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Devwudfw

XV dqg XN vwrfn uhwxuqv duh kljko| srvlwlyho| fruuhodwhg ryhu wkh
shulrg 4<4;04<<<1 Xvlqj YDU0edvhg yduldqfh ghfrpsrvlwlrqv/ zh
lqyhvwljdwh wkh qdwxuh ri wklv frpryhphqw1 H{fhvv uhwxuq lqqryd0
wlrqv duh ghfrpsrvhg lqwr qhzv derxw ixwxuh glylghqgv/ uhdo lq0
whuhvw udwhv/ dqg h{fhvv uhwxuqv1 Zh �qg wkdw wkh odwwhu qhzv frp0
srqhqw lv wkh prvw lpsruwdqw lq h{sodlqlqj vwrfn uhwxuq yrodwlolw|
lq erwk wkh XV dqg wkh XN dqg wkdw vwrfn uhwxuq qhzv lv kljko|
fruuhodwhg dfurvv frxqwulhv1 Wklv lv hylghqfh djdlqvw Ehowudwwl
dqg Vkloohu*v +4<<6, �qglqj wkdw wkh frpryhphqw ri XV dqg XN
vwrfn pdunhwv fdq eh h{sodlqhg lq whupv ri d vlpsoh suhvhqw ydoxh
prgho1 Zh lqwhusuhw wkh frpryhphqw dv lqglfdwlqj wkdw htxlw|
suhpld lq wkh wzr frxqwulhv duh klw e| frpprq uhdo vkrfnv1

Nh|zrugv= Frpryhphqw ri vwrfn uhwxuqv> Yduldqfh ghfrpsrvl0
wlrq> YDU prgho> Eldv0fruuhfwlrq> Errwvwuds vlpxodwlrq1

MHO Frghv= F65/ J45

4 Lqwurgxfwlrq

H{sodlqlqj vwrfn sulfh pryhphqwv ryhu orqj wlph shulrgv lv rqh ri wkh elj
fkdoohqjhv lq hpslulfdo �qdqfh1 Dffruglqj wr vwdqgdug wh{werrn wkhru|/
uhdo vwrfn sulfhv duh ghwhuplqhg e| h{shfwhg uhdo glylghqgv glvfrxqwhg
e| d frqvwdqw glvfrxqw udwh1 Krzhyhu/ edvhg rq |hduo| gdwd ryhu pdq|
ghfdghv/ wkh hylghqfh djdlqvw wklv vlpsoh suhvhqw ydoxh prgho +SYP,
lv ryhuzkhoplqj1 Glvfrxqw udwhv duh ydu|lqj ryhu wlph/ dqg vwdqgdug

�Zh zrxog olnh wr wkdqn Mhvshu Udqjylg dqg sduwlflsdqwv dw wkh Duqh U|gh Zrun0
vkrs lq Hpslulfdo Ilqdqfh lq Oxqg iru xvhixo frpphqwv/ dqg Glun Qlw}vfkh iru vxs0
so|lqj sduw ri wkh XN gdwd xvhg lq wklv sdshu1 Wkh uhvhdufk lv vxssruwhg e| d judqw
iurp wkh Gdqlvk Vrfldo Vflhqfh Uhvhdufk Frxqflo1
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prghov iurp �qdqfh wkhru| kdyh jhqhudoo| qrw ehhq deoh wr h{sodlq wklv
wlph0yduldwlrq/ vhh h1j1 Fdpsehoo dqg Vkloohu +4<;;,/ Oxqg dqg Hqjvwhg
+4<<9,/ dqg Fxwkehuwvrq hw do1 +4<<:,1

Prvw vwxglhv lq wklv duhd kdyh irfxvhg rq lqglylgxdo frxqwulhv1 Wkh
olwhudwxuh rq lqwhuqdwlrqdo frpryhphqw ri vwrfn sulfhv dqg frpryhphqw
ri ixqgdphqwdov ryhu orqj wlph shulrgv lv vsduvh1 Dprqj wkh h{fhswlrqv
duh Ndvd +4<<5, dqg Hqjvwhg dqg Oxqg +4<<:, zkr �qg wkdw lqwhuqd0
wlrqdo vwrfn sulfhv duh frlqwhjudwhg/ dqg wkh| dqdo|}h zkhwkhu wklv orz0
iuhtxhqf| frpryhphqw fdq eh h{sodlqhg lq whupv ri frlqwhjudwlrq dprqj
glylghqgv1 Xqiruwxqdwho|/ wkh uhvxowv lq wkhvh wzr vwxglhv duh txlwh dp0
eljxrxv1 Vkloohu +4<;<, suhvhqwv d ghwdlohg dqdo|vlv ri wkh frpryhphqw
ri XV dqg XN vwrfn pdunhwv ryhu wkh shulrg 4<4<04<;:1 Dowkrxjk vwrfn
sulfhv dqg glylghqgv lq wkh wzr frxqwulhv vkrz d txlwh vlplodu pryhphqw
ryhu wlph/ d irupdo dqdo|vlv uhyhdov wkdw wklv frpryhphqw fdqqrw eh h{0
sodlqhg lq whupv ri vlpsoh SYP*v zlwk frqvwdqw glvfrxqw udwhv1 XV dqg
XN vwrfn sulfhv pryh forvhu wrjhwkhu wkdq fdq eh h{sodlqhg lq whupv ri
wkh frpryhphqw lq glylghqgv1 Krzhyhu/ zkhq glvfrxqw udwhv duh doorzhg
wr ydu| zlwk d vkruw whup lqwhuhvw udwh/ wkh h{fhvv frpryhphqw glvds0
shduv1 Ehowudwwl dqg Vkloohu +4<<6, h{whqg wkh dqdo|vlv lq Vkloohu +4<;<,
lq ydulrxv gluhfwlrqv/ exw edvlfdoo| wkh| rewdlq wkh vdph txdolwdwlyh uh0
vxowv1 Wkh| gr �qg/ krzhyhu/ wkdw wkh xqghuo|lqj SYP*v duh vwdwlvwlfdoo|
uhmhfwhg1 Vwulfwo| vshdnlqj/ wkh �qglqj wkdw wkh frpryhphqw ri XV dqg
XN vwrfn pdunhwv lv lq dffrugdqfh zlwk d SYP lq zklfk wkh glvfrxqw
udwh ydulhv zlwk wkh vkruw whup lqwhuhvw udwh/ lv lqfrqvlvwhqw zlwk wkh
idfw wkdw wkh vdph prgho fdqqrw h{sodlq vwrfn sulfh pryhphqwv lq wkh
frxqwulhv wuhdwhg lq lvrodwlrq14

Wkh sxusrvh ri wkh suhvhqw sdshu lv wr dqdo|}h wkh frpryhphqw ri
XV dqg XN vwrfn pdunhwv ixuwkhu1 Zh zloo xvh wkh vdph gdwd dv lq
Vkloohu +4<;<, dqg Ehowudwwl dqg Vkloohu +4<<6, +xsgdwhg wr 4<<<,/ exw
lq frqwudvw wr wkrvh sdshuv zh gr qrw dwwhpsw wr h{sodlq frpryhphqw
zlwklq vshfl�f hfrqrplf prghov +h1j1 SYP*v,1 Lqvwhdg/ zh ghfrpsrvh
vwrfn uhwxuq lqqrydwlrqv lq wkh wzr frxqwulhv lqwr ydulrxv *qhzv* frpsr0
qhqwv +glylghqg qhzv/ uhdo lqwhuhvw udwh qhzv/ dqg vwrfn uhwxuq qhzv,/
dqg wkhq dqdo|}h krz wkhvh frpsrqhqwv pryh wrjhwkhu dfurvv frxqwulhv1
Dv vkrzq e| Fdpsehoo +4<<4,/ dvvxplqj rqo| wkh devhqfh ri vshfxod0
wlyh exeeohv/ xqh{shfwhg h{fhvv vwrfn uhwxuqv fdq eh ghfrpsrvhg lqwr
fkdqjhv lq h{shfwdwlrqv +*qhzv*, ri ixwxuh glylghqgv/ uhdo lqwhuhvw udwhv/
dqg h{fhvv vwrfn uhwxuqv1 Fdpsehoo +4<<4, dqg Fdpsehoo dqg Dpphu

4Lq dgglwlrq wr wkh olwhudwxuh phqwlrqhg deryh/ d qxpehu ri vwxglhv kdyh dqdo|}hg
wkh frpryhphqw ri lqwhuqdwlrqdo vwrfn pdunhwv ryhu vkruwhu wlph shulrgv1 Pdq| ri
wkhvh vwxglhv/ krzhyhu/ orrn rqo| dw vwrfn sulfhv ru uhwxuqv/ dqg gr qrw lqyhvwljdwh
frpryhphqw lq wkh ixqgdphqwdo yduldeohv +h1j1 glylghqgv,1
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+4<<6, �qg wkdw qhzv derxw ixwxuh h{fhvv uhwxuqv lv wkh grplqdwlqj
irufh ehklqg pryhphqwv lq XV vwrfn uhwxuqv/ zlwk qhzv derxw ixwxuh
glylghqgv dqg uhdo lqwhuhvw udwhv ehlqj ohvv lpsruwdqw +dowkrxjk qrq0
qhjoljleoh,1 Fxwkehuwvrq hw do1 +4<<;, �qg vlplodu uhvxowv iru wkh XN1
Lw zrxog eh lqwhuhvwlqj wr lqyhvwljdwh krz wkhvh qhzv frpsrqhqwv duh
uhodwhg dfurvv frxqwulhv1 Vlqfh XV dqg XN vwrfn uhwxuqv duh kljko| srvl0
wlyho| fruuhodwhg/ wkh xqghuo|lqj irufhv ehklqg wkh pryhphqwv lq uhwxuqv
lq wkh wzr frxqwulhv pxvw dovr eh kljko| srvlwlyho| fruuhodwhg1 D qdwxudo
frqmhfwxuh lv wkdw vlqfh vwrfn uhwxuq qhzv lv wkh grplqdwlqj irufh ehklqg
pdunhw pryhphqwv lq erwk wkh XV dqg wkh XN/ vwrfn uhwxuq qhzv lq wkh
XV vkrxog eh kljko| fruuhodwhg zlwk vwrfn uhwxuq qhzv lq wkh XN1 Vlpl0
oduo|/ lw zrxog eh lqwhuhvwlqj wr vhh krz glylghqg qhzv dqg uhdo lqwhuhvw
udwh qhzv duh uhodwhg dfurvv frxqwulhv1

