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WL dp judwhixo wr Euxqr Eldlv iru h{wuhpho| xvhixo frqyhuvdwlrqv dqg glvfxvvlrqv zkloh

ylvlwlqj FHSU2HVVIP Vxpphu V|psrvlxp lq Ilqdqfldo Pdunhwv +4:25; Mxo| 5333, dw

Jhu}huvhh1 L dp lqghewhg wr Hxjhqh Ndqgho/ Iudqfhvfr Frulhool dqg Pdwwhr Pdqhud iru

prvw khosixo vxjjhvwlrqv dqg dgylvhv dqg Vhujlr Orqjrql/ Hqulfr Pdqghool dqg Hpdqxhoh

Yljqrol iru suhflrxv uhvhdufk dvvlvwdqfh1 Pdq| wkdqnv wr Jdeulhood Fklhvd/ Wklhuu| Irx0

fdxow dqg vhplqdu sduwlflsdqwv dw wkh FDI Frqihuhqfh rq Plfurvwuxfwxuh dqg kljk iuh0

txhqf| gdwd +5334, dqg HVHP +5334, phhwlqj iru xvhixo frpphqwv1 L dfnqrzohgjh �0

qdqfldo vxssruw iurp Erffrql Xqlyhuvlw| +�Ulfhufd gl edvh 5333� surmhfw, dqg Fhqwhu iru

Prqhwdu| dqg Ilqdqfldo Uhvhdufk/ S1Ed!1 MHO fodvvl�fdwlrq frghv= G;5/ J5; Fruuh0

vsrqghqfh wr= eduedud1ulqglCxql0erffrql1lw1 Who .6< 668 993<3;5/ ID[.6< 35 8;6986761
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Ilqdqfldo pdunhw uhjxodwruv jhqhudoo| lpsrvh d plqlpxp txrwh +dqg

wudqvdfwlrq, vl}h iru oltxlglw| surylghuv/ exw yhu| olwwoh hpslulfdo hylghqfh

dqg qr wkhruhwlfdo olwhudwxuh kdv ehhq vr idu dydlodeoh rq wklv lvvxh1 Lq

wklv sdshu zh exlog d prgho ri elg0dvn vsuhdg zlwk dv|pphwulf lqirupdwlrq

wr vkrz krz wklv uxoh d�hfwv pdunhw txdolw|1 Zh dovr surylgh hpslulfdo

hylghqfh xvlqj kljk iuhtxhqf| gdwd iurp wkh Plodq Vwrfn H{fkdqjh1 Wkh

prgho frpsduhv wkuhh uhjlphv +Qr Frqvwudlqw/ Plqlpxp Txrwh Vl}h dqg

Plqlpxp Txrwh dqg Wudqvdfwlrq Vl}h, dqg vkrzv wkdw wkh pdunhw iru vpdoo

wudghv lv pruh oltxlg xqghu wkh xqfrqvwudlqhg uhjlph/ zklfk lv suhihuuhg e|

uhwdlo wudghuv> rq wkh frqwudu|/ odujh oltxlglw| wudghuv dqg lqvlghuv duh ehwwhu

r� xqghu wkh uhjlph zlwk plqlpxp txrwh vl}h/ zklfk lv ghhshu iru odujh

wudghv1 Wkh uhjlph zlwk plqlpxp txrwh dqg wudqvdfwlrq vl}h lv Sduhwr

grplqdwhg e| wkh rwkhu wzr1 Rxu uhvxowv duh frq�uphg e| wkh hpslulfdo

hylghqfh erwk iurp wkh QDVGDT dqg iurp wkh Plodq Vwrfn H{fkdqjh1
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Wklv sdshu hydoxdwhv wkh h�hfwv rq wkh txdolw| ri �qdqfldo pdunhwv ri

wkh lqwurgxfwlrq ri d plqlpxp vl}h rq txrwhg sulfhv +PTV, dqg rq wudghg

txdqwlwlhv +PTWV,1 Wkh uhohydqfh ri wklv ihdwxuh iru wkh ghvljq ri zkrohvdoh

yhuvxv uhwdlo pdunhwv lv dovr glvfxvvhg1

D qxpehu ri idfw dqg vlwxdwlrqv khos wr ehwwhu xqghuvwdqg wkh vljql�0

fdqfh ri wklv lvvxh= �uvwo|/ dowkrxjk vxfk frqvwudlqwv duh lqwurgxfhg iru jhq0

hudo frqyhqlhqfh/ l1h1 lq rughu wr vwdqgdugl}h wudglqj orwv/ wkhlu lpsohphq0

wdwlrq kdv dq lpsdfw rq pdunhw txdolw| dqg djhqwv* zhoiduh1 Vhfrqgo|/ wkh

dssolfdwlrq ri vxfk uxohv lv qrw krprjhqhrxv wkrxjkrxw gl�huhqw pdunhwv=

dv dq h{dpsoh/ wkh PTV rshudwhv rq wkh QDVGDT/ zkhuhdv rq prvw wudgl0

wlrqdo Hxurshdq pdunhwv wkhuh lv d PTWV dqg rq Hxurshdq Qhz Pdunhwv

wkhuh duh qr PTV ru PTWV1 D ixuwkhu h{dpsoh lv surylghg e| HxurPWV/

wkh ohdglqj Sdq0Hxurshdq hohfwurqlf v|vwhp iru Hxur0ghqrplqdwhg jryhuq0

phqw ehqfkpdun erqgv/ zkhuh rqh �qgv erwk d PTV dqg d PTWV/ zkloh

rq PWVLwdo| rqo| d PTWV h{lvwv1 Wkh wklug dqg prvw lpsruwdqw uhdvrq lv

wkdw wkhuh grhv qrw h{lvw d wkhruhwlfdo prgho zklfk frpsduhv wkh gl�huhqw

pdunhw uhjlphv +zlwkrxw dq| frqvwudlqw/ zlwk PTV dqg zlwk PTWV, dqg

zklfk vkrzv wkh h�hfw ri d fkdqjh lq wkh PTV ru PTWV1 Vxfk d prgho
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zrxog eh ri h{wuhph uhohydqfh vlqfh wkh pdunhwv zklfk duh uhjxodwhg e| d

PTV ru d PTWV uxoh vhh d whqghqf| wr kdyh wkhvh vl}hv uhgxfhg= wkh prvw

qrwdeoh h{dpsoh wrrn sodfh lq 4<<: zkhq wkh Vhfxulwlhv dqg H{fkdqjh Frp0

plvvlrq lqwurgxfhg wkh Rughu Kdqgolqj Uxohv rq wr wkh QDVGDT dqg rqh

ri wkhvh uxohv/ wkh Dfwxdo Vl}h Uxoh +DVU,/ vljql�fdqwo| uhgxfhg wkh PTV1

Ilqdoo|/ wkh rqo| h{lvwlqj hpslulfdo hylghqfh lv rq wkh lpsdfw ri wkh uhgxf0

wlrq ri wkh PTV rq wkh QDVGDT= Edufod| P1/ Fkulvwlh Z1J1/ Kduulv M1K1/

Ndqgho H1 dqg Vfkxow} S1K1 +4<<<,, vkrz wkdw wkh lqwurgxfwlrq ri wkh Dfwxdo

Vl}h Uxoh lqfuhdvhg sulfh frpshwlwlrq dqg oltxlglw| iru vpdoo wudghv/ exw lwv

h�hfw rq pdunhw ghswk zdv dpeljxrxv1 Vplwk +4<<;,/ Vlpddq/ Zhdyhu dqg

Zklwfrpe +4<<;, dqg QDVG +4<<: dqg 4<<;, dovr surylgh vlplodu hylghqfh1

Wkh prgho zh xvh lv edvhg rq Hdvoh| dqg R*Kdud +4<;:, wr lqfrusr0

udwh wkuhh pdunhw uhjlphv fkdudfwhul}hg uhvshfwlyho| e| wkh devhqfh ri dq|

frvqwudlqw/ e| d PTV dqg e| d PTWV1

Wkh uhvxowv zh rewdlq fohduo| vkrz wkdw wkh PTWV uhjlph lv Sduhwr

grplqdwhg e| wkh rwkhu wzr uhjlphv dqg vkrxog qrw eh xvhg dv d uhjxodwru|

ghylfh1 Zh dovr vkrz wkdw wkh PTV uhjlph lv dozd|v wkh prvw lqirupdwlrq0

doo| h!flhqw dqg lw lv ghvludeoh iru zkrohvdoh pdunhwv/ zklfk duh grplqdwhg

e| odujh lqvwlwxwlrqdo lqyhvwruv> rq wkh frqwudu|/ wkh qr0frqvwudlqwv uhjlph lv

suhihudeoh iru uhwdlo pdunhwv/ zklfk duh grplqdwhg e| wkh suhvhqfh ri vpdoo
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wudghuv1

