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DEVWUDFW

Qrq0lqydvlyh lpdjlqj edvhg rq zdyh vfdwwhulqj uhpdlqv d glïfxow sureohp lq wkrvh fdvhv zkhuh wkh iruzdug pds
fdq rqo| eh dghtxdwho| vlpxodwhg e| vroylqj wkh dssursuldwh sduwldo0glòhuhqwldo htxdwlrq1 Zh ghyhors d phwkrg
iru vroylqj olqhdu SGHv zklfk lv hïflhqw dqg h{dfw/ wudglqj rò frpsxwdwlrq wlph djdlqvw vwrudjh uhtxluhphqwv1
Wkh phwkrg lv edvhg rq xvlqj wkh suhvhqw vroxwlrq zlwklq wkh Zrrgexu| irupxod iru xsgdwlqj vroxwlrqv dzd| iurp
fkdqjhv lq wkh wuldo lpdjh/ ru vwdwh1 Khqfh wkh phwkrg phujhv zhoo zlwk w|slfdo Phwursrolv0Kdvwlqjv dojrulwkpv
xvlqj orfdol}hg xsgdwhv1 Wkh vfdolqj ri wkh phwkrg dv d ixqfwlrq ri lpdjh vl}h dqg phdvxuhphqw vhw vl}h lv jlyhq1 Zh
frqfoxgh wkdw wklv phwkrg lv frqvlghudeo| pruh hïflhqw wkdq hduolhu dojrulwkpv wkdw zh kdyh xvhg wr ghprqvwudwh
vdpsolqj iru lqyhuvh sureohpv lq wklv fodvv1

Nh|zrugv= Pdunry fkdlq Prqwh Fduor/ Lpshgdqfh wrprjudsk|/ Ed|hvldq/ Sduwldo glòhuhqwldo htxdwlrq/ Lqyhuvh
sureohp

41 LQWURGXFWLRQ

4141 Lpdjlqj iurp zdyh vfdwwhulqj

Qrq0lqydvlyh lpdjlqj dv xvhg lq phglfdo gldjqrvwlfv dqg jhrsk|vlfv riwhq xvhv vfdwwhulqj ri zdyhv wr sureh wkh
remhfw xqghu lqyhvwljdwlrq1 Wkhvh whfkqltxhv duh qrq0lqydvlyh ehfdxvh wkh zdyh vfdwwhulqj lv phdvxuhg uhprwho|
iurp wkh remhfw/ dqg riwhq wkh remhfw lv luudgldwhg zlwk zdyhv xvlqj d vrxufh uhprwh wr wkh remhfw1 D frpprq
h{dpsoh lv vlpsoh {0ud| lpdjlqj zkhuh d shuvrq lv luudgldwhg iurp rqh vlgh xvlqj d srlqw {0ud| vrxufh dqg wkh
sduwldoo|0devruehg zdyhv duh phdvxuhg xvlqj d skrwrjudsklf sodwh rq wkh rssrvlwh vlgh wr wkh vrxufh1 Lq wklv sdshu
zh duh sduwlfxoduo| lqwhuhvwhg lq fdvhv zkhuh wkh vfdwwhulqj zlwklq wkh remhfw lv vwurqj/ l1h1/ zkhuh wkh sdwk wkdw wkh
zdyhv wdnh lv vljqlñfdqwo| dòhfwhg e| sursdjdwlrq wkurxjk wkh remhfw1 Wkh h{dpsoh ri {0ud| lpdjlqj lv qrw vxfk d
fdvh vlqfh wkh ud|v sursdjdwh wkurxjk wlvvxh lq hvvhqwldoo| vwudljkw0olqh sdwkv/ odujho| lqghshqghqw ri wkh sduwlfxodu
wlvvxh ehlqj lpdjhg1 Wklv ihdwxuh ri {0ud| lpdjlqj lv uhodwhg wr wkh kljk hqhuj|/ lrql}lqj/ qdwxuh ri {0ud|v zklfk dv
d vlgh0hòhfw fdxvhv gdpdjh wr wkh wlvvxh wkurxjk zklfk lw sursdjdwhv ~ ru pruh fruuhfwo| e| zklfk lw lv devruehg1
Orzhu0hqhuj|/ qrq0lrql}lqj/ udgldwlrq lv wkhuhiruh d srwhqwldoo| vdihu vrxufh ri zdyhv iru wkh sxusrvh ri lpdjlqj iru
phglfdo gldjqrvwlfv1 Krzhyhu/ wkh vfdwwhulqj surfhvv iru vxfk zdyhv lv vwurqj dqg wkh sdwk wkdw hdfk ud| wdnhv lv
lpsolflwo| ghwhuplqhg e| wkh sursdjdwlrq phglxp1

Wklv pdnhv wkh lpdjlqj sureohp idu pruh glïfxow dv wkh sdwk ri sursdjdwlrq dv zhoo dv wkh phglxp pxvw eh
uhfrqvwuxfwhg lq wkh lpdjlqj vwhs1 Wkh lpsolflw ghshqghqfh ri wkh zdyh sdwk pdnhv wkh lpdjlqj sureohp qrq0olqhdu
lq frqwudvw wr lpdjlqj iurp zhdn vfdwwhulqj zkhuh wkh iruzdug pds lv olqhdu1

4151 Frqgxfwdqfh Lpdjlqj

D fdqrqlfdo sureohp iru lpdjlqj iurp vwurqjo| vfdwwhuhg zdyhv lv zkhuh wkh udgldwlrq kdv d vxïflhqwo| orz iuhtxhqf|
wkdw wkh sursdjdwlrq lv txdvl0vwdwlf1 Wkhq wkh phdvxudeohv duh wkh vwdwlrqdu| fxuuhqw dqg wkh g1f1 srwhqwldo1 Lq wklv
orqj0vnlq0ghswk olplw/ wkh txdqwlw| lpdjhg lv wkh vsdwldoo| ydu|lqj frqgxfwdqfh ri wkh remhfw/ zklfk zh ghqrwh â +{,1
Wkh zdyhv qrz kdyh +lqñqlwho|, orqj zdyhohqjwk dqg wkh ud| slfwxuh ri sursdjdwlrq lv qrw ydolg1 Lqghhg/ wkh fxuuhqw
grhv qrw iroorz dq| vlqjoh sdwk exw udwkhu d glvwulexwlrq ri sdwkv1 Zh zloo irfxv rq wkh sureohp ri uhfrqvwuxfwlqj
d vsdwldoo| ydu|lqj hohfwulfdo frqgxfwdqfh iru wkh uhpdlqghu ri wklv sdshu ~ wkrxjk rwkhu lpdjlqj sureohpv vxfk dv
lpdjlqj iurp xowudvrxqg edfnvfdwwhu/ fdq eh vkrzq wr eh htxlydohqw wr d vhtxhqfh ri sureohpv ri wklv w|sh14
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415141 Phdvxuhphqw surfhgxuh

