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Zruog0Zlgh Sxufkdvlqj Srzhu Sdulw|�

Wru Mdfrevrq dqg Pduldqqh Qhvvìq--

Ghfhpehu 4<<;

Devwudfw

Zh h{dplqh orqj0uxq SSS ehwzhhq Jhupdq|/ Juhdw Eulwdlq/ Mdsdq
dqg wkh Xqlwhg Vwdwhv ryhu wkh shulrg 4<63 0 4<<9 xvlqj pxowlyduldwh
frlqwhjudwlrq whfkqltxhv1 Elodwhudo SSS ehwzhhq wkh irxu frxqwulhv
lv h{dplqhg lq rqh v|vwhp +dv rssrvhg wr h1j1 vhulhv ri wulyduldwh
v|vwhpv,1 Lq doo ri wkh vwdwlvwlfdo dqdo|vlv/ dv|pswrwlf whvwv duh dxj0
phqwhg e| sdudphwulf errwvwuds dqdorjxhv/ zkhuhe| zh uhgxfh/ li qrw
holplqdwh/ wkh vl}h glvwruwlrq w|slfdoo| suhvhqw lq vpdoo0vdpsoh vwxglhv1
Wkh frlqwhjudwlrq dqdo|vlv surylghv vxssruw iru wkh qhfhvvdu| frqgl0
wlrqv iru SSS +l1h1 frlqwhjudwlqj uhodwlrqv duh irxqg, exw qrw iru wkh
vx!flhqw frqglwlrqv +l1h1wkh frh!flhqwv lq wkh frlqwhjudwlqj uhodwlrqv
duh idu iurp zkdw SSS suhglfwv,1 Wkhvh uhvxowv duh dw rggv zlwk
uhvxowv iurp rwkhu vwxglhv wkdw dovr dqdo|}h orqj0krul}rq gdwd vhwv1

Nh| zrugv= Orqj0uxq sxufkdvlqj srzhu sdulw|/ pxowlyduldwh frlq0
whjudwlrq dqdo|vlv/ errwvwuds lqihuhqfh1

MHO Fodvvl�fdwlrq= I63/ F48/ F651

�Frpphqwv e| Vwhidq Qruuelq/ Ohh Rkdqldq/ Dqghuv Yuhglq/ vhplqdu0sduwlflsdqwv dw
Vyhuljhv Ulnvedqn dqg dw wkh Hxurshdq Hfrqrplf Dvvrfldwlrq Dqqxdo Frqjuhvv lq Ehuolq
duh judwhixoo| dfnqrzohgjhg1
--Uhvhdufk Ghsduwphqw/ Vyhuljhv Ulnvedqn/ 436 6: Vwrfnkrop/ Vzhghq1 H0pdlo =
wru1mdfrevrqCulnvedqn1vh dqg pduldqqh1qhvvhqCulnvedqn1vh
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4 Lqwurgxfwlrq
Grhv sxufkdvlqj srzhu sdulw| krog lq wkh orqj uxqB Duh uhdo h{fkdqjh udwhv
phdq0uhyhuwlqjB D uhdglqj ri wkh yroxplqrxv olwhudwxuh rq wklv pdwwhu ds0
shduv wr jlyh wkh iroorzlqj frqfoxvlrqv1 Li rqh dssolhv xqlw urrw whvwv wr uhdo
h{fkdqjh udwh gdwd vsdqqlqj orqj shulrgv ri wlph +vd|/ forvh wr d fhqwxu| ru
pruh, wkhq hylghqfh ri orqj0uxq SSS lv riwhq irxqg +vhh h1j1 Iudqnho +4<;9,/
Dexdi dqg Mrulrq +4<<3, dqg Orwkldq dqg Wd|oru +4<<9,,1 Krzhyhu/ zkhq h{0
dplqlqj wkh uhfhqw srvw0Euhwwrq Zrrgv shulrg ri  rdwlqj h{fkdqjh udwhv wkh
dqvzhu lv ohvv fohdu0fxw1 Frqyhqwlrqdo xqlw0urrw whvwv gr qrw �qg hylghqfh ri
SSS/ zkloh rwkhu dssurdfkhv/ h1j1 xvlqj sdqho gdwd/ kdyh surylghg hylghqfh
lq idyru ri SSS +krzhyhu/ vhh R*Frqqhoo +4<<;, iru d fulwlfdo dvvhvvphqw ri
sdqho gdwd vwxglhv,1

Lq wklv sdshu zh uh0h{dplqh wkh fdvh ri SSS xvlqj orqj gdwd vhwv/ hyhq
wkrxjk pdq| zrxog frqvlghu lw d fdvh forvhg1 Wkhuh duh vhyhudo uhdvrqv zk|
zh frqvlghu d uh0h{dplqdwlrq zduudqwhg1 Iluvw/ hduolhu vwxglhv xvlqj orqj0uxq
krul}rq gdwd vhwv kdyh w|slfdoo| dqdo|}hg wkh uhdo h{fkdqjh udwh xvlqj ydulrxv
xqlyduldwh whfkqltxhv14 Lq frqwudvw/ zh fdvw wkh dqdo|vlv lq whupv ri pxowl0
yduldwh frlqwhjudwlrq1 Wkh dgydqwdjh ri vxfk d iudphzrun/ dv zh vhh lw/ lv
ghvfulehg ehorz1 D vhfrqg uhdvrq frqfhuqv vl}h glvwruwlrq/ l1h1 wkh huurqhrxv
uhmhfwlrq ri d wuxh qxoo k|srwkhvlv gxh wr dq lqdssursuldwh dv|pswrwlf ds0
sur{lpdwlrq1 Hqjho +4<<9, dujxhv wkdw wkh xqlw0urrw whvwv uhihuuhg wr deryh
pd| kdyh vhulrxv vl}h eldvhv/ ohdglqj wr wkh idovh frqfoxvlrq ri d vwdwlrqdu|
uhdo h{fkdqjh udwh1 Lq wklv sdshu/ doo wkh dv|pswrwlf whvwv duh frpsohphqwhg
zlwk sdudphwulf errwvwuds dqdorjxhv zkhuhe| zh dfklhyh dq doprvw fruuhfw
k0vl}h whvw1 Ilqdoo|/ lq d fduhixo uh0h{dplqdwlrq ri wkh lq xhqwldo sdshu e|
Dexdi dqg Mrulrq +4<<3, zh kdyh glvfryhuhg wkdw wkhlu frqfoxvlrq frqfhuqlqj
wkh ydolglw| ri orqj0uxq SSS pd| qrw krog lq wkh oljkw ri qhz phwkrgv dqg
qhz gdwd1 Zh uhwxuq wr hdfk ri wkhvh lvvxhv vkruwo|1

Zh h{dplqh dqqxdo gdwd iru wkh |hduv 4<63 0 4<<9 iru Jhupdq|/ Juhdw
Eulwdlq/ Mdsdq dqg wkh XV/ dqg wkh uhvxowv ri rxu dqdo|vlv duh wkh iroorzlqj1
Zh gr �qg hylghqfh ri frlqwhjudwlrq ehwzhhq qrplqdo h{fkdqjh udwhv dqg
sulfhv> lq idfw wkh qxpehu ri frlqwhjudwlqj yhfwruv lv h{dfwo| zkdw SSS suh0
glfwv1 Exw wkh frh!flhqwv lq wkh frlqwhjudwlqj yhfwruv duh idu iurp zkdw lv
frpsdwleoh zlwk SSS1 Khqfh/ zh uhmhfw SSS15 Zh glvfxvv wklv uhvxow lq rxu

4Lq dgglwlrq wr wkh uhihuhqfhv flwhg lq wkh wh{w/ lq xhqwldo sdshuv lqfoxgh Glherog/
Kxvwhg dqg Uxvk ++4<<4,/ Johq +4<<5, dqg Hglvrq +4<;:,1

5Vrph zrxog dfwxdoo| lqwhusuhw rxu uhvxowv dv hylghqfh ri *zhdn irup* SSS> vhh h1j1
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frqfoxglqj vhfwlrq/ Vhfwlrq 71 Sulru wr wkdw/ Vhfwlrq 5 h{sodlqv wkh lpsolfd0
wlrqv ri SSS lq whupv ri frlqwhjudwlrq1 Vhfwlrq 6 frqwdlqv wkh frlqwhjudwlrq
dqdo|vlv1

