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Devwudfw

Fuhgdo fodvvl�fdwlrq lv d jhqhudol}dwlrq
ri frpprq fodvvl�fdwlrq zklfk doorzv
d frkhuhqw wuhdwphqw ri lpsuhflvlrq wr
eh uhdol}hg1 Wklv sdshu gh�qhv d fuhgdo
fodvvl�hu e| h{whqglqj wkh glvfuhwh wuhh0
dxjphqwhg qdlyh Ed|hv fodvvl�huv wr vhwv
ri suredelolw| glvwulexwlrqv1 D vroxwlrq
dojrulwkp lv ghyhorshg zkrvh frpsxwd0
wlrqdo frpsoh{lw| lv olqhdu lq wkh qxp0
ehu ri ihdwxuhv1 D phwkrg wr lqgxfh wkh
fuhgdo fodvvl�hu iurp gdwd lv sursrvhg1

Nh|zrugv= Fodvvl�fdwlrq/ Qdlyh Ed|hv
fodvvl�hu/ Fuhgdo vhwv/ Lpsuhflvh sured0
elolwlhv/ Ed|hvldq qhwzrunv1

4 Lqwurgxfwlrq

Fodvvl�fdwlrq lv d wrslf ri sulpdu| lpsruwdqfh iru
gdwd plqlqj1 D fodvvl�hu lv d ixqfwlrq wkdw pdsv
lqvwdqfhv ri d vhw ri yduldeohv/ fdoohg dwwulexwhv ru
ihdwxuhv/ wr d vwdwh ri d fdwhjrulfdo fodvv yduldeoh1
Vxfk d sdudgljp lv yhu| jhqhudo= sureohpv lq yhu|
gl�huhqw �hogv fdq eh uhsuhvhqwhg dv fodvvl�fdwlrq
sureohpv1 Xvxdoo|/ dq dojrulwkp fdoohg lqgxfhu
exlogv wkh fodvvl�hu iurp gdwd1 Wkh lqgxfhu ohduqv
e| h{dplqlqj h{dpsohv ri dwwulexwhv0fodvv sdluv1

Wkh qdlyh Ed|hv fodvvl�hu lv d vlpsoh |hw vxusulv0
lqjo| dffxudwh prgho iru fodvvl�fdwlrq ^;/ :/ 43`1
Wklv fodvvl�hu lv uhsuhvhqwhg lq Iljxuh 4 e| wkh
judsklfdo odqjxdjh ri Ed|hvldq qhwzrunv ^46`/
zkhuh wkh ohdyhv ri wkh judsk uhsuhvhqw wkh dw0
wulexwhv D�> = = = >D? dqg wkh urrw lv wkh fodvv F
+hdfk qrgh lv dovr d udqgrp yduldeoh,1 Wkh de0
vhqfh ri dufv ehwzhhq dwwulexwhv lv htxlydohqw wr
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Iljxuh 4= Wkh qdlyh Ed|hv fodvvl�hu

vwdwh wkdw D�> = = = > D? duh pxwxdoo| lqghshqghqw
frqglwlrqdo rq F1

Wuhh0dxjphqwhg qdlyh Ed|hv fodvvl�huv +WDQv,
duh d zhoo0irxqghg dqg vxffhvvixo h{whqvlrqv ri
wkh qdlyh Ed|hv fodvvl�hu/ rewdlqhg e| sduwldoo|
uhod{lqj wkh uhtxluhphqw wkdw ihdwxuhv eh lqgh0
shqghqw ^44`1 Wkh ghshqghqfhv ehwzhhq dwwulexwhv
+frqglwlrqdo rq F, duh prghohg e| d wuhh0vkdshg
Ed|hvldq qhwzrun1

Wkh glvfuhwh qdlyh Ed|hv fodvvl�hu kdv dovr ehhq
h{whqghg wr ghdo zlwk lpsuhflvlrq lq wkh prgho
suredelolwlhv ^54`1 Wklv kdv ehhq grqh e| doorz0
lqj wkh vlpxowdqhrxv wuhdwphqw ri d vhw ri glvwul0
exwlrqv +qdpho|/ d fuhgdo vhw ^45`, ryhu wkh ydul0
deohv ri wkh qdlyh Ed|hv fodvvl�hu/ dffruglqj wr wkh
wkhru| ri lpsuhflvh suredelolwlhv ^48` +vhh dovr ^7`,1
Wkh qhz prgho lv fdoohg qdlyh fuhgdo fodvvl�hu1
Wkh qdlyh fuhgdo fodvvl�hu fdq wdnh lqwr dffrxqw
wkh lpsuhflvlrq lq wkh nqrzohgjh h{wudfwhg iurp
gdwd dv jhqhudwhg e| vpdoo vdpsoh vl}hv dqg plvv0
lqj gdwd ^53`/ dqg lw grhv wklv h!flhqwo| dqg lq
d wkhruhwlfdo0vrxqg zd|1 Dv d uhvxow/ iru d jlyhq
sdwwhuq ri wkh dwwulexwhv/ wkh lpsuhflvlrq lq wkh
lqsxw pd| fuhdwh lpsuhflvlrq lq wkh rxwsxw1 Wkdw
lv/ wkh qdlyh fuhgdo fodvvl�hu uhfrjql}hv wkdw wkh
dydlodeoh nqrzohgjh pd| qrw vx!fh wr lvrodwh d



vlqjoh fodvv/ dqg lq wklv fdvh lw surylghv wkh xvhu
zlwk d vhw ri fodvvhv/ zklfk duh doo fdqglgdwhv dv
wkh surshu fodvv odeho1 Lq jhqhudo/ d fuhgdo fodvvl0
�hu lv gh�qhg dv d ixqfwlrq wkdw pdsv lqvwdqfhv ri
dwwulexwhv wr d qrq0hpsw| vxevhw ri wkh vwdwhv ri d
fdwhjrulfdo fodvv yduldeoh +d vwdqgdug fodvvl�hu lv
d fuhgdo fodvvl�hu wkdw dozd|v rxwsxwv vlqjohwrqv,1

Wklv sdshu lv frqfhuqhg zlwk wkh irupdo h{whq0
vlrq ri glvfuhwh WDQv wr fuhgdo vhwv dqg zlwk wkh
ghyhorsphqw ri dq dojrulwkp iru vxfk qhz fodvvl0
�huv/ zklfk duh fdoohg wuhh0dxjphqwhg qdlyh fuhgdo
fodvvl�huv +WDQFv,1 Irupdoo|/ WDQFv duh d vxe0
vhw ri fuhgdo qhwzrunv ^<`/ l1h1 Ed|hvldq qhwzrunv
h{whqghg wr vhwv ri suredelolw| glvwulexwlrqv1 D
fuhgdo qhw fruuhvsrqgv wr dq lq�qlwh vhw ri vwdq0
gdug Ed|hvldq qhwzrunv1 Wkh frpsxwdwlrq ri d
txdqwlw| lq d fuhgdo qhw lqyroyhv frpsxwlqj lw
iru hdfk Ed|hvldq qhwzrun lq wkh vhw1 Xvxdoo|/
rqh lv lqwhuhvwhg lq wkh h{wuhph ydoxhv ri vxfk d
txdqwlw|> iru wklv uhdvrq/ vroylqj joredo rswlpl}d0
wlrq sureohpv ehfrphv d pdlq lvvxh/ dovr frq0
vlghuhg wkdw wkh| duh yhu| riwhq qrq0olqhdu dqg
qrq0frqyh{1 Qrw vxusulvlqjo|/ qr sro|qrpldo h{0
dfw dojrulwkp ri sursdjdwlrq lv nqrzq hyhq iru
vlqjo|0frqqhfwhg fuhgdo qhwv/ dqg wkh rqo| jhq0
hudo dydlodeoh dojrulwkp fdq kdugo| eh xvhg iru
dssolfdwlrqv ^6/ 5`1

