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Devwudfw

Lq wklv sdshu zh dqdo|}h wkh olqnv ehwzhhq wkh lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsr0

qhqwv iru ydoxdwlrq dqg iru iruhfdvwlqj deqrupdo hduqlqjv1 Zh vkrz wkdw iruhfdvwlqj luuhoh0

ydqfh lpsolhv ydoxdwlrq luuhohydqfh1 Krzhyhu/ h{fhsw lq wkh fdvh zkhuh djjuhjdwh hduqlqjv lv

wkh vx!flhqw hduqlqjv frqvwuxfw iru ydoxdwlrq dqg iruhfdvwlqj/ ydoxdwlrq luuhohydqfh grhv qrw

lpso| iruhfdvwlqj luuhohydqfh1 Dgglwlrqdoo|/ zh vkrz wkdw wr eh luuhohydqw iru ydoxdwlrq dqg

iruhfdvwlqj/ dq hduqlqjv frpsrqhqw qhhg qrw eh xqsuhglfwdeoh1 Rxu dqdo|vlv kdv lpsolfdwlrqv

iru wkh ghvljq dqg lqwhusuhwdwlrq ri hpslulfdo whvwv ri lqirupdwlrqdo uhohydqfh1 Lw dovr kdv

srwhqwldo lpsolfdwlrqv iru sudfwlfdo lqyhvwphqw dqdo|vlv1 Jhqhudoo|/ ydoxh hvwlpdwhv edvhg rq

djjuhjdwh hduqlqjv duh h{shfwhg wr eh ohvv suhflvh wkdq ydoxh hvwlpdwhv edvhg rq nqrzohgjh

ri hduqlqjv frpsrqhqwv dqg wkhlu uhodwlrq wr rwkhu dffrxqwlqj lwhpv1



Wkh Rkovrq +4<<8, ydoxdwlrq prgho lv qrz wkh qdwxudo wkhruhwlfdo iudphzrun wr xqghuslq

fdslwdo pdunhwv0edvhg �qdqfldo uhsruwlqj uhvhdufk1 Krzhyhu/ pdq| frqwhpsrudu| uhvhdufk

lvvxhv frqfhuq wkh ydoxh uhohydqfh ri frpsrqhqwv ri hduqlqjv1 Wkh Rkovrq prgho uxohv rxw

dq| lqirupdwlrqdo uroh iru hduqlqjv frpsrqhqwv ehfdxvh lw dvvxphv wkdw djjuhjdwh deqrupdo

hduqlqjv dqg �rwkhu lqirupdwlrq� duh wkh rqo| yduldeohv uhohydqw lq iruhfdvwlqj ixwxuh deqru0

pdo hduqlqjv1 Dv d gluhfw frqvhtxhqfh/ wkh ydoxh ri wkh �up ghshqgv rqo| rq errn ydoxh/

djjuhjdwh deqrupdo hduqlqjv dqg rwkhu lqirupdwlrq1 Rkovrq +4<<<, ghyhorsv d srwhqwldo

lqirupdwlrqdo uroh iru glvdjjuhjdwlrq ri hduqlqjv e| dqdo|}lqj wkh olqnv ehwzhhq �fruh� dqg

�wudqvlwru|� hduqlqjv frpsrqhqwv1 Lqirupdwlrqdo luuhohydqfh ri wudqvlwru| hduqlqjv lq iruh0

fdvwlqj deqrupdo hduqlqjv dqg wkhlu xqsuhglfwdelolw| uhvxow lq wkhlu luuhohydqfh lq ydoxdwlrq1

Vlploduo|/ Ihowkdp dqg Rkovrq +4<<8, ghyhors d udwlrqdoh iru vhsdudwlrq ri hduqlqjv dqg errn

ydoxh lqwr �qdqfldo dqg rshudwlqj frpsrqhqwv/ edvhg rq wkh devhqfh ri dq lqirupdwlrq uroh

iru qhw �qdqfldo dvvhwv dqg lqfrph iurp �qdqfldo dfwlylwlhv lq iruhfdvwlqj deqrupdo hduq0

lqjv1 Lq wklv sdshu/ zh h{whqg wklv olqh ri uhvhdufk rq wkh lqirupdwlrqdo urohv ri hduqlqjv

frpsrqhqwv iru iruhfdvwlqj dqg wkh olqnv wr ydoxdwlrq1

Zh dqdo|}h d ydoxdwlrq prgho lq zklfk wzr hduqlqjv frpsrqhqwv/ errn ydoxh dqg glyl0

ghqgv hyroyh dffruglqj wr d jhqhudo olqhdu lqirupdwlrq g|qdplfv vwuxfwxuh/ edvhg rq Vwdun*v

+4<<:, h{whqvlrq ri wkh Rkovrq +4<;<, prgho1 Wkh prgho doorzv erwk hduqlqjv frpsrqhqwv

wr eh suhglfwdeoh1 Wkxv/ rxu glvfxvvlrq lv qrw olplwhg wr vlwxdwlrqv zkhuh rqh hduqlqjv frp0

srqhqw lv wudqvlwru|1 Zh hvwdeolvk wkh frqglwlrqv xqghu zklfk rqh hduqlqjv frpsrqhqw lv

lqirupdwlrqdoo| luuhohydqw iru ydoxdwlrq dqg iru iruhfdvwlqj deqrupdo hduqlqjv1 Zh dgrsw

Rkovrq*v +4<<<, dssurdfk wr gh�qlqj lqirupdwlrqdo luuhohydqfh= dq hduqlqjv frpsrqhqw lv

gh�qhg dv luuhohydqw li lw pd| eh frpelqhg zlwk dqrwkhu dffrxqwlqj lwhp zlwkrxw orvv ri
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lqirupdwlrq1 Zh dqdo|}h wkuhh irupv ri luuhohydqfh/ ghshqglqj rq wkh dffrxqwlqj lwhp zlwk

zklfk wkh hduqlqjv frpsrqhqw pd| eh frpelqhg zlwkrxw lqirupdwlrq orvv1 Zh frqvlghu krz

wkh gl�huhqw frqfhswv ri ydoxdwlrq luuhohydqfh dqg iruhfdvwlqj luuhohydqfh duwlfxodwh/ ohdglqj

wr lqvljkwv lqwr wkh surshuwlhv ri wkh olqhdu lqirupdwlrq g|qdplfv zkhq hduqlqjv frpsrqhqwv

kdyh lqghshqghqw lqirupdwlrqdo urohv1

Rxu dqdo|vlv ohdgv wr wkh iroorzlqj uhvxowv1 Iluvw/ zkhq wkh wzr hduqlqjv frpsrqhqwv

pd| eh frpelqhg lqwr dq djjuhjdwh hduqlqjv phdvxuh/ vxfk wkdw djjuhjdwh deqrupdo hduq0

lqjv dqg errn ydoxh duh vx!flhqw iru ydoxdwlrq/ nqrzohgjh ri djjuhjdwh deqrupdo hduqlqjv lv

dovr vx!flhqw iru iruhfdvwlqj ixwxuh deqrupdo hduqlqjv1 Rxu uhvxowv ghvfuleh wkh vwuxfwxuh ri

wkh lqirupdwlrq g|qdplfv ri hduqlqjv frpsrqhqwv +dqg rwkhu dffrxqwlqj lwhpv, qhfhvvdu| wr

hqvxuh qr orvv ri lqirupdwlrq zkhq hduqlqjv frpsrqhqwv duh djjuhjdwhg1 Xqghu wkhvh frqgl0

wlrqv wkh lqirupdwlrq g|qdplfv dqg ydoxdwlrq h{suhvvlrqv lq Rkovrq +4<<8, dsso|1 Vhfrqg/

zh ghprqvwudwh wkdw li dq hduqlqjv frpsrqhqw lv luuhohydqw lq iruhfdvwlqj doo ixwxuh deqru0

pdo hduqlqjv rxwfrphv/ lw pxvw dovr eh luuhohydqw iru ydoxdwlrq1 Krzhyhu/ wkh frqyhuvh lv

qrw jhqhudoo| wuxh= li dq hduqlqjv frpsrqhqw lv ydoxdwlrq luuhohydqw/ wklv grhv qrw qhfhvvdulo|

lpso| luuhohydqfh lq iruhfdvwlqj ixwxuh deqrupdo hduqlqjv rxwfrphv1 Wklug/ zh vkrz wkdw

ydoxdwlrq luuhohydqfh dqg iruhfdvwlqj luuhohydqfh ri dq hduqlqjv frpsrqhqw gr qrw qhfhvvdulo|

lpso| wkdw wkh hduqlqjv frpsrqhqw lv xqsuhglfwdeoh1 Wkxv/ dq hduqlqjv frpsrqhqw grhv qrw

kdyh wr vdwlvi| Rkovrq*v +4<<<, gh�qlwlrq ri wudqvlwru| hduqlqjv iru lw wr eh luuhohydqw lq

ydoxdwlrq dqg iruhfdvwlqj deqrupdo hduqlqjv1

Rxu dqdo|vlv kdv lpsolfdwlrqv iru hpslulfdo dqdo|vlv dlphg dw hvwdeolvklqj wkh lqirupd0

wlrqdo uhohydqfh ri hduqlqjv frpsrqhqwv1 Iluvw/ lw vxjjhvwv jhqhudo vshfl�fdwlrqv iru ydoxdwlrq

dqg deqrupdo hduqlqjv iruhfdvwlqj prghov wkdw zloo eh dssolfdeoh zkhq dq hduqlqjv frpsr0
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qhqw lv lqirupdwlrqdoo| uhohydqw1 Vhfrqg/ lw hpskdvl}hv wkh lpsruwdqfh ri frqvlghulqj pxowl0

shulrg iruhfdvwlqj krul}rqv lq whvwv ri iruhfdvwlqj uhohydqfh1 Wklug/ rxu dqdo|vlv vxjjhvwv

wkdw whvwv ri ydoxdwlrq0 dqg iruhfdvwlqj uhohydqfh pd| surylgh ghhshu lqvljkwv lqwr wkh lqiru0

pdwlrqdo uroh ri hduqlqjv frpsrqhqwv li wkh| duh edvhg rq wkh wkuhh irupv ri lqirupdwlrqdo

luuhohydqfh glvfxvvhg lq wkh sdshu1

Wkh dqdo|vlv dovr kdv lpsolfdwlrqv iru ydoxdwlrq edvhg rq �qdqfldo vwdwhphqw qxpehuv1

Zh vkrz wkdw wkh prgho lv frqvlvwhqw zlwk wkh pruh sduvlprqlrxv Rkovrq +4<<8, ydoxdwlrq

prgho zkhq vshfl�f uhvwulfwlrqv dsso| wr wkh olqhdu lqirupdwlrq g|qdplfv1 Xqghu pruh

jhqhudo lqirupdwlrq g|qdplfv/ ydoxdwlrq lq rxu prgho ghshqgv rq hvwlpdwlrq ri pdq| pruh

sdudphwhuv wkdq lq wkh Rkovrq prgho1 Rxu dqdo|vlv vxjjhvwv wkh idfwruv wkdw zloo ghwhuplqh

wkh uhodwlyh suhflvlrq ri ydoxh hvwlpdwhv iurp wkh wzr prghov1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= lq vhfwlrq 4 zh ghvfuleh wkh prgho

dqg wkh jhqhudo ydoxdwlrq dqg deqrupdo hduqlqjv g|qdplfv h{suhvvlrqv> lq vhfwlrq 5 zh

suhvhqw rxu dqdo|vlv ri wkh olqnv ehwzhhq frqfhswv ri lqirupdwlrqdo luuhohydqfh iru ydoxdwlrq

dqg iruhfdvwlqj> lq vhfwlrq 6 zh glvfxvv wkh lpsolfdwlrqv ri rxu uhvxowv> �qdoo|/ lq vhfwlrq 7

zh frqfoxgh1

4 Prgho Ghyhorsphqw

Rxu prgho vhwxs lv lghqwlfdo wr Vwdun*v +4<<:, h{whqvlrq ri wkh Rkovrq +4<;<, prgho1 Il0

qdqfldo vwdwhphqwv surgxfhg dw wkh hqg ri shulrg | frqwdlq wkh vhw ri dffrxqwlqj lwhpv

~| ' E%�|c %2|c K|c _|�c zkhuh %�| dqg %2| duh wzr hduqlqjv frpsrqhqwv vxpplqj wr djjuhjdwh

hduqlqjv lq shulrg |/ %| E� %�| n %2|� > K| lv errn ydoxh dw wkh hqg ri shulrg |> dqg _| lv
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glylghqgv sdlg lq shulrg |��

414 Dvvxpswlrqv

Wkh uhodwlrq ehwzhhq �up ydoxh dqg dffrxqwlqj qxpehuv lv ghwhuplqhg e| wkh iroorzlqj wzr

dvvxpswlrqv=

D41 Dffrxqwlqj yduldeohv duh uhodwhg e| wkh olqhdu lqirupdwlrq g|qdplfv vshfl�hg dv=

h~|n� ' l~| n 0�|n� +OLG,

zkhuh wkh frqvwdqw pdwul{ l ' dw�� oefe/ dqg 0
�

|n� ' E0
�

�|n�c ���c 0
�

e|n�� lv d yhfwru ri qrlvh

whupv/ zlwk hdfk hohphqw phdq }hur dqg xqfruuhodwhg zlwk hohphqwv ri ~|� Zh dvvxph

wkdw wkh pd{lpxp fkdudfwhulvwlf urrw ri l lv ohvv wkdq -c zkhuh - � �n o dqg o lv wkh

ulvn0iuhh lqwhuhvw udwh1 Wklv uhjxodulw| frqglwlrq lv vx!flhqw wr hqvxuh d xqltxh vroxwlrq

wr wkh prgho12

D51 Wkh �up lv ydoxhg lq d ulvn0qhxwudo/ duelwudjh0iuhh pdunhw1 Wklv lpsolhv wkdw .|d h�|n�n

h_|n�o ' -�|c zkhuh �| lv wkh ydoxh ri wkh �up dw wkh hqg ri shulrg |1

Dvvxpswlrqv D4 dqg D5 wrjhwkhu lpso| wkdw wkh ydoxh ri d �up lv d olqhdu ixqfwlrq ri

wkh hohphqwv ri ~|=

�| ' q�%�| n q2%2| n q�K| n qe_| +YDO04,

zkhuh q ' Eq�c q2c q�c qe� ' eelE-U �l�3� dqg ee ' Efc fc fc ���

Wkuhh ixuwkhu dvvxpswlrqv duh uhtxluhg/ frqvlvwhqw zlwk Rkovrq +4<;</ 4<<8,=

D61 Wkh dffrxqwlqj v|vwhp vdwlv�hv wkh fohdq vxusoxv dffrxqwlqj uhodwlrq=�

K| ' K|3� n %�| n %2| � _| +FVU,
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Vlplodu wr Rkovrq +4<<8,/ zh lqwurgxfh wkuhh pdwkhpdwlfdo uhvwulfwlrqv ruljlqdwlqj

lq wkh dffrxqwlqj iru rzqhuv* htxlw|= +l, YK|*Y_| ' ��( +ll, Y%�|*Y_| ' f( dqg +lll,

