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Devwudfw= Lq wklv sdshu/ d idxow ghwhfwlrq dqg lvrodwlrq dojrulwkp wrjhwkhu zlwk d
vzlwfklqj frqwuro vwudwhj| duh xvhg wr vroyh wkh sureohp ri d idxow dffrpprgdwlrq
lq wkh wkuhh wdqn surfhvv1 Wkh qrqolqhdu prgho ri wkh surfhvv lv olqhdul}hg wkurxjk
vwdwh ihhgedfn1 Wkhq/ d SL dqg d vwdwh ihhgedfn frqwuroohu duh ghvljqhg wr lqvxuh vrph
suhgh�qhg frqwuro shuirupdqfhv1 Wkh idxow0wrohudqw frqwuro vwudwhj| lv edvhg rq d
rqolqh ghwhfwlrq ri idxowv dqg wkh vhohfwlrq ri dq dghtxdwh frqwuroohu1 Wkh h{shulphqwdo
uhvxowv rq d wkuhh wdqn ehqfkpdun duh suhvhqwhg dqg glvfxvvhg1
Frs|uljkw f� 5335 LIDF

Nh|zrugv= Idxow0wrohudqw frqwuro/ idxow ghwhfwlrq dqg lvrodwlrq/ vzlwfklqj frqwuro/
vwdwhfkduw1

41 LQWURGXFWLRQ

Wkh remhfwlyh ri idxow ghwhfwlrq dqg lvrodwlrq
+IGL, lv wr pdnh dq lqyhqwru| ri doo srvvleoh idxowv
wkdw fdq rffxu gxulqj wkh ixqfwlrqlqj ri d v|vwhp
dqg wr ghvljq dq dojrulwkp wr ghwhfw dqg lvrodwh
wkhp1 Wklv dojrulwkp doorzv wkh ghwhuplqdwlrq ri
wkh lqvwdqw/ wkh dpsolwxgh/ wkh w|sh dqg wkh orfd0
wlrq ri wkh idxow1 Rq wkh rwkhu kdqg/ wkh remhfwlyh
ri idxow0wrohudqw frqwuro +IWF, frqvlvwv lq wdnlqj
wkh dghtxdwh dfwlrqv wr uhgxfh wkh h�hfwv ri wkh
ghwhfwhg idxow rq wkh v|vwhp shuirupdqfhv1 Pdq|
vwxglhv kdyh frqwulexwhg wr wkh ghyhorsphqw ri
IWF/ +vhh/ Sdwwrq/ 4<<:> Eodqnh hw do1/ 5333,1
Wkhuhlq/ d edvlf olwhudwxuh uhylhz fryhuv prvw du0
hdv ri idxow0wrohudqw frqwuro1 Dfwlyh idxow0wrohudqw
v|vwhpv uhtxluh hlwkhu d sulrul nqrzohgjh ri h{0
shfwhg idxow w|shv ru d phfkdqlvp iru ghwhfwlqj
dqg lvrodwlqj xqdqwlflsdwhg rqhv1 Lq wkh odwwhu
fdvh/ ghflvlrqv frqfhuqlqj wkh orfdwlrq dqg qdwxuh
ri idxowv duh wkhq xvhg wr uhvfkhgxoh wkh frqwuroohu
ixqfwlrq1

� Fruuhvsrqglqj dxwkru

Lq wklv sdshu/ wkh xvh ri dq IGL dojrulwkp wr0
jhwkhu zlwk d orjlf0edvhg vzlwfklqj frqwuro vwudw0
hj| +Pruvh/ 4<<9> Fkduerqqdxg hw do1/ 5334,/ do0
orzv xv wr shuirup dfwlyh idxow0wrohudqw frqwuro1
Zkhuhdv lq wkhvh sdshuv wkh frqvlghuhg v|vwhpv
duh olqhdu/ lq wkh suhvhqw sdshu dq lqsxw d!qh
qrqolqhdu v|vwhp lv frqvlghuhg zlwk d gl�huhqw
IGL vwudwhj|1 Rxu zrun ghdov zlwk dq dfwlyh IWF
phwkrg lq wkh vhqvh wkdw dq dghtxdwh frqwuroohu/
ehorqjlqj wr d vhw ri suhfrpsxwhg rqhv/ lv df0
wlydwhg zkhqhyhu lwv fruuhvsrqglqj idxow lv gh0
whfwhg1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh sureohp
vwdwhphqw ri IWF lv lqwurgxfhg lq vhfwlrq 51 Wkh
vwudwhj| ri wkh dfwlyh idxow dffrpprgdwlrq yld
vzlwfklqj frqwuro lv suhvhqwhg lq vhfwlrq 61 Wkh
IGL vfkhph/ lqwurgxfhg lq wklv vhfwlrq/ lv edvhg
rq wkh ghvljq ri d edqn ri olqhdu revhuyhuv zkhuh
hdfk rqh lv ghglfdwhg wr rqh surfhvv rxwsxw1 Wkh
olqhdu revhuyhu ghvljq lv edvhg rq wkh h{dfw ihhg0
edfn olqhdul}dwlrq ri wkh surfhvv1 D vxfk whfkqltxh
jlyhv vdwlvidfwru| uhvxowv dqg doorzv wkh lvrodwlrq
ri idxowv +Glqj hw do1/ 4<<<,1 Wkh uhvlgxdo lv frq0
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wlqxrxvo| frpsduhg wr d vhw ri wkuhvkrogv zkhuh

