
Lqqrydwlrq dqg Pdunhw Ydoxh

Eurqz|q K1 Kdoo�

R{irug Xqlyhuvlw|/ XF Ehunhoh|/ QEHU/ dqg LIV

Wklv sdshu vxuyh|v uhfhqw �qglqjv derxw krz wkh �qdqfldo pdunhwv ydoxh wkh

nqrzohgjh dvvhwv ri sxeolfo| wudghg �upv1 Wkh prwlydwlrq iru xvlqj pdunhw ydoxh

htxdwlrq wr sulfh nqrzohgjh dvvhwv lv glvfxvvhg dqg wkh wkhru| ehklqg wklv

htxdwlrq lv eulh | suhvhqwhg1 Wkhq wkh hpslulfdo olwhudwxuh wkdw uhodwhv Wrelq*v t

wr U)G dqg sdwhqw phdvxuhv lv vxuyh|hg dqg qhz uhvxowv edvhg rq X1V1 gdwd

wkurxjk 4<<8 duh suhvhqwhg1 Wkh frqfoxvlrq lv wkdw wkh pdunhw ydoxh ri wkh

prghuq pdqxidfwxulqj frusrudwlrq lv vwurqjo| uhodwhg wr lwv nqrzohgjh dvvhwv/

dqg wkdw sdwhqw phdvxuhv frqwdlq lqirupdwlrq derxw wklv ydoxh deryh dqg eh|rqg

wkdw frqyh|hg e| wkh xvxdo U)G phdvxuh1 +Suhsduhg iru wkh QLHVU frqihuhqfh
rq Surgxfwlylw| dqg Frpshwlwlyhqhvv/ Orqgrq/ Iheuxdu| 809/ 4<<;> iruwkfrplqj
lq d Fdpeulgjh Xqlyhuvlw| Suhvv yroxph hglwhg e| Ud| Eduuhoo dqg Jhr�uh|
Pdvrq,1

�Qx!hog Froohjh/ R{irug R[4 4QI/ XN/ hpdlo eurqz|q1kdooCqxi1r{1df1xn
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Lqqrydwlrq dqg Pdunhw Ydoxh

Eurqz|q K1 Kdoo

Mdqxdu| 4<<; +uhylvhg Mxqh 4<<;,

�Srvvhvvlrq ri nqrzohgjh lv zruwk d wkrxvdqg slhfhv ri jrog1�

iurp d Fklqhvh iruwxqh frrnlh/ Ghfhpehu 46/ 4<<:1

4 Lqwurgxfwlrq
4

Sulydwh �upv dqg jryhuqphqwv vkduh dq lqwhuhvw lq hydoxdwlqj wkh hfrqrplf

uhwxuqv wr wkhlu lqqrydwlyh dfwlylwlhv1 Wkh prvw frpprq txdqwlwdwlyh ds0

surdfk wr wklv phdvxuhphqw sureohp lv wr uhodwh wrwdo idfwru surgxfwlylw| ru

sur�w jurzwk wr phdvxuhv ri lqqrydwlrq +vhh Pdluhvvh dqg Prkqhq 4<<8 iru

d uhfhqw vxuyh| ri uhvxowv xvlqj wklv phwkrgrorj|,1 Exw wkhuh duh d ydulhw|

ri uhdvrqv zk| wklv dssurdfk pd| eh lqfrpsohwh ru gl!fxow wr lpsohphqw lq

vrph fdvhv= �uvw/ wkh rffdvlrqdoo| orqj dqg xqfhuwdlq odjv ehwzhhq vshqglqj

rq lqqrydwlrq dqg wkh lpsdfw ri wkdw lqqrydwlrq rq wkh �erwwrp olqh� phdq

wkdw lq vrph fdvhv +vxfk dv wkrvh ri lqyroylqj yhu| edvlf uhvhdufk,/ wkh gdwd

zloo qrw fryhu d orqj hqrxjk wlph shulrg wr hqdeoh suhflvh phdvxuhphqw ri

wkh wrwdo h�hfw1 Vhfrqg/ wkhvh vdph odjv phdq wkdw rqh pd| kdyh wr zdlw d

fhuwdlq dprxqw ri wlph wr vhh wkh h�hfwv lq surgxfwlylw|/ pdnlqj wkh h{huflvh

ri olplwhg ydoxh iru sodqqlqj sxusrvhv1 Wklug/ phdvxulqj wkh uhwxuqv wr U)G

4Sdshu suhsduhg iru wkh QLHVU Frqihuhqfh rq Surgxfwlylw| dqg Frpshwlwlyhqhvv/ Orq0
grq/ Iheuxdu| 8 dqg 9/ 4<<;1 Wkh qhz uhvhdufk uhsruwhg lq wklv sdshu lv gudzq iurp zrun
lq surjuhvv wkdw lv mrlqw zlwk Gdhkzdq Nlp +Kduydug Xqlyhuvlw|,/ Dgdp Md�h +Eudqghlv
Xqlyhuvlw| dqg QEHU,/ dqg Pdqxdo Wudmwhqehuj +Who Dyly Xqlyhuvlw| dqg QEHU,1 Wkh
gdwd frqvwuxfwlrq h�ruw zdv sduwldoo| vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxqgdwlrq1 L dp
judwhixo wr Phj Ihuudqgr ri UHL/ Fdvh Zhvwhuq Uhvhuyh Xqlyhuvlw| iru h{fhoohqw dvvlvwdqfh
lq pdwfklqj wkh sdwhqwlqj gdwd wr Frpsxvwdw1
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ru rwkhu dfwlylwlhv xvlqj �up ru lqgxvwu| ohyho gdwd rq sur�wv ru rxwsxw uh0

txluhv fduhixo dwwhqwlrq wr wkh phdvxuhphqw dqg wlplqj ri rwkhu lqsxwv wkdw

pd| qrw eh srvvleoh xvlqj dydlodeoh gdwd +vhh Ilvkhu dqg PfJrzdq 4<;6 iru d

glvfxvvlrq ri wkh jhqhudo sureohp ri xvlqj dffrxqwlqj gdwd iru wklv sxusrvh,1

Iru wkhvh uhdvrqv/ vrph uhvhdufkhuv kdyh wxuqhg wr dqrwkhu phwkrg ri

hydoxdwlqj wkh sulydwh uhwxuqv wr lqqrydwlyh dfwlylw|/ uhodwlqj wkh ydoxdwlrq

sodfhg e| wkh �qdqfldo pdunhwv rq d �up*v dvvhwv wr lwv Uhvhdufk dqg Ghyho0

rsphqw h{shqglwxuh/ sdwhqwlqj dfwlylwlhv/ dqg rwkhu phdvxuhv ri lqqrydwlrq1

Wklv phwkrg lv lqwulqvlfdoo| olplwhg lq vfrsh/ ehfdxvh lw fdq eh xvhg rqo|

iru sulydwh �upv dqg rqo| zkhuh wkhvh �upv duh wudghg rq d zhoo0ixqfwlrqlqj

�qdqfldo pdunhw +vxfk dv wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp/ zkhuh

prvw ri wkh zrun kdv ehhq grqh wr gdwh,1 Qhyhuwkhohvv/ xvlqj �qdqfldo pdu0

nhw ydoxdwlrq dyrlgv wkh sureohpv ri wlplqj ri frvwv dqg uhyhqxhv kljkoljkwhg

e| Ilvkhu dqg PfJrzdq/ dqg lv fdsdeoh ri iruzdug0orrnlqj hydoxdwlrq/ zklfk

wkh wudglwlrqdo surgxfwlylw| phwkrg grhv qrw gr zhoo1 Wklv phwkrg lv dovr sr0

whqwldoo| xvhixo iru fdoleudwlqj ydulrxv lqqrydwlrq phdvxuhv/ lq wkh vhqvh wkdw

rqh fdq phdvxuh wkhlu hfrqrplf lpsdfw xvlqj wkh zlgho|0dydlodeoh Xqlwhg

Vwdwhv �up gdwd/ srvvleo| hqdeolqj rqh wr ydolgdwh wkhvh phdvxuh iru xvh

hovhzkhuh dv sur{lhv iru lqqrydwlrq ydoxh1

Lqwhuhvw lq ydoxlqj lqqrydwlrq dvvhwv vwhpv iurp vhyhudo glvwlqfw vrxufhv/

dqg dv d uhvxow wkhuh kdv ehhq pruh wkdq rqh vwudqg ri olwhudwxuh= �uvw/

�upv dqg wkhlu dffrxqwdqwv kdyh ehhq dq{lrxv wr ghyhors phwkrgv wr ydoxh

lqwdqjleoh dvvhwv ri wkh lqqrydwlyh nlqg/ erwk wr khos jxlgh ghflvlrq0pdnlqj/

dqg vrphwlphv iru wkh sxusrvhv ri wudqvihu sulflqj ru hyhq wkh vhwwohphqw ri

ohjdo fdvhv1 Wklv kdv ohdg wr frqvlghudwlrq ri wkh sureohp lq wkh �qdqfldo

dffrxqwlqj olwhudwxuh +vhh/ iru h{dpsoh/ Fkdxylq dqg Kluvfkh| 4<<6/ Ohy dqg
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Vrxjldqqlv 4<<9,1 Vhfrqg/ �qdqfldo hfrqrplvwv dqg lqyhvwruv riwhq wu| wr

