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h i g h l i g h t s

• Propose an evolutionary prisoner’s dilemma game model to study the relation between tag-mediated selective interaction and
cooperation.

• Cooperation can be significantly promoted if the tolerance level is moderate.
• High levels of cooperation stem from high cluster heterogeneity and cluster boundaries.
• Cluster heterogeneity can be dynamically generated in the system if the tolerance level and identity mutability are both moderate.
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a b s t r a c t

Humans often behave discriminatorily towards others depending on their group member-
ship. In this work, we establish a spatial Prisoner’s dilemma model to investigate the rela-
tion between tag-mediated discrimination and cooperation. By introducing tag-mediated
selective interaction, we find that if tag length is sufficiently large and individuals have
moderate tolerance, cooperation can be promoted. Interestingly, both too high or too low
tolerance may inhibit the emergence and maintenance of cooperation, which means that
individuals may benefit from moderate tolerance in society. It is also shown that the high
levels of cooperation stem from the high heterogeneity and clear boundaries between clus-
ters. Our work should be helpful to understand both the evolution of human cooperation
and the science of social identity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Human cooperation and its evolution is a challenging problem both in natural science and in social science [1–3]. In a
competitive world, the cooperative individuals will reduce their relative fitness because cooperative behavior will provide
somebenefits to others but impose costs upon the actor. If there are no specificmechanisms in effect, the process of evolution
always favors the defectors since cooperators are vulnerable to exploitation by defectors. The evolutionary puzzle ofwhy the
large-scale cooperation can emerge andbemaintained in human society is attractingwidespread interest inmany fields such
as anthropology [4], biology [5], physics [6], economics [7] and computer science [8]. The paradigmof evolutionary Prisoner’s
dilemma game (PDG), which could serve as a communication tool to bridge the chasm between various fields, has been
proposed to solve this puzzle. In a PDG, two players simultaneously choose between cooperation and defection. Although
mutual cooperation leads to the unique Pareto optimal outcome, defection is always a better choice for an individual
irrespective of the other’s choice. This means that in a well-mixed population where no mechanisms are at work to specify
how individuals interact with others or how they compete under natural selection, cooperators cannot prevail.
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In the previous work, in order to investigate how cooperation can be favored over defection in evolutionary PDG, five
major mechanisms have been proposed, including kin selection [9], direct reciprocity [10], indirect reciprocity [11], spatial
selection [12] and multilevel selection [13]. Generally speaking, these mechanisms may specify how individuals interact
with others and how they reproduce under competition [2,3]. The central focus in the investigations of mechanisms is the
problem of how assortment among individuals, whereby cooperators can interact more frequently with other cooperators
but not defectors, can emerge in the process of evolution [14]. In recent years, a growing body of research has established that
cooperation can be significantly promoted under a wide variety of conditions through the interaction structures affected by
perceivable, phenotypic tags of individuals [15–21]. As a remarkable example, Riolo et al. [16] showed that even if there is
no mechanism of reciprocity or memory, high level cooperation can be attained and maintained. Moreover, the emergence
of tag clusters, i.e. the spontaneous group or community formation, can be observed in the simulations of their model. The
individuals only cooperate with the members of their own group (on the basis of tag similarity). Although the cooperative
clusters are vulnerable when facing the defectors whose tags are similar to those of the cooperators, cooperation can be
sustained by newly established tag clusters. Though there are some limitations, Riolo et al.’s work has attracted much
attention and generated considerable recent research interest. Some important perspectives of tag-mediated cooperation
were investigated and need further discussion, for example, whether the representation of tags (continuous or discrete) can
affect the tag mechanism [18,19], whether the use of multiple mechanisms such as the combination of tag mechanism and
memory can be more effective for supporting cooperation [22], or how the tag mechanism changes the patterns of spatial
segregation in spatial PDG [21,23].

The above studies have revealed the importance of tagmechanism in the emergence andmaintenance of cooperation. On
the other hand, perceivable tags per se play a significant role in human society, which is why social scientists regard them
as an appealing research subject. Some experimental studies in psychology have shown that even originally meaningless
distinctions can serve as a clue of groupmembership and lead to in-group bias or even group conflicts [24–26]; young babies
prefer faces of their own race and the language that they have been exposed to Refs. [27,28]. As a famous example in political
science, it is generally accepted that high levels of ethnic diversity undermine public goods provision, and numerous mech-
anisms have been proposed to explain this phenomenon [29,30]. Furthermore, the existence of culture allows humans to
havemany different types of tags in the forms of language, etiquette, taboo, religion, hairstyle, or ethnicity. Both genetic and
cultural tags (often called ‘‘identity’’ in social science) play an important role in the real world. Humans exhibit large-scale
cooperation, but the cooperation is often biased towards similar people. Moreover, as tag-based models and some cultural
evolution models [31–34] suggested, similarity based interaction can serve as a means of spontaneous community forma-
tion. The resulting network structures raise the question of how to analyze anddetect communities in these systems [35–40].

