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4 Lqwurgxfwlrq

Lq hfrqrplfv lw lv riwhq ri lqwhuhvw wr whvw zhwkhu d vhw ri wlph vhulhv pryhv wrjhwkhu/ wkdw lv

zkhwkhu wkh vhulhv duh gulyhq e| vrph frpprq idfwruv1 Wkh ydvw olwhudwxuh rq frlqwhjudwlrq kdv

irfxvvhg rq orqj0uxq frpryhphqwv iru qrqvwdwlrqdu| wlph vhulhv1 Pruh uhfhqwo|/ vrph dxwkruv

kdyh dqdo|}hg wkh h{lvwhqfh ri vkruw0uxq frpryhphqwv ehwzhhq vwdwlrqdu| wlph vhulhv ru ehwzhhq

�uvw gl�huhqfhg frlqwhjudwhg0L+4, vhulhv +vhh Wldr dqg Wvd|/ 4<;<> Hqjoh dqg Nr}lfnl/ 4<<6>

Jrxulìurx{ dqg Shdxfhooh/ 4<<6> Ydklg dqg Hqjoh/ 4<<6> Ydklg dqg Hqjoh/ 4<<:> Dkq/ 4<<:,1

Dprqj wkhvh dssurdfkhv/ wkh frqfhsw ri vhuldo fruuhodwlrq frpprq ihdwxuhv +VFFI khuhdiwhu,

lqwurgxfhg e| Hqjoh dqg Nr}lfnl +4<<6, dsshduhg wr eh xvhixo1 Lw phdqv wkdw vwdwlrqdu| wlph

vhulhv pryh wrjhwkhu dv wkhuh h{lvw olqhdu frpelqdwlrqv ri wkhvh yduldeohv wkdw |lhog zklwh qrlvh

surfhvvhv1 Wkhvh frpprq ihdwxuh yhfwruv duh phdvxuhv iru dqdo|}lqj vkruw0uxq uhodwlrqvklsv

ehwzhhq hfrqrplf yduldeohv vxjjhvwhg e| hfrqrplf wkhru| vxfk dv uhodwlyh sxufkdvlqj srzhu

sdulw| +Jrxulìurx{ dqg Shdxfhooh/ 4<<6,/ shupdqhqw lqfrph k|srwkhvlv +Fdpsehoo dqg Pdqnlz/

4<<3> Mrehuw/ 4<<8,/ furvv0frxqwu| uhdo lqwhuhvw udwh gl�huhqwldov +Nxjohu dqg Qhxvvhu/ 4<<4,/ uhdo

exvlqhvv f|foh prghov +Lvvohu dqg Ydklg/ 4<<9,/ frqyhujhqfh ri hfrqrplhv +Ehlqh dqg Khft/ 4<<:d/

4<<;,/ Rnxq*v Odz +Fdqghorq dqg Khft/ 4<<:,1

Vhuldo fruuhodwlrq frpprq ihdwxuhv lpsolhv wkh h{lvwhqfh ri d uhgxfhg qxpehu ri frpprq

g|qdplf idfwruv h{sodlqlqj vkruw0uxq frpryhphqwv lq hfrqrplf yduldeohv1 D frpsdqlrq irup

ri wkh frpprq ihdwxuhv prghov lv wkh frpprq idfwru uhsuhvhqwdwlrq zklfk kdv ehhq xvhg lq

pdfurhfrqrplfv iru vrph ghfdghv +vhh h1j1 Hqjoh dqg Zdwvrq/ 4<;4> Jhzhnh/ 4<::> Oxpvgdlqh

dqg Sudvdg/ 4<<:> Vlqjohwrq/ 4<;3,1 Eh|rqg hfrqrplf frqvlghudwlrqv/ wkurxjk wkh uhgxfhg0udqn

uhvwulfwlrqv/ wkh h{lvwhqfh ri frpprq ihdwxuhv ohdgv wr d uhgxfwlrq ri wkh qxpehu ri sdudph0

whuv wr eh hvwlpdwhg1 Lq jhqhudo/ lpsrvlqj frpprq f|folfdo ihdwxuh uhvwulfwlrqv zkhq wkh| duh

dssursuldwh zloo lqgxfh dq lqfuhdvh lq hvwlpdwlrq h!flhqf| +Oÿwnhsrko/ 4<<4, dqg dffxudf| ri

iruhfdvwv +Lvvohu dqg Ydklg/ 4<<<,1

Dovr dv iru xqlw urrwv dqg frlqwhjudwlrq whvwv/ wkh srzhu ri frpprq f|folfdo ihdwxuh sur0

fhgxuhv pd| eh orz iru vpdoo vdpsohv +Ehlqh dqg Khft/ 4<<<,1 Wkh srzhu ri whvwv pljkw eh

lqfuhdvhg e| uho|lqj rq sdqho gdwd lqvwhdg ri xvlqj rqo| wlph vhulhv gdwd1 Frqvhtxhqwo|/ lq wklv

sdshu zh sursrvh wr h{whqg wkhvh prghov e| whvwlqj iru vhuldo fruuhodwlrq frpprq ihdwxuhv lq d

sdqho gdwd iudphzrun1 Lq rughu wr dyrlg frqixvlrq/ lw lv zruwk qrwlflqj wkdw vwdqgdug sdqho gdwd

prghov zlwk frpprq sdudphwhu vwuxfwxuhv reylrxvo| douhdg| lpso| d frpprq ihdwxuh vwuxfwxuh/

qdpho| wkh rqh zklfk doorzv wr srro wkh ehkdylru ri Q lqglylgxdov1 Qrwlfh wkdw wkh dvvxps0

wlrq ri srrodelolw| riwhq pdgh lq sdqhov pd| eh idu wrr vwurqj1 Dq lqyhvwljdwru pd| zdqw wr

whvw zklfk srrodelolw| uhvwulfwlrqv duh vxssruwhg e| wkh gdwd dqg zklfk uhvwulfwlrqv kdyh wr eh
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uhmhfwhg iru wkh sdqho gdwd1

Zh sursrvh wr jhqhudol}h wkh VFFI dssurdfk dqg dsso| lw wr vhdufk iru frpprq f|folfdo

ihdwxuhv lq sdqho gdwd1 Lq sduwlfxodu/ zh lqyhvwljdwh zkhwkhu wkhuh h{lvw olqhdu frpelqdwlrqv ri

wkh yduldeohv iru lqglylgxdo ru hqwlw| l zklfk duh zklwh qrlvh iru doo l/ lq rwkhu zrugv/ zklfk

zhljkwv lq wkh olqhdu frpelqdwlrqv duh lghqwlfdo dfurvv doo hqwlwlhv1 Ghyhorslqj d phwkrgrorj| wr

dqdo|}h dqg whvw frpprq f|folfdo ihdwxuhv lq sdqho gdwd lv ri wkhruhwlfdo dqg sudfwlfdo lpsruwdqfh

vlqfh frpprq f|folfdo ihdwxuh uhvwulfwlrqv duh ohvv uhvwulfwlyh wkdq wkh dvvxpswlrq ri lghqwlfdo

sdudphwhuv dfurvv lqglylgxdov xvxdoo| pdgh lq sdqho gdwd prgholqj1

Vrph sxulvwv pljkw qrw vshdn derxw sdqho iru wklv w|sh ri dqdo|vlv1 Lqghhg/ lq vlwxdwlrqv

zh duh lqwhuhvwhg zlwk/ Q zloo eh uhodwlyho| vpdoo frpsduhg wr lwv ydoxh lq xvxdo sdqho gdwd dqg

W lv dvvxphg odujh +zlwk W $ 4 dv|pswrwlf,1 Pdq| pdfurhfrqrplf vwxglhv ghdo zlwk 48 wr

83 dqqxdov revhuydwlrqv iru 53 wr 433 frxqwulhv/ uhjlrqv/ lqgxvwu| ohyhov ru elj �upv1 Lq wkrvh

fdvhv/ wkh erughu ehwzhhq sxuh sdqho dqdo|vlv +Q $4, dqg sxuh wlph vhulhv dqdo|vlv +W $4,

lv ix}}|1 Idu iurp lpsryhulvklqj wkh sdqho gdwd dqdo|vlv/ wdnlqj lqwr dffrxqw phglxp ru odujh

vl}h wlph vhulhv udlvhv qhz lqwhuhvwlqj lvvxhv vxfk dv whvwlqj iru xqlw urrwv ru frlqwhjudwlrq lq

sdqho gdwd +vhh lqwhu dold Ohylq dqg Olq/ 4<<6> Shvdudq dqg Vplwk/ 4<<8> Hydqv dqg Ndudv/

4<<9> Ndr/ 4<<:> Shgurql/ 4<<:> Skloolsv dqg Prrq/ 4<<<e/ dqg Skloolsv dqg Prrq/ 4<<<d/ iru

wkh dv|pswrwlf wkhru|,1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 surylghv dq h{dpsoh ri frpprq ihdwxuhv ehwzhhq

frqvxpswlrq dqg lqfrph lpsolhg e| hfrqrplf wkhru| dqg olnho| wr eh frpprq wr gdwd iru

gl�huhqw frxqwulhv1 Lq Vhfwlrq 6 zh uhylhz wkh frqfhsw ri vhuldo fruuhodwlrq frpprq ihdwxuhv1

Vhfwlrq 7 h{whqgv lw wr sdqho gdwd1 Dv zh vwxg| gl�huhqfhv dqg vlplodulwlhv lq pdfurhfrqrplf

vhulhv iru gl�huhqw frxqwulhv/ zh frqfhqwudwh rxu dqdo|vlv rq wkh �{hg h�hfw prgho +vhh Kvldr/

4<;9,1 Vhfwlrq 8 ghvfulehv hvwlpdwlrq surfhgxuhv1 Lq Vhfwlrq 9 vlpxodwlrq uhvxowv duh uhsruwhg1

Lq Vhfwlrq : zh suhvhqw dq hpslulfdo dqdo|vlv ri wkh oltxlglw| frqwudlqw frqvxpswlrq prgho iru

55 RHFG frxqwulhv dqg wkh J:1 Vhfwlrq ; frqfoxghv1

5 Dq H{dpsoh ri Frpprq Ihdwxuhv lq Sdqho Gdwd

Wr ixuwkhu prwlydwh wklv sdshu/ frqvlghu wkh shupdqhqw lqfrph k|srwkhvlv +SLK khuhdiwhu, dqg

wkh khwhurjhqhrxv frqvxphu prgho sursrvhg e| Fdpsehoo dqg Pdqnlz +4<<3/ 4<<4,1 Wkhvh

dxwkruv frqvlghu wzr jurxsv ri djhqwv zkr uhfhlyh d glvsrvdeoh lqfrph \�| dqg \2| lq �{hg

sursruwlrqv ri wkh wrwdo lqfrph uhvshfwlyho|/ vxfk wkdw \�| @ �\|> \2| @ +4 � �,\| dqg \| @

\�|.\2|= Djhqwv lq wkh �uvw jurxs duh vxemhfw wr oltxlglw| frqvwudlqwv1 Wkhuhiruh/ wkh| frqvxph

wkhlu fxuuhqw lqfrph zkloh djhqwv lq wkh vhfrqg jurxs frqvxph wkhlu shupdqhqw lqfrph1 Zh jhw
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wkh iroorzlqj v|vwhp=
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zkhuh F�| lv wkh frqvxpswlrq ri djhqw l dqg \
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�| duh wkh shupdqhqw dqg wudqvlwru| frp0

srqhqw ri lqfrph ri wkh djhqw l zklfk duh dvvxphg wr eh L+4, dqg L+3,/ uhvshfwlyho|1 Djjuhjdwlqj
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+5,

zklfk vkrzv wkdw djjuhjdwh frqvxpswlrq dqg lqfrph vkduh d frpprq wuhqg \
�
| 1 Qrwh wkdw

ehfdxvh d iudfwlrq � ri lqfrph dffuxhv wr lqglylgxdov zkr frqvxph wkhlu fxuuhqw lqfrph udwkhu

wkdq wkhlu shupdqhqw lqfrph/ wklv prgho kdv ehhq odehoohg �� prgho� e| Fdpsehoo dqg Pdqnlz

+4<<3/ 4<<4,1 Lw lv dovr hdvlo| vhhq wkdw li � @ 3 zh jhw wkh shupdqhqw lqfrph prgho1 Lq rughu

wr vwuhvv wkh frpprq f|foh frpsrqhqw ohw xv wdnh wkh �uvw gl�huhqfh ri djjuhjdwh frqvxpswlrq

F| @ F�| . F2|= E| vxevwlwxwlqj wkh vkduhv ri lqfrph lq wkh wrwdo lqfrph zh rewdlq F| @

�\| . +4� �,\ �
| zklfk lq �uvw gl�huhqfhv � fdq eh zulwwhq dv=

�F| @ ��\| . +4� �,�\ �
| = +6,

Frqvhtxhqwo|/ dvvxplqj wkdw wkh shupdqhqw lqfrph lv d pduwlqjdoh/ wkh frqvxpswlrq ixqf0

wlrq fdq eh whvwhg e| wkh uhjuhvvlrq�F| @ ��\|.+4��,%|= Krzhyhu/ %| lv d gl�huhqfh pduwlqjdoh

zklfk lv qrw ruwkrjrqdo e| frqvwuxfwlrq wr �\|= Wkhuhiruh wklv htxdwlrq fdqqrw eh frqvlvwhqwo|

hvwlpdwhg e| ROV exw lqvwuxphqwdo yduldeohv +LY , hvwlpdwruv duh dssursuldwh1

Zlwk d ihz h{fhswlrqv dv Ydklg dqg Hqjoh +4<<6, dqg Mrehuw +4<<8,/ prvw hpslulfdo vwxglhv

gr qrw wdnh wkh frlqwhjudwlqj yhfwru lqwr dffrxqw dv d ydolg lqvwuxphqw zkhq whvwlqj htxdwlrq +6,

xvlqj LY hvwlpdwhv/ dqg wkhuhiruh pd| eh vxemhfw wr dq rplwwhg yduldeoh sureohp1 Ydklg dqg

Hqjoh +4<<6, pdgh wkh frqqhfwlrq zlwk wkh frpprq ihdwxuh k|srwkhvlv wkdw %| lv d zklwh qrlvh4

zlwk ^4 ��` wkh dvvrfldwh qrupdol}hg frpprq ihdwxuhv yhfwru1 Hpslulfdo vwxglhv kdyh vkrzq

wkdw � lv xvxdoo| vljql�fdqwo| gl�huhqw iurp }hur zlwk frh!flhqwv lq wkh udqjh 316 wr 318 iru prvw

4Qrwh wkdw Ydklg dqg Hqjoh +4<<:, kdyh h{whqghg wkhlu iudphzrun wr wkh fdvh zkhuh d olqhdu frpelqdwlrq lv

d PD+t, surfhvv dqg qrw d zklwh qrlvh1 Wkh| odehoohg wklv prgho qrq0v|qfkurqrxv frpprq f|foh1
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frxqwulhv1 Wkhuhiruh lq rughu wr whvw iru wkh h{lvwhqfh ri rqh vkruw0uxq uhodwlrqvkls frpprq wr

d vhw ri frxqwulhv dqg wr lpsuryh wkh srzhu ri frpprq ihdwxuh whvwv/ d srrohg frpprq ihdwxuhv

whvw lq sdqho vhhpv dssursuldwh1 Wkh xvh ri wkh furvv0vhfwlrq glphqvlrq lq wkh hvwlpdwlrq frxog

dovr jlyh ulvh wr vxevwdqwldo h!flhqf| jdlqv1

6 Frpprq Ihdwxuhv lq Wlph Vhulhv

Lq wkh frqwh{w ri wlph vhulhv dqdo|vlv/ vhuldo fruuhodwlrq frpprq ihdwxuhv phdqv wkdw wkhuh

h{lvw olqhdu frpelqdwlrqv ri +vwdwlrqdu|, hfrqrplf wlph vhulhv zklfk duh zklwh qrlvh surfhvvhv1

Frqvlghu d frlqwhjudwhg YDU ri rughu s @ 5/ zulwwhq lq lwv YHFP irup/ iru frqvxpswlrq dqg

lqfrph/ iru w @ 4 = = = W =

�
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�
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�
.

