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DEVWUDFW

Frqwuro v|vwhp lv dq lpsruwdqw sureohp lq wkh �hog ri glvfuhwh hyhqw v|vwhpv1 Wkh

vxefodvv ri Wlphg hyhqw judskv fdq eh prghoohg lq vwdwh htxdwlrqv xvlqj wkh +pd{/ .,

dojheud1 D uhdolvwlf k|srwkhvlv lv wkdw whpsrul}dwlrq ydoxhv ehorqj wr nqrzq lqwhuydov1

Lq wklv w|sh ri prgho/ wklv grfxphqw sursrvhv dq dssurdfk ri frqvwudlqw sursdjdwlrq

w|sh xvlqj Nohhqh*v vwdu lq rughu wr vroyh wkh frqwuro v|qwkhvlv sureohp1
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L1 Lqwurgxfwlrq

Glvfuhwh Hyhqw G|qdplf V|vwhpv +GHGV, fdq uhsuhvhqw d juhdw qxpehu ri surfhvvhv fkdudfwhul}hg

dv ehlqj frqfxuuhqw/ dv|qfkurqrxv/ glvwulexwhg ru sdudooho/ vxfk dv  h{leoh pdqxidfwxulqj v|vwhpv/

pxowlsurfhvvru v|vwhpv ru wudqvsruwdwlrq qhwzrunv1 Dprqj wkh gl�huhqw irupdolvpv xvhg wr uhs0

uhvhqw GHGV/ Wlphg Hyhqw Judskv zlwk frqvwdqw whpsrul}dwlrqv irup d vxefodvv ri Shwul qhwv/

zklfk sod|v dq lpsruwdqw uroh ehfdxvh ri wkhlu ghwhuplqlvwlf whpsrudo ehkdylru1

Wkh hyroxwlrq ri wkh v|vwhp lv ghvfulehg e| olqhdu htxdwlrqv gh�qhg rq d glrlg1 Wkh lqwhusuh0

wdwlrq ri hdfk yduldeoh lv dv iroorzv/ h1j1/ iru �gdwhu� w|sh lq +pd{/., dojheud= hdfk yduldeoh {l+n,

uhsuhvhqwv wkh gdwh ri wkh nwk �ulqj ri wudqvlwlrq {l > � vwdqgv iru wkh pd{lpxp rshudwlrq zkloh

wkh xvxdo dgglwlrq sod|v wkh uroh ri wkh pxowlsolfdwlrq/ ghqrwhg 1 Lq wkh glrlg +pd{/.,/ wkh vwdwh

yduldeoh uhsuhvhqwdwlrq ri wkh v|vwhp lv ri wkh irup=

;AA?
AA=

{+n, @ D
Q

{+n � 4,
O

E
Q

x+n,

|+n, @ F
Q

{+n,

+4,

zkhuh wkh frqwuro x/ wkh vwdwh { dqg wkh rxwsxw | duh gh�qhg rq ? ^ i�4j1 Htxdolw| dulvhv

iurp wkh dvvxpswlrq wkdw wkhuh lv qr h{wud ghod| iru �ulqj wudqvlwlrqv zkhqhyhu wrnhqv duh doo

dydlodeoh1 Lq wkh +pd{/., olwhudwxuh/  lv xvxdoo| uhsodfhg e| 1 ru lv rplwwhg1

Iru lqvwdqfh/ wkh �ulqj ri wudqvlwlrq xl lq surgxfwlrq v|vwhp phdqv wkdw dq remhfw lv jlyhq wr

wkh surfhvv wr eh pdqxidfwxuhg1 Wkh �ulqj ri wudqvlwlrq |l phdqv wkdw dq remhfw kdv mxvw hqghg1

Wkh hohphqw ^D`lm uhsuhvhqwv wkh whpsrul}dwlrq ri d sodfh zklfk olqnv wkh wudqvlwlrq {m wr wkh

wudqvlwlrq {l dqg frqwdlqv rqh wrnhq 1 Wkh hohphqw ^E`lm +uhvshfwlyho| ^F`lm, lv wkh whpsrul}dwlrq

ri d sodfh zklfk olqnv wkh lqsxw xm wr wkh wudqvlwlrq {l +uhvshfwlyho| wkh wudqvlwlrq {m wr wkh rxwsxw

|l, dqg frqwdlqv qr wrnhq1

Ohw xv dvvxph wkdw vrph hyhqwv duh vwdwhg dv frqwuroodeoh/ phdqlqj wkdw wkh fruuhvsrqglqj lqsxw

wudqvlwlrqv pd| eh ghod|hg iurp �ulqj xqwlo vrph duelwudu| wlph xl+n, surylghg e| d vxshuylvru1

Ohw xv dvvxph wkdw zh zlvk wr vorz grzq wkh v|vwhp dv pxfk dv srvvleoh zlwkrxw fdxvlqj dq|

hyhqw wr rffxu odwhu wkdq vrph vhtxhqfh ri h{hfxwlrq wlphv ]1 Zh fdq h{suhvv wklv remhfwlyh zlwk
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; n 5 ^nv ni ` |+n, � }+n,1 Zh dvvxph wkdw wkh ghvluhg rxwsxw }+n, lv nqrzq lq wkh krul}rq ^nv

ni ` 1 Dv zh kdyh qr slhfh ri lqirupdwlrq iru n A ni / wkhuh lv qr ghpdqg rq wkh surgxfwlrq dqg

zh wdnh }+n, @ W zlwk W @ .4 ;n A ni 1 Vr/ wkh sureohp lv wkh ghwhuplqdwlrq ri wkh juhdwhvw

rxwsxw xl+n, vr wkdw |+n, � }+n, lq wkh krul}rq ^nv ni `1

Zkhq wkh pdwulfhv D/E dqg F duh nqrzq / wkh fodvvlfdo �edfnzdug� dssurdfk jlyhv wkh vroxwlrq

li wkh lqlwldo frqglwlrq {+3,@% zlwk % @ �4 lv krog1 Lw fdq eh suryhg wkdw iru wkh v|vwhp zklfk

gdwhu w|sh htxdwlrqv jlyh wkh ohdvw vroxwlrq +wkh hduolhvw wlphv, ri wkh surfhvv hyroxwlrq/ wkh juhdwhvw

vroxwlrq +wkh odwhvw wlphv, ri wkh frqwuro sureohp lv h{solflwo| jlyhq e| wkh �edfnzdug� uhfxuvlyh

htxdwlrqv zkhuh wkh fr0yhfwru sod|v wkh uroh ri wkh vwdwh yhfwru1 Wkh vwdwh htxdwlrqv dqg wkh