The present work will illustrate the relation between tolerance level and cooperation in a tag-mediated selective
interaction based evolutionary PDG model. In the conventional selective interaction approach of tag-based models, each
individual either interacts with others who have exactly the same tag [18,19], or has a presumed tolerance level to decide
how similar the individual and its possible partners are, then stochastically interacts with these partners [15]. To what
extent individuals have their tolerance, i.e. how many other individuals will they regard as friends and interact with, is
fixed so the relation between tolerance level and cooperation remains unclear in the previous models. Our work relaxes the
assumption that individuals only have one possible tolerance level by introducing an exogenous parameter to determine
how the individuals treat others with discrimination. If individuals have low tolerance level, theywill more frequently avoid
interactions with others by regardingmore people as out-groupmembers. By changing the tolerance level, we will examine
the influence of tolerance, namely the extent that individuals discriminately treat others, on the evolution of cooperation.
The presentwork also relates to the interaction intensity approach of spatial PDGwhich indicates a best region of interaction
intensity for supporting the evolution of cooperation [41,42]. However, in contrast to this interaction stochasticity approach,
the occurrence of interactions between individuals is totally deterministic in our model. Nevertheless, an inspection of
interaction intensity generated by the tag mechanism may provide a better understanding of our model.

2. Method

In order to investigate the role of tolerance in tag-mediated cooperation, we consider a spatial PDG in which space is
represented by a 50 × 50 square lattice with periodic boundaries. Our model consists of following parts:

2.1. The initialization

Each individual i is located on one site of the lattice and engages in possible interactions with its Moore neighbors. Each
individual has both a tag trait ti and a strategy trait si. The tag trait ti is represented by a bit sequence of length L in which
each bit has value 0 or 1 (ti ∈ {0, 1}L). The value of strategy trait si is either C (Cooperate) or D (Defect). Initially, both tag
and strategy traits are assigned with equivalent probability from the uniform distribution.

2.2. The interaction based on dissimilarity perception

Each individual i decides the group membership of its neighbors by means of dissimilarity perception. The dissimilarity
between two individuals is determined by the Hamming distance (HD) of their tag bits [43]. If this Hamming distance is
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less than a presumed tolerance level T (i.e. if HDij < T ), the neighbor under consideration will be accepted as an in-group
member and be allowed to interact with the focal individual. For example, if the Hamming distance between i and j is 0 (so i
and j have the same tag) and tolerance level T is 1, since HDij < T in this case, i and jwill interact with each other. Based on
this assumption and the fact thatHDij ranges from 0 to L, T can vary from 1 (lowest tolerance) to L+1 (no distinction, because
themaximum possible Hamming distance is L) as a parameter. In eachMonte Carlo step, each pair of interacting individuals
will play a PDG and collect their payoffs. Following common practice in tag-basedmodels [16,44,45], cooperative individuals
will confer a payoff benefit b > 0 to their partners at a cost of c > 0, while defectors pay no costs but may benefit from
others who cooperate. For example, if one cooperates and the other defects, the defector gets b and the cooperator loses c.
The resulting game is given by the following payoff matrix:

 C D

C b − c −c
D b 0


.

So long as the benefit-to-cost ratio b/c > 1, the payoff matrix satisfies the conditions for the PDG. Given the payoff
structure, if no additional mechanisms are at work, the dominant strategy for each individual is to defect regardless of what
its partner does. Without loss of generality, the value of c is fixed at 1 in our model so we can study the game as a function
of a single benefit-to-cost parameter b/c.

2.3. The updating

For each individual i, if the richest neighbor’s payoff is larger than that of the focal individual, the focal individual copies
both the richest neighbor’s tag and strategy, otherwise the focal individual’s traits remain unchanged. In our model, this
updating process is in an asynchronous fashion [46].

