


Whvwv iru wkh Qxoo K|srwkhvlv ri Frlqwhjudwlrq= d Prqwh Fduor

Frpsdulvrq

Ydvfr M1 JdeulhoW

Iheuxdu| 5334

Devwudfw

Wkh dlp ri wklv sdshu lv wr frpsduh wkh uhodwlyh shuirupdqfh ri vhyhudo whvwv iru wkh qxoo

k|srwkhvlv ri frlqwhjudwlrq/ lq whupv ri vl}h dqg srzhu lq �qlwh vdpsohv1 Wklv lv fduulhg

rxw uhvruwlqj wr Prqwh Fduor vlpxodwlrqv/ frqvlghulqj d udqjh ri sodxvleoh gdwd0jhqhudwlqj

surfhvvhv1 Dv ri wklv zulwlqj/ wkhuh lv qr vwxg| surylglqj jxlgdqfh rq wkh xvh ri wklv w|sh ri

surfhgxuhv lq hpslulfdo vlwxdwlrqv/ zlwk wkh h{fhswlrq ri wkh olplwhg vwxglhv ri PfFdeh hw do1

+4<<:, dqg Kdxj +4<<9,1 Zh dovr dqdo|vh wkh lpsdfw rq vl}h dqg srzhu ri fkrrvlqj gl�huhqw

surfhgxuhv wr hvwlpdwh wkh orqj uxq yduldqfh ri wkh huuruv1 Zh irxqg wkdw wkh sdudphwulfdoo|

dgmxvwhg whvw ri PfFdeh hw do1 +4<<:, lv wkh prvw zhoo0edodqfhg whvw lq whupv ri srzhu dqg

vl}h glvwruwlrqv1

Nh| Zrugv = Frlqwhjudwlrq> Whvwv> Prqwh Fduor

MHO Fodvvl�fdwlrq= F45> F55

WGhsduwphqw ri Hfrqrplfv/ Elunehfn Froohjh/ XN dqg Xqlyhuvlw| ri Plqkr/ Sruwxjdo +hpdlo= ym0

jdeulhoChhj1xplqkr1sw,

4



4 Lqwurgxfwlrq

Wkh sureohp ri whvwlqj iru frlqwhjudwlrq dprqj hfrqrplf yduldeohv kdv ehhq d fhqwudo lvvxh lq

wkh olwhudwxuh ri frlqwhjudwhg wlph vhulhv1 Xvxdoo|/ whvwlqj lv fduulhg rxw e| phdqv ri uhvlgxdo

edvhg surfhgxuhv wkdw frqvlvw ri h{whqvlrqv ri xqlw urrw whvwv/ wkdw lv/ rqh whvwv zkhwkhu wkh

uhvlgxdov iurp wkh frlqwhjudwlqj uhjuhvvlrq frqwdlq d xqlw urrw ru/ e| frqwudvw/ duh L+3,1 Wkh

qxoo k|srwkhvlv lv/ wkxv/ ri qr frlqwhjudwlrq/ djdlqvw wkh dowhuqdwlyh ri frlqwhjudwlrq1 Krzhyhu/

wklv dssurdfk vhhpv xqqdwxudo/ hvshfldoo| li rqh wdnhv wkh h{lvwhqfh ri d orqj uxq htxloleulxp

uhodwlrqvkls ehwzhhq wkh yduldeohv dv wkh k|srwkhvlv ri lqwhuhvw/ vwhpplqj iurp hfrqrplf wkhru|

+iru h{dpsoh/ wkh olqn ehwzhhq frqvxpswlrq dqg glvsrvdeoh lqfrph,1 Zlwk frlqwhjudwlrq dv wkh

qxoo k|srwkhvlv/ rqh zrxog uhmhfw lw rqo| li wkh gdwd zrxog surylgh vwurqj hylghqfh djdlqvw wkh

pdlqwdlqhg k|srwkhvlv/ xqolnh wkh vlwxdwlrq zkhuh wkh k|srwkhvhv duh uhyhuvhg1

Wkhuh kdyh ehhq vrph dwwhpswv wr whvw gluhfwo| iru frlqwhjudwlrq41 Rqh urxwh kdv ehhq wr

h{whqg h{lvwlqj xqlyduldwh whvw surfhgxuhv wr whvw iru dq L+3, qxoo djdlqvw dq L+4, dowhuqdwlyh/ vxfk

dv wkh whvwv dgyrfdwhg e| Nzldwnrzvnl/ Skloolsv/ Vfkplgw dqg Vklq +4<<5/ khqfhiruwk NSVV,/

Oh|erxuqh dqg PfFdeh +4<<7, dqg Vdlnnrqhq dqg Oxnnrqhq +4<<6,/ dprqj rwkhuv +vhh Vwrfn/

4<<7 iru d vxuyh|,1 Wkhvh whvwv hphujhg iurp wkh dssduhqwo| xquhodwhg olwhudwxuh rq whvwlqj iru

xqlw prylqj dyhudjh urrwv +vhh Wdqdnd/ 4<<3/ iru h{dpsoh, dqg whvwlqj wlph0ydu|lqj sdudphwhuv

+vhh Qdeh|d dqg Wdqdnd/ 4<;;/ lqwhu dold,/ dqg duh rqh0vlghg OP whvwv zlwk dv|pswrwlf rswlpdo

orfdo srzhu surshuwlhv +vhh Vwrfn/ 4<<7,1 Lq wklv zd|/ Oh|erxuqh dqg PfFdeh +4<<6,/ Vklq

+4<<7,/ Kduulv dqg Lqghu +4<<7, dqg PfFdeh/ Oh|erxuqh dqg Vklq +4<<:, ghylvhg whvwv wkdw

jhqhudol}h wkh vr0fdoohg NSVV vwdwlvwlf wr wkh frqwh{w ri frlqwhjudwlrq1 Wkh pdlq gl�huhqfh

ehwzhhq wkhvh yhuvlrqv olhv rq wkh sursrvhg hvwlpdwlrq phwkrg wr rewdlq wkh uhvlgxdov dqg wkh

yduldqfh/ vxevhtxhqwo| xvhg wr frqvwuxfw wkh whvw vwdwlvwlf1

D uhodwhg whvw zdv vxjjhvwhg e| Kdqvhq +4<<5,/ dowkrxjk lw zdv sulpdulo| frqfhlyhg wr

whvw iru sdudphwhu lqvwdelolw| lq frlqwhjudwlrq prghov1 Xqghu wkh dowhuqdwlyh k|srwkhvlv/ hdfk

frh!flhqw lq wkh prgho lv doorzhg wr iroorz d udqgrp zdon/ vr e| whvwlqj wkh vwdelolw| ri wkh

hvwlpdwhg sdudphwhuv/ rqh lv dovr whvwlqj iru frlqwhjudwlrq1 Rq wkh rwkhu kdqg/ Sdun +4<<3,

ghyhorshg d whvw iru wkh qxoo ri frlqwhjudwlrq edvhg rq wkh dgglwlrq ri vxshu xrxv uhjuhvvruv

wr wkh frlqwhjudwlqj uhjuhvvlrq1 Pruh uhfhqwo|/ [ldr +4<<<, sursrvhg d uhvlgxdo edvhg whvw wkdw

h{dplqhv wkh  xfwxdwlrq ri wkh uhvlgxdov iurp d uhjuhvvlrq1

Wkh dlp ri wklv sdshu lv wr frpsduh wkh uhodwlyh shuirupdqfh ri wkhvh whvwlqj dssurdfkhv/

lq whupv ri vl}h dqg srzhu lq �qlwh vdpsohv1 Wklv lv fduulhg rxw uhvruwlqj wr Prqwh Fduor

vlpxodwlrq/ frqvlghulqj d udqjh ri sodxvleoh gdwd0jhqhudwlqj surfhvvhv1 Dv ri wklv zulwlqj/ wkhuh

4Ghvslwh wkh �frqfhswxdo slwidoov� glvfxvvhg e| Skloolsv dqg Rxoldulv +4<<3,1
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lv qr vwxg| surylglqj jxlgdqfh rq wkh xvh ri wklv w|sh ri surfhgxuhv lq hpslulfdo vlwxdwlrqv/

zlwk wkh h{fhswlrq ri wkh olplwhg vwxglhv ri PfFdeh hw do1 +4<<:, dqg Kdxj +4<<9,1 Pruhryhu/

lw zrxog eh xvhixo wr nqrz zklfk whvwv duh ehvw vxlwhg iru frqgxfwlqj frq�updwru| dqdo|vlv/

wkdw lv/ dsso|lqj whvwv iru wkh qxoo ri frlqwhjudwlrq lq frqmxqfwlrq zlwk wkh vwdqgdug whvwv iru

wkh qxoo ri qr frlqwhjudwlrq1 Li wkh wzr dssurdfkhv jlyh frqvlvwhqw uhvxowv +l1h1/ wkhuh lv dq

dffhswdqfh dqg d uhmhfwlrq ri wkh qxoov,/ rqh pd| frqfoxgh zkhwkhu wkh vhulhv duh frlqwhjudwhg

ru qrw/ zkhuhdv li erwk whvwv hlwkhu uhmhfw ru dffhsw wkhlu uhvshfwlyh qxoo k|srwkhvhv/ wkh uhvxowv

duh lqfrqfoxvlyh1 Vhh/ iru h{dpsoh/ Vklq +4<<7, dqg Pdggdod dqg Nlp +4<<;, iru d glvfxvvlrq/

dv zhoo dv Fkduhp}d dqg V|f}hzvnd +4<<;, dqg Fduulrq0l0Vloyhvwuh/ Vdqvö0l0Urvvhooö dqg Ruwxôr

