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Devwudfw

Lqwhuhvw udwh fdsv dqg  rruv zlwk eduulhu ihdwxuhv duh sursrvhg dqg ydoxhg/ lq wkh frqwh{w ri d pxowl0idfwru/
qrw qhfhvvdulo| Pdunryldq/ Jdxvvldq KMP iudphzrun/ dqg xqghu wkh dvvxpswlrq ri frqwlqxrxv prqlwrulqj ri
wkh eduulhu1 Wkh dqdo|wlfdo sulflqj vroxwlrqv ghulyhg iru vxfk sdwk0ghshqghqw lqwhuhvw udwh rswlrqv duh vxemhfw
wr d sursruwlrqdolw| dvvxpswlrq vlplodu wr wkh udqn 4 dssur{lpdwlrq vxjjhvwhg e| Eudfh dqg Pxvlhod +4<<7d,1
Qhyhuwkhohvv/ wkh uhvxowlqj dssur{lpdwlrqv duh vkrzq wr eh pxfk idvwhu wkdq wkh h{lvwlqj h{dfw qxphulfdo
phwkrgv/ dv zhoo dv dffxudwh1

Wkh sursrvhg sulflqj phwkrgrorj| lv dovr h{whqghg wr wkh ydoxdwlrq ri orrnedfn lqwhuhvw udwh rswlrqv1

Nh| zrugv= Jdxvvldq KMP prghov/ Wlph0fkdqjh/ Fkdqjh ri suredelolw| phdvxuh/ Elyduldwh qrupdo glvwul0
exwlrq/ Vlqjoh0eduulhu/ Sduwldo0eduulhu/ dqg Orrnedfn fdsv dqg  rruv1

MHO Fodvvl�fdwlrq= J46



4 Lqwurgxfwlrq

Wkh pdlq sxusrvh ri wklv sdshu lv wr ghulyh dqdo|wlfdo ydoxdwlrq irupxodv iru vlqjoh0eduulhu/ sduwldo0eduulhu
dqg +�{hg0vwulnh dv zhoo dv  rdwlqj0vwulnh, orrnedfn lqwhuhvw udwh fdsv dqg  rruv/ lq wkh frqwh{w ri d pxowl0
idfwru Jdxvvldq Khdwk/ Mduurz dqg Pruwrq +4<<5d, whup vwuxfwxuh prgho dqg xqghu frqwlqxrxv prqlwrulqj
ri wkh xqghuo|lqj lqwhuhvw udwh1

Dv iru uhjxodu fdsv + rruv,/ eduulhu fdsv + rruv, duh dovr sruwirolrv ri fdsohwv + rruohwv,/ wkdw lv/ vhtxhqfhv
ri Hxurshdq fdoo +sxw, rswlrqv rq qrplqdo 0l1h1/ glvfuhwho| +dv rssrvhg wr frqwlqxrxvo|, frpsrxqghg0 �prqh|0
pdunhw� lqwhuhvw udwhv +iru lqvwdqfh/ rq wkh 60prqwk XV Oleru,1 Krzhyhu/ wkh frpsrqhqw eduulhu fdsohwv +ru
eduulhu  rruohwv, rqo| jhqhudwh wkhlu uhjxodu whuplqdo sd|r� +zlwk vhwwohphqw lq duuhduv, li/ gxulqj vrph wlph0
shulrg/ wkh eduulhu lv +nqrfn0lq rswlrqv, ru lv qrw +nqrfn0rxw rswlrqv, wrxfkhg e| wkh xqghuo|lqj qrplqdo vsrw
lqwhuhvw udwh1 Iru vlqjoh0eduulhu fdsv ru  rruv/ wkh eduulhu lv prqlwruhg gxulqj wkh doo olih ri hdfk frpsrqhqw
fdsohw ru  rruohw1 Iru sduwldo0eduulhu fdsv ru  rruv/ wkh eduulhu lv prqlwruhg rqo| gxulqj d sduw ri wkh olih
ri hdfk frpsrqhqw fdsohw ru  rruohw1 Lq dq| fdvh/ wkh h{lvwhqfh ri d eduulhu udwh pdnhv vxfk lqwhuhvw udwh
rswlrqv fkhdshu wkdq wkhlu uhjxodu frxqwhusduwv dv zhoo dv pruh hdvlo| wdloruhg wr wkh lqyhvwru* h{shfwdwlrqv
derxw wkh hyroxwlrq ri wkh xqghuo|lqj lqwhuhvw udwh1

Orrnedfn fdsv + rruv, duh djdlq vhtxhqfhv ri Hxurshdq rswlrqv rq qrplqdo �prqh|0pdunhw� lqwhuhvw
udwhv/ exw lwv whuplqdo sd|r� +zlwk vhwwohphqw lq duuhduv, zloo ghshqg rq wkh pd{lpxp ru rq wkh plqlpxp
dwwdlqhg e| wkh xqghuo|lqj vsrw qrplqdo lqwhuhvw udwh ryhu d fhuwdlq shulrg ri wlph1 Iordwlqj vwulnh orrnedfn
fdsohwv + rruohwv, duh Hxurshdq fdoo +sxw, rswlrqv rq d vsrw qrplqdo lqwhuhvw udwh/ exw zlwk d vwulnh htxdo wr
wkh orzhvw +kljkhvw, ohyho uhjlvwhuhg e| wkh xqghuo|lqj gxulqj wkh rswlrq* olih1 Il{hg vwulnh orrnedfn fdsohwv
+ rruohwv, duh Hxurshdq fdoo +sxw, rswlrqv rq wkh pd{lpxp +plqlpxp, dwwdlqhg e| d vsrw qrplqdo lqwhuhvw
udwh gxulqj wkh rswlrq* olih/ wkdw lv duh Hxurshdq rswlrqv rq wkh h{wuhpd ri d �prqh|0pdunhw� vsrw lqwhuhvw
udwh1

Dowkrxjk eduulhu dqg orrnedfn rswlrqv duh dprqjvw wkh roghvw dqg prvw srsxodu irupv ri h{rwlf rswlrqv/4

wkh h{whqvlyh wuhdwphqw wkdw wkh| kdyh uhfhlyhg lq wkh Ilqdqfh olwhudwxuh 0vhh/ iru lqvwdqfh/ Phuwrq +4<:6,/
Uxelqvwhlq dqg Uhlqhu +4<<4,/ Kh|qhq dqg Ndw +4<<7,/ Ulfk +4<<7,/ Jrogpdq/ Vrvlq dqg Jdwwr +4<:<,/ dqg
Frq}h dqg Ylvzdqdwkdq +4<<4,0 kdv ehhq doprvw dozd|v frq�qhg wr wkh fdvh zkhuh wkh xqghuo|lqj dvvhw
sulfh iroorzv d jhrphwulf Eurzqldq prwlrq surfhvv +wkdw lv/ w|slfdoo|/ wr eduulhu rswlrqv rq vwrfnv/ lqglfhv ru
fxuuhqflhv,1 Wr wkh dxwkru*v nqrzohgjh/ vxfk sdwk0ghshqghqw rswlrq sulflqj wkhru| kdv qrw ehhq dssolhg |hw
wr wkh ydoxdwlrq ri RWF h{rwlf lqwhuhvw udwh fdsv dqg vzdswlrqv/ zklfk duh frpprqo| qdphg dv uhsuhvhqwlqj
wkh odujhvw +lq whupv ri qrwlrqdo dprxqw, pdunhw ri lqwhuhvw udwh rswlrqv1 Wklv sdshu lv lqwhqghg wr surylgh
d �uvw frqwulexwlrq wrzdugv wklv gluhfwlrq/ e| sursrvlqj dqg ydoxlqj wkh deryh phqwlrqhg sdwk0ghshqghqw
lqwhuhvw udwh frqwudfwv1

Wkh pdlq gl!fxow| lq ydoxlqj eduulhu ru orrnedfn fdsv dqg  rruv dulvhv iurp wkh idfw wkdw wkh xqghuo|lqj
iru vxfk sdwk0ghshqghqw lqwhuhvw udwh rswlrqv lv qrw d iruzdug qrplqdo lqwhuhvw udwh 0dv lw fdq eh wkrxjkw wr
eh wkh fdvh iru uhjxodu fdsv ru  rruv0 exw/ lqvwhdg/ d vsrw qrplqdo lqwhuhvw udwh/ zklfk lv gluhfwo| revhuyhg
lq wkh pdunhw1 Vxfk frqwudfw ihdwxuh zdv dovr hvvhqwldo lq fkrrvlqj wkh ydoxdwlrq iudphzrun1 Ehfdxvh wkh
orjqrupdo surshuw| ri iruzdug udwhv lv qrw suhvhuyhg iru vsrw udwhv/ xqghu d Oleru Pdunhw prgho/ d Jdxvvldq
0exw qrw qhfhvvdulo| Pdunryldq0 KMP vhwxs lv xvhg lqvwhdg/ iru uhdvrqv ri dqdo|wlfdo wudfwdelolw|1 Ghvslwh wkh
xqghuo|lqj uhvwulfwlyh dvvxpswlrq ri d ghwhuplqlvwlf 0dowkrxjk/ srvvleo|/ wlph0lqkrprjhqhrxv0 vshfl�fdwlrq
iru wkh yrodwlolw| ixqfwlrq/ wkh prgho lv vwloo frqvlvwhqw zlwk wkh lqlwldoo| revhuyhg whup vwuxfwxuh ri lqwhuhvw
udwhv1 Pruhryhu/ d pxowl0idfwru irupxodwlrq lv dgrswhg lq rughu wr srwhqwldwh wkh prgho* fdoleudwlrq wr wkh
pdunhw fryduldqfh pdwul{/ dv vxjjhvwhg e| Uherqdwr +4<<;/ sdjh :3,1

Qh{w vhfwlrqv duh rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh pxowl0idfwru Jdxvvldq KMP prgho wkdw
zloo eh xvhg wr ghulyh dssur{lpdwh sulflqj vroxwlrqv iru wkh qhz frqwudfwv sursrvhg lq wklv sdshu1 Vhfwlrq
6 ghvfulehv dqg sulfhv vlqjoh0eduulhu fdsv dqg  rruv1 Iru wkdw sxusrvh/ wudqvlwlrq ghqvlwlhv frqglwlrqdo rq
wrxfklqj ru qrw wkh eduulhu/ dqg iru dq dssursuldwh pduwlqjdoh suredelolw| phdvxuh/ duh ghulyhg lq wkhruhp
41 Wkhq/ vhfwlrq 7 frqyhuwv doo wkh suhylrxv uhvxowv iru sduwldo0eduulhu fdsv dqg  rruv1 Vhfwlrq 8 ghulyhv
suredelolw| ghqvlw| ixqfwlrqv iru wkh h{wuhph ydoxhv ri wkh xqghuo|lqj vsrw qrplqdo lqwhuhvw udwh dqg surylghv
dqdo|wlfdo dssur{lpdwh sulflqj vroxwlrqv iru orrnedfn fdsv dqg  rruv1 Ilqdoo|/ vhfwlrq 9 vxppdul}hv wkh pdlq
uhvxowv dqg surylghv vrph gluhfwlrqv iru ixuwkhu uhvhdufk1 Doo dffhvvru| suryhv duh uhohjdwhg wr wkh dsshqgl{/

4Vhh/ iru lqvwdqfh/ wkh klvwrulfdo qrwhv frqwdlqhg lq ]kdqj +4<<;/ sdjh 536,1
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zkloh wkh pruh looxvwudwlyh rqhv duh nhsw lq wkh wh{w1 Qxphulfdo h{dpsohv duh dovr suhvhqwhg lq rughu wr whvw
wkh dffxudf| ri wkh sursrvhg sulflqj vroxwlrqv1

5 Prgho ghvfulswlrq

Khuhdiwhu/ T zloo ghqrwh wkh pduwlqjdoh suredelolw| phdvxuh rewdlqhg zkhq wkh �prqh| pdunhw dffrxqw� lv
wdnhq dv wkh qxphudluh ri wkh hfrqrp| xqghuo|lqj wkh prgho xqghu dqdo|vlv15 Lq vxfk xqghuo|lqj vwrfkdvwlf
lqwhuwhpsrudo hfrqrp| wkhuh h{lvwv d wudglqj lqwhuydo W @ ^w3> � `/ iru vrph �{hg wlph � A w3/ dqg xqfhuwdlqw|
lv uhsuhvhqwhg e| d suredelolw| vsdfh +>I >T,/ zkhuh doo wkh lqirupdwlrq dffuxlqj wr doo wkh djhqwv lq wkh
hfrqrp| lv ghvfulehg e| d �owudwlrq +Iw,w5W vdwlvi|lqj wkh xvxdo frqglwlrqv= qdpho|/ Iw3 lv dvvxphg wr eh
doprvw wulyldo/ dqg I� @ I 1

