
Orrnlqj iru frqwdjlrq= Hylghqfh iurp wkh 4<<5

HUP fulvlv
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41 Lqwurgxfwlrq

Lq d suhfxuvru wr wkh sdshu zulwwhq iru wklv frqihuhqfh Iruehv dqg Uljrerq +
^8`, vkrz wkdw vwdqgdug phdvxuhv ri furvv0pdunhw fruuhodwlrqv duh frqglwlrqdo rq
pdunhw pryhphqwv ryhu wkh hvwlpdwlrq shulrg= wkxv/ gxulqj d shulrg ri wxuprlo /
zkhq wkh yrodwlolw| ri dvvhw sulfhv lqfuhdvhv/ vxfk phdvxuhv duh xszdug eldvhg 41
Zkhq rqh uhfrjql}hv wklv srlqw/ wkhuh uhpdlqv olwwoh hylghqfh ri �frqwdjlrq�/ wkdw
lv ri d fkdqjh lq wkh zd| vkrfnv duh wudqvplwwhg dfurvv frxqwulhv/ gxulqj fulvlv
shulrgv1 Lq idfw lq wkh sdshu zulwwhq iru wklv frqihuhqfh Iruehv dqg Uljrerq +^9`,
frqfoxgh wkdw �vwurqj furvv0pdunhw olqndjhv gr qrw fkdqjh gxulqj fulvlv shulrgv/
vr wkdw kljk ohyhov ri fr0pryhphqwv dfurvv pdunhwv lqglfdwh *lqwhughshqghqfh*/
udwkhu wkdq *frqwdjlrq*1

Wklv sdshu vwxglhv wkh HUP fulvlv wkdw ohdg wr wkh ghydoxdwlrqv ri Vhswhpehu
4<<51 Zh vkrz wkdw zkhq rqh uhfrjql}hv wkh srlqw pdgh deryh/ dqg dssursuldwho|
glvwlqjxlvkhv ehwzhhq lqwhughqghqfh dqg frqwdjlrq/ wkhuh uhpdlqv hylghqfh ri

�Sdshu suhsduhg iru wkh XQX2ZLGHU surmhfw rq�Ilqdqfldo frqwdjlrq= Krz lw vsuhdgv/ krz
lw fdq eh vwrsshg�

4Wklv revhuydwlrq lv uhplqlvfhqw ri wkh hduo| zrun rq wkh h�hfwv ri groodu  xfwxdwlrqv rq
wkh fruuhodwlrq ehwzhhq wkh Ghxwvfkhpdun dqg rwkhu HUP fxuuhqflhv1 Vxfk zrun idlohg wr
uhdolvh wkdw wkh vlpsoh fruuhodwlrq ehwzhhq wkh groodu2GP h{fkdqjh udwh dqg wkh h{fkdqjh udwh
ehwzhhq wkh GP dqg/ vd|/ wkh olud/ lv srvlwlyh e| frqvwuxfwlrq1 Iru d glvfxvvlrq vhh Jldyd}}l
dqg Jlrydqqlql/+^:`, 1



frqwdjlrq lq wkh vsuhdgv ehwzhhq vkruw0whup lqwhuhvw udwhv lq Jhupdq| dqg lq d
vrph ri wkh Hxurshdq frxqwulhv lqyroyhg lq wkh fulvlv1

Zh gh�qh frqwdjlrq dv d fkdqjh lq wkh zd| vkrfnv duh wudqvplwwhg dfurvv
frxqwulhv wkdw lv qrw fdxvhg e| d fkdqjh lq ixqgdphqwdov/ exw udwkhu e| vrph
vshfl�f �glvhdvh�/ wkdw lv d vkrfn ri xqxvxdo pdjqlwxgh1 Lq wkh hslvrgh zh vwxg|
wkh vkrfn ri xqxvxdo pdjqlwxgh lv wkh uhvxow ri wkh Mxqh 4<<5 uhihuhqgxp lq zklfk
Gdqlvk yrwhuv uhmhfwhg wkh Pddvwulfkw Wuhdw|1 Wklv zdv d frxqwu|0vshfl�f vkrfn�
d fohdu fkdqjh lq wkh frpplwphqw ri Ghqpdun wr mrlq wkh prqhwdu| xqlrq/ dqg
wkxv/ lpsolflwho|/ lq lwv frpplwwphqw wr wkh �{hg h{fkdqjh udwh sdulw| �zlwk joredo
lpsolfdwlrqv iru wkh HUP1 Krzhyhu lw glg qrw lpso|/ dw ohdvw iru d ihz prqwkv/
xqwlo wkh HUP eurnh xs/ d fkdqjh lq wkh prqhwdu| srolf| uhjlph1 Zh fdq wkxv
prgho wkh lqwhughshqghqfh dprqj Hxurshdq lqwhuhvw udwhv xvlqj gdwd sulru wr wkh
Mxqh uhihuhqgxp/ dqg wkhq vwxg| wkh h�hfwv ri wkh xqxvxdoo| odujh vkrfn dvvxplqj
wkdw wklv wrrn sodfh lq wkh vdph uhjlph1 +Qrwh wkdw zh zrxog qrw eh deoh gr wklv
diwhu wkh Vhswhpehu ghydoxdwlrqv= lq wkdw fdvh wkh vkrfn lv dffrpsdqlhg e| d
fkdqjh lq srolf| uhjlph/ dqg wkxv/ suhvxpdeo|/ lq *lqwhughshqghqfh/ wkdw lv lq wkh
zd| vkrfnv duh wudqvplwwhg dfurvv frxqwulhv1,

