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Devwudfw

Wklv sdshu suhvhqwv d uhlqirufhphqw ohduqlqj phwkrg iru vroylqj frqwlqxrxv rswl0
pdo frqwuro sureohpv zkhq wkh g|qdplfv ri wkh v|vwhp lv xqnqrzq1 Iluvw/ zh xvh d
Ilqlwh Gl�huhqfhv phwkrg iru glvfuhwl}lqj wkh Kdplowrq0Mdfrel0Ehoopdq htxdwlrq dqg
rewdlq d �qlwh Pdunryldq Ghflvlrq Surfhvv1 Wklv shuplwv xv wr dssur{lpdwh wkh ydoxh
ixqfwlrq ri wkh frqwlqxrxv sureohp zlwk slhfhzlvh frqvwdqw ixqfwlrqv gh�qhg rq d
julg1 Wkhq zh sursrvh wr vroyh wklv PGS rq0olqh zlwk wkh dydlodeoh nqrzohgjh xvlqj d
gluhfw dqg frqyhujhqw uhlqirufhphqw ohduqlqj dojrulwkp/ fdoohg wkh Ilqlwh0Gl�huhqfhv
Uhlqirufhphqw Ohduqlqj1

4 LQWURGXFWLRQ

Wklv sdshu sursrvhv dq dgdswlyh phwkrg iru vroylqj rswlpdo frqwuro sureohpv/ olnh wdujhw
ru revwdfoh sureohpv/ yldelolw| ru rswlpl}dwlrq sureohpv zkhq wkh wlph dqg wkh vwdwh vsdfh
duh frqwlqxrxv yduldeohv1 Uhlqirufhphqw Ohduqlqj +UO, whfkqltxhv duh nlqgv ri G|qdplf
Surjudpplqj +GS, phwkrgv zklfk jhqhudwh dq rswlpdo ihhg0edfn frqwuro e| frpsxwlqj wkh
ydoxh ixqfwlrq +YI, gh�qhg dv wkh ehvw h{shfwhg fxpxodwlyh uhlqirufhphqw iru hdfk vwdwh1 D
orfdo frqglwlrq iru wkh YI lv jlyhq e| wkh Kdplowrq0Mdfrel0Ehoopdq +KME, htxdwlrq1 Khuh
zh xvh Ilqlwh0Gl�huhqfhv +IG, phwkrgv iru glvfuhwl}lqj wkh KME htxdwlrq1 Zh rewdlq d
GS htxdwlrq iru d �qlwh Pdunryldq Ghflvlrq Surfhvv +PGS, zkrvh vroxwlrq jhqhudwhv d
slhfhzlvh frqvwdqw ixqfwlrq/ gh�qhg rq d uhjxodu julg/ wkdw dssur{lpdwhv wkh YI1
Vhfwlrq 5 ghvfulehv d irupdolvp iru rswlpdo frqwuro sureohpv lq wkh frqwlqxrxv fdvh1 Vhfwlrq
6 gh�qhv wkh ydoxh ixqfwlrq/ suhvhqwv wkh UO dssurdfk dqg vwdwhv wkh KME htxdwlrq1 Vhfwlrq
7 ghvfulehv wkh Ilqlwh0Gl�huhqfhv dssur{lpdwlrq xvhg khuh dqg vwdwhv wkh dvvrfldwhg GS
htxdwlrq1 Vhfwlrq 8 suhvhqwv d gluhfw ohduqlqj dojrulwkp iru frpsxwlqj wkh dssur{lpdwhg
ydoxh ixqfwlrq = wkh Ilqlwh0Gl�huhqfhv Uhlqirufhphqw Ohduqlqj +IGUO,1
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5 RSWLPDO FRQWURO SUREOHPV LQ WKH FRQ0
WLQXRXV FDVH

Lq wklv sdshu/ zh duh lqwhuhvwhg lq ghwhuplqlvwlf lq�qlwh wlph sureohpv zlwk glvfrxqwhg
uhlqirufhphqw1 Zh frqvlghu d frqwuroohg g|qdplfdo v|vwhp zkrvh vwdwh %E|� 5 � wkh vwdwh
vsdfh zlwk � rshq vxevhw ri LU?1 Lwv hyroxwlrq ghshqgv rq d gl�huhqwldo htxdwlrq/ fdoohg lwv
g|qdplfv =

