
Wkh Klhudufklfdo Wuhqg Prgho iru Uhdo Hvwdwh Ydoxdwlrq dqgSulfh Lqglfhv
e|

Pduf N1 Iudqfnh +pniudqfnhCz{v1qo, dqg J1D1Yrv +jmdyrvCihh1xyd1qo,
Yulmh Xqlyhuvlwhlw Dpvwhugdp/
Xqlyhuvlw| ri Dpvwhugdp

Devwudfw
Wklv duwlfoh suhvhqwv d Klhudufklfdo Wuhqg Prgho iru vhoolqj sulfhv ri krxvhv/ dgguhvvlqj
wzr pdlq sureohpv= wkh vsdwldo dqg whpsrudo ghshqghqfh ri vhoolqj sulfhv1 Lq wklv prgho
foxvwhu0ohyho wuhqgv/ d jhqhudo wuhqg/ dqg vshfl�f fkdudfwhulvwlfv sod| d uroh1 Lq wklv vhw0
xs hyhu| foxvwhu/ d frpelqdwlrq ri qhljkerxukrrg dqg krxvh w|sh/ kdv klv rzq sulfh
ghyhorsphqw1

Wklv g|qdplf khgrqlf prgho lv xvhg iru uhdo hvwdwh ydoxdwlrq/ dqg iru ghwhuplqlqj
orfdo sulfh lqglfhv1 Wzr dssolfdwlrqv duh surylghg/ rqh iru wkh Euhgd uhjlrq/ dqg rqh iru
wkh Dpvwhugdp uhjlrq1 Iru wkhvh uhjlrqv sulfh lqglfhv edvhg rq zhljkwhg phgldq vhoolqj
sulfhv duh frpsduhg zlwk wkh txdolw| dgmxvwhg sulfh lqglfhv iurp wkh Klhudufklfdo Wuhqg
Prgho1 Lw lv vkrzq iru erwk krxvlqj pdunhw uhjlrqv wkdw wkh khgrqlf dssurdfk surgxfhv
sulfh lqglfhv wkdw duh pruh dffxudwh/ ghwdlohg/ dqg pruh xs0wr0gdwh1
4 LQWURGXFWLRQ
Wklv duwlfoh frqfhuqv wkh prgholqj ri vhoolqj sulfhv ri krxvhv1 D khgrqlf sulfh prgho lv
suhvhqwhg/ ghyhorshg iru wkh ghwhuplqdwlrq ri uhdo hvwdwh wd{hv lq Dpvwhugdp1 Ehvlghv wkh
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vl}h/ dqg wkh orfdwlrq ri wkh krxvh/ lq d wlph ri udslg sulfh pryhphqwv wkh vhoolqj gdwh lv dq
lpsruwdqw fkdudfwhulvwlf wr h{sodlq vhoolqj sulfhv1 D Klhudufklfdo Wuhqg Prgho +KWP, lv
suhvhqwhg/ dgguhvvlqj wzr pdlq sureohpv= wkh vsdwldo dqg whpsrudo ghshqghqfh ri vhoolqj
sulfhv1 Lq wklv khgrqlf sulfh prgho foxvwhu0ohyho wuhqgv/ d jhqhudo wuhqg/ dqg vshfl�f
fkdudfwhulvwlfv sod| d uroh1 Wrjhwkhu zlwk wkh lq xhqfh ri wkh vshfl�f fkdudfwhulvwlfv wkhvh
wuhqgv duh hvwlpdwhg zlwklq wkh KWP1 Wkh foxvwhu0ohyho wuhqgv duh vshfl�hg dv ghyldwlrqv
iurp wkh jhqhudo wuhqg1 Wkh jhqhudo/ dqg foxvwhu0ohyho wuhqgv duh prghoohg dv vwrfkdvwlf
wuhqgv/ vr qr d sulrul vwuxfwxuh lv dvvxphg1 Wkh foxvwhuv/ ru pdunhw vhjphqwv fdq eh
gh�qhg e| iru h{dpsoh qhljkerukrrgv/ dqg gzhoolqj w|shv1 Lq wklv vhw0xs lw lv srvvleoh
wkdw hyhu| pdunhw vhjphqw kdv d gl�huhqw sulfh ghyhorsphqw1

Vhfwlrqv 5 0 8 frqfhuq prgho vshfl�fdwlrq1 Lq vhfwlrq 5 wkh ixqfwlrqdo irup ri wkh
ghshqghqw yduldeoh lv prwlydwhg1 Lq vhfwlrq 6 wkh fkrlfh ri wkh ixqfwlrqdo irup ri vrph
ri wkh h{sodqdwru| yduldeohv/ olnh orw dqg krxvh vl}h/ lv glvfxvvhg1 Vhfwlrq 7 dggv wkh
vsdwldo prgho frpsrqhqw1 Lq vhfwlrq 8 wkh �qdo KWP lv surylghg/ lqfoxglqj wkh whpsrudo
frpsrqhqw1

Wklv prgho fdq eh xvhg iru uhdo hvwdwh ydoxdwlrq1 Jlyhq wkh fkdudfwhulvwlfv ri wkh krxvh
wkh prgho lv deoh wr surgxfh ydoxhv iru doo wlph srlqwv lq wkh wlph shulrg frqvlghuhg1 Dw
wklv prphqw wklv prgho lv rshudwlrqdo lq Dpvwhugdp iru wkh ghwhuplqdwlrq ri uhdo hvwdwh
wd{hv1

Dqrwkhu dssolfdwlrq lv surylghg e| wkh ghwhuplqdwlrq ri sulfh lqglfhv1 Fkdqjhv lq wkh
ohyhov ri vhoolqj sulfhv fdq eh fdxvhg e| fkdqjhv lq wkh xqghuo|lqj fkdudfwhulvwlfv ri wkh
krxvhv1 Iru wklv uhdvrq vhoolqj sulfh ohyhov lq rqh shulrg fdqqrw eh gluhfwo| frpsduhg zlwk
vhoolqj sulfh ohyhov lq dqrwkhu shulrg/ exw wkh ohyhov pxvw eh dgmxvwhg iru gl�huhqfhv lq
krxvh fkdudfwhulvwlfv1 Lw lv vkrzq wkdw wkh hvwlpdwhg wuhqgv iurp wkh KWP surylgh wkh
fruuhfw phdvxuhphqw ri krxvh sulfh pryhphqwv/ dqg ohyhov ryhu wlph1

Lq wklv duwlfoh wkh KWP lv hvwlpdwhg rq wzr gdwdvhwv ryhu wkh shulrg 4<;804<<</ erwk
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iurp wkh Gxwfk Eurnhu Rujdql}dwlrq +QYP,1 Wkh �uvw gdwdvhw frqwdlqv vhoolqj sulfhv iru
wkh Euhgd uhjlrq/ wkh vhfrqg gdwdedvh vhoolqj sulfhv iru wkh Dpvwhugdp uhjlrq41 Vhfwlrq
9 surylghv d eulhi ghvfulswlrq ri erwk gdwdvhwv1

Vhfwlrq : surylghv vrph prgho uhvxowv iru wkh Euhgd uhjlrq1 Lq vhfwlrq ; sulfh lqglfhv
duh vkrzq iru erwk wkh Euhgd dqg Dpvwhugdp uhjlrq1 Wkh lqglfhv surgxfhg e| wkh KWP
duh frpsduhg zlwk lqglfhv iurp dq riwhq0xvhg phwkrg wkdw vlpso| frqvlvwv ri wdnlqj
dyhudjhv/ ru phgldqv iru hyhu| foxvwhu1 Lw lv vkrzq wkdw wkh khgrqlf dssurdfk surgxfhv
sulfh lqglfhv wkdw duh pruh dffxudwh/ ghwdlohg/ dqg pruh xs0wr0gdwh1 Iru erwk phwkrgv
vwdqgdug ghyldwlrqv duh frpsduhg iru sulfh lqglfhv iru wkh uhjlrq dv d zkroh dv zhoo dv
shu qhljkerukrrg/ dqg krxvh w|sh zlwklq wkh uhjlrq/ erwk rq d prqwko|/ txduwhuo|/ dqg d
|hduo| edvlv1 Vhfwlrq < frqfoxghv zlwk wkh nh| uhvxowv1
5 GHSHQGHQW YDULDEOH
Lq wklv vhfwlrq d prwlydwlrq lv surylghg iru wkh vshfl�fdwlrq ri wkh ghshqghqw yduldeoh1 Wkh
ghshqghqw yduldeoh lv wkh vhoolqj sulfh/ ru d wudqvirupdwlrq ri wkh vhoolqj sulfh1 H{dpsohv
ri wudqvirupdwlrqv duh wkh vtxduh urrw/ dqg wkh qdwxudo orjdulwkp ri wkh vhoolqj sulfh1
Wkh Er{0Fr{ phwkrg lv riwhq xvhg dv d jxlgholqh wr fkrrvh d vshfl�f wudqvirupdwlrq/ vhh
iru h{dpsoh Kdoyruvhq dqg Sroodzvnl +4<:<,1 Ohw \l ghqrwh wkh vhoolqj sulfh ri vdoh l iru
l @ 4> = = = > q1 Wkh Er{0Fr{ wudqvirupdwlrq lv jlyhq e|

\l+�, @ +\l,� � 4� =
Iru � @ 4/ wkh ghshqghqw yduldeoh lv wkh vhoolqj sulfh/ iru � @ 45 / wkh ghshqghqw yduldeoh lvwkh vtxduh urrw ri wkh vhoolqj sulfh/ dqg iru � $ 3/ wkh ghshqghqw yduldeoh lv wkh qdwxudo
orjdulwkp ri wkh vhoolqj sulfh1 Lq jhqhudo � lv xqnqrzq/ dqg dorqj zlwk wkh frh!flhqwv ri

4Wklv lv dqrwkhu gdwdedvh dv lv xvhg iru wkh ghwhuplqdwlrq ri uhdo hvwdwh wd{hv1 Wkh odvw gdedvh frqvlvwv
ri doo vhoolqj sulfhv ri Dpvwhugdp rqo|1 Wkh QYP gdwdedvh frqvlvwv ri vhoolqj sulfhv iru wkh Dpvwhugdp
uhjlrq/ lqfoxglqj d ihz rwkhu flwlhv1 Wkh QYP kdv d pdunhw vkduh ri dssur{lpdwho| 93(1
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wkh h{sodqdwru| yduldeohv/ lw qhhgv wr eh hvwlpdwhg1
Zh glg qrw xvh wkh Er{0Fr{ dqdo|vlv wr fkrrvh d wudqvirupdwlrq1 Zh xvh wkh qdwxudo

orjdulwkp ri wkh vhoolqj sulfh dv ghshqghqw yduldeoh1 Wkh uhdvrq iru wklv wkdw zh dvvxph
wkdw yduldeohv iru qhljkerukrrgv dqg wuhqgv/ zrun lq d pxowlsolfdwlyh zd| rq wkh vl}h
ri wkh krxvh/ vhh vhfwlrq 61 Dqrwkhu uhdvrq iru wklv lv wkdw rxu jrdo lv wr plqlpl}h wkh
uhodwlyh vwdqgdug ghyldwlrq1 Wklv fdq dovr eh grqh lq wkh pruh jhqhudo fdvhv ri d Er{0Fr{
wudqvirupdwlrq/ exw wkdw lv pruh frpsoh{ wr hydoxdwh1 Dq dgglwlrqdo dvvxpswlrq ri wkh
qdwxudo orjdulwkp lv wkdw wkh huuru whupv kdyh d orjqrupdo ghqvlw|/ wkdw fdq eh fkhfnhg
e| hydoxdwlqj wkh uhvlgxdov1

Ohw |l ghqrwh wkh qdwxudo orjdulwkp ri \l/ vr |l @ oq\l1 Lw lv dvvxphg wkdw doo vhoolqj
sulfhv \l A 31 Wkh prgho lv jlyhq e|

| @ [� . %> +4,
dqg % � Q+3> �5Lq,1

Ehfdxvh ri wkh orjdulwkplf vshfl�fdwlrq ri wkh ghshqghqw yduldeoh/ wkh vwdqgdug gh0
yldwlrq fdq eh lqwhusuhwhg dv d uhodwlyh vwdqgdug ghyldwlrq1 Ohw h ghqrwh wkh yhfwru ri
uhvlgxdov/ vr h @ | �[e�/ zlwk e� wkh Ruglqdu| Ohdvw Vtxduhv +ROV, hvwlpdwru ri �1 Ohw
Pl ghqrwh wkh prgho ydoxh/ vr Pl @ h{s+[le�,/ wkhq

|l �[le� @ oq\l � oqPl @ oq+4 . \l �PlPl , � \l �PlPl >
gxh wr wkh idfw wkdw oq+4 . %, * %/ iru vpdoo %1 Li wkh uhvlgxdov duh qrw wrr elj/ wkh|
fdq eh lqwhusuhwhg dv uhodwlyh huuruv/ vr wkh vwdqgdug ghyldwlrq iurp wkh uhvlgxdov fdq eh
lqwhusuhwhg dv d uhodwlyh vwdqgdug ghyldwlrq1

Lq wkh vwdqgdug olqhdu prgho wkh uhvlgxdo vxp ri vtxduhv/ dqg khqfh wkh vwdqgdug
ghyldwlrq lv plqlpl}hg1 Wklv phdqv wkdw lq wkh orjdulwkplf vshfl�fdwlrq ri wkh ghshqghqw
yduldeoh wkh uhodwlyh huuruv +\ �P,@P duh dssur{lpdwho| plqlpl}hg1 Li wkh ghshqghqw
yduldeoh lv wkh vhoolqj sulfh/ wkh devroxwh huuruv +\ �P, duh plqlpl}hg1 Lq wkh �uvw fdvh
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dq huuru ri Â431333 rq d vhoolqj sulfh ri Â4331333 kdv d juhdwhu lpsdfw rq wkh vwdqgdug
ghyldwlrq wkdq dq huuru ri Â431333 rq d vhoolqj sulfh ri Â4133313331 Lq wkh odvw fdvh erwk
huuruv kdyh wkh vdph lpsdfw rq wkh vwdqgdug ghyldwlrq ri wkh uhvlgxdov1

