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8Krzhyhu/ wkhuh lv vrph uhfhqw lqwhuhvw lq wkhvh phwkrgv1 Zdwvrq ^4<<7` xvhv wkh Exuqv dqg
Plwfkhoo phwkrgrorj| wr frqwudvw lqwhu0zdu dqg srvw0zdu X1V1 exvlqhvv f|fohv1 Vlpnlqv ^4<<7`
dqg Nlqj dqg Sorvvhu ^4<<7` vkrz wkdw UEF prghov surgxfh duwlñfldo gdwd wkdw wkh Exuqv dqg
Plwfkhoo phwkrgv zrxog uhfrjql}h dv kdylqj vlplodu fkdudfwhulvwlfv wr X1V1 gdwd1
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9Wkh KS ñowhu lv ghulyhg e| vroylqj wkh iroorzlqj plqlpl}dwlrq sureohp/
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Iru txduwhuo| gdwd/ wkh vwdqgdug ydoxh fkrvhq iru wkh vprrwklqj sdudphwhu è lv 49331 Zkhq
è @4 wkh vroxwlrq wr wklv sureohp lv d olqhdu wuhqg/ zkloh zlwk è @ 3 wkh wuhqg frlqflghv zlwk
wkh ruljlqdo vhulhv1 Lq d ñqlwh vdpsoh frqwh{w/ wkh zhljkwv dm lq +514, ydu| zlwk wkh shulrg/ exw qrw
zlwk wkh gdwd/ vr wkdw wkh wh{w h{suhvvlrq lv d vlpsolñfdwlrq1 Nlqj dqg Uhehor ^4<<6` glvfxvv
dgglwlrqdo surshuwlhv ri wklv ghwuhqglqj surfhgxuh/ lqfoxglqj ghulydwlrq ri ñowhu zhljkwv dqg
iuhtxhqf| uhvsrqvh ixqfwlrqv iru wkh fdvh lq zklfk wkh vdpsoh lv lqñqlwho| odujh1 Wkh| hvwdeolvk
wkdw wkh KS ñowhu kdv vwurqj ghwuhqglqj surshuwlhv/ lq vhqvh wkdw lw fdq pdnh vwdwlrqdu| vhulhv
xs wkurxjk irxu rughuv ri lqwhjudwlrq1
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W? |üi |üðh_ T@?i* Lu 6ð}ýhi �c |üi Oè 4i@týhi Lu U)U*ðU@* Lý|Tý| ðt @UUL4T@?ði_
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tihðit *ð!i Lý|Tý|c êüðUü UL?|@ð? hi*@|ðñi*) *ð||*i üð}ü uhi^ýi?U) ñ@hð@|ðL?c 6ð}ýhi �
tüLêt |ü@| |üihi ðt @ 4ð?Lh _ðgihi?Ui Mi|êii? |üiti @*|ih?@|ðñi U)U*ðU@* 4i@týhitë

Aüihi ü@t Mii? tL4i UL?|hLñiht) @MLý| |üi týð|@Mð*ð|) Lu |üi Oè �*|ih uLh
Mýtð?itt U)U*i hiti@hUüë èhitUL|| d�bHSo ?L|it |ü@| |üi Oè �*|ih hiti4M*it @?
@TThL ð4@|i üð}üíT@tt �*|ih _itð}?i_ |L i*ð4ð?@|i t|LUü@t|ðU UL4TL?i?|t êð|ü
TihðL_ðUð|ðit }hi@|ih |ü@? |üðh|)í|êL ^ý@h|ihtë ú_LT|ð?} |ü@| TihtTiU|ðñic êi @hi
tð4T*) _i�?ð?} |üi Mýtð?itt U)U*i ð? @ u@ðh*) UL?ñi?|ðL?@* ê@)G ð| ðt |üLti ãýUí
|ý@|ðL?t ð? iUL?L4ðU |ð4i tihðit |ü@| ü@ñi TihðL_ðUð|) Lu ið}ü| )i@ht Lh *ittëH ú|
|üi t@4i |ð4ic |üi |üðh_ T@?i* Lu 6ð}ýhi � hi4ð?_t ýt |ü@| |üihi @hi t*Lêí4Lñð?}
t|LUü@t|ðU UL4TL?i?|t Lu iUL?L4ðU |ð4i tihðit L4ð||i_ M) |üðt _i�?ð|ðL?c êüðUü
4@) ü@ñi týMt|@?|ð@* TLtð|ðñi @?_ ?Lh4@|ðñi tð}?ð�U@?Uië

2ë2ë 5L4i 5|)*ð3i_ 6@U|t Lu Në5ë îýtð?itt ç)U*it

�@!ð?} tL4i ti*iU|ðL?t uhL4 |üi _@|@ ti| |ü@| 5|LU! @?_ @̀|tL? d�bbHo ð?ñit|ðí
}@|i 4Lhi i |i?tðñi*)c êi @TT*) |üi Oè �*|ih |L ThL_ýUi U)U*ðU@* UL4TL?i?|t uLh
!i) Në5ë 4@UhLiUL?L4ðU ñ@hð@M*itëb 6ð}ýhit 2c ô @?_ e ThLñð_i }h@Tüt Lu |üi Oè
Mýtð?itt U)U*i UL4TL?i?|t Lu 4@éLh Në5ë @}}hi}@|itë ì ýti |üi U)U*ðU@* UL4í
TL?i?| Lu Lý|Tý| @t @ hiuihi?Ui ñ@hð@M*ic T*@Uð?} ð| ð? i@Uü T@?i* Lu i@Uü �}ýhic
tL @t |L @**Lê |üi hi@_ih |L i@tð*) }@ý}i |üi hi*@|ðñi ñL*@|ð*ð|) Lu |üi tihðit ð?
^ýit|ðL? @?_ ð|t UL4Lñi4i?| êð|ü Lý|Tý|ë 5ý44@h) t|@|ðt|ðUt uLh ti*iU|i_ tihðit
@hi ThLñð_i_ ð? A@M*i �ë�f

