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Sulfhv dqg Xqlw Oderu Frvwv= D Qhz Whvw ri Sulfh Vwlfnlqhvv

Dujld P1 Verugrqh�|

Uxwjhuv Xqlyhuvlw|

Rfwrehu 4<<;
+�uvw gudiw= Ghfhpehu 4<<:,

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh suhglfwlrqv ri d vlpsoh rswlpl}lqj prgho ri qrplqdo
sulfh uljlglw| iru wkh djjuhjdwh sulfh ohyho dqg wkh g|qdplfv ri lq dwlrq1 L frpsduh wkh
prgho*v suhglfwlrqv zlwk wkrvh ri d shuihfwo| frpshwlwlyh/  h{leoh sulfh cehqfkpdun*
prgho +fruuhvsrqglqj wr wkh prgho ri sulflqj dvvxphg lq vwdqgdug uhdo exvlqhvv f|foh
prghov,/ dqg hydoxdwh krz pxfk wkh lqwurgxfwlrq ri qrplqdo uljlglwlhv lpsuryhv wkh
prgho*v �w zlwk wkh gdwd1

Wkh prgho*v suhglfwlrqv duh ghulyhg xvlqj rqo| wkh �upv rswlpdo sulflqj sureohp>
wdnlqj dv jlyhq wkh sdwkv ri qrplqdo oderu frpshqvdwlrq/ oderu surgxfwlylw|/ dqg
rxwsxw/ L ghwhuplqh wkh lpsolhg sdwk ri sulfhv suhglfwhg e| wkh prgho1 Ehfdxvh sulfhv
duh qrw d vwdwlrqdu| vhulhv/ L suhvhqw p| uhvxowv lq whupv ri wkh suhglfwhg sdwk ri wkh
sulfh2xqlw oderu frvw udwlr/ zkhuh wkh sdudphwhuv fkdudfwhul}lqj vxfk sdwkv duh fkrvhq
wr pd{lpl}h wkh �w zlwk wkh gdwd1

L �qg wkdw zkloh wkh hyroxwlrq ri sulfhv uhodwlyh wr xqlw oderu frvwv lv txlwh gl�hu0
hqw iurp zkdw zrxog eh suhglfwhg e| wkh  h{leoh0sulfh cehqfkpdun* prgho/ d vlpsoh
prgho ri qrplqdo sulfh uljlglw| gholyhuv dq h{wuhpho| forvh dssur{lpdwlrq erwk ri wkh
sulfh2xqlw oderu frvw udwlr dqg ri wkh lq dwlrq vhulhv/ hyhq xqghu d yhu| vlpsoh dssurdfk
wr wkh phdvxuhphqw ri pdujlqdo frvwv1

�Fruuhvsrqghqfh= Ghsduwphqw ri Hfrqrplfv/ Uxwjhuv Xqlyhuvlw|/ :8 Kdplowrq Vwuhhw/ Qhz Euxqvzlfn/
QM/ 3;<340457;> sk1+:65,0<650;5:4> h0pdlo=verugrqhChfrq1uxwjhuv1hgx1

|L wkdqn Plnh Zrrgirug iru klv lqydoxdeoh dgylfh> Pdun Elov/ Rolylhu Eodqfkdug/ Mrugl Jdol/ Pdun Jhuwohu/
Mxolr Urwhpehuj/ dqg vhplqdu sduwlflsdqwv dw Sulqfhwrq Xqlyhuvlw|/ wkh QEHUPrqhwdu| Hfrqrplfv surjudp
phhwlqj ri Dsulo 4<<;/ dqg wkh QEHU 4<<; Vxpphu Lqvwlwxwh iru khosxo frpphqwv/ dqg wkh Lqvwlwxwh iru
Lqwhuqdwlrqdo Hfrqrplf Vwxglhv ri Vwrfnkrop Xqlyhuvlw| iru lwv krvslwdolw| zkhq L vwduwhg wr zrun rq wklv
surmhfw1



41 Lqwurgxfwlrq

Wklv sdshu lqyhvwljdwhv wkh suhglfwlrqv iru wkh djjuhjdwh sulfh ohyho dqg wkh g|qdplfv ri
lq dwlrq ri d vlpsoh prgho ri rswlpdo sulfh0vhwwlqj1 Wkh prgho lqfrusrudwhv qrplqdo sulfh
uljlglw|/ hlwkhu lq wkh irup ri frqyh{ frvwv ri fkdqjlqj sulfhv/ dv lq wkh yhuvlrq sursrvhg e|
Urwhpehuj +4<;5/ 4<<8,/ ru ri ghod|v ehwzhhq sulfh dgmxvwphqwv/ dv lq wkh yhuvlrq sursrvhg
e| Fdoyr +4<;6,1 L vwxg| krz pxfk wkh prgho*v ghyldwlrqv iurp wkh dvvxpswlrqv ri d
cehqfkpdun* prgho zlwk  h{leoh sulfhv +fruuhvsrqglqj wr wkh prgho ri sulflqj dvvxphg lq
vwdqgdug uhdo exvlqhvv f|foh prghov, lpsuryh wkh �w zlwk wkh X1V1 gdwd1

Wkh idloxuh ri sulfhv wr pryh dv pxfk dv frvwv ryhu wkh exvlqhvv f|foh kdv ehhq uhfhqwo|
hpskdvl}hg dv d nh| hohphqw lq dffrxqwlqj iru wkh  xfwxdwlrqv lq rxwsxw dqg hpsor|phqw
+Urwhpehuj0Zrrgirug 4<<4/4<<;,1 Iru h{dpsoh/ lqvridu dv sulfh2frvw pdujlqv pryh frxq0
whuf|folfdoo|/ ghpdqg vkrfnv pd| sod| dq lpsruwdqw uroh lq djjuhjdwh  xfwxdwlrqv/ zlwkrxw
wklv kdylqj wr lpso| vwurqjo| frxqwhuf|folfdo uhdo zdjh fkdqjhv ri d nlqg wkdw zh gr qrw re0
vhuyh1 Qrplqdo sulfh uljlglwlhv lq sduwlfxodu/ lqvridu dv wkh| duh lpsruwdqw/ fuhdwh dq reylrxv
fkdqqho wkurxjk zklfk sxuho| qrplqdo glvwxuedqfhv pd| kdyh uhdo h�hfwv1

Iroorzlqj wkh ohdg ri wkh UEF olwhudwxuh/ wkh hydoxdwlrq ri prghov ri sulfh ghwhuplqdwlrq
dowhuqdwlyh wr wkh ehqfkpdun prgho kdyh prvwo| ehhq frqgxfwhg zlwklq d vlplodu iudphzrun
ri jhqhudo htxloleulxp prghov1 Vhyhudo sdshuv frqvlghu wkh h{whqw wr zklfk d ixoo| vshfl�hg
txdqwlwdwlyh jhqhudo htxloleulxp prgho +lqfoxglqj d frpsohwh vshfl�fdwlrq ri wkh vwrfkdvwlf
surshuwlhv ri doo udqgrp vkrfnv d�hfwlqj wkh hfrqrp|, fdq dffrxqw iru ydulrxv surshuwlhv
ri djjuhjdwh wlph vhulhv1 Iru h{dpsoh/ Nlqj dqg Zdwvrq +4<<9, vwxg|/ dprqj rwkhu wklqjv/
zkhwkhu d vw|ol}hg jhqhudo htxloleulxp prgho zlwk vwlfn| sulfhv/ vxemhfw wr erwk qrplqdo
dqg uhdo vkrfnv zkrvh vwrfkdvwlf surfhvvhv duh fdoleudwhg rq gdwd ri wkh XV hfrqrp|/ lv deoh
wr jhqhudwh d sulfh surfhvv zlwk vwdwlvwlfdo surshuwlhv +vkdsh ri wkh vshfwuxp/ vljq dqg vl}h
ri g|qdplf fruuhodwlrq zlwk rxwsxw, forvh wr wkrvh ri wkh dfwxdo gdwd1 Urwhpehuj +4<<8,
vwxglhv zkhwkhu d jhqhudo htxloleulxp prgho zlwk frvwv ri dgmxvwlqj sulfhv gholyhuv wkh vdph
nlqg ri fruuhodwlrq ehwzhhq suhglfwdeoh frpsrqhqwv ri krxuv/ rxwsxw dqg sulfhv/ wkdw fdq eh
hvwlpdwhg iurp dq xquhvwulfwhg YDU �wwhg wr X1V1 wlph vhulhv1

Wkh dssurdfk wkdw wkhvh sdshuv/ dqg rwkhuv lq wkh vdph vslulw/ wdnh wr frpsdulqj wkh
lpsolfdwlrqv ri prghov zlwk qrplqdo uljlglwlhv zlwk gdwd rq sulfhv dqg txdqwlwlhv/ lqhylwdeo|
lqyroyh d yhu| odujh qxpehu ri pdlqwdlqhg k|srwkhvhv derxw wkh vwuxfwxuh ri wkh hfrqrp|
� iru h{dpsoh/ yhu| vshfl�f dvvxpswlrqv derxw krxvhkrog suhihuhqfhv/ derxw ghprjudsklfv/
derxw zdjh0vhwwlqj/ derxw krxvhkrogv* dffhvv wr fuhglw/ dqg derxw krz krxvhkrogv* exgjhwv
dqg rwkhu frqvwudlqwv duh d�hfwhg e| jryhuqphqw srolf| � lq dgglwlrq wr wkh dvvxphg prgho ri
sulflqj dqg vxsso| ehkdylru e| �upv1 Vlqfh pdq| ri wkhvh dvvxpswlrqv duh kljko| ghedwdeoh
+iru h{dpsoh/ wkh Hxohu htxdwlrqv lpsolhg e| d uhsuhvhqwdwlyh krxvhkrog prgho kdyh ehhq
uhmhfwhg e| qxphurxv hfrqrphwulf vwxglhv,/ lw lv xqfohdu wr zkdw h{whqw wkh idloxuh ri d jlyhq
frpsohwh prgho*v suhglfwlrqv wr pdwfk X1V1 gdwd lqglfdwh plvvshfl�fdwlrq ri wkh prgho ri
sulflqj/ ru ri vrph rwkhu dvshfw ri wkh prgho hqwluho|1

Rwkhu hylghqfh rq sulfh vwlfn|qhvv lv vrxjkw lq sdshuv wkdw frpsduh wkhruhwlfdo dqg
hvwlpdwhg uhvsrqvhv wr d sduwlfxodu nlqg ri h{rjhqrxv vkrfn1 Iru h{dpsoh/ Fkulvwldqr/
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Hlfkhqedxp dqg Hydqv +4<<:, frpsduh wkh suhglfwhg h�hfwv ri dq h{rjhqrxv wljkwhqlqj ri
prqhwdu| srolf| lq wzr prghov ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp/ wkdw gl�hu +dprqj
rwkhu uhvshfwv, lq wkhlu dvvxpswlrqv derxw sulfh  h{lelolw|1 Urwhpehuj dqg Zrrgirug +4<<:,
xvh d prgho zlwk qrplqdo uljlglw|/ sdudphwul}hg vr wkdw wkh prgho*v suhglfwhg uhvsrqvh wr
prqhwdu| srolf| vkrfnv pdwfkhv wkh g|qdplf uhvsrqvh hvwlpdwhg lq wkh gdwd/ wr vlpxodwh
wkh frqvhtxhqfhv ri dowhuqdwlyh prqhwdu| srolf| uxohv1 Lq wkhvh fdvhv/ wkh suhglfwlrqv ri wkh
prghov wkdw duh whvwhg qrw rqo| ghshqg xsrq wkh mrlqw vshfl�fdwlrq ri krxvhkrog dqg �up
ehkdylru/ dqg ri wkh qdwxuh ri frpshwlwlrq lq vhyhudo gl�huhqw pdunhwv/ exw duh dovr vhqvlwlyh
wr wkh ydolglw| ri wkh dvvxpswlrqv xvhg wr lghqwli| sduwlfxodu h{rjhqrxv glvwxuedqfhv lq wkh
gdwd1

Wkh dssurdfk wkdw L sursrvh khuh gl�huv iurp wkhvh nlqgv ri h{huflvhv lq vhyhudo uhvshfwv1
Iluvw/ wkh prgho wkdw lv whvwhg lv qrw dv dpelwlrxv> L gr qrw vshfli| d frpsohwh jhqhudo
htxloleulxp prgho ri wkh hfrqrp|/ exw lqvwhdg whvw lpsolfdwlrqv wkdw ghshqg rqo| xsrq
wkh �up*v rswlpdo sulflqj sureohp1 Lq vxfk d zd| L vwloo kdyh wr pdnh dvvxpswlrqv derxw
pdunhw vwuxfwxuh dqg surgxfwlrq frvwv/ exw L fdq pruh hdvlo| xqghuvwdqg wkh h�hfw ri hdfk
dvvxpswlrq rq wkh uhvxowv1