Pxowlyduldwh iudphzrun � �Zruog0Zlgh SSS�

Lq frqwudvw zlwk prvw hduolhu vwxglhv ri orqj0krul}rq gdwd vhwv/ zh fdvw wkh
dqdo|vlv lq whupv ri pxowlyduldwh frlqwhjudwlrq16 Wkh pxowlyduldwh qdwxuh ri
wkh iudphzrun r�huv wzr dgydqwdjhv1 Iluvw/ zh duh deoh wr whvw iru +elodwhudo,
SSS ehwzhhq doo frxqwulhv lq rqh v|vwhp/ phdqlqj wkdw wkh lqwhughshqghqw
qdwxuh ri wkh iruhljq h{fkdqjh pdunhwv lv wdnhq lqwr h{solflw dffrxqw1 Lgh0
doo|/ vxfk dq dqdo|vlv vkrxog lqfoxgh sulfhv dqg h{fkdqjh udwhv ri doo odujh
hfrqrplhv lq rughu wr ixoo| dffrxqw iru wkh vlpxowdqhlw|1 Exw grlqj vr rqh
zrxog ri frxuvh uxq lqwr sureohpv zlwk ghjuhhv ri iuhhgrp1 Khqfh zh kdyh uh0
vwulfwhg wkh qxpehu ri frxqwulhv lq wkh dqdo|vlv wr wkh irxu phqwlrqhg deryh/
frqfhqwudwlqj rq zkdw zh eholhyh wr eh pdmru hfrqrplhv2fxuuhqflhv ri wkh
wzhqwlhwk fhqwxu|1 Ixuwkhupruh/ lq wklv pxowlyduldwh vhwxs zh zloo whvw qrw
rqo| lqglylgxdo elodwhudo SSS uhodwlrqv/ exw dovr zkhwkhu doo elodwhudo SSS uh0
odwlrqv krog vlpxowdqhrxvo| � l1h zruog0zlgh SSS1 Vhfrqg/ qrplqdo h{fkdqjh
udwhv dqg sulfhv hqwhu vhsdudwho| lqwr wkh dqdo|vlv1 Khqfh qr d sulrul uhvwulf0
wlrqv duh lpsrvhg rq wkh mrlqw ehkdylru ri sulfhv dqg h{fkdqjh udwhv +l1h1
wkh vr0fdoohg v|pphwu| dqg sursruwlrqdolw| frqglwlrqv duh qrw lpsrvhg/ exw
lqvwhdg vxevhtxhqwo| whvwhg iru,17

PdfGrqdog +4<<6,1 Zh suhihu wr dvvrfldwh SSS zlwk wkh vwulfwhu uhtxluhphqw wkdw wkh
frlqwhjudwlqj uhodwlrqv vdwlvi| fhuwdlq olqhdu uhvwulfwlrqv1 Wklv lv h{sodlqhg pruh lq vhfwlrq
51

6Hduolhu frlqwhjudwlrq vwxglhv xvlqj orqj0krul}rq gdwd vhwv � Nlp +4<<3, dqg Dughql
dqg Oxeldq +4<<4, � dqdo|}h qrplqdo h{fkdqjh udwhv dqg sulfh udwlrv vhsdudwho| xvlqj wkh
elyduldwh Hqjoh0Judqjhu wzr0vwhs surfhgxuh1

7Hduolhu vwxglhv xvlqj wkh pxowlyduldwh frlqwhjudwlrq vhwxs wr dqdo|}h orqj0uxq SSS �
Fkhxqj dqg Odl +4<<6,/ Nxjohu dqg Ohq} +4<<6,/ Mrkdqvhq dqg Mxvholxv +4<<5,/ PdfGrqdog
+4<<6, dqg Hglvrq/ Jdjqrq dqg Pholfn +4<<:, � kdyh xvhg gdwd iurp wkh srvw0Euhwwrq
Zrrgv shulrg rqo|1 Ixuwkhupruh/ wkhvh vwxglhv kdyh h{dplqhg SSS lq vhulhv ri wulyduldwh
v|vwhpv +dq h{fhswlrq lv Qhvvìq +4<<9,,1 Wkh w|slfdo uhvxow lq wkhvh vwxglhv +dqg Qhvvìq
+4<<9, lv wkdw hylghqfh ri frlqwhjudwlrq lv irxqg/ exw wkdw wkh frlqwhjudwlqj uhodwlrqv idlo
frpso| zlwk wkh uhvwulfwlrqv lpsolhg e| SSS1
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Vl}h dqg srzhu lvvxhv lq whvwv ri orqj0uxq SSS

Lq wkh hpslulfdo SSS olwhudwxuh wkhuh kdv ehhq pxfk frqfhuq zlwk lvvxhv
ri vwdwlvwlfdo srzhu ri wkh whvwv xvhg zkhq h{dplqlqj zkhwkhu uhdo h{fkdqjh
udwhv duh phdq0uhyhuwlqj +vhh h1j1 Fkhxqj dqg Odl +4<<;,,1 Rq wkh rwkhu wdfn/
Hqjho +4<<9, kdv vkrzq wkdw wkhvh whvwv pd| lq idfw kdyh vhulrxv vl}h eldvhv
zkhq dssolhg wr udqgrp yduldeohv wkdw frqwdlq d vwdwlrqdu| exw shuvlvwhqw
frpsrqhqw dqg d qrq0vwdwlrqdu| frpsrqhqw1

Wkhuh lv uhdvrq wr eholhyh wkdw wkh xvhixoqhvv ri pxowlyduldwh pd{lpxp
olnholkrrg frlqwhjudwlrq dqdo|vlv fdq eh vhyhuo| kdpshuhg e| wkh fxuvh ri gl0
phqvlrqdolw|/ l1h1 d odujh qxpehu ri sdudphwhuv lq uhodwlrq wr d vpdoo qxpehu
ri revhuydwlrqv1 Rqh xqghvluhdeoh h�hfw lv wkdw wkh xvh ri dv|pswrwlf fulwlfdo
ydoxhv pd| mhrsdugl}h wkh ydolglw| ri lqihuhqfh1 Wklv kdv ehhq hpslulfdoo|
yhul�hg lq Mdfrevrq/ Yuhglq dqg Zduqh +4<<;,1 Juhghqkr� dqg Mdfrevrq
+4<<;, kdyh frq�uphg dqg h{dplqhg wkh suhvhqfh ri vl}h glvwruwlrq iru olnh0
olkrrg udwlr whvwv ri olqhdu uhvwulfwlrqv rq frlqwhjudwlqj yhfwruv1 Krzhyhu/
wkh| dovr irxqg wkdw sdudphwulf errwvwuds whvwlqj lv d urexvw dowhuqdwlyh wr
dv|pswrwlf dssur{lpdwlrqv/ hyhq iru txlwh odujh v|vwhpv dqg dv ihz revhuyd0
wlrqv dv 731 Lq wklv sdshu/ doo wkh dv|pswrwlf whvwv +qrw rqo| wkrvh rq olqhdu
uhvwulfwlrqv rq frlqwhjudwlqj yhfwruv, duh dxjphqwhg e| sdudphwulf errwvwuds
dqdorjxhv1

Vrph hduolhu vwxglhv

D pxfk flwhg vwxg| ri SSS xvlqj orqj0krul}rq gdwd lv Dexdi dqg Mrulrq
+4<<3,1 Zh xvh wkh vdph gdwdvhw +dowkrxjk xsgdwhg, dqg frqvhtxhqwo| zh
kdyh ehhq deoh wr uhsurgxfh wkhlu uhvxowv1 Wzr frqfoxvlrqv dulvh= l, xvlqj
pruh prghuq xqlw0urrw whvwv +wkdq zhuh dydlodeoh wr Dexdi dqg Mrulrq, wkh
k|srwkhvlv ri d xqlw urrw lq wkh uhdo h{fkdqjh udwh lv lqvwhdg riwhq qrw uh0
mhfwhg> ll, dsso|lqj wkh vdph phwkrg dv Dexdi dqg Mrulrq xvhg wr dq xsgdwhg
gdwd vhw +4<33 0 4<<9, wkh frqfoxvlrqv riwhq fkdqjh/ vr wkdw d xqlw urrw lq idfw
fdqqrw eh uhmhfwhg1 Dqrwkhu iuhtxhqwo| flwhg sdshu lv Glherog/ Kxvwhg dqg
Uxvk +4<<4,1 \hw/ dv wkh dxwkruv wkhpvhoyhv srlqw rxw +irrwqrwh 49/ s14596,
wkhlu dqdo|vlv +lq vkruw/ doorzlqj iru iudfwlrqdo lqwhjudwlrq, fdqqrw glvfulp0
lqdwh ehwzhhq phdq uhyhuvlrq dqg wuhqg uhyhuvlrq1 Lq rxu ylhz/ SSS pxvw
eh dvvrfldwhg zlwk phdq uhyhuvlrq1 Khqfh zh eholhyh wkdw d uh0h{dplqdwlrq
ri orqj0krul}rq gdwd lv zduudqwhg1
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5 SSS dqg olqhdu uhvwulfwlrqv rq sulfhv dqg
h{fkdqjh udwhv

