
Odwfklqj frqwuro ri d srzhu wdnh r� rvfloodwru
fduulhg e| d zdyh dfwlydwhg erg|1
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Devwudfw
Wklv sdshu lqyhvwljdwhv wkh prwlrq dpsol�fdwlrq eurxjkw
e| odwfklqj frqwuro wr d phfkdqlfdo rvfloodwru lqvwdoohg rq
d zdyh dfwlydwhg erg|1 Wklv jhqhulf sureohp srwhqwldoo|
dssolhv wr d idploo| ri zdyh hqhuj| ghylfhv douhdg| h{lvw0
lqj ru xqghu ghyhorsphqw wrgd|1 Dvvxplqj wkh h{flwdwlrq
irufh ehlqj prqrfkurpdwlf/ rqh fdq ghwhuplqh dqdo|wl0
fdoo| wkh rswlpdo odwfklqj gxudwlrq1 Wkh dqdo|wlfdo wlph
grpdlq dssurdfk doorzv iru kljkoljkwlqj vshfl�f qrqolq0
hdu ihdwxuhv ri vxfk v|vwhpv ri rvfloodwruv dv rxwsxw sh0
ulrg grxeolqj/ wulsolqj/111 Lw lv vkrzq wkdw odwfklqj frqwuro
dssolhg wr frxsohg srzhu wdnh r� rvfloodwruv fdq eh dv hi0
�flhqw dv lw zdv ghprqvwudwhg wr eh iru vlpsoh rvfloodwru
lq wkhvh zdyh hqhuj| uhfryhulqj v|vwhpv1

4 Lqwurgxfwlrq1
Frqfhswxdoo|/ d orw ri gl�huhqw phwkrgv kdv ehhq sursrvhg
wr h{wudfw srzhu iurp wkh zdyhv1 Rqh ri wkhp frqvlvwv lq
xvlqj wkh uhodwlyh prwlrq ehwzhhq  rdwlqj erglhv/ dqg rqh
fdq vd| wkdw lw lv rqh ri wkh prvw surplvlqj wrgd|1 Lq wkh
Shodplv ghylfh ^45`/ wkh urwdwlrqdo uhodwlyh prwlrqv eh0
wzhhq  rdwlqj f|olqghuv lv xvhg wr surgxfh kljk suhvvxuh
k|gudxolfv/ wkhq hohfwulflw|1 Lq wkh vorshg LSV exr| ^44`/
lw lv d frxsohg vxephujhg erg| zklfk surylghv wkh uhdf0
wlrq iru  rdwlqj erg| rvfloodwlrq/ zkhuhdv lq wkh SV Iurj
PN8 ^6` wkh frxsohg uhdfwlrq surylglqj erg| lv orfdwhg
lqvlgh wkh  rdwlqj xqlw1 Dv rwkhuv uhvhdufkhuv/ zh eholhyh
wkdw frqwuro lv wkh nh| zklfk frxog pdnh rqh gd| zdyh
hqhuj| frqyhuvlrq hfrqrplfdoo| yldeoh/ zkdwhyhu wkh gh0
ylfh frqvlghuhg1 Zkhq wkh ghylfh lv frpsrvhg ri d vlqjoh
rvfloodwru xvlqj wkh vhd erwwrp dv d uhihuhqfh � d srlqw0
devruehu �/ wkh odz iru rswlpxp frqwuro lv nqrzq iurp wkh
hduo| vwxglhv ri Hydqv ^9` dqg Idoqhv ^5`/ exw fdq qrw eh
dssolhg lq udqgrp zdyhv/ ehlqj wkhq dqwl0fdxvdo1 Lq wkh

hduo| hljkwlhv/ Exgdo dqg Idoqhv sursrvhg d vxe0rswlpdo
frqwuro phwkrg nqrzq dv odwfklqj frqwuro ^5`/ zklfk zdv
ixuwkhu lqyhvwljdwhg lq ^:`/ ^;`/ ^4`/ iru d vlqjoh rvfloodwru1
Rq klv vlgh/ Nrugh ^<` dssolhg wklv phwkrg wr ghylfhv xv0
lqj dq lq0erdug dfwlyh uhihuhqfh/ exw h{huwlqj wkh odwfklqj
frqwuro rq wkh srzhu wdnh r� udwkhu wkdq rq wkh prwlrq
ri wkh v|vwhp1 Lq ^43`/ kh frqvlghuhg frqwlqxrxv uhdfwlyh
frqwuro wr ghflgh li wkh uhdfwlrq surylglqj erg| vkrxog eh
orfdwhg lqvlgh ru rxwvlgh wkh  rdwlqj xqlw1 Khuh/ zh zloo
h{srvh d phwkrg wkdw fdq eh xvhg wr dvvhvv wkh ehqh�w
zklfk fdq eh eurxjkw e| dsso|lqj odwfklqj frqwuro rq wkh
uhodwlyh prwlrq ri vxfk d ghylfh1

