
4Hyroxwlrq ri Fhqwudo Sdwwhuq Jhqhudwruv iruElshgdo Zdonlqj lq d Uhdo0wlph Sk|vlfvHqylurqphqwWruvwhq Uhlo/ Sklo Kxvedqgv
Devwudfw� Zh ghvfuleh dq hyroxwlrqdu| dssurdfk wr wkh

frqwuro sureohp ri elshgdo zdonlqj1 Xvlqj d ixoo uljlg0erg|
vlpxodwlrq ri d elshg/ lw zdv srvvleoh wr hyroyh uhfxuuhqw
qhxudo qhwzrunv wkdw frqwuroohg vwdeoh vwudljkw0olqh zdonlqj
rq d sodqdu vxuidfh1 Qr sursulrfhswlyh lqirupdwlrq zdv qhf0
hvvdu| wr dfklhyh wklv wdvn1 Ixuwkhupruh/ vlpsoh vhqvru|
lqsxw wr orfdwh d vrxqg vrxufh zdv lqwhjudwhg wr dfklhyh gl0
uhfwlrqdo zdonlqj1 Wr rxu nqrzohgjh/ wklv lv wkh �uvw zrun
wkdw ghprqvwudwhv wkh dssolfdwlrq ri hyroxwlrqdu| rswlpl}d0
wlrq wr wkuhh0glphqvlrqdo/ sk|vlfdoo| vlpxodwhg elshg orfr0
prwlrq1

Nh|zrugv� hyroxwlrqdu| urerwlfv/ elshgdo zdonlqj/ hyrox0
wlrqdu| dojrulwkpv/ uhfxuuhqw qhxudo qhwzrunv/ sk|vlfv

L1 Lqwurgxfwlrq
Elshgdo zdonlqj lv d gl!fxow wdvn gxh wr lwv lqwulqvlf lq0

vwdelolw|/ dqg ghyhorslqj vxffhvvixo frqwuroohu dufklwhfwxuhv
iru wklv prgh ri orfrprwlrq kdv suryhg vxevwdqwldoo| pruh
gl!fxow wkdq iru rwkhu w|shv ri zdonlqj ^4`1
Wkhuh lv frqvlghudeoh lqwhuhvw lq wklv pdwwhu/ iurp glv0

flsolqhv dv glyhuvh dv urerwlfv/ frpsxwhu judsklfv/ yluwxdo
uhdolw|/ dqg elrorj|1 Krzhyhu/ suhylrxv dssurdfkhv kdyh
ehhq edvhg rq frqyhqwlrqdo frqwuro vwudwhjlhv1 Dv zloo eh
glvfxvvhg vkruwo|/ wklv eulqjv derxw frqvlghudeoh frpsol0
fdwlrqv dqg olplwdwlrqv1 Lq dgglwlrq/ sdvw zrun kdv ehhq
frqvwudlqhg e| rqo| olplwhg dydlodeoh phdqv wr vlpxodwh wkh
sk|vlfv ri wkh erg| wr eh frqwuroohg/ wkxv pdnlqj lw hlwkhu
qhfhvvdu| wr exlog urerwv ru uhvruw wr vlpsol�hg prghov lq
vlpxodwlrq1
Jlyhq wkh lqkhuhqw gl!fxowlhv lq ghvljqlqj vwdeoh frq0

wuroohuv iru qdwxudo orrnlqj elshgdo zdonlqj/ lw zdv ghflghg
wr lqyhvwljdwh wkh xvh ri hyroxwlrqdu| urerwlfv whfkqltxhv
^5` lq ghyhorslqj uhfxuuhqw g|qdplfdo qhxudo0qhwzrun0edvhg
frqwuroohuv iru wkh wdvn1 Wklv sdshu ghvfulehv vxffhvvixo
h{shulphqwv lq hyroylqj frqwuroohuv iru d uhdolvwlfdoo| vlpx0
odwhg elshg1 Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv=
Zh �uvw uhylhz suhylrxv zrun rq frqwuroohu dufklwhfwxuhv

iru elshgdo zdonlqj1 Wkhvh duh vxevhtxhqwo| frqwudvwhg
zlwk wkh dssurdfk wdnhq khuh= hyroxwlrqdu| urerwlfv1 Vhf0
wlrq LL ghvfulehv wkh lpsohphqwdwlrq ri erwk wkh elshg dqg
wkh qhxudo frqwuroohu/ dv zhoo dv wkh hyroxwlrqdu| dojrulwkp
xvhg lq wklv uhvhdufk1 Dv vkrzq lq wkh vxevhtxhqw uhvxowv
vhfwlrq/ wklv frpelqdwlrq vxffhhghg lq surgxflqj qdwxudo
orrnlqj elshgdo zdonlqj1 Vhfwlrq LY dgguhvvhv wkh lqwhjud0
wlrq ri vhqvru| lqsxw dqg ghvfulehv d fruuhvsrqglqj/ vxf0
fhvvixo h{shulphqw1 Wkh duwlfoh forvhv zlwk d glvfxvvlrq ri
Ghsduwphqw ri ]rrorj|/ Xqlyhuvlw| ri R{irug/ Vrxwk Sdunv Urdg/

R{irug/ R[4 6SV/ XN1 Hpdlo= wruvwhq1uhloC}rr1r{1df1xn
FRJV/ Xqlyhuvlw| ri Vxvvh{/ Idophu/ Euljkwrq/ EQ4 <TK/ XN

wkh uhvhdufk suhvhqwhg1
D1 Uhodwhg Zrun
Wkh pdmru wkuxvw ri uhvhdufk rq elshgdo zdonlqj kdv

frph iurp frpsxwhu judsklfv dqg urerwlfv1 Lq wkh fdvh
ri wkh iruphu/ dqlpdwlrq whfkqltxhv vxfk dv prwlrq fds0
wxuh ^6` kdyh frph wr grplqdwh wkh duhd1 Prwlrq fdswxuh
hvvhqwldoo| lpsolhv �oplqj wkh ghvluhg kxpdq ehkdylrxu/
dqg xvlqj wkh rewdlqhg gdwd wr dqlpdwh d frpsxwhu jhqhu0
dwhg htxlydohqw1 Wkh dgydqwdjh ri wklv dssurdfk lv fohduo|
wkh delolw| wr lpphgldwho| jhqhudwh uhdolvwlf elshgdo prwlrq
g|qdplfv1 Krzhyhu/ Odv}or hw do1 ^7` pdnh lw fohdu wkdw
�prwlrq fdswxuh grhv qrw surylgh xv zlwk vx!flhqw xqghu0
vwdqglqj wr fuhdwh pruh jhqhudo zdonlqj prwlrqv/ hvshfldoo|
zkhq frqglwlrqv duh xqsuhglfwdeoh/ zkhq qhz prwlrqv qhhg
wr eh jhqhudwhg/ ru zkhq ghdolqj zlwk qrq0kxpdq fkdudf0
whuv1�
Wkhvh vkruwfrplqjv fdq eh ryhufrph e| d vhfrqg ds0

surdfk/ zklfk lv edvhg rq d vhpl0sk|vlfdo uhsuhvhqwdwlrq
ri wkh elshg dqg d frqwuroohu wr fuhdwh pryhphqw sdwwhuqv1
Zlwk whfkqltxhv vxfk dv lqyhuvh nlqhpdwlfv dqg lqyhuvh g|0
qdplfv/ yluwxdo olpev fdq eh sodfhg dw wkh ghvluhg srvlwlrqv/
dqg wkh uhtxluhg irufhv duh frpsxwhg dffruglqjo|1
Vhyhudo zrunhuv ^7`^8` kdyh iroorzhg wklv dssurdfk wr fuh0

dwh frpsxwhu dqlpdwlrqv ri kxpdqv1 Wkh htxdwlrqv ri pr0
wlrq duh hlwkhu surgxfhg vshfl�fdoo| iru wkh prgho wr eh
dqlpdwhg ru duh jhqhudwhg zlwk dydlodeoh sdfndjhv ^8`^9`1
W|slfdoo|/ d �qlwh vwdwh pdfklqh ghwhuplqhv wkh frqwuro df0
wlrqv +zlwk f|folf vwdwhv vxfk dv khho frqwdfw/ wrh frqwdfw/
xqordglqj ru  ljkw ^8`^7`^:`,/ dqg vshfldo irupv ri olplw f|foh
frqwuro pd| eh dssolhg wr dfklhyh wkh qhfhvvdu| vwdelolw|
^7`1 Wkh dqlpdwhg hqg uhvxowv ri wkhvh h�ruwv forvho| uh0
vhpeoh qdwxudo prwlrq sdwwhuqv/ exw pd| qhyhuwkhohvv idlo
wr frqylqfh wkh kxpdq h|h lq vshfl�fdoo| ghvljqhg �prwlrq
Wxulqj whvwv� ^8` +wkhvh whvwv frqiurqw kxpdq vxemhfwv zlwk
frpsxwhu jhqhudwhg dqg uhdo0olih dqlpdwlrqv/ dqg dvn wkhp
wr glvfhuq ehwzhhq wkh wzr,1 Wklv odfn ri uhdolvp lv d gluhfw
frqvhtxhqfh ri wkh frqwuroohu dufklwhfwxuh hpsor|hg> d vwdwh
pdfklqh grhv qrw uhdglo| surgxfh wkh  xfwxdwlrqv w|slfdo
ri uhdo orfrprwlrq1 Pruh vljql�fdqwo|/ lw fdqqrw hdvlo| eh
h{whqghg wr lqwhjudwh vhqvru| lqsxw1 Ixuwkhupruh/ wkh fuh0
dwlrq ri vwdwh pdfklqhv fdq eh d fxpehuvrph surfhvv/ dv
vwdwhv kdyh wr eh lghqwl�hg/ lpsohphqwhg dqg �qh wxqhg e|
kdqg iru hdfk w|sh ri jdlw wr eh prghoohg ^8`1
Elshgdo orfrprwlrq lq urerwv lv vxemhfw wr wkh sk|vlfdo

