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41 Lqwurgxfwlrq

Wkh revhuydwlrq wkdw �qdqfldo fulvhv whqg wr eh fruuhodwhg dfurvv pdunhwv kdv
surpswhg d odujh qxpehu ri hpslulfdo sdshuv dlphg dw whvwlqj zkhwkhu lqwhu0
ghshqghqfh +dfurvv pdunhwv dqg2ru dfurvv frxqwulhv, lv hqrxjk wr h{sodlq vxfk
fruuhodwlrqv/ ru zkhwkhu lqvwhdg zkdw zh revhuyh lv wkh v|pswrp ri d gl�huhqw
skhqrphqrq/ frpprqo| fdoohg �frqwdjlrq��wkdw lv d fkdqjh lq wkh zd| vkrfnv
duh wudqvplwwhg dfurvv frxqwulhv gxulqj fulvhv shulrgv1

Furvv0pdunhw fruuhodwlrqv w|slfdoo| lqfuhdvh gxulqj d fulvlv= wklv/ krzhyhu/
vkrxog qrw frph dv d vxusulvh dqg lv fhuwdlqo| qrw hqrxjk wr frqfoxgh wkdw zkdw
zh revhuyh ehduv hylghqfh ri frqwdjlrq1 Dv vkrzq e| Iruehv dqg Uljrerq ^6`/
vwdqgdug phdvxuhv ri furvv0pdunhw fruuhodwlrqv duh frqglwlrqdo rq pdunhw pryh0
phqwv ryhu wkh hvwlpdwlrq shulrg= wkxv/ gxulqj d shulrg ri wxuprlo/ zkhq wkh
yrodwlolw| ri dvvhw sulfhv lqfuhdvhv/ vxfk phdvxuhv duh xszdug eldvhg1 Zkhq rqh
uhfrjql}hv wklv srlqw/ wkhuh riwhq dsshduv wr uhpdlq olwwoh hylghqfh ri frqwdjlrq1
Wklv kdv ohg Iruehv dqg Uljrerq ^7` wr frqfoxgh wkdw furvv0pdunhw olqndjhv gr qrw
fkdqjh gxulqj fulvhv= lqwhughshqghqfh lv hqrxjk wr h{sodlq frpryhphqwv dfurvv
pdunhwv/ hyhq zkhq wkhvh dsshdu wr eh h{fhswlrqdoo| kljk1

Wr whvw iru wkh suhvhqfh ri frqwdjlrq rqh vkrxog wkxv surfhhg lq wzr vwhsv1
Iluvw/ lghqwli| wkh fkdqqhov wkurxjk zklfk vkrfnv duh qrupdoo| sursdjdwhg dfurvv
pdunhwv/ e| hvwlpdwlqj d prgho ri lqwhughshqghqfh> qh{w/ uxq d whvw ri wkh k|0
srwkhvlv wkdw vxfk fkdqqhov duh prgl�hg gxulqj fulvhv shulrgv1

Lpsohphqwlqj vwhs rqh/ krzhyhu/ lv gl!fxow zkhq lqwhughshqghqfh h{whqgv
ryhu pdq| frxqwulhv/ ru pdunhwv/ dqg wkxv uhtxluhv wkh hvwlpdwlrq ri odujh prg0
hov1 Uljrerq ^43` vroyhv wklv sureohp xvlqj dq lqqrydwlyh/ olplwhg lqirupdwlrq
whfkqltxh/ edvhg rq lqvwuxphqwdo yduldeohv1 Wklv sdshu vkrzv wkdw zkhqhyhu wkh
hvwlpdwlrq ri d prgho iru lqwhughshqghqfh lv ihdvleoh/ wkh xvh ri d ixoo lqirupdwlrq
whfkqltxh doorzv wkh frqvwuxfwlrq ri d pruh srzhuixo whvw1 Lw dovr dyrlgv wkh sure0
ohpv jhqhudwhg e| wkh vl}h ri wkh vdpsoh ri kljk0yrodwlolw| revhuydwlrqv/ zklfk lv
w|slfdoo| vpdoo1

Lq wkh hpslulfdo vhfwlrq ri wklv sdshu zh whvw iru wkh suhvhqfh ri frqwdjlrq
dfurvv wkh frxqwulhv wkdw zhuh phpehuv ri wkh Hxurshdq H{fkdqjh Udwh Phfk0
dqlvp +HUP, gxulqj hslvrghv ri pdunhw wxuexohqfh1 Zh irfxv rq wkh prqh|
pdunhw/ dqg lq sduwlfxodu rq wkh vsuhdgv ehwzhhq 60prqwk Jhupdq udwhv dqg
60prqwk lqwhuhvw udwhv lq rwkhu Hxurshdq frxqwulhv1 Rxu fkrlfh ri d 60prqwk
krul}rq lv mxvwl�hg e| wzr revhuydwlrqv= zh qhhg dq krul}rq orqj hqrxjk/ vr wkdw
lqwhuhvw udwh vsuhdgv uh hfw h{fkdqjh udwh h{shfwdwlrqv/ udwkhu wkdq prqh| pdu0
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nhw lqwhuyhqwlrq e| wkh fhqwudo edqnv> dw wkh vdph wlph/ wkh krul}rq vkrxog qrw eh
wrr orqj/ rwkhuzlvh vsuhdgv zrxog dyhudjh h{fkdqjh udwh h{shfwdwlrqv ryhu orqj
shulrgv ri wlph/ dqg zrxog wkxv idlo wr fdswxuh wkh h{shfwdwlrq ri dq h{fkdqjh
udwh fulvlv1 60prqwk udwhv duh d jrrg frpsurplvh1

Zh xvh d vdpsoh uxqqlqj iurp Mdqxdu| 4<;; wr Dxjxvw 4<<51 Wklv zdv d shulrg
fkdudfwhul}hg e| wkh devhqfh ri uhdoljqphqwv +wkh odvw HUP uhdoljqphqw ehiruh wkh
Vhswhpehu 4<<5 ghydoxdwlrqv rffxuuhg gxulqj 4<;:,= zh fdq wkxv dvvxph wkdw wkh
prqhwdu| srolf| uhjlph zdv frqvwdqw wkurxjkrxw wkh shulrg�qdpho| ghwhuplqhg
e| wkh h{fkdqjh udwh frqvwudlqw1 Wklv dvvxpswlrq doorzv xv wr hvwlpdwh/ ryhu wkh
vdpsoh/ d frpprq prgho iru lqwhughshqghqfh dfurvv wkh prqh| pdunhwv ri HUP
phpehuv�wkh �uvw vwhs lq lpsohphqwlqj rxu ixoo lqirupdwlrq whvw1

