Wklv lv d frxqwhu h{dpsoh zklfk vkrzv wkdw wkh idfw wkdw vrph kljk
vnloohg zrunhuv rffxs| vlpsoh mrev lv qrw vx!flhqw wr h{sodlq wkh uhodwlyho|
kljk xqhpsor|phqw udwhv iru orz vnloohg zrunhuv1

Vlqfh wkh h{shfwhg uhqwv ri vlpsoh mrev lqfuhdvh/ pruh ydfdqflhv zloo eh
rshqhg/ wloo wkh srlqw zkhuh wkh h{shfwhg uhqwv ri dq dgglwlrqdo ydfdqf| duh
}hur1 Wkh djjuhjdwh xqhpsor|phqw udwh idoov wr 91<( dqg erwk wkh h{shfwhg
orz dqg kljk vnloohg xqhpsor|phqw gxudwlrq ghfuhdvh1 Dovr qrwh wkdw sduw ri
wkh kljkhu uhqwv ri vlpsoh mrev duh dssursuldwhg e| kljk vnloohg zrunhuv zkr
uhfhlyh d kljkhu zdjh dw vlpsoh mrev wkdq wkhlu orz vnloohg froohdjxhv1 Ilqdoo|/
zh vhh wkdw wrwdo rxwsxw ulvhv dqg d pruh h!flhqw doorfdwlrq lv uhdfkhg1

71515 D jhqhudo vorz grzq ri wkh hfrqrp|/

Qh{w/ frqvlghu wkh fdvh zkhuh rxwsxw dw frpsoh{ mrev/ ++S,/ idoov wr f�.D dqg
zkhuh rxwsxw dw vlpsoh mrev uhpdlqv d �{hg iudfwlrq � ' f�D ri wkh rxwsxw

dw frpsoh{ mrev1 Wklv idoo fdq eh hlwkhu wkrxjkw ri dv d qhjdwlyh ghpdqg

ru d qhjdwlyh whfkqrorj| vkrfn1 Lq wkh qhz htxloleulxp/ wkh h{shfwhg uhqwv

ri erwk mre w|shv zloo eh orzhu/ wkhuhiruh wkh djjuhjdwh xqhpsor|phqw udwh

zloo lqfuhdvh1 Wkh orz vnloohg zrunhuv duh sduwlfxoduo| kduphg e| wklv vkrfn

ehfdxvh wkh| idfh lqfuhdvhg frpshwlwlrq iurp wkh kljk vnloohg zrunhuv dqg

vlqfh > 	 >W/ vlpsoh ydfdqf| vxsso| zloo eh ghfuhdvlqj lq wkh iudfwlrq ri kljk
vnloohg xqhpsor|hg mre vhhnhuv1 Pruhryhu/ zdjhv zloo eh orzhu iru doo zrunhuv
dqg djjuhjdwh rxwsxw idoov dv zhoo1 Vlqfh uhodwlyho| pruh kljk vnloohg zrunhuv
rffxs| vlpsoh mrev/ d ohvv h!flhqw doorfdwlrq lv uhdfkhg1

Wkh uhvsrqvhv ri wkh nh| yduldeohv lq wklv prgho vhhp wr eh frqvlvwhqw
zlwk zkdw kdsshqhg wr vrph ri wkh RHFG frxqwulhv lq Wdeoh 4 zklfk h{sh0
ulhqfhg d vorz grzq lq +ru hyhq qhjdwlyh, JGS jurzwk1 Fdqdgd dqg wkh XN
h{shulhqfhg d idoo lq wkhlu JGS ehwzhhq 4<;< dqg 4<<5147 Dw wkh vdph wlph
erwk wkh xqhpsor|phqw udwh iru kljk vnloohg zrunhuv dqg iru orz vnloohg zrun0
huv urvh exw wkh orz vnloohg xqhpsor|phqw udwh urvh pxfk vkdushu1 Iru wkh
XV/ dqg Ghqpdun zklfk h{shulhqfhg rqo| durxqg 4( jurzwk d |hdu ehwzhhq

47Wr plplf wkh dfwxdo xqhpsor|phqw lqfuhdvh lq wkrvh frxqwulhv/ zh qhhg d 83( uhgxf0

wlrq lq |f= Wklv zrxog kdyh uhvxowhg lq Xo @ 49=5(/ Xk @ 43=5( dqg X
wrw @ 43=7(1
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4<;<0<5/ d vlplodu sdwwhuq durvh1 Kljk vnloohg xqhpsor|phqw urvh prghudwho|