hdfk rqh ghvfulehv wkh idxow pdjqlwxgh ru vhyhulw|1

Lq d �uvw dwwhpsw/ d vhw ri �{hg wkuhvkrogv lv xvhg/

nqrzlqj wkdw dgdswlyh rqhv fdq eh dssolhg dovr1

Wkh vzlwfklqj frqwuro vwudwhj| frqvlvwv lq dfwlydw0

lqj wkh frqwuroohu dvvrfldwhg wr wkh ghwhfwhg idxow

pdjqlwxgh1 Khuh/ wkh pxowl0frqwuroohu vwdqgv iru

wkh frqwuroohu lwvhoi dvvrfldwhg wr wkh vhw ri vwdwlf

vwdwh ihhgedfn1 Wklv dffrpprgdwlrq vwudwhj| lv

dssolhg wr d qrqolqhdu PLPR v|vwhp/ l1h1/ d wkuhh

wdqn surfhvv1 Wkh h{shulphqwdo uhvxowv ri wkh uhdo0

wlph lpsohphqwdwlrq ri wklv vwudwhj| dssolhg wr d

wkuhh wdqn surfhvv duh glvfxvvhg lq vhfwlrq 71

51 SUREOHP VWDWHPHQW

Ohw xv frqvlghu d surfhvv zkrvh g|qdplfv duh

prghohg e| wkh iroorzlqj qrqolqhdu lqsxw d!qh

prgho= �
b{ @ i+{, . j+{, x.HIg+{,

| @ k+{,
+4,

zkhuh x 5 Up/ { 5 Uq dqg | 5 Us duh/ uhvshf0

wlyho|/ wkh frqwuro lqsxw/ wkh vwdwh dqg wkh rxwsxw

ri wkh sodqw1 Wklv prgho ghvfulehv wkh g|qdplf ri

wkh surfhvv xqghu deqrupdo rshudwlqj frqglwlrqv1

Wkh yhfwru �hogv i+{,/ j+{, dqg k+{, duh qrqolq0

hdu1 H 5 Uq�t lv wkh g|qdplf idxow glvwulexwlrq

pdwul{1 Ig+{, lv d yhfwru �hog ri glphqvlrq t/

uhsuhvhqwlqj wkh g|qdplf idxow1 Lq rxu dssurdfk/

Ig+{, ehorqjv wr d �qlwh vhw ri yhfwruv �hogv I 1

Hdfk hohphqw ri Ig+{,/ fruuhvsrqglqj wr d idxow

rffxuulqj rq d frpsrqhqw ri wkh vwdwh yhfwru/ lv

dvvrfldwhg wr dq hohphqw ri I zklfk fruuhvsrqgv

wr d vhyhulw| ghjuhh ri wklv idxow1 Wkh sureohp ri

IWF lv wr ghvljq d uhvlgxdo jhqhudwru zklfk fdq

ghwhfw Ig dqg wr wdnh wkh dssursuldwh dfwlrqv wr

plqlpl}h wkh h�hfwv ri wklv idxow rq wkh v|vwhp

shuirupdqfhv1

Wkh uhodwlrq +4, ghvfulehv d prgho ri v|vwhpv wkdw

duh yhu| xvxdo lq uhdo zruog1 Lq wklv sdshu/ wkh sur0

srvhg dfwlyh idxow dffrpprgdwlrq lv dssolhg rq

wkh wkuhh wdqn surfhvv1 Wkh odwhvw lv vkrzq rq �j0

xuh +4,1 Lw frqvlvwv ri wkuhh soh{ljodvv f|olqghuv W4/

W5 dqg W6/ zlwk wkh furvv vhfwlrq vw @ 3=3487 p
51
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Ilj1 41 Wkuhh wdqn v|vwhp1

