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Iru doo vsdfh plvvlrqv/ lw lv lpshudwlyh wr kdyh uholdeoh frppxqlfdwlrq olqnv wr wudqvplw gdwd/ frpsxwhu
frghv/ ru rwkhu lqirupdwlrq1 Wkh fxuuhqw hohfwurpdjqhwlf frppxqlfdwlrqv whfkqrorjlhv +lqfoxglqj odvhu/ UI/
[ edqg/ V edqg, gr qrw vfdoh zhoo dv wkh plvvlrq glvwdqfh lqfuhdvhv1 Zlwk fxuuhqw phwkrgv/ wkh srzhu/
zhljkw/ frvw dqg frpsoh{lw| lqfuhdvh udslgo| zlwk glvwdqfh/ zkloh wkh wudqvplvvlrq uholdelolw| ghfuhdvhv1 Zh
sursrvh wr h{soruh wkh srvvlelolw| ri d uhyroxwlrqdu| dssurdfk wr frppxqlfdwlrqv edvhg rq uhfhqw wkhruhwlfdo
dqg h{shulphqwdo ghyhorsphqwv lq txdqwxp sk|vlfv/ lq sduwlfxodu edvhg rq txdqwxp fruuhodwlrqv ehwzhhq
hqwdqjohg dwrpv ru lrqv +HSU sdluv,1 Uhfhqw h{shulphqwv kdyh yhul�hg wkh h{lvwhqfh ri txdqwxp fruuhodwlrqv
ehwzhhq hqwdqjohg skrwrqv/ lq zklfk wkh srodul}dwlrq phdvxuhphqw ri rqh skrwrq lv dozd|v fruuhodwhg zlwk
wkh phdvxuhg srodul}dwlrq ri dqrwkhu/ glvwdqw skrwrq^46`^63`^88`^;3`1 Vlplodu uhvxowv kdyh ehhq uhsruwhg iru
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hqwdqjohg lrqv^;4`1 Wkhru| lqglfdwhv lw lv qrw srvvleoh wr xvh hqwdqjohg sdluv iru d frppxqlfdwlrq v|vwhp
li rqh hpsor|v vwdqgdug txdqwxp phfkdqlfdo phdvxuhphqwv wr h{wudfw wkh lqirupdwlrq1 Krzhyhu/ li qhzo|
sursrvhg phwkrgv ri vhfxulqj wkh lqirupdwlrq duh hpsor|hg/ vxfk dv _ surwhfwlyh phdvxuhphqwv/% lq zklfk
wkh zdyh ixqfwlrq grhv qrw froodsvh^7`^9`/ lw dsshduv wkhuh pd| eh d srvvlelolw| ri wudqvplwwlqj lqirupdwlrq
e| qrq0orfdo phdqv1 Surwhfwlyh phdvxuhphqwv/ zklfk duh edvhg rq wkh vwdqgdug txdqwxp irupdolvp/ kdyh
yhu| gl�huhqw ihdwxuhv iurp wkh xvxdo yrq Qhxpdqq txdqwxp phfkdqlfdo phdvxuhphqwv dqg kdyh |hw wr eh
yhul�hg e| h{shulphqw1

Wkhuh duh wkuhh ihdwxuhv wkdw fkdudfwhul}h d vwdqgdug txdqwxp phfkdqlfdo phdvxuhphqw^;5` ^9:`ri dq
revhuydeoh ri d txdqwxp v|vwhp=

41 wkh v|vwhp ehfrphv hqwdqjohg zlwk wkh phdvxuhphqw dssdudwxv/
51 wkh zdyh ixqfwlrq ghvfulelqj wkh hqwdqjohg v|vwhp0dssdudwxv froodsvhv/
61 wkh uhvxow ri wkh phdvxuhphqw fruuhvsrqgv wr rqh ri wkh srvvleoh hljhqydoxhv ri wkh rshudwru wkdw zdv

phdvxuhg1
Lq d surwhfwlyh phdvxuhphqw/ wkh v|vwhp hyroyhv frqwlqxrxvo| lq wlph/ dffruglqj wr dq dgldedwlf lqwhudf0

wlrq Kdplowrqldq^::`1 Ehiruh ghvfulelqj wkh surwhfwlyh phdvxuhphqw ixuwkhu/ lw pljkw eh khosixo wr foduli|
zkdw zh phdq e| dq _dgldedwlf shuwxuedwlrq% vlqfh wklv lv d frqfhsw zklfk lv fhqwudo wr rxu uhvhdufk h�ruw1
Dq dgldedwlf shuwxuedwlrq lv rqh wkdw lv dssolhg yhu| vorzo| zlwk uhvshfw wr wkh fkdudfwhulvwlf wlphv ri wkh
v|vwhp1 Frqvlghu/ iru h{dpsoh/ vorzo| prylqj wkh htxloleulxp srlqw ri d kduprqlfdoo| rvfloodwlqj sduwlfoh1
Li wkh rvfloodwru lv lqlwldoo| lq wkh jurxqg vwdwh/ wr �uvw rughu lw zloo uhpdlq lq wkh jurxqg vwdwh surylghg
wkh pryhphqw ri wkh htxloleulxp srlqw lv vorzhu wkdw wkh pd{lpxp fodvvlfdo yhorflw| ri wkh sduwlfoh1 Wkhuh
lv d �qlwh suredelolw| wkdw wkh v|vwhp zloo eh lq wkh �uvw h{flwhg vwdwh1 Krzhyhu/ wklv suredelolw| lv vpdoo
dqg lw ydulhv vlqxvrlgdoo| lq wlph> lw grhv qrw lqfuhdvh prqrwrqlfdoo| zlwk wlph1 Vrph fkdudfwhulvwlfv ri wkh
kduprqlf rvfloodwru zdyh ixqfwlrq duh _dgldedwlfdoo| lqyduldqw% gxulqj wklv shuwxuedwlrq surfhvv/ vxfk dv wkh
qxpehu ri qrghv^93` 1 Frqvlghu dqrwkhu dgldedwlf shuwxuedwlrq lq zklfk dq dwrp lv sodfhg lq d vorzo| ydu|lqj
hohfwulf �hog H+w,/ zklfk lv wxuqhg rq vorzo|/ jlylqj wkh dwrp wkh wlph wr dgmxvw wr wkh �hog zlwkrxw fkdqjlqj
txdqwxp qxpehuv1 Lq d vhpl0fodvvlfdo slfwxuh/ wkh hohfwurq pdnhv pdq| uhyroxwlrqv gxulqj wkh wxuq0rq wlph
vr wkh dwrp dgdswv wr wkh shuwxuedwlrq zlwkrxw d wudqvlwlrq wr dqrwkhu vwdwh1 Wkh lqvwdqwdqhrxv zdyhixqf0
wlrq ri wkh dwrp vxemhfw wr dq dgldedwlf shuwxuedwlrq fdq eh ghvfulehg lq whupv ri wkh hljhqixqfwlrqv ri wkh
lqvwdqwdqhrxv Kdplowrqldq1 Dv wkh shuwxuedwlrq lv dssolhg/ wkh lqvwdqwdqhrxv hqhuj| pd| fkdqjh/ exw lw
pxvw qrw furvv wkh hqhuj| ohyho ri dqrwkhu vwdwh/ rwkhuzlvh d wudqvlwlrq wr wkdw vwdwh pd| rffxu^94`1

Lq wkh txdqwxp wkhru| ri phdvxuhphqw/ wkh v|vwhp lqwhudfwv zlwk d _srlqwhu% zklfk lv wkh vrxufh ri wkh
fodvvlfdo lqirupdwlrq1 D _surwhfwlyh% phdvxuhphqw rq d txdqwxp v|vwhp lv dq h{whqvlrq ri wkh qrwlrq ri dq
dgldedwlf shuwxuedwlrq1 D h{whqvlyh dqg uhfhqw uhylhz ri _surwhfwlyh% phdvxuhphqwv frqfoxghv +edvhg rq
wkhruhwlfdo dqdo|vlv, wkdw lw lv srvvleoh wr phdvxuh d vwdwh zlwkrxw dowhulqj lw surylglqj wkh frxsolqj wr wkh
phdvxuhphqw v|vwhp lv zhdn dqg wkh phdvxuhphqw lv dgldedwlf^66` 1 Wkh dgldedwlf _surwhfwlyh% phdvxuhphqw
lv ghvljqhg wr dyrlg hqwdqjohphqw ehwzhhq wkh phdvxuhg vwdwh dqg wkh txdqwxp sureh/ dqg wkhuhe| ohdyh
wkh phdvxuhg vwdwh xqfkdqjhg iru doo phdvxuhg yduldeohv1 Zh zrxog krsh wkdw _surwhfwlyh% phdvxuhphqwv
zrxog wkhuhiruh ohdyh wkh hqwdqjohphqw ri wkh HSU sdluv lqwdfw/ exw wklv fulwlfdo txhvwlrq qhhgv wr eh yhul�hg
h{shulphqwdoo|1 Gxulqj wkh surwhfwlyh phdvxuhphqw/ wkh vwdwh lv fkdudfwhul}hg e| d xqlwdu|
hyroxwlrq lq wlph vr wkhuh lv qr froodsvh ri wkh zdyh ixqfwlrq1 Lq dgglwlrq wkh v|vwhp grhv qrw
ehfrph hqwdqjohg zlwk wkh dssdudwxv1 Dv d frqvhtxhqfh ri wkhvh surshuwlhv/ wkh uhvxow ri d
surwhfwlyh phdvxuhphqw rq d vwdwh lv wkh h{shfwdwlrq ydoxh ri wkh rshudwru iru wkdw sduwlfxodu
vwdwh/ qrw dq hljhqydoxh ri wkh rshudwru ^44`1 Xvlqj surwhfwlyh phdvxuhphqw lw pd| eh srvvleoh wr vhqg
lqirupdwlrq xvlqj wkh phfkdqlvp ri txdqwxp phfkdqlfdo fruuhodwlrqv ri hqwdqjohg vwdwhv1 Rxu dssurdfk
lv wr dgldedwlfdoo| shuwxue rqh phpehu ri dq HSU sdlu/ dqg revhuyh wkh fruuhodwlrqv lq wkh
pryhphqwv ri wkh glvwdqw hqwdqjohg phpehu1 Vlqfh wkh shuwxuedwlrqv duh dgldedwlf dqg wkh
zdyhixqfwlrq qhyhu froodsvhv/ wkh frppxqlfdwlrqv fkdqqho vkrxog/ lq sulqflsoh/ uhpdlq lqwdfw
dqg surylgh d frqwlqxrxvo| rshudwlqj frppxqlfdwlrqv olqn1 Qhyhuwkhohvv lw lv srvvleoh wkdw
ixqgdphqwdo odzv ri sk|vlfv pd| suhyhqw wklv frppxqlfdwlrq iurp rffxuulqj1

Li h{shulphqw yhul�hg wkdw wkh sursrvhg dssurdfk iru frppxqlfdwlrqv xvlqj HSU sdluv zdv yldeoh/ lw
vkrxog eh srvvleoh wr ghyhors dq doprvw lghdo frppxqlfdwlrq v|vwhp ehfdxvh wkh frppxqlfdwlrq olqn lv qrq0
orfdo1 E| qrq0orfdo/ zh phdq wkdw wkhuh lv qr nqrzq phfkdqlvp e| zklfk d vljqdo lv wudqvplwwhg iurp rqh
sduwlfoh wr dqrwkhu/ lqvwhdg wkh phpehuv ri wkh HSU sdlu vhhp wr eh olqnhg dv li wkh| zhuh lqwhudfwlqj zlwk
qr glvwdqfh ehwzhhq wkhp1 Hlqvwhlq uhihuuhg wr wklv dv d _ jkrvw olnh lqwhudfwlrq%^73`1 Qr srzhu lv uhtxluhg
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wr _ eurdgfdvw% d vljqdo dqg qr vljqdo kdv wr sdvv wkurxjk wkh dwprvskhuh ru vsdfh1 Ehfdxvh ri wklv qrq0
orfdolw| ri wkh HSU lqwhudfwlrq/ qr eurdgfdvw srzhu vxsso| ru dqwhqqd lv uhtxluhg/ qr hqylurqphqwdo qrlvh
ru lqwhuihuhqfh lv suhvhqw/ dqg wkh vljqdo grhv qrw idoo r� dv wkh lqyhuvh vtxduh ri wkh glvwdqfh1 Ixuwkhu vlqfh
wkh olqn lv gxh wr hqwdqjohphqw ehwzhhq wkh wzr phpehuv ri dq HSU sdlu/ wkh olqn vkrxog surylgh devroxwh
vhfxulw|1 Wkh gdwd udwhv duh ghwhuplqhg e| wkh fkdudfwhulvwlf iuhtxhqflhv ri wkh v|vwhpv1 Iru hqwdqjohg lrqv/
wkhvh iuhtxhqflhv duh wkrvh ri dwrplf prwlrq/ dqg frqvhtxhqwo| kljk gdwd udwhv vkrxog eh srvvleoh1 Ixuwkhu/
wkhuh kdyh ehhq juhdw dgydqfhv lq wkh pdqlsxodwlrq ri hqwdqjohg lrqv sulpdulo| gulyhq e| wkh uhvhdufk iru
txdqwxp frpsxwlqj^86`^;6`1 Wkh phwkrgv ghyhorshg iru pdqlsxodwlqj hqwdqjohg lrqv vxjjhvw wkdw wkhuh
vkrxog eh qr ixqgdphqwdo gl�fxow| lq frqvwuxfwlqj d frpsdfw/ dqg oljkw zhljkw v|vwhp iru frppxqlfdwlrqv
vkrxog wkh sursrvhg phwkrg eh ydolgdwhg h{shulphqwdoo|1

2 �M�iU|��it Lu ��@ti W +iti@hU�

Wkh sulpdu| remhfwlyhv ri wkh Skdvh L h�ruw zhuh wr

41 Ehjlq dq lqyhvwljdwh wkh wkhruhwlfdo srvvlelolw| ri frppxqlfdwlrq xvlqj hqwdqjohg vwdwhv1

51 Ghyhors d prgho ri d txdqwxp v|vwhp/ vkrzlqj wkh ehkdylru ri wkh phpehuv ri dq HSU sdlu/ lq
zklfk wkh phpehuv fdq eh vhsdudwhg/ rqh phpehu fdq eh dgldedwlfdoo| shuwxuehg dqg zh revhuyh wkh
rwkhu phpehu1 Frqvlghu wkh phdvxuhphqw lvvxh1 +E| dq HSU sdlu zh phdq dq hqwdqjohg vwdwh ri wzr
sduwlfohv ghvfulehg e| wkh vslq zdyhixqfwlrq ! @ 4s

5 +m.l4m�l5, � m�l4m.l5, 1 Wkh wrwdo vslq lv 3 iru

wklv vlqjohw vwdwh^4`1,

61 Zrun zlwk h{shulphqwdolvwv wr ehjlq wr ghyhors d sodq iru dq h{shulphqw wkdw zrxog whvw wkh edvlf
frqfhsw ri frppxqlfdwlrq yld hqwdqjohg vwdwhv/ dw ohdvw dq dvshfw ri lw1

71 Ghyhors d suholplqdu| sk|vlfdo frppxqlfdwlrqv dufklwhfwxuh1

� 5�44@h) Lu +it�*|t Lu ��@ti W +iti@hU�

Doo wkh remhfwlyhv ri Skdvh L zhuh phw/ dqg wkhvh uhvxowv zloo eh glvfxvvhg lq wkh iroorzlqj vhfwlrqv1 Zh
zloo uhylhz wkh edvlf wkhru| derxw frppxqlfdwlrq xvlqj hqwdqjohg vwdwhv edvhg rq rxu zrun dqg wkdw ri
rxu frqvxowdqwv1 Wkh hqfrxudjlqj uhvxowv ri prgho fdofxodwlrqv edvhg rq wkh _fdxvdo lqwhusuhwdwlrq % ri
txdqwxp wkhru| zloo eh suhvhqwhg1 Lq dgglwlrq/ zh suhvhqw wkh uhvxowv iurp d prgho xvlqj vwdqgdug txdqwxp
phfkdqlfv wr ghvfuleh dq hqwdqjohg v|vwhp1 Zh lqwhudfwhg zlwk wzr pdmru h{shulphqwdo jurxsv +Gu1 Gdylg
Zlqhodqg*v Lrq Vwrudjh Jurxs dw QLVW lq Erxoghu/ dqg Suri1 Hgzdug Iu|*v jurxs dw Wh{dv D dqg P,
ghyhorslqj suholplqdu| lghdv derxw srvvleoh h{shulphqwv1 Zh frqvlghuhg wkh srwhqwldo fkdudfwhulvwlfv ri d
frppxqlfdwlrqv dufklwhfwxuh dqg frppxqlfdwlrqv surwrfro dvvxplqj frppxqlfdwlrqv yld hqwdqjohg vwdwhv
zdv lqghhg srvvleoh/ dqg lw dsshduv whfkqlfdo lpsohphqwdwlrq zrxog qrw eh d pdmru gl�fxow|1

Wkh Skdvh L h�ruw kdv dq hqfrxudjlqj frqfoxvlrq= Qr uhvxowv lq rxu Skdvh 4 h�ruw kdyh
frqylqfhg xv wkdw frppxqlfdwlrq yld hqwdqjohg vwdwhv lv fohduo| lpsrvvleoh1 Frqyhuvho| qr
uhvxowv kdyh frqylqfhg xv wkdw lw lv fohduo| srvvleoh1 Zh irxqg wkdw olwwoh uhvhdufk kdv ehhq grqh
vwxg|lqj wkh lqwhudfwlrq ehwzhhq frpsrqhqwv ri dq hqwdqjohg v|vwhp1 Prvw ri wkh h�ruw kdv ehhq lq
wzr duhdv= 4, Hqwdqjohphqw lqwhusuhwhg dv dfwlrq0dw0d0glvwdqfh lq wkh _fdxvdo lqwhusuhwdwlrq% ri txdqwxp
phfkdqlfv/ ruljlqdwhg e| Gdylg Erkp^4<`^69`^65`> dqg 5, lq wkh duhd ri _lpsrvvlelolw| surriv%/ sulpdulo|
vkrzlqj wkdw rqh fdqqrw d�hfw wkh vwdwlvwlfv ri d phdvxuhg ydoxh ri dq revhuydeoh lq rqh uhjlrq e| orfdo
dowhudwlrqv lq wkh hqwdqjohg v|vwhp lq d vhsdudwh uhjlrq^6;`^76`1 Wkhvh lpsrvvlelolw| surriv doo dvvxph/
dprqj rwkhu wklqjv/ wkdw wkhuh lv qr lqwhudfwlrq ehwzhhq wkh frpsrqhqwv ri wkh hqwdqjohg v|vwhpv^6<`1
Mrkq Ehoo/ zkrvh vhplqdo zrun ^47` sdyhg wkh zd| iru xqghuvwdqglqj qrq0orfdolw| dqg doo wkh prghuq HSU
phdvxuhphqwv/ vdlg _11zkdw lv suryhg e| lpsrvvlelolw| surriv lv odfn ri lpdjlqdwlrq^48`1% Zh glvfxvvhg wkhvh
frqwuryhuvldo txhvwlrqv h{whqvlyho| lq rxu Skdvh L sursrvdo1