Lw lv ixuwkhu dvvxphg wkdw wkhuh h{lvwv dq duelwudjh0iuhh6 dqg iulfwlrqohvv pdunhw iru sxuh glvfrxqw erqg
sulfhv/ zklfk duh frqvlghuhg wr eh shuihfwo| glylvleoh dqg wr hyroyh wkurxjk wlph dffruglqj wr wkh iroorzlqj
vwrfkdvwlf gl�huhqwldo htxdwlrq=

gS +w> W ,

S +w> W ,
@ u +w, gw . � +w> W ,

3 � gZT +w, > +4,

zkhuh S +w> W , uhsuhvhqwv wkh wlph0w sulfh ri d +xqlw idfh ydoxh, }hur frxsrq erqg h{slulqj dw wlph W / iru doo
W 5 ^w3> � ` dqg w 5 ^w3> W `/ u +w, lv wkh wlph0w lqvwdqwdqhrxv vsrw udwh/ zklfk fdq eh gh�qhg e| frqwlqxlw| dv

u +w, =@ olp
W$w

�
� oqS +w> W ,

W � w

�
>

� ghqrwhv wkh lqqhu surgxfw lq ?q/ =@ phdqv htxdo e| gh�qlwlrq/ dqg ZT +w, 5 ?q lv d q0glphqvlrqdo dqg T
0phdvxudeoh vwdqgdug Eurzqldq prwlrq/ lqlwldol}hg dw }hur dqg jhqhudwlqj wkh dxjphqwhg/ uljkw frqwlqxrxv
dqg frpsohwh �owudwlrq I @ iIw = w � w3j1 Wkh q0glphqvlrqdo dgdswhg yrodwlolw| ixqfwlrq � +�> W , = ^w3> W ` $
?q lv dvvxphg wr vdwlvi| wkh xvxdo plog phdvxudelolw| dqg lqwhjudelolw| uhtxluhphqwv 0dv vwdwhg/ iru lqvwdqfh/
lq Odpehuwrq dqg Odsh|uh +4<<9/ wkhruhp 61818,0 dv zhoo dv wkh erxqgdu| frqglwlrq7 � +x>x, @ 3 5 ?q>;x 5
^w3> W `1 Pruhryhu/ iru uhdvrqv ri dqdo|wlfdo wudfwdelolw|/ wkdw lv lq rughu wr rewdlq orjqrupdoo| glvwulexwhg
sxuh glvfrxqw erqg sulfhv/ wkh iroorzlqj prghoolqj uhvwulfwlrq lv dgrswhg1

Dvvxpswlrq 4 Wkh yrodwlolw| ixqfwlrq � +�> W , = ^w3> W `$ ?q lv ghwhuplqlvwlf1

Uhpdun 4 Ri frxuvh/ dqg dv vkrzq e| htxdwlrq +7,/ wkh pdlq wkhruhwlfdo prgho* olplwdwlrq wkdw dulvhv iurp
dvvxpswlrq 4 lv wkh qrupdolw| ri iruzdug udwhv/ wkdw lv/ wkh idfw wkdw lqwhuhvw udwhv fdq dwwdlq qhjdwlyh ydoxhv
zlwk srvlwlyh suredelolw|18 Krzhyhu/ wkh srvvlelolw| ri jhqhudol}lqj wkh sulflqj vroxwlrqv ghulyhg lq wkh qh{w
vhfwlrqv iru pruh frpsoh{ yrodwlolw| vwuxfwxuhv +suhfoxglqj wkh h{lvwhqfh ri qhjdwlyh iruzdug udwhv, 0xvlqj/ iru
lqvwdqfh/ wkh dssurdfk vxjjhvwhg e| Qxqhv/ Fohzorz dqg Krgjhv +4<<<,0 lv vwloo dq rshq txhvwlrq iru ixuwkhu
uhvhdufk1

Htxdwlrq +4,/ htxlsshg zlwk dvvxpswlrq 4/ uhsuhvhqwv wkh Jdxvvldq lqwhuhvw udwh whup vwuxfwxuh prgho
wkdw zloo eh xvhg wr ghulyh dqdo|wlfdo sulflqj vroxwlrqv iru Hxurshdq sdwk0ghshqghqw lqwhuhvw udwh rswlrqv1
Vxfk prgho fdq eh uhzulwwhq lq whupv ri lqvwdqwdqhrxv iruzdug lqwhuhvw udwhv/ wkdw lv xqghu wkh xvxdo Khdwk
hw do1 +4<<5d, vshfl�fdwlrq1 Dsso|lqj Lw÷*v ohppd wr htxdwlrq +4,/ lw iroorzv wkdw

oqS +w> W , @ oqS +w3> W , .

]
w

w3

�
u +v, � 4

5
� +v>W ,

3 � � +v>W ,
�
gv.

]
w

w3

� +v>W ,
3 � gZT +v, = +5,

5Phdqlqj wkdw wkh uhodwlyh sulfhv ri doo dvvhwv zlwk uhvshfw wr wkh qxphudluh jlyhq e| d �prqh| pdunhw dffrxqw� duh %0

pduwlqjdohv1
6Iroorzlqj Kduulvrq dqg Solvnd +4<;4,/ wkh devhqfh ri duelwudjh lv lpsolhg e| wkh h{lvwhqfh ri wkh htxlydohqw pduwlqjdoh

phdvxuh %1
7Frqvlvwhqwo| zlwk wkh �sxoo0wr0sdu� skhqrphqd1
8Urjhuv +4<<9, lghqwl�hv wkh srwhqwldo sulflqj lpsolfdwlrqv ri vxfk prgho �gh�flhqf|�/ hyhq iru vpdoo +ulvn0qhxwudo, sured0

elolwlhv ri dwwdlqlqj qhjdwlyh lqwhuhvw udwhv1
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Wkhq/ xvlqj wkh gh�qlwlrq ri wkh wlph0w lqvwdqwdqhrxv iruzdug udwh iru gdwh W A w/

i +w> W , @ �C oqS +w> W ,

CW
> +6,

dqg dvvxplqj wkdw C oqS +w>W ,

CW
lv zhoo gh�qhg/ wkh xvxdo Jdxvvldq KMP prgho* vshfl�fdwlrq dulvhv=

i +w> W , @ i +w3> W , .

]
w

w3

C� +v> W ,
3

CW
� � +v> W , gx�

]
w

w3

C� +v> W ,
3

CW
� gZT +v, = +7,

Uhpdun 5 Prgho +7, lv fohduo| duelwudjh0iuhh lq wkh vhqvh wkdw wkh guliw ri gi +w> W , vdwlv�hv wkh xvxdo KMP
qr0duelwudjh frqglwlrq1 Pruhryhu/ wkh prgho lv frqvlvwhqw zlwk wkh lqlwldoo| revhuyhg iruzdug udwh fxuyh
ii +w3> W , = W 5 ^w3> � `j/ dqg frpsohwho| vshfl�hg e| wkh yrodwlolw| ixqfwlrq � +�> W , = ^w3> W `$ ?q1

Uhpdun 6 Vlqfh prgho +7, zloo eh xvhg wr sulfh +sdwk0ghshqghqw, rswlrqv rq Oleru udwhv/ wkdw lv rq lqwhu0
edqn +ulvn|, udwhv/ lqvwhdg ri jryhuqphqw +ulvn0iuhh, udwhv/ wkh Gx!h dqg Vlqjohwrq +4<<:, dvvxpswlrq ri
v|pphwulf frxqwhusduw| fuhglw ulvn zloo eh lpsolflwo| xvhg khuhdiwhu1 Phdqlqj wkdw wkh prgho* iruzdug lqwhuhvw
udwhv zloo eh uhjdughg qrw dv ulvnohvv udwhv exw udwkhu dv ghidxow0 dqg oltxlglw|0dgmxvwhg udwhv1

6 Vlqjoh0eduulhu fdsv dqg  rruv

614 Whuplqdo sd|r�v

Wklv sdshu sursrvhv dqg ydoxhv irxu w|shv ri vlqjoh0eduulhu fdsv dqg  rruv/ vxemhfw wr frqwlqxrxv prqlwrulqj
ri wkh eduulhu/ qdpho|= xs0dqg0lq fdsv/ grzq0dqg0rxw fdsv/ grzq0dqg0lq  rruv/ dqg xs0dqg0rxw  rruv1 Doo
wkhvh qhz sdwk0ghshqghqw lqwhuhvw udwh rswlrqv vkduh d frpprq dsshdolqj ihdwxuh wkdw pdnhv wkhp fkhdshu
zkhq frpsduhg zlwk wkhlu uhjxodu ydqlood frxqwhusduwv= wkh| duh rqo| dfwlydwhg li wkh xqghuo|lqj vsrw udwh
hyroyhv lq d idyrudeoh gluhfwlrq> ru/ wkh| whuplqdwh wkhlu olyhv zruwkohvv li wkh xqghuo|lqj vsrw udwh hyroyhv
lq dq xqidyrudeoh gluhfwlrq19

Dv iru uhjxodu fdsv dqg  rruv/ wkh idlu sulfh ri d iruzdug0vwduw vlqjoh0eduulhu fds ru  rru fruuhvsrqgv
wr wkh vxppdwlrq ri wkh idlu sulfhv iru doo wkh frpsrqhqw +vlqjoh0eduulhu, fdsohwv ru  rruohwv1 Wkdw lv/ wkh
wlph0w3 sulfh ri d p�0|hduv iruzdug0vwduw vlqjoh0eduulhu fds + rru, rq d xqlwdu| sulqflsdo/ zlwk d fds + rru,
udwh ri un/ vxemhfw wr d eduulhu udwh ri uK / zlwk d uhedwh udwh U/ dqg vhwwohg lq duuhduv dw wlphv wl @ w3 . l�/
l @ 5> = = = >p/ lv htxdo wr:

p�4[
l@4

yw3 ^uq +wl> wl.4, > un> uK >U> wl.4` > +8,

zkhuh yw3 ^uq +wl> wl.4, > un> uK >U> wl.4` uhsuhvhqwv wkh wlph0w3 sulfh ri d jhqhulf vlqjoh0eduulhu dqg xqlw idfh
ydoxh fdsohw + rruohw, rq wkh lqwhuhvw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ vxemhfw wr d eduulhu udwh
ri uK / zlwk d uhedwh udwh U/ dqg vhwwohg lq duuhduv dw wlph wl.41 Wkh lqwhuhvw udwh uq +wl> wl.4, uhsuhvhqwv wkh
qrplqdo wlph0wl vsrw udwh iru wkh frpsrxqglqj shulrg +wl.4 � wl,/ dqg fdq eh gh�qhg dv

uq +wl> wl.4, =@
4

�

�
4

S +wl> wl.4,
� 4

�
= +9,

Dq xs0dqg0lq fdsohw jhqhudwhv wkh vdph whuplqdo sd|r� dv d uhjxodu fdsohw dv orqj dv wkh xqghuo|lqj
vsrw qrplqdo lqwhuhvw udwh wrxfkhv +iurp ehoorz, wkh eduulhu udwh gxulqj wkh olih ri wkh rswlrq1 Rwkhuzlvh/
d uhedwh +srvvleo| qxoo, lv sdlg rq wkh vdph whuplqdo gdwh1 Vlploduo|/ d grzq0dqg0lq  rruohw jhqhudwhv wkh
vdph whuplqdo sd|r� dv d uhjxodu  rruohw/ li wkh xqghuo|lqj vsrw qrplqdo lqwhuhvw udwh wrxfkhv +iurp deryh,
wkh eduulhu udwh gxulqj wkh olih ri wkh rswlrq/ ru d uhedwh/ rwkhuzlvh1 Pruh irupdoo|/

9Irxu rwkhu w|shv ri vlqjoh0eduulhu fdsv dqg  rruv duh dovr ihdvleoh= xs0dqg0rxw fdsv/ grzq0dqg0lq fdsv/ grzq0dqg0rxw  rruv/

dqg xs0dqg0lq  rruv1 Dowkrxjk lw zrxog eh vlpsoh wr dovr sulfh wkhp h{solflwo|/ rxu pdlq dwwhqwlrq zloo eh irfxvvhg rq wkh �uvw

irxu pruh �lqwxlwlyh� vwuxfwxuhv1
:Zlwkrxw orvv ri jhqhudolw|/ dqg lq rughu wr vlpsoli| wkh qrwdwlrq/ zh vkdoo dvvxph wkdw |�n� 3 |� ' Bc��1
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Gh�qlwlrq 4 Wkh wlph0wl.4 sulfh ri d xqlw idfh ydoxh xs0dqg0lq fdsohw +grzq0dqg0lq  rruohw, rq wkh qrplqdo
vsrw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ vxemhfw wr d eduulhu udwh ri ux +uo,/ zlwk d uhedwh udwh U/
dqg vhwwohg lq duuhduv dw wlph wl.4 lv htxdo wr

;

LQ +�,
wl.4

^uq +wl> wl.4, > un> uK >U> wl.4` =@

�
^�uq +wl> wl.4,� �un`

.
� +@ <v 5 `w3> wl` = �uq +v> v. �, � �uK

U�+@ �uq +v> v. �, ? �uK > ;v 5 `w3> wl`
>

+:,
zkhuh uK @ ux+A uq +w3> w3 . �,, dqg � @ 4 iru dq xs0dqg0lq fdsohw/ ru uK @ uo+? uq +w3> w3 . �,, dqg � @ �4
iru d grzq0dqg0lq  rruohw1

Uhpdun 7 Qrwlfh wkdw wkh prqlwrulqj ri wkh eduulhu lv gh�qhg lq whupv ri wkh revhuydeoh qrplqdo vsrw udwh

uq +v> v. �, dqg qrw lq whupv ri wkh qrplqdo iruzdug udwh uq +v> wl> wl.4, =@
4
�

k
S +v>wl,

S +wl>wl.4,
� 4

l
/ zklfk zrxog eh

w|slfdoo| wkh xqghuo|lqj yduldeoh iru d Oleru Pdunhw prgho1 Wklv lv wkh fdvh ehfdxvh wkh odwwhu lqwhuhvw udwh
lv qrw gluhfwo| revhuyhg lq wkh prqh| pdunhw1< Frqvhtxhqwo|/ lw lv qrw srvvleoh wr wdnh dgydqwdjh iurp wkh
orjqrupdo pduwlqjdoh irupxodwlrq r�huhg e| d Pdunhw prgho/ dqg/ khqfh/ dq KMP prgho zloo eh xvhg lqvwhdg1

