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Devwudfw

Zh ghyhors d uhfxuvlyh Pd{lpxp D Srvwhulrul Fodvvl�fdwlrq do0

jrulwkp iru glvfuhwh ydoxhg Vwrfkdvwlf Surfhvvhv prghoohg e| Klgghq

Pdunry Prghov1 Wkh fodvvl�fdwlrq dojrulwkp vroyhv uhfxuvlyho| wkh iro0

orzlqj sureohp= jlyhq d froohfwlrq ri KPP*v +S �>T�,/ � 5 �/ dqg d

vhtxhqfh ri revhuydwlrqv |4/ 111 / |w iurp d vwrfkdvwlf surfhvv i\wj
4

w@4/

�qg wkh KPP wkdw kdv Pd{lpxp Srvwhulru Suredelolw| ri surgxflqj

|4 /111/ |w1 Wklv dojrulwkp lv d prgl�fdwlrq +iru glvfuhwh ydoxhg vwrfkdv0

wlf surfhvvhv, ri wkh Odlqlrwlv Sduwlwlrq dojrulwkp ^43`/ ^48`1 Zh suryh

wkdw/ vxemhfw wr hujrglflw| dqg srvlwlylw| dvvxpswlrqv rq i\wj
4

w@4
/ rxu

dojrulwkp zloo frqyhujh wr wkh _uljkw% +lq wkh furvv hqwurs| vhqvh,

KPP dv w$4/ iru doprvw doo vhtxhqfhv |4/ |5/ 111 1 Ilqdoo|/ zh jlyh

dq h{dpsoh ri wkh dssolfdwlrq ri rxu dojrulwkp wr wkh fodvvl�fdwlrq ri

vshhfk vljqdov1
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Wklv sdshu dsshduhg lq Pdwkhpdwlfdo dqg Frpsxwhu Prghoolqj/ Yro143/

ss158076/ 4<<9

� W?|hL_�U|�L?

Frqvlghu wkh iroorzlqj fodvvl�fdwlrq sureohp1 Zh revhuyh d glvfuhwh ydoxhg/

vwdwlrqdu| hujrglf vwrfkdvwlf surfhvv iru zklfk wkhuh lv d frxqwdeoh +�qlwh ru

lq�qlwh, qxpehu ri Klgghq Pdunry Prghov1 Dw wlph w wkh revhuydwlrqv |�/

111 / || duh dydlodeoh/ dqg zh xvh wkhvh wr fodvvli| wkh surfhvv wr wkh prgho

wkdw pd{lpl}hv wkh Ed|hvldq srvwhulru suredelolw| ri |�/ 111 / ||1 Lq wklv

sdshu zh gr wkh iroorzlqj1

41 Zh ghyhors d uhfxuvlyh dojrulwkp wr frpsxwh wkh srvwhulru suredelo0

lwlhv1 Wklv dojrulwkp frpelqhv hohphqwv ri wzr dojrulwkpv suhylrxvo|

uhsruwhg lq wkh olwhudwxuh= wkh Edfnzdug 0 Iruzdug dojrulwkp ri Edxp

^8/ 9` dqg wkh Sduwlwlrq Dojrulwkp ri Odlqlrwlv ^46/ 4:`1
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51 Zh suryh wkh frqyhujhqfh ri rxu fodvvl�fdwlrq dojrulwkp= wkh srvwhulru

suredelolw| ri wkh _ehvw% +lq d suhflvho| gh�qhg vhqvh, fdqglgdwh prgho

whqgv wr rqh doprvw vxuho|1

61 Zh suhvhqw h{dpsohv ri fodvvl�fdwlrq xvlqj vshhfk gdwd dqg skrqhph

Klgghq Pdunry Prghov1

Klgghq Pdunry Prghov +KPP, duh xvhg zlgho| iru vshhfk uhfrjqlwlrq

^4/ 58/ 57/ 5:/ 5;` dqg wkh| kdyh odwho| ehhq lqwurgxfhg lq d qxpehu ri rwkhu

dssolfdwlrqv/ h1j1 vkdsh uhfrjqlwlrq ^59`/ duwhuldo prghoolqj ^43`/ elrorjlfdo

dssolfdwlrqv ^5`/ hwf1 Khuh zh frqfhqwudwh rq KPP*v zlwk glvfuhwh ydoxhg

klgghq +ru vwdwh, dqg revhuydeoh surfhvv1 Wkh lpsruwdqfh ri wkhvh prghov

lv xqghuvfruhg e| uhfhqw uhvxowv derxw wkhlu xqlyhuvdo uhsuhvhqwdwlrq dqg

frqvlvwhqw hvwlpdwlrq surshuwlhv +vhh ^47`,1

Rxu fodvvl�fdwlrq dojrulwkp lv prghoohg diwhu wkh Sduwlwlrq Dojrulwkp ri

Odlqlrwlv/ zklfk kdv ehhq xvhg iru sdudphwhu hvwlpdwlrq ri vwrfkdvwlf frqwuro

v|vwhpv1 Dq hduo| yhuvlrq ri wklv dojrulwkp fdq eh irxqg lq ^46/ 4:`1 Wklv

lv d yhu| jhqhudo dojrulwkp/ zklfk dssolhv wr frqwlqxrxv0 dv zhoo dv glvfuhwh0

ydoxhg vwrfkdvwlf surfhvvhv1 Krzhyhu/ ghwdlov iru wkh glvfuhwh ydoxhg fdvh

kdyh qrw ehhq zrunhg rxw lq wkh olwhudwxuh1 Frqwuro wkhruhwlf dssolfdwlrqv

fdq eh irxqg lq ^44/ 4:/ 4;/ 4<` dqg frpsxwdwlrqdo lvvxhv duh wuhdwhg lq

^5</ 63`1 Lq doo ri wkhvh sdshuv wkh dojrulwkp lv dssolhg wr frqwlqxrxv ydo0

xhg vwrfkdvwlf surfhvvhv> wklv lv dovr wkh fdvh iru pruh uhfhqw wkhruhwlfdo

ghyhorsphqwv lq ^53/ 54`/ dv zhoo dv dssolfdwlrqv wr vhlvplf vljqdo surfhvvlqj

^55/ 56`1 Wkh frqyhujhqfh ri wkh Sduwlwlrq Dojrulwkp iru frqwlqxrxv ydoxhg

surfhvvhv lv glvfxvvhg lq ^48/ 64`1 Wr wkh ehvw ri rxu nqrzohgjh/ frqyhujhqfh

iru glvfuhwh ydoxhg surfhvvhv kdv qrw ehhq vwxglhg vr idu1

Wkh fodvvl�fdwlrq sureohp fdq eh irupxodwhg dv d sureohp ri sdudphwhu

hvwlpdwlrq= zh lqwurgxfh d sdudphwhu � vxfk wkdw wr hyhu| ydoxh ri � fruuh0

vsrqgv d KPP dqg lw lv uhtxluhg wr hvwlpdwh +vhh qh{w vhfwlrq, wkh rswlpdo

ydoxh ri �1 Lq wklv vhqvh/ zh suhvhqw khuh d sdudphwhu hvwlpdwlrq dojrulwkp>

shukdsv lw vkrxog eh eulh�| frpsduhg wr wkh Edfnzdug0Iruzdug +EI, sdud0

phwhu hvwlpdwlrq dojrulwkp e| Shwulh dqg Edxp +vhh ^8/ 9/ 5:/ 5;`,1 Zkloh
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rxu dojrulwkp eruurzv iurp EI wkh frpsxwdwlrq ri iruzdug suredelolwlhv/