:Vlqfh dq h{dfw edqgsdvv ñowhu frqwdlqv dq lqñqlwh qxpehu ri prylqj dyhudjh whupv/ d
sudfwlfdo edqgsdvv ñowhu fdqqrw eh surgxfhg h{dfwo| exw lqyroyhv dssur{lpdwlrqv1 Ed{whu dqg
Nlqj ^4<<8` ghulyh wkh uhohydqw irupxodv/ lpsrvlqj wkh frqvwudlqw wkdw wkh vxp ri wkh ñowhuzhljkwv
pxvw eh }hur> wkh| dovr frpsduh wkh ES ñowhu wr vhyhudo rwkhu phwkrgv lqfoxglqj wkh KS ñowhu1

;Hljkw |hduv fruuhvsrqgv wr wkh orqjhvw uhihuhqfh f|foh wkdw Exuqv dqg Plwfkhoo ^4<79` xq0
fryhuhg xvlqj yhu| glòhuhqw phwkrgv1 Vwrfn dqg Zdwvrq ^4<<;` dgrsw dq dowhuqdwlyh ylhz ri wkh
lqwhuhvwlqj exvlqhvv f|foh shulrglflwlhv/ zklfk lv wkdw wkhvh duh vl{ wr wzhqw| irxu txduwhuv/ exw
wklv lv d glòhuhqfh ri ghjuhh udwkhu wkdq nlqg1

<Wklv gdwd vhw fryhuv wkh shulrg 4<7: +ñuvw txduwhu, wr 4<<9 +irxuwk txduwhu,1
43Iru d glvfxvvlrq ri rshq hfrqrp| vw|ol}hg idfwv vhh Ed{whu dqg Vwrfnpdq ^4<;<`/ Edfnxv

dqg Nhkrh ^4<<5` dqg Ed{whu ^4<<8`1

.
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î ç@Tð|@* ðt 4ýUü *itt ñL*@|ð*i |ü@? Lý|Tý|c Mý| U@Tð|@* ý|ð*ð3@|ðL? ð? 4@?ýí
u@U|ýhð?} ðt 4Lhi ñL*@|ð*i |ü@? Lý|Tý| ET@?i*t ôíô @?_ ôíeä��(

î ,4T*L)4i?| ðt @t ñL*@|ð*i @t Lý|Tý|c êüð*i üLýht Tih êLh!ih @hi 4ýUü *itt
ñL*@|ð*i |ü@? Lý|Tý| ET@?i*t eí� @?_ eí2äc tL |ü@| 4Lt| Lu |üi U)U*ðU@* ñ@hðí
@|ðL? ð? |L|@* üLýht êLh!i_ t|i4t uhL4 Uü@?}it ð? i4T*L)4i?|(

î w@MLh ThL_ýU|ðñð|) ELý|Tý| Tih 4@?íüLýhä ðt *itt ñL*@|ð*i |ü@? Lý|Tý| ET@?i*
eíôä(

î Aüi hi@* ê@}i h@|i ðt 4ýUü *itt ñL*@|ð*i |ü@? Lý|Tý| ET@?i* eíeäë

çL4Lñi4i?|G 6ð}ýhit 2 |ühLý}ü e tüLê |ü@| 4Lt| 4@UhLiUL?L4ðU tihðit @hi
ThLU)U*ðU@*c |ü@| ðtc |üi) i üðMð| @ TLtð|ðñi UL?|i4TLh@?iLýt ULhhi*@|ðL? êð|ü Lý|í
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44Wklv phdvxuh ri fdsdflw| xwlol}dwlrq/ frqvwuxfwhg e| wkh Erdug ri Jryhuqruv/ lv vxemhfw wr
vxevwdqwldo phdvxuhphqw huuru/ vhh Vkdslur ^4<;<`1
45Wkh revhuydwlrq wkdw wkh uhdo zdjh lv qrw wljkwo| uhodwhg wr wkh exvlqhvv f|foh jrhv edfn wr

Gxqors ^4<6;` dqg Wduvklv ^4<6<` zkr vwuhvvhg wkdw wklv zdv ñqglqj zdv dw rggv zlwk Nh|qhvldq
prghov1 Wkh ñqglqj lv vrphzkdw ghshqghqw rq suhflvho| krz wkh uhdo zdjh lv frqvwuxfwhg/
ghshqglqj rq wkh zkhwkhu wkh qxphudwru +wkh zdjh, lqfoxghv ydulrxv frpshqvdwlrq lwhpv dqg
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i4TðhðU@* ui@|ýhit |ü@| ü@ñi Mii? 4ýUü _ðtUýtti_ ð? hiUi?| êLh! L? hi@* Mýtð?itt
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UL?|hLñihtðit Lñih |üi ?@|ýhi Lu Mýtð?itt U)U*itë�ô OLêiñihc êi _L hiTLh| |üi
U)U*ðU@* Miü@ñðLh Lu @ 4i@týhi Lu |üi i TiU|i_ hi@* h@|i Lu ð?|ihit| uhL4 5|LU! @?_
@̀|tL? d�bbHo ð? A@M*i �ë Aüðt hi@* ð?|ihit| h@|i ðt UL?t|hýU|i_ M) týM|h@U|ð?} @