+5334, iru dq dssolfdwlrq wr wkh xqlyduldwh fdvh1

Ehvlghv wkh glvwlqfwlrqv lq wkh zd| hdfk whvw lv frqvwuxfwhg/ dqrwkhu lpsruwdqw lvvxh lqyhvwl0

jdwhg lq wklv sdshu lv wkh lpsdfw rq vl}h dqg srzhu ri fkrrvlqj gl�huhqw surfhgxuhv wr hvwlpdwh

wkh orqj uxq yduldqfh ri wkh huuruv1 Prvw ri wkh whvwv dqdo|}hg khuh ghshqg rq wkh hvwlpdwlrq ri

wklv qxlvdqfh sdudphwhu/ dqg lw lv zhoo nqrzq wkdw wkh xvh ri vhpl0sdudphwulf hvwlpdwruv pd|

ohdg wr vxevwdqwldoo| ryhuvl}hg whvwv lq vdpsohv ri vpdoo vl}h1 Vrph uhvxowv duh nqrzq iru vwd0

wlrqdulw| whvwv +vhh Ohh/ 4<<9 dqg Krelmq/ Iudqvhv dqg Rrpv/ 4<<;,/ exw wkhuh lv olwwoh hylghqfh

frqfhuqlqj whvwv iru frlqwhjudwlrq/ dowkrxjk rqh pd| h{shfw vlplodu frqfoxvlrqv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv d jhqhudo prgho ri frlqwhjudwlrq dqg

uhylhzv wkh phwkrgv iru hvwlpdwlqj wkh orqj uxq yduldqfh1 Lq vhfwlrq 6/ wkh whvwv iru wkh qxoo

ri frlqwhjudwlrq duh suhvhqwhg1 Wkh GJSv iru wkh Prqwh Fduor h{shulphqwv/ dv zhoo dv wkh

vlpxodwlrq uhvxowv/ duh dqdo|vhg lq vhfwlrq 71 Vhfwlrq 8 vxppdul}hv dqg frqfoxghv1

5 Wkh Prgho

Vlqfh hdfk whvw zdv ghulyhg xqghu d vshfl�f prgho/ lw lv gl!fxow wr suhvhqw d frpprq irupxodwlrq

iru doo whvwv1 Qhyhuwkhohvv/ zh pd| zulwh d jhqhudo prgho dv

|| @ �. {
�

|
� . x|> +4,

zkhuh || lv d vfdodu L+4, surfhvv dqg {| lv d yhfwru L+4, surfhvv ri glphqvlrq n/ vxfk wkdw

�{| @ y|/ y| ehlqj d n0yhfwru vwdwlrqdu| surfhvv1 Iru vlpsolflw|/ zh frqfhqwudwh rq wkh vlqjoh

htxdwlrq vshfl�fdwlrq zlwk dq lqwhufhsw/ dowkrxjk pruh jhqhudo vshfl�fdwlrqv frxog eh frqvlghuhg

+h1j1/ frqwdlqlqj wlph wuhqgv,1 Wkh yduldeohv || dqg {| duh vdlg wr eh frlqwhjudwhg li x| lv L+3,/

zkhuhdv li x| lv L+4, wkhuh lv qr orqj uxq htxloleulxp uhodwlrqvkls ehwzhhq || dqg {|=

Vrph whvwv gl�hu rq krz wkh glvwxuedqfh whup lv vshfl�hg xqghu wkh dowhuqdwlyh k|srwkhvlv ri

qr frlqwhjudwlrq/ dv zloo eh vhhq odwhu1 Xqghu wkh qxoo k|srwkhvlv ri frlqwhjudwlrq/ �
|
@ +x|> y

�

|
,�
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iroorzv d jhqhudo vwdwlrqdu| surfhvv reh|lqj vrph plog uhjxodulw| frqglwlrqv +dv vwdwhg lq Skloolsv

dqg Gxuodxi/ 4<;9/ iru h{dpsoh, dqg vdwlv�hv d pxowlyduldwh lqyduldqfh sulqflsoh/ vxfk wkdw

W3�*2
dAoo[
|'�

�| , E+u,> dv W $4=

Khuh/ �,� ghqrwhv zhdn frqyhujhqfh/ ^=` lv wkh lqwhjhu sduw rshudwru dqg E+u, lv d n . 4 gl0

phqvlrqdo Eurzqldq prwlrq gh�qhg rq u 5 ^3> 4`/ zlwk orqj uxq fryduldqfh pdwul{  @ olp
A<"

Y du+W3�*2
S

�|,= Wkhvh frqglwlrqv doorz iru dq| vwdwlrqdu| dqg lqyhuwleoh DUPD surfhvv/ srv0

vleo| zlwk khwhurjhqhrxv lqqrydwlrqv1

Zh sduwlwlrq E+u, frqirupdeo| zlwk �| @ +x|> y
�

|,
� dv E+u, @ ^E�+u,> E2+u,

�`� dqg

 @

5
7 $�� �2

2� 22

6
8 >

zkhuh $�� lv wkh orqj uxq yduldqfh ri x|1 Zh zloo uhvwulfw rxu dwwhqwlrq wr wkh fdvh zkhuh

frlqwhjudwlrq dprqj wkh uhjuhvvruv lv h{foxghg/ vr wkdw �2 lv srvlwlyh gh�qlwh1 Li zh doorz iru

fruuhodwlrq ehwzhhq x| dqg y|/ wkhq dq dv|pswrwlfdoo| h!flhqw hvwlpdwlrq phwkrg vkrxog eh

xvhg wr dffrxqw iru wkh hqgrjhqhlw| ri wkh uhjuhvvruv/ vxfk dv wkh ixoo|0prgl�hg ROV phwkrg

ri Skloolsv dqg Kdqvhq +4<<3, ru wkh ohdgv dqg odjv ROV hvwlpdwru ri Vdlnnrqhq +4<<4,/ iru

h{dpsoh1 Lq wklv fdvh/ zh duh dovr lqwhuhvwhg lq wkh orqj uxq yduldqfh ri x| frqglwlrqdo rq y|/

gh�qhg e| $��2 @ $�� � �2
�

222�> zklfk sod|v dq lpsruwdqw uroh lq wkh frqvwuxfwlrq ri wkh

whvw vwdwlvwlfv vwxglhg lq wklv sdshu1

Wkh orqj uxq yduldqfh lv xvxdoo| hvwlpdwhg iurp

v2+o, @ a�f . 5
,[

�'�

z+m> o,a��> +5,

zkhuh a�� @ W3�
SA

|'�n� ax|ax|3� +m @ 3> 4> ===W, lv wkh hvwlpdwh ri wkh m 0wk dxwrfryduldqfh dqg

z+m> o, lv d nhuqho ixqfwlrq ghshqglqj rq d edqgzlgwk sdudphwhu +ru wuxqfdwlrq odj, o= Wkxv/

wkh hvwlpdwlrq ghshqgv rq wkh fkrvhq nhuqho dqg rq wkh surfhgxuh wr wuxqfdwh wkh qxpehu ri

dxwrfryduldqfhv1

Khuh/ zh frpsduh wkuhh zlgho| xvhg nhuqhov/ qdpho| wkh Sdu}hq/ wkh Eduwohww dqg wkh

Txdgudwlf Vshfwudo +TV, nhuqhov +vhh Dqguhzv/ 4<<4,1 Frqfhuqlqj wkh wuxqfdwlrq odj vhohf0

wlrq/ zh frpsduh dq h{rjhqrxv surfhgxuh vxjjhvwhg e| NSVV +4<<5,/ dprqj rwkhuv/ dqg wkh

gdwd0ghshqghqw edqgzlgwk vhohfwlrq surfhgxuh ri Dqguhzv +4<<4,1 Wkh �uvw phwkrg vhohfwv o

edvhg rq d ghwhuplqlvwlf ixqfwlrq ri wkh vdpsoh vl}h W / qdpho| o+{, @ lqwhjhu^{+W@433,�*e` +vhh

Vfkzhuw/ 4<;</ NSVV/ 4<<5 dqg Ohh/ 4<<9,1 Wkh sureohp khuh lv wkh fkrlfh ri {= li { lv wr

odujh/ wkh orqj uxq yduldqfh zloo eh ryhuhvwlpdwhg dqg wkh whvwv zloo kdyh orz srzhu/ zkhuhdv li
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{ lv vpdoo/ whvwv zloo whqg wr eh ryhuvl}hg1 Zh frqvlghu vhyhudo ydoxhv iru { +{ @ 7> 43> 45> 49,5=

Wkh vhfrqg phwkrg lv gdwd0edvhg dqg qrq0sdudphwulf/ frqvlvwlqj ri rewdlqlqj/ iru d jlyhq nhu0

qho/ wkh rswlpdo edqgzlgwk sdudphwhu vhtxhqfh wkdw plqlpl}hv dv|pswrwlf phdq vtxduh huuruv1

Dqguhzv +4<<4, vxjjhvwhg wkh xvh ri dq dxwrpdwlf soxj0lq edqgzlgwk hvwlpdwru/ zklfk kdv wkh

irup

ao @ 4=447:^a�+4,W `�*�> +Eduwohww nhuqho,

ao @ 5=9947^a�+5,W `�*D> +Sdu}hq nhuqho,

ao @ 4=6554^a�+5,W `�*D> +TV nhuqho,/

zkhuh a�+4, dqg a�+5, duh rewdlqhg iurp �wwlqj DU+4, uhjuhvvlrqv wr wkh uhvlgxdov1 Wklv surfhgxuh

kdv wkh dgydqwdjh ri uhprylqj wkh duelwudulqhvv dvvrfldwhg zlwk wkh fkrlfh ri o dv lq wkh �uvw

phwkrg1

Ixuwkhu uh�qhphqwv kdyh ehhq uhfhqwo| sursrvhg/ qdpho| d �suh0zklwhqlqj� surfhgxuh +vhh

