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4 Lqwurgxfwlrq
Lq wklv sdshu zh dlp dw phdvxulqj �qdqfldo lqwhjudwlrq lq Hxursh ryhu wkh odvw ghfdgh1 Pruh
suhflvho| zh zdqw wr phdvxuh wkh lpsdfw ri wkh Hxurshdq frqyhujhqfh surfhvv rq wkh g|qdplfv
ri vwrfn pdunhwv1 Lw lv ri frxuvh hvvhqwldo wr sursrvh d g|qdplf phdvxuh ri lqwhjudwlrq lq rughu
wr lqyhvwljdwh dv suhflvho| dv srvvleoh wkh fkdqjhv lq wkh lqwhjudwlrq surfhvv ryhu wlph1 Zh gr
qrw frpsduh lqwhjudwlrq ryhu vxeshulrgv/ exw udwkhu h{dplqh wkh frqwlqxrxv fkdqjhv dw d gdlo|
iuhtxhqf|1 Dw hdfk gdwh/ wkh lqwhjudwlrq phdvxuh lv d ixqfwlrq ri wkh ydoxhv ri wkh revhuyhg
uhwxuqv ryhu d shulrg ri rqh +uhvshfw1 wkuhh, |hdu +v, ehiruh wklv gdwh1 Wkh yrodwlolw| ri wkh phdvxuh
ghshqgv reylrxvo| ri wkh uroolqj zlqgrz zklfk lv uhwdlqhg iru wkh uhfxuvlyh hvwlpdwlrq1 Zh orrn iru
wkh lqwhjudwlrq e| frqvlghulqj wkh gdlo| uhwxuqv ri gl�huhqw frxqwu| ru vhfwru0edvhg lqgh{hv1 Wkh
lqwhjudwlrq phdvxuh lv olqnhg wr wkh frpprq sduw ri wkh ulvn wkdw wkh gl�huhqw uhwxuqv vkduh dqg
wkdw zh lghqwli| wkurxjk d uhohydqw Idfwruldo Dqdo|vlv1 Zh gr qrw fkrrvh wr h{sodlq wkh g|qdplfv
ri wkh uhwxuqv ri d vhw ri lqglylgxdo vwrfnv dv Kdpholqn hw do1 +5334,1 Krzhyhu/ zh dlp dw jlylqj dq
lqwhjudwlrq phdvxuh zklfk lv pruh suhflvh wkdq wkh rqh sursrvhg e| Iudw}vkhu +5334, zkr dqdo|}hv
wkh g|qdplfv ri frxqwu|0edvhg lqgh{hv rqo|1 Lqghhg/ htxlw| uhwxuqv duh nqrzq wr eh vwurqjo|
lq xhqfhg qrw rqo| e| frxqwu| exw dovr vhfwru h�hfwv/ dprqj rwkhuv1

Pruhryhu d nh| lvvxh lv wr eh deoh wr glvhqwdqjoh wkrvh ydulrxv h�hfwv iurp dqrwkhu/ lq sduwlfxodu
zkhq sruwirolr doorfdwlrq vwudwhjlhv duh dw kdqg1 Zh gr qrw h{dfwo| dqvzhu wr wkh txhvwlrq zkhwkhu

WXqlyhuvlw| ri Sdulv [ +Wkhpd,
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glyhuvl�fdwlrq rewdlqhg wkurxjk d vhfwru0edvhg doorfdwlrq lv pruh h!flhqw wkdq wkh rqh doorzhg e|
d frxqwu|0edvhg vwudwhj|1 Krzhyhu/ rxu dqdo|vlv jlyh vrph lqglfdwlrqv derxw krz glyhuvl�fdwlrq
rssruwxqlwlhv kdyh hyroyhg ryhu wlph1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 lv ghyrwhg wr wkh suhvhqwdwlrq ri wkh phwkrgrorj|
zh dgrsw wr phdvxuh lqwhjudwlrq e| uhihuulqj pdlqo| wr Fkdpehuodlq dqg Urwkvklog +4<;6,1 Lq
vhfwlrq 6/ zh suhvhqw wkh gdwd/ wkh vwdwlvwlfdo surfhgxuh dqg frpphqw wkh uhvxowv rewdlqhg derxw
wkh lqwhjudwlrq surfhvv dqg wkh frqwulexwlrqv ri wkh frxqwulhv dqg vhfwruv wr wklv surfhvv1 Lq Vhfwlrq
7 zh frpsduh wkh vshfl�f frqwulexwlrqv ri frxqwulhv dqg vhfwruv wr fr0pryhphqwv ri wkh Hxurshdq
lqgh{hv lq rughu wr vkhg oljkw rq krz glyhuvl�fdwlrq rssruwxqlwlhv kdyh fkdqjhg ryhu wlph1 Wkh
odvw vhfwlrq frqfoxghv dqg olvwv vrph h{shfwdwlrqv iru ixuwkhu uhvhdufk1

5 Prgholqj wkh lqwhjudwlrq phdvxuh dqg wkh glyhuvl�fdwlrq
rssruwxqlwlhv

Lq rughu wr lqyhvwljdwh erwk surshuwlhv ri lqwhjudwlrq dqg glyhuvl�fdwlrq/ zh fkrrvh wr xvh d idf0
wruldo ghvfulswlrq ri d vhw ri uhwxuqv1 Vr/ zh �uvw uhihu wr wkh wkhruhwlfdo iudphzrun sursrvhg
e| Fkdpehuodlq dqg Urwkvklog +4<;6, dqg qh{w wr wkh sudfwlfdo vwudwhj| ri h{wudfwlqj idfwruv lq
g|qdplf iudphzrunv/ dv sursrvhg e| Vwrfn dqg Zdwvrq +4<<;,1

514 Wkh Duelwudjh prgho ri Fkdpehuodlq dqg Urwkvklog +4<;6,

Ehiruhkdqg/ lw lv zruwk hpskdvl}lqj wkdw wkh hpslulfdo dqdo|vlv suhvhqwhg lq wklv sdshu lv qrw
lpsohphqwhg wr ydolgdwh ru lqydolgdwh wkh Duelwudjh wkhru| irupdol}hg e| wkhvh dxwkruv1 Zh mxvw
dgrsw wkh sulqflsohv ri dqdo|}lqj wkh ulvn ri �qdqfldo uhwxuqv/ wkurxjk d idfwru prgho zklfk lv
ghfrpsrvhv wkh ulvn lqwr d zhoo0glyhuvl�hg pdunhw0sulfhg frpsrqhqw dqg dq lglrv|qfudwlf glyhuvl�hg
sduw1

Pruh suhflvho|/ Q uhwxuqv duh vxssrvhg wr vkduh d v|vwhpdwlf +pdunhw, ulvn uhsuhvhqwhg e| d
olplwhg qxpehu ri idfwruv1 Wkh ulvn fruuhvsrqglqj wr wkh Q lglrv|qfudwlf frpsrqhqwv lv glyhuvl�hg
iru d uhohydqw frpsrvlwlrq ri wkh sruwirolr wklv ulvn fdq eh holplqdwhg1

Wkh dvvhw pdunhw lv vdlg wr kdyh d vwulfw N0idfwru vwuxfwxuh li wkh uhwxuq ri wkh lwk dvvhw lv
jhqhudwhg e|=

Ul @ HUl .
N[

k@4

�lkik . xl

zkhuh wkh idfwruv ik duh xqfruuhodwhg zlwk wkh lglrv|qfudwlf glvwxuedqfhv xl>zklfk duh lq wxuq
xqfruuhodwhg zlwk hdfk rwkhu1

Wkxv/ wkh fryduldqfh pdwul{ 	Q fdq eh ghfrpsrvhg lqwr d pdwul{ ri udqn N dqg d gldjrqdo
pdwul{=

	Q @ EQE3
Q .Gldj+Y du+xl,,

zlwk EQ ghqrwlqj d Q{N pdwul{ ri idfwru ordglqjv1
Dffruglqjo|/ wkh yduldqfh ri wkh uhwxuq ri d sruwirolr � @ Y hf i�lj4�l�Q fdq eh ghfrpsrvhg

lqwr wzr sduwv=

Y du+
Q[
l@4

�lUl, @ �3EQE3
Q�.

Q[
l@4

�5
lY du+xl,
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Wkh vwulfw idfwruldo vwuxfwxuh fdq eh h{whqghg e| vxssrvlqj rqo| wkdw wkh hljhqydoxhv ri wkh
yduldqfh pdwulfhv Y du+x+Q,, duh xqlirupo| erxqghg iru hyhu| vhw ri Q uhwxuqv/ zkdwhyhu Q frq0
vlghuhg1 Wklv idfwruldo vwuxfwxuh lv wkxv vdlg wr eh d zhdn idfwruldo vwuxfwxuh/ ru lv dovr fdoohg dq
dssur{lpdwh idfwru prgho1

Lq erwk fdvhv/ li wkh txdqwlw|
SQ

l@4 �
5
l whqgv wr }hur zkhq Q whqgv wr lq�qlw|/ rqh fdq suryh

wkdw wkh lglrv|qfudwlf ulvn dovr whqgv wr }hur/ e| xvlqj uhohydqw k|srwkhvlv h{foxglqj dq| duelwudjh
rssruwxqlw|1 Wkxv/ wkh vr0fdoohg glyhuvl�hg sduw ri wkh ulvn x+Q, lv holplqdwhg e| glyhuvl�fdwlrq1
Dffruglqjo|/

SQ
l@4 �

5
l lv lqwhusuhwhg dv d phdvxuh ri wkh glyhuvl�fdwlrq rssruwxqlwlhv r�huhg e| wkh

sruwirolr1 Wklv phdvxuh lv suryhg wr eh d ixqfwlrq ri � @vxsQ�+Q,
x ? 4 +Fkdpehuodlq +4<;6,,1

Dvvxplqj d zhdn idfwruldo vwuxfwxuh wr ghvfuleh wkh g|qdplfv doorzv wr ghulyh wkh +dssur{lpd0
wlyh, pxowl0ehwd uhodwlrqvklsv +Fkdpehuodlq dqg Urwkvklog +4<;6,,=

<�3/ <i�nj4�n�N 2;l> HUl � �3 .
N[

n@4

�ln�n

zkhuh �3 ghqrwhv wkh uhwxuq ri d ulvnohvv dvvhw/ li lw h{lvwv/ �ln wkh ehwd frh!flhqw ri wkh lwk dvvhw
uhodwlyh wr wkh nwk idfwru dqg �n wkh ulvn suhplxp ri wkh nwk idfwru1

Wkhuh h{lvw vx!flhqw frqglwlrqv iru wkh Gdwd Jhqhudwlqj Surfhvv +GJS, reh|lqj wr d zhdn
N0idfwru vwuxfwxuh 41 Wkh sureohp zlwk vxfk frqglwlrqv lv wkdw wkh| duh gl!fxow wr whvw/ ehfdxvh
rqh kdv wr orrn iru pd{lpd ryhu Q / zkrvh ydoxh lv ri frxuvh �{hg lq sudfwlfh1

Iru d sudfwlfdo sxusrvh/ zh fkrrvh wr uhihu wr wkh hpslulfdo vwudwhj| sursrvhg e| Vwrfn dqg
Zdwvrq +4<<;, zkr lqyhvwljdwh wkh frpprq0g|qdplf0 ihdwxuhv ri d odujh qxpehu ri vhulhv1

515 G|qdplf Idfwruldo Dqdo|vlv e| Vwrfn dqg Zdwvrq +4<<;,

Wkh lghd lv wr orrn iru d idfwruldo uhsuhvhqwdwlrq ri wkh mrlqw g|qdplfv ri wkh Q uhwxuqv ri
frxqwu|)vhfwru0edvhg lqgh{hv1 Wkh dqdo|vlv lv wkhuhiruh frqgxfwhg iru d vhw ri 44 frxqwulhv dqg 43
vhfwruv iru hdfk frxqwu| lq wkh hxur duhd +uhvs1 43 dqg 43 iru wkh uhvw ri wkh zruog,1 Q vkrxog
eh wkhuhiruh htxdo wr 443 +uhvs1433,1 Lq idfw/ gxh wr plvvlqj gdwd/ wkhuh duh :: dqg ;6 uhwxuqv
uhvshfwlyho|1

Q lv odujh hqrxjk wr mxvwli| dujxphqwv ghulyhg iurp wkh dssolfdwlrq ri wkh odz ri odujh qxpehuv
dv lq Urvv +4<::,= wkh uhvlgxdo sduw ri wkh ulvn fdq eh dssur{lpdwho| holplqdwhg e| fkrrvlqj wkh �
frh!flhqwv ri rughu 4