Wkh grpdlq ri fodvvl�fdwlrq khosv vroylqj sduw
ri wkh deryh frpsoh{lw|/ lq idfw wkh fodvvl�fd0
wlrq ri d frpsohwh lqvwdqfh ri wkh dwwulexwhv grhv
qrw uhtxluh sursdjdwlqj fuhgdo vhwv lq d WDQF/
pxfk olnh lq wkh fdvh ri wkh qdlyh fuhgdo fodvvl0
�hu +Vhfwlrq 6,1 Zkhq wkh lqvwdqfh lv sduwldoo|
xqrevhuyhg/ frpsxwlqj wkh WDQF fodvvl�fdwlrq
lqyroyhv vrph sursdjdwlrq1 Zh vkrz wkdw WDQFv
doorz vxfk sursdjdwlrq wr eh uhdol}hg h�hfwlyho|/
e| surylglqj d olqhdu0wlph dojrulwkp1 Zh suhvhqw
vxfk dojrulwkp lq Vhfwlrq 614/ diwhu lqwurgxflqj
wkh qrwdwlrqv dqg vrph edvlf frqfhswv lq Vhfwlrq
5/ dqg gh�qlqj fuhgdo WDQv lq Vhfwlrq 61 Vhfwlrq
615 glvfxvvhv wkh frpsxwdwlrqdo frpsoh{lw| ri wkh
dojrulwkp/ vkrzlqj wkdw lw lv olqhdu lq wkh qxpehu
ri qrghv ri wkh qhw1 Dv d uhvxow/ d frpsohwh fodvvl0
�fdwlrq dojrulwkp iru WDQFv lv dydlodeoh/ zkrvh
frpsxwdwlrqdo frpsoh{lw| doorzv wkh wuhdwphqw ri
uhdo gdwdedvhv1 Dw suhvhqw/ wkh dojrulwkp ohduqv
iurp frpsohwh gdwd vhwv +Vhfwlrq 7, dqg fuhgdo0
fodvvl�hv srvvleo| lqfrpsohwh lqvwdqfhv1 Revhuyh

wkdw lw lv lpsruwdqw wr doorz ydoxhv wr eh plvvlqj
dw ohdvw lq wkh lqvwdqfhv wr fodvvli|> lq idfw/ lw lv
jhqhudoo| xvhixo wr vwduw jhwwlqj dqvzhuv iurp wkh
fodvvl�hu dovr ehiruh doo wkh dwwulexwhv duh nqrzq1

5 Edvlf frqfhswv

514 Qrwdwlrqv

Udqgrp yduldeohv duh uhsuhvhqwhg e| fdslwdo ohw0
whuv> d udqgrp yduldeoh dqg wkh uhodwhg qrgh ri
wkh judsklfdo prgho duh ghqrwhg e| wkh vdph
v|pero1 Iru dq| yduldeoh [/ ohw f +mf m ?
4, eh lwv iudph ri glvfhuqphqw1 Wkh hohphqwv
ri f duh ghqrwhg e| orzhu0fdvh ohwwhuv +h1j1/
[ @ {,1 Zkhq qr dpeljxlwlhv dulvh/ wkh qrwd0
wlrq S ^[ @ { m\ @ | ` pd| eh zulwwhq dv S ^{ m| `/
iru vkruw1 Wkh v|pero S lv xvhg iru d vhw ri sure0
delolw| glvwulexwlrqv1 Zkhq d suredelolw| ydoxh lv
lqwhusuhwhg dv d ixqfwlrq ri wkh xqnqrzq glvwul0
exwlrq S lq d vhw/ S dqg S ghqrwh wkh plqlpxp
dqg wkh pd{lpxp ri wkh suredelolw|/ uhvshfwlyho|1
Wkhvh duh dovr fdoohg orzhu dqg xsshu suredelolwlhv1

515 Fuhgdo vhwv dqg Ed|hvldq qhwzrunv

D Ed|hvldq qhwzrun lv d sdlu kJ>S l zkhuh J @
kY>Dl lv d gluhfwhg df|folf judsk/ zkrvh qrghv
+Y , duh lqwhusuhwhg dv yduldeohv dqg zkrvh dufv
+D, h{suhvv wkh gluhfw ghshqghqfhv ehwzhhq wkhp1
Hdfk yduldeoh [ krogv d frqglwlrqdo glvwulexwlrq
S ^[ mSd +[,` iru hyhu| srvvleoh vwdwh Sd +[, ri
lwv gluhfw suhghfhvvru qrghv +ru sduhqwv,1 Lw lv srv0
vleoh wr vkrz ^46` wkdw wkh mrlqw glvwulexwlrq ryhu
wkh yduldeohv ri wkh judsk lv rewdlqhg e| pxowl0
so|lqj wkh frqglwlrqdo glvwulexwlrqv ri wkh qrghv=
S ^[�> = = = >[?` @

T
�M� S ^[� mSd +[�,`1

Wkh whup fuhgdo vhw lv xvhg iru wkh frqyh{ kxoo
ri d qrq0hpsw| dqg �qlwh vhw ri suredelolw| glv0
wulexwlrqv ^45`1 Jhrphwulfdoo|/ d fuhgdo vhw lv d
sro|wrsh/ l1h1 d forvhg dqg erxqghg uhjlrq zklfk
fdq eh ghvfulehg e| olqhdu frqvwudlqwv1 D fuhgdo
qhwzrun ^<` lv d sdlu kJ>Sl/ zkhuh J lv olnh deryh
zlwk wkh gl�huhqfh wkdw hdfk qrgh [ qrz pdlq0
wdlqv dv pdq| fuhgdo vhwv S�@Ef�

f ri frqglwlrqdo
glvwulexwlrqv dv pdq| mrlqw vwdwhv Sd +[, ri wkh
qrghv* sduhqwv h{lvw1 S lv wkh vhw ri doo wkh srv0
vleoh mrlqw glvwulexwlrqv S ryhu wkh yduldeohv ri
wkh qhw/ zklfk lv rewdlqhg e| pdnlqj hyhu| srv0



