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Mxqh 4<<; � Uhylvhg Yhuvlrq

Devwudfw

Wklv sdshu lqwurgxfhv d qhz xqlw urrw whvw/ xvlqj �Ihhgedfn Fr0
yduldwhv�/ lq rughu wr whvw iru vxvwdlqdelolw| ri �vfdo srolf| zlwklq wkh
J �:1 Qrq�vxvwdlqdelolw| lv frqvlghuhg dv wkh qxoo k|srwkhvlv ri erwk
d xqlw urrw lq wkh ghew surfhvv dqg wkh qxoolw| ri d gh�flw fruuhfwlrq
lq uhvsrqvh wr lqkhulwhg ghew1 Zh fkdudfwhul}h wkh glvwulexwlrq ri wkh
IDGI +Ihhgedfn Dxjphqwhg Glfnh|�Ixoohu, vwdwlvwlfv xqghu erwk wkh
qxoo dqg wkh qhdu xqlw urrw dowhuqdwlyh dqg zh frpsduh wkh IDGI vwd0
wlvwlfv zlwk wkh rqhv uhodwhg wr vlqjoh htxdwlrq dssurdfkhv1 Wklv whvw lv
dssolhg wr sxeolf ghew qrupdol}hg e| JGS/ udwkhu wkdq e| d glvfrxqw
idfwru/ frqvlvwhqwo| zlwk d gh�qlwlrq ri h�hfwlyh vxvwdlqdelolw| / zklfk
irfxvvhv rq srolf| lpsolfdwlrqv1Zh duh vwloo xqdeoh wr uhmhfw wkh qxoo
k|srwkhvlv ri qrq�vxvwdlqdelolw| iru irxu frxqwulhv1 Qhyhuwkhohvv/ rxu
uhvxowv frq�upv wkh srwhqwldo ri rxu dssurdfk lq whupv ri srzhu jdlqv
dqg vkrzv wkdw vwdqgdug xqlw urrw whvwv ohdgv wr dffhsw wrr riwhq wkh
qxoo k|srwkhvlv ri qrq�vwdwlrqqdulw|1

Nh|zrugv = gh�flw vxvwdlqdelolw|/ srolf| ihhgedfn/ xqlw urrw whvwv1
MHO fodvvl�fdwlrq = F45/ F55/ K95

�Fruuhvsrqglqj dxwkru= Sdwulfn IHYH/ FHSUHPDS/ 475/ Uxh gx Fkhydohuhw/ :8346
Sdulv/ Iudqfh1 h�pdlo= sdwulfn1ihyhCvf0hfr1xqly0qdqwhv1iu Zh wkdqn I1 Froodug/ S1 Mrolydogw
dqg I1 Odqjrw iru iuxlwixo frpphqwv1 Suhylrxv yhuvlrqv ri wklv sdshu kdyh ehqh�whg iurp
glvfxvvlrqv dw FHHD�V|psrvlxp rq �Sureohpv ri Hxurshdq Prqhwdu| Xqlrq� 4<<9 lq
Iudqnixuw dqg HHD frqihuhqfh 4<<: lq Wrxorxvh1 Doo uhpdlqlqj plvwdnhv duh rxu rzq1
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4 Lqwurgxfwlrq

Shuvlvwhqw gh�flwv dqg lqfuhdvhv lq sxeolf ghew lq prvw ri RHFG frxqwulhv4

lq wkh odvw wzr ghfdghv kdyh prwlydwhg d odujh qxpehu ri hpslulfdo vwxglhv

ghyrwhg wr vxvwdlqdelolw| ri �vfdo srolflhv1 Iroorzlqj wkh slrqhhulqj zrun ri

Kdplowrq dqg Iodylq +4<;9, iru wkh XV hfrqrp|/ pdq| vwxglhv kdyh udlvhg

wklv lvvxh/ h{whqglqj wkh shulrg ri dqdo|vlv ru orrnlqj dw frpsdudwlyh hylghqfh

rq ydulrxv RHFG frxqwulhv1

Wkhvh vwxglhv duh jhqhudoo| qrw lq dffrugdqfh rq hpslulfdo �qglqjv1 Wklv

pd| eh h{sodlqhg e| wkh vshfl�flw| ri qdwlrqdo h{shulhqfhv/ wkh gh�qlwlrq ri

vxvwdlqdelolw| xvhg e| hfrqrphwulfldqv dqg wkh hpslulfdo vwudwhj| dgrswhg1

Frqfhuqlqj wkh odvw wzr srlqwv/ prvw ri vxvwdlqdelolw| whvwv duh edvhg rq

wkh h{lvwhqfh ri d xqlw urrw lq wkh ghew surfhvv/ dv lqfrpsdwleoh zlwk wkh

vdwlvidfwlrq ri wkh lqwhuwhpsrudo exgjhw frqvwudlqw +vhh Kdplowrq dqg Iodylq

+4<;9, ru Zlofr{ +4<;<,,1 Dv vxfk/ wkh| vx�hu iurp wkh zhoo nqrzq odfn

ri srzhu ri xqlw urrw whvwv/ hvshfldoo| lq vpdoo vdpsohv1 Vlplodu gl!fxowlhv

dsshdu zlwk vxvwdlqdelolw| whvwv duh shuiruphg lq d frlqwhjudwlrq iudphzrun

+vhh Kdnnlr dqg Uxvk +4<<4,/ Vplwk dqg ]lq +4<<4, dqg Wuhkdq dqg Zdovk

+4<;;,/ +4<<4,,51

Wklv sdshu ghsduwv iurp suhylrxv hpslulfdo vwxglhv erwk lq wkh gh�qlwlrq

ri vxvwdlqdelolw| dqg lq wkh hfrqrphwulf dssurdfk1 Zh uhwdlq d qrwlrq ri hi0

ihfwlyh vxvwdlqdelolw|/ zklfk lpsrvhv wkh vwdwlrqdulw| ri sxeolf ghew h{suhvvhg

lq whupv ri JGS dv d +qhfhvvdu|/ exw qrw vx!flhqw/, frqglwlrq iru vxvwdlqdelo0

4Wkh qhw sxeolf ghew dv d shufhqwdjh ri qrplqdo JGS iru wkh J�: kdv grxeohg ryhu
wkh sdvw 58 |hduv +vhh Iduxthh/ Od{wrq dqg V|pdqvn| +4<<:,,1

5Pruhryhu/ dv phqwlrqhg e| Zlfnhqv dqg Xfwxp +4<<6, dqg Erkq +4<<4,/ frlqwhjud0
wlrq lv qrw d vx!flhqw frqglwlrq iru vxvwdlqdelolw|1 Li sulpdu| vxusoxv grhv qrw uhvsrqg
srvlwlyho| wr kljkhu lqlwldo ghew/ wkh jryhuqphqw srolf| lv qrw vxvwdlqdeoh1 Wklv uhvxow
vlpso| lpsolhv wkdw sxeolf ghew h{sorghv dw d udwh juhdwhu wkdw wkh glvfrxqw idfwru dqg vr
wkh h{shfwhg glvfrxqwhg ghew idlov wr frqyhujh/ ylrodwlqj wkh wudqvyhuvdolw| frqglwlrq1
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lw|1 Wklv fdq eh ylhzhg dv d sudfwlfdo vroyhqf| fulwhulrq wr eh rssrvhg wr wkh

vdwlvidfwlrq ri wkh lqwhuwhpsrudo exgjhw frqvwudlqw1 Frqfhuqlqj wkh hfrqr0

phwulf dssurdfk/ udwkhu wkdq glvfduglqj xqlw urrw dqg frlqwhjudwlrq whvwv/ zh

uhirupxodwh wkhp lq rughu wr lqfuhdvh srzhu1 Zh sursrvh d Ihhgedfn Xqlw

Urrw Whvw +ru Ihhgedfn Dxjphqwhg Glfnh| Ixoohu, whvw vwdwlvwlfv/ ghqrwhg

IDGI1 Dv d vxvwdlqdelolw| whvw/ wkh IDGI uhvxowv iurp hpehgglqj wkh Erkq

+4<<8, dqg Zlfnhqv dqg Xfwxp +4<<6, dx{loldu| uhjuhvvlrq dssurdfk zlwklq

dq DGI iudphzrun61 Wkh qxoo k|srwkhvlv fruuhvsrqgv wr d mrlqw uhvwulfwlrq

rq wkh wzr htxdwlrqv ri wkh v|vwhp1 Wklv ohdgv wr whvw mrlqwo| iru d xqlw urrw

lq wkh surfhvv ri wkh yduldeohv ri lqwhuhvw dqg iru wkh qxoolw| ri wkh ihhgedfn

phfkdqlvp lq dq dx{loldu| htxdwlrq1 Wkh sdshu h{whqgv suhylrxv uhvxowv re0

wdlqhg e| Iëyh/ Kìqlq dqg Mrolydogw +4<<:,/ doorzlqj iru d guliw xqghu wkh

dowhuqdwlyh k|srwkhvlv ri vwdwlrqdulw|1 Wkh olplw glvwulexwlrq ri wkh IDGI w0

vwdwlvwlfv lv d pl{wxuh ri wkh vwdqgdug qrupdo dqg Glfnh|0Ixoohu glvwulexwlrqv/

zlwk zhljkwv ghwhuplqhg e| d yduldqfh udwlr dqg d fruuhodwlrq sdudphwhu ri

wkh uhvlgxdov1 Pruhryhu/ wkh sdshu frpsduhv wkh olplw glvwulexwlrq ri wkh

IDGI vwdwlvwlfv zlwk rwkhu vwdwlvwlfv rewdlqhg wkurxjk d vlqjoh uhjuhvvlrq

htxdwlrq1 Olplw glvwulexwlrqv dqg vlpxodwlrq h{shulphqwv vkrz wkh srwhqwldo

ri rxu dssurdfk1 Wkh nh| �qglqj lv wkdw wkh IDGI vwdwlvwlfv shuirupv ehwwhu

lq whupv ri srzhu wkdq xvxdo vwdwlvwlfv edvhg rq d vlqjoh uhjuhvvlrq htxdwlrq1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv gh�qlwlrqv dqg

uhodwhg frqglwlrqv iru h�hfwlyh vxvwdlqdelolw|1 Lq vhfwlrq 6/ zh surylgh dqg

frpphqw wkh dv|pswrwlf glvwulexwlrqv ri wkh vwdwlvwlfv dqg zh suhvhqw vrph

vlpxodwlrqv h{shulphqwv1 Vhfwlrq 7 lv ghyrwhg wr wkh hpslulfdo lpsohphqwd0

wlrq rq J �: frxqwulhv dqg looxvwudwhv wkh srwhqwldo ri rxu dssurdfk1 Wkh odvw

6Lw lv zruwk qrwlqj wkdw qhlwkhu Erkq +4<<4,/ qru Zlfnhqv dqg Xfwxp +4<<6,/ frsh
zlwk wkhvh whfkqlfdo gl!fxowlhv/ zklfk uhvxow iurp wkh idfw wkdw wkh ghew lv lqwhjudwhg ri
rughu rqh xqghu wkh qxoo ri qrq�vxvwdlqdelolw|1
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vhfwlrq frqfoxghv1

