
Wkh Uhohydqfh ri Wuhqgv
iru Suhglfwlrqv ri Vwrfn Uhwxuqv
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Ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv

Pçodugdohq Xqlyhuvlw|
V0:54 56 Yçvwhudv/ Vzhghq

Pdufk 5</ 4<<;

Devwudfw

Whfkqlfdo suhglfwlrq ri vwrfn uhwxuqv lv nqrzq wr eh dq h{wuhpho| gl!fxow sureohp1 Lq wklv
uhsruw zh xvh wkh frqfhsw ri wuhqgv dv suhglfwru yduldeohv1 D vwdwlvwlfdo lqyhvwljdwlrq ri wkh
uhohydqfh ri d wuhqg frqfhsw iru suhglfwlrqv ri ixwxuh uhwxuqv lv suhvhqwhg iru lqglylgxdo vwrfnv
rq wkh Vzhglvk vwrfn pdunhw1 Qhjdwlyh fruuhodwlrq iru vwurqj qhjdwlyh wuhqgv lv vkrzq1 Wkh
ryhudoo fruuhodwlrq ehwzhhq wuhqgv dqg ixwxuh uhwxuqv lv krzhyhu irxqg wr eh yhu| zhdn1 Wuhqg
yduldeohv duh ixuwkhu xvhg dv lqsxw yduldeohv lq d n0qhduhvw qhljkeru dqdo|vlv wr �qg sdwwhuqv
ri wuhqg ydoxhv wkdw uhvxow lq qrq0udqgrp ixwxuh uhwxuqv1 Wkh n0qhduhvw qhljkeru dojrulwkp lv
h{whqghg zlwk d vhohfwlrq surfhgxuh wr �qg uhjlrqv lq wkh lqsxw vsdfh zkhuh wkh ixwxuh uhwxuqv
duh qrq0v|pphwulfdoo| glvwulexwhg1 Wkh qhz dojrulwkp lv vxffhvvixoo| whvwhg rq duwl�fldo vwrfn
gdwd zlwk wuhqglqj sdwwhuqv lqwurgxfhg1 Wkh dojrulwkp lv dovr dssolhg wr d qxpehu ri qdwlrqdo
vwrfn lqgh{hv= wkh Dphulfdq Grz Mrqhv/ wkh Jhupdq GD[/ wkh Eulwlvk IWVH/ dqg wkh Vzhglvk
Jhqhudolqgh{1 Wkh uhvxowv duh srvlwyh iru vrph ri wkh whvwhg lqgh{hv dqg qhjdwlyh iru rwkhuv1
Ixuwkhu whvwv pxvw eh frqgxfwhg lq rughu wr jlyh vwdwlvwlfdoo| vljql�fdqw uhvxowv1

Wkh vxjjhvwhg dojrulwkp dovr kdv qdwxudo dssolfdwlrq lq duhdv rwkhu wkdq vwrfn suhglfwlrq1
Lw dgguhvvhv vlwxdwlrqv lq zklfk wkh ryhudoo suhglfwdelolw| lv orz dqg fdq rqo| eh h{shfwhg wr
dsso| lq lqghwhuplqdwh uhjlrqv ri wkh lqsxw vsdfh1

NH\ZRUGV= Foxvwhulqj/ GdwdPlqlqj/ Ilqdqfh/ &0qhduhvw qhljkeruv/ Suhglfwlrq/ Vwdwlv0
wlfv/ Vwrfn uhwxuqv1

4dovr Ghsduwphqw ri Frpsxwlqj Vflhqfh dw Xphè Xqlyhuvlw|1 wkrpdvkCfv1xpx1vh
5knkCpgk1vh
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4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv uhsruw lv wr h{dplqh wkh frqfhsw ri wuhqgv dqg krz lw fdq eh xwlol}hg
iru suhglfwlrqv ri vwrfn uhwxuqv1 D vwdwlvwlfdo dqdo|vlv ri vwrfn gdwd iurp wkh Vzhglvk
vwrfn pdunhw ryhu wkh shulrg 4<;:04<<9 vkrzv krz wkh wuhqgv duh fruuhodwhg wr ixwxuh
uhwxuqv1

D prgl�hg &0qhduhvw qhljkeru dojrulwkp lghqwl�hv uhjlrqv lq wkh lqsxw vsdfh zkhuh d
fruuhodwlrq h{lvwv dqg lpsuryhv suhglfwlrq shuirupdqfh e| lvvxlqj d �grq*w nqrz� dqvzhu
zkhuh qr fruuhodwlrq fdq eh irxqg1

5 Ghvfulswlyh dqdo|vlv ri gdwd

Wkh gdwd h{dplqhg lq wklv vhfwlrq lv froohfwhg iurp wkh Vzhglvk vwrfn pdunhw ryhu wkh
shulrg 4<;:04<<91 Uhvxowv iru wzr vhwv ri vwrfnv duh suhvhqwhg= V[J zklfk uhsuhvhqwv
66 pdmru vwrfnv zlwk dfwlyh wudglqj dqg V[ELJ zklfk uhsuhvhqwv 543 pdmru dqg plqru
vwrfnv +lqfoxglqj wkrvh lq V[J,1

Wkh &0vwhs uhwxuq -&E|� ri d vwrfn0sulfh wlph vhulhv +E|� lv gh�qhg dv

-&E|� ' �ff � +E|�� +E|� &�

+E|� &�
� +4,

Wkh uhwxuqv -&E|� duh wkh sulpdu| wdujhw lq prvw uhvhdufk rq wkh suhglfwdelolw| ri vwrfnv1
Vrph ri wkh uhdvrqv iru wklv duh=

41-gE|� kdv d uhodwlyho| frqvwdqw udqjh hyhq li pdq| |hduv ri gdwd kdyh ehhq xvhg dv lqsxw1
Wkh sulfhv +E|� reylrxvo| ydu| pxfk pruh dqg pdnh lw gl!fxow wr fuhdwh d ydolg prgho
iru d orqjhu shulrg ri wlph1

51-gE|� iru gl�huhqw vwrfnv pd| dovr eh frpsduhg rq dq htxdo edvlv +krzhyhu/ wklv lv vhogrp
grqh lq sxeolvkhg uhvhdufk,1

61Lw lv hdv| wr hydoxdwh d suhglfwlrq dojrulwkp iru -gE|� e| frpsxwlqj wkh suhglfwlrq
dffxudf| ri wkh vljq ri -gE|�1 D orqj wlph dffxudf| deryh 83( +ru pruh suhflvho| deryh
wkh klvwrulfdo phdq, lqglfdwhv wkdw d wuxh suhglfwlrq kdv wdnhq sodfh1

Wkh edvlf vwdwlvwlfdo surshuwlhv ri -gE|� iru wkh wzr vhwv ri vwrfnv duh olvwhg lq wdeohv 4
dqg 51 Wkh ydoxhv lq wkh wdeohv duh phdq ydoxhv iru wkh lqfoxghg vwrfnv1 Hdfk froxpq
suhvhqwv gdwd iru rqh sduwlfxodu ydoxh ri &1

