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Softening and Hardening in the Iterated Prisoner's Dilemma Philippe Mathieu and Jean-Paul Delahaye

Abstract-This paper presents two methods to evaluate and draw distinction among general cooperative and aggressive strategic behavior in the iterated prisoner's dilemma (IPD). The first method identifies classes of strategies, clusters them into subclasses based on their cooperative or aggressive disposition, and then comprehensively assess their behavior. The second method relies on applying transformative manipulations that soften or harden strategies of a given set and compare them with the results obtained with the initial set. Although examined classes of initial strategies are very different, the results are stable and convergent. While our findings agree with the classical analyses of the IPD, the results are qualified and precise. Furthermore, the reproducibility of prior results via new experimental methods offer experimental evidence. The proposed comparative strategy analysis method is a new instrument that can have broad implications for analyzing games beyond the prisoner's dilemma.

Index Terms-Game theory, Evolutionary simulation, Cooperation, Social dilemma

I. INTRODUCTION

T He iterated prisoner's dilemma is a mathematical and computer science model to assess possible strategic choices in the biological, social, political or economic world [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Kendall | The iterated prisoners' dilemma: 20 years on[END_REF], [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF], [START_REF] Nowak | Evolutionary dynamics[END_REF], [START_REF] Nowak | SuperCooperators: Altruism, evolution, and why we need each other to succeed[END_REF], [START_REF] Rapoport | Prisoner's dilemma: A study in conflict and cooperation[END_REF], [START_REF] Sigmund | The calculus of selfishness[END_REF], [START_REF] Ito | Scaling the phase-planes of social dilemma strengths shows game-class changes in the five rules governing the evolution of cooperation[END_REF], [START_REF] Vilone | Social imitation versus strategic choice, or consensus versus cooperation, in the networked prisoner's dilemma[END_REF], [START_REF] Nowak | Evolutionary dynamics in structured populations[END_REF]. In recent years, a renewed interest has been expressed in using it as a framework for understanding cooperative interactions [START_REF] Adami | Evolutionary instability of zero-determinant strategies demonstrates that winning is not everything[END_REF], [START_REF]Corrigendum: Evolutionary instability of zero-determinant strategies demonstrates that winning is not everything[END_REF], [START_REF] Dong | Zero-determinant strategy: An underway revolution in game theory[END_REF], [START_REF] Hilbe | Evolution of extortion in iterated prisoner s dilemma games[END_REF], [START_REF] Hilbe | Extortion subdues human players but is finally punished in the prisoner s dilemma[END_REF], [START_REF] Hilbe | Evolutionary performance of zero-determinant strategies in multiplayer games[END_REF], [START_REF] Press | Iterated prisoner s dilemma contains strategies that dominate any evolutionary opponent[END_REF], [START_REF] Stewart | From extortion to generosity, evolution in the iterated prisoner s dilemma[END_REF], [START_REF] Szolnoki | Defection and extortion as unexpected catalysts of unconditional cooperation in structured populations[END_REF], [START_REF] Shu | Memory mechanism with weighting promotes cooperation in the evolutionary games[END_REF], [START_REF] Knight | Evolution reinforces cooperation with the emergence of self-recognition mechanisms: An empirical study of strategies in the moran process for the iterated prisoner's dilemma[END_REF], [START_REF] Ueda | Memory-two zero-determinant strategies in repeated games[END_REF].

One of the general conclusions from simulations of large groups of people playing this game is that it is more efficient to be cooperative than aggressive. In particular, the attitude at the beginning of the game is regarded as decisive [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Shigaki | Effect of initial fraction of cooperators on cooperative behavior in evolutionary prisoner's dilemma game[END_REF], [START_REF] Tanimoto | The impact of initial cooperation fraction on the evolutionary fate in a spatial prisoner's dilemma game[END_REF], [START_REF] Akin | The iterated prisoner's dilemma: good strategies and their dynamics[END_REF], [START_REF] Hilbe | Memory-n strategies of direct reciprocity[END_REF]. However, this conclusion is not valid unconditionally: the most cooperative strategy all_c (which always cooperates) does not consistently succeed. A more detailed and rigorous analysis is necessary to qualify when and how kindness is desirable.

We design two methods to address this issue and produce stable and convergent results, which constitute experimental evidence. In the first method, different classes of strategies are clustered into subclasses based on their "temperaments," and the average scores of these subclasses are examined. These ratings are equivalent to ranking behaviors. The variety and the broad range of classes (up to 5,000 strategies) establish comprehensive and reliable information on desirable behaviors as well as behaviors to avoid.

The second method is predicated on applying transformations to massive sets of strategies. We describe and formalize general methods, modifying the elements of strategies to make them relatively more cooperative or aggressive ("softening" and"hardening"). A wide variety of competing processes are carried out in the competition. We measure the effect of these transformations using generalized confrontations between strategies in evolutionary arenas. Again, the results are stable and therefore indicate beneficial (or adverse) transformations, implying desirable or undesirable traits. The robustness of the results facilitates refining the first method's findings. Introducing a parametric design as part of the second method creates a controllable hierarchy of softening and hardening methods, leading to the discovery of efficient strategies based on distinguishable parametric constraints. A qualified understanding of the different aspects of kindness and aggressiveness results from these parametric experiments.

