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Devwudfw
Zkdw iroorzv lv d wkhruhwlfdo h{huflvh dlphg dw ghyhorslqj dq hfr0

qrplf dqdo|vlv ri dq hgxfdwlrq v|vwhp lq zklfk wkh hgxfdwlrqdo rxwsxw
0 dsduw iurp hdfk lqglylgxdo*v surshqvlw| wr lqyhvw lq klpvhoi ru wkh
ohyho ri shu0sxslo vshqglqj 0 lv khdylo| frqglwlrqhg e| wkh zd| qrq0
prqhwdu| lqsxwv +shhu h�hfwv rshudwlqj dv orfdo vrfldo vslooryhuv, duh
doorfdwhg ehwzhhq vfkrrov1 Rxu prgho dfwxdoo| vwuhvvhv wkh lq xhqfh
shhu h�hfwv fdq h{huw rq wkh prqhwdu| frvw ri d srolf| dlphg dw htxdo0
l}lqj dfklhyhphqw1 Xqhtxdo doorfdwlrq ri wkhvh qrq0sxufkdvdeoh lqsxwv
zloo fdxvh xqhtxdo prqhwdu| lqsxw uhtxluhphqwv dqg xqghu vrph uh0
dolvwlf dvvxpswlrqv zh vkrz khuh wkdw wkh ehvw zd| wr hqvxuh frvw
h!flhqf| lv wr dfklhyh dq htxdolwduldq doorfdwlrq ri shhu h�hfwv +shu0
ihfw ghvhjuhjdwlrq dffruglqj wr delolw| ohyho,1 Exw wkh lpsohphqwdwlrq
ri vxfk d srolf| udlvhv pdq| gl!fxowlhv1 Wr jhw sduwlfxodu idplolhv wr
yroxqwdulo| vhqg wkhlu r�vsulqj wr ghvhjuhjdwhg vfkrrov pljkw uhtxluh
vrph irup ri eulehu|1

MHO fodvvl�fdwlrq= L5;3 +Hgxfdwlrq= Jryhuqphqw Srolf|,/ K853
+Qdwlrqdo Jryhuphqw H{shqglwxuhv dqg Hgxfdwlrq,/ G953 +H{whuqdo0
lwlhv,/ G943 +Doorfdwlyh H!flhqf|/ Frvw0Ehqh�w Dqdo|vlv,1

�Dvvlvwdqw Surihvvru dw wkh Xqlyhuvlwì Fdwkroltxh gh Orxydlq1 Hfrqrplfv Ghsduwphqw
dqg JLUVHI +Jurxsh Lqwhuidfxowdluh gh Uhfkhufkh Vxu ohv V|vwëphv Hgxfdwliv hw gh Iru0
pdwlrq,1 Sodfh Prqwhvtxlhx/4/ ewh 472 467; Orxydlq0od0Qhxyh2 Ehojlxp1 H1pdlo= ydqghq0
ehujkhCluhv1xfo1df1eh1 Wklv uhvhdufk zdv �qdqfldoo| vxssruwhg e| wkh frqyhqwlrq DUF Qr
<:035253< dqg wkh Froolqhw Irxqgdwlrq1

|L zlvk wr wkdqn Sk1 Prqiruw dqg sduwlflsdqwv ri wkh 7wk Zrunvkrs rq Hfrqrplfv zlwk
Khwhurjhqhrxv Lqwhudfwlqj Djhqwv +Jhqrd/ Mxqh <<, iru wkhlu khosixo frpphqwv1 Wkh xvxdo
glvfodlphu dssolhv1
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Wkh fhqwudo dlp ri wklv sdshu lv wr h{soruh krz shhu h�hfwv lq xhqfh wkh
ghflvlrq wkdw vkrxog pdgh e| d vrfldo sodqqhu zkr zdqwv wr dfklhyh htxdolw|
ri rxwfrph +htxlw|, dw plqlpdo prqhwdu| frvw +h!flhqf|,1 Wklv remhfwlyh
ixqfwlrq odujho| uh hfwv sulrulwlhv dvvljqhg wr sulpdu| dqg vhfrqgdu| hgxfd0
wlrq v|vwhpv dfurvv prvw Zhvwhuq frxqwulhv1 Wkh srlqw khuh lv wr h{soruh wkh
vshfl�f txhvwlrqv udlvhg e| wkh suhvhqfh ri shhu h�hfwv dw wkh khduw ri wkh
kxpdq fdslwdo surgxfwlrq surfhvv1

Lw lv fohdu wkdw kxpdq fdslwdo dffxpxodwlrq uhtxluhv d fhuwdlq qxpehu
ri prqhwdu| uhvrxufhv1 \hw/ shrsoh olnh Kdqxvkhn ^57` kdyh kljkoljkwhg wkh
idfw wkdw wkhuh lv qr phfkdqlf uhodwlrqvkls ehwzhhq wkh ohyho ri uhvrxufhv dqg
sxslov* uhvxowv1 Vrph lqfhqwlyh dqg rujdql}dwlrqdo sureohpv qhhg dssduhqwo|
wr eh vroyhg wr hqvxuh wkdw pruh lqsxw uhvxowv lqwr ehwwhu rxwfrph1 Exw dq0
rwkhu surplvlqj lghd/ zkhq lw frph wr hgxfdwlrq srolf| ghvljq/ lv wr frqvlghu
wkdw d fklog*v delolw| wr dffxpxodwh kxpdq fdslwdo lv dovr lq xhqfhg e| wkh
fkdudfwhulvwlfv ri klv2khu shhuv1 Qrwh wkdw wkh whup *shhu* grhv qrw uhihu khuh
wr sxslov zlwk wkh vdph kxpdq fdslwdo hqgrzphqw exw wr fodvvpdwhv dqg
vfkrropdwhv1 Kxpdq fdslwdo surgxfwlrq lqhylwdeo| wdnhv sodfh lq fodvvurrpv
zkhuh sxslov duh wrjhwkhu dqg lqwhudfw1 Lq wxuq/ wkhvh fodvvurrpv duh sduw ri
d vfkrro zkhuh sxslov whqg dovr wr lqwhudfw/ jhqhudwlqj zkdw shgdjrjxhv fdoo
shhu h�hfwv dqg hfrqrplvwv orfdo vrfldo vslooryhuv1 Vlplodu vslooryhuv duh wr eh
irxqg lq pdq| vlwxdwlrqv ri hfrqrplf dqg vrfldo olih1 Zkhq sxeolf vhfxulw|/
txdolw| ri xuedq olih/ guxj dgglfwlrq ru whhqdjh suhjqdqf| duh dw vwdnh/ lw
lv uhodwlyho| fohdu wkdw wkh h{shulhqfh lqglylgxdov xqghujr ru wkh ehkdylru
wkh| dgrsw lv khdylo| ghwhuplqhg e| wkh fkdudfwhulvwlfv ri wkhlu qhljkeruv/
wkh ehkdylru ri wkh whhqdjhuv wkh| vrfldol}h zlwk111

Wkh fhqwudo uroh ri shhu h�hfwv lq kxpdq fdslwdo surgxfwlrq lq wklv du0
wlfoh hfkrhv vhyhudo hpslulfdo vwxglhv1 Lw dovr uh hfwv d frqfhswxdo vkliw lq
hfrqrplfv ri hgxfdwlrq= wkh udwlrqdo exuhdxfudwlf prgho grplqdqw gxulqj
wkh 93*v dqg wkh :3*v/ v|qrq|prxv zlwk d ixqfwlrqdo glylvlrq ri whdfklqj
oderu lqwr vshfldol}hg wdvnv wdloruhg wr hdfk fklog*v qhhgv/ kdv ehhq surjuhv0
vlyho| uhsodfhg e| d pruh frppxqdo ylhz ri hgxfdwlrqdo sureohpv1 Iurp
wklv uhodwlyho| qhz vwdqgsrlqw/ hgxfdwlrqdo h!flhqf| lv dovr frqglwlrqdo wr dq
dghtxdwh doorfdwlrq ri vrfldo/ qrq0prqhwdu| lqsxwv olnh shhu h�hfwv1

Vhfwlrq 4 vxppdul}hv wkh hpslulfdo lqirupdwlrq dydlodeoh derxw shhu hi0
ihfwv1 Vhfwlrq 5 irupdol}hv wkh frqfhsw ri shhu h�hfw wkurxjk wkh h{srvlwlrq ri
d vlpsoh prgho1 Vhfwlrq 6/ xvlqj wkdw prgho/ lghqwl�hv dqg glvfxvvhv wkh rs0
wlpdo rujdql}dwlrq ri wkh hgxfdwlrqdo v|vwhp zkhq shhu h�hfwv pdwwhu1 Wkh
srlqw lv wr dqdo|}h wkh ghflvlrq wkdw zrxog eh pdgh e| d vrfldo sodqqhu zkr
zdqwv hqvxuh htxdolw| ri rxwfrph dw plqlpdo prqhwdu| frvw1 Wkh odvw vhfwlrq
glvfxvvhv wkh gholfdwh sureohp ri wkh lpsohphqwdwlrq ri �uvw ehvw vroxwlrqv1
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4 Zkdw gr zh nqrz derxw shhu h�hfwvB

414 Shhu h�hfwv phdvxuhphqw

D fklog*v dwwdlqphqw fdq eh lq xhqfhg e| wkh fkdudfwhulvwlfv ru ehkdylru
0 wkh delolw| 0 ri klv fodvvpdwhv dqg vfkrropdwhv1 Wklv lv edvlfdoo| wkh shhu
jurxs h�hfw lghd lqlwldoo| lghqwl�hg e| Frohpdq ^<` lq wkh hgxfdwlrqdo frqwh{w1
Wklv skhqrphqrq kdv ehhq h{whqvlyho| grfxphqwhg lq vhyhudo duhdv lqfoxglqj
xuedq vhfxulw| dqg fulph/ guxj dgglfwlrq dqg whhqdjh suhjqdqf| +Mhqfnv )
Ph|hu ^59`> Frufrudq/ Jrugrq/ Oduhq ) Vrorq ^44`,1

Vhyhudo hpslulfdo vwxglhv kdyh dwwhpswhg wr *phdvxuh* wkh shhu h�hfw
skhqrphqrq1 Wkh lvvxh kdv ehhq dgguhvvhg e| hfrqrplvwv +Khqghuvrq/
Plhvnrzvnl ) Vdxydjhdx ^58`> Vxpphuv ) Zroih ^6<`> Kdqxvkhn ^47`> G|0
qduvnl/ Vfkzde ) ]dpshool ^49`> Gxqfdq ^47`> Hydqv/ Rdwhv ) Vfkzde ^4;`,/
vrflrorjlvwv +Frohpdq ^<`^43`> Mhqfnv ) Ph|hu ^59`> Zloopv ) Urghqexvk
^78`, dqg shgdjrjxhv +Vodylq ^6:`/ ^6;`> Julvd| ^54`> Jdprudq ) Q|vwudqg
^4<`,1

