
H!flhqw hvwlpdwlrq ri sulfh dgmxvwphqw
frh!flhqwv

Mrkdq O|kdjhqW

Ghsduwphqw ri Hfrqrplf Vwdwlvwlfv
Vwrfnkrop Vfkrro ri Hfrqrplfv

Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 665
Vwrfnkrop Vfkrro ri Hfrqrplfv

Vhswhpehu 54/ 4<<<

Devwudfw

Wkh sulfh dgmxvwphqw frh!flhqw prgho ri Dplkxg dqg Phqghovrq
+4<;:, lv vkrzq wr eh vxlwdeoh iru hvwlpdwlrq e| wkh Ndopdq �owhu1 D
whfkltxh wkdw/ xqghu vrph frpprqo| xvhg frqglwlrqv/ lv dv|pswrwlfdoo|
h!flhqw1 E| Prqwh Fduor vlpxodwlrqv lw lv vkrzq wkdw erwk eldv dqg
phdq vtxduhg huuru duh pxfk vpdohu frpsduhg wr wkh hvwlpdwru sursrvhg
e| Gdprgdudq dqg Olp +4<<4, dqg Gdprgdudq +4<<6,1 D whvw iru wkh
dghtdf| ri wkh prgho lv dovr sursrvhg1 Xvlqj gdwd iurp irxu plqru/ wkh
qruglf frxqwulhv h{fhsw Lfhodqg/ dqg rqh pdmru/ XV/ vwrfn pdunhwv wkh
uhvxowv duh wkdw wkh pdunhwv xqghu0uhdfw wr qhz lqirupdwlrq/ exw iru prvw
ri wkh qruglf frxqwulhv/ wkh prgho lv qrw dghtxdwh1

Nh|zrugv= Hvwlpdwlrq> h!flhqf|> sulfh dgmxvwphqw
MHO= F55> F85> J43

4 Lqwurgxfwlrq

Wkh prgholqj ri uhwxuqv/ ri d ydulhw| ri dvvhwv/ lv d jurzlqj duhd ri hfrqrplfv1
Prvw prghov uho| rq h!flhqw pdunhw/ l1h1 d pdunhw wkdw ixoo| uh hfwv doo lqiru0
pdwlrq/ wkhuh lv qr wudqvdfwlrq frvwv dqg vr rq1 Lq wkh uhdo zruog/ pdunhwv duh
qrw ixoo| h!flhqw dqg wkh prghov duh dgmxvwhg dffruglqjo|1 Lq wklv sdshu zh
wuhdw wkh sulfh dgmxvwphqw prgho ri Dplkxg dqg Phqghovrq +4<;:,/ hvshfldoo|
zh duh lqwhuhvwhg lq hvwlpdwlrq dqg whvwlqj wkh ydolglw| ri wkh prgho1 Hvwlpdwlrq
lv sursrvhg wr eh fduulhg rxw e| Ndopdq �owhu whfkqltxhv zklfk kdyh dgydqwdjhv
frpsduhg wr suhylrxv hvwlpdwruv +sursrvhg e| Gdprgdudq dqg Olp/ 4<<4/ dqg
Gdprgdudq/ 4<<6,/ l1h1 l, h!flhqw hvwlpdwlrq/ ll, ohvv dvvxpswlrqv/ lll, ydolg dqg
hdv| lqihuhqfh iroorzv/ llll, dq hvwlpdwh ri wkh xqghuo|lqj sulfh lv jdlqhg1 Wkh

W
H0pdlo= vwmoCkkv1vh
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hvwlpdwruv lv frpsduhg e| d Prqwh Fduor vlpxodwlrq/ vkrzlqj wkdw wkh Ndopdq
�owhu lv pxfk pruh h!flhqw1 Ixuwkhu zh ghyhorsh d whvw0vwdwlvwlf wr xvhg wr
whvw li wkh sulfh dgmxvwphqw prgho lv d ydolg dssur{lpdwlrq ri wkh gdwd jhqhu0
dwlqj surfhvv/ l1h1 wkh/ xqnqrzq/ surfhvv zklfk jhqhudwhv wkh gdwd dqg d prgho
vkrxog/ dv idu dv srvvleoh/ plplf1