lq prvw uhvshfwv wkh wzr dojrulwkpv duh txlwh gl�huhqw1 Rxu dojrulwkp dv0

vxphv d frxqwdeoh qxpehu ri srvvleoh sdudphwhu ydoxhv dqg surfhhgv wr �qg

wkh rswlpdo ydoxh e| dq rqolqh surfhvv> wkh EI dojrulwkp fdq rshudwh zlwk

dq xqfrxqwdeo| lq�qlwh +l1h1 frqwlqxrxv ydoxhg, vhw ri sdudphwhuv/ exw lv

dq r�lqh dojrulwkp1 Zkloh rxu dojrulwkp xvhv rqo| wkh iruzdug suredelol0

wlhv/ wkh EI dojrulwkp +dv wkh qdph lqglfdwhv, xvhv iruzdug dqg edfnzdug

suredelolwlhv1 Lq whupv ri lpsohphqwdwlrq/ wklv phdqv wkdw rxu dojrulwkp

shuirupv rqo| d iruzdug lqwhjudwlrq lq wlph dqg �qgv dq h{dfw pd{lpl}lqj

sdudphwhu ydoxh> zkloh wkh EI dojrulwkp shuirupv d vhtxhqfh ri iruzdug

dqg edfnzdug lqwhjudwlrqv wr dssur{lpdwh d pd{lpl}lqj sdudphwhu ydoxh1

Wklv sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh suhvhqw vrph gh�q0

lwlrqv dqg qrwdwlrq wkdw uhodwh wr Klgghq Pdunry Prghov1 Lq Vhfwlrq 6 zh

suhvhqw rxu fodvvl�fdwlrq dojrulwkp1 Lq Vhfwlrq 7 zh suhvhqw rxu frqyhujhqfh

uhvxowv= wkh dojrulwkp frqyhujhv doprvw vxuho| wr wkh ehvw KPP/ li i\|j
"

|'�

vdwlv�hv vrph hujrglflw| dqg srvlwlylw| frqglwlrqv1 Wkh surriv ri wkhvh uh0

vxowv duh ghihuuhg wr wkh Dsshqgl{1 Lq Vhfwlrq 8 zh suhvhqw vrph qxphulfdo

h{shulphqwv ri fodvvl�fdwlrq/ xvlqj vshhfk gdwd1 Lq Vhfwlrq 9 zh suhvhqw wkh

frqfoxvlrqv wklv sdshu1 Ilqdoo|/ wkh surri ri wkh dojrulwkp frqyhujhqfh lv

suhvhqwhg lq wkh Dsshqgl{1

2 �hi*�4�?@h�it

Lq wklv vhfwlrq zh suhvhqw vrph gh�qlwlrqv dqg qrwdwlrq wkdw uhodwh wr vwd0

wlrqdu| vwrfkdvwlf surfhvvhv dqg Klgghq Pdunry Prghov1 Wkh pdwhuldo lv

vwdqgdug +vhh h1j1 Eloolqjvoh| ^:/ ;`,1

Zh vwxg| glvfuhwh ydoxhg/ vwdwlrqdu| vwrfkdvwlf surfhvvhv/ h1j1 i\|j
"

|'�
/

wdnlqj ydoxhv lq t @ i4> 5> ===> Oj1 Wkhuh lv qr orvv ri jhqhudolw| lq dvvxplqj

\| wr eh lqwhjhu ydoxhg1 Zh gh�qh

�
t @ i|�===|� > |? 5 t 4 � q � Qj Q @ 4> 5> === > +4,

"t @ i| @ |�|2===> |? 5 t 4 � qj= +5,
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i\|j kdv suredelolw| ixqfwlrq s gh�qhg iru doo Q � 3/ |�|2===|� 5 �
t e|

s+|�===|�,
=
@ Sure+\� @ |�> ===> \� @ |� ,= +6,

E| vwdwlrqdulw| zh kdyh s+|�===|� , @ Sure+\|n� @ |�> ===> \|n� @ |�,1 Qrwh

wkdw s lv d frpsohwh ghvfulswlrq ri i\|j1

Gh�qh �+t , wr eh wkh vpdoohvw vljpd0dojheud wkdw frqwdlqv doo f|olqghu

vhwv +vhh Eloolqjvoh| ^;`, ri "+ 1 Wkh suredelolw| ixqfwlrq s fdq eh xvhg

wr gh�qh d phdvxuh rq wkh f|olqghu vhwv dqg wklv phdvxuh fdq eh xqltxho|

h{whqghg rq �+t ,1 Gh�qh wklv phdvxuh e| �1 E| wkh suhylrxv glvfxvvlrq

� lv ghwhuplqhg e| s> frqyhuvho| zh fdq uhfryhu s iurp wkh ydoxh ri � rq

f|olqghu vhwv1 Khqfh i\|j/ s dqg � duh htxlydohqw ghvfulswlrqv ri d glvfuhwh

ydoxhg vwdwlrqdu| vwrfkdvwlf surfhvv1

Zh xvh d vrphzkdw uhvwulfwhg gh�qlwlrq ri Klgghq Pdunry Prghov1 D

Klgghq Pdunry Prgho +KPP, lv d sdlu ri vwdwlrqdu| vwrfkdvwlf surfhvvhv

+i[|j> i\|j,1 i[|j wdnhv ydoxhv rq f @ i4> 5> ===> Nj dqg lv Pdunry zlwk

wudqvlwlrq pdwul{ S / gh�qhg e| S%5
=
@ Sure+[| @ } m [|3� @ {,1 i\|j wdnhv

ydoxhv rq t @ i4> 5> ===> Oj dqg ghshqgv lqvwdqwdqhrxvo| rq [| yld wkh

hplvvlrq pdwul{ T= T%+
=
@ Sure+\| @ | m [| @ {>[r> v 9@ w,/ lqghshqghqw ri

[r/ v 9@ w1

Lq zkdw iroorzv zh xvh d frxqwdeoh sdudphwhu vhw � vxfk wkdw iru hyhu|

� 5 � zh kdyh d KPP +i[w
| j> i\

w
| j,/ zlwk wudqvlwlrq dqg hplvvlrq pdwulfhv

+S w >Tw,1 Zh zloo dozd|v dvvxph wkdw iru doo � 5 � S w A 3> lq wklv fdvh i[w
| j

lv hujrglf dqg kdv d xqltxh vwdwlrqdu| suredelolw| glvwulexwlrq +ghwhuplqhg

e| S w / vhh ^<`,/ fdoo lw sw 1 Iru doo { 5 f zh kdyh sw+{,
=
@ Sure+[w

| @ {,1

Xvlqj sw+{,/ S w
%5 / T

w
%+ / {> } 5 f | 5 t zh fdq rewdlq wkh suredelolw| ixqf0

wlrqv ri i[w
| j dqg i\

w
| j1 Khqfh +S

w>Tw, lv |hw dqrwkhu frpsohwh ghvfulswlrq

ri +i[w
| j> i\

w
| j,1

Zh xvh wkh iroorzlqj udwkhu dexvlyh +exw krshixoo| qrw frqixvlqj, qrwd0

wlrq=

sw+{�==={|,
=
@ Sure+[w

�
@ {�===[

w
| @ {|,> +7,

sw+|�===|r,
=
@ Sure+\ w

�
@ |�===\

w
r @ |r,> +8,
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sw+{�==={|> |�===|r,
=
@ Sure+[w