uLhiU@t| Lu ð?ã@|ðL? uhL4 |üi ?L4ð?@* ð?|ihit| h@|i L? Në5ë |hi@týh) Mð**të Aüihi ðt
@ ?i}@|ðñi ULhhi*@|ðL? Lu |üi hi@* ð?|ihit| h@|i êð|ü hi@* Lý|Tý| UL?|i4TLh@?iLýt*)
@?_c ð?_ii_c |üðt ?i}@|ðñi hi*@|ðL?tüðT ðt iñi? t|hL?}ih Mi|êii? hi@* Lý|Tý| @?_
*@}}i_ hi@* ð?|ihit| h@|itë �@?) 4L_ih? 4@UhLiUL?L4ðU 4L_i*tc ð?U*ý_ð?} hi@*
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îýtð?itt ç)U*i 5|@|ðt|ðUt uLh |üi Në5ë ,UL?L4)

rq wkh lqgh{ lq wkh ghqrplqdwru +wkh sulfh ohyho,1 Wzr sduwlfxodu ihdwxuhv ri zdjh phdvxuhphqw
wkdw dòhfw lwv f|folfdo ehkdylru duh dv iroorzv1 Iluvw/ ñupv sd| iru ryhuwlph krxuv lq dq h{sdqvlrq
dqg od|rò uhjxodu krxuv lq d uhfhvvlrq1 Vhfrqg wkhuh lv d f|folfdo frpsrvlwlrq eldv lq wkh
oderu irufh~orzhu txdolw| zrunhuv duh kluhg lq h{sdqvlrqv~zklfk vxjjhvwv wkdw wkh uhdo zdjh shu
hïflhqf| xqlw ri oderu hòruw lv surf|folfdo1
46Vhh Vwrfn dqg Zdwvrq ^4<<;/ vhfwlrqv 6+g,/ 6+i,/ dqg 714` iru d glvfxvvlrq ri olwhudwxuh dqg

hpslulfdo uhvxowv1
47Nlqj dqg Zdwvrq ^4<<9` ñqg wklv qhjdwlyh _ohdglqj lqglfdwru% uhodwlrqvkls ehwzhhq wkh uhdo

lqwhuhvw udwh dqg uhdo dfwlylw|/ xvlqj ES ñowhuhg gdwd1 Wkh| dovr vkrz wkdw d qxpehu ri prghuq
pdfurhfrqrplf prghov/ lqfoxglqj wkh edvlf UEF prgho/ duh xqdeoh wr pdwfk wklv idfw hyhq
zkhq gulyhq e| frpsolfdwhg iruflqj surfhvvhv wkdw doorz wkhp wr pdwfk prvw rwkhu ihdwxuhv
ri wkh exvlqhvv f|foh1 Krzhyhu/ zkloh wklv uhvxow lv surydfdwlyh/ lw lv lpsruwdqw wr vwuhvv wkdw
wkh ehkdylru ri wklv uhdo lqwhuhvw udwh lqyroyhv dvvxpswlrqv derxw wkh whpsrudo vwdelolw| ri wkh
lqðdwlrq iruhfdvwlqj htxdwlrq dqg wkdw djhqwv nqhz wklv iruhfdvwlqj vwuxfwxuh lq dgydqfh1

b
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hfrqrp|1 Dowhuqdwlyh suhvhqwdwlrqv wkdw hpskdvl}h wklv glvwlqfwlrq zrxog zulwh wkh remhfwlyh dv
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fdslwdo dxjphqwlqj whfkqlfdo surjuhvv/ dqg [w oderu dxjphqwlqj +Kduurg0qhxwudo, whfkqlfdo
surjuhvv1 Zkhq wkh surgxfwlrq ixqfwlrq lv Free0Grxjodv wkhvh glòhuhqw irupv ri whfkqlfdo
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ì !?Lê |ü@| |üi ñ@hð@M*it ð? |üi Lhð}ð?@*c ý?|h@?tuLh4i_ iUL?L4) @hi hi*@|i_
|L |üLti Lu |üi |h@?tuLh4i_ iUL?L4) M) @ tð4T*i tU@*ð?} ThLUi_ýhic t| ' +|f|c
i|Uë Oi?Uic ðu |üi |h@?tuLh4i_ iUL?L4) ðt ð? @ t|@|ðL?@h) t|@|ic |üi? |üi Lhð}ð?@*
iUL?L4) êð** Mi ð? @ t|i@_) t|@|i êð|ü 4@?) ñ@hð@M*itQð?U*ý_ð?}c UL?tý4T|ðL?c
U@Tð|@* Lý|Tý| @?_ hi@* ê@}itQ}hLêð?} @| |üi t@4i h@|i @?_ L|üiht |ü@| @hi
UL?t|@?|c ?L|@M*) êLh! igLh| @?_ |üi hi@* ð?|ihit| h@|ië

ôëDë Ah@?tð|ðL?@* _)?@4ðUt

W? @__ð|ðL? |L t|i@_) t|@|i }hLê|üc @?L|üih tLýhUi Lu }hLê|ü ð? |üi M@tðU ?iLU*@tí
tðU@* 4L_i* ðt |üi U@Tð|@* @UUý4ý*@|ðL? êüðUü @hðtit @t |üi iUL?L4) 4Lñit uhL4