5 Frqglwlrqv iru h�hfwlyh vxvwdlqdelolw|

Wkh vwdqgdug dssurdfk wr vxvwdlqdelolw| frqvlghuv wkh vdwlvidfwlrq ri wkh

lqwhuwhpsrudo exgjhw frqvwudlqw ri wkh jryhuqphqw1 Zh �uvw eulh | uhylhz

wkh uhohydqw frqglwlrqv lq wklv fdvh dqg zh irfxv rq dgglwlrqdo frqvwudlqwv wr

eh vdwlv�hg e| dq| ihdvleoh �vfdo srolf|/ dv uhtxluhg lq wkh dowhuqdwlyh h�hfwlyh

vxvwdlqdelolw| dssurdfk1

514 Iurp dfwxduldo wr h�hfwlyh vxvwdlqdelolw|

Xvxdo dssurdfkhv wr vxvwdlqdelolw| frqvlghu wkh iroorzlqj lqwhuwhpsrudo jry0

huqphqw exgjhw frqvwudlqw1 Jlyhq d srvlwlyh vhtxhqfh ri lqwhuhvw udwh �| / d

vwrfkdvwlf surfhvv iru wkh sulpdu| vxusoxv 7| dqg dvvxplqj qr vhljqlrudjh/

wkh sxeolf ghew hyroyhv dffruglqj wr

�| ' E� n �|3���|3� � 7| +4,

Iru dq| srvlwlyh vhtxhqfh ri lqwhuhvw udwhv/ htxdwlrq +4, ghvfulehv dq

xqvwdeoh edfnzdug g|qdplfv/ exw pd| eh vroyhg e| iruzdug vxevwlwxwlrq1

Krzhyhu/ vxfk d iruzdug vroxwlrq kdv wr vdwlvi| wkh iroorzlqj wudqvyhuvdolw|

frqglwlrq=

*�4r<".|�|nr ' f +5,

zkhuh.| lv wkh frqglwlrqdo h{shfwdwlrq dqg�|nr ' �r
&'fE�n�|n&3��

3��|nr

ghqrwhv wkh glvfrxqwhg ixwxuh ghew iru d jlyhq vhtxhqfh ri lqwhuhvw udwhv

i�|3�c ���c �|n&c ���c �|nrc ���j 1 Wklv frqglwlrq lpsolhv wkdw wkh fxuuhqw ydoxh ri

wkh ghew htxdov wkh glvfrxqwhg vxp ri h{shfwhg sulpdu| vxusoxvhv/ zklfk

suhfoxghv Srq}l��qdqflqj1 D qhfhvvdu| uhtxluhphqw iru wkh wudqvyhuvdolw|

frqglwlrq +5, wr krog lq d vwrfkdvwlf hqylurqphqw lv wkdw wkh glvfrxqwhg ghew
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�| iroorzv d }hur phdq vwdwlrqqdu| vwrfkdvwlf surfhvv1 Zlofr{ +4<;<, sur0

srvhv wr whvw gluhfwo| wklv frqglwlrq lq rughu wr dvvhvv wkh vxvwdlqdelolw| ri

jryhuqphqw gh�flw1 Wklv dssurdfk lqvsluhv d pdlq vwuhdp ri wkh hpslulfdo

uhvhdufk ghyrwhg wr wkh wrslf17

Wklv vxvwdlqdelolw| frqglwlrq edvhg rq wkh lqwhuwhpsrudo exgjhw frq0

vwudlqw ri wkh jryhuqphqw wkxv hqvxuhv wkdw jryhuqphqw zloo qrw sod| d Srq}l

jdph djdlqvw sulydwh djhqwv/ uhsd|lqj sdvw ordqv zlwk qhz ordqv dw dq lq0

fuhdvlqj udwh1 Zkloh frqvlvwhqw zlwk d udwlrqdolw| uhtxluhphqw/ wklv lv qrw

d sudfwlfdo frqfhsw iru srolwlfdo ihdvlelolw|1 Lq d g|qdplfdoo| h!flhqw hfrq0

rp| zkhuh wkh lqwhuhvw udwh h{fhhgv wkh jurzwk udwh/ wklv fulwhulrq grhv qrw

suhfoxgh wkdw wkh ghew dqg lqwhuhvw fkdujhv/ wdnhq dv udwlrv ryhu JQS/ jurz

zlwkrxw olplwv/ wkxv hqwdlolqj xqerxqghg wd{ udwhv dqg2ru sulpdu| vxusoxvhv

udwlr1 D surshu fulwhulrq iru h�hfwlyh vxvwdlqdelolw| pxvw dffrxqw iru wkh

erxqghgqhvv ri ihdvleoh wd{ udwhv1 Sulpdu| vxusoxv zloo frqvwlwxwh/ dv uh0

pdunhg e| Nuhphuv +4<;<,/ wkh froodwhudo zklfk jxdudqwhhv wkh uhsd|phqw

ri sxeolf ghew1 Exlwhu dqg Sdwho +4<<4, frqvlghu dfwxduldo vxvwdlqdelolw| dv

wkh zhdn fulwhulrq dqg +zkdw zh fdoo, h�hfwlyh vxvwdlqdelolw| dv wkh vwurqj

fulwhulrq18

D qhfhvvdu| frqglwlrq iru wkh erxqghgqhvv ri wkh ghew wr JQS udwlr

K| ' �|*t| lv wkdw K| iroorzv d vwdwlrqdu| surfhvv zlwk �qlwh phdq K dqg

yduldqfh jK� Wklv doorzv wkdw wkh suredelolw| iru ghew ru lqwhuhvw fkdujhv

wr h{fhhg dq| fulwlfdo ydoxh lv erxqghg/ dowkrxjk jhqhudoo| qrw qxoo1 Wklv

fulwhulrq pd| eh h{suhvvhg dv=

�h
�
*�4
|<"

K| : Kt�T

�
	 S

zkhuh Kt�T dqg S duh uhvshfwlyho| dq duelwudu| xsshu erxqg iru wkh sxeolf
7Iru uhfhqw ghyhorsphqwv lq wkh whvwv ri dfwxduldo vxvwdlqdelolw|/ vhh Txlqwrv +4<<8,1
8Krzhyhu> h�hfwlyh vxvwdlqdelolw| ehfrphv d ohvv uhvwulfwlyh fulwhulrq zkhq wkh JQS

jurzwk udwh h{hhgv wkh lqwhuhvw udwh/ dv lq d g|qdplfdoo| lqh!flhqw hfrqrp|1
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ghew dv d shufhqwdjh ri JGS dqg dq duelwudu| ohyho ri suredelolw|1 Fohduo|/

zkhq wkh sxeolf ghew iroorzv d }hur phdq vwdwlrqqdu| vwrfkdvwlf surfhvv/ wkh

suhylrxv frqglwlrq fdq eh duelwudulo| vdwlv�hg1 Iru h{dpsoh/ li K| lv d vpdoo

yduldqfh llg surfhvv/ wkh suredelolw| ohyho S pd| eh forvh wr }hur1 Krzhyhu/

vwdwlrqdulw| ri wkh sxeolf ghew lv rqo| d qhfhvvdu| frqglwlrq1 Vx!flhqw frq0

glwlrqv iru h�hfwlyh vxvwdlqdelolw| lpsrvh dgglwlrqdo frqvwudlqwv rq wkh phdq

dqg wkh yduldqfh ri wkh sxeolf ghew1 Frqyhuvho|/ zkhq sxeolf ghew lv lqwh0

judwhg ri rughu rqh/ wkh suredelolw| iru K| wr h{fhhg Kt�T lv dozd|v htxdo wr

318/ zkdwhyhu wkh ydoxh ri wkh xsshu erxqg lv1 Wklv lv ehfdxvh lq wkh fdvh ri

d udqgrp zdon/ sxeolf ghew ehkdyhv9 dv
s
AjK0KcA dv A $41

515 Ghew dqg vxusoxv g|qdplfv lq d jurzlqj hfrqrp|

Lq rughu wr dvvrfldwh rshudwlrqdo uhvwulfwlrqv wr wkh h�hfwlyh vxvwdlqdelolw|

frqglwlrqv/ zh kdyh wr vhw xs wkh uhodwlrqv ehwzhhq ghew dqg vxusoxv g|qdplfv

lq d jurzlqj hfrqrp|1 Wkh g|qdplfv ri wkh ghew udwlr lv qrz jlyhq e|

K| ' E� n ?|3��
3� E� n �|3�� K|3� � r| +6,

zkhuh r| ' 7|*t| lv wkh sulpdu| vxusoxv udwlr dqg ?| lv wkh jurzwk udwh ri

JGS1 Wkh g|qdplfv ri h�hfwlyh sxeolf ghew ghshqgv qrz rq wkh ydoxh ri wkh

udwlr ri wkh lqwhuhvw idfwru ryhu wkh jurzwk idfwru1 Zlwkrxw uhvwulfwlrq rq wkh

vhtxhqfhv ri lqwhuhvw dqg jurzwk udwhv/ ghew g|qdplfv pd| eh uhirupxodwhg

dv

K| ' K|3� � }Sr| +7,

zkhq }Sr| lv wkh �jurzwk fruuhfwhg vxusoxv� udwlr/ lqfoxvlyh ri lqwhuhvw/ gh�qhg

dv

}Sr| ' r| n E�|3� � ?|3�� K|3� +8,

9Iru wklv uhvxow/ zh pxvw rqo| lpsrvh wkdq olpW$4 evxs@
s
W @ 3 1 Reylrxvo|/ d

frqvwdqw ydoxh ri wklv xsshu erxqg ohdgv wr wkh vdph frqfoxvlrq1
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Wklv irupxodwlrq kdv wzr dsshdolqj ihdwxuhv1 Iluvw/ lw grhv qrw lpsrvh