odzv ri wkh qdwxudo zruog/ dqg khqfh vkruw fxwv olnh pr0
wlrq fdswxuh duh qrw dydlodeoh1 Elshgdo urerwv zlwk ydu|lqj
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frpsoh{lwlhv kdyh ehhq surgxfhg dqg frqwuroohg e| vhyhudo
uhvhdufkhuv ^;`0^49`1 Dv zlwk frpsxwhu judsklfv prghov/ wkh
fruuhvsrqglqj frqwuroohu dufklwhfwxuhv duh w|slfdoo| edvhg
rq vwdwh pdfklqhv zlwk vshfldo dojrulwkpv dgghg rq wrs wr
surylgh wkh qhfhvvdu| vwdelolw|1 Prvw uhfhqwo|/ Sudww hw do1
^47` kdyh xvhg Yluwxdo Prgho Frqwuroohuv iru sodqdu elshgdo
urerwv1 Khuh/ yluwxdo phfkdqlfdo frpsrqhqwv duh dwwdfkhg
wr wkh urerw dqg h{huw uhdo dfwxdwru wrutxhv ru irufhv1 Iru
h{dpsoh/ d yluwxdo grj wudfn exqq| lv xvhg wr pdlqwdlq d
ghvluhg yhorflw| lq d sodqdu elshg urerw1 D vwdwh pdfklqh
fkdqjhv wkh yluwxdo frpsrqhqw frqqhfwlrqv ru sdudphwhuv
dw hdfk vwdwh wudqvlwlrq1 Wrjhwkhu zlwk d vhw ri vlpsoh uxohv
iru/ h1j1/ khljkw/ slwfk/ dqg vshhg vwdelolvdwlrq/ wklv doorzv
d pruh lqwxlwlyh ghyhorsphqw ri vwdeoh frqwuroohu dufklwhf0
wxuhv dqg vrphzkdw hdvhv wkh sureohp ri pdwkhpdwlfdo
wudfwdelolw| hqfrxqwhuhg lq suhylrxv dwwhpswv ^46`1 Lq dg0
glwlrq wr whvwlqj dqg rswlplvlqj frqwuro vwudwhjlhv rq wkh
uhdo urerw/ Sudww dqg Sudww ^4:` kdyh xvhg d uljlg0erg|
vlpxodwlrq ^9` wr fuhdwh d uhdolvwlf prgho ri d elshg1 Wklv
doorzhg h!flhqw h{shulphqwdwlrq zlwk wkh urerw*v qdwxudo
g|qdplfv +vxfk dv sdvvlyho| vzlqjlqj ohjv,1
Lq vxppdu|/ zlwk ihz h{fhswlrqv/ vxfk dv Ploohu ^4;`/ zkr

xwlol}hv uhlqirufhphqw ohduqlqj iru wudlqlqj d qhxudo qhw/
suhylrxv dssurdfkhv wr elshgdo zdonlqj kdyh ehhq edvhg
rq hqjlqhhulqj whfkqltxhv olnh vwdwh pdfklqhv dqg frqyhq0
wlrqdo frqwuro wkhru|1 Dv uhpdunhg rq hduolhu/ wklv fdxvhv d
qxpehu ri sureohpv= d, pdwkhpdwlfdo wudfwdelolw|/ e, pdq0
xdo rswlplvdwlrq/ f, olplwhg h{whqgdelolw|/ dqg g, olplwhg
elrorjlfdo sodxvlelolw|1 Lw lv dujxhg khuh wkdw wkh hyroxwlrq0
du| urerwlfv dssurdfk suhvhqwhg ehorz kdv wkh srwhqwldo wr
ryhufrph wkh �uvw wkuhh frqvwudlqwv e| lpsurylqj rq wkh
odvw rqh/ elrorjlfdo sodxvlelolw|1
E1 Hyroxwlrqdu| Urerwlfv
Hyroxwlrqdu| urerwlfv zdv lqwurgxfhg dv dq dowhuqdwlyh

wr wkh kdqg ghvljq ri urerw frqwuroohuv/ hvshfldoo| iru dx0
wrqrprxv urerwv dfwlqj lq xqfhuwdlq dqg qrlv| grpdlqv
^4<`^53`1 Hyroxwlrqdu| dojrulwkpv duh xvhg wr vhdufk vsdfhv
ri frqwuroohuv +dqg srwhqwldoo| erg| dqg vhqvru od|rxwv
wrr, ghvfulehg e| d vhw ri yduldeohv hqfrghg rq wkh duwl0
�fldo jhqrw|sh1 Wkh �wqhvv ixqfwlrq lv xvxdoo| wdvn0edvhg/
wkdw lv/ kljk vfruhv duh dfklhyhg e| frqwuroohuv wkdw hqdeoh
wkh urerw wr shuirup wkh ghvluhg wdvn zhoo1 Wkhvh frq0
wuroohuv duh qhduo| dozd|v lq wkh irup ri vrph nlqg ri du0
wl�fldo qhxudo qhwzrun +DQQ,1 Wkh mre ri wkh hyroxwlrqdu|
vhdufk dojrulwkp udqjhv iurp rswlpl}lqj wkh sdudphwhuv ri
d �{hg0dufklwhfwxuh DQQ ^54`^55`^56` wr h{sorulqj frpsoh{
qhwzrun vsdfhv zkhuh wkh dufklwhfwxuh dqg pdq| surshu0
wlhv ri wkh qrghv dqg frqqhfwlrqv duh xqghu hyroxwlrqdu|
frqwuro ^57`^58`1
Wkhuh kdyh ehhq pdq| vxffhvvixo dssolfdwlrqv ri hyr0

oxwlrqdu| urerwlfv wr gdwh/ udqjlqj iurp vlpsoh uhdfwlyh
ehkdylrxuv lq zkhhohg urerwv zlwk LU sur{lplw| vhqvruv
^55`^59`/ wkurxjk ylvxdoo| jxlghg ehkdylrxuv lq vlpsoh
zkhhohg urerwv ^5:`^5;`/ wr idluo| frpsoh{ qrq0uhdfwlyh eh0
kdylrxuv lq vlpsoh zkhhohg urerwv ^5<`/ dqg d ydulhw| ri
orfrprwlrq frqwuroohuv iru 90 dqg ;0ohjjhg urerwv ^63`0 ^67`1
Iru idu pruh ghwdlohg uhylhzv ri wkh �hog vhh ^6:`^5`1

 

Ilj1 41 PdwkHqjlqh lpsohphqwdwlrq ri wkh elshg1 Qrwh wkdw dowkrxjk
wzr erglhv duh xvhg wr lpsohphqw wkh nqhh/ rqo| rqh erg| lv
qhfhvvdu|1

Wr gdwh hyroxwlrqdu| urerwlfv whfkqltxhv kdyh qrw ehhq
dssolhg wr d wdvn dv g|qdplfdoo| xqvwdeoh dv frqwuroolqj
elshgdo orfrprwlrq14 Lw lv wklv lqkhuhqw lqvwdelolw| +jhq0
hudoo| wzr0ohjjhg zdonhuv zloo idoo ryhu zlwkrxw frqwlqx0
rxv dfwlyh frqwuro, wkdw surylghv vhyhuh fkdoohqjhv wr wkh
kdqg ghvljq ri vxfk frqwuroohuv/ hvshfldoo| li vprrwk qdw0
xudo zdonlqj lv uhtxluhg1 Krzhyhu/ jlyhq wkh vxffhvv ri
hyroyhg orfrprwlrq frqwuroohuv iru uhodwlyho| vwdeoh kh{d0
srg dqg rfwrsrg urerwv ^63`0^67`/ lw zdv ghhphg dssursul0
dwh wr lqyhvwljdwh wkh xvh ri vxfk whfkqltxhv iru ghyhorslqj
elshgdo orfrprwlrq frqwuroohuv1 Dv zloo eh vhhq odwhu lq wklv
sdshu/ hyroxwlrqdu| urerwlfv phwkrgv zhuh lqghhg vxffhvv0
ixo lq �qglqj vwdeoh frqwuroohuv iru elshgdo zdonlqj1

LL1 Lpsohphqwdwlrq
D1 Wkh Elshg
D14 PdwkHqjlqh Erglhv dqg Mrlqwv
Xqolnh suhylrxv/ hperglhg dssurdfkhv/ wkh djhqw wr eh

frqwuroohg khuh lv prghoohg xvlqj wkh uljlg erg| g|qdplfv
vlpxodwlrq VGN riPdwkHqjlqhWP= Wklv doorzv wkh hydoxd0
wlrqv wr eh uxq vljql�fdqwo| idvwhu wkdq uhdo wlph ^6;`/ dqg
wkxv juhdwo| lqfuhdvhv wkh h!flhqf| ri wkh hyroxwlrqdu| ds0
surdfk1
PdwkHqjlqh*v Idvw G|qdplfv Wrronlw zdv ghyhorshg wr

ryhufrph wkh wzr prvw suhvvlqj sureohpv lq wkh vlpxodwlrq
ri sk|vlfv= frpsoh{lw| dqg vshhg1 Surjudpphg lq F/ lw
vxssruwv erglhv/ mrlqwv/ frqwdfwv dqg irufhv/ wkh dwwulexwhv
ri zklfk fdq eh vhw e| wkh xvhu ^6<`1 Rqfh vhw xs/ d sk|vlfdo
zruog lv lqwhjudwhg e| wkh hqjlqh ryhu wlph lq xvhu0gh�qhg
lqwhuydov1 Wkh VGN xvhg khuh +41318, lv vklsshg zlwk dq
RshqJO dqg Gluhfw6G uhqghuhu wr ylvxdol}h wkh vfhqh1
Wkh lpsohphqwdwlrq ri wkh erglhv iru wklv uhvhdufk lv

fkdudfwhul}hg e| wkh qhhg wr fdswxuh wkh ixqgdphqwdo ihd0
�Zkloh rwkhu uhvhdufkhuv vxfk dv Urguljxhv ^68` dqg gh Jdulv ^69`

glg xvh hyroxwlrqdu| rswlpl}dwlrq lq wkh frqwh{w ri elshgdo zdonlqj/
wr wkh dxwkruv* nqrzohgjh/ qr uhvhdufk kdv vr idu ghprqvwudwhg wkh
dssolfdelolw| ri hyroyhg uhfxuuhqw qhxurfrqwuroohuv iru d uhdo0wlph dqg
sk|vlfdoo| uhdolvwlf elshg vlpxodwlrq1
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Frpsrvlwh Erg| Ohqjwk Pdvv
Shoylv 318 p 4 nj
Xsshu Ohj 318 p 319 nj
Orzhu Ohj 318 p 319 nj