Prvw uhvhdufkhuv frph wr wkh frqfoxvlrq wkdw shhu h�hfwv h{lvw= wkh kljkhu
wkh sursruwlrq ri kljk0delolw| sxslov/ wkh kljkhu hyhu|erg|*v dfklhyhphqw1 Lq
rwkhu zrugv/ wkh kljkhu wkh dyhudjh delolw|ri fodvvpdwhv/ wkh kljkhu zloo eh
wkh orfdo vrfldo vslooryhu d sxslo zloo ehqh�w iurp1 Pruh suhflvho|/ prvw uh0
vhdufkhuv dffhsw wkh frqfoxvlrq wkdw orz0delolw| fkloguhq ehqh�w iurp wkh
suhvhqfh ri wkhlu pruh deoh shhuv1 Wkh uhyhuvh dqg v|pphwulf h�hfw lv vrph0
wlphv sxw wr grxew1 Vxpphuv ) Zroih ^6<` frqfoxgh iru h{dpsoh wkdw pruh
deoh fkloguhq duh qrw d�hfwhg e| wkh suhvhqfh ri ohvv deoh frpudghv1 Krzhyhu/
wklv frqfoxvlrq grhv qrw uhvlvw wr pruh dffxudwh dfklhyhphqw whvwv dv wkrvh
fduulhg rxw e| Gdkooùi ^45`1 Zloopv ) Hfkrov ^77` xvlqj Vfrwwlvk gdwd hvwl0
pdwh wkdw wkh shhu h�hfwv +dovr fdoohg frqwh{wxdo h�hfwv, udqjhv iurp 3148
wr 3168 ri d vwdqgdug ghyldwlrq1 Wklv vxjjhvwv wkdw d fklog zlwk qdwlrqdo
dyhudjh delolw| pryhg iurp d vfkrro zkhuh wkh phdq delolw| lv rqh0kdoi ri d
vwdqgdug ghyldwlrq ehorz wkh qdwlrqdo dyhudjh wr d vfkrro zkhuh wkh phdq
delolw| lv rqh0kdoi ri d vwdqgdug ghyldwlrq deryh wkh qdwlrqdo dyhudjh/ kdv dq
h{shfwhg dwwdlqphqw derxw rqh0txduwhu ri d vwdqgdug ghyldwlrq kljkhu1 Wklv
lv d vxevwdqwldo h�hfw1 Wklv uhvxow zdv douhdg| suhvhqw lq suhylrxv vwxglhv=
�uvw lq Frohpdq ^<`/ wkhq Khqghuvrq/ Plhvnrzvnl ) Vdxydjhdx ^58`1 Lw lv
dovr wr eh irxqg lq pruh uhfhqw vwxglhv +Gxqfdq ^47`> Olqn ) Pxooljdq ^5<`>
G|qduvnl/ Vfkzde ) ]dpshool ^49` > Ohur|0Dxgrxlq ^5;`,1
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415 Krz gr shhu h�hfwv zrunB

Li wkhuh lv d odujh frqvhqvxv frqfhujlqj wkh h{lvwhqfh ri shhu h�hfwv/ wkh
txhvwlrq ri wkhlu prgxv rshudqgl lv vwloo odujho| ghedwhg1 Vrph zrunv nqrzq
dv *plfur0hfrqrplfv ri wkh fodvvurrp* khos xv xqghuvwdqg wkh srwhqwldo olqn
ehwzhhq delolw| jurxslqj sudfwlfhv dqg hgxfdwlrqdo rxwsxw1 Pxoolqjdq ^64`
ghyhorsv d txhxlqj prgho wr h{sodlq krz orz0delolw| sxslov pdqdjh wr fdwfk
d whdfkhu*v dwwhqwlrq e| iruflqj wkhlu pruh deoh fodvvpdwhv wr zdlw orqjhu
ehiruh prylqj wrzdugv wkh qh{w wrslf1 Wkh zkroh lghd lv wkdw sxslov lqwhudfw
e| prelol}lqj wkh whdfkhu*v olplwhg wlph exgjhw1 Wklv wlph exgjhw whqgv wr
eh d sxeolf jrrg h{srvhg wr frqjhvwlrq1 Iru d jlyhq fxuulfxoxp/ d whdfkhu
lv h{shfwhg wr eh pruh iuhtxhqwo| lqwhuuxswhg e| orz0delolw| sxslov zkloh wkh
pruh deoh sxslov nhhs vlohqw1 Orz0delolw| sxslov fdq uhsuhvhqw wkh zkroh fodvv0
urrp +vhjuhjdwlrq,4 ru vlpso| d sruwlrq +ghvhjuhjdwlrq,51 Lq wkh �uvw fdvh/
wkh zkroh fodvvurrp kdv wr vkduh wkh whdfkhu*v xqlw ri wlph1 Lq wkh vhfrqg
fdvh wkh vdph xqlw ri wlph lv ghyrwhg wr d sruwlrq ri wkh wrwdo fodvvurrp1
Orz0delolw| sxslov uhfhlyh pruh wlph zkhq wkh| kdyh pruh deoh fodvvpdwhv
exw wklv frphv dw d frvw iru wkh odwwhu= wkh fxuulfxoxp wkh| hyhqwxdoo| fryhu
lv ohvv lpsruwdqw1 Wkh qhw uhvxow 0 l1h1 wkh h{lvwhqfh ri d srvlwlyh vslooryhuv 0
ghshqgv xsrq hdfk w|sh ri sxslo*v vhqvlwlylw| wr whdfklqj vxssruw1

Wkhuh duh rwkhu h{sodqdwlrqv ri shhu h�hfw skhqrphqd1 Vrph vrflrorjlvwv
dqg shgdjrjxhv +Kdoolqdq ^56`> Kdoolqdq ) Zlooldpv ^55`, wdon derxw *eh0
kdylrudo* frqwdjlrq= kljk0delolw| sxslov dfw dv *prghov* iru wkhlu fodvvpdwhv1
Wkhlu zloolqjqhvv wr ohduq khosv wkh whdfkhu hvwdeolvk d *ohduqlqj* folpdwh/
idyrudeoh wr wkh nqrzohgjh0wudqvplvvlrq surfhvv1 Rdnhv/ Jdprudq ) Sdjh
^66` lqvlvw udwkhu rq wkh fxuulfxoxp gl�huhqwldwlrq surfhvv= d gluhfw fruroodu|
ri *uhdo* delolw| jurxslqj sudfwlfhv1 Kdoolqdq ^56` revhuyhv lq khu zrun wkdw
delolw| jurxslqj urxwlqhv ohdg wr gudpdwlf gl�huhqwldwlrq ri fxuulfxod1 Dorqj
wklv olqh ri uhdvrqlqj/ shhu h�hfwv zrxog vlpso| fruuhvsrqg wr wkh lpsohphq0
wdwlrq ri surjudpv dqg whdfklqj frqwhqwv vwuxfwxuhg dorqj delolw| jurxslqj
sudfwlfhv1 Li wkh fodvvurrp lv hqwluho| frpsrvhg ri orz0delolw| sxslov/ wkh
whdfkhu whqgv wr vljql�fdqwo| ohvvhq wkh frpsoh{lw| ri klv whdfklqj frqwhqwv
dqg erwk klv ghpdqgv dqg klv h{shfwdwlrqv1 Rq wkh frqwudu|/ li wkh fodvv0
urrp lv frpsrvhg ri *jliwhg* sxslov kh vhhpv lqyduldeo| lqfolqhg wr ehfrph
pruh ghpdqglqj dqg uhylvh klv h{shfwdwlrqv xszdugv1 Wklv yhu| wurxeohvrph
hpslulfdo revhuydwlrq kdv ohg vhyhudo *olehudo* shgdjrjxhv wr txhvwlrq wkh rs0
sruwxqlw| ri juhdwo| shuvrqdol}hg fxuulfxod1 Xqlirup surjudpv dqg frqwhqwv
zurqjo| dvvxph wkdw doo sxslov duh lghqwlfdo1 Exw shuvrqdol}hg fxuulfxod riwhq
ohdg wr h{fhvvlyh gl�huhqwldwlrq/ sudfwlfdoo| v|qrq|prxv zlwk xquhvwudlqhg

4Riwhq uhihuuhg wr dv wkh *wudfnlqj* +lq wkh XV, ru *vwuhdplqj* +lq XN,1
5Vrph shrsoh xvh wkh zrug *pl{lqj *1
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fodvvl�fdwlrq dqg lpsolflw udqnlqj +Julvd| ^54`,1 Wr pl{ *euljkw* dqg *gxpe*
sxslov/ frqvhtxhqwo| jhqhudwhv fxuulfxodu dgmxvwphqwv1 Gdkooùi ^45` vhhpv wr
frq�up wkh lghd wkdw delolw| pl{lqj hqwdlov fxuulfxodu dgmxvwphqwv wkdw duh
idyrudeoh wr orz0delolw| sxslov exw kh dovr fodlpv wkdw lw lv xqidyrudeoh wr
kljk0delolw| sxslo1 Vxffhvvlyh lqwhuuxswlrqv fdxvhg e| ohvv deoh sxslov whqg
wr dgg xs dqg/ hyhqwxdoo|/ frph dw d fhuwdlq frvw iru wkhlu pruh deoh shhuv=

�Lq wkh frpsuhkhqvlyh fodvvhv wkh euljkw sxslov uhdfk wkh vdph
ohyho ri remhfwlyhv lq wkh vdph h�hfwlyh wlph dv wkhlu frxqwhusduwv
lq wkh srvlwlyho| vhohfwhg fodvvhv1 Kdylqj grqh wklv wkh| pxvw
zdlw lq vrph zd| ru rwkhu iru wkhlu vorzhu shhuv lq wkh vwhhulqj
fulwhulrq jurxs1 Wklv zdlwlqj wlph pd| eh �oohg e| rwkhu w|shv
ri zrun +, vr0fdoohg hqulfkphqw h{huflvhv +, pruh gl!fxow iurp d
irupdo srlqw ri ylhz +, exw ri wkh vdph jhqhudo w|sh dv lq wkh
frpprq fruh1 Zlwk uhjdug wr ixqgdphqwdo ohduqlqj/ hqulfkphqwv
ri wklv w|sh yhu| vrrq ehfrph ryhuohduqlqj zlwk qr ixuwkhu jdlq1
Wkh sxslov lq wklv duhd ri wkh delolw| glvwulexwlrq pd| eh exv|/
dqg fhuwdlqo| gr qrw fdxvh dq| glvflsolqdu| sureohpv/ exw wkh| duh
qrw ohduqlqj dq|wklqj pruh ri vxevwdqwldo ydoxh lq wkh fxuulfxoxp
xqlw xqghu wuhdwphqw1 Rwkhuzlvh euljkw sxslov lq frpsuhkhqvlyh
fodvvhv zrxog h{fho sxslov lq srvlwlyho| vhohfwhg fodvvhv lq hohphq0
wdu| fxuulfxoxp xqlwv1�

5 Irupdo Suhvhqwdwlrq ri wkh Shhu H�hfwv Lghd
Rxu dlp lq wklv vhfwlrq lv wr ghyhors d vlpsoh prgho suhvhqwlqj dq hgxfdwlrqdo
v|vwhp dqg dq hgxfdwlrq surgxfwlrq ixqfwlrq lq zklfk shhu h�hfw pdwwhu1 Zh
zloo ehjlq lq vhfwlrq 514 zlwk d eulhi qrq whfkqlfdo suhvhqwdwlrq ri wkh prgho1
Vhfwlrq 515 suhvhqwv wkh hgxfdwlrqdo v|vwhp/ lwv vfkrrov/ wkh fkdudfwhulvwlfv ri
wkh srsxodwlrq1 Wkh kxpdq fdslwdo surgxfwlrq ixqfwlrq lv h{srvhg lq vhfwlrq
5161 Wklv irupdo dssdudwxv zloo eh xvhg lq vhfwlrq 6 wr glvfxvv wkh sureohp ri
�qglqj wkh ehvw doorfdwlrq ri shhu h�hfwv lq rughu wr plqlpl}h frvw shu sxslo1

514 Jhqhudo suhvhqwdwlrq

Dowkrxjk hpslulfdo lghqwl�fdwlrq ri shhu h�hfwv lv qrw vrphwklqj qhz +Froh0
pdq ^<`> Khqghuvrq/ Plhvnrzvnl ) Vdxydjhdx ^58` > Vxpphuv ) Zroih ^6<`>
Olqn ) Plooljdq ^5<`,/ v|vwhpdwlf wuhdwphqw ri wkh frqfhsw e| wkhruhwlfdo
olwhudwxuh kdv rffxuuhg uhodwlyho| uhfhqwo| +Duqrww ) Urzvh ^4`> Gxuodxi ^48`>
Qhfk|ed^65`,1 Wklv olqh ri uhvhdufk kdv vwuhvvhg wkh vhqvlwlylw| ri qrupdwlyh
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uhvxowv 0 wkh ghvludelolw| ri ghvhjuhjdwlrq yv1 vhjuhjdwlrq 0 wr wkh vshfl�fdwlrq
ri wkh surgxfwlrq ixqfwlrq zlwk shhu h�hfwv1 Eìqderx ^5`^6`^7`^8` lqfrusrudwhv
wkdw txhvwlrq lqwr klv dqdo|vlv ri vfkrrov dqg flwlhv dqg lghqwl�hv wkh qhfhv0
vdu| frqglwlrq iru vhjuhjdwlrq wr eh grplqdwhg e| ghvhjuhjdwlrq lq whupv ri
vrfldo rswlpxp1 Wkuhh dvvxpswlrqv duh fhqwudo wr wkh prgho zh ghyhorss
khuh=

� Iluvw/ olnh Eìqìerx/ zh dvvxph khwhurjhqhlw| dprqj lqglylgxdov1 Sdu0
hqwv gr qrw kdyh wkh vdph kxpdq fdslwdo ru gr qrw r�hu wkh vdph
vrflr0hfrqrplf hqylurqphqw wr wkhlu r�vsulqj1 Dv sduw ri kxpdq fds0
lwdo lv surgxfhg zlwklq wkh idplo|/ sxslov zloo ydu| lq kxpdq fdslwdo
hqgrzphqw +ru delolw|, zkhq hqwhulqj wkh hgxfdwlrqdo v|vwhp1

� Wkh vhfrqg dvvxpswlrq/ zklfk lv dovr fhqwudo wr Eìqderx*v zrun/ fru0
uhvsrqgv wr wkh h{lvwhqfh ri shhu h�hfwv +orfdo vrfldo vslooryhuv, lq wkh
kxpdq fdslwdo surgxfwlrq ixqfwlrq1 Wkh ohyho ri shhu h�hfwv suhydohqw
lq d vfkrro lv �surgxfhg� e| wkh djuhjdwlrq ri sxslov* delolwlhv1 Vlpxowd0
qhrxvo|/ wklv ohyho ri shhu h�hfwv fdq eh frqghuhg dv d +qrq0prqhwdu|,
lqsxw hqwhulqj wkh surgxfwlrq ixqfwlrq= wkh kljkhu wkh ohyho ri shhu
h�hfwv lq d vfkrro/ wkh kljkhu wkh rxwfrph lq whupv ri kxpdq fdslwdo1

� Zh shuvrqdoo| dgg d wklug dvvxpswlrq1 Zh vxssrvh wkdw ehvlghv wkh
sxslo*v frqwulexwlrq wr �qdo rxwfrph/ wkhuh lv d qhw frqwulexwlrq iurp
klv2khu whdfkhu/ dqg wkdw wkh odwwhu lv srvlwlyho| olqnhg wr wkh ohyho ri
shhu h�hfwv suhydolqj lq wkh fodvvurrp1 Uhihuulqj wr wkh dujxphqwv
h{srvhg lq vhfwlrq 415/ wkh uhdvrq iru wklv frxog vlpso| eh wkdw sxslov
lqwhudfw e| prelol}lqj wkh whdfkhu*v olplwhg wlph exgjhw1 Iru d jlyhq
fxuulfxoxp/ d whdfkhu lv h{shfwhg wr eh pruh iuhtxhqwo| lqwhuuxswhg e|
orz0delolw| sxslov 0 srvvleo| ehfdxvh ri d odfn ri glvflsolqh 0 zkloh wkh
pruh deoh sxslov nhhs vlohqw1 Frqvhtxhqwo|/ wkh whdfkhu kdv ohvv wlph
wr vshqg shu sxslo ru wr nqrzohgjh wudqvplvvlrq li wkh fodvvurrp lv
hqwluho| frpsrvhg ri orz0delolw| sxslov dqg wklv lqhylwdeo| d�hfwv klv
frqwulexwlrq wr d sxslo*v dfklhyhphqw1

Erwk d gluhfw +dvvxpswlrq 5, dqg dq lqgluhfw +dvvxpswlrq 6, frqwulexwlrq
ri shhu h�hfwv wr kxpdq fdslwdo surgxfwlrq vhhp sodxvleoh1 Vrph dqdo|vwv
dujxh wkdw fkloguhq ehqh�w dxwrpdwlfdoo| iurp wkh suhvhqfh ri pruh deoh
fodvvpdwhv dqg vfkrropdwhv +Mhqfnv ) Ph|hu ^59`,1 Krzhyhu/ vrph rwkhu
vshfldolvwv vxjjhvw wkdw wkh phdvxuhphqw ri d uhodwlrq ehwzhhq delolw| jurxs0
lqj sudfwlfhv dqg kxpdq fdslwdo dfklhyhphqw vlpso| uh hfwv whdfkhuv* whq0
gdqf| wr dgdsw fxuulfxoxp fryhudjh ghshqglqj rq delol| jurxslqj sudfwlfhv
+Kdoolqdq ^56`,1

9



515 Sduhqwv sxslov/ grphvwlf hgxfdwlrq dqg vfkrrov

Wkh wrwdo qxpehu ri fkloguhq lv 41 Idplolhv kdyh rqh fklog1 Sduhqwv duh ri
wzr w|shv1 Vrph kdyh d kljk ohyho ri kxpdq fdslwdo q� dqg wkh rwkhuv kdyh d
orzhu rqh q,1 Wkh wzr w|shv* sursruwlrqv2qxpehu lq wkh wrwdo srsxodwlrq duh
uhvshfwlyho| l dqg ��l1 Sduhqwv wudqvplw kxpdq fdslwdo wr wkhlu fkloguhq1
Li sduhqwv kdyh xqhtxdo kxpdq fdslwdo ohyhov vr duh wkh hqgrzphqwv ri wkhlu
fkloguhq1 Iru vlpsolflw| ri h{srvlwlrq6 zh dvvxph wkdw wkh udwlr ri sduhqwdo
kxpdq fdslwdo dqg sulydwh kxpdq fdslwdo surgxfwlrq lv htxdo wr 41 Wkxv/
fkloguhq duh hlwkhu ri w|sh q� +kljk kxpdq fdslwdo hqgrzphqw, ru ri w|sh q,

+orz kxpdq fdslwdo hqgrzphqw, wr wkh sursruwlrqv l dqg ��l1 Zh vxssrvh
wkdw wkh hgxfdwlrqdo v|vwhp frqvlvwv ri d jhrjudsklfdo duhd ri olplwhg vl}h +d
glvwulfw ru dq xuedq duhd, zkhuh wzr vfkrrov +� ' �c 2, ri htxdo vl}h +�*2, duh
dffhvvleoh wr doo fkloguhq olylqj wkdw duhd1 Wudqvsruw frvwv duh qlo ru dw ohdvw
xqlirup iru doo lqkdelwdqwv1 Qxpehu ri w|sh q� fkloguhq +*ulfk* lq whupv ri
kxpdq fdslwdo hqgrzphqw, lq vfkrro 4 lv -� zkloh wkh fruuhvsrqglqj qxpehu
ri w|sh q� fkloguhq lq vfkrro 5 lv -2 ' l � -�1 Iru erwk vfkrrov zh kdyh
f 	 -� � �*21

516 Wkh hgxfdwlrqdo surgxfwlrq ixqfwlrq

Kxpdq fdslwdo g dwwdlqhg e| d sxslo � ' �c , lq vfkrro � lv srvlwlyho| lq0
 xhqfhg e| wkuhh yduldeohv= ^4` lqlwldo kxpdq fdslwdo hqgrzphqw Eq�/ ^5`
shhu h�hfwv Eu� dqg ^6` shu sxslo h{shqglwxuh E.�1 Irupdoo|/ wkh surgxfwlrq
ixqfwlrq fdq eh vwdwhg dv=

g�
� Eq

�c u�c .�� ' �
�
q�c uE-�c q

�c q,�
�
n A

�
.�c uE-�c q

�c q,�
�

+4,

zkhuh=

� � ' �c 2> wkh vfkrro lqgh{> � ' �c ,> wkh lqlwldo kxpdq fdslwdo hqgrzphqw
+q, lqgh{>

