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Devwudfw

Wkhuh lv h{whqvlyh hylghqfh wkdw ulvnvkdulqj dfurvv frxqwulhv lv idu iurp shuihfw1 Vrph

kdyh dwwulexwhg wklv wr vpdoo ehqhñwv iurp ulvnvkdulqj1 Jdlqv iurp ulvnsrrolqj wkdw kdyh

ehhq uhsruwhg udqjh iurp qhjoljleoh wr hqruprxv1 Wklv sdshu grfxphqwv wr zkdw h{whqw

wkh uhvxowv duh vhqvlwlyh wr wkh sdudphwhul}dwlrq ri suhihuhqfhv/ wkh vwrfkdvwlf surfhvv

ri wkh hqgrzphqw/ dqg lwv phdvxuhphqw1 Zh ñqg wkdw jdlqv iurp ulvnvkdulqj duh txlwh

vl}deoh iru uhdolvwlf dvvxpswlrqv derxw wkh xqghuo|lqj idfwruv1 Iru RHFG frxqwulhv wkh|

duh htxlydohqw wr dq lqfuhdvh lq wudgdeohv frqvxpswlrq lq wkh udqjh ri 414 wr 618( iru d

83 |hdu krul}rq/ dqg 518 wr :17( iru d 433 |hdu krul}rq1

MHO I63/ I74/ J48> nh|zrugv= lqwhuqdwlrqdo ulvnvkdulqj/ zhoiduh jdlqv



� W?|hL_ýU|ðL?

Duh zh forvh wr ixoo| h{sorlwlqj wkh srwhqwldo ehqhñwv iurp lqwhuqdwlrqdo dvvhw pdunhwvB

Wklv lv fxuuhqwo| d krwo| ghedwhg txhvwlrq lq oljkw ri wkh surfhvv ri ñqdqfldo lqwhjud0

wlrq dqg joredol}dwlrq lq wkh sdvw ihz ghfdghv1 Wkuhh w|shv ri hylghqfh vxjjhvw wkdw

ulvnvkdulqj dfurvv frxqwulhv lv vwloo idu iurp shuihfw1 Iluvw/ dv grfxphqwhg e| Iuhqfk dqg

Srwhued +4<<4, dqg Whvdu dqg Zhuqhu +4<<7,/ wkh shufhqwdjhv ri djjuhjdwh vwrfn0pdunhw

zhdowk lqyhvwhg lq grphvwlf htxlwlhv dw wkh ehjlqqlqj ri wkh 4<<3v zhuh zhoo deryh <3(

iru wkh XV dqg Mdsdq/ dqg durxqg ;3( lq wkh XN dqg Jhupdq|1 Vhfrqg/ wudgh lq

fodlpv rq d eurdg phdvxuh ri qdwlrqdo rxwsxwv lv fxuuhqwo| qrq0h{lvwhqw1 Vkloohu +4<<6,

kdv pdgh d vwurqj fdvh iru wkh lqwurgxfwlrq ri vxfk _pdfur pdunhwv%1 Wklug/ Edfnxv/

Nhkrh dqg N|godqg +4<<5, ñqg wkdw wkh orz furvv frxqwu| frqvxpswlrq fruuhodwlrqv duh

lqfrqvlvwhqw zlwk uhdo exvlqhvv f|foh prghov wkdw dvvxph shuihfw ulvnvkdulqj1

Doo ri wklv lv qrw qhfhvvdulo| vxusulvlqj li wkh srwhqwldo zhoiduh jdlqv iurp ulvnvkdulqj

duh vpdoo/ vr wkdw vpdoo wudqvdfwlrq frvwv fdq dffrxqw iru wkh odfn ri revhuyhg ulvnvkdulqj1

Wkhuh duh dw ohdvw irxuwhhq sdshuv lq uhfhqw |hduv wkdw kdyh frpsxwhg zhoiduh jdlqv iurp

lqwhuqdwlrqdo ulvnvkdulqj1 � Wkh jdlqv duh xvxdoo| uhsruwhg dv wkh shupdqhqw shufhqwdjh

lqfuhdvh lq h{shfwhg frqvxpswlrq wkdw ohdgv wr dq htxlydohqw lqfuhdvh lq zhoiduh1 Wkh

uhsruwhg uhvxowv ydu| hqruprxvo|/ udqjlqj iurp ohvv wkdq 314( wr ryhu 433(1 Wklv kdv

ohg wr vljqlñfdqw frqixvlrq derxw wkh wuxh pdjqlwxgh ri wkh jdlqv iurp lqwhuqdwlrqdo

ulvnvkdulqj1

Wklv sdshu kdv wzr jrdov1 Wkh ñuvw lv wr grfxphqw wkh h{whqw wr zklfk wkh uhvxowv

duh vhqvlwlyh wr dvvxpswlrqv derxw wkh frqvxpswlrq phdvxuh/ wkh krul}rq/ wkh w|sh ri

*dxwdun|* frqvxpswlrq surfhvv/ wkh lpsolflw ulvn0iuhh lqwhuhvw udwh/ wkh udwh ri uhodwlyh

ulvn0dyhuvlrq/ dqg wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wudghg dqg qrq0wudghg jrrgv1

Wkh vhfrqg lv wr qduurz grzq wkh zhoiduh jdlq hvwlpdwhv e| xvlqj dv pxfk lqirupdwlrq

dv srvvleoh rq wkhvh ydulrxv idfwruv1 Wklv ohdgv wr dq hvwlpdwh ri wkh udqjh zlwklq zklfk

wkh srwhqwldo zhoiduh jdlqv duh olnho| wr idoo1 Wkh pdlq ñqglqj ri wkh sdshu lv wkdw

srwhqwldo zhoiduh jdlqv iurp ulvnvkdulqj dprqj RHFG frxqwulhv duh odujh= 414 wr 618(

iru d 83 |hdu krul}rq/ dqg 518 wr :18( iru d 433 |hdu krul}rq1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 eulhð| uhylhzv wkh

h{lvwlqj olwhudwxuh dqg h{sodlqv zk| vrph dxwkruv kdyh irxqg h{wudruglqdu| orz zhoiduh

jdlqv1 Vhfwlrq 6 uhsruwv srwhqwldo jdlqv iurp ulvnvkdulqj zkhq suhihuhqfhv duh dgglwlyho|

vhsdudeoh lq wudghg dqg qrq0wudghg jrrgv/ sd|lqj fduhixo dwwhqwlrq wr wkh ydulrxv idfwruv
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olvwhg deryh1 Vhfwlrq 7 frqvlghuv wkh uroh ri qrq0vhsdudelolw| ehwzhhq wudghg dqg qrq0

wudghg jrrgv/ dvvxplqj FHV suhihuhqfhv1 Wkh ñqdo vhfwlrq vxppdul}hv wkh pdlq uhvxowv

dqg vxjjhvwv gluhfwlrqv iru ixwxuh uhvhdufk1

2 Aüi ì*u@hi B@ð? wð|ih@|ýhi ð? èihtTiU|ðñi

Sdshuv wkdw kdyh uhsruwhg yhu| vpdoo jdlqv iurp lqwhuqdwlrqdo ulvnvkdulqj +ohvv wkdq

318(, duh Edfnxv/ Nhkrh dqg N|godqg +4<<5,/ Froh dqg Revwihog +4<<4,/ Phqgr}d

+4<<8,/ Revwihog +4<<7e,/ dqg Whvdu +4<<8,1 Rwkhuv/ vxfk dv ydq Zlqfrrs +4<<7/4<<9,/

Ohzlv +4<<9d,/ Vkloohu dqg Dwkdqdvrxolv +4<<8,/ Revwihog +4<<7d/4<<8,/ dqg Nrvh +4<<8,/

uhsruw pxfk odujhu zhoiduh jdlqv1

Dv vkrzq lq ydq Zlqfrrs +4<<7, lq wkh frqwh{w ri dq lqñqlwh krul}rq hqgrzphqw

hfrqrp|/ wkh zhoiduh jdlq iurp lqwhuqdwlrqdo ulvnvkdulqj ghshqgv rq irxu idfwruv= +l,

wkh lpsolflw ulvn0iuhh lqwhuhvw udwh/ +ll, wkh ulvn0dgmxvwhg jurzwk udwh/ +lll, wkh udwh ri

uhodwlyh ulvn0dyhuvlrq/ dqg +ly, hqgrzphqw xqfhuwdlqw|1 Wkh zhoiduh jdlq h{suhvvlrq lv

wkh vdph iru wlph0vhsdudeoh h{shfwhg xwlolw| suhihuhqfhv/ qrq0h{shfwhg xwlolw| suhihuhqfhv

dqg kdelw irupdwlrq suhihuhqfhv1 2 Lw lv xvhixo wr xvh wkh idfwruv +l,0+ly, dv d jxlgh lq

frpsdulqj wkh uhvxowv ri wkh ydulrxv sdshuv1

Lq vhyhudo ri wkh sdshuv uhsruwlqj orz zhoiduh jdlqv/ wklv lv wr d juhdw h{whqw wkh uhvxow

ri d sdudphwhul}dwlrq zkhuhe| wkh lpsolflw ulvniuhh udwh lv h{fhvvlyho| kljk= 819( wr 89(

lq Froh dqg Revwihog +4<<4, dqg :( wr 78( lq Revwihog +4<<7e,1 Zh looxvwudwh lq vhfwlrq

615 wkdw vxfk kljk lqwhuhvw udwhv fdq lqghhg vljqlñfdqwo| uhgxfh wkh zhoiduh jdlq phdvxuh1

Ohzlv +4<<9d, uhsruwv zhoiduh jdlqv iurp ulvnvkdulqj dprqj wkh J0: frxqwulhv zkhq wkh

sdudphwhul}dwlrq lv vxfk wkdw wkh ulvniuhh udwh lq wkh gdwd lv pdwfkhg1 Wkh dyhudjh

uhsruwhg zhoiduh jdlq lv 65(1 Wklv lv vr kljk ehfdxvh wkh htxlw| suhplxp lv pdwfkhg dv

zhoo1 Wklv uhtxluhv d udwh ri uhodwlyh ulvn0dyhuvlrq zhoo deryh 83/ zklfk lv vljqlñfdqwo|

deryh frqvhqvxv hvwlpdwhv dqg lv nqrzq dv wkh htxlw| suhplxp sx}}oh1 Dv orqj dv wkh

htxlw| suhplxp sx}}oh uhpdlqv xquhvroyhg/ lw lv d srwhqwldo vrxufh ri xqfhuwdlqw| dv

wr wkh suhflvh pdjqlwxgh ri srwhqwldo zhoiduh jdlqv1 Zkloh wklv sdshu grhv qrw uhvroyh

wkdw lvvxh/ dqg zh gr qrw dwwhpsw wr pdwfk wkh htxlw| suhplxp/ lw lv lpsruwdqw wr

revhuyh wkdw wkhuh lv qrw qhfhvvdulo| d gluhfw uhodwlrqvkls ehwzhhq wkh htxlw| suhplxp

dqg zhoiduh jdlqv1 Jlyhq +l,0+ly,/ dv phqwlrqhg deryh/ wkh zhoiduh jdlq lv wkh vdph iru

kdelw irupdwlrq suhihuhqfhv dv iru wkh vwdqgdug wlph0vhsdudeoh suhihuhqfhv/ dowkrxjk wkh

htxlw| suhplxp lv nqrzq wr eh odujhu xqghu kdelw irupdwlrq1

Wr d juhdw h{whqw/ glòhuhqfhv lq uhsruwhg zhoiduh jdlqv duh d uhvxow ri glòhuhqw dv0
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vxpswlrqv derxw hqgrzphqw xqfhuwdlqw|1 Vrphwlphv orz uhsruwhg zhoiduh jdlqv duh

gxh wr dvvxphg vwdwlrqdu| surfhvvhv= Revwihog +4<<7e, ô / Whvdu +4<<8, e / dqg Phq0

gr}d +4<<8,1D Wkhvh uhvxowv duh ehvw lqwhusuhwhg dv vkrzlqj vpdoo ehqhñwv iurp vkdulqj

djjuhjdwh exvlqhvv f|foh ulvn dprqj frxqwulhv1 Wklv lv frqvlvwhqw zlwk Oxfdv +4<;:,/

zkr uhsruwv qhjoljleoh jdlqv iurp holplqdwlqj doo exvlqhvv f|foh ulvn1 Xqghu vwdwlrqdu|

surfhvvhv/ orqj whup jurzwk xqfhuwdlqw| lv jhqhudoo| yhu| vpdoo1 Dw wkh rwkhu h{wuhph/

Vkloohu dqg Dwkdqdvrxolv +4<<8, uhsruw d zhoiduh jdlq ri 5<(/ exw suredeo| ryhuvwdwh

orqj whup jurzwk xqfhuwdlqw|1 Wkh| gr qrw pdnh dvvxpswlrqv derxw wkh xqghuo|lqj

surfhvv iru rxwsxw/ exw frpsxwh d 450frxqwu| fryduldqfh pdwul{ ri rxwsxw dw ydulrxv

krul}rqv xqghu wkh dvvxpswlrq wkdw doo frxqwulhv* h{shfwhg jurzwk udwhv duh lghqwlfdo1

Wklv lpsolhv wkdw glòhuhqfhv lq jurzwk udwhv dfurvv frxqwulhv duh hqwluho| xqsuhglfwdeoh1S

Lq vrph sdshuv wkh fruuhodwlrq ri frqvxpswlrq dfurvv frxqwulhv lv yhu| kljk hyhq

lq dxwdun|/ uhvxowlqj lq orz srwhqwldo jdlqv iurp ulvnvkdulqj1 Rqh h{dpsoh lv Froh dqg

