
Idvw Ydoxdwlrq ri Ghulydwlyh Frqwudfwv e| Vlpxodwlrq

Mlq0Fkxdq Gxdq Jhqhylëyh Jdxwklhu Mhdq0Jx| Vlprqdwr�

+Pd| 5;/ 4<<<,

Devwudfw

Prqwh Fduor vlpxodwlrqv duh frpprqo| xvhg iru ydoxlqj ghulydwlyh vhfxulwlhv/ sdu0

wlfxoduo| iru wkh frqwudfwv zlwk d kljk ghjuhh ri sdwk ghshqghqf|1 Wkh Prqwh Fduor

phwkrg lv/ krzhyhu/ nqrzq wr eh frpsxwdwlrqdoo| lqwhqvlyh1 Dffhohudwlqj wkh Prqwh

Fduor phwkrg kdv wkxv orqj ehfrph dq lvvxh ri vljql�fdqw dfdghplf lqwhuhvw dqg ri juhdw

sudfwlfdo uhohydqfh1 Lq wklv duwlfoh d frpelqdwlrq ri wzr h{lvwlqj zd|v ri dffhohudwlqj

vlpxodwlrq lv sursrvhg1 Lqfrusrudwlqj wkh uhfhqwo| ghyhorshg hpslulfdo pduwlqjdoh dg0

mxvwphqw lqwr wkh lqfuhdvlqjo| srsxodu txdvl0Prqwh Fduor vlpxodwlrq +dovr nqrzq dv

wkh orz0glvfuhsdqf| vlpxodwlrq, lv irxqg wr gholyhu e| idu wkh ehvw shuirupdqfh1

�Gxdq lv dw wkh Ghsduwphqw ri Ilqdqfh/ Krqj Nrqj Xqlyhuvlw| ri Vflhqfh dqg Whfkqrorj|1 Jdxwklhu dqg
Vlprqdwr duh dw Ìfroh ghv Kdxwhv Ìwxghv Frpphufldohv/ Prqwuìdo1 Zh dfnqrzohgjh wkh �qdqfldo vxssruw
iurp wkh Uhvhdufk Judqwv Frxqflo ri Krqj Nrqj/ wkh Vrfldo Vflhqfhv dqg Kxpdqlwlhv Uhvhdufk Frxqflo
ri Fdqdgd +VVKUF, dqg Ohv Irqgv srxu od Irupdwlrq gh Fkhufkhxuv hw o*Dlgh ã od Uhfkhufkh gx Txìehf
+IFDU,1 Gxdq dovr dfnqrzohgjhv wkh vxssruw uhfhlyhg dv Vhqlru Zhl Oxq Ihoorz dw wkh Krqj Nrqj Xqlyhuvlw|
ri Vflhqfh dqg Whfkqrorj|1 Wkh surjudp ILQGHU iru jhqhudwlqj wkh Vrero vhtxhqfh lv surylghg wr xv e|
D1 Sdsdjhrujlrx/ frxuwhv| ri Froxpeld Lqqrydwlrq Hqwhusulvh/ Froxpeld Xqlyhuvlw|1 Wkh hduolhu yhuvlrq ri
wklv sdshu zdv wlwohg/ �Prqwh Fduor Vlpxodwlrq 0 D Txlfn Il{1�
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4 Lqwurgxfwlrq

Pdq| ghulydwlyh vhfxulwlhv h{klelw vrph ghjuhh ri sdwk ghshqghqf|1 Wkh �qdqfldo pdunhw

derxqgv zlwk vxfk frqwudfwv> iru h{dpsoh/ Dvldq rswlrqv/ orrnedfn rswlrqv/ nqrfn0lq dqg

0rxw rswlrqv/ froodwhudol}hg pruwjdjh reoljdwlrqv/ dprqj pdq| rwkhuv1 Wklv w|sh ri sdwk

ghshqghqf| lv fuhdwhg e| frqwudfw vshfl�fdwlrqv zklfk h{solflwo| fdoo iru wkh sd|rxw wr eh d

ixqfwlrq ri wkh sdvw sulfhv ri wkh xqghuo|lqj lqvwuxphqw1 Wr ydoxh d ghulydwlyh vhfxulw|/ rqh

dovr qhhgv wr pdnh d fkrlfh ri sulflqj iudphzrun1 Wkh dgrswhg iudphzrun pd| uho| rq d

sulfh g|qdplf wkdw lv kljko| sdwk ghshqghqw1 Wkh lqfuhdvlqjo| srsxodu JDUFK prgho lv

rqh vxfk h{dpsoh1 Vlqfh sdwk ghshqghqf| dulvhv iurp wkh xqghuo|lqj dvvhw sulfh/ lw wkhuhiruh

vwd|v zlwk xv uhjdugohvv ri zkhwkhu wkh ghulydwlyh frqwudfw lv sdwk ghshqghqw ru qrw1 Lq vkruw/

sdwk ghshqghqf| lv riwhq lqwulqvlf wr wkh wdvnv idflqj dqdo|vwv1 Vrph ri sdwk ghshqghqf|

fdq eh vlpsol�hg dqg ghdow zlwk lq wkh odwwlfh ru rwkhu qxphulfdo ydoxdwlrq iudphzrunv1