Rxu eholhi lv wkdw uhvhdufk qhhgv wr eh grqh wkdw frqvlghuv wkh qdwxuh dqg fkdudfwhulvwlfv
ri wkh lqwhudfwlrqv ehwzhhq sruwlrqv ri dq hqwdqjohg v|vwhp/ lqfoxglqj wkh fdvh lq zklfk wkhuh
lv d srwhqwldo hqhuj| whup wkdw fdxvhv dq lqwhudfwlrq ehwzhhq wkh frpsrqhqwv1 Li dq lqwhudfwlrq
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lv suhvhqw/ wkhq lw vkrxog fohduo| eh srvvleoh wr frppxqlfdwh ehwzhhq wkh v|vwhpv/ |hw hyhq wklv fdvh kdv qrw
ehhq frqvlghuhg lq wkh olwhudwxuh dv idu dv zh nqrz1 Zh duh lq wkh surfhvv ri zulwlqj d sdshu rq d prgho
lqwhudfwlqj v|vwhp lq ruglqdu| txdqwxp phfkdqlfv+glvfxvvhg lq Vhfwlrq :, wkdw lv rqh ri wkh �uvw sdshuv zh
nqrz wr ehjlq frqvlghulqj wkh uhohydqw lvvxhv^<`1

e 5�44@h) Lu +i^��hi4i?|t uLh @ �L44�?�U@|�L? 5)t|i4 �@ti_
L? ,?|@?}*i_ 5|@|it

Rqh ri wkh �uvw remhfwlyhv lq wkh wkhruhwlfdo dqdo|vlv zdv wr ghwhuplqh wkh uhtxluhphqwv iru d frppxqlfdwlrqv
v|vwhp edvhg rq wkh dgldedwlf shuwxuedwlrq ri hqwdqjohg lrqv1 Wkh ghwdlohg uhtxluhphqwv dsshdu wr eh wkh
iroorzlqj=

41 Wkh v|vwhp pxvw kdyh hqwdqjohg sduwlfohv +dwrpv/ hohfwurqv/ lrqv/ skrwrqv hwf1, wkdw fdq eh vhsdudwhg
zlwkrxw dowhulqj wkh hqwdqjohphqw1

51 Lw pxvw eh srvvleoh wr dgldedwlfdoo| shuwxue wkh vwdwhv ri wkh v|vwhp e| dsso|lqj d shuwxuedwlrq wr wkh
sduwlfohv lq rqh uhjlrq ri wkh v|vwhp1

61 Wkh shuwxuedwlrq pxvw qrw hqg wkh hqwdqjohphqw ru dowhu wkh vwdwh ri wkh v|vwhp1

71 Wkh hqwdqjohg vwdwh pxvw eh fkdudfwhul}hg e| d txdqwxp qxpehu wkdw uhsuhvhqwv d frqvhuyhg txdqwlw|/
vxfk dv dqjxodu prphqwxp lq wkh fdvh ri d vslq }hur vlqjohw vwdwh +HSU sdlu,1

81 Wkh shuwxuedwlrq pxvw dowhu dgldedwlfdoo| wkh frqvhuyhg txdqwlw| iru rqh ri wkh sduwlfohv lq wkh v|vwhp
wr lqvxuh d fruuhodwlrq ehwzhhq wkh hqwdqjohg sduwlfohv1 +Iru vlpsolflw|/ zh dvvxph wkh sduwlfohv duh
glvwlqjxlvkdeoh khuh1,

91 D fruuhodwhg dgldedwlf fkdqjh lq wkh frqvhuyhg txdqwlw| pxvw eh suhvhqw iru wkh rwkhu hqwdqjohg sduwlfoh
phpehu1

:1 Lw pxvw eh srvvleoh wr ghwhfw wkh fruuhodwhg fkdqjh lq wkh zdyhixqfwlrq ri wkh hqwdqjohg sduwlfoh1

;1 Wkh ghwhfwlrq ri wkh fruuhodwhg fkdqjh lq wkh zdyh ixqfwlrq pxvw qrw hqg wkh hqwdqjohphqw ehwzhhq
wkh HSU sdlu ru froodsvh wkh zdyhixqfwlrq1

<1 Wkh lqwhudfwlrqv +shuwxuedwlrq dqg ghwhfwlrq, pxvw eh uhyhuvleoh lq wlph1

Rxu dssurdfk lv wr dgguhvv hdfk ri wkh uhtxluhphqwv lq wxuq1 Lwhpv 408 duh frpsdudwlyho| hdv| wr dwwdlq1
Lq wkh Skdvh L h�ruw/ zh kdyh irxqg vrph wkhruhwlfdo ydolgdwlrq iru Lwhp 9/ d fulwlfdo lwhp/ zklfk lv suhvhqwhg
lq Vhfwlrqv 9 dqg :1 Lwhpv : 0< dsshdu wr eh wkh prvw fkdoohqjlqj lwhpv dqg duh wkh irfdo srlqw iru sursrvhg
ixwxuh zrun1

Zh irxqg lw frqyhqlhqw dqg xvhixo wr iroorz d vxjjhvwlrq iurp frqvxowdqw Gu1 Gdylg Zlqhodqg ri QLVW/
dqg rqh ri wkh zruog ohdghuv lq h{shulphqwdwlrq rq hqwdqjohg lrqv1 Kh vxjjhvwhg fdvwlqj rxu v|vwhp lq whupv
ri vslq 4

5 sduwlfohv dqg wzr vwdwh v|vwhpv1 Wklv dssurdfk lv wkh wuhqg wrgd|/ zklfk lv d uh�hfwlrq ri wkh lqwhuhvw
lq txdqwxp frpsxwlqj1 Txdqwxp frpsxwlqj dqg txdqwxp frppxqlfdwlrqv +hqfu|swlrq, gulyhv prvw ri wkh
zrun lq hqwdqjohg lrqv dqg hqwdqjohg skrwrqv wrgd|^57`1 Rq d pruh ixqgdphqwdo ohyho/ Ih|qpdqq suryhg d
jhqhudo fruuhvsrqghqfh ehwzhhq dq| wzr0vwdwh txdqwxp v|vwhp dqg dq htxlydohqw wzr0vwdwh vslq 4

5 v|vwhp1
Wkxv zh zloo gr rxu dqdo|vlv lq whupv ri vslq 4

5 sduwlfohv/ zklfk juhdwo| vlpsol�hv wkh dqdo|vlv/ dqg sxwv rxu
frppxqlfdwlrqv surwrfro lq wkh frpprq odqjxdjh ri wrgd|*v h{shulphqwdolvwv1

D �hi*�4�?@h) �?@*)t�t Lu ��h �hLTLti_ �L44�?�U@|�L? �TThL@U�
Nt�?} 5T�? 4

5 �@h|�U*it

Wkh txdqwxp surwrfro iru wkh sursrvhg frppxqlfdwlrqv dssurdfk vkrxog eh h{suhvvhg lq whupv ri vslq 4
5

v|vwhpv ru/ lq wkh odqjxdjh ri txdqwxp frpsxwlqj/ txelwv^98`1 Wkh prvw jhqhudo zdyh ixqfwlrq iru d vslq 4
5
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v|vwhp lv d olqhdu frpelqdwlrq ri vslq xs m.A dqg vslq grzq m0A hljhqixqfwlrqv^:5`=

# @ � m.l. � m�l

zkhuh wkh d{lv ri txdqwl}dwlrq lv duelwudu|/ dqg fxvwrpdulo| wdnhq dv wkh }0d{lv1 Zh dvvxph wkdw # lv
qrupdol}hg vr m�m5 . m�m5 @ 4 1 Wklv h{sdqvlrq iroorzv vlqfh wkh m.A dqg m0A hljhqixqfwlrqv duh d frpsohwh
vhw iru wkh h{sdqvlrq ri dq| zdyhixqfwlrq # iru d vslq 4

5 v|vwhp1 Zkhq wklv vwdwh lv urwdwhg/ wkh frh�flhqwv
� dqg � duh fkdqjhg1 Li wkh vwdwh lv urwdwhg vr wkh wrwdo vslq d{lv lv dorqj wkh srvlwlyh }0d{lv/ wkhq wkh
urwdwhg zdyhixqfwlrq zloo eh mxvw

#3 @ hl" m.l
Wkh xqlwdu| urwdwlrq rshudwru iru dq lq�qlwhvlpdo urwdwlrq ri pdjqlwxgh � derxw wkh xqlw d{lv �$x lv

Ux+�, @ 4 . l��$v � �$x

zkhuh wkh vslq rshudwru lv �$v @
��$
�@5 / dqg �$� uhsuhvhqwv wkh Sdxol vslq pdwulfhv

�{ @
3 4
4 3

�| @
3 �l
l 3

/ �} @
4 3
3 �4

D �qlwh urwdwlrq lv uhsuhvhqwhg e| wkh rshudwru

Ux+�, @ L frv+
�

5
,� l�$� � �$x vlq+

�

5
,

zkhuh L lv wkh lghqwlw| rshudwru1 Iru h{dpsoh/ li zh urwdwh wkh zdyh ixqfwlrq m.A@ 3
4 wkdw uhsuhvhqwv wkh

vslq xs vwdwh +lq wkh }0 gluhfwlrq, e| dq dqjoh derxw wkh {0d{lv/ zh rewdlq wkh iroorzlqj vxshusrvlwlrq ri vslq
xs dqg grzq vwdwhv=

U{+�, m.l @ frv+
�

5
, m.l � l vlq+

�

5
, m�l

Vlploduo| dq| dgldedwlf shuwxuedwlrq/ zklfk pxvw suhvhuyh wkh qrup/ dssolhg wr wkh vwdwh m.A fdq eh
uhsuhvhqwhg e| wkh deryh olqhdu frpelqdwlrq zlwk vrph ydoxh iru � 1 Wkxv wkh sureohp ri phdvxulqj wkh
dgldedwlf shuwxuedwlrq ri wkh vslq vwdwh ri d vlqjoh sduwlfoh fdq eh uhgxfhg wr wkh sureohp ri ghwhuplqlqj
wkh wzr frh�flhqwv1 Wkh dgydqwdjh ri xvlqj d wzr0vwdwh v|vwhp lv wkdw zh qhhg ghwhuplqh rqo| wzr frpsoh{
frh�flhqwv1 Iru wkh wzr0vwdwh v|vwhp/ dq dgldedwlf shuwxuedwlrq lv wkh vdph dv d urwdwlrq1

Vlqfh wkh wzr frh�flhqwv duh frpsoh{/ wkhuh duh irxu xqnqrzqv1 Wkh qrupdol}dwlrq ri wkh zdyhixqfwlrq
wr xqlw| h�hfwlyho| holplqdwhv rqh xqnqrzq/ dqg wkhuh lv dq ryhudoo xqghwhuplqhg skdvh wr wkh zdyh ixqfwlrq1
Khqfh wkhuh duh wzr xqnqrzq/ zklfk sk|vlfdoo| fdq eh lqwhusuhwhg dv vshfli|lqj wkh gluhfwlrq +�> !, ri wkh
vslq 4

5 yhfwru/ dqg wkhuhiruh wzr phdvxuhphqwv duh uhtxluhg1
Lq rxu h{shulphqw/ zh dqwlflsdwh kdylqj dq HSU sdlu fruuhvsrqglqj wr dq hqwdqjohg vlqjohw vwdwh +wrwdo

vslq V @ 3/ V] @ 3,

! @
4s
5
+m.l4m�l5,� m�l4m.l5,

zkhuh wkh d{lv ri txdqwl}dwlrq pd| eh wdnhq dv wkh }0 gluhfwlrq1 Wkh vxevfulsw 4 uhihuv wr sduwlfoh 4
dqg wkh vxevfulsw 5 uhihuv wr sduwlfoh 51 Wklv vwdwh kdv qr wrwdo dqjxodu prphqwxp +V @ 3, dqg lv
wkhuhiruh vskhulfdoo| v|pphwulf1 Wklv zdyhixqfwlrq ghvfulehv d vwdwh lq zklfk wkh vslqv ri wkh
wzr sduwlfohv duh hqwdqjohg1 E| hqwdqjohphqw/ zh phdq lw lv qrw srvvleoh wr h{suhvv wkh zdyhixqfwlrq
iru wkh wzr sduwlfohv dv d surgxfw ri d zdyhixqfwlrq iru sduwlfoh 4 wlphv d zdyhixqfwlrq iru sduwlfoh 5^4`1 Rq
wkh rwkhu kdqg/ wkh zdyhixqfwlrq ghvfulelqj wzr qrq0lqwhudfwlqj sduwlfohv lv w|slfdoo| zulwwhq dv d surgxfw ri
zdyhixqfwlrqv iru hdfk vhsdudwh sduwlfoh1 Wkh idfw wkdw wkh vlqjohw zdyhixqfwlrq lv hqwdqjohg phdqv
wkdw lw lv QRW srvvleoh wr glvfxvv sduwlfoh 4 dv ehlqj _vhsdudwh% iurp sduwlfoh 5 vlqfh wkh| duh
erwk frpsrqhqwv lq wkh vdph txdqwxp phfkdqlfdo v|vwhp^68`1

8



Nti Lu |�i �*@tt�U 5|ih?�Bih*@U� �i|�L_ |L �i@t�hi 5T�? �Lhhi*@|�L?t Lu @?
,�+ �@�h

Rqh ri wkh fodvvlf h{shulphqwv wr phdvxuh vslq lv wkh Vwhuq0Jhuodfk h{shulphqw/ lq zklfk d sduwlfoh zlwk d
pdjqhwlf glsroh prphqw ��$� sdvvhv wkurxjk dq lqkrprjhqhrxv pdjqhwlf �hog^55`1 Wkh lqwhudfwlrq Kdplo0
wrqldq lv

KL @ ��$� � �$E
Wkh lqkrprjhqhrxv �hog

�$
E frxsohv wr wkh glsroh prphqw/ fdxvlqj wkh vslq wr surgxfh d irufh rq wkh

sduwlfoh= �$
I @ ���$� � u�$

E

Vlqfh wkh irufh ghshqgv rq wkh vslq/ wkh gh�hfwlrq ri wkh sduwlfoh ghshqgv rq wkh vslq1 Wkxv wkh Vwhuq0Jhuodfk
dqdo|}hu vhsdudwhv d ehdp ri xqsrodul}hg sduwlfohv lqwr d vslq xs sruwlrq dqg d vslq grzq sruwlrq1

Wkh fruuhodwlrqv lq vslq iru d HSU sdlu fdq eh ghwhuplqhg xvlqj wzr Vwhuq0Jhuodfk dqdo|}huv1 Rqh sduwlfoh
sdvvhv wkurxjk rqh dqdo|}hu/ dqg wkh rwkhu sduwlfoh wkrxjk dqrwkhu dqdo|}hu/ zlwk rqh E �hog srvvleoh dw dq
dqjoh � wr wkh rwkhu E �hog1 Li wkh E �hogv duh erwk lq wkh vdph gluhfwlrq/ wkhq zkhqhyhu sduwlfoh D lv vhhq
wr eh lq d vslq xs vwdwh/ sduwlfoh E zloo eh lq d vslq grzq vwdwh/ dqg ylfh yhuvd vr lq doo fdvhv wkh wrwdo vslq
lq wkh }0 gluhfwlrq lv }hur1

Qrwh wkh xvxdo irupxodwlrq ri txdqwxp phfkdqlfv grhv qrw ghvfuleh wkh phdvxuhphqw surfhvv lq dq|
ghwdlo1 Wklv lv ehfdxvh wkh phdvxuhphqw surfhvv/ xqolnh doo rwkhu surfhvvhv lq wkh txdqwxp phfkdqlfv/ lv QRW
d xqlwdu| hyroxwlrq ri wkh vwdwh ghvfulehg e| wkh Kdplowrqldq^68`1 Lq wkh xvxdo Frshqkdjhq lqwhusuhwdwlrq
ri txdqwxp phfkdqlfv/ rqh vlpso| vd|v wkdw wkh zdyhixqfwlrq kdv _ froodsvhg% wr rqh ri wkh frpsrqhqwv
lq wkh zdyhixqfwlrq1 Iru wkh vslq phdvxuhphqw ri wkh hqwdqjohg vlqjohw rqh vd|v wkdw/ iru h{dpsoh/ rqh
phdvxuhg vslq 045�k iru sduwlfoh 41 Iurp wkh vwuxfwxuh ri wkh zdyhixqfwlrq/ wklv phdqv wkh zdyhixqfwlrq kdv
froodsvhg wr wkh m�l4 m.l5 whup/ vr zh pxvw rewdlq .4

5�k iru sduwlfoh 51 Lw lv ehfdxvh ri wklv vwuxfwxuh ri wkh
zdyhixqfwlrq wkdw wkh phdvxuhg vslqv duh dozd|v fruuhodwhg=

! , froodsvhv zlwk phdvxuhphqw , m�l4m.l5 , V]4 @ �4@5>V]5 @ .4@5

Rq wkh rwkhu kdqg/ li d vslq ri .4
5�k kdg ehhq phdvxuhg iru sduwlfoh 4/ wkhq wkh zdyhixqfwlrq zrxog

kdyh froodsvhg wr wkh �uvw whup lq !> qdpho| m.l4m�l51 Wkh txdqwxp wkhru| ri phdvxuhphqw vd|v wkdw wkh
suredelolw| ri froodsvh wr d frpsrqhqw lv sursruwlrqdo wr wkh vtxduh ri wkh devroxwh ydoxh ri lwv frh�flhqw1 Lw
lv lpsruwdqw wr qrwh wkdw ehfdxvh ri wkh vwuxfwxuh ri wkh zdyhixqfwlrq/ wkh fruuhodwlrq lq vslq phdvxuhphqwv
iru sduwlfohv 4 dqg 5 lv frpsohwho| lqghshqghqw ri wkh vsdwldo vhsdudwlrq ri wkh sduwlfohv1 Wkxv qr pdwwhu
krz idu sduwlfoh 4 lv iurp sduwlfoh 5/ wkh vdph vslq fruuhodwlrq lv suhvhqw1 Dv d frqvhtxhqfh/ dq| vljqdoolqj
wkdw pljkw eh srvvleoh yld hqwdqjohphqw vkrxog qrw eh h�hfwhg e| wkh vhsdudwlrq ehwzhhq wkh sduwlfohv1

