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Devwudfw

Wkh surfhvv e| zklfk kljk0ohyho r!fh0kroghuv duh vhohfwhg lv vkrzq wr uhvxow
lq sxuh r!fh0vhhnlqj srolwlfldqv orrnlqj olnh lghrorjxhv1

4 Lqwurgxfwlrq
Zkdw gr srolwlfldqv fduh derxwB Lq prghoolqj wkh suhihuhqfhv ri srolwlfldqv/ uh0
vhdufkhuv kdyh vshfl�hg d glyhuvh vhw ri suhihuhqfhv udqjlqj iurp sxuh r!fh0vhhnhuv
wr sxuh lghrorjxhv1 Vlqfh wkh zrun ri Grzqv +4<8:,/ d frpprq dvvxpswlrq lq irupdo
srolwlfdo wkhru| lv wkdw srolwlfldqv duh gulyhq e| wkh ghvluh wr krog r!fh1 Wzhqw| |hduv
odwhu/ Zlwwpdq +4<::, irupdoo| h{soruhg wkh lpsolfdwlrqv ri doorzlqj srolwlfldqv wr
lqwulqvlfdoo| ydoxh srolf|1 Wkhq Zlwwpdq +4<;6, dqg Fdoyhuw +4<;8, frqvlghuhg wkh
ghshqghqfh dqg vhqvlwlylw| ri uhvxowv wr wkh zhljkwv wkdw srolwlfldqv dwwdfk wr kroglqj
r!fh dqg wr srolf|1 Zkloh wkhuh lv qr v|vwhpdwlf hpslulfdo zrun zklfk grfxphqwv
wkh uhodwlyh suhvhqfh ri r!fh0vhhnhuv dqg lghrorjxhv lq wkh srolwlfdo uhdop/ lw zrxog
vhhp wkdw/ lq sulqflsoh/ rqh frxog h{dplqh wkh ghjuhh ri lghrorjlfdo frqvlvwhqf| lq

�Wkh �qdqfldo vxssruw ri wkh Qdwlrqdo Vflhqfh Irxqgdwlrq xqghu judqw VHV0<:3;<43 0 �Uljlglw|
dqg Ioh{lelolw| lq Vrfldo V|vwhpv� 0 lv judwhixoo| dfnqrzohgjhg dv lv wkh uhvhdufk dvvlvwdqfh ri Mdvrq
Gxoqhy1
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srolwlfldqv* srvlwlrqv14 Krzhyhu/ hyhq wkdw h{huflvh lv olplwhg dv lw zrxog rqo| doorz
lqgluhfw lqihuhqfhv wr eh gudzq derxw wkh h{whqw ri r!fh0vhhnhuv lq wkh srsxodwlrq
iru rqh fdqqrw gluhfwo| revhuyh d srolwlfldq*v ehkdylrudo uxoh exw rqo| uhdol}dwlrqv ri
wkdw uxoh dv lw uhvsrqgv wr d srolwlfldq*v hqylurqphqw dqg/ lq sduwlfxodu/ wr wkh srolf|
suhihuhqfhv ri frqvwlwxhqwv1 Dq r!fh0vhhnlqj srolwlfldq zkrvh ehkdylrudo uxoh lv wr
sdqghu wr yrwhuv pd| dsshdu lghrorjlfdo li kh lv iruwxqdwh hqrxjk wr kdyh vhhq olwwoh
yduldwlrq ryhu klv srolwlfdo olihwlph lq wkh grplqdqw lghrorj| ri klv frqvwlwxhqwv1 Li
wkh phgldq yrwhu lv dozd|v olehudo wkhq rqh zrxog h{shfw dq r!fh0vhhnhu wr frqvlv0
whqwo| vxssruw olehudo srvlwlrqv dqg wkhuhe| jlyh wkh dsshdudqfh ri ehlqj d olehudo
lghrorjxh15 Exw krz olnho| lv lw wkdw d srolwlfldq zloo kdyh idfhg olwwoh yduldwlrq lq wkh
suhihuhqfhv ri klv frqvwlwxhqwvB Fdq zh uhdoo| h{shfw pdq| r!fh0vhhnhuv wr dfklhyh
lghrorjlfdo frqvlvwhqf| e| yluwxh ri oxfnB Wkh dqvzhu lv �qr� exw/ dv zh vkrz lq wklv
sdshu/ wkh| pd| eh deoh wr gr vr e| yluwxh ri surjuhvvlyh dpelwlrq dqg/ vr wr vshdn/
vxuylydo ri wkh �wwhvw lq wkh srolwlfdo duhqd1 Dv ghvfulehg e| Vfkohvlqjhu +4<99,/ sur0
juhvvlyh dpelwlrq lv wkh surfhvv e| zklfk srolwlfldqv zkr duh vxffhvvixo dw dfklhylqj
r!fh zloo uxq iru kljkhu r!fh dqg/ li vxffhvvixo wkhuh/ uxq iru |hw kljkhu r!fh16 Iru
d srsxodwlrq ri sxuh r!fh0vhhnhuv/ zh vkrz wkdw wkh g|qdplf ri surjuhvvlyh dpelwlrq
dqg hohfwrudo vhohfwlrq uhvxowv lq d glvsursruwlrqdwh qxpehu ri kljk0ohyho r!fh0kroghuv
orrnlqj olnh lghrorjxhv1

5 D Prgho ri dq Hohfwrudo V|vwhp
Dq hohfwrudo v|vwhp vxfk dv lq wkh X1V1 lv frpsulvhg ri pdq| gl�huhqw w|shv ri r!fhv1
Wkh| udqjh iurp orz0ohyho srvlwlrqv olnh wrzq pd|ru dqg vwdwh ohjlvodwru wr pruh
vljql�fdqw srvlwlrqv vxfk dv flw| pd|ru dqg X1V1 Krxvh Uhsuhvhqwdwlyh/ doo wkh zd|
xs wr vxfk kljk0ohyho r!fhv dv vwdwh jryhuqru dqg X1V1 Vhqdwru/ dqg dw lwv slqqdfoh/ wkh
X1V1 Suhvlghqf|1 Wkrxjk wkhuh duh h{fhswlrqv/ prvw kljk0ohyho r!fh0kroghuv ehjdq
e| vxffhvvixoo| uxqqlqj iru d orz0ohyho r!fh dqg wkhq uxqqlqj iru surjuhvvlyho| kljkhu
ohyhov1 Dv Mrvhsk Vfkohvlqjhu qrwhv= �Srolwlfv lv/ diwhu doo/ d jdph ri dgydqfhphqw/
dqg d pdq vxffhhgv rqo| li kh dgydqfhv dv idu dv klv vlwxdwlrq shuplwv1�7 Ohw xv wkhq

4Uhodwhgo|/ Eorpehuj dqg Kduulqjwrq +4<<:, h{dplqh wkh yduldelolw| lq wkh DGD vfruhv ri Frq0
juhvvlrqdo phpehuv dqg �qg wkdw pruh h{wuhph ohjlvodwruv h{klelw ohvv yduldelolw| lq wkhlu yrwlqj
uhfrugv1