Dqguhzv dqg Prqdkdq/ 4<<5, wkdw �owhuv wkh uhvlgxdov zlwk dq DU uhjuhvvlrq lq rughu wr pdnh

wkhp forvhu wr zklwh qrlvh dqg wkhq fdofxodwh wkh vshfwudo ghqvlw| dw wkh ruljlq1 Krzhyhu/

wklv phwkrg uhqghuv qxoo ri frlqwhjudwlrq whvwv lqfrqvlvwhqw/ vlqfh xqghu wkh dowhuqdwlyh ri qr

frlqwhjudwlrq +l1h1/ d xqlw urrw lq wkh uhvlgxdov, wkh DU hvwlpdwh zrxog eh forvh wr xqlw|/ wkh orqj

uxq yduldqfh zrxog whqg wr lq�qlw| dqg/ wkxv/ wkh whvwv vwdwlvwlfv forvh wr }hur6 +vhh glvfxvvlrq

lq Ohh/ 4<<9 dqg Vklq/ 4<<7,1

Dqrwkhu srvvlelolw| lv wkh surfhgxuh sursrvhg e| Qhzh| dqg Zhvw +4<<7,/ zklfk lv vlplodu wr

wkh phwkrg ri Dqguhzv +4<<4,/ dowkrxjk wkh| xvh qrq0sdudphwulf hvwlpdwlrq wr frqvwuxfw wkh

dxwrpdwlf soxj0lq edqgzlgwk hvwlpdwru/ lqvwhdg ri DU+4, uhjuhvvlrqv1 Wkh dssolfdwlrq ri wklv

phwkrg wr vwdwlrqdulw| whvwv lv grfxphqwhg lq Krelmq hw do1 +4<<;,1 Ghvslwh wkh reylrxv lqwhuhvw

lq frpsdulqj wkh Qhzh|0Zhvw dqg Dqguhzv*v surfhgxuhv/ zh zloo qrw sxuvxh wkdw khuh1

6 Whvwv iru wkh Qxoo K|srwkhvlv ri Frlqwhjudwlrq

Lq wklv vhfwlrq/ zh zloo eulh | ghvfuleh wkh frlqwhjudwlrq whvwv h{dplqhg lq wkh vxevhtxhqw Prqwh

Fduor vwxg|1 Dv vdlg hduolhu/ zh pd| jurxs wkh whvwv lqwr irxu gl�huhqw fdwhjrulhv/ dffruglqj wr

wkh zd| wkh whvw lv frqvwuxfwhg1

5
, ' �f lv wkh ydoxh uhfrpphqghg e| Vklq +4<<7, iru wkh frpsxwdwlrq ri klv whvw1

6Wklv idfw khosv wr h{sodlq wkh srru shuirupdqfh ri qxoo ri frlqwhjudwlrq whvwv lq Kdxj*v +4<<9, vwxg|/ vlqfh kh

xvhv suhzklwhqlqj wr frqvwuxfw wkh whvw vwdwlvwlfv1
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614 Yduldeoh dgglwlrq whvw

Sdun +4<<3, vxjjhvwhg dq dssurdfk iru whvwlqj wkh qxoo k|srwkhvlv ri frlqwhjudwlrq/ zklfk frqvlvwv

ri lqfoxglqj d vhw ri vxshu xrxv uhjuhvvruv }| lq wkh frlqwhjudwlrq uhjuhvvlrq/ vr wkdw

|| @ �. {
�

|
� . }

�

|
� . h|= +6,

Li wkh yduldeohv lq 4 duh wuxo| frlqwhjudwhg/ wkhq wkh dgghg uhjuhvvruv lq 6 zloo qrw eh vljql�fdqw/

zkloh wkh rssrvlwh krogv li wkh uhjuhvvlrq lv vsxulrxv1 Vwdqgdug vljql�fdqfh whvwv +vxfk dv Zdog,

zloo eh deoh wr glvfulplqdwh ehwzhhq wkh wzr vlwxdwlrqv1 Wkh whvw vwdwlvwlf pd| eh zulwwhq dv

M� @
UVV� �UVV2

a$��2

> +7,

zkhuh UVV� dqg UVV2 duh/ uhvshfwlyho|/ wkh uhvlgxdo vxp ri vtxduhv iurp 4 dqg 61 Wkh ghqrp0

lqdwru lv dq hvwlpdwh rewdlqhg zlwk d frqvlvwhqw hvwlpdwru ri wkh +frqglwlrqdo, orqj uxq yduldqfh

ri x|1 D sduwlfxodu dgydqwdjh ri wklv whvw lv wkdw xqghu wkh qxoo k|srwkhvlv ri frlqwhjudwlrq +l1h1/

� @ 3,/ M� kdv d olplwlqj "2+s, glvwulexwlrq/ zkhuh s lv wkh glphqvlrq ri wkh vhw ri vxshu xrxv

uhjuhvvruv/ wkhuhiruh dyrlglqj h{whqvlyh wdexodwlrqv1 Li wkh dowhuqdwlyh lv wuxh/ M� glyhujhv dw d

udwh ghshqghqw rq wkh fkrvhq edqgzlgwk iru a$��2=

Sdun +4<<3, uhfrpphqgv wkh lqfoxvlrq ri wkh prvw luuhohydqw sro|qrpldo wlph wuhqgv ru

duwl�fldoo| jhqhudwhg udqgrp zdonv dv vxshu xrxv uhjuhvvruv1 Iru wkh Prqwh Fduor h{shulphqwv/

zh xvh }| @ +w> w2> w�,= Uhjduglqj wkh hvwlpdwlrq phwkrg/ wkh M� whvw pd| eh lpsohphqwhg zlwk

dq| dv|pswrwlfdoo| h!flhqw surfhgxuh7/ dqg zh xvh wkh Fdqrqlfdo Frlqwhjudwlrq Uhjuhvvlrq

+FFU, phwkrg ghyhorshg e| Sdun +4<<5,/ zklfk lv vlplodu wr IP0ROV81

615 Ioxfwxdwlrq Whvw

D gl�huhqw dssurdfk lv iroorzhg e| [ldr +4<<<,/ e| ghulylqj d uhvlgxdo edvhg whvw iru wkh qxoo ri

frlqwhjudwlrq edvhg rq wkh  xfwxdwlrq ri wkh uhvlgxdov ax| iurp wkh frlqwhjudwlqj uhjuhvvlrq1 Wkh

lghd lv txlwh vlpsoh= li frlqwhjudwlrq krogv/ wkh uhvlgxdov zloo uhsolfdwh wkh vwdwlrqdu| ehkdylrxu

ri wkh huuruv dqg zloo glvsod| d olplwhg dprxqw ri  xfwxdwlrq/ zklovw li wkh uhvlgxdov zloo  xfwxdwh

wrr pxfk wkh frqyhuvh vkrxog eh wuxh1

Wkh  xfwxdwlrq sulqflsoh zdv ruljlqdoo| sursrvhg wr vwxg| wkh vwdelolw| ri wkh hvwlpdwhg

frh!flhqwv ri d prgho +vhh Sorehujhu/ Nuçphu dqg Nrqwuxv/ 4<;</ iru h{dpsoh,1 Xvlqj wkh

7Vrph suholplqdu| vlpxodwlrqv xvlqj FFU dqg IP0ROV uhyhdohg wkdw wkh hvwlpdwlrq phwkrg kdv qr lpsdfw

rq wkh shuirupdqfh ri wkh whvw1
8Zlwk IP0ROV/ wkh ghshqghqw yduldeoh lv prgl�hg dqg wkhq uhjuhvvhg rq wkh uhjuhvvruv wr rewdlq hvwlpdwhv

iuhh ri qxlvdqfh sdudphwhuv/ zkhuhdv zlwk FFU/ erwk wkh ghshqghqw yduldeoh dqg wkh uhjuhvvruv duh prgl�hg

ehiruh dsso|lqj ROV +vhh Sdun/ 4<<5 iru ghwdlov,1

9



IP0ROV phwkrg/ [ldr +4<<<, frqvwuxfwv d vwdwlvwlf wkdw lv dv|pswrwlfdoo| iuhh ri qxlvdqfh

sdudphwhuv/ edvhg rq wkh uhfxuvlyh hvwlpdwhv vwdwlvwlf

UA @ pd{
�'����A

l
s
a$��2W

�����
4

l

�[

|'�

axn| �
4

W

A[

|'�

axn|

����� > +8,

zkhuh axn
|

duh wkh uhvlgxdov uhvxowlqj iurp IP0ROV hvwlpdwlrq1 Wkh olplwlqj glvwulexwlrq ri

UA lv qrq0vwdqgdug dqg ghshqgv rqo| rq wkh glphqvlrq ri wkh vhw ri uhjuhvvruv1 [ldr +4<<<,

wdexodwhg UA iru prghov zlwk qr frqvwdqw/ zlwk frqvwdqw ru zlwk wuhqg1

616 uS Whvw

Kdqvhq +4<<5, sursrvhg vrph OP0w|sh vwuxfwxudo fkdqjh whvwv lq frlqwhjudwhg prghov/ pdnlqj

xvh ri wkh IP0ROV phwkrg1 D yhuvdwloh ihdwxuh ri wkrvh whvwv lv wkh srvvlelolw| ri xvlqj wkhp dv

frlqwhjudwlrq whvwv1 Lq idfw/ li wkh dowhuqdwlyh k|srwkhvlv lv wkh lqwhufhsw iroorzlqj d udqgrp zdon/

wkhq vwuxfwxudo fkdqjh whvwlqj ehfrphv frlqwhjudwlrq whvwlqj/ doehlw zlwk wkh qxoo k|srwkhvlv ri

frlqwhjudwlrq1 Ghfrpsrvlqj x| lq 4 vxfk wkdw x| @ z| . y|> ehlqj z| d udqgrp zdon dqg y| d

vwdwlrqdu| whup/ wkh prgho wkhq ehfrphv

|| @ �| . {
�

|� . y|> +9,

zlwk �| @ � . z|> wkdw lv/ wkh lqwhufhsw �devruev� wkh udqgrp zdon z| zkhq wkhuh lv qr

frlqwhjudwlrq1

Kdylqj wklv idfw lq frqvlghudwlrq/ Kdqvhq +4<<5, vxjjhvwhg wkh xvh ri wkh vwdwlvwlf

