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A bstyack

T his pgper gppraedes the study of the spattansos energance ad s
tansbi Ity of a market econany fram the angle of conmitment Eilure. A
smp ke madel of strateg c trading is develped and ook fran Bvolutiaexy
6 ame T heary are gpplied. Track is risky becase agats ot commit
10 haaing tha raontradctual arrangamants, Whi e extermal etlorcamattin
stitutias are inedstantarperfom poorly. Itiurs aut that market trace
soattaneasly anaoss in a nsky emMramattaly ifthe gars from trace
are lrge exoudh. H onever; famal enforceamatirstitutios that paalize
gopartunistic breech of contract are a prerequis te 1o the aasolidation ad
epasian oFmarkets. B reFaommeaits an the inaartives 1o aeate sudh in
stitutias ol

R esumen U tilizandohermramientss de T earia BEvoltivade Jusgss, investig
amacs el surgmiento espaé neoy el desanrolb sustentebe de un mer
Gdoen un aatexio dace ks intercambics son nesgscs. El esgose
debe a gee Ios agantes No pusden aampraneterse a hawarsus aoer
dos aamerdaks en ausendace irstitudanss formalkes oinfomalkss gue
penallcan s aadudtes deshanestss. U neeaonaomiade mercado surcge
espatt neemente Vb 3 s garaendas del intercambio interpersaal
son su.detamate alies. Sin enbargy irstitudanes fomalss ded
icadss al enforcament de ks deredos de prapieded resultian serun
recuisito paa b aasdidadon y eqpasion del misma

JH C7,01



1 Intraductian

Il ast ecanamists would agree with the Ect thatt welll Tunctianing markets
are auadal for pronoting lbg t&am ecoxamic gonth. | evertteless we
are fr fran a thoauch uderstanding of the process of marketemarcaae

T his pgper aastitutes a step in that direction. U sing a smple madel
of strategc interactian and gpping ook fran Bvoutiaaxy 6 ame T he
ay e inesticate the spattaneass anergace and sustainebi ity ofmarkets
in a axtext of risky trading T racke is risky because agants anot come
mitto hahong tha raotractiual arrangamants, whi ke extemal enfarcameant
INnsEiLias are inedstentarperfoom poardy.

P revass work an related issues indudes those oft reif(199 4), Kranton
1996, Espada(1998) ad Fakdhamps (1998). T his pgperis dosestinspint
o Faldamps (1998), who amalyzes the spattansos energancee of markets
in the presance ofheterageeaus agaits and aommitment Eilure.

Faldhamps argues agairnstmany thatmarket tracke is never anaymas.
Insteed he daradterizss it thraugh relatical straleges. agarits seardh Tor
aompetantagats and aee foud engece in kg sting relatiaships with
them. Fortrace 1 Eke plee the valbe that agents attadh o commerdal
reltiaships mustaompasate them Tathe asstofsaeaning potattial pare
nars and inaurning same gppartunistic breedes of aractual dolicatias.
A market then energss in a decantralized Bshian; itdoss not require any
codination. || aeoer; axe markets anerge the gains fram trade needed
1O oerame polattial assts beaome smalkr: T harelore marketedange is
sstarebke in te g run

Inthis pgperne warkwith an altermative framenork and dotain dic erent
resuls. Falkdhamps’s relaticalstralegy is herain referred toss redproaty, 1t
represants kg Bsting Emi by ke interactias and anargss as an immediate
respase 1 a rsky amMvramatt Il arket interactias are enbadied in a
strateyy that aasists of trading with a dic exrent partner eech pexiad. Sudh
interactias are usually refened toss interpersaal marketrade, as gopasad
inta mily Ikeexaountass. 0 neofits key atures is thatitallons agants
1O am fran many other aganits; an achvantage aosantin redprocal trede

T he pgoulatian of aurarti..dal econamy axsists both of reaprocal aad
martet agats and of deaters. T he lAtter alnays breedh thar aanrectLal
dolicatias. T hus trade takes plbeinariskyerviramentas longas deaers
are potatially presanit

Follloning Faldhamps and unlike other authars, we expliatly analyze the
madel’s dynaemics insteed oFfoasingan staticarsteedy state analysis. H o
ewvr; uniike both Fakdhemps and otherauthars, we do notendowvauragats
with the raticnalty reouired Tor same eou ibrium anapts sudh as s
oane perfecteo ibrium, tomake sase. Insteed e assume myapicagats



adptay of three strateges (redpradty market and deaters) depending
an tharepected paya s. W e use asimple payo -manotanic dyremic fran
Bvoluticery ¢ ame T heary, the R eplicator D ynamics, in ader o aocoount
Torthe Bctthat stratgg es that e better then aerage govat the epase
of straleges that dowarse then asrace.

6 iven thatwe Toos an a dic erart aspect of market trede, itaomes
s a8 no suprise that resuls are dic erantfram Fakdhamps’s. || arket trade
soattansasly emergss in a nsky eMrameantt if the gairs fron trede are
ko= eaugh. H onever; the edstace of bBoal enfocamattirnstitutias that
penalize dheating is a prarequisite Tor the sustainebi ity ofmarkets.

T he paper prooeacs as Ollons. Seclian 2 desaribes the econamy ad
g\es partial resulis an the madels dynamics. T he dynmamics are acompleted
inSectiaon 3. Sectian 4 notes thatmarkets spattansassly anerge anly uder
e cairs fram trade; and Sectian 5 disasses the relevance ofboth formal
and infomal enorcameatinstitutias o the procsss ofmarketenargancs
arsoldation and eqpasian. T he st saction aancldes and aasiders fur
tharediasas.

2 Redpraaty Clheaters ad ttell arket

2.1 D esaiptian oftthe Ecoamy

T he econamy is papulaied by a aontinuum of in.nitely ved agants who
egece In paimise edance reltiaships oertime T raders are indeed
flon 0 ©1 ad dscountte Ulure by a Bctor+ 2 (1) Trade Ees
plbece thraugh an in.nitely repeated seouance of trading roaunds, eech raurd
divided into three steges.

