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The other explanation, of a strategic nature, notes that cooperation
is possible in situations with repeated interactions among the same,
possibly unrelated, individuals. Behavior that punishes noncooperat-
ing individuals may be an equilibrium in the sense that all individuals
will cooperate for fear of being punished. The punishing strategy that
sustains cooperation requires long-term memory and ability to recog-
nize a defecting individual.

‘We assume that individuals are boundedly rational, that they are not
fully aware of the consequences of their actions or else are incapable
of calculating the results of their actions. We assume that individuals
use some rule of thumb, based on their current information and obser-
vations, to determine their next action. We offer an explanation for
the existence of cooperation based on two simple assumptions. We
assume that there is a local structure in the population; that is, indi-
viduals meet and interact only with their neighbors and not with the
whole population. We also assume that individuals can observe the
degree of success achieved by others and that they learn or update their
behavior by imitating the behavior of their more successful neighbors.

Both assumptions seem plausible. Although the acquaintance net-
work in asociety is usually very intricate, it is only in very small socie-
ties that an individual may be familiar with all other individuals. Usu-
ally, individuals interact only with a small subset of the population:
their neighbors, their friends, or their colleagues. Our second postu-
late, that individuals imitate behavior that has led to success, seems to
be a cornerstone of human behavior and of our leaming practices.
Individuals, no doubt, attempt to use their analytic powers to under-
stand a sitnation and find out in a rational way what is the best way to
proceed. Unfortunately, many situations (indeed most) are too com-
plicated to be fully analyzed with the individual’s limited and bounded
rationality. When the rational approach fails, people may resort to imi-
tation or supplement their partial analysis by a dose of imitative
behavior. Thus, even though some learning methods are more com-
plex than mere imitation, imitation is the basis of many learning
processes.

We have deliberately left the details of the local interaction system

_and the imitation process somewhat vague. We first present an intui-
tive argument why cooperation may survive under Eomo mmmﬁa_usgm
and then fill in the missing details.
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344  SOCIOLOGICAL METHODS & RESEARCH
MODEL [: ALTRUISTS AND EGOISTS'

THE MODEL

Assume a finite population of individuals located on a circle. Let
there be two types of individuals: altruists and egoists. An altruist pro-
vides a public good to his neighbors at a (net) cost to himself. An ego-
ist enjoys, at no cost, the public goods provided by his altruist neigh-
bors while giving nothing in return. To pin matters down, assume that
an individual’s neighborhood consists of his fwe immediate neighbors
on the circle and that an altruist increases the utility of each of his two
immediate neighbors by one unit at a negative net benefit of —C units
to himself,” with 0 < C < 1/2. We further assume that the total benefit of
an altruist is the number of altruists among his neighbors minus C and
that the benefit of an egoist is the number of altruists in his immediate
neighborhood. .

The learning-imitation process is as follows. Let each individual be
informed of the average payoff of each type in his immediate neigh-
borhood (consisting of himself and his two neighbors). On the basis of
this information, the individual will switch to the strategy (type) that
earns the higher average payoff. If an individual is surrounded by
identical types, he does not change his behavior. This learning process
describes a situation in which an individual does not observe other
individuals in detail but receives general information about his envi-
ronment and how on average each strategy fares there; he also believes
that this information is relevant to his future success.

Clearly, our individuals are not aware that they are, in fact, playing a
version of the Prisoners’ Dilemma. If they understood it, then in a
one-shot game they would all become egoists, since it is always better
to be an egoist whoever your neighbors are. The simple situation
described above should be understood to represent a complicated one
in which it is difficult to figure out what the benefits of each action are.

We now have a dynamic process. Beginning at an initial state, a
configuration of altruists and egoists on the circle, each obtains a pay-
off, learns about the payoffs in his neighborhood, and chooses the type
he will be in the following period, thus bringing the process to a new
state and so on.
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...mwmmmmmmmmmmmwmmmm.

The minimal number of altruists between strings of egoists can be cal-
culated, and it can be shown that in any absorbing set where altruists
are present, there will be at least 60 percent altruists. Thus, an absorb-
ing set has either o altruists or @ majority of altruists. This seems to
confirm our intuition that altrnism, if it survives, will be present in
large numbers. However, we need to check whether and how often
altruism survives at all.