�
�!2� �!22

!2� !22
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�
.

�
�

4

�
^�� �2`

�
f|3�

||3�

�
.

�
%�|

%2|

�
> +7,

zkhuh �� dqg �2 duh frqvwdqw guliw whupv/ ^%�|> %2|`
� lv d elyduldwh zklwh qrlvh surfhvv zlwk qrqvlq0

jxodu fryduldqfh pdwul{ = +�2@��, lv wkh orqj0uxq lqfrph hodvwlflw| li rqh fkrrvhv frqvxpswlrq

dv qrupdol}hg yduldeoh1 Wkh dxwruhjuhvvlyh frh!flhqwv pdwul{ lv ri uhgxfhg udqn dqg wkh v|vwhp

pd| eh zulwwhq dv=

�
�f|
�||

�
@

�
��

�2

�
.

�
�

4

�
^!2� !22`

�
�f|3�
�||3�

�
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�
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%�|
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�
= +8,

D glvwlqfwlrq frxog eh pdgh dw wklv vwdjh ehwzhhq d vwurqj dqg d zhdn irup uhgxfhg udqn

vwuxfwxuh/ dv sxw iruzdug e| Khft/ Sdop dqg Xuedlq +4<<:d/e,1 Wkh Vwurqj Irup Uhgxfhg

Udqn Vwuxfwxuh +VI, lv wkh ruljlqdo irupxodwlrq sursrvhg e| Hqjoh dqg Nr}lfnl +4<<6, lq zklfk

orqj0uxq dqg vkruw0uxq pdwulfhv vkduh wkh vdph ohiw qxoo vsdfh1 Lw fruuhvsrqgv wr � @ � lq v|vwhp

+8,1 Lq wklv fdvh/ wkhuh h{lvwv d frpprq ihdwxuh yhfwru ��
�

@ ^4 � �` vxfk wkdw suhpxowlso|lqj

h{suhvvlrq +8, e| ��
�

|lhogv d zklwh qrlvh1 Lq wkh ohvv uhvwulfwlyh prgho/ odehoohg Zhdn Irup

Uhgxfhg Udqn Vwuxfwxuh +ZI,/ � 9@ �> dqg d olqhdu frpelqdwlrq ri �uvw gl�huhqfhv lq ghyldwlrq

iurp wkh orqj0uxq htxloleulxp lv d zklwh qrlvh1 Frqvhtxhqfhv lq whupv ri frpprq f|fohv dv zhoo

dv lqihuhqfh lvvxhv duh dqdo|}hg lq Khft/ Sdop dqg Xuedlq +4<<:d/e,1

Frpprq ihdwxuhv uhodwlrqvklsv jlyh lqirupdwlrq rq vkruw0uxq frpryhphqwv1 Wkhvh uhodwlrq0

vklsv pd| frph iurp hfrqrplf wkhru| +uhodwlyh sxufkdvlqj srzhu sdulw|/ SLK, ru iurp vw|ol}hg

idfwv +frqyhujhqfh/ UEF prghov, dqg jlyh wkh g|qdplf frpprq idfwru zlwklq wkh v|vwhp/ l1h1

!2��f|3�.!22�||3� lq wkh ZI fdvh iru lqvwdqfh1 Wkh ruwkrjrqdo frpsohphqw ri wkh ��/ odehoohg

��
z
+��

�

��
z
@ 3rf2,/ jlyhv wkh idfwru ordglqj ri wkh frpprq g|qdplfv lq wkh htxdwlrqv/ wkdw lv
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��
z
@ ^� 4`

�

lq v|vwhp +8,1 Qrwlfh wkdw wkhvh frpprq g|qdplf idfwruv vkrxog qrw eh frqixvhg

zlwk frpprq f|fohv1 Frpprq g|qdplf idfwruv uhihu lq rxu vwxg| wr uhgxfhg udqn lq YDU

pdwulfhv1 Frpprq f|fohv duh gh�qhg lq d vshfl�f wuhqg0f|foh ghfrpsrvlwlrq dv wkh sduw ri wkh

wlph vhulhv ohiw diwhu uhprylqj shupdqhqw frpsrqhqwv1 Ydklg dqg Hqjoh +4<<6, vkrz wkdw wkh

h{lvwhqfh ri v frpprq ihdwxuh yhfwruv +ri wkh VFFI ru VI w|sh, ohdgv wr q� v frpprq f|fohv

lq wkh pxowlyduldwh Ehyhulgjh0Qhovrq ghfrpsrvlwlrq1 Ydklg dqg Hqjoh +4<<:, h{whqg wklv gh�0

qlwlrq wr qrqv|qfkurqrxv f|fohv1 Khft/ Sdop dqg Xuedlq +4<<:e, sursrvh d Ehyhulgjh0Qhovrq

ghfrpsrvlwlrq iru wkh ZI wkdw doorzv iru d uhgxfhg qxpehu ri frpprq f|fohv1 Qrwlfh wkdw wkh

odwwhu zhdn irup uhgxfhg udqn vwuxfwxuh zloo lq wkh vhtxho qrw eh h{solflwo| frqvlghuhg dv zh

zdqw wr irfxv rq wkh h{whqvlrq ri wkh vwdqgdug vhuldo fruuhodwlrq frpprq ihdwxuh dqdo|vlv wr

sdqho gdwd1

Lq wklv vlpsoh elyduldwh prgho +7,0+8,/ wkh vhuldo fruuhodwlrq frpprq ihdwxuh k|srwkhvlv pd|

dovr eh zulwwhq lq whupv ri prphqw frqglwlrqv vxfk dv=

H^+�f| � �� ��||,Z|` @ 3> +9,

zkhuh H^=` lv wkh olqhdu h{shfwdwlrq rshudwru dqg Z| @ i4>�f|3� = = =�f|3&> �||3�����||3,> }|3�,

lv d vhw ri lqvwuxphqwv frqvlvwlqj ri d frqvwdqw whup/ wkh odjv ri erwk yduldeohv dqg wkh ghyldwlrq

iurp wkh orqj0uxq uhodwlrqvkls }|3� � f|3�� +�2@��,||3�=

Dgrswlqj d wzr0vwhs dssurdfk5/ wkhuh duh wzr zd|v wr whvw iru VFFI1 Wkh �uvw zd| lv wr

fduu| rxw d fdqrqlfdo fruuhodwlrq dqdo|vlv ehwzhhq frqvxpswlrq dqg lqfrph rq wkh rqh kdqg

dqg wkh vhw ri lqvwuxphqwv rq wkh rwkhu kdqg1 Wkh qrqvljql�fdqw vtxduhg fdqrqlfdo fruuhodwlrqv

uhyhdo wkh h{lvwhqfh ri olqhdu frpelqdwlrqv zklfk |lhog zklwh qrlvh surfhvvhv1 Dowhuqdwlyho|/

rqh fdq xvh jhqhudol}hg phwkrg ri prphqwv w|sh hvwlpdwruv h{sorlwlqj wkh prphqw frqglwlrq

+9,1 D whvw ri ryhulghqwli|lqj uhvwulfwlrqv lq +9, lv d whvw ri vhuldo fruuhodwlrq frpprq ihdwxuhv1

Wkh xvh ri fdqrqlfdo fruuhodwlrq hvwlpdwlrq kdv wkh dgydqwdjh wkdw uhvxowv gr qrw uho| rq wkh

fkrlfh ri wkh qrupdol}dwlrq ri wkh prphqw frqglwlrqv1 Pruhryhu/ lw lv pruh frqyhqlhqw zkhq zh

whvw iru wkh qxpehu ri frpprq ihdwxuh yhfwruv1 Lq wklv sdshu zh wuhdw wkh sureohp lq d JPP

iudphzrun iru vhyhudo uhdvrqv1 Iluvwo|/ zh kdyh dw prvw rqh frpprq ihdwxuh yhfwru lq d elyduldwh

v|vwhp1 Vhfrqgo|/ wklv iudphzrun pd| eh pruh hdvlo| h{whqghg wr sdqho gdwd prghov1 Ilqdoo|/

qrupdol}dwlrq lpsrvhg rq LY e| vhohfwlqj rqh yduldeoh dv kdylqj d frh!flhqw htxdo wr rqh ohdgv

5Wkh �uvw vwhs fkhfnv iru wkh suhvhqfh ri frlqwhjudwlqj uhodwlrqvklsv dqg wkhq/ jlyhq wkh hvwlpdwhg frlqwhjudwlrq

uhodwlrqv/ wkh frpprq ihdwxuh dqdo|vlv lv fduulhg rxw lq d vhfrqg vwhs1 Dq dowhuqdwlyh lv wr xvh dq hvwlpdwlrq

surfhgxuh wkdw h{sorlwv erwk wkh frlqwhjudwlrq dqg frpprq ihdwxuhv uhvwulfwlrqv xvlqj d vzlwfklqj dojrulwkp

+Kdqvhq dqg Mrkdqvhq/ 4<<;> Khft/ 4<<<,1

9



wr dq lqfuhdvh ri wkh srzhu ri wkh whvw frpsduhg zlwk wkrvh edvhg rq fdqrqlfdo fruuhodwlrqv16

7 H{whqvlrq wr Sdqho Gdwd Prghov

Iuhtxhqwo|/ dqdo|vhv frpsdulqj iru lqvwdqfh wkh SLK zlwk ��prgho�/ frqfhqwudwh rq rqh frxqwu|/

yhu| riwhq wkh XVD1 Lq rughu wr prwlydwh wkh jhqhudolw| ri wkh wkhru|/ vrph dxwkruv h{whqg wkhlu

hpslulfdo lqyhvwljdwlrq wr vhyhudo frxqwulhv +Fdpsehoo dqg Pdqnlz/ 4<<4> Hydqv dqg Ndudv/

4<<9,1 Krzhyhu lw lv gl!fxow wr fodlp wkdw uhvxowv iru gl�huhqw frxqwulhv duh xqfruuhodwhg1 Vlqfh

lw lv qrw srvvleoh wr frqvwuxfw d sxuh wlph vhulhv prgho zlwk uhodwlyho| ihz revhuydwlrqv iru d

odujh qxpehu ri lqglylgxdov/ vxfk dv d YDU prgho zlwk 5�Q hqgrjhqrxv yduldeohv lq d elyduldwh

fdvh/ dowhuqdwlyhv pxvw eh irxqg1

Rqh vroxwlrq zrxog eh wr dqdo|}h wkh v|vwhp xqghu vhsdudwlrq lq frpprq ihdwxuhv +Khft/

Sdop dqg Xuedlq/ 4<<<,/ dq h{whqvlrq wr vhsdudwlrq lq frlqwhjudwlrq +Judqjhu dqg Kdoguxs/

4<<;> Nrqlvkl dqg Judqjhu/ 4<<6,1 Xqghu vhsdudwlrq lq frpprq ihdwxuhv/ wkh frpprq ihd0

wxuh pdwul{ lv eorfn0gldjrqdo zlwk eorfnv fruuhvsrqglqj wr rqh lqglylgxdo l rqo|1 Wuhdwlqj wkh

lvvxh lq wkh frpsohwh v|vwhp zlwk vhsdudwlrq lq frpprq ihdwxuhv dyrlgv orvlqj h!flhqf| frp0

sduhg wr dq dqdo|vlv ri wkh pdujlqdo prgho iru lqglylgxdo l vlqfh vhsdudwlrq grhv qrw uhtxluh

eorfn0gldjrqdolw| ri wkh glvwuxuedqfh fryduldqfh pdwul{1 Wklv vroxwlrq lv krzhyhu gl!fxow wr

lpsohphqw iru pruh wkhq wzr ru wkuhh lqglylgxdov1 Zh looxvwudwh wklv srlqw yld d vpdoo Prqwh

Fduor h{shulphqw/ ri zklfk wkh suhflvh vshfl�fdwlrq zloo eh jlyhq lq Vhfwlrq 91 Frqvlghu d GJS

pdgh rxw ri elyduldwh v|vwhpv vlplodu wr +7,/ zlwk � @ � +VFFI k|srwkhvlv,> iru uhvshfwlyho| wzr

dqg �yh lqglylgxdov1 Wkh rqo| furvv0vhfwlrqdo uhodwlrqv duh gxh wr d qrq0gldjrqdo glvwxuedqfh

yduldqfh0fryduldqfh pdwul{1 Frpsohwh vhsdudwlrq lq frlqwhjudwlrq/ lq frpprq ihdwxuhv dv zhoo

dv devhqfh ri elgluhfwlrqdo vkruw0uxq Judqjhu fdxvdolw| lv wkxv pdlqwdlqhg1 Xvlqj d vwdqgdug

fdqrqlfdo fruuhodwlrq iudphzrun +vhh lqwhu dold Khft/ Sdop dqg Xuedlq/ 4<<;d, zh shuirup d

vhuldo fruuhodwlrq frpprq ihdwxuh dqdo|vlv lq wkh pdujlqdo prgho iru wkh �uvw lqglylgxdo/ ljqrulqj

wkh furvv0fruuhodwlrqv1 Dowhuqdwlyho|/ xqghu vhsdudwlrq lq frpprq ihdwxuhv/ zh whvw wkh qxpehu