OS @ W3�
A[

|'�

av
�

|
aY 3�
|

av|> +:,

wr whvw wkh qxoo ri frlqwhjudwlrq/ zkhuh av|uhsuhvhqwv wkh vfruhv ri wkh IP0ROV hvwlpdwhv dqg aY 3�
|

lv d zhljkwlqj pdwul{ edvhg xsrq dq hvwlpdwh ri wkh fryduldqfh pdwul{ ri wkh vhfrqg0rughu huuruv1

Krzhyhu/ wklv vwdwlvwlf zdv ghvljqhg wr whvw wkh vwdelolw| ri wkh zkroh frlqwhjudwlrq yhfwru/ vr

wkhuh duh dgydqwdjhv lq uhjduglqj d yhuvlrq wkdw whvwv rqo| +sduwldo, vwuxfwxudo fkdqjh lq wkh

lqwhufhsw1 Kdr +4<<9, kdv vkrzq wkdw vxfk d whvw pd| eh fduulhg rxw e| hpsor|lqj wkh NSVV

vwdwlvwlf wr whvw iru wkh qxoo ri frlqwhjudwlrq1 Wklv lv frqvlghuhg qh{w1

617 Whvwv edvhg rq wkh NSVV vwdwlvwlf

Wkh whvwv suhylrxvo| suhvhqwhg duh whvwv iru d jhqhudo qxoo k|srwkhvlv ri vwdwlrqdu| huuruv +l1h1

x| lq 4 lv L+3,,/ djdlqvw d jhqhudo dowhuqdwlyh ri L+4, huuruv1 Krzhyhu/ lw lv srvvleoh wr irupxodwh

zlwk pruh ghwdlo wkh ehkdylrxu ri x|/ erwk xqghu wkh qxoo dqg wkh dowhuqdwlyh1 Dvvxph iru wkh

:



prphqw wkdw || dqg {| gr qrw frlqwhjudwh dqg wkdw x| lq 4 pd| eh ghfrpsrvhg lqwr wkh vxp ri

d udqgrp zdon dqg vwdwlrqdu| frpsrqhqw/

x| @ �
|
. %|> +;,

zkhuh wkh udqgrp zdon lv �
|
@ �

|3� . �
|
/ zlwk �f @ 39 dqg �

|
glvwulexwhg dv l=l=g=+3> �2#,/ zkloh

wkh vwdwlrqdu| sduw %| lv glvwulexwhg dv l=l=g=+3> �20,
: dqg lv dvvxphg lqghshqghqw ri �| +qrwh wkh

vlplodulw| zlwk wkh prgho lq 9,1

Frlqwhjudwlrq uhvxowv iurp wklv irupxodwlrq zkhq �2# @ 3/ vr wkdw �| @ 3 dqg qr orqjhu lv d

udqgrp zdon1 Wkhuhiruh d whvw iru frlqwhjudwlrq kdv wkh qxoo k|srwkhvlv Kf = �2# @ 3 djdlqvw wkh

dowhuqdwlyh K� = �2# A 3= Wklv lv wkh zhoo nqrzq xqrevhuyhg frpsrqhqwv uhsuhvhqwdwlrq/ dowkrxjk

rqh frxog dovr zulwh lw dv d prylqj dyhudjh prgho +vhh Vwrfn/ 4<<7,1 Iroorzlqj NSVV +4<<5,/

dq dv|pswrwlfdoo| htxlydohqw whvw wr wkh orfdoo| ehvw lqyduldqw +OEL, whvw ri Kf djdlqvw K� xvhv

wkh OP vwdwlvwlf

O @ W32
SA

|'� V
2
|

v2+o,
> +<,

zkhuh V| lv wkh sduwldo vxp surfhvv V| @
S�

|'� ax| ri wkh uhvlgxdov iurp 4 dqg v2+o, lv d frqvlvwhqw

hvwlpdwh ri wkh $��= Doorzlqj iru fruuhodwlrq ehwzhhq %| dqg y| fdoov iru wkh xvh ri dq h!flhqw

hvwlpdwlrq phwkrg dqg wkh ghqrplqdwru vkrxog eh uhsodfhg e| a$��2/ dv glvfxvvhg lq vhfwlrq 51

Gl�huhqw yhuvlrqv ri wklv dssurdfk/ xvlqj glvwlqfw hvwlpdwlrq phwkrgv/ kdyh ehhq sursrvhg/ dv

fdq eh vhhq qh{w1

61714 Oh|erxuqh0PfFdeh whvw

Jhqhudol}lqj NSVV +4<<5,/ Oh|erxuqh dqg PfFdeh +4<<6, vxjjhvwhg d vlpsoh yhuvlrq ri < e|

frqvlghulqj dq ROV uhjuhvvlrq ri 4 dqg xvlqj wkh fruuhvsrqglqj uhvlgxdov ax| wr frqvwuxfw wkh

whvw vwdwlvwlf wkdw zh zloo ghqrwh dv

OP @ W32
SA

|'�+
S|

�'� ax�,
2

a$��
= +43,

Oh|erxuqh dqg PfFdeh +4<<6, vxjjhvwhg hvwlpdwlqj a$�� zlwk d vlpsoh wuxqfdwhg dxwrfrydul0

dqfhv hvwlpdwru1 Lq rxu vlpxodwlrqv/ zh hpsor| wkh nhuqho hvwlpdwruv phqwlrqhg lq vhfwlrq 51

61715 Kduulv0Lqghu Whvw

Wkh suhylrxv whvw/ e| xvlqj ROV/ grhv qrw wdnh lqwr dffrxqw wkh srwhqwldo sureohpv wkdw dulvh

iurp vhfrqg0rughu eldvhv lq wkh hvwlpdwlrq ri wkh frlqwhjudwlqj uhjuhvvlrq1 Kduulv dqg Lqghu

9Wklv lpsolhv qr orvv ri jhqhudolw|/ vlqfh +4, frqwdlqv dq lqwhufhsw1
:Wkh ����_� dvvxpswlrq ri 0| pd| eh uhod{hg vr wkdw 0| pd| iroorz d vwdwlrqdu| surfhvv dv glvfxvvhg iru �| dqg

�| lq vhfwlrq 51

;



+4<<7,/ xvlqj wkh IP0ROV phwkrg/ vxjjhvwhg dq h{whqvlrq ri wkh NSVV whvw wkdw frqvlghuv wklv

lvvxh;1 Wkh whvw vwdwlvwlf pd| eh zulwwhq dv

KL @ W32
SA

|'�+
S|

�'� ax
n
� ,

2

a$��2
> +44,

zkhuh axn| uhsuhvhqw wkh IP0ROV uhvlgxdov dv lq ;1 Qrwh wkdw dq hvwlpdwh ri a$��2 lv xvhg udwkhu

wkdq a$�� dv lq 43/ uh hfwlqj wkh idfw wkdw rqh lv dffrxqwlqj iru wkh srvvleoh hqgrjhqhlw| ri {|1

61716 Vklq Whvw

Dqrwkhu zd| ri flufxpyhqwlqj wkh sureohp ri hqgrjhqrxv uhjuhvvruv lv wr xvh wkh hvwlpdwlrq

phwkrg dgyrfdwhg e| Vdlnnrqhq +4<<4,1 Wkh surfhgxuh frqvlvwv ri lqwurgxflqj sdvw dqg ixwxuh

ydoxhv ri �{|/ vr wkdw wkh uhjuhvvlrq ehfrphv

|| @ �. {
�

|� .
?[

�'3?

�{
�

|3��� . xW| = +45,

Wkh wuxqfdwlrq sdudphwhu q vkrxog lqfuhdvh zlwk W dw dq dssursuldwh udwh dqg pd| eh fkrvhq

zlwk dq| prgho vhohfwlrq fulwhulrq vxfk dv DLF ru ELF1 Wr vlpsoli|/ zh xvh wkh uxoh q @ ^W �*�`/

zklfk lv dovr frpprq/ dqg wkh vdph ydoxh lv xvhg iru erwk ohdgv dqg odjv ri�{|1 Dsso|lqj ROV

wr wkh prgl�hg uhjuhvvlrq lq 45 zloo |lhog h!flhqw hvwlpdwhv/ vhh Vdlnnrqhq +4<<4, iru d pruh

ghwdlohg glvfxvvlrq1

D yhuvlrq ri < pd| eh frqvwuxfwhg zlwk wkh uhvlgxdov axW| iurp 45/ dv

V @ W32

SA
|'�+
S|

�'� ax
W

�,
2

a$��2
> +46,

wkxv uhvxowlqj wkh Vklq whvw vwdwlvwlf1 Vklq +4<<7, uhfrpphqgv �{lqj o @ 43 zkhq hvwlpdwlqj

a$��2 dv d frpsurplvh ehwzhhq vl}h glvwruwlrq dqg orz srzhu1

61717 PfFdeh0Oh|erxuqh0Vklq Whvw

Xqolnh doo wkh whvwv glvfxvvhg suhylrxvo|/ zklfk xvhg d qrq0sdudphwulf surfhgxuh wr fruuhfw iru

h{fhvv fruuhodwlrq lq wkh glvwxuedqfhv/ PfFdeh hw do1 +4<<:, ghylvhg d sdudphwulf dssurdfk

wr whvw iru wkh qxoo ri frlqwhjudwlrq1 Wkh| h{whqg wkh sdudphwulf dgmxvwphqw surfhgxuh ri