2.4. The mutation

The two traits of each individual both have a chance to mutate. For the tag trait ti, each bit in the tag sequence has a
chance to flip to another value (0 to 1, or 1 to 0) with probability µt . For the strategy trait si, it has a chance to be altered to
the opposite strategy (C to D, or D to C) with probability µs. Thus the population is in a noise environment [47].

The following pseudocode describes the simulation procedure of our model:

Initialize
For each Monte Carlo step:

For each individual:
Interacts with Moore neighbors on the basis of dissimilarity perception
and collects payoffs

End
For each individual:

Learns asynchronously by the richest following rule
End
For each individual:

mutates
End

End

3. Results

In this section, we will show the results of the above simulation model. The most important quantities for characterizing
the system include the following: the density of cooperators, fc , which is defined as the fraction of cooperators in the
population; global tag heterogeneity, hg , which is defined as the average Hamming distance between all individuals; local
tag heterogeneity, hl, which is defined as the average Hamming distance between direct neighbors; and the interaction
intensity of individuals, w, which is defined as the number of times the focal individual interacts and plays the PDG with its
neighbors. We consider both the average interaction intensity, w, and the distribution of w. Note that in a population with
tag heterogeneity, the average interaction intensity may not provide sufficient information about the status of interactions.

3.1. The analysis of evolutionary dynamics and spatial patterns

First, we examine the evolutionary dynamics and spatial patterns in some typical simulation runs and find out what can
happen under different conditions in the tag-based model.
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Fig. 1. The evolutionary dynamics of fc , hg , hl and w for different values of T (1, 2, 5, and 10) when L = 20. Other parameters: b/c = 2.0, µs = 0.001,
µt = 0.01. (a) Density of cooperators as a function of time step. (b) Global tag heterogeneity hg as functions of time step. (c) Local tag heterogeneity hl as
functions of time step. (d) Average interaction intensity w as a function of time step.
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Fig. 2. Some typical snapshots for different values of T (1, 2, 5, and 10). Cooperators are represented by patches with different colors as shown in the
legend. Defectors are represented by blue patches. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)

Figs. 1 and 2 shows the evolutionary process and spatial patterns under different tolerance T when L = 20:
If T = 1, each individual only interacts with its neighbors who have exactly the same tag. It is shown that after some

tranquil periods, fc suddenly begins to increase slightly, but soon decreases to a very low level near 0. In the meanwhile,
both hg and hl decline to a very low level, but soon they bounce back to the initial levels together. While fc is in its takeoff
phase, w also increases, but soon declines to nearly 0. The quick decline of both hl and hg reflects the fact that a single tag
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cluster quickly expands in the whole population, which can also be confirmed by the increase of w. As shown in the spatial
snapshots (first row of Fig. 2), a cooperative cluster emerges and quickly spreads in the population, but it is soon undermined
by the mutant defectors within the cluster itself. Once the speed of invasion is sufficiently higher than that of spread of the
single cooperative cluster, cooperation cannot be maintained at high level. The reason defectors can successfully invade
into the whole population is that the single cluster is full of individuals who have identical or similar tags and therefore
the cooperative individuals cannot resist interacting with mutant defectors. Owing to the exploitation by defectors, the
cooperators reduce their fitness and then the in-cluster cooperation is soon undermined.

When T = 2, we see that a significant level of cooperation can be established and maintained. After some tranquil peri-
ods, fc first exhibits a short term takeoff, then decreases to a moderate level. However, this decrease is much smaller than in
the T = 1 case. After a short period of decrease, fc quickly bounces to a high level and leads the system into a dynamical equi-
librium. w also exhibits a sharp decrease after its takeoff, but soon it reaches a high level and remains stable. Both hg and hl
decreasewhile fc increases for the first time. However, after the decrease periods, hg and hl showdifferent dynamics. Though
they begin to increase at almost the same time, while hl quickly reaches its stable states at a low level, hg gradually increases
over time and finally reaches a relatively higher level. The disparity between hl and hg indicates that there are some clus-
ters with high heterogeneity, meaning that individuals in different clusters will have relatively dissimilar tags. The greater
this disparity is, the more dissimilar these clusters are. If the clusters have greater heterogeneity, individuals can constantly
interact with similar others and avoid interactions with dissimilar others when they are at a boundary between different
clusters. The spatial snapshots provide more information about why cooperators could proliferate. As in the T = 1 case,
we see a cooperative cluster emerges and quickly spreads as well. However, the impact of invasion of defectors is severely
limited in this case because the boundaries between new formed clusters can prevent defectors from invading surrounding
clusters. The individuals at the boundaries choose to only interact with similar others thus protect their own clusters from
exploitation by the defectors. Remarkably, after the temporary increase of defectors, the whole population is filled with a
number of different clusters based on tags, which can be illuminated by the clear boundaries shown in the snapshots.

