
Wkh Ur|do Vzhglvk Dfdghp| ri Vflhqfhv kdv ghflghg wr dzdug wkh

4<<; Edqn ri Vzhghq Sul}h lq Hfrqrplf Vflhqfhv

lq Phpru| ri Doiuhg Qreho

wr Surihvvru Dpduw|d Vhq/ Wulqlw| Froohjh/ Fdpeulgjh/ X1N1

iru klv frqwulexwlrqv wr zhoiduh hfrqrplfv1

Froohfwlyh ghflvlrqv duh pdgh lq hyhu| vrflhw|1 Wkh| uh hfw gl�huhqw irupv

dqg ghjuhhv ri ghprfudf| dqg htxdolw|/ zkloh frqwulexwlqj wr d pruh ru ohvv

hyhq glvwulexwlrq ri d vrflhw|*v zhoiduh1 Dq lqtxlu| lqwr froohfwlyh ghflvlrqv�

dqg vrfldo fkrlfh lq jhqhudo�udlvhv d qxpehu ri ixqgdphqwdo txhvwlrqv= Lv

wkhuh d idlu dqg wkhruhwlfdoo| vrxqg zd| ri djjuhjdwlqj lqglylgxdo suhihuhqfhv

lqwr ydoxhv iru vrflhw| dv d zkrohB Grhv wkh pdmrulw| sulqflsoh zrun lq

sudfwlfhB Krz vkrxog wkh uhvxowv ri froohfwlyh ghflvlrqv eh phdvxuhg dqg

hydoxdwhgB Zkdw nlqgv ri ghflvlrqv duh frqvlvwhqw zlwk gl�huhqw vfkrrov ri

prudo sklorvrsk|B D v|vwhpdwlf dqdo|vlv ri lvvxhv vxfk dv wkhvh lv suhflvho|

zkdw frqfhuqv wkh wkhru| ri vrfldo fkrlfh1 Lw h{dplqhv ixqgdphqwdo sureohpv

uhodwhg wr wkh ghvljq ri ghflvlrq uxohv lq d ghprfudwlf vrflhw|1 Wkh wkhru|

dovr kdv lpsruwdqw dssolfdwlrqv= Krz vkrxog lqfrph lqhtxdolw| eh phdvxuhg

lq d vrflhw|B Fdq wkh glvwulexwlrq ri zhoiduh eh frpsduhg dprqj gl�huhqw

vrflhwlhvB Zkdw ghwhuplqhv zkhwkhu ru qrw sryhuw| kdv ehhq plwljdwhgB

E| dqvzhulqj vxfk txhvwlrqv/ Dpduw|d Vhq kdv pdgh h{whqvlyh frqwulex0

wlrqv wr wkh ghyhorsphqw dqg dssolfdwlrq ri vrfldo fkrlfh wkhru|1 Klv zrun

kdv ehhq d vrxufh ri lqvsludwlrq wr pdq| rwkhu uhvhdufkhuv1 Kh kdv dovr ehhq

kljko| lqvwuxphqwdo lq uhvwrulqj dq hwklfdo glphqvlrq wr hfrqrplfv dqg uh0

odwhg glvflsolqhv1 Vrph ri Vhq*v vwxglhv kdyh lqlwldwhg d qhz dqg uhzduglqj
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vflhqwl�f dssurdfk> lq rwkhu lqvwdqfhv kh kdv hoderudwhg rq hvwdeolvkhg �hogv

ri uhvhdufk1 Klv frqwulexwlrqv udqjh iurp sxuho| d{lrpdwlf wkhru| ri vrfldo

fkrlfh/ ryhu dqdo|vlv dqg gh�qlwlrq ri zhoiduh lqgh{hv/ wr hpslulfdo vwxglhv ri

idplqh1

Ghvslwh lwv euhdgwk/ Vhq*v vfkroduo| surgxfwlrq lv zhoo lqwhjudwhg1 Klv

dqdo|vlv ri zhoiduh lqgh{hv lv forvho| olqnhg wr klv frqwulexwlrqv wr wkh wkh0

ru| ri vrfldo fkrlfh/ zkloh klv hpslulfdo vwxglhv duh edvhg rq wkh lghdv kh

ghyhorshg lq klv zrun rq zhoiduh phdvxuhphqw1 Gl�huhqw dvshfwv ri wkh glv0

wulexwlrq sureohp duh doprvw dozd|v dw wkh iruhiurqw1 Pdq| ri Vhq*v dqdo|0

vhv irfxv rq sryhuw|1 Lq sduwlfxodu/ klv hpslulfdo vwxglhv lq ghyhorsphqw

hfrqrplfv kdyh hqkdqfhg rxu xqghuvwdqglqj ri wkh phfkdqlvpv xqghuo|lqj

idplqh1

Xqwlo uhfhqwo|/ Dpduw|d Vhq khog surihvvruvklsv lq erwk hfrqrplfv dqg

sklorvrsk| dw Kduydug Xqlyhuvlw|1 Dv ri 4<<;/ kh lv Pdvwhu dw Wulqlw| Fro0

ohjh lq Fdpeulgjh/ Hqjodqg1 Kh zdv eruq lq Ehqjdo/ Lqgld lq 4<661 Diwhu

frpsohwlqj klv hduo| dfdghplf hgxfdwlrq lq Lqgld/ kh frqwlqxhg klv vwxglhv

lq Fdpeulgjh/ Hqjodqg dqg uhfhlyhg klv grfwrudwh wkhuh lq 4<8<1 Vhq kdv

ehhq surihvvru dw wkh Xqlyhuvlw| ri Ghokl/ 4<960:4/ wkh Orqgrq Vfkrro ri

Hfrqrplfv/ 4<:40::/ Doo Vrxov Froohjh lq R{irug/ 4<::0;; dqg Kduydug Xql0

yhuvlw|/ 4<;<0<:1 Kh kdv ehhq dzdughg vrph 53 krqrudu| grfwrudwhv dqg

kdv suhvlghg ryhu ohdglqj vflhqwl�f dvvrfldwlrqv/ vxfk dv wkh Dphulfdq Hfr0

qrplf Dvvrfldwlrq/ wkh Hfrqrphwulf Vrflhw| dqg wkh Lqwhuqdwlrqdo Hfrqrplf

Dvvrfldwlrq1 Klv vfkroduo| sxeolfdwlrqv lqfoxgh d gr}hq errnv dqg dssur{0

lpdwho| 533 duwlfohv lq vflhqwl�f mrxuqdov1 Vrph ri klv zrun ehorqjv vroho|

wr wkh hfrqrplfv vskhuh/ dowkrxjk d vljql�fdqw vkduh frpelqhv hfrqrplfv
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dqg sklorvrsk|1 Vhq kdv dovr ehhq d iuhtxhqw sduwlflsdqw lq wkh hfrqrplf

srolf| ghedwh/ sduwlfxoduo| uhjduglqj wkh sureohpv ri ghyhorslqj frxqwulhv/

srsxodwlrq dqg uhodwhg lvvxhv1

Wkh wkhru| ri vrfldo fkrlfh dqg Vhq*v frqwulexwlrqv wr lw duh ghvfulehg

lq Vhfwlrq 4 ehorz1 Vhfwlrq 5 dgguhvvhv Vhq*v zrun lq zhoiduh phdvxuhphqw

dqg vrph ri wkh zhoiduh lqgh{hv kh kdv sursrvhg1 Vhq*v vwxglhv lq ghyhors0

phqw hfrqrplfv/ sduwlfxoduo| klv hpslulfdo dqdo|vhv ri idplqh/ duh rxwolqhg

lq Vhfwlrq 61 D vxppdu| lv r�huhg lq Vhfwlrq 71

4 Wkh Wkhru| ri Vrfldo Fkrlfh

Vrfldo fkrlfh wkhru| dqdo|}hv wkh uhodwlrq ehwzhhq lqglylgxdo suhihuhqfhv dqg

froohfwlyh ghflvlrqv1 Ixqgdphqwdo lvvxhv duh zkhwkhu ydulrxv ghflvlrqv lq vr0

flhw| uhvshfw lqglylgxdo suhihuhqfhv dqg zkhwkhu gl�huhqw vrfldo vwdwhv fdq eh

udqnhg idluo|/ ru hydoxdwhg lq vrph rwkhu zd|1 Zkhq wkhuh lv jhqhudo djuhh0

phqw/ wkh fkrlfhv pdgh e| vrflhw| duh xvxdoo| xqfrqwuryhuvldo> wkh fkdoohqjh

dulvhv zkhq gl�huhqw lqwhuhvwv kdyh wr eh djjuhjdwhg lqwr ghflvlrqv zklfk

d�hfw hyhu|rqh14

Pdmrulw| uxoh lv suredeo| wkh prvw frpprq phwkrg ri pdnlqj froohfwlyh

ghflvlrqv lq d ghprfudf|1 D orqj wlph djr/ wklv uxoh zdv irxqg wr kdyh

gh�flhqflhv/ lq dgglwlrq wr wkh idfw wkdw lw pd| doorz d pdmrulw| wr vxssuhvv

d plqrulw|1 Lq vrph vlwxdwlrqv/ vr0fdoohg lqwudqvlwlylwlhv dulvh xqghu sdlu0zlvh

yrwlqj> wkdw lv/ d pdmrulw| pd| suhihu dowhuqdwlyh % wr dqrwkhu dowhuqdwlyh +/

4Wkdw hyhq xqdqlplw| fdq frph lqwr frq lfw zlwk lqglylgxdo uljkwv lv srlqwhg rxw lq