�
@ {�===[

w
| @ ||> \

w
�
@ |�===\

w
r @ |r,> +9,

sw+|� m {f> |f,
=
@ Sure+\ w

�
@ |� m [

w
f
@ {f> \

w
f
@ |f, hwf1 +:,

DWWHQWLRQ= Wkh v|pero sw| +|�===||, +l1h1 zlwk dq dgglwlrqdo w vxevfulsw,

lv xvhg wr ghqrwh d frpsohwho| gl�huhqw txdqwlw|/ wkh prgho srvwhulru sure0

delolw|/ zklfk zloo eh gh�qhg lq wkh qh{w vhfwlrq1

Dovr/ zh frpplw dqrwkhu jurvv exw kdupohvv r�hqvh= vrphwlphv zh zulwh

sw+|f m |3�===|3|, @ Sure+\ w
f
@ |f m \

w
3�

@ |3�> ===> \
w
3| @ |3|,= +;,

Qrz/ vwulfwo| vshdnlqj/ rxu surfhvvhv duh qrw gh�qhg iru w ? 31 Krzhyhu lw

lv d vlpsoh pdwwhu wr h{whqg d rqh0vlghg + 3 � w ?4, vwdwlrqdu| vwrfkdvwlf

surfhvv wr d wzr0vlghg rqh +�4 ? w ? 4, +vhh ^:`,/ vr wkh h{suhvvlrq lq

ht1+;, lv phdqlqjixo1

Ilqdoo| zh gh�qh wkh hqwurs| K+s, ri d surfhvv s dqg wkh furvv hqwurs|

K+t> s, ri d surfhvv t zlwk uhvshfw wr d surfhvv s1

K+s,
=
@ �

]
orj s+|f m |3�|32===,g�+|f|3�===,= +<,

K+t> s,
=
@ �

]
orj t+|f m |3�|32===,g�+|f|3�===,�K+s,= +43,

Wkhvh duh irupdoo| gh�qhg lq htv1+</43,> exw iru dq| vshfl�f surfhvvhv lw

pxvw eh suryhq wkdw wkh lqwhjudov deryh duh zhoo gh�qhg/ rwkhuzlvh wkh

gh�qlwlrq lv ydfxrxv1

� A�i �*@tt��U@|�L? �*}Lh�|�4

Zh frqvlghu wkh iroorzlqj sureohp ri vwrfkdvwlf surfhvv fodvvl�fdwlrq1 Vwduw

zlwk d froohfwlrq ri Klgghq Pdunry Prghov= i+S w >Tw,jwMX/ zkhuh � lv

d frxqwdeoh +�qlwh ru lq�qlwh, sdudphwhu vhw1 Qh{w/ lqwurgxfh d udqgrp

yduldeoh ] zklfk wdnhv ydoxhv lq �1 Dw wlph w wkh ydoxh ri ] lv fkrvhq

udqgrpo|/ dffruglqj wr wkh suredelolw| glvwulexwlrq sw
f

=
@ Sure+] @ �, /
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� 5 �1 ] uhpdlqv �{hg iru w � 3/ exw lwv ydoxh lv xqnqrzq wr xv1 � Iru wlph

w @ 4> 5> === wkh KPP +S~ >T~, surgxfhv dq revhuydeoh vwrfkdvwlf surfhvv

i\|j
"

|'�1 Zh revhuyh d uhdol}dwlrq ri i\|j/ fdoo lw |�/ |2/ 111 dqg zh zdqw

wr lqihu wkh ydoxh ri ] iurp wklv vhtxhqfh1 D sureohp ri wklv w|sh lv/ iru

h{dpsoh/ skrqhph fodvvl�fdwlrq/ zlwk � ehlqj wkh �qlwh vhw ri wkh Hqjolvk

odqjxdjh skrqhphv1

Wr vroyh wklv sureohp/ zh dgrsw d Ed|hvldq srlqw ri ylhz1 Ehiruh dq| re0

vhuydwlrqv |�> |2/ 111 duh dydlodeoh/ zh fdq h{suhvv rxu sulru eholhi ri wkh ydoxh

ri ] lq whupv ri wkh sulru suredelolw| glvwulexwlrq isw
f
jwMX1 Dw wlph w wkh

revhuydwlrqv |�/ 111 / || duh dydlodeoh dqg rxu nqrzohgjh ri ] kdv lpsuryhg1

Wklv nqrzohgjh lv qrz h{suhvvhg lq whupv ri wkh srvwhulru suredelolw| +dw

wlph w,=

sw| +|�===||,
=
@ Sure+] @ � m \� @ |�> ===> \| @ ||,= +44,

Jlyhq sw| +|�===||,/ rxu hvwlpdwh ri ] dw wlph w lv

a�|+|�> ===> ||,
=
@ dujpd{

wMX
sw| +|�===||,= +45,

Wkxv/ dw wlph w zh fodlp wkdw wkh gdwd |�> ===> || zdv surgxfhg e| a�|+|�> ===> ||,/

zklfk pd{lpl}hv wkh srvwhulru suredelolw|1 Wklv lv d uhdvrqdeoh fkrlfh/ xvx0

doo| uhihuuhg wr dv Pd{lpxp D Srvwhulrul +PDS, hvwlpdwh1 2

Uhpdun= Qrwlfh wkh gl�huhqfh ehwzhhq ] / zklfk lv �{hg iru doo wlph w � 3

+uh�hfwlqj wkh idfw wkdw |�> |2> === duh lqghhg surgxfhg e| d �{hg KPP, dqg

a�| zklfk fkdqjhv dv pruh gdwd lv froohfwhg +uh�hfwlqj rxu eholhi derxw zkdw

lv wkh wuxh prgho,1 Rxu eholhi pd| fkdqjh ryhu wlph/ vr iru w 9@ � zh pd|

kdyh a�� 9@ a�|1 Krzhyhu/ lw lv ghvludeoh wkdw dv w $ 4 zh kdyh a�| $ ]/ lq

vrph dssursuldwh vhqvh ri vwrfkdvwlf frqyhujhqfh1

Uhpdun= Wkh dvvxpswlrq wkdw wkh revhuydwlrqv |�> |2/ 111 duh dfwxdoo|

surgxfhg e| d Klgghq Pdunry Prgho/ lv qrw uhdoo| qhfhvvdu|1 Zh dgrsw lw

khuh iru vlpsolflw| ri h{srvlwlrq> vrrq zh zloo uhpryh lw1 Krzhyhu/ lw lv qrw

�W? ��@| uL**L�t �i @tt�4i |�@| Rwf : f uLh @** w M X� W| ��** tLL? MiUL4i LM��L�t |�@|

|��t U@? Mi _L?i ��|�L�| *Ltt Lu }i?ih@*�|)�
26Lh Mhi��|) Lu ?L|@|�L?c tL4i|�4it �i ��** �h�|i t�4T*) R

w

| c
	w|c _hLTT�?} +����+|�

:



h{fhvvlyho| uhvwulfwlyh/ lq oljkw ri wkh iroorzlqj uhvxow +suryhq lq ^47`,= vxe0

mhfw wr fhuwdlq hujrglflw| dqg srvlwlylw| dvvxpswlrqv/ hyhu| glvfuhwh0ydoxhg

vwrfkdvwlf surfhvv fdq eh dssur{lpdwhg duelwudulo| zhoo e| d vhtxhqfh ri

Klgghq Pdunry Prghov> wkhvh prghov fdq dovr eh frqvlvwhqwo| hvwlpdwhg1

Wkh fodvvl�fdwlrq sureohp kdv qrz ehhq uhgxfhg wr �qglqj dq h�flhqw

zd| wr frpsxwh sw| / � 5 �/ w @ 4> 5> === 1 Wr gr wklv/ zh ghyhors d uhfxuvlyh

dojrulwkp1 Iluvw/ qrwh wkdw

sw|n� @ Sure+] @ � m \� @ |�> ===> \|n� @ ||n�, @

Sure+\|n� @ ||n�> ] @ � m \� @ |�> ===> \| @ ||,

Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||,
@

Sure+\|n� @ ||n�> ] @ � m \� @ |�> ===> \| @ ||,S
lMX Sure+\|n� @ ||n�> ] @ � m \� @ |�> ===> \| @ ||,