+v @ 5 ru v @ 8, ri frpprq ihdwxuh yhfwruv iru hdfk lqglylgxdo lq wkh frpsohwh v|vwhp1 Zh wkhq

frqvwudlq wkh frpprq ihdwxuh vsdfh wr eh eorfn0gldjrqdo +vhh Khft/ Sdop dqg Xuedlq> 4<<<,

dqg hvwlpdwh wkh yhfwru iru wkh �uvw lqglylgxdo1

Lqvhuw Wdeoh 4 derxw khuh

Lq Wdeoh 4/ zh uhsruw iru 8/333 uhsolfdwlrqv wkh phgldq dqg wkh vsuhdg +lqwhutxdqwloh udqjh,

ri wkh eldv/ "2 whvw vwdwlvwlfv iru wkh ryhulghqwli|lqj uhvwulfwlrqv lpsolhg e| wkh suhvhqfh ri

6Vhh Dqghuvrq dqg Ydklg +4<<9, iru wkh frqqhfwlrq ehwzhhq JPP dqg fdqrqlfdo fruuhodwlrq hvwlpdwruv1

:



frpprq ihdwxuhv dv zhoo dv d vpdoo vdpsoh dgmxvwhg yhuvlrq +Khft/ 4<<<,1 Dowkrxjk vhsdudwlrq

lq frpprq ihdwxuhv krogv dw wkh ohyho ri wkh GJS/ vrph h!flhqf| orvv/ dv phdvxuhg e| wkh

vsuhdg/ lv revhuyhg lq wkh pdujlqdo prgho frpsduhg wr wkh ixoo v|vwhp iurp W @ 58 iru Q @ 5

dqg iurp W @ 83 iru Q @ 8= Krzhyhu wkh glvshuvlrq lv wrr kljk iru vpdoohu vdpsoh vl}h dqg whvw

vwdwlvwlfv uhmhfw wrr riwhq wkh suhvhqfh ri uhvshfwlyho| wzr dqg �yh frpprq ihdwxuh yhfwruv1

Wkhvh looxvwudwlyh Prqwh Fduor uhvxowv fdoo iru dq h{whqvlrq wr d +srvvleo| qrqvwdwlrqdu|,

sdqho frpprq ihdwxuh dqdo|vlv1

Ohw wkh vxevfulsw l @ 4> ===>Q lqglfdwh wkh gl�huhqw jurxsv2hqwlwlhv2xqlwv/ w @ 4> ===> W ghqrwh

wkh vdpsoh shulrg dqg m @ 4> ===> q ghqrwh wkh qxpehu ri yduldeohv iru hdfk jurxs2hqwlw|1 Zh

dvvxph wkdw wkh q�glphqvlrqdo yhfwru ri revhuyhg L+4, yduldeohv iru hqwlw| l> [�c|> lv jhqhudwhg

e| d s��wk rughu frlqwhjudwhg YDU zklfk fdq eh h{suhvvhg lq huuru0fruuhfwlrq irup dv iroorzv=

�[�c| @ �� . �| . ���
�

�[�c|3� .

R�3�[
�'�

��c��[�c|3� . %�c|> l @ 4> = = =Q> w @ 4> = = = > W> +:,

zkhuh �� ghqrwhv �{hg lqglylgxdo h�hfwv/ �| ghqrwhv d yhfwru ri ghwhuplqlvwlf wlph h�hfwv/ �� dqg

�� duh q�u� pdwulfhv ri ixoo froxpq udqn zlwk u� ehlqj wkh frlqwhjudwhg udqn +u� ? q, dqg %�c| lv d

glvwxuedqfh1 Wkh yhfwru %| @ +%��c|> = = = > %
�

�c|,
� lv dq qQ � 4 glphqvlrqdo krprvnhgdvwlf Jdxvvldq

phdq lqqrydwlrq surfhvv uhodwlyh wr [
3� @ i[�c|3� > l @ 4> = = = > Q > m ? wj zlwk qrqvlqjxodu

frqwhpsrudqhrxv fryduldqfh pdwul{ > wkh +l> m, � wk eorfn ri zklfk ehlqj H+%�c|%
�

�c|, @ �c�=

Qrwlfh wkdw rqh frxog doorz iru udqgrp lqglylgxdo h�hfwv lq h{suhvvlrq +:,1 Wklv zrxog ohdg wr

dq huuru0frpsrqhqw vwuxfwxuh ri %�c| vlplodu wr wkdw xvhg lq wkh sdqho gdwd olwhudwxuh1

Iru v|vwhp +:,/ zh lqwurgxfh wkh gh�qlwlrq ri dq krprjhqhrxv VFFI sdqho prgho=

Gh�qlwlrq 4 D sdqho prgho lv fdoohg dq krprjhqhrxv sdqho frpprq ihdwxuh prgho li wkhuh

h{lvwv/ ; l @ 4> = = = > Q> d +q � v�, pdwul{ ��� @
��� ; l> m @ 4> = = = > Q> zkrvh froxpqv vsdq wkh

lqglylgxdo frihdwxuh vsdfh/ vxfk wkdw ��
�

��[�c| @ ��
�

�%�c| lv d v��glphqvlrqdo zklwh qrlvh surfhvv

iru hdfk lqglylgxdo1

Wklv gh�qlwlrq dssolhv wr wkh fdvh zkhuh wkh lqglylgxdo frihdwxuh pdwulfhv/ dqg khqfh wkhlu

froxpq udqn v�> duh wkh vdph dfurvv doo lqglylgxdov1 D w|slfdo g|qdplf sdqho gdwd prgho zlwk

�{hg h�hfwv �� dqg ghwhuplqlvwlf wlph h�hfwv �| dulvhv dv d vshfldo fdvh ri +:, zkhq wkh sdudphwhuv

��> ��> ��c� dqg � duh wkh vdph dfurvv hqwlwlhv l +vhh h1j1 Krrjvwudwh/ 4<<;,1 Lq rughu wr foduli|

wkh qdwxuh ri wkh k|srwkhvhv xqghuo|lqj wkh sdqho frpprq ihdwxuh uhvwulfwlrqv/ lq wkh qh{w

vxevhfwlrq/ iroorzlqj Jurhq dqg Nohlehujhq +4<<<, iru sdqho frlqwhjudwlrq/ zh frqvlghu d prgho

uhvxowlqj iurp vhtxhqwldoo| whvwlqj dqg dsso|lqj uhvwulfwlrqv wr d kljk glphqvlrqdo xquhvwulfwhg

YHFP1

;



714 D Sdqho YHFP Uhsuhvhqwdwlrq

Zh duh lqwhuhvwhg lq whvwlqj iru frlqwhjudwlrq dqg frpprq vhuldo ihdwxuhv zlwk uhvshfw wr q L+4,

wlph vhulhv lq yhfwru [�c| zlwklq d g|qdplf prgho iru Q lqglylgxdov l1 Zlwkrxw orvv ri jhqhudolw|/

zh frqvlghu d odujh YHFP zlwk rqh odj lq wkh �uvw gl�huhqfhv/ h1j1 d YDU zlwk wzr odjv lq

ohyho1 Wkh jhqhudol}dwlrq wr kljk rughu g|qdplfv lv lpphgldwh e| vxevwlwxwlqj ��� e| ���+O, lq

+;, exw lw pdnhv wkh qrwdwlrq khdy|1 Zh frqvlghu wkh prgho zlwkrxw dq| wlph gxpplhv iru vdnh

ri vlpsolflw|1 Iru w @ 4> = = = > W zh pd| zulwh wkh qQ0glphqvlrqdo v|vwhp dv=

�[| @

3
EEC

��� = = = ���

111
1 1 1

111

��� = = = ���

4
FFD[|3� .

3
EEC

��� = = = ���
111

1 1 1
111

��� = = = ���

4
FFD�[|3� . x|> +;,

zkhuh �[| @ +�[ �

�c| = = =�[
�

�c|,
�

> x| @ +x��c| = = = x
�

�c|,
� dqg [|3� @ +[ �

�c|3� = = =[
�

�c|3�,
� duh yhfwruv

ri glphqvlrq qQ � 4> ru pruh frqflvho|

�[| @ ��o[|3� .��o�[|3� . x|> +<,

zkhuh ��o dqg ��o duh qQ�qQ pdwulfhv dqg x| @ �.%|> � @ +���> = = = > �
�

� ,> %| @ +%��c|> = = = > %
�

�c|,
�

duh qQ � 4 yhfwruv zlwk %| � Q+3>,=


?�f?�

@

3
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�� = = = ��

111
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111

�� = = = ��

4
FFD = +43,

Wklv odujh xquhvwulfwhg prgho +;,/ zlwkrxw dq| }hur eorfn uhvwulfwlrqv/ lv qrw hvwlpdeoh lq sudf0

wlfh1 Frqvhtxhqwo|/ uhvwulfwlrqv kdyh wr eh lpsrvhg1 Zh �uvw ghvfuleh frlqwhjudwlqj uhvwulfwlrqv

ehiruh lqwurgxflqj vhuldo fruuhodwlrq frpprq ihdwxuh uhvwulfwlrqv1

71414 Frlqwhjudwlqj Uhvwulfwlrqv lq d Sdqho YDU

Zh �uvw frqvlghu uhvwulfwlrqv rq wkh orqj0uxq pdwul{ ��o lq wkh xquhvwulfwhg YHFP1 Wzr w|shv

+D dqg E, ri vhtxhqfhv ri k|srwkhvhv qdwxudoo| dulvh lq sdqho gdwd1 Wkh k|srwkhvlv lqyroyhg lq

d vhtxhqfh fdq eh whvwhg hlwkhu vhtxhqwldoo| ru mrlqwo|1

� D4= Devhqfh ri orqj0uxq Judqjhu0Fdxvdolw| ehwzhhq wkh lqglylgxdo vxejurxsv/ l1h1 ��o lv

eorfn0gldjrqdo zlwk hohphqwv ��� @ 3 iru l 9@ m1

<



� D5= Frlqwhjudwlrq lq devhqfh ri orqj0uxq Judqjhu0fdxvdolw|/ l1h1 ��� @ ���
�

�/ zlwk �� dqg

�� ehlqj q� u� pdwulfhv ri udqn u�> l @ 4> ===>Q 1

� D6= Krprjhqhrxv sdqho frlqwhjudwlrq/ l1h1 �� @ ��> l @ 4> ===>Q > u @ Qu�1

� E4= Frlqwhjudwlrq/ l1h1 ��o @ ��
�/ zlwk � dqg � ehlqj qQ � u pdwulfhv ri udqn u1

� E5= Frpsohwh vhsdudwlrq lq frlqwhjudwlrq +vhh Judqjhu dqg Kdoguxs/ 4<<:,/ l1h1 � dqg �

duh eorfn0gldjrqdo/ zlwk w|slfdo eorfn ���
�

� dv gh�qhg lq D5/ dqg u @ 	�
�'�u�1

� E6= Krprjhqhrxv sdqho frlqwhjudwlrq/ l1h1 �� @ �� > l @ 4> ===> Q > u @ Qu�

Zkhq wkh �uvw wzr vhwv ri uhvwulfwlrqv lq hlwkhu vhtxhqfh krog/ wkh iroorzlqj uhvwulfwhg vwuxf0

wxuh dulvhv1

�[| @
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EEC
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�

� 3=== 3

3
1 1 1 3

3 3=== ���
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111

��� = = = ���

4
FFD�[|3� . x|= +44,

Zkhq lw lv dssursuldwh wr dgg d uhvwulfwhg wuhqg lq wkh frlqwhjudwlrq vsdfh/ zh uhsodfh

[|3� e| [
W

|3� @ +[ �

|3�> w,
�

= Iru Q �{hg/ d olnholkrrg udwlr vwdwlvwlf iru +44, yhuvxv +;, fdq eh

rewdlqhg xvlqj wkh vxp ri wzr gl�huhqw frqglwlrqdo olnholkrrg udwlr vwdwlvwlfv wr whvw wkh vhwv

ri uhvwulfwlrqv ~D4/D5� ru ~E4/E5�1 Qh{w/ krprjhqhlw| ri sdqho frlqwhjudwlrq fdq eh whvwhg

xvlqj d olnholkrrg udwlr whvw1 D ghfrpsrvlwlrq vlplodu wr ~D4/D5� lv sursrvhg e| Jurhq dqg

Nohlehujhq +4<<<,1 Wkh pdlq sureohp zlwk wklv dssurdfk lv wkdw xqghu D4/ wkdw lv devhqfh ri

orqj0uxq Judqjhu0fdxvdolw|/ wkh xvxdo whvwv kdyh dq xqnqrzq dv|pswrwlf glvwulexwlrq/ dv wkh

srvvleoh suhvhqfh ri frlqwhjudwlrq lqwhuihuhv zlwk wkh eorfn0gldjrqdolw| ri ��o1 Rq wkh rwkhu

kdqg/ rqfh wkh frlqwhjudwlqj udqn lq wkh xquhvwulfwhg YHFP kdv ehhq �{hg/ d whvw vwdwlvwlf zlwk

vhsdudwlrq dv wkh qxoo k|srwkhvlv kdv dq "
20dv|pswrwlf glvwulexwlrq1 Lw lv zruwkzkloh wr phqwlrq

wkdw dowkrxjk prgho +44, orrnv udwkhu vshfl�f/ lw lv ohvv uhvwulfwlyh wkdq wkh prghov xvhg lq wkh

g|qdplf sdqho olwhudwxuh/ zkhuh txlwh iuhtxhqwo|/ lq dgglwlrq wr vhsdudwlrq lq frlqwhjudwlrq/ wkh

vdph sdudphwhu vwuxfwxuh lv dvvxphg wr krog dfurvv lqglylgxdov +vhh lqwhu dold wkh ryhuylhz lq

Skloolsv dqg Prrq/ 4<<<e,1 Rffdvlrqdoo|/ frpsohwh vhsdudwlrq lv uhod{hg wr uhtxlulqj � wr eh

eorfn0gldjrqdo ohdylqj � xquhvwulfwhg1 +Oduvvrq dqg O|kdjhq/ 4<<<,1

43



71415 Frpprq Ihdwxuh Uhvwulfwlrqv

Lpsrvlqj vhuldo fruuhodwlrq frpprq ihdwxuh uhvwulfwlrq/ v|vwhp +44, ehfrphv=

�[| @
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+45,

Dv iru frlqwhjudwlqj uhvwulfwlrqv/ wklv prgho pd| eh rewdlqhg e| frqvlghulqj wzr ri wkh qh{w

wkuhh k|srwkhvhv xqghu +44,1

� F4= Vhuldo fruuhodwlrq frpprq ihdwxuhv= wkhuh h{lvwv d +qQ�v, pdwul{
;