Vhq +4<:3e,1
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zkhuhdv d +vhfrqg, pdmrulw| suhihuv + wr d wklug dowhuqdwlyh 5> phdqzkloh/

d +wklug, pdmrulw| suhihuv 5 wr %1 Lq rwkhu vlwxdwlrqv/ lw pd| sd| r� iru

lqglylgxdov wr yrwh vwudwhjlfdoo|> wkdw lv/ qrw dozd|v yrwh iru wkhlu rzq ehvw

dowhuqdwlyh1 Wkhvh w|shv ri sureohpv prwlydwhg hfrqrplfv odxuhdwh Nhqqhwk

Duurz wr xqghuwdnh d v|vwhpdwlf vwxg| ri srwhqwldo uxohv iru djjuhjdwlqj

lqglylgxdo suhihuhqfhv lqwr suhihuhqfhv iru vrflhw| dv d zkroh/ lq dq dwwhpsw

wr �qg zrundeoh phfkdqlvpv iru froohfwlyh ghflvlrq0pdnlqj1 Pdmrulw| uxoh lv

wkhq rqo| rqh ri pdq| srvvleoh dowhuqdwlyhv1

Duurz*v dssurdfk surylghv d orjlfdoo| vwulqjhqw iudphzrun�zklfk eh0

fdph jhqhudoo| dffhswhg dprqj hfrqrplvwv�iru dqdo|}lqj wkh zd|v lq zklfk

lqglylgxdo suhihuhqfhv fdq eh djjuhjdwhg1 Wkh irupdo prgho iru froohfwlyh gh0

flvlrqv lv ghulyhg iurp d vhw � ri lqglylgxdov �/ hdfk ri zkrp kdv suhihuhqfhv

-� ryhu d vhw f ri vrfldo dowhuqdwlyhv/ ru vwdwhv1 Rqh zulwhv %-�+ zkhqhyhu

lqglylgxdo � zhdno| suhihuv dowhuqdwlyh % wr dowhuqdwlyh +c doorzlqj iru lqgli0

ihuhqfh ehwzhhq wkh wzr dowhuqdwlyhv1 Irupdoo|/ dq lqglylgxdo*v suhihuhqfhv

-� wkxv frqvwlwxwh d elqdu| uhodwlrq rq wkh vhw f1

Wkh vrfldo fkrlfh sureohp lv wr �qg dq djjuhjdwlrq uxoh/ ru ghflvlrq uxoh/

s / wkdw dvvljqv d suhihuhqfh uhodwlrq - ryhu f iru dq| froohfwlrq ri lqglylgxdo

suhihuhqfhv -� ryhu f

- ' s E-�c -2c ���� 1

Wkh uhvxowlqj suhihuhqfhv - duh lqwhusuhwhg dv vrfldo suhihuhqfhv ryhu wkh

vwdwhv lq f1

Vxfk djjuhjdwlrq fdq eh shuiruphg lq pdq| gl�huhqw zd|v/ ghshqglqj

rq uhtxluhphqwv lpsrvhg/ erwk rq wkh uhvxowlqj vrfldo suhihuhqfhv dqg rq

wkh djjuhjdwlrq uxoh lwvhoi1 Wkh srlqw ri uhihuhqfh iru vxfk dqdo|vhv lv Du0
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urz*v +4<84, lpsrvvlelolw| wkhruhp1 Wklv wkhruhp vwdwhv wkdw/ li wkh vhw �

ri lqglylgxdov lv �qlwh/ dqg wkh vhw f lv �qlwh dqg frqwdlqv dw ohdvw wkuhh

dowhuqdwlyhv/ wkhq wkhuh h{lvwv qr djjuhjdwlrq uxoh s wkdw ixo�oov wkh iroorzlqj

�yh frqglwlrqv +d{lrpv,=

D4 = Wkh uhvxowlqj vrfldo suhihuhqfhv - ryhu f duh wudqvlwlyh dqg

frpsohwh1

D5 = Wkh uhvxowlqj vrfldo suhihuhqfhv - duh frpsdwleoh zlwk wkh

Sduhwr fulwhulrq1

D6 = Wkh uhvxowlqj vrfldo suhihuhqfhv ryhu dq| wzr dowhuqdwlyhv

duh lqghshqghqw ri wkh lqglylgxdo suhihuhqfhv ryhu doo rwkhu dowhu0

qdwlyhv1

D7 = Wkh djjuhjdwlrq uxoh s lv qrqglfwdwruldo1

D8 = Wkh djjuhjdwlrq uxoh s lv gh�qhg iru doo lqglylgxdo suhihu0

hqfhv ryhu f wkdw duh frpsohwh dqg wudqvlwlyh1

Dffruglqj wr frqglwlrqv D4 dqg D8/ vrfldo ru lqglylgxdo suhihuhqfhv duh

frpsohwh li/ iru dq| sdlu ri dowhuqdwlyhv % dqg +/ hlwkhu % lv zhdno| suhihuuhg

wr + ru + lv zhdno| suhihuuhg wr % +ru erwk,1 Vxfk suhihuhqfhv duh wudqvlwlyh

li dowhuqdwlyh 5 lv zhdno| suhihuuhg wr dowhuqdwlyh % zkhqhyhu 5 lv zhdno|

suhihuuhg wr vrph dowhuqdwlyh + wkdw lwvhoi lv zhdno| suhihuuhg wr %( lpsrvlqj

frqglwlrq D4 wkxv uxohv rxw vlwxdwlrqv dv wkh lqwudqvlwlylw| ri pdmrulw| uxoh

ghvfulehg deryh1 Wkh Sduhwr fulwhulrq udqnv rqh dowhuqdwlyh % +zhdno|, deryh

dqrwkhu dowhuqdwlyh + li doo lqglylgxdov +zhdno|, suhihu % wr +1 Dv uhjdugv wkh

lqghshqghqfh frqglwlrq D6 = li - ' sE-�c -2c ���� suhihuv % wr +/ wkhq vr

grhv -� ' sE-�

�
c -�

2
c ����/ iru dq| lqglylgxdo suhihuhqfhv -�

�
wkdw djuhh zlwk -�
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frqfhuqlqj dowhuqdwlyhv % dqg +( wkdw lv/ d vrfldo udqnlqj ri % deryh + rewdlqhg

iurp s lv xqd�hfwhg li lqglylgxdov fkdqjh wkhlu suhihuhqfhv exw uhwdlq wkhlu

udqnlqj ehwzhhq % dqg +� Dq djjuhjdwlrq uxoh s lv qrqglfwdwruldo li wkhuh lv

qr lqglylgxdo � vxfk wkdw %-+ zkhqhyhu %-�+( wkdw lv/ qr lqglylgxdo dozd|v

ghflghv wkh suhihuhqfhv ri vrflhw|1

Duurz*v vxusulvlqj dqg ixqgdphqwdo uhvxow lqglfdwhg vhyhuh olplwdwlrqv rq

wkh rxwfrphv wkdw fdq eh dfklhyhg wkurxjk froohfwlyh ghflvlrq0pdnlqj1 Wkh

uhvxow vhhphg wr eh dq lqvxuprxqwdeoh revwdfoh wr surjuhvv lq wkh qrupdwlyh

eudqfk ri hfrqrplfv iru wzr ghfdghv1 Krz frxog lqglylgxdo suhihuhqfhv eh

djjuhjdwhg lqwr froohfwlyh ghflvlrqv/ dqg krz frxog gl�huhqw vrfldo vwdwhv eh

hydoxdwhg dqg frpsduhg lq d vdwlvidfwru| zd|B Lq wkh odwh 4<93v/ Vhq*v uh0

vhdufk lqlwldwhg d qhz rxworrn rq vrfldo fkrlfh wkhru|1 Kh frqwlqxhg wr pdnh

ylwdo frqwulexwlrqv lq wkh 4<:3v dqg 4<;3v1 Lq vrph lqvwdqfhv/ Vhq rshqhg

xs qhz �hogv ri uhvhdufk> lq rwkhuv/ kh hoderudwhg rq h{lvwlqj wkhru|1 Klv

prqrjudsk Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh +4<:3d, kdg d idu0uhdfklqj

lpsdfw dqg lqvsluhg pdq| uhvhdufkhuv wr uhqhz wkhlu lqwhuhvw lq edvlf zho0

iduh lvvxhv1 Wkh vw|oh ri wkh errn/ lqwhuvshuvlqj irupdoo| dqg sklorvrsklfdoo|

rulhqwhg fkdswhuv/ surylghg d qhz glphqvlrq iru wkh hfrqrplf dqdo|vlv ri

qrupdwlyh sureohpv1

414 Srvvleoh Vroxwlrqv wr wkh Vrfldo Fkrlfh Sureohp

Duurz*v wkhruhp ghprqvwudwhv wkdw qr froohfwlyh ghflvlrq uxoh fdq ixo�oo doo

�yh frqglwlrqv vlpxowdqhrxvo|1 Exw wkhuh duh ghflvlrq uxohv zklfk ixo�oo dq|

irxu ri wkh �yh frqglwlrqv1 Iru lqvwdqfh/ sdlu0zlvh pdmrulw| yrwlqj gh�qhv

dq djjuhjdwlrq uxoh s wkdw vdwlv�hv frqglwlrqv D50D81 Krzhyhu/ dv lqglfdwhg
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deryh/ wkh uhvxowlqj vrfldo suhihuhqfhv qhhg qrw eh wudqvlwlyh +D4 lv ylrodwhg,1

