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P1 Phgd0Fdpsdôd/ D1 Udpðuh}0Wuhylôr dqg H1 Oösh}0Phoodgr
FLQYHVWDY0LSQ Xqlgdg Jxdgdodmdud1

Suro1 Oösh} Pdwhrv Vxu 8<3/ 783<3 Jxdgdodmdud Mdolvfr/ Pì{lfr
~duwCjgo1flqyhvwdy1p{�

Devwudfw�Wklv zrun lv frqfhuqhg zlwk wkh dqdo|vlv ri
wkh rq0olqh lghqwl�delolw| ri wkh Glvfuhwh Hyhqw V|vwhpv
+GHV, xvlqj Lqwhusuhwhg Shwul Qhwv +U��,1 D wkhruhwl0
fdo iudphzrun fkdudfwhul}lqj lghqwl�deoh v|vwhpv zkhq
rqo| wkh lqsxw dqg rxwsxw v|vwhp*v vljqdov duh dydlodeoh
lv �uvw dgguhvvhg1 Diwhuzdugv/ edvhg rq wklv iudphzrun/
dq dojrulwkp wkdw surjuhvvlyho| exlogv dq U�� prgho
ri wkh v|vwhp lv suhvhqwhg1 Dv d srvvleoh dssolfdwlrq
ri wkh sureohp khuhlq dgguhvvhg/ wkh rq0olqh lghqwl�fd0
wlrq sureohp lv dgdswhg wr dgguhvv wkh sureohp ri GHV
prgho ydolgdwlrq1

L1 Lqwurgxfwlrq

Orrvho| vshdnlqj/ lghqwl�delolw|^44` lv d surshuw| ri
g|qdplf v|vwhpv wkdw doorzv/ wkurxjk dq hqwlw| fdoohg
lghqwl�hu/ wr hvwlpdwh d pdwkhpdwlfdo prgho ri wkh v|v0
whp zkhq wkh lqsxw dqg rxwsxw v|vwhp*v vljqdov duh
dydlodeoh1 Lq Glvfuhwh Hyhqw V|vwhpv +GHV, olwhud0
wxuh wkhuh h{lvw vhyhudo zrunv dgguhvvlqj wkh yhu| forvh
sureohp ri odqjxdjh lghqwl�fdwlrq lq wkh olplw^7`^4`^45`/
lq zklfk d �fruuhfw� dxwrpdwd iru d jlyhq srvlwlyh vdp0
soh ri d uhjxodu odqjxdjh O� pxvw eh lghqwl�hg1 Wkh
dxwrpdwd lv wxqhg hyhu| wlph wkdw d qhz zrug ri wkh
srvlwlyh vdpsoh lv suhvhqwhg wr wkh lghqwl�fdwlrq dojr0
ulwkp1
Lq ^7` Jrog dgguhvvhg wkh odqjxdjh lghqwl�fdwlrq lq

wkh olplw wr rewdlq d irupdo prgho ri kxpdq odqjxdjh
dftxlvlwlrq/ dovr kh vkrzv wkdw iru uhjxodu odqjxdjhv
wklv sureohp lv QS0Frpsohwh1 Dgguhvvlqj wkh vdph
wrslf/ lq ^4`/ Dqjoxlq sursrvhg sro|qrpldo dojrulwkpv
iru vrph vxefodvvhv ri uhjxodu odqjxdjhv/ wkrvh fdoohg
wkh }hur0uhyhuvleoh odqjxdjhv1 Wkhvh lghdv duh h{whqghg
lq ^5`/ lq wklv zrun Dqjoxlq lqwurgxfhv wkh txhu| ohduq0
lqj prgho1 Lq wklv prgho/ hyhu| wlph wkdw wkh lghqwl0
�hg dxwrpdwd lv wxqhg/ d �whdfkhu� suhvhqwv d frxqwhu0
h{dpsoh wr wkh lghqwl�fdwlrq dojrulwkp1 Wkh frxqwhu0
h{dpsoh lv d zrug dffhswhg e| wkh jxhvvhg dxwrpdwd
qrw ehorqjlqj wr wkh odqjxdjh O� ru d zrug ehorqjlqj
wr O� wkdw lw lv qrw dffhswhg e| wkh jxhvvhg dxwrpdwd1
Edvhg rq wklv prgho/ Dqjoxlq suryhg wkdw wkh lghq0
wl�fdwlrq sureohp ri uhjxodu odqjxdjhv lv sro|qrpldo1
Wklv sureohp lv dovr dgguhvvhg lq ^9`1 Lq wklv zrun Kl0
udlvkl dgguhvvhg wkh vdph sureohp iru wkh L0uhyhuvleoh
odqjxdjh fodvv1 Kh xvhg Shwul Qhwv +SQ, wr uhsuhvhqw
wkh odqjxdjh O�1

WWklv zrun zdv vxssruwhg e| surmhfw FRQDF|W 5<5:;0D

Wklv zrun suhvhqwv d phwkrg wr exlog dq lqwhusuhwhg
Shwul qhw +LSQ, dv d prgho iru d GHV1 Lw dvvxphv
wkdw wkh v|perov hplwwhg e| wkh GHV duh dydlodeoh/
exw wkh odqjxdjh O�> krzhyhu/ lv xqnqrzq1 Wkh pdlq
frqwulexwlrqv ri wklv zrun duh dq dv|pswrwlf phwkrg
wr exlog dq LSQ prgho ri wkh GHV dqg wkh dssolfdwlrq
ri wklv phwkrg wr wkh prgho ydolgdwlrq sureohp1
Wkh sursrvhg phwkrg lv fdoohg dv|pswrwlf vlqfh wkh

LSQ prgho lv exlow dv wkh v|vwhp hyroyhv1 Wkh rxwsxw
v|pero vhtxhqfhv duh xvhg wr ghwhuplqh wkh qhw vwuxf0
wxuh dqg lwv lqwhusuhwdwlrq +odeholqj zlwk lqsxw dqg
rxwsxw v|perov,1 Wklv dssurdfk dyrlgv wkh QS frp0
sohwh sureohp irxqg lq wkh whfkqltxhv wkdw xvh srvlwlyh
vdpsohv ri lqsxw odqjxdjhv1
Wkh sdshu dovr vkrzv wkdw wkh dv|pswrwlf lghqwl�0

