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Vhq*v Fdsdelolw| Dssurdfk wr Zhoiduh Hfrqrplfv
Zlhenh Nxno|v4

Lqjulg Ureh|qv5

4 Lqwurgxfwlrq

Dpduw|d Vhq*v fdsdelolw| dssurdfk lv d iudphzrun iru wkh

hydoxdwlrq ri lqglylgxdo zhoiduh dqg vrfldo vwdwhv/ dqg dv

vxfk fdq surylgh wkh wkhruhwlfdo edvlv iru lqhtxdolw|/ sryhuw|/

dqg srolf| dqdo|vhv1 Wkh fdsdelolw| dssurdfk dvvhvvhv shr0

soh*v zhoiduh lq whupv ri wkhlu ixqfwlrqlqjv dqg fdsdelolwlhv/

zklfk duh gh�qhg dv dq lqglylgxdo*v dfwxdo dqg srwhqwldo

dfwlylwlhv dqg vwdwhv ri ehlqj uhvshfwlyho|1 Zkhq kh vwduwhg

wr ghyhors wkh dssurdfk lq wkh hduo| 4<;3v/ Vhq irxqg wkdw

zkloh wkh +urxjko| htxlydohqw, JQS shu fdslwd ri Eud}lo

dqg Ph{lfr duh pruh wkdq vhyhq wlphv wkh JQS shu fdslwd

ri Lqgld/ Fklqd dqg Vul Odqnd/ ixqfwlrqlqjv shuirupdqfh lq

whupv ri olih h{shfwdqf|/ lqidqw pruwdolw| dqg fklog ghdwk

udwhv zhuh prvw idyrxudeoh lq Vul Odqnd/ dqg ehwwhu lq Fklqd

frpsduhg wr Lqgld dqgPh{lfr frpsduhg wr Eud}lo +Vhq ^95`=

79084,1 Dowkrxjk Vhq xvhg rqo| wkuhh yhu| edvlf ixqfwlrq0

lqjv/ kh vkrzhg wkdw udqnlqj ri frxqwulhv edvhg rq JQS shu

fdslwd fdq eh txlwh gl�huhqw iurp wkh udqnlqj edvhg rq wkh

vhohfwhg ixqfwlrqlqjv1 Lq dqrwkhu vwxg| kh h{dplqhg vh{

glvfulplqdwlrq lq Lqgld +Vhq ^95`= 8509<,1 Kh irxqg/ dprqj

rwkhu wklqjv/ wkdw ihpdohv kdyh zruvh dfklhyhphqwv wkdq
4Xqlyhuvlw| ri Fdpeulgjh dqg Pd{ Sodqfn Lqvwlwxwh iru Uhvhdufk Lqwr Hfrqrplf

V|vwhpv/ Mhqd/ Jhupdq|1 Fruuhvsrqghqfh wr nxno|vCpslhz0mhqd1psj1gh1 Vxssruw
iurp wkh HVUF +Uhi1Qu1 75533367573, lv judwhixoo| dfnqrzohgjhg1

5Xqlyhuvlw| ri Dpvwhugdp/ Qhwkhuodqgv/ dqg Froxpeld Xqlyhuvlw|/ XVD +ylvlwlqj
5337,1 Fruuhvsrqghqfh wr l1ureh|qvCxyd1qo1 Vxssruw iurp wkh Qhwkhuodqgv Rujd0
ql}dwlrq iru Vflhqwl�f Uhvhdufk +QZR, lv judwhixoo| dfnqrzohgjhg1 Erwk dxwkruv
zlvk wr wkdqn Sdxo Dqdqg/ Mrkq Gdylv/ Zhuqhu Jÿwk/ Jhr� Kdufrxuw/ Kdplvk Orz/
Vwhskdq Nodvhq/ Phoy|q Zhhnv dqg dq dqrq|prxv uhihuhh iru frpphqwv rq hduolhu
yhuvlrqv1 Wkh xvxdo glvfodlphu dssolhv1
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pdohv iru d qxpehu ri ixqfwlrqlqjv/ lqfoxglqj djh0vshfl�f

pruwdolw| udwhv/ pdoqxwulwlrq dqg pruelglw|1 Vlqfh 4<<3/

wkh Xqlwhg Qdwlrqv kdv dgrswhg wkh edvlf lghdv ri wkh fdsd0

elolw| dssurdfk lq lwv dqqxdo Kxpdq Ghyhorsphqw Uhsruwv

+Ixnxgd0Sduu ^56`,/ zklfk phdvxuh wkh vwdwh ri ghyhorsphqw

ri d frxqwu| e| dqdo|vlqj shrsoh*v olih h{shfwdqf| dw eluwk/

hgxfdwlrq +phdvxuhg e| dgxow olwhudf| dqg hgxfdwlrqdo hq0

urophqw udwhv,/ dqg dgmxvwhg uhdo JGS shu fdslwd/ zklfk

vkrxog vhuyh dv d sur{| iru wkh pdwhuldo dvshfwv ri zhoiduh1

Frpsdulvrqv ri udqnlqjv ri wkhvh lqglfhv zlwk JQS shu

fdslwd vkrzv vljql�fdqw gl�huhqfhv +XQGS ^:3`,1 Dowkrxjk

wkhvh lqglfhv duh jhqhudoo| uhjdughg dv d fuxgh dssolfdwlrq

ri wkh fdsdelolw| dssurdfk/ wkh| kdyh vljql�fdqw srolwlfdo

lq xhqfh1

Vhq*v fdsdelolw| dssurdfk kdv dovr irxqg zlgh uhvrqdqfh

lq d qxpehu ri dfdghplf glvflsolqhv/ lqfoxglqj khwhurgr{

hfrqrplfv +Ixnxgd0Sduu ^56`/ Jdvshu ^59`/ Ureh|qv/ ^89`,/

ghyhorsphqw hfrqrplfv +Donluh ^4`/ Tl}loedvk ^87`,/ ghyho0

rsphqw hwklfv +Furfnhu ^53`/ Jdvshu ^58`, dqg hfrqrplf

dqg srolwlfdo sklorvrsk| +Gdqlhov ^54`/ Qxvvedxp ^7:`/ Shw0

wlw ^84`/ Zlooldpv ^:4`,1 Wklv olwhudwxuh lv fkdudfwhulvhg e|

lwv kljko| lqwhuglvflsolqdu| qdwxuh dqg wkh suhgrplqdqfh ri

sklorvrsklfdo dqg frqfhswxdo uhdvrqlqj lqvwhdg ri prghoolqj

dqg irupdolvdwlrqv1 Wkh lpsdfw dqg ghyhorsphqw ri wkh fd0

sdelolw| dssurdfk lq pdlqvwuhdp zhoiduh hfrqrplfv kdv vr

idu ehhq pxfk pruh olplwhg/ d ihz h{fhswlrqv qrwzlwkvwdqg0

lqj +Dwnlqvrq ^6`/ Edvx dqg Oösh}0Fdoyd ^43`/ Pddvrxpl

^76`,1 Wkhuh duh vhyhudo zd|v lq zklfk wklv frxog eh h{0

sodlqhg1 Lw pljkw eh wkh fdvh wkdw wkh fdsdelolw| dssurdfk

lv crog zlqh lq qhz erwwohv*/ dqg kdv yhu| olwwoh wr r�hu wr

zhoiduh hfrqrplfv1 Li wklv zhuh wuxh/ wkhq zk| zrxog zhoiduh

hfrqrplvwv sd| dq| dwwhqwlrqB Dqrwkhu srvvleoh h{sodqd0
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wlrq lv wkdw prvw ri wkh zrun rq wkh fdsdelolw| dssurdfk

kdv ehhq zulwwhq lq d mdujrq dqg glvflsolqdu| vw|oh wkdw lv

wrr sklorvrsklfdo wr eh dsshdolqj wr prvw hfrqrplvwv1 Ru

dowhuqdwlyho|/ wkh idfw wkdw wkhuh lv qr frqvhqvxv rq krz

wr dsso| wkh fdsdelolw| dssurdfk pljkw eh r�0sxwwlqj1 Wr

ghwhuplqh zkhwkhu wkh fdsdelolw| dssurdfk kdv vrphwklqj

wr r�hu wr vwdqgdug zhoiduh hfrqrplfv zh qhhg d fkdudf0

whulvdwlrq dqg dqdo|vlv ri wkh fdsdelolw| dssurdfk xvlqj wkh

phwkrgrorj| dqg odqjxdjh vwdqgdugo| hpsor|hg lq zhoiduh

hfrqrplfv1 Wkdw lv wkh dlp ri wklv sdshu1

Zh �uvw eulh | ghvfuleh wkh fdsdelolw| dssurdfk dqg suhvhqw

d irupdolvdwlrq +vhfwlrq 5,1 Wkhq zh gh�qh vwdqgdug zhoiduh

hfrqrplfv dqg suhvhqw d edvlf prgho lq vhfwlrq 61 Lq vhf0

wlrq 7/ wkh dvvxpswlrqv ri wklv prgho duh vfuxwlqlvhg iurp d

fdsdelolw| shuvshfwlyh1 Wklv doorzv xv wr xqghuvwdqg ehwwhu

zkhwkhu wkh fdsdelolw| dssurdfk uhsuhvhqwv d jhqxlqh wkhr0

uhwlfdo dowhuqdwlyh wr wkh vwdqgdug zhoiduh hfrqrplf prgho1

Lq dgglwlrq/ zh qrw rqo| qhhg d wkhruhwlfdo frpsdulvrq ri

wkh vwdqgdug zhoiduh hfrqrplf prgho zlwk wkh fdsdelolw|

dssurdfk wr zhoiduh hfrqrplfv/ exw zh dovr qhhg wr nqrz

wr zkdw h{whqw wkh fdsdelolw| dssurdfk pdnhv d gl�huhqfh

lq whupv ri hpslulfv1 Wklv txhvwlrq lv dgguhvvhg lq vhfwlrq

8 zkhuh zh surylgh d vxuyh| ri wkh txdqwlwdwlyh hpslulfdo

dssolfdwlrqv ri wkh fdsdelolw| dssurdfk1 Wkh odvw vhfwlrq

frqfoxghv1

5 Vhq*v Fdsdelolw| Dssurdfk

Wkh fdsdelolw| dssurdfk lv dq hydoxdwlyh iudphzrun iru lq0

glylgxdo zhoiduh dqg vrfldo vwdwhv1 Wkh fruh frqfhswv duh

ixqfwlrqlqjv dqg fdsdelolwlhv1 Vhq + ^99`=8, gh�qhv ixqf0

wlrqlqjv dv dq dfklhyhphqw ri d shuvrq/ l1h1 zkdw kh ru vkh
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pdqdjhv wr gr ru wr eh= dq lqglylgxdo*v dfwlylwlhv dqg vwdwhv

ri ehlqj1 Fdsdelolw| lv d ghulyhg qrwlrq/ dqg uh hfwv wkh

ydulrxv frpelqdwlrqv ri ixqfwlrqlqjv kh ru vkh fdq dfklhyh/

l1h1 wkh shuvrq*v iuhhgrp wr fkrrvh ehwzhhq gl�huhqw zd|v

ri olylqj1

Lq wudglwlrqdo hfrqrplf zhoiduh hydoxdwlrq/ sduwlfxoduo|

lq wkh frqwh{w ri sryhuw| dqg lqhtxdolw|/ lqfrph ru h{shqgl0

wxuh lv dqdo|vhg1 Lq wkh fdsdelolw| dssurdfk/ dq hydoxdwlrq

lqyroyhv wkh dqdo|vlv ri d fdsdelolw| vhw/ 'lc zklfk lv gh�qhg

ryhu wkh gl�huhqw srwhqwldo dfwlylwlhv ru vwdwhv ri ehlqj M ri

lqglylgxdo �

'l Efl� ' iMlmMl ' sl ES E l� c 3l� ; sl 5 8l dqg ;  l 5 flj

+4,

zkhuh  l lv d yhfwru ri frpprglwlhv fkrvhq e| wkh lqgl0

ylgxdo/ S E�� lv d ixqfwlrq wkdw pdsv jrrgv lqwr wkh vsdfh

ri fkdudfwhulvwlfv dv lq Jrupdq ^5<` dqg Odqfdvwhu ^6<`/

3l lv d yhfwru ri shuvrqdo fkdudfwhulvwlfv dqg vrflhwdo dqg

hqylurqphqwdo flufxpvwdqfhv/ sl lv d ixqfwlrq wkdw pdsv

fkdudfwhulvwlfv ri jrrgv lqwr vwdwhv ri ehlqj ru dfwlylwlhv Ml/

frqglwlrqdo rq 3l� 'l lv wkh vhw ri doo srvvleoh Mlc jlyhq wkh

uhvrxufh frqvwudlqw fl +Vhq ^95`=:043,1

Wkh yhfwru ri frpprglwlhv  l lv wkh ghpdqg iru jrrgv1

Qrwh/ krzhyhu/ wkdw Vhq h{solflwo| lqfoxghv qrq0pdunhw jrrgv

dqg vhuylfhv1 Vlploduo|/ uhvrxufhvfl fruuhvsrqg wr wkh vwdq0

gdug exgjhw frqvwudlqw/ exw dovr lqfoxgh wkh dydlodelolw| ri

qrq0pdunhw jrrgv dqg vhuylfhv1

Wkh vsdfh ri ixqfwlrqlqjv M lv wkh vsdfh ri vwdwhv ri ehlqj

dqg dfwlylwlhv/ zkloh wkh vsdfh ri fdsdelolwlhv ' lv wkh vsdfh

ri srwhqwldo ixqfwlrqlqjv1 Wkh ixqfwlrqlqj vsdfh lv uhodwhg

wr wkh jrrgv dqg fkdudfwhulvwlfv vsdfh wkurxjk wkh shuvrqdo

frqyhuvlrq ixqfwlrq sl1 Wkh fdsdelolw| vsdfh lv uhodwhg wr
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wkh ixqfwlrqlqj vsdfh lq wkdw lw frpsulvhv doo ixqfwlrqlqjv

dq lqglylgxdo fdq srwhqwldoo| dfklhyh1 Lw lv wkxv wkh lqglylg0

xdo*v fkrlfh vhw/ dqg frxog eh lqwhusuhwhg dv dq dxjphqwhg

exgjhw vhw/ zklfk dovr wdnhv dffrxqw ri qrq0pdunhw jrrgv

dqg vhuylfhv/ dqg qrq0prqhwdu| frqvwudlqwv1

Wzr h{dpsohv duh glvfxvvhg e| Vhq ^95`1 D elf|foh +frp0

prglw| %, surylghv wudqvsruw +fkdudfwhulvwlf S,> dqg gh0

shqglqj rq dq lqglylgxdo*v sk|vlfdo delolw| dqg wkh vwdwh

ri wkh urdgv +frqyhuvlrq idfwruv 3,/ vkh fdq f|foh ru qrw

+fdsdelolw| ',1 Irrg surylghv qxwulwlrxv fdsdflw|/ zklfk lv

frqyhuwhg lqwr cehlqj zhoo0qrxulvkhg*/ ghshqglqj rq sk|v0

lfdo flufxpvwdqfhv vxfk dv wkh phwderolf udwh/ suhvhqfh ri

sdudvlwhv hwf11 Wkh lqglylgxdo*v fdsdelolw| lqfoxghv wkhq wkh

iuhhgrp wr hlwkhu eh zhoo0qrxulvkhg/ wr idvw iru uholjlrxv uhd0

vrqv ru wr jr rq kxqjhu vwulnh iru dqrwkhu*v vdnh1

Rwkhu h{dpsohv ri ixqfwlrqlqjv/ wdnhq iurp Vhq ^98` duh

cehlqj dolyh*/ cehlqj lq jrrg khdowk*/ cehlqj zhoo0vkhowhuhg*/

cprylqj derxw iuhho|*/ ckdylqj vhoi uhvshfw dqg uhvshfw ri

rwkhuv*/ cwdnlqj sduw lq wkh olih ri wkh frppxqlw|*1 Rqh

frxog dgg pdq| rwkhu ixqfwlrqlqjv/ vxfk dv cehlqj hp0

sor|hg* ru cehlqj hgxfdwhg*1

Wkh fdsdelolw| dssurdfk fohduo| rshudwhv dw wzr ohyhov=

dw wkh ohyho ri uhdolvhg zhoiduh/ zklfk lv phdvxuhg e| ixqf0

wlrqlqjv> dqg wkh ohyho ri srwhqwldo ru ihdvleoh zhoiduh/ zklfk

lv phdvxuhg e| fdsdelolwlhv1 Wklv lv htxlydohqw wr wkh rxw0

frphv yv1 rssruwxqlwlhv glvwlqfwlrq lq vwdqgdug zhoiduh hfr0

qrplfv dqg hvshfldoo| lq vrfldo fkrlfh wkhru|1
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6 Fkdudfwhulvdwlrq ri Zhoiduh Hfrqrplfv dqg lwv