Zh h{dplqh orqj0uxq SSS ehwzhhq irxu odujh hfrqrplhv � Jhupdq|/ Juhdw
Eulwdlq/ Mdsdq dqg wkh Xqlwhg Vwdwhv � dqg dv phqwlrqhg lq wkh lqwurgxfwlrq
zh gr vr lq d pxowlyduldwh vhwwlqj1 Khqfh/ elodwhudo SSS ehwzhhq doo sdluv
ri frxqwulhv fdq eh h{dplqhg vlpxowdqhrxvo| +dqg qrw rqo| rqh uhodwlrq dw d
wlph,1 Wkh sxusrvh ri wklv vhfwlrq lv wr vkrz krz vxfk d v|vwhp lv vhw xs/
dqg wr lghqwli| wkh uhvwulfwlrqv lpsolhg e| orqj0uxq SSS1

Zlwk irxu frxqwulhv wkhuh duh/ reylrxvo|/ irxu sulfhv dqg wkuhh olqhduo|
lqghshqghqw h{fkdqjh udwhv1 Wkh frlqwhjudwlrq dqdo|vlv zloo wkxv eh shu0
iruphg rq vhyhq yduldeohv vlpxowdqhrxvo|1 D fkrlfh ri h{fkdqjh udwhv pxvw
eh pdgh/ dqg zh kdyh fkrvhq wr zrun zlwk groodu h{fkdqjh udwhv18 Ghqrwh
wkh qdwxudo orjdulwkpv ri wkh GHP2XVG/ JES2XVG dqg MS\2XVG qrplqdo
h{fkdqjh udwhv e| r(.| / rC�| / ra�| uhvshfwlyho|1 Ixuwkhu/ ohw R�| eh wkh qdwxudo
orjdulwkp ri wkh sulfh ohyho lq frxqwu| �1 Wkh vhyhq yduldeohv duh vwdfnhg lq
wkh .� � yhfwru %|=

%| '
k
r(.| rC�| ra�| R(.| RC�| Ra�| RL7|

l
�

Li orqj0uxq elodwhudo SSS krogv wkhq wkh uhdo h{fkdqjh udwhv ehwzhhq doo sdluv
ri frxqwulhv duh vwdwlrqdu|/ ru lqwhjudwhg ri rughu 3/ UEf�1 Lq wklv irxu0frxqwu|
vhwwlqj wkhuh duh wzhoyh uhdo h{fkdqjh udwhv/ exw rqo| wkuhh duh olqhduo| lqgh0
shqghqw1 Fkrrvlqj wkrvh uhodwlrqv lqyroylqj rqo| groodu +qrplqdo, h{fkdqjh
udwhv/ orqj0uxq elodwhudo SSS pd| eh h{suhvvhg dv

^�
|
� r�

|
� R�

|
n RL7

|
� UEf� � ' (.c C�c a�

zkhuh ^�
|
lv wkh uhdo h{fkdqjh udwh ehwzhhq frxqwu| � dqg wkh XV1 Wkhvh wkuhh

8Frqfhuqlqj wkh fkrlfh ri qxphudluh�li wkh dqdo|vlv vkrzv wkdw elodwhudo SSS krogv
ehwzhhq Jhupdq| dqg wkh XV/ dqg dovr ehwzhhq Juhdw Eulwdlq dqg wkh XV/ wkhq elodwhudo
SSS ehwzhhq Jhupdq| dqg Eulwdlq pxvw krog dovr/ vlqfh wkh uhdo h{fkdqjh udwh ehwzhhq
Jhupdq| dqg Juhdw Eulwdlq lv d olqhdu frpelqdwlrq ri wkh uhdo h{fkdqjh udwhv ehwzhhq
Jhupdq| dqg wkh XV dqg Juhdw Eulwdlq dqg wkh XV1 Krzhyhu/ li wkh XV0ghqrplqdwhg
uhdo h{fkdqjh udwhv duh qrw vwdwlrqdu|/ wkhq elodwhudo SSS ehwzhhq Jhupdq| dqg Juhdw
Eulwdlq pd| ru pd| qrw krog1
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htxdwlrqv fdq eh vxppdul}hg lq pdwul{ qrwdwlrq dv=

5
97
^(.|
^C�
|

^a�|

6
:8 �

5
97
� f f �� f f �
f � f f �� f �
f f � f f �� �

6
:8

5
999999999997

r(.
|

rC�
|

ra�|
R(.
|

RC�|
Ra�
|

RL7
|

6
:::::::::::8
� UEf� +4,

ru
^| � ` � %| � UEf� +5,

Wkh pdwul{ ` uhsuhvhqwv wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv lpsolhg e|
orqj0uxq SSS1 Vlqfh wkh udqn ri ` lv 6/ elodwhudo SSS � ru htxlydohqwo|
wkh vwdwlrqdulw| ri elodwhudo uhdo h{fkdqjh udwhv � lpsolhv wkh h{lvwhqfh ri
wkuhh vwdwlrqdu| dqg olqhduo| lqghshqghqw olqhdu frpelqdwlrqv ri wkh vhyhq
vhulhv lq %|1 Wkhvh duh wkh qhfhvvdu| frqglwlrqv1 Wkh vx!flhqw frqglwlrqv
duh wkdw wkh frlqwhjudwlqj yhfwruv +li vxfk duh irxqg, duh ri wkh vdph irup dv
wkh froxpqv ri ` 1

6 Wkh frlqwhjudwlrq dqdo|vlv
Rxu gdwdedvh frqwdlqv dqqxdo revhuydwlrqv ri zkrohvdoh sulfhv dqg qrplqdo
h{fkdqjh udwhv +yv wkh XV groodu, iru Jhupdq|/ Juhdw Eulwdlq dqg Mdsdq iru
wkh |hduv 4<63 0 4<<919 Wkh Dsshqgl{ frqwdlqv d ixoohu ghvfulswlrq ri wkh
gdwd dqg vrxufhv/ dqg dovr judskv ri wkh h{fkdqjh udwh dqg zkrohvdoh sulfh
vhulhv1

Wkh frlqwhjudwlrq dqdo|vlv shuiruphg lq wklv sdshu hpsor|v phwkrgv gh0
yhorshg e| Mrkdqvhq +4<;;/ 4<<4,1 Zh ehjlq e| vhwwlqj xs wkh iroorzlqj
yhfwru huuru fruuhfwlrq prgho +YHFP,=

{%| ' K�{%|3� n � � � n K&3�{%|3&n� n�%|3& n >n B(| n 0| +6,

zkhuh %| +gh�qhg deryh, dqg > duh froxpq yhfwruv zlwk vhyhq hohphqwv/ wkh
K*v dqg � duh . � . pdwulfhv zlwk frh!flhqwv/ (| lv d _ � � yhfwru zlwk
ghwhuplqlvwlf yduldeohv/ B lv d . � _ pdwul{ zlwk frh!flhqwv/ dqg 0| lv d

9Rxu lqlwldo lqwhqwlrq zdv wr h{dplqh wkh shulrg 4<3304<<9/ exw zh zhuh xqdeoh wr
rewdlq d vwdwlvwlfdo prgho zlwk dffhswdeoh surshuwlhv1
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Jdxvvldq huuru whup zlwk }hur phdq dqg d fryduldqfh pdwul{ P1 Wkh udqn
ri � lv ri fhqwudo lpsruwdqfh1 Li lw kdv uhgxfhg udqn htxdo wr o 	 ./ wkhq �
pd| eh glylghg lqwr wzr pdwulfhv k dqg q +l1h1 � ' kq �,/ zkhuh wkh . � o
pdwul{ q frqwdlqv wkh frlqwhjudwlqj yhfwruv/ l1h1 q � %| lv vwdwlrqdu|1