Oh|erxuqh dqg PfFdeh +4<<7, wr wkh frlqwhjudwlrq fdvh/ e| frqvlghulqj d gl�huhqw irupxodwlrq

iru wkh huuru frpsrqhqw lq ;1 Lq idfw/ wkh| dvvxph wkdw x| iroorzv

�+O,x| @ �| . %|> +;�,

;Kduulv dqg Lqghu +4<<7, frqvlghu d voljkwo| gl�huhqw prgho wkdw shuplwv fruuhodwlrq ehwzhhq wkh udqgrp zdon

dqg vwdwlrqdu| frpsrqhqwv ri wkh huuru1

<



zkhuh �+O, @ 4�!�O� ===�!RO
R lv d vwdeoh dxwruhjuhvvlyh sro|qrpldo ri rughu s/ zlwk �| dqg

%| dv gh�qhg suhylrxvo|1 Xqghu wkh qxoo k|srwkhvlv ri frlqwhjudwlrq x| lv d vwdwlrqdu| DU+s,

surfhvv/ zkhuhdv li �2# A 3> x| ehfrphv qrq0vwdwlrqdu|/ zlwk dq DULPD+s> 4> 4, uhsuhvhqwdwlrq

+vhh Oh|erxuqh dqg PfFdeh/ 4<<7,1

Lq rughu wr lpsohphqw wkh whvw/ PfFdeh hw do1 +4<<:, dgyrfdwh wkh xvh ri Vdlnnrqhq*v

g|qdplf ohdvw vtxduhv phwkrg wr hvwlpdwh 4/ exw wkh dxwruhjuhvvlyh frh!flhqwv !� lq 47 vkrxog

eh rewdlqhg e| pd{lpxp olnholkrrg e| �wwlqj dq DULPD+s> 4> 4, prgho wr axW| / wkh uhvlgxdov iurp

451 Lq wkh vlpxodwlrq vwxg|/ s lv �{hg +s @ 5,/ vlqfh wkh whvw grhv qrw dsshdu wr eh vhqvlwlyh wr

wkh rughu ri wkh dxwruhjuhvvlrq<1 Wkh whvw vwdwlvwlf lv wkhq frqvwuxfwhg zlwk wkh �vhfrqg vwdjh�

uhvlgxdov a%| @ axW| �
SR

�'� !�ax
W

|3� iurp 47 dv

POV @ W32
SA

|'�+
S|

�'� a%�,
2

a�2
> +47,

zlwk a�2 @ W3�
SA

�'| a%| ehlqj d frqvlvwhqw hvwlpdwru ri �201

Wklv whvw kdv/ dw ohdvw wkhruhwlfdoo|/ vrph dgydqwdjhv frpsdudwlyho| wr rwkhu NSVV yhuvlrqv1

Lqghhg/ wkh whvw lv frqvlvwhqw dw d idvwhu udwh/ l1h1 R+W ,/ dqg grhv qrw ghshqg rq dq| odj

wuxqfdwlrq sdudphwhu1 Wklv vkrxog eh dssduhqw hyhq lq whupv ri lwv �qlwh vdpsoh shuirupdqfh1

Lw dovr doorzv iru frlqwhjudwlrq dprqj wkh uhjuhvvruv/ xqolnh rwkh whvwv1 Krzhyhu/ dffruglqj

wr Krelmq hw do1 +4<<;,/ wklv whvw lv qrw frqvlvwhqw iru wkh dowhuqdwlyh ri d sxuh udqgrp zdon/

dowkrxjk wklv kdv uhfhqwo| ehhq glvsxwhg e| Odqqh dqg Vdlnnrqhq +5333, iru lwv xqlyduldwh

yhuvlrq1

7 Prqwh Fduor Vlpxodwlrqv

Wr hydoxdwh wkh �qlwh vdpsoh shuirupdqfh ri wkh qxoo ri frlqwhjudwlrq whvwv glvfxvvhg deryh/

zh ghyhors d vhulhv ri Prqwh Fduor h{shulphqwv1 Ri frxuvh/ gluhfw frpsdulvrqv ri wkh uhodwlyh

shuirupdqfhv ri wkh whvwv pd| eh gl!fxow/ vlqfh wkh| duh d�hfwhg e| wkh fkrlfh ri wkh GJSv1

Qhyhuwkhohvv/ zh wu| wr surylgh vrph whqwdwlyh uhpdunv vxssruwhg e| wkh uhvxowv ri wkh vlpxodwlrq

vwxg|1 Wkh jhqhudo GJS lv vlplodu wr PfFdeh hw do1 +4<<:, dqg lv edvhg rq wkh prghov suhylrxvo|

suhvhqwhg=

|| @ �| . {| . %|> +48,

�| @ �|3� . �|> �f @ 4> �| � l=l=g=+3> �2#,>

{| @ {|3� . �|> �| � l=l=g=+3> 4,>

<Wklv zdv frq�uphg zlwk vrph suholplqdu| vlpxodwlrqv dqg lv dovr hylghqw iurp wkh uhvxowv lq PfFdeh hw do1

+4<<:,/ dowkrxjk wkh| uhfrpphqg d gdwd0ghshqghqw vhohfwlrq fulwhulrq/ zlwk jhqhudo0wr0vshfl�f whvwlqj1
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%| @ �%|3� . $| � �$|3�> $| � l=l=g=+3> 4,>

zlwk �
|
lqghshqghqw ri �

|
dqg %|= Wkh sdudphwhuv duh doorzhg wr wdnh ydoxhv � @ +3> 3=8> 3=<> 4, dqg

� @ 3=7 +zlwk � @ 3=8,1 Lw lv dovr frqvlghuhg wkh h�hfwv ri fruuhodwlrq ehwzhhq wkh huuruv

+hqgrjhqhlw| ri uhjuhvvruv,/ zlwk fruu+�
|
> $|, @ � @ 3=: +zlwk � @ 3 dqg � @ 3> iru vlpsolflw|,

dv lq PfFdeh hw do1 +4<<:,1 Wkh vhohfwhg vdpsoh vl}hv duh W @ 433 dqg 533 dqg wkh qxpehu

ri uhsolfdwlrqv lv 433331 Doo vlpxodwlrqv zhuh surjudpphg lq JDXVV dqg zh xvhg wkh prgxoh

FRLQW 513 wr lpsohphqw orqj uxq yduldqfh hvwlpdwlrq1 Doo uhvxowv wkdw duh phqwlrqhg exw qrw

uhsruwhg duh dydlodeoh xsrq uhtxhvw1

Wr dqdo|vh vl}h dqg srzhu ri wkh whvwv xqghu wklv GJS/ zh vhohfwhg wkh ydoxhv +3> 3=34> 3=4,

iru �2# +dv lq PfFdeh hw do1/ 4<<:/ iru lqvwdqfh,1 Wdeoh 4 suhvhqwv wkh hvwlpdwhv ri uhmhfwlrq

iuhtxhqflhv ri wkh gl�huhqw whvwv dw wkh 8( ohyho ri vljql�fdqfh xqghu wkh qxoo k|srwkhvlv +�2# @ 3,

iru wkh POV whvw dqg wkh nhuqho0edvhg whvwv/ frpsxwhg zlwk wkh orqj uxq yduldqfh hvwlpdwhg e|

wkh gdwd0ghshqghqw surfhgxuh/ zkloh Wdeoh 5 glvsod|v wkh fruuhvsrqglqj uhvxowv zkhq wkh �{hg

edqgzlgwk phwkrg zlwk wkh TV nhuqho zdv xvhg wr hvwlpdwh wkh orqj uxq yduldqfh431 Frqfhuqlqj

wkh �uvw whvw/ lw lv uhodwlyho| zhoo ehkdyhg/ h{fhsw iru wkh fdvh ri yhu| shuvlvwhqw huuruv441 Qrwh

wkdw wkh fruuhfwlrq iru hqgrjhqhlw| zrunv txlwh zhoo/ dowkrxjk wkh whvw voljkwo| ryhuuhmhfwv +iru

W @ 433, dqg xqghuuhmhfwv +iru W @ 533, zlwk DUPD huuruv1

Dv iru wkh uhpdlqlqj whvwv/ d jhqhudo frqfoxvlrq rqh fdq gudz lv wkdw wkh fkrlfh ri nhuqho grhv

qrw vhhp wr sod| dq lpsruwdqw uroh/ frqvlghulqj wkh qhjoljleoh gl�huhqfhv ehwzhhq wkh uhvxowv

surgxfhg e| hdfk ri wkhp/ zklfk frq�upv wkh uhvxowv ri rwkhu vwxglhv +Ohh/ 4<<9 dqg Krelmq hw

do1/ 4<<;/ iru lqvwdqfh,1 Rq wkh rwkhu kdqg/ wkh phwkrg iru wkh ghwhuplqdwlrq ri wkh edqgzlgwk

lqgxfhv glvwlqfw shuirupdqfhv/ vlqfh lq jhqhudo zh rewdlq zruvh uhvxowv zkhq d �{hg edqgzlgwk lv

xvhg1 Lq wklv fdvh/ dq h{shfwhg wudgh0r� rffxuv= vpdoo ydoxhv ri { zloo surgxfh ehwwhu vl}h uhvxowv

iru ohvv dxwrfruuhodwhg huuruv/ zkloh odujhu {*v duh qhhghg iru odujhu ydoxhv ri �= Dssduhqwo|/ wkh

ehvw edodqfhg fkrlfh zrxog eh wr �{ { htxdo wr 43 ru 45/ dv uhfrpphqghg e| Vklq +4<<7, iru klv

whvw1

Frqvlghulqj hdfk whvw/ zh revhuyh wkdw wkh Vklq whvw whqgv wr eh frqvhuydwlyh/ hyhq iru � @ 3=</

zkhq wkh gdwd0ghshqghqw surfhgxuh lv xvhg/ hvshfldoo| zlwk wkh TV dqg Sdu}hq nhuqhov1 E|

frqwudvw/ wkh Kduulv0Lqghu whvw lv qrupdoo| yhu| idu iurp dwwdlqlqj wkh fruuhfw vl}h dqg shuirupv

txlwh edgo| zkhq fruuhodwlrq ehwzhhq �| dqg $| lv lqwurgxfhg/ zklfk lv vrphkrz lqwuljxlqj1