� vxfk wkdw
;

�

�

�[|

lv dq v glphqvlrqdo zklwh qrlvh/ zlwk v @ 	�
�'�v�1

� F5= Devhqfh ri vkruw0uxq Judqjhu0fdxvdolw| ehwzhhq wkh lqglylgxdo vxejurxsv= ��o lv

eorfn0gldjrqdo/ l1h1 ��� @ 3 iru l 9@ m1

� F6= Vhsdudwlrq lq frpprq ihdwxuhv= wkh pdwul{
;

� lv eorfn0gldjrqdo zlwk wkh +v� � q,

pdwul{
;

�� ehlqj d w|slfdo eorfn rq wkh pdlq gldjrqdo/ v @ 	�
�'�v�1

� F7= Krprjhqhlw| ri frpprq ihdwxuhv=
;

�� @
;

��> l @ 4> ===> Q > v @ Qv�=

Dfwxdoo| wkh k|srwkhvlv F5 lv lpsolflw zkhq rqh vwdfnv YHFP1 Uhvwulfwlrq F6 lv ghyhorshg

lq Khft/ Sdop dqg Xuedlq +4<<<, iru wkh VFFI dv zhoo dv iru wkh zhdn irup vwuxfwxuh1 Khuh

djdlq d olnholkrrg udwlr iru prgho +45, yhuvxv +44, fdq eh rewdlqhg dv wkh vxp ri wzr frqglwlrqdo

olnholkrrg udwlr vwdwlvwlfv wr whvw ri hlwkhu ~F4/F5� ru ~F5/F6�1 Wklv phdqv wkdw zh fdq �uvw whvw

iru frpprq f|folfdo ihdwxuhv xqghu wkh pdlqwdlqhg k|srwkhvlv ri vkruw0uxq Judqjhu0qrqfdxvdolw|

F51 Dowhuqdwlyho|/ zh fdq �uvw whvw iru devhqfh ri vkruw0uxq fdxvdolw| dqg wkhq whvw iru VFFI

vlqfh erwk vhtxhqfhv ri uhvwulfwlrqv lpso| vhsdudwlrq lq frpprq ihdwxuh1 Wklv uhvxowv ghulyhv

iurp Sursrvlwlrq 6161 lq Khft/ Sdop dqg Xuedlq +4<<<, zklfk vwdwhv wkdw xqghu vhsdudwlrq lq

frlqwhjudwlrq dqg eorfn gldjrqdolw| ri wklv orqj0uxq pdwul{/ wkh suhvhqfh ri frpprq ihdwxuhv

lpsolhv wkdw wkh frihdwxuh pdwul{ lv eorfn0gldjrqdo1

8 JPP Hvwlpdwlrq

Wr whvw iru frpprq ihdwxuhv lq d wlph vhulhv frqwh{w/ zh kdyh wkh fkrlfh ehwzhhq JPP hvwlpdwruv

dssolhg wr d uhjuhvvlrq iudphzrun dqg d fdqrqlfdo fruuhodwlrq surfhgxuh edvhg rq pd{lpxp

44



olnholkrrg +PO, hvwlpdwlrq1 Erwk phwkrgv kdyh wkhlu dgydqwdjhv dqg gudzedfnv1 Wkh PO

hvwlpdwlrq lv ixoo| h!flhqw dqg olnholkrrg udwlr whvwv duh dv|pswrwlfdoo| prvw srzhuixo1 JPP

hvwlpdwruv fdq eh pruh hdvlo| lpsohphqwhg exw wkh| duh lq jhqhudo qrw ixoo| h!flhqw1 Lq wklv

Vhfwlrq zh suhvhqw d JPP hvwlpdwru wkdw zloo eh xvhg lq rxu hpslulfdo dqdo|vlv iru d elyduldwh

v|vwhp iru frqvxpswlrq dqg lqfrph iru wkh fdvh zkhuh dw prvw rqh vhuldo fruuhodwlrq frpprq

ihdwxuh yhfwru h{lvwv1

Iru hdfk lqglylgxdo/ ohw xv vsolw [�c| @ +|�c|> }�c|,
� dqg ohw wkh elyduldwh GJS eh

�|�c| @ �� .
��
W

��}�c| . ��c| +46,

�}�c| @ ��+|� � �
W

� }�,|3� .

R�3�[
&'�

��c�&�|�c|3� .

R�3�[
&'�

��c2&�}�c|3� . %�c| +47,

zkhuh wkh vhfrqg htxdwlrq iru �}�c| lv mxvw rqh urz ri wkh YHFP +44,/ zlwk qrupdol}hg frlqwh0

judwlqj yhfwru ��� @ ^4>��W� `1 Erwk wkh |�v dqg wkh {�v duh dxwrfruuhodwhg zlwk ��c| d qrqolqhdu

ixqfwlrq lq wkh sdudphwhuv ri odjv lq �|�c|>�}�c| dqg huuru fruuhfwlrq phfkdqlvp1 Xqghu wkh

qxoo ri vhuldo fruuhodwlrq frpprq ihdwxuhv iru lqglylgxdo l> ��c| lv d zklwh qrlvh surfhvv dqg wkh

qrupdol}hg VFFI yhfwru lv jlyhq e| ��
�

� @
k
4>���

W

�

l
=

Lq sudfwlfh +Ydklg dqg Hqjoh/ 4<<6/ 4<<:,/ diwhu wkh frlqwhjudwlrq dqdo|vlv lq wkh �uvw vwhs/

wkh JPP surfhgxuh surfhhgv dv iroorzv1 Uhjuhvv wkh h{sodqdwru| yduldeohv �}| rq wkh zkroh

vhw ri lqvwuxphqwv +l1h1 odjv ri �[| dqg frlqwhjudwlqj yhfwruv, lq rughu wr rewdlq wkh ehvw

olqhdu suhglfwlrq �a}|1 Wkhq uhjuhvv �|| rq d frqvwdqw whup dqg �a}|= Wklv hvwlpdwh jlyhv wkh

srwhqwldo vhuldo fruuhodwlrq frpprq ihdwxuh yhfwru
;

��1 Ilqdoo|/ rqh whvwv iru wkh ydolglw| ri wkh

ryhulghqwli|lqj uhvwulfwlrqv xvlqj Kdqvhq*v +4<;5, "2 whvw1

814 Khwhurjhqhrxv Lqghshqghqw Fdvh

Zkhq wkh revhuydwlrqv rq lqglylgxdov duh dvvxphg furvv0vhfwlrqdoo| lqghshqghqw/ d mrlqw whvw iru

wkh h{lvwhqfh ri rqh lqglylgxdo0vshfl�f +khwhurjhqhrxv, frpprq ihdwxuh yhfwru fdq eh rewdlqhg

e| frpsxwlqj wkh "20vwdwlvwlfv iru wkh VFFI uhvwulfwlrqv iru hdfk lqglylgxdo ^�� y "
2+��,`> zlwk

wkh vdph qxpehu ri yduldeohv iru hdfk l exw zlwk wkh srvvlelolw| ri kdylqj d surshu g|qdplfv

dqg wkh suhvhqfh ru qrw ri frlqwhjudwlqj yhfwruv1 Wkh ghjuhhv ri iuhhgrp duh wkhq jlyhq e|

�� @ q+s� � 4, . u� � +q � 4, vlqfh v� htxdov rqh1 Xvlqj wkh vwdqgdug fhqwudo olplw wkhruhp iru
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odujh Q / zh wkhq kdyh

�S
�'�

�� � �

+5�,�*2
@
� Q+3> 4, zkhuh � @

�[
&'�

�� +48,

Wklv surfhgxuh lv krzhyhu qrw dssursuldwh lq wkh suhvhqfh ri furvv0fruuhodwlrq/ d skhqrphqrq

srlqwhg rxw lqwhu dold e| R*Frqqho +4<<;, lq wkh fdvh ri sdqho xqlw urrw whvwv1 Wkh vl}h glvwruwlrqv

lqfuhdvh zlwk Q dqg zlwk wkh furvv0fruuhodwlrq1 Zkloh wkhvh glvwruwlrqv duh GJS ghshqghqw/ zh

revhuyh hpslulfdo vl}hv ri derxw 53 ( +qrplqdo vl}h @ 8(, iru W @ 58 dqg Q @ 43 dv zhoo dv iru

W @ 83 dqg Q @ 58 xvlqj d Prqwh Fduor h{shulphqw vlplodu wr wkh rqh suhvhqwhg lq Vhfwlrq 917

815 Krprjhqhrxv dqg Khwhurjhqhrxv Ghshqghqw Fdvh

Lq prvw fdvhv glvwxuedqfhv dfurvv lqglylgxdov l zloo eh dw ohdvw frqwhpsrudqhrxvo| fruuhodwhg1

Iru lqvwdqfh/ zkhq whvwlqj iru SSS lq sdqho gdwd/ frqwhpsrudqhrxv glvwxuedqfh fruuhodwlrq

dulvhv ehfdxvh rqh frxqwu| pxvw vhuyh dv d ehqfkpdun1 Dovr/ iru lqvwdqfh/ iru d jlyhq frxqwu|

frqvxpswlrq dqg lqfrph fdqqrw eh dvvxphg lqghshqghqw1 Rqh zd| wr ghdo zlwk wklv furvv0

frxqwu| fruuhodwlrq lv wr lqfrusrudwh d frpprq wlph gxpp| lq wkh sdqho1 Wklv vroxwlrq zdv

sxuvxhg e| Shgurql +4<<:, lq wkh frqwh{w ri sdqho frlqwhjudwlrq whvw/ exw lw dsshduv wkdw wlph

gxpplhv gr qrw fdswxuh doo wkh fruuhodwlrq/ vhh R*Frqqho +4<<;,1 Dqrwkhu vroxwlrq zh xvh khuh

lv wr dffrxqw iru furvv0fruuhodwlrq e| xvlqj JOV ru VXU w|sh fruuhfwlrqv1 Wkhvh fruuhfwlrqv

uhtxluh wkdw W A Q dqg wkh dv|pswrwlf zh frqvlghu duh pdlqo| edvhg rq W $ 4 zkloh Q lv

�{hg ru dw ohdvw jurzv dw d orzhu udwh wkdq W=

Dvvxplqj wkdw doo wkh yduldeohv lq ohyhov duh L+4,/ zh �uvw whvw iru hdfk lqglylgxdo l wkh

h{lvwhqfh ri d frlqwhjudwlqj uhodwlrqvkls xvlqj vwdqgdug wlph vhulhv edvhg surfhgxuhv1 Lq wkh

fdvh wkh qxoo k|srwkhvlv ri qr0frlqwhjudwlrq fdq eh uhmhfwhg/ wkh frlqwhjudwlrq yhfwru+v, duh

wkhq frqvlghuhg dv nqrzq lq wkh vxevhtxhqw dqdo|vhv1 Dq dowhuqdwlyh wr wkh wlph vhulhv edvhg

frlqwhjudwlrq dqdo|vlv lv wr uho| rq d whvwlqj surfhgxuh ghvljqhg iru frlqwhjudwhg sdqho prghov/

d surfhgxuh zklfk frxog srvvleo| eh pruh srzhuixo1 Wkh dv|pswrwlf dujxphqwv xvhg lq sdqho

frlqwhjudwlrq dqdo|vlv duh krzhyhu pdlqo| edvhg rq odujh Q� dv|pswrwlf dqg lqghshqghqfh

dfurvv xqlwv zkloh zh duh khuh ghdolqj zlwk �{hg Q fdvhv doorzlqj iru ghshqghqfh dfurvv wkh

xqlwv1 H{lvwlqj Prqwh Fduor vlpxodwlrqv ixuwkhupruh uhyhdo +vhh lqwhu dold PfFrvnh| dqg Ndr/

4<<;/ Shgurql/ 4<<:, wkh h{lvwhqfh ri vrph sureohpv zkhq furvv0fruuhodwlrq h{lvwv1 Pruhryhu/ wkh

surshuwlhv ri frpprq ihdwxuh whvw vwdwlvwlfv zloo eh d�hfwhg e| wkh rxwfrph ri wkh frlqwhjudwlrq

7Frpsohwh uhvxowv duh dydlodeoh xsrq uhtxhvw1
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dqdo|vlv1 Lqghhg/ li rqh huurqhrxvo| lpsrvhv dq lghqwlfdo krprjhqhrxv frlqwhjudwlqj pdwul{ �
W

�

iru doo l> zkloh iru vrph m frlqwhjudwlrq grhv qrw krog ru krogv zlwk d frlqwhjudwlqj pdwul{

gl�huhqw iurp �
W

� > wkh olnholkrrg wr uhmhfw wkh VFFI uhvwulfwlrqv zloo whqg wr lqfuhdvh1

Ehiruh suhvhqwlqj wkh JPP0hvwlpdwru/ zh suhvhqw wkh prgho xqghu frpprq ihdwxuhv lq

jhqhudo whupv1 Xqghu vhsdudwlrq F6/ wkh prgho +44, fdq eh zulwwhq dv
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:::::8

?�f�

+49,

zlwk v @
S�

�'� v� dqg x| @ +x��|> x
�

2|> ==> x
�

�|,
� ehlqj LLQ+3>,=

Xqghu wkh krprjhqhlw| dvvxpswlrq F7/ wkh prgho +49, vshfldol}hv wr ehfrph

+L�  ��
�

�,�[| @ +L�  ��
�

�,x|= +4:,

Dv lq +46, dqg +47,/ zh sduwlwlrq wkh yhfwru �[�| dv ^�|
�

�|>�}
�

�|`
�

> zkhuh �|�| dqg �}�| duh v��4

dqg +q� v�,� 4 vxeyhfwruv1 Wkh pdwul{ ��
�

� lv qrupdol}hg +zlwkrxw orvv ri jhqhudolw|, dv iroorzv

��
�

� @
k
Lr� >�

��
W�

�

l
= Xqghu wklv qrupdol}dwlrq/ wkh v|vwhp +49, fdq eh h{suhvvhg dv
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x| +4;,

ru pruh frpsdfwo|

�|| @ E
�

�}| . y| +4<,

zlwk �|| @ ^�|��|> ===>�|
�

�|`
�

> E
� @ gldj+��

W�

� ,> �}| @ ^�}��|> ===>�}
�

�|`
�

> y| @ ��
�

x|= Wudqvsrvlqj

+4<, dqg zulwlqj wkh prgho iru d vdpsoh ri W revhuydwlrqv/ zh jhw
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E
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+53,
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ru lq yhfwrul}hg irup

�|W

Arf�

@ �]W
ArfE?r3P�r

2

�
�

�
E?r3P�r

2

�
�f�

. y
W

Arf�
+54,

zlwk �|W @ yhf+�\ ,> yW @ yhf+Y ,>�]W @ gldj+Lr� �]�, zlwk �]� @ ^�}�|,` > ri glphqvlrq

