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Wr wkh Judgxdwh Vfkrro=

Wklv wkhvlv hqwlwohg �Dxwrpdwhg Gldjqrvlv ri Uhwlqdo Lpdjhv Xvlqj Hylghqwldo
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Gu1 Dgdp Z Krryhu/ Dgylvru
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DXWRPDWHG GLDJQRVLV RI UHWLQDO LPDJHV

XVLQJ HYLGHQWLDO UHDVRQLQJ

D Wkhvlv

Suhvhqwhg wr

wkh Judgxdwh Vfkrro ri

Fohpvrq Xqlyhuvlw|

Lq Sduwldo Ixo�oophqw

ri wkh Uhtxluhphqwv iru wkh Ghjuhh

Pdvwhu ri Vflhqfh

Frpsxwhu Hqjlqhhulqj

e|

Uhhwdo Sdl

Ghfhpehu 53/ 5334

Dgylvru= Gu1 Dgdp Z Krryhu



DEVWUDFW

Lq wklv surmhfw zh uhvhdufk lvvxhv lqyroyhg lq wkh ghvljq ri d urexvw dxwrpdwhg

phglfdo gldjqrvwlf v|vwhp1 Zh wdnh d ghflvlrq wkhruhwlfdo dssurdfk wr gldjqrvlv1 Zh

frqvwuxfw d v|vwhp wr uhdvrq derxw wkh gldjqrvlv ri hylghqfh rewdlqhg iurp d uhwlqdo

lpdjh1 Wkh eholhiv xvhg wr gldjqrvh wkh hylghqfh duh jlyhq e| dq h{shuw sk|vlfldq/ lq

wkh irup ri suredelolw| ydoxhv1 Lq wklv vwxg|/ zh h{soruh vhyhudo wkhruhwlfdo txhvwlrqv1

Zh frqvlghu wkh xvh ri wkuhh pdwkhpdwlfdo irupxodwlrqv lq wkh uhdvrqlqj surfhvv1 Zh

h{soruh wkh h�hfwv ri wkuhh phwkrgv ri hylghqfh vhohfwlrq lq wkh uhdvrqlqj surfhvv1 Zh

frqvlghu wkh srvvleoh uhvsrqvhv ri wkh v|vwhp wr wkh gldjqrvwlf txhvwlrq1 Zh h{dplqh

wkh xvh ri iuhtxhqflhv lq sodfh ri h{shuw jlyhq eholhiv1 Ilqdoo|/ zh h{soruh wkh fdvh

gl!fxow| ri wkh lpdjhv frqwdlqhg lq rxu whvw vhw1



Wklv wkhvlv lv ghglfdwhg wr p| sduhqwv dqg

p| vlvwhuv zkrvh oryh dqg

hqfrxudjhphqw kdyh ehhq p|

vwuhqjwk1



YLWD

Uhhwdo Sdl zdv eruq lq P|vruh/ Lqgld1 Vkh frpsohwhg khu Edfkhoruv lq Hohfwulfdo

dqg Hohfwurqlf Hqjlqhhulqj dw wkh Xqlyhuvlw| ri P|vruh/ Lqgld lq Vhswhpehu 4<<;1 Vkh

hquroohg dw Fohpvrq Xqlyhuvlw| lq Dxjxvw 4<<<1 Khu judgxdwh uhvhdufk zrun irfxvhg

rq wkh ghyhorsphqw ri dq dxwrpdwhg phglfdo v|vwhp wr gldjqrvh uhwlqdo lpdjhv xvlqj

hylghqwldo uhdvrqlqj1 Vkh frpsohwhg khu Pdvwhu ri Vflhqfh lq Frpsxwhu Hqjlqhhulqj

dw Fohpvrq Xqlyhuvlw| lq Ghfhpehu 53341



DFNQRZOHGJHPHQWV

L dp yhu| judwhixo wr p| dgylvru Gu1 Dgdp Krryhu1 Klv vxssruw dqg prwlydwlrq

kdyh pdgh wklv zrun srvvleoh1 L dovr zdqw wr wkdqn klp iru frqwlqxdoo| eholhylqj lq

p| fdsdelolwlhv dqg iru doo wkh rssruwxqlwlhv kh kdv jlyhq ph wr ohduq1

L wkdqn rxu h{shuw Gu1 Plfkdho Jrogedxp iru klv jxlgdqfh dqg khoslqj xv xqghu0

vwdqg rxu sureohp grpdlq ehwwhu1

Vhyhudo shrsoh kdyh frqwulexwhg wr wkh froohfwlrq ri gdwd dqg nqrzohgjh ghvljq

xvhg lq wklv zrun1 Lpdjhv zhuh froohfwhg e| Vwxduw Exujhvv +PG,/ Krzdug Fkhq

+PG,/ Plfkdho Jrogedxp +PG,/ Dgdp Krryhu +Sk1G, dqg Ydohqwlqd Nrx}qhwvryd

+Sk1G,1 Eholhiv zhuh vxssolhg e| Plfkdho Jrogedxp +PG,1 Dqqrwdwlrqv zhuh vxssolhg

e| Plfkdho Jrogedxp +PG, dqg Krzdug Fkhq +PG,1 Wkh olvwv ri gldjqrvhv dqg

uhohydqw pdqlihvwdwlrqv zhuh frpslohg e| Plfkdho Jrogedxp +PG,1 Wkh fdxvdo olqn

qhwzrun zdv ghvljqhg e| Plfkdho Jrogedxp +PG, dqg Hgg Kxqwhu +Sk1G,1

Ilqdoo|/ L zrxog olnh wr wkdqn p| idplo| dqg p| iulhqgv zkr kdyh dozd|v eholhyhg

lq ph1



WDEOH RI FRQWHQWV

Sdjh

WLWOH SDJH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l

DEVWUDFW 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ll

YLWD1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ly

DFNQRZOHGJHPHQWV1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 y

OLVW RI ILJXUHV1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ylll

OLVW RI WDEOHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l{

FKDSWHU

41 LQWURGXFWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

VWDUH1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
V|vwhp Ghvfulswlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
Uhodwhg Zrun 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

51 HYLGHQFH VHOHFWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

Fkrlfh ri Hylghqfh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

61 IRUPXODWLRQV IRU GLDJQRVLV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

Ed|h*v Uxoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
Qrlv| PD[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
Qrupdol}hg Vxpv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

71 V\VWHP UHVSRQVH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

Idploldu Gldjqrvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
Xqidploldu Gldjqrvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
Qrupdo fdvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67



yll

Wdeoh ri Frqwhqwv +Frqwlqxhg,

Sdjh

81 IUHTXHQFLHV YHUVXV EHOLHIV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69
Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

91 FDVH GLIILFXOW\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

Lghdo Dqqrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
Vhsdudeoh Dqqrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73
Lpdjh fodvvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 75

DSSHQGLFHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

D1 Grpdlq Pdwhuldov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
Gldjqrvhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
Pdqlihvwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
Fdxvdo Olqnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
Lpdjh Gdwdedvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
Dqqrwdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

E1 Ilvkhu*v Olqhdu Glvfulplqdqw Whvw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
F1 Jorvvdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

UHIHUHQFHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95



OLVW RI ILJXUHV

Iljxuh Sdjh

4141 Dq h{dpsoh ri d uhwlqdo lpdjh xvhg iru gldjqrvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

4151 Wkh surfhvv ri uhwlqdo gldjqrvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

4161 Rujdql}dwlrq ri wklv wkhvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

5141 Lq xhqfh gldjudp iru d vlqjoh pdqlihvwdwlrq +jkrvw eorrg yhvvhov,1 1 1 1 1 1 1 46

5151 Lq xhqfh gldjudp iru wkh hqwluh qhwzrun1 Wkh rydov uhsuhvhqw wkh
pdqlihvwdwlrqv dqg wkh vtxduhv uhsuhvhqw wkh gldjqrvhv1 Wkh vwdwhv
ri wkh pdqlihvwdwlrqv duh qrw slfwxuhg lq wklv gldjudp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

5161 Dq h{dpsoh lq xhqfh gldjudp1 Wkh pdqlihvwdwlrqv lqqhu uhwlqdo
lqiudfw/ fkhuu| uhg/ duwhu| froru dqg frwwrq zrro vsrwv duh revhuyhg
dv suhvhqw lq vrph vwdwh1 Wkh hylghqfh fdq eh frqvlghuhg lq wkuhh
frqwh{wv= doo pdqlihvwdwlrqv/ rqo| wkrvh olqnhg/ ru rqo| wkrvh
suhvhqw1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

7141 Ghvluhg v|vwhp uhvsrqvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;

7151 Yduldwlrq ri wkh pd{lpxp v|vwhp rxwsxw iru wkh idploldu dqg
xqidploldu lpdjhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

8141 Gl�huhqfhv ehwzhhq wkh h{shuw jlyhq eholhiv dqg wkh fdofxodwhg
iuhtxhqflhv11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

9141 Yduldwlrq ri wkh lpdjhv zlwk f& dqg f_1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

9151 Yduldwlrq ri lpdjhv zlwk f&1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

D141 D frpsdulvrq ri wkh dqqrwdwlrq irupdw dqg wkh irupdw xvhg lq wklv
wkhvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;



OLVW RI WDEOHV

Wdeoh Sdjh

4141 Olvw ri wkh gldjqrvhv wkdw duh uhfrjql}hg e| rxu v|vwhp dqg wkhlu
deeuhyldwlrqv xvhg lq wklv wkhvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

4151 Wzr pdqlihvwdwlrqv dqg wkhlu srvvleoh vwdwhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

5141 Wzr pdqlihvwdwlrqv dqg wkhlu fdxvdo glvhdvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

6141 Olvw ri lqfrpsdwleoh gldjqrvlv sdluv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

7141 Vxppdu| ri v|vwhp shuirupdqfh xvlqj wkh pdwfk fulwhulrq1 1 1 1 1 1 1 1 1 1 1 1 63

7151 Vxppdu| ri v|vwhp shuirupdqfh xvlqj wkh shuihfw pdwfk fulwhulrq1 1 1 1 63

7161 Shuirupdqfh ri wkh irupxodwlrqv e| gldjqrvlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

7171 V|vwhp shuirupdqfh edvhg rq gldjqrvlv idploldulw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

8141 V|vwhp shuirupdqfh rq 4<; idploldu lpdjhv e| gldjqrvlv/ frpsdulqj
iuhtxhqflhv zlwk eholhiv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

9141 Lghdo dqqrwdwlrqv iru wkh wkluwhhq gldjqrvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

9151 Vhsdudeoh dqqrwdwlrqv iru wkh wkluwhhq gldjqrvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

9161 V|vwhp shuirupdqfh rq lghdo dqg vhsdudeoh dqqrwdwlrqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

9171 Qxpehu ri lpdjhv lq hdfk k|srwkhvl}hg fodvv ri gldjqrvwlf gl!fxow|1 1 1 1 79

9181 V|vwhp shuirupdqfh edvhg rq fdvh gl!fxow|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

D141 Olvw ri wkh gldjqrvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

D151 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

D161 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

D171 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

D181 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85



{

Olvw ri Wdeohv +Frqwlqxhg,

Wdeoh Sdjh

D191 Olvw ri pdqlihvwdwlrqv dqg wkhlu fdxvdo olqnv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

D1:1 Olvw ri pdqlihvwdwlrqv dqg wkhlu fdxvdo olqnv +frqwlqxhg,1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

D1;1 Lpdjhv zlwk plvvlqj ru lqfrpsohwh dqqrwdwlrqv ru jurxqg wuxwk
gldjqrvhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

D1<1 Idploldu lpdjhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

D1431 Xqidploldu lpdjhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

D1441 Sduwldoo| idploldu lpdjhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

D1451 Qrupdo lpdjhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89



FKDSWHU 4

LQWURGXFWLRQ

Lq wklv zrun zh frqvwuxfw dq dxwrpdwhg gldjqrvwlf v|vwhp1 Wkh xowlpdwh jrdo

ri dxwrpdwlqj wkh gldjqrvwlf surfhvv lv wr dfklhyh uhshdwdeoh shuirupdqfh vxshulru

wr d kxpdq h{shuw1 Iru h{dpsoh/ d v|vwhp exlow e| ghGrpedo dqg klv froohdjxhv wr

gldjqrvh dfxwh degrplqdo sdlq ^7/ 8` shuiruphg zlwk dq ryhudoo gldjqrvwlf dffxudf|

ri <41;(1 Wklv shufhqwdjh zdv vljql�fdqwo| kljkhu wkdq wkdw ri wkh prvw vhqlru

phpehu ri wkh folqlfdo whdp wr vhh hdfk fdvh +:<19(,1 Krzhyhu/ prghuq dxwrpdwhg

v|vwhpv rqo| dfklhyh vxshulru shuirupdqfh zkhq wkh gldjqrvwlf txhvwlrq lv uhodwlyho|

vlpsoh/ vxfk dv d vlqjoh suhvhqw2devhqw txhvwlrq1 Lq wkh pruh jhqhudo fdvh/ zkhuh wkh

gldjqrvlv pd| eh rqh ri whqv ru kxqguhgv ri srvvlelolwlhv/ dxwrpdwhg phwkrgv kdyh

|hw wr dfklhyh shuirupdqfh frpsdudeoh wr kxpdq h{shuwv1

Lq uhfhqw wlphv wkh whup ghflvlrq vxssruw v|vwhp +GVV, kdv uhsodfhg wkh whup

h{shuw v|vwhp lq wkh dxwrpdwhg gldjqrvwlf olwhudwxuh ^;`1 Wkh hpskdvlv lq wkh whupv

ghqrwhv d vxewoh fkdqjh lq wkh jrdo ri wkh zrun1 Lqvwhdg ri uhsodflqj wkh kxpdq h{shuw/

wkh v|vwhp lv lqwhqghg wr dvvlvw wkh h{shuw1 Iru h{dpsoh/ d GVV frxog khos d kxpdq

h{shuw vdyh wlph lq vrph fdvhv/ e| holplqdwlqj vrph srvvlelolwlhv1 D GVV frxog dovr

uhylhz ghflvlrqv dqg khos holplqdwh srwhqwldo huuruv1 Lq wkh v|vwhp exlow e| ghGrpedo

^7/ 8` lw zdv revhuyhg wkdw wkh folqlfldq*v rzq gldjqrvwlf dffxudf| lpsuryhg zkloh

xvlqj wkh v|vwhp1 Krzhyhu/ d uhfhqw vwxg| e| Hovwhlq hw do1^5` surylghv frqwudvwlqj

hylghqfh1 Wkh| h{shulphqwhg zlwk d v|vwhp fdoohg LOLDG/ ghyhorshg dw wkh Xqlyhuvlw|

ri Xwdk/ wr ghwhuplqh li lw d�hfwhg wkh gldjqrvlv uhdfkhg e| xvhuv zlwk ydu|lqj ohyhov ri

h{shuwlvh1 Wkh| irxqg wkdw lq :3( ri wkh fdvhv wkh GVV glg qrw fkdqjh wkh gldjqrvhv

frqfoxghg e| wkh kxpdq h{shuwv1

Lq wklv zrun zh sxuvxh frpsohwh dxwrpdwlrq lq d frpsoh{ grpdlq/ uhfrjql}lqj

wkdw zh duh dv |hw xqdeoh wr dfklhyh shuirupdqfh frpsdudeoh wr d kxpdq h{shuw1 Rxu

vkruw whup jrdo lv wr lpsuryh xsrq wkh srwhqwldo iru frpsohwh dxwrpdwlrq1
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Dxwrpdwhg gldjqrvwlf v|vwhpv pd| eh fodvvl�hg lqwr wkuhh fdwhjrulhv= fdvh edvhg

h{shuw v|vwhpv/ prgho edvhg h{shuw v|vwhpv/ dqg hylghqwldo edvhg h{shuw v|vwhpv1

D fdvh edvhg h{shuw v|vwhp ru fdvh edvhg uhdvrqlqj v|vwhp lv rqh zkhuh wkh v|vwhp

vroyhv d sureohp e| wu|lqj wr �qg suhylrxv fdvhv pdwfklqj wkh suhvhqw rqh1 Wklv

vroxwlrq fdq eh vhhq dv rqh gulyhq e| dqdorj|1 D prgho edvhg uhdvrqlqj v|vwhp

vxppdul}hv wkh xqghuo|lqj phfkdqlvpv lq wkh v|vwhp lq d prgho dqg xvhv wkh prgho

wr vroyh d sureohp1 Dq hylghqwldo uhdvrqlqj v|vwhp uhdvrqv iurp wkh hylghqfh surylghg

wr lw1 Lq wklv vwxg| zh zloo orrn dw wkh zrunlqj ri dq hylghqwldo uhdvrqlqj v|vwhp1

Prvw ri wkh hduo| hylghqwldo gldjqrvwlf v|vwhpv zhuh khxulvwlf lq qdwxuh1 Wkh

surfhvv ri gldjqrvlv zdv jxlghg e| d vhw ri uxohv irupxodwhg wr prgho wkh sureohp

grpdlq1 Rqh ri wkh hduolhvw khxulvwlf gldjqrvwlf v|vwhpv exlow zdv P\FLQ ^53`/

d suredelolvwlf h{shuw v|vwhp1 Exlow lq wkh 4<:3*v dw Vwdqirug/ P\FLQ gldjqrvhv

dqg uhfrpphqgv wuhdwphqw iru edfwhuldo lqihfwlrqv ri wkh eorrg1 Lw dssur{lpdwhv wkh

sk|vlfldq*v gldjqrvlv lq fdvhv zlwk sduwldo lqirupdwlrq1 P\FLQ lv frghg lq OLVS1 Wkh

nqrzohgjh derxw wkh sureohp grpdlq lv uhsuhvhqwhg lq LI0WKHQ irup1 D fhuwdlqw|

idfwru lv dvvrfldwhg zlwk hdfk ri wkh uxohv1 Lw lv d jrdo gluhfwhg v|vwhp wkdw xvhv wkh

edfnzdug fkdlqlqj surfhgxuh1 P\FLQ lv xqdeoh wr vhsdudwh wkh nqrzohgjh frqwdlqhg

lq wkh gdwdedvh iurp wkh uhvxowv ri wkh uxoh edvhg fkdlqlqj surfhvv1 Wklv ohdgv wr

lqfrqvlvwhqflhv lq wkh gdwdedvh1 Wkhuh duh rwkhu h{shuw v|vwhpv/ olnh HP\FLQ/ SXII

dqg QHRP\FLQ ^4`/ wkdw zhuh ghyhorshg dorqj wkh olqhv ri P\FLQ1

Lq uhfhqw wlphv uhvhdufkhuv kdyh ehhq h{sorulqj wkh xvh ri ghflvlrq wkhru| dv d

iudphzrun iru nqrzohgjh uhsuhvhqwdwlrq dqg lqihuhqfh1 Ghflvlrq wkhru| doorzv xv wr

ghvfuleh hylghqfh dqg uhdvrq derxw d ghflvlrq1 Suredelolwlhv duh xvhg wr ghvfuleh d

shuvrq*v eholhiv1 Dq h{shuw v|vwhp exlow xvlqj ghflvlrq wkhru| lv dovr uhihuuhg wr dv

qrupdwlyh h{shuw v|vwhp1 Dq h{dpsoh ri d qrupdwlyh h{shuw v|vwhp lv Sdwk�qghu ^44`1

Lw dvvlvwv vxujlfdo sdwkrorjlvwv zlwk wkh gldjqrvlv ri o|psk0qrgh glvhdvh1 Sdwk�qghu

kdv nqrzohgjh ri ryhu 93 glvhdvhv dqg 433 glvhdvh �qglqjv1 Lw xvhv vlplodulw| qhwzrunv

wr exlog wkh eholhi qhwzrunv/ dqg sduwlwlrqv wr dvvhvv wkh suredelolwlhv dvvrfldwhg zlwk

wkh eholhi qhwzrunv1

Lq wklv zrun zh wdnh d ghflvlrq wkhruhwlfdo dssurdfk wr gldjqrvlv1 Zh frqvwuxfw
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d v|vwhp wr uhdvrq derxw wkh gldjqrvlv ri hylghqfh rewdlqhg iurp d uhwlqdo lpdjh1

Wkh eholhiv xvhg wr gldjqrvh wkh hylghqfh duh jlyhq e| dq h{shuw sk|vlfldq/ lq wkh

irup ri suredelolw| ydoxhv1 Lq wklv vwxg|/ zh h{soruh vhyhudo wkhruhwlfdo txhvwlrqv1

Zh frqvlghu wkh xvh ri wkuhh pdwkhpdwlfdo irupxodwlrqv lq wkh uhdvrqlqj surfhvv1 Zh

h{soruh wkh h�hfwv ri wkuhh phwkrgv ri hylghqfh vhohfwlrq lq wkh uhdvrqlqj surfhvv1 Zh

frqvlghu wkh srvvleoh uhvsrqvhv ri wkh v|vwhp wr wkh gldjqrvwlf txhvwlrq1 Zh h{dplqh

wkh xvh ri iuhtxhqflhv lq sodfh ri h{shuw jlyhq eholhiv1 Ilqdoo|/ zh h{soruh wkh fdvh

gl!fxow| ri wkh lpdjhv frqwdlqhg lq rxu whvw vhw1

VWDUH

Wklv wkhvlv lv sduw ri wkh VWDUH surmhfw1 Wkh dfurq|p VWDUH uhihuv wr VWuxf0

wxuhg Dqdo|vlv ri wkh UHwlqd1 Wkh xowlpdwh jrdo ri wkh VWDUH surmhfw lv wr fuhdwh

d v|vwhp wkdw fdq dxwrpdwlfdoo| gldjqrvh d uhwlqdo lpdjh1 Dgglwlrqdo jrdov iru wkh

surmhfw lqfoxgh wkh fdsdelolwlhv wr phdvxuh nh| ihdwxuhv/ wr dqqrwdwh wkh lpdjh frq0

whqwv/ dqg wr frpsduh pdqlihvwdwlrqv lq lpdjhv ri d vxemhfw wdnhq dw gl�huhqw wlphv1