First umatded agaits are randaonmymatded inpairs. Secad matded
partnars are asssumed toaegece in aatrectual dolicatias ad ply teae
shotprisoers dbEmmashonn in FHgare 1, with( < @ < 1 rgresanting
oars fran ttede. A gats éan erther Canply with thar aontrectual dobk-
calias arB reech the aoract | ast; agaits must dedde Whether to stay
matched and engece in anotheraontractiuial doligation with the same partier
or o bresk the reltiaship ad startnextperiad as an umalded agait
T hese steges are shonn in Hgure 2.

B ecause e vant o foas an the spattaneauss emergance of trede in
a prmitive sagety, extemal aarect eiorcamatt institutios that deter
goportLnistic breedh ofcaractare assumed inedstat



Comply  Breach

Comply a,a 141

Breach +1,-1 0,0

Hgure 1: T he tading stece.

Agents are Agentsplay the Agentsreceive

randomly gamein Figure 1: current period’s
matched they either payoff and
(unless Comply decidewhether
continuing (cooperate) or to stay matched
relationship Breach (cheat). withtheir

with previous partner or not.
partner)

Foure 2: A trading raund.

22 R edproaty ad deaters

Strategy R (redproaty): Canply atstece tho A tstage 3

ed the reltiaship ifyou ware deated and aotinue itifyour
partter camplied. (Ifyou ever mest an agaitwho deated yau
in the past, then deathim atstege 2 and ed your relatiaship
atstecpe 3.)*

W e cll an agemitplying a redprocal strategy anR -agait | otice that
an R -agat seardes Tor a partter who never deatls an him and, iffoud,
stays with that partner Toreer: In partiauler; iFt0R -agas ever mest,
they engeoe In an ever sting redprocal reltiaship.

A ssumption 1 Bvary time thoumatdhedR -agats beaome matded, no
newR - aganits are added 10 the pcpulatian ofumatdhed agaits.
1T wo sssumptias guararntee that the prabebi ity ofmeeting apreviausly metpartrer

a|inis zero. First, there are alnays umatdhed agats in the pqpulatian (see assumptian
1). Seaod thare is a aoitinuum of agats.




T his assumptian Gptures the ot thatno mattierwhatother pepke are
ddng thereis alnays soneceyau candeatan? A ssumptian 1 willgeatly
smplify the analytical structure ofaurmodel Bteron. | otice thatitallons
ws O esteblish a dear- aut resulit regarding how e geirs fram trede mustt
be O prevaitdeating

D e.niion1. A popultion pra. Eis all ash egu ilrium ifanee reeded no
agarthes incainves 1 denge telrstaleyy.

P rgpasiian 1 ¢ iven A ssumption 1, there are alnays incantives 1 dest
when te entire popultiaon is plying stiategy R ; no matter how e gains
fran tack ® are. T herefore te entire popultion plying strakegy R does
notaxrstitute an ecui brium.
P roof. T his is because
® ®

<1+
1 §= 1 §=

whare teRH S aomes fran the fect that umatded agaits are allR -
ageris (due ©A ssumptian 1) ad the inequality is e because ® < 1.

+ Torall+,

Itseams natural at this pant to cosider another strateny.

Strategy C (deating): Cheat yaur partter and breek the
reltiaship atstage three 1o ..nd anew partrer:

T hese C-agans never esteblish bbg bsting reltiaships. T hey ast-
tute amanace Tortradars whowish toshare gairs fram tredeand arewni ling
o anply atstege 2 of the treding raund. T he exdstence of deatiers in a
primitive econany Gpitures the ot thatwhen boal enfarcamantis absant
tracke is risky.

P rgpasitian 2 A Ilumatded agas plying strategy C (i.e., by assump
tion 1, te entire pogpulbtion axsist of C-agernis) anstiutes an ecp ibrium.

P yooF. B ystiddngtostraliegy C apbhyergets apays of0 every periad;
by daviating and cogperating in ay gven roud you dotain apaya of-1
and apaycs of0 Torever afer retuming o your e ibrium strategy.

0>-1+
1iil 1 §=

+

2In Bt althauch not eplidtly madeld here ae an facelllly interfre with an
autside reltiaship. Stealing goods makes trade even riskier and sudh a passibi ity is
gpen as lg as there are agats trading in the pcpulatiaon.
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Prpasitias 1 ad 2 tell s tatifall (armast) agats wereR -agaits
then some deaters would pro. tin sudh apapulatian; butthati fall (armacst)
ageris are degiers, then it pays 1o be a deater because the prdoabi ity of
..nding sameane Who cogperatiss is zero (arnegigbB)s.

B utwhathgppers ifsane agaits areR -agaits and otbhers are C-agais?
W eare partiaulrly interested in .. dingautwhether red procal reltiaships
c&an spattaneasly anerce in a aextof risky trading

L et pe represant aur papulation pro. ke attime t and assume thakitis
the soLition 1O a dyremical systam. L et p” be a .>&d pant (or steedy
state) ofaursystan ad EtB ™) ripresantthe ball of redius ™" around p©.
T hraughaut, we wark wirth the follloning notian offegu ibrium.

D e.ntian 2. A pooultian pra. E p° is an essynpooically sebk eqilb
rium ifitis a.>ed pant (i.e. al ash eqilibrium) ad iftere is
sane '*> ( such tatforawy p 28 @) the trajectary trough py
gopraedess p-.

T his mears thata sigt " * perturbatian fran p° evatally retunrs the
system o p~: | e are not interested in .>ed pdnts that are not stebke
because ifthe inftial condiian ) is dosen randamy, the prdosbi ity of d>
serving tham is zaro. Fran nowvan we frecuenitly relerto an ssymptoticallly
stebE equi ibrium as simply an equi ibrium and wese the Worts steedy state
or.>ad pantto ekerwoal ash equilibrium.

