
Ilqdqflqj Sxeolf Jrrgv e| Phdqv ri Orwwhulhv

Mrkq Prujdq�

Sulqfhwrq Xqlyhuvlw|

Rfwrehu 4/ 4<<8
Wklv Uhylvlrq = Mxqh 4<<:|

Devwudfw

Zkhq ylhzhg dv wd{hv/ orwwhulhv duh urxwlqho| fulwlfl}hg dv ehlqj erwk lq0

htxlwdeoh dqg lqh!flhqw1 Exw lv wklv dq hqwluho| idlu frpsdulvrqB Iuhtxhqwo|

orwwhulhv duh xvhg lq olhx ri yroxqwdu| frqwulexwlrqv e| sulydwh fkdulwlhv dqg

jryhuqphqwv zkhq wd{hv duh qrw ihdvleoh1 Lq wklv sdshu/ d prgho ri htxloleulxp

zdjhulqj ehkdylru lq orwwhulhv/ zkrvh surfhhgv zloo eh xvhg wr ixqg d sxeolf

jrrg/ lv frqvlghuhg1 Uhodwlyh wr yroxqwdu| frqwulexwlrqv/ zdjhuv lq wkh xqltxh

orwwhu| htxloleulxp +d, lqfuhdvh wkh surylvlrq ri wkh sxeolf jrrg/ +e, duh zhoiduh

lpsurylqj/ dqg +f, surylgh ohyhov ri wkh sxeolf jrrg forvh wr �uvw0ehvw dv wkh

orwwhu| sul}h lqfuhdvhv1

MHO Fodvvl�fdwlrq+v,= G77/ K74

Nh|zrugv= Sxeolf Jrrgv/ Orwwhulhv

�Prujdq= Zrrgurz Zlovrq Vfkrro/ Urehuwvrq Kdoo/ Sulqfhwrq/ QM 3;8771 h0pdlo= umpru0

jdqCsulqfhwrq1hgx
|Wkh dxwkru zlvkhv wr wkdqn Plnh Ed|h/ Nhlwk Furfnhu/ Ndod Nulvkqd/ Ylmd| Nulvkqd/ dqg wkh

sduwlflsdqwv ri wkh zrunvkrsv dw Kduydug/ Shqq Vwdwh/ Sulqfhwrq/ dqg Wrxorxvh iru khosixo frpphqwv1

Vshfldo wkdqnv wr Khdwkhu Prujdq iru khu sdwlhqfh dqg lqvljkw1
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4 Lqwurgxfwlrq

Iru pruh wkdq 833 |hduv/ jryhuqphqwv/ sulydwh fkdulwlhv/ dqg flylf jurxsv kdyh wxuqhg
wr orwwhulhv dv d phdqv ri �qdqflqj sxeolf jrrgv1 Wklv/ ghvslwh wkh idfw wkdw/ ryhu wkh
vdph vsdq/ dowhuqdwlyhv wr wkh xvh ri orwwhulhv ehfdph fkhdshu/ pruh vrsklvwlfdwhg/
dqg pruh h!flhqw1 Jryhuqphqwv ghylvhg vljql�fdqwo| pruh h�hfwlyh phwkrgv ri wd{
froohfwlrq dqg gh�flw �qdqflqj/ zkloh sulydwh fkdulwlhv ehqh�whg iurp dgydqfhv lq
pdunhwlqj dqg frppxqlfdwlrqv/ zklfk rshqhg pdq| qhz fkdqqhov iru ixqg0udlvlqj1
Wrgd| joredo orwwhu| uhyhqxhv dprxqw wr ':8 eloolrq dqqxdoo|1 E| dq| vwdqgdug/
orwwhulhv duh d kxjh lqgxvwu| dqg vkrz qr vljqv ri ehlqj frpsohwho| xvxushg lq idyru
ri rwkhu phwkrgv ri �qdqflqj sxeolf jrrgv1 Lq fxuuhqw hfrqrplf uhvhdufk/ krzhyhu/
wkhuh uhpdlqv h{whqvlyh ghedwh derxw erwk wkh htxlw| +vhh Frrn dqg Forwihowhu ^:` dqg
Ndufkhu ^56`, dqg h!flhqf| +vhh Eruj dqg Pdvrq ^8` dqg Jxooh| dqg Vfrww ^4;`, ri
orwwhulhv dv ixqg0udlvlqj lqvwuxphqwv1 Pxfk ri wkh dqdo|vlv ri wkhvh txhvwlrqv h{dplqhv
orwwhulhv uhodwlyh wr rwkhu wd{ lqvwuxphqwv1 E| wklv fulwhuld/ uhvhdufkhuv kdyh odujho|
frqfoxghg wkdw/ ylhzhg dv wd{ lqvwuxphqwv/ orwwhulhv gr qrw dsshdu wr eh d sduwlfxoduo|
htxlwdeoh ru h�hfwlyh phdqv ri uhyhqxh jhqhudwlrq1

Exw lv wklv dq hqwluho| idlu frpsdulvrqB Orwwhulhv duh riwhq khog e| sulydwh fkdulwlhv
odfnlqj wd{ srzhu1 Fxuuhqwo| lq Eulwdlq/ sulydwh fkdulwlhv udlvh derxw ;( +ru Â833
ploolrq, ri wkhlu lqfrph wkurxjk orwwhulhv14 Lq wkh XV lq 4<<5/ dprqj 59 uhsruwlqj
vwdwhv/ derxw '9 eloolrq zdv udlvhg e| sulydwh fkdulwlhv wkurxjk orwwhulhv15 Dprqj vwdwh
jryhuqphqwv/ ohjdo uhvwulfwlrqv vxfk dv Sursrvlwlrq 46 lq Fdoliruqld dqg wkh Khdgohh
Dphqgphqw lq Plfkljdq dv zhoo dv srsxodu uhvlvwdqfh wr wd{ lqfuhdvhv ri dq| vruw
sodfh erwk gh mxuh dv zhoo dv gh idfwr olplwdwlrqv rq wkh wd{dwlrq vfkhphv dydlodeoh
wr vwdwhv zlvklqj wr lqfuhdvh uhyhqxhv1 Wkxv/ orwwhulhv pd| qrw eh d vxevwlwxwh iru
frq�vfdwru| wd{ vfkhphv zkhq wkhvh duh srolwlfdoo| ihdvleoh> udwkhu/ orwwhulhv duh riwhq
xvhg lq olhx ri rwkhu yroxqwdu| frqwulexwlrq vfkhphv1

Klvwrulfdoo|/ wklv kdv dovr ehhq wkh fdvh1 Wkh txrwh ehorz ghvfulehv dxwkrul}dwlrq
ri frorqldo orwwhulhv e| vwdwh jryhuqphqwv1

Dv d uxoh ^wkh dxwkrul}dwlrq ri orwwhulhv` iroorzhg d gh�qlwh sdwwhuq1 Jhq0
hudoo| vrph jurxs ri flwl}hqv zrxog ihho wkh qhhg iru dq lpsuryhphqw
wkdw frxog qrw eh �qdqfhg uhdglo| e| yroxqwdu| frqwulexwlrqv1 Wkh| wkhq
shwlwlrqhg wkh Jhqhudo Dvvhpeo| iru shuplvvlrq wr vhw xs d orwwhu|> wkh
ohjlvodwxuh/ xqzloolqj wr ohy| qhz wd{hv/ dxwkrul}hg lw/ dqg hvwdeolvkhg wkh
uxohv iru wkh gudzlqj1 +H}hoo ^47`/ s1 631,

Ylhzhg lq wklv oljkw/ d pxfk gl�huhqw vhw ri txhvwlrqv derxw wkh shuirupdqfh ri
orwwhulhv lv vxjjhvwhg= Duh orwwhulhv pruh h�hfwlyh dw �qdqflqj sxeolf jrrgv wkdq rwkhu
yroxqwdu| vfkhphvB Li vr/ krz pxfk pruh h�hfwlyh duh wkh|B Fdq orwwhulhv eh xvhg wr

4Grxjodv ^46`/ Wdeoh LY/ s1 ;:1
5Grxjodv ^46`/ s1 68:1 Vlqfh rqo| 59 vwdwhv uhsruw uhyhqxhv iurp fkdulwdeoh jdpeolqj/ wkh '9

eloolrq uhsuhvhqwv d vxevwdqwldo xqghuhvwlpdwh ri wkh vl}h ri wkh skhqrphqrq1
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�qdqfh xqghvludeoh sxeolf jrrgvB Lv lw �luudwlrqdo� wr sduwlflsdwh lq d orwwhu|B Wkhvh
txhvwlrqv irup wkh fhqwudo irfxv ri wkh sdshu1

D prgho ri htxloleulxp zdjhulqj ehkdylru lq orwwhulhv zkrvh surfhhgv +qhw ri sul}h
dprxqwv, duh ehlqj xvhg wr �qdqfh d sxeolf jrrg lv frqvlghuhg1 Wkh djhqwv fkrrvlqj
wr sduwlflsdwh +ru qrw, lq wkh orwwhu| duh dvvxphg wr eh ixoo| udwlrqdo dqg ulvn0qhxwudo
lq zhdowk1 Lq vxfk dq hqylurqphqw/ orwwhulhv duh vkrzq wr eh dq h�hfwlyh phdqv ri
�qdqflqj sxeolf jrrgv uhodwlyh wr rwkhu frpprqo| xvhg yroxqwdu| phfkdqlvpv lq d
ydulhw| ri zd|v1 Suhflvho| krz orwwhulhv duh h�hfwlyh zloo eh pdgh fohdu ehorz1

Ryhufrplqj wkh Iuhh Ulghu Sureohp

Lq wklv sdshu/ orwwhulhv duh ylhzhg dv d sudfwlfdo phdqv ri wu|lqj wr ryhufrph wkh
iuhh ulghu sureohp lq wkh ghfhqwudol}hg doorfdwlrq ri sxeolf jrrgv1 Lw lv zhoo nqrzq
wkdw vlpso| dvnlqj hdfk djhqw lq dq hfrqrp| wr frqwulexwh wr wkh sxeolf jrrg jhqhu0
doo| uhvxowv lq wkh xqghusurylvlrq ri wkh sxeolf jrrg uhodwlyh wr �uvw0ehvw ohyhov +vhh
Ehujvwrp/ Eoxph/ dqg Yduldq ^5` dqg Dqguhrql ^4`/ iru h{dpsoh,1 D zlgh ydulhw|
ri vroxwlrqv kdyh ehhq r�huhg iru wklv sureohp +vhh Prruh ^59`,1 Iru lqvwdqfh/ wkh
phfkdqlvpv vxjjhvwhg e| Juryhv ^49`/ Juryhv dqg Ohg|dug ^4:`/ Zdonhu ^64`/ dqg
G*Dvsuhprqw dqg Jhudug0Yduhw ^43` doo lpsohphqw �uvw0ehvw sxeolf jrrgv doorfdwlrqv
xqghu d ydulhw| ri lqirupdwlrq dqg htxloleulxp dvvxpswlrqv1 Wkxv/ sxuho| dv d wkh0
ruhwlfdo h{huflvh/ wkh ghfhqwudol}hg sxeolf jrrgv surylvlrq sureohp kdv odujho| ehhq
vroyhg1 Qrqhwkhohvv/ prvw ri wkhvh vfkhphv uhtxluh vrph wd{ ru wudqvihu srzhu rq wkh
sduw ri wkh rujdql}dwlrq surylglqj wkh sxeolf jrrg/ zklfk pljkw suryh sureohpdwlf
iru rujdql}dwlrqv zlwk olplwhg delolw| wr lpsrvh wd{hv vxfk dv fkdulwlhv/ flylf jurxsv/
ru lq sxeolf eurdgfdvwlqj1 Vxfk vfkhphv dovr uho| rq wkh frjqlwlyh delolw| ri frq0
vxphuv wr sod| wkh htxloleulxp vwudwhj|1 Krzhyhu/ lq oderudwru| vhwwlqjv/ frqvxphuv
urxwlqho| idlo wr sod| grplqdqw htxloleulxp vwudwhjlhv hyhq iru vlpsoh phfkdqlvpv
vxfk dv vhfrqg0sulfh vhdohg elg dxfwlrqv +vhh Gdylv dqg Krow ^44`/ s1 5;7,1 Ilqdoo|/
wkhvh phfkdqlvpv lqyroyh kdylqj lqglylgxdov glvforvh wkhlu ydoxh +zloolqjqhvv wr sd|,
iru wkh sxeolf jrrg1 Xqghu lqfhqwlyh frpsdwleoh vfkhphv/ vxfk frqwlqjhqw ydoxdwlrqv
pd| qrw eh lqyduldqw wr iudplqj h�hfwv +vhh Ndkqhpdq/ Nqhwvfk/ dqg Wkdohu ^55`,
dqg khqfh qrw hqwluho| vdwlvidfwru| lq ghwhuplqlqj sxeolf jrrgv doorfdwlrqv1 Shukdsv
iru wkhvh uhdvrqv/ vxfk phfkdqlvpv dsshdu wr eh vhogrp hpsor|hg lq sudfwlfh1

Lq frqwudvw/ orwwhulhv frqwlqxh wr eh d srsxodu dqg zlghvsuhdg ghfhqwudol}hg phfk0
dqlvp iru �qdqflqj sxeolf jrrgv1 Wkxv/ d prgho kljkoljkwlqj wkh vwuhqjwkv dqg zhdn0
qhvvhv ri wkh orwwhu| �phfkdqlvp� zrxog vhhp wr eh ri lqkhuhqw lqwhuhvw ghvslwh wkh
idfw wkdw wkh iuhh ulghu sureohp kdv/ dujxdeo|/ ehhq vroyhg1 Lq wkh dqdo|vlv ehorz/
wkh htxloleulxp surshuwlhv ri orwwhulhv duh frqwudvwhg zlwk rwkhu frpprqo| xvhg yro0
xqwdu| vfkhphv1 Lw lv vkrzq wkdw uhodwlyh wr wkh vwdqgdug yroxqwdu| frqwulexwlrqv
phfkdqlvp/ orwwhulhv +d, lqfuhdvh wkh surylvlrq ri wkh sxeolf jrrg> +e, duh zhoiduh
lpsurylqj > dqg +f, surylgh ohyhov ri wkh sxeolf jrrg forvh wr �uvw0ehvw dv wkh vl}h ri
wkh orwwhu| sul}h lqfuhdvhv1

