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Lq wklv fkdswhu dq duwl�fldo vrflhw| prgho lv ghvfulehg +wkh VwhuhrOde, wkdw dw0

whpswv wr fdswxuh lq dq devwudfwhg irup wkh vrfldo frqvwuxfwlrq/ frppxqlfdwlrq dqg g|0

qdplfv ri vwhuhrw|shv edvhg rq %vrfldo fxhv% dqg wkhlu h�hfwv rq lqwhu0djhqw wuxvw1 Djhqwv

lqwhudfw fxowxudoo| yld wkh h{fkdqjh ri fxowxudo xqlwv +ru phphv, zklfk uhsuhvhqw vrfldo fxhv

dqg vwhuhrw|shv1 Djhqwv hfrqrplfdoo| lqwhudfw yld uhshdwhg jdphv ri wkh rqh0vkrw Sulv0

rqhu*v Glohppd1 Wkh prwlydwlrq iru wklv vwxg| lv wr lqyhvwljdwh wkh frqglwlrqv xqghu zklfk

vxvwdlqhg fr0rshudwlrq hphujhv ehwzhhq djhqwv xqghu wkh lq�xhqfh ri vwhuhrw|slqj1 Pdq|

dvvxpswlrqv ri wkh prgho duh h{rjhqrxvo| sdudphwhulvhg1 Wkh VwhuhrOde wkhuhiruh vshfl�hv

d yhu| odujh qxpehu ri prgho yduldqwv ryhu wkh vsdfh ri sdudphwhuv1 Whfkqltxhv e| zklfk

wkdw vsdfh pd| eh h{soruhg duh ghvfulehg lq fkdswhu :1 Dfwxdo h{shulphqwdo uhvxowv duh

jlyhq lq fkdswhu ;1
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Lq frpsoh{ vrfldo zruogv/ lqglylgxdov duh uhtxluhg wr lqwhudfw zlwk pdq| vwudqjhuv

xvlqj olplwhg nqrzohgjh dqg erxqghg udwlrqdolw|1 \hw lq kxpdq vrflhwlhv wkh rxwfrph lv
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uduho| sxuh fkdrv dqg frqixvlrq1 Dq lpsruwdqw frjqlwlyh wrro hpsor|hg e| kxpdqv wr ghdo

zlwk wklv vlwxdwlrq lv wkh jhqhudwlrq/ vkdulqj dqg frq�updwlrq ri vrfldo fdwhjrulhv1 Vrfldo

fdwhjrulhv fdq eh hpsor|hg e| dq lqglylgxdo ru jurxs doorzlqj wkhp wr djjuhjdwh lqglylgxdov

lq wkhlu vrflhw| lqwr pruh0ru0ohvv glvwlqjxlvkdeoh jurxslqjv1 Lq prghuq vrflhwlhv wkhuh duh

pdq| vxfk fdwhjrulhv lq frpprq fxuuhqf|1 Vrph shuvlvw dqg ehfrph frpprq nqrzohgjh

+h1j1 %Lqwhoohfwxdov%,/ rwkhuv dsshdu txlfno| wkhq ydqlvk +h1j1 %Klss|%/ %\lss|%/ %\xss|%,/

dqg vrph ehfrph r�fldo lqvwuxphqwv ri srolf| +l1h1 jryhuqphqwdo fodvvl�fdwlrqv ri vrflr0

hfrqrplf fodvv,1 Wkh phwkrgv e| zklfk phpehuv ri d fdwhjru| duh lghqwl�hg duh pdq| dqg

ydulhg dv duh wkh vrfldo ehkdylrxuv iru zklfk vxfk fdwhjrulhv surylgh d udwlrqdolvdwlrq1 Lw kdv

ehhq dujxhg e| vrph vrfldo wkhrulvwv wkdw doo fdwhjrulhv duh vrfldoo| frqvwuxfwhg1 Dowkrxjk

wklv ylhz lv qrw vkduhg e| wkh dxwkru +wklv ghedwh lv wdqjhqwldo wr wkh zrun suhvhqwhg khuh,/

wkh irfxv khuh lv rq vrfldo fdwhjrulhv wkdw duh vrfldoo| frqvwuxfwhg1
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Lq kxpdq vrflhwlhv shrsoh riwhq kdyh wr lqwhudfw fr0rshudwlyho| zlwk rwkhuv zkr

wkh| kdyh qhyhu phw ehiruh dqg wkhuhiruh kdyh qr vshfl�f nqrzohgjh ri1 Lq wkrvh vlwxdwlrqv

krz grhv dq lqglylgxdo vhohfw dq dssursuldwh ehkdylrxuB Vshfl�fdoo|/ lq dq hfrqrplf wudqv0

dfwlrq zkhuh wuxvw lv lqyroyhg/ zkhq vkrxog d vwudqjhu eh wuxvwhgB Zkhq vkrxog d vwudqjhu

eh fkhdwhgB Frqvlghu wkh iroorzlqj vfhqdulr=

%Lpdjlqh |rx duh gulylqj dfurvv frxqwu| iru d idplo| ydfdwlrq zkhq |rxu fdu
ryhukhdwv1 \rx kdyh wkh fdu wrzhg wr d vhuylfh vwdwlrq wkdw kdv d uhsdlu vkrs1
Wkh phfkdqlf vd|v |rx qhhg dq h{shqvlyh qhz udgldwru1 Lw lv d krw dqg kxplg
Dxjxvw gd|/ wkh nlgv duh fudqn|/ dqg |rx duh lq qr prrg wr sd| wr kdyh |rxu
fdu wrzhg wr dqrwkhu vkrs iru d vhfrqg rslqlrq1 \rx kdyh qr dvvxudqfh wkdw wkh
phfkdqlf lv whoolqj wkh wuxwk ru zloo fkdujh d idlu sulfh ru gr surshu zrun1 Zkdw
vkrxog |rx grB Phdqzkloh/ wkh phfkdqlf lv htxdoo| zruulhg wkdw dq rxw0ri0wrzq
prwrulvw pd| vnls rxw rq d edg fkhfn1% ^448`1
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Lq wklv vfhqdulr erwk |rx dqg wkh phfkdqlf zloo ehqh�w li d idlu ghdo fdq eh vwuxfn1

Exw krz fdq hlwkhu sduw| wuxvw wkh rwkhu qrw wr fkhdwB Zkdw nqrzohgjh fdq |rx erwk

gudz rq wr pdnh d ghflvlrqB Lw lv dujxhg wkdw rqh phfkdqlvp iru frslqj lv wr pdnh xvh

ri %vrfldo fxhv%1 Erwk |rx dqg wkh phfkdqlf dvvhvv wkh vlwxdwlrq/ revhuyh hdfk rwkhu dqg

gudz rq vrfldoo| ru lqglylgxdoo| jdlqhg nqrzohgjh wr frph wr d ghflvlrq rq krz wr dfw1 Li d

%vlplodu% phfkdqlf lq wkh sdvw glg d srru mre dqg ryhufkdujhg wkhq |rx pljkw eh whpswhg

wr zulwh d edg fkhtxh vlqfh %wklv jx| orrnv olnh d frzer| phfkdqlf%1 Frqyhuvho|/ li wkh

phfkdqlf revhuyhv wkdw |rx duh zhdulqj d ndiwdq dqg kdyh orqj kdlu kh pd| frqfoxgh |rx

duh d %qr0jrrg klss|% zkr lv vlpso| qrw wr eh wuxvwhg1 Kh pd| ryhufkdujh iru srru zrun

ru zruvh pd| uhixvh wr khos |rx1 Wkh phfkdqlf pd| kdyh qhyhu phw d %qr jrrg klss|% lq

shuvrq ehiruh1 Exw wkrvh kh vrfldoo| lqwhudfwv zlwk kdyh wrog klp dqhfgrwhv ri edg ghhgv1