II. THE GAME, THE TOURNAMENTS, THE EVOLUTIONARY

COMPETITIONS

Two entities are subject to the prisoner's dilemma if each must choose between cooperation (c) or defection (d). They are awarded R points if each plays c, by P points if each plays d, and receive respectively T and S points if one plays d and the other plays c. Formally,

[c,c] -> R + R, [d,d] -> P + P, [d,c] -> T + S.
For the situation to be a dilemma, it is necessary that T > R > P > S and T + S < 2R. The typical values used are T = 5, R = 3, P = 1, S = 0 [START_REF] Axelrod | The evolution of cooperation[END_REF]. This dilemma becomes interesting when iterated, because it models longterm interactions between competing entities as we encounter in a multitude of concrete situations in biology, politics, or economics. An infinite number of possible strategies must then be taken into account 1 . At the first round tit_for_tat cooperates as per_ccd do, [c,c], each of them wins then 3 points according to the rules

Face

[c,c] -> 3 + 3, [d,d] -> 1 + 1, [d,c] -> 5 + 0.
The second round leads once again to [c,c], the third [c,d], etc. which leads at the end of the 10 face-to-face rounds to 27 points for tit_for_tat and the same for per_ccd.

Tournament example. The basic method for comparing strategies is to organize "tournaments". Each strategy meets all the others individually (e.g., in a face-to-face with 10 rounds) and tallies the points earned in each round of each meeting. The ranking illustrates that the all_d strategy (which defects at each round) is the winner. The bad one is all_c (which always cooperates).

A. Simulation of evolution

In addition to the evaluation of the strategies obtained by organizing tournaments (round-robin), other test methods exist. One such method is to simulate an evolutionary process by which only robust strategies succeed [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Kendall | The iterated prisoners' dilemma: 20 years on[END_REF], [START_REF] Nowak | Evolutionary dynamics[END_REF], [START_REF] Beaufils | Our meeting with gradual, a good strategy for the iterated prisoner s dilemma[END_REF], [START_REF] Li | Engineering design of strategies for winning iterated prisoner's dilemma competitions[END_REF], [START_REF] Nowak | Evolutionary dynamics in structured populations[END_REF], [START_REF] Knight | Evolution reinforces cooperation with the emergence of self-recognition mechanisms: An empirical study of strategies in the moran process for the iterated prisoner's dilemma[END_REF].

The evolutionary competition method, commonly used in the literature and called ecological competition, is defined as follows. Several copies of each strategy (e.g., 100) are placed into a virtual arena to compete in a round-robin tournament (each strategy meets all strategies). Depending on the number of points received during the tournament, the size of each strategy family is adjusted proportionally to the total number of points, resulting in a second generation. The process iterates to produce subsequent generations using the same method. The winning strategies are those with the most significant family size. Such strategies are usually efficient in various arenas, so their good rankings have a deeper meaning than a simple round-robin tournament with an underlying process different from a genetic algorithm. While a genetic algorithm aims to create new individuals, evolutionary competition only changes the size of populations to identify robust solutions.

Here is a formal description of the involved process. Let S = {s 1 , s 2 , . . . , s n } a set of n strategies.

Definition 2.1: Meeting between two strategies. We note score t (s i , s j ) the points won by s i when it meets s j during a meeting of t rounds.

Definition 2.2: Round-Robin of a set S of n strategies. The score of a strategy s i ∈ S in the round-robin is

g t,S (s i ) = Σ n k=1 score t (s i , s k )
Note that each strategy meets itself. The winner s i0 is such that g t,S (s i0 ) = max j=1,...,n (g t,S (s j ))

For the brevity of illustration, we omit indices t and S. Definition 2.3: Evolutionary process for a set S of n strategies. For each i = 1, . . . , n , we consider pop i (1) individuals of the strategy s i . They constitute generation 1, and pop i (g) is the number of individuals of the strategy s i at generation g. In our experiments we consider that the total number of strategies E = Σ i=1,...,n pop i (g) will be constant.

The points won by one individual of the i family is then

f i (g) = (pop i (g) -1) * score(s i , s i ) + Σ k=1,...,n,k =i pop k (g) * score(s i , s k )
Each individual meets each other individual including those of its own family (but not itself). The total number of points distributed at the gth generation is

total(g) = Σ i=1,...,n pop i (g) * f i (g)
We can now compute the generation g + 1 :

pop i (g + 1) = E * pop i (g) * f i (g)/total(g)
In our experiments we consider t = 1, 000 and for each i ∈ {1, . . . , n} : pop i (1) = 100. The choice to have a stable total number of individuals has no influence on the rankings. It is just a sake of normalization. The formulas show that the bottleneck for conducting such experiments is the computation time of the score t (s i , s k ) matrix. Indeed, the evolution of populations no longer requires recalculating this matrix but instead reusing its content with multiplicative factors.

