
Qhz Whvw Vwdwlvwlfv iru Pdunhw Wlplqj zlwk

Dssolfdwlrqv wr Hphujlqj Pdunhwv

D1 Vdqfhwwd dqg V1H1 Vdwfkhoo

Wulqlw| Froohjh/ Fdpeulgjh

Vhswhpehu 5335

Devwudfw

Zh surylgh d qhz iudphzrun iru lghqwli|lqj pdunhw wlplqj1 Rxu dqdo|vlv

irfxvhv rq wkh vprrwkhg mrlqw klvwru| ri wkh ixqg zlwk wkh ehqfkpdun1 Wkh

dssurdfk lv ixoo| qrqsdudphwulf1 Wkhuhiruh/ lw kdv wkh dgydqwdjh ri dyrlglqj

wkh plvvshfl�fdwlrq sureohpv vr frpprq lq wklv olwhudwxuh1 Wkh whvw vwdwlvwlf

lv vrph udqn suhvhuylqj ixqfwlrq ri d vhfrqg rughu X0surfhvv1 Wklv hpslulfdo

surfhvv doorzv xv wr gh�qh d vhw ri vwdwlvwlfv iru pdunhw wlplqj1 Zh vwdwh

wkh uhohydqw dv|pswrwlf glvwulexwlrq1 Vrph ri wkhvh vwdwlvwlfv duh xvhg wr

vwxg| wkh wlplqj frpsrqhqw ri hphujlqj pdunhwv ixqgv xvlqj wkh gdwdvhw ri

Kzdqj dqg Vdwfkhoo +4<<<,1

MHO Fodvvl�fdwlrq= J44/ F471

Nh| Zrugv= Pdunhw Wlplqj/ Hphujlqj Pdunhwv/ X0Surfhvv/ Nhqgdoo*v Wdx/

Lqyduldqfh Sulqflsoh/ Vwurqj Pl{lqj1

4 Lqwurgxfwlrq

Wklv sdshu sursrvhv qhz vwdwlvwlfv iru pdunhw wlplqj zklfk fdq eh xvhg iru lqihuhqfh

dqg whvwlqj sxusrvhv1 Wkh surfhgxuh dgyrfdwhg kdv eurdg dssolfdelolw| dqg lw lv

qrw uhvwulfwhg wr wkh fodvv ri olqhdu pdunhw prghov vxfk dv wkh Khqulnvvrq dqg
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Phuwrq prgho +4<;4,1 Wkh sxusrvh lv wr lpsuryh rq sdudphwulf prghov zklfk

duh iuhtxhqwo| plvvshfl�hg dqg doorz qr fruuhfw lqihuhqfh wr eh gudzq= h1j1 wkh

sdudphwhuv fruuhvsrqglqj wr wkh vhohfwlylw| vnloov dqg wkh pdunhw wlplqj vnloov duh

riwhq frqirxqghg +Nrwkdul dqg Zduqhu/ 4<<:,1 Ixuwkhupruh/ qhjdwlyh fruuhodwlrq

ehwzhhq wkh deryh wzr phdvxuhv kdv ehhq uhsruwhg e| vrph dxwkruv/ Nrq +4<;6,/

Khqulnvvrq +4<;7, dqg Mdjdqqdwkdq dqg Nrudmf}|n +4<;9,1 Wklv kdv ohg vrph

rwkhu uhvhdufkhuv wr gh�qh joredo phdvxuhv ri shuirupdqfh lq rughu wr flufxpyhqw

vrph ri wkhvh sureohpv/ h1j1 dyrlg wkh sureohp ri glvwlqjxlvklqj ehwzhhq vhohfwlylw|

vnloov dqg wlplqj vnloov +lqwhu dold/ Julqeodww dqg Wlwpdq/ 4<;</ 4<<7/ Fxpe| dqg

Johq/ 4<<3/ Jorvwhq dqg Mrjdqqdwkdq/ 4<<7/ hw fhwhud,1 Dovr/ sureohpv fdq rffxu

zkhq wkh gdwd frqvlghuhg h{klelw hylghqw qrq0olqhdulw| dv lq wkh fdvh ri hphujlqj

pdunhwv gdwd1 Lq wklv frqwh{w/ Kzdqj dqg Vdwfkhoo +4<<<, xvh d wkuhh prphqw

FDSP dv sursrvhg e| Nudxv dqg Olw}hqehuj +4<:9,1

Olqhdu prghov vhhp lqfrpsdwleoh zlwk wkh grfxphqwhg qrqolqhdulwlhv ri �qdq0

fldo gdwd1 Rqfh zh dedqgrq wkh olqhdu prgho/ wkh fkrlfh lv yluwxdoo| lq�qlwh dqg

dq| sduwlfxodu fkrlfh lv kdug wr mxvwli| rq d wkhruhwlfdo edvlv1 Iru wklv uhdvrq/ zh

sursrvh d ixoo| qrqsdudphwulf whvwlqj surfhgxuh1 Wkh qrqsdudphwulf dssurdfk lv

yhu| frpprq lq hfrqrphwulfv/ exw wkh olwhudwxuh rq shuirupdqfh phdvxuhphqw kdv

qrw |hw frqvlghuhg wklv pruh  h{leoh dssurdfk1

Dqrwkhu uhdvrq zk| qrqsdudphwulf shuirupdqfh phdvxuhphqw lv lpsruwdqw lv

wkh shufhlyhg qhhg wr dvvhvv wkh wudfn uhfrug ri khgjh ixqgv frpelqhg zlwk wkhlu

uhoxfwdqfh wr uhyhdo wkhlu srvlwlrqv dqg vwudwhjlhv1 Dv zh vkdoo vhh/ lw lv srvvleoh wr

dvvhvv gl�huhqw vwudwhjlhv lq eurdg whupv uhodwlyh wr d jlyhq ehqfkpdun1

Erwk lq wkh sdudphwulf dqg qrqsdudphwulf fdvh/ rqh zrxog eh h{shfwhg wr

frqgxfw d whvw edvhg rq wkh suhylrxvo| hvwlpdwhg frqglwlrqdo h{shfwdwlrq ixqfwlrq

ri wkh ixqg*v uhwxuqv zlwk wkh pdunhw ru ehqfkpdun uhwxuqv1 Rxu dssurdfk lv

gl�huhqw iurp wklv1 Zh xvh dq hpslulfdo surfhvv wkdw fdq fdswxuh wkh qrqolqhdu

ghshqghqfh ri wkh ixqg*v uhwxuqv zlwk wkh ehqfkpdun uhwxuqv1 Krzhyhu/ wkh fkrvhq

hpslulfdo surfhvv lv vxfk wkdw dvvrfldwlrq lpsolhv dvvrfldwlrq lq wkh uhjuhvvlrq rughu/
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khqfh lq whupv ri wkh frqglwlrqdo h{shfwdwlrq ixqfwlrq zlwkrxw wkh qhhg ri nqrzlqj

lwv h{dfw ixqfwlrqdo irup1 Lq idfw/ wkh surfhvv/ zklfk lv d vprrwkhg yhuvlrq ri

Nhqgdoo*v wdx/ kdv ehhq sursrvhg e| Jkrvdo hw do1 +5333, wr whvw iru prqrwrqlflw|

ri wkh xqnqrzq uhjuhvvlrq ixqfwlrq1 Wkh surfhvv kdv dovr ehhq vwxglhg lq ghwdlo

lq Vdqfhwwd +5335, xqghu vwurqj pl{lqj1 Xvlqj wklv surfhvv dv wkh pdlq wrro/ rxu

qrqsdudphwulf dssurdfk lv wr frqvwuxfw vwdwlvwlfv wkdw doorz xv wr lghqwli| pdunhw

wlplqj1

Lq wklv uhvshfw wkh hpslulfdo surfhvv zh xvh lv vxfk wkdw zh fdq vshfxodwh rq

wkh vwudwhjlhv ri wkh ixqg pdqdjhu rqo| iurp revhuyhg pdunhw dqg ixqg*v uhwxuqv1

Lqihuulqj wkh vwudwhjlhv/ zh frxog dovr sulfh wkh pdqdjhu*v vnloov lq whupv ri wkh

�qdqfldo lqvwuxphqwv lw uhsolfdwhv1 Zkloh wklv lvvxh lv ri juhdw lqwhuhvw zh gr qrw/

irupdoo|/ dgguhvv lw1 Qhyhuwkhohvv/ zh surylgh vrph lqirupdo glvfxvvlrq lq rxu

vhfwlrq rq wkh hpslulfdo dssolfdwlrq1

Wkh sodq iru wkh sdshu lv dv iroorzv1 Zh uhylhz wzr ri wkh prvw lpsruwdqw pdu0

nhw wlplqj prghov1 Devwudfwlqj iurp wkhp/ exw frqvlghulqj wkhlu vdolhqw fkdudfwhu0

lvwlfv/ zh surylgh d jhqhudo ylhz ri wkh vwdwlvwlfdo lvvxhv lqyroyhg lq shuirupdqfh

phdvxuhphqw1 Wklv lv grqh lq Vhfwlrq 51 Wkhq zh frqvlghu wkh dfwxdo lpsohphq0

wdwlrq ri wklv glvfxvvlrq iurp wkh txdqwlwdwlyh srlqw ri ylhz= lq Vhfwlrq 6/ zh

lqwurgxfh wkh hpslulfdo surfhvv zklfk lv wkh pdlq whfkqlfdo wrro iru wkh pdunhw

wlplqj gh�qlwlrq ri pdq| vwdwlvwlfv dqg whvwv1 Wkh surshuwlhv ri wklv hpslulfdo sur0

fhvv duh eulh | rxwolqhg/ wkhq wkh dssolfdwlrq wr pdunhw wlplqj lv ixoo| h{soruhg1

Lq vhfwlrq 7/ zh vwdwh jhqhudo olplw wkhruhpv iru wkh dv|pswrwlf glvwulexwlrq iru

vhyhudo ri wkhvh vwdwlvwlfv dqg olplw wkhruhpv iru wkh errwvwuds1 Wkh dv|pswrwlf

glvwulexwlrq ri vrph ri wkhvh vwdwlvwlfv lv xqnqrzq/ vr frqvlvwhqf| ri wkh errw0

vwuds lv ixqgdphqwdo zkhq frqgxfwlqj lqihuhqfh1 Doo wkhvh uhvxowv duh wdnhq iurp

Vdqfhwwd +5335,1 Lq Vhfwlrq 8 zh sxw rxu surfhgxuh wr zrun1 Zh fkrrvh wr zrun

zlwk wkh hphujlqj pdunhwv gdwd xvhg lq Kzdqj dqg Vdwfkhoo +4<<<,1 Frqfoxvlrqv

duh surylghg lq Vhfwlrq 91
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5 Lghqwli|lqj Pdunhw Wlplqj= Phwkrgrorj|

Li wkh pdunhw jrhv xs/ dqg pdqdjhuv fdq iruhfdvw wklv/ wkhq wkh| zloo vwuhqjwkhq

wkhlu sruwirolr pdunhw h{srvxuh e| ex|lqj kljk ehwd vwrfnv dqg frqyhuvho|/ li wkh

pdunhw jrhv grzq/ wkh| zloo ghfuhdvh wkhlu pdunhw h{srvxuh1 Wkhuhiruh/ pdunhw

wlplqj lpsolhv srvlwlyh prqrwrqlflw| ri uhjuhvvlrq lq exoo pdunhwv dv zhoo dv joredo

frqyh{lw|1 Zh zloo pdnh wklv fohdu ehorz1 Iluvw zh zloo uhylhz wkh wzr pdlqvwuhdp

sdudphwulf vshfl�fdwlrqv iru pdunhw wlplqj1 Wkhq zh suhvhqw rxu jhqhudo dssurdfk

wr wkh sureohp iurp d phwkrgrorjlfdo srlqw ri ylhz1 Lq wklv fdvh/ wkh glvfxvvlrq

wulhv wr devwudfw iurp wkh dfwxdo txdqwlwdwlyh vwdwlvwlfdo lpsohphqwdwlrq1

514 Pdunhw Wlplqj Gh�qlwlrqv

Wkrxjk Khqulnvvrq dqg Phuwrq +4<;4,/ KP khuhdiwhu/ surylghg wzr whvwv iru pdu0

nhw wlplqj/ rqh qrqsdudphwulf dqg wkh rwkhu sdudphwulf/ rqo| wkh sdudphwulf rqh

vhhpv wr eh xvhg lq sudfwlfdo vlwxdwlrqv1 Lq idfw/ wkh qrqsdudphwulf whvw wkh|

sursrvh uhtxluhv nqrzohgjh ri wkh wlphu*v iruhfdvw/ zklfk lv uduho| dydlodeoh1

Ohw ~
Rc|

dqg ~
6c|

eh/ uhvshfwlyho|/ wkh h{fhvv sruwirolr dqg pdunhw uhwxuqv dw

wlph |1 Wkhq/ wkh KP sdudphwulf prgho lv jlyhq e|

~
Rc|

' k n q~
6c|

n �4@ dfc�~
6c|

o n 0
|

c +4,

zkhuh E0
|

�
|M]

lv d phdq }hur llg lqqrydwlrq ruwkrjrqdo wr wkh rwkhu yduldeohv1 D

shuihfw pdunhw wlphu zrxog kdyh pdunhw frh!flhqw q ' � dqg wlplqj frh!flhqw

� ' �� Iljxuh L sorwv wkh judsk ri wkh KP prgho zkhq k ' f�Dc q ' � dqg � ' �

wrjhwkhu zlwk wkh pdunhw olqh1

Rq wkh rwkhu kdqg/ Wuh|qru dqg Pd}x| +4<<9,/ WP khuhdiwhu/ sursrvh wkh

iroorzlqj sdudphwulf vshfl�fdwlrq

~
Rc|

' k n q~
6c|

w E~
6c|

� n 0
|

+5,

w E~
6c|

� ' E� n �~
6c|

� c

zklfk lv d txdgudwlf uhjuhvvlrq1 w E~
6c|

� fdq eh lqwhusuhwhg dv wkh �uvw wzr whupv lq
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d Wd|oru h{sdqvlrq1 Zkloh wkh q frh!flhqw frqwurov wkh pdunhw h{srvxuh/ � lv wkh

wlplqj frh!flhqw1 Qrwlfh wkdw k lq erwk prghov lv d phdvxuh ri vhohfwlylw| vnloov1