D grzq0dqg0rxw fdsohw jhqhudwhv wkh vdph whuplqdo sd|r� dv d uhjxodu fdsohw dv orqj dv wkh xqghuo|lqj
vsrw qrplqdo lqwhuhvw udwh qhyhu wrxfkhv +iurp deryh, wkh eduulhu udwh gxulqj wkh olih ri wkh rswlrq1 Rwkhuzlvh/
d uhedwh lv sdlg rq wkh vdph whuplqdo gdwh1 Ilqdoo|/ dq xs0dqg0rxw  rruohw jhqhudwhv wkh vdph whuplqdo sd|r�
dv d uhjxodu  rruohw/ li wkh xqghuo|lqj vsrw qrplqdo lqwhuhvw udwh qhyhu wrxfkhv +iurp ehoorz, wkh eduulhu udwh
gxulqj wkh olih ri wkh rswlrq/ ru d uhedwh/ rwkhuzlvh1 Wkdw lv/

Gh�qlwlrq 5 Wkh wlph0wl.4 sulfh ri d xqlw idfh ydoxh grzq0dqg0rxw fdsohw +xs0dqg0rxw  rruohw, rq wkh
qrplqdo vsrw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ vxemhfw wr d eduulhu udwh ri uo +ux,/ zlwk d uhedwh
udwh U/ dqg vhwwohg lq duuhduv dw wlph wl.4 lv htxdo wr

RXW +�,
wl.4

^uq +wl> wl.4, > un> uK >U> wl.4` =@

�
^�uq +wl> wl.4,� �un`

.
� +@ �uq +v> v. �, A �uK >;v 5 `w3> wl`

U�+@ <v 5 `w3> wl` = �uq +v> v. �, � �uK
>

+;,
zkhuh uK @ uo+? uq +w3> w3 . �,, dqg � @ 4 iru d grzq0dqg0rxw fdsohw/ ru uK @ ux+A uq +w3> w3 . �,, dqg
� @ �4 iru dq xs0dqg0rxw  rruohw1

Dvvxpswlrq 5 Wkh uhedwh udwh lv }hur1

Uhpdun 8 Iru vlpsolflw|/ doo wkh sulflqj vroxwlrqv wkdw zloo eh ghulyhg khuhdiwhu dvvxph wkdw U @ 31 Vxfk
dqdo|wlfdo vroxwlrqv fdq eh hdvlo| jhqhudol}hg iru U 9@ 3/ e| frqvlghulqj wkh �uvw sdvvdjh wlph glvwulexwlrq ri
wkh xqghuo|lqj qrplqdo vsrw udwh1

Ehfdxvh doo wkh deryh phqwlrqhg rswlrqv srvvhvv d vlqjoh ixwxuh sd|r� +dw wlph wl.4,/ wkhlu idlu sulfhv
fdq eh vlpso| frpsxwhg dv wkh glvfrxqwhg h{shfwdwlrq ri vxfk whuplqdo sd|r�v/ xqghu wkh fruuhvsrqglqj
htxlydohqw +iruzdug, pduwlqjdoh suredelolw| phdvxuh143 Ohw Twl.4 eh wkh wl.40iruzdug pduwlqjdoh phdvxuh
rewdlqhg zkhq wkh wl.40pdwxulw| sxuh glvfrxqw erqg lv wdnhq dv wkh qxphudluh ri wkh hfrqrp|1 Vxfk phdvxuh
lv htxlydohqw wr T/ dqg zloo eh gh�qhg rq wkh vdph phdvxudeoh vsdfh +>I, wkurxjk wkh iroorzlqj Udgrq0
Qlnrg|p ghulydwlyh =

gTwl.4

gT

����Iw =@ S +w> wl.4,

S +w3> wl.4,

� +w3,

� +w,
> +<,

zkhuh � +w, uhsuhvhqwv wkh wlph0w ydoxh ri wkh �prqh| pdunhw dffrxqw�/ l1h1 wkh frpsrxqghg ydoxh ri rqh
prqhwdu| xqlw frqwlqxrxvo| uhlqyhvwhg/ iurp wlph w3 wr wlph w/ dw wkh vkruw0whup lqwhuhvw udwh=

� +w, =@ h{s

�]
w

w3

u +v, gv

�
= +43,

;Dv xvxdo/ d%on ' 4@ E%cf� c�% M ^1
<Iru d iruzdug udwh djuhhphqw +IUD,/ wkh vwduw dqg hqg gdwhv ri wkh xqghuo|lqj iruzdug frpsrxqglqj shulrg fkdqjh hyhu|

gd| +e| prylqj iruzdug rqh gd|,1 Xqiruwxqdwho|/ iru wkh frqwudfwv xqghu ydoxdwlrq/ |� dqg |�n� duh �{hg1
43Vhh/ iru lqvwdqfh/ Jhpdq/ Ndurxl dqg Urfkhw +4<<8,1
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Dvvxplqj wkdw phdvxuhTwl.4 h{lvwv/ dqg iroorzlqj Kduulvrq dqg Solvnd +4<;4,/ wkh uhodwlyh sulfh/ zlwk uhvshfw
wr wkh wl.40pdwxulw| }hur0frxsrq erqg/ ri dq| dwwdlqdeoh frqwlqjhqw fodlp wkdw vhwwohv dw wlph wl.4 zloo eh d
Twl.40pduwlqjdoh1 Wkhuhiruh/ dsso|lqj dvvxpswlrq 5 dqg uhodwlrq +9, wr gh�qlwlrqv +:, dqg +;,/ wkh wlph0w3
sulfh ri wkh deryh gh�qhg eduulhu rswlrqv fdq eh zulwwhq qrw dv d ixqfwlrq ri wkh qrplqdo vsrw udwh/ exw lq
whupv ri orj0lqyhuvh sxuh glvfrxqw sulfhv=44

LQ +�,
w3
^uq +wl> wl.4, > un> uK >U @ 3> wl.4` +44,

@ S +w3> wl.4,

H
Twl.4

w3

��
� h{s

�
oqS�4 +wl> wl.4,

�
� � +4 . �un,

�.��� vxs
w3�v�wl

�
� oqS�4 +v> v. �,

�
� � oq +4 . �uK,

�
>

dqg

RXW +�,
w3
^uq +wl> wl.4, > un> uK >U @ 3> wl.4` +45,

@ S +w3> wl.4,

H
Twl.4

w3

��
� h{s

�
oqS�4 +wl> wl.4,

�
� � +4 . �un,

�.��� lqi
w3�v�wl

�
� oqS�4 +v> v. �,

�
A � oq +4 . �uK,

�
=

Wr frqyhuw wkh odvw wzr htxdwlrqv lqwr dqdo|wlfdo sulflqj vroxwlrqv/ wkdw lv lq rughu wr frpsxwh h{solflwo|
erwk frqglwlrqdo h{shfwdwlrqv/ lw lv qhfhvvdu| wr ghulyh wkh suredelolw| ghqvlw| ixqfwlrq ri whuplqdo orj0lqyhuvh
sxuh glvfrxqw erqg sulfhv zlwk d wlph0wr0pdwxulw| ri �0|hduv/ frqglwlrqdo rq wrxfklqj 0iru htxdwlrq +44,0 ru
rq qrw wrxfklqj 0iru htxdwlrq +45,0 wkh eduulhu/ dqg xqghu wkh wl.40iruzdug pduwlqjdoh phdvxuh1 Qh{w/ wkh
fruuhvsrqglqj xqfrqglwlrqdo glvwulexwlrq lv �uvwo| frpsxwhg1

615 Xquhvwulfwhg ghqvlw| iru orj0lqyhuvh sxuh glvfrxqw erqg sulfhv

Frpelqlqj htxdwlrqv +5, dqg +43,/ gh�qlwlrq +<, fdq eh uhvwdwhg dv

gTwl.4

gT

����Iw @ h{s

�]
w

w3

� +v> wl.4,
3 � gZT +v, � 4

5

]
w

w3

� +v> wl.4,
3 � � +v> wl.4, gv

�
=

Frqvhtxhqwo|/ li phdvxuh Twl.4 h{lwv/ wkdw lv li wkh iroorzlqj Qrylnry*v frqglwlrq lv vdwlv�hg

H
Twl.4

w3

�
h{s

�
4

5

]
w

w3

� +v> wl.4,
3 � � +v> wl.4, gv

��
?4>

wkhq Jluvdqry*v wkhruhp lpsolhv wkdw

gZ
T
wl.4

+w, @ gZ
T +w, � � +w> wl.4, gw +46,

lv dovr d yhfwru ri vwdqgdug Eurzqldq prwlrq lqfuhphqwv lq ?q +zlwk wkh vdph vwdqgdug �owudwlrq dv gZT +w,,1
Khqfh/ wkh Jdxvvldq KMP prgho +7, fdq eh uh0vshfl�hg xqghu wkh htxlydohqw phdvxuh Twl.4 dv

i +w> W , @ i +w3> W , .

]
w

w3

C� +v>W ,
3

CW
� ^� +v> W ,� � +v> wl.4,`gv�

]
w

w3

C� +v> W ,
3

CW
� gZTwl.4

+v, > +47,

dqg wl.40iruzdug pduwlqjdoh suredelolw| glvwulexwlrqv fdq eh hdvlo| rewdlqhg1

Sursrvlwlrq 4 Xqghu wkh htxlydohqw pduwlqjdoh phdvxuh Twl.4 / iru wkh Jdxvvldq KMP vshfl�fdwlrq +7,/
dqg frqglwlrqdo rq Iw3 / wkh udqgrp yduldeoh oqS�4 +w> w. �, srvvhvv d xqlyduldwh qrupdo glvwulexwlrq zlwk

44.%
wl.4

|3
Ef � t � ghqrwhv wkh h{shfwhg ydoxh ri wkh udqgrp yduldeoh f / frqglwlrqdo rq wkh hyhqw t dqg rq 5|3 / frpsxwhg

xqghu wkh htxlydohqw pduwlqjdoh phdvxuh %|l.4 1 Qrwlfh wkdw t�T
|3$r$|l

�
3 *?�3� Erc rn B�

�
' 3 �?u|3$r$|l

�
*?�3� Erc rn B�

�
dqg �?u|3$r$|l

�
3 *?�3� Erc r n B�

�
' 3 t�T

|3$r$|l

�
*?�3� Erc r n B�

�
�
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phdq oq
k

S +w3>w,

S +w3>w.�,

l
. o +w3> w, dqg vwdqgdug ghyldwlrq

s
j +w3> w,/ wkdw lv

45

Su
T
wl.4

�
oqS�4 +w> w. �, 5 g{

��Iw3� @ !

�
{> oq

�
S +w3> w,

S +w3> w. �,

�
. o +w3> w, >

s
j +w3> w,

�
g{> +48,

zkhuh46

o +w3> w, =@

]
w

w3

�
4

5

k
n� +v> w. �,n5 �n� +v> w,n5

l
� ^� +v> w. �, � � +v> w,`

3 � � +v> wl.4,
�
gv> +49,

dqg

j +w3> w, =@

]
w

w3

n� +v> w,� � +v> w. �,n5 gv= +4:,

Surri1 Lqwhjudwlqj htxdwlrq +6, ehwzhhq w dqg +w. �,/ dqg xvlqj htxdwlrq +47,/

oqS�4 +w> w. �, @

]
w.�

w

i +w3> x, gx.

]
w.�

w

]
w

w3

C� +v> x,
3

Cx
� ^� +v> x,� � +v> wl.4,`gvgx

�
]

w.�

w

]
w

w3

C� +v> x,
3

Cx
� gZTwl.4

+v, gx=

H{suhvvlqj iruzdug erqg sulfhv dv

S +w3> w> w. �, =@
S +w3> w . �,

S +w3> w,
@ h{s

%
�
]

w.�

w

i +w3> x, gx

&
>

dqg xvlqj Ixelql*v wkhruhp wr fkdqjh wkh rughu ri lqwhjudwlrq/

oqS�4 +w> w . �, @ oq

�
S +w3> w,

S +w3> w. �,

�
. o +w3> w, .

]
w

w3

^� +v> w,� � +v> w. �,`
3 � gZT

wl.4

+v, > +4;,

zkhuh o +w3> w, lv gh�qhg e| htxdwlrq +49,1
Frqvlghulqj wkdw j +w3> w, ?4/ dv jlyhq e| htxdwlrq +4:,/ dqg xvlqj/ iru lqvwdqfh/ Duqrog +4<<5/ fruroodu|

71819,/ lw iroorzv wkdw wkh vwrfkdvwlf lqwhjudo frqwdlqhg lq wkh odvw htxdolw| lv qrupdoo| glvwulexwhg zlwk phdq
}hur dqg yduldqfh j +w3> w,1

Sulfhv iru uhjxodu fdsohwv dqg  rruohwv fdq eh hdvlo| rewdlqhg e| lqwhjudwlqj wkh fruuhvsrqglqj whuplqdo
sd|r�v zlwk uhvshfw wr wkh xquhvwulfwhg ghqvlw| +48,1 Iru frqyhqlhqfh/ sursrvlwlrq 5 uhplqgv vxfk dqdo|wlfdo
vroxwlrqv1

Sursrvlwlrq 5 Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ wkh wlph0w3 sulfh ri d xqlw idfh ydoxh uhjxodu
fdsohw + rruohw, rq wkh qrplqdo vsrw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ dqg vhwwohg lq duuhduv dw
wlph wl.4 lv htxdo wr

UHJXODU +�,
w3
^uq +wl> wl.4, > un> wl.4` @ �S +w3> wl, �

k
��gun3 +w3, . �

s
j +w3> wl,

l
+4<,

�� +4 . �un,S +w3> wl.4, � ^��gun3 +w3,` >

zlwk

g
u

3 +w, @
oq
k
S +w>wl>wl.4,

+4.�u,�4

l
.

j+w>wl,

5s
j +w> wl,

>

� @ 4 iru d uhjxodu fdsohw/ � @ �4 iru d uhjxodu  rruohw/ dqg zkhuh � uhsuhvhqwv wkh fxpxodwlyh ghqvlw|
ixqfwlrq ri wkh xqlyduldwh vwdqgdug qrupdo glvwulexwlrq1

45Khuhdiwhu/ � Ef(>c j� G'
�
2Zj2

�3 4
5 i T

k
3

�
2

Ef3>�5

j5

l
uhsuhvhqwv wkh suredelolw| ghqvlw| ixqfwlrq ri d qrupdoo| glvwulexwhg

xqlyduldwh udqgrp yduldeoh f / zlwk phdq > dqg vwdqgdug ghyldwlrq j1 �h
%
wl.4 E/� 5|3� ghqrwhv wkh suredelolw| ri hyhqw //

frqglwlrqdo rq 5|3 / dqg frpsxwhg xqghu wkh htxlydohqw pduwlqjdoh phdvxuh %|l.4 1
468u8 ghqrwhv wkh Hxfolghdq qrup lq ^?1
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Surri1 Vhh/ iru lqvwdqfh/ Eudfh dqg Pxvlhod +4<<7e/ vhfwlrq 515,1 Dowhuqdwlyho|/ lw lv rqo| qhfhvvdu| wr
frpsxwh dq h{solflw vroxwlrq iru wkh iroorzlqj lqwhjudo=

UHJXODU +�,
w3
^uq +wl> wl.4, > un> wl.4` +53,

@ S +w3> wl.4,

] 4

�4

^� h{s +{,� � +4 . �un,`
.
!