Wkhuh duh erwk srvlwlyh dqg qrupdwlyh dvshfwv wr wkh uhvxowv ri wkh sdshu1 Rq
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d srvlwlyh ohyho/ wkh sdshu surylghv d irupdo prgho zklfk h{sodlqv wkh ixqg0udlvlqj
fdsdelolwlhv ri orwwhulhv lq d vrflhw| frqvlvwlqj ri ulvn0qhxwudo/ qrq0dowuxlvwlf h{shfwhg
xwlolw| pd{lpl}huv�dq hqylurqphqw zkhuh rqh pljkw qrw h{shfw orwwhulhv wr  rxulvk1
Rq d qrupdwlyh ohyho/ wkh �qglqj wkdw fhuwdlq w|shv ri orwwhulhv dfw wr doohyldwh/ wkrxjk
qrw holplqdwh/ wkh iuhh ulghu sureohp lq ixqglqj sxeolf jrrgv yroxqwdulo| vxjjhvwv wkhlu
xvhixoqhvv lq ixqg0udlvlqj1

Vrph fduh lv uhtxluhg lq wkhvh lqwhusuhwdwlrqv1 Wkh dvvxpswlrqv ri wkh irupdo
prgho vhuyh wr kljkoljkw wkh uroh ri wkh olqn ehwzhhq orwwhulhv dqg sxeolf jrrgv1
Rxu lqwhqwlrq lv qrw wr uxoh rxw rwkhu h{sodqdwlrqv ri orwwhu| sod| +vxfk dv ulvn0
suhihuhqfh edvhg dujxphqwv, ru yroxqwdu| jlylqj +vxfk dv rwkhu0uhjduglqj suhihu0
hqfhv,/ exw udwkhu wr irfxv rq dvshfwv ri wkh orwwhu| phfkdqlvp xqltxh wr sxeolf
jrrgv surylvlrq urohv ri vwdwh uxq dqg fkdulwdeoh orwwhulhv1 Vshfl�fdoo|/ zh vkrz wkdw
orwwhulhv lqwurgxfh d idyrudeoh frpshqvdwlqj h{whuqdolw| vhuylqj wr dpholrudwh wkh iuhh
ulghu sureohp= dq h�hfw zklfk/ wr rxu nqrzohgjh/ kdv qrw suhylrxvo| ehhq frqvlghuhg
lq wklv olwhudwxuh1

Olqnlqj Orwwhulhv dqg Sxeolf Jrrgv

Vlqfh wkh olqn ehwzhhq wkh orwwhu| dqg wkh surylvlrq ri vrph sxeolf jrrg lv fuxfldo
wr wkh uhvxowv kljkoljkwhg lq wkh sdshu/ lw lv shukdsv xvhixo wr eulh | frqvlghu wkh
klvwru| ri orwwhulhv/ kljkoljkwlqj wkh frqqhfwlrq ehwzhhq orwwhulhv dqg sxeolf jrrgv1

Lq wkh 48wk fhqwxu|/ idfhg zlwk wkh uhshdwhg suhgdwlrqv ri wkh Kxqguhg \hduv Zdu/
Iuhqfk wrzqv lq Exujxqg| dqg Iodqghuv lqwurgxfhg wkh �uvw Hxurshdq orwwhulhv dv d
phdqv ri sd|lqj iru pxfk qhhghg iruwl�fdwlrqv1 E| 486</ wkh Iuhqfk prqdufk|/ rq
wkh eulqn ri edqnuxswf|/ dxwkrul}hg d �orwhulh� wr udlvh ixqgv iru d eulgjh frqqhfwlqj
wkh Orxyuh dqg wkh Idxeruj Vw1 Jhupdlq1 Wklv suryhg vr h�hfwlyh wkdw dgglwlrqdo
orwwhulhv zhuh vxevhtxhqwo| lqvwlwxwhg wr sd| iru ghihqvh frvwv lq wkh uholjlrxv zduv
sodjxlqj Iudqfh dw wkdw wlph1 Olnhzlvh lq Hqjodqg/ orwwhulhv zhuh xvhg wr �qdqfh
frorql}dwlrq h�ruwv e| wkh Ylujlqld Frpsdq| dqg wr �qdqfh fdslwdo lpsuryhphqwv/
vxfk dv eulgjhv dqg dtxhgxfwv/ iru wkh flw| ri Orqgrq16

Orwwhulhv iru �qdqflqj sxeolf jrrgv dovr suryhg h{wuhpho| srsxodu lq frorqldo
Dphulfd1 Lq wkh shulrg 4:7704::7/ orwwhulhv zhuh dxwkrul}hg wr exlog urdgv dqg
eulgjhv/ iruwli| flwlhv/ frqvwuxfw kdueruv dqg zkduyhv/ dqg hvwdeolvk vfkrrov1 Lq Vdqg|
Krrn dqg Qhz Orqgrq/ orwwhulhv zhuh dovr xvhg wr exlog oljkwkrxvhv/ wkh txlqwhvvhqwldo
sxeolf jrrg1 Gxulqj wkh Dphulfdq Uhyroxwlrq/ idfhg zlwk wkh yluwxdo lpsrvvlelolw|
ri h�hfwlyh wd{ froohfwlrq/ wkh Frqwlqhqwdo Frqjuhvv wxuqhg wr orwwhulhv dv d phdqv ri
udlvlqj pruh wkdq rqh ploolrq grooduv iru wkh wurrsv lq wkh �hog1 Wkurxjkrxw wkh qlqh0
whhqwk fhqwxu|/ orwwhulhv dqg ud"hv zhuh xvhg h{whqvlyho| e| vrxwkhuq vwdwhv wr �qdqfh
lqiudvwuxfwxuh lpsuryhphqwv dqg/ iroorzlqj wkh Flylo Zdu/ uhfrqvwuxfwlrq h�ruwv17

Fxuuhqwo|/ vwdwh0uxq orwwhulhv duh rshudwhg lq 69 XV vwdwhv dqg wkh Glvwulfw ri
Froxpeld1 Lq �vfdo |hdu 4<<8/ uhyhqxhv iurp wkhvh dprxqwhg wr mxvw xqghu '65

6H}hoo ^47`/ ss1 40441
7H}hoo ^47`/ ss1 5<08<1
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eloolrq/ derxw '4: eloolrq ri zklfk uhsuhvhqwhg surfhhgv ri wkh orwwhu| lq h{fhvv ri
sul}hv dqg dgplqlvwudwlyh frvwv18 Ri wklv dprxqw/ pruh wkdq kdoi zdv xvhg wr ixqg
hgxfdwlrq/ zkloh pxfk ri wkh uhpdlqghu zdv xvhg wr ixqg rwkhu sxeolf jrrgv vxfk
dv xuedq uhqhzdo/ lqiudvwuxfwxuh ghyhorsphqw/ dqg hqylurqphqwdo suhvhuydwlrq19 Lq
vkruw/ vwdwh0vsrqvruhg orwwhulhv duh vwloo +prvwo|, ehlqj xvhg wr ixqg sxeolf jrrgv1

Exw grhv wkh olqn ehwzhhq orwwhulhv dqg sxeolf jrrgv d�hfw wlfnhw vdohvB Zkloh qr
gh�qlwlyh vwxg| h{lvwv/ hylghqfh iurp vhyhudo vrxufhv vhhpv wr vxjjhvw wkdw lw pljkw1
Iluvw/ wkh shufhlyhg lpsruwdqfh ri olqnlqj wkh surfhhgv ri d orwwhu| zlwk ixqglqj vrph
sxeolf jrrg lv ghprqvwudwhg e| wkh idfw wkdw 54 ri 69 orwwhu| vwdwhv h{solflwo| hdupdun
wkh surfhhgv ri orwwhulhv wr vxssruw fhuwdlq w|shv ri sxeolf jrrgv1: Iru lqvwdqfh/ hohyhq
vwdwhv vshfl�fdoo| uhtxluh wkdw 433( ri orwwhu| surfhhgv eh xvhg wr ixqg hgxfdwlrq1
Zkloh wkhuh lv frqvlghudeoh ghedwh ryhu wkh h�hfwlyhqhvv ri hdupdunlqj dv d exgjhwlqj
ghylfh gxh wr wkh ixqjlelolw| ri vwdwh uhyhqxhv +vhh Exfkdqdq ^9`/ Eruj dqg Pdvrq ^7`/
dqg Jrhw} ^48`,/ wkh sv|fkrorjlfdo lpsruwdqfh ri wkh olqndjh pd| shukdsv eh revhuyhg
e| frpsdulqj zdjhulqj ehkdylru lq hdupdunlqj yhuvxv qrq0hdupdunlqj vwdwhv1

+ILJXUH 4 KHUH,
Dv Iljxuh 4 vkrzv/ vwdwhv zklfk hdupdun kdyh kljkhu dyhudjh shu fdslwd orwwhu|

h{shqglwxuhv wkdq vwdwhv zklfk gr qrw hdupdun> wkxv vxjjhvwlqj wkdw frqvxphuv sd|
vrph dwwhqwlrq wr wkh sxeolf jrrgv ehqh�wv lq ghflglqj krz pxfk wr ehw1;

Dgyhuwlvlqj h{shqglwxuhv e| vwdwhv dovr vxjjhvw wkh olqndjh lv lpsruwdqw1 Dssur{0
lpdwho| 7( ri whohylvlrq orwwhu| dgyhuwlvlqj frqwhqw frqvlvwv ri lqirupdwlrq frqfhuq0
lqj wkh sxeolf ehqh�w iurp orwwhulhv1< Lq vrph orwwhu| vwdwhv/ vxfk dv Shqqv|oydqld/
zkhuh wkh orwwhu| surfhhgv duh sduwlfxoduo| qduurzo| wdujhwhg/ wklv shufhqwdjh lv pxfk
kljkhu1 Zkloh 7( lv e| qr phdqv d odujh shufhqwdjh ri dgyhuwlvlqj wlph wr ghyrwh
wr wkh olqn wr sxeolf jrrgv/ lw lv idu pruh wkdq rqh zrxog h{shfw li ehwwruv sdlg qr
dwwhqwlrq zkdwvrhyhu wr wkh sxusrvh iru zklfk wkh orwwhu| surfhhgv zhuh ehlqj xvhg1
Dgglwlrqdo dqhfgrwdo hylghqfh looxvwudwlqj wkh lpsruwdqfh ri wklv olqndjh pd| eh vhhq
lq wkh frpphqwv ri d Shqqv|oydqld uhyhqxh r!fldo/ zkr qrwhv wkdw/ �Rqh ri wkh vh0
fuhwv ri wkh Shqqv|oydqld orwwhu| lv kdylqj wdujhwhg wkh surfhhgv1 Dqg kdylqj wkh
sxeolf nqrz zkhuh wkh prqh| jrhv uhdoo| vhhpv wr khos wlfnhw vdohv1�43 Wr vxp xs/
orwwhulhv duh iuhtxhqwo| olqnhg wr wkh surylvlrq ri sxeolf jrrgv/ dqg wklv olqndjh grhv
vhhp wr d�hfw ehwwlqj ehkdylru1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh edvlf prgho dqg dqdo|}hv
wzr ehqfkpdun fdvhv= wkh vrfldoo| rswlpdo surylvlrq ri wkh sxeolf jrrg dqg wkh
surylvlrq yld yroxqwdu| frqwulexwlrqv1 Lq vhfwlrq 6/ htxloleulxp zdjhulqj ehkdylru
zlwk wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h lv fkdudfwhul}hg1 Uhodwlyh wr yroxqwdu|

8OdIohxu ^57`/ Orwwhu| IDT1
9Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv/ 4<<8 ^63`1
:OdIohxu ^57`/ Orwwhu| IDT1
;Vrxufhv= Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv ^63` dqg Od Iohxu ^57`/ Orwwhu| IDT1
<Grxjodv ^46`/ s1 6881

43Grxjodv ^46`/ s1 6981
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frqwulexwlrqv/ wkh lqwurgxfwlrq ri d ud"h lqfuhdvhv wkh surylvlrq ri wkh sxeolf jrrg1
Vhfwlrq 7 h{dplqhv htxloleulxp ehkdylru lq d sdul0pxwxho ud"h zkhuh sul}h dprxqwv
duh ghwhuplqhg hqgrjhqrxvo|1 Lq vhfwlrq 8/ ehwwlqj ehkdylru lq orwwr/ wkh prvw srsxodu
orwwhu| jdph/ lv frqvlghuhg/ dqg dq htxlydohqfh ehwzhhq orwwrv dqg ud"hv lv vkrzq1
Ilqdoo|/ vhfwlrq 9 kljkoljkwv wkh hpslulfdo dqg h{shulphqwdo lpsolfdwlrqv ri wkh uhvxowv
ri wkh sdshu1 Surriv wr wkh pdlq wkhruhpv dqg sursrvlwlrqv duh frqwdlqhg lq dq
dsshqgl{1

5 Suholplqdulhv

Vxssrvh wkdw dq hfrqrp| frqvlvwv ri d vhw� ' i�c 2c ���c ?j ri frqvxphuv +dovr uhihuuhg
wr dv ehwwruv zkhq dssursuldwh, zlwk txdvl0olqhdu xwlolw| ixqfwlrqv ri wkh irup