� uE-�c q
�c q,� fruuhvsrqgv wr wkh shhu jurxs h�hfw +wkh qrq0prqhwdu|

lqsxw,>

� �
�
q�c uE-�c q

�c q,�
�
uhsuhvhqwv wkh sxslo*v frqwulexwlrq wr kxpdq fds0

lwdo surgxfwlrq1 Lw lv srvlwlyho| lq xhqfhg e| ^4` klv2khu delolw| ru
kxpdq fdslwdo hqgrzphqw zkhq hqwhulqj Eq�� dqg ^5` wkh shhu h�hfw
ohyho uE-�c q

�c q,�1

6Iru d pruh vrsklvwlfdwhg wuhdwphqw ri grphvwlf surgxfwlrq ri kxpdq fdslwdo vhh Erumdv
^:` 1

:



� A
�
.�c uE-�c q

�c q,�
�
uhsuhvhqwv wkh whdfkhu*v qhw frqwulexwlrq wr kxpdq

fdslwdo surgxfwlrq1 Lw lv srvlwlyho| lq xhqfhg e| ^4` wkh ohyho ri shu0
sxslo h{shqglwxuh l1h1 wkh prqhwdu| lqsxw E.�� �qdqflqj d fhuwdlq
whdfkhu wlph exgjhw dqg ^5` wkh ohyho ri shhu h�hfw uE-�c q

�c q,�1

Lq rughu wr vlpsoli| qrwdwlrqv khuhdiwhu/ zh zloo xvh uE-�� lqvwhdg ri
uE-�c q

�c q,�1Zh zloo dovr xvh � �E-�� lqvwhdg ri �
�
q�c uE-�c q

�c q,�
�
/ � ,E-��

lqvwhdg ri �
�
q,c uE-�c q

�c q,�
�
/ dqg A E.�c -�� lqvwhdg ri A

�
.�c uE-�c q

�c q,�
�
1

Wkh �uvw whup ri h{suhvvlrq 4 uhsuhvhqwv wkh sxslo*v frqwulexwlrq wr kx0
pdq fdslwdo1 Lw djjuhjdwhv klv2khu kxpdq fdslwdo hqgrzphqw q�dqg wkh
lpsdfw ri klv shhuv rq klv dfklhyhphqw uE-��1 Zh dvvxph wkdw wkh kljkhu
wkh shhu h�hfw ohyho u/ wkh kljkhu fklog �*v dwwdlqphqw E� ��

u : f�1 Wkh shhu
jurxs whup uE-�� fdswxuhv wkh qrq0prqhwdu| fkdqqhov wkurxjk zklfk fklo0
guhq dffxpxodwh kxpdq fdslwdo lq vfkrrov1 Frqfhswxdoo|/ uE-�� dprxqwv wr
d vrfldo vslooryhu wkdw vkrxog eh frqvlghuhg khuhdiwhu dv d surgxfwlrq idfwru7

lq lwv rzq uljkw= wkh kljkhu uE-��1 Qrwh wkdw wkh txhvwlrq ri wkh *surgxfwlrq*
ri d fhuwdlq ohyho ri u pxvw qrw eh frqixvhg zlwk wkh lvvxh ri lwv �qdo lp0
sdfw rq hdfk sxslo*v dfklhyhphqw1 Hdfk sxslo dwwhqglqj d sduwlfxodu vfkrro
+pdujlqdoo|, frqwulexwhv wr wkh surgxfwlrq ri wkh shhu h�hfw ohyho fkdudfwhu0
l}lqj klv vfkrro ru fodvvurrp81 Vlpxowdqhrxvo|/ hdfk sxslo ehqh�wv iurp wkh
shhu h�hfw91 Dqdo|wlfdoo|/ zh zloo vxssrvh khuh wkdw uE-�� lv frqwlqxrxv dqg
wzlfh gl�huhqwldeoh lq -�/ lq sduwlfxodu wkdw wkh ohyho ri uE-�� lv srvlwlyho|
lq xhqfhg e| wkh sursruwlrq ri w|sh q� sxslov Eu�

-�
: f�1

Wkh vhfrqg whup A E.�c -�� lq h{suhvvlrq 4 uhsuhvhqwv wkh whdfkhu*v qhw
frqwulexwlrq wr kxpdq fdslwdo1 Lw dovr lqfrusrudwhv wkh ohyho ri shhu h�hfw
ehfdxvh zh dvvxph wkdw wlph uhdoo| vshqw rq whdfklqj lv srvlwlyho| lq xhqfhg
e| wkh ohyho ri shhu h�hfwv1 Wkh wlph dfwxdoo| ghyrwhg wr fxuulfxoxp fryhudjh
fdq eh vshfl�hg dv wkh gl�huhqfh ehwzhhq ^4` wkh wrwdo dprxqw ri wlph .� fdq
ex| jlyhq d whdfkhu*v krxuo| zdjh � +zh zloo dvvxph � ' � khuhdiwhu, dqg ^5`
wkh wlph qrw ghyrwhg wr whdfklqj [E�� gxh wr d odfn ri glvflsolqh iru h{dpsoh1

A E.�c -�� ' .�*� �[EuE-��� +5,

7Vrfldo fdslwdo dv vxjjhvwhg e| Frohpdq ^<`
8Eìqderx ^6`^7` xvhv d FHV vshfl�fdwlrq= O+Ul, @ ^Ul=+�

k,� . +4@5 � Ul,=+�
o,�`4@�1

Wklv lv d frqyhqlhqw zd| wr looxvwudwh wkh lghd wkdw O lv *surgxfhg* e| wkh frpelqdwlrq ri
lqglylgxdo kxpdq fdslwdo hqgrzphqwv �k> �o1

9D gl�huhqw zd| wr h{srvh wkh vdph lghd lv wr xvh wkh orfdo sxeolf jrrg dqdorj| +Wlherxw
^73`,1 D fhuwdlq ohyho ri shhu h�hfw lq d vfkrro ru fodvvurrp fdq eh vhhq dv d *orfdo*
sxeolf jrrg1 Lw lv surgxfhg e| wkh phpehuv ri wkh frppxqlw| zlwk wkh sduwlfxodulw| wkdw
lqglylgxdov frqwulexwh zlwk wkhlu kxpdq fdslwdo hqgrzphqw lqvwhdg ri prqh| ru oderu1 Exw
lq wxuq/ hdfk lqglylgxdo ehqh�wv iurp wklv jrrg lq dq xquhvwulfwhg 0 wkrxjk qrw qhfhvvdulo|
xqlirup 0 zd|1

;



zlwk f 	 [E�� 	 .� > A
�

. : f dqg A
�

u 	 f dv [
�

u 	 f1
Qrwh �qdoo| wkdw A E.�c -�� gluhfwo| dggv lwvhoi wr wklv �uvw whup lq h{0

suhvvlrq 4 Wklv dgglwlyh vshfl�fdwlrq phdqv wkdw zh d sulrul h{foxgh furvv
h�hfwv ehwzhhq wkh wzr whupv1 Lq qrq whfkqlfdo zrugv/ wklv phdqv wkdw hdfk
sxslo/ qr pdwwhu klv kxpdq fdslwdo hqgrzphqw/ xqlirupo| ehqh�wv iurp khu
whdfkhu*v frqwulexwlrq:1

6 Htxdol}lqj rxwfrph dw plqlpdo frvw
Zh vxssrvh wkdw wkh vrfldo sodqqhu*v sulrulw| lv wr htxdol}h rssruwxqlwlhv dw
plqlpdo prqhwdu| frvw1 Sudfwlfdoo| vshdnlqj/ wklv frxog phdq wkdw hdfk fklog
pxvw frph rxw wkh ri wkh hgxfdwlrqdo v|vwhp 0 lpdjlqh lw frqvlvwv ri sulpdu|
ru vhfrqgdu| hgxfdwlrq 0 zlwk wkh vdph kxpdq fdslwdo/ vljql�fdqwo| vxshulru
wr klv2khu lqlwldo hqgrzphqw + 7g : q� : q,,1 Vxevhtxhqw gl�huhqwldwlrq lq
whupv ri vrfldo dqg surihvvlrqdo vxffhvv zrxog wkhq sulqflsdoo| eh dwwulexwhg
wr hdfk lqglylgxdo*v shuvrqdo uhvsrqvlelolw| +h�ruw, dqg qrw wr wkh odfn ri
hgxfdwlrqdo mxvwlfh +Urhphu ^67`,1 Qrwh wkdw wkh uhvxowv zh ghulyh khuh fdq
eh uhsolfdwhg xvlqj rwkhu qrupdwlyh fulwhuld1 Rqh h{dpsoh lv wr pd{lpl}h
wkh ohyho ri kxpdq fdslwdo frplqj rxw ri vfkrro 4 dqg vfkrro 5 zlwk d fhu0
wdlq ohyho ri hgxfdwlrqdo h{shqglwxuh1 Wkh lqwhuhvwhg uhdghu vkrxog uhihu wr
+Ydqghqehujkh ^75`, iru d ixoo ghyhorsphqw1

Li wkh vrfldo sodqqhu*v remhfwlyh lv wr dfklhyh htxdolw| ri jurvv dfklhyhphqw
+ 7g, dw d plqlpdo wrwdo frvw/ wkh sureohp fdq eh uh0vwdwhg dv iroorzv1

��?-�
�E 7gc-�� ' ��E 7gc-�� n �2E 7gc-2� +6,

zlwk -2 ' l�-� dqg �� dqg �2 wkh wrwdo frvw ixqfwlrq vshfl�f wr vfkrro
4 dqg vfkrro 51

:Mxvwl�fdwlrq iru wklv frxog eh wkdw wkh whdfkhu fdq rujdqlvh vrph hjdolwduldq doorfdwlrq
ri klv2khu wlph vr wkdw hdfk sxslo lq klv2khu fodvvurrp � qr pdwwhu klv2khu delolw| �
�qlvkhv wkh vfkrro |hdu kdylqj dfklhyhg wkh vdph surjuhvv1 E| frqwudvw/ dq hjdolwduldq do0
orfdwlrq lv pruh gl!fxow wr lpdjlqh iru shhu h�hfwv wkdw phfdqlfdoo| dqg gluhfwo| lq xhqfh
dfklhyhphqw1 E| gh�qlwlrq/ wklv skhqrphqrq lv eh|rqg whdfkhuv*frqwuro1 Wklv dujxphqw
mxvwl�hv wkdw kxpdq fdslwdo hqgrzphqw +�m, dqg wkh shhu h�hfw whup +O+Ul,, lqwhudfw qrq0
dgglwlyho|1 Lqghhg/ hpslulfdo vwxglhv vxssruw wkh lghd wkdw sxslov gr qrw ehqh�w xqlirupo|
iurp shhu h�hfwv +Ohur|0Dxgrxlq ^5;`,