The other part of the intuitive argument, that a clump of altruists
supports itself and may expand, can be seen by the following example:

...EEEEEEaaaaaEEEEEEEEE .
... EEEEEaaaaaaaEEEEEEEE .
... EEEEaaaaaaaaaEEEEEEE .
... EEEaaaaaaaaaaaEEEEEE .

A sufficiently large string of altruists (here a string of five) expands in
a sea of egoists. Moreover, it can be shown that a string of five or more
altruists is never destroyed; it need not expand as it does in the above
example, but it will never be eradicated.

‘Where we end up depends on where we start: The absorbing set to
which the process converges depends on the initial configuration of
altruists and egoists on the circle. There are 2" such configurations,
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assume that deviations from this procedure do not occur. Mistakes
happen and individuals may sometimes act erratically. To this pur-
pose, mutations are introduced. After learning, an individual may
have a small probability of becoming a mutant and determine his
future type arbitrarily. Mutants introduce noise to the system. With
mutants, it is no longer true that the state in which all are altruists is a
stable state: Some individuals may mutate to become egoists, and
once egoists they may have no reason to switch back to altruism.

On the face of it, it seems that mutations make it more difficult for
altruism to survive. Mutations seem to increase the number of egoists:
If a mutant egoist appears in a population of altruists, it will do well
and survive, whereas if a mutant altruist appears in a population of
egoists, it will be eradicated. It may therefore come as a surprise that
altruism survives mutations as long as these occur with a sufficiently
small probability or as long as the circle (V) is sufficiently large. The
mathematical details of this result are rather intricate and can be found
in Eshel, Samuelson, and Shaked (1998). Here, we present an intuitive
argument that drives the result.*

If mutations are rare, then the dynamics will, most of the time, fol-
low the learning process. After a sufficiently long time in which no
mutations occur, the process will settle in an absorbing set of the learn-
ing procedure. When mutations appear, they will disturb the dynamics
and may kick the population to a state outside this absorbing set (or its
basin of attraction). Again, after a sufficiently long time, the popula-
tion will end up in (possibly) another absorbing set. As we have seen
above, there are two types of absorbing sets: those that have at least 60
percent altruists and a single state in which there are no altruists.
Because we are only interested in the existence of altruists (and not in
their precise distribution on the circle), we need only find out how easy
it is for mutations to shake the population away from one type of
absorbing set to the other; that is, is it easier for mutations to create
persistent groups of altruists when there are none than to eliminate all
altruists when they are the majority?

It is relatively easy for mutations to create a string of five altruists in
the state where all are egoists; it requires only five simultaneous muta-
tions. It is not easy for mutations to eradicate all strings of altraists
when at least 60 percent of the population is altruistic. It will not do to
destroy the strings one by one as our-example in the previous section
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causes no damage. It can be shown that in a population of egoists and
hooligans, the egoists will eventually be a majority, with small pockets
of hooligans between them.

In our model, we have assumed that both neighborhoods, the inter-
action neighborhood and the learning neighborhood, are of radius 1.
Our method enables us to analyze the dynamics when the neighbor-
hoods are of a larger radius. Here, the cost of being an altruist plays an
important role, and the percentage of altruists in the population is a
function of that cost.

‘We have not been able to obtain analytic results for a population
located on a two-dimensional grid. A number of works have attempted
to find regularity in the evolution of two-dimensional populations
using computer simulations (Nowak and May 1992, 1993; Nowak,
May, and Sigmund 1995).

Our analysis becomes difficult when the neighborhoods are large
(with radius >1) and the learning process stochastic. In this case, an
individual may by learning import a strategy from far away, and new
strings of egoists may emerge. Also, the existing strings expand and
contract at random. All this makes it very complicated to analyze the
dynamics of such a population. Instead, we simply want to know
which strategies can withstand an invasion of mutants. This we do in
Model 2.

MODEL 2: CONSERVATIVE STOCHASTIC
LEARNING AND UNBEATABLE STRATEGIES’

This model features an infinite population located on a line. Each
individual, when called to revise his strategy, chooses a strategy from
his neighborhood according to some probability. The probabilities are
such that he is more likely to imitate a successful individual in his
neighborhood. In contrast to the previous model, he may choose a
strategy that is “less successful” than his current one.