L� ' �� n ��EC�

�� lv d qxphudluh jrrg zklfk ghqrwhv wkh zhdowk ri frqvxphu �c dqg C 5 ?n ghqrwhv
wkh ohyho ri wkh sxeolf jrrg surylghg1 Frqvxphuv h{shulhqfh glplqlvklqj pdujlqdo
xwlolw| iurp wkh surylvlrq ri wkh sxeolf jrrg> khqfh/ ��� E�� : f dqg ���� E�� 	 f iru doo ��

Wkh sxeolf jrrg lv jhqhudwhg e| wudqviruplqj wkh qxphudluh jrrg lqwr Cc rq d
rqh0iru0rqh edvlv1 Wklv lv/ iru wkh prvw sduw/ zlwkrxw orvv ri jhqhudolw| vlqfh �� E��
pd| eh ylhzhg dv d frpsrvlwlrq ri prvw wudqvirupdwlrq whfkqrorjlhv dqg wkh xwlolw|
ghulyhg iurp wkh sxeolf jrrg1 Ilqdoo|/ frqvxphuv duh dvvxphg wr pd{lpl}h wkhlu
h{shfwhg xwlolw|1

Vrfldo Rswlpxp

Frqvlghu wkh vrfldo rswlpl}dwlrq sureohp zklfk vhhnv wr pd{lpl}h djjuhjdwh vxu0
soxv lq wkh hfrqrp|1 Wkh vrfldo rswlpl}dwlrq sureohp lv wr fkrrvh wkh wrwdo zhdowk44

lq wkh hfrqrp| wr eh wudqviruphg lqwr wkh sxeolf jrrg1 Irupdoo|/ d vrfldo sodqqhu
fkrrvhv C �

S?
�'��� wr pd{lpl}h

` '
?[
�'�

E�� n ��EC���C

Dw dq lqwhulru vroxwlrq/45 wkh rswlpdo dprxqw ri wkh sxeolf jrrg/ CW : f vroyhv

?[
�'�

��� EC
W� ' � +4,

44Qrwlfh wkdw zlwk wkh jlyhq xwlolw| vshfl�fdwlrq/ wkh sduwlfxodu frqvxphuv uhtxluhg wr frqwulexwh

zhdowk wr wkh sxeolf jrrg duh luuhohydqw1
45Wkurxjkrxw wkh sdshu/ zhdowk frqvwudlqwv duh dvvxphg wr eh qrq0elqglqj iru doo frqvxphuv1

Zkloh elqglqj zhdowk frqvwudlqwv duh nqrzq wr kdyh vljql�fdqw vwudwhjlf h�hfwv lq dxfwlrq vhwwlqjv/

frqvlghudwlrq ri vxfk h�hfwv zrxog phuho| frqirxqg wkh dqdo|vlv ri wkh hfrqrplf irufhv jhqhudwhg

e| wkh lqwurgxfwlrq ri d ud"h1 Dv d sudfwlfdo pdwwhu/ zhdowk frqvwudlqwv gr qrw dsshdu wr sod| d

vljql�fdqw uroh lq ghwhuplqlqj ehwwlqj ehkdylru lq orwwhulhv1
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zklfk lv wkh zhoo0nqrzq Vdpxhovrq Fulwhulrq iru zhoiduh pd{lpl}dwlrq1 ZkhqCW : f/
wkh sxeolf jrrg lv vdlg wr eh vrfldoo| ghvludeoh1

Krzhyhu/ li
?[
�'�

��� Ef� 	 �

wkhq lw lv qrw rswlpdo wr surylgh srvlwlyh dprxqwv ri wkh sxeolf jrrg/ l1h1 CW ' fc
dqg wkh sxeolf jrrg lv vdlg wr eh vrfldoo| xqghvludeoh1

Vrfldo ghvludelolw| suryhv wr eh d xvhixo fulwhulrq lq dvvhvvlqj wkh sxeolf jrrgv
surylvlrq delolwlhv ri ud"hv dqg orwwrv dv frpsduhg wr yroxqwdu| frqwulexwlrqv1

Yroxqwdu| Frqwulexwlrqv zlwkrxw d Surylvlrq Srlqw

Qrz vxssrvh wkdw wkh jryhuqphqw ru fkdulwdeoh rujdql}dwlrq fkrrvhv wr uho| rq
yroxqwdu| frqwulexwlrqv iru wkh surylvlrq ri wkh sxeolf jrrg1 Wkhuh duh qxphurxv
lqvwdqfhv ri vxfk yroxqwdu| frqwulexwlrq vfkhphv ehlqj hpsor|hg lq sudfwlfh vxfk dv
Sxeolf Eurdgfdvwlqj V|vwhp +SEV, ixqg gulyhv/ xqlyhuvlw| whohpdunhwlqj fdpsdljqv/
gluhfw pdlo uhtxhvwv iru ixqgv iurp hqylurqphqwdo dqg flylf jurxsv/ dqg vwuhhw fruqhu
vrolflwdwlrqv e| olwwoh ohdjxhuv> pruhryhu/ pdq| ri wkhvh jurxsv dovr uho| rq orwwhulhv
iru ixqg0udlvlqj1 Wkxv/ lw vhhpv xvhixo wr frpsduh yroxqwdu| frqwulexwlrqv wr orwwhulhv1

Ohw %� ghqrwh wkh dprxqw ri zhdowk frqwulexwhg e| �/ dqg ohw %E7� ghqrwh wkh
vxp ri frqwulexwlrqv e| d vhw 7 � � ri frqvxphuv1 Wkxv/ %E�� ghqrwhv wkh wrwdo
frqwulexwlrqv ri doo frqvxphuv1

Jlyhq wkh frqwulexwlrqv ri doo rwkhu frqvxphuv/ � fkrrvhv %� 5 dfc ��o wr pd{lpl}h

L� ' �� � %� n ��E%E���

D Qdvk htxloleulxp wr wkh yroxqwdu| frqwulexwlrq jdph frqvlvwv ri dq ? � |�R,e�
%T� c %

T
2 c ���c %

T
?

�
ri frqwulexwlrq dprxqwv1 Wkh htxloleulxp sxeolf jrrgv surylvlrq lv

wkhq jlyhq e| CT ' %T E��� Lq wkh txdvl0olqhdu iudphzrun ri wkh prgho/ wkh iroorzlqj
zhoo0nqrzq uhvxow fkdudfwhul}hv htxloleulxp frqwulexwlrqv +vhh Ehujvwurp/ Eoxph/ dqg
Yduldq ^5` iru ghwdlov,1

Sursrvlwlrq 4 Yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw xqghusurylgh wkh

sxeolf jrrg uhodwlyh wr �uvw0ehvw ohyhov1

Frqwulexwruv gr qrw lqwhuqdol}h wkh ehqh�w frqihuuhg xsrq doo rwkhu frqvxphuv
zkhq ghflglqj krz pxfk wr frqwulexwh wr wkh sxeolf jrrg> wkxv/ hdfk frqvxphu whqgv
wr xqghufrqwulexwh uhodwlyh wr zkdw zrxog eh vrfldoo| rswlpdo1 Lq wkh djjuhjdwh/ wklv
ohdgv wr d v|vwhpdwlf xqghusurylvlrq ri wkh sxeolf jrrg1 Lqghhg/ zkhq wkh sxeolf
jrrg lv vrfldoo| ghvludeoh/ h{wuhph iuhh0ulglqj lv srvvleoh 1 Iru lqvwdqfh/ vxssrvh wkdw
iru doo �c ��� Ef� ' �

?3�
c wkhq hyhq wkrxjk wkh sxeolf jrrg lv vrfldoo| ghvludeoh/ qr

frqvxphu zloo frqwulexwh wr lw1
Yroxqwdu| frqwulexwlrqv dovr vx�hu d pxowlsolflw| ri htxloleuld> vshfl�fdoo|/ li pruh

wkdq wzr ru pruh frqvxphuv +� dqg �c vd|, frqwulexwh srvlwlyh dprxqwv ri wkh sxeolf
jrrg/ wkhq wkhuh duh d frqwlqxxp ri htxloleuld vxfk wkdw %T� n %T� ' CT �

:



Yroxqwdu| Frqwulexwlrqv zlwk d Surylvlrq Srlqw

D vlpsoh dgdswdwlrq ri wkh deryh vfkhph ohdgv wr htxloleuld zkhuh wkh vrfldoo|
rswlpdo dprxqw ri wkh sxeolf jrrg pd| eh surylghg1 Frqvlghu wkh iroorzlqj vfkhph

C '

+
f li % E�� 	 CW

% E�� li % E�� � CW

Wkdw lv/ lq wkh hyhqw wkdw frqwulexwlrqv duh ohvv wkdq �uvw0ehvw ohyhov/ qrqh ri wkh sxe0
olf jrrg lv surgxfhg> rwkhuzlvh/ dq dprxqw ri wkh sxeolf jrrg htxdo wr frqwulexwlrqv
lv surgxfhg1 Lq wkh hyhqw wkdw qrqh ri wkh sxeolf jrrg lv surgxfhg/ vxssrvh wkdw doo
ri wkh frqwulexwlrqv ri frqvxphuv duh uhixqghg1

Ohw  �� '
q
%��� c %��2 c ���c %��?

r
ghqrwh dq htxloleulxp ?0wxsoh ri frqwulexwlrq

dprxqwv lq wklv jdph/ dqg ohw %�� E�� ghqrwh wkh vxp ri wkhvh htxloleulxp frqwul0
exwlrqv/ wkhq

Sursrvlwlrq 5 Zkhq wkh sxeolf jrrg lv vrfldoo| ghvludeoh/ wkhuh h{lvwv d frqwlqxxp

ri htxloleulxp doorfdwlrqv  �� vxfk wkdw wkh h!flhqw ohyho ri wkh sxeolf jrrg lv surylghg1

Lq dgglwlrq/ wkhuh dovr h{lvwv d frqwlqxxp ri htxloleulxp doorfdwlrqv  �� vxfk wkdw

qrqh ri wkh sxeolf jrrg lv surylghg146

Zkloh wkh lqwurgxfwlrq ri d surylvlrq srlqw lqwurgxfhv d frqwlqxxp ri h!flhqw
htxloleuld/ lw dovr fuhdwhv wkh srvvlelolw| ri htxloleuld wkdw duh zruvh wkdq zkhq wkhuh
zdv qr surylvlrq srlqw147 Lq dgglwlrq wr wkh reylrxv sureohp ri wkh h{lvwhqfh ri d
frqwlqxxp ri lqh!flhqw htxloleuld/ wkhuh duh d qxpehu ri rwkhu gl!fxowlhv zlwk wklv
phfkdqlvp1 Iluvw/ zlwkrxw kdylqj dq| lqirupdwlrq derxw suhihuhqfhv/ lw lv gl!fxow
wr vhh krz wkh jryhuqphqw ru fkdulwdeoh rujdql}dwlrq ghwhuplqhv wkh fruuhfw sxeolf
jrrgv ohyho wr slfn dv wkh surylvlrq srlqw1 Dovr/ wkh delolw| ri wkh rujdql}dwlrq sur0
ylglqj wkh sxeolf jrrg wr frpplw wr wklv sduwlfxodu frxuvh ri dfwlrq suryhv fuxfldo1
Dq rujdql}dwlrq frqfhuqhg vroho| derxw pd{lpl}lqj vrfldo zhoiduh zloo uhqhjh rq lwv
frpplwphqw wr uhixqg wkh frqwulexwlrqv li jlyhq wkh rssruwxqlw|1 Zkhq d sxeolf
jrrg lv vrfldoo| ghvludeoh/ fohduo| surgxflqj vrph ri wkh jrrg zloo eh suhihuuhg e|
wkh rujdql}dwlrq wr surgxflqj qrqh ri wkh jrrg1 Frqvxphuv zloo qdwxudoo| dqwlflsdwh

46Wr vhh wklv/ qrwlfh wkdw vlqfh wkh vxp ri wkh xwlolw| ixqfwlrqv lv juhdwhu xqghu J @ J
� wkdq

zkhq J @ 3= Vlqfh k3
l
+�, A 3 iru doo frqvxphuv +qrqh ri wkhp ylhz wkh remhfw dv d sxeolf edg,/ wkhuh

h{lvwv d yhfwru ri frqwulexwlrq dprxqwv
�
{SS
4

> {SS
5

> ==={SSq

�
vxpplqj wr J� vxfk wkdw iru doo l /

zl � {
SS

l . kl +J
�, � zl . kl +3,

wkxv/
�
{SS
4

> {SS
5

> ==={SS
q

�
frqvwlwxwhv dq htxloleulxp1 Pruhryhu/ wkhuh h{lvwv dq rshq vhw ri vxfk

frqwulexwlrq yhfwruv> khqfh d frqwlqxxp ri h!flhqw htxloleuld1

Rwkhu sduwv ri Sursrvlwlrqv 6 dqg 7 duh vwudljkwiruzdug h{hqvlrqv ri zhoo0nqrzq uhvxowv iru d

glvfuhwh sxeolf jrrg> khqfh qr surri lv jlyhq1
47Rqh pljkw dujxh wkdw vlqfh wkh lqh!flhqw htxloleuld duh Sduhwr grplqdwhg/ wkh| rxjkw qrw wr

eh sod|hg1 Krzhyhu/ lq d oderudwru| vhwwlqj/ Lvddf/ Vfkplgw}/ dqg Zdonhu ^54` irxqg wkdw/ iru vrph

yhuvlrqv ri wkh surylvlrq srlqw phfkdqlvp/ lqh!flhqw htxloeuld zhuh iuhtxhqwo| sod|hg1