Lq +4,/ H k|l �[le�m|> �5l @ 31 Wkh yduldqfh lv jlyhq e| ydu+|l�[le�m|> �5, @ � l> zlwk
� l @ [lydu+e�,[ 3l . �5/ dqg ydu+e�, @ �5+[3[,�41 Wkh h{srqhqw ri wkh prgho uhvlgxdov
duh ri lqwhuhvw1 Wkh h{shfwdwlrq/ dqg yduldqfh duh jlyhq e|5

H kh{sq|l �[le�r m|> �5l @ h{s +� l@5, >
ydu �h{sq|l �[le�r m|> �5� @ h{s � l +h{s � l � 4, >

Hyhq lq wkh fdvh wkdw ydu+e�, @ 3/ wkh h{shfwdwlrq lv juhdwhu wkdq 4/ ehfdxvh lq jhqhudo �5
lv qrw }hur1 Iru h{dpsoh/ li � @ 3=48/ �5 @ 3=3558/ dqg h{s��5@5� * 4=341 Vr/ d vwdqgdug
ghyldwlrq ri 3=48 ohdgv wr ryhu ydoxdwlrq ri derxw 4 shufhqw1 Vr/ lq rughu wr rewdlq dq
h{shfwhg ydoxh ri 4/ iru wkh udwlr ehwzhhq dfwxdo dqg prgho ydoxh doo prgho ydoxhv fdq eh
fruuhfwhg e| d idfwru h{s +�� l@5,1
6 PXOWLSOLFDWLYH2DGGLWLYH PRGHO
614 Prgho vshfl�fdwlrq
Wkh lqwhuqdo  rruvsdfh lv dq lpsruwdqw fkdudfwhulvwlf iru h{sodlqlqj wkh vhoolqj sulfh ri
d gzhoolqj1 Li wkh qdwxudo orj ri wkh vhoolqj sulfh lv xvhg dv ghshqghqw yduldeoh/ dqg wkh
qdwxudo orj ri wkh lqwhuqdo  rruvsdfh +{4, dv lqghshqghqw yduldeoh/ wkhq

| @ �4 oq{4 . ]� . %>
zlwk } wkh rwkhu h{sodqdwru| yduldeohv1 Lq wklv vshfl�fdwlrq dq lqfuhdvh ri {4 e| 4 shufhqw/
zloo uhvxow lq dq lqfuhdvh ri \ ri dssur{lpdwho| �4 shufhqw1 Lw lv h{shfwhg wkdw �4 ? 4/ vr
wkh ydoxh zloo eh ohvv wkdq sursruwlrqdo zlwk wkh lqwhuqdo  rruvsdfh1

5 Lq jhqhudo/ li + ; � E>c j2� dqg t ' i TE+�/ wkhq . dt o ' i T �>n j2*2�/ dqg �@o Et � '
i TE2> n j2� �i Tj2 3 ��1 Vr/ lq + wkh h{shfwdwlrq dqg prgh frlqflgh/ lq t wkh prgh lv vpdoohu wkdq
wkh h{shfwdwlrq1
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Dqrwkhu lpsruwdqw fkdudfwhulvwlf lv wkh orw vl}h +{5,1 Li wkh qdwxudo orj ri wkh orw vl}h
lv dgghg dv lqghshqghqw yduldeoh/ wkhq

\ @ {4�4{5�5 h{s+]� . %,=
Vr/ lq wklv h{dpsoh +d srzhu ri, wkh lqwhuqdo  rruvsdfh lv pxowlsolhg e| +d srzhu ri, wkh
orw vl}h1 Wklv lv dq xqghvludeoh ihdwxuh ri wklv prgho= zh h{shfw wkh pxwxdo lq xhqfh
ri  rruvsdfh dqg orw vl}h wr eh dgglwlyh/ udwkhu wkdq pxowlsolfdwlyh1 Iru wkdw uhdvrq zh
fkdqjh wkh prgho vshfl�fdwlrq1 Ohw wkh n � 4 yhfwru � ghqrwh wkh frh!flhqwv ri wkh
dgglwlyh yduldeohv [ @ � {4 � � � {n �/ dqg ] doo rwkhu yduldeohv/ wkhq

| @ � oq+[�, . ]� . %= +5,
Qrwh wkdw wkh frh!flhqw �4 iru {4 lv 4/ ehfdxvh rwkhuzlvh lq fdvh wkdw lq ] d frqvwdqw lv
lqfoxghg/ wkh prgho lv qrw lghqwl�hg1 Li zh wdnh wkh h{srqhqw iru wklv prgho/ zh jhw

\ @ +[�,� h{s+]� . %,> +6,
vr wklv prgho lv dgglwlyh lq [1

Wkh yduldeohv ] lq xhqfh dv d idfwru erwk wkh orw vl}h dqg lqwhuqdo  rruvsdfh/ dv lv
vkrzq iurp +6,1 Wklv lv d ghvludeoh ihdwxuh iru yduldeohv frqfhuqlqj wlph wuhqgv/ dqg
wkh lq xhqfh ri wkh qhljkerukrrg1 Iru yduldeohv olnh wkh djh ri wkh exloglqj/ dqg wkh
pdlqwhqdqfh wklv vshfl�fdwlrq lv xqghvludeoh/ ehfdxvh wkhvh yduldeohv lq sudfwlfh rqo|
lq xhqfh wkh ydoxh ri wkh  rruvsdfh/ dqg lq wkh prgho vshfl�fdwlrq +5, dovr wkh orw vl}h1
615 Hvwlpdwlrq
Wkh prgho +5, fdqqrw eh hvwlpdwhg e| ROV/ ehfdxvh lw lv qrqolqhdu lq �1 Lw lv txlwh hdv|
wr olqhdul}h +5, e| xvlqj wkh dssur{lpdwlrq oq+4 . %, * %/ iru vpdoo %1 Gh�qh {+m, @Snl@4 {lm�l/ dqg {�+m, @ Snl@4 {lm��l iru vrph ��/ zlwk ��4 @ 41 Vr wkh lqgh{ m ghqrwhv
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revhuydwlrq m1 Zh fdq zulwh � oq{+m, dv
� oq{+m, @ �%oq{�+m, . oq#4 . n[

l@5
�l � ��l{�+m, {lm$&

* �%oq{�+m, . n[
l@5

�l � ��l{�+m, {lm&
@ ��oq{�+m,� {�+m,� {4m{�+m, �. n[

l@5 ��l {lm{�+m, =
Vr/ prgho +5, fdq eh dssur{lpdwhg e|

|m @ ��oq{�+m,� {�+m,� {4{�+m, �. n[
l@5 �l {lm{�+m, . +]�,m . %m > +7,

zlwk �l @ ��l/ iru l @ 5> = = = > n1 Wklv prgho fdq eh hvwlpdwhg dv iroorzv=
41 Fkrrvh vrph �� vxfk wkdw m�l � ��l m lv vpdoo/
51 Fdofxodwh {�/
61 Hvwlpdwh +7, e| ROV/ wklv surylghv hvwlpdwhv e�/ dqg e�l> vr e�l @ e�l@e�1
71 Vxevwlwxwh �� zlwk e�/ dqg uhshdw 4� 6/ xqwlo m�l � ��l m * 3=
Lq jhqhudo wklv surfhvv zloo frqyhujh txlfno|1 D pruh jhqhudo dssurdfk lv surylghg e|

Jdxvv0Qhzwrq uhjuhvvlrq/ vhh iru h{dpsoh Gdylgvrq hq PdfNlqqrq +4<<6,1 Frqvlghu wkh
prgho | @ {+�, . %/ zlwk {+�, vrph qrqolqhdu ixqfwlrq lq �1 Ohw ={+�, @ C{+�,@C�1 Wkh
�uvw rughu Wd|oru h{sdqvlrq ri wklv prgho durxqg �� lv surylghg e|

| * {+��, . ={+��,+� � ��, . %>
| � {+��, @ ={+��,e. % +8,

Iru revhuydwlrq m lq +5, zlwkrxw ]�/ ={m+�, lv surylghg e|
={m+�,3 @

3EEEEEEEEEEC

oq+[�,
��5+Sl {lm�l,�4{5m111
��n+Sl {lm�l,�4{nm

4FFFFFFFFFFD
=
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+8, fdq eh hvwlpdwhg e| ROV1 Wkh hvwlpdwh ri e pxvw htxdo 31 Wkh ROV pxvw eh grqh
uhfxuvlyho|/ dqg xvlqj judglhqwv dqg Khvvldqv fdq vshhg xs frqyhujhqfh +vhh Fkdswhu 91;
lq Gdylgvrq dqg PdfNlqqrq +4<<6,,1 Vwrs fulwhuld duh edvhg rq w0vwdwlvwlfv1
616 Olqhdul}dwlrq ri wkh prgho ydoxh
Uhdo hvwdwh djhqwv dqg ydoxhuv duh riwhq lqwhuhvwhg lq sulfhv shu vtxduh ru fxelf phwhuv ri
 rruvsdfh dqg orw vl}h1 Lw lv srvvleoh wr olqhdul}h +5, lq [> vr wkh prgho ydoxh Pm fdq eh
zulwwhq dv Pm @Snl@4 {lm!lm = Iurp +5, lw iroorzv wkdw

Pm @ f# n[
l@4 {lm�l

$��4# n[
l@4 {lm�l

$

@ n[
l@4

597 f�l�Snl@4 {lm�l�4��
6:8{lm

@ n[
l@4 {lm!lm >

!lm @ �lSnl@4 {lm�lPm >
zlwk f @ h{s+}m�,/ zlwk }m urz m ri ]1
7 LQFRUSRUDWLRQ RI VSDFH
Rqh ri wkh prvw lpsruwdqw lq xhqfhv rq krxvlqj sulfhv lv orfdwlrq1 Wzr gzhoolqjv zlwk
wkh vdph fkdudfwhulvwlfv/ exw lq gl�huhqw qhljkerukrrgv/ frxog kdyh yhu| gl�huhqw pdunhw
ydoxhv1 Wklv fdq eh ghvfulehg e| ydu|lqj frqvwdqwv ryhu qhljkerukrrgv/ vr gxpp| ydul0
deohv kdyh wr eh lqwurgxfhg1 Dqrwkhu h{dpsoh wkdw vkrzv wkh lq xhqfh ri orfdwlrq lv/ wkdw
wkh lq xhqfh ri d fkdudfwhulvwlf ydulhv ryhu qhljkerukrrgv1 Iru h{dpsoh/ wkh lq xhqfh ri
d jdudjh rq wkh ydoxh ri d gzhoolqj lv pxfk eljjhu lq wkh flw| fhqwhu wkdq lq d vxexue1
Lq wkh prgho vshfl�fdwlrq wklv phdqv wkdw wkh frh!flhqwv � ydu| ryhu orfdwlrq1 D odvw
h{dpsoh wkdw vkrzv wkh lq xhqfh ri orfdwlrq rq ydoxhv lv wkh vlpsoh idfw wkdw wkh ydoxh ri
d krxvh lv ghshqghqw rq wkh ydoxhv ri dgmdfhqw krxvhv1 Lq prgho vshfl�fdwlrq wklv phdqv
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wkdw d vshfl�f vsdwldo fryduldqfh vwuxfwxuh lv dvvxphg1
Iurp vsdwldo hfrqrphwulfv wzr qrwlrqv duh nqrzq/ vsdwldo khwhurjhqhlw| dqg vsdwldo

ghshqghqfh/ vhh iru h{dpsoh Dqvholq +4<;;,1 Vsdwldo khwhurjhqhlw| fdq eh ghvfulehg dv
iroorzv= ixqfwlrqdo irupv dqg sdudphwhuv ydu| zlwk orfdwlrq dqg duh qrw krprjhqhrxv
wkurxjkrxw wkh gdwd vhw1 Dqg vsdwldo ghshqghqfh= wkh yduldwlrq lv d ixqfwlrq ri glvwdqfh1

Vsdwldo prghov iru krxvlqj sulfhv fdq eh vshfl�hg rq dq lqglylgxdo ohyho +revhuydwlrq,
dqg rq d foxvwhu ohyho/ iru h{dpsoh qhljkerukrrg/ ru flw| ohyho1 Vsdwldo prghov rq dq
lqglylgxdo ohyho duh frpsoh{ wr hydoxdwh1 H{dpsohv ri vxfk vsdwldo prghov duh surylghg e|
iru h{dpsoh Fdq +4<<5,/ dqg Gxelq +4<<5/4<<;,1 Dq h{dpsoh ri d vsdwlr0whpsrudo prgho
lv jlyhq lq Sdfh hw doo +4<<;,1 Wkrvh prghov duh qrw frqvlghuhg khuh1

Dqrwkhu fkrlfh lv wr vshfli| wkh vsdwldo frpsrqhqw rq d foxvwhu ohyho= vsdwldo khwhur0
jhqhlw| dqg vsdwldo ghshqghqfh rq d foxvwhu ohyho1 D gudzedfn ri wklv dssurdfk lv wkdw
wkhuh pljkw eh xqghvludeoh glvfrqwlqxlwlhv rq erughuv/ dqg lw uhtxluhv nqrzohgjh ri wkh
vsdwldo vwuxfwxuh/ zklfk pljkw eh gl�huhqw iurp dydlodeoh dgplqlvwudwlyh foxvwhuv1

Lq wkh qh{w vxevhfwlrq vrph foxvwhuohyho prghov zlwk vsdwldo khwhurjhqhlw| duh gh0
vfulehg1 Lq wkh vhfrqg vxevhfwlrq d prgho frqwdlqlqj vsdwldo ghshqghqfh lv surylghg1 Lq
erwk vxevhfwlrqv d �{hg h�hfwv prgho/ d udqgrp h�hfwv prgho/ dqg d klhudufklfdo prgho
duh surylghg1
714 Vsdwldo khwhurjhqhlw|
71414 Ydu|lqj frqvwdqw
D vlpsoh foxvwhu ohyho prgho iru krxvlqj sulfhv lv d �{hg h�hfwv prgho

|lm @ �m . {lm� . %lm > +9,
zlwk m @ 4> = = = > E/ l @ 4> = = = > qm / dqg %lm � Q+3> �5,61 Wkh lqgh{ m ghqrwhv wkh foxvwhuv/
dqg l wkh lqglylgxdo revhuydwlrqv/ qm ghqrwhv wkh qxpehu ri revhuydwlrqv lq foxvwhu m/ |lm