In the T = 5 case, we see that cooperation can be established andmaintained very soon after initialization and finally the
system reaches its dynamical equilibrium. hg and hl exhibit different dynamics in this case. It is shown that hl decreases to
a low level very soon while hg is always in its initial states. From the spatial snapshots, we can find that the initial takeoff of
fc stems from the simultaneous spread of multiple clusters rather than that of a single cluster in the T = 1 and T = 2 cases.
This means that the established clusters have remarkable heterogeneity to avoid interactions between different clusters. As
a result, fc no longer exhibits any significant decrease after its takeoff because the cluster heterogeneity can effectively help
the population to resist the invasion of defectors. Cluster heterogeneity provides clear cluster boundaries so that the impact
of invasion is restricted to the clusters which the defectors originally belong to. Defectors cannot spread through the whole
population due to the fact that they cannot interactwith dissimilar others andhence be replaced by surrounding cooperators.

In the T = 10 case, even individuals with very dissimilar tags will interact with each other. After initialization, fc soon
decreases to nearly 0 and reaches an equilibrium. As the snapshots show, although a small number of cooperative clusters
can emerge, they vanish soon in an environment full of defectors. We can explain this phenomenon by inspecting the dy-
namics of hg and hl. hg is always in its initial states, while hl exhibits some decrease in the beginning, which indicates that
some clusters have been successfully established. However, the disparity between hl and hg decreases over time so that the
clusters do not have enough heterogeneity to effectively resist the invasion of defectors. This is because the mutant defec-
tors always have a chance to spread through the whole population in a relatively homogeneous environment. Even though
cooperative clusters can exist for a while, they will soon be eliminated under the pressures of selection and mutation.

Fig. 3 shows the typical distributions of w in the simulation runs described above. We find that if cooperation can be
established and maintained (the T = 2 and T = 5 cases), w has two typical values: 5 and 8. This phenomenon is not
surprising if we notice that when there are clear boundaries between clusters, most of the individuals who are at the
boundaries have exactly 5 own cluster neighbors. We can regard the individuals who have exactly 5 interacting neighbors
as a typical type of boundary individuals. Note that the distribution ofw may lead to a socially efficient outcome in the sense
that the boundary individuals need not forgo any benefit from interacting with their own cluster members and the inner
members of clusters can receive their maximum possible benefits of cooperation.

For a better understanding of why cluster heterogeneity can serve as a means of resisting the invasion of defectors, we
also plot some typical snapshots of consecutive time steps so that we can have a detailed inspection of spatial dynamics.
As Fig. 4 shows, some defectors successfully invade into a cooperative cluster, but they soon disappear to be replaced by
surrounding cooperators from other clusters. Owing to the dissimilarity between tags, the detrimental interactions carried
out by defectors are limited to a very small range within their own clusters (the defectors cannot expand their territory
across the boundaries). Therefore, the defectors will be eliminated and replaced by surrounding cooperators due to their
low fitness (the territory of defective clusters is gradually reduced by boundary cooperators).

3.2. Sensitivity analysis

In the above analysis of evolutionary dynamics and spatial patterns, we have seen that when L = 20, both too low (the
T = 1 case) and too high (the T = 10 case) tolerance levels cannot support high levels of cooperation. The evolutionary
success of cooperation can be mostly favored if the tolerance level T is moderate (the T = 2 and T = 5 cases). Furthermore,
we find that the cluster heterogeneity generated by the system may explain why cooperation can be established and
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Fig. 3. The distribution of w. Parameters: L = 20, b/c = 2.0, µs = 0.001, µt = 0.01.
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Fig. 4. Some typical snapshots of consecutive time steps (time step 64–70). The black circle in each snapshot denotes invading defectors in a typical cluster.
Parameters: T = 5, L = 20, b/c = 2.0, µs = 0.001, µt = 0.01.