Htxdoo|/ Sdun*v M� whvw lv edgo| ryhuvl}hg lq erwk Wdeohv/ hyhq iru � @ 3> gudpdwlfdoo| vr iru

� @ 3=<> dqg iru wkh hqgrjhqhlw| fdvh lq Wdeoh 4 wkh sureohpv gr qrw glplqlvk dv|pswrwlfdoo|1

43Uhvxowv iru wkh rwkhu nhuqhov zhuh qrw vljql�fdqwo| gl�huhqw/ vr zh zloo rplw wkhp wr vdyh vsdfh1
44Dgglwlrqdo vlpxodwlrqv kdyh vkrzq wkdw wkh vl}h glvwruwlrqv ri wkh �u7 whvw duh lqvljql�fdqw iru d zlgh udqjh

ri ydoxhv ri 4/ ehfrplqj pruh frqvlghudeoh rqo| iru ydoxhv odujhu wkdq f�H�
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Wklv dovr frqvwlwxwhv d sureohp iru wkh UA  xfwxdwlrq whvw/ dowkrxjk lw shuirupv vxevwdqwldoo|

ehwwhu zlwk wkh rwkhu GJSv1 Wkh OP whvw grhv uhdvrqdeo| zhoo +hvshfldoo| li rqh frqvlghuv wkdw

wkhuh lv qr fruuhfwlrq iru hqgrjhqhlw|,/ zkloh Kdqvhq*v OS whvw whqgv wr eh voljkwo| ryhuvl}hg/

hyhq zkhq wkhuh lv qr dxwrfruuhodwlrq lq wkh huuruv1

Lq whupv ri srzhu/ wkh uhmhfwlrq iuhtxhqflhv zkhq wkh qxoo lv idovh dw wkh 8( ohyho ri vljql�fdqfh

duh vkrzq lq Wdeohv 6 dqg 7 iru gdwd0ghshqghqw orqj uxq yduldqfh hvwlpdwlrq/ dqg Wdeoh 8/ iru wkh

fdvh ri �2# @ 3=4 zlwk �{hg edqgzlgwk xvlqj wkh TV nhuqho1 Wr dyrlg plvuhsuhvhqwlqj srzhu gxh

wr vl}h glvwruwlrqv/ vl}h0dgmxvwhg srzhu lv dovr fdofxodwhg +lq sduhqwkhvhv lq wkh wdeohv, edvhg rq

vl}h0fruuhfwhg fulwlfdo ydoxhv rewdlqhg iurp wkh fruuhvsrqglqj uhvxowv lq Wdeohv 4 dqg 51 Djdlq/

wkh gl�huhqfhv lq wkh uhvxowv iurp xvlqj gl�huhqw nhuqhov duh qrw vxevwdqwldo/ hyhq wkrxjk wkh

Eduwohww nhuqho whqgv wr surgxfh orzhu srzhu iru �2# @ 3=34 zkloh gholyhulqj kljkhu srzhu iru

�2# @ 3=4 +Wdeohv 6 dqg 7,1 Rq wkh rwkhu kdqg/ li zh frpsduh Wdeoh 8 zlwk wkh �uvw sduw ri Wdeoh

7/ zh revhuyh wkdw srzhu lv orzhu iru whvwv xvlqj �{hg edqgzlgwk hvwlpdwlrq/ h{fhsw iru vrph

fdvhv zlwk { @ 71 Lq idfw/ dv h{shfwhg/ srzhu ghwhulrudwhv dv { jurzv dqg/ wkxv/ kljkhu srzhuv

duh dwwdlqhg zkhq { @ 7=

Lw lv fohdu wkdw srzhu lv yhu| orz iru doo GJSv zkhq �2# @ 3=34= Wkh Vklq whvw kdv wkh kljkhvw

vl}h0fruuhfwhg srzhu ri doo whvwv/ zklfk lqfuhdvhv zlwk �> zkloh lw uhpdlqv dssur{lpdwho| wkh

vdph iru rwkhu whvwv/ durxqg 8(09(/ ghvslwh kljkhu qrplqdo srzhuv1 H{dplqlqj qrz Wdeoh 7/

lw lv srvvleoh wr vhh wkdw srzhu ghfolqhv zlwk lqfuhdvlqj � dqg wkdw wkh Vklq whvw lv djdlq wkh

prvw zhoo edodqfhg surfhgxuh lq whupv ri vl}h0fruuhfwhg srzhu iru wklv vhw ri GJSv1 Sdun*v M�

whvw grhv zhoo zkhq dxwrfruuhodwlrq lv orz dqg iru wkh DUPD vwuxfwxuh xqghu vwxg|/ exw kdv

lwv +vl}h0fruuhfwhg, srzhu juhdwo| d�hfwhg e| h{fhvvlyh glvwxuedqfhv fruuhodwlrq1 Lw lv lqwhuhvwlqj

wr qrwlfh wkdw lq doo Wdeohv wkh OS whvw lv wkh ehvw iru wkh fdvh ri hqgrjhqrxv uhjuhvvruv/ zkloh

KL lv wkh zruvw/ zklfk lv rgg/ vlqfh erwk whvwv xvh wkh vdph phwkrg iru fruuhfwlqj vhfrqg0rughu

eldvhv +IP0ROV,1 Zh vkrxog dovr phqwlrq wkdw zh zhuh xqdeoh wr forvho| uhsolfdwh wkh uhvxowv

ri PfFdeh hw do1 +4<<:,/ zklfk uhsruw kljkhu srzhuv iru wkh POV dqg Vklq whvw/ dowkrxjk wklv

frxog eh h{sodlqhg e| vrph gl�huhqfhv lq wkh frpsxwdwlrq ri wkh whvw surfhgxuhv dqg lq wkh

GJSv1

Lq rughu wr uh�qh wkh suhylrxv dqdo|vlv/ zh frpsxwh wkh srzhu ri wkh whvwv dv d ixqfwlrq ri

wkh udwlr ri wkh glvwxuedqfhv yduldqfhv � @ �2#@�
2
0= Dv glvfxvvhg lq NSVV +4<<5,/ li � lv forvh wr

}hur/ wkh surfhvv lv vwdwlrqdu| +zklfk phdqv frlqwhjudwlrq, dqg lw zloo whqg wr d udqgrp zdon

+qr frlqwhjudwlrq, dv � dssurdfkhv lq�qlw|1 Wklv doorz xv wr h{dplqh uhodwlyh srzhu ri wkh whvwv

lq wkh frqwlqxxp ri wkh dowhuqdwlyh k|srwkhvlv/ udwkhu wkdq frqfhqwudwlqj rq wzr srvvleoh srlqwv

+�2# @ 3=34> 3=4,> dv lq wkh suhylrxv h{shulphqw1 Zh frqvlghuhg vhyhudo ydoxhv ri � udqjlqj iurp
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313334 wr 43S> dqg iru vlpsolflw| zh vhw � dqg � htxdo wr }hur1

Iljxuhv 4 dqg 5 vkrz wkh uhvxowv iru wkh whvwv frpsxwhg zlwk gdwd0ghshqghqw orqj uxq

yduldqfh hvwlpdwlrq dqg Iljxuhv 6 dqg 7 uhsruwv wkh fdvh ri whvwv zlwk wkh �{hg edqgzlgwk

phwkrg zlwk { @ 43> xvlqj wkh TV nhuqho1 Wkh uhvxowv iru wkh POV whvw duh judskhg lq hdfk

�jxuh vr wkdw wkh frpsdulvrq lv fohdu451 Wkh prvw vwulnlqj ihdwxuh lq wklv vhw ri h{shulphqwv lv

wkh qrq0prqrwrqlf srzhu ri wkh Vklq dqg OP whvw zkhq wkh gdwd0edvhg hvwlpdwlrq lv hpsor|hg1

Lq idfw/ zkhq � lv odujhu wkdq 3=703=8/ srzhu lv uhgxfhg wr d ohyho ri durxqg 58063(1

Rq wkh rwkhu kdqg/ wkh POV whvw grhv yhu| zhoo/ hvshfldoo| iru W @ 533 dqg zkhq � jhwv

odujhu/ zkloh wkh M� whvw shuirupv ehwwhu iru W @ 433 dqg vpdoohu �= Lw lv dovr fohdu wkdw srzhu

vwdelol}hv diwhu � dwwdlqv d jlyhq ydoxh +wkdw ydulhv zlwk wkh vdpsoh vl}h,/ h{fhsw iru wkh Vklq dqg

OP whvwv/ dv qrwhg ehiruh1 Frpsdulqj wkh uhvxowv ri wkh gl�huhqw orqj uxq yduldqfh hvwlpdwlrq

phwkrgv/ zh revhuyh wkdw srzhu lv jhqhudoo| orzhu zkhq wkh edqg lv �{hg dw wklv sduwlfxodu

ydoxh/ dowkrxjk zh frxog vhdufk iru d ydoxh wkdw zrxog surgxfh vlplodu srzhuv1

Ilqdoo|/ zh dovr frqvlghu wkh fdvh ri d sxuh udqgrp zdon dv wkh dowhuqdwlyh k|srwkhvlv/ zkhq

� @ 4 dqg �2# @ 3> zklfk lv wkh vwdqgdug vhwwlqj iru wkh vwxg| ri qxoo ri qr frlqwhjudwlrq whvwv1