uhvwulfwlrqv rq wkh g|qdplf surshuwlhv ri wkh uhdo lqwhuhvw udwh1 Vhfrqg/ lw

doorzv wr whvw iru wkh vwdwlrqdulw| ri wkh sxeolf ghew udwlr/ zklfk fdq eh

ylhzhg d qhfhvvdu| exw qrw vx!flhqw frqglwlrq iru h�hfwlyh vxvwdlqdelolw|1:

Fohduo|/ wkh ghew udwlr zrxog iroorz dq lqwhjudwhg surfhvv h{fhsw lq wzr fdvhv/

zkhuh surshu uhvwulfwlrqv duh lpsrvhg rq wkh +fruuhfwhg, gh�flw surfhvv=

l, wkh jurzwk fruuhfwhg vxusoxv lv xqfruuhodwhg zlwk K|3�/ exw ryhu gl�hu0

hqwldwhg E� U E����1 Wklv fdvh dsshduv qhlwkhu olnho| wr rffxu/ qru

lqwhuhvwlqj wr frpphqw1

ll, wkh jurzwk fruuhfwhg vxusoxv pd| eh h{suhvvhg dv d ixqfwlrq ri K|3�

}Sr| ' k n qK|3� n �| +9,

zlwk wkh uhvwulfwlrq q : f 1

Dv idu dv wkh lghqwlw| {K| � �}Sr| krogv hdfk shulrg/ wkh uhgxfhg irup

ri htxdwlrqv +7,�+9, gh�qh d vlqjoh htxdwlrq zkhuh wkh h�hfwlyh sxeolf ghew

iroorzv dq dxwruhjuhvvlyh surfhvv1 Vxfk dq lghqwlw| lv qrw zduudqwhg wr krog

lq dq| sudfwlfdo vlwxdwlrq dqg zh frqvlghu dq dowhuqdwlyh irupxodwlrq

{K| ' �}Sr| n 0| +:,

zlwk 0| d vwdwlrqdu| glvwxuedqfh zlwk d srvvleoh qrq�}hur phdq/ ghqrwhg

B� D �uvw udwlrqdoh iru lqwurgxflqj wklv glvwxuedqfh whup lq dq hpslulfdo

vwxg| uholhv rq dffrxqwlqj glvfuhsdqflhv ehwzhhq wkh  rz dffrxqwlqj xvhg wr

phdvxuh }Sr| dqg wkh vwrfn dffrxqwlqj xqghuo|lqj phdvxuhv ri sxeolf ghew1

Kro}pdqq/ Khuyh dqg Ghppho +4<<9, frqylqflqjo| dujxh rq wkh lpsruwdqfh

:Wklv dovr fruuhvsrqgv wr lqvwlwxwlrqdo duudqjhphqwv/ vxfk dv wkh Pddvwulfkw fulwhuld
iru Hxurshdq frxqwulhv1
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ri wklv phdvxuhphqw huuru lqfoxglqj wkh iroorzlqj frpsrqhqwv= wkh ydoxd0

wlrq gl�huhqfhv ehwzhhq qrplqdo dqg pdunhw ydoxhv/ wkh ydoxdwlrq h�hfw ri

jryhuqphqw qhw oldelolwlhv ri h{fkdqjh udwh fkdqjhv/ wkh qhw lqfuhdvh ri rwkhu

jryhuqphqw dvvhwv +lqgxvwuldo sduwlflsdwlrq/ wudgh fuhglw/ 1111,1 Dffruglqj wr

Kro}pdqq dqg doll +4<<9,/ wklv uhvlgxdo dffrxqwv urxjko| iru rqh wklug ri

wkh fkdqjh lq wkh ghew1 Dv zh zloo ghprqvwudwh lq wkh iroorzlqj vhfwlrq/ d

vhfrqg udwlrqdoh uholhv rq wkh h!flhqf| jdlqv lq vwdwlvwlfdo lqihuhqfh1 Udwkhu

wkdq frpsolfdwh wkh hfrqrphwulf h{huflvh/ wklv phdvxuhphqw huuru doorzv wr

ixoo| frpelqh wkh mrlqw g|qdplfv ri wkh ghew udwlr dqg wkh jurzwk fruuhfwhg

vxusoxv udwlr1

6 D �ihhgedfn dxjphqwhg� whvw iru vxvwdlq0
delolw|

Wkh vwdwlrqdulw| ri wkh ghew udwlr K|c dv d qhfhvvdu| frqglwlrq iru h�hfwlyh

vxvwdlqdelolw| pd| eh dvvhvvhg xvlqj dq xvxdo xqlw urrw whvw1 Dv lw lv zhoo

nqrzq/ vxfk d whvw odfnv ri srzhu/ hvshfldoo| djdlqvw qhdu xqlw urrw dowhu0

qdwlyh +vhh Vfkzhuw +4<;<,/ ru Fdpsehoo dqg Shuurq +4<<4,,1 Dv ghew lv d

vwrfn yduldeoh/ uhvxowlqj iurp dq dffxpxodwlrq surfhvv/ lw lv olnho| wr eh yhu|

shuvlvwhqw/ zlwk d +odujhu, dxwruhjuhvvlyh urrw forvh wr rqh hyhq lq fdvh ri d

vxvwdlqdeoh �vfdo srolf|1 Dq dowhuqdwlyh vwudwhj| lv wr whvw iru wkh vwdwlrqdulw|

ri wkh jurvv vxusoxv udwlr +lqfoxvlyh ri lqwhuhvw, }r|c zklfk fdq eh vkrzq wr eh

d qhfhvvdu| dqg vx!flhqw frqglwlrq iru vwdwlrqdulw| ri K|� Krzhyhu/ wklv dowhu0

qdwlyh dssurdfk vx�huv iurp ljqrulqj uhohydqw lqirupdwlrq e| glvfduglqj wkh

hpslulfdo surfhvv ri wkh pdlq yduldeoh ri lqwhuhvw K|c iurp hpslulfdo lqihuhqfh1

Zh �uvw suhvhqw rxu uhjuhvvlrq iudphzrun dqg wkh dv|pswrwlf glvwulexwlrq

ri wkh vwdwlvwlfv xqghu wkh qxoo k|srwkhvlv rq qrq vxvwdlqdelolw|1 Vlpxodwlrq

h{shulphqwv looxvwudwh wkh srwhqwldo ri rxu dssurdfk lq whupv ri srzhu jdlq1

;



614 Wkh uhjuhvvlrq iudphzrun

D pruh h!flhqw vwudwhj| lv wr frqvlghu wkh vxusoxv htxdwlrq +9, dv dq dx{0

loldu| htxdwlrq surylglqj xvhixo lqirupdwlrq rq d ihhgedfn phfkdqlvp frq0

wulexwlqj wr ghew vwdelol}dwlrq1 Vxevwlwxwlqj +:, lq +9,/zh kdyh

K| ' B � k n E�� q� K|3� n 0| � �| +;,

Wklv htxdwlrq frqvwlwxwhv d frqvwudlqhg uhgxfhg irup ri zklfk wkh vwdq0

gdug Glfnh| Ixoohu htxdwlrq lv wkh xqfrqvwudlqhg frxqwhusduw1 Frqvlghulqj

+9, dqg +;, dv d v|vwhp edvhg htxdwlrqv doorzv wr wdnh dgydqwdjh iurp furvv

uhvwulfwlrqv1 Ghqrwlqj �� q e| 4c zh kdyh;

{+| ' B � k n E4� �� +|3� n 0| � �| +<,

%| ' k n E�� 4� +|3� n �| +43,

zkhuh +| ' K| dqg %| ' }Sr| 1 Wkh qxoo k|srwkhvlv wr eh whvwhg lv 4 ' �

dqg B ' k ' f lq htxdwlrqv +<,0+43,/ l1h1 wkh mrlqw k|srwkhvlv ri d xqlw

urrw lq wkh ghew udwlr surfhvv dqg ri lqghshqghqfh ri wkh jurzwk fruuhfwhg

vxusoxv zlwk uhvshfw wr ghew udwlr1 Wklv whvw zdv lqwurgxfhg lq Iëyh dqg

Kìqlq +4<<9, dv d �ihhgedfn dxjphqwhg� xqlw urrw whvw dqg d frpsuhkhqvlyh

fkdudfwhul}dwlrq ri wkh dvvrfldwhg IDGI vwdwlvwlfv lv surylghg lq Iëyh/ Kìqlq

dqg Mrolydogw +4<<;,<1 Wklv sdshu h{whqgv wkhvh suhylrxv uhvxowv/ doorzlqj

iru d guliw xqghu wkh dowhuqdwlyh k|srwkhvlv ri vwdwlrqdulw|1 Lw dovr frpsduhv

wkh dv|pswrwlf surshuwlhv ri wkh IDGI vwdwlvwlfv zlwk wkh rqhv ri vlqjoh

uhjuhvvlrq dssurdfkhv/ hlwkhu wkh xvxdo DGI w0vwdwlvwlfv iurp htxdwlrq +<,/

;Hoolrww dqg Vwrfn +4<<7, dqg Fdydqdjk/ Hoolrww dqg Vwrfn +4<<8, frqvlghu d vrphzkdw
vlplodu v|vwhp edvhg htxdwlrqv/ exw zlwk qr furvv htxdwlrqv uhvwulfwlrq rq wkh sdudphwhu
ri lqwhuhvw dqg d vlpsohu furvv fruuhodwlrq vwuxfwxuh ehwzhhq wkh glvwxuedqfhv1