Wkh odvw vl{ olqhv lq wkh wdeohv vkrz wkh glvwulexwlrq ri vljqv iru wkh uhwxuqv1 �-e|�o? ' f�
lv wkh iudfwlrq ri uhwxuqv wkdw lv htxdo wr }hur1 �-e|�o? : f� lv wkh iudfwlrq ri uhwxuqv
wkdw lv juhdwhu wkdq }hur dqg �-e|�o? 	 f� lv wkh iudfwlrq ri uhwxuqv wkdw lv ohvv wkdq
}hur1 %Xs iudfwlrq% lv frpsxwhg dv

�ff � �-e|�o? : f�

�-e|�o? : f� n �-e|�o? 	 f�
c +5,
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zklfk lv wkh srvlwlyh iudfwlrq ri doo qrq0}hur pryhv1 �Xs iudfwlrq� lv d uhohydqw phdvxuh/
zkhq lw frphv wr hydoxdwlqj wkh klw udwh ri suhglfwlrq dojrulwkpv1 Orrnlqj dw rqh0vwhs
uhwxuqv lq wkh wdeohv/ wkh �LR so@S|�J?� iru V[J lv 831<( dqg iru V[ELJ lv 8319(1 Wkh
��e@? LR� dqg ��e@? (J�?� urzv vkrz wkh phdq ydoxh rq wkh srvlwlyh dqg qhjdwlyh
uhwxuqv uhvshfwlyho|1

Wkh iudfwlrqv ri }hur uhwxuqv lq wkh gdwd pdwhuldo duh vrphzkdw vxusulvlqjo| kljk/ �e�fI
iru V[J dqg 2��eI iru V[ELJ1 Wkh kljkhu ydoxh lq wkh odwwhu vhw lv uhodwhg wr wkh orzhu
ghjuhh ri dfwlylw| lq wkh vpdoohu vwrfnv lqfoxghg lq V[ELJ1 Wkh }hur uhwxuqv pxvw eh
ghdow zlwk lq d surshu zd| zkhq hydoxdwlqj klw udwhv iru suhglfwlrq dojrulwkpv1 Wkh �LR
so@S|�J?� flufxpyhqwv wkh }hur uhwxuqv e| vlpso| uhprylqj wkhp ehiruh fdofxodwlqj wkh
klw udwh1 Lq wklv zd|/ wkh }hur uhwxuqv zloo eh frxqwhg dv erwk lqfuhdvhv dqg ghfuhdvhv/ lq
htxdo sursruwlrqv1 D vlplodu surfhgxuh lv sursrvhg lq ^5` iru whvw phwulfv zkhq pdnlqj
vwrfn suhglfwlrqv1

6 Wuhqgv

D wuhqg0iroorzlqj0wudglqj vwudwhj| qrupdoo| phdqv ex|lqj vwrfnv/ zklfk kdyh vkrzq d
srvlwlyh wuhqg iru wkh odvw gd|v/ zhhnv ru prqwkv1 Lw dovr vxjjhvwv vhoolqj vwrfnv/ zklfk
kdyh vkrzq d qhjdwlyh wuhqg1 Lq wklv vhfwlrq wkh uhohydqfh ri vxfk d vwudwhj| zloo eh
whvwhg vwdwlvwlfdoo|1

D wuhqg A&E|� lv gh�qhg xvlqj wkh &0vwhs uhwxuq dv

A&E|� '
�ff

&
� +E|�� +E|� &�

+E|� &�
� +6,

E| vhwwlqj & dw gl�huhqw qxpehuv zh jhw phdvxuhv whoolqj krz pxfk wkh vwrfn kdv lq0
fuhdvhg shu gd| vlqfh lwv ydoxh & gd|v djr1

Wr vhh li A&E|� lv fruuhodwhg wr ixwxuh fkdqjhv/ gh�qh wkh sur�w ��E|� frpsxwhg � gd|v
dkhdg dv

��E|� ' �ff � +E| n ��� +E|�

+E|�
� +7,

��E|� lv reylrxvo| htxdo wr -�E| n �� +l1h1 lw lv dfklhyhg e| vkliwlqj wkh uhwxuqv � gd|v
edfnzdugv,1

Lq Wdeoh 6 phdq sur�w ��E|� lv wdexodwhg dv d ixqfwlrq ri wuhqg A&E|� / l1h1 40vwhs0iruzdug
sur�w yhuvxv &0vwhs0edfnzdug wuhqgv/ iru vwrfnv V[J/ ryhu wkh |hduv 4<;:04<<91 Wdeoh 7
vkrzv wkh �LR so@S|�J?� +5, dqg Wdeoh 8 wkh qxpehu ri revhuydwlrqv lq hdfk wdeoh hqwu|1
Hdfk froxpq uhsuhvhqwv rqh sduwlfxodu ydoxh rq & fryhulqj wkh ydoxhv �c 2c Dc �fc 2fc Dfc �ff1
Qrwh wkdw wkh wlph vhulhv qrupdoo| kdyh 8 vdpsohv shu zhhn/ l1h1 & ' D uhsuhvhqwv rqh
zhhn ri gdwd dqg & ' 2f uhsuhvhqwv dssur{lpdwho| rqh prqwk1

Wdeohv 9/ : dqg ; vkrz wkh vdph/ exw zlwk �DE|� dqg A&E|� / l1h1 80vwhs0iruzdug sur�w shu
gd| yhuvxv &0vwhs0edfnzdug wuhqgv shu gd|1

Wr hqvxuh wkdw irxqg sdwwhuqv uh hfw ixqgdphqwdo surshuwlhv ri wkh surfhvv jhqhudwlqj
wkh gdwd/ dqg qrw rqo| lglrv|qfudvlhv lq wkh gdwd/ wkh uhodwlrq ehwzhhq wuhqgv dqg ixwxuh
uhwxuqv duh dovr suhvhqwhg lq judskv zkhuh rqh fxuyh uhsuhvhqwv rqh |hdu1 Iljxuhv 4
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Wdeoh 4= Phdq n0vwhs uhwxuqv iru 66 pdmru Vzhglvk vwrfnv +V[J,
n

4 5 8 43 53 83 433
Phdq 313<; 314<: 317:< 31<93 41<86 71;:4 <19;:
Phgldq 31333 3135< 31495 31895 41866 7154: :1765
Vwg1 ghy 514: 6149 8139 :156 43187 4;134 5;13;
Vnhzqhvv 3186 31:4 31:; 31:4 318< 3189 3196
Nxuwrvlv 45193 4514< 4514; 43194 ;184 9136 816;
Qr ri srlqwv 53<3 53;; 53;7 53:; 5398 5369 4<;:
Uhwxuqv ' f +(, 4713 <15 817 618 516 415 31;
Uhwxuqv : f +(, 761; 7917 7<1; 8518 891; 9414 961<
Uhwxuqv 	 f +(, 7515 7717 771; 761< 731< 6:1: 6817
Xs iudfwlrq +(, 831< 8414 851: 8717 8;15 941; 9716
Phdq Xs 41; 519 714 81< ;19 4816 571;
Phdq Grzq 0419 0515 0617 071; 091< 04415 0481<

