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Rqh pdmru sureohp hqfrxqwhuhg lq Duwl�fldo Vrflhw| h{shulphqwdwlrq lv wkh uroh

ri qxphurxv h{rjhqrxvo| gh�qhg sdudphwhuv1 Lq doo exw wkh vlpsohvw prghov/ dvvxpswlrqv

kdyh wr eh pdgh zklfk fdq*w eh mxvwl�hg e| uhihuhqfh wr wkh vxevwdqwlyh skhqrphqd xqghu

lqyhvwljdwlrq1 Ehfdxvh ri wklv idfw dqg wkh idfw wkdw wkh surgxfwlrq ri d frpsxwdwlrqdo

prgho irufhv wkh prghoohu wr eh pruh suhflvh wkdq fdq eh mxvwl�hg e| suh0h{lvwlqj wkhru|

+li dq| vxfk wkhru| h{lvwv,/ wkhvh nlqgv ri dvvxpswlrqv duh vwdwhg dv h{rjhqrxvo| gh�qhg

sdudphwhuv1 Wklv fdq eh vhhq lq wkh suhylrxv fkdswhu +fkdswhu 9, zkhuh pdq| h{rjhqrxv

sdudphwhuv zhuh vshfl�hg iru wkh VwhuhrOde duwl�fldo vrflhw|1

Reylrxvo|/ wr h{hfxwh d prgho/ ydoxhv kdyh wr eh vxevwlwxwhg iru wkhvh h{rjhqrxv

sdudphwhuv1 Wkh sureohp wkhq dulvhv= zklfk ydoxhv vkrxog eh fkrvhqB Rqh srsxodu phwkrg

lv wr duelwudulo| dvvljq ydoxhv zklfk dsshdu %vhqvleoh%1 Wklv lv riwhq grqh zlwkrxw dq|

mxvwl�fdwlrq ri wkh ydoxhv fkrvhq1 Dowkrxjk duelwudu|/ wkh phwkrg pd| eh dghtxdwh iru

%h{lvwhqfh surri% +vhh �jxuh 614 lq fkdswhu 6, h{shulphqwv1 Lq wkhvh nlqgv ri h{shulphqwv
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wkh vdolhqw idfw lv wkdw dw ohdvw vrph sdudphwhu ydoxhv surgxfh d jlyhq revhuydeoh prgho

ehkdylrxu1

Li d juhdwhu xqghuvwdqglqj ri wkh prgho lv uhtxluhg/ wkhq wkh uroh dqg vljql�fdqfh

ri wkh sduwlfxodu h{rjhqrxv sdudphwhuv qhhg wr eh xqghuvwrrg1 Iru vrph jlyhq revhuydeoh

prgho ehkdylrxu lw pd| eh xvhixo wr nqrz wkh udqjh ri sdudphwhu ydoxhv wkdw jlyh ulvh wr lw1

Vxfk nqrzohgjh uhsuhvhqwv wkh ehjlqqlqjv ri d grpdlq wkhru| ri wkh prgho1 Krzhyhu/ hyhq

iru d vpdoo qxpehu ri glvfuhwh sdudphwhuv wkh sdudphwhu vsdfh ri wkh prgho pd| eh kxjh

+wkh surgxfw ri wkh qxpehu ri xqltxh ydoxhv ryhu hdfk sdudphwhu,1 Jlyhq wkdw duwl�fldo

vrflhw| vlpxodwlrq prghov riwhq uhtxluh vxevwdqwldo dprxqwv ri surfhvvlqj wlph wr h{hfxwh/

krz fdq vxfk d vsdfh eh h{soruhgB Wkh iroorzlqj whfkqltxhv frqvlghu wkdw d wudfwdeoh vhw

ri uxqv frxog eh lq wkh rughu ri wkrxvdqgv1

Dv vwdwhg uhfhqwo| e| Whudq hw do ^489`/ zh zlvk wr pds wkh hqyhorsh ri vlpxodwlrq

wudmhfwrulhv ryhu vrph jlyhq vhw ri sdudphwhuv1 Whudq hw do sursrvh d phwkrg zklfk dovr

wdnhv dffrxqw ri lqglylgxdo vwrfkdvwlf hyhqwv 0 h�hfwlyho| h{sorulqj doo srvvleoh wudmhfwrulhv

iru vrph jlyhq prgho1 Wklv phdqv wkdw lw lv srvvleoh wr suryh wkh qhfhvvlw| ri d sduwlfxodu

hphujhqw skhqrphqd ri lqwhuhvw iru vrph jlyhq udqjh ri sdudphwhu ydoxhv1 E| qhfhvvlw|

lv phdqw wkdw doo srvvleoh wudmhfwrulhv surgxfh skhqrphqrq ri lqwhuhvw1 Wkh| dffrpsolvk

wklv h{sorudwlrq e| wudqvodwlqj wkh vlpxodwlrq prgho lqwr d frqvwudlqw edvhg vhdufk ryhu doo

srvvleoh djhqw wudmhfwrulhv iru vrph jlyhq sdudphwhulvdwlrq1 Iru d frpsoh{ prqrolwklf prgho

ryhu d odujh qxpehu ri f|fohv wklv phwkrg zrxog eh frpsxwdwlrqdoo| lqwudfwdeoh1 Krzhyhu/

lq wkh phwkrg suhvhqwhg/ xvh lv pdgh ri wkh prgxodulw| srvvleoh zlwklq d ghfodudwlyh prgho

wr dxwrpdwlfdoo| vhdufk doo wudmhfwrulhv iru d jlyhq vxevhw ri wkh uxohv zklfk irup wkh prgho1