= +46,

Dovr qrwh wkdw

Sure+\|n� @ ||n�> ] @ � m \� @ |�> ===> \| @ ||, @

Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @ �,�Sure+] @ � m \� @ |�> ===> \| @ ||, @

Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @ �, � sw| = +47,

Qrz +46/47, lpso| wkh uhfxuvlrq=

sw|n� @
Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @ �, � sw|S

lMX Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @p, � s
l

|

= +48,

Uhpdun= Wkh odvw htxdwlrq vkrzv zk| zh fdq dvvxph sw
f
A 3 iru doo � 5 �

zlwkrxw orvv ri jhqhudolw|1 Lw lv reylrxv wkdw li wkhuh lv d � vxfk wkdw sw
f
@ 3/

wkhq sw| @ 3 iru doo w � 3> khqfh prghov zlwk }hur sulru suredelolw| qhhg qrw

eh glvfxvvhg dw doo1

Zkdw uhpdlqv wr eh grqh lv �qglqj d uhfxuvlyh zd| wr frpsxwh wkh

txdqwlw| Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @ �, iru � 5 �/ w @

;



4> 5> === 1 Qrwh wkdw

Sure+\|n� @ ||n� m \� @ |�> ===> \| @ ||> ] @ �, @

sw+|�===||n�,

sw+|�===||,
= +49,

Krzhyhu/ li ] @ � wkhq wkh suredelolwlhv lq ht1+49, fdq eh frpsxwhg

lq whupv ri wkh pdwulfhv S w / Tw1 Zh suhvhqw d phwkrg iru uhfxuvlyh frp0

sxwdwlrq ri sw+|�> ===> ||,> wklv lv ghyhorshg lq ^58` dv sduw ri wkh Iruzdug 0

Edfnzdug dojrulwkp1 Iru hyhu| � 5 �/ gh�qh wkh iruzdug suredelolwlhv iru

jlyhq revhuydwlrqv |�> |2> ===/ iru { @ 4> 5> ===>N dqg w @ 4> 5> ===1

�w| +{,
=
@ Sure+\� @ |�> ===> \| @ ||> [| @ { m ] @ �,> +4:,

Lw lv hdvlo| fkhfnhg wkdw wkh hyroxwlrq htxdwlrq iru wkh iruzdug suredelolwlhv

lv=

�w| +{, @
g[
5'�

�w|3�+},S
w
5%T

w
%+|

{ @ 4> 5> ===> N= +4;,

Dvvxph doo lqlwldo vwdwhv wr eh htxdoo| olnho| ~ wkhq wkh lqlwldo frqglwlrq iru

�w lv �w
f
+{,

=
@ Sure+[f @ { m ] @ �, @ �

g
iru { @ 4> 5> ===>N1

Qrz xvh wkh �w *v wr frpsxwh wkh sw*v=

sw+|�===||, @
g[
%'�

�w| +{,= +4<,

Wklv frpsohwhv wkh ghvfulswlrq ri wkh uhfxuvlyh fodvvl�fdwlrq dojrulwkp1 Sxwwlqj

doo wkh slhfhv wrjhwkhu zh jhw=

Pd{lpxp D Srvwhulrul Fodvvl�fdwlrq Dojrulwkp

Jlyhq dq revhuydwlrq vhtxhqfh |�> |2> === dqg d vhw ri KPP*v +S w>Tw,/ � 5 �/

dvvxph wkdw wkh vhtxhqfh kdv ehhq surgxfhg e| wkh KPP +S~ >T~,/ zkhuh

<



] lv d udqgrp yduldeoh zlwk suredelolw| glvwulexwlrq sw
f
@ Sure+] @ �,/

� 5 �1 Wkh PDS hvwlpdwh ri ] dw wlph w lv a�|/ gh�qhg dv

a�|
=
@ dujpd{

wMX
sw| +|�===||, +53,

zkhuh sw| lv gh�qhg iru doo � 5 �/ w @ 4> 5> === e|

sw| +|�===||,
=
@ Sure+] @ � m \� @ |�> ===> \| @ ||,= +54,

Wr rewdlq wkh PDS hvwlpdwh/ frpsxwh sw| iru � 5 �/ w @ 4> 5> == dv iroorzv1

Iru w @ 3

sw
f
@ Sure+] @ �, � 5 �= +55,

�w
f
+{, @

4

N
{ @ 4> 5> ===>N> � 5 �= +56,

Wkhq iru w @ 4> 5> === =

41 Frpsxwh iru doo � 5 �/ { @ 4> 5> ===>N

�w| +{, @
g[
5'�

�w|3�+},S
w
5%T

w
%+|

= +57,

51 Frpsxwh iru doo � 5 �

Sure+\| @ || m \� @ |�> ===> \|3� @ ||3�> ] @ �, @

Sg
%'� �

w
| +{,Sg

%'� �
w
|3�+{,

+58,

dqg

sw| @
Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � sw|3�S
lMX Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � s

l

|3�

+59,

61 Ilqdoo|/ vhw

a�|
=
@ dujpd{

wMX
sw| +|�> ===> ||,= +5:,
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Uhpdun= Wkh surfhvv wkdw surgxfhv wkh revhuydwlrq vhtxhqfh |�/ |2/ 111

qhhg qrw eh Klgghq Pdunry1 Wkh fodvvl�fdwlrq dojrulwkp dssolhv wr dq|

glvfuhwh ydoxhg surfhvv dqg orfdwhv wkh KPP +S w >Tw, wkdw kdv pd{lpxp

srvwhulru olnholkrrg zlwk uhvshfw wr |�/ |2/ 111 1 Wklv lv wkh vxemhfw ri

Wkhruhpv 4/ 5 ri Vhfwlrq 71 H{shulphqwdo yhul�fdwlrq ri wklv idfw lv jlyhq lq

Vhfwlrq 81

Uhpdun= Wkh PDS fodvvl�fdwlrq dojrulwkp lv wkh dgdswdwlrq ri wkh Odlq0

lrwlv Sduwlwlrq dojrulwkp ^46/ 4:` wr glvfuhwh ydoxhg vwrfkdvwlf surfhvvhv1

e �L?�ih}i?Ui Lu |�i �*@tt��U@|�L? �*}Lh�|�4

Zh qrz vwdwh rxu frqyhujhqfh uhvxowv1 Surriv zloo eh ghihuuhg wr wkh Ds0

shqgl{1 Wkh uhvxowv krog wuxh xqghu wkh iroorzlqj dvvxpswlrqv1

D Wdnh d vwrfkdvwlf surfhvv i\|j
"

|'� +zlwk suredelolw| s, wkdw vdwlv�hv wkh

iroorzlqj dvvxpswlrqv1

D4 i\|j
"

|'� lv vwdwlrqdu| hujrglf1

D5 ;w \| 5 t @ i4> 5> ===> Oj1

D6 <� A 3 vxfk wkdw ;| @ |�|2=== 5 "t / s+|| m |�===||3�, � �1

E Dovr wdnh d froohfwlrq ri KPP*v i+S w> Tw,jwMX / � frxqwdeoh/ wkdw vdwlvi|

wkh iroorzlqj dvvxpswlrqv1

E4 ;� 5 � S w lv N0e|0N1

E5 ;� 5 � Tw lv N0e|0O1

E6 <� A 3 vxfk wkdw ;� 5 �/ ;{> } 5 f @ i4> 5> ===> Nj S w
%5 � �1

E7 <� A 3 vxfk wkdw ;� 5 �/ ;{ 5 f @ i4> 5> ===>Nj dqg ;| 5

t @ i4> 5> ===> Oj Tw
%+ � �1

Wkhq zh kdyh wkh iroorzlqj
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Wkhruhp 4 Li frqglwlrqv ^D40D6` dqg ^E40E7` duh vdwlv�hg/ wkhq iru dq|