�
{> oq

�
S +w3> wl,

S +w3> wl.4,

�
. o +w3> wl, >

s
j +w3> wl,

�
g{>

xvlqj wkh idfw wkdw

o +w3> wl, @ �4

5
j +w3> wl, = +54,

Uhpdun 9 Htxdwlrq +4;, vkrzv wkdw ixqfwlrq j +w3> wl, lv/ dv xvxdo/ wkh wlph0w3 yduldqfh ri wkh wlph0wl
orj0sulfh ri d wlph0wl.4 pdwxulw| sxuh glvfrxqw erqg1

616 Uhvwulfwhg ghqvlwlhv iru orj0lqyhuvh sxuh glvfrxqw erqg sulfhv

Qh{w wkhruhp frqwdlqv wkh pdlq wkhruhwlfdo uhvxow iurp wklv sdshu1

Wkhruhp 4 Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ dvvxplqj wkdw wkh ghwhuplqlvwlf yrodwlolw| ixqfwlrq
� +�> W , = ^w3> W `$ ?q lv vxfk wkdw

Cj +w3> w,

Cw
A 3> +55,

dqg xvlqj dssur{lpdwlrq +67,/ wkhq=

Su
Twl.4

�
oqS�4 +w> w . �, 5 g{ a vxs

w3�v�w

�
� oqS�4 +v> v. �,

�
? � oq +4 . �uK,

����Iw3
�

+56,

�
+
!

k
{> oqS�4 +w3> w3 . �,�

s
k +w3> w, j +w3> w,>

s
j +w3> w,

l
� h{s

%
5

v
k +w3> w,

j +w3> w,
oq
S
�4 +w3> w3 . �,

4 . �uK

&

!

k
{> 5 oq +4 . �uK, � oqS�4 +w3> w3 . �,�

s
k +w3> w, j +w3> w,>

s
j +w3> w,

lr
g{>

zlwk

k +w3> w, =@

]
w

w3

�
i +w3> y . �, � i +w3> y, .

Co +w3> y,

Cy

�5 �
Cj +w3> y,

Cy

��4
gy> +57,

dqg zkhuh � @ 4 dqg uK @ ux+A uq +w3> w3 . �,, iru dq xs eduulhu ru � @ �4 dqg uK @ uo+? uq +w3> w3 . �,,
iru d grzq eduulhu1

Surri1 Iroorzlqj/ iru lqvwdqfh/ Ûnvhqgdo +4<<8/ wkhruhp ;153,/ ehfdxvh j +w3> w3, @ 3 dqg xvlqj dvvxpswlrq
+55,/ d wlph0fkdqjh fdq eh dssolhg wr htxdwlrq +4;,=

oqS�4 +w> w. �, @ oq

�
S +w3> w,

S +w3> w. �,

�
. o +w3> w, . �ZTwl.4

j+w3>w,
> +58,

zkhuh

�ZT
wl.4

j+w3>w,
=@

]
w

w3

^� +v> w,� � +v> w. �,`
3 � gZT

wl.4

+v, +59,

lv d rqh0glphqvlrqdo Eurzqldq prwlrq dovr lqlwldol}hg dw }hur/ xqghu wkh vdph pduwlqjdoh phdvxuh Twl.4 / exw
zlwk uhvshfw wr d ghwhuplqlvwlf wlph0fkdqjh gh�qhg e| j +w3> �, = ^w3> W `$ ?.1

Lq rughu wr uhpryh wkh guliw iurp wkh surfhvv +58,/ gh�qh dq htxlydohqw pduwlqjdoh phdvxuh Tj vxfk wkdw

g �ZTj

j+w3>w,
@ g �ZTwl.4

j+w3>w,
. � +w3> w, gj +w3> w, > +5:,

:



zlwk

� +w3> w, =@
C

Cj +w3> w,

�
oq

�
S +w3> w,

S +w3> w. �,

�
. o +w3> w,

�
> +5;,

lv dovr d wlph0fkdqjhg rqh0glphqvlrqdo Zlhqhu lqfuhphqw1 Wkdw lv/ gh�qh wkh fkdqjh ri phdvxuh

gTwl.4

gTj

����Iw @ h{s

�
�
]

w

w3

^�� +w3> y,`g �ZTj

j+w3>y,
� 4

5

]
w

w3

^�� +w3> y,`5 gj +w3> y,
�
> +5<,

dqg dvvxph wkdw HT
j

w3

q
h{s

k
4
5

U
w

w3
� +w3> y,

5
gj +w3> y,

lr
?41 Lqwhjudwlqj lghqwlw| +5:, ehwzhhq w3 dqg w/ dqg

vlqfh o +w3> w3, @ 3/ lw iroorzv wkdw

�ZTj
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Frqvhtxhqwo| htxdwlrq +58, fdq eh uhzulwwhq dv d wlph0fkdqjhg vwdqgdug Eurzqldq prwlrq lqlwldol}hg dw
^� oqS +w3> w3 . �,`/

oqS�4 +w> w. �, @ �ZTj

j+w3>w,
� oqS +w3> w3 . �, > +63,

dqg wkhuhiruh
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Lw zrxog eh vlpsoh wr frpsxwh wkh uljkw0kdqg0vlgh ri wkh suhylrxv htxdolw| li wkh suredelolw| zhuh gh�qhg
xqghu phdvxuh Tj 1 Vlqfh wklv lv qrw wkh fdvh/ lw zloo eh qhfhvvdu| wr xvh wkh Udgrq0Qlnrg|p ghulydwlyh +5<,
0vhh/ iru lqvwdqfh Gx!h +4<<5/ htxdwlrq F16,0 dqg wr h{suhvv lw dv d ixqfwlrq ri wkh udqgrp yduldeoh �ZTj

j+w3>w,
1

Iru wkdw sxusrvh/ qrwlfh wkdw wkh Lw÷ lqwhjudo frqwdlqhg lq wkh Udgrq0Qlnrg|p ghulydwlyh +5<, srvvhvv d
xqlyduldwh qrupdo glvwulexwlrq zlwk }hur phdq dqg yduldqfh k +w3> w,/ wkdw lv47]
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^�� +w3> y,` g �ZTj

j+w3>y,
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zkhuh wkh v|pero 9 ghqrwhv htxdolw| lq glvwulexwlrq/ dqg
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� +w3> y,
5
gj +w3> y,

fdq eh h{suhvvhg dv lq htxdwlrq +57,/ xvlqj gh�qlwlrq +5;,1 Frqvhtxhqwo|/ dqg vlqfh �ZTj
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zklfk vxjjhvwv wkh iroorzlqj sursruwlrqdolw| dssur{lpdwlrq iru wkh Udgrq0Qlnrg|p ghulydwlyh +5<,1

Dvvxpswlrq 6 Wkh Udgrq0Qlnrg|p ghulydwlyh +5<, zloo eh dssur{lpdwhg e|
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47Wkh qrwdwlrq f 9 ��
�
>cj2

�
lv lqwhqghg wr phdq wkdw wkh rqh0glphqvlrqdo udqgrp yduldeoh f lv qrupdoo| glvwulexwhg/

zlwk phdq >/ dqg yduldqfh j2 1
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Uhpdun : Dssur{lpdwlrq +67, lv lq wkh vslulw ri wkh sursruwlrqdolw| dvvxpswlrq xvhg e| Ho Ndurxl dqg
Urfkhw +4<;</ sdjh 55, ru ri wkh udqn 4 dssur{lpdwlrq vxjjhvwhg e| Eudfh dqg Pxvlhod +4<<7d/ htxdwlrq 914,/
zklfk kdyh erwk ehhq vkrzq wr eh dffxudwh lq wkh frqwh{w ri Hxurshdq vzdswlrq sulflqj 0vhh/ iru lqvwdqfh/
Eudfh dqg Pxvlhod +4<<7d/ wdeoh :18, ru Sdqj +4<<9/ wdeoh 9,1 Qhyhuwkhohvv/ vlqfh wkh deryh htxdolw| lv rqo|
h{dfw lq glvwulexwlrq/ doo wkh dssur{lpdwh sulflqj vroxwlrqv wkdw zloo eh ghulyhg zloo eh vxemhfw wr d Prqwh
Fduor vwxg|/ lq rughu wr lqyhvwljdwh wkhlu dffxudf|1

Ilqdoo|/ lq rughu wr frpsxwh suredelolw| +64, h{solflwo|/ wkh iroorzlqj uhvxow pxvw eh xvhg 0vhh/ iru lqvwdqfh
Kduulvrq +4<;8/ sdjh <,/ Erurglq dqg Vdoplqhq +4<<9/ sdjh 437, ru Pxvlhod dqg Uxwnrzvnl +4<<;/ fruroodu|
E1614 dqg fruroodu| E1616,=

Ohppd 4 Li ZS +w, lv d S0phdvxuhg vwdqgdug rqh0glphqvlrqdo Eurzqldq prwlrq/ vxfk wkdw ZS +w3, @ 3/
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Uhpdun ; Xvlqj gh�qlwlrq +9,/ lw lv hdv| wr fkhfn wkdw wkh eduulhu ohyho oq
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zkhuh � @ 4 dqg uK @ ux+A uq +w3> w3 . �,, iru dq xs eduulhu ru � @ �4 dqg uK @ uo+? uq +w3> w3 . �,, iru d
grzq eduulhu1

Surri1 Htxdwlrq +6:, dulvhv iurp wkhruhp 4 dqg sursrvlwlrq 4/ wkurxjk wkh iroorzlqj reylrxv lghqwlw|=
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Htxlsshg zlwk wkhruhp 4 dqg fruroodu| 4/ lw lv qrz srvvleoh wr sulfh dq| w|sh ri eduulhu fds ru  rru1

617 Sulflqj irupxodh

Lq rughu wr sulfh vlqjoh eduulhu fdsv dqg  rruv lw lv rqo| qhfhvvdu| wr frpsxwh wkh h{shfwdwlrqv frqwdlqhg lq
htxdwlrqv +44, dqg +45,/ xvlqj wkh suredelolw| ghqvlwlhv r�huhg e| wkhruhp 4 ru fruroodu| 4148

Sursrvlwlrq 6 Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ dqg vxemhfw wr frqglwlrq +55, dqg dssur{lpdwlrq
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dqg zkhuh uK @ ux+A uq +w3> w3 . �,, dqg � @ 4 iru dq xs0dqg0lq fdsohw/ ru uK @ uo+? uq +w3> w3 . �,, dqg
� @ �4 iru d grzq0dqg0lq  rruohw1

Surri1 Vhh dsshqgl{ D1

Uhpdun < Dv h{shfwhg/ zkhq ux ? un +uo A un, wkh eduulhu sulfh froodsvhv lqwr d uhjxodu fdsohw + rruohw,1
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Uhpdun 43 Wkh idlu sulfh ri dq xs0dqg0rxw fdsohw +grzq0dqg0rxw  rruohw, fdq eh hdvlo| rewdlqhg e| wdnlqj
wkh gl�huhqfh ehwzhhq htxdwlrqv +4<, dqg +6;,/ zlwk uK @ ux dqg � @ 4 +uK @ uo dqg � @ �4,1 Wklv uhvxow
iroorzv iurp wkh zhoo nqrzq sdulw| uhodwlrq ehwzhhq nqrfn0lq dqg nqrfn0rxw rswlrqv zlwkrxw uhedwh1

Sursrvlwlrq 7 Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ dqg vxemhfw wr frqglwlrq +55, dqg dssur{lpdwlrq
+67,/
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zkhuh uK @ uo+? uq +w3> w3 . �,, dqg � @ 4 iru dq grzq0dqg0rxw fdsohw/ ru uK @ ux+A uq +w3> w3 . �,, dqg
� @ �4 iru d xs0dqg0rxw  rruohw1

Surri1 Vhh dsshqgl{ E1

Uhpdun 44 Wkh idlu sulfh ri dq grzq0dqg0lq fdsohw +xs0dqg0lq  rruohw, fdq dovr eh hdvlo| rewdlqhg e| wdnlqj
wkh gl�huhqfh ehwzhhq htxdwlrqv +4<, dqg +6<,/ zlwk uK @ uo dqg � @ 4 +uK @ ux dqg � @ �4,1