5Wkhuh duh h{dpsohv lq zklfk dq lghrorjxh fdq/ lw zrxog dsshdu/ uhyhdo klpvhoi e| vwlfnlqj zlwk
klv srvlwlrq hyhq zkhq lw lv xqsrsxodu1 Lq wkdw oljkw/ wklv sdshu h{dplqhv wklv lvvxh iurp wkh
shuvshfwlyh ri vrphrqh zkr rqo| kdv lqirupdwlrq rq sdvw srvlwlrqv udwkhu wkdq sdvw hohfwrudwhv
zklfk lv d idluo| uhdvrqdeoh dvvxpswlrq iru yrwhuv1 Fdpsdljqv duh ixoo ri lqirupdwlrq derxw d
srolwlfldq*v sdvw srvlwlrqv exw yhu| olwwoh lqirupdwlrq derxw zkdw yrwhuv* srvlwlrqv zhuh dw wkh wlph
wkrvh srvlwlrqv zhuh wdnhq1

6�111 dpelwlrqv pd| eh surjuhvvlyh= Wkh srolwlfldq dvsluhv wr dwwdlq dq r!fh pruh lpsruwdqw
wkdq wkh rqh kh qrz vhhnv ru lv kroglqj1� ^Vfkohvlqjhu/ 4<99> s1 43`

7Vfkohvlqjhu +4<99,> sdjh <1 Vwxglhv wkdw grfxphqw wkh surjuhvvlyh sdwkv wr kljkhu r!fh lqfoxgh
Vfkohvlqjhu +4<99, dqg Ph}h| +4<:3,1
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frqfhlyh ri dq hohfwrudo v|vwhp dv d klhudufk| ri r!fhv lq zklfk dpelwlrxv srolwlfldqv
vwulyh wr zrun wkhlu zd| xs wkh srolwlfdo odgghu1 Uhfdoo wkdw rxu remhfwlyh lv wr surylgh
lqvljkw lqwr wkh h{whqw wr zklfk wklv vhohfwlrq surfhvv 0 e| zklfk vrph srolwlfldqv
dgydqfh wr kljkhu r!fh dqg vrph gr qrw 0 uhvxowv lq kljk0ohyho r!fh0kroghuv orrnlqj
olnh lghrorjxhv hyhq li wkh| duh sxuho| gulyhq e| kroglqj r!fh1 Wkhuhiruh/ zh dvvxph
wkdw srolwlfldqv duh ri wkh fudvvhvw vruw> wkh| duh p|rslf r!fh0vhhnhuv lq wkh vhqvh
wkdw wkh| vxssruw zkdwhyhu srolflhv pd{lpl}h wkh suredelolw| ri zlqqlqj wkh fxuuhqw
udfh1

Yrwhuv duh hqgrzhg zlwk dq lghrorj| dqg/ lq ghflglqj krz wr fdvw wkhlu yrwhv/
duh dvvxphg wr fduh iruhprvw derxw zkdw srolflhv d fdqglgdwh fxuuhqwo| vxssruwv
dqg vhfrqgdulo| derxw d fdqglgdwh*v sdvw srvlwlrqv1 Zkdw wklv zloo lpso| lv wkdw
srolwlfldqv 0 ehlqj gulyhq rqo| e| wkh survshfw ri kroglqj r!fh 0 zloo dozd|v vxssruw
wkrvh srolflhv frqvlvwhqw zlwk wkh lghrorj| ri wkh fxuuhqw phgldq yrwhu1 Khqfh/ wkh
h{whqw wr zklfk srolwlfldqv dsshdu lghrorjlfdo +wkdw lv/ wkhlu fxuuhqw dqg sdvw srvlwlrqv
duh lghrorjlfdoo| frqvlvwhqw, lv vroho| wkh uhvxow ri kdylqj dozd|v idfhg d phgldq yrwhu
zlwk wkh vdph lghrorj|1

Dv phqwlrqhg deryh/ wkhuh lv d klhudufk| ri r!fhv1 Wkhvh ohyhov zloo eh ghqxphu0
dwhg 4/ 5/ 6 dqg vr iruwk zkhuh ohyho 4 r!fhv duh dw wkh erwwrp dqg duh wkh rqhv iru
zklfk qhz srolwlfdo dvsludqwv frpshwh1 Wkhuh lv d odujh +frxqwdeo| lq�qlwh, qxpehu
ri ohyho 4 hohfwrudo r!fhv dqg hdfk r!fh lqyroyhv d udfh ehwzhhq wzr fdqglgdwhv18

Iru vlpsolflw|/ d wzr0hohphqw lghrorj| vsdfh/ ghqrwhg iuc�j/ lv vshfl�hg1 Lq hdfk
ri wkhvh udfhv/ wkhuh lv d phgldq yrwhu zkrvh lghrorj| lv hlwkhu u ru � zklfk zh
zloo uhihu wr dv olehudo dqg frqvhuydwlyh/ uhvshfwlyho|1 Zlwkrxw orvv ri jhqhudolw|/ wkh
phgldq yrwhu*v lghrorj| lv u lq d sursruwlrq K 5 �

�
2
c �
�
ri doo frqwhvwv1 Diwhu revhuylqj

wkh phgldq yrwhu*v lghrorj|/ fdqglgdwhv fkrrvh zklfk srolflhv wr vxssruw1 Zkdw zh
lpdjlqh lv wkdw wkhuh lv vrph vpdoo vhw ri lvvxhv fhqwudo wr wklv udfh vr wkdw zkhq
zh vd| d fdqglgdwh �fkrrvhv lghrorj| {/� lw lv phdqw wkdw kh vxssruwv wkh srolf|
iru wkdw lvvxh zklfk lv frqvlvwhqw zlwk lghrorj| {1 Vlqfh/ sulru wr wdnlqj srvlwlrqv/
fdqglgdwhv uxqqlqj iru ohyho 4 r!fhv duh shufhlyhg e| yrwhuv dv ehlqj lghqwlfdo/ d
yrwhu yrwhv iru wkh fdqglgdwh zkr vxssruwv wkh srolflhv frqvlvwhqw zlwk wkh yrwhu*v
lghrorj|1 Li erwk fdqglgdwhv vxssruw wkh vdph srolflhv wkhq yrwhuv udqgrpl}h vr wkdw
hdfk fdqglgdwh kdv suredelolw| �

2
ri zlqqlqj wkh hohfwlrq1 Lq wkdw srolwlfldqv fduh

rqo| derxw kroglqj r!fh dqg duh p|rslf/ wkh rswlpdo vwudwhj| lv iru wkhp wr vxssruw
wkh srolflhv suhihuuhg e| wkh phgldq yrwhu1 Wklv phdqv wkdw wkh zlqqhuv lq wkh �uvw
urxqg ri r!fhv zloo eh udqgrpo| ghwhuplqhg vlqfh/ lq dq| udfh/ wkh wzr fdqglgdwhv
duh lqglvwlqjxlvkdeoh lq wkdw wkh| erwk vxssruw wkh srolflhv ghvluhg e| wkh phgldq
yrwhu1

Wkh srolwlfldqv zkr duh hohfwhg wr d ohyho 4 r!fh duh dvvxphg wr krog wklv r!fh
iru vrph vshfl�hg qxpehu ri whupv zkloh wkh orvhuv gurs r� ri wkh srolwlfdo pds

