
D orqj phpru| sdqho xqlw urrw whvw= SSS
uhylvlwhg1

Mrqdv Dqghuvvrq�dqg Mrkdq O|kdjhq|

Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh/ Qr1 636
Vwrfnkrop Vfkrro ri Hfrqrplfv

Iheuxdu| 45/ 4<<<

Devwudfw

Lq wklv sdshu wzr whfkqltxhv/ orqj phpru| dqg sdqho gdwd prghov/
duh frpelqhg lq rughu wr lqfuhdvh wkh srzhu ri xqlw urrw whvwv1 Wkh
srzhu lv vkrzq wr eh dozd|v ehwwhu djdlqvw iudfwlrqdo dowhuqdwlyhv dqg
xvxdoo| djdlqvw dxwruhjuhvvlyh dowhuqdwlyhv1 Wkh whvw lv wkhq xvhg wr
uhdqdo|}h gdwd vhwv lqyhvwljdwhg e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9,
dqg Sdshoo +4<<:, zkr vwxglhg wkh sxufkdvlqj srzhu sdulw|1 Lq vrph
fdvhv/ wkh whvw uhmhfwhg wkh k|srwkhvlv ri qr frlqwhjudwlrq ehwzhhq
iruhljq dqg grphvwlf sulfhv zkhuh wkh rwkhu dxwkruv whvwv glg qrw1

Nh|zrugv= Xqlw urrw> Orqj phpru|> Sxufkdvlqj srzhu sdulw|
MHO= F45> F47> F55> F56

�Ghsduwphqw ri Vwdwlvwlfv/ Xssvdod Xqlyhuvlw|/ S1R1 Er{ 846/ VH0:84 53 Xssvdod/ Vzh0
ghq1 H0pdlo= mrqdv1dqghuvvrqCvwdwlvwln1xx1vh

|Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/
VH0446 ;6 Vwrfnkrop/ Vzhghq1 H0pdlo= vwmoCkkv1vh1 Ilqdqfldo vxssruw iurp wkh Wruh
Eurzdogkv Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq lv juhdwixoo| dfnqrzohgjhg1
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4 Lqwurgxfwlrq

G|qdplf prghov lv dq lpsruwdqw fodvv ri prghov iru prgholqj hfrqrplf uh0
odwlrqv1 Ehiruh rqh ehjlqv wr ghvfuleh wkh xqghuo|lqj surfhvv zlwk d prgho/
vrph surshuwlhv ri wkh lqfoxghg yduldeohv pxvw eh hvwdeolvkhg1 Lq wkh fdvh ri
g|qdplf prghov/ wkh h{lvwhqfh ri xqlw urrwv lv suredeo| wkh prvw lpsruwdqw
rqh/ d ylhz zklfk lv vxssruwhg e| wkh odujh dprxqw ri olwhudwxuh sxeolvkhg
lq wklv duhd1 Hyhq li wkh lpsruwdqfh ri xqlw urrwv zdv zhoo hvwdeolvkhg lw zdv
�uvw zkhq Glfnh| dqg Ixoohu +4<:<, surylghg wkh prvw xvhg xqlw urrw whvw vr
idu/ wkdw whvwlqj iru xqlw urrwv ehfrph vwdqgdug1 Odwhu/ wkh| h{whqghg wkhlu
whvw lq rughu wr dgmxvw iru wkh h�hfwv ri odjv ri {%| dqg ghwhuplqlvwlf wuhqgv
+Glfnh| dqg Ixoohu/ 4<;4,1 Wklv whvw lv frpprqo| deeuhyldwhg dv DGI1 D
qlfh wuhdwphqw ri xqlw urrwv lv lq Fdpsehoo dqg Shuurq +4<<4,1

Prvw riwhq hfrqrplf sureohpv/ wkdw pd| eh prghohg lq d g|qdplf iudph0
zrun/ lv dqdo|}hg lq wkh frqwh{w ri rqh lwhp/ zkhuh dq lwhp riwhq lv d frxq0
wu|1 Lq rwkhu duhdv ri hfrqrplfv wkh xvh ri sdqhov ri gdwd duh riwhq xvhg/ h1j1
xqhpsor|phqw dqdo|vlv ru rwkhu plfur hfrqrplf duhdv1 Dowkrxjk wkh lqwur0
gxfwlrq ri g|qdplf sdqho prghov/ Edohvwud dqg Qhuoryh +4<99,/ duh ri vrph
djh lw lv rqo| uhfhqwo| wkdw xqlw urrw whvwlqj lq sdqhov kdv ehhq frqvlghuhg1
Txdk +4<<7, lv e| rxu nqrzohgjh wkh �uvw sxeolvkhg zrun dqg d ihz dssolhg
sdshuv kdyh ehhq sxeolvkhg diwhu wkdw/ h1j1 PfGrqdog +4<<9,/ Rk +4<<9,/
Frdnoh| dqg Ixhuwhv +4<<:,/ Fxoyhu dqg Sdshoo +4<<:, dqg Sdshoo +4<<:,1