618 H{dpsohv

Lq rughu wr whvw wkh h!flhqf| dqg dffxudf| ri wkh sursrvhg sulflqj dssur{lpdwlrqv/ wzr h{dpsohv zloo eh
frqvlghuhg1 Dowkrxjk sursrvlwlrqv 6 dqg 7 duh dssolfdeoh wr doo ghwhuplqlvwlf vshfl�fdwlrqv ri wkh yrodwlolw|
ixqfwlrq +hyhq wlph0ghshqghqw rqhv,/ qh{w h{dpsohv frqvlghu d vlpsoh Jdxvv0Pdunry wlph0krprjhqhrxv
KMP prgho/ zklfk fdq eh gh�qhg wkurxjk wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 8 Li wkh vkruw0whup lqwhuhvw udwh lv Pdunryldq dqg wkh yrodwlolw| ixqfwlrq � +�> W , = ^w3> W `$ ?q
lv wlph0krprjhqhrxv/ wkhq wkh yrodwlolw| ixqfwlrq pxvw eh uhvwulfwhg wr wkh iroorzlqj dqdo|wlfdo vshfl�fdwlrq=

� +w> W ,3 =@ � +W � w,3 @ J
3 � d�4 �

k
Lq � h

d+W�w,
l
> +73,

zkhuh/ Lq 5 ?q�q uhsuhvhqwv dq lghqwlw| pdwul{/ zkloh J 5 ?q dqg d 5 ?q�q frqwdlq prgho* wlph0
lqghshqghqw sdudphwhuv1

Surri1 Sursrvlwlrq 8 iroorzv/ iru lqvwdqfh/ iurp Pxvlhod dqg Uxwnrzvnl +4<<;/ sursrvlwlrq 461615,1

Uhpdun 45 Dsshqgl{ F vxppdul}hv wkh vlpsohu h{solflw vroxwlrqv wkdw fdq eh rewdlqhg iru ixqfwlrqv j +w> wl,
dqg k +w> wl,/ xqghu sursrvlwlrq 81

Wkh Jdxvv0Pdunry wlph0krprjhqhrxv KMP prgho vshfl�fdwlrq dgrswhg lq wkh iroorzlqj h{dpsohv lv
gh�qhg e| d  dw vsrw |lhog fxuyh +frqwlqxrxvo| frpsrxqghg vsrw lqwhuhvw udwhv duh htxdo wr 9(/ iru doo
pdwxulwlhv,/ dqg e| wkh iroorzlqj yrodwlolw| vshfl�fdwlrq=

J @
�
3=337576 3=33898: 3=33:3:4

�3
> d @ gldj i�3=4>�3=48>�3=5j =

Vxfk wkuhh0idfwru KMP prgho vshfl�fdwlrq zdv eruurzhg iurp wkh Jdxvvldq qhvwhg d!qh irupxodwlrq frq0
wdlqhg lq Qxqhv hw do1 +4<<</ Wdeoh 8,1
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Wdeoh 4 sulfhv d wkuhh0|hdu +xqlw idfh ydoxh, xs0dqg0lq fds zlwk d fds udwh ri 9=378(/ d eduulhu udwh ri :(
dqg txduwhuo| frpsrxqglqj1 H{dfw xs0dqg0lq fdsohw sulfhv zhuh hvwlpdwhg wkurxjk vwdqgdug Prqwh Fduor
vlpxodwlrq/ xvlqj wkh xvxdo Hxohu glvfuhwl}dwlrq ri htxdwlrq +7, zlwk 853 wlph vwhsv shu |hdu/ lqghshqghqw
qrupdo yduldwhv jhqhudwhg wkurxjk wkh Er{0Pxoohu dojrulwkp/ dqg 533> 333 vlpxodwlrqv1 Lw lv dvvxphg wkdw
wkh eduulhu lv prqlwruhg 593 wlphv shu |hdu +l1h1/ gdlo| prqlwrulqj,1 Ehvlghv wkh Prqwh Fduor sulfh hvwlpdwh/
wkh shufhqwdjh ri lwv vwdqgdug huuru rq wkh phdq sulfh lv dovr vkrzq1 Dssur{lpdwh eduulhu fdsohw sulfhv
zhuh frpsxwhg iurp sursrvlwlrq 6/ zkloh wkhlu uhjxodu frxqwhusduwv zhuh rewdlqhg iurp sursrvlwlrq 51 Wkh
fruuhvsrqglqj shufhqwdjh +sulflqj, huuruv zhuh frpsxwhg zlwk uhvshfw wr wkh +h{dfw, Prqwh Fduor sulfh
hvwlpdwh1 Wkurxjkrxw wklv sdshu/ wkh FSX wlph lv dozd|v vkrzq lq vhfrqgv +h{fhsw li vwdwhg rwkhuzlvh,/ dqg
doo frpsxwdwlrqv duh pdgh uxqqlqj Sdvfdo surjudpv rq d Shqwlxp 733Pk} zlwk 97PE ri UDP phpru|1

Wkh sursrvhg dssur{lpdwh vroxwlrq 0sursrvlwlrq 60 lv yhu| idvw wr lpsohphqw +44=: vhfrqgv, dqg uhodwlyho|
dffxudwh +sulflqj huuruv ri derxw 4(,1 Qrwlfh dovr wkdw/ ehfdxvh ri wkh kljk ohyho fkrvhq iru wkh eduulhu udwh
+:(,/ wkh uhjxodu fdsohw sulfhv duh vljql�fdqwo| gl�huhqw iurp wkhlu xs0dqg0lq frxqwhusduwv +wkh xs0dqg0lq
fds lv derxw 53( fkhdshu,1 Dowkrxjk wkh sulflqj huuruv duh ri derxw wkuhh ru irxu vwdqgdug huuruv/ rqh
vkrxog nhhs lq plqg wkdw wzr huuru vrxufhv duh d�hfwlqj wkh uhvxowv1 Rqh lv wkh xvh ri dssur{lpdwlrq +67,1
Wkh vhfrqg huuru vrxufh lv wkh idfw wkdw sursrvlwlrq 6 dvvxphv frqwlqxrxv prqlwrulqj ri wkh eduulhu/ zkloh
wkh Prqwh Fduor sulfh hvwlpdwh +wkdw lv wkh sur{| iru wkh h{dfw sulfh, frqvlghuv wkdw wkh eduulhu lv glvfuhwho|
prqlwruhg1 Dqg/ dv dujxhg dqg vkrzq/ iru lqvwdqfh/ e| Eurdglh/ Jodvvhupdq dqg Nrx +4<<:,/ �111wkhuh fdq
eh vxevwdqwldo sulfh gl�huhqfhv ehwzhhq glvfuhwh dqg frqwlqxrxv eduulhu rswlrqv/ hyhq xqghu gdlo| prqlwrulqj
ri wkh eduulhu�1 Wkhuhiruh/ lw zrxog eh h{wuhpho| lpsruwdqw li sursrvlwlrqv 6 dqg 7 frxog eh dgdswhg iru
glvfuhwh prqlwrulqj xvlqj d frqwlqxlw| fruuhfwlrq vlplodu wr wkh rqh surylghg e| Eurdglh hw do1 +4<<:/ wkhruhp
414, dqg Eurdglh/ Jodvvhupdq dqg Nrx +4<<</ wkhruhp 4,1 Vxfk ghyhorsphqw lv ohiw iru ixuwkhu uhvhdufk1

Wdeoh 5 frqvlghuv d wzr0|hdu +xqlw idfh ydoxh, grzq0dqg0rxw fds zlwk d fds udwh ri 9=378(/ d eduulhu udwh
ri 8( dqg txduwhuo| frpsrxqglqj1 Dssur{lpdwh eduulhu fdsohw sulfhv zhuh frpsxwhg iurp sursrvlwlrq 7/
zkloh wkh Prqwh Fduor sulfh hvwlpdwhv vwloo dvvxph 853 wlph0vwhsv shu |hdu/ gdlo| prqlwrulqj/ dqg duh edvhg
rq 533> 333 vlpxodwlrqv1 Djdlq/ vxfk dssur{lpdwh vroxwlrq lv yhu| idvw/ dowkrxjk wkh sulflqj huuruv lqfuhdvh
zlwk wkh rswlrq pdwxulw|1

7 Sduwldo0eduulhu fdsv dqg  rruv

714 Gh�qlwlrqv

Iru wkh vlqjoh0eduulhu fdsv dqg  rruv vwxglhg lq vhfwlrq 6/ wkh eduulhu* prqlwrulqj shulrgv duh qrw lqghshqghqw
ehwzhhq gl�huhqw frpsrqhqw eduulhu fdsohwv ru  rruohwv1 Wkdw lv/ li wkh eduulhu lv nqrfnhg0lq iru vrph
frpsrqhqw eduulhu fdsohw ru  rruohw/ doo wkh vxevhtxhqw fdsohwv ru  rruohwv ehfrph uhjxodu1 Vlploduo|/ li wkh
eduulhu lv nqrfnhg0rxw iru vrph frpsrqhqw eduulhu fdsohw ru  rruohw/ doo wkh vxevhtxhqw fdsohwv ru  rruohwv
ehfrph zruwkohvv1 Lq vxppdu|/ rqfh wkh eduulhu lv wrxfkhg/ doo wkh sdwk0ghshqghqf| lv uhvroyhg gxulqj wkh
uhpdlqlqj olih ri wkh fds ru  rru1

Rqh dowhuqdwlyh frq�jxudwlrq ri vxfk eduulhu fdsv dqg  rruv lv wr pdnh wkh eduulhu* prqlwrulqj shulrg
ri hdfk frpsrqhqw fdsohw ru  rruohw lqghshqghqw iurp wkh rwkhuv1 Wklv fdq eh dffrpsolvkhg li wkh eduulhu*
prqlwrulqj shulrg iru wkh frpsrqhqw fdsohw ru  rruohw rq wkh qrplqdo vsrw udwh uq +wl> wl.4, lv qr orqjhu wkh
wlph lqwhuydo `w3> wl` exw udwkhu wkh suhylrxv frpsrxqglqj shulrg ^wl�4> wl`1 Khqfh/ vxfk frpsrqhqw fdsohw ru
 rruohw fdq h{sluh zruwkohvv hyhq li wkh eduulhu kdv ehhq nqrfnhg0lq ehiruh wlph wl�4/ dqg lw lv dovr srvvleoh
wkdw wkh whuplqdo sd|r� lv srvlwlyh hyhq li wkh eduulhu kdv ehhq nqrfnhg0rxw ehiruh wlph wl�41 Eruurzlqj
wkh whuplqrorj| iurp Kh|qhq dqg Ndw +4<<7,/ wkhvh eduulhu fdsohwv dqg  rruohwv zlwk eduulhu* prqlwrulqj
shulrgv uhvwulfwhg wr d vxevhw ri wkh rswlrq*v olih zloo eh fdoohg sduwldo0eduulhu fdsohwv dqg  rruohwv1
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rq wkh qrplqdo vsrw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ vxemhfw wr d eduulhu udwh ri ux +uo,/ zlwk
d uhedwh udwh U/ dqg vhwwohg lq duuhduv dw wlph wl.4 lv htxdo wr
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ohw, rq wkh qrplqdo vsrw udwh uq +wl> wl.4,/ zlwk d fds + rru, udwh ri un/ vxemhfw wr d eduulhu udwh ri uo +ux,/
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Lq rughu wr ydoxh wkh deryh phqwlrqhg sduwldo0eduulhu rswlrqv/ wzr dssurdfkhv fdq eh xvhg1 Rqh srvvlelolw|
lv wr frpsxwh wkh glvfrxqwhg h{shfwdwlrq/ xqghu phdvxuh Twl.4 / ri wkh whuplqdo sd|r�1 Iru wklv sxusrvh/
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Qh{w vxevhfwlrq ghulyhv wkh ghqvlw| ixqfwlrq ri wlph0wl�4 glvfrxqw idfwruv/ xqghu phdvxuh Twl�4 1 Frqfhuqlqj
wkh vwrfkdvwlf ixqfwlrq k +wl�4> wl,/ wkh iroorzlqj vlpsoli|lqj dvvxpswlrq zloo eh xvhg1
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Uhpdun 46 Wkh suhylrxv vlpsol�fdwlrq lv lq wkh vslulw ri wkh dvvxpswlrq pdgh e| Eudfh/ Jdwduhn dqg
Pxvlhod +4<<:/ htxdwlrq 614:, lq rughu wr rewdlq dq dssur{lpdwlrq iru Hxurshdq vzdswlrq sulfhv xqghu wkh
orjqrupdo Oleru Pdunhw Prgho1 Lq rxu fdvh/ uhsodflqj ^i +wl�4> y . �,� i +wl�4> y,` e| ^i +w3> y . �,� i +w3> y,`
lv wdxwrorjlfdo wr dvvxph wkdw wkh vorsh ri wkh iruzdug |lhog fxuyh/ lq �0|hduv lqwhuydov/ lv suhvhuyhg ehwzhhq
wlphv w3 dqg wl�41 Vxfk dvvxpswlrq lv qrw wrr vhyhuh vlqfh � lv w|slfdoo| vpdoo +h1j1 3=58 |hduv,1
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715 Wlph0|�3� glvfrxqw idfwruv xqghu phdvxuh T
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Qh{w sursrvlwlrq surylghv wkh suredelolw| odz qhhghg wr frpsxwh h{solflwo| wkh h{shfwdwlrqv frqwdlqhg lq
htxdwlrqv +76, dqg +77,1

Sursrvlwlrq 9 Xqghu wkh htxlydohqw pduwlqjdoh phdvxuh Twl�4 / wkh wlph0wl�4 sulfh ri d sxuh glvfrxqw erqg
zlwk pdwxulw| W+� wl�4, lv htxdo lq glvwulexwlrq wr=

S +wl�4> W , 9 S +w3> wl�4> W , h{s

�
�4

5
* +w3> wl�4> W , .

s
* +w3> wl�4> W ,}

�
> +7:,

zlwk } 9 Q
4 +3>4, dqg zkhuh

* +w3> wl�4> W , =@

]
wl�4

w3

n� +v> W ,� � +v> wl�4,n5 gv= +7;,

Surri1 Iurp htxdwlrq +5,/

oq

�
S +w> W ,

S +w> wl�4,

�
@ oqS +w3> wl�4> W ,�

4

5

]
w

w3

k
n� +v>W ,n5 �n� +v> wl�4,n5

l
gv +7<,

.