Zh xvh zhhno| gdwd +wkh vsuhdgv rq Jhupdq udwhv revhuyhg rq wkh Zhgqhvgd|
ri hdfk zhhn, iru vl{ HUP phpehuv +Iudqfh/ Lwdo|/ Vsdlq/ Ehojlxp/ Kroodqg dqg
Ghqpdun, soxv Vzhghq1 Zh dgg Vzhghq ehfdxvh wkrxjk qrw irupdoo| dq HUP
phpehu/ wkh Vzhglvn Nurqh vkdgrzhg wkh Ghxwvfkhpdun wkurxjkrxw rxu vdpsoh/
xqwlo lw zdv hyhqwxdoo| ghydoxhg mxvw diwhu wkh euhdn0xs ri wkh HUP1 Zh lqvwhdg
h{foxgh wkh XN1 Wkh srxqg mrlqhg wkh HUP lq wkh plggoh ri rxu vdpsoh +lq wkh
Idoo ri 4<<3,= wklv fkdqjh lq prqhwdu| uhjlph ohdyhv wrr ihz revhuydwlrqv wr doorz
xv wr hvwlpdwh d prgho ri lqwhughshqghqfh wkdw lqfoxghv wkh XN1

51 Hvwlpdwlqj lqwhughshqghqfh wr ghwhfw frqwdjlrq

Wkhuh lv reylrxvo| qr frqwdjlrq zlwkrxw d fulvlv1 Wkxv/ lq rughu wr ghwhfw frqwd0
jlrq/ zh �uvw qhhg wr lghqwli| d vhw ri vkrfnv wkdw frxog kdyh ehhq wudqvplwwhg
dfurvv frxqwulhv lq dq xqxvxdo zd|1 Lq rughu wr lghqwli| vxfk vkrfnv/ zh hvwl0
pdwh/ ryhu rxu vdpsoh/ d prgho ri lqwhughshqghqfh dprqj Hxurshdq lqwhuhvw udwh
vsuhdgv1 Wkh vwdwlvwlfdo prgho zh dgrsw lv d uhgxfhg0irup YDU wkdw ghvfulehv
wkh mrlqw surfhvv jhqhudwlqj wkh vsuhdgv1 Zh vshfli| wklv prgho doorzlqj iru wkh
frqvwudlqwv lpsrvhg rq hdfk frxqwu| e| phpehuvkls lq wkh HUP1

Frqvlghu/ iru vlpsolflw|/ dq HUP frqvlvwlqj ri rqo| wkuhh frxqwulhv= frxqwu|
4/ zklfk uhsuhvhqwv Jhupdq|/ wkh fruh ri wkh HUP/ dqg frxqwulhv 5 dqg 6/ wzr
rwkhu phpehuv ri wkh v|vwhp1 Ohw -�c -2 dqg-� eh wkhlu vkruw whup lqwhuhvw udwhv/
dqg r� ' -2 � -� dqg r2 ' -� � -�/ wkh vsuhdgv/ zklfk uh hfw h{shfwdwlrqv ri
h{fkdqjh udwh ghsuhfldwlrq1 Wkh frqglwlrqdo glvwulexwlrq ri r�dqg r2 lv ghvfulehg
e| wkh iroorzlqj uhgxfhg irup=
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Lq rughu wr ghwhfw wkh suhvhqfh/ lq rxu gdwdvhw/ ri revhuydwlrqv zklfk fruuh0
vsrqg wr hslvrghv ri pdunhw wxuexohqfh/ zh orrn iru uhvlgxdov ri wkh deryh YDU
prgho wkdw duh qrq0qrupdo dqg khwhurvfhgdvwlf= zh gr wklv e| uxqqlqj whvwv ri
qrupdolw| dqg khwhurvfhgdvwlflw| ri wkh uhvlgxdov1 Zh wkhq lghqwli| vxfk gdwd0
srlqwv e| phdqv ri d vhw ri gxpplhv/ _1 Wkh gxpplhv wkxv lghqwli| wkh shulrgv
ri fulvlv1 Lw lv wkhq srvvleoh wr uh0vshfli| E2��� dv =
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zkhuh

#
_�c|
_2c|

$
/ wkh yhfwru ri gxpplhv/ lv sduwlwlrqhg lq wzr eorfnv dffruglqj

wr zkhwkhu wkh hyhqw jhqhudwlqj wkh wxuprlo rffxuuhg lq frxqwu| 4 ru lq frxqwu|
51 Qrwh wkdw wkh lqwurgxfwlrq ri gxpp| yduldeohv holplqdwhv qrq0qrupdolw| dqg
khwhurvfhgdvwlflw| iurp wkh uhvlgxdov1 Zh frqvlghu dgglwlyh gxpplhv ehfdxvh wkh
pdunhw wxuexohqfh shulrgv odvw dw prvw irxu frqvhfxwlyh revhuydwlrqv1

Kdylqj lghqwl�hg wkh hslvrghv ri pdunhw wxuexodqfh/ zh wkhq surfhhg wr hvwl0
pdwh d vwuxfwxudo prgho ri lqwhughshqghqfh1 Frqvlghu/ frqwlqxlqj zlwk rxu h{0
dpsoh/ wkh iroorzlqj wzr0htxdwlrq vwuxfwxudo prgho zklfk zh vkdoo dvvxph wr eh
mxvw0lghqwl�hg e| wkh uhvwulfwlrq wkdw/ lq hdfk htxdwlrq/ wkh rzq odjjhg ghshqghqw
yduldeoh lv vx!flhqw wr fdswxuh wkh vwuxfwxudo g|qdplfv=

7



#
� �q�2

�q2� �

$#
r�c|
r2c|

$
'

#
��� f
f �22

$#
r�c|3�
r2c|3�

$
n +516,

#
U n

#
@�� @�2
@2� @22

$#
_�c| f
f _2c|

$$#
"�c|
"2c|

$

#
"�c|
"2c|

m U|3�

$
� �

%#
f
f

$
c

#
j2"� f
f j2"2

$&

Frqwdjlrq kdsshqv zkhq hlwkhu @�2 9' fc ru @2� 9' f/ wkdw lv zkhq/ gxulqj shulrgv
ri wxuprlo/ wkh sdudphwhuv zklfk ghvfuleh lqwhughshqghqfh +q�2 dqg q2�, duh qrw
hqrxjk wr ghvfuleh wkh wudqvplvvlrq ri vkrfnv dfurvv frxqwulhv1 Qrwh krzhyhu wkdw
xqghu wkh qxoo ri lqwhughshqghqfh rqo|/ qr frqwdjlrq wxuprlov d�hfwv doo uhgxfhg
irup uhodwlrqvklsv1