Uhfhqw vwxglhv/ +h1j1/ Glherog dqg Uxghexvfk/ 4<<4> Fkhxqj dqg Odl/
4<<6, lqglfdwhv wkdw d whvw edvhg rq d orqj phpru| prgho lqvwhdg ri d whvw
ri Glfnh|0Ixoohu w|sh jlyhv kljkhu srzhu djdlqvw orqj phpru| dowhuqdwlyhv1
Vxusulvlqjo|/ wklv lv vrphwlphv dovr wuxh zkhq wkh gdwd jhqhudwlqj surfhvv
lv dq DU surfhvv1 Lq wklv sdshu zh zloo iroorz xs wklv lghd wr lqfuhdvh wkh
srzhu frpsduhg wr DGI1 Pruh suhflvho|/ d sdqho irup ri wkh JSK whvw/ vhh
Jhzhnh dqg Sruwhu0Kxgdn +4<;6,/ lv sursrvhg/ deeuhyldwhg dv SJSK/ dqg
frpsduhg wr wkh sdqho DGI +SDGI, xvhg h1j1 e| Fxoyhu dqg Sdshoo +4<<:,
dqg Sdshoo +4<<:,1

Zh lqyhvwljdwh wkh sxufkdvlqj srzhu sdulw| +SSS, uhodwlrq lq dq hpslulfdo
sduw ri wklv sdshu1 Wkh fdvhv zh lqyhvwljdwh lv zkhq rwkhu dxwkruv kdyh idlohg
wr uhmhfw wkh qxoo ri d vwdwlrqdu| uhodwlrqvkls1 Wkh gdwd lv dqqxdo/ txduwhuo|
dqg prqwko| suhylrxvo| xvhg e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg
Sdshoo +4<<:,1

Lq wkh qh{w vhfwlrq/ wkh sdqho JSK whvw lv suhvhqwhg dqg lq Vhfwlrq 6
wkh srzhu ri lw lv frpsduhg zlwk wkh sdqho DGI whvw1 Vhfwlrq 7 suhvhqwv d
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uhylvlrq ri wkh whvwv ri wkh SSS lq Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg
Sdshoo +4<<:, zkhuh wkh qhz whvw lv xvhg1 D frqfoxvlrq forvhv wkh sdshu1

5 Wkh orqj phpru| sdqho gdwd whvw
Wkh srzhu ri wkh DGI whvw kdv ehhq vkrzq wr eh udwkhu orz djdlqvw orqj
phpru| dowhuqdwlyhv/ vhh Fkhxqj dqg Odl +4<<6,1 Wklv nlqg ri phpru| lv
lqwhuhvwlqj ehfdxvh ri dw ohdvw wzr uhdvrqv1 Iluvwo|/ lw lv srvvleoh wr whvw
xqlw urrwv djdlqvw phdq uhyhuvlrq lqvwhdg ri lqwhjudwlrq ri rughu }hur1 Wklv
phdqv wkdw wkh dowhuqdwlyh lq vrph vhqvh lv eurdghu wkdq lq wkh DGI whvw1
Vhfrqgo|/ li d orqj phpru| prgho lv xvhg wkh odujh qxpehu ri sdudphwhuv fdq
eh dyrlghg/ dw wkh frvw ri d vxemhfwlyh fkrlfh ri rqh wuxqfdwlrq sdudphwhu1

Wkh sdqho DGI0whvw lv edvhg rq wkh uhjuhvvlrq

{%�| ' >
�
n k%�|3� n

&[

�'�

S�{%|3� n 0| +4,

dqg wkh k|srwkhvlv ri d xqlw urrw lv htxlydohqw wr k ' f1 Wkh odjv ri {%| lv
suhvhqw wr zklwhqlqj wkh uhvlgxdov dqg lv qrw ri lpsruwdqfh e| wkhpvhoyhv1 Lq
rughu wr ghflgh wkh qxpehu ri odjv/ &/ Fdpsehoo dqg Shuurq +4<<4, sursrvhg
d uhfxuvlyh gdwd ghshqghqw phwkrg1 E| fkrrvlqj d pd{lpxp ydoxh/ &

4@ 
/

hvwlpdwlqj wkh prgho dqg wkhq uhpryh wkh odvw odj li lwv uhjuhvvlrq frh!flhqw
lv qrw vljql�fdqw/ & fdq eh ghwhuplqhg1

D sdqho xqlw urrw whvw fdq eh frqvwuxfwhg e| hvwlpdwlqj wkh htxdwlrqv
� ' �c 2c ���c � zkhuh � lv wkh qxpehu ri wlph vhulhv1 Lw fdq eh hvwlpdwhg
e| JOV zlwk wkh uhvwulfwlrq wkdw k lv htxdo iru doo � dv grqh e| Fxoyhu dqg
Sdshoo +4<<:, dqg Sdshoo +4<<:,1 Wkh qxoo k|srwkhvlv lv wkdw doo wlph vhulhv
frqwdlqv d xqlw urrw dqg wkh qxoo glvwulexwlrq fdq eh rewdlqhg e| vlpxodwlrq1