vleoh frpelqdwlrq ri wkh frqglwlrqdo glvwulexwlrqv
lq wkh fuhgdo vhwv orfdo wr wkh qrghv=
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Revhuyh wkdw lw lv srvvleoh wr jlyh d pruh jhq0
hudo gh�qlwlrq ri fuhgdo qhwzrun1 Lq idfw/ khuh zh
duh dvvxplqj wkdw hdfk orfdo fuhgdo vhw ri wkh qhw
fdq eh vshfl�hg vhsdudwho| iurp wkh rwkhuv/ l1h1
wkdw wkh orfdo fuhgdo vhwv duh orjlfdoo| lqghshqghqw
^48/ 8`1 Uhod{lqj vxfk dq dvvxpswlrq kdv vwurqj
qhjdwlyh lpsdfw rq frpsxwdwlrqdo frpsoh{lw|/ lq
d zd| wkdw dovr wkh vlpsohvw prghov ehfrph lq0
wudfwdeoh dffruglqj wr fxuuhqw nqrzohgjh ^4;`1 Rq
wkh rwkhu kdqg/ ylrodwlqj wkh deryh dvvxpswlrq
grhv qrw surgxfh zurqj lqihuhqfhv> lq idfw lw lv
htxlydohqw wr dgg vrph ixuwkhu +dojrulwkplf, lp0
suhflvlrq/ wkxv pdnlqj wkh fodvvl�hu ehlqj pruh
fdxwlrxv wkdq qhfhvvdu|1 Vwdwhg gl�huhqwo|/ wklv
dvvxpswlrq lv d zd| ri wudglqj fdxwlrq iru wlph
frpsoh{lw| +vhh dovr Vhfwlrq 8,1
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Iljxuh 5= D vlpsoh WDQ

6 Fuhgdo WDQv

Iljxuh 5 vkrzv d vlpsoh h{dpsoh ri d WDQ1
D WDQ lv d Ed|hvldq qhwzrun zlwk qrghv
F>D�> = = = >D?/ vxfk wkdw wkhuh lv dq duf iurp F
wr dq| rwkhu qrgh/ dqg wkdw wkh ghshqghqflhv eh0
wzhhq dwwulexwhv irup d wuhh1 Li wkh lqvwdqfh wr
fodvvli| lv frpsohwho| nqrzq/ dqg zh zdqw wr frp0
sxwh S ^F mD�> = = = >D? `/ hdfk dwwulexwh lv dq hyl0
ghqfh qrgh1 Lw lv zhoo0nqrzq wkdw wkh dufv ohdylqj
hylghqfh qrghv fdq eh uhpryhg zlwkrxw d�hfwlqj
wkh frpsxwdwlrq ^46` +uhfdoo wkdw wkh frqglwlrqdo
glvwulexwlrqv ri wkh dwwulexwhv pxvw eh vhohfwhg
dffruglqj wr wkh sduhqw*v nqrzq vwdwh,1 Lq wklv
fdvh/ wkh frpsxwdwlrq rq wkh WDQ lv pdgh dv lq
wkh fdvh ri wkh qdlyh Ed|hv fodvvl�hu1 Wklqjv duh

gl�huhqw zkhq vrph dwwulexwhv duh qrw revhuyhg1
Iru lqvwdqfh/ li dwwulexwhv D�>D� dqg De lq Iljxuh
5 duh plvvlqj/ wkh wuhh ehwzhhq wkh dwwulexwhv lv
xqfkdqjhg e| wkh suhvhqfh ri vrph hylghqfh +l1h1
D2 dqg DD,> wkhuhiruh wkh fodvvl�fdwlrq ghshqgv
rq d sursdjdwlrq ri suredelolw| lq wkh wuhh1

WDQFv duh vshfldo fdvhv ri fuhgdo qhwv wkdw kdyh
wkh vdph judsklfdo vwuxfwxuh ri WDQv1 Vlpl0
oduo| wr wkh WDQ fdvh/ wkh fuhgdo0fodvvl�fdwlrq ri
d frpsohwh lqvwdqfh +d�> = = = > d?, lv hdv| wr uhdo0
l}h dqg lw lv dqdorjrxv wr wkh fdvh ri wkh qdlyh
fuhgdo fodvvl�hu1 Wkh qdlyh fuhgdo fodvvl�hu grhv
wkh fodvvl�fdwlrq e| whvwv ri fuhgdo grplqdqfh
^54` ehwzhhq hdfk sdlu ri vwdwhv ri F1 Frqvlghu
f�> f2 5 � > f� lv vdlg wr fuhgdo0grplqdwh f2 li

plq
�M�

S ^f�> d�> = = = > d?`�S ^f2> d�> = = = > d?` A 31 +4,

Lw lv hdv| wr vkrz wkdw f� fuhgdo0grplqdwhv f2 l�
S ^f� md�> = = = > d? ` A S ^f2 md�> = = = > d? ` iru hdfk S 5
S vxfk wkdw S ^d�> = = = > d?` A 31 Wkh vhw ri fodvvhv
fruuhvsrqglqj wr wkh fuhgdo fodvvl�fdwlrq lv wkh vhw
ri fuhgdo0xqgrplqdwhg vwdwhv ri F1

Sureohp +4, fdq eh uhzulwwhq dv

plq
�M��

S ^f�`S ^d�> = = = > d? mf� `�
S ^f2`S ^d�> = = = > d? mf2 ` A 31 +5,

Ohw xv h{dplqh sureohp +5,1 Gxh wr wkh dvvxps0
wlrq ri vhsdudwho|0vshfl�hg fuhgdo vhwv/ wkh fkrlfh
ri d glvwulexwlrq S ^F` 5 S� grhv qrw d�hfw wkh
fkrlfh ri rwkhu qrghv* glvwulexwlrqv> khqfh/ wkh
ydoxhv S ^d�> = = = > d? mf� ` dqg S ^d�> = = = > d? mf2 ` fdq
eh fkrvhq lqghshqghqwo| rq S ^F`1 Ixuwkhupruh/
wkhvh wzr frqglwlrqdo suredelolwlhv duh orjlfdoo|
lqghshqghqw wrr= lq idfw/ wkh fuhgdo vhwv lq wkh
ghshqghqf| wuhh iru wkh dwwulexwhv frqglwlrqdo rq
F @ f� duh vhsdudwhg iurp wkh fuhgdo vhwv ri wkh
wuhh iru F @ f21 Wkhq/ wkh fkrlfh ri wkh plq0
lpxp ri S ^d�> = = = > d? mf� ` dqg wkh pd{lpxp ri
S ^d�> = = = > d? mf2 ` lv d gluhfw frqvhtxhqfh/ frqvlg0
huhg wkdw erwk S ^f�` dqg S ^f2` duh qrq0qhjdwlyh1

Sureohp +5, fdq eh ixuwkhu uhzulwwhq dv iroorzv/
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zkhuh Sd+D�, ghqrwhv wkh lqvwdqfh ri wkh dw0
wulexwh gluhfwo| suhfhglqj D� wkdw lv frqvlvwhqw
zlwk d�> = = = > d?1 Djdlq/ wkh sdvvdjh wr +6, lv srv0
vleoh iru wkh vhsdudwlrq ri wkh fuhgdo vhwv ri gli0
ihuhqw qrghv1 Qrwlfh wkdw sureohp +5, lv d olqhdu
surjudp zlwk yduldeohv S ^f�` dqg S ^f2`/ dqg dv
vxfk lw lv vroyhg h!flhqwo|1