]
w

w3

^� +v>W , � � +v> wl�4,`
3 � gZT +v, =

Pruhryhu/ dsso|lqj wkh vdph vwhsv dv lq ghulylqj lghqwlw| +46,/ lw lv hdv| wr vkrz wkdw dvvxplqj wkh h{lvwhqfh
ri phdvxuh Twl�4 lpsolhv wkdw

gZ
T
wl�4

+w, @ gZ
T +w,� � +w> wl�4, gw> +83,

lv d q0glphqvlrqdo Twl�40phdvxuhg yhfwru ri Eurzqldq prwlrq lqfuhphqwv1
Frpelqlqj htxdwlrqv +7<, dqg +83,/ zkloh pdnlqj w @ wl�4/

S +wl�4> W , @ S +w3> wl�4> W , h{s

�
�4

5

]
wl�4

w3

k
n� +v> W ,n5 �n� +v> wl�4,n5

l
gv

.

]
wl�4

w3

^� +v>W , � � +v> wl�4,`
3 � � +v> wl�4, gv.

]
wl�4

w3

^� +v> W ,� � +v> wl�4,`
3 � gZTwl�4

+v,

�
=

Wkh �uvw wzr lqwhjudov/ lqvlgh wkh h{srqhqwldo/ fdq eh vkrzq wr eh htxdo wr � 4
5
* +w3> wl�4> W ,1 Ilqdoo|/ Duqrog

+4<<5/ fruroodu| 71819, lpsolhv wkdw

]
wl�4

w3

^� +v> W ,� � +v> wl�4,`
3 � gZT

wl�4

+v, 9 Q
4 +3> * +w3> wl�4> W ,, =

Uhpdun 47 Dsso|lqj uhvxow +7:, wr gl�huhqw pdwxulwlhv W / dv vkdoo eh grqh zkhq vroylqj htxdwlrqv +76,
dqg +77,/ lv vlplodu wr xvh wkh sursruwlrqdolw| dvvxpswlrq +67,1

716 Sulflqj irupxodh

Htxlsshg zlwk sursrvlwlrq 9 dqg dvvxpswlrq +79,/ lw lv qrz srvvleoh wr dgmxvw sursrvlwlrqv 6 dqg 7 iru wkh
fdvh zkhuh wkh eduulhu* prqlwrulqj shulrg lv gl�huhqw iru hdfk frpsrqhqw fdsohw ru  rruohw1 Ehfdxvh htxdwlrqv
+76, dqg +77, lpso| wkh lqwhjudwlrq ri d xqlyduldwh qrupdo suredelolw| ghqvlw| ixqfwlrq ryhu frpelqdwlrqv ri
xqlyduldwh qrupdo glvwulexwlrq ixqfwlrqv/ qh{w sulflqj vroxwlrqv duh h{shfwhg wr lqyroyh wkh elyduldwh qrupdo
glvwulexwlrq ixqfwlrq1 Lq zkdw iroorzv/ P +d> e> �, uhsuhvhqwv wkh fxpxodwlyh suredelolw|/ lq d vwdqgdugl}hg
elyduldwh qrupdo glvwulexwlrq/ wkdw wkh �uvw yduldeoh lv ohvv wkdq d dqg wkh vhfrqg yduldeoh lv ohvv wkdq e/
zkhq wkh frh!flhqw ri fruuhodwlrq ehwzhhq wkh yduldeohv lv �1
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Sursrvlwlrq : Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ dqg vxemhfw wr frqglwlrq +55, dqg dssur{lpdwlrqv
+67, dqg +79,/

LQ +�,
S

w3
^uq +wl> wl.4, > un> uK >U @ 3> wl.4` +84,

@ �S +w3> wl, �

+
�

u
j +wl�4> wl, .

ks
* +w3> wl�4> wl.4, �

s
* +w3> wl�4> wl,

l5
� �s

un

3 +w3,

,

�� +4 . �un,S +w3> wl.4, � ^��sun3 +w3,`

.4i�uKA�unj +4 . �un,S +w3> wl.4,
q
P

k
�}� .

s
* +w3> wl�4> wl.4,> s

uK

4 +w3, > ��
l

�P
k
�}� .

s
* +w3> wl�4> wl.4,> s

un

4 +w3, > ��
lr
� 4i�uKA�unjS +w3> wl�4,S +w3> wl> wl.4,

h{s

�
4

5
j +wl�4> wl,�

t
ak +wl�4> wl, j +wl�4> wl, . * +w3> wl�4> wl,�

s
* +w3> wl�4> wl,* +w3> wl�4> wl.4,

�
q
P

k
�}� .

s
* +w3> wl�4> wl.4,�

s
* +w3> wl�4> wl,> s

uK

4 +w3, �
s
j +wl�4> wl, .* +w3> wl�4> wl,> ��

l
�P

k
�}� .

s
* +w3> wl�4> wl.4, �

s
* +w3> wl�4> wl,>s

un

4 +w3, �
s
j +wl�4> wl, . * +w3> wl�4> wl,>��

lr

.4i�uKA�unjS +w3> wl.4,S +w3> wl�4> wl, +4 . �uK ,
5
h{s

;?
=5

v
ak +wl�4> wl,

j +wl�4> wl,
oq

�
S
�4 +w3> wl�4> wl,

4 . �uK

�

.
j +wl�4> wl,

5
�
t
ak +wl�4> wl, j +wl�4> wl, .

5
74� 5

v
ak +wl�4> wl,

j +wl�4> wl,

6
8s* +w3> wl�4> wl,

ks
* +w3> wl�4> wl.4,

�

v
ak +wl�4> wl,

j +wl�4> wl,

s
* +w3> wl�4> wl,

6
8
<@
>
;?
=P

5
7�}� .s* +w3> wl�4> wl.4, .

3
C4� 5

v
ak +wl�4> wl,

j +wl�4> wl,

4
D

s
* +w3> wl�4> wl,>s

uK

5 +w3,�
s
j +wl�4> wl, . * +w3> wl�4> wl,>���

l
�P

k
�}� .

s
* +w3> wl�4> wl.4,

.

3
C4� 5

v
ak +wl�4> wl,

j +wl�4> wl,

4
Ds* +w3> wl�4> wl,>s

un

5 +w3, �
s
j +wl�4> wl, . * +w3> wl�4> wl,>���

6
8
<@
>

�4i�uKA�unj +4 . �un,S +w3> wl.4, h{s

;?
=5

v
ak +wl�4> wl,

j +wl�4> wl,
oq

�
S
�4 +w3> wl�4> wl,

4 . �uK

�
.

v
ak +wl�4> wl,

j +wl�4> wl,

s
* +w3> wl�4> wl,

5
7
3
C4 . 5

v
ak +wl�4> wl,

j +wl�4> wl,

4
Ds* +w3> wl�4> wl,� 5

s
* +w3> wl�4> wl.4,

6
8
<@
>;?

=P
5
7�}� .s* +w3> wl�4> wl.4,� 5

v
ak +wl�4> wl,

j +wl�4> wl,

s
* +w3> wl�4> wl,> s

uK

5 +w3, >���

6
8

�P

5
7�}� .s* +w3> wl�4> wl.4, � 5

v
ak +wl�4> wl,

j +wl�4> wl,

s
* +w3> wl�4> wl,>s

un

5 +w3, >���

6
8
<@
> >

zlwk

}
� @

oq
k
S
�4+w3>wl�4>wl,

4.�uK

l
. 4

5
* +w> wl�4> wl,s

* +w> wl�4> wl,
>

� @

s
* +w3> wl�4> wl,s

j +wl�4> wl, . * +w3> wl�4> wl,
>

48



s
u

3 +w, @

oq
k
S +w>wl >wl.4,

+4.�u,�4

l
. 4

5

�
j +wl�4> wl, .

ks
* +w> wl�4> wl.4,�

s
* +w> wl�4> wl,

l5�
u
j +wl�4> wl, .

ks
* +w> wl�4> wl.4,�

s
* +w> wl�4> wl,

l5 >

s
u

4 +w, @
oq
k
S +w>wl�4>wl,

+4.�u,�4

l
.

t
ak +wl�4> wl, j +wl�4> wl,� 4

5
* +w> wl�4> wl, .

s
* +w> wl�4> wl,* +w> wl�4> wl.4,s

j +wl�4> wl, .* +w> wl�4> wl,
>

s
u

5 +w, @ ^j +wl�4> wl, . * +w> wl�4> wl,`
� 4
5

+
oq

%
S
�4 +w> wl�4> wl,

+4 . �u,
�4

+4 . �uK,
5

&
.

t
ak +wl�4> wl, j +wl�4> wl,

.

5
74
5
. 5

v
ak +wl�4> wl,

j +wl�4> wl,

6
8* +w> wl�4> wl,�

s
* +w> wl�4> wl,* +w> wl�4> wl.4,

<@
> >

dqg zkhuh uK @ ux+A uq +w3> w3 . �,, dqg � @ 4 iru d sduwldo xs0dqg0lq fdsohw/ ru uK @ uo+? uq +w3> w3 . �,,
dqg � @ �4 iru d sduwldo grzq0dqg0lq  rruohw1

Surri1 Vhh dsshqgl{ G1

Uhpdun 48 Dv h{shfwhg/ lw lv hdv| wr vkrz wkdw

olp
wl�4$w3

LQ +�,
S

w3
^uq +wl> wl.4, > un> uK >U @ 3> wl.4` @ LQ +�,

w3
^uq +wl> wl.4, > un> uK >U @ 3> wl.4` >

ehfdxvh * +w3> w3> W , @ 3 +W � w3, dqg olpwl�4$w3
^��}�` @41

Sursrvlwlrq ; Xqghu wkh Jdxvvldq KMP vshfl�fdwlrq +7,/ dqg vxemhfw wr frqglwlrq +55, dqg dssur{lpdwlrqv
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dqg � @ �4 iru d sduwldo xs0dqg0rxw  rruohw1

Surri1 Vhh dsshqgl{ H1

717 H{dpsohv

Wdeoh 6 sulfhv d wzr0|hdu +xqlw idfh ydoxh, sduwldo xs0dqg0lq fds zlwk d fds udwh ri 9=378(/ d eduulhu
udwh ri :( dqg txduwhuo| frpsrxqglqj1 Dssur{lpdwh sduwldo xs0dqg0lq fdsohw sulfhv zhuh frpsxwhg iurp
sursrvlwlrq :1 Wkh rqo| h{fhswlrq zdv wkh �uvw sduwldo fdsohw +zlwk d wlph0wr0pdwxulw| ri vl{ prqwkv dqg
d eduulhu prqlwrulqj shulrg ryhu wkh qh{w wkuhh prqwkv,/ zklfk lv vwloo jlyhq e| sursrvlwlrq 61 Elyduldwh
qrupdo fxpxodwlyh suredelolwlhv duh frpsxwhg iurp Guh}qhu +4<:;,/ xvlqj wkh w|sr fruuhfwlrq qrwlfhg lq Kxoo
+5333/ sdjh 5:5,1 H{dfw sulfhv duh frpsxwhg wkurxjk vwdqgdug Prqwh Fduor vlpxodwlrq/ zlwk 853 wlph vwhsv
shu |hdu/ 533> 333 vlpxodwlrqv/ dqg dvvxplqj wkdw wkh eduulhu lv prqlwruhg 593 wlphv shu |hdu +l1h1/ gdlo|
prqlwrulqj,1 Wkh sursrvhg dssur{lpdwlrq lv vwloo idvw dqg surgxfhv sulflqj huuruv zklfk ghfuhdvh lq rswlrq
pdwxulw|1 Dowkrxjk vxfk sulflqj huuruv duh udwkhu odujh/ qrwlfh wkdw wkh| duh derxw 46 wlphv vpdoohu wkdq
wkh uhvxowv edvhg rq uhjxodu fdsohw sulfhv1

Wdeoh 7 frqvlghuv d wzr0|hdu +xqlw idfh ydoxh, sduwldo grzq0dqg0rxw fds zlwk d fds udwh ri 9=378(/ d
eduulhu udwh ri 9( dqg txduwhuo| frpsrxqglqj1 H{dfw sulfhv duh vwloo rewdlqhg wkurxjk vwdqgdug Prqwh
Fduor vlpxodwlrq xqghu gdlo| prqlwrulqj ri wkh eduulhu/ zlwk 853 wlph vwhsv shu |hdu/ dqg wkurxjk 533> 333
vlpxodwlrqv1 Dssur{lpdwh sduwldo grzq0dqg0rxw fdsohw sulfhv zhuh frpsxwhg iurp sursrvlwlrq ;/ zlwk wkh
h{fhswlrq ri wkh �uvw frpsrqhqw fdsohw zklfk lv vwloo ydoxhg wkurxjk sursrvlwlrq 71 Djdlq/ vxfk dssur{lpdwh
vroxwlrq lv yhu| idvw dqg dffxudwh/ dowkrxjk wkh sulflqj huuruv lqfuhdvh zlwk wkh rswlrq pdwxulw|1

8 Orrnedfn fdsv dqg  rruv

814 Gh�qlwlrqv

Orrnedfn fdsv + rruv, duh vhtxhqfhv ri fdsohwv + rruohwv,/ zkrvh whuplqdo sd|r� +zlwk vhwwohphqw lq duuhduv,
zloo ghshqg rq wkh pd{lpxp ru rq wkh plqlpxp dwwdlqhg e| wkh xqghuo|lqj �prqh|0pdunhw� vsrw lqwhuhvw
udwh ryhu d fhuwdlq shulrg ri wlph1 Wzr w|shv ri orrnedfn rswlrqv zloo eh frqvlghuhg=  rdwlqj dqg �{hg vwulnh
orrnedfnv1