<Lq wklv suhylrxv sdshu/ wkh IDGI vwdwlvwlfv lv wkxv frpsduhg wr wkh Fryduldwhv�ROV
+Skloolsv dqg Kdqvhq +4<<3,, dqg Fryduldwhv�DGI +Kdqvhq +4<<8,, vwdwlvwlfv1 Wkh pdlq
uhvxowv lv wkdw FROV dqg FDGI vwdwlvwlfv pd| eh eldvhg dqg kdyh yhu| orz srzhu1

<



hlwkhu wkh w0vwdwlvwlfv dvvrfldwhg wr wkh DU�ROV +dx{loldu| uhjuhvvlrq ROV,

hvwlpdwh lq htxdwlrq +43,1

Wkh vhtxhqfh i0|c �|j lv dvvxphg wr eh llg dqg ruwkrjrqdo wr wkh uhjuhv0

vru1 Zh gr qrw h{foxgh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq wkh wzr huuru

whupv1 Wkh fryduldqfh pdwul{ ri i0|c �|j lv jlyhq e|

P� '

�
j20 j0 �

j0 � j2�

�
� j2�

�
#2 �#
�# �

�
zkhuh � ' �J�E0|c �|�Ej0j��

3� lv wkh fruuhodwlrq sdudphwhu ehwzhhq 0| dqg

�|/ zklfk vdwlv�hv m� m 	 � dqg #2 ' j20j
32
� lv wkh yduldqfh udwlr1 Lq zkdw

iroorzv/ zh fdq h{suhvv wkh olplw glvwulexwlrq ri wkh vwdwlvwlfv lq whupv ri

wkhvh wzr sdudphwhuv1 Dv phqwlrqhg suhylrxvo|/ zh frqvlghu wkh uhjuhvvlrq

iudphzrun

{+| ' Ee4� �� +|3� n eB � ek n e0| � e�| +44,

%| ' E�� e4� +|3� n ek n e�| +45,

Wkh qdwxudo whvw vwdwlvwlfv iru wkh k|srwkhvlv ri xqlw urrw lq prghov +44,0

+45, lv wkh w0vwdwlvwlfv

|>E�� '
e4� �

rEe4� ��

zkhuh rEe4 � �� lv wkh vwdqgdug huuru iru e4 � � dqg wkh vxevfulsw E�� '

iE8�(8 �c E�(8 �c E�-��u7�j dffruglqj wr zklfk ri wkh iroorzlqj fdvhv

lv frqvlguhg1 Fdvh +d, zloo fruuhvsrqg wr wkh PO hvwlpdwhv ri 4 / k dqg B iurp

htxdwlrqv +44,0+45,1Wkh dvvrfldwhg IDGI w0vwdwlvwlfv lv ghqrwhg |>E8�(8 �1 Fdvh

+e, zloo ljqruh furvv htxdwlrqv uhvwulfwlrq dqg frqvlghuv rqo| wkh htxdwlrq

+44,1 Lw fruuhvsrqgv wr xvxdo xqlyduldwh xqlw urrw whvw1 Wkh dvvrfldwhg DGI

w0vwdwlvwlfv lv ghqrwhg |>E�(8 �1 Ilqdoo|/ Fdvh +f, zloo fruuhvsrqg wr ROV hv0

wlpdwhv ri 4 dqg k iurp wkh dx{loldu| htxdwlrq +45,1 Wkh dvvrfldwhg ROV

w0vwdwlvwlfv lv ghqrwhg |>E�-3�u7�1
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615 Dv|pswrwlf Uhvxowv

Wkh dv|pswrwlfv surylghg khuh duh uhodwhg wr d surwrw|slfdo prgho/ xqghu d

vhw ri vwurqj dvvxpswlrqv1 Wklv lv sduwo| ehfdxvh lw pdnhv wkh olplw glvwule0

xwlrqv hdvlhu wr rewdlq1 Wkh dv|pswrwlf wkhru| lv edvhg rq �orfdo0wr0xqlw|�

dv|pswrwlf/ iroorzlqj Skloolsv +4<;:e,1 Wkh prgho kdv d xqlw urrw zkhq

4 ' �1 Wklv frqvwlwxwhv wkh qxoo k|srwkhvlv ri lqwhuhvw1 Zh frqvlghu khuh

orfdo ghsduwxuh iurp wkh qxoo k|srwkhvlv zlwk vhwwlqj

4 ' �� S

A

Wkh qxoo k|srwkhvlv krogv zkhq S ' f dqg krogv �orfdoo|� dv A $ 4 iru

S 9' f 1 Wkh dv|pswrwlf wkhru| iru qhdu0lqwhjudwhg surfhvvhv xvhv wkh gl�xvlrq

uhsuhvhqwdwlrq/ zlwk wkh dvvrfldwhg ixqfwlrqdo �SW
� Eo� ' �S

�Eo��
U �

f
�S
�Er�_r 1

zh rewdlq wkh iroorzlqj dv|pswrwlf glvwulexwlrq iru wkh wkuhh w0vwdwlvwlfv=

Wkhruhp 4 Xqghu wkh orfdo dowhuqdwlyh S 9' f/ dv A $4c

+d4, |>E8�(8 � ', �S13��S
� n 1�S

2 nnE�� 12��*2Q Efc ��

+e4, |>E�(8 � ', �S�S
� n �S

2

+f4, |>E�-3�u7� , �SE�� � 2��*213��S
� n y�S

2 n E�� y2�
�*2Q Efc ��

Xqghu wkh qxoo k|srwkhvlv S ' f/ dv A $4c

+d5, |>E8�(8 � ', 1�2 n E�� 12��*2Q Efc ��

+e5, |>E�(8 � ', �2

+f5, |>E�-3�u7� , y�S
2 n E�� y2�

�*2Q Efc ��

zkhuh 1 ' E�����*2E�n#2�2#��3�*2/ y ' �3#�
E�3�2��*2

1 / �S
� '

qU �
f
i�SW

� Eo�j2 _o
r�*2

dqg �S
2 '

U �

f
�SW
� Eo�_��Eo�*�

S
�

Sduwv +d4, dqg +d5, ri Wkhruhp 4 duh mxvw dq h{whqvlrq ri wkh uhvxowv ri

Ihyh/ Khqlq dqg Mrolydogw +4<<:, wr wkh fdvh ri d guliw whup lq wkh uhjuhvvlrq

htxdwlrqv xqghu wkh qxoo ri xqlw urrw1 Sduwv +e4, dqg +e5, frqfhuq wkh olplw
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glvwulexwlrqv ri qhdu lqwhjudwhg surfhvvhv+vhh Skloolsv +4<;:,,1 Ilqdoo|/ sduwv

+f4, dqg +f5, glvsod| wkh vhfrqg0rughu eldvhv ri wkh ROV vlqjoh uhjuhvvlrq

hvwlpdwh143 Wklv fdvh lv uhodwhg wr wkh rqh frqvlghuhg lq Fdydqdjk/ Hoolrw

dqg Vwrfn +4<<8,/ zkhuh wkh zhljkwlqj sdudphwhu uhgxfhv wr wkh fruuhodwlrq

sdudphwhu ehwzhhq wkh glvwxuedqfhv144 Wkhvh dxwkruv dovr �qg wkdw dq dqd0

orjxh wr wkh DU�ROV w0vwdwlvwlfv frqwdlqv dq DGI frpsrqhqw dv orqj dv wkh

glvwxuedqfhv ri wkh v|vwhp0edvhg htxdwlrqv duh fruuhodwhg1

Sduwv +d4, dqg +d5, ri Wkhruhp 4 surylgh wkh dv|pswrwlf glvwulexwlrq ri

wkh IDGI w0vwdwlvwlfv xqghu wkh orfdo0wr0xqlw| dowhuqdwlyh dqg xqghu wkh qxoo

k|srwkhvlv1 Wkh dv|pswrwlf glvwulexwlrq lv d pl{wxuh ri wkh Glfnh|0Ixoohu

dqg wkh vwdqgdug qrupdo glvwulexwlrqv1 Wkh frpelqdwlrq lv qrw olqhdu dqg

dovr wkh vxp ri wkh zhljkwv lv qrw htxdo wr rqh1 1 dsshduv dv d qrq�olqhdu

ixqfwlrq ri # dqg ri � dqg lw dsshduv gl!fxow wr rewdlq jhqhudo lqwhusuhwdwlrq1

Krzhyhu/ zh revhuyh wkdw/ dv # jurzv/ wkh lpsruwdqfh ri wkh Glfnh|0Ixoohu

vwdwlvwlfv joredoo| ghfuhdvhv1 Pruhryhu/ dv � jurzv iurp �� wr �/ wkh olplw

glvwulexwlrq pryhv iurp d Glfnh|0Ixoohu glvwulexwlrq wr d qrupdo rqh1 Wkh

olplw glvwulexwlrq ri wkh IDGI w0vwdwlvwlfv vkrzv wkdw jdlqv lq srzhu duh

dvvrfldwhg wr d qrupdo olplw glvwulexwlrq1 Wklv lv ehfdxvh d vpdoo ydoxh ri

1 lpsolhv d ghsduwxuh iurp wkh Glfnh|0Ixoohu w|sh glvwulexwlrq dqg/ iru S

srvlwlyh/ wkh olplw glvwulexwlrq wdnhv odujh qhjdwlyh ydoxh1

Sduwv +e4, dqg +e5, ri Wkhruhp 4 fruuhvsrqg wr wkh olplw glvwulexwlrq ri

wkh DGI w0vwdwlvwlfv +vhh Skloolsv +4<;:d, dqg +4<;:e,,1 Wkh olplw glvwulex0

wlrq lv iuhh ri wkh qxlvdqfh sdudphwhu 1 1 Wkh olplw glvwulexwlrq ri |>E8�(8 �

43Wklv fdvh h{klelwv wkh pdlq olplwdwlrqv lqyroyhg e| wkh vlqjoh dx{loldu| uhjuhvvlrq
dssurdfk/ l1h1 lw grhv qrw doorz wr lghqwli| wkh qxlvdqfh sdudphwhu y1