Xqghu wkh PTWV uhjlph vpdoo oltxlglw| wudghuv/ zkr fdqqrw shuihfwo|

khgjh wkhlu hqgrzphqw/ ohdyh wkh pdunhw dqg irufh oltxlglw| surylghuv wr

gloxwh wkhlu orvvhv rq d vpdoohu qxpehu ri xqlqiruphg wudghuv uhvxowlqj lq

zlghu elg0dvn vsuhdgv1 Zkhq wkh PTV lv lqwurgxfhg/ vpdoo oltxlglw| wudghuv

duh irufhg wr sd| wkh sulfh dvvrfldwhg wr d kljkhu wudgh vl}h dqg/ e| uhgxf0

lqj pdunhw pdnhuv* wudglqj frvwv/ doorz wkhp wr txrwh pruh frpshwlwlyh

sulfhv iru odujh wudghv1 Xqghu wkh PTV uhjlph wkh htxloleulxp sursruwlrq

ri lqvlghuv lv kljkhvw dqg lqvlghuv sod| sxuh vwudwhjlhv/ wkxv pd{lplvlqj lq0

irupdwlrqdo h!flhqf|1

Wkh hpslulfdo lpsolfdwlrqv ri vxfk uhvxowv duh wkdw zkhq wkh PTV lv

uhgxfhg/ wkh oltxlglw| dqg wkh iuhtxhqf| ri vpdoo wudghv lqfuhdvh/ ohdylqj

uhwdlo wudghuv ehwwhu r�1 Rq wkh frqwudu|/ wkh ghswk dqg wkh iuhtxhqf| ri

odujh wudghv ghfuhdvh pdnlqj lqvwlwxwlrqdo wudghuv zruvh r�/ wklv h�hfw idg0

lqj dv wkh vl}h ri wkh lqvwlwxwlrqdo lqyhvwruv lqfuhdvhv1 Ilqdoo|/ lqirupdwlrqdo

h!flhqf| lv uhgxfhg gxh wr wkh idfw wkdw ehlqj lqvlghuv zruvh r�/ wkh htxl0

oleulxp sursruwlrq ri lqiruphg wudghuv ghfuhdvhv1 Zkhq orrnlqj dw fkdqjhv

lq wkh PTWV/ lwv uhgxfwlrq kdv wkh vdph lpsdfw rq wkh zhoiduh ri vpdoo

wudghuv dv d uhgxfwlrq lq wkh PTV/ zkhuhdv wkh lpsdfw rq lqirupdwlrqdo

h!flhqf| dqg rq wkh oltxlglw| ri odujh wudghv dqg wkhuhiruh rq wkh zhoiduh
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ri odujh lqvwlwxwlrqdo lqyhvwruv lv qrq qhjdwlyh1

Hpslulfdo hylghqfh iurp wkh QDVGDT frq�upv wkh prgho*v suhglfwlrqv

l1h1 wkdw d uhgxfwlrq lq wkh PTV lqfuhdvhv wkh iuhtxhqf| dqg oltxlglw| ri

vpdoo wudghv/ dqg wkdw lw jhqhudwhv d pdujlqdo lqfuhdvh lq wkh ghswk ri odujh

wudghv1 Wkh odwwhu uhvxow lv frqvlvwhqw zlwk wkh prgho/ frqvlghulqj wkh suh0

grplqdqfh ri odujh lqvwlwxwlrqdo lqyhvwruv lq wklv pdunhw1

Zh xvhg wkh vhw ri gdwd iurp wkh Lwdoldq Vwrfn H{fkdqjh wr phdvxuh

wkh h�hfwv ri d uhgxfwlrq lq wkh PTWV1 Zh �qg wkdw wkh iuhtxhqf| dqg

wkh ghswk ri vpdoo wudghv lqfuhdvh dqg wkdw wkh oltxlglw| ri odujh wudghv

pdujlqdoo| lqfuhdvhv1 Frqvlvwhqwo| zlwk wkh prgho/ zh dovr �qg wkdw wkh

lqvlgh vsuhdg lv uhgxfhg dqg wkdw wkh iuhtxhqf| ri odujh wudghv idoov1

Wkh sodq ri wkh sdshu lv dv iroorzv= lq Vhfwlrq 5 zh suhvhqw d prgho ri

sulfh irupdwlrq lq d ghdohuvkls pdunhw zlwk dv|pphwulf lqirupdwlrq dqg xvh

lw wr hydoxdwh wkh h�hfwv ri wkh pdqgdwru| plqlpxp vl}h rq pdunhw txdolw|

dqg wudghuv* zhoiduh> lq Vhfwlrq 6 zh uhylhz wkh h{lvwlqj hpslulfdo hylghqfh

rq wkh QDVGDT dqg vkrz uhvxowv iru d vdpsoh ri wzr vwrfnv/ wudghg rq

wkh Plodq Vwrfn H{fkdqjh/ zklfk kdyh uhfhqwo| h{shulhqfhg d uhgxfwlrq ri

wkh PTWV1
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Zh uho| rq d rqh�shulrg prgho lq wkh vslulw ri Jorvwhq dqg Plojurp +4<;8,

dqg Hdvoh| dqg R*Kdud +4<;:,1 Wkhuh duh wkuhh jurxsv ri djhqwv= ulvn qhx0

wudo pdunhw pdnhuv txrwlqj elg dqg dvn sulfhv/ vwudwhjlf lqvlghuv zkr nqrz

lq dgydqfh wkh oltxlgdwlrq ydoxh ri wkh dvvhw dqg frpshwlwlyh xqlqiruphg

oltxlglw| wudghuv1 Qdwxuh fkrrvhv wkh �qdo ydoxh ri wkh dvvhw +hy, zklfk fdq

eh Y @ 4 ru Y @ 3 zlwk htxdo suredelolw| dqg wkh ghdohuv idfh dq lqiruphg

djhqw zlwk suredelolw| � ru dq xqlqiruphg djhqw zlwk wkh frpsohphqwdu|

suredelolw|1 Zkloh wkh lqvlghu lv ulvn qhxwudo dqg wudghv wr h{sorlw khu sulydwh

lqirupdwlrq/ oltxlglw| wudghuv lqwhuyhqh lq wkh pdunhw wr vkduh ulvn1 Dvvxph

wkdw wkh oltxlglw| wudghuv kdyh d phdq yduldqfh remhfwlyh=

H^+t . L,�y � ts`�
�

5
+t . L,2Y du+�y,

zkhuh L lv wkh hqgrzphqw ri wkh oltxlglw| wudghu1 Zkhq wkh oltxlglw| wudghuv

fdq fkrrvh wkhlu rughu vl}h/ wkh �uvw rughu frqglwlrq |lhogv=

t @
H^�y`� s

�Y du+�y,
� L

Dvvxplqj wkdw oltxlglw| wudghuv duh lq�qlwho| ulvn dyhuvh/ l1h1/ � $4> wkhlu

:



wudgh lv mxvw wkh rssrvlwh ri wkhlu lqyhqwru| vkrfn/ t @ �L= Wklv lv ehfdxvh/

wkh| ghvluh wr ixoo| vkduh ulvn/ zkdwhyhu wkh sulfh1 Oltxlglw| wudghuv fdq

kdyh qhjdwlyh ru srvlwlyh lqyhqwru| vkrfnv zlwk htxdo suredelolw| dqg wkhlu

lqyhqwru| vkrfn fdq eh odujh zlwk suredelolw| � ru vpdoo zlwk wkh frpsoh0

phqwdu| suredelolw|1 Zh lqwhusuhwh xqlqiruphg wudghuv zlwk vpdoo vkrfnv dv

uhwdlo dqg wkrvh zlwk odujh vkrfnv dv lqvwlwxwlrqdo1 Zh dvvxph wkdw/ ehfdxvh

ri frpshwlwlrq pdunhw pdnhuv txrwh sulfhv dw zklfk wkh| mxvw euhdn hyhq1

Zlwklq wkh frqwh{w ri wklv prgho zh dqdo|}h wkuhh pdunhw uhjlphv1 Iluvw

zh frqvlghu wkh fdvh zkhuh wkhuh lv qr frqvwudlqwv rq wudgh ru txrwh vl}h1 Lq

wklv fdvh/ pdunhw pdnhuv srvw txrwhv/ htxdo wr wkh h{shfwdwlrq ri wkh ydoxh

ri wkh dvvhw frqglwlrqdo rq wkh vl}h dqg gluhfwlrq ri wkh rughu1 Vhfrqg/ zh

frqvlghu wkh fdvh zkhuh wkhuh lv d plqlpxp txrwh vl}h htxdo wr wzr vkduhv1

Lq wklv fdvh pdunhw pdnhuv duh frqvwudlqhg wr srvw sulfhv zklfk duh iru xs

wr wzr vkduhv1 Frqvhtxhqwo| sulfhv fdqqrw gl�hu frqglwlrqdoo| rq wkh vl}h ri

wkh rughu dqg rqo| ghshqg rq wkh gluhfwlrq ri wkh rughu1 Wklug/ zh frqvlghu

wkh fdvh zkhuh wkhuh lv d plqlpxp txrwh dqg wudqvdfwlrq vl}h htxdo wr wzr

vkduhv1 Lq wkdw fdvh/ dv lq wkh suhylrxv rqh/ pdunhw pdnhuv pxvw txrwh wkh

vdph sulfh iru vpdoo dqg odujh rughuv1 Lq dgglwlrq/ oltxlglw| wudghuv fdqqrw

fkrrvh wr sodfh vpdoo rughuv1 Frqvhtxhqwo|/ oltxlglw| wudghuv zlwk d vpdoo

lqyhqwru| vkrfn fkrrvh wr ohdyh wkh pdunhw1

;
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Zkhq wkhuh duh qr plqlpxp txrwh ru wudqvdfwlrq vl}h/ zh duh lq wkh vlwxdwlrq