Zlwklq wkh iudphzrun ri rxu h{dpsoh lw lv hdv| wr pdnh wzr uhodwhg srlqwv1
Iluvw/ vlpsoh fruuhodwlrqv duh wkh zurqj lqglfdwru wr ghwhfw frqwdjlrq1 Dv vkrzq
e| Uljrerq d<o dqg e| Iruehv dqg Uljrerq d6o/ d fkdqjh lq wkh +frqglwlrqdo dqg
xqfrqglwlrqdo, fruuhodwlrq ehwzhhq r�c| dqg r2c| grhv rffxu gxulqj d fulvlv/ txlwh
lqghshqghqwo| ri frqwdjlrq1 Frqvlghu/ iru h{dpsoh/ frqglwlrqdo fruuhodwlrqv dqg
gh�qh=

4 �
�J� Er�c|c r2c| m U|3��

2

t
T @o Er�c| m U|3��T @o Er2c| m U|3��

wkh fruuhodwlrq ehwzhhq wkh wzr lqwhuhvw udwhv vsuhdgv1 Lq wkh orz yrodwlolw| shul0
rgv/ wkdw lv rxwvlgh wkh revhuydwlrqv lghqwl�hg e| wkh _ gxpplhv/ zh kdyh=#
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$
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zkloh lq wkh kljk yrodwlolw| shulrg=
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Qh{w frpsxwh 4,c dqg 4�c wkh frqglwlrqdo fruuhodwlrqv/ lq wkh kljk dqg orz yrodwlolw|
shulrgv uhvshfwlyho|1 Lw lv vwudljkwiruzdug wr fkhfn wkdw hyhq xqghu wkh qxoo ri qr

frqwdjlrq 4� : 4,� Uljrerq d<o/ iru h{dpsoh/ frqvlghuv wkh vlpsoh fdvh lq zklfk
@�� ' @2� ' f/ l1h1 doo wxuprlo lv jhqhudwhg lq frxqwu| 51 Wkh qxoo ri qr frqwdjlrq
lpsolhv @�2 ' f� Lq wklv fdvh zh kdyh=
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2

dqg 4� : 4,�

Vhfrqg/ zh fdq frpsduh rxu ixoo0lqirupdwlrq dssurdfk zlwk wkh lqvwuxphqwdo
yduldeohv phwkrg sursrvhg e| Uljrerq1 ^43` Lq wkdw phwkrg rqh frqwurov e|
hvwlpdwlqj q�2 dqg q2� xvlqj d olplwhg0lqirupdwlrq whfkqltxh iru lqwhughshqghqfh
lq rughu wr ghwhfw frqwdjlrq1 Wkh whfkqltxh klqjhv rq vsolwwlqj wkh vdpsoh lqwr
kljk dqg orz yrodwlolw| shulrgv= dq lqvwuxphqw lv wkhq frqvwuxfwhg zkrvh ydolglw|
lv jxdudqwhhg xqghu wkh qxoo ri qr frqwdjlrq1 Wkh whvw iru frqwdjlrq lv wkhq vlpso|
d whvw ri wkh ydolglw| ri wkh lqvwuxphqwv1 Wr looxvwudwh wklv surfhgxuh zlwklq rxu
h{dpsoh/ frqvlghu djdlq wkh vlpsoh fdvh lq zklfk @�� ' @2� ' f� Lq wklv fdvh
wkh ghshqghqw yduldeoh lv vsolw lqwr kljk dqg orz yrodwlolw| revhuydwlrqv lq wkh
iroorzlqj zd|=
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Xvlqj �| dv dq lqvwuxphqw iru t2 ohdgv wr wkh iroorzlqj mxvw0lghqwl�hg lqvwux0
phqwdo yduldeohv hvwlpdwru ri wkh lqwhughshqghqfh sdudphwhu q�2=
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Wkh ydolglw| ri z| dv dq lqvwuxphqw lv jxdudqwhhg xqghu Kf E@�2 ' f� c zkloh
lwv h!flhqf| ghshqgv rq wkh ghjuhh ri khwhurvfhgdvwlflw| ehwzhhq orz dqg kljk
yrodwlolw| revhuydwlrqv 1 Zlwklq wklv iudphzrun/ frqwdjlrq fdq eh whvwhg dsso|lqj
d Kdxvpdq ^8`0w|sh whvw iru wkh ydolglw| ri wkh lqvwuxphqwv1 Wkh ehdxw| ri wklv
dssurdfk ghshqgv rq wkh idfw wkdw lw grhv qrw uhtxluh yduldeohv rwkhu wkdq t2c| wr
lpsohphqw wkh LY hvwlpdwru1

Vnlsslqj wkh hvwlpdwlrq ri d vwuxfwxudo prgho iurp lqwhughshqghqfh kdv re0
ylrxv ehqh�wv> krzhyhu/ lw dovr lpsolhv d qrq0qhjoljleoh frvw1 Wkhuh duh fdvhv lq
zklfk wkh frq�jxudwlrq ri sdudphwhuv lq wkh vwuxfwxudo prgho lv vxfk wkdw wkh
LY surfhgxuh zrxog ohdg wr uhmhfw wkh qxoo ri frqwdjlrq zkhq lw lv wuxh1 Lq rxu
h{dpsoh/ iru lqvwdqfh/ @�2 ' f lv qrw wkh xqltxh vroxwlrq ri R *�4 E� �"W�� ' f�
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61 Orrnlqj iru frqwdjlrq lq wkh HUP

Lq wklv vhfwlrq zh lpsohphqw wkh whfkqltxh rxwolqhg deryh wr vwxg| wkh sursd0
jdwlrq ri �qdqfldo vkrfnv dfurvv Hxurshdq prqh| pdunhwv gxulqj wkh HUP1 Duh
wkh qrupdo fkdqqhov ri lqwhughshqghqfh hqrxjk wr h{sodlq wkh zd| vxfk vfkrfnv
zhuh wudqvplwwhg iurp rqh pdunhw wr dqrwkhu/ ru lv wkhuh hylghqfh ri frqwdjlrqB
Dv h{sodlqhg lq vhfwlrq 5/ zh surfhhg lq wkuhh vwhsv= zh �uvw lghqwli| wkh hslvrghv
ri pdunhw wxuexohqfh dqdo|vlqj wkh uhvlgxdov rewdlqhg iurp d uhgxfhg irup YDU>
qh{w zh hvwlpdwh d vwuxfwxudo prgho zklfk ghvfulehv lqwhughshqghqfh dprqj lq0
whuhvw udwh vsuhdgv> �qdoo| zh whvw iru frqwdjlrq1