Rxu dqdo|vlv ri frqwdjlrq dqg lqwhughshqghqfh surfhhgv lq wkuhh vwdjhv1 Zh
vwduw e| hvwlpdwlqj d prgho wkdw ghvfulehv wkh lqwhughshqghqfh dprqj vkruw whup
lqwhuhvw udwhv dprqj Hxurshdq frxqwulhv1 Dv vkrzq ehorz/ wklv �uvw vwhs h{sdqgv
rq wkh lqwxlwlrq lq UljrerqEd45o�/zkr fruuhfwo| srlqwv rxw wkdw dq hqgrjhqhlw|
sureohp pxvw eh vroyhg ehiruh dvvhvvlqj wkh lpsruwdqfh ri frqwdjlrq lq wkh lq0
whuqdwlrqdo sursdjdwlrq ri vkrfnv1 Zh xvh gdwd rq wkh 60prqwk lqwhuhvw udwhv
vsuhdgv ehwzhhq Jhupdq| dqg vl{ Hxurshdq frxqwulhv= Iudqfh/ Lwdo|/ Vsdlq/ Ghq0
pdun/ Kroodqg dqg Vzhghq1 Zh dgg Vzhghq wr rxu vdpsoh ehfdxvh/ dowkrxjk qrw
dq HUP phpehu/ Vzhghq zdv vkdgrzlqj wkh GP/ xqwlo lw hyhqwxdoo| ghydoxhg dw
wkh wlph ri wkh HUP euhdn0xs1 Zh h{foxgh lqvwhdg wkh XN1 Wkh srxqg mrlqhg
HUP rqo| dw wkh hqg ri 4<<4= wkxv wkhuh zdv d fkdqjh lq uhjlph uljkw lq wkh
plggoh ri wkh vdpsoh zh xvh wr hvwlpdwh lqwhughshqghqfh�dqg gdwd iroorzlqj wkh
XN hqwu| lqwr wkh HUP duh wrr ihz wr doorz xv wr hvwlpdwh wkh prgho ri lqwhu0
ghshqghqfh1 Jlyhq wkh vkruw0whup qdwxuh ri wkh skhqrphqrq zh lqyhvwljdwh/ zh
xvh zhhno| gdwd1 Lq rxu vshfl�fdwlrq/ wkh vlpxowdqhrxv prgho wkdw ghvfulehv wkh
lqwhughshqghqfh dprqj vkruw whup Hxurshdq vsuhdgv lqfoxghv/ lq wkh lqirupdwlrq
vhw/ rqo| frqwhpsrudqhrxv dqg odjjhg ydoxhv ri vxfk vsuhdgv +zh hydoxdwh wkh
srwhqwldo h�hfw ri rplwwhg yduldeohv uxqqlqj gldjqrvwlf whvwv rq rxu vshfl�fdwlrq1,
Zh hvwlpdwh wkh prgho rq d vdpsoh uxqqlqj iurp Mdqxdu|4<;; wr Pd| 4<<51 Wkh
vdpsoh hqgv wkh zhhn ehiruh wkh Gdqlvk uhihuhqgxp> lw vwduwv lq Mdqxdu|4<;; eh0
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fdxvh wklv lv dv idu edfn dv wkh gdwd rq Hxur0udwhv doorz xv wr h{whqg lw1 Vlqfh wkh
odvw HUP uhdoljqphqw rffxuuhg lq Mdqxdu| 4<;:/ wkhuh lv qr uhdoljqphqw hslvrgh
lq rxu vdpsoh1

Wr hvwlpdwh wkh prgho ri lqwhughshqghqfh zh �uvw vshfli| d YDU dv wkh vwd0
wlvwlfdo prgho iru wkh mrlqw surfhvv jhqhudwlqj vkruw0whup lqwhuhvw udwhv vsuhdgv lq
rxu vdpsoh1 Wkh hvwlpdwlrq ri wkh uhgxfhg irup doorzv d gluhfw hydoxdwlrq ri wkh
frqjuxhqf| Evhh Khqgu| Ed;o�� ri wkh dgrswhg vwdwlwlvwlfdo prgho dqg ri wkh jrrg0
qhvv ri �w ri wkh h{rjhqrxv yduldeohv wr eh xvhg dv lqvwuxphqwv lq wkh hvwlpdwlrq
ri vlpxodwdqhrxv ihhgedfn lq wkh vwuxfwxudo prgho1 Qh{w zh hvwlpdwh d vlpxowd0
qhrxv vwuxfwxudo prgho iru Hxurshdq lqwhuhvw udwhv1 Zh frqvwuxfw rxu hvwlpdwhv
ri lqwhughshqghqfh e| dqdo|vlqj wkh vlpxowdqhrxv ihhgedfnv dprqj vsuhdgv/ dqg
wkh vwuxfwxuh ri wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhvlgxdov1 Wkh prgho lv
lghqwl�hg doorzlqj iru vlpxowdqhrxv ihhgedfnv dprqj doo udwhv/ exw frqvwudlqlqj
wkh g|qdplfv ri hdfk vsuhdg wr ghshqg rqo| rq lwv rzq odjv1 Wkh ydolglw| ri wkhvh
mxvw0lghqwli|lqj uhvwulfwlrqv lv vxssruwhg e| wkh vwdwlvwlfdo dqdo|vlv ri rxu uhgxfhg
irup1 Zh wkhq ghulyh rxu �qdo vshfl�fdwlrq e| uhvwulfwlqj wr }hur wkrvh frh!flhqwv
wkdw duh qrw vwdwlvwlfdoo| gl�huhqw irup }hur1

Qh{w zh whvw iru wkh suhvhqfh ri frqwdjlrq lq wkh shulrg iurp Mxqh wr Vhswhp0
ehu 4<<51 Zh dqdo|vh frqwdjlrq e| vlpxodwlqj +vwdwlfdoo|, rxu vwuxfwxudo prgho
vwduwlqj wkh zhhn lpphgldwho| iroorzlqj wkh Gdqlvk uhihuhqgxp1 Zh wkhq frp0
sduh wkh uhvlgxdov wkxv jhqhudwhg zlwk wkrvh hvwlpdwhg lq wkh vdpsoh sulru wr
Mxqh 4<<51 Zh frqfoxgh wkdw wkhuh lv hylghqfh ri frqwdjlrq zkhqhyhu zh revhuyh
wkdw wkh yduldqfh ri wkh vlpxodwhg uhvlgxdov lv vljql�fdqwo| odujhu wkdq wkdw ri wkh
hvwlpdwhg uhvlgxdov1