�edfnzdug� uhfxuvlyh htxdwlrqv surylgh wkh hduolhvw dqg wkh odwhvw wlphv ri wkh wdvnv uhvshfwlyho|1

Wkh gl�huhqfhv ehwzhhq wkh fr0vwdwh dqg wkh vwdwh uhsuhvhqw wkh �vsduh wlph� ru wkh �pdujlq�

zklfk lv dydlodeoh iru wkh �ulqj ri wkh wudqvlwlrqv1 Wkh h{lvwhqfh ri d qhjdwlyh gl�huhqfh suhyhqwv

wkh ixwxuh ghdgolqhv iurp ehlqj dfklhyhg1

Krzhyhu/ wkh �edfnzdug� dssurdfk dulvhv iurp wkh dvvxpswlrq wkdw wkh kroglqj wlphv duh

shuihfwo| nqrzq1 D pruh uhdolvwlf k|srwkhvlv lv wkdw whpsrul}dwlrq ydoxhv ehorqj wr lqwhuydov1

Wklv v|vwhp fdq eh qdphg dq lqwhuydo v|vwhp1 D edvlf dvvxpswlrq wkdw doorzv xv wr prgho wkh

v|vwhp/ lv wkdw sodfhv duh Iluvw Lq Iluvw Rxw +ILIR, fkdqqhov1 D sodfh sl lv ILIR li wkh nwk wrnhq

wr hqwhu wklv sodfh lv dovr wkh nwk wrnhq wkdw ehfrphv dydlodeoh lq wklv sodfh1 Wkh lqwhusuhwdwlrq lv

wkdw wrnhqv fdqqrw ryhuwdnh rqh dqrwkhu zklfk lv d qhfhvvdu| qxpehulqj frqglwlrq ri wkh hyhqwv1

Vr/ wkh sureohp lv wr pdnh frqwuro v|qwkhvlv lq lqwhuydo v|vwhpv zlwk wklv dvvxpswlrq1 Zlwk wklv

dlp lq ylhz/ zh sursrvh wr dsso| wkh uhvroxwlrq dssurdfk ri H1Zdonxs0J1Eruulhoor ^ZDO <;` zklfk

lv edvhg rq wzr frqfhswv/ wkh sursdjdwlrq frqvwudlqw dqg wkh Nohhqh*v vwdu1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Zh jlyh lqlwldoo|/ wkh qrwdwlrqv dqg vrph suhylrxv uhvxowv

+Edffhool/ Frkhq/ Rovghu ) Txdgudw/ 4<<5,1 Wkhq/ zh sursrvh d iudplqj ri wkh rswlpdo vroxwlrq1

Zh ghvfuleh wkh dojrulwkp zklfk fdofxodwhv wkh juhdwhvw vroxwlrq ri d vshfldo w|sh ri lqhtxdwlrqv

dqg jlyh d qhz lqlwldol}dwlrq zklfk lpsuryhv wkh dssurdfk1 Wkhvh frqfhswv duh �qdoo| dssolhg lq

wkh frqwuro �hog lq wkh odvw vhfwlrq1
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LL1 Suìolplqdluhv

D prqrlg lv d frxsoh +V>�, zkhuh wkh rshudwlrq � lv dvvrfldwlyh dqg suhvhqwv d qhxwudo hohphqw1

D vhpl0ulqj V lv d wulsohw +V>�>, zkhuh +V>�, dqg +V>, duh prqrlgv/ � lv frppxwdwlyh/  lv

glvwulexwlyh uhodwlyho| wr � dqg wkh }hur hohphqw ri � lv wkh devruelqj hohphqw ri 1 D glrlg G lv

d lghpsrwhqw vhpl0ulqj1 Ohw xv qrwlfh wkdw frqwudu| wr wkh vwuxfwxuhv ri jurxs dqg ulqj/ prqrlg

dqg vhpl0ulqj gr qrw kdyh d surshuw| ri v|pphwu| rq V1

Wkh xqlw ?^i�4j surylghg zlwk wkh pd{lpxp rshudwlrq ghqrwhg � dqg wkh dgglwlrq ghqrwhg

 lv xvxdoo| fdoohg +pd{/ ., dojheud dqg lv dq h{dpsoh ri glrlg1 Zh kdyh = ?pd{ @ +? ^

i�4j>�>, zlwk

d� e @ pd{+d> e, > % @ �4 lv wkh qhxwudo hohphqw ri �

d e @ d. e > h @ 3 lv wkh lghqwlw| hohphqw ri 

d� d @ d +lghpsrwhqf| ri �,

d % @ % d @ % +devruelqj hohphqw %,

Gh�qlwlrq 4 D glrlg G lv frpsohwh li lw lv forvhg iru lq�qlwh vxpv dqg wkh glvwulexwlylw| ri wkh

pxowlsolfdwlrq zlwk uhvshfw wr dgglwlrq h{whqgv wr lq�qlwh vxpv = +; f 5 G , +; D � G, f+
O

{5D

{, @

O

{5D

f {

Wkhuhdiwhu/ d  e frxog eh qrwhg d=e ru vlpso| de 1 Ohvw xv uhplqg wkdw lq wkh +pd{>.,

qrwdwlrq / wkh iroorzlqj htxdolw| vwdqgv iru zlwk ruglqdu| plqxv vljq= ^Fl>m `
+�4, @ �^Fl>m ` 1 Wkh

vxp dqg wkh surgxfw ri wkh pdwulfhv rshudwh dv lq wkh xvxdo dojheud=

+D� E,lm @ Dlm � Elm

+D E,lm @
qP

n@4

Dln  Enm

Nohhqh*v vwdu lv gh�qhg e|= D� @
O.4

l@3 D
l

Qrwhg dv J+D,/ dq lqgxfhg judsk ri d vtxduh pdwul{ D lv ghgxfhg iurp wklv pdwul{ e| dvvrfl0

dwlqj

0 d qrgh l wr wkh froxpq l dqg olqh l
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0 dq duf iurp wkh qrgh m wrzdugv wkh qrgh l li Dlm 9@ %1

Olnh wkh wkhruhp 71:8 lq ^EDF <5`/ wkh iroorzlqj wkhruhp frqvlghuv wkh uhvroxwlrq ri { @

D {�E exw gl�huv ehfdxvh hyhu| flufxlw kdv d vwulfwo| qhjdwlyh zhljkw1

Wkhruhp 5 +wkhruhp 614: lq ^EDF <5`,Iru pdwul{ D zlwk lqgxfhg judsk J+D, / li wkh f|foh

zhljkwv lq J+D, duh doo vwulfwo| qhjdwlyh/ wkhq wkhuh lv d xqltxh vroxwlrq wr wkh htxdwlrq { @