frqvwuxfw phdvxuhv ri wkh �ixqgdphqwdo ydoxh� ri sxeolfo| wudghg �upv dv

d jxlgh wr lqyhvwphqw> d frqfhuq zlwk ydoxlqj wkh lqwdqjleoh dvvhwv fuhdwhg

e| U)G dqg rwkhu lqqrydwlyh dfwlylwlhv lv qdwxudoo| d sduw ri wklv hqghdyru1

Ilqdoo|/ srolf| pdnhuv dqg hfrqrplvwv zlvk wr txdqwli| wkh sulydwh uhwxuqv

wr lqqrydwlyh dfwlylw| lq rughu wr lqfuhdvh xqghuvwdqglqj ri lwv frqwulexwlrq

wr jurzwk dqg dv d jxlgh iru vwudwhjlhv wr forvh wkh jds ehwzhhq sulydwh dqg

vrfldo uhwxuqv1 D e|surgxfw ri wklv jrdo lv wkh ghvluh wr fdoleudwh phdvxuhv

vxfk dv sdwhqw frxqwv ru lqqrydwlrq frxqwv xvlqj pdunhw0edvhg phdvxuhv olnh

�up ydoxh +vhh Julolfkhv/ Sdnhv/ dqg Kdoo 4<;: iru dq hduolhu vxuyh| ri wklv

zrun,1

Zk| pljkw wkh pdunhw ydoxh ri �upv eh d xvhixo phdvxuh ri wkh sulydwh

uhwxuqv wr lqqrydwlrqB Lq d pdunhw hfrqrp|/ wkh sulydwh hfrqrplf �ydoxh� ri

d jrrg lv xvxdoo| wkh sulfh dw zklfk lw wudghv lq wkh pdunhwsodfh1 Lq wkh fdvh

ri d nqrzohgjh dvvhw/ wklv sulfh vkrxog hperg| doo wkh wdvwhv wkdw frqvxphuv

kdyh iru dq| sduwlfxodu lqqrydwlrq ru wkh nqrzohgjh ri krz wr pdnh wkdw

lqqrydwlrq1 Wkdw lv/ li zh zdqw wr phdvxuh wkh uhwxuqv ru sur�w dydlodeoh

iurp dq lqwdqjleoh dvvhw/ wkh lghdo zrxog eh wr revhuyh d pdunhw rq zklfk

wkh dvvhw wudghv dqg wr phdvxuh wkh sulfh dw zklfk wkh wudgh wdnhv sodfh1 Lq

wkh fdvh ri wkh rxwsxw ri wkh U)G shuiruphg e| sulydwh �upv/ wklv lv txlwh

gl!fxow1Zh revhuyh frqvxphu ghpdqg iru sduwlfxodu surgxfwv/ exw lw lv gli0

�fxow wr dvvljq lqqrydwlyh lqsxwv ru rxwsxwv gluhfwo| wr wkhvh surgxfwv lq wkh

devhqfh ri yhu| ghwdlohg �up gdwd1 Lq dq| fdvh/ wkh uhohydqw lqwdqjleoh dvvhwv

wkdw duh qhfhvvdu| iru surgxflqj wkhvh surgxfwv dqg gholyhulqj wkhp wr wkh

pdunhwsodfh xvxdoo| frph exqgohg lq zd|v wkdw suhyhqw xv iurp vhsdudwlqj

wkhp dqg vhoolqj wkhp r� wr ghwhuplqh wkh dssursuldwh sulfh ri d vshfl�f
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lqglylgxdo dvvhw1

Iru h{dpsoh/ wkh idfw wkdw lw lv qrw hdv| wr vhsdudwh wkh nqrzohgjh ri

krz wr pdnh d sduwlfxodu fkhplfdo hqwlw| iurp wkh rwkhu dvvhwv ri wkh skdu0

pdfhxwlfdo �up wkdw frqyhuwv wklv hqwlw| lqwr d pdunhwdeoh guxj lv vlplodu

wr wkh sureohp ri ghwhuplqlqj wkh ydoxh ri idfwru|0lqvwdoohg dxwrpreloh dlu0

frqglwlrqlqj wr frqvxphuv e| vhoolqj lw vhsdudwho| iurp wkh fdu lq zklfk lw zdv

lqvwdoohg1 Wkxv pdq| uhvhdufkhuv frqiurqwhg zlwk wklv phdvxuhphqw sureohp

xvh d vroxwlrq idploldu iurp wkh dxwrpreloh ghpdqg olwhudwxuh/ wkh khgrqlf

uhjuhvvlrq phwkrg1 Wkdw lv/ wkh| wu| wr ghwhuplqh wkh pdujlqdo ydoxh ri d

sduwlfxodu lqwdqjleoh dvvhw e| uhjuhvvlqj wkh pdunhw sulfh iru �upv wkdw srv0

vhvv wkh dvvhw rq ydulrxv fkdudfwhulvwlfv ri wkh �upv/ lqfoxglqj wkh errn ydoxh

ri wkh lqwdqjleoh dvvhw lq zklfk wkh| duh lqwhuhvwhg1 Lpsolflwo| wkh| dvvxph

wkdw �qdqfldo pdunhwv sulfh wkh exqgohv ri dvvhwv wkdw frpsrvh d �up +rugl0

qdu| sodqw dqg htxlsphqw/ lqyhqwrulhv/ nqrzohgjh dvvhwv/ fxvwrphu qhwzrunv/

eudqg qdphv dqg uhsxwdwlrq/ dqg vr iruwk, fruuhfwo| dqg wkdw wkh pdujlqdo

vkdgrz ydoxh +wkh jurvv udwh ri uhwxuq, ri wkh nqrzohgjh dvvhw lq wkh pdunhw

sodfh fdq eh lqihuuhg iurp wkh uhjuhvvlrq frh!flhqw hvwlpdwh1

D ihz rwkhu pdunhw0edvhg phwkrgv ri ydoxlqj lqwdqjleohv duh ihdvleoh lq

sduwlfxodu vhwwlqjv= iru h{dpsoh/ frqvxphu zloolqjqhvv0wr0sd| iru sduwlfxodu

lqqrydwlrqv zdv xvhg e| Wudmwhqehuj +4<;<,/ zkr vwxglhg krvslwdo sxufkdvh ri

FDW vfdqqhuv1 Olfhqvlqj ihhv iru sdwhqwv/ ghwhuplqhg e| qhjrwdwlrq ehwzhhq

�upv ru ehwzhhq �upv dqg xqlyhuvlwlhv/ frxog eh frqvlghuhg pdunhw0edvhg

phdvxuhv ri h{shfwhg lqqrydwlrq ydoxh +Kdukr� hw do 4<<:,1 Exw ihz phdvxuhv

duh dydlodeoh iru dv zlgh d udqjh ri whfkqrorjlhv dqg lqgxvwulhv dv �up pdunhw

ydoxh/ dowkrxjk/ ri frxuvh/ wkh grzqvlgh ri wklv phdvxuh lv lwv djjuhjdwh

qdwxuh1
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Wkh jrdo ri wkh suhvhqw sdshu lv wr rxwolqh krz wkh pdunhw ydoxh dssurdfk

kdv ehhq xvhg lq wkh sdvw iru ydoxlqj lqqrydwlyh dvvhwv/ dqg wr vxuyh| vrph

ri wkh uhvxowv lq wklv olwhudwxuh/ dv zhoo dv suhvhqwlqj vrph qhz uhvxowv iru wkh

Xqlwhg Vwdwhv/ gudzq iurp wzr uhvhdufk surmhfwv lq zklfk L dp sduwlfsdwlqj

+Kdoo dqg Nlp 4<<:> Kdoo/ Md�h/ dqg Wudmwhqehuj 4<<;,1 Wkh odwwhu surmhfw

lv sduwlfxoduo| qryho/ dv lw lqfrusrudwhv flwdwlrq zhljkwv lq frqvwuxfwlqj wkh

sdwhqwv yduldeoh/ |lhoglqj d vrphzkdw ehwwhu phdvxuh wkdq udz sdwhqw frxqwv1

Wkhuh kdyh ehhq klqwv wkdw wklv pljkw eh d xvhixo phdvxuh lq wkh olwhudwxuh

hduolhu/ exw qhyhu xvlqj gdwd ryhu vxfk d eurdg udqjh ri lqgxvwulhv +vhh/ iru

h{dpsoh/ Wudmwhqehuj 4<<3/ Vkdqh 4<<6/ Dxvwlq 4<<6/ dqg Kdukr�/ Qdulq/

Vfkhuhu/ dqg Yrsho 4<<:,1

5 Phdvxulqj wkh Ydoxh ri Nqrzohgjh Dvvhwv

Xvlqj �up pdunhw ydoxh dv d phdvxuh ri lqqrydwlrq uhwxuqv uholhv rq wkh idfw

wkdw sxeolfo| wudghg frusrudwlrqv duh exqgohv ri dvvhwv +erwk wdqjleoh dqg

lqwdqjleoh, zkrvh ydoxhv duh ghwhuplqhg hyhu| gd| lq wkh �qdqfldo pdunhwv1

Lq wkdw vhqvh/ wkh| duh qrw gl�huhqw iurp rwkhu jrrgv zlwk khwhurjhqhrxv

fkdudfwhulvwlfv/ vxfk dv dxwrprelohv/ shuvrqdo frpsxwhuv/ dqg hyhq euhdnidvw

fhuhdo1 Vlqfh wkh slrqhhulqj zrun ri Zdxjk +4<5;,/ Julolfkhv +4<94,/ dqg

rwkhuv/ khgrqlf sulfh htxdwlrqv kdyh ehhq zlgho| xvhg wr phdvxuh wkh �sulfhv�

ri lqglylgxdo fkdudfwhulvwlfv wkdw duh exqgohg lqwr khwhurjhqhrxv jrrgv1 Wkh

pdunhw ydoxh dssolfdwlrq lv qrw uhdoo| gl�huhqw iurp wkh phwkrgrorj| xvhg

lq wkrvh sdshuv= zh duh phdvxulqj wkh pdujlqdo ydoxh ri dq dgglwlrqdo groodu

ri lqyhvwphqw lq d jlyhq w|sh ri frusrudwh dvvhw/ xvlqj dv rxu gdwd srlqwv d

vhw ri khwhurjhqhrxv �upv1

Wkh w|slfdo prgho ri pdunhw ydoxh k|srwkhvl}hv wkdw wkh pdunhw ydoxh ri
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d �up lv d ixqfwlrq ri wkh vhw ri dvvhwv wkdw lw frpsulvhv=

T E��c �2c ��c ���� ' s E��c �2c ��c ���� +4,

zkhuh s lv dq xqnqrzq ixqfwlrq wkdw ghvfulehv krz wkh dvvhwv frpelqh wr

fuhdwh ydoxh1 Li wkh �up lqyhvwv lq wkh ydulrxv dvvhwv ��c �2c ��c ��� dffruglqj

wr d ydoxh0pd{lpl}lqj g|qdplf surjudp/ dqg li wkh vwrfn pdunhw lv h!flhqw/

wkh ixqfwlrq s zloo eh wkh ydoxh ixqfwlrq dvvrfldwhg zlwk wkdw g|qdplf sur0

judp1 Lq wkh fdvh zlwk d vlqjoh dvvhw dqg frqvwdqw uhwxuqv wr vfdoh +olqhdu

krprjhqhlw|, ri wkh sur�w ixqfwlrq/ zh zloo rewdlq wkh zhoo0nqrzq uhvxow wkdw

wkh pdunhw ydoxh T lv d pxowlsoh ri wkh errn ydoxh ri wkh dvvhw �/ zlwk d

pxowlsolhu +vkdgrz sulfh, htxdo wr Wrelq*v t1

Pdnlqj wkh frpsdulvrq wr wkh ruglqdu| khgrqlf sulfh olwhudwxuh kljkoljkwv

vhyhudo sureohpv ri lqwhusuhwdwlrq ru gl!fxowlhv zlwk wklv dssurdfk=

41 Dv lv zhoo nqrzq/ wkh vkdgrz sulfh ru khgrqlf sulfh phdvxuhv qhlwkhu

vxsso| qru ghpdqg ri wkh sduwlfxodu dvvhw> lw lv d phdvxuh ri wkh htxl0

oleulxp ehwzhhq wkh wzr dw d srlqw lq wlph1 Ehfdxvh lw lv yhu| idu iurp

d vwuxfwxudo sdudphwhu/ wkhuh lv qr uhdvrq iru lw wr eh vwdeoh ryhu wlph/

iru h{dpsoh1 Iru wkh sxusrvh ri hydoxdwlqj h{shfwhg uhwxuqv wr wkh lq0

yhvwphqwv wkdw kdyh ehhq pdgh/ wkh idfw wkdw zh duh vlpso| phdvxulqj

wkh pdunhw sulfh ri wkhvh lqyhvwphqwv lv qrw d sureohp +lq idfw/ lw lv ri

lqwhuhvw,/ exw lw zrxog qrw eh dssursuldwh wr wuhdw wklv pdunhw sulfh dv

dq lqyduldqw1

51 Wkh ixqfwlrqdo irup ri htxdwlrq +4, lv qrw nqrzq/ qru lv lw hdv| wr

frpsxwh rqh lq forvhg irup li rqh dvvxphv d uhdolvwlf sur�w0pd{lpl}lqj

dojrulwkp iru wkh �up1 Lq jhqhudo/ zh zloo idoo edfn rq idluo| dg krf

ixqfwlrqv/ vxfk dv olqhdu ru Free0Grxjodv +olqhdu lq wkh orjv,1
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61 Xqolnh dxwrprelohv/ frpsxwhuv/ ru euhdnidvw fhuhdo/ lw lv vrphwlphv