Iljxuh LL vkrzv wkh judsk ri wkh WP*v prgho zkhq k ' f�Dc q ' � dqg � ' f��

wrjhwkhu zlwk wkh pdunhw olqh1

Iljxuh L1 Khqulnvvrq dqg Phuwrq Iljxuh LL1 Wuh|qru dqg Pd}x|

+k ' �Dc q ' �c � ' �� +k ' �Dc q ' �c � ' ��,

Dv Iljxuhv L dqg LL vkrz/ wkh frpprq ihdwxuh ri wkh prghov lv qrq0olqhdulw| dqg

frqyh{lw| iru qhjdwlyh pdunhw uhwxuqv1 Wklv frqyh{lw| lv ixqgdphqwdo lq wkh gh�0

qlwlrq ri pdunhw wlplqj ehfdxvh lw fdswxuhv wkh delolw| ri wkh pdqdjhu lq fkrrvlqj

wudglqj vwudwhjlhv wkdw surylgh d surwhfwlyh sxw1 Wklv lghd lv h{solflwo| prghoohg lq

wkh KP prgho e| wkh � whup lq +4,1

Jhqhudoo|/ zh zrxog olnh wr eh deoh wr glvwlqjxlvk ehwzhhq exoo pdunhw wlplqj/

ehdu pdunhw wlplqj/ dqg joredo pdunhw wlplqj1 Jlyhq wklv lqirupdwlrq/ zh frxog

vhohfw gl�huhqw pdqdjhuv iru jrrg dqg edg wlphv1 Erwk wkh KP dqg WP prghov

surylgh wklv  h{lelolw|/ exw zlwklq d srvvleo| plvvshfl�hg sdudphwulf iudphzrun1

Iljxuhv LLL dqg LY sorw/ uhvshfwlyho|/ wkh KP*v prgho zlwk k ' f�Dc q ' � dqg

� ' ��D/ dqg wkh WP*v prgho zlwk k ' f�Dc q ' � dqg � ' f�D� Dv ehiruh/ wkh
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gldjrqdo olqh lv wkh pdunhw olqh1

Iljxuh LLL1 Khqulnvvrq dqg Phuwrq Iljxuh LY1 Wuh|qru dqg Pd}x|

+k ' �Dc q ' �c � ' ��D� +k ' �Dc q ' �c � ' �D,

Dv wkh deryh gldjudpv pdnh fohdu/ pdunhw wlplqj lqyroyhv lvvxhv ri d yhu| frpsoh{

qdwxuh/ qrw ohdvw wkh fkrlfh ri ehqfkpdun1 Lq doo irxu gldjudpv zh sorw wkh pdunhw

olqh dv zhoo> krzhyhu/ lq sudfwlfh/ wkh pdunhw olqh qhhg qrw h{lvw1 Pruhryhu/ hyhq

zkhq wkh ehqfkpdun lv lghqwl�hg/ lw uhpdlqv wr ghwhuplqh wkh qdwxuh ri wkh wlplqj

vwudwhj|/ l1h1 joredo/ exoo pdunhw/ ru ehdu pdunhw1 Fohduo|/ wkhvh duh rqo| vrph

ri wkh doprvw lq�qlwh srvvleoh fdvhv/ h1j1 zh pd| kdyh vwudwhjlhv wkdw rxwshuirup

wkh pdunhw rqo| gxulqj h{wuhph devroxwh pryhphqwv ri wkh pdunhw1 Wklv vwudwhj|

frxog eh dfklhyhg ex|lqj yrodwlolw|/ h1j1 vwudggohv yld rswlrq vwudwhjlhv1 Wkhuhiruh/

lw lv uhohydqw wr ghylvh d vhw ri vwdwlvwlfv wkdw duh  h{leoh hqrxjk iru frqgxfwlqj

lqihuhqfh ryhu d eurdg udqjh ri srvvleoh vwudwhjlhv1

515 Wlplqj Vnloov Yhuvxv Vhohfwlylw| Vnloov

Ehiruh surfhhglqj dq| ixuwkhu/ lw lv lpsruwdqw wr glvwlqjxlvk wkh frqfhswv ri pdunhw

wlplqj dqg vhohfwlylw| vnloov1 Erwk duh frpsrqhqwv ri shuirupdqfh phdvxuhphqw/

exw zlwk gl�huhqw lpsolfdwlrqv1 Rxu sxusrvh lq wkh vhtxho lv wr vwxg| pdunhw

wlplqj rqo|/ wkhuhiruh �qglqj zd|v wr ghfrpsrvh wkh shuirupdqfh ri d ixqg lq d

zhoo gh�qhg idvklrq lq rughu wr dyrlg wkh sureohpv phqwlrqhg lq wkh lqwurgxfwlrq1
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Iljxuh Y ehorz vkrzv gl�huhqw judskv wrjhwkhu zlwk wkh ehqfkpdun olqh1

Iljxuh Y1 Vdph Wlplqj Vnloov/

Gl�huhqw Vhohfwlyl| Vnloov

Wkh uhdghu vkrxog qrwlfh wkdw zkloh wkh judskv uhsuhvhqw gl�huhqw shuirupdqfhv/

wkhlu pdunhw wlplqj frpsrqhqw lv h{dfwo| wkh vdph/ l1h1 doo gl�huhqfhv duh gxh wr

gl�huhqw vhohfwlylw| frpsrqhqwv1 Dq dghtxdwh pdunhw wlplqj vwdwlvwlfdo surfhgxuh

vkrxog eh vxfk wkdw wkh deryh ixqgv duh lqglvwlqjxlvkdeoh1 Wkhq/ vwdwlvwlfv vxfk dv

phdq uhwxuqv ri wkh deryh ixqgv zrxog doorz xv wr h{wudsrodwh wkh vhohfwlylw| vnloov

lq d frpsohwho| lqghshqghqw zd|1 Wklv srlqw lpsolhv wkdw wkh ixqg zlwk wkh ehvw

phdq uhwxuq lv qrw qhfhvvdulo| d pdunhw wlphu1

516 Lghqwli|lqj Pdunhw Wlplqj

Khuh zh surylgh d phwkrgrorj| wr eh iroorzhg zkhq wu|lqj wr lghqwli| wkh wlplqj

frpsrqhqw lq d ixqg pdqdjhu*v vwudwhj|1 Fohduo|/ zh gr qrw qhfhvvdulo| nqrz klv

vwudwhj|/ exw rqo| wkh rxwfrph1

Lq rughu wr eh pruh frqfuhwh/ frqvlghu d uhvhdufkhu zkr zdqwv wr whvw iru pdunhw

wlplqj lq wkh fodvvlfdo iudphzrun dv h{hpsol�hg lq Iljxuhv L dqg LL/ l1h1 ixoo|

h{srvhg wr wkh pdunhw zkhq lw jrhv xs/ dqg grzq zhljkwhg zkhq lw lv orz1

Lw wklv fdvh/ lw pd| vhhp qdwxudo wr surfhhg lq wkuhh vwhsv= E��� lghqwli| wkh

ehqfkpdun> E2�� h{wudsrodwh wkh ghjuhh ri prqrwrqlflw| ri wkh ixqgv* h{fhvv uhwxuqv

zlwk uhvshfw wr wkh ehqfkpdun ryhu vrph �{hg srvlwlyh uhjlrq> E��� yhuli| wkh ghjuhh

ri surwhfwlrq wkdw wkh vwudwhj| surylghv zkhq wkh ehqfkpdun*v uhwxuqv duh qhjdwlyh1

Zh h{sodlq hdfk ri wkh vwhsv1 Frpphqwv duh ghihuuhg wr Vhfwlrq 5171

:



51614 E��� Lghqwli|lqj wkh ehqfkpdun

Pdunhw wlplqj lv d uhodwlyh frqfhsw1 Wkhuhiruh/ zh qhhg wr gh�qh d ehqfkpdun1

Ohw E~
6c|

�
|M]

eh wkh ehqfkpdun uhwxuqv/ dqg E~
Rc|

�
|M]

wkh ixqg uhwxuqv1 Zh eholhyh

wkdw

~
Rc|

' 6 E~
6c|

� n 0
|

c

zkhuh 6 E���� lv d ixqfwlrq wr eh gh�qhg/ dqg 0
|

lv d pduwlqjdoh gl�huhqfh1 Jlyhq

wkdw zh kdyh d frpprq ehqfkpdun iru wkhvh ixqgv/ zh lghqwli| wkh jhqhudo ex|

dqg krog srvlwlrq/ l1h1 ex|lqj wkh ehqfkpdun1 Lq wklv fdvh/

~
Rc|

' ~
6c|

n 0
|

c +6,

zkhuh wkh huuru 0
|

lv gxh wr wkh lpsrvvlelolw| ri h{dfwo| ex|lqj wkh pdunhw14 Lw

iroorzv wkdw rxu shuirupdqfh phdvxuhphqw zloo eh zlwk uhvshfw wr wklv ex| dqg

krog srvlwlrq1 Fohduo|/ zh frxog dovr doorz iru

~
Rc|

' q~
6c|

n 0
|

c

zkhuh q 5 U
nn

lv qrw qhfhvvdulo| htxdo wr rqh1 Krzhyhu/ zh xvh wkh zrug ehqfk0

pdun dqg qrw pdunhw lq rughu wr dyrlg wklv srvvlelolw|/ l1h1 wkh ehqfkpdun pd| eh

vrph iudfwlrq ri wkh pdunhw vr wkdw q lv douhdg| lqfrusrudwhg lq wkh gh�qlwlrq ri

ehqfkpdun= wklv lv phuho| iru qrwdwlrqdo frqyhqlhqfh1

Wkhq/ zh gh�qh wkh ixqg h{fhvv uhwxuqv zlwk uhvshfw wr wkh ehqfkpdun/ l1h1

�~
Rc|

' ~
Rc|

� ~
6c|

� +7,

Wkhuhiruh/ zh kdyh wkh wzr glphqvlrqdo vhulhv
�
�~
Rc|

c ~
6c|

�
� Iru frqfhswxdo vlpsolf0

lw|/ zh glylgh wkh vhulhv lqwr wzr qhz vhulhv lq rughu wr plplf wkh wzr dvshfwv ri

pdunhw wlplqj lq zklfk rxu lqwhuhvw olhv1 Glylgh
�
�~
Rc|

c ~
6c|

�
lqwr rqh vhulhv zkhuh

4Iru zhoo ghyhorshg pdunhwv olnh wkh V)S dqg wkh Qdvgdt/ lw lv dfwxdoo| srvvleoh wr ex| wkh

pdunhw/ l1h1 Vslghuv dqg Fxehv1 Wkhvh frqwudfwv rq wkh lqgh{ kdyh ehhq lqwurgxfhg lq rughu wr

doorz iru hdv| duelwudjh ehwzhhq ixwxuhv dqg wkh xqghuo|lqj1

;



~
6c|

� / dqg rqh zkhuh ~
6c|

� /c vd|
�
�~
Rcr

c ~n

6cr

�
dqg

�
�~
Rcr

c ~3

6cr

�
/ uhvshfwlyho|/

zkhuh / lv d uhdo qxpehu zklfk lq pdq| fdvhv zrxog eh htxdo wr }hur/ exw zh zdqw

wr doorz iru h{wud  h{lelolw|1 Qrwlfh wkdw zkhq zh duh lqwhuhvwhg lq wlplqj frpsr0

qhqwv dv lq Iljxuh L/ / lv }hur> wklv lv wkh fdvh frqvlghuhg khuh1 Zh kdyh fkdqjhg wkh

vxevfulsw iurp | wr r lq rughu wr pdnh fohdu wkdw zh duh qrw qhfhvvdulo| frqvlghulqj

wkh hqwluh vhtxhqfh E~
Rc|

�
|M]

c exw rqo| wkrvh ydoxhv wkdw vdwlvi| wkh deryh fulwhuld1

Lq sudfwlfh wkhuh lv qr qhhg wr lpsrvh vxfk d vwulfw glfkrwrp| +vhh Vhfwlrq 8,1

51615 E2�� Ghjuhh ri prqrwrqlflw| ryhu srvlwlyh uhjlrqv

Zh qhhg wr frqvlghu rqo| wkh shuirupdqfh ri wkh ixqg zlwk uhvshfw wr wkh srvlwlyh

uhwxuqv ri wkh ehqfkpdun1 Frqfhswxdoo|/ zh zrxog frqgxfw vrph vruw ri srvlwlyh

prqrwrqlflw| whvw1 Lq sduwlfxodu/ frqvlghu wkh iroorzlqj qxoo

Mn

J

'
�
6n E%

2
��6n E%

�
� � fc ; E%

�
c %

2
� c %

2
: %

�

�
c

zkhuh 6n lv jlyhq e|

�~
Rcr

' 6n

�
~n

6cr

�
n 0

|

�

Wkh ixqg wkdw ylrodwhv wkh qxoo ri srvlwlyh prqrwrqlflw| fdqqrw gr dv zhoo dv rxu

fkrvhq ehqfkpdun zkhq wklv jrhv xs1 Fohduo|/ d ixqg wkdw fodlpv wr iroorz rxu

ehqfkpdun pxvw vdwlvi| 6n 5 Mn

J

c rwkhuzlvh lw lv qrw d pdunhw wlphu> l1h1 frqgl0

wlrqdo rq lwv wdujhw/ lw grhv qrw dfklhyh lw15 Dq h{dpsoh zkhuh zh zrxog olnh wkh

qxoo wr eh uhmhfwhg lv jlyhq e| wkh ixqgv lq Iljxuh Y1

51616 E��� Ghjuhh ri grzqvlgh surwhfwlrq

Iroorzlqj wkh vdph uhdvrqlqj ri vwhs 5/ zh rqo| frqvlghu
�
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Rcr
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6cr