Zh frqfoxgh e| revhuylqj wkdw rxu uhvxowv duh uhohydqw iru wkh rqjrlqj ghedwh
ehwzhhq wkhrulhv lq zklfk wkh sursdjdwlrq ri vkrfnv lv �fulvlv frqwlqjhqw��wkdw
lv ghwhuplqhg e| hqgrjhqrxv oltxlglw| vkruwdjhv/ pxowlsoh htxloleuld/ ru srolwlfdo
frqwdjlrq�dqg wkhrulhv zklfk uhodwh wkh sursdjdwlrq ri vkrfnv wr wudgh/ ohduqlqj/
ru djjuhjdwh vkrfnv/ ohdylqj qr vshfldo uroh wr fulvlv1

51 Frqwdjlrq dqg lqwhughshqghqfh lq wkh HUP

Rxu gh�qlwlrq ri frqwdjlrq klqjhv fuxfldoo| rq wkh lghqwl�fdwlrq ri vkrfnv= d
vwuxfwxudo prgho ri lqwhughshqghqfh lv wkxv wkh qhfhvvdu| suh0uhtxlvlwh wr lghq0
wli| frqwdjlrq1 Lq prghoolqj lqwhughshqghqfh zh pxvw uhfrjql}h wkh lpsolfdwlrq/
iru wkh ehkdylrxu ri vkruw0whup lqwhuhvw udwhv/ ri wkh frqvwudlqwv lpsrvhg rq wkh
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frxqwulhv lq rxu vdpsoh e| phpehuvkls lq wkh HUP1 Zh ghdo zlwk wkhvh sureohpv
lq wkuhh vwhsv1 Frqvlghu/ iru vlpsolflw|/ dq HUP frqvlvwlqj ri rqo| wkuhh frxq0
wulhv= frxqwu| 4 uhsuhvhqwv Jhupdq|/ wkh fruh ri wkh HUP> frxqwulhv 5 dqg 6 wzr
rwkhu phpehuv ri wkh v|vwhp1 Wkhlu vkruw0whp lqwhuhvw udwhv duh -�c -2dqg -� 1
Li wkh h{fkdqjh udwh duudqjhphqw lv fuhgleoh zh vkrxog revhuyh d vlqjoh +frpprq,
vwrfkdvwlf wuhqg gulylqj doo wkuhh udwhv1 Wkh lqwhuhvw udwh vsuhdgv ri frxqwulhv 5 dqg
6 rq frxqwu| 4 vkrxog wkxv eh vwdwlrqdu| dqg idvwo| phdq uhyhuwlqj�vlqfh vkruw0
whup  xfwxdwlrqv durxqg wkh phdq duh srvvleoh rqo| zlwklq wkh olplwv lpsrvhg
e| wkh xsshu dqg orzhu edqgv rq h{fkdqjh udwhv1 Zh prgho lqwhughshqghqfh e|
frqvlghulqj wkh iroorzlqj vshfl�fdwlrq iru lqwhuhvw udwhv vsuhdgv r� ' -2�-� dqg
r2 ' -� �-� G
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zkhuh vkruw0whup lqwhughshqghqfh lv phdvxuhg e| wkh K�2 sdudphwhu1 Iru wkh
vdnh ri vlpsolflw| zh doorz rqo| vlpxodwdqhrxv ihhgedfn iurp r2c| wr r�c|/ dqg zh
dvvxph wkdw ��| dqg �2| duh ruwkrjrqdo/ exw wkh uhvxowv wkdw iroorz fdq eh h{whqghg
wr wkh pruh jhqhudo fdvh1

Lq rughu wr whvw iru frqwdjlrq/ zh �uvw qhhg wr gh�qh wkh vkrfn wkdw lv vxssrvhg
wr lqgxfh lw1 Frqvlvwhqwo| zlwk rxu gh�qlwlrq deryh/ zh dvvxph wkdw wkh fulvlv lv
d sduwlfxoduo| odujh vkrfn wr rqh ri wkh htxdwlrqv51 Ohw xv dvvxph wkdw �2| lv
uhsodfhg e| �2|n 02| / zkhuh 02| lv dq dgglwlrqdo vkrfn/ ruwkrjrqdo wr erwk ��| dqg
�2|

r�c| ' K�2r2c| n @��r�c|3� n ��| n S� E�2| n 02|�

r2c| ' @22r�c|3� n �2| n 02|

Zh ghvfuleh frqwdjlrq/ l1h1 wkh wudqvplvvlrq ri wkh vkrfn E�2| n 02|� wr frxqwu|
4/ doorzlqj iru wkh srvvlelolw| wkdw lw d�hfwv wkh lqwhuhvw udwh vsuhdg lq wkh rwkhu

5Wklv gh�qlwlrq lv frqvlvwhqw zlwk wkh rqh sursrvhg e| Uljrerq+^45`, zkrvh dqdo|vlv lvedvhg
rq wkh dvvxpswlrq wkdw gxulqj fulvhv wkh yduldqfh ri glvwxuedqfhv lv olnho| wr lqfuhdvh1
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frxqwu| eh|rqg wkh vlpxowdqhlw| wkdw h{lvwv lq qrupdo wlphv1 Wklv lv wkh uroh ri
wkh frh!flhqwv S�1

Zlwklq rxu vshfl�fdwlrq lw lv hdv| wr fkhfn wkdw d fkdqjh lq wkh fruuhodwlrq
ehwzhhq dvvhw sulfhv�ru vkruw whup vsuhdgv lq rxu h{dpsoh, lv qrw vx!flhqw wr
lqglfdwh wkh suhvhqfh ri frqwdjlrq1 Dv vkrzq e| UljrerqEd45o� dqg e| Iruehv dqg
UljrerqEd8o�/ wkh fruuhodwlrq +frqglwlrqdo dqg xqfrqglwlrqdo, ehwzhhq yduldeohv lv
wkh zurqj dssurdfk wr dvvhvv wkh uhohydqfh ri frqwdjlrq1 Wr vhh wklv/ gh�qh