Casidara popultion axsisting ofanly tho pe ofradars R ad G
agets, inpropartias P and [ respectinvely. T he expected payar of an
umalded i-agatat time tis gven by

vi=" ph
3

V\r‘erevtij is the eected pay of an i-agetwho is matdhed with a
J-aogait T haelore e hae

VE =BVEC + FVET

Vel = 0+ 4,

Vel = 1+ #vg,

Ve =F VS BV

3W ok in parenthesis are anjediures to be proed Eteran.



Vel = ql+ g,
Vel = o+ v Eh
SaMngwe dotain
vE =vet = o orallt
1§z
ad
R —yR — 1 ] ® - C>
vV} =vR = oh ip orallt

1 §jHF
P rpasitias 1 and 2 shoned that @ ;p* )= ( ) Dwes the anly equi-
brium amag pure pcpulatian pro. Es. W e now inestigate whether a
mixed pgoulation pro. E ecpifbrium @ ;p* )>> ) exdsts.
A pcopukltian pro. ke @ ;p* )>> | aostitutes all ash equilibrium
(i.e astesdystate) if

VE@E®DI=VR @ ip @
Wewe@adp + ff =1 osohe Orpg ad dedkwhether agats
hae ay incantive t dance strateges.

P ripasiion 3 @ ;1 i p* ) astiues a mixed (esympotically stbkE)
egui ibrium pgoultion pro. E ifand anly if e olbning eressias hod
simuleneasly

1 §=

.
gt =2Xi08 @25 4 i)

2+ @
0< p*c<i1 ®
CifxHpT)> +eX i) @

P roof. See the gopadix

Equatian (2) is the solution © (1) and represais a steedy state ofF aur
implidtdynamics. Far sudh a steedy state 1o edst we ned it 1o satisly
equation (3). Eguatian (4) is a stabiity aonditiatr itsays tat a sigit
perturbatian brngs the system badk 1o the steedy state.

I otice that a mixed steedy state nead notedst H oneer; ifitdoes
edst then thare are tho steedy states, ae stebke ad the otherustebke.
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P rpasiian 4 Forany .>ed ® tere exst a sut dantly ke + sudh tak
asoltion © (4 ad () (i.e, aseady sEE) edst.

P yrooF Fix®. T henitis essy tO\&xify that

Inp., =1;
J_r!lp”'gh ’

Imch%igh zl>0

11k ®
ad

il!n}pi,w =10

P rpasitian 5 1fa solution © (2) ad (3) exdss, ten loh

D.
2+ §O+ j2+) j4+C §0©
ancimgh:+l + @Zi-’-)l-'—Ql D ©)
ad
pnncm:&i®ip@ Zi) 4 19 ©

are m>ed steedy stakes. Furtermore, 0f5;,,,, Salis.€s e (4) and so an
stiutes an (esympolically sebk) eqi fbrium; buep’;,, 5, does not

P roof. See the gopadix

Roure 3 shons tte Geeware £ is sut dantly exge so that there are
thiee steedly states, P =1 ; B0, ; @0 B i 3 butaly the st ®10
are stebke

P>—>K<<<<>> >

0 pCmionw pCmbhigh 1 P

Foure 3 R egprodty ad Cheaers.



W hen the propartion of C-aganits in the ecanamy is lbrgeenauch @ >
Ph s n ) Hen the dences of mesting a coperator are oo smalll ad it
pays o be adedter: Thaelg p* =1 is still an equilibrium, a8 wes 1O
be eqedted fram P ripasitian 2. H onever; Tor bner prapartion of deaters
@ < B i) thereis amixed pgpulation pro. ke ecpiibrium where both
R ad G agaits are presaitT hus, Tor rge enaugh + redprocal trade span
tanaeosly energss in arisky eMramatt

P ropasiion 6Far a .>&d @, [ i is inaeesing in £ and pfyy,, IS
caaessing in +. T herefore, Oor lrger + redpraal tack is moe llkely ©
emere ad In Gee itdes, e egul ibrium prgoortian of deaters is baer:

P roof: T ake derivatives in (5) and (6.

23 I atettrack

T he abowe sectian shoned howv the exdstence of deaters does noteliminate
k. ITagats e eanouch ebaut the uture they can oeraome risk by
establishing redproal  log Esting reltiaships with apartner: H onever;
an agatis then an. ned oo trade with the same partnerover and over ecain.

T here is still another pcssibi ity wWhich resambless market trace ad in
volhes agmits sharing the cairs fran trade with a div erant partner eedh
periad. T his is represanted by the Dlloning strategy.

Strategyl (maxket): Coperate atstege 2 adad the rela
tiaship atstege 3 (no matieryaur partier’s bdhaiar) in ader
10 be randam ly matdhaed with a new partter nextperiad.

A s before agmits dlloning strategy |l are called || -egaits ad thar
prgoortian in the pcpulatian is gvenby ' .

P ropasitian 7 A s lngas deatingis a possibe strateyy, p' > 0 is never
a populatian pro.. e eopi ibrium.

P rooF Imagre there are sane deatiers in the papulation. A nil -agent
then gets sametimes ® (1Fhe mests a coperator) and sametimes -1 (ifhe
meets a dealey). By deating honever; he doss strictly betfer: he gets
sanetimes + 1 and sonetimes 0.

INn e there are nodeatass In the paqoulatian, anll -agant(and aboan
R-agt) geks apaya of®=( j+) H edoss strictly betferby deviatingand
deating

P rpasitian 7 rulkes autthe spattansas eanargence ofamarketeconany
in the presace of risky trede; thatis, when boal eforcamattirnstitutias
are inedastentarperfom poardy: T his is ilstrated in Figure 4.



Foure 4 || aketagatts and Cheatters ® < 1

H onever; historical evdance sugossts thatt bopl enfiorceamattirstitutias
are not a praeguisite o the eanergaee ofinterpersoal edance. |nader
1O acoountforsudh a proess, we allbowv tte gairs from trace, ®, o be bEage
eouch. | cicctatior® > | teganein Hgure 1 is no longeraprisaners
d Emma butnow represents a cocodinatian gane.