Lqhylwdeo|/ wkhuh duh ydoxdwlrq sureohpv zlwk d kljk ghjuhh ri sdwk ghshqghqf|/ dqg wkh

Prqwh Fduor phwkrg ehfrphv wkh phwkrg ri odvw uhvruw1

Xvlqj Prqwh Fduor vlpxodwlrqv wr ydoxh ghulydwlyhv lv qrw zlwkrxw sureohpv1 Wkh phwkrg

fdq eh frpsxwdwlrqdoo| ghpdqglqj li d uhdvrqdeo| kljk ohyho ri sulflqj dffxudf| lv uhtxluhg1

Wklv lv/ ri frxuvh/ gxh wr wkh zhoo0nqrzq idfw wkdw wkh udwh ri frqyhujhqfh iru d Prqwh Fduor

hvwlpdwh lv sursruwlrqdo wr wkh lqyhuvh ri wkh vtxduh urrw ri wkh qxpehu ri vlpxodwhg vdpsoh

sdwkv1 Lq rwkhu zrugv/ uhgxflqj wkh vwdqgdug huuru ri d Prqwh Fduor hvwlpdwh e| d idfwru

ri wzr uhtxluhv wkh qxpehu ri vdpsoh sdwkv wr lqfuhdvh e| d idfwru ri irxu1 Wkhuh duh pdq|

zhoo0nqrzq phwkrgv iru huuru uhgxfwlrq/ lqfoxglqj dqwlwkhwlf vlpxodwlrq/ frqwuro yduldwh vlp0

xodwlrq dqg lpsruwdqfh vdpsolqj vlpxodwlrq1 Uhfhqwo|/ Gxdq dqg Vlprqdwr +4<<;, sursrvhg

d vlpxodwlrq dgmxvwphqw phwkrg zklfk wdnhv dgydqwdjh ri dq lqkhuhqw surshuw| ri wkh dvvhw

sulfh g|qdplf1 Vlqfh wkh dvvhw sulfh lv vxssrvhg wr eh d +vhpl0, pduwlqjdoh xqghu wkh ulvn0

qhxwudol}hg sulflqj phdvxuh/ wkhlu phwkrg vhwv rxw wr lqfrusrudwh wklv wkhruhwlfdo ihdwxuh

lqwr wkh vlpxodwlrq dojrulwkp1 D pxowlsolfdwlyh dgmxvwphqw zdv xvhg e| wkhp wr hqvxuh

wkh pduwlqjdoh surshuw| lq vlpxodwlrq1 Wkh| ghprqvwudwhg wkdw wkh hpslulfdo pduwlqjdoh

vlpxodwlrq +HPV, vxevwdqwldoo| dffhohudwhv wkh frqyhujhqfh ri Prqwh Fduor sulfh hvwlpdwhv1

D pruh gudvwlf ghsduwxuh iurp wkh Prqwh Fduor wudglwlrq lv wkh dgrswlrq ri txdvl0Prqwh
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Fduor vlpxodwlrq phwkrg iru sulflqj ghulydwlyhv> iru h{dpsoh/ Eurwkhuwrq0Udwfol�h +4<<7,/

Sdvnry dqg Wudxe +4<<8,/ Mr|/ Er|oh dqg Wdq +4<<9,1 Wkh txdvl0Prqwh Fduor phwkrg lv

dovr nqrzq dv wkh orz0glvfuhsdqf| vlpxodwlrq1 Wkh lghd lv wr jhqhudwh d vhtxhqfh ri �qlwh0

glphqvlrqdo/ vd| &0glphqvlrqdo/ yhfwruv wkdw �oo wkh &0glphqvlrqdo k|shufxeh pruh hyhqo|

+ru kdylqj d orzhu glvfuhsdqf|, wkdq wkh &0glphqvlrqdo xqlirupo| glvwulexwhg lqghshqghqw

udqgrp yhfwruv1 Pdq| vhtxhqfhv duh nqrzq wr srvvhvv vxfk d surshuw|/ dqg wkh| duh frp0

prqo| uhihuuhg wr dv orz0glvfuhsdqf| qxpehuv1 Li d orz0glvfuhsdqf| vhtxhqfh lv xvhg/ lq

vwhdg ri wkh vwdqgdug xqlirupo| glvwulexwhg udqgrp qxpehuv/ lq hydoxdwlqj d ghulydwlyh vh0