4 '
�J� Er�c|c r2c| m U|3��
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T @o Er�c| m U|3��T @o Er2c| m U|3��

wkh fruuhodwlrq ehwzhhq lqwhuhvw udwhv vsuhdgv lq frxqwulhv 4 dqg 51 Qh{w frpsxwh
4_c dqg 4?_c wkh fruuhodwlrqv lq wkh suhvhqfh dqg lq wkh devhqfh ri wkh vshfldo
vkrfn 02|/ uhvshfwlyho|1 Qrwh wkdw iroorzlqj wkh odujh vkrfn wkh fruuhodwlrqv duh
dozd|v juhdwhu wkdq lq wkh devhqfh ri vxfk d vkrfn/ lqghshqghqwo| ri wkh h{lvwhqfh
ri frqwdjlrq1 Frpsxwlqj 4_dqg 4?_ lw lv hdv| wr fkhfn wkdw 4_ : 4?_lqghshqghqwo|
ri S� G
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Rq wkh edvlv ri wklv uhvxow/ zh surfhhg wr whvw iru frqwdjlrqrq diwhu kdylqj
h{solflwo| prghoohg lqwhughshqghqfh1
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5141 Wkh vwdwlvwlfdo prgho= d uhgxfhg irup iru HUP vsuhdgv

Zh vwduw rxu lqyhvwljdwlrq e| vshfli|lqj d uhgxfhg irup YDU zklfk ghvfulehv wkh
mrlqw glvwulexwlrq ri Hxurshdq lqwhuhvw udwhv vsuhdgv1 Wkh vrxufh iru wkh gdwd
+zhhno| revhuydwlrqv rq 60prqwkv Hxur udwhv, lv Gdwdvwuhdp1 Zh frqvlghu wkh vl{
vsuhdgv rq Jhupdq udwhv uhvshfwlyho| iru Kroodqg/ Iudqfh/ Lwdo|/ Vsdlq/ Ghqpdun
dqg Vzhghq1 Wkh revhuydwlrqv iru wkh ohyhov ri hxur0lqwhuhvw udwhv dqg wkhlu vsuhdgv
rq wkh Jhupdq udwhv duh vkrzqlq Iljxuh 4 dqg Iljxuh 5/ uhvshfwlyho|1

Lqvhuw Iljxuhv 4 dqg 5

D �uvw jodqfh dw wkh gdwd vxjjhvwv wkh h{lvwhqfh ri d frpprq vwrfkdvwlfk
wuhqg rqo| ehwzhhq wkh Jhupdq dqg Gxwfk vkruw0whup lqwhuhvw udwhv> doo wkh rwkhu
vsuhdgv vkrz d uhpdundeoh ghjuhh ri shuvlvwhqfh1 Wklv ylvxdo lpsuhvvlrq lv frq0
�uphg e| wkh uhvxowv ri wkh hvwlpdwlrq ri rxu edvholqh prgho/ d �uvw0rughu YDU
iru lqwhuhvw udwhv vsuhdgv/ zkrvh uhvxowv duh uhsruwhg lq Wdeoh 41

Wdeoh 4= D uhgxfhg irup prgho ri Hxurshdq lqwhuhvw udwh vsuhdgv

Vdpsoh= Mxo| 4<;;0Pd| 4<<51 Hvwlpdwlrq e| ROV1
Ghs1 Ydu1 Frqvwdqw r�u

|3� r8-|3� rUA|3� r.7|3� r(g|3� r7`|3�
r�u
| �f�fe

Ef�fe��
f�Se
Ef�fDb�

f�f2e
Ef�f2b�

f�f2�
Ef�f�e�

�f�ff�e
Ef�f��

f�f��
Ef�f�S�

�f�f�
Ef�f��

r8-| �f��b
Ef�fH2�

�f��b.
Ef�fH�

f�be
Ef�fe�

f�f��
Ef�f�b�

f�ff2.
Ef�f�D�

f�f�H
Ef�f22�

�f�f�e
Ef�f�e�

rUA| f���
Ef����

f�ff�
Ef��D�

f���
Ef�f.e�

f�b�
Ef�f�D�

f�ff�
Ef�f2H�

�f�fSe
Ef�fe�

f�f�.
Ef�f2S�

r.7| f�fDS
Ef�fH��

�f��b
Ef����

f�fb
Ef�fD�

f�f�
Ef�f2�

f�be
Ef�f2�

�f�ffD
Ef�f��

f�ffS
Ef�f�b�

r(g| �f�fe
Ef�ff.�

�f��e
Ef��f�

f�fe2
Ef�fD�

�f�ffD
Ef�f2�

f�f2.
Ef�f2�

f�bD
Ef�f2H�

�f�f2
Ef�f�H�

r7`| f�2f
Ef��f�

�f��f
Ef��e�

f�2f
Ef�f.�

�f�fS
Ef�f��

f�f2D
Ef�f2S�

�f�f��
Ef�f�H�

f�Hb
Ef�f2e�

Whvwlqj iru yhfwru dxwrfruuhodwlrq +odjv 4 wr :, �2+585, @ 5:6165 ^314:34`
Whvwlqj iru yhfwru khwhurvfhgdvwlflw| �2+774, @ 78815: ^3164`
Vwdqgdug ghyldwlrqv dqg fruuhodwlrq pdwul{ ri uhvlgxdov=