�H



ð|t ð?ð|ð@* tð|ý@|ðL? |Lê@h_ |üi t|i@_) t|@|i T@|üc êüðUü ðt U@**i_ ð|t |h@?tð|ðL?@*
_)?@4ðUtë22 6Lh ñihtðL?t Lu |üi � i_ *@MLh 4L_i*c ç@tt d�bSDo @?_ kLLT4@?t
d�bSDo it|@M*ðtüi_ |ü@| ð| ðt @*ê@)t LT|ð4@* uLh |üi iUL?L4)<t U@Tð|@* t|LU! |L
4Lñi 4L?L|L?ðU@**) |Lê@h_ |üi t|@|ðL?@h) *iñi* uhL4 @?) TLtð|ðñi ð?ð|ð@* *iñi* Lu
U@Tð|@*ë L̀h!ð?} |L it|@M*ðtü |üðt t|@Mð*ð|) |üiLhi4c ç@tt @?_ kLLT4@?t êihi
ü@4Tihi_ M) |üi @Mti?Ui Lu @? i T*ðUð| tL*ý|ðL? |L |üi 4L_i*c êüðUü t|i44i_
uhL4 |üi Thiti?Ui Lu 4@?) ð?|ih_iTi?_i?| UüLðUit uLh UL?tý4T|ðL? @?_ U@Tð|@* @|
_ðgihi?| _@|itë Aüýtc |üi) êihi @M*i |L it|@M*ðtü |üi t|@Mð*ð|) ThLTih|)c h@|üih
|ü@? @tUih|@ð?ð?} üLê |üi T@Ui Lu |üi |h@?tð|ðL? ThLUitt _iTi?_i_ L? |üi ý?_ihí
*)ð?} Thiuihi?Uit @?_ |iUü?L*L})ë

�Lhi ThiUðti _itUhðT|ðL?t hi^ýðhi_ |üi _i|@ð*i_ tTiUð�U@|ðL? Lu Thiuihi?Uit @?_
|iUü?L*L})c êð|ü ?i@h t|i@_)ít|@|i *ð?i@h @TThL ð4@|ðL?t tL4i|ð4it Mið?} ýti_ |L
iñ@*ý@|i |üi ?@|ýhi Lu |üi }*LM@* |h@?tð|ðL?@* _)?@4ðUtë 6ð}ýhi S ð**ýt|h@|it |üi
?@|ýhi Lu |üiti *LU@* |h@?tð|ðL?@* _)?@4ðUt Lu U@Tð|@*c @t êi** @t |üi hi*@|i_ 4Lñií
4i?|t ð? Lý|Tý|c ð?ñit|4i?| @?_ UL?tý4T|ðL?ë Aüihi @hi |êL ti|t Lu T@|üt ð? i@Uü
Lu |üi T@?i*tG |üi øL< T@|ü _itUhðMit |üi � i_í*@MLh 4L_i* ýti_ M) ç@ttíkLLT4@?t
@?_ |üi ø8< T@|ü _itUhðMit |üi ñ@hð@M*ií*@MLh 4L_i* ýti_ ð? +îç @?@*)tðtë W? |üiti
T@?i*tc @** ñ@hð@M*it @hi _ðtT*@)i_ @t TihUi?|@}i _iñð@|ðL?t uhL4 |üiðh ULhhitTL?_í
ð?} t|@|ðL?@h) ñ@*ýitë 6Lh ML|ü 4L_i*tc |üi iUL?L4) ðt @ttý4i_ |L t|@h| Lg êð|ü
@ U@Tð|@* t|LU! |ü@| ðt L?i TihUi?| *Lêih |ü@? ð|t t|@|ðL?@h) ñ@*ýic tL |ü@| ML|ü Lu
|üi T@|üt ü@ñi @? i?|h) Lu í� @| |üi �ht| _@|ië

wLL!ð?} �ht| @| |üi øL< T@|üt |ü@| _itUhðMi |üi |h@?tð|ðL?@* _)?@4ðUt Lu |üi
ç@ttíkLLT4@?t 4L_i*c êi tii |ü@| U@Tð|@* @UUý4ý*@|it |ühLý}ü |ð4i |Lê@h_ ð|t
t|@|ðL?@h) *iñi*c ðëiëc |üi E?i}@|ðñiä _iñð@|ðL? uhL4 |üi t|@|ðL?@h) *iñi* MiUL4it
t4@**ih ð? 4@}?ð|ý_i |ühLý}ü |ð4ië 5ð?Ui U@Tð|@* ðt *Lê hi*@|ðñi |L |üi t|i@_)í
t|@|ic |üi tiUL?_ T@?i* tüLêt |ü@| Lý|Tý| ðt @*tL *Lê hi*@|ðñi |L |üi t|@|ðL?@h)
t|@|ië ç@Tð|@* ðt Mýð*| ýT |ühLý}ü |ð4i M) ð?_ðñð_ý@*t TLt|TL?ð?} UL?tý4T|ðL?c
@t tii? ð? |üi |üðh_ T@?i*ë W? @ 4@h!i| iUL?L4)c @ üð}ü hi@* h@|i Lu hi|ýh? ðt
|üi @**LU@|ðñi tð}?@* |ü@| 4@!it |üi TLt|TL?i4i?| Lu UL?tý4T|ðL? LUUýhc êð|ü
|üi h@|i Lu hi|ýh? }ðñi? M) o| ' dø(�8 E&|n�c ùäý Bo ð? |üi � i_ *@MLh iUL?L4)ë
Ntð?} |üi Thiuihi?Ui tTiUð�U@|ðL? Eôë.äc ð? u@U|c L?i U@? tüLê |ü@| |üi }hLê|ü
h@|i Lu UL?tý4T|ðL? ðt }ðñi? M)