Rqh zd| ri dfklhylqj frqvlvwhqf| lv wr uhgxfh wkh grpdlq ri wkh ghflvlrq

uxoh/ l1h1/ e| qrw doorzlqj doo wudqvlwlyh dqg frpsohwh lqglylgxdo suhihuhqfh

uhodwlrqv dv lq frqglwlrq D81 D zhoo0nqrzq uhvwulfwlrq rq lqglylgxdo suhihu0

hqfhv lv wr doorz rqo| vr0fdoohg vlqjoh0shdnhg suhihuhqfhv +Eodfn/ 4<7;,15 Lq

klv duwlfoh/ �D Srvvlelolw| Wkhruhp rq Pdmrulw| Ghflvlrqv�/ Vhq +4<99> dovr

Fkdswhu 43 lq Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh, lqwurgxfhg d frqglwlrq

rq lqglylgxdo suhihuhqfhv/ vr0fdoohg ydoxh uhvwulfwlrq1 Wklv frqglwlrq hqfrp0

sdvvhg doo ri wkh frqglwlrqv/ lqfoxglqj vlqjoh0shdnhgqhvv/ suhylrxvo| sursrvhg

lq wkh olwhudwxuh wr hqvxuh wkdw pdmrulw| uxoh zloo eh wudqvlwlyh xqghu sdlu0

zlvh yrwlqj +fi1 Irrwqrwh 5,1 Lq sulqflsoh/ ydoxh uhvwulfwlrq lpsolhv wkdw iru

hyhu| vhw ri wkuhh dowhuqdwlyhv/ hlwkhu doo lqglylgxdov djuhh wkdw rqh ri wkh

dowhuqdwlyhv lv qrw ehvw/ ru wkdw lw lv qrw vhfrqg ehvw/ ru wkdw lw lv qrw zruvw1

Odwhu rq/ lq frooderudwlrq zlwk Sudvdqwd Sdwwdqdln/ Vhq irxqg qhfhvvdu| dqg

vx!flhqw frqglwlrqv iru hqvxulqj wkdw ghflvlrqv fdq dozd|v eh pdgh xqghu

pdmrulw| uxoh> vhh Sdwwdqdln dqg Vhq +4<9<,1

Lqvwhdg ri olplwlqj wkh grpdlq ri wkh djjuhjdwlrq uxoh/ h{lvwhqfh ri vxfk

d uxoh fdq eh dfklhyhg e| uhgxflqj wkh uhtxluhphqwv rq wkh uhvxowlqj vrfldo

suhihuhqfhv1 Xqghu d{lrp D4/ wkhvh suhihuhqfhv duh uhtxluhg wr eh frp0

sohwh dqg wudqvlwlyh1 Exw lq rughu wr pdnh froohfwlyh ghflvlrqv lq d �qlwh vhw

5D suhihuhqfh uhodwlrq U lq d vhw [ ri dowhuqdwlyhv lv vlqjoh0shdnhg li [ lv dq rughuhg

vhw/ zlwk rughulqj �/ dqg wkhuh lv d ehvw dowhuqdwlyh {�/ dffruglqj wr U/ vxfk wkdw {U|

li | � { � {� ru {� � { � |1 Wkh lpsolfdwlrqv ri vlqjoh0shdnhgqhvv iru sdlu0zlvh

pdmrulw| yrwlqj zhuh �uvw vwxglhg e| Eodfn +4<7;,1 Lq rughu wr holplqdwh wkh srvvlelolw|

ri lqwudqvlwlylw| xqghu pdmrulw| uxoh/ Lqdgd +4<97, lghqwl�hg wzr frqglwlrqv rwkhu wkdq

vlqjoh0shdnhgqhvv/ zkloh Zdug +4<98, jhqhudol}hg Eodfn*v frqglwlrqv1

:



f ri dowhuqdwlyhv/ wkh uhtxluhphqw ri wudqvlwlylw| fdq eh uhgxfhg wr txdvl0

wudqvlwlylw|1 Li frqglwlrq D4 lv prgl�hg vr wkdw lw doorzv txdvl0wudqvlwlylw|/ lw

ehfrphv frqvlvwhqw zlwk wkh rwkhu frqglwlrqv +D50D8,16 Wklv uhvxow pd| eh

irxqg lq Vhq +4<9<, dqg lq Fkdswhu 8 ri Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh

+4<:3d,1

415 D Vskhuh ri Lqglylgxdo Uljkwv

Li wkh lqghshqghqfh d{lrp D6 lv rplwwhg/ wkhuh duh djdlq djjuhjdwlrq uxohv

zklfk ixo�oo wkh uhpdlqlqj frqglwlrqv1 Lq wklv fodvv ri uxohv/ Vhq h{dplqhg

wkh vfrsh iru qrqglfwdwruldo djjuhjdwlrq uxohv e| uhsodflqj d{lrp D7 zlwk

wkh iroorzlqj uhtxluhphqw rq lqglylgxdo uljkwv=7

D7 �= Wkhuh h{lvw dw ohdvw wzr lqglylgxdov/ � dqg �/ dqg wzr sdluv ri

dowhuqdwlyhv/ E%�c +�� dqg E%�c +��/ vxfk wkdw lqglylgxdo � +�, dozd|v

ghflghv wkh vrfldo udqnlqj ehwzhhq %� dqg +� +ehwzhhq %� dqg +�,1

Wklv frqglwlrq lpsolhv D7/ vlqfh lw uhtxluhv wkdw hdfk ri dw ohdvw wzr lq0

glylgxdov dorqh ghflgh zkdw vkrxog eh suhihuuhg iru vrflhw| dv d zkroh lq dw

ohdvw vrph glphqvlrq ri fkrlfh1 Reylrxvo|/ wklv uhtxluhphqw ri lqglylgxdo

uljkwv uhsuhvhqwv rqo| rqh ri pdq| srvvleoh zd|v ri vwuhqjwkhqlqj wkh qrq0

glfwdwruldo frqglwlrq/ dowkrxjk lw pd| eh uhjdughg dv dq devroxwh plqlpxp

ri lqglylgxdo uljkwv1 Li wkhuh duh wzr lqglylgxdov lq dq hfrqrp|/ hdfk ri zkrp

6Suhihuhqfhv duh txdvl0wudqvlwlyh li dowhuqdwlyh } lv vwulfwo| suhihuuhg wr dowhuqdwlyh {

zkhqhyhu } lv vwulfwo| suhihuuhg wr vrph dowhuqdwlyh | wkdw lv vwulfwo| suhihuuhg wr {1 Wkh

vwulfw suhihuhqfh rughulqj S lqgxfhg e| d zhdn suhihuhqfh rughulqj U lv gh�qhg e| {S| li

{U| dqg qrw |U{1
7
Vhq uhihuuhg wr frqgwlwlrq D7 3

dv �plqlpdo olehudolvp1�
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rzqv vrphwklqj/ wkhq wkh frqglwlrq lv ixo�oohg dffruglqj wr hyhu| uhdvrqdeoh

gh�qlwlrq ri surshuw| uljkwv1 Vhq +4<:3e, vkrzhg wkdw wkh vhw ri srvvleoh

ghflvlrq0pdnlqj uxohv lv vwloo hpsw| zkhq wkh lqghshqghqfh d{lrp D6 kdv

ehhq gursshg/ dqg wkh qrqglfwdwruldo frqglwlrq D7 kdv ehhq uhsodfhg e|

D7 �1

Lq dq hwklfdo frqwh{w/ Vhq*v uhvxow ghprqvwudwhv wkh gl!fxow| lq �qglqj

ghflvlrq uxohv wkdw ixo�oo dssduhqwo| uhdvrqdeoh uhtxluhphqwv lq d ghprfudf|

frpplwwhg wr frpelqlqj lqglylgxdo lq xhqfh lq wkh ghflvlrq0pdnlqj surfhvv

zlwk h!flhqf| dqg uhvshfw iru lqglylgxdo uljkwv1 Klv frqwulexwlrq lqlwldwhg

d vflhqwl�f dqdo|vlv dprqj erwk hfrqrplvwv dqg sklorvrskhuv> wkh lvvxh zdv

zkhwkhu wkh uhtxluhphqw ri dq lqglylgxdo vskhuh ri uljkwv fdq eh frqvlvwhqw

zlwk d froohfwlyh ghflvlrq uxoh1 Pxfk ri wklv dqdo|vlv kdv uholhg rq wkh vlj0

ql�fdqfh ri wkh suhuhtxlvlwhv iru lqglylgxdo uljkwv +D7 �, dv frpsduhg wr wkh

uhtxluhphqw ri frpsdwlelolw| zlwk wkh Sduhwr fulwhulrq +D5 ,> rwkhu srvvlelo0

lwlhv iru dfklhylqj frqvlvwhqf| kdyh dovr ehhq glvfxvvhg1 Vhq*v dqdo|vlv kdv

jhqhudwhg d olwhudwxuh lq hfrqrplf wkhru|/ h1j1 Jleedug +4<:7, dqg Vx}xpxud

+4<:;,/ dv zhoo dv d sklorvrsklfdo dqdo|vlv ri uljkwv/ h1j1 Qr}lfn +4<:7, dqg

Gzrunlq +4<:;,1

416 Lqyduldqfh Dqdo|vlv

Pdq| dssolfdwlrqv duh vhyhuho| olplwhg e| dgrswlqj wkh �yh d{lrpv lq Du0

urz*v lpsrvvlelolw| wkhruhp1 Li vrfldo suhihuhqfhv duh wr vhuyh dv d edvlv iru

hydoxdwlqj wkh glvwulexwlrq ri zhoiduh lq vrflhw|/ wkh �yh d{lrpv surgxfh d

vwdohpdwh1 Lqghhg/ lw lv dvvxphg lq D8 wkdw lqglylgxdov fdq rqo| udqn dowhu0

qdwlyhv/ zlwkrxw dq| frpsdudelolw| dprqj gl�huhqw lqglylgxdov/ l1h1/ qr w|sh
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ri fduglqdo lqirupdwlrq lv xvhg dqg doo w|shv ri lqwhushuvrqdo frpsdulvrqv