Lqvwuxphqwdwlrq iru frqgxfwdqfh lpdjlqj w|slfdoo| xvhv d qxpehu ri hohfwurghv sodfhg rq wkh vxuidfh ri wkh remhfw
zlwk wkh delolw| wr dvvhuw fxuuhqwv lqwr wkh hohfwurghv dqg wkhq phdvxuh wkh uhvxowlqj yrowdjhv dw wkh hohfwurghv1 Zh
zloo ghqrwh wkh hohfwurgh srvlwlrqv e| {4> {5> ü ü ü > {H/ wkhuh ehlqj H hohfwurghv1 Iru rxu sxusrvhv zh frqvlghu srlqw
hohfwurghv dqg dvvxph wkdw hohfwurghv iru fxuuhqw dqg yrowdjh duh wkh vdph1 Lq sudfwlfdo lqvwuxphqwdwlrq/ hohfwurghv
duh riwhq ñqlwh vl}hg dqg glòhu iru fxuuhqw dqg yrowdjhv1 Wkhvh frpsolfdwlrqv pd| eh wdnhq lqwr dffrxqw dqg gr qrw
ixqgdphqwdoo| dòhfw rxu uhvxowv khuh1

Phdvxuhphqwv duh pdgh e| dvvhuwlqj yhfwruv ri fxuuhqwv dw wkh hohfwurghv m @ +m +{4, > m +{5, > ü ü ü > m +{H,,W dqg
phdvxulqj wkh yrowdjhv y @ +! +{4, > ! +{5, > ü ü ü > ! +{H,,W 1 Li Q fxuuhqw yhfwruv duh xvhg/ wkh vhw ri phdvxuhphqwv lv

wkh froohfwlrq ri fxuuhqw0yrowdjh sdluv imq> yqjQq@41
415151 Iruzdug pds

Lw lv frqyhqlhqw wr ghvfuleh wkh hohfwulfdo ñhog zlwklq wkh remhfw xvlqj wkh vfdodu srwhqwldo ! +{, iurp zklfk wkh yhfwru
fxuuhqw lv jlyhq e| ýâ +{,u! +{,1 Wkh frpelqhg vwdwhphqw ri Rkp*v odz dqg ri frqvhuydwlrq ri fxuuhqw jlyhv wkh
glòhuhqwldo htxdwlrq u ü â +{,u! +{, @ v +{, wkdw uhodwhv wkh srwhqwldo dqg frqgxfwlylw| ehlqj lpdjhg1 Wkh ixqfwlrq
v jlyhv wkh ghqvlw| ri fxuuhqw vlqnv zlwklq wkh uhjlrq1 Lq w|slfdo dssolfdwlrqv â fdq eh erxqghg deryh dqg dzd| iurp
}hur/ l1h1/ <âplq> âpd{ vxfk wkdw 3 ? âplq é â é âpd{ ? 4/ wkrxjk lq doo fdvhv â A 31 Wkh vxuidfh ri wkh remhfw lv
xvxdoo| lqvxodwhg dzd| iurp wkh hohfwurghv/ vr wkdw wkh fxuuhqw furvvlqj wkh erxqgdu| m +{, htxdov m +{l, dw wkh l

wk

hohfwurgh dqg lv rwkhuzlvh }hur1

Ohw ó ghqrwlqj wkh uhjlrq rffxslhg e| wkh remhfw1 Wkh uhodwlrqvkls ehwzhhq wkh xqnqrzq lpdjh â +{, dqg wkh
phdvxuhphqw surfhgxuh dv wkh Qhxpdq erxqgdu| ydoxh sureohp +EYS,=

u ü â +{,u! +{, @ v +{, { 5 ó
â +{,

C! +{,

Cq +{,
@ m +{, { 5 Có +4,

zlwk wkh h{wud uhtxluhphqw wkdw wkh srwhqwldo eh vshflñhg zlwk uhvshfw wr vrph ydoxh1 Qrwh wkdw q ghqrwhv wkh xqlw
rxwzdug qrupdo yhfwru rq wkh erxqgdu| ri wkh uhjlrq Có1 Wkh iruzdug pds/ zklfk jrhv iurp frqgxfwlylw| lpdjhv
wr wkh phdvxuhg srwhqwldov rq wkh erxqgdu|/ uhtxluhv vroxwlrq ri wkh sduwldo0glòhuhqwldo htxdwlrq zlwk v ì 3 vxemhfw
wr wkh vshflñhg erxqgdu| frqglwlrqv1 Qrwh wkdw wkh erxqgdu|0ydoxh sureohp zh vroyh lv olqhdu/ exw wkh uhodwlrq
ehwzhhq âdqg wkh phdvxuhphqwv lv qrw olqhdu1 Odwhu zh zloo vhh wkdw li â lv frpslohg lqwr d fhuwdlq pdwul{/ wkhq wkh
phdvxuhphqw surfhgxuh fruuhvsrqgv wr phdvxulqj fhuwdlq hohphqwv ri wkh lqyhuvh pdwul{1

415161 Juhhq*v ixqfwlrqv

Vroxwlrqv ri wkh erxqgdu|0ydoxh sureohp 4 fdq eh zulwwhq lq whupv ri wkh Qhxpdq Juhhq*v ixqfwlrq j +{må,1 Iru hdfk
å 5 ó/ wkh Juhhq*v ixqfwlrq lv wkh vroxwlrq ri wkh dx{loldu| sureohp

u ü â +{,uj +{må, @ ï +{ý å, ;{ 5 ó
â +{,

Cj +{må,
Cq +{,

@ 4
mCóm ;{ 5 CóU

Có
j +{må, go +{, @ 3

+5,

zklfk jlyhv wkh srwhqwldo gxh wr d xqlw fxuuhqw vrxufh dw srvlwlrq å1 Khuh mCóm ghqrwhv wkh ohqjwk ri wkh erxqgdu| dqg
go lv wkh ohqjwk hohphqw rq wkh erxqgdu|1 Wkh ñuvw erxqgdu| frqglwlrq lv wkh vwdwhphqw wkdw wkh fxuuhqw lqmhfwhg dw
å lv uhpryhg xqlirupo| durxqg wkh erxqgdu|1 Wkh wzr erxqgdu| frqglwlrqv duh fkrvhq wr hqvxuh wkdw wkh erxqgdu|
ydoxh sureohp lv vhoi0dgmrlqw dqg khqfh wkh Juhhq*v ixqfwlrq lv v|pphwulf/ l1h1/

j +{må, @ j +åm{, =
Sdluv ri erxqgdu| frqglwlrqv fdq eh irxqg wkdw fruuhvsrqg wr dq| rwkhu uhihuhqfh iru wkh srwhqwldo> Iru rxu sxusrvhv
lw lv lpsruwdqw wkdw wkh fkrlfh eh pdgh vr wkdw wkh Juhhq*v ixqfwlrq lv v|pphwulf1

Vroxwlrqv wr 4 pd| wkhq eh zulwwhq lq whupv ri wklv Juhhq*v ixqfwlrq dv

! +{, @

]
ó

j +{må, v +å, gå .
]
Có

j +{må, m +å, go +å, +6,



zlwk ! ehlqj phdvxuhg zlwk uhvshfw wr lwv phdq ydoxh rq wkh erxqgdu|1 Qrq0lqydvlyh phdvxuhphqwv qhfhvvdulo| kdyh
v ì 3 dqg zh ghqrwh wkh uhvxowlqj pds iurp erxqgdu| fxuuhqw wr srwhqwldo e| ýâ = m $ !1 Lw lv fohdu iurp 6 wkdw ýâ
lv olqhdu1 Wkh lqyhuvh sureohp lv wr ghwhuplqh â iurp phdvxuhphqwv ri wkh pdsslqj ýâ phdvxuhg rq wkh erxqgdu|1
Wkh nhuqho ri wkh lqwhjudo wudqvirup ghshqgv lpsolflwo| rq wkh xqnqrzq frqgxfwlylw| â dqg/ ehfdxvh wkdw ghshqghqfh
lq qrw olqhdu/ wkh lqyhuvh sureohp lv qrq0olqhdu1