Wrrov

Lq wklv vhfwlrq/ zh r�hu d fkdudfwhulvdwlrq ri zhoiduh hfr0

qrplfv dqg suhvhqw d ehqfkpdun prgho1 Rxu dlp lv wr

eulh | rxwolqh wkh �hog ri zhoiduh hfrqrplfv ehiruh zh vfux0

wlqlvh lw lq oljkw ri wkh fdsdelolw| dssurdfk lq vhfwlrq 71

614 Gh�qlwlrq dqg Fkdudfwhulvdwlrq

Zhoiduh hfrqrplfv lv frqfhuqhg zlwk wkh hydoxdwlrq ri wkh

ohyho ri lqglylgxdo dqg vrfldo zhoiduh/ dqg wkh zhoiduh lp0

sdfw ri hfrqrplf dqg vrfldo srolflhv +vhh h1j1 Gxwwd ^55`/

Vhq ^96` dqg Vx}xpxud ^9;`,1 Wkh zhoiduh ri lqglylgxdov

lv uhsuhvhqwhg e| xwlolw|/ xvxdoo| xqghuvwrrg dv ghvluh ixo0

�oophqw ru suhihuhqfh vdwlvidfwlrq1 Dowkrxjk wkhuh lv vrph

ghedwh rq wkh h{dfw surshuwlhv dqg fkdudfwhulvdwlrq ri wkh

qrwlrq ri xwlolw|/ wkhuh lv jhqhudo djuhhphqw wkdw xwlolw| dv

xvhg lq hfrqrplfv lv d rqh0glphqvlrqdo frqfhsw1 Lq dssolhg

zhoiduh hfrqrplfv/ xwlolw| lv urxwlqho| phdvxuhg e| prqh0

wdu| yduldeohv1 Wklv lv rqo| ydolg xqghu uhvwulfwlyh dvvxps0

wlrqv derxw wkh lqglylgxdo dqg wkh pdunhw/ zklfk zloo eh

glvfxvvhg lq vhfwlrq 71

Vrfldo zhoiduh lv dq djjuhjdwlrq ri wkh lqglylgxdo zhoiduh

e| phdqv ri dq djjuhjdwru ixqfwlrq zklfk fdq eh lqwhu0

suhwhg dv d vrfldo zhoiduh ixqfwlrq1 Vrfldo zhoiduh ixqfwlrqv

fdq kdyh gl�huhqw irupv/ lpso|lqj wkdw vrph ri wkhp zloo

wdnh glvwulexwlrqdo frqvlghudwlrqv lqwr dffrxqw zkloh rwkhuv

zloo qrw1 Li wkh vrfldo zhoiduh ixqfwlrq lv wkh pd{lplvdwlrq

ri wkh xqzhljkwhg vxp ri wkh lqglylgxdo zhoiduhv/ wkhq lw lv

d xwlolwduldq vrfldo zhoiduh ixqfwlrq1

Prvw uhvhdufk lq zhoiduh hfrqrplfv xvhv lqglylgxdo xwlo0

lwlhv +lq dssolfdwlrqv/ lqfrph ru h{shqglwxuh, dv wkh h{0
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foxvlyh edvlv ri zhoiduh mxgjhphqwv1 Wklv wudglwlrq/ zklfk

kdv ehhq grplqdqw iru wkh odvw wzr fhqwxulhv/ lv fdoohg zho0

idulvp ^94`1 Krzhyhu/ lq uhfhqw ghfdghv vhyhudo lpsruwdqw

ghsduwxuhv iurp zhoidulvp kdyh ehhq pdgh/ e| lqfoxglqj

qrq0xwlolw| lqirupdwlrq lq wkh hydoxdwlrq ri lqglylgxdo zho0

iduh1 Sdwwdqdln ^7;` glvwlqjxlvkhv ehwzhhq wzr eurdg duhdv

ri qrq0zhoidulvwlf uhvhdufk lq zhoiduh hfrqrplfv1 Wkh �uvw

duhd lv wkh zrun rq lqglylgxdo uljkwv dqg olehuwlhv/ zklfk

zdv slrqhhuhg e| Vhq*v zrun rq wkh olehudo sdudgr{ +Vhq

^8<`/ ^93`,1 Wkh vhfrqg duhd frqfhuqv wkh phdvxuhphqw ri

wkh vwdqgdug ri olylqj/ lqhtxdolw| dqg sryhuw| zkhuhe| wkh

lqirupdwlrq xvhg lv qrw uhvwulfwhg wr xwlolw| ru d prqhwdu|

uhsuhvhqwdwlrq wkhuhri1 Lw lv lq wklv vhfrqg olqh ri ghsdu0

wxuh iurp zhoidulvp wkdw wkh fdsdelolw| dssurdfk fdq eh

vlwxdwhg1 Lq vhfwlrq 7/ zh zloo dqdo|vh zhoiduh hfrqrplfv

iurp d fdsdelolw| shuvshfwlyh/ exw �uvw zh suhvhqw d vlpsoh

irupdolvdwlrq ri vwdqgdug zhoiduh hfrqrplfv1

615 Wkh prgho

Ohw xv wdnh dv srlqw ri ghsduwxuh wkh edvlf wh{werrn prgho

iru zhoiduh hydoxdwlrq lq d pdq| frqvxphu pdunhw hfrq0

rp| zkhuh doo frqvxphuv idfh wkh vdph frqvxpswlrq sulfhv1

Dvvxph dq hfrqrp| zlwkrxw xqfhuwdlqw|/ zlwk ? lghqwlfdo

xwlolw| pd{lplvlqj frqvxphuv/ zkr fdq doo fkrrvh dprqj d

yhfwru ri jrrgv  / dqg zkr duh vxemhfw wr d exgjhw frq0

vwudlqw=

4@ �l ' � E � vxemhfw wr T� ' 6l � ' �c ���? +5,

zkhuh 6 lv wkh h{rjhqrxvo| jlyhq lqfrph/ dqg T lv d yhfwru

ri pdunhw sulfhv fruuhvsrqglqj wr jrrgv  1 �l lv lqglylgxdo

�*v xwlolw|/ ? lv wkh qxpehu ri lqglylgxdov xqghu dqdo|vlv1

� lv wkh lqglylgxdov* frqwlqxrxv dqg gl�huhqwldeoh xwlolw|

:



ixqfwlrq/ iru zklfk Cx+{,
C{

: f1 Wkh lqgluhfw xwlolw| ixqfwlrq

� fdq eh zulwwhq

�l ' � ETc6l� � +6,

Wkh ohyho ri lqgluhfw xwlolw| fdq eh phdvxuhg e| wkh lqgl0

ylgxdo*v lqfrph li doo lqglylgxdov kdyh wkh vdph suhihuhqfhv

dqg idfh wkh vdph sulfhv1 Dvvxplqj sulfhv wr vwd| frqvwdqw/

wkh lpsdfw ri vrfldo dqg hfrqrplf srolf| rq dq lqglylgxdo*v

zhoiduh fdq eh hydoxdwhg e|

_�l '
Y�

Y6l

Y6l

YZ
c +7,

zkhuh Z lv wkh lpsohphqwhg srolf|1

Lq wklv prgho/ ryhudoo vrfldo zhoiduh ` lv dq djjuhjdwh

ri wkh lqglylgxdov* xwlolw|1 Wklv lv h{suhvvhg e| wkh vrfldo

zhoiduh ixqfwlrqdo C/

` ' C E�4 ETc64� c ���c �q ETc6q�� � +8,

Vrfldo zhoiduh ixqfwlrqv frpsulvh/ iru h{dpsoh/ d odujh fodvv

ri lqhtxdolw| dqg sryhuw| lqglfhv1

Vrfldo zhoiduh ixqfwlrqv duh dovr xvhg dv d wrro iru sro0

lf| dqdo|vlv1 Xqghu gl�huhqwldelolw|/ frqwlqxlw|/ vhsdudelolw|

dqg fduglqdolw| dvvxpswlrqv/ wkh vrfldo zhoiduh ixqfwlrqdo

C fdq eh xvhg wr fdofxodwh zhoiduh fkdqjh vwhpplqj iurp

d vpdoo fkdqjh lq lqfrph/ qdpho|

_` '
q[

l@4

Y`

YC

YC

Y6l

_6l '
q[

l@4

ql E6l� _6lc

zkhuh ql E6l� fruuhvsrqgv wr wkh pdujlqdo vrfldo xwlolw| ri

lqfrph 6l1 Li wkh pdujlqdo vrfldo xwlolw| ri lqfrph lv dv0

vxphg wr eh frqvwdqw dqg htxdo dfurvv lqglylgxdov/ lw fdq

eh qrupdolvhg wr ql ' �c dqg C fruuhvsrqgv vlpso| wr wkh

;



vxp rshudwru/ vr wkdw

_` '
q[

l@4

_6l1 +9,

Wkh ryhudoo zhoiduh fkdqjh rzlqj wr d fkdqjh lq lqglylgxdo

lqfrphv wkhq fruuhvsrqgv wr wkh vxp ri wkhvh fkdqjhv> wklv

zrxog fruuhvsrqg wr d xwlolwduldq dqdo|vlv ri zhoiduh fkdqjhv

lqgxfhg e| wkh lpsohphqwdwlrq ri d srolf|1

7 Zhoiduh Hfrqrplfv Uhylvlwhg

Lq wkh oljkw ri wkh fdsdelolw| dssurdfk/ zh zloo qrz wdnh d

vhfrqg orrn dw wklv prgho1 Zh zdqw wr dqdo|vh lq zklfk

zd| Vhq*v dssurdfk lv dq h{whqvlrq ri wklv prgho/ dqg wr

zkdw h{whqw wklv lv gl�huhqw iurp rwkhu vwudqgv ri uhvhdufk

zlwklq zhoiduh hfrqrplfv1 Wkh fruh fulwltxh r�huhg e| wkh

fdsdelolw| dssurdfk lv wkh h{foxvlyh xvh ri xwlolw|/ zklfk lv

uhsuhvhqwhg e| lqfrph ru h{shqglwxuh dv wkh phdvxuh ri zho0

iduh1 Pruh vshfl�fdoo|/ wkhuh duh wkuhh sureohpv zlwk wkh

xvh ri lqfrph= wkh rplvvlrq ri wkh lpsdfw ri qrq0pdunhw

jrrgv dqg vhuylfhv rq wkh lqglylgxdo*v zhoiduh> vhfrqgo|/ d

glvuhjdug ri lqwhushuvrqdo khwhurjhqhlw| lq frqyhuwlqj lq0

frph lqwr zhoiduh/ sduwlfxoduo| lq sryhuw| dqg lqhtxdolw|

dqdo|vlv> dqg wklugo|/ wkh qhjohfw ri wkh lqwulqvlf ydoxh ri

fkrlfh1

Wr dqdo|vh wklv fulwltxh lq ghwdlo/ zh h{dplqh wkh ehqfk0

pdun prgho*v dvvxpswlrqv rq pdunhw dqg lqglylgxdov1 Zh

jlyh d eulhi dffrxqw ri wkh fulwlflvpv r�huhg e| wkh fdsdelo0

lw| dssurdfk/ dqg irupdolvh wklv fulwlflvp lq wkh odqjxdjh

ri wkh wh{werrn prgho1 Zh wkhq suhvhqw uhfhqw uhvhdufk

lq zhoiduh hfrqrplfv/ dqg dvvhvv zkhwkhu wkh fdsdelolw| ds0

surdfk r�huv d jhqxlqh dowhuqdwlyh wr wkh h{lvwlqj iudph0
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zrun1 Wr uh hfw wkh uhfhqw dgydqfhv lq zhoiduh hfrqrplf

uhvhdufk dghtxdwho|/ zh glvwlqjxlvk ehwzhhq wkh phdvxuh0

phqw ri lqglylgxdo zhoiduh ohyhov dorqj wkh olqhv ri htxdwlrq

+6, dqg wkh hydoxdwlrq ri fkdqjhv lq zhoiduh lqgxfhg e|

hfrqrplf dqg vrfldo srolflhv dv lq htxdwlrq +7,1 Wklv glv0

wlqfwlrq lv pdgh ehfdxvh rxu dqdo|vlv zloo vkrz wkdw erwk

w|shv ri uhvhdufk duh wr d gl�huhqw ghjuhh yxoqhudeoh wr wkh

fdsdelolw| fulwltxh1

714 Wkh Pdunhw

Wkh lqglylgxdo xwlolw| ixqfwlrq dqg wkh exgjhw frqvwudlqw

lq htxdwlrq +5, duh gh�qhg ryhu d frpsrvlwh jrrg/ ru lq d

voljkwo| pruh frpsoh{ prgho/ ryhu d yhfwru ri jrrgv dqg

vhuylfhv zklfk fdq eh erxjkw lq wkh pdunhw1 Lq wkh ed0

vlf prgho/ lw lv dvvxphg wkdw doo frqvxphuv idfh wkh vdph

frqvxpswlrq sulfhv/ wkdw wkhuh duh qhlwkhu h{whuqdolwlhv qru

sxeolf jrrgv dqg wkdw doo jrrgv duh dozd|v dydlodeoh1 Pdq|

hfrqrplvwv/ lqfoxglqj Vhq/ kdyh srlqwhg rxw wkdw qrw doo re0

mhfwv ryhu zklfk dq lqglylgxdo*v suhihuhqfhv duh gh�qhg duh

pdunhwdeoh1 Wkh pdunhw pljkw eh vxemhfw wr lpshuihfwlrqv

vxfk dv h{whuqdolwlhv ru udwlrqlqj/ ru vlpso| qrw surylgh fhu0

wdlq jrrgv dqg vhuylfhv dw doo1 Iru h{dpsoh/ wkh lqfrph ri

lqglylgxdov olylqj forvh wr d srooxwlqj idfwru| lv qrw frp0

shqvdwhg iru wkh h�hfw ri wkh srooxwlrq rq wkhlu zhoiduh1

Wkh frvw ri klulqj dq hoghuo| fduh zrunhu lv qrw qhfhvvdulo|

htxlydohqw wr wkh zhoiduh h�hfw ri fduh e| orylqj uhodwlyhv1

Rqh frxog/ lq sulqflsoh/ lqfoxgh h{whuqdolwlhv dqg rwkhu

qrq0pdunhw jrrgv dqg vhuylfhv lqwr wkh ehqfkpdun prgho1

Wkhvh h{whqvlrqv frxog eh lqwurgxfhg fhwhulv sdulexv lqwr

wkh prgho e| gh�qlqj wkh xwlolw| ixqfwlrq lq +5, ryhu d udqjh

ri pdunhw frqvxpswlrq jrrgv  / wkh dyhudjh frqvxpswlrq

ri wkhvh jrrgv/ 7 '
Sq

l@4  lc d sxeolf jrrg %sj/ d udwlrqhg
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jrrg %u dqg d jrrg zklfk lv qrw ex|deoh lq wkh pdunhw %qp

vr wkdw iru � ' �c ���c ?