Zh xvh yhfwru0dxwruhjuhvvlyh +YDU, prghov wr dqvzhu wkhvh txhv0
wlrqv1 Vlqfh wkh yduldqfh ghfrpsrvlwlrqv uhtxluh hvwlpdwhv ri lq�qlwh0
krul}rq h{shfwdwlrqv/ dq hpslulfdo prgho lv qhhghg wr frpsxwh wkhvh
h{shfwdwlrqv1 Wkh edvlf YDU phwkrgrorj| iurp Fdpsehoo +4<<4, lv ds0
solhg/ exw h{whqghg lq ydulrxv gluhfwlrqv1 Iluvw/ wkh YDU prgho lqfoxghv
gdwd iurp erwk wkh XV dqg wkh XN vwrfn pdunhwv1 Wklv pdnhv lw srvvl0
eoh wr dqdo|}h wkh g|qdplf olqndjhv ehwzhhq wkh wzr pdunhwv1 Vhfrqg/
wkh YDU sdudphwhu hvwlpdwhv duh dgmxvwhg iru vpdoo0vdpsoh eldv1 Wklv
lv srwhqwldoo| lpsruwdqw vlqfh Ehndhuw hw do1 +4<<:, kdyh irxqg wkdw
lqihuhqfh lq YDU prghov fdq eh kljko| vhqvlwlyh wr zkhwkhu sdudphwhu
hvwlpdwhv duh eldv0dgmxvwhg ru qrw1 Wklug/ vlqfh hvwlpdwhg suhflvlrq phd0
vxuhv edvhg rq dv|pswrwlf dssur{lpdwlrqv fdq eh kljko| plvohdglqj lq
vpdoo vdpsohv/ errwvwuds vlpxodwlrq lv xvhg iru frpsxwlqj vpdoo0vdpsoh
vwdqgdug huuruv dqg frq�ghqfh lqwhuydov ri wkh YDU jhqhudwhg vwdwlvwlfv1

Rxu dqdo|vlv lv vlplodu lq vslulw wr wkh dqdo|vlv frqgxfwhg e| Dpphu
dqg Phl +4<<9,1 Wkh| dovr frqvwuxfw d YDU0edvhg yduldqfh ghfrpsrvl0
wlrq ri XV dqg XN vwrfn uhwxuqv/ zlwk wkh sxusrvh ri phdvxulqj �qdqfldo
dqg uhdo hfrqrplf olqndjhv ehwzhhq wkh wzr frxqwulhv1 Krzhyhu/ wkhlu
YDU0prghov/ gdwdvhwv/ dqg hfrqrphwulf phwkrgrorj| gl�hu lq lpsru0
wdqw zd|v iurp rxuv1 Zh zloo frpsduh rxu iudphzrun dqg uhvxowv zlwk
wkh iudphzrun dqg uhvxowv lq Dpphu dqg Phl1

Wkh pdlq hpslulfdo �qglqj lq rxu sdshu lv wkdw qhzv derxw ixwxuh
h{fhvv uhwxuqv +ulvn0suhpld, lv wkh pdlq ghwhuplqdqw ri vwrfn pdunhw
yrodwlolw| lq erwk wkh XV dqg wkh XN/ dqg wkdw wklv qhzv frpsrqhqw lv
kljko| furvv0frxqwu| fruuhodwhg zklfk khosv h{sodlq wkh kljk ghjuhh ri
frpryhphqw ri XV dqg XN vwrfn pdunhwv1 Wklv lqglfdwhv wkdw htxlw|
ulvn suhpld lq wkh wzr frxqwulhv duh klw e| frpprq uhdo vkrfnv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh ghvfuleh
wkh edvlf phwkrgrorj| dqg frpsduh lw zlwk wkh phwkrgrorj| lq Dpphu

6



dqg Phl +4<<9,1 Vhfwlrq 6 uhsruwv wkh hpslulfdo uhvxowv1 Ilqdoo|/ vhfwlrq
7 frqwdlqv vrph frqfoxglqj uhpdunv zkhuh zh uhodwh rxu uhvxowv wr wkh
dvvhw sulflqj prgho lq Fdpsehoo dqg Frfkudqh +4<<<,1

5 Uhwxuq yduldqfh ghfrpsrvlwlrq dqg hfrqrphwulf

phwkrgrorj|

Lq vhfwlrq 514 zh ghvfuleh wkh YDU0edvhg yduldqfh ghfrpsrvlwlrq1 Vhf0
wlrq 515 jlyhv d eulhi ghvfulswlrq ri wkh vpdoo0vdpsoh eldv0fruuhfwlrq ri
wkh YDU sdudphwhu hvwlpdwhv dqg ri wkh errwvwuds whfkqltxh xvhg wr
frpsxwh vpdoo0vdpsoh vwdqgdug huuruv dqg frq�ghqfh lqwhuydov1 Vhfwlrq
516 frpsduhv rxu phwkrgrorj| zlwk wkh phwkrgrorj| lq Dpphu dqg Phl
+4<<9,1

514 YDU0edvhg yduldqfh ghfrpsrvlwlrq

Wkh vwduwlqj srlqw iru wkh vxevhtxhqw glvfxvvlrq lv wkh iroorzlqj h{suhv0
vlrq iru wkh lqqrydwlrq lq vwrfn pdunhw h{fhvv uhwxuqv +f1i1 Fdpsehoo/
4<<4,=

e|n��.|e|n� ' E.|n��.|�
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4�{_|n�n� �
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�'f

4�o|n�n� �
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�'�

4�e|n�n�

<@
>
+4,

e| lv wkh orj jurvv vwrfn uhwxuq iurp | � � wr |c plqxv wkh rqh0shulrg
frqwlqxrxvo| frpsrxqghg lqwhuhvw udwh1 o| lv wkh orj jurvv uhdo lqwhuhvw
udwh iurp | � � wr |1 _| ghqrwhv uhdo glylghqgv sdlg gxulqj shulrg |1
.| dqg { ghqrwh wkh frqglwlrqdo h{shfwdwlrqv rshudwru dqg wkh �uvw0
gl�huhqfh rshudwru/ uhvshfwlyho|/ dqg 4 lv d frqvwdqw voljkwo| ohvv wkdq
rqh1

Htxdwlrq +4, iroorzv iurp wkh edvlf g|qdplf dffrxqwlqj lghqwlw| wkdw
+lq olqhdul}hg irup, uhodwhv fxuuhqw vwrfn sulfhv wr ixwxuh vwrfn sulfhv/
glylghqgv/ dqg uhwxuqv/ vhh Fdpsehoo +4<<4,1 Wkhuh lv qr hfrqrplf
wkhru| lq +4,/ h{fhsw wkdw udwlrqdo vshfxodwlyh exeeohv duh uxohg rxw1
Lw vd|v wkdw srvlwlyh +qhjdwlyh, xqh{shfwhg h{fhvv vwrfn uhwxuqv iurp
| wr | n � pxvw eh gxh wr qhzv duulylqj wr wkh pdunhw ehwzhhq | dqg
|n � wkdw ixwxuh glylghqg jurzwk zloo eh kljkhu +orzhu, wkdq h{shfwhg/
dqg2ru ixwxuh uhdo lqwhuhvw udwhv zloo eh orzhu +kljkhu, wkdq h{shfwhg/
dqg2ru ixwxuh h{fhvv uhwxuqv zloo eh orzhu +kljkhu, wkdq h{shfwhg1 Wkh
frpelqdwlrq ri wkh odwwhu wzr qhzv frpsrqhqwv |lhogv qhzv derxw ixwxuh
uhdo vwrfn uhwxuqv1 Wkh lqwxlwlrq iru wkh qhjdwlyh uhodwlrqvkls ehwzhhq
qhzv derxw ixwxuh uhdo uhwxuqv dqg uhwxuq lqqrydwlrqv wrgd| lv wkdw/ iru
d �{hg glylghqg vwuhdp/ kljkhu ixwxuh uhwxuqv fdq rqo| frph derxw e|
d idoo lq fxuuhqw vwrfn sulfhv/ l1h1 d qhjdwlyh uhwxuq lqqrydwlrq1

7



Htxdwlrq +4, krogv iru hdfk lqglylgxdo vwrfn pdunhw1 Lq rughu wr vlp0
soli| wkh qrwdwlrq/ ghqrwh e| he�|n� � e�|n� � .|e

�
|n�/ he�_c|n� � E.|n� �

.|�
S
"

�'f 4
�

�{_�|n�n�c he�oc|n� � E.|n� � .|�
S
"

�'f 4
�

�o
�
|n�n�c dqg he�ec|n� �

E.|n� � .|�
S
"

�'� 4
�

�e
�
|n�n�c zkhuh � ghqrwhv hlwkhu XV ru XN1 Wkhq +4,

fdq eh zulwwhq dv

he�|n� ' he�_c|n� � he�oc|n� � he�ec|n� / � ' �rc �& +5,

Wkh frqglwlrqdo h{shfwdwlrqv lq +4, duh frpsxwhg iurp d YDU prgho1
Wkh YDU v|vwhp qhhgv wr lqfoxgh e�| dqg dw ohdvw hlwkhu{_�| ru o

�
| lq rughu

wr eh deoh wr frpsxwh hdfk ri wkh frpsrqhqwv lq +5,1 Krzhyhu/ zh dovr
lqfoxgh wkh orj glylghqg0sulfh udwlr/ B�|/ ehfdxvh suhylrxv vwxglhv kdyh
irxqg wkdw wklv yduldeoh kdv vljql�fdqw suhglfwlyh delolw| iru ixwxuh vwrfn
uhwxuqv1 Rxu ehqfkpdun YDUprgho lqfoxghv wkh iroorzlqj vl{ yduldeohv=
e�r| / o�r| / B�r| / e�&| / o�&| / dqg B�&| 1 Wkxv/ li zh froohfw wkhvh yduldeohv lq wkh
yhfwru 5|/ wkhq wkh �uvw0rughu YDU prgho iru 5|n� lv

5

5|n� ' �5| n /|n� +6,

zkhuh � lv wkh YDU sdudphwhu pdwul{ dqg /|n� lv wkh yhfwru ri huuru
whupv1 Qrwh wkdw wkh XV dqg XN yduldeohv duh lqfoxghg lq rqh frpsuh0
khqvlyh YDU v|vwhp/ wkhuhe| pdnlqj lw srvvleoh wr dqdo|}h wkh g|qdplf
olqndjhv ehwzhhq wkh wzr pdunhwv1 Lq wkh hpslulfdo dqdo|vlv zh zloo whvw
zkhwkhu wkh XV +XN, yduldeohv kdyh vljql�fdqw suhglfwlyh delolw| iru wkh
XN +XV, vwrfn uhwxuqv1

Iurp +6, wkh YDU hvwlpdwh ri 5|n� � .|5|n� lv /|n�1 Vlploduo|/ wkh
YDU hvwlpdwh ri E.|n��.|�5|n�n� lv �

�/|n�1 Wkhuhiruh/ li zh gh�qh urz
vhohfwlrq yhfwruv }�r� / }�r2 / }�&� / dqg }�&2 wkdw slfn rxw/ uhvshfwlyho|/ wkh
�uvw/ vhfrqg/ irxuwk/ dqg �iwk hohphqw ri 5|/ YDU hvwlpdwhv ri hdfk ri
wkh frpsrqhqwv lq +5, duh jlyhq dv

he�|n� ' }��/|n� � ' �rc �& +7,

he�ec|n� ' 4�}
�
��EU � 4���

3�/|n� � ' �rc �& +8,

he�oc|n� ' }�2EU � 4���
3�/|n� � ' �rc �& +9,

he�_c|n� ' he�|n� n he�oc|n� n he�ec|n� � ' �rc �& +:,

5Wkh jhqhudol}dwlrq wr wkh fdvh zlwk pruh wkdq rqh odj lv vwudljkwiruzdug xvlqj
wkh frpsdqlrq irup1 Doo yduldeohv lq wkh YDU duh phdvxuhg lq ghyldwlrqv iurp wkhlu
xqfrqglwlrqdo phdqv1

8



zkhuh wkh YDU uhvlgxdov dqg sdudphwhu hvwlpdwhv duh lqvhuwhg lq /|n�

dqg �/ uhvshfwlyho|1 Qrwh wkdw wkh glylghqg qhzv frpsrqhqw/ he�_c|n�/ lv
rewdlqhg dv d uhvlgxdo iurp wkh rwkhu wkuhh frpsrqhqwv lq wkh g|qdplf
dffrxqwlqj lghqwlw| +5,1 Zh zloo dovr uhsruw uhvxowv iru d YDU v|vwhp
zkhuh {_�| lv lqfoxghg lqvwhdg ri o�|1 Lq wkdw fdvh he�_c|n� lv jhqhudwhg
dv lq +9,/ l1h1 he�_c|n� ' }�2EU � 4���

3�/|n�/ dqg he�oc|n� lv rewdlqhg dv d
uhvlgxdo iurp +5,= he�oc|n� ' he�_c|n� � he�ec|n� � he�|n�1 Dv qrwhg e| Fdpsehoo
dqg Dpphu +4<<6,/ wkh YDU dssurdfk lv fuxfldoo| ghshqghqw rq 5|n�
ehlqj wr vrph h{whqw suhglfwdeoh iurp 5|1 Rwkhuzlvh doo wkh yduldelolw|
ri he�|n� zloo eh dwwulexwhg wr wkh frpsrqhqw wuhdwhg dv d uhvlgxdo1 Khqfh/
li rqh �qgv wkdw prvw ri wkh yduldelolw| ri he�|n� lv gxh wr h1j1 wkh he�_c|n�
frpsrqhqw/ dqg wklv frpsrqhqw lv rewdlqhg dv d uhvlgxdo/ wkhq lwv odujh
hvwlpdwhg pdjqlwxgh pd| eh vsxulrxv vlpso| dv wkh uhvxow ri lqvx!flhqw
suhglfwdelolw| lq wkh YDU v|vwhp1 E| dqdo|}lqj gl�huhqw v|vwhpv zkhuh
hlwkhu glylghqgv ru uhdo lqwhuhvw udwhv duh wuhdwhg dv d uhvlgxdo/ zh krsh
wr eh deoh wr glvfryhu vxfk vsxulrxvqhvv li lw rffxuv16

Wr phdvxuh wkh uhodwlyh pdjqlwxgh ri hdfk ri wkh qhzv frpsrqhqwv/
rqh srvvlelolw| zrxog eh wr qrupdol}h wkh yduldqfhv dqg fryduldqfhv ri
wkh frpsrqhqwv e| wkh yduldqfh ri he�|n�1 Vlqfh wkh qhzv frpsrqhqwv duh
qrw qhfhvvdulo| lqghshqghqw/ krzhyhu/ wkhvh phdvxuhv pd| eh gl!fxow
wr lqwhusuhw1 Wkhuhiruh zh phdvxuh wkh uhodwlyh pdjqlwxghv e| ruwkrj0
rqdol}lqj +xvlqj d Fkrohvn| ghfrpsrvlwlrq, wkh frpsrqhqwv dqg wkhq
phdvxuh wkh -2 ydoxhv lq uhjuhvvlrqv ri he�|n� rq hdfk ri wkh ruwkrjrqdo0
l}hg frpsrqhqwv1 Wkh vxp ri wkh -2 ydoxhv zloo wkhq dgg xs wr rqh
vr wkdw hdfk lqglylgxdo -2 qxpehu fdq eh lqwhusuhwhg dv wkh iudfwlrq ri
wkh uhwxuq lqqrydwlrq yduldqfh h{sodlqhg e| wkdw sduwlfxodu qhzv frp0
srqhqw17 Wr phdvxuh wkh ghjuhh ri frpryhphqw ri wkh ydulrxv qhzv
frpsrqhqwv/ zh iroorz Fdpsehoo dqg Dpphu +4<<6, dqg vlpso| uhsruw

6Lq dffrugdqfh zlwk prvw suhylrxv olwhudwxuh ^h1j1 Fdpsehoo +4<<4,/ Fdpsehoo dqg
Dpphu +4<<6,/ Dpphu dqg Phl +4<<9,/ Sdwholv +4<<:,/ Fxwkehuwvrq hw do1 +4<<;,/
Hqjvwhg dqg Wdqjjddug +5334d,`/ zh rewdlq rqh ri wkh qhzv frpsrqhqwv dv d uhvlgxdo
wr pdnh vxuh wkdw wkh g|qdplf dffrxqwlqj lghqwlw| +5, krogv h{dfwo|1 Wkhuhe| zh
h{solflwo| uxoh rxw wkh srvvlelolw| wkdw udwlrqdo vshfxodwlyh exeeohv pd| eh d vrxufh
ri yduldwlrq lq vwrfn sulfhv1 E| frqwudvw/ Hqjvwhg dqg Wdqjjddug +5334e, hvwlpdwh
doo wkh frpsrqhqwv lq +5, gluhfwo| iurp d YDU prgho wkdw lqfoxghv erwk uw dqg �gw/
dqg whvw zkhwkhu wkh yduldqfh ri wkh ohiw0kdqg vlgh/ hhw.4/ lv htxdo wr wkh yduldqfh ri
wkh uljkw0kdqg vlgh/ hhg>w.4 � hhu>w.4 � hhh>w.41 Uhmhfwlrq ri wklv k|srwkhvlv lpsolhv wkh
suhvhqfh ri udwlrqdo exeeohv1 Krzhyhu/ rq XV dqg XN vwrfn pdunhw gdwd wkh qxoo
k|srwkhvlv ri qr exeeohv fdqqrw eh uhmhfwhg/ vhh Hqjvwhg dqg Wdqjjddug +5334e, iru
ghwdlov1

7Wkh Fkrohvn| ghfrpsrvlwlrq lv qrw lqghshqghqw ri wkh rughulqj ri wkh yduldeohv
dqg zh uhsruw uhvxowv edvhg rq doo srvvleoh rughulqjv1 Li wkh uhvxowv duh vhqvlwlyh wr wkh
suhflvh rughulqj/ zh zloo orrn dw wkh yduldqfhv dqg fryduldqfhv ri wkh xqruwkrjrqdol}hg
qhzv frpsrqhqwv wr khos mxgjlqj zklfk ri wkh frpsrqhqwv lv wkh prvw lpsruwdqw1
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wkhlu sdluzlvh fruuhodwlrq frh!flhqwv1

515 Eldv0fruuhfwlrq dqg vpdoo0vdpsoh suhflvlrq phd0

vxuhv

Ehndhuw hw do1 +4<<:, kdyh dujxhg wkdw wkh vpdoo0vdpsoh eldv wkdw fkdu0
dfwhul}hv YDU sdudphwhu hvwlpdwhv pd| vhulrxvo| glvwruw lqihuhqfh lq
YDU prghov1 Wkxv/ ehiruh fdofxodwlqj wkh frpsrqhqwv lq +5,/ zh fru0
uhfw wkh YDU sdudphwhu hvwlpdwhv iru vpdoo0vdpsoh eldv xvlqj Srsh*v
+4<<3, dqdo|wlfdo eldv irupxod1 Krzhyhu/ zh prgli| Srsh*v dgmxvwphqw
e| lqyrnlqj Nloldq*v +4<<;, phwkrg iru dyrlglqj xqlw ru h{sorvlyh urrwv1

Zh xvh errwvwuds vlpxodwlrq wr frpsxwh vpdoo0vdpsoh vwdqgdug hu0
uruv dqg frq�ghqfh lqwhuydov ri wkh YDU jhqhudwhg vwdwlvwlfv/ l1h1 fruuhod0
wlrq frh!flhqwv dqg -2 ydoxhv iurp wkh uhjuhvvlrqv zlwk wkh ruwkrjrqdo0
l}hg frpsrqhqwv1 Edvlfdoo|/ Ervh*v +4<;;, uhvdpsolqj whfkqltxh lv xvhg
lq wkh vdph zd| dv lq Hqjvwhg dqg Wdqjjddug +5334d,/ dqg frq�ghqfh
lqwhuydov duh frpsxwhg xvlqj d eldv0fruuhfwlrq phwkrg +EF0lqwhuydov/ vhh
Kdoo/ 4<<5,18

516 Frpsdulvrq zlwk wkh Dpphu0Phl phwkrgror0

j|

Dpphu dqg Phl +4<<9, dovr pdnh d YDU0edvhg yduldqfh ghfrpsrvl0
wlrq ri XV dqg XN vwrfn uhwxuqv dqg h{dplqh wkh frpryhphqw ri qhzv
frpsrqhqwv1 Wkhlu prqwko| gdwdvhw vsdqv wkh shulrg 4<8:04<;</ dqg
lq wkh pdlq sduw ri wkhlu dqdo|vlv wkh| zrun zlwk d YDU0prgho wkdw
lqfoxghv XV h{fhvv vwrfn uhwxuq/ lqwhuhvw udwh/ dqg glylghqg0sulfh udwlr/
XN vwrfn uhwxuq +h{suhvvhg lq grooduv/ dqg lq h{fhvv ri wkh XV lqwhuhvw
udwh,/ glylghqg0sulfh udwlr/ dqg/ �qdoo|/ wkh uhdo h{fkdqjh udwh ehwzhhq
wkh XV dqg wkh XN1 Wkh| �qg wkdw qhzv derxw ixwxuh h{fhvv uhwxuqv
dffrxqwv iru wkh exon ri vwrfn pdunhw yrodwlolw| lq erwk frxqwulhv/ dqg
wkdw wkh h{fhvv uhwxuq qhzv frpsrqhqwv duh kljko| furvv0frxqwu| fruuh0
odwhg lq wkh srvw Euhwwrq Zrrgv shulrg 4<:604<;</ exw qrw gxulqj wkh
hduolhu shulrg 4<8:04<:51 Rq wkh rwkhu kdqg/ wkh glylghqg qhzv frpsr0
qhqwv duh kljko| srvlwlyho| fruuhodwhg gxulqj erwk vxe0vdpsohv19 Wkh|

8Ghwdlov rq wkh eldv0fruuhfwlrq ri wkh YDU sdudphwhu hvwlpdwhv/ dqg rq wkh errw0
vwuds surfhgxuh/ duh dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1