�
� Gh�qh wkh
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5Wkrvh ixqgv wkdw krog orz ohyho ehwd vwrfnv zloo xqghushuirup lq wklv whvw hyhq wkrxjk wkh|

surylgh pruh grzqvlgh surwhfwlrq1 Fohduo|/ wkhvh ixqgv hlwkhu gr qrw h{dfwo| xvh rxu ehqfkpdun

dv uhihuhqfh/ ru wkh| mxvw xqghushuirup1
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zkhuh 63 lv jlyhq e|
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Rcr
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6cr
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Li wklv zhuh d irupdo whvw/ wkh qxoo M3

J

zrxog eh uhmhfwhg zkhq wkh ixqg orvhv pruh

wkdq wkh ehqfkpdun1

517 Frpphqwv rq wkh Phwkrgrorj|

Vrph frpphqwv rq wkh phwkrgrorjlfdo dvshfw ri wkh rxwolqhg vwhsv duh uhtxluhg1

Iluvw ri doo zh qrwlfh wkdw wkhuh duh vrph olplwdwlrqv ghulyhg e| wkh xvh ri wkh

vwulfw gh�qlwlrq ri prqrwrqlflw|1 Lq idfw d ixqfwlrq 6 E���� lv srvlwlyh prqrwrqlf li

6 E���� � fc zklfk lqfoxghv 6 E���� ' f� D pruh ghwdlohg glvfxvvlrq rq wklv lv jlyhq

lq Vhfwlrq 6 zkhuh wkh vwdwlvwlf lqyroyhg lq wkh whvwlqj surfhgxuh lv glvfxvvhg1 Lq

zkdw iroorzv/ wr dlg lpsohphqwdwlrq/ zh frpphqw rq hdfk vwhs1

51714 E��� Lghqwli|lqj wkh ehqfkpdun

Zh dvvxph wkdw wkh shuvrq zkr frqgxfwv wkh whvw frqglwlrqv rq klv suhylrxv lqiru0

pdwlrq dqg whvwv iru d vshfl�f vwudwhj| zklfk lv gh�qhg ehiruh wkh whvw lv frqgxfwhg1

Wklv vwhs lqyroyhv wkh fuxfldo dvvxpswlrq lq wkh pdunhw wlplqj whvwlqj surfhgxuh/

l1h1 wkh fkrlfh ri ehqfkpdun1 Lq wkh olwhudwxuh/ wklv sureohpdwlf lvvxh kdv rqo|

ehhq sduwldoo| dgguhvvhg1 Lq jhqhudo/ lw lv dvvxphg wkdw wkh ehqfkpdun vkrxog

eh dq h!flhqw sruwirolr +h1j1 Uroo/ 4<:;/ lq d phdq yduldqfh/ ru txdgudwlf xwlolw|

zruog,1 D sruwirolr lv h!flhqw rqo| uhodwlyh wr jlyhq d{lrpv shuwlqhqw wr ghflvlrq

pdnlqj xqghu xqfhuwdlqw|1 Zlwkrxw ehlqj gudzq lqwr wkh frqwuryhuvldo olwhudwxuh

rq fkrlfh xqghu xqfhuwdlqw|/ wkh fkrvhq ehqfkpdun lv suhihuhqfh ghshqghqw1 Wklv

srlqw lv ri sduwlfxodu uhohydqfh/ dqg mxvwl�hv wkh xvh ri +6,1 Zlwkrxw uhvwulfwlrqv rq

suhihuhqfhv/ zh fdqqrw gh�qh d ehqfkpdun1 Lq sudfwlfh/ lw lv frqyhqlhqw wr fkrrvh

zhoo nqrzq pdunhw lqglfhv dv uhihuhqfh1 Krzhyhu wklv lv uhvwulfwlyh dqg pd| idlo lq

vrph lqvwdqfhv/ h1j1 khgjh ixqgv1 Khgjh ixqgv/ zklfk duh riwhq pdunhw qhxwudo/

duh wkh hslskhqrphqrq ri wkh suhihuhqfh edvhg ehqfkpdun fkrlfh1 Frqvhtxhqwo|/
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pdunhw wlplqj lv qrw rqo| d uhodwlyh frqfhsw/ exw dovr kljko| ghshqghqw rq suhihu0

hqfhv1 Wkhvh suhihuhqfhv vkrxog eh lqfrusrudwhg lqwr wkh fkrlfh ri ehqfkpdun1 Iru

wklv uhdvrq zh ohdyh wkh fkrlfh ri ehqfkpdun xqgh�qhg dqg lqwhqwlrqdoo| ydjxh1

51715 E2�� Ghjuhh ri prqrwrqlflw| ryhu srvlwlyh uhjlrqv

Doo wkh lvvxhv uhjduglqj suhihuhqfh duh uhvroyhg lq wkh �uvw vwhs1 Frqglwlrqdoo| rq

wkhvh suhihuhqfhv/ zh duh mxvw ohg e| wkh vlpsoh lghd wkdw pruh lv suhihuuhg wr ohvv/

zkhuh wkh zkroh dqdo|vlv lv lq uhodwlyh whupv/ l1h1 h{fhvv uhwxuqv zlwk uhvshfw wr wkh

ehqfkpdun1 Wklv vlpsoh lghd kdv wr eh ghfrpsrvhg lqwr wzr qdwxudo dqg gl�huhqw

frpsrqhqwv/ vhohfwlylw| vnloov/ dqg wlplqj vnloov> vhh Vhfwlrq 515 dqg wkh uhihuhqfhv

lq wkh lqwurgxfwlrq iru ixuwkhu ghwdlov1 Lq wkh olqhdu iudphzrun/ wkh wlplqj vnloov

duh txdqwlwdwlyho| gh�qhg lq whupv ri wkh vorsh/ l1h1 q dqg � lq +4,> lq wkh pruh

jhqhudo qrqolqhdu fdvh/ lw lv qdwxudo wr wudqvodwh lw lq whupv ri srvlwlyh prqrwrqlflw|

ri uhjuhvvlrq ri wkh ixqg uhwxuqv zlwk wkh ehqfkpdun1 Wkhuhiruh/ irfxvlqj dwwhqwlrq

rq wkh ixqg h{fhvv uhwxuqv zlwk uhvshfw wr wkh pdunhw doorzv xv wr frqvlghu mxvw wkh

wlplqj vnloov/ vroylqj wkh iuhtxhqw sureohp ri frqirxqglqj wkh wlplqj dqg vhohfwlylw|

frh!flhqwv wkdw rffxuv zlwk rwkhu dssurdfkhv1

51716 E��� Ghjuhh ri grzqvlgh surwhfwlrq

Wklv vwhs kdv wzr pdlq sxusrvhv1 Iluvw/ lw doorzv xv wr dyrlg wkh sureohp ri

frqirxqglqj d pdunhw wlphu zlwk d vshfxodwru zkr krogv ohyhudjhg srvlwlrqv/ h1j1

lqyhvwv khu fdslwdo lq ixwxuhv1 Iljxuh YL ghslfwv wklv fdvh/ zkhuh wkh vwudwhj|

uhsuhvhqwhg e| wkh olqh zlwk d kljkhu vorsh/ uhodwlyh wr wkh pdunhw/ frxog eh ds0
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sur{lpdwho| dfklhyhg e| ex|lqj dqg kroglqj ixwxuhv rq wkh ehqfkpdun16

Iljxuh YL1 Vshfxodwru

533( H{srvxuh wr wkh Ehqfkpdun

Wkh rwkhu lpsruwdqw uhdvrq lv wkdw lw doorzv xv wr dvvhvv li wkh pdqdjhu*v vwudwhjlhv

uhsolfdwh d surwhfwlyh sxw dv lq wkh KP prgho/ dqg pruh jhqhudoo|/ d vshfxodwlyh

sxw dv lv wkh fdvh iru joredo pdunhw wlplqj/ h1j1 vhh Iljxuhv LLL dqg LY deryh1 Wkh

vwxg| ri vwudwhjlhv wkdw uhsolfdwh d vshfxodwlyh sxw fdq eh frqgxfwhg e| uhgh�qlqj

wkh h{fhvv uhwxuqv dv

�~
Rc|

' ~
Rc|

� d~
6c|

n4@ Efc�~
6c|

�o � +8,

6 Wkh Hpslulfdo Surfhvv

Lq rughu wr dffrpprgdwh iurp d txdqwlwdwlyh srlqw ri ylhz wkh glvfxvvlrq ri wkh

suhylrxv vhfwlrq/ zh sursrvh wr xvh wkh hpslulfdo Nhqgdoo*v wdx surfhvv frqvlghuhg

lq Jkrvdo hw do1 +5333, iru wkh llg fdvh/ dqg vwxglhg lq Vdqfhwwd +5335, xqghu

pruh jhqhudo frqglwlrqv1 Wkhq/ d whvw vwdwlvwlf zrxog xvxdoo| eh vrph qrup ri wklv

surfhvv1 Zh uhfdoo wkh surshuwlhv ri wklv surfhvv1

6Wklv dujxphqw kdv ehhq vlpsol�hg1 D ixwxuh frqwudfw pd| qrw eh dydlodeoh rq wkh ehqfkpdun

dqg qhlwkhu frxog eh frqvwuxfwhg e| ixwxuhv rq wkh vlqjoh frpsrqhqwv ri wkh ehqfkpdun/ wkrxjk

ryhu wkh frxqwhu frqwudfwv pd| eh djuhhg1 Vhfrqg/ wkh ehkdylrxu ri d ixwxuh frqwudfw uhodwlyh wr

wkh xqghuo|lqj zrxog eh dssur{lpdwho| olqhdu rqo| ryhu uhodwlyo| vkruw shulrgv dqg xqghu vshfl�f

flufxpvwdqfhv1 Krzhyhu/ lqyhvwlqj doo wkh fdslwdo lq erqgv dqg xvlqj sduw ri wkh erqgv wr vdwlvi|

lqlwldo pdujlqv uhtxluhphqw pd| ohdg wr dq dssur{lpdwho| olqhdu uhodwlrq hyhq ryhu orqj wlph

vsdqv1
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c wkh hpslulfdo Nhqgdoo*v

wdx surfhvv lv d vhfrqg rughu X0surfhvv jlyhq e|
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ehlqj d ghfuhdvlqj ixqfwlrq ri ?�

Qrwlfh wkdw d X0surfhvv lv d X0vwdwlvwlf zkhuh wkh X0nhuqho lv d fodvv ri ixqfwlrqv1

Ohw s eh d �{hg ixqfwlrq zlwk � glphqvlrqdo dujxphqw1 Wkhq/ d X0vwdwlvwlf ri rughu
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vwdqgv iru vxppdwlrq ryhu doo srvvleoh frpelqdwlrqv ri � lqglfhv rxw

ri ? +vhh Vhu lqj/ 4<;3/ iru ghwdlov rq X0vwdwlvwlfv,1 Ohw s 5 + zkhuh + lv vrph

duelwudu|/ exw �{hg fodvv ri ixqfwlrqv> wkh X0surfhvv ri rughu � lv jlyhq e|
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Lq rxu fdvh/ wkh fodvv ri ixqfwlrqv lv lqgh{hg e| |1 Wkh uhdghu vkrxog qrw frqirxqg

wkh whup X0nhuqho/ zlwk nhuqho vprrwkhu/ zklfk lv mxvw d ghqvlw| ixqfwlrq xvhg wr

frqyroyh wkh revhuydwlrqv/ h1j1 & Er� lv d ghqvlw| ixqfwlrq1 Wkh X0nhuqho ri L
?

E|�

lv jlyhq e|
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Wkhq L
?

E|� lv mxvw wkh vdpsoh dyhudjh ri �
�c�

E|�> l1h1 lw lv wkh vxp ryhu doo wkh gli0

ihuhqw zd|v ri vhohfwlqj wzr remhfwv rxw ri ? uhjdugohvv ri wkhlu rughu glylghg e| wkh

qxpehu ri hohphqwv1 Wkxv/ lw lv d vprrwkhg yhuvlrq ri Nhqgdoo*v wdx vwdwlvwlf dovr

nqrzq dv wkh vljq fruuhodwlrq frh!flhqw1 Xqolnh Shduvrq*v fruuhodwlrq frh!flhqw/

Nhqgdoo*v wdx +dv zhoo dv Vshdupdq*v ukr, doorzv xv phdvxuhphqw ri qrq0olqhdu gh0

shqghqfh +h1j1 Mrh/ 4<<:,1 Wklv lv qrw wkh fdvh iru Shduvrq*v fruuhodwlrq frh!flhqw
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zklfk lv mxvw htxdo wr wkh frvlqh ri wkh dqjoh ehwzhhq wzr yhfwruv +l1h1 wzr vhulhv

ri ohqjwk ? fdq eh vhhq dv wzr srlqwv lq d ? glphqvlrqdo vsdfh,1

Wklv surfhvv +qrwlfh lw lv d ixqfwlrq ri |, lv vxfk wkdw lw vwd|v forvh wr }hur
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/ l1h1 wkh udqgrp yduldeoh E0
�

� 0
�

� lv v|pphwulf e| frqvwuxfwlrq/7

7Li %l dqg %m duh qrw lqghshqghqw/ exw lghqwlfdoo| glvwulexwhg/ v|pphwu| zrxog iroorz li dqg

rqo| li wkhlu frsxod ixqfwlrq lv v|pphwulf1 Uhfdoo wkdw liK +%l> %m, lv wkh mrlqw glvwulexwlrq ri %l dqg

%m / wkhlu frsxod lv jlyhq e| F +J +%l, > J +%m,, @ K +%l> %m, > zkhuh J lv wkh pdujlqdo glvwulexwlrq

ri %l dqg %m / l1h1 wkh frsxod lv wkh mrlqw glvwulexwlrq ri xqlirup ^3> 4` pduljlqdov1
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zh kdyh wkdw L � f li dqg rqo| li 6 lv d udqn suhvhuylqj wudqvirupdwlrq/ l1h1
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� |� +44,

lv d ixqfwlrq ri rughu rqh1 Wklv ixqfwlrq lv dq dv|pswrwlf hvwlpdwru iru wkh yduldqfh

dgmxvwphqw +vhh Jkrvdo hw do1/ 5333/ dqg Vdqfhwwd/ 5335/ iru ghwdlov,1 Ixuwkhu/

&
�?
Er� lv wkh vdph nhuqho vprrwkhu xvhg lq +9,1 Qrwlfh wkdw &

�?
Er� � �3�

?