Lq wklv zd| lw lv srvvleoh wr suryh wkh qhfhvvlw| ri d sduwlfxodu rxwfrph iru doo srvvleoh

wudmhfwrulhv +jryhuqhg e| udqgrp djhqw fkrlfhv, iru wkh jlyhq prgxoh ri wkh vlpxodwlrq1
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Wklv phwkrg r�huv wkh h{flwlqj srvvlelolw| ri surgxflqj surriv udwkhu wkdq phuho| hpslulfdo

revhuydwlrqv iurp vlpxodwlrq prghov1 Krzhyhu/ wkh frpsxwdwlrqdo uhvrxufhv uhtxluhg iru

hyhq uhodwlyho| vpdoo vhwv ri djhqwv dqg fkrlfhv lv odujh +hyhq iru d vlqjoh vhw ri h{rjhqrxv

sdudphwhu ydoxhv,1 Lq wkh VwhuhrOde vxfk d phwkrg zrxog eh frpsxwdwlrqdoo| lqwudfwdeoh1

.�2 5@4T*�?} |�i 5T@Ui

Lq wkh iroorzlqj vhfwlrqv vhyhudo phwkrgv ri vdpsolqj wkh sdudphwhu vsdfh duh

glvfxvvhg= v|vwhpdwlf vzhhs/ udqgrp vdpsolqj dqg khxulvwlf vhdufk1

.�2�� 5)t|i4@|�U 5�iiT

Rqh phwkrg ri vdpsolqj d sdudphwhu vsdfh lqyroyhv d vfdq ru vzhhs ri d udqjh ri

sdudphwhu ydoxhv lq vrph v|vwhpdwlf zd| ^6`/ ^5<`1 Vxfk d whfkqltxh pd| eh ylvxdolvhg dv wkh

lpsrvlwlrq ri d julg ru odwwlfh vwuxfwxuh ryhu wkh sdudphwhu vsdfh zlwk hdfk olqh lqwhuvhfwlrq

uhsuhvhqwlqj d vlqjoh vlpxodwlrq uxq +vhh �jxuh :14,1 Wklv whfkqltxh doorzv vrph frqfoxvlrqv

wr eh gudzq frqfhuqlqj wkh vhqvlwlylw| ri revhuydeoh skhqrphqd wr sduwlfxodu sdudphwhu

ydoxhv ri wkh prgho1 Jlyhq rqh ru wzr sdudphwhuv dqg vrph rqh glphqvlrqdo rxwsxw iurp

d vlpxodwlrq uxq/ uhvxowv fdq eh suhvhqwhg judsklfdoo|1 Wkh lqsxw sdudphwhuv dqg rxwsxw

fdq eh xvhg dv glphqvlrqv lq d wzr ru wkuhh glphqvlrqdo vsdfh dqg uhvxowv sorwwhg1 Uhjlrqv

zkhuh sduwlfxodu revhuydeoh skhqrphqd duh irxqg fdq eh lghqwl�hg ylvxdoo| +vhh �jxuhv <15

dqg <17 lq fkdswhu < iru dq h{dpsoh ri wklv,1

Vxfk d vfdq fdq eh hdvlo| uxq lq sdudooho ryhu vhyhudo pdfklqhv doorzlqj iru uhd0

vrqdeo| odujh vdpsoh vl}hv wr eh pdgh1 Wkh Gurqh vriwzduh v|vwhp +dv xvhg lq ^6` dqg ^5<`,

iurp Plfkljdq Xqlyhuvlw| kdv ehhq vshfl�fdoo| ghvljqhg wr idflolwdwh wkh wdvn ri pdnlqj

v|vwhpdwlf vfdqv ryhu d sdudphwhu vsdfh ri d vlpxodwlrq prgho xvlqj pxowlsoh pdfklqhv lq
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Iljxuh :14= V|vwhpdwlf +ru vzhhs vfdq, vdpsolqj ri wkh sdudphwhu vsdfh dqg ylvxdo lqvshf0
wlrq lv riwhq xvhg iru orz glphqvlrqdo vsdfhv1

sdudooho +vhh ^44` iru d ghwdlohg ghvfulswlrq ri wkh Gurqh v|vwhp,1

Dqrwkhu ehqh�w ri v|vwhpdwlf vfdqqlqj ri wkh vsdfh lv wkdw qr dvvxpswlrqv qhhg

eh pdgh frqfhuqlqj wkh qdwxuh ri wkh vsdfh d sulrul1 Wklv lv sduwlfxoduo| xvhixo zlwk rxwsxw

iurp qrq0ghwhuplqlvwlf vlpxodwlrqv zkhuh qrlvh dqg gl�huhqw hyroxwlrqdu| wudmhfwrulhv pd|

surgxfh d vsdfh zlwk d yhu| qrq0ghwhuplqlvwlf frpsoh{ vxuidfh1

Krzhyhu iru d odujh sdudphwhu vsdfh zlwk pdq| glphqvlrqv d phdqlqjixo v|vwhp0

dwlf vfdq pd| qrw eh srvvleoh zlwklq d ihdvleoh wlph +iru h{dpsoh/ li lw lv qrw srvvleoh wr

vfdq dw ohdvw wzr ydoxhv iurp hdfk sdudphwhu,1 Dq dowhuqdwlyh lq vxfk fdvhv lv wr udqgrpo|

vhohfw srlqwv zlwklq wkh vsdfh xs wr dydlodeoh frpsxwdwlrqdo uhvrxufhv1

.�2�2 +@?_L4 5@4T*�?}

Udqgrp vdpsolqj lqyroyhv vhohfwlqj sdudphwhu ydoxhv dw udqgrp +iurp d xqlirup

glvwulexwlrq, ryhu wkhlu udqjhv1 Lq wklv zd| doo srlqwv kdyh dq htxdo fkdqfh ri ehlqj vhohfwhg1

Jlyhq d udqgrp vdpsoh lw lv srvvleoh wr hvwlpdwh vwdwlvwlfdo fkdudfwhulvwlfv ri wkh vsdfh1 Lq

wklv zd| wkh hqwluh vsdfh fdq eh fkdudfwhulvhg +lq d vwdwlvwlfdo vhqvh,1

Dv zlwk d v|vwhpdwlf vfdq/ udqgrp vdpsolqj lv hdvlo| dphqdeoh wr sdudooho h{hfx0

wlrq1 Wkh Gurqh v|vwhp grhv qrw surylgh wklv idflolw|/ exw vriwzduh ghvljqhg e| wkh dxwkru
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grhv +vhh vhfwlrq :18 ehorz,1