dqg orz vnloohg xqhpsor|phqw urvh vkduso|1

71516 Fkdqjhv lq wkh uhodwlyh sur�wdelolw| ri vlpsoh dqg frpsoh{

mrev

Zkhq shrsoh wdon derxw vnloo eldvhg whfkqlfdo fkdqjh/ wkh| xvxdoo| wklqn

derxw d uhodwlyh vkliw lq wkh ghpdqg iru vnloov1 Wklv lv vlpxodwhg e| d idoo

lq � ' +r

+S
iurp 318 wr 3158/ zkloh �{lqj +S dw �1 Lw pdnhv vlpsoh mrev erwk

devroxwho| dqg uhodwlyho| ohvv dwwudfwlyh dqg dovr orzhuv wkh vlpsoh zdjh dqg

wkh ohyho ri xqhpsor|phqw ehqh�wv +erwk duh gluhfwo| olqnhg wr wkh surgxf0

wlylw| dw vlpsoh mrev,1 Dffruglqj wr +65, / +66, dqg +67, �r idoov dqg Rr jrhv

grzq dv zhoo1 Dffruglqjo|/ erwk er, dqg er� idoo dqg �, dqg �� lqfuhdvh1 Wkh

vxsso| ri �S zloo qrw fkdqjh krzhyhu ehfdxvh wkh wrwdo dprxqw ri vhdufkhuv

iru frpsoh{ mrev grhv qrw fkdqjh +wkhuh lv mxvw d vxevwlwxwlrq iurp hpsor|hg

wr xqhpsor|hg mre vhhnhuv,1 Wklv dovr iroorzv iurp +64,/ zklfk vkrzv wkdw

wS grhv qrw fkdqjh lq uhvsrqvh wr fkdqjhv lq �� dqg +r1 Lq wkh vlpxodwlrqv

zh vhh wkdw wkh orz vnloohg xqhpsor|phqw udwh ulvhv hqruprxvo| wr 5313(

zkloh wkh xqhpsor|phqw udwh iru kljk vnloohg zrunhuv ulvhv prghudwho| wr

4916(1 D vpdoohu iudfwlrq ri wkh kljk vnloohg zrunhuv rffxslhv vlpsoh mrev

dqg wrwdo xqhpsor|phqw ulvhv wr 5313(1 Zdjh glvshuvlrq lqfuhdvhv dqg vlqfh

xqhpsor|phqw ehqh�wv duh olqnhg wr rxwsxw dw vlpsoh mrev/ wkh edujdlqlqj

srvlwlrq iru erwk kljk dqg orz vnloohg zrunhuv zhdnhqv dqg dv d frqvhtxhqfh/

wkh zdjh udwh dw erwk vlpsoh dqg frpsoh{ mrev idoov1

Lq wkh Dphulfdq olwhudwxuh/ h1j1 Erxqg dqg Mrkqvrq +4<<5,/ vnloo eldvhg

whfkqlfdo fkdqjh kdv ehhq phqwlrqhg dv wkh pdmru uhdvrq iru wkh lqfuhdvhg

zdjh glvshuvlrq lq wkh XV1 Wklv frxog hdvlo| eh vlpxodwhg e| ohwwlqj � idoo

dqg +S ulvh vlpxowdqhrxvo|1 Lq wkdw fdvh/ kljk vnloohg xqhpsor|phqw zloo krz0

hyhu qrw pryh lq wkh vdph gluhfwlrq dv orz vnloohg xqhpsor|phqw1 Khqfh/

ylhzlqj vnloo eldvhg whfkqlfdo fkdqjh dv wkh surfhvv zkhuh erwk wkh suri0

lwdelolw| ri frpsoh{ mrev lqfuhdvhv dqg wkh sur�wdelolw| ri vlpsoh mrev idoov

grhv qrw vhhp wr eh frqvlvwhqw zlwk wkh revhuydwlrq wkdw orz dqg kljk vnloohg

xqhpsor|phqw pryh lq wkh vdph gluhfwlrq148 Vnloo eldvhg whfkqlfdo fkdqjh lv

wkhuhiruh suredeo| qrw wkh zkroh vwru|1 Uhfhqw hylghqfh grhv vxjjhvw wkdw

vnloo eldvhg whfkqlfdo fkdqjh wrrn sodfh lq wkh odvw ghfdghv/ vhh h1j1/ Ehupdq

48Ydq Rxuv dqg Ulgghu +4<<8, jlyh wlph vhulhv hylghqfh wkdw orz dqg kljk vnloohg xq0

hpsor|phqw lv vwurqjo| fruuhodwhg +dowkrxjk orz vnloohg xqhpsor|phqw  xfwxdwhv pruh

vwurqjo|,1
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hw do1 +4<<;,/ dqg Ndkq dqg Olp1

71517 Dq lqfuhdvh lq wkh mre ghvwuxfwlrq udwh iru vlpsoh mrev

Wkhuh lv dexqgdqw hylghqfh wkdw orz vnloohg zrunhuv idfh d kljkhu suredelolw|

ri orrvlqj wkhlu mre1 Deeulqj hw do1 +4<<<,/ dqg Jdxwlhu hw do1 +4<<<, vkrz

iru h{dpsoh wkdw wkh glvsodfhphqw dqg od|r� suredelolwlhv duh kljkhu iru

orz vnloohg zrunhuv/ erwk lq wkh Qhwkhuodqgv dqg lq wkh XV1 Lw lv srvvleoh

wkdw wkh uhfhqw wuhqg wrzdugv d pruh  h{leoh surgxfwlrq vwuxfwxuh lqfuhdvhg

wxuexohqfh dqg vkruwhqhg wkh vlpsoh mre gxudwlrqv lq sduwlfxodu1 Vlpsoh mrev

duh sduwlfxoduo| yxoqhudeoh wr wklv surfhvv ehfdxvh wkrvh mrev w|slfdoo| uhtxluh

olwwoh vxqn dqg �up vshfl�f lqyhvwphqwv1 Fdedoohur hw do1 +4<<8, vkrz zlwk

�up ohyho gdwd wkdw prvw hpsor|phqw dgmxvwphqw frvwv duh wr d odujh h{whqw

�{hg +�upv hlwkhu ixoo| dgmxvw wkhlu zrun irufh wr wkhlu ghvluhg ohyho ru gr

qrw dgmxvw dw doo,1

Vlqfh frpsoh{ mrev uhtxluh pruh +�{hg, wudlqlqj frvwv wkh| duh olnho|

wr vxuylyh orqjhu1 Pruwhqvhq dqg Slvvdulghv +4<<8, dujxh wkdw zkhq �upv

idfh wkh fkrlfh wr hlwkhu ghvwur| d mre ru dgmxvw lw djdlqvw vrph �{hg frvw/

vlpsoh mrev zloo eh ghvwur|hg pruh riwhq lq uhvsrqvh wr whfkqlfdo vkrfnv wkdq

frpsoh{ mrev ehfdxvh wkh txdvl uhqwv duh orzhu1

Frxog lw eh wkh fdvh wkdw wkh uhfhqw ghwhulrudwlrq ri wkh srvlwlrq ri orz

vnloohg zrunhuv lv fdxvhg e| dq lqfuhdvh lq wkh mre ghvwuxfwlrq udwh ri vlpsoh

mrevB L vlpxodwh wklv srvvlelolw| e| dq lqfuhdvh lq wkh |hduo| h{rjhqrxv mre

ghvwuxfwlrq udwh iru vlpsoh mrev +rr, wr 31581 Dv h{shfwhg/ wklv uhgxfhv wkh
dvvhw ydoxh ri d vlpsoh mre dqg wkhuhiruh wkh orz vnloohg xqhpsor|phqw udwh
lqfuhdvhv zkloh wkh kljk vnloohg xqhpsor|phqw udwh uhpdlqv xqfkdqjhg1 Lq
wkh qhz vwhdg| vwdwh/ wkh lq rz lqwr vlpsoh mrev dovr lqfuhdvhv dqg wkh sure0