Y%2|*Y_| ' f�e

Frqvlvwhqw zlwk Hgzdugv dqg Ehoo +4<94,/ Shdvqhoo +4<;5, dqg Rkovrq +4<;</ 4<<8,/

dvvxpswlrqv D5 dqg D6 wrjhwkhu lpso|=

�| ' K| n
"[
r'�

-3r.|dh%@
|nro +ULY,

zkhuh %@| � %| � E-� ��K|3� lv shulrg | �uhvlgxdo lqfrph� ru �deqrupdo hduqlqjv�1

D71 Glylghqg sd|phqw luuhohydqf| +Ploohu dqg Prgljoldql/ 4<94, lpsolhv wkdw Y�|*Y_| '

��� Iurp D5 dqg D6 wklv jlyhv=

qe ' q� � � +PP4,

D81 Frqvlvwhqw zlwk Prgljoldql dqg Ploohu +4<8;,/ qr duelwudjh uhtxluhv wkdw wkh uhgxf0

wlrq ri ixwxuh hduqlqjv gxh wr dq lqfuhphqwdo groodu ri glylghqgv/ l1h1 Y.dE%�|n� n

%2|n��m~|o*Y_|/ vkrxog htxdo -� �/ lpso|lqj=

Ew�� n w2��� Ew�e n w2e� ' -� � +PP5,

415 Jhqhudo Ydoxdwlrq H{suhvvlrq

Rxu pdlq dqdo|vlv ljqruhv �rwkhu lqirupdwlrq� lwhpv wkdw pljkw eh lqirupdwlrqdoo| uhohydqw

eh|rqg wkh dffrxqwlqj v|vwhp1 Lq vhfwlrq 516/ zh h{sodlq wkdw rxu uhvxowv duh xqd�hfwhg e|

wkh lqfoxvlrq ri d yduldeoh uh hfwlqj rwkhu lqirupdwlrq1 Wr hqdeoh frpsdulvrq zlwk Rkovrq

+4<<8/ 4<<<,/ zh fdq uhzulwh h{suhvvlrq YDO04 dv iroorzv=

�| ' K| n Eq� n qe�%
@
| n Eq2 � q��%2| n dE-� ��q� n-qeoK|3� +YDO05,
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Rkovrq +4<<8, vkrzv wkdw lq wkh devhqfh ri rwkhu lqirupdwlrq/ fxuuhqw errn ydoxh dqg de0

qrupdo hduqlqjv duh vx!flhqw iru ydoxdwlrq1 YDO05 lqglfdwhv wkdw wklv zloo rqo| eh wkh fdvh

zkhq OLG sdudphwhu uhvwulfwlrqv irufh q� ' q2 dqg E- � ��q� ' �-qe1 Rxu dqdo|vlv ri

ydoxdwlrq luuhohydqfh hvwdeolvkhv wkhvh uhvwulfwlrqv1D

416 Jhqhudo Deqrupdo Hduqlqjv G|qdplfv

ULY vxjjhvwv wkdw wkh lqirupdwlrqdo urohv ri dffrxqwlqj lwhpv lq ydoxdwlrq vwhp iurp wkhlu

uroh lq iruhfdvwlqj deqrupdo hduqlqjv1 Wkh g|qdplfv ri deqrupdo hduqlqjv iroorz gluhfwo|

iurp OLG dqg PP5=

h%@|n� ' Ew�� n w2��%�| n Ew�2 n w22�%2| n Ew�e n w2e�K| n Ew�e n w2e�_| n 0|n� +DEHG04,

zkhuh 0|n� ' 0��|n� n 0�2|n�� Wkhuh duh wkuhh �gulyhuv� ri deqrupdo hduqlqjv1 Wkh �uvw wzr

fdswxuh shuvlvwhqfh lq wkh wzr hduqlqjv frpsrqhqwv %�| dqg %2| dqg kdyh uhvshfwlyh iruhfdvw0

lqj zhljkwv Ew�� n w2�� dqg Ew�2 n w22�( wkh wklug lv d vfdoh0uhodwhg gulyhu/ fdswxuhg e| wkh

errn ydoxh ri lqyhvwhg fdslwdo zlwk zhljkw Ew�enw2e�1 Wkh glylghqg whup lq DEHG04 kdv wkh

vdph zhljkw lq iruhfdvwlqj deqrupdo hduqlqjv dv errn ydoxh/ uh hfwlqj glylghqg luuhohydqfh1

Zh vkrz wkdw wkh whupv Ew�� n w2��c Ew�2 n w22� dqg Ew�e n w2e�c dqg wkhlu uhodwlrqv wr rqh

dqrwkhu/ duh lpsruwdqw lq ghwhuplqlqj uhohydqfh lq ydoxdwlrq dqg iruhfdvwlqj1

Wr idflolwdwh frpsdulvrq ri rxu prgho zlwk Rkovrq +4<<8/ 4<<<, lw lv dovr xvhixo wr uhzulwh

DEHG04 lq whupv ri deqrupdo hduqlqjv=

h%@
|n� ' /��%

@
| n /�2%2c| n /��K|3� n 0|n� +DEHG05,

zkhuh /�� ' Ew�� n w2� n w�e n w2e�c /�2 ' Ew�2 n w22 � w�� � w2��c dqg /�� ' d-Ew�e n

w2e� n E- � ��Ew�� n w2��o1 DEHG05 lqglfdwhv wkdw deqrupdo hduqlqjv lq shulrg | n � pd|
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ghshqg rq %2| dqg K|3�/ lq dgglwlrq wr shulrg | deqrupdo hduqlqjv1 Rkovrq*v +4<<8, prgho

dvvxphv wkdw deqrupdo hduqlqjv ghshqg rqo| rq odjjhg deqrupdo hduqlqjv/ lq dgglwlrq wr

�rwkhu lqirupdwlrq�/ l1h1 /�2 ' /�� ' f1 Zh vkrz ehorz/ lq Sursrvlwlrq 4/ wkdw wkh OLG

sdudphwhu uhvwulfwlrqv lpsolhg e| wkhvh dvvxpswlrqv duh ixqgdphqwdo lq ghwhuplqlqj zkhwkhu

glvdjjuhjdwlrq ri djjuhjdwh hduqlqjv lv lqirupdwlyh iru ydoxdwlrq1S

417 Lqirupdwlrqdo Luuhohydqfh

Wkh lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsrqhqw %2| fdq eh frqvlghuhg lq wzr frqwh{wv= wkh

ydoxdwlrq uroh dqg wkh uroh lq iruhfdvwlqj ixwxuh deqrupdo hduqlqjv +Rkovrq/ 4<<<,1 Wkh wdvn

ri lghqwli|lqj wkh OLG frqglwlrqv xqghu zklfk %2| lv lqirupdwlrqdoo| uhohydqw iru ydoxdwlrq

dqg iruhfdvwlqj lv prvw hdvlo| dssurdfkhg e| �uvw gh�qlqj lqirupdwlrqdo luuhohydqfh1 Dq|

OLG vshfl�fdwlrq qrw phhwlqj wkh frqglwlrqv iru luuhohydqfh zloo wkhq lpso| lqirupdwlrqdo

uhohydqfh ri %2|1 Wr gh�qh luuhohydqfh/ frqvlghu wkh lqirupdwlrq lwhpv dydlodeoh iurp �qdqfldo

vwdwhphqwv uhohdvhg dw wkh hqg ri shulrg |1 Wkh edodqfh vkhhw dqg wkh lqfrph vwdwhphqw lq

rxu vlpsoh dffrxqwlqj v|vwhp wrjhwkhu frqwdlq wkh vhw ri dffrxqwlqj lwhpv ~|1 Krzhyhu/ FVU

lpsolhv wkdw zh fdq lqihu K|3� iurp ~|1 Wkxv/ wkhuh duh �yh dffrxqwlqj lwhpv ri srwhqwldo

lqwhuhvw= %�|c %2|c K|c _| dqg K|3�� Iroorzlqj Rkovrq +4<<<,/ hduqlqjv frpsrqhqw %2| lv gh�qhg

dv luuhohydqw li lw fdq eh frpelqhg lq dq| ri wkh irxu frpelqdwlrqv E%�| n %2|�c EK| � %2|�c

E_| � %2|� dqg EK|3� n %2|� zlwkrxw orvv ri lqirupdwlrq1

Rxu dqdo|vlv frqfhqwudwhv rq wkh wkuhh frpelqdwlrqv E%�| n %2|�c E_| � %2|� dqg EK|3� n

%2|�/ hdfk uhodwhg wr sulru uhvhdufk1 Iluvw/ prvw wudglwlrqdo hpslulfdo whvwv ri lqirupdwlrqdo

uhohydqfh irfxv rq zkhwkhu wkh djjuhjdwh hduqlqjv frpelqdwlrq +%�| n %2|� lqyroyhv orvv ri
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lqirupdwlrq frpsduhg wr vhsdudwh nqrzohgjh ri %�| dqg %2|� Vhfrqg/ Vwdun +4<<:, frqvlghuv

ydoxdwlrq luuhohydqfh gh�qhg dv q2 ' f1 Wklv gh�qlwlrq lpsolhv wkdw %2| fdq eh ghohwhg

iurp wkh lqirupdwlrq vhw zlwkrxw orvv ri lqirupdwlrq iru ydoxdwlrq1 Zh vkrz wkdw wklv irup

ri luuhohydqfh lv htxlydohqw wr wkh frpelqdwlrq glvfxvvhg e| Rkovrq +4<<<, uhvxowlqj iurp

dgmxvwphqw ri shulrg | � � errn ydoxh e| %2|/ l1h1 frpelqdwlrq EK|3� n %2|�� Wklug/ Rkovrq

+4<<<, frqvlghuv wkh fdvh ri luuhohydqfh ri %2| edvhg rq qhwwlqj r� wkh hduqlqjv frpsrqhqw

djdlqvw glylghqgv/ l1h1 E_| � %2|�� Zh vkrz lq Dsshqgl{ D wkdw luuhohydqfh edvhg rq wkh

irxuwk frpelqdwlrq ri dffrxqwlqj lwhpv EK|�%2|�c wkh �uhyhuvdo ri hqwu|� dgmxvwphqw +Rkovrq/

4<<<,/ lv srvvleoh lq rxu prgho lq wkh ydoxdwlrq frqwh{w/ exw qrw lq wkh frqwh{w ri iruhfdvwlqj

deqrupdo hduqlqjv1 Vlqfh rxu sulpdu| lqwhuhvw lv lq wkh olqnv ehwzhhq ydoxdwlrq luuhohydqfh

dqg iruhfdvwlqj luuhohydqfh/ zh gr qrw frqvlghu wklv fdvh ixuwkhu1

41714 Ydoxdwlrq Luuhohydqfh

Zh dqdo|}h wkh iroorzlqj wkuhh fdvhv ri ydoxdwlrq luuhohydqfh +YL,=

� YL04= q� ' q21 Zkhq %2| lv w|sh YL04 ydoxh luuhohydqw/ iurp YDO04 �up ydoxh fdq eh

zulwwhq dv �| ' q�E%�| n %2|� n q�K| n qe_|1 Djjuhjdwh hduqlqjv/ E%�| n %2|�c wrjhwkhu

zlwk errn ydoxh dqg glylghqgv duh vx!flhqw iru ydoxdwlrq1

� YL05= q� 9' q2 ' f1 Zkhq %2| lv w|sh YL05 ydoxh0luuhohydqw/ iurp YDO04 �up ydoxh

fdq eh zulwwhq dv �| ' q�%�| n q�K| n qe_|1 Khuh %2| glvdsshduv iurp wkh ydoxdwlrq

h{suhvvlrq dqg %�|/ K| dqg _| duh vx!flhqw iru ydoxdwlrq1 H�hfwlyho|/ %2| lv frpelqhg

zlwk K|3� vlqfh e| FVU +K|3� n %2|� fdq eh xvhg wr uhsodfh dq| rqh ri wkh rwkhu wkuhh

yduldeohv xvhg lq ydoxdwlrq1.
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� YL06= q� 9' q2 ' �qe� Zkhq %2| lv w|sh YL06 ydoxh0luuhohydqw/ iurp YDO04 �up ydoxh

fdq eh zulwwhq dv �| ' q�%�| n q�K| n qeE_|� %2|�1 Khuh rqo| rqh hduqlqjv frpsrqhqw/

%�|/ wrjhwkhu zlwk K| dqg E%2| � _|� duh vx!flhqw iru ydoxdwlrq1

Lq hdfk ri wkhvh wkuhh fdvhv/ ydoxdwlrq grhv qrw uhtxluh lqghshqghqw nqrzohgjh ri %2|�

Krzhyhu/ rqo| lq wkh fdvh ri YL04 grhv wkh ydoxdwlrq luuhohydqfh ri hduqlqjv frpsrqhqw %2|

lpso| wkdw djjuhjdwh hduqlqjv lv wkh uhohydqw hduqlqjv frqvwuxfw iru ydoxdwlrq1 Lq wkh fdvhv

ri YL05 dqg YL06/ hduqlqjv frpsrqhqw %�| pxvw eh nqrzq/ ru eh fdsdeoh ri ehlqj lqihuuhg

iurp rwkhu dffrxqwlqj lwhpv xvlqj FVU1

41715 Iruhfdvwlqj Luuhohydqfh

Dqdorjrxv wr rxu gh�qlwlrqv ri ydoxdwlrq luuhohydqfh/ zh frqvlghu wkuhh fdvhv ri iruhfdvwlqj

luuhohydqfh1 Zh gh�qh %2| dv iruhfdvwlqj luuhohydqw li %2| kdv qr lqghshqghqw uroh lq iruhfdvwlqj

doo ixwxuh deqrupdo hduqlqjv uhdol}dwlrqv/ diwhu frqwuroolqj iru dq lqirupdwlrq vhw ~@
| lq zklfk

%2| kdv ehhq frpelqhg zlwk dqrwkhu dffrxqwlqj lwhp1 Irupdoo|/ %2| lv iruhfdvwlqj luuhohydqw

li/ iru doo ixwxuh shulrgv | n r/ r � � zh kdyh .d%@|nrm~|o ' .d%@|nrm~@
| o1 Zh h{dplqh wkuhh

vshfl�f fdvhv ri iruhfdvwlqj luuhohydqfh +IL,=

� IL04= .dh%@|nrm~|o ' .dh%@|nrmE%�|n%2|�c K|c _|o�Zkhq %2| lv w|sh IL04 iruhfdvwlqj luuhohydqw/

E%�|n%2|�/ K| dqg _| duh vx!flhqw wr iruhfdvw doo ixwxuh deqrupdo hduqlqjv uhdol}dwlrqv1

� IL05=.dh%@
|nrm~|o ' .dh%@

|nrm%�|c K|c _|o�Zkhq %2| lv w|sh IL05 iruhfdvwlqj luuhohydqw/ %�|c K|c _|

duh vx!flhqw wr iruhfdvw doo ixwxuh deqrupdo hduqlqjv uhdol}dwlrqv1 H�hfwlyho| %2| lv

frpelqhg zlwk wkh �iwk dffrxqwlqj lwhp/ K|3� dqg +%2|n K|3�� fdq eh lqihuuhg iurp wkh

rwkhu lwhpv e| FVU1H
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� IL06= .dh%@
|nrm~|o ' .dh%@

|nrm%�|c K|c E_|�%2|�o1 Zkhq %2| lv w|sh IL06 iruhfdvwlqj luuhohydqw

lw lv qhwwhg r� djdlqvw _| dqg %�|c K| dqg E%2| � _|� duh vx!flhqw wr iruhfdvw doo ixwxuh

deqrupdo hduqlqjv uhdol}dwlrqv1

Rxu dqdo|vlv ehjlqv e| h{dplqlqj wkh frqglwlrqv xqghu zklfk YL04 dqg IL04 krog1 Zh

vkrz wkdw YL04 dqg IL04 duh htxlydohqw1 Zh wkhq h{dplqh wkh olqnv ehwzhhq YL05 dqg IL051

Zh vkrz wkdw IL05 lpsolhv YL05/ exw wkh uhyhuvh lv qrw wuxh1 Uhvxowv iru IL06 dqg YL06 duh

vlplodu1

5 Dqdo|vlv

514 Zkhq lv Hduqlqjv Glvdjjuhjdwlrq XqlqirupdwlyhB

Wklv vhfwlrq lv frqfhuqhg zlwk wkh lqirupdwlrqdo luuhohydqfh fdvhv YL04 dqg IL04/ djjuhjdwh

hduqlqjv +%�| n %2|� lv wkh vx!flhqw hduqlqjv frqvwuxfw iru ydoxdwlrq dqg iruhfdvwlqj1 Iluvw

zh frqvlghu ydoxdwlrq/ l1h1 luuhohydqfh w|sh YL041 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv

frqvlvwhqw zlwk q� ' q2 duh hvwdeolvkhg lq Dsshqgl{ E dqg duh suhvhqwhg lq wkh irup ri wkh

iroorzlqj Ohppd=

Ohppd 4= Dvvxph wkdw D4 wr D8 krog1 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru

q� ' q2 duh dv iroorzv=

w�2 n w22 ' w�� n w2� '
-

��-
Ew�e n w2e�

Surri= Vhh Dsshqgl{ E1

Ohppd 4 vwdwhv wkh OLG sdudphwhu uhvwulfwlrqv frqvlvwhqw zlwk wzr hduqlqjv frpsrqhqwv

dwwudfwlqj lghqwlfdo ydoxdwlrq zhljkwv1 Wkh uhvshfwlyh sdluv ri olqhdu lqirupdwlrq g|qdplfv
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sdudphwhuv iru wkh wzr hduqlqjv frpsrqhqwv +w�� dqg w�2c � ' �c 2, duh frpsohphqwv/ vxpplqj

wr wkh vdph frqvwdqw -
�3-

Ew�e n w2e�1b Wkxv/ hduqlqjv frpsrqhqwv qhhg qrw iroorz lghqwlfdo

surfhvvhv lq rughu wr dwwudfw htxdo zhljkwv lq ydoxdwlrq1 Krzhyhu/ qrwlfh wkdw xqghu YL04/

wkh deqrupdo hduqlqjv gulyhuv Ew��nw2��c Ew�2nw22� dqg Ew�en w2e� duh forvho| uhodwhg1 Erwk

hduqlqjv frpsrqhqwv gulyhuv kdyh lghqwlfdo lpsdfwv rq ixwxuh hduqlqjv dqg/ lq wxuq/ wkh| duh

uhodwhg wkh errn ydoxh gulyhu e| wkh fdslwdol}dwlrq idfwru1

Zh qrz h{soruh wkh lpsolfdwlrqv ri Ohppd 4 iru ydoxdwlrq dqg deqrupdo hduqlqjv g|qdp0

lfv1 Xqghu wkh frqglwlrqv vshfl�hg lq Ohppd 4/ lw lv vwudljkwiruzdug wr �qg d sduvlprqlrxv

ydoxdwlrq h{suhvvlrq/ dv iroorzv=

Fruroodu|= Zkhq q� ' q2/ fxuuhqw errn ydoxh/ K|c dqg djjuhjdwh deqrupdo hduqlqjv/ %@| /

duh vx!flhqw iru ydoxdwlrq dqg �| ' K| n Eq� n q� � ��%@
| �

Surri= Vhh Dsshqgl{ E1

Wkh deqrupdo hduqlqjv g|qdplfv duh dovr yhu| vlpsoh xqghu Ohppd 41 Wkh �uvw htxdolw|

lq Ohppd 4/ l1h1 w�2 n w22 ' w�� n w2�/ lv htxlydohqw wr /�2 ' f� Lw fdq dovr eh vkrzq wkdw

li /�2 ' f wkhq wkh vhfrqg htxdolw| lq Ohppd 4/ l1h1 w�� n w2� ' -
�3-

Ew�e n w2e�c pxvw

krog/ lq zklfk fdvh /�� ' f1�f Iurp DEHG05/ w|sh IL04 iruhfdvwlqj luuhohydqfh rffxuv zkhq

/�2 ' /�� ' f� Wkxv IL04 krogv zkhq Ohppd 4 lv vdwlv�hg dqg IL04/YL041 Zh vxppdul}h

wklv uhvxow dv iroorzv=

Sursrvlwlrq 4= Li %2| lv w|sh IL04 iruhfdvwlqj luuhohydqw wkhq %2| lv w|sh YL04 ydoxdwlrq

luuhohydqw +l1h1/ q� ' q2� dqg djjuhjdwh deqrupdo hduqlqjv dqg errn ydoxh duh vx!flhqw iru

ydoxdwlrq1 Frqyhuvho|/ li %2| lv w|sh YL04 ydoxdwlrq luuhohydqw wkhq %2| lv w|sh IL04 iruhfdvwlqj

luuhohydqw dqg djjuhjdwh deqrupdo hduqlqjv duh vx!flhqw iru iruhfdvwlqj deqrupdo hduqlqjv1

Sursrvlwlrq 4 hvwdeolvkhv wkh olqn ehwzhhq wkh hduqlqjv frpsrqhqwv prgho dqg wkh Rkovrq
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+4<<8, prgho1 Ljqrulqj �rwkhu lqirupdwlrq�/ wkh dqdo|vlv vkrzv wkdw zkhq q� ' q2 wkh

lqirupdwlrq iru iruhfdvwlqj dqg ydoxdwlrq lq wkh irxu0glphqvlrqdo OLG v|vwhp lv htxlydohqw

wr wkh lqirupdwlrq lq Rkovrq*v rqh0glphqvlrqdo OLG1 Wkh deqrupdo hduqlqjv g|qdplfv lv

jlyhq e|=

h%@|n� ' /��%
@
| n 0|n�

zkhuh /�� ' Ew��nw2��*-� Lw lv dovr vwudljkwiruzdug wr vkrz wkdw zkhq q� ' q2c wkh ydoxdwlrq

sdudphwhuv lq wkh frpsrqhqwv prgho dqg wkh Rkovrq +4<<8, duh htxlydohqw1 Vshfl�fdoo|/

zkhq q� ' q2 ' � -Ew��nw2��
Ew��nw2��3-2 wkhq q� ' � n �3-

-
q� dqg wkh ydoxdwlrq htxdwlrq YDO04 fdq

eh zulwwhq dv=

�| ' &d)E%�| n %2|�� _|o n E�� &�K|

zkhuh ) � -
-3�

dqg &) ' q� '
-/��
-3/��

1 Htxlydohqwo|/ zh fdq zulwh=

�| ' K| n k%@
|

zkhuh k ' /��
-3/��

' q�
-

' q� n q� � ����

Wkh wzr h{wuhph fdvhv ri ydoxdwlrq frqvlghuhg lq Rkovrq +4<<8, duh vshfldo fdvhv ri

Ohppd 41 Iluvw/ zkhq w�� n w2� ' w�2 n w22 ' w�e n w2e ' fc h%@
|n� lv sxuh qrlvh dqg

q� ' q2 ' qe ' fc q� ' �c dqg wkh ydoxdwlrq h{suhvvlrq uhodwlrq uhgxfhv wr �| ' K|1 Vhfrqg/

zkhq w�� n w2� ' w�2 n w22 ' - dqg w�e n w2e ' ��-c h%@
|n� lv d udqgrp zdon/ q� ' q2 ' )c

q� ' f dqg qe ' �� dqg wkh ydoxdwlrq h{suhvvlrq lv �| ' )E%�| n %2|�� _|1

515 Lqirupdwlrqdo Luuhohydqfh ri Rqh Hduqlqjv Frpsrqhqw

Zh qrz frqvlghu wkh rwkhu luuhohydqfh fdvhv zkhuh vhsdudwh nqrzohgjh ri %�| lv uhtxluhg lq

erwk ydoxdwlrq dqg iruhfdvwlqj/ exw zkhuh %2| pd| eh frpelqhg zlwk K|3� dqg _| uhvshfwlyho|/
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zlwkrxw orvv ri lqirupdwlrq1 Rxu irfxv lv rq wkh olqnv ehwzhhq wkh uhvshfwlyh ydoxdwlrq

luuhohydqfh dqg iruhfdvwlqj luuhohydqfh frqglwlrqv YL052IL05 dqg YL062IL061 Qrwh wkdw xqghu

erwk YL05 dqg YL06/ q� 9' q2 dqg dw ohdvw rqh ri wkh htxdolwlhv lq Ohppd 4 fdqqrw krog1

51514 YL05 dqg IL05

Xqghu ydoxdwlrq luuhohydqfh YL05/ q2 ' f dqg ydoxdwlrq uhgxfhv wr wkuhh glphqvlrqv1 Rxu

lqwhuhvw olhv lq zkhwkhu wkh glphqvlrqv ri wkh dffrxqwlqj v|vwhp iru iruhfdvwlqj deqrupdo

hduqlqjv dovr uhgxfhv wr wkh vdph wkuhh glphqvlrqv1

Zh irfxv wklv sduw ri wkh dqdo|vlv rq wkh deqrupdo hduqlqjv g|qdplfv DEHG041 Krzhyhu/

qrwh wkdw DEHG04 frxog eh uhvwdwhg e| uhsodflqj rqh ri %�|/ K| dqg _| e| +K|3�n%2|�c zlwkrxw

d�hfwlqj wkh frh!flhqw rq %2|� Lq hdfk vxfk fdvh wkh dqdo|vlv ri iruhfdvwlqj luuhohydqfh lv

lghqwlfdo wr wkh glvfxvvlrq wkdw iroorzv1

Li %2| lv luuhohydqw lq iruhfdvwlqj deqrupdo hduqlqjv ryhu d rqh shulrg iruhfdvw krul}rq/ l1h1

.|dh%@|n�m~|o ' .dh%@|n�m%�|c K|c _|o/ wkhq DEHG04 lqglfdwhv wkdw wkh hduqlqjv gulyhu dvvrfldwhg

zlwk hduqlqjv frpsrqhqw %2| pxvw eh }hurc l1h1 w�2 n w22 ' f� Qrwh iurp Ohppd 4 wkdw

Ew��nw2�� ' Ew�2nw22� ' Ew�enw2e� ' f lv uxohg rxw ehfdxvh xqghu YL05 q� 9' q21 Wkhuhiruh/

dw ohdvw rqh ri wkh dffrxqwlqj lwhpv %�|n�/ K|n� dqg _|n� pxvw suhglfw %@
|n21 Lq wxuq/ %�|n�/