D {�E zklfk lv jlyhq e| D� E 1

Wkh ohiw uhvlgxdwlrq ri e e| d lv gh�qhg e|=

dqe @ pd{i{ 5 G vxfk wkdw d{ � ej

Sursrvlwlrq 6 Lq wkh frpsohwh glrlg ?pd{@ +?^i	4j>�>,/ dqe htxdov e�d zkhq d 9@ %/ dqg

htxdov W @ .4 li d @ %1

Wkh rshudwru a gh�qhv wkh plqlpxp ehwzhhq wkh hohphqwv d dqg e e|=

d a e @ plq+d> e,

Jlyhq D dqg E wzr pdwulfhv lq wkh frpsohwh glrlg/ wkh uhvlgxdwlrq ri E + glphqvlrqv q=t , e|

D +glphqvlrqv q=s, lv jlyhq e|=

+DqE,lm @
qY

n@4

DnlqEnm

Wkhruhp 7 +wkhruhp 71:6 lq ^EDF <5`, Jlyhq d dqg e lq d frpsohwh glrlg dqg

frqvlghu wkh htxdwlrq { @ dq{ a e dqg wkh lqhtxdolw| { � dq{ a e 1 Wkhq/ iru wkhvh

h{suhvvlrqv = d�qe lv wkh juhdwhvw vroxwlrq > hyhu| vroxwlrq { yhul�hv { @ d�q{ > % lv wkh

ohdvw vroxwlrq ri wkh lqhtxdolw| dqg lw lv dovr wkh ohdvw vroxwlrq ri wkh htxdolw| surylghg

wkdw d 9@ % ru e @ % 1

Gh�qlwlrq 8 D plq0pd{ ixqfwlrq ri w|sh +q> 4, lv dq| ixqfwlrq i = ?q �$ ?4> zklfk fdq eh

zulwwhq dv d whup lq wkh iroorzlqj judppdu=

i @ {4> {5> = = = > {q m i . d m i a i m i � i

Wkh yhuwlfdo eduv vhsdudwh wkh gl�huhqw zd|v lq zklfk whupv fdq eh uhfxuvlyho| frqvwuxfwhg1
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Gh�qlwlrq 9 D plq�pd{ ixqfwlrq ri w|sh +q>p, lv dq| ixqfwlrq I = ?q �$ ?p> vxfk wkdw hdfk

frpsrqhqw Il lv d plq0pd{ ixqfwlrq ri w|sh +q> 4,1

Plq0pd{ ixqfwlrqv lqfoxgh pd{0soxv olqhdu pdsv zklfk fdq eh zulwwhq dv=

j+{,l @ �
4�m�q

+Dlm . {m,

Plq0soxv olqhdu pdsv/ gh�qhg gxdoo|/ duh dovr vshfldo plq0pd{ ixqfwlrqv =

k+{,l @ a
4�m�q

+Elm . {m,

zkhuh D dqg E duh d q� q pdwul{ zlwk hqwulhv lq ?^ i�4j

Xvlqj wkh pxwxdo glvwulexwlylw| ri  dqg a> zh fdq zulwh dq| plq0pd{ ixqfwlrq dv=

I +{, @ a
j5J

j+{, @ �
k5K

k+{,

zkhuh J dqg K duh �qlwh vhwv ri pd{0soxv dqg plq0soxv olqhdu pdsv/ uhvshfwlyho|1

LLL1 Uhvroxwlrq

D1 Remhfwlyh

Lq wklv sduw/ zh vkrz krz wr �qg wkh pd{lpxp vroxwlrq ri dq duelwudu| v|vwhp ri v yduldeohv hw

v3 lqìtxdwlrqv/ wkh irup ri zklfk lv [� I +[, zlwk I d plq0pd{ ixqfwlrq ri w|sh +q/p,1 Ehorz/

zh qhhg wkdw hyhu| lqhtxdwlrq kdv wkh irup ri dq xsshu erxqg frqvwudlqw zklfk zh gh�qh qrz1

Gì�qlwlrq 5 Dq xsshu erxqg frqvwudlqw ru XEF kdv irup {�+l, �
Ov

m@4 Dl>m {m iru l 5 ^4> v3`

zkhuh �+l, lv xvhg wr lqgh{ wkh yduldeoh rq wkh ohiw0kdqg whup ri wklv lwk vxfk XEF1 D vlqjoh {�+l,

pd| eh wkh wdujhw/ ru ohiw0kdqg vlgh ri vhyhudo XEFv1 Vr/ zh fdq kdyh {�+l, @ {�+m, zlwk l 9@ m /

l> m 5 ^4> v3` 1

Li dq lqhtxdolw| kdv wkh irup {�+l, �
Ov

m@4 Dl>m {m �El/ zh lqwurgxfh wkh yduldeoh {3 zlwk

{3 @ 3 lq wkh iroorzlqj pdqqhu = wkh XEF lv {�+l, �
Ov

m@4 Dl>m {m �El{3 1

Zh fdq vlpsoli| wkh frqvwudlqw XEF l =

0 li 3 � D�+l,>l/ uhpryh wkh XEF zklfk lv dozd|v yhul�hg

0 li D�+l,>l ? 3 dqg Dl>m 9@ % zlwk m 9@�+l,/ uhsodfh D�+l,>l e| %

0 li D�+l,>l ? 3 dqg Dl>m @ % iru m 9@�+l,/ wkh v|vwhp lv qrw ihdvleoh1
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Wkh remhfwlyh ri wklv sduw lv wkh ghwhuplqdwlrq ri wkh juhdwhvw vroxwlrq zklfk fkhfnv wkh frp0

sohwh vhw ri v* lqhtxdwlrqv XEF dqg wkh htxdolw| {3 @ 3 1 Ehiruh/ zh pdnh d iudplqj ri wkh rswlpdo

vroxwlrq1

E1 Iudplqj

D iudplqj ri wkh rswlpdo vroxwlrq fdq eh rewdlqhg zlwk wkh iroorzlqj surfhvvlqjv ri wkh XEF vhw1