Let individuals be located at the integer points of an infinite line (0,
+1, 22, +3, .. ). The interaction between players takes the form of a
Prisoners’ Dilemma,’ with ¢ > a >d > b > 0 (see Table 1).

Anindividual has a strategy (mixed or pure) that he plays against all
neighbors in his interaction neighborhood, which consists of  indi-
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with high probability abandon learning. With small probability, he
will continue searching for an incentive to learn among his six imme-
diate neighbors, and so on. The process we have chosen is a simplified
version of this process in which a player stops his search if he does not
receive an immediate incentive to learn.

We do not claim that cultural learning is always conservative, only
that it sometimes is, and that it is not to be found in biclogical evolu-
tion. In a similar biclogical process, an organism occasionally dies and
is replaced by a clone of one of the organisins in his learning neighbor-
hood. Here, the learning neighborhood represents how far an organ-
ism can shoot his seed. A more successful organism is more likely to
plant his seed in the vacant location. This will be done irrespective of
whether the dead organism was similar to his neighbors. Hesitation to
adopt a strategy different from the one prevailing in one’s neighbor-
hood is a property of cultural and not biological evolution. In the
Relaxing Conservatism section, we show that the two processes repre-
senting biological and cultural evolution may lead to different results.

The path of such an elaborate stochastic process is difficult to ana-
lyze; instead, we concentrate on a different aspect of the evolution. We
ask whether there exists a strategy that is immune to an invasion of
mutants in the following sense: Is there a strategy that when all indi-
viduals on the line play it and a finite number of identical mutants
appear, the stochastic learning process will eliminate the mutants with
probability 1? We call such a strategy, if it exists, an unbeatable strat-
egy.’ The readers familiar with the biological and game theoretic lit-
erature will notice the similarity of this concept to the concept of an
evolutionarily stable strategy (ESS).”

Our conservative leaming ensures that the mutants remain concen-
trated in the population. Because only individuals on the boundary
between the mutants and the indigenous population may learn, and by
doing so may shift the border between the two strategies, no new
strings of mutants will be created by the process.

UNBEATABLE STRATEGY IN A POPULATION
PLAYING THE PRISONERS’ DILEMMA

In a population playing the Prisoners’ Dilemma, the unbeatable
strategy depends on the ratio 0 = n/k between the radii of the learning
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For small © (where » is considerably smaller than k), consider a
population playing the defect strategy, with only a finite number of
mutants playing another strategy. An individual about to learn consid-
ers imitating players who sit close to him (imagine » to be small).
Those individuals interact with a large neighborhood (imagine & to be
large). The differences between the various interaction neighbor-
hoods of the few individuals in the learning neighborhood are there-
fore insignificant. Ali the observed individuals face, practically, the
same interaction environment. Against a given neighborhood, defec-
tion always earns the highest payoff. Thus, a leaming individual is
likely to become a defector and the mutant group of cooperators will
shrink. This ensures that defection is the unbeatable strategy when 0 is
small.

This result indicates that when learning is conservative (in cultural
evolution), a high mobility of ideas leads to cooperation. This result
will be shown to depend crucially on the conservatism of the leaming
process.

UNBEATABLE STRATEGY IN A POPULATION
PLAYING AN ARBITRARY GAME

In the case of the Prisoners’ Dilemma, it was the nature of the two
strategies in the game, together with the ratio 8 =r/k, that enabled us to
determine the unbeatable strategy. In a general game, this is more
complicated, since the strategies do not necessarily have the straight-
forward properties of those in the Prisoners’ Dilemma. First, assume
that the game has a unique strategy x that maximizes the payoff when
playing against itself (the cooperative strategy in the Prisoners’
Dilemma has this property). This strategy is successful against itself;
however, there is no guarantee that it does well against other strate-
gies. For a sufficiently large n (holding & fixed), this strategy x will be
the unbeatable strategy. The argument is similar to the one in the previ-
ous section. Let all the population play strategy x and let a finite
number of mutants play another strategy. A player on the boundary
between the mutants and the indigenous population will see mostly
individuals playing against a strategy identical to their own, mutants
playing against mutants and x players playing against x players. By the
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The intuition emerging from this analysis is rather surprising: A
strategy that is “strong” in the population with the local interaction
structure is found to be one that is “friendly” to similar opponents. It is
as if kinship behavior arises from frequent local imitations. There is no
need for the individuals to be related; the frequent local interactions
guarantee that they will behave as if they were related.