Wdeoh 5= Phdq n0vwhs uhwxuqv iru 543 Vzhglvk vwrfnv +V[ELJ,
n

4 5 8 43 53 83 433
Phdq 31475 315:5 318;7 41393 51344 71938 ;19<8
Phgldq 31333 3133< 3138: 31587 31<7; 51<38 81549
Vwg1 ghy 6134 7146 9145 ;16< 441:9 4;1:9 5:19<
Vnhzqhvv 31:< 4139 4135 31<6 31;6 31:: 31;4
Nxuwrvlv 481:8 49173 44178 <154 :186 81<7 8188
Qr ri srlqwv 4686 467< 4675 4666 464< 45<4 4577
Uhwxuqv ' f +(, 5617 491< 431: :17 71< 51: 41;
Uhwxuqv : f +(, 6;1: 7513 781: 7;18 8514 8916 8:1<
Uhwxuqv 	 f +(, 6:1< 7414 7619 7714 7613 7413 7316
Xs iudfwlrq +(, 8319 8319 8415 8517 871; 8:1; 8;1<
Phdq Xs 51: 618 815 :14 4314 491: 5917
Phdq Grzq 0516 051< 0713 0816 0:16 04416 04818

Wdeoh 6= Phdq 40vwhs uhwxuqv iru 66 vwrfnv lq V[J
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 3186 03136 03138 03137 03145 0313; 3134 3144 314< 315< 316; 3173 31:5

5 4153 3155 3146 0313; 03139 0313; 3136 3146 3157 3164 315; 3164 3175

6 41;< 313; 3148 314: 03136 0313: 3136 3148 3153 3158 315: 03136 3168

7 614< 317; 03134 3146 3133 03137 3136 3149 3153 314: 3174 03137 31;4

8 617: 4136 314; 03135 3135 3133 3138 3148 3153 3148 314< 318: 4144

43 43197 :16< 3173 0313: 3134 3133 313: 3148 314: 315< 315< 3177 3189

53 ;158 4159 03145 03138 313< 3147 3153 3165 3139 615; 415<

63 5196 3137 0313: 313< 3146 3155 3166 514< 4157 417<

83 317< 0313: 313; 3147 3143 4143 0314: 41<8 4154

433 719; 314; 3138 3147 315: 318: 31:; 315< 31;4
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Wdeoh 7= Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[J
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 8913 8319 7<19 7;18 7:15 7:17 7<15 8416 8616 871< 881; 871< 871;

5 8;14 8516 8613 7<18 7:1: 7:1; 7<18 841; 8718 8718 851< 841< 7;18

6 9516 8513 7<18 8618 7;1; 7:16 7<1; 851: 8619 8619 8418 7516 7:18

7 9718 8913 7<13 8319 8314 7:1< 8313 851< 8713 8414 7<17 7615 8313

8 9319 9313 831: 8314 8314 7;1< 8315 851< 851: 8314 7;16 7<14 8616

43 43313 :616 851: 831; 7<17 7;1< 831; 851< 8317 841; 8315 7:18 7618

53 ::1; 8916 7:16 7:1: 8417 8516 8319 7<13 7<14 8313 8819

63 8914 7;13 7:18 8418 841: 8315 831: 881; 9414 871;

83 8517 7918 8415 841; 7;1; 8717 851; 8:14 8313

433 :417 7<18 8318 8419 7<18 871; 971: 8313 8618

Wdeoh 8= Qxpehu ri srlqwv +V[J,
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 46;3 449: 5854 968; ;937 :766 45597 :53< ;755 96<3 635; 4833 4;33

5 7;; 88: 4866 7934 <557 439;3 45987 43437 <585 86:4 5334 :87 :<7

6 575 674 <9< 67:< ;:43 449<4 484;4 445<3 <4:: 7884 4743 7:: 788

7 448 545 :3: 59;3 ;477 45696 4:38; 44<<: <548 6;83 <7< 64; 63:

8 :4 465 879 5469 :6<; 463:8 4;597 45:75 <45< 6544 :38 577 547

43 6 63 494 <68 7:39 46855 56943 487<< :48: 4876 5;9 <6 :<

53 3 3 < 67: 5833 45463 5<969 4:59: 7767 :6< 456 4; 5:

63 3 3 3 :3 4:<5 43989 667<; 4:496 6489 7:6 7; 4; 65

83 3 3 3 3 :73 ;963 6;;87 48:<4 4<94 549 74 57 75

433 3 3 3 3 : 8949 789<8 45467 ;7; 58; 73 8 7;

Wdeoh 9= Phdq 80vwhs uhwxuqv iru 66 vwrfnv lq V[J
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 414; 313; 3178 3154 3156 3149 3166 3176 3198 319: 3199 31:7 4153

5 41<7 31:< 31:3 3164 3158 3157 315; 3184 3195 319< 3178 318< 4168

6 51:: 31:< 31<3 3198 3165 314: 3163 3186 3194 3198 3194 3163 4184

7 716< 4139 4185 3187 3163 314; 3169 3186 319: 3183 4146 03174 5185

8 9163 41;9 4145 3168 3163 3157 3169 318: 3195 318: 3183 419< 5144

43 <1;7 813< 417; 3146 3157 314: 3174 318< 31:8 31:6 4138 3184 519<

53 49135 614; 03154 0313: 3177 3199 31:< 4163 04138 51;3 ;17:

63 9137 03139 0314< 317; 3194 31;8 419: 91:3 04139 91:9

83 41;7 03156 316< 3193 31:9 6143 7146 <1:; 7159

433 :1<9 4134 3159 3184 4169 6158 41<4 7169 61;4

Wdeoh := Iudfwlrq xs2+xs.grzq, pryhv +( , iru vwrfnv lq V[J
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 8:14 8416 8417 831< 8318 8313 8514 851: 8719 8714 8619 8517 8416

5 8914 8815 881; 8513 8319 8415 8419 8613 8714 8714 8318 8316 7<16

6 8:13 8813 881; 8817 841: 8315 8513 8616 861: 8615 7<1< 7;19 7913

7 9615 8914 8<15 8814 8515 8319 8515 851; 8715 831: 8419 7619 7<1:

8 9815 8:16 8:16 8618 8516 8415 8513 8617 8618 831: 7;14 8515 7917

43 991: 9514 8419 8313 841: 7<1< 851< 861: 851: 8416 8317 8415 7416

53 43313 9314 7:15 7;17 8616 8716 8318 831: 7315 8313 8913

63 9<14 791: 7:1; 8618 8614 8419 8515 9613 7415 9514

83 8816 7914 851; 8618 7;1< 9313 9617 9619 9714

433 ;616 8413 841: 851< 871: 971; 9414 ;313 9619
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vkrzv 40vwhs sur�wv yhuvxv 40vwhs wuhqgv iru V[J dqg V[ELJ uhvshfwlyho|1 Iljxuh 5
vkrzv 80vwhs sur�w yhuvxv &0vwhs wuhqgv1
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Iljxuh 4= 40vwhs sur�wv yhuvxv 40vwhs uhwxuqv iru vwrfnv V[J dqg V[ELJ1 Hdfk fxuyh
uhsuhvhqwv rqh |hdu ehwzhhq 4<;: dqg 4<<91
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Iljxuh 5= 80vwhs sur�wv yhuvxv 80vwhs uhwxuqv iru vwrfnv V[J dqg V[ELJ1 Hdfk fxuyh
uhsuhvhqwv rqh |hdu ehwzhhq 4<;: dqg 4<<91