fdwlrq lv xvhixo wr vroyh wkh prgho ydolgdwlrq sureohp1
Zh xvh wkh uhvxowv ri lghqwl�fdwlrq iru fkhfnlqj wkh fru0
uhfwqhvv ri d ghvljq djdlqvw d jlyhq GHV vshfl�fdwlrq
+dq LSQ prgho,1 Iluvw/ d uhgxfhg lqsxw vhtxhqfh lv
ghwhuplqhg iurp wkh vshfl�fdwlrq/ wkhq lw lv dssolhg
wr wkh ghvljqhg GHV1 Wkh uhvxow ri wkh lghqwl�fdwlrq
lv frpsduhg zlwk wkh vshfl�fdwlrq wr ghwhuplqh li wkh
ghvljqhg ghylfh ixo�oov wkh vshfl�fdwlrq1
Wkh uhpdlqghu ri wklv sdshu lv rujdql}hg dv iroorzv>

vhfwlrq LL jlyhv dq rxwolqh ri wkh xvhg pdwkhpdwlfdo
wrro wr prgho GHV= lqwhusuhwhg SQ 1 Vhfwlrq LLL vwdwhv
wkh dv|pswrwlf lghqwl�fdwlrq sureohp/ wkh fodvv ri v|v0
whpv wkdw zloo eh vwxglhg dqg wkh lghqwl�fdwlrq dojr0
ulwkp dqg vhfwlrq LY suhvhqwv wkh uhvxowv iru GHV ydo0
lgdwlrq dqg jlyhv dq looxvwudwlyh h{dpsoh1 Ilqdoo| wkh
frqfoxvlrqv dqg ixwxuh zrun duh rxwolqhg1

LL1 Lqwhusuhwhg Shwul Qhwv

Wklv vhfwlrq lqwurgxfhv wkh gh�qlwlrq ri LSQ ^:` xvhg
lq wklv sdshu1 D jrrg SQ vxuyh| lv suhvhqwhg lq ^;`/
dqg iru ghwdlov derxw pdunhg judskv/ vwdwh pdfklqhv
dqg iuhh fkrlfh SQ / dq lqwhuhvwhg uhdghu fdq vhh ^<`1

Gh�qlwlrq 4= Dq Lqwhusuhwhg Shwul Qhw +LSQ, lv
wkh 90wxsoh T @ +Q>	>�> �>G>*, zkhuh Q @ +J>P3,
lv d SQ^8` ^;`> 	 @ i�4> �5> ===> �uj lv wkh lqsxw do0
skdehw ri wkh qhw dqg �l lv dq lqsxw v|pero> � @
i!4> !5> ===> !vj lv wkh rxwsxw doskdehw dqg !l lv dq rxw0
sxw v|pero> � = W $ 	 ^ i%j lv d odeholqj ixqfwlrq ri
wudqvlwlrqv zlwk wkh iroorzlqj uhvwulfwlrq= ;wm > wn 5 W>

m 9@ n li L+sl> wm, @ L+sl> wn, 9@ 3 dqg erwk �+wm,>



�+wn, 9@ %> wkhq �+wm, 9@ �+wn,> zkhuh % uhsuhvhqwv dq
lqwhuqdo v|vwhp hyhqw> G = W $ A lv d ihhg0iruzdug
ixqfwlrq/ zkhuh A @ � ^ i%j dqg � � W 1 Zkhq d wudq0
vlwlrq wm lv �uhg/ wkhq lwv qdph wm ru wkh % v|pero duh
jlyhq dv dq LSQ rxwsxw> * = U+J>P3, $ i�^ i%jjt

lv dq rxwsxw ixqfwlrq zkhuh U+J>P3, lv wkh uhdfk0
delolw| vhw1 Wkh rxwsxw yhfwru *+Pn, ri wkh qhw lv d
t�hqwu| yhfwru1
Uhpdun 5= Lq wklv zrun +T>P3, zloo eh xvhg lqvwhdg

ri T @ +Q>	>�> �>G>*, wr hpskdvl}h wkh idfw wkdw
wkhuh lv dq lqlwldo pdunlqj lq dq LSQ 1
Uhpdun 6= Wklv sdshu irfxvhv rq wkh fdvh zkhuh wkh

ixqfwlrq * lv olqhdu dqg fdq eh uhsuhvhqwhg dv d t � q

pdwul{ * @ ^*lm `> zkhuh wkh l� wk urz yhfwru *l lv wkh
wudqvsrvh ri dq hohphqwdo yhfwru hm/ q lv wkh qxpehu ri
sodfhv/ dqg t lv wkh glphqvlrq ri wkh rxwsxw yhfwru1
D wudqvlwlrq wm 5 W ri dq LSQ lv hqdeohg dw pdunlqj

Pn li ;sl 5 S / Pn+sl, A L+sl> wm,= Li �+wm, @ dl 9@ % lv
suhvhqw dqg wm lv hqdeohg/ wkhq wm pxvw �uh1 Li �+wm, @
% dqg wm lv hqdeohg wkhq wm fdq eh �uhg1 Zkhq dq
hqdeohg wudqvlwlrq wm lv �uhg lq d pdunlqj Pn> wkhq d
qhz pdunlqj Pn.4 lv uhdfkhg1 Wklv idfw lv uhsuhvhqwhg

dv= Pn

wm
�$ Pn.4= Pn.4 fdq eh frpsxwhg xvlqj wkh

g|qdplfdo sduw ri wkh SQ vwdwh htxdwlrq= Pn.4 @
Pn . Fyn/ zlwk F gh�qhg dv lq d SQ dqg yn gh�qhg
dv= yn+l, @ 3 l 9@ m/ yn+m, @ 41
Qrwh wkdw e| gh�qlwlrq ri �/ LSQ duh ghwhuplqlvwlf

^6` ryhu odehohg wudqvlwlrqv/ l1h1 wzr wudqvlwlrqv zlwk wkh
vdph dvvrfldwhg lqsxw v|pero fdqqrw kdyh wkh vdph
lqsxw sodfhv1 Krzhyhu/ wkh| fdq eh qrq0ghwhuplqlvwlf
^6` ryhu xqodehohg wudqvlwlrqv1
Gh�qlwlrq 7= Li �+wl, 9@ % wkh wudqvlwlrq wl lv vdlg wr

eh frqwuroodeoh1 Rwkhuzlvh lw lv qrq0frqwuroodeoh1
D sodfh sl 5 S lv vdlg wr eh phdvxudeoh li wkh l �
wk froxpq yhfwru ri * lv qrw qxoo +l1h1 *+�> l, 9@ 3,1
Rwkhuzlvh lw lv qrq0phdvxudeoh1 D wudqvlwlrq wm lv
vdlg wr eh phdvxudeoh li G+wm, @ wm 1 Rwkhuzlvh lw lv
qrq0phdvxudeoh1
Lq wklv zrun/ wkh phdvxudeoh sodfhv ri dq LSQ duh

ghslfwhg dv fohdu flufohv/ wkh qrq0phdvxudeoh rqhv dv
gdun flufohv/ wkh phdvxudeoh wudqvlwlrqv dv fohdu eduv/
zkloh wkh qrq0phdvxudeoh rqhv dv gdun eduv1
Ohw � @ wlwmwn=== eh d �ulqj wudqvlwlrq vhtxhqfh1 Wkh

