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Dq lpsruwdqw sureohp lq wkh xvh ri ghqvlw| hvwlpdwlrq iru gdwd dqdo|vlv

lv zkhwkhu ru qrw revhuyhg ihdwxuhv/ vxfk dv expsv duh �uhdoo| wkhuh�/ dv

rssrvhg wr ehlqj duwlidfwv ri wkh qdwxudo vdpsolqj yduldelolw|1 Khuh zh

sursrvh d vroxwlrq wr wklv sureohp/ lq wkh fkdoohqjlqj wzr glphqvlrqdo

fdvh/ xvlqj wkh judsklfdo whfkqltxh ri Vljql�fdqfh lq Vfdoh Vsdfh1 Froru

dqg g|qdplf judsklfv irup dq lpsruwdqw sduw ri wkh ylvxdol}dwlrq phwkrg1

4 Lqwurgxfwlrq

Nhuqho ghqvlw| hvwlpdwlrq lv d vprrwklqj phwkrg zklfk vkrzv vwuxfwxuh lq gdwd

wkdw fdq eh kdug wr �qg e| rwkhu phwkrgv1 Vhh/ iru h{dpsoh/ Vfrww +4<<5,/

Zdqg dqg Mrqhv +4<<8, dqg Erzpdq dqg D}}dolql +4<<:, iru pdq| lqwhuhvwlqj

h{dpsohv1 Zkloh wkh phwkrg lv jrrg dw �qglqj vwuxfwxuh/ lw fdq dovr plvv lp0

sruwdqw vwuxfwxuh yld ryhuvprrwklqj/ ru hovh �qg xqlpsruwdqw vsxulrxv vwuxfwxuh

yld xqghuvprrwklqj1

Rqh dssurdfk wr wklv sureohp lv yld gdwd edvhg edqgzlgwk vhohfwlrq/ vxu0

yh|hg lq Mrqhv/ Pduurq dqg Vkhdwkhu +4<<9,1 Zkloh jrrg phwkrgv kdyh ehhq

vxffhvvixo dw �qglqj edqgzlgwkv zklfk uhvxow lq �jrrg hvwlpdwhv�/ wkh| duh

wxqhg iru vrphwklqj gl�huhqw wkdq xqghuvwdqglqj zklfk ihdwxuhv duh vljql�fdqw1

Ixuwkhupruh/ wkh ehvw phwkrgv fxuuhqwo| dydlodeoh vhhp wr eh lqkhuhqwo| rqh0

glphqvlrqdo1
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Vfdoh vsdfh lghdv zhuh xvhg wr prwlydwh d pxfk gl�huhqw dssurdfk/ fdoohg
Vl]hu/ wr �qglqj vljql�fdqw vwuxfwxuh lq Fkdxgkxul dqg Pduurq +4<<<,1 Vhh Pdu0
urq dqg Fkdxgkxul +4<<;d/e, dqg Nlp dqg Pduurq +4<<<, iru ixuwkhu h{dpsohv
dqg glvfxvvlrq1 Vfdoh vsdfh lv d frqfhsw iurp frpsxwhu ylvlrq/ vhh Olqghehuj
+4<<7,1 Zkloh vfdoh vsdfh lv vlpso| d idplo| ri Jdxvvldq nhuqho vprrwkv lq0
gh{hg e| wkh edqgzlgwk/ lw frphv zlwk wzr ylhzsrlqwv wkdw duh qrw frpprq
lq wkh vwdwlvwlfdo olwhudwxuh1 Wkh �uvw ylhz lv wkdw rqh vkrxog qrw wu| wr irfxv
rq d vlqjoh edqgzlgwk/ ehfdxvh wkhuh lv xvxdoo| lpsruwdqw lqirupdwlrq dydlodeoh
dw vhyhudo dprxqwv ri vprrwklqj/ l1h1 dw vhyhudo gl�huhqw ohyhov ri uhvroxwlrq ri
wkh gdwd1 Wkh vhfrqg lv wkdw wkh irfxv ri vwdwlvwlfdo lqihuhqfh vkrxog eh vkliwhg
iurp wkh �wuxh xqghuo|lqj ixqfwlrq�/ wr �wkh wuxh xqghuo|lqj ixqfwlrq ylhzhg dw
wkh jlyhq ohyho ri uhvroxwlrq�/ l1h1 wr wkh xqghuo|lqj ixqfwlrq frqyroyhg zlwk wkh
nhuqho1 Wkh odvw lghd lv yhu| lpsruwdqw/ ehfdxvh lw dyrlgv wkh gl!fxow sureohp
ri kdqgolqj eldv1 Vhh Vhfwlrq 915 ri Fkdxgkxul dqg Pduurq +4<<<, iru ixuwkhu
glvfxvvlrq1

Vl]hu frpelqhv vfdoh vsdfh lghdv zlwk d qhz w|sh ri ylvxdol}dwlrq/ wr jlyh d
xvhixo wrro iru �qglqj vwuxfwxuh lq xqlyduldwh gdwd vhwv1 Wkh phwkrg zrunv iru
erwk xqlyduldwh uhjuhvvlrq dqg xqlyduldwh ghqvlw| hvwlpdwlrq1 Krzhyhu/ Vl]hu
lv lqkhuhqwo| rqh glphqvlrqdo iru wzr uhdvrqv1 Rqh lv wkh w|sh ri ylvxdol}dwlrq
xvhg1 Wkh rwkhu lv wkdw lw lv edvhg rq zkhwkhu wkh ghulydwlyh lv lqfuhdvlqj ru
ghfuhdvlqj/ zklfk lv qrw d xvhixo frqfhsw lq pruh wkdq rqh glphqvlrq1

Wkhvh sureohpv zhuh vroyhg lq wkh wzr glphqvlrqdo vhwwlqj ri lpdjh dqdo|vlv/
e| Jrgwolhevhq/ Pduurq dqg Fkdxgkxul +4<<<,/ zkhuh wkh �Vljql�fdqfh lq Vfdoh
Vsdfh� phwkrg zdv ghyhorshg1 Lq wklv sdshu zh gr d sdudooho ghyhorsphqw ri wkh
Vljql�fdqfh lq Vfdoh Vsdfh frqfhsw lq wkh gl�huhqw vhwwlqj ri elyduldwh ghqvlw|
hvwlpdwlrq1

Wkh �uvw fkdoohqjh lv wr ylvxdol}h wkh idplo| ri vprrwkv1 Lq rqh glphqvlrq/
wklv fdq eh grqh e| vlpso| ryhuod|lqj wkh gl�huhqw vprrwkv/ vhh Pduurq dqg
Fkxqj +4<<:, iru vxjjhvwlrqv derxw wklv1 Lq wzr glphqvlrqv zh jlyh wkh vdph
lqvljkw derxw wkh idplo| ri vprrwkv/ l1h1 wkh vfdoh vsdfh/ e| frqvlghulqj d
prylh ri vprrwkv +zlwk wlph lqgh{lqj wkh orj ri wkh edqgzlgwk,1 Wkh vhfrqg
fkdoohqjh lv wkh glvsod| ri zklfk ihdwxuhv duh lpsruwdqw1 Wklv lv dgguhvvhg yld
dgghg ylvxdo fxhv zklfk lqglfdwh vwdwlvwlfdo vljql�fdqfh/ ri wkh orfdo judglhqw/
dqg2ru ri wkh orfdo fxuydwxuh1

