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Supplementary file

Proof for (1)
Here, we let A denote the expected amount of cooperation by a given TFT when both TFTs cooperate in a specific round and in all rounds thereafter. Similarly, we let B denote the expected amount of cooperation by a TFT in a given round and thereafter when one TFT cooperates and the other TFT defects and C denote the expected amount of cooperation by a TFT in a given round and thereafter when both TFTs defect. 
Consider the first round. In the first round, TFT attempts to cooperate with probability 1, although failing to successfully do so with probability. Hence, the probability of cooperating is . Therefore, the probability that both players cooperate is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is A. The probability that one player cooperates and the other player defects is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is B. The probability that both players defect is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is C. Hence,
  (S1)
Consider the situation wherein both players (TFTs) cooperate in a specific round. The probability of cooperating in the following round is , since TFT cooperates when TFT can get access to the information about an opponent’s behavior and succeed in cooperating without failing to do so, or when TFT cannot get access to the information about an opponent’s behavior and attempts to cooperate with probability a and succeeds in cooperating without failing to do so. Therefore, in the following round, the probability that both players cooperate is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is A. The probability that one player cooperates and the other player defects is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is B. The probability that both players defect is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is C. Hence,
    (S2)
Consider the situation wherein one player (TFT) cooperates and the other player (TFT) defects in a specific round. The probability that the player who cooperated in the previous round cooperates in the specific round is , since TFT cooperates when TFT cannot get access to the information about an opponent’s defection and attempts to cooperate with probability a and succeeds in cooperating without failing to do so. On the other hand, the probability that the player who defected in the previous round cooperates in the specific round is , since TFT cooperates when TFT can get access to the information about an opponent’s cooperation and succeed in cooperating without failing to do so, or when TFT cannot get access to the information about an opponent’s behavior and attempts to cooperate with probability a and succeeds in cooperating without failing to do so. Therefore, in the following round, the probability that both players cooperate is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is A. The probability that one player cooperates and the other player defects is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is B. The probability that both players defect is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is C. Hence,
   (S3)
Consider the situation wherein both players (TFTs) defect in a specific round. The probability of cooperating in the following round is , since TFT cooperates when TFT cannot get access to the information about an opponent’s defection and attempts to cooperate with probability a and succeeds in cooperating without failing to do so. Therefore, in the following round, the probability that both players cooperate is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is A. The probability that one player cooperates and the other player defects is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is B. The probability that both players defect is , and in that case, the expected number of contributions in a specific round and in all rounds thereafter is C. Hence, 
   (S4)
Solving (S2)–(S4), we obtain 
      (S5)
      (S6)
   (S7)
Substituting (S5)–(S7) into (S1) gives
      
This is end of the proof.


Proof for (2)
In the first round, TFT attempts to cooperate with probability 1, although failing to do so successfully with probability. Hence, the probability of cooperating is . In the following rounds, TFT cooperates when and only when TFT cannot access the information about an opponent (ALLD)’s defection and attempts to cooperate with probability a and succeeds in cooperating without failing to do so. Hence, the probability of cooperating is . Therefore,
 
This is end of the proof.