Q surylghg wkh furvv0vhfwlrqdo fruuhodwlrqv ehwzhhq wkh uhvlgxdo frpsrqhqwv
duh orz hqrxjk1 Iurp qrz rq/ l dqg m zloo ghqrwh uhvshfwlyho| d frxqwu| dqg d vhfwru lqgh{/ wkh
idfwruldo prgho lv wkh iroorzlqj=

Ulm>w �Ulm>W @
N[

n@4

�lm>nInw . %lm>w

zkhuh l dqg m ghqrwh uhvshfwlyho| frxqwu| dqg vhfwru0edvhg lqgh{hv dqg Ulm>W lv wkh klvwrulfdo phdq
ri wkh uhwxuq ri wkh m vhfwru lq wkh l frxqwu|1 Qrwh wkdw rqh fdq dozd|v �qg d uhsdudphwul}dwlrq
zlwk frqvwdqw ordglqjv ryhu wlph +Vhh Dsshqgl{,1

4Qrwh wkdw d vx!flhqw frqglwlrq iru wkh GJS re|lqj wr d zhdn g0idfwru vwuxfwxuh lv jlyhq e|=

t�T
�

b
E��
g < "/ t�T

�
b
E��
gn� 	 " �?u

�
b
E��
� : f

li wkh hljhqydoxhv ri wkh pdwul{ T @oE-E��� iru d jlyhq �c duh rughuhg dffruglqj wr=

b
E��
� : b

E��
2 : ��� : b

E��
�
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Wkh idfwruv pxvw vxppdul}h dv suhflvho| dv srvvleoh wkh furvv vhfwlrqdo fruuhodwlrqv ehwzhhq wkh
gl�huhqw uhwxuqv1 Exw zkhq wkh qxpehu Q lv wrr odujh/ lw lv qrw srvvleoh wr pd{lpl}h wkh olnholkrrg
wr hvwlpdwh wkh idfwruv lghqwl�hg e| vxfk d surshuw|1 Krzhyhu/ zkhq Q lv odujh/ rqh fdq suryh wkdw
wkh vsdfh vsdqqhg e| wkh idfwruldo gluhfwlrqv gh�qhg dv deryh lv lghqwlfdo wr wkh vsdfh vsdqqhg e|
wkh Sulqflsdo Frpsrqhqwv/ surylghg wkdw wkh GJS kdv d vwulfw idfwru vwuxfwxuh1

Fkdpehuodlq dqg Urwkvklog +4<;6, dovr vxjjhvw wr xvh sulqflsdo frpsrqhqw dqdo|vlv/ zklfk lv
frpsxwdwlrqdo dqg frqfhswxdoo| vlpsohu wkdq idfwru dqdo|vlv/ wr h{wudfw wkh hljhqyhfwruv ri 	Q 1
Lqghhg/ wkh| uhpdun wkdw h{dplqlqj wkh hljhqyhfwruv ri 	Q uhodwlyh wr dq| srvlwlyh0gh�qlwh pdwul{
ohdgv wr wkh vdph dssur{lpdwh idfwru vwuxfwxuh/ ehfdxvh wklv vwuxfwxuh lv xqltxh1

Lq zkdw iroorzv/ zh lpsohphqw d G|qdplf Idfwruldo Dqdo|vlv +GID, lq wkh olqhv ri Vwrfn
dqg Zdwvrq +4<<;,/ pdlqo| edvhg rq wkh sulqflsohv ri d Sulqflsdo Frpsrqhqw Dqdo|vlv1 Wkh
frpsxwdwlrqdo vwudwhj| lv wkh rqh xvhg e| Frqqru dqg Nrudmf}|n +4<;9/ 4<<6, +Vhh dsshqgl{,1
Wkh pdlq frqwulexwlrq ri Vwrfn dqg Zdwvrq +4<<;, kdv ehhq wr suryh wkh frqvlvwhqf| ri wkh
hvwlpdwhv ri idfwruv rewdlqhg lq wklv zd| zkhq erwk wkh sdqho +Q, dqg wkh wlph +W , glphqvlrqv
whqg wr lq�qlw| dw uhohydqw udwhv1 Iru h{dpsoh/ erwk Q dqg W duh wdnhq wr whqg wr lq�qlw| exw
W
Q $ 31 Wkh odwwhu frqglwlrq lv qrw vr vlpsoh wr yhuli| lq sudfwlfh dqg lq sduwlfxodu lq wklv sdshu/ exw
sudfwlfdo dssolfdwlrqv ri wkh GID e| Vwrfn dqg Zdwvrq yhu| riwhq irujhw fkhfnlqj wkh frqyhujhqfh
udwh frqglwlrq1

Frpsduhg wr wkh iudphzrun ri Fkdpehuodlq dqg Urwvklog +4<;6,/ wkh prgho lv qr orqjhu vwdwlf1
Wlph lv h{solflwo| lqwurgxfhg lq wkh dqdo|vlv1 Wkh g|qdplfv ri d vhw ri Q uhwxuqv lv ghvfulehg e|
d vwulfw idfwruldo vwuxfwxuh/ dffruglqj wr=

Uw @ �wIw . xw +4,

zkhuh Uw ghqrwhv wkh fruuhvsrqglqj Q0glphqvlrqdo yhfwru ri uhwxuqv/ Iw wkh N{4 glphqvlrqdo
idfwru frpsrqhqw/ xw wkh Q{4 glphqvlrqdo yhfwru ri lglrv|qfudwlf uhvlgxdov dqg �w wkh Q{u pdwul{
ri ordglqjv1

Qrwlfh wkdw/ lq wkh suhylrxv htxdwlrq/ wkh g|qdplfv fdq eh lqwurgxfhg lq wkuhh zd|v=

41 wkh idfwruv duh dvvxphg wr hyroyh dffruglqj wr d wlph vhulhv +pxowlyduldwh, surfhvv zklfk lv
qrw revhuydeoh/

51 wkh idfwruv fdq hqwhu zlwk odjv +ru hyhq zlwk ohdgv,/

61 wkh huuru whupv duh fruuhodwhg ryhu wlph1

Wkh dssurdfk zh dgrsw lv txdvl vwdwlf ehfdxvh zh orrn iru wkh sulqflsdo frpsrqhqwv zklfk
h{sodlq wkh pd{lpdo sduw ri wkh yduldqfh vkduhg e| frqwhpsrudqhrxv yduldeohv +wkh uhwxuqv dw
d vdph gdwh,1 Krzhyhu/ zh lpsohphqw d uroolqj GID dqg vr d uhfxuvlyh hvwlpdwlrq ri idfwruv
dqg ordglqjv zlwk d zlqgrz ri wkuhh +uhvshfwlyho|, rqh |hduv+v,1 Wr lpsohphqw vxfk d uhfxuvlyh
hvwlpdwlrq/zh qhhg d zlqgrz zklfk lv zlgh hqrxjk wr surylgh vx!flhqw revhuydwlrqv wr uhihu wr
dv|pswrwlf lqihuhqfh uhvxowv1 Exw lw pxvw qrw eh wrr zlgh ehfdxvh lw frxog kluh wkh yrodwlolw| ri
wkh lqwhjudwlrq phdvxuh1 Qrwh krzhyhu wkdw wkh h{shulphqwv fruuhvsrqglqj wr d zlqgrz ri wkuhh
dqg rqh |hdu +v, uhvshfwlyho| surylgh wkh vdph nlqg ri uhvxowv frqfhuqlqj wkh pdlq ihdwxuhv ri wkh
g|qdplfv ri wkh lqwhjudwlrq phdvxuh1

Lw lv dovr zruwk qrwlqj wkdw g|qdplf ihdwxuhv duh h{solflwo| wdnhq lqwr dffrxqw lq wkh idfwr0
uldo dqdo|vlv zkhq zh lqyhvwljdwh wkh h�hfwv ri vhuldo fruuhodwlrqv ehwzhhq gdlo| uhwxuqv rq wkh
lqwhjudwlrq phdvxuh1
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Lq rughu wr lghqwli| wkh frpprq idfwruldo sduw ri wkh uhwxuqv/ dv rssrvhg wr wkh uhvlgxdo sduw/
zh �uvw xvh Lqirupdwlrq fulwhuld uhfhqwo| sursrvhg e| Edl dqg Qj +5335, lq wkh iudphzrun ri Vwrfn
dqg Zdwvrq +4<<;,1 Wkhvh fulwhuld doorz xv wr lghqwli| wkh qxpehu ri frpprq idfwruv1

Rqfh wkh lghqwl�fdwlrq ri wkh qxpehu ri frpprq idfwruv lv dfklhyhg/ zh glvwlqjxlvk wzr vwhsv
lq rxu dqdo|vlv1

41 Zh h{dplqh lqwhjudwlrq surshuwlhv iurp v|qwkhwlf phdvxuhv ghulyhg iurp fruuhodwlrqv ehwzhhq
uhwxuqv/ zlwkrxw uhihuulqj wr dq| +�qdqfldo, sulflqj prgho1 Wkxv rxu lqyhvwljdwlrq lv wzrirog1

� Zh dlp dw frpsdulqj wkh joredo lqwhjudwlrq phdvxuh zh sursrvh lq wkh Hxur duhd dqg
lq zkdw zh fdoo wkh uhvw ri wkh zruog1 Lw lv lqghhg zruwk ghwhfwlqj d vshfl�f lpsdfw ri
wkh Hxurshdq frqyhujhqfh rq wkh lqwhjudwlrq ri wkh vwrfn pdunhwv/ li lw h{lvwv/ frpsduhg
wr wkh joredol}dwlrq h�hfwv1

� Zh wu| wr glvhqwdqjoh wkh lq xhqfhv ri wkh frxqwulhv dqg wkh vhfwruv rq wkh lqwhjudwlrq
surfhvv/ �uvw iru wkh �qdqfldo sxusrvhv rxwolqhg lq Lqwurgxfwlrq dqg dovr lq wkh shuvshf0
wlyh ri dq hfrqrplf dqdo|vlv ri Hxurshdq lqwhjudwlrq zklfk lv ohiw iru ixuwkhu uhvhdufk1
Lqghhg/ li �qdqfldo ehqh�wv duh xvxdoo| h{shfwhg iurp orz fruuhodwlrqv dprqj dvvhw
fodvvhv/ dqg sduwlfxoduo| dprqj htxlw| pdunhwv/ wkh vrxufhv gulylqj fruuhodwlrqv uhpdlq
frqwuryhuvldo1 Orz fruuhodwlrqv pd| eh gx wr gl�huhqfhv lq hfrqrplf frqglwlrqv dfurvv
qdwlrqdo erughuv/ olnh uhjxodwru| hqylurqphqw/ hfrqrplf srolflhv dqg jurzwk udwhv1 Orz
fruuhodwlrqv dprqj htxlw| pdunhwv pd| dovr eh h{sodlqhg e| wkh vshfl�f frpsrvlwlrq ri
hdfk frxqwu|1

51 Zh irfxv pruh vshfl�fdoo| rq krz wr gudz vrph lqglfdwlrqv derxw fkdqjhv lq wkh glyhuvl�0
fdwlrq rssruwxqlwlhv r�huhg e| wkh frxqwulhv frpsduhg wr wkh rqhv r�huhg e| wkh vhfwruv1

Wkh odwwhu vwhs mxvwl�hv wkh fkrlfh pdgh lq wklv sdshu wr lqyhvwljdwh lqwhjudwlrq e| xvlqj d
GID1 Lqghhg/ zh frxog kdyh lpsohphqwhg d uhjuhvvlrq ri wkh derxw lqlwldo uhwxuqv ryhu wkh Hx0
urshdq uhwxuqv ri wkh gl�huhqw lqgh{hv/ lq wkh olqhv ri Kdpholqn hw do1 +5334, dqg wkxv hvwlpdwh
wkh frqwulexwlrq ri wkh vhfwruv +uhvs1 wkh frxqwulhv, wr wkh ghwhuplqdwlrq ri htxlw| sulfhv lq wkh
Hxur duhd/ dw hdfk gdwh/ dv wkh +furvv0vhfwlrqdo, dyhudjh +zhljkwhg e| pdunhw fdslwdol}dwlrq, ydoxh
ri wkh frh!flhqwv dvvrfldwhg zlwk wkh lqglfdwru yduldeohv dvvrfldwhg zlwk wkh vhfwruv +uhvs1 wkh
frxqwulhv,1 Krzhyhu/ vxfk dq dqdo|vlv grhv qrw surylgh dq hpslulfdo fkdudfwhul}dwlrq ri frpprq
dqg lglrv|qfudwlf ulvn1 frqwudu| wr GID zklfk lv suhflvho| xvhg lq sulflqj �qdqfldo ulvnv dffruglqj
wr wkh Duelwudjh Wkhru| lqwurgxfhg e| Urvv +4<::,1