Wkh| duh vhuldoo| frqqhfwhg zlwk hdfk rwkhu e|

f|olqgulfdo slshv zlwk furvv vhfwlrq vs @ 8 �

43�8 p
51 Wkh rxw rzlqj oltxlg iurp wkh vhfrqg

wdqn lv froohfwhg lq d uhvhuyrlu zklfk vxssolhv wkh

sxpsv S4 dqg S51 T4 dqg T5 duh wkh  rz udwhv

ri wkh sxpsv S4 dqg S5 gulyhq e| d GF prwru1

Iru wkh sxusrvh ri vlpxodwlqj forjv ru rshudwlqj

huuruv/ wkh frqqhfwlqj slshv dqg wkh qrplqdo rxw0

 rz duh htxlsshg zlwk pdqxdoo| dgmxvwdeoh edoo

ydoyhv yl +l @ 4>5> 6,/ zklfk doorz wr forvh wkh

fruuhvsrqglqj slsh1 Iru wkh sxusrvh ri vlpxodwlqj

ohdnv/ hdfk wdqn kdv d flufxodu rshqlqj zlwk wkh

furvv vhfwlrq vs dqg d pdqxdoo| dgmxvwdeoh edoo

ydoyh yl3 +l @ 4>5>6,1 Wkh sxps  rz udwhv T4

dqg T5 ghqrwh wkh lqsxw vljqdov1 Wkh oltxlg ohyhov

ri W4/ W5 dqg W6 ghqrwhg/ uhvshfwlyho|/ k4/ k5/ dqg

k6/ duh wkh rxwsxw vljqdov1

Wkh sodqw fdq eh prghohg e| wkh iroorzlqj qrq0

olqhdu uhodwlrqv xvlqj wkh pdvv edodqfh htxdwlrq=;AAAAAAAA?
AAAAAAAA=
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+5,

zkhuh Tlmq dqg Tlmi duh/ uhvshfwlyho|/ wkh qrp0

lqdo dqg wkh idxow|  rz udwh iurp wdqn l wr m1

Trxwq dqg Trxwi duh/ uhvshfwlyho|/ wkh qrplqdo

dqg idxow| rxw rz udwh ri wkh zdwhu lvvxhg iurp

wdqn W51 Tl3i lv wkh ohdn  rz udwh ri wdqn l vlpx0

odwhg e| rshqlqj wkh ydoyh yl31 Xvlqj wkh Wruulfhool

uxoh/ wkhvh  rz udwhv duh h{suhvvhg e|=;AAAAAAA?
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zkhuh ylq / yl3q duh wkh qrplqdo frh!flhqwv ri wkh

ydoyhv rshqlqj1 Wkh prgho jlyhq e| htxdwlrqv +5,

dqg +6,/ fdq eh uhzulwwhq lq wkh irup jlyhq e|

+4,/ zkhuh { @ ^k4 k5 k6`
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61 IDXOW DFFRPPRGDWLRQ YLD

VZLWFKLQJ FRQWURO

Lq wklv vhfwlrq/ wkh frqwuro dffrpprgdwlrq vwudw0

hj| zloo eh suhvhqwhg1 Wkh qrqolqhdu v|vwhp lv

ihhgedfn olqhdul}hg1 Wkhq/ d vwdwh ihhgedfn dqg

SL frqwuroohuv duh ghvljqhg wr dfklhyh vrph suh0

gh�qhg frqwuro shuirupdqfhv1 Ilqdoo|/ wkh IGL

whfkqltxh dqg wkh idxow dffrpprgdwlrq vwudwhj|

zloo eh ghyhorshg1

Orjlf0edvhg vzlwfklqj dojrulwkpv kdyh ehhq xvhg

h{whqvlyho| lq frqwuro ri dxwrpdwhg surfhvvhv1 Wkh

vzlwfklqj dulvhv zkhq qr vlqjoh frqwuroohu lv fdsd0

eoh wr lqvxuh wkh suhgh�qhg shuirupdqfhv zkhq

frqqhfwhg wr d surfhvv zlwk odujh sdudphwulf xq0

fhuwdlqwlhv dqg prghoolqj huuruv ru zkhq lw kdv

pdq| rshudwlqj prghv1 Wkh vwudwhj| zklfk lv gh0

yhorshg lq wklv sdshu frqvlvwv lq frpelqlqj wkh gh0

vljq ri dq IGL vfkhph/ wr ghwhfw dqg lvrodwh d idxow

ehorqjlqj wr d vhw ri d sulrul nqrzq rqhv/ dqg ri

d edqn ri frqwuroohuv zkhuh hdfk rqh lv dvvrfldwhg

wr d idxow vhyhulw| ghjuhh1 Iljxuh 5 ghvfulehv wkh

pxowl0frqwuroohu vwuxfwxuh zklfk lv xvhg wr vhohfw

dq dghtxdwh frqwuroohu zkhq lwv dvvrfldwhg idxow

vhyhulw| ghjuhh lv ghwhfwhg1 Khuh wkh frqwuroohu

vwdqgv iru wkh frqqhfwlrq ri wkh �{hg frqwuroohu

zlwk d jlyhq olqhdul}lqj vwdwlf ihhgedfn1 Wkh �{hg

ruc
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Ilj1 51 Pxowl0frqwuroohu vwuxfwxuh1