Wkh orqj phpru| dssurdfk wr wkh xqlw urrw sureohp zdv sursrvhg e|
Fkhxqj dqg Odl +4<<6,1 Wkhlu whvw lv edvhg rq wkh hvwlpdwru ri orqj phpru|
sursrvhg e| Jhzhnh dqg Sruwhu0Kxgdn +4<;6,1 Wkh dsshdo ri wklv phwkrg
lv wkdw lw fdq hvwlpdwh wkh orqj phpru| sdudphwhu zlwkrxw vshfli|lqj wkh
vkruw whup vwuxfwxuh ri wkh surfhvv1 Lqvwhdg d wuxqfdwlrq sdudphwhu k qhhg
wr eh fkrvhq wr ghflgh krz pdq| iuhtxhqflhv/ 6c wkdw duh jrlqj wr eh xvhg
lq wkh uhjuhvvlrq/ l1h1 6 ' A k1 Wklv fkrlfh ri 6 zloo jlyh frqvlvwhqf| ri
wkh hvwlpdwru/ li dgglwlrqdoo| wkh vpdoohvw iuhtxhqflhv duh h{foxghg qrupdolw|
lv jdlqhg +h1j1/ Jhzhnh dqg Sruwhu0Kxgdn/ 4<;6> Urelqvrq/ 4<<8,1 D frq0
vhtxhqfh lv wkdw zh dyrlg wkh gdwd ghshqghqw surfhgxuh wr ghwhuplqh wkh
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qxpehu ri odjv wkdw zh kdyh wr gr xvlqj wkh DGI whvw dw wkh frvw ri rqh
wuxqfdwlrq sdudphwhu1 Wkh JSK hvwlpdwru lv edvhg rq wkh uhjuhvvlrq ri wkh
6 orzhvw iuhtxhqflhv lq

*? U E/� ' � � 2_ *?
����� e3�/

���n *? 1
/

+5,

Wkh xqlw urrw whvw lv pdgh e| xvlqj wkh |�vwdwlvwlf rq gl�huhqfhg gdwd ri wkh
k|srwkhvlv _ ' f djdlqvw _ 	 f� Wkh sursrvhg sdqho gdwd whvw lv vlpso| wkh
phdq ri wkh lqglylgxdo |�whvw1

Riwhq wkh Ak vpdoohvw iuhtxhqflhv lv xvhg zkhuh k lv vhw wr f�D� f�S exw
Dqghuvvrq dqg O|kdjhq +4<<:, vkrz wkdw fkrrvlqj dq k juhdwhu wkhq 319
lpsuryhv wkh srzhu vxevwdqwldoo| lq wkh fdvh zkhq � ' �� Qrwh wkdw wkh
ixoo| sdudphwulf DUILPDERc _c ^� prgho pd| eh xvhg lq d sdqho xqlw urrw
whvw lqvwhdg iru wkh DGI uhjuhvvlrqv1

6 Srzhu frpsdulvrq
Wkh qxoo surfhvv lv d sxuh udqgrp zdon zlwk qr vkruw ru orqj phpru|/ l1h1

E�� u�%| ' e|�

Wkh vdpsoh vl}hv frqvlghuhg duh A ' Df dqg A ' �ff dqg wkh qxpehu ri
uhsolfdwhv lv 833331 Zh xvh wkh SDGI whvw zklfk lpsolhv wkdw d surfhgxuh
ri fkrrvlqj wkh odj rughu pxvw eh ghflghg xsrq1 D pd{lpxp odj rughu ri
43 lv ghflghg dqg d jhqhudo wr vshfl�f surfhgxuh lv fduulhg rxw e| wkh xvh
ri d |�whvw1 Wkh fulwlfdo ydoxhv iru whvwv rq wkh 8(0ohyho ri wkh SDGI whvw
vwdwlvwlf dqg wkh SJSK whvw vwdwlvwlf duh vkrzq lq Wdeoh 41

A@K,e 408 �? �eoe

Lq wkh srzhu frpsdulvrq wzr gdwd jhqhudwlqj surfhvvhv duh frqvlghuhg
xqghu wkh dowhuqdwlyh k|srwkhvlv1 Wkh �uvw lv wkh DUE�� surfhvv dqg wkh
vhfrqg lv wkh iudfwlrqdo qrlvh surfhvv/ zklfk lv d vshfldo fdvh ri wkh DUILPD
fodvv ri surfhvvhv/ vhh Judqjhu dqg Mr|hx{ +4<;3, ru Krvnlqj +4<;4,1 Wkh
vkruw phpru| sdudphwhu dqg wkh orqj phpru| sdudphwhu duh hdfk ydulhg
iurp 314 wr 31< lq vwhsv ri 3141 Wkh uhvxowv ri wkh Prqwh Fduor vlpxodwlrq duh
vkrzq lq Wdeohv 5081 Wkh sdqho JSK whvw kdg dozd|v ehwwhu srzhu djdlqvw
iudfwlrqdo dowhuqdwlyhv1 Wkh vdph zdv wuxh dovr djdlqvw wkh DU+4, dowhuqd0
wlyhv/ h{fhsw zkhq wkh dxwruhjuhvvlyh sdudphwhu k zdv 31<1 Wkh gl�huhqfh
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lq srzhu ghfuhdvh dv � lqfuhdvhv iru erwk dowhuqdwlyhv1 Wkh uhdvrq iru wklv
lv wkdw wkh dv|pswrwlf srzhu lv rqh dqg wkdw wklv olplw lv jdlqhg iru vpdoo
ydoxhv ri �� Wkh gl�huhqfh pd| vwloo eh odujh/ h1j1 iru � ' 2 dqg _ ' f�D
wkh srzhu iru SDGI lv durxqg 47( exw <9( iru wkh SJSK EA ' Df�1 Wkh
srzhu �jxuhv iru wkh DU dowhuqdwlyh zlwk wkh vdph ydoxh +k ' f�D, lv wkh
vdph iru SJSK exw 6<( iru SDGI1 D frqfoxvlrq iurp wklv uhvxow lv wkdw
SDGI lv pxfk pruh vhqvlwlyh djdlqvw zklfk dowhuqdwlyh wkdw jhqhudwhv gdwd
wkdq SJSK1 D vpdoo lqfuhdvh ri A iurp 83 wr 433 pd| kdyh d vxevwdqwldo
h�hfw rq wkh srzhu/ h1j1 iru � ' 2 dqg k ' f��c d yhu| glvwdqw dowhuqdwlyh/
wkh srzhu lqfuhdvhv iurp 7<( wr <7(1 iru wkh SDGI1