maintained under moderate tolerance levels. In what follows, to further understand these observations, we use sensitivity
analysis to find the conditions under which cooperation can be promoted and investigate the effect of the key parameters
on the evolution of cooperation. Fig. 5 shows the evolution of cooperation by tuning L (ranging from 1 to 20) and T (ranging
from 1 to L + 1). First, in Fig. 5(a), we note that cooperation can be promoted only if the tag length L is sufficiently large
(for example, for µs = 0.001, L must be greater than 4). This observation is consistent with some previous studies which
argued that tag multiplicity can effectively promote cooperation [8,19,48]. In addition, we find that there are significant
differences between environments with and without noise. For µs = 0, the effects of L and T are more dramatic than those
in the µs ≠ 0 cases. Cooperators will become extinct if L is too small, but as it exceeds a certain value, cooperation can
be established to a very high level. In contrast with the dramatic effect of changing L in the µs = 0 case, fc only increases
gradually as L increases in the µs ≠ 0 cases.

Themost surprising observation is that whenµs ≠ 0 and L is sufficiently large, cooperation can be promotedmost effec-
tively if T is moderate for any given L. For example, when L = 15, as the value of T is increased from 1 to 4, fc increases to a
high level. However, as T continues to be increased to higher values, fc decreases gradually and eventually the cooperators
cannot exist in the systems. This result suggests that if individuals’ tolerance is moderate, cooperation can be established
and maintained. In other words, neither too high nor too low tolerance level can effectively support cooperation especially
in a noise environment.

Fig. 5(b) shows the cluster heterogeneity as a function of L and T . We see that the effect of T on cluster heterogeneity
is also not monotonic, and this effect is very similar to that of T on fc . In fact, the regions of high cluster heterogeneity are
almost the same as those of high fc . This result is not surprising if we remember that in the analysis of evolutionary dynamics
we have already shown the relation between cluster heterogeneity and the establishment and maintenance of cooperation.
The proposition that cluster heterogeneity may serve as a means of promoting cooperation is further confirmed here by
sensitivity analysis.
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a b

Fig. 5. (a) Density of cooperators fc as a function of L and T for different values of µs (shown in the gray rectangles). (b) Cluster heterogeneity, defined as
1 − hl/hg , as a function of L and T for different values of µs . Other parameters: b/c = 2.0, µt = 0.01. As in all following figures, results were averaged
from 40 independent runs for each set of parameter values.

Fig. 6. Density of cooperators fc as a function of benefit-to-cost ratio b/c for different tolerance levels T . Other parameters: L = 10,µs = 0.001,µt = 0.01.

Lastly, we would like to investigate how benefit-to-cost ratio b/c and tag mutation rate µt affect the evolution of
cooperation with tag mechanism. Fig. 6 shows that the effect of b/c on fc exhibits different patterns for different tolerance
levels. When T is too small or too large, as the value of b/c is increased, there are two regions in which the increase of
b/c will dramatically affect fc . In these cases, even a slight change of b/c may lead to a significant change of fc . The most
important information shown in Fig. 6 is that when the value of T is moderate, the evolution of cooperation is most robust
in the sense that the region of b/c resulting in high levels of cooperation is large and the change of b/c does not affect fc too
dramatically, which is another benefit of moderate tolerance for promoting cooperation. Fig. 7 shows how µt affects fc . We
see that the region of µt resulting in high levels of cooperation is larger when tolerance level is moderate, which is again a
benefit of moderate tolerance for promoting cooperation. Note that the change of µt also exhibits a non-monotonic effect
on fc . In order to understand this, we return the proposition that cooperation can be effectively promoted if there is enough
cluster heterogeneity. When µt is very small, tag mutations rarely happen so that new tag clusters cannot be easily formed
under the pressure of invasion, which is an observation consistent with some previous studies such as Ref [18]. However,
too largeµt also inhibits cooperation in our model, but the reason is different from that in the smallµt cases. If tags are very
unstable through mutations, clusters will be undermined soon even though they can be formed. In this situation, cluster
heterogeneity can hardly be established and serves as a means of promoting cooperation.

4. Conclusion

In this paper, we established an evolutionarymodel which consists of tag, tag-based selective interaction and spatial PDG
to investigate how tolerance affects the evolution of cooperation. The simulation results of this model show that when indi-
viduals have enough tag length and moderate tolerance thus only interact with those who are similar to themselves, a high
level of cooperation can be supported, and these results are robust with respect to different values of identity mutability
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Fig. 7. Density of cooperators fc as a function of µt for different tolerance levels T . Other parameters: L = 10, µs = 0.001, b/c = 2.0.