415171 Ed|hvldq irupxodwlrq

Wkh sk|vlfdo txdqwlwlhv lq wkh prgho iru wkh iruzdug pds duh wkh frqgxfwlylw| â/ wkh srwhqwldo !/ dqg wkh fxuuhqw
ghqvlw| ã ~ doo ehlqj ixqfwlrqv wkurxjkrxw wkh uhjlrq1 Wkh phdvxuhg gdwd frqvlvwv ri wkh fxuuhqw0yrowdjh yhfwru sdluv
imq> yqjQq@41 Ehfdxvh wkh phdvxuhg yrowdjhv dqg fxuuhqwv duh vxemhfw wr phdvxuhphqw huuruv/ zh glvwlqjxlvk ehwzhhq
wkh phdvxuhg erxqgdu| ydoxhv dqg wkh ñhog txdqwlwlhv lqyroyhg lq wkh iruzdug pds1 Lq jhqhudo zh xvh xsshu0fdvh wr
ghqrwh udqgrp yduldeohv dqg orzhu fdvh wr ghqrwh wuldo ydoxhv ru uhdol}dwlrqv1

txdqwlw| fxuuhqw lq ó srwhqwldo lq ó yrowdjh dw hohfwurghv fxuuhqw dw hohfwurghv frqgxfwlylw|
udqgrp yduldeoh U õ Y M ÷
uhdolvdwlrq ã ! y m â

Zh dgg d vxshuvfulsw q wr ghqrwh ydoxhv fruuhvsrqglqj wr wkh qwk fxuuhqw yhfwru1 Wkh vhw ri uhdol}dwlrqv ri
srwhqwldov iru doo Q phdvxuhphqw sdluv lv ghqrwhg i!qj dv vkruwkdqg iru i!qjQq@4/ l1h1/ wkh idfw wkdw q @ 4> 5> ü ü üQ
lv wdnhq lpsolflwo|1 Zh xvh dqdorjrxv vkruwkdqg iru doo rwkhu ñhog txdqwlwlhv h{fhsw wkh frqgxfwlylw| â zklfk grhv
qrw ydu| zlwk q1

Hyhq wkrxjk doo txdqwlwlhv wdnh frqwlqxxp ydoxhv/ zh xvh qrwdwlrq iru glvfuhwh yduldeohv wr dyrlg whfkqlfdo
reixvfdwlrq1 Wkhq wkh mrlqw srvwhulru glvwulexwlrq iru wkh ñhog txdqwlwlhv jlyhq phdvxuhphqwv pd| eh h{suhvvhg
xvlqj Ed|hv htxdolw| dv
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q
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r
=

Wkh wkuhh ñhog txdqwlwlhv fdq qrw eh vhw lqghshqghqwo| vlqfh/ jlyhq wkh frqgxfwlylw| dqg srwhqwldo/ wkh fxuuhqw ghqvlw|
htxdov U @ ý÷uõ1 Ixuwkhu/ wkh lqwhuqdo srwhqwldo lv ghwhuplqhg e| wkh EYS jlyhq wkh erxqgdu| frqglwlrqv zklfk
duh wkh fxuuhqw ghqvlw| dw wkh erxqgdu| dqg rqh ydoxh ri wkh srwhqwldo1 Zh kdyh fkrvhq wkh odwwhu e| vhwwlqj wkh phdq
srwhqwldo rq wkh erxqgdu| wr eh }hur dozd|v1 Khqfh/ wkh ñhog sdudphwhuv wkdw zh duh iuhh wr vhw duh wkh frqgxfwlylw|
â dqg wkh fxuuhqw furvvlqj wkh erxqgdu| ãmCó1 Jlyhq wkhvh txdqwlwlhv/ wkhq ! @ ýâ +ãmCó, dqg ã @ ýâu!1 Zh zloo
zulwh wklv sdudphwul}dwlrq dv ÷> U zlwk wkh idfw wkdw zh duh dfwxdoo| rqo| iuhh wr vshfli| wkh fxuuhqw rq wkh erxqgdu|
ehlqj xqghuvwrrg1 Wkh mrlqw sulru glvwulexwlrq iru wkh ñhog txdqwlwlhv lv wkxv
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÷ @ â>iõqj @ i!qj > iUqj @ iãqj
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Vlqfh zh duh rqo| lqwhuhvwhg lq uhfrqvwuxfwlrqv ri wkh frqgxfwlylw|/ zh fkrrvh wr vwlsxodwh wkh ixqfwlrqdo irup ri
Su i÷ @ âj rqo| ~ xvxdoo| d Pdunry udqgrp ñhog ~ zlwk wkh sulru kdylqj qr ghshqghqfh rq Uq vlqfh zh gr qrw vhhn
wr pdnh lpdjhv ri wkh fxuuhqwv1

Wkh Olnholkrrg ixqfwlrq iru wkh ñhog txdqwlwlhv/ rqfh wkh phdvxuhphqwv kdyh ehhq pdgh/ fdq eh vlpsolñhg xvlqj
frqglwlrqdo lqghshqghqfh

O +â> i!qj > iãqj, @ Su
q
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r
vlqfh mq lv wkh phdvxuhg ydoxhv ri ãq dw wkh hohfwurghv dqg yq lv !q phdvxuhg dw wkh hohfwurghv1 Zkhq wkh huuruv
ehwzhhq phdvxuhphqw vhwv duh lqghshqghqw/ zh pd| ixuwkhu vlpsoli| wkh Olnholkrrg dv

O +â> i!qj > iãqj, @ øQq@4Su
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Wkh wzr ghqvlwlhv rq wkh uljkw0kdqg vlgh ghshqg rq wkh glvwulexwlrq ri huuruv lq wkh lqvwuxphqwdwlrq1 Iru h{dpsoh li
wkh fxuuhqw phdvxuhphqw kdv qrupdoo|0glvwulexwhg dgglwlyh huuruv/ wkhq

Su
q
M @ mmU @ ã

r
å Q

í
+ã +{4, > ã +{5, > ü ü ü > ã +{n,,W > v5ã

ì
zkhuh Q ghqrwhv d pxowl0yduldwh qrupdo glvwulexwlrq zlwk wkh phdq ehlqj wkh yhfwru ri lqwhuqdo fxuuhqwv wkdw ðrzv
lqwr hdfk hohfwurgh dqg zlwk vrph yduldqfh +ru fryduldqfh pdwul{, v5ã1 Li wkh huuruv lq phdvxulqj srwhqwldo zhuh dovr
qrupdoo| glvwulexwhg wkhq

Su
q
Y @ ymõ @ ýâ +ãmCó,

r
å Q

í
+ýâ +ãmCó, +{4, >ýâ +ãmCó, +{5, > ü ü ü >ýâ +ãmCó, +{n,,W > v5!