�> � 5 � vxfk wkdw K+sl > s, ? K+sw > s, zh kdyh

olp
|<"

sw| +|�===||,

s
l

| +|�===||,
@ 3 +5;,

iru �0doprvw doo | @ |�|2=== 1

Uhpdun= Wkhruhp 4 lv vlplodu wr pduwlqjdoh frqyhujhqfh wkhruhpv iru

olnholkrrg udwlrv ^49`/ exw wkhuh lv dq lpsruwdqw gl�huhqfh= qhlwkhu sw qru

sl lv dvvxphg wr eh wkh wuxh surfhvv iurp zklfk |�> |2> === frph1 Lq idfw/ dv

douhdg| phqwlrqhg/ zh gr qrw hyhq qhhg dvvxph wkdw i\|j lv KPP1

Iurp Wkhruhp 4 zh fdq hdvlo| jhw d _frqvlvwhqw fodvvl�fdwlrq% wkhruhp1

Iluvw zh qhhg wkh iroorzlqj qrwdwlrq1 Iru hyhu| � � 3 gh�qh �B
=
@ i� 5 � =

K+sw > s, � �j dqg �B =
@ i� 5 � = K+sw > s, A �j1 Reylrxvo|/ ;� � 3 zh kdyh

�B ^�B @ �1 Qrz zh fdq vwdwh wkh iroorzlqj wkhruhp1

Wkhruhp 5 Li frqglwlrqv ^D40D6` dqg ^E40E7` duh vdwlv�hg/ wkhq

Fdvh 4= m � m?41 Gh�qh kf
=
@ plqwMXK+sw> s,1 Wkhq

olp
|<"

[
wMX

�f

sw| +|�===||, @ 4

olp
|<"

[
wMX�f

sw| +|�===||, @ 3

iru �0doprvw doo | @ |�|2=== 5 "t 1

Fdvh 5= m � m@ Cf1 Li wkhuh duh �/ � vxfk wkdw 3 � � ? � dqg � @ �B ^�"
/

wkhq

olp
|<"

[
wMXB

sw| +|�===||, @ 4 +5<,

olp
|<"

[
wMX"

sw| +|�==||, @ 3 +63,

iru �0doprvw doo | @ |�|2=== 5 "t 11
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Uhpdun= Lq Fdvh 4 +�qlwh �, wkhuh lv dw ohdvw rqh ydoxh ri � zklfk dfklhyhv

wkh plqlpxp furvv hqwurs| K+sw > s,1 Wkhuh pd| eh pruh wkdq rqh vxfk �>

��f lv wkh vhw ri doo vxfk plqlpl}lqj �*v1 Li ��f lv qrw d vlqjohwrq/ lw lv fohdu

wkdw zh fdqqrw / lq jhqhudo/ h{shfw a�| $ ] 1 Iru lqvwdqfh/ li prgho +S w>Tw,

surgxfhv wkh revhuydwlrqv/ dqg wkhuh lv d prgho +S l >Tl, vxfk wkdw S l lv d

shupxwdwlrq ri S w/ Tl lv wkh vdph shupxwdwlrq ri Tw/ wkhq +S w >Tw, dqg

+S l >Tl, kdyh lghqwlfdo rxwsxw ehkdylru1 Dw dq| udwh/ Wkhruhp 5 vwdwhv wkdw

wkh srvwhulru suredelolw| zloo doprvw vxuho| frqfhqwudwh doo lwv pdvv rq ��f

+wkh _jrrg% prghov, dv w jrhv wr lq�qlw|1

Uhpdun= Lq Fdvh 5 +frxqwdeo| lq�qlwh �,/ lw lv qrw jxdudqwhhg wkdw

wkh plqlpxp +wkh lq�pxp/ uhdoo|, ri K+sw> s, zloo eh dfklhyhg1 D ixuwkhu

frpsolfdwlrq lv wkdw wkh _edg% ydoxhv ri � pd| jlyh d vorz lqfuhdvh ri furvv

hqwurs|1 Wkhq +5;, dorqh grhv qrw jxdudqwhh wkdw doo wkh suredelolw| pdvv

lv frqfhqwudwhg rq wkh _jrrg% prghov1 Wkhuhiruh/ zh qhhg wr lpsrvh wkh

dgglwlrqdo � 0 � frqglwlrq/ zklfk hqvxuhv d vkdus vhsdudwlrq ri wkh jrrg dqg

edg �*v1 Wr foduli| wkh qdwxuh ri wklv frqglwlrq/ frqvlghu wkh fdvh zkhuh wkh

revhuydwlrqv |�/ |2/ 111 duh dfwxdoo| surgxfhg e| +S wW
> T

wW,/ �W 5 �1 Wkhq

s
wW @ s/ K+sw

W

> s, @ 3/ dqg zh fdq wdnh � @ 31 Li wkhuh lv dovr dq � A 3 vxfk

wkdw �f^�
" @ �/ wkhq iru doo � lq �"/ +S w

>T
w, lv dw ohdvw � glvwdqw iurp s

wW

+lq wkh furvv hqwurs| vhqvh, dqg/ e| Wkhruhp 5 frqyhujhqfh lv jxdudqwhhg1

Uhpdun= H{whqvlrqv wr frqwlqxrxv ydoxhg surfhvvhv duh srvvleoh1 Wkhvh

duh wkh vxemhfw ri fxuuhqw uhvhdufk dqg zloo eh uhsruwhg hovhzkhuh1 Ohw

xv eulh�| phqwlrq d vlpsoh fdvh1 Frqvlghu KPP zlwk glvfuhwh vwdwh dqg

frqwlqxrxv revhuydeoh surfhvv1 Dw hyhu| wlph vwhs w d || lv hplwwhg/ dffruglqj

wr d suredelolw| ghqvlw| t%+|,/ zkhuh { lv wkh fxuuhqw vwdwh1 Li +d, t%+|, lv

erxqghg ehorz e| � A 3 rq dq lqwhuydo D/ zlwk D � +�4>4,/ +e, t%+|, @ 3

rxwvlgh ri D/ dqg +f, � dqg D duh lqghshqghqw ri {/ wkhq zh fdq suryh

frqyhujhqfh uhvxowv lq h{dfwo| wkh vdph pdqqhu dv Wkhruhpv 4 dqg 51 D

orrn dw wkh Dsshqgl{ zloo frqylqfh wkh uhdghu wkdw wkh surri ri wkh glvfuhwh0

ydoxhg fdvh fduulhv ryhu wr wklv vshfldo frqwlqxrxv0ydoxhg fdvh1 H{whqvlrq wr

pruh jhqhudo fdvhv/ h1j1 xqerxqghg ghqvlwlhv/ lv kdughu1
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Lq Fdvh 5 ri Wkhruhp 5 zh suryh frqyhujhqfh iru wkh fdvh ri frxqwdeo|