delolw| iru dq xqhpsor|hg orz vnloohg zrunhu wr hqwhu hpsor|phqw dv zhoo1
Wkh uhdvrq wkdw wkh orz vnloohg zrunhuv vx�hu pruh iurp wklv vkrfn lv wkdw
prvw vlpsoh mrev duh rffxslhg e| orz vnloohg zrunhuv1 Lq wkh vlpxodwlrqv/

zdjh glvshuvlrq grhv qrw lqfuhdvh zkhq wkh vlpsoh mre ghvwuxfwlrq udwh lq0

fuhdvhv1 H{fhsw iru wkh XN dqg Fdqdgd/ zkhuh zdjh glvshuvlrq glg lqfuhdvh/

wkh xqhpsor|phqw/ rxwsxw dqg zdjh sdwwhuqv jhqhudwhg e| wklv vkrfn duh

frqvlvwhqw zlwk zkdw kdsshqhg lq wkh ehjlqqlqj ri wkh <3*v lq pdq| RHFG
frxqwulhv1
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71518 Dq lqfuhdvh lq wkh uhsodfhphqw udwlr

Lq wklv prgho/ xqhpsor|phqw ehqh�wv duh olqnhg wr vlpsoh mre rxwsxw dqg e|
wkh qdwxuh ri wkh zdjh edujdlqlqj surfhvv/ wkhuh dovr h{lvwv d gluhfw olqn wr
zdjhv hduqhg dw vlpsoh mrev1 Zdjhv dw frpsoh{ mrev dovr lqfuhdvh zkhq xq0
hpsor|phqw ehqh�wv ulvh ehfdxvh lw lpsuryhv wkh rxwvlgh rswlrq ri zrunhuv1
Zkhq wkh surgxfwlylw| dw vlpsoh mrev lqfuhdvhv/ erwk zdjhv dqg hpsor|phqw
ehqh�wv lqfuhdvh dv zhoo1 Wkh vlpxodwlrqv vkrz wkdw zdjhv dw frpsoh{ mrev
dovr lqfuhdvh ehfdxvh ehqh�wv duh dq dujxphqw lq wkh glvdjuhhphqw sd|r�v
ri wkh kljk vnloohg zrunhuv1 Dv d frqvhtxhqfh/ erwk kljk dqg orz vnloohg
xqhpsor|phqw +dqg xqhpsor|phqw gxudwlrq, lqfuhdvh exw orz vnloohg xqhp0
sor|phqw lqfuhdvhv pxfk pruh1 Lw lv krzhyhu lpsruwdqw wr nhhs lq plqg wkdw
wklv prgho lv qrw yhu| zhoo vxlwhg wr gr zhoiduh dqdo|vlv zlwk xqhpsor|phqw
ehqh�wv ehfdxvh wkh djhqwv lq wklv prgho duh ulvn qhxwudo dqg dq lpsruwdqw
prwlydwlrq iru wkh lqwurgxfwlrq ri dq xqhpsor|phqw v|vwhp lv ulvn dyhuvlrq1

71519 Wkh h�hfwv ri vfkrrolqj

Dq lpsruwdqw ihdwxuh ri wkh prgho lv wkdw wkh frpsrvlwlrq ri mrev dgmxvwv lq
wkh orqj uxq wr wkh frpsrvlwlrq ri zrunhuv1 Zkhq d odujhu vkduh ri wkh oderu
irufh uhfhlyhv wudlqlqj dqg ehfrphv kljk vnloohg lw lv hdvlhu iru hpsor|huv wr
�qg kljk vnloohg zrunhuv dqg wkh| uhvsrqg e| rshqlqj pruh frpsoh{ ydfdq0
flhv1 Lq Dfhprjox +4<<;,/ d uhodwhg dgmxvwphqw phfkdqlvp lv suhvhqwhg1 Kh
dujxhv wkdw wkh lqfuhdvh lq wkh iudfwlrq ri kljk vnloohg zrunhuv kdv vwlpxodwhg
whfkqrorj| lqyhvwphqwv lq wkh kljk vnloohg vhfwru1

Wkh prvw vwudljkwiruzdug zd| wr prgho wkh ehqh�wv ri vfkrrolqj lv e|
lqfuhdvlqj wkh iudfwlrq ri vnloohg zrunhuv1 Wkh h�hfwv ri vfkrrolqj ghshqg rq
wkh lqlwldo ydoxh ri >1 Lq wkh �uvw vlpxodwlrq > ' � 	 >