ì
zkhuh qrz wkh phdq lv wkh yhfwru ri srwhqwldov dw hohfwurghv jlyhq e| vroylqj wkh EYS zlwk erxqgdu| fxuuhqw ãmCó/
dqg wkh fryduldqfh pdwul{ lv v5!1 Lq erwk wkhvh glvwulexwlrqv zh kdyh gursshg wkh q vxshuvfulsw/ dvvxplqj wkdw wkh
ixqfwlrqdo irup grhv qrw ghshqg rq q1

415181 Pdunry Fkdlq Prqwh Fduor

Ehfdxvh wkh iruzdug pds ghshqgv qrq0olqhduo| rq â/ wkh srvwhulru glvwulexwlrq lv vnhzhg dqg prghv ri wkh srvwhulru
gr qrw pdnh jrrg uhfrqvwuxfwlrqv1 Iru wkhvh kljk0glphqvlrqdo sureohpv wkhuh lv qr uhdvrq wkdw wkh prgh eh
uhsuhvhqwdwlyh ri wkh exon ri suredelolw| zklfk lv grplqdwhg e| phwulf idfwruv udwkhu wkdq wkh ydoxh ri wkh srvwhulru1
Lqvwhdg/ zh vhhn wr fdofxodwh phdqv ryhu wkh srvwhulru xvlqj PFPF wr gudz vdpsohv iurp wkh srvwhulru1 Zh kdyh
suhylrxvo| ghprqvwudwhg5/6 fdofxodwlrq ri phdq lpdjhv/ dorqj zlwk vdpsoh yduldqfhv/ hwf/ iurp v|qwkhwlf gdwd iru
wklv lqyhuvh sureohp yld d PFPF dojrulwkp1

Lq PFPF/ wkh iruzdug sureohp lv vlpxodwhg dqg xvhg wr jhqhudwh d Pdunry fkdlq i+÷> U,wj4w@3 ri udqgrp
yduldeohv wdnlqj ydoxhv iurp doorzdeoh frqgxfwlylw| glvwulexwlrqv dqg erxqgdu| fxuuhqwv/ zlwk d w0vwhs glvwulexwlrq
Su
ý
÷w @ âm÷3 @ â+3,

ü
zklfk whqgv wr wkh pdujlqdo srvwhulru glvwulexwlrq/ Su i÷ @ âm iMq> Y qj @ imq> yqjj/ dv w

whqgv wr lqñqlw|1 Lq rxu lpsohphqwdwlrqv zh xvh wkh Phwursrolv0Kdvwlqjv phwkrg ghñqhg e| d vhsdudwh uhyhuvleoh
wudqvlwlrq suredelolw| iru hdfk ri vhyhudo pryh w|shv1 Zh zloo rqo| jlyh d yhu| eulhi rxwolqh ri wkh phwkrg khuh>
lqwhuhvwhg uhdghuv fdq ñqg ghwdlov lq rxu hduolhu sdshuv15/6 Wkh pryhv duh fkrvhq vr wkdw wkh surfhvv lv luuhgxfleoh rq
doorzdeoh frqgxfwlylw| glvwulexwlrqv dqg ehkdyhv hujrglfdoo| zlwklq xvhixo wlph vfdohv/ exw wkh pryhv duh rwkhuzlvh
duelwudu|1 Hyroxwlrq ri wkh erxqgdu| fxuuhqw uhtxluhv vwudljkwiruzdug vdpsolqj iurp d qrupdo glvwulexwlrq dqg vr
pryhv iru wkh erxqgdu| fxuuhqw zloo qrw eh frqvlghuhg khuh1

Wkh PFPF dojrulwkp lv dv iroorzv= Jlyhq d vwdwh +÷> U,w @ +â> ã,/ dqg wkh olnholkrrg ri wkh vwdwh O+â> iãqj,/ wkh
qh{w vwdwh +÷> U,w.4 lv jhqhudwhg e|=

Vwhs L Vhohfw d pryh s zlwk suredelolw| ís1 Jhqhudwh d fdqglgdwh qhz vwdwh +â3> iã3qj, dffruglqj wr wkh vhohfwhg
pryh1

Vwhs LL Fdofxodwh wkh olnholkrrg ri wkh fdqglgdwh vwdwh O++â3> iã3qj,,1
Vwhs LLL Frpsxwh wkh dffhswdqfh suredelolw| iru wkh wudqvlwlrq/ +â> iãqj,$ +â3> iã3qj,1
Vwhs LY Dffhsw ru uhmhfw wkh fdqglgdwh vwdwh +â3> iã3qj,=

LY1l Li +â3> iã3qj, lv uhmhfwhg/ vhw +÷> U,w.4 @ +â>iãqj,1
LY1ll Li +â3> iã3qj, lv dffhswhg/ vhw +÷> U,w.4 @ +â3> iã3qj,1

Vwhsv L wr LY duh uhshdwhg wr jhqhudwh d fkdlq ri dq| ghvluhg ohqjwk1 H{shfwdwlrqv ryhu wkh srvwhulru duh wkhq
fdofxodwhg xvlqj Prqwh Fduor lqwhjudwlrq/ wkh lqwhjudo ehlqj hvwlpdwhg e| d qrupdol}hg vxp ri wkh ghvluhg txdqwlw|
ryhu wkh Pdunry fkdlq jhqhudwhg1



4161 Dojrulwkpv

Wkh prvw iuhtxhqwo| uhtxluhg fdofxodwlrq zlwklq wkh PFPF/ wkdw ghshqgv rq wkh iruzdug pds/ lv wkh lv hydoxdwlrq ri
wkh olnholkrrg ri wkh fdqglgdwh vwdwh lq vwhs LL 1 Zh vhhn dq hïflhqw dojrulwkp e| hqvxulqj wkdw wklv fdofxodwlrq pd|
eh shuiruphg dv fkhdso| dv srvvleoh1 Lq d gluhfw lpsohphqwdwlrq ri wkh iruzdug pds/ fdofxodwlrq ri wkh olnholkrrg
uhtxluhv vroxwlrq ri wkh EYS/ rqfh iru hdfk phdvxuhphqw fxuuhqw yhfwru1 Iru dq lpdjh zlwk P sl{hov/ hdfk vroxwlrq
uhtxluhv R

ý
P5

ü
fdofxodwlrqv1 Vlqfh hydoxdwlqj wkh olnholkrrg uhtxluhv d vroxwlrq iru hdfk phdvxuhphqw yhfwru/ wkh

vwhs zrxog uhtxluh R +Q,R
ý
P5

ü
fdofxodwlrqv lq doo1 Vlqfh w|slfdoo| pdq| wkrxvdqgv/ ru ploolrqv/ ri vwdwhv duh

uhtxluhg iru dffxudwh vdpsoh h{shfwdwlrqv/ wklv gluhfw lpsohphqwdwlrq lv surklelwlyho| h{shqvlyh1 Lq frqwudvw/ wkh
dojrulwkp wkdw zh sursrvh xvhv vwruhg lqirupdwlrq derxw wkh suhvhqw vwdwh lq d zd| wkdw doorzv fdofxodwlrq ri wkh
Olnholkrrg lq R +H, rshudwlrqv iru H hohfwurghv1 Wklv lv d kxjh lpsuryhphqw ryhu gluhfw lpsohphqwdwlrq1 Zkhq wkh
fdqglgdwh vwdwh lv uhmhfwhg/ qr ixuwkhu fdofxodwlrqv duh uhtxluhg iru wklv wlph vwhs1 Krzhyhu/ li wkh fdqglgdwh vwdwh lv
dffhswhg/ ixuwkhu R

