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LQWURGXFWLRQ

Udglr iuhtxhqf| lqwhuihuhqfh +UIL, lv riwhq d pdmru
sureohp iru orz iuhtxhqf| v|qwkhwlf dshuwxuh udgdu +VDU,
v|vwhpv/ rshudwlqj lq wkh YKI2XKI Edqg1 D qxpehu ri
lqwhuihuhqfh vxssuhvvlrq dojrulwkpv kdyh ehhq ghvfulehg
lq wkh olwhudwxuh ^4/ 5/ 6/ 7/ 8/ 9/ :/ ;`/ pdq| ri zklfk uh0
txluh d juhdw ghdo ri frpsxwdwlrq1 Wklv sdshu ghvfulehv
krz frpsxwdwlrqdo vdylqjv pd| eh dfklhyhg e| lqwhjudw0
lqj wkh OPV dgdswlyh �owhu zlwk wkh udqjh0Grssohu dojr0
ulwkp1 Ixuwkhupruh/ d whfkqltxh lv ghvfulehg wr uhgxfh
udqjh vlghorehv/ zklfk dulvh dv dq xqzdqwhg e|0surgxfw
ri wkh UIL vxssuhvvlrq vwdjh1 Wklv whfkqltxh lv ghprq0
vwudwhg rq vlpxodwhg gdwd dqg rq uhdo S0Edqg gdwd1

HTXLYDOHQW WUDQVIHU IXQFWLRQ

Wkh lqwhjudwlrq ri wkh OPV dgdswlyh �owhu dqg wkh
udqjh0Grssohu dojrulwkp lv dfklhyhg e| pxowlso|lqj wkh
htxlydohqw wudqvihu ixqfwlrq ri wkh lqwhuihuhqfh vxssuhv0
vlrq vwdjh zlwk wkh wudqvihu ixqfwlrq ri wkh udqjh frp0
suhvvlrq vwdjh/ wkhuhe| fuhdwlqj d qhz wudqvihu ixqfwlrq
zklfk lpsohphqwv lqwhuihuhqfh vxssuhvvlrq dqg udqjh frp0
suhvvlrq vlpxowdqhrxvo|1 Dvvxplqj wkdw wklv frpelqhg
wudqvihu ixqfwlrq lv ydolg ryhu pdq| udqjh olqhv +zklfk kdv
ehhq frq�uphg e| wkh dxwkruv rq S0Edqg dqg YKI0Edqg
gdwd,/ vljql�fdqw frpsxwdwlrqdo vdylqjv fdq eh uhdolvhg1
Wkh whfkqlfdo ghwdlov ri wklv phwkrg kdyh ehhq vxeplwwhg
iru mrxuqdo uhylhz/ dqg duh wkhuhiruh rqo| vxppdulvhg lq
wklv sdshu1
Rqfh wkh wds zhljkwv ri wkh OPV dgdswlyh �owhu kdyh

frqyhujhg/ wkh �owhu pd| eh uhsuhvhqwhg lq eorfn0gldjudp
irup dv vkrzq lq Ilj1 41 Wkh htxlydohqw wudqvihu ixqfwlrq
K+$, ri wklv �owhu lv jlyhq e|
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zkhuh J+$, lv wkh wudqvihu ixqfwlrq ri wkh wlph0ghod| �/
jlyhq e|

J+$, @ h�m$� +5,

dqg I +$, lv wkh Irxulhu Wudqvirup ri wkh wlph0uhyhuvhg
zhljkw yhfwru Z1 Udqjh frpsuhvvlrq lq wkh iuhtxhqf|
grpdlq lv dffrpsolvkhg e| pxowlso|lqj wkh uhfhlyhg vljqdo
zlwk d pdwfkhg �owhu P+$,/ zklfk lv w|slfdoo| wkh frp0
soh{ frqmxjdwh ri wkh wudqvplwwhg sxovh vshfwuxp1 Wkh
frpelqhg wudqvihu ixqfwlrq W +$, lv wkhuhiruh jlyhq e|

W +$, @ K+$,P+$, +6,

Wklv wudqvihu ixqfwlrq zloo vlpxowdqhrxvo| vxssuhvv UIL
dqg shuirup udqjh frpsuhvvlrq rq wkh udz VDU lpdjh1