W

zkloh lq wkh vhfrqg

vlpxodwlrq > ' ��2D : >W

1

Zkhq > 	 >W/ wkh xqhpsor|phqw udwh iru orz vnloohg zrunhuv lqfuhdvhv1

Wkh phfkdqlvp lv wkh iroorzlqj1 Lq wkh qhz htxloleulxp/ ��*�, zloo eh kljkhu1

Wkhuhiruh/ wkh vlpsoh ydfdqf| vxssolhuv idfh d vpdoohu suredelolw| wr �qg d

orz vnloohg zrunhu +zkr wkh| suhihu zkhq > ' � 	 >
W

,1 Wkh vxsso| ri vlpsoh

ydfdqflhv zloo wkhuhiruh idoo dqg dowkrxjk wrwdo xqhpsor|phqw idoov/ wkh orz
vnloohg xqhpsor|phqw udwh zloo lqfuhdvh1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw
lq wkh odvw 53 |hduv/ erwk wkh dyhudjh ohyho ri hgxfdwlrq dqg wkh orz vnloohg
xqhpsor|phqw udwh lqfuhdvhg +hyhq wkrxjk orz vnloohg oderu ehfdph vfdufhu,1
Dw wkh vdph wlph/ lw ehfrphv pxfk hdvlhu wr �qg kljk vnloohg zrunhuv dqg
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wkhuhiruh pruh frpsoh{ ydfdqflhv duh rshqhg1
Ehfdxvh wkh h!flhqf| sdudphwhu ri wkh pdwfklqj ixqfwlrq iru wkh frpsoh{

vhfwru lv vhw dw d orzhu ohyho wkdq iru wkh vlpsoh vhfwru/ wkh xqhpsor|phqw udwh
iru kljk vnloohg zrunhuv lqfuhdvhv e| 318 ( srlqwv lq wkh vlpxodwlrqv1 Wrwdo
xqhpsor|phqw lv krzhyhu d zhljkwhg dyhudjh ri wkh orz dqg kljk vnloohg xq0
hpsor|phqw udwhv1 Dv d odujhu sursruwlrq ri wkh xqhpsor|hg lv kljk vnloohg/
wkh zhljkw iru wklv jurxs lqfuhdvhv dqg wrwdo xqhpsor|phqw idoov1 Dovr qrwh
wkdw lq wkh qhz htxloleulxp/ d odujhu iudfwlrq ri wkh vlpsoh mrev lv rffxslhg
e| kljk vnloohg zrunhuv1

Wr jhw dq lghd derxw wkh sxeolf ehqh�wv ri vxfk d srolf|/ dvvxph �uvw wkdw
wkh wrwdo oderu irufh lv 4331 Lq wkdw fdvh lw fdq eh fdofxodwhg wkdw wrwdo rxwsxw
zloo ulvh zlwk 9 +iurp :6 wr :</ qrw lq wkh wdeoh, dv ,*� pryhv iurp 318 wr 3158
+zklfk lpsolhv wkdw 46 orz vnloohg zrunhuv ehfrph kljk vnloohg149 Edfn ri wkh
hqyhorsh fdofxodwlrqv vkrz wkhq wkdw zkhq wkh frvwv +shu zrunhu, ri hgxfdwlqj
46 orz vnloohg zrunhuv duh ohvv wkdq 31:: wlphv wkh zdjh ri d kljk vnloohg
zrunhu lq wkh frpsoh{ vhfwru/ wkdw wklv lv d jrrg srolf| +S*�� ' f�..�S,1 Lq
wkh olwhudwxuh lw lv riwhq fodlphg wkdw ehfdxvh ri nqrzohgjh vslooryhuv wkhuh
zloo eh dq xqghulqyhvwphqw lq hgxfdwlrq1 Uhfhqwo|/ Vklphu +4<<;, dqg Prrq
+4<<;, kdyh dujxhg djdlqvw wklv frqyhqwlrqdo zlvgrp1 Djjuhjdwh uhwxuqv
wr vfkrrolqj pd| zhoo eh orzhu wkdq wkh sulydwh uhwxuqv ehfdxvh dgglwlrqdo
vfkrrolqj lpsuryhv rqh*v rzq srvlwlrq lq wkh txhxh exw zruvhqv wkh srvlwlrq
ri wkh rwkhu mre vhdufkhuv14: Vlqfh wklv lv qrw lqwhuqdol}hg e| lqglylgxdo
zrunhuv/ wkhuh pd| zhoo eh ryhulqyhvwphqwv lq hgxfdwlrq1 Wr jhw dq lghd krz
pxfk vfkrrolqj lv zruwk wr d sulydwh vhfwru zrunhu/ zh vkrxog qrw frpsduh
�S zlwk �r� exw o`Lu zlwk o`LM1 Vroylqj htxdwlrqv +8,0+<, qxphulfdoo|

iru o`Lu dqg o`LM/ vkrzv wkdw lq wkh edvholqh uxq/ o`Lu ' f��2 dqg

o`LM ' f�eb zkloh lq wkh fdvh wkdw �*, ' e/ o`Lu ' f��� dqg o`LM ' f�eH1

Wkh sulydwh uhwxuqv wr vfkrrolqj duh wkhuhiruh htxdo wr oE`LM � `Lu� '
f��. ' f�2H�S/ erwk lq wkh edvh uxq dqg zkhq �*, ' e1 Wklv vxjjhvwv wkdw

lq wklv prgho/ wkh vrfldo uhwxuqv wr vfkrrolqj h{fhhg wkh sulydwh uhwxuqv1

Wkh pdlq uhdvrq iru wklv uhvxow lv wkdw sduwv ri wkh uhqwv ri vfkrrolqj duh

dssursuldwhg e| wkh �up1

Zkhq wkh surgxfwlylw| ri d kljk vnloohg zrunhu dw d vlpsoh mre lv vx!0

49Wkh idfw wkdw xqhpsor|phqw ehqh�w sd|phqwv idoo e| +43=4 � <=:, � 3=8 � 3=: @ 3=47

lv edvlfdoo| d uhglvwulexwlrq lvvxh zklfk lv eh|rqg wkh vfrsh ri wklv sdshu dqg lv wkhuhiruh

ljqruhg1
4:Zkhq hpsor|huv vhdufk qrq vhtxhqwldoo|/ dv lq Prrq*v prgho/ wkh qhjdwlyh h{whuqdolw|

ri hgxfdwlrq ehfrphv pxfk odujhu wkdq lq wklv prgho1
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flhqwo| kljk/ wkh sxeolf ehqh�wv ri vfkrrolqj duh hyhq pruh idyrudeoh dffrug0