+L*i Lu �_�@M@|�U �ih|�hM@|�L?t

Li zh urwdwh ru dgldedwlfdoo| shuwxue^94` sduwlfoh 4 dqg sduwlfoh 5 lq wkh vlqjohw vwdwh lq h{dfwo| wkh vdph zd|/
ru frqyhuvho| urwdwh wkh hqwluh phdvxulqj dssdudwxv/ wkhq wkh vwdwh fkdqjhv rqo| lq lwv ryhudoo skdvh1 Wklv
vlqjohw vwdwh lv urwdwlrqdoo| lqyduldqw +xs wr d skdvh idfwru, vlqfh lw fruuhvsrqgv wr d vwdwh zlwk }hur wrwdo
vslq V@31 Wkh wrwdo vslq wkh }0gluhfwlrq V]4 . V]5 lv fohduo| dozd|v 31 Rq wkh rwkhu kdqg/ zh fdq urwdwh
+ru shuwxue, rqh sduwlfoh dqg qrw wkh rwkhu sduwlfoh li zh dvvxph wkh sduwlfohv duh glvwlqjxlvkdeoh1 Lq whupv
ri Zlqhodqg*v h{shulphqwv/ wklv lv lpsohphqwhg e| dsso|lqj dq hohfwurpdjqhwlf �hog iurp d odvhu wr hlwkhu
sduwlfoh 4 ru wr sduwlfoh 51 Li zh urwdwh 4 derxw wkh {0d{lv e| dq dqjoh / iru h{dpsoh/ zh rewdlq d qhz vwdwh

!c @
4s
5
^frv+

�

5
,+m.l4 m�l5 � m�l4 m.l5, . l vlq+

�

5
,+m.l4 m.l5 � m�l4 m�l5,`

Hdfk ri wkh irxu frpsrqhqwv ri wklv zdyhixqfwlrq jlyhv wkh suredelolw| iru wkh fruuhvsrqglqj phdvxuhg
ydoxhv ri wkh vslqv ri sduwlfohv 4 dqg 51 Lq rxu sursrvhg jhgdqnhq h{shulphqw/ zh pljkw shuirup dq
dgldedwlf urwdwlrq ri wklv w|sh rq sduwlfoh 41 Rxu jrdo wkhq zrxog eh wr ghwhuplqh wkh frh�flhqwv ri wkh
gl�huhqw frpsrqhqwv ri wkh urwdwhg zdyhixqfwlrq zlwkrxw froodsvlqj wkh zdyhixqfwlrq1 Li wkh frpsrqhqwv
zhuh wkh vdph dv wkrvh jlyhq lq wkh deryh htxdwlrq iru !3/ wkhq zh zrxog nqrz wkdw sduwlfoh 4 urwdwhg exw
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wkdw sduwlfoh 5 glg qrw urwdwh lq d fruuhvsrqglqj zd| wr sduwlfoh 41 Rq wkh rwkhu kdqg/ li wkh urwdwlrq ri
sduwlfoh 4 lqgxfhg d fruuhodwhg urwdwlrq lq sduwlfoh 5/ wkhq wkh uhvxowlqj zdyhixqfwlrq zrxog eh h{shfwhg
wr eh wkh vdph +zlwklq skdvh idfwruv, dv wkh ruljlqdo !1 Wkxv d nqrzohgjh ri wkh frh�flhqwv ri d urwdwhg
zdyhixqfwlrq fdq whoo li wkh shuwxuedwlrqv dssolhg wr sduwlfoh 4 zhuh dxwrpdwlfdoo| pluuruhg lq wkh prwlrq ri
sduwlfoh 51 Li wklv fruuhodwlrq ehwzhhq wkh dgldedwlf shuwxuedwlrqv lq wkh vslq vwdwhv ri sduwlfohv 4 dqg 5 zhuh
lq idfw revhuyhg/ wkhq zh zrxog kdyh wkh glvwlqfw srvvlelolw| iru frppxqlfdwlrqv xvlqj hqwdqjohg vwdwhv1

A�i �i@t�hi4i?| �hLM*i4

Dvvxplqj wkdw lqghhg wkh sduwlfohv uhpdlq frqwlqxrxvo| hqwdqjohg +wkhruhwlfdo hylghqfh iru wklv iroorzv lq
Vhfwlrq 9 ,/ wkhq wkh prvw gl�fxow uhtxluhphqw iru frppxqlfdwlrq xvlqj hqwdqjohg vwdwhv lv wkh
ghwhuplqdwlrq ri wkh frh�flhqwv lq wkh urwdwhg zdyhixqfwlrq zklfk pxvw eh grqh zlwkrxw
froodsvlqj wkh zdyhixqfwlrq dqg hqglqj wkh hqwdqjohphqw ehwzhhq wkh wzr lrqv1 Li d w|slfdo
txdqwxp phfkdqlfdo phdvxuhphqw zhuh hpsor|hg wzr idwdo sureohpv zrxog dulvh= 4, wr vhfxuh wkh qhhghg
lqirupdwlrq iurp wkh zdyhixqfwlrq zrxog uhtxluh dw ohdvw wzr phdvxuhphqwv/ exw li wkh �uvw phdvxuhphqw
froodsvhg wkh zdyhixqfwlrq/ wkh vhfrqg phdvxuhphqw zrxog eh rq wkh froodsvhg vwdwh/ zklfk zrxog eh d
gl�huhqw vwdwh iurp wkh ruljlqdo vwdwh/ dqg wkhuhiruh qr xvhixo lqirupdwlrq zrxog eh rewdlqhg> 5, froodsvh ri
wkh vwdwh zrxog hqg wkh hqwdqjohphqw zklfk zrxog whuplqdwh wkh frppxqlfdwlrq olqn1

Wkhvh wzr vwulqjhqw uhtxluhphqwv rq vhfxulqj lqirupdwlrq derxw wkh hqwdqjohg vwdwh lpso| wkdw d w|slfdo
txdqwxp phfkdqlfdo phdvxuhphqw fdqqrw eh hpsor|hg1 Lq d w|slfdo txdqwxp phfkdqlfdo phdvxuhphqw/ wkh
phdvxulqj dssdudwxv ehfrphv hqwdqjohg zlwk wkh v|vwhp/ zklfk lv iroorzhg e| wkh qrq0ghwhuplqlvwlf qrq0
xqlwdu| froodsvh ri wkh zdyhixqfwlrq1 Dv zh glvfxvvhg suhylrxvo|/ lq rxu dwwhpsw wr dyrlg wkh froodsvh ri wkh
zdyhixqfwlrq/ zh duh frqvlghulqj xvlqj d qhz w|sh ri phdvxuhphqw/ fdoohg d surwhfwlyh phdvxuhphqw/ lq
zklfk wkh vwdwh grhv qrw froodsvh^7`1

�hL|iU|��i �i@t�hi4i?|t

Wkh sxusrvh ri d surwhfwlyh phdvxuhphqw lv wr vhfxuh lqirupdwlrq derxw d txdqwxp phfkdqlfdo vwdwh zlwkrxw
froodsvlqj wkh zdyhixqfwlrq1 Wkh _surwhfwlyh phdvxuhphqw% vfkhph lv dq lqqrydwlyh dqg uhodwlyho| qhz lghd
iru shuiruplqj d qrq0froodsvh _revhuydwlrq% rq d txdqwxp v|vwhp wr ghwhuplqh wkh h{shfwdwlrq ydoxh ri
d phdvxuhphqw rshudwru rq wkh txdqwxp vwdwh ri lqwhuhvw zlwkrxw prgl�fdwlrq ri wkh vwdwh^44`1 Wklv lv
lq frqwudvw wr d frqyhqwlrqdo yrq Qhxpdqq txdqwxp phdvxuhphqw/ zklfk froodsvhv wkh zdyh ixqfwlrq ri
wkh vwdwh lqwr dq hljhqvwdwh ri wkh phdvxuhphqw rshudwru^;5`1 Wkhuh duh vhyhudo zd|v lq zklfk d surwhfwlyh
phdvxuhphqw pd| eh frqgxfwhg^66`1 Rqh dssurdfk iru wklv qhz w|sh ri txdqwxp revhuydwlrq lv wr dsso| wkh
phdvxuhphqw rshudwlrq dw yhu| orz vwuhqjwk ryhu d yhu| orqj wlph shulrg +frpsduhg wr d fkdudfwhulvwlf wlph
ri wkh v|vwhp, lq rughu wkdw wkh vwdwh ri wkh v|vwhp hyroyhv dgldedwlfdoo|/ dqg uhpdlqv dq hljhqvwdwh ri wkh
lqvwdqwdqhrxv Kdplowrqldq^94`1 Vlqfh wkh v|vwhp uhpdlqv dq hljhqvwdwh/ lw grhv qrw ehfrph hqwdqjohg zlwk
wkh dssdudwxv/ dqg lw grhv qrw ghfrkhuh dqg froodsvh dv lq d frqyhqwlrqdo txdqwxp phfkdqlfdo phdvxuhphqw1
Lq frqwudvw/ zlwk d frqyhqwlrqdo phdvxuhphqw/ wkh phdvxuhphqw rshudwlrq lv dssolhg yhu| vwurqjo| iru d yhu|
vkruw shulrg ri wlph1 Wkh duhd ri surwhfwlyh phdvxuhphqwv lv qhz/ dqg |hw wr eh ixoo| h{soruhg1 Wr gdwh/
rqh vshfl�f h{shulphqw kdv ehhq sursrvhg^99` wr ydolgdwh wkh wkhru| ri surwhfwlyh phdvxuhphqwv/ exw qr
h{shulphqwv kdyh ehhq frqgxfwhg wr gdwh1

Wkh _surwhfwlyh phdvxuhphqw% vfkhph dsshduv wr pdnh srvvleoh ghwhuplqdwlrq ri wkh txdqwxp phfkdq0
lfdo vwdwh ri d v|vwhp lq d zd| wkdw kdg suhylrxvo| ehhq wkrxjkw wr eh lpsrvvleoh1 Lq sduwlfxodu/ lw dsshduv
wr doorz uhshdwhg surwhfwlyh revhuydwlrqv ri h{shfwdwlrq ydoxhv xvlqj dv pdq| dowhuqdwh phdvxuhphqw edvhv
dv ghvluhg1 Lq rughu wr pdnh d surwhfwlyh phdvxuhphqw/ wkhru| lqglfdwhv fhuwdlq uhvwulfwlyh frqglwlrqv pxvw
eh phw=

41 Wkh hljhqvwdwh ri wkh v|vwhp pxvw eh d qrq0ghjhqhudwh vwdwh1 Li lw lv ghjhqhudwh wkhq wudqvlwlrqv wr
wkhvh vwdwhv pd| rffxu1

51 Wkh lqwhudfwlrq zlwk wkh srlqwhu ri wkh phdvxuhphqw dssdudwxv pxvw kdyh d vxlwdeoh irup vr wkdw wkh
lqwhudfwlrq lv dq dgldedwlf shuwxuedwlrq ri wkh vwdwh1

61 Wkh lqwhudfwlrq pxvw uhvxow lq fkdqjhv lq wkh zdyhixqfwlrq wkdw surylgh lqirupdwlrq derxw wkh vwdwh1

:



Wkh h{dpsoh wkdw lv glvfxvvhg lq wkh wkhruhwlfdo sdshuv lv wkdw ri d Vwhuq0Jhuodfk vslq phdvxuhphqw1
Wklv dssurdfk zrxog kdyh wr eh prgl�hg wr pdnh d surwhfwlyh phdvxuhphqw lq wkh frq�qhv ri dq lrq wuds1

S A�iLhi|�U@* �L_i* Lu �i�@��Lh Lu ,?|@?}*i_ 5|@|it �t�?} �@�t@*
W?|ihThi|@|�L? Lu "�@?|�4 A�iLh)

Lq rxu Skdvh L lqyhvwljdwlrq/ zh frqvlghuhg vhyhudo wkhruhwlfdo dssurdfkhv wr lqyhvwljdwh wkh ihdvlelolw| ri
frppxqlfdwlrq yld hqwdqjohg vwdwhv1 Xvlqj prghov ri HSU sdluv dqg wkh fdxvdo lqwhusuhwdwlrq ri txdqwxp
wkhru|/ lw fdq eh vkrz wkdw frqwlqxrxv fruuhodwlrqv lq vslq duh lqghhg suhglfwhg iru HSU sdluv vxemhfwhg
wr pdjqhwlf �hogv1 Dv glvfxvvhg deryh/ h{lvwhqfh ri wkhvh fruuhodwlrqv lv d uhtxlvlwh iru frppxqlfdwlrqv yld
txdqwxp hqwdqjohphqw1

Wkh fdxvdo lqwhusuhwdwlrq ri txdqwxp phfkdqlfv slrqhhuhg e| Gdylg Erkp lv yhu| dwwudfwlyh
iru rxu sxusrvhv vlqfh lw doorzv rqh wr frpsxwh d txdqwxp phfkdqlfdo wudmhfwru| iru d vwdwh1
Wkh wkhru| ghvfulehv wkh frqwlqxrxv fdxvdo hyroxwlrq lq wlph ri wkh rshudwruv fruuhvsrqglqj wr
revhuydeohv/ vxfk dv vslq1 D xqltxh ihdwxuh ri wkh Erkp lqwhusuhwdwlrq lv wkdw wkh revhuydeohv
hyroyh frqwlqxrxvo| wr wkh phdvxuhg ydoxh/ zklfk lv wkh vdph ydoxh dv suhglfwhg e| vwdqgdug
txdqwxp phfkdqlfv^84`1 Wklv ylhzsrlqw lv yhu| xvhixo vlqfh rxu dssurdfk uhtxluhv wkh frqwlqxrxv hyroxwlrq
ri v|vwhpv zkhq vxemhfwhg wr dgldedwlf shuwxuedwlrqv1 Wkh uhvxowv edvhg rq wkh fdxvdo lqwhusuhwdwlrq
vkrxog eh eholhydeoh vlqfh iru qrq0uhodwlylvwlf txdqwxp phfkdqlfv/ wkh fdxvdo lqwhusuhwdwlrq
qhfhvvdulo| jlyhv wkh vdph suhglfwlrqv iru phdvxuhphqwv dv wkh ruglqdu| lqwhusuhwdwlrq^53`1
Wklv lv zk| wkh fdxvdo wkhru| lv riwhq uhihuuhg wr dv dq _ lqwhusuhwdwlrq% udwkhu wkdq d qhz
wkhru|1 Iurp Erkp*v shuvshfwlyh/ wkh txhvwlrq ri vljqdoolqj yld hqwdqjohphqw lv phdqlqjohvv vlqfh _wkh
uhodwlylvwlf qrwlrq ri d vljqdo grhv qrw �w lqwr txdqwxp phfkdqlfv^4;`1% Kh pdlqwdlqv d vljqdo pxvw eh vhqw
ehwzhhq glvwlqfw/ vhsdudwh/ dxwrqrprxv sduwlfohv exw wkh phpehuv ri dq HSU sdlu duh qrw vhsdudwh sduwlfohv
vr wkh lghd ri d uhodwlylvwlf vljqdo lv qrw dssolfdeoh1

Wkhuh duh wzr yhu| lqwhuhvwlqj ihdwxuhv lq wkh fdxvdo lqwhusuhwdwlrq ri txdqwxp phfkdqlfv wkdw uhodwh
vshfl�fdoo| wr qrq0orfdolw| vxfk dv hqwdqjohphqw^84`=

41 Wkh irufh rq d txdqwxp sduwlfoh lv jlyhq e|
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51 Wkh htxdwlrq ri prwlrq iru wkh vslq lqfoxghv d qrq0orfdo txdqwxp wrutxh W1 Lw iroorzv gluhfwo| iurp
wkh Sdxol htxdwlrq/ wkdw

g�$v @gw @ �$
W . +5�@�k,

�$
E ��$v

zkhuh wkh txdqwxp wrutxh W lv gh�qhg lq whupv ri ghulydwlyhv ri �$v dqg m#m5 1 Wkhvh qrq0orfdo

txdqwlwlhv Y dqg
�$
W fdq d�hfw wkh prwlrq ri wkh txdqwxp sduwlfoh dw d glvwdqfh1
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Wkhuh lv d yhu| lqwhuhvwlqj dqg lpsruwdqw fdofxodwlrq ri dq hqwdqjohg vlqjohw vwdwh xvlqj wkh fdxvdo lqwhu0
suhwdwlrq ri txdqwxp phfkdqlfv^6:`1 Iluvw d frpsxwdwlrq zdv grqh ri wkh ehkdylru ri erwk phpehuv ri wkh
vlqjohw zkhq wkh vslqv ri erwk sduwlfohv zhuh phdvxuhg xvlqj Vwhuq0Jhuodfk dqdo|}huv1 Zkhq erwk ri wkhlu
pdjqhwlf �hogv duh lq wkh } gluhfwlrq/ wkh vslq lq wkh } gluhfwlrq iru sduwlfoh 4 dqg iru sduwlfoh 5/ V]4 dqg V]5 /
uhvshfwlyho|/ erwk kdg wkh lqlwldo ydoxh 3 dqg wkhq hyroyhg frqwlqxrxvo| wr wkhlu �qdo ydoxhv dv hdfk sduwlfoh

;



sdvvhg wkurxjk lwv uhvshfwlyh Vwhuq Jhuodfk dqdo|}hu1 Dw dq| wlph w wkh vxp ri wkh vslqv lq wkh }0gluhfwlrq
V]4. V]5 zdv lghqwlfdoo| }hur1 Wklv odvw htxdwlrq lv wkh wkhruhwlfdo ghprqvwudwlrq wkdw wkh vslqv ri wkh wzr
hqwdqjohg sduwlfohv duh frqwlqxrxvo| fruuhodwhg/ dqg qrw mxvw fruuhodwhg dw wkh wlph ri d sduwlfxodu txdqwxp
phfkdqlfdo phdvxuhphqw1 Rqh ri wkh vslqv hyroyhv wr wkh �qdo phdvxuhg ydoxh ri . 425 dqg wkh rwkhu wr
~4251 Wkh vslqv duh phdvxuhg e| revhuylqj wkh wudmhfwru| ri hdfk sduwlfoh dv lw sdvvhv wkurxjk wkh pdjqhwlf
�hog1 Wkh sduwlfoh lv gh�hfwhg xs ru grzq ghshqglqj rq wkh vljq ri wkh vslq1 Wkh uhvxow lv wkdw wkh ehdp lv
vsolw lqwr wzr ehdpv/ zlwk vslq ri .4

5 dqg ~ 4
5 > lq frpsohwh djuhhphqw zlwk doo h{shulphqwv1 Wkh lqwhuhvwlqj

ihdwxuh ri wkh Erkp lqwhusuhwdwlrq lv wkdw lw vkrzv wkh vslqv duh frqwlqxrxvo| fruuhodwhg gxulqj wkh hqwluh
h{shulphqw1