Wkh sursrvhg hvwlpdwru dqg whvw vwdwlvwlf duh h{hpsol�hg rq irxu plqru/ wkh
Qruglf h{fhsw Lfhodqg/ dqg rqh pdmru/ XV/ prqwko| vwrfn lqgh{hv1 Wkh uhvxowv
duh wkdw wkh sulfh dgmxvwphqw frh!flhqw duh vrphzkdw ohvv wkdq rqh iru doo
frxqwulhv h{fhsw Ghqpdun zklfk lv pxfk orzhu/ dowkrxjk lw lv rqo| Qruzd| dqg
Vzhghq wkdw duh qrw vljql�fdqwo| gl�huhqw iurp rqh1 D pruh zruu|lqj uhvxow
lv wkdw iru Ilqodqg/ Qruzd| dqg Vzhghq wkh whvw uhvxow lqglfdwhv wkdw wkh sulfh
dgmxvwphqw prgho lv qrw d ydolg prgho1

Lq zkdw iroorzv/ Vhfwlrq 5 glvfxvv wkh sulfh dgmxvwphqw prgho dqg Vhfwlrq 6
hvwlpdwlrq1 Whvwv ri wkh ydolglw| ri wkh prgho lv ghulyhg lq Vhfwlrq 7 zkloh wkh
hpslulfdo h{dpsoh lv lq Vhfwlrq 81 D frqfoxvlrq hqgv wkh sdshu

5 Sulfh dgmxvwphqw frh!flhqwv

Ohw wkh wuxh sulfh +ydoxh, dqg wkh revhuyhg sulfh eh ghqrwhg e| Y
w

dqg S
w

uhvshfwlyho|1 Wkh revhuyhg uhwxuqv lv U
w

@ S
w

� S
w�41 Lw lv riwhq dvvxphg

wkdw wkh wuxh sulfh iroorzv dq udqgrp zdon/ Y
w

@ Y
w�4

. y
w

1 Wkhq wkh sulfh
dgmxvwphqw prgho ri Dplkxg dqg Phqghovrq +4<;:, lv

U
w

@ S
w

� S
w�4 @ j4 +Yw � S

w�4, . x
w

+4,

Y
w

@ Y
w�4

. y
w

+5,

E| wkh frqvwudlqw 3 ? j4 ? 5> vwdwlrqdulw| ri U
w

lv lpsrvhg/ vhh Dplkxg dqg
Phqghovrq +4<;:, ru Olx hw do +4<<5,1 D ixoo dgmxvwphqw wr qhzv lv uhsuhvhqwhg
e| j

4
@ 4> dowkrxjk wkh wuxh sulfh lv revhuyhg zlwk huuru1 Li dovr �5

x

@ 3> wkh wuxh
dqg wkh revhuyhg sulfh frlqflgh/ d prgho riwhq xvhg iru whvwlqj wkh udqgrp zdon
k|srwkhvlv1 Wkh fdvh j

4
@ 3 jlyhv qr dgmxvwphqw dw doo1 Wkh uhjlrq 3 ? j

4
? 4

uhsuhvhqwv xqghu0uhdfwlrq dqg 4 ? j
4 ? 5 ryhu0uhdfwlrq1

Li q shulrgv uhwxuqv lv frqvlghuhg/ wkh prgho lv

U
w>q

@ S
w

� S
w�q

@ j
q

+Y
w

� S
w�q

, . x
w>q

+6,

Y
w

@ Y
w�q

. y
w>q

+7,

zkhuh wkh uhodwlrq ehwzhhq j
4
dqg j

q

lv/ vhh Wkhredog dqg \dooxs +4<<;,/

j
q

@ qj4 ^4 . +q� 4, j4`
�4 +8,

Iurp wklv lw lv hdvlo| vhhq wkdw j
q

$ 4 zkhq q $ 4> l1h1 hyhqwxdoo| wkhuh lv
d ixoo dgmxvwphqw wr wkh xqghuo|lqj sulfh1 Wkh frpsrqhqwv ri wkh yduldqfh ri
wkh uhwxuqv/ Y +U