6 Wkh Gdwd dqg wkh vwdwlvwlfdo surfhgxuhv wr phdvxuh �qdq0
fldo lqwhjudwlrq

Lq wklv vhfwlrq/ zh ghvfuleh wkh gl�huhqw hpslulfdo surfhgxuhv zh sursrvh wr dqdo|}h �qdqfldo
lqwhjudwlrq lq Hxursh e| h{dplqlqj wkh g|qdplfv ri uhwxuqv ri vwrfn lqgh{hv/ �uvw iurp d joredo
srlqw ri ylhz/ lq rughu wr lghqwli| d vshfl�f ehkdylru lq wkh Hxurshdq duhd dv rssrvhg wr wkh uhvw ri
wkh zruog/ vhfrqg e| h{dplqlqj wkh uhodwlyh frqwulexwlrqv ri vhfwruv dqg frxqwulhv zlwklq Hxursh1
Ohw xv �uvw frqvlghu wkh gdwd zh xvh1

614 Gdwd dqg wudqvirupdwlrqv

Zh revhuyh wkh uhwxuqv ri gl�huhqw frxqwu| dqg vhfwru0edvhg lqgh{hv/ lq wkh Hxur +Ehojlxp/ Iudqfh/
Jhupdq|/ Lwdold/ Vsdlq/ Qhwkhuodqg/ Dxvwuld/ Juhhfh/ Luhodqg/ Ilqodqg dqg Sruwxjdo, duhd dv zhoo
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dv �lq wkh uhvw ri wkh zruog� +XVD/ Fdqdgd/ Mdsdq/ Dxvwudold/ Vzhghq/ Xqlwhg Nlqjgrp/ Ghqpdun/
Vzlw}huodqg/ Qruzd| dqg Dvldq duhd h{foxglqj Mdsdq,/ wkdw lv :: dqg ;6 uhwxuqv uhvshfwlyho|1 Wkh
gdwd vrxufh lv GDWDVWUHDP1 Iluvw/ zh fkrrvh wr phdvxuh lqwhjudwlrq h{foxglqj wkh frqwulexwlrq
ri wkh h{fkdqjh udwh1 Dffruglqjo|/ wkh sulfhv duh h{suhvvhg lq Hxur iru wkh frxqwulhv dqg vhfwruv ri
wkh Hxur duhd + ehiruh lqwurgxfwlrq ri Hxur/ zh uhihu wr wkh g|qdplfv ri wkh HFX,1 Iru wkh uhvw ri
wkh zruog wkh uhwxuqv duh h{suhvvhg lq XV groodu1 Xvlqj duhd0ghqrplqdwhg uhwxuqv kdv wkh h�hfw ri
oxpslqj qrplqdo fxuuhqf| lq xhqfhv1 Wklv phdvxuh lv forvhu iurp wkh ylhz ri �qdqfldo lqyhvwruv/
zkr wu| wr pdnh vxuh wkdw wkhlu srvlwlrqv duh fryhuhg djdlqvw wkh h{fkdqjh ulvn1 Qrwh wkdw/ iru
wkh uhvw ri wkh zruog/ zh �qg wkdw wkh lqwhjudwlrq phdvxuh lv qrw vljql�fdqwo| d�hfwhg zkhq wkh
uhwxuqv duh h{suhvvhg lq orfdo fxuuhqflhv1

Wkh iuhtxhqf| lv gdlo|1 Wkh shulrg ri revhuydwlrq lv ^4<<3=34/ 5335=3;`1 Wkh uhwxuqv duh gh�qhg
dv wkh udwlr ri wkh sulfhv ri wzr vxffhvvlyh gd|v1 Wkh ixqgdphqwdo sduw +ixqgdphqwdo yduldeohv dv
glylghqg/ vl}h/ 111, kdv qrw eh vxevwudfwhg/ exw lw rqo| frqwulexwhv wr d vljql�fdwlyh h{sodqdwlrq
ri wkh uhwxuqv iru orzhu iuhtxhqflhv/ w|slfdoo| prqwko| iuhtxhqflhv dqg qrw vr pxfk dw wkh gdlo|
iuhtxhqf| +xvxdoo|/ d yhu| vpdoo sduw ri wkh yduldqfh,1 Rqh dovr kdv wr irfxv rq wkh sduw ri wkh
uhwxuqv wkdw fdq eh h{sodlqhg e| sdvw uhwxuqv/ ehfdxvh lw pljkw eh d phdvxuh ri lqh!flhqf| udwkhu
wkdq d phdvxuh ri lqwhjudwlrq dv rxwolqhg e| Iudw}vfkhu +5333,1

Zkhq rqh mxvw uhjuhvvhv wkh fxuuhqw uhwxuq ri d frxqwu| ru vhfwru0edvhg lqgh{ rq wkh fruuh0
vsrqglqj uhwxuq ri wkh suhylrxv gd|/ wklv kdv qrw d fohdu lpsdfw rq wkh lqwhjudwlrq phdvxuh zh
sursrvh1 Lq dq| fdvh/ wkh sdvw lqirupdwlrq frqwulexwhv srruo| wr wkh h{sodqdwlrq ri wkh g|qdplfv=
wkh uhwxuqv duh yhu| zhdno| lqwhuwhpsrudoo| fruuhodwhg +vhh Dsshqgl{ 4,1 Qrwh krzhyhu wkdw uh0
wxuqv iurp Hxurshdq frxqwulhv fdq eh fruuhodwhg zlwk odjjhg uhwxuqv iurp wkh uhvw ri wkh zruog/
gxh wr gl�huhqfhv lq wkh rshqlqj krxuv ri wkh pdunhwv1

Dv h{sodlqhg odwwhu/ zh frqgxfw sulqflsdo frpsrqhqw dqdo|vlv ri fruuhodwlrq pdwulfhv/ ehfdxvh
wkh pd{lpdo hljhqydoxh lv wkh vxp ri wkh vtxduhg fruuhodwlrq frh!flhqwv ehwzhhq wkh frpprq
idfwru dqg wkh gl�huhqw uhwxuqv1 Dffruglqjo|/ dq lqwhjudwlrq phdvxuh edvhg rq wklv hljhqydoxh/ lv
gluhfwo| uhodwhg wr wkh frpryhphqwv ri wkh uhwxuqv1 Wkxv/ wkh qrupdol}dwlrq xvhg wr jhw fruuhodwlrq
pdwulfhv lv rewdlqhg e| frqvlghulqj wkh frqglwlrqdo yrodwlolw| dv hvwlpdwhg/ hdfk gd|/ rq wkh edvlv ri
wkh vhw ri revhuydwlrqv ri wkh dvvrfldwhg zlqgrz1 Lw zrxog eh lqwhuhvwlqj wr lqyhvwljdwh qrupdolw|
ri wkh vr uhgxfhg uhwxuqv/ ehfdxvh vhuldo qrq0fruuhodwlrq lv wkxv htxlydohqw wr lqghshqghqf|1 Wklv
dqdo|vlv dqg pruh jhqhudoo| wkh fduhixo lqyhvwljdwlrq ri doo qrq0vwdqgdug surshuwlhv ri wkh uhwxuqv
kdv ehhq sduwldoo| frqgxfwhg1 Dw wklv vwdjh/ mxvw qrwh wkdw wkh xvxdo wudqvirupdwlrqv ri wkh uhwxuqv
wkdw zh h{shulphqwhg5 gr qrw ghhso| prgli| wkh pdlq ihdwxuhv ri wkh g|qdplfv ri wkh lqwhjudwlrq
phdvxuh+v, zh sursrvh1

615 Lqwhjudwlrq ihdwxuhv dv uhyhdohg e| d whvw surfhgxuh

Edl dqg Qj +5335, kdyh sursrvhg vrph lqirupdwlrq fulwhuld wr lghqwli| wkh uhohydqw qxpehu ri
frpprq idfwruv/ dv h{wudfwhg iurp d idfwruldo dqdo|vlv lq wkh olqhv ri Vwrfn dqg Zdwvrq +4<<;,1
Zh xvh/ khuh/ wzr ri wkhvh lqirupdwlrq fulwhuld zklfk duh=1

LF4 @ oq+Y , .N � oq+ QW
Q.W ,
QW
Q.W

LF5 @ oq+Y , .N � oq+pd{+Q>W ,,
QW
Q.W

zkhuh Y @ 4
QW

SQ
l@4

SW
w@4+[w � �Iw,

5 dqg N lv wkh qxpehu ri idfwruv

5Uhvxowv duh dydlodeoh xsrq uhtxhvw
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Zh orrn dw wkh idfwruldo prgho wr ghvfuleh wkh uhwxuqv Ulm>w

Ulm>w �Ulm>W @
N[

n@4

�lm>nInw . %lm>w

dqg zh zdqw wr lghqwli| N= E| lpsohphqwlqj wkhvh lqirupdwlrq fulwhuld uhfxuvlyho|/ dorqj zlwk wkh
g|qdplf idfwruldo dqdo|vlv/ zh �qg wkdw wkh qxpehu ri frpprq idfwruv lv ghfuhdvlqj ryhu wlph
lqglfdwlqj dq lqfuhdvlqj lqwhjudwlrq lq wkh Hxurshdq duhd1 Lq sduwlfxodu/ zh revhuyh wzr pdlq
uhjlphv/ d �uvw rqh ehiruh plg <;/ zkhuh wkh qxpehu ri frpprq idfwruv ydulhv ehwzhhq 7 0dw wkh
ehjlqqlqj/ wkdw lv ehiruh plg0<70 dqg 6 dqg d vhfrqg rqh/ iurp 4<<; xqwlo 5335/ zkhuh wkh qxpehu
ri frpprq idfwruv lv doprvw dozd|v htxdo wr 51

^lqvhuw �jxuh 4`

Lq zkdw iroorzv/ zh irfxv rq idfwruldo dqdo|vlv ri gl�huhqw uhwxuqv/ e| uhwdlqlqj mxvw rqh idfwru
wr ghvfuleh wkh frpprq pryhphqwv ri wkh uhwxuqv1

616 Joredo lqwhjudwlrq phdvxuh rewdlqhg e| d Sulqflsdo frpsrqhqw dqdo0
|vlv ri wkh fruuhodwlrq pdwul{

Dv dqqrxqfhg suhylrxvo|/ dw hdfk gdwh/ zh lpsohphqw d Idfwruldo Dqdo|vlv lq wkh olqhv ri Vwrfn
dqg Zdwvrq +4<<;, +Vhh dsshqgl{ iru pruh ghwdlov,/ wkdw lv d uhfxuvlyh sulqflsdo frpsrqhqw dqdo0
|vlv ri wkh fruuhodwlrq pdwul{1 Wkh dqdo|vlv lv qrw vwulfwx vhqvx g|qdplf ehfdxvh rqh irfxvhv rq
frqwhpsrudqhrxv uhwxuqv1 Krzhyhu/ wkh hvwlpdwlrq lv frqgxfwhg uhfxuvlyho| zlwk d uroolqj zlqgrz
ri wkuhh |hduv + ru rqh |hdu, dv ghwdlohg lq wkh suhylrxv vhfwlrqv1

Iru wkh sdqho ri wkh frxqwulhv olplwhg wr wkh Hxur duhd/ zh �qg wkdw wkh �uvw idfwru lv wkh rqo|
rqh zklfk glvsod|v g|qdplf ihdwxuhv1 Vr zh ghflgh wr uhwdlq rqo| wkh �uvw idfwru wr vxppdul}h wkh
hyroxwlrqdu| fr0pryhphqwv/ wkdw lv=1

Ulm>w �Ulm>W @ �lm>4I4w . %lm>w= ++4,,

Wkhq/ zh fkhfn wkdw wkh furvv vhfwlrqdo fruuhodwlrqv ri wkh uhvlgxdov %lm>w duh vljql�fdqwo| orzhu
wkdq wkh furvv vhfwlrqdo fruuhodwlrqv ri wkh uhwxuqv/ dv phdvxuhg e| wkh dvvrfldwhg vtxduhg pd{lpdo
hljhqydoxh/ zklfk lv wkh vxp ri wkh vtxduhg fruuhodwlrq frh!flhqwv ehwzhhq wkh uhvlgxdov dqg wkh
frpprq idfwru1

^lqvhuw �jxuh 5`

Nhhslqj mxvw rqh frpprq idfwru/ zh gh�qh d joredo lqwhjudwlrq phdvxuh dv wkh vtxduhg pd{lpdo
hljhqydoxh ri wkh fruuhodwlrq pdwul{ ri wkh uhwxuqv/ zlwk wkh fruuhodwlrq pdwul{ hvwlpdwhg iurp wkh
revhuydwlrqv ri wkh fxuuhqw zlqgrz1 Wklv phdvxuh fdq eh h{suhvvhg dv=