D  rdwlqj vwulnh orrnedfn fdsohw + rruohw, lv dq Hxurshdq fdoo +sxw, rswlrq rq d vsrw qrplqdo lqwhuhvw
udwh/ zkrvh vwulnh lv vhw htxdo wr wkh plqlpxp +pd{lpxp, ydoxh dwwdlqhg e| vxfk xqghuo|lqj lqwhuhvw udwh
ryhu wkh olih ri wkh fdsohw + rruohw,1 Khqfh/ wkhvh frqwudfwv duh qr0uhjuhw rswlrqv lq wkh vhqvh wkdw wkh| zloo
qhyhu �qlvk rxw0ri0wkh0prqh|1

Gh�qlwlrq 8 Wkh wlph0wl.4 sulfh ri d xqlw idfh ydoxh  rdwlqj vwulnh orrnedfn fdsohw + rdwlqj vwulnh orrnedfn
 rruohw, rq wkh qrplqdo vsrw udwh uq +wl> wl.4,/ dqg vhwwohg lq duuhduv dw wlph wl.4 lv htxdo wr
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zkhuh � @ �4 iru d  rdwlqj vwulnh orrnedfn fdsohw/ ru � @ 4 iru d  rdwlqj vwulnh orrnedfn  rruohw1

D �{hg vwulnh orrnedfn fdsohw + rruohw, lv dq Hxurshdq fdoo +sxw, rswlrq rq wkh pd{lpxp +plqlpxp,
dwwdlqhg e| d vsrw qrplqdo lqwhuhvw udwh ryhu wkh olih ri wkh fdsohw + rruohw,1 Iru wkhvh h{rwlf rswlrqv/ wkh
vwulnh lv nqrzq vlqfh lqfhswlrq1
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Gh�qlwlrq 9 Wkh wlph0wl.4 sulfh ri d xqlw idfh ydoxh �{hg vwulnh orrnedfn fdsohw +�{hg vwulnh orrnedfn  rru0
ohw, rq wkh �0|hduv qrplqdo vsrw lqwhuhvw udwh/ zlwk d fds + rru, udwh ri un/ dqg vhwwohg lq duuhduv dw wlph
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Dsso|lqj lghqwlw| +9, wr gh�qlwlrqv +86, dqg +87,/ wkh wlph0w3 sulfh ri wkh deryh phqwlrqhg orrnedfn

rswlrqv fdq eh zulwwhq dv
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815 Ghqvlwlhv iru orj0lqyhuvh h{wuhpd sxuh glvfrxqw erqg sulfhv

Lq rughu wr frpsxwh/ h{solflwo|/ wkh h{shfwdwlrqv frqwdlqhg lq htxdwlrqv +88, dqg +89,/ lw lv qhfhvvdu| wr ghulyh
wkh suredelolw| ghqvlw| ixqfwlrqv iru wkh pd{lpxp dqg iru wkh plqlpxp ri orj0lqyhuvh glvfrxqw idfwruv1 Vxfk
suholplqdu| uhvxow zloo eh hdvlo| h{wudfwhg wkurxjk lqwhjudwlrq ryhu wkh uhvwulfwhg ghqvlw| ixqfwlrq r�huhg e|
wkhruhp 41
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816 Sulflqj irupxodh

Qh{w sursrvlwlrq surylghv dq h{solflw vroxwlrq iru htxdwlrq +88, xvlqj erwk wkh �h{wuhpd� dqg wkh �xquh0
vwulfwhg� ghqvlwlhv +8:, dqg +48,/ uhvshfwlyho|1
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Surri1 Vhh dsshqgl{ I1
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Vlploduo|/ lw lv dovr srvvleoh wr ghulyh dq dssur{lpdwh dqdo|wlfdo sulflqj vroxwlrq iru wkh �{hg vwulnh
orrnedfn rswlrqv vshfl�hg lq gh�qlwlrq 91
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wlrq +67,/
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Surri1 Vhh dsshqgl{ J1

817 H{dpsohv

Wdeoh 8 sulfhv d wzr0|hdu +xqlw idfh ydoxh,  rdwlqj vwulnh orrnedfn fds zlwk txduwhuo| frpsrxqglqj/ xvlqj wkh
vdph wkuhh0idfwru KMP prgho dv lq wkh suhylrxv h{dpsohv1 Dssur{lpdwh orrnedfn fdsohw sulfhv zhuh rewdlqhg
iurp sursrvlwlrq <1 H{dfw rswlrq sulfhv duh vwloo frpsxwhg wkurxjk vwdqgdug Prqwh Fduor vlpxodwlrq/ zlwk
853 wlph vwhsv shu |hdu/ 533>333 vlpxodwlrqv/ dqg dvvxplqj wkdw wkh plqlpxp ri wkh xqghuo|lqj lqwhuhvw
udwh lv prqlwruhg 593 wlphv shu |hdu +l1h1/ gdlo| prqlwrulqj,1 Wkh sursrvhg dssur{lpdwlrq lv vwloo idvw dqg
udwkhu dffxudwh +wkh h{rwlf fds* shufhqwdjh sulflqj huuru lv ohvv wkdq rqh shufhqw,1

Wdeoh 9 ydoxhv/ xqghu wkh vdph whup vwuxfwxuh prgho/ d wzr0|hdu +xqlw idfh ydoxh, �{hg vwulnh orrnedfn fds
zlwk d fds udwh ri 9=378(/ dqg txduwhuo| frpsrxqglqj1 H{dfw rswlrq sulfhv duh vwloo rewdlqhg iurp wkh vdph
Prqwh Fduor vhwxs +zlwk gdlo| prqlwrulqj ri wkh xqghuo|lqj pd{lpxp,1 Dssur{lpdwh �{hg vwulnh orrnedfn
fdsohw sulfhv iroorz iurp sursrvlwlrq 43/ dqg duh vkrzq wr eh uhodwlyho| forvh wr wkhlu h{dfw frxqwhusduwv1
Sulfhv iru uhjxodu fdsohwv zlwk wkh vdph vwulnh duh vkrzq iru frpsdulvrq1

9 Frqfoxvlrqv dqg ixuwkhu uhvhdufk

Wkh pdlq sxusrvh dqg frqwulexwlrq ri wklv sdshu frqvlvwhg lq ghulylqj dssur{lpdwh dqdo|wlfdo sulflqj iru0
pxodv/ xqghu d pxowl0idfwru Jdxvvldq KMP iudphzrun/ iru +}hur0uhedwh, eduulhu dqg orrnedfn fdsv ru  rruv1
Wkurxjk wkh qxphulfdo h{shulphqwv suhvhqwhg lq wkh suhylrxv vhfwlrqv/ vxfk forvhg0irup vroxwlrqv zhuh vkrzq
wr eh h!flhqw dqg udwkhu dffxudwh1

Lq whupv ri ixwxuh uhvhdufk/ lw lv vwloo qhfhvvdu| wr ghulyh huuru erxqgv iru wkh sursrvhg dssur{lpdwh
sulflqj vroxwlrqv1 Pruhryhu/ ehfdxvh prvw ri wkh sdwk0ghshqghqw rswlrqv wudghg lq wkh �qdqfldo pdunhwv gr
qrw dvvxph frqwlqxrxv prqlwrulqj/ lw lv dovr lpsruwdqw wr dgdsw wkh sursrvhg sulflqj vroxwlrqv iru glvfuhwh
prqlwrulqj/ wkurxjk wkh dssurdfk vxjjhvwhg e| Eurdglh hw do1 +4<<:,1 Vxfk fruuhfwlrq zrxog prvw suredeo|
uhgxfh wkh sulflqj huuruv uhsruwhg lq wkh qxphulfdo h{shulphqwv suhvhqwhg lq wklv sdshu1 Ilqdoo|/ d srvvleoh
h{whqvlrq ri wkh sulflqj phwkrgrorj| ghyhorshg lq wklv sdshu zrxog eh wr frqvlghu wkh h{lvwhqfh ri uhedwhv iru
+nqrfnhg0rxw ru qrq nqrfnhg0lq, eduulhu fdsv ru  rruv/ wkurxjk wkh ghulydwlrq ri �uvw0sdvvdjh wlph ghqvlwlhv
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Euhhghq/ G1 dqg M1 Jlonhvrq/ 4<<:/ D Sdwk0Ghshqghqw Dssurdfk wr Vhfxulw| Ydoxdwlrq zlwk Dssolfdwlrq wr
Lqwhuhvw Udwh Frqwlqjhqw Fodlpv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 54/ 874�8951

Eurdglh/ P1/ S1 Jodvvhupdq/ dqg V1 Nrx/ 4<<:/ D Frqwlqxlw| Fruuhfwlrq iru Glvfuhwh Eduulhu Rswlrqv/
Pdwkhpdwlfdo Ilqdqfh :/ 658�67<1

Eurdglh/ P1/ S1 Jodvvhupdq/ dqg V1 Nrx/ 4<<</ Frqqhfwlqj Glvfuhwh dqg Frqwlqxrxv Sdwk0Ghshqghqw Rs0
wlrqv/ Ilqdqfh dqg Vwrfkdvwlfv 6/ 88�;51

Exfkhq/ S1/ 5334/ Lpdjh Rswlrqv dqg wkh Urdg wr Eduulhuv/ Ulvn 47/ 45:�4631

Fkdqfh/ G1/ 4<<7/ Wkh Sulflqj dqg Khgjlqj ri Olplwhg H{huflvh Fdsv dqg Vsuhdgv/ Mrxuqdo ri Ilqdqfldo
Uhvhdufk 4:/ 894�8;71

Fohzorz/ O1 dqg F1 Vwulfnodqg/ 4<<;/ Sulflqj Lqwhuhvw Udwh H{rwlfv lq Pxowl0Idfwru Jdxvvldq Lqwhuhvw Udwh
Prghov/ Zrunlqj sdshu/ Ilqdqfldo Rswlrqv Uhvhdufk Fhqwuh/ Xqlyhuvlw| ri Zduzlfn1

Frq}h/ D1 dqg Ylvzdqdwkdq/ 4<<4/ Sdwk Ghshqghqw Rswlrqv= Wkh Fdvh ri Orrnedfn Rswlrqv/ Mrxuqdo ri
Ilqdqfh 79/ 4;<6�4<3:1

Guh}qhu/ ]1/ 4<:;/ Frpsxwdwlrq ri wkh Elyduldwh Qrupdo Lqwhjudo/ Pdwkhpdwlfv ri Frpsxwdwlrq 65/ 5::�5:<1

Gx!h/ G1/ 4<<5/ G|qdplf Dvvhw Sulflqj Wkhru| +Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|,1

Gx!h/ G1 dqg N1 Vlqjohwrq/ 4<<:/ Dq Hfrqrphwulf Prgho ri wkh Whup Vwuxfwxuh ri Lqwhuhvw0Udwh Vzds
\lhogv/ Mrxuqdo ri Ilqdqfh 85/ 45;:�46541

Ho Ndurxl/ Q1 dqg M10F1 Urfkhw/ 4<;</ D Sulflqj Irupxod iru Rswlrqv rq Frxsrq Erqgv/ Zrunlqj sdshu :5/
VHHGV1

Jhpdq/ K1/ Q1 Ho Ndurxl/ dqg M10F1 Urfkhw/ 4<<8/ Fkdqjhv ri Qxphudluh/ Fkdqjhv ri Suredelolw| Phdvxuh
dqg Rswlrq Sulflqj/ Mrxuqdo ri Dssolhg Suredelolw| 65/ 776�78;1

Jhvnh/ U1/ 4<:</ Wkh Ydoxdwlrq ri Frpsrxqg Rswlrqv/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv :/ 96�;41

Jrogpdq/ P1/ K1 Vrvlq/ dqg P1 Jdwwr/ 4<:</ Sdwk Ghshqghqw Rswlrqv= %Ex| dw wkh Orz/ Vhoo dw wkh Kljk%/
Mrxuqdo ri Ilqdqfh 67/ 4444�445:1

Kduulvrq/ M1/ 4<;8/ Eurzqldq Prwlrq dqg Vwrfkdvwlf Iorz V|vwhpv +Zloh|/ Qhz \run,1

Kduulvrq/ M1 dqg V1 Solvnd/ 4<;4/ Pduwlqjdohv dqg Vwrfkdvwlf Lqwhjudov lq wkh Wkhru| ri Frqwlqxrxv Wudglqj/
Vwrfkdvwlf Surfhvvhv dqg Wkhlu Dssolfdwlrqv 44/ 548�5931

Khdwk/ G1/ U1 Mduurz/ dqg D1 Pruwrq/ 4<<3/ Erqg Sulflqj dqg wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv= D
Glvfuhwh Wlph Dssur{lpdwlrq/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 58/ 74<�7731

Khdwk/ G1/ U1 Mduurz/ dqg D1 Pruwrq/ 4<<5d/ Erqg Sulflqj dqg wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv= D
Qhz Phwkrgrorj| iru Frqwlqjhqw Fodlpv Ydoxdwlrq/ Hfrqrphwulfd 93/ ::�4381

Khdwk/ G1/ U1 Mduurz/ dqg D1 Pruwrq/ 4<<5e/ Hdvlhu Grqh Wkdq Vdlg/ Ulvn 8/ ::�;31
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Kh|qhq/ U1 dqg K1 Ndw/ 4<<7/ Sduwldo Eduulhu Rswlrqv/ Mrxuqdo ri Ilqdqfldo Hqjlqhhulqj 6/ 586�5:71

Kxoo/ M1/ 5333/ Rswlrqv/ Ixwxuhv dqg Rwkhu Ghulydwlyhv/ irxuwk hg1 +Suhqwlfh Kdoo/ Qhz Mhuvh|,1

Lqjhuvroo/ M1/ 4<;:/ Wkhru| ri Ilqdqfldo Ghflvlrq Pdnlqj/ Vwxglhv lq Ilqdqfldo Hfrqrplfv +Urzpdq ) Olw0
woh�hog,1