44Fdydqdjk/ Hoolrw dqg Vwrfn +4<<8, frqvlghu d uhfxuvlyh uhsuhvhqwdwlrq/ zkhuh wkh sd0
udphwhu ri lqwhuhvw lq wkh v|vwhp edvhg htxdwlrqv lv qrw vwuxfwxudoo| uhodwhg1 Wkh| dovr
qrupdol}h erwk glvwxuedqfhv wr rqh lq wkh gdwd jhqhudwlqj surfhvv dqg wkxv holplqdwh dq
h{wud qxlvdqfh sdudphwhu1
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dqg |>E�(8 � duh wkh vdph rqo| lq wkh sduwlfxodu fdvh 1 ' � zklfk fruuhvsrqgv

wr wkh frqvwudlqw # ' � 1 Wklv lpsolhv wkdw srzhu ri wkh DGI w0vwdwlvwlfv lv

wkh vdph ri wkh IDGI w0vwdwlvwlfv rqo| lq wklv sduwlfxodu fdvh1 Jhqhudoo|/ rqh

pd| h{shfw orvv lq srzhu iru wkh DGI vwdwlvwlfv/ frpsduhg wr wkh IDGI rqh1

Sduwv +f4, dqg +f5, ri Wkhruhp 4 surylgh wkh olplw glvwulexwlrq ri wkh

DU�ROV w0vwdwlvwlfv iurp wkh vhfrqg htxdwlrq frqvlghuhg lq lvrodwlrq145 Wkh

dv|pswrwlf glvwulexwlrq lv d svhxgr0frqyh{ pl{wxuh ri wkh Glfnh|0Ixoohu dqg

wkh vwdqgdug qrupdo glvwulexwlrqv1 Wkh olplw glvwulexwlrq ri |>E8�(8 � dqg

|>E�-3�u7� duh wkh vdph rqo| lq wkh sduwlfxodu fdvh � ' f 1 Zkhq # ' � /

wkh w0vwdwlvwlfv pd| kdyh ohvv srzhu wkdq wkh IDGI dqg DGI vwdwlvwlfv1 Lq

wklv fdvh/ 1 ' � dqg iru devroxwh ydoxhv ri � qhdu rqh/ wkh olplw glvwulexwlrq

ri wkh vwdwlvwlfv lv dozd|v d qrupdo rqh/ zkdwhyhu wkh ydoxhv ri S 1 D pdlq

vkruwfrplqj ri whvwv edvhg rq wkh dx{loldu| uhjuhvvlrq frqvlghuhg lq lvrodwlrq

lv wkdw wkh| uhvw rq d vwdwlvwlfv ghshqglqj rq d qxlvdqfh sdudphwhu y/ qrw

lghqwl�hg zlwklq wklv vlqjoh htxdwlrq dssurdfk1

Wkh fdvhv +e, dqg +f, fdq eh ghgxfhg iurp wkh hvwlpdwhv ri 4 lq wkh

jhqhudo fdvh +d,1 Wkh PO hvwlpdwh ri 4 lv jlyhq e|

e48�(8 ' � n
�

#

S
+|3�{+|S
+2|3�

n
� � #

#

S
+|3�%|S
+2|3�

' � n
�

#
Ee4�(8 � �� n

# � �

#

�e4�-3�u7 � �
�

'
�

#
e4�(8 n

# � �

#
e4�-3�u7

Wkh PO hvwlpdwh ri 4 lv d olqhdu frpelqdwlrq ri wkh xqlyduldwh dxwruhjuhvvlyh

hvwlpdwh dqg wkh dx{loldu| uhjuhvvlrq hvwlpdwh1 Li # ' � / wkh vhfrqg whup

ydqlvkhv dqg zh rewdlq wkh olplw glvwulexwlrq ri xqlyduldwh xqlw urrw whvw1

Zkhq � ' f / wkh hvwlpdwhg ydoxh ri 4 fruuhvsrqgv wr wkh vlqjoh dx{loldu|

45Wkhvh uhvxowv duh uhohydqw wr fkdudfwhul}h wkh glvwulexwlrq ri ROV hvwlpdwhv xvhg e|
Erkq +4<<4, dqg xqghuolqh wkh gl!fxowlhv wr ghwhuplqh d surshu whvw iroorzlqj klv sursrvdo1
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uhjuhvvlrq dssurdfk zlwkrxw fryduldwhv1

616 Vlpxodwlrqv h{shulphqwv

Lq rughu wr looxvwudwh wkh suhylrxv dv|pswrwlfv/ zh suhvhqw vrph vlpxodwlrq

h{shulphqwv1 Wkhvh h{shulphqwv pd| eh frqvlghuhg dv uhsuhvhqwdwlyh ri rxu

vdpsoh gdwd= wkh vdpsoh vl}h lv vpdoo +A ' Sf,/ wkh ydoxhv ri # dqg � fruuh0

vsrqgv wr wkuhh w|slfdo frq�jxudwlrqv rewdlqhg iurp wkh gdwd dqg wkh orfdo

ghsduwxuhv iurp wkh xqlw urrw duh fdoleudwhg rq wkh edvlv ri wkh hvwlpdwhg

ydoxhv ri wkh dxwruhjuhvvlyh sdudphwhuv

Zh �uvw suhvhqw wkh hpslulfdo sgi ri wkh dxwruhjuhvvlyh sdudphwhu iru

hdfk dssurdfk lq wkuhh vshfl�f frq�jxudwlrqv ri wkh GJS/ l1h1 iru gl�huhqw

sdluv i#c �j 1 IDGI/ DGI dqg DU�ROV hvwlpdwhv fruuhvsrqg wr wkh vrolg

olqh/ wkh gdvkgrwwhg olqh dqg wkh grwwhg olqh/ uhvshfwlyho|1 Hpslulfdo sgi duh

rewdlqhg iurp 5833 vdpsohv ri vl}h 93 zlwk llg Jdxvvldq lqqrydwlrqv/ xqghu

wkh qxoo k|srwkhvlv ri xqlw urrw dqg wkh qxoolw| ri wkh ihhgedfn h�hfw1

Lq �jxuh 4/ zh uhsruw wkh hpslulfdo sgi iru # ' � dqg � ' f�D1 Wkh

hvwlpdwhg ydoxh ri 4 lq wkh IDGI fdvh lv d frqyh{ pl{wxuh ri wkh DGI dqg

DU�ROV rqhv/ zlwk d zhljkw htxdo wr 3181 Iljxuh 4 looxvwudwhv wklv uhvxow

dqg vkrz wkdw lq wklv fdvh qrqh ri wkh dssurdfkhv surylgh vlplodu ydoxh ri

41 Pruhryhu/ wkh hpslulfdo glvwulexwlrq lq wkh IDGI fdvh dsshduv pruh

frqfhqwudwhg wkdq wkh rqh lq wkh DGI fdvh1

Lq �jxuh 5/ zh uhsruw wkh hpslulfdo sgi ri 4 lq wkh sduwlfxodu fdvh zkhuh

wkh yduldqfh udwlr dqg wkh fruuhodwlrq sdudphwhu duh htxdo + # ' f�S dqg

� ' f�S1,1 Iurp wkhruhp 4/ zh nqrz wkdw wkh IDGI vwdwlvwlfv dgplw wkh vdph

olplw glvwulexwlrq wkdq wkh DGI vwdwlvwlfv1 Wklv uhvxow lv frq�uphg e| �jxuh

5/ zkhuh wkh wzr hpslulfdo sgi duh yhu| forvhg1 Frqyhuvho|/ wkh hpslulfdo sgi

ri 4 rewdlqhg iurp DU�ROV gl�huv vljql�fdqwo| dqg wkh glvwulexwlrq ri wkh

47



0.7 0.8 0.9 1 1.1
0

0.5

1

1.5

2

2.5

3

3.5

4
x 10

-3

Iljxuh 4= Hpslulfdo sgi ri 4+fdvh 4= # ' � / � ' f�D,1 IDGI/ DGI dqg DU�ROV
hvwlpdwhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh dqg wkh grwwhg olqh/
uhvshfwlyho|1