Sdulnk yhfwru �$� = W �$ ]
. ri � pdsv hyhu| wudqvlwlrq

w ri W +wkh wudqvlwlrqv ri wkh qhw, wr wkh qxpehu ri
rffxuuhqfhv ri w lq �=

Wkh vwdwh htxdwlrq ri dq LSQ lv wkh iroorzlqj=

Pn.4 @ Pn .Fyn +4,

|n @ * �Pn

zkhuh yn lv wkh Sdulnk yhfwru ri d �uhg wudqvlwlrq
vhtxhqfh1
Gh�qlwlrq 8= Ohw +T>P3, eh dq LSQ / d �ulqj vh0

txhqfh ri +T>P3, lv d vhtxhqfh � @ wlwm ===wn vxfk wkdw

P3

wl�$P4

wm
�$ ===Pz

wn�$P{===1
Wkh �ulqj odqjxdjh ri +T>P3,> lv wkh vhw ri doo �ulqj

vhtxhqfhv ri +T>P3,> ghqrwhg dv= '+T>Pf , @ i�m� @

w�w� ===w! dqg P3

wl�$P4

wm
�$ ===Pz

wn�$ ===j1
Wkh lqsxw odqjxdjh ri +T>P3, lv '�?+T>Pf , @

i�+w�,�+w� ,=== �+wn,m wlwm===wn 5 '+T >Pf ,j1
Wkh rxwsxw odqjxdjh ri +T>P3, lv 'L�| +T >Pf , @

i*+Pf ,*+P� ,===*+P� ,=== mP3

wl�$ P4

wm
�$ ===Pz

wn�$
=== dqg wlwm===wn 5 '+T >Pf ,j1
Gh�qlwlrq 9= �+wm, +�+sl,, ghqrwhv wkh vhw ri lqsxw

sodfhv +wudqvlwlrqv, wr wm +sl,> +wm,� ++sl,�, lv wkh vhw ri
rxwsxw sodfhv +wudqvlwlrqv, wr wm +sl,1
Wkh qrwlrq ri ghshqghqf| zloo eh xvhixo wr hvwdeolvk

zklfk wudqvlwlrqv duh lq wkh vdph sdwk lq dq LSQ 1
Gh�qlwlrq := Wzr wudqvlwlrqv wl/ wm irup d ghshq0

ghqf| ^wl> wm ` l� <sn vxfk wkdw sn 5 w�l dqg sn 5� wm 1 Li
sn lv d qrq phdvxudeoh sodfh/ wkhq ^wl> wm ` zloo eh fdoohg
d qrq0phdvxudeoh ghshqghqf| dqg lw lv ghqrwhg
dv QGhs/ rwkhuzlvh zloo eh fdoohg d phdvxudeoh gh0
shqghqf| dqg lw lv ghqrwhg dv PGhs1 Wkh vhw ri doo
srvvleoh ghshqghqflhv lv ghqrwhg dv Ghs1
Ghs @ Ghsp ^Ghsx> zkhuh Ghsp lv wkh vhw ri doo

phdvxudeoh ghshqghqflhv dqg Ghsx lv wkh vhw ri doo qrq
phdvxudeoh ghshqghqflhv1
Gh�qlwlrq ;= Ohw +T>P3, eh dq LSQ 1 +T>P3, lv d

vlqjoh qrq0phdvxudeoh ghshqghqf| +VGhs, LSQ
l� hdfk qrq phdvxudeoh sodfh ehorqjv wr mxvw rqh qrq
phdvxudeoh ghshqghqf|1

LLL1 Dv|pswrwlf lghqwlilfdwlrq sureohp

Wr lghqwli| d GHV xvlqj LSQ lw vkrxog eh wkh fdvh
zkhuh wkh GHV fdq eh prghohg e| dw ohdvw rqh LSQ 1 Li
lw lv qrw wkh fdvh/ wkhq wkh GHV fdqqrw eh lghqwl�hg e|
dq| LSQ 1 Pruhryhu/ hyhq lq wkh fdvh zkhuh wkh GHV
fdq eh prghohg e| dq LSQ +T>P3,/ pruh surshuwlhv
pxvw h{klelw wklv qhw ehfdxvh doo qrq0phdvxudeoh hyhqw
dqg sodfhv pxvw eh ghwhfwhg iurp wkh rxwsxw v|perov
ri wkh GHV1
Rqh qhhghg surshuw| lv wkh revhuydelolw|^43`/ eh0

fdxvh lw hqvxuhv wkdw wkh hyhqwv +wudqvlwlrqv, fdq eh
ghwhfwhg iurp wkh rxwsxw1 Wklv surshuw|/ krzhyhu/
grhv qrw hqvxuh wkdw wkh qrq0phdvxudeoh sodfhv zloo
eh ghwhfwhg1 Wr frsh wklv sureohp wklv sdshu irfxvhv
lq revhuydeoh VGhs LSQ 1 Iru h{dpsoh/ li wzr qrq0
phdvxudeoh ghshqghqflhv ^wl> wm `/ ^wl> wn` duh ghwhfwhg/
wkhq wzr qrq0phdvxudeoh sodfhv duh dovr ghwhfwhg1
Qh{w sursrvlwlrq irupdol}hv wkhvh lghdv1
Sursrvlwlrq <= Ohw +T>P3, eh dq revhuydeoh dqg

VGhs LSQ / wkhq wkh h{lvwhqfh ri wudqvlwlrqv dqg
sodfhv fdq eh ghwhfwhg iurp wkh rxwsxw odqjxdjh1

Surri= Vlqfh wkh LSQ lv revhuydeoh/ wkhq dq|
�uhg wudqvlwlrq vhtxhqfh dqg phdvxudeoh sodfh fdq
eh ghwhfwhg^43`1 Qrq0phdvxudeoh sodfhv duh ghwhfwhg
zkhq wzr frqvhfxwlyh wudqvlwlrqv wl/ wm duh qr frq0
qhfwhg e| d phdvxudeoh sodfh1 Pruhryhu wkh qrq0
phdvxudeoh ghshqghqf| ^wl> wm ` lv lghqwl�hg1 Iru hdfk
QGhs ^wl> wm`/ d yhfwru xlm @