Dv dq looxvwudwlyh h{dpsoh/ zh frqvlghu wkh Phoerxuqh whpshudwxuh gdwd
dqdo|}hg e| K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9,1 Wklv lv d vwxg| ri krz
zhoo |hvwhugd|*v pd{lpxp whpshudwxuh suhglfwv wrgd|*v pd{lpxp whpshudwxuh1
Iljxuh 4 vkrzv wkh vwdqgdug odjjhg vfdwwhusorw/ ri Q @ 697< revhuydwlrqv/ dqg
d fduhixoo| fkrvhq nhuqho vprrwk/ zkhuh wkh khljkw ri wkh ghqvlw| hvwlpdwlrq
vxuidfh lv uhsuhvhqwhg e| jud| ohyhov1 Wkhuh lv d odujh zklwh eore uhsuhvhqwlqj
kljkhvw frqwrxuv ri wkh vprrwk1 Wklv eore whqgv wr olh rq wkh olqh | @ { +l1h1
dorqj wkh 78 ghjuhh olqh/ exw eh fduhixo wr qrw frqixvh dqjxodu ghjuhhv khuh zlwk
whpshudwxuh lq wkh iroorzlqj,/ dqg dovr kdv d wklqqhu h{whqvlrq lqwr wkh kljkhu
whpshudwxuhv/ zklfk lv frqvlvwhqw zlwk wkh lghd wkdw wkh ehvw suhglfwru ri wrgd|*v
pd{ lv |hvwhugd|*v pd{1 Dq lqwhuhvwlqj ihdwxuh zklfk zdv wkh irfxv ri wkh
Dqdo|vlv ri K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9, lv wkh wklq krul}rqwdo

5



dup surmhfwlqj rxw dw d frqvwdqw wrgd|*v pd{ ri durxqg 53 ghjuhhv +Fhovlxv,/ l1h1

dorqj wkh olqh | @ 531 Wkh| suhvhqwhg judsklfv zklfk kljkoljkw wklv ihdwxuh/ dqg

dovr h{sodlqhg lw lq whupv ri orfdo phwhrurorjlfdo nqrzohgjh/ zklfk vxjjhvwhg

wkdw wlphv ri kljk whpshudwxuhv duh iuhtxhqwo| iroorzhg e| d 53 ghjuhh pd{1

Wkh urwdwlrqdoo| v|pphwulf Jdxvvldq nhuqho ixqfwlrq lv xvhg lq doo ghqvlw|

hvwlpdwhv lq wklv sdshu1 Wkh uljkw vlgh ri Iljxuh 4 vkrzv rqo| d vlqjoh edqgzlgwk

k @ 81 Exw lw lv txlwh xvhixo wr orrn dw wkh ixoo vfdoh vsdfh/ l1h1 d eurdg udqjh ri

edqgzlgwkv1 Vxfk �jxuhv duh qrw vkrzq lq wklv sdshu wr vdyh vsdfh1 Krzhyhu/

lw lv frqyhqlhqwo| dqg lqvljkwixoo| grqh e| ylhzlqj d prylh/ wkdw fdq eh irxqg

lq wkh �oh vvvngh4ilj4e1psj/ dw wkh ZZZ dgguhvv=

kwws = @@zzz=xqf=hgx@ghswv@vwdwlvwlfv@srvwvfulsw@sdshuv@pduurq@VVVbngh@=

Wkhvh prylhv fdq eh yhu| hdvlo| sod|hg rq d SF h1j1 e| grzqordglqj/ dqg

wkhq folfnlqj rq wkhp1 Jud| ohyho lpdjhv duh vkrzq lq prvw �jxuhv lq wklv

sdshu +dqg wkhlu dffrpsdq|lqj prylhv,1 Prvw ri wkhp kdyh wkh jud| vfdoh

dgmxvwhg iru pd{lpdo frqwudvw/ phdqlqj wkh froru eodfn +zklwh, lv xvhg iru wkh

plqlpxp +pd{lpxp uhvshfwlyho|, ri wkh vxuidfh ehlqj uhsuhvhqwhg +dqg wklv lv

grqh iudph e| iudph lq wkh prylhv,1 Wkh uljkw vlgh ri Iljxuh 4 +dqg lwv prylh

yhuvlrq, lv wkh rqo| h{fhswlrq1 Ehfdxvh ri vsduvlw| lq jud| vfdohv/ dqg wkh yhu|

kljk ghqvlw| ri gdwd lq wkh orzhu ohiw/ wkh ihdwxuhv ri lqwhuhvw duh lqylvleoh xvlqj

wkh frqyhqwlrqdo ixoo frqwudvw jud| vfdoh1 Wr vhh wkhvh ihdwxuhv/ wkh jud| vfdoh

lv prgl�hg wr lqfoxgh rqo| wkh orzhu 53( ri wkh ghqvlw|/ l1h1 wkh froru zklwh lv

xvhg iru doo uhjlrqv zkhuh wkh ghqvlw| lv kljkhu wkdq 53( ri lwv pd{lpxp1
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h = 5

Iljxuh 4= Vfdwwhusorw +ohiw, dqg k @ 8 nhuqho ghqvlw| hvwlpdwh
+uljkw, iru Phoerxuqh whpshudwxuh gdwd1 Wkh { d{lv lv |hvwhugd|*v
pd{lpxp whpshudwxuh +Fhovlxv,/ dqg wkh | d{lv lv wrgd|*v pd{lpxp
whpshudwxuh +Fhovlxv,1

6



Vljql�fdqfh lq Vfdoh Vsdfh +V6, phwkrgrorj| lv xvhixo iru wkh sduw ri wklv
w|sh ri dqdo|vlv zkhuh wkh vwdwlvwlfldq zrqghuv li revhuyhg ihdwxuhv/ vxfk dv wkh
dupv dorqj wkh olqhv | @ { dqg | @ 53 rq wkh uljkw lq Iljxuh 4/ duh �uhdoo| wkhuh�1
Li vr/ wkh| duh zruwk d ghhshu vhdufk iru fdxvhv/ ri wkh w|sh wkdw zdv grqh e|
K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9,1 Exw li qrw/ vxfk h�ruw frxog eh
zdvwhg1 Fduhixo ghyhorsphqw lv grqh lq Vhfwlrq 5/ exw �uvw wkh xvhixoqhvv ri
V6 lv ghprqvwudwhg1