Wkh VWDUH surmhfw zdv frqfhlyhg dqg lqlwldwhg lq 4<:8 e| Plfkdho Jrogedxp/

P1G1/ dw wkh Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1 Vlqfh wkhq/ ryhu wkluw| shrsoh zlwk

edfnjurxqgv lq phglflqh/ vflhqfh dqg hqjlqhhulqj kdyh frqwulexwhg wr wkh surmhfw1

Lpdjhv dqg folqlfdo gdwd kdyh ehhq surylghg e| wkh Vkloh| H|h Fhqwhu dw wkh Xql0

yhuvlw| ri Fdoliruqld/ Vdq Glhjr/ dqg e| wkh Yhwhudqv Dgplqlvwudwlrq Phglfdo Fhqwhu

lq Vdq Glhjr1 Wkh VWDUH surmhfw/ lqfoxglqj wkh zrun suhvhqwhg lq wklv wkhvlv/ lv

fxuuhqwo| ixqghg e| wkh Qdwlrqdo Lqvwlwxwhv ri Khdowk +X1V1D1,1

Dq rswkdoprorjlvw lv d phglfdo grfwru zkr vshfldol}hv lq wkh vwuxfwxuh/ ixqfwlrq/

dqg glvhdvhv ri wkh kxpdq h|h1 Gxulqj d folqlfdo h{dplqdwlrq/ dq rswkdoprorjlvw

qrwhv �qglqjv wkdw duh ylvleoh lq wkh h|hv ri wkh vxemhfw1 Wkh rskwkdoprorjlvw xvhv

wkhvh �qglqjv wr uhdvrq derxw wkh khdowk ri wkh vxemhfw/ dqg wr frqfoxgh d gldjqrvlv

lq wkh fdvh ri loo khdowk1

Wkh surfhvv ri uhwlqdo lpdjlqj surylghv d shupdqhqw uhfrug ri wkh sdwlhqw*v h|h

wkdw fdq eh frqvxowhg dw dq| wlph iru gldjqrvwlf uhdvrqlqj1 D uhwlqdo lpdjh lv dftxluhg

xvlqj dq rswlfdo fdphud wr vhh wkurxjk wkh sxslo ri wkh h|h wr wkh uhdu lqqhu vxuidfh
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ri wkh h|hedoo1 D uhwlqdo lpdjh jhqhudoo| vkrzv wkh rswlf qhuyh/ iryhd/ vxuurxqglqj

yhvvhov/ dqg wkh uhwlqdo od|hu1

Iljxuh 414 vkrzv dq h{dpsoh uhwlqdo lpdjh1 Wkh rswlf qhuyh lv ylvleoh rq wkh idu

ohiw vlgh ri wkh lpdjh1 Lq ixoo froru/ wkh rswlf qhuyh dsshduv euljkw uhg ru zklwh1 Wkh

eorrg yhvvhov +duwhulhv dqg yhlqv, lq wkh h|h hpdqdwh iurp wklv vsrw1 Wkh rswlf qhuyh

vxssolhv wkh uhwlqd zlwk eorrg/ dqg frqgxfwv ylvxdo vwlpxol wr wkh eudlq1 Wkh lpdjh lq

Iljxuh 414 vkrzv wzr �qglqjv wkdw duh lpsruwdqw iru gldjqrvwlf uhdvrqlqj1 Iluvw/ wkhuh

duh vhyhudo ohvlrqv1 Wkhvh duh wkh euljkw vsrwv +|hoorzlvk lq ixoo froru, lq wkh fhqwhu ri

wkh lpdjh1 Vhfrqg/ wkh eorrg yhvvhov duh yhu| wruwxrxv1 Wklv uhihuv wr wkhlu wzlvwhg

dqg zlqglqj dsshdudqfh1 Wkh ohvlrqv dqg wkh wruwxrxv eorrg yhvvhov duh hylghqfh ri

vrph deqrupdolw|1 Dq rskwkdoprorjlvw xvhv wkhvh �qglqjv iurp wkh revhuydwlrq ri wkh

h|h +ru wkh uhwlqdo lpdjh, wr uhdvrq derxw wkh khdowk ri wkh sdwlhqw1 Wkh sk|vlfldq

wkhq uhdfkhv d frqfoxvlrq uhjduglqj wkh uhdvrq iru wkh dqrpdolhv1 Lq rxu h{dpsoh/ wkh

�qglqjv ri ohvlrqv dqg wruwxrxv eorrg yhvvhov pljkw ohdg wr d gldjqrvlv ri edfnjurxqg

gldehwlf uhwlqrsdwk|1

Iljxuh 415 looxvwudwhv wkh frpsohwh surfhvv ri gldjqrvlv dv xqghuwdnhq lq wkh

VWDUH surmhfw1 Wkh wkuhh nh| vwhsv duh uhwlqdo lpdjlqj/ lpdjh dqqrwdwlrq/ dqg

hylghqwldo0edvhg uhdvrqlqj1 Rwkhu sduwv ri wkh VWDUH surmhfw kdyh frqfhqwudwhg

rq wkh lpdjh dqqrwdwlrq surfhvv1 D ihz h{dpsohv duh ^<`/ ^45`/ ^46` dqg ^47`1 Wklv

wkhvlv frqfhqwudwhv rq wkh hylghqwldo0edvhg uhdvrqlqj surfhvv1 Zh dvvxph wkdw wkh

lqirupdwlrq revhuydeoh lq wkh uhwlqdo lpdjhv lv dydlodeoh dv lqsxw1 Wklv lqirupdwlrq lv

lghqwlfdo wr wkh �qglqjv wkdw dq rskwkdoprorjlvw zrxog qrwh gxulqj d folqlfdo h{dp0

lqdwlrq ri wkh h|h1 Wkh pdlq rxwsxw ri rxu v|vwhp lv d gldjqrvlv wkdw lv irupxodwhg

wr plplf wkh frqfoxvlrq wkdw dq rskwkdoprorjlvw zrxog uhdfk derxw wkh khdowk ri wkh

sdwlhqw1

V|vwhp Ghvfulswlrq

Rxu v|vwhp lv fdsdeoh ri pdnlqj wkluwhhq gldjqrvhv1 Wkh wkluwhhq glvhdvhv dqg

wkhlu deeuhyldwlrqv xvhg lq wklv wkhvlv duh olvwhg lq Wdeoh 4141

Wkh suhvhqfh ri hdfk ri wkhvh glvhdvhv fdxvhv deqrupdolwlhv wr dsshdu lq wkh h|h1
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Iljxuh 414 Dq h{dpsoh ri d uhwlqdo lpdjh xvhg iru gldjqrvlv1
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Eye Diagnosis
Retinal
Image

Annotation

The retinal 
image
provides
a permanent
record of
the 
patient’s 
eye.

The 
abnormalities
in the image
are noted.

The physician
reaches a
conclusion 
regarding the 
abnormalities
noted in the
eye.

Iljxuh 415 Wkh surfhvv ri uhwlqdo gldjqrvlv1



:

Wkhvh deqrupdolwlhv duh uhihuuhg wr dv pdqlihvwdwlrqv1 Lq rxu v|vwhp zh lghqwl�hg

wkluw| qlqh pdqlihvwdwlrqv uhohydqw wr wkh wkluwhhq gldjqrvhv wkdw duh ehlqj frqvlghuhg1

Hdfk ri wkh pdqlihvwdwlrqv lv fkdudfwhul}hg e| d vhw ri glvfuhwh vwdwhv1 Wkh qxpehu

ri vwdwhv fdq ydu| iurp wzr wr vhyhq ghshqglqj rq wkh pdqlihvwdwlrq1 Wkh �uvw vwdwh

vljql�hv wkh qrupdo ru devhqw vwdwh ri wkh pdqlihvwdwlrq1 Wkh uhpdlqlqj rqh wr vl{

vwdwhv vljqli| deqrupdo ru suhvhqw vwdwhv ri wkh pdqlihvwdwlrq lq ydu|lqj ghjuhhv ri

vhyhulw|1 Wdeoh 415 olvwv wzr h{dpsoh pdqlihvwdwlrqv/ USHG dqg duwhu| qduurzlqj/ wr

looxvwudwh krz wkh vwdwhv iru d pdqlihvwdwlrq fdq ydu|1 Doo wkluw| qlqh pdqlihvwdwlrqv

lq doo srvvleoh vwdwhv duh olvwhg lq Dsshqgl{ D1

Wkh uhdvrqlqj surfhvv ri wkh sk|vlfldq lv uhsolfdwhg e| pdwkhpdwlfdo irupxod0

wlrqv1 Lq d folqlfdo vhwxs/ wkh sk|vlfldq uhdvrqv derxw wkh deqrupdolwlhv vhhq lq wkh

lpdjh edvhg rq klv sdvw h{shulhqfhv1 Lq rughu wr plplf wklv uhdvrqlqj surfhvv/ wkh

sk|vlfldq*v nqrzohgjh derxw wkh uhodwlrqvklsv ehwzhhq wkh ydulrxv glvhdvhv dqg pdq0

lihvwdwlrqv lv prghohg1 Wklv nqrzohgjh lv wdexodwhg lq wkh irup ri d eholhi wdeoh1 Wkh

hqwulhv lq wkh eholhi wdeoh duh suredelolw| ydoxhv/ ri wkh irup � E� ' 7*(�1 Hdfk

hqwu| vshfl�hv wkh suredelolw| ri wkh suhvhqfh ri d pdqlihvwdwlrq� lq d vwdwh 7 jlyhq

wkh suhvhqfh ri d gldjqrvlv (1 Wkh lqwhusuhwdwlrq ri d suredelolw| dv d ghjuhh ri eholhi

lv uhihuuhg wr dv wkh vxemhfwlyh ru Ed|hvldq lqwhusuhwdwlrq1 Wkh pdwkhpdwlfdo irupx0

odwlrqv zh h{soruh duh wkhuhiruh edvhg xsrq wkh Ed|hvldq dssurdfk wr suredelolw|1

Wkh surfhvv ri revhuylqj wkh deqrupdolwlhv lq wkh uhwlqdo lpdjh lv dfwxdoo| wkh

surfhvv ri revhuylqj hdfk pdqlihvwdwlrq*v vwdwh1 Wklv lghqwl�fdwlrq ri hdfk pdqlihv0

wdwlrq*v vwdwh lv uhihuuhg wr dv wkh surfhvv ri dqqrwdwlrq1 Wkh xowlpdwh jrdo ri wkh

VWDUH surmhfw lqfoxghv wkh fdsdelolw| wr surgxfh lpdjh dqqrwdwlrqv dxwrpdwlfdoo|1

Lq wklv wkhvlv zh xvh dqqrwdwlrqv wkdw kdyh ehhq kdqg gudiwhg e| dq h{shuw sk|vlfldq1

Wkhvh dqqrwdwlrqv doorz xv wr irfxv rq wkh gldjqrvwlf sruwlrq ri wkh sureohp1 Wkh|

dovr doorz xv wr dvvxph wkdw zh kdyh dq dqqrwdwlrq surfhvv wkdw zrunv dv zhoo dv fdq

eh h{shfwhg/ vr wkdw dq| gldjqrvwlf huuru fdq eh dwwulexwhg hqwluho| wr wkh uhdvrqlqj

surfhvv1

Iljxuh 416 ryhuylhzv rxu dssurdfk wr wkh uhdvrqlqj surfhvv1 Wkh �uvw vwhs lv wr

ghflgh rq wkh hylghqfh wr eh xvhg1 Wklv uhihuv wr wkh fkrlfh lq pdqlihvwdwlrqv wr eh



;

Gldjqrvlv Deeuhyldwlrq
4 Hperol Hperol
5 Eudqfk uhwlqdo duwhu| rffoxvlrq EUDR
6 Flolr0uhwlqdo duwhu| rffoxvlrq FUDR
7 Eudqfk uhwlqdo yhlq rffoxvlrq EUYR
8 Fhqwudo uhwlqdo yhlq rffoxvlrq FUYR
9 Khpl0fhqwudo uhwlqdo yhlq rffoxvlrq Khpl0FUYR
: Edfnjurxqg gldehwlf uhwlqrsdwk| EGU
; Surolihudwlyh gldehwlf uhwlqrsdwk| SGU
< Duwhulrvfohurwlf uhwlqrsdwk| DVU
43 K|shuwhqvlyh uhwlqrsdwk| KWU
44 Frdwv* glvhdvh Frdwv*
45 Pdfurdqhxulvp Pdfurdqhxulvp
46 Fkrurlgdo qhrydvfxodul}dwlrq FQY

Wdeoh 414 Olvw ri wkh gldjqrvhv wkdw duh uhfrjql}hg e| rxu v|vwhp dqg wkhlu
deeuhyldwlrqv xvhg lq wklv wkhvlv1

Pdqlihvwdwlrq Vwdwhv
USHG Devhqw

Suhvhqw
Duwhu| qduurz Qrupdo

Irfdo/rqh ru pruh vhjphqwv
Prghudwh/eudqfk ru vlqjoh
Prghudwh/joredo
H{wuhph/joredo

Wdeoh 415 Wzr pdqlihvwdwlrqv dqg wkhlu srvvleoh vwdwhv1

frqvlghuhg gxulqj uhdvrqlqj1 Iru h{dpsoh/ zh fdq xvh rqo| wkrvh pdqlihvwdwlrqv wkdw

kdyh ehhq qrwhg dv suhvhqw lq vrph vwdwh lq wkh dqqrwdwlrq/ ru zh frxog xvh erwk

wkh suhvhqfh dqg devhqfh ri pdqlihvwdwlrqv dv gldjqrvwlf lqglfdwruv1 Wkh wrslf ri

hylghqfh vhohfwlrq lv glvfxvvhg lq Fkdswhu 51

Jlyhq d vhw ri hylghqfh/ zh h{soruh wkuhh pdwkhpdwlfdo irupxodwlrqv wr uhdfk d

gldjqrvwlf frqfoxvlrq1 Wkhvh wkuhh irupxodwlrqv duh edvhg xsrq wkh Ed|hvldq sured0

elolvwlf dssurdfk1 Zh glvfxvv wzr nqrzq irupxodwlrqv/ wkhlu gudzedfnv/ dqg suhvhqw

d wklug qryho irupxodwlrq1 Fkdswhu 6 glvfxvvhv wkhvh wkuhh irupxodwlrqv1

Wkh vlpsohvw rxwsxw ri rxu v|vwhp lv d vlqjoh gldjqrvlv iurp wkh vhw ri wkluwhhq gl0

djqrvhv frqvlghuhg1 Krzhyhu/ lq vrph fdvhv wkhuh pd| eh pxowlsoh gldjqrvhv suhvhqw/

ru dq xqnqrzq glvhdvh/ ru qr glvhdvh dw doo1 Wkh wrslf ri v|vwhp uhvsrqvh lv glvfxvvhg



<

lq Fkdswhu 71

Rqh zd| wr rewdlq nqrzohgjh derxw d sureohp grpdlq lv wr jdwkhu eholhiv iurp d

sk|vlfldq1 Rewdlqlqj wkhvh eholhiv lv wlph frqvxplqj/ dqg srwhqwldoo| surqh wr huuruv1

Fkdswhu 8 h{soruhv wkh dowhuqdwlyh xvh ri iuhtxhqflhv lq sodfh ri h{shuw eholhiv1

Wkurxjkrxw wklv zrun zh kdyh dvvxphg wkdw wkh whvw lpdjhv xvhg iru hydoxdwlrq

duh �jrrg� h{dpsohv ri wkh wkluwhhq gldjqrvhv lq rxu vhw1 Lq Fkdswhu 9 zh h{soruh

wkh fodvvl�fdwlrq ri wkh �jrrgqhvv� ri rxu h{dpsohv/ dqg h{dplqh wkh shuirupdqfh ri

rxu v|vwhp edvhg xsrq fdvh jrrgqhvv1

Uhodwhg Zrun

Ed|hvldq eholhi qhwzrunv duh ehlqj lqfuhdvlqjo| xvhg dv d nqrzohgjh uhsuhvhqwdwlrq

iru uhdvrqlqj xqghu xqfhuwdlqw|1 Lq 4<<3 Khfnhupdq hw do1^43`/ ghvljqhg d qrupdwlyh

h{shuw v|vwhp/ Sdwk�qghu/ zklfk dvvlvwv vxujlfdo sdwkrorjlvwv zlwk wkh gldjqrvlv ri

o|psk qrgh glvhdvh1 Wkh lvvxhv h{soruhg duh wkh judsklfdo uhsuhvhqwdwlrqv ri frqgl0

wlrqdo lqghshqghqfh dqg wkh xvh ri vlplodulw| qhwzrunv dqg sduwlwlrq uhsuhvhqwdwlrqv1

Lq 4<<8 Sudgkdq hw do1^4<`/ h{dplqhg wkh h�hfw ri lpsuhflvlrq lq wkh suredelolwlhv rq

gldjqrvwlf shuirupdqfh lq d Ed|hvldq eholhi qhwzrun1 Wkh| h{dplqhg wkh h�hfw ri

ydu|lqj wkh pdsslqj iurp txdolwdwlyh iuhtxhqf| zhljkwv lqwr qxphulfdo suredelolwlhv

dqg wkh h�hfw ri vlpsoli|lqj txdwhuqdu| grpdlqv iru pdqlihvwdwlrqv wr elqdu| grpdlqv

rq gldjqrvwlf shuirupdqfh1 Wkh qrlv| PD[ dqg qrlv| RU irupxodwlrqv zhuh xvhg lq

gldjqrvlv1

Wklv wkhvlv dssolhv d Ed|hvldq eholhi qhwzrun wr wkh grpdlq ri uhwlqdo lpdjhv1

Wr rxu nqrzohgjh/ wklv lv wkh �uvw wlph wkdw wklv phglfdo grpdlq kdv ehhq h{soruhg

lq dxwrpdwhg gldjqrvlv1 Zh ghvfuleh d qryho irupxodwlrq wkdw rxwshuirupv wkh qrlv|

PD[ irupxodwlrq lq rxu v|vwhp1 Lq dgglwlrq wr h{dplqlqj wkh gldjqrvwlf shuirupdqfh

edvhg rq wkhvh irupxodwlrqv/ zh dovr h{dplqh wkh h�hfw ri hylghqfh vhohfwlrq/ wkh xvh

ri iuhtxhqflhv lqvwhdg ri eholhiv dqg wkh v|vwhp shuirupdqfh rq gldjqrvhv xqnqrzq

wr wkh v|vwhp1
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Iljxuh 416 Rujdql}dwlrq ri wklv wkhvlv1



FKDSWHU 5

HYLGHQFH VHOHFWLRQ

Hdfk glvhdvh fdq fdxvh d sduwlfxodu vhw ri pdqlihvwdwlrqv wr dsshdu1 Wkh hylghqfh

surylghg e| doo wkh pdqlihvwdwlrqv revhuyhg/ wdnhq wrjhwkhu/ vkrxog lqglfdwh d xqltxh

gldjqrvlv1 Wkh sureohp ri hylghqfh vhohfwlrq lv wr ghflgh zklfk vhw ri pdqlihvwdwlrqv/

lqfoxglqj wkrvh wkdw duh devhqw/ vkrxog eh xvhg lq wkh uhdvrqlqj surfhvv1

Hdfk pdqlihvwdwlrq lv dvvrfldwhg zlwk d vhw ri gldjqrvhv wkdw fdq fdxvh wkdw pdq0

lihvwdwlrq1 Wkhvh dvvrfldwlrqv fdq eh uhsuhvhqwhg xvlqj olqnv1 Lq rxu v|vwhp wkh

qxpehu ri olqnv iru d pdqlihvwdwlrq ydulhv iurp rqh wr hohyhq1 Wdeoh 514 vkrzv wzr

pdqlihvwdwlrqv dqg wkhlu olqnhg gldjqrvhv1 Wkh olqnv iru doo wkluw| qlqh pdqlihvwdwlrqv

duh olvwhg lq Dsshqgl{ D1

Pdqlihvwdwlrq Olqnv
USHG FQY
FPH FQY/ QSGU/ SGU/ EUYR/ FUYR/

Khpl0FUYR/ Frdwv/ Pdfurdqhxulvp

Wdeoh 514 Wzr pdqlihvwdwlrqv dqg wkhlu fdxvdo glvhdvhv1

Wkh olqnv ehwzhhq wkh pdqlihvwdwlrqv dqg wkh gldjqrvhv fdq eh uhsuhvhqwhg judsk0

lfdoo|1 Hdfk ri wkh wkluw| qlqh pdqlihvwdwlrqv dqg wkh wkluwhhq gldjqrvhv lv uhsuhvhqwhg

e| d qrgh1 Hdfk olqn lv uhsuhvhqwhg xvlqj dq duurz1 Wkh gluhfwlrq ri wkh duurz vkrzv

wkh gluhfwlrq ri wkh ghshqghqfh1 Wklv uhsuhvhqwdwlrq lv fdoohg d gluhfwhg judsk1 Lq

wkh grpdlq ri uhdvrqlqj lw lv dovr fdoohg dq lq xhqfh gldjudp/ ru d fdxvdo qhwzrun1