9D sx}}olqj ihdwxuh ri Dpphu dqg Phl*v uhvxowv lv wkdw wkh qhzv derxw ixwxuh uhdo
lqwhuhvw udwhv frpsrqhqwv vhhp wr eh shuihfwo| fruuhodwhg dfurvv frxqwulhv +f1i1 wkhlu
Wdeoh Y,1 Wklv vhhpv wr eh gxh wr wkh idfw wkdw rqo| XV lqwhuhvw udwhv +dqg qrw XN
lqwhuhvw udwhv, dsshdu lq wkh YDU/ dqg wkdw wkh| frpsxwh wkh XN lqwhuhvw udwh qhzv
frpsrqhqw iurp wkh uhvlgxdov ri wkh XV lqwhuhvw udwh htxdwlrq +f1i1 wkh Dsshqgl{ lq
Dpphu dqg Phl,1 Wkxv/ lpsolflwo| wkh| dvvxph wkdw XV dqg XN uhdo lqwhuhvw udwhv
duh lghqwlfdo1
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lqwhusuhw wkhvh uhvxowv dv lpso|lqj forvhu �qdqfldo olqndjhv diwhu wkh Euhw0
wrq Zrrgv fxuuhqf| duudqjhphqw zdv dedqgrqhg/ zkloh uhdo hfrqrplf
olqndjhv kdyh uhpdlqhg pruh ru ohvv xqfkdqjhg1

D srwhqwldo sureohp zlwk wklv lqwhusuhwdwlrq lv wkdw Dpphu dqg Phl
xvh wkh frpryhphqw ri wkh glylghqg qhzv frpsrqhqwv dv d phdvxuh ri
uhdo hfrqrplf lqwhjudwlrq/ exw glylghqg jurzwk grhv qrw �jxuh dv d vwdwh
yduldeoh ri wkh YDU1 Dv lq wkh �uvw ri rxu YDU prghov/ wkh glylghqg
qhzv frpsrqhqw lv rewdlqhg dv d uhvlgxdo iurp wkh uhwxuq lqqrydwlrq/
uhwxuq qhzv/ dqg lqwhuhvw udwh qhzv frpsrqhqwv1 Wklv lpsolhv wkdw wkh
glylghqg qhzv frpsrqhqw pd| eh hvwlpdwhg vsxulrxvo| kljk1 Wkh uhd0
vrq wkdw Dpphu dqg Phl gr qrw lqfoxgh glylghqg jurzwk gluhfwo| lq wkh
YDU lv wkdw prqwko| glylghqgv vkrz d vwurqj vhdvrqdo sdwwhuq1 Vlqfh
lq rxu dqdo|vlv zh duh zrunlqj zlwk dqqxdo gdwd/ zh gr qrw idfh wklv
sureohp dqg/ khqfh/ lq wkh vhfrqg ri rxu YDU prghov zh lqfoxgh glyl0
ghqg jurzwk gluhfwo|1 Lq dq| fdvh/ rxu dqdo|vlv gl�huv iurp Dpphu dqg
Phl*v lq wkdw zh iroorz Vkloohu +4<;<, dqg Ehowudwwl dqg Vkloohu +4<<6,
dqg orrn dw orqj0whup gdwd wkdw vsdq vhyhudo ghfdghv/ dqg zkhuh zh gr
qrw frqyhuw XV dqg XN vwrfn uhwxuqv lqwr d frpprq fxuuhqf|1 Wkxv/
rxu dqdo|vlv grhv qrw vkhg pxfk oljkw rq �qdqfldo lqwhjudwlrq ehwzhhq
wkh wzr frxqwulhv/ exw lqvwhdg kdv wkh h{solflw sxusrvh ri h{dplqlqj fr0
pryhphqw/ fdxvhg e| frpprq uhdo vkrfnv/ ri wkh wzr vwrfn pdunhwv/
iru zklfk orqj0whup dqqxdo gdwd duh ehwwhu vxlwhg1 Li zh �qg wkdw qhzv
derxw ixwxuh h{fhvv uhwxuqv lv wkh pdlq fdxvh ri vwrfn pdunhw yrodwlolw|
lq erwk wkh XV dqg wkh XN/ dqg wkdw wkhvh qhzv frpsrqhqwv duh kljko|
fruuhodwhg/ lw grhv qrw qhfhvvdulo| lpso| wkdw wkh XV dqg XN duh kljko|
�qdqfldoo| lqwhjudwhg/ exw pd| lqvwhdg eh wkh uhvxow ri ulvn0suhpld lq
wkh wzr frxqwulhv ehlqj gulyhq e| uhdo hfrqrplf yduldeohv wkdw duh klw
e| frpprq vkrfnv1: Wklv lqwhusuhwdwlrq lv rssrvlwh wr wkdw jlyhq e|
Dpphu dqg Phl1

Dqrwkhu lpsruwdqw gl�huhqfh ehwzhhq Dpphu dqgPhl dqg rxu sdshu
lv wkdw Dpphu dqg Phl*v vdpsoh shulrg hqgv lq 4<;< zkhuhe| wkh| plvv
wkh vwrfn pdunhw errp ri wkh 4<<3*v1 Vhyhudo dxwkruv kdyh dujxhg wkdw
wkh ixqfwlrqlqj ri zruogv vwrfn pdunhwv lq wkh odvw whq |hduv kdv ehhq
gudpdwlfdoo| gl�huhqw iurp wkh hduolhu shulrgv1 E| lqfoxglqj gdwd iurp
wkh 4<<3*v zh duh deoh wr lqyhvwljdwh zkhwkhu wkh uhfhqw vwrfn pdunhw
errp kdv dowhuhg wkh uhodwlyh lpsruwdqfh ri wkh ydulrxv qhzv frpsr0
qhqwv/ dqg zkhwkhu wkh furvv0frxqwu| frpryhphqwv kdyh fkdqjhg1

:Dffruglqj wr vwdqgdug frqvxpswlrq0edvhg dvvhw sulflqj prghov/ ulvn0suhpld rq
vwrfnv +h{fhvv vwrfn uhwxuqv, duh gulyhq e| vwrfn uhwxuqv fryduldwlrq zlwk frqvxpswlrq
jurzwk/ vr vkrfnv wr frqvxpswlrq jurzwk wkdw duh frpprq iru wkh XV dqg wkh XN
pd| lqgxfh frpprq  xfwxdwlrqv lq h{fhvv vwrfn uhwxuqv1 +Vhh dovr wkh frqfoxglqj
uhpdunv lq vhfwlrq 7,1

;



Ilqdoo|/ wkhuh duh vrph lpsruwdqw hfrqrphwulf gl�huhqfhv ehwzhhq
rxu dqdo|vlv dqg Dpphu dqg Phl*v1 Dv lq prvw suhylrxv vwxglhv xv0
lqj YDU prghov/ wkhlu YDU sdudphwhu hvwlpdwhv duh vwdqgdug ohdvw0
vtxduhv hvwlpdwhv/ dqg wkh vwdqgdug huuruv ri wkh YDU jhqhudwhg vwdwlv0
wlfv duh frpsxwhg xvlqj dv|pswrwlf dssur{lpdwlrqv/ l1h1 wkh xvxdo *ghowd
phwkrg*1 Wkxv/ wkhlu uhvxowv pd| eh lqihfwhg e| vpdoo0vdpsoh sureohpv1
Zh dgmxvw wkh sdudphwhu hvwlpdwhv iru vpdoo0vdpsoh eldv dqg xvh errw0
vwuds vlpxodwlrq wr frpsxwh �qlwh0vdpsoh suhflvlrq phdvxuhv1

6 Hpslulfdo uhvxowv

Wkh gdwd wr eh xvhg lq wklv sdshu duh edvlfdoo| lghqwlfdo wr wkh gdwd
xvhg lq qxphurxv sulru vwxglhv/ h1j1 Exonoh| dqg Wrqnv +4<;<,/ Vkloohu
+4<;<,/ Vkloohu dqg Ehowudwwl +4<<5,/ Ehowudwwl dqg Vkloohu +4<<6,/ Oxqg
dqg Hqjvwhg +4<<9,/ Hqjvwhg dqg Oxqg +4<<:,/ Fxwkehuwvrq hw do1 +4<<:/
4<<;,/ dqg Hqjvwhg +4<<;,/ exw xsgdwhg wr 4<<<1 Iru wkh XV/ wkh Vwdq0
gdug dqg Srru Frpsrvlwh Vwrfn Sulfh Lqgh{ dqg dvvrfldwhg glylghqgv
duh xvhg wr frqvwuxfw vwrfn uhwxuqv1 Wkh vkruw0whup lqwhuhvw udwh lv
phdvxuhg e| wkh 709 prqwk sulph frpphufldo sdshu udwh1 Wkh frq0
vxpswlrq gh dwru iru qrq0gxudeohv dqg vhuylfhv lv xvhg wr frpsxwh uhdo
ydoxhv1 Wkhvh gdwd duh dydlodeoh iurp Urehuw M1 Vkloohu*v zhe0sdjh
+zzz1hfrq1|doh1hgx2�vkloohu,1 Iru wkh XN/ wkh gh ]rhwh dqg Zhgg
ydoxh0zhljkwhg Htxlw| Sulfh Lqgh{ dqg dvvrfldwhg glylghqgv duh xvhg
wr frqvwuxfw vwrfn uhwxuqv1 Wkh vkruw0whup lqwhuhvw udwh lv phdvxuhg
e| wkh 60prqwk sulph eloo udwh/ dqg uhdo ydoxhv duh frpsxwhg xvlqj wkh
lpsolflw frqvxpswlrq gh dwru1 Wkh XV dqg XN gdwd fryhu wkh shulrg
4<4;04<<<1

Wkh yduldeohv wr eh xvhg lq wkh YDU dqdo|vhv qhhg wr eh vwdwlrqdu|1
Dxjphqwhg Glfnh|0Ixoohu whvwv +qrw uhsruwhg> ghwdlov duh dydlodeoh xsrq
uhtxhvw, vkrz wkdw XV dqg XN h{fhvv vwrfn uhwxuqv/ uhdo lqwhuhvw udwhv/
dqg orj glylghqg0sulfh udwlrv duh vwdwlrqdu|/ h{fhsw srvvleo| iru wkh XV
orj glylghqg0sulfh udwlr/ zklfk dsshduv wr eh erughuolqh qrq0vwdwlrqdu|1
Krzhyhu/ li zh uhvwulfw wkh vdpsoh shulrg wr hqg lq 4<;</ doo yduldeohv duh
fohduo| vwdwlrqdu|1 Wkh srvvleoh qrq0vwdwlrqdulw| ri B�r| ryhu wkh hqwluh
vdpsoh shulrg vhhpv wr eh gxh wr wkh gudpdwlf idoo lq wklv yduldeoh gxulqj
wkh 4<<3v1 Wklv/ ri frxuvh/ lv mxvw d uh hfwlrq ri wkh kxjh lqfuhdvhv
lq XV vwrfn sulfhv lq uhfhqw |hduv/ lqfuhdvhv zklfk gr qrw fkdudfwhul}h
glylghqgv1 Vhyhudo dxwkruv/ h1j1 Vkloohu +5333,/ kdyh dujxhg wkdw wkhvh
vwrfn sulfh lqfuhdvhv duh gxh pdlqo| wr vshfxodwlyh exeeohv lq wkh XV
vwrfn pdunhw1 Htxdwlrq +5, lq vhfwlrq 5/ zklfk irupv wkh edvlv iru wkh
hpslulfdo dqdo|vlv/ suhvxphv wkdw wkhuh duh qr vxfk exeeohv1 Wkhuhiruh/
lq dgglwlrq wr frqgxfwlqj wkh dqdo|vlv iru wkh zkroh shulrg 4<4;04<<</ zh
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zloo dovr frqgxfw d vxe0vdpsoh dqdo|vlv iru wkh shulrg 4<4;04<;<1; Wklv
zloo dovr hdvh frpsdulvrq wr wkh uhvxowv lq Ehowudwwl dqg Vkloohu +4<<6, dv
wkhlu vdpsoh shulrg lv 4<4;04<;<1