8Dvvxplqj wkh qxpehu ri srolwlfdo dvsludqwv dqg wkh qxpehu ri hohfwrudo r!fhv duh frxqwdeo|
lq�qlwh zloo pdnh wkh g|qdplfdo v|vwhp 0 zklfk fkdudfwhul}hv wkh surfhvv e| zklfk srolwlfldqv duh vh0
ohfwhg iru dgydqfhphqw xs wkh srolwlfdo odgghu 0 ghwhuplqlvwlf dqg wklv juhdwo| vlpsol�hv wkh dqdo|vlv1

6



dqg gr qrw frpshwh dq| ixuwkhu +ru dw ohdvw gr qrw frpshwh zlwk wkrvh srolwlfldqv
zkr zhuh lqlwldoo| vxffhvvixo lq dfklhylqj r!fh,19 Iru vlpsolflw|/ zh vxssrvh d vwurqj
lqfxpehqf| dgydqwdjh lq wkdw uh0hohfwlrq lv dvvxuhg dv orqj dv wkh r!fh0kroghu dozd|v
vxssruwv srolflhv frqvlvwhqw zlwk wkh phgldq yrwhu*v lghrorj|1 Diwhu vrph qxpehu ri
whupv/ ohyho 4 r!fh0kroghuv duh dvvxphg wr uxq iru wkh qh{w kljkhu r!fh zklfk lv d
ohyho 5 r!fh1 Ohw 4 5 dfc �o ghqrwh wkh suredelolw| wkdw/ gxulqj wkhlu wlph lq d ohyho
4 r!fh/ wkh lghrorj| ri dq hohfwhg r!fldo*v phgldq yrwhu glg qrw fkdqjh1 4 lv wkhq
wkh suredelolw| wkdw/ zkhq kh uxqv iru d ohyho 5 r!fh/ d srolwlfldq*v srolf| srvlwlrqv
zkloh lq d ohyho 4 r!fh duh lghrorjlfdoo| frqvlvwhqw1 Li wkhuh lv d orw ri shuvlvwhqf| lq
wkh phgldq yrwhu*v srolf| suhihuhqfhv wkhq 4 zloo eh forvh wr 41

Iru dqdo|wlfdo frqyhqlhqfh/ wkhuh duh kdoi dv pdq| ohyho 5 r!fhv dv ohyho 4 r!fhv1
Lq wkdw zh dvvxph rqo| wkrvh srolwlfldqv zkr krog d ohyho 4 r!fh frqvlghu uxqqlqj
iru d ohyho 5 r!fh/ wkh ohyho 4 r!fh0kroghuv duh pdwfkhg lqwr sdluv wr frpshwh iru d
ohyho 5 r!fh1: Iru hdfk ri wkhvh r!fhv +dqg sdluv ri fdqglgdwhv,/ d phgldq yrwhu lv
udqgrpo| vhohfwhg zkrvh lghrorj| lv u zlwk suredelolw| K1 Wkxv/ d sursruwlrq K ri
doo udfhv iru ohyho 5 r!fhv kdyh d olehudo phgldq yrwhu1 Diwhu revhuylqj wkh phgldq
yrwhu*v lghrorj|/ srolwlfldqv fkrrvh zkhwkhu wr vxssruw olehudo ru frqvhuydwlyh srolflhv1
Lq ghflglqj krz wr fdvw wkhlu yrwhv ehwzhhq fdqglgdwhv iru d ohyho 5 r!fh/ yrwhuv
kdyh pruh lqirupdwlrq wkdq mxvw d srolwlfldq*v fxuuhqw srvlwlrqv1 Wkh| dovr kdyh wkhlu
srvlwlrqv iurp zkhq wkh| khog d ohyho 4 r!fh1 Lw lv dvvxphg wkdw yrwhuv sxw d orw pruh
zhljkw rq srolwlfldqv* fxuuhqw srvlwlrqv1 Vshfl�fdoo|/ d yrwhu yrwhv iru wkh fdqglgdwh
zkr fxuuhqwo| vxssruwv klv lghrorj|1 Li erwk fdqglgdwhv vxssruw klv lghrorj| +zklfk/
vlqfh srolwlfldqv duh p|rslf r!fh0vhhnhuv/ zloo dozd|v eh wkh fdvh, wkhq yrwhuv duh
dvvxphg wr suhihu wkh fdqglgdwh zkrvh sdvw srvlwlrqv duh pruh frqvlvwhqw zlwk wkdw
lghrorj|1; Dv lw wxuqv rxw/ zh qhhg rqo| dvvxph wkdw li rqh fdqglgdwh kdv dozd|v
vxssruwhg wkh phgldq yrwhu*v lghrorj| dqg wkh rwkhu kdv qrw wkhq wkh iruphu zlqv1
D frpsohwh vshfl�fdwlrq ri krz yrwhuv yrwh lv xqqhfhvvdu| iru hvwdeolvklqj rxu pdlq
uhvxow1<

9Ri frxuvh/ wkhuh duh pdq| qrwdeoh h{fhswlrqv/ vxfk dv Ulfkdug Ql{rq dqg Urqdog Uhdjdq/ zkr
lqlwldoo| idlohg lq wkhlu txhvw iru vrph r!fh dqg vxffhhghg vxevhtxhqwo|1 Wr doorz iru wklv srvvlelolw|
lq rxu prgho zrxog jhqhudwh d qrwdwlrqdo prudvv zlwkrxw wkh dssduhqw surplvh ri dq| dgglwlrqdo
lqvljkw1

:Wkxv/ Urvv Shurw/ Vwhyh Iruehv/ dqg wkh olnh duh dvvxphg dzd| lq wkdw srolwlfdo dvsludqwv duh
qrw doorzhg wr �mxps� wkh klhudufk| e| lqlwldoo| uxqqlqj iru kljk0ohyho r!fh1 Lw lv dovr lpsolhg e|
wklv vwuxfwxuh wkdw wkhuh duh qr vxevwdqwlyho| gl�huhqw srolwlfdo sduwlhv lq wkdw wkh wzr fdqglgdwhv lq
d udfh duh gudzq iurp wkh vdph glvwulexwlrq ri srolwlfldqv1 Wklv lv d vlpsol�fdwlrq wkdw lv pdgh zlwk
vrph orvv ri jhqhudolw| exw zh kdyh qr uhdvrq wr eholhyh wkdw lw eldvhv rxu prgho wrzdug jhqhudwlqj
lghrorjlfdoo| frqvlvwhqw r!fh0kroghuv1

;Ehuqkdugw dqg Lqjehupdq +4<;8, dovr doorz fdqglgdwhv* sdvw srolwlfdo srvlwlrqv wr lq xhqfh wkh
hohfwrudo rxwfrph1 Wkhlu prwlydwlrq lv wkdw fdqglgdwhv zkrvh fxuuhqw srvlwlrqv duh frqvlvwhqw zlwk
wkhlu sdvw srvlwlrqv duh pruh fuhgleoh dqg wkhuhiruh ohvv ulvn|1