dqdo|}hg e| Hdvoh| dqg R*Kdud +4<;:,1 Lqiruphg djhqwv d sulrul zrxog olnh

wr vxeplw odujh rughuv/ wr h{sorlw wkhlu lqirupdwlrq1 Exw vxfk odujh rughuv

pljkw kdyh d vwurqj lpsdfw rq wkh sulfh1 Li wkh sursruwlrq ri lqiruphg

djhqwv lv qrw wrr odujh uhodwlyh wr wkh sursruwlrq ri oltxlglw| wudghuv sodflqj

odujh rughuv/ l1h1/ li � � k

�3k
/ wkh| iroorz dq djjuhvvlyh vwudwhj| dqg dozd|v

vxeplw odujh rughuv1 Lq wklv frqwh{w wkh dvn sulfhv iru rqh ru wzr vkduhv duh=

D� @
4

5
+4,

dqg

D2 @
�

2
+4� �,� . �

+4� �,� . �
+5,

uhvshfwlyho|1 Rq wkh rwkhu kdqg/ li wkh sursruwlrq ri lqiruphg djhqwv lv

odujh/ l1h1/ li � ?
k

�3k
/ wkh| pl{ ehwzhhq vpdoo dqg odujh wudghv1 Lq wklv

frqwh{w wkh dvn sulfhv iru rqh vkduh dqg wzr vkduhv duh=

D� @
4

5
^+4� �, . �+4 . �,`= +6,

<



dqg

D2 @
4

7
^+6� �, . �+4 . �,` +7,

uhvshfwlyho|�=

Qrz wxuq wr wkh fdvh zkhuh wkhuh lv d pdqgdwru| txrwh vl}h1 Lq wklv

fdvh/ dv wkh sulfh lv wkh vdph iru rqh ru wzr xqlwv/ lw lv qrw dwwudfwlyh iru

lqvlghuv wr iroorz d pl{hg vwudwhj|1 Wkh| dozd|v sodfh odujh rughuv1 Khqfh

wkh iuhtxhqf| ri odujh wudghv lqfuhdvhv1 Lq wklv pdunhw uhjlph/ dv vkrzq lq

wkh dsshqgl{/ wkh dvn sulfh lv=

D' @
4

5

�+�� 4,� 6�� 4

�+�� 4,� �� 4
+8,

Vwudljkwiruzdug pdqlsxodwlrqv vkrz wkdw/ luuhvshfwlyh ri zkhwkhu wkh lq0

iruphg djhqwv iroorz d pl{hg vwudwhj| ru qrw lq wkh xqfrqvwudlqhg pdunhw/

D� ? D' ? D2= Ilqdoo|/ frqvlghu wkh pdunhw zlwk plqlpxp txrwh dqg wudqv0

dfwlrq vl}h1 Lq wklv frqwh{w wkhuh duh rqo| odujh wudghv/ ehfdxvh wkh oltxlglw|

wudghuv zlwk vpdoo hqgrzphqw vkrfnv h{lw iurp wkh pdunhw/ dqg wkh lqvlghuv

plplf wkh wudghv ri wkh oltxlglw| wudghuv1 Lq wklv pdunhw uhjlph/ dv vkrzq

lq wkh dsshqgl{/ wkh dvn sulfh lv=
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2
+4� �,� . �

+4� �,� . �

Frpsdulqj wklv sulfh dqg wkrvh rewdlqhg deryh/ zh jhw wkh iroorzlqj uhvxowv=

E'A � E2 ? E' ? E� ? D� ? D' ? D2 � D'A

zkhuh wkh htxdolw| krogv iru wkh htxloleulxp zlwk lqvlghuv sod|lqj sxuh

vwudwhjlhv1 Iljxuhv 4 dqg 5 uhsruw wkh dvn sulfhv iru wkh wzr htxloleuld zlwk

lqvlghuv sod|lqj sxuh vwudwhjlhv dqg pl{lqj ehwzhhq 4 dqg 5 uhvshfwlyho|1

Exloglqj rq wkh deryh dqdo|vlv/ zh rewdlq rxu �uvw sursrvlwlrq=

Sursrvlwlrq 4 Wkh lqvlgh vsuhdg lv wkh wljkwhvw lq wkh xqfrqvwudlqhg pdu0

nhw/ dqg wkh zlghvw zlwk plqlpxp txrwh dqg wudqvdfwlrq vl}h1 Ghswk iru

odujh wudghv lv wkh juhdwhvw lq wkh pdunhw zlwk plqlpxp txrwh vl}h dqg wkh

vpdoohvw zlwk plqlpxp txrwh dqg wudgh vl}h1 Wkh iuhtxhqf| ri odujh wudghv

lv juhdwhu zlwk plqlpxp txrwh vl}h wkdq zlwkrxw1 Surri= vhh wkh dsshqgl{1

Rxu dqdo|vlv vkrzv wkdw lpsrvlqj d plqlpxp txrwh dqg wudqvdfwlrq vl}h

uhgxfhv wkh oltxlglw| ri wkh pdunhw1 Lq dgglwlrq lw uhgxfhv wkh ulvn vkdulqj

srvvlelolwlhv ri vpdoo oltxlglw| wudghuv1 Wklv vxjjhvwv lw lv qrw ghvludeoh1
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Frpsdulqj wudghuv* zhoiduh xqghu wkh wkuhh uhjlphv/ zh rewdlq wkh iroorzlqj

sursrvlwlrq=

Sursrvlwlrq 5 Lqvlghuv dqg odujh lqvwlwxwlrqdo lqyhvwruv duh ehwwhu r� xq0

ghu wkh uhjlph zlwk plqlpxp txrwh vl}h dqg wkh| duh zruvh r� zlwk plql0

pxp txrwh dqg wudqvdfwlrq vl}h1 Vpdoo0uhwdlo wudghuv duh ehwwhu r� xqghu wkh

xqfrqvwudlqhg uhjlph dqg duh zruvh r� zlwk plqlpxp txrwh dqg wudqvdfwlrq

vl}h1 Surri= vhh wkh dsshqgl{1

Odujh lqvwlwxwlrqdo lqyhvwruv dqg lqvlghuv2 wudgh odujh txdqwlwlhv dqg duh ehw0

whu r� xqghu wkh uhjlph zlwk wkh orzhvw dvn +kljkhvw elg, sulfh dvvrfldwhg

wr odujh wudghv1 Uhwdlo wudghuv lqvwhdg duh ehwwhu r� xqghu wkh xqfrqvwudlqhg

uhjlph zkhuh wkh| fdq shuihfwo| khgjh wkhlu hqgrzphqw dqg plqlpl}h wudg0

lqj frvwv> xqghu wkh uhjlph zlwk plqlpxp txrwh vl}h/ wkh| fdq vwloo khgjh

wkhlu hqgrzphqw/ exw sd| d kljkhu sulfh1 Ilqdoo|/ zlwk plqlpxp txrwh dqg

wudqvdfwlrq vl}h wkh| duh zruvh r� ehlqj suhyhqwhg iurp shuihfw ulvn vkdulqj1

�	� ������� ���������

Suhylrxv uhvxowv fdq eh jhqhudol}hg wr wkh fdvh zlwk wzr wudgh vl}hv htxdo wr

T dqg t/ uhvshfwlyho|/ zlwk TAt1 Xqghu wkh xqfrqvwudlqhg uhjlph zh kdyh=

45



D+T, @
+T� t,+4� � . ��, .T. �t

5T
+9,

D+t, @
+T� t,�+�� 4, . t+�. 4,

5t
+:,

Zlwk plqlpxp txrwh +dqg wudqvdfwlrq, vl}h zh rewdlq
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uhvshfwlyho|1 Qrz dvvxph oltxlglw| wudghuv* hqgrzphqw/ L/ lv xqlirupo| glv0

wulexwhg ryhu wkh lqwhuydo ^�+.N,> +.N,`> ehlqj  wkh ydoxh ri L zklfk

pdnhv oltxlglw| wudghuv lqgl�huhqw ehwzhhq wudglqj T ru t1 Vlqfh hqgrz0

phqw lv xqlirupo| glvwulexwhg durxqg }hur/ zh qhhg wr prgli| wkh h{whqvlyh

irup ri wkh jdph e| doorzlqj oltxlglw| wudghuv wr fkrrvh/ li wkh| zlvk/ qrw wr

wudgh1 Wkh iroorzlqj sursrvlwlrq vkrzv krz dq lqfuhdvh ri wkh hqgrzphqw

vkrfn htxdo wr N fkdqjhv oltxlglw| wudghuv* vwudwhjlhv1

Sursrvlwlrq 6 Wkh odujhu wkh lqvwlwxwlrqdo lqyhvwruv* vl}h/ wkh kljkhu wkh

iuhtxhqf| ri odujh wudghv dqg wkh orzhu wkh dvn sulfh= pdunhwv zlwk odujh

46



lqvwlwxwlrqdo lqyhvwruv duh ghhshu1 Krzhyhu/ zkhq wkh vl}h ri oltxlglw| wudghuv

lqfuhdvhv/ wkh dgydqwdjh ri wkh uhjlph zlwk plqlpxp txrwh vl}h ghfuhdvhv1

Surri= vhh wkh dsshqgl{1

Wklv uhvxow h{sodlqv wkh hpslulfdo hylghqfh rq wkh QDVGDT +QDVG 4<<:

dqg 4<<;, zkhuh wkh uhgxfwlrq ri wkh PTV kdg qr uhohydqw h�hfwv rq pdunhw

ghswk1

�	� ������������ �������

Zh xvh wkh iroorzlqj phdvxuh ri lqirupdwlrqdo h!flhqf|=

LH @
4

H^Y du+hymt�,`

zlwk l@4/5 iru vpdoo dqg odujh wudgh dqg �qg wkh iroorzlqj uhvxowv1

Sursrvlwlrq 7 Lqirupdwlrqdo h!flhqf| lv kljkhvw xqghu wkh uhjlph zlwk

plqlpxp txrwh vl}h1 Surri= vhh wkh dsshqgl{1

Wkh ghjuhh ri lqirupdwlrqdo h!flhqf| ghshqgv rq erwk wkh htxloleulxp sur0

sruwlrq ri lqvlghuv dqg rq wkh w|sh ri vwudwhjlhv wkh| sod|1 Rxu uhvxowv kdyh

vkrzq wkdw xqghu wkh uhjlph zlwk plqlpxp txrwh vl}h/ wkh htxloleulxp sur0

sruwlrq ri lqvlghuv lv kljkhvw dqg lqvlghuv sod| sxuh vwudwhjlhv= lw iroorzv

wkdw xqghu wklv uhjlph lqirupdwlrqdo h!flhqf| lv pd{lpl}hg1 Wkh gl�huhqfh
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ehwzhhq wkh ghjuhh ri lqirupdwlrqdo h!flhqf| xqghu wkh rwkhu wzr uhjlphv

ghshqgv rq wkh ydoxhv ri wkh sdudphwhuv1 Zlwk vhsdudwlqj htxloleulxp erwk

wkh sursruwlrq ri lqvlghuv dqg wkh w|sh ri wkhlu vwudwhjlhv duh wkh vdph> wkxv/

lqirupdwlrqdo h!flhqf| lv wkh vdph> rwkhuzlvh/ zlwk srrolqj htxloleulxp wkh

sursruwlrq ri lqvlghuv lv kljkhu xqghu wkh uhjlph zlwkrxw frqvwudlqwv/ exw

lqvlghuv sod| sxuh vwudwhjlhv rqo| xqghu wkh uhjlph zlwk PTWV> wklv h{sodlqv

zk| wkh vljq ri wkh gl�huhqfh ehwzhhq wkh ghjuhh ri lqirupdwlrqdo h�flhqf|

xqghu wkh wzr uhjlphv lv dpeljxrxv1

�	�  ����� !���������� ��� !���� �!������"

Wdeoh 4 vxppdul}hv wkh uhvxowv rewdlqhg e| frpsdulqj pdunhw txdolw| xq0

ghu wkh uhjlphv zlwk qr frqvwudlqw +QF,/ plqlpxp txrwh vl}h +PTV, dqg

plqlpxp txrwh dqg wudqvdfwlrq vl}h +PTWV, uhvshfwlyho|1

Wkh xqfrqvwudlqhg uhjlph lv dgylvdeoh iru vpdoo uhwdlo lqyhvwruv/ vlqfh wkh

lqvlgh vsuhdg lv qduurzhvw/ wkh sulfh lpsdfw lv vpdoohvw dqg uhwdlo wudghuv*

zhoiduh kljkhvw1 Rq wkh frqwudu|/ iru odujh lqvwlwxwlrqdo lqyhvwruv zh uhf0

rpphqg wkh uhjlph zlwk PTV zkhuh wkh| hqmr| d ghhshu pdunhw dqg d

kljkhu zhoiduh1 Qhyhuwkhohvv/ dv wkh lqvwlwxwlrqdo lqyhvwruv* vl}h lqfuhdvhv/

wkh dgydqwdjh ri wkh PTV frpsduhg zlwk wkh xqfrqvwudlqhg uhjlph uh0

gxfhv1 Lqvlghuv suhihu wkh uhjlph zlwk PTV/ gxh wr wkh kljk iuhtxhqf| ri
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odujh wudghv> wklv lv wkh uhdvrq zk| wklv uhjlph lv wkh prvw lqirupdwlrqdoo|

h!flhqw1 Wkh uhjlph zlwk PTWV lv Sduhwr grplqdwhg e| wkh rwkhu wzr dqg

lw vkrxog wkhuhiruh qrw eh wdnhq lqwr frqvlghudwlrq dv d yldeoh dowhuqdwlyh1

Pdunhwv zlwk d odujh sursruwlrq ri lqvwlwxwlrqdo lqyhvwruv ru odujh oltxlg0

lw| vxssolhuv olnh HXURPWV frxog hqkdqfh oltxlglw| e| vzlwfklqj iurp wkh

PTWV wr wkh PTV uhjlph1

�	# 
�!���� �$�����

Lq 4<<: wkh Rughu Kdqgolqj Uxohv +RKU, zhuh lqwurgxfhg rq wkh QDVGDT=

dydlodeoh hpslulfdo hylghqfh frqfhuqv wkh h�hfwv ri wkh lqwurgxfwlrq ri rqh

ri vxfk uxohv/ wkh Dfwxdo Vl}h Uxoh +DVU,/ zklfk uhgxfhg wkh PTV1 Edufod|

P1/ Fkulvwlh Z1J1/ Kduulv M1K1/ Ndqgho H1 dqg Vfkxow} S1K1 +4<<<, dqdo|vh

wkh h�hfwv ri wkh lqwurgxfwlrq ri wkh RKU e| orrnlqj dw wzr jurxsv ri vkduhv=

wkh �uvw lv vxemhfw wr doo ri wkh qhz uxohv> wkh vhfrqg lv vxemhfw wr doo exw wkh

Dfwxdo Vl}h Uxoh1 Dprqj wkh uhvxowv ri wkhlu vwxglhv/ ri sduwlfxodu uhohydqfh

lv wkh hylghqfh ri wkh h�hfw ri wkh DVU rq wkh glvwulexwlrq ri txrwh dqg

wudgh vl}hv= rqo| iru wkh �uvw jurxs ri vkduhv gr wkh| �qg d gudpdwlf ghfolqh

lq wkh shufhqwdjh ri 4333 vkduh txrwhv dqg d fruuhvsrqglqj lqfuhdvh lq wkh

sursruwlrq ri 433 vkduh txrwhv�1 Lw lv dovr ri lqwhuhvw wkhlu �qglqj wkdw wkh

uhgxfwlrq lq wkh plqlpxp txrwh vl}h lv dffrpsdqlhg e| d vwhhs uhgxfwlrq lq
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wkh qxpehu ri 4333 vkduh wudghv dqg e| dq lqfuhdvh lq wkh iuhtxhqf| ri vpdoo

wudghv1 Vplwk +4<<;, dqdo|vhv wkh h�hfwv ri wkh RKU rq pdunhw ghswk e|

xvlqj d surfhgxuh zklfk frqwurov gl�huhqfhv lq vkduh sulfhv= kh �qgv wkdw wkh

dyhudjh wrwdo ghswk ghfolqhv e| 7( diwhu wkh lqwurgxfwlrq ri wkh qhz uxohv

iru doo ri wkh QDVGDT olvwhg vkduhv lqfoxghg lq klv vdpsoh1 Vlpddq/ Zhdyhu

dqg Zklwfrpe +4<<;, �qg hylghqfh rq wkh lpsdfw ri wkh DVU rq oltxlglw|

gxulqj d shulrg ri pdunhw grzqwxuq +Rfwrehu 4<<:,1 Zkhq frpsdulqj wkh

uhvxowv iurp wzr jurxsv ri vwrfnv +rqo| rqh ri zklfk vxemhfw wr wkh DVU,/

wkh| �qg wkdw lq erwk jurxsv dvn vl}hv lqfuhdvh zkloh elg vl}hv ghfuhdvh1

Vlqfh elg vl}hv ghfuhdvh e| d vwdwlvwlfdoo| vljql�fdqw odujhu shufhqwdjh iru

wkh DVU jurxs ri vwrfnv/ wkh| frqfoxgh wkdw d kljkhu plqlpxp txrwh vl}h

grhv h�hfwlyho| irufh pdunhw pdnhuv wr surylgh pruh oltxlglw|/ hvshfldoo| dw

wlphv ri pdunhw vwuhvv1 Ilqdoo|/ QDVG +4<<: dqg 4<<;, gr qrw �qg uhohydqw

frqvhtxhqfhv rq QDVGDT pdunhw txdolw| iroorzlqj wkh uhprydo ri wkh 4333

Vkduh Txrwh Vl}h Uxoh/ erwk gxulqj qrupdo wlphv dqg gxulqj shulrgv ri

pdunhw vwuhvv1 Dv d pdwwhu ri idfw/ wkh| gr �qg wkdw wkh lqwurgxfwlrq ri

wkh DVU jhqhudwhv d vljql�fdqw uhgxfwlrq lq wkh txrwhg ghswk dvvrfldwhg wr

odujh wudghv/ exw wklv h�hfw idghv zkhq frqwuroolqj iru yroxph yduldqwlrqv1

Kdylqj frqvlghuhg wkh hpslulfdo hylghqfh ghulyhg iurp wkh QDVGDT dqg

wkh frqfoxvlrqv uhdfkhg e| wkh deryh phqwlrqhg zrunv/ zh fdq frqfoxgh wkdw
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d uhgxfwlrq ri wkh PTV kdv d vljql�fdqw lpsdfw rq wkh glvwulexwlrq ri erwk