Tosimplfy assumep' + P =1, sottatalyl ad G agats can be
presaitin the papultian atany time. T hen expedted payor s are gven by

VE =HVEC + B Ve

where
VEC = 0+ v §,
Vel = 1+ g,
ad
v=EvEe vy
where
Vel = ql+4vg,
Vel = @+ Vg
SaMingaduwsingp' + F =1 we..rally dotain
VC:1 ipc
1 §=
ad
VM :®iq+®)j:-
1 5=+ )

P ripasition8 Far® > 1, tere are o population pro. Eegliilria p* =
1 andp™ =0. Furtermore, tere is a mixed seedy stake
< _®jl

P ix ®

inaessing in ® lutustebke.



Proof Forp® =1 wehaeV! =l <0 =V.:Thenp® =1is
an eguiibrium, and this holds whether @ is greaier then ae ar not (see
P ripasitian 7).

Forp® =0, wehaeV° :ﬁi< %i =Vv"  sotatnovp® =0 is
abo an equi ibrium.

Finally Toramixed steedy state we musthae

VeEOH=v" @
T he solutian is gven by

® gl
SIS o U:

whidhis inaessingin® ; honever; itis notan equilibrium. T osee this notice
tatorg > L wehaeV® > V' sothe pgoultion convergss ©
p* =l. Andforg > & vC < vV 5o the population convergss 1
pt =I0.

Figue 5 shons the e were ® > 1. Bease [ ; is inaessing in
®, the geater the gairs fran trade the greater the prdosbi ity that market
anags in arsky eMamatt H oneer, T™r® - 1| we are badk to Figure
4, where deaters eatually tale oer the attire ppulation.

K<<E<<<<HO>+—>

C

0 pCmix 1 P

Foure5: Il aketagats ad destars, @ > 1.

|l ast sssumep’ + P =1, sothatanlyll andR -agants Gan be present
in the paoulAtian at any time. | olice that iT both tpe of agaits et ®
Tormutual coperatian, then both getthe same eqpedted pays . H onever;
we essume that market agaits, when meeting eedh ather; getapayo ofe
> @ formutual cogeratian, so that thar eqpected paya is now greaier:
T his impliatly eptures the Bt that !l -agants are interacting with many
dic erent partnars and therefore have better dhanass of karming dic erent
skilb ad getting lxgr cairs fran trecke. W e Eeke this tobe a key Eature
ofintarpersaal markettrace

3 BwolutaeryD yremics
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I extewe allovv alll thiree types of agarits 1o be presaitin the pgoulatian ad
goply ook fion BEvoluticeryt ameT hearyinadertocanry autanepldt
dynamic analysis regading the evolution ofdiz erentfoms of trace.

Canvanticnal eaonomic theory asserts thatin equi ibrium .. ims are max<
imizingpro. . T heagumattis anevoluticaery ae ifthey werenot, they
waud be driven autoftre market T harefare inegui ibiumweanalyd>
sene.. s whidh are pro. tmaxdmizers. I1tis cearbovimplidtessumptias
are made an autofequ ibrium behavior:

R ather then advocating 1or a redical departure fron aanveniaal eo
namic theary, evolutiaaery game theory attampts o fomalze and make
epldtteassumption tetmare suaessiulbeéaviortad tbbemae prea
bEtin apoulEtion. Inasase then itasttutes a rctum it roks.

Bvoluticnary game theory departures both from converitiaal (nastrate
g9 eaonamic theay ad flan traditical game theary by assuming thatt
ags are not ratical 1N a anmplkex world béhavioris guded by ks
of tumb, nams and canvattias. By tral and enrar lkeaning proosssss,
strateges that perform warst ted 1o be weedaed autfiam the pcpulatian.®

T he aigrs ofFsudh an evolutiaaexy gppraedh are 1o be foud in biokogy:
6 enes rpresentthe phyars; ad the daraderistics oFbehaiorwith whidh
these gnss edowv the hostagenism attaill the strateges oftre game. T he
rehltne .. thess of behaviars (payar s) is gven by the number of o spring
aning that goreg ad it dgpends an the distributiaon of bdraeviars aatcss
the entire papulation.

6 ees (pPhers) ae praganmed obdae inasped.cvway A Dar
winian natural selectian procsss then goeraties oertime and highest.. thess
bdaias surve

T his is notto be taken too kerally in scdal and econoniceaMameants.
P Bers represat pep e wWho dhocse strateges and may even diaenge thar
daas. Bdavor tatis suasessiul this periad will be played by a lbager
fraction ofthe pagoulatian nextperiad. P ayar -maotionic dynamics proade
sudh stylized fomalization of D arinian natural selection. T hose strateges
whidh e reltiely better will growv in the papulatian at the epase of
those whidh do relainely warse T his is the basic pramise. | otice thatno
assumptias an raticalty araomman knoasdae nesd 1o be pleced.

Itis impartant to reacogiize o audal sssumptias fran the preias
aevltioaery stary. First we recuire many agaits in aur pqpuiatian; sud -
dantly enough 1 avad repeated strategc interactian issues. T his is why
wewakwith a aotinuum ofagats. Seaod badavaris neive inhe sase
that agits view the word as staticary. T hatis, they are not anare of

4Fara shartintroduction 1o evolutianary game theory; seell ailath (1998). Forbade
bgit tednical epaitias, sse W aebull (1995), VegaR edado (199§ and Samueban
(1997). For an informal acoount of how evoluticnary game theary is gpplied to a wide
\ariety of sodal phenameng induding justice mutual aid acommitment, canvattian, ad
meaning Skymms (199 6 is strangly reaommeanded.
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howvthardedsias a ectevaryae ebe’s by danging the eMramattun
dervnidn the entire ppulation interacts. Imitatian thus ssams reesaneble
in sudh eMramats.