<Wkh vshfl�fdwlrq dv wr zkr zlqv fdq dovr eh prwlydwhg e| dvvxplqj wkhuh duh wzr w|shv ri
yrwhuv 0 srruo|0lqiruphg dqg zhoo0lqiruphg1 Ohw xv dvvxph wkdw d yrwhu*v lqiruphgqhvv lv xquhodwhg
wr klv lghrorj| vr wkdw wkh lghrorj| ri wkh phgldq yrwhu iru srruo|0lqiruphg yrwhuv lv wkh vdph dv
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Dv ehiruh/ wkrvh srolwlfldqv zkr duh hohfwhg zloo krog wkhlu ohyho 5 r!fh iru vrph
vshfl�hg qxpehu ri whupv dqg zlwk suredelolw| 4 wkh phgldq yrwhu*v lghrorj| zloo qrw
kdyh fkdqjhg +dqg/ wkhuhiruh/ qhlwkhu zloo wkh lghrorjlfdo srvlwlrqlqj ri wkh srolwlfldq,1
Dw wkh hqg ri wkhlu wlph lq d ohyho 5 r!fh/ wkhvh srolwlfldqv duh udqgrpo| pdwfkhg
lqwr sdluv wr frpshwh iru d ohyho 6 r!fh zlwk d sursruwlrq K ri wkrvh udfhv kdylqj d
phgldq yrwhu zkrvh lghrorj| lv u1 Wklv surfhvv lv lwhudwhg dv zh frqvlghu |hw kljkhu
ohyho r!fhv1 Wkh txhvwlrq lv= zkdw grhv wkh klvwru| ri kljk0ohyho r!fh0kroghuv orrn
olnhB Wr zkdw h{whqw gr wkhvh vhoi0vhuylqj rssruwxqlvwv orrn olnh phq dqg zrphq ri
lqwhjulw| dqg sulqflsohB

Ohw xv pdnh d ihz frpphqwv derxw wklv prgho1 Zkloh wkhuh lv qr djjuhjdwh xq0
fhuwdlqw| lq wklv prgho/ dq lqglylgxdo srolwlfldq grhv idfh dq xqfhuwdlq hqylurqphqw1
Uhjdugohvv ri wkh lghrorj| ri wkh phgldq yrwhu iru/ vd|/ d ohyho � r!fh0kroghu*v frq0
vwlwxhqf|/ kh zloo idfh/ zlwk suredelolw| K/ d phgldq yrwhu zlwk lghrorj| u zkhq kh
uxqv iru d ohyho � n � r!fh1 Wkdw d srolwlfldq pd| �qg wkh srolf| suhihuhqfhv ri wkh
phgldq yrwhu fkdqjlqj dv kh pryhv dfurvv r!fhv grhv qrw lpso| wkdw yrwhuv duh qrw
lghrorjlfdo qru wkdw wkh| duh �fnoh1 Wkh suhihuhqfhv ri wkh phgldq yrwhu fdq fkdqjh
ehfdxvh wkh lghqwlw| ri wkh phgldq yrwhu kdv fkdqjhg1 Lq uxqqlqj iru d gl�huhqw
r!fh/ d srolwlfldq zloo w|slfdoo| idfh d gl�huhqw frqvwlwxhqf| dqg/ iru wkdw uhdvrq/
wkh lghqwlw| ri wkh phgldq yrwhu fdq fkdqjh +iru h{dpsoh/ dv rqh jrhv iurp uxqqlqj
iru wkh X1V1 Krxvh ri Uhsuhvhqwdwlyhv wr uxqqlqj iru wkh X1V1 Vhqdwh,1 Hyhq li wkh
frqvwlwxhqf| grhv qrw fkdqjh/ wkh lghqwlw| ri wkh phgldq yrwhu fdq fkdqjh li wkh
sduwlflsdwlrq udwh iru gl�huhqw yrwhu jurxsv ydulhv dfurvv hohfwlrqv1 Wklv lv dsw wr
rffxu li wkh fhqwudo fdpsdljq lvvxhv fkdqjh ryhu wlph1 Iru h{dpsoh/ wkh sduwlflsdwlrq
udwh ri ydulrxv jurxsv zrxog suhvxpdeo| eh txlwh gl�huhqw li wkh fhqwudo lvvxh zdv
zhoiduh srolf| dv rssrvhg wr vrfldo vhfxulw|1 Wkdw wkh lghrorj| ri wkh phgldq yrwhu
idfhg e| d srolwlfldq lv dvvxphg wr eh lqghshqghqwo| glvwulexwhg dfurvv r!fhv lv dq
xquhdolvwlf dvvxpswlrq1 Iru h{dpsoh/ vxssrvh wkh X1V1 Krxvh ri Uhsuhvhqwdwlyhv lv d
ohyho � r!fh dqg wkh X1V1 Vhqdwh lv d ohyho � n � r!fh1 Wkhq wklv dvvxpswlrq vd|v
wkdw wkh suredelolw| glvwulexwlrq ryhu wkh lghrorj| ri wkh phgldq yrwhu iru wkh vwdwh 0
zklfk lv uhohydqw li rqh lv uxqqlqj iru wkh X1V1 Vhqdwh 0 lv wkh vdph uhjdugohvv ri wkh
lghrorj| ri wkh phgldq yrwhu iru d Frqjuhvvlrqdo glvwulfw lq wkdw vwdwh1 Lq uhdolw|/ zh
zrxog h{shfw wkhuh wr eh vrph srvlwlyh fruuhodwlrq1 Li d Krxvh glvwulfw lv frqvhuydwlyh
wkhq lw lv pruh olnho| wkdw wkh hqwluh vwdwh lv frqvhuydwlyh1 Wkh dvvxpswlrq ri lqgh0
shqghqfh ri wkh phgldq yrwhu*v lghrorj| dfurvv ohyhov ri r!fh lv pdgh iru vlpsolflw|1
Qrwh/ krzhyhu/ wkdw lw lv dq dvvxpswlrq wkdw eldvhv wkh prgho djdlqvw r!fh0vhhnhuv

wkh lghrorj| ri wkh phgldq yrwhu iru zhoo0lqiruphg yrwhuv1 Vxssrvh wkdw srruo|0lqiruphg yrwhuv
rqo| kdyh lqirupdwlrq dv wr fdqglgdwhv* fxuuhqw srvlwlrqv dqg wkdw d kljk shufhqwdjh ri yrwhuv duh
srruo|0lqiruphg zkloh zhoo0lqiruphg yrwhuv nqrz fdqglgdwhv* fxuuhqw dqg sdvw srvlwlrqv1 Li fxuuhqw
srvlwlrqv gl�hu wkhq wkh srruo|0lqiruphg yrwhuv ghwhuplqh wkh rxwfrph ri wkh hohfwlrq1 Krzhyhu/
li fxuuhqw srvlwlrqv duh wkh vdph wkhq wkhvh srruo|0lqiruphg yrwhuv fdqfho hdfk rwkhu dv wkh| vsolw
wkhlu yrwhv ehwzhhq wkh wzr fdqglgdwhv vlqfh wr wkhp wkh| dsshdu lghqwlfdo1 Lq wkdw fdvh wkh vzlqj
yrwhuv duh wkh zhoo0lqiruphg yrwhuv dqg wkhq d fdqglgdwhv* srolwlfdo sdvw ghwhuplqhv wkh rxwfrph ri
wkh hohfwlrq1
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orrnlqj olnh lghrorjxhv ehfdxvh lw pdnhv lw pruh olnho| wkdw d srolwlfldq zloo idfh dq
lghrorjlfdoo| gl�huhqw phgldq yrwhu dv kh uxqv iru d kljkhu r!fh wkdq li zh dvvxphg
d srvlwlyh fruuhodwlrq lq wkh lghrorj| ri phgldq yrwhuv dfurvv r!fhv1 Lq wkdw zh vkrz
krz surjuhvvlyh dpelwlrq dqg hohfwrudo vhohfwlrq fdq pdnh p|rslf r!fh0vhhnhuv orrn
olnh lghrorjxhv/ wkdw wkhuh lv qr fruuhodwlrq lq wkh srolf| suhihuhqfhv ri wkh phgldq
yrwhu dfurvv r!fhv pdnhv wkdw uhvxow pruh srzhuixo1