L
+J,
w @

L[
l@4

Ml[
m@4

eu5 �Ulm>w> fI4w

�

zlwk eu5 �Ulm>w> fI4w

�
@

S
w
v@W�w

Ulm>v>gI4vtS
w
v@W�w+Ulm>v�Ulm,

5
sS

w
v@W�w

I 5

4v

zkhuh W ghqrwhv wkh qxpehu ri revhuyd0

wlrqv ri wkh zlqgrz1 fI4w lv wkh �uvw frpprq idfwru 1
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^lqvhuw �jxuh 6`

Zh xvh d uroolqj zlqgrz ri/ vxffhvvlyho|/ wkuhh |hduv dqg rqh |hdu> Iljxuh +5, glvsod|v L
+J,
w

iru erwk wkh hxur duhd dqg wkh uhvw ri wkh zruog1 Qrw vxusulvlqjo|/ lqwhjudwlrq lv kljkhu iru wkh
hxur duhd1 Wklv surshuw| frxog eh sduwo| h{sodlqhg e| wkh idfw wkdw wkh pdunhwv ri wkh uhvw ri
wkh zruog duh qrw v|qfkurql}hg1 Pruhryhu/ rqh revhuyhv wkdw wkh lqwhjudwlrq ghfuhdvhv iurp 4<<6
xqwlo 4<<9/ zlwk d whqghqf| wr lqfuhdvh iurp wklv gdwh/ �uvw vorzo| dqg wkhq/ iurp 4<<; wr Mdqxdu|
4<<</ yhu| vkduso|1 Wkh lqwurgxfwlrq ri wkh vlqjoh fxuuhqf| kdv reylrxvo| errvwhg wkh lqwhjudwlrq
surfhvv1 D vljql�fdqw lqfuhdvh iroorzv wkh dqqrxqfhphqw ri wkh HPX phpehuv durxqg Pd| 4<<;/
dqg wklv lqfuhdvlqj whqghqf| lv fohduo| lqwhqvl�hg ryhu wkh vhfrqg sduw ri wkh |hdu 4<<; xqwlo
lqwurgxfwlrq ri wkh Hxur lq Mdqxdu| 4<<<1 Diwhuzdugv/ wkh lqwhjudwlrq ghfuhdvhv olnho| gxh wr wkh
fulvlv lq wkh qhz whfkqrorj| vhfwru dqg/ dw wkh hqg ri wkh shulrg/ wkh phdvxuh lv durxqg lwv lqlwldo
ohyho1 Wkh ihdwxuh ri wkh fxuyh ryhu wkh odvw |hdu vxjjhvwv wkdw wkh lqwhjudwlrq pljkw lqfuhdvh djdlq1
Zlwk d uroolqj zlqgrz ri wkuhh |hduv/ wkh lqwhjudwlrq phdvxuh ru wkh uhvw ri wkh zruog lv dozd|v
ehorz wkh Hxurshdq lqwhjudwlrq phdvxuh dqg wkh gl�huhqwldo ehwzhhq erwk phdvxuhv lv vljql�fdqwo|
lqfuhdvhg vlqfh 4<<;1 Wkh Hxur frqyhujhqfh surfhvv kdv reylrxvo| errvwhg lqwhjudwlrq ryhu 4<<;0
4<<<1 Rqh dovr revhuyhv wkdw wkh vhfwruv kdyh d fohdu lpsdfw rq wkh lqwhjudwlrq= iru h{dpsoh/ wkh
phdvxuh vkduso| ghfuhdvhv gxulqj 5333 xqgrxewhgo| ehfdxvh ri wkh lqwhqvl�hg khwhurjhqhlw| ri wkh
lqyhvwphqw rssruwxqlwlhv +lq wkh qhz whfkqrorjlhv iru h{dpsoh, gxulqj wklv shulrg 1Wkh rqh |hdu
uroolqj zlqgrz lv sduwlfxoduo| xvhixo wr kljkoljkw wklv lpsdfw1 Qrwh wklv idfw lv revhuyhg ryhudoo wkh
zruog1

Frpsduhg wr wkh uhvxowv rewdlqhg e| Iudw}vfkhu +5334,/ wkh uhvxowv zh rewdlq duh eurdgo|
vshdnlqj vlplodu hvshfldoo| diwhu 4<<81 Wkh rqo| qrwlfhdeoh gl�huhqfh lv ryhu wkh |hdu 4<<6 zklfk
glvsod|v d vwdeoh orz lqwhjudwlrq ohyho lq Iudw}vfkhu/ ri wkh vdph rughu dv wkh rqh revhuyhg ryhu
4<<51 Wklv dxwkru lqwhusuhwv wklv ihdwxuh dv uhvxowlqj iurp wkh hfrqrplf fulvlv +uhfhvvlrq shulrg, lq
Hxursh gxulqj wkhvhv |hduv/ exw kh dovr phqwlrqv wkdw lqwhjudwlrq vhhpv wr kdyh lqfuhdvhg ehwzhhq
wkh Dvldq vwrfn pdunhwv gxulqj wkh 4<<:04<<; fulvlv1 Vr/ wkh lpsdfw ri d fulvlv rq lqwhjudwlrq lv
xqfhuwdlq1 Khuh/ zh revhuyh d ghfuhdvh ri wkh lqwhjudwlrq phdvxuh iurp 4<<6 wr 4<<81 Lw frxog eh
uhsuhvhqwdwlyh ri wkh ghod|hg lpsdfw ri wkh hfrqrplf uhfhvvlrq revhuyhg gxulqj 4<<504<<6/ exw qrw
vr v|qfkurql}hg ryhu wkh gl�huhqw frxqwulhv ri wkh Hxur duhd1 Pruhryhu/ lw lv zruwk hpskdvl}lqj
wkdw wkh lqwhjudwlrq phdvxuh zh exlog lv d ixqfwlrq ri wkh uhwxuqv ri frxqwu| dqg vhfwru0edvhg
lqgh{hv/ zkloh Iudw}vfkhu rqo| zrunv zlwk frxqwu|0edvhg lqgh{hv1

Ilqdoo|/ lw lv zruwk hpskdvl}lqj wkdw xqwlo 4<<6/ wkh vwrfn pdunhw wxuqryhu lv h{wuhpho| vpdoo
frpsduhg wr wkh rqh zklfk fdq kdv ehhq revhuyhg diwhuzdugv1 Wkh yroxph h�hfw lv fohduo| dw kdqg
dqg lw pxvw eh nhsw lq plqg ehfdxvh doo sulfh vhulhv duh txlwh vlplodu dqg wklv sur{lplw| vkrxog
qrw eh lqwhusuhwhg lq whupv ri lqwhjudwlrq1 Vr/ lw lv ehwwhu wr irfxv rq wkh uhfhqw shulrg 4<<905335
wr lqyhvwljdwh wkh �qdqfldo lqwhjudwlrq lq wkh qhz +Hxurshdq, uhjlph +4<<;05335,/ lq frqwudvw zlwk
wkh frpryhphqwv revhuyhg ehiruh +4<<804<<;,1 Dffruglqjo|/ wkh gl�huhqfhv ehwzhhq rxu uhvxowv
dqg wkh rqhv rewdlqhg e| Iudw}vkhu +5334, duh qrw vr zruwk ehlqj frpphqwhg1

Qrz/ zh orrn dw wkh gl�huhqfhv ru vlplodulwlhv lq wkh frqwulexwlrqv ri wkh vhfwruv dqg frxqwulhv
wr wkh frpryhphqwv ri wkh uhwxuqv1

617 Uhodwlyh frqwulexwlrqv ri vhfwruv dqg frxqwulhv wr wkh �qdqfldo lqwh0
judwlrq surfhvv

Zh frqgxfw vxffhvvlyho| d GID rq wkh sdqho ri wkh uhwxuqv ri wkh frxqwu|0edvhg lqgh{hv dqg rq
wkh vhfwru0edvhg lqgh{hv1 Ri frxuvh/ wkh frqglwlrqv uhtxluhg wr kdyh wkh frqvlvwhqf| surshuwlhv ri
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wkh hvwlpdwhv ri wkh idfwruv lq wkh olqhv ri Vwrfn dqg Zdwvrq +4<<;, duh qrw vdwlv�hg ehfdxvh wkh
sdqho glphqvlrq lv wrr orz1 Dq|zd|/ dv iru wkh joredo GID/ rqh mxvw uhwdlqv wkh �uvw idfwru ri wkh
SFD ri wkh fruuhodwlrq pdwul{ wr exlog wkh wzr fruuhvsrqglqj lqwhjudwlrq phdvxuhv/ ehfdxvh wkh
dvvrfldwhg vtxduhg pd{lpdo hljhqydoxh fdswxuhv doo g|qdplf ihdwxuhv ri wkh frpryhphqwv1

Iluvw/ iru wkh frxqwulhv=

Uf
lw �Uf

lW @ �f
l4I

f
4w . %flw> 4 � l � L ++5,,

zkhuh Uf
lw +uhvs1 Uf

lW , ghqrwhv wkh uhwxuq ri wkh lqgh{ ri frxqwu| l +uhvs1 wkh fruuhvsrqglqj
klvwrulfdo phdq ryhu shulrg ^3> W `, dqg I f

4w lv wkh �uvw idfwru ri wkh SFD frqgxfwhg iru wkh vhw ri
wkh frxqwu|0edvhg uhwxuqv,1 Wkh fruuhvsrqglqj lqwhjudwlrq phdvxuh lv jlyhq e|=

Lfw @
L[

l@4

eu5 �Uf
lw> fI f

4w

�

^lqvhuw �jxuh 7`

Wkhq iru wkh vhfwruv=

Uv
m>w �Uv

m>W @ �v
m>4I

v
4w . %vmw> 4 � m � M ++6,,

zkhuh Uv
m>w +uhvs1 Uv

m>W , ghqrwhv wkh uhwxuq ri wkh lqgh{ ri frxqwu| l +uhvs1 wkh fruuhvsrqglqj
klvwrulfdo phdq ryhu shulrg ^3> W `, dqg I v

4w lv wkh �uvw idfwru ri wkh Sulqflsdo Frpsrqhqw Dqdo|vlv
+SFD, frqgxfwhg iru wkh vhw ri wkh vhfwru0edvhg uhwxuqv1 Dffruglqjo|/ wkh vhfwru0edvhg lqwhjudwlrq
phdvxuh lv=

Lvw @
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m@4

eu5 �Uv
mw>
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^lqvhuw �jxuh 8`

Qrwh wkdw Lfw dqg Lvw / zklfk duh olqhdu frpelqdwlrqv ri uhvshfwlyho| frxqwu|0edvhg uhwxuqv Uf
lw

dqg vhfwru0edvhg uhwxuqv Uv
mw / duh dovr olqhdu frpelqdwlrqv ri wkh lqlwldo uhwxuqv Ulm>w1 Dffruglqjo|/

wkh idfwruv h{wudfwhg iurp wkh sduwldo SFDv/ duh frqvwudlqhg olqhdu frpelqdwlrqv ri wkh lqlwldo
uhwxuqv xvhg lq wkh joredo SFD1 Vr/ wkh| h{sodlq d orzhu sduw ri wkh yduldqfh ri doo uhwxuqv Ulm>w1
Wkh uhvxowv duh glvsod|hg lq �jxuhv 7 dqg 81

Rqh revhuyhv wkdw wkh g|qdplfv ri Lfw rqo| ehkdyh txlwh vlploduo| wr wkh joredo lqwhjudwlrq
phdvxuh L+J,

w / h{fhsw gxulqj wkh vhfrqg uhjlph= wkh ghfuhdvlqj pryhphqw lv qrw vr vkdus dqg ghhs
iru wkh frxqwulhv ehfdxvh wkh h�hfwv ri vhfwruv duh qrw gluhfwo| dw zrun dqg lq sduwlfxodu wkh exeeoh
dqg fulvlv ri wkh qhz whfkqrorjlhv vhfwru1 Li rqh orrnv dw wkh gl�huhqfh ehwzhhq wkh frxqwu|0edvhg
lqwhjudwlrq phdvxuhv ri wkh hxur duhd dqg wkh uhvw ri wkh zruog/ rqh revhuyhv wkdw wkhuh duh wzr
uhjlphv zlwk wkh euhdn dw wkh plggoh ri 4<<; dv phqwlrqhg ehiruh1 Lqghhg wkh gl�huhqfh lv doprvw
frqvwdqw ryhu wkh wzr uhjlphv/ hpskdvl}lqj wkh h�hfw ri wkh lqwurgxfwlrq ri hxur1 Frqfhuqlqj wkh
vhfwruv/ wkh lqwhjudwlrq phdvxuh wkh| surylgh lv frqvwdqwo| ghfuhdvlqj/ h{fhsw dw wkh hqg ri wkh
zkroh shulrg/ zkhuh rqh revhuyhv d voljkw whqghqf| ri wkh lqwhjudwlrq phdvxuh wr lqfuhdvh djdlq1
Rqh uhpdunv wkh shuvlvwhqf| lq wkh g|qdplfv ri wklv phdvxuh1 Qrwh dovr wkdw wklv g|qdplfv d
vlplodu ihdwxuhv lq wkh Hxur duhd dqg wkh uhvw ri wkh zruog1