WDEOH L
Zdonhu glphqvlrqv dqg pdvvhv1 PH erglhv duh frpelqhg wr

phwd0erglhv

wxuhv ri d elshg zkloh olplwlqj wkh erg|*v frpsoh{lw| dqg
ghjuhhv ri iuhhgrp1 Wkxv/ wkh prgho xvhg khuh frqvlvwv
ri wzr duwlfxodwhg ohjv frqqhfwhg e| d olqn1 Wkluwhhq Pd0
wkHqjlqh erglhv dqg hohyhq mrlqwv duh xvhg wr lpsohphqw
wkhvh vwuxfwxuhv/ dv looxvwudwhg lq Iljxuh 4 +Ehfdxvh hdfk
ohj frqvlvw ri wzr frpsrvlwh erglhv zlwk wzr vskhuhv dqg
rqh frqqhfwlqj olqn hdfk/ wkh suhvhqw lpsohphqwdwlrq xvhv
wzr erglhv iru hdfk nqhh,1
Wkh ghjuhhv ri iuhhgrp +GRI, ri wkh mrlqwv duh= kls mrlqw=

5 GRI +slwfk2uroo, 0 nqhh= 4 GRI +slwfk,/ jlylqj d wrwdo
ri 9 GRI1
Dowkrxjk lpsruwdqw iru uhdo zdonlqj +iru h{dpsoh lq

elugv ru kxpdqv,/ ihhw dqg dqnoh mrlqwv duh qrw lpsoh0
phqwhg1 Wkh| lpsrvh dgglwlrqdo GRI dqg zrxog wkhuhiruh
frqvlghudeo| lqfuhdvh wkh frqwuroohu*v vhdufk vsdfh1 Lq dggl0
wlrq/ wkh fdsdelolwlhv ri PdwkHqjlqh VGN 41318 pdnh uhdolv0
wlf irrw0 rru frqwdfw d frpsxwdwlrqdoo| h{shqvlyh hqghdy0
rxu +gxh wr wkh qhhg iru pxowlsoh frqwdfw srlqwv,1 Vskhuh0
sodqh frqwdfwv +vskhuh udglxv= ; fp, surylgh dq xqfrpsol0
fdwhg dqg idvw dowhuqdwlyh dqg duh xvhg lqvwhdg1 Dv zloo
ehfrph fohdu odwhu wklv vlpsol�fdwlrq grhv qrw frph dw d
qrwlfhdeoh frvw lq whupv ri wkh ryhudoo erg| g|qdplfv1
D15 Dfwxdwruv
Pxvfoh dfwlrq lv prghoohg e| sursruwlrqdo ghulydwlyh

+SG, frqwuroohuv ^73`^8`/ zklfk duh hvvhqwldoo| htxlydohqw wr
gdpshg wruvlrqdo vsulqjv1 Wkhlu prgxv rshudqgl lv fkdu0
dfwhul}hg e| wkh iroorzlqj htxdwlrq=

W @ nv+�g � �,� ng b� +4,
zlwk W ehlqj wkh wrutxh irufh/ nv wkh vsulqj frqvwdqw/

ng wkh gdpslqj frqvwdqw/ �g wkh ghvluhg dqjoh/ dqg � wkh
fxuuhqw dqjoh1
Udwkhu wkdq gluhfwo| gh�qlqj wkh vwuhqjwk ri dfwxdwru

irufhv/ wkh frqwuroohu xsgdwhv wkh qdwxudo rulhqwdwlrq ri wkh
SG frqwuroohu +wkh ghvluhg dqjoh ri wkh olpe,1 Ht1 4 lv wkhq
xvhg wr frpsxwh wkh irufh qhfhvvdu| wr pryh wkh olpe wr
wkdw srvlwlrq1 Wkh vsulqj frqvwdqw dqg gdpslqj ydoxh gh0
whuplqh wkh vwuhqjwk dqg wkh whqghqf| wr rvfloodwh1 Wkhlu
ydoxhv wkhuhiruh vljql�fdqwo| lq xhqfh wkh uhdolvp ri pryh0
phqwv1 E| phdqv ri pdqxdo h{shulphqwdwlrq/ ydoxhv ri
nv @ 8 dqg ng @ 7 zhuh irxqg wr eh dssursuldwh dqg duh
xvhg iru doo dfwxdwruv1
Wkh SG dssurdfk odujho| holplqdwhv wkh qhhg wr sk|v0

lfdoo| olplw mrlqw dqjohv/ vlqfh wkh vdph h�hfw lv dfklhyhg
e| frqvwudlqlqj wkh udqjh ri �g1 Wdeoh LL vkrzv wkh frq0
vwudlqwv xvhg iru wkh elshg lqwurgxfhg hduolhu1 Lq dgglwlrq/

Mrlqw Dqjoh Udgldqv Ghjuhhv
nqhhbiurqwbedfn 0417 wr 313 0;<14 wr 313
klsbodwhudo 031; wr 31; 0831< wr 831<
klsbiurqwbedfn 0416 wr 419 0;71: wr 4341:

WDEOH LL
Dqjoh olplwv ri elshg mrlqwv1 Ydoxhv zhuh rewdlqhg

khxulvwlfdoo|

Ilj1 51 Wkh uhfxuuhqw qhxudo qhwzrun xvhg wr frqwuro elshgdo zdonlqj1
Vkdghg qrghv duh prwru qhxurqhv1 Qrwh wkdw frqqhfwlrqv duh el0
gluhfwlrqdo dqg dv|pphwulf1

SGv surylgh frqwuro dw wkh phfkdqlfdo ohyho dv wkh| dxwr0
pdwlfdoo| uhgxfh dq| glvfuhsdqf| ehwzhhq wkh fxuuhqw dqg
ghvluhg dqjoh> zkhwkhu wklv glvfuhsdqf| kdv frph derxw e|
d frqwuroohu0phgldwhg xsgdwhg ydoxh ru e| wkh g|qdplfv ri
wkh sk|vlfdo zruog lv luuhohydqw1 Dv d frqvhtxhqfh/ wkh whq0
ghqf| ri olpev/ iru h{dpsoh/ wr exfnoh xqghu wkh pdvv ri
wkh erg| lv frxqwhudfwhg gluhfwo| e| wkh SGv/ d ihdw zklfk
zrxog rwkhuzlvh kdyh wr eh dffrpsolvkhg e| wkh qhxudo
frqwuroohu1

E1 Frqwuroohu Dufklwhfwxuh
Ohjjhg orfrprwlrq lv fkdudfwhul}hg e| f|folf dfwlylw| ri

wkh olpev1 Lq yhuwheudwhv dqg pdq| lqyhuwheudwhv/ wkh xq0
ghuo|lqj uk|wkplf qhxudo dfwlydwlrq sdwwhuqv duh fuhdwhg e|
ghvljqdwhg qhwzrun vwuxfwxuhv fdoohg fhqwudo sdwwhuq jhqhu0
dwruv +FSJv, ^74`1 Wkh gh�qlqj ihdwxuh ri wkhvh lv d kljk
ghjuhh ri uhfxuuhqf|/ zklfk juhdwo| eldvhv wkh g|qdplfv ri
wkh v|vwhp wrzdugv f|folf dfwlydwlrq sdwwhuqv1
Lq rughu wr fdslwdol}h rq frpsdudeoh lqkhuhqw g|qdplfv/

wkh frqwuroohu dufklwhfwxuh xvhg lq wklv uhvhdufk lv edvhg rq
d uhfxuuhqw qhxudo qhw/ wkh vwuxfwxuh ri zklfk lv ghslfwhg
lq Iljxuh 51 +Vlplodu qhwzrunv kdyh ehhq xvhg vxffhvvixoo|
dv FSJv e| ^75` dqg ^65`/ lq erwk fdvhv iru pxowlohjjhg
urerwv1,
Hdfk qhwzrun frqvlvwv ri whq ixoo| lqwhufrqqhfwhg qhx0

urqv1 Ehvlghv wkh zhljkwv/ wkh ehkdylrxu ri d qrgh lv jry0
huqhg e| wzr rwkhu sdudphwhuv/ d wlph frqvwdqw � m dqg d
eldv wm 1 Dw hdfk lwhudwlrq +wlph vwhs= 3135v,/ wkh dfwlylw|
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Ilj1 61 Prwru frqqhfwlrqv ehwzhhq frqwuroohu dqg zdonhu1 Wkh klsv
kdyh 5 GRIv hdfk +vdjlwwdo +l1h1/ iurqw wr edfn, dqg odwhudo,/ wkh
nqhhv kdyh 4 GRI hdfk +iurqw wr edfn,1

Ilj1 71 Hqfrglqj vfkhph1 Fkurprvrph lqgh{ lv vkrzq lq jhqhudo
irup +q= qxpehu ri qrghv, dqg iru vshfldo fdvh ri q @ 43 +lq
eudfnhwv,1 Sdudphwhuv duh hqfrghg dv uhdo ydoxhv1 Udqjhv lq
er{hv uhsuhvhqw xsshu dqg orzhu erxqgv ri wkh uhvshfwlyh sdudp0
hwhu w|shv1

ri wkh mwk qhxurq lv frpsxwhg dffruglqj wr htxdwlrq 5/
� m bDm @ �Dm .