K|n� dqg _|n� frxog eh uhodwhg wr %2|� Wkhuhiruh/ dgglwlrqdo OLG uhvwulfwlrqv duh uhtxluhg wr

uxoh rxw dq lqgluhfw uroh iru %2| lq iruhfdvwlqj deqrupdo hduqlqjv eh|rqg shulrg |n �� Wkhvh

uhvwulfwlrqv hqvxuh hlwkhu wkdw dffrxqwlqj lwhpv suhglfwhg e| %2| duh wkhpvhoyhv luuhohydqw lq

iruhfdvwlqj deqrupdo hduqlqjv> ru wkdw zkhq %2| iruhfdvwv rwkhu dffrxqwlqj lwhpv/ wkh h�hfwv

ri wkh iruhfdvwv h{dfwo| r�vhw lq djjuhjdwlrq wr iruhfdvwhg deqrupdo hduqlqjv1 Wkh ixoo vhw

ri OLG uhvwulfwlrqv iru IL05 lv ghwdlohg lq Dsshqgl{ E1
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Dqdo|vlv lqglfdwhv wkdw zkhq q� 9' q2 ' fc wkh OLG uhvwulfwlrqv iru IL05 duh qrw qhfhv0

vdulo| vdwlv�hg1 Sursrvlwlrq 5 hvwdeolvkhv wkh olqnv ehwzhhq ydoxdwlrq luuhohydqfh YL05 dqg

iruhfdvwlqj luuhohydqfh IL051 Lw dovr frqwdlqv wkh dgglwlrqdo frqvwudlqwv wkdw pxvw eh lpsrvhg

rq OLG/ jlyhq YL05/ wr vdwlvi| IL05=

Sursrvlwlrq 51 Li %2| lv w|sh IL05 iruhfdvwlqj luuhohydqw wkhq %2| lv w|sh YL05 ydoxdwlrq

luuhohydqw +l1h1/ q� 9' q2 ' f�1 Krzhyhu/ li %2| lv w|sh YL05 ydoxdwlrq luuhohydqw wklv grhv qrw

lpso| wkdw %2| lv w|sh IL05 iruhfdvwlqj luuhohydqw1 Jlyhq YL05/ IL05 zloo dovr krog li hlwkhu

+l, w�2 n w22 ' f dqg w�2 ' f( ru +ll, w�2 n w22 ' f dqg w�e ' w2e ' f�

Surri= Vhh Dsshqgl{ E1

Wkh �uvw vwdwhphqw lq Sursrvlwlrq 5 lv uhodwhg wr Vwdun +4<<:,/ zkr vkrzv wkdw luuhohydqfh

ri %2| lq iruhfdvwlqj doo dffrxqwlqj lwhpv lv vx!flhqw iru q2 ' f� Sursrvlwlrq 5 lghqwl�hv d

zhdnhu vx!flhqw frqglwlrq iru q2 ' f/ qdpho| wkdw %2| lv w|sh IL05 luuhohydqw iru iruhfdvw0

lqj deqrupdo hduqlqjv1 Iru iruhfdvwlqj luuhohydqfh IL05/ %2| pd| kdyh d uroh lq suhglfwlqj

lqglylgxdo dffrxqwlqj lwhpv/ dv orqj dv lq djjuhjdwlrq wr deqrupdo hduqlqjv wkh suhglfwlrqv

r�vhw h{dfwo|1

Wkh vhfrqg sduw ri Sursrvlwlrq 5 lqglfdwhv wkdw iruhfdvwlqj luuhohydqfh grhv qrw qhfhvvdu0

lo| iroorz iurp ydoxdwlrq luuhohydqfh1 Wkh Sursrvlwlrq ghwdlov wkh dgglwlrqdo plqlpxp OLG

uhvwulfwlrqv uhtxluhg wr rewdlq IL05/ jlyhq YL051 Erwk vhwv ri uhvwulfwlrqv +l, dqg +ll, lqglfdwh

wkdw YL05 zloo eh frqvlvwhqw zlwk IL05 dv orqj dv wkh deqrupdo hduqlqjv gulyhu dvvrfldwhg

zlwk %2| lv }hur/ l1h1 w�2nw22 ' f� Wklv lv qrw lpsolhg e| YL051 Qrwh wkdw %2| pd| suhglfw rqh

shulrg dkhdg hduqlqjv frpsrqhqwv/ dv orqj dv wkh h�hfwv rq wkh wzr hduqlqjv frpsrqhqwv

h{dfwo| r�vhw +w�2 ' �w22 9' f�1

Wkh dgglwlrqdo frqglwlrqv lq uhvwulfwlrqv +l, dqg +ll, hqvxuh pxowlshulrg iruhfdvwlqj lu0
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uhohydqfh/ jlyhq YL051 Uhvwulfwlrq +l, vwdwhv wkdw YL05 lv frqvlvwhqw zlwk IL05 li rqh0shulrg

dkhdg errn ydoxh lv lqghshqghqw ri %2| +l1h1 w�2 ' f�� Djdlq/ wklv lv qrw lpsolhg e| YL051 Lw

fdq dovr eh vkrzq wkdw xqghu uhvwulfwlrq +l,/ %2| kdv qr suhglfwlyh uroh iru rqh0shulrg dkhdg

glylghqgv/ ehfdxvh iurp FVU dqg w�2 n w22 ' f lw iroorzv wkdw w�2 ' f/ we2 ' f1

Xqghu uhvwulfwlrq +ll,/ YL05 lv frqvlvwhqw zlwk IL05 zkhq qhlwkhu hduqlqjv frpsrqhqw

lqglylgxdoo| ghshqgv rq glylghqgv Ew�e ' w2e ' f�� Xqghu wkhvh flufxpvwdqfhv/ iurp PP5

wkh errn ydoxh gulyhu ri deqrupdo hduqlqjv lv htxdo wr }hur1 Lw iroorzv wkdw zkhq YL05 dqg

uhvwulfwlrq +ll, krog/ %�| lv wkh rqo| uhohydqw gulyhu ri deqrupdo hduqlqjv/ l1h1 .dh%@
|nrm~|o '

.dh%@
|nrm%�|c K|c _|o ' .dh%@

|nrm%�|o iru doo r � � dqg wkh deqrupdo hduqlqjv g|qdplfv lv jlyhq e|=

h%@
|n� ' Ew�� n w2��%�| n 0�

Lw fdq dovr eh vkrzq wkdw .dh%�|n�m~|o ' .dh%�|n�m%�|o/ l1h1 h%�|n� ' w��%�| n 0
�

�1 Wkxv/ lq wklv

fdvh hduqlqjv frpsrqhqw %�| hyroyhv lqghshqghqwo| ri errn ydoxh1

Sursrvlwlrq 5 vkrzv wkdw YL05 fdq eh frqvlvwhqw zlwk IL05 hyhq zkhq %2| kdv iruhfdvwlqj

delolw| iru rwkhu dffrxqwlqj lwhpv1 Uhvwulfwlrq +ll, lqglfdwhv wkdw %2| pd| kdyh d uroh lq

suhglfwlqj errn ydoxh dqg glylghqgv1 E| FVU/ zkhq w�2 n w22 ' f uhvwulfwlrq +ll, lpsolhv

wkdw w�2 n we2 ' f exw qrw w�2 ' we2 ' f1 Dv orqj dv wkh h�hfwv ri %2| rq K|n� dqg _|n�

duh h{dfwo| r�vhwwlqj/ l1h1 w�2 ' �we2/ %2| pd| vwloo eh luuhohydqw lq iruhfdvwlqj deqrupdo

hduqlqjv1

Ilqdoo|/ Sursrvlwlrq 5 dovr lqglfdwhv wkdw lqirupdwlrqdo luuhohydqfh ri %2| lq ydoxdwlrq dqg

iruhfdvwlqj grhv qrw ghshqg rq %2| ehlqj xqsuhglfwdeoh1 Xqghu uhvwulfwlrq +ll,/ %2| kdv wkh

iroorzlqj g|qdplfv=

h%2|n� ' w2�%�| n E-� ��K| n 0
�

2
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Khuh/ %2|n� pd| ghshqg rq %�| dqg dovr frqwdlqv wkh fdslwdo fkdujh frpsrqhqw ri deqrupdo

hduqlqjv lq shulrg | n �1 Wklv fdvh frqwudvwv zlwk Rkovrq*v +4<<<, dqdo|vlv ri wudqvlwru|

hduqlqjv/ zkhuh ydoxdwlrq luuhohydqfh dqg iruhfdvwlqj luuhohydqfh lpso| odfn ri suhglfwdelolw|

iru %2|1 Wklv lv d vshfldo fdvh ri YL06 dqg IL06 glvfxvvhg lq wkh qh{w vxevhfwlrq1

51515 YL06 dqg IL06

Xqghu YL06/ q2 ' �qe dqg ydoxdwlrq uhtxluhv nqrzohgjh rqo| ri %�|c K| dqg +_| � %2|��

Ydoxdwlrq djdlq uhgxfhv wr wkuhh glphqvlrqv1 Rxu lqwhuhvw olhv lq zkhwkhu wkh dffrxqwlqj

v|vwhp uhgxfhv wr wkh vdph wkuhh glphqvlrqv iru iruhfdvwlqj deqrupdo hduqlqjv1 Zh h{dplqh

wkh frqglwlrqv xqghu zklfk IL06 lv frqvlvwhqw zlwk YL061

Wkh deqrupdo hduqlqjv g|qdplfv DEHG04 fdq eh uhzulwwhq dv=

h%@|n� ' Ew�� n w2��%�| n Ew�2 n w22 n w�e n w2e�%2| n Ew�e n w2e�K|

nEw�e n w2e�E_| � %2|� n 0|n� +DEHG06,

Zkhq Ew�2 n w22 n w�e n w2e� ' f +l1h1/ /�� n /�2 ' f, hduqlqjv frpsrqhqw %2| lv lu0

uhohydqw iru iruhfdvwlqj deqrupdo hduqlqjv ryhu d rqh0shulrg krul}rq/ l1h1 .|dh%@|n�m~|o '

.dh%@
|n�m%�|c K|c %2|� _|o� Dv ehiruh/ iruhfdvwlqj luuhohydqfh uhtxluhv ixuwkhu OLG sdudphwhu uh0

vwulfwlrqv wr hqvxuh wkdw wkh lqglylgxdo frpsrqhqwv %2| dqg _| duh uhgxqgdqw iru pxowlshulrg

iruhfdvwv ri deqrupdo hduqlqjv1 Wkh jhqhudo OLG uhvwulfwlrqv vx!flhqw wr hqvxuh w|sh IL06

iruhfdvwlqj luuhohydqfh duh ghwdlohg lq Dsshqgl{ E1

Sursrvlwlrq 6 duwlfxodwhv wkh olqnv ehwzhhq ydoxdwlrq luuhohydqfh YL06 dqg iruhfdvwlqj

luuhohydqfh IL061 Lw dovr frqwdlqv wkh dgglwlrqdo frqvwudlqwv wkdw pxvw eh lpsrvhg rq OLG/

jlyhq YL06/ wr rewdlq IL06=
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Sursrvlwlrq 61 Li %2| lv w|sh IL06 iruhfdvwlqj luuhohydqw wkhq %2| lv w|sh YL06 ydoxdwlrq

luuhohydqw1 Krzhyhu/ li %2| lv w|sh YL06 ydoxdwlrq luuhohydqw wklv grhv qrw lpso| wkdw %2| lv

w|sh IL06 iruhfdvwlqj luuhohydqw1 Jlyhq YL06/ IL06 zloo dovr krog li hlwkhu +l, w�� n w2� '

-
�3-

Ew�enw2e�c w�2nw�e ' f dqg w22 '
-3�
-

w2� ' �w2�( ru +ll, w�2nw�e ' f dqg w�2nw�e ' f1

Surri= Vhh Dsshqgl{ E1

Sursrvlwlrq 6 vwdwhv wkdw IL06 lpsolhv YL06/ exw wkdw wkh uhyhuvh lv qrw wuxh1 Rqh ri wkh wzr

vhwv ri uhvwulfwlrqv +l, dqg +ll, pxvw krog lq dgglwlrq wr YL06 wr hqvxuh w|sh IL06 iruhfdvwlqj

luuhohydqfh1

Sursrvlwlrq 6 lv uhodwhg wr Rkovrq*v +4<<<, dqdo|vlv ri wudqvlwru| hduqlqjv1 Rkovrq ghprq0

vwudwhv wkdw dq| wzr ri wkh iroorzlqj wkuhh surshuwlhv lpso| wkh wklug=

+d, ydoxdwlrq luuhohydqfh q2 ' �qe +l1h1 YL06,>

+e, rqh0shulrg iruhfdvwlqj luuhohydqfh ri %2| iru deqrupdo hduqlqjv/ l1h1 /�� n/�2 ' f> dqg

+f, odfn ri suhglfwdelolw| ri %2| +l1h1 w2� ' fc � ' �c ���c e�1

Sursrvlwlrq 6 frqwudvwv zlwk Rkovrq*v uhvxowv lq wzr lpsruwdqw uhvshfwv1 Iluvw/ wkh Sursr0

vlwlrq vwdwhv wkdw iruhfdvwlqj luuhohydqfh IL06 lpsolhv ydoxdwlrq uhohydqfh YL061 Lq frqwudvw/

Rkovrq vkrzv wkdw rqh0shulrg iruhfdvwlqj luuhohydqfh lv qrw vx!flhqw iru ydoxdwlrq luuhohydqfh1