W � +q� v�,> zlwk w @ 4> ===> W> o @ 4> ===> q� v�> dqg � ehlqj d yhfwru zlwk w|slfdo l0wk vxeyhfwru

ehlqj htxdo wr yhf+���
W

� ,= Xqghu wkh krprjhqhlw| dvvxpswlrq F7/
��
W

� @
��
W

�> l @ 4> ===>Q> v @ Qv�>

wkh v|vwhp +54, vshfldol}hv wr ehfrph

�|W @ �]Wo �o . y
W +55,

zlwk wkh ^WQv� �Q+q� v�,` pdwul{

�]Wo @

5
99997

Lr� �]�

Lr� �]2

===

Lr� �]�

6
::::8

dqg wkh ^v�+q� v�,� 4` yhfwru �o @ yhf+���
W

�,1

Wkh yhfwru ri sdudphwhuv � dqg �o fdq eh hvwlpdwhg e| JPP surylghg zh kdyh d +Wv� n,

pdwul{ ri lqvwuxphqwdo yduldeohv Z vxfk wkdw HZ �

y
W @ 3 dqg n lv htxdo wr ru odujhu wkdq wkh

qxpehu ri xqnqrzq sdudphwhuv lq � +ru �o,=

Wkh JPP hvwlpdwru vroylqj Z
�

y
W @ 3 xvlqj wkh zhljkwlqj pdwul{ V lv jlyhq e|

a�C�� @
�
�]W�ZV

3�
Z

��]W
�
3�

�]W�ZV
3�
Z

��|W= +56,

Wkh rswlpdo zhljkwlqj pdwul{ lv V @ Z
�	Z> zkhuh 	 @ Hy

W

y
W� @ LA  	�> 	� @ ��

�

��= Zkhq

	 lv xqnqrzq/ lw zloo kdyh wr eh uhsodfhg e| d frqvlvwhqw hvwlpdwh1 Wkh dv|pswrwlf fryduldqfh

pdwul{ ri a�C�� zlwk rswlpdo zhljkwlqj pdwul{ V lv jlyhq e|

Ydu+a�C�� , @ ^�]W�Z +Z �	Z ,3�Z ��]W`3�= +57,

Xqghu krprjhqhlw| F7/ �o fdq eh hvwlpdwhg e| h{suhvvlrq +56, uhsodflqj �]W e| �]Wo = Zkhq

wkh qxpehu ri lqvwuxphqwv n lv vwulfwo| odujhu wkdq wkh qxpehu ri sdudphwhuv � +ru �o, wr eh
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hvwlpdwhg/ wkhvh ryhulghqwli|lqj uhvwulfwlrqv fdq eh whvwv xvlqj wkh zhoo0nqrzq fulwhulrq

plq
B

@ +yW�Z ,+Z �	Z ,3�+Z �

y
W,> +58,

zklfk kdv dq dv|pswrwlf "2 0glvwulexwlrq zlwk wkh qxpehu ri ghjuhhv ri iuhhgrp ehlqj htxdo wr

n plqxv wkh qxpehu ri sdudphwhuv1

Vrph uhpdunv rq wkh fkrlfh ri wkh lqvwuxphqwv kdyh wr eh pdgh1 Zh fdq ghwhuplqh wkh

rughu s� ri wkh YDU iru hdfk frxqwu| l xvlqj iru lqvwdqfh lqirupdwlrq fulwhuld1 Wkh odjjhg

�uvw gl�huhqfhv ri �[�|> l @ 4> ===> s� � 4> dqg wkh odjjhg orqj uxq uhodwlrqv fdq eh xvhg wr

|lhog q+s� � 4, . u�> lqvwuxphqwv Z� iru �]� lq +4<, dqg wdnlqj Z @ gldj+�Ar� >Z�, zkhuh

u� lv wkh frlqwhjudwlqj udqn ri lqglylgxdo l= Dv lv zhoo0nqrzq/ wkh ROV hvwlpdwru uhjuhvvlqj

�|W rq �e]W> zkhuh wkh �e]W duh wkh surmhfwlrqv ri �]W rq Z> fdq eh rewdlqhg dv d JPP

hvwlpdwru e| vhohfwlqj V @ LAr lq +56, dqg wdnlqj Z +Z �

Z ,3�Z � dv lqvwuxphqw1 Vlploduo|/

wkh JOV hvwlpdwru uhjuhvvlqj �|W rq � e]W @ Z +Z �	W3�Z ,3�Z �	W3��]W> zlwk 	W ehlqj wkh

glvwxuedqfh fryduldqfh pdwul{ ri wkh +pxowlyduldwh, uhjuhvvlrq ri �]W rq Z> fdq eh rewdlqhg

iurp +56, e| wdnlqj V @ 	 dqg xvlqj dv lqvwuxphqwv Z +Z �	W3�Z ,3�Z �	W3� lqvwhdg ri Z 1

Lq wkh hpslulfdo dqdo|vlv lq Vhfwlrq :/ zh frqvlghu d �{hg h�hfwv prgho ehfdxvh lq wkh

pdfurhfrqrplf dssolfdwlrq/ zh vwxg| wkh srsxodwlrq dqg qrw d vdpsoh1 Dgglqj �{hg h�hfwv wr

wkh prgho +54, iru wkh fdvh zklfk zh dqdo|}h/ h1j1 iru v� @ 4> l @ 4> ===> Q dqg q @ 5> |lhogv

�|@]>� ^.]b�` . �]Wo �o.y
W

> +59,

zkhuh ]> @ �A  L� dqg ]b @ LA  �� = Ohw M� ghqrwh d Q � Q pdwul{ ri rqhv/ vr ]b]
�

b @

LA  M� dqg wkh surmhfwlrq ri M� rq ]b lv LA  �M� zlwk �M� @ M�@Q= Wklv pdwul{ dyhudjhv

ryhu lqglylgxdov1 Dovr gh�qh wlph phdqv e| ]>]
�

> @ MA  L� dqg wkh surmhfwlrq ri MA rq ]
�

> lv

�MA  L� = Lw lv vkrzq lq Edowdjl +4<<8/ s5;, wkdw

e�ocC�� @ +� e]Wo �T	3�T�e]Wo ,3�� e]W�o T	3�T�|> +5:,

zkhuh T @ L�A � �MA  L� iru prgho zlwk rqo| lqglylgxdo h�hfwv dqg T @ LA  L� � �MA 

L� � LA  �M� . �MA  �M� zkhq wlph gxpplhv duh suhvhqw1 Wkh hvwlpdwru +59, zlwk �e]Wo @

Z +Z �	W3�Z ,3�Z �	W3��]Wo zloo eh lqglfdwhg dv wkh JOV0OVGY hvwlpdwru1 Zkhq wkh pdwul{

	 lv uhsodfhg e| wkh lghqwlw| pdwul{/ d ohvv0h!flhqw hvwlpdwru dulvhv zklfk zloo eh ghqrwhg dv wkh

OVGY hvwlpdwru1 Wkh dv|pswrwlf fryduldqfh pdwul{ ri a�ocC�� zlwk rswlpdo zhljkwlqj pdwul{
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V lv wkhq jlyhq e|

Ydu+a�ocC�� , @ ^�e]Wo �TZ +Z �	Z ,3�Z �

T�e]Wo `3�= +5;,

D whvw iru wkh ydolglw| wkh ryhulghqwli|lqj uhvwulfwlrqv lv rewdlqhg xvlqj +58, dqg lv uhdglo|

vhhq wr eh d whvw iru wkh qxoo k|srwkhvlv ri F7/ h1j1 iru wkh qxoo ri krprjhqhlw| ri frpprq

ihdwxuhv=
;

�� @
;

��> l @ 4> ===>Q>zlwk v @ Qv�> v� @ v� @ 4> ;l @ 4> ===> Q= Lq wklv vshfl�f

fdvh/ wkh qxpehu ri ghjuhhv ri iuhhgrp iru wkh ryhulghqwli|lqj uhvwulfwlrqv whvw +58, lv jlyhq e|S�
�'� ^q+s� � 4, . u�,� +q� 4,` . +q � 4,+Q � 4, zkhuh q> s�> u� duh uhvshfwlyho| wkh qxpehu ri

yduldeohv> wkh qxpehu ri odjv dqg wkh qxpehu ri frlqwhjudwlqj uhodwlrqv iru hdfk l1 Qrwlfh wkdw

wkh idfwru +q�4,+Q�4, dulvhv dv d frqvhtxhqfh ri wkh srrohg hvwlpdwlrq ri wkh frpprq ihdwxuh

yhfwru1 Lpsrvlqj d frpprq frihdwxuh yhfwru dfwxdoo| ghfuhdvhv e| +q� 4,+Q � 4, wkh qxpehu

ri sdudphwhuv wr eh hvwlpdwhg1

Pruh jhqhudoo|/ rqh frxog qdwxudoo| h{whqg wkh dqdo|vlv +lq wkh fdvh q A 5, dqg frqvlghu

vlplodu dqdo|vhv iru v� @ 4> ==> q� 4= Vhtxhqwldoo| whvwlqj/ iru v� @ 4> ==> q� 4> wkh ydolglw| ri wkh

xqghuo|lqj ryhulghqwli|lqj uhvwulfwlrqv zlwk +58,/ surylghv d gluhfw zd| wr whvw wkh qxpehu ri

frpprq fr0ihdwxuhv lq d JPP vhw0xs/ surylghg zh �uvw surshuo| qrupdol}h wkh frihdwxuh pdwul{

dv deryh1 D vrphzkdw vlplodu xvh ri JPP iru wkh ghwhfwlrq ri wkh glphqvlrq ri wkh frpprq

ihdwxuh vsdfh/ doehlw lq d sxuh wlph vhulhv frqwh{w/ lv glvfxvvhg lq Ydklg dqg Hqjoh +4<<:,1

Lq wkh qh{w vhfwlrq/ zh hydoxdwh wkh phulwv ri wklv dqdo|vlv +iru v� @ v� @ 4> ;l @ 4> ===>Q, lq

d vpdoo Prqwh Fduor h{shulphqw1

9 Prqwh Fduor Vlpxodwlrqv

Lq wklv vhfwlrq zh suhvhqw vrph looxvwudwlyh Prqwh Fduor hylghqfh rq wkh xvhixoqhvv ri wkh frpprq

ihdwxuh whvw vwdwlvwlf +58, suhvhqwhg deryh iru sdqho gdwd1 Wkh gdwd duh jhqhudwhg dv li wkhuh

h{lvwv d kxjh YHFP zlwk erwk frpprq ihdwxuh dqg frlqwhjudwlqj uhvwulfwlrqv1 Xqghu wkh qxoo

ri uhgxfhg udqn vwuxfwxuhv/ wkh elyduldwh GJS iru hdfk ri Q lqglylgxdov dvvxphv wkh h{lvwhqfh

ri rqh frlqwhjudwlqj yhfwru dqg ri d vlqjoh frpprq ihdwxuh yhfwru1 Lw kdv wkh irup=
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zkhuh wkh �*v duh jhqhudwhg iurp xqlirup glvwulexwlrqv �� � X+3> =6,> �2 � X+�=58> =48,

vr wkdw H+��, @ =48 dqg H+�2, @ �=38= Wkh qrupdol}hg frpprq ihdwxuh yhfwru lv �� @k
4 �=8

l
�

dqg wkh qrupdol}hg frlqwhjudwlrq yhfwru lv vlpso| � @
k
4 �4

l
�

= Iru hdfk lq0

glylgxdo l/ zlwk ^%��c|> %�2c|`3 lv elyduldwh Jdxvvldq zlwk yduldqfh0fryduldqfh pdwul{ ��= Wkh furvv0

frqwhpsrudqhrxv fruuhodwlrq pdwulfhv ehwzhhq lqglylgxdo l dqg m duh doo htxdo wr �� vr wkdw wkh

sdqho YHFP yduldqfh0fryduldqfh pdwul{ lv jlyhq e| +43, zlwk

�� @

#
4 =;

=; 4

$
�� @

#
=: =9

=9 =:8

$
=

Zh kdyh dgghg dq khwhurjhqhrxv vwuxfwxuh lqfuhdvlqj zlwk Q= Iurp wklv GJS zhh vhh wkdw

xqghu wkh dvvxpswlrq ri uhgxfhg udqn wkh vkruw uxq g|qdplf pdwulfhv +iru hdfk l, duh vlpso|

jlyhq e|

#
3=63 3=48

3=93 3=63

$
>zkloh xqghu wkh dowhuqdwlyh zh fkrvh wr �{ duelwudulo| rqh hohphqw wr

}hur=

#
3=63 3=33

3=93 3=63

$
=

Zh frqvlghu wkuhh vdpsoh vl}hv/ l1h1 W @ 43> 58 ) 83> dqg �yh fdvhv iru wkh qxpehu ri

lqglylgxdov/ l1h1 Q @ 4> 5/ 8/ 43 dqg 581 Zh uhsruw wkh phgldq dqg wkh vsuhdg +lqwhutxdqwloh

udqjh, ri wkh eldv ri wkh JPP sdqho hvwlpdwru1 Zh dovr uhsruw wkh phgldq ri wkh vwdqgdug

ghyldwlrq ri e�ocC�� =Zh uhsruw wkh hpslulfdo vl}h +qrplqdo ehlqj 8(, dv zhoo dv wkh hpslulfdo vl}h

dgmxvwhg srzhu iru ryhu0lghqwli|lqj uhvwulfwlrqv whvw vwdwlvwlfv1 Gxh wr wkh kxjh frpsxwdwlrqdo

wlph uhtxluhg iru wkhvh vlpxodwlrqv/ 8/333 uhsolfdwlrqv zhuh xvhg iru Q @ 4> 5> 6> 5/333 iru Q @ 43

dqg 4/333 iru Q @ 581

Lqvhuw Wdeoh 5 derxw khuh

Wkh uhvxowv duh suhvhqwhg lq Wdeoh 51 Rqh fdq gluhfwo| revhuyh wkdw wkh eldv lv vpdoo dqg

ghfuhdvhv zkhq erwk W dqg2ru Q lqfuhdvh1 Wkh dffxudf| ri hvwlpdwhv/ phdvxuhg erwk e| wkh

vsuhdg dqg wkh vwdqgdug ghyldwlrq ri wkh hvwlpdwh/ dovr lqfuhdvhv zlwk W dqg2ru Q=Zh lqwhusuhw

wkhvh looxvwudwlyh �qglqjv dv hylghqfh lq idyru ri wkh srrolqj hvwlpdwru1 Qr vxevwdqwldo vl}h

glvwruwlrqv duh revhuyhg1 Uhpdun wkdw wkh ydoxhv ri Q zh kdyh uhwdlqhg lq wkhvh vlpxodwlrqv duh

fohduo| wrr vpdoo wr dvvhv wkh ydolglw| ri d fhqwudo olplw wkhruhp edvhg rq odujh Q dv|pswrwlf1
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: Hpslulfdo Dqdo|vlv