& E�3�
?

r�

vkrxog vdwlvi| vrph frqglwlrqv +vhh Frqglwlrq 5 lq Vhfwlrq 7,/ exw dsduw iurp wklv/

lw lv duelwudu|1 D sduwlfxodu fkrlfh ri & Er� lv jlyhq e| +49,/ zklfk lv wkh rqh xvhg

iru rxu hpslulfdo dssolfdwlrq lq Vhfwlrq 91

614 Wkh Vwdwlvwlfv

Zlwkrxw ehlqj gudzq lqwr whfkqlfdo ghwdlov/ zh surylgh h{dpsoh ri whvw vwdwlvwlfv

lq rughu wr eh pruh frqfuhwh1 Wr gudz vwdwlvwlfdo lqihuhqfh rq L W

?

E|� zh fdq hlwkhu

orrn dw vrph vshfl�f | ru frqvlghu wkh surfhvv dv d zkroh1 Lq wkh �uvw fdvh/ zh rqo|

qhhg wr nqrz lwv xqlyduldwh �qlwh glphqvlrqdo glvwulexwlrq1 Wklv fruuhvsrqgv wr

wkh fdvh lq zklfk zh duh sduwlfxoduo| lqwhuhvwhg lq wkh ydoxh dw vrph |� Qrwlfh wkdw

| lv wkh sdudphwhu lq wkh nhuqho vprrwkhu/ wkhuhiruh wklv lpsolhv whvwlqj dw vrph

sduwlfxodu f� Li zh frqvlghu wkh surfhvv dv d zkroh/ zklfk lv ri pruh uhohydqfh lq
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rxu fdvh/ zh qhhg wr frpsxwh hlwkhu vrph qrup ri wkh surfhvv/ ru vrph lqwhjudo ri

lw zlwk uhvshfw wr |1 Lq jhqhudo/ wkh whvw vwdwlvwlf lv jlyhq e|

� EL W

?

E|�� c +45,

zkhuh � E���� lv d srvlwlyh prqrwrqlf wudqvirupdwlrq1 Iurp +<, dqg lwv iroorzlqj

glvfxvvlrq/ zh fdq xvh wkh vwdwlvwlf gh�qhg e| +45, wr whvw wkh iroorzlqj k|srwkhvlv

M
J

' i6 E%
2
��6 E%

�
� � fc ; E%

�
c %

2
� c %

2
: %

�
j c

zkhuh 6 E���� grhv qrw qhhg wr eh nqrzq1 Wkh qxoo zrxog eh uhmhfwhg iru vpdoo

ydoxhv ri +45,1 Ghshqglqj rq wkh vshfl�f dssolfdwlrq/ zh pd| zlvk wr frqvlghu

� E�L W

?

E|�� lqvwhdg/ vr wkdw zh uhmhfw iru odujh ydoxhv1

Zh ghyrwh wklv vxevhfwlrq wr wkh glvfxvvlrq ri xvhixo fkrlfhv ri � E���� iru rxu

sxusrvhv/ l1h1 wkh vxsuhpxp/ wkh wlph vshqw vwdwlvwlf/ dqg wkh duhd deryh d fhuwdlq

wkuhvkrog1 Wkh glvfxvvlrq devwudfwv iurp wkh surfhvv LW

?

E|� c vr zh zloo xvh 1 E|� wr

ghqrwh vrph duelwudu| surfhvv1 Iru ixuwkhu ghwdlov rq wkhvh vwdwlvwlfv/ wkh uhdghu lv

uhihuuhg wr Fudpìu dqg Ohdgehwwhu +4<9:,1

61414 Vxsuhpxp

Wkh vxsuhpxp lv wkh pruh frpprq fkrlfh ri gluhfwlrqdo ghyldwlrq iru vwrfkdvwlf

surfhvvhv/ l1h1

� E1 E|�� ' t�T
|MA

E1 E|�� �

Wklv fkrlfh ri � E���� doorzv xv wr frqvlghu wkh pd{lpdo ghyldwlrq ri wkh surfhvv

hlwkhu iru srvlwlyh ru qhjdwlyh ydoxhv/ l1h1 mxvw orrn dw �1 E|�1 Wkh gudzedfn ri wkh

vxsuhpxp lv wkdw lw rqo| frqvlghuv wkh pd{lpdo ghyldwlrq/ zlwkrxw dq| uhihuhqfh

wr wkh jhqhudo ehkdylrxu ri wkh surfhvv1
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61415 Wlph vshqw vwdwlvwlf

Wkh wlph vshqw vwdwlvwlf lv gh�qhg dv

� E1 E|� c �� '
�

A

A]
f

U
t1E|�:��

_|c

zkhuh U
t��

lv wkh lqglfdwru ri wkh vhw �/ dqg � lv vrph fkrvhq uhdo qxpehu1 Orrnlqj

dw U
t1E|�	��

doorzv xv wr whvw iru vpdoo ydoxhv1 Wklv lv d frpsohphqwdu| vwdwlvwlf wr wkh

vxsuhpxp dv lw doorzv xv wr nqrz iru krz orqj wkh surfhvv ylrodwhv wkh frqvwudlqw0

h1j1 iru krz orqj pdunhw wlplqj lv ylrodwhg0 exw grhv qrw vd| dq|wklqj derxw wkh

pdjqlwxgh ri wkh ylrodwlrq/ dsduw iurp wkh ohyho wkuhvkrog1

61416 Wkh duhd deryh x

Zh fdq gh�qh vhyhudo vwdwlvwlfv e| lqwhjudwlqj vrph ixqfwlrq ri wkh hpslulfdo sur0

fhvv1 Iru h{dpsoh/ wkh duhd deryh � lv jlyhq e|

� E1 E|� c �� '
�

A

A]
f

1 E|� U
t1E|�:��

_|c

vr wkdw wkh wlph vshqw vwdwlvwlf lv uhfrjql}hg dv d vshfldo fdvh1 Uhyhuvlqj wkh lq0

htxdolw| doorzv xv wr �qg wkh duhd ehorz �1 Wklv vwdwlvwlf vhhpv wr eh d frpsurplvh

ehwzhhq wkh wzr deryh1 Lw lv vhqvleoh iru erwk odujh ghyldwlrqv ri wkh surfhvv dqg

shuvlvwhqw ylrodwlrq ri wkh wkuhvkrog1

615 Wkh Dssolfdwlrq ri Lq E|� wr Pdunhw Wlplqj yld Prqr0

wrqlflw|

Wkh hpslulfdo surfhvv lq +9, fdq eh xvhg dv d phdq iru whvwlqj dvvrfldwlrq lq wkh

uhjuhvvlrq rughu iru
�
�~
Rc|

c ~
6c|

�
c l1h1 lq sodfh ri Et

�

�
�M]

dqg Ef
�

�
�M]

1 Wkh surfhvv

fdq eh sorwwhg/ khqfh zh fdq ylvxdol}h wkh ehkdylrxu ri gl�huhqw ixqgv zlwk uhvshfw

wr wkh ehqfkpdun1 Ylvxdo lqvshfwlrq lv dozd|v yhu| lpsruwdqw dqg frpsohphqwdu|

wr wkh txdqwlwdwlyh uhvxow> vhh Vhfwlrq 81 Wkh pdunhw wlplqj whvw ehfrphv d whvw
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ri wkh ehkdylrxu ri L
?

E|� c ru vrph qrup ri lw1 Uhfdoo wkdw L
?

E|� lv d vprrwkhg

yhuvlrq ri wkh vljq fruuhodwlrq/ lq rxu fdvh ehwzhhq
�
�~
Rc|

c ~
6c|

�
� Qrwlfh wkdw d

sorw ri wkh judsk ri L
?

E|� vkrxog eh lqwhusuhwhg dv iroorzv= qhjdwlyh ydoxhv lpso|

qhjdwlyh vljq fruuhodwlrq/ frqvhtxhqwo| 6� � f/ zkhuh 6� lv wkh �uvw ghulydwlyh ri

6 zkhq lw h{lvwv> wkh vljq lv uhyhuvhg iru srvlwlyh ydoxhv1 Iru h{dpsoh/ li L
?

E|� lv

dozd|v deryh }hur iru | 5 dSc _o +Sc _ 5 U duelwudu|/ exw �{hg,/ zh fdq lqihu wkdw�
�~
Rc|

c ~
6c|

�
c kdylqj srvlwlyh vljq fruuhodwlrq lq dSc _o/ duh srvlwlyh prqrwrqlf wr rqh

dqrwkhu/ exw rqo| lq dSc _o1

Ohw xv jr edfn wr vwhs E��� lq wkh surfhgxuh rxwolqhg lq Vhfwlrq 5161 Zh vdz

wkdw xvlqj wkh lghd ri prqrwrqlflw|/ uhmhfwlrq ri wkh qxoo glg qrw qhfhvvdulo| lpso|

wkh xvh ri d surwhfwlyh sxw/ exw rqo| wkdw wkh ixqg glg qrw xqghushuirp1 Uhfdoo

wkdw wklv lv gxh wr wkh idfw wkdw 6 lv srvlwlyh prqrwrqlf li 6 � fc zklfk lqfoxghv

6 ' fc zlwk d qhjdwlyh vljq iru qhjdwlyh prqrwrqlflw|� Zkhq frqgxfwlqj d whvw/ li

zh gr qrw uhmhfw wkh qxoo zh fdqqrw vd| dq|wklqj derxw wkh ghjuhh ri prqrwrqlflw|1

Iruwxqdwho|/ zh ghulyh rxu vwdwlvwlf gluhfwo| iurp wkh hpslulfdo surfhvv lq zklfk zh

wudqvodwhg doo wkh lqirupdwlrq uhjduglqj wkh frqglwlrqdo phdq ixqfwlrq ri wkh ixqg1

Rqfh pdunhw wlplqj lv qrw uhmhfwhg/ zh fdq frpsxwh rwkhu vwdwlvwlfv gluhfwo| iurp

L
?

E|� lq rughu wr surylgh d udqnlqj dprqj wkh ixqgv1 Iru h{dpsoh/ zh fdq gh�qh

wkh whvwlqj surfhgxuh dv d suholplqdu| vwdjh lq rughu wr lghqwli| wkh pdunhw wlphuv1

Wkhq zh fdq frpsxwh vlplodu vwdwlvwlfv dv wkh rqh xvhg lq wkh whvw lq rughu wr udqn

wkh ixqgv1 Zlwklq wkh iudphzrun ri wkh Nhqgdoo*v wdx surfhvv/ wkh fkrlfh lv txlwh

 h{leoh dqg vkrxog dffrpprgdwh erwk wkh qhhgv ri wkh dssolhg uhvhdufkhu dqg wkh

sudfwlwlrqhu1

Rq wkh rwkhu kdqg zh pd| prgli| d prqrwrqlflw| whvw vr wkdw zh fdq lqihu

6 E���� : f� Zh sursrvh wzr srvvleoh vroxwlrqv wr wkh sureohp= E��� vhtxhqwldo

whvwlqj/ dqg E2�� uhgh�qlwlrq ri wkh ehqfkpdun�
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61514 E��� Vhtxhqwldo whvwlqj

Frqvlghu wkh qxoo jlyhq e| wkh iroorzlqj vhw

i6 E%
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��6 E%
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Li wkh qxoo lv qrw uhmhfwhg/ uhmhfwlrq ri

i6 E%
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� � fc ; E%

�
c %

2
� c %

2
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�
j

zrxog lpso| wkh ghvluhg uhvxow1 Wklv dssurdfk kdv wkh gudzedfn ri lqyroylqj vh0

txhqwldo whvwlqj1 Dv dq dgydqwdjh lw kdv d fohdu lqwhusuhwdwlrq lq whupv ri wkh

ehkdylrxu ri wkh hpslulfdo surfhvv1 Iljxuh YLL vkrzv wkh dv|pswrwlf 5 vwdqgdug

ghyldwlrqv frq�ghqfh uhjlrq iru LW

?

E|� � Iru 6 ' f/ xqghu vshfl�f flufxpvwdqfhv/

L W

?