Iljxuh 514 vkrzv wkh lq xhqfh gldjudp iru rqh ri wkh pdqlihvwdwlrqv lq rxu v|vwhp/

jkrvw eorrg yhvvhov1 Wkh hoolsvh uhsuhvhqwv wkh pdqlihvwdwlrq/ dqg hdfk ri wkh uhfwdqjohv

uhsuhvhqwv d gldjqrvlv1 Lq Iljxuh 514/ wkh wzr gldjqrvhv hperol dqg FQY duh qrw

frqqhfwhg wr wkh pdqlihvwdwlrq1 Wklv lpsolhv wkdw wkh suhvhqfh ri hlwkhu ri wkhvh wzr

gldjqrvhv grhv qrw fdxvh wkh pdqlihvwdwlrq jkrvw eorrg yhvvhov1

Iljxuh 515 vkrzv wkh lq xhqfh gldjudp iru doo wkluwhhq gldjqrvhv dqg doo wkluw|

qlqh pdqlihvwdwlrqv lq rxu v|vwhp1 Wkh frpsoh{lw| ri uhwlqdo gldjqrvlv lv dssduhqw
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lq wkh ghqvlw| ri wkh olqnv41 Wklv frpsoh{lw| lv odujho| gxh wr wkh idfw wkdw d vlqjoh

pdqlihvwdwlrq pd| eh fdxvhg e| pxowlsoh gl�huhqw gldjqrvhv1

Lq Iljxuh 514 dqg lq Iljxuh 515/ wkh vwdwhv ri wkh pdqlihvwdwlrqv kdyh qrw ehhq

uhsuhvhqwhg1 Hdfk ri wkh pdqlihvwdwlrqv lv dvvxphg wr eh hlwkhu devhqw +qrupdo,/ ru

suhvhqw lq rqh ri lwv deqrupdo vwdwhv1

Zh frqvwuxfwhg rxu lq xhqfh gldjudp xvlqj wkh dvvxpswlrq ri fdxvdo lqghshq0

ghqfh1 Wklv dvvxpswlrq lpsolhv wkdw qr pdqlihvwdwlrq fdq fdxvh dqrwkhu pdqlihv0

wdwlrq> rqo| d gldjqrvlv fdq fdxvh d pdqlihvwdwlrq1 Wklv dvvxpswlrq vlpsol�hv wkh

ghvljq ri wkh dxwrpdwhg v|vwhp1

Dgglwlrqdo gldjqrvhv dqg pdqlihvwdwlrqv fdq eh dgghg wr rxu v|vwhp vr orqj dv wkh

dvvxpswlrq ri fdxvdo lqghshqghqfh lv khog1 Wkh phwkrgv zh ghvfuleh khuhlq vkrxog

vfdoh qlfho| wr kxqguhgv ri gldjqrvhv/ dowkrxjk zh kdyh qrw whvwhg wklv k|srwkhvlv1

Fkrlfh ri Hylghqfh

Lq dq| lpdjh/ hdfk pdqlihvwdwlrq pd| eh vdlg wr kdyh d vshfl�f vwdwh/ zkhwkhu

devhqw ru suhvhqw1 Wkh hqwluh vhw ri vshfl�f vwdwhv ri pdqlihvwdwlrqv lv uhihuuhg wr

dv wkh hylghqfh1 Wkh hylghqfh frpsulvhv wkh lqsxw wr wkh v|vwhp1 Wkh hylghqfh

suhvhqwhg wr wkh v|vwhp lv vshfl�f wr hdfk lqglylgxdo lpdjh1

Zh frqvlghu wkh hylghqfh lq wkuhh gl�huhqw frqwh{wv= doo/ olqnhg dqg dqqrwdwhg1

Hdfk frqwh{w gh�qhv d gl�huhqw vxevhw ri wkh wrwdo hylghqfh1 Lq wkh frqwh{w ri doo

hylghqfh/ d vshfl�f vwdwh iru hyhu| pdqlihvwdwlrq lv frqvlghuhg gxulqj wkh uhdvrqlqj

surfhvv1 Lq wkh frqwh{w ri olqnhg hylghqfh/ rqo| wkrvh pdqlihvwdwlrqv zklfk pljkw eh

fdxvhg e| hdfk glvhdvh frqwulexwh wr wkh frqvlghudwlrq ri wkh suhvhqfh ri wkh glvhdvh1

Wkh idfw wkdw dq xquhodwhg pdqlihvwdwlrq lv devhqw lv qrw frqvlghuhg1 Lq wkh frqwh{w

ri dqqrwdwhg hylghqfh/ rqo| wkrvh pdqlihvwdwlrqv zklfk pljkw eh fdxvhg e| hdfk

glvhdvh/ dqg duh dqqrwdwhg dv suhvhqw/ frqwulexwh wr wkh frqvlghudwlrq ri wkh suhvhqfh

ri wkh glvhdvh1 Wkh idfw wkdw dq xquhodwhg ru uhodwhg pdqlihvwdwlrq lv devhqw lv qrw

frqvlghuhg1
4Wkhuh duh kxqguhgv ri xqltxh gldjqrvhv ri wkh uhwlqd/ vr wkdw hyhq rxu lq xhqfh gldjudp iru

wkluwhhq gldjqrvhv grhv olwwoh mxvwlfh wr wkh frpsoh{lw| ri wkh sureohp1
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Iljxuh 514 Lq xhqfh gldjudp iru d vlqjoh pdqlihvwdwlrq +jkrvw eorrg yhvvhov,1
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Iljxuh 515 Lq xhqfh gldjudp iru wkh hqwluh qhwzrun1 Wkh rydov uhsuhvhqw wkh pdql0
ihvwdwlrqv dqg wkh vtxduhv uhsuhvhqw wkh gldjqrvhv1 Wkh vwdwhv ri wkh pdqlihvwdwlrqv
duh qrw slfwxuhg lq wklv gldjudp1
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Zh h{soruh wkh frqwh{wv ri olqnhg dqg dqqrwdwhg hylghqfh wr ghwhuplqh li d qdu0

urzhu ylhz ri wkh dydlodeoh hylghqfh lpsuryhv gldjqrvlv1 Zh k|srwkhvl}h wkdw lq vrph

fdvhv/ frqvlghulqj doo wkh hylghqfh �ryhuordgv� wkh v|vwhp1 Lq vrph fdvhv d qduurzhu

irfxv pd| lpsuryh wkh ryhudoo gldjqrvwlf delolw|1

Iljxuh 516 ghprqvwudwhv wkh wkuhh frqwh{wv ri hylghqfh1 Lq wklv h{dpsoh/ wkh

pdqlihvwdwlrqv lqqhu uhwlqdo lqiudfw/ fkhuu| uhg vsrw/ duwhu| froru dqg frwwrq zrro vsrwv

duh revhuyhg wr eh suhvhqw1 Wzr ri wkh uhohydqw gldjqrvhv +hperol dqg DVU, dqg wkhlu

olqnv duh slfwxuhg1 Xvlqj wkh frqwh{w ri doo hylghqfh/ doo wkluw| qlqh pdqlihvwdwlrqv

duh frqvlghuhg zkloh gldjqrvlqj wkh lpdjh dv kdylqj hlwkhu hperol ru DVU1 Qrwlfh

wkdw wkluw| wzr ri wkh pdqlihvwdwlrqv duh qrw olqnhg wr hlwkhu gldjqrvlv/ vr wkdw wkhlu

xvhixoqhvv lq glvwlqjxlvklqj ehwzhhq wkh wzr jlyhq gldjqrvhv lv txhvwlrqdeoh1 Xvlqj

wkh frqwh{w ri olqnhg hylghqfh/ rqo| wkh pdqlihvwdwlrqv frwwrq zrro vsrw/ lqqhu uhwlqdo

lqiudfw/ fkhuu| uhg vsrw dqg hperol duh frqvlghuhg wr �qg wkh eholhi lq wkh suhvhqfh ri

hperol1 Vlploduo| rqo| wkh pdqlihvwdwlrqv duwhu| froru/ ey vshfxodu uh h{/ dy fkdqjh

dqg frwwrq zrro vsrw duh xvhg wr �qg wkh eholhi lq wkh suhvhqfh ri wkh gldjqrvlv DVU1

Zh revhuyh wkdw dowkrxjk wkh pdqlihvwdwlrqv frwwrq zrro/ hperol/ ey vshfxodu uh h{

dqg dy fkdqjh duh qrw suhvhqw lq wkh jlyhq lpdjh wkh| zloo vwloo frqwulexwh wr wkh

uhdvrqlqj surfhvv1

Xvlqj wkh frqwh{w ri dqqrwdwhg hylghqfh/ rqo| wkh pdqlihvwdwlrqv olqnhg wr hdfk

gldjqrvlv/ dqg revhuyhg wr eh suhvhqw/ duh frqvlghuhg wr ghwhuplqh wkh eholhi lq wkh

suhvhqfh ri wkh gldjqrvlv1 Lq rxu h{dpsoh/ rqo| wkh pdqlihvwdwlrqv fkhuu| uhg vsrw

dqg lqqhu uhwlqdo lqiudfw duh xvhg wr gldjqrvh wkh suhvhqfh ri hperol1 Wklv lv ehfdxvh

wkhvh duh wkh rqo| pdqlihvwdwlrqv wkdw duh suhvhqw dqg duh dovr olqnhg wr wkh gldjqrvlv

hperol1 Vlploduo| rqo| wkh pdqlihvwdwlrq duwhu| froru lv xvhg wr gldjqrvh wkh suhvhqfh

ri DVU1 Wklv lv ehfdxvh lw lv wkh rqo| pdqlihvwdwlrq wkdw lv suhvhqw dqg lv dovr olqnhg

wr wkh gldjqrvlv DVU1

Wkurxjkrxw wklv zrun zh frqvlghu doo wkuhh frqwh{wv ri hylghqfh1 Fkdswhu 7

suhvhqwv wkh vshfl�f uhvxowv ri krz zhoo rxu v|vwhp shuirupv xvlqj hdfk frqwh{w1
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Iljxuh 516 Dq h{dpsoh lq xhqfh gldjudp1 Wkh pdqlihvwdwlrqv lqqhu uhwlqdo lqiudfw/
fkhuu| uhg/ duwhu| froru dqg frwwrq zrro vsrwv duh revhuyhg dv suhvhqw lq vrph vwdwh1
Wkh hylghqfh fdq eh frqvlghuhg lq wkuhh frqwh{wv= doo pdqlihvwdwlrqv/ rqo| wkrvh
olqnhg/ ru rqo| wkrvh suhvhqw1
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IRUPXODWLRQV IRU GLDJQRVLV

Wklv fkdswhu glvfxvvhv wkuhh pdwkhpdwlfdo irupxodwlrqv wr plplf uhdvrqlqj1 Wkh

uhdvrqlqj sureohp lqyroyhv h{dplqlqj wkh hylghqfh surylghg lq rughu wr frqfoxgh d

gldjqrvlv1 Wkh surfhvv ri gldjqrvlv fdq eh irupdol}hg dv

(J�| ' 8 E� E� ' 7*(�c��?R�|� +614,

zkhuh (J�| uhihuv wr wkh gldjqrvwlf rxwsxw ri wkh v|vwhp/ ru v|vwhp gldjqrvlv1 Wkh

nqrzohgjh xvhg gxulqj uhdvrqlqj lv jlyhq e| suredelolw| ydoxhv � E� ' 7*(�1 Hdfk

� E� ' 7*(� lv wkh suredelolw| ri d pdqlihvwdwlrq � ehlqj suhvhqw lq vwdwh 7 jlyhq

d gldjqrvlv (1 Wkh hylghqfh xvhg gxulqj uhdvrqlqj lv jlyhq e| dq dqqrwdwlrq �oh

��?R�|/ zklfk ghvfulehv wkh vwdwh ri hdfk pdqlihvwdwlrq lq d jlyhq lpdjh1 Wkh ixqfwlrq

8 ghqrwhv wkh pdwkhpdwlfdo irupxodwlrq xvhg wr surfhvv wkh hylghqfh wr frqfoxgh wkh

rxwsxw gldjqrvlv1

Xvlqj Htxdwlrq 614/ wkh gldjqrvlv lq sduw ghshqgv rq wkh suredelolw| ydoxhv jlyhq

lq d eholhi wdeoh51 Wkh xvh ri suredelolwlhv wr h{suhvv eholhiv lv d Ed|hvldq whfkqltxh1

Ed|hvldq whfkqltxhv duh srsxodu lq wkh �hog ri dxwrpdwhg phglfdo gldjqrvlv +vhh iru

h{dpsoh ^9/ 43/ 44/ 4;`,1 Lq wkh qh{w vhfwlrq zh orrn dw wkh Ed|hvldq dssurdfk dqg

lwv dssolfdelolw| wr rxu v|vwhp1

Ed|h*v Uxoh

Wkh Ed|hvldq wuhdwphqw ri eholhiv lv edvhg xsrq frqglwlrqdo suredelolw|1 Zkhqhyhu

d vwdwhphqw ri wkh suredelolw| ri dq hyhqw lv jlyhq/ ghqrwhg � E�� / lw lv frqglwlrqhg e|

rwkhu nqrzq idfwruv1 Iru h{dpsoh/ wkh eholhi wkdw �Jlyhq wkh hyhqw E/ wkh suredelolw|

ri wkh hyhqw D lv %� lv zulwwhq dv � E�*�� ' %1

Lq wkh irupxodwlrq ri rxu gldjqrvwlf v|vwhp wkh ydoxhv lq wkh eholhi wdeoh duh jlyhq

e| � E� ' 7*(�1 Wkh| uhsuhvhqw wkh suredelolw| ri pdqlihvwdwlrq � ehlqj lq vwdwh

5Iru qrz/ lw lv dvvxphg wkdw wkh eholhi wdeoh lv vxssolhg e| d kxpdq h{shuw1 Fkdswhu 8 glvfxvvhv
wklv lvvxh lq ghwdlo1
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7 jlyhq wkh suhvhqfh ri gldjqrvlv (1 Vlqfh wkh eholhiv lq rxu v|vwhp duh frqglwlrqdo

suredelolwlhv/ zh h{soruh wkh dssolfdwlrq ri Ed|hv* Uxoh wr wkh uhdvrqlqj surfhvv1

Ed|hv* Uxoh lv edvhg rq frqglwlrqdo suredelolw| dqg lv ghulyhg iurp

� E�*�� � � E�� ' � E�c�� +615,

zkhuh S+D/E, lv wkh suredelolw| ri wkh mrlqw hyhqw D dqg E1 E| v|pphwulfdoo| vxevwl0

wxwlqj E dqg D lq Htxdwlrq 615 zh pd| zulwh

� E�c�� ' � E�*�� � � E�� ' � E�*�� � � E�� +616,

Vroylqj iru rqh ri wkh frqglwlrqdo suredelolwlhv lq whupv ri wkh rwkhu |lhogv Ed|hv*

Uxoh

� E�*�� '
� E�*�� � � E��

� E��
+617,

E| ohwwlqj E uhsuhvhqw d gldjqrvlv G dqg D uhsuhvhqw d pdqlihvwdwlrq P/ Ed|hv*

Uxoh fdq eh dssolhg wr rxu v|vwhp dv iroorzv=

� E(*�� '
� E�*(� � � E(�

� E��
+618,

Wkh whup � E�*(� uhsuhvhqwv wkh eholhi derxw wkh suhvhqfh ri wkh pdqlihvwdwlrq

� jlyhq wkh glvhdvh (/ dqg lv nqrzq d sulrul1 Wkh whup � E(� uhsuhvhqwv wkh eholhi

derxw wkh suhvhqfh ri wkh glvhdvh lq wkh srsxodwlrq/ dqg lv nqrzq d sulrul1 Wkh whup

� E�� uhsuhvhqwv wkh eholhi derxw wkh suhvhqfh ri wkh pdqlihvwdwlrq lq wkh srsxodwlrq/

dqg lv nqrzq d sulrul1 Htxdwlrq 618 frqfoxghv wkh suhvhqfh ri wkh glvhdvh jlyhq wkh

pdqlihvwdwlrq/ uhsuhvhqwhg e| wkh whup � E(*��1

Htxdwlrq 618 frqvlghuv rqo| rqh gldjqrvlv1 Wkh irupxodwlrq fdq eh h{sdqghg wr

frqvlghu pxowlsoh gldjqrvhv dv iroorzv=

� E(�*�� '
� E�*(�� � � E(��SU

%'� � E�*(%�
+619,

zkhuh � ' ����U uhihuv wr hdfk rqh ri wkh wrwdo U gldjqrvhv ehlqj frqvlghuhg1 Qrwh

wkdw wkhuh lv d gl�huhqw dqg xqltxh rxwsxw eholhi � E(�*�� lq wkh suhvhqfh ri hdfk

gldjqrvlv1 Vlqfh pxowlsoh gldjqrvhv duh ehlqj frqvlghuhg wkh wrwdo suredelolw| ri wkh

suhvhqfh ri pdqlihvwdwlrq � lv jlyhq e| wkh vxp ri wkh suredelolwlhv ri lwv suhvhqfh
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jlyhq doo wkh U gl�huhqw gldjqrvhv1 Wklv vxp ri suredelolwlhv lv ghqrwhg lq Htxdwlrq

619 e| wkh ghqrplqdwru whup1

Htxdwlrq 619 frqvlghuv rqo| rqh pdqlihvwdwlrq dv hylghqfh1 Wkh irupxodwlrq fdq

eh h{sdqghg wr lqfoxgh pxowlsoh pdqlihvwdwlrqv dv hylghqfh1

� E(�*��� '

kTa
�'� � E��*(��

l
� � E(��Ta

�'�

SU
%'� � E��*(%�

+61:,

zkhuh � ' ����a uhihuv wr hdfk ri wkh wrwdo a pdqlihvwdwlrqv ehlqj frqvlghuhg1 Vlqfh

pxowlsoh pdqlihvwdwlrqv duh ehlqj frqvlghuhg wkh wrwdo suredelolw| ri wkh suhvhqfh ri

wkh vhw ri pdqlihvwdwlrqv �� lv jlyhq e| wkh surgxfw ri wkh suredelolwlhv ri hdfk ri

wkh lqglylgxdo pdqlihvwdwlrqv ��1 Erwk wkh qxphudwru dqg ghqrplqdwru whupv lq

Htxdwlrq 619 frqwdlq surgxfwv1

Ilqdoo|/ Htxdwlrq 61: dvvxphv wkdw hdfk pdqlihvwdwlrq fdq eh suhvhqw lq rqo| wzr

vwdwhv/ devhqw ru suhvhqw1 Lq rxu v|vwhp hdfk pdqlihvwdwlrq fdq wdnh rq dq duelwudu|

qxpehu ri glvfuhwh vwdwhv1 Iru hdfk pdqlihvwdwlrq � ohw & uhsuhvhqw wkh vwdwh ri wkh

pdqlihvwdwlrq1 Wkhq wkh irupxodwlrq fdq eh zulwwhq dv iroorzv=

� E(�*�� ' 7&� '

kTa
�'� � E�� ' 7&*(��

l
� � E(��Ta

�'�

SU
%'� � E�� ' 7&*(%�

+61;,

zkhuh & ' ����g� uhihuv wr hdfk ri wkh wrwdo g vwdwhv ri wkh �|� pdqlihvwdwlrq1 Wklv

irupxodwlrq fdq eh lqwhusuhwhg wr phdq wkdw wkh suredelolw| ri d gldjqrvlv ehlqj

suhvhqw jlyhq d pdqlihvwdwlrq lq d sduwlfxodu vwdwh lv htxdo wr wkh suredelolw| ri wkh

pdqlihvwdwlrq lq wkdw sduwlfxodu vwdwh jlyhq wkh suhvhqfh ri wkh gldjqrvlv pxowlsolhg

e| wkh dsulrul suredelolw| ri wkh gldjqrvlv dqg vfdohg e| wkh ryhudoo suredelolw| ri wkh

pdqlihvwdwlrq ehlqj lq wkdw sduwlfxodu vwdwh jlyhq doo ri wkh U gldjqrvhv1

Htxdwlrq 61;/ edvhg xsrq Ed|hv* Uxoh/ surylghv d phwkrg wr frpsxwh d eholhi lq

hdfk ri wkh U gldjqrvhv1 Wkh U ydoxhv uhsuhvhqw wkh v|vwhp*v eholhiv lq hdfk ri wkh U

gldjqrvhv/ zkhuh wkh odujhvw eholhi frxog eh fkrvhq wr lqglfdwh wkh v|vwhp gldjqrvlv1

Vwulfw dssolfdwlrq ri Ed|hv* Uxoh dv ghulyhg deryh lv sureohpdwlf1 Zh fdq lghqwli|

wkuhh sureohpv=

41 Wkh eholhi wdeoh w|slfdoo| frqwdlqv pdq| }hurv1 Wklv lv ehfdxvh wkh sk|vlfldq

eholhyhv wkdw fhuwdlq pdqlihvwdwlrqv zrxog qhyhu dsshdu jlyhq d sduwlfxodu glvhdvh1
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Htxdwlrq 61; lv d pxowlsolfdwlyh frpelqdwlrq ri doo wkh hylghqfh1 Li wkh hylghqfh

suhvhqwhg wr wkh v|vwhp kdv hyhq rqh pdqlihvwdwlrq zlwk d }hur frqglwlrqdo sure0

delolw|/ lw fdq lqydolgdwh wkh hylghqfh surylghg e| wkh rwkhu pdqlihvwdwlrqv1 Iru

h{dpsoh/ vxssrvh wkdw lw lv eholhyhg wkdw hperol qhyhu fdxvhv pdqlihvwdwlrq ��/ vr

wkdw � E��*e6KJ,�� ' f1 Li wkh hylghqfh frqvlghuhg lqfoxghv pdqlihvwdwlrq ��/ wkhq