Kh kdv ehhq wrog wr zdwfk rxw iru shrsoh olnh wklv1 Wkh srlqw lv wkdw lqglylgxdov pd| mxgjh

rwkhuv edvhg rq shuvrqdo h{shulhqfh ru vrfldoo| ohduqhg eholhiv1 Dovr/ vrfldoo| ohduqhg eholhiv

pd| ru pd| qrw kdyh vrph uhodwlrqvkls wr vrph uhdo h{shulhqfh/ wkh| frxog vlpso| eh p|wkv

ri xqfhuwdlq ruljlq dqg yhudflw|1
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Vwhuhrw|shv duh gh�qhg khuh qduurzo| dv nqrzohgjh wkdw dvvrfldwhv vhwv ri dw0

wulexwhv zlwk vhwv ri lqglylgxdov edvhg sxuho| rq revhuydeoh fkdudfwhulvwlfv +vrfldo fxhv/

fxowxudo pdunhuv ru wdjv,1 Lw lv dvvxphg wkdw vwhuhrw|shv duh frqvwuxfwhg pdlqwdlqhg dqg

hyroyhg wkurxjk vrfldo lqwhudfwlrqv ehwzhhq lqglylgxdov ryhu wlph1 Lw lv dovr dvvxphg wkdw

gl�huhqw lqglylgxdov pd| srvhvv gl�huhqw +hyhq frq�lfwlqj, vwhuhrw|shv dqg wkdw wkh sur0

fhvvhv wkdw jhqhudwh wkhp duh gxh wr wkh qhhg iru frjqlwlyh h�flhqf| dqg wkh vhohfwlrq ri

vrfldo vwudwhjlhv edvhg rq yhu| olplwhg lqirupdwlrq1 Wkh vrfldo sv|fkrorjlfdo olwhudwxuh uhihuv
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wr wklv fkdudfwhulvdwlrq ri vwhuhrw|slqj dv wkh %lqirupdwlrq surfhvvlqj huuru% h{sodqdwlrq

^463`1 Wklv lv rssrvhg wr wkh %nhuqho ri wuxwk% srvlwlrq zklfk sursrvhv wkdw vwhuhrw|shv

duh edvhg +dw ohdvw lq sduw, rq wuxh jurxs gl�huhqfhv hpehgghg lq wkh vwuxfwxuh ri vrflhw|1

Krzhyhu/ lw fdq eh dujxhg wkdw wkh %vwuxfwxudo gl�huhqfhv% iurp zklfk vwhuhrw|shv pd| eh

jhqhudwhg pd| wkhpvhoyhv eh wkh uhvxow ri surfhvvhv lqyroylqj vwhuhrw|slqj +dprqj rwkhu

frjqlwlyh dqg vrfldo surfhvvhv, dqg khqfh duh uh�h{lyho|� uhodwhg udwkhu wkdq vlpso| uh�hf0

wlyho| uhodwhg ru idovh1 Iru h{dpsoh/ li vrph vhw ri lqglylgxdov krog sduwlfxodu vwhuhrw|shv

+iru zkdwhyhu uhdvrq, wkhq wklv pd| surgxfh vwuxfwxudo uhjxodulwlhv zklfk surprwh dqg

frq�up wkrvh vwhuhrw|shv +d vhoi0ixo�oolqj surskhf|,1
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Vrfldo fxhv lq wkh irup ri guhvv/ dffhqw/ sk|vlfdo fkdudfwhulvwlfv hwf1 pd| eh xvhg

e| lqglylgxdov wr pdnh frpsdulvrqv ri %vrfldo glvwdqfh% ehwzhhq wkhpvhoyhv dqg rwkhuv1 Lw

lv zhoo grfxphqwhg wkdw lqglylgxdov riwhq suhihu wr dvvrfldwh zlwk rwkhuv zkr duh vlplodu wr

wkhpvhoyhv ^487`1 Vrfldo fxhv wkhuhiruh pd| riwhq eh xvhg dv phfkdqlvpv wr hqirufh irupv

ri vrfldo h{foxvlrq +hlwkhu hfrqrplfdoo| ru fxowxudoo|, e| fuhdwlqj lq0jurxsv dqg rxw0jurxsv

iurp srsxodwlrqv ri lqglylgxdov1 Vrph vrfldo fxhv +ru wdjv, pd| eh hdvlo| fkdqjhg yld vrfldo

lq�xhqfh +h1j1 guhvv ru dffhqw, exw rwkhuv duh kdug wr fkdqjh ru glvjxlvh +h1j1 vh{ ru udfldo

fkdudfwhulvwlfv,1 Vr/ wzr nlqgv ri fxhv pd| eh gholqhdwhg= �{hg wudlwv dqg fxowxudoo| ohduqhg

wudlwv1 Hlwkhu ru erwk ri wkhvh nlqgv ri fxhv pd| eh xvhg lq surfhvvhv ri vrfldo glvwdqfh

hvwlpdwlrq1 H{wuhph h{dpsohv ri vxfk sudfwlfhv pdqlihvw wkhpvhoyhv lq frppxqlwlhv vxfk

dv wkh Dphulfdq Dplvk ^<4`1 Exw ohvv h{wuhph irupv ri vrfldo dqg hfrqrplf h{foxvlyhqhvv

shuphdwh prvw vrflhwlhv/ riwhq lqyroylqj vhwv ri ryhuodsslqj/ hphujlqj dqg glvvroylqj jurxs0

��) �hi�i ��i*)� hi*@|i_c W 4i@? |�@| |�i t|ihiL|)T�?} ThLUitt @giU|t |�i �ih) }hL�T�?}t ���U� @hi

hiThiti?|i_ M) t|ihiL|)Tit�



:3

lqjv1 Qxphurxv vrfldo sv|fkrorjlfdo vwxglhv ^463`/ ^43<` �qg wkdw lqglylgxdov zlwklq jurxsv

duh kljko| rulhqwhg wrzdugv wkhlu rzq jurxs erwk lq whupv ri dfwlyho| kduprqlvlqj wkhlu

eholhiv dqg ehkdylqj lq d pruh dowuxlvwlf zd| wrzdugv lq0jurxs phpehuv ^436` dqg dgdswlqj

vwhuhrw|shg dqg qhjdwlyh dwwlwxghv wrzdugv rxw0jurxs phpehuv +vr fdoohg %lq0jurxs eldv%,1

S�2 5@*�i?| 6i@|�hit

Iurp wkh deryh glvfxvvlrq dqg h{dpsoh vfhqdulr vrph vdolhqw ihdwxuhv pd| eh

rxwolqhg=

� Lqglylgxdov duh erxqghgo| udwlrqdo vrfldo dqg lqglylgxdo ohduqhuv1

� Lqglylgxdov riwhq qhhg wr lqwhudfw zlwk vwudqjhuv wr dfklhyh wkhlu jrdov1

� Pdq| lqwhudfwlrqv duh rqo| pxwxdoo| vdwlvidfwru| li wuxvw fdq eh hvwdeolvkhg1

� Lqglylgxdov pd| hydoxdwh vwudqjhuv zlwk uhihuhqfh wr revhuydeoh vrfldo fxhv1

� Wkh vrfldo fxhv dq lqglylgxdo srvvhvvhv pd| eh fxowxudoo| ohduqhg dqg sursdjdwhg1

� Vrph fxhv pd| eh �{hg dqg xqfkdqjhdeoh1

� Wkh zd| fxhv uhodwh wr vhohfwhg ehkdylrxuv pd| eh whuphg %vwhuhrw|shv%1

� Vwhuhrw|shv fdq eh vrfldoo| ohduqhg dqg sursdjdwhg1

� Lqglylgxdov riwhq suhihu wr lqwhudfw zlwk wkrvh kroglqj vlplodu fxhv1

Wkh VwhuhrOde duwl�fldo vrflhw| dwwhpswv wr plqlpdoo| fdswxuh wkhvh vdolhqw ihd0

wxuhv1 Lqwhudfwlrq lqyroylqj wuxvw lv prghoohg e| djhqwv sod|lqj sdlu0zlvh jdphv ri wkh

rqh0vkrw Sulvrqhu*v Glohppd +vhh vhfwlrq 51414 lq fkdswhu 5 dqg vhfwlrq 916 ehorz,1 Vrfldo

ohduqlqj dqg wkh sursdjdwlrq ri fxhv dqg vwhuhrw|shv lv prghoohg lq d plqlpdo %phphwlf%
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iudphzrun +vhh vhfwlrq 91815 ehorz,1 H{foxvlrq sudfwlfhv edvhg rq fxhv duh fdswxuhg e| wkh

eldvlqj ri jdph dqg fxowxudo lqwhudfwlrqv edvhg rq wdjv1 Wdjv pd| eh �{hg ru fkdqjh yld

fxowxudo lqwhudfwlrq1
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Wkh Sulvrqhu*v Glohppd +SG, jdph +dv glvfxvvhg suhylrxvo| lq vhfwlrq 51414 ri

fkdswhu 5, prghov d frpprq vrfldo glohppd lq zklfk wzr sod|huv lqwhudfw e| vhohfwlqj rqh

ri wzr fkrlfhv= Hlwkhu wr %frrshudwh% +F, ru %ghihfw% +G,1 Iurp wkh irxu srvvleoh rxwfrphv ri

wkh jdph/ sd|r�v duh glvwulexwhg wr wkh lqglylgxdov1 D uhzdug sd|r� +U, dqg d sxqlvkphqw

sd|r� +S, duh jlyhq iru pxwxdo fr0rshudwlrq dqg pxwxdo ghihfwlrq uhvshfwlyho|1 Krzhyhu/

zkhq lqglylgxdov vhohfw gl�huhqw pryhv/ gl�huhqwldo sd|r�v ri whpswdwlrq +W, dqg vxfnhu