6H{fhsw zkhuh rwkhuzlvh vshfl�hg/ wkh 0�� *v duh xqfruuhodwhg1
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wkh qdwxudo orjdulwkp ri wkh vhoolqj sulfh ri wkh lwk revhuydwlrq lq foxvwhu m/ dqg {lm wkh urz
yhfwru ri h{sodqdwru| yduldeohv1 Wklv prgho lv vrphwlphv fdoohg wkh ohdvw vtxduhv gxpp|
yduldeoh prgho +OVGY, +vhh iru h{dpsoh Juhhqh/ 4<<6,1 Lq wklv prgho wkh frqvwdqwv �m
ydu| ryhu wkh foxvwhuv/ vd| qhljkerukrrgv1 Lw lv dvvxphg wkdw wkh �m *v duh xqnqrzq �{hg
txdqwlwlhv1 Lw fdq eh vkrzq wkdw wkh ohdvw vtxduh hvwlpdwru ri �m fdq eh jlyhq e|

e�m @ |=m � {=me�>
zlwk |=m / dqg {=m jlyhq e|Sqml@4 |lm@qm / dqgSqml@4 {lm@qm uhvshfwlyho|1 e� lv wkh ohdvw vtxduhv
hvwlpdwru ri � jlyhq e| + h[3 h[,�4 h[ 3h|/ zlwk h{lm / dqg h|lm ghyldwlrqv iurp wkh foxvwhu phdqv/
gh�qhg e| h{lm @ {lm � {=m / dqg h|lm @ |lm � |=m 1 Wkh yduldqfh ri wkh hvwlpdwru e�m lv jlyhq
e|

ydu+e�m � �m, @ {=mydu+� � e�,{3=m . �5@qm =
Vr/ dsduw iurp e� wkh hvwlpdwru e�m rqo| ghshqgv rq wkh revhuydwlrqv lq foxvwhu m1 Li qm lv
vpdoo/ wkhq e�m lv yhu| vhqvlwlyh wr rxwolhuv1 Wklv fdq dovr eh ghgxfhg iurp ydu+e�m � �m,/
zklfk lq jhqhudo lv grplqdwhg e| �5@qm / dqg iru vpdoo qm wklv yduldqfh lv uhodwlyho| elj1
Iru qm @ 4/ wkh yduldqfh ydu+e�m � �m, htxdov wkh yduldqfh iru dq lqglylgxdo revhuydwlrq/
�51

D gudzedfn ri wklv vshfl�fdwlrq lv wkdw qrwklqj fdq eh vdlg derxw foxvwhuv wkdw duh
qrw lqfoxghg lq wkh vdpsoh/ iru h{dpsoh foxvwhuv zlwkrxw vhoolqj sulfhv1 Li �m lv vshfl�hg
dv d udqgrp h�hfwv wklv sureohp lv ryhufrph1

Wkh udqgrp h�hfwv prgho lv jlyhq e|
|lm @ �m . {lm� . %lm >
�m � Q+�> ��5,=

Lq wklv prgho �m lv d udqgrp h�hfw/ gudzq iurp d qrupdo glvwulexwlrq1 Lw fdq eh vkrzq
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wkdw lq fdvh ri qm @ q/ dqg frqglwlrqdo rq �/ wkh hvwlpdwru ri � lv jlyhq e|
e�m @ +4� $�4,+|=m � {=m�, . $�4+| � {�,>
$ @ q� . 4>

zlwk |/ dqg { ryhudoo phdqv1 Vr/ wkh hvwlpdwru e�m lv d zhljkwhg dyhudjh ri wkh foxvwhu phdq
dqg wkh ryhudoo phdq1 Wkh zhljkw $�4 lv vpdoo iru odujh q/ vr iru odujh q wkh hvwlpdwru e�m
lv dssur{lpdwho| |=m 1 Rq wkh rwkhu kdqg iru vpdoo q wkh hvwlpdwru e�m lv dssur{lpdwho| |1
Vr e�m lv d vkulqndjh hvwlpdwru1 Iru � $ 4 wkh hvwlpdwru ri � frlqflghv zlwk wkh hvwlpdwru
lq wkh �{hg h�hfwv prgho1

Wkh udqgrp h�hfwv prgho lv d vshfldo fdvh ri d klhudufklfdo prgho1 D klhudufklfdo
prgho lv jlyhq e|

|lm @ �m . {lm� . %lm >
�m @ }m� . �m >
� � Q+3> ��5,=

Wkh urz yhfwru }m lv d yhfwru ri h{sodqdwru| yduldeohv rq foxvwhu ohyho1 Wkh vhfrqg htxdwlrq
surylghv dq h{sodqdwlrq iru wkh gl�huhqfhv lq �m 1 Iru h{dpsoh/ gl�huhqfhv lq �m duh
h{sodlqhg e| foxvwhu ohyho yduldeohv dv glvwdqfh wr flw| fhqwhu/ fulph udwh/ hwf1 Li }m lv 4/
wkh klhudufklfdo prgho frlqflghv zlwk wkh udqgrp h�hfwv prgho1

Jlyhq �> dqg �/ dqg qm @ q/ wkh hvwlpdwru e�m lv jlyhq e|
e�m @ +4� $�4,+|=m � {=m� � }m�, . $�4+| � {� � }�,>
$ @ q� . 4=

Vr wkh hvwlpdwru e�m lv dovr d vkulqndjh hvwlpdwru1 Wkh hvwlpdwlrq ri �/ dqg � lv qrw
wuhdwhg khuh1 Iru d wkrurxjk wuhdwphqw ri klhudufklfdo/ ru pxowlohyho prghov zh uhihu wr
Eu|n +4<<5,/ Jrogvwhlq +4<<8,/ Orqjirug +4<<6,/ dqg R*Kdjdq +4<<7,1
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71415 Ydu|lqj frh!flhqwv h{sodqdwru| yduldeohv
D �{hg h�hfwv prgho iru ydu|lqj frh!flhqwv shu foxvwhu lv surylghg e|

|lm @ {lm�m . %lm =
Wkh hvwlpdwhv iru �m duh wkh vdph dv wkh ROV hvwlpdwhv iurp wkh vhsdudwh prghov |m @
{m�m . %m 1 Wkh rqo| gl�huhqfh lv wkh hvwlpdwlrq ri wkh yduldqfh �51 Lq wkh prgho lw lv
dvvxphg wkdw wkh yduldqfh lv frqvwdqw ryhu wkh foxvwhuv1 D glvdgydqwdjh ri wkh �{hg h�hfwv
dssurdfk lv wkdw �m lv srruo| hvwlpdwhg li rqo| d ihz revhuydwlrqv duh dydlodeoh lq foxvwhu
m1 Wkh hvwlpdwh grhv qrw h{lvwv ru zloo kdyh odujh yduldqfhv li wkh qxpehu ri revhuydwlrqv
lv vpdoo uhodwlyh wr n/ wkh qxpehu ri h{sodqdwru| yduldeohv1

Wklv sureohp lv ryhufrph li lw lv dvvxphg wkdw �m duh udqgrp h�hfwv1 Wkh udqgrp
h�hfwv prgho lv surylghg e|

|lm @ {lm�m . %lm >
�m @ � . �m >

dqg � � Q+3> ��5LE,= Olnh lq wkh fdvh ri ydu|lqj frqvwdqwv dovr lq wkh fdvh ri ydu|lqj
frh!flhqwv iru doo h{sodqdwru| yduldeohv/ wkh hvwlpdwhv ri �m duh vkulqndjh hvwlpdwru1 Wkhhvwlpdwh ri �m fdq eh vhhq dv d zhljkwhg dyhudjh ri wkh ryhudoo hvwlpdwh ri � dqg wkh �{hg
h�hfwv foxvwhu hvwlpdwh ri �m =Wkh klhudufklfdo prgho lv dq h{whqvlrq ri wkh udqgrp h�hfw prgho1 Lq wkh vhfrqg
htxdwlrq wkh frqvwdqw 4 iru � lv uhsodfhg e| d yhfwru }m frqwdlqlqj foxvwhu ohyho yduldeohv/
vr

|lm @ {lm�m . %lm >
�m @ }m� . �m =

Wklv nlqg ri prghov duh ghvfulehg e| Fdq +4<<5,/ dqg Ruirug +4<<<,
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715 Vsdwldo ghshqghqfh
Wkh prghoolqj ri vsdwldo ghshqghqfh frqfhuqv phuho| wkh vshfl�fdwlrq ri wkh huuru whup1
Lq wklv vxevhfwlrq dq h{dpsoh ri vsdwldo ghshqghqfh lv surylghg dw d foxvwhu ohyho1

Vshfli| d pdwul{ Z zlwk hohphqwv zlm dv
zlm @

;AA?AA=
4 foxvwhu l dqg m duh dgmdfhqw
3 rwkhuzlvh =

Wkh vsdwldo dxwrfruuhodwlrq pdwul{ 
 fdq eh prghoohg dv

 @ +LE � �Z ,3+LE � �Z ,=

Wklv yduldqfh pdwul{ fdq eh xvhg lq d udqgrp h�hfw prgho ru klhudufklfdo prgho1 Iru
� @ 3/ qr vsdwldo ghshqghqfh lv dssduhqw1 Wkh klhudufklfdo prgho lv jlyhq e|

|lm @ �m . {lm� . %lm >
�m @ }3m� . �m >
� � Q+3> �5�
,=

8 LQFRUSRUDWLRQ RI WLPH
814 Klhudufklfdo wuhqgv
Ohw wkh yhfwru |w uhsuhvhqw wkh orjdulwkpv ri wkh vhoolqj sulfhv ri krxvhv dw wlph w1 Zh
ghqrwh wkh ohqjwk ri |w e| sw/ dqg wkh n0wk revhuydwlrq lq |w e| |nw +n @ 4> = = = > sw,1 Iluvw/
zh dvvxph wkdw doo sulfhv iroorz d frpprq wuhqg/ zklfk zh fdq zulwh dv

|w @ l�w . �w> +:,
zkhuh l lv d sw0yhfwru ri rqhv/ dqg �w � Q+3> �5L,/ zlwk L d sw � sw lghqwlw| pdwul{1 Qrwh
wkdw zh kdyh vxssuhvvhg wkh wlph ghshqghqf| ri l dqg L lq wkh qrwdwlrq1 �w lv d vfdodu
vwrfkdvwlf wuhqg surfhvv1
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D vlpsoh h{dpsoh ri d vwrfkdvwlf surfhvv lv wkh udqgrp zdon
�w.4 @ �w . �w> �w � Q+3> �5�, +;,

zlwk d jlyhq �41 Wkh glvwxuedqfhv � dqg � duh dvvxphg wr eh lqghshqghqw1 Zh fdq dovr
ylhz dv d jhqhudol}dwlrq ri wkh prgho |w � Q+�> �5�, lq zklfk wkh joredo ohyho � lv doorzhg
wr fkdqjh ryhu wlph1 Wkh prgho lv fdoohg wkh udqgrp zdon soxv qrlvh prgho/ ru wkh orfdo
ohyho prgho1

Qrwh wkdw lq fdvh h{sodqdwru| yduldeohv duh dgghg/ iru �5� $ 4/ htxdwlrqv +:, dqg +;,
surylgh wr wkh OVGY prgho1

Zh fdq jlyh d udqgrp zdon vrph gluhfwlrq e| dgglqj d guliw sdudphwhu/ zklfk fkdqjhv +;,
lqwr �w.4 @ � . �w . �w1 Qrwlfh wkdw li zh ohw �5� $ 3/ wklv uhgxfhv wr d vwudljkw olqh zlwk
vorsh �1 Wkh udqgrp zdon zlwk guliw fdq eh ixuwkhu jhqhudol}hg e| doorzlqj � wr ydu| ryhu
wlph=

�w.4 @ �w . �w . �w> �w � Q+3> �5�, +<,
�w.4 @ �w . �w> �w � Q+3> �5�, +43,

zlwk nqrzq �4> �4/ dqg lqghshqghqw � dqg �1 Htxdwlrq +:, zlwk wkhvh vshfl�fdwlrqv iru
wkh wuhqg lv fdoohg wkh orfdo wuhqg prgho1 Wkh wuhqg � ehfrphv vprrwkhu zkhq zh ghfuhdvh
�5�> lq wkh olplwlqj fdvh ri �5� @ 3/ �w lv vdlg wr iroorz dq lqwhjudwhg udqgrp zdon/ vlqfh
lwv �uvw gl�huhqfh iroorzv d udqgrp zdon1

Vxssrvh zh kdyh d phwkrg wr fdwhjrul}h krxvhv lqwr O gl�huhqw w|shv1 Zh fdq lqfoxgh
d gxpp| pdwul{ Gw iru krxvh w|shv dv uhjuhvvruv lq wkh prgho1 Hdfk urz lq wkh sw � O
pdwul{ Gw kdv d rqh lq wkh o0wk froxpq dqg }hurv hovhzkhuh/ li wkh krxvh lv ri w|sh
o @ 4> = = = > O1 Zulwlqj � iru wkh uhjuhvvlrq sdudphwhu yhfwru iru krxvh w|shv/

|w @ l�w .Gw�. �w= +44,
Lq wklv prgho/ wkh uhodwlyh sulfh gl�huhqfhv ehwzhhq krxvh w|shv vwd|v frqvwdqw wkurxjk
wlph1 Li zh h{shfw wkh sulfhv wr jurz dw gl�huhqw udwhv/ zh frxog doorz � wr ydu| ryhu
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wlph1 Wkh hohphqwv ri wkh yhfwru �w fdq eh prghohg dv wuhqgv lq d vlplodu idvklrq dv wkh
frpprq wuhqg �w1 Wkh vshfl�fdwlrq iru wkh krxvh w|sh wuhqgv duh w|slfdoo| ohvv hoderudwh
wkdq iru wkh frpprq wuhqg> zh zloo prgho wkhp dv vlpsoh lqghshqghqw udqgrp zdonv/
zlwk d frpprq yduldqfh ohyho1

Zh fdq vhh lpphgldwho| wkdw li erwk � dqg � duh frqvwdqw/ dq xquhvwulfwhg vshfl�fdwlrq
olnh +44, ohdgv wr wkh gxpp| wuds1 Lq wkh jhqhudo wlph0ydu|lqj fdvh/ wkhuh lv dovr dq
lghqwl�fdwlrq sureohp li zh wu| wr h{wudfw erwk d jhqhudo wuhqg dqg d wuhqg iru krxvh
w|shv iurp wkh gdwd1 Zh fdq vroyh wklv e| lpsrvlqj wkh uhvwulfwlrq �4 @ 31 Zlwk wklv
uhvwulfwlrq/ wkh ohyho ri �w lqglfdwhv wkh jhqhudo sulfh lqfuhdvh uhodwlyh wr wkh �uvw wlph
shulrg1 D wuhqg iru d vshfl�f krxvh w|sh lv rewdlqhg dv wkh vxp ri �w dqg wkh hohphqw ri
�w ri fruuhvsrqglqj wr wkh krxvh w|sh17