dxwruhjuhvvlyh sdudphwhu dsshduv ohvv frqfhqwudwhg1 Ilqdoo|/ lq �jxuh 6/ zh

uhsruw wkh hpslulfdo sgi ri 4 lq wkh fdvh zkhuh wkh yduldqfh udwlr wdnhv ydoxhv

ohvv wkdq wkh rqhv ri wkh fruuhodwlrq sdudphwhu + # ' f�D dqg � ' f�.1,1 Wkh

wzr hpslulfdo sgi ri IDGI dqg DGI hvwlpdwhv dsshdu txlwh forvh dqg wkh|

gl�hu vljql�fdqwo| iurp wkh DU�ROV hvwlpdwh1 Pruhryhu/ hvwlpdwhg ydoxhv

ri 4 lq wkh DGI dqg DU�ROV fdvhv dsshdu ohvv frqfhqwudwhg wkdq wkh rqhv

rewdlqhg iurp dq IDGI uhjuhvvlrq1

Wdeoh 4 uhsruwv wkh w0vwdwlvwlfv dqg wkhlu srzhu1 Wkh phdq ydoxh dqg

vwdqgdug�huuru ri 4 �uvw lqglfdwhv frqvlvwhqf| dqg h!flhqf| ri wkh ydulrxv

dssurdfkhv1 Uhsruwhg ydoxhv pd| eh xvhg wr frpsduh wkh hpslulfdo sgi lq

�jxuhv 4/ 5 dqg 61

Wkh �uvw h{shulphqw frqvlghuv # ' � / � ' f�D1 Lq wklv fdvh/ wkh IDGI

dqg DU�ROV dssurdfkhv surylgh ehwwhu uhvxowv lq whupv ri eldvhv uhgxfwlrq/

h!flhqf| dqg srzhu wkdq wkh xvxdo DGI dssurdfk1 Wkh vhfrqg h{shulphqw

frqvlghu wkh sdlu # ' f�S / � ' f�S 1 Iurp Wkhruhp 4 dqg wkh uhodwhg
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Iljxuh 5= Hpslulfdo sgi ri 4+fdvh 5= # ' f�S / � ' f�S,1 IDGI/ DGI dqg DU�
ROV hvwlpdwhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh dqg wkh grwwhg
olqh/ uhvshfwlyho|1
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Iljxuh 6= Hpslulfdo sgi ri 4+fdvh 6= # ' f�D / � ' f�.,1 IDGI/ DGI dqg DU�
ROV hvwlpdwhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh dqg wkh grwwhg
olqh/ uhvshfwlyho|1
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Wdeoh 4= Fulwlfdo ydoxhv dqg srzhu ri wkh vwdwlvwlfv
IDGI DGI DU�ROV IDGI DGI DU�ROV IDGI DGI DU�ROV

# ' � / � ' f�D # ' f�S / � ' f�S # ' f�D / � ' f�.
phdq 31<6; 31<4: 31<93 31<4: 31<4: 31<4< 31<55 31<4: 31<36
v1h1 31388 3139: 31387 3139: 3139: 313:8 31397 3139: 313;:

fulwlfdo ydoxhv
|> |> |>

4( 06174 06185 06147 06187 06185 06158 0618; 06185 0616<
8( 051;5 051<4 05166 051<6 051<4 0519: 051;8 051<4 051:8
43( 0517; 0518< 041<9 05197 0518< 05163 05193 0518< 0516;

Srzhu lq ( dw 8(
4 |> |> |>

f�bb 914 815 917 81< 815 719 :13 815 718
f�bD 4515 <15 4714 <1; <15 :1; 441: <15 915
f�bf 5916 4916 5:15 4;17 4916 4618 5617 4916 <1;

glvfxvvlrq/ zh kdyh wkh vdph glvwulexwlrq iru wkh IDGI dqg DGI vwdwlvwlfv1

Vpdoo ghsduwxuhv dsshdu1 Wklv lv ehfdxvh/ zh kdyh wr rewdlq d frqvlvwhqw

hvwlpdwh wkh fryduldqfh pdwul{ ri uhvlgxdov1 Qhyhuwkhohvv/ vpdoo gl�huhqfhv lq

wkh fulwlfdo ydoxhv uhyhdo vpdoo vl}h glvwruwlrqv1 Iru h{dpsoh/ wkh 8( fulwlfdo

ydoxh ri wkh DGI w0vwdwlvwlfv fruuhvsrqgv wr wkh 815( fulwlfdo ydoxh ri wkh

IDGI rqh1 Pruhryhu/ d vlpsoh S0Sorw fxuyh vkrzv wkdw wkh S0ydoxhv ri wkh

IDGI duh forvh wr wkh vwudljkw olqh dqg lqglfdwhv d jrrg djuhhphqw ehwzhhq

wkh wzr vwdwlvwlfv1 Wkh srzhu ri wkh DU�ROV vwdwlvwlfv lv orzhu wkdq wkh

IDGI dqg DGI rqhv1 Wkhvh uhvxowv duh uhlqirufhg lq wkh odvw fdvh # ' f�D

/ � ' f�.1 Wklv fdvh looxvwudwhv zhoo wkh jdlqv lq srzhu zkhq wkh IDGI

vwdwlvwlfv lv xvhg/ lqvwhdg wkh DGI ru DU�ROV rqhv1 Wkh IDGI vwdwlvwlfv

grplqdwhv wkh rwkhu vwdwlvwlfv lq whupv ri srzhu/ hyhq li iru d vpdoo vdpsoh

vl}h/ wkh jdlq lv srzhu lv qrw yhu| odujh1
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7 H�hfwlyh vxvwdlqdelolw| dprqj wkh J�:php0
ehuv

Zh qrz orrn dw wkh dssolfdwlrq ri rxu hpslulfdo vwudwhj| wr wkh txdqwlwdwlyh

hydoxdwlrq ri wkh h�hfwlyh vxvwdlqdelolw| zlwklq wkh J �:1 Gdwd duh wdnhq iurp

wkh �RHFG Hfrqrplf Rxworrnv� Gdwdvhw1 Wkh iuhtxhqf| lv vhpl�dqqxdo dqg

wkh vdpsoh shulrg fryhuv iru wkh pdmrulw| ri frxqwulhv wkh odvw wkuhh ghfdghv1

Iru hdfk frxqwu|/ zh xvh wkh qhw sxeolf ghew +frgh JQIO, dqg wkh qhw ohqglqj

dv phdvxuh ri joredo vxusoxv +frgh QOJ,1 Wkh sxeolf ghew dqg joredo vxusoxv

duh erwk h{suhvvhg dv d iudfwlrq ri qrplqdo JGS1

Wkh vdpsoh vl}h lv txlwh vpdoo ehfdxvh lw olhv ehwzhhq 83 +Iudqfh/ Mdsdq,

dqg :8 +XV/ Jhupdq|/ Fdqdgd,1 Qhyhuwkhohvv/ rxu vlpxodwlrq h{shulphqwv

kdyh vkrzq wkdw wkh IDGI vwdwlvwlfv pd| kdyh vrph srzhu lq vpdoo vdpsoh/

frqwudu| wr wkh DGI vwdwlvwlfv ru DU�ROV vwdwlvwlfv dvvrfldwhg wr d vlqjoh

uhjuhvvlrq dssurdfk1 Rxu dv|pswrwlf uhvxowv duh rewdlqhg xqghu wkh vwurqj

dvvxpswlrq ri llg huuruv whupv1 Vxfk dq dvvxpswlrq fdqqrw eh pdlqwdlqhg lq

sudfwlfh/ ehfdxvh �uvw gl�huhqfh ri h�hfwlyh sxeolf ghew dqg jurzwk fruuhfwhg

joredo vxusoxv glvsod| erwk vljql�fdqw whpsrudo ghshqgdqfh1 Qhyhuwkhohvv/

dv vkrzq lq Ihyh/ Khqlq dqg Mrolydogw +4<<:,/ wkh olplw glvwulexwlrqv ri wkh w0

vwdwlvwlfv uhpdlqv ydolg lq suhvhqfh ri vhuldoo| fruuhodwhg huuruv li dq dghtxdwh

vshfl�fdwlrq lv dgrswhg/ l1h1 li zh lqwurgxfh lq rxu v|vwhp edvhg htxdwlrq

odjjhg ydoxhv ri wkh ghshqghqw yduldeohv1

Zh �uvw vhohfw xqghu wkh qxoo k|srwkhvlv 4 ' � wkh rughu ri wkh vhuldo

fruuhodwlrq iurp wkh iroorzlqj uhsuhvhqwdwlrq=

K| ' B � k n 4K|3� n

R[
�'�

w��c�{K|3� n

R[
�'�

w�2c�}Sr|3� n 0| � �|

}Sr| ' k n E�� 4�K|3� n

R[
�'�

w2�c�{K|3� n

R[
�'�

w22c�}Sr|3� n �|
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Xvlqj DLF dqg ELF fulwhuld/ zh vhohfw wzr odjv +R ' 2, iru hdfk frxqwu|1

Pruhryhu/ wkh sdudphwhuv w�2c� dqg w2�c� / ;� ' �c 2 / duh qrw vljql�fdqwo|

gl�huhqw iurp }hur1 Vshfl�fdwlrq whvwv rq wkh vhohfwhg prgho lqglfdwh wkdw

zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh huuruv whupv duh zklwh qrlvh1

Wdeoh 5= Hvwlpdwlrq Uhvxowv
IDGI DGI ROV

XV e4 31<99 31<9; 31<9<
# ' f�S� vh+e4, 31345 31345 31349
� ' f�S. w0vwdw 051;: 05195 041<6

S0ydo1 813 ( ;18 ( 5413 (
XN e4 31<97 31<:6 31<86

# ' f�H. vh+e4, 31345 31347 31349
� ' f��b w0vwdw 06133 041<6 06133

S0ydo1 618 ( 6318 ( 41: (
Jhupdq| e4 41337 41338 41336
# ' ��Df vh+e4, 31339 3133< 3133:
� ' f�eH w0vwdw 319< 3187 3178

S0ydo1 <819 ( <;15 ( :;1; (
Iudqfh e4 4135: 4135< 41346
# ' ���f vh+e4, 31346 3134< 3134:
� ' f�ee w0vwdw 5137 4186 31::