� Ee6KJ,�*��?R�|� ' f1 Wklv sureohp kdv dovr ehhq uhihuuhg wr lq wkh zrun rq

Sdwk�qghu1 Khfnhupdq vwdwhv wkdw �111 wkh h{shuw zdv wrr fdydolhu zkhq dvvljqlqj 3

wr wkh suredelolw| ri pdq| hyhqwv1 Lq suholplqdu| hydoxdwlrqv ri Sdwk�qghu/ zh irxqg

wkdw ryhu 43 shufhqw ri wkh fdvhv zhuh gldjqrvhg lqfruuhfwo|/ ehfdxvh wkh fruuhfw glv0

hdvh zdv uxohg rxw e| d ihdwxuh wkdw zdv xqolnho| +exw qrw lpsrvvleoh, wr eh vhhq lq

wkdw glvhdvh1111�^43/ sj1 439`1 Wr ryhufrph wkh suhvhqfh ri wkh }hurv lq wkh eholhi wdeoh

zh vxevwlwxwh doo }hurv zlwk d yhu| vpdoo qrq0}hur qxpehu1

51 D sdwlhqw pd| kdyh pxowlsoh glvhdvhv ru frqglwlrqv1 Urxjko| rqh0wklug ri

wkh lpdjhv lq rxu whvw vhw kdyh pruh wkdq rqh jurxqg wuxwk gldjqrvlv1 Wklv lpsolhv

wkdw pxowlsoh gldjqrvhv frxog lq xhqfh wkh pdqlihvwdwlrqv suhvhqw lq d uhwlqdo lpdjh1

Htxdwlrq 61; grhv qrw dffrxqw iru wkh lq xhqfh ri pxowlsoh gldjqrvhv rq wkh suhvhqfh

ri d pdqlihvwdwlrq1 Zh h{soruh xvlqj wkh qrlv| PD[ irupxodwlrq ^4<` wr ghwhuplqh

wkh suredelolw| ydoxhv iru d pdqlihvwdwlrq jlyhq pxowlsoh gldjqrvhv1 Wkh qrlv| PD[

irupxodwlrq doorzv wkh sursdjdwlrq ri wkh lq xhqfh ri pxowlsoh gldjqrvhv rq d sduwlf0

xodu pdqlihvwdwlrq1 Wkh qrlv| PD[ irupxodwlrq dovr doorzv xv wr �qg wkh suredelolw|

ydoxhv iru wkh suhvhqfh ri wzr ru pruh glvhdvhv1 Zh zloo orrn dw wklv irupxodwlrq lq

ghwdlo lq wkh qh{w vhfwlrq1

61 Wkh eholhi wdeoh frqvlvwv ri d odujh txdqwlw| ri ydoxhv +4/79< lq rxu v|v0

whp, zkrvh uhodwlyh udwlrv duh dvvxphg wr eh joredoo| xqlirup1 Iru h{dpsoh/ li

� E���*(�2� ' f�� dqg � E��S*(e� ' f��/ wkhq wkhvh eholhiv duh dvvxphg wr eh

htxdo1 Krzhyhu/ dv dq h{shuw �oov vxfk d wdeoh/ zh eholhyh wkdw wkh uhodwlylw| ydulhv1

Lq wkh zrun rq Sdwk�qghu wkh| irxqg wkdw � 1111 wkh h{shuw zdv qrw frpiruwdeoh zlwk

pdq| ri wkh suredelolw| dvvhvvphqwv wkdw kh surylghg 111 Vshfl�fdoo|/ kh dvvhvvhg wkh

suredelolw| pdwul{ uhtxluhg e| wkh vlpsoh Ed|h*v prgho/ s +ihdwxuh2glvhdvh/ {, iru doo

glvhdvhv dqg ihdwxuhv/ e| �{lqj d glvhdvh dqg dvvhvvlqj suredelolwlhv dfurvv doo ihdwxuhv1
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Lq dq dqdo|vlv wkdw iroorzhg wkh frpsohwlrq ri wkh nqrzohgjh edvh/ zh irxqg wkdw kh

vwurqjo| suhihuuhg pdnlqj dvvhvvphqwv e| �{lqj d ihdwxuh dqg dvvhvvlqj suredelolwlhv

ri wkdw ihdwxuh dfurvv doo glvhdvhv1111� ^43/ sj1 439` 1 Zh h{soruh d qryho irupxodwlrq/

zklfk zh fdoo qrupdol}hg vxpv/ wr glvuhjdug wkh dvvxpswlrq ri joredo uhodwlylw| lq

wkh eholhi wdeoh1 Wklv irupxodwlrq lv h{sodlqhg diwhu wkh ghvfulswlrq ri wkh qrlv| PD[

irupxodwlrq1

Qrlv| PD[

Wkh suhvhqfh ri wkh pdqlihvwdwlrqv lq dq lpdjh qhhg qrw eh d uhvxow ri mxvw rqh

glvhdvh1 Wkh pdqlihvwdwlrqv frxog eh wkh uhvxow ri pxowlsoh glvhdvhv1 Hdfk ri wkh ydo0

xhv lq wkh eholhi wdeoh lv wkh suredelolw| ri d pdqlihvwdwlrq jlyhq d vlqjoh glvhdvh1 Lq

dffrxqwlqj iru wkh suhvhqfh ri pxowlsoh gldjqrvhv zh qhhg wr �qg wkh frpelqhg sure0

delolw| ydoxhv iru doo wkh pdqlihvwdwlrqv lq doo wkh srvvleoh vwdwhv/ jlyhq frpelqdwlrqv

ri glvhdvhv1

Wkhuh lv d glvmxqfwlyh lqwhudfwlrq ehwzhhq wkh pdqlihvwdwlrqv dqg wkh pxowlsoh gl0

djqrvhv fdxvlqj wkh pdqlihvwdwlrqv1 Glvmxqfwlyh lqwhudfwlrq rffxuv zkhq dq| phpehu

ri d vhw ri frqglwlrqv lv olnho| wr fdxvh d fhuwdlq hyhqw dqg wklv olnholkrrg grhv qrw

glplqlvk zkhq vhyhudo ri wkhvh frqglwlrqv suhydlo vlpxowdqhrxvo|1 Iru h{dpsoh li d

uhwlqdo lpdjh kdv glvhdvhv hperol dqg EUDR/ wkhq wkh olnholkrrg ri revhuylqj wkh

pdqlihvwdwlrq hperol lv lqfuhdvhg1 Wklv lv ehfdxvh erwk wkh glvhdvhv duh fdxvhv iru

wkh suhvhqfh ri wkh pdqlihvwdwlrq hperol1 Li wkh vdph uhwlqdo lpdjh dovr kdv gldjqrvlv

FQY/ d gldjqrvlv wkdw grhv qrw fdxvh wkh pdqlihvwdwlrq hperol/ wkhq wkh suredelolw|

ri revhuylqj wkh pdqlihvwdwlrq hperol lv qrw dowhuhg1 Lq ^6` dqg ^4;` d pdwkhpdwlfdo

prgho fdoohg qrlv| RU lv ghvfulehg wr frpsxwh glvmxqfwlyh lqwhudfwlrqv1

Wkh qrlv| RU lv d prgho ri suredelolvwlf fdxvdo lq xhqfh ehwzhhq d elqdu| h�hfw

yduldeoh dqg d vhw ri elqdu| yduldeohv wkdw uhsuhvhqw lwv fdxvhv1 Lq rxu sureohp wkh

h�hfw yduldeoh/ wkh pdqlihvwdwlrq/ lv qrw d elqdu| yduldeoh1 Wkhuhiruh zh xvh wkh qrlv|

PD[ irupxodwlrq wkdw lv d jhqhudol}hg yhuvlrq ri wkh qrlv| RU1 Wkh qrlv| PD[

irupxodwlrq dffrxqwv iru wkh pxowlsoh vwdwhv ri wkh pdqlihvwdwlrqv1 Wklv irupxodwlrq

kdv ehhq orrnhg dw lq ghwdlo lq ^4<`1 Wklv irupxodwlrq lv dovr xvhg e| wkh frpphufldo
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vriwzduh sdfndjh Kxjlq ^49` wr sursdjdwh eholhiv lq d fdxvdo qhwzrun1

Lq wklv zrun wkh qrlv| PD[ irupxodwlrq lv xvhg wr hydoxdwh wkh suredelolw| ri d

pdqlihvwdwlrq lq d sduwlfxodu vwdwh xqghu wkh lq xhqfh ri pxowlsoh gldjqrvhv1 Wkhvh

frpelqhg suredelolwlhv duh ghqrwhg dv wkh qrlv| PD[ suredelolwlhv1 Wkh qrlv| PD[

irupxodwlrq iru wzr gldjqrvhv (@ dqg (K lv

� E� ' 7&*(@:(K� '

%
&[

?'f

� E� ' 7?*(@� �
&[

?'f

� E� ' 7?*(K�

&
�� +61<,

� ' � E� ' 7&3�*(@:(K�

zkhuh n uhsuhvhqwv wkh vwdwh ri wkh pdqlihvwdwlrq iru zklfk wkh frpelqhg suredelolw|

lv ehlqj irxqg1 Wkh whupv
S&

?'f � E� ' 7?*(K� dqg
S&

?'f � E� ' 7?*(@� uhsuhvhqw

wkh vxpv ri wkh suredelolwlhv iru d udqjh ri vwdwhv1 Wkhvh whupv uhtxluh wkdw wkh vwdwhv

eh rughuhg lq lqfuhdvlqj vhyhulw|/ iurp qrupdo +devhqw, wr wkh zruvw fdvh ri deqrupdo

+suhvhqw,1

Wkh qrlv| PD[ irupxodwlrq lv uhfxuvlyh1 Wkh whup � lq Htxdwlrq 61< uhsuhvhqwv

� E� ' 7&3�*(@:(K�/ wkh mrlqw suredelolw| ri wkh pdqlihvwdwlrq lq lwv qh{w ohvv vhyhuh

vwdwh1 Iru wkh ohdvw vhyhuh fdvh/ zkhq & ' f/ wkh whup � ' f1

Lq rughu wr fdofxodwh wkh qrlv| PD[ suredelolwlhv zh pxvw frqvlghu doo wkh srvvleoh

frpelqdwlrqv ri glvhdvhv1 Lq rxu v|vwhp zh frqvlghu wkluwhhq gldjqrvhv/ vr wkdw lq

wkhru| wkhuh duh
S��

%'� %- glvhdvh frpelqdwlrqv1 Krzhyhu/ qrw doo ri wkh gldjqrvhv lq

rxu v|vwhp fdq rffxu zlwk hdfk rwkhu1 Wkh gldjqrvhv wkdw duh pxwxdoo| h{foxvlyh duh

vkrzq lq Wdeoh 614

E| holplqdwlqj frpelqdwlrqv frqwdlqlqj pxwxdoo| h{foxvlyh gldjqrvhv/ zh rewdlq

;9: srvvleoh gldjqrvlv frpelqdwlrqv1 Wkh pd{lpxp qxpehu ri gldjqrvhv lq dq|

frpelqdwlrq xqghu wkhvh frqglwlrqv zdv irxqg wr eh vhyhq iru rxu v|vwhp1 Htxdwlrq

61< fdq eh h{sdqghg wr frpsxwh wkh mrlqw suredelolw| ri d pdqlihvwdwlrq lq d sduwlfxodu

vwdwh jlyhq dq duelwudu| qxpehu � ri gldjqrvhv dv iroorzv=

� E� ' 7&*i(j� '
%

�\
S'�

&[
?'f

� E� ' 7?*(S�

&
�� +6143,
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Gldjqrvlv Sdluv
4 EUDR dqg FUDR
5 EUYR dqg FUYR
6 EUYR dqg Khpl0FUYR
7 FUYR dqg Khpl0FUYR
8 EGU dqg SGU
9 Frdwv dqg Pdfurdqhxulvp

Wdeoh 614 Olvw ri lqfrpsdwleoh gldjqrvlv sdluv1

� ' � E� ' 7&3�*i(j�

zkhuh i(j uhsuhvhqwv wkh vhw ri � gldjqrvhv lq wkh frpelqdwlrq/ dqg (S uhsuhvhqwv

hdfk phpehu ri wkh vhw i(j1
Htxdwlrq 6143 |lhogv ;9: suredelolw| ydoxhv lqglfdwlqj wkh eholhiv lq wkh ;9: gldj0

qrvlv frpelqdwlrqv1 Wkhvh rxwsxw eholhiv frxog eh lqwhusuhwhg lqglylgxdoo|/ exw wkh

odujh txdqwlw| ri qxpehuv forxgv glvwlqfwlrq1 Lqvwhdg/ zh frpelqh wkhvh ;9: ydoxhv

lqwr wkluwhhq ydoxhv/ zkhuh hdfk ydoxh uhsuhvhqwv wkh eholhi lq d vlqjoh gldjqrvlv1 Wklv

frpelqdwlrq lv grqh e| vxppdwlrq dv iroorzv

� E(�*� ' 7&� �
HS.[
%'�

� Ei(j%*� ' 7&� li (� 5 i(j%
f li (� *5 i(j% +6144,

zkhuh (� lv hdfk ri wkh wkluwhhq vlqjxodu gldjqrvhv dqg (% lv hdfk ri wkh ;9: vhwv

ri frpelqdwlyh gldjqrvhv1 Wkh uhvxowlqj vxp lv qr orqjhu d suredelolw| zklfk zh

hpskdvl}h e| xvlqj wkh vlplodulw| rshudwru lq Htxdwlrq 61441 Krzhyhu/ wkh frqfhsw lv

vlplodu/ vr zh pdlqwdlq wkh qrwdwlrq � E� ' 7&*(�� wr uhsuhvhqw wkh v|vwhp rxwsxw

ydoxhv1

Wkh qrlv| PD[ irupxodwlrq lv frpsxwdwlrqdoo| h{shqvlyh1 Vlqfh lw lqyroyhv frp0

sxwlqj doo wkh srvvleoh gldjqrvlv frpelqdwlrqv/ wkh frpsxwdwlrqdo frpsoh{lw| jurzv

h{srqhqwldoo| dv wkh qxpehu ri gldjqrvhv lv lqfuhdvhg1 Lw lv dovr xqfohdu wr xv krz wr

lpsuryh xsrq rxu rxwsxw frpelqdwlrq vfkhph1 Lq wklv vfkhph wkh �qdo eholhi lq wkh

suhvhqfh ri d gldjqrvlv lv lqfuhdvhg li lw rffxuv lq pdq| gldjqrvlv frpelqdwlrqv1



57

Qrupdol}hg Vxpv

Wkh ydoxhv lq wkh eholhi wdeoh duh dvvxphg wr eh joredoo| uhodwlyh1 Dv dq h{shuw �oov

d eholhi wdeoh/ lw lv dvvxphg wkdw wkh uhodwlyh udwlrv ehwzhhq doo ydoxhv duh frqvlvwhqw1

Jlyhq wkh txdqwlw| ri ydoxhv lq d eholhi wdeoh/ zh txhvwlrq wklv dvvxpswlrq1 Lw fdq wdnh

krxuv iru dq h{shuw wr �oo d eholhi wdeoh ri wkh vl}h xvhg lq rxu v|vwhp1 Lq dgglwlrq/ dq

h{shuw lv w|slfdoo| qrw xvhg wr wklqnlqj derxw doo srvvleoh pdqlihvwdwlrqv dqg fdxvhv

lq d vlqjoh joredo vfdoh1 Zh ghyhors wkh iroorzlqj dssurdfk/ zklfk zh fdoo qrupdol}hg

vxpv/ wr glvuhjdug wkh dvvxpswlrq ri joredo uhodwlylw| lq wkh eholhi wdeoh1

Wkhuh duh wzr vwhsv lqyroyhg lq fdofxodwlqj wkh qrupdol}hg vxpv ydoxhv1 Lq wkh �uvw

vwhs wkh suredelolw| ydoxhv jlyhq lq wkh eholhi wdeoh duh qrupdol}hg1 Wkh qrupdol}dwlrq

lv grqh lqghshqghqwo| iru hdfk vwdwh ri hdfk pdqlihvwdwlrq dfurvv wkh vhw ri gldjqrvhv=

� E� ' 7*(�� ' mm� E� ' 7*(��mm +6145,

Wklv qrupdol}dwlrq suhvhuyhv wkh uhodwlylw| dfurvv doo gldjqrvhv iru hdfk pdqlihv0

wdwlrq vwdwh1 Zh eholhyh wklv prvw forvho| uhvhpeohv krz wkh h{shuw shufhlyhv wkh

lpsruwdqfh ri uhodwlylw| zkhq �oolqj wkh eholhi wdeoh1 Wkh eholhi ydoxhv duh qrupdol}hg

rq d vfdoh iurp }hur wr rqh1 Wkh qrupdol}dwlrq lv grqh dv iroorzv=

mm� E� ' 7*(��mm ' � E� ' 7*(���4�?� E� E� ' 7*(���

4@ � E� E� ' 7*(����4�?� E� E� ' 7*(���
+6146,

zkhuh 4@ � E� E� ' 7*(��� lv htxdo wr wkh pd{lpxp ri wkh eholhi ydoxhv iru pdqlihv0

wdwlrq � lq vwdwh 7 dfurvv doo � gldjqrvhv1 Vlploduo| 4�?� E� E� ' 7*(��� lv htxdo wr

wkh plqlpxp ri wkh eholhi ydoxhv iru pdqlihvwdwlrq� lq vwdwh 7 dfurvv doo � gldjqrvhv1

Wkh iroorzlqj h{dpsoh ghprqvwudwhv wkh qrupdol}dwlrq1 Lq wklv h{dpsoh wkhuh lv

d pdqlihvwdwlrq � zklfk kdv wzr vwdwhv 7� dqg 721 Wkh ruljlqdo eholhi wdeoh iru wklv

pdqlihvwdwlrq lv dv iroorzv=

Pdqli Gldjqrvhv
� (� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

7� 316 4 4 4 31:8 31; 4 4 4 4 4 4 4
72 31: 3 3 3 3158 315 3 3 3 3 3 3 3

Frqvlghu wkh pdqlihvwdwlrq � lq vwdwh 7�1 Xvlqj Htxdwlrqv 6145 dqg 6146 wkh

qrupdol}hg suredelolwlhv � E� ' 7�*(�� duh frpsxwhg1 Iru � ' 7�/ wkh pd{lpxp



58

� E� ' 7�*(�� ' � dqg wkh plqlpxp � E� ' 7�*(�� ' f��1 Xvlqj Htxdwlrqv 6145

dqg 6146 wkh qrupdol}hg ydoxhv mm � E� ' 7�*(��mm ehfrph

Pdqli Gldjqrvhv
� (� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

7� 3 4 4 4 3197 31:4 4 4 4 4 4 4 4

Wklv surfhgxuh lv uhshdwhg iru wkh pdqlihvwdwlrq lq vwdwh 721 Wkh qhz eholhi wdeoh

iru pdqlihvwdwlrq � qrz orrnv dv iroorzv=

Pdqli Gldjqrvhv
� (� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

7� 3 4 4 4 3197 31:4 4 4 4 4 4 4 4
72 4 3 3 3 3169 315< 3 3 3 3 3 3 3

Wkh qrupdol}hg ydoxhv duh qr orqjhu vwulfwo| frqvlghuhg dv suredelolwlhv1 Lqvwhdg/

zh ylhz wkhp dv lqglfdwruv ru frqwulexwruv wrzdugv d fdxvdo gldjqrvlv1 Lq wklv vhqvh/

wkh pruh frqwulexwruv irxqg lq d jlyhq lpdjh/ wkh kljkhu wkh eholhi lq d sduwlfxodu

gldjqrvlv1 Wklv frqfhsw fdq eh irupdol}hg dv iroorzv=

� E(�*�� ' 7� 9
a[

�'�

� E�� ' 7*(�� +6147,

zkhuh � E(�*�� ' 7� lv wkh v|vwhp rxwsxw ydoxh iru hdfk gldjqrvlv1 Wklv whup lv qr

orqjhu d suredelolw|/ zklfk zh hpskdvl}h e| xvlqj wkh vlplodulw| rshudwru lq Htxdwlrq

61471 Krzhyhu/ zh pdlqwdlq wkh qrwdwlrq � E(�*�� ' 7� wr lqglfdwh wkdw wkh uhvxow

lv vlplodu wr wkh eholhi lq gldjqrvlv jlyhq d vhw ri hylghqfh1

Wkh iroorzlqj h{dpsoh ghprqvwudwhv wkh irupxodwlrq1 Lq wklv h{dpsoh wkhuh duh

wzr pdqlihvwdwlrqv �� dqg �2/ erwk ri zklfk duh lq vwdwh 721 Wkh eholhi wdeoh iru

wkh wzr pdqlihvwdwlrqv lv dv iroorzv=

Pdqliv (� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

��@ 72 317 3 3 3 314 318 3 3 3 3 3 3 3
�2@ 72 31; 3 3 3 316 315 3 3 3 3 3 3 3

Vlqfh erwk wkh pdqlihvwdwlrqv duh suhvhqw lq vwdwh 72/ rqo| wkh eholhi ydoxhv iru

wkh wzr pdqlihvwdwlrqv lq wkdw sduwlfxodu vwdwh duh frqvlghuhg1 Wkh �uvw vwhs lv wr