Wklv zloo doorz xv wr fkhfn wkh fodlp ri Krelmq hw do1 +4<<;, uhjduglqj wkh lqfrqvlvwhqf| ri

wkh PfFdeh hw do1 +4<<:, whvw1 Iurp Wdeoh 9 lw lv fohdu wkdw wkh POV grhv qrw dsshdu wr eh

lqfrqvlvwhqw/ zlwk yhu| uhdvrqdeoh srzhu/ jurzlqj zlwk wkh vdpsoh vl}h1 Rq wkh rwkhu kdqg/

wkh Vklq whvw dqg wkh OP glvsod| wkh orzhvw srzhuv/ dw wkh ohyhov suhglfwhg e| Iljxuhv 4 wr 71

Pruhryhu/ whvwv edvhg rq gdwd0ghshqghqw hvwlpdwlrq h{klelw orzhu srzhu/ zlwk wkh h{fhswlrq ri

wkh M� whvw1 Lw lv lqwhuhvwlqj wr qrwlfh wkdw wkh Sdu}hq nhuqho vhhpv wr zrun ehwwhu/ hvshfldoo|

zlwk �{hg edqgzlgwk1

8 Frqfoxvlrq

Dowkrxjk ohvv riwhq xvhg/ whvwv iru wkh qxoo k|srwkhvlv ri frlqwhjudwlrq pd| eh d xvhixo lqvwuxphqw

lq wkh dqdo|vlv ri hfrqrplf wlph vhulhv1 Xqolnh whvwv iru wkh qxoo ri qr frlqwhjudwlrq/ wkhuh lv

qr hylghqfh rq wkh surshuwlhv ri wkh gl�huhqw whvwv dqg wkhlu uhodwlyh phulwv1 Wklv vwxg| wulhv

wr �oo wklv jds e| dqdo|vlqj wkh shuirupdqfh ri vhyhudo whvwv wkdw kdyh ehhq uhfhqwo| sursrvhg1

Frqgxfwlqj d vhulhv ri Prqwh Fduor h{shulphqwv/ zh irxqg wkdw qr whvw grplqdwhv wkh rwkhuv lq

hyhu| vlwxdwlrq xqghu vwxg|1

Krzhyhu/ zh zrxog uhfrpphqg wkh xvh ri wkh POV whvw/ jlyhq lwv uhdvrqdeoh dqg zhoo0

edodqfhg ryhudoo shuirupdqfh1 Iluvw/ wklv whvw kdv/ dw ohdvw wkhruhwlfdoo|/ vrph dgydqwdjhv/ qdpho|

d idvwhu udwh ri frqyhujhqfh1 Vhfrqgo|/ lwv frpsxwdwlrq lv iuhh ri wkh sureohpv dvvrfldwhg zlwk

45Wkh judskv duh wuxqfdwhg iru odujhu ydoxhv ri b vlqfh wkh uhvxowv gr qrw fkdqjh vljql�fdqwo| diwhu xqlw|1
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doo wkh rwkhu whvwv/ wkdw lv/ krz wkh vfdolqj orqj uxq yduldqfh lv rewdlqhg1 Dv frxog eh vhhq iurp

rxu h{shulphqwv/ wkh shuirupdqfh ri wkh whvwv ghshqgv khdylo| rq wkh phwkrg fkrvhq iru wkh

hvwlpdwlrq ri wklv qxlvdqfh sdudphwhu1 Dowkrxjk lw vhhpv suhihudeoh wr xvh d gdwd0ghshqghqw

surfhgxuh/ pdlqo| wr frqwuro iru vl}h glvwruwlrqv/ wklv pd| ohdg wr vxevwdqwldo uhgxfwlrqv lq srzhu1

Qhyhuwkhohvv/ wkhuh lv vwloo urrp iru lpsuryhphqwv rq wkh shuirupdqfh ri wklv sdudphwulf0edvhg

whvw/ dv wkh dwwhpswv ri Odqqh dqg Vdlnnrqhq +5333, srlqw rxw1

Uhihuhqfhv

^4` Dqguhzv/ G1 Z1 N1 +4<<4,/ Khwhurvnhgdvwlflw| dqg Dxwrfruuhodwlrq Frqvlvwhqw Fryduldqfh

Pdwul{ Hvwlpdwru/ Hfrqrphwulfd/ 8</ ;4:0;8;1

^5` Dqguhzv/ G1 Z1 N1 dqg Prqdkdq/ M1 F1 +4<<5,/ Dq Lpsuryhg Khwhurvnhgdvwlflw| dqg Dx0

wrfruuhodwlrq Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru/ Hfrqrphwulfd/ 93/ <860<991

^6` Fkduhp}d/ Z1 Z1 dqg V|f}hzvnd/ H1 P1 +4<<;,/ Mrlqw Dssolfdwlrq ri wkh Glfnh|0Ixoohu dqg

NSVV Whvwv/ Hfrqrplfv Ohwwhuv/ 94/ 4:0641

^7` Fduulrq0l0Vloyhvwuh/ M1 O1/ Vdqvö0l0Urvvhooö/ D1 dqg Ruwxôr/ P1 D1 +5334,/ Xqlw Urrw dqg

Vwdwlrqdluw| Whvwv* Zhgglqj/ HHfrqrplfv Ohwwhuv/ :3/ 40;1

^8` Kdqvhq/ E1 H1 +4<<5,/ Whvwv iru Sdudphwhu Lqvwdelolw| lq Uhjuhvvlrqv zlwk L+4, Surfhvvhv/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 43/ 65406681

^9` Kdr/ N1 +4<<9,/ Whvwlqj iru Vwuxfwxudo Fkdqjh lq Frlqwhjudwhg Uhjuhvvlrq Prghov= Vrph

Frpsdulvrqv dqg Jhqhudol}dwlrqv/ Hfrqrphwulf Uhylhzv/ 48/ 734075<1

^:` Kduulv dqg Lqghu +4<<7,/ D Whvw ri wkh Qxoo ri Frlqwhjudwlrq/ lq F1 Kdujuhdyhv +hg1,/ Qrq0

vwdwlrqdu| Wlph Vhulhv Dqdo|vlv dqg Frlqwhjudwlrq/ R{irug Xqlyhuvlw| Suhvv/ R{irug/ 4660

4851

^;` Kdxj/ D1 D1 +4<<9,/ Whvwv iru Frlqwhjudwlrq= d Prqwh Fduor Frpsdulvrq/ Mrxuqdo ri Hfrqr0

phwulfv/ :4/ ;<04481

^<` Krelmq/ E1/ Iudqvhv/ S1 K1 dqg Rrpv/ P1 +4<<;,/ Jhqhudol}dwlrqv ri wkh NSVV0whvw iru

Vwdwlrqdulw|/ Hfrqrphwulf Lqvwlwxwh Uhsruw <;352D

^43` Nzldwnrzvnl/ G1/ Skloolsv/ S1 F1 E1/ Vfkplgw/ S1 dqg Vklq/ \1 +4<<5,/ Whvwlqj wkh Qxoo

K|srwkhvlv ri Vwdwlrqdulw| djdlqvw wkh Dowhuqdwlyh ri d Xqlw Urrw/ Mrxuqdo ri Hfrqrphwulfv/

87/ 48<04:;1
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^44` Odqqh/ P1 dqg Vdlnnrqhq/ S1 +5333,/ Uhgxflqj Vl}h Glvwruwlrqv ri Sdudphwulf Vwdwlrqdulw|

Whvwv/ pdqxvfulsw1

^45` Ohh/ M1 +4<<9,/ Rq wkh Srzhu ri Vwdwlrqdulw| Whvwv Xvlqj Rswlpdo Edqgzlgwk Hvwlpdwhv/

Hfrqrplfv Ohwwhuv/ 84/ 464046:1

^46` Oh|erxuqh/ V1 M1 dqg PfFdeh/ E1 S1 P1 +4<<7,/ D Frqvlvwhqw Whvw iru d Xqlw Urrw/ Mrxuqdo

ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 47/ 76807791

^47` Pdggdod/ J1 V1 dqg Nlp/ L1 P1 +4<<;,/ Xqlw Urrwv/ Frlqwhjudwlrq dqg Vwuxfwxudo Fkdqjh/

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^48` PfFdeh/ E1 S1 P1 dqg Oh|erxuqh/ V1 M1 dqg Vklq/ \1 +4<<:,/ D Sdudphwulf Dssurdfk wr

Whvwlqj iru wkh Qxoo ri Frlqwhjudwlrq/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 4; +7,/ 6<807461

^49` Qdeh|d/ V1 dqg Wdqdnd/ / N1 +4<;;,/ Dv|pswrwlf Wkhru| ri d Whvw iru wkh Frqvwdqf| ri

Uhjuhvvlrq Frh!flhqwv Djdlqvw wkh Udqgrp Zdon Dowhuqdwlyh/ Dqqdov ri Vwdwlvwlfv/ 49/

54;05681

^4:` Sdun/ M1 \1 +4<<3,/ Whvwlqj iru Xqlw Urrwv dqg Frlqwhjudwlrq e| Yduldeoh Dgglwlrq/ lq W1

Irpe| dqg J1 I1 Ukrghv +hgv1,/ Dgydqfhv lq Hfrqrphwulfv/ Yro1 ;/ MDL Suhvv/ 43:04661

^4;` Sdun/ M1 \1 +4<<5,/ Fdqrqlfdo Frlqwhjudwlqj Uhjuhvvlrqv/ Hfrqrphwulfd/ 93/ 44<04761

^4<` Skloolsv/ S1 F1 E1 dqg Gxuodxi/ V1 +4<;9,/ Pxowlsoh Wlph Vhulhv Uhjuhvvlrq zlwk Lqwhjudwhg

Surfhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 86/ 7:607<91

^53` Skloolsv/ S1 F1 E1 dqg Kdqvhq/ E1 +4<<3,1 Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo Yduldeohv

Uhjuhvvlrq zlwk L+4, Surfhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ <<04581