Dv dqrwkhu vlpsol�fdwlrq/ zh gr qrw h{solflwo| prgho wkh ghflvlrq wr uxq iru uh0
hohfwlrq/ uxq iru kljkhu r!fh/ ru h{lw srolwlfv143 Udwkhu zh dvvxph wkdw doo srolwlfldqv
duh dpelwlrxv dqg fkrrvh wr uxq iru kljkhu r!fh1 Krzhyhu/ rqh frxog doorz iru d
vwulfw vxevhw ri r!fh0kroghuv wr uxq iru kljkhu r!fh dv orqj dv wkh ghflvlrq wr gr vr lv
lqghshqghqw ri sdvw srolwlfdo srvlwlrqv1 Lq uhdolw|/ vxfk d ghflvlrq lv olnho| wr ghshqg
yhu| pxfk rq d srolwlfldq*v srolwlfdo sdvw exw prghoolqj wkdw surfhvv khuh zrxog eh
d vhulrxv frpsolfdwlrq1 Lq sduwlfxodu/ zh pljkw lpdjlqh wkdw wkrvh srolwlfldqv zkr
duh oxfn| hqrxjk wr kdyh uhpdlqhg lghrorjlfdoo| frqvlvwhqw zrxog uxq iru kljkhu r!fh
dw d kljkhu udwh lq wkdw wkh| duh lq d ehwwhu srvlwlrq wr vxffhhg1 Khqfh/ dvvxplqj/
dv zh gr khuh/ wkdw wkh ghflvlrq wr uxq lv lqghshqghqw ri rqh*v srolwlfdo sdvw eldvhv
wkh prgho djdlqvw �qglqj d vljql�fdqw shufhqwdjh ri kljk0ohyho r!fh0kroghuv ehlqj
lghrorjlfdoo| frqvlvwhqw1 Wkrxjk wklv dvvxpswlrq lv ghvfulswlyho| xquhdolvwlf/ lw vkrxog
qrw eldv rxu prgho wrzdug pdnlqj r!fh0vhhnhuv orrn olnh lghrorjxhv1

Wklv prgho lv d prgl�fdwlrq ri wkdw ghyhorshg lq Kduulqjwrq +4<<;,1 Lq wkdw
sdshu/ d klhudufklfdo v|vwhp lv suhvhqwhg lq zklfk djhqwv frpshwh iru dgydqfhphqw1
Djhqwv duh hqgrzhg zlwk ehkdylrudo uxohv zlwk vrph ehlqj uljlg +wkdw lv/ wkhlu eh0
kdylru grhv qrw uhvsrqg wr wkh hqylurqphqw, dqg rwkhuv ehlqj  h{leoh +wkdw lv/ wkh|
dozd|v vhohfw wkh p|rslfdoo| rswlpdo dfwlrq lq uhvsrqvh wr wkh hqylurqphqw,1 Wkh
pl{ ri uljlg dqg  h{leoh djhqwv dw kljk ohyhov ri wkh v|vwhp lv h{soruhg1

6 Surshuwlhv ri Kljk0Ohyho R!fh0Kroghuv
Zhzloo uhihu wr d srolwlfldq dv d olehudo +frqvhuydwlyh, lghrorjxh li kh kdv dozd|v fkrvhq
olehudo +frqvhuydwlyh, srvlwlrqv1 Krzhyhu/ wkdw kh lv dq lghrorjxh lv rqo| dssduhqw dv
uhfdoo wkdw doo srolwlfldqv duh p|rslf r!fh0vhhnhuv zkr dozd|v wdnh wkh srvlwlrq ri wkh
phgldq yrwhu1

Wkdw vrph srolwlfldqv/ lq vslwh ri ehlqj p|rslf r!fh0vhhnhuv/ vkrxog orrn olnh
lghrorjxhv lv wr eh h{shfwhg iru rxu prgho1 Wkhuh lv vrph suredelolw| wkdw d srolwlfldq
zloo eh oxfn| hqrxjk wkdw wkh lghrorj| ri klv phgldq yrwhu zloo qrw kdyh fkdqjhg zkloh
kroglqj d sduwlfxodu r!fh dqg prylqj ehwzhhq r!fhv1 Lqghhg/ wkh h{ dqwh suredelolw|
ri wkh phgldq yrwhu qrw fkdqjlqj dfurvv � ohyho ri r!fhv lv EK4�� n dE�� K� 4o� � Iru
uhdvrqdeoh ydoxhv ri 4/ Kc dqg �/ wklv lv/ ri frxuvh/ d udwkhu vpdoo shufhqwdjh ri
ohyho � r!fhv1 Lq wklv vhfwlrq/ zh vkrz wkdw wkh suhvhqfh ri r!fh0vhhnhuv zlwk wkh

43Iru dq hpslulfdo dqdo|vlv ri wklv ghflvlrq/ vhh Nlhzlhw dqg ]hqj +4<<6, dqg uhihuhqfhv flwhg
wkhuhlq1
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dsshdudqfh ri ehlqj lghrorjlfdo lv frqvlghudeo| pruh iuhtxhqw wkdq zkdw wkdw dqdo|vlv
vxjjhvwv1 Li wkh iuhtxhqf| zlwk zklfk wkh phgldq yrwhu lv olehudo lv vx!flhqwo| kljk
+wkdw lv/ K lv vx!flhqwo| kljk, dqg d yrwhu*v lghrorj| lv vx!flhqwo| shuvlvwhqw +wkdw
lv/ 4 lv vx!flhqwo| kljk, wkhq wkh sursruwlrq ri srolwlfldqv lq d ohyho � r!fh zkr duh
�lghrorjlfdo� lv erxqghg iurp ehorz e| d qxpehu zklfk lv lqghshqghqw ri �> wkdw lv/
lw lv lqghshqghqw ri krz kljk wkh r!fh lv lq wkh hohfwrudo klhudufk|1

Ohw s�
U ghqrwh wkh sursruwlrq ri ohyho � r!fh0kroghuv zkr kdyh mxvw frpsohwhg

wkhlu wlph lq wkdw r!fh dqg kdyh dozd|v vxssruwhg srvlwlrqv frqvlvwhqw zlwk lghrorj|
U 5 iuc�j> wkdw lv/ wkh| kdyh dozd|v idfhg d frqvwlwxhqf| lq zklfk wkh phgldq yrwhu*v
lghrorj| lv U� Wkhruhp 4 hvwdeolvkhv frqglwlrqv zkhuhe| wkh sursruwlrq ri srolwlfldqv
dw kljkhu r!fhv zkr orrn olnh olehudo lghrorjxhv lv erxqghg deryh }hur iru doo ohyhov
ri r!fh1 Qr pdwwhu krz pdq| ohyhov ri r!fh wkhuh duh lq wkh hohfwrudo v|vwhp/ wkhuh
lv d vljql�fdqw sursruwlrq ri srolwlfldqv zkr duh lghrorjlfdoo| frqvlvwhqw hyhq wkrxjk/
grzq ghhs/ wkh| duh vlpso| p|rslf r!fh0vhhnhuv1