_

_|
%E|� ' s E%E|�c �E|��

zkhuh wkh frqwuro �E|� lv d ixqfwlrq zlwk ydoxhv lq d �qlwh vhw L 1 Iurp dq| lqlwldo vwdwh %/
wkh fkrlfh ri d frqwuro �E|� ohdgv wr d xqltxh wudmhfwru| %E|�1 Ohw � eh wkh h{lw wlph ri %E|�
iurp 7� +zlwk wkh frqyhqwlrq wkdw li %E|� dozd|v vwd|v lq 7�/ wkhq � ' 4,1 Wkhq/ zh gh�qh
wkh glvfrxqwhg uhlqirufhphqw ixqfwlrqdo ri vwdwh %/ frqwuro �E�� =
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Zkhuh o G 7� � L $ LU lv wkh uxqqlqj uhlqirufhphqw dqg - G Y� $ LU wkh whuplqdo
uhlqirufhphqw1 � lv wkh glvfrxqw idfwru Ef � � 	 ��1

Wkh remhfwlyh ri wkh frqwuro sureohp lv wr �qg wkh rswlpdo ihhg0edfn frqwuro �WE%�/
l1h1 wkh rqh wkdw rswlpl}hv wkh uhlqirufhphqw ixqfwlrqdo iru lqlwldo vwdwh %1

6 WKHUHLQIRUFHPHQWOHDUQLQJDSSURDFK

UO whfkqltxhv ehorqjv wr wkh fodvv ri GS phwkrgv zklfk frpsxwh wkh rswlpdo frqwuro e|
wkh exloglqj ri wkh ydoxh ixqfwlrq/ gh�qhg khuh e| =

T E%� ' t�T
�E��

aE%(�E���

Lq wkh UO dssurdfk/ wkh v|vwhp wulhv wr dssur{lpdwh wklv ixqfwlrq zlwkrxw nqrzlqj wkh g|0
qdplfv s 1 Iroorzlqj wkh GS sulqflsoh/ wkh ydoxh ixqfwlrq vdwlv�hv d orfdo frqglwlrq fdoohg wkh
Kdplowrq0Mdfrel0Ehoopdq htxdwlrq1 Wkh iroorzlqj wkhruhp frphv iurp Ehoopdq rswlpdolw|
sulqflsoh lq wkh frqwlqxrxv fdvh +Vhh ^7` iru d surri, =

Wkhruhp 4 +Kdplowrq0Mdfrel0Ehoopdq, Li wkh ydoxh ixqfwlrq T lv gl�huhqwldeoh dw %/
ohw (T E%� eh wkh judglhqw ri T dw %/ wkhq wkh iroorzlqj KME htxdwlrq krogv dw % 5 �1
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Wkh fkdoohqjh ri ohduqlqj wkh YI lv prwlydwhg e| wkh idfw wkdw iurp wkh YI zh fdq
ghgxfh wkh rswlpdo frqwuro =
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7 DSSUR[LPDWLRQZLWKILQLWH0GLIIHUHQFHV
PHWKRGV

Ohw e�c e2c ���c e? eh d edvlv iru LU?1 Wkh g|qdplfv lv = s ' Es�c ���c s?�1 Ohw wkh srvlwlyh dqg
qhjdwlyh sduwv ri s� eh = sn� ' 4@ Es�c f�c s

3
� ' 4@ E�s�c f�1 Iru dq| glvfuhwl}dwlrq vwhs B/

ohw xv frqvlghu wkh odwwlfh = PB ' iB�S?
�'� ��e�j _ � zkhuh ��c ���c �? duh dq| lqwhjhuv1 Wkh

lqwhulru ri PB lv wkh vhw ri srlqwv 1 5 PB vxfk wkdw doo qhduhvw qhljkerru srlqwv 1	 Be� duh lq
PB1 Ohw YPB/ wkh iurqwlhu ri PB ghqrwh wkh vhw ri srlqwv ri PB zklfk duh qrw lq wkh lqwhulru
ri PB� Zh dvvxph wkdw PB dssur{lpdwhv � lq wkh vhqvh wkdw = *�4B�f _�r|EY�c YPB� ' f1

