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Vwxglhq}hqwuxp Jhu}hqvhh dqg Xqlyhuvlw| ri Odxvdqqh

Rfwrehu 5333

MHO Devwudfw

Zh dqdo|}h vhyhudo lghqwl�fdwlrq iudphzrunv edvhg rq rshudwlqj sur0

fhgxuhv wr phdvxuh prqhwdu| srolf| lq d vpdoo rshq hfrqrp|1 Zh xvh

d wzr0vwdjh qrq0uhfxuvlyh YDU prgho wr lghqwli| prqhwdu| vkrfnv1 Zh

frqvwuxfw wkhq ydulrxv ryhudoo prqhwdu| srolf| lqglfdwruv edvhg rq gli0

ihuhqw uhvlgxdov wuhdwphqwv dqg uhsruw wkhp dv zhljkwhg vxpv ri prqh0

wdu| srolf| yduldeohv1 Ilqdoo|/ rxu prgho lv dssolhg wr wkh Vzlvv Qdwlrqdo

Edqn1 Rxu pdlq lqglfdwru uhyhdov wkdw wkh h{fkdqjh udwh zdv wkh grpl0

qdqw yduldeoh dw wkh hqg ri wkh vhyhqwlhv1 Gxulqj wkh hljkwlhv/ djjuhjdwhv

kdg wkhlu jroghq djh/ zkloh lq wkh qlqhwlhv/ wkh fdoo udwh vkrzhg xs dv

rshudwlqj yduldeoh1

MHO Frghv= H83/ H851

Nh|zrugv= Lghqwl�fdwlrq/ Lqglfdwru/ Prqhwdu| srolf|/ Rshudwlqj

surfhgxuhv/ Vkrfnv/ Vzlw}huodqg/ YDU1

�Qlfrodv D1 FXFKH/ Xqlyhuvlw| ri Fdoliruqld/ Ghsduwphqw ri Hfrqrplfv/ 87< Hydqv Kdoo
&6;;3/ Ehunhoh| FD <7:5306;;3/ XVD/ qfxfkhChfrq1ehunhoh|1hgx/ kwws=22fxfkh1qhw1 Wklv
sdshu lv d uhylvhg yhuvlrq ri Sduw L dqg LLL ri p| Sk1G1 glvvhuwdwlrq dw wkh Xqlyhuvlw|
ri Odxvdqqh dqg zdv sduwo| zulwwhq zkloh L zdv ylvlwlqj wkh Xqlyhuvlw| ri Fdoliruqld dw
Ehunhoh|/ zkrvh krvslwdolw| lv judwhixoo| dfnqrzohgjhg1 L wkdqn p| frpplwwhh phpehuv
Mhdq0Slhuuh Gdqwklqh/ Kduulv Ghoodv/ Loldq Plkry/ dqg Plfkho Sh|wuljqhw/ dv zhoo dv Slhuuh0
Dodlq Euxfkh}/ Pduwlq Khvv/ Odglvodv Odedk/ Jlrydqql Ohrqdugr/ Lzdq Phlhu/ dqg Mh�uh|
Qlovhq iru frqvwuxfwlyh frpphqwv1 P| vshfldo wkdqnv jr wr Sklolssh Edffkhwwd iru klv
frqvwdqw dwwhqwlrq dqg jxlgdqfh1
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4Vhdufklqj iru dq dowhuqdwlyh lqglfdwru/ Ohqjzlohu +4<<:, dssolhg dq lqgh{0edvhg lqglfdwru
xvlqj d Prqhwdu| Frqglwlrqv Lqgh{ +PFL, wr Vzlw}huodqg iroorzlqj d prgho xvhg e| wkh Edqn
ri Fdqdgd1 Kh glvfryhuhg wkdw wklv PFL frxog qrw rxwshuirup wkh prqhwdu| edvh dv d srolf|
lqglfdwru lq wkh qlqhwlhv1

5Vhh Elufkohu +4<;;, iru pruh ghwdlov derxw ohjdo fkdqjhv dqg Ylwdo +4<<;, frqfhuqlqj wkh
lpsuryhg sd|phqwv v|vwhp lqwurgxfhg dw wkh hqg ri wkh hljkwlhv1

6Lghqwl�fdwlrq ri YDU dqg lghqwl�fdwlrq ri prqhwdu| srolf| duh wzr vhsdudwh frqfhswv1
YDU ru hfrqrphwulf lghqwl�fdwlrq frqvlvwv lq uhfryhulqj d vwuxfwxudo v|vwhp iurp d UI
h{suhvvlrq1 Zh fdqqrw gluhfwo| hvwlpdwh vwuxfwxudo YDU/ zh rqo| hvwlpdwh UI1 Wkh gl!fxow|
lv wkdw wkhuh h{lvwv dq lq�qlw| ri vwuxfwxudo YDU iru d vlqjoh UI1 Lq rughu wr uhfryhu d
sduwlfxodu vwuxfwxudo YDU/ zh lghqwli| lw lq sxwwlqj uhvwulfwlrqv rq wkh frh!flhqw pdwulfhv1
Diwhu wklv hfrqrphwulf lghqwl�fdwlrq/ vwuxfwxudo YDU fdq eh xvhg wr lghqwli| prqhwdu| srolf|
vkrfnv/ vr wr lvrodwh h{rjhqrxv prqhwdu| srolf|1