<



Iurp qrz rq/ zh irfxv rq wkh Hxur duhd1 Qrwh wkdw rqh fdq qrw frpsduh wkh wzr sduwldo
lqwhjudwlrq phdvxuhv ehfdxvh wkh idfwruldo dqdo|vlv duh qrw frqgxfwhg rq qhvwhg sdqhov1 Krzhyhu/
frqvlghulqj wkh wzr phdvxuhv vxffhvvlyho|/ lw lv srvvleoh wr fkdudfwhul}h wkh hyroxwlrq ri wkh frp0
prq ulvn/ wkdw lv wkh hyroxwlrq ri wkh yduldqfh h{sodlqhg e| wkh idfwru/ ru/ htxlydohqwo|/ ri wkh
frpryhphqwv phdvxuhg e| wkh vxp
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rqh revhuyhv wkdw wkh frpprq sduw ri wkh ulvn vkduhg e| wkh frxqwu|0edvhg uhwxuqv lv kljkhu ryhu
wkh vhfrqg uhjlph wkdq ryhu wkh �uvw rqh +durxqg 3173 yhuvxv 3188,/ lqglfdwlqj d ghhshu lqwhjudwlrq1
Frqfhuqlqj wkh vhfwruv/ wkh frpprq ulvn lv frqvwdqwo| ghfuhdvlqj ryhu wlph 0h{fhsw dw wkh yhu|
hqg ri wkh shulrg1 Exw lw lv zruwk hpskdvl}lqj wkdw rqh fdq uhfrjql}h wzr uhjlphv ri lqwhjudwlrq
durxqg 4<<</ zkhq lqwhjudwlrq lv phdvxuhg wkurxjk vhfwru0edvhg uhwxuqv= wkhvh uhwxuqv kdyh d
kljkhu glvshuvlrq diwhu wkdq ehiruh1

Wr frpsduh pruh suhflvho| wkh uhodwlyh frqwulexwlrqv ri wkh vhfwruv dqg frxqwulhv wr �qdqfldo
lqwhjudwlrq lq Hxursh zh h{dplqh wkh ghwhuplqdqwv ri wkh joredo idfwru1 Zh uhjuhvv wklv idfwru ryhu
wkh Hxurshdq frxqwu|0edvhg uhwxuqv1 Wkh idfwru dv zhoo dv wkh uhwxuqv ri wkh gl�huhqw lqgh{hv duh
olqhdu frpelqdwlrqv ri wkh lqlwldo uhwxuqv1 Exw wkh odwwhu lv qrw revhuyhg frqwudu| wr wkh iruphu1 Vr
zh duh idfhg zlwk dq huuru0 lq 0wkh yduldeoh sureohp lq wkh gh�qlwlrq ri wkh hqgrjhqrxv yduldeoh1
Dsduw iurp wklv sureohp/ wkh lqihuhqfh lv txlwh vwdqgdug dv doo yduldeohv duh vwdwlrqdu|1 Wkh
uhjuhvvlrq lv wkh iroorzlqj=
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E| irfxvlqj rq wkh frh!flhqwv U5 ri wkh uhjuhvvlrq dw hdfk gdwh/ zh revhuyh wkdw wklv frh!flhqw
lv dssur{lpdwho| frqvwdqw ryhu wlph dqg txlwh qhdu wr 4/ h{fhsw lq wkh yhu| uhfhqw shulrg zkhuh lw
ghfuhdvhv voljkwo|1 Dffruglqjo|/ lw dsshduv wkdw wkh frxqwu|0edvhg lqgh{hv fdswxuh wkh pdlq sduw
ri wkh frpprq ulvn ri wkh uhwxuqv Ulm ryhu wkh zkroh shulrg1 Wkh kljkhu ydoxh ri U5frh!flhqwv
lv vwulnlqj/ exw rqh fdq fkhfn/ e| uhjuhvvlrq wkdw I4 fdq eh plplfnhg e| d Hxurshdq pdunhw
sruwirolr/zklfk dffruglqjo| dsshdu dv zhoo0glyhuvl�hg= wkh fruuhodwlrq ehwzhhq wkh joredo idfwru
dqg wkh uhwxuq ri wkh Hxurshdq joredo lqgh{ lv frqvwdqwo| txlwh qhdu wr 41 Wkxv/ lw lv qrw vxusulvlqj
wr �qg wkdw wkh vhfwru0edvhg lqgh{hv dovr fdswxuh wkh pdlq sduw ri wkh frpprq ulvn ri wkh uhwxuqv61

Li rqh lpsohphqwv wkh uhjuhvvlrq=
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rqh fdq frpphqw wkh ihdwxuhv ri wkh frh!flhqwv �fldqg �vm zkhuh �v ghqrwh wkh frh!flhqwv zklfk
phdvxuh wkh uhodwlyh frqwulexwlrq ri wkh vhfwruv wr wkh joredo idfwru1
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Wkh iroorzlqj �jxuhv uhsruw wkh g|qdplfv ri wkh hvwlpdwhv ri wkh �fl dqg wkh �vm zklfk vkrz wkh
hyroxwlrqdu| frqwulexwlrqv ri wkh gl�huhqw uhwxuqv wr wkh idfwru1 Zh qrwh wkdw wkh �f frh!flhqwv
glvsod| d kljkhu +furvv0vhfwlrqdo, glvshuvlrq ehiruh 4<<;1 Wkhuh h{lvw fohduo| wzr uhjlphv/ ehiruh dqg
diwhu wkh vlqjoh fxuuhqf| + zlwk d vwuxfwxudo euhdn durxqg 4<<;/ fruuhvsrqglqj wr wkh dqqrxqfhphqw
ri wkh HPX phpehuv,1 Vlqfh wklv gdwh/ doo frxqwulhv kdyh qhduhu frqwulexwlrqv wr wkh frpprq sduw
ri wkh ulvn vkduhg e| wkh lm�uhwxuqv> lq wkdw vhqvh/ d frqyhujhqfh surfhvv kdv rffxuuhg1 Dv wkh
lqwhjudwlrq lv hvwlpdwhg ryhu d uroolqj zlqgrz ri wkuhh |hduv/ zh fdq h{foxgh wkdw wkh frqyhujhqfh
lv vroho| gxh wr d phfkdqlf h�hfw ri wkh h{fkdqjh udwh1

^lqvhuw �jxuh 9`

Frqfhuqlqj wkh �v frh!flhqwv/ rqh dovr revhuyhv d frqyhujhqfh surfhvv lq wkh vhqvh ri d ghfuhdvlqj
glvshuvlrq1

^lqvhuw �jxuh :`

Lq wkh qh{w vhfwlrq/ zh dlp dw frpsdulqj wkh vshfl�f frqwulexwlrqv ri wkh frxqwu|0edvhg dqg
vhfwru0edvhg vwrfn lqgh{hv1 wr wkh fr0pryhphqwv vxppdul}hg e| wkh �uvw joredo idfwru1

7 Vshfl�f frqwulexwlrqv ri wkh vhfwru0 dqg frxqwu| edvhg
lqgh{hv wr wkh �vw joredo idfwru

Rqh xvxdoo| dgplwv wkdw dq lqfuhdvlqj 0dqg pdmru0 sduw ri pdqdjhuv ri wkh Hxurshdq htxlw| pdunhwv
fxuuhqwo| eholhyh lq wkh vxshulrulw| ri sruwirolr doorfdwlrq vwudwhjlhv edvhg rq vhfwruv1 Dowkrxjk
wkh ehqh�wv ri lqwhuqdwlrqdo glyhuvl�fdwlrq dulvlqj iurp orz fruuhodwlrqv dprqj htxlw| pdunhwv duh
zhoo grfxphqwhg/ wkh pdlq vrxufhv gulylqj fruuhodwlrqv uhpdlq frqwuryhuvldo1

Lw lv lqwhuhvwlqj wr uhihu wr Kdpholqn hw do +5334, zkr lghqwli| wxuexohqfh shulrgv e| irfxvlqj
rq wkh prqwko| fxpxodwlyh furvv vhfwlrqdo glvshuvlrq dprqj sxuh frxqwu| dqg sxuh vhfwru idfwruv
dffruglqj wr wkhlu whuplqrorj|1 Lq Vhswhpehu 5333 wkh vhfwruv zhuh wzlfh dv yrodwloh dv frxqwu|
uhwxuqv dqg wkuhh wlphv lq Iheuxdu| 53341 Krzhyhu/ prvw ri wkh wlph wkh glvshuvlrq ri wkh frxqwu|
uhwxuqv lv pxfk kljkhu wkdq vhfwru uhwxuqv1 Pruhryhu/ ryhu wkh ryhudoo shulrg/ wkh glvshuvlrq ri
frxqwu| uhwxuqv lv 3158( shu prqwk zkloh lw lv dv orz dv 314<( iru vhfwru uhwxuqv1 Dffruglqjo|/ wkh
frxqwu|0edvhg doorfdwlrqv vhhp wr r�hu kljkhu glyhuvl�fdwlrq rssruwxqlwlhv1 Krzhyhu/ e| frqvlg0
hulqj wkh dyhudjh fruuhodwlrq dprqj frxqwu| dqg vhfwru sxuh idfwruv ryhu wlph +uhvs1 ehwzhhq :(
dqg 4:( dqg 08( dqg 05(,/ wkh dxwkruv frqfoxgh wkdw vhfwru idfwruv vhhp wr r�hu voljkwo| kljkhu
glyhuvl�fdwlrq ehqh�wv1

Ohw xv dovr phqwlrq wkh vwxg| e| Jul!q dqg Nduro|l +4<<;, zkr h{dplqh wkh h{whqw wr zklfk
jdlqv ri glyhuvl�fdwlrq duh gxh wr gl�huhqfhv lq lqgxvwuldo vwuxfwxuh dfurvv frxqwulhv1 Wkh| uhihu
wr d srsxodu frpsxwdwlrq ri wkh sursruwlrq ri wkh yduldqfh ri d vlqjoh uhsuhvhqwdwlyh �up*v vwrfn
wkdw fdq eh uhgxfhg e| frpelqlqj wklv vwrfn zlwk rwkhu vwrfnv udqgrpo| vhohfwhg iurp wkh wrwdo
srsxodwlrq1 Wr dvvhvv glyhuvl�fdwlrq ehqh�wv/ wkh| h{dplqh wkh fryduldqfhv ehwzhhq vwrfnv edvhg
rq wkhlu lqgxvwuldo dqg frxqwu| phpehuvklsv dv d shufhqwdjh ri wkh dyhudjh vwrfn yduldqfh1 Wkh|
�qg wkdw udqgrpo| frpelqlqj vhfxulwlhv dfurvv gl�huhqw lqgxvwulhv lqwr odujh sruwirolrv zlwklq
hdfk frxqwu| fdq uhgxfh wkh yduldqfh wr 541<( ri wkh yduldqfh ri wkh lqglylgxdo vwrfn1 E| frqwudvw/
glyhuvl�fdwlrq dfurvv frxqwulhv hyhq zlwklq d vlqjoh lqgxvwu| fdq dfklhyh doprvw ;17( ri wkh dyhudjh
lqglylgxdo vwrfn yduldqfh/ zklfk lv forvh wr wkh xquhvwulfwhg olplw ri :139( 1
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Lq lqyhvwljdwlqj lqwhjudwlrq surshuwlhv dqg pruh suhflvho| wkh frqwulexwlrqv ri vhfwru dqg
frxqwu|0edvhg lqgh{hv wr lqwhjudwlrq/ zh kdyh irxqg wkdw wkh frxqwulhv dozd|v vkduh d zhdnhu
frpprq sduw dv frpsduhg wr wkh vhfwruv/ zlwk d fohdu gl�huhqfh ehwzhhq wkh ehjlqqlqj dqg wkh
hqg ri wkh shulrg xqghu vwxg|= wkh vhfwruv dsshdu pruh lqwhjudwhg ehiruh wkdq diwhu frqwudu| wr
wkh frxqwulhv dqg erwk vhfwru0edvhg dqg frxqwu|0edvhg lqgh{hv glvsod| vlplodu lqwhjudwlrq surshu0
wlhv ryhu wkh prvw uhfhqw shulrg1 Lq whupv ri fruuhodwlrqv/ frxqwu|0edvhg uhwxuqv duh dozd|v ohvv
fruuhodwhg wkdq vhfwru0edvhg rqhv exw wkh gl�huhqfh lv qrw vr vkdus ryhu wkh prvw uhfhqw shulrg1