;



wkh lqfhqwlyhv wr uhqhjh/ dqg wkh phfkdqlvp zloo ghyroyh lqwr yroxqwdu| frqwulex0
wlrqv zlwkrxw d surylvlrq srlqw1 Ilqdoo|/ hyhq zkhq frpplwphqw lv fuhgleoh/ Sdx}qhu
^5<` vkrzv wkdw li v|pphwulf frqvxphuv pdnh qrq0lq�qlwhvlpdo plvwdnhv lq wkhlu frq0
wulexwlrq dprxqwv/ wkhq yroxqwdu| frqwulexwlrqv zlwk d surylvlrq srlqw +zklfk uho|
rq glvfrqwlqxlwlhv lq sd|r� ixqfwlrqv wr vxvwdlq htxloleulxp, zloo djdlq |lhog frqwul0
exwlrqv lghqwlfdo wr yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw/ hyhq dv wkh
qxpehu ri frqvxphuv ehfrphv lq�qlwh1 Wkdw lv/ wkh surylvlrq srlqw phfkdqlvp lv qrw
�wuhpeoh0surri1�

Lw lv dovr lpsruwdqw wr uhfrjql}h wkh glvwlqfwlrq ehwzhhq yroxqwdu| frqwulexwlrqv
zlwk surylvlrq srlqwv dqg ixqg0udlvlqj vwudwhjlhv zlwk vxjjhvwhg frqwulexwlrq dprxqwv
ru srvwhg ixqglqj wdujhwv1 Erwk vxjjhvwhg frqwulexwlrqv dqg ixqglqj wdujhwv duh/ lq
h�hfw/ �fkhds wdon� rq wkh sduw ri wkh ixqg0udlvhu lq wkh vhqvh wkdw wkh| kdyh qr gluhfw
h�hfw rq wkh sd|r�v hdfk frqvxphu idfhv zkhq ghflglqj rq krz pxfk wr frqwulexwh148

Lq wkh hyhqw wkdw +vd|, Xqlwhg Zd| idlov wr phhw lwv ixqglqj wdujhw/ frqvxphuv gr
qrw h{shfw wkdw wkhlu frqwulexwlrqv zloo eh uhwxuqhg1 Lq frqwudvw/ wkh surylvlrq srlqw
phfkdqlvp grhv fkdqjh wkh sd|r�v ri wkh frqvxphuv1

6 Il{hg0Sul}h Ud"hv

Wkh ud"h lv rqh ri wkh roghvw dqg vlpsohvw w|shv ri orwwhu| frqvlvwlqj ri olwwoh pruh
wkdq vrph qxpehuhg wlfnhwv dqg d suh0dqqrxqfhg sul}h1 Wkh vlpsolflw| dqg idluo| orz
h{shqvh lq vhwwlqj xs dqg dgplqlvwhulqj d ud"h qr grxew dffrxqw iru wkh frqwlqxhg
srsxodulw| ri wklv jdph1 Lq dgglwlrq/ wkh zhoo0nqrzq jdphv Elqjr dqg Nhqr/ dovr
riwhq xvhg e| fkdulwlhv dqg vwdwh orwwhulhv iru ixqg0udlvlqj/ uhsuhvhqw vwudljkwiruzdug
yduldwlrqv rq wkh ud"h lghd1

D �{hg0sul}h ud"h lv prghohg dv iroorzv= Wkh jryhuqphqw ru fkdulwdeoh rujdql}d0
wlrq fkrrvhv d sul}h/ ghqrplqdwhg lq zhdowk/ ri vrph �{hg dprxqw -� Wkh ydoxh ri
wkh sul}h lv wkh vdph iru doo ehwwruv dqg lv frpprqo| nqrzq1 Wkh �wk ehwwru fkrrvhv
d zdjhu ri %� 5 dfc ��o zklfk/ jlyhq wkh zdjhuv ri wkh rwkhu frqwhvwdqwv/ %3� / |lhogv d
suredelolw| ri � zlqqlqj wkh frqwhvw ri

ZE%�c %3�� �
%�

%E��

zkhuh/ dv ehiruh/ %E�� ghqrwhv wkh vxp ri doo zdjhuv dqg %E� q �� ghqrwhv wkh vxp
ri wkh zdjhuv ri doo ehwwruv h{foxglqj ��49

Vlqfh wkh fkdulw| pxvw sd| iru wkh sul}h/ wkh sxeolf jrrg surylvlrq frqvlvwv ri wkh

48Wklv lv qrw wr vd| wkdw fkhds wdon grhv qrw pdwwhu lq wklv vhwwlqj1 H{shulphqwdo zrun e| Lvddf

dqg Zdonhu ^53` vxjjhvwv wkdw frppxqlfdwlrqv dprqj frqvxphuv fdq lqfuhdvh frqwulexwlrq udwhv1

Krzhyhu/ wkh h�hfw ri fkhds wdon rq wkh sduw ri wkh sxeolf jrrgv surylghu uhpdlqv dq rshq txhvwlrq1
49Zhhvlh ^66` vwxglhv d vlplodu frpshwlwlyh vwuxfwxuh lq d prgho h{sodlqlqj yroxqwhhulvp1 Lq klv

prgho/ lqglylgxdov frpshwh lq yroxqwdu| h�ruw wr rewdlq uhfrjqlwlrq dqg vrfldo vwdwxv1

<



h{fhvv ri zdjhuv ryhu -( wkdw lv

C ' %E���-

Vxssrvh wkdw fkdulw| kdv dffhvv wr dq duelwudulo| vpdoo dprxqw ri gh�flw �qdqflqj
ri dq dprxqw B� Li wkh zdjhuv duh zlwklq B ri -c wkhq wkh fkdulw| surfhhgv zlwk wkh
ud"h dv xvxdo14: Li wkh zdjhuv duh lqvx!flhqw wr fryhu wkh frvw ri wkh sul}h/ wkhq wkh
fkdulw| fdoov r� wkh ud"h dqg uhwxuqv hdfk ehwwru*v zdjhu1

Wkxv/ jlyhq %3�c wkh h{shfwhg xwlolw| ri � iurp d zdjhu %� lv

.L� ' �� � %� n
%�

%E��
-n ��E%E���-�

surylghg wkdw wkh ud"h lv khog14;

Gl�huhqwldwlqj zlwk uhvshfw wr %� |lhogv wkh �uvw0rughu frqglwlrq

%E� q ��

E%E���2
-� � n ���E%E��� -� � f +5,

Lw lv xvhixo wr revhuyh wkdw zkhq - ' f( wklv lv lghqwlfdo wr wkh �uvw0rughu frqglwlrq
iru yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw1

Wkh qh{w vhw ri uhvxowv fkdudfwhul}hv wkh Qdvk htxloleulxp ri wkh �{hg0sul}h ud"h
iru wkh fdvh lq zklfk wkh sxeolf jrrg lv vrfldoo| ghvludeoh1 Doo surriv duh uhohjdwhg wr
wkh Dsshqgl{1

Sursrvlwlrq 6 Wkh �{hg0sul}h ud"h kdv d xqltxh htxloleulxp1

Xqolnh yroxqwdu| frqwulexwlrqv/ zklfk duh sodjxhg zlwk d pxowlsolflw| ri htxlole0
uld/ wkh �{hg0sul}h ud"h kdv d xqltxh htxloleulxp dv d uhvxow ri wkh lqwurgxfwlrq ri
frpshwlwlrq wr zlq wkh sulydwh sul}h dprqj ehwwruv14<

Ud"hv lq Olhx ri Yroxqwdu| Frqwulexwlrqv

Vxssrvh wkdw d ud"h lv xvhg wr uhsodfh dq ruglqdu| yroxqwdu| frqwulexwlrqv fdp0
sdljq/ vxfk dv d SEV ixqg gulyh1 Wkh srwhqwldo frqwulexwruv wr SEV whqg wr eh
uhodwlyho| zhoo hgxfdwhg dqg duh suredeo| vrsklvwlfdwhg hqrxjk wr vhh wkurxjk wkh

4:Wklv dvvxpswlrq holplqdwhv wkh srvvlelolw| ri dq xqvwdeoh htxloleulxp/ zkhuh/ nqrzlqj wkh ud"h

zloo eh fdoohg r� dq|zd|/ doo ehwwruv frqwulexwh }hur1 Qrwlfh wkdw lq wkh fdvh ri yroxqwdu| frqwulex0

wlrqv zlwk surylvlrq srlqwv/ vxfk d ghylfh zrxog qrw holplqdwh wkh lqh!flhqw htxloleuld1
4;Surylghg wkdw {+Q q l, � U � 3> wkhq HXl lv joredoo| frqfdyh lq {l> khqfh wkh vlpxowdqhrxv

vdwlvidfwlrq ri �uvw0rughu frqglwlrqv lv vx!flhqw iru dq htxloleulxp1 Li {+Q q l,�U ? 3> wkhq/ qrwlqj

wkdw htxloleulxp sd|r�v duh srvlwlyh +zkhuhdv zh fdq qrupdol}h sd|r�v wr }hur li wkh ud"h lv fdoohg

r�,/ vlpxowdqhrxv vdwlvidfwlrq ri �uvw0rughu frqglwlrqv lv vwloo vx!flhqw xqghu wkhvh flufxpvwdqfhv1
4<Dv Fruqhv dqg Vdqgohu ^<` vkrz/ uhodwlyh wr yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw/

wkh vhw ri htxloleuld fdq fkdqjh gudpdwlfdoo| zlwk wkh lqwurgxfwlrq ri d mrlqw sulydwh0sxeolf jrrg/

vxfk dv d orwwhu|1
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lqfhqwlyhv lq d vlpsoh ud"h1 Wklv ehlqj wkh fdvh/ vkrxog SEV uhsodfh lwv ixqg gulyh
zlwk d �{hg0sul}h ud"hB Rq wkh rqh kdqg/ wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h zloo
lqwurgxfh wkh fkdqfh wr zlq d sulydwh sul}h zklfk zloo qdwxudoo| lqfuhdvh frqwulexwlrqv
dprxqwv e| ylhzhuv1 Xqiruwxqdwho| iru SEV/ kdylqj wr sd| iru wkh sul}h uhsuhvhqwv
dq dgglwlrqdo frvw zklfk zloo uhgxfh wkh dprxqw ri frqwulexwlrqv dydlodeoh wr sd|
iru surjudpplqj1 Wkxv/ lw vhhpv xqfohdu wkdw wkh ud"h zloo eh dq lpsuryhphqw1
Krzhyhu/

Wkhruhp 41 Wkh �{hg0sul}h ud"h surylghv pruh ri wkh sxeolf jrrg wkdq wkh yroxq0

wdu| frqwulexwlrq phfkdqlvp1

Lqwxlwlyho|/ wkh sureohp zlwk wkh yroxqwdu| frqwulexwlrqv fdpsdljq lv wkdw wkh
sxeolf jrrg h{klelwv srvlwlyh h{whuqdolwlhv zklfk duh qrw dffrxqwhg iru lq wkh frqwul0
exwlrq ghflvlrqv ri hdfk lqglylgxdo1 Wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h fuhdwhv dq
lqyhvwphqw ixqg zlwk d qhjdwlyh h{whuqdolw| frpsrqhqw1 Wkdw lv/ zkhq d frqvxphu
sxufkdvhv pruh ud"h wlfnhwv/ kh uhgxfhv wkh fkdqfhv ri zlqqlqj ri doo rwkhu ehwwruv1
Wklv qhjdwlyh h{whuqdolw| frpshqvdwhv iru wkh srvlwlyh h{whuqdolw|> wkxv uhgxflqj wkh
jds ehwzhhq wkh sulydwh dqg vrfldo pdujlqdo ehqh�w ri frqwulexwlrqv1 Dv d uhvxow/
htxloleulxp frqwulexwlrqv lqfuhdvh153

Exw krz pxfk gr frqwulexwlrqv lqfuhdvhB Shukdsv/ olnh wkh lqwurgxfwlrq ri d
surylvlrq srlqw/ wkh �{hg0sul}h ud"h fuhdwhv wkh srvvlelolw| ri ryhusurylglqj wkh sxeolf
jrrg1 Lq idfw/ wklv lv qhyhu wkh fdvh zlwk wkh �{hg0sul}h ud"h1 Lqvwhdg/ wkh �{hg0sul}h
ud"h surylghv ohvv ri wkh sxeolf jrrg wkdq wkh vrfldo rswlpxp dqg khqfh lv dozd|v
zhoiduh lpsurylqj uhodwlyh wr yroxqwdu| frqwulexwlrqv1

Wr vhh wklv/ vxssrvh wkdw wkh �{hg0sul}h ud"h surylghg h{dfwo| wkh vrfldoo| rswlpdo
dprxqw ri wkh sxeolf jrrg1 Li/ lq wklv htxloleulxp/ rqo| wkh �uvw ?� ehwwruv zdjhuhg
srvlwlyh dprxqwv wkhq
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Krzhyhu/ zh dovr nqrz wkdw
S?
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W� ' � zkhq wkh sxeolf jrrg lv vrfldoo| rswlpdo1
Wkxv/
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53Wkhuh duh vhyhudo rwkhu h{dpsohv ri wkh frpshqvdwlqj h{whuqdolw| prwli lq hfrqrplf prghov1 Iru

lqvwdqfh/ Od}hdu dqg Urvhq ^58` lqwurgxfh d frpshwlwlyh wrxuqdphqw dprqj zrunhuv wr ryhufrph

prudo kd}dug sureohpv/ dqg Kroodqghu ^4<` frqvlghuv prghov zlwk pxowlsoh h{whuqdolwlhv lq prwlydwlqj

yroxqwhhulvp e| lqglylgxdov1
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khqfh wkh ud"h pxvw surylgh ohvv ri wkh sxeolf jrrg wkdq wkh �uvw0ehvw ohyhov1 Lw wkhq
uhdglo| iroorzv wkdw wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h lv xqdpeljxrxvo| zhoiduh
lpsurylqj ryhu yroxqwdu| frqwulexwlrqv vlqfh lw dozd|v surylghv ohyhov ri wkh sxeolf
jrrg zklfk duh forvhu wr �uvw0ehvw1

Dowkrxjk wkh lqwurgxfwlrq ri wkh �{hg0sul}h ud"h uhgxfhv wkh jds ehwzhhq wkh
sulydwh dqg vrfldo pdujlqdo ehqh�wv ri ehwwruv* frqwulexwlrq ghflvlrqv/ wkh vwuxfwxuh
ri wkh jdph lv vxfk wkdw wkh qhjdwlyh h{whuqdolwlhv duh qhyhu vx!flhqw wr frpsohwho|
fdqfho wkh srvlwlyh h{whuqdolwlhv iurp jlylqj wr wkh sxeolf jrrg1 Wkhvh frpshqvdwlqj
h{whuqdolw| h�hfwv pd| eh hdvlo| txdqwl�hg iru wkh fdvh ri ? lghqwlfdo ehwwruv zkr ydoxh
wkh sxeolf jrrg dffruglqj wr � E�� � Wkh vrfldo pdujlqdo ehqh�w ri surylglqj C ri wkh
sxeolf jrrg lv vlpso| ?�� EC� ( zkhuhdv wkh sulydwh pdujlqdo ehqh�w lv �� EC� � Wkxv/
wkh srvlwlyh h{whuqdolw| dvvrfldwhg zlwk frqwulexwlqj wkh Cwk groodu wr wkh sxeolf
jrrg lv E?� ���� EC� � Wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h fuhdwhv d frpshqvdwlqj
qhjdwlyh h{whuqdolw|1 Qrz/ e| fkrrvlqj wr frqwulexwh % zkhq wkh wrwdo zdjhuv e| rwkhu
ehwwruv duh +c d ehwwru uhgxfhv wkh h{shfwhg sd|r�v ri wkh rwkhu ehwwruv e| +

E%n+�
2-�

Lq htxloleulxp/ wklv whup vlpsol�hv wr ?3�
?