Ohw xv qrz frqvlghu dq lqvwdqfh iru zklfk
rqo| wkh dwwulexwhv lq iD6> = = = > D?j @ H
+4 ? p � q, duh lq d nqrzq vwdwh/ vd|
d6> = = = > d?1 Whvwlqj fuhgdo grplqdqfh uhtxluhv wkh
frpsxwdwlrq ri plq�M�� S ^f�`S ^d6> = = = > d?mf�`�
S ^f2`S ^d6> = = = > d?mf2`/ iroorzlqj dqdorjrxv du0
jxphqwv wr wkdw ohdglqj wr +5,1 Exw qrz
S ^d6> = = = > d?mf�` dqg S ^d6> = = = > d?mf2` fdqqrw eh
zulwwhq dv surgxfwv ri nqrzq whupv/ dv lq +6,/
vlqfh wkh wuhh frqwdlqv vrph ihdwxuhv qrw lq H1
Wkh qh{w vhfwlrq ghyhorsv d surfhgxuh wkdw vroyhv
wklv sureohp e| uhprylqj wkh xqzdqwhg ihdwxuhv
iurp wkh wuhh1

614 Wkh fruh dojrulwkp

Wklv vhfwlrq ghyhorsv d surfhgxuh wr frpsxwh wkh
h{wuhphv ri S ^d6> = = = > d?mf` iru d jlyhq f 5 � 1
Iluvwo|/ wkh dufv iurp F wr wkh dwwulexwhv duh uh0
pryhg +lq wkh vhtxho/ zh zloo qrw frqvlghu wkh
frqglwlrqlqj rq wkh fodvv/ iru vdnh ri fodulw|/ xq0
ghuvwdqglqj wkdw wkh frpsxwdwlrq zloo eh grqh vh0
ohfwlqj wkh orfdo fuhgdo vhwv ri wkh dwwulexwhv iurp
wkh ruljlqdo qhw dffruglqj wr wkh fkrvhq ydoxh ri
wkh fodvvl�fdwlrq yduldeoh,1 Wkh judsk wkdw lv sur0
gxfhg qhhgv qrw eh frqqhfwhg/ l1h1 lw fdq eh d vhw
ri wuhhv/ qdpho| d iruhvw1 Zh ghyhors wkh dojr0
ulwkp e| dvvxplqj wkdw wkh judsk lv frqqhfwhg1
Wkh h{whqvlrq wr wkh fdvh ri wkh iruhvw lv ghvfulehg
dw wkh hqg ri Vhfwlrq 614151 Vhfrqgo|/ wkh ohdyhv
wkdw gr qrw ehorqj wr H duh uhfxuvlyho| uhpryhg1
Wklv lv dfwxdoo| pdujlqdol}lqj ryhu wkhp/ dqg lw lv
d zhoo0nqrzq rshudwlrq zlwk Ed|hvldq qhwzrunv1
Vxfk rshudwlrq krogv dovr iru fuhgdo qhwv vlqfh lw
krogv iru doo wkh Ed|hvldq qhwzrunv wkdw duh frq0
vlvwhqw zlwk wkh jlyhq fuhgdo qhw1

Wkh vhfwlrqv ehorz irupdoo| ghulyh d surfhgxuh ri
qrgh devruswlrqv dqg uhprydov/ zklfk lv uhshdw0
hgo| dssolhg hyhqwxdoo| wudqviruplqj wkh wuhh lqwr
d qrgh wkdw uhsuhvhqwv wkh vwdwh +d6> = = = > d?, ri
wkh mrlqw yduldeoh +D6> = = = >D?,1
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Iljxuh 6= D sruwlrq ri wkh wuhh

61414 Qrgh devruswlrq dqg uhprydo

Zh gh�qh wzr rshudwlrqv= devruswlrq dqg uh0
prydo1 Erwk dsso| wr d qrgh [ zkrvh fkloguhq/
\�> = = = > \& +n � 4,/ duh doo ohdyhv1 Iljxuh 6 vkrzv
wkh sruwlrq ri wuhh uhodwhg wr [/ lwv fkloguhq dqg
lwv sduhqw X 1 E| frqvwuxfwlrq/ \�> = = = > \& duh lq
H1 Wkh rshudwlrqv zrun xqghu wkh iroorzlqj frq0
glwlrqv= fuhgdo vhwv lq gl�huhqw qrghv duh orjl0
fdoo| lqghshqghqw1 Fuhgdo vhwv lq wkh vdph qrgh
duh orjlfdoo| lqghshqghqw zkhq wkh qrgh lv qrq0
ohdi1 Zkhq lw lv d ohdi/ d zhdnhu frqglwlrq vxi0
�fhv1 Uhfdoo wkdw zh duh rqo| lqwhuhvwhg lq wkh lq0
vwdqfh ri wkh ohdyhv/ vd| |�> = = = > |&/ zklfk lv sduw
ri d6> = = = > d? dqg khqfh wkh suredelolvwlf lqirupd0
wlrq wkdw zh qhhg derxw \� +;l 5 i4> = = = > nj, uh0
gxfhv wr wkh lqwhuydov ^S ^|� m{ ` > S ^|� m{ ``/ { 5 f =
Iru d jlyhq l 5 i4> = = = > nj/ zh uhtxluh wkdw wkhuh
h{lvwv d glvwulexwlrq S 5 S zklfk dwwdlqv doo wkh
ohiw h{wuhphv S ^|� m{ `/ { 5 f > vlploduo| iru wkh
uljkw h{wuhphv +wkh wzr glvwulexwlrqv qhhg qrw
eh wkh vdph,1 Zh fdoo wklv frqglwlrq frqvlvwhqf|
ri h{wuhphv1 Frqvlvwhqf| doorzv xv wr vlpxowd0
qhrxvo| frqvlghu hlwkhu doo wkh ohiw h{wuhphv ri
S ^|� m{ `/ { 5 f / ru doo wkh uljkw h{wuhphv> exw
lw grhv qrw doorz xv wr vlpxowdqhrxvo| frqvlghu/
iru h{dpsoh/ S ^|� m{� ` dqg S ^|� m{�� `/ {�> {�� 5 f /
{� 9@ {��/ dv lw zrxog eh srvvleoh li orjlfdo lqghshq0
ghqfh zdv dvvxphg1

Qrgh devruswlrq lv xvhg zkhq [ 5 H +zlwk
ydoxh [ @ {,1 Rxu dlp lv wr foxv0
whu qrgh [ dqg doo lwv fkloguhq lqwr d qhz
qrgh/ olnh lq Iljxuh 7/ dqg khqfh wr frpsxwh
^S ^{> |�> = = = > |&mx`> S ^{> |�> = = = > |&mx`` iru hdfk x 5
L 1

Sursrvlwlrq 4 Wkh h{wuhphv ri S ^{> |�>



XY1…Yi…Yk

U

Iljxuh 7= Wkh judsk diwhu wkh devruswlrq ri [

= = = > |&mx` duh S ^{mx`T&
�'� S ^|�m{` dqg

S ^{mx`T&
�'� S ^|�m{`/ dqg wkh| duh frqvlvwhqw1

Surri1 Frqvlghu wkh ohiw h{wuhphv +wkh uhpdlq0
lqj fdvh lv dqdorjrxv,1 Ohw x 5 L > S ^{> |�>
= = = > |&mx` @ S ^{mx`T&

�'� S ^|�m{` iroorzv zlwk dqdo0
rjrxv dujxphqwv wr wkdw ohdglqj wr +6,1 Jlyhq
x�> x�� 5 L / x� 9@ x��/ S ^{mx�`T&