Casider trading in a risky aemMramaitwhare all three types ofagats
(stratleges) arepresattin teppultiat C Il andR -agents. W henplyers
are umatded they evaliaie strateges acoording to thel rexqpected payar s.
T hese are a finctian of the pgoultian pro. k pe= @ ;pt ;) attime t
ad are gven by

V= J:i;J=C3 R;
3

whereV 2 is theexpected payar ofani- agatvwhois matdhed with aj-agait

Tocpture Eamingin intampasaal interactias wedaote by ® < | the
aars fran trace uder redprocal edaengs and by @ > ® the gairs fron
trace uder maket edange. Furttermore we Bt ® represant the Gairs
fran tracewhen anR -agatad anll -agantmest with® < ®< @.

Daeote by H, ; = @ 1:5%, ;) the veotor of expected ppulatian
pro. ks. T hen exqpected payar s are gven by?

Ve =P+ P + Vg1 @1 X @
Ve =@o + @0y i Pt Vg @1 X @®)

ad
V=i ok ik G BV ED O

I otice that eqpected payar s dgpad both an the aunranit pqoulatian
pro. ke and an epected future pqoulatian pro. ks. W e assume agaits have

smpk adgptive epectiatias.

A ssumptian 2 says that agats eqect the future o be just ke the
presat even though the presentmigitbe dangng evary periad. T his is
arsisiaitwth evouticary gane theary’s pcstulate thatagents are myapic
ad are not ully anare of howv the emMramatt uder wnidh the atire
population interacts dnangs.©

W edotain (7), ) ad @) by repldng and soMing reaursively, justas in sectian 2.

QI hatis importantfion A ssumptian 2 is thatagas carnot coodinate theiractias
ad dedde to atier the market all at axe becase they epect evaryae ebe to do the
same; and therefae itis best ipase. Sudh sty is B fran a satisbctory acoaunt
of martet anergene. 0 Faourse epectatias need not be as simpke as those gven by
A ssumptian 2. B utthey aasiderabke simplfy the madel
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A ssumptian 2 allons s 1o rewrte epedted payars (7), 68), ad () as
functias thaetdepad an peanly.

Pet Bt .

1§+ 7

Vi @o=

Ve (00=m+1®§% i Pe.

i 1 ¢
1§+ P+ Pt
T he R eplicatar D ynamics (RD) is a spedal kind of payor -maotnic
aevolLitioary dynamics where strateges Whidh e better then aerage gov
at the expanse of those whidh do warse then average; ad the better they
e the hider argonh rate. T he gpproprate dynamics in aurmodel
are represanied by the olloning systam ofsimultaneaus dic erenceequatia s,

®

1iipi+@qd“t i -

Vi @o=

- _y )

Pe1 =p{\,§(gg, Ji=Cil R (10)
whereV L =pgeVE + gL Ve + BV E is the average expected paya ; thatis
the epected payer ofan egatbang randomly dosen fram the pqoulatian
ofumatdhed egats.’

L et
( )

S = p:P PP=1;pP20;1Fj=Ci R

3
represat the tho dmasiaal unitsimplex as shoan in Fgare 6

I otice that the unitsimplex S is invariant uder the dynmamics gven
in (10) in the sarse that Brrinitial caditias p = @ ;@ ;£ )2 S, ten

P ayr -manotoric dyremics have been derived filom miaoeaonamic foundatias by
assuming that agats imitate most suaessiul strateges, ar even by postulating spedal
Bpes of kEaming dynamics. Fareampk W abull (1995) studies sodal evolutian ofbe
haviarsina..nite pqoultian ofstrateg cally interacting agaits who axe in avnhi e review
tharstateges (ordie ad are replced by new agaits) and randamly docse anewae
R eview times are mackeled as the anrival times ofFaP dissan proasss and newstrategies are
dhosen acoording 1o a prdoabi ity dasity oerall strateges, subject to the codition that
strateges performing better have a greater prdoabi ity ofFbeing dosen.

A ssumptian 2 is then pretty realistic in a atext of primitive trading wWhere agats
trace acocording o sodal asstans (i.e, hoavthey hae bean trading in the past) and every
novad then revise tharstrateges and adgptabetierae.
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pe2 S Trallt® Thaefre (10) toetherwith infial coditias p gwe a
deterministic solLitian path peWhidh Gan be grgphically represantied inS .

A further property of e RD  is thak if a strategy is ebosait fram e
paoulatian atany time then italhays hes been and alnays Wil be absait
T hen, when the state pe is an ae of the three bader sides of the tiangke
shoan in FAgure 6 itremains in sudh abader trewer?

0 beserve that whattwe actually did in Sectian 2 wes 1o analyze the dy
nemics an the baundary ofthe tiange. FAgure Gahons sudh dynamics Tor
the ceevhare+ is st datly v (P ripasitian 4) and @ > 1| (P ripasitian
8).

ToaxsEderthe cese hare alll thiree tpe ofFagants are presait (i.e, the
interior of the triangke) we simulate gldoal dynamics an i atEb’'c by gp
proamating (10) with its aantiruaus ime anallogLe. R esults are gephically
represated in Hgures 7, 8, and 9. || otice thatt there is no equi ibrium
paoultian pro. ke sudh thatall thiree strateges are presatin the pcpulatian
in the lbg ron

When® =b==@ < | thae ae tho eqilibrig as shonn in Fgare
71, W hen the initial propartion of dnestiess is lrge enoughy then destiers
tde oerteattire papubation. 1ot then both deaters and R -agats are
presantin the pqoulation. T his is essantially the resultdotained in P rgpo
stian 5 whenll -agants were aasidered 1o be absentfram the pgoulatian.

BTHsiselazs’iVSGGﬂWI(?M'rﬁrg(m)aspil ipl= p{(vév'igé) j§=C:M ;R ad
notidng et 'pd , i pd = 0.

"I oftice ako thatifastrategy is ever presantin the papulatian, then ithss alnays been
and alnays willl be presarit T his does not ruke aanvergence o ae of the boardars as time
goss oin.nity.

107 he vertices shauld be Ebekd a5 in Figure 6 pR in the narttwmest; p"  in the sauth
west; and p¢  in the sauthesst aomer:

14



C
P mixhigh

C
p mix

Foure 6 B aderdyrnemics anS .