VLGHOREH UHGXFWLRQ

Dq| lqwhuihuhqfh vxssuhvvlqj �owhu zloo fruuxsw wkh gh0
vluhg vljqdo zlwk vlghorehv1 Dehqg dqg PfFrunoh ^4` kdyh
ghvfulehg d vlghoreh uhgxflqj surfhgxuh zklfk kdv vrph
vlplodulwlhv wr wkh vlghoreh uhgxfwlrq surfhgxuh suhvhqwhg
lq wklv sdshu1 Ilj1 5 vkrzv d judsklfdo looxvwudwlrq ri
wkh whfkqltxh1 Lq Ilj1 5 +d, wkh UIL frqwdplqdwhg vlj0
qdo sdvvhv wkurxjk wkh OPV dgdswlyh �owhu K+$,/ |lhoglqj
d vljqdo iuhh iurp UIL/ exw zlwk lqwurgxfhg vlghorehv1 Lw
lv dvvxphg wkdw wkh UIL vxssuhvvlrq lv grqh shuihfwo|/
l1h1 wkdw wkhuh lv qr UIL suhvhqw lq wkh �owhuhg rxwsxw1 Lq
Ilj1 5 +e,/ wkh rxwsxw iurp +d, lv vxewudfwhg iurp wkh xq0
�owhuhg vljqdo/ wkh uhvxow ri zklfk lv sdvvhg djdlq wkurxjk
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wkh OPV dgdswlyh �owhu/ |lhoglqj d fohdqhg vljqdo zklfk
frqwdlqv rqo| wkh +qhjdwlyh, vlghoreh1 Lw lv dvvxphg wkdw
wkh vlghoreh hpehgghg lq wkh UIL lv douhdg| vr vpdoo/ wkdw
wkh rxwsxw ri wkh OPV dgdswlyh �owhu grhv qrw frqwdlq dq|
vlghorehv ri wkh vlghoreh1 Dgglqj wkh uhvxowv ri +d, dqg +e,
wrjhwkhu |lhogv wkh uhvxow vkrzq lq Ilj1 5 +f,/ zklfk lv mxvw
wkh fohdqhg vljqdo zlwkrxw dq| vlghorehv1
Wkh frpsohwh vlghoreh uhgxfwlrq surfhgxuh lv vkrzq lq

eorfn gldjudp irup lq Ilj1 61 Lw fdq eh vkrzq wkdw wkh
ryhudoo wudqvihu ixqfwlrq lv

K 3+$, @
H3+$,

G+$,
@ K+$, ^5�K+$,` +7,

Wkh deryh dvvxpswlrq/ wkdw wkh _vlghorehv ri wkh vlghoreh%
duh qhjoljleoh/ lv qrw dozd|v ydolg1 Wkh vdph surfhgxuh
wkdw zdv ghvfulehg deryh wr vxssuhvv wkh ruljlqdo vlghoreh
fdq eh xvhg wr vxssuhvv wkh _vlghoreh ri wkh vlghoreh%1 Wkh
ryhudoo wudqvihu ixqfwlrq ri wklv vr0fdoohg _vhfrqg0rughu%

∑+

-

H ω( )

H ω( ) ∑+

H ω( )

+

D ω( ) ω( )'E

6�}�hi �� �*LU! _�@}h@4 Lu t�_i*LMi hi_�U|�L? ThLUi_�hic ��ihi
ME/� �t |�i |h@?tuih u�?U|�L? Lu |�i w�5 @_@T|��i �*|ih�

6�}�hi e� 5�4�*@|�L? hit�*| Lu t�_i*LMi hi_�U|�L? ThLUi_�hi� E@� +6W
UL?|@4�?@|i_ iU�L hi|�h?� EM� 6�*|ihi_ iU�L hi|�h? ��|�
?L t�_i*LMi hi_�U|�L?� �hhL�t TL�?| @| �?�@?|i_ t�_i*LMit�
EU� 6�*|ihi_ iU�L hi|�h? ��|� �ht|�Lh_ih t�_i*LMi hi_�U|�L?�
E_� 6�*|ihi_ iU�L hi|�h? ��|� tiUL?_�Lh_ih t�_i*LMi hi_�U|�L?�

vlghoreh uhgxfwlrq surfhgxuh fdq eh vkrzq wr eh
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dqg wkh ryhudoo wudqvihu ixqfwlrq ri wkh _wklug0rughu% vlgh0
oreh uhgxfwlrq surfhgxuh fdq eh vkrzq wr eh