wudgh dqg txrwh vl}hv/ d zhdn h�hfw rq wkh lqvlgh vsuhdg dqg d qhjoljleoh

h�hfw rq pdunhw ghswk1

Wkh uhpdlqghu ri wklv Vhfwlrq lv ghyrwhg wr dq hpslulfdo dqdo|vlv edvhg

rq d vhw ri gdwd iurp wkh Lwdoldq Vwrfn Pdunhw/ zkhuh wkh plqlpxp txrwh

dqg wudqvdfwlrq vl}h iru d qxpehu ri vwrfnv lqfoxghg lq wkh PLE63e kdv ehhq

uhfhqwo| uhgxfhg1 Wklv yduldwlrq zdv lqwurgxfhg dv lw riwhq kdsshqv iru wkrvh

vwrfnv zkrvh sulfh ohyho lqfuhdvhv ryhu wlph lq rughu wr vwdqgdugl}h wudglqj

orwv1 Zh hydoxdwh wkh h�hfwv ri vxfk d uhgxfwlrq e| pdnlqj xvh ri lqglfdwruv

ri oltxlglw|= wr wklv hqg/ zh vhohfwhg wlfn e| wlfn gdwd iurp d vdpsoh ri vwrfnv

lqfoxghg lq wkh PLE63/ iru hyhu| Zhgqhvgd| iurp Pdufk 4<<< wr Dsulo

53331 Zh fkrvh Zhgqhvgd| lq rughu wr frqwuro iru prvw ri wkh gd| ri wkh

zhhn h�hfwv +Frulhool dqg Ulqgl +4<<;,,1 Wklv gdwd vhw lqfoxghv wudqvdfwlrq

sulfhv/ elg dqg dvn sulfhv/ txdqwlwlhv dqg wlph vwdpsv1 Wdeoh 5 vkrzv wkh

vwrfnv lqfoxghg lq wkh PLE63 zklfk/ gxulqj wkh shulrg xqghu dqdo|vlv/ zhuh

vxemhfw wr lqlpxp txrwh dqg wudqvdfwlrq vl}h uhgxfwlrqv1 Frqvhtxhqwo|/

zh kdyh ehhq deoh wr fkhfn iru fkdqjhv lq pdunhw txdolw| diwhu vxfk uxoh

prgl�fdwlrqv e| dyhudjlqj gdwd uhodwlyh wr wudqvdfwlrqv rq gd|v ehiruh dqg

diwhu wkh hyhqwv1

Wdnlqj DHP dqg VHDW vwrfnv dv dq h{dpsohD/ Wdeoh 5 vkrzv wkdw wkhvh
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vwrfnv kdyh ehhq vxemhfw wr wzr plqlpxp txrwh vl}h uhylvlrqv= rq 53 Ghfhp0

ehu 4<<< dqg rq 53 Pdufk 5333 iru DHP> rq 4< Mxo| 4<<< dqg rq 53 Pdufk

5333 iru VHDW1 Dffruglqjo|/ zh kdyh ehhq deoh wr dqdo|}h wkuhh gl�huhqw

vdpsoh shulrgv fruuhvsrqglqj wr wkuhh gl�huhqw plqlpxp txrwh dqg wudgh

vl}h uhjlphv +Wdeoh 6,1

Iluvw ri doo zh vkrz krz wkh uhgxfwlrqv ri wkh PTWV kdg dq lpsdfw

rq wkh iuhtxhqf| glvwulexwlrq ri wudgh dqg txrwh vl}hv= fkdqjhv lq wkhvh

iuhtxhqf| glvwulexwlrqv lq xhqfh erwk oltxlglw| dqg ghswk/ vlqfh wkh| d�hfw

wkh vsuhdg dqg wkh zdlwlqj wlph dvvrfldwhg wr gl�huhqw wudgh vl}hv1 Wdeohv

7140715 dqg �jxuhv 8 dqg 9 vkrz wkh uhvxowv iru DHP dqg VHDW vwrfnv1 Wd0

eoh 714 dqg 715 vkrz wkh glvwulexwlrq ri wudgh vl}hv ehiruh dqg diwhu wkh wzr

uhgxfwlrqv ri wkh PTWV= iurp 5833 wr 4333 dqg wr 833 iru DHP dqg iurp

8333 wr 5833 dqg wr 833 iru VHDW1 Wudghv duh glylghg lqwr vl}h fdwhjrulhv xs

wr 43333 vkduhv1 Wkh iuhtxhqf| ri doo wudghv idoolqj lqwr hdfk fdwhjru| ehlqj

wkhq fdofxodwhg1 Wkh uhvxowv iru DHP iurp Wdeoh 714 lqglfdwh dq lpsuhvvlyh

ghfolqh ri wkh sursruwlrq ri wudghv ri 583326333 vl}h iurp 9518 ( wr 71;

( dqg 718( uhvshfwlyho| iru wkh wkuhh shulrgv xqghu dqdo|vlv1 Lq frqwudvw/

wkh sursruwlrq ri wudghv ri vpdoohu vl}hv vkduso| lqfuhdvhg diwhu wkh �uvw uh0

gxfwlrq vkrzlqj wkdw wkh PTWV zdv elqglqj/ zkloh lw vsuhdg wrzdugv wkh

uhgxfhg plqlpxp txrwh vl}h gxulqj wkh wklug shulrg1 Vlploduo| iru VHDW/
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Wdeoh 715 vkrzv wkdw wkh sursruwlrq ri wudghv ri 633328333 vkduhv vkduso|

ghfolqhg iurp 8918( wr 4:1;( dqg <18( zkhq wkh PTWV zdv uhgxfhg uh0

vshfwlyho| wr 8333/ 5833 dqg 833 vkduhv1 Wdeohv 714 dqg 715 dovr vkrz wkdw/

frqvlvwhqwo| zlwk wkh suhglfwlrqv ri wkh prgho/ wkh iuhtxhqf| ri odujh wudghv

idoov zlwk wkh uhgxfwlrq ri wkh PTWV1 Lw lv lqwhuhvwlqj wr qrwlfh wkdw wkh

sursruwlrq ri wudghv ri wkh plqlpxp vl}h voljkwo| lqfuhdvhg diwhu wkh �uvw

uhgxfwlrq/ zkloh lw frqvlvwhqwo| ghfuhdvhg diwhu wkh vhfrqg rqh +iurp 9518(/

wr 9913(/ wr 7418( iru DHP dqg iurp 8918(/ wr 8;1<(/ wr 6816( iru VHDW,1

Wklv uhvxow udlvhv wkh lvvxh ri zkdw lv wkh rswlpdo PTWV/ zklfk zrxog eh

dq lqwhuhvwlqj h{whqvlrq ri wkh suhvhqw zrun1 E| orrnlqj dw wkh fxpxodwlyh

glvwulexwlrqv ri yroxphv uhsruwhg lq �jxuhv 8 dqg 9/ lw lv hylghqw krz wkh

fxpxodwlyh ixqfwlrqv dvvrfldwhg wr wkh odujhu PTWV +5833 iru DHP dqg

8333 iru VHDW , od| ehorz wkh fxpxodwlyh ixqfwlrqv dvvrfldwhg wr vpdoohu

PTWV +4333 dqg 833 iru DHP dqg 5833 dqg 833 iru VHDW,1 Li zh lqwhusuhwh

wkh uhgxfwlrq ri wkh PTWV dv d vzlwfk wr wkh xqfrqvwudlqhg uhjlph/ wkhvh

hpslulfdo �qglqjv duh frqvlvwhqw zlwk wkh uhvxowv iurp rxu prgho +Wdeoh 4,1

Edufod| P1/ Fkulvwlh Z1J1/ Kduulv M1K1/ Ndqgho H1 dqg Vfkxow} S1K1 +4<<<,

�qg vlplodu uhvxowv iru wkh QDVGDT/ zklfk duh dovr frqvlvwhqw zlwk rxu

wkhruhwlfdo �qglqjv1

Zh xvh dv d phdvxuh ri pdunhw wljkwqhvv wkh plg0srlqw zhljkwhg ydoxh ri
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wkh elg0dvn vsuhdg dvvrfldwhg wr gl�huhqw wudgh vl}hv +
S