41 Orzhu v|vwhp

Hdfk frqvwudlqw XEF lv uhsodfhg e| {�+l, �
Yv

m@4Dl>m {m 1 Dv
Yv

m@4Dl>m {m �
Ov

m@4 Dl>m {m / wklv

qhz vhw ri frqvwudlqwv lv pruh vwulfw dqg plqlpl}h wkh vroxwlrq zklfk lv orzhu wkdq ru htxdo wkh

rswlpdo rqh1 Zh fdq volw wkh uljkw0kdqg whup dqg zulwh

+;l> m 5 ^4> v`, {�+l, � Dl>m {m

51 Xsshu v|vwhp

Wkh qhz vhw lv d vxevhw ri wkh ruljlqdo XEF vhw= zh nhhs hdfk XEF zklfk frqwdlqv rqo| rqh

hohphqw Dl>m gl�huhqw iurp %1 Zh gh�qh H @ il 5 Q m<m 5 Q vxfk wkdw Dl>m 9@ % dqg lw grhv qrw

h{lvw m 9@ m3 5 Q / Dl>m3 9@ %j1 Zh kdyh fdug+H, � v31

{�+l, � Dl>m {m iru l 5 HV

Frqvhtxhqwo|/ wkh qhz vhw frqwdlqv ihzhu frqvwudlqwv dqg wkh fruuhvsrqglqj vroxwlrq lv juhdwhu

wkdq ru htxdo wkh rswlpdo rqh1

61 Fdofxodwlrq ri wkh erxqgv

Wkh wzr vlpsol�fdwlrqv jlyhv wkh vdph w|sh ri lqhtxdwlrqv = [ � i+[, zlwk i+[,/ d +plq/.,

htxdwlrq zklfk fdq eh zulwwhq {�+l, � Dl>m {m

Zh fdq pdnh wkh iroorzlqj xvxdo vrxvwudfwlrq dqg rewdlq {�+l,�Dl>m � {m ru {�+l,+�Dl>m, �

{m iru hdfk Dl>m 9@ % iru wkh vwulfw vlpsol�fdwlrq dqg l 5 H iru wkh vhfrqg rqh1 Dv wkh yduldeoh

{�+l, pd| eh wkh ohiw0kdqg whup ri vrph XEF / zh fdq kdyh {�+l, @ {�+m, zlwk l 9@ m 1 Zh

:



qrwh E�+l,>>m @
O

l +�Dl>>m, vxfk wkdw �+l, @ �+l3, dqg rwkhuzlvh/ E�+l,>>m @ % li lw grhv qrw h{lvw

Dl>m 9@ %1 Vr/ {�+l,E�+l,>>m � {m 1Wkh vlpsol�fdwlrq ri wkh qrwdwlrq jlyhv
Ov

m@4 El>m {m � {l

Wkh vlpsol�fdwlrq jlyhv iru wkh orzhu v|vwhp + uhvshfwlyho| iru wkh xsshu v|vwhp, wkh iroorzlqj

vwuxfwxuh ri lqhtxdwlrqv=

P[ � [ +uhvshfwlyho| Q[ � [,

Dv {3 @ 3/ zh dgg [ � S zlwk S @ +h> W> W> ===> W ,w dqg W @ .4

Wkh uhvroxwlrq jlyhv uhvshfwlyho| wkh juhdwhvw vroxwlrqv P�qS dqg Q�qS dqg wkh iudplqj ri

wkh rswlpdo vroxwlrq1

P�qS � [rsw= � Q�qS

Hohphqwdu| h{dpsoh=

{4 � 4/ {4 � 5. {5 dqg {5 � pd{+4 . {4> 3,1 Wkh gluhfw uhvroxwlrq vkrzv wkdw wkh

juhdwhvw vroxwlrq lv {4 @ 4 dqg {5 @ 51

P @

3
EEEEEEC

% �4 h

% % �4

% �5 %

4
FFFFFFD
Q @

3
EEEEEEC

% �4 %

% % %

% �5 %

4
FFFFFFD

P� @

3
EEEEEEC

h �4 h

% h �4

% �5 %

4
FFFFFFD
Q� @

3
EEEEEEC

h �4 %

% h %

% �5 h

4
FFFFFFD

P�qS @

3
EEEEEEC

h

4

h

4
FFFFFFD
Q�qS @

3
EEEEEEC

h

4

W

4
FFFFFFD

Zh frqfoxgh wkdw {4 @ 4 dqg 3 � {51

LY1 Uhvroxwlrq e| Nohhqh *v vwdu dqg frqvwudlqw sursdjdwlrq

Xvlqj wkh Nohhqh*v vwdu/ wkh whfkqltxh ri uhvroxwlrq ri Zdonxs dqg Eruulhoor +4<<;, pdnhv lw

srvvleoh wr fdofxodwh wkh juhdwhvw vroxwlrq ri jhqhudo v|vwhpv ri htxdwlrqv dqg lqhtxdwlrqv1 Lw fdq

vroyh olqhdu +pd{/ ., htxdwlrqv ri wkh irup D  { � E @ F  { � G / lqhtxdwlrqv ri wkh w|sh

;



D{ � E dqg pruh jhqhudoo| dq| v|vwhp zklfk fdq eh uhgxfhg wr d XEF irup1 Wkh vroxwlrq

dsshduv lq Zdonxs0Eruulhoor*v dssurdfk dw wkh hqg ri wkh ghfuhdvh ri dq xsshu olplw zlwk d �qlwh

qxpehu ri vwhsv1 Ohw xv qrwlfh wkdw wklv dssurdfk grhv qrw ghdo zlwk wkh +pd{/ ., sro|qrpldo

irupv dv wkh dojrulwkp vroylqj wkh HOFS sureohp +H{whqghg Olqhdu Frpsohphqwdulw| Sureohp, ri

Gh Vfkxwwhu +4<<9, zkr jhqhudol}hv wkh olqhdu frpsohphqwdu| sureohp e| xvlqj wkh xvxdo dojheud1

Krzhyhu/ wklv odvw dssurdfk grhv qrw wuhdw htxdwlrqv ri wkh w|sh D {�E @ F  {�G dqg lv

QS0frpsohwh1 Wkh wzr dssurdfkhv vkduh wkh idfw ri kdylqj dq ruljlqdo lghd wr wuhdw wkh htxdolwlhv

ri wkh +pd{/ ., htxdwlrqv zkloh sursrvlqj gl�huhqw vroxwlrqv1 Wkh eurdg rxwolqhv ri Zdonxs0

Eruulhoor*v dssurdfk d ghwdlohg ghvfulswlrq ri zklfk lv lq +Zdonxs/ 4<<8, +Zdonxs ) Eruulhoor/

4<<;,/ duh jlyhq ehorz1

D1 Phwkrg

Wkh whfkqltxh lqfoxghv wkuhh vwdjhv=

0 fkrrvh d sduwlfxodu vxevhw ri XEF frqvwudlqwv>

0 dsso| Nohhqh*v vwdu wr fdofxodwh wkh juhdwhvw vroxwlrq>

0 xvh wkh suhfhglqj vroxwlrq zklfk jxlghv wkh fkrlfh ri wkh qhz frqvwudlqw dqg wkxv plqlpl}h

wkh juhdwhvw vroxwlrq1 Wkh frqyhujhqfh lv dfklhyhg zkhq d vroxwlrq fkhfnv doo wkh frqvwudlqwv rq

wkh dvvxpswlrq ri h{lvwhqfh ri d vroxwlrq1

E1 Uhvroxwlrq ri d vxevhw ri XEF frqvwudlqwv

Wkh yduldeohv duh uhrujdql}hg vxfk dv {3 lv wkh �uvw yduldeoh1 Wkh juhdwhvw vroxwlrq zloo eh irxqg

zkhq {3 @ h1

Gh�qlwlrq : D wdujhwlqj vxevhw ri d v|vwhp ri XEF frqvwudlqwv rq v. 4 yduldeohv lv d vhw ri v