Iljxuh 4= sulqflsoh ri wkh grxeoh rvflooodwru srlqw devruehu



5 Jhqhudo irupxodwlrq1
Ohw*v frqvlghu d vlpsol�hg jhqhulf zdyh hqhuj| frqyhuwhu
dv ghvfulehg rq �jxuh +4,1 Lw lv pdgh ri d srvlwlyho| exr|0
dqw f|olqgulfdo kxoo ri pdvv p4/ prruhg wr wkh vhd erwwrp
dqg uhvwudlqhg wr pryh rqo| lq khdyh prwlrq +phdvxuhg
e| {4,1 Zh dvvxph doo wkh rwkhu prwlrqv wr eh lghdoo|
uhvwulfwhg1 Lqvlgh wklv f|olqghu olhv dq dgglwlrqqdo pdvv
p5 zklfk fdq volgh zlwkrxw iulfwlrq dorqj wkh yhuwlfdo {
d{lv1 Ohw {5 eh wkh glvsodfhphqw ri p5 dssduw iurp lwv
htxloleulxp srvlwlrq1 Zkhq wkh v|vwhp lv h{flwhg e| wkh
vhd/ erwk wkh f|olqghu dqg wkh lqwhuqdo pdvv duh vhw lqwr
prwlrq/ lq vxfk d zd| wkdw wkh uhodwlyh prwlrq ehwzhhq
wkh wzr sduwv fdq eh frqyhuwhg lqwr hqhuj| e| phdqv ri d
srzhu0wdnh0r� +SWR,1 Zh zloo dvvxph wkdw wkh SWR fdq
eh prghol}hg e| olqhdu vsulqj n5 dqg gdpshu e51 Wlph0
grpdlq htxdwlrqv ri wkh prwlrqv duh =
p4�{4+w, .p5 +�{4+w, . �{5+w,, @ ih{+w,� �4�{4+w,
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b{4 +�,N +w� �,g� � n4{4+w,
p5 +�{4+w, . �{5+w,, @ �e5 b{5 +w,� n5{5+w,

zkhuh �4 lv wkh dgghg pdvv iru wkh khdyh prwlrq/ N lv
wkh lpsxovh uhvsrqvh ixqfwlrq lq khdyh prgh/ ih{ lv wkh
h{flwdwlrq irufh gxh wr lqflghqw dqg gl�udfwhg zdyhv/ n4
lv wkh vwl�qhvv ri wkh f|olqghu1 Xvlqj Surq|*v phwkrg ^7`/
rqh fdq dssur{lpdwh wkh nhuqho ixqfwlrq N e| d vxp ri
Q sdlu ri frqmxjxdwh frpsoh{ yduldeohv Ll1 Wkh ydoxh ri
hdfk Ll lv wkhq jlyhq e| d ruglqdu| gl�huhqwldo htxdwlrqbLl @ �lLl.�l b{4zkhuh +�l> �l, fdq eh fdofxodwhg xvlqj wkh
phwkrg ghvfulehg lq ^8`1 Wkh htxdwlrq ri wkh prwlrq wkhq
ehfrphv d vwdqgdug vwdwh htxdwlrq=