j r(u| r8-| rUA| r.7| r(g| r7`|
r�u
| f��2 ��ff f��S f�2H f��D f�D� f��S
r8-| f��S f��S ��ff f�2H f�e2 f�eS f��S
rUA| f�2b f�2H f�2H ��ff f�2� f��b f��e
r.7| f�2� f��D f�e2 f�2� ��ff f�ef f�2S
r(g| f�2f f�D� f�eS f��b f�ef ��ff f��.
r7`| f�2H f��S f��S f��e f�2S f��. ��ff
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Zh kdyh lqfoxghg lq wkh YDU hljkw gxpplhv wr holplqdwh d fruuhvsrqglqj
qxpehu ri rxwolhuv�kdyh gh�qhg dv uhvlgxdov zlwk dq devroxwh ydoxh wkuhh wlphv
odujhu wkdq wkh hvwlpdwhg vwdqgdug ghyldwlrq1, Diwhu wkh lqfoxvlrq ri wkhvh gxp0
plhv6/ wkh YDU ihdwxuhv udwkhu zhoo ehkdyhg uhvlgxdov/ uhsruwhg lq Iljxuh 6/ zlwk
qr dssduhqw hylghqfh ri fruuhodwlrq dqg yhu| olwwoh hylghqfh ri khwhurvfhgdvwlf|
ghvslwh vrph hylghqfh ri d +prghudwh, qrq0qrupdolw| ri wkh uhvlgxdov1 Lw lv lqwhu0
hvwlqj wr qrwh wkdw/ zlwk wkh h{fhswlrq ri Kroodqg/ doo vsuhdgv vkrz d yhu| kljk
ghjuhh ri shuvlvwhqfh1 Pruhryhu/ zlwk qr h{fhswlrq/ wkh frh!flhqw rq wkh odjjhg
ghshqghqw yduldeoh lv wkh rqo| vljql�fdqw frh!flhqw lq wkh odj vwuxfwxuh1

Zh vwxg| wkh htxloleulxp surshuwlhv ri wkh gdwd dsso|lqj wkh MrkdqvhqEd<o�
surfhgxuh1 Zh �qg hylghqfh lq idyrxu iru wkh vwdwlrqdulw| ri wkh vsuhdg rqo| iru
Kroodqg 7�d uhvxow zklfk vxjjhvwv d orz fuhglelolw| ri wkh HUP ryhu rxu vdpsoh
shulrg1 Zh vkdoo uhwxuq wr wklv srlqw zkhq lqwhusuhwlqj wkh hvwlpdwhv ri rxu
vwuxfwxudo prgho1 Rq wkh edvlv ri wkh hylghqfh irup wkhvh uhgxfhg irupzh surfhhg
wr wkh vshfl�fdwlrq ri d vwuxfwxudo prgho iru wkh ohyhov ri lqwhuhvw udwh vsuhdgv1
Zh gr vr e| doorzlqj iru wkh h{lvwhqfh ri htxloleulxp uhodwlrqvklsv/ exw zlwkrxw
lpsrvlqj dq| vshfl�f uhvwulfwlrqv rq lwv sdudphwhuv1 Lq grlqj wklv zh uxq d ulvn
ri d orvv lq h!flhqf| lq wkh hvwlpdwlrq exw zh uxoh rxw dq| orvv lq frqvlvwhqf|
gxh wr wkh lqfruuhqfw vshfl�fdwlrq ri wkh orqj0uxq vwuxfwxuh ri rxu vwdwlvwlfdo
prghoEvhh Vlpv/Vwrfn dqg Zdwvrq Ed46o��

5151 Prghoolqj lqwhughshqghqfh= d vlpxowdqhrxvprgho iru HUP vsuhdgv

Wr prgho lqwhughshqghqfh zh pryh iurp rxu uhgxfhg irup wr d vwuxfwxudo vl0
pxowdqhrxv prgho iru wkh ghwhuplqdwlrq ri lqwhuhvw udwhv vsuhdgv1 Zh dfklhyh
lghqwl�fdwlrq e| uhvwulfwlqj wkh odj vwuxfwxuh ri wkh prgho1 Rxu lqlwldo lghqwli|0
lqj dvvxpswlrq lv wkdw rqo| odjjhg ydoxhv ri wkh ghshqghqw yduldeoh duh doorzhg
wr hqwhu hdfk htxdwlrq/ zkloh zh doorz iru doo srvvleoh vlpxowdqhrxv ihhgedfnv1
Wkh ydolglw| ri wklv vhw ri mxvw0lghqwli|lqj uhvwulfwlrqv�zklfk vxjjhvw wr xvh wkh
odjjhg ydoxhv ri hdfk yduldeohv dv lqvwuxphqwv iru wkh frqwhpsrudqhrxv ydoxhv�
lv vxssruwhg e| wkh hylghqfh iurp rxu uhgxfhg irup1 Zh wkhq pryh iurp d

6Zh kdyh lqfoxghg wkh iroorzlqj hljkw gxpplhv= gxp;;76/ gxp;;85/ gxp;<59/ gxp;<79/
gxp;<7:/ gxp<376/ gxp<378 gxp<47</ gxp<33<1 Zkhuh gxpp| gxp||zz
wdnhv d ydoxh 4 lq wkh zhhn zz ri wkh |hdu || dqg 3 rwkhuzlvh1
7Dfrruglqj wr erwk wkh wudfh dqg wkh pd{lpxp hljhqydoxh whvwv/ wkh udqn ri wkh orqj0

uxq pdwul{ lv rqh/ dqg wkh uhvwulfwlrqv wkdw rqo| wkhGxwfk vsuhdg ehorqjv wr wkh htxloleulxp
uhodwlrqvkls lv qrw uhmhfwhg1 Krzhyhu/ vrph fduh lq lqwhusuhwlqj wkhvh uhvxowv pxvw eh h{huflvhg
lq wkh oljkw ri wkh suhvhqfh ri gxpplhv/dqg ri wkh uhvxowv uhsruwhg lq Mrkdqvhq+^43`, =
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mxvw0lghqwl�hg vwuxfwxuh wr dq ryhu0lghqwl�hg prgho e| uhvwulfwlqj wr }hur doo wkh
frqwhpsrudqhrxv h�hfwv wkdw duh qrw vljql�fdqwo| gl�huhqw iurp }hur1 Hvwlpdwhv
ri rxu vwuxfwxudo prgho ri lqwhughshqghqfh duh uhsruwhg lq Wdeoh 51