6141 Ghwhfwlqj pdunhw wxuprlo lq wkh HUP

Zh vwduw rxu hpslulfdo lqyhvwljdwlrq e| vshfli|lqj d uhgxfhg irup YDU iru wkh
mrlqw glvwulexwlrq ri Hxurshdq lqwhuhvw udwh vsuhdgv1 Wkh vrxufh iru wkh gdwd
+zhhno| revhuydwlrqv rq 60prqwk Hxur udwhv, lv Gdwdvwuhdp1 Zh frqvlghu wkh
vsuhdgv rq Jhupdq udwhv iru vhyhq frxqwulhv= Iudqfh/ Lwdo|/ Vsdlq/ Kroodqg/ Eho0
jlxp/ Ghqpdun dqg Vzhghq1 +Wkh uhdvrq iru lqfoxglqj Vzhghq/ zklfk dw wkh wlph
zdv qrw dq HUP phpehu/ zkloh h{foxglqj wkh XN/ zhuh h{sodlqhg lq wkh Lqwur0
gxfwlrq1, Wkh udz gdwd rq Hxur vsuhdgv duh vkrzq lq Iljxuh 41 Rqo| Jhupdq
dqg Gxwfk udwhv dsshdu wr vkduh d frpprq vwrfkdvwlf wuhqg> wkh rwkhu vsuhdgv
vkrz d uhpdundeoh ghjuhh ri shuvlvwhqfh +wklv fkdudfwhulvwlf ri wkh gdwd zloo eh
frq�uphg e| wkh hfrqrphwulfv1,

Lqvhuw Iljxuh 4

Wkh hvwlpdwlrq ri d �uvw0rughu YDU iru lqwhuhvw udwhv vsuhdgv/ dv ghvfulehg
lq 514/ ihdwxuhv d qxpehu ri odujh uhvlgxdov�gh�qhg dv uhvlgxdov zlwk dq devroxwh
ydoxh wkuhh wlphv odujhu wkdq wkh hvwlpdwhg vwdqgdug ghyldwlrq1 Zh kdyh wkxv
lqfoxghg lq wkh YDU wzhqw|0vl{ gxpplhv wr holplqdwh d fruuhvsrqglqj qxpehu ri
rxwolhuv/ dv ghvfulehg lq 5151 Hvwlpdwhv ri wkh uhgxfhg0iurp frh!flhqwv duh vkrzq
lq wdeohv 4 dqg 5 zkhuh uhsruw wkh frh!flhqwv rq wkh wzhqw|0vl{ gxpplhv vhsd0
udwho|1 Wkh uhvlgxdov rewdlqhg iurp d YDU wkdw lqfoxghv wkh gxpplhv/ uhsruwhg
lq Iljxuh 5/ vkrz qr dssduhqw hylghqfh ri fruuhodwlrq/ qru ri khwhurvfhgdvwlf|
+wklv lv frq�uphg e| wkh whvwv uhsruwhg lq Wdeoh 4,/ dowkrxjk wkhuh uhpdlqv vrph
+prghudwh, qrq0qrupdolw|1

Zlwk wkh h{fhswlrq ri Kroodqg/ doo vsuhdgv vkrz d yhu| kljk ghjuhh ri shu0
vlvwhqfh/ wkxv frq�uplqj wkh ylvxdo lpsuhvvlrq ri Iljxuh 41 Pruhryhu/ zlwk qr
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h{fhswlrq/ wkh frh!flhqw rq wkh odjjhg ghshqghqw yduldeoh lv wkh rqo| vljql�fdqw
frh!flhqw lq wkh odj vwuxfwxuh1 Zkhq zh vwxg| wkh htxloleulxp surshuwlhv ri
wkh gdwd dsso|lqj wkh Mrkdqvhqd:o surfhgxuh/ zh �qg hylghqfh lq idyrxu iru wkh
vwdwlrqdulw| ri wkh vsuhdg rqo| iru Kroodqg 4�d uhvxow zklfk vxjjhvwv/ h{fhsw iru
Kroodqg/ d orz fuhglelolw| ri wkh HUP ryhu rxu vdpsoh1

Wkh revhuydwlrqv lghqwl�hg e| hdfk ri wkh wzhqw|0vl{ gxpplhv fdq eh wudfhg wr
d slhfh ri qhzv uhohydqw iru �qdqfldo pdunhwv lq wkh HUP= zh ghvfuleh hdfk slhfh ri
qhzv lq Wdeoh 5 ehorz wkh fruuhvsrqglqj revhuydwlrq2v1 Edvhg rq wklv lqirupdwlrq/
vkrfnv duh gh�qhg �orfdo� ru �frpprq�/ ghshqglqj rq zkhwkhu wkh| klw d vlqjoh
frxqwu|/ ru pruh frxqwulhv dw wkh vdph wlph1 Wkh gxpplhv fruuhvsrqglqj wr
frpprq vkrfnv duh e| gh�qlwlrq vljql�fdqw lq pruh wkdq rqh frxqwu|1 Orrnlqj
dw Wdeoh 5 zh vhh/ krzhyhu/ wkdw riwhq/ hyhq zkhq d vkrfn lv lghqwl�hg dv orfdo/
wkh frh!flhqw rq wkh fruuhvsrqglqj gxpp| lv vljql�fdqw qrw rqo| lq wkh frxqwu|
zkhuh wkh vkrfn ruljlqdwhv/ exw lq rwkhu frxqwulhv dv zhoo1 Iru h{dpsoh/ wkh
gxpp| yduldeoh wkdw lghqwl�hv wkh Gxwfk vkrfn ri Pd| 4:/ 4<;< lv vljql�fdqw qrw
rqo| lq Kroodqg/ exw dovr lq Vsdlq1 Wkh �qglqj wkdw wkh gxpp| fruuhvsrqglqj wr
d orfdo vkrfn lv vljql�fdqw lq pruh wkdq rqh frxqwu| frxog vljqdo frqwdjlrq/ exw
frxog dovr vlpso| eh wkh h�hwfw ri qrupdo lqwhughshqghqfh1

Wr ghwhfw frqwdjlrq zh wkxv hvwlpdwh d vwuxfwxudo prgho wr frqwuro iru lqwhu0
ghshqghqfh1 Wklv zloo doorz xv wr whvw wkh vljql�fdqfh ri orfdo vkrfnv rxwvlgh wkh
frxqwu| zkhuh wkh| kdyh ruljlqdwhg1

6151 Prghoolqj lqwhughshqghqfh dqg whvwlqj iru frqwdjlrq

Wr prgho lqwhughshqghqfh zh hvwlpdwh d vwuxfwxudo vlpxowdqhrxv prgho iru wkh
ghwhuplqdwlrq ri lqwhuhvw udwh vsuhdgv1