ý
P5

ü
fdofxodwlrqv duh uhtxluhg wr xsgdwh wkh vwruhg txdqwlwlhv1 Zkloh wklv vwhs lv frpsxwdwlrqdoo|

h{shqvlyh/ lw lv vwloo frqvlghudeo| fkhdshu wkdq hdfk Olnholkrrg fdofxodwlrq lq wkh gluhfw lpsohphqwdwlrq1

Vlqfh wkhuh duh pdq| srvvleoh vdpsohuv/ hdfk ghñqhg e| wkh fkrlfh dqg suredelolw| ri wkh pryhv/ zh vhhn d
frpelqdwlrq ri vdpsohu dqg phwkrg iru vroylqj wkh EYS wkdw jlyhv dq hïflhqw vdpsolqj dojrulwkp1 Rxu suhvhqw
vfkhph lv edvhg rq uhvwulfwlqj wkh pryhv wr orfdo fkdqjhv lq wkh frqgxfwlylw| vwdwh/ hlwkhu fkdqjlqj wkh frqgxfwlylw|
dw d vlqjoh sl{ho ru dw sdluv ri qhdue| sl{hov dfurvv dq _xsgdwh hgjh%1 E| zulwlqj vroxwlrqv ri wkh EYS dv dq lqwhjudo
wudqvirup zlwk nhuqho ehlqj wkh Qhxpdq Juhhq*v ixqfwlrqv/ zh fdq lghqwli| d plqlpdo vhw ri txdqwlwlhv wkdw qhhg
wr eh vwruhg vr wkdw wkh srwhqwldo dw wkh hohfwurghv/ dqg khqfh wkh olnholkrrg/ pd| eh fdofxodwhg zlwk uhodwlyho|
ihz rshudwlrqv1 Wklv fdofxodwlrq fruuhvsrqgv wr dssolfdwlrq ri wkh Zrrgexu| irupxod ~ iru ñqglqj wkh xsgdwhg
lqyhuvh ri d pdwul{ jlyhq d orz0udqn fkdqjh ~ lq d glvfuhwh irupxodwlrq ri wkh iruzdug sureohp1 Rqh vxlwdeoh glvfuhwh
irupxodwlrq lv d ñqlwh0hohphqw glvfuhwl}dwlrq ri wkh sureohp/ zklfk zh rxwolqh lq wkh qh{w vhfwlrq dorqj zlwk wkh
dssolfdwlrq ri wkh Zrrgexu| irupxod1 Krzhyhu/ wkh vdph fdofxodwlrq pd| eh srvhg lq whupv ri wkh glòhuhqwldo
rshudwruv gluhfwo|/ wkrxjk wkdw urxwh lv whfkqlfdoo| pruh ghpdqglqj1

Lq rxu suhylrxv vdpsolqj dojrulwkpv iru frqgxfwdqfh lpdjlqj zh xvhg d olqhdul}dwlrq ri wkh iruzdug pds â $
imq> yqj wr doorz d fkhds dssur{lpdwlrq wr wkh olnholkrrg iru d fdqglgdwh vwdwh1 Wkdw dssur{lpdwlrq kdg wkh
frqvhtxhqfh wkdw/ iru rxu sduwlfxodu vlpxodwlrqv/ derxw 47( ri dffhswdqfhv zhuh idovho| pdgh dqg khqfh ghwdlohg
edodqfh frxog qrw kdyh ehhq dfklhyhg1 Krzhyhu/ wklv glg qrw vhhp wr dòhfw wkh uhfrqvwuxfwlrqv vljqlñfdqwo|1 Zh qrz
wklqn wkdw lq idfw wkh idovh uhmhfwlrqv +fdqglgdwh vwdwhv wkdw zhuh uhmhfwhg rq wkh edvlv ri wkh dssur{lpdwh olnholkrrg
exw zrxog kdyh ehhq dffhswhg rq wkh edvlv ri wkh h{dfw olnholkrrg, duh pruh vhulrxv1 Wkdw fdvh whqgv wr rffxu iru
pryhv vxfk dv sl{ho vzdsslqj wkdw gr qrw juhdwo| fkdqjh wkh olnholkrrg1 Wkh olqhdul}dwlrq iru vxfk pryhv vhhpv wr
kdyh d jrrg devroxwh huuru exw srru uhodwlyh huuru> wkh odwwhu ehlqj lpsruwdqw zkhq olnholkrrg fkdqjhv duh vpdoo1 Dqg
vlqfh pryhv wkdw nhhs wkh olnholkrrg qhduo| xqfkdqjhg duh lpsruwdqw iru hïflhqw pl{lqj lq htxloleulxp/ lw dsshduv
wkdw wkh olqhdu dssur{lpdwlrq kdv wkh hòhfw ri uhgxflqj pl{lqj dqg khqfh hïflhqf|1

Rxu pdlq uhvxow khuh lv wr vkrz wkdw wkh olqhdu dssur{lpdwlrq fdq eh uhsodfhg zlwk dq h{dfw fdofxodwlrq uhtxlulqj
wkh vdph rughu ri rshudwlrqv1 Wkh h{dfw fdofxodwlrq uhtxluhv h{wud vwrudjh/ zlwk wkh frqvhtxhqfh wkdw pruh xsgdwlqj
ri vwruhg ydoxhv lv uhtxluhg rq dq dffhswdqfh1 Krzhyhu/ wkh vdph vfkhph wkdw doorzv xv wr shuirup fkhds fdofxodwlrqv
ri wkh olnholkrrg dovr doorzv xv wr xsgdwh wkh vwruhg ydoxhv pruh fkhdso| wkdq lq suhylrxv dojrulwkpv1

51 ILQLWH HOHPHQW IRUPXODWLRQ

Lq wklv vhfwlrq zh jlyh d glvfuhwl}dwlrq ri wkh iruzdug pds edvhg rq d ñqlwh0hohphqw phwkrg lq zklfk sl{hov duh wdnhq
dv hohphqwv1 Wkh phwkrg iru hïflhqw fdofxodwlrq ri wkh olnholkrrg grhv qrw ghshqg rq wklv sduwlfxodu glvfuhwl}dwlrq
dqg zh frxog htxdoo| kdyh xvhg d wudglwlrqdo wuldqjoh0edvhg IHP ru ñqlwh0glòhuhqfh glvfuhwl}dwlrq1 Wkh vdph sl{ho
glvfuhwl}dwlrq lv xvhg iru erwk wkh frqgxfwlylw| glvwulexwlrq dv zhoo dv wkh ñhog txdqwlwlhv1 Wklv ihdwxuh lv qrw
qhfhvvdu|/ qru ghvludeoh zkhq kljkhu0ohyho sulru prghov duh xvhg/ exw lw doorzv xv wr glvsod| wkh dojrulwkp vlpso|1