Iljxuh 5 vkrzv wzr yhuvlrqv ri V6 dssolhg wr wkh Phoerxuqh whpshudwxuh
gdwd/ dw wkh vfdoh k @ 8/ dv frqvlghuhg rq wkh uljkw lq Iljxuh 41 Wkh ohiw kdqg
sorw frqvlghuv dq hvwlpdwh ri wkh judglhqw dw d uhfwdqjxodu julg ri orfdwlrqv1
Li wkh judglhqw lv vljql�fdqwo| gl�huhqw iurp 3/ wkhq dq duurz lv gudzq lq wkh
judglhqw gluhfwlrq1 Orfdwlrqv zlwk qr duurz/ kdyh �pruh qrlvh wkdq vljqdo�
+ehlqj lq uhjlrqv zlwk yhu| orz gdwd ghqvlw|/ dv vhhq lq wkh vfdwwhusorw rq wkh
ohiw lq Iljxuh 4,/ dqg duh wkxv qrw kljkoljkwhg1 Wkh wh{wxuh ri wkh duurzv
fohduo| uhyhdov wkh grplqdqw ulgjh dorqj wkh olqh | @ {1 Lw dovr vkrzv wkdw
wkh krul}rqwdo ulgjh/ dorqj wkh olqh | @ 53 +zkhuh wrgd|*v pd{ whpshudwxuh lv
derxw 53, lv dovr �vwdwlvwlfdoo| vljql�fdqw�1 Wklv zrxog mxvwli| wkh vhdufk iru
h{sodqdwlrqv wkdw zdv grqh e| K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9,1
Dqrwkhu lqwhuhvwlqj ihdwxuh lv vrph vxjjhvwlrq ri d yhuwlfdo ulgjh dorqj wkh olqh
{ @ 53 +zkhuh |hvwhugd|*v pd{lpxp whpshudwxuhv zhuh derxw 53 ghjuhhv,1 Wklv
zdv qrw uhsruwhg e| K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9,/ ehfdxvh wkhlu
lqyhvwljdwlrq zdv frqglwlrqdo rq | jlyhq {/ yhuvxv wkh ixoo elyduldwh dqdo|vlv grqh
e| V61 Dv zlwk wkh udz vprrwkv/ dv vkrzq lq wkh uljkw ri Iljxuh 4/ lw lv xvhixo
wr orrn dw wkh ixoo vfdoh vsdfh/ l1h1 dw pdq| gl�huhqw vprrwkv1 Djdlq d prylh
yhuvlrq ri wklv fdq eh irxqg dw wkh deryh zhe vlwh/ lq wkh �oh vvvngh4ilj5d1psj1

Dqrwkhu yhuvlrq ri V6 uhsodfhv wkh qrwlrq ri �vljql�fdqw judglhqw�/ e| �vlj0
ql�fdqw fxuydwxuh�1 Qrz vhfrqg sduwldo ghulydwlyhv duh frqvlghuhg/ dqg vxp0
pdul}hg e| hljhqydoxhv ri wkh Khvvldq pdwul{/ zklfk jlyh d urwdwlrq lqyduldqw
qrwlrq ri fxuydwxuh1 Froruhg grwv uhsuhvhqw vwdwlvwlfdo vljql�fdqfh ri wkh hljhq0
ydoxhv lq ydulrxv zd|v1 Ghwdlov duh jlyhq lq Vhfwlrq 51 Gdun eoxh grwv duh xvhg
zkhuh erwk hljhqydoxhv duh vljql�fdqwo| qhjdwlyh/ h1j1 qhdu orfdo pd{lpd ri wkh
ghqvlw| hvwlpdwlrq vxuidfh/ vkrzq khuh dv wkh euljkw zklwh uhjlrq1 Wkhuh duh wzr
foxvwhuv ri gdun eoxh grwv/ zklfk pd| uhsuhvhqw gl�huhqw vhdvrqv1 Oljkw sxusoh
lv xvhg iru rqh vljql�fdqwo| qhjdwlyh hljhqydoxh/ zlwk wkh rwkhu qrw vljql�fdqw/
dv dorqj d wklq ulgjh1 Wklv frorulqj dsshduv dorqj wkh olqh | @ { iru kljkhu
whpshudwxuhv/ dv h{shfwhg1 Lw dovr dsshduv dorqj wkh ulgjh irxqg e| K|qgpdq/
Edvkwdqq|n dqg Juxqzdog +4<<9,/ dorqj wkh olqh | @ 53/ zklfk lv dqrwkhu zd|
ri vhhlqj wkdw wklv ihdwxuh ri wkh gdwd lv �uhdoo| wkhuh�/ dqg zruwk fduhixo lqyhv0
wljdwlrq1 Wkh froru uhg lv xvhg zkhuh rqh hljhqydoxh lv vljql�fdqwo| srvlwlyh/
dqg wkh rwkhu lv vljql�fdqwo| qhjdwlyh/ dv dw d vdggoh srlqw1 Wklv dsshduv dorqj
wkh olqh | @ { ehwzhhq wkh wzr sxusoh uhjlrqv/ ehfdxvh wkh ghqvlw| hvwlpdwlrq
vxuidfh ehqgv xszdugv wr jhw wr wkh euljkw shdn Dw wkhvh srlqwv/ wkh qhjdwlyh
hljhqydoxh vkrzv wkh grzqzdugv fxuyh ri wkh ulgjh lq rqh gluhfwlrq/ zkloh wkh
srvlwlyh hljhqydoxh uh hfwv wkh jhqhudo xszdugv fxuyh ri wkh ulgjh wrzdugv wkh
euljkw shdn1 Wkhuh lv d vlplodu uhg uhjlrq iru wkh ulgjh dorqj wkh olqh { @ 53/
djdlq vxjjhvwlqj wkhuh pd| eh d yhuwlfdo ulgjh1 Rudqjh grwv duh xvhg zkhuh
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rqh hljhqydoxh lv vljql�fdqwo| srvlwlyh/ dqg wkh rwkhu lv qrw vljql�fdqw/ dv lq d

orqj ydooh|1 Wkhvh dsshdu zkhuh wkh ghqvlw| hvwlpdwlrq vxuidfh fxuyhv xs iurp

wkh krul}rqwdo1 Djdlq wkh ixoo vfdoh vsdfh lv lqirupdwlyh/ dqg zh vwurqjo| uhf0

rpphqg ylhzlqj wkh prylh yhuvlrq/ lq wkh �oh vvvngh4ilj5e1psj dw wkh deryh

zhe dgguhvv1

h = 5 h = 5

Iljxuh 5= Vljql�fdqw judglhqw +ohiw, dqg fxuydwxuh +uljkw, yhuvlrqv
ri Vljql�fdqfh lq Vfdoh Vsdfh iru wkh k @ 8 nhuqho ghqvlw| hvwlpdwh/
iru wkh odjjhg Phoerxuqh pd{lpxp whpshudwxuh gdwd1