XEF frqvwudlqwv vxfk dv hdfk yduldeoh {l gl�huhqw iurp {3 lv wkh wdujhw ri h{dfwo| rqh XEF1

D v|vwhp ri XEFv pd| eh h{suhvvhg lq pdwul{ irup dv iroorzv1 Zh �uvw pdnh qrwh ri wkh idfw

wkdw d � e dqg d � e @ e duh htxlydohqw1 Frqvhtxhqwo|/ wkh u lqhtxdolwlhv {�+l, �
Ov

m@3 Pl>m {m

pd| dovr eh zulwwhq dv {�+l, �
Ov

m@3 Pl>m {m @
Ov

m@3 Pl>m {m 1 Zh rewdlq wkh pdwul{ irup

<



+M �P,
Q

{ @P { zlwk M d Errohdq pdwul{ u=+v.4, wkh lqsxwv ri zklfk duh htxdo wr h ru % 1

Wr fkrrvh v XEFv dprqj u qrw wdujhwlqj {3/ lw lv wkhq hqrxjk wr pxowlso| e| d Errohdq pdwul{ S

ri glphqvlrqv v=u vxfk dv hdfk urz frqwdlqv rqh h h{dfwo| dqg % rwkhuzlvh vr wkdw SM +glphqvlrq=

v=v.4, lv d frqfdwhqdwlrq ri d froxpq ri % uhodwlyh wr {3 dqg wkh lghqwlw| pdwul{ ri glphqvlrq v=v1

Lqhtxdolwlhv zklfk duh qrw vhohfwhg fruuhvsrqg wr froxpqv ri S frqwdlqlqj rqo| hohphqwv %1 Zh

rewdlq +S=M�S=P,
Q

{ @ S=P{ +glphqvlrq ri S=P = v=v.4,= Wr eh deoh wr dsso| Nohhqh*v vwdu/

wkh pdwul{ S=P qhhgv krzhyhu wr eh vtxduh1 Wkh dgglwlrq ri d wrs urz frqwdlqlqj rqo| hohphqwv

% pdnhv lw srvvleoh wr rewdlq d pdwul{ S 3 ri glphqvlrq +v.4,=u vxfk wkdw wkh pdwul{ S 3
M @ H3

lv dq lghqwlw| pdwul{ ri glphqvlrq +v . 4,=+v . 4, h{fhsw wkh hohphqw +H3,4=4 @ %1 Wkh uhvxow lv

+S 3=+M �P,,
Q

{ @ +S 3=P, { 1 Wkh wrs urz ri wkh surgxfwv S 3=M dqg S 3=P duh doo %0hohphqwv1

Wkxv/ wkh yduldeoh {3 lv qrw frxsohg zlwk dq| lqhtxdolw|1

Gh�qlwlrq ; D wdujhwlqj vxevhw lv fdoohg d vdih wdujhwlqj li doo flufxlwv lq wkh judsk lqgxfhg e|

wkh wdujhwlqj vxevhw S 3=P kdyh d vwulfwo| qhjdwlyh zhljkw1

Wkh suhylrxv irup lv vroyhg e| frqvlghulqj wkh irup +S=M,
Q

{ @ +S=P,  { 1 Zh dgg wkh

htxdolw| {3 @ 3 lq rughu wr rewdlq d vtxduh v|vwhp1 Wklv v|vwhp lv htxlydohqw wr { @ +S 3=P,{�g

zlwk g d yhfwru froxpq lq zklfk rqo| wkh �uvw hohphqw +g,4 lv gl�huhqw iurp % dqg htxdo wr

h1 Wkhruhp 4 vwdwhv wkdw lwv vlqjoh vroxwlrq lv +S 3P,�l>31 Wkh iroorzlqj ohppd ghfoduhv wkdw wklv

vroxwlrq lv dovr wkh juhdwhvw vroxwlrq ri wkh wdujhwlqj vxevhw/ l1h1 ri +S 3
=+M�P,,

Q
{ @ +S 3

=P,{1

Ohppd < +Zdonxs dqg Eruulhoor/ 4<<;, Jlyhq d vdiho| wdujhwlqj vxevhw ri frqvwudlqwv XEF1 Wkh

yhfwru +o3> o4> ===> ov,
w zkhuh ol @ +S 3P,�l>3 lv wkh pd{lpxp vroxwlrq wr wkh frqvwudlqw vxevhw zkhq

{3 @ 31

F1 Uhvroxwlrq ri wkh frpsohwh v|vwhp e| lwhudwlrq

Dv wkh vroxwlrq ri wkh suhfhglqj vhfwlrq uhvxowv iurp wkh uhvroxwlrq ri d wdujhwlqj vxev|vwhp/ lw

lv qrw jxdudqwhhg wr eh d vroxwlrq ri wkh frpsohwh v|vwhp1 Zh fdq krzhyhu pdlqwdlq wkdw wklv

vroxwlrq lv dq xsshu olplw iru dq| vroxwlrq ri wkh v|vwhp1 Li wkh vroxwlrq o wr wkh fxuuhqw vdih

wdujhwlqj vxev|vwhp lv qrw d vroxwlrq wr wkh frpsohwh v|vwhp/ wkhq wkhuh pxvw eh dw ohdvw rqh
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lqhtxdwlrq XEF xl zklfk lv qrw |hw vdwlv�hg dqg lv qrw lq wkh vdih wdujhwlqj vxevhw1 Li rqh uhsodfhv

wkh frqvwudlqw suhylrxvo| frxsohg zlwk {� +l, e| wkh qhz frqvwudlqw xl / rqh vkrzv wkdw wklv qhz

v|vwhp lv dovr vdih dqg wkdw lwv uhvroxwlrq fduulhv rxw d plqlpl}dwlrq1 D qhz vroxwlrq lv rewdlqhg

o3 vxfk dv iru dq| m 9@ �+l,/ om N o3m dqg o�+l, A o
3

�+l,1

Wkh irxqg vroxwlrq zloo kdyh wr dovr fkhfn wkh XEF w|sh lqhtxdolwlhv frxsohg zlwk wkh yduldeoh