Wkh vhfrqg fdofxodwlrq xvlqj wkh fdxvdo lqwhusuhwdwlrq ri txdqwxp phfkdqlfv frqvlghuhg
wkh fdvh lq zklfk rqo| RQH sduwlfoh zdv sdvvhg wkurxjk d Vwhuq0Jhuodfk dqdo|}hu zlwk lwv
pdjqhwlf �hog lq wkh {0gluhfwlrq^6:`1 Lq wkh vlpxodwlrq ri wklv h{shulphqw/ wkh vslqv djdlq
vkrzhg wkh vdph frqwlqxrxv qrq0orfdo fruuhodwlrq1 Rqh ri wkh vslqv hyroyhv wr wkh �qdo ydoxh .425
dqg wkh rwkhu wr wkh ydoxh ~4251 Wkh wudmhfwru| ri wkh sduwlfoh wkdw hqwhuhg wkh pdjqhwlf �hog wr phdvxuh
lwv vslq vkrzhg d gh�hfwlrq zkloh wkh sduwlfoh wkdw glg qrw sdvv wkurxjk d pdjqhwlf �hog glg qrw vkrz d
gh�hfwlrq1

Zh ghyhorshg d frpsxwhu prgho ri wklv lqwhudfwlrq dqg wkh judsklfdo uhvxowv ri rxu fdofxod0
wlrqv +grqh e| Gu1 Dvolqj ri wkh Xqlyhuvlw| ri Qhz Ph{lfr, duh vkrzq lq wkh Iljxuhv 4071 Wkh
gh�hfwlrq ri sduwlfoh 4 gxh wr wkh lpsxovh iurp wkh lqkrprjhqhrxv pdjqhwlf �hog/ zh fdoo { 1Sduwlfoh 5 glg qrw
sdvv wkurxjk d pdjqhwlf �hog1 Zh phdvxuh wkh gh�hfwlrq | ri sduwlfoh 5 lq d gluhfwlrq 78r iurp wkh { d{lv1
+Wklv dqjoh lv suhvhqw wr doorz xv wr frpsduh wr wkh fdvh lq zklfk zh kdyh wzr Vwhuq0Jhuodfk dqdo|}huv dw dq
dqjoh zlwk uhvshfw wr hdfk rwkhu,1 Lw lv prvw frqyhqlhqw wr dqdo|}h wkh v|vwhp lq whupv ri vslq hljhqvwdwhv
lq wkh qrq0ruwkrjrqdo gluhfwlrqv { dqg | 1 Wkh �qdo vslq vwdwh fdq eh zulwwhq dv d olqhdu frpelqdwlrq ri
wkh irxu vwdwhv m.l4 m.l35 > m.l4 m�l35 > m�l4 m.l35 > m�l4 m�l35 > zkhuh �|5 m	l35 @ 	m	l35 dqg �{4 m	l34 @ 	m	l34 =
Hdfk sdlu ri vwdwhv lv pxowlsolhg e| d fruuhvsrqglqj vsdwldo ixqfwlrq/ iru h{dpsoh j..+{> |, m.l4 m.l35 1 Zh
dvvxph wkh vsdwldo sduw ri wkh lqlwldo zdyhixqfwlrq lv jlyhq e| Jdxvvldq zdyhsdfnhwv1

Iljxuh 4 vkrzv wkh vtxduh ri wkh zdyhixqfwlrq m#m5 rq wkh yhuwlfdo d{lv/ ghvfulelqj wzr zdyhsdfnhwv
fruuhvsrqglqj wr wkh vsolwwlqj ri wkh zdyhixqfwlrq lq wkh pdjqhwlf �hog diwhu d fhuwdlq wlph1 Erwk sdfnhwv
kdyh dssur{lpdwho| wkh vdph ydoxhv ri { vlqfh lw lv wkh xqgh�hfwhg frruglqdwh/ dqg wkh wzr ydoxhv ri |
fruuhvsrqg wr wkh vsolwwlqj1

Lq Iljxuh 5 zh sorw wkh vslq ri sduwlfoh 4 /zklfk sdvvhg wkurxjk wkh pdjqhwlf �hog/ pxowlsolhg e| wkh
fruuhvsrqglqj vsdwldo zdyh ixqfwlrq rq wkh yhuwlfdo d{lv/ dv d ixqfwlrq ri { dqg |1 Wkh wzr qrq0}hur uhjlrqv
fruuhvsrqg wr srvlwlyh dqg qhjdwlyh vslq/ dqg duh vhsdudwhg lq | ehfdxvh ri wkh pdjqhwlf �hog1 1

Iljxuh 6 vkrzv wkh fruuhvsrqglqj sorw iru sduwlfoh 5/ zklfk glg qrw sdvv wkurxjk wkh lqkrprjhqhrxv
pdjqhwlf �hog1 Djdlq wkh yhuwlfdo d{lv lv wkh vslq pxowlsolhg e| wkh fruuhvsrqglqj vsdwldo sduw ri wkh
zdyhixqfwlrq1 Wkh vwulnlqj ihdwxuh lv wkdw wkh vslq ri sduwlfoh 5 lv fruuhodwhg zlwk wkdw ri sduwlfoh 41 Iurp
wkh �jxuhv/ rqh fdqqrw whoo zklfk sduwlfoh sdvvhg wkurxjk wkh pdjqhwlf �hog1

Wklv fruuhodwlrq lv pdwkhpdwlfdoo| ghprqvwudwhg lq Iljxuh 7/ lq zklfk zh sorw wkh vxp V4{. V5|Frv783 @
� wlphv wkh fruuhvsrqglqj vsdwldo zdyhixqfwlrqv iru doo ydoxhv ri { dqg |1 Wklv vkrxog ydqlvk li wkh fruuhodwlrqv
lq vslq iru wkh wzr sduwlfohv lv shuihfw1 Wkh odujhvw ghyldwlrq ri � iurp }hur lv derxw 8{43�4:>zklfk
fruuhvsrqgv wr rxu frpsxwdwlrqdo huuru1 Wkxv wkh fdxvdo wkhru| suhglfwv wkdw wkh vslqv duh shuihfwo|
fruuhodwhg li rqo| rqh sduwlfoh sdvvhv wkurxjk d Vwhuq0Jhuodfk dqdo|}hu1 Edvhg rq wkh uhvxowv
ri klv fdofxodwlrq iru wklv h{dpsoh/ Kroodqg frqfoxghv^84`=

Wkh fruuhodwlrqv ehwzhhq wkhvh txdqwlwlhv duh gxh wr wkh qrqorfdo fkdudfwhu ri wkh txdqwxp
srwhqwldo dqg wkh txdqwxp wrutxh1 D nh| srlqw lv wkdw wkh sduwlfohv fduu| zlwk wkhp zhoo gh�qhg
surshuwlhv iurp wkh vrxufh/ mxvw dv fodvvlfdo sduwlfohv gr> wkhvh gr qrw frph lqwr ehlqj rqo|
wkurxjk glvfrqwlqxrxv surmhfwlrqv ri _srwhqwldolwlhv% zkhq phdvxuhphqwv rffxu ^l1h1 vwdqgdug
txdqwxp phfkdqlfdo phdvxuhphqwv` 1 Rq wkh rwkhu kdqg/ wkh pdjqlwxghv ri rqh sduwlfoh*v
surshuwlhv pd| eh vwhhuhg lqwr fhuwdlq ydoxhv vroho| e| glvwdqw dfwlrqv rq wkh rwkhu
frxsohg sduwlfoh hyhq wkrxjk wkh v|vwhpv gr qrw fodvvlfdoo| lqwhudfw1 Wkh vxewohw| ri
wkhvh fruuhodwlrqv fdqqrw eh h{sodlqhg e| dq| fodvvlfdo irufh1

Kroodqg*v zrugv duh vwulnlqjo| uhplqlvfhqw ri wkrvh ri Huzlq Vfkurglqjhu/ rqh ri wkh irxqghuv ri txdqwxp
wkhru| doprvw 93 |hduv hduolhu1 Vfkurglqjhu frlqhg wr whup _hqwdqjohphqw% wr ghvfuleh wkh HSU sdluv^:7`/

<



Iljxuh 4= Wkh zdyhsdfnhw fruuhvsrqglqj wr dq hqwdqjohg vlqjohw vsolwv lqwr wzr zdyhsdfnhwv gxh wr dq
lqkrprjhqhrxv �hog1

Iljxuh 5= Sorw ri wkh vslq pxowlsolhg e| wkh vsdwldo zdyhixqfwlrq vtxduhg iru sduwlfoh 4 zklfk sdvvhg wkurxjk
d lqkrprjhqhrxv pdjqhwlf �hog11
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Iljxuh 6= Sorw ri wkh vslq wlphv wkh vsdwldo sduw ri wkh zdyhixqfwlrq vtxduhg iru sduwlfoh 5/ zklfk glg QRW
sdvv wkurxjk d pdjqhwlf �hog1

Iljxuh 7= Sorw ri wkh vxp ri wkh vslqv wlphv wkh vsdwldo zdyhixqfwlrq vtxduhg iru wkh wzr sduwlfohv/ zklfk
vkrxog ydqlvk li wkh vslq fruuhodwlrqv duh suhihfw1 Qrwh wkh yhuwlfdo vfdoh lv 43�4: vr wkh fruuhodwlrqv duh
shuihfw zlwklq wkh fdofxodwlrqdo huuru1
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dqg ghprqvwudwhg wkdw d jhqhudo uhodwlrqvkls h{lvwhg ehwzhhq wkh HSU sdluv/ lq zklfk d _vrsklvwlfdwhg
h{shulphqwhu fdq/ e| d vxlwdeoh ghylfh zklfk grhv qrw lqyroyh phdvxulqj qrq0frppxwlqj
yduldeohv/ surgxfh d qrq0ydqlvklqj suredelolw| ri gulylqj wkh v|vwhp lqwr dq| vwdwh kh fkrrvhv%
^:8`1 Vfkurglqjhu vkrzhg wkdw dq| ixqfwlrq ri wkh fdqrqlfdo srvlwlrq dqg prphqwd zrxog kdyh wkh vdph
ydoxh iru erwk phpehuv ri dq hqwdqjohg vwdwh1 Vfkurglqjhu dovr pdlqwdlqhg wkdw wkh hqwdqjohphqw ehwzhhq
d v|vwhp dqg d phdvxulqj dssdudwxv lv fhqwudo wr wkh txdqwxp phfkdqlfdo wkhru| ri phdvxuhphqw/ zklfk lv
dw wkh khduw ri wkh txdqwxp2fodvvlfdo erxqgdu|^:9` 1 Kroodqg jrhv rq wr vd|^84`=

Wkh vwdwh ri sduwlfoh 5 ^wkh xqphdvxuhg sduwlfohj kdv wkhuhiruh fkdqjhg dv d uhvxow ri d glvwdqw
lqwhudfwlrq xqghujrqh e| dqrwkhu sduwlfoh/ erwk sduwlfohv ehlqj jxlghg e| dq hqwdqjohg
vwdwh1 D ghprq vlwwlqj rq sduwlfoh 5 uhfhlyhv dq lqvwuxfwlrq wr vwduw wkh edoo urwdwlqj1 Lw
zrxog wkxv dsshdu wkdw/ dw wkh ohyho ri wkhlu lqglylgxdo surfhvvhv wkdw lw dffrxqwv iru/ wkh fdxvdo
lqwhusuhwdwlrq lpsolhv d irup ri cvljqdoolqj*/ yld wkh txdqwxp wrutxh1

Iru frpsohwhqhvv/ kh jrhv rq wr vd| wkdw lw lv qrw frqvlvwhqw zlwk txdqwxp phfkdqlfv wr xvh wklv lqwhudfwlrq
wr vhqg lqirupdwlrq vlqfh wkhuh lv qr _lqwhuqdo vwdqgdug% e| zklfk wr phdvxuh wkh lqgxfhg fkdqjhv1
Xvlqj wkh frqyhqwlrqdo phwkrgv ri txdqwxp phfkdqlfv/ zh fohduo| djuhh zlwk wklv vwdwhphqw1 Krzhyhu/ zlwk
qryho phwkrgv ri lpsduwlqj lqirupdwlrq/ vxfk dv dgldedwlf shuwxuedwlrqv/ dqg qryho phwkrgv ri h{wudfwlqj
lqirupdwlrq/ vxfk dv xvlqj surwhfwlyh phdvxuhphqwv/ wkh vlwxdwlrq ehfrphv pxfk pruh frpsoh{ dqg pxfk
ohvv fohdu1

Wkh h{lvwhqfh ri vslq fruuhodwlrqv lv d yhu| lpsruwdqw uhvxow iru rxu dssurdfk vlqfh lw vkrzv wkdw wkh vslqv
ri hqwdqjohg sduwlfohv duh frqwlqxrxvo| fruuhodwhg li rqh vslq lv urwdwhg dgldedwlfdoo| e| d pdjqhwlf �hog1
Wkxv li zh zhuh wr dsso| dq dgldedwlf shuwxuedwlrq wr wkh vslq ri dq hqwdqjohg sduwlfoh/ zh zrxog dqwlflsdwh
wkdw wkh vslq ri wkh rwkhu sduwlfoh zrxog eh frqwlqxrxvo| fruuhodwhg/ zklfk lv uhtxluhphqw &9 lq rxu olvw ri
uhtxluhphqwv1

Lw lv yhu| hqfrxudjlqj wkdw rxu fdofxodwlrq dqg wkh fdofxodwlrq ri ^6:` jlyh wkhruhwlfdo vxssruw wr rqh
ri wkh prvw lpsruwdqw uhtxluhphqwv iru wkh yldelolw| ri frppxqlfdwlrqv yld hqwdqjohg vwdwhv= li wkh vslq ri
rqh phpehu ri dq HSU sdlu lv shuwxuehg/ wkhq wkh vslq ri wkh rwkhu phpehu lv frqwlqxrxvo| fruuhodwhg vr
V]4 . V]5 uhpdlqv }hur1 Wkh rwkhu nh| uhtxluhphqw lv wkh delolw| wr revhuyh wkhvh shuwxuedwlrqv zlwkrxw
froodsvlqj wkh zdyhixqfwlrq1 Rxu dssurdfk wr wklv fkdoohqjh lv wr xvh surwhfwlyh phdvxuhphqwv/ zklfk
zh sursrvh wr lqyhvwljdwh ixoo| lq d Skdvh LL h�ruw1
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Zh zdqwhg wr lqyhvwljdwh d v|vwhp ri wzr hqwdqjohg vslq 4
5 sduwlfohv wkdw lqwhudfw wkurxjk d srwhqwldo wkdw

ydqlvkhv dw lq�qlw|^<`1 Zh slfnhg dq lqwhudfwlrq fruuhvsrqglqj wr d vslq0vslq frxsolqj1 Wkh sulpdu| sxusrvh
ri wkh prgho lv wr doorz xv wr lqyhvwljdwh wkh ehkdylru ri rqh sruwlrq ri wkh v|vwhp zkhq zh shuwxue wkh
rwkhu sruwlrq/ dqg wkhuhe| wr lqyhvwljdwh wkh srvvlelolw| ri frppxqlfdwlrq ehwzhhq wkh vhsdudwh sruwlrqv ri
wkh hqwdqjohg v|vwhp dv d ixqfwlrq ri wkh glvwdqfh ehwzhhq wkhp1 Zh wdnh wklv dssurdfk ehfdxvh lw lv qrw
hqwluho| fohdu krz wr fruuhfwo| dgguhvv wkh fdvh lq zklfk wkh glvwdqfh lv vr juhdw wkdw wkhuh lv qr lqwhudfwlrq
ehwzhhq wkh frpsrqhqwv ri wkh hqwdqjohg v|vwhp1 Qrwh wkdw hvwdeolvklqj wkh srvvlelolw| ri frppxqlfdwlrqv
ehwzhhq vhsdudwhg uhjlrqv uhtxluhv hvwdeolvklqj wkh h{lvwhqfh ri wkh fruuhodwlrqv dqg wkh srvvlelolw|
ri phdvxulqj wkhp1 Qrwh wkdw wkh uhvxowv iurp d prgho pd| eh prgho ghshqghqw1 Rwkhu lqwhudfwlrqv
pd| ohdg wr v|vwhpv zlwk txlwh gl�huhqw surshuwlhv1

Zh zloo dvvxph wkdw zh kdyh d sdlu +ghvljqdwhg 4 dqg 5, ri lghqwlfdo/ xqfkdujhg/ hqwdqjohg vslq 425
ihuplrqv wkdw duh prylqj lq rssrvlwh gluhfwlrqv dorqj wkh |0d{lv zlwk frruglqdwhv |4dqg |51 +Vlplodu uhvxowv
duh rewdlqhg li zh dvvxph wkh sduwlfohv duh glvwlqjxlvkdeoh1, Zh zloo wkhq dsso| d pdjqhwlf �hog lq wkh
uhjlrq wr wkh uljkw ri wkh ruljlq dqg revhuyh wkh uhvsrqvh ri wkh sruwlrq ri wkh v|vwhp wr wkh ohiw ri wkh ruljlq1
1 Ehfdxvh ri wkh lqglvwlqjxlvkdelolw| ri wkh sduwlfohv/ lw lv qrw srvvleoh wr ghvfuleh zklfk sduwlfoh lv rq wkh
ohiw ru uljkw/ lqvwhdg txdqwxp phfkdqlfv lqglfdwhv wkhuh lv d vxshusrvlwlrq ri erwk1 Iru rxu fdofxodwlrqv/ zh
pdgh dq dssur{lpdwlrq wkdw wkh fkdqjh lq wkh nlqhwlf hqhuj| gxulqj wkh h{shulphqw zdv vpdoo +lpsxovlyh
dssur{lpdwlrq,/ vr zh frxog qhjohfw wkh h�hfw ri wkh wzr nlqhwlf hqhuj| whupv lq wkh Kdplowrqldq1 Wkh
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Kdplowrqldq iru rxu v|vwhp lv

K @
S 5
4

5p
.