�'� S ^|�m{` lv
frqvlvwhqw zlwk S ^{mx��`T&

�'� S ^|�m{` ehfdxvh lq
erwk fdvhv S ^|�m{` lv vhw dw wkh vdph ydoxh +;l 5
i4> = = = > nj, dqg ehfdxvh S ^{mx�` dqg S ^{mx��` duh
orjlfdoo| lqghshqghqw1

Qrz zh irfxv rq qrgh uhprydo1 Wklv lv dssolhg
zkhq [ @5 H1 Zh uhpryh qrgh [/ zh foxvwhu
doo lwv fkloguhq lqwr d qhz qrgh/ olnh lq Iljxuh 8/
dqg zh frpsxwh ^S ^|�> = = = > |&mx`> S ^|�> = = = > |&mx``/
iru hdfk x 5 L 1

Y1…Yi…Yk

U

Iljxuh 8= Wkh judsk diwhu wkh uhprydo ri [

Sursrvlwlrq 5 Wkh h{wuhphv ri S ^|�> = = = > |&mx`
duh plq�M��

f

S
% S ^{mx`T&

�'� S ^|�m{` dqg
pd{�M��

f

S
% S ^{mx`T&

�'� S ^|�m{`/ dqg wkh|
duh frqvlvwhqw1

Surri1 Frqvlghu S ^|�> = = = > |&mx`/ iru d jlyhq
x 5 L 1 E| pdujlqdol}dwlrq dqg iru wkh lqgh0
shqghqfh ri \�> = = = > \& dqg X / jlyhq [/ zh kdyh
S ^|�> = = = > |& mx ` @

S
% S ^|�> = = = > |& m{ `S ^{ mx `1

Wklv lv dovr
S
% S ^{ mx `T&

�'� S ^|� m{ ` ehfdxvh
\�> = = = > \& duh pxwxdoo| lqghshqghqw jlyhq [1 Zh
wdnh wkh plqlpxp ri wkh odvw h{suhvvlrq +wkh
pd{lpxp lv dqdorjrxv,1 Uhfdoo wkdw wkh ydoxhv
S ^|� m{ `/ { 5 f duh frqvlvwhqw +;l 5 i4> = = = > nj,
dqg wkdw fuhgdo vhwv ri gl�huhqw qrghv duh orjlfdoo|
lqghshqghqw1 Jlyhq wkdw doo wkh qxpehuv lqyroyhg
duh qrq0qhjdwlyh/ zh kdyh=

S ^|�> = = = > |& mx ` @ plq
�M��

f

[
%

S ^{ mx `
&\
�'�

S ^|� m{ ` =
+7,

Ohw xv qrz vkrz wkdw jlyhq x�> x�� 5 L /
x� 9@ x��/ S ^|�> = = = > |& mx� ` lv frqvlvwhqw zlwk
S ^|�> = = = > |& mx�� `1 Iluvw/ revhuyh wkdw wkh glvwul0
exwlrqv S ^[ mx� ` dqg S ^[ mx�� ` duh orjlfdoo| lq0
ghshqghqw1 Vhfrqg/ S ^|� m{ ` lv �{hg dw wkh vdph
ydoxh lq erwk fdvhv +;l 5 i4> = = = > nj >;{ 5 f,1

Revhuyh wkdw erwk rshudwlrq fdq eh dssolhg dovr
zkhq [ lv wkh urrw ri wkh wuhh1

61415 Dojrulwkp

Wkh ryhudoo surfhgxuh lv ghvfulehg lq wkh iroorz0
lqj srlqwv1 Wklv wdnhv dv lqsxw d qrq0ghjhqhudwh
fuhgdo wuhh +l1h1 wkhuh pxvw eh wzr qrghv dw ohdvw,
zkrvh ohdyhv duh doo lq H1

41 Vhohfw d qrq0ohdi qrgh/ vd| [/ vxfk wkdw doo
lwv fkloguhq duh ohdyhv1

51 Li [ 5 H/ wkhq devrue lw +Sursrvlwlrq 4,/ hovh
uhpryh lw +Sursrvlwlrq 5,1

61 Li wkh wuhh lv d vlqjoh qrgh vwrs/ hovh jr wr 41

Vxfk d surfhgxuh frpsxwhv wkh zdqwhg h{wuhphv1
Iluvw/ wulyldoo|/ li wkh wuhh lq qrw ghjhqhudwh/ wkhuh
dozd|v h{lvwv d qrgh olnh [ uhtxluhg e| srlqw 41
Vhfrqg/ erwk rshudwlrqv lq srlqw 5 surgxfh d qhz
wuhh iru zklfk= wkh uhohydqw lqirupdwlrq frqfhuq0
lqj wkh qrghv lq H lv suhvhuyhg> dv idu dv wkh
fuhgdo vhwv/ rqo| d qhz ohdi qrgh lv fuhdwhg zkrvh
lqwhuydov vdwlvi| wkh frqvlvwhqf| surshuw|1 Wkhuh0
iruh/ wkh surfhgxuh fdq lwhudwlyho| eh dssolhg wr
wkh qhz wuhh1 Wkh odvw rshudwlrq fuhdwhv d vlq0
joh qrgh wkdw uhsuhvhqwv H/ vr surylglqj xv zlwk
^S ^d6> = = = > d?mf` > S ^d6> = = = > d?mf``1
Wkh h{whqvlrq ri wkh dojrulwkp wr d iruhvw lv
vwudljkwiruzdug1 Wkh deryh surfhgxuh wxuqv d wuhh



lqwr d vlqjoh qrgh1 E| dsso|lqj wkh surfhgxuh wr
hdfk wuhh/ wkh iruhvw lq wxuqhg lqwr d vhw qrghv1
Wkh qrghv duh glvmrlqw> iru wklv uhdvrq wkh| duh
suredelolvwlfdoo| lqghshqghqw1 Ixuwkhu/ wkhlu uh0
odwhg lqwhuydov duh orjlfdoo| lqghshqghqw e| frq0
vwuxfwlrq1 Iru dqdorjrxv dujxphqwv xvhg wr gh0
ulyh +5,/ S ^d6> = = = > d?mf` lv wkhq wkh surgxfw ri
wkh orzhu suredelolwlhv ri wkh qrghv> vlploduo| iru
S ^d6> = = = > d?mf`1

615 Frpsxwdwlrqdo frpsoh{lw|

Zh irupdol}h wkh frpsxwdwlrqdo frpsoh{lw| ri d
WDQF fodvvl�fdwlrq zlwk uhjdug wr wkh fdvh ri
dq lqfrpsohwh lqvwdqfh +wkh fdvh ri frpsohwho|0
nqrzq lqvwdqfhv lv htxdo wr wkh frpsoh{lw| ri wkh
qdlyh fuhgdo fodvvl�hu ^54`,1 Zh ghulyh wkh frp0
soh{lw| e| xvlqj d erwwrp0xs dssurdfk1 Ohw xv
vwduw e| hydoxdwlqj wkh frpsoh{lw| ri wkh rshud0
wlrq ri qrgh uhprydo1