.�2�� Oi�h�t|�U 5i@hU�

D pruh lqwhooljhqw irup ri vdpsolqj wkh vsdfh pd| eh hpsor|hg1 Lw lv srvvleoh

wr xwlolvh d khxulvwlf vhdufk li lw lv nqrzq lq dgydqfh zkdw nlqgv ri srlqwv lq wkh vsdfh duh

ghvludeoh ru lqwhuhvwlqj1 Iru h{dpsoh/ wkh vlpsoh orfdo vhdufk phwkrg ri %kloo0folpelqj% pd|

eh hpsor|hg li srlqwv ri lqwhuhvw fdq eh uhdfkhg e| pd{lplvlqj vrph revhuydeoh phdvxuh

iurp wkh vlpxodwlrq1 Kloo0folpelqj lqyroyhv vwduwlqj dw vrph udqgrp srlqw lq wkh sdudphwhu

vsdfh dqg wkhq vdpsolqj qhljkerxulqj srlqwv xqwlo vrph kljkhu ydoxh iru wkh phdvxuh lv

irxqg1 Li vxfk d srlqw lv irxqg wkhq wklv ehfrphv wkh qhz vwduwlqj srlqw iru ixuwkhu vdpslqj1

Wkh surfhvv lv lwhudwhg xqwlo qr ixwkhu pryhphqw lv srvvleoh ru vrph frpsxwdwlrqdo olplw lv

uhdfkhg1 Hvvhqwldoo| wkhq/ kloo0folpelqj dwwhpswv wr dvfhqg judglhqwv lq wkh vsdfh dqg lw zloo

zrun zhoo lq d vsdfh zlwk orqj vprrwk judglhqwv vxfk wkdw iurp udqgrp vwduwlqj srlqwv lq

wkh vsdfh kloo0folpelqj fdq ohdg wr joredo pd{lpd1 D vsdfh zlwk pdq| orfdo pd{lpd zrxog

eh ohvv dphqdeoh wr vlpsoh kloo0folpelqj1 Wkhuh duh pdq| sursrvhg phwkrgv iru dyrlglqj

orfdo pd{lpd lq d orfdo vhdufk vxfk dv %vlpxodwhg dqqhdolqj% dqg %jxlghg0orfdo% vhdufk +vhh

^48<`/ ^477`,1 Wkh vxffhvv ri hdfk gl�huhqw whfkqltxh ghshqgv rq wkh wrsrorj| ri wkh vsdfh

0 wkhuh lv qr xqlyhuvdo %ehvw vhdufk% phwkrg1

Wkh xvh ri d kloo0folpelqj vhdufk wkhuhiruh pdnhv dvvxpswlrqv derxw wkh qdwxuh ri

wkh vsdfh zklfk pd| ru pd| qrw eh ydolg1 Lq jhqhudo wkh ehvw zd| wr whvw wkh dvvxpswlrqv

lv wr dfwxdoo| uxq kloo0folpelqj dqg ghwhuplqh li wkh uhvxowv duh vdwlvidfwru|1

Dqrwkhu lqwhooljhqw zd| ri vdpsolqj wkh sdudphwhu vsdfh lv d qryho phwkrg xvhg lq

wkh %Zhdyhu V|vwhp% ^;4`1 Qhz srlqwv iurp wkh vsdfh duh vhohfwhg xvlqj dq lwhudwlyh phwkrg

edvhg rq wkh %uhixwdwlrq ri xqvxssruwhg k|srwkhvhv%1 Wkh xqvxssruwhg k|srwkhvhv duh
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surgxfhg yld lqvshfwlrq ri dq lqgxfhg ghvflvlrq wuhh +vhh vhfwlrq :17 ehorz iru dq ryhuylhz

ri Zhdyhu,1

Iru wkh zrun zklfk iroorzv +lq fkdswhu ;, erwk udqgrp vdpsolqj dqg vlpsoh kloo0

folpelqj zhuh xvhg wr vdpsoh srlqwv lq wkh VwhuhrOde sdudphwhu vsdfh1 Udqgrp vdpsolqj

zdv xvhg wr fkdudfwhulvh wkh kxjh sdudphwhu vsdfh +frpelqhg zlwk F718 0 vhh vhfwlrq :1614

ehorz, dqg kloo0folpelqj zdv xvhg wr orfdwh uduh srlqwv lq wkh vsdfh +frpelqhg zlwk foxvwhu

dqdo|vlv 0 vhh vhfwlrq :1615 ehorz,1

.�� ��@h@U|ih�t�?} +i}�L?t �? |�i 5T@Ui

Jlyhq vrph vdpsoh ri srlqwv iurp d kljk glphqvlrqdo vsdfh +hlwkhu udqgrpo|/

v|vwhpdwlfdoo| ru lqwhooljhqwo| jdwkhuhg,/ wkh sureohp uhpdlqv ri wr krz wkh srlqwv fdq eh

lqwhusuhwhg vxfk wkdw wkh uhvxowv fdq eh suhvhqwhg lq d phdqlqjixo irup 0 uhodwlqj wkh ydoxhv

ri h{rjhqrxv sdudphwhuv wr revhuyhg ehkdylrxuv1 Dv vwdwhg suhylrxvo|/ iru d orz glphqvlrqdo

vsdfh zlwk rqh ru wzr glphqvlrqv/ d ylvxdo phwkrg ri suhvhqwdwlrq dqg lqvshfwlrq lv riwhq

vx�flhqw iru wklv sxusrvh1 Iru d kljk glphqvlrqdo vsdfh krzhyhu/ wklv rswlrq lv qrw srvvleoh1