There is certainly no simple formula that gives the winner of an evolutionary competition by direct mathematical analysis. Only the execution of the previous algorithm allows us to discern the result.

Evolutionary competition example.

Starting from an arena of 100 strategies (for example) of each kind (100 all_c, 100 all_d, etc.), called generation 1, the next generation is computed by fixing for each strategy a number of instances proportional to the number of points it won during the tournament among the strategies of the previous generation: the best strategies have larger "progeny". The total number of instances is kept at 400. Similarly, generation k + 1 is computed from generation k. We obtain population plots, as shown in Fig. 1, where we observe that tit_for_tat wins, whereas all_d (winner of the tournament) is eliminated after a period of growth. In the long term, tit_for_tat is the best of the four, and it is the only one surviving with a small number of instances of all_c. The result suggests that winning in the long term is not predicated on winning the tournament; if the strength comes from exploiting the weak, the strategy will lose once weaker strategies disappear.

The definitive conclusions about the iterated dilemma are as follows:

• No strategies outperform all the others. However, some are bad in almost all possible environments (both in the tournament and in evolutionary competition), while others are quite successful in varied environments. This is the case of the famous tit_for_tat strategy.

• Efficient strategies often have the following characteristics [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Kendall | The iterated prisoners' dilemma: 20 years on[END_REF], [START_REF] Nowak | Evolutionary dynamics[END_REF], [START_REF] Nowak | SuperCooperators: Altruism, evolution, and why we need each other to succeed[END_REF], [START_REF] Sigmund | The calculus of selfishness[END_REF], [START_REF] Akin | The iterated prisoner's dilemma: good strategies and their dynamics[END_REF], [START_REF] Knight | Evolution reinforces cooperation with the emergence of self-recognition mechanisms: An empirical study of strategies in the moran process for the iterated prisoner's dilemma[END_REF], [START_REF] Ueda | Memory-two zero-determinant strategies in repeated games[END_REF]. 1) They are reactive: they respond when betrayed, as does tit_for_tat. 2) They start by cooperating and facing an opponent which cooperates; they do not try to betray. 3) They can be lenient: After the defection of the opponent, they eventually forgive to renew cooperation. Evolutionary competitions frequently confirm the results obtained in tournaments but magnify the contrast. There is also a fundamental observed phenomenon: except in sporadic cases, the final arena only contains strategies that never take the initiative to defect (we call them "initially cooperatives", IC). After a few generations, the arena is occupied by strategies that play among themselves only [c,c]. The arena is, therefore, in a state of complete cooperation. The phenomenon is striking: although there is no supervisory authority. Despite the allure of defection for all at each move, the mechanism of evolution often leads to eliminating all strategies that fail to resist this temptation.

III. SUBCLASSES METHODS

The behavior at the beginning of a face-to-face meeting is critical, and its effects deserve a specific study. First, we are interested in classifying the problem at the beginning of the game, leading us to define four natural subclasses.

• IC

subclass. A strategy is "initially cooperative" (IC) if it never takes the initiative of defection: it cooperates in the first round of a face-to-face and continues to do so while the other has not defected.

s is IC ⇐⇒ ∀n : s([c, c] n ) = c s([x 1 , y 1 ][x 2 , y 2 ] . . . [x n , y n ]) refers to the choice of the s strategy when the past is [x 1 , y 1 ][x 2 , y 2 ] . . . [x n , y n ]. The [x, y] n notation refers to [x,
y] played n times. When playing against all_c, an IC strategy always cooperates (and thus, especially at the first round of a face-to-face). The strategy tit_for_tat is IC. During k rounds she wins exactly 3 • k points against all_c. The test in our programs is computed that way. A perfect test would require an infinite test. If there is no limit to the length of possible meetings. The determination of wheher a strategy is IC is infeasible. • SA subclass. The complementary set to IC is called SA for "spontaneously aggressive" (each strategy is either IC or SA). Even in the face of all_c she takes the initiative to betray.

s is SA ⇐⇒ ¬(∀n : s([c, c] n ) = c) ⇐⇒ ∃n s([c, c] n ) = d
As is the case for IC, a perfect test is infeasible. We test if a strategy is SA by monitoring a k rounds meeting to determine if the score against all_c is strictly greater than 3 • k points against all_c.

These first two subclasses are natural [START_REF] Axelrod | The evolution of cooperation[END_REF]. For the sake of symmetry, we also consider the following two subclasses. • IA subclass. We consider the "initially aggressive" strategies (IA). An IA strategy constantly defect while the opponent did not cooperate.

s is IA ⇐⇒ ∀n : s([d, d] n ) = d
When playing against all_d, an IA strategy always defects The mistrust strategy (I play like tit_for_tat except I defect at the first round) is IA. 

s is SC ⇐⇒ ¬(∀n : s([d, d] n ) = d) ⇐⇒ ∃n s([d, d] n ) = c
We note that each IA strategy is also SA and that each IC strategy is also SC. A given strategy cannot be both IC and There are strategies which are both SA and SC (for example the per_ccd strategy).