idluo| hdv| wr xqexqgoh wkh frusrudwh dvvhwv dqg wudgh wkhp vhsdudwho|/

zklfk phdqv wkdw zh zloo qhhg dq dvvxpswlrq ri pdunhw h!flhqf| wr

xvh d khgrqlf htxdwlrq wr phdvxuh wkh ydoxh ri wkh dvvhwv iurp gdwd

rq �upv1 Wkdw lv/ zh qhhg wr dvvxph wkdw dw dq| srlqw lq wlph/ ydoxh0

lqfuhdvlqj xqexqgolqj zloo douhdg| kdyh wdnhq sodfh1

Jlyhq wkh gl!fxow| ri ghulylqj wkh ydoxh ixqfwlrq iurp dq h{solflw g|0

qdplf surjudp ru pd{lpl}dwlrq prgho +vhh Zlogdvlq 4<;7 dqg Kd|dvkl dqg

Lqrxh 4<<4 iru vroxwlrqv wr vrph vlpsoh prghov zkhq wkhuh lv pruh wkdq

rqh w|sh ri dvvhw,/ hpslulfdo zrunhuv kdyh idoohq edfn rq vhyhudo vlpsoh vr0

oxwlrqv jxlghg e| wkh wkhru| dqg edvlf hfrqrphwulf frqvlghudwlrqv/ lq pxfk

wkh vdph zd| wkdw khgrqlf sulfh htxdwlrqv kdyh ehhq frqvwuxfwhg iru rwkhu

gxudeoh jrrgv1 D fhqwudo txhvwlrq lv zkhwkhu wkh dvvhwv lq d �up fdq eh

wuhdwhg dv dgglwlyho| vhsdudeoh +zklfk lpsolhv wkdw wkh �up lv htxdo wr wkh

vxp ri lwv sduwv/ ru dowhuqdwlyho|/ wkdw lw zrxog eh srvvleoh wr xqexqgoh wkh

dvvhwv dqg vhoo wkhp vhsdudwho| iru wkh vdph sulfh wkh| ihwfk zkhq hpehgghg

lq wkh �up, ru zkhwkhu d pruh frpsoh{ pxowlsolfdwlyh ixqfwlrqdo irup pxvw

eh xvhg1 Lq vslwh ri wkh reylrxv xqdwwudfwlyhqhvv ri wkh dgglwyho| vhsdud0

eoh ixqfwlrq/ pdq| ri xv kdyh xvhg lw ehfdxvh ri lwv vlpsolflw|/ iroorzlqj wkh

lqlwldo zrun ri Julolfkhv +4<;4,15

Wkxv wkh iroorzlqj wzr vshfl�fdwlrqv ri wkh ydoxh ixqfwlrq duh suhgrp0

lqdqw lq wkh olwhudwxuh= dq dgglwlyho| vhsdudeoh olqhdu vshfl�fdwlrq/ dv zdv

xvhg e| Julolfkhv +4<;4, dqg klv ydulrxv fr0zrunhuv/ dqg wkhq d pxowlsolfd0

wlyh vhsdudeoh vshfl�fdwlrq ri wkh Free0Grxjodv irup1 Wkhvh wzr irupv gl�hu

5Ri frxuvh/ lw dozd|v srvvleoh wr wklqn ri wkh dgglwlyho| vhsdudeoh irup ri wkh ixqfwlrq

dv vlpso| wkh �uvw dqg prvw lpsruwdqw whupv lq d pruh jhqhudo dssur{lpdwlrq wr wkh wuxh

ixqfwlrq1
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lq wkdw wkh dgglwlyho| vhsdudeoh yhuvlrq dvvxphv wkdw wkh pdujlqdo vkdgrz

ydoxh ri wkh dvvhwv lv htxdol}hg dfurvv �upv/ zkloh wkh Free0Grxjodv yhuvlrq

dvvxphv wkdw wkh ydoxh hodvwlflw| lv htxdol}hg16

Wkh �uvw +olqhdu, prgho lv jlyhq e|

T�|E�cg� ' ^|E��| n �
|
g�|�

j| +5,

Wdnlqj orjdulwkpv ri erwk vlghv/ zh rewdlq

*L} T�| ' *L} ^| n j| *L}��| n j| *L}E� n �
|
g�|*��|� +6,

Lq prvw ri wkh zrun uhsruwhg rq khuh/7 wkh odvw whup lv dssur{lpdwhg e|

�
|
g�|*��|/ lq vslwh ri wkh idfw wkdw wkh dssur{lpdwlrq fdq eh uhodwlyho| lq0

dffxudwh iru g*� udwlrv ri wkh pdjqlwxgh wkdw duh qrz frpprq +deryh 48

shufhqw,1 Lq wklv irupxodwlrq/ �
|
phdvxuhv wkh vkdgrz ydoxh ri U)G dvvhwv

uhodwlyh wr wkh wdqjleoh dvvhwv ri wkh �up dqg ^|�|
phdvxuhv wkhlu devroxwh

ydoxh +zkhq j| lv dssur{lpdwho| xqlw|,1

Wkh vhfrqg +orj0olqhdu, prgho kdv wkh Free0Grxjodv irup=

T�|E�cg� ' ^|�
j|3k|

�|
g

k|

�|
+7,

Lq orjdulwkpv/ wklv htxdwlrq lv wkh iroorzlqj=

*L} T�| ' *L} ^| n j| *L}��| n k|E*L}g�|*��|� +8,

6Wklv lv h{dfwo| sdudooho wr wkh glvwlqfwlrq ehwzhhq udwh ri uhwxuq hvwlpdwhv dqg hodvwlflw|
hvwlpdwhv lq wkh surgxfwlylw| olwhudwxuh +derxw zklfk pdq| kdyh zulwwhq= vhh iru h{dpsoh/
Kdoo +4<<9, iru d glvfxvvlrq ri wklv lvvxh,1 Dqg pxfk wkh vdph whqvlrq h{lvwv ehwzhhq wkh
wzr= d frqvwdqw vkdgrz ydoxh dfurvv �upv lv pruh ghihqvleoh iurp d wkhruhwlfdo +pdunhw
h!flhqf|, srlqw ri ylhz/ exw wkh frqvwdqw hodvwlflw| irup whqgv wr �w wkh gdwd ehwwhu dqg
eh ohvv vhqvlwlyh wr rxwolhuv1

7Vhh Kdoo dqg Nlp +4<<:, iru dq h{fhswlrq wr wklv uxoh1 Lq wkdw sdshu zh xvh wkh
qrqolqhdu irup ri wkh htxdwlrq h{solflwo|1
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Lq erwk prghov/ wkh frh!flhqw ri *L}� lv xqlw| xqghu frqvwdqw uhwxuqv

wr vfdoh ru olqhdu krprjhqhlw| ri wkh ydoxh ixqfwlrq1 Li wkh dvvxpswlrq ri

frqvwdqw uhwxuqv lv wuxh +dv lw zloo eh dssur{lpdwho| lq wkh furvv vhfwlrq,/

lw lv srvvleoh wr pryh wkh orj ri ruglqdu| dvvhwv wr wkh ohiw kdqg vlgh ri

wkh htxdwlrq dqg hvwlpdwh wkh prgho zlwk wkh orjdulwkp ri wkh frqyhqwlrqdo

Wrelq*v t dv wkh ghshqghqw yduldeoh1 Wkh lqwhufhsw ri hlwkhu prgho fdq eh

lqwhusuhwhg dv dq hvwlpdwh ri wkh orjdulwkplf dyhudjh ri Wrelq*v t iru wkh

vdpsoh ri �upv gxulqj wkh uhohydqw shulrg1 Lq rughu wr frpsduh wkh uhvxowv

ri wkh vhfrqg prgho wr wkh uhvxowv ri wkh �uvw/ zh qhhg wr frpsxwh wkh udwlr

ri wkh pdujlqdo vkdgrz ydoxh ri g wr wkdw ri �=

YT*Yg

YT*Y�
'

k|T�|*g�|

Ej| � k|�T�|*��|

'
k|��|

Ej| � k|�g�|

+9,

Wklv phdvxuh fdq eh frpsduhg wr wkh �
|
hvwlpdwhg e| wkh �uvw prgho/ exw wr

gr vr zh zloo qhhg wr xvh vrph nlqg ri dyhudjh ydoxh ri �*g1 Wkh devroxwh

vkdgrz ydoxh ri U)G fdslwdo lv htxdo wr k|T�|*g�|
8

Lq sdvvlqj/ L qrwh wkdw d yduldqw ri htxdwlrq +5, kdv ehhq xvhg e| vrph

uhvhdufkhuv +qrwdeo| Frqqroo|/ Kluvfk/ dqg Kluvfkh| 4<;9 dqg Frqqroo| dqg

Kluvfk 4<;;,/ zkhuh frqvwdqw uhwxuqv +j| ' �, dqg pdunhw htxloleulxp E^| '

�� duh lpsrvhg dqg �| lv vxewudfwhg iurp wkh ohiw kdqg vlgh wr jlyh wkh

iroorzlqj=

T�|Eg����| ' �|
g�| +:,

Lq wklv fdvh wkh h{fhvv ri pdunhw ydoxh ryhu errn ydoxh ri wkh dvvhwv lv

uhjuhvvhg rq ydulrxv phdvxuhv ri lqwdqjleohv1 Dq reylrxv gl!fxow| zlwk wklv

8Xqiruwxqdwho|/ wklv txdqwlw| lv gl!fxow wr zrun zlwk erwk ehfdxvh lw lv xqgh�qhg iru