Rqh dssurdfk wr dlg lqwhusuhwdwlrq lv wr orfdwh uhjlrqv zlwklq wkh vsdfh zklfk

erxqg srlqwv zlwk vlplodu surshuwlhv1 Li vrph vxevhw ri srlqwv lq d vdpsoh fdq eh fdwhjrulvhg

dv kdylqj d jlyhq surshuw| ri lqwhuhvw wkhq phwkrgv fdq eh dssolhg zklfk dwwhpsw wr �qg

dssur{lpdwho| krprjhqrxv uhjlrqv ri vxfk srlqwv lq wkh vsdfh1

Rqh phwkrg ri vshfli|lqj d uhjlrq zlwklq d sdudphwhu vsdfh lv wr hqxphudwh d

vhw ri lqwhuydov/ rqh lqwhuydo iru hdfk sdudphwhu1 Vxfk d uhjlrq lv wkhuhiruh d fxerlg zlwk

glphqvlrqv htxdo wr wkh qxpehu ri sdudphwhuv dqg d yroxph htxdo wr wkh surgxfw ri doo

wkh lqwhuydo vl}hv1 Wkh wdvn ri lghqwli|lqj uhjlrqv erxqglqj srlqwv zlwk d jlyhq surshuw| ri

lqwhuhvw fdq eh frqvwuxfwhg dv d surfhvv ri uhfxuvlyh vsolwwlqj ri wkh sdudphwhu vsdfh xqwlo
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uhjlrqv duh irxqg wkdw erxqg srlqwv zklfk doo kdyh wkh surshuw|1 Wklv lv hvvhqwldoo| wkh wdvn

shuiruphg e| d fodvv ri ghflvlrq wuhh lqgxfwlrq dojrulwkpv ghyhorshg zlwklq wkh pdfklqh

ohduqlqj frppxqlw| +vhh vhfwlrq :1614 ehorz,1

Dqrwkhu phwkrg ri orfdwlqj uhjlrqv zlwk kljk frqfhqwudwlrqv ri srlqwv zlwk d

surshuw| ri lqwhuhvw lv wr xvh vrph irup ri foxvwhu dqdo|vlv ryhu rqo| wkrvh srlqwv iurp d

vdpsoh zklfk kdyh wkh surshuw|1 Wkh uhvxow ri d foxvwhu dqdo|vlv lv qrw d vhw ri vwulfwo|

erxqghg uhjlrqv +dv surgxfhg e| ghflvlrq wuhh lqgxfwlrq phwkrgv, exw dq dvvljqphqw ri

hdfk srlqw wr d sduwlfxodu foxvwhu +vhh vhfwlrq :1615 ehorz,1

.���� A�i �e�D �*@tt��U@|�L? �*}Lh�|�4

Wkh F718 fodvvl�fdwlrq dojrulwkp ^46<` lqgxfhv ghflvlrq wuhhv iurp d vdpsoh ryhu

d vsdfh ri sdudphwhuv +dwwulexwhv, iru d jlyhq fdwhjrulfdo yduldeoh +lq wklv fdvh vrph fdwh0

jru| ri revhuydeoh skhqrphqd ri wkh vlpxodwlrq uxq,1 Wkh dojrulwkp zrunv e| uhfxuvlyho|

vsolwwlqj wkh sdudphwhu vsdfh dorqj wkh glphqvlrq zklfk surgxfhv wkh kljkhvw %lqirupd0

wlrq jdlq% +edvhg rq lqirupdwlrq wkhru|, ryhu wkh vdpsoh1 Wklv surfhvv frqwlqxhv xqwlo d

uhjlrq lv krprjhqrxv +edvhg rq wkh fdwhjrulfdo yduldeoh, ru vrph plqlpxp vl}h +edvhg rq

wkh qxpehu ri srlqwv lq wkh vdpsoh zklfk idoo zlwklq d uhjlrq, lv uhdfkhg1 Lq wkh odwwhu

vwrsslqj frqglwlrq/ uhjlrqv pd| eh irxqg zklfk duh qrw krprjhqrxv li wkh plqlpxp vl}h

+ru zhljkw lq F718 whuplqrorj|, lv pruh wkdq 41 Lq rughu wr dsso| F718 wr d vdpsoh ri wkh

vsdfh lw lv qhfhvvdu| wr fdwhjrulvh hdfk srlqw lq wkh vdpsoh1 Iru d rqh glphqvlrqdo rxwsxw

ydoxh/ wkuhvkroglqj fdq eh xvhg jlylqj d vhw ri fodvvhv ryhu wkh rxwsxw1 Iljxuh :15 vkrzv

vfkhpdwlfdoo| wkh dssolfdwlrq ri F718 wr d udqgrp vdpsoh surgxflqj fodvv krprjhqrxv uh0

jlrqv1 Frpsoh{ rxwsxw uhtxluhv vrsklvwlfdwhg phwkrgv ri fdwhjrulvdwlrq1 Lq wkh Zhdyhu

v|vwhp +vhh ehorz, zkhuh wkh rxwsxw wr fdwhjrulhv lv d wlph vhulhv dqg wkh skhqrphqd ri
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Iljxuh :15= Srlqwv vdpsohg udqgrpo| iurp wkh sdudphwhu vsdfh fdq +li fdwhjrulvhg, eh
surfhvvhg e| wkh F718 dojrulwkp wr lqgxfh d vhw ri fdwhjru| krprjhqrxv uhjlrqv ri wkh
vsdfh1

lqwhuhvw duh ydulrxv surshuwlhv ri wkh vhulhv/ d kxpdq revhuyhu fdwhjrulvhv wkh rxwsxw1 Wklv

reylrxvo| sxwv sudfwlfdo olplwv rq wkh vl}h ri dq| vdpsoh zklfk fdq eh surfhvvhg vlqfh hdfk

srlqw lq wkh vdpsoh uhtxluhv xvhu lqwhuyhqwlrq1

Lq wkh zrun suhvhqwhg lq wkh iroorzlqj fkdswhu +fkdswhu ;, rwkhu fodvvl�fdwlrq

dojrulwkpv frxog eh xvhg lq sodfh ri F718 +h1j1 d edfn0sursdjdwlrq pxowl0od|hu qhxudo

qhwzrun,1 Krzhyhu/ rqh ri wkh pdlq ehqh�wv ri F718 lv wkdw wkh lqgxfhg ghflvlrq wuhh

surgxfhg lv jhqhudoo| pruh hdvlo| lqwhusuhwhg e| d kxpdq xvhu wkdq wkh zhljkwv surgxfhg

e| qhxudo qhwzrun ohduqlqj dojrulwkpv1 D qhxudo qhwzrun grhv qrw surgxfh d olvw ri uhjlrqv

gh�qhg ryhu wkh lqsxw vsdfh exw udwkhu d vhw ri zhljkwv zklfk lpsohphqw d pdsslqj1 Lq

rughu wr �qg zkdw uhjlrqv kdyh ehhq lqgxfhg dq lqyhvwljdwlrq ri wkh zhljkwv lv uhtxluhg1

