
Evolution of Altruism

Lee Spector
Cognitive Science

Hampshire College
Amherst, MA, USA



Cooperation/Altruism

• What is it?

• How does it arise in evolving systems? (It 
arises when it is adaptive... but when is it 
adaptive?)

• How does it change evolving systems? 
(When does it promote adaptation?)



Evolution of Altruism

• Puzzles/challenges/results since Darwin

• Explanations of altruism toward:

• Kin

• Reciprocating partners

• Agents with good reputations



Tag-Mediated Altruism

• Tags = arbitrary identifiers (Holland, 1995)

• Riolo et al. (Nature, 2001) showed that 
altruism based only on tag similarity can 
evolve in simple simulations.

• Roberts & Sherratt (Nature, 2002) claimed 
that Riolo et al.’s result held only when 
agents with identical tags were required to 
donate to one another.



Tags and Tolerances

1. Donations when 
∆tags ≤ tolerance

2. Reproductive 
Tournaments

3. Mutation

tag

tolerance



In Clojure

Show worksheet

Run with 

Riolo et al. settings

Roberts and Sharratt settings



Genetic Stability  
and Territorial Structure

• Varied mutation rate.

• Varied “interaction radius” within a linearly 
structured population.



Genetic Stability  
and Territorial Structure

Spector, L., and Klein, J. Genetic stability and territorial structure facilitate 
the evolution of tag-mediated altruism. Artificial Life, Vol. 12, No. 4, pp. 553-560



Selfish Mimics

• One kind of defection.

• A selfish agent mutates to a tag value 
matching local cooperators.

• Like guessing a password.

• Longer passwords (multidimensional tags) 
should make this more difficult.



Multidimensional Tags

• Tag = (t1, t2, t3, ... , tn)

• Distance = 

• Earlier work by Hales and Edmonds, but not 
in a tag/tolerance framework.
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In our multidimensional tag model the single floating point tag value is
replaced by a vector of floating point values. The definition of the distance
between two tags, t1 and t2, is generalized for n dimensions as:

vuut
nX

i=1

(t1[i]� t2[i])2 (1)

As in previous models, tag mutation produces completely new tag values;
each value in the tag vector is replaced by a new random value, uniformly
sampled from [0, 1].

Tolerance values remain as single floating point values and are interpreted
as they were in previous models: an agent shares with another agent if and
only if the di�erence in their tags is less than or equal to the donor’s tolerance.
We note that while the maximum multidimensional tag distance, given by

⇥
n,

exceeds the 1.0 limit found in the previous tag models, there is no upper bound
on the tolerance value so that the model allows for cooperation between any
pair of agents, even those with large tag di�erences. In practice, tolerance
values tend to be far smaller than the maximum distance value.

3 Results

We performed 92 runs for each condition and collected average donation rates
and tolerance values. The results are presented here as averages over all runs
in each condition.

We first discuss the results in the conditions in which the cost (C) charged
to a cooperating agent for a successful donation was 0.1. This is the cost
structure that has received the greatest attention in the literature. As in
the prior work we characterize the amount of cooperation in a condition by
reporting the percentage of donation attempts that are successful across the
entire population and across the entire simulation; we call this measure the
“donation rate.”

Figure 1 shows the average donation rates under all C = 0.1 condi-
tions. The vertical bars show the average donation rates for standard, one-
dimensional tags for each combination of mutation rate and interaction radius.
This data replicates that from our previous studies, although the data plotted
here is from new, independent runs. In line with and generally above each
vertical bar in Figure 1 are symbols plotting the average donation rates for
runs with higher-dimensional tags.