<



614 Rswlpdo doorfdwlrq ri shhu h�hfwv= �uvw dqg vhfrqg
rughu frqglwlrqv

Wkh ydoxhv ri -� gh�qlqj wkh h{wuhpd ri �E 7gc-�� lq h{suhvvlrq 6 fdq eh
irxqg e| frpsxwlqj wkh �uvw0rughu ghulydwlyhv1

� �

-�
' � �

�c-�
E 7gc-�� n � �

2c-2
E 7gc-2� dY-2*Y-�o ' f +7,

dv -� ' l�-2 dqg frqvhtxhqwo| Y-2*Y-� ' ��c h{suhvvlrq 7 ehfrphv=

� �

�c-�
E 7gc-���� �

2c-�
E 7gc-2� ' f +, 	-� ' 	-2 ' l*2 +8,

Wr ghwhuplqh zkhwkhu 	-� ' l*2 fruuhvsrqgv wr d pd{lpxp ru d plq0
lpxp/ zh qhhg wr orrn dw wkh vhfrqg0rughu ghulydwlyhv1 Zh fdq dfwxdoo|
irfxv rq wkh vljq ri � ��

�c-�-�
E 7gc-�� wr ghwhuplqh wkh frqfdylw| +frqyh{0

lw|, ri �E 7gc-��� Lqghhg/ �
�

-�
' �

�

�c-�
E 7gc-�� n �

�

2c-�
E 7gc-2�� dY-2*Y-�o '

�
�

�c-�
E 7gc-����

�

2c-�
E 7gc-2� dv-� ' l�-2 dqg frqvhtxhqwo| Y-2*Y-� ' ���

Khqfh dqg iru wkh vdph uhdvrq/ � ��

-�-�
' � ��

�c-�-�
E 7gc-��n� ��

2c-2-2
E 7gc-2�� Wkh

vljq ri � ��

-�-�
lv wkxv wrwdoo| suhvfulehg e| wkh +vhfrqg0rughu, vhqvlwlylw| ri d

vfkrro*v frvw wr pdujlqdo fkdqjhv lq wkh sursruwlrq ri w|sh q� sxslov l1h1
� ��

�c-�-�
E 7gc-��c � ' �c 2� Li ��E 7gc-�� lv frqfdyh +� ��

�c-�-�
E 7gc-�� 	 f,/ wkh

h{wuhpxp + 	-� ' l*2, fruuhvsrqgv wr wkh vlwxdwlrq zkhuh frvw shu sxslo
lv dw lwv pd{lpxp1 Khqfh/ wkh rswlpdo doorfdwlrq ri sxslov fruuhvsrqgv wr
wkh fruqhu vroxwlrq -W

�
' l1 Doo kljk0delolw| fkloguhq vkrxog eh lq wkh vdph

vfkrro +khuh vfkrro 4,1 Pd{lpdo vhjuhjdwlrq lv vrfldoo| rswlpdo1 Lq frqwudvw/
li ��E 7gc-�� lv frqyh{ +� ��

�c-�-�
E 7gc-�� : f, wkh h{wuhpxp + 	-� ' l*2, lv

v|qrq|prxv zlwk plqlpdo frvw1 Wkh vrfldo rswlpxp uhtxluhv wr uhwdlq wkdw
vroxwlrq1 Lq rwkhu zrugv/ ixoo ghvhjuhjdwlrq +ru shuihfw pl{lqj, vkrxog eh
uhfrpphqghg1

Xvlqj wkh vshfl�fdwlrq ri wkh surgxfwlrq ixqfwlrq +vhh h{suhvvlrq 4,/ zh
fdq vd| wkdw d whdfkhu*v frqwulexwlrqv hqvxulqj 7g iru d w|sh q� sxslo lq
vfkrro 4 zloo eh =

A �
�
E 7gc-�� ' 7g � � �E-�� +9,

dqg iru d w|sh q, sxslo=

A ,
�
E 7gc-�� ' 7g � � ,E-��

Qrz xvlqj h{suhvvlrq 5 zh fdq uhzulwwh ohiw0kdqg whupv ri wkhvh h{suhv0
vlrqv vr wkdw wkh shu sxslo h{shqglwxuh uhtxhvwhg e| 7g dsshduv=
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A �
�
E 7gc-�� ' .�

�
E 7gc-���[EuE-��� ' 7g � � �E-�� +:,

A ,
�
E 7gc-�� ' .,

�
E 7gc-���[EuE-��� ' 7g � � �E-��

Wrwdo h{shqglwxuh hqvxulqj 7g lq vfkrro 4 vlpso| fruuhvsrqgv wr wkh iro0
orzlqj olqhdu frpelqdwlrq=

��E 7gc-�� ' -�

k
7g � � �E-�� n [ E-��

l
nE�*2�-��

k
7g � � ,E-�� n [ E-��

l

+;,
dqg d vlplodu h{suhvvlrq fdq eh frpsxwhg iru �2E 7gc-2�1
Xvlqj h{suhvvlrq ; zh �qg diwhu vrph dojheudlf ghyhorsphqwv wkdw wkh

vhfrqg rughu ghulydwlyh lv =

� ��

�c-�-�
' 2

k
�

�,
u � � ��

u

l
u�

-�
+<,

�
�
u�

-�

�
2
k
-� � ���

uu n E�*2�-�� �
��,
uu � �*2 [

��

uu

l

�u��

-�-�

k
-� � ��

u n E�*2�-�� �
�,
u � �*2 [

�

u

l

Zh nqrz e| dvvxpswlrq wkdw u
�

-�
: f > � ��

u : f > �
�,
u : f dqg [

�

u 	 f1
Khqfh/ wkh vljq ri � ��

�c-�-�
lv ghwhuplqhg e|=

� � ��

qu= zklfk uhsuhvhqwv wkh lqwhudfwlrq ehwzhhq kxpdq fdslwdo hqgrz0
phqw +delolw|, dqg shhu h�hfwv +�uvw whup ri h{suhvvlrq <,1 Li wkhuh lv
frpsohphqwdulw| +� ��

qu : f l1h1 � �,
u 	 � ��

u ,/ wkh w|sh q� sxslov ehqh�w
pruh iru d fhuwdlq ohyho ri shhu h�hfwv u1 Dqg d vwurqj frpsohphqwdu0
lw| sohdgv lq idyru ri vrflr0hfrqrplf vhjuhjdwlrq lq rughu wr plqlpl}h
frvwv1 Lqyhuvho|/ vxevwlwxwdelolw| +� ��

qu 	 f/ l1h1� �,
u : � ��

u , lqglfdwhv wkdw
shhu h�hfwv duh pruh sur�wdeoh wr w|sh q,/ dqg wklv lv dq dujxphqw lq
idyru ri ghvhjuhjdwlrq1

� � ��

uu= wklv h{suhvvlrq +vhfrqg whup ri htxdwlrq <, fruuhvsrqgv wr wkh
vorsh ri shhu h�hfwv* pdujlqdo surgxfwlylw| uhjduglqj wkh sxslo*v gluhfw
frqwulexwlrq wr wkh rxwfrph1 � ��

uu 	 f sohdgv lq idyru ri ghvhjuhjdwlrq
zkloh � ��

uu : f jrhv lq olqh zlwk vhjuhjdwlrq1

� [��

uu= +dovr lq wkh vhfrqg whup ri htxdwlrq <, uh hfwlqj wkh vorsh ri
shhu h�hfwv* pdujlqdo surgxfwlylw| frqfhuqlqj wkh whdfkhu*v frqwulex0
wlrq +l1h1 wkh uhgxfwlrq ri wkh wlph qrw ghyrwhg wr whdfklqj zkhq u
ulvhv,1 Li wkh whdfklqj wlph erqxv jhqhudwhg e| d xqlw ulvh ri u ghfuhdvhv
zlwk lwv ohyho +[��

uu : f, wkhq ghvhjuhjdwlrq lv suhihudeoh1 Wkh uhyhuvh
+[��

uu 	 f, sohdgv iru vhjuhjdwlrq1
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� wkh vljq ri u��

-�-�
+wklug whup ri h{suhvvlrq <,1 Li wkh shhu h�hfw surgxf0

wlrq ixqfwlrq lv frqfdyh +u��

-�-�
	 f,/ wkh fkdqfh ri �� ehlqj frqyh{

lqfuhdvhv1 Lqyhuvho|/ frqyh{lw| +u��

-�-�
: f, lv d idfwru frqwulexwlqj wr

wkh frqfdylw| ri wkh frvw ixqfwlrq1

Sursrvlwlrq 4 Wklv glvfxvvlrq ri h{suhvvlrq < uhyhdov wkdw frqfdylw| ri wkh
shhu h�hfw ixqfwlrq +wkh vljq ri u��

-�-�
, lv qrw wkh vx!flhqw frqglwlrq wr sur0

fodlp wkdw wrwdo ghvhjuhjdwlrq ru vhjuhjdwlrq lv vrfldoo| ghvludeoh1 Vhjuhjdwlrq
fdq eh rswlpdo li/ iru h{dpsoh/ u lv *zhdno|* frqfdyh/ shhu h�hfwv* pdujlqdo
surgxfwlylwlhv duh doprvw frqvwdqw +� ��

uu dqg [��

uu � f, dqg kxpdq fdslwdo
hqgrzphqw +delolw|, lv d frpsohphqw ri shhu h�hfwv +� ��

qu : f, l1h1 pruh deoh
fkloguhq ehqh�w pruh iurp d ehwwhu vrfldo hqylurqphqw wkdq wkhlu ohvv deoh
frpudghv1 E| frqwudvw/ li ^4` wkh shhu h�hfw lv frqfdyh +u��

-�-�
	 f,/ li vlpxo0

wdqhrxvo| ^5` sxslov zlwk d orz kxpdq fdslwdo hqgrzphqw duh pruh vhqvlwlyh
wr shhu h�hfwv wkdq rwkhuv +� ��

qu 	 f, dqg ^6` wkh pdujlqdo surgxfwlylwhv ri wkh
shhu h�hfw lqsxw duh ghfuhdvlqj zlwk lwv ohyho +� ��

uu 	 f dqg [��

uu : f,/ wkhq
shuihfw ghvhjuhjdwlrq lv qhfhvvdulo| rswlpdo1

7 Lpsohphqwdwlrq= krz wr frqwuro doorfdwlrq
ri shhu h�hfwvB

Vr idu/ zh kdyh frqvlghuhg wkdw wkh rqo| vrxufh ri uhjxodwru| gl!fxow| zdv
wkh lghqwl�fdwlrq ri wkh ehvw doorfdwlrq ri shhu h�hfwv1 Qrqhwkhohvv/ rqh
frxog uhdvrqdeo| dujxh wkdw wkh uhjxodwru*v sureohp lv d elw pruh frpsoh{1
Li wkh �uvw ehvw vroxwlrq uhtxluhv vhjuhjdwlrq/ rqh fdq h{shfw wklv htxloleulxp
wr hphujh vsrqwdqhrxvo|1 Lqwhu0vfkrro vhjuhjdwlrq dorqj wkh delolw| olqh dw d
yhu| hduo| vwdjh ri wkh fxuulfxoxp lv vrphwklqj revhuydeoh lq pdq| frxq0
wulhv/ sduwlfxoduo| wkrvh zkhuh sduhqwv dqg sxslov fdq fkrrvh wkhlu sxeolfo|
�qdqfhg vfkrro/ duh h{wuhpho| preloh lq whupv ri uhvlghqwldo fkrlfh +Ydq0
ghqehujkh ^74`^75`, ru lq sodfhv zkhuh dgplvvlrq dqg hydoxdwlrq srolf| lv
ghfhqwudol}hg dw wkh vfkrro ohyho1 Exw lpdjlqh wkdw wkh �uvw ehvw vroxwlrq uh0
txluhv ghvhjuhjdwlrq;1 Rxu srlqw lv wkdw wklv uhjxodwru zloo prvw olnho| idfhv
wzr fdwhjrulhv ri vwudwhjlf dfwruv +vfkrrov dqg sduhqwv ru sxslov, wkdw zloo
vrphkrz rssrvh klv surmhfw1

Li wkh uhjxodwru mxgjhv wkdw wkhuh lv h{fhvvlyh vhjuhjdwlrq ehwzhhq vfkrrov/
wkh �uvw srolf| wkdw zloo suredeo| eh frqvlghuhg lv vfkrro }rqlqj1 Hdfk fklog

;Vrph hpslulfdo vwxglhv +Ohur|0Dxgrxlq ^5;` > Jdprudq ) Q|vwudqg ^4<`, vhhp lq0
ghhg wr frq�up wkdw wkh irupdo frqglwlrqv hqvxulqj wkh vxshulru| ri ghvhjuhjdwlrq ryhu
vhjuhjdwlrq +vhh rxu glvfxvvlrq ri <, duh phw iru sulpdu| dqg hduo| vhfrqgdu| hgxfdwlrq1

45



zrxog eh dvvljqhg wr d sduwlfxodu vfkrro/ ghshqglqj rq klv uhvlghqfh1 Wkh uhj0
xodwru frxog glylgh wkh whuulwru| lqwr glvwulfwv vkrzlqj vrph vrflr0hfrqrplf
khwhurjhqhlw|1 Exw wklv rswlrq kdv lwv sureohpv1 Rqh vkrxog uhihu wr vrph
wkhruhwlfdo dqg hpslulfdo zrun +Eìqderx ^5`> Nd}do0Wkuhvkhu ^5:`, looxvwudw0
lqj wkh jhqhudo whqghqf| ri shrsoh wr uhsurgxfh vrflr0hfrqrplf vhjuhjdwlrq
wkurxjk uhvlghqwldo prelolw|1

Li vfkrro }rqlqj lv glvfdughg/ wkh rwkhu srolf| wkdw frphv wr plqg frqvlvwv
ri xvlqj wkh �qdqflqj irupxod lq rughu wr lqflwh vfkrrov wr uhylvh wkhlu uh0
fuxlwphqw vwudwhjlhv1 Khdgv ri vfkrrov pd{lplvh wkh xwlolw| ri wkhlu whdfkhuv1
Dv shu0sxslo h{shqglwxuh lv d fhqwudo ghwhuplqdqw ri wkdw xwlolw| ohyho/ wkh
uhjxodwru fdq vwhhu uhfuxlwphqw sudfwlfhv vlpso| e| pdnlqj . frqglwlrqdo
rq wkh vrflr0hfrqrplf frpsrvlwlrq ri wkh vfkrro +wkh kxpdq fdslwdo hqgrz0
phqw ri wkh uhfuxlwhg sxslov,<1 Wklv yduldeoh lv suredeo| sxeolfo| nqrzq
ru/ dw ohdvw/ revhuydeoh dw d olplwhg frvw1 Frqglwlrqdo doorfdwlrq frxog +iru
h{dpsoh, fruuhvsrqg wr wkh vxssuhvvlrq ri �qdqfldo vxevlg| wr vfkrrov lqvxi0
�flhqwo| *pl{hg* +l1h1 wkhlu sursruwlrq ri w|sh q� sxslov grhv qrw fruuhvsrqg
wr wkh glvwulfw*v sursruwlrq,1 Lq wkdw h{wuhph vlwxdwlrq/ wkh sduwlflsdwlrq
frqvwudlqw, zrxog reylrxvo| qrw eh vdwlv�hg/ dqg vfkrro khdgv zrxog prgli|
wkhlu uhfuxlwphqw srolf|1 Wklv lv udwkhu wulyldo1

Exw vfkrrov dqg whdfkhuv duh qrw wkh rqo| vrxufh ri uhjxodwru| gl!fxowlhv1
D sxeolf fkrlfh shuvshfwlyh zrxog lqghhg lqglfdwh wkdw sduhqwv duh srolw0
lfdo folhqwv/ wkdw wkh| fdq glvplvv srolwlfldqv +uhjxodwruv, ru er|frww wkhlu
�vfdo gxwlhv zkhq glvsohdvhg zlwk dq hgxfdwlrqdo srolf|1 E| lpsrvlqj �qdq0
fldo vdqfwlrqv/ wkh uhjxodwru fdq shuvxdgh whdfkhuv dqg khdgv ri vfkrrov wr
uhqrxqfh *fuhdp0vnlpplqj* sulylohjhv1 Exw krz zrxog sduhqwv 0 hvshfldoo|
wkrvh zlwk kljk kxpdq fdslwdo hqgrzphqw 0 uhdfw wr wklv vruw ri ghvhjuhjd0
wlrq srolf|B Qrwh wkdw hyhq li wkh frvw ri dwwhqglqj d ghvhjuhjdwhg vfkrro
lv h{wuhpho| olplwhg/ e|sdvv li ihdvleoh lv olnho| wr rffxu1 Sulydwh sduwlhv duh
vhqvlwlyh wr shhu h�hfwv zkhq wkhvh duh ehqh�fldo wr wkhlu fkloguhq1 \hw/ wkh|
prvw olnho| ljqruh wkh vrfldo ehqh�wv ru frvwv ri wkhlu lqglylgxdo ghflvlrq=
wkh| ljqruh wkh h�hfw ri wkhlu vfkrro fkrlfh rq wkh txdolw| ri shhu h�hfwv lq
wkh uhvw ri wkh hgxfdwlrqdo v|vwhp1

Lq wkdw frqwh{w/ lw udslgo| wxuqv rxw wkdw vrph irup ri eulehu| lv qhfhv0
vdu| wr jhw ghvhjuhjdwlrq1 Lq d v|vwhp ri yrxfkhuv/ lw frxog phdq wkdw w|sh
q� idplolhv uhfhlyh odujhu yrxfkhuv frqglwlrqdo wr wkhlu sduwlflsdwlrq lq d gh0
vhjuhjdwhg sxeolf vfkrro1 Lq d Wlhedxw orfdo sxeolf jrrg vfkhph/ lw phdqv
wkdw w|sh q, idplolhv sd| kljkhu orfdo wd{1 Wklv uhvxow hfkrhv vrph uhfhqw
ghyhorsphqwv ri orfdo sxeolf jrrg olwhudwxuh +Euxhfnqhu ) Ohh ^;` > Vfkzde

<Iru d ghyhorsphqw ri d vlplodu uhdvrqlqj lq wkh khdowk fduh vhfwru vhh Pdwvdjdqlv )
Johqqhuvwhu ^63`> Ydq gh Yhq ) Ydq Yolhw ^76`1
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) Rdwhv ^69`, dv zhoo dv Urwkvfklog ) Zklwh*v uhfhqw sdshu ^68` frqfhuqlqj
rswlpdo sulflqj ri kljkhu hgxfdwlrq1 Xqghu vrph frqglwlrqv/ wkhvh dxwkruv
frqfoxgh wkdw vrfldo rswlpdolw| uhtxluhv wkdw hdfk sduwlflsdqw sd|v d ihh ru
d wd{ lqyhuvho| sursruwlrqdo wr klv kxpdq fdslwdo hqgrzphqw1 Lq wkh frq0
wh{w ri kljkhu hgxfdwlrq wklv phdqv wkdw vwxghqwv vkrxog eh fkdujhg iru zkdw
wkh| jhw dv qhw sur�w +rxwsxw plqxv lqsxw,1 Wklv sulflqj uxoh lqwhuqdolvhv wkh
pxwxdo h�hfw ri vwxghqwv zlwk gl�huhqw kxpdq fdslwdo hqgrzphqw1 Vfkzde
) Rdwhv ^69` lqglfdwh wkdw rswlpdolw| lq wkh Wlhedxw prgho zlwk orfdo vr0
fldo vslooryhu ghshqgv khdylo| rq wkh srvvlelolw| +ru srolwlfdo ihdvlelolw|, ri
lqwud0foxe wudqvihuv +riwhu uhihuhg wr dv vlgh0sdlhphqwv,1 Euxhfnqhu ) Ohh
^;` iru h{dpsoh dvvxph wkdw orfdo uhjxodwruv fdq fkdujh gl�huhqw sulfhv wr
lqglylgxdov/ ghshqglqj rq wkh lq xhqfh wkh| h{huw rq wkh surgxfwlrq sur0
fhvv/ dqg frqfoxgh wkdw wkh orfdo sxeolf vfkhph lv vrfldoo| rswlpdo1 Wklv
lghd lv dovr ghyhorshg e| Hssoh ) Urpdqr ^4:`1 Lq frqwudvw/ gh Eduwrorph
^46` vxssrvhv wkdw orfdo uhjxodwruv +pxvw, wuhdw doo wkhlu folhqwv htxdoo| dqg
frqvhtxhqwo| frqfoxghv wkdw wkh h{lvwhqfh ri orfdo vrfldo vslooryhu ohdgv wr
lqh!flhqw rxwfrphv1