Iljxuh 5 vkrzv wkdw wkh judglhqw dqg fxuydwxuh yhuvlrqv ri V6
�qg gl�huhqw

w|shv ri ihdwxuhv1 Wklv kdv prwlydwhg wkh ghyhorsphqw ri d k|eulg yhuvlrq/

zklfk frpelqhv wkh wzr ylvxdo sdudgljpv1 Wklv dssurdfk �uvw �qgv vljql�fdqw

duurzv/ dv rq wkh ohiw ri Iljxuh 51 Wkhq zkhuh fxuydwxuh lv dovr vljql�fdqw/ wkh

duurz lv uhfroruhg zlwk wkh fxuydwxuh froru +ohiw juhhq zkhuh fxuydwxuh lv qrw

vljql�fdqw,1 Dqg zkhuh fxuydwxuh lv vljql�fdqw/ exw judglhqw lv qrw/ d froruhg

grw lv xvhg1 Vxfk dq V6
sorw lv vkrzq lq wkh ohiw sduw ri Iljxuh 61 Wklv lv qrw

hdv| wr orrn dw wkh �uvw wlph/ dv wkhuh pd| eh frqvlghudeoh sureohpv zlwk lq0

irupdwlrq ryhuordg1 Exw diwhu exloglqj vrph h{shulhqfh/ zh �qg wklv suhihudeoh

wr hlwkhu dssurdfk wdnhq vhsdudwho|1 Lq sduwlfxodu wklv frpelqhv lqwr d vlqjoh

sorw wkh ohvvrqv derxw wkh ihdwxuhv qrwhg deryh1 Iru wkh deryh uhdvrqv d prylh

yhuvlrq lv dydlodeoh dw wkh deryh zhe dgguhvv lq wkh �oh vvvngh4ilj6d1psj1

D zhdnqhvv ri wkhvh yhuvlrqv ri V6
lv wkdw wkh| duh qrw urwdwlrq lqyduldqw1

Lq sduwlfxodu/ wkh duurzv dqg grwv duh duudqjhg dorqj uhfwdqjxodu julg srlqwv1

Wklv uhvxowv lq fhuwdlq �udvwhu h�hfwv�/ h1j1 wkh ulgjh dorqj wkh olqh | @ { kdv

d gl�huhqw wh{wxuh lq wkh ohiw sduw ri Iljxuh 5/ wkdq wkh ulgjhv dorqj wkh olqhv

| @ 53 dqg { @ 531 Wklv sureohp lv zhoo xqghuvwrrg lq wkh duhd ri ylvxdol}dwlrq

ri yhfwru �hogv lq frpsxwhu judsklfv/ vhh Khopdq dqg Khvvholqn +4<;<, iru dq

dffhvv wr wklv olwhudwxuh1 Wkh uljkw vlgh ri Iljxuh 6 vkrzv dq dgdswdwlrq ri wkh
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�vwuhdpolqh� lghd wr wkh frqwh{w ri V61 Hdfk olqh vwduwv dw d udqgrpo| fkrvhq

sl{ho zlwk d vljql�fdqw judglhqw +l1h1 d juhhq duurz dv lq wkh ohiw ri Iljxuh 5,1

Wkh olqh lv vwhs0zlvh h{whqghg lq erwk judglhqw gluhfwlrqv/ xqwlo wkh judglhqw lv

qr orqjhu vljql�fdqw1 Lqwxlwlyho| wklv fruuhvsrqgv wr prylqj lq wkh gluhfwlrqv

ri vwhhshvw dvfhqw dqg ghvfhqw1 Qrwh wkdw wklv ylvxdol}dwlrq fohduo| kljkoljkwv

ulgjhv/ vlqfh wkh vwuhdpolqhv �uvw pdufk xs wkh vorsh ri wkh ulgjh/ lq d gluhfwlrq

wkdw lv txlwh gl�huhqw iurp wkh ulgjh gluhfwlrq1 Wkhq zkhq wkh| jhw wr wkh fuhvw/

wkh| wxuq dqg iroorz wkh ulgjh gluhfwlrq1 Wkh suhylrxvo| glvfxvvhg ulgjhv dorqj

wkh olqhv | @ { dqg | @ 53 duh fohduo| vkrzq lq wklv zd|1 Dovr wkh vxjjhvwlrq

ri d ulgjh dorqj wkh olqh { @ 53 lv shukdsv prvw pdunhg zlwk wklv yhuvlrq ri V61

Djdlq lw lv zhoo zruwk vwxg|lqj wkh prylh yhuvlrq zlwk pruh vfdohv/ lq wkh �oh

vvvngh4ilj6e1psj dw wkh deryh orfdwlrq1

h = 5 h = 5

Iljxuh 6= Frpelqhg judglhqw dqg fxuydwxuh +ohiw, dqg vwuhdpolqh
+uljkw, yhuvlrqv ri Vljql�fdqfh lq Vfdoh Vsdfh iru wkh k @ 8 nhuqho
ghqvlw| hvwlpdwh/ iru wkh odjjhg Phoerxuqh pd{lpxp whpshudwxuh
gdwd1

Uhdghuv zkr kdyh ehhq dfwxdoo| ylhzlqj wkh prylhv dv vxjjhvwhg deryh/

kdyh suredeo| qrwlfhg zk| lw lv xvhixo wr vwxg| pruh wkdq rqh vfdoh1 Wklv

lv wkdw wkh yhuwlfdo dx{loldu| ulgjh/ l1h1 dorqj wkh olqh { @ 53/ zklfk zdv qrw

phqwlrqhg e| K|qgpdq/ Edvkwdqq|n dqg Juxqzdog +4<<9,/ vkrzv xs dv ehlqj

fohduo| vwdwlvwlfdoo| vljql�fdqw dw vfdohv forvhu wr k @ 6=6/ dv vkrzq lq Iljxuh 71

9



h = 3.3 h = 3.3

Iljxuh 7= Frpelqhg judglhqw dqg fxuydwxuh +ohiw, dqg vwuhdpolqh
+uljkw, yhuvlrqv ri Vljql�fdqfh lq Vfdoh Vsdfh iru wkh k @ 6=6 nhuqho
ghqvlw| hvwlpdwh/ iru wkh odjjhg Phoerxuqh pd{lpxp whpshudwxuh
gdwd1

Wkh vfdoh/ l1h1 edqgzlgwk/ lq Iljxuh 7 kdv ehhq fduhixoo| fkrvhq iurp wkh ixoo

vfdoh vsdfh/ ehfdxvh lw qrz kljkoljkwv wkh vwdwlvwlfdo vljql�fdqfh ri wkh yhuwlfdo

ulgjh lq wkh gdwd dorqj wkh olqh { @ 531 Wklv dsshduv lq wkh ohiw sduw dv wkh

oljkw sxusoh yhuwlfdo ulgjh1 Lw dsshduv lq wkh uljkw sduw dv wkh frq xhqfh ri

vwuhdpolqhv1 Khqfh/ wklv ihdwxuh lv dovr zruwk ghhshu lqyhvwljdwlrq1 O1 H1

Fkdpehuv/ iurp wkh Dxvwudoldq Exuhdx ri Phwhrurorj| Uhvhdufk Fhqwuh/ kdv

frq�uphg wkdw iuhtxhqw rffxuuhqfh ri d pd{lpxp whpshudwxuh ri 53 ghjuhhv/

iroorzhg e| d kljkhu whpshudwxuh fdq eh h{sodlqhg dv whpshudwxuhv gulyhq e|

vhd euhh}hv rq rqh gd|/ iroorzhg e| Qruwkhuo| zlqgv eulqjlqj kljk whpshudwxuhv

wkh qh{w gd|1

Vhfwlrq 5 jlyhv wkh ghwdlov ri wkh ghyhorsphqw ri V6 iru ghqvlw| hvwlpdwlrq1

Vhfwlrq 6 jlyhv pruh dssolfdwlrqv wr uhdo gdwd vhwv1

5 Ghyhorsphqw ri wkh phwkrgv

Dv vhhq lq wkh uljkw sdqho ri Iljxuh 4/ wkh vwuxfwxuh lq d elyduldwh gdwd vhw

i+[n> \n, = n @ 4> ===>Qj pd| eh xqghuvwrrg iurp d nhuqho ghqvlw| hvwlpdwh1

Wklv lv gh�qhg dv

eik +{> |, @ Q�4
Q[
n@4

Nk +{�[n> | � \n, >

:



zkhuhN lv wkh nhuqho ixqfwlrq/ dqg k lv wkh edqgzlgwk/ l1h1 zlqgrz zlgwk1 Vhh/

iru h{dpsoh Vfrww +4<<5,/ Zdqg dqg Mrqhv +4<<8, dqg Erzpdq dqg D}}dolql

+4<<:,/ iru glvfxvvlrq ri pdq| surshuwlhv dqg yduldwlrqv ri wklv hvwlpdwru1 Lq

wklv sdshu/ N lv wdnhq wr eh d vskhulfdoo| v|pphwulf Jdxvvldq ghqvlw|/ dqg k lv

wkh frpprq pdujlqdo vwdqgdug ghyldwlrq/ iru uhdvrqv jlyhq lq Olqghehuj +4<<7,/

Fkdxgkxul dqg Pduurq +4<<:, dqg Fkdxgkxul dqg Pduurq +4<<<,1 Wkxv wkh

nhuqho kdv wkh surgxfw irup

Nk +{�[n> | � \n, @ *k +{�[n, � *k +| � \n, >

zkhuh *k ghqrwhv wkh uhvfdolqj

*k +�, @
4

k
*
�
�

k

�
=

Udslg fdofxodwlrq ri eik +{> |,/ dqg dovr lwv ghulydwlyhv dv qhhghg iru V6
/ fdq

eh grqh e| �uvw elqqlqj wkh gdwd wr dq htxdoo| vsdfhg julg1 Ghwdlov ri elqqlqj

duh jlyhq lq Vhfwlrq 5141 Wklv doorzv idvw frpsxwdwlrq e| vlpsoh frqyroxwlrq/

dv ghvfulehg lq Vhfwlrq 5151 Wkh glvwulexwlrq wkhru| qhhghg iru wkh vwdwlvwlfdo

lqihuhqfh ri V6
lv ghvfulehg lq Vhfwlrq 5161

Pdwode vriwzduh iru erwk wkh lpdjh dqg ghqvlw| hvwlpdwlrq yhuvlrq ri V6
lv

dydlodeoh dw wkh zhe vlwh=

kwws = @@zzz=xqf=hgx@ghswv@vwdwlvwlfv@srvwvfulsw@sdshuv@pduurq@VVVbvriwzduh@=

Wkh zkroh froohfwlrq ri �ohv vkrxog eh grzqordghg/ h1j1 wr d vlqjoh gluhfwru|/

ehfdxvh pdq| ri wkhp fdoo hdfk rwkhu1 Wkh Pdwode vxeurxwlqh frqy51p/ lq

wkh Vljqdo Surfhvvlqj wrroer{ lv uhtxluhg1 Wkh pdlq fdoo lv wr wkh vxeurxwlqh

vvv41p1 Wkh Pdwode frppdqg �� khos vvv4� jlyhv lqirupdwlrq derxw krz

wr xvh wkh ydulrxv yhuvlrqv ri V6
1 D gl�huhqfh ehwzhhq wkh lpdjh dqg ghqvlw|

hvwlpdwlrq yhuvlrqv ri V6
lv wkdw d �w|slfdoo| uhdvrqdeoh� udqjh ri edqgzlgwkv iru

wkh �ixoo vfdoh vsdfh� iru lpdjhv lv k 5 ^4> ;`/ zkloh k 5 ^5> 49` lv jhqhudoo| pruh

dssursuldwh iru ghqvlw| hvwlpdwlrq +vlqfh pruh vprrwklqj lv riwhq uhtxluhg ehiruh

vljql�fdqw ihdwxuhv dsshdu,1 Wkhvh edqgzlgwk udqjhv duh wkxv wkh ghidxowv lq

rxu vriwzduh1

514 Elqqlqj

Wkhuh duh vhyhudo phwkrgv iru elqqlqj gdwd wr dq htxdoo| vsdfhg uhfwdqjxodu

julg/ ri wkh irup

i+{l> |m, = {l @ O{ . l�{> |m @ O| . m�|> l @ 3> ===> q> m @ 3> ===>pj >

l1h1 d uhfwdqjxodu odwwlfh/ zkhuh wkh {l duh htxdoo| vsdfhg ryhu ^O{> O{ . q�{`
dqg wkh |m duh htxdoo| vsdfhg ryhu ^O|>O| .p�|`1 Khuh zh ghvfuleh �vlpsoh

elqqlqj� dqg �olqhdu elqqlqj�1 Vhh Dsshqgl{ G ri Zdqg dqg Mrqhv +4<<8, iru

pxfk pruh glvfxvvlrq derxw elqqlqj/ dqg dffhvv wr wkh olwhudwxuh1

;



Vlpsoh elqqlqj/ dovr fdoohg �qhduhvw qhljkeru elqqlqj�/ lv ehvw ylhzhg dv
prylqj hdfk gdwd srlqw wr wkh julg srlqw wkdw lv lwv qhduhvw qhljkeru1 Iru dq
htxdoo| vsdfhg julg/ wklv fdq eh grqh udslgo| e| uhsodflqj wkh reylrxv lwhudwhg
plqlpl}dwlrq dssurdfk e| d urxqglqj dssurdfk1 Lq sduwlfxodu/ d jhqhulf gdwd
srlqw +[>\ ,/ lq wkh lqwhulru ri wkh julg/ vkrxog eh pdsshg wr wkh elq fhqwhu
lqgh{hg e| l> m zkhuh wkh gdwd duh �uvw pdsshg wr dq lqwhjhu odwwlfh/ dqg wkhq
dssursuldwho| urxqghg/

l @ fhlo++[ �O{, @�{,>

m @ fhlo++\ � O|, @�|,>

zkhuh fhlo lv wkh ixqfwlrq zklfk urxqgv lwv dujxphqw xs wr wkh qh{w lqwhjhu1
Wkhq wkh pdsshg srlqwv duh frxqwhg wr jlyh d pdwul{ F ri elq frxqwv/ zkrvh
l> m0wk hqwu| lv

fl>m @ &+gdwd srlqwv dvvljqhg wr elq l> m, =

Wkh lghd ehklqg olqhdu elqqlqj lv wr vsolw wkh xqlw pdvv ri hdfk gdwd srlqw/
dprqj wkh julg srlqwv wkdw duh lwv irxu qhduhvw qhljkeruv1 Wklv lv grqh lq d
zd| wkdw surshuo| uh hfwv glvwdqfh wr hdfk julg srlqw1 Lq sduwlfxodu/ �uvw �qg
wkh orfdwlrq ri wkh qhduhvw elq fhqwhu/

l @ urxqg++[ � O{, @�{,>

m @ urxqg++\ �O|, @�|,>

zkhuh urxqg lv wkh ixqfwlrq zklfk urxqgv hdfk revhuydwlrq wr wkh qhduhvw lqwh0
jhu1 Wkh xqlw pdvv lv vsolw dffruglqj wr wkh zhljkwv

�{ @ +[ �O{, @�{ � +l� =8,>

�| @ +\ � O|, @�| � +m � =8,>

dqg wkhq dvvljqhg dv

elq pdvv
l> m +4� �{, +4� �|,

l .4> m �{ +4� �|,
l> m . 4 +4� �{, �|

l .4> m . 4 �{�|

Jrrg ylvxdo lqvljkw lqwr wkhvh zhljkwv frphv iurp Iljxuh G16 ri Zdqg dqg
Mrqhv +4<<8,1

Vrph dffrxqw qhhgv wr eh pdgh iru gdwd zklfk olh rxwvlgh wkh elyduldwh
lqwhuydo ^O{> O{ . q�{`�^O|> O| .p�|`1 Wzr dssurdfkhv pd| eh dssursuldwh/
ghshqglqj rq wkh frqwh{w1 Rqh lv wr vlpso| ljqruh srlqwv wkdw duh rxwvlgh/ l1h1
qrw frxqw wkhp lq wkh elqqlqj surfhvv1 Wkh rwkhu lv wr pryh wkhp vr wkdw wkh|
olh dw wkh qhduhvw erxqgdu| srlqw/ dqg wkhq surfhhg zlwk elqqlqj1