fxulw| +whfkqlfdoo|/ frpsxwlqj dq lqwhjudo,/ wkh udwh ri frqyhujhqfh kdv ehhq vkrzq wr eh

lq wkh rughu ri E*??�&*? zkhuh ? lv wkh qxpehu ri vdpsoh sdwkv1 Lq frpsdulvrq wr �*
s
?/

wkh udwh ri frqyhujhqfh iru wkh vwdqgdug Prqwh Fduor/ lw lv fohdu wkdw wkh orz0glvfuhsdqf|

vlpxodwlrq phwkrg dv|pswrwlfdoo| grplqdwhv uhjdugohvv ri krz odujh lv &1 Lq sudfwlfh/ krz0

hyhu/ wkh qxphulfdo shuirupdqfh ri wkh txdvl0Prqwh Fduor phwkrg lv juhdwo| d�hfwhg e| wkh

glphqvlrqdolw| ri wkh sureohp1 Li & lv odujh exw ? lv qrw odujh hqrxjk/ wkh txdvl0Prqwh Fduor

phwkrg pd| shuirup srruo|1

Lq wklv duwlfoh/ zh sursrvh d pduuldjh ri wkh HPV dqg wkh txdvl0Prqwh Fduor vlpxodwlrq

dv d zd| ri dffhohudwlqj Prqwh Fduor frqyhujhqfh1 Xvlqj wkh HPV ru txdvl0Prqwh Fduor

vlpxodwlrq lqglylgxdoo| |lhogv d vxevwdqwldo jdlq lq frpsxwdwlrqdo h!flhqf|1 Frpelqlqj wkhvh

wzr phwkrgv wrjhwkhu jhqhudwhv d phdvxudeoh lpsuryhphqw ryhu wkhlu lqglylgxdo dssolfdwlrqv1

Zh fduu| rxw d wudgh0r� dqdo|vlv xvlqj d udqgrpo| jhqhudwhg whvw srro ri rqh wkrxvdqg Dvldq

rswlrqv1 Rxu uhvxowv frq�up wkdw wklv qhz zd| ri dssurdfklqj ghulydwlyhv ydoxdwlrq lv lqghhg

surplvlqj1

5 Wkh hpslulfdo pduwlqjdoh txdvl0Prqwh Fduor vlpx0

odwlrq

Wr idflolwdwh wkh glvfxvvlrq ri rxu sursrvhg hpslulfdo pduwlqjdoh txdvl0Prqwh Fduor +HPTPF,

vlpxodwlrq/ zh surylgh ehorz d eulhi uhylhz ri wkh HPV dqg wkh txdvl0Prqwh Fduor vlpxod0

wlrq1 Zh �uvw glvfxvv wkh HPV dqg wkhq pryh rq wr wkh txdvl0Prqwh Fduor vlpxodwlrq1
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Wkh HPV lv edvhg rq dq revhuydwlrq wkdw d jhqhudo ihdwxuh vkduhg e| doo ghulydwlyhv

sulflqj prghov lv wkh pduwlqjdoh surshuw|1 D jrrg vlpxodwlrq phwkrg vkrxog wkhuhiruh

uhsurgxfh vxfk d surshuw| iru wkh vlpxodwhg vdpsoh li srvvleoh1 Wkh pduwlqjdoh surshuw| iru

ghulydwlyhv sulflqj hvvhqwldoo| vwdwhv wkdw wkh glvfrxqwhg dvvhw sulfh pxvw eh d pduwlqjdoh

xqghu wkh ulvn0qhxwudol}hg sulflqj v|vwhp1 Lq rwkhu zrugv/ wkh glvfrxqwhg dyhudjh ixwxuh

dvvhw sulfh xqghu wkh ulvn0qhxwudol}hg suredelolw| phdvxuh vkrxog htxdo lwv fxuuhqw ydoxh1

Wklv vwdwhphqw fdq eh irupdol}hg dv iroorzv=

e3o|.' d7|mIfo ' 7fc +4,

zkhuh 7f ghqrwhv wkh fxuuhqw vwrfn sulfh/ o wkh ulvn iuhh lqwhuhvw udwh/ If wkh lqirupdwlrq

nqrzq dw wlph f dqg .'E�mIf� wkh frqglwlrqdo h{shfwdwlrq rshudwru lq d ulvn0qhxwudol}hg

hfrqrp|1 Iru w|slfdo Prqwh Fduor vlpxodwlrqv/ wkh pduwlqjdoh frqglwlrq vwdwhg lq +4, doprvw

fhuwdlqo| idlov iru dq| �qlwh vlpxodwhg vdpsoh1 Iru d vlpxodwhg vdpsoh ri vl}h ?/ wkh Prqwh

Fduor hvwlpdwh iru e3o|.' d7|mIfo lv

e7f � e3o|
�

?