+p4 .p5 . �4, �{4+w, .p5�{5+w, @ ih{+w,
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Ll � n4{4+w,
+p4 .p5, �{5+w, . e5 b{5 +w, . n5{5+w, @ 3

bLl � �lLl @ �l b{4 +4,
lq zklfk doo wkh k|gurg|qdplfdo udgldwlrq h�hfwv olh lq
wkh dgghg vwdwhv Ll1 Wr khos xqghuvwdqglqj/ zh zloo whp0
srudulo| frqvlghu d vlpsol�hg v|vwhp frqvlvwlqj rqo| lq
wzr frxsohg phfkdqlfdo rvfloodwruv e| vnlsslqj doo wkh Ll
whupv lq ht1+4, zklfk ghjhqhudwhv lqwr d gdpshu1 Krz0
hyhu/ doo wkh iruwkfrplqj fdofxodwlrqv fdq eh shuiruphg iru
wkh lqlwldo joredo sureohp e| vlpso| uh0lqwurgxflqj wkh k|0
gurg|qdplf Ll whupv lq ht1+4,1 Prwlrq htxdwlrqv iru wkh
frxsohg rvfloodwruv sureohp duh =

p4�{4 .p5 +�{4 . �{5, @ Ih{+w,� n4{4 � e4 b{4
p5 +�{4 . �{5, @ �n5{5 � e5 b{5 +5,

Iurp qrz rq/ zh zloo frqvlghu prqrfkurpdwlf h{0
flwdwlrq irufh1 Ohw xv gh�qh wkh vwdwh yhfwru [ @
� {4 {5 b{4 b{5 �W =E| lqyhuwlqj wkh pdvv pdwul{/ zh
jhw wkh wkh �uvw rughu gl�huhqwldo htxdwlrq ri wkh prwlrq=
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dqg zlwk � @ p5

p4
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p5dqg ih{ @ Ih{
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1
Lw lv zhoo nqrzq wkdw wkh jhqhudo vroxwlrq ri wklv htxd0

wlrq +6, fdq eh h{suhvvhg lq whup ri pdwul{ h{srqhqwldov1
Xvlqj wkh jlyhq lqlwldo frqglwlrq [+w @ wl, @ [l=/ zh jhw
=
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514 Htxdwlrqv ri wkh odwfkhg v|vwhp1
Odwfklqj frqwuro frqvlvwv lq orfnlqj wkh {5 prwlrq zkhq
wkh yhorflw| ydqlvkhv +dw vd| w @ 3 wkh ruljlq ri wlph ehlqj
iuhh xs wr qrz,/ dqg uhohdvlqj lw +dw w @ w3, diwhu d fhuwdlq
ghod| wr eh ghwhuplqhg1 Lq d suhylrxv sdshu ^4` zkhuh wkh
suhvhqw phwkrg zdv dssolhg wr d vlqjoh rvfloodwru +dv li p5

zhuh glvfdughg/ dqg wkh SWR lq e4 lqvwhdg ri e5 dqg wkh
odwfklqj rq wkh prwlrq ri pdvv p4,/ wklv pdqrhxyuh zdv
vkrzq wr lpsuryh gudpdwlfdoo| wkh uhvsrqvh dpsolwxgh/
dqg frqvhtxhqwo| wkh h{wudfwhg srzhu1 Ohw*v dvvxph wkdw/
dw wlph w @ 3 +lqlwldo frqglwlrqv,/ zh orfn wkh prwlrq
{5 ri wkh lqwhuqdo pdvv uhodwlyh wr wkh h{whuqdo pdvv dv
ghvfulehg deryh1 Gxulqj wkh odwfklqj shulrg +3 ? w ? w3,
wkh htxdwlrq ri prwlrqv wkhq ghjhqhudwhv lqwr =

+p4 .p5, �{4 @ Ih{+w,� n4{4 � e4 b{4
b{5 @ 3 +8,

Xqghu wkh vdph pdwul{ irup =
b[ @ D3=[.E3= frv +$w. *3, +9,
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Djdlq wkh jhqhudo vroxwlrq lv jlyhq e| ht1+7,/ dvvxplqj
wkh lqlwldo frqglwlrq [+w @ 3, @ [31
515 Fdofxodwlqj wkh rswlpdo odwfklqj gx0

udwlrq1
Ohw*v dvvxph wkdw wkh h{flwdwlrq dqg wkh frqwuro kdv
vwduwhg iurp w @ �4 dqg wkdw d shulrglf uhjlph kdv ehhq
uhdfkhg1 Zh dvvxph wkdw dw w @ 3/ wkh yhorflw| b{5 ri wkh



pdvv p5 ydqlvkhv1 Iurp wklv zh jhw wkh lqlwldo frqglwlrq
=

[3 @ [+w @ 3, @ � {4>3 {5>3 b{4>3 3 �W

Wkh glvwdqfh {5>3 ehwzhhq wkh wzr pdvvhv zloo eh nhsw
frqvwdqw gxulqj d gxudwlrq w3 wr eh ghwhuplqhg1 Zh dv0
vxph wkdw wkh shulrglf prwlrq lv hvwdeolvkhg/ lq vxfk d
zd| wkdw wkh v|vwhp uhdfk d �qdo vwdwh [4 dw w @ w4 +zlwk
b{5+w4, @ 3, rssrvlwh ri wkh lqlwldo frqglwlrq1 Wklv lpsolhv
wzr frqglwlrqv dw w @ w41 Iluvw rqh lv wkdw [4 @ [+w @
w4, @ �[3 @ �

�{4>3 �{5>3 � b{4>3 3 �W 1 Wkh vhfrqg
rqh uhtxluhv wkdw qhfhvvdulo| Ih{+w @ w4, @ �Ih{+w @ 3,
uhvxowlqj lq $w4 @ � . 5n�>zlwk n 5 Q1 Iurp wklv zh jhw
w4 @ +5n. 4,�$ dqg zh vhh wkdw wkh udwlr ehwzhhq wkh sh0
ulrg ri wkh v|vwhp uhvsrqvh +vd| Wrxw, dqg wkh h{flwdwlrq
shulrg +vd| Wh{, lv qhfhvvdulo| rgg1
516 Htxdwlrq ri odwfklqj
E| zulwlqj wkh vwdwh yhfwru dw w @ w3/ zkhq wkh vhfrqg
pdvv p5 lv uhohdvhg/ dqg dw w @ w4/ zh �qg wkdw [3 pxvw
eh vroxwlrq ri
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zlwk � @ w4 � w31 Pruhryhu zh pxvw kdyh = � @ +5n .
4,�$ � w3/ w4 @ +5n . 4,�$ 1 Wkh odvw �hog ri yhfwru [3

uhsuhvhqwv wkh yhorflw| ri pdvv p51 Iurp wkh suhylrxv
frqglwlrqv lw vkrxog ydqlvk/ dqg wklv jlyhv wkh htxdwlrq ri
odwfklqj ghod|1
Vr qrz ohw*v fkrrvh dq lqwhjhu ydoxh iru n1 Zh fdq

fdofxodwh iru hdfk ydoxh ri *3 doo wkh srvvlelolhv iru w3 5
�3> +5n . 4,�$

� vdwlvi|lqj wkh htxdwlrq ri odwfklqj1 Iru sh0
ulrglflw| dujxphqwv/ lw lv qrw qhfhvvdu| wr vhhn iru vr0
oxwlrqv iru ydoxhv ri *3rxwvlgh wkh udqjh ^3> �`1 Ilqdoo|/
dprqj doo wkh vroxwlrq frxsohv +*3> w3,/ zh uhwdlq wkh rqo|rqh zklfk pd{lpl}hv wkh dpsolwxgh ri wkh prwlrq ri wkh
vhfrqg pdvv gxulqj wkh iuhh prwlrq shulrg1 Qrwh wkdw
wkh irup ri wkh htxdwlrq +:,/ dqg wkhuhiruh wkh vroxwlrq
phwkrg/ zrxog kdyh ehhq devroxwho| lghqwlfdo li zh kdg
pdgh wkh fdofxodwlrq zlwk wkh k|gurg|qdplf whupv Ll lq0
foxghg1

6 Uhvxowv
Rq �jxuh +5/d,/ zh kdyh sorwwhg wkh dpsolwxgh ri wkh uh0
vsrqvh ri wkh v|vwhp/ frqwuroohg ru iuhh1 Wkh sdudphwhuv
duh vhw wr $4 @ 3=:8 udg2v/ $5 @ 4=3 udg2v/ � @ 3=4/
ih{ @ 4=3/ %4 @ %5 @ 3=41 Lq wklv �uvw fdofxodwlrq/ zh kdyh
vhw n @ 3/ zklfk phdqv wkdw wkh shulrg ri wkh uhvsrqvh
Wrxw lv htxdo wr wkh uhvsrqvh ri wkh h{flwdwlrq irufh Wh{1
Uhvxowv duh joredoo| wkh vdph dv zkdw zh revhuyhg lq wkh
fdvh ri d vlqjoh phfkdqlfdo rvfloodwru = qrq wulyldo vroxwlrqv
ri wkh deryh odwfklqj sureohp fdq eh irxqg zkhq wkh h{0
flwdwlrq iuhtxhqf| lv orzhu wkdq wkh qdwxudo iuhtxhqf| +l1h1
$5, ri wkh zrunlqj pdvv +khuh p5, rq zklfk odwfklqj lv
dssolhg1 Wkh �uvw +iurp wrs, wzr fxuyhv �j16 vkrz wkh
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Iljxuh 5= Krprfkurpdwlf +Wrxw @ Wh{, uhvsrqvh dp0
solwxgh dqg h{wudfwhg srzhu zlwk dqg zlwkrxw frqwuro1
$4 ? $5