Dgglwlrqdo uhvwulfwlrqv rq wkh lqirupdwlrq g|qdplfv duh uhtxluhg iru ydoxdwlrq luuhohydqfh/

dqg wkhvh duh surylghg e| wkh dvvxpswlrq lq Rkovrq*v prgho vhwxs wkdw /�� ' f dqg wkh

uhvwulfwlrq rq wkh g|qdplfv ri %2|c l1h1 w2� ' fc � ' �c ���c e� Wrjhwkhu wkhvh wzr dvvxpswlrqv

h�hfwlyho| hqvxuh pxowlshulrg iruhfdvwlqj luuhohydqfh IL061 Lq wkh surri ri Sursrvlwlrq 6 zh

vkrz wkdw YL06 dqg w2� ' f lpsolhv w�2 n w�e ' f�
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Wkh vhfrqg srlqw ri glyhujhqfh ehwzhhq rxu uhvxowv dqg wkrvh lq Rkovrq +4<<<, frqfhuqv

wkh g|qdplfv ri %2|1 Xqghu wkh lqirupdwlrq g|qdplfv vwuxfwxuh dvvxphg e| Rkovrq/ ydoxdwlrq

luuhohydqfh dqg rqh shulrg iruhfdvwlqj luuhohydqfh lpso| wkdw %2| lv xqsuhglfwdeoh1 Lq frqwudvw/

Sursrvlwlrq 6 vxjjhvwv wkdw ydoxdwlrq luuhohydqfh dqg pxowlshulrg iruhfdvwlqj luuhohydqfh duh

frqvlvwhqw zlwk pruh jhqhudo lqirupdwlrq g|qdplfv lq zklfk %2| pd| eh suhglfwdeoh1 Wr vhh

wklv/ zh h{dplqh hdfk vhw ri uhvwulfwlrqv lq Sursrvlwlrq 6 lq wxuq1

Uhvwulfwlrq +l, jhqhudwhv d fdvh wkdw lv gluhfwo| frpsdudeoh zlwk wkh Rkovrq +4<<<, prgho

vhwxs1 Wkh �uvw frqglwlrq lq +l,/ l1h1 w�� n w2� ' -
�3-

Ew�e n w2e�c lv dovr wkh vhfrqg htxdolw|

lq Ohppd 41 Lw holplqdwhv K|3� dv d uhohydqw yduldeoh lq iruhfdvwlqj deqrupdo hduqlqjv lq

DEHG05/ l1h1 /�� ' f1 Dgglwlrqdoo|/ Rkovrq*v prgho dvvxphv wkdw K|3� lv luuhohydqw lq

ydoxdwlrq/ l1h1 E- � ��q� n -qe ' f lq YDO05 1 Zh vkrz lq wkh Dsshqgl{ E wkdw wkhvh

uhvwulfwlrqv/ frpelqhg zlwk rqh0shulrg iruhfdvwlqj luuhohydqfh +l1h1 /�� n /�2 ' f� dqg YL06/

jlyh=

h%@
|n� '

#
w22 � w��
-� �

� �

$
%@�| n 0�|n� +DEHG07,

zkhuh/ iroorzlqj Rkovrq +4<<<, %@
�| � %�| � E- � ��K|3� lv odehoohg �fruh deqrupdo hduq0

lqjv�1 Qrwh wkdw w22 sod|v d uroh lq wkh deqrupdo hduqlqjv g|qdplfv1 Wkh vhfrqg dqg wklug

frqglwlrqv lq +l, jlyh wkh iroorzlqj g|qdplfv iru %2|=

h%2|n� ' w22
-� �

%@�| n 0
�

2|n�

Wkhuhiruh/ %2| zloo eh suhglfwdeoh li w22 9' f1 Xqsuhglfwdelolw| ri %2| lq Rkovrq*v dqdo|vlv lv

gxh wr wkh lqirupdwlrq g|qdplfv dvvxpswlrq h%2|n� ' w22%2| n 0
�

2|n�c l1h1 w2� ' w2� ' w2e ' f�

Frqvlvwhqf| zlwk wkh vhfrqg frqglwlrq lq +l, uhtxluhv wkdw w22 ' f dqg/ khqfh/ wkdw %2| pxvw

eh xqsuhglfwdeoh1
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Uhvwulfwlrq +ll, ohdgv wr pruh jhqhudo lqirupdwlrq g|qdplfv frpelqlqj zlwk YL06 wr jlyh

IL061 Lw lv frqvlghudeo| zhdnhu wkdq fdvh +l, ehfdxvh lw doorzv /�� 9' f lq DEHG05� Lq wxuq/

wklv fuhdwhv srwhqwldo lqirupdwlrqdo urohv iru K| dqg +%2|�_|� lq iruhfdvwlqj rqh0shulrg dkhdg

deqrupdo hduqlqjv iurp DEHG051 Wkh iroorzlqj duh wuxh xqghu uhvwulfwlrq +ll,=

.dh%�|n�m~|o ' .dh%�|n�m%�|c K|c %2| � _|o

.dh+|n�m~|o ' .dh+|n�m%�|c K|c %2| � _|o

.dh%2|n� � h_|n�m~|o ' .dh%2|n� � h_|n�m%�|c K|c %2| � _|o

Wkxv/ hduqlqjv frpsrqhqw %2| lv luuhohydqw iru iruhfdvwlqj hdfk ri %�|n�c K|n�c dqg +%2|n� �

_|n��c lq wkh vhqvh wkdw %2| fdq eh qhwwhg r� djdlqvw _| zlwkrxw orvv ri lqirupdwlrq1 Wrjhwkhu

zlwk rqh0shulrg iruhfdvwlqj luuhohydqfh ri %2| iru deqrupdo hduqlqjv +l1h1/ /��n/�2 ' f�/ wklv

uhqghuv %2| luuhohydqw iru iruhfdvwlqj doo ixwxuh deqrupdo hduqlqjv uhdol}dwlrqv/ hyhq wkrxjk

K| dqg %2|�_| duh uhohydqw1 Lw lv dovr fohdu wkdw xqghu uhvwulfwlrq +ll,/ %2| lv djdlq suhglfwdeoh

ehfdxvh wkhuh lv qr uhtxluhphqw wkdw w2� htxdo }hur iru doo �1

516 Rwkhu Lqirupdwlrq

Rxu dqdo|vlv kdv ehhq frqgxfwhg e| ljqrulqj �rwkhu lqirupdwlrq�1 Zh frqmhfwxuh wkdw wklv

lv lqqrfxrxv iru wkh pdlq uhvxowv ri wkh sdshu1 Iroorzlqj wkh dssurdfk ri Rkovrq +4<<<,/

zh frxog hdvlo| doorz iru dq dgglwlrqdo yduldeoh uh hfwlqj �rwkhu lqirupdwlrq�/ dv orqj dv

lw lv frqwhpsrudqhrxvo| xqfruuhodwhg zlwk wkh rwkhu yduldeohv lqfoxghg lq wkh prgho1 Wkh

frh!flhqwv pdwul{ l zrxog qrz htxdo dw�� oDfD dqg wkh ydoxh ri wkh �up �| ' q~|c zkhuh

q ' Eq�c q2c q�c qec q�� dqg ~| ' E%�|c %2|c K|c _|c �|�� Wkh fohdq vxusoxv uhodwlrq fdq eh zulwwhq

dv= Efc fc �c fc f�~| ' .|EE��c��c �c �c f�~|n��� Lq sduwlfxodu/ %2|n� ' w2�%�| n w22%2| n w2�K| n
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w2e_| n w2D�| dqg wkh jhqhudo deqrupdo hduqlqjv g|qdplfv DEHG05 zrxog eh prgl�hg dv

iroorzv=

%@|n� ' /��%
@
| n /�2%2| n /��K|3� n Ew�D n w2D��| n 0|n�

Xqghu wkhvh flufxpvwdqfhv wkh jhqhudo ydoxdwlrq h{suhvvlrq zrxog eh=

�| ' Eq� n q� � ��%@
| n Eq2 � q��%2| n K| n dE-� ��q� n-Eq� � ��oK|3� n q��|

Dv lq Rkovrq +4<<8/ 4<<<,/ rxu pdlq uhvxowv zrxog eh xqd�hfwhg li wkh| zhuh wr eh ghyhorshg

lq vxfk d iudphzrun zlwk rqh dgglwlrqdo glphqvlrq1

6 Glvfxvvlrq

Lq wklv vhfwlrq zh glvfxvv wkh lpsolfdwlrqv ri rxu uhvxowv1 Iluvw/ zh h{dplqh wkh lpsolfdwlrqv

iru hpslulfdo uhvhdufk frqfhuqhg zlwk wkh lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsrqhqwv1

Zh wkhq glvfxvv wkh lpsolfdwlrqv ri rxu prgho iru sudfwlfdo ydoxdwlrq1

614 Whvwlqj lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsrqhqwv

Whvwv ri wkh lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsrqhqwv pd| eh edvhg rq hvwlpdwhv

ri wkh uhodwlrq ehwzhhq pdunhw ydoxh dqg dffrxqwlqj lwhpv +ydoxdwlrq vwxglhv,�2 dqg rq

wkh iruhfdvwlqj delolw| ri hduqlqjv frpsrqhqwv iru deqrupdo hduqlqjv dqg rwkhu dffrxqwlqj

lwhpv +iruhfdvwlqj uhohydqfh vwxglhv,1 Rxu uhvxowv kdyh lpsolfdwlrqv iru wkh fkrlfh ri whvwlqj

phwkrgrorj| dqg wkh ghvljq dqg lqwhusuhwdwlrq ri vxfk whvwv1
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61414 Ydoxdwlrq vwxglhv

W|slfdo whvwv ri hduqlqjv frpsrqhqw ydoxdwlrq uhohydqfh h{dplqh wkh qxoo k|srwkhvlv YL04/

l1h1 q� ' q2� Uhmhfwlrq ri YL04 lv lqwhusuhwhg dv hylghqfh ri wkh lqirupdwlrqdo uhohydqfh ri

hduqlqjv frpsrqhqwv1 Rxu dqdo|vlv vxjjhvwv wkdw ydoxdwlrq h{suhvvlrqv YDO04 dqg YDO05

surylgh dssursuldwh iudphzrunv iru vxfk whvwv1 Krzhyhu/ uhvwulfwhg yhuvlrqv ri YDO05 pd|

dovr eh vxjjhvwhg e| dowhuqdwlyh prghov1 Iru h{dpsoh/ wkh Rkovrq +4<<<, prgho vxjjhvwv d

ydoxdwlrq h{suhvvlrq vlplodu wr YDO05/ exw zlwk wkh K|3� whup rplwwhg1�� Rxu uhvxowv vxjjhvw

wkdw xqohvv vshfl�f OLG uhvwulfwlrqv krog/ K|3� zloo fdswxuh uhohydqw lqirupdwlrq1 Jhqhudoo|/

xqghu OLG/ K|3� zloo eh fruuhodwhg zlwk wkh rwkhu yduldeohv lq YDO051 Wkhuhiruh rplvvlrq ri

K|3� lq hvwlpdwhg ydoxdwlrq htxdwlrqv edvhg rq YDO05 frxog d�hfw lqihuhqfhv frqfhuqlqj wkh

ydoxdwlrq uhohydqfh ri hduqlqjv frpsrqhqwv1

Vxemhfw wr dssursuldwh whvw vshfl�fdwlrq/ lw lv fohdu wkdw uhmhfwlrq ri YL04 lqglfdwhv djjuh0

jdwh hduqlqjv lv qrw d vx!flhqw hduqlqjv frqvwuxfw iru ydoxdwlrq1 Wkh dgglwlrqdo gh�qlwlrqv

ri ydoxdwlrq luuhohydqfh vxjjhvwhg e| Rkovrq +4<<<,/ dqg dqdo|}hg lq wklv sdshu/ vxjjhvw wkdw

dgglwlrqdo lqvljkwv lqwr ydoxdwlrq uhohydqfh fdq eh rewdlqhg e| vxssohphqwlqj whvwv wkdw uh0

mhfw YL04 e| whvwv ri YL05/ l1h1 q� 9' q2 ' f dqg YL06/ l1h1 q� 9' q2 ' �qe� Uhmhfwlrq ri

YL04/ YL05 dqg YL06 zrxog vxjjhvw wkdw vhsdudwh nqrzohgjh ri %�| dqg %2| lv uhohydqw iru

ydoxdwlrq1 Uhmhfwlrq ri YL04 dqg idloxuh wr uhmhfw YL05 zrxog vxjjhvw wkdw d gluw| vxusoxv

dffrxqwlqj v|vwhp wkdw uhsruwv %�| exw rplwv wr uhsruw %2| +ru djjuhjdwhv %2| zlwk K|3� dv d

sulru |hdu dgmxvwphqw, lv qr ohvv xvhixo lq ydoxdwlrq wkdq d v|vwhp wkdw uhsruwv erwk hduqlqjv

frpsrqhqwv1 Uhmhfwlrq ri YL04 dqg idloxuh wr uhmhfw YL06 zrxog vxjjhvw wkdw d gluw| vxusoxv

dffrxqwlqj v|vwhp wkdw qhwv r� %2| djdlqvw _| zloo eh qr ohvv xvhixo lq ydoxdwlrq wkdq d v|vwhp
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wkdw uhsruwv erwk hduqlqjv frpsrqhqwv1

61415 Iruhfdvwlqj uhohydqfh vwxglhv

Whvwv ri lqirupdwlrqdo uhohydqfh edvhg rq wkh uhohydqfh ri hduqlqjv frpsrqhqwv lq iruhfdvw0

lqj deqrupdo hduqlqjv dqg rwkhu dffrxqwlqj lwhpv duh srwhqwldoo| dwwudfwlyh1 Wkh| gr qrw

uhtxluh nqrzohgjh ri pdunhw ydoxhv dqg wkh| gr qrw uhtxluh wkh dvvxpswlrq ri vwrfn pdunhw

h!flhqf|1 Srwhqwldoo|/ frqfoxvlrqv frqfhuqlqj wkh uhohydqfh ri dffrxqwlqj lwhpv lq ydoxdwlrq

fdq eh ghyhorshg edvhg rq hylghqfh ri iruhfdvwlqj uhohydqfh dqg d wkhruhwlfdo ydoxdwlrq prgho

surylglqj d olqn ehwzhhq �up ydoxh dqg wkh wdujhw yduldeoh iru iruhfdvwlqj +h1j1 ixwxuh deqru0

pdo hduqlqjv,1 Rxu dqdo|vlv vxjjhvwv wkh qhhg iru fdxwlrq lq wkh ghvljq dqg lqwhusuhwdwlrq

ri iruhfdvwlqj uhohydqfh whvwv1

Wkh dqdo|vlv lqglfdwhv wkdw iruhfdvwlqj luuhohydqfh iru doo ixwxuh deqrupdo hduqlqjv uhdol}d0

wlrqv +pxowl0shulrg iruhfdvwlqj luuhohydqfh, lv vx!flhqw iru ydoxdwlrq luuhohydqfh1 Vshfl�fdoo|/