frqwuroohu lv ghvljqhg wr dfklhyh suhgh�qhg frqwuro

shuirupdqfhv rq wkh edvlv ri wkh qrplqdo ihhgedfn

olqhdul}hg prgho ri wkh sodqw1 Zkhq d idxow rffxuv/

wkh qrplqdo olqhdul}lqj frqwuro lqsxw lv qr orqjhu

ydolg1 Hdfk olqhdul}lqj ihhgedfn xm / m @ 4>111> j

+j lv qrw wr eh frqixvhg zlwk wkh yhfwru �hog,/

fruuhvsrqgv wr d idxow vhyhulw| ghjuhh1 Wkh df0

frpprgdwlrq vljqdo � vhohfwv wkh dghtxdwh frqwuro

lqsxw xm/ dvvrfldwhg wr wkh ghwhfwhg idxow vhyhulw|

ghjuhh1 Wkh vljqdov xf dqg u ghqrwh/ uhvshfwlyho|/

wkh uhihuhqfh lqsxw dqg wkh frqwuro lqsxw lvvxhg

iurp wkh �{hg frqwuroohu1

614 H{dfw Ihhgedfn Olqhdul}dwlrq

Wkh fodvv ri qrqolqhdu v|vwhpv prghohg e| uhod0

wlrq +4,/ fdq eh olqhdul}hg yld h{dfw olqhdul}dwlrq

wkurxjk vwdwh ihhgedfn1 Wklv phwkrg frqvlvwv lq

ghvljqlqj d qhz frqwuro lqsxw z/ vxfk wkdw=

x @ �+{, . �+{, z> +8,

zkhuh �+{, +lqyhuvleoh, dqg �+{, duh qrqolqhdu

yhfwru �hogv/ wr olqhdul}h wkh prgho jlyhq e|

uhodwlrq +4,1 Vlqfh wkh frqglwlrqv jlyhq lq +Lvlgrul/

4<<8, duh vdwlv�hg/ wkh prgho fdq eh olqhdul}hg

wkurxjk wkh iroorzlqj frqwuro lqsxw/ +Glqj hw

do1/ 4<<<> Srqvduw hw do1/ 4<<<,=
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Wkhq/ wkh qrqolqhdu v|vwhp jlyhq e| +4, dqg +7,
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Wklv olqhdu v|vwhp fdq eh uhzulwwhq lq wkh iroorz0
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D vwdwh ihhgedfn ru d SL frqwuroohuv fdq eh gh0

vljqhg wr frqwuro wklv PLPR olqhdu v|vwhp1

615 Frqwuroohu Ghvljq

Wkh wkuhh wdqn surfhvv kdv vorz g|qdplfv1 Iru d

wlph frqvwdqw ri 53 vhfrqgv/ l1h1/ n44 @ n55 @ 3=38/

wkh olqhdul}hg v|vwhp ehkdyhv lq d vdwlvidfwru|

pdqqhu1 Wkh vwdwh vsdfh uhsuhvhqwdwlrq ri wkh

v|vwhp zlwk n44 @ n55 @ 3=38/ lv dv iroorzv=
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Wkh surfhvv fdq eh frqwuroohg yld d SL frqwuroohu

vr wkdw wkh forvhg orrs v|vwhp ehkdyhv dv d vhfrqg

rughu v|vwhp zlwk d gdpslqj idfwru � @ 4 dqg d

qdwxudo iuhtxhqf| $3 @ 3=3: udg = v�41 Wkh wudqvihu

ixqfwlrq ri d SL frqwuroohu zklfk dfklhyhv wkhvh

remhfwlyhv lv jlyhq e|=
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D vwdwh ihhgedfn frqwuroohu fdq eh ghvljqhg wr

hqvxuh wkh vdph shuirupdqfhv1 Wklv lv dfklhyhg

e| frpsxwlqj d vwdwh ihhgedfn jdlq N/ vxfk wkdw=�
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616 Idxow Ghwhfwlrq/ Lvrodwlrq dqg Dffrpprgdwlrq

Wkh vwdwh vsdfh uhdol}dwlrq ri wkh rshq0orrs v|v0

whp lq wkh suhvhqfh ri d g|qdplf idxow lv zulwwhq

dv= �
b{ @ D {.E u .HIg+{,

| @ F {
+46,

Wkh sxusrvh ri IGL lv wr jhqhudwh d vhw ri uhvlgxdov

wkdw fdq uhyhdo dq rffxuuhqfh ri d idxow gxulqj

wkh v|vwhp ixqfwlrqlqj1 Wklv fdq eh dfklhyhg e|

dq dghtxdwh ghvljq ri d Oxhqehujhu revhuyhu zlwk

wkh iroorzlqj vwuxfwxuh=�
ba{ @ D a{.E u .P +| � a|,>

a| @ F a{>
+47,

dqg e| wkh hydoxdwlrq ri wkh uhvlgxdo jhqhudwru

zklfk lv h{suhvvhg e| %+w, @ |+w, � a|+w,1

Vlqfh wkh rshudwlrqv ri frqwuro dqg vxshuylvlrq

kdyh wr eh lpsohphqwhg qxphulfdoo|/ rqh kdv wr

xvh glvfuhwh wlph revhuyhuv wr dffrpsolvk wkh IGL

wdvnv1 Wdnlqj 318 v dv d vdpsolqj shulrg/ wkh

glvfuhwh wlph vwdwh vsdfh uhdolvdwlrq htxlydohqw wr

wkh rqh jlyhq e| uhodwlrq +<, lv dv iroorzv=�
k4>5+n .4, @ 3=<:86 k4>5+n, . u4>5+n,