Vhfrqg/ udwkhu wkdq vshfli|lqj wkh vwrfkdvwlf surshuwlhv ri wkh xowlpdwh vrxufhv ri udq0
grpqhvv lq wkh hfrqrp|/ L lqvwhdg wdnh dv jlyhq wkh hyroxwlrq ri d qxpehu ri vwdwh yduldeohv/
dqg ghwhuplqh zkdw sdwk ri sulfhv lv suhglfwhg e| wkh hyroxwlrq ri wkhvh rwkhu yduldeohv/
xqghu wkh prgho ri sulfh ghwhuplqdwlrq frqvlghuhg1 Lq wklv zd| L gr qrw qhhg wr vshfli| wkh
vrxufh ri wkh vkrfn wkdw ghwhuplqhv ghyldwlrqv iurp d vwhdg| vwdwh htxloleulxp> wkh reylrxv
dgydqwdjh ri surfhhglqj lq wklv zd| lv wkdw wkh uhvxowv L rewdlq gr qrw ghshqg rq vrph +pruh
ru ohvv, duelwudu| lghqwl�fdwlrq surfhgxuh wr h{wudfw vwuxfwxudo vkrfnv iurp wkh uhvlgxdov ri
dq hvwlpdwhg wlph vhulhv prgho1

Ilqdoo|/ p| �whvwlqj� surfhgxuh lv qrw edvhg rq wkh hfrqrphwulf hvwlpdwlrq ri wkh Hxohu
htxdwlrqv lpsolhg e| wkh vshfl�f prgho frqvlghuhg/ exw lv lqvwhdg edvhg rq wkh surfhgxuh
vxjjhvwhg e| Zdwvrq wr hydoxdwh wkh jrrgqhvv ri �w ri fdoleudwhg prghov14 Zdwvrq sursrvhg
wr hydoxdwh wkh �w ri d fdoleudwhg prgho e| dvnlqj �Krz pxfk udqgrp huuru zrxog kdyh wr
eh dgghg wr wkh gdwd jhqhudwhg e| wkh prgho vr wkdw wkh dxwrfryduldqfhv lpsolhg e| wkh
prgho . huuru pdwfk wkh dxwrfryduldqfhv ri wkh revhuyhg gdwdB� +Zdwvrq 4<<6/ s14345,1 L
xvh klv fulwhulrq wr hvwlpdwh wkh sdudphwhuv ri wkh prgho= vshfl�fdoo|/ L ghulyh wkh wkhruhwlfdo
hyroxwlrq ri wkh djjuhjdwh sulfh ohyho lpsolhg e| wkh prgho vshfl�fdwlrq/ dqg wkhq L vhdufk
ryhu wkh udqjh ri dgplvvleoh sdudphwhuv +wkrvh wkdw vdwlvi| wkh wkhruhwlfdo uhvwulfwlrqv ri wkh
prgho,/ iru wkrvh ydoxhv wkdw plqlpl}h wkh glvwdqfh ehwzhhq wkh prgho dqg wkh gdwd1 L dovr
vhhn wr fkdudfwhul}h lq ydulrxv zd|v wkh qdwxuh ri wkh glvfuhsdqf| ehwzhhq wkh suhglfwhg dqg
dfwxdo sulfh vhulhv1

Vshfl�fdoo|/ L wdnh dv jlyhq wkh sdwkv ri qrplqdo oderu frpshqvdwlrq/ oderu surgxfwlylw|/
dqg rxwsxw/ dqg wkhq ghwhuplqh wkh sdwk ri sulfhv suhglfwhg e| wkh vwlfn| sulfh prgho
h{dplqhg1 Ehfdxvh sulfhv duh qrw d vwdwlrqdu| vhulhv/ L suhvhqw p| uhvxowv lq whupv ri
wkh suhglfwhg sdwk ri wkh sulfh2xqlw oderu frvw udwlr1 Wklv sdwk ghshqgv rq d qxpehu ri

4D vlplodu dssurdfk lv sursrvhg e| Glherog/ Rkdqldq dqg Ehunrzlw} +4<<8,1
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sdudphwhuv/ dqg wkhuhiruh L vwxg| iru zklfk ydoxhv ri wkh sdudphwhuv wkh prgho ehvw �wv wkh
gdwd/ lq whupv ri pdwfklqj erwk wkh ohyho ri wkh vhulhv/ dqg lwv vhuldo fruuhodwlrq surshuwlhv1
L dovr vwxg| wkh lpsolfdwlrqv ri hdfk prgho iru wkh sdwk ri lq dwlrq15

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ L suhvhqw wkh lpsolfdwlrqv ri d frpshwlwlyh
prgho ri sulflqj ehkdylru ri wkh nlqg dvvxphg lq vwdqgdug uhdo exvlqhvv f|foh prghov/ zklfk
L zloo uhihu wr dv wkh cehqfkpdun* prgho1 Prwlydwhg e| wkh revhuydwlrq wkdw wkh hyroxwlrq
ri sulfhv uhodwlyh wr xqlw oderu frvwv lv txlwh gl�huhqw iurp zkdw lv suhglfwhg e| vxfk d
prgho/ lq vhfwlrq 6 L suhvhqw wzr prghov zlwk qrplqdo uljlglwlhv/ dqg glvfxvv wkhlu wkhruhwlfdo
suhglfwlrqv iru wkh sdwkv ri sulfhv dqg lq dwlrq1 Vhfwlrq 7 glvfxvvhv wkh hpslulfdo �w ri wkh
prghov/ dqg vhfwlrq 8 frqfoxghv1

Wr vxppdul}h p| uhvxowv/ L �qg wkdw prghov ri lpshuihfw frpshwlwlrq zlwk qrplqdo sulfh
uljlglw| gholyhu dq h{wuhpho| forvh dssur{lpdwlrq erwk wr wkh hyroxwlrq ri wkh sulfh2xqlw
oderu frvw udwlr dqg wr wkh g|qdplfv ri wkh lq dwlrq surfhvv/ hyhq xvlqj d yhu| vlpsoh
+wkrxjk idploldu, phdvxuh ri pdujlqdo frvwv/ zklfk dvvxphv wkdw wkh| duh sursruwlrqdo wr
xqlw oderu frvwv1 Dprqj wkh lpsolfdwlrqv ri wklv �qglqj duh qrw phuho| hylghqfh iru d
vljql�fdqw ghjuhh ri sulfh vwlfnlqhvv lq wkh X1V1/ exw dovr lpsruwdqw vxssruw iru d iruzdug0
orrnlqj prgho ri sulfh vhwwlqj1 Ilqdoo|/ wkh ghjuhh ri �w ri wkh vlpsoh prgho vxjjhvwv wkdw
qhlwkhu yduldwlrqv lq pdujlqdo frvwv xquhodwhg wr fkdqjhv lq xqlw oderu frvwv/ qru  xfwxdwlrqv
lq pdunxsv iru uhdvrqv xquhodwhg wr sulfh vwlfnlqhvv/ duh qhhghg wr h{sodlq wkh juhdwhu sduw
ri X1V1  xfwxdwlrqv lq wkh djjuhjdwh sulfh ohyho1

51 D Frpshwlwlyh Sulflqj +Ehqfkpdun, Prgho

Frqvlghu d uhsuhvhqwdwlyh �up zklfk surgxfhv d vlqjoh jrrg \ dffruglqj wr dq djjuhjdwh
Free0Grxjodv whfkqrorj|=

t| ' g@
| E~|M|�

�3@ +514,

zkhuh g| dqg M| duh uhvshfwlyho| fdslwdo dqg oderu lqsxwv/ wkh vwrfkdvwlf surfhvv ~| uhsuh0
vhqwv dq djjuhjdwh oderu0dxjphqwlqj whfkqrorjlfdo surjuhvv/ dqg f 	 @ 	 �1

Dvvxplqj wkdw erwk rxwsxw dqg lqsxw pdunhwv duh shuihfwo| frpshwlwlyh/ sur�w pd{l0
pl}dwlrq lpsolhv wkdw/ lq htxloleulxp/ uhdo zdjhv duh htxdo wr wkh pdujlqdo surgxfw ri oderu/
ru wkdw

�| ' `|*��u| +515,

Wkh dvvxpswlrq ri d Free0Grxjodv whfkqrorj| lpsolhv wkdw wkh pdujlqdo surgxfwlylw| ri
oderu/��uc lv sursruwlrqdo wr wkh dyhudjh surgxfwlylw| ri oderu/ ��u G��u ' E��@�t*Mc
dqg wkhuhiruh=

*?�| ' D n d*?E`|�� *?E��u|�o +516,

5Vlqfh wkh dfwxdo vhulhv iru wkh xqlw oderu frvwv lv wdnhq dv jlyhq/ d prgho wkdw �wv wkh sulfh2xqlw oderu frvw
vhulhv qhfhvvdulo| �wv wkh lq dwlrq vhulhv dv zhoo1 Krzhyhu/ orrnlqj dw wkh suhglfwlrqv iru lq dwlrq vxjjhvwv
dq dgglwlrqdo vhw ri vwdwlvwlfv wr xvh dv phdvxuhv ri jrrgqhvv ri �w1
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zkhuh D � *?E�*E� � @��( lq zrugv/ wklv prgho ri sulflqj ehkdylru lpsolhv wkdw wkh udwlr
ri sulfhv wr xqlw oderu frvw +zkhuh xqlw oderu frvw/ Lu�/ lv wkh udwlr ri zdjhv wr oderu
surgxfwlylw|, lv frqvwdqw16

Gh�qlqj Z| ' �|*�|3�c dqg/ iru dq| rwkhu yduldeoh %c �%| ' %|*%|3�c dqg ghqrwlqj e| e%|

wkh orj ghyldwlrq ri yduldeoh % iurp lwv vwhdg| vwdwh ydoxh %W +e%| ' *?E%|*%
W��c iurp h{suhvvlrq

+516, rqh lpphgldwho| rewdlqv d vhfrqg lpsolfdwlrq ri wkh prgho= lq dwlrq lv htxdo wr wkh
udwh ri fkdqjh ri xqlw oderu frvwv=

eZ| ' e��,Sc|

Wr yhuli| wkh lpsolfdwlrqv ri wklv ehqfkpdun prgho/ L frqvlghu wkh klvwrulfdo vhulhv ri
wkh sulfh2xqlw oderu frvw udwlr dqg lq dwlrq1 Wkh sulfh vhulhv E� � lv wkh lpsolflw gh dwru ri
sulydwh C(� /7 ` lv frpshqvdwlrq shu krxu lq wkh qrqidup sulydwh exvlqhvv vhfwru> dyhudjh
oderu surgxfwlylw| E��u� lv surgxfwlylw| shu krxu lq wkh vdph vhfwru1 Doo gdwd duh txduwhuo|/
iurp 4<8<=6 wr 4<<:=41 Iljxuh 4 sorwv wkh klvwrulfdo ehkdylru ri wkhvh vhulhv wrjhwkhu zlwk
wkh lpsolhg vhulhv ri xqlw oderu frvwv>8 �jxuh 5 sorwv wkh wzr vhulhv wkdw L vkdoo sulpdulo| vhhn
wr h{sodlq= wkh sulfh2xqlw oderu frvw udwlr dqg wkh lq dwlrq udwh19

Iljxuh 5 dovr sorwv wkh suhglfwlrqv ri wkh ehqfkpdun prgho iru wkhvh odvw wzr vhulhv/
jlyhq wkh hyroxwlrq ri xqlw oderu frvwv vkrzq lq Ilj141 Zkloh wkh prgho lpsolhv wkdw wkh
udwlr ri sulfhv wr xqlw oderu frvwv lv d frqvwdqw/ htxdo wr wkh lqyhuvh ri wkh rxwsxw hodvwlflw|
zlwk uhvshfw wr oderu/ wkh judsk lq wkh wrs sdqho ri wkh �jxuh vkrzv wkdw wklv lpsolfdwlrq
lv fohduo| frxqwhuidfwxdo1 Wkh erwwrp sdqho/ zklfk frpsduhv dfwxdo lq dwlrq +vrolg olqh,
zlwk prgho lq dwlrq +grwwhg olqh,/ uhyhdov dovr wkdw wkh ehqfkpdun prgho ryhuvwdwhv wkh
yduldelolw| ri lq dwlrq txlwh vljql�fdqwo|1

L qrz h{soruh wkh h{whqw wr zklfk doorzlqj iru qrplqdo sulfh uljlglw| fdq lpsuryh xsrq
wkhvh suhglfwlrqv1 Ri frxuvh/ wkh qhjohfw ri qrplqdo sulfh uljlglw| qhhg qrw eh wkh rqo| zd|
lq zklfk wkh ehqfkpdun prgho lv plv0vshfl�hg= Hyhq zlwklq wkh frqwh{w ri d frpshwlwlyh
prgho zlwk  h{leoh sulfhv/ rqh pljkw frqvlghu ydulrxv uhdvrqv zk| pdujlqdo frvwv pd| qrw
pryh lq h{dfw sursruwlrq wr xqlw oderu frvwv1 Wkhvh lqfoxgh d qrq Free0Grxjodv surgxfwlrq
ixqfwlrq/ wkh suhvhqfh ri ryhukhdg oderu/ wkh h{lvwhqfh ri dgmxvwphqw frvwv iru oderu dqg2ru
yduldeoh oderu xwlol}dwlrq/ dqg yduldwlrqv lq rwkhu lqsxw pdujlqv/ vxfk dv wkh fdslwdo vwrfn/
ru lqwhuphgldwh lqsxwv1 Wkh frqvhtxhqfhv ri vxfk idfwruv iru wkh surshu phdvxuhphqw ri
pdujlqdo frvw duh wdnhq xs lq Elov +4<;:, dqg Urwhpehuj0Zrrgirug +4<<;,/ dqg wkh frqwul0
exwlrq ri vxfk idfwruv wr wkh h{sodqdwlrq ri yduldwlrqv lq wkh sulfh2xqlw oderu frvw udwlr +ru/
dowhuqdwlyho|/ wkh oderu vkduh, lv frqvlghuhg lq Eodqfkdug +4<<:, dqg Verugrqh +4<<;,1