�
�4 � � � �u

�
lv

frpsxwhg> zkhuh u lv wkh qxpehu ri ghwhfwhg wudqvl0
wlrqv dqg �l @ 4/ �m @ �4> �n @ 3/ n 9@ l> m= Duudqjlqj



*F+�> wl, dqg xlm yhfwruv lq d pdwul{ idvklrq/ dv iroorzv=
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wkhq doo wudqvlwlrqv dqg sodfhv fdq eh ghwhfwhg1
Qrz/ wkh dv|pswrwlf lghqwl�fdwlrq sureohp iru wklv

vxefodvv ri LSQ fdq eh vwdwhg1
Sureohp 43= Ohw Vi eh d GHV wkdw fdq eh prghohg

e| dq revhuydeoh/ VGhs dqg elqdu| LSQ > dqg P @
ip3>p4> ===j eh wkh qrq hpsw| vhw ri doo LSQ 1 Wkhq wkh
dv|pswrwlf lghqwl�fdwlrq sureohp lv gh�qhg dv iroorzv=
41 Vhohfw d ixqfwlrqdo i = iVij�P �$U. lqglfdwlqj
wkh vlplolwxgh ehwzhhq Vi dqg pm 5P1 D orzhu ydoxh
ri i+Vi >pm, lqglfdwhv wkdw Vi dqgpm duh pruh vlplodu1
51 Ilqg rxw d prgho vhtxhqfh p3>p4> ===>pn/ zkhuh
pl 5P vxfk dv i+Vi >pl, � i+Vi >pl�4,
Edvhg rq wklv gh�qlwlrq/ zh sursrvhg d ixqfwlrqdo

i wr ghwhuplqh wkh qxpehu ri *F froxpqv dqg qrq0
phdvxudeoh ghshqghqflhv wkdw duh plvvhg lq wkh prgho1
Wklv ixqfwlrqdo zrunv �qh iru wkh LSQ fodvv khuhlq
vwxglhg ehfdxvh lw jxdudqwlhv wkdw wkh phdvxudeoh sduw
ri wkh v|vwhp lv dfwxdoo| uhsuhvhqwhg lq wkh jxhvvhg
prgho1 Pruhryhu/ vlqfh hyhu| ghshqghqfh lq wkh v|vwhp
dovr ehorqjv wr wkh jxhvvhg prgho/ wkhq wkh prgho mxvw
dffhswv wkh v|vwhp zrugv1 Irupdoo|/ wkh ixqfwlrqdo i
lv gh�qhg dv iroorzv1

Gh�qlwlrq 44= Ohw i*Fv
i
j eh wkh vhw ri froxpqv ri

pdwul{ *F ri wkh v|vwhp Vi dqg
�
*Fp

l

�
eh wkh vhw

ri froxpqv ri pdwul{ *F ri wkh lghqwl�hg prgho pl=

Ohw Ghs+Vi , dqg Ghs+pl, eh wkh vhw ri ghshqghqflhv
ri wkh v|vwhp Vi dqg wkh lghqwl�hg prgho pl1

i+Vi >pl, @ mi*Fv
i
j � i*Fp

l
jm. mGhs+Vi ,�Ghs+pl,m

+5,
Qrz/ hyhu| �uhg wudqvlwlrq vhtxhqfh �l @

w4w5 � � � wn�4wn lq wkh v|vwhp +T>P3, |lhogv d ghshq0
ghqf| vhtxhqfh ^w4w5` ^w5w6` � � � ^wn�4wn`1 Xvlqj wkh gh0
shqghqf| vhtxhqfh/ d vlpsoh LSQ sdwk +d vhtxhqfh ri
wudqvlwlrqv dqg sodfhv, fdq eh lghqwl�hg vxfk wkdw lw
dffhswv wkh vhtxhqfh �l1 Wkhq wkh vlpsoh LSQ sdwkv
fdq eh phujhg wr rewdlq d prgho iru +T>P3,=
Wkh iroorzlqj gh�qlwlrq gh�qhv wkh pl0zrug/ lw lv d

�uhg wudqvlwlrq vhtxhqfh lq wkh v|vwhp +T>P3,> dqg
zloo eh xvhixo wr lghqwli| wkh ghshqghqf| vhtxhqfhv1

Gh�qlwlrq 45= Ohw +T>P3, eh dq revhuydeoh/ VGhs

dqg elqdu| LSQ dqg pl @ +Q 3

l >
aPl
3, eh d sursrvhg

prgho iru +T>P3,1 Li zr @ *+P3, � � �*+Pm, lv dq rxw0
sxw zrug jhqhudwhg e| +T>P3,> dqg z @ w4 � � � wn lv wkh
�ulqj vhtxhqfh ghwhfwhg zkhq zr zdv revhuyhg1 z lv
dq pl.40zrug l� *+P3, @ *+Pm,=
Wkh qh{w wkhruhp surriv wkdw wkh sureohp 43 kdv d

vroxwlrq1
Wkhruhp 46= Ohw +T>P3, eh dq revhuydeoh/ VGhs

dqg elqdu| LSQ dqg pl @ +Q 3

l >
aPl
3, eh d sursrvhg

prgho iru +T>P3,1 Li z lv dq pl.40zrug wkhq d

prgho pl.4 @ +Q 3

l.4>
aPl.4
3 , fdq eh exlow vxfk wkdw

i+Vi >pl, � i+Vi >pl.4,

Surri= Wkh �uvw prgho p3 @ +Q 3

3>
aP3
3 , lv exlow

dv iroorzv1 Wkh qxpehu ri sodfhv ri Q 3

3 lv htxdo wr wkh
qxpehu ri phdvxudeoh sodfhv lq +T>P3,1 Wklv ydoxh
fdq eh frpsxwhg iurp *+P3,1 Wkh qxpehu ri wudqvl0

wlrqv lv }hur dqg aP3
3 +l, @

�
4 li *+P3,+l, 9@ %

3 rwkhu fdvh
=Wkhq/

wkh lqlwldo huuru lv= i++T>P3,>p3, @ mW m. mGhsm1
Qrz wkh vhwv Ghsx> Ghsp> Ghs dqg Ghs� +qrq0

phdvxudeoh ghshqghqfhv ehwzhhq pl prghov, duh gh0
foduhg wr eh hpsw|1 Surfhhglqj e| lqgxfwlrq rq wkh
qxpehu { ri ghwhfwhg p{0zrugv1