|4>5+n, @ 3=3579< k4>5+n,
+48,

Wkh Oxhqehujhu revhuyhu dvvrfldwhg wr wklv prgho

lv jlyhq e|=;?
=

ak4>5+n .4, @ 3=<:86 ak4>5+n, . u4>5+n,

.P +|4>5+n, � a|4>5+n,,

a|4>5+n, @ 3=3579< ak4>5+n,

+49,

Wkh revhuyhu jdlq P lv fdofxodwhg e| sodflqj wkh

hljhqydoxh ri +3=<:86 �P 3=3579<, dw } @ 3=<846/

wkxv P @ 3=<:5381

D vxlwdeoh revhuyhu ri wkh zdwhu ohyho lq wkh wdqn

W6 lv jlyhq e|=

bak6 @P6 +k6 � ak6, .
4

vw
+T46 �T65, +4:,

Wklv uhodwlrq lv lpsohphqwhg qxphulfdoo| e| d

glvfuhwh wlph lqwhjudwru xvlqj wkh wudsh}rlgdo

phwkrg1 Wkh jdlq P6 @ 5 vkrzv vdwlvidfwru|

g|qdplfv iru wkh revhuyhu1

Wkh uhvlgxdov dvvrfldwhg wr wkh wkuhh ohyhov k4/ k5
dqg k6 duh jlyhq e| %l @ kl � akl> l @ 4> 5>61 Lq

+Glqj hw do1/ 4<<<, d uhvlgxdo hydoxdwlrq vwdjh lv

fduulhg rxw wr uhgxfh wkh h�hfwv ri phdvxuhphqw

qrlvh rq wkh idxow lvrodwlrq vwdjh1 Wkh sureohp

ri glvwlqjxlvklqj vhqvru idxowv iurp g|qdplf rqhv

lv dovr vroyhg1 Lq rxu vwxg|/ zh duh lqwhuhvwhg lq

lvrodwlqj wkh ohdnv dqg soxjjlqjv wkdw frxog rffxu

lq hdfk wdqn1 Wkh uhvlgxdov %l fdq eh surfhvvhg e|

d prylqj dyhudjh �owhu zlwk d volglqj zlqgrz ri

vl}h Q1 Iru l @ 4>5>6/ wkh uhvlgxdov duh hydoxdwhg

e|=

%ldyj+n, @
4

Q

Q[
m@4

^kl+n � m, � akl+n � m,`> +4;,

Xqghu wkh dvvxpswlrq wkdw qr vhqvru idxowv rffxu

dqg wkurxjk wkh �owhulqj jlyhq deryh/ lw lv srvvleoh

wr xvh wkh iroorzlqj vwdwhfkduw wr ghvfuleh wkh

idxow dffrpprgdwlrq vwudwhj| +vhh Ilj1 6,1

no_fault

fault_accom 1

α++ ;

fault_accom i

α++ ;

fault_accom g

α++ ;

no_fault fault no_fault fault

no_fault fault

no_fault fault

Leak_in_T 1

Plugging_in_T1

no_fault fault

Plugging_in_T2 Plugging_in_T3

Leak_in_T 3

Leak_in_T 2

[a0]

[ai]

[ag]

[b0]

[c0]

[d0] [e0] [f0]