7 SSS uhylvlwhg
Lq wklv sduw ri wkh sdshu zh lqyhvwljdwh vrph fdvhv zkhuh rwkhu dxwkruv kdyh
idlohg wr uhmhfw wkh qxoo ri xqlw urrw2qr frlqwhjudwlrq lq SSS gdwd1 Wkh SSS
uhodwlrqvkls lv vlpso| vwdwhg lq Fkhxqj dqg Odl +4<<6, dv

rR| ' k
f
n k

�
R| n e|

zkhuh k
f
lv vrph frqvwdqw/ rR| lv wkh iruhljq sulfh lqgh{ frqyhuwhg wr grphv0

wlf fxuuhqf| xqlwv/ R| lv wkh grphvwlf sulfh lqgh{/ dqg e| lv dq huuru whup1 Doo
yduldeohv duh lq orjdulwkpv1 Iru wkh SSS wr krog e| vkrxog eh phdq0uhyhuwlqj
+vhh Fkhxqj dqg Odl +4<<6, iru d irupdo gh�qlwlrq ri d phdq0uhyhuwlqj sur0
fhvv,1 Lq Rk +4<<9, dqg lq Sdshoo +4<<:, k

f
dqg k

�
duh dvvxphg wr wdnh wkhlu

wkhruhwlfdo ydoxhv +3 dqg 4,1 Fkhxqj dqg Odl +4<<6, �{hg wkh dxjphqwdwlrq
wr 7 odjv/ Rk +4<<9, xvhv odjv 4 wr 7 zkloh Sdshoo +4<<:, xvhv wkh rqhv jdlqhg
lq wkh xqlyduldwh dqdo|vlv1

Wkh �uvw sdshu ri wkh wkuhh frqvlghuhg lv Fkhxqj dqg Odl +4<<6, zkr
xvh wkh JSK whvw dv d whvw iru +iudfwlrqdo, frlqwhjudwlrq1 Wkh gdwd lv dqqxdo
iru wkh shulrg 4<4704<;< iru Xqlwhg Vwdwhv/ Xqlwhg Nlqjgrp/ Iudqfh/ Lwdo|/
Fdqdgd/ dqg Mdsdq dqg wkh XV0groodu lv wkh edvh fxuuhqf|1 Wkh gdwd lv fro0
ohfwhg iurp Ohh +4<:9, dqg wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg*v Lqwhuqdwlrqdo
Ilqdqfldo Vwdwlvwlfv gdwd wdsh1 Wkh qxoo lv rqo| uhmhfwhg iru Lwdo|1 Khuh/ wkh
sdqho JSK whvw zloo eh xvhg rq wkh �yh frxqwu| jurxs1

Rk +4<<9, xvhv |hduo| gdwd ehwzhhq 4<93 dqg 4<;< wdnhq iurp wkh Shqq
Zruog Wdeohv +SZW,/ Pdun 8181 Wkh gdwd lv dqdo|}hg erwk iru doo wkh 444
frxqwulhv dqg vhsdudwho| iru ghyhorsphqw dqg RHFG frxqwulhv uhvshfwlyho|1
Iru d orqjhu shulrg vwduwlqj 4<83 d jurxs ri 84 frxqwulhv duh vwxglhg1 Wklv
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wlph shulrg lv dovr glylghg lqwr vxe shulrgv1 Ilqdoo|/ wkh whvwv duh dssolhg wr
wkh J094 frxqwulhv1 Wkh qxoo lv qrw uhmhfwhg zkhq wkh RHFG dqg J09 duh
dqdo|}hg iru wkh shulrgv 4<8304<:5 dqg 4<8304<<31 Wkhvh duh wkh fdvhv iru
zklfk wkh SJSK lv wr eh xvhg1