Wkhuh lv qr vlpsoh phwkrg ri h{wudfwlqj wkh lqgxfhg uhjlrqv1

.���2 �*�t|ih �?@*)t�t

Foxvwhu dqdo|vlv whfkqltxhv sduwlwlrq d vhw ri srlqwv lqwr vrph qxpehu ri foxvwhuv1

Lq wkh dqdo|vlv zklfk iroorzv +vhh vhfwlrq ;15 lq fkdswhu ;, n0phdqv foxvwhulqj zdv xvhg

^484`1 Wklv whfkqltxh xvhv d khxulvwlf vhdufk wr plqlplvh dq remhfwlyh ixqfwlrq +wklv ehlqj

d vlpsoh irup ri kloo0folpelqj,1 Wkh vhdufk vsdfh frqvlvwv ri doo srvvleoh doorfdwlrqv ri
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Iljxuh :16= Foxvwhu dqdo|vlv dssolhg wr d vdpsoh ri srlqwv irxqg yld kloo0folpelqj pd| eh
xvhg wr �qg foxvwhu fhqwurlgv1

srlqwv iurp wkh vdpsoh ehwzhhq vrph vshfl�hg qxpehu ri foxvwhuv1 Vhdufklqj wkh vsdfh

lqyroyhv wkh pryhphqw ri srlqwv ehwzhhq foxvwhuv wr plqlplvh wkh remhfwlyh ixqfwlrq1 Wkh

remhfwlyh ixqfwlrq lv edvhg rq wkh vxp ri wkh phdq glvwdqfhv ri doo srlqwv iurp wkhlu foxvwhu

fhqwurlgv1 Ydulrxv glvwdqfh phwulfv pd| eh hpsor|hg�/ dqg reylrxvo|/ gdwd kdv wr eh

vhqvleo| qrupdolvhg iru wkh jlyhq phwulf1 Lw vkrxog eh qrwhg wkdw wkh n0phdqv dojrulwkp

uhtxluhv wkdw wkh qxpehu ri foxvwhuv lv vshfl�hg d sulrul dqg grhv qrw jxdudqwhh wr �qg

wkh joredo plqlpxp1 Vlqfh wklv lv wkh fdvh lw lv frqvlghuhg suxghqw wr uxq wkh vhdufk

vhyhudo wlphv zlwk gl�huhqw lqlwldo vwduwlqj frqglwlrqv +lqlwldo fhqwurlg ydoxhv,1 Dovr vlqfh

dq d sulrul fkrlfh iru wkh qxpehu ri foxvwhuv qhhgv wr eh pdgh lw lv dovr riwhq frqvlghuhg

xvhixo wr uxq n0phdqv zlwk d udqjh ri foxvwhu qxpehuv dqg pdnh d fkrlfh edvhg rq wkh �qdo

ydoxh ri wkh remhfwlyh ixqfwlrq irxqg iru hdfk foxvwhulqj ^484`1 Lq wkh dqdo|vlv zklfk iroorzv

+vhfwlrq ;15 lq fkdswhu ;, kloo0folpelqj zdv xvhg wr �qg srlqwv ri pd{lpxp fr0rshudwlrq

lq wkh VwhuhrOde sdudphwhu vsdfh +vhh vhfwlrq 91817 lq fkdswhu 9,1 Wkhvh srlqwv zhuh wkhq

dqdo|vhg xvlqj n0phdqv foxvwhu dqdo|vlv1 Iljxuh :16 looxvwudwhv wklv surfhvv vfkhpdwlfdoo|1
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Wkh Zhdyhu v|vwhp ^;4` lv d uhfhqw dssolfdwlrq ri dxwrpdwhg lqgxfwlrq +xvlqj F718,

zlwklq dq lqwhjudwhg wkhru| ghyhorsphqw dqg whvwlqj phwkrgrorj| +vhh �jxuhv 616 dqg 617

lq fkdswhu 6,1 Wkh Zhdyhu v|vwhp kdv ehhq ghvljqhg iru wkh %ghyhorsphqw dqg h{sorudwlrq

ri h{lvwlqj nqrzohgjh lq frpsoh{/ nqrzohgjh0 dqg gdwd0srru grpdlqv% ^;4`1 Vshfl�fdoo| wkh

v|vwhp kdv ehhq dssolhg wr dq hfrorjlfdo grpdlq= wkh srvvleoh fdxvhv ri srsxodwlrq f|fohv

lq uhg jurxvh +Odjrsxv/ Odjrsxv vfrwlfxv,1

Zhdyhu zrunv zlwk dvvxpswlrqv vshfl�hg dv hqxphudwhg +qrplqdo, yduldeohv uhs0

uhvhqwlqj frgh iudjphqwv vshfli|lqj dowhuqdwlyh prgho phfkdqlvpv1 Zhdyhu wkhuhiruh doorzv

wkh vshfl�fdwlrq ri ydulrxv dowhuqdwlyh prgho dvvxpswlrqv lq wkh irup ri surjudp frgh xqlwv1

Wkh v|vwhp fdq wkhq frpsrvh wkrvh xqlwv lqwr d zrunlqj vlpxodwlrq dxwrpdwlfdoo| +rq0wkh0

�|, gxulqj wkhru| ghyhorsphqw1 Wklv doorzv iru pxfk juhdwhu �h{lelolw| lq wkh irup wkdw

dvvxpswlrqv fdq wdnh wkdq vlpso| ydu|lqj sdudphwhu ydoxhv +dv lq wkh VwhuhrOde/ fkdswhu