S 5
5

5p
. j

�$�4 � �$�5

m|4 � |5m6
zkhuh j lv d frqvwdqw1 Wkh �$�4 � �$�5 lqwhudfwlrq lv prghohg diwhu wkh fodvvlfdo srwhqwldo hqhuj| X iru wkh

lqwhudfwlrq ehwzhhq wzr glsrohv
�$
g4 dqg

�$
g5 orfdwhg dw �${4 dqg �${5

X @

�$
g4 � �$g5 � 6+�$q � �$g4,+�$q � �$g5,

m�${4 ��${5m6

zkhuh �$q lv d xqlw yhfwru lq wkh gluhfwlrq +�${4��${5,= Iru vlpsolflw|/ zh glg qrw lqfoxgh wkh whup ghshqglqj

rq �$q Vlqfh wkh rshudwru �$�4 � �$�5 @ 5 � 6
�$
V 5/ wkh hljhqvwdwhv ri K zloo dovr eh hljhqvwdwhv ri wkh wrwdo

vslq/ qdpho| wkh xvxdo vlqjohw mVl +wrwdo vslq V @ 3/ dqg vslq lq wkh }0gluhfwlrq V] @ 3,> dqg wulsohw
+V @ 4>V] @ �4> 3>.4, vslq hljhqvwdwhv mWV]

l @ mW3l > mW4l > mW�4l 1 Wkh vsdwldo sduw ri wkh zdyhixqfwlrqv
lv fkrvhq vr wkh wrwdo zdyhixqfwlrq lv dqwlv|pphwulf zlwk uhvshfw wr wkh lqwhufkdqjh ri sduwlfohv 4 dqg 51
Wkh vlqjohw vwdwh lv

mVl @ 4s
5
+m.l4 m�l5 � m�l4 m.l5,+#O+

�${4,#U+
�${5, . #U+

�${4,#O+
�${5,,

dqg wkh wulsohw vwdwhv duh

mW3l @ 4s
5
+m.l4 m�l5 . m�l4 m.l5,+#O+

�${4,#U+
�${5,� #U+

�${4,#O+
�${5,,

mW4l @ 4s
5
+m.l4 m.l5,+#O+

�${4,#U+
�${5,� #U+

�${4,#O+
�${5,,

mW�4l @ 4s
5
+m�l4 m�l5,+#O+

�${4,#U+
�${5,� #U+

�${4,#O+
�${5,,

Khuh #O+
�${4, uhsuhvhqwv wkh vsdwldo sduw ri wkh zdyhixqfwlrq iru sduwlfoh 4 lq wkh uhjlrq rq wkh ohiw vlgh

zkhuh wkh pdjqhwlf �hog E ydqlvkhv/ dqg #U+
�${5, uhsuhvhqwv wkh vsdwldo sduw ri wkh zdyhixqfwlrq iru sduwlfoh

5 lq wkh uhjlrq wr wkh uljkw zklfk frqwdlqv wkh E �hog1 Zh zloo dvvxph wkdw wkh lqlwldo vwdwh lv d vlqjohw
hljhqvwdwh ri K =

m!+3,l @ 4s
5
+m.l4 m�l5 � m�l4 m.l5,+#O+

�${4,#U+
�${5, . #U+

�${4,#O+
�${5,,

Dw wlph w @ 3 zh dvvxph zh wxuq rq wkh lqwhudfwlrq Kdplowrqldq KL

KL @ ��+�]4E+�${4, . �]5E+�${5,,

zkhuh wkh �hog ydqlvkhv iru frruglqdwhv lq wkh uhjlrq rq wkh ohiw vlgh/ vr iru h{dpsoh/ E+�${4,#O+
�${4, @ 3= Wkh

pdjqhwlf �hog E lv dvvxphg wr eh frqvwdqw lq wkh }0gluhfwlrq/ dqg wr jr wr }hur rxwvlgh wkh uhjlrq rq wkh
uljkw vlgh1 Zh dvvxph wkdw zh wxuq rq wkh E �hog vorzo| +dgldedwlfdoo|,/ vr wkdw wkh v|vwhp fdq dgmxvw wr wkh
qhz �hog dqg wkhuhiruh uhpdlqv lq dq hljhqvwdwh ri wkh lqvwdqwdqhrxv Kdplowrqldq +dgldedwlf wkhruhp,1 Lq
h�hfw/ wkh xqlirup E �hog dfwv d urwdwlrq rshudwru1 Lq whupv ri wkh edvlv +mW3l > mVl, / wkh wrwdo Kdplowrqldq
KW fdq eh zulwwhq dv

KW @ K .KL @ �i
4 3
3 4

.
5i �E
�E �5i

zkhuh

i @ j
4

m|4 � |5m6
Wklv irup ri wkh Kdplowrqldq K dulvhv vlqfh wkh E �hog lv fkrvhq dorqj wkh }0d{lv1 +Li rwkhu frpsrqhqwv

ri wkh E �hog zhuh suhvhqw/ wkh| zrxog frxsoh wr wkh rwkhu phpehuv ri wkh wulsohw1 Lq idfw/ uljrurxvo| rwkhu
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frpsrqhqwv ri E pxvw eh suhvhqw li wkh glyhujhqfh ri E lv wr ydqlvk/ dv lw pxvw dffruglqj wr Pd{zhoo*v odzv1,
Wkh wrwdo hqhuj| rshudwru KW fdq eh zulwwhq lq whupv ri wkh Sdxol � pdwulfhv=

KW @ �iL.�$d � �$�
zkhuh L lv wkh lghqwlw| rshudwru dqg wkh yhfwru �$d lv �$d @ +�E> 3> 5i,= Gh�qh wkh dqjoh � zkhuh

wdq+�, @
�E

5i
@

�Em|4 � |5m6
j

ru

vlq+�, @
�E

�5E5 . 7i5

Wkh prgho fdq eh vroyhg/ vkrzlqj wkdw zlwk wkh suhvhqfh ri wkh frqvwdqw pdjqhwlf �hog rq wkh uljkw vlgh
rqo|/ wkh vlqjohw jurxqg vwdwh kdv hyroyhg lqwr d olqhdu frpelqdwlrq ri wkh vlqjohw dqg wulsohw vwdwhv=

m!+w,l @ � vlq+
�

5
, mW3l. frv+

�

5
, mVl

Wklv vwdwhm!+w,l lv dq hljhqvwdwh ri wkh wrwdo Kdplowrqldq zlwk dq dvvrfldwhg hqhuj| �m�$dm @ � �5E5 . 7i51
Wkh rwkhu hljhqvwdwh kdv hqhuj| .d dvvrfldwhg zlwk lw1 Vlqfh wkhvh duh hljhqvwdwhv ri wkh wrwdo Kdplowrqldq
wkhuh lv dq ryhudoo wlph ghshqghqw skdvh idfwru/ zklfk zh kdyh rplwwhg1 Wkh hljhqvwdwh m!+w,l kdv wkh
surshuw| wkdw/ iru dq| ydoxh ri �> wkh vslqv ri wkh sduwlfohv lq wkh } gluhfwlrq duh dozd|v fruuhodwhg=

+V]4 . V]5, m!+w,l @ 3

Wklv uhvxow/ zklfk iroorzv vlqfh ^KW > V]4 .V]5 ` @ 3> lv h{dfwo| wkh vdph dv wkdw rewdlqhg zkhq wkh fdxvdo
lqwhusuhwdwlrq ri txdqwxp phfkdqlfv zdv xvhg wr dqdo|}h dq hqwdqjohg vlqjohw/ zkhq rqh sduwlfoh lq wkh
vlqjohw sdvvhg wkurxjk dq lqkrprjhqhrxv pdjqhwlf �hog Lw lv uhdvvxulqj wr rewdlq wkh vdph edvlf uhvxow
xvlqj wkh wzr gl�huhqw dssurdfkhv1

Rqh frqyhqlhqw zd| wr frqvlghu wkh h�hfw ri wkh pdjqhwlf �hog rq wkh sruwlrq ri wkh v|vwhp rq wkh ohiw
vlgh/ zkhuh wkh pdjqhwlf �hog ydqlvkhv/ lv wr frpsxwh wkh uhgxfhg ghqvlw| pdwul{ � rq wkh ohiw vlgh1 Li
d surwhfwlyh phdvxuhphqw ri dq revhuydeoh D lv srvvleoh/ wkhq wkh uhvxow ri wkdw phdvxuhphqw lv ? D A =
Lq wklv prgho/ wkh vwdwhv duh qrq0ghjhqhudwh vr d surwhfwlyh phdvxuhphqw ri wkh ghqvlw| pdwul{ vkrxog eh
srvvleoh1 Dv d frqvhtxhqfh wkh uhvxow ri d surwhfwlyh phdvxuhphqw ri dq revhuydeoh D wkdw dfwv rqo| rq
wkh ohiw vlgh fdq eh zulwwhq dv wkh wudfh ryhu wkh uhgxfhg ghqvlw| pdwul{=

? D A@ wu+�D,

Qrwh wkdw khuh ? D A uhsuhvhqwv wkh uhvxow ri d vlqjoh surwhfwlyh phdvxuhphqw rq d vlqjoh v|vwhp1 Lw
grhv qrw kdyh wkh xvxdo phdqlqj ri wkh h{shfwdwlrq ydoxh ri D / zklfk lv edvhg rq wkh phdvxuhphqw ri
wkh revhuydeoh D iru dq hqvhpeoh1 Zh fdq frpsxwh wkh uhgxfhg ghqvlw| pdwul{ rq wkh ohiw vlgh/ zkhuh wkh
pdjqhwlf �hog ydqlvkhv=

� @
4

7

4� vlq �
4 . vlq �

4� vlq �
4 . vlq �

Wklv lv zulwwhq zlwk wkh edvlv im.l4 > m�l4 > m.l5 > m�l5j= Vlqfh wkh hohphqwv ri wkh ghqvlw| pdwul{ ghshqg rq
�> lw lv fohdu wkdw fkdqjhv lq �> uhvxowlqj iurp hlwkhu fkdqjhv lq E ru +|4�|5,> zloo d�hfw wkh phdvxuhg ydoxhv
ri revhuydeohv D1 Lq rwkhu zrugv/ lq wklv prgho zlwk d �qlwh vhsdudwlrq/ li zh fkdqjh wkh ydoxh
ri wkh pdjqhwlf �hog rq wkh uljkw vlgh/ lw lv srvvleoh wr frppxqlfdwh lqirupdwlrq wr wkh uhjlrq
rq wkh ohiw vlgh1 Iru h{dpsoh/ zh frxog phdvxuh wkh wrwdo vslq lq wkh } gluhfwlrq iru erwk sduwlfohv xvlqj
orfdo phdvxuhphqwv rq wkh ohiw vlgh rqo|/ rewdlqlqj wkh uhvxow

kV]4 . V]5lOHIW
VLGH

@ wu+�^V]4 . V]5 `, @ � vlq �

zkhuh wkh ydoxh ri � lv ghwhuplqhg e| wkh pdjqhwlf �hog rq wkh uljkw vlgh1 Wkh fruuhvsrqglqj wrwdo vslq
lq wkh }0gluhfwlrq phdvxuhg rq wkh uljkw vlgh lv vlq�= Zh frqvlghuhg vhyhudo fdvhv lq rxu prgho=
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41 Iru d �qlwh vhsdudwlrq1

+d, Qr pdjqhwlf �hog E , 3> vlq+�, , 3> vr vlq+ �5 , @ 3 dqg m!lE@3 , mVl > zklfk lv wkh lqlwldo
vwdwh ehiruh wkh pdjqhwlf �hog zdv dssolhg1 D surwhfwlyh phdvxuhphqw ri wkh wrwdo vslq lq wkh }
gluhfwlrq zrxog jlyh=

kV]4 . V]5lOHIW
VLGH

@ 3

+e, Ilqlwh pdjqhwlf �hog E> vr m!lE , � vlq+ �5 , mW l.frv+ �5 , mVl = = ! Wkh surwhfwlyh phdvxuhphqw ri
wkh wrwdo vslq lq wkh } gluhfwlrq zrxog |lhog=

kV]4 . V]5lOHIW
VLGH

@ � vlq �

Wkxv e| fkdqjlqj wkh pdjqhwlf �hog lq wkh uljkw uhjlrq/ zh fdq fohduo| frppxqlfdwh
wr wkh uhjlrq rq wkh ohiw/ surylghg wkh vhsdudwlrq li �qlwh1

51 Iru dq lq�qlwh vhsdudwlrq1

+d, Iru dq| �qlwh pdjqhwlf �hog dw dq lq�qlwh vhsdudwlrq/ i , 3> vlq+�, , 4 vr vlq+ �5 , @ 4s
5 dqg

m!l , � 4s
5 mW l. 4s

5 mVl = Wkh surwhfwlyh phdvxuhphqw ri wkh wrwdo vslq lq wkh } gluhfwlrq zrxog
jlyh=

kV]4 . V]5lOHIW
VLGH

@ �4

+e, Iru }hur pdjqhwlf �hog dw lq�qlwh vhsdudwlrq/ E , 3> vlq+�, , 3> vr vlq+ �5 , @ 3 dqg m!lE@3 , mVl >
zklfk lv wkh lqlwldo vwdwh ehiruh wkh pdjqhwlf �hog zdv dssolhg1 Wkh surwhfwlyh phdvxuhphqw ri
wkh wrwdo vslq lq wkh } gluhfwlrq zrxog jlyh=

kV]4 . V]5lOHIW
VLGH

@ 3

Iru wklv prgho zh vkrxog eh deoh wr shuirup d surwhfwlyh phdvxuhphqw ri wkh uhgxfhg ghqvlw| pdwul{ �
dqg rewdlq wkhvh h{shfwdwlrq ydoxhv xvlqj d Vwhuq Jhuodfk dqdo|}hu vlqfh wkh hljhqvwdwhv duh qrq0ghjhqhudwh1
Zlwkrxw pdnlqj surwhfwlyh phdvxuhphqwv/ wkh vwdwlvwlfv ri dq hqvhpeoh zrxog pdnh dq| frppxqlfdwlrq
lpsrvvleoh lq doo fdvhv1

Wkh odvw wzr uhvxowv/ 5d dqg 5e/ vhhp wr lpso| wkh srvvlelolw| ri frppxqlfdwlqj ehwzhhq
hqwdqjohg uhjlrqv dw lq�qlwh vhsdudwlrq/ krzhyhu/ wkhuh duh vrph dgglwlrqdo frpsoh{lwlhv wkdw
pxvw eh frqvlghuhg=

41 Wkh olplwlqj surfhgxuh qhhgv wr eh gh�qhg pruh fduhixoo|= wkh olplwv ri E , 3 dqg i , 3
pd| qrw frppxwh zlwk wkh srvvleoh frqvhtxhqfh wkdw vljqdoolqj lv qrw srvvleoh lq wklv
prgho1

51 Edvhg rq wkh dqdo|vlv suhvhqwhg lq 5d dqg 5e/ rqh olplwdwlrq lq wkh vljqdolqj ehwzhhq wkh
wzr uhjlrqv ri vsdfh lq wklv prgho olhv lq wkh uhtxluhphqw wkdw zh pxvw kdyh dq dgldedwlf
shuwxuedwlrq ru wudqvlwlrqv zloo rffxu ehwzhhq vwdwhv1 Zkhq wkh pdjqhwlf �hog lv wxuqhg rq/
lw pxvw eh grqh vorzo| hqrxjk vr wkdw qr wudqvlwlrqv duh lqgxfhg ehwzhhq wkh lqlwldo vwdwh dqg rwkhu
vwdwhv1 Lq wkh prgho/ wkh wzr vwdwhv duh vxshusrvlwlrqv ri wkh vlqjohw dqg wkh wulsohw1 Wkh vsolwwlqj
lq hqhuj| ehwzhhq wkh wzr hljhqvwdwhv lv mxvw 5d/ zklfk uhgxfhv wr 5i zkhq E lv }hur1 Zkhq wkh
vhsdudwlrq lv yhu| odujh/ dqg E lv }hur/ wkh vsolwwlqj 5i jrhv wr }hur dv m|4 � |5m $ 3/ zklfk phdqv
wkdw wkh pdjqhwlf �hog pxvw eh wxuqhg rq lq�qlwho| vorzo| ru wudqvlwlrqv zloo eh lqgxfhg wr wkh kljkhu
hqhuj| hljhqvwdwh1 Wkxv/ dowkrxjk/ vrph irup ri frppxqlfdwlrq pd| eh shuplwwhg/ lw pd|
wdnh iruhyhu li wkh glvwdqfh lv lq�qlwh1

61 Zkhq E $ 3 dqg i $ r wkh hqhuj| ohyhov ehfrph ghjhqhudwh dqg d surwhfwlyh phdvxuhphqw pd| qrw
eh srvvleoh1
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Wklv lv dq i |hi4i*) lqwhuhvwlqj uhvxow1 Wkh suholplqdu| dqdo|vlv ri wklv prgho/ zklfk
lv edvhg rq ruwkrgr{ txdqwxp phfkdqlfv/ grhv ?L| dsshdu wr jlyh dq devroxwh surklelwlrq
derxw vljqdolqj1 Udwkhu wkh prgho vxjjhvwv wkdw juhdw gholfdf| lv uhtxluhg lq wkh olplwlqj
surfhgxuhv/ dqg wkdw uhvwulfwlrqv lq wkh delolw| wr vljqdo wkdw dulvh/ lq wklv fdvh/ gxh wr wkh
qdwxuh ri wkh hqhuj| ohyhov lq wkh prgho1 Wkh uhvxow dovr dsshduv wr ghshqg rq wkh pdqqhu lq
zklfk wkh shuwxuedwlrqv zhuh dssolhg/ dqg wkh sduwlfxodu revhuydeoh wkdw zdv phdvxuhg1 Wkh
uhvxowv rewdlqhg zlwk wklv prgho fdofxodwlrq vxjjhvw h{sorulqj rwkhu dssurdfkhv lq zklfk/ iru
h{dpsoh/ wkh hqhuj| gl�huhqfh ehwzhhq vwdwhv grhv qrw jr wr }hur dw lq�qlwh vhsdudwlrq1 Lw
dovr vxjjhvwv wkh qhhg iru vhfrqg rughu shuwxuedwlrq wkhru| wr frpsxwh wkh suredelolwlhv1

H , Tih�4i?|t |L Ait| |�i �Ltt�M�*�|) Lu �L44�?�U@|�L?t ��@ ,?�
|@?}*i_ �@h|�U*it

Zh phw zlwk wzr jurxsv ri h{shulphqwdolvwv wr glvfxvv srvvleoh h{shulphqwv= Gu1 Zlqhodqg/ Jurxs Ohdghu
lq Lrq Vwrudjh/ Wlph dqg Iuhtxhqf| Vwdqgdugv Glylvlrq/ QLVW/ Erxoghu FR/ dqg Suri1 Hgzdug Iu|/ Sk|vlfv
Ghsduwphqw/ Wh{dv D ) P1 Erwk jurxsv xvh wkh htxlydohqw ri vslq 4

5 v|vwhpv lq wkhlu h{shulphqwv/ jhq0
hudwlqj vlqjohw vwdwhv lq zklfk wkh vslqv fruuhvsrqg wr wkh qxfohdu rulhqwdwlrq/ zklfk lv pdwkhpdwlfdoo|
lqglvwlqjxlvkdeoh iurp vslq 425 vwdwhv dulvlqj iurp sdluhg hohfwurq vslqv1

Phhwlqj zlwk Gu1 Gdylg Zlqhodqg ri QLVW
Wkh SL vshqw 5 gd|v dw QLVW lq Erxoghu/ lq glvfxvvlrqv zlwk Gu1 Gdylg Zlqhodqg/ zkr khdgv rqh ri

wkh wrs h{shulphqwdo jurxsv lq wkh zruog ghdolqj zlwk hqwdqjohg lrqv1 Klv jurxs uhfhqwo| sxeolvkhg d fryhu
sdjh duwlfoh lq Qdwxuh ghvfulelqj wkh �uvw fdvh ri hqwdqjohphqw ri 7 lrqv^:4`1 Wkh<Eh. lrqv duh khog lq
Shqqlqj wudsv/ zklfk surylgh wkh htxlydohqw ri d kduprqlf wudsslqj srwhqwldo1 E| h{srvlqj wkh lrqv wr
ydulrxv odvhuv fdxvlqj Udpdq wudqvlwlrqv/ wkh QLVW jurxs fdq frxsoh wkh k|shu�qh vwdwh ri wkh lrq wr lwv
prwlrqdo vwdwh lq wkh kduprqlf zhoo^86`/ dqg jhqhudwh hqwdqjohg vwdwhv^96`1 Wkhlu vwdwhv duh w|slfdoo| vlqjohwv
ru m.l4 m.l5 . hl* m�l4 m�l5 iru wzr lrqv/ dqg vxshusrvlwlrqv olnh m.l4 m.l5 m.l6 m.l7 . hl* m�l4 m�l5 m�l6 m�l7
iru wkh irxu hqwdqjohg lrqv1