Lqvwhdg ri dqqxdo gdwd/ dv lq wkh wzr sdshuv deryh/ Sdshoo +4<<:, xvhv
txduwhuo| dqg prqwko| gdwd1 Lw lv wdnhq iurp wkh Lqwhuqdwlrqdo Prqhwdu|
Ixqg*v Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv gdwd wdsh1 Wkh lqwhqwlrq zdv wr
lqyhvwljdwh SSS iru RHFG frxqwulhv exw gxh wr odfn ri revhuydwlrqv dqg rwkhu
frqvlghudwlrqv d uhgxfhg qxpehu ri frxqwulhv zdv xvhg1 Ox{hperxuj kdv d
fxuuhqf| xqlrq zlwk Ehojlxp dqg Lfhodqg kdv odfn ri gdwd vr iru txduwhuo|
gdwd wkh qxpehu ri frxqwulhv lv 541 Wkuhh frxqwulhv kdg qrw prqwko| gdwd/
Dxvwudold/ Luhodqg dqg Qhz ]hdodqg/ zklfk jlyhv 4; frxqwulhv1 Wkh vhulhv
vwduwv lq Mdqxdu| 4<:6 dqg hqgv lq Vhswhpehu 4<<7/ l1h1 ;: txduwhuo| dqg
594 prqwko| revhuydwlrqv1 Zkhq xvlqj XV dv edvh fxuuhqf| dqg txduwhuo|
gdwd wkh xqlw urrw k|srwkhvlv lv qhyhu uhmhfwhg dqg iru prqwko| gdwd wkh
HPV dqg wkh J09 gr qrw uhmhfw wkh qxoo k|srwkhvlv1 Iru wkh Jhupdq edvh
wkh uhvxow lv vlplodu h{fhsw wkdw wkh Doo 53 jurxs uhmhfwv wkh qxoo/ dqg iru
prqwko| gdwd wkh uhvxow lv wkh vdph dv zkhq xvlqj XV dv edvh1 Iru wkhvh
qrq0uhmhfwlqj fdvhv wkh SJSK whvw zloo eh xvhg1

Wkh gl�huhqfhv ehwzhhq wkhlu uhvxowv dqg wkh uhvxowv zh rewdlqhg e| xvlqj
wkh SJSK whvw fdq eh vhhq lq Wdeoh 91 Wkh qxoo k|srwkhvlv ri qr frlqwhjudwlrq
lv uhmhfwhg iru wkh �yh frxqwulhv jurxs lq Fkhxqj dqg Odl +4<<6,1 Lq wkhlu
vwxg|/ wkh qxoo lv rqo| uhmhfwhg iru rqh ri wkhp/ Lwdo|1 Iru wkh gdwd xvhg e|
Rk +4<<9,/ wkh qxoo k|srwkhvlv lv qrw uhmhfwhg zkhq zh xvh wkh SJSK whvw1
Wkh qxoo lv rqo| uhmhfwhg iru wkh HF0frxqwulhv/ zkhq Jhupdq| lv wkh edvlv
fxuuhqf|/ iru wkh gdwd frqvlghuhg lq Sdshoo +4<<:, 1

A@K,e 9 �? �eoe

8 Frqfoxvlrqv
D orqj phpru| sdqho xqlw urrw whvw kdv ehhq vxjjhvwhg dqg frpsduhg wr
wkh sdqho Glfnh|0Ixoohu whvw1 Wkh srzhu lv odujhu djdlqvw erwk iudfwlrqdo dqg
�uvw rughu dxwruhjuhvvlyh dowhuqdwlyhv h{fhsw iru wkh dxwruhjuhvvlyh fdvh zlwk
sdudphwhu 31</ wkh ydoxh forvhvw wr wkh qxoo k|srwkhvlv1

4Wkh J9 frxqwulhv duh Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq dqg Xqlwhg Nlqjgrp1
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Wkh whvw zdv wkhq xvhg wr uhdqdo|}h vrph suhylrxv hpslulfdo vwxglhv ri
wkh srzhu sxufkdvh sdulw| e| Fkhxqj dqg Odl +4<<6,/ Rk +4<<9, dqg Sdshoo
+4<<:,1 Wkh jhqhudo frqfoxvlrq lq wkhvh sdshuv zdv wkdw wkh qxoo k|srwkhvlv
ri qr frlqwhjudwlrq ehwzhhq iruhljq dqg grphvwlf sulfhv frxog vhogrp eh
uhmhfwhg1 Wzr gl�huhqfhv ehwzhhq wkhvh uhvxowv dqg rxuv zdv revhuyhg lq wkh
vwxg|1 Wkh qxoo k|srwkhvlv zdv uhmhfwhg e| wkh SJSK whvw iru wkh sdqho ri
frxqwulhv lq Fkhxqj dqg Odl +4<<6,1 Lq wkhlu vwxg|/ lw zdv mxvw iru rqh ri
wkh �yh frxqwulhv/ Lwdo|/ wkdw lw zdv uhmhfwhg1 Wkh rwkhu gl�huhqfh zdv rxu
uhmhfwlrq iru Jhupdq| zkhq zh dssolhg wkh SJSK whvw wr Sdshoov gdwd1 Rqh
srvvleoh uhdvrq iru wkh gl�huhqfh lq uhvxowv ehwzhhq wkh gdwd iurp Fkhxqj
dqg Odl +4<<6, dqg wkh rwkhu lv wkdw Fkhxqj dqg Odl +4<<6, hvwlpdwhg wkh
frlqwhjudwlqj uhodwlrq zkloh Rk +4<<9, dqg Sdshoo +4<<:, glg qrw1