?[
�'�

e7�c|c +5,

zkhuh e7�c| lv wkh �0wk vlpxodwhg ydoxh iru wlph |1 Exw/ e7f zloo eh gl�huhqw iurp lwv wkhruhwlfdo

ydoxh 7f zlwk suredelolw| rqh1 Wkh gl�huhqfh lv wkh vr0fdoohg �vlpxodwlrq huuru/� zklfk

ghfuhdvhv li wkh vdpsoh vl}h lv lqfuhdvhg1

Gxdq dqg Vlprqdwr +4<<;, kdg frph xs zlwk d pxowlsolfdwlyh dgmxvwphqw wr hqvxuh wkdw

wkh pduwlqjdoh surshuw| lv uhvshfwhg lq vlpxodwlrq1 Iru wkh iroorzlqj glvfxvvlrq/ zh xvh

d jhrphwulf Eurzqldq prwlrq dvvhw sulfh g|qdplf wr ghvfuleh wkhlu hpslulfdo pduwlqjdoh

dgmxvwphqw1 Iru d pruh jhqhudo h{srvlwlrq/ uhdghuv duh uhihuuhg wr Gxdq dqg Vlprqdwr

+4<<;,1 Lq d vwdqgdug Prqwh Fduor vlpxodwlrq/ wkh �0wk vdpsoh sdwk lv jhqhudwhg xvlqj=

e7�cf ' 7f dqg e7�c| ' 7f i T

#
Eo � j2

2
�|n j"�c|

s
|

$
+6,

zkhuh o lv wkh ulvn iuhh udwh/ j wkh dvvhw yrodwlolw| udwh/ dqg "�c| wkh �0wk hohphqw ri d vhtxhqfh
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ri lqghshqghqw dqg lghqwlfdoo| glvwulexwhg vwdqgdug qrupdo udqgrp qxpehuv1 Wkh hpslulfdo

pduwlqjdoh dgmxvwphqw prgl�hv wkh vlpxodwhg vdpsoh sdwkv dv iroorzv=

7W�c| ' 7f i TEo|�
e7�c|

�

?

S?
�'�
e7�c| c +7,

Wkh deryh dgmxvwphqw lv hvvhqwldoo| d pxowlsolfdwlrq e| wkh udwlr ri wkh h{shfwhg wlph0| vwrfn

sulfh/ 7f i TEo|�/ ryhu wkh dyhudjh rewdlqhg iurp wkh vlpxodwhg vdpsoh/ �

?

S?
�'�
e7�c|1 Wklv udwlr

lv h{shfwhg wr eh yhu| forvh wr rqh li wkh vlpxodwlrq vdpsoh lv odujh1 Lw fdq eh hdvlo| yhul�hg

wkdw wkh dgmxvwhg vwrfn sulfh vdwlv�hv i TE�o|� �
?

S?
�'� 7

W

�c| ' 7f1 Wklv lq wxuq lpsolhv wkdw

wkh vlpxodwhg vdpsoh diwhu wkh pxowlsolfdwlyh dgmxvwphqw vdwlv�hv wkh pduwlqjdoh surshuw|

vwlsxodwhg e| wkh sulflqj wkhru|1

Wr xqghuvwdqg wkh txdvl0Prqwh Fduor vlpxodwlrq phwkrg/ rqh pxvw �uvw frpsuhkhqg wkh

qrwlrq ri glvfuhsdqf| ri d vhtxhqfh1 Zh zloo vnls d irupdo gh�qlwlrq ri glvfuhsdqf| dqg rsw

iru d pruh lqwxlwlyh xqghuvwdqglqj lqvwhdg1 D wzr0glphqvlrqdo h{dpsoh vkrxog vx!fh iru

vxfk d sxusrvh1 Frqvlghu d vtxduh gh�qhg e| dfc �o� dfc �o dqg d vhtxhqfh ri wzr glphqvlrqdo

yhfwruv ri qxpehuv zlwk hdfk hqwu| wdnhq iurp dfc �o1 Lq d qxwvkhoo/ glvfuhsdqf| phdvxuhv wkh

pd{lpxp devroxwh gl�huhqfh ehwzhhq wkh vl}h ri wkh duhd gh�qhg e| wkh vxevhw dfc %o� dfc +o/

zkhuh % dqg + duh duelwudu| exw pxvw eh frq�qhg wr dfc �o/ dqg wkh shufhqwdjh ri wkh srlqwv

iurp wklv vhtxhqfh idoolqj lqvlgh wklv vxevhw/ diwhu uhdfklqj/ vd| ?1 Li wkh glvfuhsdqf| jrhv wr