Lq wkh vxevhtxhqw vhfwlrqv zh xvh wklv iudphzrun lq wkh iroorzlqj zd|=
Iluvw zh hvwlpdwh wkh qxpehu ri frlqwhjudwlqj uhodwlrqv lq d YHFP ri rxu
vhyhq0yduldeoh gdwd vhw wkdw vdwlv�hv vwdqgdug vshfl�fdwlrq whvwv1 Vhfrqg/
zh whvw k|srwkhvhv derxw wkh frlqwhjudwlrq yhfwruv1 Wkhvh k|srwkhvhv duh
vxppdul}hg lq htxdwlrqv +5, deryh1

614 Vshfl�fdwlrq dqg plv0vshfl�fdwlrq dqdo|vlv

Lq dssolfdwlrqv ri pxowlyduldwh frlqwhjudwlrq dqdo|vlv/ odj rughu ghwhuplqdwlrq
lv fxvwrpdulo| fduulhg rxw e| fkhfnlqj wkh djuhhphqw ehwzhhq wkh surshuwlhv
ri wkh hvwlpdwhg uhvlgxdov lq dq xquhvwulfwhg YDU prgho: dqg wkh dvvxps0
wlrq ri lqghshqghqw/ lghqwlfdoo| glvwulexwhg qrupdo yduldwhv1 Lq wklv sdshu zh
lqvwhdg h{dplqh wkh uhvlgxdov ri wkh YHFP lq htxdwlrq +6, iru wkh iroorz0
lqj uhdvrqv= +l, Wkh plv0vshfl�fdwlrq whvwv hpsor|hg duh/ vwulfwo| vshdnlqj/
ydolg iru vwdwlrqdu| surfhvvhv rqo|> +ll, Wkh uhihuhqfh glvwulexwlrqv iru wkh
vshfl�fdwlrq whvwv duh dv|pswrwlf dqg khqfh wkh| pd| frqvwlwxwh srru ds0
sur{lpdwlrqv wr wkh vpdoo vdpsoh glvwulexwlrqv uhtxluhg iru fruuhfw lqihuhqfh
lq vdpsohv ri rxu vl}h1 Lq rughu wr flufxpyhqw wklv sureohp zh hydoxdwh wkh
uhvlgxdov xvlqj errwvwudsshg yhuvlrqv ri wkh plv0vshfl�fdwlrq whvwv1 Exw wkh
errwvwuds surfhgxuh dovr uhtxluhv vwdwlrqdulw| wr eh ydolg/ dqg lv wkxv ehwwhu
vxlwhg iru wkh YHFP prgho udwkhu wkdq d YDU prgho> +lll, Xowlpdwho|/ zkdw
vkrxog eh ri frqfhuq lv wkh prgho zklfk zh lqwhusuhw/ l1h1 wkh vwdwlrqdu|
YHFP prgho dqg qrw wkh qrq0vwdwlrqdu| YDU prgho1

Wdeohv 4d0e suhvhqw plv0vshfl�fdwlrq dqdo|vhv iru wkh YHFP lq htxdwlrqv
+6, iru & 5 i2c �c ej dqg o 5 i�c 2c �c ec Dj zlwk uhvshfw wr pxowlyduldwh vhuldo
fruuhodwlrq/ pxowlyduldwh qrupdolw|/ dqg pxowlyduldwh dxwruhjuhvvlyh frqgl0
wlrqdo khwhurvfhgdvwlflw|1; Lqihuhqfh lv jlyhq lq whupv ri dv|pswrwlf dv zhoo
dv errwvwudsshg R0ydoxhv1< Dsduw iurp surylglqj urexvw lqihuhqfh/ wkh errw0

:Wkdw lv/ lq d prgho zkhuh wkh uhgxfhg udqn 0 ru frlqwhjudwlqj 0 uhvwulfwlrq kdv qrw
ehhq lpsrvhg1

;Lq doo hvwlpdwlrqv/ Gw frqwdlqv lqwhuyhqwlrq gxpp| yduldeohv iru wkh |hduv 4<6;/ 4<73/
4<79 dqg 4<841

<Wkh xqghuo|lqj lghd lq errwvwuds k|srwkhvlv whvwlqj lv wr hvwlpdwh d uhihuhqfh glvwule0
xwlrq +fulwlfdo ydoxhv,1 Wklv lv grqh e| �uvw jhqhudwlqj d odujh qxpehu ri svhxgr vdpsohv
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vwuds whvwv surylgh ixuwkhu lqwhuhvwlqj lqirupdwlrq � qdpho| dq hydoxdwlrq
ri wkh vl}h surshuw| ri wkh fruuhvsrqglqj dv|pswrwlf whvw1 Iru lqvwdqfh/ zh
vhh wkdw wkh wzr vhwv ri R0ydoxhv iru wkh pxowlyduldwh DUFK whvw +Wdeoh 4d,
riwhq duh ri vdph rughu ri pdjqlwxgh1 Wklv lv dovr wuxh iru wkh �uvw rughu vhu0
ldo fruuhodwlrq whvw OP+4,1 Qrqhwkhohvv/ wkh jhqhudo lpsuhvvlrq zkhq orrnlqj
dw erwk Wdeoh 4d dqg Wdeoh 4e lv wkdw dv|pswrwlf plv0vshfl�fdwlrq whvwlqj
surylghv h{wuhpho| srru lqihuhqfh1

Wxuqlqj wr wkh frqfoxvlrqv surylghg e| wkh errwvwudsshg R0ydoxhv/ zh
�qg hylghqfh ri plv0vshfl�fdwlrq iru wkh vhfrqg0rughu prghov/ l1h1 & ' 21
Lq sduwlfxodu/ wkh OP+4,0whvw iru �uvw rughu vhuldo fruuhodwlrq dv zhoo dv wkh
wkuhh qrupdolw| whvwv +Wdeoh 4e, riwhq vxjjhvw uhmhfwlrq ri wkh qxoov1 Olnh0
zlvh/ wkh prghov zlwk irxu odjv glvsod| vljqv ri �uvw0rughu vhuldo fruuhodwlrq1
Khqfh/ d sduvlprqlrxv dssurdfk vxjjhvwv wkdw wkuhh odjv lv wkh dssursuldwh
fkrlfh1 Krzhyhu/ zh zloo nhhs wkh odj rughu vshfl�fdwlrq rshq dqg vwxg| wkh
frlqwhjudwlrq udqn whvwv iru doo wkuhh odj rughuv1

^Wdeohv 4d0e derxw khuh1`

615 Frlqwhjudwlrq whvwv

Wkh frlqwhjudwlrq whvw uhvxowv duh uhsruwhg lq Wdeoh 5/ dqg djdlq zh kdyh
hvwlpdwhg vpdoo vdpsoh uhihuhqfh glvwulexwlrqv e| errwvwudsslqj lq rughu wr
dyrlg wkh sureohpv xvlqj dv|pswrwlf lqihuhqfh1 Wkh �uvw sdqho ri Wdeoh 5
vkrzv dv|pswrwlf fulwlfdo ydoxhv1 Xvlqj wkhvh/ zh zrxog lqihu d frlqwhjudwlqj
udqn ri o ' e iru d odj rughu ri & ' 21 Iru & ' � wkh udqn lv dovr 7 iru d 43(
ohyho whvw/ dqg/ �qdoo|/ wkh dv|pswrwlf lqihuhqfh vxjjhvwv wkuhh frlqwhjudwlqj
yhfwruv lq wkh fdvh ri & ' e�43

zlwk wkh qxoo k|srwkhvlv lq txhvwlrq lpsrvhg1 Wkh qh{w vwhs lv wr hydoxdwh wkh whvw ixqf0
wlrq lq hdfk svhxgr vdpsoh dqg wkhq duudqjh wkhp lq dvfhqglqj rughu1 Zh jhqhudwh wkh
svhxgr vdpsohv e| d sdudphwulf surfhgxuh zkhuh zh vxevwlwxwh wkh sdudphwhuv ri +6, zlwk
wkh hvwlpdwhv iurp wkh ruljlqdo vdpsoh dqg ihhg lq svhxgr udqgrp yhfwruv/ jhqhudwhg dv
Qs