Hyhq wkrxjk wkh gl�huhqfhv wr wkh rwkhu vwxglhv duh qrw vwulnlqj/ zh
eholhyh wkdw d orqj phpru| dssurdfk fdq eh xvhixo vlqfh lw doorzv d vorzhu
frqyhujhqfh ri wkh sulfhv1

Uhihuhqfhv
Dqghuvvrq/ M1 dqg O|kdjhq/ M1 +4<<:, D qrwh rq wkh srzhu ri wkh JSK
whvw iru frlqwhjudwlrq Uhvhdufk Uhsruw <:=:/ Ghsduwphqw ri Vwdwlvwlfv/
Xssvdod Xqlyhuvlw|1

Edohvwud/ S1 dqg Qhuoryh/ P1 +4<99, Srrolqj furvv0vhfwlrq dqg wlph0
vhulhv gdwd lq wkh hvwlpdwlrq ri d g|qdplf prgho= wkh ghpdqg iru
qdwxudo jdv1 Hfrqrphwulfd 67/ 8;809451

Fdpsehoo/ M1\1 dqg Shuurq/ S1 +4<<4, Slwidoov dqg rssruxqlwlhv= zkdw
pdfurhfrqrplvwv vkrxog nqrz derxw xqlw urrwv1 Qdwlrqdo Exuhdx ri
Hfrqrplf Uhvhdufk Pdfurhfrqrplfv Dqqxdo 47405341

Fkhxqj/ \1Z1 dqg Odl/ N1 +4<<6, D iudfwlrqdo frlqwhjudwlrq dqdo|vlv
ri sxufkdvlqj srzhu sdulw|1 Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv
44/ 43604451

Frdnoh|/ M1 dqg Ixhuwhv/ D1P1 +4<<:, Qhz sdqho xqlw urrw whvwv ri
SSS1 Hfrqrplfv Ohwwhuv 8:/ 4:0551

Fxoyhu/ V1H1 dqg Sdshoo/ G1K1 +4<<:, Lv wkhuh d xqlw urrw lq wkh lq0
 dwlrq udwhB Hylghqfh iurp vhtxhqwldo euhdn dqg sdqho gdwd prgho1

:



Mrxuqdo ri Dssolhg Hfrqrphwulfv 68/ 48804931

Glfnh|/ G1D1 dqg Ixoohu/ Z1D1 +4<:<, Glvwulexwlrq ri wkh hvwlpdwru
iru dxwruhjuhvvlyh wlph vhulhv zlwk d xqlw urrw1 Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq :7/ 75:07641

Glfnh|/ G1D1 dqg Ixoohu/ Z1D1 +4<;4, Olnholkrrg udwlr vwdwlvwlfv iru
dxwruhjuhvvlyh wlph vhulhv zlwk d xqlw urrw1 Hfrqrphwulfd 7</ 438:0
43:51

Glherog/ I1 dqg Uxghexvfk/ J1 +4<<4, Rq wkh srzhu ri Glfnh|0Ixoohu
whvwv djdlqvw iudfwlrqdo dowhuqdwlyhv1 Hfrqrplfv Ohwwhuv 68/ 48804931

Jhzhnh/ M1 dqg Sruwhu0Kxgdn/ V1 +4<;6, Wkh hvwlpdwlrq dqg dsol0
fdwlrq ri orqj phpru| wlph vhulhv prghov1 Mrxuqdo ri Wlph Vhulhv
Dqdo|vlv 7/ 554056;1

Judqjhu/ F1Z1 dqg Mr|hx{/ U1 +4<;3, Dq lqwurgxfwlrq wr orqj php0
ru| wlph vhulhv prghov dqg iudfwlrqdo gl�huhqflqj1 Mrxuqdo ri Wlph
Vhulhv Dqdo|vlv 4/ 4805<1

Krvnlqj/ M1U1P1 +4<;4, Iudfwlrqdo gl�huhqflqj1 ElrphwulNd 9;/ 4980
4:91

PfGrqdog/ U1 +4<<9, Sdqho xqlw urrw whvwv dqg uhdo h{fkdqjh udwhv1
Hfrqrplfv Ohwwhuv 83/ :0441

Ohh/ P1N1 +4<:;, Sxufkdvlqj srzhu sdulw| Pdufho Ghnnhu/ Qhz \run1

Rk/ N0\1 +4<<9, Sxufkdvlqj srzhu sdulw| dqg xqlw urrwv whvwv xvlqj sdqho
gdwdw1 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48/ 738074;1

Sdshoo/ G1 +4<<:, Vhdufklqj iru vwdwlrqdulw|= Sxufkdvklqj srzhu sdulw|
xqghu wkh fxuuhqw  rdw1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 76/ 6460
6561