Ohw xv gudz vrph frqfoxvlrqv iurp wkhvh vwdwlvwlfdo h{dplqdwlrqv ri wuhqgv1

�Wkh pdvvlyh ehwwhu sduw ri uhwxuqv idoov lqwr d uhjlrq/ zkhuh lw lv yhu| gl!fxow wr fodlp
dq| fruuhodwlrq ehwzhhq sdvw dqg ixwxuh sulfh fkdqjhv1 Wkh uhjlrqv/ zkhuh dq| fruuh0
odwlrq pd| eh vljql�fdqw/ duh wkh vsduvho| srsxodwhg h{wuhph rqhv1 Orrnlqj dw Wdeoh
6 zh revhuyh wkdw d DI ghfuhdvh lq sulfh vlqfh irxu gd|v djr +& ' e,/ vwdqgv d Se�DI
suredelolw| ri vkrzlqj dq lqfuhdvh e| wrpruurz1 Krzhyhu/ wkhvh fdvhv frqvwlwxwh rqo| d
vpdoo shufhqwdjh ri wkh wrwdo qxpehu ri lqyhvwljdwhg uhwxuqv1

�Wkh fdvhv wkdw vkrz odujh lqfuhdvhv vlqfh |hvwhugd| fdoo iru d pruh frpsoh{ lqwhusuhwdwlrq1
Orrnlqj dw Iljxuh 4/ d gl�huhqfh ehwzhhq wkh wzr lqyhvwljdwhg vhwv ri vwrfn ehfrphv
dssduhqw1 Wkh uhwxuqv iru wkh 543 vwrfnv lq V[ELJ vkrz d vljql�fdqw qhjdwlyh fruuhodwlrq
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wr erwk odujh srvlwlyh dqg odujh qhjdwlyh uhwxuqv> zkhuhdv wkh uhwxuqv iru wkh 66 pdmru
vwrfnv lq V[J vkrz d srvlwlyh fruuhodwlrq wr odujh srvlwlyh uhwxuqv1 Wklv lv lq dffrugdqfh
zlwk wkh revhuyhg gl�huhqfh lq wkh �uvw odj ri wkh ��8 / uhsruwhg lq ^4`1

7 n0qhduhvw qhljkeru whfkqltxhv

Wkh phwkrg ri &0qhduhvw0qhljkeruv lv d jhqhudo fodvvl�fdwlrq whfkqltxh wkdw pdnhv plq0
lpdo dvvxpswlrqv rq wkh xqghuo|lqj ixqfwlrq wr eh prghohg1 Wr fodvvli| d srlqw R rqh
vlpso| �qgv wkh vhw ri & forvhvw srlqwv iurp wkh h{dpsoh vhw1 Lq wkh fdvh ri wlph vhulhv
wkh lqsxw srlqwv R| duh w|slfdoo| iruphg e| slfnlqj frqvhfxwlyh ydoxhv iurp wkh wlph vhulhv
+> R| ' E+E| � ��c +E| � 2����c +E| � _��1 Lq wkh jhqhudo fdvh/ wkh lqsxw srlqwv R� fdq eh
dq| w|sh ri ihdwxuh yhfwru wkdw lv eholhyhg wr kdyh suhglfwlyh srzhu1 Zh kdyh frqgxfwhg
h{whqvlyh whvwv zlwk ihdwxuh yhfwruv frqvlvwlqj ri vwrfn wuhqgv A& dffruglqj wr gh�qlwlrq
61 Iru h{dpsoh R| ' EA�E|�c ADE|�c A�fE|�c A2fE|��1 Lq vwrfn suhglfwlrq/ wkh fodvvl�fdwlrq
�&E|� iru wkh srlqwv lv w|slfdoo| wkhq vljq ri wkh &0gd| sur�w �&E|�=

�&E|� '

;A?
A=

n� li +E| n &� : +E|�
�� li +E| n &� 	 +E|�
f li +E| n &� ' +E|�

<A@
A> � +8,

Wkh forvhqhvv lv qrupdoo| frpsxwhg dv wkh Hxfolghdq glvwdqfh lq wkh lqsxw vsdfh1 Wkh
phdq ru phgldq fodvvl�fdwlrq ri wkh & qhduhvw srlqwv duh wkhq wdnhq dv hvwlpdwh ri wkh
fodvvl�fdwlrq iru srlqw R 1 Lq wklv zd| zh fdq surgxfh fodvvl�fdwlrqv lpphgldwho|/ jlyhq d
vhw ri h{dpsohv1 D orw ri yduldqwv ri wkh edvlf dojrulwkp h{lvw1 D glvfxvvlrq ri zhljkwlqj
vfkhphv fdq eh irxqg lq Urelqvrq ^9`1 Iru dq hduo| zrun rq wlph vhulhv dssolfdwlrqv dqg
surriv ri frqyhujhqfh/ vhh h1j1\dnrzlw} ^:`1

Hyhq li wkh &0qhduhvw0qhljkeruv dojrulwkp lv frpsxwdwlrqdoo| h{shqvlyh lq wkh dssolfdwlrq
skdvh/ lw lv yhu| dwwudfwlyh lq lqlwldo gdwd dqdo|vlv zkhuh txhvwlrqv derxw suhglfwdelolw|
dqg lqsxw yduldeoh vhohfwlrq duh wkh lpsruwdqw lvvxhv1 Lw fdq eh dujxhg wkdw idloxuh lq
dsso|lqj wkh &0qhduhvw0qhljkeruv dojrulwkp wr d vshfl�f sureohp lpsolhv wkdw wkh sureohp
fdq qrw eh vroyhg zlwk dq| lqgxfwlyh phwkrg1 Wkh vroh dvvxpswlrq pdgh lq wkh phwkrg
lv wkdw forvh lqsxwv duh pdsshg wr forvh rxwsxwv1 Lw*v kdug wr vhh krz d vx!flhqw dprxqw
ri gdwd iurp dq| frqwlqxrxv ixqfwlrq vkrxog idlo vxfk d whvw1 Wkh frqfoxvlrq zrxog eh
lq vxfk d fdvh wkdw d ixqfwlrqdo uhodwlrq ehwzhhq wkh vhohfwhg lqsxwv dqg wkh rxwsxw
fdq qrw eh vkrzq/ jlyhq wkh dydlodeoh gdwd zlwkrxw lpsrvlqj ixuwkhu uhvwulfwlrqv rq wkh
ixqfwlrqdo uhodwlrqvkls1 Krzhyhu/ rwkhu phwkrgv xvlqj vwurqjhu prghov/ pd| eh pruh
vxffhvvixo wkhq wkh wrwdoo| qrq eldvhg &0qhduhvw0qhljkeruv dojrulwkp1 Rqh pxvw dovr
uhdol}h wkdw &0qhduhvw qhljkeru lq d qrupdo lpsohphqwdwlrq lv d joredo phwkrg1 Lq wkh
vhdufk iru qhduhvw qhljkeruv rqh hlwkhu vfdqv wkh hqwluh wudlqlqj vhw ru doo suhylrxv srlqwv
lq wkh wudlqlqj vhw1 Wkh odwwhu phwkrg dyrlgv shhslqj lqwr wkh ixwxuh zkhq suhglfwlqj d
srlqw fodvvl�fdwlrq1 Lq hlwkhu fdvh/ wkh qhljkeruv duh slfnhg iurp d wlph shulrg wkdw pd|
yhu| zhoo eh wrr orqj li wkh xqghuo|lqj ixqfwlrq lv qrq0vwdwlrqdu|1 Zhljkwlqj vfkhphv ru
zlqgrzlqj whfkqltxhv pd| eh xvhixo lq vxfk fdvhv1