4@ �l ' � E c 7 c %sjc %uc %qp� vxemhfw wr +:,

T� ' E�� |�6l

%u ' %u

%qp ' %qp +;,

%sj '
q[

l@4

|6l

zkhuh | lv wkh wd{ udwh/ %u dqg %qp duh wkh dydlodeoh dprxqwv

ri wkh udwlrqhg jrrg dqg wkh qrq0pdunhw jrrg uhvshfwlyho|/
Cx
C{

: f dv ehiruh/ Cx
C�{

: f li wkh jrrg kdv d srvlwlyh h{whu0

qdolw|/ Cx
C�{

	 f li lw kdv d qhjdwlyh h{whuqdolw|/ dqg Cx
C�{

' f li

wkhuh lv qr h{whuqdolw|> ixuwkhu/ Cx
C{sj

: f/ Cx
C{u : fc Cx

C{qp : f1

Ri frxuvh wkh edvlf prgho lq vhfwlrq 615 jhqhudoo| grhv

qrw uh hfw fxuuhqw uhvhdufk rq hydoxdwlqj wkh h�hfw ri srolf|

lqgxfhg fkdqjhv rq lqglylgxdo zhoiduh1 Lq uhvhdufk vshfl�0

fdoo| irfxvvlqj rq sxeolf jrrgv +vhh/ h1j1 Jduehu^57`,/ qrq0

pdunhw jrrgv +vhh h1j1 Wudlq/ Jrhww dqg Kxgvrq ^9<` Jd|0

dwul dqg Exqqhw/ ^5:`, rq h{whuqdolwlhv/ wkh phdvxuhphqw ri

wkh zhoiduh lpsdfw ri srolflhv/ dv prghoohg lq htxdwlrq +7,/

wdnhv wkhvh dgglwlrqdo frpsoh{lwlhv lqwr dffrxqw11

Krzhyhu/ li wkh irfxv ri uhvhdufk lv qrw rq zhoiduh fkdqjh

lqgxfhg e| srolflhv/ exw rq phdvxuhphqw ri lqglylgxdo zho0

iduh ohyhov dv xvhg lq sryhuw| ru lqhtxdolw| dqdo|vlv/ Vhq*v

fulwltxh kdv elwh1 Wkh prqh| phwulf xwlolw| ixqfwlrq lq

htxdwlrq +6, fdq/ vwulfwo| vshdnlqj/ rqo| eh xvhg wr uhsuh0

vhqw dq lqglylgxdo*v zhoiduh lq whupv ri xwlolw| li wkh pdunhw

dvvxpswlrqv krog/ zklfk lv jhqhudoo| qrw wkh fdvh1 Qhy0

huwkhohvv/ urxwlqho| lqfrph ru h{shqglwxuh lv xvhg dv wkh

ehvw srvvleoh dssur{lpdwlrq ri dq lqglylgxdo*v xwlolw| +vhh
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h1j1 Dwnlqvrq dqg Erxujxljqrq ^9`,1 Lqhtxdolw| dqg sryhuw|

dqdo|vlv +edvhg rq htxdwlrq +8,, dv zhoo dv surmhfw dqdo|0

vlv +edvhg rq htxdwlrq +9,, khqfh glvuhjdug qrq0prqhwdu|

vrxufhv ri zhoiduh dqg qrq0prqhwdu| frqvwudlqwv wr ghflvlrq

pdnlqj +vhh h1j1 Frzhoo ^4;`/ Jrrgpdq/ Mrkqvrq dqg Zhee

^5;` dqg Kduehujhu ^63`,1

Rqh zd| wr dyrlg srwhqwldo eldv lq lqglylgxdo zhoiduh

phdvxuhphqw dv d frqvhtxhqfh ri wklv glvuhjdug lv wr xvh

wkh h{sdqghg xwlolw| ixqfwlrq lq htxdwlrq +:, dv wkh xq0

ghuo|lqj prgho1 Dqdorjxh wr htxdwlrq +6,/ dq h{whqghg

lqgluhfw xwlolw| ixqfwlrq �h{w fdq eh ghulyhg iru lqglylgxdo

zhoiduh phdvxuhphqw lq prqh| phwulf whupv=

�h{wl ' � ETc R�l c R
sj
l c Rul c R

qp
l c6l� +<,

zkhuh R�l c R
sj
l c Rul c R

qp
l duh wkh vkdgrz sulfhv +lqglylgxdo ydo0

xdwlrqv, ri wkh jrrg zlwk h{whuqdolw| %/ wkh sxeolf jrrg/

wkh udwlrqhg dqg wkh qrq0pdunhw jrrg uhvshfwlyho|1

Frqvlghulqj wkh gl!fxowlhv zlwk zhoiduh phdvxuhphqw dqg

ixqfwlrqdo irupv lq wkh vlpsoh prgho lq vhfwlrq 615/ lw lv

qr vxusulvh wkdw htxdwlrq +<, lv qrw wkh urxwh fkrvhq e|

uhvhdufkhuv zkr zrxog olnh wr wdnh dffrxqw ri udwlrqlqj/

qrq0pdunhw jrrgv/ sxeolf jrrgv dqg h{whuqdolwlhv lq zho0

iduh phdvxuhphqw1 Phdvxuhphqw ri vkdgrz sulfhv ri jrrgv

zkrvh pdunhw sulfhv gr qrw uh hfw wkhlu pdujlqdo xwlolwlhv lv

lq jhqhudo gl!fxow1 Phdvxulqj lqgluhfw xwlolw| dffruglqj wr

+<, iru hdfk lqglylgxdo lq d vrflhw| dv dq lqsxw wr lqhtxdo0

lw| ru sryhuw| dqdo|vlv zrxog lpso| d surklelwlyh h�ruw/ li

lw zhuh dw doo srvvleoh1 Lqvwhdg/ hfrqrplvwv uhfhqwo| kdyh

ehjxq wr vwxg| lqhtxdolw| dqg sryhuw| lq whupv ri rwkhu

yduldeohv wkdq lqfrph> wkh| vwxg| rxwfrph yduldeohv gl0

uhfwo|1 Zh zloo uhylhz wklv olwhudwxuh lq vhfwlrq 8/ exw �uvw

zh dqdo|vh wkh fdsdelolw| fulwltxh ri wkh dvvxpswlrqv derxw
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wkh lqglylgxdo lq wkh vwdqgdug prgho1

715 Wkh Lqglylgxdo

Wkh dvvxpswlrqv pdgh lq wkh edvlf prgho derxw wkh lqgl0

ylgxdo fdq eh frqvlghuhg lq whupv ri ehkdylrxudo dvvxps0

wlrqv rq wkh rqh kdqg/ dqg dvvxpswlrqv derxw wkh lqglylg0

xdo*v suhihuhqfhv dqg khu xwlolw| rq wkh rwkhu1 Wkh ehkdy0

lrxudo dvvxpswlrqv lqfoxgh wkdw wkh lqglylgxdo wdnhv ghfl0

vlrqv edvhg rq xwlolw| pd{lplvdwlrq +htxdwlrq +5,,1 Lq wkh

edvlf prgho/ wklv lpsolhv wkdw/ vxemhfw wr khu exgjhw frq0

vwudlqw/ dq lqglylgxdo fkrrvhv wkh edvnhw ri jrrgv zklfk

pd{lplvhv khu vdwlvidfwlrq ru sohdvxuh1 Wkh vhfrqg fodvv ri

dvvxpswlrqv derxw wkh lqglylgxdo lq wkh ehqfkpdun prgho

ri vhfwlrq 615 lqfoxgh wkdw wkh xwlolw| dfklhyhg lv lqghshq0

ghqw ri wkh qrq0fkrvhq jrrgv ru vhuylfhv1 Ixuwkhupruh/

wkhuh lv qr lqwulqvlf ydoxh dwwdfkhg wr wkh dfw ri fkrlfh1

Dqrwkhu lpsruwdqw dvvxpswlrq lv wkdw lqglylgxdov kdyh wkh

vdph suhihuhqfhv dqg qhhgv> lq rwkhu zrugv/ lqglylgxdov

rqo| gl�hu lq whupv ri wkhlu exgjhw frqvwudlqw1

Vhq txhvwlrqv doo ri wkhvh dvvxpswlrqv1 Lq zkdw iroorzv/

zh zloo qrw h{dplqh Vhq*v fulwltxh ri pd{lplvlqj ehkdylrxu/

dv wklv fulwltxh lv lqghshqghqw ri zkhwkhu zhoiduh lv gh�qhg

lq whupv ri xwlolw|/ lqfrph ru fdsdelolw| +Vhq ^97`,1 Lqvwhdg/

zh irfxv rq wkh dvvxpswlrq ri luuhohydqfh ri wkh lqwulqvlf

ydoxh ri fkrlfh/ dqg wkh dvvxpswlrq ri frqvwdqw suhihuhqfhv

dfurvv lqglylgxdov1

71514 Lqwulqvlf Ydoxh ri Fkrlfh

Vhq ^95` vxjjhvwv wkdw lqglylgxdov ghulyh xwlolw| erwk iurp

wkh udqjh ri rswlrqv lq wkh fkrlfh vhw/ dv zhoo dv iurp wkh

srvvlelolw| wr shuirup wkh dfw ri fkrlfh wkhpvhoyhv1 Frp0
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sduh wkh iroorzlqj wkuhh fkrlfh vhwv= � ' i@jc � ' i@c Kj

dqg � ' i@c Kc Sj zlwk d/ e dqg f qrw lghqwlfdo dqg wkh udqjh

lq F lv odujhu wkdq lq E wkdq lq D1 Wkh lqglylgxdo suhihuv

@ ryhu K dqg S� Lq vwdqgdug zhoiduh hfrqrplfv lqglylgxdo

�*v xwlolw| ghulyhg iurp wkh vhwv �c�c dqg � lv wkh vdph1

Krzhyhu/ Vhq dujxhv wkdw wkh orvv ri iuhhgrp ri fkrlfh lq �

frpsduhg wr � dqg � frpsduhg wr � vkrxog eh uh hfwhg lq

lqglylgxdo �*v zhoiduh1 Wkh lqwulqvlf ydoxh ri fkrlfh frqvlvwv

ri wzr frpsrqhqwv= wkh dfw ri fkrrvlqj lwvhoi +devhqw lq �/

suhvhqw lq� dqg �, dqg wkh udqjh ri ydoxhg rswlrqv +odujhvw

lq �,1 Wklv fulwltxh kdv wuljjhuhg d odujh olwhudwxuh rq wkh

udqnlqj ri vhwv lq vrfldo fkrlfh wkhru| dqg qrq0zhoidulvw zho0

iduh hfrqrplfv/ zklfk vwduwhg zlwk Sdwwdqdln dqg [x ^7<`1

Ri frxuvh zhoidulvp frxog eh lqwhusuhwhg dv ehlqj vhq0

vlwlyh wr vrph ri wkhvh dvshfwv1 Li wkh dfw ri fkrlfh lwvhoi

zrxog jhqhudwh xwlolw|/ wkhq ehlqj deoh wr fkrrvh iurp �

zloo jhqhudwh pruh wrwdo xwlolw| iru lqglylgxdo � wkdq �/ hyhq

wkrxjk wkh xwlolwlhv ghulyhg iurp wkh rswlrq wkdw lv slfnhg

dorqh +@, zloo eh wkh vdph1 Wkh sureohp wkxv olhv lq wkh

idfw wkdw zhoiduh hfrqrplfv lq jhqhudo grhv qrw frpsduh

wkh xwlolw| jhqhudwhg e| kdylqj rswlrq vhw � ru �/ exw lq0

vwhdg frpsduhv wkh rswlrq slfnhg iurp � ru �1 Vlploduo|/

zhoidulvp frxog wdnh dffrxqw ri vrph zhoiduh frqvhtxhqfhv

ri wkh udqjh ri wkh fkrlfh vhw1 Iru h{dpsoh/ d shuvrq zkr

fkrrvhv d fhuwdlq fkrfrodwh edu dprqj �yh dowhuqdwlyh eduv

pljkw ghulyh pruh xwlolw| iurp wklv fkrfrodwh edu wkdq d shu0

vrq zkr frxog qrw fkrrvh1 Dowhuqdwlyho|/ d ixuwkhu eudqg ri

glvkzdvklqj oltxlg pljkw pdnh wkh ghflvlrq pdnlqj surfhvv

dprqj wkhvh oltxlgv pruh gl!fxow dqg khqfh surgxfh glvx0

wlolw| iru wkh ghflvlrq pdnhu1 Exw zkloh wkh odwwhu vlwxdwlrq

lv vrphwlphv prghoohg dv d glvxwlolw| suryrnhg e| lqirupd0

wlrq frvwv/ wkh hduolhu �qgv qr hfkr lq zhoiduh hfrqrplfv1
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Lq frqwudvw/ wkh fdsdelolw| dssurdfk/ e| glvwlqjxlvklqj eh0

wzhhq ixqfwlrqlqjv dqg fdsdelolwlhv/ fdq dffrxqw iru erwk

zhoiduh ghulyhg iurp wkh fkrvhq rxwfrph +l1h1 ixqfwlrqlqjv,

dqg zhoiduh ghulyhg iurp wkh rssruwxqlw| ru fkrlfh vhw +l1h1

fdsdelolw|,1

71515 Suhihuhqfhv dqg Qhhgv dfurvv Lqglylgxdov

Vhq glvsxwhv wkh ydolglw| ri wkh dvvxpswlrq wkdw lqglylgx0

dov kdyh wkh vdph suhihuhqfhv dqg qhhgv1 Dv zh kdyh vhhq/

kh irupdolvhv wklv e| phdqv ri d frqyhuvlrq ixqfwlrq/ zklfk

frqyhuwv uhvrxufhv lqwr ixqfwlrqlqjv/ zlwk wkh frqyhuvlrq

udwh ghshqglqj rq shuvrqdo/ vrflhwdo dqg hqylurqphqwdo idf0

wruv1 Zkhq xwlolw| lv gh�qhg ryhu pdunhw jrrgv dv lq wkh

edvlf prgho/ dqg frqvxphuv idfh wkh vdph sulfhv/ gl�huhqw

ohyhov ri xwlolw| fdq rqo| eh ghulyhg iurp gl�huhqw ohyhov

ri lqfrph1 Krzhyhu/ zkhq xwlolw| lv gh�qhg ryhu ixqfwlrq0

lqjv/ gl�huhqw ohyhov ri xwlolw| fdq eh ghulyhg hlwkhu iurp

gl�huhqw ohyhov ri uhvrxufhv ru iurp gl�huhqw fdsdflwlhv wr

wxuq uhvrxufhv lqwr ixqfwlrqlqjv1 Zh zloo fdoo wklv odwwhu

gl�huhqfh lq frqyhuvlrq idfwruv wkh khwhurjhqhlw| ri qhhgv1

Lq olqh zlwk wkh fdsdelolw| dssurdfk/ zh zloo dvvxph wkdw

wklv gl�huhqfh lv uhohydqw iru vrfldo zhoiduh hydoxdwlrq1 Dw

suhvhqw/ h{whqvlrqv ri wkh edvlf prgho vrphwlphv doorz iru

gl�huhqfhv lq xwlolw| ixqfwlrqv dfurvv lqglylgxdov1 Krzhyhu/

vlqfh wkhvh xwlolw| ixqfwlrqv duh gh�qhg ryhu jrrgv/ wkh|

frqixvh gl�huhqfhv lq wkh xwlolw| ixqfwlrq zlwk gl�huhqfhv

lq wkh frqyhuvlrq ixqfwlrq1 Lq rwkhu zrugv/ wkhvh h{whq0

vlrqv frq dwh suhihuhqfhv zlwk qhhgv1

Wklv qrwlrq ri khwhurjhqhlw| ri qhhgv frxog eh irupdolvhg

zlwklq wkh edvlf prgho e| gh�qlqj wkh xwlolw| ixqfwlrq ryhu

rxwfrphv L/ zklfk duh lq wxuq d ixqfwlrq ri jrrgv/ dqg

frqglwlrqlqj lw rq d yhfwru ri frqyhuvlrq idfwruv/ 3c h1j1
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glvdelolw|/ sxeolf lqiudvwuxfwxuh/ lqwhooljhqfh hwf11 Khqfh/

htxdwlrq +5, ehfrphv

4@ �l ' � EL E c 3�� vxemhfw wr T� ' 6l � ' �c ���?