�

�
m
�|3�|
�|n�|

2

m,= �jxuhv

:043 vkrz wkdw zkhq wkh PTWV lv uhgxfhg/ wkh lqvlgh vsuhdg qduurzv iru

erwk DHP dqg VHDW vwrfnv> pruhryhu/ wkh vsuhdg dvvrfldwhg wr erwk vpdoo

dqg odujh txdqwlwlhv glplqlvkhv iroorzlqj d uhgxfwlrq ri wkh PTWV1 Wkhvh

�qglqjv frq�up wkh uhvxowv iurp rxu prgho zklfk suhglfwv d qduurzhu lqvlgh

vsuhdg dqg d juhdwhu pdunhw ghswk iroorzlqj d uhgxfwlrq ri wkh PTWV1

Zh uhsolfdwh wkh dqdo|vlv e| orrnlqj dw wkh zdlwlqj wlph ehwzhhq frq0

vhfxwlyh wudqvdfwlrqv dv d phdvxuh ri pdunhw ghswk dqg zh fdofxodwh wkh

suredelolw| ghqvlw| ixqfwlrq ri gl�huhqw gxudwlrqv dvvrfldwhg wr wkh udqjhv

ri wudglqj yroxphv vxuurxqglqj wkh PTWV1 Iljxuhv 44047 vkrz wkh iuhtxhq0

flhv ri wkh gxudwlrqv dvvrfldwhg wr 4243333 dqg 424333 ri gdlo| wudglqj

yroxph uhvshfwlyho|1 Wkh uhgxfwlrq ri wkh PTWV iurp 5833/ wr 4333 dqg

wr 833 iru DHP dqg iurp 8333/ wr 5833 dqg wr 833 iru VHDW prghudwho|

lqfuhdvhg wkh iuhtxhqflhv dvvrfldwhg wr vkruw gxudwlrqv hvshfldoo| iru vpdoo

wudghv +4243333, dqg frq�upv suhylrxv uhvxowv rq wkh elg0dvn vsuhdg1 Pruh0

ryhu/ e| orrnlqj dw wkh vhtxhqfh ri klvwrjudpv uhodwhg wr wkh vpdoo dqg odujh

fodvvhv ri wudglqj yroxphv zh �qg d shfxoldu uhvxow= lqghshqghqwo| iurp wkh

fodvv ri wudglqj yroxph/ wkh iuhtxhqflhv ri wkh gxudwlrqv iru wkh shulrg zlwk

d PTWV ri 5833 vkduhv iru DHP dqg 8333 vkduhv iru VHDW duh foxvwhuhg

durxqg hlwkhu wkh vpdoohvw ydoxhv ru wkh odujhvw rqhv1 Wklv phdqv wkdw xq0
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ghu wkh uhjlph zlwk wkh kljkhvw PTWV/ wudghv ri wkh vl}h frqvlghuhg duh

h{hfxwhg hlwkhu zlwk d yhu| vkruw zdlwlqj wlph ru diwhu d orqj shulrg +orqjhu

wkdw 453 vhfrqgv,1 Lw zrxog eh lqwhuhvwlqj wr h{sodlq wklv uhvxow1

� %�����"��"

Ilqdqfldo pdunhw uhjxodwruv duh fxuuhqwo| uhgxflqj wkh pdqgdwru| plqlpxp

vl}h erwk rq wkh QDVGDT dqg rq prvw Hxurshdq Vwrfn H{fkdqjhv1 Yhu|

olwwoh hpslulfdo hylghqfh dqg qr wkhruhwlfdo olwhudwxuh kdv ehhq vr idu dydlo0

deoh rq wklv lvvxh1 Zh exlow d prgho ri elg0r�hu vsuhdg zlwk dv|pphwulf

lqirupdwlrq wr vkrz krz wkh plqlpxp txrwh +dqg wudqvdfwlrq, vl}h d�hfwv

pdunhw txdolw| dqg wudghuv* zhoiduh xqghu wkuhh uhjlphv1 Xvlqj kljk iuh0

txhqf| gdwd iurp wkh Plodq Vwrfn H{fkdqjh zh hydoxdwhg wkh h�hfwv ri wkh

plqlpxp txrwh dqg wudqvdfwlrq vl}h1

Wkh prgho vkrzv wkdw wkh lqvlgh vsuhdg lv qduurzhvw xqghu wkh xqfrq0

vwudlqhg uhjlph> wklv lv frq�uphg e| wkh hylghqfh iurp wkh Lwdoldq Vwrfn

H{fkdqjh dqg wkh QDVGDT1 Wkh prgho dovr vkrzv wkdw pdunhw ghswk dqg

wkh iuhtxhqf| ri odujh wudghv duh kljkhvw xqghu wkh uhjlph zlwk PTV zklfk

lv dovr wkh prvw lqirupdwlrqdoo| h!flhqw1 Vpdoo lqyhvwruv ehqh�w iurp wkh

uhjlph zlwkrxw frqvwudlqwv/ zkloh odujh lqvwlwxwlrqdo lqyhvwruv dqg lqvlghuv

suhihu wkh PTV uhjlph zklfk lv ghhshu1 Qhyhuwkhohvv/ dv oltxlglw| wudghuv*
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vl}h lqfuhdvhv/ wkh dgydqwdjh ri wkh PTV uhjlph ghfuhdvhv1 Wklv h{sodlqv wkh

hpslulfdo hylghqfh iurp wkh QDVGDT/ zkhuh wkh uhgxfwlrq ri wkh PTV glg

qrw kdyh uhohydqw h�hfwv rq pdunhw ghswk1 Wkh wklug uhjlph/ zlwk PTWV/

lv Sduhwr grplqdwhg e| wkh rwkhu wzr dqg vkrxog wkhuhiruh qrw eh wdnhq

lqwr frqvlghudwlrq dv d yldeoh dowhuqdwlyh1 Wkh pdqgdwru| plqlpxp vl}h

dovr d�hfwv sulfh glvfryhu| e| prgli|lqj djhqwv* rughuv1 Olplw rughuv dqg

odujh rughuv/ iru h{dpsoh/ duh pruh lqirupdwlyh wkdq pdunhw ru vpdoo rughuv>

frqvhtxhqwo|/ li d uhgxfwlrq ri wkh plqlpxp txrwh vl}h lqfuhdvhv rqo| vpdoo

rughuv/ zh h{shfw d fkdqjh lq lqirupdwlrqdo h!flhqf| wr wdnh sodfh1 D wudq0

vlwlrq prgho ri wkh rughu  rz zklfk mrlqwo| h{sodlqv wkh gxudwlrq dqg wkh

uhodwlyh djjuhvvlyhqhvv ri gl�huhqw rughuv +Elvlëuh dqg Ndplrqnd +4<<;, dqg

Hqjoh dqg Uxvvho +4<<;,, frxog eh xvhg wr dqdo|vh wklv lvvxh1 Wklv lv dq

lqwhuhvwlqj wrslf iru ixwxuh uhvhdufk1
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� &!!���'

Zlwk Y @ 4 dqg Y @ 3 dqg plqlpxp txrwh vl}h/ wkh htxloleulxp dvn

sulfh zklfk gulyhv pdunhw pdnhuv h{shfwhg sur�wv wr }hur pxvw vdwlvi| wkh

iroorzlqj frqglwlrq=

H^��r&` @ Su+Y ,H^��r&mY ` . Su+Y ,H^��r&mY ` @ 3

l1h1/

Su+Y ,^4+D' � 4,Su+4mY , . 5+D' � 4,Su+5mY ,`.

.Su+Y ,^4+D' � 3,Su+4mY , . 5+D' � 3,Su+5mY ,` @ 3

Vxevwlwxwlqj iru wkh frqglwlrqdo suredelolwlhv dqg vroylqj iru D'/ zh rewdlq

htxdwlrq 81 Wkh htxloleulxp dvn sulfh zlwk plqlpxp txrwh dqg wudqvdfwlrq

vl}h lv htxdo wr=

D'A @ S +Y m5,+.4, . +4� S +Y m5,+3, @

@
�

2
+4� �,� . �

+4� �,� . �

Jlyhq v|pphwu|/ vwudljkwiruzdug dojheud doorzv iru wkh elg sulfhv1
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Surri ri Sursrvlwlrq 4=

D2 �D' @
�

e
+4� �,2+�2 � 4,

+�4 . �,� � �� 4
A 3

Zkhq lqvlghuv sod| sxuh vwudwhjlhv +� @ 4,> D'A @D2= Ehlqj/

CD2

C�
@ �

4

5

��+�� 4,

+�� . �� � ��,2
A 3

zh rewdlq=

D'A �D2 A 3

Pruhryhu zh jhw=

D' �D� @ �

4

5

�+� � 4,+�� 4,

+� � 4,�� � � 4
.

4

5
+4� �,� A 3

; �>� 5 +3> 4,= Phdvxulqj pdunhw ghswk e| wkh sulfh lpsdfw ri d wudgh/ zh

rewdlq=

D� �H+y,

4� 3
?
D' �H+y,

4� 3
+43,

iru vpdoo wudghv dqg

D'A � 4@5

5� 3
A
D2 � 4@5

5� 3
A
D' � 4@5

5� 3
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iru odujh wudghv +H+y, @ �

2
,1 Zlwk plqlpxp txrwh vl}h wkh dvn sulfh iru

odujh wudghv lv orzhvw dqg wkhlu iuhtxhqf| vkrxog lqfuhdvh1 Krzhyhu/ vlqfh

wkh dvn sulfh lv d ixqfwlrq ri wkh sursruwlrq ri lqvlghuv/ zh qhhg wr pdnh

wkh htxloleulxp qxpehu ri lqvlghuv hqgrjhqrxv1 Dvvxplqj pdunhw pdnhuv

idfh 4 srwhqwldoo| lqiruphg wudghu dqg rqh xqlqiruphg/ wkh iruphu zloo ex|

lqirupdwlrq zlwk suredelolw| � sd|lqj d frvw htxdo wr f dqg zlwk suredelolw|

4�� kh zloo ghflgh wr uhpdlq xqlqiruphg1 Li kh grhv qrw ex| wkh lqirupdwlrq/

kh grhv qrw wudgh1 Wkh suredelolw| ri pdunhw pdnhuv idflqj dq lqiruphg

wudghu lv wkhuhiruh htxdo wr � @ b

�nb
1 Wkh srwhqwldoo| lqiruphg wudghu zloo

ex| lqirupdwlrq xs wr wkh srlqw zkhuh wkh h{shfwhg sur�wv dvvrfldwhg wr d

wudgh ri vl}h 5 duh htxdo wr wkh h{shfwhg frvwv ri ex|lqj lqirupdwlrq1

��5+Y �D�, @ �� f

iru l @ i5> T>TWj = Vxevwlwxwlqj iru �� @ b�

�nb�
dqg vroylqj iru ��> zlwk

Y @ 4>zh jhw=

�� @
5+4�D�,

f
� 4

dqg

�� @ 4�
f

5+4�D�,
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Vlqfh D' ? D2 � D'A > ;�>� / zh rewdlq= �' A �2 � �'A = Vlqfh xqghu