<



515 Hvwlpdwlrq

Lq dgglwlrq wr frpsxwdwlrqdo vshhg/ dqrwkhu dgydqwdjh ri elqqlqj lv wkdw wkhq

ghqvlw| hvwlpdwlrq fdq eh grqh zlwk qhduo| wkh vdph dojrulwkpv dv iru qrq0

sdudphwulf uhjuhvvlrq +zlwk dq �htxdoo| vsdfhg ghvljq�,1 Wklv kdsshqv yld

uhsodfhphqw ri wkh pdwul{ ri uhjuhvvlrq gdwd ydoxhv/ zlwk wkh pdwul{ ri elq

frxqwv/ ghqrwhg dv F deryh1 Lq sduwlfxodu/ wkh ghqvlw| lv hvwlpdwhg e| wkh

pdwul{ hik @ Q�4
�
F � hNk

�
>

zkhuh � ghqrwhv elyduldwh glvfuhwh frqyroxwlrq/ dqg zkhuh hNk lv d pdwul{ ri

hydoxdwlrqv ri wkh nhuqho ixqfwlrq Nk1 Wklv vkrxog eh ylhzhg dv dq dssur{lpd0

wlrq ri eik1 Hvwlpdwhv ri sduwldo ghulydwlyhv kdyh d vlplodu vlpsoh frqyroxwlrq

irup/

G hik @ Q�4
k
F �

�
G hNk

�l
> +4,

zkhuh G ghqrwhv ydulrxv sduwldo ghulydwlyh rshudwruv/ lqfoxglqj C
C{
/ C

C|
/ C5

C{5
/

C5

C{C|
dqg C5

C|5
1

Wklv irupxodwlrq doorzv qhduo| gluhfw dssolfdwlrq ri vrph dvshfwv ri wkh lp0

djh dqdo|vlv yhuvlrq ri V6/ dv ghyhorshg lq Jrgwolhevhq/ Pduurq/ dqg Fkdxgkxul

+4<<<,1 D yhu| lpsruwdqw gl�huhqfh lv wkdw hvwlpdwlrq ri wkh orfdo yduldqfh ri

wkh sduwldo ghulydwlyh hvwlpdwhv lv gl�huhqw +ehfdxvh wkh flm duh frxqwv,1 Wkh

edvlv iru rxu yduldqfh hvwlpdwh lv wkh idfw wkdw eik +{> |, lv d vlpsoh dyhudjh ri

l1l1g1 udqgrp yduldeohv1 Wkxv d vhqvleoh hvwlpdwh lv wkh xvxdo vdpsoh yduldqfh/

gydu kG eik +{> |,
l

@ gydu %Q�4 Q[
n@4

GNk +{�[n> | � \n,

&
@ +5,

@ Q�4v5 iGNk +{�[n> | � \n, = n @ 4> ===>Qj @

@ Q�4

+
4

Q � 4

%
Q[
n@4

+GNk +{�[n> | � \n,,
5
�Q

�
G eik +{> |,�5

&,
@

@
4

Q � 4

+
Q�4

Q[
n@4

+GNk +{�[n> | � \n,,
5
�

�
G eik +{> |,�5

,
=

Wkh dujxphqw ri wkh vtxduh ri wkh vhfrqg whup lqvlgh wkh eudfhv lv dssur{lpdwhg

e| G hik dv dw +4, deryh1 Wkh �uvw whup lqvlgh wkh eudfhv qhhgv wkh qhz elqqhg

dssur{lpdwlrq

Q�4
�
F �

��
G hNk

�5��
=

Wkh uhvxowlqj dssur{lpdwhg yhuvlrq ri wkh yduldqfh hvwlpdwh +5, lv wkhq xvhg

gluhfwo| dv wkh orfdo yduldqfh lq wkh irupxodv iru wkh lpdjh dqdo|vlv yhuvlrq ri

V61
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Dqrwkhu lpsruwdqw gl�huhqfh ehwzhhq ghqvlw| hvwlpdwlrq dqg lpdjh dqdo|vlv
lv wkdw wkh iruphu riwhq kdv odujh uhjlrqv zlwk qr gdwd/ h1j wkh xsshu ohiw dqg
wkh orzhu uljkw ri wkh vfdwwhusorw vkrzq lq Iljxuh 41 Khqfh gdwd vsduvlw| lvvxhv
qhhg pxfk pruh dwwhqwlrq1 Wkh dssurdfk wdnhq lv wkh vdph dv lq Fkdxgkxul
dqg Pduurq +4<<<, yld wkh frqfhsw ri �H�hfwlyh Vdpsoh Vl}h�1 Wkh lghd lv wr
wdnh d �nhuqho zhljkwhg frxqw� ri wkh qxpehu ri srlqwv lq hdfk zlqgrz1 Wklv
prwlydwhv wkh gh�qlwlrq

HVVl>m @

SQ

n@4Nk +{l �[n> |m � \n,

Nk+3> 3,
�

F � hNk

Nk+3>3,
=

Xvlqj wkh vwdqgdug Elqrpldo uxoh ri wkxpe/ zh vd| wkdw wkh Jdxvvldq dssur{0
lpdwlrq rq zklfk V6 lv edvhg lv lqdghtxdwh zkhq �qs ? 8�1 Wkxv lq wkh
suhvhqw fdvh/ zh fdoo wkh gdwd �wrr vsduvh iru lqihuhqfh� dw wkh orfdwlrq l> m

zkhq HVVl>m ? 81 Lq wkh lpdjlqj yhuvlrq ri V6 vxfk srlqwv zhuh pdunhg zlwk
juhhq flufohv1 Wklv zdv ylvxdoo| h�hfwlyh/ ehfdxvh wkhuh zhuh hlwkhu qr vxfk
orfdwlrqv/ ru hovh wkhuh zhuh vrph rqo| lq vwulsv qhdu wkh erxqgdu|/ ru hovh wkh
gdwd zdv vsduvh hyhu|zkhuh1 Exw wklv dssurdfk zdv qrw h�hfwlyh iru ghqvlw| hv0
wlpdwlrq/ ehfdxvh wkh pxfk odujhu uhjlrqv ri gdwd vsduvlw| |lhoghg glvwudfwlqjo|
odujh uhjlrqv ri juhhq flufohv1 D ehwwhu dssurdfk zdv wr sorw qr v|perov +l1h1
qr duurzv dqg qr flufohv ri wkh w|sh lq Iljxuh 5, lq uhjlrqv ri gdwd vsduvlw|/ dv
wklv jdyh ohvv glvwudfwlrq1

516 Glvwulexwlrqv dqg Vljql�fdqfh

Wkh vwdwlvwlfdo lqihuhqfh ri V6 lv edvhg rq wkh idfw wkdw ghulydwlyhv ri vprrwkv
vdwlvi| fhqwudo olplw wkhruhpv/ l1h1 kdyh olplwlqj Jdxvvldq glvwulexwlrqv1 Dq lp0
sruwdqw lvvxh lv pxowlsoh frpsdulvrqv/ vlqfh wkhuh duh hvvhqwldoo| d odujh qxpehu
ri vlpxowdqhrxv whvwv ehlqj shuiruphg1 Wklv lv dgguhvvhg yld wkh �qxpehu ri
lqghshqghqw eorfnv� dssurdfk ghyhorshg lq Vhfwlrq 517 ri Jrgwolhevhq/ Pduurq
dqg Fkdxgkxul +4<<<,1