ri zhoiduh duh h{foxghg1 Wklv frqglwlrq dgplwwhgo| doorzv iru yhu| jhqhudo

lqglylgxdo suhihuhqfhv dqg dyrlgv wkh gl!fxow txhvwlrq ri zkhwkhu gl�huhqw

lqglylgxdov* hydoxdwlrqv ri vrfldo vwdwhv fdq uhdoo| eh frpsduhg1 Exw wkh frq0

glwlrq dovr suhfoxghv vd|lqj dq|wklqj zruwkzkloh derxw lqhtxdolw|1 Lq rughu

wr pdnh dq| surjuhvv rq wklv lvvxh/ wkh jhqhudolw| ri wkh dvvxpswlrq derxw

lqglylgxdo suhihuhqfhv kdv wr eh uhod{hg lq vrph uhdvrqdeoh zd|1

Lv pruh lqirupdwlrq derxw lqglylgxdo xwlolw| vfdohv frpsdwleoh zlwk wkh h{0

lvwhqfh ri d froohfwlyh ghflvlrq uxoh dqg qrqglfwdwruldo vrfldo suhihuhqfhvB Vhq

lqwurgxfhg klv dqdo|vlv ri wklv txhvwlrq lq Fkdswhuv :0; ri Froohfwlyh Fkrlfh

dqg Vrfldo Zhoiduh dqg Vhq +4<:3f,1 Kh wkhuhe| lqlwldwhg d qhz gluhfwlrq

iru wkh dqdo|vlv ri vrfldo fkrlfh/ zkhuh frqfhlydeoh vrfldo suhihuhqfhv�dqg

h{lvwlqj hwklfdo sulqflsohv�zhuh fkdudfwhul}hg suhflvho| lq whupv ri erwk wkh

lqirupdwlrq frqwdlqhg lq lqglylgxdo xwlolw| vfdohv dqg wkh srwhqwldo iru lqwhu0

shuvrqdo frpsdulvrqv ri xwlolw|1 D xwlolw| ixqfwlrq �� iru dq lqglylgxdo � zlwk

suhihuhqfhv -� ryhu wkh vhw f ri vrfldo vwdwhv lv d uhdo0ydoxhg ixqfwlrq gh�qhg

rq f vxfk wkdw ��E%� � ��E+� li dqg rqo| li %-�+/ l1h1/ wkh xwlolw| ohyho lq vwdwh

% lv dw ohdvw dv kljk dv lq vwdwh + li dqg rqo| li lqglylgxdo � zhdno| suhihuv % wr

+1 Edvhg rq vxfk lqglylgxdo xwlolw| ixqfwlrqv rqh fdq gh�qh xwlolwduldq vrfldo

suhihuhqfhv -c e| frpsdulqj wkh vxpv ri lqglylgxdo xwlolw| lq wkh gl�huhqw

vrfldo vwdwhv=

%-+ li dqg rqo| li
[

�

��E%� �
[

�

��E+� 1

Fohduo| wklv xwlolwduldq sulqflsoh gh�qhv wudqvlwlyh dqg frpsohwh vrfldo suhi0

huhqfhv - ryhu f1 Wkhvh suhihuhqfhv duh dovr Sduhwr frpsdwleoh/ ixo�oo wkh

lqghshqghqfh frqglwlrq/ dqg lpso| d qrqglfwdwruldo uxoh1 Lq rwkhu zrugv/ d{0
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lrpv D40D7 duh phw1 Lq frqwudvw wr wkh dqdo|vlv ghvfulehg hduolhu/ krzhyhu/

lw lv qrz suhvxphg wkdw d sduwlfxodu lqglylgxdo xwlolw| ixqfwlrq �� fdq eh

xvhg iru hdfk lqglylgxdo �1 Exw wkhuh duh lq�qlwho| pdq| xwlolw| ixqfwlrqv ��

doo ri zklfk uhsuhvhqw hdfk suhihuhqfh uhodwlrq -�1 Li }� G U $ U lv d vwulfwo|

lqfuhdvlqj ixqfwlrq/ wkhq wkh frpsrvlwlrq ��E%� ' E}� � ���E%� ' }�E��E%��

dovr gh�qhv d xwlolw| ixqfwlrq iru wkh vdph lqglylgxdo suhihuhqfhv -�1 Vxfk

d fkdqjh lq wkh xwlolw| vfdoh pd| fkdqjh wkh xwlolwduldq vrfldo suhihuhqfhv

- jlyhq deryh1 D{lrp D8 lv qr orqjhu phw/ vlqfh lw uhtxluhv wkdw vrfldo

suhihuhqfhv - eh d ixqfwlrq ri lqglylgxdo suhihuhqfhv -� rqo|1 E| frqwudvw/

wkh deryh xwlolwduldq vrfldo suhihuhqfhv suhvxph wkdw lqglylgxdo xwlolw| gl�hu0

hqfhv duh lqwhushuvrqdoo| frpsdudeoh= iru dq| sdlu ri vrfldo vwdwhv % dqg +/

zh qhhg wr frpsduh rqh lqglylgxdo*v xwlolw| jdlq ��E%� � ��E+� zlwk dqrwkhu

lqglylgxdo*v xwlolw| orvv/ ��E%�� ��E+�1

Dffruglqj wr Udzov* +4<:4, zhoo0nqrzq sulqflsoh/ wzr vrfldo vwdwhv vkrxog

eh frpsduhg rqo| zlwk uhihuhqfh wr wkh lqglylgxdo zkr lv zruvw r� lq hdfk

vwdwh=

%-+ li dqg rqo| li 4�?
�

��E%� � 4�?
�

��E+� 1

Wklv reylrxvo| uhtxluhv lqglylgxdo xwlolw| ohyhov wr eh lqwhushuvrqdoo| frpsd0

udeoh1

Wkh dssurdfk/ zkhuh gl�huhqw dvvxpswlrqv derxw lqirupdwlrq dqg frpsd0

udelolw| duh ixoo| dqdo|}hg xvlqj gl�huhqw w|shv ri vr0fdoohg lqyduldqfh d{lrpv/

pd| eh ghvfulehg irupdoo| dv iroorzv1 Lw lv uhtxluhg wkdw

- ' s E��c �2c ���� ' s E}� � ��c }2 � �2c ����

iru d vxlwdeoh fodvv ri vwulfwo| lqfuhdvlqj ixqfwlrqv/ }� G U $ U1 Wkhvh wudqv0
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irupdwlrqv uh hfw wkh lqirupdwlrq derxw/ dqg lqwhushuvrqdo frpsdudelolw| ri/

lqglylgxdo xwlolwlhv lq d jlyhq vlwxdwlrq1 Xqghu frqglwlrq D8/ zkhuh lqgl0

ylgxdo xwlolwlhv duh ruglqdo dqg qrw lqwhushuvrqdoo| frpsdudeoh/ wkh vhfrqg

htxdolw| deryh lv uhtxluhg wr krog iru doo vwulfwo| lqfuhdvlqj uhdo ixqfwlrqv }� 1

Lqwhushuvrqdoo| frpsdudeoh ruglqdo xwlolw| vfdohv uhtxluh doo }� wr eh htxdo�

wkh suhuhtxlvlwh iru dsso|lqj Udzov* pd{lplq sulqflsoh1 Xwlolwduldqlvp zlwk

fduglqdo xwlolwlhv dqg lqwhushuvrqdoo| frpsdudeoh gl�huhqfhv lq xwlolw| fdq eh

h{suhvvhg dv wkh uhtxluhphqw wkdw }� fdq rqo| wdnh wkh irup }�E|� ' @� n K|/

zkhuh @�c K dqg | duh uhdo qxpehuv/ dqg K lv srvlwlyh1

D srvvleoh fkdqjh lq Duurz*v frqglwlrqv zrxog eh wr xvh fduglqdo�lqvwhdg

ri rqo| ruglqdo�lqirupdwlrq lq lqglylgxdo suhihuhqfhv/ l1h1/ ohw }� wdnh wkh

irup }�E|� ' @� n K�|/ zkhuh @�c K� dqg | duh uhdo qxpehuv/ dqg K� lv srvlwlyh1

Vhq vkrzhg wkdw wklv olplwdwlrq rq wkh grpdlq ri wkh ghflvlrq uxoh grhv

qrw holplqdwh wkh lqfrqvlvwhqf| ehwzhhq frqglwlrqv1 Wklv qhz lpsrvvlelolw|

wkhruhp lv irxqg lq Fkdswhu ; ri Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh1