{3 lq rughu wr fkhfn doo wkh lqhtxdolwlhv1 Wkh v|vwhp kdv qr vroxwlrq li d XEF lqhtxdolw| frxsohg

zlwk {3 lpsrvhv d qhjdwlyh ydoxh rq {31 Ixwkhupruh/ lw lv srvvleoh wr vkrz wkh frqyhujhqfh lq d

�qlwh qxpehu ri vwhsv1

G1 Lqlwldol}dwlrq

Wkh lqlwldolvdwlrq lv dq lpsruwdqw vwhs zklfk pdnh lw srvvleoh wkh vwduw ri wkh dojrulwkp1 Dv

wkh dojrulwkp lv qrq0ghfuhdvlqj/ zh pxvw wdnh .4 d sulrul/ iru hyhu| yduldeoh1 Exw/ zh fdq �qg

h{dpsohv zklfk vkrz wkdw wkh dojrulwkp grhv qrw dfw1 Iru h{dpsoh/ li zh frqvlghu {4 � �5 . {5

dqg wdnh {4 @ {5 @ .4 / zh rewdlq .4 � .4 zklfk grhv qrw fkdqjh {41 Ohw � eh odujhu wkdq

wkh pd{lpxp ri wkh ydoxhv ri wkh {l*v pd{lpxp vroxwlrq1 Exw/ li zh dxjphqw wkh lqlwldo XEF

v|vwhp zlwk frqvwudlqwv ri wkh irup/ {l � {3. � wkhq wkh dgglwlrq ri wklv vhw grhv qrw fkdqjh wkh

pd{lpxp vroxwlrq1 Dv zh gr qrw nqrz d sulrul vxlwdeoh ydoxh iru �/ zh frqvlghu � dv d �qlwh exw

yhu| odujh hohphqw ri ? / iru zklfk e ? � . d iru doo d> e 5 ? zlk d 9@ %1 Lq rwkhu zrugv / zh pdnh

d irupdo fdofxodwlrq zlwk � dqg zh fkhfn wkh deryh XEF e| � � �5 . �1 Fohduo|/ {4 pxvw eh

plqlpl}h wr �5 . �1

Dv/ wkh iudplqj ri wkh rswlpdo vroxwlrq kdv jlyhq dq xsshu erxqg Q�qS / zh fdq uhgxfh wklv

irupdo fdofxodwlrq e| frqvlghulqj wkh �qlwh ydoxhv1 Vr/ zh dxjphqw wkh lqlwldo vhw zlwk wkh iroorzlqj

XEFv1

{l � {3 . zl zlwk zl @ +Q�qS ,l a �

Wkh lqlwldo wdujhw pdwul{ Y lv zlwkrxw flufxlw dqg wkh nohhqh*v vwdu ri Y fdq dozd|v eh h{suhvvhg

hyhq wkrxjk li zl @ � 1
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z4 % === %

111
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111

zv % === %

4
FFFFFFFFFFD

dqg Y � @

3
EEEEEEEEEEC

h % === %

z4 h === %

111
111

111

zv % === h

4
FFFFFFFFFFD

Frqvhtxhqwo|/ dq lqlwldo vdih wdujhwlqj vxevhw fdq dozd|v eh irxqg zklfk doorzv wkh dssolfdwlrq

ri wkh iroorzlqj vwhsv1

Y1 Frqwuro v|qwkhvlv

Wkh ghwhuplqdwlrq ri wkh juhdwhvw frqwuro x+n, hqwdlov wkh fdofxodwlrq ri wkh juhdwhvw vwdwh dqg

rxwsxw e| uhdvrq ri wkh dssolfdwlrq ri wkh lvrwrqlflw| ri odzv � dqg  rq wkh vwdwh dqg rxwsxw

htxdwlrqv1 Wkh vroxwlrq fdq eh rewdlqhg li zh fdofxodwh wkh juhdwhvw x dqg { fkhnlqj wkh iroorzlqj

frqvwudlqwv1 Zh qrwh wkhvh ydoxhv x. dqg {.uhvshfwlyho|=

;AAAAAA?
AAAAAA=

{+n, @ D{+n � 4,
O

Ex+n,

|+n, @ F{+n,

|+n, � }+n,

+5,

zlwk n 5 ^nv ni `> glp+{, @ q>glp+x, @ t>glp+|, @ glp+}, @ p>

glp+D, @ q� q>glp+E, @ q� t>glp+F, @ p� q

Ohw xv dvvxph wkdw wkh ghvluhg wudmhfwru| }+n, lv nqrzq1 Ohw xv dvvxph wkdw wkh whpsrul}dwlrq

ydoxhv duh sduwldoo| nqrzq dqg ehorqjv wr lqwhuydov/ l1h = D� � D � D. > E� � E � E. >

F� � F � F. 1 Zlwk wkhvh gdwd/ wkh sureohp lv wkh ghwhuplqdwlrq ri wkh frqwuro x. dqg wkh

vwdwh {. 1Wkh qh{w wkhruhp pdnh lw srvvleoh wkh lqwurgxfwlrq ri d qhz irupxodwlrq ri wklv pdlq

sureohp1

Wkhruhp 51 Wkh frqwuro sureohp lv wkh fdofxodwlrq ri wkh juhdwhvw frqwuro x dqg { fkhfnlqj

wkh iroorzlqj frqvwudlqwv=;AA?
AA=

{+n, � ^D.{+n � 4,�E.x+n,` a ^D�q{+n . 4,` a ^F.q}+n,`

x+n, � E�q{+n,

Surri=
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Li zh uhsodfh |+n, e| lwv h{suhvvlrq/ wkh surfhvv 5 ehfrph =;AA?
AA=

{+n, @ D{+n � 4,
O

Ex+n,

F{+n, � }+n,

Iluvw/ ohw xv uhplqg wkdw =

Li d � e dqg f � g wkhq
d� e � f� g

n  d � n  e

Zh lqwurgxfh wkh orzhu dqg xsshu erxqgv ri wkh pdwulfhv D dqg E lq wkh �uvw lqhtxdwlrq ri