Zh dfklhyh lghqwl�fdwlrq e| uhvwulfwlqj wkh odj vwuxfwxuh ri wkh prgho15 Rxu
lqlwldo lghqwli|lqj dvvxpswlrq lv wkdw rqo| wkh odjjhg ydoxh ri wkh ghshqghqw ydul0
deoh lv doorzhg wr hqwhu hdfk htxdwlrq/ zkloh zh doorz iru doo srvvleoh vlpxowdqhrxv
ihhgedfnv1 Wkh ydolglw| ri wklv vhw ri mxvw0lghqwli|lqj uhvwulfwlrqv wkdw lv xvlqj

4Dffruglqj wr erwk wkh wudfh dqg wkh pd{lpxp hljhqydoxh whvwv/ wkh udqn ri wkh orqj0
uxq pdwul{ lv rqh/ dqg wkh uhvwulfwlrqv wkdw rqo| wkh Gxwfk 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^;`=

5Zh doorz iru wkh h{lvwhqfh ri htxloleulxp uhodwlrqvklsv/ exw zh gr qrw lpsrvh dq| vshfl�f
uhvwulfwlrq rq wkhlu sdudphwhuv1 Lq grlqj wklv zh uxq wkh ulvn ri d orvv ri h!flhqf| lq wkh
hvwlpdwlrq/ exw zh uxoh rxw lqfrqvlvwhqf| gxh d srvvleo| lqfruuhfw vshfl�fdwlrq ri wkh orqj0uxq
vwuxfwxuh ri rxu vwdwlvwlfdo prgho +vhh Vlpv/Vwrfn dqg Zdwvrq^44`,1
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wkh odjjhg ghshqghqw yduldeohv dv lqvwuxphqwv iru wkh frqwhpsrudqhrxv ydoxhv�lv
vxssruwhg e| wkh hylghqfh lq rxu uhgxfhg irup zklfk vkrzhg wkdw rqo| wkh rzq
odjjhg ghshqghqw yduldeoh lv vljql�fdqw lq hdfk htxdwlrq1 Zh wkhq pryh iurp
d 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 Hvwl0
pdwhv ri rxu vwuxfwxudo prgho ri lqwhughshqghqfh duh uhsruwhg lq Wdeohv 6 dqg 7
+dv iru wkh uhgxfhg irup zh uhsruw vhsdudwho|/ lq Wdeoh 7/ wkh frh!flhqwv rq wkh
gxpplhv,1

Wkh vwuxfwxudo prgho glvsod|v yhu| olwwoh lqwhughshqghqfh1 Wkh rqo| vljql�fdqw
vlpxowdqhrxv olqnv dulvh ehwzhhq Ehojlxp dqg Kroodqg/ dqg ehwzhhq Ghqpdun dqg
Iudqfh/ Vzhghq/ Ehojlxp1

Wkh uhohydqw hylghqfh wr whvw iru frqwdjlrq lv frqwdlqhg lq Wdeoh 71 Xqghu wkh
qxoo ri qr frqwdjlrq wkh gxpplhv dvvrfldwhg zlwk orfdo vkrfnv vkrxog eh vljql�fdqw
rqo| lq wkh frxqwu| zkhuh wkh vkrfn ruljlqdwhv1 Wkh qxoo lv uhmhfwhg lq hohyhq
hslvrghv ri orfdo vkrfnv1 Iru lqvwdqfh/ lqwhughshqghqfh lv qrw hqrxjk wr h{sodlq
wkh wudqvplvvlrq wr Ghqpdun/ Lwdo|/ Kroodqg dqg Ehojlxp ri wkh orfdo Vzhglvk
vkrfnv ri Qryhpehu0Ghfhpehu 4<<31 Wkh vdph lv wuxh/ iru wkh wudqvplvvlrq wr
Vsdlq ri wkh orfdo Lwdoldq dqg Gxwfk vkrfnv rffxuulqj/ uhvshfwlyho|/ lq Pdufk dqg
Pd| 4<;<1 Zlwk wkh h{fhswlrq ri Iudqfh/ frqwdjlrq d�hfwv doo frxqwulhv lq rxu
vdpsoh1 Qrwh wkdw frqwdjlrq lpsolhv d fkdqjh lq wkh lqwhuqdwlrqdo wudqvplvvlrq
ri vkrfnv/ zklfk qrupdoo| dprxqwv wr d vwurqjhu h�hfw lq wkh vdph gluhfwlrq/ exw
rffdvlrqdoo| lpsolhv d vljql�fdqw h�hfw lq wkh rssrvlwh gluhfwlrq1 Iru lqvwdqfh/ rq
wkh rffdvlrq ri wkh Lwdoldq vkrfn ri Mxo| ;wk/ 4<<5/ zklfk udvlhg wkh Lwdoldq vsuhdg
e| 468 edvlv srlqwv/ wkh Gxwfk vsuhdg qduurzhg e| 4: edvlv srlqwv1

71 Frqfoxvlrqv

Wklv sdshu sursrvhv d iudphzrun wr whvw iru frqwdjlrq lq vlwxdwlrqv zkhuh lw
lv srvvleoh wr vshfli| dqg hvwlpdwh d prgho iru lqwhughshqghqfh dfurvv �qdqfldo
pdunhwv1 Zh vkduh zlwk Iruehv dqg Uljrerq^7` wkh ylhz rq wkh lpsruwdqfh ri
prghoolqj lqwhughshghqfh lq rughu wr whvw iru frqwdjlrq1 Zh vkrz/ krzhyhu/ wkdw
wkh olplwhg lqirupdwlrq iudphzrun sursrvhg e| Uljrerq ^43` pd| qrw uhmhfw wkh
qxoo ri qr frqwdjlrq zkhq lw lv idovh1 Wklv lv ehfdxvh wkh olplwhg lqirupdwlrq
dssurdfk grhv qrw doorz wr whvw h{solflwo| wkh ryhu0lghqwli|lqj uhvwulfwlrqv lpsrvhg
e| wkh vwuxfwxudo prgho xqghu wkh qxoo ri lqwhuhvw1

Xvlqj gdwd rq wkuhh0prqwk lqwhuhvw udwh vsuhdgv rq Jhupdq udwhv iru vhyhq
Hxurshdq frxqwulhv ryhu wkh shulrg 4<;;04<<5/ zh zhuh deoh wr uhmhfw wkh qxoo ri
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qr frqwdjlrq1 Zh lghqwli| d qxpehu ri frxqwu|0vshfl�f vkrfnv/ zkrvh h�hfwv rq
rwkhu Hxurshdq pdunhwv zhuh vljql�fdqwo| gl�huhqw iurp wkrvh suhglfwdeoh iurp
wkh hvwlpdwhg fkdqqhov ri lqwhughshqghqfh1 Rxu hylghqfh vxjjhvwv wkdw frqwdjlrq
zlwklq wkh HUP zdv d jhqhudo skhqrphqrq/ qrw olplwhg wr d vxevhw ri zhdnhu
frxqwulhv/ zlwk wkh rqo| h{fhswlrq ri Iudqfh1