-

-nC
c dqg wkh qhw h{whuqdolw|/ . E-� c dv d

ixqfwlrq ri wkh sul}h r�huhg ehfrphv
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Vlqfh - ' f xqghu yroxqwdu| frqwulexwlrqv/ wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h
uhgxfhv wkh jds ehwzhhq wkh sulydwh dqg vrfldo lqfhqwlyhv1

Iluvw0Ehvw Ud"hv

Krz grhv wkh ohyho ri sxeolf jrrgv surylvlrq lq d ud"h frpsduh zlwk wkh vrfldo
rswlpxpB Zkloh d �{hg0sul}h ud"h fdqqrw jhqhudwh wkh vrfldoo| rswlpdo surylvlrq ri
wkh sxeolf jrrg/ lw fdq frph duelwudulo| forvh wr wkh �uvw0ehvw rxwfrph1 Wkh lqwxlwlrq
ehklqg wklv lv wkdw wkh qhhg wr dzdug d sul}h wr vrph ehwwru/ fuhdwhv d �zhgjh�
ehwzhhq wkh rswlpdo surylvlrq ri wkh sxeolf jrrg dqg wkh dprxqw surylghg e| wkh
ud"h1 Wklv zhgjh pd| eh uhgxfhg e| pdnlqj wkh sul}h dprxqwv vx!flhqwo| odujh wr
lqgxfh ehwwruv wr elg forvhu wr �uvw0ehvw ohyhov/ exw lw fdqqrw eh frpsohwho| holplqdwhg1

Wkhruhp 51 Jlyhq dq| " : fc wkhuh h{lvwv dq hfrqrp| ri vl}h
S?

�'��
W
� dqg d ud"h

zlwk sul}h -W vxfk wkdw wkh sxeolf jrrgv surylvlrq lqgxfhg e| wkh ud"h olhv

zlwklq " ri wkh �uvw0ehvw rxwfrph1

Li zh djdlq uhwxuq wr wkh lghqwlfdo ? ehwwru fdvh/ qrwlfh wkdw wkh jds ehwzhhq wkh
sulydwh dqg vrfldo pdujlqdo ehqh�w/ htxdwlrq +7,/ lv ghfuhdvlqj dv d ixqfwlrq ri wkh
sul}h dprxqw ri wkh ud"h/ -� Dv - ehfrphv duelwudulo| odujh/ -

-nC
$ �( pruhryhu/ dv
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C$ CWc ?�� EC�$ �� Wkxv/ lqfuhdvlqj wkh sul}h uhgxfhv wkh jds ehwzhhq sulydwh dqg
vrfldo lqfhqwlyhv dqg jhqhudwhv sxeolf jrrgv surylvlrqv duelwudulo| forvh wr �uvw0ehvw
ohyhov1

Lq lqwhusuhwlqj wkh deryh uhvxowv/ lw lv xvhixo wr nhhs lq plqg wkdw/ gxh wr wkh
dvvxpswlrq ri ulvn0qhxwudolw| lq zhdowk/ d ghwhuplqlvwlf �uhedwh jdph� zlwk uhedwh
dprxqw - zloo ohdg wr dq lghqwlfdo frqfoxvlrq1 Li zh pruh uhdolvwlfdoo| dvvxph wkdw
vrph djhqwv lq wkh hfrqrp| kdyh d suhihuhqfh iru orwwhu| jdphv +hlwkhu wkurxjk
ulvn suhihuhqfhv ru xwlolw| iurp jdpeolqj,/ wkhq wkh orwwhu| zloo surylgh vwulfwo| pruh
ri wkh sxeolf jrrg wkdq vxfk d uhedwh jdph1 Pruhryhu/ orwwhulhv zlwk �qlwh sul}h
ohyhov pd| eh fkrvhq wr h{dfwo| lpsohphqw wkh �uvw0ehvw rxwfrph1 Lq wklv fdvh/ wkh
frpshqvdwlqj h{whuqdolw| prwlyhv suhvhqw lq wkh ulvn0qhxwudo fdvh duh rshudwlqj lq
wdqghp zlwk djhqwv* lqqdwh suhihuhqfhv iru orwwhu| jdphv wr lqfuhdvh sxeolf jrrgv
surylvlrq ryhu yroxqwdu| frqwulexwlrqv1

Lqfrpsohwh Furzglqj Rxw

Lq wkh sulydwh surylvlrq ri sxeolf jrrgv/ wkh srvvlelolw| ri �furzglqj rxw� ri sulydwh
grqdwlrqv e| jryhuqphqw frqwulexwlrqv lv zhoo0nqrzq1 Ehujvwurp/ Eoxph/ dqg Yduldq
^5` dqg Zduu ^65` vkrz wkdw jryhuqphqw frqwulexwlrqv furzg rxw sulydwh grqdwlrqv rq
d rqh0iru0rqh edvlv lq d jhqhudo vhwwlqj1 Dqguhrql ^4` dqg Ehuqkhlp ^6` ghprqvwudwh
wkh qhxwudolw| ri d zlgh udqjh ri srolflhv zkhq d sxeolf jrrg lv ixqghg wkurxjk
yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw1 Lq frqwudvw/ zkhq d sxeolf jrrg lv
ixqghg e| phdqv ri d �{hg0sul}h ud"h/ rxwvlgh grqdwlrqv duh vkrzq qrw wr eh qhxwudo1

Lq wkh fdvh ri d �{hg0sul}h ud"h/ jlyhq d vpdoo grqdwlrq (c wkh vxp ri �uvw0rughu
frqglwlrqv iru srvlwlyh ehwwruv ehfrphv
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dqg vlqfh/ lq devroxwh ydoxh/ wkh ghqrplqdwru ri wklv h{suhvvlrq lv odujhu wkdq wkh
qxphudwru/ furzglqj rxw lv ohvv wkdq rqh0iru0rqh lq wklv flufxpvwdqfh1 Wkxv

Sursrvlwlrq 7 Lq d �{hg0sul}h ud"h/ vpdoo grqdwlrqv zloo lqfuhdvh wkh wrwdo suryl0

vlrq ri wkh sxeolf jrrg1

Lqfrpsohwh furzglqj rxw vxjjhvwv wkdw dq rujdql}dwlrq pljkw zlvk wr pdnh dq
rxwvlgh grqdwlrq wr lqfuhdvh wkh ohyho ri wkh sxeolf jrrg1 Rqh frpprq zd| lq zklfk
vxfk grqdwlrqv duh pdgh lv e| frqwulexwlqj gluhfwo| wr wkh sul}h srro udwkhu wkdq wr
wkh sxeolf jrrg gluhfwo|1 Lv wklv wkh prvw h�hfwlyh pdqqhu ri frqwulexwlqjB Frpelqlqj
wkh uhvxowv ri Sursrvlwlrq 7 dqg Wkhruhp 5 |lhogv
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Fruroodu| 4 Lq d �{hg0sul}h ud"h/ vpdoo grqdwlrqv wr wkh sul}h srro surylgh pruh

ri wkh sxeolf jrrg wkdq gluhfw frqwulexwlrqv1

Wr vhh wklv/ revhuyh wkdw d gluhfw frqwulexwlrq/ (c wr wkh sxeolf jrrg uhvxowv lq
wkh iroorzlqj rswlpl}dwlrq iru ��
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Lq frqwudvw/ d frqwulexwlrq wr wkh sul}h srro uhvxowv lq wkh rswlpl}dwlrq
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zklfk pd| eh uhzulwwhq dv
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Exw wklv lv htxlydohqw wr grqdwlqj ( gluhfwo| dqg lqfuhdvlqj wkh sul}h r�huhg iurp
- wr -�1 Vlqfh furzglqj rxw lv ohvv wkdq rqh iru rqh dqg sxeolf jrrgv surylvlrq lv
lqfuhdvlqj lq wkh vl}h ri wkh sul}h r�huhg/ wkh uhvxow wkhq iroorzv1

H{wuhph Iuhh Ulglqj

Dv zdv phqwlrqhg hduolhu/ yroxqwdu| frqwulexwlrqv dovr vx�hu iurp wkh gudzedfn
wkdw vrfldoo| ghvludeoh sxeolf jrrgv pd| jr xqixqghg hqwluho|1 Zkloh wkh �{hg0sul}h
ud"h surylghv pruh ri wkh sxeolf jrrg wkdq yroxqwdu| frqwulexwlrqv/ lw pljkw vwloo
eh wkh fdvh wkdw vrph vrfldoo| ghvludeoh sxeolf jrrgv dovr jr hqwluho| xqixqghg e|
ud"hv1 Krzhyhu/ lw wxuqv rxw wkdw wkh qhjdwlyh h{whuqdolw| h�hfw ri lqwurgxflqj wkh
ud"h lv dozd|v vx!flhqw wr jhqhudwh ehwv lq h{fhvv ri wkh sul}h iru doo vrfldoo| ghvludeoh
sxeolf jrrgv dqg qhyhu vx!flhqw wr jhqhudwh ehwv lq h{fhvv ri wkh sul}h iru vrfldoo|
xqghvludeoh sxeolf jrrgv1 Pruh irupdoo|

Wkhruhp 61 Wkh �{hg0sul}h ud"h surylghv srvlwlyh dprxqwv ri wkh sxeolf jrrg li

dqg rqo| li wkh jrrg lv vrfldoo| ghvludeoh1

7 Sdul0Pxwxho Ud"hv

Lq wklv vhfwlrq/ wkh sul}h dprxqw ri wkh ud"h lv pdgh hqgrjhqrxv1 Wkdw lv/ lqvwhdg
ri ghvljqdwlqj d �{hg0sul}h dprxqw/ wkh jryhuqphqw ru fkdulwdeoh rujdql}dwlrq ghv0
ljqdwhv d shufhqwdjh ri wrwdo zdjhuv wr eh sodfhg lq d sul}h srro1 Vshfl�fdoo|/ lq d
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sdul0pxwxho ud"h/ vrph shufhqwdjh/ Rc ri wkh �kdqgoh� +wkh wrwdo ehwv, lv uhedwhg lq
wkh irup ri sul}hv1 Dv zlwk yroxqwdu| frqwulexwlrqv/ dvvxph wkdw wkhuh lv qr frvw wr
dgplqlvwhu wkh ud"h> khqfh E�� R� ri wkh kdqgoh lv xvhg wr ixqg d sxeolf jrrg1

Lq d sdul0pxwxho ud"h/ wkh xwlolw| pd{lpl}dwlrq sureohp ehfrphv wr fkrrvh %�
+jlyhq wkh zdjhuv ri doo rwkhu ehwwruv/ %3�� wr pd{lpl}h
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zkhuh � � %E��c wkh wrwdo zdjhuv ri doo ehwwruv1
Gl�huhqwldwlqj zlwk uhvshfw wr %� |lhogv

R� � n ���EE�� R���E�� R� � f

Wkxv/ � fkrrvhv d zdjhu vdwlvi|lqj

���EE�� R���� � � f

exw wklv lv lghqwlfdo wr wkh rswlpl}dwlrq frqglwlrqv xqghu yroxqwdu| frqwulexwlrqv
zlwkrxw d surylvlrq srlqw1 Wkh iroorzlqj uhvxow lv lpphgldwh> khqfh qr surri lv jlyhq1