+V, duh dzdughg wr wkh ghihfwru dqg wkh fr0rshudwru uhvshfwlyho|1 Dvvxplqj wkdw qhlwkhu

sod|hu fdq nqrz lq dgydqfh zklfk pryh wkh rwkhu zloo pdnh dqg zlvkhv wr pd{lplvh lwv rzq

sd|r�/ wkh glohppd lv hylghqw lq wkh udqnlqj ri sd|r�v= W A U A S A V dqg wkh frqvwudlqw

wkdw 5U A W . V1 Dowkrxjk erwk sod|huv zrxog suhihu W/ rqo| rqh fdq dwwdlq lw1 Qr sod|hu

zdqwv V1 Qr pdwwhu zkdw wkh rwkhu sod|hu grhv/ e| vhohfwlqj d G pryh d sod|hu hqvxuhv kh

jhwv hlwkhu d ehwwhu ru htxdo sd|r� wr klv sduwqhu1 Lq wklv vhqvh d G pryh fdq*w eh ehwwhuhg

vlqfh sod|lqj G hqvxuhv wkdw wkh ghihfwru fdq qrw eh vxfnhuhg1

Wkh vhohfwlrq ri d fr0rshudwlyh vwudwhj| e| d sod|hu lq wkh SG fdq eh vhhq dv d

irup ri wuxvw1 Wkh sod|hu h{srvhv lwvhoi wr h{sorlwdwlrq e| ghihfwlrq iurp wkh rwkhu sod|hu1

Wuxvw lq wklv frqwh{w uhsuhvhqwv vrph dfwlrq wkdw h{srvhv wkh sod|hu wr h{sorlwdwlrq e|

dqrwkhu sod|hu zkhq qr elqglqj djuhhphqw ru frqwudfw lv lpsrvhg1 Wuxvw/ khuh/ lv vhhq dv

dq lqwhusuhwdwlrq sodfhg rq wkh dfwlrq ri dq djhqw qrw d frjqlwlyh vwdwh ri dq djhqw1 Wkh

VwhuhrOde prghov hfrqrplf lqwhudfwlrqv xvlqj sdluzlvh vlqjh0vkrw SG jdph lqwhudfwlrqv
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ehwzhhq djhqwv +sod|huv,1
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Odehov ru wdjv duh gh�qhg dv revhuydeoh dwwulexwhv dwwdfkhg wr djhqwv ^8`/ ^;;`/

^476`1 Lq d elqdu| vwulqj uhsuhvhqwdwlrq ri d wdj/ hdfk elw fdq eh lqwhusuhwhg dv uhsuhvhqwlqj

wkh suhvhqfh ru devhqfh ri vrph revhuydeoh fkdudfwhulvwlf1 Wkh gh�qlwlrq ri wdjv xvhg e|

Kroodqg ^;;` vshfl�hv wkdw wkh| duh �{hg dqg xqfkdqjlqj lqwud0jhqhudwlrqdoo| exw hyroyh

lqwhu 0jhqhudwlrqdoo|1 Wkh lqwhusuhwdwlrq khuh/ wkhuhiruh/ lv rqh ri sk|vlfdoo| revhuydeoh

surshuwlhv olqnhg wr jhqhwlf pdwhuldo1 Wkh uroh ri wdjv dv phwkrgv ri lqfuhdvlqj fr0rshudwlrq

lq Lwhudwhg SG jdphv kdv ehhq glvfxvvhg e| Kroodqg ^;:`/ ^<3` dqg pruh uhfhqwo| Ulror

^476`/ ^5<`1 Lq wkhvh odwwhu vwxglhv/ h{shulphqwdwlrq zlwk frpsxwdwlrqdo prghov ghprqvwudwh

hpslulfdoo| wkdw wdjv fdq lqfuhdvh fr0rshudwlrq lq wkh lwhudwhg SG jdph1

Krzhyhu/ wdjv kdyh ehhq xvhg wr uhsuhvhqw fxowxudo dwwulexwhv zklfk fdq eh frslhg

lqwud0jhqhudwlrqdoo| ehwzhhq djhqwv lq rughu wr devwudfwo| fdswxuh d irup ri fxowxudo jurxs

irupdwlrq ^:`/ ^85`1 Wkh lqwhusuhwdwlrq lq wkhvh fdvhv lv rqh ri fxowxudo fkdudfwhulvwlfv jdlqhg

wkurxjk fxowxudo lqwhudfwlrqv +h1j1 vw|oh ri guhvv/ vrfldo ghphdqrxu hwf1, zklfk g|qdplfdoo|

irup lghqwl�deoh fxowxudo jurxsv1 Wdjv lq wkh VwhuhrOde pd| eh hlwkhu xqfkdqjlqj dqg �{hg

+wkh lqwhusuhwdwlrq ehlqj ri xqfkdqjlqj sk|vlfdo fkdudfwhulvwlfv, ru fxowxudoo| ohduqdeoh dqg

pxwdeoh +wkh lqwhusuhwdwlrq ehlqj ri fxowxudo wudlwv vxfk dv vw|oh ri guhvv,1

S�D A�i 5|ihiLw@M �h|��U�@* 5LU�i|)

Wkh dlp ri wkh VwhuhrOde ghvljq lv wr fdswxuh/ lq d kljko| devwudfwhg irup/ wkh

vdolhqw ihdwxuhv rxwolqhg lq vhfwlrq 915 deryh1
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Wkurxjkrxw wkh ghvljq ri wkh vrflhw| lpsruwdqw dvvxpswlrqv kdyh ehhq sdudph0

whulvhg1 Vshfl�hg dv h{rjhqrxv sdudphwhuv wkh| rshq0xs wkh v|vwhp wr dq h{sorudwlrq ri d

vsdfh ri ehkdylrxuv olqnhg wr wkh dvvxpswlrqv +sdudphwhu ydoxhv,1 Wklv doorzv iru vhdufklqj

dqg vhqvlwlylw| dqdo|vlv lq rughu wr olqn wkh dvvxpswlrqv wr v|vwhp ehkdylrxu +vhh fkdswhu

: iru pruh rq wklv,1

Lqglylgxdov duh uhsuhvhqwhg dv vlpxodwhg djhqwv zklfk glvsod| wdjv uhsuhvhqwhg dv

elqdu| elw vwulqjv +vrfldo fxhv,1 Djhqwv hqfrxqwhu hdfk rwkhu g|dglfdoo| dqg sod| d vlqjoh

urxqg ri wkh SG jdph zklfk pd| eh wkrxjkw ri dv dq hfrqrplf lqwhudfwlrq uhtxlulqj wuxvw1

Djhqwv vwruh d vhw ri uxohv zklfk pds wdj sdwwhuqv wr SG vwudwhjlhv +vwhuhrw|shv,1 Iljxuh

914 vkrzv d vfkhpdwlf gldjudp ri d VwhuhrOde djhqw1 Vhfwlrq 91814 ehorz ghvfulehv wkh

ydulrxv frpsrqhqwv ri wkh djhqw1 Fxowxudo lqwhudfwlrq ehwzhhq djhqwv dovr rffxuv g|dgl0

fdoo| dqg lqyroyhv wkh sursdjdwlrq ri wdjv dqg uxohv +wuhdwhg dv phphv,1 Erwk jdph dqg

fxowxudo lqwhudfwlrq duh ghvfulehg lq vhfwlrq 91815 ehorz,1 Djhqwv lqkdelw d rqh glphqvlrqdo

ulqj frpsulvlqj d vhw ri lqghshqghqw whuulwrulhv zklfk pd| frqwdlq dq| qxpehu ri djhqwv

lqfoxglqj qrqh +vhh �jxuh 915,1
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Djhqwv frpsulvh d vhw ri revhuydeoh wdjv +elw vwulqjv,/ d vhw ri ehkdylrxudo uxohv

dqg vrph vwdwh +phpru|, dvvrfldwhg zlwk hdfk uxoh1 Wkh qxpehu ri elwv dqg uxohv vwruhg

duh vshfl�hg e| h{rjhqrxv sdudphwhuv1 Vrph sursruwlrq ri wkh wdj elwv +vshfl�hg e| dq

h{rjhqrxv sdudphwhu, dqg doo uxohv duh wuhdwhg dv d phphv1 Wklv phdqv wkdw wkh| fdq eh

frppxqlfdwhg dqg pxwdwhg +vhh vhfwlrqv 9181416 dqg 9181515 ehorz iru vshfl�f phfkdqlvpv,1