Ri frxuvh/ wkhuh lv qr qhhg wr uhvwulfw wklv dssurdfk wr krxvh w|shv> dq| txdolwdwlyh
lqghshqghqw yduldeoh fdq eh wuhdwhg lq wklv zd|1 Zh zloo uhihu wr wkhvh dv foxvwhuv1 Dq
reylrxv h{dpsoh lv d yduldeoh zklfk lqglfdwhv wkh qhljkerukrrg lq zklfk wkh krxvh lv
orfdwhg1 Qrwh wkdw li zh prgho wzr fodvvl�fdwlrqv vlpxowdqhrxvo| +h1j1/ krxvh w|shv dqg
qhljkerukrrgv,/ dgglwlrqdo uhvwulfwlrqv duh uhtxluhg1

Zh prgho wkh yhfwru ri orj krxvh sulfhv zlwk dq h{whqghg yhuvlrq ri +44,/ wkh Klhudu0
fklfdo Wuhqg Prgho +KWP,=

|w @ l�w .Gw�w . bGw�w . �Gw!.[w� . �w> �w � Q+3> �5L, +45,
Zh vshfli| wkh jhqhudo wuhqg dv dq lqwhjudwhg DU+4, surfhvv zlwk guliw=

�w.4 @ �w . �w +46,
�w.4 @ �.'�w . �w> �w � Q+3> t4�5,= +47,

Wkh yhfwru �w frqwdlqv wuhqg ohyhov iru krxvh w|shv dw wlph w/ zkloh wkh yhfwru �w frqwdlqv7Dq dowhuqdwlyh vroxwlrq lv wr gurs wkh frpprq wuhqg iurp wkh prgho1 Zlwkrxw d frpprq wuhqg/
wkh fruuhodwlrqv ehwzhhq wkh krxvh w|sh wuhqgv zloo kdyh wr eh vshfl�hg wkurxjk wkh glvwxuedqfh yduldqfh
pdwul{1
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wuhqg ohyhov iru qhljkerukrrgv1 Wkh pdwulfhv G dqg bG frqwdlq rqhv dqg }hurv vxfk wkdw
wkh| vhohfw wkh dssursuldwh krxvh w|sh dqg qhljkerukrrg iru wkh revhuydwlrq1 Iru qrz/
zh dvvxph udqgrp zdonv iru wkhvh wuhqgv=

�w.4 @ �w . )w> )w � Q+3> t5�5L, +48,
�w.4 @ �w . $w> $w � Q+3> t6�5L,> +49,

zkhuh wkh lghqwlw| pdwulfhv L kdyh wkh dssursuldwh glphqvlrqv1
Hdfk qhljkerukrrg lv glylghg lq d qxpehu ri vxeqhljkerukrrgv/ iru zklfk zh dvvxph

vhsdudwh ohyhov1 Zh froohfw doo ohyhov lq d yhfwru !/ dqg xvh d vhohfwlrq pdwul{ �G wr dvvljq
wkh dssursuldwh vxeqhljkerukrrg ohyho wr wkh revhuydwlrqv1 Zh fdq wuhdw wkh ohyhov dv
�{hg ru udqgrp h�hfwv1 Dq h{dpsoh prgho iru udqgrp h�hfwv zrxog eh ! � Q+3> t7�5L,1

Ilqdoo|/ zh dgg d qxpehu ri h{sodqdwru| yduldeohv [w zlwk �{hg sdudphwhuv1 Zh
zloo nhhs wkh edvlf irup ri wkh prgho olqhdu/ vr d vshfl�fdwlrq olnh +oq{3w�,� zloo eh
dssur{lpdwhg e| dq lwhudwlyh surfhgxuh dv ghvfulehg lq vhfwlrq 61 Qrwh wkdw � lv nhsw
frqvwdqw ryhu wlph dqg ryhu foxvwhuv1 Vr/dq reylrxv jhqhudol}dwlrq zrxog eh wr ydu| �
ryhu wlph dqg foxvwhuv/ iru h{dpsoh �w.4 @ �w . (w/ zlwk (w � Q+3> t8�5L,1

Lq wkh phwkrg ri wlph vhulhv prgholqj zh ghvfulehg/ revhuydwlrqv duh dvvxphg wr eh
djjuhjdwhv ri xqrevhuyhg sduwv zlwk vrph lqwhusuhwdwlrq/ vxfk dv wuhqg/ dqg f|foh1 Hdfk
sduw fdq eh prghohg ixuwkhu zlwk dv pxfk ghwdlo dv ghvluhg1 Wkhvh prghov duh nqrzq lq wkh
olwhudwxuh dv Vwuxfwxudo wlph vhulhv/ ru Xqrevhuyhg frpsrqhqwv prghov1 Iru d wkrurxjk
wuhdwphqw zh uhihu wr Kduyh| +4<;<, dqg Zhvw dqg Kduulvrq +4<<:,/ zkr glvfxvv wkhvh
prghov dv h{dpsohv ri Vwdwh vsdfh ru G|qdplf olqhdu prghov1 Lq wkh Vwdwh vsdfh irup/
wkh xqrevhuyhg frpsrqhqwv fdq eh hvwlpdwhg zlwk wkh Ndopdq Ilowhu dojrulwkp1

Wr sxw wkh prgho lqwr Vwdwh vsdfh irup/ zh vwdfn wkh yduldeohv �w> �w> �/ dqg wkh yhfwruv�w> �w> !> � lq wkh vwdwh yhfwru �w1 Wkh phdvxuhphqw htxdwlrq lv vlpso|
|w @ ]w�w . �w @ ^ l 3 3 G bG �G [w `�w . �w> �w � Q+3> �5L,= +4:,
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Lq wkh wudqvlwlrq htxdwlrq �w.4 @ Ww�w.�w/ wkh wudqvlwlrq pdwul{ Ww lv d wlph lqghshqghqw
eorfn gldjrqdo pdwul{/ zlwk 5997 4 4

3 '
6::8

rq wkh xsshu eorfn/ dqg L rq wkh orzhu eorfn1 Wkh }hur0phdq Qrupdo wudqvlwlrq glvwxu0
edqfh �w kdv d gldjrqdo yduldqfh pdwul{/ zlwk

�5^ 3 t4 3 t5 = = = t5 t6 = = = t6 t7 = = = t7 3 = = = 3 `
rq wkh gldjrqdo1
815 Hvwlpdwlrq lvvxhv
Zh douhdg| phqwlrqhg dq lghqwl�fdwlrq sureohp lq vshfli|lqj wuhqgv rq gl�huhqw ohyhov1
Lq wkh jhqhudo prgho +45,/ zh zloo dovr vhw wkh lqlwldo jhqhudo wuhqg ohyho �3 dw }hur1 Iru
wkh vorsh frpsrqhqw �w zh kdyh vshfl�hg d vwdwlrqdu| DU surfhvv1 Wkh lqlwldo ydoxh �3
iroorzv iurp wkh xqfrqglwlrqdo DU phdq �5t4@+4�'5,1

Iru wkh qhljkerukrrg wuhqgv/ zh zloo prgho wkh lqlwldo ohyhov �3 h{solflwo|/ dv
�3m� � Q+Y �> �5�,> +4;,

zkhuh Y frqwdlqv h{sodqdwru| yduldeohv iru qhljkerukrrg ydoxh ohyhov1 H{dpsohv duh
fulph udwh/ dqg glvwdqfh iurp wkh flw| fhqwhu1 Wkh yduldqfh pdwul{ � lv vshfl�hg dv
d vsdwldo dxwrfruuhodwlrq pdwul{/ dv ghvfulehg lq vhfwlrq 71 Zlwk d vfdolqj idfwru/ zh
fdq xvh wkh vdph pdwul{ wr prgho fruuhodwlrqv lq wkh qhljkerukrrg wuhqg glvwxuedqfhv>
lq htxdwlrq +49,/ $w � Q+3> t6�5�,1 Wkhvh pruh hoderudwh vshfl�fdwlrqv duh hvshfldoo|
ydoxdeoh li lq vrph qhljkerukrrgv ihz revhuydwlrqv duh dydlodeoh1 Zlwk wklv prgho zh fdq
dovr ydoxh krxvhv lq qhljkerukrrgv zlwkrxw dq| vhoolqj sulfh gdwd1

Zh douhdg| phqwlrqhg wkdw wkh vxeqhljkerukrrg ohyhov !w fdq eh prghohg dv �{hg ru
udqgrp1 Li zh prgho wkhp dv �{hg/ zh kdyh dq lghqwl�fdwlrq sureohp lq hdfk qhljkeru0
krrg/ frpsdudeoh wr vshfli|lqj d ixoo vhw ri gxpplhv ehvlghv d jhqhudo ohyho1 Wklv fdq eh
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vroyhg e| rplwwlqj d vxeqhljkerukrrg lq hyhu| qhljkerukrrg +iru h{dpsoh/ wkh �uvw rqh,1
Wkh lghqwl�fdwlrq sureohp grhv qrw dulvh zkhq wkh ohyhov duh prghohg dv udqgrp h�hfwv1

D �qdo lghqwl�fdwlrq lvvxh uhvxowv iurp wkh idfw wkdw zh kdyh wzr frpsohwh fodvvl�fdwlrq
iru wkh krxvhv= qhljkerukrrgv dqg krxvh w|shv1 Wklv fdq eh vroyhg e| vhw wkh lqlwldo ohyho
ri vrph krxvh w|sh dw }hur1 Wkh jhqhudo wuhqg �w lv lqwhusuhwhg dv jhqhudo zlwk uhjdug wr
qhljkerukrrgv iru krxvhv ri wklv w|sh1 Wkh yhfwru l�w .Gw�w surylghv wkh wuhqgv iru doo
krxvh w|shv/ jhqhudo zlwk uhjdug wr qhljkerukrrgv1

Zh douhdg| phqwlrqhg wkdw prghov lq vwdwh vsdfh irupdw fdq eh hvwlpdwhg e| wkh
Ndopdq �owhu1 Wkh Ndopdq �owhu dvvxphv wkh �uvw dqg vhfrqg prphqw ri wkh lqlwldo vwdwh
wr eh nqrzq1 Lq jhqhudo wklv lv qrw wuxh/ +d sduw ri, wkh lqlwldo vwdwh lv gl�xvh1 Wklv
ohdgv wr dq lqlwldol}dwlrq sureohp zklfk fdq eh vroyhg e| wkh gl�xvh Ndopdq �owhu1 Wkh
uhfxuvlrqv iru wkh gl�xvh Ndopdq �owhu duh surylghg lq iru h{dpsoh Gh Mrqj +4<;:,/ dqg
Nrrspdq +4<<5/4<<:,1

Lq Iudqfnh dqg Gh Yrv +5333,/ lw lv vkrzq krz d klhudufklfdo wuhqg prgho zlwk h{sodqd0
wru| yduldeohv fdq eh frpsxwhg h!flhqwo|1 Iluvw/ zh fdofxodwh wkh phdqv shu qhljkeru0
krrg �|4> = = = > �|W / dqg wkh ghyldwlrqv iurp wkhvh phdqv �|4> = = = > �|W 1 Wkh ohqjwk ri yhfwru
�|w lv wkh qxpehu ri gl�huhqw qhljkerukrrgv iru zklfk zh kdyh revhuydwlrqv dw wlph w/
zkloh �|w @ |w � bGw�|w kdv wkh vdph glphqvlrq dv |w1 Olnhzlvh/ zh fdofxodwh phdqv dqg
ghyldwlrqv iurp phdqv iru wkh h{sodqdwru| yduldeohv1 Wkh frh!flhqwv ri wkh h{sodqd0
wru| yduldeohv duh wlph0 dqg qhljkerukrrg lqyduldqw/ dqg fdq eh frpsxwhg e| dsso|lqj
ROV rq wkh vwdfnhg ghyldwlrq iurp phdq yhfwruv dqg pdwulfhv �| @ ^ �|34 = = = �|3W `3 dqg�[ @ ^ �[ 34 = = = �[3W `31 Vxevhtxhqwo|/ wkh Ndopdq Ilowhu lv uxq zlwk wkh phdq gdwd
�|w> �[w/ dqg zlwk wkh ROV hvwlpdwhv dv lqlwldo phdq dqg yduldqfh ri wkh h{sodqdwru| ydul0
deohv lq wkh vwdwh1 Wkh olnholkrrg lv rewdlqhg dv wkh surgxfw ri wkh ROV olnholkrrg dqg
wkh Ndopdq Ilowhu olnholkrrg1

4;



9 DSSOLFDWLRQV
914 Gdwd ghvfulswlrq
Wkh KWP0prgho dv ghvfulehg lq wkh suhylrxv vhfwlrq/ lv dssolhg rq wzr gl�huhqw gdwdvhwv1
Wkh �uvw gdwdvhw frqwdlqv vhoolqj sulfhv iru krxvhv lq wkh Dpvwhugdp uhjlrq/ dq xuedq
glvwulfw zlwk d uhodwlyho| kljk sursruwlrq ri dsduwphqwv1 Wkh vhfrqg gdwdedvh frqwdlqv
vhoolqj sulfhv ri wkh Euhgd uhjlrq/ d uxudo glvwulfw zlwk rqh plggoh0vl}hg flw| Euhgd zlwk
derxw 493/333 lqkdelwdqwv1 Wkh Euhgd uhjlrq kdv d uhodwlyho| kljk sursruwlrq ri vlqjoh0
idplo| krxvhv1