S0ydo1 <<1: ( <<1: ( ;<1: (
Lwdo| e4 41335 41337 41344

# ' f�D. vh+e4, 31339 31339 3133;
� ' f��H w0vwdw 3166 318< 4177

S0ydo1 <:14 ( <;1; ( <<18 (
Fdqdgd e4 31<<< 31<<: 31<<3
# ' f�.S vh+e4, 31339 31339 31344
� ' f�.. w0vwdw 03135 03184 031<<

S0ydo1 <71< ( <71; ( 7:1< (
Mdsdq e4 31<:: 31<:; 31<;5
# ' f�HD vh+e4, 31338 31339 3133;
� ' f�Sf w0vwdw 0717: 061:: 05164

S0ydo1 315 ( 318 ( 918 (

Jlyhq rxu vhohfwhg prgho xqghu wkh qxoo k|srwkhvlv ri xqlw urrw/ zh pd|

frpsxwh wkh fryduldqfh pdwul{ ri uhvlgxdov1 Wklv surylghv frqvlvwhqw hv0
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wlpdwhv iru wkh sdudphwhuv # dqg � 1 Hvwlpdwlrq uhvxowv zlwk J �: gdwd

lqglfdwh wkuhh w|shv ri frq�jxudwlrqv ri wkh fryduldqfh pdwul{1 D �uvw frq0

�jxudwlrq fruuhvsrqgv wr wkh fdvh zkhuh # : � / d vhfrqg zkhuh # � � /

zkloh wkh wklug fruuhvsrqgv wr # 	 � 1 Dv Wkhruhp 4 vkrzv/ rqh pd| h{shfw

wkdw IDGI dqg DU�ROV w0vwdwlvwlfv kdyh ehwwhu srzhu surshuwlhv wkdq wkh

DGI rqh lq wkh �uvw fdvh1 Frqyhuvho|/ lq wkh wklug fdvh/ wkh IDGI dqg DGI

w0vwdwlvwlfv kdyh ehwwhu srzhu surshuwlhv wkdq wkh DU�ROV rqh1

Zh uhsruw lq wdeoh 5 wkh sdudphwhu hvwlpdwhv dqg wkhlu dvvrfldwhg w0

vwdwlvwlfv 1 Jlyhq wkh sduwlfxodu ydoxhv ri # dqg � / wkh fulwlfdo ydoxhv ri wkh

w0vwdwlvwlfv duh rewdlqhg wkurxjk vlpxodwlrqv iru hdfk frxqwu|1 Hpslulfdo sgi

ri wkh w0vwdwlvwlfv duh rewdlqhg iurp 4333 vdpsohv ri vl}h fruuhvsrqglqj wr

wkh dydlodeoh gdwd zlwk llg Jdxvvldq lqqrydwlrqv/ xqghu wkh qxoo k|srwkhvlv

ri xqlw urrw1 Jlyhq wkhvh vlpxodwlrqv uhvxowv/ zh dovr uhsruw wkh dvvrfldwhg

S0ydoxh ri wkh w0vwdwlvwlfv1 Zh lpphgldwho| uhpdun wkdw wkh qxoo k|srwkhvlv

ri xqlw urrw fdqqrw eh uhmhfwhg iru irxu frxqwulhv/ l1h1 Jhupdq|/ Iudqfh/ Lwdo|

dqg Fdqdgd1 Iru wkhvh frxqwulhv/ lw dsshduv d jrrg djuhhphqw ehwzhhq wkh

wkuhh vwdwlvwlfv1 Iru wkh wkuhh rwkhu frxqwulhv +XV/ XN dqg Mdsdq,/ wklv lv

qrw wkh fdvh1 Iru wkh XV/ wkh IDGI dqg DGI vwdwlvwlfv doorz wr uhmhfw wkh

qxoo k|srwkhvlv/ frqwudu| wr wkh wkh DU�ROV vwdwlvwlfv1 Iru wkh XN/ iurp

wkh IDGI dqg DU�ROV vwdwlvwlfv/ zh uhmhfw wkh xqlw urrw k|srwkhvlv/ exw

qrw zlwk wkh DGI rqh1 Ilqdoo|/ iru Mdsdq/ wkh IDGI dqg DGI vwdwlvwlfv

ohdg wr wkh uhmhfwlrq ri wkh qxoo k|srwkhvlv/ exw wkh DU�ROV rqh doorzv wr

lwv dffhswdqfh iru d fulwlfdo ohyho ri 8( +vhh wkh S0ydoxhv lq wdeoh 5,1

Lq rughu wr foduli| wkhvh hpslulfdo uhvxowv/ zh frpsxwh wkh srzhu ixqf0

wlrqv dvvrfldwhg wr wkh ydoxhv ri wkh qxlvdqfh sdudphwhuv vshfl�f wr wkhvh

frxqwulhv1 IDGI/ DGI dqg DU0ROV srzhu fxuyhv fruuhvsrqg wr wkh vrolg

olqh/ wkh gdvkgrwwhg olqh dqg wkh grwwhg olqh/ uhvshfwlyho|1 Wkh srzhu fxuyhv
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Iljxuh 7= Srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh XV fdvh1 IDGI/ DGI dqg
DU�ROV srzhu fxuyhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh dqg wkh
grwwhg olqh/ uhvshfwlyho|1

duh rewdlqhg iurp 4333 vdpsohv ri vl}h fruuhvsrqglqj wr wkh gdwd zlwk llg

Jdxvvldq lqqrydwlrqv1 Hdfk �jxuh uhsruwv wkh srzhu lq whupv ri wkh sdud0

phwhu S ' A E�� 4�1 Iru h{dpsoh/ S ' S fruuhvsrqgv46 wr wkh ydoxh 4 ' f�b

Iljxuh 7 uhsruwv wkh srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh XV fdvh/

xvlqj wkh hvwlpdwhg ydoxhv ri wkh qxlvdqfh sdudphwhuv iurp wkh fryduldqfh

pdwul{ ri wkh uhvlgxdov + # ' f�S� / � ' f�S.,1 Wklv �jxuh vkrzv wkdw wkh DU�

ROV w0vwdwlvwlfv kdv ohvv srzhu wkdq wkh IDGI dqg DGI rqhv1 Wklv vpdoo

vdpsoh h{shulphqw lv wkxv lq dffrugdqfh zlwk wkh suhylrxv dv|pswrwlfv ri

Wkhruhp 41 Wklv uhvxow dovr lqglfdwhv wkdw wkh DU�ROV w0vwdwlvwlfv ohdgv wr

dffhsw wrr riwhq wkh qxoo k|srwkhvlv ri xqlw urrw1

Iljxuh 8 uhsruwv wkh srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh XN fdvh/

xvlqj wkh hvwlpdwhg ydoxhv ri # ' f�H. dqg � ' f��b1 Wklv �jxuh vkrzv wkdw

qrz wkh DGI w0vwdwlvwlfv kdv ohvv srzhu wkdq wkh IDGI dqg DU�ROV rqhv1

Wkh XN fdvh looxvwudwhv dovr wkh odfn ri srzhu ri DGI vwdwlvwlfv1

46Dv zh irfxv rq vpdoo vdpsohv surshuwlhv ri wkh vwdwlvwlfv zlwk W �{hg/ lw lv htxlydohqw
wr �{ f ru wr �{ � xqghu wkh dowhuqdwlyh1
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1

Iljxuh 8= Srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh XN fdvh1 IDGI/ DGI dqg
DU�ROV srzhu fxuyhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh dqg wkh
grwwhg olqh/ uhvshfwlyho|1

0 2 4 6 8 10 12 14 16 18 20
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Iljxuh 9= Srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh Mdsdqhvh fdvh1 IDGI/
DGI dqg DU�ROV srzhu fxuyhv fruuhvsrqg wr wkh vrolg olqh/ wkh gdvkgrwwhg olqh
dqg wkh grwwhg olqh/ uhvshfwlyho|1
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Ilqdoo|/ �jxuh 9 uhsruwv wkh srzhu fxuyhv dw 8( ri wkh w0vwdwlvwlfv lq wkh