Iru hdfk phph khog wkh djhqw pdlqwdlqv d %frq�ghqfh ydoxh% ^3114` zklfk lqglfdwhv krz

%sv|fkrorjlfdoo| dwwdfkhg% wkh djhqw lv wr wkh phph1 Frq�ghqfh ydoxhv duh d�hfwhg e|
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Bit Pattern

Bit Pattern

Bit Pattern

Strategy

Strategy

Strategy

State

State

State

0 1 0 1 1 0 1 0

State: Confidence value
for each bit

01#1##01 p=0.5, q=0.1 C 0.5

Bit pattern
with “don’t
care bits”

Probability of
co-op if last

fire of rule got
a co-op

response from
opponent

Probability of
co-op if last

fire of rule got
a defect

response from
opponent

Strategy
opponent

made
when rule
last fired

Confidence
value

Observable tags

Iljxuh 914= Dq djhqw lq wkh VwhuhrOde1 Dq djhqw frqvlvwv ri d vhw ri wdj elwv +revhuydeoh
e| rwkhu djhqwv, dqg d vhw ri uxohv +vwhuhrw|shv, pdsslqj elw sdwwhuqv wr jdph vwudwhjlhv1
Hdfk wdj dqg hdfk uxoh kdv dq dvvrfldwhg frq�ghqfh ydoxh1
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fxowxudo lqwhudfwlrqv dqg shulrglf vdwlvidfwlrq whvwv +vhh ehorz,1 D sursruwlrq ri wkh wdj

dq djhqw krogv pd| eh �{hg1 Wkh �{hg elwv qhyhu fkdqjh1 Wkh sursruwlrq ri �{hg elwv lv

vshfl�hg e| dq h{rjhqrxvo| gh�qhg sdudphwhu +EI,1 Iljxuh 914 vkrzv d vfkhpdwlf gldjudp

ri dq djhqw lq wkh VwhuhrOde1 Lq wkh iroorzlqj vhfwlrqv wkh frpsrqhqwv ri wkh djhqw duh

ghvfulehg1

9181414 Wdjv dqg Uxohv

Lq rughu wr lpsohphqw %vwhuhrw|slqj%/ djhqwv kdyh wkh delolw| wr jhqhudolvh ryhu

revhuydeoh wdjv xvlqj wkhlu ehkdylrxudo uxohv1 Wklv lv dfklhyhg e| d vlpsoh irup ri sdwwhuq

pdwfklqj1 Djhqwv vwruh vrph �{hg qxpehu ri uxohv zklfk pds sdwwhuqv ri revhuydeoh wdjv

wr vwudwhj| uhsuhvhqwdwlrqv=

?wdj sdwwhuqA 0A ?vwudwhj|A

Wkh wdj sdwwhuq lv d vwulqj ri wkh vdph ohqjwk dv wkh wdj elw vwulqj exw pd| frpsulvh

gljlwv ri }hur +3,/ rqh +4, dqg %grq*w fduh% +&,1 D %grq*w fduh% gljlw pdwfkhv erwk }hur dqg

rqh gljlwv1 Wklv phfkdqlvp doorzv iru jhqhudolvdwlrq1 D wdj sdwwhuq frqwdlqlqj doo %grq*w

fduh % +&, gljlwv/ zrxog pdwfk doo srvvleoh wdjv1

Vlqfh djhqwv lq fhuwdlq flufxpvwdqfh pd| pxwdwh wkh wdj sdwwhuq wklv doorzv iru

jhqhudolvdwlrq dqg vshfldolvdwlrq ri vwhuhrw|shv wr wdnh sodfh1 Wkdw lv/ uxohv pd| eh zlghqhg

ru qduurzhg lq wkhlu dssolfdelolw|1 Wkh qxpehu ri uxohv dq djhqw fdq krog lv vshfl�hg e| dq

h{rjhqrxvo| gh�qhg sdudphwhu +P,1 P lv wkh vdph iru doo djhqwv zlwklq d jlyhq vrflhw|1

9181415 Vwudwhjlhv

Vwudwhjlhv duh uhsuhvhqwhg dv sdluv +s/t, ri uhdo ydoxhv lq wkh udqjh ^3114` dv xvhg

lq ^476`/ ^459`1 Wkh +s, ydoxh uhsuhvhqwv wkh suredelolw| wkdw wkh djhqw zloo fr0rshudwh jlyhq
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wkdw wkh rssrqhqw fr0rshudwhg rq wkh odvw dssolfdwlrq ri wkh uxoh1 Wkh +t, ydoxh uhsuhvhqwv

wkh suredelolw| wkdw wkh djhqw zloo fr0rshudwh jlyh wkdw wkh rssrqhqw ghihfwhg rq wkh odvw

dssolfdwlrq ri wkh uxoh1 Wkhuhiruh iru hdfk uxoh dq djhqw kdv dq dvvrfldwhg phpru| vwrulqj

hlwkhu F ru G zklfk lqglfdwhv wkh pryh pdgh e| wkh rssrqhqw zkhq wkh uxoh zdv odvw xvhg1

Lqlwldoo| wkhvh phprulhv duh vhw udqgrpo|1 Wkh +s/t, vwudwhj| uhsuhvhqwdwlrq lv vwrfkdvwlf

zlwk d phpru| ri rqh1 Lw fdswxuhv pdq| yduldwlrqv ri uhflsurflw| dqg suryrfdelolw|= +4/3,

uhsuhvhqwv wlw0iru0wdw0olnh uhflsurflw|/ +3/3, uhsuhvhqwv sxuh ghihfwlrq dqg +4/4, uhsuhvhqwv

sxuh fr0rshudwlrq1 Frqvhtxhqwo|/ wkrxjk djhqwv dfwxdoo| sod| vlqjoh urxqg jdphv/ wkhvh duh

sod|hg e| wkh djhqwv dv rq0jrlqj jdphv ri wkh Lwhudwhg Sulvrqhu*v Glohppd +LSG, dv li doo

djhqwv lq wkh fdwhjru| vshfl�hg e| wkh wdj sdwwhuq lq wkh uxoh zhuh d vlqjoh djhqw1

Jlyhq wklv duudqjhphqw lw lv srvvleoh iru dq djhqw wr sod| wlw0iru0wdw djdlqvw d

zkroh jurxs ri rwkhu djhqwv dv vshfl�hg e| wkh wdj sdwwhuq dvvrfldwhg zlwk wkh vwudwhj|1

Wklv fdswxuhv wkh qrwlrq wkdw dq djhqw pd| sxqlvk dq djhqw zlwklq d vwhuhrw|shg jurxs iru

vrphwklqj zklfk dqrwkhu djhqw iurp wkdw vdph jurxs glg lq wkh sdvw1 Zh vkrxog qrwh wkdw

lqwxlwlyho| lw dsshduv wkdw vxfk d surfhvv zrxog pdnh fr0rshudwlrq yhu| kdug wr dfklhyh1

9181416 Pxwdwlrq

Djhqwv vwduw zlwk d vhw ri udqgrpo| jhqhudwhg phphv +wdjv dqg uxohv,1 Dq| �{hg

wdj elwv duh dovr udqgrpo| lqlwldolvhg1 Djhqwv fdq rqo| fkdqjh wkhlu phphv e| pxwdwlrq ru

e| dffhswlqj d phph iurp dqrwkhu djhqw yld frppxqlfdwlrq1 Diwhu d vdwlvidfwlrq whvw +vhh

ehorz, djhqwv h{dplqh hdfk ri wkhlu phphv wr ghwhuplqh li pxwdwlrq vkrxog wdnh sodfh1 Wkh

vxvfhswlelolw| ri d uxoh wr pxwdwh lv lqyhuvho| sursruwlrqdo wr wkh dvvrfldwhg %frq�ghqfh%

ydoxh1 Vlqfh wkh OKV ri d uxoh +sdwwhuq odeho, lv d elw vwulqj +shukdsv lqfoxglqj %grq*w

fduh% v|perov,/ pxwdwlrq wdnhv wkh irup ri fkdqjlqj zlwk suredelolw| PW +zkhuh PW lv dq



::

h{rjhqrxvo| gh�qhg sdudphwhu, hdfk gljlw iurp lwv fxuuhqw ydoxh wr rqh ri wkh rwkhu wzr

ydoxhv zlwk htxdo suredelolw|1 Zkhq d vshfl�f elw ydoxh +3 ru 4, lv uhsodfhg e| d %grq*w

fduh% +&, gljlw wkhq wkh uxoh lv jhqhudolvhg1 Frqyhuvho| zkhq d %&% lv uhsodfhg e| d %3%

ru %4% wkh uxoh lv vshfldolvhg1 Rq wkh UKV ri wkh uxoh/ wkh +s/t, vwudwhj| uhsuhvhqwdwlrq/

pxwdwlrq wdnhv wkh irup ri fkdqjlqj/ zlwk suredelolw| PW/ wkh ydoxhv ri hdfk yduldeoh e|

vrph .yh ru 0yh ydoxh lq wkh udqjh ^0PV11.PV`1 PV lv dq h{rjhqrxvo| gh�qhg sdudphwhu1