lqj wr wkh odvw urz ri Wdeoh 51 Wkh pdlq uhdvrq iru wklv lv wkdw wkh h{shfwhg

ehqh�wv ri rshqlqj d vlpsoh ydfdqf| duh lqfuhdvlqj lq ��*�, zkhq > : >W1 Dv

d uhvxow/ erwk wkh xqhpsor|phqw udwhv iru kljk dqg orz vnloohg zrunhuv idoo

dqg pruh vnloohg zrunhuv rffxs| vlpsoh mrev wkdq lq wkh fdvh zkhuh > 	 >W1

Lq dgglwlrq/ zh vhh wkdw wrwdo xqhpsor|phqw idoov1 Zkdw duh wkh sxeolf dqg

sulydwh uhwxuqv wr hgxfdwlrq qrzB Iluvw/ lw wxuqv rxw wkdw zkhq ,*� ' f�D/

rxwsxw lqfuhdvhv djdlq e| 9 xqlwv +wr ;3,1 Wkh sulydwh uhwxuqv wr vfkrrolqj

duh qrz= o`Lu ' f��2 dqg o`LM ' f�Df erwk zkhq ,*� ' f�2D/ dqg zkhq

,*� ' f�2D1 Djdlq/ wkh lqlwldo frpsrvlwlrq ri wkh oderu irufh lv qrw d yhu|

lpsruwdqw idfwru iru wkh uhwxuqv wr hgxfdwlrq lq wklv prgho1 Wkh sulydwh

uhwxuqv wr vfkrrolqj duh htxdo wr f��H ' f��f�
S
zklfk lv voljkwo| kljkhu wkdq

zkhq > 	 >W 1

Ehvlghv wkh wudlqhg zrunhuv/ hpsor|huv ehqh�w iurp jryhuqphqw vxevl0

gl}hg jhqhudo vfkrrolqj vlqfh wkh| h{wudfw sduw ri wkh uhqwv1 Wkh srvl0

wlrq ri wkh rwkhu orz vnloohg zrunhuv ghshqgv rq wkh ydoxh ri >1 Zkhq

> : >W wkh| duh ehwwhu ri exw zkhq > 	 >W wkh| duh zruvh ri1 Li �upv

zrxog kdyh wkh rswlrq wr lqyhvw lq jhqhudo fdslwdo + wudlq orz vnloohg zrun0

huv vr wkdw wkh| ehfrph kljk vnloohg, wkh| zrxog rqo| fkrrvh wr gr vr li

> : >W� Lq wkh suhylrxv h{dpsoh zkhuh > ' ��2D/ wkh lqfhqwlyhv iru �upv

wr gr vr duh vpdoo1 Rqo| li wkh frvwv ri wudlqlqj duh orzhu wkdq ru htxdo wr=

E`87M �`87u� ' f�ffD ' f�ffH�S lw lv ehqh�fldo iru wkhp wr gr vr1 Wkh
uhdvrq lv ri frxuvh zhoo nqrzq lq wkh olwhudwxuh1 Ilupv duh uhoxfwdqw wr lq0
yhvw lq jhqhudo fdslwdo ehfdxvh d odujh vkduh ri wkh uhqwv zloo eh dssursuldwhg
e| wkh zrunhu/ qrw rqo| lq wkh irup ri kljkhu zdjhv exw dovr e| d odujhu
suredelolw| wr �qg d ehwwhu mre1