To measure the benefits of adopting IC or IA behaviors, we consider several sets of different strategies, organize tournaments and evolutionary competitions, and measure the average success of the various subclasses. Let us consider the first experiment with a set of 17 strategies, originally specified in [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF] (also in Table I andFig 2). This set contains basic strategies as well as the strategies recognized as successful in the Iterated prisoner's dilemma literature [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Beaufils | Complete classes of strategies for the classical iterated prisoner's dilemma[END_REF], [START_REF] Delahaye | The iterated lift dilemma[END_REF], [START_REF] Hilbe | Partners or rivals? strategies for the iterated prisoner's dilemma[END_REF], [START_REF] Li | Engineering design of strategies for winning iterated prisoner's dilemma competitions[END_REF], [START_REF] Mittal | Optimal strategies of the iterated prisoner's dilemma problem for multiple conflicting objectives[END_REF], [START_REF] Riordan | A forgiving strategy for the iterated prisoner s dilemma[END_REF], [START_REF] Wedekind | Human cooperation in the simultaneous and the alternating prisoner's dilemma: Pavlov versus generous tit-fortat[END_REF], [START_REF] Akin | The iterated prisoner's dilemma: good strategies and their dynamics[END_REF], [START_REF] Knight | Evolution reinforces cooperation with the emergence of self-recognition mechanisms: An empirical study of strategies in the moran process for the iterated prisoner's dilemma[END_REF].

The simulation is conducted using 1,000 face-to-face rounds and using the typical values of the parameters T = 5, R = 3, P = 1, S = 0. The following results are robust to changing these values, while respecting the initial constraints. During the tournament (Table II) the IA strategies wins, then followed by the SA strategies, then IC and finally the SC: IA > SA > IC > SC This order implies that cooperating initially is not prudent. However, the tournament method allows an aggressive strategy to exploit cooperative and not reactive strategies like all_c. However, in an evolutionary competition, cooperative and non-reactive strategies (eg all_c) are quickly eliminated, leading to the elimination of too abrupt strategies (such as all_d) that exploited the first. The final results generated by the evolutionary competition makes that ob-servation evident. With 17 strategies, the competition results in the following order (Table II) between the 4 subclasses:

IC > SC > IA = SA To succeed in an evolutionary competition, each strategy must be efficient compared to other strategies and not just take advantage of "weak" strategies. Each strategy should also play well against itself. Evolutionary competitions are more realistic than tournaments, producing a dramatic effect. The best behavior is the initial kindness, and the worst is the initial aggressiveness.

To ensure the robustness of this conclusion, we repeat the experiment with other classes of strategies. In particular, we considered a class of systematically selected 1,024 strategies, avoiding any possible subjective bias. Such a bias, even unconscious, could not be excluded from the proposed 17 of the first experience. So we took all S strategies whose behavior depends on the last round of S and the last two rounds played by the opponent. This set of strategies is called mem(1,2); it corresponds to all possible ways a deterministic strategy can play, memorizing only its last round and the two last rounds of the opponent [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF].

Fig. 3 shows for four different classes how the average number of instances of the subclasses evolve over multiple generations. For each of our 4 subclasses we compute the mean of the population of this class at generation g. For example, for the IC class = {s 1 , . . . s k } :

f IC (g) = Σ k i=1 pop i (g, S) k
where pop i (g, S) is the population of the s i strategies at each generation g during the evolutionary competition of the set S.

We notice that aggressiveness is an efficient property at the beginning (for first generations). However, over multiple generations, the mechanism of natural selection takes place. More strategies with poor capacity to cooperate take over.

From one set of strategies to another, the evolutionary dynamics are different (and are for example more or less long), but all stabilize (the complete cooperation) where the order of dominance is: IC > SC> IA = SA. This order must be considered universal in the world of the iterated prisoner's dilemma.

In Fig. 3 we consider various sets of interesting strategies. Taking successively (A) the set of 17 strategies described in section VIII. (B) The set of 2 * 2 4 = 32 deterministic strategies which play based on the last round: strategy using only the last round of itself and the last round of the opponent, called mem(1,1). (C) The set of 2 2 * 2 8 = 1, 024 deterministic strategies that play depending on the last round of itself and the last two rounds of the opponent, called mem(1,2). (D) The set of 2 * 6 4 = 2, 592 probabilistic strategies depending on the last round of itself and the last round of the opponent. Each strategy depends on its first choice (2 choices c or d), the probability p1 to play c if the last round is [c,c] (6 choices 0, 1/5, 2/5, 3/5, 4/5, 1, and the same for p2, p3,p4 if the last round is respectively [c,d] [d,c] [d,d]. This class is called Proba [START_REF] Nowak | SuperCooperators: Altruism, evolution, and why we need each other to succeed[END_REF]. It it studied in particular in [START_REF] Press | Iterated prisoner s dilemma contains strategies that dominate any evolutionary opponent[END_REF], [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF], [START_REF]Experimental criteria to identify efficient probabilistic memoryone strategies for the iterated prisoner's dilemma[END_REF]. We observe that categories B, C, and D exhibit symmetry both in the definition of strategies as well as in the definition of the four classes between Cooperer and Betrayer card(IC)=card(IA) and card(SA)=card(SC).