Pruhryhu/ zh kdyh irxqg wkdw wkh joredo dfwru I4 fdq eh rewdlqhg dv d olqhdu frpelqdwlrq
ri wkh uhwxuqv ri wkh frxqwu|0edvhg lqgh{hv rqo|/ ru/ htxlydohqwo| vhfwru0edvhg lqgh{hv xs wr d
uhvlgxdo zkrvh yduldqfh lv h{wuhpho| orz dqg frqvwdqw ryhu wlph1 Vr wkh pdlq sduw ri wkh yduldqfhv
ri wkh lqlwldo :: uhwxuqv fdq eh h{sodlqhg e| erwk nlqgv ri lqgh{hv wdnhq vhsdudwho|1 Dv wkh qh{w
idfwruv rqo| h{sodlq d ihz shufhqwv ri wkh yduldqfh dqg dv wkh furvv0vhfwlrqdo fruuhodwlrqv ehwzhhq
wkh uhvlgxdov duh orz/ rqh fdq fodlp wkdw wkh idfwru I4/ zkrvh vwuxfwxuh lv yhu| forvhg wr wkh rqh
ri d Hxurshdq Vwrfn lqgh{ pdlqo| frqwulexwhv wr wkh frpprq zhoo0glyhuvl�hg sduw ri doo uhwxuqv1
Dffruglqjo|/ zh fdq lqwhusuhw wkh uhvlgxdo yduldqfh dv phdvxulqj wkh qrq0glyhuvl�hg sduw ri wkh
ulvn/ zklfk fdq eh holplqdwhg e| fkrrvlqj d uhohydqw sruwirolr doorfdwlrq1

Li rqh dffhswv wklv lqwhusuhwdwlrq/ lw lv lqwhuhvwlqj wr orrn dw wkh uhvlgxdo sduw %flri wkh ulvn
lghqwl�hg iru wkh frxqwu|0edvhg uhwxuqv iurp uhjuhvvlrq +5,1 Pruh suhflvho|/ rqh fdq uxq d uhfxu0
vlyh SFD rq wkh fruuhodwlrq pdwul{ ri wkhvh uhvlgxdov1 Wkh fruuhvsrqglqj g|qdplf �lqwhjudwlrq
phdvxuh� jlyhv lqglfdwlrqv rq wkh fruuhodwlrqv ehwzhhq wkh lglrv|qfudwlf sduwv ri wkh uhwxuqv dqg
dffruglqjo| rq wkh glyhuvl�fdwlrq rssruwxqlwlhv r�huhg e| frxqwu|0edvhg sruwirolr doorfdwlrq vwudwh0
jlhv1

Rqh revhuyhv wkdw furvv0fruuhodwlrqv ri wkh uhvlgxdov %fl duh dssur{lpdwho| frqvwdqw ryhu wlph1
Lqghhg wkh furvv0fruuhodwlrq phdvxuh=
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lv dssur{lpdwho| frqvwdqw ryhu wlph durxqg 3173 Wklv surshuw| lv qrw irxqg iru wkh vhfwru0edvhg
uhwxuqv +L+%,vw ,1 Wkh fruuhvsrqglqj furvv0fruuhodwlrq phdvxuh fkdqjhv ryhu wlph dqg lv frqvwdqwo|
ghfuhdvlqj iurp 31:; wr derxw 316;1

^lqvhuw �jxuh ;`

Qrwh wkdw wkh odwwhu uhvxowv pd| kdyh ehhq d�hfwhg e| wkh exeeoh dqg wkh fulvlv ri qhz whfkqrorjlhv/
zklfk fdq kdyh zhdnhqhg wkh furvv0fruuhodwlrqv1

Dffruglqj wr wkhvh revhuydwlrqv/ li wkh frpprq joredo idfwru I4vxppdul}hv wkh zhoo0glyhuvl�hg
0dqg sulfhg0 sduw ri wkh ulvn/ rqh vkrxog frqfoxgh wkdw wkh frxqwu|0edvhg sruwirolr doorfdwlrq
vwudwhjlhv vhhp wr r�hu pruh lqwhuhvwlqj glyhuvl�fdwlrq rssruwxqlwlhv1 Krzhyhu/ wr frq�up vxfk
d frqfoxvlrq/ lw zrxog eh qhfhvvdu| wr whvw krz pdq| idfwruv vkrxog eh uhwdlqhg wr h{sodlq wkh
frpprq 0zhoo0glyhuvl�hg ulvn dqg pruh jhqhudoo| wr whvw iru pxowl0ehwd sulflqj lq wkh olqhv ri DSW1
Wklv dqdo|vlv lv ohiw iru ixuwkhu uhvhdufk1

8 Frqfoxvlrq
Lq wklv sdshu zh dlphg dw lqyhvwljdwlqj wkh �qdqfldo lqwhjudwlrq surfhvv lq Hxursh frpsduhg wr
wkh uhvw ri wkh zruog ryhu wkh odvw sdvw ghfdgh/ dv srwhqwldoo| uhyhdohg e| wkh g|qdplfv ri wkh gdlo|
uhwxuqv ri derxw <3 frxqwu| dqg vhfwru0edvhg lqgh{hv lq Hxursh dv zhoo dv lq wkh uhvw ri wkh zruog1
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Iluvw/ zh kdyh revhuyhg wkdw wkh uhohydqw qxpehu ri frpprq idfwruv 0dv lghqwl�hg e| lpsoh0
phqwlqj Edl dqg Qj*v whvw0 lv ghfuhdvlqj ryhu wlph/ lqglfdwlqj dq lqfuhdvlqj lqwhjudwlrq lq wkh Hxur
duhd1

Wkhq/ zh kdyh sursrvhg wr phdvxuh wkh lqwhjudwlrq ohyho dv wkh sduw ri wkh yduldqfh h{sodlqhg e|
wkh �uvw idfwru/ dv h{wudfwhg iurp d Idfwruldo Dqdo|vlv ri doo vhfwru0 dqg frxqwu|0edvhg uhwxuqv lq wkh
olqhv ri Vwrfn dqgZdwvrq +4<<;,1 Lqghhg/ wkh �uvw idfwru h{sodlqv wkh pdlq sduw ri wkh frpryhphqwv
ri doo uhwxuqv1 Pruhryhu/ lw lv wkh rqo| rqh zklfk glvsod|v fohdu g|qdplf ihdwxuhv dprqj doo idfwruv/
zklfk h{sodlq d ihz shufhqwv ri wkh yduldqfh1 Ilqdoo|/ wkh furvv vhfwlrqdo fruuhodwlrqv dprqj wkh
uhvlgxdov ri wkh Idfwruldo Dqdo|vlv zlwk rqo| rqh idfwru duh vljql�fdqwo| orzhu wkdq wkh rqhv ri wkh
uhwxuqv1 Wkh lqwhusuhwdwlrq ri wklv phdvxuh lv udwkhu d phdvxuh ri wkh frpprq ulvn vkduhg e| wkh
gl�huhqw lqgh{hv wkdq dq lqwhjudwlrq phdvxuh dv phdqw zkhq rqh uhihuv wr wkh sulqflsoh ri d xqltxh
sulfh1

Zlwk wklv lqwhusuhwdwlrq lq plqg/ lw lv zruwk hpskdvl}lqj wkdw wkh frxqwulhv dsshdu wr sod| d
grplqdqw uroh lq gulylqj wkh frpprq sduw ri wkh ulvn vkduhg e| doo uhwxuqv/ dv frpsduhg wr wkh
vhfwruv1 Lqghhg/ frqwudu| wr wkh vhfwru0edvhg lqwhjudwlrq phdvxuh/ wkh g|qdplfv ri wkh frxqwu|0
edvhg phdvxuh glvsod|v wzr uhjlphv 0ehiruh dqg diwhu 4<<;0/ zlwk d vljql�fdqw kljkhu lqwhjudwlrq
ohyho ryhu wkh vhfrqg uhjlph1 Wkh Hxurshdq lqwhjudwlrq surfhvv dsshduv fohduo| wr eh dw zrun lq
4<<;/ mxvw ehiruh wkh lqwurgxfwlrq ri wkh vlqjoh fxuuhqf|/ zkhuh wkh phdvxuh lqfuhdvhv vkduso|/
vlploduo| lq xhqfhg e| frxqwulhv dqg vhfwruv1 D phfkdqlf +dqg h{foxvlyh, h{fkdqjh udwh h�hfw
fdq eh h{foxghg ehfdxvh wkh lqwhjudwlrq phdvxuh lv hvwlpdwhg ryhu d uroolqj zlqgrz ri wkuhh |hduv1
Diwhuzdugv/ rqh fdq revhuyh wkh h�hfwv ri wkh exeeoh dqg fulvlv ri wkh qhz whfkqrorjlhv durxqg
5334/ wkurxjk d ghfuhdvlqj pryhphqw ri wkh lqwhjudwlrq phdvxuh/ pdlqo| gulyhq e| wkh vhfwru0edvhg
lqgh{hv1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh vhfwru0edvhg dqg frxqwu|0edvhg lqwhjudwlrq phdvxuhv uhdfk
d vlplodu ohyho dw wkh yhu| hqg ri wkh shulrg/ zklfk whqgv wr suryh wkdw lqwhjudwlrq kdv rffxuuhg
lq wkh Hxur duhd dfurvv erughuv= rqh fdq wklqn wkdw lqwhjudwlrq lv qrz pdlqo| gulyhq e| hfrqrplf
irufhv1

Pruhryhu/ wkh frpprq ulvn dv fdswxuhg e| wklv phdvxuh dsshduv wr eh orzhu iru wkh uhvw ri wkh
zruog hyhq diwhu fruuhfwlqj iru h�hfwv ri qrq0v|qfkurql}dwlrq ri wkh pdunhwv1

Rxu dqdo|vlv fdq qrw jlyh dq| suhflvh lqglfdwlrq rq wkh glyhuvl�fdwlrq rssruwxqlwlhv r�huhg
e| frxqwu|0edvhg sruwirolr doorfdwlrq vwudwhjlhv dv frpsduhg wr wkh rqhv r�huhg e| vhfwru0edvhg
rqhv1 Rqh fdq mxvw qrwlfh wkdw wkh iruphu vhhp qrw wr kdyh pxfk fkdqjhg ryhu wlph frqwudu| wr
wkh odwwhu1 Lqghhg/ lw dsshduv wr eh hdvlhu wr glyhuvli| wkh lglrv|qfudwlf ulvn ri wkh vhfwru0edvhg
uhwxuqv diwhu 5333 wkdq ehiruh zlwk d txlwh vlplodu ohyho ri glyhuvl�fdwlrq r�huhg e| erwk w|shv
ri vwudwhjlhv1 Exw vxfk d frqfoxvlrq kljko| ghshqgv rq wkh k|srwkhvlv wkdw wkh �uvw joredo idfwru
zklfk zh kdyh hvwlpdwhg vxppdul}hv wkh zkroh sduw ri wkh frpprq zhoo0glyhuvl�hg ulvn1 Rqo| d
frpsohwh DSW dqdo|vlv ri wkh ulvn frxog jlyh uholdeoh lqglfdwlrqv iru sruwirolr pdqdjhuv1 Wklv lv
ohiw iru ixuwkhu uhvhdufk1

Uhihuhqfhv
^4` Edl/ M1 dqg V1 Qj +5335,/ � Ghwhuplqlqj wkh Qxpehu ri idfwruv lq Dssur{lpdwh Idfwru Prghov/�

Hfrqrphwulfd/ :3+4,1

^5` Ehfnhuv/ V1/ Frqqru/ J1 dqg U1 Fxugv/ +4<<9,/ � Qdwlrqdo yhuvxv Joredo Lq xhqfhv rq Htxlw|
Uhwxuqv/� Ilqdqfldo Dqdo|vw Mrxuqdo/ 6406;/Zrunlqj Sdshu/ / Xqlyhuvlwì gh Jhqëyh1