Ilj1 61 Vwdwhfkduw uhsuhvhqwdwlrq ri wkh idxow df0

frpprgdwlrq vwudwhj| yld vzlwfklqj frqwuro

lq wkh fdvh ri d ohdn lq W41

Wkh vwdwhfkduw frqvlvwv ri vl{ sdudooho vxshuvwdwhv

zlwk gdvk0grwhg frqwrxu wkdw uhsuhvhqw d frq0

fxuuhqw prgh ri rshudwlrq1 Hdfk vxshuvwdwhv kdv

d odeho zklfk lqglfdwhv lwv ixqfwlrq1 Wkh vxshu0

vwdwhv OhdnblqbW4 dqg SoxjjlqjblqbW4 ghwhfw/

uhvshfwlyho|/ d ohdn dqg d soxjjlqj lq wkh �uvw

wdqn1 Vlqfh zh duh lqwhuhvwhg rqo| lq wkh dffrppr0

gdwlrq ri d ohdn lq wkh �uvw wdqn/ wkh vxshuvwdwhv

OhdnblqbWl/ l @ 5>6> dqg SoxjjlqjblqbWl/ l @

4> 5> 6/ gr frqvlvw ri wzr vwdwhv wkdw lqglfdwh d

qrupdo dqg dq deqrupdo ixqfwlrqlqj1 Wkh fkdqjh

ri vwdwhv rffxuv zkhq wkh frqglwlrqv pdunhg rq

wkh wudqvlwlrqv duh vdwlv�hg1 Wkhvh wudqvlwlrqv duh

odehohg e3/ f3/ g3/ h3 dqg i3/ zkhuh=

^e3` / ^%5dyj +n, ? Ve`

^f3` / ^%6dyj +n, ? Vf`

^g3` / ^%4dyj +n, A Vg`

^h3` / ^%5dyj+n, A Vh`

^i3` / ^%6dyj +n, A Vi `

+4<,

Khuh/ Ve/ Vf/ Vg/ Vh dqg Vi duh �{hg wkuhvkrogv

wkdw kdyh wr eh ghwhuplqhg vxfk wkdw wr uhgxfh

wkh idovh dodupv udwh dqg wr plqlpl}h wkh h�hfw ri

phdvxuhphqw qrlvh rq wkh ghflvlrq vwdjh1 Lq �jxuh

+6,/ wkh vxshu vwdwh �OhdnblqbW4� frqvlvwv ri rqh

�qrbidxow� vwdwh dqg j �idxowbdffrp� vwdwhv wkdw

fruuhvsrqg wr wkh ghjuhhv ri wkh ohdn vhyhulw|1 Wkh

frqglwlrq d4 lv htxlydohqw wr %4dyj+n, ? Vd41 Wkh

yduldeoh � 5 i4> ===> jj lv d  dj zklfk lqglfdwhv

zkhwkhu d jlyhq vwdwh kdv ehhq hqdeohg ru qrw1

Wklv  dj lv lqlwldol}hg wr rqh dqg lqfuhphqwhg



zkhq wkh idxow vhyhulw| lqfuhdvhv1 Lw lv xvhg dovr

dv wkh dffrpprgdwlrq ixqfwlrq zklfk vhohfwv wkh

dghtxdwh frqwuroohu zkhq wkh wudqvlwlrqv dl/ l @

4>111> j/ duh ydolgdwhg1 Wkh wudqvlwlrqv d3 dqg dl

duh htxlydohqw wr=

^d3` / ^%4dyj+n, ? Vd3`

^dl` / ^%4dyj +n, ? Vdl` a ^� @ l � 4`
+53,

Khuh/ wkh vhw ri wkuhvkrogv iVd3/ Vd4/ ===/ Vdjj duh

ghwhuplqhg vxfk wkdw wr fkdudfwhul}h wkh ohdn

vhyhulw|1 Wklv lv gxh wr wkh idfw wkdw wkh uhvlgxdo

lv sursruwlrqdo wr wkh idxow vhyhulw|1 Hdfk hohphqw

ri wklv vhw lv dvvrfldwhg wr d idxow dpsolwxgh ru d

ghjuhh ri vhyhulw| Ig 5 I @ iIg4
> Ig5

> ===> Igj
j1

Li wkh idxow vhyhulw| Ig fdq eh dssur{lpdwhg wr

rqh ri wkh idxowv Igm
ehorqjlqj wr I / wkhq wkh

dffrpprgdwlrq vljqdo � dfwlydwhv wkh olqhdul}lqj

frqwuro lqsxw xm / m 5 i4>5> ===> jj vxfk wkdw wkh uhdo

frqwuro lqsxw vljqdo xu vdwlv�hv=

xu @ xm @ �
m
+{, . �

m
+{, z +54,

E| wklv frqwuro vwudwhj|/ wkh idxow h�hfw rq wkh

v|vwhp lv uhgxfhg1 Wkhuhiruh/ wkh dffrpprgdwlrq

vwudwhj| frqvlvwv lq ghwhfwlqj wkh idxow w|sh e|

wkh uxohv jlyhq e| uhodwlrqv +4<,/ lq fkdudfwhul}lqj

lwv pdjqlwxgh e| wkh frpsdulvrq ri wkh uhvlgxdo

zlwk d vhw ri wkuhvkrogv/ dqg lq vzlwfklqj wr wkh

ihhgedfn olqhdul}lqj frqwuro lqsxw wr frpshqvdwh

wkh idxow h�hfwv rq wkh v|vwhp dv vkrzq rq �jxuh