w

,/ pd| eh jlyhq hfrqrplf lqwhusuhwdwlrqv/ vhh Dplkxg dqg
Phqghovrq +4<;:,/ Gdprgdudq dqg Olp +4<<4, dqg Gdprgdudq +4<<6,1

5



6 Hvwlpdwlrq

D vlpsoh hvwlpdwru ri wkh sulfh dgmxvwphqw prgho ri Dplkxg dqg Phqghovrq
+4<;:, zhuh suhvhqwhg e| Gdprgdudq dqg Olp +4<<4, dqg Gdprgdudq +4<<6,1
Odwhu Eulvoh| dqg Wkhredog +4<<9, fruuhfwhg d plqru huuru1 Lw zdv dvvxphg wkdw
l, wkh wuxh sulfh iroorzv dq udqgrp zdon/ ll, wkh qrlvh whupv ri wkh xqghuo|lqj
sulfh surfhvv dqg wkh revhuyhg sulfh surfhvv lv lqghshqghqw/ lll, j

q

$ 4 dv
q $ 41 Dv qrwhg deryh/ wkh wklug rqh lv qrw uho| dq dvvxpswlrq/ exw phuho|
dq frqvhtxhqfh ri wkh prgho1 E| wdnlqj d forvhu orrn dw wkh yduldqfh ri wkh q
dqg wkh n +A q, shulrg uhwxuqv dqg dvvxplqj wkdw j

n

@ 4/ j
q

pd| eh vroyhg iru/

j
q

@
5Y +U

w>q

, @q. 5Fry +U
w>n

> U
w>n�4

, @q

Y +U
w>q

, @q. Y +U
w>n

, @n . 5Fry +U
w>n

> U
w>n�4

, @n
+9,

Frpprq fkrlfhv ri n lv 8> 43 dqg 53= Reylrxvo|/ wkh qhhg iru d fkrlfh ri n lv d
gudzedfn ri wklv hvwlpdwru1 Wkh yduldqfh dqg wkh fryduldqfh duh hvwlpdwhg e|
wkh qrq0ryhuodsslqj hvwlpdwruv

Y +U
w>q

, @
4

+W@q� 4,

W@q[
w@4

�
U
w>q

� �U
q

�
5

+:,

Fry +U
w>n

> U
w>n�4

, @
4

+w@n � 5,

W@n[
w@5

�
U
w>n

� �U
n

� �
U
w>n�4

� �U
n

�
+;,

zkhuh �U
q

dqg �U
n

duh wkh phdqv ri q dqg n shulrgv uhwxuqv uhvshfwlyho|1
Uhfrjql}lqj wkdw +5, dqg +7, lv d vwdwh vsdfh irup/ hvwlpdwlrq lv hdvlo| grqh

zlwk Ndopdq �owhu/ vhh Kduyh| +4<;<,1 Rqh ri wkh dvvxpswlrqv ri hvwlpdwlrq
zlwk Ndopdq �owhuv lv wkdw wkh glvwxuedqfhv duh pxowlyduldwh qrupdo glvwulexwhg1
Li wklv lv wuxh wkhq wkh Ndopdq �owhu lv dv|pswrwlf h!flhqw/ lw dfklhyhv wkh
Fudpìu0Udr orzhu erxqg zkhq wkh vdpsoh vl}h jurzv wr lq�qlw|/ l1h1 qr rwkhu
hvwlpdwru frxog kdyh orzhu yduldqfh/ vhh h1j1 Kduyh| +4<;<,1 Hyhq zkhq wkh qru0
pdolw| frqglwlrqv idlov/ vrph rswlpdolw| surshuwlhv vwloo krogv/ vhh Zklwh +4<;5,1
Rwkhu dgydqwdjhv duh wkdw dq hvwlpdwh ri Y