wkh v|vwhp +5, =

D�{+n � 4,�E�x+n, � D{+n � 4,�Ex+n, � D.{+n � 4,�E.x+n,

D�{+n � 4,�E�x+n, � {+n, � D.{+n � 4,�E.x+n,

@,

;AAAAAA?
AAAAAA=

{+n, � D.{+n � 4,�E.x+n,

D�{+n � 4, � {+n,

E�x+n, � {+n,

Lq wkh vhfrqg lqhtxdwlrq ri wkh v|vwhp +5,/ zh dsso| wkh vdph surfhvvlqj=

F�{+n, � F{+n, � F.{+n,

Wkh frqvwudlqw |+n, � }+n, jlyhv=
;AA?
AA=

F�{+n, � }+n,

F.{+n, � }+n,

@, F.{+n, � }+n, ehfdxvh +F�{+n, � F.{+n,,

Ilqdoo|/ zh rewdlq wkh iroorzlqj v|vwhp=
;AAAAAAAAAA?
AAAAAAAAAA=

{+n, � D.{+n � 4,�E.x+n,

{+n � 4, � D�q{+n,

x+n, � E�q{+n,

{+n, � F.q}+n,

+,

;AAAAAAAAAA?
AAAAAAAAAA=

{+n, � F.q}+n,

{+n, � D.{+n � 4,�E.x+n,

{+n, � D�q{+n . 4,

x+n, � E�q{+n,

+6,

+,

;AA?
AA=

{+n, � ^D.{+n � 4,�E.x+n,` a ^D�q{+n . 4,` a ^F.q}+n,`

x+n, � E�q{+n,

�

Uhpdun 4 � Wkh �qdo uhvxow xvhv wkh rshudwruv plq/ pd{/ dqg wkh uhvlgxdwlrq1 Wkh yduldeoh

{+n, lv wkh plqlpl}dwlrq ri d �edfnzdug � whup ^D�q{+n.4,`a ^F.q}+n,` dqg d �iruzdug � whup

^D.{+n � 4,�E.x+n,` zlfk fruuhvsrqgv wr wkh vwdwh htxdwlrq1
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� Wkh h{suhvvlrqv frqwdlqv orzhu dqg xsshu erxqgv olnh D�/ D./ E�/ E. dqg F. zklfk vkrz

wkh frpsoh{lw| ri wkh sureohp1 Rqo|/ F� lv qrw suhvhqw lq wkh lqhtxdwlrqv1

Iurp wkh v|vwhp +6,/ zh �qdoo| rewdlq wkh vhw ri wkh XEF frqvwudlqwv lq wkh iroorzlqj pdqqhu1

Zh ghyhors wkh suhylrxv v|vwhp dqg zh uhsodfh wkh uhvlgxdwlrq e| wkh plqxv vljq lq dffrugdqfh

zlwk wkh sursrvlwlrq +6,1;AAAAAAAAAA?
AAAAAAAAAA=

+7� 4, {m+n, � �^F
.`lm . }l+n, zlwk ^F.`lm 9@ %

+7� 5, {l+n, �
q

�
m@4

^D.`lm{m+n � 4,�
t

�
v@4

^E.`lvxv+n,

+7� 6, {m+n � 4, � �^D�`lm . {l+n, zlwk ^D�`lm 9@ %

+7� 7, xv+n, � �^E
�`lv . {l+n, zlwk ^E`lm 9@ %

Wklv vhw frqwdlqv dw wkh prvw/ q�p uhodwlrqv +vwdwh2ghvluhg rxwsxw,/ q uhodwlrqv +vwdwh2frqwuro,/

q� q uhodwlrqv +vwdwh2vwdwh, dqg q� t uhodwlrqv +vwdwh2lqsxw,1 Li ^F`lm / ^D`lm ru^E`lm htxdov %/ wkh

XEF frqvwdlqw kdv wkh irup { � W @ .4 dqg fdq eh uhpryh iurp wkh v|vwhp1

Diwhu wkh wudqvirupdwlrq ri wkh lqlwldo sureohp lqwr d qhz vhw ri XEF frqvwudlqwv prghoolqj

wkh surfhvv dqg wkh frqwuro remhfwlyh/ zh fdq dsso| wkh iudplqj ri wkh rswlpdo vroxwlrq dqg wkh

dojrulwkp ri wkh suhylrxv vhfwlrq lq rughu wr fdofxodwh wkh juhdwhvw ydoxhv ri wkh vwdwh {+n, dqg

wkh frqwuro x+n,1

D1 H{dpsoh

Iurp wkh fruuhvsrqglqj wlphg hyhqw judsk/ zh ghgxfh wkh iroorzlqj vwdwh htxdwlrq1;AAAAAAAAAA?
AAAAAAAAAA=

3
EEC

{4+n,

{5+n,

4
FFD @

3
EEC

d h

% e

4
FFD
3
EEC

{4+n � 4,

{5+n � 4,

4
FFD�

3
EEC

h

4

4
FFDx+n,

3
EEC

|4+n,

|5+n,

4
FFD @

3
EEC

5 %

% 4

4
FFD
3
EEC

{4+n,

{5+n,

4
FFD

zlwk d 5 ^4 6` dqg e 5 ^h 6`1

Zh zdqw wr fdofxodwh wkh juhdwhvw vwdwh dqg lqsxw vxfk wkdw wkh ghvluhg rxwsxwv duh=

n 5 4

}4 4; 48

}5 48 45

Ohw [ @

�
{3 {4+3, {4+4, {4+5, {5+3, {5+4, {5+5, x+4, x+5,

�w
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e

[e 3]

[1 3]

Iljxuh 4= Wlphg hyhqw judsk

Wkh v|vwhp +6, ri wkh fkdswhu Y doorzv xv wr zulwh wkh iroorzlqj lqhtxdwlrq vhw=;AAAAAAAAAAAAAAAAAAAAAAAAAA?
AAAAAAAAAAAAAAAAAAAAAAAAAA=

3
EEC

{4+n,

{5+n,

4
FFD �

3
EEC

5 %

% 4

4
FFD"

3
EEC

}4+n,

}5+n,

4
FFD

3
EEC

{4+n,

{5+n,

4
FFD �

3
EEC

6 h

% 6

4
FFD

3
EEC

{4+n � 4,

{5+n � 4,

4
FFD�

3
EEC

h

4

4
FFDx+n,

3
EEC

{4+n � 4,

{5+n � 4,

4
FFD �

3
EEC

4 h

% h

4
FFD"

3
EEC

{4+n,

{5+n,

4
FFD

x+n, �

3
EEC

h

4

4
FFD"

3
EEC

{4+n,

{5+n,

4
FFD

Zh ghgxfh wkh pdwulfhv P dqg Q 1
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Wkh iudplqj ri wkh rswlpdo vroxwlrq lv=
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YL1 Frqfoxvlrq

Lq wklv sdshu/ zh kdyh sursrvhg d qhz dssurdfk ri frqwuro v|vwhp lq wkh �hog ri glvfuhwh hyhqw

v|vwhpv1 Zh kdyh �uvw frqvlghuhg wkdw whpsrul}dwlrq ydoxhv ehorqj wr nqrzq lqwhuydov frqwudu|

wr wkh �edfnzdug� dssurdfk1 D qhz irupxodwlrq ri wkh sureohp kdyh jlyhq dq h{suhvvlrq zklfk

xvhv wkh rshudwruv plq/ pd{/ dqg wkh uhvlgxdwlrq1 Wkh vwdwh yduldeoh lv wkh plqlpl}dwlrq ri d