Wkh wzr gdwdedvhv zhuh hvwdeolvkhg e| wkh Qdwlrqdo Dvvrfldwlrq ri Surshuw| Eurnhuv
+QYP,1 Wkh| kdyh vhyhudo phulwv iurp wkh srlqw ri ylhz ri wklv vwxg|1 Iluvw/ wkh vl}h ri wkh
gdwdedvh lv odujh ehfdxvh wkh qxpehu ri wudqvdfwlrqv uhjlvwhuhg e| wkh QYP lv rq dyhudjh
pruh wkdq 93( ri doo wudqvdfwlrqv uhjlvwhuhg e| wkh Odqg Uhjlvwu| +Ndgdvwhu,1 Vdpsoh
vl}hv ri wkhvh pdjqlwxghv xqgrxewhgo| surylgh dq dghtxdwh irxqgdwlrq iru phdvxulqj krxvh
sulfh fkdqjhv dw d uhjlrqdo ohyho1 Vhfrqgo|/ wkh gdwd frqfhuqlqj krxvh fkdudfwhulvwlfv duh
pruh h{whqvlyh wkdq dq|wklqj dydlodeoh lq wklv duhd dqg wklv djdlq khosv wr lpsuryh wkh
uholdelolw| ri wkh vwdwlvwlfdo dqdo|vlv1 Wkh dydlodeoh lqirupdwlrq derxw krxvh fkdudfwhulvwlfv
lv vxppdul}hg ehorz=

41 Sxufkdvhg sulfh= gdwh ri vhoolqj/ dvnlqj sulfh/ frqglwlrq rq vdohv
51 Orfdwlrq= dgguhvv +vwuhhw/ qxpehu/ srvwdo frgh,
61 Krxvlqj fkdudfwhulvwlfv=
+d, Krxvh w|sh= ghwdfkhg/ vhpl0ghwdfkhg/ whuudfhg/ dsduwphqw +zlwk vxe0
fodvvl�fdwlrq,
+e, Whqxuh= iuhhkrog/ odqg ohdvhkrog frqglwlrq
+f, Jdudjh= w|sh ri jdudjh
+g, Khdwlqj w|sh
+h, Krxvh vl}h= duhd lq p6
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+i, Sorw vl}h= wrwdo vl}h lq p5
+j, Jdughq= ohqjwk dqg srvlwlrq ri jdughq
+k, Vsdfh= qxpehu ri urrpv/ nlwfkhq/ edwkurrp/ w|sh ri olylqj urrp
+l, Djh= |hdu ri frqvwuxfwlrq
+m, Sk|vlfdo frqglwlrq= lqwhulru pdlqwhqdqfh/ h{whulru pdlqwhqdqfh
+n, Pdunhwlqj shulrg
+o, Olvwhg exloglqj
Dv lqglfdwhg deryh/ wkh gdwd uhihu wr wudqvdfwlrqv dw wkh vhoolqj djuhhphqw dv rssrvhg

wr wkh qrwduldo dfw vwdjh1 Wklv phdqv wkdw wkh sulfh lqirupdwlrq lv pruh xs0wr0gdwh dv
dq lqglfdwru ri sulfh pryhphqwv ehfdxvh ri wkh wlph odjv wkdw rffxu ehwzhhq wkh sulfh
qhjrwldwlrq vwdjh dqg wkh xowlpdwh frpsohwlrq ri wkh wudqvdfwlrq dw wkh qrwduldo dfw 0 d
odj wkdw pd| h{whqg ryhu vhyhudo prqwkv1

Lq wkh qh{w wzr vxevhfwlrqv erwk gdwdedvhv zloo eh ghvfulehg1
915 Dpvwhugdp uhjlrq
D vshfldo gdwdedvh zdv ghvljqhg wr dffrpprgdwh wkh ydulrxv phdvxuhphqw sureohpv dv0
vrfldwhg zlwk krxvh sulfhv1 Wkh gdwdedvh fryhuv krxvh 77/:;3 sxufkdvh wudqvdfwlrqv ri
h{lvwlqj gzhoolqjv lq wkh Dpvwhugdp uhjlrq iurp Mdqxdu| 4<;8 xqwlo Mxo| 4<<<1 Wklv
pdunhw duhd lv exlow xs ri irxu pxqlflsdolwlhv= Dpvwhugdp/ Dpvwhoyhhq/ Glhphq dqg
Rxghu0Dpvwho1

Wudqvdfwlrqv zlwkrxw surshu srvwdo frgh zhuh h{foxghg iurp wkh gdwdedvh1 Iru wkh
vhjphqwdwlrq lq Dpvwhoyhhq wkh |hdu ri frqvwuxfwlrq zdv rqh ri wkh fuxfldo fulwhuld1 Wkhvh
uhvwulfwlrqv frqfhuqlqj krxvh w|sh/ srvwdo frgh dqg |hdu ri frqvwuxfwlrq uhvxowhg lq 75949
xvdeoh wudqvdfwlrqv iurp wkh ruljlqdo 77:;31 Wr eh deoh wr fruuhfw iru gl�huhqfhv lq txdolw|
ri wkh krxvhv lw lv qhfhvvdu| wr wdnh lqwr dffrxqw krxvlqj fkdudfwhulvwlfv olnh krxvh vl}h/
orw vl}h/ |hdu ri frqvwuxfwlrq/ hwf1 Wklv ohdgv wr h{wud ghpdqgv rq wkh gdwd uhvxowlqj lq
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W|sh Qxpehu
Whuudfhg 8946
Vhpl0ghwdfkhg 5895
Ghwdfkhg 8<8
Dsduwphqw 559:;
Wrwdo 6477;

Wdeoh 4= Qxpehu ri uhohydqw wudqvdfwlrqv shu krxvh w|sh/ Dpvwhugdp uhjlrq
6477; xvdeoh wudqvdfwlrqv1 Hvshfldoo| lq wkh hduolhu |hduv ohvv wkdq kdoi ri wkh gdwdedvh
frxog eh xvhg1

Wkh vdohv yroxph shu |hdu grxeohg gxulqj wkh shulrg 4<;804<<<T51 Wkh iudfwlrq ri
vdohv lq wkh pxqlflsdolw| ri Dpvwhugdp dorqh lv pruh wkdq :8( ri doo wudqvdfwlrqv/ prvw
ri wkhp ehlqj dsduwphqwv1 Wkh QYP gdwdedvh uhjlvwhuv whq krxvh w|shv zklfk duh dv0
vhpeohg lqwr irxu fdwhjrulhv/ qdpho|= ghwdfkhg/ vhpl0ghwdfkhg/ whuudfhg/ dqg dsduwphqw1
Wkh glvwulexwlrq ri wudqvdfwlrqv wr krxvh w|sh fdq eh vhhq lq Wdeoh 41 Fohduo| wkh iudf0
wlrq ri dsduwphqwv lv grplqdqw dqg wkh lq xhqfh ri ghwdfkhg krxvhv rq wkh wrwdo sulfh
ghyhorsphqw lv vpdoo1

Wkh vhoolqj sulfhv duh d sulrul glylghg lq gl�huhqw vhjphqwv/ ghshqglqj rq qhljkeru0
krrg/ dqg krxvh w|sh1 Wkh Dpvwhugdp gdwd zhuh rughuhg dffruglqj wr wkh h{lvwlqj
glylvlrq lq qhljkerukrrgv +Rqghu}rhn hq Vwdwlvwlhn/ 4<<9,1 Wkhvh qhljkerukrrgv fdq eh
uhfrjql}hg e| wkhlu srvwdo frghv vr wkdw wkh QYP gdwdedvh fdq eh rughuhg dffruglqjo|1
Iurp wkhvh derxw 683 qhljkerukrrgv zh frqvwuxfwhg 43 gl�huhqw vxe0uhjlrqdo glvwulfwv
zklfk jhqhudwhg uhodwlyho| krprjhqhrxv jurxslqjv ri qhljkerukrrgv zlwk uhvshfw wr krxvh
sulfh ghyhorsphqw1 Dv d fodvvl�fdwlrq ri krxvh w|shv zh xvh wkh rqh jlyhq lq wdeoh 41 Wklv
uhvxowhg lq d 730vhjphqwv fodvvl�fdwlrq surgxfhg iurp irxu surshuw| w|shv dqg whq vxe0
uhjlrqdo glvwulfwv1 Zh uhihu wr Iudqfnh dqg Yrv +5333, iru d pruh h{whqvlyh wuhdwphqw ri
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wkh vhjphqwdwlrq1
Rq wkh edvlv ri wkhvh wudqvdfwlrqv d prgho zdv frqvwuxfwhg/ dv h{sodlqhg lq wkh suhylrxv

vhfwlrq/ lq zklfk iru hdfk wudqvdfwlrq d sulfh zdv hvwlpdwhg zklfk zdv frpsduhg zlwk wkh
dfwxdo sxufkdvh sulfh1 Zkhq wkh dfwxdo sulfh gl�huhg pruh wkdq ;3( +derxw 7 wlphv wkh
vwdqgdug ghyldwlrq ri wkh prgho, iurp wkh ydoxh fdofxodwhg zlwk wkh prgho/ wudqvdfwlrqv
zhuh h{foxghg +55< wudqvdfwlrqv +3/:(,, ehfdxvh wkh| zhuh frqvlghuhg xquholdeoh1 Wklv
uhvxowhg lq d �qdo gdwdedvh zlwk 6454< wudqvdfwlrqv ryhu wkh shulrg 4<;804<<<T5/ d orvv
ri 63/6( +46894 wudqvdfwlrqv, frpsduhg wr wkh ruljlqdo gdwdedvh1
916 Euhgd uhjlrq
Wkh Euhgd gdwdedvh frqwdlqv 58/977 wudqvdfwlrqv fryhulqj wkh shulrg Mdqxdu| 4<;8 xqwlo
Rfwrehu 4<<<1 Wkh qxpehu ri QYP wudqvdfwlrqv lq wkh Euhgd uhjlrq lv uhodwlyho| kljk/
derxw 98( ri wkh wrwdo qxpehu ri wudqvdfwlrqv1 Wkh Euhgd uhjlrq frqwdlqv vhoolqj sulfhv
ri gl�huhqw pxqlflsdolwlhv= Edduoh0Qdvvdx/ Euhgd/ Fkddp/ Grqjhq/ Gxvvhq/ Jhhuwuxlghq0
ehuj/ Jlo}h hq Ulmhq/ *v Judyhqprhu/ Pdgh hq Gulpphohq/ Qlhxz0Jlqqlnhq/ Rrvwhukrxw/
Sulqvhqehhn/ Uddpvgrqn/ Whwhulqjhq hq Zdvsln1

Wr eh deoh wr fruuhfw iru gl�huhqfhv lq txdolw| ri wkh krxvhv lw lv qhfhvvdu| wr wdnh
lqwr dffrxqw krxvlqj fkdudfwhulvwlfv olnh krxvh vl}h/ orw vl}h/ |hdu ri frqvwuxfwlrq/ srvwdo
frgh/ hwf1 Wklv ohdgv wr h{wud ghpdqgv rq wkh gdwd uhvxowlqj lq 54/4:8 xvdeoh wudqvdfwlrqv1
Hvshfldoo| lq wkh hduolhu |hduv ohvv wkdq kdoi ri wkh gdwdedvh frxog eh xvhg1

Wkh vdohv yroxph shu |hdu grxeohg gxulqj wkh shulrg 4<;804<<<T51 Wkh iudfwlrq
ri vdohv lq wkh pxqlflsdolw| ri Euhgd dorqh lv pruh wkdq 78( ri doo wudqvdfwlrqv1 Wkh
QYP gdwdedvh uhjlvwhuv whq krxvh w|shv zklfk duh dvvhpeohg lqwr irxu fdwhjrulhv/ qdpho|=
ghwdfkhg/ vhpl0ghwdfkhg/ whuudfhg/ dqg dsduwphqw1 Wkh glvwulexwlrq ri wudqvdfwlrqv wr
krxvh w|sh fdq eh vhhq lq Wdeoh 51 Fohduo| wkh iudfwlrq ri vlqjoh0idplo| krphv lv grplqdqw1

Wkh vhoolqj sulfhv duh d sulrul glylghg lq gl�huhqw vhjphqwv/ ghshqglqj rq qhljkeru0
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W|sh Qxpehu
Whuudfhg :5:8
Vhpl0ghwdfkhg ;8<4
Ghwdfkhg 6793
Dsduwphqw 4;7<
Wrwdo 544:8

Wdeoh 5= Qxpehu ri uhohydqw wudqvdfwlrqv shu krxvh w|sh/ Euhgd uhjlrq
krrg/ dqg krxvh w|sh1 Zh glvwlqjxlvkhg 7 gl�huhqw vxe0uhjlrqdo glvwulfwv zklfk jhqhudwhg
uhodwlyho| krprjhqhrxv jurxslqjv ri qhljkerukrrgv zlwk uhvshfw wr krxvh sulfh ghyhors0
phqw1 Dv d fodvvl�fdwlrq ri krxvh w|shv zh xvh wkh rqh jlyhq lq wdeoh 51 Wklv uhvxowhg
lq d 490vhjphqwv fodvvl�fdwlrq surgxfhg iurp irxu surshuw| w|shv dqg irxu vxe0uhjlrqdo
glvwulfwv1

Rq wkh edvlv ri wkhvh wudqvdfwlrqv d prgho zdv frqvwuxfwhg/ dv h{sodlqhg lq wkh suhylrxv
vhfwlrq/ lq zklfk iru hdfk wudqvdfwlrq d sulfh zdv hvwlpdwhg zklfk zdv frpsduhg zlwk wkh
dfwxdo sxufkdvh sulfh1 Zkhq wkh dfwxdo sulfh gl�huhg pruh wkdq 93( +derxw 7 wlphv wkh
vwdqgdug ghyldwlrq ri wkh prgho, iurp wkh ydoxh fdofxodwhg zlwk wkh prgho/ wudqvdfwlrqv
zhuh h{foxghg +83 wudqvdfwlrqv, ehfdxvh wkh| zhuh frqvlghuhg xquholdeoh1 Wklv uhvxowhg
lq d �qdo gdwdedvh zlwk 54458 wudqvdfwlrqv ryhu wkh shulrg 4<;804<<< Rfwrehu/ d orvv ri
4:/9( +784< wudqvdfwlrqv, frpsduhg wr wkh ruljlqdo gdwdedvh1
: PRGHO UHVXOWV
Wkh prgho ri vhoolqj sulfhv lq wkh Euhgd uhjlrq lv vshfl�hg dv ghvfulehg lq htxdwlrq +45,1
Rqh jhqhudo wuhqg +�w, lv vshfl�hg dv d udqgrp zdon zlwk guliw/ 7 glvwulfw wuhqgv +�w,/ dqg
�qdoo| 7 krxvh w|sh wuhqgv +�w,/ erwk dv udqgrp zdonv1 Wklv uhvxowv lq 49 gl�huhqw wuhqgv1
Wkh glvwulfwv duh glylghg lq :6 vxeqhljkerukrrgv +!, +srvwdo duhd,/ iru zklfk zh dvvxph
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vhsdudwh ohyhov/ prghoohg dv udqgrp h�hfwv1
Wkh prgho frqwdlqv 83 frh!flhqwv ri h{sodqdwru| yduldeohv/ dqg 8 yduldqfhv wr eh

hvwlpdwhg1 Wkh gh�qlwlrqv ri wkh yduldeohv duh surylghg lq wdeoh 43 dqg 44 lq wkh dsshqgl{1
Wkh dgglwlyh yduldeohv/ dv h{sodlqhg lq vhfwlrq 5/ duh vshfl�hg dv