Wdeoh 5= Lqwhughshqghqfh dprqj Hxurshdq lqwhuhvw udwh vsuhdgv

Vdpsoh= Mxo| 4<;;0Pd| 4<<51 Hvwlpdwlrq e| ILPO1
Ghs1 Ydu Odjjhg Ghs1Ydu Lqwhughshqghqfh

r�u
| r8-| rUA| r.7| r(g| r7`|

r�u
| f�.e

Ef�feD�
f�f2�
Ef�ff.�

r8-| f�bf
Ef�ff��

f�f��
Ef�f�e�

f�f�D
Ef�f�S�

rUA| f�b2
Ef�f2b�

f�fH2
Ef�fe��

r.7| f�bD
Ef�f�D�

f�fbH
Ef�f2b�

r(g| f�be
Ef�f22�

f�f2�
Ef�f���

r7`| f�b�
Ef�f2�

f��fD
Ef�f2b�

Whvw ri ryhu0lghqwli|lqj uhvwulfwlrqv= �2
Sb ' D��e� df�beo

Vwdqgdug ghyldwlrqv dqg fruuhodwlrq pdwul{ ri uhvlgxdov
j r(u| r8-| rUA| r.7| r(g| r7`|

r�u
| f��� ��ff f��e f��H f��� f�D2 f��D
r8-| f��D f��e ��ff f��e f��D f�e2 f���
rUA| f�2H f��H f��e ��ff f��b f��S f���
r.7| f�2f f��� f��D f��b ��ff f��S f�2�
r(g| f��b f�D2 f�e2 f��S f��S ��ff f��D
r7`| f�2. f��D f��� f��� f�2� f��D ��ff

Qrwh wkdw doo hvwlpdwhv ri wkh sdudphwhuv wkdw ghwhuplqh lqwhughshqghqfh duh
srvlwlyh/ pruhryhu wkhuh lv srvlwlyh fruuhodwlrq dprqj doo wkh vwuxfwxudo prgho
uhvlgxdov1 Wklv uhlqirufhv wkh hpslulfdo uhohydqfh ri prghoolqj lqwhughshqghqfh
ehiruh orrnlqj iru frqwdjlrq1 Kdylqj grqh vr/ zh fdq qrz orrn iru frqwdjlrq1

;



5161 Hylghqfh ri frqwdjlrq ehwzhhq Mxqh dqg Dxjxvw 4<<5

Zh orrn iru frqwdjlrq e| vlpxodwlqj rxu vwuxfwxudo prgho vwduwlqj lq wkh �uvw zhhn
ri Mxqh/ 4<<5/ dqg wkhq frpsdu|lqj wkh uhvlgxdov ri wklv vlpxodwlrq zlwk wkrvh
hvwlpdwhg lq wkh vdpsoh sulru wr Mxqh 4<<51 Rxu vlpxodwlrq lv vwdwlf/ wkdw lv zh
lqfoxgh rq wkh uljkw0kdqg vlgh wkh uhdol}dwlrqv ri wkh odjjhg yduldeohv1 Zh vkdoo
frqfoxgh wkdw wkhuh lv hylghqfh ri frqwdjlrq zkhqhyhu zh revhuyh wkdw wkh yduldqfh
ri wkh vlpxodwhg uhvlgxdov lv vljql�fdqwo| odujhu wkdq wkdw ri wkh hvwlpdwhg uhvlgxdov
dqg wkdw wkh lqfuhdvh ri yduldqfh lq uhvlgxdo lv sdluhg zlwk d vwuxfwxudo fkdqjh
lq wkhlu yduldqfh0fryduldqfh pdwul{/ dwwulexwdeoh wr vrph frpprq xqrevhuyhg
frpsrqhqw1

Wdeoh 6 vkrzv wkh prphqwv ri vwuxfwxudo uhvlgxdov vlpxodwhg ryhu wkh vdp0
soh Mxqh 4<<50Dxjxvw 4<<51 Frpsdulqj Wdeoh 6 zlwk Wdeoh 5 zh qrwh wkdw wkh
vwdqgdug ghyldwlrq ri wkh Gdqlvk uhvlgxdov doprvw grxeohv1 Lq wkh fdvh ri Lwdo| lw
lqfuhdvhv iurp 315; wr 31<3/ dqg lq fdvh ri Vzhghq iurp 315: wr 61461 Wklv lv lq
frqwudvw zlwk wkh rwkhu frxqwulhv/ zkhuh lw xqlirupo| ghfolqhv1

Wdeoh 6= Vwdqgdug ghyldwlrqv ri uhvlgxdov
Mxqh 4<<50Dxjxvw 4<<5

r(u| r8-| rUA| r.7| r(g| r7`|
j f�fHb f�fSS f�bf f��� f�2b ����

Iljxuhv 7 dqg 8 jlyh d ylvxdo lpsuhvvlrq ri wkh fulvlv= d elj srvlwlyh uhvlgxdov
rffxulqj lq Ghqpdun dw wkh wlph ri wkh uhihuhqgxp/ fohduo| vsuhdgv wr Lwdo| dqg
Vzhghq1 Wkh ehkdylrxu ri wkh Vsdqlvk vsuhdg uh hfwv wkrvh ri Lwdo| dqg Vzhghq
zlwk rqh odj1 Rq wkh frqwudu|/ lq wkh Iuhqfk dqg Gxwfk gdwd/ wkhuh lv qr hylghqfh
ri d frqwhpsrudqhrxv/ qru ri d odjjhg uhdfwlrq1 Wklv hylghqfh lv uhlqirufhg e| wkh
fruuhodwlrq pdwul{ ri uhvlgxdov/ uhsruwhg lq Wdeoh 7