�upv wkdw gr qrw gr U)G/ dqg dovr ehfdxvh ri lwv yhu| vnhz glvwulexwlrq iru wkrvh wkdw

gr1 Lq Iljxuh 6/ L suhvhqw dq h{dpsoh wkdw vkrzv krz pxfk wklv hvwlpdwh ri wkh devroxwh

vkdgrz ydoxh fdq gl�hu iurp wkrvh xvlqj wkh olqhdu prgho zkhq dyhudjh ydoxhv ri wkh

pdunhw ydoxh0nqrzohgjh fdslwdo udwlr duh xvhg wr hydoxwh wklv h{suhvvlrq1
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yhuvlrq lv wkdw li Wrelq*v t gl�huv iurp xqlw| rq dyhudjh +dv lw doprvw dozd|v

grhv,/ +^| � ����| zloo hqg xs lq wkh glvwxuedqfh dqg srwhqwldoo| eldv wkh

hvwlpdwhv ri �
|
+zklfk lv dq hvwlpdwh ri hlwkhu wkh uhodwlyh ru wkh devroxwh

vkdgrz ydoxh ri g lq wklv irupxodwlrq,1

6 Pdunhw Ydoxh dqg U)G

Wdeoh 4 suhvhqwv d vxppdu| ri vrph ri wkh hduolhu zrun uhodwlqj wkh pdunhw

ydoxh ri lqglylgxdo �upv wr lqqrydwlrq lqglfdwruv vxfk dv U)G dqg sdwhqw0

lqj1 Prvw ri wklv sulru olwhudwxuh kdv xvhg X1V1 gdwd dqg wkh olqhdu irup

ri wkh ydoxh htxdwlrq1 Zlwk wkh h{fhswlrq ri Kdoo +4<<6d/ 4<<7e,/ Fkdxylq

dqg Kluvfkh| 4<<6/ dqg Vwrqhpdq dqg Wrlydqhq +4<<:,/ sdudphwhu vwdelo0

lw| kdv ehhq lpsrvhg rq wkh uhodwlrqvkls ryhu wlph1 Wkh wdeoh vkrzv wkdw

uhvhdufkhuv xvlqj gdwd iru Xqlwhg Vwdwhv pdqxidfwxulqj �upv jhqhudoo| frq0

foxgh wkdw U)G vshqglqj lq wkh fxuuhqw |hdu lv fdslwdol}hg lqwr wkh pdunhw

ydoxh dw d udwh ehwzhhq derxw 518 dqg ; +zlwk prvw hvwlpdwhv fhqwhuhg dw 8 wr

9, dqg wkdw wkh vwrfn ri U)G +zklfk lv xvxdoo| frqvwuxfwhg iurp d shushwxdo

lqyhqwru| irupxod xvlqj d ghsuhfldwlrq udwh ri 48 shufhqw, lv ydoxhg ehwzhhq

318 wr 5 wlphv wkh ydoxh ri ruglqdu| dvvhwv1 D qrwdeoh h{fhswlrq wr wkh odwwhu

uhvxow lv wkdw ri Md�h/ zkr �qgv d pxfk kljkhu U)G vwrfn frh!flhqw zkhq

kh frqwurov iru wkh srwhqwldo vslooryhuv iurp �upv wkdw sdwhqw lq uhodwhg whfk0

qrorj| �hogv1 Lq jhqhudo/ wkh dgglwlrq ri lqgxvwu| gxpplhv +dw wkh wzr0gljlw

ohyho, wr wkh htxdwlrq grhv qrw fkdqjh wkh hvwlpdwhv/ dowkrxjk lqfoxglqj �up

gxpplhv ru odjjhg T grhv orzhu wkh U)G frh!flhqw/ zklfk vxjjhvwv wkdw

wkhuh duh vrph shupdqhqw gl�huhqfhv lq wkh pdunhw ydoxh0U)G uhodwlrqvkls

dfurvv �upv1

Wkh irfxv ri wkh sduwlfxodu vwxglhv vxppdul}hg lq Wdeoh 4 kdv ydulhg= iru
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h{dpsoh/ Md�h*v 4<;9 sdshu zdv dq lqqrydwlyh dqg fduhixo lqyhvwljdwlrq lqwr

wkh frqwulexwlrq ri wkh U)G ri rwkhu �upv wkdw duh lq wkh vdph whfkqrorj|

vsdfh dv wkh �up lq txhvwlrq wr lwv sdwhqwlqj/ sur�wv/ dqg pdunhw ydoxh1 Kh

irxqg wkdw wkh udz frqwulexwlrq wr pdunhw ydoxh zdv udwkhu zhdn dqg voljkwo|

qhjdwlyh/ exw wkdw wkh frqwulexwlrq zdv srvlwlyh dqg vljql�fdqw zkhq wkh �up

lq txhvwlrq kdg d jrrg0vl}hg U)G surjudp ri lwv rzq1 Frqqroo|/ Kluvfk/ dqg

Kluvkh| +4<;9, zhuh frqfhuqhg zlwk wkh h�hfwv ri xqlrqv rq wkh lqfhqwlyhv wr

xqghuwdnh U)G dqg rq wkh uhwxuqv rewdlqhg iurp wkdw U)G> wkh| irxqg/ dv

h{shfwhg/ wkdw �upv lq xqlrql}hg lqgxvwulhv zhuh ohvv olnho| wr shuirup U)G

dqg wkdw zkhq wkh| glg/ wkh uhqwv uhfhlyhg zhuh orzhu1

Frfnexuq dqg Julolfkhv +4<;:, dwwhpswhg wr xvh phdvxuhv ri dssursuldelo0

lw| iurp wkh \doh vxuyh| rq lqqrydwlrq wr h{sodlq yduldwlrqv lq wkh vkdgrz

ydoxh ri U)G lq gl�huhqw �upv dqg lqgxvwulhv zlwk yhu| olplwhg vxffhvv/

zkloh Phjqd dqg Norfn irfxvhg rq wkh h�hfwv ri ulydou| lq U)G lq d vshfl�f

lqgxvwu| +vhplfrqgxfwruv,1

Prvw ri wkh hduolhu X1V1 uhvxowv uhsruwhg duh iru wkh odwh vl{wlhv dqg vhy0

hqwlhv1 Odwhu zrun e| p|vhoi dqg rwkhuv +h1j1/ Kluvfkh|/ Ulfkdugvrq/ dqg

Vfkro} 4<<;, uhyhdohg erwk wkdw wklv zdv d shulrg ri uhodwlyho| kljk ydox0

dwlrq ri U)G lq wkh pdunhw dqg wkdw wkh vkdgrz ydoxh ri U)G grhv qrw

glvsod| pxfk vwdelolw| ryhu wlph1 Lq Kdoo +4<<6d/ 4<<6e,/ L irxqg wkdw wkh

uhodwlyh ydoxdwlrq frh!flhqw kdg ghfolqhg udwkhu deuxswo| gxulqj wkh 4<;3v

lq wkh Xqlwhg Vwdwhv/ dqg wkdw wkh ghfolqh frxog eh sduwldoo| h{sodlqhg e| wzr

idfwruv= 4, dq lqfuhdvh lq wkh ydoxh ri ruglqdu| dvvhwv/ suredeo| dvvrfldwhg

zlwk wkh shuydvlyh uhvwuxfwxulqj wkdw wrrn sodfh gxulqj wkh shulrg/ dqg 5,

d ghfolqh lq wkh ydoxh ri U)G dvvhwv wkdw dsshduhg wr eh frqfhqwudwhg lq

wkh hohfwulfdo pdfklqhu|/ frpsxwlqj/ hohfwurqlfv/ dqg vflhqwl�f lqvwuxphqwv
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vhfwru1 Wklv uhvxow zdv frqvlvwhqw zlwk zkdw zh nqrz derxw wkh sdfh ri

whfkqlfdo fkdqjh lq wkrvh lqgxvwulhv/ dqg vxjjhvwhg wkdw wkh sulydwh uhwxuqv

wr U)G grqh lq wkrvh lqgxvwulhv zdv qrw yhu| orqj0olyhg1 Krzhyhu/ wkh vl}h

ri wkh ghfolqh udlvhg txhvwlrqv derxw wkh lqfhqwlyhv iru lqqrydwlrq lq X1V1

pdqxidfwxulqj lq wkh odwh hljkwlhv dqg hduo| qlqhwlhv> fohduo| wkh ehkdylru ri

�upv vxjjhvwhg wkdw pdq| �upv vwloo ylhzhg U)G dv d sur�wdeoh dfwlylw|/ lq

vslwh ri wkh dssduhqw pdunhw vljqdo1

Gdhkzdq Nlp dqg L duh fxuuhqwo| hqjdjhg lq d vwxg| wkdw xsgdwhv wkhvh

uhvxowv wr 4<<8/ dqg h{soruhv wkhlu urexvwqhvv wr fkdqjhv lq ixqfwlrqdo irup/

lpsuryhphqwv lq phdvxuhphqw ri wkh rwkhu dvvhwv yduldeohv/ dqg vr iruwk1

Iljxuh 4 glvsod|v wkh vdpsoh ri �upv wkdw zh duh xvlqj/ zklfk frqvlvwv ri

hvvhqwldoo| wkh hqwluh sxeolfo| wudghg X1V1 Pdqxidfwxulqj vhfwru19 Iljxuh 5

glvsod|v suholplqdu| uhvxowv rewdlqhg xvlqj erwk htxdwlrqv +8, +orj olqhdu,

dqg +4, +olqhdu lq wkh vwrfnv/ lq hlwkhu d qrqolqhdu ru olqhdu lq yduldeohv irup

ri wkh htxdwlrq,1 Zh kdyh frpsxwhg wkh uhodwlyh pdujlqdo surgxfw wkdw

fruuhvsrqgv wr wkh frh!flhqwv iurp htxdwlrq +8, xvlqj htxdwlrq +9,1 Wkh

�jxuh vkrzv wkdw wkh ghfolqh lq wkh ydoxdwlrq ri U)G dvvhwv wkdw L revhuyhg

wkurxjk 4<<4 kdv ehjxq wr uhfryhu lq wkh plg04<<3v/ dowkrxjk qrw wr wkh

ohyho ri wkh errp |hduv ri wkh hduo| 4<;3v1 Qrqqhvwhg k|srwkhvlv whvwlqj

vxjjhvwv wkdw wkh gdwd suhihu hlwkhu wkh orj olqhdu +Free0Grxjodv, prgho ru

wkh qrqolqhdu prgho/ zlwk wkh olqhdu dssur{lpdwlrq wr wkh qrqolqhdu prgho

d srru wklug1 Zh duh fxuuhqwo| h{sorulqj wkh vrxufh ri wkh gl�huhqfhv lq wkh

9Wkh �jxuh vkrzv wkh qxpehu ri �upv zh kdyh dydlodeoh lq hdfk |hdu xvlqj wkuhh

gl�huhqw vhwv ri fulwhuld= wkh wrwdo qxpehu ri �upv iru zklfk zh kdyh vrph gdwd/ wkh

qxpehu ri �upv wkdw uhsruw U)G dqg kdyh jrrg gdwd rq fdslwdo/ hpsor|phqw/ vdohv/ dqg

pdunhw ydoxh/ dqg �qdoo| wkh qxpehu ri �upv wkdw sdvv rxu ydulrxv gdwd txdolw| fulwhuld

lq dgglwlrq1 Wkhvh fulwhuld uhpryh �upv zlwk odujh mxpsv lq wkhlu vhulhv/ �upv wkdw rqo|

kdyh wlq| dprxqwv ri U)G/ dqg d ihz rwkhu rxwolhuv1
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uhvxowv dqg krz wkh| ydu| ryhu lqgxvwuldo vhfwru dqg vshfl�fdwlrq1