[zlmRl +5,
zlwk � m ehlqj wkh wlph frqvwdqw ri wkh mwk qhxurq/ Dm

lwv dfwlylw|/ Rl wkh rxwsxw iurp wkh lwk qhxurq/ dqg zlm wkh
zhljkw iurp wkh lwk wr wkh mwk qhxurq1

Wkh fruuhvsrqglqj rxwsxw lv fdofxodwhg dv iroorzv=
Rm @ +4 . h+�m�Dm,,�4 +6,

zkhuh �m lv wkh eldv ri wkh mwk qhxurq1
Qrghv 4 wr 9 duh vshfldo lq wkdw wkh| frqwuro wkh elshg*v

dfwxdwruv dqg wkh| fdq wkhuhiruh eh frqvlghuhg wr eh prwru
qhxurqv1 Wkhlu rxwsxwv +iurp 313 wr 413, duh vfdohg wr pds
wr wkh dqjoh olplwv olvwhg lq Wdeoh LL1 Iljxuh 6 vfkhpdwlfdoo|
ghslfwv wkh prwru frqqhfwlrqv1
F1 Hyroxwlrqdu| Dojrulwkp
F14 Hqfrglqj Vfkhph dqg Srsxodwlrq Sdudphwhuv
Wkh sdudphwhuv wr eh rswlpl}hg duh zhljkwv/ wlph frq0

vwdqwv/ dqg eldvhv1 Wkh hqfrglqj vfkhph vsdwldoo| vhsd0
udwhv wkh wkuhh w|shv lq wkh fkurprvrph +Iljxuh 7,1
Sdudphwhu ydoxhv duh frghg dv uhdo qxpehuv/ zlwk gli0

ihuhqw udqjhv iru hdfk gdwd w|sh1 Iroorzlqj ^75` dqg ^65`/
wkhvh duh ^04913/ 4913` iru wkh zhljkwv/ ^318/ 813` iru wkh wlph
frqvwdqwv/ dqg ^0713/ 713` lq wkh fdvh ri wkh eldvhv1 Wkh
dvvljqphqw ri wkhvh udqjhv lv vlpsol�hg e| wkh vsdwldo vhs0
dudwlrq ri wkh w|shv> vlploduo|/ gl�huhqw pxwdwlrq udwhv dqg
vl}hv fdq eh dssolhg1 Zkloh wkh iruphu uhpdlqv frqvwdqw

Sdudphwhu � �L �Pzhljkw ; 3 3
wlph frqvwdqw 418 51:8 3
eldv 6 3 3

WDEOH LLL
Lqlwldol}dwlrq +l, dqg pxwdwlrq +p, glvwulexwlrqv iru

gliihuhqw sdudphwhu w|shv1 Vwdqgdug ghyldwlrq dqg vhsdudwh
phdqv ri Jdxvvldq glvwulexwlrq duh vkrzq

wkurxjkrxw wkh fkurprvrph/ wkh gl�huhqwldo lpsohphqwd0
wlrq ri wkh odwwhu lv qhfhvvdu| gxh wr wkh ydu|lqj sdudphwhu
ydoxh udqjhv1 Wklv lv dfklhyhg e| xvlqj Jdxvvldq glvwulex0
wlrqv1 Wdeoh LLL vkrzv wkh pxwdwlrq vl}hv lq irup ri vwdq0
gdug ghyldwlrqv iurp phdq 31 Ydoxhv h{fhhglqj wkh doorzhg
udqjh duh folsshg wr wkh pd{lpdoo| shuplwwhg ohyho1 +Wklv
lv nqrzq wr fuhdwh glvsursruwlrqdwh dffxpxodwlrqv durxqg
wkh folsslqj srlqwv ^76`/ zklfk zhuh/ krzhyhu/ irxqg wr eh
qhjoljleoh lq wklv zrun1,
Wkh pxwdwlrq udwh lv fdofxodwhg vr dv wr fdxvh rq dyhudjh

rqh fkdqjh shu fkurprvrph1 Wkxv/ iru odujhu qhwzrunv dq
dffruglqjo| orzhu udwh shu orfxv lv dssolhg1 Wrjhwkhu zlwk
w|slfdoo| vpdoo pxwdwlrq vl}hv +vhh Wdeoh LLL,/ wklv hqvxuhv
wkdw wkh hyroxwlrqdu| vhdufk lv orfdo dqg judgxdo1 Hdfk
srsxodwlrq frqvlvwv ri 83 lqglylgxdov/ dqg lwv lqglylgxdo
frqwuroohuv duh lqlwldol}hg zlwk udqgrpl}hg ydoxhv xvlqj wkh
lqlwldol}dwlrq glvwulexwlrqv ri Wdeoh LLL1 Udqn0edvhg vhohf0
wlrq lv xvhg iru uhsurgxfwlrq zlwk d �wwhvw iudfwlrq ri 318
+wklv hvvhqwldoo| phdqv fxoolqj wkh erwwrp kdoi ri wkh srs0
xodwlrq dqg uhsodflqj lw zlwk d frs| ri wkh wrs kdoi ^77`,1
Qr furvvryhu rshudwlrqv duh dssolhg erwk rq wkhruhwlfdo +qr
lghqwl�deoh ixqfwlrqdo xqlwv lq wkh jhqrw|sh dqg skhqrw|sh
vwuxfwxuh ^78`, dqg hpslulfdo jurxqgv +uhfhqw h{shulphqwdo
hylghqfh rq odfn ri h!flhqf| ri furvvryhu lq wklv sureohp
grpdlq ^58`,1
F15 Hydoxdwlrq ri Frqwuroohuv
Ghvslwh wkh frpsoh{lw| ri elshgdo orfrprwlrq/ lw lv srv0

vleoh wr uhgxfh wkh �wqhvv ixqfwlrq wr wkh iroorzlqj wzr
frpsrqhqwv=

d, Pd{lpl}h glvwdqfh wudyhoohg iurp ruljlq
e, Gr qrw orzhu fhqwuh ri judylw| ehorz d fhuwdlq khljkw
Wkh �uvw remhfwlyh lpsolflwo| lqfoxghv wkh orfrprwlrq

frpsrqhqw zkloh dw wkh vdph wlph uhzduglqj zdonlqj lq d
vwudljkw olqh udwkhu wkdq lq flufohv +qrwh wkdw wklv zrxog qrw
eh wuxh iru Pd{lpl}h ryhudoo glvwdqfh wudyhoohg,1 Wkh vhf0
rqg jrdo frpelqhv wzr ixuwkhu idfwruv= lw shqdol}hv idoolqj
grzq dv zhoo dv jurwhvtxh pryhphqwv1 +Pxfk ri wkh vhfrqg
srlqw lv douhdg| surklelwhg e| frqvwudlqlqj wkh mrlqw dqjohv
lq wkh sk|vlfdo prgho1, Wr lpsuryh h!flhqf| hydoxdwlrqv
duh whuplqdwhg hduo| li wkh| duh xqsurplvlqj/ l1h1 dv vrrq
dv remhfwlyh e, lv qrw phw1 Khqfh/ wkh �wqhvv ixqfwlrq iru d
elshg rq dq {0} zdonlqj sodqh fdq eh h{suhvvhg dv iroorzv=

Z @s+{w � {3,5 . +}w � }3,5 +7,
zlwk Z ehlqj wkh �wqhvv/ { dqg } wkh sodqdu frpsr0

qhqwv ri wkh zdonhu srvlwlrq/ dqg w wkh wlph ri wkh hydoxd0



8

Ilj1 81 Glvwulexwlrq ri glvwdqfhv fryhuhg e| xqvwdeoh +d, dqg vwdeoh
+e, lqglylgxdov1 Wkh wrs lqglylgxdov ri d wrwdo ri 433 gl�huhqw
hyroxwlrqdu| uxqv duh vkrzq1 Elq vl}h= 4p1

wlrq whuplqdwlrq1 Hydoxdwlrqv duh vwduwhg zlwk doo qhxurq
dfwlydwlrqv vhw wr }hur dqg zlwk wkh elshg vhw wr dq xs0
uljkw vwdqfh1 Rqh uxq lv shuiruphg shu hydoxdwlrq/ zlwk d
pd{lpxp srvvleoh ohqjwk ri 83 vhfrqgv hdfk1

LLL1 Uhvxowv
Srsxodwlrqv ri udqgrpo| lqlwldol}hg lqglylgxdov zhuh

hyroyhg dffruglqj wr wkh �wqhvv fulwhuld rxwolqhg deryh1 Lq
rughu wr |lhog phdqlqjixo vwdwlvwlfv/ 433 hyroxwlrqdu| uxqv
zhuh frqgxfwhg/ hdfk frqvlvwlqj ri 453 jhqhudwlrqv1 Iljxuh
8 vkrzv wkh glvwulexwlrq ri wkh glvwdqfhv fryhuhg e| wkh wrs
lqglylgxdo ri hdfk uxq lq wkh odvw jhqhudwlrq1 Iru uhdvrqv
ri fodulw|/ wkh glvwulexwlrqv iru xqvxffhvvixo +xqvwdeoh, dqg
vxffhvixo +vwdeoh, frqwuroohuv duh vkrzq vhsdudwho|1
Hydoxdwlrqv ri lqglylgxdov lq glvwulexwlrq +d, zhuh whu0

plqdwhg suhpdwxuho| ehfdxvh wkhlu fhqwuh ri judylw| ihoo
ehorz wkh vshfl�hg khljkw +vhh LL1F15,1 Lqglylgxdov ri glv0
wulexwlrq +e,/ rq wkh rwkhu kdqg/ glg qrw idoo ryhu lq wkh
jlyhq dprxqw ri wlph +83 vhfrqgv,1 Dgglwlrqdo wuldov zlwk
vxfk frqwuroohuv vkrzhg wkhp wr eh fdsdeoh ri zdonlqj iru
dq lqgh�qlwho| orqj shulrg1 Wkh| fdq wkhuhiruh eh uhjdughg
dv vwdeoh1
Wkh iudfwlrq ri hyroxwlrqdu| uxqv ohdglqj wr vwdeoh zdon0

huv zdv 43(/ wkh dyhudjh zdonlqj glvwdqfh ri zklfk zdv
5318::p +�@413;6,1 Wklv frpsduhv wr dq dyhudjh zdon0
lqj glvwdqfh ri :1;:;p +�@71685, iru wkh xqvwdeoh zdonhuv1
Iljxuh 9 vkrzv wkh �wqhvv judsk ri d uxq uhvxowlqj lq vxfk
d vwdeoh frqwuroohu1 Wkh qhxudo dfwlydwlrq sdwwhuqv ri wkh
wrs frqwuroohu lq jhqhudwlrq 453 duh ghslfwhg lq Iljxuh :1
Iljxuh ; frqwdlqv d elshg prwlrq vhtxhqfh ri wkh hyroyhg
frqwuroohu1 Doo frqwuroohuv hyroyhg lq wkh frxuvh ri wkh h{0
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Ilj1 <1 Suhsurfhvvlqj ri wzr vljqdo ydoxhv uhvxowlqj lq �qdo vlqjoh
ydoxh v1 Wkh gl�huhqfh lv glylghg e| wkh vxp ri wkh wzr vljqdo
vwuhqjwkv wr jlyh d vwurqjhu gluhfwlrqdo vljqdo forvh wr wkh vrxqg
vrxufh1 Wklv dovr fdxvhv wkh vljqdo wr ydqlvk zlwk wkh elshg idflqj
wkh vrxqg vrxufh1