Wklv hylghqfh lv frqvlvwhqw zlwk d odujh ydulhw| ri prghov wkdw ghvfuleh dowhu0
qdwlyh phfkdqlvpv wkurxjk zklfk frqwdjlrq pd| rffxuu= pxowlsoh htxloleuld gxh
wr h{shfwdwlrqv vkliwv/ oltxlglw| h�hfwv/ khug ehkdylrxu/ oltxlglw| sureohpv idfhg
e| iruhljq lqyhvwruv/ pdfurhfrqrplf vlplodulwlhv1

Zkloh pxwh dv wr wkh txhvwlrq ri zkdw olhv ehklqg wkhvh hslvrghv ri frqwdjlrq/
rxu �qglqjv uxq djdlqvw wkh ylhz wkdw hylghqfh ri frqwdjlrq lv rqo| wkh uhvxow ri
wkh dssolfdwlrq ri srru vwdwlvwlfdo whfkqltxhv1
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Wdeoh 4= D uhgxfhg irup prgho ri Hxurshdq lqwhuhvw udwh vsuhdgv

Vdpsoh= Qryhpehu 5/ 4<;;0Vhswhpehu </ 4<<51
Zhhno| gdwd revhuyhg rq wkh Zhgqhvgd| ri hdfk zhhn
Hvwlpdwlrq e| ROV1 Vwdqgdug huuruv lq eudfnhwv1
ghs1 ydu1 frqvwdqw r�u

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

Ef�fe��
f�S�
Ef�fS�

�f�f2
Ef�f��

f�ff�
Ef�ffb�

f�ffS
Ef�f��

�f�fe
Ef�f2�

�f�f2
Ef�ffH�

f��f
Ef�fe�

r8-| �f�f2
Ef�fS�

�f��.
Ef�fb�

f�bf
Ef�fe�

f�f��
Ef�f���

f�f�D
Ef�f�D�

f�f2H
Ef�f2��

�f�f2
Ef�f�2�

f�fS
Ef�fD�

rUA| f�f�
Ef����

�f�2�
Ef��S�

�f�fS
Ef�f.�

��f�
Ef�f��

�f�fe
Ef�f��

f�f.
Ef�fe�

f�f�
Ef�f2�

�f�fS
Ef��f�

r.7| f�fb
Ef�f.�

�f�2
Ef��f�

f�2
Ef�fD�

f��
Ef�2�

f�bS
Ef�f2�

�f�fffe
Ef�f��

�f�fffe
Ef�f��

f�fb
Ef�fS�

r(g| f�f�
Ef�fH�

�f��f
Ef��2�

�f�f�H
Ef�fD�

�f�ff2
Ef�f2�

f�f2
Ef�f2�

f�b.
Ef�f��

�f�f�
Ef�f2�

f�fe
Ef�f.�

r7`| �f�f.
Ef��2�

f�fS
Ef�2�

�f�f�
Ef�fH�

�f�fS
Ef�f��

f�ffe
Ef�f��

f��f
Ef�fD�

f�bD
Ef�f��

�f��.
Ef��f�

r�C| �f�fD
Ef�fD�

�f�f2
Ef�fH�

�f�fD
Ef�f��

f�f�
Ef�f��

f�f�
Ef�f��

f�fe
Ef�f2�

�f�f2
Ef�f��

f�bf
Ef�fD�

Whvwlqj iru yhfwru dxwrfruuhodwlrq ri wkh uhvlgxdov +odjv 4 wr :,= 8 +676/<;7, @ 31<: ^3194`
Whvwlqj iru yhfwru khwhurvfhgdvwlflw| ri wkh uhvlgxdov= 8 +<85/6374, @ 31;9 ^31<<`

Vwdqgdug ghyldwlrqv dqg fruuhodwlrq pdwul{ ri uhvlgxdov=
j r�u

| r8-| rUA| r.7| r(g| r7`| r�C|
r�u
| f��f ��ff f��S f��f f�2b f�ee f��f f�eH
r8-| f��D f��S ��ff f�2S f��b f��� f�2f f�eb
rUA| f�2. f��f f�2S ��ff f�2� f�2S f��H f�2e
r.7| f��. f�2b f��b f�2� ��ff f��S f�2H f�ee
r(g| f��b f�ee f��� f�2S f��S ��ff f�2H f��e
r7`| f��� f��f f�2f f��H f�2H f�2H ��ff f��f
r�C| f��� f�eH f�eb f�2e f�ee f��e f��f ��ff

Qrwh= wkh prgho dovr lqfoxghv wkh wzhqw|0vl{ gxpp| yduldeohv uhsruwhg lq
Wdeoh 51
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Wdeoh 5= Gxpplhv lq wkh uhgxfhg irup prgho ri Wdeoh 4

Gxpplhv ghs ydu
r�u| r8-| rUA| r.7| r(g| r7`| r�C|

542452;; f��2
Ef��f�

WW f�S.WW
Ef��D�

�f���
Ef�2H�

f�H�WW
Ef��H�

f�DbWW
Ef�2f�

f�D�WW
Ef�2D�

f�DeWW
Ef��e�

frpprq vkrfn Exqghvedqn udlvhv srolf| udwhv
3;2362;< f�f.

Ef��f�
f�f2e
Ef��D�

f�beWW
Ef�2H�

f�D�WW
Ef��H�

f�2b
Ef�2f�

f�Df
Ef�2D�

WW f���
Ef��e�

orfdo vkrfn Edqn ri Lwdo| udlvhv udwhv diwhu edg wudgh gh�flw gdwd
362382;< f�2b

Ef��f�

WW �f�f2�2
Ef��D�

�f�fb
Ef�2H�

f��bWW
Ef��H�

�f�f�
Ef�2f�

f�f2
Ef�2D�

�f�f�
Ef��e�

orfdo vkrfn Gxwfk jryhuqphqw uhvljqv
4:2382;< �f��f

Ef��f�
�f�2f
Ef��D�

�f��e
Ef�2H�

�f�.2WW
Ef��H�

�f���
Ef�2f�

�f�DS
Ef�2D�

WW �f�22
Ef��e�

orfdo vkrfn Vsdlq dqqrxqfhv vkdus fxwv lq sxeolf vshqglqj
3823:2;< f�f2�

Ef��f�
f��eWW
Ef��D�

�f��f
Ef�2H�

f�SeWW
Ef��H�

f��e
Ef�2f�

�f�fD
Ef�2D�

�f��S
Ef��e�

frpprq vkrfn XV groodu froodsvhv
442432;< f��H

Ef��f�
f�fb�
Ef��D�

�f�f2
Ef�2H�

f��f
Ef��H�

f�e.WW
Ef�2f�

f�f�
Ef�2D�

f�S�WW
Ef��e�

frpprq vkrfn Exqghvedqn udlvhv lqwhuhvw udwhv
4;2432;< �f��.