�qg wkh qrupdol}hg suredelolw| ydoxhv1 Wkhvh duh fdofxodwhg vlplodu wr wkh h{dpsoh

vkrzq deryh1 Iru wklv h{dpsoh wkh qrupdol}hg suredelolw| ydoxhv duh dv iroorzv=
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Pdqliv (� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

��@ 72 31; 3 3 3 315 4 3 3 3 3 3 3 3
�2@ 72 4 3 3 3 316; 3158 3 3 3 3 3 3 3

Wkhvh ydoxhv duh wkhq xvhg wr fdofxodwh wkh qrupdol}hg vxpv ydoxhv1 Lq wklv fdvh

wkh qrupdol}hg vxp iru hdfk gldjqrvlv lv irxqg e| dgglqj wkh qrupdol}hg suredelolw|

ydoxhv iru pdqlihvwdwlrqv �� dqg �21 Wkh qrupdol}hg vxpv ydoxhv duh dv iroorzv=

Qrupdol}hg vxpv iru wkh wkluwhhq gldjqrvhv
(� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

41; 3 3 3 318; 4158 3 3 3 3 3 3 3

Lq wklv fdvh gldjqrvlv (� lv wkh prvw olnho| gldjqrvlv1 Djdlq qrwh wkdw wkhvh

qxpehuv duh qr orqjhu suredelolw| ydoxhv1 Wkh| gr qrw udqjh ehwzhhq }hur dqg rqh1

Frqfoxvlrqv

Lq wklv fkdswhu zh kdyh orrnhg dw wkuhh irupxodwlrqv wr uhdvrq derxw wkh jlyhq

hylghqfh1 Wkh irupxodwlrqv edvhg xsrq Ed|hv* Uxoh dqg wkh qrlv| PD[ rshudwru kdyh

ehhq lpsohphqwhg edvhg xsrq nqrzq zrunv1 Zh kdyh uhylhzhg wkhvh wzr irupxodwlrqv

dqg h{dplqhg wkhlu uhohydqfh wr rxu v|vwhp1 Wkh qrupdol}hg vxpv irupxodwlrq lv wr

rxu nqrzohgjh qryho1 Zh kdyh ehhq xqdeoh wr �qg wklv dssurdfk lq wkh h{lvwlqj

olwhudwxuh1 Lq wkh qh{w fkdswhu zh uhsruw wkh shuirupdqfh ri wkhvh wkuhh irupxodwlrqv

lq rxu v|vwhp1
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V\VWHP UHVSRQVH

Wkh jrdo ri wklv zrun lv wr eh deoh wr lghqwli| wkh wkluwhhq glvhdvhv xqghu frqvlg0

hudwlrq1 Krzhyhu/ wkh uhvsrqvh ri wkh v|vwhp zloo qrw eh d xqltxh vhohfwlrq ri wkh

wkluwhhq srvvleoh glvhdvhv1 Lw lv srvvleoh iru pruh wkdq rqh glvhdvh wr dsshdu vlpxowd0

qhrxvo| lq wkh uhwlqd1 Wkhuhiruh wkh uhvsrqvh ri wkh v|vwhp zloo eh d vhw ri gldjqrvhv/

qdplqj rqh ru pruh glvhdvhv1

Lq dgglwlrq/ zh h{soruh fdvhv zkhuh wkh uhwlqdo lpdjh h{klelwv d glvhdvh rxwvlgh

wkh wkluwhhq glvhdvhv nqrzq wr wkh v|vwhp1 Lq vrph fdvhv/ wkh lpdjh pd| h{klelw rqh

glvhdvh wkdw lv nqrzq wr wkh v|vwhp/ dqg rqh glvhdvh wkdw lv xqnqrzq wr wkh v|vwhp1

Zh h{soruh wkh srwhqwldo iru wkh v|vwhp wr eh deoh wr uhfrjql}h wkhvh xqidploldu ru

sduwldoo| idploldu fdvhv1

Zh dovr h{dplqh wkh qrupdo fdvh/ zkhuh wkh uhwlqdo lpdjh h{klelwv qr glvhdvh1

Dowkrxjk wklv fdvh lv qrw prghohg lq rxu eholhi wdeoh/ zh glvfxvv srvvleoh phwkrgv wr

gldjqrvh dq lpdjh dv qrupdo xvlqj khxulvwlfv edvhg xsrq rxu irupxodwlrq1

Ilqdoo|/ wkhuh lv rqh pruh v|vwhp uhvsrqvh ri lqwhuhvw1 Wkh v|vwhp pd| eh xqdeoh

wr pdnh d ghflvlrq/ lq wklv fdvh uhvsrqglqj �L grq*w nqrz�1 Zh glg qrw sxuvxh wklv

uhvsrqvh lq wklv wkhvlv/ exw zh qrwh lw khuh iru wkh vdnh ri frpsohwhqhvv1

Iljxuh 714 vxppdul}hv wkhvh srvvleoh v|vwhp uhvsrqvhv1 Wklv fkdswhu ghwdlov phwk0

rgv wr frpsxwh wkhvh uhvsrqvhv/ dqg surylghv uhvxowv rq d vhw ri whvw lpdjhv1 Wkh

frpsohwh whvw vhw frqvlvwv ri 687 lpdjhv/ dqg lv ixoo| ghvfulehg lq Dsshqgl{ D1 Ydul0

rxv h{shulphqwv uhsruwhg lq wklv fkdswhu pdnh xvh ri gl�huhqw vxevhwv ri wkh dydlodeoh

lpdjhv1 Wkh lpsruwdqfh ri hdfk vxevhw dqg wkh fulwhuld iru vhohfwlqj wkh uhohydqw

lpdjhv lv glvfxvvhg lq hdfk vhfwlrq1

Idploldu Gldjqrvhv

Wkh sulpdu| uhvsrqvh ri wkh v|vwhp lv d vhw ri rqh wr wkuhh gldjqrvhv iurp wkh

vhw ri wkluwhhq gldjqrvhv wkdw duh idploldu wr wkh v|vwhp1 Wkh udqjh ri rqh wr wkuhh



5;

Retinal
 image
 to be 

diagnosed

Automated 
diagnostic
 system  

You have 
X disease.

You are
 normal.

I don’t
 know.

You have 
a disease
unknown

to me.

Not considered in
this work.

Iljxuh 714 Ghvluhg v|vwhp uhvsrqvhv1



5<

gldjqrvhv zdv fkrvhq edvhg rq wkh h{shuw*v gldjqrvhv ri rxu whvw lpdjhv1 Rxw ri 687

lpdjhv/ 583 kdg rqh gldjqrvlv/ <4 kdg wzr gldjqrvhv/ 46 kdg wkuhh gldjqrvhv dqg rqh

kdg irxu gldjqrvhv/ zklfk zdv wkh kljkhvw qxpehu ri gldjqrvhv shu lpdjh1

Wkh uhdvrqlqj irupxodwlrqv suhvhqwhg lq Fkdswhu 6 uhvxow lq wkluwhhq ydoxhv/ rqh

iru hdfk ri wkh wkluwhhq idploldu gldjqrvhv1 Hdfk ydoxh lv dq lqglfdwru ri wkh vwuhqjwk

ri wkh eholhi lq wkh suhvhqfh ri wkh glvhdvh/ zkhuh d kljkhu ydoxh lqglfdwhv d vwurqjhu

eholhi1 Wkhvh ydoxhv pd| eh frqvlghuhg dv ehorqjlqj wr wzr vhwv/ zkhuh rqh vhw

lqglfdwhv wkh gldjqrvhv uhvsrqvleoh iru wkh hylghqfh revhuyhg lq wkh uhwlqd dqg wkh

rwkhu vhw lqglfdwhv wkh gldjqrvhv qrw uhodwhg wr wkh hylghqfh revhuyhg1 Lq rughu wr

frpsxwh wkh vhsdudwlrq ri ydoxhv lqwr wzr vhwv/ zh dsso| Ilvkhu*v olqhdu glvfulplqdqw

whvw1 Dsshqgl{ E uhylhzv Ilvkhu*v whvw dqg ghwdlov lwv dssolfdwlrq wr rxu v|vwhp1

Ri wkh 687 lpdjhv lq rxu whvw vhw/ wkhuh duh 4<; lpdjhv zlwk doo wkh jurxqg wuxwk

gldjqrvhv zlwklq wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1 Wkhvh duh uhihuuhg wr

dv wkh idploldu lpdjhv1 Wkhvh lpdjhv duh xvhg wr whvw wkh delolw| ri rxu v|vwhp

wr fruuhfwo| gldjqrvh idploldu fdvhv1 Ri wkhvh 4<; lpdjhv/ 76 lpdjhv kdyh pxowlsoh

jurxqg wuxwk gldjqrvhv1

Zh whvwhg doo wkuhh irupxodwlrqv wr uhdvrq derxw wkh hylghqfh glvfxvvhg lq Fkdswhu

61 Wkh hylghqfh lv frqvlghuhg lq wkh wkuhh frqwh{wv ri doo/ olqnhg dqg dqqrwdwhg/ dv

glvfxvvhg lq Fkdswhu 51 Furvvlqj wkh irupxodwlrqv zlwk wkh frqwh{wv ri hylghqfh |lhogv

qlqh wrwdo v|vwhp whvwv1

Wkh v|vwhp shuirupdqfh lv hydoxdwhg lq whupv ri gldjqrvwlf dffxudf|1 Wkh dffx0

udf| lv phdvxuhg e| frpsdulqj wkh v|vwhp gldjqrvhv zlwk wkh jurxqg wuxwk gldjqrvhv1

Zh gh�qh wzr phdvxuhv ri dffxudf| dv ixqfwlrqv ri wkh ryhuods ehwzhhq wkh jurxqg

wuxwk dqg v|vwhp gldjqrvhv1 Irupdoo|/ ohw JW@~G}� /1111� dqg PV@~G6�/111�/ zkhuh

JW uhsuhvhqwv wkh vhw ri jurxqg wuxwk gldjqrvhv dqg PV uhsuhvhqwv wkh vhw ri v|vwhp

gldjqrvhv1 Wkh v|vwhp gldjqrvlv lv frqvlghuhg d pdwfk li CA _�7 9' �1 Wkh v|vwhp
gldjqrvlv lv frqvlghuhg d shuihfw pdwfk li CA '�71

Uhvxowv

Wkh uhvxowv ri dsso|lqj wkh wkuhh irupxodwlrqv lq wkh wkuhh frqwh{wv ri hylghqfh

wr wkh vhw ri 4<; lpdjhv duh vkrzq lq Wdeoh 7141 Wkh hqwulhv vxppdul}h wkh v|vwhp
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shuirupdqfh lq shufhqwdjh ri lpdjhv pdwfkhg1

Ed|hv* Uxoh Qrlv| PD[ Qrupdol}hg vxpv
Doo Hylghqfh 4( 96( :3(
Olqnhg Hylghqfh :( 63( 55(
Dqqrwdwhg Hylghqfh :( 69( :8(

Wdeoh 714 Vxppdu| ri v|vwhp shuirupdqfh xvlqj wkh pdwfk fulwhulrq1

Ed|hv* Uxoh Qrlv| PD[ Qrupdol}hg vxpv
Doo Hylghqfh 3( 53( 48(
Olqnhg Hylghqfh 3( 3( 8(
Dqqrwdwhg Hylghqfh 3( 43( 56(

Wdeoh 715 Vxppdu| ri v|vwhp shuirupdqfh xvlqj wkh shuihfw pdwfk fulwhulrq1

Frqfoxvlrqv

Dq h{dplqdwlrq ri Wdeoh 714 dqg 715 vkrzv wkdw wkh qrupdol}hg vxpv irupxodwlrq

rxw0shuiruphg wkh qrlv| PD[ irupxodwlrq1 Dowkrxjk wklv uhvxow lv iru rqo| rqh v|vwhp

lq rqh sureohp grpdlq/ lw grhv r�hu hpslulfdo hylghqfh wr vxssruw rxu sklorvrsklfdo

uhdvrqlqj derxw wkh qdwxuh ri wkh eholhi wdeoh1

Wkh qrupdol}hg vxpv irupxodwlrq vkrzhg d kljkhu uhfrjqlwlrq udwh lq wkh frqwh{w

ri dqqrwdwhg hylghqfh wkdq lq wkh frqwh{w ri doo hylghqfh1 Wkh qrlv| pd{ irupxodwlrq

glg qrw vkrz d vlplodu shuirupdqfh udwlr1 Wklv vkrzv wkdw wkh qrupdol}hg vxpv

irupxodwlrq lv ghvljqhg wr pdnh wkh prvw ri srvlwlyh lqglfdwruv +hylghqfh,/ zkloh lw

jdlqv olwwoh iurp frqvlghulqj qhjdwlyh +devhqw, lqglfdwruv1

Wkh shuirupdqfh ri wkh qrlv| PD[ irupxodwlrq lq wkh frqwh{w ri doo hylghqfh dqg

wkh qrupdol}hg vxpv irupxodwlrq lq wkh frqwh{w ri dqqrwdwhg hylghqfh duh eurnhq

grzq e| gldjqrvlv lq Wdeoh 7161 Wkhvh wzr v|vwhpv zhuh vhohfwhg ehfdxvh ri wkhlu

ehwwhu shuirupdqfh1 Dq h{dplqdwlrq ri Wdeoh 716 vkrzv wkdw wkh shuirupdqfh ydulhv

dfurvv wkh gldjqrvhv1 Lw lv dovr lqwhuhvwlqj wr qrwh wkdw wkh shuirupdqfh ri wkh wzr

v|vwhpv rq d sduwlfxodu gldjqrvlv lv vlplodu1 Iru h{dpsoh erwk v|vwhpv kdyh kljk

uhfrjqlwlrq udwhv iru FQY dqg orz uhfrjqlwlrq udwhv iru Hperol1 Wkh uhdvrq iru

wklv yduldwlrq kdv qrw ehhq vwxglhg lq ghwdlo1 Rqh uhdvrq pljkw eh wkh odfn ri jrrg
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h{dpsohv iru fhuwdlq gldjqrvhv1 Vrph gldjqrvhv lq rxu whvw vhw duh rqo| irxqg lq

lpdjhv zlwk pxowlsoh gldjqrvhv1 Wklv pljkw pdnh lw kdughu iru wkh v|vwhp wr ghwhfw

wkhvh gldjqrvhv1 Wklv srvvlelolw| frxog eh vwxglhg ixuwkhu lq ixwxuh zrun1

Wkh shuihfw pdwfk fulwhulrq vkrzv wkdw rxu v|vwhp lv idu iurp rswlpdo1 Wkh ehvw

v|vwhp shuirupdqfh xvlqj wkh edvlf pdwfk fulwhulrq lv :8(1 Wkh v|vwhp lv deoh wr

uhfrjql}h dw ohdvw rqh ri wkh gldjqrvhv lqglfdwhg lq dq lpdjh wkuhh rxw ri irxu wlphv1

Krzhyhu/ wkh ehvw v|vwhp shuirupdqfh xvlqj wkh shuihfw pdwfk fulwhulrq lv 56(1 Wkh

v|vwhp lv deoh wr uhfrjql}h doo wkh gldjqrvhv lqglfdwhg lq wkh lpdjh/ zlwk qr h{wudqhrxv

gldjqrvhv/ lq rqo| rqh rxw ri irxu fdvhv1

Gldjqrvlv Irupxodwlrqv
Qrlv| PD[ Qrupdol}hg vxpv
Doo Hylghqfh Dqqrwdwhg Hylghqfh

Hperol 48( ;(
EUDR ;9( :4(
FUDR 83( 6;(
EUYR <( 4;(
FUYR 97( ;;(
Khpl0FUYR 83( :8(
EGU 93( :7(
SGU 9:( :4(
DVU 5<( 75(
KWU 66( 56(
Frdwv 8:( :<(
Pdfurdqhxulvp 83( ;;(
FQY <4( 433(

Wdeoh 716 Shuirupdqfh ri wkh irupxodwlrqv e| gldjqrvlv1

Xqidploldu Gldjqrvhv

Lq wklv vhfwlrq zh frqvlghu wkh sureohp ri uhfrjql}lqj uhwlqdo lpdjhv h{klelwlqj

glvhdvhv rxwvlgh rxu vhw ri wkluwhhq gldjqrvhv1 Ri wkh 687 lpdjhv lq rxu whvw vhw/

wkhuh duh 89 lpdjhv zlwk doo wkh jurxqg wuxwk gldjqrvhv rxwvlgh wkh vhw ri wkluwhhq

uhfrjql}deoh gldjqrvhv1 Wkhvh lpdjhv duh uhihuuhg wr dv xqidploldu lpdjhv1 Wkhuh

duh dovr 95 lpdjhv zlwk dw ohdvw rqh ri wkh jurxqg wuxwk gldjqrvhv rxwvlgh wkh vhw

ri wkluwhhq uhfrjql}deoh gldjqrvhv/ dqg dw ohdvw rqh ri wkh jurxqg wuxwk gldjqrvhv
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Iljxuh 715 Yduldwlrq ri wkh pd{lpxp v|vwhp rxwsxw iru wkh idploldu dqg xqidploldu
lpdjhv1

zlwklq wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1 Wkhvh lpdjhv duh uhihuuhg wr dv

sduwldoo|0idploldu lpdjhv1

Wkh phwkrg ri sduwlwlrqlqj wkh v|vwhp rxwsxw ydoxhv lqwr wzr vhwv ghshqgv xsrq

wkh ydoxhv h{klelwlqj d elprgdo glvwulexwlrq1 Zh dvvxph wkdw lq lpdjhv zlwk dq

xqnqrzq gldjqrvlv/ wkhuh lv qrw hqrxjk hylghqfh wr vxssruw dq| ri wkh wkluwhhq gldj0

qrvhv zlwklq rxu vhw1 Wkhuhiruh lq wkhvh lpdjhv wkh v|vwhp rxwsxw ydoxhv iru doo wkh

wkluwhhq gldjqrvhv zlwklq rxu vhw vkrxog eh yhu| orz1

Wr whvw wklv k|srwkhvlv/ zh sorw wkh kljkhvw v|vwhp rxwsxw ydoxh iru hdfk lpdjh1

Wkh ydoxhv duh odehoohg dv idploldu ru xqidploldu dffruglqj wr wkh jurxqg wuxwk gl0

djqrvhv ri wkh 587 lpdjhv +4<; idploldu . 89 xqidploldu, lq rxu whvw vhw1 Iljxuh 715

vkrzv wkh yduldwlrq ri wkh pd{lpxp v|vwhp rxwsxw iru wkh xqidploldu dqg idploldu

lpdjhv1 Wkh qrupdol}hg vxpv zlwk dqqrwdwhg hylghqfh v|vwhp lv xvhg wr gldjqrvh

wkh lpdjhv1
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Iljxuh 715 vkrzv wkdw lpdjhv zlwk xqidploldu gldjqrvhv kdyh orzhu v|vwhp rxwsxw

ydoxhv1 Wr fdwhjrul}h dq lpdjh dv idploldu ru xqidploldu/ zh vhw d wkuhvkrog dw wkh

ydooh| ehwzhhq wkh glvwulexwlrqv ri wkh idploldu dqg wkh xqidploldu lpdjhv1 Lq Iljxuh

715/ wklv wkuhvkrog lv dw 4151 Lpdjhv zlwk d pd{lpxp v|vwhp rxwsxw ohvv wkdq 415 duh

fodvvl�hg dv xqidploldu dqg lpdjhv zlwk d pd{lpxp v|vwhp rxwsxw juhdwhu wkdq 415

duh fodvvl�hg dv idploldu1 Irupdoo|/ zh frqvlghu wkh xqidploldu gldjqrvlv dv d irxu0

whhqwk srvvleoh v|vwhp rxwsxw1 Krzhyhu/ wklv rxwsxw fdq rqo| eh pdgh lq lvrodwlrq/

dqg qrw lq frpelqdwlrq zlwk wkh wkluwhhq idploldu gldjqrvhv1

Uhvxowv

Zh whvwhg wkh phwkrg ri uhfrjql}lqj wkh xqidploldu lpdjhv rq wkh vhw ri 649

lpdjhv +4<; idploldu . 89 xqidploldu. 95 sduwldoo| idploldu,1 V|vwhp shuirupdqfh

zdv phdvxuhg xvlqj wkh pdwfk fulwhulrq1 Wkh uhvxowv duh jlyhq lq Wdeoh 7171

Lpdjh Fodvv Lpdjhv Lq Fodvv V|vwhp
Shuirupdqfh

Idploldu 4<; 93(
Xqidploldu 89 :4(
Sduwldoo| Xqidploldu 95 <8(
Doo 649 9<(

Wdeoh 717 V|vwhp shuirupdqfh edvhg rq gldjqrvlv idploldulw|1

Frqfoxvlrqv

Zh vhh iurp Iljxuh 715 wkdw wkhuh lv frqvlghudeoh ryhuods ehwzhhq wkh glvwulexwlrqv

ri wkh idploldu dqg wkh xqidploldu lpdjhv1 Wkhuh duh idploldu lpdjhv zlwk d v|vwhp

rxwsxw ohvv wkdq 4151 Wkhuhiruh lqfoxglqj wkh delolw| wr uhfrjql}h xqidploldu lpdjhv

fdxvhv d ghfuhdvh lq shuirupdqfh1 H{dplqlqj Wdeoh 714 dqg Wdeoh 717/ zh revhuyh

wkdw wkh v|vwhp*v delolw| wr gldjqrvh wkh idploldu lpdjhv kdv idoohq iurp :8( wr 93(1