E| uhsodflqj wkh judglhqw (T E1� e| wkh iruzdug dqg edfnzdug gl�huhqfh txrwlhqwv ri T
lq 1 =
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zh fdq dssur{lpdwh wkh KME htxdwlrq e| wkh iroorzlqj htxdwlrq =
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0 Iru 1 5 YPB/ T BE1� ' -E1�
Lq wkh iroorzlqj ri wkh sdshu/ zh xvh wkh qrup = mm�mm� ' S?

�'� m��m1 Nqrzlqj wkdw +{| *? �,
lv dq dssur{lpdwlrq ri +�{| � �, dv {| whqgv wr 3/ wklv htxdwlrq fdq eh zulwwhq dv d GS
htxdwlrq iru d �qlwh PGS =
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zkrvh vwdwh vsdfh lv PB dqg zkrvh suredelolwlhv ri wudqvlwlrq iurp =
+vwdwh 1/ frqwuro �, wr wkh srvvleoh qh{w vwdwhv 1 � duh =
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Wkdqnv wr d frqwudfwlrq surshuw| gxh wr wkh glvfrxqw idfwru � +vhh ^6`,/ GS wkhru| lqvxuhv
wkdw wkhuh h{lvwv d xqltxh vroxwlrq T B wr htxdwlrq 41 Wkh iroorzlqj wkhruhp lqvxuhv wkdw
wklv vroxwlrq T B lv d jrrg dssur{lpdwlrq ri T 1



Wkhruhp 5 +Frqyhujhqfh ri wkh Ilqlwh Gl�huhqfhv vfkhph, Ohw xv dvvxph wkdw vrph
vprrwkqhvv dvvxpswlrqv ghvfulehg lq ^9` duh vdwlv�hg/ wkhq wkh �{hg0srlqw T B ri wkh GS htxd0
wlrq +4, frqyhujhv wr wkh YI dv B whqgv wr 3 =
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B�f
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T BE1� ' T E%� iru doo % 5 �

Wkh surri ri wklv wkhruhp xvhv wkh jhqhudo frqyhujhqfh uhvxowv ri ^5`1

8 WKH ILQLWH0GLIIHUHQFHVUHLQIRUFHPHQW
OHDUQLQJ

Ohw xv frqvlghu d julg CB frpsrvhg ri uhjxodu fhoov if�j vxfk wkdw wkh fhqwhu ri wkh fhoov
duh wkh suhylrxvo| gh�qhg yhuwlfhv ri wkh odwwlfh1 Ohw xv ghqrwh s Efc �� wkh g|qdplfv dw wkh
fhqwhu ri fhoo f iru frqwuro � +vhh �jxuh 4,1

Lq wkh gluhfw UO dssurdfk/ wkh v|vwhp grhv qrw nqrz wkh g|qdplfv s / vr zh qhhg wr
dssur{lpdwh wkh suredelolwlhv ri wudqvlwlrq RE1c �c 1 �� zlwk wkh dydlodeoh nqrzohgjh1

Iljxuh 4= Wkh julg CB lv frpsrvhg ri uhjxodu fhoov f� Wkh g|qdplfv sEfc�� lv dssur{lpdwhg
e| +3%

�f
zkhuh % dqg + duh wkh lqsxw dqg rxwsxw srlqwv ri d wudmhfwru| %E|� furvvlqj wkh fhoo

f dqg �f lv wkh uxqqlqj wlph ri wkh wudmhfwru| lqvlgh f1
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X1X
x

y
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Ohw d wudmhfwru| %E|� hqwhuv fhoo f dw srlqw % > wkhq d frqwuro � lv fkrvhq dqg nhsw xqwlo
wkh wudmhfwru| h{lwv dw vrph srlqw +1 Ohw oEfc �� eh wkh fxpxodwlyh fxuuhqw uhlqirufhphqw
rewdlqhg lqvlgh fhoo f1 Ohw f� eh wkh qh{w fhoo +iru h{dpsoh fhoo f� lq �jxuh 4,1