�edfnzdug � whup dqg d �iruzdug � whup zklfk lv vlplodu wr wkh vwdwh htxdwlrq1 Vkrzlqj wkh

frpsoh{lw| ri wkh sureohp/ wkh h{suhvvlrqv frqwdlq orzhu dqg xsshu erxqgv ri pdwulfhv 1

Pruhryhu/ wklv grfxphqw kdyh suhvhqwhg wkh dssolfdwlrq ri dq dssurdfk ri frqvwudlqw surs0

djdwlrq w|sh xvlqj Nohhqh*v vwdu lq rughu wr fdofxodwh wkh juhdwhvw ydoxhv ri wkh vwdwh dqg wkh

frqwuro1 Zh kdyh dovr sursrvhg d iudplqj ri wkh rswlpdo vroxwlrq wkh juhdwhvw erxqg ri zklfk

fdq eh dssolhg wr wkh lqlwldol}dwlrq vwhs1 Vrph uhfhqw sdshuv kdyh vkrzq wkdw ghyhorsphqw ri qhz

dojrulwkpv lv srvvleoh dqg wkh vwxg| ri qrq0ghfuhdvlqj dssurdfkhv vhhpv sduwlfxoduo|/ d surplvlqj

shuvshfwlyh1

YLL1 Uhihuhqfhv

Edffhool/ I1/ Frkhq/ J1 / Rovghu/ J1M1 ) Txdgudw/ M1S1/ +4<<5,1 V|qfkurql}dwlrq dqg olqhdulw|1 Dq

Dojheud iru Glvfuhwh Hyhqw V|vwhpv/ Qhz \run/ Zloh|1

4:



Ndwduðqd Fhfkoäuryä dqg U1D1 Fxqlqjkdph0Juhhq/ Lqwhuydo v|vwhpv ri pd{0vhsdudeoh olqhdu

htxdwlrqv/ olqhdu Dojheud dqg lwv Dssolfdwlrqv/ 53351

Mhdq Frfkhw0Whuudvvrq/ Vwìskdqh Jdxehuw dqg Mhuhp| Jxqdzdughqd/ D frqvwuxfwlyh �{hg

srlqw wkhruhp iru plq0pd{ ixqfwlrqv/ Mxqh 4<<:1 G|qdplfv dqg Vwdelolw| ri V|vwhpv/ Yro1 47/

Qr1 7/ ss 73:0766/ 4<<<1

J1Frkhq dqg V1 Jdxehuw dqg M1S1 Txdgudw/ Iurp �uvw wr vhfrqg0rughu wkhru| ri olqhdu glvfuhwh

hyhqw v|vwhpv/ 45wk LIDF/ V|gqh|/ Mxo|/ 4<<61

Frkhq/ J1/ Jdxehuw/ V1 ) Txdgudw/ M10S1/ +4<<6,1 Iurp �uvw wr vhfrqg0rughu wkhru| ri olqhdu

glvfuhwh hyhqw v|vwhpv/ 4vw VLDF Zruog Frqjuhvv/ V|gqh|/ Dxvwudold1

U1D1 Fxqlqjkdph0Juhhq dqg S1 Exwnrylf/ Wkh htxdwlrq D { @ E  | ryhu +pd{/ .,/ Wkhr0

uhwlfdo Frpsxwhu Vflhqfh/ 53351

Ghfohufn/ S1/ +4<<<,1 Suhglfwdelolw| dqg frqwuro v|qwkhvlv lq Wlphg Hyhqw Judskv/ N|ehuqhwlnd/

Dfdghp| ri Vflhqfhv ri wkh F}hfk Uhsxeolf/ yro1 68/ qr 4/ ss1 5806;1

Ghfohufn/ S1/ +5334,1 Hvwlpdwlrq/ suhglfwlrq dqg frqwuro lq +pd{/., v|vwhpv/ 4vw LIDF V|p0

srvlxp rq V|vwhp Vwuxfwxuh dqg Frqwuro/ zrunvkrs rq pd{0soxv dojheudv/ Sudkd1

Ghfohufn/ S1 ) Glgl Dodrxl/ P1 N1/ Frqvwudlqw sursdjdwlrq iru pd{0soxv0olqhdu glvfuhwh hyhqw

v|vwhpv= dssolfdwlrq wr wkh vwdwh hvwlpdwlrq/ LPDFV2LHHH Pxowlfrqihuhqfh FHVD* 5336/ Olooh/

Mxo| <044/ 53361

Gh Vfkxwwhu/ E1/ +4<<9,1 Pd{0dojheudlf v|vwhp wkhru| iru glvfuhwh hyhqw v|vwhpv/ Sk1G1/

Ndwkrolhnh Xqlyhuvlwhlw Ohxyhq/ Ehojlxp1

Gh Vfkxwwhu/ E1 ) Ydq Ghq Errp/ W1/ +5334,1 Prgho suhglfwlyh frqwuro iru pd{0soxv0olqhdu

glvfuhwh hyhqw v|vwhpv/ Dxwrpdwlfd 6:/ sdjhv 437<043891

Jdxehuw/ V1/ +4<<5,1 Wkìrulh ghv v|vwëphv olqìdluhv gdqv ohv glròghv/ Sk1 G1 glvvhuwdwlrq/ Hfroh

ghv Plqhv gh Sdulv1

Vwìskdqh Jdxehuw dqg Mhuhp| Jxqdzdughqd/ Wkh Gxdolw| Wkhruhp iru plq0pd{ Ixqfwlrqv/

F1U1D1V/ w1 659/ Vìulh L/ s1 76�7;/ 4<<;1

Jrqgudq/ P1 ) Plqrx{/ P1/ +4<<8,1 Judskhv hw dojrulwkphv/ Hglwlrq H|uroohv1

4;



Mdxolq/ O1/ Nlh�hu/ P1/ Glgulw/ R1 ) Zdowhu/ H1/ +5334,1 Dssolhg Lqwhuydo Dqdo|vlv/ Vsulqjhu0

Yhuodj1

Zdonxs/ H1 D1/ +4<<8,1 Rswlpl}dwlrq ri olqhdu pd{0soxv v|vwhpv zlwk dssolfdwlrq wr wlplqj

dqdo|vlv/ Sk1 G1 glvvhuwdwlrq/ Zdvklqjwrq1

Zdonxs/ H1 D1 ) Eruulhoor/ J1/ +4<<;,1 D jhqhudo olqhdu pd{0soxv vroxwlrq whfkqltxh/ Lghpsr0

whqf|/ sxeolvkhu Mhuhp| Jxdzdughqd1

4<