Ilqlwh hohphqw glvfuhwl}dwlrqv duh edvhg rq wkh htxlydohqfh ehwzhhq wkh EYS 4 dqg wkh yduldwlrqdo vwdwhphqw
wkdw
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fruuhvsrqglqj wr rxu xvlqj wkh phdq ryhu wkh erxqgdu| dv wkh uhihuhqfh ri srwhqwldo1 Lq wkh sduwlfxodu fdvh ri vroylqj
iru d Juhhq*v ixqfwlrq/ vlqfh m @ 4@ mCóm/ zh kdyh wkh uhgxfhg irup

j +{må, @ dujplq
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Qrwh wkdw doo ghulydwlyhv dqg lqwhjudov duh zlwk uhvshfw wr wkh ñuvw/ {/ yduldeoh1

5141 Sl{ho IHP iru HLW

Zh glvfuhwl}h ó xvlqj d vtxduh phvk> Wkh frqgxfwlylw| zlwklq hdfk vtxduh/ riwhq uhihuuhg wr dv d sl{ho/ lv wdnhq wr eh
frqvwdqw dqg wkh qrgdo ydoxhv ri wkh srwhqwldo/ dw wkh yhuwlfhv ri hdfk vtxduh/ duh xvhg wr ghñqh wkh srwhqwldo1 Ghqrwh
wkh uhjlrq rffxslhg e| wkh lwk sl{ho e| ól1 Wkhq ó @ ^Pl@4ól zkhq wkhuh duh P sl{hov lq doo1 Wkh lqwhjudov uhtxluhg
lq htxdwlrq 7 ryhu hdfk sl{ho fdq eh shuiruphg e| wudqviruplqj frruglqdwhv rqwr wkh pdvwhu vtxduh óP @ ^3> 4`û^3> 4`
lq wkh +{> |, sodqh wkdw kdv frqvwdqw frqgxfwlylw| â1 Jlyhq wkh srwhqwldo ! +{> |, dw wkh irxu fruqhuv ! +3> 3, @ !33/
! +4> 3, @ !43/ ! +3> 4, @ !34/ ! +4> 4, @ !44/ zh wdnh wkh srwhqwldo zlwklq wkh sl{ho wr eh wkh elolqhdu lqwhusrodwlrq ri
wkh qrgdo ydoxhv

! +{> |, @ +4ý |, ++4ý {,!33 . {!34, . | ++4ý {,!43 . {!44, =
Wkh hqhuj| lqwhjudo ryhu óP lv wkhq] 4
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] 4
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ì
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4FFD
lv wkh _orfdo vwlòqhvv pdwul{%1

Wkh qrgdo ydoxhv ri srwhqwldo fdq eh duudqjhg dv d yhfwru zklfk zh ghqrwh e| !/ l1h1/ xvlqj wkh vdph v|pero dv
wkh frqwlqxrxv frxqwhusduw1 Lw lv frqyhqlhqw wr duudqjh wkh yhfwru vr wkdw wkh ydoxhv iru qrghv dw hohfwurghv dsshdu
dv wkh ñuvw N frpsrqhqwv1 Wkh srvlwlrq ri d qrgh zlwklq wklv yhfwru lv fdoohg wkh joredo qrgdo qxpehu1 Iru hdfk
hohphqw ól zh qhhg wr nqrz wkh pdsslqj ehwzhhq joredo qrgdo qxpehuv dqg wkh fruuhvsrqglqj orfdo qrgdo qxpehu/
zklfk lq wklv fdvh wdnh wkh ydoxhv i4> 5> 6> 7j1 Ohw qlm eh wkh joredo qrgh qxpehu ri wkh qrgh wkdw lv pdsshg wr
orfdo qrgh m zkhq hohphqw l lv wudqviruphg wr wkh pdvwhu hohphqw1 Wkhq/ wkh P ûP joredo vwlòqhvv pdwul{ N
fdq eh dvvhpeohg +e| hohphqwv, e| dgglqj wr wkh lqlwldoo| }hur pdwul{ wkh frpsrqhqwv âlNo

qlmqln iru m> n @ 4> 5> 6> 7
zkhuh l orrsv ryhu wkh P hohphqwv1 Wkxv/ hdfk sl{ho frqwulexwhv 49 frpsrqhqwv dw wkh lqwhuvhfwlrqv ri wkh urzv dqg
froxpqv zlwk joredo qrgdo qxpehuv rq wkh hohphqw/ wkh frpsrqhqwv duh wkh orfdo vwlòqhvv pdwul{ pxowlsolhg e| wkh
frqgxfwdqfh1 Wkh joredo vwlòqhvv pdwul{ N lv wkhuhiruh yhu| vsduvh zlwk dw prvw < qrq0}hur hohphqwv shu urz1 Qrwh
wkdw wkh frqvwdqw yhfwru lv lq wkh qxoo vsdfh ri No/ dqg vr wkh joredo vwlòqhvv pdwul{ kdv d }hur hljhqyhfwru lq wkh
gluhfwlrq ri wkh frqvwdqw yhfwru1

Xvlqj wkh joredo vwlòqhvv pdwul{/ wkh yduldwlrqdo irup iru wkh glvfuhwl}hg Juhhq*v ixqfwlrq iru fxuuhqw vrxufh dw
qrgh n lv wkhq

jn @ dujplq jnWNjn . 5jnn

zkhuh jnn lv wkh n
wk frpsrqhqw ri jn/ l1h1/ wkh srwhqwldo dw wkh srlqw ri fxuuhqw lqmhfwlrq dqg fdq eh zulwwhq dv

ý
jn
üW
ïn

zkhuh ïn lv wkh yhfwru zklfk lv 4 dw qrgh n dqg lv rwkhuzlvh }hur1 Wkh plqlpl}dwlrq lv vxemhfw wr wkh frqvwudlqw wkdw
wkh phdq srwhqwldo rq wkh erxqgdu| lv }hur/ l1h1/

jn ü "e @ 3
zkhuh "e lv d yhfwru wkdw lv 4 iru qrghv rq wkh erxqgdu| dqg lv rwkhuzlvh }hur1



514141 Qrq0vlqjxodu pdwul{ irup

Ghñqh wkh surmhfwlrq rqwr "e dqg wkh frpsohphqwdu| surmhfwlrq

Se @
"e"

W
e

Pe
> SB @ L ý Se

uhvshfwlyho|1 Qrwh wkdw SB kdv wkh dfwlrq ri vxewudfwlqj wkh phdq ryhu wkh erxqgdu| iurp qrghv rq wkh erxqgdu|/
dqg lv wkh lghqwlw| iru lqwhulru qrghv1 Wkhq jn pd| eh irxqg e| dq xqfrqvwudlqhg plqlpl}dwlrq ri wkh prglñhg
txdgudwlf irup