RELAXING CONSERVATISM

The analysis of the theoretical models presented in the previous
section relies on the assumption of conservative learning. A prompt
incentive is needed to make an individual revise his strategy; he needs
to see a strategy different than his own between his two immediate
neighbors to consider changing his strategy. In this section, we test
whether the results we obtained are robust to changes in this
assumption.

The evolutionary process may be interpreted in two ways, as cul-
tural learning or as a biological propagation process. The way to relax
the conservative learning assumption depends on which interpretation
we adopt. If it is cultural evolution that we are interested in, then mak-
ing the individual less conservative should mean that he may learn
even if his two immediate neighbors play strategies identical to his,
but he should be reluctant to do so. We capture this idea in the follow-
ing way. An individual will learn with certainty when one of his imme-
diate neighbors plays a strategy different than his. However, he will be
permitted to learn with a certain probability when his two immediate
neighbors play a strategy identical to his but one of the next two neigh-
bors plays a different strategy. This means that an individual will learn
with certainty when he is located on the border between two strategies
and will only sometimes learn when he is not directly on a border.
Note that this probability governs only his incentive to learn; once
willing to learn, he observes and considers aneighborhood of radius n.

We expect that for small values of this probability, a strategy that
was unbeatable with conservative learning will remain unbeatable.
For, as before, learning will be mostly conservative; only with small
probability will an individual introduce a new strategy to his immedi-
ate neighborhood.
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is straightforward to check that for the above game (and fork=1,n=
3), the strategy C is unbeatable for S > 2.4. (Increasing S makes it more
advantageous for a cooperator to be surrounded by cooperators; simi-
larly, increasing n makes C more robust against D mutants.)

We wished to test whether C remains unbeatable when the learning
rule changes. The learning rule was changed in two ways, describing
cultural and biological evolution. To move smoothly between the two,
we introduced a variable p, 32 p > 1. For 2 2 p > 1, the individuals on
the boundary learn with certainty when given the opportunity whereas
their immediate two neighbors learn with probability p— 1 when asked
to leamn. For 3 2 p 2 2, the four individuals close to a boundary leam
with certainty whereas the next two individuals learn with probability
p—2.Because n =3, there was no need to consider higher values of p.
Thus, p measures the divergence from conservatism. For p = 1, the
leamning is conservative. For values less than 2, the learning is cultural,
and players not located on a boundary are reluctant to learn. For higher
values of p, the model describes biological evolution. In the simula-
tions, p was given values between 1 and 3 in increments of 0.1.

Unbeatability of cooperation when learning is conservative implies
the two following properties, which were tested in simulations for
learning processes for which the conservative assumption is relaxed:

1. When all the population plays defect except for a sufficiently large in-
terval of players who play cooperate, the cooperators should eliminate
the defectors.

2. 'When all the population plays cooperate and mutants playing defect
enter, the mutants should be eliminated with certainty.

In addition, we checked whether increased values of S can help coop-
eration beat mutant defectors even in the biological evolution model,
where there is no conservatism (p = 3).

For the simulations, we took a population of 1,000 individuals
located on a line. Of those individuals, most played the same indige-
nous strategy, whereas mutants were introduced in some center posi-
tions of the interval. The strategy cooperate was sometimes the indige-
nous strategy and sometimes the mutani strategy. In both cases, we
were interested in whether cooperate took over the entire population.

The simulations were run as follows. For each pair of values p.S and
beginning with some configuration of cooperation and defection on
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The Freq of Mutant C: Wianing Against a Population of Defectors
1000 T T 3 T T T T

700

100F

o 1 : 1 1 L L !
1 1.2 14 1.6 .8 2 22 24 26 28 3

p (eivergence from conservatism)

Figure1: Test1l

In the second simulation, four defector mutants were placed in a
population of cooperators. Figure 2 shows that cooperation eliminated
the mutants unless the deviation from conservatism became signifi-
cant. The results are not as clear at the “biological” end of the figure,
where p is close to 3. For S =7, cooperation continued to win in most
runs. :

The results seem to suggest that as § increases, cooperation can
eliminate mutant defectors. This is verified by the simulations
depicted in Figure 3. Here, we increased S to S = 14 and found that for
high values of S, cooperation eliminated defection in almost all the
runs even when learning was not conservative.