Sursrvlwlrq 8 Wkh htxloleulxp sxeolf jrrgv surylvlrq lq d sdul0pxwxho ud"h lv h{0

dfwo| wkh vdph dv wkdw rewdlqhg wkurxjk yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq

srlqw1

Lqwxlwlyho|/ wkh sdul0pxwxho sul}h vwuxfwxuh �gloxwhv� wkh qhjdwlyh h{whuqdolw| hi0
ihfwv ri d �{hg0sul}h ud"h1 Dgglwlrqdo ehwv frqwlqxh wr uhgxfh wkh fkdqfh ri zlqqlqj
iru doo rwkhu ehwwruv/ vr wkh qhjdwlyh h{whuqdolw| frpsrqhqw frqwlqxhv wr eh suhvhqw1
Krzhyhu/ vxfk ehwv vlpxowdqhrxvo| lqfuhdvh wkh sul}h srro dydlodeoh wr doo rwkhu ehw0
wruv wkxv lqwurgxflqj dq dgglwlrqdo srvlwlyh h{whuqdolw|1 Lq wkh txdvl0olqhdu fdvh/ wkhvh
wzr h{whuqdolwlhv h{dfwo| r�vhw hdfk rwkhu/ dqg rqo| wkh srvlwlyh h{whuqdolw| h�hfwv ri
frqwulexwlqj wr wkh sxeolf jrrg uhpdlq1 Qdwxudoo|/ wklv ohdgv wr frqwulexwlrqv |lhoglqj
dq rxwfrph lghqwlfdo wr yroxqwdu| frqwulexwlrqv zlwkrxw d surylvlrq srlqw1 Iru pruh
jhqhudo xwlolw| vshfl�fdwlrqv/ wkh lqfuhdvh lq wkh sul}h srro zloo qrw h{dfwo| fdqfho wkh
uhgxfwlrq lq zlqqlqj fkdqfhv> krzhyhu/ wkh gloxwlrq ri wkh qhjdwlyh h{whuqdolw| zloo
vwloo eh suhvhqw1 Dv d uhvxow/ d sdul0pxwxho ud"h zloo frqwlqxh wr eh ohvv h�hfwlyh dw
surylglqj sxeolf jrrgv wkdq lwv �{hg0sul}h frxqwhusduw1

8 Orwwr

Orwwr lv wkh prvw srsxodu dqg idvwhvw jurzlqj ri wkh orwwhu| jdphv r�huhg lq wkh XV1
Orwwr wlfnhw vdohv dffrxqw iru pruh wkdq kdoi ri doo orwwhu| wlfnhw uhyhqxhv lq wkh XV
dqg doprvw wkuhh txduwhuv ri orwwhu| uhyhqxhv joredoo|1 W|slfdoo|/ wkh sul}h vwuxfwxuh
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lq orwwr lv k|eulg/ kdylqj erwk �{hg sul}h dqg d sdul0pxwxho frpsrqhqwv1 Wkh �{hg0
sul}h frpsrqhqwv ri orwwr jdphv frph iurp wzr vrxufhv/ jxdudqwhhg plqlpxp sd|rxwv
uhjdugohvv ri wlfnhw vdohv dqg sul}h prqh| uroohg ryhu iurp suhylrxv gudzlqjv lq zklfk
wkhuh zdv qr zlqqhu1 Rqfh wlfnhw vdohv iru d orwwr gudzlqj h{fhhg vrph wkuhvkrog/
wkh sul}h srro lv dxjphqwhg lq sdul0pxwxho idvklrq zlwk d �{hg shufhqw ri wkh kdqgoh
ehlqj dgghg wr wkh sul}h srro1

Wr prvw hdvlo| vhh wkh vwuxfwxuh ri wkh orwwr jdph/ lw lv khosixo wr ehjlq e| frq0
vlghulqj d sxuh �{hg0sul}h yhuvlrq ri wkh jdph1 Lq d �{hg0sul}h orwwr/ d jryhuqphqw
ru fkdulwdeoh rujdql}dwlrq r�huv g srvvleoh zlqqlqj qxpehuv +ru frpelqdwlrqv ri
qxpehuv, dqg d �{hg sul}h - : f�

Ehwwruv zkr ehw rq d qxpehu & zklfk zlqv wkh orwwr/ wkhq vkduh wkh sul}h lq
sursruwlrq wr wkhlu ehwv dv d shufhqwdjh ri wkh wrwdo dprxqw ehw rq &�Zlwk ? ehwwruv/
wkh xwlolw| pd{lpl}dwlrq sureohp ri ehwwru �/ jlyhq wkh zdjhuv ri wkh rwkhu ehwwruv
lv wr fkrrvh d g yhfwru ri ehwv %� ' E%��c%�2c ���c %�g� fruuhvsrqglqj wr hdfk ri wkh g
qxpehuv zklfk pd{lpl}h
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� �'� %�& ghqrwhv wkh vxp ri wkh zdjhuv ri wkh rwkhu ehwwruv rq wkh &wk
qxpehu lq wkh orwwr1

Qrwlfh wkdw/ frqglwlrqdo rq wkh zlqqlqj qxpehu &c wkh sd|r� vwuxfwxuh iru wkh orwwr
lv lghqwlfdo wr wkdw ri wkh ud"h1 Wkxv/ li doo ri wkh ehwwruv nqhz zkdw wkh zlqqlqj
qxpehu zrxog eh/ wkhlu ehwv zrxog eh lghqwlfdo wr wkrvh ri wkh ud"h1 Lq uhdolw|/
ehwwruv duh v|pphwulfdoo| xqlqiruphg derxw zklfk qxpehu zloo eh wkh zlqqlqj rqh1
Vlqfh doo qxpehuv kdyh dq htxdo suredelolw| ri ehlqj zlqqhuv/ ehwwruv vlpso| glylgh
wkhlu ehwv +nqrzlqj wkh zlqqlqj qxpehu, hyhqo| dprqj doo wkh qxpehuv1 Wkxv/ wkhlu
ehwwlqj ehkdylru lq wkh orwwr jdph lv lghqwlfdo wr wkh ud"h/ dqg wkh wzr jdphv duh
rxwfrph htxlydohqw lq wkh vhqvh wkdw wrwdo htxloleulxp zdjhuv e| hdfk ehwwru duh
lghqwlfdo wr d vlploduo| vwuxfwxuhg ud"h154 Lw lv d vlpsoh pdwwhu wr vkrz wkdw rxwfrph
htxlydohqfh ehwzhhq orwwrv dqg ud"hv h{whqgv wr htxloleulxp ehwwlqj rq sdul0pxwxho
irupv ri hdfk jdph1 Dv d uhvxow/ doo ri wkh uhvxowv ghulyhg iru ud"hv dovr krog iru
orwwrv1

Jxooh| dqg Vfrww ^4;` revhuyh wkdw dq hpslulfdo uhjxodulw| ri orwwr sod| lv wkdw
wkh rffxuuhqfh ri urooryhuv jhqhudwhv pxfk lqfuhdvhg ehwwlqj rq orwwr/ riwhq lq h{fhvv
ri wkh dprxqw ri wkh lqfuhdvh lq wkh sul}h dprxqw1 GhErhu ^45` dqg ^4;` xvhg wklv
yduldwlrq lq wkh sul}h srro wr uhfrpphqg fkdqjhv lq wkh rggv vwuxfwxuh wr lqgxfh
dgglwlrqdo urooryhuv dqg jhqhudwh juhdwhu orwwr uhyhqxh1 Qrwlfh/ krzhyhu/ wkdw wkh
fkdqjhv lq ehwwlqj ehkdylru dvvrfldwhg zlwk urooryhuv fruuhvsrqg wr fkdqjlqj wkh

54Vrph fduh lv qhhghg khuh1 Rxwfrph htxlydohqfh iroorzv iurp ulvn qhxwudolw|1 Lq jhqhudo/ ud"hv

dqg orwwrv zloo qrw eh rxwfrph htxlydohqw> krzhyhu/ wkh frpshqvdwlqj h{whuqdolw| h�hfwv zklfk |lhog

lqfuhdvhg surylvlrq ri wkh sxeolf jrrg zlwk wkh lqwurgxfwlrq ri d �{hg0sul}h ud"h zloo vwloo eh suhvhqw

zlwk wkh lqwurgxfwlrq ri d �{hg0sul}h orwwr1
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ohyho ri wkh �{hg sul}h frpsrqhqw ri wkh orwwr1 Dv zdv vkrzq hduolhu/ lqfuhdvlqj wkh
�{hg sul}h ohdgv wr lqfuhdvhg surylvlrq ri wkh sxeolf jrrg qhw ri sul}h dprxqwv> wkdw
lv/ ehwv lqfuhdvh lq h{fhvv ri wkh dprxqw ri wkh sul}h1 Wkxv/ wkh revhuyhg ehkdylru
lv frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh prgho1 Lq oljkw ri wklv/ wkh gdwd pljkw eh
lqwhusuhwhg lq vxssruw ri d pxfk gl�huhqw srolf| suhvfulswlrq1 Wkdw lv/ uhgxflqj
wkh sdul0pxwxho frpsrqhqw ri wkh sul}h vwuxfwxuh zkloh lqfuhdvlqj wkh �{hg sul}h
frpsrqhqw +zlwk qr fkdqjh lq wkh rggv, vkrxog dovr |lhog kljkhu orwwr uhyhqxhv1

9 Hpslulfdo dqg H{shulphqwdo Lpsolfdwlrqv

Wkh uhvxowv ri wkh prgho r�hu d qxpehu ri xqltxh suhglfwlrqv derxw krz orwwhu|
zdjhulqj ehkdylru zloo fkdqjh zlwk fkdqjhv lq erwk wkh vwuxfwxuh ri wkh orwwhu| jdphv
dv zhoo dv wkh ghvludelolw| ri wkh sxeolf jrrg ehlqj �qdqfhg1 Lq wklv vhfwlrq/ d qxpehu
ri wkhvh lpsolfdwlrqv duh kljkoljkwhg dqg whvwv xvlqj gdwd iurp wkh �hog dqg lq wkh
ode duh vxjjhvwhg1

� Lq d oderudwru| vhwwlqj zkhuh wkh pdujlqdo xwlolw| dvvrfldwhg zlwk surylvlrq
ri wkh sxeolf jrrg lv nqrzq/ wkh prgho pdnhv vshfl�f suhglfwlrqv derxw wkh
ohyho ri htxloleulxp zdjhulqj ehkdylru zklfk zloo rffxu lq wkh orwwhu| xqghu
dssur{lpdwho| ulvn0qhxwudo suhihuhqfhv1 Orwwhu| zdjhulqj h{sodqdwlrqv edvhg
vroho| rq ulvn0suhihuhqfh dujxphqwv +devhqw sxeolf jrrg frqvlghudwlrqv, suhglfw
v|vwhpdwlfdoo| orzhu ohyhov ri orwwhu| jlylqj1

� Prujdq dqg Vhiwrq ^5:` frqgxfwhg �{hg0sul}h ud"hv lq d oderudwru| vhwwlqj
e| h{whqglqj vwdqgdug yroxqwdu| frqwulexwlrq phfkdqlvp h{shulphqwdo gh0
vljqv1 Wkh| irxqg wkdw dyhudjh orwwhu| ehwv zhuh lqglvwlqjxlvkdeoh iurp
wkh Qdvk htxloleulxp suhglfwlrq1

� Kroglqj �{hg wkh sxeolf jrrg ehlqj surylghg/ wkh lqwurgxfwlrq ri d �{hg0sul}h
orwwhu| lqfuhdvhv wkh surylvlrq ri sxeolf jrrg uhodwlyh wr yroxqwdu| frqwulexwlrqv1

� Lq ^5:`/ sxeolf jrrgv surylvlrqv iurp d �{hg0sul}h ud"h zhuh frpsduhg wr
wkh yroxqwdu| frqwulexwlrq phfkdqlvp1 Ghslwh �h{fhvvlyh jlylqj� lq wkh
yroxqwdu| frqwulexwlrq phfkdqlvp/ wkh ud"h vwloo lqfuhdvhg wkh surylvlrq
ri wkh sxeolf jrrg1

� Iru lghqwlfdo htxloleulxp sul}h dzdugv/ �{hg0sul}h orwwhulhv rxwshuirup sdul0
pxwxho orwwhulhv1
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� Urooryhuv lq orwwr jdphv surylgh d qdwxudo h{shulphqw ri wklv suhglfwlrq1
Dv zdv phqwlrqhg deryh/ Jxooh| dqg Vfrww ^4;` dqg rwkhuv revhuyh lq0
fuhdvhv lq orwwhu| zdjhulqj lq h{fhvv ri wkh dprxqw ri wkh urooryhu/ frqvlv0
whqw zlwk wkh wkhru|1 D vwudljkwiruzdug h{shulphqwdo whvw ri wklv suhglfwlrq
zrxog eh wr vwuxfwxuh d sdul0pxwxho dqg �{hg0sul}h orwwhu| vxfk wkdw htxl0
oleulxp sul}h dprxqwv duh lghqwlfdo dqg revhuyh jlylqj ehkdylru lq hdfk
jdph1

� Odujh orwwhulhv surylgh sxeolf jrrg ohyhov forvhu wr �uvw0ehvw wkdq vpdoo orwwhulhv1

� Fhuwdlqo|/ wkh lqfuhdvhg surfhhgv iurp orwwr zlwk lqfuhdvhg sul}h dprxqwv
duh txdolwdwlyho| frqvlvwhqw zlwk wklv suhglfwlrq1 Lq d oderudwru| vhwwlqj/
^5:` frq�up wklv txdolwdwlyh suhglfwlrq e| frsdulqj sxeolf jrrgv surylvlrq
lq orwwhulhv ri ydu|lqj sul}h dprxqwv1

� Li wkh ehqh�w ri wkh sxeolf jrrg lv qrw srvlwlyho| fruuhodwhg zlwk zhdowk/ wkhq
erwk orwwhulhv dqg yroxqwdu| frqwulexwlrqv duh uhjuhvvlyh1

� Wkh uhjuhvvlylw| ri orwwhulhv kdv ehhq zhoo grfxphqwhg> krzhyhu/ li orwwhulhv
duh ehlqj xvhg dv d uhsodfhphqw iru yroxqwdu| frqwulexwlrqv/ wkhq wkh prgho
suhglfwv wkdw yroxqwdu| frqwulexwlrqv vkrxog dovr eh uhjuhvvlyh1 Lq Iljxuh
5/ gdwd rq orwwhu| dqg yroxqwdu| frqwulexwlrq h{shqglwxuhv dv d shufhqwdjh
ri krxvhkrog lqfrph duh frpsduhg zlwk uhvxowv wkdw dsshdu frqvlvwhqw zlwk
wkh wkhruhwlfdo suhglfwlrq1