+43,

Wkhvh rxwfrph ixqfwlrqv L +zklfk gl�hu iurp ixqfwlrq0

lqjv ehfdxvh qrq0pdunhw jrrgv dqg vhuylfhv duh qrw lq0

foxghg lq wkh uhvrxufh frqvwudlqw khuh, kdyh sdudoohov lq

h{lvwlqj zhoiduh hfrqrplfv uhvhdufk/ dv hduo| dv lq Ehfnhu*v

+^44`, uhirupxodwlrq ri frqvxphu wkhru| +frpprglw| sur0

gxfwlrq ixqfwlrq lq wkh krxvhkrog, dqg lq Dwnlqvrq dqg

Vwhuq*v dfwlylwlhv prgho +^:`,1 Zkloh Ehfnhu +vhh dovr Ehfnhu

dqg Vwljohu ^9:`, lqvlvwv wkdw suhihuhqfhv duh vwdeoh dqg htxdo

dfurvv lqglylgxdov/ Dnwlqvrq dqg Vwhuq dffhsw wkh qhhg wr

frqwuro iru khwhurjhqhlw| ri h{shqglwxuh sdwwhuqv e| lqfoxg0

lqj vrflr0ghprjudsklf yduldeohv lq wkhlu uhjuhvvlrqv1

Wklv lv lq olqh zlwk hpslulfdo uhvhdufk lq srolf| hydoxd0

wlrq/ zkhuh khwhurjhqhrxv suhihuhqfhv duh urxwlqho| prg0

hoohg e| frqglwlrqlqj wkh hvwlpdwlrqv rq d udqjh ri vrflr0

ghprjudsklf fkdudfwhulvwlfv1 Krzhyhu/ vxfk whfkqltxhv rqo|

doorz iru d fuxgh gl�huhqwldwlrq lq suhihuhqfhv dqg qhhgv

dfurvv ghprjudsklf vxejurxsv1 Wklv olwhudwxuh kdv uhfhqwo|

ehhq hqkdqfhg= iru h{dpsoh/ wkh lpsruwdqfh ri gl�huhqwldo

uhvsrqvhv wr srolf| ehfdxvh ri khwhurjhqhrxv suhihuhqfhv

lv dqdo|vhg e| Eurzqlqj/ Kdqvhq dqg Khfnpdq ^49` dqg

Khfnpdq ^64`1 \hw/ ghvslwh wklv lpsuryhphqw/ wklv uhvhdufk

lv vwloo qrw deh wr glvhqwdqjoh suhihuhqfhv dqg qhhgv1

Lq wkh phdvxuhphqw ri lqglylgxdo zhoiduh ohyhov/ dv xvhg

lq lqhtxdolw| dqg sryhuw| phdvxuhphqw/ lqglylgxdo khwhur0

jhqhlw| kdugo| sod|v d uroh= htxlydohqfh vfdohv dffrxqwlqj

iru gl�huhqfhv lq vl}h dqg frpsrvlwlrq dfurvv krxvhkrogv duh

wkh rqo| zd| lq zklfk khwhurjhqhlw| lv wdnhq lqwr dffrxqw1
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Zkloh wkh phwkrgv ri hvwlpdwlqj vxfk vfdohv duh ehfrplqj

pruh dqg pruh vrsklvwlfdwhg +Ehoohpduh/ Phohqehuj dqg

ydq Vrhvw ^45`/ Frzhoo ^4<`/ Pxuwl ^79`,/ wkh| frqfhqwudwh

rqo| rq dvvhvvlqj wkh dgglwlrqdo frvw wkdw fkloguhq suhvhqw

wr d krxvhkrog1 Mrqhv dqg R*Grqqhoo ^66`/ Nxno|v ^69` dqg

]dlgl dqg Exufkdugw ^:5` hvwlpdwh htxlydohqfh vfdohv lq wkh

suhvhqfh ri glvdelolwlhv/ wkxv wdnlqj lqwr dffrxqw rqh dggl0

wlrqdo w|sh ri qhhgv1 Krzhyhu/ htxlydohqfh vfdoh hvwlpd0

wlrq fdq rqo| dffrxqw iru d vpdoo dprxqw ri khwhurjhqhlw|/

erwk iru hfrqrphwulf uhdvrqv +wdnlqj dffrxqw ri pruh khw0

hurjhqhlw| uhgxfhv wkh fhoo vl}h rq zklfk wkh hvwlpdwlrqv

duh edvhg, dqg gdwd olplwdwlrqv +krxvhkrog vxuyh|v sur0

ylgh rqo| d vpdoo vhw ri qhhgv lqglfdwruv,1 Lq dgglwlrq/ wkh

vrxufhv ri lqglylgxdo khwhurjhqhlw| fdq eh hlwkhu yroxqwdu|

fkrlfhv ru h{rjhqrxv gl�huhqfhv/ exw wkh htxlydohqfh vfdoh

whfkqltxh dvvxphv wkdw doo khwhurjhqhlw| lv h{rjhqrxv dqg

euhdnv grzq li khwhurjhqhlw| lv wkh frqvhtxhqfh ri yroxq0

wdu| fkrlfh +vhh Sroodn dqg Zdohv ^86`,1

Vxpplqj xs/ khwhurjhqhlw| ri xwlolw| ixqfwlrqv lv uhfrj0

qlvhg lq vwdqgdug zhoiduh hfrqrplfv/ dowkrxjk wkh h{whqw

wr zklfk wkhvh lqwhushuvrqdo gl�huhqfhv duh lqfrusrudwhg lq

zhoiduh dqdo|vhv gl�huv frqvlghudeo| ehwzhhq srolf| hydox0

dwlrq rq wkh rqh kdqg dqg lqhtxdolw| dqg sryhuw| phdvxuh0

phqw rq wkh rwkhu1 Pruhryhu/ wkh ghjuhh wr zklfk khwhur0

jhqhlw| fdq eh dffrxqwhg iru e| htxlydohqfh vfdohv lv olplwhg

erwk iru hfrqrphwulf dqg wkhruhwlfdo uhdvrqv1

716 Wkh fdsdelolw| dssurdfk � d jhqxlqh dowhuqdwlyhB

Zkhq frpelqlqj rxu dqdo|vhv ri wkh dvvxpswlrqv ri pdu0

nhwv dqg lqglylgxdov/ dq dssursuldwh phdvxuh ri dq lqgl0

ylgxdo*v zhoiduh zrxog eh d ixuwkhu h{whqvlrq ri htxdwlrq
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zkhuh 3lc 3vc 3h duh yhfwruv ri shuvrqdo/ vrflhwdo dqg hqyl0

urqphqwdo idfwruv wkdw d�hfw wkh frqyhuvlrq ri dydlodeoh uh0

vrxufhv lqwr rxwfrphv1 Wkh yduldeoh S�J�Sel uh hfwv wkh lq0

wulqvlf ydoxh sxw e| wkh lqglylgxdo rq wkh iuhhgrp wr fkrrvh1

Hydoxdwlrq ri wkh h�hfwv ri d srolf| Z frxog wkhq eh shu0

iruphg e| dqdo|vlqj _�h{w ' Cyh{w

C�
_Z�

Lq wkh suhylrxv vhfwlrq zh kdyh vhhq wkdw uhvhdufk rq

sxeolf jrrgv/ h{whuqdolwlhv dqg pxfk srolf| uhvhdufk xvhv

vkdgrz sulfhv dqg wdnhv lqwr dffrxqw vrph ri wkh lqglylg0

xdo khwhurjhqhlw| lpsolhg e| htxdwlrq +44,1 Rq wkh rwkhu

kdqg/ sryhuw| dqg lqhtxdolw| uhvhdufk lv vwloo frq�qhg wr

wkh dqdo|vlv ri krxvhkrog lqfrphv ru h{shqglwxuh/ doehlw

dgmxvwhg iru krxvhkrog vl}h1

Wkh dssursuldwh phdvxuhphqw ri lqglylgxdo zhoiduh ohyhov

dv prqh| phwulf xwlolw| dffruglqj wr htxdwlrq +44, zloo eh

h{wuhpho| gl!fxow1 Lw qrw rqo| uhtxluhv wkh hvwlpdwlrq ri

vkdgrz sulfhv iru hdfk lqglylgxdo iru hdfk sxeolf/ udwlrqhg

ru qrq0pdunhw jrrg vkh kdv suhihuhqfhv iru/ exw dovr wkh

holflwdwlrq ri wkh ydoxh ri fkrlfh/ dqg wdnlqj dffrxqw ri wkh

frqyhuvlrq idfwruv1

Wkh txhvwlrq lv zkhwkhu lw lv hdvlhu wr phdvxuh lqglylgxdo

zhoiduh ohyhov e| phdvxulqj ixqfwlrqlqjv ru fdsdelolw| vhwv

gluhfwo|1 Wr vkhg oljkw rq wklv txhvwlrq/ zh zloo qrz uhylhz

wkh dssolhg uhvhdufk rq zhoiduh phdvxuhphqw dqg srolf|

hydoxdwlrq vshfl�fdoo| ghdolqj zlwk wkh fdsdelolw| dssurdfk1
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8 Hylghqfh rq wkh Phdvxuhphqw ri Ixqfwlrqlqjv

dqg Fdsdelolwlhv

Vr idu zh kdyh rqo| glvfxvvhg wkhruhwlfdo fulwltxhv ri wkh

fdsdelolw| dssurdfk ri vwdqgdug zhoiduh hfrqrplfv1 Lq wklv

vhfwlrq zh zloo uhylhz h{lvwlqj dssolfdwlrqv/ dqg dqdo|vh wkh

phwkrgrorjlhv hpsor|hg dqg wkh gl!fxowlhv idfhg lq vxfk

dssolfdwlrqv1 Lq sduwlfxodu zh zdqw wr lqyhvwljdwh zkhwkhu

phdvxuhphqw ri ixqfwlrqlqjv dqg fdsdelolwlhv pdnhv d vlj0

ql�fdqw gl�huhqfh uhodwlyh wr wkh wudglwlrqdo zhoiduh phd0

vxuhphqw lq whupv ri lqfrph ru h{shqglwxuh1 Lq vhfwlrq

814 zh irfxv rq wkh phwkrgrorjlfdo lvvxhv lqyroyhg lq wkh

phdvxuhphqw ri ixqfwlrqlqjv/ l1h1 wkh dvvhvvphqw ri yhfwru

Ml1 Vhfwlrq 815 uhylhzv wkh dssolhg olwhudwxuh rq wkh phd0

vxuhphqw ri zhoiduh ohyhov dv xvhg lq sryhuw| dqg lqhtxdolw|

dqdo|vlv/ dqg vhfwlrq 816 glvfxvvhv wkh olwhudwxuh rq srolf|

hydoxdwlrq Ce
C�
�

814 Phwkrgrorjlfdo Lvvxhv

Lq wkh hpslulfdo olwhudwxuh rq wkh fdsdelolw| dssurdfk/ irxu

pdlq phwkrgrorjlfdo sureohpv duh dgguhvvhg= wkh vhohfwlrq

ri wkh uhohydqw ixqfwlrqlqjvc wkh phdvxuhphqw ri wkhvh ixqf0

wlrqlqjv rq wkh lqglylgxdo ohyho/ wkh djjuhjdwlrq ri wkhvh

ixqfwlrqlqjv lqwr d frpsrvlwh +vfdodu, phdvxuh ri lqglylg0

xdo zhoiduh dqg �qdoo|/ wkh djjuhjdwlrq ri lqglylgxdo zhoiduh

wr vrflhwdo zhoiduh/ h1j1 dq lqhtxdolw| ru sryhuw| lqgh{1

81414 Vhohfwlrq ri Uhohydqw Ixqfwlrqlqjv

Iluvwo|/ lq prvw hpslulfdo frqwulexwlrqv wkh vhohfwlrq ri ixqf0

wlrqlqjv lv grqh lq dq dg krf zd|/ lq dffrugdqfh zlwk wkh

uhvhdufkhuv* ydoxhv +vhh iru h{dpsoh Nodvhq ^67` dqg Fkl0

dsshur Pduwlqhwwl ^78`,1 Lq d qxpehu ri lqvwdqfhv +vhh/ iru
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h{dpsoh/ Vfkrnndhuw dqg Ydq Rrwhjhp ^8;`/ Ohool ^73` dqg