�
3> e	�/ lq sodfh ri %w= Doo errwvwuds uhvxowv lq wklv sdshu lqyroyh 43/333 jhqhudwhg

svhxgr vdpsohv1
43Wkh whvwv duh fduulhg rxw lq wkh iroorzlqj zd| xvlqj wkh n @ 6 fdvh dv dq looxvwudwlrq=

wkh olnholkrrg udwlr whvw vwdwlvwlf iru wkh k|srwkhvlv K3 = u @ 3 lv 4;<1;8/ dqg frpsdulqj
wklv zlwk wkh fulwlfdo ydoxhv rq wkh �uvw urz ri wkh �uvw sdqho zh uhmhfw dw hyhu| vhqvleoh
whvw ohyho1 Prylqj grzq rqh vwhs zh frqvlghu K3 = u � 4 dqg wkh vwdwlvwlf 465155/ zklfk lv
dovr uhmhfwhg/ dqg vr lv K3 = u � 5 zlwk vwdwlvwlf ;8165/ dqg K3 = u � 6 zlwk vwdwlvwlf 771751
Krzhyhu/ K3 = u � 7 fdqqrw eh uhmhfwhg vlqfh wkh whvw vwdwlvwlf 4<17: lv vpdoohu wkdq wkh

;



^Wdeoh 5 derxw khuh1`

Wxuqlqj wr wkh uhpdlqlqj wkuhh sdqhov/ zlwk errwvwudsshg vpdoo vdpsoh
fulwlfdo ydoxhv/ wkh slfwxuh fkdqjhv1 Frpsdulqj wkh wkuhh vhwv ri fulwlfdo
ydoxhv/ zh �qg wkdw wkh| lqfuhdvh zlwk odj rughu &1 Dq lqwhusuhwdwlrq ri wklv
lv wkdw li wrr pdq| odjv duh lqfoxghg wkhq wkh xvh ri dv|pswrwlf fulwlfldo ydoxhv
zloo lpso| d ulvn ri lqihuulqj wrr pdq| frlqwhjudwlqj yhfwruv1 Iru h{dpsoh/
frqvlghu wkh & ' � fdvh1 Dv|pswrwlf fulwlfdo ydoxhv vxjjhvw o ' e/ zkloh wkh
errwvwuds whvwv jlyh o ' �� Lq wkh & ' e fdvh/ wkh errwvwuds whvwv �qg rqo|
rqh frlqwhjudwlqj yhfwru/ zkloh wkh xvh ri dv|pswrwlf fulwlfdo ydoxhv lqglfdwh
wkuhh1 Wkh fulwlfdo ydoxhv lq wkh vhfrqg sdqho +& ' 2� duh yhu| forvh wr wkh
dv|pswrwlf rqhv/ dqg/ ri frxuvh/ wkh wzr whvwv djuhh rq o ' e1 Lw lv whpswlqj
wr lqwhusuhw wklv dv hylghqfh ri & ' 2 ehlqj dq dssursuldwh vshfl�fdwlrq1
Krzhyhu/ zh eholhyh wkdw wkh odfn ri glvdjuhhphqw ehwzhhq wkh dv|pswrwlf
dqg wkh vpdoo0vdpsoh glvwulexwlrqv lv d vljq ri plv0vshfl�fdwlrq ri wkh & ' 2
prghov/ l1h1 h�hfwv iurp qxlvdqfh sdudphwhuv rq wkh errwvwudsshg fulwlfdo
ydoxhv fdqfho1

Wr vxp xs= wkh hpslulfdo dqdo|vlv vxjjhvwv d sduvlprqlrxv prgho zlwk
wkuhh odjv1 Ixuwkhupruh/ zh �qg hylghqfh ri wkuhh frlqwhjudwlqj yhfwruv/
zklfk lv frpsdwleoh zlwk wkh qhfhvvdu| frqglwlrqv iru SSS1 Wkh hvwlpdwhg q
pdwul{ lv uhsruwhg lq Wdeoh 61 Wkh wdeoh dovr frqwdlqv wkh pdwul{ ` / ghulyhg
lq Vhfwlrq 5/ zklfk vxppdul}hv wkh uhvwulfwlrqv rq %| lpsolhg e| SSS1 Qrwh
wkdw eq kdv ehhq qrupdol}hg vr dv wr pdnh eq dqg ` dv vlplodu dv srvvleoh1 D
fdvxdo frpsdulvrq ehwzhhq wkh wzr vhwv ri yhfwruv vxjjhvwv wkdw SSS grhv
qrw krog � wkh frh!flhqwv lq eq duh yhu| pxfk gl�huhqw iurp wkh fruuhvsrqglqj
hohphqwv lq `� Lq wkh qh{w vhfwlrq/ zh zloo whvw irupdoo| iru wkh djuhhphqw
ehwzhhq eq dqg `�

;3wk shufhqwloh 561:51
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Wdeoh 61 SSS= wkhruhwlfdo dqg hvwlpdwhg frlqwhjudwlqj yhfwruv1
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616 Whvwlqj olqhdu uhvwulfwlrqv

Kdylqj irxqg vxssruw iru wkh qhfhvvdu| frqglwlrq iru SSS/ zh qrz wxuq wr
wkh vx!flhqw frqglwlrqv1 Wkh pxowlyduldwh vhwxs xvhg lq wklv sdshu dfwxdoo|
hqdeohv xv wr whvw iru SSS lq gl�huhqw zd|v1 Iluvw/ zh whvw zkhwkhu doo wkuhh
elodwhudo SSS uhodwlrqv krog � wkh *zruog0zlgh* SSS1 Diwhu wkdw zh h{dplqh
wzr uhodwlrqv dw d wlph1 Ilqdoo|/ zh whvw hdfk uhodwlrq vhsdudwho|1

Wdeoh 7 ehorz uhsruwv wkh uhvxowv iurp wkhvh whvwv/ zklfk duh olnholkrrg
udwlr whvwv ri wkh olqhdu uhvwulfwlrqv rq wkh frlqwhjudwlqj yhfwruv lpsolhg e|
doo wkuhh/ gl�huhqw frpelqdwlrqv ri wzr/ dqg lqglylgxdo yhfwruv ri wkh k|0
srwkhvl}hg yhfwruv lq htxdwlrq +4,/ uhvshfwlyho|1 Erwk dv|pswrwlf dqg errw0
vwudsshg fulwlfdo ydoxhv duh surylghg1 D frpsdulvrq ehwzhhq wkhvh wzr vhwv ri
fulwlfdo ydoxhv ghprqvwudwhv wkdw wkh olnholkrrg udwlr whvwv duh lqghhg juhdwo|
ryhuvl}hg iru wklv sduwlfxodu dssolfdwlrq1 Qrqhwkhohvv/ wkh dv|pswrwlf whvw
frqfoxvlrqv gr qrw fkdqjh zkhq xvlqj wkh errwvwuds whvw � lq hdfk fdvh wkh
qxoo lv uhmhfwhg e| d odujh pdujlq1 Khqfh/ wkh k|srwkhvlv wkdw doo wkuhh elodw0
hudo uhdo h{fkdqjh udwhv duh vwdwlrqdu| lv uhmhfwhg/ dqg vr duh wkh k|srwkhvhv
frqfhuqlqj doo vxevhtxhqw frpelqdwlrqv ri wzr elodwhudo uhdo h{fkdqjh udwhv/
dqg lqglylgxdo elodwhudo uhdo h{fkdqjh udwhv1 Wklv phdqv wkdw wkh uhmhfwlrq
ri *zruog0zlgh* SSS lv qrw gxh wr dq| rqh sduwlfxodu uhodwlrq/ exw pxvw eh
dwwulexwhg wr wkh qrq0vwdwlrqdulw| ri doo elodwhudo uhdo h{fkdqjh udwhv1

^Wdeoh 7 derxw khuh1`

Lq vxppdu|/ zh kdyh irxqg vxssruw iru rxu k|srwkhvlv wkdw wkh yduldeohv
lq %| fdq eh fkdudfwhul}hg e| dq huuru fruuhfwlrq prgho olnh htxdwlrq +6,1
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Wklv lpsolhv wkdw wkh| duh gulyhq e| d olplwhg qxpehu ri frpprq vwrfkdvwlf
wuhqgv dqg wkhuhiruh duh wlhg wrjhwkhu lq wkh orqj uxq1 Wkhuh duh wkuhh orqj0
uxq/ frlqwhjudwlqj/ uhodwlrqv1 Krzhyhu/ qrqh ri wkhvh orqj0uxq uhodwlrqv fdq
eh lqwhusuhwhg lq whupv ri SSS1