8 Frqfoxvlrq
Wkh lqwhuhvw ri wkh uhvxowv ghulyhg khuh lv wkuhhirog1 Iluvw/ wkh| frq�up wkh
lpsruwdqfh ri qrq0prqhwdu| lqsxwv dqg wkh qhhg iru dq h!flhqw doorfdwlrq ri
wkrvh uhvrxufhv zkdwhyhu wkh vrfldo sodqqhu*v h{dfw remhfwlyh1 Li shhu h�hfwv
uhdoo| hqwhu wkh surgxfwlrq ixqfwlrq/ dv prvw hpslulfdo zrun vhhp wr frq0
�up/ wkh| pxvw eh surshuo| xvhg1 Dv wkhlu 0 gluhfw ru lqgluhfw 0 surgxfwlyh
frqwulexwlrq lv orfdo e| qdwxuh/ wkh| pxvw dovr eh surshuo| doorfdwhg ehwzhhq
hqwlwlhv1 Zh kdyh vhhq wkdw ghvhjuhjdwlrq lv suhihudeoh li ^4` wkh suhvhqfh ri
dq dgglwlrqdo kljk0delolw| sxslo lq vfkrro 4 jhqhudwhv d shhu0h�hfw lpsuryh0
phqw wkdw grhv qrw r�vhw wkh qhjdwlyh frqvhtxhqfhv ri wkh suhvhqfh ri dq
dgglwlrqdo orz0delolw| sxslo lq vfkrro 5 +l1h1 wkh shhu h�hfw ixqfwlrq lv frq0
fdyh,/ ^5` li vlpxowdqhrxvo| sxslov zlwk d orz kxpdq fdslwdo hqgrzphqw duh
pruh vhqvlwlyh wr shhu h�hfwv wkdq rwkhuv dqg ^6` wkh pdujlqdo surgxfwlylw|
ri shhu h�hfw lq whupv ri kxpdq fdslwdo lqfuhphqw lv ghfuhdvlqj1

Vhfrqg/ wkhvh uhvxowv kdyh vrph lqwhuhvwlqj hpslulfdo lpsolfdwlrqv1 Wkh|
dfwxdoo| vwuhvv wkh lq xhqfh shhu h�hfwv fdq h{huw rq wkh prqhwdu| frvw ri
orfdo sxeolf vhuylfhv431 Xqhtxdo doorfdwlrq ri qrq0sxufkdvdeoh lqsxwv +khuh
shhu h�hfwv, zloo fdxvh xqhtxdo prqhwdu| lqsxw uhtxluhphqwv dowkrxjk h�ruwv
pdgh e| djhqwv +khuh whdfkhuv, dfurvv vfkrrov duh htxlydohqw1 Wklv uhvxow lv
sduwlfxoduo| lpsruwdqw li rqh dlpv dw lqwhusuhwlqj h!flhqf| phdvxuhv edvhg

43Vhh Eudgirug/ Pdow ) Rdnhv ^9` iru dq hduo| h{srvlwlrq ri wkdw lghd
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rq +prqhwdu|, lqsxw0rxwsxw udwlrv 0 vhh Kdqxvkhn ^57` iru d uhylhz ri wkrvh
vwxglhv1 Lw fdq dovr khos xv h{sodlq dyhudjh frvw gl�huhqfhv ehwzhhq hgxfd0
wlrqdo v|vwhpv ru ehwzhhq gl�huhqw vhfwlrqv ri d sduwlfxodu v|vwhp1

Wklug/ rxu prgho frqyh|v wkh phvvdjh wkdw wkh uroh ri sxeolf dxwkrulw|
lq Zhvwhuq vrflhwlhv vkrxog h{sdqg eh|rqg sxeolf �qdqflqj ri hgxfdwlrq1
Lqh!flhqf| ru lqhtxlw| fdq rffxu ghvslwh wkh sxeolf qdwxuh ri wkh �qdqflqj1
Uhjxodwru| fkdoohqjhv fdoo iru rwkhu irupv ri lqwhuyhqwlrq1 Lq wklv prgho/
wkh vrfldo sodqqhu*v sureohp lv wr �qg zd|v wr lq xhqfh wkh doorfdwlrq ri
khwhurjhqhrxv lqglylgxdov lq rughu wr ixoo| h{sorlw vrfldo lqwhudfwlrqv1 Wkhvh
srolflhv duh suredeo| frpsoh{ wr lpsohphqw zkhq wkh| dlp dw ghvhjuhjdwlqj
vfkrrov1 Johqqhvwhu ) Oh Judqg ^53` mxglflrxvo| whoo xv wkdw plggoh fodvv
idplolhv duh pruh dqg pruh uhoxfwdqw wr dffhsw v|vwhpdwlf vrflr0hfrqrplf
pl{lqj zkhq hgxfdwlrq +ru khdowk, lv dw vwdnh/ srvvleo| ehfdxvh wkh vrflr0
hfrqrplf jds lv zlghqlqj1 Lq pruh hfrqrplf whupv/ wklv suredeo| phdqv
wkdw lqglylgxdov +sduhqwv/ sxslov/ khdgv ri vfkrro ru whdfkhuv, lqfrusrudwh
shhu h�hfwv lq wkhlu rswlpl}dwlrq surjudp exw ljqruh wkhlu rzq lq xhqfh
rq wkh txdolw| ri shhu h�hfwv1 D idplo| zlwk orz kxpdq fdslwdo zdqwv wr
dwwhqg d *jrrg* vfkrro exw grhvq*w fduh derxw wkh uhvxowlqj ghfuhdvh ri shhu
h�hfwv1 Vlploduo|/ d khdg ri vfkrro fdq rujdql}h vrph *fuhdp0vnlpplqj* lq
rughu wr pd{lpl}h wkh ohyho ri shhu h�hfwv lq klv lqvwlwxwlrq zkloh ljqrulqj wkh
ghwhulrudwlrq wklv rswlrq zloo qhfhvvdulo| hqwdlo lq wkh uhvw ri wkh hgxfdwlrqdo
v|vwhp1

Uhihuhqfhv
^4` U1 Duqrww dqg M1 Urzvh/ Shhu Jurxs H�hfwv dqg Hgxfdwlrqdo Dwwdlq0

phqw/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 65/ 5;:0638 +4<;:,1

^5` U1 Eìqderx/ Zrunlqjv ri d Flw|= Orfdwlrq/ Hgxfdwlrq dqg Surgxfwlrq/
Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Dxjxvw/ 94<0985 +4<<6,1

^6` U1 Eìqderx/ Wkhrulhv ri Shuvlvwhqw Lqhtxdolwlhv1 Kxpdq Fdslwdo/ lq0
htxdolw|/ dqg Jurzwk= D Orfdo Shuvshfwlyh/ Hxurshdq Hfrqrplf Uhylhz/
6;/ ;4:0;59 +4<<7,1

^7` U1 Eìqderx/ Htxlw| dqg H!flhqf| lq Kxpdq Fdslwdo Lqyhvwphqw= Wkh
Orfdo Frqqhfwlrq/ Uhylhz ri Hfrqrplf Vwxglhv> 96+5,/ 56:0597 +4<<9,1

^8` U1 Eìqderx/ Khwhurjhqhlw|/ Vwudwl�fdwlrq dqg Jurzwk= Pdfurhfrqrplf
Lpsolfdwlrqv ri Frppxqlw| Vwuxfwxuh dqg Vfkrro �qdqfh/ Dphulfdq
Hfrqrplf Uhylhz > ;9+6,/ 8;7093< +4<<9,1
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^9` G1I1 Eudgirug/ U1D1 Pdow dqg Z1H1 Rdwhv/ Wkh Ulvlqj Frvw ri Orfdo
Sxeolf Vhuylfhv= Vrph Hylghqfh dqg Uh hfwlrqv/ Qdwlrqdo Wd{ Mrxuqdo/
55+5,/ 4;80535 +4<9<,1

^:` J1M1 Erumdv/ Hwkqlf Fdslwdo dqg Lqwhujhqhudwlrqdo Prelolw|/ Wkh Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu|/ 4560483 +4<<5,1

^;` M1N1 Euxhfnqhu dqg N1 Ohh/ Foxe Wkhru| zlwk Shhu0Jurxs H�hfw/ Uh0
jlrqdo Vflhqfh dqg Xuedq Hfrqrplfv/ 4</ 6<<0753 +4<;<,1

^<` M1V1 Frohpdq hw Doll/ �Htxdolw| ri Hgxfdwlrqdo Rssruwxqlw|�/ X1V1 Gh0
sduwphqw ri Khdowk/ Hgxfdwlrq dqg Zhoiduh/ X1V1 R!fh ri Hgxfdwlrq/
RH06;334/ Zdvklqjwrq G1F +4<99,1

^43` M1V1 Frohpdq/ Vrfldo Fdslwdo lq wkh Fuhdwlrq ri Kxpdq Fdslwdo/ Dphu0
lfdq Mrxuqdo ri Vrflrorj|/ <7/ Vxssohphqw/ <80453 +4<;;,1

^44` P1 Frufrudq/ U1 Jrugrq/ G1 Oduhq dqg J1 Vrorq/ H�hfwv ri Idplo| Frp0
pxqlw| Edfnjurxqg rq Hfrqrplf Vwdwxv/ Dphulfdq Hfrqrplf Uhylhz/
;3+5,/ 6950699 +4<<3,1

^45` X1V1 Gdkooùi/ �Delolw| Jurxslqj/ Frqwhqw Ydolglw|/ dqg Fxuulfxoxp Sur0
fhvv Dqdo|vlv�/ Whdfkhuv Froohjh Suhvv/ Qhz \run +4<:4,1

^46` F1D1P1 gh Eduwrorph/ Htxloleulxp dqg Lqh!flhqf| lq d Frppxqlw|
Prgho zlwk Shhu0Jurxs H�hfwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;+4,/
4430466 +4<<3,1

^47` J1M1 Gxqfdq/ Idplolhv dqg Qhljkeruv dv Vrxufhv ri Glvdgydqwdjh lq wkh
Vfkrrolqj Ghflvlrqv ri Zklwh dqg Eodfn Dgrohvfhqwv/ Dphulfdq Mrxuqdo
ri Hgxfdwlrq/ 436/ 53086 +4<<7,1

^48` V1Q1 Gxuodxi/ Vslooryhuv/ Vwudwl�fdwlrq dqg Lqhtxdolw|/ Hxurshdq Hfr0
qrplf Uhylhz/ 6;/ ;690;78 +4<<7,1