wkh xqfrqvwudlqhg uhjlph wkh sursruwlrq ri lqvlghuv wudglqj odujh lv htxdo wr

��2> lq htxloleulxp zh rewdlq/ �' A �'A � ��2=Zlwklq wklv prgho zlwk ulvn

qhxwudo pdunhw pdnhuv d kljkhu dvn sulfh +D'A A D2, fdq rqo| eh mxvwl�hg

e| d odujhu sursruwlrq ri lqvlghuv wudglqj odujh txdqwlwlhv> wklv h{sodlqv wkh

odwwhu lqhtxdolw|/ zkloh wkh iruphu lv gxh wr vpdoo oltxlglw| wudghuv ehdulqj

sduw ri wkh dgyhuvh vhohfwlrq frvwv1

Surri ri Sursrvlwlrq 5= lqvlghuv* h{shfwhg sur�wv zlwk qr frqvwudlqw +QF,

duh htxdo wr=

H+�U
�r&

,�� @ H+�U
�r&

mY , Su+Y , .H+�U
�r&

mY ,Su+Y , @

@ ^�5+4�D2, . +4� �,+4�D�,` Su+Y , @

@ +4�D2,

dqg zlwk plqlpxp txrwh +dqg wudqvdfwlrq vl}h, wkh| duh=

H+�U
�r&

,'c'A @ +4�D'c'A ,

Vlqfh D'A � D2 A D'> zh kdyh H+�U
�r&

,'A � H+�U
�r&

,�� ? H+�U
�r&

,'=

5:



Odujh oltxlglw| wudghuv* h{shfwhg sur�wv duh htxdo wr=

H+�L
�r&

, @ H+�L
�r&

mY ,Su+Y , .H+�L
�r&

mY , Su+Y , @

@ ^5+4�D2c'c'A ,` Su+Y , . ^5+3�D2c'c'A ,`Su+Y , @

@ 4� 5D2c'c'A

Vlqfh D'A � D2 A D' > lw iroorzv wkdw H+�L
�r&

,'A � H+�L
�r&

,�� ?

H+�L
�r&

,'=

Surri ri Sursrvlwlrq 6= xqghu wkh xqfrqvwudlqhg uhjlph dqg wkh uhjlph

zlwk plqlpxp txrwh vl}h/ jhqhudo frqglwlrqv iru khgjhuv* pl{hg vwudwhjlhv

ehwzhhq T dqg t duh=

H^X+�+L>T,,` @ H^X+�+L> t,,`

+T. L,
4

5
�TD+T,� �+T. L,2

4

7
@ +t . L,

4

5
� tD+t,� �+t . L,2

4

7

zklfk pxvw krog wrjhwkhu zlwk suhylrxv frqglwlrq rq lqvlghuv* sur�wv=

T+4�D+T,, @ t+4�D+t,,

5;



Lq rughu iru wkhvh wzr frqglwlrqv wr eh vdwlv�hg/ lw lv qhfhvvdu| wkdw=

L @ �

4

5
+T.

5

�
. t, @ �+

T. t

5
.

4

�
, @ � iru � $4

Vlploduo|/ frqglwlrqv iru khgjhuv pl{hg vwudwhjlhv ehwzhhq 3 dqg t duh=

L @ �

t

5
.

+5��� 5�,

5�
+4�

T

t
,�

�

�
@ �

t

5
iru � $4

Zlwk L xqlirupo| glvwulexwhg/ wkh suredelolw| ri L @ � lv doprvw }hur/

zklfk h{foxghv htxloleulxp pl{hg vwudwhjlhv1 Iljxuh 6 vkrzv wkdw wkh sure0

delolw| ri xqlqiruphg wudghuv sod|lqj T lv htxdo wr=

�� @ Su+mL?m A mm, @
N

.N

Vlploduo|/ wkh suredelolw| ri odujh oltxlglw| wudghuv sod|lqj 3 dqg t duh htxdo

wr=

�2 @ Su+mL?m ? m

t

5
m, @

t

5+ .N,

4� �� � �2 @ 4�
N

.N
�

t

5+ .N,
@

T

5+ .N,

uhvshfwlyho|1 Wkh deryh uhvxowv vkrz wkdw wkh odujhu duh oltxlglw| wudghuv*

hqgrzphqw vkrfnv/ wkh kljkhu wkh suredelolw| wkh| wudgh odujh1 Htxloleulxp

5<



dvn sulfhv duh ghfuhdvlqj ixqfwlrqv ri � dqg/ wkh kljkhu lv �> wkh qduurzhu

wkh glvwdqfh ehwzhhq D+T, dqg D'7 = Xvlqj htxdwlrqv 9 dqg ;/ zh rewdlq=

j� @
CD+T,

C�
@ �

+T� t,+4� �,

5T
? 3

j2 @
CD'7

C�
@ �

+T� t,+4� �,T�

5^+T. t,+��� 4, . �+t �T,� t`2
? 3

Iru vpdoo ydoxhv ri '

^
dqg q

k
zh rewdlq=

j� � j2 ? 3 ; �> �

Surri ri Sursrvlwlrq 7=

H^Y du+hymt�,` @
2[
�'�

^Y du+hymt�
�
, Su+t�

�
, . Y du+hymt�

�
, Su+t�

�
,` @

@ 5
2[
�'�

Y du+hymt�
�
,Su+t�

�
, @

@ 5
2[
�'�

^+Y �H+hymt�
�
,,2 Su+Y mt�

�
, . +Y �H+hymt�

�
,,2 Su+Y mt�

�
,`Su+t�

�
,
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Frpsdulqj wkh lqirupdwlrqdo h!flhqf| xqghu wkh wkuhh uhjlphv/ zh rewdlq=

LH�� @
4

H^Y du+hymt�,` @
4

�

H
^+4� �,�+4� �,� 5+4 . �,`+�� 4,

LH� @
4

H^Y du+hymt�,` @
7^�+�� � 4,� ��`

^+�� � 4,+� . ��,`

zlwk m@T/TW1 Pruhryhu/ vlqfh iru d jlyhq ydoxh ri �>

LH�� � LH� @

@ �7
��� � �

2 . 6��2 . �
�
� 5��� � �

2
� . 5�2 . �

2
�
�
� 5�2�2

+�5 . � � �
�
� 5�. ��

2
� ��,+�4 . �,+� . �,

dqg Iljxuh 7 vkrzv wkdw wklv gl�huhqfh lv qhjdwlyh/ zh frxog frqfoxgh wkdw

lqirupdwlrqdo h!flhqf| lv kljkhu xqghu wkh uhjlph zlwk plqlpxp txrwh

+dqg wudqvdfwlrq, vl}h wkdq xqghu wkh xqfrqvwudlqhg uhjlph1 Krzhyhu li

zh doorz iru hqgrjhqrxv hqwu| ri lqvlghuv/ wkh uhvxowv pd| fkdqjh1 Vlqfh

�' A �2 � �'A > dqg CLH5@C�5 A 3 zlwk } @ iQF>PTV>PTWVj > zh

rewdlq wkdw=

LH�'7 A LH��c�'A7

zkloh wkh frpsdulvrq ehwzhhq wkh xqfrqvwudlqhg dqg wkh PTWV uhjlphv

uhpdlqv dpeljxrxv1
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*��	��	
�

41 Wkh surri ri wkhvh uhvxowv lv dydlodeoh iurp wkh dxwkru xsrq uhtxhvw1

51 Xqghu wkh xqfrqvwudlqhg uhjlph hdfk lqvlghu fdq sod| pl{hg vwudwhjlhv/

exw dffruglqj wr wkh lqgl�huhqfh frqglwlrq/ khu h{shfwhg sur�wv duh

htxdo wr= 5+4�D2,=

61 Dffruglqj wr wkh DVU/ wkh plqlpxp txrwh vl}h zdv uhgxfhg iurp 4333

wr 433 xqlwv ri vkduhv1

71 PLE63 lv wkh sulfh lqgh{ iru wkh odujhvw wkluw| vwrfnv olvwhg rq wkh

Plodq Vwrfn H{fkdqjh1

81 DHP dqg VHDW duh kljko| wudghg vwrfnv> zh duh fxuuhqwo| zrunlqj wr

d zlghu vdpsoh ri vwrfnv dqg suholplqdu| uhvxowv frqihup rxu �qglqjv1
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(��������"

^4` Edufod| P1/ Fkulvwlh Z1J1/ Kduulv M1K1/ Ndqgho H1 dqg Vfkxow} S1K1

+4<<<,/ �H�hfwv ri pdunhw uhirup rq wkh wudglqj frvwv dqg ghswk ri

QDVGDT vwrfnv�/ Mrxuqdo ri Ilqdqfh/ s140671

^5` Elvlëuh F1 dqg Ndplrqnd W1 +5333,/ �Wlplqj ri Rughuv/ Rughuv Djjuhv0

vlyhqhvv dqg wkh Rughu Errn lq wkh Sdulv Erxuvh�0 Dqqdohv g*Hfrqrplh

hw ghv Vwdwlvwltxh1Zrunlqj Sdshu/ qr1 93/ Rfw2Ghf1

^6` Frulhool I1dqg Ulqgl E1 +4<<5,/ �Fdohqgdu uhjxodulwlhv lq vwrfn uhwxuqv=

wkh Lwdoldq fdvh�/ Ulfhufkh Hfrqrplfkh/ [OYL/ Q1607/ s1 63606591

^7` Hdvoh| G1 dqg R*Kdud P1 +4<;:,/ �Sulfh/ wudgh vl}h dqg lqirupdwlrq lq

vhfxulwlhv pdunhwv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4</ ss1 9<0<31D