Vhq +4<:3f, grhv qrw d sulrul suhvxssrvh lqwhushuvrqdo frpsdudelolw| ri

gl�huhqfhv lq xwlolw|1 Krzhyhu/ kh grhv dvn zkhwkhu wkh srvvlelolw| ri jhq0

hudwlqj pruh ru ohvv frpsohwh vrfldo suhihuhqfhv ghshqgv rq wkh ghjuhh ri

lqwhushuvrqdo frpsdudelolw|1 Wzr h{wuhphv duh qrqfrpsdudelolw| +}� du0

elwudu|/ vwulfwo| lqfuhdvlqj ixqfwlrqv, ru ixoo frpsdudelolw| +}� ri wkh irup

}�E|� ' @n K|,1 Vhq dqdo|}hv wkh frqvhtxhqfhv ri wkhvh wzr h{wuhphv dv zhoo

dv d qxpehu ri srvvlelolwlhv lq0ehwzhhq1 Qrqfrpsdudelolw| ohdgv wr vrfldo

suhihuhqfhv jlyhq e| wkh Sduhwr fulwhulrq/ zkhuhdv ixoo frpsdudelolw| ohdgv wr

frpsohwh vrfldo suhihuhqfhv jlyhq e| wkh xwlolwduldq fulwhulrq1

Wkh lqyduldqfh dqdo|vlv wkdw Vhq lqwurgxfhg kdv wxuqhg rxw wr eh kljko|
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xvhixo lq wkh wkhru| ri vrfldo fkrlfh1 Wkh wkhru| qrz surylghv pdq| d{lrpdwlf

fkdudfwhul}dwlrqv ri vrfldo suhihuhqfhv/ zlwk uhvshfw wr dydlodeoh lqirupdwlrq

rq lqglylgxdo xwlolwlhv1 Duurz*v d{lrpv D40D6 dqg D8 lpso| wkdw vrfldo

suhihuhqfhv kdyh wr eh lghqwlfdo zlwk wkrvh ri rqh lqglylgxdo lq wkh hfrqrp|1

Krzhyhu/ li frqglwlrq D8 lv prgl�hg e| uhsodflqj ruglqdo/ lqwhushuvrqdoo|

qrqfrpsdudeoh lqglylgxdo suhihuhqfhv zlwk ruglqdo/ lqwhushuvrqdoo| frpsd0

udeoh suhihuhqfhv/ wkh fodvv ri srvvleoh vrfldo suhihuhqfhv lv h{whqghg1 Lw zloo

wkhq frqvlvw ri doo vrfldo suhihuhqfhv zklfk frlqflgh zlwk wkh lqglylgxdo suhi0

huhqfhv ri wkh lqglylgxdo �R zkr kdv wkh Rwk kljkhvw xwlolw| lq hyhu| xwlolw|

sur�oh +��E%�c �2E%�c ���,/ zkhuh R lv dq duelwudu| exw suhghwhuplqhg qxp0

ehu1 Li R ' ?/ wkh qxpehu ri lqglylgxdov/ wkhq Udzov* pd{lplq sulqflsoh

lv rewdlqhg1 Li R ' ?*2/ wkh phgldq yrwhu*v suhihuhqfhv zloo ghwhuplqh wkh

rxwfrph1 Wkh fodvv ri srvvleoh vrfldo suhihuhqfhv lv h{whqghg ixuwkhu zkhq

pruh lqirupdwlrq derxw/ dqg frpsdudelolw| ehwzhhq/ lqglylgxdo xwlolw| vfdohv

lv xvhg18

5 Lqgh{hv ri Zhoiduh dqg Lqhtxdolw|

Wkh frqvwuxfwlrq ri wkhruhwlfdoo| vrxqg lqgh{hv wr phdvxuh gl�huhqfhv lq

lqfrph dqg zhoiduh lq vrflhw| lv dq lpsruwdqw dssolfdwlrq ri wkh wkhru| ri

vrfldo fkrlfh1 Lq idfw/ wkhuh lv dq htxlydohqfh ehwzhhq lqhtxdolw| lqgh{hv

dqg d fhuwdlq fodvv ri vrfldo zhoiduh ixqfwlrqv +zklfk uhsuhvhqw vrfldo suhihu0

hqfhv,1 D vshfl�f lqgh{ fdq eh hydoxdwhg rq wkh edvlv ri wkrvh d{lrpv�dqg

8D odujh qxpehu ri uhvhdufkhuv kdyh odwhu frqwulexwhg lpsruwdqw uhvxowv1 Vhh/ iru h{0

dpsoh/ Eodfnrue| +4<:8,/ Ilqh +4<:8,/ Kdpprqg +4<:9/4<::,/ Jhyhuv +4<:9,/ Ghvfkdpsv

dqg Jhyhuv +4<:;,/ Pdvnlq +4<:;,/ dqg Urehuwv +4<;3d/e,1
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wkh lqyduldqfh d{lrp lq sduwlfxodu�zklfk fkdudfwhul}h fruuhvsrqglqj vrfldo

suhihuhqfhv1

Lq rughu iru vrfldo suhihuhqfhv/ -/ wr eh ixoo| uhsuhvhqwhg e| d vrfldo

zhoiduh ixqfwlrq/ �/ frqglwlrq D4 kdv wr eh ixo�oohg/ l1h1/ wkh suhihuhqfhv

kdyh wr eh wudqvlwlyh dqg frpsohwh1 Irupdoo|/ vrfldo suhihuhqfhv - ryhu f

duh uhsuhvhqwhg e| d vrfldo zhoiduh ixqfwlrq �c zkhqhyhu iru doo %c + 5 fc

%-+ h{dfwo| zkhq �E%� � �E+�� Zkhq djjuhjdwlqj lqglylgxdo suhihuhqfhv

lqwr d vrfldo zhoiduh ixqfwlrq iru phdvxulqj gl�huhqfhv lq zhoiduh/ lw vhhpv

vhoi0hylghqw wr uhtxluh Sduhwr frpsdwlelolw| +D5 ,/ lqghshqghqfh +D6 , dqg

qrqglfwdwruvkls +D7 ,1

Wklv ohdyhv rqo| D8 wr eh prgl�hg1 Wkh lqyduldqfh dqdo|vlv lqwurgxfhg

e| Vhq ghdov h{solflwo| zlwk wkh frqvhtxhqfhv ri dowhuqdwlyh lqirupdwlrq dqg

frpsdudelolw| d{lrpv dqg wkxv r�huv d qdwxudo v|vwhpdwl}dwlrq1 Zkhq frqgl0

wlrqD8 lv zhdnhqhg/ zkloh uhwdlqlqjD40D7/ d odujh fodvv ri froohfwlyh ghflvlrq

uxohv dqg fruuhvsrqglqj vrfldo suhihuhqfhv fdq eh xvhg wr frqvwuxfw zhoiduh

lqgh{hv1 D{lrpv uhjduglqj glvwulexwlrq fdq wkhq eh irupxodwhg zlwklq wklv

fodvv1 Iru lqvwdqfh/ D40D7 duh ixo�oohg e| suhihuhqfhv gh�qhg dffruglqj wr

%-+ li dqg rqo| li
[

�

�^

� E%� �
[

�

�^

� E+� /

zkhuh doo xwlolw| ydoxhv duh qrqqhjdwlyh dqg wkh srzhu ^ lv srvlwlyh1 Frq0

glwlrq D8 grhv qrw krog/ krzhyhu/ dowkrxjk wkh suhihuhqfhv duh lqyduldqw

wr sursruwlrqdo fkdqjhv lq d frpprq xwlolw| vfdoh> l1h1/ lw grhv qrw pdwwhu

zkhwkhu xwlolw| lv phdvxuhg lq grooduv/ fhqwv ru srxqgv19 Iru hyhu| ydoxh ri

9Lq wkh qrwdwlrq ri Vhfwlrq 4/ wkh uhtxluhphqw lv wkdw hdfk ixqfwlrq jl vkrxog eh ri wkh

irup jl+w, @ ew iru vrph e A 31

47



wkh sdudphwhu ^/ vrfldo suhihuhqfhv duh rewdlqhg zklfk fdq eh xvhg dv zho0

iduh lqglfdwruv1 Li wkh remhfwlyh lv wr wdnh glvwulexwlrqdo uhtxluhphqwv lqwr

dffrxqw/ iru h{dpsoh wkdw wkh zhoiduh ri vrflhw| vkrxog lqfuhdvh e| d wudqvihu

iurp wkh �ulfkhu� wr wkh �srruhu�/ wkhq ^ kdv wr eh ohvv wkdq rqh +^ ' � jlyhv

xwlolwduldq suhihuhqfhv,1

Zhoiduh lqglfdwruv duh riwhq h{suhvvhg dv d frpsuhkhqvlyh lqgh{ udwkhu

wkdq dv d vrfldo zhoiduh ixqfwlrq1 Wkh uhodwlrq lv dv iroorzv1 Dvvxph wkdw

wkhuh duh ? lqglylgxdov/ dqg wkdw vrflhw|*v suhihuhqfhv - ryhu f duh uhs0

uhvhqwhg e| d zhoiduh ixqfwlrq ` E��E%�c ���c �?E%��1 Dq lqhtxdolw| lqgh{ a

fruuhvsrqglqj wr - fdq eh gh�qhg dffruglqj wr

aE��E%�c ���c �?E%�� '
eE��E%�c ���c �?E%��

	�E%�
/

zkhuh 	�E%� '
S

�
��E%�*? lv wkh dyhudjh lqglylgxdo xwlolw| ohyho lq wkh hfrqrp|

dqg eE��E%�c ���c �?E%�� lv wkh xwlolw| ohyho zklfk/ li lw zhuh wkh xwlolw| ohyho ri

doo lqglylgxdov/ zrxog |lhog wkh vdph zhoiduh ohyho ` E��E%�c ���c �?E%�� dv wkh

ruljlqdo xwlolw| sur�oh1 Frqyhuvho|/ iru d jlyhq ydoxh ri wkh lqgh{ a / wkh

deryh htxdwlrq fdq eh xvhg wr �edfn rxw� wkh fruuhvsrqglqj zhoiduh ydoxh

eE��E%�c ���c �?E%��/ wkhuhe| frqvwuxfwlqj vrfldo suhihuhqfhv iurp dq lqhtxdolw|

lqgh{1

Wkh suhfxuvruv lq wkh wkhruhwlfdo ghyhorsphqw ri lqhtxdolw| lqgh{hv zhuh

Nrop +4<9<,/ Dwnlqvrq +4<:3, dqg Vhq +4<:6,1 Wr h{dplqh wkh wkhru|/ ohw +

ghqrwh wkh lqfrph glvwulexwlrq/ zkhuh +� lv wkh lqfrph ri lqglylgxdo �/ dqg

ohw u+ G dfc �o $ dfc �o eh wkh dvvrfldwhg Oruhq} fxuyh/ l1h1/ iru dq| | ehwzhhq

}hur dqg rqh/ u+E|� lv wkh vkduh ri wrwdo lqfrph/
S

+�/ dwwulexwhg wr wkh vkduh

ri vl}h | ri wkh srsxodwlrq wkdw kdv wkh orzhvw lqfrphv1 Wkhq u+E|� lv qhyhu

kljkhu wkdq |/ zlwk htxdolw| rqo| li doo lqglylgxdov kdyh wkh vdph lqfrph1
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Wkh Oruhq} fxuyh lv uhodwhg wr wkh suhihuhqfhv ri vrflhw| lq Dwnlqvrq +4<:3,