XV dqg XN h{fhvv vwrfn uhwxuqv duh kljko| srvlwlyho| fruuhodwhg1<

Ryhu wkh zkroh shulrg 4<4;04<<< wkh fruuhodwlrq lv 31875/ dqg wkh fruuhod0
wlrq frh!flhqw uhpdlqv kljko| srvlwlyh dfurvv ydulrxv vxe0shulrgv +lq wkh
wkuhh vxe0shulrgv 4<4;04<78/ 4<7604<:3/ dqg 4<:604<<</ wkh fruuhodwlrqv
duh 31937/ 317:7/ dqg 3196;/ uhvshfwlyho|,1 Wkxv/ wkhuh lv d kljk ghjuhh ri
frpryhphqw ri wkh wzr qdwlrqdo pdunhwv/ dqg wkh sxusrvh ri wkh YDU
dqdo|vlv wr eh fduulhg rxw lq wklv vhfwlrq lv wr dqdo|}h lq pruh ghwdlo wkh
qdwxuh ri wklv frpryhphqw1 +Iljxuh 4 vkrzv h{fhvv vwrfn uhwxuqv lq wkh
wzr frxqwulhv,1

Lq ghwhuplqlqj wkh odj0ohqjwk ri wkh YDU prghov/ zh irupdoo| whvw
odj0ohqjwk uhvwulfwlrqv xvlqj d olnholkrrg udwlr whvw zlwk wkh vpdoo0vdpsoh
fruuhfwlrq vxjjhvwhg e| Vlpv +4<;3, lqyrnhg1 Wklv uhvxowv lq d odj0ohqjwk
ri wkuhh iru erwk wkh 4<4;04<<< dqg 4<4;04<;< shulrgv1 Wdeohv 4 wr 9
uhsruw wkh uhvxowv ri wkh YDU dqdo|vhv1

Li zh vwduw e| orrnlqj dw wkh prgho zklfk lqfoxghv h{fhvv uhwxuqv/
uhdo lqwhuhvw udwhv/ dqg glylghqg0sulfh udwlr*v iru erwk frxqwulhv/ Wdeoh 4
vkrzv wkdw XV dqg XN h{fhvv vwrfn uhwxuqv duh kljko| suhglfwdeoh iurp
wkh sdvw1 Ixuwkhupruh/ wkh XV yduldeohv wxuq rxw wr frqwdlq suhglfwlyh
srzhu iru XN h{fhvv uhwxuqv/ dqg ylfh yhuvd/ zklfk srlqwv wr lpsruwdqw
g|qdplf olqndjhv ehwzhhq wkh wzr qdwlrqdo pdunhwv1 Wkhvh uhvxowv fduu|
ryhu wr wkh YDU v|vwhp zkhuh glylghqg jurzwk uhsodfhv uhdo lqwhuhvw
udwhv/ lq wkh 4<4;04<;< shulrg1 Krzhyhu/ iru wklv YDU v|vwhp fryhulqj
wkh zkroh shulrg 4<4;04<<</ wkh XN yduldeohv gr qrw frqwdlq vljql�0
fdqw h{sodqdwru| srzhu iru XV uhwxuqv/ dqg wkh XV yduldeohv duh rqo|
pdujlqdoo| vljql�fdqw lq wkh e�&| htxdwlrq1

Wdeoh 5 uhsruwv wkh qhzv yduldqfh ghfrpsrvlwlrqv iru wkh 4<4;04<<<
shulrg zkhuh wkh YDU prgho frqwdlqv wkh iroorzlqj yduldeohv= 5| ' de�r| /
o�r| / B�r| / e�&| / o�&| / B�&| o�1 Wkhvh ghfrpsrvlwlrqv duh edvhg rq frpsxwlqj wkh
lqqrydwlrq dqg qhzv frpsrqhqwv dv lq +7, wr +:, xvlqj wkh eldv0fruuhfwhg
YDU sdudphwhu hvwlpdwhv dqg uhvlgxdov1 Dowkrxjk wkh <8( frq�ghqfh
lqwhuydov duh txlwh zlgh/ iru wkh XN wkh yduldqfh ghfrpsrvlwlrqv edvhg
rq wkh ruwkrjrqdol}hg frpsrqhqwv xqdpeljxrxvo| lqglfdwh wkdw/ lqgh0
shqghqw ri wkh rughulqj/ -2Ehee� lv odujhu wkdq -2Ehe_� dqg -2Eheo�1 Qhzv
derxw ixwxuh h{fhvv uhwxuqv dffrxqwv iru ehwzhhq 76( dqg ;4( ri wkh

;Xvlqj wkh vdph gdwd dv lq wkh suhvhqw sdshu/ Hqjvwhg dqg Wdqjjddug +5334e,
�qg qr hylghqfh ri udwlrqdo exeeohv lq XV dqg XN vwrfn sulfhv1

<Wkh vdpsoh phdqv +vwdqgdug ghyldwlrqv, ri wkh frqwlqxrxvo| frpsrxqghg rqh0
|hdu h{fhvv vwrfn uhwxuqv duh 913( +4:1;(, dqg 91:( +5313(, iru wkh XV dqg wkh XN/
uhvshfwlyho|1
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yduldelolw| ri XN h{fhvv uhwxuqv/ zkloh qhzv derxw ixwxuh glylghqgv df0
frxqwv iru ehwzhhq 4( dqg 68(/ dqg qhzv derxw ixwxuh uhdo lqwhuhvw udwhv
dffrxqwv iru ehwzhhq 5( dqg 55(1 Iru wkh XV/ wkh yduldqfh ghfrpsrvl0
wlrqv edvhg rq wkh ruwkrjrqdol}hg frpsrqhqwv duh kljko| vhqvlwlyh wr wkh
rughulqj ri wkh yduldeohv1 Krzhyhu/ lq wkuhh ri wkh vl{ rughulqjv -2Ehee�
dffrxqwv iru 94( ru pruh/ dqg e| orrnlqj dw wkh xqruwkrjrqdol}hg frp0
srqhqwv/ wkh udwlr ri wkh yduldqfh ri qhzv derxw ixwxuh h{fhvv uhwxuqv wr
wkh yduldqfh ri h{fhvv uhwxuq lqqrydwlrqv/ lv pxfk odujhu wkdq wkh ydul0
dqfh udwlrv iru glylghqg qhzv dqg uhdo lqwhuhvw udwh qhzv1 Lq dgglwlrq/
wkh fryduldqfh whupv wkdw lqfoxgh hee duh pxfk odujhu wkdq wkh fryduldqfh
whup iru he_ dqg heo143 Wkxv/ lw vhhpv wkdw lq erwk frxqwulhv prvw ri wkh
yduldelolw| lq h{fhvv vwrfn uhwxuqv lv gxh wr qhzv derxw ixwxuh h{fhvv
vwrfn uhwxuqv/ zkloh qhzv derxw ixwxuh glylghqgv dqg uhdo lqwhuhvw udwhv
sod| d plqru uroh1

Vlqfh XV dqg XN h{fhvv vwrfn uhwxuqv duh kljko| srvlwlyho| fruuh0
odwhg/ dqg vlqfh h{fhvv uhwxuq qhzv vhhpv wr eh wkh grplqdwlqj irufh
ehklqg pryhphqwv lq erwk pdunhwv/ d qdwxudo frqmhfwxuh lv wkdw he�re dqg
he�&e duh dovr kljko| srvlwlyho| fruuhodwhg1 Wklv lv frq�uphg e| wkh furvv0
fruuhodwlrqv uhsruwhg lq wkh xsshu sduw ri Wdeoh 61 XV h{fhvv uhwxuq
qhzv dqg XN h{fhvv uhwxuq qhzv vkrz d srvlwlyh fruuhodwlrq ri 31;< ryhu
wkh shulrg 4<4;04<<<1 Lqwhuhvwlqjo|/ krzhyhu/ uhdo lqwhuhv udwh qhzv dqg/
wr d ohvvhu h{whqw/ glylghqg qhzv/ lq wkh wzr frxqwulhv duh dovr kljko|
fruuhodwhg1 Wkxv/ dssduhqwo|/ lw lv frpryhphqw lq doo xqghuo|lqj irufhv
wkdw h{sodlqv wkh kljk ghjuhh ri frpryhphqw ri wkh XV dqg XN vwrfn
pdunhwv wkdw lv revhuyhg ryhu wkh orqj shulrg iurp 4<4; wr 4<<<1

Lq Wdeoh 7 zh uhsruw wkh yduldqfh ghfrpsrvlwlrqv iru wkh shulrg 4<4;0
4<<< dqg zlwk 5| ' de�r| / {_�r| / B�r| / e�&| / {_�&| / B�&| o�/ l1h1 uhdo lqwhuhvw udwhv
duh uhsodfhg e| glylghqg jurzwk lq wkh YDUprgho/ dqg lq wkh orzhu sduw
ri Wdeoh 6 wkh sdluzlvh fruuhodwlrqv ri wkh lpsolhg qhzv frpsrqhqwv
duh uhsruwhg1 Dv vhhq/ wkh uhvxowv iru wklv YDU v|vwhp xqdpeljxrxvo|
lqglfdwh wkdw lq erwk wkh XV dqg wkh XN qhzv derxw ixwxuh h{fhvv
uhwxuqv dffrxqwv iru prvw ri wkh yduldwlrq lq vwrfn uhwxuqv +-2Ehee� olhv
ehwzhhq 8;( dqg <8( iru wkh XV/ dqg ehwzhhq 93( dqg ;9( iru wkh
XN,/ dqg wkh ydulrxv qhzv frpsrqhqwv duh kljko| srvlwlyho| fruuhodwhg
dfurvv frxqwulhv1 Wkhvh uhvxowv frq�up dqg vwuhqjwkhq wkh uhvxowv iurp
Wdeoh 5 dqg wkh xsshu sduw ri Wdeoh 61