Fgure7: :=09R =b=@e =07

Hguare 8 dons ttatifoars fron maket trace are lxge axauch (@ >
1), then thare is a third equilibium where ll -agaits take oer the attire
pgoultion. T his e¢ denteguilibrium is reeded anly ifthe propartian of
I -agats is e exaugh reltine 1o C adR -agaits.
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RAgwed: +=09P =b=07;6 =15

L ast Figure 9 shons that Tor geater gairs from tracke a pure market
e ibrium is reedhed undera xger set ofinitial coditians.

Fgweld: +=09PR =07;=3;8 =6:
W e summarize aur...ndings in the Tollloning prapositian.

P rpasitian 9 Suppose + is e enaudh (se2 P ipositias 4 and5). T hen
oo =b=ec< !, @ ;P P )=C s Vil 1B s, 2ad (0;0)ae
te oy (aympotially sebE) eqilibria. For® < 1| < @ tereis a tid
(aympotically sebE) e ibrium population pro.BEgvenby (10D

P roof. See the gopadix
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4 I atetanergenee

L ast sectian shoned howv g run equilibrium edange anangemants de
ped aninitial cditias ad parametenales +;0 ;& ande. Inpartiaular;
soattansos marketemaergenceis passible anly ifthe praoporian ofil -agants
is lircp encugh elatne o C adR agats. A nd the setofinitial cditias
thatkbed Op' =1 gons with geirs ffan trece .

I evarttekss, a satisbctory analysis of market emergance nests o ruke
aut te pravas edstaxe ofamarket T hatis, we mustepbin hovin
tempasaal trade develgs fron saatdy, when the prgportion ofll -agants
is zero.

Butifp' is elerzerg aurdynamics imply itis zaro reer: market
trace caanotanerce. H onever; this is because we have been dealingwith a
detaministicdynamicsystam. A mutatian ke companentis often induded
that trarstams deterministic payo -maoianic dynamics sudh as the ae
we have been studying intb astodestic dynamical system. T he equi ibrium
anaptuder sud systans is that of stodnestic stebi ity ad results usu
ally dir er flan the notian of ssymptotic stebi ity studied in deterministic
systemst!

Il utatias are taken 1o rIPresateparmatation with newvstrateges in
asadgal sstting  Fram FHgure 8 we céan see tat it the number of agants
epemmattingwthstategy!l  (i.e, mutating) is bxgeenaudh soss topkece
the systam at apath anagaito p! =1, then market trece anercess.
B ut then a snaller number of mutatias tonarcs erther stratlegy C orR
are required 1 plae the systam atapath dvegaitop! =1. Ths
the system will spad most of its tme in a state where the proparian of
Il -agets is dose T zaro.

I eertekss Hgare 9 shons thatifgairns fron maket trace are lxge
enaugh, then a very small number of mutatias are nesded 1o plbe te

system atapath anvargentop’ =1 12

R emaxk IToans fran marketrace aresud aantly exge then marketrace
soataneassly energss fran asituatian in whidh the pgoulatian aon
@ alyR ad C agaits.

0 ur madel sugssts a o stage market develpmeant proasss. Frst it
ages care enaudh ebauttarfuture (i.e, Eage+), they engece in redpro
al g Bsting persaal tracke in ader © aad risky encountars. Secod,
&6 these aganits eperimantwith strategy !l and realize thatt there are mudh
bkxter gars fram interpersaal trade gonth enhending market anvange
ments evantually tBke oerthe atire pcpulation.

11 Faranalysis of stodrestic stebiity; see the pianearing warks of Kandari, Il ailath ard
R cb (199 3) and Y aung (199 8).

127 he entire pdntis raised by Espada (199 8), whoendons markets with an inaessing
retums o sak property in ader o eplEn its enargae
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5 Swstarebilityon atetT race
5.1 ¢ arsfran tracke

IToars fran trace @ ae lge enaugh then market trade spattaneasly
emayss. H onever; this does notruke aut the passibi ity ofmarket reversak.
A s evidentfirom histary, markets frecuatly energe anly todisgppearin the
fUture and even regppear Btler an under new shgpes and forms 13

Inhis T heory oF EconamicH istary, H id<s enphesizes the importance of
stuchying the BExadange Econamy because itis

... atrarsitomation whidh is antecedent ol ards rise of Cepi-
talsn, adwhidh in terms ofmore reeatecononmics bds ke
bangeven mare fundamental [H ids 1991 (19 G), p.71

H e then adds,

Itis evdat that the trarsfaomatian Wes a gradual trarsfma
ta ... [...] ... TEwss nota tansfomation that coouned aae
or all; there are sodeties vWhidh have slipped badk firan being
edange econamies, after whidh the same take hes been goe
thraudh again. [op. at, p.7]

T his sectiaon argues that bopl enfocamattinstitutias are a prevecu-
site Tor the casolidation and sustainebi ity of gronmtth ehandng exdance
aanceEmants.

0 ur macel indicates thaet market treck is susteinebke s bngas @ re
mairs atvery high valles. B utthere are at sst 0 reesas Wy @ migit
dearesse thraugh time. First. gains fran market trece @ are intially exge
due o examass kaming passibi ities butevarttually diminish es interper
saal interactias become mae rnumeras and amplex Seaod 1tis not
vary dear-hov gairs fram deatting acoperator- (* 1) anramain . .xad ss a
marketeconany a ering greater gairs fran trade develps. 0 newould alo
epect geater cairs from deating

A saaasaguEe e epecte 1o reman at lbbavvaluss Tor log periads
oftime. B utthen we are badkto Figure 8, and uderstodesticmutatias
martket tracke stegates and agarits switdh tostrategesR and C ance eain.

W e aadiuce thatalthough market trade mightspattaneasly enercein
aurmaocel its energanee wi ll be daxadterized by a o/ce aasisting of log
periacs of stegnatian olloned by periacs of reeanaganee. T hus amarket
eqonany is notsustainebeEvinen instiiwtias thatdetergopartunisticbreadn
of aotract are ebsatarperfom paory.