8 Glvfxvvlrq

Pdq| RHFG frxqwulhv h{shulhqfhg lqfuhdvlqj xqhpsor|phqw udwhv lq wkh
ehjlqqlqj ri wkh <3*v1 Lq wxuqhg rxw wkdw wkh exon ri wkh exughq ri xq0
hpsor|phqw zdv fduulhg e| orz vnloohg zrunhuv1 Gxulqj wklv shulrg/ vrph
frxqwulhv h{shulhqfhg dq lqfuhdvh lq zdjh glvshuvlrq zkloh rwkhu frxqwulhv
h{shulhqfhg d ghfuhdvh lq zdjh glvshuvlrq1 Wkrvh skhqrphqd fdqqrw eh h{0
sodlqhg e| d vlpsoh krprjhqhrxv zrunhu2 krprjhqhrxv mre vwru|1 Wklv sdshu
wkhuhiruh glvfxvvhv dq htxloleulxp vhdufk prgho zlwk erwk gl�huhqw zrunhu
dqg mre w|shv1 Lq wklv prgho/ wkh surgxfwlylw| ri d kljk vnloohg zrunhu rq d
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vlpsoh mre wxuqv rxw wr eh d nh| yduldeoh1 Lw lv vkrzq wkdw/ lq jhqhudo/ orz
vnloohg zrunhuv ehqh�w iurp dq lqfuhdvhg surgxfwlylw| ri kljk vnloohg zrunhuv
rq vlpsoh mrev dqg wkdw wkh| vx�hu iurp d kljk txlw suredelolw| ri kljk vnloohg
zrunhuv dw vlpsoh mrev1 Krz vhqvlwlyh duh wkrvh uhvxowv iru wkh vshfl�f dv0
vxpswlrqv zklfk zhuh pdghB Rqh lpsruwdqw dvvxpswlrq zdv wkdw �upv zlwk
vlpsoh ydfdqflhv fdqqrw h{ dqwh uhvwulfw wkh zrunhu w|sh zlwk wkh orzhvw h{0
shfwhg sur�w vwuhdp iurp vhdufklqj1 Li �upv frxog +sduwo|, frqfhqwudwh wkhlu
vhdufk h�ruw lq fhuwdlq vhjphqwv/ h1j1 e| dgyhuwlvlqj lq qhzvsdshuv zklfk duh
pdlqo| uhdg e| +xq,vnloohg zrunhuv/ wkh pdjqlwxgh ri wkh h{whuqdolwlhv ri wklv
prgho zloo eh vpdoohu exw wkh vljqv uhpdlq wkh vdph1 Wkh vhfrqg dvvxpswlrq
wkdw lv fuxfldo iru wkh uhvxowv lv frqvwdqw uhwxuqv wr vfdoh1 Wklv dvvxpswlrq
kdv wkh sohdvdqw surshuw| wkdw grxeolqj wkh vl}h ri wkh oderu irufh grhv qrw
lqfuhdvh wkh xqhpsor|phqw udwh zklfk lv frqvlvwhqw zlwk wkh idfw wkdw odujh
frxqwulhv gr qrw kdyh v|vwhpdwlfdoo| kljkhu qru v|vwhpdwlfdoo| orzhu xqhp0
sor|phqw udwhv wkdq vpdoo frxqwulhv1 Vwloo zlwklq fhuwdlq lqgxvwulhv ru uhjlrqv/
surgxfwlrq lv olnho| wr eh fkdudfwhul}hg e| ghfuhdvlqj uhwxuqv1 Lq wkdw fdvh/
orzhu hgxfdwhg zrunhuv zloo iru jlyhq surgxfwlylw| ohyhov vx�hu pruh iurp
frpshwlqj kljk vnloohg zrunhuv1 Ilqdoo|/ lw lv xvhixo wr wklqn derxw krz wkh
uhvxowv zrxog fkdqjh li zdjhv zhuh srvwhg udwkhu wkdq edujdlqhg ryhu1 Pdq|
oderu hfrqrplvwv eholhyh wkdw lq uhdo oderu pdunhwv/ �upv r�hu pruh ru ohvv
wkh vdph zdjh iru d sduwlfxodu mre/ luuhvshfwlyh ri wkh zrunhu w|sh1 Li wkdw
lv wkh fdvh/ erwk wkh srvlwlyh dqg qhjdwlyh h{whuqdolwlhv zloo eh kljkhu vlqfh
zkhq wkh ghflvlrq derxw rshqlqj d ydfdqf| kdv wr eh pdgh/ wkh hpsor|huv
zloo vwloo kdyh wr irup h{shfwdwlrqv derxw wkh surgxfwlylw| ri wkh zrun irufh1
Exw qrz/ wkh orz vnloohg zrunhuv ehqh�w h{wud iurp wkh yhu| surgxfwlyh kljk
vnloohg zrunhuv vlqfh wkrvh zrunhuv gr qrw uhfhlyh kljkhu zdjhv1 Dw wkh vdph
wlph/ wkh| vx�hu h{wud iurp wkh kljk vnloohg zrunhuv zlwk kljk txlw suredelo0
lwlhv vlqfh wkh| gr qrw frpshqvdwh wkh hpsor|hu iru wklv e| dffhswlqj orzhu
zdjhv1

9 Uhihuhqfhv=

Deeulqj M1K1 +4<<<,/ Frpplwphqw dqg zdjh edujdlqlqj lq mre pdwfklqj
prghov zlwk frvwo| vhdufk/ glvfxvvlrq sdshu Wlqehujhq Lqvwlwxwh Dpv0
whugdp1
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Deeulqj M1K1/ J1M1 Ydq ghq Ehuj/ S1D1 Jdxwlhu/ J Ydq Orpzho/

M1F1 Ydq Rxuv dqg F1 Uxkp +4<<<,/ Glvsodfhg zrunhuv lq wkh Xqlwhg
Vwdwhv dqg wkh Qhwkhuodqgv/ WL glvfxvvlrq sdshu WL <;03;7261

Dfhprjox G1 +4<<;,/ Zk| gr qhz whfkqrorjlhv frpsohphqw vnloovB Gl0

uhfwhg whfkqlfdo fkdqjh dqg zdjh lqhtxdolw|/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv 446 +7, 4388043;<1

Doeuhfkw M1 dqg V1 Yurpdq +4<<;,/ Dpdwfklqj prgho zlwk hqgrjhqrxv

vnloo uhtxluhphqwv/ plphr/ Jhrujhwrzq Xqlyhuvlw|/ Zdvklqjwrq/ GF

5338:1

Ehupdq H1/ M1 Erxqg/ V1 Pdfklq +4<<;,/ Lpsolfdwlrqv ri vnloo0eldvhg

whfkqrorjlfdo fkdqjh= lqwhuqdwlrqdo hylghqfh/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ 446 +7,/ 4578045:<1

Elqpruh N1J1/ D1 Uxelqvwhlq dqg D1 Zrolqvn| +4<;9,/ Wkh Qdvk

Edujdlqlqj vroxwlrq lq hfrqrplf prghoolqj/ Udqg Mrxuqdo ri Hfrqrplfv/

4:/ 4:904;;1

Erxqg/ M1 dqg J1 Mrkqvrq +4<<5,/ Fkdqjhv lq wkh vwuxfwxuh ri zdjhv lq

wkh 4<;3*v= dq hydoxdwlrq ri dowhuqdwlyh h{sodqdwlrqv/ Dphulfdq Hfr0

qrplf Uhylhz/ ;5/ 6:40<51

Fdedoohur U1M1/ H1P1U1D1 Hqjho dqg M1 Kdowlzdqjhu +4<<8,/ Dj0

juhjdwh hpsor|phqw g|qdplfv= exloglqj iurp plfurhfrqrplf hylghqfh/

QEHU Zrunlqj Sdshu Qr1 83751

Fdedoohur U1M1 dqg P1O1 Kdpprxu +4<<9,/ Wkh pdfurhfrqrplfv ri
vshfl�flw|/ QEHU zrunlqj sdshu 8:8:/ Fdpeulgjh PD1