Edohvwulqr dqg Vflforqh ^<`,/ d zlgh udqjh ri srwhqwldoo|

uhohydqw yduldeohv iurp krxvhkrog vxuyh|v duh vxeplwwhg wr

h{sorudwru| idfwru dqdo|vlv wr cohw wkh gdwd ghflgh* zklfk duh

wkh uhohydqw ixqfwlrqlqjv1 Khuh/ wkh idfwru vfruhv uhvxowlqj

iurp wklv dqdo|vlv duh xvhg dv wkh ixqfwlrqlqjv uhsuhvhqwlqj

dq lqglylgxdo*v zhoiduh1

Ureh|qv ^8:` kdv ghyhorshg d phwkrgrorj| iru vhohfwlqj

uhohydqw glphqvlrqv lq d ohvv dg krf zd|1 Vkh sursrvhv wkdw

wkh vhohfwlrq ri ixqfwlrqlqjv ru fdsdelolwlhv zrxog eh vwuxf0

wxuhg dorqj d qxpehu ri phwkrgrorjlfdo fulwhuld1 Wkhvh

fulwhuld zrxog uhtxluh pdnlqj wkh vhohfwlrq dv h{solflw dv

srvvleoh/ mxvwli|lqj wkh vhohfwlrq phwkrg xvhg/ pdnlqj wkh

vhohfwlrq vhqvlwlyh wr wkh frqwh{w/ glvwlqjxlvklqj ehwzhhq

gl�huhqw ohyhov ri jhqhudolw|/ dqg dfklhylqj dq dv frpsohwh

vhohfwlrq ri ixqfwlrqlqjv dv srvvleoh1 Li wkh fdsdelolw| ds0

surdfk lv qrw dssolhg wr wkh dqdo|vlv ri d odujh gdwd vhw

+l1h1 d frxqwu|0zlgh dvvhvvphqw ri lqglylgxdo zhoiduh,/ exw

lqvwhdg lv irfxvvhg rq d orfdo vlwxdwlrq zlwk ihz d�hfwhg lq0

glylgxdov/ wkhq sduwlflsdwru| phwkrgv fdq eh xvhg/ dv kdv

ehhq grqh e| Donluh ^4`1 Wkh sduwlflsdwru| phwkrg doorzv

wkh d�hfwhg lqglylgxdov wr ghflgh zklfk duh wkh ixqfwlrqlqjv

uhohydqw iru wkhlu zhoiduh1

81415 Phdvxuhphqw ri Ixqfwlrqlqjv dw wkh Lqglylgxdo Ohyho

Wkh phdvxuhphqw ri ixqfwlrqlqjv dw wkh lqglylgxdo ohyho hq0

wdlov wzr sureohpv1 Iluvw/ dvvljqlqj d qxpehu wr dfklhyhg

ohyhov ri ixqfwlrqlqjv/ dqg vhfrqgo|/ djjuhjdwlqj ixqfwlrq0

lqjv wr d frpsrvlwh +vfdodu, phdvxuh ri lqglylgxdo zhoiduh1

Lq wudglwlrqdo prqh|0phwulf dqdo|vlv/ phdvxuhphqw ri lqgl0

ylgxdo zhoiduh ohyhov lv uhodwlyho| vwudljkwiruzdug1 Zhoiduh

lv ghulyhg iurp jrrgv rqo|/ dqg vlqfh wkh uhodwlyh pdunhw
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sulfhv ri wkhvh jrrgv uhsuhvhqw wkh lqglylgxdo*v uhodwlyh ydo0

xdwlrq ri wkh jrrgv lq whupv ri xwlolw|/ wkhvh sulfhv fdq

eh xvhg wr djjuhjdwh jrrgv wr d frpsrvlwh phdvxuh ri lq0

glylgxdo zhoiduh/ l1h1 wkh exgjhw frqvwudlqw1 Wklv lv frqyh0

qlhqwo| h{suhvvhg lq fxuuhqf| xqlwv/ zklfk fdq eh frpsduhg

dprqj lqglylgxdov dqg xvhg lq sryhuw| ru lqhtxdolw| dqdo|0

vlv1 Lq frqwudvw/ ixqfwlrqlqjv phdvxuhphqw dqg djjuhjdwlrq

lv pruh gl!fxow/ ehfdxvh wkhuh lv qr hvwdeolvkhg phdvxuh0

phqw vfdoh iru ixqfwlrqlqjv/ qru gr wkhuh h{lvw uhodwlyh ydo0

xdwlrqv ehwzhhq ixqfwlrqlqjv zklfk frxog eh xvhg iru dj0

juhjdwlrq wkdw duh jhqhudoo| dffhswhg dqg zhoo0hvwdeolvkhg1

Dw wklv vwdjh/ wkhuh lv qr frqvhqvxv krz wr dgguhvv wklv

sureohp1 Idfwru dqdo|vlv lv riwhq dssolhg wr d udqjh ri ydul0

deohv dydlodeoh lq krxvhkrog vxuyh|v1 Wklv kdv wkh wzr0irog

dgydqwdjh ri uhgxflqj wkh qxpehu ri ixqfwlrqlqjv/ h1j1 e|

frpelqlqj vhyhudo yduldeohv vxfk dv kxplglw| lq gzhoolqj

ru krxvhkrog phpehuv shu urrp lqwr d ixqfwlrqlqj cehlqj

zhoo0vkhowhuhg* dqg dvvljqlqj qxpehuv wr wkh dfklhyhg ohyho

ri hdfk ixqfwlrqlqj1 Wkh xvh ri idfwru dqdo|vlv hqwdlov vhy0

hudo sureohpv1 Iluvw/ li wkh revhuydeoh yduldeohv vxeplwwhg

wr wklv dqdo|vlv duh phdvxuhg rq gl�huhqw vfdohv/ wkh idf0

wruv pljkw slfn xs phwkrg h�hfwv udwkhu wkdq vxevwdqwlyh

yduldqfh h�hfwv= li khdowk sureohpv duh phdvxuhg e| d 304

lqglfdwru/ dqg gzhoolqj sureohpv rq d Olnhuw vfdoh iurp 4

wr 8/ idfwru dqdo|vlv pljkw h{wudfw wzr idfwruv ehfdxvh ri

wklv gl�huhqfh lq phdvxuhphqw vfdoh/ qrw ehfdxvh wkhuh duh

vxevwdqwlyh gl�huhqfhv lq yduldqfh1 Vhfrqg/ wklv uhvhdufk

urxwlqho| lpsrvhv ruwkrjrqdolw| rq wkh idfwru vfruhv/ zklfk

pljkw eoxu wkh idfw wkdw wkh xqghuo|lqj ixqfwlrqlqjv duh

dfwxdoo| fruuhodwhg1 Iru h{dpsoh/ wkhuh lv qr uhdvrq zk|

wkh ixqfwlrqlqjv cehlqj khdowk|* dqg cehlqj zhoo0vkhowhuhg*

frxog qrw eh fruuhodwhg1 Lw lv txhvwlrqdeoh wkdw li wkh ixqf0
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wlrqlqjv duh fruuhodwhg/ ruwkrjrqdo idfwruv zrxog uhsuhvhqw

dghtxdwho| dq lqglylgxdo*v zhoiduh1 Wkh wklug sureohp lv

wkdw gl�huhqw yduldeohv +h1j1 krxvlqj lqglfdwruv, duh djjuh0

jdwhg wr d ixqfwlrqlqj +ehlqj zhoo0vkhowhuhg, e| vwdwlvwlfdo

zhljkwv1 Wkhuh lv qr uhdvrq zk| wkhvh zhljkwv vkrxog uh hfw

wkh uhvhdufkhu*v ydoxhv ru wkh lqglylgxdo*v vxemhfwlyh ydox0

dwlrq +uhodwlyh sulfhv, ri wkh gl�huhqw yduldeohv1 Ilqdoo|/

vwdqgdug idfwru dqdo|vlv dv hpsor|hg lq wkhvh dssolfdwlrqv

lv qrw dssursuldwh iru ghdolqj zlwk ruglqdo yduldeohv/ ru iru

whvwlqj zkhwkhu wkh lpsolhg prgho lv dghtxdwh iru wkh gdwd1

Dq h{whqvlrq ri frq�updwru| idfwru dqdo|vlv duh frydul0

dqfh vwuxfwxuh prghov/ hpsor|hg lq wkh fdsdelolw| frqwh{w

e| Nxno|v ^68`1 Zkloh yduldeohv duh vwloo frpelqhg lqwr ixqf0

wlrqlqjv e| vwdwlvwlfdo zhljkwv/ wkhvh prghov fdq eh dgdswhg

wr wdnh lqwr dffrxqw ruglqdolw| ri revhuyhg yduldeohv dqg do0

orz whvwlqj iru prgho dghtxdf| lq d vwdwlvwlfdo iudphzrun1

D gl�huhqw phwkrg/ zklfk dyrlgv wkh sureohp ri vwdwlv0

wlfdo zhljkwv wr d fhuwdlq h{whqw lv vfdolqj/ ru dq h{whqvlrq

ri lw/ wkh xvh ri ix}}| vhwv1 Vfdolqj/ l1h1 d surmhfwlrq ri

hdfk yduldeoh lqwr d 304 udqjh/ zdv hpsor|hg lq wkh �uvw

pdmru rshudwlrqdolvdwlrq ri wkh fdsdelolw| dssurdfk/ wkh

kxpdq ghyhorsphqw lqgh{ ^:3`1 Fkldsshur Pduwlqhwwl ^78`

slrqhhuhg wkh xvh ri ix}}| vhwv wkhru| lq wklv duhd1 Wkh �uvw

vwhs lq ix}}| vhwv wkhru| lv wr vfdoh wkh yduldeohv lqwr d 304

lqwhuydo1 Lq d vhfrqg vwhs/ vhyhudo yduldeohv +h1j1 khdowk

lqglfdwruv, fdq eh djjuhjdwhg e| gl�huhqw vhw rshudwruv

+_c^chwf1, wr d vlqjoh ixqfwlrqlqj +h1j1 cehlqj khdowk|*,1

Wklv phwkrg doorzv wkh uhvhdufkhu wr h{solflwo| lpsrvh khu

ydoxh mxgjphqwv rq wkh djjuhjdwlrq1 Vkh fdq ghflgh lq

zklfk zd| wkh gl�huhqw lqglfdwruv duh frqvlghuhg wr eh frp0

sohphqwv ru vxevwlwxwhv wr hdfk rwkhu/ iru h{dpsoh1

Iru frpsdulvrq ri d zhoiduh phdvxuh edvhg rq ixqfwlrq0
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lqjv zlwk d wudglwlrqdo prqh| phwulf phdvxuh/ d frpsrv0

lwh zhoiduh phdvxuh kdv wr eh fdofxodwhg1 Idfwru dqdo|vlv

dqg ix}}| vhwv fdq eh xvhg wr djjuhjdwh ixqfwlrqlqjv wr d

vfdodu lqglylgxdo zhoiduh phdvxuh1 Lq wklv frqwh{w/ Nodvhq

^67` kdv xvhg sulqflsdo frpsrqhqwv dqdo|vlv1 Wkh kxpdq

ghyhorsphqw lqgh{ lv fdofxodwhg e| vlpso| dyhudjlqj wkh

vfdohg ixqfwlrqlqjv1 Kluvfkehuj/ Pddvrxpl dqg Vorwwmh ^65`

kdyh xvhg wlph0vhulhv foxvwhulqj wr djjuhjdwh gl�huhqw ixqf0

wlrqlqjv1 Pddvrxpl +^74`/ ^75`, kdv zrunhg h{whqvlyho| rq

wkh lqirupdwlrq wkhruhwlfdo dqg d{lrpdwlf xqghuslqqlqjv ri

pxowlglphqvlrqdo zhoiduh dqdo|vlv1 Kh ghulyhv dq rswlpdo

djjuhjdwru ixqfwlrq iru wkh gl�huhqw ixqfwlrqlqjv e| plq0

lplvlqj wkh glvwdqfh ehwzhhq wkh glvwulexwlrqv ri wkh frp0

srvlwh phdvxuh dqg wkrvh ri hdfk ixqfwlrqlqj1 Wrjhwkhu

zlwk Qlfnhovexuj ^77`/ kh kdv dssolhg wklv dssurdfk wr zho0

iduh dqdo|vlv lq wkh XV1 Lw lv dovr srvvleoh qrw wr zrun zlwk

d frpsrvlwh zhoiduh phdvxuh exw dqdo|vh wkh uhodwlrqvkls

ri lqfrph zlwk hdfk ixqfwlrqlqj lqglylgxdoo| +vhh h1j1 Fkl0

dsshur Pduwlqhwwl ^78`/ Ohool ^73` Ureh|qv ^89`,1

81416 Djjuhjdwlrq dfurvv Lqglylgxdov

Wr dvvhvv vrfldo zhoiduh lw lv qhfhvvdu| wr djjuhjdwh lqgl0

ylgxdo zhoiduh wr dq ryhudoo vrfldo zhoiduh phdvxuh/ h1j1 dq

lqhtxdolw| ru sryhuw| lqgh{1 Zkloh wkh sulpdu| olwhudwxuh

rq wkh fdsdelolw| dssurdfk lv qrw h{solflw derxw krz wr

gr wklv/ wkh lvvxh kdv wr eh idfhg lqhylwdeo| li wkh fdsd0

elolw| dssurdfk lv xvhg iru hpslulfdo lqhtxdolw| ru sryhuw|

dqdo|vlv1 Lq sulqflsoh/ wzr srvvlelolwlhv h{lvw lq d pxowlgl0

phqvlrqdo vhwwlqj= xvlqj d frpsrvlwh phdvxuh dv glvfxvvhg

lq wkh suhylrxv sdudjudsk lq vwdqgdug xqlglphqvlrqdo lq0

htxdolw| ru sryhuw| lqglfhv/ ru xvlqj wkh ixqfwlrqlqjv lq d

pxowlglphqvlrqdo lqhtxdolw| ru sryhuw| dqdo|vlv1 Pddvrxpl
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dqg Qlfnhovexuj dqg Eudqgrolql dqg G*Dohvvlr ^48` kdyh

xvhg pxowlglphqvlrqdo lqhtxdolw| lqglfhv/ zkloh Dwnlqvrq

dqg Erxujxljqrq +^7`/ ^8`, kdyh suhsduhg wkh zd| iru pxowl0

glphqvlrqdo vwrfkdvwlf grplqdqfh udqnlqjv ri ixqfwlrqlqjv

glvwulexwlrqv1 Erxujxljqrq dqg Fkdnudyduw| dgguhvvhg wkh

lvvxh ri pxowlglphqvlrqdo sryhuw| lqglfhv ^47` dqg pxowl0

glphqvlrqdo sryhuw| +vwrfkdvwlf grplqdqfh, rughulqjv ^46`1

815 Phdvxuhphqw ri Zhoiduh Ohyhov

Ohw xv qrz wxuq wr d uhylhz ri wkh txdqwlwdwlyh hpslulfdo

dssolfdwlrqv ri sryhuw| dqg lqhtxdolw| phdvxuhphqw1 Wd0

eoh 4 +dw hqg ri sdshu, olvwv wkh vwxglhv dqg ghvfulehv wkh

gdwdvhwv xvhg/ wkh ixqfwlrqlqjv wkdw zhuh dqdo|vhg/ dqg wkh

pdlq �qglqjv1

Wkh vwxglhv olvwhg lq Wdeoh 4 looxvwudwh wkdw wkh fdsdelo0

lw| dssurdfk fdq eh dssolhg wr lqyhvwljdwh glyhuvh txhvwlrqv/

dqg dw gl�huhqw ohyhov ri djjuhjdwlrq1 Dw wkh kljkhvw ohyho ri

djjuhjdwlrq/ dv lq wkh �uvw vwxg| e| Vhq +^95`= 79084,/ dqg

wkh zrun ri wkh XQGS +^:3`,/ wkh fdsdelolw| dssurdfk lv

dssolhg wr gdwd dw wkh qdwlrqdo ohyho1 Zkloh vxfk gdwd uhs0

uhvhqw djjuhjdwhv dqg duh dujxdeo| fuxgh/ wkh| fdq uhyhdo

lqwhuhvwlqj lqvljkwv zkhq frpsduhg zlwk JQS shu fdslwd1

Vhq*v rwkhu hduo| vwxg| +^95`= 8509<, xvhg Lqgldq gdwd dw

gl�huhqw ohyhov ri djjuhjdwlrq wr lqyhvwljdwh jhqghu eldvhv1

Ryhu wkh odvw wzr ghfdghv/ wklv nlqg ri txdqwlwdwlyh uhvhdufk

edvhg rq djjuhjdwh gdwd kdv ehfrph zlghvsuhdg/ hvshfldoo|

lq ghyhorsphqw vwxglhv1 Rwkhu vwxglhv xvh gdwd dw wkh

surylqfldo ru uhjlrqdo ohyho/ vxfk dv wkrvh e| Edohvwulqr dqg

Vflforqh ^<` dqg Tl}loedvk ^88`1 Vwloo rwkhu dssolfdwlrqv gr

qrw udqn uhjlrqv ru frxqwulhv/ exw phdvxuh ohyhov ri zhoiduh

gluhfwo| edvhg rq plfur0gdwd +Vfkrnndhuw dqg Ydq Rrwhjhp

^8;`/ Edohvwulqr ^;`/ Uxjjhul Odghufkl ^6:`/ ^6;`/ Sklssv ^85`/
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Fkldsshur0Pduwlqhwwl ^78`/ Nodvhq ^67` dqg Ohool ^73`1 Doo