Lw vkrxog dovr eh qrwhg wkdw doo wkh xqidploldu gldjqrvhv duh oxpshg wrjhwkhu1

Wkhuh lv qr zd| wr glvwlqjxlvk ehwzhhq wzr gl�huhqw gldjqrvhv rxwvlgh rxu vhw ri

wkluwhhq idploldu gldjqrvhv1

Wkh v|vwhp shuirupv zlwk d yhu| kljk dffxudf| rq wkh sduwldoo| idploldu lpdjhv1

Wkh uhdvrq iru wklv kljk dffxudf| kdv qrw ehhq vwxglhg lq wklv zrun1
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Dv dq dowhuqdwlyh wr xvlqj wkh pd{lpxp v|vwhp rxwsxw ydoxh wr glvwlqjxlvk eh0

wzhhq idploldu dqg xqidploldu gldjqrvhv/ zh dovr frqvlghuhg xvlqj wkh pd{lpxp ydoxh

iurp Ilvkhu*v whvw1 Wkh lghd lv wkdw li wkh glvwulexwlrq lv qrw elprgdo/ wkh odujhvw

ydoxh iurp Ilvkhu*v whvw vkrxog eh uhodwlyho| vpdoo1 Krzhyhu/ zh irxqg wklv phwkrg

glg qrw surgxfh dq dghtxdwh sduwlwlrqlqj1

Qrupdo fdvhv

Lq wklv vhfwlrq zh frqvlghu wkh sureohp ri uhfrjql}lqj uhwlqdo lpdjhv h{klelwlqj qr

glvhdvh1 Ri wkh 687 lpdjhv lq rxu whvw vhw/ 6; kdyh ehhq gldjqrvhg dv qrupdo1 Orrnlqj

dw wkh dqqrwdwlrqv/ zh irxqg wkdw 58 ri wkhvh lpdjhv glg qrw kdyh dq| deqrupdolwlhv1

Doo wkh pdqlihvwdwlrqv zhuh hlwkhu devhqw ru qrupdo1 Wkh gldjqrvlv ri wkhvh 58 lpdjhv

dv qrupdo lv wulyldo1

Wkh uhpdlqlqj wkluwhhq lpdjhv zhuh gldjqrvhg dv qrupdo ghvslwh wkh suhvhqfh ri

rqh ru pruh deqrupdolwlhv1 Zh h{dplqhg wkhvh dqqrwdwlrqv iru vlplodulwlhv1 Suhvxp0

deo| wkhuh pd| eh vrph pdqlihvwdwlrqv wkdw fdq dsshdu lq wkh uhwlqd zlwkrxw wkh

suhvhqfh ri d glvhdvh1 Zh pljkw uhfrjql}h wkhvh dv sdwwhuqv1 Zh dovr h{dplqhg wkh

v|vwhp rxwsxw ydoxhv iru doo wkh qrupdo lpdjhv1 Wkh lghd lv wkdw zh pljkw eh deoh wr

lghqwli| d wkuhvkrog wr fodvvli| dq lpdjh dv qrupdo1

Uhvxowv

Zh frxog qrw glvfryhu d sdwwhuq lq wkh dqqrwdwlrqv1 Qr wzr dqqrwdwlrqv zhuh

h{dfwo| dolnh1 Wkh v|vwhp rxwsxw ydoxhv dovr glg qrw h{klelw d qrwlfhdeoh sdwwhuq1

Frqfoxvlrqv

Zh k|srwkhvl}h wzr srvvleoh uhdvrqv iru rxu idloxuh wr �qg d sdwwhuq ru glvfulpl0

qdqw iru wkh qrupdo lpdjhv1 Iluvw/ lw lv srvvleoh wkdw zlwk wkh wkluwhhq lpdjhv xqghu

frqvlghudwlrq/ wkhuh zdv d sureohp lq gdwd froohfwlrq1 Iru h{dpsoh/ wkh dqqrwdwlrq

pd| eh lqdffxudwh/ wkh gldjqrvlv pd| eh plvwdnhq/ ru wkhuh pd| kdyh ehhq dq huuru

gxulqj wkh uhfruglqj ri wkh gdwd1 Vhfrqg/ lw lv srvvleoh wkdw pruh qrupdo lpdjhv duh

qhhghg wr gh�qh d sdwwhuq1 Zh glg qrw h{soruh wklv lvvxh/ dqg zh ohdyh lw iru ixwxuh

zrun1
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IUHTXHQFLHV YHUVXV EHOLHIV

Wkh ydoxhv lq wkh eholhi wdeoh uhsuhvhqw rslqlrqv1 Hdfk ydoxh lv dq h{shuw*v eholhi lq

wkh olnholkrrg ri d pdqlihvwdwlrq jlyhq wkh suhvhqfh ri d glvhdvh1 Dowkrxjk wkh rslqlrq

lv zhoo0lqiruphg/ wkh eholhiv duh qrw dfwxdo phdvxuhphqwv ri suredelolwlhv1 Lq wklv

fkdswhu zh vwxg| wkh h�hfwv ri vxevwlwxwlqj wkh eholhiv zlwk iuhtxhqflhv1 Iuhtxhqflhv

duh dfwxdo phdvxuhphqwv ri wkh suredelolwlhv1

Wkh gl!fxow| lq xvlqj iuhtxhqflhv olhv lq pdnlqj wkh dfwxdo phdvxuhphqwv1 Lq

rughu wr eh vwdwlvwlfdoo| phdqlqjixo/ wkh iuhtxhqflhv pxvw eh phdvxuhg xvlqj �odujh�

srsxodwlrqv1 Lq rxu fdvh/ wklv frxog phdq pdnlqj phdvxuhphqwv ri wkh uhwlqdo khdowk

ri wkrxvdqgv +ru ploolrqv, ri shrsoh1 Wklv gl!fxow| lv zk| lw lv dwwudfwlyh wr xvh dq

h{shuw*v eholhiv lq sodfh ri iuhtxhqflhv1 Dowkrxjk lw lv wlph frqvxplqj dqg srwhqwldoo|

huuru0surqh wr rewdlq dq h{shuw*v eholhiv/ lw lv uhodwlyho| pruh gl!fxow wr rewdlq dfwxdo

iuhtxhqflhv1

Lq wkh frxuvh ri wklv uhvhdufk zh kdyh rewdlqhg kdqg gudiwhg dqqrwdwlrqv dqg

gldjqrvhv ri kxqguhgv ri uhwlqdo lpdjhv1 Wkh iuhtxhqf| ri hdfk pdqlihvwdwlrq lq

wkh suhvhqfh ri d glvhdvh fdq eh frpsxwhg iurp wklv gdwd1 Diwhu frpsxwlqj wkhvh

iuhtxhqflhv/ zh fdq vxevwlwxwh wkhp iru wkh eholhiv dqg uhuxq rxu v|vwhp rq wkh lpdjh

gdwdedvh1 Zh duh lqwhuhvwhg lq glvfryhulqj wkh shuirupdqfh gl�huhqfhv/ li dq|/ ehwzhhq

wkh xvh ri iuhtxhqflhv dqg eholhiv1

Wkh iuhtxhqflhv wr eh xvhg wr gldjqrvh wkh uhwlqdo lpdjhv kdyh wr eh frpsxwhg1

Wr frpsxwh d iuhtxhqf|/ zh frxqw wkh qxpehu ri wlphv pdqlihvwdwlrq � lq vwdwh 7

kdv rffxuuhg lq wkh suhvhqfh ri gldjqrvlv ( lq doo wkh whvw lpdjhv1 Wklv frxqw lv wkhq

vfdohg e| wkh qxpehu ri lpdjhv lq wkh vhw zlwk gldjqrvlv (1

Lq rughu wr rewdlq xqeldvhg v|vwhp gldjqrvhv/ zh vhsdudwh wkh hqwluh vhw ri lpdjhv

lqwr wudlqlqj dqg whvw vhwv1 Zh xvh wkh zhoo nqrzq phwkrg fdoohg �ohdyh rqh rxw�1

Rqh lpdjh lv fkrvhq wr eh wkh whvw lpdjh1 Wkh uhvw ri wkh lpdjhv duh wkhq xvhg wr

fdofxodwh wkh iuhtxhqflhv1 Xvlqj wkhvh iuhtxhqflhv wkh whvw lpdjh lv gldjqrvhg1 Wklv
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phwkrg lv uhshdwhg vr wkdw hdfk lpdjh lv wkh whvw lpdjh h{dfwo| rqfh1 Dq| lpdjh

wkdw lv wr eh gldjqrvhg lv h{foxghg iurp wkh wudlqlqj vhw1

Uhvxowv

Zh whvwhg wklv phwkrgrorj| rq wkh vhw ri 4<; idploldu lpdjhv +vhh Fkdswhu 7,1

Zh whvwhg wzr v|vwhpv/ rqh xvlqj wkh qrlv| pd{ irupxodwlrq lq wkh frqwh{w ri doo

hylghqfh/ dqg rqh xvlqj wkh qrupdol}hg vxpv irupxodwlrq lq wkh frqwh{w ri dqqrwdwhg

hylghqfh1 Wkh uhvxowv duh wdexodwhg e| gldjqrvlv lq Wdeoh 8141

Gldjqrvlv Qrupdol}hg vxpv Qrlv| PD[
dqqrwdwhg hylghqfh doo hylghqfh
eholhiv iuhtxhqflhv eholhiv iuhtxhqflhv

Hperol ;( 48( 48( 56(
EUDR :4( :4( ;9( 47(
FUDR 6;( 83( 83( 46(
EUYR 4;( ;5( <( <(
FUYR ;;( ;7( 97( 65(
Khpl0FUYR :8( ;6( 83( 75(
EGU :7( ;;( 93( 87(
SGU :4( :9( 9:( 95(
DVU 75( 6;( 5<( 7(
KWU 56( 66( 66( 57(
Frdwv :<( <6( 8:( 8:(
Pdfurdqhxulvp ;;( ;;( 83( 6;(
FQY 433( <4( <4( 88(
Wrwdo :8( ;9( 96( 84(

Wdeoh 814 V|vwhp shuirupdqfh rq 4<; idploldu lpdjhv e| gldjqrvlv/ frpsdulqj
iuhtxhqflhv zlwk eholhiv1

Dovr/ zh frpsduhg wkh iuhtxhqflhv zlwk wkh h{shuw jlyhq eholhiv wr �qg wkh glvwul0

exwlrq ri yduldqfh1 Wklv glvwulexwlrq lv sorwwhg lq Iljxuh 8141

Frqfoxvlrqv

Iljxuh 814 vkrzv wkdw wkh gl�huhqfh ehwzhhq hdfk iuhtxhqf| dqg eholhi lv ohvv wkdq

315 lq prvw fdvhv1 Wkh lqvwdqfhv zkhuh wkh gl�huhqfh lv odujhu fdq eh vwxglhg lq ixwxuh

zrun1

Wkh qrupdol}hg vxpv v|vwhp lpsuryhg iurp :8( wr ;9( lq gldjqrvwlf h!flhqf|

xvlqj iuhtxhqflhv lq sodfh ri eholhiv1 Wkh shuirupdqfh ri wkh qrlv| PD[ v|vwhp
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ghfuhdvhg iurp 96( wr 84( lq gldjqrvwlf h!flhqf| xvlqj iuhtxhqflhv lq sodfh ri eholhiv1

Wkhvh uhvxowv dsshdu frqwudglfwru|1 Lw lv qrw fohdu wr xv zk| wkh shuirupdqfh ri wkh

qrlv| PD[ v|vwhp ghfuhdvhg1

Iru wkh qrupdol}hg vxpv v|vwhp/ wkh shuirupdqfh gl�huhqfh iru prvw gldjqrvhv

zdv ohvv wkdq 	48(1 Wkh rqh h{fhswlrq zdv EUYR/ zklfk lpsuryhg e| 97(1 Wklv

gudpdwlf fkdqjh pljkw lqglfdwh d eldvhg eholhi1 Lq ixwxuh zrun zh zrxog olnh wr

uhh{dplqh wklv sduwlfxodu gldjqrvlv1

Zh qrwh wkdw rxu vdpsoh srsxodwlrq lv vwloo uhodwlyho| vpdoo1 D vdpsoh ri kxqguhgv

grhv qrw qhfhvvdulo| surylgh frq�ghqfh wkdw wkh lpsuryhphqw lq shuirupdqfh ri wkh

qrupdol}hg vxpv v|vwhp zlwqhvvhg lq wklv h{shulphqw lv vwdwlvwlfdoo| vljql�fdqw1

Wkh sureohp ri iuhtxhqf| dftxlvlwlrq uhpdlqv pruh gl!fxow wkdq eholhi dftxlvlwlrq1

Iru wklv surmhfw/ wkh h�ruw uhtxluhg wr jdwkhu wkh gdwd wr frpsxwh wkh iuhtxhqflhv

wrrn prqwkv/ zkloh wkh h�ruw uhtxluhg wr jdwkhu wkh eholhiv wrrn rqo| gd|v1 Qrqh0wkh0

ohvv/ wkhuh pd| eh dq dowhuqdwlyh wr vwulfw iuhtxhqf| dftxlvlwlrq1 Lw pd| eh srvvleoh wr

jdwkhu iuhtxhqflhv edvhg rq vpdoohu vdpsohv dqg surylgh wkhp wr dq h{shuw gxulqj wkh

dftxlvlwlrq ri eholhiv1 Lq ixwxuh zrun zh sodq wr sxuvxh wkh dftxlvlwlrq dqg hydoxdwlrq

ri vxfk �iuhtxhqf| dqfkruhg eholhiv�1



FKDSWHU 9

FDVH GLIILFXOW\

Lw lv srvvleoh wr dvvxph wkdw doo gldjqrvwlf fdvhv duh ri htxdo gl!fxow|1 Iru rxu

v|vwhp/ wklv zrxog lpso| wkdw lw lv htxdoo| gl!fxow wr gldjqrvh hdfk lpdjh lq rxu whvw

vhw1 Lq wklv fkdswhu zh whvw wklv dvvxpswlrq1 Zh k|srwkhvl}h wkdw wkh whvw vhw fdq

eh glylghg lqwr hdv|/ prghudwh/ dqg gl!fxow fdvhv1 Zh gh�qh wkh lghdo dqqrwdwlrq

dqg wkh vhsdudeoh dqqrwdwlrq lq rughu wr fodvvli| wkh gldjqrvwlf gl!fxow| ri hdfk

lpdjh1 Wkh gl!fxow| ri hdfk lpdjh lv phdvxuhg dffruglqj wr wkh gl�huhqfh ri lwv

dqqrwdwlrq iurp wkh vhsdudeoh dqqrwdwlrq ri lwv fruuhvsrqglqj jurxqg wuxwk gldjqrvlv1

Zh h{dplqh wkh shuirupdqfh ri wkh v|vwhp rq wkhvh fodvvhv wr yhuli| wkh k|srwkhvlv1

Lghdo Dqqrwdwlrq

Hdfk gldjqrvlv lv dvvxphg wr kdyh dq lghdo dqqrwdwlrq1 Wkh lghdo dqqrwdwlrq

frqvlvwv ri pdqlihvwdwlrqv zklfk vwurqjo| lghqwli| wkh jlyhq gldjqrvlv1 Zh fdoo wkhvh

pdqlihvwdwlrqv nh| lqglfdwruv1 Pdqlihvwdwlrqv wkdw rqo| zhdno| lghqwli| wkh jlyhq

gldjqrvlv duh frqvlghuhg vxssruw hylghqfh/ dqg duh h{foxghg iurp wkh lghdo dqqrwdwlrq1

Wkhuh duh 6< srvvleoh pdqlihvwdwlrqv lq rxu v|vwhp/ kdylqj iurp wzr wr vhyhq

vwdwhv hdfk1 Ljqrulqj wkh devhqw ru qrupdo vwdwh ri hdfk pdqlihvwdwlrq/ wkhuh duh :8

wrwdo srvvleoh pdqlihvwdwlrq vwdwhv1 Zh ljqruh wkh devhqw ru qrupdo vwdwh ri hdfk pdq0

lihvwdwlrq/ iru wklv h{shulphqw/ ehfdxvh zh duh rqo| lqwhuhvwhg lq srvlwlyh lqglfdwruv

ri glvhdvh1

Zh dvvxph wkdw wkh pdqlihvwdwlrqv ri d sduwlfxodu gldjqrvlv pd| eh frqvlghuhg

dv ehorqjlqj wr wzr vhwv/ nh| lqglfdwruv dqg vxssruw hylghqfh1 Wkh eholhiv dvvrfldwhg

zlwk wkhvh pdqlihvwdwlrqv vkrxog kdyh odujhu ydoxhv iru wkh nh| lqglfdwruv/ dqg vpdoohu

ydoxhv iru wkh vxssruw hylghqfh1 Zh xvh Ilvkhu*v olqhdu glvfulplqdqw +vhh Dsshqgl{ E,

wr vhsdudwh wkh :8 wrwdo srvvleoh pdqlihvwdwlrq vwdwhv iru hdfk gldjqrvlv lqwr wzr vhwv1

Wkh vhw ri odujhu ydoxhv lghqwl�hv wkh nh| lqglfdwruv/ zklfk irup wkh lghdo dqqrwdwlrq1
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Lw lv srvvleoh iru wzr ru pruh vwdwhv ri d vlqjoh pdqlihvwdwlrq wr kdyh odujhu eholhi

ydoxhv/ vr wkdw pxowlsoh vwdwhv ri d vlqjoh pdqlihvwdwlrq fdq eh nh| lqglfdwruv1 Wkh

uhvxow lv wkdw wkhuh pd| eh pruh wkdq rqh lghdo dqqrwdwlrq iru d gldjqrvlv1

Wkh lghdo dqqrwdwlrqv frpsxwhg iru hdfk gldjqrvlv duh vkrzq lq Wdeoh 9141 Qxp0

ehuv vhsdudwhg e| d vodvk lq d vlqjoh er{ lqglfdwh pxowlsoh vwdwhv ri wkdw pdqlihvwdwlrq

duh nh| lqglfdwruv iru wkh jlyhq gldjqrvlv1 Eodqn hqwulhv lqglfdwh vxssruw hylghqfh/

ru pdqlihvwdwlrqv wkdw duh qrw fdxvdoo| olqnhg wr wkh jlyhq gldjqrvlv1

Dffruglqj wr rxu gh�qlwlrq/ lw lv srvvleoh iru pruh wkdq rqh gldjqrvlv wr kdyh wkh

vdph lghdo dqqrwdwlrq1 Lq Wdeoh 914/ gldjqrvhv G8 +FUYR, dqg G9 +khpl0FUYR,

kdyh wkh vdph lghdo dqqrwdwlrq1 Lq wklv fdvh lw lv qhfhvvdu| wr xvh wkh vxssruw hylghqfh

wr glvwlqjxlvk ehwzhhq wkh wzr gldjqrvhv1 Wr dffrxqw iru wklv srvvlelolw|/ zh gh�qh

wkh vhsdudeoh dqqrwdwlrq1

Vhsdudeoh Dqqrwdwlrq

Hdfk gldjqrvlv lv dvvxphg wr kdyh d vhsdudeoh dqqrwdwlrq1 Wkh vhsdudeoh dqqrwd0

wlrq frqvlvwv ri pdqlihvwdwlrqv zklfk lghqwli| pruh vwurqjo| zlwk rqh xqltxh gldjqrvlv

wkdq zlwk dq| ri wkh rwkhu srvvleoh gldjqrvhv1 Zh fdoo wkhvh pdqlihvwdwlrqv vwurqj

vhsdudwruv1 Pdqlihvwdwlrqv wkdw htxdoo| lghqwli| zlwk pxowlsoh gldjqrvhv/ zkhwkhu

vwurqjo| ru zhdno|/ duh frqvlghuhg zhdn vhsdudwruv/ dqg duh h{foxghg iurp wkh vhsd0

udeoh dqqrwdwlrq1

Hdfk vwdwh ri hdfk pdqlihvwdwlrq lv frqvlghuhg lqghshqghqwo| gxulqj wkh frpsx0

wdwlrq ri wkh vhsdudeoh dqqrwdwlrqv1 Wkhuh duh wkluwhhq srvvleoh gldjqrvhv lq rxu

v|vwhp/ vr wkdw wkhuh duh wkluwhhq srvvleoh eholhi ydoxhv iru hdfk pdqlihvwdwlrq vwdwh1

Zh dvvxph wkdw wkh eholhi ydoxhv ri d pdqlihvwdwlrq vwdwh dfurvv wkh vhw ri gldjqrvhv

pd| eh frqvlghuhg dv ehorqjlqj wr wzr vhwv/ vwurqj vhsdudwruv dqg zhdn vhsdudwruv1