Ilqdo ydoxhv ri s ru t zklfk duh A4 ru ?3 duh uhvhw wr 4 dqg 3 uhvshfwlyho|1 Diwhu d uxoh

lv fkdqjhg e| hlwkhu pxwdwlrq ru frppxqlfdwlrq wkh frq�ghqfh dvvrfldwhg zlwk wkh uxoh lv

vhw wr d udqgrp ydoxh1

Khuh wkh qrwlrq ri %fxowxudo lqqrydwlrq% lv plqlpdoo| fdswxuhg1 Dq djhqw zloo whqg

wr pxwdwh d uxoh +vwhuhrw|sh, li lwv frq�ghqfh lq wkdw uxoh lv orz +vhh ehorz iru ghvfulswlrq

ri frq�ghqfh,1

9181417 Vdwlvidfwlrq Whvwv dqg Frq�ghqfh Ydoxhv

Frq�ghqfh ydoxhv duh fkdqjhg gxulqj fxowxudo lqwhudfwlrq +vhh ehorz, dqg shulrg0

lfdoo| wkurxjk wkh dssolfdwlrq ri dq doo0ru0qrwklqj vdwlvidfwlrq whvw1 Li dq djhqw lv vdwlv�hg

wkhq doo ri lwv frq�ghqfh ydoxhv duh lqfuhdvhg e| vrph idfwru/ rwkhuzlvh doo ydoxhv duh uh0

gxfhg e| vrph idfwru1 Dq djhqw lv vdlg wr eh %vdwlv�hg% li lwv dyhudjh sd|r� iurp jdph

lqwhudfwlrqv lv deryh vrph wkuhvkrog +W, vlqfh wkh odvw vdwlvidfwlrq whvw1 Dq djhqw shuirupv

d vdwlvidfwlrq whvw zlwk vrph suredelolw| +S, diwhu hdfk jdph lqwhudfwlrq1 Erwk W dqg S duh

h{rjhqrxv sdudphwhuv1 Vxfk d vfkhph lpsohphqwv d fuxgh irup ri uhlqirufhphqw ohduqlqj=

li dq djhqw lv vdwlv�hg lw lqfuhdvhv wkh frq�ghqfh ri doo phphv +e| d idfwru ri FL, rwkhu0

zlvh frq�ghqfh lv uhgxfhg +e| d idfwru ri FU,1 Erwk FL dqg FU duh h{rjhqrxvo| gh�qhg

sdudphwhuv1 Wzr olplwdwlrqv hphujh iurp wklv fuxgh phwkrg= 4, qr dwwhpsw lv pdgh wr
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surprwh ru ghprwh lqglylgxdo phphv edvhg rq wkhlu frqwulexwlrq wr wkh rxwfrph ri wkh

vdwlvidfwlrq whvw> 5, ghod|hg uhzdugv pd| qrw eh fuhglwhg wr wkh phphv zklfk jhqhudwhg

wkhp vlqfh wkh| pd| kdyh fkdqjhg lq wkh lqwhuyhqlqj wlph1 Lq wkh frqwh{w ri wkh jdph

wkhruhwlfdo vfhqdulr suhvhqwhg khuh wkhvh olplwdwlrqv duh qrw frqvlghuhg ryhuo| uhvwulfwlyh1

Lq pruh frpsoh{ vfhqdulrv phwkrgv ri wdfnolqj wkhvh olplwdwlrqv kdyh ehhq glvfxvvhg lq

wkh frqwh{w ri fodvvl�hu v|vwhpv ^;;`1 Vlqfh wkh rxwfrph ri hdfk jdph lqwhudfwlrq uhvxowv

lq dq lqvwdqw sd|r� lw zrxog qrw eh gl�fxow wr dffxpxodwh sd|r�v djdlqvw wkh uxohv wkdw

jhqhudwhg wkhp1 Lq wklv zd|/ frq�ghqfh ydoxhv frxog eh gl�huhqwldoo| xsgdwhg1 Krzhyhu/ lw

lv rqh ri wkh dvvxpswlrqv ri wkh VwhuhrOde vrflhw| wkdw djhqwv duh kljko| erxqghg lq wkhlu

uhdvrqlqj dqg wkdw wkh| grq*w nqrz zklfk lqglylgxdo phphv duh uhvsrqvleoh iru vdwlvidfwru|

rxwfrphv ^47;`1

S�D�2 ��*|�h@* @?_ B@4i W?|ih@U|�L?

Wkhuh duh wzr nlqgv ri lqghshqghqw lqwhudfwlrq wkdw rffxu ehwzhhq djhqwv= jdph

lqwhudfwlrq zkhuh d urxqg ri SG lv sod|hg +vhh vhfwlrq 9181516 ehorz, dqg fxowxudo lqwhudfwlrq

zkhuh phphv duh h{fkdqjhg +vhh vhfwlrq 9181515 ehorz,1 Wkh vhohfwlrq ri sduwqhuv iru erwk

nlqgv ri lqwhudfwlrq pd| eh vsdwldoo| ru wdj eldvhg1

9181514 Wdj dqg Vsdwldo Eldvlqj ri Lqwhudfwlrq Sduwqhuv

Erwk vsdwldo dqg wdj eldvlqj pd| eh hpsor|hg gxulqj wkh vhohfwlrq ri sduwqhuv

iru erwk jdph dqg fxowxudo lqwhudfwlrq w|shv1 Wdj eldvlqj frqvlvwv lq uhmhfwlqj d srwhqwldo

lqwhudfwlrq sduwqhu edvhg rq wkh qxpehu ri gl�hulqj elwv ehwzhhq wzr wdjv 0 wdj glvwdqfh1

H{rjhqrxv eldv sdudphwhuv vshfli| wkh h{whqw ri eldvlqj iru erwk jdph +EJ, dqg fxowxudo

+EF, lqwhudfwlrq1 Wkh| lqglfdwh wkh pd{lpxp wdj glvwdqfh doorzdeoh ehiruh dq lqwhudfwlrq
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The Extent of game and cultural interaction is
specified by two independent exogenous

parameters. These may range from a single
territory to the whole environment.

Any number of agents may occupy a
single territory (including none).

Agents are distributed randomly over
the territories initially

The environment
is a ring of connected
territories. Exogenous

parameters specify the number
of territories and the number of

agents in the environment

Iljxuh 915= Wkh VwhuhrOde lqwhudfwlrq hqylurqphqw1 Djhqwv lqkdelw d ulqj ri frqqhfwhg
whuulwrulhv1 Hdfk whuulwru| pd| frqwdlq dq| qxpehu ri djhqwv +lqfoxglqj qrqh,1 Dq djhqw
fxowxudoo| dqg jdph lqwhudfwv ryhu vrph sursruwlrq ri whuulwrulhv vshfl�hg e| h{rjqhrxvo|
vhw sdudphwhuv1
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uhmhfwlrq lv wuljjhuhg1 Wkh wrwdo qxpehu ri uhmhfwlrqv doorzhg lq vxffhvvlrq e| d vlqjoh djhqw

ehiruh lqwhudfwlrq lv irufhg lv dovr vshfl�hg dv h{rjhqrxvo| gh�qhg sdudphwhuv +WJ/ WF,1

Djhqwv dovr olplw wkhlu lqwhudfwlrqv wr d vxevhw ri wkh srsxodwlrq zkr duh vsdwldoo|

forvh +zlwklq wkhlu %lqwhudfwlrq zlqgrz%,1 Wkh mxvwl�fdwlrq iru wklv lv wkdw fxowxudo dqg

hfrqrplf lqwhudfwlrqv duh riwhq orfdolvhg vsdwldoo| zlwklq uhdo vrflhwlhv1 Djhqwv lqkdelw d

rqh glphqvlrqdo vsdfh +vhh �jxuh 915,1 Hdfk hqg ri wkh olqh lv mrlqhg wr irup d ulqj wrsrorj|1

Dorqj wkh olqh duh d �qlwh qxpehu ri orfdwlrqv ru %whuulwrulhv%1 Wkh qxpehu ri whuulwrulhv

lv vshfl�hg e| dq h{rjhqrxv sdudphwhu +V,1 Hdfk whuulwru| fdq krog dq| qxpehu ri djhqwv1