^54` Skloolsv/ S1 F1 E1 dqg Rxoldulv/ V1 +4<<3,/ Dv|pswrwlf Surshuwlhv ri Uhvlgxdo0edvhg Whvwv

iru Frlqwhjudwlrq/ Hfrqrphwulfd/ 8;/ 49804<61

^55` Sorehujhu/ Z1/ Nuçphu/ Z1 dqg Nrqwuxv/ N1 +4<;<,/ D Qhz Whvw iru Vwuxfwxudo Vwdelolw| lq

wkh Olqhdu Uhjuhvvlrq Prgho/ Mrxuqdo ri Hfrqrphwulfv/ 731 ss1 63:064;1

^56` Vdlnnrqhq/ S1 +4<<4,/ Dv|pswrwlfdoo| H!flhqw Hvwlpdwlrq ri Frlqwhjudwlqj Uhjuhvvlrqv/

Hfrqrphwulf Wkhru|/ :/ 40541

^57` Vdlnnrqhq/ S1 dqg Oxnnrqhq/ U1 +4<<6,/ Whvwlqj iru d Prylqj Dyhudjh Xqlw Urrw lq DULPD

Prghov/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;;/ 8<909341
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^58` Vfkzhuw/ J1 Z1 +4<;<,/ Whvwv iru Xqlw Urrwv= d Prqwh Fduor Lqyhvwljdwlrq/ Mrxuqdo ri

Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv/ :/ 47:048<1

^59` Vklq/ \1 +4<<7,/ D uhvlgxdo0edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq djdlqvw wkh Dowhuqdwlyh

ri Qr Frlqwhjudwlrq/ Hfrqrphwulf Wkhru|/ 43/ <404481

^5:` Vwrfn/ M1 K1 +4<<7,/ Xqlw Urrwv/ Vwuxfwxudo Euhdnv dqg Wuhqgv/ lq U1 I1 Hqjoh dqg G1 O1

PfIdgghq +hgv1,/ Kdqgerrn ri Hfrqrphwulfv/ Yro1 LY/ Hovhylhu/ Dpvwhugdp/ 5:7305;741

^5;` Wdqdnd/ N1 +4<<3,/ Whvwlqj iru d Prylqj Dyhudjh Xqlw Urrw/ Hfrqrphwulf Wkhru|/ 9/ 7660

7771

^5<` [ldr/ ]1 +4<<<,/ D Uhvlgxdo Edvhg Whvw iru wkh Qxoo K|srwkhvlv ri Frlqwhjudwlrq/ Hfrqrplfv

Ohwwhuv/ 97/ 46604741
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9 Dsshqgl{

Wdeoh 4 0 Hpslulfdo Vl}h +�2
#
@ 3,

W @ 433 W @ 533

� �

Whvwv 3 3=8 3=< � @ 3=7
E4'f�D�

� @ 3=: 3 3=8 3=< � @ 3=7
E4'f�D�

� @ 3=:

POV 3=37 3=3: 3=84 3=3:; 3=39 3=38 3=38 3=7; 3=358 3=385

TV

V 3=35 3=36 3=36 3=384 3=36; 3=36 3=37 3=38 3=384 3=378

KL 3=39 3=45 3=74 3=49; 3=8;4 3=39 3=3< 3=5: 3=435 3=8;6

OP 3=38 3=3: 3=44 3=394 3=434 3=38 3=3: 3=3< 3=38< 3=436

OS 3=3< 3=44 3=54 3=3<: 3=3:7 3=3< 3=44 3=45 3=3<7 3=3:<

UA 3=37 3=38 3=4: 3=39 3=639 3=37 3=38 3=43 3=37: 3=675

M� 3=3< 3=59 3=:7 3=67; 3=554 3=3: 3=4; 3=8; 3=556 3=544

Eduwohww

V 3=355 3=369 3=394 3=394 3=36< 3=364 3=38 3=3:: 3=394 3=378

KL 3=38: 3=448 3=5:7 3=457 3=8:: 3=385 3=3<; 3=4<; 3=3;< 3=8;7

OP 3=384 3=3;5 3=475 3=3:8 3=434 3=384 3=3; 3=44< 3=39< 3=437

OS 3=3<6 3=46 3=474 3=43: 3=3:< 3=3;< 3=46 3=464 3=44 3=3;4

UA 3=374 3=398 3=43; 3=389 3=638 3=377 3=39< 3=3;5 3=387 3=66:

M� 3=3; 3=5; 3=:3: 3=666 3=54< 3=39: 3=536 3=89< 3=567 3=545

Sdu}hq

V 3=35 3=36 3=36 3=37< 3=36: 3=36 3=37 3=38 3=384 3=377

KL 3=39 3=45 3=74 3=4:< 3=8:< 3=38 3=3< 3=5; 3=438 3=8;5

OP 3=38 3=3: 3=44 3=394 3=434 3=38 3=39 3=3; 3=38: 3=436

OS 3=3< 3=43 3=55 3=3<9 3=3: 3=3< 3=43 3=45 3=3<4 3=3::

UA 3=37 3=38 3=4< 3=394 3=63: 3=37 3=39 3=43 3=377 3=67

M� 3=43 3=5; 3=:9 3=6;5 3=556 3=3: 3=4< 3=94 3=57; 3=545

QRWH= Uhmhfwlrq iuhtxhqflhv dw wkh 8( vljql�fdqfh ohyho1
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Wdeoh 5 0 Hpslulfdo Vl}h zlwk Il{hg Edqgzlgwk +�2
#
@ 3,

W @ 433 W @ 533

� �

Whvwv { 3 3=8 3=< � @ 3=7
E4'f�D�

� @ 3=: 3 3=8 3=< � @ 3=7
E4'f�D�

� @ 3=:

V 7 3=375 3=39 3=57 3=375 3=377 3=378 3=398 3=675 3=384 3=379

43 3=397 3=389 3=44: 3=38: 3=38: 3=384 3=385 3=467 3=385 3=384

45 3=39: 3=38; 3=434 3=39: 3=3: 3=38; 3=384 3=448 3=388 3=386

49 3=448 3=3;9 3=3<9 3=43: 3=44: 3=39 3=38: 3=3<6 3=38< 3=396

KL 7 3=3<< 3=457 3=6<6 3=434 3=8:4 3=39; 3=3< 3=757 3=3:5 3=8:7

43 3=4<< 3=534 3=644 3=4<8 3=8:5 3=448 3=448 3=566 3=43; 3=89;

45 3=578 3=57 3=649 3=58 3=8<4 3=46; 3=46< 3=55: 3=47 3=8;6

49 3=684 3=659 3=6:6 3=66< 3=94 3=4;4 3=4;7 3=56: 3=4;4 3=8;5

OP 7 3=38: 3=3:7 3=648 3=38; 3=446 3=386 3=3:7 3=6;6 3=38: 3=447

43 3=3:8 3=39: 3=47: 3=39; 3=456 3=38; 3=39 3=489 3=38; 3=445

45 3=3;4 3=39: 3=46 3=3:9 3=46: 3=398 3=38; 3=464 3=39 3=44:

49 3=434 3=3;7 3=43< 3=3<; 3=487 3=3: 3=399 3=43 3=39: 3=459

OS 7 3=3<5 3=44 3=6<6 3=3;< 3=39 3=3;8 3=45 3=857 3=3<7 3=39;

43 3=484 3=439 3=47: 3=345; 3=3:5 3=435 3=3;< 3=4<; 3=3<9 3=396

45 3=4;8 3=469 3=45; 3=494 3=3<4 3=449 3=3<< 3=489 3=439 3=39

49 3=636 3=56 3=475 3=5:8 3=47: 3=46 3=447 3=457 3=44< 3=3:4

UA 7 3=38 3=389 3=599 3=377 3=65; 3=37; 3=396 3=699 3=37< 3=684

43 3=449 3=3; 3=44: 3=3<5 3=6:9 3=39: 3=386 3=454 3=388 3=696

45 3=48: 3=434 3=43< 3=45; 3=746 3=3; 3=38< 3=3<9 3=39: 3=6;5
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Wdeoh 9 0 Srzhu zlwk wkh Udqgrp Zdon Dowhuqdwlyh

Whvwv W @ 433 W @ 533

POV 3=::6 3=;<6

TV Gdwd0edvhg { @ 43 Gdwd0edvhg { @ 43

V 3=594 3=834 3=5<5 3=;47

KL 3=874 3=9;7 3=988 3=;:9

OP 3=676 3=996 3=684 3=;:4

OS 3=68< 3=9;9 3=868 3=<48

UA 3=5:; 3=867 3=77 3=;4:

M� 3=<69 3=<5; 3=<74 3=<9

Eduwohww

V 3=594 3=939 3=5<< 3=;:8

KL 3=7;4 3=:8: 3=7:; 3=<54

OP 3=68 3=:86 3=68 3=<4<

OS 3=58; 3=:<5 3=594 3=<86

UA 3=55< 3=96: 3=566 3=;;<

M� 3=<57 3=<76 3=<6 3=<9<

Sdu}hq

V 3=59: 3=:36 3=636 3=<6

KL 3=8<: 3=;69 3=:8: 3=<8;

OP 3=66: 3=;64 3=676 3=<8:

OS 3=74< 3=;;5 3=968 3=<;4

UA 3=668 3=:86 3=868 3=<76

M� 3=<77 3=<88 3=<84 3=<::

QRWH= Uhmhfwlrq iuhtxhqflhv dw wkh 8( vljql�fdqfh ohyho1 Wkh TV nhuqho lv xvhg zlwk wkh

�{hg edqgzlwk1
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Iljxuh 4= Srzhu dv d ixqfwlrq ri � +W @ 433/ dxwrpdwlf edqgzlgwk,
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Iljxuh 5= Srzhu dv d ixqfwlrq ri � +W @ 533> dxwrpdwlf edqgzlgwk,
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Iljxuh 6= Srzhu dv d ixqfwlrq ri � +W @ 433/ �{hg edqgzlgwk,
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Iljxuh 7= Srzhu dv d ixqfwlrq ri � +W @ 533/ �{hg edqgzlgwk,
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