(µt ) and benefit-to-cost ratio (b/c). In themicroscope analysis of evolutionary dynamics and spatial patterns, we found that
if some tag-based cooperative clusters can be formed in the population, a high level of cooperation can be promoted and
maintained due to the cluster heterogeneity and clear boundaries between clusters. Otherwise, when the interaction inten-
sity is too low owing to the low tolerance level (for example, when T = 1), cooperation cannot be maintained even though
it can be established for a while. This is because the low spread speed of cooperation cannot help the cooperative clusters to
overcome the invasion of defectors especially in a noise environment.When tolerance is too high so that individuals interact
withmore dissimilar others, the defectors can easily invade the nearby clusters across the boundarieswithout any obstacles,
because boundaries between clusters are too vague to avoid frequent interactions between cooperators and defectors.

It is worth noting that some previous studies also introduced some versions of mutually selective interaction mode,
such as selective interaction based on reputation [49–51] or payoff inequity [52]. In these models, some properties
individuals obtain from the evolutionary process may serve as phenotypic tags to provide information so that individuals
can discriminatorily select their partners. For example, Chen et al. introduced conditional interaction into well-mixed PDG
and found that moderate tolerance ranges can support cooperation most effectively [50]. In their model, the condition for
mutual interaction is based on individuals’ reputations. If two individuals have similar reputation, they have more chances
to interact with each other. Unlike our model where tags are independent of individuals’ behavior, reputation or other
properties can providemore information about individuals’ past history, generated from either partner selection or strategy.
A key feature of these models is that group or kin selection mechanism can emerge as a result so that cooperation can be
promoted [49,53]. This feature can also be found in our model. All kinds of tags may provide information of kinship or
group membership thus support the emergence of such mechanisms. Unlike previous explorations, our model does not
need past history for discriminating individuals, and the results suggest that arbitrary tags may be enough to support
cooperation as demonstrated by previous studies [15,17,18]. However, some comparisons between different kinds of tags
may be interesting and we still need further modeling for a better understanding of various selective interaction modes.

Our study relates to some important questions in the science of prejudice [54,55]. For example, is a low level of prejudice
(high level of tolerance in ourmodel) always better for a society? The results of our study suggest that prejudice is not always
a bad thing for social harmony and social efficiency. Moderate levels of prejudice, by which individuals only interact with
similar others, can promote human cooperation to some extent as some scholars suggested [56,57]. Under moderate levels
of prejudice, various social groups can be formed, thus the generated heterogeneity and group boundaries can prevent the
defectors from corroding the whole society. We believe our work may provide a new perspective on the subject of social
identity, prejudice and cooperation in humans. The simulation results help us to deepen our understanding of howprejudice
based on social identity (represented by tags in our model) affects the emergence and maintenance of cooperation. With
evolutionary models and simulation technology, one can further investigate the nature and origin of prejudice and its social
function. In particular, if we need to study identity-related policy problem such as how to reduce ethnic conflict and promote
cooperation, the simulation model approach may at least provide a new ‘‘heuristic’’ way for policy analysis.

Of course, our results are based on some abstractions and assumptions whose empirical plausibility has not been ex-
amined. For example, we assume that each individual in our model has a definite tag which represents its identity, but the
identity of a real person is often vague in the sense that others cannot identify his/her identity definitely. In this circumstance,
we cannot deterministically tell whether two individuals are in the same group. On the other hand, we also assume that the
tolerance level of each individual is homogeneous and is assigned as an exogenous parameter, which is obviously empirically
implausible. In the real society, people may have different levels of prejudice and may adjust their prejudice on the basis
of the social contexts they are involved in. Both the vagueness of identity and the question of prejudice heterogeneity are
important directions for further research. Moreover, the tag mechanism in our model generates additional network struc-
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tures onto the lattice. Tag similarity can be seen as weighted link between individuals, andmutual interaction relations also
serve as a means of network formation. The overlapping community structures formed in our model are ubiquitous in na-
ture and society [36]. However, although the relation between cluster heterogeneity and cooperation has been investigated,
we have not yet discerned the microscopic structures of the clusters to reveal more detailed information about the relation
between cooperation and community structures. Some community detecting methods based on maximal sub-graphs [58],
seed community [59], core-vertex and intimate degree [60] may provide excellent tools for quantitatively analyzing the
microscopic structures and their roles in tag based models. The application of these methods in tag based models is also an
important direction for further research and may shed new light on the understanding of human cooperation.
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