E|� frxog eh erxqghg e| wkhvh olqhv iru prvw ydoxhv ri | 5 A 18 Rq wkh rwkhu

kdqg/ iru 6 : f/ wkh surfhvv zrxog eh olnho| wr furvv iurp ehorz wkh wrs olqh/ exw

qhyhu grzqfurvv wkh erwwrp rqh1

Iljxuh YLL1 Frq�ghqfh Olqhv iru L W E|�

Lq wklv sduwlfxodu fdvh/ rqh zrxog zrun zlwk wkh h{wuhpd ri wkh surfhvv1 Krzhyhu/

wkh vdph lghd zrunv dv zhoo zlwk wkh rwkhu vwdwlvwlfv frqvlghuhg deryh1

61515 E2�� Uhgh�qlwlrq ri wkh ehqfkpdun

Li zh doorz wkh ehqfkpdun wr eh gh�qhg dv lq +8,/ exw zlwk d voljkw prgl�fdwlrq/

h1j1

�~
Rc|

' ~
Rc|

� d~
6c|

n �4@ Efc�~
6c|

�o c

8Wklv lv qrw fruuhfw lq jhqhudo dv wkh glvwulexwlrq ri wkh vxsuhpxp ri wkh surfhvv zrxog ghshqg

rq wkh fryduldqfh ixqfwlrq dqg wkh vl}h ri wkh lqwhuydo1 Vshfl�f qxpehuv lq wklv h{dpsoh duh xvhg

rqo| iru looxvwudwlyh sxusrvhv1
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iru � : fc wkhq zh fdq vxuho| vd| 6 E���� : fc dqg wkh pdjqlwxgh ri � dw zklfk zh

uhmhfw wkh whvw surylghv wkh ghjuhh ri pdunhw wlplqj dv h{suhvvhg e| wkh surwhfwlyh

sxw1

7 Frq�ghqfh Lqwhuydov

Zh kdyh gh�qhg pdq| xvhixo vwdwlvwlfv/ |hw zh kdyh wr dgplw wkdw iru vrph ri

wkhp/ wkh dv|pswrwlf glvwulexwlrq lv/ dv |hw/ xqnqrzq1 Zh uhfdoo d ihz uhvxowv

iurp Vdqfhwwd +5335,1 Lq sduwlfxodu/ zh vwdwh wkh olplwlqj glvwulexwlrq ri wkh sur0

fhvv xqghu zhdn ghshqghqfh1 Ixuwkhu/ zh vwdwh wkh olplwlqj glvwulexwlrq ri lwv

vxsuhpxp dqg dq dssur{lpdwlrq uhvxow iru wklv glvwulexwlrq1 Rqfh zh kdyh wkh

dv|pswrwlf glvwulexwlrq ri wkh surfhvv/ zh fdq lq sulqflsoh frpsxwh wkh glvwulex0

wlrq ri vrph ixqfwlrq ri lw1 Rxu surfhvv frqyhujhv wr d vwdwlrqdu| Jdxvvldq surfhvv1

Wkhuhiruh/ wkh glvwulexwlrq iru lwv vxsuhpxp dqg wkh vrmrxuq wlph duh zhoo nqrzq

+h1j1 Ohdgehwwhu hw do1/ 4<;6/ dqg Ehupdq/ 4<<5,1 Vlqfh wkh udwhv ri frqyhujhqfh

lq wkh zhdn lqyduldqfh sulqflsoh duh qrw vkdus/ zh dovr vwdwh uhvxowv lq whupv ri

wkh errwvwuds/ exw rqo| lq glvwulexwlrq1 Wkh errwvwuds fdq dovr eh xvhg wr gudz

frq�ghqfh lqwhuydov iru vwdwlvwlfv zkrvh dv|pswrwlf glvwulexwlrq lv xqnqrzq1

714 Frqglwlrqv

Vlqfh wkh yhu| qrwlrq ri pdunhw wlplqj lpsolhv vrph vruw ri ghshqghqfh lq wkh

xqghuo|lqj revhuydwlrqv/ zh doorz iru zhdn ghshqghqfh dv irupdol}hg e| k pl{lqj/

zkrvh gh�qlwlrq zh uhfdoo qh{w1

Ohw Ef
�

�
�M]

eh d surfhvv gh�qhg lq wkh suredelolw| vsdfh E7cEcS�1 Ohw E
&

eh wkh

vxevljpd dojheud jhqhudwhg e| Ef
�

�
�$&M]

dqg E& eh wkh vxevljpd dojheud jhqhudwhg

e| Ef
�

�
�D&M]

� Zh vd| wkdw Ef
�

�
�M]

lv k pl{lqj li

t�T
�c�

mS E� _��� S E��S E��m ' k E6�

zkhuh � 5 E
&

c � 5 E&n6� Ixuwkhu/ zh vwdwh wkh uhvxowv iru d grpdlq ri lqwhuhvw
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A ' d@c Ko c zklfk lv d frpsdfw vxevhw ri wkh revhuyhg udqjh ri Ef
�

�
�$?

lq wkh vdpsoh1

Zh irupdoo| vwdwh wkh frqglwlrqv xsrq zklfk wkh uhvxowv duh edvhg1

Frqglwlrq 41 Ef
�

�
�M]

dqg Et
�

�
�M]

duh k pl{lqj surfhvvhv vxfk wkdw
S

"

&'�
k E&�

�

2 �
� 	 4�

Frqglwlrq 51 & E���� lv d wzlfh gl�huhqwldeoh nhuqho vprrwkhu zlwk vxssruw lq

d��c �o c zlwk erxqghg ghulydwlyhv/ dqg & E���� � � 1

Frqglwlrq 61 Et
�

�
�M]

' E0
�

�
�M]

/ zkhuh E0
�

�
�M]

lv k pl{lqj dv Et
�

�
�M]

dqg lqgh0

shqghqw ri Ef
�

�
�M]

zlwk phdq }hur dqg lghqwlfdo pdujlqdo glvwulexwlrq ixqfwlrqv

C�

Frqglwlrq 71 Ef
�

�
�M]

kdv lghqwlfdo pdujlqdo glvwulexwlrq ixqfwlrqv 8 dqg

ghqvlw| s zklfk lv wzlfh gl�huhqwldeoh lq hdfk dujxphqw dqg kdv frpsdfw vxssruw1

Uhpdun1 Wkh olplwv ri lqwhjudwlrq/ xqohvv vshfl�hg rwkhuzlvh/ duh wdnhq wr

eh ryhu wkh dfwxdo vxssruw ri wkh yduldeohv frqfhuqhg � Zh zloo xvh � wr lqglfdwh

grplqdqfh lq dv|pswrwlf rughu/ l1h1 @ � K lpsolhv <� 	 4 vxfk wkdw @ � �K�

715 Wkh Olplwlqj Glvwulexwlrq ri L �
q E|�

Ohw EK� @� eh wkh udqjh ri wkh revhuyhg uhdol}dwlrq ri wkh surfhvv Ef
�

�
�$?

/ l1h1

> EA � ' K� @ zkhuh > lv wkh Ohehvjxh phdvxuh1 Gh�qh wkh iroorzlqj

A
?

'
�
fc EK� @��3�
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�
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4 Er� '

U
^ E5� ^ E5 � r� & E5� & E5 � r� _5U

d^ E5� & E5�o2 _5
c +46,

zkhuh

^ E/� �
�]

r�}? E/ � 5� & E5� _5

�

Wkhq zh kdyh wkh iroorzlqj olplw wkhruhp iru L W

?

E|� �

Wkhruhp 41 Ohw Frqglwlrqv 407 eh vdwlv�hg> ixuwkhu/ ohw t�T
?

ik E?�?��3�
?

j 	

4 iru � ' 2*� E�*# � �� zkhuh # 5 Efc �*e� � Wkhq wkhuh h{lvwv d vhtxhqfh ri
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vwdwlrqdu| Jdxvvldq surfhvvhv 1
?

gh�qhg rq wkh vdph vdpsoh vsdfh dqg lqgh{hg e|
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?

zlwk frqwlqxrxv vdpsoh sdwkv/ vxfk wkdw
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716 Wkh Olplwlqj Glvwulexwlrq ri VxsL �
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dqg wkh lqwhjudo lv wdnhq ryhu wkh dfc �o vxssruw ri & E%� �

Wkhruhp 51 Gh�qh 7
?

� t�TLW
?

E|� � Ohw �
?

' � E?3�� zkhuh � lv vxfk wkdw
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iru # 5 Efc �*e� c t�T
?

ik E?�?��3�
?

j 	 4 zkhuh � ' 2*� E�*# � �� � Wkhq/ xqghu

Frqglwlrqv 407/
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kdv dv|pswrwlf ohyho i�

Zh fdq dovr xvh dq dowhuqdwlyh irupxod iru wkh vxs qrup ri wkh surfhvv1 Wkh qh{w

uhvxow lv lq wkh vslulw ri Dogrxv +4<;<,1 Ehiruh vwdwlqj wklv uhvxow lw lv frqyhqlhqw

wr uhfdoo wkh gh�qlwlrq ri ohyho xsfurvvlqjv +vhh Fudpìu dqg Ohdgehwwhu/ 4<9:/ iru

ghwdlov,1 Wkh qxpehu ri xsfurvvlqjv ri ohyho %/ vd| �n

L

E%� c lv gh�qhg wr eh wkh

qxpehu ri wlphv wkh surfhvv L E|� furvvhv wkh olqh % iurp ehorz gxulqj d xqlw

lqwhuydo/ h1j1 @ � | � @n �/ @ � f1 Xvlqj wkh zhdn lqyduldqfh sulqflsoh iru LW
?

E|� c

zh kdyh wkh iroorzlqj uhvxow1

Wkhruhp 61 Ohw Frqglwlrqv 407 eh vdwlv�hg> ixuwkhu/ ohw t�T
?
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?

j 	

4 iru � ' 2*� E�*# � �� zkhuh # 5 Efc �*e� � Fkrrvh �
?

vxfk wkdw
�
�
3

D

H

?

?
#3�

�2

s
*??n �

?

s
*? �3�

?

�
$ f

wkhq

.�n

L

W
E%� '

�

2Z
b

�

2

2
i T

�
�%2

2

�
c

dqg

*�4
?<"

�h i7
?

� %j ' i T

�
� A

�
?

.�n

L

W
E%�

�
�

717 Wkh Errwvwuds Dssur{lpdwlrq

Vlqfh wkh frqyhujhqfh udwhv lq wkh deryh wkhruhpv duh qrw vkdus/ rqh pd| orrn dw

errwvwuds frq�ghqfh lqwhuydov1 Pruhryhu/ vrph ri wkh vwdwlvwlfv glvfxvvhg gr qrw
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dsshdu wr kdyh d nqrzq olplwlqj glvwulexwlrq1 Lq wkhvh fdvhv wkh errwvwuds fdq eh

xvhg1 Wr wklv hqg/ gh�qh wkh iroorzlqj eorfnv

s
R

' i� G ER� �� E@
?

n K
?

� n � � � � R E@
?

n K
?

�j c

s
^
?

' i� G E^
?

� �� E@
?

n K
?

� n � � � � ?j c

iru vrph lqwhjhuv @
?

/ K
?

dqg ^
?

� Lq wklv fdvh/ wkh errwvwuds hpslulfdo surfhvv lv jlyhq

e|

s
?�

?

L
?c^

?
3�

E|� ' 2

u
�
?

?

^
?
3�[

R'�

E6
Rc^

?
3�

� ��
[
�Ms

R

?[
�'�

�
�c�

E|�

?
c

zkhuh E6
�c^

?
3�
c ���c 6

^
?
3�c^

?
3�
� lv wkh qxpehu ri rffxuuhqfhv ri hdfk eorfn lq wkh

xqlirup uhvdpsolqj vfkhph1 Qrwlfh wkdw wkh lqgh{ vhw s
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X0surfhvv/ exw rqo| wkh �uvw whup lq lwv Krh�glqj*v ghfrpsrvlwlrq +vhh Vdqfhwwd/

5335/ iru ghwdlov,1 Qrwlfh wkdw L
?c^

?
3�
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zkhuh �u
�
lv wkh fodvv ri erxqghg ixqfwlrqv zklfk duh Olsvfklw} ri rughu rqh/ dqg

.
6

vwdqgv iru h{shfwdwlrq zlwk uhvshfw wr wkh errwvwuds hvwlpdwhv/ frqglwlrqdo rq

wkh vdpsoh ydoxhv1

Wkhruhp 7 lv vdwlv�hg li/ iru h{dpsoh/ zh fkrrvh @
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' ?2*D/ ^
?

' ?�*D/ �
?
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?�*�S/ K
?

' ?�*�1 Wklv uhvxow doorzv xv wr ghulyh frq�ghqfh lqwhuydov iru vprrwk

ixqfwlrqdov ri wkh glvwulexwlrq ixqfwlrq/ exw wkh surfhgxuh pd| idlo iru wkh vxs

qrup ehfdxvh lw lv qrw d vprrwk ixqfwlrqdo1 Wkh iroorzlqj surfhgxuh flufxpyhqwv
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zkhuh .�n

L

W

?c?