Wkh eholhiv vkrxog kdyh odujhu ydoxhv iru wkh vwurqj vhsdudwruv/ dqg vpdoohu ydoxhv

iru wkh zhdn vhsdudwruv1 Zh xvh Ilvkhu*v olqhdu glvfulplqdqw +vhh Dsshqgl{ E, wr

vhsdudwh wkh wkluwhhq eholhi ydoxhv iru hdfk pdqlihvwdwlrq vwdwh lqwr wzr vhwv1 Wkh vhw

ri odujhu ydoxhv lghqwl�hv wkh vwurqj vhsdudwruv1

Wklv vhsdudwlrq lv uhshdwhg iru wkh :8 deqrupdo pdqlihvwdwlrq vwdwhv1 Iru wklv
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h{shulphqw/ zh ljqruh wkh qrupdo +devhqw, vwdwh ri hdfk pdqlihvwdwlrq ehfdxvh zh

duh rqo| lqwhuhvwhg lq srvlwlyh lqglfdwruv ri glvhdvh1 Vlqfh hdfk pdqlihvwdwlrq vwdwh lv

vhsdudwhg lqghshqghqwo|/ lw lv srvvleoh iru wzr ru pruh vwdwhv ri d vlqjoh pdqlihvwdwlrq

wr eh vwurqj vhsdudwruv1 Wkh uhvxow lv wkdw wkhuh pd| eh pruh wkdq rqh vhsdudeoh

dqqrwdwlrq iru d gldjqrvlv1

Wkh vhsdudeoh dqqrwdwlrqv frpsxwhg iru hdfk gldjqrvlv duh vkrzq lq Wdeoh 9151

Qxpehuv vhsdudwhg e| d vodvk lq d vlqjoh er{ lqglfdwh pxowlsoh vwdwhv ri wkdw pdq0

lihvwdwlrq duh vwurqj vhsdudwruv iru wkh jlyhq gldjqrvlv1 Eodqn hqwulhv lqglfdwh zhdn

vhsdudwruv/ ru pdqlihvwdwlrqv wkdw duh qrw fdxvdoo| olqnhg wr wkh jlyhq gldjqrvlv1

Dffruglqj wr rxu gh�qlwlrq/ lw lv qrw srvvleoh iru pruh wkdq rqh gldjqrvlv wr kdyh

wkh vdph vhsdudeoh dqqrwdwlrq1 Dowkrxjk wkh vhsdudeoh dqqrwdwlrq lv ohvv gh�qlwlyh

wkdq wkh lghdo dqqrwdwlrq iru d jlyhq gldjqrvlv/ lwv xqltxhqhvv surylghv iru d pruh

suhflvh phdvxuh ri fdvh gl!fxow|1

Lq rughu wr yhuli| wkdw wkh lghdo dqg vhsdudeoh dqqrwdwlrqv duh jrrg +lghdo, fdvhv

ri wkh gldjqrvhv/ zh surfhvv wkhp wkurxjk rxu v|vwhp1 Zh h{shfw wkdw wkh v|vwhp

vkrxog rewdlq qhdu 433( gldjqrvwlf dffxudf| rq wkhvh dqqrwdwlrqv1 Zh whvw wzr

v|vwhpv/ rqh xvlqj wkh qrlv| PD[ irupxodwlrq lq wkh frqwh{w ri doo hylghqfh/ dqg rqh

xvlqj wkh qrupdol}hg vxpv irupxodwlrq lq wkh frqwh{w ri dqqrwdwhg hylghqfh1 Wkhuh

duh 49 lghdo dqqrwdwlrqv +wkuhh gldjqrvhv kdyh wzr lghdo dqqrwdwlrqv hdfk,/ dqg 58

vhsdudeoh dqqrwdwlrqv +9 gldjqrvhv kdyh pxowlsoh vhsdudeoh dqqrwdwlrqv,1 Wdeoh 916

vkrzv wkh uhvxowv1

Lpdjh fodvvhv

Zh k|srwkhvl}h wkdw lw lv srvvleoh wr sduwlwlrq wkh 4<; idploldu lpdjhv lq rxu whvw

vhw lqwr wkuhh fodvvhv ri gldjqrvwlf gl!fxow|= hdv|/ prghudwh dqg gl!fxow1 Zh phdvxuh

wkh gldjqrvwlf gl!fxow| ri dq lpdjh dffruglqj wr wkh gl�huhqfh ehwzhhq lwv dqqrwdwlrq

dqg wkh vhsdudeoh dqqrwdwlrq iru lwv jurxqg wuxwk gldjqrvlv1 Wkh pdqlihvwdwlrqv

suhvhqw lq wkh vhsdudeoh dqqrwdwlrq duh uhihuuhg wr dv vwurqj vhsdudwruv1 Wkh lpdjh

dqqrwdwlrq fdq kdyh vrph ru doo ri wkh vwurqj vhsdudwruv plvvlqj1 Lw fdq dovr kdyh

pdqlihvwdwlrqv rwkhu wkdq wkh vwurqj vhsdudwruv suhvhqw1 Zh dvvxph wkhvh h{wud
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pdqlihvwdwlrqv ghwudfw dwwhqwlrq iurp dq| vwurqj vhsdudwruv wkdw duh suhvhqw1

Zh gh�qh S& dv wkh udwlr ri wkh qxpehu ri vwurqj vhsdudwruv lq wkh lpdjh dqqr0

wdwlrq wr wkh qxpehu ri vwurqj vhsdudwruv suhvhqw lq wkh vhsdudeoh dqqrwdwlrq1 Wkh

ydoxh ri S& fdq udqjh iurp 3 wr 41 Zkhq S& @3/ lw lpsolhv wkdw doo wkh vwurqj vhsdudwruv

duh devhqw iurp wkh lpdjh dqqrwdwlrq/ pdnlqj wkh lpdjh kdug wr gldjqrvh1 Zkhq S&

@4/ doo wkh vwurqj vhsdudwruv duh suhvhqw lq wkh lpdjh dqqrwdwlrq/ pdnlqj wkh lpdjh

hdv| wr gldjqrvh1

Zh gh�qh S_ dv wkh udwlr ri wkh qxpehu ri ghwudfwru pdqlihvwdwlrqv lq wkh lpdjh

dqqrwdwlrq wr wkh qxpehu ri vwurqj vhsdudwruv lq wkh vhsdudeoh dqqrwdwlrq1 Wkh udqjh

ri S_ lv ghwhuplqhg e| wkh qxpehu ri pdqlihvwdwlrqv ehlqj frqvlghuhg1 Zkhq S_ : �/

wkh ghwudfwru pdqlihvwdwlrqv rxwqxpehu wkh vwurqj vhsdudwruv/ suhvxpdeo| pdnlqj

wkh lpdjh pruh gl!fxow wr gldjqrvh1

Iljxuh 914 vkrzv d sorw ri wkh ydoxhv ri S& dqg S_ iru wkh 4<; idploldu lpdjhv lq rxu

whvw vhw1 Wklv sorw vkrzv wkdw wkh glvwulexwlrq ydulhv odujho| zlwk S&/ exw yhu| olwwoh

zlwk S_1 Iljxuh 915 vkrzv d sorw ri wkh ydoxhv ri S& rqo| iru wkh 4<; idploldu lpdjhv lq

rxu whvw vhw1 Vlqfh zh k|srwkhvl}hg wkuhh fodvvhv ri fdvh gl!fxow|/ zh lghqwli| wkuhh

udqjhv ri ydoxhv ri S& vxjjhvwhg e| wklv sorw1 Lpdjhv zlwk S& 	' f�S duh fodvvl�hg dv

hdv|1 Lpdjhv zlwk f�S 	 S& 	' f�bD duh fodvvl�hg dv prghudwh1 Lpdjhv zlwk f�bD 	 S&

duh fodvvl�hg dv gl!fxow1 Edvhg rq wkhvh erxqgdu| udqjhv/ wkh 4<; idploldu lpdjhv duh

glvwulexwhg dv olvwhg lq Wdeoh 9171 V|vwhp shuirupdqfh rq wkhvh lpdjhv/ glvwulexwhg

dffruglqj wr fodvv/ lv olvwhg lq Wdeoh 9181 Iru wklv h{shulphqw wkh v|vwhp xvhg lv wkh

qrupdol}hg vxpv irupxodwlrq lq wkh frqwh{w ri dqqrwdwhg hylghqfh1

Frqfoxvlrqv

Wdeoh 918 vxjjhvwv wkdw wkhuh duh rqo| wzr fodvvhv ri lpdjhv= hdv| dqg gl!fxow1

Lpdjhv zlwk S& 	' f�bD fdq eh fodvvl�hg dv hdv| ru prghudwh dqg wkrvh zlwk S& : f�bD

fdq eh fodvvl�hg dv gl!fxow1 Wklv vxjjhvwv wkdw iru dq lpdjh wr eh hdvlo| gldjqrvhg lw

pxvw kdyh dw ohdvw rqh ri wkh vwurqj vhsdudwruv ri lwv jurxqg wuxwk gldjqrvhv1 Lpdjhv

zklfk kdyh qr vwurqj vhsdudwruv dqg uho| rqo| xsrq vxssruw hylghqfh duh kdughu wr

gldjqrvh1
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Pdqliv G4 G5 G6 G7 G8 G9 G: G; G< G43 G44 G45 G46
4
5 5 5 5
6 5
7
8 5
9
:
; 5
< 5
43
44 7 2 8 9 9
45 5 5
46 5 2 6
47
48 6
49
4:
4; 6
4< 6
53
54
55
56
57 6 5
58 5
59
5: 5 5
5; 6
5< 5
63 5
64
65
66
67 5 6
68
69
6:
6; 7
6< 5 2 6

Wdeoh 914 Lghdo dqqrwdwlrqv iru wkh wkluwhhq gldjqrvhv1
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Pdqli G4 G5 G6 G7 G8 G9 G: G; G< G43 G44 G45 G46
4
5
6
7 5
8 5
9 62728
:
; 5
< 5
43
44 5 2 6
45 6 8 92 :
46 5 2 6
47 5
48 6
49
4: 5
4; 6 5
4< 5 2 6
53 5
54 5
55 5
56 6
57 6 7 2 8 5
58 5 6
59 6
5:
5; 6
5< 5
63 5
64 5
65
66 5 2 6
67 5 6
68 5
69
6: 5 2 6
6; 7 6
6< 6

Wdeoh 915 Vhsdudeoh dqqrwdwlrqv iru wkh wkluwhhq gldjqrvhv1
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Qrupdol}hg vxpv Qrlv| PD[
dqqrwdwhg hylghqfh doo hylghqfh

pdwfk djdlqvw lghdo dqqrwdwlrq 433( <7(
shuihfw pdwfk djdlqvw lghdo dqqrwdwlrq 9<( ;;(
pdwfk djdlqvw vhsdudeoh dqqrwdwlrq 433( <9(
shuihfw pdwfk djdlqvw vhsdudeoh dqqrwdwlrq 433( <9(

Wdeoh 916 V|vwhp shuirupdqfh rq lghdo dqg vhsdudeoh dqqrwdwlrqv1

Lpdjh Fodvv Qxpehu ri Lpjhv
Hdv| 8;
Prghudwh 78
Gl!fxow <8

Wdeoh 917 Qxpehu ri lpdjhv lq hdfk k|srwkhvl}hg fodvv ri gldjqrvwlf gl!fxow|1

Lpdjh Fodvv Lpdjhv Lq Fodvv Lpdjhv V|vwhp
Fruuhfwo| Gldjqrvhg Shuirupdqfh

Hdv| 8; 88 <8(
Prghudwh 78 75 <6(
Gl!fxow <8 85 88(

Wdeoh 918 V|vwhp shuirupdqfh edvhg rq fdvh gl!fxow|1
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Dsshqgl{ D

Grpdlq Pdwhuldov

Wklv dsshqgl{ ghwdlov wkh gdwd xvhg lq wklv wkhvlv1 Wkhvh pdwhuldov duh vshfl�f wr

wkh grpdlq frqvlghuhg lq wklv zrun/ uhwlqdo lpdjh gldjqrvlv1

Gldjqrvhv

Gldjqrvhv Deeuhyldwlrq
4 Hperol Hperol
5 Eudqfk uhwlqdo duwhu| rffoxvlrq EUDR
6 Flolr0uhwlqdo duwhu| rffoxvlrq FUDR
7 Eudqfk uhwlqdo yhlq rffoxvlrq EUYR
8 Fhqwudo uhwlqdo yhlq rffoxvlrq FUYR
9 Khpl0fhqwudo uhwlqdo yhlq rffoxvlrq Khpl0FUYR
: Edfnjurxqg gldehwlf uhwlqrsdwk| EGU
; Surolihudwlyh gldehwlf uhwlqrsdwk| SGU
< Duwhulrvfohurwlf uhwlqrsdwk| DVU
43 K|shuwhqvlyh uhwlqrsdwk| KWU
44 Frdwv* glvhdvh Frdwv
45 Pdfurdqhxulvp Pdfurdqhxulvp
46 Fkrurlgdo qhrydvfxodul}dwlrq FQY

Wdeoh D14 Olvw ri wkh gldjqrvhv1
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Pdqlihvwdwlrqv

Pdqlihvwdwlrq Vwdwhv
4 USHG Devhqw

Suhvhqw
5 FPH Qrw ylvleoh

Ylvleoh
6 HUP Devhqw ru qrw ylvleoh

Suhvhqw
7 Vxeuhwlqdo �eurvlv Devhqw

Suhvhqw
8 FQY Qrw revhuydeoh

Revhuydeoh
9 Guxvhq Devhqw

Ilqh/ ihz
Ilqh/ pdq|
Odujh/ vriw/ ihz
Odujh/ vriw/pdq|

: Suhuhwlqdo Devhqw
khpruudkjh Suhvhqw dq|zkhuh

; Vxeuhwlqdo Devhqw
khpruudkjh Suhvhqw dq|zkhuh

< Plfurdqhxulvp Devhqw
ru grw Ihz dq|zkhuh
khpruudkjh Pdq| dq|zkhuh

43 YK Devhqw
Suhvhqw dq|zkhuh

Wdeoh D15 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv1
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Pdqlihvwdwlrq Vwdwhv
44 Vpdoo ru Devhqw

phglxp eorw ru Orz ghqvlw|/ qrw uhjlrqdo
 dph Kljk ghqvlw|/ qrw uhjlrqdo
khpruudkjh Orz ghqvlw|/uhjlrqdo qrw furvvlqj krul}1 phulgldq

Kljk ghqvlw|/uhjlrqdo qrw furvvlqj krul}1 phulgldq
Orz ghqvlw|/uhjlrqdo furvvlqj krul}1 phulgldq
Kljk ghqvlw|/uhjlrqdo furvvlqj krul}1 phulgldq

45 Uhwlqdo ru Devhqw
vxeuhwlqdo Orz vhyhulw|/ qr fluflqdwh
h{xgdwh Kljk vhyhulw|/ qr fluflqdwh

Orz vhyhulw|/ fluflqdwh qrw vxuurxqglqj iryhd
Kljk vhyhulw|/ fluflqdwh qrw vxuurxqglqj iryhd
Orz vhyhulw|/ fluflqdwh vxuurxqglqj iryhd
Kljk vhyhulw|/ fluflqdwh vxuurxqglqj iryhd

46 Pdfxod gdwd Devhqw
Suhvhqw lqfrpsohwh
Suhvhqw 693 _i}

47 RQ froodwhudo Devhqw
Suhvhqw

48 RQ vzhoolqj Devhqw
Orz vhyhulw|
Kljk vhyhulw|

49 RQ khpprudkjh Devhqw
Vsolqwhu
Eore

4: RQ sdoru Qrupdo
Vhfwru sdoru
Sdoh ru zklwh/ zkroh qhuyh

Wdeoh D16 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,1
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Pdqlihvwdwlrq Vwdwhv
4; RQ froru Qrupdo

Vhfwru hu|wkhpd
Urv| ru uhg/ zkroh qhuyh

4< QYG Devhqw
Ohvv wkdq rqh glvn duhd
Juhdwhu wkdq rqh glvn duhd

53 Duwhu| r{|jhq Qrupdo
Gdun +ghr{|jhqdwhg,

54 Duwhu| froru Qrupdo
Frsshu zluh
Vloyhu zluh

55 Duwhu| vkhdwk Devhqw
Suhvhqw

56 Yhlq froru Qrupdo
Jud| ru zklwh +jkrvw yhvvho,
\hoorz +vkhdwkhg,

57 Duwhu| qduurz Qrupdo
Irfdo/ rqh ru pruh vhjphqwv
Prghudwh/ eudqfk ru vlqjoh
Prghudwh/ joredo
H{wuhph/ joredo

58 Duwhu| glodwlrq Qrupdo
Wruwxrvlw|/ eudqfk ru vlqjoh
Wruwxrvlw|/ joredo

59 Yhlq qduurz Qrupdo
Wulexwdu| yhlq ru vlqjoh
Hqwluh yhqrxv wuhh

5: Yhlq glodwlrq Qrupdo
Wruwxrvlw|/ wulexwdu| yhlq ru vlqjoh
Wruwxrvlw|/ joredo

5; Whohdqjohfwdvlv Devhqw ru qrw ylvleoh
Suhvhqw/ qrw furvvlqj krul}rqwdo phgldq
Suhvhqw/ furvvlqj krul}dqwdo phulgldq

5< Ey vshfxodu uh h{ Qrupdo
Zlgh dqg euljkw

Wdeoh D17 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,1
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Pdqlihvwdwlrq Vwdwhv
63 Pdfurdqhxulvp Devhqw

Vlqjoh
Pxowlsoh

64 DY fkdqjh Devhqw ru qrw lq slfwxuh
Rqh ru pruh h{dpsohv

65 W[UG vfklvlv Devhqw
Suhvhqw

66 Frwwrq0zrro vsrw Devhqw
Ihz
Pdq|

67 Lqqhu uhwlqdo lqidufw Devhqw
Qrw lqyroylqj wkh pdfxod
Lqyroylqj wkh pdfxod +fkhuu| uhg vsrw,

68 Fkhuu| uhg vsrw Devhqw
Suhvhqw

69 Jkrvw ey Devhqw
Suhvhqw

6: QYH Devhqw
Ihz ru vpdoo
Pdq| ru odujh
Devhqw

6; Skrwrfrdjxodu vfdu Ilqh +julg,
Odujh/ lq ru qhdu pdfxod
Durxqg �yh kxqguhg |p/
urxqg/ dufdgh ru shulskhudo/ pdq|

6< Hperol pdqlihvwdwlrq Devhqw
Rqh
Pruh wkdq rqh

Wdeoh D18 Olvw ri pdqlihvwdwlrqv dqg wkhlu vwdwhv +frqwlqxhg,1
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Fdxvdo Olqnv

Pdqlihvwdwlrq Olqnhg Gldjqrvhv
4 USHG FQY
5 FPH FQY/ EGU/SGU/ EUYR/FUYR/

Khpl0FUYR/ Frdwv/ Pdfurdqhxulvp
6 HUP EGU/ SGU/EUYR/FUYR/ Khpl0FUYR
7 Vxeuhwlqdo �eurvlv FQY/ SGU/ Frdwv
8 FQY FQY
9 Guxvhq FQY
: Suhuhwlqdo khpruukdjh FQY/ KWU/ SGU/

EUDR/FUDR/ EUYR/FUYR/ Khpl 0FUYR
Pdfurdqhxulvp/ Frdwv

; Vxeuhwlqdo khpruukdjh FQY/ EUYR/FUYR/ Khpl0FUYR /
Pdfurdqhxulvp/ Frdwv

< Plfurdqhxulvp KWU/ EGU/SGU/EUYR/
FUYR/ Khpl0FUYR/ Frdwv

43 YK FQY/SGU/ EUYR/FUYR/ Khpl0FUYR/
Pdfurdqhxulvp/ Frdwv

44 Vpdoo ru phglxp KWU/SGU/EGU/EUYR/FUYR/
eorw khpruukdjh Khpl0FUYR/Pdfurdqhxulvp/ Frdwv

45 Uhwlqdo ru vxeuhwlqdo FQY/ KWU/ SGU/EGU/ EUYR/
h{xgdwhv Khpl0FUYR/Pdfurdqhxulvp/ Frdwv

46 Pdfxod gdwd FQY/ KWU/ SGU/EGU/ EUYR/
Khpl0FUYR/Pdfurdqhxulvp/ Frdwv

47 RQ froodwhudo FUYR/ Khpl0FUYR
48 RQ vzhoolqj EGU/ SGU/ EUDR/ FUYR/ Khpl0FUYR/

KWU/ Frdwv
49 RQ khpruukdjh KWU/ FUYR/ Khpl0FUYR/Frdwv
4: RQ sdoru EUDR/ Frdwv
4; RQ froru SGU/ EGU/ EUDR/ FUYR/ Khpl0FUYR

KWU/ Frdwv

Wdeoh D19 Olvw ri pdqlihvwdwlrqv dqg wkhlu fdxvdo olqnv1
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Pdqlihvwdwlrq Olqnhg Gldjqrvhv
4< QYG SGU/ EUDR/ FUDR/ EUYR/ FUYR/

Khpl0FUYR/ Frdwv
53 Duwhu| r{|jhq EUDR/ FUDR/ Frdwv
54 Duwhu| froru SGU/ EUDR/ DVU
55 Duwhu| vkhdwklqj Pdfurdqhxulvp/ Frdwv
56 Yhlq froru EUYR/ FUYR/ Khpl FUYR/ Frdwv
57 Duwhu| qduurzlqj KWU/ SGU/ EUDR/ FUDR/ Hperol/

EUYR/ FUYR/ Khpl0FUYR/
Pdfurdqhxulvp/ Frdwv

58 Duwhu| glodwlrq EUYR/ FUYR/ Frdwv
59 Yhlq qduurzlqj SGU/ EUDR/FUDR/ Frdwv
5: Yhlq glodwlrq SGU/ EUYR/ FUYR/ Khpl0FUYR/ Frdwv
5; Whohdqjohfwdvlv EGU/ SGU/ EUYR/ Khpl0FUYR/ Frdwv
5< Ey vshfxodu uh h{ DVU
63 Pdfurdqhxulvp KWU/ Frdwv/ Pdfurdqhxulvp
64 DY fkdqjh DVU
65 W[UG vfklvlv SGU/ Frdwv
66 Frwwrq zrro vsrw SGU/ EGU/ EUDR/ Hperol/ EUYR/