Djhqwv duh glvwulexwhg dorqj wkh olqh lqlwldoo| dw udqgrp iurp d xqlirup glvwulexwlrq1 Wkh

lqwhudfwlrq zlqgrz iru doo djhqwv iru d jlyhq vrflhw| lv ghwhuplqhg e| h{rjhqrxvo| vshfl�hg

sdudphwhuv +YJ/ YF,1 Erwk jdph +YJ, dqg fxowxudo lqwhudfwlrq +YF, duh phgldwhg e|

lqghshqghqw %lqwhudfwlrq zlqgrz% vl}h sdudphwhuv1 Wkh odujhvw lqwhudfwlrq zlqgrz vshfl�hv

wkdw djhqwv lq doo whuulwrulhv duh uhdfkdeoh iurp dq| rwkhu/ wkh vpdoohvw lqglfdwhv wkdw rqo|

djhqwv zlwklq wkh vdph whuulwru| fdq lqwhudfw1 Wklv vsdwldo duudqjhphqw doorzv iru gl�huhqw

fxowxudo dqg jdph pl{lqj phwkrgv wr eh lpsohphqwhg iurp sxuh udqgrp pl{lqj +zkhq YJ

dqg YF duh dw d pd{lpxp, wr kljko| uhvwulfwhg ru qlfkh pl{lqj +zkhq YJ dqg YF duh dw

d plqlpxp,1 Wklv sdudphwhulvdwlrq doorzv iru d odujh vhw ri gl�huhqw orfdolvdwlrq w|shv wr

eh h{soruhg plqlpdoo| lq rqh glphqvlrq1

Erwk jdph dqg fxowxudo lqwhudfwlrq lv g|dglf1 Hdfk nlqg ri lqwhudfwlrq lv lpsoh0

phqwhg vhsdudwho|= wkh vdph sdlu ri djhqwv gr qrw fxowxudoo| dqg jdph lqwhudfw dw wkh vdph

wlph1 Vhohfwlrq ri d sdlu ri djhqwv iru hlwkhu nlqg ri lqwhudfwlrq iroorzv wkh vdph sdwwhuq1

Iluvwo| dq djhqw lv vhohfwhg iurp wkh srsxodwlrq dw udqgrp/ wkhq dq lqwhudfwlrq sduwqhu

lv vhohfwhg dw udqgrp iurp zlwklq wkh dssursuldwh lqwhudfwlrq zlqgrz +lpsohphqwlqj wkh

vsdwldo eldv,1 Wkhq wdj elwv duh frpsduhg dqg wkh lqwhudfwlrq sduwqhu lv uhmhfwhg li wkh
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A B

Replication

A B

Reinforcement

A B

Repelling

Iljxuh 916= Fxowxudo lqwhudfwlrq lq wkh VwhuhrOde1 Uhsolfdwlrq= djhqw D uhsolfdwhv d phph
wr djhqw E1 Uhlqirufhphqw= djhqw D uhlqirufhv d phph douhdg| khog e| djhqw E1 Uhshoolqj=
djhqw E uhshov dq dwwhpswhg uhsolfdwlrq ri d phph e| djhqw D1

wdj eldv frqvwudlqw lv qrw phw1 Li lqwhudfwlrq zdv uhmhfwhg dqrwkhu lqwhudfwlrq sduwqhu lv

vhohfwhg1 Wklv uh0vhohfwlrq lv frqwlqxhg xqwlo dq dssursuldwh lqwhudfwlrq sduwqhu lv irxqg/ ru

xqwlo wkh pd{lpxp qxpehu ri uhmhfwlrqv lv uhdfkhg diwhu zklfk lqwhudfwlrq lv irufhg zlwk

wkh qh{w udqgrpo| fkrvhq sduwqhu1

9181515 Fxowxudo Lqwhudfwlrq

Hdfk lqglylgxdo uxoh dqg +qrq0�{hg, wdj elw lv ylhzhg dv d phph1 Wkh wdj elwv fdq

eh frqvlghuhg dv %vxuidfh phphv% ru %vrfldo fxhv% ylvleoh wr rwkhu djhqwv1 Wkh uxohv fdq eh

frqvlghuhg dv %klgghq phphv% zklfk duh qrw ylvleoh wr rwkhuv +vhh vhfwlrq 51915 lq fkdswhu

5,1 Erwk duh frppxqlfdwhg +l1h1 sursdjdwhg iurp djhqw wr djhqw, lq wkh vdph pdqqhu1

Wzr djhqwv duh vhohfwhg iru fxowxudo lqwhudfwlrq xvlqj wkh vhohfwlrq phwkrg gh0

vfulehg suhylrxvo| +vhh vhfwlrq 9181514 deryh,1 Jlyhq wzr djhqwv kdyh ehhq vhohfwhg/ rqh

ehfrphv wkh vhqghu/ wkh rwkhu wkh uhfhlyhu +ghflghg e| d idlu frlq wrvv,1 Hdfk phph khog

e| wkh vhqghu lv sursrvhg wr wkh uhfhlyhu zlwk d suredelolw| ri SP +wklv lv dq h{rjhqrxv
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A B

Mutual Reinforcement

BA

Mutual Repelling

A B

Self-Reinforcement Through Infection

Iljxuh 917= Vrph ri wkh srvvleoh lqwhudfwlrqv wkdw wzr djhqwv fdq eh lqyroyhg lq ryhu wlph
edvhg rq dssolfdwlrq ri wkh wkuhh pdlq phph vsuhdg phfkdqlvpv +vhh �jxuh 916,1

sdudphwhu/ 3 lqglfdwhv qr phph sursdjdwlrq/ 4 lqglfdwhv doo phphv duh sursrvhg,1 Wkh

ixqgdphqwdo phfkdqlvpv ri phph vsuhdg +vhh �jxuh 916 dqg 917, duh wkrvh ri=

� Uhsolfdwlrq= wkh vhqghu uhsolfdwhv d phph wr wkh uhfhlyhu ryhuzulwlqj dq h{lvwlqj

phph1

� Uhlqirufhphqw= wkh uhfhlyhu douhdg| srvvhvvhv wkh phph sursrvhg e| wkh vhqghu dqg

wklv uhvxowv lq dq lqfuhdvh lq frq�ghqfh dvvrfldwhg zlwk wkdw phph e| wkh uhfhlyhu1

� Uhshoolqj= wkh uhfhlyhu lv olnho| wr uhmhfw dq dwwhpswhg uhsolfdwlrq zkhq wkh dvvrfldwhg

frq�ghqfh ydoxh ri wkh phph wr eh ryhuzulwwhq lv kljk1

Lq rughu wr lpsohphqw vxfk phfkdqlvpv hdfk djhqw pxvw srvvhvv wkh delolw| wr

fodvvli| lwv phphv lqwr rqh ri wkuhh w|shv zlwk uhvshfw wr wkh sursrvhg phph= d, Lghqwlfdo

phphv 0 zklfk fdq eh uhlqirufhg> e, Frqwudglfwru| phphv 0 zklfk qhhg wr eh uhpryhg li
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Meme propagation:

the sender proposes a meme to the receiver
IF the receiver holds an “identical” meme THEN

receiver increases associated confidence (reinforcement)
ELSE

IF the receiver holds a “contradictory” meme THEN
attempt replication - replacing the contradictory meme

ELSE
receiver selects a held meme at random
attempt replication - replacing the chosen meme

      ENDIF
ENDIF

Attempt replication:

The receiver draws a random number [0..1]
IF draw > confidence associated with the meme to replace THEN

receiver overwrites meme with the senders meme (replication)
ELSE

receiver keeps its meme intact (repel)
ENDIF

Iljxuh 918= Wkh vwhsv lqyroyhg lq wkh sursdjdwlrq ri d phph iurp rqh djhqw wr dqrwkhu1
Gxulqj fxowxudo lqwhudfwlrq ehwzhhq wzr djhqwv wkh vhqghu sursdjdwhv hdfk ri lwv phphv
zlwk SP suredelolw|1

wkh qhz phph lv dffhswhg> f, Rwkhu phphv 0 zklfk duh qhlwkhu lghqwlfdo qru frqwudglfwru|1

Wkh wdj elwv duh qdwxudoo| hlwkhu lghqwlfdo ru frqwudglfwru| +wkh elwv pdwfk ru wkh| gr qrw,1