6Wr vd| lw lq dq dowhuqdwlyh zd|/ wkhuh lv qr pdunxs ri sulfhv ryhu pdujlqdo frvw +lq wklv prgho �
w
> gh�qhg

dv wkh udwlr Sw@PFw> lv mxvw +4� d,Sw@XOFw> dqg lw lv htxdo wr 4,1

7Sulydwh JGS lv rewdlqhg e| vxewudfwlqj iurp wrwdo jurvv grphvwlf surgxfw wkh ydoxh dgghg ri jryhuqphqw
+rewdlqhg iurp wdeoh 41; ri QLSD,> wklv lv voljkwo| gl�huhqw iurp ydoxh dgghg ri wkh sulydwh exvlqhvv vhfwru/
ehfdxvh lw dovr lqfoxghv wzr rwkhu vpdoo frpsrqhqwv/ wkh ydoxh dgghg ri ckrxvhkrogv dqg lqvwlwxwlrqv*/ dqg
cidup exvlqhvvhv*1

8Doo wkh judskv sorw wkh orjdulwkp ri wkh vhulhv1

9Wkhvh vhulhv duh sorwwhg lq ghyldwlrq iurp wkh phdq1
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Dowhuqdwlyho|/ rqh pljkw frqvlghu lpshuihfwo| frpshwlwlyh  h{leoh0sulfh prghov zkhuh
wkh sulfh0frvw pdujlq lv qrw frqvwdqw ehfdxvh lw lv rswlpdo iru �upv wr ydu| lw1 Zhoo0nqrzq
h{dpsohv lqfoxgh wkh cfxvwrphu pdunhw* prgho ri Skhosv dqg Zlqwhu +4<:3,/ dqg wkh lpsolflw
frooxvlrq prgho ri Urwhpehuj dqg Zrrgirug +4<<5,/ zklfk erwk lpso| wkdw pdunxsv vkrxog
ydu| dv d ixqfwlrq ri wkh udwlr ri h{shfwhg ixwxuh sur�wv wr fxuuhqw vdohv1 Suholplqdu| vwxg|
+Verugrqh/ 4<<;, lqglfdwhv/ krzhyhu/ wkdw qrqh ri wkhvh idfwruv dorqh fdq dffrxqw iru d yhu|
odujh iudfwlrq ri wkh revhuyhg yduldelolw| ri wkh sulfh2xqlw oderu frvw udwlr lq wkh X1V1 gdwd/
wkrxjk wkh| fdq dffrxqw iru vrph ri lw1 Lqvwhdg/ L �qg wkdw d yhu| vlpsoh prgho ri vwlfn|
sulfhv/ wkdw devwudfwv iurp doo ri wkh frpsolfdwlrqv mxvw olvwhg/ grhv txlwh zhoo1 Khqfh L
sxuvxh wkdw olqh ri lqyhvwljdwlrq khuh/ ohdylqj iru ixwxuh zrun d frqvlghudwlrq ri wkh h{whqw
wr zklfk vxfk dgglwlrqdo idfwruv pd| doorz dq hyhq forvhu �w wr wkh gdwd1

Lq wkh iroorzlqj vhfwlrq/ L h{soruh wkh lpsolfdwlrqv ri wzr vwdqgdug prghov ri qrplqdo
sulfh uljlglw|1 Wkh| gl�hu iurp wkh ehqfkpdun prgho lq wkdw �upv vxsso| wkhlu rxwsxw lq
lpshuihfwo| frpshwlwlyh pdunhwv/ dqg sulfhv duh qrw frpsohwho|  h{leoh1 Lq wkh �uvw/ edvhg rq
Urwhpehuj +4<;5,/ wklv uljlglw| lv gxh wr �upv idflqj/ dw dq| srlqw lq wlph/ vrph frqyh{ frvw
ri dgmxvwlqj wkhlu sulfh1 Lq wkh vhfrqg/ edvhg rq Fdoyr +4<;6,/ sulfh uljlglw| lv ghwhuplqhg
e| d udqgrp gudz ri wkh �upv wkdw/ dw dq| srlqw lq wlph/ duh doorzhg wr dgmxvw wkhlu sulfh1
Wkh remhfwlyh lv wr ghulyh wkh lpsolfdwlrqv ri wkh wzr prghov iru wkh sdwk ri djjuhjdwh sulfhv
dqg lq dwlrq/ frpsduh wkhvh suhglfwlrqv wr wkh gdwd/ dqg glvfxvv wkh lqwhusuhwdwlrq ri wkh
hpslulfdo uhvxowv lq whupv ri wkh nh| sdudphwhuv phdvxulqj wkh ghjuhh ri sulfh vwlfnlqhvv lq
wkh wzr prghov/ uhvshfwlyho| wkh frvw ri dgmxvwlqj sulfhv/ dqg wkh dyhudjh wlph ehwzhhq sulfh
fkdqjhv1

61 Prghov zlwk Qrplqdo Sulfh Uljlglw|

6141 D Prgho zlwk Frvwv ri Dgmxvwlqj Sulfhv

Lq wklv prgho L lqwurgxfh prqrsrolvwlf frpshwlwlrq dprqj �upv/ zkloh pdlqwdlqlqj wkh
vwdqgdug Free0Grxjodv whfkqrorj| iru hdfk �up/ vr wkdw pdujlqdo frvw fdq vwloo eh phdvxuhg
e| xqlw oderu frvw1 Wkh srvvlelolw| ri pdunxs  xfwxdwlrqv lv fuhdwhg e| lqwurgxflqj qrplqdo
uljlglwlhv/ dulvlqj iurp vrph frvwv ri dgmxvwlqj sulfhv wkdw �upv idfh hyhu| shulrg +dv lq
Urwhpehuj 4<;5/ 4<<8,1

Wkh prgho kdv d frqwlqxxp ri prqrsrolvwlf �upv/ lqgh{hg e| �/ zklfk surgxfh gl�huhq0
wldwhg jrrgv/ dovr lqgh{hg e| �1 Wkh ghpdqg fxuyh iru surgxfw � wdnhv wkh irup=

t�| ' E��|*�|�
3w t| +614,

zkhuh w lv wkh Gl{lw0Vwljolw} hodvwlflw| ri vxevwlwxwlrq dprqj gl�huhqwldwhg jrrgv/ dqg t| lv

wkh djjuhjdwru ixqfwlrq gh�qhg dv t| '
kU

�

f t
Ew3��*w
�| _�

lw*Ew3��
�

Hdfk �up � kdv d Free0Grxjodv surgxfwlrq whfkqrorj|=

t�| ' Eg�|�
@E~|M�|�

�3@ +615,
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dqg idfhv frqyh{ frvwv ri dgmxvwlqj lwv rzq sulfh ��|c zkhuh wkhvh frvwv lqfuhdvh sursruwlrqdoo|
zlwk wkh vl}h ri wkh hfrqrp|=

� E*?E��|*��|3����|t| +616,

�| '
kU �

f �
�3w
�| _�

l�*E�3w�
lv wkh djjuhjdwh sulfh ohyho1 L dvvxph wkdw wkh frqyh{ ixqfwlrq

� E� wdnhv lwv plqlpxp ydoxh ri }hur zkhq hydoxdwhg dw wkh vwhdg| vwdwh ydoxh ri *?E��|*��|3��/
zklfk L dovr wdnh wr eh }hur= wkxv �Ef� ' ��Ef� ' f dqg ��� : f�

Wkh remhfwlyh ri �up*v � +vxssolhu ri jrrg � , lv wr pd{lpl}h wkh h{shfwhg vxp ri ixwxuh
glvfrxqwhg sur�wv=

.|iP
"

�'f-|c|n���|n�j

vxemhfw wr wkh whfkqrorj| dqg wkh ghpdqg frqvwudlqwv1 -|c|n� lv d vwrfkdvwlf glvfrxqw idfwru/
dqg shulrg | sur�wv duh jlyhq e|= ��| ' ��|t�| �`|M�| � 4|g�| � �E*?��|*��|3���|t|1

Wkh �uvw rughu frqglwlrq iru wkh rswlpdo fkrlfh ri ��|/ hydoxdwhg dw d v|pphwulf htxlole0
ulxp/ zkhuh ��| ' �|c M�| ' M|c t�| ' t|c iru hdfk shulrg | dqg iru doo �/: lpsolhv wkdw

�| ' >| 7|

zkhuh 7| '
�

�3@
`|

��u|

/ dqg zkhuh wkh yduldeoh >| lv gh�qhg dv

>| ' w
k
Ew � �� n ��E*?Z|�� .|-|c|n�Z|n��+|n��

�E*?Z|n��
l
3�

Dowhuqdwlyho|=
�|

Lu�|
'

>|
�� @

+617,

zklfk/ wdnlqj orjdulwkpv ri erwk vlghv lv

*?>| ' *?E�� @� n *?�| � *?Lu�| +618,

Xqolnh lq wkh ehqfkpdun prgho fdvh/ wkh sulfh2xqlw oderu frvw udwlr lq wklv prgho lv
qrw suhglfwhg wr eh d frqvwdqw/ exw ydulhv zlwk >|� Wr hydoxdwh lwv wkhruhwlfdo ehkdylru/ L
wkhuhiruh wdnh d orj0olqhdu dssur{lpdwlrq ri >| durxqg lwv vwhdg| vwdwh ydoxh >W +zkhuh wkh
dvvxpswlrqv pdgh derxw wkh ixqfwlrq �E � lpso| wkdw >W ' w

w3�
�� Wkh dssur{lpdwlrq jlyhv;

e>| ' �
���Ef�

w � �
deZ| �- �W+ .|eZ|n�o +619,

zkhuh - lv wkh vwhdg|0vwdwh ydoxh ri wkh glvfrxqw idfwru -|c|n�1 Wklv htxdwlrq fdq eh zulwwhq
dv

e>| ' �kf deZ| � k�.|eZ|n�o +61:,

:Vhh Dsshqgl{/ vhfwlrq 914/ iru ghwdlov ri wkh fdofxodwlrqv1

;Vhh Dsshqgl{/ vhfwlrq 914151
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zkhuh kfE� ���Ef�*Ew � ��� lv d phdvxuh ri wkh fxuydwxuh ri wkh dgmxvwphqw frvw ixqfwlrq/
dqg k�E' -�W+� uh hfwv wkh vwhdg| vwdwh jurzwk ri rxwsxw> frqyhqlhqwo| uhzulwwhq/ e| xvlqj
h{suhvvlrq +618, wr vxevwlwxwh iru *?>| +zkhuh *?>| ' e>| n *?>W� lw ghvfulehv wkh g|qdplf ri
lq dwlrq lq whupv ri ixwxuh h{shfwhg lq dwlrq dqg dyhudjh uhdo pdujlqdo frvwv=

eZ| ' k�.|eZ|n� n �

kf
E�,S| � R| � V� +61;,

zkhuh orzhufdvh ohwwhuv ghqrwh qdwxudo orjv ri wkh fruuhvsrqglqj xsshu fdvh ohwwhuv/ dqg
V ' *?EE� � @�Ew � ��*w�� Wkh lpsolhg sdwk ri djjuhjdwh sulfhv lv hdvlo| ghulyhg= zulwh wkh
deryh htxdwlrq dv dq h{suhvvlrq iru xqlw oderu frvwv=

�,S| � R| ' Vn kf d{R| � k�.|{R|n�o

Vroylqj wklv h{suhvvlrq iru wkh rswlpdo sulfh sdwk/ rqh jhwv sulfhv dv d zhljkwhg dyhudjh ri
sdvw sulfhv dqg h{shfwhg ixwxuh xqlw oderu frvwv<

R| ' b�R|3� n E�� b��

5
7E�� b3�2 �

"[
�'f

b3�2 .|E�,S|n� � V�

6
8 +61<,

zkhuh b� dqg b2 duh wkh uhdo urrwv ri wkh fkdudfwhulvwlf sro|qrpldo ri wkh gl�huhqfh htxdwlrq
lq R|c � Eb� ' k�b

2 � E� n k� n k3�f �bn � ' f/ zlwk f 	 b� 	 � 	 b2�
Ghqrwlqj e| 8| wkh iruzdug0orrnlqj frpsrqhqw whup zklfk lv lq vtxduh eudfnhwv E8| �

E�� b3�2 �
S
"