}hur zkhq ? jrhv wr lq�qlw|/ wkh vhtxhqfh lv xqlirupo| glvwulexwhg1 Wkh udwh ri frqyhujhqfh

wr }hur ydulhv dprqj gl�huhqw xqlirupo| glvwulexwhg vhtxhqfhv/ krzhyhu1 Wkh lqghshqghqw

dqg lghqwlfdoo| glvwulexwhg xqlirup udqgrp qxpehuv dfwxdoo| kdyh d glvfuhsdqf| lq wkh rughu

ri �*
s
?1 Lqwhuhvwlqjo|/ wklv rughu ri frqyhujhqfh kdv qrwklqj wr gr zlwk wkh glphqvlrq ri wkh

yhfwruv lq wkh vhtxhqfh/ dqg wkh glphqvlrq rqo| d�hfwv wkh frqyhujhqfh frqvwdqw1 Wkhuh duh

pdq| vhtxhqfhv nqrzq wr kdyh d vpdoohu glvfuhsdqf|> iru h{dpsoh/ Vrero/ Idxuh dqg Kdowrq

vhtxhqfhv1 Wkhvh vhtxhqfhv kdyh d glvfuhsdqf| lq wkh rughu ri E*??�&*?/ zklfk ghshqgv rq

&/ wkh glphqvlrq ri wkh yhfwruv lq wkh vhtxhqfh1 Wklv surshuw| vxjjhvwv wkdw iru dq h{wuhpho|

odujh ?/ wkh orz0glvfuhsdqf| vhtxhqfh lv fhuwdlq wr eh pruh xqlirupo| glvwulexwhg wkdq wkh

lqghshqghqw/ lghqwlfdoo| glvwulexwhg xqlirup udqgrp vhtxhqfh1 Krz odujh lv frqvlghuhg

8



odujhB Wkh dqvzhu ghshqgv rq wkh ydoxh ri &/ wkh glphqvlrq ri wkh yhfwru1 Li & lv odujh/ wkhq

E*??�&*? pd| vwloo eh juhdwhu wkdq �*
s
? iru idluo| odujh ?/ zklfk lpsolhv wkdw xs wr wklv

sduwlfxodu vdpsoh vl}h/ wkh orz0glvfuhsdqf| vhtxhqfh lv vwloo ohvv xqlirupo| glvwulexwhg1

Wkh txdvl0Prqwh Fduor phwkrg uhsodfhv wkh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg xql0

irup udqgrp qxpehuv e| d orz0glvfuhsdqf| vhtxhqfh1 Wkh glvfuhsdqf| ri d vhtxhqfh dqg

wkh sulflqj huuru iru ghulydwlyhv lv olqnhg wrjhwkhu e| wkh Nrnvpd0Kodznd lqhtxdolw|/ zklfk

vwdwhv wkdw wkh txdvl0Prqwh Fduor sulflqj huuru lv erxqghg e| d ydoxh wkdw lv sursruwlrqdo wr

wkh glvfuhsdqf| ri wkh xqlirupo| glvwulexwhg vhtxhqfh hpsor|hg1 Lw lv wkhuhiruh hylghqw wkdw

wkh xvh ri d orz0glvfuhsdqf| vhtxhqfh zloo dv|pswrwlfdoo| grplqdwh wkh xvh ri wkh lqghshq0

ghqw dqg lghqwlfdoo| glvwulexwhg xqlirup udqgrp qxpehuv1 Lqghhg/ vhyhudo dssolfdwlrqv lq

�qdqfh vxfk dv Eurwkhuwrq0Udwfol�h +4<<7,/ Sdvnry dqg Wudxe +4<<8,/ Mr|/ Er|oh dqg Wdq

+4<<9, kdyh frq�uphg wklv wkhruhwlfdo suhglfwlrq1

Wkh sudfwlfdo uhohydqfh ri dv|pswrwlf grplqdqfh lv txlwh d gl�huhqw pdwwhu/ krzhyhu1

Zkhq d sureohp kdv d odujh glphqvlrq & dqg wkh vdpsoh vl}h ? lv uhvwulfwhg e| frpsxw0

lqj frqvlghudwlrqv/ wkh uhodwlyh phulw ehwzhhq wzr w|shv ri vhtxhqfhv ehfrph pxun|1 Rxu

sursrvhg HPTPF vlpxodwlrq lv ghvljqhg iru vxfk d vlwxdwlrq1

Zkdw lv wkh HPTPF vlpxodwlrqB Lw lv vlpso| wkh hpslulfdo pduwlqjdoh vlpxodwlrq gh0

vfulehg lq +6, dqg +7, zlwk "�c| ehlqj jhqhudwhg e| d orz0glvfuhsdqf| vhtxhqfh lqvwhdg ri

wkh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg xqlirup udqgrp qxpehuv1 Vlqfh "�c| lv vxssrvhg

wr eh qrupdoo| glvwulexwhg/ zh qhhg wr wudqvirup wkh orz0glvfuhsdqf| xqlirupo| glvwulexwhg

vhtxhqfh lqwr d qrupdoo| glvwulexwhg vhtxhqfh1 Zh xvh wkh dojrulwkp sursrvhg e| Prur