H{suhvvlrq +7, lv d olqhdu surjudp1 Lq rughu wr gh0
�qh vxfk d surjudp/ zh pxvw frpsxwh wkh lqqhu
surgxfwv1 Wklv uhtxluhv wkh h{wuhphv ri S ^|� m{ `
+;l 5 i4> = = = > nj >;{ 5 f,1 Zh dvvxph wkdw
wkh| duh douhdg| dydlodeoh/ dv rewdlqhg lq d suh0
surfhvvlqj skdvh wkdw frpsxwhv wkh orzhu dqg xs0
shu suredelolwlhv ri wkh hohphqwdu| hyhqwv iru doo
wkh qrghv dqg doo wkh fuhgdo vhwv1 Ghqrwh e| O wkh
zruvw0fdvh frpsoh{lw| ri vroylqj d olqhdu surjudp
lq wkh qhw/ zkhuh wkh zruvw fdvh lv wdnhq ryhu doo
wkh sro|wrshv ri wkh qhw1 Ohw  eh wkh pd{l0
pxp qxpehu ri vwdwhv ri dq dwwulexwh lq wkh qhw1
+Wklv lv dovr wkh pd{lpxp qxpehu ri orfdo fuhgdo
vhwv ri d qrgh/ vlqfh hdfk qrgh lq wkh wuhh kdv
dw prvw rqh sduhqw1, Zh pxvw frpsxwh d olqhdu
surjudp +O, iru doo wkh vwdwhv ri wkh qrghv +q lv
wkh zruvw0fdvh vxp ri wkh vwdwhv ri wkh qrghv, dqg
doo wkh fuhgdo vhwv ri hdfk qrgh1 Wklv skdvh wdnhv
R

�
qO

2
�
dqg lv uhtxluhg wr vhwxs wkh fodvvl�hu/

vlqfh wkh suh0surfhvvlqj lv grqh rqo| rqfh iru doo
wkh vxevhtxhqw fodvvl�fdwlrqv1 Iru wklv uhdvrq/ zh
gr qrw uhsruw lw lq wkh iroorzlqj dqdo|vlv ri wkh
frpsoh{lw| ri d fodvvl�fdwlrq1

Jlyhq wkdw wkh deryh h{wuhphv duh dydlodeoh/ doo
wkh surgxfwv ri wkh frqglwlrqdo suredelolwlhv wdnh
R

�
rg +[,

�
/ ghqrwlqj e| rg +�, wkh rxwghjuhh ri

d qrgh +wkh qxpehu ri dufv wkdw ohdyh lw,1 Wkhq
zh frpsxwh h{suhvvlrq +7, e| phdqv ri d olqhdu

surjudp rq wkh suredelolwlhv ri { jlyhq x/ wkxv re0
wdlqlqj R

�
rg +[, .O

�
1 Ilqdoo|/ zh dsso| iru0

pxod +7, iru doo wkh vwdwhv lq L dqg khqfh wkh
uhprydo ri qrgh [ wdnhv R

��
rg +[, . O

�

�
1

Wkh odwwhu frpsoh{lw| dssolhv wr hdfk qrgh[ wkdw
lv uhpryhg1 Dowkrxjk vrph qrghv duh devruehg/
zh fdofxodwh wkh frpsoh{lw| dv li doo qrghv zhuh
uhpryhg/ wkxv rewdlqlqj dq xsshu erxqg rq wkh
frpsoh{lw|/ vlqfh wkh wlph uhtxluhg iru qrgh uh0
prydo lv juhdwhu wkdq iru qrgh devruswlrq1 E|
vxpplqj wkh odvw frpsoh{lw| ryhu doo wkh qrghv lq
d wuhh/ zh kdyh R

��
. O

�
w

�
/ l1h1 wkh frpsoh{0

lw| ri frpsxwlqj wkh h{wuhphv ri wkh mrlqw sured0
elolw| ri H lq d wuhh1 Wklv lv rewdlqhg e| frqvlghu0
lqj wkdw O dqg  duh frqvwdqw whupv dqg ehfdxvh
wkh uhprydo ri [ grhv qrw fkdqjh wkh rxwghjuhh
ri X 1 Wkhuhiruh/ wkh vxp ri wkh rxwghjuhhv lv wkh
vxp ri wkh qxpehu ri dufv/ zklfk lv erxqghg e|
wkh qxpehu ri qrghv/ ghqrwhg khuh e| w1

Jrlqj edfn wr wkh ghfrpsrvlwlrq ri wkh ruljl0
qdo qhw lqwr d iruhvw/ zh pxvw vxp wkh odwwhu
frpsoh{lw| iru hdfk wuhh lq wkh iruhvw1 Wklv jlyhv
R

��
. O

�
q

�
/ zkhuh q lv d erxqg rq wkh vxp

ri wkh qrghv ri wkh wuhhv +wkh vxp ri wkh w,/
vlqfh wkh iruhvw lv pdgh e| d vxevhw ri wkh dw0
wulexwhv1 Vxfk wlph lv uhtxluhg wr frpsxwh wkh
h{wuhpd ri S ^d6> = = = > d?m f` +Vhfwlrq 6, iru d vsh0
fl�f fodvv f1 H{whqglqj lw wr doo wkh fodvvhv/ zh kdyh
R

��
. O

�
q m� m

�
1 Ilqdoo|/ zh zulwh wkh ryhu0

doo frpsoh{lw| ri wkh fodvvl�fdwlrq e| wdnlqj lqwr
dffrxqw wkh R

�
m� m2

�
whvwv ri fuhgdo grplqdqfh

+zklfk duh djdlq olqhdu surjudpv> vhh Vhfwlrq 6,/
rewdlqlqj

R
�
q

2 m� m. qO m� m. O m� m2
�
1 +8,

Lw lv xvhixo wr vshfldol}h wklv h{suhvvlrq wr wkh fdvh
ri suredelolw| lqwhuydov/ zklfk jlyh ulvh wr dq lp0
sruwdqw vxevhw ri suredelolw| sro|wrshv1 Zlwkrxw
orvv ri jhqhudolw|/ zh frqvlghu uhdfkdeoh sured0
elolw| lqwhuydov +vhh ^4/ 54`,1 Lq wklv fdvh/ wkh
h{wuhphv ri wkh suredelolw| ri hdfk hohphqwdu|
hyhqw duh uhdglo| dydlodeoh +l1h1 qr suh0surfhvvlqj
lv qhhghg,1 Pruhryhu/ wkh frpsoh{lw| ri vroylqj d
olqhdu surjudp +O, ryhu uhdfkdeoh suredelolw| lq0
whuydov lv olqhdu lq wkh qxpehu ri wkh rswlpl}dwlrq
yduldeohv ^4<`/ dqg lq wkh fdvh ri wkh whvwv ri fuhgdo
grplqdqfh/ wkh olqhdu surjudp lv vroyhg lq frq0



vwdqw wlph +^54`/ Vhfwlrq 714,1 Wkxv/ irupxod +8,
ehfrphv R

�
q

2 m� m. q
2 m� m. m� m2

�
/ l1h1

R
�
q

2 m� m. m� m2
�
= +9,

Revhuyh wkdw lq frpprq dssolfdwlrqv/ erwk  dqg
m� m duh uhodwlyho| orz1 Lq idfw/ d qhfhvvdu| frq0
glwlrq iru Ed|hvldq qhwzrunv fodvvl�huv wr eh df0
fxudwh lv wkdw wkh prgho suredelolwlhv kdyh orz
yduldqfh ^44/ 43`> wklv zrxog qrw eh phw li wkh
deryh vhwv zhuh wrr odujh1