*L}ES|n�*S|ä ' ý�

j
*L}Eb|n�*b|ä ä �

j
do| ý ooc Eôë2fä

55Lq wkh wudqviruphg hfrqrp|/ wklv lv wkh pryhphqw iurp dq lqlwldo ohyho ri fdslwdo n3 wr wkh
vwdwlrqdu| ohyho n1
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56Lq idfw/ wkh ydoxh ri â xvhg lq frqvwuxfwlxqj Iljxuh 9 lv rqh/ vr wkdw frqvxpswlrq jurzwk
dqg wkh udwh ri uhwxuq duh htxdo1 Wkh wlph xqlw ri wkhvh judskv lv d txduwhu ri d |hdu/ krzhyhu/
dqg wkh lqwhuhvw udwh lv h{suhvvhg dw dq dqqxdo udwh/ vr wkdw wkh vorsh ri wkh frqvxpswlrq sdwk
lv rqh irxuwk ri wkh dqqxdol}hg lqwhuhvw udwh vkrzq lq wkh qh{w wr odvw sdqho1 D edvlv srlqw lv rqh
kxqguhgwk ri d shufhqwdjh srlqw/ vr wkdw dq dqqxdo lqwhuhvw udwh wkdw lv 143 shufhqwdjh srlqwv
deryh wkh vwhdg| vwdwh ohyho fdxvhv frqvxpswlrq wr jurz iurp derxw 01933 wr derxw 018:8 lq wkh
vhfrqg sdqho1
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57Rxu ghslfwlrq ri Vrorz*v ^4<8:` surfhgxuh lv lpsuhvvlrqlvwlf udwkhu olwhudo1 Vrorz zrunhg lq
fkdqjhv udwkhu wkdq ohyhov dqg lqfrusrudwhg wlph ydu|lqj/ udwkhu wkdq frqvwdqw idfwru vkduhv1
Pruryhu/ lq zd|v zklfk dqwlflsdwh uhfhqw ghyhorsphqwv/ kh dovr vrxjkw wr fruuhfw iru fkdqjhv lq
wkh xwlol}dwlrq ri fdslwdo1
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58Wklv fdoleudwlrq dssurdfk lv frpprqo| dvvrfldwhg vroho| zlwk wkh UEF surjudp/ exw lw
zdv dovr xvhg lq wkh hduo| 4<;3v e| uhvhdufkhuv vwxg|lqj wkh hòhfwv ri qrplqdo frqwudfwlqj
rq hfrqrplf ðxfwxdwlrq/ vxfk dv Eodqfkdug dqg Wd|oru1 Wkh fdoleudwlrq dssurdfk kdg ehhq
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59Wklv lv kljkhu wkdq wkh ydoxh ri ò @ =8; xvhg lq Nlqj/ Sorvvhu dqg Uhehor ^4<;;`1 Wklv
qxpehu lv vrphzkdw vhqvlwlyh wr wkh wuhdwphqw ri wkh jryhuqphqw vhfwru dqg ri sursulhwru*v
lqfrph1 Vhh Frroh| dqg Suhvfrww ^4<<8` iru d glvfxvvlrq1
5:Pdq| fdoleudwlrq vwxglhv ljqruh jurzwk doo wrjhwkhu/ dv zh ljqruh jurzwk lq srsxodwlrq1

Lqfrusrudwlqj srsxodwlrq jurzwk zrxog udlvh wkh dssursuldwh ydoxh ri ð wr 4133;1
5;Zh xvh d frqyhqwlrqdo ydoxh khuh/ exw wkhuh lv vrph hylghqfh wkdw lw vkrxog eh orzhu1 Wkh

dyhudjh ri wkh udwlr ri fdslwdo frqvxpswlrq doorzdqfhv wr wkh fdslwdo vwrfn +h{foxglqj frqvxphu
gxudeohv dqg jryhuqphqw fdslwdo, iru wkh X1V1 lq wkh srvw zdu shulrg +vhh Vwrnh| dqg Uhehor
^4<<8/ Dsshqgl{ E`,1 Wkh dyhudjh lqyhvwphqw vkduh lv yhu| vhqvlwlyh wr ð dqg ï/ exw wkh qhdu
vwhdg|0vwdwh g|qdplfv duh qrw1
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66Wkh prphqwv lq wklv wdeoh duh srsxodwlrq prphqwv ghyhorshg xvlqj wkh phwkrgv ghvfulehg
lq Dsshqgl{ E1 Suhvfrww ^4<;9` surgxfhg pxowlsoh vlpxodwlrqv/ hdfk zlwk wkh vdph qxpehu ri
revhuydwlrqv dydlodeoh lq wkh gdwd/ dqg uhsruwhg wkh dyhudjh KS0ñowhuhg prphqwv dfurvv wkhvh
vlpxodwlrqv1
67Wklv vhfwlrq xvhv d prgho wkdw hvvhqwldoo| wkh vdph dv wkdw lq Sorvvhu ^4<;<`/ exw rxu

vlpxodwhg wlph vhulhv duh voljkwo| glòhuhqw gxh wr +l, glòhuhqfhv lq gdwd> dqg +ll, glòhuhqfhv lq
ñowhulqj1 Sorvvhu*v xvh ri wkh ñuvw0glòhuhqfh ñowhu hpskdvl}hv kljkhu iuhtxhqf| frpsrqhqwv ri
wlph vhulhv uhodwlyh wr rxu xvh ri wkh KS ñowhu1
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68Zlwk d wrwdo idfwru surgxfwlylw| vkrfn/ wklv h{dfw ròvhw uhtxluhv wkdw wkhuh eh d Free0
Grxjodv surgxfwlrq ixqfwlrq/ dowkrxjk lw krogv iru dq| surgxfwlrq ixqfwlrq li wkh vkrfn lv oderu
dxjphqwlqj1 Zkloh lw fohduo| krogv li wkhuh lv qr fdslwdo/ lw dovr krogv li fdslwdo lv suhvhqw/
dv pd| uhdglo| eh yhulñhg xvlqj vdph dssurdfk wkdw zh dssolhg lq hduolhu irrwqrwhv +&, wkdw
glvfxvvhg ròvhwwlqj vxevwlwxwlrq hòhfwv ri zdjh fkdqjhv1 D nh| sduw ri wklv pruh jhqhudo uhvxow
lv wkdw fdslwdo lqfrph lqfuhdvhv zlwk wkh surgxfwlylw| vkrfn1
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ì @hi ?Lê ð? @ TLtð|ðL? |L _itUhðMi êü) @ Tih4@?i?| tüðu| ð? ThL_ýU|ðñð|)
E@hðtð?} êüi? 4 ' �ä ü@t @ 4ýUü t4@**ih igiU| L? *@MLh |ü@? @ Tihtðt|i?| Mý|
ý*|ð4@|i*) |i4TLh@h) tüLU! E4 ' éb.bäë `üi? |üi tüLU! ðt ý*|ð4@|i*) |i4TLh@h)c
|üihi ðt @ t4@** êi@*|ü igiU| |ü@| _iThittit *@MLh týTT*) Mý| |i4TLh@hð*) üð}ü
ê@}it @?_ hi@* ð?|ihit| h@|it ð?_ýUi ð?_ðñð_ý@*t |L êLh! ü@h_ë `üi? |üi tüLU! ðt
Tih4@?i?|c |üihi @hi 4ýUü *@h}ih êi@*|ü igiU|t @?_ |üi T@||ih? Lu ð?|ih|i4TLh@*