shulphqwv zdonhg lq d vwudljkw olqh/ d gluhfw uhvxow ri wkh
�wqhvv ixqfwlrq +Ht1 7,1 Edfnzdugv zdonlqj frqwuroohuv
zhuh dovr hyroyhg/ doehlw dw d orzhu iuhtxhqf| wkdq wkhlu
iruzdug frxqwhusduwv1 Wkh ryhudoo glyhuvlw| ri zdonhuv zdv
odujh> jdlwv gl�huhg pdunhgo| iurp hdfk rwkhu erwk lq whupv
ri vshhg +dv vhhq lq Iljxuh 8, dqg xvh ri olpev1 Nqhh pryh0
phqwv lq sduwlfxodu vkrzhg frqvlghudeoh yduldwlrq udqjlqj
iurp ixoo| vzlqjlqj wr frqvwdqwo| h{whqghg1 Pruhryhu/ vhy0
hudo jdlwv glvsod|hg dv|pphwu|/ erwk lq vwulgh ohqjwk dqg
olpe xvh1
D1 H!flhqf| ri Hyroxwlrqdu| Uxqv
Wkh idfw wkdw rqo| 43( ri hyroxwlrqdu| uxqv ohg wr vwdeoh

zdonlqj dsshduhg wr lqglfdwh urrp iru lpsuryhphqw1 Iru
wkh pdmrulw| ri xqvxffhvvixo frqwuroohuv/ dqdo|vlv vkrzhg
wkdw wkh olwwoh glvwdqfh wkh| glg fryhu zdv frqwuroohg e|
wkh vhwwolqj skdvh ri wkh uhfxuuhqw qhw1 Zh wkhuhiruh dgghg
dq dgglwlrqdo �wqhvv fulwhulrq wkdw dfwlyho| uhzdughg f|folf
dfwlylw|1 Wklv pdunhgo| lqfuhdvhg wkh sursruwlrq ri vxf0
fhvvixo uxqv +wr fd1 ;3(,/ exw zdv qrw uh hfwhg lq d sur0
sruwlrqdwh lpsuryhphqw ri wkh ryhudoo wlph h!flflhqf| +l1h1
vxffhvvixo frqwuroohuv shu surfhvvru f|foh,1 Wkh uhdvrq iru
wklv olhv lq wkh idfw wkdw xqvxffhvvixo frqwuroohu hydoxdwlrqv
duh deruwhg hduo| +vhh LL1F15,/ wkxv wdnlqj xs rqo| olplwhg
frpsxwdwlrqdo uhvrxufhv1

LY1 Lqwhjudwlqj Vhqvru| Lqsxw
Wkh frqwuroohuv ghvfulehg lq vhfwlrq LLL duh sxuho| uk|wkp

jhqhudwlqj vwuxfwxuhv1 Dowkrxjk vx!flhqw wr surgxfh vwd0
eoh zdonlqj ehkdylrxu lq d qrq0 xfwxdwlqj hqylurqphqw/
wkh| duh qrw fdsdeoh ri ghdolqj zlwk urxjk whuudlq ru uh0
vsrqglqj wr h{whuqdo vwlpxol1 Lq rughu wr dfklhyh wklv/ vhq0
vru| lqsxw pxvw eh lqwhjudwhg dqg wkh FSJ dfwlylw| prg0
l�hg dffruglqjo|1 D vlpsoh vhw ri h{shulphqwv zdv fduulhg
rxw wr h{soruh wkh srwhqwldo wr lqwhjudwh edvlf vhqvru| lqsxw
dqg zloo eh ghvfulehg qrz1
� Wkh elshg lv wr zdon wrzdugv wkh htxlydohqw ri d vrxqg
vrxufh1 Lw lv htxlsshg zlwk wzr chduv*/ wkh lqsxwv ri zklfk
duh suhsurfhvvhg wr jlyh d vlqjoh vljqdo zklfk ehfrphv

Ilj1 431 Hdfk qrgh ri wkh UQQ uhfhlyhv dv lqsxw wkh suhsurfhvvhg
vljqdo ydoxh v1

vwurqjhu zlwk ghfuhdvlqj glvwdqfh iurp wkh vrxufh15 Lq dg0
glwlrq wkh vljqdo ydqlvkhv zkhq wkh elshg lv gluhfwo| idflqj
wkh vrxufh1 +Iljxuh <,1 Wkh vljqdo lv ihg lqwr wkh FSJ dv
ghslfwhg lq Iljxuh 431 Wkh srsxodwlrq lv lqlwldol}hg xql0
irupo| zlwk forqhv ri wkh wrs lqglylgxdo iurp wkh uxq gh0
slfwhg lq Iljxuh 91 Wkh FSJ zhljkwv duh fodpshg/ exw wkh
zhljkwv ri wkh whq frqqhfwlrqv ehwzhhq wkh vhqvru| qrgh
dqg wkh UQQ qrghv duh xqghu wkh frqwuro ri wkh HD1 Dw
hdfk hydoxdwlrq/ wkh elshg vwduwv iurp lwv ghidxow srvlwlrq
dqg lv suhvhqwhg vxffhvvlyho| zlwk wzr vrxqg vrxufh orfd0
wlrqv1 Ehfdxvh wkh wdvn lv wr dssurdfk wkh vljqdo dv forvho|
dv srvvleoh/ wkh �wqhvv ixqfwlrq lv wkh qhjdwlyh glvwdqfh ri
wkh zdonhu wr wkh vrxqg vrxufh dw wkh wlph ri whuplqdwlrq
+dv fdxvhg e| wkh frqglwlrqv rxwolqhg lq LL1F15,/ ru wkh qdw0
xudo hqg ri wkh hydoxdwlrq +diwhu 83 vhfrqgv,1
D1 Uhvxowv
Iljxuh 44 ghslfwv dq hyroxwlrqdu| uxq zlwk wkh srsx0

odwlrq vhhghg zlwk lqglylgxdov iurp wkh uxq ghslfwhg lq
Iljxuh 91 Wkh judsk lv fkdudfwhul}hg e| dq lqlwldoo| vwurqj
lqfuhdvh lq �wqhvv/ exw lw idlov wr uhdfk wkh pd{lpxp �wqhvv
ydoxh ri 3=31
Dv looxvwudwhg lq Iljxuh 45/ wkh frqwuroohu vxffhhghg lq

zdonlqj wrzdugv wkh uhvshfwlyh vljqdo srvlwlrqv lq wkh wzr
uxqv1
Krzhyhu/ ylvxdo dqdo|vlv ri wkh zdonhuv pdgh fohdu wkdw

wkh jdlw ehfrphv xqvwdeoh forvh wr wkh uhvshfwlyh vljqdo
vrxufhv1 Wklv lv sduwlfxoduo| wuxh iru wkh vhfrqg/ uljkw uxq1
Wr ixuwkhu lqyhvwljdwh wkh delolw| ri wkh vhqvruv wr prg0

xodwh wkh qhw*v dfwlylw| sdwwhuq dv zhoo dv wr h{dplqh wkh
uhdvrqv iru wkh hyhqwxdo lqvwdelolw|/ wkh qhxurqdo dfwlydwlrq
sdwwhuqv ri wkh wzr uxqv zhuh uhfrughg dqg duh uhsuhvhqwhg
lq Iljxuh 461
Wkh dfwlydwlrq judskv lqglfdwh wkdw wkh wxuqlqj eh0

kdylrxu lv dw ohdvw sduwo| dfklhyhg e| prgxodwlqj wkh dpsol0
2Wklv dssur{lpdwdlrq grhv qrw krog wuxh zkhq wkh elshg lv yhu|

forvh wr wkh vrxqg vrxufh +l1h1/ zkhq wkh glvwdqfh wr wkh vrxufh lv
frpsdudeoh zlwk wkh glvwdqfh ehwzhhq wkh djhqw*v hduv,1
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Ilj1 441 Ilwqhvv judsk ri elshgdo zdonlqj zlwk vhqvru| lqwhjudwrq1
Wkh srsxodwlrq zdv vhhghg zlwk lqglylgxdov iurp wkh uxq gh0
slfwhg lq Iljxuh :1

Ilj1 451 Wudmhfwrulhv ri elshg zlwk vhqvru| lqwhjudwlrq +wzr uxqv duh
vkrzq,1 Vljqdov duh orfdwhg dw ^06/043` dqg ^6/043`1 Uxq rqh= ohiw1
Uxq wzr= uljkw1

Ilj1 461 Qhxudo dfwlydwlrq judsk ri elshg zdonlqj wrzdugv uljkw +wrs,
dqg ohiw +erwwrp, vljqdo1 Rqo| dfwlydwlrq ri uljkw kls vdjlwwdo +l1h1
iurqw wr edfn, qhxurq lv vkrzq1 +Rwkhu qhxudo dfwlydwlrqv glg qrw
gl�hu pdunhgo| iurp wkrvh ri Iljxuh :1,

wxgh ri wkh uljkw kls vdjlwwdo prwru qhxurq +zklfk frqwurov
wkh iurqw wr edfn pryhphqw,/ zlwk d ghfuhdvh uhvxowlqj lq
uljkw +wrs judsk, dqg dq lqfuhdvh uhvxowlqj lq ohiw +erwwrp
judsk, wxuqlqj1 Dgglwlrqdo h{shulphqwv zhuh fduulhg rxw/
lqfoxglqj hyroxwlrq ri wkh ehkdylrxu iurp vfudwfk +l1h1 xq0
vhhghg srsxodwlrqv,/ dqg hyroxwlrq zlwk vhhghg srsxodwlrqv
exw zlwk hyroydeoh FSJ zhljkwv1 Krzhyhu/ qhlwkhu ri wkhvh
dgglwlrqdo h{shulphqwdo vhulhv surgxfhg uhvxowv vxshulru wr
wkrvh grfxphqwhg deryh1