Wkh gdwd zh xvh duh wdnhq iurp wkh Shqq Zruog Wdeohv Pdun 819 +vhh Vxpphuv dqg Khvwrq/

4<<4,81 Wkhvh gdwd/ wkdqnv wr wkh krprjhqhlw| lq wkhlu gh�qlwlrq/ duh h{wuhpho| xvhixo dqg

kdyh ehhq h{whqvlyho| xvhg lq hpslulfdo olwhudwxuh1 Wklv grhv krzhyhu fhuwdlqo| qrw h{foxgh wkh

suhvhqfh ri phdvxuhphqw huuruv ehfdxvh wkh sulfh wr sd| iru rewdlqlqj orqj vhulhv ri krprjhqhrxv

gdwd iru pruh wkdq 483 frxqwulhv lv wkh uholdqfh rq d vhw ri k|srwkhvhv/ dssur{lpdwlrqv dqg

lqwhusrodwlrqv1 Ehfdxvh ri erwk wkh txdolw| ri wkh gdwd dv zhoo dv wkh xqghuo|lqj wkhruhwlfdo

prwlydwlrq/ zh olplw rxu dqdo|vlv wr 55 RHFG frxqwulhv iru wkh vdpsoh shulrg 4<8304<<5 +xs

wr 4<<4 iru Juhhfh dqg 4<<3 iru Sruwxjdo,91 Wkh gdwd h{wudfwhg duh \ @�UJGSO= Uhdo JGS

shu fdslwd +Odvsh|uhv lqgh{, lq 4<;8 lqwhuqdwlrqdo sulfhv� dqg F @ %F= Uhdo Frqvxpswlrq

vkduh ri JGS lq 4<;8 lqwhuqdwlrqdo sulfhv��\@433= Wklv odvw rshudwlrq lv qhfhvvdu| wr jhw wkh

frqvxpswlrq lq ohyho dqg qrw lq shufhqwdjh ri lqfrph:1

Wdeoh 6 uhsruwv wlph vhulhv vwdwlvwlfv iru hdfk frxqwu|1 Wkh �uvw froxpq ri Wdeoh 6 olvwv lq

doskdehwlfdo rughu/ wkh qdphv ri wkh frxqwulhv dv zhoo dv wkh gdwh ri mrlqlqj RHFG;1 Froxpq 5

jlyhv wkh txdolw| udqnlqj ri wkh gdwd dv suhvhqwhg lq Vxpphuv dqg Khvwrq +4<<4,1 Lw lv vhhq wkdw

iru wkh prvw sduw/ wkh txdolw| ri wkh gdwd lv uhdvrqdeoh1 Froxpqv 6 dqg 7 jlyh wkh ydoxh ri wkh

Dxjphqwhg Glfnh|0Ixoohu xqlw urrw whvw iru uhvshfwlyho| frqvxpswlrq dqg lqfrph1 Doo wkh whvwv

duh edvhg rq erwk d frqvwdqw dqg d wuhqg1 Wkh qxpehu ri odjv qhfhvvdu| wr zklwhq wkh uhvlgxdov

lv jlyhq lq sduhqwkhvhv1 Froxpqv 8 dqg 9 jlyh uhvshfwlyho| wkh ydoxh ri wkh Hqjoh0Judqjhu

Dxjphqwhg Glfnh|0Ixoohu frlqwhjudwlqj whvw dqg wkh orqj0uxq hodvwlflw| zlwk frqvxpswlrq dv d

ghshqghqw yduldeoh1 Froxpq : jlyhv wkh rughu ri wkh YDU+s�, lq ohyho/ zkhuh s� lv ghwhuplqhg

xvlqj pxowlyduldwh Kdqqdq0Txlqq +KTF, fulwhuld1 Wkhvh odjv/ dv zhoo dv wkh suhvhqfh ri dq huuru

fruuhfwlqj phfkdqlvp whup/ zloo ghwhuplqh wkh lqvwuxphqwv wr eh xvhg lq frpprq ihdwxuhv whvw

8Wkh gdwd pd| eh grzqordghg yld gl�huhqw lqwhuqhw vlwhv vxfk dv kwws=22zzz1qehu1ruj2szw891kwpo ru

kwws=22gdwdfhqwuh1hsdv1xwrurqwr1fd=89532szw1
9Ehfdxvh ri frpsxwdwlrq idflolw|/ zh kdyh edodqfhg wkh sdqho lq wklv vwxg| dqg zh glgq*w frqvlghu hlwkhu Juhhfh

dqg Sruwxjdo1
:Zh glgq*w frqvlghu khuh d voljkwo| gl�huhqw prgho lq zklfk uhdo jryhuqphqw h{shqglwxuhv duh vxevwudfwhg

iurp rxwsxw1 Lqghhg/ dv udlvhg e| Hydqv dqg Ndudv +4<<6,/ wkh �b prgho� vkrxog eh h{whqghg wr wdnh fduh ri wkh

srwhqwldo vxevwlwxwdelolw| ru frpsohphqwdulo| ehwzhhq sulydwh dqg sxeolf jrrgv1 Zlwkrxw d �qh glvwlqfwlrq ri wkh

frpsrqhqwv ri jryhuqphqw h{shqglwxuhv/ lw pljkw eh ghvludeoh wr h{whqg wkh prgho wr wdnh lqwr dffrxqw d wklug

yduldeoh1 Lw lv dovr srvvleoh wr frqvlghu d vlpsoh dowhuqdwlyh prgho zkhuh doo wkh sxeolf jrrgv duh vxevwlwxwdeoh wr

sulydwh rqh e| vxevwudfwlqj C iurp t�
;Rwkhu frxqwulhv duh qrz mrlqlqj RHFG1 Wklv lv wkh fdvh ri wkh F}hfk Uhsxeolf lq 4<<8/ Nruhd lq 4<<9/ Srodqg

4<<9 dqg Ph{lfr 4<<71 Zh gurs wkhp ehfdxvh wkh hqglqj |hdu lv 4<<5 lq rxu gdwd vhw1 Dovr qrwh wkdw RHFG

kdv lwv ruljlq lq wkh Rujdqlvdwlrq iru Hxurshdq Hfrqrplf Frrshudwlrq zklfk jurxshg Hxurshdq Frxqwulhv1 Wklv

rujdqlvdwlrq zdv fkdujhg zlwk dgplqlvwhulqj Xqlwhg Vwdwhv dlg/ xqghu wkh Pduvkdoo Sodq/ wr uhfrqvwuxfw Hxursh

diwhu wkh Zruog Zdu LL1 Frqvhtxhqwo|/ iru frxqwulhv wkdw glg qrw sduwlflsdwh dw wkh ehjlqqlqj lq wklv surmhfw/

krprjhqhlw| ri frlqwhjudwlrq dqg2ru frpprq ihdwxuhv pljkw eh uhmhfwhg iru wkdw uhdvrq1
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vwdwlvwlfv1

Lqvhuw Wdeohv 608 derxw khuh

Lq Wdeoh 6/ d �-� lqglfdwhv wkdw lqglylgxdo xqlw urrw ru frlqwhjudwlrq whvw vwdwlvwlfv uhmhfw wkh

qxoo dw d 8( qrplqdo ohyho1 Lw hphujhv wkdw/ h{fhsw iru Sruwxjdo/ XN dqg Wxunh|/ zh fdqqrw uhmhfw

wkh xqlw urrw k|srwkhvlv iru frqvxpswlrq dqg lqfrph1 Xvlqj Hqjoh0Judqjhu frlqwhjudwlrq whvw/

wkh qxoo k|srwkhvlv ri qrq0frlqwhjudwlrq lv uhmhfwhg iru qlqh frxqwulhv zlwk orqj0uxq hodvwlflw| �
W

�

forvh wr 41 Frqvhtxhqwo|/ zh zloo xvh wkh frlqwhjudwlqj yhfwruv dv lqvwuxphqwv lq vl{ gl�huhqw

yhuvlrqv= irxu krprjhqhrxv fdvhv dqg wzr khwhurjhqhrxv rqhv1 Wkh uhvxowv duh uhsruwhg lq Wdeoh

71

Wkh krprjhqhrxv fdvhv uhihu wr d sdqho hvwlpdwlrq ri d frpprq frlqwhjudwlqj yhfwru1 Eh0

fdxvh prvw sdqho frlqwhjudwlrq whvw vwdwlvwlfv dvvxph lqghshqghqfh dfurvv lqglylgxdov/ zh fdqqrw/

vwulfwo| vshdnlqj/ uho| rq sdqho frlqwhjudwlrq whvw vwdwlvwlfv1 Krzhyhu ehfdxvh wkh hvwlpdwru lv

vwloo frqvlvwhqw zh xvh wkhp wr jhw hvwlpdwhv iru irxu gl�huhqw fdvhv1

� Dv Wdeohv 6 vkrzv wkdw hyhq zkhq wkh devhqfh ri frlqwhjudwlrq lv qrw uhmhfwhg/ wkh hodvwlflw|

lv forvh wr rqh/ zh �uvw dqdo|}h d yhuvlrq lq zklfk zh dvvxph wkhuh h{lvwv d krprjhqhrxv

frlqwhjudwlqj uhodwlrqvkls iru doo wkh frxqwulhv zlwk d frh!flhqw �W htxdo wr rqh +vhh xsshu

sdqho ri Wdeoh 7,1 Vlplodu uhvxowv duh rewdlqhg xvlqj Mrkdqvhq*v POH edvhg surfhgxuh1

� D vhfrqg sdqho frlqwhjudwlrq whvw xvhv wkh jurxs phdq hvwlpdwru +JP, ri Shvdudq hw do1

+4<<:,1 Wklv phdqv wkdw zh dyhudjh frlqwhjudwlqj yhfwruv ryhu wkh 55 lqglylgxdov1

� D wklug dowhuqdwlyh xvhv wkh xvxdo ROV hvwlpdwru1

� Wkh odvw rqh doorzv iru lqwhufhsw khwhurjhqhlw| dqg lv wkh xvxdo OVGY hvwlpdwru1

Qrwlfh wkdw wkh srrohg IP0ROV hvwlpdwru sursrvhg e| Shgurql +4<<:,/ zklfk dvvxphv lq0

ghshqghqfh dfurvv xqlwv/ jlyhv d srlqw hvwlpdwh ri 31<:4 iru wkh 55 RHFG frxqwulhv dqg 41354

iru wkh J: frxqwulhv/ wkh odwwhu ehlqj qrw vljql�fdqwo| gl�huhqw iurp rqh1 Erwk uhvxowv duh yhu|

forvh wr wkrvh rewdlqhg zlwk wkh OVGY dqg ROV hvwlpdwruv vr wkdw wkh uhvxowv ri wkh frpprq

f|folfdo ihdwxuh dqdo|vlv rewdlqhg zlwk Shgurql*v IP0ROV hvwlpdwru duh qrw uhsruwhg1

Iru wkh wzr khwhurjhqhrxv fdvhv zh lpsrvh frlqwhjudwlrq iru wkh qlqh frxqwulhv iru zklfk

wkh Hqjoh0Judqjhu DGI whvw lv vljql�fdqw1 Zh wdnh dv dq lqvwuxphqw/ frlqwhjudwlqj yhfwruv

iru frxqwulhv iru zklfk zh uhmhfw wkh qxoo1 Qrwlfh wkdw Skloolsv0Kdqvhq Ixoo| Prgl�hg ROV

hvwlpdwlrq zdv dovr xvhg wr whvw irupdoo| wkh dvvxpswlrq ri xqlw orqj0uxq hodvwlflw|1 Wkh qxoo ri

xqlw orqj0uxq hodvwlflw| zdv irupdoo| uhmhfwhg lq doo fdvhv ri frlqwhjudwlrq exw iru wkuhh +Dxvwuld/

Fdqdgd dqg Qhz0]hdodqg,1 Wzr gl�huhqw fdvhv duh frqvlghuhg=
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� Iru wkh qlqh frxqwulhv zh wdnh wkh hvwlpdwhg ydoxh ri �W� jlyhq e| wkh orqj0uxq uhjuhvvlrq1

� Zh �{ wkhvh ydoxhv wr 41

Wkh pd{lpxp odj ohqjwk iru d frxqwu| lv irxu/ vr wkdw sW @ +s� 4, @ 3> 4> 5 ru 6 iru vrph

� s
W lv �{hg xqlirupo| wr uhvshfwlyho| 4/ 5/ 6

� s
W lv �{hg wr wkh hvwlpdwhg ydoxh1

Qrwh wkdw ryhu0hvwlpdwlqj wkh odj ohqjwk zloo fhuwdlqo| uhgxfh wkh srzhu ri wkh whvw vwdwlvwlfv

+Ehlqh dqg Khft/ 4<<<,1 Wkh uhvxowv ri wkh wzr sdqho frpprq ihdwxuh vwdwlvwlfv duh suhvhqwhg1

Iru wkh khwhurjhqhrxv fdvhv/ wkh �uvw wzr froxpqv suhvhqw wkh jurxs phdq hvwlpdwhv +ghqrwhg

e| e�ocC� , dv zhoo dv wkh ydoxh ri wkh Qrupdo whvw vwdwlvwlfv +QC� , lq +48,1 Wkh qh{w froxpqv

suhvhqw wkh ydoxh ri frpprq ihdwxuh hodvwlflw| iru wkh krprjhqhrxv ghshqghqw fdvh +ghqrwhg e|e�ocC�� , dv zhoo dv wkh ydoxh ri wkh whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv dqg wkh dvvrfldwhg

s�ydoxhv1

Lw dsshduv wkdw wkh hvwlpdwhg frh!flhqw e�ocC�� dqg e�ocC� duh wrr kljk frpsduhg zlwk d

sulrul h{shfwdwlrqv1 Pruhryhu zh uhmhfw wkh qxoo ri d sdqho frpprq ihdwxuh prgho zlwk erwk whvw

vwdwlvwlfv1 Wdeoh 8 suhvhqwv wkh uhvxowv iru wkh J:1 Wkh uhvxowv duh vlplodu wr wkrvh iru wkh sdqho

ri 55 frxqwulhv1 Krzhyhu lq vhyhudo vlwxdwlrqv zh fdqqrw uhmhfw wkh qxoo ri rqh krprjhqhrxv

frpprq ihdwxuhv yhfwru1 Lq wkhvh fdvhv/ zh lpsrvhg wkh xqolnho| k|srwkhvhv ri dq krprjhqhrxv

frlqwhjudwlqj yhfwru zlwk d odj rughu xqlirupo| �{hg wr s
W @ 6=

Ilqdoo|/ zh zdqw wr qrwlfh wkh lpsolfdwlrqv iru hpslulfdo prgholqj wkdw iroorz iurp d uh0

vwulfwlrq ehwzhhq wkh qxpehu ri yduldeohv q dqg wkh vxp ri frlqwhjudwhg yhfwruv dqg frpprq

ihdwxuhv yhfwruv1 Iurp Ydklg dqg Hqjoh +4<<6,/ Wkhruhp 4/ lw iroorzv wkdw wkh frpprq ihdwxuh

vsdfh dqg wkh frlqwhjudwlrq vsdfh duh olqhduo| lqghshqghqw1 Wklv phdqv wkdw wkh vxp ri wkh

qxpehu ri frpprq ihdwxuh yhfwruv +v, dqg ri wkh qxpehu ri frlqwhjudwlqj yhfwruv +u, vkrxog eh

ohvv ru htxdo wr wkh qxpehu ri yduldeohv +q,= u. v � q= Lq d sdqho frqwh{w xqghu wkh devhqfh ri