BEgpada (1998) analyzes market reversak by postulating (exoenas) decressing re
wims tomarket rece.
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T harefore nothing guaraniass that market trade will allowv Tor eer

Esting gonthehandng interperscal edangs o e plbce. A sD ax
giss|l arth pdnits aut; this is avery idealized View of sodety*4

...&8 the ampledty of the emMrameantinaessad as human be
iINos became inaressingly interdegpadat mare aamplex institr
tical struciures were necsssary 1o Gpture the potential gairs
fron trade. Sudh evolutian requires that the soaety develp in
stitutias thatwi ll pamit[interperscal] edance aacss time
adspae [ ath 1994 p.363]

H onever; nothing guarantsss thatsudh institutias wiillevohe.

In Bt mostsodeties throughaut history gotstudk in an insti-

twticnal matrix that did not evole into the [intermpasaal]ex

dange essaritial 1 Gptuning the productivity cairs et came
fram the spedalization and divisian of EEbarthathave produced
thell ealth ofil atias. [. dt, p.3a(]

W e arge that the aeation of institutias that penalize deafers an
stitutes a .. 1st st tonads sustaining aamplex interpersaal interectias.
Speaal atlentian is gven 1o the issue o what motiveates agaits 1o aeale
sudh irstitutias®

52 Infomal ad formal enforamattirstitutias

Il artket tracke is notsustaineble because deaters are alnays amaneae Who
inede the pgoulatian as soon as cairs fram trede are small enaudh. Fora
marketeconany o progper; inaartives Torbang adneatermustbe reduced.
H istory shons that this hes been carmied aut by both infomal and famal
enforaameantmedeniams. Several authors hae investicated the relevaence of
sudh irstitutians.

In the antext oFamedieval agacy prdolem, ¢ 1 (199 4) eploes howv
sadeties with div erant aultural bellek adgpt dic erent agenizatianal T™ms
a5 a respaese 1o a anmitmatt pradblem anag mexdants and tdaroer
s agpts.  Callectivist mardants never hire an agat who hes deated
any merxdant of thair onn ettmic grap. T his edlsian wims aut 1o be
selfenforang because ifall othermerdants are punishing deviantbeavar;
then adeatarmustreca\e ahiderwace in aderto reman haest T hare
Tog itis in any madants interest to hire agants who have not dheated.
H onever; reltiaships areesteblished anagindivduak fran thesameeth
nicgrap, resuling in a segregated sodal structure aad, ss aonjeciured by
¢ rerf hindeying ecananice¢ adacy.

148 utwhich hes nevertheless been emphesized by necdessical gronvth madeks.
15T hus, we are interested in studying selfenfordng institutias.
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Fafldhamps (199 8) shons howstignatization ofdeaters £ad ates market
emergace. B reedh ofaatract may tigoer pamananteclusian fran trade
ifitis interpreted as asignal ofimpeding bankruptoy.

T hese studies sugpest thatt agants may even be wi ling 1o pay same auk
side autharity, sudch as a aedit rekberace bureay, Torthe nemes of deaters.
Faoreampk Camideelad! aad ead (199 7) shovhovin an evoutiaery
mackel the soagal astom ofFgftguving by impasing assts at the begning
of the reltiaship, is asigal ofa plbyar’s haoesty ad can therekae kbed
1O trustand cogperatian.

6 |Ef(1997) is an interesting acoout of howv intercommunity edange
Wss supparted in pre modem Eurgpe thraugh aninfomal information tans:
missian medhenism, the Canmunity R epasibi ity System. H onever; as
tradke eqpandad sudh infrmal mednenism wes abolished and substituted
with gpl enforcamenit proided by the State

T here sean 1o be Imits 1O informal aontract efiorcament mednenisams
besed an sodal netnatks. 4 s trade epads these Emits become evident
and fomal oAl enforaamantt institutias mustbe aesated in ader to sus
tan gars fran makettrace. T heSt@ateis usually ilvolhed in sudh atransi-
tan, prdosbly because ithes acomparative advantece ateplting ttedars’
wilingness 1o pay Torprotection and bwaenforcament

Casider how spattanseas market emergance Gan be sustained in aur
macel underthe iNntroductian ofFanew kind of pleyer; the State. Suppae
the State wishss o maxdimize . saAl evauess ad tatanly market ke ex
dangss éan be ied. T hen the State hes incentives 1o pramote market
track by, say; peralizing desters.! © | tihe same time agents will tracke at
the martetas g as the extra et dacy cars Gptured fron market trace
are lrgerthan the aosstpayed In t&es. 4 nd the State hes ciear incatives
tomake this soifitis intarested in ..scal revarLes.

0 faaurse mare anmplexfomalinstitutias are reguired ss markettrace
epas. 0 reeampk ofte ekbvance ofsudhirstitutias isgven byl orth
ad W angsst (1989). T hey showv how new institutical asrangamatts in
savanteth cantury England Ed to remarkable econamicsuacsss by alloning
the go.emmeant o aedibly acommit o upholding property ngts.

6 Caxdsm

T his pgper-foasad an hov market edange spataneasly energss in e
presence ofaommitment B e, H onever; we dic erwith Faldhamps (1998)
in &0 man agpects.

First. we do notendon agants with the aognitive &b ities necsssary Tor
raticnali ty demanding ecu ibrium aonapts tomake sa=e. Irsteed, we &6

19 Faourse this kacks t© new kinds of questias, such as who aarok the State in
adding an.. scatry messures, etc.
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sume aur agas are myapic and adgotany of thiree strateges (redproaty,
market and deaters) depending an theireected payars. A gats are &
sumned o revise tharstrateges axae in awvwn E and imitate thosewhidh are
mare suasssiul

Secod redprocal treceis tEken 1o ripresantEmi by ilkeencounters. W e
madel marketedange by assuming thattagaits engece in several intexper-
soal tarsactias. L eaning fran saveral agas is a key ature of sudh
interactias and hes alreedy bean used by Espada (1998) in acompletely
diz erert framenork 1o stLdy the emergance ofamarket ecanany.