Revwihog +4<<4,/ zkhuh hqgrjhqrxv whupv ri wudgh ðxfwxdwlrqv srro vrph ri wkh ulvn

dvvrfldwhg zlwk hqgrzphqw vkrfnv1 Wklv jhqhudoo| ohdgv wr pxfk kljkhu furvv frxqwu|

frqvxpswlrq fruuhodwlrqv wkdq revhuyhg lq wkh gdwd1 Dqrwkhu h{dpsoh lv Edfnxv/ Nh0

krh dqg N|godqg +4<<5,/ zkhuh lqwhuqdwlrqdo whfkqrorj| vslooryhuv ohdg wr d kljk furvv

frxqwu| frqvxpswlrq fruuhodwlrq lq dxwdun|1 Wklv ohdgv wr d orz zhoiduh jdlq ri 316( lq

wkh frqwh{w ri d wzr frxqwu| uhdo exvlqhvv f|foh prgho1.
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h@M*i èhiuihi?Uit

Wklv vhfwlrq frpsxwhv wkh zhoiduh jdlq iurp lqwhuqdwlrqdo ulvnvkdulqj zkhq suhihuhqfhv

duh dgglwlyho| vhsdudeoh lq wudgdeohv dqg qrq0wudgdeohv1 Fxuuhqw frqvxpswlrq vwuhdpv

duh frqvlghuhg wr eh hqgrzphqwv jhqhudwhg e| dq dvvxphg surfhvv1 Zh frpsxwh wkh

zhoiduh jdlq dvvrfldwhg zlwk wudgh lq fodlpv rq wkhvh frqvxpswlrq hqgrzphqw vwuhdpv1

Ohw xv vd| wkhuh duh M frxqwulhv ri htxdo vl}h1 Lw lv dvvxphg wkdw uhvlghqwv iurp doo

frxqwulhv duh h{0dqwh lghqwlfdo= wkh| kdyh wkh vdph suhihuhqfhv dqg wkhlu frqvxpswlrq

hqgrzphqw vwuhdpv duh jhqhudwhg e| wkh vdph surfhvv1 Li wkh vwrfkdvwlf surshuwlhv ri

wkh hqgrzphqwv zhuh glòhuhqw dfurvv frxqwulhv/ fodlpv rq wkhvh hqgrzphqwv zrxog kdyh

wr eh sulfhg lq rughu wr frpsxwh wkh zhoiduh jdlqv/ dv lq ydq Zlqfrrs +4<<7,1 Khuh zh

vlghvwhs wkh sulflqj sureohp e| dvvxplqj wkh vdph hqgrzphqw surfhvv iru doo frxqwulhv

dqg xvlqj wkh xqzhljkwhg dyhudjh dfurvv frxqwulhv ri wkh hvwlpdwhg vwdqgdug ghyldwlrqv

ri wkh lqqrydwlrqv1 Wkh zhoiduh jdlq vkrxog wkhq eh lqwhusuhwhg dv fruuhvsrqglqj wr d

_uhsuhvhqwdwlyh% frxqwu|1

ôë� îi?Uü4@h! �L_i*

Iluvw frqvlghu d ehqfkpdun vhwxs/ zkhuh wkh hqgrzphqw iroorzv d udqgrp zdon zlwk

guliw1 H{shfwhg xwlolw| lv=

Y @ H
] M

f
h3q|

+fAð|,
�3ò

4ý ð gw +4,

Khuh K lv wkh krul}rq/ ð wkh udwh ri uhodwlyh ulvn0dyhuvlrq/ dqg fAð| frqvxpswlrq ri wudg0

deohv e| uhvlghqwv ri frxqwu| l1 Vlqfh xwlolw| lv dgglwlyho| vhsdudeoh lq wudgdeohv dqg

qrq0wudgdeohv/ dqg ulvnvkdulqj zlwk uhvshfw wr qrq0wudgdeohv lv qrw srvvleoh/ xwlolw| iurp

qrq0wudgdeohv lv rplwwhg iurp +4,1

Wkh wudgdeohv frqvxpswlrq hqgrzphqw lv ghqrwhg |Að| / zklfk iroorzv d udqgrp zdon

zlwk guliw=

g|Að| @ ç|
A
ð|gw. âA |

A
ð|g}ð> +5,

zkhuh }ð lv d vwdqgdug Eurzqldq prwlrq/ dqg $A @ g}ðg}æ +l 9@ m, lv wkh fruuhodwlrq ri
wudgdeohv hqgrzphqw jurzwk lqqrydwlrqv dfurvv wzr glòhuhqw frxqwulhv1 Lq wkh devhqfh
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*ð?i@h _iUðtðL? hý*it E@hLý?_ wð ' �ä @hi Sð ' féDw� nféDw2 @?_ u� ' �3 féDw� nféDw2ë úttý4i |ü@| |üi

t|@|it Lu |üi êLh*_ @hi Ew�c w2ä'EfëDc2äc E2cfëDäc @?_ Efë.Dcfë.Däë Aüi �ht| |êL t|@|it ü@ñi ThLM@Mð*ð|)

fë2Dc @?_ |üi |üðh_ t|@|i ü@t ThLM@Mð*ð|) fëDë 5L .wð ' �ë , TiU|i_ ý|ð*ð|) ý?_ih @ý|@h!) @?_ TihuiU|

hðt!tü@hð?} @hi hitTiU|ðñi*) ífë�ee @?_ ífë2ôbë
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ri ulvnvkdulqj fAð| @ |
A
ð| / dqg wkh uhvxowlqj h{shfwhg xwlolw| lv=

Y @
+|Aðf,

�3ò

4ý ð
4ý h3úA

#
+6,

zkhuh # @ ñ . +ð ý 4,+çý 3=8ðâ2A ,1
Zkhq djhqwv hqjdjh lq ulvnvkdulqj/ wudgdeohv frqvxpswlrq lq hdfk frxqwu| lv htxdo

wr wkh shu fdslwd zruog hqgrzphqw |A` = fAð| @ |
A`
| @

Sa
æ'� |

A
æ|@M 1 Wklv iroorzv dssur{0

lpdwho| d udqgrp zdon zlwk yduldqfh â2A` @ â2A +
�
a .+4ý �

a ,$A ,1
H H{shfwhg xwlolw| diwhu

ulvnvkdulqj lv wkh vdph dv +4,/ zlwk âA` uhsodflqj âA 1 Wkh zhoiduh jdlq lv phdvxuhg dv

wkh shupdqhqw shufhqwdjh lqfuhdvh lq wkh h{shfwhg ohyho ri wudgdeohv frqvxpswlrq wkdw

|lhogv dq htxlydohqw lpsuryhphqw lq zhoiduh1 Zh ñqg

jdlq ä ý
#
4ýK+u ý çç, h3Eo37>äM

4ý h3Eo37>äM
$
3=8ðgâ2A
u ý çç +7,

zkhuh gâ2A @ â2A` ý â2A lv wkh fkdqjh lq wkh yduldqfh ri frqvxpswlrq jurzwk/ çç @
ç ý 3=8ðâ2A lv wkh ulvn0dgmxvwhg jurzwk udwh/ dqg u @ ñ . ðçç lv wkh +lpsolflw, ulvn0iuhh
lqwhuhvw udwh1 Wkh dssursuldwh wlph glvfrxqw udwh lv u ý çç1 Lw lv xvhixo wr zulwh wkh

zhoiduh jdlq dv d ixqfwlrq ri wkh lqwhuhvw udwh/ zklfk fdq eh phdvxuhg pruh hdvlo| wkdq

wkh xqghuo|lqj suhihuhqfh sdudphwhuv1

D frxsoh ri uhvxowv fdq eh lpphgldwho| ghulyhg iurp +7,1 Iluvw/ wkh zhoiduh jdlq

lv odujhu wkh orqjhu wkh wlph krul}rq1 Wkh jdlq gursv wr }hur zkhq wkh krul}rq lv

lqñqlwhvlpdo1 Vhfrqg/ zkhq u ? çç/ wkh zhoiduh jdlq dssurdfkhv lqñqlw| zkhq K $ 41
Wkh dvvxpswlrq wkdw u ? çç dsshduv frqvlvwhqw zlwk wkh gdwd1 Phkud dqg Suhvfrww

+4<;8,/ xvlqj XV gdwd iurp 4;;< wr 4<:;/ ñqg dq dyhudjh uhdo uhwxuq rq _uhodwlyho|

ulvnohvv/ vkruw0whup vhfxulwlhv% ri 31;( dqg d 41;( dyhudjh jurzwk udwh ri shu fdslwd

frqvxpswlrq1 b Zkhq u ? çç/ xwlolw| lv qrw zhoo ghñqhg zkhq wkh krul}rq lv lqñqlwh1

Hyhq zkhq wkh ulvn0iuhh lqwhuhvw udwh lv deryh wkh ulvn0dgmxvwhg jurzwk udwh/ zhoiduh jdlq

uhvxowv duh qrw yhu| uholdeoh iru dq lqñqlwh krul}rq1 Zkhq K @4/ wkh jdlq lv
ý3=8ðgâ2A
u ý çç

Vpdoo fkdqjhv lq wkh hvwlpdwhg lqwhuhvw udwh fdq wkhq kdyh hqruprxv hòhfwv zkhq u lv

forvh wr çç1 Iru wkrvh uhdvrqv zh dvvxph d ñqlwh krul}rq lq wkh uhpdlqghu ri wkh sdshu1

HW| ðt ?L| i @U|*) @ h@?_L4 ê@*! tð?Ui _+A` *+A` '
Sa

æ'�
E+Aæ *+

A` äE>_| n jA_5æä*a c êüihi |üi

êið}ü|t +Aæ *+
A` @hi |üi4ti*ñit t|LUü@t|ðUë OLêiñihc ?ý4ihðU@* @?@*)tðt tüLêt |ü@| üL*_ð?} |üi êið}ü|t

UL?t|@?| *i@_t |L Th@U|ðU@**) ð_i?|ðU@* i TiU|i_ ý|ð*ð|)ë wiêðt E�bbS@ä @?_ ñ@? `ð?ULLT E�bbeä @*tL 4@!i

|üðt @TThL ð4@|ðL?ë Aüihi ðt @ ?ðUi _ðtUýttðL? ð? |üi úTTi?_ð Lu wiêðt E�bbS@ä L? |üi @UUýh@U) Lu |üðt

@TThL ð4@|ðL?ë
b7> ðt ?L| 4ýUü t4@**ih |ü@? > uLh hi@tL?@M*i *iñi*t Lu òë
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ôë2 #@|@ @?_ ì*u@hi B@ð?

Lq rughu wr lpsohphqw +7,/ zh qhhg wr kdyh hvwlpdwhv ri wkh ulvn0iuhh lqwhuhvw udwh/ ulvn0

dgmxvwhg jurzwk udwh/ udwh ri uhodwlyh ulvn0dyhuvlrq/ wkh vwdqgdug ghyldwlrq ri frxqwu|

hqgrzphqw jurzwk/ dqg wkh fruuhodwlrq ehwzhhq hqgrzphqw jurzwk udwhv1

Vlqfh zh duh lqwhuhvwhg lq srwhqwldo jdlqv iurp dgglwlrqdo ulvnvkdulqj zh xvh frq0

vxpswlrq udwkhu wkdq rxwsxw gdwd wr phdvxuh wkh hqgrzphqwv1 Frqvxpswlrq gdwd pd|

douhdg| uhðhfw d fhuwdlq ghjuhh ri ulvnvkdulqj wrgd|1

Wlph vhulhv ri wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq iru 53 RHFG frxqwulhv duh

frqvwuxfwhg iurp dqqxdo gdwd iru vshflñf frqvxpswlrq fdwhjrulhv ryhu wkh shulrg 4<:3

wr 4<;<1 �f Wkh gdwd duh iurp wkh Xqlwhg Qdwlrqv Qdwlrqdo Dffrxqwv Vwdwlvwlfv1 �� Wkh

iroorzlqj irxu fdwhjrulhv duh ghñqhg dv wudgdeohv frqvxpswlrq= +4,irrg/ +5,forwklqj dqg

irrwzhdu/ +6,ixuqlwxuh/ krxvhkrog htxlsphqw dqg rshudwlrq/ dqg +7,shuvrqdo wudqvsruwd0

wlrq1 �2 Doo rwkhu fdwhjrulhv duh ghñqhg dv qrq0wudgdeohv frqvxpswlrq1 Wkh| duh jurvv

uhqw/ ixho dqg srzhu> phglfdo fduh dqg khdowk h{shqvhv> sxeolf wudqvsruwdwlrq dqg frp0

pxqlfdwlrq> uhfuhdwlrq/ hqwhuwdlqphqw/ hgxfdwlrq dqg fxowxudo vhuylfhv> shuvrqdo fduh>

h{shqglwxuh lq uhvwdxudqwv/ fdihv dqg krwhov> dqg rwkhu jrrgv dqg vhuylfhv1 Zkloh qr

jrrg ru vhuylfh lv d wudgdeoh ru qrq0wudgdeoh lq wkh vwulfwhvw vhqvh/ �ô wklv fdwhjrul}dwlrq

qrqhwkhohvv vhhpv d uhdvrqdeoh dssur{lpdwlrq1 Wkh ghñqlwlrq ri qrq0wudgdeohv zloo eh

lpsruwdqw zkhq zh frqvlghu qrq0vhsdudeoh suhihuhqfhv lq vhfwlrq 71 Dw wkdw srlqw zh

dovr shuirup vhqvlwlylw| dqdo|vlv zlwk uhvshfw wr wkh fdwhjrulhv lqfoxghg lq erwk w|shv ri

frqvxpswlrq1

Zlwklq wkh dvvxphg fdwhjrul}dwlrq zh frqvlghu wzr phdvxuhv ri wudgdeohv frqvxps0

wlrq1 Wkh ñuvw phdvxuh vlpso| djjuhjdwhv ryhu wkh irxu fdwhjrulhv deryh dqg glylghv

e| srsxodwlrq1 Vlqfh wkhuh lv rqo| rqh wudgdeoh jrrg lq wkh prgho/ doo fdwhjrulhv duh

dvvxphg wr eh shuihfw vxevwlwxwhv1 Wkhuhiruh djjuhjdwh wudgdeohv frqvxpswlrq lv gh0

ñqhg dv d olqhdu frpelqdwlrq ryhu wkh irxu fdwhjrulhv/ xvlqj 4<;3 frqvxpswlrq vshqglqj

�fAüi ULý?|hðit @hi úýt|h@*ð@c úýt|hð@c îi*}ðý4c ç@?@_@c #i?4@h!c 6ð?*@?_c 6h@?Uic Bih4@?)c

BhiiUic WUi*@?_c Whi*@?_c W|@*)c a@T@?c ûi|üih*@?_tc ûLhê@)c 5T@ð?c 5êi_i?c 5êð|3ih*@?_c Nkc N5ë
��ú? @*|ih?@|ðñi _@|@ tLýhUi uLh |L UL?t|hýU|ð?} 4i@týhit Lu |h@_@M*it @?_ ?L?í|h@_@M*it UL?tý4T|ðL?