E%� lv wkh phdq ri wkh xsfurvvlqj ri ohyho % e| wkh errwvwuds hpslulfdo

surfhvv1

Qrwlfh wkdw wkh Srlvvrq dvvxpswlrq lv uhdvrqdeoh lq wklv frqwh{w +vhh Dogrxv/

4<;</ dqg uhihuhqfhv lq Vdqfhwwd/ 5335,1

8 Dssolfdwlrq wr Hphujlqj Pdunhwv Gdwd

Dv dq dssolfdwlrq ri wkh deryh wkhruhwlfdo glvfxvvlrq/ zh vwxg| wkh shuirupdqfh

ri �iwhhq hphujlqj pdunhwv ixqgv xvlqj vl{w|0vl{ prqwko| revhuydwlrqv/ l1h1 iurp

Mdqxdu| 4<<5 wr Dxjxvw 4<<:1 Wkh gdwdvhw lv wkh vdph rqh xvhg e| Kzdqj dqg

Vdwfkhoo +4<<<, dqg ghwdlov fdq eh irxqg wkhuh1 Wkh fkrlfh ri ehqfkpdun/ dv glv0

fxvvhg lq Kzdqj dqg Vdwfkhoo +4<<<, lv d frqwuryhuvldo lvvxh lq wklv frqwh{w dqg rxu

uhvxowv vkrz wkdw gl�huhqw frqfoxvlrqv pd| eh rewdlqhg iru gl�huhqw ehqfkpdunv1

Ehfdxvh ri wkh sureohp uhodwhg wr hphujlqj pdunhwv lqglfhv ehlqj lqh!flhqw sruw0

irolrv +vhh Pdvwhuv/ 4<<;,/ zh iroorz Kzdqj dqg Vdwfkhoo +4<<<, lq xvlqj wkh PVFL

Hphujlqj Pdunhwv Iuhh +HVFL0HPI, dqg wkh LIF Lqyhvwleoh +LIFL, dv d ehqfk0

pdunv1 Eurdghu lqglfhv pd| qrw eh dghtxdwh ehfdxvh ri lqyhvwphqw uhvwulfwlrqv wr

iruhljq lqyhvwruv/ h1j1 wkh PVFL Hphujlqj Pdunhwv Joredo dqg wkh LIF Joredo1

Zh uhsruw vxppdu| vwdwlvwlfv lq Wdeoh L> lq sduwlfxodu/ wkh �uvw irxu fxpxodqwv iru
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doo wkh wlph vhulhv1

mean s. deviation skewness excess kurtosis
MFCI-EMF 0.363 5.047 -0.322 1.236
IFCI-C 0.191 5.369 -0.431 1.413
CL Developing Markets   0.886 5.654 0.256 0.278
Genesis Emerging Markets   0.844 4.394 0.124 0.035
PFC Emerging Markets Ptfl   0.546 4.994 -0.081 0.813
KB Emerging Markets    0.545 4.835 -0.447 0.914
Templeton GS Emerging Mkts   0.529 4.421 -0.223 0.092
INVESCO Pioneer Markets   0.429 4.997 -0.203 1.205
INVESCO PS Glbl Emer Mkts   0.262 5.004 -0.272 1.461
Royal Life/INVESCO PioneerMkt   0.256 6.053 -0.267 1.162
Hansard\GT Emerging Markets   0.149 4.579 -0.318 1.397
GT Emerging Markets B    0.095 4.785 -0.767 1.871
Baring EMUF Global Emerg Mkts    0.083 5.619 -0.173 1.216
Baring Chrysalis Undiluted   0.057 5.138 -0.101 0.385
Groupe Indosuez Dev Mkts   -0.003 5.171 -0.747 1.594
Gartmore CSF Emerging Mkts   -0.118 5.15 -0.661 1.599
MBf Venture Portfolio   -0.898 6.42 0.266 0.242

TABLE I
SUMMARY STATISTICS

(Excess Returns)

Zh xvhg wzr vlpsoh olqhdu wudqvirupdwlrqv ri wkh gdwd1 Xvlqj +7,/ zh jhqhudwhg

vhulhv ri h{fhvv uhwxuqv zlwk uhvshfw wr hdfk ehqfkpdun/ l1h1 wkh PVFL0HPI dqg

wkh LIFL1 Wkhq/ wr pdnh uhvxowv frpsdudeoh dqg iru frpsxwdwlrqdo uhdvrqv/ zh

wudqviruphg wkh ehqfkpdun gdwd dv iroorzv/
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�
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Iljxuhv YLLL0[LL vkrzv d vdpsoh ri wkh 63 surfhvvhv fdofxodwhg +48 ixqgv iru hdfk

ehqfkpdun,1 Ehiruh/ frpphqwlqj rq wkhvh vdpsoh �jxuhv/ zh kljkoljkw wkh vwdwlv0

wlfv zh fkrvh wr frpsxwh1 Qrwlfh wkdw zh xvhg wkh zkroh vhw ri vdpsoh revhuydwlrqv

zlwkrxw glvwlqjxlvklqj ehwzhhq ri srvlwlyh dqg qhjdwlyh ehqfkpdun uhwxuqv1 Zh

glg wklv vr zh frxog xvh doo wkh vdpsoh revhuydwlrqv1 Krzhyhu/ zh fkrvh wr gh�qh

wzr uhjlrqv ri lqwhuhvw iru fdofxodwlqj rxu vwdwlvwlfv/ | 5 d�fDc �Do/ | 5 d�Dc �bDo c dqg

wkh vxevhw d�fDc �bDo ri dfc �o iru whfkqlfdo uhdvrqv uhodwhg wr vprrwklqj ryhu frpsdfw

lqwhuydov1 Uhfdoo wkh gh�qlwlrq ri | iurp +9,> wklv lv wkh sdudphwhu ri wkh hpslulfdo

surfhvv dqg fruuhvsrqgv wr �~
6c�

lq rxu fdvh1 Wkhq zh fdq lqwhusuhw wkh ydoxhv ri wkh

surfhvv iru | 5 d�fDc �Do dv wkh surfhvv ehlqj rq wkh ohiw ri wkh phgldq ri wkh ehqfk0

pdun1 Zh fkrvh wklv vxeglylvlrq ehfdxvh wkh phgldq lv txlwh d urexvw vwdwlvwlf dqg

wklv doorzv hdv| frpsdulvrq ri uhvxowv iru gl�huhqw xqghuo|lqj ehqfkpdunv1 Qrwlfh

wkdw �~
6c�

' �D fruuhvsrqgv yhu| forvho| wr ~
6c�

' f iru erwk ehqfkpdunv1 Wkhuh0

iruh/ wkh wzr uhjlrqv ri lqwhuhvw duh gluhfwo| uhodwhg wr wkh surfhvv ehlqj gh�qhg iru

qhjdwlyh ehqfkpdun*v uhwxuqv zkhq | 5 d�fDc �Do dqg srvlwlyh zkhq | 5 d�Dc �bDo �

Lq hdfk ri wkhvh uhjlrqv zh frpsxwhg wkh h{wuhph srlqwv +vxsuhpxp dqg lq�0

pxp,/ dqg wkh wlph vshqw deryh dqg ehorz }hur dv d iudfwlrq ri wkh wrwdo wlph A

' �bD� �fD�9 Wkh uhvxowv duh lq Wdeohv LL0LY1:

9Zh ghulyhg wkh uhvxowv xvlqj Pdwkhpdwlfd1 Krzhyhu/ ehfdxvh ri frpsxwdwlrqdo gl!fxowlhv/

wkh h{wuhpd zhuh rewdlqhg e| wkh julg vhdufk phwkrg1

:Lq Wdeohv LL dqg LLL/ wkh wlph w rq wkh ohiw ri lqi lv wkh wlph dw zklfk wkh lq�pxp rffxuuhg/

vlploduo| iru w rq wkh ohiw ri vxs +l1h1 wkh vxsuhpxp,1
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EXTREMA OF THE PROCESS
Benchmark: MFCI-EMF t inf t sup t inf t sup
CL Developing Markets   0.13 -1.94 0.5 0.06 0.93 -0.77 0.83 0.32
Genesis Emerging Markets   0.1 -2.69 0.38 0.38 0.95 -2.41 0.50 0.23
PFC Emerging Markets Ptfl   0.16 -1.17 0.32 -0.17 0.5 -0.24 0.89 2.01
KB Emerging Markets    0.13 -1.69 0.44 1.57 0.83 -0.77 0.50 1.41
Templeton GS Emerging Mkts   0.2 -1.62 0.41 -1.62 0.77 -0.70 0.89 0.58
INVESCO Pioneer Markets   0.08 -3.41 0.45 1.43 0.86 -0.97 0.95 1.57
INVESCO PS Glbl Emer Mkts   0.08 -2.35 0.31 0.91 0.75 -2.00 0.92 -0.10
Royal Life/INVESCO PioneerMkt   0.4 -0.82 0.22 1.56 0.89 -1.33 0.78 1.39
Hansard\GT Emerging Markets   0.05 -4.08 0.39 2.59 0.89 0.60 0.50 2.39
GT Emerging Markets B    0.23 -0.53 0.07 1.44 0.87 -1.15 0.57 1.56
Baring EMUF Global Emerg Mkts    0.05 -1.69 0.38 0.49 0.95 -1.60 0.50 0.34
Baring Chrysalis Undiluted   0.11 -2.42 0.5 0.92 0.95 -1.99 0.81 1.23
Groupe Indosuez Dev Mkts   0.05 -1.57 0.47 0.98 0.92 -0.36 0.50 0.93
Gartmore CSF Emerging Mkts   0.05 -1.75 0.3 1.23 0.92 0.88 0.81 0.88
MBf Venture Portfolio   0.05 -1.82 0.35 1.91 0.71 -0.04 0.95 3.97

TABLE II
t<.5 t>.5

EXTREMA OF THE PROCESS
Benchmark: IFCI-C t inf t sup t inf t sup
CL Developing Markets   0.13 -2.19 0.41 0.13 0.87 -0.48 0.73 0.90
Genesis Emerging Markets   0.26 -2.55 0.15 -0.42 0.79 -2.32 0.69 -0.92
PFC Emerging Markets Ptfl   0.16 -1.99 0.29 0.07 0.69 -1.11 0.95 0.91
KB Emerging Markets    0.15 -0.80 0.44 0.84 0.88 -1.87 0.95 0.05
Templeton GS Emerging Mkts   0.11 -2.39 0.43 1.65 0.76 0.11 0.5 1.53
INVESCO Pioneer Markets   0.09 -2.54 0.4 0.45 0.86 -2.13 0.5 -0.03
INVESCO PS Glbl Emer Mkts   0.09 -1.75 0.41 2.31 0.88 -0.59 0.5 2.16
Royal Life/INVESCO PioneerMkt   0.17 -0.16 0.05 2.32 0.93 -2.17 0.79 0.87
Hansard\GT Emerging Markets   0.07 -1.06 0.42 1.05 0.76 0.25 0.5 0.94
GT Emerging Markets B    0.14 -1.90 0.5 0.77 0.7 0.66 0.84 1.52
Baring EMUF Global Emerg Mkts    0.19 -0.68 0.05 0.90 0.88 -0.58 0.55 0.83
Baring Chrysalis Undiluted   0.27 -0.94 0.08 0.33 0.91 -3.00 0.58 -0.13
Groupe Indosuez Dev Mkts   0.08 -1.99 0.5 1.76 0.91 0.33 0.66 2.18
Gartmore CSF Emerging Mkts   0.05 -1.63 0.22 2.42 0.92 -0.70 0.75 1.04
MBf Venture Portfolio   0.05 -3.56 0.5 1.52 0.86 0.07 0.61 1.86

TABLE III
t<.5 t>.5

TIME SPENT BY THE PROCESS Below 0 Above 0 Below 0 Above 0 Below 0 Above 0 Below 0 Above 0
Benchmark:

CL Developing Markets   46% 4% 22% 28% 37% 13% 39% 11%
Genesis Emerging Markets   31% 19% 41% 9% 50% 0% 50% 0%
PFC Emerging Markets Ptfl   50% 0% 21% 29% 45% 5% 29% 21%
KB Emerging Markets    27% 23% 19% 31% 17% 33% 35% 15%
Templeton GS Emerging Mkts   34% 16% 16% 34% 26% 24% 0% 50%
INVESCO Pioneer Markets   23% 27% 16% 34% 27% 23% 50% 0%
INVESCO PS Glbl Emer Mkts   27% 23% 50% 0% 13% 15% 37% 35%
Royal Life/INVESCO PioneerMkt   22% 28% 15% 35% 4% 46% 12% 38%
Hansard\GT Emerging Markets   18% 32% 0% 50% 22% 28% 0% 50%
GT Emerging Markets B    14% 36% 21% 29% 30% 20% 0% 50%
Baring EMUF Global Emerg Mkts    26% 24% 27% 23% 14% 36% 30% 20%
Baring Chrysalis Undiluted   21% 29% 8% 42% 39% 11% 0% 50%
Groupe Indosuez Dev Mkts   26% 24% 0% 50% 26% 24% 0% 50%
Gartmore CSF Emerging Mkts   18% 32% 4% 46% 7% 43% 12% 38%
MBf Venture Portfolio   15% 35% 3% 47% 31% 19% 0% 50%

TABLE IV

MFCI-EMF IFCI-C
t<.5 t>.5 t<.5 t>.5
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814 Frpphqwv rq Uhvxowv

Wr khos wkh uhdghu jdlq d ehwwhu xqghuvwdqglqj ri rxu uhvxowv/ zh jxlgh khu ryhu

Iljxuh YLLL dqg uhodwhg vwdwlvwlfv dv dq h{dpsoh1 Iljxuh YLLL lv wkh sorw ri L W

?

E|�

djdlqvw | iru FO Ghyhorslqj Pdunhwv dqg wkh PIFL0HPI dv ehqfkpdun xqghu wkh

wudqvirupdwlrqv lq +7, dqg +48,1 Lq wklv fdvh/ zh vhh wkdw LW
?

E|� lv odujho| qhjdwlyh

iru | 	 �D� Wklv lv uh hfwhg lq wkh wlph vshqw vwdwlvwlf lq Wdeoh LY/ zklfk jlyhv d

ydoxh ri 79( ryhu wkh wrwdo lqwhuydo d�fDc �bDo/ l1h1 <5( ri wkh wlph ryhu d�fDc �Do � Lq

wklv uhvshfw/ Wdeoh Y vkrzv wkdw wklv ixqg udqnv dv wkh vhfrqg ehvw1 Iru looxvwudwlyh

sxusrvhv/ zh wdnh wkuhh srlqwv lq Iljxuh YLLL/ D/ E dqg F1 Wkhvh srlqwv fruuhvsrqg

wr wkh lq�pxp ri wkh surfhvv zkhq | 	 �D dqg wkh wzr devroxwh h{wuhpd iru | : �D G

| ' ���c �H�c dqg �b�> vhh Wdeoh LL1 Zh vhh wkdw LW
?