w

hyroyhv dqg wkdw x
w

dqg y
w

pd| eh
ghshqghqw1

Wdeoh 4 lq khuh

Lq Wdeoh 4/ d vlpxodwlrq vwxg| lv glvsod|hg1 Wzr vdpsoh vl}hv +W @ 833>
4333, duh xvhg1 Zkhq jhqhudwlqj gdwd/ W . 433 revhuydwlrqv duh jhqhudwhg
dqg wkh �uvw 433 lv glvfdughg wr jdlq vwdwlrqdulw| ri wkh gdwd1 Wr lqyhvwljdwh li
wkh shuirupdqfh ri wkh hvwlpdwruv duh vhqvlwlyh wr j

4
> d julg ri ydoxhv lv xvhg/

j
4 @ +3=83> 3=:8> = = = > 4=83,= Wkh qxpehu ri uhsolfdwhv lv 4333 dqg wkh hydoxd0
wlrq fulwhuld duh eldv dqg phdq vtxduhg huuru +PVH,1 Wkh surjudp xvhg lv
Jdxvv1 Wkh uhvxowv duh wkdw/ iru wkh Ndopdq �owhu/ wkh eldv dqgPVH ghfuhdvhv
vljql�fdqwo| zlwk j

4 dqg vdpsoh vl}h1 Iru doo n frqvlghuhg duh eldv dqg PVH
pxfk odujhu dqg lqfuhdvh/ lq devroxwh ydoxh/ zlwk n1 H1j1 frqvlghu j

4
@ 4 dqg
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W @ 833> wkh eldv ri wkh Ndopdq �owhu lv 3136 zkloh iru wkh rwkhu hvwlpdwruv lw
lv 3147/ 4147 dqg 4518 iru n @ 8> 43> 53/ lqghhg d odujh gl�huhqfh1

Rqh uhdvrq iru wkh kljk PVH ri wkh Gdprgdudq hvwlpdwru lv wkdw lw lv d
ixqfwlrq ri vhfrqg rughu prphqwv/ khqfh wkh yduldqfh lv d ixqfwlrq ri irxuwk
rughu prphqwv1 Wklv kljk yduldelolw| dovr dssolhv rwkhu hvwlpdwruv ri wklv w|sh/
h1j1 wkh yduldqfh udwlr1

Wdeoh 5 lq khuh

Wkh vl}h dqg srzhu ri wkh w�whvw ri wkh k|srwkhvlv j
4
@ 4 kdyh dovr ehhq

lqyhvwljdwhg/ vhh Wdeoh 51 Wkh Prqwh Fduor vhwxs lv dv deryh1 Wkh whvw lv
ryhuvl}hg exw rqo| pdujlqdoo| iru wkh odujhu vdpsoh vl}h1 Wkh srzhu lqfuhdvh
zlwk vdpsoh vl}h exw rqo| voljkwo| dqg wkh srzhu lv pxfk ehwwhu iru wkh kljkhu
ydoxhv ri j

4 wkdq iru wkh orzhu1
Lw vkrxog eh qrwhg wkdw Olx hw do +4<<5, xvh dq DUPD+4/4, prgho wr hvwlpdwh

j4= Xvlqj dq DUPD+4/4, zrxog jlyh uhvxowv forvh wr Ndopdq �owhu/ ghshqglqj
rq wkh fkrlfh ri hvwlpdwlrq phwkrg1 Wkh JPP hvwlpdwru ghulyhg e| Vçiyhq0
eodg +4<<:, dovr vx�huv iurp d fkrlfh ri d wuxqfdwlrq sdudphwhu n1 Kh uhsruwv
uhvxowv iru wkh JPP hvwlpdwru wkdw olh ehwzhhq wkh Ndopdq �owhu dqg wkh e|
Gdprgdudq dqg Olp +4<<4, dqg Gdprgdudq +4<<6, sursrvhg rqh1