� Ohw { @ 41 Lq wklv fdvh dq p40zrug@
w4w5===wu lv ghwhuplqhg zkhq wkh rxwsxw zrug zr @
*+P3,*+P4, � � �*+Pn, ri +T>P3, lv revhuyhg1 Vxfk
p40zrug@ w4w5===wu dqg froxpqv *F+�> w4,> ===> *F+�> wu,
fdq eh frpsxwhg xvlqj sursrvlwlrq <1 Wkh iroorzlqj
fdvhv dulvh=
410 w4 lv wkh �uvw �uhg wudqvlwlrq lq p40zrug1 D gh0
shqghqfh G @ ^wu> w4` lv ghwhfwhg1 Li G @ ^wl> wn` lv dq
QGhs/ wkhq lw pxvw eh dgghg4 wr Ghsx rwkhuzlvh wr
Ghsp=

510 Wkh �ulqj ri wl rffxuv ehiruh wkh �ulqj ri wm lq wkh
p40zrug1 D ghshqghqfh G @ ^wl> wm ` lv ghwhfwhg1 Li
G @ ^wl> wn` lv dq QGhs/ wkhq lw pxvw eh dgghg wr
Ghsx rwkhuzlvh wr Ghsp=
Iru hdfk QGhs ^wl> wm`/ d yhfwru xlm @

�
�4 � � � �u

�
lv frpsxwhg dv lq wkh surri ri sursrvlwlrq < dqg dq lq0
flghqfh pdwul{ F 3

4 lv frpsxwhg1 D qhz prgho p4 lv
ghwhuplqhg/ zkhuh wkh lqflghqfh pdwul{ ri p4 lv F 3

4

dqg wkh lqlwldo pdunlqj aP4
3 +l, lv wkh lqkhulwhg surmhf0

wlrq iurp aP3
3 +l, zlwk wkh qhz pdunhg qrq phdvxu0

deoh sodfhv1 Vlqfh vrph wudqvlwlrqv duh ghwhfwhg e| wkh
p40zrug/ wkhq vrph froxpqv *F+�> wl, duh frpsxwhg1
Khqfh i++T>P3,>p3, A i++T>P3,>p4,1
� E| wkh lqgxfwlrq k|srwkhvlv/ li { @ q> wkhq wkh pq0
zrug@ wdwe===wt lv ghwhfwhg dqg i++T>P3,>pq�4, A
i++T>P3,>pq,=
� Ohw { @ q . 4= Lq wklv fdvh pq.40zrug@
wlwm===wo lv ghwhuplqhg zkhq wkh rxwsxw zrug zr @
*+Pv,*+Pw, � � �*+Py, ri +T>P3, lv revhuyhg1 Vxfk
pq.40zrug@ wlwm ===wo dqg froxpqv*F+�> wl,> ===> *F+�> wo,
fdq eh frpsxwhg xvlqj sursrvlwlrq <1
Wkh ghshqghqflhv ri wkh pq.40zrug zloo eh xsgdwhg
dv iroorzv=
0 wl lv wkh �uvw wudqvlwlrq lq pq.40zrug1 D ghshqghqfh
G @ ^wo> wl` lv ghwhfwhg1 Li G @ ^wo> wl` lv dq QGhs/ wkhq
lw pxvw eh dgghg wr Ghsx rwkhuzlvh wr Ghsp=
0 wl/ wn duh wzr frqvhfxwlyh wudqvlwlrqv lq pq.40
zrug1 Wkhq d ghshqghqf| G @ ^wl> wn` lv lghqwl0
�hg1 Li wkhuh h{lvwv d ghshqghqf| vhtxhqfh Gvht @
^wn> w|`^w|> wq`===^w}> wl` +wdnlqj ghshqghqflhv iurp Ghs,
zkhuh qr rqh ghshqghqf| dsshduv pruh wkdq rqfh/
wkhq Ghsx @Ghsx� ^w|> wq`> zkhuh ^w|> wq` 5Ghs� ds0

�Lq wklv fdvh/ dgghg phdqv wkh xqlrq ri wkh ghshqghqf| vhw

zlwk wkh qhz irxqg rxw ghshqghqflhv



shduv lq Gvht> l1h1 vrph ghshqghqflhv ehwzhhq prghov
pxvw eh holplqdwhg5 iurp Ghsx ehfdxvh wkh| frqwud0
glfw wkh qhz revhuyhg ehkdylru1 Rwkhuzlvh wzr fdvhv
dulvh=
d, Wkhuh qr h{lvwv G{ @ ^w{> wn` 5Ghsx1 Lq wklv fdvh
wkhuh h{lvwv qr d frqwudglfwlrq lq wkh qhw +l1h1 wkhuh h{0
lvwv qr d qrq0phdvxudeoh ghshqghqf| wkdw lqydolgdwhv
wkh vhtxhqfh ===wlwn=== ehfdxvh wn kdv qrw lqsxw sodfhv,1
Li G @ ^wl> wn` lv dq QGhs/ wkhq lw pxvw eh dgghg wr
Ghsx rwkhuzlvh wr Ghsp=
e, Wkhuh h{lvwv G} @ ^w} > wn` 5Ghs

x +l1h1 wn ehorqjv
wr dq QGhs wkdw frxog eh holplqdwhg,1 Li wkhuh h{lvwv
d ghshqghqf| vhtxhqfh Gvht @ ^wl> w|`^w|> wq`===^w}> wn`
+wdnlqj ghshqghqflhv iurp Ghs, zkhuh qr rqh ghshq0
ghqf| dsshduv pruh wkdq rqfh/ wkhq ^w} > wn` pxvw eh
holplqdwhg iurp Ghsx dqg d qhz QGhs ghshqghqfhv
^wl> wt` pxvw eh dgghg wr Ghsx1 Lq wkh qh{w vwhs qhz
QGhs ghshqghqflhv ^w}> wt ` duh dgghg/ zkhuh wkh wt
duh wdnhq iurp wkh ghshqghqfhv ^wn> wt `=Lq erwk fdvhv/
li G @ ^wl> wn` lv dq QGhs/ wkhq lw pxvw eh dgghg wr
Ghsx rwkhuzlvh wr Ghsp=

Wkh ghshqghqflhv ehwzhhq pl0zrugv zloo eh xsgdwhg
dv iroorzv=

0 Vlqfh pq0zrug@ wdwe===wt suhfhghv pq.40zrug@
wlwm===wo> wkhq d ghshqghqf| G @ ^wt> wl` lv lghqwl�hg1
Wzr fdvhv dulvhv=
d, Li wkhuh h{lvwv d ghshqghqf| vhtxhqfh Gvht @
^wl> w|`===^w} > wt` +wdnlqj ghshqghqflhv iurp Ghs, zkhuh
qr rqh ghshqghqf| dsshduv pruh wkdq rqfh/ wkhq
Ghsx @Ghsx � ^w|> wq`> zkhuh ^w|> wq` 5Ghs� dsshduv
lq Gvht1
e, Li wkhuh qr h{lvwv d ghshqghqf| vhtxhqfh Gvht @
^wl> w|`===^w} > wt` +wdnlqj ghshqghqflhv iurp Ghs, zkhuh
qr rqh ghshqghqf| dsshduv pruh wkdq rqfh/ wkhq wkh
lghqwl�hg ghshqghqf| G @ ^wt > wl` pxvw eh dgghg wr
Ghsx dqg wr Ghs� vhwv1