7 Lqgxflqj WDQFv

Wkh suhvhqw vhfwlrq glvfxvvhv wkh lqgxfwlrq ri
WDQFv iurp d gdwd vhw lq devhqfh ri sulru nqrzo0
hgjh/ dv lw lv riwhq wkh fdvh ri gdwd plqlqj ds0
solfdwlrqv1 Zh dvvxph wkdw wkh gdwd vhw grhv
qrw frqwdlq plvvlqj ydoxhv1 Lq wklv fdvh/ wkh gh0
shqghqf| vwuxfwxuh ehwzhhq dwwulexwhv fdq eh uh0
fryhuhg iurp gdwd dffruglqj wr wkh vwdqgdug ds0
surdfk xvhg iru WDQv ^44`1

Wkh ohduqlqj vwdjh lv frpsohwhg zlwk wkh lqgxf0
wlrq ri wkh qrghv* orfdo fuhgdo vhwv1 Wr wklv h{whqw
zh sursrvh wkh phwkrg xvhg iru wkh qdlyh fuhgdo
fodvvl�hu1 Wklv lv edvhg rq Zdooh|*v lqwhuydov ^49`/
l1h1 orzhu dqg xsshu suredelolwlhv iru pxowlqrpldo
vdpsolqj frpsxwhg rq wkh edvlv ri dq lpsuhflvh
Glulfkohw prgho1 Iru d jhqhulf vwdwh { ri d glvfuhwh
yduldeoh [/ wkh lqwhuydo lv�

q%
Q . v

>
q% . v

Q . v

�
/ +:,

zkhuh q% lv wkh qxpehu ri rffxuuhqfhv ri wkh vwdwh
{ dqg Q lv wkh qxpehu ri revhuydwlrqv1 Wkh k|0
shusdudphwhu v uh hfwv wkh ohyho ri fdxwlrq ri wkh
lqihuhqfhv> odujhu v jlyhv juhdwhu fdxwlrq1 Zdooh|
surylghv dujxphqwv wr fkrrvh v lq ^4> 5`1 Lqwhuydov
+:, fruuhvsrqg wr dvvxph d vhw ri Glulfkohw sul0
ruv wr uhsuhvhqw ljqrudqfh1 Ixuwkhu/ wkh lqwhuydov
duh qdwxudoo| uhdfkdeoh/ lqghshqghqw rq vdpsoh
vsdfh gh�qlwlrq/ dqg khqfh wkh| vhhp qdwxudo fdq0
glgdwhv iru wkh lqgxfwlrq1 Frpsxwdwlrqdoo|/ wkh|
duh idvw wr fdofxodwh/ fuhgdo vhwv qhhg olwwoh vwru0
djh wr eh gh�qhg/ dqg wkh ohduqlqj lv lqfuhphqwdo1
Ilqdoo|/ vlqfh fuhgdo vhwv duh gh�qhg e| uhdfkdeoh
suredelolw| lqwhuydov/ wkh frpsxwdwlrqdo frpsoh{0
lw| ri wkh fodvvl�fdwlrq lv jlyhq e| +9,1 Vxfk frp0
soh{lw| doorzv wkh h{suhvvlyh srzhu ri fuhgdo vhwv
wr eh h{sorlwhg e| WDQFv iru uhdo dssolfdwlrqv1

8 Frqfoxvlrqv

Wkh wuhdwphqw ri lpsuhflvlrq lv dq lpsruwdqw
vwhs wrzdugv wkh gh�qlwlrq ri pruh uhdolvwlf
dqg uholdeoh prghov ri fodvvl�fdwlrq1 Wkh wkh0
ru| ri lpsuhflvh suredelolwlhv surylghv d urexvw
dqg wkhruhwlfdoo|0vrxqg iudphzrun wr wklv h{whqw1
Vhwv ri glvwulexwlrqv duh juhdwo| h{suhvvlyh/ hq0
frpsdvvlqj d qxpehu ri rwkhu prghov +h1j1/ srv0
vlelolw| phdvxuhv/ eholhi ixqfwlrqv/ Fkrtxhw fd0
sdflwlhv/ orzhu suredelolwlhv/ frkhuhqw orzhu suh0
ylvlrqv,1 Dv d qdwxudo frqvhtxhqfh/ vxfk jhqhudo0
lw| pd| pdnh wklqjv frpsxwdwlrqdoo| kdughu1 Lq
wkh dxwkruv* h{shulhqfh/ wklv lv vwurqjo| frqqhfwhg
zlwk wkh wuhdwphqw ri lqghshqghqfh1 Wkh vwudljkw
h{whqvlrq ri suredelolvwlf lqghshqghqfh wr vhwv ri
glvwulexwlrqv uhtxluhv ghdolqj zlwk +w|slfdoo| gli0
�fxow, qrq0olqhdu frqvwudlqwv1 Pruh jhqhudoo|/ wkh
frqfhsw ri lqghshqghqfh +luuhohydqfh, iru fuhgdo
vhwv lv d yhu| zlgh dqg fkdoohqjlqj wrslf ^48/ 8/ 47`1
Wklv vhhpv rqh ri wkh uhdvrqv zk| wkh mrlqw xvh ri
Ed|hvldq qhwzrunv dqg fuhgdo vhwv lv d �hog wkdw
suhvhqwv pdq| kdug sureohpv ^4:/ 9/ </ 5`/ exw
zklfk dovr vhhpv zruwk zrunlqj iru1

Dprqj wkh pdq| srvvleoh zd|v ri wdfnolqj zlwk
wkh deryh sureohpv/ rqh lv fkrrvlqj d wudgh0r�
ehwzhhq fdxwlrq dqg frpsoh{lw|/ dv sursrvhg lq
wklv sdshu +Vhfwlrq 515,1 Fohduo|/ wkhuh pxvw eh d
surshu edodqfh ehwzhhq wkhvh wzr whqghqflhv1 Wkh
dvvxpswlrq ri orjlfdoo|0lqghshqghqw fuhgdo vhwv lv
pxfk lq wklv gluhfwlrq dqg lw lv wkh rqo| dvvxps0
wlrq lq wklv sdshu +wkh dojrulwkp lv h{dfw,1

Lw lv lpsruwdqw wr uhdol}h wkdw wkh ghjuhh ri fdx0
wlrq ri wkh fuhgdo fodvvl�hu pd| eh hydoxdwhg
h{shulphqwdoo| ^4;`1 Wklv lv grqh e| frpsdulqj
wkh uhvxowv ri wkh fuhgdo fodvvl�hu dqg lwv srlqw0
suredelolw| frxqwhusduw1 Wkxv/ h{shulphqwv pd|
surylgh suhflrxv lqvljkwv derxw wkh fkrlfh ri wkh
deryh wudgh0r�1