E���� ' ���be1 Vlqfh L W

?

E|� lv

dv|pswrwlfdoo| Jdxvvldq zlwk phdq }hur dqg yduldqfh 4 xqghu Frqglwlrq 6 deryh/

wkh vljq fruuhodwlrq lv doprvw vljql�fdqwo| qhjdwlyh1; Qhjdwlyh vljq fruuhodwlrq

lpsolhv jrrg grzqvlgh surwhfwlrq1 Wxuqlqj wr | ' �H�c L W

?

E�H�� ' ��2� Wklv lv

qrw vljql�fdqw/ exw pd| surylgh zhdn hylghqfh ri dq lqfuhdvlqj q dw wklv uhwxuq

ohyho/ l1h1 srvlwlyh vljq fruuhodwlrq wkdw phdqv vdph gluhfwlrq1 Zkhq | ' �b�c

L W

?

E�b�� ' ��..1 Dw wklv srlqw/ zh vhh d gurs lq �pdunhw h{srvxuh�/ l1h1 wkh q ri

wkh ixqg zlwk wkh pdunhw pd| kdyh ghfuhdvhg ehorz rqh1 Wklv fdq eh lqwhusuhwhg

dv hlwkhu E�� idloxuh wr kdyh kljk h{srvxuh zlwk d pdunhw kljk/ E2� zloolqjqhvv wr

vhoo pdunhw h{srvxuh ehiruh d shdn dqg lwv frqvhtxhqw grzqwxuq1 Krzhyhu/ wklv lv

sxuh vshfxodwlrq rq rxu sduw vlpso| iru looxvwudwlyh sxusrvhv/ dv wkh ehkdylrxu ri

L W

?

E|� c lq Iljxuh YLLL/ zrxog kdugo| eh irxqg wr eh vljql�fdqwo| gl�huhqw iurp }hur

;Wklv fodlp kdv wr eh xqghuvwrrg lq whupv ri wkh �qlwh glphqvlrqdo glvwulexwlrq dw w @ =46=

Dsduw iurp yhu| ihz h{fhswlrqv/ qrqh ri wkh vwdwlvwlfv frpsxwhg lq whupv ri wkh vxsuhpxp dqg

lq�pxp duh vljql�fdqw dw wkh <3( ohyho1
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xqghu dq| vwdwlvwlf zkhq | : f�D1

Iljxuh YLLL1 L W

?

E|� c | 5 d�fDc �bDo G FO Ghyhorslqj Pdunhwv

+PIFL0HPI Ehqfkpdun,

U*

0.2 0.4 0.6 0.8

-2

-1.5

-1

-0.5

A

B

C

Zh qrz wxuq wr dq ryhuylhz dqg glvfxvvlrq ri wkh uhvxowv iru wkh ixqgv1 Wkh

ixqgv lq Wdeoh L0LY duh rughuhg lq ghvfhqglqj rughu zlwk uhvshfw wr phdq uhwxuq1 Lq

wklv uhvshfw/ FOGhyhorslqjPdunhwv dqg Jhqhvlv HphujlqjPdunhwv rxwshuirup wkh

PIFL dqg LIFL ehqfkpdunv e| pruh wkdq 43( d |hdu/ dqg duh wkh ehvw shuiruphuv

lq whupv ri phdq uhwxuq1 Iljxuhv YLLL dqg L[ vkrz wkh hpslulfdo surfhvv iru wkhvh

wzr ixqgv= wkh glyhuvlw| lv dssduhqw1 Dv zh frqfoxghg lq wkh odvw sdudjudsk/ FO

Ghyhorslqj Pdunhwv vhhpv wr iroorz d vlpsoh ex| dqg krog vwudwhj|/ exw krogv d yhu|

orz ehwd sruwirolr zkhq wkh ehqfkpdun jrhv grzq1 Wkh fdvh ri Jhqhvlv Hphujlqj

Pdunhwv vhhpv frpsohwho| gl�huhqw1 Wkh ixqg vhhpv wr krog d sruwirolr zlwk d

yhu| orz ehwd zlwk uhvshfw wr erwk ehqfkpdunv/ wkxv surylglqj olwwoh hylghqfh ri

dq| wlplqj delolw|1 Lq wklv fdvh wkh wlph vshqw vwdwlvwlf lv djdlq d fohdu lqglfdwru1

Ixuwkhu/ wkh h{wuhpd ri wkh surfhvv erwk rq wkh ohiw dqg wkh uljkw ri wkh phgldq

duh d fohdu lqglfdwlrq ri wkh ghjuhh ri ghyldwlrq iurp }hur/ l1h1 d vlpsoh ex| dqg

krog srvlwlrq1 Iru wkh fdvh ri Jhqhvlv Hphujlqj Pdunhwv/ rqh pd| dujxh wkdw

wkh ixqg vwudwhj| frxog eh urxjko| v|qwkhvl}hg e| ex|lqj wkh ehqfkpdun wrjhwkhu

zlwk d sxw rswlrq rxw ri wkh prqh| zklfk lv �qdqfhg e| vhoolqj d fdoo rxw ri wkh

prqh|1 Vlplodu nlqgv ri vwudwhjlhv/ exw rqo| zlwk uhvshfw wr wkh PIFL ehqfkpdun/

vhhp wr eh iroorzhg e| Edulqj HPXI Joredo Hphuj Pnwv dqg Edulqj Fku|vdolv

Xqgloxwhg1 Wkh gl�huhqfh lv wkdw wkhvh wzr ixqgv vhhp wr surylgh vrph surwhfwlrq
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rqo| rq wkh idu ohiw ri wkh phgldq1 Lq jhqhudo/ lw lv idlu wr vd| wkdw wkrvh ixqgv wkdw

kdyh vshqw wkh kljkhvw sursruwlrq ri wlph rq wkh ohiw ri wkh phgldq ehorz }hur +l1h1

wkhlu h{fhvv uhwxuqv zlwk uhvshfw wr wkh ehqfkpdunv duh qhjdwlyho| dvvrfldwhg wr

wkh ehqfkpdunv zkhq wkh odwwhu jrhv grzq, duh wkh rqhv wkdw kdg wkh ehvw dyhudjh

uhwxuqv1 Wkhvh ixqgv duh wkh rqhv wkdw xvhg wkh prvw frqvhuydwlyh vwudwhjlhv/

wkrxjk srvvleo| gl�huhqw vwudwhjlhv iurp hdfk rwkhu/ h1j1 vhh Iljxuhv YLLL dqg L[1

Qhyhuwkhohvv/ frqvlghu d ixqg olnh Edulqj Fku|vdolv Xqgloxwhg zkhq frpsduhg zlwk

LIFL1 Wklv ixqg vshqgv prvw ri lwv wlph rq wkh ohiw ri wkh phgldq ehorz }hur/ exw

lwv lq�pxp dw wkh uljkw ri wkh phgldq vkrzv fohdu edg wlplqj> vhh Iljxuh [1

Wdeohv Y dqg YL vkrzv d udqnlqj ri wkhvh ixqgv edvhg rq wzr ihdwxuhv wkdw zh

eholhyh wr eh uhohydqw1 Rqh lv wkh wlph vshqw ehorz }hur zkhq wkh surfhvv lv dw wkh

ohiw ri wkh phgldq/ wkh rwkhu lv wkh vxsuhpxp ri wkh surfhvv zkhq lw lv rq wkh uljkw

ri wkh phgldq1 Lq prvw fdvhv wkh ixqgv wkdw udqn kljkhvw lq rqh fdvh gr qrw lq wkh

rwkhu1 Wklv vkrzv wkdw qr ixqg erwk rxwshuirupv wkh pdunhw lq jrrg wlphv dqg

surylghv grzqvlgh surwhfwlrq gxulqj d ehdu pdunhw1

Iljxuh L[1 Iljxuh [1

Jhqhvlv Hphujlqj Pdunhwv Edulqj Fku|vdolv Xqgloxwhg

+PIFL0HPI Ehqfkpdun, +LIFL Ehqfkpdun,

0.2 0.4 0.6 0.8

-2.5

-2

-1.5

-1

-0.5

0.2 0.4 0.6 0.8

-3

-2.5

-2

-1.5

-1

-0.5
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Ranking Benchmark: MFCI-EMF Benchmark: IFCI-C
1 PFC Emerging Markets Ptfl   Genesis Emerging Markets   
2 CL Developing Markets   PFC Emerging Markets Ptfl   
3 Templeton GS Emerging Mkts   Baring Chrysalis Undiluted   
4 Genesis Emerging Markets   CL Developing Markets   
5 INVESCO PS Glbl Emer Mkts   MBf Venture Portfolio   
6 KB Emerging Markets    GT Emerging Markets B    
7 Baring EMUF Global Emerg Mkts    INVESCO Pioneer Markets   
8 Groupe Indosuez Dev Mkts   Templeton GS Emerging Mkts   
9 INVESCO Pioneer Markets   Groupe Indosuez Dev Mkts   

10 Royal Life/INVESCO PioneerMkt   Hansard\GT Emerging Markets   
11 Baring Chrysalis Undiluted   KB Emerging Markets    
12 Gartmore CSF Emerging Mkts   Baring EMUF Global Emerg Mkts    
13 Hansard\GT Emerging Markets   INVESCO PS Glbl Emer Mkts   
14 MBf Venture Portfolio   Gartmore CSF Emerging Mkts   
15 GT Emerging Markets B    Royal Life/INVESCO PioneerMkt   

TABLE V
HIGHEST DOWSIDE PROTECTION

(Time Spent Below Zero, t<.5)

Ranking Benchmark: MFCI-EMF Benchmark: IFCI-C
1 MBf Venture Portfolio   Groupe Indosuez Dev Mkts   
2 Hansard\GT Emerging Markets   INVESCO PS Glbl Emer Mkts   
3 PFC Emerging Markets Ptfl   MBf Venture Portfolio   
4 INVESCO Pioneer Markets   Templeton GS Emerging Mkts   
5 GT Emerging Markets B    GT Emerging Markets B    
6 KB Emerging Markets    Gartmore CSF Emerging Mkts   
7 Royal Life/INVESCO PioneerMkt   Hansard\GT Emerging Markets   
8 Baring Chrysalis Undiluted   PFC Emerging Markets Ptfl   
9 Groupe Indosuez Dev Mkts   CL Developing Markets   

10 Gartmore CSF Emerging Mkts   Royal Life/INVESCO PioneerMkt   
11 Templeton GS Emerging Mkts   Baring EMUF Global Emerg Mkts    
12 Baring EMUF Global Emerg Mkts    KB Emerging Markets    
13 CL Developing Markets   INVESCO Pioneer Markets   
14 Genesis Emerging Markets   Baring Chrysalis Undiluted   
15 INVESCO PS Glbl Emer Mkts   Genesis Emerging Markets   

TABLE VI
MOST SPECULATIVE
(Highest Sup Norm, t>.5)

Zh qrwh wkdw frpsdulvrqv ri ixqgv lv gl!fxow ehfdxvh vrph ixqgv vhhp wr xvh

vwudwhjlhv wkdw d sulrul pd| eh ri juhdw ydoxh ghvslwh wkh idfw wkdw h{ srvw wkh|

zhuh qrw1 Wklv uhlqirufhv wkh lpsruwdqfh ri ehlqj deoh wr glvwlqjxlvk ehwzhhq

wlplqj dqg vhohfwlylw| vnloov1 Wkh qlfhvw h{dpsoh lv PEi Yhqwxuh Sruwirolr zklfk

kdv wkh orzhvw phdq uhwxuq shuirupdqfh1 Iljxuhv [L dqg [LL ghslfw wkh surfhvv

ri wklv ixqg zlwk uhvshfw wr erwk ehqfkpdunv1 Xvlqj wkh udqnlqj lq Wdeohv Y

dqg YL/ wklv ixqg lv dprqj wkh �yh ehvw zkhq wkh LIFL lv xvhg1 Wklv vkrzv krz

gudpdwlfdoo| wkh vwdwlvwlfv duh ghshqghqw rq wkh ehqfkpdun1 Rq wkh rwkhu kdqg/

wkh shuirupdqfh ri FO Ghyhorslqj Pdunhwv vhhpv wr eh doprvw lqghshqghqw ri wkh

wzr ehqfkpdunv1 Wklv ixqg dgrswv wkh fodvvlfdo +dqg dssduhqwo| vxffhvvixo, KP

pdunhw wlplqj vwudwhj|= krog wkh pdunhw lq exoo pdunhwv/ exw krog d orz ohyho
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ehwd zlwk uhvshfw wr wkh pdunhw lq ehdu pdunhwv1 Dv d frqvhtxhqfh/ lw udqnv orz

dprqj wkh vshfxodwlyh ixqgv/ exw txlwh kljk dprqj wkh rqhv zlwk kljkhvw grzqvlgh

surwhfwlrq1 D fohdu dqdo|vlv ri doo wkh ixqgv uhyhdo wkdw wklv lv wkh rqo| rqh zkrvh

sdwwhuq ri uhwxuqv lv frqvlvwhqw zlwk dq KP w|sh ri vwudwhj|1

Iljxuh [L1 Iljxuh [LL1

PEi Yhqwxuh Sruwirolr PEi Yhqwxuh Sruwirolr

+PIFL0HPI Ehqfkpdun, +LIFL Ehqfkpdun,

0.2 0.4 0.6 0.8

-1

1

2

3

4

0.2 0.4 0.6 0.8

-3

-2

-1

1

2

Kzdqj dqg Vdwfkhoo +4<<<, �qg wkdw SIF Hphujlqj Pdunhwv Sw dqg JW

Hphujlqj Pdunhwv E vkrz vrph wlplqj frpsrqhqwv1 Rxu �qglqjv vkrz vrph

hylghqfh ri pdunhw wlplqj iru SIF Hphujlqj Pdunhwv Sw lq whupv ri wlph vshqw

ehorz }hur> vhh Wdeoh Y1 Rq wkh rwkhu vlgh/ wkh shuirupdqfh ri JW Hphujlqj Pdu0

nhwv E vhhpv wr ghshqg rq wkh ehqfkpdun1 Kzdqj dqg Vdwfkhoo +4<<<, vhhp wr

vxssruw frqfoxvlrqv vlplodu wr rxuv lq vrph fdvhv1 Krzhyhu/ wkh pdmru gl�huhqfh

lv wkdw wkh| �qg olwwoh hylghqfh ri pdunhw wlplqj ehvlghv wkh wzr fdvhv phqwlrqhg

deryh1 Ghshqglqj rq wkh vwdwlvwlf wr eh xvhg/ wklv lv qrw wkh fdvh khuh1 Wkh wlph

vshqw vwdwlvwlf jlyhv d vwurqj vljqdo ri grzqvlgh surwhfwlrq iru vhyhudo ri wkh ixqgv1