Wkhruhp 4 Li K4 : �
2
wkhq s�

u : 2K43�
K4

iru doo ��

Surri = Iluvw qrwh wkdw s �u ' 4K dqg s �� ' 4 E�� K� � D sursruwlrq K ri srolwl0
fldqv idfh d olehudo phgldq yrwhu zkhq wkh| uxq iru wkhlu �uvw srolwlfdo r!fh zkloh
d sursruwlrq � � K kdyh d frqvhuydwlyh phgldq yrwhu1 Vlqfh d sursruwlrq 4 ri ohyho
4 r!fh0kroghuv zloo qrw h{shulhqfh d fkdqjh lq wkh lghrorj| ri wkhlu phgldq yrwhu/
zh wkhq kdyh s �u ' 4K dqg s�� ' 4 E�� K� � Qh{w qrwh wkdw zh fdq fkdudfwhul}h wkh
surjuhvvlrq ri wkhvh wzr w|shv ri lghrorjxhv xs wkh klhudufk| ri r!fhv dv d g|qdplfdo
v|vwhp=

s�n�
u ' 4

k�
s�
u

�2
Kn 2s�

u

�
�� s�

u

�
K
l

+4,

s�n�
� ' 4

k�
s�
�

�2
E�� K� n 2s�

�

�
�� s�

�

�
E�� K�

l
+5,

zkhuh �� s�n�
u � s�n�

� lv wkh sursruwlrq ri srolwlfldqv h{lwlqj d ohyho �n � r!fh zkr
kdyh/ gxulqj wkhlu srolwlfdo olihwlph/ vxssruwhg erwk olehudo dqg frqvhuydwlyh srolflhv1
H{dplqlqj +4,/ diwhu frpsohwlqj rqh*v wlph dw d ohyho � r!fh/ d sursruwlrq s�

u ri
doo vxfk srolwlfldqv zloo kdyh dozd|v hvsrxvhg olehudo srolflhv� Lq udqgrpo| pdwfklqj
djhqwv wr frpshwh iru d ohyho � n � r!fh/ d sursruwlrq

�
s�
u

�2
ri wkrvh pdwfklqjv

zloo pdwfk wzr srolwlfldqv zkrvh srvlwlrqv duh frqvlvwhqw zlwk d olehudo lghrorj|1 D
sursruwlrq K ri wkrvh pdwfklqjv zloo idfh d olehudo phgldq yrwhu +wkdw lv/ wkh phgldq
yrwhu dvvrfldwhg zlwk wkh frqvwlwxhqf| iru wkdw ohyho �n � r!fh, lq zklfk fdvh wkhvh
fdqglgdwhv zloo erwk wdnh olehudo srvlwlrqv1 Khqfh/ wkh zlqqlqj srolwlfldq zloo eh d
olehudo lghrorjxh +zklfk ri wkh wzr fdqglgdwhv zlqv lv lqghwhuplqdwh dqg/ iru rxu
sxusrvhv/ luuhohydqw,1 Wklv jlyhv xv wkh �uvw whup lq wkh eudfnhwv lq +4,1 D sursruwlrq
2s�

u

�
�� s�

u

�
ri doo pdwfklqjv zloo sdlu d olehudo lghrorjxh zlwk hlwkhu d frqvhuydwlyh

lghrorjxh ru d qrq0lghrorjxh +wkdw lv/ vrphrqh zkr kdv vxssruwhg erwk olehudo dqg

:



frqvhuydwlyh srvlwlrqv,1 Lq wkrvh pdwfklqjv/ d sursruwlrq K kdyh d olehudo phgldq yrwhu
lq zklfk fdvh wkh olehudo lghrorjxh zlqv e| yluwxh ri vxssruwlqj d olehudo sodwirup +dv
grhv klv rssrqhqw, dqg kdylqj d klvwru| zklfk lv pruh vxssruwlyh ri olehudo srvlwlrqv1
D sursruwlrq ��K ri wkrvh pdwfklqjv kdyh d frqvhuydwlyh phgldq yrwhu lq zklfk fdvh
wkh olehudo lghrorjxh vxssruwv d frqvhuydwlyh srvlwlrq dqg wkxv lv qr orqjhu d olehudo
lghrorjxh1 Zkhwkhu ru qrw kh zlqv lv wkhq luuhohydqw iru ghwhuplqlqj wkh qh{w ohyho*v
sursruwlrq ri olehudo lghrorjxhv1 Wklv jlyhv xv wkh vhfrqg whup lq wkh eudfnhwv lq +4,1
Wkh eudfnhwhg whupv duh wkhq wkh sursruwlrq ri hqwhulqj ohyho �n� r!fh0kroghuv zkr
duh olehudo lghrorjxhv1 Pxowlso|lqj lw e| 4 jlyhv xv wkh sursruwlrq ri h{lwlqj ohyho �n�
r!fh0kroghuv zkr duh olehudo lghrorjxhv1 Lq dq dqdorjrxv pdqqhu/ rqh fdq ghvfuleh
wkh ghulydwlrq ri +5,1

Iurp +4,0+5,/ zh fdq ghulyh=

{s�
u � s�n�

u � s�
u ' s�

u

�
E2K4� ��� K4s�

u

�
+6,

{s�
� � s�n�

� � s�
� ' s�

�

�
E2 E�� K� 4� ��� E�� K� 4s�

�

�
+7,

Lw lv vwudljkwiruzdug wkdw=

Li s�
u : f wkhq {s�

u ( f dv s�
u � 2K4� �

K4
+8,

Li s�
� : f wkhq {s�

� 	 f +9,

Uhfdoo wkdw s�u ' 4K dqg s �� ' 4 E�� K� � Iurp +9,/ lw iroorzv wkdw=

s�
� 	 4 E�� K� iru doo � � 2 dqg olp�<"s

�
� ' f +:,

Wxuqlqj wr +8,/ rqh fdq vkrz wkdw K : 2K43�
K4

vr wkdw s�u : 2K43�
K4

� Qh{w qrwh wkdw

{s�
u ' K4s�

u

��
2K4� �

K4

�
� s�

u

�
+;,

Vlqfh K4s�
u 5 Efc ��/ lw iroorzv=

Li s�
u :

2K4� �

K4
wkhq s�n�

u 5
�
2K4� �

K4
c s�

u

�
+<,

Zh frqfoxgh wkdw s�
u : 2K43�

K4
iru doo � dqg/ lq dgglwlrq/ olp�<"s

�
u ' 2K43�

K4
� �

Dq lqlwldo lqvshfwlrq ri wkh sureohp pljkw vxjjhvw wkdw wkh sursruwlrq ri srolwl0
fldqv zkr duh olehudo lghrorjxhv dw wkh hqg ri wkhlu wlph lq d ohyho � r!fh zrxog eh ri
rughu EK4�� zklfk lv wkh h{ dqwh suredelolw| wkdw d srolwlfldq zrxog kdyh rqo| idfhg
d olehudo frqvwlwxhqf|1 Zkdw wklv dqdo|vlv plvvhv/ krzhyhu/ lv wkh uroh dqg srzhu