+4<<8, wr shuirup wklv wudqvirupdwlrq1

6 D shuirupdqfh dqdo|vlv

Krz grhv wkh HPTPF shuirup qxphulfdoo|B Wkh dqvzhu wr wklv txhvwlrq olhv zlwk d qx0

phulfdo shuirupdqfh dqdo|vlv1 Wkh wudgh0r� uhodwlrqvkls ehwzhhq wkh sulflqj dffxudf| dqg

frpsxwlqj wlph ghwhuplqhv wkh uhodwlyh shuirupdqfh ri wkh frpshwlqj phwkrgv1 Wkh wudgh0

r� uhodwlrqvkls lv hvwdeolvkhg xvlqj d whvw srro ri Dvldq rswlrqv zkrvh sd|rxw lv edvhg rq wkh
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sdwk dyhudjh ri wkh xqghuo|lqj dvvhw sulfhv ryhu wkh hqwluh olih ri wkh rswlrq frqwudfw1 Wkh

fkrlfh ri wkh w|sh ri rswlrqv lq wkh whvw srro lv glfwdwhg e| wzr idfwruv1 Iluvw/ zh zdqw wkh

rswlrqv wr eh sdwk ghshqghqw1 Vhfrqg/ wkhuh pxvw eh d forvhg0irup vroxwlrq wr idflolwdwh wkh

fkhfnlqj ri sulflqj dffxudf|1 Dv d uhvxow/ zh fkrrvh wr xvh Dvldq rswlrqv zlwk wkh sd|rxw

edvhg rq d glvfuhwho| vdpsohg jhrphwulf dyhudjh ri wkh sulfhv ryhu wkh frqwudfw olih1 Wkh

ydoxdwlrq iudphzrun lv wkh Eodfn dqg Vfkrohv +4<:6, jhrphwulf Eurzqldq prwlrq vhwxs1 Wklv

frpelqdwlrq doorzv xv wr xvh wkh dqdo|wlfdo irupxod hvwdeolvkhg e| Wxuqexoo dqg Zdnhpdq

+4<<4, dv wkh ehqfkpdun1

Wkh iuhtxhqf| ri glvfuhwh vdpsolqj lq wkh sd|rxw fdofxodwlrq ghwhuplqhv wkh glphqvlrq

ri wkh vlpxodwlrq sureohp> iru h{dpsoh/ d gdlo| vdpsolqj ri sulfhv iru dq rswlrq zlwk d vl{

prqwk wr pdwxulw| lv htxlydohqw wr kdylqj dq dssur{lpdwh glphqvlrq ri �Hf1 Lq whupv ri

rxu qrwdwlrq/ & ' �Hf1 Dv rxu hduolhu glvfxvvlrq uhyhdohg/ d kljkhu glphqvlrq lv olnho| wr

lpshgh wkh shuirupdqfh ri wkh txdvl0Prqwh Fduor vlpxodwlrq1 Zh dvvxph iru vlpsolflw| wkdw

wkh sdwk dyhudjh lv fdofxodwhg rq d zhhno| vdpsolqj edvlv1 D vlplodu dqdo|vlv fdq eh hdvlo|

frqgxfwhg iru gl�huhqw iuhtxhqflhv1

Rxu whvw srro ri rswlrqv lv frqvwuxfwhg lq d vslulw vlplodu wr Eurdglh dqg Ghwhpsoh +4<<9,1

D whvw srro ri �c fff Dvldq rswlrqv lv fuhdwhg xvlqj d udqgrp vhohfwlrq ri sdudphwhuv edvhg rq

suh0ghwhuplqhg glvwulexwlrqv1 Wkh iroorzlqj glvwulexwlrqv duh xvhg iru wkh sdudphwhu ydoxhv=

wkh yrodwlolw| udwh j lv glvwulexwhg xqlirupo| ehwzhhq f�� dqg f�S> wkh pdwxulw| A lv dovr

glvwulexwhg xqlirupo| ehwzhhq f�� dqg � |hdu> wkh lqlwldo vwrfn sulfh 7f ' �ff> wkh h{huflvh

sulfh g lv xqlirup ehwzhhq .f dqg ��f> wkh ulvn0iuhh udwh ri lqwhuhvw o lv/ zlwk suredelolw|

f�H/ xqlirup ehwzhhq f dqg f��/ dqg zlwk suredelolw| f�2/ htxdo wr f1 Hdfk sdudphwhu ydoxh

lv gudzq lqghshqghqwo| ri wkh rwkhuv1

Iru hdfk vlpxodwlrq phwkrg/ zh uhfrug wkh wrwdo frpsxwlqj wlph dqg dq djjuhjdwh phd0

vxuh ri sulflqj huuruv iru wkh whvw srro ri rswlrqv1 Wkh frpsxwlqj wlph lv phdvxuhg e| wkh

dyhudjh wlph +lq vhfrqgv, wdnhq wr frpsohwh wkh fdofxodwlrqv iru wkh whvw srro xvlqj wkh

pdwul{ surjudpplqj odqjxdjh Pdwode dqg d vwdqgdug ghvn0wrs frpsxwhu1 Wkh djjuhjdwh