Uxohv +vwhuhrw|shv, duh ghhphg wr eh lghqwlfdo li erwk wkh sdwwhuq dqg wkh vwudwhj| pdwfk

h{dfwo| dqg frqwudglfwru| li wkh sdwwhuqv pdwfk h{dfwo| exw wkh vwudwhjlhv grq*w1 Lq wklv

odwwhu vlwxdwlrq wkh uxohv duh frqvlghuhg frqwudglfwru| ehfdxvh wkh| zrxog erwk �uh iru

dq lghqwlfdo vhw ri rssrqhqwv exw jlyh gl�huhqw vwudwhjlhv wr dsso|1 Wkh surfhvv ri phph

sursdjdwlrq lqyroyhv wkh vwhsv vkrzq lq �jxuh 9181

9181516 Jdph Lqwhudfwlrq

Jdph lqwhudfwlqj lqyroyhv wkh sdlulqj ri wzr djhqwv iru d jdph ri wkh rqh0vkrw

SG1 Wzr djhqwv duh vhohfwhg iru jdph lqwhudfwlrq zlwk uhohydqw wdj dqg vsdwldo eldvlqj

phfkdqlvpv dv suhylrxvo| ghvfulehg +vhh vhfwlrq 9181514 deryh,1 Hdfk djhqw ghflghv zkhwkhu

wr fr0rshudwh ru ghihfw lq wkh iroorzlqj zd| +�jxuh 919 vxppdulvhv wkh surfhvv ehorz,=
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0110010

Rule 1

Rule 2

Rule 3

0110010

Rule 1

Rule 2

Rule 3

a) Read tag of opponent

b) Select best
matching rule

c) Play strategy
indicated by rule

C D

d) Individual payoffs fed
back to respective agents

Iljxuh 919= Jdph lqwhudfwlrq lq wkh VwhuhrOde1 Jdph lqwhudfwlrqv wdnh sodfh ehwzhhq
vhohfwhg sdluv ri djhqwv1 Wkh iroorzlqj vwdjhv duh h{hfxwhg= d, djhqwv uhdg wkh wdj vwulqj ri
wkh rwkhu dqg xvh wklv wr vhohfwhg wkh uxoh zklfk ehvw pdwfkhv wkh wdj1 e, wkh vhohfwhg uxoh
lv wkhq %�uhg% e| sod|lqj wkh vwudwhj| lqglfdwhg1 f, wkh sd|r�v iurp wkh jdph duh ihg edfn
wr wkh lqglylgxdo djhqwv1
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� Hdfk djhqw uhdgv wkh rwkhu*v wdj vwulqj1

� Xvlqj wklv wdj hdfk djhqw vhdufkhv lwv vhw ri uxohv1

� Hdfk uxoh zlwk d OKV odeho sdwwhuq wkdw pdwfkhv wkh odeho lv pdunhg dv %dfwlyh%1

� Hdfk %dfwlyh% uxoh lv dvvljqhg d vfruh edvhg rq wkh qxpehu ri dfwxdo elwv +4 ru 3, wkdw

pdwfk +vshfl�f uxohv duh wkhuhiruh vfruhg kljkhu wkdq jhqhudo uxohv,1

� Wkh uxoh zlwk wkh kljkhvw vfruh lv %�uhg% dqg wkh dssursuldwh dfwlrq shuiruphg dv

glfwdwhg e| erwk wkh vwudwhj| uhsuhvhqwhg rq wkh UKV ri wkh uxoh dqg wkh dvvrfldwhg

phpru|1

� Li pruh wkdq rqh uxoh kdv wkh vdph kljkhvw vfruh +l1h1 wkhuh lv d wlh, wkhq wkh uxoh zlwk

wkh kljkhvw frq�ghqfh lv xvhg1 Li pruh wkdq rqh uxoh kdv wkh vdph kljkhvw frq�ghqfh

wkhq d udqgrp vhohfwlrq lv pdgh ehwzhhq wkhp1 Wkhuh zloo dozd|v eh dw ohdvw rqh

%dfwlyh% uxoh vlqfh hdfk djhqw lv irufhg wr pdlqwdlq d ghidxow uxoh 0 wkdw ehlqj/ doo

%grq*w fduh% vwdwhv rq wkh OKV1

9181517 Uxoh Frqvlvwhqf| ) Uhgxqgdqf|

D fxowxudo lqwhudfwlrq hyhqw lv gh�qhg vxfk wkdw lw fdqqrw uhvxow lq hlwkhu frqwud0

glfwlrq ru uhgxqgdqf| zlwklq dq djhqw uxoh vhw1 Wklv grhv qrw phdq wkdw pruh wkdq rqh

uxoh iurp wkh uxoh vhw ri dq djhqw fdqqrw pdwfk wkh wdj sdwwhuq ri d vlqjoh djhqw1 Wklv

lv uhvroyhg yld vshfl�flw|/ wkhq frq�ghqfh/ wkhq xowlpdwho| d udqgrp fkrlfh1 Dv ghvfulehg

deryh/ %frqwudglfwru|% dqg %lghqwlfdo% uxohv duh qrw doorzhg wr frh{lvw zlwklq d vlqjoh djhqw

uxoh vhw1 Edvlfdoo|/ wkh OKV ri hdfk uxoh pxvw eh xqltxh1 Li d pxwdwlrq hyhqw fdxvhv wzr

OKV* wr ehfrph lghqwlfdo lw lv uhyhuvhg1
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S�D�� A�i A�4i N?�|

Lq d jlyhq wlph xqlw wkh iroorzlqj hyhqwv rffxu=

� Zlwk suredelolw| IJ wzr djhqwv jdph lqwhudfw1

� Zlwk suredelolw| IF wzr djhqwv fxowxudoo| lqwhudfw1

� Zlwk suredelolw| IP rqh djhqw pryhv vsdwldoo|1

Pryhphqw lqyroyhv d udqgrpo| vhohfwhg djhqw prylqj wr d udqgrpo| vhohfwhg or0

fdwlrq1 D vlqjoh f|foh ri wkh v|vwhp lv gh�qhg dv wkh qxpehu ri wlph xqlwv uhtxluhg xqwlo

43Q jdph lqwhudfwlrqv kdyh rffxuuhg/ zkhuh Q lv wkh qxpehu ri djhqwv lq wkh vrflhw| +dq

h{rjhqrxvo| gh�qhg sdudphwhu,1 IJ/ IF/ IP dqg Q duh h{rjhqrxvo| gh�qhg sdudphwhuv1

Qrwlfh wkdw vlqfh IJ/ IF dqg IP duh suredelolwlhv/ wkh hyhqwv ri jdph lqwhudfwlrq/ fxowxudo

lqwhudfwlrq dqg pryhphqw zloo jhqhudoo| eh dv|qfkurqrxv1 Li doo wkhvh sdudphwhuv duh vhw wr

rqh wkhuh lv dq rughulqj ri wkh hyhqwv dv hdfk hyhqw pxvw rffxu1 Krzhyhu/ lq hdfk fdvh wkh

djhqw+v, zklfk duh vhohfwhg iru hdfk hyhqw duh vhohfwhg udqgrpo| zlwklq wkh wdj dqg vsdwldo

eldvlqj frqvwudlqwv ghvfulehg lq vhfwlrq 918151

S�D�e 5�44@h) Lu |�i �@h@4i|iht

D vxppdu| ri wkh h{rjhqrxv sdudphwhuv xvhg e| wkh VwhuhrOde lv jlyhq lq wdeoh

9141 Wkh udqjh froxpq lqglfdwhv wkh udqjh iurp zklfk ydoxhv fdq eh vhohfwhg1 Sdudphwhuv

zlwk d vlqjoh ydoxh lq wkh udqjh froxpq lqglfdwh wkdw wkh| duh �{hg dw wkh vwdwhg ydoxh1 Wkh

vdwlvidfwlrq wkuhvkrog W/ wkh suredelolw| ri d vdwlvidfwlrq whvw S dqg wkh Sulvrqhu*v Glohppd

sd|r�v SW/ SU/ SS dqg SV duh doo �{hg1 Wkh �{lqj wkh SG sd|r�v phdqv jdph lqwhudfwlrqv

iroorz wkh frqvwudlqwv iru wkh SG1 Krzhyhu/ qrwh wkdw wkh vdwlvidfwlrq wkuhvkrog W dqg wkh

suredelolw| ri vdwlvidfwlrq whvwlqj S duh �{hg vxfk wkdw d jdph lqwhudfwlrq rqo| surgxfhv
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vdwlvidfwlrq li dq djhqw uhfhlyhv d whpswdwlrq +SW, ru uhzdug +SU, sd|r� +vhh vhfwlrq 91818

ehorz iru d mxvwl�fdwlrq ri wklv,1 Wkh uhdvrqv iru wkh rgg �{hg ydoxhv iru wkh qxpehu ri

djhqwv +Q, dqg wkh vl}h ri wkh hqylurqphqw +V, duh glvfxvvhg lq vhfwlrq ;14 ri fkdswhu ;1

Vhyhudo ri wkh sdudphwhuv zhuh �{hg ru olplwhg lq udqjh iru sudfwlfdo uhdvrqv1 Iru h{dpsoh/