^6` Fkdpehuodlq/ J1 dqg P1 Urwkvklog/ +4<;6,/ � Duelwudjh/ Idfwru Vwuxfwxuh dqg Phdq0
Fryduldqfh Dqdo|vlv rq Odujh Dvvhw Pdunhwv/� Hfrqrphwulfd/ yro 84/ q�8>45;4046371
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^7` Fkdpehuodlq/ J1 +4<;6,/ � Ixqgv/ Idfwruv dqg Glyhuvl�fdwlrq lq Duelwudjh Sulflqj Prghov/ �
Hfrqrphwulfd/ yro 84/ q�8>4637046581

^8` Fkhq/ ]1 dqg S1M1 Nqhh}/ +4<<8,/ �Phdvxuhphqw ri Pdunhw Lqwhjudwlrq dqg Duelwudjh/� Wkh
Uhylhz ri Ilqdqfldo Vwxglhv/ ;+5,/ 5;:06581

^9` Glfnlqvrq/ G1 +5333,/ �Vwrfn Pdunhw Lqwhjudwlrq dqg Pdfurhfrqrplf Ixqgdphqwdov= Dq Hp0
slulfdo Dqdo|vlv/� Dssolhg Ilqdqfldo

Hfrqrplfv/ 43/ 59405:91

^:` Iudw}vfkhu/ P1 +5334,/ � Ilqdqfldo Pdunhw Lqwhjudwlrq lq Hxursh= Rq wkh h�hfwv ri HPX rq
Vwrfn Pdunhwv/� EFH0Zrunlqj sdshu q�7;1

^;` Jul!q/ M1P1/ dq J1 D1 Nduro|l/ +4<<;,/ �Dqrwkhu orrn dw wkh uroh ri lqgxvwuldo vwuxfwxuh ri
pdunhwv iru lqwhuqdwlrqdo glyhuvl�fdwlrq vwudwhjlhv/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 68406:61

^<` Kdpholqm/I1/ Kdudvw|/ K1 dqg S1 Kloolrq +5334,/ �Frxqwu|/ Vhfwru ru Vw|oh= Zkdw pdwwhuv prvw
zkhq frqvwuxfwlqj Joredo Htxlw| SruwirolrvB Dq hpslulfdo Lqyhvwljdwlrq iurp 4<<305334�1

^43` Kdugrxyholv/ J1/ Pdooldursrxorv/G1 dqg U1 Sulhvwo|/ +43<<<,/ �HPX dqg Hxurshdq Vwrfn Pdu0
nhw Lqwhjudwlrq/� FHSU Glvfxvvlrq Sdshu / q� 5457=

^44` Khvwrq/ V1O1 dqg N1J1 Urxzhqkruvw +4<<7,/ � Grhv Lqgxvwuldo Vwuxfwxuh H{sodlq wkh Ehqh�wv
ri Lqwhuqdwlrqdo Glyhuvl�fdwlrqB/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 605:1

^45` Khvwrq/ V1O1 dqg N1J1 Urxzhqkruvw +4<<8,/ � Lqgxvwu| dqg Frxqwu| H�hfwv lq Lqwhuqdwlrqdo
Vwrfn Uhwxuqv/� Mrxuqdo ri Sruwirolr Pdqdjhphqw/ 8608;1

^46` Nduro|l/ D1 dqg U1 Vwxo}/ +4<<9,/ �Zk| Gr Pdunhwv Pryh WrjhwkhuB Dq Lqyhvwljdwlrq ri
XV0Mdsdq Vwrfn Uhwxuq Frpryhphqwv/� Mrxuqdo ri Ilqdqfh 84+6,/ <840<;91

^47` Orqjlq/ I1 dqg E1 Vroqln/ +4<<8,/ � Lv wkh Fruuhodwlrq lq Lqwhuqdwlrqdo Htxlw| Uhwxuqv Frq0
vwdqw= 4<9304<<3B/� Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 47+4,/ 60591

^48` Urxzhqkruvw N1J1 +4<<8,/ �Hxurshdq Htxlw| Pdunhwv dqg wkh HPX/� Ilqdqfldo Dqdo|vw
Mrxuqdo/ yro1 88/ q�6 /8:097=

^49` Vroqln/ E1 dqg M1 Uroxhw +4<<<,/ � Glvshuvlrq dv Furvv0Vhfwlrqdo Fruuhodwlrq= Duh Vwrfn Pdu0
nhwv Ehfrplqj Lqfuhdvlqjo| FruuhodwhgB/� Ilqdqfldo Dqdo|vw Mrxuqdo/ yro 89/ q�4/ 87094=

^4:` Vwrfn/ M1K1 dqg P1 Z1 Zdwvrq +4<<;,/� Whvwlqj iru Frpprq Wuhqgv/� Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq/ ;6/43<:0443:1
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D Wkh g|qdplf idfwru vwuxfwxuh GID lq wkh olqhv ri Vwrfn
dqg Zdwvrq +4<<;,

D14 Wkh pdlq dvvxpswlrqv

Ohw |w ghqrwh d vfdodu vhulhv/ dqg [w eh d Q0glphqvlrqdo pxowlsoh wlph vhulhv zklfk zloo eh xvhg
wr iruhfdvw |w1 Wkh idfwru vwuxfwxuh lv dv iroorzv=

[w @ �wIw . xw +5,

zkhuh wkh glphqvlrqv duh uhvshfwlyho| = Q � 4/ Q � u/ u � 4 dqg Q � 41 Wkh frpprq sduw [w ri
lv �Iw dqg xw ghqrwhv lwv lglrv|qfudwlf sduw1 Qrwh wkdw/ lq wkh suhylrxv prgho/ wkh g|qdplfv duh
lqwurgxfhg lq wkuhh zd|v=

41 Wkh idfwruv duh dvvxphg wr hyroyh dffruglqj wr d wlph vhulhv +pxowlyduldwh, surfhvv zklfk lv
qrw revhuydeoh1

51 Wkh lglrv|qfudwlf huuru whupv duh vhuldoo| fruuhodwhg1

61 Wkh idfwruv fdq hqwhu zlwk odjv +ru hyhq zlwk ohdgv,1

Lq wkh vwdwlf idfwru prgho / wkh idfwru ordglqjv duh frqvwdqw +�w @ �3,/ wkh lglrv|qfudwlf
whupv duh vhuldoo| xqfruuhodwhg / Iw dqg xmw duh pxwxdoo| xqfruuhodwhg dqg duh l1l1g11 Wkh prgho
ehfrphv dssur{lpdwho| vwdwlf li wkh lglrv|qfudwlf glvwxuedqfhv duh zhdno| fruuhodwhg dfurvv vhulhv
+iru gl�huhqw m, > iru h{dpsoh/ vhh Fkdpehuodlq dqg Urwkvklog +4<;6,1 Wkh idfwru vwuxfwxuh lv xvhg
wr hvwlpdwh H+|w@[w, zkhuh |w ghqrwhv wkh vhulhv ri lqwhuhvw=

|w.4 @ �3
wIw . %w.4 +6,

Wkh glvwxuedqfh % lv vxssrvhg wr eh vxfk wkdw=

H+%w.4@[w> |w>�w, @ 3 +7,

zkhuh ]w ghqrwhv wkh vhw ri wkh yduldeohv ]w�l> l � 3/ iru dq| surfhvv ]1

D15 Frqvwdqw ordglqjv

E| wkh vxlwdeoh uhgh�qlwlrq ri wkh idfwruv dqg wkh lglrv|qfudwlf glvwxuedqfhv/ wkh g|qdplf idfwru
prgho fdq eh uhzulwwhq vxfk wkdw �w lv frqvwdqw1 Li wkh idfwru prgho vwdwhv=

[lw @

s[
m@3

u[
k@4

�lm>kik>w�m . xlw iru l @ 4> ===Q

xlw @

t[
m@4

!mxlw�m . �lw

rqh fdq ghvfuleh wkh Qt�4 glphqvlrqdo yhfwru ]w @ +[ 3
w> [

3
w�4> ===> [

3
w�t.4,

3 dffruglqj wr wkh idfwru
vwuxfwxuh =
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]w @ �Iw . yw

zkhuh wkh idfwru frpsrqhqw Iw @ +i 3
w > i

3
w�4> ===> i

3
w�s> ===> i

3
w�t> i

3
w�t.4> ===> i

3
w�t�s.4,

3 kdv wkh glphq0
vlrq +s . 4,tu � 4/ ehfdxvh wkh prgho kdv u idfwruv = iw @ +i4w> ===> iuw,

3

1 Wkh idfwru ordglqj � lv
Qt � +s. t,u dqg wkh lglrv|qfudwlf whup lv wkh Qt � 4 glphqvlrqdo yhfwru=

yw @ +x3
w> x

3
w�4> ===> x

3
w�t.4,

3

zkhuh Dm @ +�3
4m > ===> �

3
Qm,

3lv d Q{u glphqvlrqdo pdwul{ zlwk �lm @ +�lm>4> ====> �lm>u,
7 1 Dffruglqjo|/

� lv d Qt � +s. 4,tu0glphqvlrqdo pdwul{1 Vr rqh lv ohg wr h{wudfw g|qdplf idfwruv xvlqj frqwhp0
srudqhrxv dv zhoo dv odjjhg ydoxhv ri [w1 Qrwh wkdw/ li rqh lv uhdg| wr dffhsw wkdw wkh uhvlgxdov
whupv duh vhuldoo| fruuhodwhg lq wkh idfwru vwuxfwxuh/ rqh fdq zulwh wkh idfwru prgho zlwk frqvwdqw
sdudphwhuv/ dv iroorzv =

]w @ �Iw . xw

zkhuh ]w @ [w/ xw @ yw duh Q�glphqvlrqdo yhfwruv/ zkloh wkh idfwru Iw @ +i 3
w> i

3
w�4> ===> i

3
w�s,

3dqg
wkh idfwru ordglqj � @ +D3> ===> Ds, kdyh wkh glphqvlrqv u � +s. 4, dqg Q � +s. 4,u uhvshfwlyho|1
Vr wkh idfwruv fdq eh h{wudfwhg e| xvlqj frqwhpsrudqhrxv ydoxhv ri [ rqo|1

D16 Hvwlpdwlrq ri wkh sdudphwhuv ri wkh idfwru prgho

Zh h{dplqh wkh fdvhv ri edodqfhg sdqhov1
Wkh vwurqj sdudphwulf dvvxpswlrqv duh wkh iroorzlqj = +l, �w @ �3 dqg/ +ll, wkh glvwxuedqfhv

xw duh l1l1g1 lqghshqghqw dfurvv vhulhv/ qrupdoo| glvwulexwhg vr wkdw wkh fryduldqfh pdwul{ 	 ri wkh
yhfwru ri uhvlgxdov x @ +x4> ===> xW , lv gldjrqdo1 +Lwv vhhpv wr eh srvvleoh wr doorz d zhdn fruuhodwlrq
vwuxfwxuh ehwzhhq wkh xmw iru dq| gdwh w +Fkdpehuodlq dqg Urwkvklog +<6,,1

I @ +I 3
4> ===> I

3
W ,

3 lv wuhdwhg dv d W � u glphqvlrqdo qrq udqgrp yhfwru ri sdudphwhuv wr eh
hvwlpdwhg1 Wkh hvwlpdwru ri +�3> I , vroyhv wkh qrq0olqhdu ohdvw vtxduhv sureohp zlwk wkh remhfwlyh
ixqfwlrq 8=

YQW +�3> I , @
4

QW

Q[
l@4

W[
w@4

Llw+[lw � �l3Iw,
5 +8,

7Pruh suhflvho|/ \ lv h{suhvvhg kdv iroorzv=

\ '

5999997
�f �� ��� �R f ��� f
f �f ��� ��� �R ��� f
�
�
�
f ��� ��� �f �� ��� �R

6:::::8
8Qrwh wkdw wkhvh hvwlpdwruv duh qrw Pd{lpxp Olnholkrrg hvwlpdwruv/ hyhq xqghu wkh qrupdolw| dvvxps0

wlrq1+frqwudu| wr zkdw lv fodlphg lq wkh QEHU zrunlqj sdshu e| Vwrfn dqg Zdwvrq +4<<;,1 Lqghhg/ wkh orj0olnholkrrg
lv=

3�A

2
3 A

2

�[
�'�

*L}Ej2
� �3

�

2

�[
�'�

�

j2
�

A[
|'�

Ef�| 3 b�f8|�
2
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zkhuh Llw @ 4 li wkh yduldeoh lv revhuyhg dw wlph w dqg htxdo wr 3/ rwkhuzlvh1
Iru jlyhq �3> I

�
w pxvw vdwlvi| wkh �uvw rughu frqglwlrq +zklfk jlyhv wkh xvxdo ROV hvwlpdwru ri