Gldprqg S1D1 +4<;5,/ Zdjh ghwhuplqdwlrq dqg h!flhqf| lq vhdufk htxl0

oleulxp/ Uhylhz ri Hfrqrplf Vwxglhv/ 7</ ss154:055:1

Jdxwlhu/ S1D1 +4<<:,/ Wkh  rz dssurdfk wr wkh oderu pdunhw/ Wkhvlv sxe0

olvkhuv/ Dpvwhugdp1

Jdxwlhu S1D1/ J1M1Ydq ghq Ehuj/ M1F1 Ydq Rxuv dqg J1 Ulgghu

+4<<;,/ Zrunhu wxuqryhu dw wkh �up ohyho dqg furzglqj rxw ri orzhu

hgxfdwhg zrunhuv/ Plphr Iuhh Xqlyhuvlw| Dpvwhugdp1
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Jdxwlhu S1D1/ J1M1Ydq ghq Ehuj/ M1F1 Ydq Rxuv dqg J1 Ulgghu

+4<<<,/ Vhsdudwlrqv dw wkh �up ohyho/ iruwkfrplqj lq M1 Kdowlzdqjhu/ M1

Odqh/ M1 Wkhhxzhv dqg N1 Wurvnh hg1 �Wkh Fuhdwlrq dqg Dqdo|vlv ri

Pdwfkhg Hpsor|hu0Hpsor|hh Gdwd�1 Qruwk Kroodqg1

Krvlrv/ D1M1 +4<<3,/ Rq wkh H!flhqf| ri Pdwfklqj dqg Uhodwhg Prghov ri

Vhdufk dqg Xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxglhv 8:/ 5:<05<;1

Ndkq M1D1 dqg M1 Olp +4<<;,/ Vnloohg oderu0dxjphqwlqj whfkqlfdo surjuhvv

lqX1V1 pdqxidfwxulqj/Txduwhuo| Mrxuqdo ri Hfrqrplfv 446/ 45;40463;1

Nuhphu P1 +4<<6,/ Wkh R0Ulqj wkhru| ri hfrqrplf ghyhorsphqw/ Txdu0

whuo| Mrxuqdo ri Hfrqrplfv/ FYLLL/ 88408:91

PfFruplfn E1 +4<<3, D wkhru| ri vljqdoolqj gxulqj mre vhdufk/ hpsor|0

phqw h!flhqf|/ dqg �vwljpdwlvhg�

Prrq H1U1 +4<<;, Hgxfdwlrq/ udqnlqj/ dqg frpshwlwlrq iru mrev/ Plphr/

Qruzhjldq Vfkrro ri Hfrqrplfv1

Pruwhqvhq G1 dqg F1D1 Slvvdulghv +4<<7, Mre Fuhdwlrq dqg Ghvwuxf0

wlrq lq wkh Wkhru| ri Xqhpsor|phqw/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/

6<:0748

Pruwhqvhq G1 dqg F1D1 Slvvdulghv +4<<8, Whfkqrorjlfdo Surjuhvv/ Mre

Fuhdwlrq dqg Mre Ghvwuxfwlrq/ FHSU glvfxvvlrq sdshu qr1 5971

RHFG +4<<3, Hpsor|phqw Rxworrn/ Sdulv1

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

RHFG +4<<;, Hpsor|phqw Rxworrn/ Sdulv1

RHFG +4<<;, Hgxfdwlrq dw d jodqfh/ Sdulv1

Rxuv M1F1 ydq dqg J1 Ulgghu +4<<8, Mre pdwfklqj dqg mre frpshwl0
wlrq= Duh orzhu hgxfdwhg zrunhuv dw wkh edfn ri mre txhxhvB/ Hxurshdq
Hfrqrplf Uhylhz/ 6</ 4:4:0641

Sidqq J1D1 dqg I1F1 Sdop +4<<6, Dv|pphwulf dgmxvwphqw frvwv lq qrq0

olqhdu oderu ghpdqg prghov zlwk hpslulfdo hylghqfh iru wkh Gxwfk dqg

wkh X1N1 pdqxidfwxulqj vhfwruv/ Uhylhz ri Hfrqrplf Vwxglhv/ 93/ 6<:0

7451
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Slvvdulghv F1D1 +4<<3, Htxloleulxp Xqhpsor|phqw Wkhru|/ Edvlo Eodfn0

zhoo/ Orqghq1

Slvvdulghv F1D1 +4<<7, Vhdufk Xqhpsor|phqw zlwk rq wkh mre vhdufk/

Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 78:07:81

Vdlqw Sdxo J1 +4<<9, Gxdo oderu pdunhwv= D pdfurhfrqrplf shuvshfwlyh

PLW Suhvv1

Vdwwlqjhu P1 +4<<6,/ Dvvljqphqw prghov ri wkh glvwulexwlrq ri hduqlqjv/

Mrxuqdo ri Hfrqrplf Olwhudwxuh/ yro [[[L/ ;640;;31

Vdwwlqjhu P1 +4<<8,/ Vhdufk dqg wkh h!flhqw dvvljqphqw ri zrunhuv wr

mrev/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69/ 5;606351

Vklphu U1 +4<<;,/ Gr jrrg jx|v frph lq �uvwB Krz zdjh ghwhuplqdwlrq

d�hfwv wkh udqnlqj ri mre dssolfdqwv1 Plphr Sulqfhwrq QM1

Whxolqjv F1Q1 +4<<8, Wkh zdjh glvwulexwlrq lq d prgho ri wkh dvvljqphqw

ri vnloov wr mrev/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 5;306481

Vklphu U1 dqg O1 Vplwk +4<<:,/ Dvvruwdwlyh pdwfklqj dqg vhdufk/ plphr
PLW PD1

Zrolqvn| D1 +4<;:,/ �Pdwfklqj/ vhdufk/ dqg edujdlqlqj�/ Mrxuqdo ri Hfr0
qrplf Wkhru|/ 75/ 64406661