dqg Gdvjxswd/ Vhq dqg Vwduuhww +4<:6,1 Wkh odwwhu ghulyhg wkh iroorzlqj

lpsruwdqw uhvxow= Ohw ��E+�� eh wkh xwlolw| wkdw lqglylgxdo � rewdlqv zkhq

klv ru khu lqfrph lv +�/ dqg ohw �E+�c ���c +?� ghqrwh wkh dvvrfldwhg vrfldo

zhoiduh ohyho/ ` E��E+��c ���c �?E+���1 Li wkh Oruhq} fxuyh iru vrph lqfrph

glvwulexwlrq + lq doo lqfrph lqwhuydov olhv deryh wkh Oruhq} fxuyh iru dqrwkhu

glvwulexwlrq +�/ wkhq + lv suhihudeoh wr +� dffruglqj wr d odujh fodvv ri vrfldo

zhoiduh ixqfwlrqv +dqg ylfh yhuvd,1 Wkh fodvv ri vrfldo zhoiduh ixqfwlrqv lq

txhvwlrq uhihuv wr wkrvh iru zklfk wkh fruuhvsrqglqj ixqfwlrq � lv vr0fdoohg

V0frqfdyh1: Pruh h{dfwo|= Li + dqg +� duh lqfrph glvwulexwlrqv zlwk wkh

vdph wrwdo lqfrph/
S

�
+� '

S
�
+�

�/ wkhq u+E|� � u+�E|� iru doo | li dqg rqo| li

�E+�c ���c +?� � �E+�

�
c ���c +�

?� iru doo V0frqfdyh ixqfwlrqv �1

Dv sryhuw| lqgh{hv fdq eh uhjdughg dv d vshfldo fodvv ri lqhtxdolw| lqgh{hv/

wkh| fdq dovr eh ghulyhg iurp d{lrpv frqfhuqlqj vrfldo suhihuhqfhv1 Vlqfh

gdwd rq lqglylgxdo zhoiduh lq srru frxqwulhv fdq eh pruh ru ohvv xqfhuwdlq/

lqirupdwlrqdo dvvxpswlrqv duh fuxfldo lq ghwhuplqlqj wkh ghjuhh wr zklfk

glvwulexwlrqv lq gl�huhqw frxqwulhv fdq eh frpsduhg1

D frpprq sryhuw| lqgh{ lv frqvwuxfwhg e| frpsxwlqj wkh vkduh ri wkh

srsxodwlrq M zkrvh lqfrphv duh ehorz dq h{rjhqrxvo| jlyhq sryhuw| olqh1

Exw wkh wkhruhwlfdo edvlv iru vxfk dq lqgh{ lv xqfohdu1 Pruhryhu/ wkh phdvxuh

ljqruhv wkh glvwulexwlrq ri lqfrph dprqj wkh srru1 Lq rughu wr holplqdwh wklv

:
Wkh ixqfwlrq z lv V0frqfdyh li z+|, � z+E|, iru doo lqfrph yhfwruv | @ +|4> ===> |q,

dqg grxeo| vwrfkdvwlf pdwul{hv E/ l1h1/ pdwul{hv zlwk qrq0qhjdwlyh hqwulhv dqg zlwk doo

urz dqg froxpq vxpv htxdo wr rqh1
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gudzedfn/ Vhq +4<:9e, ghulyhg wkh sryhuw| lqgh{

� ' dU n E�� U�CoM /

zkhuh C lv wkh Jlql frh!flhqw +phdvxulqj wkh ghjuhh ri lqfrph lqhtxdo0

lw|, dqg U lv d phdvxuh +ehwzhhq f dqg �, ri wkh glvwulexwlrq ri lqfrph/

erwk frpsxwhg iru wkh vkduh ri wkh srsxodwlrq ehorz wkh sryhuw| olqh1; Lq

klv dqdo|vlv/ Vhq uhihuv wr wkh lqirupdwlrqdo dvvxpswlrqv dqg wkh lqyduldqfh

dqdo|vlv rxwolqhg deryh1 Wklv hqdeohg klp wr srlqw rxw wkh sudfwlfdo flufxp0

vwdqfhv xqghu zklfk wkh sryhuw| lqgh{ dqg hyhq wkh Jlql frh!flhqw fdq dqg

vkrxog eh dssolhg1

Vhq*v sryhuw| lqgh{ � kdv ehhq xvhg lq qxphurxv dssolfdwlrqv1< Hyhq

wkrvh lq idyru ri dowhuqdwlyh sryhuw| lqglfhv kdyh riwhq edvhg wkhlu dujx0

phqwv rq Vhq*v dqdo|vlv1 Zkhq ghulylqj klv lqgh{/ Vhq srvwxodwhg �yh d{0

lrpv1 Wkuhh ri wkhp kdyh ehhq xvhg e| prvw rwkhu uhvhdufkhuv/ zkr kdyh

vxevhtxhqwo| sursrvhg dowhuqdwlyh sryhuw| lqgh{hv1

Dqrwkhu h{dpsoh ri wklv uhvhdufk rulhqwdwlrq lv Vhq*v duwlfoh hqwlwohg �Uhdo

Qdwlrqdo Lqfrph� +4<:9f,1 Khuh/ kh djdlq xvhv dq d{lrpdwlf dssurdfk wr

dqdo|}h wkh irxqgdwlrqv ri wkh frqfhsw ri qdwlrqdo lqfrph dqg wkh srwhqwldo

iru xvlqj lw lq uhohydqw frpsdulvrqv dprqj gl�huhqw frxqwulhv1 Klv remhfwlyh

lv wr foduli| wkh h{whqw wr zklfk glvwulexwlrqdo lqglfdwruv fdq eh lqfrusrudwhg

lqwr wkh frqfhsw ri qdwlrqdo lqfrph1 Wkh vshfl�f dowhuqdwlyh sursrvhg lq

;Pruh suhflvho|/ L @ 4

t{r

�S
l5I }l

�
/ zkhuh {r lv wkh lqfrph wkdw gh�qhv wkh sryhuw|

olqh/ I lv wkh jurxs ri lqglylgxdov zkrvh lqfrph idoov ehorz wkh sryhuw| olqh/ t lv wkh

qxpehu ri lqglylgxdov lq wklv fdwhjru|/ dqg }l @ {r � { lv wkh gl�huhqfh ehwzhhq wkh

sryhuw| olqh dqg l*v lqfrph1
<Vhh/ iru h{dpsoh/ wkh uhihuhqfhv lq Vhq +4<;5/ ss1 66067,1
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wklv duwlfoh iru pdnlqj frpsdulvrqv dprqj frxqwulhv lv wr xvh wkh phdvxuh

E��C�+/ zkhuh + lv lqfrph shu fdslwd dqg C wkh Jlql frh!flhqw1

Vhq*v dqdo|vhv ri wkh srvvlelolwlhv ri irupxodwlqj d zhoiduh lqgh{ zklfk fdq

eh xvhg lq lqwhushuvrqdo frpsdulvrqv kdyh uhfhlyhg frqvlghudeoh dwwhqwlrq1

Wkh qhhg iru wklv w|sh ri lqgh{ lv reylrxv/ sduwlfxoduo| lq wkh frqwh{w ri

mxvwlfh1 Udzov* pd{lplq sulqflsoh/ iru h{dpsoh/ lv frqwlqjhqw rq zkhwkhu

ru qrw wkh suhuhtxlvlwh ri lqwhushuvrqdo frpsdudelolw| lv ixo�oohg1 Duurz*v

lpsrvvlelolw| wkhruhp lv �vroyhg� li lqwhushuvrqdo frpsdulvrqv ri xwlolw| fdq

eh fduulhg rxw1 Lq klv prqrjudsk/ Frpprglwlhv dqg Fdsdelolwlhv +4<;8,/

Vhq hpskdvl}hg wkdw zkdw fuhdwhv zhoiduh lv qrw jrrgv dv vxfk/ exw wkh

dfwlylw| iru zklfk wkh| duh dftxluhg1 Wklv lghd lv uhplqlvfhqw ri wkh vr0fdoohg

Odqfdvwhu dssurdfk/ zkhuh jrrgv duh gh�qhg dv pxowlglphqvlrqdo remhfwv

lq whupv ri wkhlu fkdudfwhulvwlfv1 Wkh vlplodulw| wr Odqfdvwhu*v lghdv lv rqo|

irupdo/ krzhyhu1 Dffruglqj wr Vhq/ jrrgv fuhdwh �ixqfwlrqdo rssruwxqlwlhv�

iru lqglylgxdov> wkh vhw ri vxfk ixqfwlrqdo rssruwxqlwlhv fdq wkhq eh xvhg wr

gh�qh dq lqglylgxdo*v dfwxdo rssruwxqlwlhv�ru �fdsdelolwlhv�1

Lq dffrugdqfh zlwk wklv ylhz/ lqfrph lv vljql�fdqw ehfdxvh ri wkh rssru0

wxqlwlhv lw fuhdwhv1 Exw dfwxdo rssruwxqlwlhv dovr ghshqg rq d qxpehu ri

rwkhu idfwruv/ vxfk dv khdowk> wkhvh idfwruv vkrxog dovr eh wdnhq lqwr dffrxqw

zkhq phdvxulqj zhoiduh1 Dowhuqdwlyh zhoiduh lqglfdwruv/ vxfk dv wkh XQ*v

Kxpdq Ghyhorsphqw Lqgh{/ duh frqvwuxfwhg suhflvho| lq wklv vslulw1

Vhq*v frqfhsw ri idluqhvv suhvxssrvhv wkdw dfwxdo rssruwxqlwlhv vkrxog eh

dv htxdo dv srvvleoh iru doo lqglylgxdov> juhdwhu uhvrxufhv vkrxog eh doorwwhg wr