Judqjhu orqj dqg vkruw0uxq fdxvdolw|/ wklv kdv reylrxv exw gl�huhqw lpsolfdwlrqv ghshqglqj rq

zkhwkhu frpprq ihdwxuhv yhfwruv dqg frlqwhjudwlqj yhfwruv duh krprjhqhrxv ru khwhurjhqhrxv1

D plvvshfl�fdwlrq ri wkh qxpehu ri krprjhqhrxv frlqwhjudwlqj yhfwruv pd| iru lqvwdqfh wrr

khdylo| frqvwudlq wkh glphqvlrq ri wkh krprjhqhrxv frpprq ihdwxuh vsdfh dqg ohdg wr  dzhg

lqihuhqfh uhjduglqj wkh h{lvwhqfh ri frpprq ihdwxuhv1

D odvw uhpdun vhhpv lq rughu1 Dowkrxjk zh fdq irupdoo| uhmhfw wkh h{lvwhqfh ri d frpprq

krprjhqhrxv fr0ihdwxuh uhodwlrq lq wklv RHFG gdwd vhw/ rqh vkrxog eh dzduh rxu uhvxowv gr qrw

shu vh lpso| wkh devhqfh ri VFFI iru vrph ri wkh frxqwulhv wdnhq lqglylgxdoo|1
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; Frqfoxvlrq

Lq wklv sdshu zh kdyh sursrvhg wr h{whqg wkh vhuldo fruuhodwlrq frpprq ihdwxuh dqdo|vlv wr

qrqvwdwlrqdu| sdqho gdwd prghov1 Frqfhqwudwlqj xsrq wkh �{hg h�hfw prgho/ zh gh�qhg krpr0

jhqhrxv sdqho frpprq ihdwxuh prghov1 Zh jlyh d vhulhv ri vwhsv doorzlqj wr lpsohphqw wkhvh

whvwv1 Zh wkhq dsso| wklv iudphzrun zkhq lqyhvwljdwlqj wkh oltxlglw| frqvwudlqwv prgho iru 55

RHFG dqg J: frxqwulhv1 Dw d 8( qrplqdo ohyho/ zh uhmhfw wkh suhvhqfh ri d sdqho frpprq

ihdwxuh yhfwru1

Rxu prgho uhsuhvhqwdwlrq lv qrw vwulfwr vhqvxv d g|qdplf sdqho ehfdxvh rqo| d sduw ri wkh

g|qdplfv lv frpprq wr doo lqglylgxdov1 Krzhyhu lw grhv sduw ri wkh mre1 Lqghhg zkloh qr vl}h

glvwruwlrqv kdyh ehhq qrwlfhg lq rxu Prqwh Fduor uhvxowv/ zh fdq lqfuhdvh wkh srzhu ri whvw

vwdwlvwlfv/ e| jrlqj d vwhs ixuwkhu wrzdugv g|qdplf sdqho gdwd li wkh qxoo k|srwkhvlv ri sdqho

frpprq0f|folfdo ihdwxuh prgho lv qrw uhmhfwhg1 Lq wkh rssrvlwh fdvh/ lw lv qrw zruwk lpsrvlqj

ixuwkhu frpprq uhvwulfwlrqv li wkh qxoo lv uhmhfwhg1 Wklv lv d foxh iru frqvlghulqj ohvv uhvwulfwlyh

prghov olnh khwhurjhqhrxv ru jurxs krprjhqhrxv prghov1 D errwvwuds surfhgxuh frxog fhuwdlqo|

eh xqghuwdnhq wr �qg wkh glvwulexwlrq1 Wklv lv dovr shukdsv wkh sodfh wr fkrrvh pruh  h{leoh

prghov olnh wkh qrq0v|qfkurqrxv frpprq f|foh prgho +Ydklg dqg Hqjoh/ 4<<:, ru wkh zhdn irup

frpprq ihdwxuh dqdo|vlv +Khft/ Sdop dqg Xuedlq> 4<<:,1

Uhihuhqfhv

^4` Dkq/ V1N1 +4<<:,/ Lqihuhqfh ri Yhfwru Dxwruhjuhvvlyh Prghov zlwk Frlqwhjudwlrq dqg Vfdodu

Frpsrqhqwv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ <5/ 68306891

^5` Dqghuvrq/ K1 dqg I1 Ydklg +4<<9,/ Whvwlqj Pxowlsoh Htxdwlrq V|vwhpv iru Frpprq

Qrqolqhdu Frpsrqhqwv/ Glvfxvvlrq Sdshu Wh{dv D)P Xqlyhuvlw|1

^6` Edowdjl/ E1 +4<<8,/ Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ +Mrkq Zloh|= Qhz \run,1

^7` Ehlqh/ P1 dqg D1 Khft +4<<;,/ Frghshqghqfh dqg Frqyhujhqfh/ dq Dssolfdwlrq wr wkh

HF Hfrqrplhv/ Mrxuqdo ri Srolf| Prgholqj/ 53/ 73607591

^8` Ehlqh/ P1 dqg D1 Khft +4<<<,/ Lqihuhqfh lq Frghshqghqfh= Vrph Prqwh Fduor Uhvxowv

dqg Dssolfdwlrqv/ Dqqdohv g*Hfrqrplhv hw gh Vwdwlvwltxh/ 87/ 9<0<31

^9` Ehlqh/ P1 dqg D1 Khft +4<<:,/ Dv|pphwulf Vkrfnv Lqvlgh Ixwxuh HPX/ Mrxuqdo ri

Hfrqrplf Lqwhjudwlrq/ 45/ 46404731
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^:` Fdpsehoo/ M1\1 dqg Q1J1 Pdqnlz +4<<3,/ Shupdqhqw Lqfrph/ Fxuuhqw Lqfrph/ dqg

Frqvxpswlrq/ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ 6/ 59805:<1

^;` Fdpsehoo/ M1\1 dqg Q1J1 Pdqnlz +4<<3,/ Wkh Uhvsrqvh ri Frqvxpswlrq wr Lqfrph=

D Furvv0Frxqwu| Lqyhvwljdwlrq/ Hxurshdq Hfrqrplf Uhylhz/ 68/ :560:9:1

^<` Fdqghorq/ E1 dqg D1 Khft +4<<:,/ Vwdelolw| ri wkh Rnxq*v Odz lq d Frghshqghqw

V|vwhp/ Xqlyhuvlw| ri Pddvwulfkw UP2<:235:1

^43` Hqjoh/ U1I1 dqg V1 Nr}lfnl +4<<6,/ Whvwlqj iru Frpprq Ihdwxuhv +zlwk frpphqwv,/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 44/ 69<06<81

^44` Hqjoh/ U1I1 dqg P1Z1 Zdwvrq +4<;4,/ D Rqh0Idfwru Pxowlyduldwh Wlph Vhulhv Prgho

ri Phwursrolwdq Zdjhv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ :9/ 87808981

^45` Hydqv/ S1 dqg J1 Nduudv +4<<9,/ Frqyhujhqfh Uhylvlwhg/ Mrxuqdo ri Prqhwdu| Hr0

qrplfv/ 6:/ 57<05981

^46` Hydqv/ S1 dqg J1 Nduudv +4<<9,/ Sulydwh dqg Jryhuqphqw Frqvxpswlrq zlwk Oltxlglw|

Frqvwudlqwv/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 5/ 58805991

^47` Jhzhnh/ M1 +4<::,/ Wkh G|qdplf Idfwru Dqdo|vlv ri Hfrqrplf Wlph Vhulhv/ lq= Dljqhu/

G1M1 dqg D1V1 Jrogehujhu +hgv1, Odwhqw Yduldeohv lq Vrflr0Hfrqrplf Prghov/ +Qruwk0

Kroodqg= Dpvwhugdp,1

^48` Jrxulìurx{/ F dqg L1 Shdxfhooh +4<<6,/ Vìulhv frgìshqgdqwhv = dssolfdwlrq ã

o*k|srwkëvh gh sdulwì gx srxyrlu g*dfkdw/ lq= Pdfurìfrqrplh / Gìyhorsshphqwv Uìfhqwv/

+Hfrqrplfd= Sdulv,1

^49` Judqjhu/ F1Z1M1 dqg Q1 Kdoguxs +4<<:,/ Vhsdudwlrq lq Frlqwhjudwhg V|vwhpv dqg

S0W Ghfrpsrvlwlrqv/ R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8</ 77<07961

^4:` Juhhqh/ Z1K1 +4<<6,/ Hfrqrphwulf Dqdo|vlv +PdfPloodq= Qhz \run,1

^4;` Jurhq/ M1M1 dqg I1 Nohlehujhq +4<<<,/ Olnholkrrg0Edvhg Frlqwhjudwlrq Dqdo|vlv lq Sdq0

hov ri Yhfwru Huuru Fruuhfwlrq Prghov/ Glvfxvvlrq Sdshu WL <<038827/ Wlqehujhq Lqvwlwxwh/

Hudvpxv Xqlyhuvlw| Urwwhugdp1

^4<` Kdplowrq/ M1G1 +4<<7,/ Wlph Vhulhv Dqdo|vlv +Sulqfhwrq Xqlyhuvlw| Suhvv= Sulqfhwrq,1

^53` Kdqvhq/ O1S1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqw Hvwl0

pdwruv/ Hfrqrphwulfd/ 83/ 435<043871
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^54` Kdqvhq/ S1U1 dqg V1 Mrkdqvhq +4<<;,/ Zrunerrn rq Frlqwhjudwlrq/ +R{irug Xqlyhuvlw|

Suhvv= R{irug,1

^55` Khft/ D1 +4<<<,/ Rq wkh Xvhixoqhvv ri Frqvlghulqj Frpprq Vhuldo Ihdwxuhv dqg Frlqwh0

judwlqj Uhvwulfwlrqv/ Xqlyhuvlw| ri Pddvwulfkw UP2<<234:1

^56` Khft/ D/ I1F1 Sdop dqg M1S1 Xuedlq +4<<:d/ uhylvhg 4<<;,/ Whvwlqj iru Frpprq F|fohv

lq YDU Prghov zlwk Frlqwhjudwlrq/ Xqlyhuvlw| ri Pddvwulfkw UP2<:23641

^57` Khft/ D/ I1F1 Sdop dqg M1S1 Xuedlq +4<<:e/ uhylvhg 4<<;,/ Shupdqhqw0Wudqvlwru| Gh0

frpsrvlwlrq lq YDU prghov zlwk Frlqwhjudwlrq dqg Frpprq F|fohv/ Xqlyhuvlw| ri Pddv0

wulfkw UP2<:236:1

^58` Khft/ D/ I1F1 Sdop dqg M1S1 Xuedlq +4<<;,/ Vhsdudwlrq dqg Zhdn H{rjhqhlw| lq

Frlqwhjudwhg YDU Prghov zlwk Frpprq Ihdwxuhv / plphr/ Xqlyhuvlw| ri Pddvwulfkw1

^59` Krrjvwudwh/ D1M1 +4<<:,/ G|qdplf Sdqho Gdwd Prghov= Wkhru| dqg Pdfurhfrqrplf Ds0

solfdwlrqv/ Sk1G1 Wkhvlv/ Xqlyhuvlw| ri Pddvwulfkw1

^5:` Kvldr/ F1 +4<;9,/ Dqdo|vlv ri Sdqho Gdwd +Fdpeulgjh Xqlyhuvlw| Suhvv= Fdpeulgjh,1

^5;` Lp/ N1V1/ Shvvdudq/ P1K1 dqg \1 Vklq +4<<:,/ Whvwlqj iru Xqlw Urrwv lq Khwhurjhqhrxv

Sdqhov/ plphr Xqlyhuvlw| ri Fdpeulgjh1

^5<` Lvvohu/ M1Y1 dqg I1 Ydklg +4<<9,/ Frpprq F|fohv lq Pdfurhfrqrplf Djjuhjdwhv/ plphr1

^63` Mrehuw/ W1 +4<<8,/ Whqgdqfhv hw f|fohv frppxqv ã od frqvrppdwlrq hw dx uhyhqx = lpsol0

fdwlrqv srxu oh prgëoh gh uhyhqx shupdqhqw/ Hfrqrplh hw Suìylvlrq/ 454/ 4<06;1

^64` Mrkdqvhq/ V1 +4<<8,/ Olnholkrrg0Edvhg Lqihuhqfh lq Frlqwhjudwhg Yhfwru Dxwruhjuhvvlyh

Prghov +R{irug Xqlyhvlw| Suhvv= R{irug,

^65` Nxjohu/ S1 dqg N1 Qhxvvhu +4<<6,/ Lqwhuqdwlrqdo Uhdo Lqwhuhvw Udwh Htxdol}dwlrq = D

Pxowlyduldwh Wlph0Vhulhv Dssurdfk/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ ; / ss149604:71

^66` Nxqvw/ U1 dqg N1 Qhxvvhu +4<<3,/ Frlqwhjudwlrq lq Pdfurhfrqrplf V|vwhp/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ 8/ 68406981

^67` Ndr/ F1 +4<<<,/ Vsxulrxv Uhjuhvvlrq dqg Uhvlgxdo0Edvhg Whvwv iru Frlqwhjudwlrq lq Sdqho

Gdwd/ Mrxuqdo ri Hfrqrphwulfv/ 73/ 40771
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^68` Nrqlvkl/ W1 dqg F1Z1M1 JUdqjhu +4<<6,/ Vhsdudwlrq lq Frlqwhjudwhg V|vwhpv/

pdqxvfulsw XFVG1

^69` Ohylq/ D1 dqg F1I1 Olq +4<<6,/ Xqlw Urrw Whvwv lq Sdqho Gdwd= Dv|pswrwlf dqg Ilqlwh