The one-dimensional data demonstrates that cooperation readily emerges
except in a few conditions with high mutation rates and large interaction
radii (the very conditions that formed basis of the critique by Roberts and
Sherratt [8]). In all but the most recalcitrant of these conditions the levels of
cooperation are further boosted by increasing the dimensions of the tags. Sub-
stantial improvements result from the first augmentation to two-dimensional
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Fig. 1. Average donation rates as a function of mutation rate, interaction radius,
and number of tag dimensions. For the data in this graph the cost (C) charged to a
cooperating agent for each donation was 0.1, as in most of the prior research. Each
plotted point represents the average of 92 independent runs.

tags, and significant improvements result from the next several augmentations
as well. In most cases the payo� for additional dimensions eventually tapers
o�, presumably because the advantages that can be gained by making one’s
tag hard to mimic have a natural limit; as the probability of randomly gen-
erating a particular tag approaches zero, little is to be gained by decreasing
the probability further.

Figure 2 shows the average donation rates under all C = 0.5 conditions.
In this higher cost regime cooperation is slightly harder to achieve, but signif-
icant cooperation nonetheless results from most of the parameter sets that we
tested. Note that the levels of cooperation for higher numbers of dimensions
are more spread out, and that in many cases a significant improvement can
be achieved when increasing the number of dimensions from 5 to 6. This may
reflect the fact that invasions by selfish agents, while rare in a simulation with
five-dimensional tags, are highly disruptive when they do occur.

Figure 3 shows the average donation rates under all of the C = 1.0 con-
ditions. In these “zero sum” conditions the cost to a donor is equivalent
to the benefit gained by a recipient, and cooperation is significantly harder
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Fig. 2. Average donation rates as a function of mutation rate, interaction radius,
and number of tag dimensions. For the data in this graph the cost (C) charged to a
cooperating agent for each donation was 0.5, which is five times the cost used in most
of the prior research. Each plotted point represents the average of 92 independent
runs.

to achieve. As was reported previously, significant levels of cooperation can
nonetheless be achieved even with one-dimensional tags, with donation rates
exceeding 12% in one of our tested configurations. As can be seen in Fig-
ure 3, however, one can achieve significantly higher levels of cooperation with
higher-dimensional tags. Indeed, with a mutation rate of m = 0.01, an inter-
action radius of R = 1, and six-dimensional tags we observe a donation rate
of 75.7%.

Figures 4, 5, and 6 show the average observed tolerances in the condi-
tions with donation cost C = 0.1, C = 0.5, and C = 1.0 respectively. Note
that cooperation is possible even with a tolerance of zero, although a zero-
tolerance agent will cooperate only with others that have identical tags. The
presence of larger tolerances indicates agents that will donate to a wider range
of recipients. In nearly all cases the observed tolerance is higher with higher-
dimensional tags. This can be explained as resulting from the fact that mul-
tidimensional tags increase the size of the “tag space” and thereby reduce
the risk of outside invasion. By doing this they allow groups of cooperating
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Fig. 3. Average donation rates as a function of mutation rate, interaction radius,
and number of tag dimensions. For the data in this graph the cost (C) charged
to a cooperating agent for wach donation was 1.0, the same as the benefit to the
recipient. Each plotted point represents the average of 92 independent runs.

agents to safely raise their tolerance values and thus protect themselves from
the secondary threat of self-destruction due to a crash in tolerance values.

4 Discussion

In our previous analysis of the one-dimensional case we suggested that the
mechanism behind tag-mediated cooperation can be thought of as a kind
of “probabalistic kin selection” [11]. While the model does not contain any
information about kinship, and while agents have no mechanism for true kin
recognition, successful tag-mediated cooperation is nonetheless due to the
higher than normal probability of kinship between pairs of agents with similar
tags.