Y1 Glvfxvvlrq
Ghvslwh dq h{wuhpho| vlpsoh �wqhvv ixqfwlrq/ wkh HD

hpsor|hg lq wklv uhvhdufk zdv fdsdeoh ri surgxflqj vwd0
eoh vwudljkw0olqh zdonhuv zlwkrxw wkh xvh ri sursulrfhswlyh
vhqvru| lqsxw1 Hyroxwlrqdu| dojrulwkpv uho| rq hyroydeoh
v|vwhpv/ dqg wkh judgxdo qdwxuh ri wkh �wqhvv judskv +h1j1
Iljxuh 9, lqglfdwhv wkdw wkh uhfxuuhqw qhwzrunv xvhg khuh
fdq lqghhg eh rswlpl}hg lq d frqwlqxrxv/ judgxdo pdqqhu1
Wklv qrwlrq kdv uhfhqwo| ehhq fruurerudwhg e| Uhqgho ^7:`/
zkr kdv vkrzq wkdw wkh �wqhvv odqgvfdsh xqghuo|lqj wkh
fxuuhqw frqwuroohu dufklwhfwxuhv lv yhu| vprrwk1 Iru h{dp0
soh/ lw zdv srvvleoh wr judgxdoo| prgli| wkh dpsolwxgh dqg
shulrg ri vshfl�f prwru qhxurq f|fohv zlwkrxw d�hfwlqj
wkrvh ri rwkhuv1
D ixuwkhu fkdudfwhulvwlf ri wkh fxuuhqw vhw0xs lv wkh delolw|

wr fuhdwh d odujh glyhuvlw| ri jdlwv/ erwk lq whupv ri vshhg
dqg wkh xvh ri olpev1 Vhyhudo jdlwv vkrzhg frqvlghudeoh vlp0
lodulw| wr kxpdq zdonlqj/ dowkrxjk wklv zdv qrw vshfl�fdoo|
vhohfwhg iru1 D srwhqwldo zd| wr ixuwkhu lqfuhdvh wkh uhdolvp
ri wkh prwlrq lv wr vhohfw iru plqlpxp hqhuj| h{shqglwxuh
+d vlpsoh phdvxuh iru wklv zrxog eh wkh dyhudjh dfwxdwru
dfwlylw|,1 Lw lv h{shfwhg wkdw wklv �wqhvv frpsrqhqw zloo
sduwlfxoduo| uhzdug wkh xvh ri nqhhv1 Lq wkh fxuuhqw lpsoh0
phqwdwlrq/ vhyhudo frqwuroohuv zdonhg zlwk h{whqghg ohjv/
ehfdxvh wklv lv frqfrplwdqw zlwk d odujh vwulgh ohqjwk1 Kx0
pdqv/ krzhyhu/ xvh wkh prphqwxp ri d iruzdug0vzlqjlqj
orzhu ohj/ zklfk lv hqhujhwlfdoo| pruh idyrxudeoh ^4:`1
Wkh hyroyhg frqwuroohuv zhuh ixuwkhu fkdudfwhul}hg e|

qrquhshwlwlyh dfwlylw| f|fohv> lqvwhdg/ vpdoo  xfwxdwlrqv
zhuh revhuyhg +Iljxuh :,1 Vlplodu  xfwxdwlrqv kdyh hovh0
zkhuh ehhq irxqg wr frqwulexwh wr wkh shufhlyhg uhdolvp ri
vlpxodwhg orfrprwlyh ehkdylrxu ^7;`1 Uhdo elshgdo zdonlqj
frqwdlqv  xfwxdwlrqv lq vxffhvvlyh f|fohv/ dqg lw lv wkh odfn
ri wkhvh wkdw wkh kxpdq h|h slfnv xsrq lq rwkhu duwl�fldo
zdonlqj elshgv1
Wkh suholplqdu| h{shulphqwv rq wkh lqwhjudwlrq ri vhq0

vru| lqsxw lqglfdwh wkdw FSJ dfwlylw| fdq lqghhg eh prg0
l�hg e| h{whuqdo vwlpxol lq d phdqlqjixo zd| +Iljxuh 46,1
Krzhyhu/ lw lv fohdu wkdw wkh fxuuhqw vhqvru| dufklwhfwxuh lv
lqvx!flhqw wr prgxodwh wkh elshg*v ehkdylrxu dqg uhwdlq
vwdelolw|1 Iru h{dpsoh/ wkh vlpsoh suh0surfhvvlqj ixqfwlrq
fdxvhv odujh/ ghvwdelolvlqj/  xfwxdwlrqv li wkh elshg lv forvh
wr wkh vljqdo vrxufh1 Wklv sureohp lv ixuwkhu lqwhvl�hg e|
wkh odfn ri dfwlyh edodqflqj phfkdqlvpv1 Wkh lqwhjudwlrq
ri sursulrfhswlyh +h1j1/ olpe srvlwlrqv dqg yhorflwlhv, dqg
yhvwlexodu +edodqfh, lqsxw lv wkhuhiruh d qhfhvvdu| qh{w vwhs
wr dfklhyh pruh lqwhudfwlyh dqg urexvw ehkdylrxu1
D txhvwlrq wkdw zdv qrw v|vwhpdwlfdoo| h{soruhg lv lq krz
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idu wkh qhwzrun vl}h d�hfwv wkh h!flhqf| ri wkh dssurdfk/
erwk lq whupv ri vhdufk vsdfh dv zhoo dv lqwhuqdo g|qdplfv
ri wkh qhw1 Zlwk wkh fxuuhqw dufklwhfwxuh/ d olqhdu lqfuhdvh
lq wkh qxpehu ri qrghv ohdgv wr dq txdgudwlf lqfuhdvh ri wkh
fruuhvsrqglqj vhdufk vsdfh1 D srvvleoh zd| wr flufxpyhqw
wklv sureohp lv wr hpsor| lghqwlfdo vxeqhwzrunv iru hdfk
ohj1 Vxfk d frqvwhoodwlrq vhhpv wr uh hfw wkh qdwxudo du0
udqjhphqw ri frxsohg rvfloodwruv pruh dffxudwho| ^7<` ^83`
dqg kdv ehhq vxffhvvixoo| xvhg hovhzkhuh lq wkh frqwh{w ri
pxowlohjjhg orfrprwlrq ^75` ^84`1
Zh zrxog olnh wr uhlwhudwh wkdw wkh vwdeoh zdonhuv du0

ulyhg dw glg qrw uhtxluh sursulrfhswlyh lqsxw wr dfklhyh
vwdeoh zdonlqj lq d vwudljkw olqh1 Wklv fruurerudwhv uhvxowv
rewdlqhg hovhzkhuh ^85` wkdw vkrz wkdw phfkdqlfdo zdon0
huv fdq dwwdlq vwdeoh vwudljkw0olqh zdonlqj rq d sodqdu vxu0
idfh zlwkrxw dfwlyh edodqfh frqwuro1 Zkloh wkrvh elshgv
zhuh phfkdqlfdoo| �qh wxqhg wr h{sorlw judylw| dv dq hq0
huj| vrxufh/ wkh lpsohphqwdwlrq suhvhqwhg khuh uholhv rq
hyroxwlrqdu| rswlplvdwlrq wr �qh wxqh dfwlyh dfwxdwlrq1
Zh eholhyh wkdw wkh qhxurhyroxwlrqdu| dssurdfk gh0

vfulehg khuh eulqjv derxw vhyhudo pdmru ehqh�wv= d, lw lv
ixoo| dxwrpdwhg/ khqfh fkdqjhv lq pruskrorj| ru dfwxd0
wru lpsohphqwdwlrqv fdq eh hdvlo| dffrpprgdwhg e| uh0
hyroylqj wkh frqwuroohuv/ e, wkh glyhuvlw| ri orfrprwlyh eh0
kdylrxuv lv odujh ehfdxvh wkh v|vwhp grhv qrw uhtxluh d sul0
rul nqrzohgjh dv wr krz wr vroyh wkh frqwuro sureohp/ dqg
f, wkh hyroyhg frqwuroohuv duh frpsxwdwlrqdoo| yhu| fkhds
+w|slfdoo| wdnlqj xs 318( ri wkh surfhvvlqj srzhu uhtxluhg
e| judsklfv dqg sk|vlfv,1

YL1 Frqfoxvlrq
Zh kdyh ghprqvwudwhg wkh vxlwdelolw| ri dq hyroxwlrq0

du| urerwlfv dssurdfk wr wkh sureohp ri vwdeoh 6G elshgdo
zdonlqj lq vlpxodwlrq1 Wkh fxuuhqw lpsohphqwdwlrq lv fd0
sdeoh ri zdonlqj lq d vwudljkw olqh rq d sodqdu vxuidfh zlwk0
rxw wkh xvh ri sursulrfhswlyh lqsxw1 Krzhyhu/ wkh xvh ri
wkh odwwhu zloo ehfrph qhfhvvdu| wr vwdelol}h wkh elshg rq
xqhyhq whuudlq ru lq uhvsrqvh wr gluhfwlrqdo fkdqjhv1 Wkh
qhxudo frqwuroohu hpsor|hg lq wklv uhvhdufk ohqgv lwvhoi wr
wkh lqfrusrudwlrq ri vxfk dgglwlrqdo lqsxw1
Wkh txdolw| ri wkh uhvxowv lv h{shfwhg wr ixuwkhu lpsuryh

e| d uh�qhg �wqhvv ixqfwlrq/ dv zhoo dv d vkliw wrzdugv frx0
sohg qhxudo rvfloodwruv lqvwhdg ri d vlqjoh qhwzrun1 Ixuwkhu0
pruh/ lw lv ghvludeoh wr lqfrusrudwh elrphfkdqlfdo nqrzo0
hgjh derxw kxpdq zdonlqj lq rughu wr pdnh pd{lpxp xvh
ri wkh sdvvlyh g|qdplfv ri wkh erglhv1 Wkhvh dvshfwv duh
fxuuhqwo| ehlqj lpsohphqwhg1
Lq wkhru|/ wkh uhvxowv rewdlqhg khuh duh gluhfwo| wudqvihu0

deoh wr hperglhg urerwv1 Lq sudfwlfh/ krzhyhu/ wkhuh duh
olnho| wr eh frpsolfdwlrqv gxh wr d srvvleoh odfn ri dffxudf|
ri wkh sk|vlfv hqjlqh1 Lw uhpdlqv wr eh vhhq zkhwkhu wklv
cuhdolw| jds* fdq eh furvvhg zlwk dssursuldwh whfkqltxhv
vxfk dv qrlvh hqyhorshv ^59`1