7 Whvwlqj wkh dghtxdf| ri wkh prgho

Li wkh Dplkxg dqg Phqghovrq*v +4<;:, prgho lv fruuhfw wkhq wkh uhodwlrq lq
htxdwlrq +8, zrxog krog1 Whvwlqj wklv zlwk wkh uhvxow wkdw wkh qxoo lv uhmhfwhg
pxvw eh lqwhusuhwhg lq wkh vhqvh wkdw wkh gdwd jhqhudwlqj surfhvv iru wkh uhwxuqv
lv qrw zhoo dssur{lpdwhg e| wklv prgho1 Lw lv srvvleoh wr ghulyh d whvw xvlqj
vwdqgdug dv|pswrwlf wkhru|/ vhh h1j1 Fdvhood dqg Ehujhu +4<<3, ss1 65;06641
Ohw wkh ixqfwlrq ri lqwhuhvw eh

i +aj
4
> aj
q

, @ aj
q

� qaj
4
^4 . +q� 4, aj

4
`�4 +<,

D �uvw rughu Wd|oru h{sdqvlrq |lhogv

i +aj
4
> aj
q

, @ i +j
4
> j
q

, . i 3
4
+j
4
> j
q

, +aj
4
� j

4
,

.i 3
q

+j4> jq, +ajq � j
q

, .Uhpdlqghu +43,

zkhuh i 3 +j4> jq, lv wkh ghudwlyh ri i +j4> jq,1 Wdnlqj h{shfwdwlrqv/ zkloh ljqrulqj
wkh uhpdlqghu/ jlyhv

Hi +aj4> ajq, � i +j4> jq, .Hi 3
4
+j4> jq, +aj4 � j4,

.Hi 3
q

+j
4
> j
q

, +aj
q

� j
q

, +44,

@ i +j4> jq, +45,
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zkhuh H ghqrwhv wkh h{shfwdwlrqv rshudwru1 Wkh yduldqfh pd| eh dssur{lpdwhg
e|

Y +i +aj
4
> aj
q

,, � H +i +aj
4
> aj
q

,� i +j
4
> j
q

,,5

� +i 3
4
+j4> jq, +aj4 � j4, . i 3

q

+j4> jq, +ajq � j
q

,,
5

@ i 3
4
+j4> jq,

5 Y +aj4, . i 3
q

+j4> jq,
5 Y +aj

q

,

.5i 3
4
+j
4
> j
q

, i 3
q

+j
4
> j
q

,Fry +aj
4
> aj
q

, +46,

Vxevwlwxwlqj lq wkh ghudwlyhv |lhogv

Y +i +aj4> ajq,, @

%
q

+4 . j4q� j4,
5

&
5

Y +aj4,

.Y +aj
q

,� 5
q

+4 . j4q� j4,
5
Fry +aj4> ajq, +47,

Wkh whvw vwdwlvwlf lv wkh xvxdo

}
q

@
i +aj

4
> aj
q

,s
Y +i +aj4> ajq,,

+48,

zklfk lv dv|pswrwlfdoo| vwdqgdug Jdxvvldq glvwulexwhg xqghu wkh qxoo1
Dv|pswrwlf hvwlpdwhv ri Y +aj4, dqg Y +aj

q

, pd| eh jdlqhg e| hvwlpdwlqj
htxdwlrqv +5, dqg +7,1 Lw uhpdlqv wr hvwlpdwh Fry +aj

4
> aj
q

, = E| xvlqj d errwvwuds
dssurdfk lw lv srvvleoh wr hvwlpdwh Y +aj

4, > Y +aj
q

, dqg Fry +aj4> ajq, > vhh Hiurq dqg
Wlevkludql +4<<6, iru d glvfxvvlrq ri errwvwuds lq jhqhudo1 Wkh errwvwudsslqj
vfkhph lv