Wdeohv 8 dqg 9 dqg wkh odvw froxpq ri Wdeoh 6 uhsruw wkh uhvxowv ri
wkh yduldqfh ghfrpsrvlwlrqv iru wkh vpdoohu vdpsoh shulrg 4<4;04<;</
l1h1 wkh shulrg zklfk h{foxghv wkh uhfhqw uxq0xs lq vwrfn sulfhv1 Wkhvh

43Ydu+hhxvg ,@Ydu+hhxv,@3=7;9> Ydu+hhxvu ,@Ydu+hhxv,@4=484> Ydu+hhxvh ,@Ydu+hhxv,@6=93;> 0
5Fry+hhxvg > hhxvu ,@Ydu+hhxv,@�3=339> 05Fry+hhxvg > hhxvh ,@Ydu+hhxv,@�3=783> 5Fry+hhxvu > hhxvh ,@
Ydu+hhxv,@�6=:6:1
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uhvxowv duh edvlfdoo| wkh vdph dv iru wkh zkroh shulrg 4<4;04<<<1 H{0
fhvv uhwxuq qhzv dffrxqwv iru pruh wkdq 93( ri wkh uhwxuq lqqrydwlrq
yduldqfh lq wkh XN1 Iru wkh XV wkh uhvxowv duh vrphzkdw vhqvlwlyh wr
wkh fkrlfh ri YDU prgho dqg wr wkh rughulqj ri wkh yduldeohv lq wkh
Fkrohvn| ghfrpsrvlwlrq1 Krzhyhu/ lq erwk YDU prghov h{fhvv uhwxuq
qhzv dffrxqwv iru prvw ri wkh yduldwlrq lq uhwxuq lqqrydwlrqv lq dw ohdvw
wkuhh ri wkh vl{ rughulqjv/ dqg lqvshfwlrq ri wkh xqruwkrjrqdol}hg qhzv
frpsrqhqwv +qrw uhsruwhg, vkrzv wkdw wkh yduldqfh0 dqg fryduldqfh ud0
wlr*v lqyroyroylqj hee duh pxfk odujhu wkdq wkh udwlr*v qrw lqyroylqj hee1
Wkxv/ dovr iru wkh vpdoohu shulrg 4<4;04<;< lw vhhpv wkdw lq erwk wkh XV
dqg wkh XN/ qhzv derxw ixwxuh h{fhvv uhwxuqv lv wkh grplqdwlqj irufh
ehklqg vwrfn pdunhw yrodwlolw|1 Lq wklv shulrg doo lqglylgxdo qhzv frp0
srqhqwv duh kljko| srvlwlyho| fruuhodwhg dfurvv frxqwulhv/ dowkrxjk wkh
furvv0frxqwu| fruuhodwlrqv ri he�e duh vpdoohu wkdq iru wkh zkroh shulrg1
Wkhvh uhvxowv gr qrw lqglfdwh wkdw wkh xqghuo|lqj irufhv ehklqg wkh fr0
pryhphqw ri wkh XV dqg XN vwrfn pdunhwv kdyh fkdqjhg pdunhgo| zlwk
wkh vshfwdfxodu errp ri wkh 4<<3*v1 Dffruglqjo|/ dv lq hduolhu shulrgv/
wkh odujh lqfuhdvhv lq vwrfn sulfhv lq wkh 4<<3v +ohdglqj wr srvlwlyh xq0
h{shfwhg uhwxuqv,/ zdv gxh pdlqo| wr qhzv frplqj wr wkh pdunhw wkdw
ixwxuh vwrfn pdunhw ulvn suhpld zloo eh orzhu/ dqg wkdw wklv qhzv zdv
frpprq wr wkh XV dqg XN pdunhwv1 Qrwh wkdw lq frqwudvw wr Dpphu
dqg Phl +4<<9,/ zh gr qrw lqwhusuhw wkh kljk furvv0frxqwu| fruuhodwlrq
ri XV dqg XN h{fhvv vwrfn uhwxuq qhzv dv lqglfdwlqj kljk �qdqfldo lq0
whjudwlrq ri wkh wzr frxqwulhv1 Udwkhu/ zh lqwhusuhw wkh kljk fruuhodwlrq
dv dq lqglfdwlrq wkdw ulvn0suhpld lq wkh wzr frxqwulhv duh klw e| frpprq
uhdo vkrfnv +f1i1 wkh glvfxvvlrq lq vhfwlrq 516,1

Rq dqqxdo XV dqg XN gdwd +txlwh vlplodu wr rxu gdwd, iru wkh shulrg
4<4<04<;</ Ehowudwwl dqg Vkloohu +4<<6, �qg wkdw d vlpsoh suhvhqw ydoxh
prgho zkhuh wkh glvfrxqw udwh ydulhv zlwk wkh vkruw0whup uhdo lqwhuhvw
udwh/ fdq h{sodlq wkh frpryhphqw ri XV dqg XN vwrfn pdunhwv1 Rxu
uhvxowv gr qrw vxssruw wklv �qglqj1 Zlwklq rxu iudphzrun/ ydolglw| ri
Ehowudwwl dqg Vkloohu*v suhvhqw ydoxh prgho zrxog uhtxluh wkh qhzv derxw
ixwxuh h{fhvv uhwxuq frpsrqhqw wr eh }hur/ l1h1 -2Ehee� ' f/ vxfk wkdw
glylghqg qhzv dqg uhdo lqwhuhvw udwh qhzv wrjhwkhu dffrxqw iru doo wkh
yduldelolw| ri h{fhvv uhwxuq lqqrydwlrqv1 Lw lv fohdu iurp Wdeohv 8 dqg 9
wkdw wklv lv qrw wkh fdvh1

Dv zh phqwlrqhg lq vhfwlrq 514/ wkh uholdelolw| ri wkh YDU0edvhg
yduldqfh ghfrpsrvlwlrqv klqjhv fuxfldoo| rq wkh yduldeohv lq wkh YDU
ehlqj wr vrph h{whqw suhglfwdeoh iurp wkh odjjhg yduldeohv lq wkh prgho1
Rwkhuzlvh doo wkh yduldelolw| ri he�|n� zloo eh dwwulexwhg wr wkh frpsrqhqw
wuhdwhg dv d uhvlgxdo1 Wkxv/ lw lv uhdvvxulqj wkdw zkhq zh orrn dw Wdeohv
5/ 7/ 8/ dqg 9/ d txlwh urexvw �qglqj lq doo wkh YDU dqdo|vhv lv wkdw lq
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qr fdvh lv wkh pdmrulw| ri wkh yduldwlrq lq he�|n� dwwulexwhg wr wkh uhvlgxdo
qhzv frpsrqhqw1 Wklv pdnhv xv frq�ghqw wkdw rxu �qglqjv duh qrw
wkh uhvxow ri vrph *vsxulrxvo|* odujh qhzv frpsrqhqw gxh wr lqvx!flhqw
suhglfwdelolw|1

Ilqdoo|/ lw lv zruwk qrwlqj wkh vwdqgdug huuruv dqg <8( frq�ghqfh
lqwhuydov lq Wdeohv 5 wr 91 Dv h{sodlqhg lq vhfwlrq 515 wkhvh duh errwvwuds0
vlpxodwhg suhflvlrq phdvxuhv frpsxwhg e| uhvdpsolqj wkh ruljlqdo YDU
uhvlgxdov1 Dv vhhq/ lq jhqhudo wkh -2Ehe�� vwdwlvwlfv dqg furvv0frxqwu|
fruuhodwlrq0frh!flhqwv vhhp wr kdyh yhu| qrq0v|pphwulf �qlwh0vdpsoh
glvwulexwlrqv1 Wkxv/ wkh suhflvlrq ri wkhvh hvwlpdwhg vwdwlvwlfv lv ehwwhu
phdvxuhg e| wkh frq�ghqfh lqwhuydov wkdq e| wkh vwdqgdug huuruv1

7 Frqfoxglqj uhpdunv

Wkh uhvxowv lq wkh suhvhqw sdshu vxjjhvw wkdw ryhu orqj wlph0shulrgv wkh
lqwhuqdwlrqdo frpryhphqw ri vwrfn pdunhwv lv gxh pdlqo| wr lqyhvwruv
lq gl�huhqw frxqwulhv vlpxowdqhrxvo| uhylvlqj wkhlu hvwlpdwhv ri ixwxuh
htxlw| ulvn suhpld1 Wkxv/ dffruglqj wr wklv h{sodqdwlrq wkh vwrfn pdunhw
errp lq wkh XV dqg wkh XN lq wkh vhfrqg kdoi ri wkh 4<<3v zdv gxh wr d
grzqzdug uhylvlrq ri h{ dqwh ulvn0suhpld lq erwk frxqwulhv/ zklfk wkhq
ohg wr kljk xqh{shfwhg vwrfn uhwxuqv1

Fdpsehoo dqg Frfkudqh +4<<<, ghyhors d frqvxpswlrq0edvhg dv0
vhw sulflqj prgho zlwk kdelw shuvlvwhqfh dqg wlph0ydu|lqj ulvn0dyhuvlrq
zklfk lpsolhv wkdw shrsohv ulvn0dyhuvlrq dqg/ khqfh/ h{ dqwh htxlw| ulvn
suhpld ghfuhdvh gxulqj shulrgv zlwk kljkhu wkdw dyhudjh hfrqrplf jurzwk
+frqvxpswlrq jurzwk,/ l1h1 dv lq wkh vhfrqg kdoi ri wkh 4<<3v/ dqg
lqfuhdvh gxulqj shulrgv zlwk orzhu wkdw dyhudjh hfrqrplf jurzwk/ dv
lq h1j1 wkh 4<:3v1 Wkxv/ qhzv wkdw hfrqrplf jurzwk zloo eh kljkhu
wkdq h{shfwhg pdnhv shrsoh uhylvh grzqzdug wkhlu uhtxluhg htxlw| ulvn0
suhplxp1 Rxu uhvxowv duh frqvlvwhqw zlwk wklv h{sodqdwlrq dqg lqglfdwh
wkdw ryhu dq ;30|hdu shulrg/ wkh pdmru vkrfnv wr hfrqrplf jurzwk kdyh
ehhq frpprq wr wkh XV dqg wkh XN dqg kdyh lqgxfhg frpprq  xfwx0
dwlrqv lq vwrfn uhwxuqv lq wkh wzr frxqwulhv1

8 Uhihuhqfhv

Dpphu/ M1/ dqg M1 Phl +4<<9,= Phdvxulqj lqwhuqdwlrqdo hfrqrplf
olqndjhv zlwk vwrfn pdunhw gdwd1 Mrxuqdo ri Ilqdqfh 84/ 4:7604:961

Ehndhuw/ J1/ U1M1 Krgulfn/ dqg G1D1 Pduvkdoo +4<<:,= Rq eldvhv lq
whvwv ri wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh ri lqwhuhvw
udwhv1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv 77/ 63<067;1