;,1 Erwk pdfur +srsxodwlrq ohyho, dqg plfur +lqglylgxdo edvhg, prgho phfkdqlvpv fdq eh

frpsduhg1

Iljxuh :17 jlyhv dq ryhuylhz ri wkh vhpl0dxwrpdwhg Srsshuldq ^469` phwkrg ri

%fulwlfdo glvfxvvlrq% xvhg e| wkh v|vwhp wr h{soruh/ frpsduh dqg uh�qh wkhru| +lq wkh irup

ri d F718 lqgxfhg ghflvlrq wuhh,1 Wklv phwkrg fdq eh frpsduhg wr wkh wkhru| frqvwuxfwlrq

phwkrgrorj| rxwolqhg lq fkdswhu 6 +vhh �jxuh 617 lq fkdswhu 6,1 Qrwlfh wkdw wkh xvhu lv

uhvsrqvleoh zlwklq Zhdyhu iru fodvvli|lqj wkh rxwfrph ri vlpxodwlrqv1 Wklv lv d uhfrjqlwlrq

ri wkh riwhq kljko| txdolwdwlyh dqg 2 ru ylvxdo qdwxuh ri vxfk fodvvl�fdwlrqv1 Lq wkh zrun

zklfk iroorzv iru wkh VwhuhrOde +fkdswhu ;, wklv sureohp zdv dyrlghg vlqfh wkh phdvxuh

xvhg wr fodvvli| wkh uhvxow ri d vlpxodwlrq uxq zdv sxusrvhixoo| nhsw vlpsoh1 Krzhyhu/ lw

zrxog vhhp wkdw iru doo exw vxfk vlpsoh fodvvl�fdwlrqv xvhu lqvshfwlrq zrxog eh uhtxluhg dqg
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Iljxuh :17= Wkhru| ghyhorsphqw lq wkh Zhdyhu v|vwhp xvlqj lqgxfwlyh ohduqlqj dqg h{0
shulphqwdo uhirupxodwlrq +dgdswhg iurp ^;4`,1 Wklv lv dq dssolfdwlrq ri d wkhr| exloglqj
phwkrgrorj| +vhh fkdswhu 6/ �jxuh 617,1
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wklv sxwv sudfwlfdo olplwv rq wkh qxpehu ri uxqv wkdw fdq eh surfhvvhg1 Wkh dssolfdwlrq ri

Zhdyhu wr wkh hfrorjlfdo grpdlq ri uhg jurxvh srsxodwlrq f|fohv lqyroyhg wkh xvhu fodvvli|lqj

d srsxodwlrq vl}h wlph vhulhv lqwr rqh ri vhyhudo fdwhjru| w|shv +vwhdg| vwdwh/ h{wlqfwlrq ru

ydulrxv |hduo| f|fohv,1

Fhqwudo wr wkh Zhdyhu v|vwhp lv wkh grpdlq lqghshqghqw %h{shulphqwdo uhirupx0

odwru%1 Fohyhuo|/ Zhdyhu vhdufkhv wkh grpdlq wkhru| +lqgxfhg ghflvlrq wuhh, vxssolhg e|

F718 iru k|srwkhvhv +ohdi qrghv, zklfk duh xqvxssruwhg e| dq| h{shulphqwdo uhvxowv1 D

qhz h{shulphqw +vhw ri dvvxpswlrqv, lv wkhq jhqhudwhg edvhg rq wkh uhirupxodwlrq ri wkh

prvw vlplodu sdvw h{shulphqw +lq whupv ri dvvxpswlrqv, vxfk wkdw lw fryhuv wkh xqvxssruwhg

k|srwkhvlv1 Hvvhqwldoo| wkhq/ Zhdyhu dwwhpswv wr uhixwh xqvxssruwhg jhqhudolvdwlrqv pdgh

e| wkh grpdlq wkhru| wkurxjk h{shulphqwdwlrq1 Wklv surfhvv lv frqwlqxhg xqwlo wkh xvhu

ghflghv wkdw wkh grpdlq wkhru| lv %vwdeoh% +wkdw lv wkh lqgxfhg wuhh kdv fkdqjhg olwwoh ryhu

vhyhudo uhixwdwlrq lwhudwlrqv,1

Zhdyhu uhtxluhv wkdw hdfk sdudphwhu +dvvxpswlrq, lv ri d qrplqdo hqxphudwhg

w|sh +l1h1 wdnhv rqh ri d vhw ri xqrughuhg ydoxhv,1 Frqwlqxrxv qxphulfdo sdudphwhuv kdyh wr

eh frqyhuwhg lqwr qrplqdo w|shv zklfk sxwv uhvwulfwlrqv rq wkh nlqgv ri grpdlq wkhru| wkdw

F718 fdq jhqhudwh1 Lw zrxog qrw eh srvvleoh wr lqgxfh d uxoh ri wkh irup D4 A F +zkhuh D4

lv vrph qxphulfdo dvvxpswlrq dqg F lv vrph frqvwdqw,1

Zhdyhu zdv dssolhg wr dq hfrorjlfdo grpdlq lq zklfk wkh skhqrphqrq ri lqwhuhvw

zdv qrw vsduvho| glvwulexwhg lq wkh sdudphwhu vsdfh1 Frqvhtxhqwo| d ihz lqlwldo udqgrp

vdpsohv dqg wkh dssolfdwlrq ri wkh %fulwlfdo glvfxvvlrq% phwkrg ri wkhru| frqvwuxfwlrq zdv

dghtxdwh wr surgxfh d vwdeoh dqg xvhixo grpdlq wkhru| zlwkrxw uhtxlulqj wkrxvdqgv ri

uxqv1 Krzhyhu/ lq wkh zrun zklfk iroorzv iru wkh VwhuhrOde +fkdswhu ;, wklv zdv qrw wkh

fdvh1 Kljk fr0rshudwlrq +wkh skhqrphqrq ri lqwhuhvw, zdv uduh dqg wkhuhiruh kdg wr eh
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dfwlyho| vhdufkhg iru1 Wkh Zhdyhu wrro0vhw zrxog wkhuhiruh qrw eh gluhfwo| dssolfdeoh wr doo

grpdlqv1 Zhdyhu lv d vwhs lq wkh gluhfwlrq ri vhpl0dxwrpdwlrq ri wkh wkhru| frqvwuxfwlrq