+ILJXUH 5 KHUH,

� Vrfldoo| xqghvludeoh orwwhulhv orvh prqh|1 Qrwlfh wkdw ulvn0suhihuhqfh edvhg
suhglfwlrqv ri orwwhu| jdpeolqj kdyh qr vxfk suhglfwlrq1

� ^5:` frpsduh h{shulphqwdoo| wzr orwwhulhv zlwk lghqwlfdo sul}h ohyhov zkloh
ydu|lqj wkh vrfldo ghvludelolw| ri wkh sxeolf jrrg ehlqj ixqghg1 Wkh| �qg
wkdw orwwhu| zdjhulqj zkhq wkh orwwhu| lv ixqglqj d vrfldoo| xqghvludeoh
sxeolf jrrg1

Lw lv lpsruwdqw wr qrwlfh wkdw wkhvh lpsolfdwlrqv dqg +lq vrph fdvhv/ oderudwru|
uhvxowv, gl�hu vkduso| iurpprghov lq zklfk orwwhu| sod| lv prwlydwhg e| ulvn0vhhnlqj ru
oryh ri jdpeolqj1 Lq wkhvh prghov/ rqh zrxog qrw h{shfw fkdqjhv lq ehwwlqj ehkdylru
wr ydu| zlwk wkh vrfldo ghvludelolw| ri wkh sxeolf jrrg qru wr eh fruuhodwhg zlwk
yroxqwdu| jlylqj1 Lw zrxog dovr eh gl!fxow wr vd| krz fkdqjhv lq wkh sul}h vwuxfwxuh
ri wkh orwwhu| vkrxog d�hfw ehwwlqj ehkdylru1 Wkxv/ wkh wkhruhwlfdo suhglfwlrqv ri wklv
sdshu lq frpelqhg zlwk revhuydwlrqv iurp erwk wkh �hog dqg wkh oderudwru| vxjjhvw
wkdw wkh olqn ehwzhhq lqglylgxdo zdjhulqj dqg sxeolf jrrgv surylvlrq lv lpsruwdqw lq
xqghuvwdqglqj wkh vxffhvv ri orwwhulhv1
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D Dsshqgl{

D14 Surri ri Sursrvlwlrq 6

Ehiruh surfhhglqj zlwk wkh surri/ wkh iroorzlqj suholplqdu| uhvxowv duh khosixo1
Gh�qh

��EC(-� � ���EC�� � n
-

-nC

Qrwlfh wkdw �� lv hyhu|zkhuh ghfuhdvlqj lq C dqg lqfuhdvlqj lq -�
Jlyhq d sul}h -c ohw C� vroyh

��EC�(-� ' f

dqg vxssrvh zlwkrxw orvv ri jhqhudolw| wkdw C� � C2 � ��� � C?�

Ohppd 4 Dq htxloleulxp h{lvwv iru wkh �{hg0sul}h ud"h1

Surri1 Vlqfh wkh vhw ri ��r dfwlrqv lv frpsdfw dqg frqyh{/ dqg klv sd|r�v duh
frqwlqxrxv dqg txdvl0frqfdyh/ wkh vwdqgdug h{lvwhqfh frqglwlrqv duh vdwlv�hg1 Vhh
Wkhruhp 5316 Rveruqh dqg Uxelqvwhlq ^5;`1

Iru flufxpvwdqfhv lq zklfk dq htxloleulxp surylghv srvlwlyh dprxqwv ri wkh sxeolf
jrrg/ wkh iroorzlqj ohppdv krog1

Ohppd 5 Dq| htxloleulxp jhqhudwlqj C ri wkh sxeolf jrrg frqvlvwv ri ehwv %� : f
iru doo � vxfk wkdw C� : C dqg }hur ehwv iurp doo rwkhu ehwwruv1

Surri1 Vxssrvh wkhuh h{lvwv d ehwwru vxfk wkdw C� : C dqg %� ' fc wkhq ��EC(-� : f
dqg lw lv sur�wdeoh iru � wr pdnh d vpdoo srvlwlyh ehw1 Vlploduo|/ vxssrvh wkhuh h{lvwv
d � vxfk wkdw C� � C1 wkhq ��EC(-� � f dqg lw lv qrw sur�wdeoh wr ehw dq| srvlwlyh
dprxqw1

Frpelqlqj wkh idfw wkdw C� � C2 � ���C? zlwk Ohppd 5 lpsolhv wkdw iru dq|
ohyho ri C rqo| wkh �uvw ?� ehwwruv/ vxfk wkdw C?� � C : C?�n�c zloo zdjhu srvlwlyh
dprxqwv lq dq| htxloleulxp1

Ohppd 6 Jlyhq dq htxloleulxp zkhuh wkh �uvw ?� ehwwruv zdjhu srvlwlyh dprxqwv

zkhq doo rwkhu ehwwruv zdjhu }hur/ wkhq wkh zdjhuv ri doo sod|huv dqg wkh sxeolf jrrgv

surylvlrq duh xqltxho| ghwhuplqhg1

Surri1 Vxpplqj htxdwlrqv +5, iru � ' �c ���c ?�/ C?� vroyhv

?�[
�'�

���EC�� ?� n E?� � ��
-

-nC
' f
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Dqg vlqfh wkh ohiw0kdqg vlgh ri wklv h{suhvvlrq lv ghfuhdvlqj/ wkh vroxwlrq lv xqltxh1
Wkh wxsoh ri zdjhuv pxvw dovr vlpxowdqhrxvo| vdwlvi| +5, zlwk htxdolw| iru doo

� ' �c ���c ?�� Il{lqj C ' C?� wkhq/ iru � ' �c ���c ?�c +5, ehfrphv

���EC?��� � n
%E� q ��

-nC?�

' f

Exw wklv lv d olqhdu v|vwhp lq E%�c %2c ���c %?�� c dqg/ vlqfh wkh pdwul{ ri frh!flhqwv
lv qrqvlqjxodu/ wkh vroxwlrqv duh xqltxho| ghwhuplqhg1

Lw lv xvhixo wr vkrz wkdw wkhuh duh qr htxloleuld lq zklfk wkh ud"h idlov wr eh khog1

Ohppd 7 Wkhuh lv qr htxloleulxp vhw ri zdjhuv E%�c %2c ���%?� vxfk wkdw %E���- 	

�B�

Surri1 Vxssrvh wkh frqwudu| lv wuxh1 Wkhq wkhuh lv dq htxloleulxp lq zklfk wkh ud"h
lv fdoohg r�1 Lq wklv htxloleulxp/ hdfk ehwwruv* xwlolw| lv vlpso| ��1

Qrz/ frqvlghu d ghyldwlrq e| ehwwru �� Vxssrvh wkdw � dowhuv klv ehw vxfk wkdw
%E��� - ' �B� Wkhq wkh ud"h lv khog dqg � hduqv

L� ' �� � %� n
%�

%E��
-

' �� n %�

�
-

-� B
� �

�
: ��

vlqfh
�

-

-3B
� �

�
: f� Wkxv/ wklv ghyldwlrq lv sur�wdeoh iru � zklfk frqwudglfwv wkh

ruljlqdo vxssrvlwlrq1

Zh qrz surfhhg wr suryh Sursrvlwlrq 6
Surri1 Iurp Ohppd 4/ zh nqrz wkdw dq htxloleulxp h{lvwv/ dqg iurp Ohppd 7/ zh
nqrz wkdw/ lq htxloleulxp/ wkh ud"h lv khog1

Vxssrvh d vhw � � � � sod|huv elgglqj srvlwlyh dprxqwv frqvwlwxwhv dq htxlole0
ulxp1 Wkhq/ iru doo � 5 � �

���EC� ��� � n
-%E� q ��

E-nC� ��2
' f

iru doo � 5 � q� �

���EC� ��� � n
-

-nC� �

� f

E| Ohppd 6/ wkhuh lv d xqltxh htxloleulxp lqyroylqj � � srvlwlyh ehwwruv1
Frpelqlqj wkh idfw wkdw C� � C2 � ��� � C? zlwk Ohppd 5/ dwwhqwlrq pd|

eh uhvwulfwhg wr vxevhwv dqg vxshuvhwv ri � �1 Wklv iroorzv iurp wkh idfw wkdw dq|
htxloleulxp surylvlrq ri wkh sxeolf jrrg pxvw hlwkhu uhvxow lq � � dqg vrph dgglwlrqdo
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ehwwruv zdjhulqj srvlwlyh dprxqwv/ ru pdujlqdo sod|huv lq � � gursslqj rxw dffruglqj
wr wkh vl}h ri C� uhodwlyh wr wkh htxloleulxp C�

Fdvh 41 Vxssrvh wkdw wkhuh h{lvwv d vhw � �� � � � wkdw dovr frqvwlwxwhv dq htxlole0
ulxp1 Wkhq � �� vdwlv�hv

� 5 � �� � � �

���EC� ���� � n
-%E� q ��

E-nC� ���2
' f

Iru & 5 � � q� ��

��&EC� ���� � n
-

-nC� ��

� f +8,

dqg iru � 5 � q� �

���EC� ���� � n
-

-nC� ��

� f

Qrwlfh wkdw iru +8, wr krog/ wkhq C� �� : C� � �

Uhfdoo wkdw C� �� vroyhv

[
�M� ��

���EC��� �� n E� �� � ��
-

-nC
' f

hydoxdwlqj wklv h{suhvvlrq dw C� � |lhogv

[
�M� ��

���EC� ���� �� n E� �� � ��
-

-nC� �

	 f +9,

vlqfh/ vxpplqj +5, ryhu wkh vhw � �� ri sod|huv |lhogv

[
�M� ��

���EC� ���� �� n dE� �� � �� n % E� � q� ���o
-

-nC� �

' f

exw wkh lqhtxdolw| lq +9, lpsolhv C� �� 	 C� � zklfk lv d frqwudglfwlrq1
Fdvh 51 Vxssrvh wkdw wkhuh h{lvwv d vhw � �� � � � ri sod|huv frqvwlwxwlqj dq

htxloleulxp1 Wkhq
� 5 � �

���EC� ���� � n
-%E� q ��

E-nC� ���2
' f

Iru & 5 � �� q� �

��&EC� ���� � n
-%E� q ��

E-nC� ���2
' f

dqg iru � 5 � q� ��

���EC� ���� � n
-

-nC� ��

� f

Wr lqgxfh dgglwlrqdo elgghuv wr mrlq wkh elgglqj uhtxluhv C� �� 	 C� �
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Vlqfh [
�M� �

���EC� ���� � n E� � � ��
-

-nC� �

' f

wkhq li C� �� 	 C� �

[
�M� �

���EC� ����� � n E� � � ��
-

-nC� ��

: f +:,

Vxpplqj wkh IRFv ryhu wkh � � sod|huv

[
�M� �

���EC� ����� � n
-

E-nC� ���2

%[
� �

%E� q ��

&
' f +;,

Zh fdq uhzulwh wkh ohiw0kdqg vlgh ri +;, dv=

[
�M� �

���EC� ����� � n dE� � � �� n %E� �� q� ��o
-

-nC� ��

:

[
�M� �

���EC� ����� � n E� � � ��
-

-nC� ��

: f

e| htxdwlrq +:,1 Exw wklv lv d frqwudglfwlrq1
Vlqfh fdvhv 4 dqg 5 duh h{kdxvwlyh/ wkh surri lv frpsohwh1

D15 Surri ri Wkhruhp 4

Ehiruh surfhhglqj/ wkh iroorzlqj Ohppd suryhv xvhixo

Ohppd 8 Lq d �{hg0sul}h ud"h/ li wkh qxpehu ri srvlwlyh ehwwruv uhpdlqv �{hg/ wkhq

wkh surylvlrq ri wkh sxeolf jrrg lv lqfuhdvlqj lq wkh dprxqwv ri wkh sul}h1

Surri1 E| Sursrvlwlrq 6/ wkhuh lv d xqltxh vhw ri � � ehwwruv zlwk htxloleulxp zdjhuv
E7%�c 7%2c ���c 7%?� vxfk wkdw vxpplqj +5, ryhu wkh �uvw ?� ehwwruv |lhogv

?�[
�'�

���E7%E��� -�� ?� n E?� � ��
-

7%E��

Gl�huhqwldwlqj

Y7%E��

Y-
'

�
S?�

�'� �
��
� E7%E��� -� n E?� � �� �

7%E��

�
S?�

�'� �
��
� E7%E��� -� n E?� � �� �

7%E��

-

7%E��

� �

zkhuh wkh lqhtxdolw| iroorzv iurp wkh idfw wkdw -

7%E��
	 �( khqfh wkh ghqrplqdwru lv

vpdoohu wkdq wkh qxphudwru1
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Uhfdoo wkdw Y 7C

Y-
' YE7%E��3-�

Y-
' Y7%E��

Y-
� �� Khqfh

Y 7C

Y-
� f

zlwk vwulfw lqhtxdolw| surylghg ?� : �� Wkxv/ wkh fodlp lv suryhq1

Zh qrz surfhhg wr suryh Wkhruhp 41
Surri1 Uhfdoo wkdw xqghu yroxqwdu| frqwulexwlrqv %T E�� vroyhv

?T[
�'�

���E%
T E���-�� ?T n

�
?T � �

� -

-nCT
' f

zkhq - ' f dqg � ' �c ���c ?T ehwwruv frqwulexwh srvlwlyh dprxqwv1
Fdvh 41 Li wkh vhw ri srvlwlyh ehwwruv lv xqfkdqjhg e| wkh lqwurgxfwlrq ri d ud"h/

wkhq/ e| Ohppd 8/ wkh surylvlrq ri wkh sxeolf jrrg lv kljkhu1
Fdvh 51 Vxssrvh wkdw wkh vhw ri srvlwlyh ehwwruv fkdqjhv1 Vxssrvh ehwwru � gursv

rxw zlwk wkh lqwurgxfwlrq ri wkh ud"h/ wkhq

��EC
T ( f� : f

dqg
��E 7C(-� 	 f

dqg vlqfh �� lv ghfuhdvlqj lq C dqg lqfuhdvlqj lq -c wkhq 7C : CT lv qhfhvvdu| iru
wklv wr kdsshq1