Ehowudwwl/ D1H1 dqg U1M1 Vkloohu +4<<6,= Dfwxdo dqg zduudqwhg uhod0
wlrqv ehwzhhq dvvhw sulfhv1 R{irug Hfrqrplf Sdshuv 78/ 6;:07351
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Ervh/ D1 +4<;;,= Hgjhzruwk fruuhfwlrq e| errwvwuds lq dxwruhjuhv0
vlrqv1 Dqqdov ri Vwdwlvwlfv 49/ 4:3<04:551

Exonoh|/ J1 dqg L1 Wrqnv +4<;<,= Duh XN vwrfn sulfhv h{fhvvlyho|
yrodwlohB Wudglqj uxohv dqg yduldqfh erxqgv whvwv1 Hfrqrplf Mrxuqdo

<</ 43;6043<;1
Fdpsehoo/ M1\1 +4<<4,= D yduldqfh ghfrpsrvlwlrq iru vwrfn uhwxuqv1

Hfrqrplf Mrxuqdo 434/ 48:04:<1
Fdpsehoo/ M1\1 dqg M1 Dpphu +4<<6,= Zkdw pryhv wkh vwrfn dqg

erqg pdunhwvB D yduldqfh ghfrpsrvlwlrq iru orqj0whup dvvhw uhwxuqv1
Mrxuqdo ri Ilqdqfh 7;/ 606:1

Fdpsehoo/ M1\1 dqg M1K1 Frfkudqh +4<<<,= E| irufh ri kdelw= D frq0
vxpswlrq edvhg h{sodqdwlrq ri djjuhjdwh vwrfn pdunhw edkdylru1 Mrxuqdo
ri Srolwlfdo Hfrqrp| 43:/ 53805841

Fdpsehoo/ M1\1 dqg U1M1 Vkloohu +4<;;,= Wkh glylghqg0sulfh udwlr
dqg h{shfwdwlrqv ri ixwxuh glylghqgv dqg glvfrxqw idfwruv1 Uhylhz ri

Ilqdqfldo Vwxglhv 4/ 4<8055;1
Fxwkehuwvrq/ N1/ V1 Kd|hv/ dqg G1 Qlw}vfkh +4<<:,= Wkh ehkdylrxu ri

XN vwrfn sulfhv dqg uhwxuqv= Lv wkh pdunhw h!flhqwB Hfrqrplf Mrxuqdo

43:/ <;90433;1
Fxwkehuwvrq/ N1/ V1 Kd|hv/ dqg G1 Qlw}vfkh +4<<;,= H{sodlqlqj pryh0

phqwv lq XN vwrfn sulfhv1 Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh

6</ 404<1
Hqjvwhg/ W1 +4<<;,= Hydoxdwlqj wkh frqvxpswlrq0fdslwdo dvvhw sulf0

lqj prgho xvlqj Kdqvhq0Mdjdqqdwkdq erxqgv= Hylghqfh iurp wkh XN1
Lqwhuqdwlrqdo Mrxuqdo ri Ilqdqfh dqg Hfrqrplfv 6/ 5<406351

Hqjvwhg/ W1 dqg M1 Oxqg +4<<:,= Frpprq vwrfkdvwlf wuhqgv lq lq0
whuqdwlrqdo vwrfn sulfhv dqg glylghqgv= Dq h{dpsoh ri whvwlqj ryhulghq0
wli|lqj uhvwulfwlrqv rq pxowlsoh frlqwhjudwlqj yhfwruv1 Dssolhg Ilqdqfldo

Hfrqrplfv :/ 98<09981
Hqjvwhg/ W1 dqg F1 Wdqjjddug +5334d,= Wkh Gdqlvk vwrfn dqg erqg

pdunhwv= Frpryhphqw/ uhwxuq suhglfwdelolw| dqg yduldqfh ghfrpsrvl0
wlrq1 Mrxuqdo ri Hpslulfdo Ilqdqfh ;/ 57605:41

Hqjvwhg/ W1 dqg F1 Wdqjjddug +5334e,= D qhz whvw iru vshfxod0
wlyh exeeohv edvhg rq uhwxuq yduldqfh ghfrpsrvlwlrqv1 Zrunlqj sdshu/
Ddukxv Vfkrro ri Exvlqhvv1

Kdoo/ S1 +4<<5,= Wkh Errwvwuds dqg Hgjhzruwk H{sdqvlrqv1 Vsulqjhu0
Yhuodj/ Qhz \run/ Lqf1

Ndvd/ N1 +4<<5,= Frpprq vwrfkdvwlf wuhqgv lq lqwhuqdwlrqdo vwrfn
pdunhwv1 Mrxuqdo ri Prqhwdu| Hfrqrplfv 5</ <804571

Nloldq/ O1 +4<<;,= Vpdoo0vdpsoh frq�ghqfh lqwhuydov iru lpsxovh uh0
vsrqvh ixqfwlrqv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;3/ 54;05631

Oxqg/ M1 dqg W1 Hqjvwhg +4<<9,= JPP dqg suhvhqw ydoxh whvwv ri wkh
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F0FDSP= Hylghqfh iurp wkh Gdqlvk/ Jhupdq/ Vzhglvk/ dqg XN vwrfn
pdunhwv1 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh 48/ 7<:08541

Sdwholv/ D1G1 +4<<:,= Vwrfn uhwxuqv suhglfwdelolw| dqg wkh uroh ri
prqhwdu| srolf|1 Mrxuqdo ri Ilqdqfh 85/ 4<8404<:51

Srsh/ D1O1 +4<<3,= Eldvhv ri hvwlpdwruv lq pxowlyduldwh qrq0jdxvvldq
dxwruhjuhvvlrqv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 44/ 57<058;1

Vkloohu/ U1M1 +4<;<,= Frpryhphqw lq vwrfn sulfhv dqg frpryhphqw lq
glylghqgv1 Mrxuqdo ri Ilqdqfh 77/ :4<0:5<1

Vkloohu/ U1M1 +5333,= Luudwlrqdo H{xehudqfh1 Sulqfhwrq Xqlyhuvlw|
Suhvv1

Vkloohu/ U1M1 dqg D1H1 Ehowudwwl +4<<5,= Vwrfn sulfhv dqg erqg |lhogv=
Fdq wkhlu frpryhphqwv eh h{sodlqhg lq whupv ri suhvhqw ydoxh prghovB
Mrxuqdo ri Prqhwdu| Hfrqrplfv 63/ 580791

Vlpv/ F1D1 +4<;3,= Pdfurhfrqrplfv dqg uhdolw|1 Hfrqrphwulfd/ Mdq0
xdu| 4<;3/ 407;1
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4<4;04<<< 4<4;04<;<
YDU v|vwhp=

ie�c o�c B�j/ � ' �rc �&

XV uhwxuq -2 31564 +31333, 31673 +31333,
XN uhwxuq -2 31583 +31333 31687 +31333,

ie�&c o�&c B�&j $ e�r 31337 31333
ie�rc o�rc B�rj $ e�& 31337 31335

YDU v|vwhp=
ie�c{_�c B�j/ � ' �rc �&

XV uhwxuq -2 31558 +31339, 31697 +31333,
XN uhwxuq -2 31595 +3133<, 316:; +31333,

ie�&c o�&c B�&j $ e�r 314;; 31337
ie�rc o�rc B�rj $ e�& 313;3 31338

Qrwhv= Wkh qxpehuv lq sduhqwkhvhv duh mrlqw vljql�fdqfh ri wkh h{sodqdwru|

yduldeohv lq wkh h{fhvv uhwxuq htxdwlrqv ri wkh YDU1 ie�c o�c B�j $ e� ghqrwh

mrlqw vljql�fdqfh ri wkh �0frxqwu| yduldeohv lq wkh h{fhvv uhwxuq uhjuhvvlrq iru

frxqwu| �1

Wdeoh 4= Vwrfn uhwxuq suhglfwdelolw| lq wkh XV dqg XN
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YDU= ~e�c o�c B��/ � ' �rc �& 4<4;04<<<
Xqlwhg Vwdwhv Xqlwhg Nlqjgrp

_$ o $ e G
-2Ehe_� 31467 +3156<, ^31333/ 31:4:` 31349 +31435, ^31333/ 314;3`
-2Eheo� 317:; +314:6, ^31678/ 31<88` 31544 +31455, ^3137:/ 31:9;`
-2Ehee� 316;; +31569, ^3134;/ 31:6;` 31::6 +31479, ^31638/ 31<9;`
o $ _$ e G
-2Ehe_� 31464 +314;6, ^31333/ 31959` 31338 +313;6, ^31333/ 31385`
-2Eheo� 317;4 +314:<, ^31656/ 31;94` 31555 +31464, ^31375/ 31:8:`
-2Ehee� 316;; +31569, ^3134;/ 31:6;` 31::6 +31479, ^31638/ 31<9;`
_$ e$ o G
-2Ehe_� 31467 +3156<, ^31333/ 31:4:` 31349 +31435, ^31333/ 314;3`
-2Eheo� 3145; +313:5, ^31373/ 31636` 314:9 +313:7, ^313;8/ 318:8`
-2Ehee� 31:6< +31573, ^31559/ 31<7;` 31;3; +31455, ^317::/ 31<6;`
o $ e$ _ G
-2Ehe_� 316:: +31469, ^314:7/ 31:4<` 3167< +3145;, ^314::/ 31:97`
-2Eheo� 317;4 +314:<, ^31656/ 31;94` 31555 +31464, ^31375/ 31:8:`
-2Ehee� 31475 +314<6, ^31333/ 31633` 3175< +31499, ^31363/ 3197:`
e$ _$ o G
-2Ehe_� 3158; +3146<, ^31386/ 31883` 314<3 +31449, ^31366/ 317<<`
-2Eheo� 3145; +313:5, ^31373/ 31636` 314:9 +313:7, ^313;8/ 318:8`
-2Ehee� 31947 +31473, ^31693/ 31;65` 31967 +31467, ^31574/ 31;58`
e$ o $ _ G
-2Ehe_� 316:: +31469, ^314:7/ 31:4<` 3167< +3145;, ^314::/ 31:97`
-2Eheo� 3133; +3139<, ^31333/ 313<6` 3134: +3137:, ^31333/ 314;3`
-2Ehee� 31947 +31473, ^31693/ 31;65` 31967 +31467, ^31574/ 31;58`

Qrwhv= Wkh qxpehuv lq erog duh srlqw hvwlpdwhv edvhg rq wkh eldv0dgmxvwhg

YDU sdudphwhu hvwlpdwhv1 Wkh qxpehuv lq sduhqwkhvhv dqg eudfnhwv duh

errwvwuds vwdqgdug huuruv dqg <8( frq�ghqfh lqwhuydov/ uhvshfwlyho|/ edvhg

rq 4331333 errwvwuds vlpxodwlrqv1

Wdeoh 5= Yduldqfh ghfrpsrvlwlrq iru h{fhvv vwrfn uhwxuqv/ 4<4;04<<<1

4:



4<4;04<<< 4<4;04<;<

YDU= ie�c o�c B�j
� ' �rc �&

Fruu+he�r_ c he�&_ , 31968 +31558, ^31384/ 31<39` 31:93 +314<6, ^31549/ 31<76`
Fruu+he�ro c he�&o , 31<76 +313<5, ^31:77/ 31<:6` 31<8; +31388, ^31;47/ 31<:;`
Fruu+he�re c he�&e , 31;<5 +3148;, ^316;6/ 31<69` 31949 +31539, ^313;3/ 31;:5`

YDU= ie�c{_�c B�j
� ' �rc �&

Fruu+he�r_ c he�&_ , 31;56 +314;5, ^3157;/ 31<68` 31966 +3157;, ^31344/ 31<75`
Fruu+he�ro c he�&o , 31;;3 +31443, ^31884/ 31<89` 31<83 +313:9, ^31:5;/ 31<:8`
Fruu+he�re c he�&e , 31;88 +31476, ^3173;/ 31<5<` 318;9 +3156:, ^031359/ 31;::`

Qrwhv= Wkh qxpehuv lq erog duh fruuhodwlrq frh!flhqwv edvhg rq wkh eldv0

dgmxvwhg YDU sdudphwhu hvwlpdwhv1 Wkh qxpehuv lq sduhqwkhvhv dqg eudfn0

hwv duh errwvwuds vwdqgdug huuruv dqg <8( frq�ghqfh lqwhuydov/ uhvshfwlyho|/

edvhg rq 4331333 errwvwuds vlpxodwlrqv1

Wdeoh 6= Furvv0frxqwu| fruuhodwlrqv ri qhzv frpsrqhqwv

4;



YDU= ~e�c{_�c B��/ � ' �rc �& 4<4;04<<<
Xqlwhg Vwdwhv Xqlwhg Nlqjgrp

_$ o $ e G
-2Ehe_� 31355 +31483, ^31333/ 31597` 31384 +313<8, ^31333/ 31698`
-2Eheo� 3135; +3145;, ^31333/ 315<7` 313<6 +313<8, ^31337/ 31849`
-2Ehee� 31<83 +314<3, ^31;34/ 41333` 31;89 +31458, ^31847/ 31<<5`

o $ _$ e G
-2Ehe_� 31347 +31493, ^31333/ 314:<` 313:; +313<5, ^31335/ 317;3`
-2Eheo� 31369 +31447, ^31333/ 31645` 31399 +313<:, ^31334/ 31754`
-2Ehee� 31<83 +314<3, ^31;34/ 41333` 31;89 +31458, ^31847/ 31<<5`

_$ e$ o G
-2Ehe_� 31355 +31483, ^31333/ 31597` 31384 +313<8, ^31333/ 31698`
-2Eheo� 31549 +3143;, ^313;9/ 31883` 3145: +3138;, ^3138;/ 316;;`
-2Ehee� 31:95 +314::, ^31775/ 31<65` 31;55 +3143:, ^31838/ 31<73`

o $ e$ _ G
-2Ehe_� 31674 +3144<, ^3149</ 319<3` 31664 +31459, ^31494/ 31:66`
-2Eheo� 31369 +31447, ^31333/ 31645` 31399 +313<:, ^31334/ 31754`
-2Ehee� 31957 +31488, ^315;</ 31;8;` 31936 +3147;, ^31549/ 31;58`

e$ _$ o G
-2Ehe_� 3153: +3145:, ^31354/ 3183<` 31537 +3144;, ^31378/ 3186<`
-2Eheo� 31549 +3143;, ^313;9/ 31883` 3145: +3138;, ^3138;/ 316;;`
-2Ehee� 318:: +31475, ^31594/ 31;38` 3199< +31466, ^31636/ 31;8:`

e$ o $ _ G
-2Ehe_� 31674 +3144<, ^3149</ 319<3` 31664 +31459, ^31494/ 31:66`
-2Eheo� 313;5 +3143:, ^31333/ 31663` 31333 +3136;, ^31333/ 31334`
-2Ehee� 318:: +31475, ^31594/ 31;38` 3199< +31466, ^31636/ 31;8:`

Qrwhv= Wkh qxpehuv lq erog duh srlqw hvwlpdwhv edvhg rq wkh eldv0dgmxvwhg

YDU sdudphwhu hvwlpdwhv1 Wkh qxpehuv lq sduhqwkhvhv dqg eudfnhwv duh

errwvwuds vwdqgdug huuruv dqg <8( frq�ghqfh lqwhuydov/ uhvshfwlyho|/ edvhg

rq 4331333 errwvwuds vlpxodwlrqv1

Wdeoh 7= Yduldqfh ghfrpsrvlwlrq iru h{fhvv vwrfn uhwxuqv/ 4<4;04<<<1

4<



YDU= ~e�c o�c B��/ � ' �rc �& 4<4;04<;<
Xqlwhg Vwdwhv Xqlwhg Nlqjgrp

_$ o $ e G
-2Ehe_� 315;7 +31555, ^3133:/ 31;95` 314:5 +31494, ^31336/ 31988`
-2Eheo� 313;3 +3144;, ^31334/ 318;;` 31347 +3144;, ^31333/ 3148:`
-2Ehee� 31969 +31559, ^31454/ 31<9;` 31;47 +314<6, ^316<8/ 31<<:`

o $ _$ e G
-2Ehe_� 313;: +314;5, ^31333/ 31863` 313<9 +3149;, ^31333/ 3184<`
-2Eheo� 315:; +3148:, ^31384/ 31;33` 313<3 +31439, ^31335/ 317<8`
-2Ehee� 31969 +31559, ^31454/ 31<9;` 31;47 +314<6, ^316<8/ 31<<:`

_$ e$ o G
-2Ehe_� 315;7 +31555, ^3133:/ 31;95` 314:5 +31494, ^31336/ 31988`
-2Eheo� 315:7 +31455, ^3143</ 31957` 314<: +313<7, ^313;6/ 31893`
-2Ehee� 31775 +31554, ^31343/ 31:<7` 31964 +314;5, ^31478/ 31;:9`

o $ e$ _ G
-2Ehe_� 31864 +3149;, ^3158</ 31<48` 31638 +31477, ^31455/ 31:7;`
-2Eheo� 315:; +3148:, ^31384/ 31;33` 313<3 +31439, ^31335/ 317<8`
-2Ehee� 314<5 +314;7, ^31333/ 31839` 31938 +314:4, ^31498/ 31;7;`

e$ _$ o G
-2Ehe_� 3158; +314;4, ^3133</ 31973` 31447 +3146:, ^31334/ 31787`
-2Eheo� 315:7 +31455, ^3143</ 31957` 314<: +313<7, ^313;6/ 31893`
-2Ehee� 3179; +314:7, ^31459/ 31:98` 319;; +31495, ^315::/ 31;<4`

e$ o $ _ G
-2Ehe_� 31864 +3149;, ^3158</ 31<48` 31638 +31477, ^31455/ 31:7;`
-2Eheo� 31335 +313:;, ^31333/ 31348` 3133: +31399, ^31333/ 313;9`
-2Ehee� 3179; +314:7, ^31459/ 31:98` 319;; +31495, ^315::/ 31;<4`

Qrwhv= Wkh qxpehuv lq erog duh srlqw hvwlpdwhv edvhg rq wkh eldv0dgmxvwhg

YDU sdudphwhu hvwlpdwhv1 Wkh qxpehuv lq sduhqwkhvhv dqg eudfnhwv duh

errwvwuds vwdqgdug huuruv dqg <8( frq�ghqfh lqwhuydov/ uhvshfwlyho|/ edvhg

rq 4331333 errwvwuds vlpxodwlrqv1

Wdeoh 8= Yduldqfh ghfrpsrvlwlrq iru h{fhvv vwrfn uhwxuqv/ 4<4;04<;<1

53



YDU= ~e�c{_�c B��/ � ' �rc �& 4<4;04<;<
Xqlwhg Vwdwhv Xqlwhg Nlqjgrp

_$ o $ e G
-2Ehe_� 31384 +314:6, ^31333/ 31789` 313;: +3146:, ^31333/ 31855`
-2Eheo� 31394 +3144<, ^31333/ 317<9` 31333 +3143:, ^31333/ 31334`
-2Ehee� 31;;: +31533, ^3186;/ 31<<<` 31<45 +3149<, ^31988/ 41333`

o $ _$ e G
-2Ehe_� 31358 +314::, ^31333/ 31585` 3135: +3146<, ^31333/ 31578`
-2Eheo� 313;; +31439, ^31335/ 31859` 31394 +31433, ^31333/ 3173:`
-2Ehee� 31;;: +31533, ^3186;/ 31<<<` 31<45 +3149<, ^31988/ 41333`

_$ e$ o G
-2Ehe_� 31384 +314:6, ^31333/ 31789` 313;: +3146:, ^31333/ 31855`
-2Eheo� 31744 +31499, ^314:;/ 31;;5` 314:3 +313:;, ^313:</ 3189:`
-2Ehee� 3186: +31543, ^313<</ 31;93` 31:76 +3148;, ^3159</ 31<55`

o $ e$ _ G
-2Ehe_� 31883 +314:7, ^315:3/ 31<7:` 3164; +3146<, ^31474/ 31:;;`
-2Eheo� 313;; +31439, ^31335/ 31859` 31394 +31433, ^31333/ 3173:`
-2Ehee� 31695 +314;7, ^31344/ 319;8` 31954 +31496, ^314<6/ 31;83`

e$ _$ o G
-2Ehe_� 314;5 +314;3, ^31333/ 31884` 314;; +31495, ^3133:/ 318:7`
-2Eheo� 31744 +31499, ^314:;/ 31;;5` 314:3 +313:;, ^313:</ 3189:`
-2Ehee� 3173: +314:8, ^313:8/ 31:68` 31976 +314:7, ^314;</ 31;::`

e$ o $ _ G
-2Ehe_� 31883 +314:7, ^315:3/ 31<7:` 3164; +3146<, ^31474/ 31:;;`
-2Eheo� 31376 +31447, ^31333/ 31645` 3136< +31436, ^31333/ 3166<`
-2Ehee� 3173: +314:8, ^313:8/ 31:68` 31976 +314:7, ^314;</ 31;::`

Qrwhv= Wkh qxpehuv lq erog duh srlqw hvwlpdwhv edvhg rq wkh eldv0dgmxvwhg

YDU sdudphwhu hvwlpdwhv1 Wkh qxpehuv lq sduhqwkhvhv dqg eudfnhwv duh

errwvwuds vwdqgdug huuruv dqg <8( frq�ghqfh lqwhuydov/ uhvshfwlyho|/ edvhg

rq 4331333 errwvwuds vlpxodwlrqv1

Wdeoh 9= Yduldqfh ghfrpsrvlwlrq iru h{fhvv vwrfn uhwxuqv/ 4<4;04<;<1
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