T @ jnW +SBNSB . ðSe, jn . 5
ý
jn
üW
SBïn

zkhuh wkh whup ðSe lv d uhjxodul}lqj whup wr hqvxuh wkdw Sej
n @ 3 dqg ð A 3 lv rwkhuzlvh duelwudu|1 Wkh Khvvldq

pdwul{/ xqolnh N/ lv lqyhuwleoh dqg wkh qrupdo htxdwlrqv wkhq jlyh

jn @ ýDý4 ýSBïnü
zkhuh D @ +SBNSB . ðSe, lv wkh Khvvldq ri wkh prglñhg txdgudwlf irup1 Lw lv xvhixo wr vhh wkdw jn lv wkh nwk

froxpq ri ýDý4SB/ dqg vlqfh D lv v|pphwulf/ jn lv dovr wkh nwk urz1 Qrwh wkdw wkh fxuuhqw yhfwru SBïn fruuhvsrqgv
wr xqlw fxuuhqw lqmhfwhg dw qrgh n dqg xqlirupo| uhpryhg rq wkh erxqgdu|1

514151 Zrrgexu| irupxod

Rq d fkdqjh wr wkh frqgxfwlylw|/ wkh joredo vwlòqhvv pdwul{ fkdqjhv dffruglqj wr wkh dvvhpeo| e| hohphqwv rxwolqhg
hduolhu1 Wkh Olnholkrrg iru d jlyhq vhw ri phdvxuhphqw fxuuhqwv lv ghwhuplqhg e| wkh olqhdu pds zlwk nhuqhov ehlqj
wkh Juhhq*v ixqfwlrqv zlwk d sroh dw rqh ri wkh hohfwurghv1 Dv zh kdyh vhhq/ wkh Juhhq*v ixqfwlrqv duh wkh urzv ri
wkh lqyhuvh ri wkh prglñhg joredo vwlòqhvv pdwul{1 Frqvhtxhqwo|/ wkh Olnholkrrg fdq eh fdofxodwhg fkhdso| li wkh
dssursuldwh urzv ri wkh lqyhuvh fdq eh hdvlo| fdofxodwhg1 Wkh Zrrgexu| irupxod jlyhv dq hïflhqw zd| ri xsgdwlqj
urzv ri wkh lqyhuvh pdwul{ uhtxlulqj d pdwul{ lqyhuvlrq ri wkh vl}h ri wkh qxpehu ri qrghv dw zklfk d fkdqjh lv pdgh1

Iru dq duelwudu| P ûP pdwul{ D/ dqg duelwudu| P û S pdwulfhv X dqg Z / wkh Zrrgexu| irupxod lvý
D. XZW

üý4
@ Dý4 ý

k
Dý4X

ý
L .ZWDý4X

üý4
ZWDý4

l
=

Wkh pdwul{ lqyhuvlrq uhtxluhg lv ri vl}h S û S zklfk lv fkhds zkhq S áP / zklfk lv wkh fdvh iru orfdol}hg fkdqjhv
wr wkh frqgxfwlylw|1

Wkh fkdqjh wr wkh joredo vwlòqhvv pdwul{ N fdq dozd|v eh zulwwhq dv dq rxwhu surgxfw ri wzr pdwulfhv XZW1 Iru
h{dpsoh/ zkhq wkh frqgxfwlylw| dw wkh vlqjoh sl{ho l lv fkdqjhg e| üâl/ ohw X eh wkh 7 qrq0}hur froxpqv ri wkhPûP
pdwul{ wkdw lv wkh lghqwlw| ryhu wkh qrghv rq sl{ho l/ dqg }hur hovhzkhuh/ zkloh Z lv wkh 7 qrq0}hur froxpqv ri wkh
joredo vwlòqhvv pdwul{ iru d frqgxfwlylw| üâl dw sl{ho l dqg lv }hur hovhzkhuh1 Pdq| fkrlfhv ri dssursuldwh pdwulfhv
fdq eh pdgh> rqh srvvlelolw| wkdw h{sorlwv wkh ghihfwlyh udqn ri wkh orfdo vwlòqhvv pdwul{ lv wr xvh wkh hljhqyhfwruv ri
wkdw pdwul{ wr ñqg P û 6 pdwulfhv1
Li wkh frqgxfwlylw| fkdqjh rffxuv dw d sl{ho wkdw grhv qrw kdyh qrghv rq wkh erxqgdu|/ wkhq SBX @ X / dqg

SBZ @Z / dqg frqvhtxhqwo|/ wkh fkdqjh wr wkh prglñhg joredo vwlòqhvv pdwul{ dovr htxdov XZW1

514161 Uhmhfwlrq vwhs

Frqvlghu qrz wkh fdofxodwlrq uhtxluhg wr hydoxdwh wkh olnholkrrg iru d fdqglgdwh vwdwh irxqg e| fkdqjlqj wkh frqgxf0
wlylw| dw rqh sl{ho1 Wkh olnholkrrg lv hdvlo| fdofxodwhg jlyhq wkh ydoxh dw hohfwurghv ri wkh xsgdwhg Juhhq*v ixqfwlrqv
iru fxuuhqw vrxufhv dw hohfwurghv1 Wkdw lv/ zh uhtxluh wkh frpsrqhqwv ri wkh Juhhq*v ixqfwlrqv jno iru n> o @ 4> 5> ü ü üH1
Exw wklv lv mxvw wkh eorfn ri wkh lqyhuvh pdwul{ Dý4no iru n> o @ 4> 5> ü ü üH1
Fkdqjhv wr wkdw eorfn ri wkh lqyhuvh uhtxluh fdofxodwlrq ri wkh whup
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eorfn1 Wkh no hohphqw ri wklv whup lvk
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Khqfh zh qhhg wr vwruh wkh Juhhq*v ixqfwlrqv iru vrxufhv dw hohfwurghv/ l1h1/ jn iru n>@ 4> 5> ü ü üH1 Vlqfh wkh pdwulfhv
X dqg Z kdyh qrq0}hur hqwulhv rqo| dw urzv fruuhvsrqglqj wr d qrgh rq wkh sl{ho ehlqj fkdqjhg/ wklv fdofxodwlrq



rqo| uhtxluhv wkh ydoxhv ri wkhvh Juhhq*v ixqfwlrqv dw wkh qrghv rq wkh sl{ho1 Wkh 7 û 7 pdwul{ wr eh lqyhuwhg/ý
L .ZWDý4X

ü
/ uhtxluhv wkh frpsrqhqwv ri Dý4 iru urzv dqg froxpqv fruuhvsrqglqj wr qrghv rq wkh sl{ho/ vlqfh

X dqg Z duh qrq0}hur iru wkrvh hqwulhv/ rqo|1 Khqfh zh dovr qhhg wr vwruh wkh frpsrqhqwv ri wkh Juhhq*v ixqfwlrqv
iru vrxufh dqg ñhog srlqwv dw qrghv rq sl{hov/ ru sdluv ri sl{hov hwf/ wkdw zloo eh fkdqjhg1