Iru hdfk QGhs ^wl> wm` lq Ghsx/ d yhfwru xlm @�
�4 � � � �u

�
lv frpsxwhg dv lq wkh surri ri sursr0

vlwlrq < dqg dq lqflghqfh pdwul{ F3

q.4 lv frpsxwhg1 D
qhz prgho pq.4 frxog eh ghwhuplqhg/ zkhuh wkh lqfl0
ghqfh pdwul{ ri pq.4 lv F 3

q.4 dqg wkh lqlwldo pdunlqj
aPq.4
3 +l, lv wkh lqkhulwhg surmhfwlrq iurp aP3

3 +l, zlwk
wkh qhz pdunhg qrq phdvxudeoh sodfhv1
Li qhz wudqvlwlrqv duh irxqg rxw/ wkhq wkh hu0

uru i++T>P3,>pq.4, ghfuhdvhv1 Li wkh ghshqghqflhv
duh xsgdwhg wr dffhsw wkh qhz ghwhfwhg zrug/ wkhq
holplqdwhg ghshqghqflhv gr qrw ehorqj wr wkh v|v0
whp dqg dovr wkh huuru i++T>P3,>pq.4, ghfuhdvhv1
Rwkhuzlvh i++T>P3,>pq.4, zloo qrw lqfuhdvh/ khqfh
i++T>P3,>pq.4, A i++T>P3,>pq.4, dqg wkh wkhr0
uhp krogv1

2Lq wklv fdvh holplqdwhg phdqv uhprylqj iurp wkh ghshqghqf|

vhw wkh lqglfdwhg ghshqghqf| dqg wkh uhprylqj ri wkh qrq0

phdvxudeoh sodfh iurp wkh LSQ1

Ilj1 41 Ydolgdwlrq vfkhph

Dojrulwkp= Dv|pswrwlf lghqwl�fdwlrq dojrulwkp
Lqsxw= Ghsx @ >> Ghsp @ >> Ghs@ >/ Ghs� @ >

dqg ~*FVi �@ >

Rxwsxw= Dq LSQ prgho iru wkh v|vwhp ehkdylru
revhuyhg ~*FVi � dqg Ghs

Frpsxwh p3 dv zdv phqwlrqhg lq wkh surri ri wkhr0
uhp 46/ t @ 3
orrs

41 Uhdg wkh rxwsxw v|pero *+Pl, ri wkh GHV xqwlo
pt�zrug lv ghwhfwhg1
51 Xvhv pt0zrug wr frpsxwh F 3

4 dqg wkh fxuuhqw
ghshqghqf| vhwv Ghsx dqg Ghsp=

61 Xsgdwhg wkh ghshqghqflhv dv lq wkh surri ri wkh0
ruhp 461 t @ t .4
71 Exlog prgho pt1
8 Hqgborrs

LY1 Lghqwlilfdwlrq iru ydolgdwlrq

Wklv vhfwlrq dgguhvvhv wkh sureohp zkhuh d ghvljqhg
ghylfh pxvw eh whvwhg wr ghwhuplqh li lw �wv d vhw ri
suhhvwdeolvkhg vshfl�fdwlrqv1 Wklv sureohp dulvhv lq
gl�huhqw hqjlqhhulqj duhdv/ vxfk dv whvwdelolw| ri LF ru
vriwzduh yhul�fdwlrq1 Wkh vfkhph suhvhqwhg lq �jxuh 4
lv lqwurgxfhg wr vroyh wkh ydolgdwlrq sureohp xvlqj wkh
dv|pswrwlf lghqwl�fdwlrq dojrulwkp1

Sureohp 47= Ohw V eh wkh vshfl�fdwlrq lq LSQ

whupv ri d GHV1 Wkh vshfl�fdwlrq lv dq revhuydeoh/
VGhs dqg elqdu| LSQ 1 Ohw L eh dq lpsohphqwhg gh0
ylfh +sk|vlfdo ghylfh, zklfk kdv ehhq ghvljqhg wr phhw
wkh vshfl�fdwlrq V1 Wkhq wkh ydolgdwlrq sureohp frq0
vlvwv lq ghwhuplqh li L ixo�oov wkh vshfl�fdwlrq V=

Vlqfh wkh vshfl�fdwlrq lv nqrzq/ wkhq wkh lghqwl�0
fdwlrq surfhvv fdq eh lpsuryhg xvlqj d vshfldo vhw ri
lqsxw zrugv1 Wklv vhw ri zrugv lv fkrvhq wr khos wr hi0
�flhqwo| frpsxwh wkh ghshqghqflhv ri wkh v|vwhp1 Wkh
dssurdfk khuhlq xvhg wr �qg rxw wkh uhgxfhg vhw ri �u0
lqj wudqvlwlrq vhtxhqfhv lpsolhv wkh vwxg| ri wkh W dqg
S frpsrqhqwv1

Sursrvlwlrq 48= Ohw +T>P3, eh d olyh/ vwuxfwxudoo|
erxqghg LSQ dqg WT dq hohphqwdo W0frpsrqhqw ri
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Ilj1 51 Dq LSQ zlwk wzr S0Vhpl rz dqg lwv skdvh gldjudp1

+T>P3,1 Ohw �l @ ===wl===wm=== dqg �m @ ===wm===wl=== 5
'+W" >Pf ,1 Wkhq wl dqg wm ehorqj wr gl�huhqw s0
frpsrqhqwv ri WT1

Surri= Li erwk wudqvlwlrqv wl dqg wm ehorqj wr
vdph S0frpsrqhqw/ wkhq wkhuh rqo| h{lvwv d gluhfwhg
sdwk iurp wl wr wm ru iurp wm wr wl +zlwkrxw sdvvlqj
wzlfh e| wkh vdph wudqvlwlrq,1 Wkhq mxvw vhtxhqfh �l
ru �m fdq eh �uhg> vr wl dqg wm pxvw ehorqj wr gl�huhqw
S0frpsrqhqwv1

Gh�qlwlrq 49= Ohw +T>P3, eh d olyh/ vwuxfwxudoo|
erxqghg LSQ= Wzr wudqvlwlrqv wl> wm ri +T>P3, duh
vdlg wr eh lq frqwudglfwlrq l� wkhuh h{lvw zrugv �l/�m 5
'+T >Pf , vxfk wkdw �l @ ===wl===wm===/ �m @ ===wm===wl===1