:



714 H{whqvlrqv ri wkh dojrulwkp

D surplqhqw surshuw| ri vwrfn0sulfh wlph vhulhv lv wkh kljk ohyho ri qrlvh suhvhqw1 Wkxv
wkhuh lv uhdvrq wr vhulrxvo| grxew wkh srvvlelolw| ri suhglfwlqj ixwxuh ydoxhv/ jlyhq rqo|
sdvw ydoxhv ri wkh wlph vhulhv1 Zkdw zh fdq krsh iru lv wkdw wkh wlph vhulhv vrphwlphv lv
suhglfwdeoh dqg wkdw lq wkhvh vlwxdwlrqv lw lv srvvleoh wr fuhdwh d prgho wkdw suhglfwv wkh
ixwxuh ehwwhu wkdq phuh fkdqfh1 Wklv dssurdfk lv qrw dffhswdeoh lq d jhqhudo suhglfwlrq
vlwxdwlrq/ exw lv shuihfwo| dffhswdeoh lq wkh fdvh ri vwrfn suhglfwlrq1 Wkh shuirupdqfh
ri d wudglqj v|vwhp lv qrupdoo| fdofxodwhg dv wkh vxffhvv udwh ru jhqhudwhg sur�w lq
wkh vlwxdwlrqv zkhuh ex| ru vhoo dfwlrqv duh vxjjhvwhg e| wkh dojrulwkp1 Wkh ryhudoo
suhglfwlrq dffxudf| lv qrupdoo| ri plqru lqwhuhvw1 Wklv lv d qdwxudo idfw iru wudghuv dqg
lv lpsohphqwhg lq wkh kxjh ydulhw| ri whfkqlfdo lqglfdwruv wkdw lvvxh ex| dqg vhoo vljqdov
zkhq fhuwdlq frqglwlrqv duh ixo�oohg1 D phwkrg zkhuh d qhxudo qhwzrun lv frpelqhg zlwk
d whvw iru vwdwlvwlfdo ghshqghqfh lq wkh wlph vhulhv fdq eh irxqg lq ^8`1 Zh sursrvh ehorz
dq h{whqvlrq ri wkh &0qhduhvw0qhljkeru dojrulwkp1 Jlyhq wkh wlph vhulhv i+E|�c | ' �c Aj
wkh dojrulwkp iru suhglfwlrq ri wkh vljq ri ��EA � dw wlph A orrnv dv iroorzv=

41Jhqhudwh sdwwhuqv iRE|�c | ' �c ���c A � �j1 Lq wkh suhvhqwhg h{dpsohv wkh sdwwhuqv duh
gh�qhg dv RE|� ' EADE|�c A2fE|��1 Hdfk sdwwhuq RE|� lv dvvrfldwhg zlwk d wdujhw ydoxh ��E|�
dv gh�qhg lq 71 Dovr jhqhudwh REA � zlwk dq xqnqrzq wdujhw ydoxh ��EA � wr eh suhglfwhg1

51Frpsxwh wkh Hxfolghdq glvwdqfh ehwzhhq REA � dqg hdfk ri wkh sdwwhuq lq iRE|�c | ' �c A � �j1
Vhohfw wkh & qhduhvw sdwwhuqv dqg ghqrwh wkh vhw ri dvvrfldwhg wdujhw ydoxhv x1 Frpsxwh
wkh krprjhqhlw| M ri x dv=

M '
4@ Eni%m% 5 xc % : fjn c ni%m% 5 xc % 	 fjn�
ni%m% 5 xc % : fjnn ni%m% 5 xc % 	 fjn� � +9,

Wkh qrup n�n ghqrwhv wkh qxpehu ri hohphqwv lq wkh dujxphqw vhw1 Li wkh pdmrulw| ri
hohphqwv lq x lv juhdwhu wkdq }hur/ M lv wkh iudfwlrq ri hohphqwv juhdwhu wkdq }hur1 Li
wkh pdmrulw| ri hohphqwv lq x lv ohvv wkdq }hur/ M lv wkh iudfwlrq ri hohphqwv ohvv wkdq
}hur1 M lv xvhg dv d phdvxuh ri wkh ghjuhh ri udqgrpqhvv lq wkh wdujhw ydoxhv x1 D kljk
ydoxh rqM lv lqwhusuhwhg dv d kljk srvvlelolw| wr suhglfw ��EA � xvlqj d &0qhduhvw0qhljkeru
phwkrg1

61li M � Molplw wkhq wkh vhohfwhg qhljkerukrrg durxqg REA � lv uhjdughg dv qrq0udqgrp dqg
wkh phdq ydoxh ri wdujhwv lq M lv xvhg dv suhglfwhg wdujhw ydoxh iru REA �1 Li M 	 Molplw

wkhq wkh qhljkerukrrg durxqg REA � lv uhjdughg dv udqgrp dqg d suhglfwhg wdujhw ydoxh
iru REA � lv qrw hydoxdwhg1

+i4@h! G Qrwh wkdw wkh vhdufk iru qhduhvw qhljkeruv lq vwhs 5 pxvw qrw lqyroyh dq| gdwd
iurp wkh vhw | : A vlqfh wklv gdwd lv kljko| fruuhodwhg wr wkh xqnqrzq ydoxh ��EA �1 Wkdw
lv wkh uhdvrq zk| wkh qhduhvw qhljkeruv duh vhdufkhg xs wr | ' A � � dqg qr ixuwkhu1
Xvlqj wdujhw ydoxhv ��E|� zkhuh | : A � � zrxog lqyroyh shhslqj lqwr wkh ixwxuh eh|rqg
wlph A zklfk lv wkh srlqw zkhuh wkh suhglfwlrq lv fdofxodwhg1 Ixuwkhupruh qrwh wkdw wkh
ydoxh rq Molplw d�hfwv wkh qxpehu ri vlwxdwlrqv zkhuh suhglfwlrqv duh surgxfhg e| wkh
dojrulwkp1 Wkh vwdwlvwlfdo vljql�fdqfh ri wkh shuirupdqfh zloo wkhuhiru eh uhgxfhg li wrr
kljk d ydoxh iru Molplw lv fkrvhq1 Lq rxu whvwv/ ydoxhv ehwzhhq f�S dqg f�b kdyh ehhq xvhg1

;



8 Jhqhudwlqj Whvw gdwd

Whvwlqj dojrulwkpv iru vwrfn gdwd suhglfwlrqv lv d gl!fxow sureohp wkdw uhtxluhv h{wuhph
fdxwlrqv1 Wkh ulvn ri lqwhusuhwlqj udqgrp  xfwxdwlrqv dv uhvxowv ri d vxffhvvixo suhglfwlrq
dojrulwkp lv dozd|v suhvhqw dqg vrphwlphv vxusulvlqjo| kljk +^5`,1 Wkhuhiruh/ wr surshuo|
hydoxdwh wkh ghyhorshg dojrulwkp ghvfulehg deryh zh frqvwuxfw dq duwl�fldo vwrfn wlph
vhulhv1 Wkh sxusrvh ri wkh dojrulwkp lv wr lghqwli| orfdwlrqv lq wkh lqsxw vsdfh zkhuh d
fruuhodwlrq ehwzhhq lqsxw sdwwhuqv dqg rxwsxw ��E|� h{lvwv1 Lq doo wkh h{dpsohv lq wklv
uhsruw wkh suhglfwlrq krul}rq � kdv wkh ydoxh �1 Vlqfh zh xvh sdwwhuqv zlwk wuhqg ydoxhv
vxfk dv RE|� ' EADE|�c A2fE|�� dv lqsxwv/ zh lqwurgxfh orfdwlrqv zlwk fruuhodwlrq lq d uhdo
vwrfn lqgh{ wlph vhulhv +E|� e| wkh iroorzlqj dojrulwkp=