ðt |ü@| ýti_ ð? wiêðt E�bbSMäc êüðUü ðt M@ti_ L? Mi?Uü4@h! t|ý_ðit uhL4 êüðUü |üi 5ý44iht @?_

Oit|L? E�bb�ä _@|@ ti| ðt UL?t|hýU|i_ë Aü@| _@|@ ti| ü@t 4Lhi U@|i}Lhðit |ü@? |üi Nû _@|@ë îý| ð| ðt

L?*) @ñ@ð*@M*i @| Dí)i@h ð?|ihñ@*t tð?Ui �b.fc êüðUü 4@!it ð| *itt ýtiuý* uLh Lýh TýhTLtitë Aüi |it|t Lu

ð?|ih?@|ðL?@* hðt!tü@hð?} ð? wiêðt E�bbSMä i T*Lð| |üi UhLtt tiU|ðL?@* @tTiU| Lu |üi _@|@ë
�26Lh a@T@? |üi Nû _Lit ?L| TýM*ðtü _@|@ L? U@|i}Lh) Eeäc TihtL?@* |h@?tTLh|ë AüLti _@|@ @hi LM|@ð?i_

uhL4 |üi ú??ý@* +iTLh| L? û@|ðL?@* úUULý?|t M) |üi ,UL?L4ðU è*@??ð?} ú}i?U)c BLñih?4i?| Lu a@T@?ë
�ôAh@_i_ }LL_t }L |ühLý}ü @ *LU@* _ðt|hðMý|ðL? @?_ t@*it ?i|êLh! MiuLhi |üi) hi@Uü |üi Uýt|L4ihc tL

|ü@| |üi �?@* ThL_ýU| @*ê@)t ü@t @ ?L?í|h@_@M*it UL?|i?|ë ú?_ êüð*i tL4i tiñðUit @hi Thð4@hð*) i?éL)i_

M) *LU@* hitð_i?|tc |üihi ðt Lu|i? tL4i _i}hii Lu |h@_ic |ühLý}ü |Lýhðt4 Lh L|üihêðtië
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zhljkwv1 �e Wkh dyhudjh vwdqgdug ghyldwlrq ri wkh jurzwk udwh ri shu fdslwd wudgdeohv

frqvxpswlrq lv âA @ 6=56(/ zlwk d furvv frxqwu| fruuhodwlrq ri $A @ 3=541 Krzhyhu/

fdwhjrulhv +5,0+7, duh gxudeohv1 Wklv pd| ohdg wr d vljqlñfdqw ryhuhvwlpdwlrq ri wkh jdlqv

iurp ulvnvkdulqj ehfdxvh vshqglqj rq gxudeohv lv pxfk pruh yrodwloh wkdq wkh vwrfn1

Rxu vhfrqg phdvxuh ñuvw frpsxwhv wkh vwrfn ri gxudeohv iru hdfk fdwhjru| ehiruh dj0

juhjdwlqj dqg glylglqj e| srsxodwlrq1 Wkh surfhgxuh lq ydq Zlqfrrs +4<<7, lv iroorzhg

wr frpsxwh d wlph vhulhv ri wkh vwrfn/ jlyhq gdwd rq vshqglqj ðrzv1 Iru irrg +fdwhjru|

+4,,/ wkh vwrfn lv vhw htxdo wr dqqxdo sxufkdvhv +udwh ri ghsuhfldwlrq ri 4,1 Wrwdo wudgdeohv

frqvxpswlrq lv ghñqhg dv d olqhdu frpelqdwlrq ryhu wkh irxu vwrfnv/ xvlqj olqhdu zhljkwv

vxfk wkdw iru hdfk fdwhjru| wkh ydoxh ri wkh 4<;3 vhuylfh ðrz iurp gxudeohv htxdov 4<;3

vshqglqj rq wkdw fdwhjru|1 �D Iru wklv vhfrqg phdvxuh/ wkh dyhudjh vwdqgdug ghyldwlrq

ri wkh jurzwk udwh lv âA @ 5=34( dqg wkh dyhudjh furvv frxqwu| fruuhodwlrq $A @ 3=5:1

Zh frpsxwh wkh uhdo lqwhuhvw udwh xvlqj dqqxdo gdwd rq prqh| pdunhw udwhv iurp

wkh LIV iru 47 frxqwulhv ri wkh vdpsoh dqg vxewudfwlqj wkh FSL lqðdwlrq udwh1 Wkh

dyhudjh lv 31;8(/ doprvw lghqwlfdo wr zkdw Phkud dqg Suhvfrww ñqg iru wkh pxfk orqjhu

vdpsoh1 Wkh dyhudjh jurzwk udwh ri shu fdslwd frqvxpswlrq lv 5168(/ vr wkdw djdlq wkh

ulvniuhh udwh lv orzhu wkdq wkh frqvxpswlrq jurzwk udwh1 Zh wkhuhiruh vhw u @ 3=33;8

dqg ç @ 3=35681

Wkh udwh ri uhodwlyh ulvn0dyhuvlrq lv d elw pruh glïfxow wr phdvxuh1 Dv fdq eh vhhq

iurp +7,/ jlyhq u dqg çç/ wkh zhoiduh jdlq lv sursruwlrqdo wr wkh udwh ri uhodwlyh ulvn0

dyhuvlrq1 Lq wkhru|/ doprvw dq| uhvxow fdq eh rewdlqhg ghshqghqw rq wkh dvvxpswlrq

derxw ð1 Wkurxjkrxw wklv sdshu zh vhw ð @ 61 Wklv lv wkh dyhudjh ri wkh hvwlpdwhv

uhsruwhg lq Iulhqg dqg Eoxph +4<:8,/ dqg uhihuuhg wr e| Vkloohu dqg Dwkdqrxolv +4<<8,

dv uhsuhvhqwlqj _d frqvhqvxv e| pdq| zkr zrun lq wklv olwhudwxuh%1

Iru erwk frqvxpswlrq phdvxuhv/ Iljxuh 4 vkrzv wkh zhoiduh jdlq dv d ixqfwlrq ri wkh

wlph krul}rq1 Iru vhqvlwlylw| dqdo|vlv/ wkh uhvxowv duh dovr vkrzq iru kljkhu ulvniuhh udwhv

ri 6168( +vr wkdw u ý ç@4(, dqg 43(1 Dw d 83 |hdu krul}rq/ wkh jdlq lv 616( iru wkh

ñuvw frqvxpswlrq phdvxuh dqg 414;( iru wkh vhfrqg phdvxuh1 Erwk ri wkhvh qxpehuv

duh vl}deoh/ hvshfldoo| li rqh frpsduhv lw wr wkh srwhqwldo frvw ri ghyhorslqj ñqdqfldo

lqvwlwxwlrqv dqg pdunhwv wr dfklhyh wkh ulvnvkdulqj1 Wkh hqwluh vhfxulwlhv lqgxvwu| lq

wkh XV dprxqwv wr qr pruh wkdq derxw 41;( ri wudgdeohv frqvxpswlrq1 �S

�eAüi ThLM*i4 êð|ü ýtð?} @ ?L?í*ð?i@h Eië}ë ç,5ä ð?_i Lñih ð?_ðñð_ý@* U@|i}Lhðit ðt |ü@| |üi tý4 Lu

|üi ð?_ðUit Lñih ð?_ðñð_ý@* ULý?|hðit ü@t ?L ð?|ihThi|@|ðL? @t R|L|@* êLh*_ UL?tý4T|ðL?âc ý?*itt @** }LL_t

êð|üð? |üi ð?_i 4Lñi |L}i|üih L?iíuLhíL?ië Aüi êLh*_ hitLýhUi UL?t|@ð?|t êLý*_ ü@ñi |L Mi ð4TLti_

uLh i@Uü U@|i}Lh)c êüðUü 4@!it |üi @?@*)tðt tð}?ð�U@?|*) 4Lhi UL4T*ðU@|i_ @?_ *itt |h@?tT@h@?|ë
�DW? |üi êLh!ð?} T@Tih ñihtðL? ð| ðt tüLê? |ü@| ð? t|i@_) t|@|i |üi ñ@*ýi Lu |üi tihñðUi ãLê uhL4

_ýh@M*it ðt @TThL ð4@|i*) i^ý@* |L |üi ñ@*ýi tTi?| L? |üi _ýh@M*itë
�S5ii #ð@3íBð4i?i3c i|ë@*ë E�bb2äc @?_ |üi _ðtUýttðL? ð? ñ@? `ð?ULLT E�bbeäë
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Iurp qrz rq zh irfxv rq wkh pruh frqvhuydwlyh/ dqg pruh uhdolvwlf/ vhfrqg frq0

vxpswlrq phdvxuh1 Wkh zhoiduh jdlq uhvxow uhsruwhg deryh zrxog eh xquholdeoh li lw lv

yhu| vhqvlwlyh wr wkh ulvn0iuhh udwh1 Zkhq u lv udlvhg iurp 31;8( wr 6168( wkh zhoiduh

jdlq gursv rqo| voljkwo| dw d 83 |hdu krul}rq iurp 414;( wr 31<:(1 Wkh uhvxowv duh d

elw pruh vhqvlwlyh dw wkh yhu| orqj krul}rq ri 433 |hduv= wkh zhoiduh jdlq gursv iurp

518<( wr 41:9(1 Exw lw vkrxog eh nhsw lq plqg wkdw dyhudjh uhdo lqwhuhvw udwhv revhuyhg

ryhu vxfk d orqj wlph vsdq duh pxfk orzhu wkdq 6168(1 Iru yhu| odujh dqg xquhdolvwlf

lqwhuhvw udwhv/ wkh zhoiduh jdlq lv vljqlñfdqwo| gdpshqhg iru doprvw dq| krul}rq1 Zkhq u

lv udlvhg wr 43(/ wkh zhoiduh jdlq grhv qrw ulvh pxfk eh|rqg d 63 |hdu krul}rq/ uhdfklqj

rqo| 3188( iru d 433 |hdu krul}rq1 Wklv looxvwudwhv wkdw uhsruwhg zhoiduh jdlqv fdq eh

plvohdglqjo| orz zkhq suhihuhqfhv duh sdudphwhul}hg vxfk wkdw wkh lpsolflw ulvn0iuhh udwh

lv xquhdolvwlfdoo| odujh1 Dv phqwlrqhg hduolhu/ wklv lv rqh ri wkh uhdvrqv iru wkh yhu| orz

ulvnvkdulqj jdlqv uhsruwhg lq Froh dqg Revwihog +4<<4, dqg Revwihog +4<<7e,1

ôëô ú*|ih?@|ðñi ,?_Lê4i?| èhLUittit

Zh qrz glvfxvv wkh uroh ri dowhuqdwlyh vwrfkdvwlf surfhvvhv1 Zkhq frqvlghulqj d pruh

frpsolfdwhg surfhvv wkdq wkh udqgrp zdon zh duh irufhg wr xvh d glvfuhwh wlph dssurdfk

vlqfh wkhuh lv qr dqdo|wlfdo vroxwlrq wr wkh zhoiduh jdlq1 Wkh jdlq lv wkhq dssur{lpdwhg

wkurxjk qxphulfdo vlpxodwlrq ri wkh surfhvvhv1 �. Zh frqvlghu ñyh vshfldo fdvhv ri wkh

iroorzlqj jhqhudo surfhvvhv iru wkh wudgdeohv dqg qrq0wudgdeohv hqgrzphqwv=

|Aðc|n� ý |Að|
|Að|

@ d. ëA
|Að| ý |Aðc|3�
|Aðc|3�

. ìA
|Að|
|ùð|

. æA
|Að|
|A`|

. ãA +oq+|
A
ð|,ý ew, . îAðc|n�

|ùðc|n� ý |ùð|
|ùð|

@ d. ëù
|ùð| ý |ùðc|3�
|ùðc|3�

. ìù
|ùð|
|Að|

. æù
|ùð|
|ù`|

. ãù+oq+|
ù
ð| ,ý ew, . îùðc|n�

zlwk

â2ù @ ydu+î
ù
ð| , ;l â2A @ ydu+î

A
ð|, ;l

$ù @ fruu+î
ù
ð| > î

ù
æ|, ;l 9@ m $ùA @ fruu+î

ù
ð| > î

A
ð|, ;l

$A @ fruu+î
A
ð|> î

A
æ|, ;l 9@ m $WùA @ fruu+î

ù
ð| > î

A
æ|, ;l 9@ m

Wkh surfhvv ri wkh qrq0wudgdeohv hqgrzphqw pdwwhuv zkhq wkhuh duh vhfwrudo vslooryhuv

+ì ? 3,/ ru zkhq wudgdeohv dqg qrq0wudgdeohv duh qrq0vhsdudeoh lq xwlolw|1 Qrq0vhsdudelolw|

lv frqvlghuhg lq wkh qh{w vhfwlrq/ zkhuh zh dvvxph wkh vdph surfhvvhv1

Wkh ñuvw vshfldo fdvh dvvxphv wkdw ë @ ì @ æ @ 3 dqg ã ? 3/ vr wkdw erwk hq0

grzphqwv duh vwdwlrqdu|1 Dssur{lpdwlqj wkh jurzwk ri wkh wudgdeohv hqgrzphqw dv

�.N|ð*ð|) ðt ?Lê .
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oq+|Aðc|n�, ý oq+|Að|,/ wkh orj ri wkh wudgdeohv hqgrzphqw iroorzv dq DU surfhvv durxqg
d ghwhuplqlvwlf wuhqg/ zlwk dq DU frhïflhqw ri 4 . ã1 �H Wkh vhfrqg surfhvv lv wkh

udqgrp zdon zlwk guliw/ zkhuh ë @ ì @ æ @ ã @ 31 Wkh wklug lv dq DU surfhvv lq wkh

jurzwk udwh ri frqvxpswlrq +ì @ æ @ ã @ 3,1 Wkh irxuwk surfhvv lv dovr qrq0vwdwlrqdu|/

exw dvvxphv vhfwrudo frlqwhjudwlrq wkurxjk wkh vhfwrudo vslooryhu sdudphwhuv ìù dqg ìA