74Wkh zdjh hòhfw rq frqvxpswlrq lv frqvwdqw dfurvv wlph lq hdfk fdvh ehfdxvh wkh vhsdud0
eoh prphqwdu| xwlolw| ixqfwlrq lpsolhv wkdw hïflhqw frqvxpswlrq sodqv gr qrw ghshqg rq wkh
dprxqw ri zrun1 Htxlydohqwo|/ zlwk wklv xwlolw| ixqfwlrq/ wkhuh lv d jhqhudo vxevwlwxwlrq hòhfw
rq frqvxpswlrq dw doo gdwhv wkdw zrunv pxfk olnh d zhdowk hòhfw1

e�



týMt|ð|ý|ðL?t ð? hitTL?ti |L ê@}it ðt hiñihti_ tð?Ui uý|ýhi ê@}it @hi üð}ü hi*@|ðñi
|L Uýhhi?| ê@}itë OLêiñihc *@MLh t|ð** hðtit ð? |üðt U@ti ð? hitTL?ti |L ThL_ýU|ðñð|)
tüLU!t _ýi |L ñih) *@h}i ð?|ih|i4TLh@* týMt|ð|ý|ðL? igiU|t Lu ð?|ihit| h@|itë

Dëôë `ü) ?L| L|üih tüLU!tq
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84Wkhlu prgho lv dovr fdsdeoh ri surgxflqj d kxpshg vkdsh uhvsrqvh ri lqyhvwphqw wr whfkqro0

rj| vkrfnv~d ihdwxuh wkdw lv frpprq lq hpslulfdo lpsxovh uhvsrqvh ixqfwlrqv hvwlpdwhg xvlqj
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sxujh wkh Vrorz uhvlgxdo iurp yduldwlrqv lq wkh ohyho ri hòruw1

D2



ý|ð*ð3@|ðL? h@|i ðt ThLTLh|ðL?@* |L i*iU|hðUð|) ý|ð*ð3@|ðL?c |üi) U@? ýti |üi 5L*Lê
_iUL4TLtð|ðL? ð? 4L_ð�i_ uLh4c

*L} 7-W| ' *L} t| ý k *L}ù| ý E�ý käd*L}g| n *L}E5W| äoé E.ë�ä

êüihi *L}E5W| ä ðt |üi *L} Lu i*iU|hðUð|) ýtië Aüi) �?_ |ü@| êüi? i*iU|hðUð|) ýti
ðt i4T*L)i_ @t @ ThL ) uLh U@Tð|@* tihñðUit |üi Uü@h@U|ih Lu |üi 5L*Lê hitð_ý@*
@ttLUð@|i_ êð|ü |üi 4@?ýu@U|ýhð?} tiU|Lh Uü@?}it _h@4@|ðU@**)G Eðä |üihi ðt @ .fI
_hLT ð? |üi ñL*@|ð*ð|) Lu |üi }hLê|ü h@|i Lu ThL_ýU|ðñð|) tüLU!t hi*@|ðñi |L Lý|Tý|c
ð4T*)ð?} |ü@| @ týUUittuý* 4L_i* 4ýt| _ðtT*@) 4ýUü t|hL?}ih @4T*ð�U@|ðL? |ü@?
|üi M@tðU +îç 4L_i*( Eððä |üi ü)TL|üitðt |ü@| |üi }hLê|ü h@|i Lu ThL_ýU|ðñð|)
ðt ý?ULhhi*@|i_ êð|ü |üi }hLê|ü h@|i Lu Lý|Tý| U@??L| Mi hiéiU|i_( @?_ Eðððä |üi
ThLM@Mð*ð|) Lu |iUü?L*L}ðU@* hi}hitt @ttý4it 4ýUü 4Lhi T*@ýtðM*i ñ@*ýitc _hLTTð?}
|L �fI ð? ^ý@h|ih*) _@|@ @?_ |L fI ð? @??ý@* _@|@ë Aüiti ULhhiU|ðL?t |L |üi
5L*Lê hitð_ý@* tð}?ð�U@?|*) hi_ýUi |üi uh@U|ðL? Lu Lý|Tý| ñ@hð@Mð*ð|) |ü@| U@? Mi
i T*@ð?i_ @t i4@?@|ð?} uhL4 tüLU!t |L |iUü?L*L})ëD.