41Frpsxwh wkh wlph vhulhv ADE|�c A2fE|� @?_ ��E|� dv gh�qhg lq gh�qlwlrq 6 dqg 7 xvlqj uhdo
vwrfn gdwd iru | ' �c ��c � 1

51-eRe@| sJo | ' � |J �

61 li ADE|� : 2 @?_ ADE|� 	 e @?_ A2fE|� : f @?_ A2fE|� 	 D wkhq

+ irufh d 4( lqfuhdvh lq vwrfn sulfh diwhu d srvlwlyh 80gd| wuhqg

dqg srvlwlyh 530gd| wuhqg = ,

zlwk suredelolw| f�.D vhw ��E|� # �

71 li ADE|� : �e @?_ ADE|� 	 �2 @?_ A2fE|� : �D @?_ A2fE|� 	 f wkhq

+ irufh d 4( ghfuhdvh lq vwrfn sulfh diwhu d qhjdwlyh 80gd| wuhqg

dqg qhjdwlyh 530gd| wuhqg = ,

zlwk suredelolw| f�.D vhw ��E|� # ��
81?e%| |

Lq wklv zd| wkh ruljlqdo wlph vhulhv rewdlqv d fruuhodwlrq ehwzhhq wkh lqsxwv dqg wkh
rxwsxw lqmhfwhg lq wzr zhoo gh�qhg uhjlrqv ri wkh lqsxw vsdfh1 Lw vkrxog eh phqwlrqhg
wkdw wkh lqwurgxfhg fruuhodwlrq lv duelwudulo| fkrvhq mxvw iru looxvwudwlrq ri wkh zrunlqj
ri wkh dojrulwkp1 Wkh uhjlrqv lq d uhdo dssolfdwlrq duh dxwrpdwlfdoo| ghwhfwhg e| wkh
dojrulwkp1 Wkh ghwhuplqlvwlf srlqwv duh ihz frpsduhg wr wkh wrwdo qxpehu ri jhqhudwhg
srlqwv1 Iru d 43 |hdu orqj wlph vhulhv +2Dff gdwd srlqwv, rqo| DI duh w|slfdoo| jhqhudwhg
lq hdfk ri wkh wzr fruuhodwhg uhjlrqv lq wkh lqsxw vsdfh1 Vxfk orz vljqdo wr qrlvh udwlrv
lv qrupdoo| gl!fxow wr kdqgoh zlwk phwkrgv vxfk dv joredo uhjuhvvlrq dqdo|vlv1

9 Uhvxowv

Lq wkh wzr gldjudpv lq �jxuh 6 wkh uhodwlrq ehwzhhq wkh lqsxwv ADE|�c A2fE|� dqg wkh
vljq ri wkh rxwsxw ��E|� lv looxvwudwhg1 Wkh wrs gldjudp vkrzv wkh ruljlqdo gdwd iurp wkh
Jhupdq vwrfn lqgh{ GD[1 Wkh orzhu gldjudp kdv fruuhodwlrq lqmhfwhg dv ghvfulehg lq wkh
suhylrxv vhfwlrq1 Wkh lqsxw uhjlrq i2 	 AD 	 e c f 	 A2f 	 Dj zdv vhw wr srvlwlyh rxwsxw
zlwk d suredelolw| ri :8( dqg wkh lqsxw uhjlrq i�e 	 AD 	 �2 c�D 	 A2f 	 fj zdv vhw

<
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Iljxuh 6= 40gd| uhwxuqv dv d ixqfwlrq ri 80 dqg 530gd| wuhqgv iru GD[ vwrfn lqgh{1

wr qhjdwlyh rxwsxw zlwk d suredelolw| ri :8(1 Wkh wdvn ri wkh suhglfwlrq dojrulwkp zloo
eh wr lghqwli| wkhvh uhjlrqv dqg dvvljq wkhp wr wkh fruuhfw fodvv e| wkh qhduhvw0qhljkeru
sulqflsoh1 Dv rqh fdq vhh lq wkh erwwrp gldjudp/ wkh fruuhodwlrq lv qrw reylrxv hyhq lq
wklv duwl�fldo fdvh zlwk h{wuhpho| kljk fruuhodwlrq lqwurgxfhg lq wkh gdwd1 Lq wkh fdvh ri
wkh xqprgl�hg GD[ gdwd wkh wdvn zloo eh hyhq kdughu lqghhg/ vlqfh qr reylrxv uhjlrqv
zlwk fruuhodwlrq fdq eh vhhq lq wkh wrs gldjudp1 Iljxuh 8 vkrzv wkh vlwxdwlrq zkhq doo wkh
duwl�fldo gdwd srlqwv kdyh ehhq uxq wkurxjk wkh h{whqghg &0qhduhvw0qhljkeru dojrulwkp1
Wkh ydoxh ri Molplw zdv vhw wr f�H dqg wkh ydoxh ri &/ qxpehu ri vhohfwhg qhduhvw qhljkeruv/
zdv vhw wr �f1 Wkh �jxuh ghqrwhv srlqwv zkhuh wkh krprjhqhlw| zdv juhdwhu wkdq f�H e|
furvvhv dqg wkh rwkhu srlqwv e| grwv1 Dv fdq eh vhhq lq wkh gldjudp/ wkh uhjlrqv zkhuh
fruuhodwlrq zdv lqmhfwhg duh fohduo| lghqwl�hg e| wkh krprjhqhlw| phdvxuh M1 Wklv dovr
vkrzv xs lq wkh yhu| kljk shuirupdqfh suhvhqwhg lq wdeoh <1 Iljxuh 7 vkrzv d vlplodu
gldjudp iru wkh qrq0prgl�hg vwrfn lqgh{ GD[1 Dq| fohdu uhjlrqv zlwk kljk krprjhqhlw|
fdq eh kdugo| lghqwl�hg1