It is also observed that generally and independently of the class, the winning subclass is IC, then SC, then (more or less grouped) IA and SA: IC > SC > IA = SA. It is interesting to note that the curves' dynamics vary considerably from class to class. In almost all cases, during the first generations IA and SA prevail. This does not occur for the curve of the 17 strategies because the selection of these 17 introduces probably not enough "weak" strategies for "food" to IA and SA. The family of 17 coming from a series of deliberate choices is perhaps not as neutral as the other classes. The stability of the results and in particular of the order IC > SC > IA = SA as soon as the effects of a natural selection simulation occurred is quite unexpected. It proves that this order is in some way universal. A formulation of the moral of these experiences could be stated: if evolution does not last long; it is perhaps interesting to be aggressive, but if we think of the future and distant generations, adopting cooperative behavior is the only reasonable choice.

The direct analysis method of using subclasses is successful. However, it does not allow us to refine conclusions in the interest of cooperative or aggressive behaviors that can be different, for example, not concerning only the beginning of meetings. This method does not allow us to discover new efficient strategies, either. That is why we introduced the method of transformations that does not deal directly with strategies but of improved or degraded success when producing systematic changes in the behavior of a whole set of strategies.

IV. TRANSFORMATION METHODS

The transformation process starts with a set of interesting strategies C and applies systematic transformation operators to all strategies in the set, resulting in a set C'. If each strategy of this new set C' has an attitude of cooperation or aggressivity different then that of the strategy before transformation, the average score of the set C' compared to that of the set C indicates whether the change made by the transformation is an improvement or deterioration. This method makes it possible to evaluate the efficiency of softening and hardening a strategy.

First, we introduce two methods of softening and two methods of hardening. When a softening method is applied to a strategy S, we obtain an identical strategy to S or less aggressive. Also, applying a hardening method leads to unchanged or more aggressive strategies.

The softening operator, Soften1, when applied to a strategy S, results in the transformed strategy S' as follows: at the first round of a face-to-face, S' cooperates, so long as the opponent has not defected; as soon as defection happens, S' starts playing as S would play. The strategy S' therefore behaves exactly as S, except that it applies only when the opponent has taken the initiative to defect. Of course, if one starts with an S initially cooperative (IC), S' is identical to S.

The hardening Harden1 operator is symmetrical to the Soften1 method: S' defects while the other has not cooperated and starts playing like S as soon as the opponent cooperated. This processing makes initially aggressive (IA) all the strategies S which are not.

The softening method, Soften2, facilitates exploring another way to make any strategy more cooperative. When applied to a strategy S, we obtain a strategy S', which behaves like S except that if at the round n -1, the opponent cooperated, S' then chooses to cooperate. In other words, even when S wants to defect, S' renounces and cooperates if the opponent has cooperated at the round n -1. S' is an indulgent version of S, it is ready to forgive (based on the round n -1) any opponent which is cooperative and this, whatever the oldest past interactions. Hardening operator, Harden2, is defined symmetrically.

In the first experiment, we take the 17 classical strategies and apply the two methods of softening and the two hardening methods to obtain a total of 85 = 5 • 17 strategies. We observe in Table III the average scores of the 17 basic strategies obtained through Soften1, as well as the 17 strategies generated through Harden1.

The results of the experiments offer the following observations: (a) softening is a useful idea, which improves the average efficiency of strategies; (b) Considering all the transformations, Harden1 is the most inefficient operation.

To summarize, the finding is that in meetings without evolution, it is beneficial but not very efficient (see Table III) to modify behavior by softening or hardening. However, in evolutionary competitions, it is favorable to use Soften1 and Soften2. Moreover, in all cases, one must not harden its behavior, especially not at the start of a face-to-face round.

This conclusion must, of course, be taken with caution. Again, to consolidate this analysis, we performed simulations with sets of strategies that systematically avoid subjective bias.

To this end, an experiment involving 5,120 strategies was conducted. It involves 1,024 strategies of the mem(1,2) set, as well as their modified versions by the 4 transformations listed above (Table IV).

The tournament ranking indicates that it is subject to significant instability from one class to another. However, the ranking of the transformation methods is very stable. The only change is a swap in the ranking between Harden2 and Normal. This swapping shows that Harden2 is sometimes good: enhancing its hardness once past the beginning of a face-to-face is an option.

Other experiments confirm that cooperative behaviors are the best in a world where evolution plays its role in strengthening the number of successful strategies at the expense of those who get poor scores. It is imperative to initiate the beginning of a face-to-face by cooperating as systematically as possible during the first rounds. Furthermore, during a face-toface process, being lenient is overall profitable. Strengthening the severity, provided that it does not apply to the first rounds of face-to-face, is sometimes useful.