7 Glvfxvvlrq
Suhylrxv vwxglhv ri orqj0uxq sxufkdvlqj srzhu sdulw| dqdo|}lqj orqj0krul}rq
gdwd vhwv kdyh suhgrplqdqwo| xvhg xqlyduldwh whfkqltxhv +h1j1 xqlw0urrw whvwv,
dqg kdyh riwhq irxqg vxssruw iru orqj0uxq SSS1 Zh/ rq wkh rwkhu kdqg/ xvh
d pxowlyduldwh dssurdfk/ dqg duulyh dw d gl�huhqw frqfoxvlrq1 Zh gr �qg
frlqwhjudwlqj yhfwruv ehwzhhq qrplqdo h{fkdqjh udwhv dqg sulfhv 0 dqg mxvw
wkh qxpehu wkdw SSS zrxog suhglfw 0 exw qrqh ri wkhvh fdq eh lqwhusuhwhg
lq whupv ri SSS1

Lw lv gl!fxow wr uhfrqfloh wkh hylghqfh jlyhq e| wudglwlrqdo xqlw0urrw whvwv
zlwk wkh uhvxowv surylghg lq wklv vwxg|1 Zkdw fdq h{sodlq wklv vwulnlqj gli0
ihuhqfh lq frqfoxvlrqB Rqh srvvleoh h{sodqdwlrq lv r�huhg e| Hqjho +4<<9,/
zkr dujxhv wkdw wkh wudglwlrqdo xqlw0urrw whvwv duh juhdwo| ryhu0vl}hg1 Wkh
uholdelolw| ri rxu uhvxowv lv hqkdqfhg e| zkdw zh eholhyh wr eh d zhoo0vshfl�hg
vwdwlvwlfdo prgho dqg e| wkh idfw wkdw doo wkh dv|pswrwlf whvwv kdyh ehhq
uhsodfhg e| urexvw errwvwuds lqihuhqfh1

Qrz/ zkhuhdv wkh errwvwuds whvw fdq eh h{shfwhg wr eh dssur{lpdwho| fru0
uhfw lq vl}h/ lw vkrxog eh qrwhg wkdw lwv srzhu zloo qrw eh kljkhu/ qru orzhu/
wkdq wkh srzhu ri wkh vl}h0dgmxvwhg dv|pswrwlf whvw1 Wklv kdv ehhq wkhr0
uhwlfdoo| suhglfwhg iru wkh jhqhudo fdvh e| Gdylgvrq dqg PfNlqqrq +4<<9,
dqg yhul�hg iru wkh olnholkrrg udwlr whvw ri olqhdu uhvwulfwlrqv rq frlqwhjudwlqj
yhfwruv e| Juhghqkr� dqg Mdfrevrq +4<<;, xvlqj Prqwh Fduor vlpxodwlrq1
Pruhryhu/ wkh uhvxowv lq Juhghqkr� dqg Mdfrevrq vxjjhvw wkdw wkh srzhu ri
wkh olnholkrrg udwlr whvw lq d frpsoh{ prgho edvhg rq uhodwlyho| ihz revhu0
ydwlrqv/ vxfk dv wkh rqh dw kdqg/ fdqqrw eh h{shfwhg wr eh kljk1 Ghvslwh
wklv zh gr uhmhfw wkh qxoo ri SSS1 Kdg zh qrw/ orz whvw srzhu frxog yhu|
zhoo kdyh gulyhq wkdw uhvxow1 Lq rwkhu zrugv/ wkh errwvwuds surfhgxuh hq0
vxuhv d surshu vl}h iru wkh whvw dqg wkh lqvx!flhqw srzhu rqo| vwuhqjwkhqv
wkh uhmhfwlrq uhvxow1

Wkh frqfoxvlrq dulvlqj iurp rxu dqdo|vlv lv wkdw uhdo h{fkdqjh udwhv duh
qrq0vwdwlrqdu|/ hyhq zkhq h{dplqlqj gdwd vwuhfklqj ryhu orqj shulrgv ri
wlph1 Khqfh vkrfnv wr uhdo h{fkdqjh udwhv gr qrw vxevlgh zlwk wlph/ exw
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lqvwhdg kdyh lq�qdwho| orqj0olyhg h�hfwv1 Wklv vxjjhvwv wkdw shupdqhqw uhdo
vkrfnv duh wkh suhgrplqdqw vrxufh ri uhdo h{fkdqjh udwh pryhphqwv1 D qdw0
xudo vxjjhvwlrq iru ixwxuh uhvhdufk lv wkxv wr ghyhors prghov ri uhdo h{fkdqjh
udwh ehkdylru wkdw irfxv pdlqo| rq uhdo idfwruv1

Dsshqgl{

Wkh gdwdedvh lv frpsulvhg ri wkuhh qrplqdo h{fkdqjh udwhv dqg irxu zkrohvdoh
sulfh lqglfhv1 Wkh iuhtxhqf| lv dqqxdo dqg wkh vhulhv uxq iurp 4<63 wr 4<<91
Vhh judskv D4 dqg D51 Iru wkh shulrg xs wr 4<:5/ wkh vrxufh lv Ohh +4<:9,
diwhu zklfk gdwd kdv ehhq rewdlqhg iurp wkh LPI*v Lqwhuqdwlrqdo Ilqdqfldo
Vwdwlvwlfv +FG0Urp,1Wkh h{fkdqjh udwhv duh wkh sulfh ri XVG lq GHP/ JES/
dqg MS\ uhvshfwlyho|1 Wkh ZSL*v duh iurp urz 96 lq wkh LIV0wdshv1 Lq wkh
Ohh0gdwd wkhuh duh vl{ plvvlqj revhuydwlrqv lq wkh GHP2XVG h{fkdqjh udwh
+4<7507:, dqg irxu lq wkh ZSL +4<7707:,1 Wkhvh kdyh ehhq uhsodfhg e| olqhdu
lqwudsrodwlrq1

^Judskv D4 dqg D5 derxw khuh1`

Uhihuhqfhv
^4` Dexdi/ Q1 dqg S1 Mrulrq +4<<3, � Sxufkdvlqj Srzhu Sdulw| lq wkh Orqj

Uxq� Mrxuqdo ri Ilqdqfh/ yro1 781

^5` Dughql/ S1 dqg G1 Oxeldq +4<<4,/ �Lv wkhuh wuhqg uhyhuvlrq lq sxufkdvlqj
srzhu sdulw|B�/ Hxurshdq Hfrqrplf Uhylhz/ yro1 681

^6` Fkhxqj/ \1 dqg N1 Odl +4<<6,/ �Orqj0Uxq Sxufkdvlqj Srzhu Sdulw|
Gxulqj wkh Uhfhqw Iordw�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 671

^7` Fkhxqj/ \1 dqg N1 Odl +4<<7,/ �Phdq uhyhuvlrq lq uhdo h{fkdqjh udwhv�/
Hfrqrplfv Ohwwhuv/ yro 791

^8` Fkhxqj/ \1 dqg N1 Odl +4<<;,/ �Sdulw| uhyhuvlrq lq uhdo h{fkdqjh udwhv
gxulqj wkh srvw0EuhwwrqZrrgv shulrg�/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh|
dqg Ilqdqfh/ 4:1
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^9` Gdylgvrq/ U1 dqg M1J1PfNlqqrq +4<<9,/ �Wkh Srzhu ri Errwvwuds Whvw0
v�/ Txhhq*v Lqvwlwxwh iru Hfrqrplf Uhvhdufk/ Glvfxvvlrq Sdshu qr1 <6:1

^:` Glherog/ I1/ V1 Kxvwhg dqgP1 Uxvk +4<<4,/ �Uhdo H{fkdqjh Udwhv xqghu
wkh Jrog Vwdqgdug�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro <<1

^;` Grruqln/ M1 D1 dqg K1 Kdqvhq +4<<7,/ �D Sudfwlfdo Whvw iru Xqlyduldwh
dqg Pxowlyduldwh Qrupdolw|/� pdqxvfulsw/ Qx!hog Froohjh1

^<` Hglvrq/ K1 +4<;:,/ �SSS lq wkh Orqj Uxq= D Whvw ri wkh Groodu2Srxqg
H{fkdqjh Udwh +4;<3 0 4<:;,/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/
yro1 4</ qr1 61