Nduolq/ V1 dqg K1 Wd|oru/ 4<:8/ D Iluvw Frxuvh lq Vwrfkdvwlf Surfhvvhv/ vhfrqg hg1 +Dfdghplf Suhvv,1

Odpehuwrq/ G1 dqg E1 Odsh|uh/ 4<<9/ Lqwurgxfwlrq wr Vwrfkdvwlf Fdofxoxv Dssolhg wr Ilqdqfh +Fkdspdq )
Kdoo2FUF/ Qhz \run,1

Oheodqf/ E1 dqg R1 Vfdloohw/ 4<<;/ Sdwk Ghshqghqw Rswlrqv rq \lhogv lq wkh D!qh Whup Vwuxfwxuh Prgho/
Ilqdqfh dqg Vwrfkdvwlfv 5/ 67<�69:1

Oheodqf/ E1/ R1 Uhqdxow/ dqg R1 Vfdloohw/ 5333/ D Fruuhfwlrq Qrwh rq wkh Iluvw Sdvvdjh Wlph ri dq Ruqvwhlq0
Xkohqehfn Surfhvv wr d Erxqgdu|/ Ilqdqfh dqg Vwrfkdvwlfv 7/ 43<�4441

Phuwrq/ U1/ 4<:6/ Wkh Wkhru| ri Udwlrqdo Rswlrq Sulflqj/ Ehoo Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw
Vflhqfh 7/ 474�4;61

Plowhuvhq/ N1/ M1 Qlhovhq/ dqg N1 Vdqgpdqq/ 5334/ Wkh Pdunhw Prgho ri Ixwxuhv Udwhv/ Zrunlqj sdshu/
Xqlyhuvlw| ri Vrxwkhuq Ghqpdun/ Xqlyhuvlw| ri Ddukxv dqg Xqlyhuvlw| Pdlq}1

Plowhuvhq/ N1/ N1 Vdqgpdqq/ dqg G1 Vrqghupdqq/ 4<<:/ Forvhg Irup Vroxwlrqv iru Whup Vwuxfwxuh Ghulyd0
wlyhv zlwk Orj0Qrupdo Lqwhuhvw Udwhv/ Mrxuqdo ri Ilqdqfh 85/ 73<�7631

Pl|d}dnl/ N1 dqg W1 \rvklgd/ 4<<;/ Ydoxdwlrq Prgho ri \lhog0Vsuhdg Rswlrqv lq wkh KMP Iudphzrun/
Mrxuqdo ri Ilqdqfldo Hqjlqhhulqj :/ ;<�43:1

Pxvlhod/ P1 dqg P1 Uxwnrzvnl/ 4<<;/ Pduwlqjdoh Phwkrgv lq Ilqdqfldo Prghoolqj/ Dssolfdwlrqv ri Pdwkh0
pdwlfv= Vwrfkdvwlf Prghoolqj dqg Dssolhg Suredelolw| 69 +Vsulqjhu0Yhuodj,1

Qxqhv/ M1/ O1 Fohzorz/ dqg V1 Krgjhv/ 4<<</ Lqwhuhvw Udwh Ghulydwlyhv lq d Gx!h dqg Ndq Prgho zlwk
Vwrfkdvwlf Yrodwlolw|= Dq Duurz0Gheuhx Sulflqj Dssurdfk/ Uhylhz ri Ghulydwlyhv Uhvhdufk 6/ 8�991

Ûnvhqgdo/ E1/ 4<<8/ Vwrfkdvwlf Gl�huhqwldo Htxdwlrqv= Dq Lqwurgxfwlrq zlwk Dssolfdwlrqv/ irxuwk hg1
+Vsulqjhu0Yhuodj,1

Sdqj/ N1/ 4<<9/ FdqZhSulfh Fdsv dqg Vzdswlrqv Frqvlvwhqwo|B/ Zrunlqj sdshu/ Ilqdqfldo Rswlrqv Uhvhdufk
Fhqwuh/ Xqlyhuvlw| ri Zduzlfn1

Shghuvhq/ P1 dqg M1 Vlghqlxv/ 4<<;/ Ydoxdwlrq ri Ioh{leoh Fdsv/ Mrxuqdo ri Ghulydwlyhv/ Vsulqj/ 93�9:1

Suhvv/ Z1/ E1 Iodqqhu|/ V1 Whxnrovn|/ dqg Z1 Yhwwhuolqj/ 4<<7/ Qxphulfdo Uhflshv lq Sdvfdo= Wkh Duw ri
Vflhqwl�f Frpsxwlqj +Fdpeuljgh Xqlyhuvlw| Suhvv/ Fdpeulgjh,1

Surwwhu/ S1/ 4<<3/ Vwrfkdvwlf Lqwhjudwlrq dqg Gl�huhqwldo Htxdwlrqv +Vsulqjhu0Yhuodj,1

Uherqdwr/ U1/ 4<<;/ Lqwhuhvw0Udwh Rswlrq Prghov= Xqghuvwdqglqj/ Dqdo|vlqj dqg Xvlqj Prghov iru H{rwlf
Lqwhuhvw0Udwh Rswlrqv/ vhfrqg hg1 +Mrkq Zloh| ) Vrqv,1

Uhyx}/ G1 dqg P1 \ru/ 4<<4/ Frqwlqxrxv Pduwlqjdohv dqg Eurzqldq Prwlrq +Vsulqjhu0Yhuodj,1

Ulfk/ G1/ 4<<7/ Wkh Pdwkhpdwlfdo Irxqgdwlrqv ri Eduulhu Rswlrq Sulflqj Wkhru|/ Dgydqfhv lq Ixwxuhv dqg
Rswlrqv Uhvhdufk :/ 59:�6451

Urjhuv/ F1/ 4<<9/ Jdxvvldq Huuruv/ Ulvn </ 75�781

Uxelqvwhlq/ P1 dqg H1 Uhlqhu/ 4<<4/ Euhdnlqj Grzq wkh Eduulhuv/ Ulvn 7/ 5;�681
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Vfkplgw/ Z1/ 4<<:/ Rq d Jhqhudo Fodvv ri Rqh0Idfwru Prghov iru wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/
Ilqdqfh dqg Vwrfkdvwlfv 4/ 6�571

Ydq Ordq/ F1/ 4<:;/ Frpsxwlqj Lqwhjudov Lqyroylqj wkh Pdwul{ H{srqhqwldo/ LHHH Wudqvdfwlrqv rq Dxwr0
pdwlf Frqwuro 56/ 6<8�7371

]kdqj/ S1/ 4<<;/ H{rwlf Rswlrqv= D Jxlgh wr Vhfrqg Jhqhudwlrq Rswlrqv/ vhfrqg hg1 +Zruog Vflhqwl�f/
Vlqjdsruh,1
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Wdeoh 4= Sulflqj ri d wkuhh0|hdu xs0dqg0lq fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP prgho
Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo Uhjxodu fds

pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq
+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv sulfh ( huuruv
3158 31333438 4145H039 413:4( 31333449 431;99( 313337:4 67<14:;(
318 3133367; 5135H039 318:<( 31333694 619;8( 31333977 ;71<38(
31:8 3133386; 5183H039 31798( 31333877 4139:( 31333:94 741834(
4 313339:: 51;5H039 31749( 313339:9 03155;( 31333;7< 58168;(

4158 31333::: 6137H039 316<4( 31333::8 0315<4( 31333<4; 4;1446(
418 31333;89 6154H039 316:8( 31333;83 0319<7( 31333<:5 4617:3(
41:8 31333<4: 6167H039 31697( 31333<43 031:<9( 31334348 4319::(
5 31333<96 6177H039 3168:( 31333<8: 031999( 31334383 ;1<;4(

5158 31334337 6184H039 31683( 31333<<7 031<<9( 313343:: :15<9(
518 31334369 618;H039 31678( 31334357 04156:( 313343<< 91379(
51:8 3133438< 6195H039 31675( 3133437: 0413<9( 31334449 81765(
Fds 3133;5;4 3133;586 03166:( 3133<<:5 531753(
Wlph A 4 gd| 441: vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 un @ 9=378(> ux @ :(> � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri eduulhu* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1

Wdeoh 5= Sulflqj ri d wzr0|hdu grzq0dqg0rxw fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP prgho
Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo Uhjxodu fds

pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq
+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv sulfh ( huuruv
3158 3133379; 4186H039 3165;( 313337:4 31:58( 313337:4 31:97(
318 3133396; 513<H039 3165:( 31333975 318<6( 31333977 31;4;(
31:8 31333:87 517;H039 3165<( 31333:89 314;6( 31333:94 31<3:(
4 31333;67 51:9H039 31664( 31333;69 31594( 31333;7< 41;38(

4158 31333;;< 51<;H039 31668( 31333;<8 31958( 31333<4; 61535(
418 31333<5; 6148H039 3166<( 31333<6: 31<5<( 31333<:5 7199:(
41:8 31333<84 615:H039 31677( 31333<9: 41::9( 31334348 91:::(
Fds 31338796 31338838 31:98( 31338963 61388(
Wlph A 4 gd| 441:8 vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 un @ 9=378(> uo @ 8(> � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri eduulhu* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1
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Wdeoh 6= Sulflqj ri d wzr0|hdu sduwldo xs0dqg0lq fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP prgho
Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo Uhjxodu fds

pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq
+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv sulfh ( huuruv
3158 31333435 4144H039 413;:( 31333449 4314:7( 313337:4 69318;;(
318 3133366: 5133H039 318<6( 31333695 71469( 31333977 <31;;8(
31:8 31333843 5183H039 317<3( 31333863 51<6;( 31333:94 7<16<:(
4 3133395< 51;5H039 3177;( 3133397< 51783( 31333;7< 681347(

4158 31333:53 6138H039 31757( 31333:6< 41;;;( 31333<4; 5:1737(
418 31333:<6 6156H039 3173;( 31333;3; 41963( 31333<:5 551943(
41:8 31333;7: 616:H039 316<:( 31333;96 416;6( 31334348 4<1::7(
Fds 31336<6; 3133739; 615;5( 31338963 751<86(
Wlph A 4 gd| 4413< vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 un @ 9=378(> ux @ :(> � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri eduulhu* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1

Wdeoh 7= Sulflqj ri d wzr0|hdu sduwldo grzq0dqg0rxw fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP prgho
Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo Uhjxodu fds

pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq
+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv sulfh ( huuruv
3158 31333497 4147H039 319<9( 31333435 06;13;:( 313337:4 4;:1674(
318 313337< 513;H039 31757( 313337<3 3136<( 31333977 6417:6(
31:8 31333975 5184H039 316<3( 31333986 41:47( 31333:94 4;1933(
4 31333:7: 51;3H039 316:7( 31333:98 51759( 31333;7< 4619:5(

4158 31333;5: 6135H039 31699( 31333;83 51:;7( 31333<4; 441357(
418 31333;<5 614<H039 3168;( 31333<48 5194;( 31333<:5 ;1<:8(
41:8 31333<7 6165H039 31686( 31333<9: 51;48( 31334348 :1<54(
Fds 31337:34 31337:74 31;76( 31338963 4<1:85(
Wlph A 4 gd| 471;6 vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 un @ 9=378(> uo @ 9(> � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri eduulhu* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1
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Wdeoh 8= Sulflqj ri d wzr0|hdu  rdwlqj vwulnh orrnedfn fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP
prgho

Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo
pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq

+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv
3158 31333;:8 4193H039 314;5( 31333<76 :1:56(
318 31334575 514;H039 314:9( 313345;; 6199;(
31:8 31334839 5193H039 314:5( 31334857 41555(
4 31334:47 51<3H039 3149<( 31334:35 031:45(

4158 31334;;6 6147H039 3149:( 31334;74 051537(
418 31335364 6167H039 31497( 31334<85 061;;7(
41:8 31335485 6184H039 31496( 31335375 081454(
Fds 31344736 313445<5 031<:8(
Wlph A 4 gd| 441: vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri h{wuhpd* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1

Wdeoh 9= Sulflqj ri d wzr0|hdu �{hg vwulnh orrnedfn fds/ xqghu d wkuhh0idfwru wlph0krprjhqhrxv KMP prgho
Fdsohw Vwdqgdug Prqwh Fduor Dssur{lpdwh dqdo|wlfdo Uhjxodu fds

pdwxulw| +wl, +Q @ 533/333> V @ 853> P @ 593, vroxwlrq
+|hduv, sulfh vwg1 huuru ( vwg1 huuru sulfh ( huuruv sulfh ( huuruv
3158 31333;:9 4193H039 314;5( 31333<76 :196;( 313337:4 07914<3(
318 31334575 514;H039 314:9( 313345;: 618;:( 31333977 07;14<6(
31:8 31334838 518;H039 314:5( 31334854 41393( 31333:94 07<174;(
4 31334:46 51;<H039 3149<( 313349<8 041389( 31333;7< 083175:(

4158 31334;;4 6145H039 31499( 31334;5< 051:89( 31333<4; 0841555(
418 31335358 6164H039 31496( 31334<68 071785( 31333<:5 0851345(
41:8 3133547: 6179H039 31494( 3133534; 091349( 31334348 0851:64(
Fds 313446<3 3134455< 041754( 31338963 08318:5(
Wlph A 4 gd| 49137 vhfrqgv

Fdsohw sulfhv duh iru '4 ri Qrwlrqdo Ydoxh1 un @ 9=378(> � @ 3=58 |hduv1
Q lv wkh qxpehu ri vlpxodwlrqv uxq1
V lv wkh qxpehu ri glvfuhwh wlph0vwhsv shu |hdu1
P lv wkh qxpehu ri h{wuhpd* prqlwrulqj wlph0vwhsv shu |hdu1
( vwg1 huuru lv vwdqgdug huuru glylghg e| rswlrq sulfh hvwlpdwh1
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