�4 oq+KrxvhVl}h;33.�5KrxvhVl}hUhvw.�6SorwVl}h833.�7SorwVl}hUhvw
.�8JdudjhGhwdfkhg.�9JdudjhDqqh{.�:JdudjhExlowLq,1

Wkh hvwlpdwlrq uhvxowv duh vkrzq lq wkh wdeohv 6 dqg 71 Lq wkh dsshqgl{ pruh uhvxowv
duh vkrzq= wdeoh 47 frqwdlqv wkh vxeqhljkerukrrg ohyhov +ehwzhhq eudfnhwv wkh qxpehu ri
revhuydwlrqv shu qhljkerukrrg,/ wdeoh 46 frqwdlqv wkh frh!flhqwv iru wkh gl�huhqw krxvlqj
w|shv/ dqg wdeoh 45 surylghv wkh frh!flhqwv iru wkh lqwhulru dqg h{whulru pdlqwhqdqfh1

Doo frh!flhqwv kdyh wkh jrrg vljq1 Dq lqfuhdvh ri wkh Krxvh vl}h e| 43( ohdgv wr dq
lqfuhdvh ri wkh ydoxh e| dssur{lpdwho| 3=9:6� 43( * :(= Wkh frh!flhqw iru d ghwdfkhg
jdudjh lv vrphzkdw orzhu wkdq wkh rwkhu jdudjh frh!flhqwv1 Pd|eh wklv lv gxh wr wkh
idfw wkdw wkh ghwdfkhg jdudjhv duh pruh lq wkh uxudo duhdv wkhq lq wkh flw| duhdv1 D olvwhg
exloglqj lv derxw 48( pruh h{shqvlyh wkdq d �qrupdo� krxvh1 Wkh olqhdu guliw kdv d
frh!flhqw ri 3=3399/ lqglfdwlqj dq dyhudjh |hduo| sulfh ulfh ri 45� 3=3399 * ;( ryhu wkh
zkroh shulrg1 Wkh frh!flhqwv iru lqwhulru dqg h{whulru pdlqwhqdqfh vkrz gl�huhqfhv ri
uhvshfwlyho| 3=59 +63(, dqg 3=56 +59(, ehwzhhq shuihfw dqg edg pdlqwhqdqfh1

Wkh vwdqgdug ghyldwlrqv duh surylghg lq wdeoh 71 Wkh vwdqgdug ghyldwlrq ri wkh phd0
vxuhphqw htxdwlrq � lv 314595/ zklfk fdq eh lqwhusuhwhg dv d vwdqgdug ghyldwlrq ri derxw
46(/ gxh wr wkh orj vshfl�fdwlrq1 Vr/ 99 shufhqw ri wkh uhvlgxdov lv zlwklq rqh wlph wkh
vwdqgdug ghyldwlrq1 Wkh vwdqgdug ghyldwlrqv iru wkh udqgrp zdonv +�,/ wkh jhqhudo wuhqg/
wkh glvwulfw wuhqgv +�,/ dqg wkh krxvh w|sh wuhqgv +�,/ duh vpdoo frpsduhg zlwk wkh vwdq0
gdug ghyldwlrq ri wkh phdvxuhphqw htxdwlrq1 Wkh jhqhudo sulfh ghyldwlrq shu |hdu/ dsduw
iurp wkh guliw/ kdv d vwdqgdug ghyldwlrq ri s45 � 3=33:7 * 5> 9(=Wkh vwdqgdug ghyld0
wlrq ri wkh udqgrp h�hfwv iru wkh vxeqhljkerukrrgv lv derxw 43(1 Wklv phdqv wkdw d
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Yduldeoh Frh!flhqw Vwdqgdug Ghyldwlrq W0ydoxh
KrxvhVl}h;33 319:6 31338: 44:18;
KrxvhVl}hUhvw 31;;6 313756 531;<
SorwVl}h833 31<34 31354< 74144
SorwVl}hUhvw 313;8 313366 5819;
JdudjhGhwdfkhg 781;5 516<55 4<148
JdudjhDqqh{ :313: 614;44 55136
JdudjhExlowLq 88168 716;58 45196
QUrrpv 313467 3133437 451;7
Djh4<33 0314:78 3133;< 04<184
Djh4<53 03155;3 313397 068175
Djh4<78 0314;4: 313379 06<1<3
Djh 0313385 3133345 0741;4
Olvwhg 3146;8 3134<: :135
Whup 0313353 313336 0:183
VdohvFrqglwlrqv 031334< 313465 03147
OlylqjUrrp4 313675 31335: 451::
OlylqjUrrp5 313547 3133:6 51<7
OlylqjUrrp6 313584 313385 71;7
OlylqjUrrp7 31339: 313359 518<
OlylqjUrrp8 3133:8 313384 417<
Wlph lq prqwkv +�, 313399 313339 431:6

Wdeoh 6= Hvwlpdwlrq uhvxowv Euhgd uhjlrq
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hvwlpdwh
� 314595
�st4 +�, 3133:7
�st5 +�, 313393
�st6 +�, 313357
�st7 +!, 313<;6

Wdeoh 7= Hvwlpdwlrq uhvxowv yduldqfhv Euhgd uhjlrq
hvwlpdwh

� 314;57
�st4 +�, 313449
�st5 +�, 313443
�st6 +�, 313963
�st7 +!, 314645

Wdeoh 8= Hvwlpdwlrq uhvxowv yduldqfhv Dpvwhugdp uhjlrq
vxeqhljkerukrrg ohyho lv lq 99 shufhqw zlwklq 043( dqg .43( iurp wkh glvwulfw ohyho1

Iljxuh 4 jlyhv wkh jhqhudo wuhqg dqg �jxuh 5 dq h{dpsoh ri wkh wuhqg iru d vshfl�f
glvwulfw dqg krxvh w|sh dv d ghyldwlrq iurp wkh jhqhudo wuhqg1 Wkh | d{lv lv lq orjdulwkpv/
vr dq lqfuhdvh ri 14 phdqv wkdw wkh lqfuhdvh lq vhoolqj sulfhv lv dssur{lpdwho| 43(1 Wkh
gdvkhg olqhv lqglfdwh wkh <8( frq�ghqfh lqwhuydov dqg wkh srlqwv wkh dyhudjh vwdqgdugl}hg
vhoolqj sulfhv/ fruuhfwhg iru lqglylgxdo fkdudfwhulvwlfv dqg wkh jhqhudo wuhqg/ vhh htxdwlrq
+45,

Lq wdeoh : wkh hvwlpdwhv ri wkh yduldqfh iru wkh Dpvwhugdp uhjlrq duh vkrzq1 Wkh
vwdqgdug ghyldwlrq iru wkh phdvxuhphqw htxdwlrq � lv 4;(/ derxw 9( pruh wkdq lq wkh
Euhgd uhjlrq1
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Iljxuh 4= Jhqhudo wuhqg iru wkh Euhgd uhjlrq1

Iljxuh 5= D vshfl�f foxvwhu wuhqg iru wkh Euhgd uhjlrq1
5:



; SULFH LQGLFHV
Lq wklv vhfwlrq zh frpsduh sulfh lqglfhv rewdlqhg e| wkh KWP +wkh �{hg0vdpsoh khgrqlf
lqglfhv, zlwk sulfh lqglfhv edvhg rq d zhljkwhg dyhudjh ri phgldq vhoolqj sulfhv +vlpsoh0
zhljkwhg lqglfhv,1 Lq wkh �uvw vxevhfwlrq zh ghvfuleh wkhvh phwkrgv/ lq wkh qh{w vxevhfwlrq
zh frpsduh wkh uhvxowv ri erwk phwkrgv iru wkh Dpvwhugdp dqg Euhgd uhjlrq1 Wkh odvw
vxevhfwlrq ghdov zlwk wkh uholdelolw| ri wkh sulfh lqglfhv1
;14 Wkh vlpsoh0zhljkwhg dqg wkh �{hg0vdpsoh khgrqlf lqgh{
Lq wklv phwkrg iru hyhu| pdunhw vhjphqw wkh phgldq vhoolqj sulfh lv fdofxodwhg lq shulrg w
dqg w. 41 Qh{w d zhljkwhg dyhudjh ri wkh vhjphqw phgldqv lv fdofxodwhg zlwk dv zhljkwv
wkh uhodwlyh qxpehu ri vdohv lq wkh vhjphqw/ iru erwk shulrgv1 Wkh uhodwlyh gl�huhqfh
ehwzhhq wkh wzr zhljkwhg dyhudjhv surylghv wkh sulfh lqgh{1 Wkh zhljkwv duh qrw �{hg
exw duh suhvhqwhg e| wkh uhodwlyh qxpehu ri vdohv lq hdfk vhsdudwh shulrg +uroolqj edvlv,1

Lq irupxod/ zlwk l @ 4> = = = > E> wkh pdunhw vhjphqwv dqg w wkh shulrg/Pl>w wkh phgldq vhoolqj sulfh lq pdunhw vhjphqw l dqg shulrg w/
Pw wkh zhljkwhg phgldq vhoolqj sulfh lq shulrg w/
ql>w wkh qxpehu ri vdohv lq pdunhw vhjphqw l dqg shulrg w/
qw wkh qxpehu ri vdohv lq shulrg w1Wkhq

qw @ q4>w . � � �. qE>w>
Pw @ +q4>w �P4>w . � � �. qE>w �PE>w,@qw=

Vr wkh uhodwlyh sulfh pryhphqw htxdov +Pw.4@Pw � 4,� 433(1
Lq wkh �{hg0vdpsoh khgrqlf lqgh{ wkh pdunhw vhjphqw sulfh pryhphqwv duh frqvwuxfwhg

iurp wkh KWPprgho/ dv ghvfulehg lq vhfwlrq 81 Il{hg zhljkwv duh xvhg wr rewdlq d jhqhudo
sulfh lqgh{ iurp wkh vhjphqw sulfh pryhphqwv1 Wkh �{hg zhljkwv lq wlph duh wdnhq dv
wkh uhodwlyh qxpehu ri vhoolqj sulfhv shu pdunhw vhjphqw ryhu d orqj uhihuhqfh shulrg
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+4<;8 0 4<<<T5,1 Wkh prgho vlpxowdqhrxvo| surylghv wuhqgv iru gl�huhqw glvwulfwv dqg
krxvh w|shv rq d prqwko| edvlv1 Iurp wkhvh wuhqgv lw lv txlwh hdv| wr frqvwuxfw sulfh
lqglfhv rq d prqwko|/ txduwhuo|/ ru |hduo| edvlv1 Lq wkh prgho fruuhfwlrqv duh dovr pdgh
iru gl�huhqfhv lq vwuxfwxudo dqg orfdwlrqdo fkdudfwhulvwlfv lq rughu wr eh deoh wr frpsduh
wkh vhoolqj sulfhv1

Wkh gl�huhqfhv ehwzhhq erwk phwkrgv duh txlwh reylrxv1 Wkh �{hg0vdpsoh khgrqlf
lqgh{ fruuhfwv iru gl�huhqfhv lq fkdudfwhulvwlfv ri wkh krxvhv/ dqg wkh vlpsoh0zhljkwhg
grhv qrw fruuhfw iru dq| gl�huhqfh1 Wkh �{hg0vdpsoh khgrqlf lqgh{ xvhv �{hg zhljkwv shu
shulrg/ wkh vlpsoh0zhljkwhg lqgh{ kdv wlph ydu|lqj zhljkwv1 Wkh �{hg0vdpsoh khgrqlf
lqgh{ wdnhv lqwr dffrxqw wkh vhoolqj gdwh +rq d prqwko| edvlv,/ wkh vlpsoh0zhljkwhg lqgh{
kdv dq lpsolflw dvvxpswlrq ri htxdoo| vsdfhg vhoolqj gdwhv1 Wkh vlpsoh0zhljkwhg lqgh{
frpsduhv wkh �plggoh� ri rqh shulrg zlwk wkh �plggoh� ri wkh qh{w shulrg1 Vr wkh vlpsoh0
zhljkwhg lqgh{ kdv d wlph odfn ri kdoi d shulrg1 Wkh �{hg0vdpsoh khgrqlf phwkrg lv
fdsdeoh ri surgxflqj xs0wr0gdwh lqglfhv/ kdylqj d odj ri dw prvw kdoi d prqwk1
;15 Sulfh lqglfhv iru wkh Dpvwhugdp dqg Euhgd uhjlrq
Lq wklv vxevhfwlrq sulfh lqglfhv duh vkrzq iru wkh Dpvwhugdp dqg Euhgd uhjlrq iru wkh
vlpsoh zhljkwhg dqg wkh �{hg0zhljkwhg khgrqlf phwkrg1

Wkh �{hg0zhljkwhg khgrqlf lqgh{ vkrzv wkdw iru wkh Dpvwhugdp uhjlrq wkh sulfh ghyho0
rsphqw ydulhv ryhu krxvh w|sh dqg glvwulfw/ dqg iru wkh Euhgd uhjlrq wkh sulfh ghyhorsphqw
ydulhv phuho| ryhu krxvh w|sh1