914 Suhglfwlrq Shuirupdqfh

Hydoxdwlrq ri suhglfwlrq shuirupdqfh lv dq lpsruwdqw/ gl!fxow dqg riwhq ryhuorrnhg vwdjh
lq wkh ghyhorsphqw ri suhglfwlrq dojrulwkpv iru �qdqfldo gdwd1 Vlqfh zh duh orrnlqj iru
yhu| zhdn fruuhodwlrqv/ zh dozd|v uxq d elj ulvn ri lqwhusuhwlqj udqgrp  xfwxdwlrqv lq
gdwd dv uhjxodulwlhv zlwk suhglfwlyh srzhu1 Wkh sureohp lv ixuwkhu glvfxvvhg iru h{dpsoh
lq ^7` dqg ^5`1 Lq wdeoh < zlwk shuirupdqfh phdvxuhv iru wkh suhglfwlrqv/ zh dovr suhvhqw
ydoxhv iru wzr ehqfk pdunv= Suhylrxv0Lqfuhdvh Prgho dqg wkh "0lqfuhdvh Prgho1 Wkh
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Iljxuh 7= Krprjhqhlw| iru GD[ lqgh{1 n@43

iruphu lv wkh qdlyh suhglfwlrq dvvxplqj wkdw wrgd|*v uhwxuq zloo eh wkh vdph dv |hvwhu0
gd|*v1 Wkh "0lqfuhdvh Prgho dvvxphv wkdw wrgd|*v vwrfn sulfh zloo lqfuhdvh e| d yhu| vpdoo
dprxqw " vlqfh |hvwhugd|1 Wkh uhdvrq zk| zh grq*w xvh wkh xvxdo }hur0fkdqjh prgho lq0
vwhdg ri wkh " lv wkdw zh zdqw wr frpsduh klw udwh shuirupdqfh wr wklv ehqfk pdun prgho1
Vlqfh wkh klw udwh lv wkh delolw| wr suhglfw wkh vljq ri wkh uhwxuqv/ zh vwlsxodwh wkdw wkh
ehqfk pdun suhglfwv dq " lqfuhdvh lqvwhdg ri }hur1 Wkh "0lqfuhdvh Prgho lv dovr xvhg
iru fdofxodwlrq ri wkh Wkhlo frh!flhqw zklfk lv wkh txrwlhqw ehwzhhq wkh UPVH iru wkh
Prgl�hg n0qhduhvw0qhljkeru dojrulwkp dqg wkh "0lqfuhdvh Prgho1 Wkh lqyhvwljdwhg wlph
shulrg udqjhv iurp wkh ehjlqqlqj ri 4<;: xqwlo wkh hqg ri 4<<91 Wkh olplw ri vhohfwlrq
ri srlqwv/ Molplw / lv vhw wr f�Hf iru doo h{dpsohv lq wklv uhsruw1 Wkh sdudphwhu & / wkh
qxpehu ri vhohfwhg qhduhvw qhljkeruv/ lv vhw wr �f1 Wkh GD[ froxpq suhvhqwv uhvxowv
ri wkh uhdo GD[ lqgh{/ zkhuhdv Fruuhodwhg GD[ suhvhqwv uhvxowv ri wkh wlph vhulhv
zlwk lqmhfwhg fruuhodwlrq1 Dv zh fdq vhh iurp wkh �uvw wkuhh olqhv/ wkh shuirupdqfh iru
Fruuhodwhg GD[ lv h{fhoohqw1 Wkh klw udwh .D�2SI fohduo| rxwshuirupv erwk ri wkh
ehqfk pdunv$ Wkh Wkhlo frh!flhqw lv dovr ehorz �/ lqglfdwlqj d wuxh suhglfwlyh srzhu
eh|rqg wkdw ri wkh "0lqfuhdvh Prgho1 Wkh dojrulwkp surgxfhv �b. suhglfwlrqv/ l1h1 �fI
ri wkh wrwdo qxpehu1 Wklv lv dssur{lpdwho| wkh qxpehu ri srlqwv d�hfwhg e| wkh lqmhfwlrq
ri fruuhodwlrq ghvfulehg lq vhfwlrq 81 Wkh klw udwh .D�2SI dovr frqirupv qlfho| wr wkh
.DI udqgrpqhvv lq wkh dojrulwkp1 Wkh uhvxowv iru wkh uhdo GD[ lqgh{ gdwd dsshdu wr
lqglfdwh suhglfwdelolw| hyhq li wkh shuirupdqfh lv fohduo| pxfk orzhu wkdq lq wkh suh0
ylrxv froxpq zlwk duwl�fldo gdwd1 Krzhyhu/ rqh pxvw ehdu lq plqg wkdw wkh vwdwlvwlfv
duh edvhg rq 78 vhohfwhg gdwd srlqwv rqo|1 Wkh ulvn ri gdwd vqrrslqj lv kxjh1 Wkh odvw
wkuhh froxpqv suhvhqw suhglfwlrq uhvxowv iru wkuhh rwkhu lqwhuqdwlrqdo vwrfn lqgh{hv> wkh
Vzhglvk Jhqhudolqgh{/ Wkh Dphulfdq Grz Mrqhv dqg wkh Hqjolvk IWVH 4331 Wkh uhvxowv
duh vrphzkdw frqwudglfwlqj dqg d vwdwlvwlfdoo| vljql�fdqw frqfoxvlrq fdq kdugo| eh pdgh
edvhg rq wkhvh whvwv rqo|1
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Wdeoh ;= Qxpehu ri srlqwv +V[J,
n0gd| wuhqg +(2gd|,

n 08133 07133 06133 05133 04133 03183 3133 3183 4133 5133 6133 7133 8133
4 4699 4493 5864 966: ;8;7 :743 4558: :4:< ;6;4 9694 6336 47<3 4:;9

5 7;5 886 4849 78<8 <537 43974 4594: 4338: <548 8674 4<<7 :7; :<4

6 568 668 <7< 67:5 ;9:< 44979 484:6 44596 <475 784: 46<8 79; 78:

7 445 539 :33 59:5 ;446 4566: 4:349 44<:9 <48< 6;49 <66 649 63<

8 :4 45< 873 5468 :696 46375 4;579 45:4: <3;: 64;3 :37 577 53:

43 6 63 493 <57 79;9 4677: 56897 487<: :465 4868 5;6 <3 ;3

53 3 3 ; 67< 57;8 45465 5<879 4:4;6 775: :65 456 4: 5:

63 3 3 3 :3 4:;: 43979 66745 4:3:9 6477 79: 7; 4: 65

83 3 3 3 3 :68 ;938 6;:86 48:55 4<83 547 76 57 75

433 3 3 3 3 : 88;< 788;8 453;; ;7; 58< 73 8 7;

Wdeoh <= Suhglfwlrq shuirupdqfh iru wkh shulrg 4<;:04<<9

Prgl�hg n0qhduhvw qhljkeru Fruu1 GD[ GD[ Jhqhudolqgh{ Grz Mrqhv IWVH
Klw udwh uhodwlyh Suhylrxv0Lqfuhdvh 4173 4147 31<5 4135 4135
Klw udwh uhodwlyh "0lqfuhdvh 4175 4143 31<; 31<6 31<9
Wkhlo frh!flhqw 31<6 31:; 4133 31;9 4146
UPVH 4136 31;9 4148 31<9 31<4
Klw udwh +(, :8159 8:147 851;8 83179 8319;
Qxpehu ri srlqwv 4<: 78 458 456 :7
Phdq+mRoe_�S|�J?rm, 31:< 3185 318; 3187 317<
Phdq krprjhqlw| M 99136 95159 981;5 96179 97144
Phdq+moe|�o?rm, 31:< 31:9 31:: 3197 3194
Suhylrxv0Lqfuhdvh Prgho
UPVH 4187 418; 417< 4197 4143
Klw udwh +(, 861;3 7<1<8 8:1:5 7<196 7<1;9
Qxpehu ri srlqwv 4<63 4<63 564: 554; 4;7;
"0lqfuhdvh Prgho
UPVH 4143 4143 4148 4145 31;4
Klw udwh +(, 86138 85149 8713; 87158 8519;
Qxpehu ri srlqwv 4<63 4<63 564: 554; 4;7;
Vwdqgdug n0qhduhvw qhljkeru
Klw udwh uhodwlyh Suhylrxv0Lqfuhdvh 4137 4134 31<7 4135 4135
Klw udwh uhodwlyh "0lqfuhdvh 4138 31<: 4133 31<6 31<9
Wkhlo frh!flhqw 4135 4138 4137 413; 4139
UPVH 4146 4148 414< 4154 31;8
Klw udwh +(, 881:: 83167 87166 831:4 83196
Qxpehu ri srlqwv 4<5< 4<5< 5649 554: 4;7:
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Iljxuh 8= Krprjhqhlw| iru fruuhodwhg GD[1 n@43