Lq vxppdu|/ li zh vwruh wkh H Juhhq*v ixqfwlrqv zklfk kdyh vrxufhv dw hohfwurghv/ uhtxlulqj H ûP frpsrqhqwv
vwruhg/ dqg frpsrqhqwv orfdo wr wkh vrxufh ri doo P Juhhq*v ixqfwlrqv/ uhtxlulqj <ûP frpsrqhqwv iru vlqjoh sl{ho
fkdqjhv ru 58 ûP iru sl{ho vzdsslqj zlwk d pd{lpxp jds ri 5 sl{hov ehwzhhq wkrvh ehlqj vzdsshg/ wkhq wkh
olnholkrrg fruuhvsrqglqj wr dq| vlqjoh ru grxeoh0sl{ho fkdqjh pd| eh frpsxwhg h{dfwo| iru wkh frvw ri d S û S
pdwul{ lqyhuvlrq soxv wzr S ûS pdwul{ pxowlsolfdwlrqv/ zkhuh S qrghv duh rq wkh sl{hov ehlqj fkdqjhg1 Wkh vwrudjh
dqg fdofxodwlrq uhtxluhphqwv pd| eh uhgxfhg vrphzkdw e| h{sorlwlqj wkh v|pphwu| ri wkh Juhhq*v ixqfwlrqv/ exw
wkh vdylqj lv qrw vxevwdqwldo1

Li wkh fdqglgdwh vwdwh lv uhmhfwhg/ qr ixuwkhu fdofxodwlrqv duh uhtxluhg1 Lq sduwlfxodu/ qr dgmxvwphqw wr wkh vwruhg
Juhhq*v ixqfwlrqv lv uhtxluhg dv wkh vxevhtxhqw vwdwh lv xqfkdqjhg iurp wkh suhvhqw vwdwh1

514171 Dffhswdqfh vwhs

Zkhq d fdqglgdwh frqgxfwlylw| vwdwh lv dffhswhg wkh joredo vwlòqhvv pdwul{ pxvw eh xsgdwhg dqg wkh frqvhtxhqw
fkdqjhv lq wkh vwruhg Juhhq*v ixqfwlrqv pxvw eh frpsxwhg1 Djdlq wkh Zrrgexu| irupxod lq 8 fdq eh xvhg wr
hïflhqwo| uhfdofxodwh wkhvh ydoxhv1 Xvlqj wkh v|pphwu| ri wkh Juhhq*v ixqfwlrqv zh kdyh jnm @ j

m
n/ dqg vr fkdqjhv

wr dq| frpsrqhqw ri Dý4 pd| eh frpsxwhg jlyhq doo ydoxhv ri wkh Juhhq*v ixqfwlrqv iru vrxufhv dw qrghv rq wkh
sl{hov wkdw zhuh fkdqjhg1 Dw suhvhqw zh fdq vhh qr dowhuqdwlyh wr vlpso| kdylqj wr fdofxodwh wkhvh Juhhq*v ixqfwlrqv
iroorzlqj dq dffhswdqfh1 Vlqfh wklv uhtxluhv S vroxwlrqv ri wkh EYS/ R +S ,R

ý
P5

ü
fdofxodwlrqv duh uhtxluhg wr ñqg

wkhvh Juhhq*v ixqfwlrqv1 Qrwh wkdw lw lv qrw sudfwlfdo wr vwruh wkhvh Juhhq*v ixqfwlrqv dv wkhq zh zrxog qhhg wr vwruh
doo ri wkh pdwul{ Dý4 zklfk h{fhhgv wkh w|slfdo vwrudjh fdsdflwlhv iru doo exw wkh vpdoohvw lpdjhv1

61 FRQFOXVLRQV

Zh kdyh odlg rxw d irupdolvp iru wkh hïflhqw vlpxodwlrq ri wkh srvwhulru glvwulexwlrq ri wkh frqgxfwdqfh lpdjlqj
sureohp1 Lq sduwlfxodu zh kdyh rxwolqhg dq dojrulwkp wkdw hqvxuhv wkdw wkh vwhsv uhtxlulqj vroxwlrq ri wkh EYS fdq
eh shuiruphg udslgo|1 Wklv zloo hqdeoh lpsuryhg Ed|hvldq lqihuhqfh iurp fxuuhqw2yrowdjh gdwd1 Zh h{shfw wkdw wkh
vdph frpsxwdwlrqdo vwuxfwxuh zloo dovr ohdg wr hïflhqw dojrulwkpv iru rwkhu lqyhuvh sureohpv zkhuh wkh iruzdug pds
uhtxluhv vroxwlrq ri d SGH1

Zh fdq eh idluo| frqñghqw wkdw h{shulphqwv iurp v|qwkhwlf gdwd zloo eh vxffhvvixo/ vlqfh rxu hduolhu vlpxodwlrqv
dfklhyhg hujrglf ehkdylrxu ri wkh Pdunry fkdlq lq uhdvrqdeoh wlphv/ xvlqj d ohvv hïflhqw dojrulwkp1 Uhprydo ri
wkh dssur{lpdwlrq lqkhuhqw lq xvlqj wkh olqhdul}hg iruzdug pds lv olnho| wr doorz xv wr lqyhvwljdwh zlghu udqjhv ri
phdvxuhphqw qrlvh/ dqg dfklhyh ehwwhu pl{lqj lq htxloleulxp/ frpsduhg wr rxu suhylrxv dojrulwkpv1 Zklovw wklv lv
fdxvh iru vdwlvidfwlrq/ lw uhpdlqv xqfohdu wkdw wkh dojrulwkp zh kdyh jlyhq zloo eh hòhfwlyh iru uhdo gdwd1 Krzhyhu/
jlyhq wkh rswlpdo zd| lq zklfk wkh Zrrgexu| irupxod hydoxdwhv wkh olnholkrrg/ zh h{shfw wkdw wkh dojrulwkp zh
kdyh jlyhq zloo sod| vrph sduw lq d ixoo uhvroxwlrq ri wkh sureohp ri vlpxodwlrq iru Ed|hvldq lqihuhqfh iurp zdyh
vfdwwhulqj gdwd1

UHIHUHQFHV

41 F1 Ir{ dqg J1 N1 Qlfkroov/ _Sk|vlfdoo|0edvhg olnholkrrg iru xowudvrxqg lpdjlqj/% lq Ed|hvldq Lqihuhqfh iru Lqyhuvh
Sureohpv/ D1 Prkdppdg0Gmdidul/ hg1/ yro1 678< ri Surfhhglqjv ri VSLH/ ss1 <5~<</ Wkh Lqwhuqdwlrqdo Vrflhw| iru
Rswlfdo Hqjlqhhulqj/ Mxo| 4<<;1

51 F1 Ir{ dqg J1 N1 Qlfkroov/ _Vdpsolqj frqgxfwlylw| lpdjhv yld PFPF/% lq Wkh Duw dqg Vflhqfh ri Ed|hvldq
Lpdjh Dqdo|vlv/ N1 Pdugld/ U1 Dfnur|g/ dqg F1 Jloo/ hgv1/ Ohhgv Dqqxdo Vwdwlvwlfv Uhvhdufk Zrunvkrs/ ss1 <4~
433/ Xqlyhuvlw| ri Ohhgv/ 4<<:1

61 J1 N1 Qlfkroov dqg F1 Ir{/ _Sulru prghoolqj dqg srvwhulru vdpsolqj lq lpshgdqfh lpdjlqj/% lq Ed|hvldq Lqihuhqfh
iru Lqyhuvh Sureohpv/ D1 Prkdppdg0Gmdidul/ hg1/ yro1 678< ri Surfhhglqjv ri VSLH/ ss1 449~45:/ Wkh Lqwhuqdwlrqdo
Vrflhw| iru Rswlfdo Hqjlqhhulqj/ Mxo| 4<<;1