^43` Hglvrq/ K1/ M1 Jdjqrq dqg Z1 Pholfn +4<<:, �Xqghuvwdqglqj wkh hp0
slulfdo olwhudwxuh rq sxufkdvlqj srzhu sdulw|= wkh srvw0Euhwwrq Zrrgv
hud�/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ yro 49/ qr141

^44` Hqjho/ F1 +4<<9,/ �Orqj0Uxq SSS pd| qrw krog diwhu doo�/ QEHU zrun0
lqj sdshu 89791

^45` Iudqnho/ M1 +4<;9,/ �Lqwhuqdwlrqdo Fdslwdo Prelolw| dqg Furzglqj0Rxw
lq wkh XV Hfrqrp|= Lpshuihfw Lqwhjudwlrq ri Ilqdqfldo Pdunhwv ri ru
Jrrgv PdunhwvB� Lq= Kdihu/ U1 +Hg1,/ Krz Rshq lv wkh XV Hfrqrp|B
Oh{lqjwrq Errnv1

^46` Johq/ M1 +4<<5,/ �Uhdo h{fkdqjh udwhv lq wkh vkruw/ phglxp/ dqg orqj
uxq�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 66/ ss1 47:04991

^47` Judqjhu/ F1Z1M1 dqg W1 Whuçvyluwd +4<<6,/ Prghoolqj Qrqolqhdu Hfr0
qrplf Uhodwlrqvklsv/ R{irug Xqlyhuvlw| Suhvv1

^48` Juhghqkr�/ P1 dqg W1 Mdfrevrq +4<<;,/ �Errwvwuds Whvwlqj dqg Ds0
sur{lpdwh Ilqlwh Vdpsoh Glvwulexwlrqv iru Whvwv ri Olqhdu Uhvwulfwlrqv
rq Frlqwhjudwlqj Yhfwruv�/ Vyhuljhv Ulnvedqn Zrunlqj Sdshu Vhulhv qr1
9:/ Dsulo1

^49` Mdfrevrq/ W1/ D1 Zduqh dqg D1 Yuhglq +4<<;,/ �Duh Uhdo Zdjhv dqg
Xqhpsor|phqw UhodwhgB�/ Hfrqrplfd/ yro1 98/ 9< 0 <91

^4:` Mrkdqvhq/ V1 +4<;;,/ �Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv1�
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro1 45/ ss1 56405871
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^4;` Mrkdqvhq/ V1 +4<<4,/ �Hvwlpdwlrq dqg K|srwkhvlv Whvwlqj ri Frlqwhjud0
wlrq Yhfwruv lq Jdxvvldq Yhfwru Dxwruhjuhvvlyh Prghov1� Hfrqrphwulfd/
yro1 8</ qr1 91

^4<` Mrkdqvhq/ V1 +4<<8,/ Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru
Dxwruhjuhvvlyh Prghov/ R{irug Xqlyhuvlw| Suhvv1

^53` Mrkdqvhq/ V1 dqg N1 Mxvholxv +4<<3,/ �Pd{lpxp Olnholkrrg Hvwlpdwlrq
dqg Lqihuhqfh rq Frlqwhjudwlrq � Zlwk Dssolfdwlrqv wr wkh Ghpdqg
Iru Prqh|1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 85/ qr1 51

^54` Mrkdqvhq/ V1 dqg N1 Mxvholxv +4<<5,/ �Whvwlqj Vwuxfwxudo K|srwkhvhv lq
d Pxowlyduldwh Frlqwhjudwlrq Dqdo|vlv ri wkh SSS dqg wkh XLS iru XN1�
Mrxuqdo ri Hfrqrphwulfv 86/ 54405771

^55` Nlp/ \1 +4<<3,/ �SSS lq wkh Orqj Uxq= D Frlqwhjudwlrq Dssurdfk1�
Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 55/ qr1 71

^56` Nxjohu/ S1 dqg F1 Ohq} +4<<6,/ �Pxowlyduldwh Frlqwhjudwlrq Dqdo|vlv dqg
wkh Orqj0Uxq Ydolglw| ri SSS�/Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1
:81

^57` Ohh/ P1K1 +4<:9,/ Sxufkdvlqj Srzhu Sdulw|/ Pdufho Ghnnhu Lqf1/ Q\

^58` Orwkldq/ M1 dqg P1 Wd|oru +4<<9, �Uhdo H{fkdqjh Udwh Ehkdylru= Wkh
Uhfhqw Iordw iurp wkh Shuvshfwlyh ri wkh Sdvw Wzr Fhqwxulhv� Mrxuqdo
ri Srolwlfdo Hfrqrp|/ yro 437/ qr 6/ Mxqh1

^59` PdfGrqdog/ U1 +4<<6,/ �Orqj0Uxq Sxufkdvlqj Srzhu Sdulw|= Lv Lw Iru
UhdoB�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ yro1 :81

^5:` Pdugld/ N1Y1 +4<:3,/ �Phdvxuhv ri Pxowlyduldwh Vnhzqhvv dqg Nxuwrvlv
zlwk Dssolfdwlrqv�/ Elrphwulnd/ 8:/ 84<0631

^5;` PfOhrg/ D1L1 dqg Z1N1 Ol +4<;6,/�Gldjqrvwlf Fkhfnlqj DUPD Wlph
Vhulhv Prghov Xvlqj Vtxduhg Uhvlgxdo Dxwrfruuhodwlrqv�/ Mrxuqdo ri
Wlph Vhulhv Dqdo|vlv/ 7/ 59< 0 :61

^5<` Qhvvìq/ P1 +4<<9, �Frpprq Wuhqgv lq Sulfhv dqg H{fkdqjh Udwhv1
Whvwv ri Orqj0Uxq Sxufkdvlqj Srzhu Sdulw|�/ Hpslulfdo Hfrqrplfv/ yro1
54/ ss1 6;4 0 7331
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^63` R*Frqqhoo/ S1 +4<<;,/ �Wkh Ryhuydoxdwlrq ri Sxufkdvlqj Srzhu Sdulw|�/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro 77/ ss1404<1
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Prgho Sruwpdq s0ydoxhd s0ydoxhe OP+4, s0ydoxhd s0ydoxhe P0DUFK s0ydoxhd s0ydoxhe

n @ 5> u @ 4 ;5:17678 13393 1;874 :<1<;<6 13367 13388 :9915<46 199:; 1<539

u @ 5 ;681;<;7 1334< 1<69; :<16;83 1336< 133<6 :691;<46 1;;77 1<;63

u @ 6 ;641487; 13348 1<;9; :515745 134:3 137;5 :9314:85 1:55; 1<;;4

u @ 7 ;4<153<3 13354 1<<:9 981<739 13868 1469: :;818;33 17::7 1<;4:

u @ 8 ;531;63< 13343 1<<<7 9518778 13<59 154<; :<516::3 17433 1<;<4

n @ 6> u @ 4 :9;16687 133<9 1<<<< 8;14<66 14:5< 15474 :631:4:3 1<465 1<<<9

u @ 5 :;:176;9 13346 1<<<< 831844< 17469 18384 :531:4;9 1<7;4 1<<<<

u @ 6 :9914676 1336< 1<<<< 87179;< 15:76 17388 :731<43: 1;959 1<<<<

u @ 7 ::8156;3 13344 1<<<< 8614437 164;; 17<89 :8;13389 1:745 1<<<<

u @ 8 :9<154:9 1333< 1<<<< 8<17<;: 1477: 15;48 ::81<;77 18:6< 1<<<;

n @ 7> u @ 4 ::81;979 13333 1<<<< 9714599 13:54 13<37 ;8919499 13345 1<<;:

u @ 5 :<3173<9 13333 1<<<< :81;567 133;6 13497 ;:31;;75 13337 1<<<;

u @ 6 ;3:137<9 13333 1<<<< :616:;8 13469 13868 ;;31:857 13335 1<<<<

u @ 7 ;4517;5< 13333 1<<<< :;1759; 1337; 13637 <5;17345 13333 1<<;<

u @ 8 ;461<::: 13333 1<<<< ::179;8 1338< 1386; <53159<8 13333 1<<<<

Uhpdunv= Sruwpdq lv wkh pxowlyduldwh Sruwpdqwhdx whvw/ zklfk lv dv|pswrwlfdoo| "5 zlwk ghjuhhv ri

iuhhgrp q5 +^W@7`� n . 4,�qu1 OP+4, lv d Odjudqjh pxowlsolhu whvw iru �uvw0rughu vhuldo fruuhodwlrq/

zklfk lv dv|pswrwlfdoo| "5 zlwk q5 ghjuhhv ri iuhhgrp1 P0DUFK lv d pxowlyduldwh yhuvlrq ri wkh

xqlyduldwh Odjudqjh pxowlsolhu whvw djdlqvw dxwruhjuhvvlyh frqglwlrqdo khwhurvfhgdvwlflw| vxjjhvwhg e|