+æ @ ã @ 3/ ì ? 3,1 Wkh ñqdo surfhvv dvvxphv joredo frlqwhjudwlrq +ì @ ã @ 3/ æ ? 3,1

Wdeoh 4 vkrzv wkh uhvxowv iurp hvwlpdwlqj wkhvh surfhvvhv1 Wkh uhvxowv duh edvhg rq

JOV hvwlpdwlrq rq wkh sdqho ri wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq gdwd1 Vwdqgdug

ghyldwlrqv duh frxqwu|0vshflñf lq wkh hvwlpdwlrq/ dowkrxjk zh rqo| uhsruw +dqg xvh lq

wkh zhoiduh jdlq frpsxwdwlrqv, wkh xqzhljkwhg dyhudjh1 Wkh frqvwdqw whup dqg/ iru

wkh vwdwlrqdu| surfhvv/ wkh wlph wuhqg frhïflhqw/ duh qrw uhsruwhg/ exw duh dovr doorzhg

wr eh frxqwu| vshflñf1 Qrqhwkhohvv wkh vdph jurzwk udwh ri 5168( lv dvvxphg iru doo

frxqwulhv lq wkh zhoiduh frpsxwdwlrqv1

Iru hdfk ri wkh ñyh surfhvvhv Wdeoh 5 uhsruwv ydulrxv prphqwv dvvrfldwhg zlwk wkh

frqvxpswlrq hqgrzphqwv dw glòhuhqw krul}rqv1 Wkh uhsruwhg qxpehuv duh dyhudjh pr0

phqwv ryhu 4333 vlpxodwlrqv ri wkh hvwlpdwhg surfhvvhv1 Iru qrz zh duh prvw lqwhuhvwhg

lq wkh vwdqgdug ghyldwlrqv ri frxqwu| vshflñf dqg joredo wudgdeohv frqvxpswlrq/ uhsruwhg

lq wkh xsshu sduw ri wkh Wdeoh1 Wkh| ulvh vljqlñfdqwo| dv wkh krul}rq ehfrphv orqjhu1

Wkh rqo| h{fhswlrq lv wkh vwdwlrqdu| surfhvv/ zkhuh wkh vwdqgdug ghyldwlrq shdnv dw wkh

43 |hdu krul}rq dqg uhpdlqv yluwxdoo| xqfkdqjhg iru orqjhu krul}rqv1 Wklv uhgxfhv vxe0

vwdqwldoo| wkh srwhqwldo jdlq iurp ulvnvkdulqj1 Iru wkh joredo frlqwhjudwlrq surfhvv wkh

vwdqgdug ghyldwlrq ri frxqwu| vshflñf frqvxpswlrq lv pxfk kljkhu wkdq iru wkh vwdwlrq0

du| surfhvv dw krul}rqv ri dw ohdvw 43 |hduv1 Exw dv d uhvxow ri wkh joredo frlqwhjudwlrq

wkh vwdqgdug ghyldwlrq ri frxqwu| vshflñf frqvxpswlrq lv yhu| forvh wr wkdw ri wkh fruuh0

vsrqglqj joredo frqvxpswlrq phdvxuh/ hvshfldoo| dw orqj krul}rqv1 Wklv dovr nhhsv wkh

srwhqwldo zhoiduh jdlq orz1

Iljxuh 5 vkrzv wkh zhoiduh jdlq dv d ixqfwlrq ri wkh wlph krul}rq1 Wkh zhoiduh jdlq

xqghu vhfwrudo frlqwhjudwlrq lv sudfwlfdoo| lghqwlfdo wr wkdw iru wkh DU surfhvv lq jurzwk

udwhv dqg lv wkhuhiruh rplwwhg iurp wkh Iljxuh1 Lw lv dvvxphg wkdw u @ 3=;8(> ç @ 5=68(

dqg ð @ 61 Zkloh ãA lv hvwlpdwhg wr eh 0314< iru wkh vwdwlrqdu| surfhvv/ zh dovr frqvlghu

d _qhdu udqgrp zdon% vwdwlrqdu| surfhvv zkhuh ãA @ ý3=341 Lq wkdw fdvh lw lv dvvxphg
wkdw âA dqg $A duh wkh vdph dv iru wkh udqgrp zdon surfhvv/ vr wkdw wkh glòhuhqfh lv

rqo| dwwulexwhg wr wkh vl}h ri ãA 1

Wkh zhoiduh jdlq lv eljjhvw iru wkh DU surfhvv lq jurzwk udwhv1 Wkh hvwlpdwhg DU
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frhïflhqw lv 316871 Xqfhuwdlqw| wkhq pdwwhuv hyhq pruh wkdq iru wkh udqgrp zdon

vlqfh d vkrfn wr wkh hqgrzphqw wrgd| ohdgv wr dq hyhq odujhu vkrfn wr h{shfwhg ixwxuh

hqgrzphqwv1 Wkh zhoiduh jdlq lv 5177( iru d 83 |hdu krul}rq dqg 8199( iru d 433

|hdu krul}rq1 Iru wkh udqgrp zdon surfhvv wkh zhoiduh jdlq lv uhvshfwlyho| 4146( dqg

5187(1�b Wkh zhoiduh jdlq gursv wr rqo| 313;( iru wkh hvwlpdwhg vwdwlrqdu| surfhvv

zkhuh ãA @ ý3=4<1 Wklv vkrxog qrw eh vxusulvlqj jlyhq wkh pxfk orzhu yduldelolw|
ri frqvxpswlrq dw krul}rqv ri 43 |hduv ru pruh/ grfxphqwhg lq Wdeoh 51 Iru wkh _qhdu

udqgrp zdon% surfhvv wkh zhoiduh jdlq uhpdlqv txlwh kljk/ dowkrxjk lw gursv vljqlñfdqwo|

dw orqj krul}rqv1 Dw d 433 |hdu krul}rq wkh jdlq gursv iurp 5187( zkhq ãA @ 3 +udqgrp

zdon, wr 416:( zkhq ãA @ ý3=341 Iru wkh joredo frlqwhjudwlrq surfhvv wkh zhoiduh jdlq
lv dssur{lpdwho| 3153( iru krul}rqv ri dw ohdvw 43 |hduv1 Lq wklv fdvh frxqwulhv vrrq

fdwfk xs wr hdfk rwkhu hyhq lq wkh devhqfh ri wudgh lq wkh frqvxpswlrq hqgrzphqwv1

Zklfk ri wkhvh surfhvvhv lv prvw uhdolvwlfB Wdeoh 6 uhsruwv uhvxowv iurp d sdqho

yhuvlrq ri wkh dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw/ ghyhorshg e| Lp/ Shvdudq/ dqg

Vklq +4<<8,1 Wkh uhsruwhg whvw vwdwlvwlf iroorzv d vwdqgdug qrupdo glvwulexwlrq xqghu

wkh qxoo ri d xqlw urrw1 Li zh orrn dw wkh uhvxowv zlwk wkuhh dxjphqwdwlrq odjv/ wkh

whvwv gr qrw uhmhfw d xqlw urrw lq wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq1 Hylghqfh ri

d xqlw urrw lv zhdnhu iru wudgdeohv frqvxpswlrq wkrxjk/ zkhuh lw lv uhmhfwhg zlwk wzr

dxjphqwdwlrq odjv1 Wkhuh lv dovr hylghqfh djdlqvw joredo frlqwhjudwlrq/ dowkrxjk djdlq

vwurqjhu iru qrq0wudgdeohv wkdq wudgdeohv1 Dqg ñqdoo|/ zh fdqqrw uhmhfw d xqlw urrw lq

oq fù ý oq fA / zklfk lv hylghqfh djdlqvw vhfwrudo frlqwhjudwlrq1 Zkloh wklv hylghqfh lv
jhqhudoo| lq idyru ri hlwkhu wkh udqgrp zdon ru wkh DU lq jurzwk udwhv/ lw vkrxog eh

vwuhvvhg wkdw zlwk rqo| wzhqw| |hduv ri gdwd xqlw urrw whvwv duh qrw yhu| lqirupdwlyh1

D pruh surplvlqj dssurdfk wr glvwlqjxlvk wkh hpslulfdo uhohydqfh ri wkh ydulrxv sur0

fhvvhv lv wr xvh gluhfw hylghqfh rq jurzwk xqfhuwdlqw| iurp hpslulfdo jurzwk uhjuhvvlrqv1

Wkh frqyhujhqfh olwhudwxuh kdv hvwlpdwhg furvv frxqwu| uhjuhvvlrqv ri jurzwk rq lqlwldo

shu fdslwd JGS1 Iru h{dpsoh/ Gh Orqj +4<;;, uhsruwv uhvxowv ri d furvv frxqwu| uhjuhv0

vlrq ri oq |�b.b ý oq |�H.f rq d frqvwdqw dqg oq |�H.f1 Gh Orqj lv fduhixo lq fkrrvlqj dq
xqeldvhg vdpsoh ri frxqwulhv1 Kh dujxhv wkdw fkrrvlqj frxqwulhv wkdw duh ulfk wrgd|/ dqg

wkhuhiruh kdyh h{0srvw frqyhujhg/ ohdgv wr d vwurqj eldv lq idyru ri ñqglqj frqyhujhqfh1
2f Gh Orqj wkhuhiruh fkrrvhv d vdpsoh ri wkh 55 ulfkhvw frxqwulhv lq 4;:3/ vrph ri zklfk

gr qrw ehorqj wr wkh ulfkhvw frxqwulhv wrgd|1 Kh ñqgv d vwdqgdug huuru ri wkh uhjuhvvlrq

ri 31541 Vlqfh wklv lv d furvv0vhfwlrq uhjuhvvlrq/ wkh vwdqgdug huuru lv d phdvxuh ri wkh
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xqfhuwdlqw| derxw wkh orj ri ixwxuh shu fdslwd rxwsxw uhodwlyh wr wkdw ri wkh _zruog% +wkh

djjuhjdwh ri wkh frxqwulhv lq wkh vdpsoh,1

Zh fdq frpsduh wklv wr wkh vwdqgdug ghyldwlrqv ri oq fA ý oq fA` dqg oq fù ý
oq fù` zlwk dq krul}rq ri 433 |hduv/ uhsruwhg lq Wdeoh 51 Wkhvh duh/ uhvshfwlyho|/

31358 dqg 3135 iru wkh vwdwlrqdu| surfhvv1 Wklv lv rqo| rqh whqwk ri wkh 3154 vwdqgdug

huuru uhsruwhg e| Gh Orqj +4<;;,/ zklfk surylghv vwurqj hylghqfh djdlqvw wkh vwdwlrqdu|

surfhvv1 Wkh zhoiduh jdlq edvhg rq wkh vwdwlrqdu| surfhvv lv ehvw lqwhusuhwhg dv wkh jdlq

iurp vkdulqj whpsrudu| exvlqhvv f|foh vkrfnv/ zklfk ohdyh wkh zruog glvwulexwlrq ri

zhdowk sudfwlfdoo| xqfkdqjhg dw orqjhu krul}rqv1 Iru wkh joredo frlqwhjudwlrq surfhvv

wkh vwdqgdug ghyldwlrqv duh dovr yhu| orz/ uhvshfwlyho| 31374 dqg 31377/ derxw rqh ñiwk ri

wkh vwdqgdug huuruv lq Gh Orqj +4<;;,1 Wkh joredo frlqwhjudwlrq k|srwkhvlv/ frpelqhg

zlwk txlwh qhjdwlyh hvwlpdwhg ydoxhv iru æù dqg æA +0313:: dqg 03143<,/ lpsolhv wkdw

wkh zruog glvwulexwlrq ri zhdowk lv idu pruh suhglfwdeoh wkdq revhuyhg lq wkh gdwd1 Iru

wkh rwkhu qrq0vwdwlrqdu| surfhvvhv wkh hylghqfh lv urxjko| frqvlvwhqw zlwk wkh gdwd1 Iru

wkh udqgrp zdon wkh vwdqgdug ghyldwlrqv ri oq fA ý oq fA` dqg oq fù ý oq fù` duh/

uhvshfwlyho|/ 3149 dqg 31481 Wkhvh vwdqgdug ghyldwlrqv duh 3157 dqg 3153 iru wkh DU

surfhvv lq jurzwk udwhv/ dqg forvh wr wkdw iru wkh vhfwrudo frlqwhjudwlrq surfhvv1 Wkxv/

vwurqj hylghqfh h{lvwv wkdw wkhvh surfhvvhv jhqhudwh d uhdolvwlf ghjuhh ri xqfhuwdlqw|

derxw orqj uxq jurzwk1 2�

Ixuwkhu hylghqfh wr vxssruw wklv frphv iurp Dwkdqdvrxolv dqg ydq Zlqfrrs +4<<:,/

zkr hvwlpdwh jurzwk xqfhuwdlqw| dv d ixqfwlrq ri wkh krul}rq dqg wkh lqirupdwlrq vhw

xvhg wr suhglfw jurzwk1 Ghñqlqj jurzwk dv wkh fkdqjh lq wkh orj ri shu fdslwd JGS/ wkh|

uhjuhvv frxqwu| jurzwk/ lq ghyldwlrq iurp zruog jurzwk/ rq yduldeohv lq wkh lqirupdwlrq

vhw1 Iru d vhw ri 54 RHFG frxqwulhv/ xvlqj dq lqirupdwlrq vhw frqvlvwlqj ri wkh wkuhh

prvw lqirupdwlyh yduldeohv 22 rxw ri d vhw ri 54 yduldeohv xvhg iuhtxhqwo| lq wkh hpslulfdo

jurzwk olwhudwxuh/ wkh vwdqgdug ghyldwlrq ri wkh jurzwk lqqrydwlrq dw d 680|hdu krul}rq

lv 3148 +xvlqj gdwd iurp 4<88 wr 4<<3,12ô Dgglwlrqdo yduldeohv gr qrw ixuwkhu lpsuryh

wkh suhglfwdelolw| ri jurzwk dw wkdw krul}rq12e Wkh hvwlpdwhg vwdqgdug ghyldwlrq dw d