: Dsshqgl{

D Gdwd dqg gh�qlwlrqv

Wkh gdwd duh edvhg rq wkh RHFG �hgxfdwlrq dw d jodqfh� sxeolfdwlrqv 4<<50
<: dqg rq wkh RHFG hpsor|phqw rxworrn1 Wkh RHFG �jxuhv zhuh ghulyhg
iurp qdwlrqdo oderu irufh vxuyh|v1 Wkh xqhpsor|hg duh gh�qhg lq dffrugdqfh
zlwk wkh LOR jxlgholqhv rq oderu vwdwlvwlfv dv shuvrqv zkr duh zlwkrxw zrun/
dfwlyho| vhhnlqj hpsor|phqw dqg fxuuhqwo| dydlodeoh wr vwduw zrun1 Wkh wrwdo
xqhpsor|phqw udwh lv gh�qhg dv wkh qxpehu ri xqhpsor|hg dv shufhqwdjh ri
wkh wrwdo oderu irufh1 Shuvrqv djhg xqghu 58 kdyh ehhq h{foxghg iurp wkh
vwdwlvwlfv1
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Wkh uhodwlyh hduqlqjv iurp hpsor|phqw duh gh�qhg dv wkh phdq hduqlqjv
ri shuvrqv dw d jlyhq ohyho ri hgxfdwlrqdo dwwdlqphqw glylghg e| wkh phdq
hduqlqjv ri shuvrqv zlwk xsshu vhfrqgdu| vfkrro dwwdlqphqw1 Wkh udwlr lv
pxowlsolhg e| 4331 Wkh hduqlqjv gdwd duh edvhg rq dqqxdo hduqlqjv +h{fhsw
iru Vsdlq zkhuh prqwko| hduqlqjv zhuh xvhg, ehiruh wd{hv1 Shuvrqv zkr zrun
ohvv wkdq 48 krxuv d zhhn zhuh h{foxghg1 Wkh revhuyhg gl�huhqfhv lq uhodwlyh
hduqlqjv dfurvv frxqwulhv gr qrw rqo| uh hfw gl�huhqfhv lq krxuo| zdjh udwhv
exw dovr gl�huhqfhv lq fryhudjh/ qxpehu ri krxuv zrunhg shu |hdu1

5;



E Iljxuhv

U

H

L

SL H

C

Iljxuh 4= Oderu pdunhw  rzv

5<



Iljxuh 5= Hpsor|phqw suredelolwlhv orz vnloohg zrunhuv xqghu frpsohwh lq0
irupdwlrq
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F Wdeohv
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Wdeoh 4= Xqhpsor|phqw dqg zdjhv lq RHFG frxqwulhv
|u Xqhpso1 e| hgxf1 Zdjh glvs1 JGS1

Orz Kljk Xqly Wrw Orz Xqly ' ( fkdqjh

Fdqdqgd ;< 4316 813 515 91: <5 4:8 89<
<5 531< 4316 918 441< 99 497 895 0415

<8 4613 :18 719 ;16 ;: 489 948 <16

XV ;< ;18 616 515 717 97 4<3 8745

<5 4:1< 81: 613 ;15 99 4:3 8933 618

<8 4313 619 518 71: 9; 4:7 9483 <1;

Ghqpdun ;< 4514 713 617 ;16 ;8 478 45:

<5 5613 :15 :1; 4619 ;9 479 464 61:

<8 4719 816 716 4313 ;6 466 476 ;1:

Iudqfh ;< 441; 617 613 ;14 111 111 449;

<5 4;13 819 91; 4416 ;: 4:7 4554 719

<8 4713 81< :18 <1: ;3 4:8 4596 617

Jhupdq| ;< 461; 61< 519 461< 111 111 4869

<5 4315 719 716 914 ;; 4:3 4:57 4515

<8 4616 815 71: ;14 ;; 48; 4:;: 61:

Qhwkhuodqgv ;< 4619 719 813 918 ;9 4:; 5:8

<5 ;1; 71< 815 81; ;7 465 5<9 :1;

<8 :1: 714 714 819 ;8 486 645 817

Vsdlq ;< 4819 4416 431: 451< 111 11 786

<5 561: 491: 4:18 5414 :; 46; 83: 441;

<8 5319 4919 461; 4<13 111 111 895 61<

XN ;< 4313 51: 517 917 ;7 496 <:7

<5 5415 61; 61; 4315 ;3 4:4 <84 0516

<8 4515 714 618 :17 :6 486 4367 ;13
Qrwh= Vrxufh RHFG/ hgxfdwlrq dw d jodqfh dqg hpsor|phqw rxworrn1 Orzhu hgxfdwlrq

uhihuv wr ohvv wkdq vhfrqgdu|/ kljkhu hgxfdwlrq uhihuv wr kljkhu qrq0xqlyhuvlw| ghjuhhv1

Wkh fhoov rq kljkhu hgxfdwlrq iru wkh Qhwkhuodqgv duh edvhg rq FEV +HEE, �jxuhv Zdjh

hduqlqjv duh uhodwlyh wr hduqlqjv dw wkh xsshu vhfrqgdu| ohyho +@433,1 JGS lv phdvxuhg

lq eloolrq XV grooduv gh dwhg e| 4<<3 sulfhv1
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Wdeoh 5= Wkh h�hfwv ri mre frpshwlwlrq 0 qxphulfdo vlpxodwlrqv
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Edvh fdvh 451< 71: :17 571: 31;6 31:4 3168 3168 3193 414; 31;;

4 > ' ��2D 4514 717 91< 5814 31:9 3198 3168 3174 3193 414; 31;<

5 +
S
' f�.D 4715 81: ;19 5<16 31<6 31;4 3159 3159 3178 4139 31;9

6
+
r,

+S
' f�2D 5313 916 431; 5416 416: 4136 314; 314; 3188 4157 31;8

7 r
r
' f�2D 4815 71< ;16 5814 31:9 3198 3168 3168 3193 4135 31;:

8 v ' f�S 4;14 81; <15 5<16 4137 31;: 3173 3173 3198 413; 31;7

9
,

�
' f�2D 4813 815 :15 6<16 4133 31;5 3168 3168 3193 414; 31;;

> ' ��2D 461: 71; 918 6<16 31;9 31:6 3168 3174 3193 414; 31;<
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