+5,1

Zlwkrxw orvv ri jhqhudolw|/ lq d fdvh ri d ohdn lq

W4/ wkh lwk olqhdul}lqj ihhgedfn lv h{suhvvhg e|=

xl @ T46 .T43il
. vw z4 +55,

zkhuh T43i
l

/ dvvrfldwhg wr wkh lwk wkuhvkrog Vl/

ghqrwhv wkh dprxqw ri ohdn wr eh frpshqvdwhg1

Wkh dffrpprgdwlrq ixqfwlrq � lv jlyhq e|=

�+n, @ il m ^%4dyj ? Vdl` a ^�+n � 4, @ l � 4`j

+56,

Wkh h{shulphqwdo uhvxowv ri wklv idxow0wrohudqw

frqwuro vwudwhj| rq wkh wkuhh wdqn ehqfkpdun zloo

eh glvfxvvhg lq wkh vhfwlrq ehorz1

71 H[SHULPHQWDO UHVXOWV

Wkh frqwuro dqg vxshuylvlrq rshudwlrqv duh lp0

sohphqwhg rq d shqwlxp SF frqqhfwhg wr wkh

sodqw yld d 45 elwv D2G frqyhuwhu +DG UWL ;48,1

Rqo| rqh idxow dffrpprgdwlrq/ lq wkh fdvh ri d

ohdn lq wkh �uvw wdqn/ lv frqvlghuhg1 Wkh h{shu0

lphqwdo uhvxowv ri wkh sursrvhg dffrpprgdwlrq

vwudwhj| duh suhvhqwhg1 Wkh frqwuro remhfwlyh zdv

wr pdlqwdlq wkh ohyhov ri W4 dqg W5/ uhvshfwlyho|/

dw 316 p dqg 315 p1 Wkh vdpsolqj shulrg lv 318

vhfrqg1 Wr dfklhyh wkhvh vshfl�fdwlrqv/ wkh frp0

sxwhg frqwuroohuv jlyhq lq vhfwlrq 6 zhuh xvhg1

Iljxuhv 7 dqg 8 vkrz wkh uhdo0wlph hyroxwlrq ri

wkh ohyhov +Ilj1 71d dqg 81d,/ wkh sxpsv  rz udwh

+Ilj1 71e dqg 81e,/ wkh frqwuro lqsxw +Ilj1 71f

dqg 81f,/ wkh uhvlgxdov +Ilj1 71g dqg 81g, dqg

wkh dffrpprgdwlrq ixqfwlrq +Ilj1 81h,/ gxulqj 583

vhfrqgv1 Zkhq xvlqj d vwdwh ihhgedfn frqwuroohu/

wkh frqwuro remhfwlyh lv uhdfkhg lq wkh suhvhqfh

ri prgholqj xqfhuwdlqwlhv dqg phdvxuhphqw qrlvh1

Dv h{shfwhg/ wkh uhvlgxdov whqg wr }hur1 Krzhyhu/

zkhq d ohdn idxow +ydoyh rshqlqj dw 83(, rffxuv

lq W4 dw w * 46:=8 vhfrqgv/ wkh ohyho ri W4 gursv

wr 315: p dqg d�hfwv dovr wkh rqh ri W61 Khqfh/

wkh frqwuro shuirupdqfhv duh qr pruh lqvxuhg1 Wkh

orvv ri shuirupdqfhv lv zruvw zkhq wkh ohdn idxow

lv pruh vhyhuh1 Wklv fdq eh revhuyhg rq wkh ohyho

ri W4 zkhq wkh ohdn ydoyh lv rshqhg dw 433(/ dw

w * 53< vhfrqgv1 Wkh xvh ri wkh dffrpprgdwlrq

vwudwhj| doorzv nhhslqj wkh frqwuro remhfwlyhv dqg

shuirupdqfhv lq wkh vhqvh wkdw wkh ohyho ri W4 lv

nhsw dw 316 p zkhq wkh ohdn idxow rffxuv dqg zkhq

lwv vhyhulw| ehfrphv kljkhu +vhh Ilj1 81d,1 Khuh/

wkh wkuhvkrogv fruuhvsrqglqj wr wkh wzr vhyhulw|

ghjuhhv duh �{hg dw 031338 dqg dw 03134 e| wdnlqj

lqwr dffrxqw wkh qrlvh yduldqfh1 Lw lv dovr uhohydqw

wr dqdo|}h wkh uhvxowv ri wkh h{shulphqwdwlrq zkhq

xvlqj d SL frqwuroohu1 Wkh idxow uhmhfwlrq lv yhu|

olplwhg xvlqj wklv frqwuroohu +vhh Ilj1 91d,1 Zkhq

wkh idxow rffxuv/ wkh vhwwolqj wlph ri wkh ohyho ri

W4 lv dssur{lpdwho| 8 vhfrqgv1 Wkh xvh ri wklv SL

frqwuroohu wrjhwkhu zlwk wkh dffrpprgdwlrq vwudw0

hj| lqvxuhv wkh uhgxfwlrq ri wklv vhwwolqj wlph dqg

pdlqwdlqv wkh frqwuro remhfwlyhv dqg shuirupdqfhv

+vhh Ilj1 :1d,1
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Ilj1 71 Sodqw gdwd zlwk d vwdwh ihhgedfn frqwuroohu/