680|hdu krul}rq uhpdlqv 3148 zkhq shu fdslwd frqvxpswlrq lv xvhg dv d phdvxuh iru wkh
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hqgrzphqw/ dv lq wklv sdshu1

Wkh lqirupdwlrq vhwv frqvlghuhg lq Dwkdqdvrxolv dqg ydq Zlqfrrs +4<<:, duh lqfrq0

vlvwhqw zlwk wkh surfhvvhv frqvlghuhg lq wklv sdshu/ dqg lw lv olnho| wkdw vrph frpsolfdwhg

pxowlyduldwh surfhvv ehwwhu ghvfulehv wkh gdwd1 Exw zkdw lv pruh lpsruwdqw lv wkdw zh

fkrrvh d surfhvv wkdw kdv vlplodu lpsolfdwlrqv iru orqj whup jurzwk xqfhuwdlqw|1 Wklv lv

lqghhg wkh fdvh iru wkh DU surfhvv lq jurzwk udwhv dqg wkh vhfwrudo frlqwhjudwlrq surfhvv1

Iru erwk/ wkh vwdqgdug ghyldwlrq ri oq fA ý oq fA` lv 3146 iru d 630|hdu krul}rq dqg

314: iru d 830|hdu krul}rq1 Wkh udqgrp zdon surfhvv pd| hyhq xqghuhvwlpdwh jurzwk

xqfhuwdlqw| vrphzkdw ehfdxvh wkh vwdqgdug ghyldwlrq ri oq fA ý oq fA` lv 313< dqg

3145 iru/ uhvshfwlyho|/ d 63 dqg 830|hdu krul}rq +dqg wkh vdph iru wkh qrq0wudghg jrrgv

hqgrzphqw,1

Wr vxppdul}h/ wkh udqgrp zdon surfhvv/ wkh DU surfhvv lq jurzwk udwhv/ dqg wkh

vhfwrudo frlqwhjudwlrq surfhvv duh prvw frqvlvwhqw zlwk hpslulfdo hylghqfh rq orqj whup

jurzwk xqfhuwdlqw|1 Wklv ohdgv wr d vl}deoh zhoiduh jdlq/ udqjlqj iurp 4146( wr 5177(

iru d 83 |hdu krul}rq/ dqg 5187( wr 8199( iru d 433 |hdu krul}rq1

e ûL?í5iT@h@M*i èhiuihi?Uit

Wkh uroh ri qrq0vhsdudelolw| ehwzhhq wudghg dqg qrq0wudghg jrrgv kdv uhfhlyhg uhodwlyho|

olwwoh dwwhqwlrq lq wkh zhoiduh jdlq olwhudwxuh vr idu1 Dq h{fhswlrq lv Whvdu +4<<8,/ zkr

surylghv vrph uhvxowv iru d wzr frxqwu| fdvh zkhq wkh hqgrzphqwv duh vwdwlrqdu|1 2D

Zkloh lw lv lpsrvvleoh wr wudgh fodlpv rq wkh rxwsxw ri wkh qrq0wudghg jrrgv vhfwru

lwvhoi/ lq rswlpdo ulvnvkdulqj frqwudfwv wkh wudqvihu ri wudgdeohv lv jhqhudoo| frqwlqjhqw

rq rxwsxw lq wkh qrq0wudghg jrrgv vhfwru1 Zh qrz h{soruh wkh lpsolfdwlrqv ri vxfk

frqwudfwv iru wkh jdlqv iurp ulvnvkdulqj1

eë� Aüi 5i|ýT
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zkhuh wkh wrwdo frqvxpswlrq lqgh{ f lv ghñqhg dv d FHV lqgh{ ri wudgdeohv dqg qrq0

wudgdeohv frqvxpswlrq=

fð| @ +ò+f
A
ð|,
�3�*" . +4ý ò,+fùð| ,�3�*","*E"3�ä +9,

Khuh î lv wkh frqwhpsrudqhrxv hodvwlflw| ri vxevwlwxwlrq ehwzhhq wudgdeohv dqg qrq0

wudgdeohv1 Dw fAð| @ fùð| / ò phdvxuhv wkh iudfwlrq vshqw rq wudgdeohv1 Suhihuhqfhv duh

qrq0vhsdudeoh dv orqj dv îð 9@ 41 2S
Zh frqvlghu wkh vdph vhw ri hqgrzphqw surfhvvhv dv lq vhfwlrq 6161 Ehiruh ulvnvkdulqj

djhqwv vlpso| frqvxph wkhlu hqgrzphqwv= fAð| @ |
A
ð| dqg f

ù
ð| @ |

ù
ð| 1 Vlqfh doo frxqwulhv duh

h{0dqwh lghqwlfdo/ wkh htxloleulxp xqghu shuihfw ulvnvkdulqj fdq eh irxqg e| pd{lpl}lqj
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Wkh ñuvw rughu frqglwlrqv iurp wklv pd{lpl}dwlrq duh=

òf3òð|
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Khuh è| lv wkh xwlolw| vkdgrz ydoxh ri d pdujlqdo xqlw ri wudgdeohv hqgrzphqw1 Xqghu

shuihfw ulvnvkdulqj wkh pdujlqdo xwlolw| iurp wudgdeohv frqvxpswlrq lv wkh vdph lq doo

frxqwulhv lq hdfk shulrg1 Htq1+:, surylghv dq lpsolflw h{suhvvlrq iru wkh frqvxpswlrq

ri wudgdeohv lq frxqwu| l dv d ixqfwlrq ri qrq0wudgdeohv frqvxpswlrq dqg è|=

fAð| @ I +f
ù
ð| > è|, +;,

Wklv ixqfwlrq lv prqrwrqlfdoo| ghfuhdvlqj lq è1 Lpsrvlqj wkh zruog hqgrzphqw frq0

vwudlqw iru wudgdeohv frqvxpswlrq/ zh fdq vroyh iru è| dqg wudgdeohv frqvxpswlrq dv d

ixqfwlrq ri wkh zruog hqgrzphqw ri wudgdeohv dqg hdfk frxqwu|*v qrq0wudgdeohv frqvxps0

wlrq1 Vlqfh zh fdqqrw vroyh +:, h{solflwo|/ d qxphulfdo phwkrg lv xvhg wr dssur{lpdwh

wkh suhflvh vroxwlrq1 Xvlqj Qhzwrq*v phwkrg/ iru hdfk shulrg d vhdufk lv grqh ryhu è|

dqg iru d jlyhq è| ryhu f
A
ð| ;l/ xqwlo d frqyhujhqfh fulwhulrq lv vdwlvñhg1 Ghwdlov ri wkh

qxphulfdo phwkrg fdq eh irxqg lq Dsshqgl{ D1

2Sú ThiñðLýt ñihtðL? Lu |üi T@Tih @*tL UL?tð_iht ?L?íi TiU|i_ ý|ð*ð|) Thiuihi?Uitc tL |ü@| |üihi @hi

|ühii ý|ð*ð|) T@h@4i|ihtG |üi h@|i Lu hi*@|ðñi hðt!í@ñihtðL?c |üi ð?|ih|i4TLh@* i*@t|ðUð|) Lu týMt|ð|ý|ðL? Lu

UL?tý4T|ðL?c @?_ |üi ð?|h@|i4TLh@* i*@t|ðUð|) Lu týMt|ð|ý|ðL? Mi|êii? |üi |êL UL?tý4T|ðL? }LL_të W| ðt

tüLê? uLh |üi U@ti Lu h@?_L4 ê@*! |ü@|c uLh @ }ðñi? ð?|ihit| h@|ic |üi êi*u@hi }@ð? ðt |üi t@4i @t ý?_ih

i TiU|i_ ý|ð*ð|) Thiuihi?Uitc tL |ü@| |üðt }i?ih@*ð3@|ðL? _Lit ?L| Uü@?}i |üi �?_ð?}t hiTLh|i_ Mi*Lêë
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eë2 5L4i úTThL ð4@|i +itý*|tG "ý@_h@|ðU N|ð*ð|)

Ehiruh lpsohphqwlqj wkh qxphulfdo vroxwlrq phwkrg rxwolqhg deryh/ lw lv xvhixo wr ñuvw

glvfxvv wkh rswlpdo ulvnvkdulqj uxoh/ dqg dvvrfldwhg zhoiduh jdlq/ iru d vhfrqg rughu

dssur{lpdwlrq ri wkh xwlolw| ixqfwlrq1 Xqghu txdgudwlf xwlolw| h{solflw dqdo|wlfdo uhvxowv

fdq eh ghulyhg/ zklfk wxuq rxw xvhixo zkhq lqwhusuhwlqj wkh qxphulfdo uhvxowv edvhg rq

xwlolw| ixqfwlrq +8,0+9,1

Uhsodfh wkh wlph w vxexwlolw| X @ f�3òð| @+4 ý ð, ri wkh uhsuhvhqwdwlyh frqvxphu ri
frxqwu| l e| lwv vhfrqg rughu Wd|oru h{sdqvlrq durxqg wkh h{shfwhg frqvxpswlrq ohyhov

ri erwk jrrgv1 Rplwwlqj wkh frqvwdqw whup/ zh rewdlq=

Xù+f
ù
ð| ýHfùð| , . XA +fAð| ýHfAð|, . 3=8 Xùù+fùð| ýHfùð| ,2 . +<,

3=8 XAA +f
A
ð| ýHfAð|,2 . XùA +fùð| ýHfùð| ,+fAð| ýHfAð|,

Khuh Xð lv wkh ghulydwlyh ri wkh vxexwlolw| X zlwk uhvshfw wr frqvxpswlrq ri jrrg l/

phdvxuhg dw fùð| @ Hf
ù
ð| dqg f

A
ð| @ Hf

A
ð|1 Vhfrqg rughu ghulydwlyhv duh ghñqhg vlploduo|1

Zlwkrxw orvv ri jhqhudolw| dvvxph wkdw Hfùð| @ Hf
A
ð| @ 4/ vr wkdw ò phdvxuhv wkh iudfwlrq

vshqw rq wudgdeohv/ dqg XA @ ò/ Xù @ 4 ý ò/ XAA @ ýò^òð . +4 ý ò,+4@î,`/ Xùù @

ý+4ý ò,^òð . +4ý ò,+4@î,`/ XùA @ ò+4ý ò,^4@îý ð`1
Wkh ñuvw rughu frqglwlrq +:, lv qrz uhsodfhg e|

XA . XAA +f
A
ð| ýHfAð|, . XùA +fùð| ýHfùð| , @ è| +43,

Zh fdq vroyh iru è| e| djjuhjdwlqj ryhu frxqwulhv dqg lpsrvlqj wkh frqvwudlqw wkdw zruog

frqvxpswlrq ri wudgdeohv htxdov wkh zruog hqgrzphqw1 Vxevwlwxwlqj wklv htxloleulxp

ydoxh iru è| edfn lqwr +43,/ zh jhw

fAð| @ |
A`
ð| ý XùA

XAA
+|ùð| ý |ù`ð , @ |A`| .

+4ý ò,+4ý îð,
4ý ò. òîð +|ùð| ý |ù`| , +44,

Zkhq îð @ 4/ xwlolw| lv dgglwlyho| vhsdudeoh lq wudgdeohv dqg qrq0wudgdeohv/ dqg wkh

vwdqgdug uhvxow dssolhv wkdw frqvxpswlrq ri wudgdeohv htxdov wkh shu fdslwd zruog hq0

grzphqw ri wudgdeohv1 Zkhq îð ? 4/ wkh wzr jrrgv duh frpsohphqwv1 Dq lqfuhdvh lq

qrq0wudgdeohv frqvxpswlrq udlvhv wkh pdujlqdo xwlolw| iurp wudgdeohv frqvxpswlrq1 Xq0

ghu shuihfw ulvnvkdulqj/ d frxqwu| wkdw lv idfhg zlwk dq dyhudjh hqgrzphqw ri wudgdeohv/

exw d qrq0wudgdeohv hqgrzphqw deryh wkh zruog dyhudjh/ zloo wkhq uhfhlyh d wudqvihu ri

wudgdeohv iurp wkh uhvw ri wkh zruog1 Wkh rswlpdo ulvnvkdulqj duudqjhphqw wkhuhiruh

udlvhv wkh fruuhodwlrq ehwzhhq wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq1 Wkh rssrvlwh

lv wkh fdvh zkhq wkh jrrgv duh vxevwlwxwhv +îð A 4,1

Wkh iroorzlqj sursrvlwlrq/ zklfk lv suryhq lq wkh dsshqgl{/ lv xvhixo lq lqwhusuhwlqj

wkh qxphulfdo zhoiduh jdlq uhvxowv ehorz1
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Sursrvlwlrq 4 Dvvxph wkdw ydu+|ùð| , @ ydu+|Að|, dqg ydu+|
ù`
| , @ ydu+|A`| , 1 Wkhq

wkh zhoiduh jdlq iurp lqwhuqdwlrqdo ulvnvkdulqj dvvrfldwhg zlwk wkh shulrg w hqgrzphqwv

lv vpdoohu iru îð 9@ 4 wkdq îð @ 4 lò=

îð ? 4+A 4, dqg
3=8îð

4ý ò. òîð .N A +?,p

zkhuh N @
fruu+|ù`| > |A`| ,ý fruu+|ùð| > |Að|,

+ydu+|Að|,@ydu+|
A`
| ,,ý 4

p @ 4 .N ý fruu+|ùð| > |Að|,

Dv fdq eh vhhq iurp Wdeoh 5/ wkh sursrvlwlrq*v dvvxpswlrq wkdw qrq0wudgdeohv frq0