FUYR/ Khpl0FUYR/ DVU/ Frdwv/ KWU
67 Lqqhu uhwlqdo lqiudfw EUDR/ FUDR/ Hperol
68 Fkhuu| uhg vsrw FUDR/ Hperol
69 Jkrvw ey KWU/ SGU/ EGU/ EUDR/

FUDR/ EUYR/ FUYR/ Khpl 0FUYR
Pdfurdqhxulvp/ Frdwv/ DVU

6: QYH SGU/ Frdwv/ EUDR/FUDR/EUYR/
FUYR/ Khpl FUYR

6; Skrwrfrdjxodu vfdu FQY/ SGU/EGU/ Frdwv
6< Hperol pdqlihvwdwlrq Hperol/ EUDR/FUDR

Wdeoh D1: Olvw ri pdqlihvwdwlrqv dqg wkhlu fdxvdo olqnv +frqwlqxhg,1
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Lpdjh Gdwdedvh

Wkh lpdjhv lq wkh VWDUH gdwdedvh duh ghvljqdwhg lp[[[[ zkhuh [[[[ lv

d irxu gljlw qxpehu1 Wkh dydlodeoh lpdjhv duh qxpehuhg iurp 3334 wr 37351 Ilyh

qxpehuv lq wklv udqjh duh plvvlqj1 Ri wkh 6<: dydlodeoh lpdjhv/ 76 lpdjhv kdyh

plvvlqj ru lqfrpsohwh dqqrwdwlrqv ru jurxqg wuxwk gldjqrvhv/ dv olvwhg lq Wdeoh D1;1

Lq wkhvh fdvhv wkh h{shuw sk|vlfldq ihow wkdw wkh lpdjh zdv lpsrvvleoh wr gldjqrvh

dorqh +d sk|vlfldq pljkw xvh yhuedoo| dftxluhg hylghqfh iurp wkh sdwlhqw/ dv zhoo

dv pxowlsoh lpdjhv ri pxowlsoh sruwlrqv ri wkh sdwlhqw*v h|h lq rughu wr frqfoxgh d

gldjqrvlv,1 Wkh uhpdlqlqj 687 lpdjhv zlwk dqqrwdwlrqv zhuh xvhg iru h{shulphqwv lq

wklv wkhvlv1

47/ 55/ 68/ 75/ 88/ 89/ :4/ :8/ :</ <</ 435/
43:/ 444/ 479/ 485/ 486/ 4;3/ 4;4/ 4;5/
4;6/ 4;7/ 594/ 597/ 5:5/ 5<5/ 5<7/ 5<8/
636/ 637/ 63:/ 679/ 6:7/ 6::/ 6;9/ 6;:/
6;;/ 6;</ 6<3/ 6<4/ 6<5/ 6<6/ 6<7/ 6<8

Wdeoh D1; Lpdjhv zlwk plvvlqj ru lqfrpsohwh dqqrwdwlrqv ru jurxqg wuxwk gldjqrvhv1

Zh gh�qh wkhvh 687 lpdjhv dffruglqj wr irxu fdwhjrulhv1 D idploldu lpdjh kdv doo

lwv jurxqg wuxwk gldjqrvhv zlwklq wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1 Dq xqid0

ploldu lpdjh kdv doo lwv jurxqg wuxwk gldjqrvhv rxwvlgh wkh vhw ri wkluwhhq uhfrjql}deoh

gldjqrvhv1 D sduwldoo| idploldu lpdjh kdv dw ohdvw rqh ri lwv jurxqg wuxwk gldjqrvhv

rxwvlgh wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv dqg dw ohdvw rqh ri wkh jurxqg wuxwk

gldjqrvhv zlwklq wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1 D qrupdo lpdjh h{klelw

qr glvhdvh1 Wdeohv D1<0D145 olvw wkh lpdjhv dffruglqj wr wkhvh irxu fdwhjrulhv1
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4/ 5/ 8/ </ 46/ 49/ 4:/ 4;/ 4</ 53/ 54/ 58/ 59/ 5:/ 5;/
64/ 66/ 6;/ 73/ 7;/ 7</ 83/ 84/ 85/ 8:/ 8;/ 93/ 97/ 98/
9</ :3/ :6/ :7/ ;8/ ;:/ ;</ <3/ <6/ <7/ <8/ <9/ 434/
436/ 446/ 447/ 448/ 449/ 44:/ 44;/ 454/ 455/ 456/
457/ 458/ 459/ 45:/ 466/ 467/ 468/ 469/ 46:/ 46;/
46</ 473/ 474/ 47;/ 483/ 488/ 489/ 48:/ 48;/ 493/
494/ 498/ 499/ 49;/ 49</ 4::/ 4:;/ 4:</ 4;9/ 4;:/
4;;/ 4;</ 4<4/ 4<7/ 4<8/ 4<9/ 4<:/ 533/ 534/ 535/
536/ 537/ 538/ 539/ 53:/ 53;/ 53</ 543/ 544/ 547/
548/ 54:/ 54;/ 553/ 555/ 556/ 557/ 558/ 559/ 55:/
55;/ 563/ 565/ 566/ 579/ 57:/ 57;/ 584/ 58:/ 58;/
58</ 5:4/ 5:7/ 5:8/ 5:9/ 5::/ 5:</ 5;3/ 5;4/ 5;7/
5<6/ 5<:/ 5<</ 639/ 63;/ 63</ 644/ 645/ 646/ 647/
648/ 649/ 64:/ 64;/ 64</ 653/ 654/ 655/ 656/ 657/
658/ 659/ 65:/ 65;/ 65</ 663/ 664/ 665/ 666/ 667/
668/ 669/ 66:/ 66;/ 673/ 674/ 675/ 676/ 678/ 67:/
67;/ 67</ 683/ 684/ 685/ 686/ 687/ 689/ 68:/ 68;/
68</ 694/ 695/ 696/ 697/ 698/ 699/ 69:/ 69;/ 69</
6:4/ 6<9/ 6<:/ 6<;/ 6<</ 733

Wdeoh D1< Idploldu lpdjhv1

6/ 9/ 43/ 45/ 48/ 56/ 57/ 5</ 6</ 74/ 76/ 77/
79/ 96/ 99/ 9:/ 9;/ :5/ :;/ ;9/ ;;/ <:/ 445/
45;/ 45</ 463/ 464/ 465/ 48</ 4:6/ 4:7/ 4:8/
4:9/ 4;8/ 554/ 583/ 5:6/ 5;5/ 5;6/ 5;8/ 5;9/
5;:/ 5;;/ 5;</ 5<3/ 5<4/ 5<9/ 5<;/ 633/ 634/
635/ 638/ 677/ 693/ 734/ 735

Wdeoh D143 Xqidploldu lpdjhv1

7/ :/ ;/ 44/ 67/ 69/ 6:/ 78/ 86/ 87/ 94/ 95/ ;6/ ;7/
<4/ <5/ <;/ 433/ 437/ 438/ 439/ 443/ 475/ 476/
478/ 47:/ 47</ 484/ 487/ 4:4/ 4<5/ 4<6/ 545/
55</ 589/ 593/ 595/ 596/ 598/ 599/ 59:/ 59;/
59</ 5:3/ 643/ 66</ 688/ 6:3/ 6:5/ 6:6/ 6:8/
6:9/ 6:;/ 6:</ 6;3/ 6;4/ 6;5/ 6;6/ 6;7/ 6;8

Wdeoh D144 Sduwldoo| idploldu lpdjhv1

63/ 65/ :9/ ::/ ;3/ ;4/ ;5/ 44</ 453/ 495/ 496/ 497/
4:3/ 4<3/ 4<;/ 4<</ 546/ 549/ 54</ 564/ 567/ 568/
569/ 56:/ 56;/ 56</ 573/ 574/ 574/ 576/ 577/ 578/
57</ 585/ 586/ 587/ 588/ 5:;

Wdeoh D145 Qrupdo lpdjhv1
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Dqqrwdwlrqv

D kdqg gudiwhg dqqrwdwlrq ri wkh pdqlihvwdwlrqv lq hdfk lpdjh zdv rewdlqhg iurp

wkh h{shuw1 Zkhq wkh dqqrwdwlrqv zhuh rewdlqhg/ wkh vhwv ri gldjqrvhv dqg pdqlihvwd0

wlrqv xqghu frqvlghudwlrq zhuh voljkwo| gl�huhqw iurp wkh �qdo vhwv xvhg lq wklv wkhvlv1

Hdfk dqqrwdwlrq frqwdlqv 77 pdqlihvwdwlrqv/ frpsduhg wr wkh 6< pdqlihvwdwlrqv xvhg

lq wklv wkhvlv1 Iljxuh D14 olvwv wkh wzr irupdwv dqg kljkoljkwv wkh gl�huhqfhv1

Wkh ruljlqdo dqqrwdwlrq lqfoxghv vwdwhv iru uhwlqlwlv +49,/ rswlf qhuyh lq slfwxuh

+4:,/ uhwlqdo dqjlrpd +6;,/ fkrulruhwlqdo vfdu +73,/ judsh foxvwhuv +75,/ qhyxv +76,

dqg jhrjudsklf dqjlrpd +77,/ zklfk duh qrw xvhg lq wklv wkhvlv1 Wkh pdqlihvwdwlrq

rq froru +54, zdv vsolw lqwr rq sdoru +4:, dqg rq froru +4;, iru wklv wkhvlv1 Wklv ohwv

wkh vwdwhv iru wklv deqrupdolw| eh olvwhg prqrwrqlfdoo| lqfuhdvlqj lq vhyhulw|/ zklfk

lv d uhtxluhphqw iru wkh qrlv| pd{ irupxodwlrq1 Vlploduo|/ wkh pdqlihvwdwlrq duwhu|

froru +56, zdv vsolw lqwr duwhu| r{|jhq +53, dqg duwhu| froru +54,/ wkh pdqlihvwd0

wlrq duwhu| gldphwhu +59, zdv vsolw lqwr duwhu| qduurz +57, dqg duwhu| glodwlrq +58,

dqg wkh pdqlihvwdwlrq yhlq gldphwhu +5:, zdv vsolw lqwr yhlq qduurz +59, dqg yhlq

glodwlrq +5:,1 Wkh pdqlihvwdwlrqv vpdoo ru phglxp eorw khpruukdjh +44, dqg uhwl0

qdo khpruukdjh +45, zhuh frpelqhg wr irup wkh pdqlihvwdwlrq vpdoo ru phglxp eorw

khpruukdjh +44,1 Vlploduo| wkh pdqlihvwdwlrqv uhwlqdo ru vxeuhwlqdo h{xgdwh +46, dqg

fluflqdwh sdwwhuq +47, zhuh frpelqhg wr irup wkh pdqlihvwdwlrq uhwlqdo ru vxeuhwlqdo

h{xgdwh +45,1
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Dsshqgl{ E

Ilvkhu*v Olqhdu Glvfulplqdqw Whvw

Olqhdu glvfulplqdqw dqdo|vlv lv d zhoo nqrzq vwdwlvwlfdo wrro xvhg wr fodvvli| gdwd

ehorqjlqj wr gl�huhqw fodvvhv ru jurxsv1 Wklv whvw �qgv wkh olqhdu surmhfwlrq wkdw

pd{lpl}hv wkh vtxduhg glvwdqfhv ehwzhhq wkh jurxs phdqv1 Wkh glvwdqfhv duh vwdq0

gdugl}hg e| wkh vdpsoh yduldqfh1 D qhz revhuydwlrq fdq eh fodvvl�hg edvhg rq lwv

surmhfwlrq rq wkh olqh1 Wkh olqhdu glvfulplqdqw whqgv wr kdyh jrrg vhsdudwlrq surs0

huwlhv hyhq lq wkh fdvh zkhq wkh gdwd lv qrw qrupdoo| glvwulexwhg1

Lq wklv vwxg| Ilvkhu*v olqhdu glvfulplqdqw whvw lv xvhg wr �qg wkh v|vwhp gldjqrvhv1

Ehiruh dsso|lqj Ilvkhu*v whvw wr wkh gldjqrvwlf suredelolwlhv/ wkh| duh duudqjhg lq

ghvfhqglqj rughu1

� E(��
�c � E(�2

�c ���� � E(�
U
� vxfk wkdw � E(�%� : � E(�%n��

zkhuh � ' ����U uhihuv wr hdfk ri wkh wrwdo U gldjqrvhv dqg � E(�� uhihuv wr wkh

�qdo gldjqrvwlf suredelolw| rxwsxw e| wkh v|vwhp1 Diwhu wkhvh suredelolwlhv kdyh ehhq

vruwhg lq ghvfhqglqj rughu wkh| duh sduwlwlrqhg lqwr wzr vhwv D dqg E1 Wkh sduwlwlrqlqj

lv grqh U � � wlphv dv iroorzv=

� ' i� E(��
����� E(�s �jc � ' i� E(�

sn�
����� E(�U

�j iru doo s ' ����U � �

+E14,

Ilvkhu*v olqhdu glvfulplqdqw lv fdofxodwhg iru hdfk sduwlwlrqlqj dv iroorzv=

8s '
E>� � >��

2

j2� n j2�
+E15,

zkhuh >� dqg >� duh wkh phdqv ri wkh wzr jurxsv ru fodvvhv/ dqg j� dqg j� duh wkh

yduldqfhv ri wkh wzr jurxsv1 Wkh ydoxh ri 8s jlyhv wkh �vhsdudwhqhvv� ehwzhhq wkh

wzr jurxsv1 Zh xvh wkh olqhdu glvfulplqdqw whvw wr fodvvli| wkh �qdo v|vwhp rxwsxw

ydoxhv dvvrfldwhg zlwk hdfk ri wkh U gldjqrvhv lqwr wzr vhwv1

Lq rughu wr gldjqrvh dq lpdjh zh �qg 8s iru wkh gl�huhqw sduwlwlrqv ri wkh v|vwhp

rxwsxw ydoxhv dvvrfldwhg zlwk wkh gldjqrvhv1 Wkh sduwlwlrq zlwk wkh kljkhvw 8s lv wkhq

fkrvhq1 Wkh gldjqrvhv lq vhw D iru wkh sduwlwlrq zlwk wkh kljkhvw 8s irup wkh vhw ri
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v|vwhp gldjqrvhv1 Wkh whvw jlyhv xv rqo| wkrvh gldjqrvhv lq vhw D zkrvh suredelolw|

ydoxhv duh kljkhu dqg zhoo vhsdudwhg iurp wkh rwkhu suredelolwlhv1

Wkh iroorzlqj h{dpsoh ghprqvwudwhv Ilvkhu*v whvw1 Lq wklv h{dpsoh wkh v|vwhp kdv

rxwsxw wkh iroorzlqj ydoxhv=

Suredelolw| ydoxhv iru gldjqrvhv
(� (2 (� (e (D (S (. (H (b (�f (�� (�2 (��

314 3 3138 3 3 3 3148 31: 3 31:7 3 3 3

Iluvw/ wkh � E(�� ydoxhv duh vruwhg lq ghvfhqglqj rughu1

Suredelolw| ydoxhv iru gldjqrvhv
(�f (H (. (� (� (2 (e (D (S (b (�� (�2 (��

31:7 31: 3148 314 3138 3 3 3 3 3 3 3 3

Wkh ydoxhv duh sduwlwlrqhg wzhoyh wlphv lqwr 5 vhwv D dqg E xvlqj Htxdwlrq E141

Lq wkh �uvw sduwlwlrq vhw D frqwdlqv (�f dqg vhw E frqwdlqv doo wkh rwkhu gldjqrvhv1

Wkh ydoxh ri 8s iru wklv sduwlwlrq lv wkhq irxqg xvlqj Htxdwlrq E151 Wklv vwhs lv

uhshdwhg iru doo wzhoyh sduwlwlrqv1 Wkh ydulrxv 8s ydoxhv iru wkh wzhoyh sduwlwlrqv lq

wklv h{dpsoh duh dv iroorzv=

8� 82 8� 8e 8D 8S 8. 8H 8b 8�f 8�� 8�2

64;16 475:81: 8316 4814 <15 918 816 71: 716 714 61< 61:

Iurp wklv wdeoh zh vhh wkdw wkh vhfrqg sduwlwlrqlqj kdv wkh odujhvw ydoxh iurp

Ilvkhu*v whvw1 Lq wklv sduwlwlrq vhw D zloo frqwdlq wkh �uvw wzr hohphqwv ri wkh vruwhg

olvw ri gldjqrvhv1 Wkhuhiruh/ wkh v|vwhp gldjqrvhv duh (�f dqg (H1

Lq rxu v|vwhp wkhuh duh pdq| lpdjhv zlwk pxowlsoh jurxqg wuxwk gldjqrvhv1 Wkh

qxpehu ri jurxqg wuxwk gldjqrvhv iru doo wkh lpdjhv lq rxu whvw vhw udqjh iurp rqh wr

wkuhh1 Wkh qxpehu ri v|vwhp gldjqrvhv lv wkhuhiruh dovr eh uhvwulfwhg wr d pd{lpxp

ydoxh ri wkuhh1

Ilvkhu*v whvw srvhv qr uhvwulfwlrqv rq wkh qxpehu ri hohphqwv lq vhw D1 Wkh qxpehu

ri gldjqrvhv lq vhw D fdq udqjh iurp rqh wr U � �1 Wkhuhiruh zh kdyh lpsrvhg d

uhvwulfwlrq rq wkh qxpehu ri hohphqwv lq vhw D e| olplwlqj wkh ydoxh ri s wr eh ohvv

wkdq ru htxdo wr wkuhh1
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Dsshqgl{ F

Jorvvdu|

Gldjqrvlv Glvhdvh ri wkh kxpdq uhwlqd1
Pdqlihvwdwlrq Deqrupdolw| revhuyhg lq wkh uhwlqd ru uhwlqdo lpdjh1
Dqqrwdwlrq Olvw ri hdfk pdqlihvwdwlrq*v vwdwh lq hdfk lpdjh1
Eholhi Wdeoh D suredelolw| wdeoh vxppdul}lqj wkh sk|vlfldq*v eholhiv

lq wkh suhvhqfh ri hdfk pdqlihvwdwlrq jlyhq wkh suhvhqfh
ri hdfk glvhdvh1

Jurxqg wuxwk gldjqrvlv Wkh sk|vlfldq*v gldjqrvlv ri d uhwlqdo lpdjh1
V|vwhp gldjqrvlv Wkh v|vwhp*v gldjqrvlv ri d uhwlqdo lpdjh1
Olqn Dq lqglfdwru ri d fdxvh ehwzhhq d gldjqrvlv dqg d

pdqlihvwdwlrq1
Lq xhqfh gldjudp Judsklfdo uhsuhvhqwdwlrq ri wkh fdxvdo uhodwlrqvklsv

ehwzhhq gldjqrvhv dqg pdqlihvwdwlrqv1
Irupxodwlrq Pdwkhpdwlfdo irupxod xvhg wr plplf wkh h{shuw*v

uhdvrqlqj surfhvv1
Frqwh{w ri hylghqfh Wkh hylghqfh revhuyhg lq wkh uhwlqdo lpdjh fdq eh xvhg

lq wkuhh gl�huhqw frqwh{wv/ doo/ olqnhg ru dqqrwdwhg1
V|vwhp D vshfl�f irupxodwlrq dqg frqwh{w ri hylghqfh xvhg iru

dq h{shulphqw1
Idploldu lpdjh Lpdjh zlwk doo wkh jurxqg wuxwk gldjqrvhv zlwklq wkh

vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1
Xqidploldu lpdjh Lpdjh zlwk doo wkh jurxqg wuxwk gldjqrvhv rxwvlgh wkh

vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1
Sduwldoo| idploldu lpdjh Lpdjh zlwk dw ohdvw rqh ri wkh jurxqg wuxwk gldjqrvhv

rxwvlgh wkh vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv/ dqg
dw ohdvw rqh ri wkh jurxqg wuxwk gldjqrvhv zlwklq wkh
vhw ri wkluwhhq uhfrjql}deoh gldjqrvhv1

Qrupdo Lpdjh Dq lpdjh wkdw h{klelwv qr glvhdvh1
Iuhtxhqf| Qxpehu ri wlphv dq hyhqw rffxuv1
Nh| lqglfdwru Pdqlihvwdwlrq wkdw vwurqjo| frqwulexwhv wr wkh eholhi lq d

gldjqrvlv1
Vwurqj vhsdudwru Pdqlihvwdwlrq wkdw frqwulexwhv wr wkh eholhi lq rqo| rqh

gldjqrvlv1
Zhdn vhsdudwru Pdqlihvwdwlrq wkdw frqwulexwhv wr wkh eholhi lq wzr ru

pruh gldjqrvhv1
Vxssruw hylghqfh Pdqlihvwdwlrq wkdw grhv qrw frqwulexwh yhu| vwurqjo| wr

wkh eholhi lq d gldjqrvlv/ exw grhv frqwulexwh
d olwwoh wr wkh eholhi lqd gldjqrvlv1

Lghdo Dqqrwdwlrq Dq dqqrwdwlrq zlwk rqo| nh| lqglfdwruv1
Vhsdudeoh Dqqrwdwlrq Dq dqqrwdwlrq zlwk rqo| vwurqj vhsdudwruv1
Lpdjh Fodvvhv Fodvvl�fdwlrq ri lpdjhv edvhg rq wkhlu glvwdqfh iurp wkh

vhsdudeoh dqqrwdwlrq1
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