phwkrgrorj|1 Lw vxjjhvwv wkh srvvlelolw| wkdw iru vrph grpdlqv/ fhuwdlq phwkrgrorjlhv fdq

eh dxwrpdwhg wr vrph h{whqw21

.�D A�i 5@4TALL* 5Lu|�@hi

Vriwzduh +VdpsWrro, zdv frqvwuxfwhg zklfk doorzv iru vzhhs +olqhdu dqg orj vfdohv,

dqg udqgrp vdpsolqj iurp wkh sdudphwhu vsdfh ri d vlpxodwlrq1 Dgglwlrqdoo| VdpsWrro

surylghv vlpsoh kloo0folpelqj ryhu wkh sdudphwhu vsdfh iru d vshfl�hg qxpehu ri vwhsv djdlqvw

d jlyhq rxwsxw phdvxuh1 Kloo0folpelqj lqyroyhv vwduwlqj iurp d udqgrp srlqw lq wkh sdudph0

whu vsdfh +e| h{hfxwlqj d vlpxodwlrq uxq, dqg wkhq vhohfwlqj d qhljkerxulqj srlqw dw udqgrp

+h{hfxwlqj d vlpxodwlrq uxq, dqg prylqj wr wkdw srlqw li wkh uhvxow ri wkh uxq lv ehwwhu wkdq

wkh lqlwldo srlqw1 Wklv surfhvv lv lwhudwhg wkh vshfl�hg qxpehu ri vwhsv1 Wkh qhljkerxukrrg

lv gh�qhg dv doo srlqwv zlwklq rqh xqlw +rq dq| qxpehu ri glphqvlrqv,1

Iljxuh :18 vkrzv dq ryhuylhz ri wkh VdpsWrro v|vwhp1 Wkh vlpxodwlrq sdudphwhu

vshfl�fdwlrqv �oh gh�qhv d sdudphwhu vsdfh iru d vlpxodwlrq1 Iljxuh :19 vkrzv dq h{dpsoh

vlpxodwlrq sdudphwhu vshfl�fdwlrq �oh iru wkh VwhuhrOde1 Qrwlfh wkdw wkh qdwxuh +lqsxw ru

rxwsxw,/ w|sh +�rdw ru lqw,/ wuhdwphqw +�{hg ru yduldeoh, wkh vfdoh +olqhdu ru orj, dqg wkh

lqfuhphqw lqwhuydo iru hdfk lqsxw sdudphwhu lv vshfl�hg1 Wkh xvhu dfwlydwhv VdpsWrro e|

vhohfwlqj wkh w|sh ri vdpsoh uhtxluhg +vfdq/ udqgrp ru kloo0folpe, dqg wkh qxpehu ri vdpsoh

srlqwv wr pdnh1 VdpsWrro wkhq h{hfxwhv wkh uhtxluhg vlpxodwlrq uxqv1 Wkh uhvxowv ri wkh

uxqv duh zulwwhq wr d vdpsoh �oh1 VdpsWrro surylghv d vhw ri xwlolwlhv wkdw doorz d vdpsoh

�oh wr eh frqyhuwhg iru ordglqj lqwr rwkhu sdfndjhv iru dqdo|vlv/ ylvxdolvdwlrq/ surfhvvlqj

2W| �L�*_ Mi �?|ihit|�?} |L @TT*) L|�ih 4@U��?i *i@h?�?} t)t|i4tc |�@? �e�Dc |L t�4�*@|�L? h�?t� 6Lh
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Simulation
parameter

specifications

Select:
scan / random

/ hill-climb

SampTool

Networked
Machines

Results
(sample file)

Analysis /
visualisation:

c4.5, spss, excel

Iljxuh :18= D vfkhpdwlf ri wkh VdpsWrro v|vwhp1 D jhqhudo sxusrvh wrro iru vdpsolqj d
sdudphwhu vsdfh1 Iljxuh :19 vkrzv dq h{dpsoh vshfl�fdwlrq iru wkh VwhuhrOde vlpxodwlrq1

ru vwrudjh +h1j1 VSVV/ PV0DFFHVV/ F718/ PV0H[FHO,1 Hdfk lqglylgxdo uxq zlwklq wkh

vdpsoh �oh lv lghqwl�hg e| d xqltxh LG1 VdpsWrro fdq eh xvhg wr uh0h{hfxwh dq| lqglylgxdo

uxq iurp d vdpsoh �oh e| vxsso|lqj wkh LG +hlwkhu zlwk wkh ruljlqdo ru dq dowhuqdwlyh udqgrp

qxpehu vhhg,1 Wklv lv xvhixo iru pruh ghwdlohg srvw0krf dqdo|vlv ri lqglylgxdo uxqv +wr froohfw

wlph vhulhv gdwd iru h{dpsoh,1

Wkh VdpsWrro vfkhgxohv dqg h{hfxwhv vlpxodwlrqv lq sdudooho ryhu dq| qxpehu

ri qhwzrunhg pdfklqhv vkdulqj d frpprq �oh0vwruh1 Lq wkh frqwh{w ri kloo0folpelqj/ hdfk

pdfklqh pd| uxq dq lqghshqghqw kloo0folpelqj surfhvv1 VdpsWrro/ olnh Gurqh +vhh vhfwlrq

:15 deryh,/ lv d jhqhudo sxusrvh wrro dqg fdq lqwhuidfh wr prvw vlpxodwlrq prghov�1

.�S 5�44@h)

Zkhq h{sorulqj d odujh sdudphwhu vsdfh ri d prgho wzr lvvxhv qhhg wr eh dgguhvvhg=

4, krz wr vdpsoh wkh vsdfh/ 5, krz wr dqdo|vh wkh vdpsoh1 Lq d orz glphqvlrqdo vsdfh lw

pljkw eh srvvleoh wr v|vwhpdwlfdoo| vfdq wkh vsdfh dqg wkhq ylvxdoo| h{dplqh wkh uhvxowv1

Wklv lv d frpprq phwkrg xvhg lq pxfk vlpxodwlrq zrun1 Krzhyhu/ lq d kljk glphqvlrqdo