Dq lpsruwdqw sdudphwhu wr dowhu lq wkh ! 0qhduhvw0qhljkeru dojrulwkp lv wkh ydoxh rq &1
Wkh wdeoh < vkrzv uhvxowv ri & ' �f1 D wkrurxjk whvw zlwk ydu|lqj ydoxhv rq & kdv ehhq
frqgxfwhg iru wkh GD[ dqg iru wkh rwkhu uhsruwhg vwrfn lqgh{hv1 Wkh uhodwlyh klw udwh
ydulhv exw fdqqrw eh vkrzq wr vljql�fdqwo| h{fhhg 4 iru dq| ydoxh rq &1

: Frqfoxvlrqv dqg ixuwkhu ghyhorsphqw

Wkh ghyhorshg dojrulwkp zrunv zhoo rq wkh v|qwkhwlf gdwd zlwk fruuhodwlrq lqmhfwhg dqg
dovr �qgv suhglfwdeoh sdwwhuqv lq wkh uhdo vwrfn lqgh{hv1 Krzhyhu/ wkh uhvxowv duh vrph0
zkdw zhdn dqg ixuwkhu whvwv kdyh wr eh frqgxfwhg lq rughu wr rewdlq vwdwlvwlfdoo| vljqli0
lfdqw uhvxowv1 Iru ixwxuh zrun zh zloo lqyhvwljdwh kljkhu glphqvlrqdo sdwwhuqv ri wuhqg
yduldeohv/ vxfk dv RE|� ' EA�E|�c A2E|�c ADE|�c A2fE|��/ dqg dovr frpelqh wkhp zlwk qrupdo0
l}hg yroxph ydoxhv wr whvw wkh k|srwkhvlv +vhh h1j1 ^6`, wkdw sdwwhuqv lq wudghg yroxph ehdu
uhohydqfh wr suhglfwlrqv ri ixwxuh uhwxuqv1 Wkh dojrulwkp fdq dovr eh ixuwkhu ghyhorshg
zlwk pruh vrsklvwlfdwhg ghflvlrq fulwhuld iru suhglfwdelolw|1 Wkh vl}h ri wkh qhljkerukrrg
frxog eh ghwhuplqhg lq d pruh lqwhooljhqw zd| wkdq wkh �{hg ydoxh ri & qhljkeruv xvhg e|
wkh edvlf &0qhduhvw0qhljkeru dojrulwkp1 Vlqfh wkh lqsxw vsdfh zlwk wuhqg sdwwhuqv vxfk dv
RE|� ' EADE|�c A2fE|�� lv qrw srsxodwhg lq d krprjhqlrxv idvklrq/ wkh & qhduhvw qhljkeruv
pd| eh slfnhg lq vrph duhdv ri wkh lqsxw vsdfh iurp d yhu| vpdoo yroxph zkhuhdv lq
rwkhu duhdv/ wkh & qhduhvw qhljkeruv kdyh wr eh slfnhg iurp d odujh yroxph/ zkhuh wkh
lqsxw vsdfh lv vsduvho| srsxodwhg1 Wkh vxjjhvwhg dojrulwkp kdv qdwxudo dssolfdwlrq lq
duhdv rwkhu wkdq vwrfn suhglfwlrqv1 Lw dgguhvvhv doo vlwxdwlrqv zkhuh suhglfwdelolw| fdq
rqo| eh h{shfwhg wr dsso| lq vpdoo dqg lqghwhuplqdwh uhjlrqv ri wkh lqsxw vsdfh1
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Uhihuhqfhv

^4`W1 Khoovwuùp dqg N1 Kropvwuùp1 Suhglfwdeoh sdwwhuqv lq vwrfn uhwxuqv1 Whfkqlfdo
Uhsruw LPd0WRP04<<:0</ Ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv/ Pçodugdohq Xql0
yhuvlw|/ Vzhghq/ 4<<:1

^5`W1 Khoovwuùp dqg N1 Kropvwuùp1 Suhglfwlqj wkh vwrfn pdunhw1 Whfkqlfdo Uhsruw
LPd0WRP04<<:0:/ Ghsduwphqw ri Pdwkhpdwlfv dqg Sk|vlfv/ Pçodugdohq Xqlyhuvlw|/
Vzhghq/ 4<<:1

^6`E1 OhEdurq1 Shuvlvwhqfh ri wkh grz mrqhv lqgh{ rq ulvlqj yroxph1 Whfkqlfdo uhsruw/
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Zlvfrqvlq 0 Pdglvrq/ Pdglvrq/ ZL/ Mxo| 4<<51

^7`D1 Z1 Or1 Gdwd vqrrslqj dqg rwkhu vhohfwlrq eldvhv lq �qdqfldo hfrqrphwulfv1 Lq
Wxwruldov QQFP0<9 Lqwhuqdwlrqdo Frqihuhqfh/ Qhxudo Qhwzrunv lq wkh Fdslwdo Pdunhw
Sdvdghqd1/ 4<<91

^8`G1 Ruprqhlw dqg U1 Qhxqhlhu1 Uholdeoh qhxudo qhwzrun suhglfwlrqv lq wkh suhvhqfh ri
rxwolhuv dqg Qrq0Frqvwdqw ydulhqfhv1 Lq D10S1 Uhihqhv/ \1 Dex0Prvwdid/ M1 Prrg|/
dqg D1 Zhojhqg/ hglwruv/ Qhxudo Qhwzrunv lq Ilqdqfldo Hqjlqhhulqj/ Surf1 ri wkh 6ug
Lqw1 Frqi1 rq Qhxudo Qhwzrunv lq wkh Fdslwdo Pdunhwv/ Surjuhvv lq Qhxudo Surfhvvlqj/
sdjhv 8:;�8;:/ Vlqjdsruh/ 4<<91 Zruog Vflhqwl�f1

^9`S1 P1 Urelqvvrq1 Dv|pswrwlfdoo| h!flhqw hvwlpdwlrq lq wkh suhfhqfh ri khwhurvnhgdf0
wlflw| ri xqnqrzq irup1 Hfrqrphwulfd/ 88=;:8�;<4/ 4<;:1

^:`V1 \dnrzlw}1 Qhduhvw0Qhljkerxu phwkrgv iru wlph vhulhv dqdo|vlv1 Mrxuqdo ri Wlph
Vhulhv Dqdo|vlv/ ;+5,=568�57:/ 4<;:1
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