lq�qlwh sdudphwhu vhw1 Lq d uhdo zruog dssolfdwlrq zh fdqqrw dfwxdoo| dsso|

wkh dojrulwkp wr dq lq�qlwh vhw/ ehfdxvh zh fdqqrw lpsohphqw wkh frpsx0

wdwlrqv ri htv1+53, wr +5:, iru dq lq�qlwh qxpehu ri whupv1 Lqvwhdg/ zh fdq

wuxqfdwh � wr d �qlwh vxevhw +vd| e| uhprylqj ri frqvlghudwlrq prghov zlwk

orz sulru suredelolw| ru prghov wkdw frqvlvwhqwo| shuirup srruo| dqg khqfh

uhfhlyh orz s
w
| ,1 Wkh txhvwlrq wkhq dulvhv= zkdw lv wkh uhodwlrqvkls ri wkh

qhz srvwhulru suredelolwlhv +frpsxwhg e| rshudwlqj rq wkh wuxqfdwhg vhw, wr

wkh fruuhfw rqhv +rewdlqhg iurp rshudwlqj rq wkh ruljlqdo/ lq�qlwh vhw,B

Wr pdnh wkh txhvwlrq suhflvh/ frqvlghu wkh iroorzlqj fdvh1 Iluvw/ iru

vlpsolflw|/ dvvxph wkdw � lv wkh vhw ri srvlwlyh lqwhjhuv= � @ i4> 5> 6> ===j1

Wkhuh lv qr orvv ri jhqhudolw| lq wklv dvvxpswlrq1 Dovr dvvxph wkhuh lv rqo|

rqh prgho ri plqlpxp furvv hqwurs|/ dqg +djdlq zlwkrxw orvv ri jhqhudolw|,

wkdw lw lv wkh �uvw prgho +� @ 4,1 Lq vkruw=

F4 K+s�> s, ? K+sw> s, iru � @ 5> 6> === 1

Wkhq wkh xsgdwh ri sw| lv jlyhq dv xvxdo/ e| ht1+59,1 Vlqfh zh kdyh wdnhq

� wr eh wkh srvlwlyh lqwhjhuv/ zh fdq uhzulwh ht1+59, dv

s
w
| @

Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � sw|3�S
"

l'� Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � sl|3�
= +64,

Zh zloo dovr xvh wkh wuxqfdwhg srvwhulruv s
wc�
| / iru �@ 4/ 5/ 111 / Q / zklfk duh

xsgdwhg e|

s

wc�
| @

Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � swc�|3�S�
l'� Sure+\| @ || m \� @ |�> ==> \|3� @ ||3�> ] @ �, � slc�|3�

= +65,

Lq rwkhu zrugv/ wr frpsxwh swc�| zh vwduw iurp wkh vdph lqlwldo ydoxhv dv iru

s
w
| / exw shuirup wkh vxppdwlrqv rqo| xs wr wkh Q0wk whup1 Vlqfh zh dovr

frpsxwh rqo| d �qlwh qxpehu ri wuxqfdwhg srvwhulruv/ wkh wrwdo qxpehu ri

frpsxwdwlrqv uhtxluhg lv �qlwh1 Wklv ri frxuvh wxuqv wkh sureohp wr d �qlwh

rqh/ dqg e| Wkhruhp 5 zh zloo kdyh s�c�| $ 4/ swc�| $ 3/ dqg wklv iru doo

Q dqg �0d1d1 Vr lq wklv vhqvh/ wuxqfdwlqj wkh sdudphwhu vhw � fdxvhv qr
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gdpdjh1 Krzhyhu/ zh qrz suhvhqw d vwurqjhu uhvxow1

Wkhruhp 6 Vxssrvh frqglwlrqv ^D40D6`/ ^E40E7` dqg F4 duh vdwlv�hg/ dqg

wdnh �@ i4> 5> 6> ===j/ �� @ i4> 5> ===>Qj1 Wkhq iru doo � lq �� zh kdyh vrph

wf vxfk wkdw ;w � wf

olp
�<"

s

wc�
|

s
w
|

@ 4 � � d=d= dqg olp
�<"

s
w
| � s

wc�
|

s
w
|

@ 3 � � d=d= +66,

Uhpdun= Wkhruhp 6 vkrzv wkdw iru hyhu| � wkhuh lv d ydoxh Q vxfk wkdw

wkh _uhodwlyh huuru% +ehwzhhq wkh wuxh dqg wkh Q0wuxqfdwhg srvwhulru, jrhv

wr }hur1 Dovr/ e| Wkhruhp 5 zh vhh wkdw frqyhujhqfh wr wkh _ehvw% prgho

lv suhvhuyhg iru wkh wuxqfdwhg srvwhulruv1 Khqfh wuxqfdwlrq jlyhv txlwh jrrg

dssur{lpdwlrq dqg lv dq h�flhqw phwkrg iru ghdolqj zlwk lq�qlwh sdudphwhu

vhwv1

D ��4ih�U@* , Tih�4i?|t

Zh qrz whvw rxu dojrulwkp rq vrph vlpsoh fodvvl�fdwlrq h{shulphqwv1 Wkh

revhuydwlrqv |�/ |2/ 111 duh vshhfk gdwd1 Lw pxvw eh hpskdvl}hg wkdw wkh

srlqw ri wkhvh h{shulphqwv lv qrw wr frpsduh rxu dojrulwkp wr odujh vshhfk

uhfrjql}huv fxuuhqwo| lq xvh/ exw vlpso| wr whvw rxu dojrulwkp rq uhdo zruog

gdwd1 Wkh dojrulwkp pljkw eh lqfrusrudwhg dqg hydoxdwhg dv d frpsrqhqw

ri d vshhfk uhfrjql}hu exw wklv lv qrw sxuvxhg khuh1

Zh vwduw zlwk dq xwwhudqfh ri wkh zrug _rqh%1 Wklv lv vdpsohg dw 43

NK} dqg jlyhv d frqwlqxrxv ydoxhg vljqdo1 Wr nhhs wklqjv vlpsoh/ zh xvh

rqo| wzr prghov= � @ i��> �2j1 �� fruuhvsrqgv wr wkh skrqhph ^dk`1 Zh

slfn wkh uhohydqw sruwlrq ri wkh vljqdo/ vxevdpsoh wklv +wdnh hyhu| 80wk vdp0

soh, dqg txdqwl}h dw O@49 ohyhov1 Zh rewdlq wzr vxfk vhtxhqfhv/ hdfk 453

vwhsv orqj1 Zh xvh rqh wr wudlq d KPP zlwk N @ 45 vwdwhv dqg O @ 49

revhuydeohv1 Qrwh wkdw wklv KPP surgxfhv rxwsxw lq wkh udqjh i4> 5> ===> Oj1

Lq rwkhu zrugv lw uhsurgxfhv wkh txdqwl}hg vshhfk vljqdo/ dqg qrw ghulydwlyh

txdqwlwlhv/ vxfk dv OSF ru IIW frh�flhqwv1 Wkh vhfrqg vhtxhqfh/ sorwwhg
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lq Ilj1BB/ lv rxu revhuydwlrq vhtxhqfh |�/ 111 / |�2f1 Vlploduo|/ �2 fruuh0

vsrqgv wr wkh skrqhph ^q`1 Diwhu vxevdpsolqj dqg txdqwl}dwlrq/ zh jhw wzr

vhtxhqfhv/ hdfk 453 vwhsv orqj1 Zh xvh rqh wr wudlq KPP zlwk N @ 4:

dqg O @ 491 Wkh rwkhu vhtxhqfh/ dsshdulqj lq Ilj1BB1 lv rxu revhuydwlrq

vhtxhqfh1 Zh surfhhg wr dsso| rxu fodvvl�fdwlrq dojrulwkp1

Lq wkh �uvw h{shulphqw zh xvh wkh ^dk` vljqdo dqg zdqw wkh suredelolw|

s

w�
| / dv frpsxwhg e| rxu dojrulwkp/ wr frqyhujh wr 41 Wklv lqghhg kdsshqv/

dv glvsod|hg lq Ilj1BB1

H{dfwo| vlplodu uhvxowv rewdlq lq wkh vhfrqg h{shulphqw/ zklfk lv lghqwlfdo

wr wkh �uvw rqh/ h{fhsw wkdw wkh vhtxhqfh |�> ===> |�2f lv qrz wkh ^q` vljqdo dqg