�'f b
3�
2 .|E�,S|n� � V��c ht1 +61<,/ fdq eh frqyhqlhqwo| uhzulwwhq dv

R| ' E�� b��
"[
�'f

b��8|3� +6143,

Wklv htxdwlrq irupv wkh edvlv iru wkh frpsxwdwlrq ri wkh wkhruhwlfdo sdwk ri sulfhv1
Wkh hyroxwlrq ri lq dwlrq ghvfulehg e| ht1+61;, lv w|slfdoo| xvhg wr frqvwuxfw dq ch{shfwd0

wlrq dxjphqwhg*/ ru cQhz Nh|qhvldq*/ Skloolsv Fxuyh +wkh htxdwlrq prvw riwhq hvwlpdwhg lq
hpslulfdo vwxglhv,1 Xvlqj dgglwlrqdo dvvxpswlrqv derxw suhihuhqfhv wkdw doorz rqh wr ghulyh
d oderu vxsso| ixqfwlrq/ wkh uhdo pdujlqdo frvwv fdq eh zulwwhq dv ixqfwlrq ri wkh ghyldwlrq
ri djjuhjdwh dfwlylw| iurp vrph srwhqwldo ohyho=

gE��*� �| ' #E et| � et R
| � +6144,

zlwk # : f� Vlqfh xqlw oderu frvw lv sursruwlrqdo wr wkh uhdo pdujlqdo frvw/ ��*�c lw

iroorzv wkdw E gLu�*� �| '
gE��*� �|� Wkhuhiruh/ vxevwlwxwlqj +6144, lq ht1 +61;, rqh jhwv dq

h{shfwdwlrqv dxjphqwhg Skloolsv Fxuyh=

eZ| ' �E et| � et R
| � n k�.|eZ|n� +6145,

zkhuh � � #

kf
/ zklfk lv wkh irupxodwlrq hvwlpdwhg/ iru h{dpsoh/ lq Urehuwv +4<<8,1

<Vhh Dsshqgl{/ vhfwlrq 914161

:



6151 D Prgho zlwk Udqgrp Lqwhuydov Ehwzhhq Sulfh Fkdqjhv

Ehiruh wxuqlqj wr wkh hpslulfdo hydoxdwlrq ri wkh prgho/ L zdqw wr vkrz krz lw lv srvvleoh wr
ghulyh ht1 +61;, iurp d gl�huhqw k|srwkhvlv derxw qrplqdo uljlglwlhv/ olnh wkdw irupxodwhg e|
Fdoyr +4<;6,1 Wkh idfw wkdw wklv dowhuqdwlyh prgho |lhogv d vxsso| fxuyh dv wkdw lpsolhg e|
wkh Urwhpehuj prgho zdv �uvw vkrzq e| Urwhpehuj +4<;:,143 Krzhyhu/ lw lv zruwk uhylhzlqj
wkh qdwxuh ri wklv revhuydwlrqdo htxlydohqfh/ iru wkh oljkw wkdw lw vkhgv rq wkh sulfh vwlfnlqhvv
sdudphwhu kf1

Vlqfh Urwhpehuj grhv qrw ghulyh dq htxdwlrq fruuhvsrqglqj wr +61;, iru hlwkhu prgho/ kh
grhv qrw glvfxvv wkh lqwhusuhwdwlrq ri wkh sdudphwhu wkdw lv hvwlpdwhg khuh1 Pdq| uhfhqw
ghulydwlrqv ri wkh djjuhjdwh vxsso| uhodwlrq lpsolhg e| d glvfuhwh0wlph yhuvlrq ri wkh Fdoyr
prgho/ olnh wkdw ri Zrrgirug +4<<9,/ vlploduo| rplw dq| h{solflw wuhwphqw ri wkh idfwru pdu0
nhwv/ dqg vr rewdlq qr htxdwlrq uhodwlqj sulfhv wr oderu frvwv1 Ilqdoo|/ hyhq wkrvh ghulydwlrqv
wkdw gr lqfoxgh wkh oderu pdunhw/ vxfk dv wkrvh ri \xq +4<<9,/ Nlqj dqg Zdwvrq +4<<9,/ ru
Jrrgiulhqg dqg Nlqj +4<<:,/ pdnh d gl�huhqw dvvxpswlrq wkdq plqh derxw idfwru prelolw|
dprqj �upv/ wkdw kdv dq lpsruwdqw h�hfw xsrq wkh lqwhusuhwdwlrq ri kf� Khqfh lw lv xvhixo wr
uhylhz wkh lpsolfdwlrqv ri wklv prgho/ hpskdvl}lqj lwv frqvhtxhqfhv iru wkh uhodwlrq ehwzhhq
sulfhv dqg xqlw oderu frvwv1

Dv lq wkh suhylrxv prgho/ wkhuh lv d frqwlqxxp ri �upv/ hdfk rshudwlqj zlwk d Free0
Grxjodv whfkqrorj| +615,/ dqg idflqj d ghpdqg fxuyh dv +614,> lq dgglwlrq/ lq hyhu| shulrg/
d iudfwlrq E��k� ri wkh �upv fdq vhw d qhz sulfh/ lqghshqghqwo| ri wkh sdvw klvwru| ri sulfh
fkdqjhv/ zklfk zloo wkhq eh nhsw �{hg xqwlo wkh qh{w wlph wkh �up lv gudzq wr fkdqjh sulfhv
djdlq1 Wklv vhw0xs lpsolhv wkdw wkh h{shfwhg wlph ehwzhhq sulfh fkdqjhv lv �

E�3k�
� E| ohwwlqj

k ydu| ehwzhhq 3 dqg 4/ wkh prgho qhvwv d zlgh udqjh ri dvvxpswlrqv derxw wkh ghjuhh
ri sulfh vwlfnlqhvv/ iurp shuihfw  h{lelolw| Ek ' f� wr frpsohwh sulfh uljlglw| +wkh olplw dv
k $ �,1

Wkh sulflqj sureohp ri d �up wkdw uhylvhv lwv sulfh lq shulrg | lv djdlq wr fkrrvh lwv sulfh/
zklfk L zloo lqglfdwh dv f�c wr pd{lpl}h lwv h{shfwhg vwuhdp ri sur�wv/ zklfk lv

.|iP
"

�'f-|c|n���|n�j

Wkhq wkh �uvw rughu frqglwlrq iru wkh rswlpdo sulfh lv

.|

+
P"�'f k

�-|c|n�

%
E�� w�f|t�|n� n

w

�� @
`|n�M�|n�

&,
' f

zkhuh/ ehfdxvh hdfk �up wkdw lv doorzhg wr fkdqjh sulfhv vroyhv wkh vdph sureohp/ L kdyh
vxssuhvvhg wkh vxevfulsw � rq f| +dowkrxjk L qhhg wr pdlqwdlq lw iru rxwsxw dqg krxuv/ wr
glvwlqjxlvk lqglylgxdo iurp djjuhjdwh txdqwlwlhv,1 Uhzulwh wklv h{suhvvlrq dv

P"�'f k
�.|

+
-|c|n�t�|n�

%
f| �

w

w � �

#
�

�� @

`|n�M�|n�

t�|n�

$&,
' f

43Vhh dovr Urehuwv +4<<8,1
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Wkhq/ ghqrwlqj e| 7|n�c| wkh pdujlqdo frvw ri surgxflqj / dw gdwh | n �c jrrgv zkrvh sulfh

zdv vhw dw wlph | Evr 7|n�c| � �
�3@

`|n�M�|n�

t�|n�
,/ vxevwlwxwh wkh ghpdqg frqvwudlqw iru t�|n�c wr

jhw=

P"�'f k
�.|

;?=-|c|n�t|n�

#
f|

�|n�

$
3w %

f| �
w

w � �
7|n�c|

&<@> ' f +6146,

Ilqdoo|/ glylgh wklv h{suhvvlrq e| �|c gh�qh %| � f|*�| dqg r|n�c| � 7|n�c|*�|n�/ dqg uhzulwh
lw dv

P"�'f k
�.|

;?=-|c|n�t|n�

#
f|

�|n�

$
3w
57%| � w

w � �
r|n�c|

�\
&'�

Z|n&

68<@> ' f +6147,

Wklv rswlpdo sulflqj frqglwlrq/ frpelqhg zlwk wkh glvwulexwlrq ri djjuhjdwh sulfhv dw dq|
srlqw lq wlph/ doorzv rqh wr ghvfuleh wkh sdwk ri djjuhjdwh sulfhv dqg lq dwlrq lq wklv prgho1

Wkh glvwulexwlrq ri djjuhjdwh sulfhv dw wlph w lv d pl{wxuh ri wkh glvwulexwlrq ri sulfhv ri
wkh suhylrxv shulrg +vlqfh doo suhylrxv sulfhv kdyh wkh vdph suredelolw| ri ehlqj fkdqjhg,/
zlwk zhljkw k/ dqg wkh qhz sulfh f|c zlwk zhljkw E�� k�

�| '
k
E�� k�f�3w

| n k� �3w
|3�

l �

�3w +6148,

Glylglqj erwk vlghv e| �|c dqg gh�qlqj Z| � �|*�|3�c d orj olqhdu dssur{lpdwlrq ri wklv
h{suhvvlrq lv=

f ' E�� k�e%| � keZ|
ru eZ| ' �� k

k
e%| +6149,

Vlploduo|/ d orj0olqhdu dssur{lpdwlrq ri +6147, durxqg %WE� ��c rWE� w3�
w
�c dqg ZWE� ��c jlyhv=

e%| ' E�� k-�W+� P
"

�'fEk-�
W

+�
� .|

�er|n�c| n P�
&'�

eZ|n&� +614:,

zkhuh djdlq - lv wkh vwhdg| vwdwh ydoxh ri wkh vwrfkdvwlf glvfrxqw idfwru -|c|n�/ dqg �W+ lv wkh
vwhdg| vwdwh jurzwk udwh ri rxwsxw1 Frpelqlqj h{suhvvlrqv +6149, dqg +614:, rqh rewdlqv d
uhodwlrqvkls ehwzhhq fxuuhqw dqg h{shfwhg lq dwlrq ri wkh nlqg rewdlqhg iru wkh prgho zlwk
frvw ri dgmxvwlqj sulfhv1

Wr jhw vxfk d uhodwlrqvkls/ zh vkrxog zulwh h{solflwo| zkdw wkh pdujlqdo frvw lv1 Xvlqj
wkh surgxfwlrq whfkqrorj| wr h{suhvv krxuv lq whupv ri rxwsxw/ dqg wkh ghpdqg frqvwudlqw/
zh jhw
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xqghu wkh dvvxpswlrq wkdw �upv* uhodwlyh fdslwdo vwrfnv gr qrw ydu| zlwk wkhlu uhodwlyh sulfhv/
ru uhodwlyh surgxfwlrq ohyhov1 +Wklv phdqv wkdw L dvvxph wkdw fdslwdo lv qrw uhdoorfdwhg dfurvv
�upv lvwdqwdqhrxvo|/ vr dv wr htxdwh wkh vkdgrz sulfh ri fdslwdo vhuylfhv dw doo wlphv/ dv
dvvxphg lq sdshuv vxfk dv \xq +4<<9, dqg Jrrgiulhqg dqg Nlqj +4<<:,1,
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Wklv h{suhvvlrq vkrzv wkdw wkh uhdo pdujlqdo frvw ri wkh �upv wkdw duh doorzhg wr fkdujh
d qhz sulfh qhhg qrw eh wkh vdph dv wkh dyhudjh ohyho ri uhdo pdujlqdo frvw iru �upv lq
jhqhudo/ zklfk lv wkh whup lq eudfnhwv E �

�3@

`|n�M|n�

�|n�t|n�
� r@�}|n� ,1 +Rxu gdwd rq xqlw oderu frvwv

phdvxuh wkh dyhudjh ohyho ri frvwv/ ri frxuvh/ qrw wkh ohyho vshfl�f wr �up ��1 Lq wklv prgho/
wkh h{whqw wr zklfk/ dw dq| srlqw lq wlph/ �upv fkdujh gl�huhqw uhodwlyh sulfhv/ ghwhuplqhv
�upv* gl�huhqw ohyhov ri vdohv/ dqg khqfh wkhlu gl�huhqw ohyhov ri pdujlqdo frvwv1 Vshfl�fdoo|/
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D orj olqhdu dssur{lpdwlrq ri wklv htxdwlrq durxqg wkh vwhdg| vwdwh ydoxhv ri r|n�c| dqg
%| jlyhv er|n�c| ' er@�}|n� �
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Vxevwlwxwlqj +614<, lqwr +614:,/ xvlqj wkh uhodwlrqvkls ehwzhhq eZ| dqg e%| ri ht1+6149,/ dqg
ixuwkhu vlpsoli|lqj44 rqh jhwv
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Olnh ht1+61;, ri wkh suhylrxv prgho/ zkhuh �upv idfh frvwv ri dgmxvwlqj sulfhv/ wkh sulflqj
ehkdylru ri wkh �upv lq wklv prgho ohdgv wr d vlplodu lpsolfdwlrq derxw lq dwlrq g|qdplfv=
Lq dwlrq ghshqgv rq h{shfwhg ixwxuh lq dwlrq dqg uhdo pdujlqdo frvwv1 Wklv fruuhvsrqghqfh
doorzv rqh wr lqwhusuhw wkh hvwlpdwh ri wkh frvw ri dgmxvwlqj sulfhv +wkh sdudphwhu kf, ri wkh
�uvw prgho zlwk qrplqdo uljlglwlhv h{dplqhg/ lq whupv ri wkh dyhudjh h{shfwhg wlph ehwzhhq
sulfh fkdqjhv +wkh sdudphwhu �*E�� k��/ wkdw fkdudfwhul}hv wklv prgho�

Lw vkrxog eh qrwhg wkdw wkh dvvxpswlrq wkdw zh qhhg wr pdnh derxw fdslwdo prelolw|
lq wklv prgho d�hfwv rqo| wkh txdqwlwdwlyh lqwhusuhwdwlrq ri wklv fruuhvsrqghqfh1 Lq wkh
fdvh lq zklfk wkh pdujlqdo frvw ri wkh �upv wkdw vhw qhz sulfhv lv qrw gl�huhqw iurp wkh
dyhudjh pdujlqdo frvw/ ehfdxvh fdslwdo lv lvwdqwdqhrxvo| uhdoorfdwhg dfurvv �upv wr htxdol}h
wkh vkdgrz sulfh ri fdslwdo vhuylfhv/ er|n�c| ' er@�}|n� / dqg wkh sdudphwhu kf lq h{suhvvlrq +6153,
vlpsol�hv wr

kf '
k

E�� k-�W+�E�� k�
(

exw wkh qdwxuh ri wkh uhodwlrqvkls wkdw ghvfulehv lq dwlrq g|qdplfv uhpdlqv xqdowhuhg1

44Vhh vhfwlrq 915 ri wkh Dsshqgl{1
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71 Hpslulfdo Uhvxowv

7141 Wkh Ilw ri wkh Prgho

L qrz surfhhg wr hydoxdwh wkh hpslulfdo suhglfwlrqv ri wkh prgho zlwk frvw ri dgmxvwlqj sulfhv=
xvlqj wlph vhulhv ri xqlw oderu frvwv/ dqg d iruhfdvwlqj prgho wr frpsxwh h{shfwdwlrqv ri
ixwxuh xqlw oderu frvw/ L ghulyh wkh suhglfwhg sdwk ri wkh sulfh ohyho dffruglqj wr ht1+6143,/
dqg glvfxvv wkh sdudphwhu fkrlfh wkdw ehvw �wv wkh prgho wr wkh gdwd1

Wr frpsxwh wkh h{shfwhg ixwxuh xqlw oderu frvwv/ L dvvxph wkdw doo lqirupdwlrq dw wlph
| derxw fxuuhqw dqg ixwxuh ydoxhv ri wkh xqlw oderu frvw fdq eh vxppdul}hg e| d yhfwru ri
yduldeohv ~|/ zklfk lqfoxgh wkh xqlw oderu frvw/ dqg dovr wkdw ~~|j lv d vwdwlrqdu| Pdunry
surfhvv= ~|n� ' K~| n 0~|n�� Jlyhq d iruhfdvw iru wkh xqlw oderu frvwv/ dqg sdudphwhu ydoxhv
iru b� dqg b2c rqh fdq frpsxwh wkh sdwk ri sulfhv lpsolhg e| +6143,/ dqg wkhuhiruh wkh sdwk
ri wkh wzr vhulhv ri lqwhuhvw/ qdpho| wkh sulfh2xqlw oderu frvw udwlr/ dqg wkh lq dwlrq surfhvv1
Wkh prgho lv wkhq hydoxdwhg e| phdvxulqj lwv delolw| wr pdwfk wkh dfwxdo ehkdylru ri wkhvh
wzr vhulhv dqg wkhlu vhuldo fruuhodwlrq surshuwlhv1

Wkh glvwdqfh ehwzhhq wkh prgho dqg wkh gdwd phdvxuhv wkh huuru wkdw rqh frpplwv zkhq
dssur{lpdwlqj wkh gdwd zlwk wkh prgho suhglfwlrq1 L fkrrvh wkh yduldqfh ri wklv glvwdqfh
dv d fulwhulrq ixqfwlrq wr hydoxdwh wkh jrrgqhvv ri �w ri wkh prgho/ qdpho| L vhohfw iru wkh
prgho sdudphwhuv wkh ydoxhv wkdw plqlpl}h wklv ixqfwlrq1

Ohw "R| eh gh�qhg dv=

"R| ' dR| � �,S|o
4L_ ho � dR| � �,S|o

gdwd ' R4L_ ho

| � Rgdwd|

dqg dR| � �,S|o
4L_ ho ' sE[�/ zkhuh [ lv wkh yhfwru ri xqnqrzq sdudphwhuv= L hvwlpdwh wkh

sdudphwhuv ydoxh e|=
e[ ' @h}4�? �@oE"R| ��

Wr hvwlpdwh d iruhfdvwlqj v|vwhp iru ~/ L �w d 60yduldeoh T �- wr wlph vhulhv ri xqlw oderu
frvw/ rxwsxw/ dqg wkh sulfh2 frvw udwlr1 Edvhg rq wkh vwdwlrqdulw| surshuwlhv ri wkh wlph
vhulhv xqghu lqyhvwljdwlrq/ xqlw oderu frvwv/ sulfhv/ dqg rxwsxw duh doo dvvxphg wr eh UE��
surfhvvhv/ zkloh wkh sulfh2xqlw oderu frvw udwlr lv dvvxphg vwdwlrqdu|145 Wkh T �- yhfwru
wkhuhiruh lqfoxghv wkh udwh ri fkdqjh ri wkh xqlw oderu frvw +zklfk fruuhvsrqgv wr e��,Sc| lq
wkh prgho,/ wkh udwh ri fkdqjh ri sulydwh C(� / dqg wkh udwlr ri sulfhv wr xqlw oderu frvwv1
Wzr odjv ri wkh ghshqghqw yduldeohv duh lqfoxghg1 Ghqrwlqj e| f| wkh yhfwru ri ghshqghqw
yduldeohv f| ' d{�,S| {+| R| � �,S|o

�/ wkh yhfwru ~| lv gh�qhg dv ~| ' df| f|3�o
��

Wkh vwdwlvwlfdo surshuwlhv ri wkh rswlpdo sulfh surfhvv/ dqg wkhuhiruh ri wkh sulfh2frvw
udwlr dqg lq dwlrq/ lq wkh prgho/ ghshqg xsrq wkh sdudphwhuv b� dqg b2c zklfk duh wkh
urrwv ri wkh sro|qrpldo � Eb� ' f/ dqg wkhuhiruh ghshqg xsrq wkh sdudphwhuv kf dqg k�1
Ri wkhvh sdudphwhuv/ wkh prvw lpsruwdqw lv kfc zklfk phdvxuhv wkh fxuydwxuh ri wkh frvw ri
sulfh dgmxvwphqw1 Wkh sdudphwhu k�c zklfk lv htxdo wr �W+ -c vkrxog eh yhu| forvh wr 4/ li

45Wkhvh dvvxpswlrq duh edvhg rq wkh uhvxowv ri vwdqgdug Glfnh|0Ixoohu dqg Vwrfn0Zdwvrq whvwv iru wkh

suhvhqfh ri xqlw urrwv dqg frlqwhjudwlrq1
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rqh dssur{lpdwhv wkh vwhdg| vwdwh ydoxh ri rxwsxw jurzwk zlwk wkh dyhudjh ryhu wkh vdpsoh
shulrg frqvlghuhg/46 dqg dvvxphv/ txlwh uhdvrqdeo|/ d glvfrxqw idfwru - doprvw htxdo wr 41 Lq
wkh uhvxowv suhvhqwhg khuh/ L wkhuhiruh vhw k� ' ��47 Wr hvwlpdwh kf/ iru wkh jlyhq ydoxh ri k�c
L vhdufk ryhu wkh vsdfh ri srvlwlyh ydoxhv ri kf wr �qg wkh ydoxh wkdw plqlpl}hv wkh yduldqfh
ri wkh glvwdqfh ehwzhhq wkh udwlr ri sulfhv wr xqlw oderu frvwv lpsolhg e| wkh prgho/ dqg wkh
fruuhvsrqglqj udwlr frpsxwhg lq wkh gdwd148 Wklv ydoxh +vhh �jxuh 6, lv 4:18149 Wkh �jxuh
vkrzv fohduo|/ krzhyhu/ wkdw hyhq ydoxhv ri kf pxfk vpdoohu wkdq wkdw lpsuryh vljql�fdqwo|
xsrq wkh �w ri wkh  h{leoh sulfh prgho Ekf ' f�= iru h{dpsoh/ iru kf ' 2/ wkh glvwdqfh
ehwzhhq prgho dqg gdwd lv uhgxfhv e| pruh wkdq 73(1

L wkhq vhw kf htxdo wr wkh hvwlpdwhg ydoxh ri 4:18/ dqg frqvwuxfw d wkhruhwlfdo sulfhv wr
xqlw oderu frvw udwlr= wkh yduldqfh ri wkh glvwdqfh ri wklv vhulhv iurp wkh sulfh2xqlw oderu
frvw udwlr frpsxwhg lq wkh gdwd lv ;;( orzhu wkdq wkdw ri wkh ehqfkpdun prgho1 Iljxuh 7
vkrzv krz forvh lv wkh wkhruhwlfdo vhulhv wr wkh gdwd/ iru wklv sduwlfxodu sdudphwul}dwlrq14:

Pruhryhu/ wkh prgho fdq dffrxqw h{wuhpho| zhoo iru wkh hqwluh dxwrfruuhodwlrq ixqfwlrq ri
wkh sulfh2xof udwlr +�j1 8,1

Ilqdoo|/ wkh �w ri wkh prgho uhodwlyh wr lq dwlrq lv vkrzq lq �jxuh 9/ zklfk sorwv wkh
lq dwlrq vhulhv frqvwuxfwhg dffruglqj wr wklv prgho djdlqvw dfwxdo lq dwlrq1 Iru frpsdulvrq/
rqh vkrxog orrn dw wkh erwwrp sdqho ri �jxuh 5e/ zkhuh wkh vdph lq dwlrq gdwd duh sorwwhg
djdlqvw wkh lq dwlrq vhulhv suhglfwhg e| wkh ehqfkpdun prgho1 Lw lv fohdu wkdw lq wklv prgho
lq dwlrq yrodwlolw| lv qrwdeo| uhgxfhg/ frpsduhg wr wkh ehqfkpdun prgho +lw ghfolqhv e|
99(,/ dqg wkh glvwdqfh ehwzhhq wkh prgho lq dwlrq dqg gdwd lv uhgxfhg e| <9(/ frpsduhg
wr wkh ehqfkpdun prgho1

Wkh dxwrfruuhodwlrq ixqfwlrq ri lq dwlrq lv dovr yhu| forvho| pdwfkhg +vhh �j1 :,1

7151 D Ixuwkhu Whvw ri wkh Prgho Uhvwulfwlrqv= Gr wkh Iruzdug0orrnlqj Whupv
PdwwhuB

D fuxfldo ihdwxuh ri wklv prgho lv wkh lpsruwdqfh dvvljqhg wr wkh iruzdug0orrnlqj frpsrqhqw
ri wkh sulfh vhwwlqj ehkdylru1 Wklv ihdwxuh uhsuhvhqwv dq lpsruwdqw ghsduwxuh iurp wkh roghu
olwhudwxuh rq sulfh2frvw pdujlqv1 D w|slfdo sulfh htxdwlrq iurp wkh 4<93*v +vhh/ h1j1/ Hfnvwhlq
dqg Iurpp/ 4<9;, srvlwv sulfhv dv d ixqfwlrq ri xqlw oderu frvwv/ exw lqfoxghv rqo| wkh fxuuhqw
dqg odjjhg ydoxhv ri wkhvh frvwv dv h{sodqdwru| yduldeohv1 Rwkhu yduldeohv w|slfdoo| hqwhu wkh
uhjuhvvlrq wr dffrxqw iru rwkhu frvw ru ghpdqg idfwruv1 Khuh h{shfwdwlrqv ri ixwxuh xqlw

46Wklv dssur{lpdwlrq jlyhv ��
|
@ 4=33;7=

47L frqvlghu odwhu wkh frqvhtxhqfhv ri wuhdwlqj �4 dv d iuhh sdudphwhu dv zhoo1

48Ehfdxvh L iruhfdvw wkh udwh ri fkdqjh ri xqlw oderu frvwv/ L xvh d wudqvirupdwlrq ri ht1+6143, wkdw gluhfwo|
frpsxwhv wkh wkhruhwlfdo sulfh2xqlw oderu frvw udwlr1 Vhh dsshqgl{/ vhfwlrq 914161

49Wkh vwdqgdug huuru iru wklv sdudphwhu/ frpsxwhg yld d qrq olqhdu ohdvw vtxduhv urxwlqh/ lv 513<1

4:Qrwh wkdw L dp zrunlqj lq ghyldwlrqv iurp wkh phdq1 Wkh ghyldwlrq ri s2xof lv wkhuhiruh qrw d�hfwhg
e| wkh sdudphwhuv d dqg �/ uhvshfwlyho| wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr fdslwdo dqg wkh Gl{lw0Vwljol}
hodvwlflw| ri vxevwlwxwlrq dprqj gl�huhqwldwhg jrrgv1
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oderu frvwv dovr hqwhu/ zlwk txlwh d odujh zhljkw1 Dqg lqwhuhvwlqjo|/ wkh rwkhu yduldeohv/ vxfk
dv pdwhuldo sulfhv/ udwlr ri xq�oohg rughuv wr vdohv/ rshudwlqj udwh/ duh qrw qhhghg lq rughu
wr dffrxqw iru d yhu| odujh iudfwlrq ri wkh ryhudoo yduldwlrq lq wkh sulfh ohyho lq wkh gdwd1 D
srvvleoh lqwhusuhwdwlrq/ frqvlvwhqw zlwk wkh wkhruhwlfdo iudphzrun sursrvhg khuh/ lv wkdw wkh
rwkhu yduldeohv hqwhuhg vljql�fdqwo| lq wudglwlrqdo sulfh htxdwlrqv ehfdxvh wkh| zhuh sur{lhv
iru wkh rplwwhg h{shfwdwlrqv whupv1 Lq wkdw fdvh/ wuhdwlqj wkhvh hvwlpdwhg htxdwlrqv dv
vwuxfwxudo iru sxusrvhv ri srolf| dqdo|vlv zrxog eh yxoqhudeoh wr wkh Oxfdv +4<:9, fulwltxh1