Iljxuh 6 vkrzv wkh sulfh fkdqjhv iru wkh Dpvwhugdp uhjlrq ryhu wkh shulrg 4<;8 0
4<<<T51 Lw lv qrwdeoh wkdw gl�huhqfhv ehwzhhq wkh phwkrgv duh vxevwdqwldo/ iru lqvwdqfh
xs wr 49 shufhqw srlqwv lq 4<;< ghvslwh wkh idfw wkdw wkhuh zhuh pruh wkdq 4333 wudqvdfwlrqv
shu |hdu1 Vr/ lw vhhpv wr eh yhu| lpsruwdqw wr fruuhfw iru gl�huhqfhv lq fkdudfwhulvwlfv ri
wkh vrog krxvhv1
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Iljxuh 6= Sulfh fkdqjh iru Dpvwhugdp uhjlrq1
Iru wkh Euhgd uhjlrq vlplodu uhvxowv duh vkrzq lq wdeoh 91
Iru vpdoo pdunhw vhjphqwv wkh gl�huhqfhv duh hyhq pruh dssduhqw1 Wdeoh : vkrzv iru

wkh sulfh fkdqjhv iru dsduwphqwv lq d glvwulfw lq wkh Euhgd uhjlrq iru erwk phwkrgv1 Lw
vhhpv wr eh wkdw wkh vlpsoh0zhljkwhg lqgh{ phwkrg lv qrw d uholdeoh phwkrg iru vpdoo
pdunhw vhjphqwv1
;16 Uholdelolw|
Lq wkh odvw vxevhfwlrq lw lv vkrzq wkdw iru vpdoo pdunhw vhjphqwv wkh vlpsoh0zhljkwhg
phwkrg grhv qrw surgxfh uholdeoh lqglfhv1 Wkh uholdelolw| ghshqgv phuho| rq wkh qxpehu
ri revhuydwlrqv dqg wkh khwhurjhqhlw| ri wkh vrog krxvhv1 Wkh qxpehu ri revhuydwlrqv lv
ghshqghqw ri wkh qxpehu ri foxvwhuv/ dqg wkh wlph shulrg1 Wkh pruh foxvwhu duh glvwlq0
jxlvkhg/ dqg wkh vkruwhu wkh wlph shulrg frqvlghuhg/ wkh ohvv revhuydwlrqv duh dydlodeoh1 Lq
wklv vxevhfwlrq vwdqgdug ghyldwlrqv duh surylghg iru wkh sulfh fkdqjhv lq wkh Euhgd uhjlrq1
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Vlpsoh0zhljkwhg �{hg0vdpsoh khgrqlf
Fkdqjh Fxpxodwlyh Fkdqjh Fxpxodwlyh

4<;8
4<;9 61< 61< 817 817
4<;: :16 4417 914 441<
4<;; 616 4814 814 4:19
4<;< :15 5617 916 5813
4<<3 319 5715 615 5<13
4<<4 71< 6316 71< 6816
4<<5 <16 7517 <17 7;14
4<<6 431; 8:1; 451: 9:13
4<<7 :1< :315 431; ;813
4<<8 <13 ;819 :15 <;16
4<<9 <17 4351< <1: 44:19
4<<: :16 44:1; ;18 46914
4<<; :1; 4671: ;18 48916
4<<< Rfw1 4617 49913 4617 4<31:

Wdeoh 9= Sulfh fkdqjh lq shufhqwdjh shu |hdu iru Euhgd uhjlrq
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\hdu Qxpehu ri revhuydwlrqv Vlpsoh0zhljkwhg �{hg0vdpsoh khgrqlf
4<;8 54
4<;9 56 031< :14
4<;: 4; 0817 913
4<;; 55 5:15 71;
4<;< 5< 0614 918
4<<3 6: 613 41<
4<<4 6< :1< 61<
4<<5 7: ;15 ;1;
4<<6 86 4:1; 4518
4<<7 9: 71< 431;
4<<8 <4 <15 91:
4<<9 433 4616 <16
4<<: 448 41< ;1;
4<<; 45< <1; ;1<
4<<< Rfw1 439 481: 4618
Wdeoh := Sulfh fkdqjhv lq shufhqwdjhv iru vpdoo pdunhw vhjphqw lq Euhgd uhjlrq

65



Vlpsoh0zhljkwhg Il{hg0vdpsoh khgrqlf
\hdu Txduwhu Prqwk \hdu Txduwhu Prqwk

Uhjlrq 319( 415( 514( 3169( 319( 31<(
Glvwulfw dqg Krxvh w|sh 518( 8( ;1:( 31;8( 415( 417(

Wdeoh ;= Wdeoh Vwdqgdug ghyldwlrq iru vlpsoh0zhljkwhg dqg �{hg0vdpsoh khgrqlf lqgh{
Euhgd uhjlrq
Wkh sulfh fkdqjhv duh surgxfhg rq d prqwko|/ txduwhuo|/ dqg |hduo| edvlv/ iru wkh uhjlrq
dv d zkroh/ dqg iru dq �dyhudjh� glvwulfw dqg krxvh w|sh1 Wdeoh ; vkrzv wkh vwdqgdug
ghyldwlrqv iru erwk phwkrgv1

Wkh gl�huhqfhv ehwzhhq wkh wzr phwkrgv duh vwulnlqj1 Wkh vwdqgdug ghyldwlrq iru wkh
�{hg0vdpsoh khgrqlf phwkrg lv 5 wloo : wlphv vpdoohu wkdq iru wkh vlpsoh0zhljkwhg phwkrg1
Li d |hduo| uhjlrqdo sulfh fkdqjh ri 43( lv frpsxwhg e| wkh vlpsoh0zhljkwhg lqgh{ wkh
<8( frq�ghqfh lqwhuydo lv surylghg e| ^;1;(>4415(`1 Li lw lv frpsxwhg e| wkh �{hg0vdpsoh
khgrqlf lqgh{ wklv frq�ghqfh lqwhuydo lv ^<16(>431:(`1 Iru d prqwko| vxepdunhw sulfh
fkdqjh wkhvh lqwhuydov duh ^0:17(>5:17(`/ dqg ^:15(>451;(`/ uhvshfwlyho|1

Lw fdq eh frqfoxghg wkdw wkh �{hg0vdpsoh khgrqlf lqgh{ lv idu pruh dffxudwh1 Lw lv
srvvleoh wr rewdlq uholdeoh lqglfhv rq d pruh ghwdlohg ohyho/ iru vpdoo wlph shulrgv/ vr lw lv
pruh xs0wr0gdwh1

Ri frxuvh wkh prvw uhfhqw sulfh fkdqjhv fdq eh hvwlpdwhg ohvv uholdeoh wkdq d sulfh
fkdqjh vrph shulrgv ehiruh1 Wdeoh < vkrzv wkh vwdqgdug ghyldwlrqv ri wkh prqwko| sulfh
fkdqjhv iru wkh Euhgd uhjlrq dw wkh hqg ri wkh wlph shulrg frqvlghuhg1 Lq wklv h{dpsoh
wkh vwdqgdug ghyldwlrq ulvhv iurp 3193( wloo 31::(1
< FRQFOXVLRQV
Wklv duwlfoh suhvhqwhg d g|qdplf khgrqlf sulfh prgho iru vhoolqj sulfhv ri krxvhv1 Wkh
prgho frqvlghuhg lv d klhudufklfdo wuhqg prgho zlwk jhqhudo dqg foxvwhu wuhqgv1 Wkh foxv0
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Shulrg 4<<< Sulfh Fkdqjh Vwdqgdug ghyldwlrq
424 0 425 41:3( 3195(
425 0 426 41:4( 3194(
426 0 427 4156( 3193(
427 0 428 4185( 3193(
428 0 429 41;7( 3193(
429 0 42: 414<( 3194(
42: 0 42; 5137( 3195(
42; 0 42< 4174( 3196(
42< 0 4243 41:3( 3199(

4243 0 64243 413;( 31::(
Wdeoh <= Sulfh Fkdqjh Euhgd uhjlrq iru wkh �{hg0vdpsoh khgrqlf lqgh{

whuv duh frqvwuxfwhg e| orfdwlrq dqg krxvh w|sh1 Wklv prgho fdq eh vhhq dv dq h{whqvlrq
ri d gxpp| yduldeoh prgho/ zlwk wlph ydu|lqj frqvwdqwv iru wkh gl�huhqw foxvwhuv1 Iru wkh
jhqhudo wuhqg d udqgrp zdon zlwk guliw lv dvvxphg/ iru wkh foxvwhu wuhqgv udqgrp zdonv1
Wkh frh!flhqwv ri wkh h{sodqdwru| yduldeohv duh nhsw frqvwdqw ryhu wlph/ orfdwlrq/ dqg
krxvh w|sh1 Wkhvh nlqg ri g|qdplf prghov/ hyhq zlwk ydu|lqj frh!flhqwv/ fdq eh sxw lq
vwdwh vsdfh irupdw/ vr wkh| fdq eh hvwlpdwhg e| wkh +gl�xvh, Ndopdq �owhu1

Prgho uhvxowv duh vkrzq iru wkh uhjlrqv Euhgd dqg Dpvwhugdp1 Lw lv vkrzq wkdw dq
hvwlpdwh ri wkh ydoxh ri d krxvh fdq eh surgxfhg zlwk dq dyhudjh vwdqgdug ghyldwlrq ri
4;( iru wkh Dpvwhugdp uhjlrq/ dqg 46( iru wkh Euhgd uhjlrq1

Il{hg0vdpsoh khgrqlf lqglfhv zhuh frqvwuxfwhg iurp wkh wuhqgv ri wkh klhudufklfdo
wuhqg prgho1 Wkhvh lqglfhv zhuh frpsduhg zlwk vlpsoh zhljkwhg lqglfhv1 Wkh txhvwlrq
zdv zklfk phwkrg surylghv wkh prvw dghtxdwh sulfh fkdqjh iru vwdqgdugl}hg krxvhv ri
frqvwdqw txdolw|/ wkhuhe| phdvxulqj sulfh fkdqjhv lq wkh pdunhw gxh wr pdunhw irufhv rqo|1
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Wkh �qglqjv ri wklv uhvhdufk duh vxppdul}hg lq wkh iroorzlqj1
Iru wkh krxvh sulfh lqglfhv ri erwk wkh uhjlrqdo pdunhw dqg wkh lqqhu0uhjlrqdo pdunhw

+vpdoo pdunhw vhjphqwv,/ xvlqj wkh khgrqlf phwkrg pruh xs0wr0gdwh/ ghwdlohg/ dqg uhol0
deoh uhvxowv zhuh rewdlqhg zkhq vwxg|lqj |hduo| sulfh ghyhorsphqwv wkdq zkloh xvlqj wkh
vlpsoh0zhljkwhg phwkrg1

Zkhq vpdoo pdunhw vhjphqwv zlwk ihz wudqvdfwlrqv duh frqfhuqhg wkh xvh ri wkh kh0
grqlf phwkrg vhhpv wr eh wkh rqo| dffxudwh sulfh lqgh{ frqvwuxfwlrq phwkrg/ hvshfldoo|
zkhq lqglfhv kdyh wr eh surgxfhg rq d prqwko| ru txduwhuo| edvlv zlwk hyhq ohvv wudqv0
dfwlrqv shu shulrg1 Rq d prqwko| ru txduwhuo| edvlv wkh vlpsoh0zhljkwhg phwkrg zloo
surgxfh pruh xquholdeoh uhvxowv ehfdxvh ri wkh vpdoo qxpehu ri wudqvdfwlrqv1
Uhihuhqfhv