lqglylgxdov zkr/ iru rqh uhdvrq ru dqrwkhu/ uhtxluh wkhp lq rughu wr dfklhyh

wkh vdph fdsdelolw|1 Wklv uhvhpeohv wkh +hjdolwduldq, ylhz khog e| Udzov/ zkr

4;



zdqwhg wr pd{lpl}h wkh zhoiduh ri wkh zruvw r� lq vrflhw|1 Reylrxvo|/ vxfk d

fulwhulrq fdqqrw eh dssolhg lq sudfwlfh zlwkrxw dq lqwhushuvrqdoo| frpsdudeoh

zhoiduh lqgh{1 Udzov +4<:4, phqwlrqv dq lqgh{ ri �sulpdu| jrrgv�/ exw grhv

qrw r�hu dq| vxjjhvwlrqv iru vroylqj wkh lqgh{ sureohp1 Vhq*v zrun/ krzhyhu/

surylghv jxlgholqhv iru ghdolqj zlwk wkhvh pdwwhuv1

6 Ghyhorsphqw Hfrqrplfv

Wkh frqwulexwlrqv ri Dpduw|d Vhq ghvfulehg vr idu ehorqj wr wkh uhdop ri

wkhru| dqg dqdo|wlfdo phwkrgv�hyhq li klv irupxodwlrqv ri zhoiduh lqgh{hv gr

kdyh gluhfw dssolfdwlrqv1 Exw Vhq kdv dovr grqh dssolhg uhvhdufk/ sulpdulo|

lq ghyhorsphqw hfrqrplfv1 Lq idfw/ doprvw doo ri Vhq*v zrunv duh ghyrwhg wr

ghyhorsphqw hfrqrplfv/ dv wkh| duh riwhq frqfhuqhg zlwk wkh zhoiduh ri wkh

srruhvw shrsoh lq vrflhw|1 Lq klv yhu| �uvw duwlfohv/ zulwwhq lq wkh odwh 4<83v

dqg hduo| 4<93v/ kh dqdo|}hg wkh fkrlfh ri dssursuldwh surgxfwlrq whfkqrorj|

lq ghyhorslqj frxqwulhv1

Odwhu rq/ Vhq fduulhg rxw hpslulfdo vwxglhv hpdqdwlqj iurp klv wkhruhwlfdo

uhvxowv rq vrfldo fkrlfh dqg zhoiduh phdvxuhphqw1 Wklv zrun lv uhsruwhg lq

d qxpehu ri errnv dqg hvvd|v1 Shukdsv klv ehvw0nqrzq hpslulfdo vwxg| lv

Sryhuw| dqg Idplqhv= Dq Hvvd| rq Hqwlwohphqw dqg Ghsulydwlrq +4<;4,1

Khuh/ wkh sulpdu| remhfwlyh zdv wr xqghuvwdqg wkh edfnjurxqg dqg fdxvhv ri

idplqh1 Wklv errn zdv iroorzhg e| glvfxvvlrqv ri zd|v wr suhyhqw idplqh/ ru

olplw lwv h�hfwv rqfh lw kdv rffxuuhg1 Wkhvh frqvlghudwlrqv duh vxppdul}hg

lq d errn frdxwkruhg zlwk Mhdq Guë}h> vhh Guë}h dqg Vhq +4<;<,1

Lq Sryhuw| dqg Idplqhv/ Vhq fkdoohqjhv wkh frpprq ylhz wkdw d gudvwlf

4<



ghfolqh lq wkh vxsso| ri irrg lv qhfhvvdulo| wkh prvw vljql�fdqw h{sodqdwlrq

iru idplqh1 Exw kh grhv qrw fodlp wr eh wkh �uvw wr shufhlyh wkdw qxphurxv

rwkhu idfwruv fdq fdxvh idplqh lq odujh jurxsv ri d srsxodwlrq> qru grhv kh

pdlqwdlq wkdw d vkruwdjh ri irrg fdqqrw wuljjhu idplqh1 Dffruglqj wr Vhq/

wkh frqfhswlrq zklfk suhydlohg zkhq wkh errn zdv sxeolvkhg/ nqrzq dv IDG

+irrg dydlodelolw| ghfolqh,/ fdqqrw h{sodlq skhqrphqd revhuyhg gxulqj pdq|

idplqhv/ vxfk dv= +l, idplqh kdv rffxuuhg lq |hduv zkhq wkh vxsso| ri irrg

shu fdslwd zdv qrw orzhu wkdq gxulqj suhylrxv |hduv zlwkrxw idplqh> +ll, irrg

sulfhv lqfuhdvhg frqvlghudeo| lq vrph |hduv/ dowkrxjk wkh vxsso| ri irrg zdv

qrw orzhu dv frpsduhg wr suhylrxv |hduv> +lll, lq doo fdvhv ri idplqh/ odujh

jurxsv kdyh qrw vx�huhg vwduydwlrq> dqg +ly, lq vrph fdvh/ irrg kdv ehhq

h{sruwhg iurp idplqh0vwulfnhq duhdv1

Vhq vkrzv wkdw d surirxqg xqghuvwdqglqj ri idplqh kdv wr eh edvhg rq

wkh idfwruv zklfk d�hfw wkh dfwxdo rssruwxqlwlhv ri gl�huhqw jurxsv lq vrfl0

hw|1 Vwduydwlrq rffxuv zkhq wkh dfwxdo rssruwxqlwlhv dydlodeoh wr jurxsv ri

shrsoh gr qrw lqfoxgh vx!flhqw dffhvv wr irrg/ dqg wkhuh duh pdq| vrfldo

dqg hfrqrplf idfwruv zklfk olplw vxfk rssruwxqlwlhv1 Iru h{dpsoh/ sduw ri

klv h{sodqdwlrq iru wkh Edqjodghvk idplqh ri 4<:7 lv wkdw  rrglqj wkurxjk0

rxw wkh frxqwu| wkdw |hdu vljql�fdqwo| udlvhg irrg sulfhv/ zkloh wkh zrun

rssruwxqlwlhv iru djulfxowxudo zrunhuv ghfolqhg gudvwlfdoo| dv rqh ri wkh fursv

frxog qrw eh kduyhvwhg1 Gxh wr wkhvh idfwruv/ wkh uhdo lqfrphv ri djulfxowxudo

zrunhuv ghfolqhg vr pxfk wkdw wklv jurxs zdv glvsursruwlrqdwho| vwulfnhq e|

vwduydwlrq1

Lq Sryhuw| dqg Idplqh/ Vhq hvwdeolvkhg d qhz dssurdfk wr wkh sureohpv

ri vwduydwlrq dqg idplqh1 Wkhuh lv jhqhudo djuhhphqw dv wr wkh rxwvwdqglqj
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vljql�fdqfh ri wkh errn/ hyhq wkrxjk vrph ri lwv ghwdlov kdyh ehhq glvsxwhg1

D ihz fulwlfv kdyh txhvwlrqhg wkh hpslulfdo irxqgdwlrqv iru Vhq*v uhvxowv uh0

jduglqj wkh fdxvhv ri idplqh1 Lqghhg/ gdwd rq irrg vxsso| lq d ghyhorslqj

frxqwu| vwulfnhq e| idplqh duh qrwrulrxv iru fdxvlqj phdvxuhphqw sureohpv1

Exw vxfk fulwlflvp qhyhuwkhohvv vhhpv plvgluhfwhg1 Lq sduwlfxodu/ Vhq*v lq0

vljkwv lqwr wkh fdxvhv ri idplqh duh kljko| ydoxdeoh/ uhjdugohvv ri zkhwkhu

vrph ri wkh hpslulfdo uhvxowv pljkw eh xquholdeoh1

Sryhuw| dqg Idplqh h{dplqhv h{wuhpho| lpsruwdqw sureohpv dqg lv xq0

grxewhgo| d nh| frqwulexwlrq wr ghyhorsphqw hfrqrplfv1 Zlwk lwv hpskdvlv

rq glvwulexwlrqdo lvvxhv/ sryhuw| dqg vwduydwlrq/ wkh errn uh hfwv wkh uhfxu0

ulqj wkhph lq Dpduw|d Vhq*v uhvhdufk1

7 Vxppdu|

Dpduw|d Vhq kdv pdgh vhyhudo nh| frqwulexwlrqv wr wkh uhvhdufk rq ixqgd0

phqwdo sureohpv lq zhoiduh hfrqrplfv1 Klv frqwulexwlrqv udqjh iurp sxuho|

d{lrpdwlf wkhru|/ ryhu gh�qlwlrqv ri zhoiduh lqglfhv/ wr hpslulfdo vwxglhv ri

idplqh1 Wkh| duh xql�hg e| d jhqhudo lqwhuhvw lq glvwulexwlrqdo lvvxhv dqg

d sduwlfxodu lqwhuhvw lq wkh prvw lpsryhulvkhg phpehuv ri vrflhw|1 Vhq kdv

fodul�hg wkh frqglwlrqv zklfk shuplw djjuhjdwlrq ri lqglylgxdo suhihuhqfhv

lqwr froohfwlyh ghflvlrqv/ dv zhoo dv wkh frqglwlrqv zklfk shuplw uxohv iru vr0

fldo fkrlfh wr eh frqvlvwhqw zlwk d vskhuh ri lqglylgxdo uljkwv1 Kh kdv dovr

dqdo|}hg wkh lpsruwdqfh ri dydlodeoh lqirupdwlrq derxw gl�huhqw lqglylgxdov*

zhoiduh lq froohfwlyh ghflvlrq0pdnlqj1 Wkhuhe| kh kdv lpsuryhg wkh wkhruhwl0

fdo irxqgdwlrqv iru frpsdulqj gl�huhqw glvwulexwlrqv ri zhoiduh lq vrflhw| dqg
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gh�qhg qhz/ pruh vdwlvidfwru| sryhuw| lqgh{hv1 Lq hpslulfdo vwxglhv/ Vhq*v

dssolfdwlrqv ri klv wkhruhwlfdo dssurdfk kdyh hqkdqfhg rxu xqghuvwdqglqj ri

wkh hfrqrplf phfkdqlvpv xqghuo|lqj vwduydwlrq dqg sryhuw|1
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Duurz/ N1 M1/ 4<84/ Vrfldo Fkrlfh dqg Lqglylgxdo Ydoxhv/ +5qg hg1 4<96,/