Wkh lvvxh lq wklv fdvh lv wr lghqwli| wkrvh ixqgv wkdw dw wkh vdph wlph krog wkh pdu0

nhw gxulqj exoo pdunhwv1 Lq wklv fdvh/ zh djuhh zlwk Kzdqj dqg Vdwfkhoo +4<<<,= wkh

ixqgv zlwk wkh ehvw phdq uhwxuqv shuirupdqfh duh qrw qhfhvvdulo| pdunhw wlphuv1

Wklv grhv vhhp wr eh wkh fdvh iru Jhqhvlv Hphujlqj Pdunhwv ghvslwh lwv vhfrqg ehvw

shuirupdqfh lq whupv ri phdq uhwxuqv1 Vlqfh wkh surfhvv zh xvh doorzv xv wr dyrlg

wkh lvvxh ri frqirxqglqj wlplqj vnloov zlwk vhohfwlylw| rqhv/ zh fdq lqihu wkdw wkh

kljk shuirupdqfh ri Jhqhvlv Hphujlqj Pdunhwv vkrxog eh wkh uhvxow ri vhohfwlylw|

vnloov1 Dqrwkhu srlqw zh �qg lq frpprq zlwk Kzdqj dqg Vdwfkhoo +4<<<, lv wkdw
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wkh fkrlfh ri ehqfkpdun vhhp wr eh sduwlfxoduo| uhohydqw> vhh wkh udqnlqj lq Wdeohv

Y dqg YL1

Dv d �qdo uhpdun/ qrwlfh wkdw rqh vkrxog eh fduhixo lq lqwhusuhwlqj wkh uhvxowv

dv zh jhw forvh wr hlwkhu 138 ru 1<81 Dv vkrzq lq wdeoh YLL/ prvw ri wkh revhuydwlrqv

duh frqfhqwudwhg lq wkh lqwhuydo d�ec �So � Wkhuhiruh/ wklv lv wkh uhjlrq ri sduwlfxodu

lqwhuhvw zkhuhdv rxwvlgh wklv uhjlrq vsduvlw| ri gdwd pd| ohdg wr ohvv uholdeoh vwdwh0

phqwv1 Qhyhuwkhohvv/ uhfdoo wkdw zh zrunhg zlwk L W

?

E|� � E?�
?

�
�

2 L
?

E|� *	S E|� dovr

wr sduwldoo| dffrpprgdwh sureohpv ri wklv qdwxuh1

Min. 1st Qu. Median Mean 3rd Qu. Max.
0 0.4086 0.5045 0.4963 0.5869 1

Min. 1st Qu. Median Mean 3rd Qu. Max.
0 0.4085 0.5038 0.4951 0.5893 1

TABLE VII
Summary for [0,1] Linear Transformation of Benchmark

MFCI-EMF

IFCI-C

9 Ilqdo Uhpdunv

Lq wklv sdshu zh gh�qhg pdq| vwdwlvwlfv iru lghqwli|lqj wkh wlplqj frpsrqhqw lq

shuirupdqfh phdvxuhphqw1 Doo wkhvh vwdwlvwlfv duh lq whupv ri qrupv ru lqwhjudov

ri d vprrwkhg yhuvlrq ri Nhqgdoo*v wdx1 Wklv surfhvv doorzv xv wr fdswxuh wkh

qrqolqhdulw| lq wkh frqglwlrqdo h{shfwdwlrq ixqfwlrq ri wkh ixqg zlwk uhvshfw wr wkh

ehqfkpdun1 Wkh dwwudfwlyh ihdwxuh lv wkdw wkh surfhgxuh lv qrqsdudphwulf vr wkdw

sureohpv uhodwhg wr plvvshfl�fdwlrq duh dyrlghg1 Pruhryhu/ zh uhfdoohg vhyhudo

uhvxowv iru wkh glvwulexwlrq ri wkh surfhvv dqg wkh errwvwuds dssur{lpdwlrq1 Wkh

uhvxowv rq wkh dv|pswrwlf dqg dssur{lpdwh glvwulexwlrq ri wkh surfhvv duh qhfhvvdu|

iru lqihuhqfh1 Lq wklv uhvshfw/ zh sursrvhg d ihz dssurdfkhv wr lqihuhqfh wkdw vkrxog

hqfrpsdvv wkh prvw xvhg whvwlqj surfhgxuh lq wkh olwhudwxuh1

Ixuwkhu/ zh sxw rxu surfhgxuh wr zrun xvlqj wkh hphujlqj pdunhwv gdwd ri

Kzdqj dqg Vdwfkhoo +4<<<,1 Rxu uhvxowv duh lq vrph fdvhv gl�huhqw iurp wkrvh

uhsruwhg lq Kzdqj dqg Vdwfkhoo +4<<<, zkhuh wkh prvw frpprq shuirupdqfh phd0

vxuhv duh xvhg1 Lw vhhpv wkdw wkh wudglwlrqdo shuirupdqfh phdvxuhv whqg wr suhihu
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ixqgv zlwk kljk uhwxuqv1 Zkloh wklv lv qrw lq frqwudglfwlrq zlwk wkh gh�qlwlrq/ lw

grhv qrw qhfhvvdulo| lpso| pdunhw wlplqj1 Lq idfw dq| ohyhudjhg ixqg zklfk wudfnv

wkh pdunhw zrxog rxwshuirup wkh pdunhw zkhq wklv lv srvlwlyh1 Vrph vlplodulwlhv

duh irxqg zlwk wkh wkuhh prphqw FDSP xvhg e| Kzdqj dqg Vdwfkhoo +4<<<,1

Wkh eurdg frqfoxvlrq lv dv iroorzv1 Wr xqghuvwdqg d ixqg*v shuirupdqfh djdlqvw

d ehqfkpdun/ zh qhhg wr h{dplqh qrw mxvw vxppdu| vwdwlvwlfv vxfk dv doskd/ exw

wkh mrlqw klvwru| ri wkh ixqg dqg wkh ehqfkpdun fryduldwlrq +dqg gluhfwo| uhodwhg

vwdwlvwlfv, li zh zlvk wr lqwhusuhw vwudwhjlhv1 Wr gr wklv zlwk dq| ghjuhh ri uholdelolw|/

vprrwklqj lv hvvhqwldo1

Uhihuhqfhv

^4` Dogrxv/ G1 +4<;<, Suredelolw| Dssur{lpdwlrqv yld wkh Srlvvrq Foxpslqj

Khxulvwlf1 Qhz \run= Vsulqjhu0Yhuodj1

^5` Ehupdq/ V1P1 +4<<5, Vrmrxuqv dqg H{wuhphv ri Vwrfkdvwlf Surfhvvhv1 Sdfl�f

Juryh/ FD= Zdgvzruwk dqg Eurrnv1

^6` Fudpìu/ K1 dqg P1U1 Ohdgehwwhu +4<9:, Vwdwlrqdu| dqg Uhodwhg Vwrfkdvwlf

Surfhvvhv1 Qhz \run= Zloh|1

^7` Fxpe|/ U1 dqg M1 Johq +4<<3, Hydoxdwlqj wkh Shuirupdqfh ri Lqwhuqdwlrqdo

Pxwxdo Ixqgv1 Mrxuqdo ri Ilqdqfh 78/ 7<:08541

^8` Jkrvdo/ V1/ D1 Vhq dqg D1Z1 ydq ghu Ydduw +5333, Whvwlqj Prqrwrqlflw| ri

Uhjuhvvlrq1 Dqqdov ri Vwdwlvwlfv 5;/ 4387043;51

^9` Jorvwhq/ O1 dqg U1 Mdjdqqdwkdq +4<<7, D Frqwlqjhqw Fodlp Dssurdfk wr

Shuirupdqfh Hydoxdwlrq1 Mrxuqdo ri Hpslulfdo Ilqdqfh 4/ 46604931

^:` Julqeodww/ P1 dqg V1 Wlwpdq +4<;<, Pxwxdo Ixqg Shuirupdqfh= Dq Dqdo|vlv

ri Txduwhuo| Sruwirolr Kroglqjv1 Mrxuqdo ri Exvlqhvv 95/ 6<607491
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^;` Julqeodww/ P1 dqg V1 Wlwpdq +4<<7, D Vwxg| ri Prqwko| Pxwxdo Ixqg Uhwxuqv

dqg Shuirupdqfh Hydoxdwlrq Whfkqltxhv1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwd0

wlyh Dqdo|vlv 5</ 74<07771

^<` Khqulnvvrq/ U1 +4<;7, Pdunhw Wlplqj dqg Pxwxdo Ixqg Shuirupdqfh1 Mrxuqdo

ri Exvlqhvv 8:/ :60<91

^43` Khqulnvvrq/ U1 dqg U1 Phuwrq +4<;4, Rq Pdunhw Wlplqj dqg Lqyhvwphqw Shu0

irupdqfh= Vwdwlvwlfdo Surfhgxuhv iru Hydoxdwlqj Iruhfdvwlqj Vnloov1 Mrxuqdo ri

Exvlqhvv 87/ 84608661

^44` Kzdqj/ V1 dqg V1H1 Vdwfkhoo +4<<<, Prghoolqj Hphujlqj Pdunhw Ulvn Suhpld

Xvlqj Kljkhu Prphqwv1 Lqwhuqdwlrqdo Mrxuqdo ri Ilqdqfh dqg Hfrqrplfv 7/

5:405<91

^45` Mdjdqqdwkdq/ U1 dqg U1 Nrudmf}|n +4<;9, Dvvhvvlqj wkh Pdunhw Wlplqj Shu0

irupdqfh ri Pdqdjhg Sruwirolrv1 Mrxuqdo ri Exvlqhvv 8</ 54:05681

^46` Mrh/ K1 +4<<:, Pxowlyduldwh Prghov dqg Ghshqghqfh Frqfhswv1 Orqgrq= Fkds0

pdq ) Kdoo Owg1

^47` Nrq/ V1 +4<;6, Wkh Pdunhw Wlplqj Shuirupdqfh ri Pxwxdo Ixqg Pdqdjhuv1

Mrxuqdo ri Exvlqhvv 89/ 656067:1

^48` Nrwkdul/ V1 dqg M1 Zduqhu +4<<:, HydoxdwlqjPxwxdo Ixqg Shuirupdqfh1Zrun0

lqj Sdshu/ Vordq Vfkrro ri Pdqdjhphqw/ PLW1

^49` Nudxv/ D1 dqg U1K1 Olw}hqehujhu +4<:9, Vnhzqhvv Suhihuhqfh dqg wkh Ydoxd0

wlrq ri Ulvn Dvvhwv1 Mrxuqdo ri Ilqdqfh 64/ 43;8044331

^4:` Ohdgehwwhu/ P1U1/ J1 Olqgjuhq dqg K1 Urrw}ìq +4<;6, H{wuhphv dqg Uhodwhg

Surshuwlhv ri Udqgrp Vhtxhqfhv dqg Surfhvvhv1 Qhz \run= Vsulqjhu1

^4;` Pdvwhuv/ V1 +4<<;, Wkh Sureohp zlwk Hphujlqj0Pdunhwv Lqgh{hv1 Mrxuqdo ri

Sruwirolr Pdqdjhphqw +zlqwhu,/ <604331
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^4<` Uroo/ U1 +4<:;, Dpeljxlw| zkhq Shuirupdqfh lv Phdvxuhg e| wkh Vhfxulw|

Pdunhw Olqh1 Mrxuqdo ri Ilqdqfh 66/ 43840439<1

^53` Vdqfhwwd/ D +5335, Olplw Wkhruhpv iru wkh Hpslulfdo Nhqgdoo*v Wdx Surfhvv

dqg lwv Errwvwuds Dssur{lpdwlrq xqghu Vwurqj Pl{lqj1 Lq D1 Vdqfhwwd/ Ds0

sur{lpdwlrq Phwkrgv lq Ilqdqfldo Hfrqrphwulfv/ fk1 71 Xqsxeolvkhg SkG glv0

vhuwdwlrq1

^54` Vhu lqj/ M1U1 +4<;3, Dssur{lpdwlrq Wkhruhpv ri Pdwkhpdwlfdo Vwdwlvwlfv1

Qhz \run= Mrkq Zloh| ) Vrqv Lqf1

^55` Wuh|qru/ M1 dqg I1 Pd}x| +4<99, Fdq Pxwxdo Ixqgv Rxwjxhvv wkh PdunhwB1

Kduydug Exvlqhvv Uhylhz 77/ 67:069;1
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