zh zdqw wkh suredelolw| sw2| wr jr wr rqh1 Wklv uhvxow lv dfklhyhg/ dv glvsod|hg

lq Ilj1BB1

Ilqdoo| zh dsso| wkh fodvvl�fdwlrq dojrulwkp wr d vljqdo zklfk kdv dq

^dk` wr ^q` wudqvlwlrq1 Zh xvh wkh suhylrxvo| wudlqhg KPP*v dqg d vhtxhqfh

irup wkh wudqvlwlrq uhjlrq ehwzhhq wkh ^dk` dqg ^q` skrqhpv1 Wklv vhtxhqfh/

diwhu vxevdpsolqj dqg txdqwl}dwlrq/ lv sorwwhg lq Ilj1BB1

Wkhuh lv d fuxfldo gl�huhqfh ehwzhhq wklv dqg wkh suhylrxv h{shulphqwv1

Wkh ghulydwlrq ri rxu dojrulwkp zdv edvhg rq wkh dvvxpswlrq wkdw wkh re0

vhuydwlrqv zhuh surgxfhg e| d vlqjoh KPP1 Wklv dvvxpswlrq lv reylrxvo|

ylrodwhg lq wklv fdvh/ dqg wkhuh lv qr wkhruhwlfdo jxdudqwhh wkdw wkh dojr0

ulwkp zloo zrun +Wkhruhpv 4 dqg 5 gr qrw dsso| khuh,1 Vwloo/ iru idluo| orqj

wlph lqwhuydov/ wkh revhuydwlrq vhtxhqfh grhv frph iurp d �{hg KPP1 Wkh

ghvluhg ehkdylru ri wkh ri wkh sw| suredelolwlhv lv wkdw s
w�
| jrhv wr 4 dqg vwd|v

wkhuh iru d zkloh/ wkhq lw ghfd|v wr 3/ zkloh sw2| ulvhv wr 41

Wkh fodvvl�fdwlrq dojrulwkp fdq/ lq wkhru|/ uhsurgxfh wklv ehkdylru/ dv

lv reylrxv iurp ht1+59,1 Krzhyhu/ orrnlqj dw wklv htxdwlrq zh glvfryhu d

sudfwlfdo gl�fxow|= li sw| @ 3/ iru vrph � dqg w/ wkhq s
w
r @ 3 iru doo v A w1

Lq sudfwlfh/ li sw| jrhv ehorz pdfklqh suhflvlrq/ lw lv vhw wr 31 Hyhq zkhq qr

xqghu�rz rffxuv/ li sw| / ehfrphv wrr vpdoo/ wkh fodvvl�fdwlrq dojrulwkp fdq

eh yhu| vorz wr uhvsrqg wr d fkdqjh ri vljqdo vrxufh +vxfk dv wkh ^dk` wr ^q`

wudqvlwlrq,1
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suredelolw| 4/ xqghu fhuwdlq plog dvvxpswlrqv1
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eh yhul�hg e| zulwlqj rxw wkh ohiw dqg uljkw vlghv ri ht1+68, dqg fdqfhoolqj
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w+|f m |3�===|3r, m? +4� 5�,| +78,

53



m sw+|f m |3�===|3|,� s
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Iurp wklv dqg ht1+7<,/ ht1+79, iroorzv lpphgldwho| dqg wkh surri ri wkh

ohppd lv frpsohwhg1 �
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hqvxuh wkh h{lvwhqfh ri +83,1 Vr K+s, lv zhoo0gh�qhg1 Qh{w slfn dq| � 5 �
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dqg zh duh grqh> wkh vhfrqg sduw ri +66, iroorzv lpphgldwho|1 Lq idfw/ iurp

+93, zh dovr qrwlfh wkdw wkh udwh ri frqyhujhqfh lv wkh vdph iru doo �1 �

+iuihi?Uit

^4` O1U1 Edko hw do/ _DPd{lpxp Olnholkrrg dssurdfk wr frqwlqxrxv vshhfk

uhfrjqlwlrq%/ LHHH Wudqv1 rq Sdwwhuq Dqdo|vlv dqg Pdfklqh Lqwhool0

jhqfh/ Yro1 8/ Qr1 5/ Pdufk 4<;6/ ss1 4:<~4<31

^5` S1 Edogl hw do/ _Klgghq Pdunry Prghov lq Prohfxodu Elrorj|= qhz

dojrulwkpv dqg dssolfdwlrqv%/ suhsulqw/ 4<<61

^6` S1 Edogl dqg \1 Fkdxylq/ _Vprrwk rq0olqh ohduqlqj dojrulwkpv iru Klg0

ghq Pdunry Prghov%/ suhsulqw/ 4<<61

^7` O1H1 Edxp dqg W1 Shwulh/ _Vwdwlvwlfdo lqihuhqfh iru suredelolvwlf ixqf0

wlrqv ri �qlwh vwdwh Pdunry Fkdlqv%/ Dqq1 ri Pdwk1 Vwdw1/ Yro1 6:/ 4<99/

ss14887~49961

^8` O1H1 Edxp dqg M1D1 Hdjrq/ _Dq lqhtxdolw| zlwk dssolfdwlrqv wr vwdwlv0

wlfdo hvwlpdwlrq iru suredelolvwlf ixqfwlrqv ri Pdunry Surfhvvhv%/ Dqq1

ri Pdwk1 Vwdw1/ Yro1 6;/ 4<9:/ ss1 689~6961

^9` O1H1 Edxp hw do/ _D pd{lpl}dwlrq whfkqltxh rffxuulqj lq wkh vwdwlvwlfdo

dqdo|vlv ri suredelolvwlf ixqfwlrqv ri Pdunry Fkdlq%/ Dqq1 ri Pdwk1

Vwdw1/ Yro1 74/ Qr1 4/ 4<:3/ ss1 497~4:41

^:` S1 Eloolqjvoh|/ Hujrglf Wkhru| dqg Lqirupdwlrq/ Zloh|/ Qhz \run/ 4<981

^;` S1 Eloolqjvoh|/ Suredelolw| dqg Phdvxuh/ Zloh|/ Qhz \run/ 4<981

^<` M1O1 Grre/ Vwrfkdvwlf Surfhvvhv/ Zloh|/ Qhz \run/ 4<861

^43` V1 Jhpdq dqg N1 Pdqehfn/ _Pdfklqh uhfrjqlwlrq ri kxpdq frurqdu|

duwhulhv e| ghirupdeoh whpsodwhv%/ suhsulqw/ Glylvlrq ri Dssolhg Pdwk0

hpdwlfv/ Eurzq Xqlyhuvlw|/ 4<<41
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^44` F1J1 Kloeruq dqg G1J1 Odlqlrwlv/ _Rswlpdo dgdswlyh �owhu uhdol}dwlrqv