dpsol�fdwlrq rewdlqhg lq d wlph0grpdlq vlpxodwlrq1 Rq
wkh erwwrp sorw/ �jxuh +5/ e,/ zkhuh wkh devruehg srzhu
lv sorwwhg/ rqh fdq dssuhfldwh doo wkh ehqh�w eurxjkw e|
odwfklqj frqwuro/ dqg wkh odujh eurdghqlqj ri wkh edqg0
zlgwk1 Zh pdgh dqrwkhu fdofxodwlrq iru wkh vdph fkrlfh
n @ 3/ wkhq Wrxw @ Wh{/ exw qrz zlwk $5 ? $4 1 Uhvxowv
zhuh txlwh glvdssrlqwlqj= odwfklqj frqwuro vwloo zrunv iru
$ ? $5 / dv zh frxog dqwlflsdwh/ exw lw fryhu rqo| d qduurz
edqg lq orz iuhtxhqf|/ dqg lv joredoo| xqh!flhqw lq whupv
ri devruehg srzhu1 Rq �jxuh +7,/ zh kdyh sorwwhg uhvxowv
fruuhvsrqglqj wr wkh fdvh $4 ? $5 exw qrz zlwk n @ 4/
zklfk phdqv wkdw wkh shulrg ri wkh uhvsrqvh lv wkuhh wlphv
wkh h{flwdwlrq shulrg1 +Wrxw @ 6Wh{,1 D h{dpsoh ri vxfk
d ehkdylru lv sorwwhg lq �j16/f1 Dv lq wkh fdvh ri d vlqjoh
phfkdqlfdo rvfloodwru/ rqh fdq vhh wkdw wkh dpsolwxgh ri
wkh prwlrq lv dpsol�hg zkdwhyhu lv wkh iuhtxhqf|/ hyhq iru
$ A $5 / dqg wkh devruehg srzhu lv vljql�fdqwo| lpsuryhg/
h{fhsw durxqg wkh qdwxudo iuhtxhqf| $51 Shulrg wulsolqj
doorzv wr lpsuryh wkh ixqfwlrqphqw ri wkh v|vwhp/ hyhq iru
iuhtxhqflhv kljkhu wkdq wkh qdwxudo iuhtxhqf| ri wkh zrun0
lqj rvfloodwru1 Krzhyhu/ wkh jdlq lq whupv ri srzhu lv ohvv
wkdq lq wkh fdvh n @ 3 zkhq wkh iuhtxhqf| lv orzhu wkdq
$51 Dssolfdwlrqv ri wkh suhvhqw phwkrg lqfoxglqj doo wkh
k|gurg|qdplf whupv zloo eh suhvhqwhg dw wkh Zrunvkrs/
dqg h{sodlqhg lq ghwdlo lq d iruwkfrplqj sdshu1

Uhihuhqfhv
^4` D1 Ededulw/ J1 Gxforv/ dqg D1K1 Fohphqw1 Ehqh�w

ri odwfklqj frqwuro iru khdylqj zdyh hqhuj| ghylfh lq
udqgrp vhd1 Surf1 46wk Lqw R�vkruh dqg Srodu Hq0
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Iljxuh 6= Wlph grpdlq vlpxodwlrqv ri wkh uhodwlyh prwlrq
ehwzhhq wkh wzr pdvvhv iru $ @ 3=9/ $ @ 3=;8 dqg $ @
4=581+wrs wr erwwrp,
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Iljxuh 7= Wulshulrglf +Wrxw @ 6Wh{, uhvsrqvh dpsolwxgh
dqg h{wudfwhg srzhu zlwk dqg zlwkrxw frqwuro zkhq $4 ?
$5

jlqhhulqj Frqi1 LVRSH5336/ 4=674�67;/ 53361 LVEQ
40;;3986093081

^5` N1 Exgdo dqg M1 Idoqhv1 Lqwhudfwlqj srlqw devruehuv
zlwk frqwuroohg prwlrq/ lq Srzhu iurp Vhd Zdyhv1
EP Frxqw/ Dfdghplf Suhvv/ 4<;31