:



sulflqj huuru phdvxuh lv wkh urrw phdq vtxduhg huuru=
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|� hvwlpdwhg

rswlrq sulfh xvlqj rqh ri wkh Prqwh Fduor phwkrgv zlwk ? vdpsoh sdwkv1 Wkh yduldeoh 6

vwdqgv iru wkh vl}h ri wkh whvw srro/ dqg lw lv vhw htxdo wr �c fff1 Zh holplqdwh wkh fdvhv wkdw

�� 	 f�Df wr dyrlg odujh uhodwlyh huuruv fdxvhg e| d vpdoo glylghu1 Zh frqwuro wkh whvw srro

wr eh wkh vdph iru gl�huhqw Prqwh Fduor phwkrgv xvlqj frpprq udqgrp qxpehuv1 Lq wkh

Prqwh Fduor fdofxodwlrq ri rswlrq sulfhv/ gl�huhqw vlpxodwlrq phwkrgv dovr vkduh d frpprq

vhw ri udqgrp qxpehuv1 Iru hdfk ydoxh ri ?/ zh surgxfh d sdlu � wkh frpsxwlqj wlph dqg

wkh uhodwlyh sulflqj huuru wr vwxg| wkh wudgh0r�1

Zh h{dplqh wkh wlph0sulflqj dffxudf| wudgh0r� iru irxu gl�huhqw vlpxodwlrq phwkrgv1

Wkh vwudljkwiruzdug Prqwh Fduor vlpxodwlrq lv uhihuuhg wr dv wkh fuxgh Prqwh Fduor vlpx0

odwlrq1 Zh dovr frqvlghu wkh HPV phwkrg dqg wkh txdvl0Prqwh Fduor vlpxodwlrqv zlwk dqg

zlwkrxw wkh hpslulfdo pduwlqjdoh dgmxvwphqw1 Wkh vshfl�f orz0glvfuhsdqf| vhtxhqfh xvhg

lq wkh txdvl0Prqwh Fduor vlpxodwlrq lv wkh Vrero vhtxhqfh1 Wkh xqlirup Vrero qxpehuv duh

jhqhudwhg xvlqj wkh surjudp ILQGHU/ d vriwzduh ghyhorshg dw Frorpeld Xqlyhuvlw|1

Iljxuh 4 lv jhqhudwhg e| ydu|lqj wkh ydoxh ri ? iurp �c fff wr 2fc fff zlwk dq lqfuhphqw

ri �c fff1 Vlqfh wkh krul}rqwdo d{lv lv wkh wlph xvhg dqg wkh yhuwlfdo d{lv wkh djjuhjdwh

phdvxuh ri sulflqj huuruv/ d ehwwhu phwkrg vkrxog ohdg wr d wudgh0r� uhodwlrqvkls wkdw lv

forvhu wr wkh ruljlq ri wkh judsk1 Dv wkh uhvxowv lqglfdwh/ wkh fuxgh Prqwh Fduor lv hdvlo|

grplqdwhg e| hlwkhu wkh HPV ru wkh txdvl0Prqwh Fduor phwkrg +odehohg dv Vrero,1 Wkh

HPTPF phwkrg +odehohg dv Vrero0HPV, rxwshuirupv doo rwkhu vlpxodwlrqv phwkrgv1 Wkh

h!flhqf| jdlq e| lqfrusrudwlqj wkh HPV dgmxvwphqw lqwr wkh txdvl0Prqwh Fduor phwkrg

lv txlwh surqrxqfhg zkhq wkh wlph doorfdwhg iru fdofxodwlrqv lv vpdoo1 Wkh jdlq ehfrphv

pdujlqdo zkhq pruh frpsxwlqj wlph lv xvhg wr uhgxfh sulflqj huuruv1 Lq wkh deryh dqdo|vlv/

wkh wlph wdnhq wr jhqhudwh wkh Vrero qxpehuv dqg wudqvirup wkhp lqwr qrupdoo| glvwulexwhg

rqhv lv qrw lqfoxghg lq wkh dyhudjh wlph vshqw1 Vlqfh Vrero qxpehuv duh qrw udqgrp/ zh