Our findings here bolster this notion by clarifying the evolutionary dy-
namic behind the perpetuation of cooperating subpopulations. The tag mu-
tation scheme in our model, which was taken from the previous work in the
literature [7], does not generally produce new tag values that are close to
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higher than normal probability of kinship between pairs of agents with similar
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Fig. 4. Average tolerances as a function of mutation rate, interaction radius, and
number of tag dimensions. For the data in this graph the cost (C) charged to a
cooperating agent for each donation was 0.1, as in most of the prior research. Each
plotted point represents the average of 92 independent runs.

those of their ancestors. Instead, tags mutate spontaneously to entirely new
values, meaning that agents with a common ancestor have either identical
tag values or, following a mutation event, tag values that are no more simi-
lar than those of completely unrelated agents. Tolerance values, on the other
hand, are subject to incremental drift. Were it not for incremental tolerance
drift a population of cooperating agents would probably settle on an infinites-
imally small “optimal” value which would allow for cooperation with identi-
cally tagged agents while avoiding invasion from defectors. The incremental
drift of tolerance values, however, creates a more complex evolutionary dy-
namic in which, on the group level, a subpopulation of successful cooperating
agents must strive for higher tolerance values in order to avoid an accidental
self-destructive tolerance drop below zero. At the same time, on the individ-
ual level, tolerance values must be kept low to avoid exploitation by unrelated
agents.

Invasion of a population of cooperators requires that a would-be freeloader’s
tag value mutates to be close to that of the cooperators, while maintaining a
tolerance value close to zero. As discussed above, tag values can be thought of
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Fig. 5. Average tolerances as a function of mutation rate, interaction radius, and
number of tag dimensions. For the data in this graph the cost (C) charged to a
cooperating agent for each donation was 0.5, which is five times the cost used in most
of the prior research. Each plotted point represents the average of 92 independent
runs.

as passwords shared among kin, albeit passwords with “fuzzy” interpretations
due to the e�ects of tolerance values. With multidimensional tags, the pass-
words become exponentially more di⇤cult to guess. Note that the exponential
nature of the “password guessing problem” means that multidimensional tags
cannot be exploited simply by increasing the mutation rate: the complexity
of the passwords grows too quickly for mutation to keep up.

Although we feel that our findings support the notion of “probabalistic kin
selection” in this model and similar models, our findings do not preclude the
possibility that other mechanisms can also support tag mediated cooperation.
For example, Hales has shown that tag-based models can lead to cooperation
among groups of unrelated agents with diverse skills [14].

5 Cooperation and genetic programming

Researchers have previously drawn several connections between work on the
evolution of cooperation and work on evolutionary computation. One exam-
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Fig. 6. Average tolerances as a function of mutation rate, interaction radius, and
number of tag dimensions. For the data in this graph the cost (C) charged to a
cooperating agent for each donation was 1.0, the same as the benefit to the recipient.
Each plotted point represents the average of 92 independent runs.

ple comes from our own prior work on tag-mediated cooperation, in which we
highlighted the ways in which a particularly simple form of spatial structure
can enhance the evolvability of cooperative behavior [11]. Spatial structure
has also long been applied to evolutionary computation, often as a mech-
anism to preserve population diversity [15, 16, 17, 18]. But the models of
spatial structure previously employed in evolutionary computation have gen-
erally been more complex than the simple one-dimensional geographic scheme
we used in our study of cooperation, and we were curious about whether the
our scheme, which we called “trivial geography,” would provide benefits for ge-
netic programming. In our contribution to last year’s meeting of the Genetic
Programming: Theory and Practice workshop we presented results showing
that, indeed, trivial geography can enhance the problem-solving power of ge-
netic programming systems, at least on the symbolic regression problems that
we studied [19].

In the context of the new results presented above we are also curious
about ways in which tags themselves might contribute to advances in genetic
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Multiagent Systems

• Cooperation and coordination are critical.

• Tags may provide effective and efficient 
team-member recognition and addressing.

• Multidimensional tags may enhance stability.



Cooperative Swarms



Visualizing Sharing



Multicellularity



Conclusions

• Cooperative exchanges build networks of 
interaction that can support the evolution 
of adaptive complexity.

• Multidimensional tags can enhance the 
evolvability of tag-mediated cooperation.