Wdeoh 7= Fruuhodwlrq pdwul{ ri uhvlgxdov
Mxqh 4<<50Dxjxvw 4<<5

r�u
| r8-| rUA| r.7| r(g| r7`|

r�u
| ��ff f�S� �f�Df �f��b f�2D �f��2
r8-| f�S� ��ff �f��� �f�2� f�2� �f��S
rUA| �f�Df �f��� ��ff f�Hb f��. f�b�
r.7| �f��b �f�2� f�Hb ��ff f��S f�bf
r(g| f�2D f�2� f��S f��S ��ff f�2f
r7`| �f��2 �f��S f�b� f�bf f�2f ��ff
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Wkh hylghqfh uhsruwhg lq Wdeoh 7 lv lqwhuhvwlqj lq wzr uhvshfwv1 Iluvw/ wkh
fruuhodwlrq pdwul{ kdv fkdqjhg81 Vhfrqg zh revhuyh srodul}dwlrq= wkh fruuhodwlrqv
ehwzhhq Lwdo|/ Vzhghq/ dqg Vsdlq uhpdlq srvlwlyh�dqg odujhu wkdq lq wkh vdpsoh
shulrg�zkloh wkh fruuhodwlrqv ehwzhhq hdfk rqh ri wkhvh frxqwulhv dqg Kroodqg dqg
Iudqfh ehfrph qhjdwlyh1 Rq wkh rwkhu kdqg/ wkh fruuhodwlrq ehwzhhq wkh Gxwfk
dqg Iuhqfk vsuhdgv uhpdlqv srvlwlyh dqg lqfuhdvhv1 Wklv vxjjhvw wkh suhvhqfh ri
frqwdjlrq iroorzlqj wkh fulvlv lqlwldwhg e| wkh Gdqlvk uhihuhqgxp/ zlwk d srvlwlyh
ihhgedfn sdudphwhu iru Lwdo|/ Vsdlq dqg Vzhghq dqg d qhjdwlyh rqh iru Iudqfh
dqg wkh Qhwkhuodqgv1

61 Frqfoxvlrqv

Wkh vwduwlqj srlqw ri wklv sdshu lv wkdw wkh txhvwlrq zkhwkhu d fulvlv surgxfhv
*frqwdjlrq*/ wkdw lv d fkdqjh lq wkh zd| lq zklfk vkrfnv duh wudqvplwwhg dfurvv
�qdqfldo pdunhwv/ fdqqrw eh dvnhg devhqw d prgho wkdw ghvfulehv wkh lqwhughshq0
ghqfh dprqj wkrvh pdunhwv1 Wklv lv ehfdxvh vlpsoh phdvxuhv ri furvv0pdunhw
fruuhodwlrq lqfuhdvh e| frqvwuxfwlrq gxulqj fulvlv shulrgv1 Wklv sdshu exlogv vxfk
d prgho wr dqdo|vh wkh ehkdylru ri lqwhuhvw udwh vsuhdgv ehwzhhq vl{ Hxurshdq
frxqwulhv dqg Jhupdq| gxulqj wkh vxpphu ri 4<<5/ iroorzlqj wkh vkrfn surgxfhg
e| wkh uhvxowv ri wkh Gdqlvk uhihuhqgxp1 Lq rughu wr ghwhfw frqwdjlrq zh hvwlpdwh
rxu prgho ri lqwhughshqghqfh xs wr wkh gdwh ri wkh uhihuhqgxp/ dqg wkhq vlpx0
odwh lw ryhu wkh vxpphu prqwkv1 Zh wkhq frpsduh wkh yduldqfh ri wkh uhvlgxdov
ghulyhg iurp wkh hvwlpdwhg dqg wkh vlpxodwhg prgho1 Zh revhuyh wkdw fruuhod0
wlrqv fkdqjh ehwzhhq wkh wzr shulrgv/ wkxv lqglfdwlqj wkdw rxu vwuxfwxudo prgho
ri lqwhughshqghqfh euhdnv grzq iroorzlqj wkh Gdqlvk vkrfn1 Zh lqwhusuhw wklv
dv hylghqfh ri *frqwdjlrq* wkdw lv ri d fkdqjh lq wkh zd| vkrfnv duh wudqvplwwhg
dfurvv �qdqfldo pdunhwv1

Wklv hylghqfh lv frqvlvwhqw zlwk d odujh ydulhw| ri prghov wkdw ghvfuleh dowhu0
qdwlyh phfkdqlvpv wkurxjk zklfk frqwdjlrq fdq rffxuu= pxowlsoh htxloleuld gxh
wr h{shfwdwlrqv vkliwv/ oltxlglw| h�hfwv/ khug ehkdylrxu / iruhljq lqyhvwruv oltxlg0
lw| sureohpv/ pdfurhfrqrplf vlplodulwlhv/ exw lw lv qrw frqvlvwhqw zlwk prghov
hpskdvl}lqj wudgh olqnv dqg wkh dvvrfldwhg frpshwlwlyh ghydoxdwrqv dv wkh yhf0
wruv ri frqwdjlrq1 Rxu uhvxowv duh frqvlvwhqw zlwk wkh Gud}hq dqg PdvvrqEd6o�

8Qrwh wkdw rxu hylghqfh uhlqirufhv wkh zhoo nqrzq srlqw wkdw frpsxwlqj wkh Ydoxh dw Ulvn
ri d jlyhq sruwirolr xvlqj klvwrulfdo fruuhodwlrq frxog eh udwkhu gdqjhurxv
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prgho/ zklfk hpskdvl}hv wkh shufhlyhg fkdqjh lq frpplwphqw ri qdwlrqdo sro0
lf| pdnhuv wr �}hg h{fkdqjh udwhv diwhu wkh uhvxowv ri wkh Gdqlvk uhihuhqgxp1
Qrwh wkdw Lwdo|/ Vsdlq dqg Vzhghq ihdwxuhg wkh prvw vlplodu ehkdylrxu lq wkh
gh�flw wr JGS udwlv dqg lq wkh ghew wr JGS udwlrv dprqj wkh frxqwulhv lq rxu
vdpsoh1 Pruhryhu wkh ehkdylrxu ri orqj0whup lqwhuhvw udwhv vsuhdgv rq Jhupdq|/
dqdo|}hg lq Idyhur/Jldyd}}l/ VsdyhqwdEd7o� cvkrz wkdw lqvwlwxwlrqdo lqyhvwruv sxw
wkhvh wkuhh frxqwulhv lq wkh vdph fdwhjru| ri ulvn dqg wkh whqghqf| wr pdlqwdlq d
surshu sursruwlrq ri vxfk fdwhjru| lq wkh sruwirolr frxog kdyh wuljjhuhg d vhoo0r�
ri wkhlu kroglqjv lq doo ri wkhp1 Rq wkh rwkhu kdqg/ rxu hylghqfh grhv qrw vxs0
sruw dq h{sodqdwlrq ri frqwdjlrq edvhg rq wudgh olqnv dqg frpshwlyh ghydoxdwlrq
EFruvhwwl hw do1 Ed5o�� cdv wkhuh lv qr hylghqfh ri vwurqjhu olqnv dprqj Lwdo|/ Vsdlq
dqg Vzhghq zlwklq wkh vhw ri frxqwulhv lq rxu vdpsoh1