vxpswlrq lv derxw htxdoo| yrodwloh dv wudgdeohv frqvxpswlrq/ erwk dw wkh frxqwu| dqg

joredo ohyho/ lv dssur{lpdwho| wuxh lq wkh gdwd1

Wkh sursrvlwlrq lv looxvwudwhg lq Iljxuh 6/ lq zklfk wkh duhdv zkhuh wkh zhoiduh jdlq

lv odujhu xqghu vhsdudeoh suhihuhqfhv duh vkdghg1 Prvw uhohydqw wr xv lv wkh duhd zkhuh

p ? 3=8 ehfdxvh lw iroorzv iurp Wdeoh 5 wkdw N olhv vrphzkhuh ehwzhhq 3 dqg 314/ zkloh

wkh fruuhodwlrq ehwzhhq wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq lv dozd|v txlwh kljk/

vrphzkhuh ehwzhhq 3198 dqg 31<91 Dv zh fdq vhh iurp Iljxuh 6/ dvvxplqj p ? 3=8/

wkh rqo| fdvh zkhuh wkh zhoiduh jdlq lv orzhu xqghu qrq0vhsdudeoh suhihuhqfhv lv zkhq

wudgdeohv dqg qrq0wudgdeohv duh _zhdn% frpsohphqwv= î ? 4@ð/ exw qrw wrr vpdoo1

Wkh lqwhusuhwdwlrq lv dv iroorzv1 Zkhq wudgdeohv dqg qrq0wudgdeohv duh vxevwlwxwhv/

wkh pdujlqdo xwlolw| iurp wudgdeohv frqvxpswlrq gursv li qrq0wudgdeohv frqvxpswlrq

ulvhv1 Lq wkdw fdvh odujh jdlqv fdq eh uhdshg iurp hqjdjlqj lq d ulvnvkdulqj frqwudfw

wkdw vljqlñfdqwo| uhgxfhv wkh fruuhodwlrq ehwzhhq erwk w|shv ri frqvxpswlrq uhodwlyh wr

wkh kljk fruuhodwlrq ehwzhhq wkh hqgrzphqwv1 Zkhq wkh wzr jrrgv duh frpsohphqwv/

djhqwv idyru d odujh srvlwlyh fruuhodwlrq ehwzhhq frqvxpswlrq ri wudghg dqg qrq0wudghg

jrrgv1 Wkhuhiruh wkh| pd| douhdg| eh yhu| vdwlvñhg zlwk wkh kljk fruuhodwlrq ehwzhhq

wkh hqgrzphqwv ehiruh ulvnvkdulqj/ ohdglqj wr vpdoo srwhqwldo zhoiduh jdlqv1 2. Iru

vxïflhqwo| vwurqj frpsohphqwdulw| +î vpdoo hqrxjk,/ djhqwv ehqhñw vljqlñfdqwo| iurp

hqjdjlqj lq d ulvnvkdulqj frqwudfw wkdw jhqhudwhv dq hyhq kljkhu fruuhodwlrq ehwzhhq

frqvxpswlrq ri wkh wzr jrrgv1

eëô ì*u@hi B@ð? ý?_ih ûL?í5iT@h@M*i èhiuihi?Uit

Iljxuh 7 glvsod|v wkh zhoiduh jdlq iru doo ñyh surfhvvhv dv d ixqfwlrq ri wkh hodvwlflw|

ri vxevwlwxwlrq ehwzhhq wudgdeohv dqg qrq0wudgdeohv1 Lw lv dvvxphg wkdw u @ 3=;8(/

ç @ 5=68(/ dqg ð @ 61 Wkh sdudphwhu ò lv vhw dw 3179/ wkh dyhudjh iudfwlrq vshqw

2.Aüðt ðt UL?tðt|i?| êð|ü Ait@h E�bbDäc êüL �?_t |ü@| R@t |üi i?_Lê4i?|t Lu |h@_i_ @?_ ?L?í|h@_i_

}LL_t MiUL4i 4Lhi ULhhi*@|i_c |üi Mi?i�|t uhL4 |h@_ð?} L? ð?|ih?@|ðL?@* 4@h!i|t _iUhi@tiâë
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rq wudgdeohv lq 4<;3 ryhu doo wkh frxqwulhv lq wkh vdpsoh1 Wkh zhoiduh jdlq lv vkrzq

vhsdudwho| iru d 83 dqg 433 |hdu krul}rq1 2H

Wkh zhoiduh jdlqv vkrzq lq Iljxuh 7 duh ghñqhg lq vxfk d zd| dv wr pdnh wkhp frp0

sdudeoh wr wkrvh uhsruwhg lq vhfwlrq 6 dqg wkrvh suhylrxvo| uhsruwhg lq wkh olwhudwxuh1

Wkh zhoiduh jdlq lv ghñqhg dv wkh ydoxh lq whupv ri wudgdeohv wkdw wkh wrwdo h{shfwhg hq0

grzphqw pxvw eh udlvhg hdfk shulrg lq rughu wr jhqhudwh dq htxdo zhoiduh lpsuryhphqw

dv jhqhudwhg e| shuihfw ulvnvkdulqj/ glylghg e| wkh h{shfwhg ydoxh ri wudgdeohv frq0

vxpswlrq1 Xqghu vhsdudelolw| wklv lv htxdo wr wkh shufhqwdjh lqfuhdvh lq wkh wudgdeohv

hqgrzphqw1 2b

Iljxuh 7 vkrzv wkdw wkh zhoiduh jdlq lv doprvw dozd|v kljkhu xqghu qrq0vhsdudeoh

suhihuhqfhv wkdq xqghu vhsdudeoh suhihuhqfhv1 Wkh rqo| h{fhswlrq lv wkh vhfwrudo frlqwh0

judwlrq surfhvv1 Iru wkh rwkhu surfhvvhv wkh ydoxh ri p lv forvh wr 3171 Dv lqglfdwhg lq

Iljxuh 6/ wkh jdlq lv wkhq rqo| kljkhu xqghu vhsdudelolw| iru ydoxhv ri î voljkwo| ehorz

4261 Wklv lv frqñuphg lq Iljxuh 71 Exw hyhq lq wkrvh fdvhv wkh zhoiduh jdlq xqghu

qrq0vhsdudeoh suhihuhqfhv lv sudfwlfdoo| lghqwlfdo wr wkdw xqghu vhsdudeoh suhihuhqfhv1

Iru wkh vhfwrudo frlqwhjudwlrq surfhvv wkh ydoxh ri p lv pxfk vpdoohu= 313; iru d 433

|hdu krul}rq dqg 3138 iru d 83 |hdu krul}rq1 Iurp Iljxuh 6 zh vhh wkdw wkhq wkh zhoiduh

jdlq lv orzhu xqghu qrq0vhsdudelolw| iru d pxfk zlghu udqjh ri ydoxhv ri î ehorz 4261

Lqwxlwlyho|/ wkh yhu| kljk fruuhodwlrq ehwzhhq wkh wzr hqgrzphqwv xqghu vhfwrudo frlq0

whjudwlrq lv ghvludeoh zkhq wkh jrrgv duh frpsohphqwv/ uhgxflqj wkh srwhqwldo jdlq iurp

ulvnvkdulqj1 Exw Iljxuh 7 vkrzv wkdw hyhq lq wklv fdvh wkh zhoiduh jdlq lv qhyhu uhgxfhg

pruh wkdq 63( xqghu qrq0vhsdudeoh suhihuhqfhv/ dqg pxfk ohvv vr iru d 83 |hdu krul}rq1

Iljxuh 7 ixuwkhu vwuhqjwkhqv wkh ñqglqj edvhg rq vhsdudeoh suhihuhqfhv wkdw wkh

zhoiduh jdlq lv odujh ru hyhq yhu| odujh/ xqohvv wkh surfhvv lv vwdwlrqdu| ru wkhuh lv joredo

frlqwhjudwlrq1 Vlqfh lw zdv dujxhg wkdw wkh rwkhu wkuhh surfhvvhv duh prvw uhdolvwlf lq

whupv ri orqj whup jurzwk xqfhuwdlqw|/ zh qrz dvn zklfk ri wkh jdlqv uhsruwhg iru wkrvh

surfhvvhv lv prvw uhdolvwlf1 Wklv uhtxluhv dq hvwlpdwh ri î1 Rvwu| dqg Uhlqkduw +4<<4,

hvwlpdwh wklv hodvwlflw| wr eh 31771 Shvhqwl dqg ydq Zlqfrrs +4<<9, rewdlq dq hvwlpdwh

iru î wkurxjk sdqho hvwlpdwlrq ri wkh glòhuhqfh ehwzhhq wkh frqvxpswlrq jurzwk udwhv

lq wkh wzr vhfwruv rq wkh jurzwk udwh ri wkh uhodwlyh sulfh1 Wkh srlqw hvwlpdwh lv 314</

zlwk d vpdoo vwdqgdug huuru ri 31361 Zkhq ð @ 6/ wkh hvwlpdwhv lq Ohzlv +4<<9e, lpso|

dq lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq ri 31661 Vkh fdqqrw uhmhfw wkdw suhihuhqfhv

2HAüi êi*u@hi }@ð? ?ý4Miht @hi M@ti_ L? 2ff tð4ý*@|ðL?t Lu @ Df Lh �ff )i@h TihðL_ uLh 2f ULý?|hðitë

Aüi hitý*|t @hi Th@U|ðU@**) |üi t@4i uLh @ *@h}ih ?ý4Mih Lu tð4ý*@|ðL?të
2bWu L?i êðtüit |L _i�?i |üi êi*u@hi ð4ThLñi4i?| @t |üi i TiU|i_ TihUi?|@}i ð?Uhi@ti ð? |L|@* UL?í

tý4T|ðL? i@Uü TihðL_ |ü@| }i?ih@|it |üi t@4i êi*u@hi ð4ThLñi4i?|c |üi ?ý4Miht êLý*_ ü@ñi |L Mi

4ý*|ðT*ði_ M) k E*Lêihi_ M) DeIäë
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duh vhsdudeoh lq wudgdeohv dqg qrq0wudgdeohv1 Wr vxppdul}h/ î lv prvw olnho| vrphzkhuh

ehwzhhq 314 dqg 3181 Zkhq ð @ 6/ î ehwzhhq 314 dqg 318/ dqg dq| ri wkh wkuhh idyruhg

surfhvvhv dssolhv/ wkh zhoiduh jdlq lv zlwklq wkh udqjh ri 414( wr 618( iru d 83 |hdu

krul}rq dqg ehwzhhq 518( dqg :17( iru d 433 |hdu krul}rq1 ôf

D 5ý44@h) @?_ çL?U*ýtðL?t

Wkh sdshu kdv grfxphqwhg wkh h{whqw wr zklfk srwhqwldo zhoiduh jdlqv iurp lqwhuqdwlrqdo

ulvnvkdulqj duh vhqvlwlyh wr wkh sdudphwhul}dwlrq ri suhihuhqfhv dqg wr dvvxpswlrqv derxw

wkh vwrfkdvwlf surfhvv dqg phdvxuhphqw ri wkh hqgrzphqw1 Wkh sdudphwhul}dwlrq ri

suhihuhqfhv lv uhohydqw lq wkdw lw dòhfwv wkh lpsolflw ulvn0iuhh lqwhuhvw udwh/ udwh ri uhodwlyh

ulvn0dyhuvlrq/ dqg wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wudgdeohv dqg qrq0wudgdeohv1 Lq

rughu wr rewdlq d pruh suhflvh udqjh zlwklq zklfk srwhqwldo zhoiduh jdlqv duh olnho| wr

idoo/ zh kdyh xvhg dv pxfk lqirupdwlrq dv srvvleoh rq wkh ydulrxv idfwruv ghwhuplqlqj

wkh ehqhñwv iurp ulvnsrrolqj1 Lw lv irxqg wkdw wkh srwhqwldo jdlqv duh txlwh vl}deoh/ lq

wkh udqjh ri 414 wr 618( iru d 83 |hdu krul}rq/ dqg 518( wr :17( iru d 433 |hdu krul}rq1

Wkh odujh zhoiduh jdlqv uhsruwhg lq wkh sdshu duh suredeo| hyhq rq wkh frqvhuyd0

wlyh vlgh iru ydulrxv uhdvrqv1 Iluvw/ wkhuh duh olnho| wr eh vhfrqgdu| ohyho ehqhñwv rqfh

ulvnvkdulqj lv dfklhyhg1 Revwihog +4<<7d, srlqwv rxw wkdw lqglylgxdov zloo lqyhvw pruh

lq kljk ulvn/ kljk h{shfwhg uhwxuq dvvhwv li wkh ulvn fdq eh glyhuvlñhg1 Kh vkrzv wkdw

wklv udlvhv jurzwk/ dqg grfxphqwv vljqlñfdqw dgglwlrqdo jdlqv1 Ghyhuhx{ dqg Ohh +4<<:,

vkrz wkdw wkhuh duh dgglwlrqdo jdlqv lq whupv ri uhgxfhg wudgh eduulhuv1 Rqfh djhqwv

kdyh glyhuvlñhg fodlpv rq hqgrzphqwv ri glòhuhqw jrrgv/ jryhuqphqwv kdyh qr lqfhqwlyh

wr fkdqjh wkh whupv ri wudgh wkurxjk rswlpdo wdulòv1 Vhfrqg/ Vdpsvrq +4<<6, vkrzv

wkdw wkh frvw ri xqfhuwdlqw| lv hyhq odujhu zkhq wkh sdudphwhuv ri wkh jurzwk surfhvv duh

xqnqrzq gxh wr d fkdqjh lq uhjlph1 Wklug/ zh kdyh irfxvhg rq lqgxvwuldol}hg frxqwulhv/

exw Nrvh +4<<8,/ Revwihog +4<<7f, dqg Dwkdqdvrxolv dqg ydqZlqfrrs +4<<:, kdyh vkrzq

wkdw srwhqwldo jdlqv iurp ulvnvkdulqj fdq eh hyhq pxfk odujhu dprqj ghyhorslqj frxq0

wulhv1 Irxuwk/ wkh htxlw| suhplxp sx}}oh uhpdlqv xquhvroyhg1 Dowkrxjk lw zdv srlqwhg

rxw wkdw wkhuh lv qrw qhfhvvdulo| d gluhfw uhodwlrqvkls ehwzhhq wkh htxlw| suhplxp dqg

wkh zhoiduh jdlq/ wr wkh h{whqw wkdw wkhuh h{lvwv vxfk d uhodwlrqvkls lw lv olnho| wr eh

srvlwlyh1 D kljkhu udwh ri ulvn0dyhuvlrq udlvhv erwk wkh htxlw| suhplxp dqg wkh zhoiduh