U nder this framenark redprocal edance aastitutes arespase toa
rsky eMramatt |Ifagais care encugh ebaut trar titurg then staxting
a lbg bsting reltiaship with a partner saaes tham the potential aosst of
meesting an unknonn degierin the market Furthermore aurdeterministic
dynamics donotallbwus toepEin marketemnerganas nomatierhowv exge
aars fram trade mightbe.

H onever; when we elore mutatias we dotain a stodsstic dynamical
system thatallons Tormarketenmargace. [ Tthevalle thattredars atladh o
kEaminginthe form ohintarperscnal cmmeraal trtarsactias is high enaudh,
then the nsk ofmarket trading is warth t8lkiing

W hen eplaing the sustainebi ity of martet trece thrauch time, itis
evdatthatgairs fram trade caanotremain atsudh lrgevaluess inde. nitely.
A s somn as they drip, aurmadel predicts the disgppearance ofmarkettrade.
T hus, a o/ asistatwith historical evidence results in whidh amarket
..1Istamergss but then aoligpses any 1O regppear Bferin a Uture time.

Casqpantly we arge that fomal enforcamantirstitutias are apre
requisite or the cosdidation and epasian of a market econamy ad
briety regad saome of the relied terature. T here are dearincantives Tor
athird ector; the State 1 proJace the boal aorceameant required forsaie
anrectiLal arrangameants.

0 urmadel is smpke exaudh 1 be analvtically tradtsbE. H onever; we
kEae many interesting issues notmaodekd. 4 N eplratian into te ..eld of
Canputatiaal Eaananics would allovformare fexibi ity in aurmodel ad
tharefore proide uis with many interesting insigts an the process ofmartet
emagae ad sstainebility A amputer pragram represariting avirtal
ward ... lied with arti..dal agents who passes imited aognitive abiities ard
interact under an uncartain envilamantis Eftfor iture work!’

A nindgpthepbratian intbEcoamict istorywould prosce tthedetal b
necssary  impEmantsud prgject T here is mudh 1o am fran history
and we must not oerbbdk sudh issues When bul ding thearetical modek.

U nderstanding the procsss by whidh a market econany energss ad
epancs asttEs a.. 1IstsEp In an aganda o study the performance ad
Tunctianing omarket(and narmarket) institutians thatpranote econanic

1See T estatsian (199 8) foran introduction to the kerature.
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wellbaeng | otanly hes the vway individuak have dedded to argenize thar
edags (and tha ruderbing motinatias) bean auaal forthe histarical
suaess ad B lure ofFmodamn econamies, but rtwill antince 1o be audal
in the uture. T he institutias that are aesated in ader 1 deal with ever
inaessingly aamplex soaal interactias wi ll ulimately determine the path
offuture econamic develpmeant

7 A ppaxix
P yroof of P rapasitian 3.
A mixed steedy state is the soliian 1o

VEE D=V @ X
whaere
C _ 1ipc
VEED = e
R ACN — 1 ® ¢ ® .
VIO = e 1ii'pq+1ii)'
Sautian is gven by
o _Zii®+'n@iZi) idtC i®)
Bhigh — 2+
ad
P
2200 i @ a2ty 4 i®),
P ixiow — 0% :

T hese mixed steedy states are stebke it

d£ o

—= V& jvi — «<:

qj: ' Pl
W eae

o ¢ 1

1 §=

ad

A S C> N

o&F " 'Cid

T harefore asteedy state IS, is stebk if
Cit)> +edC ik
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P roofof™ P rqpasitian 5. T he &t that they are mixed steedy stales
ames fron P rpasitian 3. Famn P ripasitian 3, stebi ity requires et

Ci=Fd> +0)C i

R emiting and repldngwith pf, e et
£ i el
2t j 2t j24 §OI=2 ¢ jr+ 0=2)> 2t j2# jOI=2:
i ¢

B ecaLseweare assumingasteedy stateexdists, then j 'Zi j2¥ §0!=2 >
0 ;s0thelHS is pasitive theRH S is necative and the ineguality is
satis.ed T herefore 4, is asteble steedy state.
Ifwe rpbewith [, e get

£ i uS]
§20 5 2§24 jOI=2 ¢ @ jE+ @=2)> 2t j24 §OI=2:

Simpifingwe dotain
81 T -, . ¢-1=

1§+

T akdng souare roos and simpifingwe ...nally get
CitDd+0®)0;

which is notpassibe and therefore igh is notstebk (i.e, equation 6
is notsatis..ed).

P yroofFof P rapasiian 9 .«

B adar dynamics have alieedy been anallyzed in Sedion 2. Thus it
remairs 1o be proad that there is no equi ibrium populatian pro. ke tet
belhos o the interiarofthesimpkex S (i.e, thereis nomixed equi ibrium).
W eshonvthatifsudh amixed steedy state edsts tenitis notsteblke. U sing
P +p + 7 =1;ween reduesystam (14) asmuleneos tho equatian
system ofdic erence equatias. 0 ne passibility is

C CVtC
Pe1 — ptV—A
T

Ve

T

wherepl =1 §pt i Pt . A mixed steedy state is dnaracterized by

Vg =V =V
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T hus e can sohe the aboe equatias Tor steedy state valles gy ad

ol .

W e then proocsed 0 analyze bl stabiity of this mided steedy state
by Ineaxizing aur system araund the steedy state. 0 ne passibe gppraedh
is to anvert aur systam of ... iIstader simultaneoss equatian into a inear
saood aderdic erence equatian. | extwe..nd the roots ofthe draxracteristic
eguation. W e shavthat there is at bsst ane root (aéther real or amplkex)
whose absoluie val e is geater then orequal 1o 1, soaursteedy state is not
stabke

W e anit sudh ambarsome alultias ad rely insteed an anputer
simulated dynemics.
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