Zh xvh wkh ydoxh +3%
�f

iru dssur{lpdwlqj sEfc ��1 Ohw �f eh wkh uxqqlqj wlph ri wkh
wudmhfwru| lqvlgh f1 Wkh GS htxdwlrq ohdgv wr wkh IGUO xsgdwlqj uxohv =
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zlwk wkh ydoxhv = 'B
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Wkh dojrulwkp lv wkh iroorzlqj = zkhq wkh v|vwhp furvvhv fhoo f zlwk d frqwuro � dqg hqwhuv
f� wkhq xsgdwh wkh 'B dqg oB ydoxhv zlwk uxohv +5, dqg +6,1 Wkhq wkh fxuuhqw rswlpdo frqwuro
�W lq fhoo f lv wkh rqh wkdw rswlpl}hv 'B

?Efc ��1
Zh kdyh wkh iroorzlqj wkhruhp wkdw vwdwhv wkdw wkh ydoxhv frpsxwhg e| wkh dojrulwkp frq0
yhujh wr wkh YI ri wkh frqwlqxrxv sureohp =

Wkhruhp 6 +Frqyhujhqfh ri wkh dojrulwkp, Zkhq h{shulphqwlqj wkh IGUO/ zh frq0
vlghu vhulhv ri wudmhfwrulhv vxfk wkdw wkh dojrulwkp ohdgv wr xsgdwh hyhu| frpelqdwlrq Efc �cf��
ri fxuuhqw fhoo f/ frqwuro � dqg qh{w fhoo f� lq�qlwho| riwhq1 Vxssrvh wkdw vrph vprrwkqhvv
dvvxpswlrqv duh vdwlv�hg +vhh ^9`,/ wkhq =
;" : f/ <{ v1w1 ;B � {/ iru dq| julg CB/ xvlqj wkh IGUO dojrulwkp/ <�c;? � � /
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Wkh surri ri wklv wkhruhp lv yhu| vlplodu wr wkh rqh jlyhq lq ^9` iru wkh Ilqlwh0Hohphqw
phwkrg1

Uhpdun = iru d sduwlfxodu julgCB/ wkh T B
? 0ydoxhv gr qrw frqyhujh1 Wkh wkhruhp vwdwhv wkdw

wkh frqyhujhqfh rffxuv dv wkh qxpehu ri lwhudwlrqv whqgv wr lq�qlw| dqg wkh glvfuhwl}dwlrq
vwhs B whqgv wr f1 Wkxv/ iru frpsxwdwlrqdo dvshfwv/ wkh ohduqlqj surfhvv +zklfk frpsxwhv
lwhudwlyho| wkh T B

? 0ydoxhv zlwk uxohv +5, dqg +6,, kdv wr eh frpelqdwh zlwk d julg uh�qhphqw
surfhvv1

9 FRQFOXVLRQ

Wklv sdshu sursrvhv dq dojrulwkp iru vroylqj rswlpdo frqwuro sureohpv lq wkh frqwlqxrxv fdvh
xvlqj UO whfkqltxhv1 Zh xvh Ilqlwh0Gl�huhqfhv phwkrg iru dssur{lpdwlqj wkh KME htxdwlrq
e| d GS htxdwlrq iru d PGS1 Wklv htxdwlrq lv vroyhg lwhudwlyho| e| d gluhfw dqg frqyhujhqw
UO dojrulwkp1 Lq sudfwlfdo xvh ri wklv dojrulwkp/ zh duh idfhg wr wkh frpelqdwruldo h{sorvlrq
ri wkh qxpehu ri ydoxhv wr eh hvwlpdwhg/ lq sduwlfxodu zkhq wkh glphqvlrq ri wkh vwdwh
vsdfh lv kljk1 Ixwxuh zrun vkrxog frqvlghu dgdswlyh pxowljulg phwkrgv +olnh wkh sduwl0jdph
dojrulwkp ri ^8` ru wkh pxowljulg phwkrgv ri ^4`, zklfk xvh d orfdo uh�qhphqw surfhvv iru wkh
julg1 Dq rwkhu lpsuryhphqw vkrxog eh wkh vwxg| ri wkh vwrfkdvwlf fdvh1
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