Wr p| nqrzohgjh/ wkhuh duh rqo| wzr vwxglhv ri wkh pdunhw ydoxh ri lqqr0

ydwlyh dvvhwv wkdw xvh qrq0X1V1 gdwd/ erwk iru wkh Xqlwhg Nlqjgrp= Eoxqghoo/

Jul!wk/ dqg ydq Uhhqhq +4<<:,/ zkr xvh lqqrydwlrq gdwd udwkhu wkdq U)G/

dqg Vwrqhpdq dqg Wrlydqhq +4<<:, zkr xvh U)G gdwd iru 4<;< wkurxjk

4<<81: L zloo glvfxvv Eoxqghoo hw do lq wkh qh{w vhfwlrq zkhq L uhylhz wkh

uhvxowv xvlqj sdwhqwv udwkhu wkdq U)G1 Ehfdxvh uhtxluhg uhsruwlqj ri U)G

kdv mxvw ehjxq lq wkh Xqlwhg Nlqjgrp/ Vwrqhpdq dqg Wrlydqhq duh fduhixo

wr hvwlpdwh wkh uhodwlrqvkls ehwzhhq pdunhw ydoxh dqg U)G xvlqj vdpsoh

vhohfwlrq phwkrgv wr fruuhfw iru wkh suredelolw| ri uhsruwlqj U)G1 Wkh| duh

dovr xqdeoh wr frqvwuxfw d vwrfn ri U)G fdslwdo rzlqj wr wkh vkruw klvwru|

ri vshqglqj iru prvw �upv/ vr wkh| uhsruw hvwlpdwhv xvlqj d  rz phdvxuh ri

U)G lqvwhdg1 Wkh| �qg wkdw wkh frh!flhqw ri U)G vshqglqj ydulhv ryhu

wlph iru wkhlu �upv/ zlwk d udqjh iurp }hur wr 716> lq prvw |hduv lw lv vlj0

ql�fdqw dqg wkh dyhudjh ydoxh vhhpv wr eh derxw 6/ zklfk lv voljkwo| orzhu

wkdq wkh fruuhvsrqglqj qxpehu iru wkh Xqlwhg Vwdwhv lq wkh hduo| qlqhwlhv

+dssur{lpdwho| 4 wr 5,1 Wkh| dovr �qg wkh yhu| lqwhuhvwlqj uhvxow wkdw zkhq

d �up �uvw dqqrxqfhv lwv U)G +l1h1/ zkhq lw ehjlqv uhsruwlqj wkh �jxuh sxe0

olfo|,/ wkh pxowlsolhu lv vrphzkdw kljkhu/ zlwk d ydoxh forvh wr 81 Wklv vxjjhvw

vrph nlqg ri wlplqj ri wkh dqqrxqfhphqw e| wkh �upv/ shukdsv1

:
Xqolnh wkh Xqlwhg Vwdwhv/ zkhuh �qdqfldo dffrxqwlqj vwdqgdugv kdyh uhtxluhg wkh

uhsruwlqj ri �pdwhuldo� U)G h{shqvh vlqfh 4<:5/ lq wkh Xqlwhg Nlqjgrp wkh uhtxluhphqw

zdv lpsrvhg rqo| lq wkh odwh qlqhwhhq0hljkwlhv/ vr wkdw sxeolf gdwd rq U)G vshqglqj lv

vsduvh ehiruh wkdw wlph1 Dqg lq pdq| frqwlqhqwdo frxqwulhv/ U)G uhsruwlqj lv qrw sduw ri

wkh vwdqgdug dffrxqwlqj uhtxluhphqwv hyhq wrgd|1
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7 Pdunhw Ydoxh dqg Sdwhqwv

Uhvhdufk wkdw xvhv sdwhqwv lq wkh pdunhw ydoxh htxdwlrq udwkhu wkdq U)G

lv vrphzkdw pruh olplwhg/ sulpdulo| ehfdxvh ri wkh gl!fxow| ri frqvwuxfwlqj

�up gdwdvhwv wkdw frqwdlq sdwhqw gdwd1 Prvw ri wkh zrun vkrzq lq Wdeoh

4 dqg ghvfulehg khuh kdv ehhq grqh e| Julolfkhv dqg klv frzrunhuv xvlqj d

gdwdedvh frqvwuxfwhg dw wkh QEHU zklfk frqwdlqhg gdwd rq sdwhqwv rqo|

wkurxjk 4<;41 Wklv gdwdvhw glg qrw lqfoxgh lqirupdwlrq rq wkh flwdwlrqv

uhodwhg wr wkh sdwhqwv1 Wkh rwkhu sdshuv lq wkh wdeoh xvh d furvv vhfwlrq

frqvwuxfwhg e| Frqqroo| hw do iru 4<<: ri Iruwxqh 833 frpsdqlhv/ dqg gdwdvhwv

lqyroylqj XN gdwd/ rqh wkdw lqfoxghv lqqrydwlrq frxqwv iurp d VSUX vwxg|

udwkhu wkdq sdwhqwv1

Zkhq sdwhqwv duh lqfoxghg lq d pdunhw ydoxh htxdwlrq/ wkh| w|slfdoo| gr

qrw kdyh dv pxfk h{sodqdwru| srzhu dv U)G phdvxuhv/ exw wkh| gr dsshdu

wr dgg lqirupdwlrq deryh dqg eh|rqg wkdw rewdlqhg iurp U)G/ dv rqh zrxog

h{shfw li wkh| phdvxuh wkh �vxffhvv� ri dq U)G surjudp1 Julolfkhv/ Kdoo/

dqg Sdnhv +4<;:, vkrz wkdw rqh uhdvrq sdwhqwv pd| qrw h{klelw yhu| pxfk

fruuhodwlrq zlwk groodu0ghqrplqdwhg phdvxuhv olnh U)G ru pdunhw ydoxh lv

wkdw wkh| duh dq h{wuhpho| qrlv| phdvxuh ri wkh xqghuo|lqj hfrqrplf ydoxh

ri wkh lqqrydwlrqv zlwk zklfk wkh| duh dvvrfldwhg1 Wklv lv ehfdxvh wkh glv0

wulexwlrq ri wkh ydoxh ri sdwhqwhg lqqrydwlrqv lv nqrzq wr eh h{wuhpho| vnhz

+vhh Vfkhuhu 4<<: iru d uhfhqw vwxg| ri wklv nlqg/ rwkhu uhiv/ hwf1,/ lpso|lqj

wkdw d ihz sdwhqwv duh yhu| ydoxdeoh/ dqg pdq| duh zruwk doprvw qrwklqj1

Wkhuhiruh wkh qxpehu ri sdwhqwv khog e| d �up lv d srru sur{| iru wkh vxp

ri wkh ydoxh ri wkrvh sdwhqwv dqg zh vkrxog qrw h{shfw wkh fruuhodwlrq wr

eh kljk1 Vrph vpdoo vwxglhv h{lvw wkdw vxjjhvw wkdw wkh qxpehu ri flwdwlrqv
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uhfhlyhg e| d sdwhqw pd| eh fruuhodwhg zlwk lwv hfrqrplf ydoxh +Wudmwhqehuj

4<<3/ Vkdqh dqg Norfn 4<<B/ Kdukr�/ Qdulq/ Vfkhuhu/ dqg Yrsho 4<<:,/ vr

wkdw zhljkwlqj sdwhqwv e| wkh qxpehu ri flwdwlrqv wkh| uhfhlyh pd| lpsuryh

wkh phdvxuh1

Wkhuh lv dovr jrrg uhdvrq wr wklqn wkdw wkh phdqlqj ri d sdwhqw wr d

X1V1 frusrudwlrq pd| kdyh fkdqjhg vrphzkdw vlqfh 4<;4 +vhh wkh uhvxowv ri

wkh Fduqhjlh0Phoorq +4<<6,/ ru \doh LL vxuyh|/ zklfk gl�huhg lq vrph vhfwruv

iurp wkrvh ri wkh \doh L vxuyh| ri wkh hduo| 4<;3v,1 Iru erwk wkhvh uhdvrqv/

Dgdp Md�h/ Pdqxho Wudmwhqehuj/ dqg L kdyh hpedunhg rq d surmhfw wr fuhdwh

d qhz gdwdvhw ri X1V1 �upv wkdw frqwdlqv gdwd rq doo wkh sdwhqwv khog e| wkh

�upv/ lqfoxglqj lqirupdwlrq rq wkh flwdwlrqv uhfhlyhg1 L uhsruw suholplqdu|

uhvxowv iurp wkdw vwxg| khuh1

Iljxuh 7 vkrzv wkh iudfwlrq ri �upv lq rxu vdpsoh lq d jlyhq |hdu zkr

uhsruwhg U)G h{shqglwxuhv wr wkh VHF/ wkh iudfwlrq zkr dssolhg iru d sdwhqw

wkdw zdv xowlpdwho| judqwhg/ dqg wkh iudfwlrq zkr kdyh d qrq}hur vwrfn ri

sdwhqwv wkdw |hdu1; Wkh idoo lq wkh odwhu |hduv lq wkh qxpehu ri �upv zlwk

sdwhqw dssolfdwlrqv lv gxh wr wkh idfw wkdw sdwhqwv pd| kdyh ehhq dssolhg iru

exw qrw |hw judqwhg1 Iljxuh 8 vkrzv wkh udwlr ri flwdwlrqv pdgh wr sdwhqwv

khog e| �upv lq rxu vdpsoh wr wkh qxpehu ri sdwhqw judqwv/ doo gdwhg e| wkh

dssolfdwlrq |hdu ri wkh sdwhqwv/ dqg wkh phgldq flwdwlrq frxqw shu sdwhqw dw

wkh �up ohyho1 Erwk wkhvh qxpehuv dovr idoo r� ehjlqqlqj lq derxw 4<;8 ru

hduolhu/ ehfdxvh ri wkh idfw wkdw lq pdq| fdvhv flwdwlrqv duh pdgh pruh wkdq

43 |hduv diwhu wkh ruljlqdo sdwhqw lv lvvxhg1 Wkhvh idfwv qhhg wr eh nhsw lq

;Wkh vwrfn ri sdwhqwv lv gh�qhg xvlqj d ghfolqlqj edodqfh irupxod dqg d ghsuhfldwlrq

udwh ri 48 shufhqw/ e| dqdorj| wr wkh vwrfn ri U)G vshqglqj=

SVw @ 3=;8SVw�4 . Sw +;,
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plqg zkhq orrnlqj dw wkh hvwlpdwhv ehorz1