;



ri hohfwrudo vhohfwlrq1 Lq wkdw lw lv dgydqwdjhrxv wr kdyh ehhq lghrorjlfdoo| frqvlv0
whqw 0 hyhu|wklqj hovh wkh vdph/ yrwhuv suhihu srolwlfldqv zkr kdyh vxssruwhg wkhlu
suhihuuhg srvlwlrqv lq wkh sdvw 0 vhohfwlrq zloo glvsursruwlrqdwho| vhohfw lghrorjlfdoo|
frqvlvwhqw srolwlfldqv1 Wklv vhohfwlrq dgydqwdjh r�vhwv wkh idfw wkdw lw lv lqfuhdvlqjo|
xqolnho|/ dv rqh pryhv xs/ wr kdyh idfhg wkh vdph w|sh ri phgldq yrwhu1 Wklv wkhq
vxjjhvwv wkdw wkh sursruwlrq ri olehudo lghrorjxhv dw ohyho � zloo h{fhhg EK4�� � Wkhr0
uhp 4 jrhv eh|rqg wkdw vwdwhphqw wr vd| wkdw wkh sursruwlrq ri srolwlfldqv zkr duh
olehudo lghrorjxhv lv qrw rqo| juhdwhu wkdq EK4�� exw lv ri dq rughu zklfk lv lqghshq0
ghqw ri wkh qxpehu ri ohyhov lq wkdw lw lv erxqghg iurp ehorz e| 2K43�

K4
+zklfk grhv

qrw ghshqg rq �,� Wkrxjk wkh sursruwlrq ri frqvhuydwlyh lghrorjxhv lv qrw erxqghg
deryh }hur/ wkh sursruwlrq lv w|slfdoo| frqvlghudeo| kljkhu wkdq dE�� K� 4o� c dv hv0
wdeolvkhg wkurxjk qxphulfdo dqdo|vlv� Wklv lv vkrzq ehorz lq Wdeohv 4 dqg 5 iru
E4c K� 5 iE�bc �S� c E�c �DD�j � Zkhq E4c K� ' E�bc �S� c 5<( ri ohyho 8 r!fh0kroghuv duh ole0
hudo lghrorjxhv zkloh 916( duh frqvhuydwlyh lghrorjxhv1 Wklv lv wr eh frpsduhg zlwk
zkdw udqgrp fkdqfh suhglfwv zklfk lv wkdw rqo| 719( ri vxfk srolwlfldqv duh olehudo
lghrorjxhv dqg mxvw d olwwoh deryh �

2
ri 4( duh frqvhuydwlyh lghrorjxhv1

Wdeoh 4= E4cK�'E�bc�S�

� s�
u s�

� EK4�� dE�� K� 4o�

4 1873 1693 1873 1693
5 1759 1546 15<5 1463
6 1695 146: 148: 137:
7 1653 13<5 13;8 134:
8 15<3 1396 1379 1339
9 159; 1377 1358 1335
: 1584 1364 1346 1333;
; 156: 1355 133: 13336
< 1559 1349 1337 13334
43 1549 1344 1335 133337

Wdeoh 5= E4cK�'E�c�DD�

� s�
u s�

� EK4�� dE�� K� 4o�

4 1883 1783 1883 1783
5 176< 1647 1636 1536
6 16:: 156; 1499 13<4
7 1669 14;< 13<5 1374
8 163; 1487 1383 134;
9 15;9 145; 135; 133;
: 15:3 143; 1348 1337
; 158: 13<5 133; 1335
< 1579 13:< 1338 1333;
43 156; 139; 1336 13336

Zkhq K4 	 �
2
wkhq wkh sursruwlrq ri lghrorjxhv 0 erwk olehudo dqg frqvhuydwlyh 0 jr

wr }hur dv wkh ohyho ehfrphv duelwudulo| kljk144 Krzhyhu/ hyhq lq wklv fdvh/ wkh sursru0
wlrq ri lghrorjxhv dw wkh hqg ri ohyho � lv frqvlghudeo| kljkhu wkdq EK4�� n dE�� K� 4o�

dv vkrzq lq Wdeohv 6 dqg 7 iru E4c K� 5 iE�Hc �D� c E�bc �D�j1 Wkhuh lv d frqvlghudeoh
glvsdulw| ehwzhhq zkdw sxuh fkdqfh suhglfwv dqg zkdw vhohfwlrq surgxfhv1 Iru h{dp0
soh/ zkhq E4c K� ' E�Hc �D� c wkh h{ dqwh suredelolw| ri wkh phgldq yrwhu qrw fkdqjlqj
dfurvv �yh ohyho ri r!fhv lv rqo| 5(1 \hw doprvw 53( ri r!fh0kroghuv dw wkdw ohyho

44Lw lv lpsruwdqw wr uhphpehu wkdw zh duh dvvxplqj e 5 �
4

5
> 4
�
= Li zh ohw e ? 4

5
dqg li +4� e, � A 4

5

wkhq wkhuh zrxog eh dq dqdorjrxv vwdwhphqw wr Wkhruhp 4 exw zlwk wkh sursruwlrq ri frqvhuydwlyh
lghrorjxhv ehlqj erxqghg deryh }hur dqg wkh sursruwlrq ri olehudo lghrorjxhv jrlqj wr }hur dv
k $ 41 Wkxv/ li e� ? �� 4

5
+zklfk lv qhfhvvdulo| ohvv wkdq 4

5
, wkhq wkh sursruwlrq ri lghrorjxhv lv

dovr erxqghg deryh }hur1

<



duh lghrorjlfdoo| frqvlvwhqw1 Lq wklv pdqqhu/ vhohfwlrq ri wkh �wwhvw +ru oxfnlhvw, lq wkh
srolwlfdo duhqd pdnhv wkh xqolnho| olnho|1

Wdeoh 6= E4cK�'E�Hc�D�

� s�
u n s�

� EK4�� n dE�� K� 4o�

4 1;33 1;33
5 1845 1653
6 168: 145;
7 1593 1384
8 14<8 1353
9 147; 1343
: 1447 13365
; 13;< 13347
< 139< 13339
43 1388 13335

Wdeoh 7= E4cK�'E�bc�D�

� s�
u n s�

� EK4�� n dE�� K� 4o�

4 1<33 1<33
5 195; 1738
6 17:9 14;5
7 16:; 13;5
8 163; 136:
9 1589 134:
: 1548 133:8
; 14;6 13367
< 148; 13348
43 1469 1333:

7 Frqfoxglqj Uhpdunv

Rxu prgho kdv vhyhudo nh| ihdwxuhv1 Iluvw/ wkh hohfwrudo v|vwhp lv shufhlyhg dv d
klhudufk| ri r!fhv1 Vhfrqg/ srolwlfldqv duh dpelwlrxv wkrxjk p|rslf r!fh0vhhnhuv1
P|rslf r!fh0vhhnlqj wdnhv wkh irup ri dozd|v vxssruwlqj wkh srvlwlrqv ri wkh fxuuhqw
phgldq yrwhu1 Srolwlfldqv duh dpelwlrxv lq wkh vhqvh wkdw wkh| frqwlqxdoo| vwulyh iru
kljkhu r!fh1 Wklug/ yrwhuv qrw rqo| fduh derxw zkdw srolflhv fdqglgdwhv duh fxuuhqwo|
hvsrxvlqj exw dovr zkdw srvlwlrqv wkh| kdyh wdnhq lq wkh sdvw1 Vshfl�fdoo|/ li wzr
fdqglgdwhv erwk vxssruw srolflhv frqvlvwhqw zlwk wkh yrwhu*v lghrorj|/ wkh yrwhu suhihuv
wkh rqh zkrvh sdvw srvlwlrqv duh pruh frqvlvwhqw zlwk wkdw lghrorj|1 Lq vslwh ri doo
srolwlfldqv fdulqj rqo| derxw kroglqj r!fh dqg kdylqj vkruw krul}rqv/ zh vkrz wkdw
wkhuh lv d vljql�fdqw shufhqwdjh ri kljk0ohyho r!fh0kroghuv zkr orrn olnh lghrorjxhv
lq wkdw wkhlu fxuuhqw dqg sdvw srvlwlrqv duh lghrorjlfdoo| frqvlvwhqw1

Wkh srlqw ri wklv uhvxow lv qrw wr dujxh wkdw doo lghrorjxhv duh r!fh0vhhnhuv lq
glvjxlvh1 Zh eholhyh wkdw wkhuh duh wuxh lghrorjxhv +dv duwlfxodwhg/ iru h{dpsoh/ lq
Zlogdyvn|/ 4<98,1 Udwkhu/ wkh frqwulexwlrq ri wklv uhvxow lv lq hvwdeolvklqj krz wkh
hohfwrudo vhohfwlrq surfhvv lv eldvhg wr surgxflqj lghrorjlfdoo| frqvlvwhqw srolwlfldqv/
wr pdnlqj wkh xqolnho| hyhqw ri dq r!fh0vhhnhu orrnlqj olnh dq lghrorjxh olnho|1 Iru
wklv uhdvrq/ wkhuh pd| eh d whqghqf| wr ryhuhvwlpdwh wkh h{whqw wr zklfk lghrorjxhv
duh uhdoo| suhvhqw dprqj vxffhvvixo srolwlfldqv1

Lq frqfoxglqj/ ohw xv qrwh d kljko| vshfxodwlyh wkrxjk srwhqwldoo| lqwhuhvwlqj lp0
solfdwlrq ri rxu dqdo|vlv1 Lq rxu prgho/ lw zdv dvvxphg wkdw srolwlfldqv ehjdq zlwk
wkh remhfwlyh ri kroglqj r!fh dqg qhyhu yhhuhg iurp wkdw remhfwlyh1 Krzhyhu/ li/
e| yluwxh ri surjuhvvlyh dpelwlrq dqg wkh pdqqhu lq zklfk kljk0ohyho r!fh0kroghuv
duh vhohfwhg/ d srolwlfldq �qgv khuvhoi frqvlvwhqwo| hvsrxvlqj wkh vdph lghrorj| ryhu d
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orqj shulrg ri wlph/ wklv surfhvv ri wu|lqj wr frqylqfh rwkhuv dv wr wkh fruuhfwqhvv ri
d sduwlfxodu lghrorj| pd| frqylqfh wkh srolwlfldq khuvhoi1 Lw pd| eh gl!fxow wr frq0
wlqxh wr sodfh olwwoh zhljkw rq zkdw srolflhv duh lpsohphqwhg zkhq rqh lv frqwlqxdoo|
duwlfxodwlqj dqg dujxlqj dv wr wkh dssursuldwhqhvv ri d sduwlfxodu lghrorjlfdo ylhz1
Wkhuh pd| eh fhuwdlq frjqlwlyh surfhvvhv wkdw fdxvh vxvwdlqhg h{whuqdo vxssruw iru
fhuwdlq ylhzv wr eh lqwhuqdol}hg vr wkdw rqh frphv wr lqwulqvlfdoo| fduh derxw wkrvh
srvlwlrqv1 Li vr/ wkhq surjuhvvlyh dpelwlrq dqg hohfwrudo vhohfwlrq pd| qrw rqo| fuhdwh
srolwlfldqv zkr orrn olnh lghrorjxhv exw zkr wuxo| duh lghrorjxhv1
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Uhihuhqfhv
^4` Ehuqkdugw/ P1 Gdqlho dqg Gdqlho H1 Lqjehupdq/ �Fdqglgdwh Uhsxwdwlrqv dqg

wkh cLqfxpehqf| H�hfw*/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 5: +4<;8,/ 7:09:1

^5` Eorpehuj/ V1 Eurfn dqg Mrvhsk H1 Kduulqjwrq/ Mu1/ �D Wkhru| ri Uljlg H{wuhp0
lvwv dqg Ioh{leoh Prghudwhv zlwk dq Dssolfdwlrq wr wkh X1V1 Frqjuhvv/� Wkh
Mrkqv Krsnlqv Xqlyhuvlw|/ pdqxvfulsw/ Pdufk 4<<8 / Uhylvhg Rfwrehu 4<<:1

^6` Fdoyhuw/ Udqgdoo/ �Urexvwqhvv ri wkh Pxowl0Glphqvlrqdo Yrwlqj Prgho= Fdqgl0
gdwh Prwlydwlrqv/ Xqfhuwdlqw| dqg Frqyhujhqfh/� Dphulfdq Mrxuqdo ri Srolwlfdo
Vflhqfh/ 5< +4<;8,/ 9<0<81

^7` Grzqv/ Dqwkrq|/ Dq Hfrqrplf Wkhru| ri Ghprfudf|/ Qhz \run= Kdushu dqg
Urz/ 4<8:1

^8` Kduulqjwrq/ Mrvhsk H1 Mu1/ �Wkh Vrfldo Vhohfwlrq ri Ioh{leoh dqg Uljlg Djhqwv/�
Dphulfdq Hfrqrplf Uhylhz/ ;; +4<<;,/ 960;51

^9` Nlhzlhw/ G1 Urghulfn dqg Odqjfkh ]hqj/ �Dq Dqdo|vlv ri Frqjuhvvlrqdo Fduhhu
Ghflvlrqv/ 4<7:04<;9/� Dphulfdq Srolwlfdo Vflhqfh Uhylhz/ ;: +4<<6,/ <5;0<741
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ri Srolwlfv/ 65 +4<:3,/ 896089<1

^;` Vfkohvlqjhu/ Mrvhsk D1/ Dpelwlrq dqg Srolwlfv= Srolwlfdo Fduhhuv lq wkh Xqlwhg
Vwdwhv/ Fklfdjr= Udqg PfQdoo|/ 4<991

^<` Zlogdyvn|/ Ddurq/ �Wkh Jrogzdwhu Skhqrphqrq= Sxulvwv/ Srolwlfldqv/ dqg wkh
Wzr0Sduw| V|vwhp/� Uhylhz ri Srolwlfv/ 5: +4<98,/ 6;907461

^43` Zlwwpdq/ Grqdog/ �Fdqglgdwhv zlwk Srolf| Suhihuhqfhv= D G|qdplf Prgho/�
Mrxuqdo ri Hfrqrplf Wkhru|/ 47 +4<::,/ 4;304;<1

^44` Zlwwpdq/ Grqdog/ �Fdqglgdwh Prwlydwlrq= D V|qwkhvlv ri Dowhuqdwlyh Wkhrulhv/�
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