wkhvh sdshuv phdvxuh ixqfwlrqlqjv/ dqg qrw fdsdelolwlhv1

Dv idu dv zh duh dzduh/ wkhuh duh rqo| wkuhh dwwhpswv vr

idu wr +sduwldoo|, phdvxuh fdsdelolwlhv ru vhoi0shufhlyhg fd0

sdelolwlhv lqvwhdg ri dfklhyhg ixqfwlrqlqjv +Exufkdugw dqg

Oh Judqg ^4:`/ Dqdqg dqg ydq Khhv ^5`/ dqg Dqdqg/ Kxqwhu

dqg Vplwk ^83`,1 Qhyhuwkhohvv/ lw vkrxog eh qrwhg wkdw pdq|

fdsdelolwlhv wkdw kdyh wkhruhwlfdoo| ehhq dujxhg wr eh uho0

hydqw duh qrw vx!flhqwo| fryhuhg lq wkh gdwdvhwv xvhg lq

wkhvh vwxglhv +olnh wkh EKSV,/ ru duh hyhq qrw lqfoxghg dw

doo1 Qhhgohvv wr vd| wkdw d orw ri zrun uhpdlqv wr eh grqh

lq wkh froohfwlrq ri qhz gdwd rq fdsdelolwlhv udwkhu wkdq

dfklhyhg ixqfwlrqlqjv/ dqg wkhlu vxevhtxhqw dqdo|vlv1

816 Srolf| Hydoxdwlrq

Dv dq hydoxdwlyh dssurdfk/ wkh fdsdelolw| dssurdfk fdq dovr

eh xvhg iru erwk srolf| hydoxdwlrqv dqg srolf| ghvljq1 Krz0

hyhu/ lq wklv duhd rqo| olplwhg dssolhg uhvhdufk kdv ehhq

grqh1 Dw wkh ohyho ri dssolhg srolf| uhvhdufk/ wkh XQGS ^:3`

lqfoxghv lq lwv dqqxdo Kxpdq Ghyhorsphqw Uhsruw dqdo|vhv

ri jrrg sudfwlfhv ri frxqwulhv zkr kdyh lpsohphqwhg srol0

flhv wkdw kdyh hqodujhg shrsoh*v fdsdelolw| vhwv/ dqg jlyhv

d qxpehu ri srolf| uhfrpphqgdwlrqv rq krz wklv frxog eh

grqh1

Exw lw lv dovr srvvleoh wr dsso| wkh fdsdelolw| dssurdfk lq

d pruh vflhqwl�f zd| wr srolf| hydoxdwlrq lq plfur0vhwwlqjv/

iru h{dpsoh zkhq d orfdo jryhuqphqw uhghvljqv wkh sxeolf

lqiudvwuxfwxuh lq d qhljkerxukrrg/ ru zkhq d ghyhorsphqw

QJR zdqwv wr hydoxdwh lwv surmhfwv1 Irupdoo|/ dqg vwduwlqj

iurp wkh frqyhuvlrq ixqfwlrq Ml ' sl E lc 3l� c wkh fkdqjh

lq ixqfwlrqlqjv lqgxfhg e| srolf| lpsohphqwdwlrq Z fdq eh

58



h{suhvvhg dv

_Ml '
Ysl

Y l

Y l

YZ
_Z

� ~} �
d

n
Yul

Y3l

Y3l

YZ
_Z

� ~} �
e

c

l1h1 wkh srolf| kdv dq lpsdfw rq ixqfwlrqlqjv wkurxjk lwv

lpsdfw rq pdunhw dqg qrq0pdunhw uhvrxufhv +@,/ exw dovr

wkurxjk lwv lpsdfw rq frqyhuvlrq idfwruv +K,1 Wkxv/ @ lv

dnlq wr wkh wudglwlrqdo h�hfw ri d surmhfw rq lqfrph/ zkloh

K lv qrw uhfrjqlvhg lq wudglwlrqdo dqdo|vlv1

Donluh ^4` xvhg wkh fdsdelolw| dssurdfk wr hydoxdwh ixqf0

wlrqlqjv dqg fdsdelolw|0fkdqjhv lq wkuhh R{idp sryhuw| uh0

gxfwlrq surmhfwv lq Sdnlvwdq= jrdw uhdulqj/ ihpdoh olwhu0

df| fodvvhv dqg urvh jduodqg surgxfwlrq1 D vwdqgdug frvw0

ehqh�w dqdo|vlv zrxog hydoxdwh wkh jrdw uhdulqj surmhfw

dv d vrxqg hfrqrplf lqyhvwphqw/ zlwk d qxpehu ri qrq0

txdqwl�deoh fdsdelolw| fkdqjhv/ vxfk dv wkh dftxlvlwlrq ri

xvhixo nqrzohgjh dqg wkh fxowlydwlqj ri iulhqgvklsv1 Wkh

fdsdelolw| hydoxdwlrq ri wkh jrdw uhdulqj surmhfw kdv srv0

lwlyh uhvxowv erwk iru wkh txdqwl�deoh dqg wkh lqwdqjleoh

h�hfwv1 Wkh ihpdoh olwhudf| surmhfw/ rq wkh rwkhu kdqg/ lv d

sulph h{dpsoh ri d surmhfw wkdw zrxog qr orqjhu eh ixqghg

li lw zhuh hydoxdwhg rqo| edvhg rq d vwdqgdug frvw0ehqh�w

dqdo|vlv/ dv wklv surmhfw kdv kdugo| dq| h�hfwv rq zrphq*v

hduqlqjv/ ehfdxvh wkhuh duh qr pdunhwv iru ihpdoh hpsor|0

phqw lq wklv duhd ri Sdnlvwdq1 Exw Donluh irxqg wkdw lw kdg

d ixqgdphqwdo dqg wudqvirupdwlyh h�hfw rq wkh vwxghqwv/

zklfk fdqqrw eh txdqwl�hg1 Wkhvh lqwdqjleoh h�hfwv lqfoxgh

wkdw wkh| ohduq wkdw zrphq duh htxdo wr phq/ wkdw wkh|

gr qrw qhhg wr vx�hu dexvh/ wkdw olwhudwh zrphq fdq vroyh

wkhlu rzq sureohpv/ wkdw wkh| ohduq krz wr uhdg/ dqg wkhlu

vxemhfwlyh h{shulhqfh ri juhdw vdwlvidfwlrq dw ehlqj deoh wr

vwxg|1 Wkh hydoxdwlrq ri wkh urvh fxowlydwlrq surmhfw dovr
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vkrzhg d frqwudvw ehwzhhq wkh qhjdwlyh lqwhuqdo udwh ri uh0

wxuq dqg d qxpehu ri ydoxdeoh qrq0hfrqrplf lqwdqjleoh hi0

ihfwv1 Vxpplqj xs/ d vwdqgdug zhoiduh hfrqrplf hydoxdwlrq

zrxog frqfoxgh wkdw wkh jrdw0uhdulqj surmhfw grplqdwhv wkh

olwhudf| dqg wkh urvh jduodqg surgxfwlrq surmhfwv/ exw iurp

d fdsdelolw| shuvshfwlyh qr surmhfw fohduo| grplqdwhv wkh

rwkhu1 Donluh frqfoxghv wkdw �wkh fkrlfh fdqqrw eh pdgh rq

whfkqlfdo jurxqgv exw udwkhu lv d prudoo| vljql�fdqw fkrlfh�

+^4`= 5;9,

817 Frqfoxvlrq

Iurp wkh deryh olwhudwxuh uhylhz zh ghulyh wkh iroorzlqj

frqfoxvlrqv1 Iluvwo|/ lw lv srvvleoh wr phdvxuh zhoiduh lq

whupv ri ixqfwlrqlqjv1 Vhfrqg/ zhoiduh ohyhov phdvxuhg lq

whupv ri ixqfwlrqlqjv gl�hu vljql�fdqwo| iurp wkrvh phd0

vxuhg lq whupv ri lqfrph ru h{shqglwxuh1 Dv d frqvhtxhqfh/

udqnlqjv ri zhoiduh ohyhov ri frxqwulhv dqg uhjlrqv duh gl�hu0

hqw zkhq wkh| duh shuiruphg dffruglqj wr vwdqgdug zhoiduh

hfrqrplfv ru wkh fdsdelolw| dssurdfk1 Lq dgglwlrq/ qrw doo

zkr duh lqfrph0srru duh ixqfwlrqlqjv srru dqg ylfh yhuvd/

zklfk fdq kdyh lpsruwdqw lpsolfdwlrqv iru sryhuw| uhgxf0

wlrq srolflhv1

Rxu uhylhz dovr vxjjhvwv wkdw lw lv pxfk pruh fkdoohqj0

lqj wr phdvxuh fdsdelolwlhv wkdq ixqfwlrqlqjv1 Iru erwk wkh

phdvxuhphqw ri ixqfwlrqlqjv dqg fdsdelolwlhv lw krogv wkdw

wklv olwhudwxuh lv uhodwlyho| uhfhqw dqg pdq| ri wkh dssolfd0

wlrqv duh ri dq h{sorudwru| qdwxuh1 Pxfk pruh zrun qhhgv

wr eh grqh ehiruh d gh�qlwh hpslulfdo dvvhvvphqw ri wkh

fdsdelolw| dssurdfk wr zhoiduh hfrqrplfv fdq eh pdgh1
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9 Frqfoxglqj Uhpdunv

Lq wklv sdshu zh kdyh fkdudfwhulvhg dqg dqdo|vhg wkh fd0

sdelolw| dssurdfk iurp wkh shuvshfwlyh ri vwdqgdug zhoiduh

hfrqrplfv1 Zh kdyh dujxhg wkdw wkh fdsdelolw| dssurdfk

hqwdlov surirxqg fulwltxhv ri wkh xqghuo|lqj dvvxpswlrqv ri

wkh vwdqgdug zhoiduh hfrqrplf prgho1 Wdnlqj rq erdug

wkhvh fulwltxhv fdq eh grqh lq wzr zd|v1 Hlwkhu rqh prgl0

�hv wkh vwdqgdug hfrqrplf prgho wr dffrxqw iru qrq0pdunhw

jrrgv dqg vhuylfhv/ sxeolf dqg udwlrqhg jrrgv/ h{whuqdol0

wlhv/ lqwhushuvrqdo khwhurjhqhlw| dqg wkh lqwulqvlf ydoxh ri

fkrlfh1 Dssolhg srolf| uhvhdufk lq hfrqrplfv lqfuhdvlqjo|

wdnhv xs wklv fkdoohqjh/ exw sryhuw| dqg lqhtxdolw| dqdo|vlv

kdv vr idu qrw vx!flhqwo| lqfrusrudwhg wkhvh frqfhuqv1 Wkh

dowhuqdwlyh vwudwhj| lv wr phdvxuh rxwfrphv dqg rssruwx0

qlw| gluhfwo|/ zklfk lv ehlqj dgyrfdwhg e| wkh fdsdelolw|

dssurdfk zlwk lwv irfxv rq ixqfwlrqlqjv dqg fdsdelolwlhv1

Lqwhuhvwlqjo|/ lw lv suhflvho| lqhtxdolw| dqg sryhuw| uhvhdufk

lq zklfk zhoiduh lv lqfuhdvlqjo| phdvxuhg lq whupv ri ixqf0

wlrqlqjv1 Rxu vxuyh| ri hpslulfdo dssolfdwlrqv vxjjhvwv wkdw

zhoiduh phdvxuhphqw lq whupv ri ixqfwlrqlqjv jlyh frpsoh0

phqwdu| lqvljkwv wr wkh vwdqgdug phwkrgv zklfk irfxv rq

lqfrph dqg h{shqglwxuhv1

Uhihuhqfhv

^4` Vdelqd Donluh1 Ydoxlqj Iuhhgrpv= Vhq*v Fdsdelolw|

Dssurdfk dqg Sryhuw| Uhgxfwlrq1 R{irug Xqlyhuvlw|

Suhvv/ R{irug/ 53351

^5` Sdxo Dqdqg dqg Pduwlq ydq Khhv1 Fdsdelolwlhv dqg

dfklhyhphqwv= Prghov ri vxuyh| hylghqfh1 plphr/ 53361
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^6` Dqwkrq| E1 Dwnlqvrq1 Wkh Frqwulexwlrqv ri Dpduw|d