Exw vrph uhfhqw vwxglhv kdyh txhvwlrqhg wkh lpsruwdqfh ri wkh iruzdug orrnlqj frpsr0
qhqw lq sulflqj ehkdylru/ e| irfxvlqj rq wkh hpslulfdo ydolglw| ri wkh lq dwlrq htxdwlrq wkdw
lw lpsolhv1 W|slfdoo|/ dq lq dwlrq htxdwlrq ri wkh nlqg dqdo|}hg lq wklv sdshu lv hvwlpdwhg lq
wkh irup ri wkh cQhz Nh|qhvldq* Skloolsv fxuyh +dv ht1+6145,, zklfk frpelqhv wkh lq dwlrq
htxdwlrq ghulyhg iurp d prgho zlwk sulfh uljlglwlhv +ht1+61;, ru +6153,, zlwk d uhodwlrqvkls
ehwzhhq uhdo pdujlqdo frvw dqg rxwsxw/ dqg wkh hpslulfdo uhvxowv duh riwhq glvfxvvhg dv d
cwhvw* ri wkh lpsruwdqfh ri qrplqdo uljlglwlhv/ ru ri wkh uroh ri iruzdug orrnlqj ehkdylru lq
wkh sulfh vhwwlqj phfkdqlvp1 Iru h{dpsoh/ Ixkuhu*v +4<<:, hpslulfdo uhvxowv srlqw wr d qhjol0
jleoh uroh ri ixwxuh lq dwlrq lq dq hvwlpdwhg lq dwlrq0rxwsxw uhodwlrqvkls/ vshfl�hg lq d zd|
wkdw lv lqwhqghg wr qhvw wkh cQhz Nh|qhvldq* Skloolsv Fxuyh vshfl�fdwlrq/ wkh pruh frpsoh{
yduldqw sursrvhg e| Ixkuhu dqg Prruh +4<<8,/ dqg sxuho| edfnzdug0orrnlqj Skloolsv Fxuyh
vshfl�fdwlrqv1 Urehuwv +4<<:/ 4<<;, lqvwhdg dujxhv wkdw wkh cQhz Nh|qhvldq* Skloolsv Fxuyh
�wv uhdvrqdeo| zhoo zkhq vxuyh| phdvxuhv ri lq dwlrq h{shfwdwlrqv duh xvhg wr hvwlpdwh lw/
exw wkdw lw grhv qrw �w zhoo xqghu wkh k|srwkhvlv ri udwlrqdo h{shfwdwlrqv1 Kh wkxv sursrvhv
d prgho zlwk dq lpsruwdqw edfnzdug0orrnlqj frpsrqhqw lq wkh lq dwlrq h{shfwdwlrqv/ zklfk
dprxqwv wr zhdnhqlqj wkh zhljkw sxw rq wkh iruzdug0orrnlqj whupv lq klv djjuhjdwh vxsso|
uhodwlrq1

Khuh L sursrvh lqvwhdg wr dgguhvv wkh txhvwlrq ri zkhwkhu wkh iruzdug0orrnlqj whup lq
p| sulflqj htxdwlrq pdwwhu/ devwudfwlqj iurp dq| dvvxpswlrq derxw krz pdujlqdo frvwv duh
uhodwhg wr wkh ohyho ri hfrqrplf dfwlylw|14;

Iurp wkh gh�qlwlrq ri 8| lq ht1 +6143,/ rqh vhhv wkdw wkh h{shfwhg hyroxwlrq ri xqlw oderu
frvwv lq wkh ixwxuh pdwwhuv rqo| lqvridu dv wkh sdudphwhu b3�

2
9' f� Pruhryhu/ wkh prgho

lpsolhv wkdw wkh sdudphwhuv b� dqg b2 duh frqvwudlqhg wr eh lq d vshfl�f uhodwlrqvkls zlwk
wkh vwuxfwxudo sdudphwhuv kf dqg k�� Wr whvw wkhvh lpsolfdwlrqv/ L uhhvwlpdwhg wkh sulfh
htxdwlrq zlwkrxw lpsrvlqj wkh frqvwudlqwv rq b� dqg b2� Wkh uhvxowv uhsruwhg ehorz lqglfdwh
wkdw erwk sdudphwhuv duh vwdwlvwlfdoo| vljql�fdqw> pruhryhu/ dowkrxjk d irupdo whvw uhmhfwv
wkh k|srwkhvlv wkdw wkh surgxfw ri b� dqg b2 lv htxdo wr 4/ dv wkh dvvxpswlrq L pdgh ri
k� ' � lq wkh prgho lpsolhv/4< wkh vxuidfh sorw lq �j1 ; vkrzv wkdw qr vljql�fdqw uhgxfwlrq

4;Wkh dssurdfk ri Jdol dqg Jhuwohu +4<<;, lv lq wkh vdph vslulw1 Dowkrxjk wkh| xvh d phwkrgrorj| gl�huhqw
iurp plqh/ wkh| vwuhvv wkh vdph srlqw/ wkdw wkh uhodwlrq suhglfwhg e| wkh wkhru|/ dqg wr eh lqyhvwljdwhg
hpslulfdoo|/ lv wkh rqh olqnlqj lq dwlrq wr wkh vwuhdp ri ixwxuh uhdo pdujlqdo frvwv1

4<Wkh rswlpdo ydoxh ri �4 lv lq idfw 413: +v1h1@1339,/ zklfk lv vljql�fdqwo| gl�huhqw iurp 4/ dqg wkh
fruuhvsrqglqj rswlpdo ydoxh ri �3 lv 69181 Dowkrxjk wklv sdlu ri ydoxhv lpsuryhv ixuwkhu wkh �w ri wkh prgho
+wkh yduldqfh ri wkh glvwdqfh ehwzhhq wkh wkhruhwlfdo dqg wkh dfwxdo sulfh2xqlw oderu frvw udwlr lv qrz uhgxfhg
e| <8(,/ lw lv kdug wr lqwhusuhw d ydoxh ri ri �4 A 4/ ehfdxvh lw zrxog lpso| d glvfrxqw idfwru U dovr eljjhu
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ri wkh glvwdqfh ehwzhhq prgho dqg gdwd frxog eh dfklhyhg li b3�
2

lv qrw forvh wr wkh ydoxh ri
b�1

Xqfrqvwudlqhg sdudphwhu hvwlpdwhv53

eb
3�

2
@ 1;:<

+1339,
eb� @ 1;48

+1338,

Wkhvh uhvxowv vxjjhvw wkdw wkh iruzdug orrnlqj frpsrqhqw lq wkh sulfh htxdwlrq lv txlwh
lpsruwdqw1 Wkh| dovr vxjjhvw wkdw wkh lq dwlrq g|qdplfv lpsolhg e| wklv iruzdug0orrnlqj
prgho/ dffruglqj wr zklfk lq dwlrq lv d ixqfwlrq ri h{shfwhg ixwxuh lq dwlrq dqg uhdo pdujlqdo
frvwv/ grhv lqghhg ghvfuleh yhu| forvho| wkh g|qdplfv ri wkh gdwd1 Dv d frqvhtxhqfh/ lw pd|
qrw eh qhfhvvdu| wr k|srwkhvl}h irupv ri ghsduwxuh iurp ixoo udwlrqdolw| +dv Urehuwv 4<<:/
4<<; grhv,/ ru wr lqwurgxfh dgglwlrqdo lqhuwld lq wkh lq dwlrq surfhvv +dv lq Ixkuhu 4<<:,1
Li wkhuh lv d plv0vshfl�fdwlrq lq wkh lq dwlrq0rxwsxw uhodwlrqvkls ghvfulehg e| wkh cQhz
Nh|qhvldq* Skloolsv Fxuyh/ wklv pd| qrw eh gxh wr wkh wkhruhwlfdo olqn ehwzhhq lq dwlrq
dqg uhdo pdujlqdo frvwv/ exw wr wkh dgglwlrqdo dvvxpswlrqv derxw wkh uhodwlrqvkls ehwzhhq
pdujlqdo frvwv dqg rxwsxw1

7161 Lqwhusuhwdwlrq ri wkh Ghjuhh ri Vwlfnlqhvv

Lq wkh hpslulfdo olwhudwxuh/ frqyh{ frvwv ri dgmxvwlqj sulfhv duh riwhq ixuwkhu vshfl�hg wr
eh txdgudwlf/ iru wkh sxusrvh ri hfrqrphwulf hvwlpdwlrq1 Dprqj wkh prvw uhfhqw vwxglhv/
Urehuwv/ Vwrfnwrq dqg Vwuxfnph|hu +4<<7, hvwlpdwh dq hfrqrphwulf prgho ri lpshuihfwo|
frpshwlwlyh �upv zlwk X1V1 lqgxvwu| gdwd/ dqg �qg uhodwlyho| vpdoo ydoxhv iru wkh dgmxvwphqw
frvw sdudphwhu= 318: iru wkh pdqxidfwxulqj vhfwru/ dqg ydoxhv udqjlqj iurp lqvljql�fdqwo|
gl�huhqw iurp }hur wr vljql�fdqw 51; iru wkh lqglylgxdo wzr0gljlw vhfwruv1 Lq dqrwkhu vwxg|/
Luhodqg +4<<9, hvwlpdwhv d vpdoo/ vwuxfwxudo/ jhqhudo htxloleulxp prgho iru wkh X1V1 hfrqrp|/
lq zklfk �upv idfh txdgudwlf frvwv ri dgmxvwlqj sulfhv/ dqg rewdlqv dq hvwlpdwh ri 7138 iru wkh
frh!flhqw ri wkh txdgudwlf frvw ixqfwlrq1 D gluhfw frpsdulvrq zlwk wkhvh vwxglhv lv/ krzhyhu/
gl!fxow1 Xqolnh wkh �uvw sdshu/ wkh hvwlpdwhv rewdlqhg khuh xvh txduwhuo|/ djjuhjdwh gdwd/
dqg d gl�huhqw hfrqrphwulf dssurdfk> xqolnh wkh vhfrqg sdshu/ wkh uhvxowv gr qrw ghshqg
xsrq d qxpehu ri dvvxpswlrqv wkdw jr eh|rqg wkh vshfl�f sulfh phfkdqlvp1 Lq lqwhusuhwlqj
wkh vl}h ri wkh sdudphwhu kfc dq|zd|/ lw lv zruwk vwuhvvlqj djdlq wkdw/ dowkrxjk wkh rswlpdo
ydoxh lv hvwlpdwhg wr eh 4:18/ wkh jrrgqhvv ri �w ri wkh sulfh2 xqlw oderu frvw lq wklv prgho

wkdq 41

53Lq sduhqwkhvhv duh uhsruwhg vwdqgdug huuruv/ rewdlqhg e| d qrq0olqhdu ohdvw vtxduhv urxwlqh1 Errwvwuds
vwdqgdug huuruv duh yluwxdoo| wkh vdph1
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lv vljql�fdqw/ hyhq iru pxfk orzhu ydoxhv ri wklv sdudphwhu> dv �j1 6 vkrzv/ wkh odujhvw jdlq
ryhu wkh ehqfkpdun  h{sulfh prgho rffxuv zkhq kf pryhv iurp 3 wr durxqg 71

D xvhixo zd| wr lqwhusuhw wkh ghjuhh ri vwlfnlqhvv lpsolhg e| frvwv ri dgmxvwlqj sulfhv
ri wkh vl}h hvwlpdwhg/ lv lq whupv ri lwv lpsolfdwlrqv iru wkh ohqjwk ri wkh h{shfwhg wlph
ehwzhhq sulfh fkdqjhv lpsolhg e| wkh Fdoyr prgho ri vhfwlrq 6151 Frqvlghu htxdwlrq +6153,=
lq wkh fdvh lq zklfk doo �upv idfh wkh vdph uhdo pdujlqdo frvw/ kf '

k
E�3k�E�3k-�W

+
�
' k

E�3k�2
c

zkhuh wkh vhfrqg lqhtxdolw| iroorzv iurp wkh lpsrvhg ydoxh ri 4 iru k�E� -�W+,1 Lq wklv
fdvh/ +zklfk lpsolhv d glvfrxqw udwh - ' �bbS�/ wkh hvwlpdwhg ydoxh ri wkh frvw ri dgmxvwlqj
sulfhv Ekf ' �.�D� lv frqvlvwhqw zlwk dq dyhudjh h{shfwhg wlph ehwzhhq sulfh fkdqjhv ri
derxw 47 prqwkv1 Dv dujxhg ehiruh/ krzhyhu/ d pruh uhdolvwlf fdvh lv rqh lq zklfk wkhuh lv
d zhgjh ehwzhhq wkh �up*v dqg wkh dyhudjh uhdo pdujlqdo frvw/ lq zklfk fdvh wkh vwlfnlqhvv
sdudphwhu lv kf ' k