ôfút @ �?@* i UihUðtic |üi êi*u@hi }@ð?t @hi @*tL UL4Tý|i_ uLh |êL @*|ih?@|ðñi 4i@týhit Lu ?L?í|h@_@M*it

UL?tý4T|ðL?ë ï?i ð?U*ý_it |üi U@|i}Lhðit RhiUhi@|ðL?c i?|ih|@ð?4i?|c i_ýU@|ðL? @?_ Uý*|ýh@* tihñðUitâc

@?_ RüL|i*tc hit|@ýh@?|t @?_ U@uitâ ý?_ih |h@_@M*it h@|üih |ü@? ?L?í|h@_@M*it UL?tý4T|ðL?ë Aüi tiUL?_

ðt @ MhL@_ih _i�?ð|ðL? Lu ?L?í|h@_@M*itc ð?U*ý_ð?} @** }Lñih?4i?| UL?tý4T|ðL?ë N?_ih ?ið|üih Lu |üiti

@*|ih?@|ðñit @hi |üi hitý*|t týMt|@?|ð@**) _ðgihi?| uhL4 |üLti hiTLh|i_ ð? 6ð}ýhi eë
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jdlq1 Ilqdoo|/ dq lqfuhdvh lq ulvnvkdulqj zloo dovr olnho| ohdg wr dq lpsuryhg shuirupdqfh

ri ñqdqfldo pdunhwv zlwk uhvshfw wr lwv wzr rwkhu ixqfwlrqv/ frqvxpswlrq vprrwklqj dqg

rswlpdo uhvrxufh doorfdwlrq/ dv lw lv kdug wr vhsdudwh wkhvh ydulrxv urohv lq sudfwlfh1

Li srwhqwldo jdlqv duh vr vljqlñfdqw/ wkh qdwxudo txhvwlrq wkdw pxvw eh dgguhvvhg lq

ixwxuh uhvhdufk lv zk| ñqdqfldo pdunhwv kdyh qrw dfklhyhg pruh ulvnvkdulqj1 Zh qhhg wr

ehwwhu xqghuvwdqg erwk zk| lqyhvwruv gr qrw wdnh glyhuvlñhg srvlwlrqv lq h{lvwlqj vwrfn

dqg erqg pdunhwv/ dqg zk| pdunhwv wkdw doorz iru wudgh lq eurdg fodlpv rq qdwlrqdo

lqfrph +pdfur pdunhwv, kdyh qrw |hw ghyhorshg1

4;



DSSHQGL[ D= Qxphulfdo Vroxwlrq Phwkrg

Wkh iroorzlqj qxphulfdo vroxwlrq phwkrg lv xvhg wr dssur{lpdwh wkh suhflvh vroxwlrq

wr wkh shuihfw ulvnvkdulqj htxloleulxp1 Iru hdfk shulrg zh qhhg wr vroyh iru è|/ dqg

jlyhq è| iru f
A
ð| ;l1 Ghñqh {rð| @ frð|@|A`| v @ Q>W / dqg {ð| @ fð|@|

A`
| 1 Iru d jlyhq è|

zh vroyh {�3ò"ð| @{Að| @ è| zkhq î @ 3=34/ dqg {
3�n�*Eò"ä
ð| +{Að|,

3�*Eò"ä @ è| zkhq î A 3=341
Wkhvh wudqvirupdwlrqv ri +:, duh fkrvhq lq rughu wr pdnh è| d pruh vprrwk ixqfwlrq

ri fAð|/ zklfk vshhgv xs frqyhujhqfh1 Iru dq| jlyhq è| wkh vwduwlqj ydoxh lq vroylqj iru

{Að| lv +44,/ glylghg e| |
A`
| 1 Qhzwrq*v phwkrg lv xvhg wr vroyh iru {Að|1 Wkh frqyhujhqfh

fulwhulrq lv wkdw {Að| fkdqjhv e| ohvv wkdq 3134( lq wkh odvw lwhudwlrq1 Iru hdfk shulrg

è| lv irxqg dv d urrw ri wkh htxdwlrq
Sa
ð'� {

A
ð|+{

ù
ð| > è|, ý

Sa
ð'� |

A
ð|@|

A`
| @ 31 Qhzwrq*v

phwkrg lv xvhg djdlq wr vhdufk ryhu è|1 Zkhq î A 3=34 wkh vwduwlqj ydoxh lv fkrvhq wr

eh 41 Zkhq î @ 3=34 wkh vwduwlqj ydoxh lv wkh dyhudjh ri è+{ð|> {
A
ð|, ryhu doo frxqwulhv/

zkhuh {Að| lv wkh vwduwlqj ydoxh ghvfulehg deryh1 Wkh frqyhujhqfh fulwhulrq lv wkdw wkh

zruog frqvxpswlrq ri wudgdeohv lv zlwklq 3134( ri wkh zruog hqgrzphqw ri wudgdeohv1

DSSHQGL[ E= Surri ri Sursrvlwlrq 4

Wkh h{shfwhg shulrg w vxexwlolw| lv

3=8 Xùùydu+f
ù
ð| , . 3=8 XAA ydu+f

A
ð|, . XùA fry+f

ù
ð| > f

A
ð|, +45,

Wkh zhoiduh jdlq fdq eh h{suhvvhg dv wkh htxdo shufhqwdjh lqfuhdvh lq erwk wudgdeohv

dqg qrq0wudgdeohv frqvxpswlrq wkdw |lhogv wkh vdph zhoiduh lpsuryhphqw dv jhqhudwhg

e| lqwhuqdwlrqdo ulvnvkdulqj1 Vlqfh Xù . XA @ 4/ iurp +<, dq {( lqfuhdvh lq h{shfwhg

frqvxpswlrq ri erwk jrrgv udlvhv wkh shulrg w h{shfwhg vxexwlolw| e| dssur{lpdwho|

{1 Wkh zhoiduh jdlq iurp ulvnvkdulqj dvvrfldwhg zlwk shulrg w hqgrzphqwv fdq wkhq

eh phdvxuhg dv wkh lqfuhdvh lq +45, gxh wr ulvnvkdulqj1 Zh wkhuhiruh qhhg wr hydoxdwh

+45, dw wkh ulvnvkdulqj doorfdwlrq fAð| @ |
A`
| ý LùA

LAA
+|ùð| ý |ù`| ,/ fùð| @ |

ù
ð| dqg vxewudfw

h{shfwhg xwlolw| dw wkh dxwdun| doorfdwlrq fAð| @ |
A
ð| / f

ù
ð| @ |

ù
ð| =

jdlq @ 3=8XAA ydu+|
A`
| ý XùA

XAA
+|ùð| ý |ù`| ,, . XùA fry+|

ù
ð| > |

A`
| ý XùA

XAA
+|ùð| ý |ù`| ,,

ý3=8XAA ydu+|Að|,ý XùA fry+|ùð| > |Að|,

Vlqfh joredo yduldeohv duh xqfruuhodwhg zlwk ghyldwlrqv ri frxqwu| vshflñf yduldeohv iurp

wkhlu joredo frxqwhusduw/ zh kdyh= fry+|A`| > |ùð| ý|ù`| , @ 3/ ydu+|ùð| ý|ù`| , @ ydu+|ùð| ,ý
ydu+|ù`| ,/ fry+|ùð| > |

A`
| , @ fry+|ù`| > |A`| ,/ fry+|ùð| > |

ù
ð| ý|ù`| , @ ydu+|ùð| ,ýydu+|ù`| ,1

Dsso|lqj wklv wr wkh h{suhvvlrq iru wkh jdlq deryh/ zh jhw=

jdlq @ 3=8xAA ydu+|
A`
| , . 3=8

X2ùA
XAA

+ydu+|ùð| ,ý ydu+|ù`| ,, . XùA fry+|
A` > |ù` ,

4<



ýX
2
ùA

XAA
+ydu+|ùð| ,ý ydu+|ù`| ,,ý 3=8XAA ydu+|Að|,ý XùA fry+|ùð| > |Að|,

Diwhu uhzulwlqj wklv vlpsolñhv wr

3=8 XAA ^ydu+|
A`
| .

XùA
XAA

|ù`| ,ý ydu+|Að| .
XùA
XAA

|ùð| ,` +46,

Zkhq XùA @ 3/ vr wkdw xwlolw| lv vhsdudeoh lq wudgdeohv dqg qrq0wudgdeohv/ wkh zhoiduh

jdlq lv

3=8 ò ð ^ydu+|Að|,ý ydu+|A`| ,` +47,

Lq rughu wr mxgjh zkhwkhu qrq0vhsdudelolw| ri suhihuhqfhv udlvhv ru orzhuv wkh zhoiduh

jdlq/ zh pxvw frpsduh +46, zlwk XùA 9@ 3 wr +47,1 Diwhu vxevwlwxwlqj XAA @ ýò^òð .
+4ý ò,+4@î,`/ XùA @ ò+4ý ò,^4@îý ð`/ dqg uhzulwlqj/ wklv ohdgv wr sursrvlwlrq 41
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Zrun rq wklv sdshu zdv lqlwldwhg zkloh L zdv d ylvlwru dw wkh Lqvwlwxwh iru Lqwhuqd0

wlrqdo Hfrqrplf Vwxglhv lq Vwrfnkrop dqg d uhvhdufk ihoorz dw wkh Lqqrfhq}r Jdvsdulql

Lqvlwxwh iru Hfrqrplf Uhvhdufk lq Plodq1 L zrxog olnh wr wkdqn erwk lqvwlwxwhv iru wkhlu

krvslwdolw|1 Dq hduolhu yhuvlrq ri wkh sdshu zdv suhvhqwhg dw wkh QEHU lqwhuqdwlrqdo

pdfur zrunvkrs dqg wkh VHGF phhwlqjv lq Ph{lfr Flw|1 L dovr wkdqn Ere Fxpe|

dqg wzr dqrq|prxv uhihuhhv iru pdq| khosixo frpphqwv dqg vxjjhvwlrqv/ dqg Vdludk

Exunl iru surri0uhdglqj wkh grfxphqw1 Ilqdqfldo vxssruw iurp wkh Hxurshdq Frppx0

qlw| xqghu wkh Kxpdq Fdslwdo Prelolw| Surjudp lv judwhixoo| dfnqrzohgjhg1 Wkh ylhzv

h{suhvvhg lq wkh sdshu duh wkrvh ri wkh dxwkru dqg gr qrw qhfhvvdulo| uhðhfw wkh srvlwlrq

ri wkh Ihghudo Uhvhuyh Edqn ri Qhz \run ru wkh Ihghudo Uhvhuyh V|vwhp1

UHIHUHQFHV

Dwkdqdvrxolv/ V1 dqg H1 ydq Zlqfrrs/ 4<<:/ Jurzwk xqfhuwdlqw| dqg ulvnvkdulqj/ Vwdò

Uhsruwv 63/ Ihghudo Uhvhuyh Edqn ri Qhz \run1

Edfnxv/ G1N1/ Nhkrh/ S1M1 dqg I1H1 N|godqg/ 4<<5/ Lqwhuqdwlrqdo uhdo exvlqhvv f|fohv/

Mrxuqdo ri Srolwlfdo Hfrqrp| 433/ :780::81

Ed{whu/ P1/ X1M1 Mhupdqq dqg U1J1 Nlqj/ 4<<7/ Qrq0wudghg jrrgv/ qrq0wudghg idfwruv

dqg lqwhuqdwlrqdo qrq0glyhuvlñfdwlrq/ zrunlqj sdshu/ Xqlyhuvlw| ri Ylujlqld1

Edxpro/ Z1M1/ 4<;9/ Surgxfwlylw| jurzwk/ frqyhujhqfh dqg zhoiduh= zkdw wkh orqj0uxq

gdwd vkrz/ Dphulfdq Hfrqrplf Uhylhz :9 +84,/ 43:5043;81

Euhqqdq/ P1M1/ dqg E1 Vroqln/ 4<;</ Lqwhuqdwlrqdo ulvnvkdulqj dqg fdslwdo prelolw|/ Mrxu0

qdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh ;/ 68<06:61

Fdqryd/ I1 dqg P1R1 Udyq/ 4<<9/ Lqwhuqdwlrqdo frqvxpswlrq ulvn vkdulqj/ Lqwhuqdwlrqdo

Hfrqrplf Uhylhz 6:/ 8:609341

Froh/ K1O1 dqg P1 Revwihog/ 4<<4/ Frpprglw| wudgh dqg lqwhuqdwlrqdo ulvnvkdulqj= krz

pxfk gr ñqdqfldo pdunhwv pdwwhuB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 5;/ 60571

Fuxflql/ P1M1/ 4<<9/ Rq lqwhuqdwlrqdo dqg qdwlrqdo glphqvlrqv ri ulvnvkdulqj/ zrunlqj

sdshu/ Rklr Vwdwh Xqlyhuvlw|1

Gh Orqj/ M1E1/ 4<;;/ Surgxfwlylw| jurzwk/ frqyhujhqfh dqg zhoiduh= d frpphqw/ Dphu0

lfdq Hfrqrplf Uhylhz :;/ 446;044871

Ghyhuhx{/ P1G1 dqg J1Z1 Vplwk/ 4<<7/ Lqwhuqdwlrqdo ulvnvkdulqj dqg hfrqrplf jurzwk/