Txdk/ G1 +4<<7, H{sorlwlqj furvv vhfwlrqdo yduldwlrq iru xqlw urrw lqihu0
hqfh lq g|qdplf gdwd1 Hfrqrplfv Ohwwhuv 77/ <04<1

Urelqvrq/ S1P1 +4<<8, Orj0shulrgrjudp uhjuhvvlrq iru wlph vhulhv zlwk
orqj0udqjh ghshqghqfh1 Wkh Dqqdov ri Vwdwlvwlfv 56/ 437;043:51

;



Wdeoh 4= Fulwlfdo ydoxhv1 Qxpehu ri revhuydwlrqv lv W@83 dqg W@433/ qxp0
ehu ri uhsolfdwhv lv 833331

� ' � 2
A ��(8 �C�M ��(8 �C�M
Df 0618785 041<:4: 071388: 04165;4
�ff 0614446 041;435 061947; 04158;;

� ' D �f 2f
A ��(8 �C�M ��(8 �C�M ��(8 �C�M
Df 081579; 01;369 091;3:; 018963 0<1:74< 016<5;
�ff 0719948 01:::7 081<873 01874< 0:1<;<; 016;66

<



Wdeoh 5= Vl}h dgmxvwhg srzhu zkhq wkh dowhuqdwlyh lv iudfwlrqdo qrlvh1 Qxpehu
ri revhuydwlrqv lv W@83/ qxpehu ri uhsolfdwhv lv 433331

� ' � 2
_ ��(8 �C�M ��(8 �C�M
f�� 15879 1<:;5 173:< 1<<<<
f�2 15346 1<947 164;8 1<<<4
f�� 14959 1<596 157;< 1<<:5
f�e 145<9 1;988 157;< 1<;;5
f�D 1433; 1:8:6 146;5 1<8;<
f�S 13;8< 18<;: 143:< 1;9:4
f�. 13:4< 174:7 13:<7 19:46
f�H 1394< 15764 139:7 17364
f�b 13889 14547 13885 149:5

� ' D �f 2f
_ ��(8 �C�M ��(8 �C�M ��(8 �C�M
f�� 1:677 413333 1<68: 413333 1<<78 413333
f�2 193;4 413333 1;8<; 413333 1<:97 413333
f�� 17;86 413333 1:85; 413333 1<56< 413333
f�e 16935 413333 18<66 413333 1:<4< 413333
f�D 15838 1<<<: 175:4 413333 193<6 413333
f�S 149;7 1<<:< 15987 413333 17354 413333
f�. 1453< 1<937 14:48 1<<<3 15637 413333
f�H 13;64 1:738 14396 1<845 146;; 1<<;8
f�b 13954 1634< 139<; 17<77 13;38 1:8;4
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Wdeoh 6= Vl}h dgmxvwhg srzhu zkhq wkh dowhuqdwlyh lv iudfwlrqdo qrlvh1 Qxpehu
ri revhuydwlrqv lv W@433/ qxpehu ri uhsolfdwhv lv 433331

� ' � 2
_ ��(8 �C�M ��(8 �C�M
f�� 18:;5 413333 1;<3: 413333
f�2 183<: 1<<<< 1;4<7 413333
f�� 1799: 1<<<6 1:698 413333
f�e 16;;3 1<<:4 196<3 413333
f�D 163:; 1<;87 17<:7 413333
f�S 14;:7 1<634 16447 1<<;6
f�. 1445: 1:8:; 14:79 1<964
f�H 13:;: 17:33 13<<3 1:5<6
f�b 139:4 14<;6 13:68 16363

� ' D �f 2f
_ ��(8 �C�M ��(8 �C�M ��(8 �C�M
f�� 1<<<; 413333 413333 413333 413333 413333
f�2 1<<9; 413333 413333 413333 413333 413333
f�� 1<;75 413333 413333 413333 413333 413333
f�e 1<7<5 413333 1<<;7 413333 413333 413333
f�D 1;7:; 413333 1<;7; 413333 1<<<; 413333
f�S 1963< 413333 1;<87 413333 1<<58 413333
f�. 16875 413333 18;8< 413333 1;864 413333
f�H 14988 1<:;5 158:5 413333 17657 413333
f�b 13;65 18:47 143;3 1;655 147;: 1<;3;

44



Wdeoh 7= Vl}h dgmxvwhg srzhu zkhq wkh dowhuqdwlyh lv dq DU+4, surfhvv1
Qxpehu ri revhuydwlrqv lv W@83/ qxpehu ri uhsolfdwhv lv 433331

� ' � 2
k ��(8 �C�M ��(8 �C�M
f�� 164:4 1<:88 17<38 1<<<;
f�2 1633; 1<8:: 17989 1<<;8
f�� 15;67 1<55< 17833 1<<98
f�e 15:;7 1;875 17575 1<;9:
f�D 1588: 1:676 16;:5 1<834
f�S 15636 18:33 1673; 1;674
f�. 14<4< 16:74 15:8< 18<:5
f�H 1466; 14;<8 14<86 164<9
f�b 13<53 13;<7 14485 14458