YLL1 Dfnqrzohgjhphqwv
Wkh dxwkruv zrxog olnh wr wkdqn Frop Pdvvh| dqg Zloo

Zud| +PdwkHqjlqh, iru vxssruw frqfhuqlqj wkh sk|vlfv hq0
jlqh/ dqg Qhlo Sdwwlqvrq/ Mxoldq Zrue| dqg Gdylg Udxehq0

khlphu iru khosixo glvfxvvlrqv1 Zh duh dovr judwhixo wr wkh
dqrq|prxv uhylhzhuv ri d suhylrxv yhuvlrq ri wklv sdshu iru
wkhlu khosixo dqg frqvwuxfwlyh frpphqwv1
Wklv uhvhdufk zdv vxssruwhg e| wkh HSVUF dqg wkurxjk

wkh Jx| Qhzwrq Vfkroduvkls lq ]rrorj| zlwk Zroivrq Fro0
ohjh/ R{irug1

Uhihuhqfhv
^4` Ehhu/ U1 G1/ Fklho/ K1 M1/ Txlqq/ U1 G1/ Ulw}pdqq/ U1 H1+4<<;,

Elrurerwlf Dssurdfkhv wr wkh Vwxg| ri Prwru V|vwhpv/ Fxuuhqw
Rslqlrq lq Qhxurelrorj|/ ;= :::0:;51

^5` M10D1 Ph|hu/ S1 Kxvedqgv dqg L1 Kduyh| +4<<;, Hyroxwlrqdu|
Urerwlfv= D vxuyh| ri dssolfdwlrqv dqg sureohpv1 Lq S1 Kxvedqgv
dqg M10D1 Ph|hu +Hgv,/ Hyroxwlrqdu| Urerwlfv/ 4054/ Vsulqjhu
Yhuodj OQFV yro1 479;1

^6` Euxghuolq/ D1/ Zlooldpv/ O1 +4<<8, Prwlrq Vljqdo Surfhvv0
lqj1 Frpsxwhu Judsklfv Surfhhglqjv/ Dqqxdo Frqihuhqfh Vhulhv
+VLJJUDSK *<8,/ ss1 <:04371

^7` Odv}or/ M1I1/ ydq gh Sdqqh/ P1/ Ilxph/ H1 +4<<9, Olplw F|foh
Frqwuro dqg lwv Dssolfdwlrq wr wkh Dqlpdwlrq ri Edodqflqj dqg
Zdonlqj1 Frpsxwhu Judsklfv Surfhhglqjv/ Dqqxdo Frqihuhqfh
Vhulhv +VLJJUDSK *<9,/ ss1 48804951

^8` Krgjlqv/ M1N1 +4<<9, Wkuhh0Glphqvlrqdo Kxpdq Uxqqlqj1 Sur0
fhhglqjv ri wkh LHHH Frqihuhqfh rq Urerwlfv dqg Dxwrpdwlrq11

^9` PLW Fuhdwxuhv/ kwws=22zzz1dl1plw1hgx2surmhfwv2ohjode2 vlpx0
odwlrqv2vlpxodwlrqv1kwpo1

^:` ydq gh Sdqqh/ P1/ Nlp/ U1/ Ilxph/ H1 +4<<9, Yluwxdo Zlqg0xs
Wr|v iru Dqlpdwlrq/ Judsklfv Lqwhuidfh *<7/ ss1 53;05481

^;` Rjr/ N1/ Jdqvh/ D1/ Ndwr/ O1 +4<;3, G|qdplf zdonlqj ri elshg
zdonlqj pdfklqh dlplqj dw frpsohwlrq ri vwhdg| zdonlqj1 Wklug
V|psrvlxp rq Wkhru| dqg Sudfwlfh ri Urerwv dqg Pdqlsxodwruv1
Hovhylhu Vflhqwl�f Sxeolvklqj1

^<` Ndwr/ W1/ Wdndqlvkl/ D1/ Mlvklndzd/ K1/ Ndwr/ L1 +4<;6, Wkh uhdo0
l}dwlrq ri wkh txdvl0g|qdplf zdonlqj e| wkh elshg zdonlqj pd0
fklqh1 Irxuwk V|psrvlxp rq Wkhru| dqg Sudfwlfh ri Urerwv dqg
Pdqlsxodwruv/ Srolvk Vflhqwl�f Sxeolvkhuv1

^43` Wdndqlvkl/ D1/ Wrfkl}dzd/ P1/ Ndudnl/ K1/ Ndwr/ L1 +4<;<,
G|qdplf Elshg Zdonlqj Vwdelol}hg zlwk Rswlpdo Wuxqn dqg
Zdlvw Prwlrq1 LHHH2UVM Lqwhuqdwlrqdo Zrunvkrs rq Lqwhool0
jhqw Urerwv dqg V|vwhpv *;</ ss 4;:04<51

^44` Plxud/ K1/ Vklpr|dpd/ L1 +4<;7, G|qdplf Zdon ri d Elshg1
Lqwhuqdwlrqdo Mrxuqdo ri Urerwlfv Uhvhdufk 6= 630:71

^45` Ixuxvkr/ M1/ Vdqr/ D1 +4<<3, Vhqvru0Edvhg Frqwuro ri d Qlqh0
Olqn Elshg1 Lqwhuqdwlrqdo Mrxuqdo ri Urerwlfv Uhvhdufk/ <+5,=
;60<;1

^46` Sudww/ M1/ Sudww/ J1 4<<;1 Lqwxlwlyh Frqwuro ri d Sodqdu Elshgdo
Zdonlqj Urerw1 Surfhhglqjv ri wkh LHHH Lqwhuqdwlrqdo Frqihu0
hqfh rq Urerwlfv dqg Dxwrpdwlrq +LFUD *<;,/ Ohxyhq/ Ehojlxp
4<<;1

^47` Sudww/ M1/ Glozruwk/ S1/ Sudww/ J1 +4<<:, Yluwxdo Prgho Frqwuro
ri d Elshgdo Zdonlqj Urerw1 Surfhhglqjv ri wkh LHHH Lqwhuqd0
wlrqdo Frqihuhqfh rq Urerwlfv dqg Dxwrpdwlrqv +LFUD *<:,/
Doextxhutxh/ QP1 4<<:1

^48` W1 Plwd/ W1 \dpdjxfkl/ W1 Ndvklzdvh dqg W1 Ndzdvh +4<<7,
Uhdol}dwlrq ri d kljk vshhg elshg xvlqj prghuq frqwuro wkhru|/
Lqw1 M1 FRQWURO/ 73= 4/ 43:044<1

^49` Krqgd S6 Kxpdqrlg Urerw/ kwws=22zzz1krqgd1fr1ms2hqjolvk2
whfkqrorj|2urerw2lqgh{1kwpo1

^4:` Sudww/ M1/ Sudww/ J1 +4<<;, H{sorlwlqj Qdwxudo G|qdplfv lq wkh
Frqwuro ri d Sodqdu Elshgdo Zdonlqj Urerw1 Surfhhglqjv ri wkh
Wkluw|0Vl{wk Dqqxdo Doohuwrq Frqihuhqfh rq Frppxqlfdwlrq/
Frqwuro/ dqg Frpsxwlqj/ Prqwlfhoor/ LO/ Vhswhpehu 4<<;1

^4;` Ploohu/ Z1 W1 +4<<7, Uhdo0wlph qhxudo qhwzrun frqwuro ri d elshg
zdonlqj urerw1 LHHH Frqwuro V|vwhpv/ 47= 7407;1

^4<` Eurrnv/ U1 +4<<5, Duwl�fldo Olih dqg Uhdo Urerwv1 Lq= I1 Yduhod
dqg S1 Erxujlqh +Hgv, Surf1 Iluvw Hxurshdq Frqi1 rq Duwl�fldo
Olih/ 6043/ PLW Suhvv1

^53` Kxvedqgv/ S1/ Kduyh|/ L1 +4<<5, Hyroxwlrq yhuvxv ghvljq= Frq0
wuroolqj dxwrqrprxv urerwv1 Lq Surf1 6ug Dqqxdo Frqi1 rq Du0
wl�fldo Lqwhooljhqfh/ Vlpxodwlrq dqg Sodqqlqj/ 46<0479/ LHHH
Suhvv1

^54` Ehhu/ U1/ Jdoodjkhu/ M1 +4<<5, Hyroylqj g|qdplfdo qhxudo qhw0
zrunv iru dgdswlyh ehkdylru/ Dgdswlyh Ehkdylru 4+4,= <404551

^55` Ioruhdqr/ G1/ Prqgdgd/ I1 +4<<7, Dxwrpdwlf fuhdwlrq ri dq dx0
wrqrprxv djhqw= jhqhwlf hyroxwlrq ri d qhxudo qhwzrun gulyhq
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urerw1 Lq G1 Fol� hw do1 +Hgv, Iurp Dqlpdov wr Dqlpdwv 6/ PLW
Suhvv1

^56` Qro�/ V1/ Ioruhdqr/ G1/ Pljolqr/ R1/ Prqgdgd/ I1 +4<<7, Krz wr
hyroyh dxwrqrprxv urerwv= Gl�huhqw dssurdfkhv lq hyroxwlrqdu|
urerwlfv1 Lq U1 Eurrnv dqg S1 Pdhv +Hgv, Duwl�fldo Olih LY/ PLW
Suhvv1

^57` Ioruhdqr/ G1/ Prqgdgd/ I1 +4<<9, Hyroxwlrq ri sodvwlf qhxurfrq0
wuroohuv iru vlwxdwhg djhqwv1 Lq S1 Pdhv hw do1 +Hgv, Iurp Dqlpdov
wr Dqlpdwv 7/ PLW Suhvv1

^58` Kxvedqgv/ S1/ Vplwk/ W1/ Mdnrel/ Q1/R*Vkhd/ P1 +4<<;, Ehwwhu
olylqj wkurxjk fkhplvwu|= hyroylqj JdvQhwv iru urerw frqwuro/
Frqqhfwlrq Vflhqfh/ 43 +6)7,= 4;805431