E�3k�E�3k-�W
+
�

�
�3@n@w
�3@

�
= lw pd| wkhuhiruh eh lpsruwdqw zklfk ydoxhv rqh

zdqwv wr dvvxph iru wkh vkduh ri fdslwdo @ dqg wkh Gl{lw0Vwljolw} hodvwlflw| ri vxevwlwxwlrq
dprqj gl�huhqwldwhg jrrgv w1 Iru h{dpsoh/ vwloo iru wkh fdvh ri dq lpsolhg glvfrxqw udwh
- ' �bbS/ kf ' �.�D lv frqvlvwhqw zlwk @ ' �2Dc w ' S +zklfk lpsolhv dq dyhudjh ydoxh ri
pdunxs ri 415,/ dqg 426 ri wkh �upv fkdqjlqj sulfhv dw dq| srlqw lq wlph Ek ' �SS�( lq wklv
fdvh wkh dyhudjh wlph ehwzhhq sulfh fkdqjhv lv rqo| < prqwkv1 Lqfuhdvlqj wkh dyhudjh ydoxh
ri pdunxs +l1h1 orzhulqj w,/ iru dq| jlyhq ydoxh ri wkh fdslwdo vkduh @c lqfuhdvhv prghvwo|
wkh hvwlpdwhg ydoxh ri k= iru h{dpsoh/ dq dyhudjh pdunxs ri ��S/ iru @ ' �2Dc eulqjv wkh
iudfwlrq k wr �.2/ dqg wkh hvwlpdwhg dyhudjh wlph ehwzhhq sulfh fkdqjhv wr voljkwo| ohvv
wkdq 44 prqwkv1 Ylfhyhuvd/ iru dq| jlyhq ydoxh ri w/ lqfuhdvlqj wkh dvvxphg fdslwdo vkduh
uhgxfhv wkh iudfwlrq k= iru h{dpsoh/ iru w ' S / lqfuhdvlqj wkh fdslwdo vkduh wr �*�/ pdnhv wkh
hvwlpdwhg ydoxh ri wkh frvw ri dgmxvwlqj sulfhv frqvlvwhqw zlwk S�I ri wkh �upv nhhslqj sulfhv
frqvwdqw iurp rqh shulrg wr wkh rwkhu/ zklfk lpsolhv dq dyhudjh h{shfwhg wlph ehwzhhq sulfh
fkdqjhv djdlq ri olwwoh deryh H prqwkv1

Vxpplqj xs/ ydu|lqj wkh sdudphwhuv fdoleudwlrq zlwklq wkh udqjh glvfxvvhg vxjjhvwv dq
hvwlpdwhg udqjh ri sulfh lqhuwld ehwzhhq 2�

2
dqg ��

2
txduwhuv1 Wkhvh qxpehuv duh lq olqh

zlwk pruh gluhfw hpslulfdo hvwlpdwhv ri wkh iuhtxhqf| ri sulfh dgmxvwphqw= iru h{dpsoh/ lq d
vxuyh| ri derxw 533 pdqxidfwxulqj �upv/ Eolqghu hw do1 +4<<;, uhsruw wkdw 98( ri wkh �upv
fodlp ehwzhhq rqh dqg wzr sulfh fkdqjhv ryhu wkh |hdu> dovr/ wkh phgldq wlph ehwzhhq sulfh
fkdqjhv dsshduv wr eh < prqwkv154

Wkh iroorzlqj wdeoh vxppdul}hv wkh cjrrgqhvv ri �w* ri wkh prgho/ phdvxuhg e| wkh
uhgxfwlrq ri wkh glvwdqfh ehwzhhq prgho dqg gdwd/ iru vhyhudo ydoxhv ri wkh frvw ri dgmxvwlqj
sulfhv/ lqwhusuhwhg lq whupv ri wkh dyhudjh wlph ehwzhhq sulfh dgmxvwphqwv/ xvlqj ehqfkpdun
ydoxhv iru @ dqg w1 Wkh wklug froxpq uhsruwv/ iru hdfk ydoxh ri wkh sdudphwhu kf/ wkh yduldqfh
ri wkh chuuru* ri wkh prgho/ dqg wkh qh{w wzr froxpqv uhsruw wkh uhgxfwlrq/ zlwk uhvshfw wr
wkh yduldqfh ri wkh ehqfkpdun prgho/ lq wkh glvwdqfh ehwzhhq wkhruhwlfdo dqg dfwxdo sdwkv
ri sulfhv dqg lq dwlrq1

54Eolqghu hw do1 +4<<;,/ wdeoh 714/ s1 ;71
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WDEOH 4

Phdvxuhv ri �w dv ixqfwlrq ri
h{shfwhg wlph ehwzhhq sulfh fkdqjhv

+lpsolhg U@1<<9/ edvlf iruhfdvwlqj YDU,

kf h{shfwhg wlph Y+"
R*�,S
| , ( uhg1 Y+"

R*�,S
| , ( uhg1 Y+"Z| ,

E@ ' �2Dc w ' S� +-h3e, yv1 ehqfkpdun yv1 ehqfkpdun

5 7�
2
prqwkv 4178: 7617 :61;

9 9 prqwkv 31:83 :31; ;<1<
45 :�

2
prqwkv 316;5 ;814 <71<

4:18 < prqwkv 31639 ;;14 <913
+v1h1 513<,

Wkh wdeoh vkrzv wkdw hyhq iru d vl}h ri wkh dgmxvwphqw frvw fruuhvsrqglqj wr pxfk orzhu
sulfh lqhuwld +iru h{dpsoh kf ' 2/ zklfk fruuhvsrqgv wr dq dyhudjh h{shfwhg wlph ehwzhhq
sulfh fkdqjhv ri ohvv wkdq wzr txduwhuv,/ wkh jrrgqhvv ri �w ri wklv prgho lv derxw 73( kljkhu
wkdq wkdw ri wkh ehqfkpdun prgho1

7171 Urexvwqhvv wr wkh Vshfl�fdwlrq ri wkh Iruhfdvwlqj V|vwhp

Ilqdoo|/ dv rqh zrxog h{shfw/ wkh uhvxowv duh vrphzkdw vhqvlwlyh wr wkh vshfl�fdwlrq ri wkh
iruhfdvwlqj v|vwhp iru xqlw oderu frvwv1 Dv dq h{dpsoh/ L uhsruw lq wdeoh 5 wkh uhvxowv rewdlqhg
zlwk d YDU zklfk lqfoxghv xqlw oderu frvwv/ rxwsxw jurzwk/ frqvxpswlrq2rxwsxw udwlr/ dqg
krxuv jurzwk1 Wklv dowhuqdwlyh YDU lv ri lqwhuhvw dv lw grhv qrw xvh gdwd rq wkh sulfh ohyho wr
iruhfdvw xqlw oderu frvwv/ dqg vr wkh suhglfwhg sulfh ohyho dqg lq dwlrq vhulhv duh frqvwuxfwhg
zlwk qr uhihuhqfh dw doo wr wkh dfwxdo sulfh ohyho gdwd1

Dv wkh wdeoh vkrzv/ wklv vshfl�fdwlrq ohdgv wr d sulfh htxdwlrq wkdw vwloo �wv txdolwdwlyho|
yhu| zhoo/ dowkrxjk lw lpsuryhv xsrq wkh ehqfkpdun prgho �w wr d orzhu ghjuhh +lw uhgxfhv
wkh wkhruhwlfdo huuru lq wkh sulfh2frvw udwlr e| derxw 93(/ dqg lq lq dwlrq e| olwwoh deryh
;3(,1 Lqwhuhvwlqjo|/ krzhyhu/ wkh ehvw �w lv rewdlqhg zlwk d orzhu ydoxh ri wkh frvw ri wkh
sulfh vwlfnlqhvv sdudphwhu kf1 Ri frxuvh/ li wkh wkhruhwlfdo prgho lv fruuhfw/ rqh zrxog h{shfw
wkdw wkh sulfh2xqlw oderu frvw udwlr vkrxog eh d jrrg yduldeoh lq wkh iruhfdvwlqj uhjuhvvlrq
iru ixwxuh fkdqjhv lq wkh xqlw oderu frvw/ vr lw lv qrw vxusulvlqj wkdw wkh edvlf vshfl�fdwlrq
ri wkh YDU |lhogv ehwwhu uhvxowv1
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WDEOH 5

Phdvxuhv ri �w dv ixqfwlrq ri
h{shfwhg wlph ehwzhhq sulfh fkdqjhv

+lpsolhg U@1<<9/ dowhuqdwlyh iruhfdvwlqj YDU,

kf h{shfwhg wlph Y+"
R*�,S
| , ( uhg1 Y+"

R*�,S
| , ( uhg1 Y+"Z| ,

E@ ' �2Dc w ' S� +-h3e, yv1 ehqfkpdun yv1 ehqfkpdun

5 7�
2
prqwkv 41964 6919 981:

9 9 prqwkv 4145; 8915 ;313
< : prqwkv 41387 8<13 ;615

+v1h1 417;,

81 Frqfoxvlrq

Wklv sdshu ghulyhv wkh lpsolfdwlrqv ri wzr prghov zlwk qrplqdo uljlglwlhv derxw wkh sdwk
ri djjuhjdwh sulfhv dqg lq dwlrq g|qdplfv> lw vkrzv wkdw vxfk vlpsoh prghov gholyhu d yhu|
forvh dssur{lpdwlrq wr erwk wkh sulfh2 xqlw oderu frvw udwlr dqg wkh lq dwlrq surfhvv1 Lq
sduwlfxodu/ e| lqwurgxflqj vrph ghjuhh ri sulfh vwlfnlqhvv/ hlwkhu lq wkh irup ri vpdoo frvwv
iru doo wkh �upv wr dgmxvw sulfhv/ ru e| lqwurgxflqj d udqgrp gudz ri d iudfwlrq ri wkh �upv
wkdw duh doorzhg wr fkdqjh wkhlu sulfhv/ wkh prgho suhglfwv wkdw djjuhjdwh sulfhv duh gulyhq
e| wkh dqwlflsdwhg ehkdylru ri xqlw oderu frvw/ dqg wklv suhglfwhg ehkdylru ghvfulehv yhu|
forvho| wkh dfwxdo ehkdylru ri sulfhv1

Wklv uhvxow lv srwhqwldoo| lqwhuhvwlqj iru wzr eudqgv ri wkh olwhudwxuh1 Rq rqh kdqg/ lw
vkrzv wkdw qrplqdo uljlglwlhv duh d uhdvrqdeoh frpsrqhqw ri jhqhudo htxloleulxp prghov/
olnh wkrvh xvhg wr ghvfuleh wkh hfrqrp| uhvsrqvh wr ydulrxv nlqg ri vkrfnv1 Wkh idloxuh
ri h{lvwlqj prghov zklfk lqfrusrudwh qrplqdo uljlglwlhv wr uhsurgxfh dffxudwho| hpslulfdo
idfwv +vhh Nlqj0Zdwvrq 4<<9/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv 4<<:, pd| qrw eh gxh wr d
plvvshfl�hg sulflqj htxdwlrq/ exw udwkhu wr rwkhu ihdwxuhv ri wkhvh prghov +wkdw wkh| vkduh
zlwk vwdqgdug uhdo exvlqhvv f|foh prghov,1

Vhfrqgo|/ wkh uhvxow lv uhohydqw iru wkh olwhudwxuh rq hvwlpdwlrq ri djjuhjdwh vxsso| fxuyhv/
ru ydulrxv irupv ri Skloolsv fxuyhv/ lq wkdw lw pd| uhgluhfw erwk wkh wkhruhwlfdo dqg hpslulfdo
h�ruw wrzdugv xqghuvwdqglqj wkh ghwhuplqdqwv ri pdujlqdo frvwv dqg wkh uhodwlrqvkls ehwzhhq
pdujlqdo frvw dqg rxwsxw/ udwkhu wkdq wr ixuwkhu h{shulphqwdwlrq zlwk dowhuqdwlyh prghov
ri sulfh dgmxvwphqw1 Li rqh eholhyhv wkh uhvxowv ri wklv sdshu/ wr h{sodlq sulfh ehkdylru rqh
vkrxog qrw qhfhvvdulo| orrn iru rwkhu vkrfnv +olnh hqhuj| sulfh vkrfn/ iru h{dpsoh,/ wkdw dowhu
wkh sulfh0oderu frvw uhodwlrqvkls/ qru srvwxodwh dgglwlrqdo vwlfnlqhvv lq wkh lq dwlrq udwh +dv
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rssrvhg wr wkh sulfh ohyho,/ dv lq wkh IUE0XV prgho +vhh Eud|wrq dqg Wlqvoh|/ 4<<9, dqg
wkh prgho ri Ixukhu dqg Prruh +4<<8,1 Zkdw rqh vkrxog orrn iru/ lqvwhdg/ lv dq hpslulfdoo|
vxffhvvixo prgho wr h{sodlq wkh ehkdylru ri wkh xqlw oderu frvwv1