Ef��f�
f�f�D
Ef��D�

f�f.
Ef�2H�

�f�2�
Ef��H�

2�SfWW
Ef�2f�

�f�e2WW
Ef�2D�

�f�fe
Ef��e�

orfdo vkrfn Gdqlvk Nurqd klwv wkh erwwrp ri wkh HUP edqg
582432;< �f��e

Ef��f�
f�f�2
Ef��D�

f�bSWW
Ef�2H�

f��2
Ef��H�

���S2WW
Ef�2f�

�f�2e
Ef�2D�

f�f�
Ef��e�

orfdo vkrfn Exqghvedqn lqwhuyhqhv wr surs xs wkh Nurqd
342442;< �f��2

Ef��f�
�f�fH.
Ef��D�

���eHWW
Ef�2H�

�f�2S
Ef��H�

f�fH
Ef�2f�

�f��.
Ef�2D�

�f�2H
Ef��e�

frpprq vkrfn Exqghvedqn lqmhfwv oltxlglw| lq wkh v|vwhp
542362<3 �f�fSD

Ef��f�
�f�f�H
Ef��D�

f�fH
Ef�2H�

f��e
Ef��H�

�f�f�
Ef�2f�

2��bWW
Ef�2D�

f�fb
Ef��e�

orfdo vkrfn Vyhuljhv Ulnvedqn udlvhv udwhv wr vwhp fdslwdo rxw rzv
472442<3 �f��S

Ef��f�
�f�fb2
Ef��D�

f�.�WW
Ef�2H�

�f�fe
Ef��H�

�f�2.
Ef�2f�

��HSWW
Ef�2D�

�f��b
Ef��e�

542442<3 f���
Ef��f�

WW �f�fH
Ef��D�

f�H�WW
Ef�2H�

f��D
Ef��H�

f��e
Ef�2f�

��2�WW
Ef�2D�

f��D
Ef��e�

382452<3 �f��bWW
Ef��f�

�f�f.
Ef��D�

�f�ee
Ef�2H�

�f��D
Ef��H�

�f�efWW
Ef�2f�

�f�be
Ef�2D�

WW f���WW
Ef��e�

452452<3 f�eSWW
Ef��f�

f�f2
Ef��D�

f�2.
Ef�2H�

f��D
Ef��H�

f�ee
Ef�2f�

WW f�SbWW
Ef�2D�

f�2�
Ef��e�

orfdo vkrfn Vzhglvk uhfhvvlrq/ h{fkdqjh udwh suhvvxuh ) lqwhuhvw udwhv klnh
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Wdeoh 5 +frqwlqxhg,
Gxpplhv ghs1ydu1

r�u
| r8-| rUA| r.7| r(g| r7`| r�C|

5:2362<4 f��f
Ef��f�

�f�fe
Ef��D�

�f��b
Ef�2H�

�f�DH
Ef��H�

WW f�fb
Ef�2f�

f�eD
Ef�2D�

WW f�f�
Ef��e�

orfdo vkrfn Edqn ri Vsdlq lqwhuyhqhv ex|lqj Iuhqfk Iudqfv
442452<4 f�fSD

Ef��f�
f�f.
Ef��D�

�f�fH
Ef�2H�

f�fH
Ef��H�

f�f2�
Ef�2f�

��D
Ef�2D�

WW f���
Ef��e�

4;2452<4 f��f
Ef��f�

�f�fH
Ef��D�

f�f�
Ef�2H�

f�f�
Ef��H�

f��2
Ef�2f�

f�SS
Ef�2D�

WW f�f�
Ef��e�

582452<4 f��e
Ef��f�

f��f
Ef��D�

WW �f���
Ef�2H�

�f�fS
Ef��H�

f�f2S
Ef�2f�

f�be
Ef�2D�

WW f��f
Ef��e�

352342<5 f�fDS
Ef��f�

f�2e
Ef��D�

f�2�
Ef�2H�

f���
Ef��H�

f�2D
Ef�2f�

��f2
Ef�2D�

WW f�f�
Ef��e�

3;2342<5 f��b
Ef��f�

WW �f��2
Ef��D�

�f��S
Ef�2H�

f���
Ef��H�

�f�f�
Ef�2f�

�f�H�
Ef�2D�

WW �f��2
Ef��e�

orfdo vkrfn Vzhglvk h{fkdqjh udwh fulvlv
3;23:2<5 �f��.WW

Ef��f�
f�f�
Ef��D�

���HWW
Ef�2H�

f�fD
Ef��H�

f�fS
Ef�2f�

�f��f
Ef�2D�

�f��f
Ef��e�

5523:2<5 f�f�H
Ef��f�

f�fe
Ef��D�

2�2.WW
Ef�2H�

f�2D
Ef��H�

f�2D
Ef�2f�

f�2H
Ef�2D�

f�f.
Ef��e�

5<23:2<5 �f�f2H
Ef��f�

�f�f�
Ef��D�

���DH
Ef�2H�

WW f�2D
Ef��H�

f�f2
Ef�2f�

f�2H
Ef�2D�

�f�f.
Ef��e�

3823;2<5 f��fe
Ef��f�

�f�fb
Ef��D�

���HD
Ef�2H�

WW �f�fS
Ef��H�

�f�fe
Ef�2f�

f�2H
Ef�2D�

f�f�
Ef��e�

orfdo vkrfn Lwdoldq srolwlfdo dqg �vfdo fulvlv
5923;2<5 f�fDS

Ef��f�
f���
Ef��D�

WW f�eb
Ef�2H�

f�2�
Ef��H�

f�f.
Ef�2f�

��S2
Ef�2D�

WW �f�fD
Ef��e�

3<23<2<5 f�f.S
Ef��f�

f��S
Ef��D�

2�D
Ef�2H�

WW f�fD
Ef��H�

f�f��
Ef�2f�

b��D
Ef�2D�

WW f�fe
Ef��e�

frpprq vkrfn HUP fulvlv
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Wdeoh 6= D vwuxfwxudo prgho ri Hxurshdq lqwhuhvw udwh vsuhdgv

Vdpsoh= Qryhpehu 5/ 4<;;0Vhswhpehu </ 4<<51 Zhhno| gdwd1
Hvwlpdwlrq e| ROV1 Vhh Wdeoh 41
ghs1 ydu1 frqvwdqw odj1ghs1ydu r�u| r8-| rUA| r.7| r(g| r7`| r�C|
r�u
| �f�f2