Sursrvlwlrqv 4 wr 6 lqglfdwh wkdw IL04 +IL05, +IL06, lpsolhv YL04 +YL05, +YL06,1 Wkh dqdo|vlv

glvwlqjxlvkhv ehwzhhq rqh shulrg iruhfdvwlqj luuhohydqfh dqg pxowlshulrg iruhfdvwlqj luuhoh0

ydqfh1 D whvw ri vlqjoh shulrg iruhfdvwlqj luuhohydqfh edvhg rq DEHG04 +DEHG05, +DEHG06,

lv qrw vx!flhqw wr ghprqvwudwh iruhfdvwlqj luuhohydqfh ryhu orqjhu krul}rqv1 Krzhyhu/ li wkh

�uvw rughu vwuxfwxuh ri OLG lv ghvfulswlyh/ rqh0shulrg luuhohydqfh dqg wzr0shulrg iruhfdvwlqj

luuhohydqfh zloo lpso| pxowl0shulrg iruhfdvwlqj luuhohydqfh1 Wzr0shulrg iruhfdvwlqj luuhoh0

ydqfh fdq eh whvwhg e| uhsodflqj %@
|n� zlwk %@

|n2 lq wkh uhohydqw deqrupdo hduqlqjv g|qdplfv

prgho1

Rxu dqdo|vlv dovr vkrzv wkdw ydoxdwlrq luuhohydqfh w|sh YL05 +YL06, grhv qrw lpso| iruh0

fdvwlqj luuhohydqfh w|sh IL05 +IL06,1 Wkxv/ uhmhfwlrq ri IL05 ru IL06 fdqqrw eh wdnhq dv d
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uholdeoh vljqdo wkdw dq hduqlqjv frpsrqhqw zloo eh ydoxdwlrq uhohydqw1 Rqo| lq wkh fdvh ri

IL04 lv uhmhfwlrq ri ydoxdwlrq luuhohydqfh w|sh YL04 qhfhvvdulo| lpsolhg1

Qrwzlwkvwdqglqj wkh odfn ri gluhfw fruuhvsrqghqfh ehwzhhq lqirupdwlrqdo luuhohydqfh iru

ydoxdwlrq dqg iru iruhfdvwlqj/ rxu dqdo|vlv vxjjhvwv jhqhudo irupv iru rqh shulrg deqrupdo

hduqlqjv g|qdplfv wr xqghuslq whvwv ri IL04/ IL05 dqg IL061 Iru h{dpsoh/ DEHG05 lqglfdwhv

wkdw K|3� pd| fdswxuh iruhfdvwlqj uhohydqw lqirupdwlrq eh|rqg deqrupdo hduqlqjv dqg hduq0

lqjv frpsrqhqwv1 Vlqfh K|3� lv h{shfwhg wr eh fruuhodwhg zlwk %@| dqg %2|c lwv rplvvlrq iurp

wkh deqrupdo hduqlqjv iruhfdvwlqj htxdwlrq frxog ohdg wr lqfruuhfw lqihuhqfhv uhjduglqj wkh

iruhfdvwlqj luuhohydqfh ri %2|1

Wkh dqdo|vlv dovr lqglfdwhv wkh gdqjhuv ri dwwhpswlqj wr gudz lqihuhqfhv frqfhuqlqj sr0

whqwldo ydoxdwlrq uhohydqfh iurp wkh lqirupdwlrq g|qdplfv ri lqglylgxdo hduqlqjv frpsrqhqwv1

Ohppd 4 surylghv suhflvh uhvwulfwlrqv rq wkh mrlqw g|qdplfv ri %�| dqg %2| ohdglqj wr ydo0

xdwlrq luuhohydqfh YL041 Krzhyhu/ YL05 ru YL06 frxog eh irxqg xqghu d zlgh udqjh ri OLG

sdudphwhu ydoxhv1 Lq sduwlfxodu/ lw lv qrw qhfhvvdu| iru %2| wr eh xqsuhglfwdeoh iru lw wr eh

ydoxdwlrq0 dqg iruhfdvwlqj luuhohydqw1

615 Lqirupdwlrqdo Uhtxluhphqwv iru Ilup Ydoxdwlrq

D pdmru dwwudfwlrq ri xvlqj wkh Rkovrq +4<<8, prgho dv d edvlv iru ydoxdwlrq lv lwv uhodwlyh

sduvlprq| dqg orz gdwd dqg frpsxwdwlrqdo ghpdqgv1 Krzhyhu/ rxu dqdo|vlv vxjjhvwv wkdw

prgho sduvlprq| frxog uhvxow lq orvv ri suhflvlrq lq ydoxh hvwlpdwhv1 Lq erwk wkh Rkovrq

+4<<8, prgho dqg wkh frpsrqhqwv prgho/ wkh hvwlpdwhg ydoxh ri wkh �up lv htxdo wr errn

ydoxh soxv wkh glvfrxqwhg ydoxh ri h{shfwhg ixwxuh deqrupdo hduqlqjv1 Wkxv/ wkh uhodwlyh suh0
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flvlrq ri ydoxh hvwlpdwhv ghshqgv rq wkh uhodwlyh suhflvlrq ri wkh lpsolflw deqrupdo hduqlqjv

iruhfdvwv hpehgghg zlwklq hdfk prgho1

Sursrvlwlrq 4 lqglfdwhv wkdw zkhq YL042IL04 krog/ ydoxh hvwlpdwhv edvhg rq Rkovrq*v

prgl�hg dxwruhjuhvvlyh deqrupdo hduqlqjv g|qdplfv dqg ydoxdwlrq h{suhvvlrqv zloo eh lghq0

wlfdo wr ydoxdwlrq xqghu wkh frpsrqhqwv prgho1�e Li YL042IL04 grhv qrw krog/ wkh Rkovrq

deqrupdo hduqlqjv g|qdplfv duh h{shfwhg jlyh xqeldvhg iruhfdvwv ri deqrupdo hduqlqjv/ li

hpslulfdo hvwlpdwlrq ri wkh prgho lqfoxghv d frqvwdqw whup fdswxulqj wkh dyhudjh h�hfw ri

wkh rplwwhg yduldeohv1 Krzhyhu/ wkh iruhfdvwv zloo kdyh kljkhu huuru yduldqfh wkdq iruhfdvwv

edvhg rq DEHG04 +ru htxlydohqwo| DEHG05 ru DEHG06,1 Wkxv/ ydoxh hvwlpdwhv rewdlqhg

iurp wkh Rkovrq prgho zloo eh qrlvlhu wkdq hvwlpdwhv rewdlqhg iurp wkh ixoo lqirupdwlrq

frpsrqhqwv prgho1 Gl�huhqfhv lq ydoxh hvwlpdwhv rewdlqhg iurp wkh wzr prghov zloo ghshqg

rq wkh dgglwlrqdo dffrxqwlqj lwhpv hqwhulqj DEHG05 dqg YDO05/ l1h1 %2| dqg K|3��

Lpsuryhg suhflvlrq lq ydoxdwlrq hvwlpdwhv edvhg rq wkh frpsrqhqwv prgho fdq rqo| eh

dfklhyhg dw wkh sulfh ri kljkhu gdwd dqg frpsxwdwlrqdo ghpdqgv1 Li wkh YL04 krogv wkh prgho

uhtxluhv wkh hvwlpdwlrq ri mxvw rqh sdudphwhu/ /�� dqg ydoxdwlrq edvhg rq wkh Rkovrq prgho

dssolhv� Krzhyhu/ zkhq YL04 grhv qrw krog/ lghqwl�fdwlrq ri wkh ydoxdwlrq zhljkwv q���qe

lqyroyhv dssolfdwlrq ri Fudphu*v Uxoh wr wkh htxdwlrq v|vwhp +4,0+7, ghvfulehg lq Dsshqgl{ E1

Wklv uhtxluhv d pxfk odujhu vhw ri lqirupdwlrq g|qdplfv sdudphwhuv wr eh hvwlpdwhg1 Li YL05

ru YL06 krog/ wkh uhohydqw �qdqfldo vwdwhphqw lqirupdwlrq kdv wkuhh glphqvlrqv dqg ydoxdwlrq

uhtxluhv hvwlpdwlrq ri qlqh OLG sdudphwhuv1 Li qr ydoxdwlrq luuhohydqfh frqglwlrq krogv/ wkh

�qdqfldo vwdwhphqw lqirupdwlrq kdv irxu glphqvlrqv dqg ydoxdwlrq uhtxluhv hvwlpdwlrq ri

vl{whhq OLG sdudphwhuv1 Lq erwk fdvhv/ sdudphwhu hvwlpdwlrq lv uhodwlyho| ghpdqglqj lq

frpsxwdwlrqdo whupv1
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7 Frqfoxvlrqv

Lq wklv sdshu zh dqdo|}h wkh olqnv ehwzhhq wkh lqirupdwlrqdo uhohydqfh ri hduqlqjv frpsr0

qhqwv iru ydoxdwlrq dqg iru iruhfdvwlqj deqrupdo hduqlqjv1 Zh frqvlghu wkuhh gh�qlwlrqv ri

lqirupdwlrqdo luuhohydqfh vxjjhvwhg e| Rkovrq +4<<<,/ uh hfwlqj gl�huhqw zd|v lq zklfk dq

hduqlqjv frpsrqhqw pd| eh frpelqhg zlwk dqrwkhu dffrxqwlqj lwhp zlwkrxw orvv ri lqiru0

pdwlrq1 Zh vkrz wkdw iruhfdvwlqj luuhohydqfh lpsolhv ydoxdwlrq luuhohydqfh1 Krzhyhu/ h{fhsw

lq wkh fdvh zkhuh djjuhjdwh hduqlqjv lv wkh vx!flhqw hduqlqjv frqvwuxfw iru ydoxdwlrq dqg

iruhfdvwlqj/ ydoxdwlrq luuhohydqfh grhv qrw lpso| iruhfdvwlqj luuhohydqfh1 Dgglwlrqdoo|/ zh

vkrz wkdw wr eh luuhohydqw iru ydoxdwlrq dqg iruhfdvwlqj/ dq hduqlqjv frpsrqhqw qhhg qrw eh

xqsuhglfwdeoh1

Rxu dqdo|vlv kdv lpsolfdwlrqv iru wkh ghvljq dqg lqwhusuhwdwlrq ri hpslulfdo whvwv ri lqiru0

pdwlrqdo uhohydqfh1 Lw vxjjhvwv dssursuldwh vshfl�fdwlrqv iru jhqhudo ydoxdwlrq dqg deqrupdo

hduqlqjv g|qdplfv h{suhvvlrqv1 Rxu uhvxowv dovr vxjjhvw wkdw iruhfdvwlqj uhohydqfh whvwv duh

qrw jrrg vxevwlwxwhv iru gluhfw whvwv ri ydoxdwlrq uhohydqfh1 Vshfl�fdoo|/ lw lv srvvleoh iru dq

dffrxqwlqj lwhp wr eh uhohydqw lq iruhfdvwlqj deqrupdo hduqlqjv lq frpelqdwlrq zlwk rwkhu

lwhpv/ exw iru lw wr eh luuhohydqw lq ydoxdwlrq1

Ilqdoo|/ rxu dqdo|vlv kdv srwhqwldo lpsolfdwlrqv iru sudfwlfdo lqyhvwphqw dqdo|vlv1 Jhqhu0

doo|/ ydoxh hvwlpdwhv edvhg rq djjuhjdwh hduqlqjv duh h{shfwhg wr eh ohvv suhflvh wkdq ydoxh

hvwlpdwhv edvhg rq nqrzohgjh ri hduqlqjv frpsrqhqwv dqg wkhlu uhodwlrq wr rwkhu dffrxqwlqj

lwhpv1 Lqyhvwphqw dqdo|vlv whfkqltxhv wkdw ohdg wr ehwwhu xqghuvwdqglqj ri wkh olqnv ehwzhhq

hduqlqjv frpsrqhqwv/ djjuhjdwh hduqlqjv/ errn ydoxh dqg glylghqgv fdq eh h{shfwhg wr lp0

suryh wkh suhflvlrq ri ydoxh hvwlpdwhv rewdlqhg zlwklq dq deqrupdo hduqlqjv0edvhg ydoxdwlrq
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frqwh{w1 Wkh prgho surylghv d iudphzrun zlwk srwhqwldo iru lqwhusuhwlqj sudfwlfdo whfkqltxhv

vxfk dv wkh dqdo|vlv ri wuhqgv dqg shuvlvwhqfh ri hduqlqjv frpsrqhqwv/ dqg phwkrgrorjlhv

xvhg e| vrph dqdo|vwv wr xqgr JDDS/ iru h{dpsoh e| vhsdudwlqj rxw ohvv shuvlvwhqw hduqlqjv

frpsrqhqwv iurp djjuhjdwh hduqlqjv1

8 Dsshqgl{ D

Zh vkrz wkdw wkh iruhfdvwlqj luuhohydqfh ri %2| edvhg rq wkh frpelqdwlrq EK|�%2|� lv jhqhudoo|

lqihdvleoh1 DEHG04 pd| eh uhzulwwhq dv iroorzv=

h%@|n� ' Ew�� n w2��%�| n Ew�2 n w�e n w22 n w2e�%2| n Ew�e n w2e�_|

nEw�e n w2e�EK| � %2|� n 0|n�

Li zh qhw r� %2| djdlqvw K|/ OLG uhgxfhv wr=

%�|n� ' w��%�| n Ew�2 n w���%2| n w�e_| n w��EK| � %2|� n 0��

_|n� ' we�%�| n Ewe2 n we��%2| n wee_| n we�EK| � %2|� n 0�e

EK|n� � %2|n�� ' Ew�� � w2��%�| n Ew�2 n w�� � w22 � w2��%2| n Ew�e � w2e�_|

nEw�� � w2��EK| � %2|� n 0�� � 0�2

Li %2| lv luuhohydqw lq iruhfdvwlqj h%@
|nrc r : �/ wkhq %2| pxvw qrw/ jhqhudoo|/ suhglfw dq| ri

wkh wkuhh dffrxqwlqj lwhpv %�|n�/ _|n� dqg EK�|n� � %2|n��1 Wkxv/ +l, w�2 n w�� ' fc +ll,

we2 n we� ' fc dqg +lll, w�2 n w�� ' w22 n w2�1 Qrwh wkdw FVU lpsolhv wkh iroorzlqj OLG

sdudphwhu uhvwulfwlrqv=

w�� n w2� � w�� � we� ' f
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w�2 n w22 � w�2 � we2 ' f

w�� n w2� � w�� � we� ' ��

w�e n w2e � w�e � wee ' f

+l,/ +lll, dqg wkh vhfrqg dqg wklug OLG uhvwulfwlrqv iurp FVU lpso| wkdw we2nwe� ' ��� Wklv

lv lqfrqvlvwhqw zlwk +ll,1 Wkhuhiruh/ wklv w|sh ri iruhfdvwlqj luuhohydqfh lv lqihdvleoh1