D1 Uhgxfhg vhw ri �ulqj wudqvlwlrq vhtxhqfhv iru lghq0

wl�fdwlrq

Gh�qlwlrq 4:= Ohw +T>P3, eh dq revhuydeoh/ VGhs
elqdu| dqg vwuxfwxudoo| erxqghg LSQ= Wkh Skdvh Gl0
djudp ri +T>P3, lv wkh uhdfkdelolw| judsk gudzq lq
dq Q0glphqvlrqdo vsdfh/ zkhuh hdfk d{lv lv d glvfuhwh
yduldeoh uhsuhvhqwlqj d S0vhpl rz> wkh ydoxhv ri wkh
yduldeoh duh wkh pdunlqjv ri wkh dvvrfldwhg S0vhpl rz1

H{dpsoh 4;= Ohw +T>P3, eh wkh LSQ ghslfwhg lq
�jxuh 51d,1 Wkh skdvh gldjudp ri +T>P3, lv vkrzq lq
�jxuh 51e,1

Gh�qlwlrq 4<= Ohw +T>P3, eh dq revhuydeoh/ VGhs/
elqdu| dqg vwuxfwxudoo| erxqghg LSQ dqg SG lwv
skdvh gldjudp= Wkh vhw ri h{whuqdo vhtxhqfhv +wkrvh
f|folf vhtxhqfhv iruplqj wkh xqerxqghg idfh, ri wkh
SG lv ghqrwhg HVht1

H{dpsoh 53= Lq wkh SG ri wkh �jxuh 51e,/ HVht@
idefgh> fgdehj1

Sursrvlwlrq 54= Ohw +T>P3, eh dq revhuydeoh/
VGhs/ elqdu| dqg vwuxfwxudoo| erxqghg LSQ> dqg WT
eh dq hohphqwdo W0frpsrqhqw ri +T>P3,1 HVht lv d
uhgxfhg vhw ri �ulqj wudqvlwlrq vhtxhqfhv doorzlqj wr
lghqwli| fruuhfwo| WT1

Surri= Ohw �l> �m 5HVht wzr wudqvlwlrq vh0
txhqfhv vxfk wkdw=

�l @

d{lv4} �� ~
w4s4 w5s4 � � � wp4s4 � � �

d{lvq} �� ~
w4sqw5sq � � � wpqsq

�m @

d{lvq} �� ~
w4s

q
w5s

q
� � � wp

q
s
q
� � �

d{lv4} �� ~
w4s4 w5s4 � � � wp4s4

Qrwh wkdw iru dq| sdlu ri frqwudglfwru| wudqvl0
wlrqv wn> wo ri WT/ wkhuh h{lvw d sdlu ri vhtxhqfhv
�l> �m 5HVht/ zkhuh wn> wo duh lq gl�huhqw rughu1
Wkhuhiruh/ e| �ulqj �l/ wkh ghshqghqf| QGhs ^wn> wo`
zloo eh jhqhudwhg> dqg e| �ulqj �m> wkh ghshqghqf|
QGhs ^wo> wn` zloo eh jhqhudwhg1 Qrz/ xvlqj wkh do0
jrulwkp ghulyhg iurp wkh surri ri wkhruhp 46/ wkhvh
ghshqghqflhv zloo eh holplqdwhg1 Rwkhu ghshqghqflhv
duh lghqwl�hg e| wkh vdph dojrulwkp dqg d prgho ri WT
fdq eh exlow1
Uhpdun 55= Vlqfh wkh vshfl�fdwlrq V lv olyh dqg

vwuxfwxudoo| erxqghg LSQ / wkhq lw lv frqvhuydwlyh dqg
uhshwlwlyh dqg hdfk sodfh sn dqg hdfk wudqvlwlrq wm ri V
ehorqjv wr d W0Frpsrqhqw dqg wr d S0Frpsrqhqw ^8`1
Pruhryhu/ h{whqglqj sursrvlwlrq 54/ d frpsohwh prgho
iru wkh vshfl�fdwlrq fdq eh exlow1

E1 Dq looxvwudwlyh h{dpsoh

H{dpsoh 56= Ohw wkh v|vwhp ghslfwhg rq �jxuh 6
Wkhuh h{lvw wzr fduv F4 dqg F5 dqg irxu vhqvruv1 U4

lv ghyrwhg wr ghwhfw wkh pryhphqw ri F4 wr wkh uljkw
gluhfwlrq> O4 lv ghyrwhg wr ghwhfw wkh pryhphqw ri F4

wr wkh ohiw gluhfwlrq dqg wkh vdph iru wkh U5 dqg O5

vhqvruv iru F51
Vshfl�fdwlrq= Wkh fduv vwduw lq wkh ohiwprvw srvl0

wlrq/ wkhq zkhq lqsxw vljqdo p lv jlyhq/ erwk fduv vwduw
wkh prwlrq wr wkhlu uljkw srvlwlrq1 Zkhq F4 +F5, suhvv
vzlwfk f +g, wkh fdu F4 +F5, pryhv wr ohiw1 Rqfh fdu F4

+F5, suhvv vzlwfk d +e,/ wkhq lw vwrsv dqg uhpdlqv lq
wklv vwdwh xqwlo erwk fduv duh lq wkhlu ohiwprvw srvlwlrqv
dqg vljqdo p lv jlyhq djdlq vwduwlqj d qhz f|foh djdlq1
Wkh LSQ vshfl�fdwlrq lv dovr ghslfwhg rq �jxuh 61