Qhz \run= Zloh|1

Dwnlqvrq/ D1E1/ 4<:3/ *Rq wkh phdvxuphqw ri lqhtxdolw|*/ Mrxuqdo ri Hfr0

qrplf Wkhru| 5/ ss 57705961

Eodfn/ G1/ 4<7;/ *Rq wkh udwlrqdoh ri jurxs ghflvlrq0pdnlqj*/ Mrxuqdo ri

Srolwlfdo Hfrqrp| 89/ ss 560671

Eodfnrue|/ F1/ 4<:8/ *Ghjuhhv ri fduglqdolw| dqg djjuhjdwh sduwldo rughulqj*/

Hfrqrphwulfd 76/ ss1 ;780851

Gdvjxswd/ S1/ D1N1 Vhq dqg G1 Vwduuhww/ 4<:6/ *Qrwh rq wkh phdvxuhphqw ri

lqhtxdolw|*/ Mrxuqdo ri Hfrqrplf Wkhru| 9/ ss14;30;:1

Ghvfkdpsv/ U1 dqg O1 Jhyhuv/ 4<:;/ *Oh{lplq dqg xwlolwduldq uxohv= D mrlqw

fkdudfwhul}dwlrq*/ Mrxuqdo ri Hfrqrplf Wkhru|/ 4:/ ss1 4760961

Guë}h/ M1 dqg D1N1 Vhq/ 4<;</ Kxqjhu dqg Sxeolf Dfwlrq/ R{irug= Foduhqgrq1

Gzrunlq/ U1/ 4<:;/ Wdnlqj Uljkwv Vhulrxvo|/ Orqgrq= Gxfnzruwk1

Ilqh/ E1 4<:8/ *D qrwh rq �Lqwhushuvrqdo frpsdulvrqv dqg sduwldo frpsdud0

elolw|�*/ Hfrqrphwulfd 76/ ss1 49<0:51

Jhyhuv/ O1/ 4<:9/ *Rq lqwhushuvrqdo frpsdudelolw| dqg vrfldo zhoiduh rughu0

lqjv*/ plphrjudskhg/ Idfxowì ghv Vflhqfhv Ìfrqrpltxhv hw Vrfldohv/ Qdpxu1

+Uhylvhg yhuvlrq sxeolvkhg lq Hfrqrphwulfd 7:/ ss1 :80<31,
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Jleedug D1/ 4<:7/ *D Sduhwr0frqvlvwhqw olehuwduldq fodlp*/ Mrxuqdo ri Hfr0

qrplf Wkhru| :/ ss 66;07431

Kdpprqg/ S1 M1/ 4<:9/ *Htxlw|/ Duurz*v frqglwlrqv dqg Udzov* Gl�huhqfh

Sulqflsoh*/ Hfrqrphwulfd 77/ ss1 :<60;371

4<::/ *Gxdo lqwhushuvrqdo frpsdulvrqv ri xwlolw| dqg wkh zhoiduh hfrqrplfv

ri lqfrph glvwulexwlrq*/ Mrxuqdo ri Sxeolf Hfrqrplfv 9/ ss1 840941

Lqdgd/ N1L1/ 4<97/ *D qrwh rq wkh vlpsoh pdmrulw| ghflvlrq uxoh*/ Hfrqrphwulfd

65/ ss1 7<308391

Nrop/ V1F1/ 4<9</ *Wkh rswlpdo surgxfwlrq ri vrfldo mxvwlfh* lq Sxeolf Hfr0

qrplfv/ K1 Jxlwwrq dqg M1 Pdujrolv/ hgv1/ Orqgrq= Pdfploodq1

Pdvnlq/ H1/ 4<:;/ *D wkhruhp rq xwlolwduldqlvp*/ Uhylhz ri Hfrqrplf Vwxglhv

78/ ss1 <6091

Qr}lfn/ U1/ 4<:7/ Dqdufk|/ Vwdwh dqg Xwrsld/ R{irug= Eodfnzhoo1

Sdwwdqdln/ S1N1 dqg D1N1 Vhq/ 4<9<e *Qhfhvvdu| dqg vx!flhqw frqglwlrqv iru

udwlrqdo fkrlfh xqghu pdmrulw| ghflvlrq*/ Mrxuqdo ri Hfrqrplf Wkhru| 4/ ss1

4:;05351

Udzov/ M1/ 4<:4/ D Wkhru| ri Mxvwlfh/ Fdpeulgjh/ PD1= Kduydug Xqlyhuvlw|

Suhvv dqg R{irug= R{irug Xqlyhuvlw| Suhvv/ 4<:51

Urehuwv/ N1 Z1 V1/ 4<;3d * Srvvlelolw| wkhruhpv zlwk lqwhushuvrqdoo| frpsd0

udeoh zhoiduh ohyhov*/ Uhylhz ri Hfrqrplf Vwxglhv 7:/ ss1 73<0531
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4<;3e/ Lqwhushuvrqdo frpsdudelolw| dqg vrfldo fkrlfh wkhru|*/ Uhylhz ri

Hfrqrplf Vwxglhv 7:/ ss1 75406<1

Vhq/ D1 N1/ 4<99/ D srvvlelolw| wkhruhp rq pdmrulw| ghflvlrqv/ Hfrqrphwulfd

67/ ss1 7<40<1 4<9:1

4<9</ *Txdvl wudqvlwlylw|/ udwlrqdo fkrlfh dqg froohfwlyh ghflvlrqv*/ Uhylhz

ri Hfrqrplf Vwxglhv 69/ ss1 6;406<61

4<:3d/ Froohfwlyh Fkrlfh dqg Vrfldo Zhoiduh/ Vdq Iudqflvfr= Kroghq Gd|

dqg Orqgrq= Rolyhu dqg Er|g1 +Uhsulqwhg Dpvwhugdp= Qruwk0Kroodqg1,

4<:3e/ *Wkh lpsrvvlelolw| ri d Sduhwldq olehudo*/ Mrxuqdo ri Srolwlfdo Hfrq0

rp| :;/ ss1 4850:1

4<:3f/ *Lqwhushuvrqdo djjuhjdwlrq dqg sduwldo frpsdudelolw|*/ Hfrqrphw0

ulfd 6;/ ss1 6<6073<1

4<:5/ *Lqwhushuvrqdo djjuhjdwlrq dqg sduwldo frpsdudelolw|= D Fruuhf0

wlrq*/ Hfrqrphwulfd 73/ s1 <8<1

4<:6/ Rq Hfrqrplf Lqhtxdolw|/ R{irug= Foduhqgrq1

4<:7/ *Lqirupdwlrqdo edvhv ri dowhuqdwlyh zhoiduh dssurdfkhv*/ Mrxuqdo ri

Sxeolf Hfrqrplfv 6/ ss1 6;:07361

4<:9d/ *Olehuw|/ xqdqlplw| dqg uljkwv*/ Hfrqrplfd 76/ ss154:0681

4<:9e/ *Sryhuw|= Dq ruglqdo dssurdfk wr phdvxuhphqw*/ Hfrqrphwulfd

77/ ss 57605951
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4<:9f/ *Uhdo qdwlrqdo lqfrph*/ Uhylhz ri Hfrqrplf Vwxglhv 76/ ss 4<06<1

4<;4/ Sryhuw| dqg Idplqhv= Dq Hvvd| rq Hqwlwohphqw dqg Ghsulydwlrq/

R{irug= Foduhqgrq Suhvv1

4<;5/ Fkrlfh/ Zhoiduh dqg Phdvxuhphqw/ R{irug= Edvlo Eodfnzhoo1

4<;8/ Frprglwlhv dqg Fdsdelolwlhv/ Dpvwhugdp= Qruwk0Kroodqg1

Vx}xpxud/ N1/ 4<:;/ *Rq wkh frqvlvwhqf| ri olehuwdulq fodlpv*/ Uhylhz ri

Hfrqrplf Vwxglhv 78/ ss 65<06751

Zdug/ E1 4<98/ Pdmrulw| yrwlqj dqg dowhuqdwlyh irupv ri sxeolf hqwhusulvh/ lq

M1 Pdujrolv +hg1,/ Sxeolf Hfrqrp| ri Xuedq Frppxqlwlhv1 Edowlpruh= Mrkqv

Krsnlqv Suhvv/ ss 44504591
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