9 Dsshqgl{ E

Iurp D5 dqg OLG=

.|dEq�c q2c q�c qe n �� h~|n�o ' -�|

dqg

Eq�c q2c q�c qe n ��l~| ' -Eq�c q2c q�c qe�~|

jlyh

Eq�c q2c q�c qe n ��l�-Eq�c q2c q�c qe� ' f

Wklv lv htxlydohqw wr wkh iroorzlqj irxu htxdwlrq v|vwhp=

Ew�� �-�q� n w2�q2 n w��q� n we�qe ' �we� +4,

w�2q� n Ew22 �-�q2 n w�2q� n we2qe ' �we2 +5,

w��q� n w2�q2 n Ew�� �-�q� n we�qe ' �we� +6,

w�eq� n w2eq2 n w�eq� n Ewee �-�qe ' �wee +7,

Iurp +4,/ +5,/ +6,/ +7, dqg qe ' q� � � +l1h1 PP4, zh kdyh=

Ew�� �-�q� n w2�q2 n Ew�� n w2��q� ' f +8,
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w�2q� n Ew22 �-�q2 n Ew�2 n w22�q� ' f +9,

w��q� n w2�q2 n Ew�� n w2� n ��-�q� ' f +:,

w�eq� n w2eq2 n Ew�e n w2e �-�q� n- ' f +;,

Surri ri Ohppd 41 Li q� ' q2c +8, dqg +9, lpso|=

Ew�� n w2� �-�q2 n Ew�� n w2��q� ' f +<,

Ew�2 n w22 �-�q2 n Ew�2 n w22�q� ' f

Ew�� n w2� � w�2 � w22�Eq2 n q�� ' f

Xqghu YL04/ q2 ' �q� lv lpsrvvleoh/ rwkhuzlvh/ q� ' q2 ' q� ' f , qe ' ��� Krzhyhu/

qe ' �� grhv qrw vdwlvi| +7,/ khqfh=

w�� n w2� ' w�2 n w22 +43,

+:, lpsolhv=

Ew�e n w2e n-� ��q2 n Ew�e n w2e�q� ' f

Wklv/ wrjhwkhu zlwk +<,/ lpsolhv=

#
w�e n w2e
-� �

n
w�� n w2�

-

$
Eq2 n q�� ' f

dqg/ vlqfh q2 9' �q�

w�e n w2e
-� �

n
w�� n w2�

-
' f +44,

Li +43, dqg +44, krog/ +8, dqg +9, lpso|=

Ew�� � w�2 �-�Eq� � q2� ' f
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Wkh uhjxodulw| frqglwlrq lq D4 lpsolhv wkdw w�� � w�2 �- 9' f� Wkhuhiruh q� ' q2�

Surri ri Fruroodu|= Zh vkrz wkdw li q� ' q2c wkhq E-� ��q�n-Eq�� �� ' f� Li q� ' q2c

wkhq +8, dqg +;, lpso| wkdw Ew��n w2��Eq�nq�� ' -q� dqg Ew�en w2e�Eq�nq�� ' -Eq�� ���

Li zh uxoh rxw wkh wulyldo fdvh zkhuh q� ' q2 ' qe ' f dqg q� ' �/ wkhq w�� n w2� 9' f�

+44, ixuwkhu lpsolhv E- � ��q� n -Eq� � �� ' f� Iurp YDO05/ lw iroorzv wkdw fxuuhqw errn

ydoxh dqg djjuhjdwh deqrupdo hduqlqjv duh vx!flhqw iru ydoxdwlrq dqg YDO05 uhgxfhv wr wkh

h{suhvvlrq lq wkh Fruroodu|1

Surri ri Sursrvlwlrq 5= Wkh �uvw sduw ri Sursrvlwlrq 5 vwdwhv wkdw IL05 lpsolhv YL051

Iurp YDO04/ D5 dqg D6/ q�%�| n q2%2| n q�K| n qe_| ' K| n
S
"

r'�-
3r.|dh%@|nro� Lw lv fohdu

wkdw dq| dffrxqwlqj lwhp wkdw lv luuhohydqw lq suhglfwlqj %@|nr zloo eh luuhohydqw lq ydoxdwlrq1

Li IL05 krogv/ .dh%@
|nrm~|o ' .dh%@|nrm%�|c K|c _|o iru doo r � � dqg YL05 iroorzv/ l1h1 q� 9' q2 ' f1

Wklv fdq eh frq�uphg e| frqvlghulqj wkh OLG uhvwulfwlrqv lpsolhg e| IL05/ dvvxplqj %�| lv

qrw iruhfdvwlqj luuhohydqw/ l1h1 w�� n w2� 9' f=

+d, Iurp DEHG04/ rqh shulrg dkhdg iruhfdvwlqj luuhohydqfh ri %2| iru deqrupdo hduqlqjv

uhtxluhv w�2 n w22 ' f1

+e, IL05 dovr uhtxluhv %2| wr eh luuhohydqw lq pxowl0shulrg iruhfdvwlqj ri deqrupdo hduqlqjv1

Wkhuh duh wzr srvvleoh vhwv ri OLG uhvwulfwlrqv wkdw uxoh rxw d pxowl0shulrg iruhfdvwlqj

uroh iru %2|=

+e04, w�2 ' w22 ' w�2 ' we2 ' f= Li w��nw2� 9' f dqg w�enw2e 9' f wkhq iurpDEHG04 dqg

wkh gh�qlwlrq ri IL05 zh uhtxluh wkdw %�|n�c K|n� dqg _|n� vkrxog eh lqghshqghqw

ri %2|c l1h1 w�2 ' w�2 ' we2 ' f� Lq wklv fdvh/ iurp +d, deryh zh dovr kdyh w22 ' f�
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Lq rwkhu zrugv/ %2| kdv qr iruhfdvwlqj delolw| iru rwkhu dffrxqwlqj lwhpv1 Wklv lv

wkh iruhfdvwlqj luuhohydqfh fdvh glvfxvvhg lq Vwdun +4<<:,1

+e05, w�2 ' w�� ' w�e ' w2e ' f= Li w�� n w2� 9' f dqg w�e n w2e ' f wkhq/ iurp DEHG04

dqg wkh gh�qlwlrq ri IL05 zh uhtxluh wkdw %�|n� vkrxog eh lqghshqghqw ri doo rwkhu

dffrxqwlqj lwhpv/ l1h1 w�2 ' w�� ' w�e ' f�

Li IL05 krogv dv d uhvxow ri +d, dqg +e04, wkhq YL05 +q� 9' q2 ' f� iroorzv iurp +9,1

Li IL05 krogv dv d uhvxow ri +d, dqg +e05, wkhq YL05 +q� 9' q2 ' f� iroorzv iurp +:, dqg

PP051

Wkh vhfrqg sduw ri Sursrvlwlrq 5 lghqwl�hv wkh OLG uhvwulfwlrqv dgglwlrqdo wr wkrvh lpsolhg

e| q2 ' f qhfhvvdu| wr hqvxuh IL051 Wkh wzr fdvhv lq wkh Sursrvlwlrq fruuhvsrqg/ uhvshfwlyho|/

wr wkh OLG iruhfdvwlqj luuhohydqfh frqglwlrqv +d, dqg +e04, dqg +d, dqg +e05, deryh/ dv iroorzv=

Uhvwulfwlrq +l,= Li q2 ' fc dqg w�2 n w22 ' fc wkhq wkh vhfrqg htxdwlrq +9, lpsolhv

w�2q� ' f� Vlqfh q� 9' f xqghu YL05/ w�2 ' w22 ' f� FVU lpsolhv wkdw w�2nwe2 ' w�2nw22 ' f�

Wkxv/ w�2 ' f / we2 ' f� Wkdw lv/ YL05 dqg uhvwulfwlrq +l, lq Sursrvlwlrq 5 wrjhwkhu hqvxuh

frqvlvwhqf| zlwk IL051 Krzhyhu/ YL05 dorqh grhv qrw lpso| IL051

Uhvwulfwlrq +ll,= Wkh surri ri w�2 ' w22 ' f lv lghqwlfdo wr uhvwulfwlrq +l,� Iurp w�e '

w2e ' fc PP5 dqg +:, zh rewdlq w�� ' fc ehfdxvh q� 9' f� Wkdw lv/ YL05 dqg uhvwulfwlrq +ll,

lq Sursrvlwlrq 5 wrjhwkhu hqvxuh frqvlvwhqf| zlwk IL051 Krzhyhu/ YL05 dorqh grhv qrw lpso|

IL051

Surri ri Sursrvlwlrq 6= Wkh �uvw sduw ri Sursrvlwlrq 6 lv vlplodu wr wkh surri ri wkh �uvw

sduw ri Sursrvlwlrq 51 Li IL06 krogv/ .dh%@
|nrm~|o ' .dh%@

|nrm%�|c K|c _| � %2|o iru doo r � �� _|

dqg %2| kdyh h{dfwo| htxdo dqg rssrvlwh lqirupdwlrq lq iruhfdvwlqj deqrupdo hduqlqjv1 Wkxv
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YL06 iroorzv/ l1h1 q� 9' q2 ' �qe1 Wklv fdq eh frq�uphg e| frqvlghulqj wkh OLG uhvwulfwlrqv

lpsolhg e| IL05/ dvvxplqj %�| lv qrw iruhfdvwlqj luuhohydqw/ l1h1 w�� n w2� 9' f=

+f, Iurp DEHG06/ rqh shulrg dkhdg iruhfdvwlqj luuhohydqfh ri %2| iru deqrupdo hduqlqjv

uhtxluhv w�2 n w22 n w�e n w2e ' f1

+g, IL06 dovr uhtxluhv %2| wr eh luuhohydqw lq pxowl0shulrg iruhfdvwlqj ri deqrupdo hduqlqjv1

Wkhuh duh wzr srvvleoh vhwv ri OLG uhvwulfwlrqv wkdw uxoh rxw d pxowl0shulrg iruhfdvwlqj

uroh iru %2|=

+g04, w�� n w2� ' -
�3-

Ew�e n w2e� dqg w22 ' -3�
-

w2� ' �w2� ' �w2e= Zkhq +f, krogv zh

fdq uhzulwh DEHG05 dv

h%@
|n� ' Ew�� n w2� n w�e n w2e�%

@
�| n d-Ew�e n w2e� n E-� ��Ew�� n w2��oK|3� n 0|n�

zkhuh %@
�| ' %�| � E- � ��K|3�1 Li zh dvvxph wkdw w�� n w2� ' -

�3-
Ew�e n w2e�

+rwkhuzlvh fdvh +g05, ehorz dssolhv, wkh gh�qlwlrq ri IL06 uhtxluhv w22 ' -3�
-

w2� '

�w2� ' �w2e dqg %2|n� ' w22
-3�

%@�| n 0�2|n�� Vshfl�fdoo| wklv lv frqvlvwhqw zlwk

Rkovrq+4<<<, li %2|n� lv xqsuhglfwdeoh/ l1h1 w2� ' f E� ' � � e�1 Wkxv h%@
�|n� '

w��nw2�
-

%@
�| n 0

�

�|n� dqg h%@
|n� ' w��nw2�

-
%@
�| n 0|n�� Wkhuhiruh/ h%@|n� lv lqghshqghqw ri

%2|�

+g05, w�2 n w�e ' w22 n w2e ' w�2 n w�e ' we2 n wee ' f= Li w�� n w2� 9' f wkhq iurp

DEHG06 dqg wkh gh�qlwlrq ri IL06 zh uhtxluh wkdw %�|c K| dqg _| � %2| vkrxog eh

lqghshqghqw ri %2|c l1h1 w�2 n w�e ' w�2 n w�e ' f dqg we2 n wee ' w22 n w2e� Iurp

wkh OLG uhvwulfwlrqv gxh wr FVU ghvfulehg lq Dsshqgl{ D/ zh nqrz we2n wee ' f�
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YL06 +q2 n qe ' f� iroorzv gluhfwo| iurp +9, dqg +;, xqghu erwk +f, dqg +g04, dqg +f, dqg