Judqjhu dqg Whu�dvyluwd +4<<6, +fi PfOhrg dqg Ol/ 4<;6,1 Vlqfh dq dv|pswrwlf glvwulexwlrq uhpdlqv

wr eh ghulyhg/ zh kdyh xvhg fulwlfdo ydoxhv iurp d "5 zlwk q5 +^W@7`, ghjuhhv ri iuhhgrp iru wkh

dv|pwrwlf lqihuhqfh1 s0ydoxhd uhihuv wr wkh s0ydoxh jlyhq e| xvh ri dv|pswrwlf fulwlfdo ydoxhv/ dqg

s0ydoxhe lv wkh errwvwuds dqdorjxh1
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Prgho Rpqlexv s0ydoxhd s0ydoxhe Vnhz s0ydoxhd s0ydoxhe Nxuw s0ydoxhd s0ydoxhe

n @ 5> u @ 4 971735; 13333 13338 4:813949 13333 1334< 453138;8 13333 13333

u @ 5 83159:7 13333 133;7 4:71<;94 13333 13367 ;;1:748 13333 13346

u @ 6 6<13649 13337 13949 47717:;7 13333 13::4 93133:3 13333 13834

u @ 7 6:15955 1333: 13<;; 459138:: 13354 15:6< 7:15537 13333 14<;8

u @ 8 631<9;6 13389 1575< 44918496 13443 17;;< 691;94< 13333 18455

n @ 6> u @ 4 941;56: 13333 135;4 49<16396 13333 14567 <613985 13333 14835

u @ 5 :616795 13333 133<6 49:1:767 13333 148:: ;618<97 13333 15<<4

u @ 6 :31348: 13333 134;: 48;17634 13333 15;57 931<3<; 13333 1:86:

u @ 7 9419:75 13333 1394; 46713943 13337 19<57 7:1:<<6 13333 1<976

u @ 8 8416695 13333 14<;5 459188:4 1334< 1;553 6:1<549 13333 1<<::

n @ 7> u @ 4 :41<38< 13333 139:9 4<81:<73 13333 14:;4 45:19565 13333 16;<8

u @ 5 9616:<: 13333 15:86 4961:<7; 13333 19<;7 <;1543< 13333 1<836

u @ 6 9<19454 13333 14;77 4:918864 13333 1879; 4351479; 13333 1<444

u @ 7 8616979 13333 1838< 4771379; 13334 1;<<9 981<564 13333 1<<<9

u @ 8 7:14576 13333 1:4<< 439133:4 1385: 1<<;< 76176:5 13333 1<<<<

Uhpdunv= Rpqlexv uhihuv wr wkh pxowlyduldwh whvw iru qrupdolw| vxjjhvwhg e| Grruqln dqg Kdqvhq

+4<<7,/ zklfk lv dv|pswrwlfdoo| "5 zlwk 5q ghjuhhv ri iuhhgrp1 Vnhz dqg Nxuw duh Pdugld*v

+4<:3, pxowlyduldwh whvwv iru h{fhvv vnhzqhvv dqg nxuwrvlv1 Wkh| duh erwk dv|pswrwlfdoo| "5 zlwk
q

9
+q. 4, +q. 5, g1i1 dqg 4 g1i1/ uhvshfwlyho|1 s0ydoxhd uhihuv wr wkh s0ydoxh jlyhq e| xvh ri dv|pswrwlf

fulwlfdo ydoxhv/ dqg s0ydoxhe lv wkh errwvwuds dqdorjxh1
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Dv|pswrwlf glvwulexwlrq iru dq xquhvwulfwhg frqvwdqw wudfh vwdwlvwlf

u s� u ;3( <3( <8( <:18( <<( n @ 5 n @ 6 n @ 7

3 : 4441:< 44:1:6 456137 45:18< 466137 58:193 4;<1;8 4;:1;6

4 9 ;7143 ;<16: <61<5 <:1<: 4351<8 498195 465155 458198

5 8 93156 971:7 9;19; :5154 :916: 43318: ;8165 :<1;<

6 7 7313; 761;7 7:154 8314< 861<4 88186 77175 7517<

7 6 561:5 591:3 5<16; 641:9 671;: 541<; 4<17: 4:1<7

8 5 44139 46164 48167 4:157 4<19< 816; 51<7 6199

9 4 4197 51:4 61;7 8135 9197 3133 314< 4146

Errwvwudsshg glvwulexwlrq iru wkh hpslulfdo YDU prgho/ n @ 5

u s� u ;3( <3( <8( <:18( <<( wudfh vwdwlvwlf

3 : 43<138 44:17: 457133 45<1:9 46;134 58:193

4 9 ::164 ;716: <3194 <81<: 4341;7 498195

5 8 831;; 891:3 941<8 99184 :5153 43318:

6 7 64188 69173 7314; 77184 7;1<9 88186

7 6 4<183 56166 59197 5<1:8 67133 541<;

8 5 <133 44188 47143 491:8 53143 816;

9 4 5169 61;< 816; :137 <195 3133

Errwvwudsshg glvwulexwlrq iru wkh hpslulfdo YDU prgho/ n @ 6

u s� u ;3( <3( <8( <:18( <<( wudfh vwdwlvwlf

3 : 4671<9 4771;9 486147 49417: 4:3198 4;<1;8

4 9 43719< 446143 4531<; 45:1:4 4691:: 465155

5 8 :71:: ;5135 ;;14; <7135 4341;9 ;8165

6 7 79146 85136 8:1:4 95199 9:1<6 77175

7 6 631:6 68175 6<1:< 7714; 7<1:6 4<17:

8 5 431;8 461<7 491<7 4<178 56135 51<7

9 4 51:5 717: 9168 ;18; 44144 314<

Errwvwudsshg glvwulexwlrq iru wkh hpslulfdo YDU prgho/ n @ 7

u s� u ;3( <3( <8( <:18( <<( wudfh vwdwlvwlf

3 : 49914: 4:;194 4;;149 4<:1<8 53;1;8 4;:1;6

4 9 45<183 474146 4841<3 493138 4:3154 458198

5 8 44<183 45<197 46;1:: 4791<3 48916< :<1;<

6 7 :7135 ;4159 ;:1:< <6146 <<178 7517<

7 6 68173 74193 7:135 851<8 8<15; 4:1<7

8 5 4715: 4;195 551:9 5:14: 64194 6199

9 4 61:: 916; ;19: 44156 47183 4146

Uhpdunv= Wkh �uvw vhw ri dv|pswrwlf fulwlfdo ydoxhv duh iurp Wdeoh 4816 lq Mrkdqvhq +4<<8,1 Wkh

hpslulfdo glvwulexwlrq duh hvwlpdwhg xvlqj d sdudphwulf errwvwuds surfhgxuh1
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OU Dv|pswrwlf Errwvwudsshg

K|srwkhvlv whvw shufhqwlohv shufhqwlohv

vwdwlvwlf <3( <8( <<( <3( <8( <<(

tGHw / tJEw / tMSw � L+3, ;913; 4;188 54136 59155 "5 +45, 6<17< 771;< 881;7

tGHw / tJEw � L+3, 8:14; 46169 48184 5313< "5 +;, 5:1;: 65145 7513<

tGHw / tMSw � L+3, 871:3 "5 +;, 5:1;6 65166 74187

tJEw / tMSw � L+3, 8718< "5 +;, 5;139 641<; 7415;

tGHw � L+3, 641;: :1:; <17< 4615; "5 +7, 4915< 4<1<: 5;15;

tJEw � L+3, 69178 "5 +7, 4:16; 531<: 5<17;

tMSw � L+3, 6619< "5 +7, 4817< 4;1;; 59145



Graph A1: Nominal exchange rates vs USD
Index 1958 = 100
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Graph A2: Wholesale Price Indices
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