^59` Mdnrel/ Q1/ Kxvedqgv/ S1/ Kduyh|/ L1 +4<<8, Qrlvh dqg wkh uhdolw|
jds= wkh xvh ri vlpxodwlrq lq hyroxwlrqdu| urerwlfv1 Lq M1 Prudq
hw do +Hgv, Surf1 6ug Hxurshdq Frqi1 rq Duwl�fldo Olih/ Vsulqjhu
Yhuodj1

^5:` Kduyh|/ L1 Kxvedqgv/ S1 +4<<7, Vhhlqj wkh oljkw= duwl�fldo hyr0
oxwlrq/ uhdo ylvlrq1 Lq G1 Fol� hw do1 +Hgv, Iurp Dqlpdov wr Dq0
lpdwv 6/ PLW Suhvv1

^5;` Ioruhdqr/ G1/ Qro�/ V1/ Prqgdgd/ I1 +4<<;, Frpshwlwlyh fr0
hyroxwlrqdu| urerwlfv= Iurp wkhru| wr sudfwlfh/ Iurp Dqlpdov
wr Dqlpdwv 8/ 8480857/ PLW Suhvv11

^5<` Qro�/ V1 +4<<:, Hyroylqj qrq0wulyldo ehkdylrxu lq dxwrqrprxv
urerwv= Dgdswdwlrq lv pruh srzhuixo wkdq ghfrpsrvlwlrq dqg
lqwhjudwlrq1 Lq W1 Jrpl +hg, Iurp Lqwhooljhqw Urerwv wr Duwl�fldo
Olih +HU*<:,/ DDL Errnv1

^63` Jdoodjkhu/ M1/ Ehhu/ U1/ Hvshqvfklho/ N1/ Txlqq/ U1 +4<<9, Ds0
solfdwlrq ri hyroyhg orfrprwlrq frqwuroohuv wr d kh{dsrg urerw1
Urerwlfv dqg Dxwrqrprxv V|vwhpv 4<= <804361

^64` Juxdx/ I1 +4<<:, Fhooxodu hqfrglqj iru lqwhudfwlyh hyroxwlrqdu|
urerwlfv1 Lq S1 Kxvedqgv dqg L1 Kduyh| +Hgv,/ Irxuwk Hxurshdq
Frqi1 rq Duwl�fldo Olih/ PLW Suhvv1

^65` Mdnrel/ Q1 +4<<;, Uxqqlqj Dfurvv wkh Uhdolw| Jds= Rfwrsrg
Orfrprwlrq Hyroyhg lq d Plqlpdo Vlpxodwlrq1 Lq Kxvedqgv/ R1/
Ph|hu/ M1 +hgv,/ Ohfwxuh Qrwhv lq Frpsxwhu Vflhqfh 0 Hyroxwlrq0
du| Urerwlfv1 Vsulqjhu Yhuodj1

^66` Jrpl/ W dqg Lgh/ N +4<<:, Hphujhqfh ri jdlwv ri d ohjjhg urerw
e| frooderudwlrq wkurxjk hyroxwlrq1 Surf1 Lqw1 V|psrvlxp rq
Duwl�fldo Olih dqg Urerwlfv/ Vsulqjhu Yhuodj1

^67` Nrgmdedfkldq/ M1/ Ph|hu/ M10D1 +4<<;, Hyroxwlrq dqg ghyhors0
phqw ri qhxudo qhwzrunv frqwuroolqj orfrprwlrq/ judglhqw iroorz0
lqj/ dqg revwdfoh dyrlgdqfh lq duwl�fldo lqvhfwv1 LHHH Wudqvdf0
wlrqv rq Qhxudo Qhwzrunv1 PLVVLQJ

^68` Urgjuljxhv/ O1/ Sudgr/ P1/ Wdyduhv/ W1/ gd Vloyd/ N1/ Urvd/ D1
+4<<9, Vlpxodwlrq dqg Frqwuro ri Elshg Orfrprwlrq 0 JD Rs0
wlpl}dwlrq/ Surfhhglqjv ri LHHH Lqwhuqdwlrqdo Frqihuhqfh rq
Hyroxwlrqdu| Frpsxwdwlrq/ ss16<306<8/ Qdjr|d/ Mdsdq1

^69` gh Jdulv/ K1 +4<<3, Jhqhwlf Surjudpplqj = Hyroxwlrq ri Wlph
Ghshqghqw Qhxudo Qhwzrun Prgxohv Zklfk Whdfk d Sdlu ri Vwlfn
Ohjv wr Zdon/ <wk1 Hxurshdq Frqihuhqfh rq Duwl�fldo Lqwhool0
jhqfh/ Dxjxvw 4<<3/ Vwrfnkrop/ Vzhghq1

^6:` Pdwdulf/ P/ Fol�/ G1 +4<<9, Fkdoohqjhv lq hyroylqj frqwuroohuv iru
sk|vlfdo urerwv1 Urerwlfv dqg Dxwrqrprxv V|vwhpv/ 4<= 9:0;61

^6;` zzz1pdwkhqjlqh1frp
^6<` PdwkHqjlqh VGN 41{ Frgh Errn/ PdwkHqjlqh SOF1
^73` ydq gh Sdqqh/ P1/ Ilxph/ H1 +4<<6, Vhqvru0Dfwxdwru Qhw0

zrunv1 Frpsxwhu Judsklfv Surfhhglqjv/ Dqqxdo Frqihuhqfh Vh0
ulhv/ +VLJJUDSK *<6,/ ss1 66806751

^74` Fdodeuhvh/ U1 +4<<;, Fhooxodu/ v|qdswlf/ qhwzrun/ dqg prgxod0
wru| phfkdqlvpv lqyroyhg lq uk|wkp jhqhudwlrq/ Fxuuhqw Rslq0
lrq lq Qhxurelrorj| ;= :430:4:1

^75` Ehhu/ U1G1/ Jdoodjkhu/ M1F1 +4<<5, Hyroylqj g|qdplf qhxudo qhw0
zrunv iru dgdswlyh ehkdylrxu1 Dgdswlyh Ehkdylrxu 4= <404551

^76` Exoorfn/ V1 +4<<<, Duh Duwl�fldo Pxwdwlrq Eldvhv XqqdwxudoB/
Surfhhglqjv ri wkh 8wk Hxurshdq Frqihuhqfh rq Duwl�fldo Olih
+HFDO *<<,/ G1 Ioruhdqr/ M0G1 Qlfrxg/ I1 Prqgdgd +hgv1,/ ss1
970:;/ Vsulqjhu Yhuodj1

^77` Kloolv/ Z1 G1 +4<<5,1 Fr0hyroylqj sdudvlwhv lpsuryh vlpxodwhg
hyroxwlrq dv dq rswlpl}dwlrq surfhgxuh1 Lq Odqjwrq/ F1 hw do1
+hgv1, Duwl�fldo Olih LL/ Dgglvrq0Zhvoh|1 ss1 64606571

^78` Zdwvrq U1/ Kruqe|/ J1/ Sroodfn/ M1 +4<<;, Prghoolqj Exloglqj0
Eorfn Lqwhughshqghqf|/ SSVQ Y/ Hlehq/ Edfn/ Vfkrhqdxhu/
Vfkzh�ho +hgv1,/ Vsulqjhu Yhuodj1

^79` Jhwwlqj/ S1 dqg Ghnlq/ P1 +4<;8, Wulwrqld Vzlpplqj1 D prgho
v|vwhp iru lqwhjudwlrq zlwklq uk|wkplf prwru v|vwhpv1 Lq Vhoyhu0
vwrq D1L1 +hg1,1 Prgho Qhxudo Qhwzrunv dqg Ehkdylrxu/ ss1 604<1

^7:` Uhqgho/ P1 +5334, Wkh Vlpxodwhg Hyroxwlrq ri Fhqwudo Sdwwhuq
Jhqhudwruv/ Xqghujudgxdwh Surmhfw/ Xqlyhuvlw| ri R{irug1

^7;` Erghqkhlphu/ E1/ Vkohypdq/ D1 Y1/ Krgjlqv/ M1 N1 +4<<<, Wkh
H�hfwv ri Qrlvh rq wkh Shufhswlrq ri Dqlpdwhg Kxpdq Uxq0
qlqj/ Lq Pdjqhqdw0Wkdopdqq/ Q1/ Wkdopdqq/ G1 +hgv1,/ Frp0
sxwhu Dqlpdwlrq dqg Vlpxodwlrq *<</ Hxurjudsklfv Dqlpdwlrq
Zrunvkrs/ ss1 86096/ Vsulqjhu Yhuodj/ Zlhq1

^7<` Vnlqqhu/ I1 N1/ Pxoorqh|/ E1 +4<<;, Lqwhuvhjphqwdo frruglqdwlrq
lq lqyhuwheudwhv dqg yhuwheudwhv1 Fxuuhqw Rslqlrq lq Qhxurelro0
rj| <=:580:651

^83` Julooqhu/ V1/ Zdoohq/ S1/ Yldqd gl Sulvfr/ J1 +4<<3, Fhooxodu qhw0
zrun xqghuo|lqj orfrprwlrq dv uhyhdohg lq d orzhu yhuwheudwh
prgho= Wudqvplwwhuv/ phpeudqh surshuwlhv/ flufxlwu|/ dqg vlpx0
odwlrq1 Frog Vsulqj Kdueru V|ps1 Txdqw1 Elro1 88= ::<0:;<1

^84` Lmvshhuw/ D1/ Kdoodp/ M1/ Zloovkdz/ G1 +4<<;, Iurp odpsuh|v
wr vdodpdqghuv= hyroylqj qhxudo frqwuroohuv iru vzlpplqj dqg
zdonlqj/ Lq U1 Sihlihu hw do1 +Hgv, Iurp Dqlpdov wr Dqlpdwv 8/
ss1 6<306<</ PLW Suhvv1

^85` Dgroivvrq/ M1/ Gdqnrzlf}/ dqg D1 Qrugpdun +4<<;, 60g vwd0
eoh jdlw lq sdvvlyh elshgdo phfkdqlvpv/ Surfhhglqjv ri 68: Hx0
urphfk/ 4<<;1