Ntð?} |üi 4L_i* |L i*ð4ð?@|i U@T@Uð|) ý|ð*ð3@|ðL?G ú? @*|ih?@|ðñi t|h@|i}) ðt |L
ýti |üi ð4T*ðU@|ðL?t Lu iæUði?| ý|ð*ð3@|ðL? |L tL*ñi uLh |üi ý?LMtihñi_ ý|ð*ð3@|ðL?
_iUðtðL?c ðëiëc 5|ë W? itti?Uic |üðt i4TðhðU@* t|h@|i}) ULhhitTL?_t |L Lýh |üiLhi|ðU@*
4i|üL_ ð? |üi ThiñðLýt tiU|ðL?c êüi? êi tL*ñi_ Lý| uLh 5| ð? Lh_ih |L _ihðñi ESë��äc
êüðUü _itUhðMi üLê Lý|Tý| hitTL?_t |L Uü@?}it ð? *@MLhc U@Tð|@* @?_ ThL_ýU|ðñð|)
êüi? ý|ð*ð3@|ðL? ðt iæUði?|*) ñ@hði_ë ï?i TLttðMð*ð|) êLý*_ Mi |L i @U|*) uL**Lê
|üðt t|h@|i})c týMt|ð|ý|ð?} LMtihñi_ ñ@hð@|ðL?t ð? *@MLh @?_ U@Tð|@* ð?|L ESë��ä |L
UL4Tý|i |üi ThL_ýU|ðñð|) hitð_ý@*c Mý| êi ýti @ 4Lhi Rhi_ýUi_ uLh4â @TThL@Uü
|ü@| êi _itUhðMi 4Lhi uý**) ð? |üi ?i | tiU|ðL?ë

Hë îýtð?itt U)U*it ð? @ üð}ü týMt|ð|ý|ðL? iUL?L4)

�L|ðñ@|i_ M) |üi ñ@?ðtüð?} ThL_ýU|ðñð|) tüLU!c êi ?Lê UL?t|hýU| @? iUL?L4) ð?
êüðUü t4@** ñ@hð@|ðL?t ð? ThL_ýU|ðñð|) U@? ü@ñi *@h}i igiU|t L? 4@UhLiUL?L4ðU
@U|ðñð|)c ðëiëc @? +îç 4L_i* ð? êüðUü |üihi ðt týMt|@?|ð@* @4T*ð�U@|ðL? Lu tüLU!të
Aüihi @hi |êL Ui?|h@* ð?}hi_ði?|t |L |üðt 4L_i*ë 6ðht|c @t ð? tiU|ðL? .ë�c êi @ttý4i

8:Dl|djdul ^4<<7` sursrvhg d phwkrg wr frpsxwh d orzhu erxqg rq wkh frqwulexwlrq ri whfk0
qrorj| vkrfnv wr rxwsxw yrodwlolw|1 Klv surfhgxuh uholhv rq nqrzohgjh ri wzr prphqwv lq wkh
gdwd= wkh yduldelolw| ri krxuv uhodwlyh wr wkh yduldelolw| ri rxwsxw dqg wkh fruuhodwlrq ehwzhhq
krxuv zrunhg dqg oderu surgxfwlylw| +zklfk lv hvvhqwldoo| }hur lq wkh gdwd,1 Xqiruwxqdwho|/ klv
phwkrg lv qrw urexvw wr wkh suhvhqfh ri oderu krduglqj ru fdsdflw| xwlol}dwlrq1
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8;Wkh dssurdfk zdv vxjjhvwhg e| Pdulr Fuxflql lq xqsxeolvkhg uhvhdufk pdq| |hduv djr/ vr
shukdsv zh vkrxog fdoo wkhvh _Fuxflql uhvlgxdov1% Dqrwkhu dssolfdwlrq lv frqwdlqhg lq Exuqvlgh/
Hlfkhqedxp dqg Uhehor*v ^4<<6` vwxg| ri xqrevhuyhg hòruw +oderu krduglqj,1 Lqjudp/ Nrfkhu0
odnrwd dqg Vdylq ^4<<:` xvh d vlplodu surfhgxuh wr lqihu lqirupdwlrq rq revhuyhg vkrfnv wr wkh
krph surgxfwlrq vhfwru1
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8<Wkhuh lv qrw d xqltxh zd| ri frpsxwlqj wklv vkrfn surfhvv/ exw udwkhu dq| ri wkh prgho*v
ghflvlrq uxohv frxog eh xvhg lq wklv zd| ru wkhvh uxohv frxog eh frpelqhg zlwk rwkhu uhodwlrqvklsv
lq wkh prgho1 Iru h{dpsoh/ rqh frxog h{sorlw wkh ghflvlrq uxoh iru xwlol}dwlrq dv lq Exuqvlgh/
Hlfkhqedxp dqg Uhehor*v ^4<<6` dqdo|vlv ri oderu krduglqj/ e}w @ ä|nenw . ä|D eDw/ dqg frpelqh
wklv zlwk wkh prglñhg Vrorz ghfrpsrvlwlrq +:14,1 Wklv dowhuqdwlyh phwkrg zrxog surgxfh d
glòhuhqw vkrfn surfhvv/ zklfk ohdg wr eurdgo| vlplodu/ exw vrphzkdw ohvv gudpdwlf uhvxowv1 Wkh
glòhuhqfhv ehwzhhq wkhvh wzr surgxfwlylw| phdvxuhv olhv lq zkhwkhu oderu lq +:14, lv wdnhq iurp
wkh gdwd ru iurp wkh prgho1
93Zh vkrxog qrw xvh wkh fdslwdo vwrfn vhulhv vlqfh wkhvh duh ðdzhg lq wkh h|hv ri wkh prgho=