7Zh hvwlpdwhg rxu prgho dqg orrnhg dw lwv g|qdplfv zlwk prqwko| dqg txduwhuo| gdwd
dqg qrwlfhg wkdw wklv YDU iru Vzlw}huodqg lv urexvw zlwk uhvshfw wr wkh dvvxphg gdwd
iuhtxhqf|1

8Zh dovr shuiruphg rxu hvwlpdwlrqv zlwk wkh vljkw ghsrvlwv ri frpphufldo edqnv dw wkh
VQE +jlur ghsrvlwv,1 Gxh wr srru hvwlpdwlrqv/ uhvxowv xvlqj vljkw ghsrvlwv duh qrw uhsruwhg1

9Wkh sduwlwlrqhg pdwul{ Dde
m lv d frh!flhqw pdwul{ olqnlqj h{sodlqhg yhfwru dw wr h{0

sodqdwru| yhfwru ew�m 1

:Iru h{dpsoh %vw / dq hohphqw ri yhfwru %
}
w / uhsuhvhqwlqj h{sdqvlrqdu| prqhwdu| vkrfnv/

gluhfwo| lq xhqfhv doo wkh rwkhu hohphqwv ri yhfwru }w/ exw kdv qr gluhfw lq xhqfh rq wkh
hohphqwv ri yhfwru }w1

;Htxdwlrq +4, fdq eh zulwwhq dv }w @
Sn

l@3Dl}w�l . �w zkhuh �w lv d ^+p. q,� 4`
yhfwru ri frpsrvlwh uhvlgxdov1 Hdfk hohphqw ri �w fruuhvsrqgv wr dq htxdwlrq lq wkh v|vwhp1
Yduldqfh0fryduldqfh pdwul{ ri �w lv d qrq0v|pphwulf eorfn gldjrqdo pdwul{/ ehfdxvh p lv
jhqhudoo| gl�huhqw iurp q1

<Vhh Whfkqlfdo Dsshqgl{ iru doo whfkqlfdo ghwdlov1 Wklv dsshqgl{ fdq xsrq uhtxhvw eh
rewdlqhg iurp wkh dxwkru1

43Zkhuh D��

3>�4 @ +L�D��

3 ,�4 dqg �l duh pdwulfhv iruphg e| wkh ruljlqdo hohphqwv ri

v|vwhp +5,1

44Lqirupdwlrq derxw Vzlvv rshudwlqj surfhgxuhv fdq eh irxqg lq wkh odujh olwhudwxuh rq
wklv lvvxh +Elvljqdqr +4<<9,/ Erulr +4<<:d/ 4<<:e,/ Odqgpdqq dqg Mhujhu +4<<:,/ Odxedfk
dqg Srvhq +4<<:,/ Vsùuqgol dqg Prvhu +4<<:,/ dqg Vzdqn dqg Yhoghq +4<<:,,1

45Lqwxlwlyho|/ wkh xvh ri LY vkrxog cfruuhfw* wkh vhwxs zlwkrxw h{wudfwlrq iru flufxodulw|

5?



sureohp ehwzhhq uhjuhvvruv dqg vwuxfwxudo vkrfnv1 Lw lv krzhyhu gl!fxow wr lvrodwh wklv
fruuhfwlrq h�hfw dv zh vhh lq wkh vhfwlrq cFrpsdulvrq zlwkrxw dqg zlwk H{wudfwlrq*1

46D sodxvleoh dowhuqdwlyh zrxog eh wr dgg dq h{shfwhg lq dwlrq vhulhv +dv d srolf| yduldeoh,
lq } dqg wr lqwurgxfh h{shfwhg lq dwlrq lq wkh uhsuhvhqwdwlrq ri wkh pdunhw iru edqn uhvhuyhv
+<,0+45,1

47Vl{ prghov= rqh zlwkrxw h{wudfwlrq dqg �yh frqvwudlqhg prghov zlwk h{wudfwlrq1

48Zh xvh d prqwko| JGS edvhg rq wkh phwkrgrorj| ri Fxfkh dqg Khvv +4<<<,1 Gxh
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Qrwh= P3 @ Hvwlpdwhg zlwk prqhwdu| edvh1 P4 @ Hvwlpdwhg zlwk prq0
hwdu| djjuhjdwh P41 EU @ Edqn uhvhuyhv wdujhwlqj> FU @ Fdoo udwh
wdujhwlqj> HU @ H{fkdqjh udwh wdujhwlqj1 Htxdwlrqv zlwk h{wudfwlrq=
xprq
v @ xprq

g / xprq
v @ �%g.!%{. %v/ xprq

g @ �xFU. %g/ xh{u @ �xfu . %{1
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Iljxuh 4= Gdwd :8=430<:=45
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Qrwh= Judskv uhsuhvhqw vhulhv jlyhq lq
wdeoh 51 Vrxufh= Gdwdvwuhdp/ VQE/
dqg Fxfkh dqg Khvv +4<<<,1
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Iljxuh 5= LUI zlwk P3 dqg Edqn Uhvhuyhv Wdujhwlqj
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Iljxuh 6= LUI zlwk P4 dqg Fdoo Udwh Wdujhwlqj
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Qrwh= LUI @ Lpsxovh uhvsrqvh ixqfwlrq1 LUI duh sorwwhg zlwk d <8 (
frq�ghqfh lqwhuydo1
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Iljxuh 7= Lqglfdwru 4<::04<<:
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