Wkh vwdwlvwlfdo xqghuslqqlqj ri wkh duurzv vkrzq lq wkh ohiw sduw ri Iljxuh
5 lv d k|srwkhvlv whvw derxw wkh vwdwlvwlfdo vljql�fdqfh ri wkh pdjqlwxgh ri
wkh judglhqw1 Wkh vtxduh ri wkh pdjqlwxgh kdv d olplwlqj "5 glvwulexwlrq vr
vxfk whvwlqj lv vwudljkwiruzdug1 Vhh Vhfwlrq 517 ri Jrgwolhevhq/ Pduurq dqg
Fkdxgkxul +4<<<, iru ghwdlov1 Ghshqglqj rq wkh vl}h ri wkh ghvluhg elqqlqj
julg +zh kdyh irxqg 97 � 97 wr eh jhqhudoo| uhdvrqdeoh dv d wudgh r� ehwzhhq
uhvroxwlrq dqg frpsxwdwlrq wlph,/ wkh duurzv gudzq e| V6 pd| eh wrr vkruw
iru jrrg ylvxdo lpsuhvvlrq1 Wr dgguhvv wklv/ zh doorz �srrolqj dfurvv sl{hov�
e| frpelqlqj wkhp lqwr 5 � 5 eorfnv1 Rq hdfk eorfn/ wkh 7 k|srwkhvlv whvwv
duh shuiruphg/ dqg dq duurz uhsuhvhqwlqj wkh frruglqdwh0zlvh dyhudjh gluhfwlrq/
zkrvh ohqjwk lv sursruwlrqdo wr wkh qxpehu ri vljql�fdqw uhvxowv/ lv gudzq1

Wkh vwdwlvwlfdo xqghuslqqlqj ri wkh grwv vkrzq lq wkh uljkw sduw ri Iljxuh 5
duh edvhg rq d k|srwkhvlv whvw derxw wkh hljhqydoxhv ri wkh Khvvldq pdwul{1 Wkh
glvwulexwlrq wkhru| khuh lv pruh frpsolfdwhg/ exw fdq eh h{suhvvhg lq whupv ri d
vlqjoh glvwulexwlrq wkdw kdv ehhq wdexodwhg e| vlpxodwlrq1 Vhh Vhfwlrqv 518 dqg
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916 ri Jrgwolhevhq/ Pduurq dqg Fkdxgkxul +4<<<, iru ghwdlov1 Gl�huhqw froruv

duh xvhg wr uhsuhvhqw gl�huhqw w|shv ri vljql�fdqw fxuydwxuh dffruglqj wr wkh

iroorzlqj vfkhph1 Ghqrwh wkh hljhqydoxhv ri wkh Khvvldq pdwul{ dv �
�

� �./

dqg dvvljq froruv wr grwv dv=

Lghd Froru �
�

�.

kroh \hoorz vlj1 A 3 vlj1 A 3

orqj ydooh| Rudqjh qrw vlj1 vlj1 A 3

vdggoh srlqw Uhg vlj1 ? 3 vlj1 A 3

orqj ulgjh Sxusoh vlj1 ? 3 qrw vlj1

shdn Eoxh vlj1 ? 3 vlj1 ? 3

Zh kdyh irxqg wkdw ehjlqqhuv wr wkh V6 phwkrg �qg wkdw frpelqhg duurzv

dqg grwv suhvhqw wrr pxfk lqirupdwlrq dw rqfh1 Zkloh wklv h�hfw dsshduv wr

plwljdwh zlwk h{shulhqfh +zh shuvrqdoo| suhihu vhhlqj wkh dgghg lqirupdwlrq,/

lw vhhpv lpsruwdqw wr �uvw vwduw zlwk wkh vlpsohu yhuvlrqv1 Khqfh rxu Pdwode

vriwzduh xvhv d ghidxow ri duurzv rqo|/ dv vkrzq lq wkh uljkw ri Iljxuh 51 Rwkhu

yhuvlrqv duh hdvlo| hpsor|hg wkurxjk fkdqjlqj sdudphwhuv1

Wkh vwuhdpolqh yhuvlrq ri V6 xvhv vljql�fdqw sl{hov dv fdofxodwhg iru wkh

duurz dssurdfk +exw qr frpelqlqj lqwr 5 � 5 eorfnv,1 Ghwdlov duh jlyhq lq

Vhfwlrq 615 ri Jrgwolhevhq/ Pduurq dqg Fkdxgkxul +4<<<,1 Dq xqiruwxqdwh

ihdwxuh ri wkh prylh yhuvlrq lv wkdw wkh vwuhdpolqhv duh frpsxwhg iudph e|

iudph1 Wklv phdqv wkdw gl�huhqw udqgrp orfdwlrqv duh xvhg lq gl�huhqw iudphv/

zklfk uhvxowv lq vxevwdqwldo �mlwwhu� lq wkh prylhv1 Wkh ghyhorsphqw ri d yhuvlrq

ri V6 wkdw frpsxwhv vwuhdpolqhv surshuo| wkurxjk wkh zkroh vfdoh vsdfh +l1h1 wkh

vdph vwuhdpolqh lv xvhg dw doo vfdohv iru zklfk lw dsshduv, lv dq lqwhuhvwlqj rshq

sureohp1

6 Pruh H{dpsohv

Dgglwlrqdo uhdo gdwd h{dpsohv duh suhvhqwhg lq wklv vhfwlrq/ zklfk vkrz dggl0

wlrqdo dvshfwv ri V61

Iljxuh 8 vkrzv V6 dssolhg wr wkh Rog Idlwkixo Jh|vhu gdwd/ iurp Wdeoh E9

ri Vfrww +4<<5,/ zkr uhihuhqfhv Zhlvehuj +4<;8,1 Wkh | frruglqdwh lv wkh wlph

ri gxudwlrq ri rqh huxswlrq ri wkh jh|vhu/ dqg wkh { frruglqdwh lv wkh gxudwlrq

ri wkh suhylrxv huxswlrq1 Wkh euljkw vsrwv vxjjhvw wkuhh prghv lq wklv elyduldwh

glvwulexwlrq1 Wkh judglhqw ) fxuydwxuh yhuvlrq ri V6/ lq Iljxuh 8d/ vkrzv wkdw

doo wkuhh prghv duh vwdwlvwlfdoo| vljql�fdqw1 Lq sduwlfxodu/ hdfk prgh kdv dw ohdvw

vrph oljkw sxusoh grwv rq wkh wrs/ dqg wkhuh duh gdun eoxh grwv rq wkh odujhvw

prgh +xsshu uljkw,1 Gdun eoxh grwv dovr vkrz xs iru wkh xsshu ohiw prgh dw

vrph gl�huhqw vfdohv/ vhh wkh prylh yhuvlrq lq wkh �oh vvvngh4ilj8d1psj dw wkh

deryh orfdwlrq1 Shukdsv pruh frqfoxvlyh hylghqfh lq idyru ri wkh wkuhh prghv

lv wkh rffxuuhqfh ri uhg vdggoh srlqwv dw wkh ulgjhv frqqhfwlqj wkh prghv1
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h = 8 h = 8