Lqwhuqdwlrqdo Hfrqrplf Uhylhz 68/ 6680831
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Ghyhuhx{/ P1E1 dqg N1P1 Ohh/ 4<<:/ Hqgrjhqrxv wudgh srolf| dqg wkh jdlqv iurp lqwhu0

qdwlrqdo ñqdqfldo pdunhwv/ zrunlqj sdshu/ Xqlyhuvlw| ri Eulwlvk Froxpeld1

Gld}0Jlphqh}/ M1/ H1F1 Suhvfrww/ W1 Ilw}jhudog/ dqg I1 Doyduh}/ 4<<5/ Edqnlqj lq frp0

sxwdeoh jhqhudo htxloleulxp hfrqrplhv/ Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Vwdò Uh0

sruw 4861

Hogru/ U1/ Slqhv/ G1 dqg D1 Vfkzduw}/ 4<;;/ Krph dvvhw suhihuhqfh dqg surgxfwlylw|

vkrfnv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 58/ 4980:91

Iuhqfk/ N1U1 dqg M1P1 Srwhued/ 4<<4/ Lqyhvwru glyhuvlñfdwlrq dqg lqwhuqdwlrqdo htxlw|

pdunhwv/ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv ;4/ 5550591

Iulhqg/ L1 dqg P1H1 Eoxph/ 4<:8/ Wkh ghpdqg iru ulvn| dvvhwv/ Dphulfdq Hfrqrplf

Uhylhz 98/ <330<551

Jkrvk/ D1U1 dqg S1 Shvhqwl/ 4<<7/ Lqwhuqdwlrqdo sruwirolr glyhuvlñfdwlrq/ qrq0wudgdeoh

lqfrphv dqg frqvxpswlrq jurzwk= vrph sx}}ohv dqg lqwhusuhwdwlrqv/ zrunlqj sdshu/

Sulqfhwrq Xqlyhuvlw|1

Lp/ N|xqjvr/ P1 Kdvkhp Shvdudq/ dqg \rqjfkhro Vklq/ 4<<8/ Whvwlqj iru xqlw urrwv lq

khwhurjhqhrxv sdqhov/ zrunlqj sdshu/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri

Fdpeulgjh1

Nrvh/ P1D1/ 4<<8/ Zhoiduh Lpsolfdwlrqv ri lqwhuqdwlrqdo ulvn vkdulqj/ zrunlqj sdshu/

Xqlyhuvlw| ri Lrzd1

Ohzlv/ N1N1/ 4<<9d/ Frqvxpswlrq/ vwrfn uhwxuqv/ dqg wkh jdlqv iurp lqwhuqdwlrqdo

ulvnvkdulqj/ QEHU Zrunlqj Sdshu qr1 87431

Ohzlv/ N1N1/ 4<<9e/ Zkdw fdq h{sodlq wkh dssdudqw odfn ri lqwhuqdwlrqdo frqvxpswlrq

ulvnvkdulqjB/ Mrxuqdo ri Srolwlfdo Hfrqrp| 437+5,/ 59:05<:1

Oxfdv/ U1H1/ 4<;:/ Prghov ri exvlqhvv f|fohv +Eodfnzhoo /R{irug,1

Phkud/ U1 dqg H1F1 Suhvfrww/ 4<;8/ Wkh htxlw| suhplxp= d sx}}oh/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 48/ 47804941

Phqgr}d/ H1/ 4<<8/ Wkh whupv ri wudgh/ wkh uhdo h{fkdqjh udwh dqg hfrqrplf ðxfwxdwlrqv/

Lqwhuqdwlrqdo Hfrqrplf Uhylhz 69/ 434046:1

Revwihog/ P1/ 4<<5 / Lqwhuqdwlrqdo ulvnvkdulqj dqg fdslwdo prelolw|= dqrwkhu orrn/ Mrxuqdo

ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 44/ 44804541
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Revwihog/ P1/ 4<<7d/ Ulvn0wdnlqj/ joredo glyhuvlñfdwlrq/ dqg jurzwk/ Dphulfdq Hfrqrplf

Uhylhz ;7/ 46430465<1

Revwihog/ P1/ 4<<7e/ Hydoxdwlqj ulvn| frqvxpswlrq sdwkv= wkh uroh ri lqwhuwhpsrudo

vxevwlwxwdelolw|/ Hxurshdq Hfrqrplf Uhylhz 6;/ 47:40;91

Revwihog/ P1/ 4<<7f/ Duh lqgxvwuldo0frxqwu| frqvxpswlrq ulvnv joredoo| glyhuvlñhgB lq= O1

Ohlghupdq dqg D1 Ud}lq/ hgv/ Fdslwdo prelolw|= wkh lpsdfw rq frqvxpswlrq/ lqyhvwphqw

dqg jurzwk +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh, 4607:1

Revwihog/ P1/ 4<<8/ Lqwhuqdwlrqdo fdslwdo prelolw| lq wkh 4<<3v/ lq= S1E1 Nhqhq/ hg1/

Xqghuvwdqglqj lqwhughshqghqfh + Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq, 53405941

Shvhqwl/ S1 dqg H1 ydq Zlqfrrs/ 4<<9/ Lqwhuqdwlrqdo sruwirolr glyhuvlñfdwlrq dqg qrq0

wudghg jrrgv/ QEHU Zrunlqj sdshu qr1 8:;71

Vdpsvrq/ P1/ 4<<6/ Wkh zhoiduh lpsolfdwlrqv ri sdudphwhu xqfhuwdlqw| iru vwdelol}dwlrq

srolf|/ zrunlqj sdshu/ Frqfrugld Xqlyhuvlw|1

Vhuudw/ D1/ 4<<9/ D g|qdplf htxloleulxp prgho ri lqwhuqdwlrqdo ulvn0vkdulqj sx}}ohv/

zrunlqj sdshu/ Vordq Vfkrro ri Pdqdjhphqw/ PLW1

Vkloohu/ U1M1/ 4<<6/ Pdfur pdunhwv= fuhdwlqj lqvwlwxwlrqv iru pdqdjlqj vrflhw|*v odujhvw

hfrqrplf ulvnv +Foduhqgrq Suhvv/ R{irug,1

Vkloohu/ U1M1 dqg V1 Dwkdqdvrxolv/ 4<<8/ Zruog lqfrph frpsrqhqwv= phdvxulqj dqg h{0

sorlwlqj lqwhuqdwlrqdo ulvn vkdulqj rssruwxqlwlhv/ QEHU Zrunlqj Sdshu qr1 83<81

Vxpphuv/ U1 dqg D1 Khvwrq/ 4<<4/ Wkh Shqq Zruog Wdeoh +pdun 8,= dq h{sdqghg vhw

ri lqwhuqdwlrqdo frpsdulvrqv/ 4<8304<;;/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 439/ 65:069;1

Whvdu/ O1O1/ 4<<8/ Hydoxdwlqj wkh jdlqv iurp lqwhuqdwlrqdo ulvnvkdulqj/ Fduqhjlh0Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeolf Srolf| 75/ <804761

Whvdu/ O1O1/ 4<<6/ Lqwhuqdwlrqdo ulvnvkdulqj dqg qrqwudghg jrrgv/ Mrxuqdo ri Lqwhuqd0

wlrqdo Hfrqrplfv 68/ 9<0;<1

Whvdu/ O1O1/ dqg L1P1 Zhuqhu/ 4<<7/ Lqwhuqdwlrqdo htxlw| wudqvdfwlrqv dqg XV sruwirolr

fkrlfh/ lq= M1D1 Iudqnho/ hg1/ Wkh lqwhuqdwlrqdol}dwlrq ri htxlw| pdunhwv +Xqlyhuvlw| ri

Fklfdjr Suhvv/ Fklfdjr, 4;805491

Whvdu/ O1O1 dqg L1P1Zhuqhu/ 4<<8/ Krph eldv dqg kljk wxuqryhu/ Mrxuqdo ri Lqwhuqdwlrqdo

Prqh| dqg Ilqdqfh 47/ 79:07<51
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ydq Zlqfrrs/ H1/ 4<<7/ Zhoiduh jdlqv iurp lqwhuqdwlrqdo ulvnvkdulqj/ Mrxuqdo ri Prqh0

wdu| Hfrqrplfv 67/ 4:805331

ydq Zlqfrrs/ H1/ 4<<8/ Uhjlrqdo ulvnvkdulqj/ Hxurshdq Hfrqrplf Uhylhz 6:/ 48780489:1

ydq Zlqfrrs/ H1/ 4<<9/ D pxowl0frxqwu| uhdo exvlqhvv f|foh prgho zlwk khwhurjhqhrxv

djhqwv/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <;/ 56605841
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41 m @ Q 3 3 3 031576 1349; 31349< 3168 3153 3198 3158

+3135;,

m @ W 3 3 3 0314<5
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Wdeoh 4= Hvwlpdwhg surfhvvhv iru wudgdeohv dqg qrq0wudgdeohv frqvxpswlrq
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Vwdqgdug Ghyldwlrq oq fA Vwdqgdug Ghyldwlrq oq fA` Vwdqgdug Ghyldwlrq oq fA@fA`

krul}rq+|hduv, krul}rq+|hduv, krul}rq+|hduv,

4 43 63 83 433 4 43 63 83 433 4 43 63 83 433

surfhvv 4 134: 135; 135< 135< 135; 13;5 1347 1347 1348 1347 1348 1358 1358 1358 1358

surfhvv 5 1353 1396 143: 146< 14<8 1345 1367 1393 13:: 1439 134: 1385 13;< 1449 1497

surfhvv 6 134; 13;8 1484 14<: 15:; 133< 1377 13:9 13<< 1469 1349 13:6 1463 14:4 1576

surfhvv 7 134; 13;9 1485 14<; 15:< 133< 1377 13:: 1433 146: 1349 13:7 1464 14:5 1576

surfhvv 8 134: 1394 13;< 1443 147: 133< 1378 13:< 1435 1478 1348 1374 1375 1375 1374

Vwdqgdug Ghyldwlrq oq fù Vwdqgdug Ghyldwlrq oq fù` Vwdqgdug Ghyldwlrq oq fù@ fù`

krul}rq+|hduv, krul}rq+|hduv, krul}rq+|hduv,

4 43 63 83 433 4 43 63 83 433 4 43 63 83 433

surfhvv 4 134: 1359 1359 1359 1358 1343 1349 134: 1349 1349 1346 1353 1353 1353 1353

surfhvv 5 1353 1397 143< 1473 14<9 1346 1376 13:5 13<3 1458 1349 137; 13;5 143: 1484

surfhvv 6 134< 13:: 1468 14:7 1578 1344 1378 13;6 1439 147: 1348 1393 1439 146< 1533

surfhvv 7 134< 13:7 1464 14:8 1593 1344 1379 13:: 13<; 1469 1348 138; 1439 1478 1555

surfhvv 8 134< 1396 13<7 1447 1486 1344 137< 13;6 1438 1479 1348 1374 1377 1377 1377

fruu+oq fù > oq fA , fruu+oq fù` > oq fA` , fruu+oq fù@ fù` > oq fA@ fA` ,

krul}rq+|hduv, krul}rq+|hduv, krul}rq+|hduv,

4 43 63 83 433 4 43 63 83 433 4 43 63 83 433

surfhvv 4 3198 3199 3198 3198 3197 31<3 31<4 31<3 31<3 31;< 3189 3188 3188 3188 3188

surfhvv 5 319< 31:3 319< 319< 319< 31<4 31<5 31<4 31<4 31<4 318: 318: 318: 318; 318<

surfhvv 6 319: 319; 319; 319; 319; 31;; 31<3 31;< 31;; 31;; 318< 318< 318< 3193 3194

surfhvv 7 319; 31:: 31;; 31<6 31<9 31;9 31<4 31<7 31<9 31<; 3194 31:5 31;9 31<4 31<9

surfhvv 8 319: 31:8 31;4 31;6 31;7 31;: 31;< 31;: 31;: 31;9 318; 318; 3189 3189 3189

Wdeoh 5= Prphqwv Jhqhudwhg e| wkh Hvwlpdwhg Surfhvvhv

ùJ|er G Aüi |@M*i hiTLh|t tiñih@* 4L4i?|t @ttLUð@|i_ êð|ü |üi *L} Lu |h@_@M*it @?_ ?L?í|h@_@M*it UL?tý4T|ðL? E@?_ |üiðh }*LM@* ULý?|ihT@h|täc

@| ñ@hðLýt üLhð3L?tc M@ti_ L? �fff tð4ý*@|ðL?t Lu |üi D ThLUittit it|ð4@|i_ ð? A@M*i �ë Aüi ThLUittit @hiG E�ä t|@|ðL?@h) ThLUittc E2ä h@?_L4

ê@*! ThLUitt Eôä ú+ ThLUitt ð? }hLê|ü h@|itc Eeä ?L?ít|@|ðL?@h) ThLUitt êð|ü tiU|Lh@* ULð?|i}h@|ðL?c @?_ EDä ?L?ít|@|ðL?@h) ThLUitt êð|ü

}*LM@* ULð?|i}h@|ðL?ë



odj dxjphqwdwlrq 5 6

Yduldeoh

oq fù 04177 314<

oq fA 051<; 04195

oq fù ý oq fù` 3138 4178

oq fA ý oq fA` 0516< 0514<

oq fù ý oq fA 414< 31:7

Wdeoh 6= Xqlw Urrw Whvw Vwdwlvwlfv

ùJ|er G Aüi |@M*i hiTLh|t |üi ý?ð| hLL| |it| t|@|ðt|ðU _iñi*LTi_ M) W4c èitih@?

@?_ 5üð? E�bbDäë N?_ih |üi ?ý** Lu @ ý?ð| hLL| |üi t|@|ðt|ðU ü@t @ t|@?_@h_

?Lh4@* _ðt|hðMý|ðL?ë Aüi t|@|ðt|ðU ðt @ uý?U|ðL? Lu |üi @ñih@}i @UhLtt ULý?|hðit

Lu |üi @ý}4i?|i_ #ðU!i)í6ý**ih |ít|@|ðt|ðUë +itý*|t @hi tüLê? uLh ML|ü |êL

@?_ |ühii @ý}4i?|@|ðL? *@}të