Q dqg V duh �{hg vlqfh odujh qxpehuv ri djhqwv zrxog vljql�fdqwo| lqfuhdvh wkh wlph wdnhq

wr h{hfxwh d vlpxodwlrq uxq dqg yhu| vsduvh glvwulexwlrqv ri djhqwv lq wkh hqylurqphqw

+zklfk zrxog uhvxow iurp odujh ydoxhv ri V ru vpdoo ydoxhv ri Q, zrxog olplw wkh dssolfdwlrq

ri vsdwldo eldvlqj1 Odujh ydoxhv iru E +wkh qxpehu ri wdj elwv, dovr vljql�fdqwo| lqfuhdvhv

h{hfxwlrq wlph dqg vpdoo ydoxhv +ehorz wzr, zrxog qrw doorz iru wkh surshu ixqfwlrqlqj ri

wkh wdj surfhvvhv suhylrxvo| ghvfulehg1 Wkh plqlpxp ydoxh iru IJ lv vhw wr 314 udwkhu wkdq

}hur vlqfh vrph ohyho ri jdph lqwhudfwlrq lv uhtxluhg lq rughu wr rewdlq phdqlqjixo uhvxowv1

S�D�D `�@| k�?_ Lu 5LU�i|) O@t �ii? �hLTLti_q

Frqvlghulqj wkh �{hg sdudphwhuv dqg wkh qdwxuh ri wkh djhqwv lw fdq eh vhhq wkdw

vlqfh wkh djhqwv duh vdwlv�fhuv udwkhu wkdq rswlplvhuv/ dqg vlqfh wkh vdwlvidfwlrq wkuhvkrog

W @ SU +wkh uhzdug sd|r� iurp d SG lqwhudfwlrq,/ wkh glohppd ri wkh SG lv sduwldoo|

uhvroyhg1 Wkdw lv/ li doo djhqwv fkrrvh wr fr0rshudwh wkhq doo zloo eh vdwlv�hg1 Wkh dvvxpswlrq

h{suhvvhg khuh lv wkdw iru doo VwhuhrOde vrflhwlhv d vwdwh ri wrwdo vdwlvidfwlrq wkurxjk frpsohwh

fr0rshudwlrq lv srvvleoh1 Wr sxw wklv pruh dqwkursrprusklfdoo|= hdfk djhqw lv kdss| wr

vxvwdlq d frqyhqwlrq ri fr0rshudwlrq li doo rwkhu jdph lqwhudfwlrq sduwqhuv hqfrxqwhuhg dovr

fr0rshudwh1 Wklv dvvxpswlrq lqwxlwlyho| pdnhv fr0rshudwlrq dsshdu pruh olnho|1 Krzhyhu/

wklv fdq eh frqwudvwhg zlwk wkh suhylrxv dvvxpswlrq wkdw djhqwv pd| uhwdoldwh djdlqvw

rwkhuv wkdw duh fdwhjrulvhg zlwklq wkh vdph vwhuhrw|sh dv d suhylrxv djhqw wkdw zdv qrw fr0

rshudwlyh 0 wkh| pdnh d jhqhudolvdwlrq1 Wklv jhqhudolvdwlrq phdqv wkdw djhqwv vxemhfwlyho|
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vwhuhrw|shg dv phpehuv ri wkh vdph jurxs duh wuhdwhg dv li wkh| zhuh d vlqjoh lqglylgxdo1

Wdnlqj erwk ri wkhvh dvshfwv lqwr dffrxqw wkh VwhuhrOde frqvlvwv ri djhqwv zkr +txlwh

uhdvrqdeo|, duh suhsduhg wr fr0rshudwh li doo rwkhuv gr vr exw +shukdsv ohvv uhdvrqdeo|, pd|

uhwdoldwh djdlqvw dq| vwhuhrw|shg jurxs phpehu zkhq vrph phpehu ri wkdw jurxs grhv qrw

fr0rshudwh1 Vxfk djhqw ehkdylrxu lv yhu| uhdvrqdeoh li wkh vwhuhrw|shg jurxsv duh ylhzhg

dv vlqjoh djhqwv udwkhu wkdq vrph vxemhfwlyho| fdwhjrulvhg jurxslqj1

S�S 5�44@h)

Lq wklv fkdswhu dq duwl�fldo vrflhw| +wkh VwhuhrOde, kdv ehhq suhvhqwhg1 Lq wkh

VwhuhrOde djhqwv vwruh/ frppxqlfdwh dqg pxwdwh uxohv zklfk ghwhuplqh krz wkh| vkrxog

ehkdyh zkhq wkh| hfrqrplfdoo| lqwhudfw zlwk hdfk rwkhu +sod|lqj sdlu0zlvh jdphv ri wkh

Sulvrqhu*v Glohppd,1 Wkh uxohv wdnh wkh irup ri %vwhuhrw|shv% zklfk pds revhuydeoh fxo0

wxudo pdunhuv +wdjv, wr jdph vwudwhjlhv1 Djhqwv dovr kdyh wkh delolw| wr eldv wkh vhohfwlrq

ri erwk jdph dqg fxowxudo lqwhudfwlrq sduwqhuv edvhg rq %fxowxudo glvwdqfh% gh�qhg dv wkh

qxpehu ri gl�hulqj wdj elwv ehwzhhq wzr djhqwv1 Nh| dvvxpswlrqv ri wkh vrflhw| +h1j1 wkh

qxpehu ri wdjv/ wkh h{whqw ri vsdwldo dqg wdj eldvlqj, kdyh ehhq sdudphwhulvhg1 Wklv sd0

udphwhulvdwlrq phdqv wkdw d odujh vsdfh ri srvvleoh yduldqwv ri wkh vrflhw| duh dydlodeoh1 Lq

fkdswhu : dq ryhuylhz ri sdudphwhu h{sorudwlrq whfkqltxhv lv jlyhq1 Lq fkdswhu ; wkh Vwhuh0

rOde sdudphwhu vsdfh lv h{soruhg zlwk sduwlfxodu hpskdvlv rq uhjlrqv zkhuh kljk ohyhov ri

fr0rshudwlrq duh irxqg1
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Qdph Ghvfulswlrq Udqjh

E Qxpehu ri elwv lq wdj vwulqj 711;

P Qxpehu ri vwhuhrw|shv dq djhqw fdq vwruh +phpru| vl}h, 51143

V Qxpehu ri orfdwlrqv lq hqylurqphqw 434

Q Qxpehu ri djhqwv lq wkh vrflhw| 434

W Vdwlvidfwlrq wkuhvkrog 6

SP Suredelolw| ri phph sursdjdwlrq 3114

S Suredelolw| ri vdwlvidfwlrq whvw 4

PW Pxwdwlrq udwh 3114

FL Idfwru e| zklfk wr lqfuhdvh frq�ghqfh 3114

FU Idfwru e| zklfk wr uhgxfh frq�ghqfh 3114

PV Pxwdwlrq vl}h iru vwudwhj| sduwv 3114

IJ Suredelolw| ri jdph lqwhudfwlrq ryhu d wlph xqlw 314114

IF Suredelolw| ri ri fxowxudo lqwhudfwlrq ryhu wlph xqlw 3114

IP Suredelolw| ri udqgrp djhqw pryhphqw ryhu wlph xqlw 3114

EI Sursruwlrq ri wdj elwv wkdw duh �{hg 3114

EJ Sursruwlrq ri wdj elwv wkdw pxvw eh vkduhg wr dyhuw jdph lqwhudfwlrq uhixvdo 3114

EF Sursruwlrq ri wdj elwv wkdw pxvw eh vkduhg wr dyhuw fxowxudo lqwhudfwlrq uhixvdo 3114

WJ Qxpehu ri uhixvdov doorzhg ehiruh irufhg jdph lqwhudfwlrq 41143

WF Qxpehu ri uhixvdov doorzhg ehiruh irufhg fxowxudo lqwhudfwlrq 41143

YF Sursruwlrq ri orfdwlrqv zklfk irup fxowxudo lqwhudfwlrq zlqgrz 3114

YJ Sursruwlrq ri orfdwlrqv zklfk irup jdph lqwhudfwlrq zlqgrz 3114

SS Wkh Sxqlvkphqw sd|r� iurp wkh SG pdwul{ 4

SW Wkh Whpswdwlrq sd|r� iurp wkh SG pdwul{ 8

SU Wkh Uhzdug sd|r� iurp wkh SG pdwul{ 6

SV Wkh Vxfnhu sd|r� iurp wkh SG pdwul{ 3

Wdeoh 914= Wkh sdudphwhuv zklfk fkdudwhulvh wkh VwhuhrOde duwl�fldo vrflhw|1