^8` Hqjoh dqg Uxvvho +4<<;,/ �Dxwruhjuhvvlyh Frqglwlrqdo Gxudwlrq= d Qhz

Prgho iru Luuhjxoduo| Vsdfhg Wudqvdfwlrq Gdwd�/ Hfrqrphwulfd1

^9` QDVG Hfrqrplf Uhvhdufk +4<<:,/ �H�hfwv ri wkh uhprydo ri plqlpxp

vl}hv iru sursulhwdu| txrwhv lq wkh QDVGDT vwrfn pdunhw�/ Vwd� Sdshu/

QDVG Hfrqrplf Uhvhdufk ghsduwphqw1

66



^:` Jorvwhq O1U1 dqg Plojurp S1U1 +4<;8,/ �Elg0Dvn dqg wudqvdfwlrq sulfhv

lq d vshfldolvw pdunhw zlwk khwhurjhqhrxvo| lqiruphg wudghuv�/ Mrxuqdo

ri Ilqdqfldo Hfrqrplfv/ 47/ ss1 :404331

^;` QDVG Hfrqrplf Uhvhdufk +4<<;,/ �Wkh h�hfw ri wkh Dfwxdo Vl}h Uxoh

rq wkh QDVGDT vwrfn pdunhw�/ Vwd� Sdshu/ QDVG Hfrqrplf Uhvhdufk

ghsduwphqw11

^<` Vlpddq \1/ Zhdyhu G1J1 dqg Zklwfrpe G1 +4<<;,/ �Wkh txrwdwlrq

ehkdylrxu ri HFQv dqg QDVGDT pdunhw pdnhuv�/ plphr1

^43` Vplwk M1 +4<<;,/ �Wkh H�hfwv ri Rughu Kdqgolqj Uxohv dqg 49wkv rq

QDVGDT= d furvv0vhfwlrqdo dqdo|vlv�/ QDVG Zrunlqj Sdshu <;0351
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Wdeoh 4 Pdunhw txdolw| xqghu wkh wkuhh uhjlphv= QF/ PTV dqg PTWV1

Oltxlglw| QFA PTVA PTWV

Ghswk iru vpdoo wudghv QFA PTVA PTWV

Ghswk iru odujh wudghv PTVA QF� PTWV

Iuht vpdoo wudghv QF� PTVA PTWV

Iuht odujh wudghv PTVA PTWV� QF

Zhoiduh uhwdlo0vpdoo wudghuv QFA PTVA PTWV

Zhoiduh lqvwlwxwlrqdo0odujh wudghuv PTVA QF� PTWV

Zhoiduh lqvlghuv PTVA QF� PTWV

Lqirupdwlrqdo h!flhqf| PTVA QF B PTWV B
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Wdeoh 514 PLE63 vwrfnv= PTWV fkdqjhv

Vwrfn 6262<< 92542<< :24<2<< ;2562<< 452532<< 428233 6253233 7259233

Dhp 5833 5833 5833 5833 4333 4333 833 833

Doohdq}d 583 583 583 583 583 583 583 583

Dxwrvwudgh 4333 4333 833 833 833 833 833 833

E1Ilghxudp 4333 4333 833 833 833 833 583 583

E1Lqwhvd 4333 4333 4333 4333 833 833 833 833

E1Urpd 5833 5833 5833 5833 5833 5833 5833 5833

E1Fduluh 583 583 433 433 433 433 58 58

Eqo 4333 4333 4333 4333 4333 4333 4333 4333

Frplw 4333 4333 833 833 833 833 833 833

Hglvrq 833 833 833 833 833 833 583 583

Hqho 0 0 0 833 833 833 833 833

Hql 833 833 833 833 833 833 833 833

Ildw 4333 4333 4333 433 433 433 433 433

Ilqphf1 8333 8333 8333 8333 5833 5833 5833 5833

Jhqhudol 433 433 433 433 433 433 433 433
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Wdeoh 515 PLE63 vwrfnv= PTWV fkdqjhv

Vwrfn 6262<< 92542<< :24<2<< ;2562<< 452532<< 428233 6253233 7259233

Phgldvhw 833 833 833 833 583 583 433 433

Phglredqfd 583 583 583 583 583 583 583 583

Phglrodqxp 833 833 833 833 833 833 583 583

Prqwhglvrq 5833 4633 5333 5333 4333 4333 4333 4333

PSV 0 4333 4333 4333 4333 4333 4333 4333

Rolyhwwl 5833 5833 5833 5833 4333 4333 4333 4333

Sluhool 4333 4333 4333 4333 4333 4333 4333 4333

Udv 583 583 583 583 583 583 583 583

Uror Edqfd 433 433 433 433 433 433 433 433

Vdqsdror0Lpl 583 583 583 583 583 583 583 583

Vhdw S1Jldooh 8333 8333 5833 5833 5833 5833 833 833

Whfqrvw 4333 633 633 633 633 633 633 633

Whohfrp 833 833 833 833 583 583 583 583

Wlp 833 833 833 833 833 833 583 583

Xqlfuhglw 4333 4333 4333 4333 833 833 833 833

6:



Wdeoh 61 Vdpsoh Ghvfulswlrq

Vwrfn Vdpsoh Shulrg Q� Gd|v Q�Revhuydwlrqv PTWV

DHP 62624<<< � 4525324<<< 75 689;5 5833

4525524<<< � 624825333 46 869;8 4333

625525333 � 725925333 9 69<<: 833

VHDW 62624<<< � :24724<<< 53 56:<6 8333

:25424<<< � 624825333 68 46<368 5833

625525333 � 725925333 9 7<9;9 833

6;



Wdeoh 7140 DHP= Glvwulexwlrq ri wudgh vl}hv vxuurxqglqj wkh uhgxfwlrq ri wkh PTWV

Q1 ri gd|v- 75 46 9

PTWV 5833 4333 833

833 3133( 3133( 74183(

4333 3133( 99133( 64183(

483305333 3133( 48173( 431<3(

583306333 95183( 71;3( 7183(

683307333 3133( 5193( 5143(

783308333 491<3( 61:3( 6143(

8833043333 441:3( 71;3( 7163(

A43333 <133( 5193( 5153(

-Qxpehu ri Zhgqhvgd|v ehiruh wkh uhgxfwlrq ri wkh PTWV

6<



Wdeoh 7150 VHDW= Glvwulexwlrq ri wudgh vl}hv vxuurxqglqj wkh uhgxfwlrq ri wkh PTWV

Q1 ri gd|v- 53 57 9

PTWV 8333 5833 833

833 3133( 3133( 68163(

4333 3133( 3133( 56133(

483305333 3133( 3133( 441<3(

5833 3133( 8;1<3( :163(

633308333 89183( 4:1;3( <183(

8833043333 4;173( 431:3( 9173(

A43333 58143( 451:3( 91:3(

-Qxpehu ri Zhgqhvgd|v ehiruh wkh uhgxfwlrq ri wkh PTWV
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Iljxuh 4= Htxloleulxp sxuh vwudwhjlhv+� @ �

2
,1 Rq wkh yhuwlfdo d{lv/ iurp

ehorz=D�/D'/D2@D'A

74



Iljxuh 5= Htxloleulxp pl{hg vwudwhjlhv1 Rq wkh yhuwlfdo d{lv/ iurp ehorz

D�>D'>D2 dqg D'A =

75
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Iljxuh 6= Hqgrzphqw vkrfn glvwulexwlrq ixqfwlrq1
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Figure 5 AEM: Cumulative distributions of volume associated to a MQTS equal to 2500, 1000 and 500
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Figure 6   SEAT: Cumulative distributions of volume associated to a MQTS equal to  5000, 2500 and 500
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 AEM: Mid-point weighted spread by trading volumes (buy orders)
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AEM - Mid-point weighted spread by trading volumes (sell orders) 

0

0,0005

0,001

0,0015

0,002

0,0025

0,003

0,0035

0,004

500 1000 1500-2000 2500-3000 3500-5000 5500-
10000

>10000

2500 1000 500

Iljxuh ;=

7;



SEAT: Mid-point weighted spread by trading volumes (buy orders)
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 SEAT: Mid-point weighted spread by trading volumes (sell orders)
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AEM: Frequenza delle durations ponderate a 1/10000 del vol tot giornaliero

0,000000

0,050000

0,100000

0,150000

0,200000

0,250000

0,300000

0,350000

0,400000

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 10
0

10
5

11
0

11
5

12
0

>1
20

durations in secondi

F
re

q
u

en
za Ante Dic

Ante Mar

Post Mar

Iljxuh 44=

84



SEAT: Frequencies of durations for 1/10000 of daily trading volume
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AEM: Frequencies of  durations for 1/1000 of daily trading volume
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SEAT: Frequencies of durations for 1/1000 of daily trading volume
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