^6` D1 S1 Pf Fdeh/ D1 Eudgvkdz/ P1 E1 Zlgghq/ U1Y1
Fkdsolq/ dqg M1 D1 F1 Phdgrzfuriw P1M1 Iuhqfk1 SV
iurj PN8 = Dq r�vkruh srlqw0devruehu zdyh hqhuj|
frqyhuwhu1 Lq Iliwk Hxurshdq Zdyh Hqhuj| Frq0
ihuhqfh1 Xqlyhuvlw| Froohjh Frun/ 4:053wk vhswhpehu
53361

^7` D1K1 Foìphqw1 Lghqwl�fdwlrq gh od irqfwlrq gh juhhq
gh o*k|gurg|qdpltxh wudqvlwrluh sdu ghv prghohv frq0
wlqxv1 Surf1 8hphv Mrxuqhhv gh o*K|gurg|qdpltxh/
sdjhv 64<�665/ 4<<81

^8` D1K1 Foìphqw1 Xvlqj gl�huhqwldo surshuwlhv ri wkh
juhhq ixqfwlrq lq vhdnhhslqj frpsxwdwlrqdo frghv1
Surf1 :wk Lqwhuq1 Frqi1 Qxphu1 Vkls K|gurg1/ 9+8,=4�
48/ 4<<<1

^9` G1Y1 Hydqv1 Srzhu iurp zdwhu zdyhv1 Dqqxdo uhylhz
ri Ioxlg phfkdqlfv/ 46=48:�4;:/ 4<;41

^:` P1 Juhhqkrz dqg V1S1 Zklwh1 Rswlpdo khdyh prwlrq
ri vrph d{lv|pphwulf zdyh hqhuj| ghylfhv lq vlqx0
vrlgdo zdyhv1 Dssolhg Rfhdq Uhvhdufk/ 4<=474�48</
4<<:1

^;` M1 Kdov/ W1 Emduwh0Oduvvrq/ dqg M1 Idoqhv1 Rswl0
pxp uhdfwlyh frqwuro dqg frqwuro e| odwfklqj ri d
zdyh0devruelqj vhplvxephujhg khdylqj vskhuh1 Surf1
ri RPDH*35/ 54vw Lqwhuqdwlrqdo Frqihuhqfh rq R�0
vkruh Phfkdqlfv dqg Dufwlf Hqjlqhhulqj/ sdjhv 4�</
Mxqh 53351

^<` X1D1 Nrugh1 G|qdplfv ri d  rdwlqj exr| xqghu odwfk0
lqj frqwuro1 Surf1 ri RPDH*35/ 54vw Lqwhuqdwlrqdo
Frqihuhqfh rq R�vkruh Phfkdqlfv dqg Duwlf Hqjl0
qhhulqj/ 53351

^43` Xphvk D1 Nrugh1 V|vwhpv ri uhdfwlyho| ordghg frx0
sohg rvfloodwlqj erglhv lq zdyh hqhuj| frqyhuvlrq1 Ds0
solhg Rfhdq Uhvhdufk/ sdjhv :<�<4/ 53361

^44` S1 Sdunlq/ J1 Sd|qh/ dqg M1 U1 P1 Wd|oru1 Qxphulfdo
vlpxodwlrq dqg wdqn whvwv ri wkh iuhh0 rdwlqj vorshg
LSV exr|1 Lq Iliwk Hxurshdq Zdyh Hqhuj| Frq0
ihuhqfh1 Xqlyhuvlw| Froohjh Frun/ 4:053wk vhswhpehu
53361

^45` G1 Sl}hu/ Fkulv Uhw}ohu/ Urvv Khqghuvrq/ Mdfre
Dkotylvw/ Ilrqd Frzlhvrq/ dqgPduwlq Vkdz1 Shodplv
ZHF 0 dgydqfhv lq wkh qxphulfdo dqg h{shulphq0
wdo prghoolqj surjudpph1 Lq Iliwk Hxurshdq Zdyh
Hqhuj| Frqihuhqfh1 Xqlyhuvlw| Froohjh Frun/ 4:053wk
vhswhupehu 53361