;



kdyh �uvw vwruhg wkhp lq phpru| wr dyrlg uhshdwhgo| jhqhudwlqj wkhp1 H{foxglqj wkhlu

frpsxwlqj wlph lv wkxv pruh lq olqh zlwk wkh dfwxdo vfhqdulr lq dssolfdwlrqv1

Iljxuh 5 sorwv wkh djjuhjdwh sulflqj huuru dv d ixqfwlrq ri wkh qxpehu ri vdpsoh sdwkv

xvhg1 Dowkrxjk d odujhu qxpehu ri vdpsoh sdwkv fhuwdlqo| lqfuhdvhv wkh frpsxwlqj wlph iru

d jlyhq vlpxodwlrq phwkrg/ lw qhhg qrw uhsuhvhqw d rqh0wr0rqh uhodwlrqvkls wr wkh frpsxwlqj

wlph zkhq frpsdulqj dfurvv gl�huhqw vlpxodwlrq phwkrgv1 Wklv judsk ghslfwv wkh qxpehu

ri vdpsoh sdwkv qhhghg wr dfklhyh d jlyhq ohyho ri sulflqj suhflvlrq> iru h{dpsoh/ wr dfklhyh d

-�7 ri f�f�/ dssur{lpdwho| 2c fff vdpsohv sdwkv duh qhhghg xvlqj wkh HPTPF vlpxodwlrq

phwkrg1 Xvlqj wkh txdvl0Prqwh Fduor phwkrg zlwkrxw wkh hpslulfdo pduwlqjdoh dgmxvwphqw

zrxog uhtxluh dssur{lpdwho| ec fff vdpsoh sdwkv1 Wkh uhvxowv kdyh d vlplodu phdqlqj dv

wkrvh lq Iljxuh 41 Iru d jlyhq ohyho ri sulflqj dffxudf|/ wkh HPTPF phwkrg grhv ehvw1 Wkh

hpslulfdo pduwlqjdoh dgmxvwphqw lpsuryhv wkh txdvl0Prqwh Fduor phwkrg phdvxudeo| zkhq

wkh vdpsoh vl}h lv vpdoo1 Lq d zd|/ wkh HPTPF phwkrg kdv wkh ehvw ri wzr zruogv1 Lw kdv

wdnhq dgydqwdjh ri wkh dv|pswrwlf grplqdqfh ri wkh txdvl0Prqwh Fduor vlpxodwlrq/ dqg lw

lv dw wkh vdph wlph juhdwo| hqkdqfhg e| wkh hpslulfdo pduwlqjdoh dgmxvwphqw1

Rxu uhvxowv zloo/ ri frxuvh/ eh d�hfwhg e| wkh glphqvlrq ri wkh ydoxdwlrq sureohp1 Li zh

fkdqjh wkh glvfuhwh vdpsolqj iurp zhhno| wr gdlo|/ wkh glphqvlrq & lqfuhdvhv vxevwdqwldoo|1

Dffruglqj wr wkh rughu ri frqyhujhqfh ghvfulehg hduolhu/ wklv fkdqjh lv olnho| wr |lhog dq

rxwfrph wkdw lv hyhq pruh lq idyru ri pdnlqj wkh HPV dgmxvwphqw wr wkh txdvl0Prqwh Fduor

phwkrg1

7 Frqfoxvlrq

Zh kdyh sursrvhg d vwudljkwiruzdug pduuldjh ri wzr hvwdeolvkhg vlpxodwlrq hqkdqfhphqw

phwkrgv1 Wkh txdvl0Prqwh Fduor vlpxodwlrq lv nqrzq wr gholyhu dq h{fhoohqw shuirupdqfh

zkhq wkh vdpsoh vl}h lv odujh/ exw wkh phwkrg*v shuirupdqfh fdq eh txhvwlrqdeoh zkhq wkh

sdwk ghshqghqf| +glphqvlrq, lv kljk dqg wkh vdpsoh vl}h lv qrw yhu| odujh1 Vlqfh wkh vdpsoh

vl}h lv qrw h{shfwhg wr eh yhu| odujh iru pdq| gd|0wr0gd| dssolfdwlrqv/ wkh txdvl0Prqwh

Fduor phwkrg lv wkxv qrw doo wkdw ghvludeoh iurp d sudfwlfdo vwdqgsrlqw1 Zh kdyh vkrzq

lq wklv duwlfoh wkdw wkh txdvl0Prqwh Fduor vlpxodwlrq phwkrg fdq eh juhdwo| hqkdqfhg e|

<



lqfrusrudwlqj wkh hpslulfdo pduwlqjdoh dgmxvwphqw1 Wklv frpelqdwlrq uhvxowv lq d vlpsoh

vlpxodwlrq phwkrg wkdw h�hfwlyho| wxuer0fkdujhv Prqwh Fduor vlpxodwlrqv1
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Iljxuh 4= Frpsxwdwlrqdo h!flhqf| ri Prqwh Fduor phwkrgv
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Iljxuh 5= Wudgh0r� ehwzhhq sulflqj dffxudf| dqg vdpsoh vl}h
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