Gu1 Zlqhodqg wkrxjkw dq h{shulphqw h{sorulqj wkh qrq0orfdo frxsolqj ehwzhhq hqwdqjohg lrqv/ zklfk
duh h{srvhg wr dgldedwlf shuwxuedwlrqv/ pljkw eh lqwhuhvwlqj1 Kh kdg vhyhudo vxjjhvwlrqv derxw srvvleoh
h{shulphqwv1 Dv kdv ehhq glvfxvvhg/ rqh ri wkh nh| fkdoohqjhv wkdw pxvw eh phw lv h{wudfwlqj lqirupdwlrq
derxw wkh fruuhodwhg shuwxuedwlrq zlwkrxw froodsvlqj wkh zdyhixqfwlrq1 Kh kdg dq lqwhuhvwlqj vxjjhvwlrq
iru dgguhvvlqj wklv slyrwdo lvvxh/ qdpho| wr xwlol}h _dqflood% lrqv/ zklfk duh zhdno| hqwdqjohg zlwk wkh
_vljqdo% lrq wkdw vwdwh ri zklfk zh vhhn wr ghwhuplqh +zlwkrxw froodsvlqj wkh zdyhixqfwlrq,^98`1 D vwdqgdug
phdvxuhphqw lv pdgh ri wkh dqflood lrqv/ zlwk wkh krsh wkdw wkh frxsolqj ri wkh vljqdo lrq wr dqflood lv vwurqj
hqrxjk vr wkdw wkh dqflood fduulhv lqirupdwlrq derxw vljqdo lrq/ exw zhdn hqrxjk vr wkdw d phdvxuhphqw rq
wkh dqflood zloo qrw hqg wkh HSU hqwdqjohphqw1 Gu1 Zlqhodqg rxwolqhg srvvleoh vwhsv wr dq h{shulphqw=

41 Ghyhors d txdqwxp surwrfro iru wkh h{dfw h{shulphqw zh sursrvh1

51 Sxw wkh surwrfro lq whupv ri d v|vwhp ri vslq 425 sduwlfohv1

61 Rqh srvvleoh dssurdfk wr dq h{shulphqw zrxog eh wkh iroorzlqj=

+d, Hqwdqjoh wzr lrqv1 +Wklv surfhvv vwloo lv fkdoohqjlqj1,

+e, Vhsdudwh wkhvh lrqv lqwr wzr uhjlrqv1 Wkh| duh ehjlqqlqj wr pdvwhu wkh surfhgxuh wr vhsdudwh lrqv
e| plfurq vl}hg glvwdqfhv1

+f, Zhdno| hqwdqjoh rqh ri wkh lrqv/ vd| &4/ zlwk vrph %dqflood% lrqv1 Wklv lv qrw dq xqfrpprq
surfhgxuh1 Wkh ghjuhh ri hqwdqjohphqw lv frqwuroohg e| wkh gxudwlrq ri d odvhu sxovh1

+g, Dsso| dq dgldedwlf shuwxuedwlrq wr lrq &5/ vxfk dv looxplqdwlrq e| rqh ru pruh odvhu ehdpv

+h, Wu| wr phdvxuh wkh fruuhodwhg shuwxuedwlrqv ri wkh hqwdqjohg lrq &4 e| revhuylqj wkh %dqflood%
lrqv/ zklfk duh zhdno| hqwdqjohg zlwk lrq &41 Lq wklv pdqqhu rqh krshv wr dyrlg froodsvlqj
wkh zdyhixqfwlrq1 D vwdqgdug phdvxuhphqw lv pdgh ri wkh dqflood lrqv/ zlwk wkh krsh wkdw wklv
phdvxuhphqw zloo qrw d�hfw wkh sulpdu| hqwdqjohg lrq &41
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+i, Gu1 Zlqhodqg vxjjhvwhg frqvlghulqj ydulrxv lqwhudfwlrq wkdw pljkw frxsoh wkh dqflood wr wkh
sulpdu| lrq1

Fohduo| wkhuh duh pdq| frpsoh{ frqvlghudwlrqv lq wkh ghvljq ri d fduhixo h{shulphqw/ vxfk dv wkh uh0
odwlrqvkls ri wkh hqhuj| ohyhov/ wkh h�hfwv ri wkh frqwdlqlqj srwhqwldov/ wkh hqhuj| dqg srodul}dwlrq ri wkh
odvhuv hwf^;6`1 Gu1 Zlqhodqg lv lqwhuhvwhg lq grlqj dq h{shulphqw li zh pdnh vx�flhqw wkhruhwlfdo surjuhvv1
Iurp wkh wkhruhwlfdo ylhzsrlqw/ zh kdyh |hw wr xqghuvwdqg wkh h�hfw ri d _zhdn hqwdqjohphqw% zlwk wkh
dqflood dqg krz vxfk d phdvxuhphqw zrxog d�hfw wkh rxwfrph dqg vljql�fdqfh ri dq h{shulphqw/ ru li lw lv
d vxlwdeoh dssurdfk1 Frqyhuvho| zh pd| qhhg wr hpsor| vrph w|sh ri surwhfwlyh phdvxuhphqw1 Zh qhhg
wr ghwhuplqh krz wr gr d surwhfwlyh phdvxuhphqw lq wkh hqylurqphqw ri wkh lrq wudsv1 Rxu eholhi lv wkdw
zh qhhg wr vljql�fdqwo| lqfuhdvh rxu wkhruhwlfdo xqghuvwdqglqj ehiruh zh fdq ghvljq dqg h{hfxwh d fduhixo
h{shulphqw1 Zh eholhyh zh zloo qhhg d ghwdlohg prgho ri wkh h{shulphqw lq rughu wr xqghuvwdqg wkh uhvxowv
h{shfwhg dqg wr lghqwli| dqg xqghuvwdqg uhvxowv wkdw duh qrw h{shfwhg1

Phhwlqj zlwk Gu1 Hgzdug Iu| ri Wh{dv D dqg P
Urjhu Ohqdug ylvlwhg Suri1 Hgzdug Iu| dw Wh{dv D ) P1 Suri1 Iu| kdv ehhq suhsdulqj d wzr0ehdp

odvhu v|vwhp wr eh xvhg iru d _orrs0kroh iuhh whvw ri Ehoo*v lqhtxdolwlhv% wkdw hpsor|v odvhuv wr glvvrfldwh
d glphu ri phufxu| lqwr wzr dwrpv wkdw pryh dsduw^75`1 Suri1 Iu| lv lqwhuhvwhg lq frqgxfwlqj d surri0ri0
sulqflsoh h{shulphqw iru frppxqlfdwlrq yld hqwdqjohg vwdwhv dqg/ zrunlqj zlwk Urjhu Ohqdug/ kdv surylghg
xv zlwk dq rxwolqh2exgjhw ri klv sursrvhg dssurdfk1 Lq wkh Iu| h{shulphqw 4<<Kj glphuv duh jhqhudwhg
lq d vxshuvrqlf mhw1 Xvlqj vlpxodwhg Udpdq wudqvlwlrqv/ wkh glphuv duh glvvrfldwhg lq vxfk d zd| wkdw wkh|
jhqhudwh hqwdqjohg dwrpv lq d vlqjohw vwdwh^74`1 Wkh WDP jurxs lv deoh wr jhqhudwh lrqv iurp wkh Kj dwrpv/
zklfk idflolwdwhv vwrudjh lq Shqqlqj wudsv/ dqg h{shulphqwv ri wkh w|sh zh frqwhpsodwh1

b #i�i*LT4i?| Lu �L44�?�U@|�L? �hU��|iU|�hitE�h�||i? M) +L}ih
wi?@h_�

Wkh v|vwhpv ri hqwdqjohg lrqv zklfk zh duh frqvlghulqj iru srwhqwldo xvh lq d frppxqlfdwlrqv
v|vwhp duh doo htxlydohqw wr wzr vwdwh/ vslq 425 v|vwhpv1 Wkxv wkh| duh gljlwdo v|vwhpv/
dqg wkhuhiruh zhoo vxlwhg wr eh dgdswhg wr wkh gljlwdo frppxqlfdwlrqv surwrfrov wkdw duh lq
frpprq xvh wrgd| lq vdwhoolwh frppxqlfdwlrqv1 Lw lv rxu frqmhfwxuh dw wklv wlph wkdw zkloh
wkh dufklwhfwxuh ri txdqwxp0ohyho frppxqlfdwlrqv pd| eh udglfdoo| gl�huhqw iurp frqyhqwlrqdo
UI ru odvhu 0frppxqlfdwlrqv dufklwhfwxuhv/ wkh surwrfrov pd| eh deoh wr uhpdlq xqfkdqjhg1
Wklv/ zh eholhyh zrxog eh d vljql�fdqw errq wr dffhswdqfh ri wkh frqfhsw/ ehfdxvh pxfk ri
wkh suh0surfhvvlqj vxev|vwhp dufklwhfwxuh fdq uhpdlq xqfkdqjhg1 Wkh lqwhuidfh frpsrqhqwv
zloo eh txlwh gl�huhqw1

Lq rxu sursrvdo zh vshqw vrph wlph glvfxvvlqj whfkqlfdo dvshfwv ri krz shuwxuedwlrqv pljkw txdoli| iru
orz0srzhu frppxqlfdwlrqv olqnv zlwkrxw surylglqj d uhsuhvhqwdwlrqdo dufklwhfwxuh1 Dw wkdw wlph/ wkh frqfhsw
zdv vwloo wrr lppdwxuh wr zuds lw lqwr dq dufklwhfwxudo iudphzrun wkdw surylghg vsdfh v|vwhp dqdo|vwv zlwk
dq lqnolqj ri krz vxfk d v|vwhp pljkw eh iruphg1 Vlqfh wkdw wlph rxu whdp kdv ohduqhg d juhdw ghdo derxw wkh
irxqgdwlrqv ri dgldedwlf shuwxuedwlrqv/ surwhfwlyh phdvxuhphqwv dqg hqwdqjohg txdqwxp v|vwhpv1 Krzhyhu/
ehiruh zh suhvhqw wkh ghwdlov ri d vshfl�f frqfhsw iru wkh dufklwhfwxuh/ lw lv qhfhvvdu| wr surylgh d edvlv iru
xqghuvwdqglqj krz suhvhqw frppxqlfdwlrqv zrun1

Wkh nh| uhtxluhphqw iru frppxqlfdwlrqv lv wkdw d v|vwhp pxvw kdyh dw ohdvw rqh frpprq uhihuhqw1 W|s0
lfdoo|/ lq udglr iuhtxhqf| +UI, frppxqlfdwlrqv/ wklv lv vxssolhg e| d fduulhu edqg wkdw rshudwhv dw d fhuwdlq
iuhtxhqf|1 Prvw vsdfh frppxqlfdwlrqv rshudwh lq iuhtxhqf| udqjhv iurp F0edqg wr Nd edqg1 Wr ghyhors d
frppxqlfdwlrqv v|vwhp/ wkh ghvljqhu vhohfwv d jlyhq fduulhu iuhtxhqf|/ zklfk lv w|slfdoo| d frqwlqxrxv zdyh/
exw zklfk frxog xqghu fhuwdlq flufxpvwdqfhv eh d sxovh prgxodwhg vljqdo1 D wudqvplwwhu2uhfhlyhu lv orfdwhg
dw rqh ru vlwhv rq wkh jurxqg/ dqg dqrwkhu wudqvplwwhu2uhfhlyhu lv rq wkh vsdfhfudiw1 Vrphwlphv d vhulhv
ri iuhtxhqflhv duh xvhg wr fduu| frppdqgv dqg dqrwkhu wr fduu| gdwd1 Vrphwlphv wkh xs0olqn iurp jurxqg
wr vsdfhfudiw lv dw rqh iuhtxhqf|/ dqg wkh grzqolqn lv dw dqrwkhu iuhtxhqf|1 Uhjdugohvv ri wkh iuhtxhqf|
vhohfwhg/ wkh uhihuhqfh pxvw eh frpprq wr erwk li frppxqlfdwlrqv fdq rffxu1

Wkh FZ fduulhu fdq/ e| lwvhoi wudqvplw qr lqirupdwlrq li lw lv qrw hlwkhu sxovhg ru prgxodwhg lq vrph
idvklrq1 Wkhuh duh pdq| irupv ri prgxodwlrq/ exw w|slfdoo|/ wkh vhqghu kdv d orfdo rvfloodwru xsrq zklfk
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lqirupdwlrq lv frghg wkdw lv frpelqhg zlwk wkh fduulhu1 Wkh orfdo rvfloodwru lv olplwhg wr derxw 53( ri wkh
fduulhu iuhtxhqf|*v pd{lpxp iuhtxhqf|/ vr lw pd| kdyh d edqgzlgwk ri rqo| 53(1 Dw wkh uhfhlylqj hqg/ wkh
vsdfhfudiw uhfhlyhu lv ghvljqhg wr ehdw wkh lqfrplqj zdyhirup zlwk wkh vdph orfdo rvfloodwru iuhtxhqf| dv
wkh wudqvplwwhu1 Wkh qhw uhvxow lv d vhulhv ri vljqdov wkdw wkh lqirupdwlrq prgxodwhg zdyhirup fdq ghfrgh/
surylghg wkhuh lv dqrwkhu frpprq uhihuhqw/ wkdw ri wkh phdqlqj ri d jlyhq prgxodwlrq1 Erwk wudqvplwwhu
dqg uhfhlyhu pxvw nqrz wklv lqirupdwlrq1 Iru gljlwdo vdwhoolwh v|vwhpv wrgd|/ riwhq gl�huhqwldo +GH0ESVN,
ru elqdu| skdvh vkliw nh|lqj +ESVN, duh xvhg/ ru iuhtxhqf| vkliw nh|lqj +IVN,^8;`1

Zh zloo vnhwfk rqh frppxqlfdwlrq dufklwhfwxuh iru rxu sursrvhg phwkrg ri frppxqlfdwlrq yld hqwdqjohg
vwdwhv ri orqj0olyhg lrqv1 Wkh hqwdqjohphqw phdqv wkdw wkh _vljqdo% dqg _uhfhlyh% lrqv duh sduw ri wkh vdph
txdqwxp phfkdqlfdo v|vwhp/ ghvfulehg e| d vlqjohw vwdwh/ hyhq wkrxjkw wkh| duh zhoo vhsdudwhg1 Hqwdqjohg
_vljqdo% lrqv lq vlqjohw vwdwh zrxog eh h{srvhg wr d pdjqhwlf �hog wkdw zrxog fdxvh d fkdudfwhulvwlf suhfhvvlrq
ri wkh vslq yhfwruv dw d sduwlfxodu iuhtxhqf| dqg d sduwlfxodu dqjoh/ erwk ri zklfk pd| ghshqg rq wlph1 Wkh
hqwdqjohg _uhfhlyhu% lrqv zrxog uhvsrqg fkdudfwhulvwlfdoo| wr wkh dgldedwlf shuwxuedwlrq ri wkh _vljqdo% lrqv

gxh wr wklv shuwxuelqj pdjqhwlf �hog1 Iru h{dpsoh/ V]4 .V]5 ru
�$
V4.

�$
V5 zrxog uhpdlq htxdo wr }hur gxulqj

wkh shuwxuedwlrq1 Surwhfwlyh phdvxuhphqwv zrxog eh pdgh ri wkh vwdwh ri wkh _uhfhlyhu% lrqv1 Wklv vwdwh
ri wkh hqwdqjohg v|vwhp zrxog vhuyh dv rqh ri wkh wzr fkdudfwhulvwlf fduulhu prghv lq wkh frppxqlfdwlrqv
surwrfro1

Wkh pdjqhwlf �hog dssolhg wr wkh _vljqdo% lrqv frxog eh dowhuhg wr jhqhudwh dqrwkhu fkdudfwhulvwlf vwdwh
lq wkh v|vwhp/ sk|vlfdoo| fruuhvsrqglqj wr d suhfhvvlrq ri wkh vslq yhfwruv dw d gl�huhqw iuhtxhqf| dqg d
gl�huhqw dqjoh1 Wkh gljlwdo lqirupdwlrq zh zdqw wr wudqvplw lv hqfrghg lqwr wkh wzr vwdwhv ri wkh v|vwhp1
Wkhvh wzr vwdwhv ri wkh fduulhu pljkw fruuhvsrqg sk|vlfdoo| wr gl�huhqw shuwxuehg vwdwhv ri wkh vlqjohw/
ru shukdsv wkh vlqjohw0wulsohw frpelqdwlrq1 Wkh hqfrglqj ri wkh lqirupdwlrq frxog eh grqh lq d ydulhw|
ri zd|v/ ghshqglqj rq whfkqrorjlfdo frqvlghudwlrqv1 Wkh dssolhg �hogv frxog eh wlph ghshqghqw �hogv1
Wkh iuhtxhqflhv ri wkhvh �hogv zrxog ghwhuplqh wkh edqgzlgwk ri wkh frppxqlfdwlrqv v|vwhp^79`1 Wkh
fkdudfwhulvwlf iuhtxhqflhv ri hohfwurqlf wudqvlwlrqv duh lq wkh udqjh ri derxw 4348 wr 4349 K}1
Wkh prgxodwlrq ri wkh pdjqhwlf �hog lv w|slfdoo| d shu fhqw ri wkh fduulhu/ vr zh frxog kdyh
frqvlghudeoh edqgzlgwk lq sulqflsoh1 Dv d orzhu olplw/ zh fdq wdnh wkh hqhuj| gl�huhqfh
ehwzhhq wkh ohyhov ri wkh <Eh. lrqv hpsor|hg e| Zlqhodqg/ qdpho| 4158 JK}^96`1 Hyhq zlwk
wklv/ prgxodwlrq ri dssur{lpdwho| d PK} zrxog eh srvvleoh1 Zh zrxog h{shfw wkdw lw zrxog
eh srvvleoh/ dw ohdvw lq sulqflsoh/ wr pdnh surwhfwlyh phdvxuhphqwv dw wkh uhtxluhg udwh1