SUMMARY AND CONCLUSIONS
We studied the effects of a local interaction and learning structure

on the evolution of a population in which individuals learn by imitat-
ing a more successful neighbor.
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We presented two models. In the first model, a finite population was
located on a circle, and each individual learned by switching to the
strategy earning the highest average payoff in his neighborhood. We
found that when the circle is sufficiently large, with high probability
the population will evolve to have amajority of cooperators. We found
that even the introduction of mutations cannot destroy the robustness
of cooperation in large populations. However, the combination of
large leaming neighborhoods with stochastic learning proved to be
too much for sustaining cooperation. It enabled a single defector to
spread and take over the (initially) wholly cooperative population.
Although this requires a chain of events that occurs with low probabil-
ity, it suffices to make the model analytically intractable.

We therefore introduced the second model in which we tested, asin
the biologically inspired ESS, the stability of certain configurations.
Here, leaming was done by probabilistically imitating one of the
neighbors. The probability of imitating someone is proportional to his
relative success in the learning neighborhood. In this model, we
looked for an unbeatable strategy, a strategy that if all play it and a
finite number of mutants enter, the learning process will eliminate
them with probability 1. The unbeatable strategy, when it exists, can
‘be shown to be an ESS of a related interaction game in which each
individual cares about the payoff of his opponent to a degree deter-
mined by the radii of the learning and interaction neighborhoods.

Thus, the message of this model is that cooperation could have
developed as a result of the local nature of interaction and learning. To
obtain this result, we assumed that leaming is conservative: Individu-
als do not learn when their immediate environment does not provide
them with incentives to learn. We argue that conservative learning
may be a feature of some cultural m<o_uaom3 processes but not of
biological evolution.

We investigated by ooBqua simulations whether our results are
robust when the conservative learning assumption is relaxed. We
examined a situation in which cooperation is unbeatable (with the
conservative assumption) and tested whether it remains unbeatable
when conservatism is relaxed. We found that as we moved away from
cultural toward biological evolution, cooperation was no longer un-
beatable and defection could win the population over. However, coop-
eration can survive even in a biological process when the altruistic act



"T61:L d8ojo1g

[PIN2L03Y ] fo [puinof JIOIARYSE [EOS JO UOIAJOAT ORAUSD) S, “b96T "] WIEI[IA, “UOYTITEE]
“€9-L ¥ 8T
feoayy suvD fo [owmor [puoyvwes  STENPINPU] PATe[ATLS) Jo suomemdod pamionTg

Uz Jotegag disury jo 20waRIonIg YL, “6661 "POYEYS JPUAY PUE ‘SUOSES BT “wey] ‘TOYSH
"6L-LE 188 MFINBY IUOUOTT UDIFUY [ TSPOIN UOLIRINT] [$007]

€ N SWEST00K] PIre SISI03 ‘SISMAY,, ‘3661 ‘POTEYS I9UAY PUE “TOS[BNIIES ALTe] “Te[) 1oYsg
"§C-611'E8 MINPY FUIOUOTT UDIUBWY , FIIVIYOIATIEY