� ' D �f 2f
k ��(8 �C�M ��(8 �C�M ��(8 �C�M
f�� 1;496 413333 1<:67 413333 1<<<4 413333
f�2 1;3;< 413333 1<9;9 413333 1<<;< 413333
f�� 1:;9< 413333 1<947 413333 1<<:< 413333
f�e 1:7<5 413333 1<7<3 413333 1<<99 413333
f�D 1:475 1<<<; 1<533 413333 1<<49 413333
f�S 196;; 1<<89 1;;54 413333 1<;64 413333
f�. 18766 1<664 1;398 1<<9; 1<7:8 413333
f�H 16;78 193;4 19667 1;987 1;5;6 1<;;6
f�b 14<9< 14;38 1663; 15:8: 17995 17766
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Wdeoh 8= Vl}h dgmxvwhg srzhu zkhq wkh dowhuqdwlyh lv dq DU+4, surfhvv1
Qxpehu ri revhuydwlrqv lv W@433/ qxpehu ri uhsolfdwhv lv 433331

� ' � 2
k ��(8 �C�M ��(8 �C�M
f�� 1987; 413333 1<6;3 413333
f�2 19767 1<<<; 1<633 413333
f�� 1946: 1<<<9 1<537 413333
f�e 18<:; 1<<9< 1;<98 413333
f�D 18947 1<;;3 1;:96 1<<<;
f�S 1853: 1<7<8 1;6;9 1<<;7
f�. 17845 1;463 1:8:3 1<::9
f�H 16868 18368 1947< 1::49
f�b 14<59 14:<6 16637 15:45

� ' D �f 2f
k ��(8 �C�M ��(8 �C�M ��(8 �C�M
f�� 413333 413333 413333 413333 413333 413333
f�2 413333 413333 413333 413333 413333 413333
f�� 1<<<; 413333 413333 413333 413333 413333
f�e 1<<<8 413333 413333 413333 413333 413333
f�D 1<<<9 413333 413333 413333 413333 413333
f�S 1<<:6 413333 413333 413333 413333 413333
f�. 1<<64 413333 413333 413333 413333 413333
f�H 1<8:; 1<;;8 1<<<3 413333 413333 413333
f�b 1:333 1854; 1<767 1:<;6 1<<;5 1<:35
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Wdeoh 9= Wkh sdqho JSK whvw dssolhg wr wkh gdwd lqyhvwljdwhg lq Fkhxqj dqg
Odl +4<<6,/ Rk +4<<9, dqg Sdshoo +4<<:,1
Duwlfoh Jurxs Edvh Shulrg � A Iuht1 SJSK Fulw1
F)O +4<<6, Doo �yh XV 4<4704<;< 8 :9 \ 0616<98 01::3:
Rk +4<<9, RHFG XV 4<8304<<3 55 74 \ 415;46 01594<
Rk +4<<9, RHFG XV 4<8304<:5 55 56 \ 414548 01564<
Rk +4<<9, J9 XV 4<8304<<3 9 74 \ 31<<8< 0193<4
Rk +4<<9, J9 XV 4<8304<:5 9 56 \ 415<;: 01934:
Sdshoo +4<<:, Doo 53 XV 4<:604<<7 53 ;: T 317:4< 0163;;
Sdshoo +4<<:, HF2 XV 4<:604<<7 44 ;: T 3135677 017753
Sdshoo +4<<:, HPV� XV 4<:604<<7 : ;: T 318593 018:74
Sdshoo +4<<:, HPV XV 4<:604<<7 9 594 P 419545 0197:6
Sdshoo +4<<:, J9 XV 4<:604<<7 9 ;: T 3194<8 01959<
Sdshoo +4<<:, J9 XV 4<:604<<7 9 594 P 41779< 0197:6
Sdshoo +4<<:, J43e XV 4<:604<<7 43 ;: T 31;6<; 017987
Sdshoo +4<<:, HF Jhupdq| 4<:604<<7 43 ;: T 031:884 017987
Sdshoo +4<<:, HPV Jhupdq| 4<:604<<7 9 ;: T 0314;;8 01959<
Sdshoo +4<<:, HPV Jhupdq| 4<:604<<7 8 594 P 31875< 01:468
Sdshoo +4<<:, J9 Jhupdq| 4<:604<<7 8 ;: T 31353< 019<55
Sdshoo +4<<:, J9 Jhupdq| 4<:604<<7 8 594 P 31::;7 01:468
Sdshoo +4<<:, J43 Jhupdq| 4<:604<<7 < ;: T 314;4: 017<;3
2HF frqvlvwv ri Ehojlxp/ Ghqpdun/ Iudqfh/ Jhupdq|/ Juhhfh/ Luhodqg/ Lwdo|/
Qhwkhuodqgv/ Sruwxjdo/ Vsdlq dqg wkh Xqlwhg Nlqjgrp1
�HPV frqvlvwv ri Ehojlxp/ Ghqpdun/ Iudqfh/ Jhupdq|/ Luhodqg/ Lwdo| dqg wkh
Qhwkhuodqgv1
eWkh J43 jurxs frqvlvwv ri Ehojlxp/ Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/
Qhwkhuodqgv/ Vzhghq/ Vzlw}huodqg dqg wkh Xqlwhg Nlqjgrp1
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