As shown in Fig. 4, we sought to discern the results of the various transformed families not just at the end of the tournament or evolutionary competition, but instead at the end of each generation. We then obtain 4 figures each with 5 plots: a plot for the set of strategies used without transformation, a plot for the set transformed by Soften1, a plot for the set transformed by Soften2, a plot for the set transformed by Harden1, a plot for the set transformed by Harden2. The families used are the same as those used in Fig. 4 except Proba(5) replaced by Proba(4) called D'. For each of those classes, we have to multiply by 5 the number of strategies for the experiment (thus Proba( 5) is not reachable since the actual limit is approximately 6,000 strategies).

We conducted additional experiments with other sets of strategies (for example 800 from the mem(x,y) for x and y from 2 to 6), and in each case, the patterns are similar to those of Fig. 3 : Soften1 first, Soften2 second, Harden2 and Normal compete for third place (Harden2 most often better) and Harden1 is always last.

The conclusion is: Soften1 (softening at the beginning of face-to-face) is desirable in general and more interesting than Soften2, which almost always remains interesting. Harden2 (hardening throughout the face-to-face) is often useful, while Harden1 (hardening at the start of face-toface) is always bad. It is important to note that Soften2 is conditional: one is lenient with those who are cooperative, for which we overlook their lack of past cooperation more easily. It is compatible with Harden2 which consists in changing its behavior to make it more aggressive once the opponent refuses to cooperate. Finally, it is observed that three of the four transformations envisaged, in most cases, are interesting: softening at the beginning of face-to-face and during face-toface and hardening during the face-to-face. Only hardening at the beginning of face-to-face is invariably bad.

The observed behavioral pattern can be summarized as follows: always consider possible collaborators with indulgence, be tolerant about his past behavior if he begins to cooperate, strengthen punitive reactions if he is aggressive, but never start with too much severity and too many requirements.

V. THE FACE-TO-FACE LENGTH

The issue of the length of face-to-face should not be confused with the question of the number of generations during an evolutionary competition. The length of the faceto-face F indicates whether they do so at length or briefly when two strategies meet and interact. The extreme case is that of a length of 1 for a face-to-face which corresponds to a non-iterated prisoner's dilemma. This period F is a critical factor in choosing its strategy and changing it. It has been known since the early experiments of [START_REF] Axelrod | The evolution of cooperation[END_REF] that as soon as the duration of face-to-face F exceeds 10, results hardly change. On the other hand, for very short durations of face-to-face, the results can vary significantly. This is what the transformation method shows, clarifying the effects of short face-to-face.

To study the role of F , we designed families of curves (not presented here), corresponding to F = 2, 3, . . . using the transformation methods applied to the set mem(1,2) thus 5.120 strategies, in evolutionary competitions.

The results allow us to accurately determine whether or not we have to soften or harden a set of strategies according to the values F . The observations are as follows: When F = 2, hardenings Harden1 and Harden2 are victors. This simply corresponds to the idea that in the case of a short interaction between strategies, we win by defecting, as in the case of a non-iterated prisoner's dilemma.

This conclusion is valid even for an evolution process: being in a world subject to natural selection does not change the value of an aggressive game if all interactions are very short. When F = 4, the domination of Harden1 and of Harden2 becomes less clear, and the benefits of Harden1 against Harden2 are not maintained. When F ≥ 5, Harden1 is now at the end of the ranking. Soften1 which is dominated during the first generations, largely ends first. Harden2 finishes second after leading during the first generations. Soften2 and Normal (the set without transformation) after a somewhat complicated story end in 3 and 4 positions.

The stability of these curves and their relative position for F > 4 shows that the interest in cooperation which is uncertain when F is small becomes more stable when F exceeds 4 with a subtle grading (depending on generation numbers), which confirms that Harden2 was also of interest. Being cooperative is a recommended attitude, but being reactive (as are all families resulting from Harden2 and Soften2) is also a way to improve itself. Ultimately, as soon as F is quite large and that evolution takes effect, at least three methods improve a given class.

VI. SOFTENING AND HARDENING PARAMETERS

Another experiment is conducted to evaluate the effectiveness of cooperative or aggressive attitudes within the iterated prisoner's dilemma model with the transformation method. This parameterized method allows us to discover new strategies that equal or surpass the best-known strategies.

Thus we introduce a parameter k in the definition of a transformation. It takes integer values 1, 2, 3, ... Here are three parametric transformations to soften a set of strategies, and three parametric transformations that harden it.

• The Soften1-k transformation applied to a strategy S, leads to a strategy S' for which the behavior is defined as follows: while the opponent did not defect k times, cooperate. As soon as the opponent defects k times, play like S would. Table V shows that the all_d strategy, transformed by Soften1 with parameter 2 is better than all the 66 strategies described in [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF]. The 66 strategies are either simple or often studied in the literature. They are constructed with all the basic deterministic strategies obtained with the 17 initial basic strategies plus the full class Memory(1,1), plus a set of 13 probabilistic strategies (1 random, 6 equalizers, 6 extorquers) as well as the four new strategies highlighted in [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF]. This is the best set, not too big and as varied as possible. The ranking of the all_d strategy treated by Soften1 for different values of the parameter k, goes to rank 50 (for k = 0) to rank 6 (for k = 1), then becomes the first for k = 2. Then it is ranked second (for k = 3), fourth (for k = 4), and so on.