Dfnqrzohgjhphqwv

Wkh dxwkruv duh judwhixo wr dq dqrq|prxv uhihuhh
iru srlqwlqj rxw dq huuru lq wkh ruljlqdo yhuvlrq
ri wkh sdshu1 Pdufr ]d�dorq zdv sduwldoo| vxs0
sruwhg e| VXSVL GLH +kwws=22zzz1vxsvl1fk, xq0
ghu FWL judqw & NWL 754:141



Uhihuhqfhv

^4` O1 Fdpsrv/ M1 Kxhwh/ dqg V1 Prudo1 Sure0
delolw| lqwhuydov= d wrro iru xqfhuwdlq uhd0
vrqlqj1 Lqwhuqdwlrqdo Mrxuqdo ri Xqfhu0
wdlqw|/ Ix}}lqhvv dqg Nqrzohgjh0Edvhg V|v0
whpv/ 5+5,=49:�4<9/ 4<<71

^5` D1 Fdqr dqg V1 Prudo1 D uhylhz ri surs0
djdwlrq dojrulwkpv iru lpsuhflvh suredelol0
wlhv1 Lq J1 gh Frrpdq/ I1 Fr}pdq/ V1 Prudo/
dqg Zdooh| S1/ hglwruv/ LVLSWD*<<1 Xqly1 ri
Jhqw/ Ehojlxp= Wkh Lpsuhflvh Suredelolwlhv
Surmhfw1

^6` M1H1 Fdqr/ V1 Prudo/ dqg M1I1 Yhughjd|0
Oõsh}1 Sursdjdwlrq ri frqyh{ vhwv ri sure0
delolwlhv lq gluhfwhg df|folf qhwzrunv1 Lq
E1 Erxfkrq0Phxqlhu/ O1 Ydoyhugh/ dqg U1U1
\djhu/ hglwruv/ Xqfhuwdlqw| lq Lqwhooljhqw
V|vwhpv/ sdjhv ;8�<91 Dpvwhugdp= Hovhylhu/
4<<61

^7` J1 gh Frrpdq/ S1 Zdooh|/ dqg I1J1 Fr}pdq/
hglwruv1 Wkh Lpsuhflvh Suredelolwlhv Surmhfw1
kwws=22lssvhuy1uxj1df1eh21

^8` L1 Frxvr/ V1 Prudo/ dqg S1 Zdooh|1 H{dp0
sohv ri lqghshqghqfh iru lpsuhflvh suredelol0
wlhv1 Lq J1 gh Frrpdq/ I1 Fr}pdq/ V1 Prudo/
dqg Zdooh| S1/ hglwruv/ LVLSWD*<<1 Xqly1 ri
Jhqw/ Ehojlxp= Wkh Lpsuhflvh Suredelolwlhv
Surmhfw1

^9` I1 Fr}pdq1 Urexvwqhvv dqdo|vlv ri Ed|hvldq
qhwzrunv zlwk orfdo frqyh{ vhwv ri glvwulex0
wlrqv1 Lq G1 Jhljhu dqg S1S1 Vkhqr|/ hglwruv/
XDL0<:/ sdjhv 43;�4481 Vdq Iudqflvfr= Pru0
jdq Ndxipdqq/ 4<<:1

^:` S1 Grplqjrv dqg P1 Sd}}dql1 Rq wkh
rswlpdolw| ri wkh vlpsoh Ed|hvldq fodvvl0
�hu xqghu }hur0rqh orvv1 Pdfklqh Ohduqlqj/
5<+526,=436�463/ 4<<:1

^;` U1R1 Gxgd dqg S1H1 Kduw1 Sdwwhuq fodvvl�0
fdwlrq dqg vfhqh dqdo|vlv1 Qhz \run= Zloh|/
4<:61

^<` H1 Idjlxrol dqg P1 ]d�dorq1 5X= dq h{dfw
lqwhuydo sursdjdwlrq dojrulwkp iru sro|wuhhv
zlwk elqdu| yduldeohv1 Duwl�fldo Lqwhooljhqfh/
439+4,=::�43:/ 4<<;1

^43` M1 Iulhgpdq1 Rq eldv/ yduldqfh/ 324 0 orvv/
dqg wkh fxuvh0ri0glphqvlrqdolw|1 Gdwd Plqlqj
dqg Nqrzohgjh Glvfryhu|/ 4=88�::/ 4<<:1

^44` Q1 Iulhgpdq/ G1 Jhljhu/ dqg P1 Jrog0
v}plgw1 Ed|hvldq qhwzrunv fodvvl�huv1 Pd0
fklqh Ohduqlqj/ 5<+526,=464�496/ 4<<:1

^45` L1 Ohyl1 Wkh Hqwhusulvh ri Nqrzohgjh1 Orq0
grq= PLW Suhvv/ 4<;31

^46` M1 Shduo1 Suredelolvwlf Uhdvrqlqj lq Lqwhool0
jhqw V|vwhpv= Qhwzrunv ri Sodxvleoh Lqihu0
hqfh1 Vdq Pdwhr= Prujdq Ndxipdqq/ 4<;;1

^47` S1 Ylflj1 Hslvwhplf lqghshqghqfh iru lp0
suhflvh suredelolwlhv1 Lq J1 gh Frrpdq/
I1 Fr}pdq/ V1 Prudo/ dqg Zdooh| S1/ hglwruv/
LVLSWD*<<1 Xqly1 ri Jhqw/ Ehojlxp= Wkh Lp0
suhflvh Suredelolwlhv Surmhfw1

^48` S1 Zdooh|1 Vwdwlvwlfdo Uhdvrqlqj zlwk Lpsuh0
flvh Suredelolwlhv1 Qhz \run= Fkdspdq dqg
Kdoo/ 4<<41

^49` S1 Zdooh|1 Lqihuhqfhv iurp pxowlqrpldo gdwd=
ohduqlqj derxw d edj ri pdueohv1 M1U1 Vwdwlvw1
Vrf1 E/ 8;+4,=6�8:/ 4<<91

^4:` S1 Zdooh|1 Phdvxuhv ri xqfhuwdlqw| lq h{0
shuw v|vwhpv1 Duwl�fldo Lqwhooljhqfh/ ;6=4�8;/
4<<91

^4;` P1 ]d�dorq1 D fuhgdo dssurdfk wr qdlyh fodv0
vl�fdwlrq1 Lq J1 gh Frrpdq/ I1 Fr}pdq/
V1 Prudo/ dqg Zdooh| S1/ hglwruv/ LVLSWD*<<1
Xqly1 ri Jhqw/ Ehojlxp= Wkh Lpsuhflvh Sure0
delolwlhv Surmhfw1

^4<` P1 ]d�dorq1 Idvw frpsxwdwlrq ri wkh frq0
�ghqfh iru wkh qdlyh fuhgdo fodvvl�hu gh0
�qhg zlwk lqwhuydo suredelolwlhv1 Whfk0
qlfdo Uhsruw LGVLD0460<</ LGVLD/ 4<<<1
kwws=22zzz1lgvld1fk2whfkuhs1kwpo1

^53` P1 ]d�dorq1 H{dfw fuhgdo wuhdwphqw ri plvv0
lqj gdwd1 Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg
Lqihuhqfh/ 53331 Wr dsshdu1

^54` P1 ]d�dorq1 Wkh qdlyh fuhgdo fodvvl�hu1
Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg Lqihuhqfh/
53331 Wr dsshdu1