wkh| duh frpsxwhg dvvxplqj frqvwdqw udwhv ri ghsuhfldwlrq1 Wklv fdq eh flufxqyhqwhg e| xvlqj d
vhfrqg ghflvlrq uxoh wr frpsxwh wkh _wuxh% fdslwdo vwrfn vhulhv1 Lq sudfwlfh wklv kdv olwwoh lpsdfw
rq wkh uhvxowv1
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96Mxvw dv wklv ñuvw urxqg ri sureohpv lv vhw wr uhvw qhz fkdoohqjhv dulvh iru wkh UEF prgho
uhjduglqj wkh frpryhphqw ehwzhhq surgxfwlylw| dqg hfrqrplf dfwlylw|1 Lq d uhfhqw sdshu/
Jdol ^4<<9` dujxhv/ xvlqj YDU whfkqltxhv/ wkdw whfkqrorj| vkrfnv dfwxdoo| uhgxfh lqsxw xvdjh
lq wkh djjuhjdwh hfrqrp|1 Wklv ñqglqj uhfhlyhv lqgluhfw vxssruw iurp wzr vrxufhv wkdw gr
qrw uho| rq wkh YDU phwkrgrorj|= Exuqvlgh/ Hlfkhqedxp dqg Uhehor ^4<<9` grfxphqw wkdw
d vhfwrudo fdslwdo0xwlol}dwlrq dgmxvwhg phdvxuh ri whfkqrorj| vkrfnv lv hvvhqwldoo| xqfruuhodwhg
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97Dq lqwhuhvwlqj dqg rshq txhvwlrq lv zkhwkhu wkhvh vdph phfkdqlvpv fdq dpsoli| rwkhu

vkrfnv ehvlghv surgxfwlylw| vkrfnv vxïflhqwo| wkdw wkhvh fdq surgxfh uhdolvwlf exvlqhvv f|fohv1
98Vrph uhfhqw h{dpsohv lqfoxgh Dqgroidwwr ^4<<9`/ Phu} ^4<<8`/ Jrphv/ Juhhqzrrg dqg Uh0

ehor ^4<<:` dqg ghq Kdkq/ Udph| dqg Zdwvrq ^4<<:`1
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dxjphqwhg e| whfkqrorjlfdo surjuhvv +Ow[w,1 Lq wklv fdvh lw lv vxïflhqw wr dvvxph wkdw x+F>O[,
lv krprjhqhrxv/ ri fodvv F5/ dqg frqfdyh1 Wkh ghshqghqf| ri xwlolw| rq ohlvxuh phdvxuhg lq
hïflhqf| xqlwv fdq eh mxvwlñhg e| lqwurgxflqj krph surgxfwlrq lqwr wkh prgho1 Vhh Juhhqzrrg/
Urjhuvrq dqg Zuljkw ^4<<8` sdjh 4940495 iru d glvfxvvlrq1
9:Wklv lqyduldqfh h{whqgv wr d vhwwlqj zkhuh wkh exgjhw frqvwudlqw lqfoxghv qrqzdjh lqfrph

zklfk jurzv dw wkh vdph udwh dv wkh uhdo zdjh1
9;Pruh vshflñfdoo|/ zh dvvxph wkdw wkh ixqfwlrqv yl duh wzlfh frqwlqxrxvo| glòhuhqwldeoh1 Li
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â @ 4/ wkhq frqfdylw| uhtxluhv wkdw wkh ixqfwlrq orj+y, pxvw eh lqfuhdvlqj dqg frqfdyh1 Li â lv
qrw htxdo wr 4/ wkhq y4ýâ pxvw eh lqfuhdvlqj dqg frqfdyh li â ? 4 dqg ghfuhdvlqj dqg frqyh{
li â A 41 Lq dgglwlrq zh qhhg= ýây+O,y33+O, A y3+O, wr dvvxuh wkh ryhudoo frqfdylw| ri x1
9<Zkhqhyhu wkhuh lv rqh sdwk wkdw |lhogv lqñqlwh xwlolw| lw lv dozd|v srvvleoh wr frqvwuxfw rwkhu

sdwkv +lq idfw d frqwlqxxp ri sdwkv, wkdw dovr |lhogv lqñqlwh xwlolw|1 Wkxv/ wr hqvxuh wkdw wkhuh
lv rqo| rqh vroxwlrq wr wkh sodqqhu*v sureohp zh qhhg wr frqvwudlq wkh glvfrxqw idfwru vr wkdw
olih0wlph xwlolw|/ X/ lv ñqlwh1 Wkh uhtxluhphqw +eð4ýâ ? 4, lqyroyhv wkh lqwhudfwlrq ri suhihuhqfhv
dqg whfkqrorj|1 Vhh Doyduh} dqg Vwrnh| ^4<<7` iru d glvfxvvlrq ri wklv w|sh ri frqglwlrqv1
:3Vhh Kruqvwhlq ^4<<6`/ Urwhpehuj dqg Zrrgirug ^4<<8`/ dqg Fkdwwhumhh dqg Frrshu ^4<<6`

iru d glvfxvvlrq ri prghov wkdw pryh dzd| iurp shuihfw frpshwlwlrq dqg lqfrusrudwh lqfuhdvlqj
uhwxuqv wr vfdoh1
:4Vxssrvh/ iru h{dpsoh/ wkdw wkh surgxfwlrq ixqfwlrq lv Free0Grxjodv dqg wkdw wkhuh lv d

vwrfn ri fdslwdo N dqg d qxpehu ri oderu krxuv Q zklfk zloo eh glylghg htxdoo| dprqj q ñupv1
Wrwdo surgxfwlrq zloo eh jlyhq e|= \ @ qD+N@q,ò4+Q@q,ò5 @ DNò4Qò5q4ýò4ýò51 Zlwk
ghfuhdvlqj uhwxuqv wr vfdoh ò4 . ò5 ? 4 dqg olp

q$4 \ @41
:5Dv lq wkh pdlq wh{w zh xvh wkh qrwdwlrq GlI +=, wr uhihu wr wkh sduwldo ghulydwlyh ri I +=,

zlwk uhvshfw wr lwv lwk dujxphqw1 Zh xvh GI +=, wr uhihu wr wkh wrwdo ghulydwlyh ri d ixqfwlrq ri
d vlqjoh yduldeoh1
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