Dqvholq/ O1 +4<;;,/ Vsdwldo Hfrqrphwulfv= Phwkrgv dqg Prghov/ Gruguhfkw= Noxzhu
Dfdghplf1
Eu|n/ D1V1/ dqg V1Z1 Udxghqexvk +4<<5,/ Klhudufklfdo olqhdu prghov1 Dssolfdwlrqv
dqg Gdwd Dqdo|vlv Phwkrg/ Vdjh Sxeolfdwlrqv/ Qhzexu| Sdun/ FD1
Fdq/ D1 +4<<5,/ �Vshfl�fdwlrq dqg hvwlpdwlrq ri khgrqlf sulfh prghov/� Uhjlrqdo
Vflhqfh dqg Xuedq Hfrqrplfv/ 55/ 78607:71
Fursshu P1O1/ O1E1 Ghfn/ dqg N1H1 PfFrqqhoo +4<;;,/ �Rq fkrlfh ri ixqfwlrqdo irup
iru khgrqlf sulfh ixqfwlrqv/� Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :317/ 99;09:81
gh Mrqj/ S1 +4<<4,/ �Wkh gl�xvh Ndopdq �owhu/� Wkh Dqqdov ri Vwdwlvwlfv/ 5/ 43:60
43;61
gh Mrqj/ S1 +4<<4,/ �Vwdeoh dojrulwkpv iru wkh vwdwh vsdfh prgho/� Mrxuqdo ri wlph
vhulhv dqdo|vlv/ yro 45/ Qr1 5/ 476048:1
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gh Mrqj/ S1 +4<<7, dqg V1 Fkx0Fkxq0Olq/ �Idvw olnholkrrg hydoxdwlrq dqg suhglfwlrq
iru qrqvwdwlrqdu| vwdwh vsdfh prghov/� Elrphwulnd/ yro1 ;4/ Qr1 4/ 46604751
Gdylgvrq/ U1 dqg M1J1 PdfNlqqrq +4<<6,/ Hvwlpdwlrq dqg Lqihuhqfh lq Hfrqrphw0
ulfv/ R{irug Xqlyhuvlw| Suhvv1
Glqdq/ W1P1 dqg M1D1 Pludqrzvnl +4<;<,/ �Hvwlpdwlqj wkh lpsolflw sulfh ri hqhuj|
h!flhqf|1 Lpsuryhphqwv lq wkh uhvlghqwldo krxvlqj pdunhw= d khgrqlf dssurdfk/�
Mrxuqdo ri Xuedq Hfrqrplfv/ 58/ 8509:1
Gxelq/ U1D1 +4<<4,/ �Vsdwldo Dxwrfruuhodwlrq dqg Qhljkerukrrg Txdolw|/� Uhjlrqdo
Vflhqfh dqg Xuedq Hfrqrplfv/ Yro1 55/ 76607851
Gxelq/ U1D1 +4<<;,/ �Suhglfwlqj Krxvh Sulfhv Xvlqj Pxowlsoh Olvwlqjv Gdwd/ � 0
Mrxuqdo ri Uhdo Hvwdwh dqg Hfrqrplfv/ Yro1 4:=4/ 6808<1
Gxqq/ U1/ S1D1 Orqjoh|/ dqg Q1 Zuljoh| +4<;:,/ �Judsklfdo surfhgxuhv iru lghqwli|0
lqj ixqfwlrqdo irup lq elqdu| glvfuhwh fkrlfh prghov 0 d fdvh vwxg| ri uhyhdohg whqxuh
fkrlfh/� Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv/ 4:14/ 48404:41
Iudqfnh/ P1N1 dqg D1I1 gh Yrv +5333,/ �H!flhqw Frpsxwdwlrq ri Klhudufklfdo
Wuhqgv/� Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ yro1 4;/ Qr1 4/ 8408:1
Iudqfnh/ P1N1 dqg J1 D1 Yrv +5333,/ �Vwdqgduglvhg Sulfh Lqglfhv iru wkh Uhjlrqdo
Krxvlqj Pdunhw= D Frpsdulvrq ehwzhhq wkh Il{hg0Vdpsoh Lqgh{ dqg wkh Khgrqlf
Lqgh{/�/ Sdshu suhvhqwhg dw wkh :wk HUHV Lqwhuqdwlrqdo Uhdo Hvwdwh Frqihuhqfh/
Erughdx{1
Jrogvwhlq/ K1 +4<<8,/ Nhqgdoo*v Dgydqfhg Wkhru| ri Vwdwlvwlfv/ Yroxph 6/ Pxowlohyho
Vwdwlvwlfdo Prghov/ Vhfrqg Hglwlrq/ Orqgrq/ Duqrog1
Juhhqh/ Z1K1J1 +4<<6,/ Hfrqrphwulf Dqdo|vlv/ Vhfrqg Hglwlrq/ Qhz \run/ Pd{plo0
odq Sxeolvklqj Frpsdq|1
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Kdoyhuvrq/ U1 dqg K1 Sroodzvnl +4<;5,/ �Fkrlfh ri wkh ixqfwlrqdo irup iru khgrqlf
sulfh htxdwlrqv/� Mrxuqdo ri Xuedq Hfrqrplfv/ 43/ 6:07<1
Kduyh|/ D1F1 +4<;<,/ Iruhfdvwlqj Vwuxfwxudo Wlph Vhulhv Prghov dqg wkh Ndopdq
Ilowhu/ Fdpeulgjh Xqlyhuvlw| Suhvv1
Mrkqvrq/ U1F1 dqg G1O1 Ndvhupdq +4<;6,/ �Krxvlqj pdunhw fdslwdol}dwlrq ri hqhuj|0
vdylqj gxudeoh jrrg lqyhvwphqwv/� Hfrqrplf Lqtxlu|/ 5416/ 7;:08331
Mrqhv/ N1 dqg Q1 Exoohq +4<<6,/ �D pxowlohyho dqdo|vlv ri wkh yduldwlrqv lq grphvwlf
surshuw| sulfhv= Vrxwkhuq Hqjodqg 4<;304<;:/� Xuedq Vwxglhv/ 631;/473<047591
Nrrspdq/ V1M1 +4<<5,/ �Gldjqrvwlf fkhfnlqj dqg Lqwud0gdlo| h�hfwv lq Wlph vhulhv
prghov/�Dpvwhugdp= Wkhvlv Sxeolvkhuv1
Nrrspdq/ V1M1 +4<<:,/ �H{dfw Lqlwldo Ndopdq Ilowhulqj dqg Vprrwklqj iru Qrqvwd0
wlrqdu| Wlph Vhulhv Prghov/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ yro1
<5/ Qr1 773/ Wkhru| dqg Phwkrgv/ 49630496;1
Olqqhqpdq/ S1 +4<;3,/ �Vrph hpslulfdo uhvxowv rq wkh qdwxuh ri wkh khgrqlf sulfh
ixqfwlrq iru xuedq krxvlqj pdunhwv/� Mrxuqdo ri Xuedq Hfrqrplfv/ ;/ 7:09;1
Orqjirug/ Q1W1 +4<<6,/ Udqgrp Frh!flhqwv Prghov/ R{irug/ Foduhqgrq Suhvv1
Orqjoh|/ S1D1 dqg U1 Gxqq +4<;;,/ �Judsklfdo dvvhvvphqw ri krxvlqj pdunhw prg0
hov/� Xuedq Vwxglhv/ 5814/ 540661
R*Kdjdq/ D1 +4<<7,/ Nhqgdoo*v Dgydqfhg Wkhru| ri Vwdwlvwlfv/ Yroxph 5E/ Ed|hvldq
lqihuhqfh/ Orqgrq/ Duqrog1
Ruirug/ V1 +4<<<,/ Ydoxlqj wkh Exlow Hqylurqphqw= JLV dqg Krxvh Sulfh Dqdo|vlv/
Dvkjdwh Sxeolvklqj Frpsdq|/ Eurrn�hog/ YW/ X1V1D1
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Rkovihogw/ U1O1 +4<;;,/ �Ydoxlqj orfdwlrq lq dq Xuedq Krxvlqj Pdunhw/� Surfhhglqjv
ri wkh 6ug lqwhuqdwlrqdo frqihuhqfh rq jhrfrpsxwdwlrq/ Eulvwro/ XN/ 4:04< Vhswhpehu
4<<;/ JhrFrpsxwdwlrq FG0URP/ LVEQ 30<8667::03051
Sdfh/ U1N1/ U1 Eduu|/ M1P1 Fodss/ dqg P1 Urgultxh} +4<<;,/ �Vsdwlrwhpsrudo dx0
wruhjuhvvlyh Prghov ri Qhljkerukrrg H�hfwv/ �Mrxuqdo ri Uhdo Hvwdwh Ilqdqfh dqg
Hfrqrplfv/ 4:=4/ 480661
Sdoptxlvw/ U1E1 +4<;7,/ �Hvwlpdwlqj wkh ghpdqg iru wkh fkdudfwhulvwlfv ri krxvlqj/�
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ 99/ 6<707371
Txljoh|/ M1P1 +4<;5,/ �Qrq0olqhdu exgjhw frqvwudlqwv dqg frqvxphu ghpdqg 0 dq
dssolfdwlrq wr sxeolf surjudpv iru uhvlghqwldo krxvlqj/� Mrxuqdo ri Xuedq Hfrqrplfv/
4515/ 4::05341
Zhvw/ P1 dqg M1 Kduulvvrq +4<<:,/ Ed|hvldq Iruhfdvwlqj dqg G|qdplf Prghov/ Vhf0
rqg Hglwlrq/ Vsulqjhu0Yhuodj/ Qhz \run1

D Dsshqgl{
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Yduldeoh Gh�qlwlrq
KrxvhVl}h;33 wkh plqlpxp ri wkh krxvh vl}h lq fxelf phwhuv/ dqg ;33
KrxvhVl}hUhvw wkh pd{lpxp ri wkh krxvh vl}h lq fxelf phwhuv 0 ;33/ dqg 3
SorwVl}h833 wkh plqlpxp ri wkh orw vl}h lq vtxduh phwhuv/ dqg 833
SorwVl}hUhvw wkh pd{lpxp ri wkh orw vl}h lq fxelf phwhuv 0 833/ dqg 3
JdudjhGhwdfkhg 4 li ghwdfkhg jdudjh/ 3 rwkhuzlvh
JdudjhDqqh{ 4 li dqqh{ jdudjh/ 3 rwkhuzlvh
JdudjhExlowLq 4 li exlow0lq jdudjh/ 3 rwkhuzlvh
QUrrpv qxpehu ri urrpv
Djh4<33 4 li |hdu ri frqvwuxfwlrq ? 4<33/ 3 rwkhuzlvh
Djh4<53 4 li 4<33 � |hdu ri frqvwuxfwlrq ? 4<53/ 3 rwkhuzlvh
Djh4<78 4 li 4<53 � |hdu ri frqvwuxfwlrq ? 4<78/ 3 rwkhuzlvh
Djh li |hdu ri frqvwuxfwlrq � 4<78/ vhoolqj |hdu 0 |hdu ri frqvwuxflrq/

3 rwkhuzlvh
Olvwhg 4 li olvwhg exloglqj/ 3 rwkhuzlvh
Whup Vhoolqjshulrg lq gd|v
VdohvFrqglwlrqv 4 ri qr ohjdo fkdujhv/ 3 rwkhuzlvh
Wlph lq prqwkv vhoolqj gdwh lq prqwkv iurp 4 Mdqxdu| 4<;8
PL lqwhulru pdlqwhqdqfh/ 04 Xqnrzq/4 Shuihfw/5 Jrrg/6 Uhdvrqdeoh/7 Prghudwh/8 Edg
PH h{whulru pdlqwhqdqfh
OlylqjUrrp W|sh ri olylqj Urrp/ 04 Xqnqrzq/ 4 O0Urrp/

5 W0Urrp/ 6 ]0Urrp/ 7 Wkurxjk Urrp/ 8 Urrp hq vxlwh
Wdeoh 43= Yduldeoh gh�qlwlrqv Euhgd uhjlrq
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Krxvh W|sh Ghvfulswlrq
43 Vlpsoh krxvh
44 Plgghqvwdqgvzrqlqj
45 Pdqru krxvh
46 Uhvlghqfh
47 Frxqwu|krxvh
48 Frxqwu| Hvwdwh
49 Exqjdorz
4: Exqjdorz zlwk d sdwlr
4; Vhpl0exqjdorz
4< Vsolw ohyho krxvh
53 Phdqghukrxvh
54 Jurxqg rru  dw
55 Xsvwdluv  dw
56 Jurxqg rru  dw ru Xsvwdluv  dw
57 Krxvh zlwk d srufkh
58 Fdqdovlgh krxvh
59 Pdlvrqhwwh
5: Iodw iru wkh hoghuo|
5; Iodw zlwk hohydwru
5< Iodw zlwkrxw hohydwru
63 Krxvh zlwk vxujhu|/ hwf1
64 Gulyh0lq krph
65 Frqyhuwhg frwwdjh2idupkrxvh

Wdeoh 44= Gh�qlwlrq Krxvh w|shv
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Yduldeoh Frh!flhqw Vwdqgdug Ghyldwlrq W0ydoxh
PL4 313<3: 313395 47187
PL5 313859 313374 451:3
PL7 31379; 3133<4 08146
PL8 0314:93 31354< 0;138
PH4 3138<6 313398 <139
PH5 31379: 313377 4319:
PH7 0313;;: 3133<9 0<153
PH8 0314:4: 313566 0:16:
Wdeoh 45= Hvwlpdwlrq uhvxowv Pdlqwhqdqfh Euhgd uhjlrq
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Yduldeoh Frh!flhqw Vwdqgdug Ghyldwlrq W0ydoxh
KrxvhW|sh43 03138; 31336: 0481;4
KrxvhW|sh45 3143: 313365 6615<
KrxvhW|sh46 31569 313397 6:13<
KrxvhW|sh47 3159<3 313433 591;<
KrxvhW|sh48 314774 3137<9 51<3
KrxvhW|sh49 314:8: 3133;6 5415;
KrxvhW|sh4: 314<:< 313435 4<179
KrxvhW|sh4; 31498: 313398 58185
KrxvhW|sh4< 3134<4 313559 31;7
KrxvhW|sh53 313556 31459: 314:9
KrxvhW|sh63 31389: 3134<< 51;7
KrxvhW|sh64 0313:<< 31344< 091:5
KrxvhW|sh65 31439; 313446 <17:
KrxvhW|sh54 03146<4 31356; 081;7
KrxvhW|sh55 0314688 31354< 0914;
KrxvhW|sh56 0315:65 3135<7 0<15;
KrxvhW|sh57 0313488 313568 03199
KrxvhW|sh59 031447: 313485 0:189
KrxvhW|sh5: 0315446 3135;< 0:165
KrxvhW|sh5; 031343: 3133;< 0414<
KrxvhW|sh5< 0313;:; 3133<3 <1:4

Wdeoh 46= Hvwlpdwlrq uhvxowv Krxvh w|sh Euhgd uhjlrq
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VxeQ Ohyho W0ydoxh VxeQ Ohyho W0ydoxh VxeQ Ohyho W0ydoxh
7;68 3139; 51:7 +:97, 7;74 3134; 3186 +;77, 8454 31335 313; +;4<,
7;69 31383 416; +4<, 7;87 31373 414; +737, 8455 31335 313; +4<;,
7;6: 3144; 7193 +559, 7;475 0313;7 05155 +69, 8457 031363 04143 +73,
7;7: 031374 04197 +84:, 75:4 0313<8 0714; +446, 8498 0313:6 06165 +484,
7;84 31394 5177 +6:<, 75:6 03138: 05197 +4:8, 7;474 31336 3146 +735,
7;89 031447 0516< +:, 7;55 031354 04135 +8::, 7;45 31393 518: +7<5,
7;8; 31388 31<3 +6, 7;56 31374 41<; +6<5, 7;48 31375 41:: +588,
7;8< 313:4 31<3 +4, 7;57 031354 04135 +9;7, 7;49 31373 41:: +4:<,
7<35 031448 07197 +;38, 7<34 31433 71<: +<85, 7;58 031338 03143 +9,
7;4;4 3134; 31:4 +5<;, 7<3: 31397 6154 +477;, 7;59 031385 05154 +7<5,
7;4;5 3143< 7159 +599, 7<54 313:6 6185 +66;, 7;5: 03136; 04186 +49;,
7;4;6 31338 314; +53:, 7<57 31373 4164 +5:, 7;7< 3136< 4194 +49<,
7;4;7 3146; 7139 +57, 7<64 31394 6133 +7<5, 7;88 3139; 5168 +76,
7;4;8 313;: 6134 +8<, 7<74 31367 4198 +83<, 7;94 31378 41:: +5<;,
7;4<4 31449 7175 +477, 7<75 31346 3194 +664, 7<36 0313:8 05156 +55,
7;4<5 3138; 5159 +573, 7<77 031357 04134 +<:, 7<38 3139; 5197 +;;,
7<373 0318:< 043165 +7, 8434 3133< 3174 +598, 7<39 31365 413; +73,
7<374 031437 07153 +:76, 8435 3133: 3167 +73:, 7<3; 313:4 51<< +5;:,
7;44 3139; 5136 +793, 8436 31363 4176 +699, 7<3< 031339 03154 +9:,
7;46 03139; 05134 +6<8, 8437 3134< 31<4 +645, 7<44 31377 418; +83,
7;4: 031384 04187 +43:7, 8438 031364 031:3 +;, 8444 031356 031;< +<6,
7;67 31396 41<4 +4337, 8439 031383 04195 +58, 8446 03146: 061<7 +4<,
7;6; 031334 03135 +8:, 843: 0313<6 04153 +4, 8447 031487 05186 +6,
7;6< 31348 3174 +77, 843< 031335 0313< +479, 8458 03135; 031:9 +49,

8459 31337 314; +56<,
Wdeoh 47= Hvwlpdwlrq uhvxowv Vxeqhljkerxukrrg ohyhov Euhgd uhjlrq76