91 Dsshqgl{

9141 Prgho zlwk frvwv ri dgmxvwlqj sulfhv

914141 Hydoxdwh wkh �uvw rughu frqglwlrq iru wkh �up*v rswlpdo sulflqj ghflvlrq

Iurp wkh whfkqrorj|/ M�| fdq eh h{suhvvhg dv d ixqfwlrq ri sulfhv=
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vr wkdw
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Xvlqj +915, dqg +916,/ wkh sduwldo ghulydwlyh ri sur�wv dw wlph | lv=
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914151 Hydoxdwh e>|
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dqg k� ' �W+-c wklv h{suhvvlrq jlyhv +61:, lq wkh wh{w1

914161 Vroylqj iru wkh rswlpdo sdwk ri sulfhv

Vwduw iurp ht1+61:, lq wkh wh{w/ zklfk lv

e>| ' � kfdeZ| � k�.|eZ|n�o +917,

E| gh�qlwlrq/ e>| ' *?>| � *?>W ' *?>| � *?Ew*Ew � ���c vr ht1+917, ehfrphv=
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Vxevwlwxwh *?>| iurp ht 1+618, lq wkh wh{w/ dqg xvh orzhufdvh ohwwhuv iru orjv=
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Vroylqj iruzdug

%| ' Ekfk�b2�
3�

"[
�'f

b3�
2 .|E�,S|n� � V�

' E�� b��E�� b3�2 �
"[
�'f

b3�
2 .|E�,S|n� � V�

zkhuh wkh htxdolw| Ekfk�b2�
3� ' E� � b��E� � b3�2 � iroorzv iurp wkh idfw wkdw Eb� n b2� '

�nk�nk3�

f

k�
dqg b�b2 ' �*k�� Ilqdoo|/ iurp wkh gh�qlwlrq ri %|c rewdlq

R| ' b�R|3� n E�� b��iE�� b3�2 �
"[
�'f

b3�
2 .|E�,S|n� � V�j

zklfk lv h{suhvvlrq +61<, lq wkh wh{w1

914171 Frpsxwdwlrq ri wkh wkhruhwlfdo sulfh sdwk

Ehfdxvh wkh hvwlpdwhg YDU gholyhuv iruhfdvw ri wkh udwh ri fkdqjh ri wkh xqlw oderu frvw/
{�,S|n�cwkh dfwxdo htxdwlrq xvhg wr frpsxwh wkh wkhruhwlfdo sulfh sdwk lv d wudqvirupdwlrq
ri ht1+6143,1 Xvlqj wkh idfw wkdw

.|

"[
�'f

b3�
2 �,S|n� '

�

E�� b3�2 �
E�,S| n.|

"[
�'f

b3�
2 {�,S|n��

ht1 +61<, ehfrphv

R| ' b�R|3� n E�� b�� �,S| n E�� b��
"[
�'f

b3�
2 .|E{�,S|n��� E�� b��V

zklfk fdq eh zulwwhq dv

R| � �,S| ' b�ER|3� � �,S|3���{�,S| n E�� b��
"[
�'f

b3�
2 .|E{�,S|n��� E�� b��V +918,

L wkhuhiruh gluhfwo| frpsxwh wkhruhwlfdo s2xof udwlrv dffruglqj wr wklv htxdwlrq +ljqrulqj wkh
frqvwdqw whup/ ehfdxvh L zdqw wr frpsxwh ghyldwlrq iurp wkh phdq,= Iru hdfk ydoxh ri wkh
sdudphwhuv kf dqg k� lq d fkrvhq julg/ L vroyh iru wkh urrwv b�dqg b2c dqg frpsxwh wkh
iruhfdvw

S
"

�'f b
3�
2 .|E{�,S|n��� Ehfdxvh wkh xqlw| oderu frvw jurzwk lv wkh �uvw hohphqw ri wkh

yhfwru ~| ' K~|3� n 05|c dqg .|~|n� ' K�~|c wkh zhljkwhg vxp ri xqlw| oderu frvw iruhfdvw
lqwr wkh ixwxuh lv wkh �uvw hohphqw ri wkh yhfwru dU � b3�2 Ko3�~|�
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9151 Prgho zlwk udqgrp suredelolw| ri fkdqjlqj sulfhv

Vxevwlwxwlqj +614<, lqwr +614:, jhw

e%| ' E�� k-�W+�P
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�� @
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E�� k-�W+�E�� @�
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#er@�}|n� n
�� @n @w

�� @
P�

&'�eZ|n&

$

Ohw 1 � �3@
�3@n@w

� Wkhq/ xvlqj +6149,/ jhw

eZ| '

#
E�� k�E�� k-�W+�1

k

$
P"

�'fEk-�W+�
�.|

#er@�}|n� n
�

1
P�

&'�eZ|n&

$

Qrz hydoxdwh wklv h{suhvvlrq dw |n�/ suhpxowlso| lw e| k-�W+c wdnh lwv h{shfwhg ydoxh dv
ri wlph |/ dqg vxewudfw lw iurp wkh deryh wr jhw=

eZ| � k-�W+ .| eZ|n� '

#
E�� k�E�� k-�W+�1

k

$
a| +919,

zkhuh

a| ' P"

�'fEk-�
W

+�
�.|

#er@�}|n� n
�

1
P�

&'�eZ|n&

$
� P"
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#er@�}|n�n� n
�

1
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&'�eZ|n&n�
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�'fEk-�
W

+�
�.|

+ker@�}|n� � k-�W+ er@�}|n�n�

l
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�

1
P�

&'�

keZ|n& � k-�W+ eZ|n&n�

l,

' er@�}| n
k-�W+
1

#
�

�� k-�W+
.| eZ|n�
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H{suhvvlrq +919, ehfrphv wkhuhiruh

eZ| '

#
E�� k�E�� k-�W+�1

k

$ er@�}| n-�W+ .| eZ|n�

zklfk lv ht1 +6153, lq wkh wh{w1

:1 Uhihuhqfhv

41 Elov/ Pdun +4<;:, �Wkh F|folfdo Ehkdylru ri Pdujlqdo Frvw dqg Sulfh� Dphulfdq Hfr0
qrplf Uhylhz/ yro1 ::/ ss1;6;0;8:1

51 Eodqfkdug/ Rolylhu +4<<:, �Wkh Phglxp Uxq�/ iruwkfrplqj lq Eurrnlqjv Sdshuv rq

Hfrqrplf Dfwlylw|1
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61 Eolqghu/ Dodq V1/ Holh U1G1 Fdqhwwl/ Gdylg Oherz dqg Mhuhp| E1 Uxgg +4<<;, Dvnlqj
Derxw Sulfhv= D Qhz Dssurdfk wr Xqghuvwdqg Sulfh Vwlfnlqhvv/ Qhz \run= Uxvvhoo
Vdjh Irxqgdwlrq1

71 Eud|wrq/ I1 dqg S1D1 Wlqvoh| +4<<9, �D Jxlgh wr IUE2XV= D Pdfurhfrqrplf Prgho
ri wkh Xqlwhg Vwdwhv�/ Ihghudo Uhvhuyh Erdug/ Ilqdqfh dqg Hfrqrplf Glvfxvvlrq Vhulhv
4<<90751

81 Fdoyr/ Jxloohupr D1 +4<;6, �Vwdjjhuhg Sulfhv lq d Xwlolw| 0Pd{lpl}lqj Iudphzrun�/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45/ ss1 <;60<<;1

91 Fkulvwldqr/ Odzuhqfh M1/ Pduwlq Hlfkhqedxp dqg Fkduohv O1 Hydqv +4<<:, �Vwlfn| Sulfh
dqg Olplwhg Sduwlflsdwlrq Prghov ri Prqh|= D Frpsdulvrq�/ Hxurshdq Hfrqrplf

Uhylhz/ 74 +9,/ ss1 45340457<1

:1 Glherog/ Iudqflv [1/ Ohh H1 Rkdqldq dqg Mhuhp| Ehunrzlw} +4<<8, �G|qdplf Htxlole0
ulxp Hfrqrplhv= D Iudphzrun iru Frpsdulqj Prghov dqg Gdwd�/ xqsxeolvkhg1

;1 Hfnvwhlq/ Rwwr dqg Jdu| Iurpp +4<9;, �Wkh Sulfh Htxdwlrq�/ Dphulfdq Hfrqrplf

Uhylhz/ yro OYLLL/ ss1448<044;61

<1 Ixkuhu/ Mh�uh| F1 +4<<:, �Wkh +Xq,Lpsruwdqfh ri Iruzdug0Orrnlqj Ehkdylru lq Sulfh
Vshfl�fdwlrq� Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ yro1 5</ 6/ ss1 66;06831

431 �� dqg Jhrujh Prruh +4<<8, �Lq dwlrq Shuvlvwhqfh�/ Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ yro1 F[ +4,/ ss145:048<1

441 Jdol*/ Mrugl dqg Pdun Jhuwohu +4<<;, �Lq dwlrq G|qdplfv= D Vwuxfwxudo Hfrqrphwulf
Dqdo|vlv�/ xqsxeolvkhg1

451 Jrrgiulhqg/ Pduylq dqg Urehuw J1 Nlqj +4<<:, �Wkh Qhz Qhrfodvvlfdo V|qwkhvlv dqg
wkh Uroh ri Prqhwdu| Srolf|�/ QEHU Pdfurhfrqrplfv Dqqxdo/ ss1 56405;61

461 Luhodqg/ Shwhu +4<<9, �D Vpdoo/ Vwuxfwxudo/ Txduwhuo| Prgho iru Prqhwdu| Srolf| Hydo0
xdwlrq�/ iruwkfrplqj lq Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|1

471 Nlqj/ Urehuw J1 dqg Pdun Z1 Zdwvrq +4<<9, �Prqh|/ Sulfhv/ Lqwhuhvw Udwhv dqg wkh
Exvlqhvv F|foh�/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ss1 680861

481 Oxfdv/ U1H1/Mu1 +4<:9, �Hfrqrphwulf Srolf| Hydoxdwlrq= D Fulwltxh�/ Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 4/ ss14<0791

491 Skhosv/ Hgpxqg V1 dqg Vlgqh| J1Zlqwhu +4<:3, �Rswlpds Sulfh Srolf| xqghu Dwrp0
lvwlf Frpshwlwlrq�/ lq H1Skhosv +hg1, Plfurhfrqrplf Irxqgdwlrqv ri Hpsor|phqw dqg
Lq dwlrq Wkhru|/ Z1Z1 Qruwrq dqg Fr1/ Qhz \run1
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4:1 Urehuwv/ Mrkq P1 +4<<8, �Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh�/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj 5:/ ss1 <:80<;71

4;1 �� +4<<:, �Lv Lq dwlrq Vwlfn|B�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6</ +5,/ ss14:604<91

4<1 �� +4<<;, �Lq dwlrq H{shfwdwlrqv dqg wkh Wudqvplvvlrq ri Prqhwdu| Srolf|�/ xq0
sxeolvkhg1

531 ��/ Gdylg M1 Vwrfnwrq dqg Fkduohv V1 Vwuxfnph|hu +4<<7, �Hylghqfh rq wkh Ioh{l0
elolw| ri Sulfhv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ss1 47504831

541 Urwhpehuj/ Mxolr M1 +4<;5, �Vwlfn| Sulfhv lq wkh Xqlwhg Vwdwhv�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <3/ ss1 44;:045441

551 �� +4<;:, �Wkh Qhz Nh|qhvldq Plfurirxqgdwlrqv�/ QEHUPdfurhfrqrplfv Dqqxdo/

ss19<04371

561 �� +4<<8, �Sulfh/ Rxwsxw dqg Krxuv= Dq Hpslulfdo Dqdo|vlv Edvhg rq d Vwlfn| Sulfh
Prgho� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6:/ +6,/ ss183808661

571 �� dqg Plfkdho Zrrgirug +4<<4, �Pdunxsv dqg wkh Exvlqhvv F|foh�/ QEHUPdfurh0

frqrplfv Dqqxdo/ ss1 96045<1

581 �� dqg �� +4<<5, �Roljrsrolvwlf Sulflqj dqg wkh H�hfwv ri Djjuhjdwh Ghpdqg rq
Hfrqrplf Dfwlylw|�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ q19/ ss1 44860453:1

591 �� dqg �� +4<<:, �Dq Rswlpl}dwlrq0Edvhg Hfrqrphwulf Iudphzrun iru wkh Hydo0
xdwlrq ri Prqhwdu| Srolf|�/ QEHU Pdfurhfrqrplfv Dqqxdo/ ss1 5<:06791

5:1 �� dqg �� +4<<;, �Wkh F|folfdo Ehkdylru ri Sulfhv dqg Frvwv�/ iruwkfrplqj lq
Kdqgerrn ri Pdfurhfrqrplfv/ hglwhg e| Mrkq E1 Wd|oru dqg Plfkdho Zrrgirug1

5;1 Verugrqh/ Dujld P1 +4<<;, �Sulfhv dqg Xqlw Oderu Frvwv= Whvwlqj Prghov ri Sulflqj
Ehkdylru�/ xqsxeolvkhg1

5<1 Zdwvrq/ Pdun Z1 +4<<6, �Phdvxuhv ri Ilw iru Fdoleudwhg Prghov�/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ yro1 434/ q19/ ss1 4344043741

631 Zrrgirug/ Plfkdho +4<<9, �Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh
Vwdelolw|B� QEHU Zrunlqj Sdshu q1 89;7/ Mxo|1

641 \xq/ Wdfn +4<<9, �Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv
F|fohv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6:/ +5,/ ss167806:31
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