Iljxuh 8= Frpelqhg judglhqw dqg fxuydwxuh +ohiw, dqg vwuhdpolqh
+uljkw, yhuvlrqv ri Vljql�fdqfh lq Vfdoh Vsdfh iru wkh k @ ; nhuqho
ghqvlw| hvwlpdwh/ iru wkh Rog Idlwkixo Jh|vhu gdwd1

Wkh vwuhdpolqh yhuvlrq ri V6 lq Iljxuh 8e/ lv ohvv frqfoxvlyh derxw wkh prgdo0

lw|/ vlqfh lw grhv qrw fohduo| vhsdudwh wkh prghv iurp ulgjhv1 Wklv lv ehfdxvh

wkh vwuhdpolqhv rqo| xvh judglhqw lqirupdwlrq/ zkloh wkh lpsruwdqw orfdwlrqv lq

Iljxuh 8d kdg froruhg grwv/ lqglfdwlqj wkdw wkh fxuydwxuh/ exw qrw wkh judgl0

hqw/ zdv vljql�fdqw1 Ri frxuvh lw lv zhoo zruwk vwxg|lqj rwkhu vfdohv1 Wkh

prylh yhuvlrq/ lq wkh �oh vvvngh4ilj8e1psj dw wkh deryh orfdwlrq/ vkrzv dw

vrphzkdw vpdoohu edqgzlgwkv/ wkdw wkh xsshu ohiw prgh fdq eh glvwlqjxlvkhg

e| vwuhdpolqhv dorqh/ exw qrw wkh orzhu uljkw prgh1 Wkh vlwxdwlrq zkhuh wkh

judglhqw 0 fxuydwxuh yhuvlrq ri V6 irxqg �ydjxh vwuxfwxuh� pruh riwhq wkdq wkh

vwuhdpolqh yhuvlrq zdv idluo| w|slfdo ri rxu h{shulhqfh zlwk rwkhu h{dpsohv lq

ghqvlw| hvwlpdwlrq +exw wkhuh duh h{fhswlrqv/ dv vkrzq lq Iljxuhv 6 dqg 7,1 Wklv

frqwudvwv zlwk rxu h{shulhqfh iru lpdjhv/ dv uhsruwhg lq Jrgwolhevhq/ Pduurq

dqg Fkdxgkxul +4<<<,1

Lw lv qrz nqrzq wkdw wkh wkuhh prghv lq wkh Jh|vhu gdwd fruuhvsrqg wr wzr

hlwkhu �orqj� ru �vkruw� huxswlrqv +zlwk olwwoh lq ehwzhhq,/ dqg d vkruw huxswlrq

qhyhu iroorzv d vkruw huxswlrq/ dqg wkhuh lv d sk|vlfdo h{sodqdwlrq ri wklv1

Iljxuh 9 vkrzv wkh shuirupdqfh ri V6 rq wkh dlufudiw gdwd glvfxvvhg lq

Vhfwlrq 416 ri Erzpdq dqg D}}dolql +4<<:,1 Wkh ruljlqdo gdwd duh 9 yduldeohv

uh hfwlqj ihdwxuhv ri dlufudiw/ wkdw zhuh vxppdul}hg e| sulqflsdo frpsrqhqw

dqdo|vlv1 Wkh { d{lv lv wkh �uvw sulqflsdo frpsrqhqw/ zklfk wxuqhg rxw wr

uhsuhvhqw wkrvh yduldeohv uh hfwlqj �vl}h�1 Wkh | d{lv lv wkh vhfrqg sulqflsdo

frpsrqhqw/ zklfk uhsuhvhqwv �vshhg/ dgmxvwhg iru vl}h�1 Wkh euljkw vsrw dw wkh

orzhu ohiw vkrzv wkdw prvw dlufudiw duh qhlwkhu odujh qru idvw1 Wkhuh lv d kljk
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ghqvlw| �dup� h{whqglqj lq wkh gluhfwlrq ri vpdoo exw idvw dlufudiw/ dqg dovr lq

wkh gluhfwlrq ri yhu| odujh/ dqg vrphzkdw idvwhu dlufudiw1 Erzpdq dqg D}}dolql

+4<<:, vxjjhvw wkdw wkh gdwd duh wulprgdo +zlwk wkh dupv dv prghv,/ exw V6 grhv

qrw txlwh �qg wkh wkuhh prghv1 Wklv frxog zhoo eh ehfdxvh V6 lv dq �rpqlexv�

w|sh ri k|srwkhvlv whvw/ zklfk dwwhpswv wr eh �srzhuixo lq doo gluhfwlrqv�/ zklfk

hqwdlov vrph wudgh0r� lq srzhu lq vshfl�f gluhfwlrqv1 Phwkrgv zklfk pljkw

surylgh vwurqjhu hylghqfh ri wkh wulprgdolw| zrxog eh edvhg rq irupdo �prgh

whvwv�/ dowkrxjk wkh olwhudwxuh iru wkdw prvwo| irfxvhv rq wkh rqh glphqvlrqdo

fdvh1

h = 7 h = 7

Iljxuh 9= Frpelqhg judglhqw dqg fxuydwxuh yhuvlrqv ri Vljql�fdqfh
lq Vfdoh Vsdfh iru wkh k @ : nhuqho ghqvlw| hvwlpdwh/ dw wkh ohyho ri
vljql�fdqfh � @ 3=34 +ohiw, dqg � @ 3=5 +uljkw,/ iru wkh dlufudiw gdwd1

Wkh vfdoh lq erwk sduwv ri Iljxuh 9 lv k @ :/ fkrvhq e| vwxg|lqj wkh prylh

yhuvlrq +dydlodeoh lq wkh �ohv vvvngh4ilj9d1psj dqg vvvngh4ilj9e1psj dw wkh

deryh orfdwlrq, dqg wu|lqj wr pd{lpl}h wkh lpsuhvvlrq ri wulprgdolw|1 Iljxuh

9d vkrzv V6 xvlqj wkh orz vljql�fdqfh ohyho ri � @ 3=34/ zkloh Iljxuh 9e vkrzv

wkh pxfk kljkhu ohyho ri � @ 3=531 Dv h{shfwhg/ wkh ohvv vwulqjhqw k|srwkhvlv

whvwv xqghuo|lqj Iljxuh 9e uhvxow lq pruh ihdwxuhv ehlqj  djjhg dv vljql�fdqw/

dowkrxjk vwloo qrw hqrxjk wr frqfoxgh wulprgdolw|1

Dq dvshfw ri Iljxuh 9 wkdw lv qrw uhsuhvhqwdwlyh ri rxu h{shulhqfh zlwk

ydu|lqj � lv wkdw wkhuh duh txlwh d ihz pruh vljql�fdqw ihdwxuhv lq Iljxuh 9e1 Iru

rwkhu gdwd vhwv/ wkhuh whqgv wr eh ohvv gl�huhqfh/ hyhq iru vxfk d odujh udqjh ri �

ydoxhv1 Wkh uhdvrq wklv kdsshqv khuh/ lv ehfdxvh iru pdq| orfdwlrqv/ wkh ihdwxuhv

mxvw kdsshq wr eh qhdu wkh erxqgdu| ehwzhhq vljql�fdqw dqg lqvljql�fdqw1
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