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1 The Robustness of Evolutionary Dynamics - Different Reputation
Changes

For a homogeneous population, all agents are of the same type. To check the robustness of the evolutionary
dynamics in a homogeneous population composed by F and H agents, we tested two different values for the
amount of reputation change (r = 0.5 and r = 0.7). Three combinations of private and public information
are explored (as done in the main text), including prioritizing public information (p = 0.2 and q = 0.8),
prioritizing private information (p = 0.8 and q = 0.2) and high trustiness (p = 0.8 and q = 0.8).

Figure S1: Trajectories and snapshots for the evolutionary dynamics with an intermediate value for the change
of reputation r = 0.5. The size of the population is N = 100; iteration frequency is i = 10; mutation rate is
µ = 0.01. In each panel, we illustrate the proportion of actions of mutual cooperation, successful exploitation,
and mutual defection.
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Figure S2: Trajectories and snapshots for the evolutionary dynamics with a large value for the change of
reputation r = 0.7. The size of the population is N = 100; iteration frequency is i = 10; mutation rate is
µ = 0.01. In each panel, we illustrate the proportion of actions of mutual cooperation, successful exploitation,
and mutual defection.

As we can see from Figure S1 and S2, there is no obvious difference in cooperation and population
structures by varying the value for the change of reputation r.
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2 Pairwise Competition

2.1 Decision-making for Cooperation
We first consider the pairwise competitions of friend-focused agents against free-riders (namely FD com-
petition), and those of Heider agents against free-riders (namely HD competition) to verify how successful
friend-focused agents or Heider agents can cooperate with others of the same type and isolate the free-riders,
under 6 different types of decisions (see the different cases presented in Figure 1 in the main text). Figure S3
presents the probabilities to cooperate or defect with same-type agents or free-riders.

For the FD competitions, friend-focused agents tend to cooperate more often with other friend-focused
agents than with defectors, especially in the case of high trustiness (Figure S3(e)), where the proportion
of case-e (both private and public information indicate to cooperate) is large. Furthermore, friend-focused
agents frequently decide to (correctly) defect against defectors (based on decision represented by case-f).

For the HD competitions, Heider agents very often decide to cooperate with defectors (Figure S3(b) and
(f)), mostly using case-c of the decision-making, where private information indicates to defect but public
information indicates to cooperate, and the final decision is to cooperate. Heider agents can only successfully
isolate defectors under prioritizing private information (Figure S3(d)), where Heider agents would more often
choose to defect when public information indicates to cooperate and private information to defect (case-d).

We then consider pairwise competitions between friend-focused agents and Heider agents (namely FH
competition) to verify how successful friend-focused agents or Heider agents can cooperate with those of
same type and different type, under 6 different cases of decisions. Figure S4 presents the probabilities to
cooperate or defect with each other.

In the case of prioritizing public information, friend-focused agents and Heider agents perform similarly
(Figure S4(a) and (b)).

In the case of prioritizing private information, friend-focused agents are more likely to defect with others
because of the decision associated to case-f (Figure S4(c)), but Heider agents prefer to defect under case-
d. In addition, Heider agents have a relatively high probability to cooperate (Figure S4(d)), leading to the
prevalence of Heider agents (Figure 6 in the main text).

In the case of high trustiness, cooperative friend-focused communities are formed with a high probability
(Figure S4(e)). Heider agents, on the other hand, do not survive against friend-focused agents (Figure S4(f)),
revealing that the enemy heuristics make the trust in the public reputation information exploitable.
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