Iljxuh 9 vkrzv wkh U0vtxduhv iurp 6 vlpsoh Wrelq*v t uhjuhvvlrqv wkdw

xvh gl�huhqw phdvxuhv iru wkh vwrfn ri lqqrydwlrqv= wkh U)G vwrfn/ wkh vwrfn

ri sdwhqwv +phdvxuhg dw dssolfdwlrq gdwh,/ dqg wkh vwrfn ri sdwhqwv zhljkwhg

e| flwdwlrqv hyhu pdgh1 Zkloh qhlwkhu sdwhqwv qru flwdwlrq0zhljkwhg sdwhqwv

gr dv zhoo dv U)G lq h{sodlqlqj Wrelq*v t/ fohduo| flwdwlrq0zhljkwhg sdwhqwv

gr ehwwhu/ hvshfldoo| lq wkh hduolhu |hduv zkhuh wkh phdvxuh lv ehwwhu1

Iljxuh : vkrzv wkh frh!flhqwv iurp wklv uhjuhvvlrq> lq wkh fdvh ri sdwhqwv

dqg flwdwlrq0zhljkwhg sdwhqwv/ wkh frh!flhqwv kdyh ehhq vfdohg vr wkdw wkh|

duh lq U)G xqlwv dqg fdq eh frpsduhg zlwk wkh U)G frh!flhqw1< Wkh

sdwhqw phdvxuhv h{klelw wkh vdph ghfolqh lq wkh 4<;3v dv wkh U)G frh!0

flhqwv/ exw fohduo| wkh hvwlpdwhg vkdgrz sulfhv duh pxfk orzhu/ zklfk lv wr

eh h{shfwhg jlyhq wkh zd| zh qrupdol}hg wkhp1 Wkh pdlq phvvdjh ri wkh

�jxuh lv wkdw wkh flwdwlrq phdvxuhv dsshdu wr zrun voljkwo| ehwwhu lq wkh

shulrg zkhuh zh wklqn wkh| duh pruh ru ohvv frpsohwh +ehiruh 4<;8,1

Iljxuh ; vkrzv wkh frh!flhqwv wkdw uhvxow zkhq erwk sdwhqw vwrfnv dqg

flwdwlrq0zhljkwhg sdwhqw vwrfnv duh lqfoxghg lq wkh vdph Wrelq*v t htxdwlrq

+djdlq phdvxuhg lq U)G xqlwv,1 Wkh uhvxow lv wkdw wkh flwdwlrq0zhljkwhg

sdwhqw vwrfn lv fohduo| suhihuuhg lq wkh suh04<;8 shulrg ryhu wkh xqzhljkwhg

vwrfn ri sdwhqwv/ zklfk kdv d frh!flhqw wkdw lv }hur ru qhjdwlyh1 Wkxv Kdoo/

Md�h/ dqg Wudmwhqehuj frqfoxgh wkdw flwdwlrq0zhljkwhg phdvxuhv ri sdwhqwv

<Wkh vfdolqj lv grqh lq wkh iroorzlqj pdqqhu= iru hdfk |hdu/ zh hvwlpdwh d vkdgrz sulfh
� ri d sdwhqw/ lq xqlwv ri ploolrqv ri grooduv shu sdwhqw xvlqj htxdwlrq +6, zlwk wkh sdwhqw
vwrfn lq sodfh ri N= Zh frqyhuw wklv txdqwlw| wr U)G xqlwv e| glylglqj lw e| wkh dyhudjh
dprxqw ri U)G qhfhvvdu| wr surgxfh rqh sdwhqw lq wkh vdpsoh dv d zkroh +wkh udwlr ri
U)G vshqglqj wr sdwhqwv iru wkdw |hdu,1 Zh gr wkh vdph frpsxwdwlrq iru flwdwlrqv/ xvlqj
wkh dyhudjh dprxqw ri U)G qhfhvvdu| lq wkdw |hdu wr surgxfh rqh flwdwlrq lq wkh ixwxuh1
Wklv lv rqo| dq dssur{lpdwlrq/ dqg d yhu| srru rqh/ vlqfh wkh phdqlqj ri flwdwlrqv dqg
sdwhqwv ydulhv hqruprxvo| dfurvv �upv1 Exw lw grhv hqdeoh xv wr frpsduh wkh hvwlpdwhv
rq wkh vdph fkduw1
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kdyh wkh srwhqwldo wr eh d pruh suhflvh �hfrqrplf� phdvxuh ri lqqrydwlrq

wkdq sdwhqwv e| wkhpvhoyhv1

8 Frqfoxvlrq

Wklv sdshu kdv vxuyh|hg wkh vrphzkdw olplwhg olwhudwxuh rq wkh pdunhw ydox0

dwlrq ri wkh lqwdqjleoh dvvhwv dvvrfldwhg zlwk lqgxvwuldo lqqrydwlrq1 Wkh nh|

�qglqjv iurp wkh uhfhqw zrun wkh iroorzlqj=

41 U)G dvvhwv duh ydoxhg e| �qdqfldo pdunhwv1 D uhdvrqdeoh iudfwlrq ri

wkh yduldqfh lq pdunhw ydoxh wkdw uhpdlqv diwhu frqwuroolqj iru ruglqdu|

dvvhwv lv h{sodlqhg e| hlwkhu U)G vshqglqj ru wkh vwrfn ri U)G +zlwk

wkh  rz frh!flhqw dyhudjlqj derxw 708 wlphv wkh vwrfn frh!flhqw,1

Krzhyhu/ wkhuh lv vwloo d idlu dprxqw ri xqh{sodlqhg yduldqfh1 Wklv

edvlf idfw lv wuxh lq wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1

51 Wkh U)G frh!flhqw lv qrw vwdeoh ryhu wlph lq hlwkhu wkh Xqlwhg Vwdwhv

ru wkh Xqlwhg Nlqjgrp1 Lq wkh X1V1/ wklv frh!flhqw uhdfkhg d uhfhqw

shdn lq wkh hduo| 4<;3v dqg kdv ghfolqhg vlqfh1 Wklv uhvxow vhhpv wr

ydu| dfurvv lqgxvwu|/ exw lqgxvwu|0ohyho �qglqjv duh vrphzkdw xqvwdeoh

dqg lqfrqfoxvlyh1

61 Sdwhqwv duh lqirupdwlyh deryh dqg eh|rqg U)G/ dowkrxjk wkh fruuh0

odwlrq lv pxfk zhdnhu1 Wkh dyhudjh U0vtxduhg iru wkh Wrelq*v t0U)G

uhodwlrqvkls lv dssur{lpdwho| 3148/ zkloh wkdw iru wkh sdwhqwv0U)G uh0

odwlrqvkls lv derxw 313;1

71 Flwdwlrq0zhljkwhg sdwhqwv duh voljkwo| pruh lqirupdwlyh wkdq sdwhqwv1

Wkh dyhudjh U0vtxduhg iru flwdwlrq0zhljkwhg sdwhqwv dorqh lv derxw
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31431 Zkhq erwk yduldeohv duh lqfoxghg lq d uhjuhvvlrq/ wkh flwdwlrq0

zhljkwhg rqh fohduo| zlqv1

81 Krzhyhu/ wkh sdwwhuq ri wkh sdwhqwv dqg flwdwlrq0zhljkwhg sdwhqwv frhi0

�flhqwv lq wkh pdunhw ydoxh uhjuhvvlrq ryhu wlph dsshduv wr eh lghqwlfdo=

wkh| duh phdvxulqj wkh vdph wklqj/ exw flwdwlrq zhljkwv lpsuryh suh0

flvlrq1

Pdq| duhdv uhpdlq iru ixwxuh zrun lq wklv duhd1 Lq sduwlfxodu/ wkh vshfl�0

fdwlrq dqg hvwlpdwlrq ri wkh ydoxdwlrq htxdwlrq lq d vhwwlqj zkhuh wkh dvvhwv

kdyh d yhu| zlgh dqg vnhz glvwulexwlrq lv vrphzkdw xqvdwlvidfwru| dw wkh

prphqw dqg frxog eh lpsuryhg/ erwk wr uhgxfh vhqvlwlyl| wr rxwolhuv dqg wr

lqfuhdvh wkh vwdelolw| ri wkh frh!flhqwv ryhu wlph/ ru wr prgho wkh fkdqjhv lq

wkh frh!flhqwv1 Wkh sdwhqwv gdwd L kdyh xvhg khuh lv vrphzkdw suholplqdu|

dqg zrun fdq eh grqh wr lpsuryh lwv dffxudf| dqg fryhudjh1 Wkh zhljkwhg

dqg xqzhljkwhg vwrfnv ri sdwhqwv rxjkw wr eh dgmxvwhg iru fkdqjhv lq sdwhqw0

lqj dqg flwdwlrq surshqvlw| ryhu wlph/ dqg wkh uroh ri vhoi0flwdwlrqv h{soruhg1

Ilqdoo|/ wkh yhu| lqwhuhvwlqj txhvwlrq ri wkh wlplqj ri wkh flwdwlrq h�hfwv rq

ydoxdwlrq vkrxog wr eh h{soruhg1 Exw wkh suholplqdu| uhvxowv xvlqj wklv qhz

gdwdvhw vkrz surplvh1
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9 Eleolrjudsk|

Dggdqnl/ Vxpdqwk1 4<;91 Phujhuv dqg Lqqrydwlrq1 Sk1G1 Glvvhuwdwlrq/

Kduydug Xqlyhuvlw|/ Fdpeulgjh1

Doehuw/ P1 E1/ G1 Dyhu|/ I1 Qdulq/ dqg S1 PfDoolvwhu1 4<<41 �Gluhfw Ydo0

lgdwlrq ri Flwdwlrq Frxqwv dv Lqglfdwruv ri Lqgxvwuldoo| Lpsruwdqw Sdwhqwv/�

Uhvhdufk Srolf| 53= 584058<1

Dxvwlq/ Gdylg1 4<<61 �Dq Hyhqw Vwxg| Dssurdfk wr Phdvxulqj Lqqryd0

wlyh Rxwsxw= Wkh Fdvh ri Elrwhfkqrorj|/� Dphulfdq Hfrqrplf Uhylhz ;6

+Pd|,= 586058;1

Ehq0]lrq/ Xul1 4<;71 �Wkh U)G dqg Lqyhvwphqw Ghflvlrq dqg Lwv Uhod0

wlrqvkls wr wkh Ilup*vPdunhw Ydoxh= Vrph Suholplqdu| Uhvxowv/� lq Julolfkhv/

]yl +hg1,/ U)G/ Sdwhqwv/ dqg Surgxfwlylw|/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr

Suhvv/ 5<<06451

Eoxqghoo/ Ulfkdug/ Udfkho Jul�wk/ dqg Mrkq ydq Uhhqhq1 4<<81 �Pdunhw

Vkduh/ Pdunhw Ydoxh/ dqg Lqqrydwlrq lq d Sdqho ri Eulwlvk Pdqxidfwxulqj

Ilupv1� Orqgrq= Xqlyhuvlw| Froohjh Orqgrq Glvfxvvlrq Sdshu <824< +Rfwr0

ehu,1

Fkdq/ V1 K1/ M1 G1 Pduwlq/ dqg M1 Z1 Nhqvlqjhu1 4<<31 �Frusrudwh

Uhvhdufk dqg Ghyhorsphqw H{shqglwxuhv dqg Vkduh Ydoxh/� Mrxuqdo ri Il0

qdqfldo Hfrqrplfv �= 1

Fkdqh|/ Sdxo N1/ Wlprwk| P1 Ghylqqh|/ dqg Uxvvhoo V1 Zlqhu1 4<<41

�Wkh Lpsdfw ri Qhz Surgxfw Lqwurgxfwlrqv rq wkh Pdunhw Ydoxh ri Ilupv/�

Mrxuqdo ri Exvlqhvv 97+7,= 8:609431

Frfnexuq/ Ldlq/ dqg ]yl Julolfkhv1 4<;:1 �Lqgxvwu| H�hfwv dqg Dssur0

suldelolw| Phdvxuhv lq wkh Vwrfn Pdunhw*v Ydoxdwlrq ri U)G dqg Sdwhqwv/�
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Dphulfdq Hfrqrplf Uhylhz :; +Pd|,=74<0561

Frqqroo|/ Urehuw D1/ dqg Pdun Kluvfkh|1 4<;;1 �Pdunhw Ydoxh dqg

Sdwhqwv= D Ed|hvldq Dssurdfk/� Hfrqrplfv Ohwwhuv 5:+4,= ;60;:1

Fkdxylq/ Nhlwk Z1/ dqg Pdun Kluvfkh|1 4<<61 �Dgyhuwlvlqj/ U)G H{0

shqglwxuhv dqg wkh Ydoxh ri wkh Ilup/� Ilqdqfldo Pdqdjhphqw/ Zlqwhu 4<<6/

ss145;04731

Frqqroo|/ Urehuw D1/ dqg Pdun Kluvfkh|1 4<;;1 �Pdunhw Ydoxh dqg

Sdwhqwv= D Ed|hvldq Dssurdfk/� Hfrqrplfv Ohwwhuv 5:+4,= ;60;:1

Frqqroo|/ Urehuw D1/ dqg Pdun Kluvfkh|1 4<<31 �Ilup Vl}h dqg U)G

H�hfwlyhqhvv/� Hfrqrplfv Ohwwhuv 65= 5::05;41

Frqqroo|/ Urehuw D1/ Eduu| W1 Kluvfk/ dqg Pdun Kluvfkh|1 4<;91 �Xqlrq

Uhqw Vhhnlqj/ Lqwdqjleoh Fdslwdo/ dpg Pdunhw Ydoxh ri wkh Ilup/� Uhylhz

ri Hfrqrplfv dqg Vwdwlvwlfv 9;+7,= 89:0::1

Ilvkhu/ Iudqnolq P1/ dqg Mrkq M1 PfJrzdq1 4<;61 �Rq wkh Plvxvh ri

Dffrxqwlqj Udwhv ri Uhwxuq wr Lqihu Prqrsro| Sur�wv/� Dphulfdq Hfrqrplf

Uhylhz :6 +5,= ;50<:1

Jdpedughood/ Doirqvr1 4<;<1 �Lqqrydwlrq dqg Sur�wdelolw| lq wkh X1V1

Skdupdfhxwlfdo Lqgxvwu|/� Vwdqirug/ Fdoliruqld= Vwdqirug FHSU Glvfxvvlrq

Sdshu Qr1 4;3 +Qryhpehu,1

Julolfkhv/ ]yl1 4<941 �Khgrqlf Sulfhv iru Dxwrprelohv= Dq Hfrqrphwulf

Dqdo|vlv ri Txdolw| Fkdqjh/� uhsulqwhg lq Juloflkhv/ ]yl +hg1,/ Sulfh Lqgh{hv

dqg Txdolw| Fkdqjh= Vwxglhv lq Qhz Phwkrgv ri Phdvxuhphqw1 Fdpeulgjh/

Pdvv1= Kduydug Xqlyhuvlw| Suhvv/ 880;:1

Julolfkhv/ ]yl1 4<;41 �Pdunhw Ydoxh/ U)G/ dqg Sdwhqwv/� Hfrqrplf

Ohwwhuv := 4;604;:1

Julolfkhv/ ]yl/ Eurqz|q K Kdoo/ dqg Dulho Sdnhv1 4<<41 �U)G/ Sdwhqwv/
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dqg Pdunhw Ydoxh Uhylvlwlhg= Lv Wkhuh d Vhfrqg +Whfkqrorjlfdo Rssruwxqlw|,

IdfwruB� Hfrqrplfv ri Lqqrydwlrq dqg Qhz Whfkqrorj| 4= 4;605351

Julolfkhv/ ]yl/ Dulho Sdnhv/ dqg Eurqz|q K1 Kdoo1 4<;:1 �Wkh Ydoxh ri

Sdwhqwv dv Lqglfdwruv ri Lqyhqwlyh Dfwlylw|/� lq Gdvjxswd/ Sduwkd/ dqg Sdxo

Vwrqhpdq +hgv1,/ Hfrqrplf Srolf| dqg Whfkqrorjlfdo Shuirupdqfh1 Fdp0

eulgjh/ Hqjodqg= Fdpeulgjh Xqlyhuvlw| Suhvv/ <:04571

Kdoo/ Eurqz|q K1 4<<31 �Wkh Pdqxidfwxulqj Vhfwru Pdvwhu Iloh= 4<8<0

4<;:/� Fdpeulgjh/ Pdvv1= QEHU Zrunlqj Sdshu Qr1 6699 +Pd|,1

Kdoo/ Eurqz|q K1 4<<6d1 �Wkh Vwrfn Pdunhw Ydoxdwlrq ri U)G Lqyhvw0

phqw gxulqj wkh 4<;3v/� Dphulfdq Hfrqrplf Uhylhz ;6= 58<05971

Kdoo/ Eurqz|q K1 4<<6e1 �Lqgxvwuldo Uhvhdufk gxulqj wkh 4<;3v= Glg wkh

Udwh ri Uhwxuq IdooB� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| Plfur +5,=

5;<06771

Kdoo/ Eurqz|q K1/ dqg Urehuw H1 Kdoo1 4<<61 �Wkh Ydoxh dqg Shuiru0

pdqfh ri XV Frusrudwlrqv/� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw| 4<<6+5,=

40831

Kdoo/ Eurqz|q K1/ Dgdp Md�h/ dqg Pdqxho Wudmwhqehuj1 4<<;1 �Wkh

Hfrqrplf Vljql�fdqfh ri Sdwhqw Flwdwlrqv/� XF Ehunhoh|/ Qx!hog Froohjh/

Eudqghlv Xqlyhuvlw|/ Xqlyhuvlw| ri Who Dyly/ dqg QEHU= zrun lq surjuhvv1

Kdoo/ Eurqz|q K1/ dqg Gdhkzdq Nlp1 4<<:1 �Ydoxlqj Lqwdqjleoh Dvvhwv=

Wkh Vwrfn Pdunhw Ydoxh ri U)G Uhylvlwhg1� XF Ehunhoh|/ Qx!hog Froohjh/

Kduydug Xqlyhuvlw|/ dqg QEHU= zrun lq surjuhvv1

Kdoo/ Eurqz|q K1/ dqg Ixplr Kd|dvkl1 4<;<1 �Uhvhdufk dqg Ghyhors0

phqw dv dq Lqyhvwphqw1� Fdpeulgjh/ Pdvv1= QEHU Zrunlqj Sdshu Qr1

5<:61

Kdoo/ Eurqz|q K1/ dqg Ndwulq Yrsho1 4<<91 �Lqqrydwlrq/ Pdunhw Vkduh/
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dqg Pdunhw Ydoxh/� XF Ehunhoh|/ QEHU/ dqg wkh Xqlyhuvlw| ri Pdqqkhlp=

skrwrfrslhg1

Kdukr�/ Glhwpdu/ Iudqflv Qdulq/ Iuhghulf P1 Vfkhuhu/ dqg Ndwulq Yrsho1

4<<:1 �Flwdwlrq Iuhtxhqf| dqg wkh Ydoxh ri Sdwhqwhg Hqqrydwlrq1� Pdqqkhlp=

]HZ Glvfxvvlrq Sdshu Qr1 <:05:1

Kd|dvkl/ Ixplr/ dqg Wrqux Lqrxh1 4<<41 �Wkh Uhodwlrq ehwzhhq Ilup

Jurzwk dqg t zlwk Pxowlsoh Fdslwdo Jrrgv= Wkhru| dqg Hylghqfh iurp

Sdqho Gdwd rq Mdsdqhvh Ilupv/� Hfrqrphwulfd 8< +6,= :640:861

Kluvfkh|/ Pdun1 4<;81 �Pdunhw Vwuxfwxuh dqg Pdunhw Ydoxh/� Mrxuqdo ri

Exvlqhvv 8; +4,= ;<0<;1

Kluvfkh|/ Pdun/ Yhuqrq M1 Ulfkdugvrq/ dqg Vxvdq Vfkro}1 4<<;1 �Ydoxh

Uhohydqfh ri Qrq�qdqfldo Lqirupdwlrq= Wkh Fdvh ri Sdwhqw Gdwd/� Xqlyhuvlw|

ri Ndqvdv Vfkrro ri Exvlqhvv1 Skrwrfrslhg1

Kluvfkh|/ Pdun/ dqg Mhuu| M1 Zh|jdqgw1 4<;81 �Dpruwl}dwlrq Srolf|

iru Dgyhuwlvlqj dqg Uhvhdufk dqg Ghyhorsphqw H{shqglwxuhv/� Mrxuqdo ri

Dffrxqwlqj Uhvhdufk 56= 65906681

Md�h/ Dgdp1 4<;91 �Whfkqrorjlfdo Rssruwxqlw| dqg Vslooryhuv ri U)G=

Hylghqfh iurp Ilupv* Sdwhqwv/ Sur�wv/ dqg Pdunhw Ydoxh/� Dphulfdq Hfr0

qrplf Uhylhz :9= <;7043341

Mhqvhq/ Plfkdho F1 4<<61 �Wkh Prghuq Lqgxvwuldo Uhyroxwlrq/ H{lw/ dqg

wkh Idloxuh ri Lqwhuqdo Frqwuro V|vwhpv/� Mrxuqdo ri Ilqdqfh 7;= ;640;831

Mrkqvrq/ Ohzlv G1/ dqg Erkxplu Sd}ghund1 4<<61 �Ilup Ydoxh dqg

Lqyhvwphqw lq U)G/� Pdqdjhuldo dqg Ghflvlrq Hfrqrplfv 47+4,= 480571

Ohy/ Eduxfk O1/ dqg Wkhrgruh Vrxjldqqlv1 4<<91 �Wkh Fdslwdol}dwlrq/

Dpruwl}dwlrq/ dqg Ydoxh0Uhohydqfh ri U)G/� Mrxuqdo ri Dffrxqwlqj dqg

Hfrqrplfv 54= 43:046;1
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Pdluhvvh/ Mdftxhv/ dqg Slhuuh Prkqhq1 4<<81 �U)G dqg Surgxfwlylw|