Wklv LSQ lv prqr W0frpsrqhqw v|vwhp/ dqg jhqhu0
dwhv vl{ rxwsxw zrugv/ e| wkh vwxg| deryh zh frqfoxgh
wkdw zh qhhg rqo| wzr lqsxw vhtxhqfhv �4 @ dfegp

dqg �5 @ egdfp/ jhqhudwlqj wkh rxwsxw zrugv �4 @5
997

4
4
�

�

6
::8

5
997

�

4
4
�

6
::8

5
997

�

4
�

�

6
::8

5
997

�

�

�

4

6
::8

5
997

�

�

�

�

6
::8

5
997

4
4
�

�

6
::8 dqg

�5 @

5
997

4
4
�

�

6
::8

5
997

4
�

�

4

6
::8

5
997

4
�

�

�

6
::8

5
997

�

�

4
�

6
::8

5
997

�

�

�

�

6
::8

5
997

4
4
�

�

6
::8 wr



D F

P

E G

5� /�

5� /�

P

5�

D F

E G

/�5�

/�

&�

&�

D��� 6\VWHP

E��� 6SHFLILFDWLRQ

D F

P

E G

5� /�

5� /�

P

5�

D F

E G

/�5�

/�

&�

&�

D��� 6\VWHP

E��� 6SHFLILFDWLRQ

Ilj1 61 Wkh v|vwhp dqg lwv vshfl�fdwlrq

lghqwli| wkh ghvljqhg GHV1
Xvlqj wkh dv|pswrwlf lghqwl�fdwlrq dojrulwkp +re0

wdlqhg iurp wkhruhp 46, iru wkh revhuyhg rxwsxw zrug
�4 zkhq �4 lv jlyhq dv d lqsxw wr wkh ghvljqhg ghylfh/
zh frqvwuxfw wkh prgho ghslfwhg lq �jxuh 71d,1
Rqfh wkh �ulqj wudqvlwlrq vhtxhqfh �5 lv jlyhq dqg �5

lv revhuyhg/ wkh dojrulwkp |lhogv wr wkh prgho ghslfwhg
lq �jxuh 71e, zklfk lv wkh htxdo wr wkh vshfl�fdwlrq1
Qrwlfh wkdw li wkh lghqwl�hg prgho lv qrw htxdo wr wkh

vshfl�fdwlrq/ wkhq wkh ghvljqhg GHV lv zurqj1

Y1 Frqfoxvlrqv dqg ixwxuh zrun

Wklv sdshu dgguhvvhg wkh sureohpv ri rq0olqh lghq0
wl�fdwlrq dqg ghvljq ydolgdwlrq ri glvfuhwh hyhqw v|v0
whpv1 Wkh sursrvhg vfkhph iru lghqwl�fdwlrq surylghv
dq dojrulwkp doorzlqj wkh surjuhvvlyh frqvwuxfwlrq ri
LSQ prghov> wklv dssurdfk dyrlgv wkh QS frpsohwh
sureohp irxqg lq whfkqltxhv xvlqj srvlwlyh vdpsohv ri
lqsxw odqjxdjhv1 Wkh dssolfdwlrq ri wklv phwkrg wr v|v0
whp ydolgdwlrq |lhogv dq h!flhqw fruuhfwqhvv0fkhfnlqj
whfkqltxh iru GHV wkdw surylghv d uhgxfhg vhw ri whvw
yhfwru vhtxhqfhv1
Fxuuhqw uhvhdufk ghdov zlwk h{whqvlrqv ri wkh suh0

vhqwhg uhvxowv wr wkh fdvhv ri qr elqdu| LSQ prghov
dqg pruh frpsoh{ qrq phdvxudeoh ghshqghqflhv1

Uhihuhqfhv

^4` Gdqd Dqjoxlq1 Lqihuhqfh ri Uhyhuvleoh Odqjxdjhv1 Mrxuqdo
ri wkh Dvvrfldwlrq iru Frpsxwlqj Pdfklqhu|/ Yro1 5</ Qr1
6/ ss1 :740:98/ 4<;51

^5` Gdqd Dqjoxlq1 Ohduqlqj uhjxodu vhwv iurp txhulhv dqg
frxqwhu0h{dpsohv1 Lqirup1 Frpsxw1 :8/ ss1 ;:0439/ 4<;:

^6` Mrkq H1 Krsfuriw dqg Mhiuh| G1 Xoopdq1 Lqwurgxfwlrq wr
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Ilj1 71 Wkh LSQ prghov frqvwuxfwhg zkhq wkh zrugv B�c B2 zhuh
ghwhfwhg iurp wkh v|vwhp 61

Dxwrpdwd Wkhru|/ Odqjxdjhv dqg Frpsxwdwlrq1 Dgglvrq0
Zhvoh| Sxeolvklqj Frpsdq| 4<:</ XVD1

^7` H1 Pdun Jrog1 Frpsoh{lw| ri Dxwrpdwrq Lghqwl�fdwlrq
iurp Jlyhq Gdwd1 Lqirupdwlrq dqg Frqwuro/ Yro1 6:/ ss1
6350653/ 4<:;1

^8` P1 Vloyd1 Shwul Qhwv= lq dxwrpdwlfv dqg lqirupdwlfv1 +lq
Vsdqlvk, Hg1 DF 4<;81 Pdgulg/ Vsdlq1

^9` Nxqlklfr Kludlvkl1 Frqvwuxfwlrq ri Vdih Shwul Qhwv e| Suh0
vhqwlqj Ilulqj Vhtxhqfhv1 Ohfwxuhv Qrwhv lq Frpsxwhu Vfl0
hqfhv/ 949/ ss1 5770595/ 4<<51

^:` P1H1 Phgd ) D1 Udpðuh}1 Lghqwl�fdwlrq lq Glvfuhwh Hyhqw
V|vwhpv1 LHHH0V|vwhpv Pdq dqg F|ehuqhwlfv Frqihuhqfh/
Vdq Glhjr Fd1/ XVD/ ss1 :7:0:78/ 4<<;1

^;` Wdgdr Pxudwd1 V|qwkhvlv ri Ghflvlrq0iuhh Frqfxuuhqw V|v0
whpv iru Suhvfulehg Uhvrxufhv dqg Shuirupdqfh1 LHHH
Wudqv1 rq Vriwzduh Hqjlqhhulqj/ Yro1 VH09/ Qr1 9/ 8580863/
4<;31

^<` Mdylhu Hvsdu}d dqg Mùuj Ghvho1 Iuhh Fkrlfh Shwul Qhwv1
Fdpeulgjh Xqlyhuvlw| Suhvv 4<<81

^43` D1 Udpluh}0Wuhylôr/ L1 Ulyhud0Udqjho dqg H1 Orsh}0
Phoodgr1 Revhuyhu Ghvljq iru Glvfuhwh Hyhqw V|vwhpv Prg0
hohg e| Lqwhusuhwhg Shwul Qhwv1 Surfhhglqjv ri wkh LHHH
LFUD/ ss1 5;:405;:/ Vdq Iudqflvfr/ XVD1 Dsu1 53331

^44` Fkhq/ Fkl0Wvrqj1 Olqhdu V|vwhp Wkhru| dqg Ghvljq1 Kdu0
frxuw Eudfh Mrydqrylfk Lqf1 Vdqghuv Froohjh Sxeolvklqj1
4<:31

^45` Vdndnledud/ \1 Uhfhqw Dgydqfhv ri Judppdwlfdo Lqihuhqfh1
Wkhruhwlfdo Frpsxwhu Vflhqfh/ 4;8/ ss1 48078/ 4<<:1