Rxu dufklwhfwxuh lv vkrzq vfkhpdwlfdoo| lq Iljxuh 41 _V|vwhp d% frqvlvwv ri dq hqvhpeoh ri glvwlqjxlvk0
deoh/ vslq 425 sduwlfohv/ _wudqvplwwlqj lrqv%/ lq d orfdwlrq zkhuh zh fdq lpsrvh d pdjqhwlf �hog1 Li wkh
vshflhv ehlqj prgxodwhg lv hohfwurqv/ wkh �hog vwuhqjwk zloo eh zhdn/ derxw 43 J1 Li wkh sduwlfohv xvhg duh
lrqv/ wkh �hog zloo prvw olnho| kdyh wr eh lq Whvod udqjh1 Zh hpsor| vljqdo jhqhudwlqj htxlsphqw wkdw lv
vwdqgdug zlwk dq| iuhtxhqf| prgxodwlrq v|vwhp xvhg lq vdwhoolwh v|vwhpv wrgd|^79`1 Lqvwhdg ri iuhtxhqf|
prgxodwlqj d orfdo rvfloodwru/ zh zloo eh wlph0prgli|lqj wkh deryh �hog zlwk d nqrzq uhihuhqfh prgxodwlrq
fruuhvsrqglqj wr iuhtxhqf| $4+w, ru $5+w,1 Iru looxvwudwlyh sxusrvhv zh pljkw ghqrwh $4+w, dv fruuhvsrqglqj
wr d 40elw dqg $5+w, dv fruuhvsrqglqj wr d 30elw1 Wkh vljqdo jhqhudwru ghyhorsv d orfdo yrowdjh vljqdo Y+w,
dv lq d frqyhqwlrqdo frppxqlfdwlrq v|vwhp/ exw qrz wklv vljqdo lv surfhvvhg e| d srzhu dpsol�hu vr wkdw lw
fdq surylgh vx�flhqw srzhu wr wkh pdjqhwlf �hog frlov ru wr dq UI jhqhudwru ghshqglqj xsrq wkh ghvluhg
iuhtxhqf|1 Wkh �hog frlov ydu| wkh pdjqhwlf �hog vwuhqjwk/ uhvxowlqj lq d fkdqjh wr wkh suhfhvvlrqdo ehkdylru1
Zlwk d vxlwdeoh phdvxuhphqw surwrfro/ rxu lpsrvhg prgxodwlrq vkrxog eh ghwhfwdeoh vlqfh lw vkrxog eh lq
wkh PK} wr JK} udqjh1

Lq wkh vfkhpdwlf/ wkh uhfhlyhu lv vkrzq dv uhvrqdqw flufxlw ghwhfwlrq1 Lq sudfwlfh/ zh dqwlflsdwh xvlqj
VTXLG whfkqrorj| ehfdxvh ri lwv vhqvlwlylw|1 Dw wkh suhvhqw/ zh gr qrw kdyh dq| vshfl�f uhtxluhphqw iru
vhqvlwlylw|/ exw zh dqwlflsdwh kljk vhqvlwlylw| zloo eh uhtxluhg1 Lq uhfhqw lrq h{shulphqwv/ jrrg surmhfwlyh
phdvxuhphqwv duh pdgh rq vlqjoh lrqv^83`/ vr zh dovr dqwlflsdwh wkdw wkh uhtxluhphqwv iru wkh sursrvhg
frppxqlfdwlrqv v|vwhp zloo eh whfkqrorjlfdoo| srvvleoh1 1 Li zh fdq wuds wkrxvdqgv ru ploolrqv ri hqwdqjohg
sdluv/ wkh vljqdo0wr0qrlvh udwlr vkrxog eh dffhswdeoh1 Wkh rswlpxp dssurdfk iru lqfuhdvlqj wkh vljqdo wr
qrlvh udwlrq e| xvlqj dgglwlrqdo hqwdqjohg lrqv lv |hw wr eh ghwhuplqhg1

Wkh edvholqh dufklwhfwxuh dvvxphg lq rxu sursrvdo kdv fkdqjhg vrphzkdw edvhg rq wkh uhvxowv ri rxu
uhvhdufk wr gdwh1 Zh vwloo eholhyh wkdw VTXLGv fdq eh xvhg iru ghwhfwlrq ri wkh lpsuhvvhg vljqdo rq wkh
uhfhlylqj phpehu1 Zh eholhyh wkdw pxfk vwurqjhu pdjqhwlf �hogv zloo eh uhtxluhg dw wkh shuwxuelqj frp0
srqhqw1 Wkh VTXLGv zloo eh pdgh wr fryhu dq duhd ri vhyhudo vtxduh fp1 Wkh pdvv ri wkh VTXLGv zloo
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Iljxuh 8= Vfkhpdwlf ri txdqwxp dufklwhfwxuh1

eh dssur{lpdwho| 5 judpv11 Dw 715 N vpdoo uhiuljhudwruv kdyh dq h�flhqf| ri derxw 483Zh2Z frrolqj1 Zh
vkrxog h{shfw wr lqfuhdvh wklv wr derxw 533Zh2Z iru d whpshudwxuh ehorz 715N1 Iru wkh uhvrqdqw iuhtxhqf|
prgxodwhg v|vwhp/ d vlqjoh odujhu VTXLG zloo vx�fh1 Wkh wudqvplwwhu sruwlrq zloo uhtxluh d �hog vwuhqjwk
ri 43v 04333v ri Jdxvv1 Zh duh lq wkh surfhvv ri vl}lqj vxfk pdjqhwv1 Krzhyhu/ vhyhudo rswlrqv duh dydlodeoh1
Zluh0zudsshg pdjqhwv kdyh d jrrg delolw| wr jhqhudwh d vwurqj dqg irfxvvhg pdjqhwlf �hog1 Wkh| duh
zhoo0gh�qhg dqg kljko| uholdeoh1 Krzhyhu/ wkh| duh hvvhqwldoo| d wxqhg flufxlw zlwk wkh v|vwhp uhvrqdwlqj
ehwzhhq wkh wxqhg lqgxfwru dqg fdsdflwru1 Wkh| duh olplwhg gxh wr lqgxfwdqfh dqg fdsdflwdqfh wr derxw 43
PK}1 Deryh 43 PK}/ zh frxog jr wr fhudplf �owhuv +vxfk dv xvhg lq fhooxodu whohskrqhv, ru wxqhg vwxev1 Wkh
txhvwlrq zlwk wkhvh ghylfhv lv wkh ihdvleoh �hog vwuhqjwk1 Zh qhhg wr dvfhuwdlq wkh �hog vwuhqjwk qhfhvvdu| wr
dgldedwlfdoo| shuwxue wkh uhvrqdqw HSU v|vwhp dqg ghwhuplqh li wxqhg vwxev ru fhudplf �owhuv duh ihdvleoh
shuwxuedwlrq ghylfhv1 Wkh fhudplf �owhuv rshudwh urxwlqho| dw derxw <33 PK}1 Wkh| gudz derxw 8 Z ri
srzhu lq wkh fhooxodu whohskrqh prgh1 Zh pd| uhtxluh kljkhu srzhu ohyhov wkdq d fhooxodu whohskrqh wr uhvxow
lq d shuwxuelqj �hog ri wkh qhfhvvdu| vwuhqjwk1 Deryh <33 PK} lw lv olnho| wkdw zh zloo uhtxluh hlwkhu d
vlqjoh prgh zdyhjxlgh ru d vlqjoh prgh pdvhu wr surylgh wkh uhvrqdqw pdjqhwlf �hog ri wkh ghvluhg �hog
vwuhqjwk1 Edvhg rq rxu suhvhqw dqdo|vlv/ zh fdq irup d suholplqdu| dvvhvvphqw ri rxu frp0
pxqlfdwlrqv dufklwhfwxuh1 Lw vl}h/ zhljkw dqg srzhu duh d ixqfwlrq ri prgxodwlrq iuhtxhqf|/
khqfh wkurxjksxw dqg udqjh dv vkrzq lq Wdeoh 41
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Wdeoh 41Fdqglgdwh Whfkqrorj| Dvvhvvphqw1 Lq doo fdvhv wkh Uhfhlyhu U lv d VTXLG ghylfh1

Iru prvw plvvlrqv/ wkh orzhu gdwd zrxog fohduo| vx�fh1 Rqo| yhu| eurdg fryhudjh/ kljk uhvroxwlrq lpdjlqj
fdphud v|vwhpv zrxog uhtxluh kljkhu gdwd udwhv/ dv zrxog shukdsv fuhzhg plvvlrqv1 Iru surri ri sulqflsoh/
zh zloo frqfhqwudwh rxu dvvhvvphqw dw wkh orzhu gdwd udwh udqjh gxh wr lwv juhdwhu vlpsolflw|1

�f �L?U*�t�L? @?_ +iUL44i?_@|�L? uLh 6�h|�ih L̀h!

Wkh Skdvh 4 h�ruw kdv frqylqfhg xv wkdw wkh duhd ri qrq0orfdo lqwhudfwlrq kdv uhfhlyhg olwwoh vhulrxv dwwhqwlrq
iurp wkh sk|vlfv frppxqlw|/ rwkhu wkdq jhqhudo lpsrvvlelolw| surriv wkdw rqh fdqqrw dowhu wkh vwdwlvwlfv ri d
vwdqgdug yrq Qhxpdqq phdvxuhphqw lq rqh uhjlrq e| zkdw lv grqh orfdoo| lq dqrwkhu vhsdudwh uhjlrq1 Zlwk
qhz phdvxuhphqw dssurdfkhv lq txdqwxp phfkdqlfv/ zlwk qhz h{shulphqwdo whfkqrorjlhv iru shuiruplqj
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HSU h{shulphqwv/ lw vhhpv dssursuldwh wr lqyhvwljdwh wkh qdwxuh ri qrq0orfdo lqwhudfwlrqv1 Wkh qdwxuh ri
_surwhfwlyh phdvxuhphqwv% zklfk gr qrw froodsvh wkh zdyhixqfwlrq/ dqg rwkhu phdvxuhphqw surwrfrov qhhg
wr eh h{soruhg^9`1 Wkh suhglfwlrqv iurp wkh fdxvdo lqwhusuhwdwlrq ri txdqwxp phfkdqlfv qhhg wr eh h{soruhg
dv zhoo dv wkh suhglfwlrqv ri ruwkrgr{ txdqwxp wkhru|1 Xowlpdwho|/ dq h{shulphqw zloo eh qhhghg wr uhvroyh
wkh txhvwlrq ri zkhwkhu vljqdoolqj ehwzhhq frpsrqhqwv ri dq hqwdqjohg v|vwhp lv srvvleoh1 Wkh vxewohw|
ri h{shulphqwv lq qrq0orfdolw| lv dssduhqw zkhq rqh frqvlghuv wkh frpsolfdwlrqv dqg ghwdlov uhjduglqj wkh
w|slfdo HSU h{shulphqwv ghvljqhg wr ghprqvwudwh wkdw txdqwxp phfkdqlfv lq lqkhuhqwo| qrq0orfdo1 Diwhu 53
|hduv/ orrskrohv uhpdlq wkdw sodjxh wkh h{shulphqwdolvwv^75`^87`1 Dq h{shulphqw wr ghwhuplqh li qrq0orfdo
vljqdoolqj lv srvvleoh zloo eh qr ohvv frpsolfdwhg1 Ehiruh d ghflvlyh h{shulphqw fdq eh frqgxfwhg/ pruh
wkhru| pxvw eh ghyhorshg/ dqg d ghwdlohg prgho ri wkh hqwluh phdvxuhphqw surfhvv lv uhtxluhg/ wkdw zrxog
vhuyh dv d jxlgh wr ghvljqlqj dqg lqwhusuhwlqj wkh uhvxowv ri dq h{shulphqw1 Zh sursrvh wr dgguhvv wkhvh
wdvnv lq d Skdvh LL h�ruw1

+iuihi?Uit

^4` Diuldw/ D1/ Vhoohul/ I1/ s1 :;0;9 lq Wkh Hlqvwhlq/ Srgrovn|/ dqg Urvhq Sdudgr{ +Sohqxp Suhvv/ Qhz
\run/ 4<<<,1

^5` Dkdurqry/\1/ Fdq zh pdnh vhqvh ri phdvxuhphqw surfhvv lq uhodwlylvwlf txdqwxp phfkdqlfvB/ Sk|v1
Uhy1 G 57/ 68<06:3+4<;4,1

^6` Dkdudqry/ \1/ Doehuw/ G1/ Ydlgpdq/ O1/_Krz wkh uhvxow ri d Phdvxuhphqw ri d Frpsrqhqw ri d Vslq
425 Sduwlfoh Fdq Wxuq Rxw wr Eh 433/% Sk|v Uhy1 Ohww1 93/ 4684 +4<;;,1

^7` Dkudqry/ \1/ Dqdqgdq/ M1/ dqg Ydlgpdq/ O1/ _Phdqlqj ri wkh zdyh ixqfwlrq/% Sk|v1 Uhy1 D 7:/ ss1
794907959 +4<<6,1

^8` Dkdurqry/ \1/ Ydlgpdq/ O1/ _Phdvxuhphqw ri wkh Vfkurglqjhu zdyh ri d vlqjoh sduwlfoh/% Sk|1 Ohwwhuv
D 4:;/ ss1 6;075 +4<<6,1

^9` Dkdurqry/ \1/ Dqdqgdq/ M1/ Ydlgpdq/ O1/ _Wkh Phdqlqj ri Surwhfwlyh Phdvxuhphqwv/% Irxq1 ri Sk|vlfv
59/ 44:0459 +4<<9,1

^:` \1 Dkdurqry/ hw do/ Dgldedwlf Phdvxuhphqwv rq Phwdvwdeoh V|vwhpv/ Sk|v1 Uhy Ohw1 ::/ <;60<;: +4<<9,1

^;` Dkdurqry/ \1/ Uh}qln/ E1/ Vwhuq/ D1/ Txdqwxp Olplwdwlrqv rq Vxshuoxplqdo Sursdjdwlrq/ Sk|v1 Uhy1
Ohww1 ;4/ 543<054<6 +4<<;,1

^<` Dkdudqry/ \1> Dqdqgdq/ M1> dqg Pdfod|/ M1/ _D Prgho iru Lqwhudfwlrqv lq Hqwdqjohg Vwdwhv/% wr eh
vxeplwwhg iru sxeolfdwlrq1

^43` Doohq/ O1/ Hehuo|/ M1K1 4<;81 Rswlfdo Uhvrqdqfh dqg Wzr0Ohyho Dwrpv +Gryhu Sxeolfdwlrqv/ Qhz \run/
4<;:1,

^44` Dqdqgdq/ Mhhyd/ _Surwhfwlyh Phdvxuhphqw dqg Txdqwxp Uhdolw|/% Irxqgdwlrqv ri Sk|vlfv Ohwwhuv/ 9/
ss1 8360865 +4<<6,1

^45` Dqdqgdq/ Mhhyd/ dqg Dkdudqry/ \dnlu/ _Phdqlqj ri wkh Ghqvlw| Pdwul{/%Irxqgdwlrqv ri Sk|vlfv1

^46` D1 Dvshfw/ M1 Gdoledug/ dqg J1 Urjhu/ H{shulphqwdo Whvw ri Ehoo*v Lqhtxdolwlhv Xvlqj wlph0Ydu|lqj
Dqdo|}huv/ Sk|v1 Uhy1 Ohw1 7</ 4;37 +4<;5,1

^47` Ehoo/ M1/ Sk|vlfv 4/ 4<8 +4<97,> Ehoo/ M1/ Uhy1 Prg Sk|v1 6;/ 77: +4<99,1

^48` Ehoo/ M1/ Vshdndeoh dqg Xqvshdndeoh lq Txdqwxp Phfkdqlfv/ +Fdpeulgjh Xqly1 Suhvv/ Fdpeulgjh/ Hqj0
odqg/ 4<;:,1
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^49` Ehqqhww/ F1/ Eudvvdug/ J1/ Fuhshdx/ F1/ Mr}vd/ U1/ Shuhv/ D1/ dqg Zrrwhuv/ Z1/ Whohsruwlqj dq xqnqrzq
txdqwxp vwdwh yld gxdo fodvvlfdo dqg Hlqvwhlq0Srgrovn|0Urvhq fkdqqhov/ Sk|v1 Uhy1 Ohww1 :3/ 4;<804;<<
+4<<6,1

^4:` Elwwhu/ W1/ Gxeehuv/ G1/ Pdqlihvwdwlrq ri Ehuu|*v Skdvh lq Qhxwurq Vslq Urwdwlrq/ Sk|v1 Uhy1 Ohww1 8</
5840587 +4<;:,1

^4;` Erkp/ G1/ s1 469 / Zkrohqhvv dqg wkh Lpsolfdwh Rughu +Dun Sdshuedfnv/ Orqgrq/ 4<;6,1

^4<` Erkp/ G1/ D vxjjhvwhg lqwhusuhwdwlrq ri wkh txdqwxp wkhru| lq whupv ri _klgghq yduldeohv/% Sk|v1 Uhy1
;8/ 49904<6 +4<85,1

^53` Erkp/ Gdylg/ Surri wkdw Suredelolw| Ghqvlw| dssurdfkhv m#m5 lq wkh Fdxvdo Lqwhusuhwdwlrq ri wkh Txdqwx
Wkhru|/ Sk|v1 Uhy1 ;</ ss1 78;0799 +4<86,1

^54` Erkp/ G1/ dqg Dkdudqry/ \1/ Glvfxvvlrq ri h{shulphqwdo surri iru wkh sdudgr{ ri Hlqvwhlq/ Urvhq / dqg
Srgrovn|/ Sk|v Uhy1 43;/ 43:3043:9 +4<8:,

^55` Erkp/ Gdylg/ Txdqwxp Wkhru|/ +Suhqwlfh0Kdoo/ Qhz \run/ 4<84,1 Dovr uhsulqwhg e| Gryhu Sxeolfdwlrqv1

^56` Ervfkl/ G1/ Eudqfd/ V1/ GhPduwlql/ I1/ Kdug|/ O1/ dqg Srshvfx/ V1/ H{shulphqwdo uhdol}dwlrq ri whohsruw0
lqj dq xqnqrzq sxuh txdqwxp vwdwh yld gxdo fodvvlfdo dqg Hlqvwhlq0Srgrovn|0Urvhq fkdqqhov/ Sk|v1
Uhy1 Ohww1 ;3/ 445404458 +4<<;,1

^57` Wkh Sk|vlfv ri Txdqwxp Lqirupdwlrq/ hgv1 Erxzphhvwhu/ G> Hnhuw/ D> dqg ]hlolqjhu/ D +Vsulqjhu/ Qhz
\run/ 5333,1

^58` Erxzphhvwhu/ G1/ Sdq/ M1/ Pdwwoh/ N1/ Hleo/ P1/ Zhlqixuwhu/ K1/ dqg ]hoolqjhu/ D1/ H{shulphqwdo txdq0
wxp whohsruwdwlrq/ Qdwxuh 6<3/ 8:808:< +4<<:,> dqg frpphqwdu| e| Eudxqvwhlq/ V1/ dqg Nlpeoh/ K1/ D
srvwhulrul whohsruwdwlrq/ Qdwxuh 6<7/ ;730;74 +4<<;,1

^59` Erxzphhvwhu/ G1 dqg ]hlolqjhu/ D1/ Dwrpv wkdw djuhh wr gl�hu/ Qdwxuh/ 6;;/ ;5:0;5; +4<<:,1