The 3 strategies so discovered prove successful in different contexts. The results show that becoming more generous and tolerant to defection pays only up to a point with a diminishing return. When the softening parameter increases, the profit increases for a period and stabilizes at a maximum level before decreasing. One should prefer cooperative behavior, of course, but not too much! The 3 strategies so discovered all_d_Soften1_2, all_d_Soften1_3, and all_d_Soften1_4, are successful in various contexts. They are second, third, fourth when added to the 17 strategies of Appendix VIII, they are first, second and third when added to mem(1,1), they are second, third, fourth when added to mem(1,2) (the first is the winner of the evolutionary competition of mem(1,2)), they are first, second and fifth when added to Proba(4) (see Fig. 5).

These results demonstrate that the outcomes of the case when k=2 needs to be viewed with caution. Using much larger sets of strategies and longer encounters would likely yield other good strategies for k = 3 or even k = 4. The results obtained for k = 2 correspond to a compromise; that is, k = 2 is optimal for the parameters and sets studied. The behavior of the all d Soften 2 strategy can be summarized as follows: "while my opponent did not defect 2 times, I cooperate. As soon as my opponent has defected 2 times, I play always defect." The strategy mimics the kind of behavior that emulates getting angry less quickly.

These results are quite surprising. The softening method Soften1, starting from an aggressive strategy (i.e., all_d) results in a better strategy than all those identified as efficient in the literature. There are certainly other new and interesting strategies to be discovered by the transformation method associated to the complete class method. Therefore, it is possible to progress in the construction of an infinite scale of efficient strategies as expected in [START_REF] Delahaye | Complex strategies in the iterated prisoner's dilemma[END_REF].

The three modified all_d results show that becoming more generous and tolerant of defection pays only up to a point. When the softening parameter increases, the profit increases for a while and then goes through a maximum before decreasing.

VII. CONCLUSION

In this work, we show results confirming and refining general statements usually accepted by the IPD community and contradicting others. We proposed two softening methods with different effects: The first one, which concerns the initial part of rounds, is shown not surprisingly truly efficient; the second one, which takes care of the whole course of the game, is shown to be less efficient. We also proposed two hardening methods symmetric to softening methods; surprisingly, one of the two generally improves the behaviors to which it applies. This result suggests that if the opponent has defected too often during a meeting, it is in our interest to react without considering the distant past. The observation contradicts the classical "folk theorem" which states that aggression is systematically penalizing. We finally show that when adding a softening parameter, there exist some values that significantly improve a strategy, including the most aggressive one (all_d for example). Our method is a new tool for studying and comparing the general behaviors of strategies. It can be used to refine our understanding of the prisoner's iterated dilemma. These new strategies are more effective than previously identified in the extant literature.

VIII. APPENDIX

List of the 17 strategies referenced in [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF] and consisting of the main strategies, either very simple or recognized as interesting in the literature ( [START_REF] Axelrod | The evolution of cooperation[END_REF], [START_REF] Riordan | A forgiving strategy for the iterated prisoner s dilemma[END_REF], [START_REF] Li | Engineering design of strategies for winning iterated prisoner's dilemma competitions[END_REF], [START_REF] Akin | The iterated prisoner's dilemma: good strategies and their dynamics[END_REF], [START_REF] Knight | Evolution reinforces cooperation with the emergence of self-recognition mechanisms: An empirical study of strategies in the moran process for the iterated prisoner's dilemma[END_REF]).

1) all_c: I always cooperate. It is well known that all_d is almost always a bad strategy. Nevertheless our method parameterizes the transformation, SOFTEN1, so all_d becomes relatively better, if not the best. Our method SOFTEN1 is thus able to transform a bad strategy into a relatively better strategy. The transformation of strategies prove to be effective in discovering novel strategies. See [START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF] for strategy notations. except when it and I did not play the same thing in the previous round. 12) tf2t: I cooperate in the two first rounds, then I always cooperate at the nth round, unless my opponent has defected during the rounds n -1 and n -2. 13) hard_tft: I cooperate in the two first rounds, then I always cooperate in the nth round, unless my opponent has defected in round n -1 or in round n -2. 14) slow_tft: I cooperate in the first two rounds, then I would defect when my opponent defects twice in succession, and I will not cooperate once my opponent has cooperated twice in succession. 15) gradual: I cooperate in the first round and when the following rule is not applied: every time my opponent betrays me, I count the number n of its past defections and I defect n times consecutively followed by two cooperations. 16) prober: I play defect-cooperate-cooperate (d c c) for the first three rounds; Then,if my opponent has not defected in rounds 2 and 3, I always defect; Otherwise I play tit_for_tat. 17 Moreover if, at any moment, my opponent defects twice in succession, I play definitively all_d [START_REF] Li | The effect of memory size on the evolutionary stability of strategies in iterated prisoner's dilemma[END_REF].