Jurzwk= Zkdw Kdyh Zh Ohduqhg iurp Hfrqrphwulf Vwxglhv/� sdshu suh0

vhqwhg dw wkh HXQHWLFV Frqihuhqfh rq Hyroxwlrqdu| Hfrqrplfv ri Whfk0

qrorjlfdo Fkdqjh= Dvvhvvphqw ri Uhvxowv dqg Qhz Iurqwlhuv/ Vwudverxuj/

Iudqfh/ Rfwrehu 90;/ 4<<7 +uhylvhg,1

Phjqd/ Sdphod/ dqg Pdun Norfn1 4<<61 �Wkh Lpsdfw ri Lqwdqjleoh Fdsl0

wdo rq Wrelq*v T lq wkh Vhplfrqgxfwru Lqgxvwu|/� Dphulfdq Hfrqrplf Uhylhz

;6= 598059<1

Pruwhqvrq/ M1/ F1 J1 Hxvwdfh/ dqg N1 Odqqrr1 4<<:1 �Ydoxlqj Lqwhoohfwxdo

Fdslwdo/� Euxvvhov= Fhqwuh iru Hxurshdq Srolf| Vwxglhv Lvvxhv Sdshu1

Sdnhv/ Dulho1 4<;81 �Rq Sdwhqwv/ U)G/ dqg wkh Vwrfn Pdunhw Udwh ri

Uhwxuq/� Mrxuqdo ri Srolwlfdo Hfrqrp| <6= 6<3073<1

Slwnhwko|/ Urehuw1 4<<:1 �Wkh Ydoxdwlrq ri Lqwhoohfwxdo Surshuw|= D Uh0

ylhz dqg Frqvlghudwlrq ri Sdwhqwv dqg wkh Srwhqwldo iru Ixuwkhu Uhvhdufk/�

Fdpeulgjh/ Hqjodqg= Mxgjh Lqvwlwxwh ri Pdqdjhphqw Vwxglhv1 Skrwrfrslhg1

Vkdqh/ Klodu|1 4<<61 �Sdwhqw Flwdwlrqv dv dq Lqglfdwru ri wkh Ydoxh

ri Lqwdqjleoh Dvvhwv lq wkh Vhplfrqgxfwru Lqgxvwu|/� Wkh Zkduwrq Vfkrro=

Skrwrfrslhg +Qryhpehu,1

Vwrqhpdq/ Sdxo/ dqg Rwwr Wroydqhq1 4<<:1 �Lqqrydwlrq dqg Pdunhw

Ydoxh lq wkh XN= Vrph Suholplqdu| Uhvxowv/� Zduzlfn Exvlqhvv Vfkrro= skr0

wrfrslhg1

Vxqgdudp/ Dqdqw N1/ Whuhvd D1 Mrkq/ dqg Nrvh Mrkq1 4<<91 �Dq Hpslu0

lfdo Dqdo|vlv ri Vwudwhjlf Frpshwlwlrq dqg Ilup Ydoxhv= Wkh Fdvh ri U)G

Frpshwlwlrq/� Mrxuqdo ri Ilqdqfldo Hfrqrplfv 73+6,= 78<0;91

Wkrpsvrq/ Shwhu1 4<<61 �Whfkqrorjlfdo Rssruwxqlw| dqg Wkh Jurzwk

ri Nqrzohgjh= D Vfkxpshwhuldq Dssurdfk wr Phdvxuhphqw1� Xqlyhuvlw| ri
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Iorulgd= skrwrfrslhg1

Wudmwhqehuj/ Pdqxho1 4<;<1 �Wkh Zhoiduh Dqdo|vlv ri Surgxfw Lqqryd0

wlrqv/ zlwk dq Dssolfdwlrq wr Frpsxwhg Wrprjudsk| Vfdqqhuv/� Mrxuqdo ri

Srolwlfdo Hfrqrp| <: +5,= 77807:<1

Wudmwhqehuj/ Pdqxho1 4<<31 �D Shqq| iru \rxu Txrwhv= Sdwhqw Flwdwlrqv

dqg wkh Ydoxh ri Lqqrydwlrqv/� Udqg Mrxuqdo ri Hfrqrplfv 54 +4,= 4:504;:1

Zdxjk/ Iuhghulfn Y1 4<5;1 �Txdolw| Idfwruv Lq xhqflqj Yhjhwdeoh Sulfhv/�

Mrxuqdo ri Idup Hfrqrplfv 43+5,= 4;804<91

Zklwh/ Iuhg1 F1 4<<81 �Ydoxdwlrq ri Lqwdqjleoh Fdslwdo lq Djulfxowxuh/�

Mrxuqdo ri Djulfxowxudo dqg Dssolhg Hfrqrplfv 5:+5,= 76:0781

Zlogdvlq/ Gdylg1 4<;71 �Wkh t Wkhru| ri Lqyhvwphqw zlwk Pdq| Fdslwdo

Jrrgv/� Dphulfdq Hfrqrplf Uhylhz :7 +4,= 53605431

: Dsshqgl{

Wkh gdwd L xvh lv gudzq iurp wkh Frpsxvwdw �ohv dqg iurp �ohv surgxfhg

e| wkh Xqlwhg Vwdwhv Sdwhqw R!fh1 L kdyh lqfoxghg doo wkh �upv lq wkh

pdqxidfxulqj vhfwru +VLF 533306<<<, ehwzhhq 4<:9 dqg 4<<8 lq d odujh xq0

edodqfhg sdqho +dssur{lpdwho| 8333 �upv,1 Wkh �upv duh doo sxeolfo| wudghg

rq wkh Qhz \run/ Dphulfdq/ dqg uhjlrqdo vwrfn h{fkdqjhv/ ru wudghg Ryhu0

wkh0Frxqwhu rq QDVGDT1 Iru ghwdlov rq gdwd frqvwuxfwlrq/ vhh wkh grfx0

phqwdwlrq lq Kdoo +4<<3,/ dowkrxjk L kdyh gudzq d qhz vdpsoh iurp d odujhu

gdwdvhw wkdq wkh �oh ghvfulehg wkhuh1

Wkh fklhi yduldeohv iurp Frpsxvwdw wkdw L xvh duh wkh pdunhw ydoxh ri

wkh �up dw wkh forvh ri wkh |hdu/ wkh errn ydoxh ri wkh sk|vlfdo dvvhwv/ dqg

wkh errn ydoxh ri wkh U)G lqyhvwphqw1 Wkh pdunhw ydoxh lv gh�qhg dv wkh

vxp ri wkh ydoxh ri wkh frpprq vwrfn/ wkh ydoxh ri wkh suhihuuhg vwrfn +wkh
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suhihuuhg glylghqgv fdslwdol}hg dw wkh suhihuuhg glylghqg udwh iru phglxp ulvn

frpsdqlhv jlyhq e| Prrg|*v,/ wkh ydoxh ri wkh orqj0whup ghew dgmxvwhg iru

lq dwlrq/ dqg wkh ydoxh ri vkruw0whup ghew qhw ri dvvhwv1 Wkh errn ydoxh lv

wkh vxp ri wkh qhw sodqw dqg htxlsphqw +dgmxvwhg iru lq dwlrq,/ wkh lqyhqwru|

+dgmxvwhg iru lq dwlrq,/ dqg wkh lqyhvwphqwv lq xqfrqvrolgdwhg vxevlgldulhv/

lqwdqjleohv/ dqg rwkhuv +doo dgmxvwhg iru lq dwlrq,1 Qrwh wkdw wkhvh lqwdqjleohv

duh qrupdoo| wkh jrrg zloo dqg h{fhvv ri pdunhw ryhu errn iurp dftxlvlwlrqv/

dqg duh qrw lqfoxghg lq wkh U)G lqyhvwphqw1 Wkh U)G fdslwdo vwrfn lv

frqvwuxfwhg xvlqj d ghfolqlqj edodqfh irupxod dqg wkh sdvw klvwru| ri U)G

vshqglqj zlwk d 48 shufhqw ghsuhfldwlrq udwh1

Wkh sdwhqwv gdwd kdyh ehhq fohdqhg dqg djjuhjdwhg wr wkh sdwhqw dvvljqhh

ohyho dw wkh Uhjlrqdo Hfrqrplfv Lqvwlwxwh/ Fdvh Zhvwhuq Uhvhuyh Xqlyhuvlw|1

L kdyh pdwfkhg wkh sdwhqw dvvljqhh qdphv zlwk wkh qdphv ri wkh Frpsxvwdw

�upv dqg wkhlu vxevlgldulhv lq rughu wr dvvljq sdwhqwv wr hdfk �up1 Wklv

surmhfw lv vwloo xqghuzd| dqg wkh fxuuhqw vxffhvv udwh ri qdph0pdwfklqj lv

derxw wzr0wklugv/ dowkrxjk pdq| ri wkh uhpdlqghu �upv vlpso| gr qr sdwhqw0

lqj1 Prvw ri wkh vxevlgldulhv duh qrw |hw lqfoxghg1 Wkxv wkh uhvxowv lq wklv

sdshu lqyroylqj sdwhqwv pxvw eh ylhzhg dv h{wuhpho| suholplqdu|/ exw vxj0

jhvwlyh1
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Shadow Value of R&D in Patents
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