Mdsdq fdvh/ zlwk # ' f�HD / � ' f�Sf1 Wkh IDGI kdv ehwwhu srzhu surshuwlhv

wkdq wkh DGI dqg DU�ROV rqhv1 Pruhryhu/ iru vljql�fdqw ghsduwxuhv iurp

xqlw urrw/ wkh srzhu ri wkh DGI vwdwlvwlfv lv odujhu wkdq wkh rqh ri DU�

ROV vwdwlvwlfv1 Wkh DU�ROV w0vwdwlvwlfv doorzv wr dffhsw wrr riwhq wkh qxoo

k|srwkhvlv ri xqlw urrw1

Wkhvh wkuhh vlpxodwlrqv h{shulphqwv vkrz wkdw wkh IDGI vwdwlvwlfv kdv

joredoo| ehwwhu srzhu surshuwlhv wkdq wkh wzr rwkhuv1 Lw vhhpv wkdw wkh xvh ri

wklv vwdwlvwlfv pd| eh uhfrpphqghg lq rughu wr suhyhqw djdlqvw dq| vsxulrxv

frqfoxvlrqv rq wkh vwrfkdvwlf surshuwlhv ri wkh h�hfwlyh sxeolf ghew1

8 Frqfoxglqj uhpdunv

Lq wklv sdshu/ zh fkrrvh wr whvw iru vxvwdlqdelolw| ri �vfdo srolf| h{suhvvhg

dv wkh vwdwlrqdulw| ri wkh ghew wr JGS udwlr1 Wklv fulwhulrq dsshduv pruh

uhohydqw iru srolf| lvvxhv wkdq wkh xvxdo qr0Srq}l jdph frqglwlrq lpsrvhg rq

wkh glvfrxqwhg ghew1 Ixuwkhu/ zh lqwurgxfh d qhz hpslulfdo vwudwhj|/ exloglqj

rq d qhz whvw vwdwlvwlfv/ ghqrwhg IDGI1 Wklv whvw vwdwlvwlfv wdnh dgydqwdjhv

ri wkh qhfhvvlw| ri d ihhgedfn iurp lqkhulwhg ghew wr fxuuhqw vxusoxv dv d mrlqw

frqglwlrq iru ghew vwdwlrqdulw|1 Wkh glvwulexwlrq ri wklv vwdwlvwlfv lv vkrzq

wr uhvxow iurp d pl{wxuh ri DGI dqg qrupdo rqhv dqg doorzv iru srwhqwldo

srzhu jdlqv/ hyhq lq vpdoo vdpsohv1 Pruhryhu/ wkh olplw glvwulexwlrq ri wkh

IDGI vwdwlvwlfv lv frpsduhg wr dowhuqdwlyh vwdwlvwlfv/ dvvrfldwhg wr dowhuqdwlyh

xqlyduldwh dssurdfkhv wr wkh vwrfn� rz g|qdplfv1 E| fkdudfwhul}lqj wkh

olplw glvwulexwlrqv ri wkh w0vwdwlvwlfv rewdlqhg iurp wkh dx{loldu| htxdwlrq

frqvlghuhg lq lvrodwlrq/ wklv sdshu dovr frqwulexwhv wr wkh vwxg| ri lqihuhqfh

rq xqedodqfhg uhjuhvvlrqv zlwk srwhqwldoo| lqwhjudwhg uhjuhvvruv1

Wkh hpslulfdo dssolfdwlrq shuiruphg rq wkh J�: frxqwulhv looxvwudwhv wkh

56



srwhqwldo ri wklv dssurdfk1 Lqghhg/ wkh IDGI whvw doorzv wr wkh uhmhfwlrq ri

wkh qxoo k|srwkhvlv ri xqlw urrw lq wkh ghew udwlr iru wzr pruh fdvhv wkdq

wkh xvxdo DGI whvw grhv1 Krzhyhu/ wkh qrq0vxvwdlqdelolw| ri �vfdo srolf|

lq frqwlqhqwdo Hxurshdq frxqwulhv +dqg Fdqdgd, dsshduv d urexvw hpslulfdo

�qglqjv ryhu wkh vdpsoh shulrg frqvlghuhg lq wklv vwxg|1 Wklv pd| surylgh d

mxvwl�fdwlrq iru d fkdqjh lq srolf| uxohv/ dv wkh rqh lpsohphqwhg xqghu wkh

dxvslfh ri Pddvwulfkw Wuhdw|/ vr fdoohg frqyhujhqfh fulwhuld147

47Vhh iru lqvwdqfh/ Duwlv dqg Pdufhoolqr +4<<;,1
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Uhihuhqfhv
^4` Duwlv/ P1 dqg Pdufhoolqr/ P1 +4<<;, �Ilvfdo Vroyhqf| dqg Ilvfdo Iru0

fdvwlqj lq Hxursh�/ FHSU Glvfxvvlrq sdshuv/ 4;69/ pdufk

^5` Erkq/ K1+4<<4, �Rq Whvwlqj wkh Vxvwdlqdelolw| ri Exgjhw Gh�flwv lq d
Vwrfkdvwlf Hqylurqphqw�/ zrunlqj sdshu qr6/ Mxqh/ Fhqwhu iru Hfrqrplf
Vwxglhv1 Xqlyhuvlw| ri Pxqlfk1

^6` Exlwhu/ Z1 dqg Sdwho/ X1 +4<<5, �Ghew/ Gh�flwv dqg Lq dwlrq= dq Ds0
solfdwlrq wr wkh Sxeolf Ilqdqfh ri Lqgld� Mrxuqdo ri Sxeolf Hfrqrplfv/
Yro 7:/ Qr 5 = 4:4�5381

^7` Fdpsehoo/ M1 dqg Shuurq/ S1 +4<<4, �Slwidoov dqg Rssruwxqlwlhv= Zkdw
Pdfurhfrqrplvwv vkrxog Nqrzq Derxw Xqlw Urrw�/ QEHU Pdfurhfr0
qrplfv Dqqxdo/ PLW Suhvv1

^8` Fdydqdjk/ F1 / J1 Hoolrww dqg Vwrfn/ M1 +4<<8, �Lqihuhqfh lq Prghov zlwk
Qhduo| Lqwhjudwhg Uhjuhvvruv�/ Hfrqrphwulf Wkhru|/ 44/ 4464�447:1

^9` Hoolrww/ J1 dqg Vwrfn/ M1 +4<<7,Lqihuhqfh lq Wlph vhulhv Uhjuhvvlrq zkhq
wkh Rughu ri Lqwhjudwlrq ri d Uhjuhvvru lv Xqnqrzq� Hfrqrphwulf Wkh0
ru|/ 43= 9:5�:331

^:` Iduxthh/ K1/ Od{wrq/ G1 dqg V|pdqvn|/ V1 +4<<:, �Jryhuqphqw Ghew/
Olih0F|foh Lqfrph/ dqg Oltxlglw| Frqvwudlqwv= Eh|rqg dssur{lpdwh Ul0
fdugldq Htxlydohqfh� LPI Vwd� Sdshuv/ yro 77/ Qr 6/ vhswhpehu1

^;` Ihyh/ S1 dqg Khqlq/ S1\1 +4<<9, �Dvvhvvlqj Vxvwdlqdelolw| ri Sxeolf
Gh�flwv lq d Vwrfkdvwlf Hqylurqphqw� / plphr/ FHSUHPDS1

^<` Ihyh/ S1 / Kìqlq S1\1 dqg Mrolydogw S1 +4<<:, �D Xqlw Urrw Whvw iru
Vxvwdlqdelolw|� plphr FHSUHPDS1

^43` Kdnnlr/ J1 dqg Uxvk/ P1 +4<<4, �Lv wkh Exgjhw Gh�flw wrr odujhB�/
Hfrqrplf Lqtxlu|/ 5<= 75<�7781

^44` Kdplowrq/ M1 dqg Iodylq/ D1 +4<;9, �Rq wkh Olplwdwlrqv ri Jryhuqphqw
Eruurzlqj= D Iudphzrun iru Hpslulfdo Whvwlqj�/ Wkh Dphulfdq Hfr0
qrplf Uhylhz/ :9 +7,= ;3;�;4</ Vhswhpehu1

^45` Kdqvhq/ E1 +4<<8, �Uhwklqnlqj wkh Xqlyduldwh Dssurdfk wr Xqlw Urrw
Whvwlqj= xvlqj Fryduldwhv wr Lqfuhdvh Srzhu�/ Hfrqrphwulf Wkhru|/ 44=
447;�44:41
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^46` Kro}pdqq/ U1/ Khuyh/ \1 dqg Ghppho/ U1 +4<<9, �Wkh Pddvwulfkw Ilvfdo
Fulwhuld= Uhtxluhg exw Lqh�hfwlyh� Hpslulfd/ 58�841

^47` Nuhphuv/ M1 �XV Ihghudo Lqghewqhvv dqg wkh Frqgxfw ri Ilvfdo Srolf|�
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 56= 54<�56;1

^48` Skloolsv S1 +4<;:d, �Wrzdug dq Xql�hg Dv|pswrwlf Wkhru| iru Dxwruh0
juhvvlrq� Elrphwulnd/ :7 =868�87:1

^49` Skloolsv S1 +4<;:e, �Wlph Vhulhv Uhjuhvvlrq zlwk d Xqlw Urrw� Hfrqr0
phwulfd/ 88 =5::06341

^4:` Skloolsv S1 dqg Kdqvhq E1+4<<3, � Vwdwlvwlfdo lqihuhqfh lq lqvwuxphqwdo
yduldeohv uhjuhvvlrq zlwk L+4, surfhvvhv� Uhylhz ri Hfrqrplf Vwxglhv/
8:=<<�4581

^4;` Txlqwrv/ F1 +4<<8, �Vxvwdlqdelolw| ri wkh Gh�flw Surfhvv zlwk Vwuxfwxudo
Vkliwv�/ Mrxuqdo ri Exvlqhvv Hfrqrplf ) Vwdwlvwlfv/ 46+7,= 73<�74:/
Rfwrehu1

^4<` Vfkzhuw/ J1 +4<;<, �Whvw iru Xqlw Urrw lq Wlph Vhulhv Uhjuhvvlrq�/
Mrxuqdo ri Exvlqhvv Hfrqrplfv ) Vwdwlvwlfv/:= 47:�48<1

^53` Wuhkdq/ E1 dqg Zdovk/ F1 +4<;;, �Frpprq Wuhqgv/ wkh Jryhuqphqw
Exgjhw Frqvwudlqw dqg Uhyhqxh Vprrwklqj�/ Mrxuqdo ri Hfrqrplf G|0
qdplfv dqg Frqwuro/ 45=758�777/Mxqh2Vhswhpehu1

^54` Wuhkdq/ E1 dqg Zdovk/ F1 +4<<4, �Whvwlqj Lqwhuwhpsrudo Exejhw Frq0
vwudlqw= Wkhru| dqg Dssolfdwlrqv wr XV Ihghudo Exgjhw dqg Fxuuhqw
Dffrxqw Gh�flw�/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 56 +5,= 539�
556/ Pd|1

^55` Zlfnhqv P1 dqg XfwxpP1 +4<<6, �Wkh vxvwdlqdelolw| ri fxuuhqw dffrxqw
gh�flwv= d whvw ri wkh XV lqwhuwhpsrudo exgjhw frqvwudlqw� Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro/ 4:+6,=756�775/ Pd|1

^56` Zlofr{/ G1 +4<;<, �Wkh Vxvwdlqdelolw| ri Jryhuqphqw Gh�flwv= Lpsol0
fdwlrqv ri wkh Suhvhqw0Ydoxh Eruurzlqj Frqvwudlqw�/ Mrxuqdo ri Prqh|
Fuhglw dqg Edqnlqj/ 54 +6,=5<4�639/ Dxjxvw
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