Vxssrvh wkdw wkh lqwurgxfwlrq ri wkh ud"h lqgxfhv ehwwruv ?T n�c111/?T n& wr ehw
srvlwlyh dprxqwv/ wkhq C pxvw dovr lqfuhdvh1

Wr vhh wklv qrwh wkdw CT vroyhv

��EC
T ( f� ' f

dqg zlwk wkh �{hg0sul}h ud"h 7C vroyhv

?T n&[
�'�

��E 7C(-��
-

-n 7C
' f

Gl�huhqflqj |lhogv

?T[
�'�

�
���E 7C�� ���EC

T �
�
n

?T n&[
�'?T n�

��E 7C(-� n
�
?T � �

� -

-n 7C
' f

exw li 7C � CT wkhq doo wkh whupv lq wklv h{suhvvlrq duh srvlwlyh/ zklfk lv d frqwud0
glfwlrq1 Wkxv/ 7C : CT �

Vlqfh fdvhv 4 dqg 5 duh h{kdxvwlyh/ wkh surri lv frpsohwh1
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D16 Surri ri Wkhruhp 5

Wkh iroorzlqj Ohppd lv khosixo lq wkh surri1

Ohppd 9 Lq d �{hg0sul}h ud"h/ li d sul}h - � 7- lv r�huhg/ wkhq doo ehwwruv zdjhu

srvlwlyh dprxqwv1

Surri1 Uhfdoo wkdw lw lv sur�wdeoh iru � wr zdjhu d srvlwlyh dprxqw surylghg

��EC(-� : f

Ohw 7- vroyh
�?EC

W( 7-� ' f

E| Sursrvlwlrq BB/ doo htxloleulxp surylvlrqv ri wkh sxeolf jrrg duh ohvv wkdq CW�

Khqfh/ iru dq| htxloleulxp 7Cc
�?E 7C( 7-� : f

dqg vlqfh C� � C2 � ��� � C� c wkhq iru doo �

��E 7C( 7-� � �?E 7C( 7-�

dqg doo ehwwruv zloo zdjhu srvlwlyh dprxqwv1 Vlqfh/ �� lv lqfuhdvlqj lq -c wkhq iru doo
- � 7-c doo ehwwruv zloo olnhzlvh zdjhu srvlwlyh dprxqwv1

Zh surfhhg wr suryh Wkhruhp 51
Surri1 Zlwkrxw orvv ri jhqhudolw|/ ohw -W : 7-c wkhq/ e| Ohppd 9/ dwwhqwlrq fdq eh
uhvwulfwhg wr vwulfwo| lqwhulru htxloleuld1

Wkh C jhqhudwhg e| -W vroyhv

?[
�'�

���EC�� ?n E?� ��
-

-nC
' f

Dv -$ 4c C$ CW( pruhryhu/ e| Ohppd 8/ C lv lqfuhdvlqj lq -� Khqfh/ iru vrph
7C 5 dCW � "cCW� / wkhuh h{lvwv -W vxfk wkdw

?[
�'�

���E 7C� "�� ?n E?� ��
-W

-W n 7C
' f

dqg surylghg
S?

�'��
W
� lv vx!flhqwo| odujh/ -W lv d ihdvleoh sul}h1
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D17 Surri ri Wkhruhp 6

Iluvw/ vxssrvh wkh ud"h ixqgv wkh sxeolf jrrg1
Li E7%�c 7%2c ���c 7%?� duh wkh htxloleulxpzdjhuv wkhq wkh htxloleulxp htxdwlrq ri ehwwru

� iru wkh ud"h lv

���E%E���-� ' ��

#
%E� q ��

E%E���2

$
-

surylghg wkdw 7%� : f1 Vxssrvh ?� 	 ? sod|huv zdjhu srvlwlyh dprxqwv/ wkhq vxpplqj
ryhu doo ?� sod|huv |lhogv

?�[
�'�

E���E%E���-�� ' ?� � E?� � ��
-

%E��
+<,

Li d ud"h ixqgv wkh sxeolf jrrg/ l1h1/ - � 7%E�� wkhq +<, lpsolhv

?�[
�'�

E���Ef�� � �

dqg khqfh
?[
�'�

E���Ef�� � �

Wkxv/ iurp +4,/ CW : fc dqg wkh sxeolf jrrg lv vrfldoo| ghvludeoh1
Frqyhuvho|/ vxssrvh wkh jrrg lv vrfldoo| ghvludeoh dqg lv qrw ixqghg e| wkh ud"h1

Uhfdoo wkdw vrfldo ghvludelolw| uhtxluhv

?[
�'�

���Ef� � �

dqg/ iurp +<,/ d qhfhvvdu| frqglwlrq iru d ud"h qrw wr ixqg wkh jrrg lv

?[
�'�

���Ef� 	 �

Exw wklv lv fohduo| d frqwudglfwlrq1
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Uhihuhqfhv

^4` Dqguhrql/ M1=�Sulydwho| Surylghg Sxeolf Jrrgv lq d Odujh Hfrqrp|= Wkh Olplwv
ri Dowuxlvp/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 68 +4<;;,/ ss1 8:0:61

^5` Ehujvwurp/ W1/ O1 Eoxph dqg K1 Yduldq= �Rq wkh Sulydwh Surylvlrq ri Sxeolf
Jrrgv/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 5< +4<;9,/ ss1 5807<1

^6` Ehuqkhlp/ E1G1= �Rq wkh Yroxqwdu| dqg Lqyroxqwdu| Surylvlrq ri Sxeolf Jrrgv/�
Dphulfdq Hfrqrplf Uhylhz/ :9 +4<;9,/ ss1 :;<0:<61

^7` Eruj/ P1 dqg S1 Pdvrq= �Wkh Exgjhwdu| Lqflghqfh ri d Orwwhu| wr Vxssruw
Hgxfdwlrq/� Qdwlrqdo Wd{ Mrxuqdo/ 94 +4<;;,/ ss1 :80;81

^8` Eruj/ P1/ S1 Pdvrq/ dqg V1 Vkdslur= Wkh Hfrqrplf Frqvhtxhqfhv ri Vwdwh Orw0
whulhv/ Sudhjhu Sxeolvkhuv/ Qhz \run/ 4<<41

^9` Exfkdqdq/ M1= �Wkh Hfrqrplfv ri Hdupdunhg Wd{hv/� Mrxuqdo ri Srolwlfdo Hfrq0
rp|/ :4 +4<96,/ ss1 78:079<1

^:` Forwihowhu/ F1 dqg S1 Frrn= �Lpsolflw Wd{dwlrq lq Orwwhu| Ilqdqfh/� Qdwlrqdo

Wd{ Mrxuqdo/ 73 +4<;:,/ ss1 86608791

^;` Forwihowhu/ F1 dqg S1 Frrn= Vhoolqj Krsh/ Vwdwh Orwwhulhv lq Dphulfd/ Kduydug
Xqlyhuvlw| Suhvv/ Fdpeulgjh/ 4<;<1

^<` Fruqhv/ U1 dqg W1 Vdqgohu= Hdv| Ulghuv/ Mrlqw Surgxfwlrq/ dqg Sxeolf Jrrgv/�
Hfrqrplf Mrxuqdo/ <7 +4<;7,/ ss1 8;308<;1

^43` g*Dvsuhprqw/ F1 dqg O1 Jhudug0Yduhw/ �Lqfhqwlyhv dqg Lqfrpsohwh Lqirupdwlrq/�
Mrxuqdo ri Sxeolf Hfrqrplfv/ 44 +4<:<,/ ss1 580781

^44` Gdylv/ G1 dqg F1 Krow= H{shulphqwdo Hfrqrplfv/ Sulqfhwrq Xqlyhuvlw| Suhvv/
Sulqfhwrq/ 4<<61

^45` GhErhu/ O1= �Orwwr Vdohv Vwdjqdwlrq= Surgxfw Pdwxulw| ru Vpdoo MdfnsrwvB�
Jurzwk dqg Fkdqjh/ 54 +4<<3,/ ss1 :60::1

^46` Grxjodv/ D1= Eulwlvk Fkdulwdeoh Jdpeolqj 4<8904<<7/ Dwkorqh Suhvv/ Orqgrq/
4<<81

^47` H}hoo/ M1= Iruwxqh*v Phuu| Zkhho= Wkh Orwwhu| lq Dphulfd/ Kduydug Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ 4<931

^48` Jrhw}/ F1= �Hdupdunhg Wd{hv dqg Pdmrulw| Uxoh/� Dphulfdq Hfrqrplf Uhylhz/
8; +4<9;,/ ss1 45;04691
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^49` Juryhv/ W1= �Lqfhqwlyhv lq Whdpv/� Hfrqrphwulfd/ 74 +4<:6,/ ss1 94:09641

^4:` Juryhv/ W1 dqg M1 Ohg|dug= �Rswlpdo Doorfdwlrq ri Sxeolf Jrrgv= D Vroxwlrq
wr wkh Iuhh Ulghu Sureohp/� Hfrqrphwulfd/ 78 +4<::,/ ss1 :;60;3<1

^4;` Jxooh|/ G1 dqg I1 Vfrww/ �Wkh Ghpdqg iru Zdjhulqj rq Vwdwh Rshudwhg Orwwr
Jdphv/� Qdwlrqdo Wd{ Mrxuqdo/ 79 +4<<6,/ ss1 460551

^4<` Kroodqghu/ K1= �D Vrfldo H{fkdqjh Dssurdfk wr Yroxqwdu| Frrshudwlrq/� Dphu0
lfdq Hfrqrplf Uhylhz/ ;3 +4<<3,/ ss1 448:0449:1

^53` Lvddf/ P1 dqg M1 Zdonhu= �Frppxqlfdwlrq dqg Iuhh0Ulglqj Ehkdylru= Wkh Yro0
xqwdu| Frqwulexwlrqv Phfkdqlvp/� Hfrqrplf Lqtxlu|/ 5; +4<;;,/ ss1 8;8093;1

^54` Lvddf/ P1/ G1 Vfkplgw}/ dqg M1 Zdonhu= �Wkh Dvvxudqfh Sureohp lq d Oderudwru|
Pdunhw/� Sxeolf Fkrlfh/ 95 +4<;<,/ ss1 54:05691

^55` Ndkqhpdq/ G1/ M1 Nqhwvfk/ dqg U1 Wkdohu= �H{shulphqwdo Whvwv ri wkh Hqgrz0
phqw H�hfw dqg wkh Frdvh Wkhruhp/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <; +4<<3,/
ss1 46580467;1

^56` Ndufkhu/ D1= Orwwhulhv/ Wudqvdfwlrq Sxeolvkhuv/ Qhz Euxqvzlfn/ 4<;<1

^57` Od Iohxu/ W1 dqg E1 Od Iohxu= �Orwwhu| IDT/� lq Od Iohxu*v Orwwhu| Zruog/

+kwws=22zzz1od hxuv1frp,1

^58` Od}hdu/ H1 dqg V1 Urvhq= �Udqn0Rughu Wrxuqdphqwv dv Rswlpxp Oderu Frq0
wudfwv/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;< +4<;4,/ ss1 ;740;971

^59` Prruh/ M= �Lpsohphqwdwlrq/ Frqwudfwv/ dqg Uhqrhjrwldwlrq lq Hqylurqphqwv
zlwk Frpsohwh Lqirupdwlrq/� lq M10M1 Od�rqw/ hg1 Dgydqfhv lq Hfrqrplf Wkhru|=
Vl{wk Zruog Frqjuhvv/ Yro1 4/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run/ 4<<51

^5:` Prujdq/ M1 dqg P1 Vhiwrq= �Ixqglqj Sxeolf Jrrgv wkurxjk Orwwhulhv= Dq H{0
shulphqw/� Fhqwhu iru Uhvhdufk lq Frq lfw dqg Qhjrwldwlrq Zrunlqj Sdshu <906/

4<<91

^5;` Rveruqh/ P1 dqg D1 Uxelqvwhlq= D Frxuvh lq Jdph Wkhru|/ PLW Suhvv/ Fdp0
eulgjh/ 4<<71

^5<` Sdx}qhu/ D1= �Odujh Hfrqrplhv= Zkhq Gr Lqghshqghqw Plvwdnhv PdwwhuB�
plphr/ Who Dyly Xqlyhuvlw|/ 4<<91

^63` Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv/ X1V1 Ghsduwphqw ri Frpphufh/ Hfr0
qrplfv dqg Vwdwlvwlfv/ 4<<504<<81

^64` Zdonhu/ P1= �D Vlpsoh Lqfhqwlyh Frpsdwleoh Vfkhph iru Dwwdlqlqj Olqgdko Do0
orfdwlrqv/� Hfrqrphwulfd/ 7< +4<;4,/ ss1 980:41

5:



^65` Zduu/ S1= �Sduhwr Rswlpdo Uhglvwulexwlrq dqg Sulydwh Fkdulw|/� Mrxuqdo ri Sxe0
olf Hfrqrplfv/ 4< +4<;5,/ ss1 464046;1

^66` Zhhvlh/ M1= �Sduwlflsdwlrq lq Yroxqwdu| Rujdql}dwlrqv dqg Jurxs Vl}h/� Udwlr0
qdolw| dqg Vrflhw|/ 5 +4<<3,/ ss1 680991
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Figure 1

Sources:
Statistical Abstract of the United States, 1991-1995
La Fleur's Lottery World
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Figure 2

Sources:
Clotfelter and Cook, Selling Hope
Statistical Abstract of the United States, 1992-95
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