iru vwrfkdvwlf surfhvvhv zlwk dq xqnqrzq sdudphwhu%/ LHHH Wudqv1 rq

Dxwrpdwlf Frqwuro/ Yro1 47/ Ghfhpehu 4<9</ ss1 :9:0::31

^45` F1J1 Kloeruq dqg G1J1 Odlqlrwlv/ _Rswlpdo hvwlpdwlrq lq wkh Suhvhqfh

ri xqnqrzq sdudphwhuv%/ LHHH Wudqv1 rq V|vwhpv Vflhqfh dqg F|ehu0

qhwlfv/ Yro1 8/ Qr1 4/ Mdqxdu| 4<9</ ss1 6;0761

^46` F1J1 Kloeruq dqg G1J1 Odlqlrwlv/ _Xqvxshuylvhg ohduqlqj plqlpxp ulvn

sdwwhuq fodvvl�fdwlrq iru ghshqghqw k|srwkhvhv dqg ghshqghqw phdvxuh0

phqwv/ LHHH Wudqv1 rq V|vwhpv Vflhqfh dqg F|ehuqhwlfv/ Yro18/ Qr15/

Dsulo 4<9</ ss1 43<04481

^47` D1 Nhkdjldv/ Dssur{lpdwlrq dqg hvwlpdwlrq ri vwrfkdvwlf surfhvvhv e|

Klgghq Pdunry Prghov/ SkG wkhvlv/ Glylvlrq ri Dssolhg Pdwkhpdwlfv/

Eurzq Xq1/ Surylghqfh/ Ukrgh Lvodqg/ Pd| 4<<51

^48` D1 Nhkdjldv/ _Frqyhujhqfh surshuwlhv ri wkh Odlqlrwlv sduwlwlrq dojr0

ulwkp%/ Frqwuro dqg Frpsxwhuv/ Yro1 4</ Qr1 4/ 4<<4/ ss1 4091

^49` S1U1 Nxpdu dqg S1 Ydudl|d/ Vwrfkdvwlf V|vwhpv/ Suhqwlfh Kdoo/ Hqjoh0

zrrg Fol�v/ 4<;91

^4:` G1J1 Odlqlrwlv/ _Rswlpdo dgdswlyh hvwlpdwlrq= vwuxfwxuh dqg sdwwhuq

dgdswdwlrq%/ LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ Yro1 49/ Qr1 5/

4<:4/ ss1 493~4:31

^4;` G1J1 Odlqlrwlv/ _Sduwlwlrqlqj= d xqli|lqj iudphzrun iru dgdswlyh v|v0

whpv L= hvwlpdwlrq%/ Surf1 LHHH/ Yro1 97/ Qr1 ;/ Dxjxvw 4<:9/ ss1 44590

44761

^4<` G1J1 Odlqlrwlv/ _Sduwlwlrqlqj= d xqli|lqj iudphzrun iru dgdswlyh v|v0

whpv LL= frqwuro%/ Surf1 LHHH/ Yro1 97/ Qr1 ;/ Dxjxvw 4<:9/ ss1 44;50

44<;1
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^53` G1J1 Odlqlrwlv/ _D xqli|lqj iudphzrun iru olqhdu hvwlpdwlrq= jhqhudo0

l}hg sduwlwlrqhg dojrulwkpv%/ M1 Lqirup1 Vflhqfhv/ Yro1 43/ Qr1 6/ Dsulo

4<:9/ ss1 57605:;1

^54` G1J1 Odlqlrwlv/ _Sduwlwlrqlqj �owhuv%/ M1 Lqirup1 Vflhqfhv/ Yro1 4:/ Qr1

5/ 4<:</ ss1 4::04<61

^55` G1J1 Odlqlrwlv hw do1/ _Dgdswlyh ghfrqyroxwlrq ri vhlvplf vljqdov ~ shu0

irupdqfh/ frpsxwdwlrqdo dqdo|vlv/ sddudooholvp%/ LHHH Wudqvdfwlrqv

rq Dfrxvwlfv/ Vshhfk dqg Vljqdo Surfhvvlqj/ Yro1 69/ Qr144/ Qryhpehu

4<;;/ ss1 4:4804:671

^56` G1J1 Odlqlrwlv hw do1/ _Rswlpdo vhlvplf ghfrqyroxwlrq%/ Vljqdo Surfhvv0

lqj/ Yro1 48/ Qr1 7/ Ghfhpehu 4<;;/ ss1 6:807371

^57` N1I1 Ohh hw do/ _Dq ryhuylhz ri wkh VSKLQ[ vshhfk uhfrjqlwlrq v|v0

whp%/ LHHH Wudqvdfwlrqv rq Dfrxvwlfv/ Vljqdov dqg Vshhfk Surfhvvlqj/

Yro1 6;/ Qr1 4/ Mdqxdu| 4<<3/ ss1 68~781

^58` V1H1 Ohylqvrq hw do/ _Dq lqwurgxfwlrq wr wkh dssolfdwlrq ri wkh wkhru|

ri suredelolvwlf ixqfwlrqv ri d Pdunry Fkdlq1%/ Wkh Ehoo V|v1 Whfk1 M1/

Yro1 95/ Qr1 7/ Dsulo 4<;6/ ss1 4367043:71

^59` Z1G1 Pdr dqg V1\1 Nxqj/ _Vkdsh uhfrjqlwlrq e| ulqj KPPv%/ Surf1 ri

wkh Lqw1 Mrlqw Frqi1 rq Qhxudo Qhwzrunv/ Yro1 5/ Mdqxdu| 4<<3/ ss173<~

7451

^5:` O1U1 Udelqhu hw do/ _Rq wkh dssolfdwlrq ri yhfwru txdqwl}dwlrq dqg

KPP wr vshdnhu lqghshqghqw lvrodwhg zrug uhfrjqlwlrq%/ Wkh Ehoo

V|v1 Whfk1 M1/ Yro1 95/ Qr1 7/ Dsulo 4<;6/ ss1 43:8~44381

^5;` O1U1 Udelqhu/ _D wxwruldo rq KPP dqg vhohfwhg dssolfdwlrqv lq vshhfk

uhfrjqlwlrq%/ Surf1 LHHH / Yro1 ::/ Qr1 5/ Iheuxdu| 4<;</ ss1 58:05;91

^5<` UI1O1 Vhqjexvk dqg G1J1 Odlqlrwlv/ _Vlpsol�hg sdudphwhu txdqwl}d0

wlrq surfhgxuh iru dgdswlyh hvwlpdwlrq%/ LHHH Wudqv1 rq Dxwrpdwlf

Frqwuro/ Yro1 47/ Mxqh 4<9</ ss1 75707581
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^63` I1O1 Vlpv/ G1J1 Odlqlrwlv dqg G1W1 Pdjloo/ _Uhfxuvlyh dojrulwkp iru

wkh fdofxodwlrq ri wkh dgdswlyh Ndopdq �owhu frh�flhqwv%1 LHHH Wudqv1

rq Dxwrpdwlf Frqwuro/ Yro1 47/ Dsulo 4<9</ ss1 548054;1

^64` M1N1 Wxjqdlw/ _ Frqyhujhqfh dqdo|vlv ri sduwlwlrqhg dgdswlyh hvwlpdwruv

xqghu frqwlqxrxv sdudphwhu xqfhuwdlqw|%/ LHHH Wudqv1 rq Dxwrpdwlf

Frqwuro/ Yro1 58/ Mxqh 4<;3/ ss1 89<08:61
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Olvw ri Fdswlrqv

� Ilj1BB= Txdqwl}hg yhuvlrq ri ^dk` vljqdo1

� Ilj1BB= Txdqwl}hg yhuvlrq ri ^q` vljqdo1

� Ilj1BB= Hyroxwlrq ri sw�| > s
w2
| 1 Vrolg olqh lv vljqdo> gdvk0grwwhg olqh lv

s
w�
| / gdvkhg olqh lv sw2| 1

� Ilj1BB= Hyroxwlrq ri sw�| > s
w2
| 1 Vrolg olqh lv vljqdo> gdvk0grwwhg olqh lv

s

w�
| / gdvkhg olqh lv sw2| 1

� Ilj1BB= Txdqwl}hg yhuvlrq ri ^dk` 0 ^q` vljqdo1

� Ilj1BB= Hyroxwlrq ri sw�| > s
w2
| 1 Vrolg olqh lv vljqdo> gdvk0grwwhg olqh lv

s

w�
| / gdvkhg olqh lv sw2| 1
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