^49` P1 G|qduvnl/ U1 Vfkzde dqg H1 ]dpshool/ Orfdo Fkdudfwhulvwlfv dqg
Sxeolf Surgxfwlrq= Wkh Fdvh ri Hgxfdwlrq/ Mrxuqdo ri Xuedq Hfr0
qrplfv/ 59/ 5830596 +4<;<,1

^4:` G1 Hssoh dqg U1 Urpdqr/ Frpshwlwlrq ehwzhhq Sulydwh dqg Sxeolf
Vfkrrov/ Yrxfkhuv dqg Shhu Jurxs H�hfwv�/ Dphulfdq Hfrqrplf Uhylhz/
;;+4,/ 66095 +4<<;, 1
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^4;` Z1Q1 Hydqv/ Z1H1 Rdwhv dqg U1P Vfkzde/ Phdvxulqj Shhu Jurxs
H�hfwv= D Vwxg| ri Whhqdjh Ehkdylru/ Mrxuqdo ri Srolwlfdo Hfrqrp|/
433+8,/ <990<<4 +4<<5,1

^4<` D1 Jdprudq dqg P1 Q|vwudqg/ Wudfnlqj/ Lqvwuxfwlrq dqg Dfklhyhphqw/
Lqwhuqdwlrqdo Mrxuqdo ri Hgxfdwlrqdo Uhvhdufk/ 54+8,/ 54:0564 +4<<7,1

^53` K1 Johqqhuvwhu dqg M1 Oh Judqg/Wkh Ghyhorsphqw ri Txdvl0Pdunhwv lq
Zhoiduh Surylvlrq/ Zrunlqj Sdshu/ ZVS2435/ Vxqwru|0Wr|rwd Lqwhuqd0
wlrqdo Fhqwuh iru Hfrqrplfv dqg Uhodwhg Glvflsolqhv/ Orqgrq Vfkrro ri
Hfrqrplfv +4<<7,1

^54` D1 Julvd|/ Kìwìurjìqìlwì ghv fodvvhv hw Htxlwì Hgxfdwlyh/ Hqmhx{/ 63/
960<8 +4<<6,1

^55` P1 Kdoolqdq dqg U1 Zlooldpv/ Vwxghqwv* Fkdudfwhulvwlfv dqg wkh Shhu0
Lq xhqfh Surfhvv/ Vrflrorj| ri Hgxfdwlrq/ 96/ 4550465 +4<<3,1

^56` P1 Kdoolqdq/ Wkh H�hfwv ri Delolw| Jurxslqj lq Vhfrqgdu| Vfkrrov= D
Uhvsrqvh wr Vodylq*v Ehvw0Hylghqfh V|qwkhvlv/ Uhylhz ri Hgxfdwlrqdo
Uhvhdufk/ 93+6,/ 8340837 +4<<3,1

^57` H1 Kdqxvkhn/ Wkh Hfrqrplfv ri Vfkrrolqj= Surgxfwlrq dqg H!flhqf| lq
Sxeolf Vfkrrov/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 57/ 4474044:: +4<<9,1

^58` Y1 Khqghuvrq/ S1 Plhv}nrzvnl dqg \1Vdxydjhdx/ Shhu Jurxs H�hfwv
dqg Hgxfdwlrqdo Surgxfwlrq Ixqfwlrqv/ Mrxuqdo ri Sxeolf Hfrqrplfv/
43/ <:0439 +4<:;,1

^59` F1 Mhqfnv dqg V1H1 Ph|hu/ Wkh Vrfldo Frqvhtxhqfhv ri Jurzlqj Xs lq
Srru Qhljkerukrrg/ lq �Lqqhu0Flw| Sryhuw| lq wkh Xqlwhg Vwdwhv� +O1H1
O|qq dqg P1J1K1 PdfJhdu|/ Hgv1,/ Qdwlrqdo Dfdghp| Suhvv/ Zdvklqj0
wrq GF +4<;:,1

^5:` G1P1 Nd}do0Wkuhvkhu/ Ghvhjuhjdwlrq Jrdov dqg Hgxfdwlrqdo Ilqdqfh
Uhirup= Dq Djhqgd iru wkh Qh{w Ghfdgh/ Hgxfdwlrqdo Srolf|/ ;+4,/
8409: +4<<7,1

^5;` F1 Ohur|0Dxgrxlq/ Ohv prghv gh jurxshphqw ghv ìoëyhv ã o*ìfroh sul0
pdluh/ fdwdo|vhxuv ghv shuirupdqfhv/ Fdklhu gh o*Luhgx / Qr <833</ Luhgx/
Glmrq +4<<8,1

^5<` F1U1 Olqn dqg M1G1 Pxooljdq/ Fodvvpdwhv H�hfwv rq Eodfn Vwxghqw
Dfklhyhphqw lq Sxeolf Vfkrro Fodvvurrpv/ Hfrqrplfv ri Hgxfdwlrq Uh0
ylhz / 43+7,/ 5<:0643 +4<<4,1

4:



^63` P1 Pdwvdjdqlv dqg K1 Johqqhuvwhu/ Wkh Wkuhdw ri *Fuhdp0vnlpplqj* lq
wkh Srvw0uhirup QKV/ Plphr/ Orqgrq Vfkrro ri Hfrqrplfv +4<<7,1

^64` M1J1 Pxooljdq/ D Fodvvurrp Surgxfwlrq Ixqfwlrq/ Hfrqrplf Lqtxlu|/
55+Dsulo,/ 54;0559 +4<;7,1

^65` W1M1 Qhfk|ed/ Sxeolf Vfkrro Ilqdqfh lq d Jhqhudo Htxloleulxp Wlherxw
Zruog= Htxdol}dwlrq Surjudpv/ Shhu H�hfwv dqg Sulydwh Vfkrro Yrxfk0
huv/ Plphr/ Vwdqirug Xqlyhuvlw|/ Vwdqirug/ Fd +4<<9,1

^66` M1 Rdnhv/ D1 Jdprudq dqg U1Q1 Sdjh/ Fxuulfxoxp gl�huhqfldwlrq= Rs0
sruwxqlwlhv/ Rxwfrphv/ dqgPhdqlqj/ lq �Kdqgerrn ri Uhvhdufk rq Fxu0
ulfxoxp� +S1Z1 Mdfnvrq/ Hg1,/ Dphulfdq Hgxfdwlrqdo Uhvhdufk Dvvrfl0
dwlrq/ Zdvklqjwrq GF +4<<5,1

^67` M1 Urhphu/ �Wkhrulhv ri Glvwulexwlyh Mxvwlfh�/ Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh Pd +4<<9,1

^68` P1 Urwkvfklog dqg O1M1 Zklwh/ Wkh Dqdo|vlv ri wkh Sulflqj ri Kljkhu Hg0
xfdwlrq dqg Rwkhu Vhuylfhv lq Zklfk wkh Fxvwrphuv Duh Lqsxwv/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 436+6,/ 8:608;9 +4<<8,1

^69` U1P1 Vfkzde dqg Z1H1 Rdwhv/ Frppxqlw| Frpsrvlwlrq dqg wkh Sur0
ylvlrq ri Orfdo Sxeolf Jrrgv1 D Qrupdwlyh Dqdo|vlv/ Mrxuqdo ri Sxeolf
Hfrqrplfv/ 77/ 54:056: +4<<4,1

^6:` U1H1 Vodylq/ Delolw| Jurxslqj dqg Vwxghqw Dfklhyhphqw lq Hohphqwdu|
Vfkrrov= D Ehvw0Hylghqfh V|qwkhvlv/ Hgxfdwlrqdo Srolf|/ 8:+6,/ 5<60669
+4<;:,1

^6;` U1H1 Vodylq/ Delolw| Jurxslqj dqg Vwxghqw Dfklhyhphqw lq Hohphqwdu|
Vfkrrov= D Ehvw0Hylghqfh V|qwkhvlv/ Uhylhz ri Hgxfdwlrqdo Uhvhdufk/
93+6,/ 7:407<< +4<<3,1

^6<` D1D1 Vxpphuv dqg E1O1 Zroih/ Gr Vfkrrov Pdnh d Gl�huhqfhB/ Dphu0
lfdq Hfrqrplf Uhylhz/ 9:+7,/ 96<0985 +4<::,1

^73` F1P1 Wlherxw/ D sxuh wkhru| ri orfdo h{shqglwxuhv/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ 97/ 7490757 +4<89,�

^74` Y1 Ydqghqehujkh/ �Hgxfdwlrqdo Txdvl0Pdunhwv Ixqfwlrqlqj dqg Uhjx0
odwlrq�/ Sk1G1 Glvvhuwdwlrq/ FLDFR/ Orxydlq0od0Qhxyh +4<<9,1
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^75` Y1 Ydqghqehujkh/ Hgxfdwlrqdo Txdvl0Pdunhwv= Wkh Ehojldq H{shulhqfh/
lq �D Uhyroxwlrq lq Vrfldo Srolf|1 Ohvvrqv iurp ghyhorsphqwv ri Txdvl0
Pdunhwv lq wkh 4<<3v� +Z1 Eduwohww/ M1D1 Urehuwv dqg M1 Oh Judqg/ Hgv,/
Wkh Srolf| Suhvv/ Eulvwro +4<<;,1

^76` Z1S1P1P Ydq gh Yhq dqg U1F1M1D1Ydq Yolhw/ Krz fdq zh suhyhqw
fuhdp0vnlpplqj lq d frpshwlwlyh khdowk lqvxudqfh pdunhwB Wkh juhdw
fkdoohqjh iru wkh <3*v/ lq �Khdowk Hfrqrplfv Zruog0zlgh� +S1 ]zhliho
dqg K1H1 Iuhfk/ Hgv,/ Noxzhu Dfdghplf Sxeolvkhuv/ wkh Qhwkhuodqgv
+4<<5,1

^77` G1M1 Zloop dqg I1 Hfkrov/ Dohuw dqg Lqhuw Folhqwv= Wkh Vfrwwlvk H{sh0
ulhqfh ri Sduhqwdo Fkrlfh ri Vfkrrov/ Hfrqrplfv ri Hgxfdwlrq Uhylhz/
44+7,/ 66<0683 +4<<5,1

^78` G1M1 Zloopv dqg V1Z1 Udxghqexvk/ D Orqjlwxglqdo Klhudufklfdo Olq0
hdu Prgho iru Hvwlpdwlqj Vfkrro H�hfwv dqg Wkhlu Vwdelolw|/ Mrxuqdo ri
Hgxfdwlrqdo Phdvxuhphqw/ 59+6,/ 43<0465 +4<;<,1
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