41 Hvwlpdwh htxdwlrq +5, rq wkh gdwd ri ohqjwk W=

51 Zlwk wkh sdudphwhu hvwlpdwhv iurp 4/ jhqhudwh E qxpehu ri wlph vhulhv
ri ohqjwk W 1

61 Iru hdfk ri wkh E wlph vhulhv hvwlpdwh erwk +5, dqg +7, dqg vdyh aj
4
dqg

aj
q

=

71 Xvlqj wkh E aj
4
dqg aj

q

/ hvwlpdwh Y +aj
4
, > Y +aj

q

, dqg Fry +aj
4
> aj
q

, =

81 Hvwlpdwh wkh whvw vwdwlvwlf/ a}
q

> xvlqj +48, =

91 Li wkh devroxwh ydoxh ri a}
q

lv juhdwhu wkdq 41<9 +iru d whvw rq wkh 8( ohyho,/
uhmhfw wkh qxoo1

D fkrlfh ri q lv qhhghg1 D wr odujh qxpehu ri q uhgxfhv wkh vdpsoh vl}h wr
pxfk zlwk lqfuhdvhg xqfhuwdlqw| ri aj

q

dv d frqvhtxhqfh/ vr q @ 5 lv fkrvhq1
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8 Hpslulfdo h{dpsoh

Gdwd duh prqwko| vwrfn lqgh{ iru Ghqpdun +Frs1 VH,/ Ilqodqg +KH[,/ Qruzd|
+Qruzd| Vkduh Sulfhv2Wrwdo lqgh{,/ Vzhghq +DIJ[, dqg XV +V)S833, udqjlqj
iurp Mdqxdu| 4<8: wr Vhswhpehu 4<<9/ l1h1 wkhuh duh 7:: revhuydwlrqv rq hdfk
lqgh{1 Wkh gdwd vrxufh lv wkh gdwdedvh HfrZlq1 Wkh gdwd lv wudqviruphg e|
�uvw wdnlqj wkh orjdulwkp dqg wkhq wkh �uvw gl�huhqfh1 Dv wkh sulfh dgmxvwphqw
prgho grhv qrw doorz iru guliw/ wkh uhwxuqv duh phdq dgmxvwhg1 D qhz sulfh
lqgh{ vhulhv lv ghulyhg e| wkh fxpxodwlyh vxp ri wkh phdq dgmxvwhg uhwxuqv1

Wdeoh 6 lq khuh

Lq Wdeoh +6, wkh uhvxowv ri wkh hpslulfdo dqdo|vlv duh glvsod|hg1 Errwvwudsshg
ydoxhv ri Y +aj

4
, > Y +aj

5
, dqg Fry +aj

4
> aj

5
, duh jdlqhg e| wkh dssurdfk ghvfulehg

deryh xvlqj 833 errwvwuds uhsolfdwhv1 Wkh errwvwudsshg ydoxhv pd| eh vhhq dv
vpdoo vdpsoh hvwlpdwhv1 Wkh dv|pswrwlf vwdqgdug huuruv gr qrw/ iru wklv vdpsoh
vl}h dqg prvw frxqwulhv/ fruuhvsrqgv zhoo wr wkh vpdoo vdpsoh1 Wklv lpsolhv
wkdw iru ydolg lqihuhqfh rqh vkrxog qrw xvh wkh dv|pswrwlf vwdqgdug huuruv hyhq
iru vxfk odujh vdpsohv dv lq wklv fdvh1 Qrwh wkdw wkh fryduldqfhv duh uhodwlyho|
vpdoo1 Iru hyhu| frxqwu|/ h{fhsw Qruzd|/ wkh k|srwkhvlv j