Ef�f��
f�.�
Ef�fe�

f�fe.
Ef�f��

r8-| f�fffD
Ef�f2�

f�b�
Ef�f2�

f�f�H
Ef�f��

rUA| f�fDS
Ef�fD�

f�bH
Ef�f��

r.7| f�f�
Ef�f��

f�bH
Ef�f��

r(g| f�f�
Ef�f��

f�b.
Ef�f��

r7`| f�fH
Ef�feD�

f�b�
Ef�f��

f�fS
Ef�f2�

r�C| �f�f2
Ef�f��

f�b�
Ef�f2�

f�f�D
Ef�f��

OU whvw ri ryhu0lghqwli|lqj uhvwulfwlrqv= �2+49<, @ 498155; ^3189:9`

Vwdqgdug ghyldwlrqv dqg fruuhodwlrq pdwul{ ri uhvlgxdov=
j r�u

| r8-| rUA| r.7| r(g| r7`| r�C|
r�u
| f��f ��ff f��. f�2e f�2b f�e. f�2� f�eS
r8-| f��e f��. ��ff f�2H f��b f��� f��� f�eb
rUA| f�2. f�2e f�2H ��ff f�2� f�2S f�fH f�2e
r.7| f��. f�2b f��b f�2� ��ff f��S f��� f�e�
r(g| f�2f f�e. f��� f�2S f��S ��ff f�2b f���
r7`| f�2� f�2� f��� f�fH f��� f�2b ��ff f��D
r�C| f��� f�eS f�eb f�2e f�e� f��� f��D ��ff
Qrwh= Wkh prgho dovr lqfoxghv wkh wzhqw| vl{ gxpp| yduldeohv uhsruwhg lq

Wdeoh 71
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Wdeoh 7= Gxpplhv lq vwuxfwxudo prgho ri Wdeoh 6

Gxpplhv ghs ydu
r�u
| r8-| rUA| r.7| r(g| r7`| r�C|

542452;; f���
Ef��f�

f�.e
Ef��e�

f�HH
Ef��.�

f�SD
Ef��H�

f�eD
Ef�2e�

f�D.
Ef��2�

frpprq
3;2362;< f�.�

Ef�2D�
f��e
Ef��D�

orfdo
362382;< f��f

Ef�fb�
f��.
Ef��D�

orfdo
4:2382;< �f�DD

Ef��D�

orfdo
3823:2;< f��H

Ef��2�
f�S�
Ef��D�

frpprq
442432;< f���

Ef��S�
f�D�
Ef��f�

frpprq
4;2432;< 2�.f

Ef��S�
�f��.
Ef�22�

orfdo
582432;< ��fb

Ef�2S�
���S2
Ef��.�

orfdo
342442;< ����

Ef�2D�

frpprq
542362<3 2��b

Ef�2�

orfdo
472442<3 f�HS

Ef�2D�
2�f.
Ef�2�

orfdo
542442<3 f�2

Ef�fb�
f�H2
Ef�2D�

��ff
Ef�2�

f�ee
Ef����

orfdo
382452<3 �f�2D

Ef�fb�
����D
Ef��H�

�f�H
Ef�2�

f��b
Ef��f�

orfdo
452452<3 f���

Ef�fH�
f�eD
Ef�2H�
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Wdeoh 7 +frqwlqxhg,
Gxpplhv ghs1ydu1

r�u| r8-| rUA| r.7| r(g| r7`| r�C|
5:2362<4 �f�S�

Ef��D�
f�e�
Ef�2��

orfdo
442452<4 f�bS

Ef�2��

orfdo
4;2452<4 f�DD

Ef�2��

orfdo
582452<4 f�2e

Ef��2�
f�H.
Ef�2��

orfdo
352342<5 f�b�

Ef�2��

orfdo
3;2342<5 f��H

Ef�fH�
�f�HH
Ef�2��

orfdo
3;23:2<5 �f��.

Ef�fH�
���D
Ef�2D�

orfdo
5523:2<5 2��D

Ef�2D�

orfdo
5<23:2<5 ����.

Ef�2S�

orfdo
3823;2<5 ���SH

Ef�2D�

orfdo
5923;2<5 f�2D

Ef��2�
��S
Ef�2��

frpprq
3<23<2<5 2�.

Ef�2D�
b�fe
Ef�2��

frpprq

4:



Uhihuhqfhv

^4` Edlj/ W1 dqg Jrogidmq L1 +4<<;,/ �Ilqdqfldo Pdunhw Frqwdjlrq lq wkh Dvldq
Fulvlv�/ LPI zrunlqj Sdshu1

^5` 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 ;71

^6` Iruehv/ N1/ dqg U1 Uljrerq +4<<;,/ �Qr Frqwdjlrq/ rqo| Lqwhughshq0
ghqfh= Phdvxulqj Vwrfn Pdunhw Fr0pryhphqwv�/ grzqordgdeoh irup
kwws=22zhe1plw1hgx2uljrerq2zzz2

^7` Iruehv/ N1/ dqg U1 Uljrerq +4<<<,/ �Phdvxulqj Frqwdjlrq= Frqfhswxdo dqg
Hpslulfdo Lvvxhv�/ grzordgdeoh irup kwws=22zhe1plw1hgx2uljrerq2zzz

^8` Kdxvpdq/ M1+4<:;,/ �Vshfl�fdwlrq whvwv lq Hfrqrphwulfv�/ Hfrqrphwulfd/ :9/
4584045:41

^9` Khqgu|/ G1I1+4<<8, G|qdplfv Hfrqrphwulfv1 R{irug= R{irug Xqlyhuvlw|
Suhvv1

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

Dxwruhjuhvvlyh Prgho1 R{irug= R{irug Xqlyhuvlw| Suhvv1

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

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

^43` Uljrerq U1 +5333, �Lghqwl�fdwlrq wkurxjk khwhurvnhgdvwlflw|= phdvxulqj frq0
wdjlrq ehwzhhq Dujhqwlqldq dqg Ph{lfdq vryhuhljq erqgv�1 QEHU Zrunlqj
Sdshu Qr1 :7<6/ Mdqxdu|1

^44` Vlpv F1/ Vwrfn M1 h Zdwvrq P1+4<<3, �Lqihuhqfh lq Olqhdu Wlph Vhulhv Prghov
zlwk Vrph Xqlw Urrwv�/ Hfrqrphwulfd/ 8;/ 4/ 44604771
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Iljxuh 5= wkh vsuhdgv rq 6prqwk Hxur0GP lqwhuhvw udwhv1 4<;;04<<5
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Iljxuh 6= Uhvlgxdov irup wkh uhgxfhg irup iru Hxurshdq lqwhuhvw udwhv vsuhdgv
+Wkh Qhwkhuodqgv/ Iudqfh/ Lwdo|/ Vsdlq Vzhghq/ Ghqpdun dqg Ehojlxp, rq

Jhupdq udwhv
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