�5ii �TTi?_� � uLh _i|@�*t�



437

DEF 40 "Stereotypes simulation" 1 1

    # "EXECMD"  stereo
    # "EXEPATH" stereotest/
    # "RESPATH" ./

# "name  type  trt low hi  scale inc fix    Desc"

INP "S"  int   fix  0    0  lin  1   101    "number of locations in environment"
INP "N"  int   fix  0    0  lin  1   101    "number of agents in environment"
INP "Nc" int   fix  0    0  lin  1   100    "number of system cycles to execute"
INP "Nr" int   fix  0    0  lin  1     1    "number of runs to execute"
INP "T"  float fix  0    0  lin  0.1   3    "satisfaction threshold"
INP "Pp" float fix  0    0  lin  0     1    "PD outcome payoff value P"
INP "Pt" float fix  0    0  lin  0     5    "PD outcome payoff value T"
INP "Pr" float fix  0    0  lin  0     3    "PD outcome payoff value R"
INP "Ps" float fix  0    0  lin  0     0    "PD outcome payoff value S"
INP "P"  float fix  0    0  lin  0.1   1    "prob of satisfaction test"
INP "B"  int   var  4    8  lin  1     0    "number of bits in label string"
INP "M"  int   var  2   10  lin  1     0    "number of stereotypes agent can hold"
INP "Pm" float var  0    1  lin  0.1   0    "probability of meme propogation"
INP "Mt" float var  0    1  lin  0.1   0    "mutation rate for label bits and rules"
INP "Ci" float var  0    1  lin  0.1   0    "factor by which to increase confidence"
INP "Cr" float var  0    1  lin  0.1   0    "factor by which to decrease confidence"
INP "Ms" float var  0    1  lin  0.1   0    "mutation size range for strategy parts -Ms to +Ms"
INP "Fg" float var  .1   1  lin  0.1   0    "prob. of a game interaction in cycle"
INP "Fc" float var  0    1  lin  0.1   0    "prob. of a cultural interaction in cycle"
INP "Fm" float var  0    1  lin  0.1   0    "prob. of a random agent movement in cycle"
INP "Bf" float var  0    1  lin  0.1   0    "proportion of bits that are fixed"
INP "Bg" float var  0    1  lin  0.1   0    "game label bias"
INP "Bc" float var  0    1  lin  0.1   0    "cultural label bias"
INP "Tg" int   var  1   10  lin  1     0    "refusals before forced interaction for game"
INP "Tc" int   var  1   10  lin  1     0    "refusals allowed forced interaction for cultural"
INP "Vc" float var  0    1  lin  0.1   0    "cultural interaction window"
INP "Vg" float var  0    1  lin  0.1   0    "game interaction window"

# "name   type  Desc"

OUT "CC"  float "prop of mute cooperation"
OUT "DD"  float "prop of mute defection"
OUT "DC"  float "prop of DC interactions"

Iljxuh :19= Dq h{dpsoh vlpxodwlrq sdudphwhu vshfl�fdwlrq iru wkh VwhuhrOde1 Vhh dsshqgl{

D iru ghwdlov ri wkh irupdw dqg phdqlqj ri wkh sdudphwhu vshfl�fdwlrq �oh1
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vsdfh/ ylvxdolvdwlrq ehfrphv sureohpdwlf dqg wkh vl}h ri wkh vsdfh pd| pdnh phdqlqjixo

v|vwhpdwlf vfdqv frpsxwdwlrqdoo| lqwudfwdeoh1 Rqh srvvleoh vroxwlrq lv wr udqgrpo| vdpsoh

wkh vsdfh dqg wkhq dsso| dq lqgxfwlrq dojrulwkp wr fkdudfwhulvh uhjlrqv lq wkh vsdfh zlwk

frpprq surshuwlhv1 Dqrwkhu dssurdfk lv wr dfwlyho| vhdufk wkh vsdfh lq vrph zd| iru uhjlrqv

ri lqwhuhvw1 Dowhuqdwlyho|/ zkhq d skhqrphqd ri lqwhuhvw lv vsduvh zlwklq wkh sdudphwhu vsdfh

wkhq d irup ri kloo0folpelqj pd| eh dssolfdeoh1 Li kloo0folpelqj lv xvhg wkhq vrph vhw ri

krprjhqrxv srlqwv pd| eh orfdwhg1 Lq rughu wr khos lqwhusuhw wkrvh srlqwv/ foxvwhu dqdo|vlv

pd| eh xvhg wr lghqwli| vsdwldoo| glvwlqfw uhjlrqv zlwklq wkh vsdfh1 Lq rughu wr idflolwdwh

wkh vdpsolqj surfhvv iru wkh VwhuhrOde wkh VdpsWrro vriwzduh zdv frqvwuxfwhg1 VdpsWrro

doorzv iru v|vwhpdwlf/ udqgrp dqg kloo0folpelqj vdpsolqj wr eh pdgh ryhu d sdudphwhu vsdfh

xwlolvlqj pxowlsoh pdfklqhv ryhu d qhwzrun1 VdpsWrro vfkhgxohv h{hfxwlrq ri vlpxodwlrq uxqv

dqg froodwhv wkh uhvxowv/ surylglqj frqyhuvlrq xwlolwlhv doorzlqj wkrvh uhvxowv wr eh ordghg

lqwr h{lvwlqj dqdo|vlv sdfndjhv1 VdpsWrro lv d jhqhudo sxusrvh xwlolw| wkdw fdq eh lqwhuidfhg

wr prvw vlpxodwlrq vriwzduh1

Lq wkh qh{w fkdswhu wkh VdpsWrro vriwzduh lv dssolhg wr wkh VwhuhrOde +dv rxwolqhg

lq fkdswhu 9, wr �qg uhjlrqv zlwklq wkh sdudphwhu vsdfh zklfk surgxfh kljk fr0rshudwlrq1

Erwk udqgrp vdpsolqj frpelqhg zlwk F718 dqg kloo0folpelqj frpelqhg zlwk foxvwhu dqdo|vlv

duh hpsor|hg1