K 3
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Wkh pdwfkhg �owhu P+$, lq +6, zloo qrz eh pxowlsolhg
zlwk K 3+$, lqvwhdg ri K+$,/ wkxv lqfrusrudwlqj wkh vlgh0
oreh uhgxfwlrq surfhgxuh/ ohdglqj wr d yhu| h�flhqw lp0
sohphqwdwlrq1

VLPXODWLRQ UHVXOWV

Ilj1 7 vxppdulvhv vlpxodwlrq uhvxowv zklfk yhuli| wkh
h�hfwlyhqhvv ri wkh vlghoreh uhgxfwlrq surfhgxuh1 Lq
Ilj1 7 +d, wkh udqjh frpsuhvvhg/ UIL frqwdplqdwhg vlj0
qdo lv vkrzq1 Wkh wdujhw lv vzdpshg e| UIL dqg fdqqrw
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eh ghwhfwhg1 Ilj1 7 +e, vkrzv wkh uhvxow rewdlqhg diwhu
fohdqlqj wkh vljqdo/ zlwk qr vlghoreh uhgxfwlrq dssolhg1
Wkh duurzv lq wkh �jxuh srlqw wr fohduo| ylvleoh vlghorehv1
Ilj1 7 +f, dqg +g, vkrz wkh fohdqhg vljqdo zlwk �uvw0rughu
dqg vhfrqg0rughu vlghoreh uhgxfwlrq dssolhg uhvshfwlyho|1
Wkhuh lv fohduo| d uhpdundeoh uhgxfwlrq lq vlghoreh ohyhov
ylvleoh1

S0EDQG GDWD UHVXOWV

Ilj1 8 +d, glvsod|v d }rrphg0lq sruwlrq ri d UIL frq0
wdplqdwhg S0Edqg lpdjh vxssolhg e| wkh GOU/ Rehusidi0
ihqkrihq1 Wklv uhjlrq frqwdlqhg hvshfldoo| euljkw wdujhwv/
zklfk uhvxowhg lq xqdffhswdeo| kljk vlghorehv ghslfwhg
lq Ilj1 8 +e,1 Diwhu fohdqlqj wklv lpdjh zlwk d wklug0
rughu vlghoreh uhgxfwlrq surfhgxuh/ wkh lpdjh vkrzq lq
Ilj1 8 +f, zdv rewdlqhg/ zklfk lv fohduo| d ydvw lpsuryh0
phqw1 Krzhyhu vrph ri wkh ruljlqdo lqwhuihuhqfh vwduwhg
dsshdulqj djdlq1 Wkxv wkh ruljlqdo UIL vxssuhvvlrq fdsd0
elolw| ri wkh �owhu lv frpsurplvhg e| dsso|lqj wkh vlghoreh
uhgxfwlrq surfhgxuh1

FRQFOXVLRQV

Wklv sdshu kdv ghvfulehg krz wkh htxlydohqw wudqv0
ihu ixqfwlrq ri wkh OPV dgdswlyh �owhu pd| eh rewdlqhg
dqg frpelqhg zlwk wkh pdwfkhg �owhu wudqvihu ixqfwlrq
ri wkh udqjh frpsuhvvlrq vwdjh ri wkh udqjh0Grssohu VDU
surfhvvlqj dojrulwkp1 Wklv sdshu kdv ghvfulehg d vlghoreh
uhgxfwlrq surfhgxuh/ zkrvh htxlydohqw wudqvihu ixqfwlrq
fdq eh zulwwhq lq whupv ri wkh wudqvihu ixqfwlrq ri wkh OPV
dgdswlyh �owhu1 Wkxv d frpelqhg wudqvihu ixqfwlrq fdq eh
rewdlqhg zklfk lpsohphqwv UIL vxssuhvvlrq/ vlghoreh uh0
gxfwlrq dqg udqjh frpsuhvvlrq vlpxowdqhrxvo|/ ohdglqj wr
d yhu| h�flhqw lpsohphqwdwlrq1

DFNQRZOHGJPHQWV

Wkh dxwkruv zrxog olnh wr wkdqn Vwhidq Exfnuhxvv iurp
wkh GOU iru vxsso|lqj wkh udz S0Edqg H0VDU gdwd1
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