4 @ 4 lv uhmhfwhg1
Wklv lqglfdwh wkdw wkh pdunhw gr qrw lpphgldwho| dgmxvw wr qhz lqirupdwlrq1
D pruh vwulnlqj ihdwxuh lv wkdw dowkrxjk wkh prgho suhglfwv wkdw j

5
A j

4
> wklv

lv rqo| wuxh iru Ghqpdun1 Zlwk wklv uhvxow lq plqg lw lv qrw vxusulvlqj wkdw wkh
}
5
whvw lqglfdwhv wkdw wkh sulfh dgmxvwphqw prgho lv qrw ydolg iru wkuhh rxw ri

wkh �yh vhulhv lqyhvwljdwhg/ khqfh/ rwkhu prghov vkrxog eh vhdufk iru1

9 Frqfoxvlrq
Wkh sulfh dgmxvwphqw prgho ri Dplkxg dqg Phqghovrq +4<;:, kdv suhylrxvo|
ehhq hvwlpdwhg e| lqh!flhqw phwkrgv1 Lq wklv sdshu dq h!flhqw hvwlpdwru lv
sursrvhg e| xvlqj wkh Ndopdq �owhu1 D prqwh Fduor vlpxodwlrq lqglfdwhv wkdw
wkh Ndopdq �owhu lv pxfk ehwwhu/ lq whupv ri eldv dqg PVH/ wkdq suhylrxv
phwkrgv1 Ixuwkhu/ d whvw iru wkh ydolglw| ri wkh prgho lv sursrvhg dqg lwv
dv|pswrwlf glvwulexwlrq lv ghulyhg1 Xvlqj gdwd iurp irxu plqru dqg rqh pd0
mru vwrfn pdunhw wkh uhvxowv duh wkdw wkh pdunhw hlwkhu lv qrw ixoo| h!flhqw ru
wkdw wkh sulfh dgmxvwphqw prgho lv qrw d ydolg prgho wr dssur{lpdwh wkh gdwd
jhqhudwlqj surfhvv1

Dfnqrzohgjhphqwv

Frpphqwv iurp Mrqdv Dqghuvvrq dqg �qdqfldo vxssruw iurp wkh Wruh Eurzdogkv
Irxqgdwlrq iru Vflhqwl�f Uhvhdufk dqg Hgxfdwlrq lv judwhixoo| dfnqrzohgjhg1
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Uhihuhqfhv
Dplkxg/ \1 dqg K1 Phqghovrq/ 4<;:/ Wudglqj phfkdqlvp dqg vwrfn uhwxuqv= Dq

hpslulfdo lqyhvwljdwlrq/ Mrxuqdo ri Ilqdqfh 75/ 86608861

Eulvoh|/ Q1 dqg P1 Wkhredog/ 4<<9/ D vlpsoh phdvxuh ri sulfh dgmxvwphqw frh!0
flhqwv= D fruuhfwlrq/ Mrxuqdo ri Ilqdqfh 84/ 6;406;51

Fdvhood/ J1 dqg U1O1 Ehujhu/ 4<<3/ Vwdwlvwlfdo lqihuhqfh/ Gx{exu| Suhvv/ Ehoprqw/
Fdoliruqld1

Gdprgdudq/ D1/ 4<<6/ D vlpsoh phdvxuh ri sulfh dgmxvwphqw frh!flhqwv/ Mrxuqdo
ri Ilqdqfh 7;/ 6;:07331

Gdprgdudq/ D1 dqg M1 Olp/ 4<<4/ Wkh h�hfw ri rswlrq olvwlqj rq wkh xqghuo|lqj
vwrfnv* uhwxuq surfhvvhv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 48/ 97:09971

Hiurq/ E1 dqg U1M1 Wlevkludql/ 4<<6/ Dq lqwurgxfwlrq wr wkh errwvwuds1 Fkdspdq
) Kdoo/ Qhz \run1