+g05,1

Wkh vhfrqg sduw ri Sursrvlwlrq 5 lghqwl�hv wkh OLG uhvwulfwlrqv dgglwlrqdo wr wkrvh lpsolhg

e| q2nqe ' f qhfhvvdu| wr hqvxuh IL061 Li q2nqe ' f dqg xvlqj PP4/ wkh htxdwlrq v|vwhp

+8,0+;,ehfrphv

Ew�� �-�q� n w��qe n w�� n w2� ' f +45,

w�2q� n E- n w�2�qe n w�2 n w22 ' f +46,

w��q� n Ew�� n ��-�qe n w�e n w2e ' f +47,

w�eq� n Ew�e �-�qe n w�e n w2e ' f +48,

Wkh wzr fdvhv lq Sursrvlwlrq 6 fruuhvsrqg/ uhvshfwlyho|/ wr wkh OLG iruhfdvwlqj luuhohydqfh

frqglwlrqv +f, dqg +g04, dqg +f, dqg +g05, deryh/ dqg fdq eh dqdo|}hg dv iroorzv=

Uhvwulfwlrq +l,= Li w�2 n w�e ' fc dgglqj +46, dqg +48, zh rewdlq w22 n w2e ' f� Wkxv

frqglwlrq +f, dqg +g04, krog jlyhq uhvwulfwlrq +l,1 Qrwh wkdw li w2� ' fc E� ' ����e�c dgglqj

+46, dqg +48, zh rewdlq +w�2 n w�e�Eq� n qe n �� ' f� Dgglqj +45, dqg +48, zh rewdlq

+w�� n w�e�-�Eq� n qe n �� ' �-� Wkhvh wrjhwkhu lpso| q� n qe n � 9' f dqg w�2 n w�e ' f�

Uhvwulfwlrq +ll,= Li w�2nw�e ' fc zh nqrz w22nw2e ' f� Ixuwkhu wkh OLG uhvwulfwlrqv iurp

FVU lq Dsshqgl{ D lpso| w�2 n w�e ' f / we2 n wee ' f1 Wkxv +f, dqg +g05, krog dqg %2|

lv w|sh IL06 iruhfdvwlqj luuhohydqw1

Surri ri DEHG07= Dv lq Rkovrq +4<<<,/ dvvxph /�� n /�2 ' /�� ' f dqg wkdw wkh

frh!flhqw rq K|3� lq YDO05 lv }hur +l1h1 E-� ��q� n-qe ' f�1 YDO05 lpsolhv=

�| ' K| n Eq� � q2�%
@
�|
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Iurp /�� n /�2 ' fc +46,/ +48, lpso| +w�2 n w�e�Eq� n qe� ' f� Frpelqlqj wklv zlwk

E- � ��q� n -qe ' f zh rewdlq +w�2 n w�e�q� ' f� Li q� 9' f +rwkhuzlvh �| ' K|� wkhq

w�2 n w�e ' f dqg w22 n w2e ' f�

Iurp /�� ' fc +45, dqg +46, zh rewdlq ^E-� ��w���-w�2�-2oq� n-2q� ' f� Li q� 9' f

wkhq +-� ��w�� �-w�2 ' f dqg E-� ��w2� �-w22 ' f1

Iurp E-� ��q�n-qe ' fc +47, dqg +48, lpso| +w��� w�en��-�q� ' f� Li q� 9' f wkhq

w�� � w�e n ��- ' f� Wrjhwkhu zlwk PP5/ zh kdyh w2� ' w2e�

Wkhuhiruh/ wkh g|qdplfv iroorzhg e| %@
| dqg %2| duh dv iroorzv=

h%@|n� ' w22 � w�� �-n �

-� �
%@
�| n 0�|n�

h%2|n� ' w22
-� �

%@| �
w22

-� �
%2| n 0

�

2|n� '
w22

-� �
%@
�| n 0

�

2|n�
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Dfnqrzohgjphqwv

Wkh dxwkruv judwhixoo| dfnqrzohgjh wkh �qdqfldo vxssruw ri wkh Hfrqrplf dqg Vrfldo

Uhvhdufk Frxqflo xqghu dzdug &U33356:9961 Zh dssuhfldwh wkh pdq| khosixo frpphqwv

uhfhlyhg iurp Mlp Rkovrq/ Nhq Shdvqhoo dqg Dqg| Vwdun rq hduolhu yhuvlrqv ri wkh sdshu1

Qrwhv

41 Lq rughu wr uhodwh rxu uhvxowv wr Rkovrq +4<<<,/ zh fdq odeho wkh wzr frpsrqhqwv dv

�fruh hduqlqjv� +%�|, dqg �wudqvlwru| hduqlqjv� +%2|, lq vrph ri wkh dqdo|vlv wkdw iroorzv1

51 Dq dowhuqdwlyh dqdo|vlv/ lqyroylqj wkh ghulydwlrq ri wkuhh vhwv ri vx!flhqw frqglwlrqv

frqvlvwhqw zlwk wkh rwkhu prgho dvvxpswlrqv dqg hdfk ohdglqj wr d xqltxh prgho vroxwlrq lv

dydlodeoh iurp wkh dxwkruv rq uhtxhvw1 Doo wkh uhvxowv suhvhqwhg ehorz duh xqd�hfwhg e| wkh

xvh ri wklv pruh uhvwulfwlyh uhjxodulw| frqglwlrq1

61 Htxlydohqwo|/ wkh fohdq vxusoxv uhodwlrq fdq eh h{suhvvhg dv E�c �c��c���l ' Efc fc��c f��

71 Xqghu fhuwdlq flufxpvwdqfhv/ lqfoxglqj zkhq q� ' q2/ zh qhhg rqo| lpsrvh wkh zhdnhu

uhvwulfwlrq YE%�| n %2|�*Y_| ' f lq sodfh ri Y%�|*Y_| ' f dqg Y%2|*Y_| ' f1

81 YDO05 pd| vhhp wr lpso| wkdw %2c| dqg K|3� fdq eh lqghshqghqwo| uhohydqw lq ydoxdwlrq1

Krzhyhu/ dv qrwhg e| Rkovrq +4<<<,/ FVU doorzv dq| rqh hohphqw ri +%�|c %2|c K|c K|3�c _|� wr

eh lqihuuhg iurp wkh rwkhu irxu1 Wklv uhgxqgdqf| phdqv wkdw rqh dffrxqwlqj yduldeoh lq

YDO05/ vxfk dv K|3�c fdq eh uhsodfhg e| d frpelqdwlrq ri wkh rwkhu irxu hohphqwv1

91 Djdlq/ DEHG05 pd| vhhp wr lpso| wkdw %2c| dqg K|3� fdq eh lqghshqghqwo| uhohydqw lq

iruhfdvwlqj deqrupdo hduqlqjv1 Exw uhgxqgdqf| gxh wr FVU phdqv wkdw dq| rqh dffrxqwlqj

yduldeoh lq DEHG05/ vxfk dv K|3�c fdq eh uhsodfhg e| d frpelqdwlrq ri wkh rwkhu irxu hohphqwv1

:1 Wkhuhiruh zh frxog dovr uhvwdwh wkh ydoxdwlrq uhodwlrq xqghu YL05 dv= �| ' Eq�nqe�%�|n

K|nqeEK|3�n%2|� ' �q�EK|3�n%2|�nEq�nq��K|nEq�nqe�_| ' Eq�nq��%�|�_|nq�EK|3�n%2|�
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;1 Lq iruhfdvwlqj deqrupdo hduqlqjv/ EK|3� n %2|� frxog eh lqwurgxfhg wr uhsodfh dq| rqh

ri wkh rwkhu wkuhh dffrxqwlqj lwhpv1 Wkhuhiruh zh frxog dovr uhvwdwh IL05 dv .dh%@
|nrm~|o '

.dh%@
|nrm%�|c K|c EK|3� n %2|�o ' .dh%@

|nrmK|c _|c EK|3� n %2|�o ' .dh%@|nrm%�|c _|c EK|3� n %2|�o�

<1 Qrwh wkdw iurpPP5 wkh uljkw kdqg whup lq Ohppd 4 lv dovr htxdo wr-n -
�3-

Ew��nw2���

Wklv uhvxow lv dovr rewdlqhg lq Vwdun*v +4<<:, Sursrvlwlrq 4 dqg Ohppd 41

431 H{lvwhqfh frqglwlrqv iru d xqltxh prgho vroxwlrq dqg /�2 ' f lpso| wkdw /�� ' f�

Sursrvlwlrq 4 lq Vwdun +4<<:, vxjjhvwv wkdw /�2 ' f lv qhfhvvdu| dqg vx!flhqw iru q� ' q2�

Wkh dgglwlrqdo lqvljkw khuh frqfhuqlqj wkh htxlydohqfh ri IL04 dqg YL04 lv srvvleoh ehfdxvh

ri frqvlghudwlrq ri wkh lqwhuqdo frqvlvwhqf| ri wkh prgho1

441 Ghwdlov ri wkh ghulydwlrq duh dydlodeoh rq uhtxhvw1

451 Whvwv ri ydoxdwlrq uhohydqfh pd| eh edvhg rq wkh uhodwlrq ehwzhhq wkh ohyho ri

pdunhw ydoxh dqg dffrxqwlqj lwhpv +ohyhov vwxglhv, ru wkh uhodwlrq ehwzhhq vwrfn uhwxuqv dqg

dffrxqwlqj lwhpv +uhwxuqv vwxglhv,1 Lw lv srvvleoh wr ghulyh h{suhvvlrqv iru uhwxuqv iurp rxu

prgho1 Zh glvfxvv wkh lpsolfdwlrqv ri rxu dqdo|vlv iru ohyhov vwxglhv1 Jhqhudoo|/ wkh| zloo

dovr dsso| wr uhwxuqv vwxglhv1

461 Vhh Eduwk/ Ehdyhu/ Kdqg dqg Odqgvpdq +4<<<, iru d uhfhqw h{dpsoh ri dq hpslulfdo

vwxg| edvhg rq Rkovrq +4<<<,1

471 Frqvlvwhqw zlwk wkh hduolhu dqdo|vlv/ wklv glvfxvvlrq ljqruhv wkh uroh ri �rwkhu lqiru0

pdwlrq�1 Zkhq YL04 krogv/ �qdqfldo vwdwhphqw lqirupdwlrq iru ydoxdwlrq kdv rqh glphqvlrq

dqg wkh prgl�hg dxwruhjuhvvlyh prgho ri deqrupdo hduqlqjv surgxfhv wkh vdph iruhfdvwv ri

deqrupdo hduqlqjv dv pruh jhqhudo deqrupdo hduqlqjv g|qdplfv vxfk dv DEHG051
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Uhihuhqfhv

Eduwk/ P1H1/ Z1K1 Ehdyhu/ M1U1P1 Kdqg dqg Z1U1 Odqgvpdq +4<<<, �Dffuxdov/ Fdvk

Iorzv/ dqg Htxlw| Ydoxh1� Uhylhz ri Dffrxqwlqj Vwxglhv/ 627 iruwkfrplqj1

Hgzdugv/ H1R1 dqg S1Z1 Ehoo +4<94, Wkh Wkhru| ri dqg Phdvxuhphqw ri Exvlqhvv Lqfrph/

Xqlyhuvlw| ri Fdoliruqld Suhvv1

Ihowkdp/ J1D1 dqg M1D1 Rkovrq +4<<8, �Ydoxdwlrq dqg Fohdq Vxusoxv Dffrxqwlqj iru

Rshudwlqj dqg Ilqdqfldo Dfwlylwlhv/� Frqwhpsrudu| Dffrxqwlqj Uhvhdufk 44/ 9;<0:651

Ploohu/ P1 dqg I1 Prgljoldql +4<94, �Glylghqg Srolf|/ Jurzwk dqg wkh Ydoxdwlrq ri

Vkduhv1� Mrxuqdo ri Exvlqhvv/ 67/ 74407661

Prgljoldql/ I1 dqg P1 Ploohu +4<8;, �Wkh Frvw ri Fdslwdo/ Frusrudwlrq Ilqdqfh dqg wkh

Wkhru| ri Lqyhvwphqw1� Dphulfdq Hfrqrplf Uhylhz/ [OYLLL/ 59405<:1

Rkovrq/ M1D1 +4<;<, �Dffrxqwlqj Hduqlqjv/ Errn Ydoxh/ dqg Glylghqgv= Wkh Wkhru|

ri wkh Fohdq Vxusoxv Htxdwlrq1� lq U1S1 Eulhi dqg N1Y1 Shdvqhoo/ Fohdq Vxusoxv0D Olqn

Ehwzhhq Dffrxqwlqj dqg Ilqdqfh +4<<9,/ Qhz \run= Jduodqg Sxeolvklqj1

Rkovrq/ M1D1 +4<<8, �Hduqlqjv/ Errn Ydoxhv dqg Glylghqgv lq Htxlw| Ydoxdwlrq1� Frq0

whpsrudu| Dffrxqwlqj Uhvhdufk/ 44/ 99409;:1

Rkovrq/ M1D1 +4<<<, �Rq Wudqvlwru| Hduqlqjv1� Uhylhz ri Dffrxqwlqj Vwxglhv/ 627 iruwk0

frplqj1

Shdvqhoo/ N1Y1 +4<;5, �Vrph Irupdo Frqqhfwlrqv Ehwzhhq Hfrqrplf Ydoxhv dqg \lhogv

dqg Dffrxqwlqj Qxpehuv1� Mrxuqdo ri Exvlqhvv Ilqdqfh dqg Dffrxqwlqj/ 69406;41

Vwdun/ D +4<<:, �Olqhdu Lqirupdwlrq G|qdplfv/ Glylghqg Luuhohydqfh/ Frusrudwh Ydoxd0

wlrq dqg wkh Fohdq Vxusoxv Uhodwlrqvkls1� Dffrxqwlqj dqg Exvlqhvv Uhvhdufk/ 5:/ 54<055;1
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