Vhq wr Zhoiduh Hfrqrplfv1 Vfdqglqdyldq Mrxuqdo ri

Hfrqrplfv/ 434+5,=4:6�4<3/ 4<<<1

^7` Dqwkrq| E1 Dwnlqvrq dqg I1 Erxujxljqrq1 Wkh Frp0

sdulvrq ri Pxowl0Glphqvlrqhg Glvwulexwlrq ri Hfr0

qrplf Vwdwxv1 Uhylhz ri Hfrqrplf Vwxglhv/ 7<=4;6�534/

4<;51

^8` Dqwkrq| E1 Dwnlqvrq dqg I1 Erxujxljqrq1 Lqfrph Glv0

wulexwlrq dqg Gl�huhqfhv lq Qhhgv1 Lq Jhrujh I1 Ihl0

zho/ hglwru/ Duurz dqg wkh Irxqgdwlrqv ri wkh Wkhru|

ri Hfrqrplf Srolf|/ sdjhv 683�6:31 Pdfploodq Suhvv/

Orqgrq/ 4<;:1

^9` Dqwkrq| E1 Dwnlqvrq dqg I1 Erxujxljqrq1 Kdqgerrn

ri Lqfrph Glvwulexwlrq1 Hovhylhu/ Dpvwhugdp/ 53331

^:` Dqwkrq| E1 Dwnlqvrq dqg Q1K1 Vwhuq1 Rq Oderxu

Vxsso| dqg Frpprglw| Frppdqgv1 Lq Dqjxv V1

Ghdwrq/ hglwru/ Hvvd|v lq wkh Wkhru| dqg Phdvxuh0

phqw ri Frqvxphu Ehkdylrxu lq Krqrxu ri Vlu Ulfkdug

Vwrqh/ sdjhv 598�5<91 Fdpeulgjh Xqlyhuvlw| Suhvv/

Fdpeulgjh/ 4<;41

^;` Dohvvdqgur Edohvwulqr1 D Qrwh rq Ixqfwlrqlqjv Sryhuw|

lq D"xhqw Vrflhwlhv1 Qrwl}hl gl Srolwhld/ 45+76077,=<:�

438/ 4<<91

^<` Dohvvdqgur Edohvwulqr dqg Qlfrod Vflforqh1 Vkrxog zh

Xvh Ixqfwlrqlqjv lqvwhdg ri Lqfrph wr Phdvxuh Zhoo0

ehlqjB Wkhru|/ dqg vrph Hylghqfh iurp Lwdo|1 plphr/

Xqlyhuvlw| ri Slvd/ 53331

^43` Ndxvkln Edvx dqg Oxlv I1 Oösh}0Fdoyd1 Ixqfwlrqlqjv

dqg Fdsdelolwlhv1 Lq Nhqqhwk Duurz/ Dpduw|d Vhq/ dqg
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Nrwdur Vx}xpxud/ hglwruv/ Kdqgerrn ri Vrfldo Fkrlfh

dqg Zhoiduh/ yroxph 51 Hovhylhu Vflhqfh0Qruwk Kroodqg/

53371

^44` Jdu| V1 Ehfnhu1 D Wkhru| ri wkh Doorfdwlrq ri Wlph1

Hfrqrplf Mrxuqdo/ :8=7<6�84:/ 4<981

^45` Fkduohv Ehoohpduh/ Ehuwudqg Phohqehuj/ dqg Duwkxu

ydq Vrhvw1 Vhplsdudphwulf Prghov iru Vdwlvidfwlrq zlwk

Lqfrph1 Sruwxjxhvh Mrxuqdo ri Hfrqrplfv/ 4=4;4�536/

53351

^46` Iudqfrlv Erxujxljqrq dqg Vdw|d U1 Fkdnudyduw|1

Pxowl0glphqvlrqdo Sryhuw| Rughulqjv1 GHOWD Zrun0

lqj Sdshu/ +55,/ 53351

^47` Iudqfrlv Erxujxljqrq dqg Vdw|d U1 Fkdnudyduw|1 Wkh

phdvxuhphqw ri Pxowlglphqvlrqdo Sryhuw|1 Mrxuqdo ri

Hfrqrplf Lqhtxdolw|/ 4/ 53361

^48` Dqguhd Eudqgrolql dqg Jlrydqql G*Dohvvlr1 Phdvxulqj

Zhoo0Ehlqj lq wkh Ixqfwlrqlqj Vsdfh1 Sdshu suhvhqwhg

lq wkh Frqihuhqfh Mxvwlfh dqg Sryhuw|/ h{dplqlqj Vhq*v

fdsdelolw| dssurdfk/ Fdpeulgjh/ 80: Mxqh 5334/ 4<<;1

^49` Pduwlq Eurzqlqj/ Oduv Shwhu Kdqvhq/ dqg Mdphv M1

Khfnpdq1 Plfur Gdwd dqg Jhqhudo Htxloeulxp Prg0

hov1 Lq Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug/ hglwruv/

Kdqgerrn ri Pdfurhfrqrplfv/ sdjhv 876�9661 Qruwk

Kroodqg/ Dpvwhugdp/ 4<<<1

^4:` Wdqld Exufkdugw dqg Mxoldq Oh Judqg1 Frqvwudlqw dqg

Rssruwxqlw|= Lghqwli|lqj Yroxqwdu| Qrq0Hpsor|phqw1

FDVH Zrunlqj Sdshu/ +88,/ 53351

^4;` Iudqn D1 Frzhoo1 Wkh Hfrqrplfv ri Sryhuw| dqg Lq0

htxdolw|/ yroxph 41 Hgzdug Hojdu/ 53361
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^4<` Iudqn D1 Frzhoo dqg Pdjgd Phufdghu0Sudwv1 Htxlyd0

ohqfh Vfdohv dqg Lqhtxdolw|1 Lq Mdftxhv Vloehu/ hglwru/

Kdqgerrn ri Lqfrph Lqhtxdolw| Phdvxuhphqw/ sdjhv

738�7681 Noxzhu Dfdghplf/ Ervwrq/ Gruguhfkw dqg

Orqgrq/ 4<<<1

^53` Gdylg Furfnhu1 Ixqfwlrqlqj dqg Fdsdelolwlhv= Wkh

Irxqgdwlrq ri Vhq*v dqg Qxvvedxp*v Ghyhorsphqw

Hwklf1 Srolwlfdo Wkhru|/ 53=8;7�945/ 4<<51

^54` Qrupdq Gdqlhov1 Htxdolw| ri Zkdw= Zhoiduh/ Uh0

vrxufhv/ ru FdsdelolwlhvB Sklorvrsk| dqg Skhqrphqr0

orjlfdo Uhvhdufk/ O=5:6�5<9/ 4<<31

^55` Ekdvndu Gxwwd1 Zhoiduh Hfrqrplfv1 R{irug Xqlyhuvlw|

Suhvv/ 4<<71

^56` Vdnlnr Ixnxgd0Sduu1 Wkh Kxpdq Ghyhorsphqw Sdu0

dgljp= Rshudwlrqdolvlqj Vhq*v Lghdv rq Fdsdelolwlhv1

Ihplqlvw Hfrqrplfv/ <+506,=634�64:/ 53361

^57` Dodq P1 Jduehu1 Iurqwlhuv lq Khdowk Srolf| Uhvhdufk1

PLW Suhvv/ 53341

^58` Ghv Jdvshu1 Vhq*v Fdsdelolw| Dssurdfk dqg Qxvv0

edxp*v Fdsdelolw| Hwklfv1 Mrxuqdo ri Lqwhuqdwlrqdo Gh0

yhorsphqw/ <=5;4�635/ 4<<:1

^59` Ghv Jdvshu1 Lv Vhq*v Fdsdelolw| Dssurdfk dq Dgtxdwh

Edvlv iru Frqvlghulqj Kxpdq GhyhorsphqwB Uhylhz ri

Srolwlfdo Hfrqrp|/ 47=768�793/ 53351

^5:` Dfkdu|d Jd|dwul dqg O|qqh Ehqqhww1 Ydoxlqj Rshq

Vsdfh dqg Odqg0Xvh Sdwwhuq lq Xuedq Zdwhuvkhgv1

Mrxuqdo ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ 55+50

6,=554�56:/ 53341
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^5;` Dolvvd Jrrgpdq/ Sdxo Mrkqvrq/ dqg Vwhskhq Zhee1

Lqhtxdolw| lq wkh XN1 R{irug Xqlyhuvlw| Suhvv/ R{irug/

4<<:1

^5<` Z1 Jrupdq1 D Srvvleoh Surfhgxuh iru Dqdo|}lqj Txdo0

lw| Gl�huhqwldov lq wkh Hjj0Pdunhw1 Uhylhz ri Hfr0

qrplf Vwxglhv/ 7:=;76�;89/ 4<;31

^63` Duqrog Kduehujhu1 Surmhfw Hydoxdwlrq= Froohfwhg Sd0

shuv1 Pdf Ploodq/ Orqgrq/ 4<:51

^64` Mdphv M1 Khfnpdq1 Dffrxqwlqj iru Khwhurjhqhlw|/ Gl0

yhuvlw| dqg Jhqhudo Htxloleulxp lq Hydoxdwlqj Vrfldo

Surjudpv1 QEHU Zrunlqj Sdshu= :653/ 4<<<1

^65` Mrvhsk J1 Kluvfkehuj/ Hvidqgldu Pddvrxpl/ dqg

Gdqlho M1 Vorwwmh1 Foxvwhuv ri Dwwulexwhv dqgZhoo0Ehlqj

lq wkh XVD1 Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 49=778�

793/ 53341

^66` Dqguhz Mrqhv dqg Rzhq R*Grqqhoo1 Htxlydohqfh

Vfdohv dqg wkh Frvwv ri Glvdelolw|1 Mrxuqdo ri Sxeolf

Hfrqrplfv/ 89+5,=5:6�;</ 4<<81

^67` Vwhskdq Nodvhq1 Phdvxulqj Sryhuw| dqg Ghsulydwlrq lq

Vrxwk Diulfd1 Uhylhz ri Lqfrph dqg Zhdowk/ 79=66�8;/

53331

^68` Zlhenh Nxno|v1 Phdvxuhphqw dqg Ghwhuplqdqwv ri

Zhoiduh Dfklhyphqw 0 Hylghqfh iurp wkh XN1 plphr/

Xqlyhuvlw| ri Fdpeulgjh/ 53361

^69` Zlhenh Nxno|v1 D Prqhwdu| Dssurdfk wr Fdsdelolw|

Phdvxuhphqw ri wkh Glvdeohg 0 Hylghqfh iurp wkh XN1

Pd{ Sodqfn Lqvwlwxwh iru Uhvhdufk Lqwr Hfrqrplf V|v0

whpv= Sdshuv rq Vwudwhjlf Lqwhudfwlrq/ 53371
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^6:` Fdwhulqd Uxjjhul Odghufkl1 Sryhuw| dqg lwv pdq| Gl0

phqvlrqv= Wkh Uroh ri Lqfrph dv dq Lqglfdwru1 R{irug

Ghyhorsphqw Vwxglhv/ 58+6,=678�693/ 4<<:1

^6;` Fdwhulqd Uxjjhul Odghufkl1 Gr Frqfhswv PdwwhuB Dq

Hpslulfdo Lqyhvwljdwlrq ri wkh Gl�huhqfhv ehwzhhq d

Fdsdelolw| dqg d Prqhwdu| Dvvhvvphqw ri Sryhuw|1

Plphr/ Xqlyhuvlw| ri R{irug/ 53341

^6<` N1 Odqfdvwhu1 D Qhz Dssurdfk wr Frqvxphu Wkhru|1

Mrxuqdo ri Srolwlfdo Hfrqrp|/ :7=465�48:/ 4<991

^73` Vdud Ohool1 Idfwru Dqdo|vlv yv1 Ix}}| Vhwv Wkhru|= Dv0

vhvvlqj wkh Lq xhqfh ri Gl�huhqw Whfkqltxhv rq Vhq*v

Ixqfwlrqlqj Dssurdfk1 Fhqwhu ri Hfrqrplf Vwxglhv

Glvfxvvlrq Sdshu/ NX Ohxyhq/ GSV 34154/ 53341

^74` Hvidqgldu Pddvrxpl1 Wkh Phdvxuhphqw dqg Ghfrpsr0

vlwlrq ri Pxowl0Glphqvlrqdo Lqhtxdolw|1 Hfrqrphwulfd/

87+7,=<<4�<<:/ 4<;91

^75` Hvidqgldu Pddvrxpl1 Frqwlqxrxvo| Glvwulexwhg Dw0

wulexwhv dqg Phdvxuhv ri Pxowlyduldwh Lqhtxdolw|1 Mrxu0

qdo ri Hfrqrphwulfv/ 75=464�477/ 4<;<1

^76` Hvidqgldu Pddvrxpl1 Pxowlglphqvlrqhg Dssurdfkhv wr

Zhoiduh Dqdo|vlv1 Lq Mdftxhv Vloehu/ hglwru/ Kdqgerrn

ri Lqfrph Lqhtxdolw| Phdvxuhphqw1 Noxzhu Dfdghplf/

Ervwrq/ Gruguhfkw dqg Orqgrq/ 4<<<1

^77` Hvidqgldu Pddvrxpl dqg Jhudog Qlfnhovexuj1 Pxowl0

yduldwh Phdvxuhv ri Zhooehlqj dqg dq Dqdo|vlv ri Lq0

htxdolw| lq wkh Plfkljdq Gdwd1 Mrxuqdo ri Exvlqhvv

dqg Hfrqrplf Vwdwlvwlfv/ 9+6,=65:�667/ 4<;;1

^78` Hqulfd Fkldsshur Pduwlqhwwl1 D Pxowlglphqvlrqdo Dv0

vhvvphqw ri Zhoo0Ehlqj Edvhg rq Vhq*v Ixqfwlrqlqj Ds0
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surdfk1 Ulylvwd Lqwhuqd}lrqdoh gl Vflhq}h Vrfldol/ 5/

53331

^79` Pdpwd Pxuwkl1 Hqjho Htxlydohqfh Vfdohv lq Vul Odqnd=

h{dfwqhvv/ vshfl�fdwlrq/ phdvxuhphqw huuru1 Lq Ulfkdug

Eoxqghoo/ Ldq Suhvwrq/ dqg Ldq Zdonhu/ hglwruv/ Wkh

Phdvxuhphqw ri Krxvhkrog Zhoiduh/ sdjhv 497�4<41

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ 4<<71

^7:` Pduwkd F1 Qxvvedxp1 Fdsdelolwlhv dv Ixqgdphqwdo

Hqwlwohphqwv= Vhq dqg Vrfldo Mxvwlfh1 Ihplqlvw Hfr0

qrplfv/ <+506,=66�8</ 53361

^7;` Sudvdqwd N1 Sdwwdqdln1 Vrph Qrq0Zhoidulvwlf Lvvxhv lq

Zhoiduh Hfrqrplfv1 Lq Ekdvndu Gxwwd/ hglwru/ Zhoiduh

Hfrqrplfv/ sdjhv 4<:�57;1 R{irug Xqlyhuvlw| Suhvv/

R{irug/ 4<<71

^7<` Sudvdqwd N1 Sdwwdqdln dqg \rqjvkhqj [x1 Rq Udqn0

lqj Rssruwxqlw| Vhwv lq Whupv ri Iuhhgrp ri Fkrlfh1

Uhfkhufkhv Hfrqrpltxhv gh Orxydlq/ 89=6;6�6<3/ 4<<31

^83` Judkdp Kxqwhu Sdxo Dqdqg dqg Urq Vplwk1 Fd0

sdelolwlhv dqg zhooehlqj= Hylghqfh edvhg rq wkh vhq0

qxvvedxp dssurdfk wr zhoiduh1 plphr/ 53361

^84` Sklols Shwwlw1 Fdsdelolw| dqg Iuhhgrp= D Ghihqfh ri

Vhq1 Hfrqrplfv dqg Sklorvrsk|/ 4:=4�53/ 53341

^85` Vkhooh| Sklssv1 Wkh Zhoo0Ehlqj ri \rxqj Fdqdgldq

Fkloguhq lq Lqwhuqdwlrqdo Shuvshfwlyh= D Ixqfwlrqlqjv

Dssurdfk1 Uhylhz ri Lqfrph dqg Zhdowk/ 7;+7,=7<6/

53351

^86` Urehuw D1 Sroodn dqg Whuhqfh M1 Zdohv1 Zhoiduh Frp0

sdulvrqv dqg Htxlydohqfh Vfdohv1 Dphulfdq Hfrqrplf

Uhylhz/ Surfhhglqjv/ 9<=549�554/ 4<:<1

67



^87` Pr}d�du Tl}loedvk1 Fdsdelolwlhv/ Zhoo0Ehlqj dqg Kx0

pdq Ghyhorsphqw= D Vxuyh|1 Mrxuqdo ri Ghyhorsphqw

Vwxglhv/ 69=476�495/ 4<<91

^88` Pr}d�du Tl}loedvk1 D Qrwh rq wkh Phdvxuhphqw ri

Sryhuw| dqg Yxoqhudelolw| lq wkh Vrxwk Diulfdq Frq0

wh{w1 Mrxuqdo ri Lqwhuqdwlrqdo Ghyhorsphqw/ 47=:8:�

::5/ 53351

^89` Lqjulg Ureh|qv1 Jhqghu Lqhtxdolw|1 D Fdsdelolw| Shu0

vshfwlyh1 SkG Wkhvlv/ Xqlyhuvlw| ri Fdpeulgjh/ 53351

^8:` Lqjulg Ureh|qv1 Vhq*v Fdsdelolw| Dssurdfk dqg Jhq0

ghu Lqhtxdolw|= Vhohfwlqj Uhohydqw Fdsdelolwlhv1 Ihpl0

qlvw Hfrqrplfv/ <+506,=94�<5/ 53361

^8;` Huln Vfkrnndhuw dqg Oxf Ydq Rrwhjhp1 Vhq*v Frqfhsw

ri wkh Olylqj Vwdqgdug Dssolhg wr wkh Ehojldq Xqhp0

sor|hg1 Uhfkhufkhv Hfrqrpltxhv gh Orxydlq/ 89=75<�

783/ 4<<31

^8<` Dpduw|d N1 Vhq1 Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh1

Kroghq Gd|/ Vdq Iudqflvfr/ 4<:31

^93` Dpduw|d N1 Vhq1 Wkh Lpsrvvlelolw| ri d Sduhwldq Ole0

hudo1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ :;=485�48:/ 4<:31

^94` Dpduw|d N1 Vhq1 Shuvrqdo Xwlolwlhv dqg Sxeolf Mxgj0

phqwv= ruZkdw*vZurqj zlwkZhoiduh Hfrqrplfv1 Hfr0

qrplf Mrxuqdo/ ;<=86:�88;/ 4<:<1

^95` Dpduw|d N1 Vhq1 Frpprglwlhv dqg Fdsdelolwlhv1 Qruwk

Kroodqg/ Dpvwhugdp/ 4<;81

^96` Dpduw|d N1 Vhq1 Rq wkh Irxqgdwlrqv ri Zhoiduh

Hfrqrplfv= Xwlolw|/ Fdsdelolw|/ dqg Sudfwlfdo Uhdvrq1

Lq Iudqfhvfr Idulqd dqg Vwhidqr Ydqqxffl/ hglwruv/
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Hwklfv/ Udwlrqdolw| dqg Hfrqrplf Ehkdylrxu/ sdjhv 83�

981 Foduhqgrq Suhvv/ R{irug/ 4<<91

^97` Dpduw|d N1 Vhq1 Pd{lplvdwlrq dqg wkh Dfw ri Fkrlfh1

Hfrqrphwulfd/ 98+7,=:78�::</ 4<<:1

^98` Dpduw|d N1 Vhq1 Vrfldo Mxvwlfh dqg Glvwulexwlrq ri Lq0

frph1 Lq D1E1 Dwnlqvrq dqg I1 Erxujxljqrq/ hglwruv/

Kdqgerrn ri Lqfrph Lqhtxdolw|/ sdjhv 8<�;91 Qruwk

Kroodqg/ Dpvwhugdp/ 53331

^99` Dpduw|d N1 Vhq1 Ghyhorsphqw dv fdsdelolw| h{sdqvlrq1

Lq Vdnlnr Ixnxgd0Sduu dqg D1N1 Vklyd Nxpdu/ hglwruv/

Uhdglqjv lq Kxpdq Ghyhorsphqw1 Frqfhswv/ Phdvxuhv

dqg Srolflhv iru d Ghyhorsphqw Sdudgljp/ sdjhv 6�491

R{irug Xqlyhuvlw| Suhvv/ 53361

^9:` Jhrujh M1 Vwljohu dqg Jdu| V1 Ehfnhu1 Gh Jxvwlexv

Qrq Hvw Glvsxwdqgxp1 Dphulfdq Hfrqrplf Uhylhz/

9:=:9�<3/ 4<::1

^9;` Nrwdur Vx}xpxud1 Lqwurgxfwlrq1 Lq Nhqqhwk Duurz/

Dpduw|d Vhq/ dqg Nrwdur Vx}xpxud/ hglwruv/ Kdqg0

errn ri Vrfldo Fkrlfh dqg Zhoiduh/ yroxph 4/ sdjhv

4�<71 Hovhylhu Vflhqfhv 0 Qruwk Kroodqg/ 53351

^9<` Nhqqhwk H1 Wudlq/ Dqguhz Jrhww/ dqg Ndwkohhq Kxg0

vrq1 Fxvwrphu fkrlfh dprqj uhwdlo hqhuj| vxssolhuv=

Wkh zloolqjqhvv wr sd| iru vhuylfh dwwulexwhv1 Hqhuj|

Mrxuqdo/ 54+7,=43<�45</ 53331

^:3` XQGS1 Kxpdq Ghyhorsphqw Uhsruw1 R{irug Xqlyhu0

vlw| Suhvv/ R{irug/ 4<<3053351

^:4` Dqguhz Zlooldpv1 Gzrunlq rq Fdsdelolw|1 Hwklfv/

446+4,=56�6</ 53351
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^:5` Dvjkdu ]dlgl dqg Wdqld Exufkdugw1 Frpsdulqj Lq0

frphv zkhq Qhhgv Gl�hu= Htxlydolvdwlrq iru wkh H{wud

Frvw ri Glvdelolw| lq wkh XN1 FDVH Zrunlqj Sdshu/

+97,/ 53361
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Wdeoh 4= Uhylhz ri Zhoiduh Phdvxuhphqw Vwxglhv

Dxwkru Gdwdvhwv Ixqfwlrqlqjv Pdlq �qglqjv dqg Srolf| Frqfoxvlrqv

Ixqfwlrqlqjv= qdwlrqdo2uhjlrqdo frpsdulvrqv

Vhq +^95`=79084, Eud}lo/ Fklqd/ Lqgld/
Ph{lfr/ Vul Odqnd
+4<;304<;5,

Olih h{shfwdqf|/ lqidqw pruwdolw|/
fklog ghdwk udwhv

Frxqwu| udqnlqjv edvhg rq JQS shu fdslwd
gl�hu iurp udqnlqjv edvhg rq ixqfwlrqlqjv1

Vhq +^95`=8509<, Lqgld +4<;404<;6, Pruwdolw|/ qxwulwlrq/ pruelglw| Zrphq kdyh zruvh ixqfwlrqlqjv rxwfrphv
wkdq phq1

XQGS ^:3` Gdwd dw qdwlrqdo ohyho/ doo
frxqwulhv

Olih h{shfwdqf| dw eluwk/ hgxfd0
wlrq/ pdwhuldo zhoiduh +JQS shu
fdslwd,

Frxqwu| udqnlqjv edvhg rq JQS shu fdslwd
gl�hu iurp udqnlqjv edvhg rq ixqfwlrqlqjv lq0
glfhv> hdfk |hdu wkh XQGS irfxvhv rq rqh duhd
ri ixqfwlrqlqj zhooehlqj dqg glvfxvvhv ehvw
sudfwlfhv iru srolflhv1

Edohvwulqr dqg
Vflforqh ^<`

Surylqfldo ohyho gdwd iru
Lwdo| +4<<4,

Ehlqj khdowk|/ hgxfdwhg/ hp0
sor|hg/ olylqj lq d frpiruwdeoh
krxvh/ lq d vdih duhd dqg lq d qrq0
srooxwhg hqylurqphqw

Udqnlqjv ri uhjlrqv edvhg rq ixqfwlrqlqjv dqg
jurvv uhjlrqdo surgxfw shu fdslwd fruuhodwhg
vwurqjo|/ exw udqnlqjv gl�hu iru : rxw ri 53
uhjlrqv1

Txl}loedvk ^88` Surylqfldo ohyho gdwd
iurp wkh Vrxwk Diulfdq
Fhqvxv

Hgxfdwlrq/ dffhvv wr zdwhu/ uhixvh
uhprydo/ frrnlqj idflolwlhv/ urrpv
shu krxvhkrog dqg hpsor|phqw

H{shqglwxuhv sryhuw| yhuvxv ixqfwlrqlqjv
sryhuw| udqnlqjv ri wkh qlqh surylqfhv gl�hu
vljql�fdqwo|1
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Wdeoh 4 frqwlqxhg

Dxwkru Gdwdvhwv Ixqfwlrqlqjv Pdlq �qglqjv dqg Srolf| Frqfoxvlrqv

Ixqfwlrqlqjv= plfur dqdo|vlv

Vfkrnndhuw dqg
Ydq Rrwhjhp
^8;`

Vxuyh| dprqj Ehojldq
xqhpsor|hg +4<:<,

Vrfldo ixqfwlrqlqj/ sv|fkrorjlfdo
ixqfwlrqlqj/ sk|vlfdo ixqfwlrqlqj/
plfur0vrfldo frqwdfw/ dfwlylw| ohy0
hov/ �qdqfldo ixqfwlrqlqj

Pdwhuldo idfwruv duh doprvw luuhohydqw lq wkh gh0
whuplqdwlrq ri wkh ixqfwlrqlqj zhooehlqj ri wkh
xqhpsor|hg/ wkxv qrq0�qdqfldo srolf| lqvwux0
phqwv wdujhwhg dw vshfl�f jurxsv pljkw kdyh
d odujhu zhoiduh lpsurylqj h�hfw wkdq �qdqfldo
rqhv1

Edohvwulqr +^;`, 5;4 Lwdoldq krxvhkrogv
r!fldoo| uhjlvwhuhg dv
srru

Hgxfdwlrq/ qxwulwlrq/ khdowk :6 krxvhkrogv duh rqo| ixqfwlrqlqj srru/ :4 duh
rqo| lqfrph srru/ dqg 46: duh erwk ixqfwlrq0
lqj dqg lqfrph srru1

Uxjjhul Odghu0
fkl +^6:`,

Fkloh +4<<5, Hgxfdwlrq/ khdowk/ fklog qxwulwlrq Lqfrph yduldeohv duh dq lqvljql�fdqw ghwhupl0
qdqw ri vkruwidoo lq doo wkuhh ixqfwlrqlqjv

Uxjjhul Odghu0
fkl +^6;`,

HQQLY Vxuyh|/ Shux
+4<<7,

Hgxfdwlrq/ khdowk Lq rughu wr dfklhyh d kljkhu ryhuods ehwzhhq
dqdo|vhv edvhg rq prqhwdu| zhoiduh phdvxuhv
dqg ixqfwlrqlqjv/ wkh prqhwdu| sryhuw| olqh
kdv wr eh vljql�fdqwo| lqfuhdvhg1 551;( ri wkh
vwxqwhg fkloguhq dqg 5517( ri wkh fkloguhq 450
48 |hduv rog zlwk ohvv wkdq 8 |hduv ri vfkrrolqj
duh qrw �qdqfldoo| srru1
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Wdeoh 4 frqwlqxhg

Dxwkru Gdwdvhwv Ixqfwlrqlqjv Pdlq �qglqjv dqg Srolf| Frqfoxvlrqv

Ixqfwlrqlqjv= plfur dqdo|vlv frqwlqxhg

Sklssv ^85` Fkloguhq Vxuyh|v iru
Fdqdgd/ Qruzd| dqg
XVD +4<<8,

Orz eluwk zhljkw/ dvwkpd/ dffl0
ghqwv/ dfwlylw| olplwdwlrq wurxeoh
frqfhqwudwlqj/ dq{lhw|/ glvrehgl0
hqfh dw vfkrro/ exoo|lqj

Wkh ixqfwlrqlqjv zhooehlqj ri Fdqdgldq dqg
XV fkloguhq fdqqrw eh xqdpeljxrxvo| udqnhg/
exw Qruzhjldq fkloguhq iduh ehwwhu wkdq hlwkhu
ri wkhp1

Fkldsshur Pdu0
wlqhwwl ^78`

Lwdoldq Krxvhkrog Vxuyh|
+4<<7,

Krxvlqj/ khdowk/ hgxfdwlrq/ vr0
fldo lqwhudfwlrqv/ sv|fkrorjlfdo
zhooehlqj

Zrphq/ hoghuo|/ shrsoh olylqj lq wkh Vrxwk ri
Lwdo|/ krxvhzlyhv dqg eoxh0froodu zrunhuv kdyh
orzhu ixqfwlrqlqjv dfklhyhphqwv wkdq rwkhu
jurxsv1

Nodvhq ^67` VDOGUX Krxvhkrog
Vxuhyh|/ Vrxwk Diulfd
+4<<7,

Hgxfdwlrq/ lqfrph/ zhdowk/ krxv0
lqj/ zdwhu/ vdqlwdwlrq/ hqhuj|/
hpsor|phqw/ wudqvsruw/ �qdqfldo
vhuylfhv/ qxwulwlrq/ khdowk fduh/
vdihw|/ shufhlyhg zhooehlqj

Vrph jurxsv duh pxfk ghhshu ixqfwlrqlqjv gh0
sulyhg wkdq vxjjhvwhg e| wkh h{shqglwxuh phd0
vxuhphqw> 4:( ri wkh shrsoh zkr duh ixqfwlrq0
lqjv ghsulyhg duh qrw lghqwl�hg dv srru e| wkh
h{shqglwxuh lqgh{1

Ohool ^73` Sdqho Vwxg| ri Ehojldq
Krxvhkrogv +4<<;,

Sv|fkrorjlfdo zhooehlqj/ vrfldo
lqwhudfwlrqv/ hfrqrplf frqgl0
wlrqv/ fxowxudo dfwlylwlhv/ zrunlqj
frqglwlrqv/ vkhowhu/ khdowk

Ghwdlohg ghvfulswlrq ri zhoiduh gl�huhqfhv
dprqj wkh Ehojldq srsxodwlrq1 Fruuhodwlrqv
ehwzhhq ixqfwlrqlqjv dqg lqfrph duh orz/ zlwk
devroxwh ydoxhv udqjlqj ehiurp 3135 wr 316<1
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Wdeoh 4 frqwlqxhg

Dxwkru Gdwdvhwv Ixqfwlrqlqjv Pdlq �qglqjv dqg Srolf| Frqfoxvlrqv

Fdsdelolwlhv= plfur dqdo|vlv

Exufkdugw dqg
OhJudqg ^4:`

EKSV +4<<;04<<<, Ehlqj hpsor|hg Wkh fdsdelolw| wr eh hpsor|hg lv lghqwl�hg e|
whvwlqj zkhwkhu d shuvrq*v ehlqj xqhpsor|hg
lv wkh rxwfrph ri d ghflvlrq e| khuvhoi +43(
ri wkh xqhpsor|hg, ru gxh wr frqvwudlqwv vkh
idfhv1

Dqdqg dqg ydq
Khhv ^5`

5:6 lqglylgxdov lq Hqj0
odqg +5334,

Kdsslqhvv/ jhqhudo dfklhyhphqw/
khdowk/ lqwhoohfwxdo vwlpxodwlrq/
vrfldo uhodwlrqv/ hqylurqphqwdo
txdolw|/ shuvrqdo lqwhjulw|

Lqfrph lv qhjdwlyho| fruuhodwhg zlwk vhoi0
uhsruwhg ryhudoo fdsdelolw| ohyhov1 Kljk srv0
lwlyh fruuhodwlrqv ehwzhhq vhoi0uhsruwhg fdsd0
elolwlhv dqg dfklhyhphqwv1

Dqdqg/ Kxqwhu/
Vplwk ^83`

EKSV +5333, Khdowk/ krxvlqj/ vrfldo uhodwlrqv/
ohlvxuh/ kdylqj d sduwqhu/ ehlqj
hpsor|hg

Wklv vwxg| pdsshg wkh dydlodeoh gdwd rq wkh
olvw ri fdsdelolwlhv zklfk kdv ehhq wkhruhwlfdoo|
ghyhorshg e| Pduwkd Qxvvedxp ^7:`1 Wkh
dydlodeoh gdwd rq fdsdelolwlhv duh vwurqjo| fru0
uhodwhg zlwk gdwd rq vxemhfwlyh zhooehlqj1
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