ATBUOTIM[OAT W UL [IeARId e WISIUNIY MOH,, ‘€661 “TEIS PAPO PUE ) 2I0POsT] “WoRsEIog

SHONHIHATA

*S1[nSd L) TO IDUSMIIU] S[NY sBY
09 TCTIL[AWIS ST € U} PIPIOAT 3q J0UTED ST "SIOqYEIOT Iama] I JOF JUNOIIE 0} poyrpour
axom uorremdod o Jo 28pe ay3 e pareryrs SeNPIAIPUL 21 Jo Jurures] pue joled ylog ‘o1
"$53000d PaUYSP-TIoM S4BT 0M SEAISHM PABUTIIID 2q Lemr
St 37 Yoy £q ssaoo1d ot Aioads jou s30p S5 Tarcarop “suogerndod sgonuired ‘poxra
Afre1on 105 poungap st (§SF) £3orens 9[qeIs ATEUOTIN[OAD SEIDYM SINIONDS UonOLESUL [e20] B
1 uonendod 2 103 paugop st ANiqereaqun e st gdaoucs s USaMIaq IVRISHIP AL, "6
“Teao uonendod s Sarrama
pue £3a1ens om0 s Supesyap Jo Amqeqord ansod e seyq It wonp “A3arens apoue Sukerd uon
~endod'e u yueinur e se sreadde 31 g1 e 23nyes] [euonTppY St sey ASaTens S[qEICSqUN TY g
. ‘sgoded 10 wns 93 UO JoU prE (SIS10S2
Pue s1STOIE Jo [apour snotaard g ur 57) £5218115 4oes J0 fyosed oSersae a1 uo puedap £3orens
Ixau a1} BUTs0oYo Jo sanIqeqord oq) uatA PASTEYoUN WRIIAI [SPOUI ST JO SHMSAL SN, “f
TBIRISTL SIRUOSTI] SU3 JOU 51 JureS auy usna suaddey regm 208 s 9 g
"(6661) paseys pue ‘QUOSIIES ToSH WOLY USMEL AIE [3POUL STY) 1O S[EIOP Sy 'S
(€661} Q0¥ PUe “Were ‘wopuey]
Pue (g6 1) Sanox £q Azoon sare Lreuonnjoass o) PRONPOANT 151 9154 SUOREIIL AIEY
“SISHLRTE OU 352 190} YOIIA UL 500 31 S1 $1S1089 SApnu yerp oyeys Suqrosqe Ao s ases
e U] “SISI052 YL 35000 1Fuo] ou UED SISINe Y IS Be 29 0} SNOATLITBAPESIP 08 SI
RE/ <2 J1 "SISTNE JO 90Ua1STXS ULrs)-Fuo] 34} SA[qeus ey 7/] > 2 vondumsse In0 ST3f
D=0+ D — 1 oanedou
STIQUSq Jou ST 1) 05 ) + 1 2 poos onqnd oty Surpracad o 51500 ST Jeqy Smmsse ap ‘7
{£661) 37e1S pue wonsSlag Ut punoj oq Ued [9powm
TS ¥ *(3661) PREUS PUE UOS[SNUILS ‘[SYST T [FRISP UL PRGLISAD ST Tepow s T

SALON

“Treuzs Apustoggns a1 xoqi0 sy Surdjey Jo 51500 a1 uoym sdmos
[eOIS0[OIq UT U9AS PUE SJUSWILIONATS [EINNO SAIBAISSUOO UF Iolaeyaq
Jo sumroy mou Jurpeaur jsuree woneredooo spoddns wonoereym
[690] ‘SN, "ATeTogeuSq 93 0} UONNQLNUOS $JT O SARR[RI S[WL 5IS00

€98 NOLLDVIHINI TvOO'T ANV ‘SISTININ ‘NOLLY 454000 / T2 19 [9Ysd



364  SOCIOLOGICAL METHODS & RESEARCH

Kandori, Michihiro, George J. Mazlath, and Rafael Reb. 1993, Hhmhuum‘ Mutation, and Long
Run Equilibria in Games.” Econometrica 61:29-56.

Nowak, Martin A.., and Robert M. May. 1992. “Evolutionary Games and Spatial Chaos.” Nature
359:826-29.

. 1993, “The Spatial Dilemmas of Evolution.” International Journal of Bifurcation and
Chaos 3:35-78.

Nowak, Martin A., Robert M. May, and Karl Sigmund. 1995. “The Arithmetics of Mutual Help™”
Scientific American 272 (6): 76-83.

Young, Peyton. 1993, “The Evolution of Conventions.” Econometrica 61:57-84.

Han Eshelisa ,u.éqm&o__. of biomathematics at Tel Aviv University. His research interests
are theoretical population biology, long-term dynamics of complex genetic systems,
population, game theory, and complex dynamics in structured populations.

Dorothea K. Herreiner is an assistant professor in the Department of Economics at the
University of Bonn. Her research interests include decentralized market models, local
interaction, learning, matching, and electronic money.

Larry Samuelson is a professor of economics at the University of Wisconsin-Madison.
His research interests center on game theory, particularly the use of evolutionary models
to incorporate ideas of bounded rationality and learning.

Emilia Sansone is a researcher of mathematical physics at the University of Naples. Her
research interests include mathematical physics, long-term dynamics of complex genetic
. systems, population game theory, and.complex dynamics in structured populations.

" Avner Shaked is d professor of economic theory at the University of Bonn. His research

Interests are game theory and evolutionary models of economics, in ﬁaan:&ﬂ local in-
teraction and learning.