Kduyh|/ D1F1/ 4<;</ Iruhfdvwlqj/ vwuxfwxudo wlph vhulhv prghov dqg wkh Ndopdq
�owhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Olx/ V0P1/ V1 Wkrpsvrq/ dqg S1 Qhzerog/ 4<<5/ Lpsdfw ri wkh sulfh dgmxvwphqw
surfhvv dqg wudglqj qrlvh rq uhwxuq sdwwhuqv ri judlq ixwxuhv/ Mrxuqdo ri Ixwxuhv
Pdunhwv 45/ 8:808;81

Vçiyhqeodg/ S1/ 4<<:/ Rq wkh Gdprgdudq hvwlpdwru ri sulfh dgxvwphqw frh!flhqwv/
Zrunlqj Sdshu lq Hfrqrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv 53;1

Wkhredog/ P1 dqg S1 \dooxs/ 4<<;/ Phdvxulqj fdvk0ixwxuhv whpsrudo h�hfwv lq wkh
XN xvlqj sduwldo dgmxvwphqw idfwruv/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 55/ 5540
5761

Zklwh/ K1/ 4<;5/ Pd{lpxp olnholkrrg hvwlpdwlrq ri plvvshfl�hg prghov/ Hfrqr0
phwulfd 83/ 40581

:



Wdeoh 4= Eldv dqg phdq vtxduhg huuru ri j
4

jNI jG
n@8

jG
n@43

jG
n@53

W j
4

Eldv PVH Eldv PVH Eldv PVH Eldv PVH
833 3=83 031364< 31458 31753 316:< 31464 514; 04173 651:

3=:8 03137<4 313;;7 3145: 314<9 0313<95 4197 04157 5413
4=33 03134<3 3135;; 0313869 3146; 031548 4147 04136 4518
4=58 03133<;; 313434 0314<3 3145: 031633 31:8: 031;84 91<8
4=83 03133:3< 3133746 03165< 31499 0316:6 317<4 031:44 6177

4333 3=83 03137;5 31454 31789 315<: 315;3 413: 0316:< 4314
3=:8 0313559 313889 3148; 31438 3134;: 31:94 0317;7 :14:
4=33 03133;<6 313483 03135;8 313946 031464 31876 0317<9 719;
4=58 031337:8 3133877 0314:5 313:43 031573 316;6 0317<4 51:;
4=83 031335;8 3133547 03164; 3145; 031666 315;5 0317<3 4178

Wdeoh 5= Vl}h dqg srzhu ir wkh whvw j4 @ 4

j
4

W 3=83 3=:8 4=33 4=58 4=83
833 317;: 3167: 313<58 31979 31<<4
4333 317<< 31688 313:58 31<34 31<<;

Wdeoh 6= Hpslulfdo uhvxowv xvlqj prqwko|vwrfn sulfh lqgh{hv iru wkh shulrg 8:340
<93<1 lqgh{

aj
4

aj
5

Fry +aj
4
> aj

5
, }

5

Ghqpdun 3=487�

+3=3889,
^3=485`

3=657�

+3=448,
^3=4;8`

3=3479 3=5::

Ilqodqg 3=:57�

+3=3779,
^3=3<77`

3=53:�

+3=3<;;,
^3=4;5`

3=334:3 �6=6;�

Qruzd| 3=;89
+3=3793,
^3=4<6`

3=567�

+3=585,
^3=5<8`

3=33669 �5=55�

Vzhghq 3=;6;
+3=3788,
^3=489`

3=33<9<�

+3=3449,
^3=594`

�3=333;3< �6=56�

XV 3=:548�

+3=3775,
^3=3<<3`

3=988�

+3=595,
^3=4:;`

3=336565 �4=36

Vwdqgdug huuruv ehorz/ +, ghqrwhv dv|pswrwlf rqhv dqg
^` errwvwudsshg1 D � ghqrwhv vljql�fdqw uhvxow/ dw wkh 8(
ohyho/ zkhq xvlqj errwvwudsshg ydoxhv1

;