Zkloh pxwh dv wr wkh txhvwlrq ri zkdw olhg ehklqg wklv hslvrgh ri frqwdjlrq/
rxu �qglqjv frqwudglfw wkh ylhz wkdw hylghqfh ri frqwdjlrq lv rqo| wkh uhvxow ri
wkh dssolfdwlrq ri srru vwdwlvwlfdo whfkqltxhv1

Uhihuhqfhv

^4` Exlwhu/ Z1K1/ J1 Fruvhwwl dqg S1 Shvhqwl +4<<;,/ �Lqwhusuhwlqj wkh HUP
Fulvlv= Frxqwu|0Vshfl�f dqg V|vwhplf Lvvxhv�/ Sulqfhwrq Vwxglhv lq Lqwhuqd0
wlrqdo Ilqdqfh/ Qr1 ;7

^5` Fruvhwwl J1/ Shvhqwl S1/ Q1Urxelql dqg F1Wloo+4<<;, �Frpshw0
lwlyh ghydoxdwlrq= d Zhoiduh0Edvhg Dssurdfk� dydlodeoh iurp
kwws=22zzz1vwhuq1q|x1hgx2�qurxelql2

^6` Gud}hq/ D1 dqg S1 Pdvvrq +4<<7,/ �Fuhglelolw| ri Srolflhv yhuvxv Fuhglelolw|
ri Srolf|pdnhuv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ :680:87

^7` Idyhur F1D1/ Jldyd}}l I1 dqg O1 Vsdyhqwd+4<<:, �Kljk |lhogv= Wkh Vsuhdg
rq Jhupdq Lqwhuhvw Udwhv�/ Wkh Hfrqrplf Mrxuqdo /776/ <890<;8

^8` Iruehv/ N1/ dqg U1 Uljrerq +4<<;,/ �Qr Frqwdjlrq/ rqo| Lqwhugh0
shqghqfh= Phdvxulqj Vwrfn Pdunhw Fr0pryhphqwv�/ grzordgdeoh irup
kwws=22zhe1plw1hgx2uljrerq2zzz2

^9` Iruehv/ N1/ dqg U1 Uljrerq +4<<<,/ �Phdvxulqj Frqwdjlrq= Frqfhswxdo dqg
Hpslulfdo Lvvxhv�/ grzordgdeoh irup kwws=22zhe1plw1hgx2uljrerq2zzz
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^:` Jldyd}}l/ I1 dqg D1 Jlrydqqlql +4<;<,/ Olplwlqj H{fkdqjh Udwh Ioh{lelolw|=

Wkh Hxurshdq Prqhwdu| V|vwhp1 Fdpeulgjh/ Pdvv1/ PLW Suhvv1

^;` Khqgu| G1I1+4<<8, G|qdplfv Hfrqrphwulfv/ R{irug/ R{irug Xqlyhuvlw|
Suhvv

^<` Mrkdqvhq/ V1 +4<<8, Olnholkrrg Edvhg Lqihuhqfh rq Frlqwhjudwlrq lq wkh Yhfwru

Dxwruhjuhvvlyh Prgho1 R{irug/ R{irug Xqlyhuvlw| Suhvv

^43` Mrkdqvhq/ V1 +4<<<,/ �D Eduwohww Fruuhfwlrq Idfwru iru
Whvwv rq wkh Frlqwhjudwlqj Uhodwlrqvklsv�/ grzqordgdeoh iurp
kwws=22zzz1lxh1lw2Shuvrqdo2Mrkdqvhq2Zhofrph1kwpo

^44` Edlj/ W1 dqg Jrogidmq L1 +4<<;,/ �Ilqdqfldo Pdunhw Frqwdjlrq lq wkh Dvldq
Fulvlv�/ LPI zrunlqj Sdshu

^45` Uljrerq/ U1 +4<<<,/ �Rq wkh Phdvxuhphqw ri wkh Lqwhuqdwlrqdo Sursdjdwlrq
ri Vkrfnv�/ grzqordgdeoh irup kwws=22zhe1plw1hgx2uljrerq2zzz2

^46` Vlpv F1/ Vwrfn M1 h Zdwvrq P1+4<<3, Lqihuhqfh lq Olqhdu Wlph Vhulhv Prghov
zlwk Vrph Xqlw Urrwv Hfrqrphwulfd/ 8;/ 4/ 4460477
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Iljxuh 4= wkh ohyho ri 6 prqwkv Hxur lqwhuhvw udwhv1 4<;;04<<5
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Iljxuh 5= wkh vsuhdgv rq 6prqwk Hxur0GP lqwhuhvw udwhv1 4<;;04<<5
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Iljxuh 6= Wkh uhvlgxdov irup wkh uhgxfhg irup iru Hxurshdq lqwhuhvw udwhv
vsuhdgv rq Jhupdq udwhv
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Iljxuh 7= uhvlgxdov iurp rxu vwuxfwxudo prgho ri lqwhughshqghqfh ri wkh suh0fulvlv
dqg wkh srvw0fulvlv +vkdghg duhd, revhuydwlrqv1 Ghqpdun+XVSGQ,/

Lwdo|+XVSLW,/ Vsdlq+XVSHV,/ dqg Vzhghq+XVSVZ,
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Iljxuh 8= uhvlgxdov iurp rxu vwuxfwxudo prgho ri lqwhughshqghqfh ri wkh suh0fulvlv
dqg wkh srvw0fulvlv +vkdghg duhd, revhuydwlrqv1 Ghqpdun+XVSGQ,/

Iudqfh+XVSIU, dqg wkh Qhwkhuodqgv+XVSQO,
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