  -to-face example. The tit_for_tat strategy starts by cooperating and plays at round n what its opponent played at round n -1. The per_ccd strategy plays periodically c, c, d, c, c, d, ... Their face-to-face meeting in 10 rounds gives: 3 3 5 0 3 5 0 3 5 0 27 per ccd c c d c c d c c d c tit for tat c c c d c c d c c d 3 3 0 5 3 0 5 3 0 5 27

Fig. 1 .

 1 Fig.1. Example of evolutionary competition. We notice that the all_d strategy wins during the first 8 generations, but that it ends with a zero population. It exploits all_c with rapidly declining population. This experience is deterministic.

Fig. 2 .

 2 Fig. 2. Classification of the 17 classical strategies described in section VIII

Fig. 3 .

 3 Fig. 3. Success average of classes IC, SC, IA, SA over multiple generations for 4 sets of different strategies.

Fig. 4 .

 4 Fig.[START_REF] Nowak | Evolutionary dynamics[END_REF]. Success rates of the various transformed sets over multiple generations, considering four different initial sets (called NORMAL). Invariably, SOFTEN1 leads to the best average result.

Fig. 5 .

 5 Fig. 5. Evaluation of the three all_d, softened in multiple environments.It is well known that all_d is almost always a bad strategy. Nevertheless our method parameterizes the transformation, SOFTEN1, so all_d becomes relatively better, if not the best. Our method SOFTEN1 is thus able to transform a bad strategy into a relatively better strategy. The transformation of strategies prove to be effective in discovering novel strategies. See[START_REF] Mathieu | New winning strategies for the iterated prisoner's dilemma[END_REF] for strategy notations.

2 )

 2 all_d: I always defect. 3) tit_for_tat: I cooperate at first, then at the nth round I play what my opponent played at round n -1. 4) spiteful: I cooperate at first and as long as my opponent cooperates, but as soon as it defects I defect indefinitely. 5) soft_majo: I cooperate at first and as long as my opponent has cooperated more or as much as it defected in the past; otherwise I defect. 6) hard_majo: I defect at first and as long as my opponent has defected more or as much as it cooperated in the past; Otherwise I cooperate. 7) per_ddc: I play periodicallyd, d, c, d, d, c, ... 8) per_ccd: I play periodically c, c, d, c, c, d, ... 9) mistrust: I defect at first, then I play at the nth round what my opponent played at round n -1. 10) per_cd: I play periodically c, d, c, d, c, d, ... 11) pavlov: I cooperate at first, then I always cooperate,

  ) mem2: I start by playing two rounds like tit_for_tat; Then I change my behavior for two rounds depending on the results of the last two rounds, using the following rules: (A) If the last two rounds were [c c] [c c], I play tit_for_tat ; (B) If the last round was [c d] or [d c] I play hard_tft; (C) In all the other cases I play all_d.

TABLE II COMPARISON

 II OF THE IA, IC, SC, SA SUBCLASSES FOR THE 17 CLASSICAL STRATEGIES IN A 1,000 ROUNDS TOURNAMENT AND IN AN

		EVOLUTIONARY COMPETITION.
		Tournament		Evolutionary comp
	Cat	Size	Avg	Cat Size	Avg
	SA	7 41099.42	IC	10	169.50
	SC	14 39562,92	SC	14	121.07
	IA	3 43801.66	SA	7	0.0
	IC	10 39759.00	IA	3	0.0

IA.

A IA strategy is also SA, but not necessarily the reverse.

  For each of these classes we instantiate an evolutionary competition calculating the average number of instances in each subclass IC, SC, IA et SA, generation after generation.

		IC	SA	IA	SC
	A 10	7	3	14
	B	8	24	8	24
	C 128 896 128 896
	D 216 2376 216 2376

TABLE IV AVERAGE

 IV RESULTS OF SOFTENING AND HARDENING ON THE M E M(1,2)

		SET.		
	Tournament	Evolutionary Comp
	Normal	12063091	Soften1	285
	Soften1	12061629	Soften2	122
	Harden1 12060268	Harden2	58
	Soften2	9705680	Normal	33
	Harden2	9704287	Harden1	0

  • The Harden1-k transformation is symmetric: while the opponent has not cooperated k times, defect. As soon as the opponent has cooperated k times, play like S would. • The Soften2-k transformation applied to a strategy S, leads to a strategy S' for which the behavior is: while the opponent has cooperated at round n -1 or round n -2 OR ... OR round n -k cooperate, if not play like S would. • The Harden2-k transformation is symmetric: if the opponent defects in round n -1 OR round n -2 OR ... OR round n -k, defect, if not play like S would. By replacing OR by AND we obtain the transformations Soften3-k and Harden3-k.

TABLE V RANKING

 V OF A L L_D VARIANTS IN THE SET OF 66 STRATEGIES FROM THE EXPERIENCE C OF [3]. ONE CAN NOTE THAT WITH k = 2 A L L_D TREATED BY SO F T E N1 BECOMES THE BEST.

	k	0	1	2	3	4	5	6	7	8
	all d Soft1	50	6	1	2	4	8	9	11 15
	all d Soft2	51 32 24 25 27 29 28 31 33
	all d Soft3	23 32 63 66 64 63 63 62 62
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