^5:` Eudjlqvn|/ Y1/ Yrurqwvry/ \1/ Wkruqh/ N1/ Txdqwxp Qrqghprolwlrqdo Phdvxuhphqwv/ Vflhqfh 53</ 87:0
88: +4<;3,1

^5;` Eudjlqvn|/ Y1/ Nkdolol/ I1/ lq Txdqwxp Phdvxuhphqw/ hg1 E| Nls Wkruqh +Fdpeulgjh Xqly1 Suhvv/
Fdpeulgjh/ Hqjodqg/ 4<<5,

^5<` Fdedq/ S1/ Uhpelholqvnl/ M1/ Oruhqw}0fryduldqw txdqwxp phfkdqlfv dqg suhihuuhg iudph/ Sk|v1 Uhy1 D
8</ 74;:074<9+4<<<,

^63` Fodxvhu/ M1 dqg Vklprqr|/ D1/ Ehoo*v Wkhruhp= h{shulphqwdo whvwv dqg lpsolfdwlrqv/ Uhs1 Surj1 Sk|1 74/
4;;404<5: +4<:;,1

^64` Fudphu/ M1/ _Wkh Wudqvdfwlrqdo Lqwhusuhwdwlrq ri Txdqwxp Phfkdqlfv/% Uhy1 Prg1 Sk|1 8;/ ss 97:09;;
+4<;9,1

^65` Fxidur0Shwurql/ Q/ dqg Yljlhu/ M0S/ Fdxvdo Dfwlrq0dw0d0Glvwdqfh Lqwhusuhwdwlrq ri wkh Dvshfw0Udslvdugd
h{shulphqwv/ Sk|vlfv Ohwwhuv/ <6D /ss 6;606;: +4<;6,1

^66` Gdvv/ K1/ dqg Txuhvkl/ W1/ Fulwltxh ri Surwhfwlyh Phdvxuhphqwv/ Sk|v1 Uhy D/ 8</ ss 58<305934+4<<<,1

^67` g*Hvsdjqdw/ Yhlohg Uhdolw|0dq dqdo|vlv ri suhvhqw gd| txdqwxp phfkdqlfdo frqfhswv +Dgglvrq0Zhvoh|/
Qhz \run/ 4<<8,

^68` g*Hvsdjqdw/ Frqfhswxdo Irxqgdwlrqv ri Txdqwxp Phfkdqlfv +Shuvhxv Errnv/ Uhdglqj PD/ 4<<<,

^69` Ghzgqh|/ F1> Kroodqg/ S1> N|suldqlglv/ D> dqg Yljlhu/ M1/ Fdxvdo dfwlrq dw d glvwdqfh lq d uhodwlylvwlf
v|vwhp ri wzr erxqg fkdujhg vslqohvv sduwlfohv=K|gurjhqolnh prghov/ Sk|v1Uhy1 G/ 65/ ss1 58660586;
+4<;8,1
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^6:` Ghzgqh|/ F1/ Kroodqg/ S1/ N|suldqglglv/ D1/ D fdxvdo dffrxqw ri wkh qrq0orfdo HSU vslq fruuhodwlrqv/
M1 Sk|v1 D= Pdwk1 Jhq1 53/ 7:4:07:65 +4<;:,1 Wklv fdofxodwlrq lv glvfxvvhg +dqg uhihuhqfhg/ s8:8, lq
Kroodqg*v errn lq Fkdswhu 44/ vhfwlrqv 4415 dqg 4416 hvshfldoo|1

^6;` Hehukdug/ S1/ Txdqwxp �hog Wkhru| Fdqqrw Surylgh Idvwhu0Wkdq0Oljkw Frppxqlfdwlrq/ Irxq1 Sk|1
Ohww1 5 / ss1 45:047< +4<<3,1

^6<` Hehukdug dfwxdoo| glvplvvhg wkh srvvlelolw| ri frppxqlfdwlrqv yld HSU fruuhodwlrqv lq wzr vhqwhqfhv=
_1 1 1 HSU fruuhodwlrqv duh ri qr uhohydqfh ^iru IWO frppxqlfdwlrq vlqfh11` rqh fdq �qg rxw derxw wkhvh
fruuhodwlrqv rqo| diwhu wkh uhvxowv ri revhuydwlrqv kdyh ehhq jdwkhuhg dw rqh sodfh xvlqj fodvvlfdo phdqv
ri frppxqlfdwlrq/ zklfk zh dvvxph qhyhu jr idvwhu wkdq oljkw1%

^73` Hlqvwhlq/ D1/ Srogrzvn|/ E1/ dqg Urvhq/ Q1/Sk|v1 Uhy1 7:/ :::+4<68,> vhh glvfxvvlrq e| G1 Erkp/
Txdqwxp Wkhru| +Suhqwlfh Kdoo/ Hqjohzrrg Fol�v/ QM/ XVD/ 4<84,

^74` Iu|/ H1/ Zdowkhu/ W1/ Ol/ V1/ Sursrvdo iru d orrskroh0iuhh whvw ri wkh Ehoo lqhtxdolwlhv/ Sk|v1 Uhy1D 85/
76;4076<8+4<<8,1

^75` Iu|/ H1 / Nhqh�fn/ U1/ Wkh HSU Ghedwh0Rq wkh zd| wr d �qdo dqvzhu/ Sk|vlfd Vfulswd W:9/ 7:084
+4<<;,1

^76` Jkludgl/ J1/ Ulplql/ D1/ Zhehu/ W1/ D Jhqhudo Dujxphqw djdlqvw Vxshuoxplqdo Wudqvplvvlrq wkurxjk
wkh Txdqwxp Phfkdqlfdo Phdvxuhphqw Surfhvv/ Ohww1 Qxryr Flphqwr 5:/ 5<605<; +4<;3,1

^77` Jule/ D1/ Urguljxhv/ Z1/ s1 69/ Qrqorfdolw| lq Txdqwxp Sk|vlfv +Noxzhu Dfdghplf/ Sohqxp/ Qhz \run/
4<<<,1 Lqwhsuhwlqj wkh HSU sdudgr{/ Urguljxh} dqg Jule vwdwh _wkh phdvxulqj dssdudwxv ^iru wkh �uvw
sduwlfoh` grhv qrw surgxfh dq| sk|vlfdo glvwxuedqfh rq wkh vhfrqg sduwlfoh li zh eholhyh wkh vshfldo
uhodwlylw| grjpd wkdw vxshuoxplqdo vljqdov +lq�xhqfhv, gr qrw h{lvw lq qdwxuh1%

^78` Jxlolql/ G1/ Mrrv/ H1/ Nlhihu/ F1/ Nxsvfk/ M1/ Vwdpdwhvfx/ L1 ]hk/ K1/ Ghfrkhuhqfh dqg wkh Dsshdudqfh
ri d Fodvvlfdo Zruog lq Txdqwxp Wkhru| +Vsulqjhu/ Ehuolq/ 4<<9,

^79` Kd/ Wul/ Gljlwdo Vdwhoolwh Frppxqlfdwlrqv/ Vhfrqg Hglwlrq/ +Qdydo Srvwjudgxdwh Vfkrro/ PfJudz0
Kloo/4<<3,1

^7:` Kdjoh|/ H1/ hw do/ Jhqhudwlrq ri Hlqvwhlq0Srgrovn|0Urvhq sdluv ri dwrpv/ Sk|v1 Uhy1 Ohww1 :</ 408 +4<<:,1

^7;` Kdurfkh/V1/ Hqwdqjohphqw/ Ghfrkhuhqfh/ dqg wkh Txdqwxp2Fodvvlfdo Erxqgdu|/ Sk|vlfv Wrgd|/ ss 690
75/ Mxo|/ 4<<;1

^7<` Khlvhqehuj/ Z1/ Sk|vlfdo Sulqflsohv ri Txdqwxp Wkhru|/ +Gryhu Sxeolfdwlrqv/ Qhz \run/ rulj14<63,1

^83` Khupdqvsdkq/ Q1 hw do/ _Revhuydwlrq ri wkh Frqwlqxrxv Vwhuq0Jhuodfk H�hfw rq dq Hohfwurq Erxqg lq
dq Dwrplf Lrq/% Sk|v1 Uhy1 Ohww1 ;7/ 75:0763 +5333,/ ghvfulehv phdvxuhphqwv rq d vlqjoh fduerq lrq
odvwlqj irxu gd|v1

^84` Kroodqg/ S1/ Wkh Txdqwxp Wkhru| ri Prwlrq/ +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ Hqjodqg/ 4<<6,1

^85` Mrv}d/ U1/ Deudpv/ G1/ Grzolqj/ M1/ Zlooldpv/ F1/ Txdqwxp Dwrplf Forfn V|qfkurql}dwlrq Edvhg rq
Vkduhg Sulru Hqwdqjohphqw/ Orv Dodprv Dufklyhv txdqw0sk23337438/ Dsulo 5:/ 5333

^86` E1H1 Nlqj/ F1V1 Zrrg/ F1M1 P|dww/ T1D1 Wxufkhwwh/ G1 Ohleiulhg/ Z1P1 Lwdqr/ F1 Prqurh/ dqg G1M1
Zlqhodqg/ _Lqlwldol}lqj wkh froohfwlyh prwlrq ri wudsshg lrqv iru txdqwxp orjlf/% Sk|v1 Uhy1 Ohww1 ;4/
4858 +4<<;,1

^87` Nzldw/ S1/ Hehukdug/ S1/ Vwhlqehuj/ D1/ Fkldr/ \1/ Orrskroh0iuhh Ehoo lqhtxdolw| h{shulphqw/ Sk|v1Uhy1
7</ 653<06553 +4<<7,1

^88` Nzldw/ S1 hw do/ Qhz kljk lqwhqvlw| vrxufh ri srodul}dwlrq hqwdqjohg skrwrq sdluv/ Sk|v1 Uhy1 Ohw :8/
766:07674 +4<<8,1
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^89` Nzldw/ S1/ hw do/ Lqwhudfwlrq~Iuhh Phdvxuhphqw/ Sk|v1 Uhy1 Ohw1 :7/ 7:9607:99 +4<<8,1

^8:` Odphkl0Udfkwl/ P1/ Plwwdj/ Z1/ Txdqwxp phfkdqlfv dqg klgghq yduldeohv= D whvw ri Ehoo*v lqhtxdolw|
e| wkh phdvxuhphqw ri wkh vslq fruuhodwlrq lq orz0hqhuj| surwrq0surwrq vfdwwhulqj/% Sk|v1Uhy1 G 47/
587605888+4<:9,1

^8;` Pdudo/ J1 dqg Erxvtxhw/ P1 4<<61 Vdwhoolwh Frppxqlfdwlrqv V|vwhpv1 Vhfrqg Hglwlrq +V|vwhpv Whfk0
qltxhv dqg Whfkqrorjlhv/ Mrkq Zloh| dqg Vrqv/ 4<<6,1

^8<` Phqvn|/P1/ Frqwlqxrxv Txdqwxp Phdvxuhphqw dqg Sdwk Lqwhjudov +LRS Sxeolvklqj/ Eulvwro dqg
Sklodghoskld/ 4<<6,

^93` Phuw}edfkhu/H1/ s1 99/ Txdqwxp Phfkdqlfv +Mrkq Zloh| dqg Vrqv/ Qhz \run/ 4<94,1

^94` Phvvldk/ D1/ ss1 :880:8</ Txdqwxp Phfkdqlfv LL +Qruwk0Kroodqg/ Qhz \run 4<96,1

^95` F1 Prqurh/ G1 P1Phhnkri/ E1 H1 Nlqj/ Z1 P1 Lwdqr/ dqg G1 M1 Zlqhodqg/ %Ghprqvwudwlrq ri d ixqgd0
phqwdo txdqwxp orjlf jdwh/% Sk|v1 Uhy1 Ohww1 :8/ 7:4707:4: +4<<8,1

^96` F1 Prqurh/ G1 P1Phhnkri/ E1 H1 Nlqj/ dqg G1 M1 Zlqhodqg/ %D cVfku�rglqjhu Fdw* vxshusrvlwlrq vwdwh
ri dq dwrp/%Vflhqfh 5:5/ 446404469 +4<<9,1

^97` Qddplnl/P1/ Sdvfd}lr/V1/ dqg Qdnd}dwr/ K1/ Ghfrkhuhqfh dqg Txdqwxp Phdvxuhphqwv

+Zruog Vflhqwl�f/ Vlqjsruh/ 4<<:,1

^98` Qlhovhq/ Plfkdho/ Fkxdqj/ Lvvdf/ Txdqwxp Frpsxwdwlrq dqg Txdqwxp Lqirupdwlrq +Fdpeulgjh Xql0
yhuvlw| Suhvv/ Fdpeulgjh/ 5333,

^99` Qxvvlqry/ V1/ Uhdolvwlf h{shulhpqwv iru Phdvxulqj wkh Zdyhixqfwlrq ri d Vlqjoh Sduwlfoh/% Orv Dodprv
dufklyhv txdqw0sk2<944357 sxeolvkhg lq Irxqgdwlrqv ri Sk|vlfv1

^9:` Shuhv/ D1/ Txdqwxp Wkhru|= Frqfhswv dqg Phwkrgv +Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw/ Ervwrq
dqg Orqgrq/ 4<<6,

^9;` Shuhv/ D1/ %Fodvvlfdo lqwhuyhqwlrqv lq txdqwxp v|vwhpv1 LL Uhodwlylvwlf lqyduldqfh/% Sk|v1 Uhy1 D/ 94/
35544:+5333,1

^9<` Slwwpdq/W1/ Vwuhndory/G1/ Vhujlhqnr/D1/ dqg Vklk/\1_Rswlfdo Lpdjlqj e| Phdqv ri Wzr0Skrwrq Hqwdq0
johphqw%/ Sk|v1 Uhy1 D/ Udslg Frpp1/ Yro1 85/ U675< +4<<8, 1

^:3` U|�/ O1/ %Hlqvwhlq/ Srgrovn|/ dqg Urvhq fruuhodwlrqv/ txdqwxp whohsruwdwlqr/ hqwdqjohphqw vzdsslqj/
dqg vshfldo uhodwlylw|/ Sk|v1 Uhy1 D 93/ 83;6+4<<<,1

^:4` Vdfnhww/F1/ Zlqhodqg/ G1 hw do / H{shulphqwdo Hqwdqjohphqw ri Irxu Sduwlfohv/ Qdwxuh 737/ ss 589058;
+5333, Pdufk 49/ 5333

^:5` Vdnxudl/ M1M1/ Prghuq Txdqwxp Phfkdqlfv +Dgglvrq0Zhvoh|/ Qhz \run/ 4<<7,1

^:6` Vfdudql/ Y1/Wlwwoh/ Z1/]elqghq/ K1/ Jlvlq/ Q1/Wkh Vshhg ri Txdqwxp Lqirupdwlrq dqg wkh Suhihuuhg
Iudph=Dqdo|vlv ri H{shulphqwdo Gdwd/ OrvDodprv Dufklyhv/ txdqwxp sk|vlfv txdqw0sk2333:33;/ Mxo|
7/ 53331

^:7` Vfkurglqjhu/ H1/ Glvfxvvlrq ri suredelolw| uhodwlrqv ehwzhhq vhsdudwhg v|vwhpv/ Surf1 Fdp1 Sklo1 Vrf1
64/ ss1 8880896 +4<68,1

^:8` Vfkurglqjhu/ H1 Suredelolw| uhodwlrqv ehwzhhq vhsdudwhg v|vwhpv/ Surf1 Fdp1 Sklo1 Vrf1 65/ ss1 7790785
+4<69,

^:9` Vfkurglqjhu/H1/ Wkh Suhvhqw Vlwxdwlrq lq Txdqwxp Phfkdqlfv/ wudqvodwhg dqg uhsulqwhg lq Txdqwxp
Wkhru| dqg Phdvxuhphqw/ hg1 e| M1 Zkhhohu dqg Z1 ]xuhn/ Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ 4<;61

56



^::` Vkl�/ O1/ ss1 5480553/ Txdqwxp Phfkdqlfv/ vhfrqg hglwlrq +PfJudz Kloo/ Qhz \run/ Qhz \run/ 4<88,1

^:;` \1 Vklk dqg F1 Dooh|/ Sk|v1 Uhy1 Ohww1 94/ 5<54 +4<;;,1

^:<` Vwuhndory/G1/ Vhujlhqnr/D1/ No|vknr/G1/ Vklk/ \1, _Revhuydwlrq ri Wzr0Skrwrq cJkrvw* Lqwhuihuhqfh dqg
Gl�udfwlrq%/ Sk|v1 Uhy1 Ohww1/ Yro1 :7/ 6933 +4<<8, 1

^;3` Wlwwoh/ Z1/ H{shulphqwdo ghprqvwudwlrq ri txdqwxp fruuhodwlrqv ryhu pruh wkdq 43 np/ Sk|v1 Uhy1
D8:/ 655<065 +4<<;,1

^;4` Wxufkhwwh/ T1/ 1 1 1 dqg Zlqhodqg/ G1/ Ghwhuplqlvwlf hqwdqjohphqw ri Wzr Wudsshg Lrqv/ Sk|1 Uhy1 Ohww1
;4/ ss1 696406967 +4<<;,1

^;5` Yrq Qhxpdqq/ M1/ ss1 64<0658/ Pdwkhpdwlfdo Irxqgdwlrqv ri Txdqwxp Wkhru| +Sulqfhwrq Xqly1 Suhvv/
Sulqfhwrq/ 4<88,1 Ruljlqdoo| sxeolvkhg lq Jhupdq lq 4<65 e| Vsulqjhu0Yhuodj1

^;6` G1M1 Zlqhodqg/ F1 Prqurh/ Z1P1 Lwdqr/ G1 Ohleiulhg/ E1H1 Nlqj/ dqg G1P1 Phhnkri/ _H{shulphqwdo
lvvxhv lq frkhuhqw txdqwxp0vwdwh pdqlsxodwlrq ri wudsshg dwrplf lrqv/% M1 Uhv1 Qdwo1 Lqvw1 Vwdqg1
Whfkqro1 436 +6,/ 58<065; +4<<;,1 +dydlodeoh dw zzz1qlvw1jry2muhv,

^;7` D1 ]hlolqjhu/ _H{shulphqw dqg Irxqgdwlrqv ri Txdqwxp Sk|vlfv/%s1 7;7 lq Pruh Wklqjv lq Khdyhq dqg
Hduwk/ D Fhoheudwlrq ri Sk|vlfv dw wkh Ploohqqlxp/ hgv1 E1 Ehghuvrq +Vsulqjhu/ Wkh Dphulfdq Sk|vlfdo
Vrflhw|/ Qhz \run/ 4<<<,1

^;8` ]hk/ K1/ s1 55 lq Wkh Surjudp ri Ghkrkhuhqfh= Lghdv dqg Frqfhswv/ lq Ghfrkhuhqfh dqg wkh Dsshdudqfh
ri d Fodvvlfdo Zruog lq Txdqwxp Wkhru| +Vsulqjhu/ Ehuolq/ 4<<9,
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