Vdpsoh Surshuwlhv/ XFVG Glvfxvvlrq Sdshu1

^6:` Oduvvrq/ U1 dqg M1 O|kdjhq +4<<<, Olnholkrrg0Edvhg Lqihuhqfh lq Pxowlyduldwh Sdqho

Frlqwhjudwlrq Prghov/ VVH Zrunlqj Sdshu 664/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

^6;` Oxpvgdlqh/ U1O1 dqg H1 Sudvdg +4<<:,/ Lghqwli|lqj wkh Frpprq Frpsrqhqwv lq Lq0

whuqdwlrqdo Hfrqrplf Ioxfwxdwlrqv/ QEHU Zrunlqj Sdshu 8<;71

^6<` Oÿwnhsrko/ K1 +4<<4,/ Lqwurgxfwlrq wr Pxowlsoh Wlph Vhulhv Prghov/ +Vsulqjhu Yhuodj=

Ehuolq,1

^73` PfFrvnh|/ V1/ dqg F1 Ndr +4<<;,/ D Uhvlgxdo0Edvhg Whvw ri wkh Qxoo ri Frlqwhjudwlrq

lq Sdqho Gdwd/ Hfrqrphwulf Uhylhzv/ 4:/ 8:0;71

^74` PfFrvnh|/ V1/ dqg F1 Ndr +4<<;,/ D Prqwh Fduor Frpsdulvrq ri Whvwv iru Frlqwhjud0

wlrq lq Sdqho Gdwd/ plphr1

^75` R*Frqqhoo/ S1 +4<<;,/ Wkh Ryhuydoxdwlrq ri Sxufkdvlqj Srzhu Sdulw|/ Mrxuqdo ri Lqwhu0

qdwlrqdo Hfrqrplfv/ 77/ 404<1

^76` Shgurql/ S1 +4<<:,/ Ixoo| Prgl�hg ROV iru Khwhurjhqhrxv Frlqwhjudwhg Sdqhov dqg wkh

Fdvh ri Sxufkdvlqj Srzhu Sdulw|/ Lqgldqd Xqlyhuvlw| Zrunlqj Sdshu1

^77` Shgurql/ S1 +4<<:,/ Sdqho Frlqwhjudwlrq= Dv|pswrwlf dqg Ilqlwh Vdpsoh Surshuwlhv ri

Srrohg Wlph Vhulhv Whvwv zlwk Dssolfdwlrq wr wkh SSS K|srwkhvlv/ Lqgldqd Xqlyhuvlw|

Zrunlqj Sdshu1

^78` Shvdudq/ P1K1 dqg U1S1 Vplwk +4<<8,/ Hvwlpdwlqj Orqj0Uxq uhodwlrqvklsv iurp G|0

qdplf Khwhurjhqrxv Sdqhov/ Mrxuqdo ri Hfrqrphwulfv/ 9;/ :<04461

^79` Shvdudq/ P1K1/ Vklq/ \ dqg U1S1 Vplwk +4<<:,/ Srrohg Hvwlpdwlrq ri Orqj0Uxq

uhodwlrqvklsv lq G|qdplf Khwhurjhqrxv Sdqhov/ Xqlyhuvlw| ri Fdpeulgjh Zrunlqj Sdshu1

^7:` Skloolsv/ S1F1E1 dqg K1 Prrq +4<<<d,/ Olqhdu Uhjuhvvlrq Olplw Wkhru| iru Qrqvwd0

wlrqdu| Sdqho Gdwd/ Hfrqrphwulfd/ 9:/ 438:044441

^7;` Skloolsv/ S1F1E1 dqg K1 Prrq +4<<<e,/ Qrqvwdwlrqdu| Sdqho Gdwd Dqdo|vlv= Dq

Ryhuylhz ri Vrph Uhfhqw Ghyhorsphqwv/ plphr/ \doh Xqlyhuvlw|1
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^7<` Vlqjohwrq/ N1 +4<;3,/ D Odwhqw Wlph Vhulhv Prgho ri wkh F|folfdo Ehkdylru ri Lqwhuhvw

Udwhv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 54/ 88<08:81

^83` Vxpphuv/ U1 dqg D1 Khvwrq +4<<4,/ Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg

Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<8304<;;/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 65:069;1

^84` Wldr/ J1F1 dqg U1V1 Wvd| +4<;<,/ Prgho Vshfl�fdwlrq lq Pxowlyduldwh Wlph Vhulhv/

Mrxuqdo ri Ur|do Vwdwlvwlfdo Vrflhw| +vhulhv E,/ 84/ 48:05461

^85` Ydklg/ I1 dqg U1I1 Hqjoh +4<<6,/ Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxuqdo ri

Dssolhg Hfrqrphwulfv/ ;/ 67406931

^86` Ydklg/ I1 dqg U1I1 Hqjoh +4<<:,/ Frghshqghqw F|fohv/ Mrxuqdo ri Hfrqrphwulfv/ ;3/

4<<05541

^87` Ydklg/ I1 dqg M1Y1 Lvvohu +4<<<,/ Wkh Lpsruwdqfh ri Frpprq0F|folfdo Ihdwxuhv lq YDU

Dqdo|vlv= D Prqwh0Fduor Vxg|/ sdshu suhvhqwhg dw HVHP<<1
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Wdeoh 4= Prqwh Fduor Uhvxowv

+Vhsdudwhg yv1 Pdujlqdo V|vwhpv,

Pduj1 Vhsdu1

eldv�D eldv�.D3�2D "
2+5, "

2
rr+5, eldv�D eldv�.D3�2D "

2+;, "
2
rr+;,

Q @ 5 W @ 43 01389 1643 47197 9155 01373 1774 :31<; 451;

W @ 58 01359 1488 :189 8153 0135: 146; 4;169 :147

W @ 83 01344 1437 9163 8137 01346 13<3 43149 9149

W @ 433 01338 139; 71;9 7175 0133: 138< 9199 8147

Pduj1 Vhsdu1

eldv�D eldv�.D3�2D "
2+5, "

2
rr+5, eldv�D eldv�.D3�2D "

2+47, "
2
rr+47,

Q @ 8 W @ 43 01394 15<< 47147 81;9 � � � �

W @ 58 01358 1485 :1;5 8177 0134< 1574 <<1:9 68137

W @ 83 01345 1433 9163 814; 01344 13;: 951;; 48159

W @ 433 01339 139< 818; 8137 0133: 1385 5814; <16;

5:



Wdeoh 5= Prqwh Fduor Uhvxowv

+JPP hvwlpdwlrq dqg whvw vwdwlvwlf,

eldv�e_�@? eldv'.D3'2D �+e�ocC�� ,�e_�@? "
2fy vl}h dgm1srzhu

Q @ 4 W @ 43 013456 1555; 1489 +5, :1;; <1<3

W @ 58 013434 146;: 13<; +5, 818; 4<1:;

W @ 83 01339: 13<77 13:3 +5, 8187 6719;

Q @ 5 W @ 43 013469 14;4: 1439 +8, 71<; ;189

W @ 58 01339< 1438: 13:< +8, 914; 4918;

W @ 83 013367 13:59 138: +8, 81:5 64185

Q @ 8 W @ 43 013378 1473< 139: +47, 61<9 :159

W @ 58 013377 13:84 1393 +47, 819; 45185

W @ 83 013354 13793 137: +47, 81:7 571;5

Q @ 43 W @ 58 013355 1398; 1379 +5<, 71:3 44133

W @ 83 013353 136:: 136; +5<, 71;3 54188

Q @ 58 W @ 83 13335 136<; 135< +:7, 81;3 461;3

5;



Wdeoh 6= Wlph Vhulhv Vwdwlvwlfv

+Lqglylgxdo frxqwulhv,

Txdo1 DGI f| DGI || HJ e�W� KTF

Dxvwudold +4<:4, D0 04154+7, 01<6+5, 04179+4, 1<8 6

Dxvwuld +4<94, D0 01;5+3, 04158+5, 0618<+3,- 4133 4

Ehojlxp +4<94, D 04176+4, 01:7+4, 05169+3, 1<7 4

Fdqdgd +4<94, D0 04183+4, 041;3+4, 061;<+4,- 4133 4

Ghqpdun +4<94, D0 01<7+3, 01<7+3, 0619<+3,- 1;5 4

Ilqodqg +4<9<, D0 0517;+4, 0153+5, 0419<+6, 1<; 7

Iudqfh +4<94, D 0144+5, 0137+4, 041<9+3, 1<; 5

Jhupdq| +4<94, D 0514;+5, 06143+5, 0419<+5, 413: 5

Juhhfh +4<94, D0 018;+3, 134+3, 01:<+3, 1<: 4

Lfhodqg +4<94, E. 05197+4, 05156+4, 07185+3,- 4137 4

Luhodqg +4<94, D0 05187+4, 051;5+4, 061:9+5,- 1;4 4

Lwdo| +4<94, D 0194+4, 01::+4, 041;9+4, 413< 7

Mdsdq +4<97, D 01<4+3, 017;+4, 071:8+4,- 1<5 7

Ox{hperxuj +4<94, D0 04178+4, 06165+7, 05149+7, 4167 7

Qhwkhuodqgv +4<94, D 01:4+5, 0153+5, 0613:+4, 413; 7

Qhz ]hdodqg +4<:6, D0 05159+3, 04185+3, 081<6+3,- 4135 4

Qruzd| +4<94, D0 0415<+4, 041:9+4, 041;6+4, 1;3 4

Sruwxjdo +4<94, D0 06187+6,- 051<8+6, 0613:+6, 1;; 6

Vsdlq +4<94, D0 04158+3, 04167+3, 051<<+3, 1<7 4

Vzhghq +4<94, D0 01:3+4, 0163+4, 0618;+4,- 1;4 5

Vzlw}huodqg +4<94, E. 136+7, 0419<+5, 0615;+3, 1<5 5

Wxunh| +4<94, F 06159+5, 0617;+3,- 041:6+3, 1;8 4

XN +4<94, D 06194+4,- 06195+4,- 05146+3, 4137 6

XVD +4<94, D 041:8 05138+3, 0713;+3,- 4148 5

5<



Wdeoh 7= Frpprq Ihdwxuhv zlwklq 55 RHFG Frxqwulhv

e�ocC� QC�
e�ocC�� �+e�ocC�� , Whvw fy sbydo

�
W

� @4/ s
W @4 1::3 61:4 1:78 1383 47;1<; 98 ?1334

+;l, s
W @5 1:9< 9147 1993 1369 4:6198 43< ?1334

s
W @6 1::3 7176 1:37 1364 54415: 486 1334

s
W @ s

W

� � � 1:4; 1369 489137 <6 ?1334

�
W

� @
e�WC� @1<:</ s

W @4 1;5< 8169 1:9; 1384 47919: 98 ?1334

+;l, s
W @5 1;37 9187 19:3 1369 4:9194 43< ?1334

s
W @6 1:<6 71<8 1:43 1364 547139 486 ?1334

s
W @ s

W

� � � 1:5; 1369 4891<5 <6 ?1334

�
W

� @
e�W�u7 @ =<6< s

W @4 1;:3 81:7 1;47 1383 4641<9 98 ?1334

+;l, s
W @5 1;6: 8145 19;: 1369 4:3149 43< ?1334

s
W @6 1;55 61<6 1:5: 1364 5391<6 486 1335

s
W @ s

W

� � � 1:6; 1369 478134 <6 ?1334

�
W

� @
e�u7(T @ =<9; s

W @4 1;88 9136 1:;5 1384 4751<6 98 ?1334

+;l, s
W @5 1;54 9158 19:: 1369 4:81<: 43< ?1334

s
W @6 1;37 71<7 1:48 1364 546183 486 1334

s
W @ s

W

� � � 1:66 1369 488145 <6 ?1334

�
W

� @
e�W� s

W @4 1;47 91;< 1:;5 1386 46;178 85 ?1334

+;l> m zlwk s
W @5 1:59 9149 197: 1369 48;1:7 <9 ?1334

frlqwhjudwlrq, s
W @6 1:88 7179 19<9 1364 543136 473 ?1334

s
W @ s

W

� � � 1:3: 136: 479183 ;3 ?1334

�
W

� @ 4 s
W @4 1;98 418< 1;43 1389 448158 85 ?1334

+;l zlwk s
W @5 1:;7 61;< 19;5 136: 477133 <9 1334

frlqwhjudwlrq, s
W @6 1::8 51:5 1:67 1366 4<5166 473 1335

s
W @ s

W

� � � 1:83 1373 464189 ;3 ?1334
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Wdeoh 8= Frpprq Ihdwxuhv zlwklq J: Frxqwulhv

e�ocC� QC�
e�ocC�� �+e�ocC�� , Whvw fy sbydoxh

�
W

� @ 4 @ e�Wu7(T s
W @4 1;99 517: 41375 13;: 651;6 53 1368

+;l, s
W @5 1:96 516: 1;89 1393 861:3 67 134:

s
W @6 1:88 41;4 1;:5 1385 9:138 7; 1369

s
W @ s

W

� � � 1;;7 138; 831;7 63 1343

�
W

� @
e�WC� @41368 s

W @4 1;<6 4197 41354 13;5 64184 53 137;

+;l, s
W @5 1::: 41;48 1;8: 1393 83158 67 1369

s
W @6 1:99 417< 1;:; 1385 951:8 7; 13:8-

s
W @ s

W

� � � 1;<5 138: 79155 63 135<

�
W

� @
e�W�u7 @41356 s

W @4 1;;5 41:8 41369 13;7 65139 53 1376

+;l, s
W @5 1::4 41;< 1;89 1393 84144 67 1363

s
W @6 1:95 4184 1;:9 1385 961;: 7; 1395-

s
W @ s

W

� � � 1;<3 138: 7:1;7 63 1354

�
W

� @
e�W� s

W @4 1;4; 9135 1;<7 13:7 7<13: 49 ?1334

+;l> m zlwk s
W @5 1:43 618; 1:56 1386 85199 63 1339

frlqwhjudwlrq, s
W @6 1:6: 5146 1:;: 137: 97179 77 1357

s
W @ s

W

� � � 1;33 1384 79194 59 133;

�
W

� @ �
W

� @4 s
W @4 1;:8 519; 4135< 13;< 5:19< 49 1367

+;l> m zlwk s
W @5 1:86 5193 1;8< 1395 7:17< 63 1355

frlqwhjudwlrq, s
W @6 1:97 4199 1;<7 1386 93147 77 1386-

s
W @ s

W

� � � 1<4: 1394 761<: 59 1348
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