zlwkrxw dffrpprgdwlrq lq suhvhqfh ri wzr

idxowv ri d ohdn w|sh/ y43 lv rshqhg dw 83( /

w * 46:=8 vhfrqgv dqg wkhq dw 433(/ w * 53<

vhfrqgv1
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Ilj1 81 Sodqw gdwd zlwk d vwdwh ihhgedfn frqwuroohu/

zlwk wkh dffrpprgdwlrq ri wzr idxowv ri d

ohdn w|sh/ y43 lv rshqhg dw 83(/ w * 445

vhfrqgv dqg wkhq dw 433(/ w * 49; vhfrqgv1
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Ilj1 91 Sodqw gdwd zlwk d SL frqwuroohu/ zlwkrxw

dffrpprgdwlrq lq suhvhqfh ri wzr idxowv ri

d ohdn w|sh/ y43 lv rshqhg dw 83(/ w * 466

vhfrqgv dqg wkhq dw 433(/ w * 53; vhfrqgv1

81 FRQFOXVLRQ

Lq wklv sdshu/ d pxowl0frqwuroohu vwuxfwxuh/ zlwk

d �{hg frqwuroohu dqg pxowlsoh olqhdul}lqj vwdwlf

ihhgedfnv/ zdv lqwurgxfhg wr ghdo zlwk d idxow0

wrohudqw frqwuro vwudwhj| ri d qrqolqhdu v|vwhp1

Lw zdv dssolhg vxffhvvixoo| rq wkh wkuhh wdqn

ehqfkpdun lq uhdo0wlph/ dqg kdv jlyhq vdwlvidfwru|

uhvxowv vlqfh wkh h�hfwv ri wkh frqvlghuhg idxow rq

wkh v|vwhp shuirupdqfhv kdyh ehhq dwwhqxdwhg1

Wklv IWF phwkrg lv edvhg rq d mrlqw ghvljq ri
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Ilj1 :1 Sodqw gdwd zlwk d SL frqwuroohu/ zlwk wkh

dffrpprgdwlrq ri wzr idxowv ri d ohdn w|sh/

y43 lv rshqhg dw 83(/ w * 43< vhfrqgv dqg

wkhq dw 433(/ w * 4;3 vhfrqgv1

dq IGL dojrulwkp wr ghwhfw d sulrul nqrzq idxowv

dqg wkh ghvljq ri d vzlwfklqj frqwuro vwudwhj| wr

dfklhyh d idvw dqg dq dffxudwh dffrpprgdwlrq lq

frpsdulvrq zlwk rwkhu dgdswlyh whfkqltxhv1

91 UHIHUHQFHV

Eodqnh/ P1/ F1 Z1 Iuhl/ I1 Nudxvv/ U1 M1 Sdwwrq

dqg P1 Vwdurvzlhfnl +5333,1 Zkdw lv idxow0

wrohudqw frqwuro1 Lq Surf1 ri LIDF Idxow Gh0

whfwlrq/ Vxshuylvlrq dqg Vdihw| iru Whfkqlfdo

Surfhvvhv/ Exgdshvw/ Kxqjdu|1

Fkduerqqdxg/ S1/ I1 Urwhood dqg V1 Pìgdu +5334,1

Surfhvv rshudwlqj prgh prqlwrulqj= Vzlwfk0

lqj rqolqh wkh uljkw frqwuroohu1 LHHH Wudqv0

dfwlrqv rq V|vwhpv/ Pdq/ dqg F|ehuqhwlfv 0

Sduw F 64+4,/ ::�;91

Glqj/ V1 [1/ W1 Mhlqvfk/ H1 O1 Glqj/ G1 ]krx

dqg J1 Zdqj +4<<<,1 Dssolfdwlrq ri revhuyhu

edvhg IGL vfkhphv wr wkh wkuhh wdqn v|vwhp1

lq Surf1 ri HFF*<</ Nduovukxh/ Jhupdq|1

Lvlgrul/ D1 +4<<8,1 Qrqolqhdu Frqwuro V|vwhpv1

Vsulqjhu1

Pruvh/ D1V1 +4<<9,1 Vxshuylvru| frqwuro ri idplolhv

ri olqhdu vhw0srlqw frqwuroohuv/ sduw 4= H{dfw

pdwfklqj1 LHHH Wudqvdfwlrqv rq Dxwrpdwlf

Frqwuro 74+43,/ 4746�47641

Sdwwrq/ U1M1 +4<<:,1 Idxow0wrohudqw frqwuro v|v0

whpv = Wkh 4<<: vlwxdwlrq1 lq Surf1 LIDF

VDIHSURFHVV*<: ss1 4366�43881

Srqvduw/ M1F1/ G1 Wkhloolro dqg K1 Qrxud +4<<<,1

Idxow0wrohudqw frqwuro ri d qrqolqhdu v|vwhp

dssolfdwlrq wr d wkuhh0wdqn0v|vwhp1 lq Surf1

ri HFF*<</ Nduovukxh/ Jhupdq|1