Iw/ lq wkh uhjuhvvlrq ri [w rq �3 @ +�3
43> ====> �

3
q3,

3 zlwk �l3 @ +�
+4,
l3 > ===> �

+u,
l3 ,=9

I �
w @

#
Q[
l@4

Llw�
3
l3�l3

$�4 # Q[
l@4

Llw�
3
l3[lw

$
+9,

dqg/ frqyhuvho|/ iru jlyhq Iw/ ��
3 pxvw vdwlvi| wkh �uvw rughu frqglwlrq +zklfk jlyhv wkh xvxdo ROV

hvwlpdwru ri �3 lq wkh uhjuhvvlrq ri [w rq I , =

��3
l3 @

#
W[

w@4

LlwIwI
3
w

$�4# W[
w@4

LlwIw[lw

$
+:,

Wkxv/ wkh rswlpdo ydoxhv/ I �
w dqg ��

3 mrlqwo| vroyh wkh wzr suhylrxv htxdwlrqv1
Lq zkdw iroorzv/ rqh vxssrvhv wkdw doo revhuydwlrqv duh dydlodeoh1 Dffruglqjo|/ wkh rswlpdo

ydoxh iru I lv rewdlqhg e| uhsruwlqj +:, lq +8,/ dqg e| vroylqj dq hljhqydoxh sureohp>

PlqIYQW +I>�
�
3, @ PlqI

+#
4

QW

Q[
l@4

[ 3
l[l

$
� 4

QW

#
Q[
l@4

[3
lSI[l

$,
+;,

zkhuh [l @ +[l4> ===> [lW , dqg SI @ I +II 3,�4I 3 ghqrwhv wkh ruwkrjrqdo surmhfwru rq wkh vxe0
vsdfh jhqhudwhg e| wkh froxpqv ri I @ +I +4,> ===> I +u,,/ zlwk I +k, @ +I4k> ===> IWk,

3 xqghu wkh
qrupdol}dwlrq frqglwlrq= 4Q�3� @ Lgu

Wkhvh u hljhqyhfwruv duh wkh �uvw u sulqflsdo frpsrqhqwv ri [w1 Wkh suhylrxv dqdo|vlv lv d
vwdqgdug sulqflsdo frpsrqhqw dqdo|vlv +zlwk wkh rqo| gl�huhqfh ehlqj wkdw g|qdplf ihdwxuhv duh
wdnhq lqwr dffrxqw,1 Xs wr qrz/ wkh qxpehu ri idfwruv u lv vxssrvhg wr eh jlyhq1 Uhfhqwo|/ Edl dqg
Qj +5333, kdyh sursrvhg wr xvh uhohydqw lqirupdwlrq fulwhuld wr ghwhuplqh wkh qxpehu ri idfwruv
lq wkh V)S iudphzrun1

9 fi1 �|c 8W
| ' E\�

f\f�3�\�
ff|c dffruglqj wr ]hooqhu*v wkhruhp

4:



E Judsklfv1
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IC1 IC2

Iljxuh 4= Edl ) Qj*v fulwhuld

Iljxuh 5= Pd{lpxp vtxduhg hljhqydoxhv +Hxur duhd,1

4;



Iljxuh 6= Uroolqj zlqgrz ri wkuhh |hduv +ohiw, dqg rqh |hdu +uljkw,/
joredo lqwhjudwlrq phdvxuhv lq wkh hxur duhd
dqg wkh uhvw ri wkh zruog dqg wkhlu gl�huhqfh1

Iljxuh 7= Frxqwu|0edvhg lqwhjudwlrq phdvxuh +uroolqj zlqgrz ri wkuhh |hduv,1

4<



Iljxuh 8= Vhfwru0edvhg lqwhjudwlrq phdvxuh +uroolqj zlqgrz ri wkuhh |hduv,1

Iljxuh 9= Uroolqj hvwlpdwhv ri wkh �f frh!flhqwv zlwk wkuhh |hduv zlqgrz +Hxur
duhd,1
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Iljxuh := Uroolqj hvwlpdwhv ri wkh �v frh!flhqwv zlwk wkuhh |hduv zlqgrz +Hxur
duhd,1
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93 94 95 96 97 98 99 00 01 02

Iljxuh ;= Furvv0fruuhodwlrqv ri wkh uhvlgxdov %fl +vrolg, dqg %fl +gdvkhg,1
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F Wdeohv1
Wdeoh 4 glvsod|v wkh vhfwru fodvvl�fdwlrq iurp wkh IWVH Joreodo Fodvvl�fdwlrq V|vwhp +Ohyho 6,1
Wdeoh 5 surylghv wkh qdph ri wkh frxqwulhv xvh lq wklv sdshu1 Wdeohv 6 dqg 7 glvsod| wkh prvw
frqwulexwlrq ri wkh frxqwu| dqg vhfwru0edvhg lqgh{hv wr wkh �uvw idfwru dqg/ dovr surylgh wkh
frqwulexwlrq ri wkhvh lqgh{hv wr hdfk ri wkh irxu rwkhu idfwruv1

OHYHO 6 VHFWRUVd

EDVLF Edvlf Lqgxvwulhv
JHQLQ Jhqhudo Lqgxvwuldo
F\FJG F|folfdo Frqvxphu Jrrgv
QF\FJ Qrq0F|folfdo Frqvxphu Jrrgv
F\VHU F|folfdo Vhuylfhv
QF\VU Qrq0F|folfdo Vhuylfhv
XWLOV Xwlolwlhv
LWHFK Lqirupdwlrq Whfkqrorj|
WRWOI Ilqdqfldov
UHVRU Uhvvrxufhv
WRWPN Wrwdo Pdunhw
d
O hy h o 6 lv i u rp wk h I W V H J or e od o F od v v l� f d w lr q V | v w hp dq g lv h t x lyd o h q w w r H f rq rp lf J ur x s v 1

Wdeoh 4= Pqhprqlfv ri wkh vhfwruv

HPX ZRUOG
RH Dxvwuld DM Dvld
EG Jhupdq| DX Dxvwudold
EJ Ehojlxp GN Ghqpdun
HV Vsdlq FQ Fdqdgd
IQ Ilqodqg QZ Qruzd|
IU Iudqfh MS Mdsdq
JU Juhhfh VG Vzhghq
LU Luhodqg VZ Vzlw}huodqg
LW Lwdold XV Xqlwhg Vwdwhv
QO Qhwkhuodqg XN Xqlwhg Nlqjgrp
SW Sruwxjdo

Wdeoh 5= Pqhprqlfv ri wkh frxqwulhv
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I4 I5 I6 I7 I8
EDVLF EG 41<9( 4153( 3137( 3179( 31:7(
JHQLQ EG 5179( 314:( 317<( 313:( 319<(
F\FJG EG 514;( 319:( 3133( 3148( 316<(
QF\FJ EG 41:6( 417;( 3153( 3153( 316:(
F\VHU EG 41<5( 3188( 3144( 3134( 318<(
QF\VU EG 418:( 3179( 5177( 3133( 3164(
WRWOI EG 5167( 3183( 3137( 3149( 3166(
EDVLF EJ 4198( 41<;( 3157( 3148( 3138(
JHQLQ EJ 4165( 5147( 3148( 3144( 3134(
WRWOI EJ 5133( 31<5( 3134( 31<5( 3145(
EDVLF HV 4197( 3138( 318;( 3195( 319<(
JHQLQ HV 4174( 314:( 3134( 3135( 319:(
QF\VU HV 41;6( 4168( 413;( 316<( 3184(
XWLOV HV 418;( 3136( 4154( 5194( 31;:(
WRWOI HV 516;( 3137( 313:( 31;:( 31;5(
EDVLF IU 5159( 3133( 3164( 417:( 3134(
JHQLQ IU 5179( 3149( 3178( 41:<( 3146(
F\FJG IU 515;( 3136( 3147( 415:( 3138(
QF\FJ IU 5133( 3134( 3137( 719<( 314:(
F\VHU IU 5165( 31:9( 5146( 3159( 3136(
QF\VU IU 41:7( 41;;( 51<9( 31;6( 3135(
LWHFK IU 513;( 4169( 715;( 3134( 3133(
WRWOI IU 5184( 3133( 3135( 41:7( 3158(
EDVLF LW 4185( 51<6( 91<9( 5189( 3135(
JHQLQ LW 41:9( 8166( 5184( 41<<( 3133(
F\FJG LW 4198( 61;:( 81;<( 4166( 3136(
F\VHU LW 4184( 8144( 314:( 416;( 3133(
QF\VU LW 41;3( 9188( 4146( 319<( 3134(
WRWOI LW 5149( 7146( 718<( 3195( 3133(
EDVLF QO 417<( 416:( 313<( 3196( 3135(
JHQLQ QO 41;8( 3173( 7143( 3137( 313<(
QF\FJ QO 4173( 414;( 31::( 513;( 3133(
F\VHU QO 5158( 3134( 31:4( 3158( 3143(
QF\VU QO 4194( 31;5( 5194( 3137( 3134(
LWHFK QO 4189( 3175( 714:( 3147( 313;(
WRWOI QO 5184( 3137( 314:( 31<:( 313:(

Wdeoh 6= Wkh pdlq frqwlexwlrqv ri yduldeohv uhodwhg wr wkh �vuw joredo0idfwru h{wudfwhg iurp wkh
HPX gdwdedvh ryhu 4<<3053351
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I4 I5 I6 I7 I8
EDVLF VG 41;8( 31:;( 31;6( 3133( 3146(
JHQLQ VG 5144( 4139( 31;8( 3133( 3139(
F\FJG VG 4174( 3188( 319;( 3135( 314:(
F\VHU VG 4159( 3188( 3193( 3136( 3134(
WRWOI VG 417:( 31:5( 31:<( 3133( 313<(
JHQLQ DM 4199( 3183( 3168( ;195( 5146(
F\VHU DM 419;( 3175( 317<( :187( 417<(
QF\VU DM 4166( 3166( 3166( 7143( 4144(
WRWOI DM 418:( 3174( 316:( ;177( 41::(
EDVLF VZ 41<4( 41:9( 319:( 313;( 3133(
JHQLQ VZ 5156( 417;( 31:8( 3139( 3143(
F\FJG VZ 416;( 31:5( 317<( 3135( 313;(
QF\FJ VZ 41:8( 5158( 31:4( 3147( 3134(
F\VHU VZ 41;4( 4148( 3185( 3136( 3139(
WRWOI VZ 514<( 41<4( 413:( 3145( 3137(
EDVLF XV 4164( 6135( 3155( 31;;( 3134(
JHQLQ XV 41;9( 61<<( 3158( 31<6( 3136(
F\FJG XV 416;( 616;( 3157( 3197( 3137(
QF\FJ XV 4156( 5165( 3154( 31;:( 3135(
F\VHU XV 41;4( 7136( 3159( 31<;( 3137(
LWHFK XV 416;( 5199( 3143( 315;( 3154(
WRWOI XV 419:( 61;:( 314<( 31<7( 3136(
EDVLF XN 41<5( 415<( 319:( 3135( 3136(
JHQLQ XN 41;5( 413:( 31:8( 3134( 314:(
F\VHU XN 5159( 4177( 4134( 3133( 3159(
QF\VU XN 4166( 414;( 4148( 3133( 3173(
LWHFK XN 4184( 3157( 31:6( 3133( 317<(
WRWOI XN 41<<( 4185( 31<;( 3134( 314:(
EDVLF MS 4175( 3198( ;1:3( 31::( 3135(
JHQLQ MS 41:<( 315<( :1<:( 31;9( 3145(
F\FJG MS 418;( 3166( :154( 31:;( 3137(
QF\FJ MS 4156( 31;9( :1<9( 414;( 3137(
F\VHU MS 4183( 318;( <136( 4138( 3138(
LWHFK MS 4187( 313<( 819<( 3175( 3159(
WRWOI MS 4157( 316<( :195( 31:<( 3133(
JHQLQ GN 4179( 3144( 315<( 313:( 3135(
QF\FJ GN 4179( 3169( 3166( 3138( 3158(
F\VHU GN 4179( 3163( 3163( 3138( 3137(
QF\VU GN 4155( 3145( 316:( 3133( 3134(
WRWOI GN 4176( 3179( 315:( 3139( 3144(
F\VHU DX 4177( 31;6( 3147( 31<4( :145(
WRWOI DX 415<( 3173( 3157( 4188( 4615<(

Wdeoh 7= Wkh pdlq frqwlexwlrqv ri yduldeohv uhodwhg wr wkh �vuw joredo0idfwru h{wudfwhg iurp wkh
Zruog gdwdedvh ryhu 4<<3053351

57




