How to Evolve a Napoleon Complex
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Abstract- In some species of animals, fights for scarce resources tend to be initiated by the smaller contestant, who is also more likely to eventually lose the fight. An evolutionary algorithm is used to study under which conditions such a behavior would evolve. The simulations partially confirm predictions of an earlier mathematical model, but also show an unexpectedly complex evolutionary dynamic of the observed behavior patterns.

1 Introduction

Animals of the same species often have to settle conflicts over scarce resources such as territory, mates, or food. The rituals for doing so can be quite elaborate. For example, in cichlid fish Nannacara anomala, contests begin with broadside display and escalate to tail beating, biting, mouth-wrestling, and finally to circling with mutual biting (Ehnquist and Jakobsson 1986). In the fighting cricket Gryllus bimaculatus, contestants initially fence with their antennae, then display spread mandibles, which later interlock before the animals wrestle (Alexander 1961). The web-building spider Agelenopsis aperta uses as many as 33 different behaviors during contests (Reichert 1978).

Only very rarely do animal conflicts escalate to the point where one of the contestants gets seriously injured, although in many species the weapons for inflicting such injury are present. The landmark paper of Maynard Smith and Price (1973) was an attempt to explain this phenomenon. In this paper, which pioneered the use of game theory for the study of animal behavior, several toy models of animal strategies were constructed, including the famous hawk and dove strategies. Moreover, in the same paper the crucial concept of an evolutionarily stable strategy (ESS) was introduced. According to Maynard Smith and Price, an ESS is a strategy such that, if most of the members of a population adopt it, there is no “mutant” strategy that would give higher reproductive fitness. Maynard Smith and Price then showed that a population consisting exclusively of hawks can often be invaded by other, less aggressive, strategies. Thus hawk is not usually an ESS. In light of these findings, the prevalence of ritualized contests rather than out-and-out aggression among animals becomes somewhat less puzzling.

Extensive efforts have been made to construct game-theoretic models that more closely reflect strategies used by real animals. Parker (1974) has argued that each individual should accumulate information about the opponent’s fighting ability (which he called resource holding power or RHP), relative to its own during the course of an encounter, and utilize this information as a basis for making economical decisions about whether to give up, continue, escalate, etc. These ideas have been further developed by a number of authors. In one famous model, the sequential assessment game of Ehnquist and Leimar (1983) and Leimar and Ehnquist (1984), the acquisition of information is similar to a sequential sampling process.

Surprisingly little is known about how well the established game-theoretical models of animal contests hold up under simulated evolution. Fogel et al. (1998) show that in hawk-dove games played in small populations with random payoffs, the theoretically calculated ESSs are rather poor predictors of actually observed evolutionary dynamics. Thus one should not automatically assume that if an ESS is predicted by a mathematical model, it will actually evolve, even under the strictly controlled conditions of a computer simulation. 

While simulations like the one of Fogel et al. (1998) presuppose a fixed set of strategies, here we are interested in the problem of whether and how predicted ESSs evolve from a seemingly infinite set of possibilities. This problem can be made more tractable by the following consideration: If, as Parker and his followers claim, animals accumulate information about their relative RHP during the contest and base their decisions on the information thus gained, then one can conceptualize a contest as progressing through a sequence of knowledge states. A strategy for each contest would then be a function that maps each knowledge state into one of several possible actions. These actions would come at certain costs and have a certain potential to elicit further information that would then move the animal into another knowledge state. These costs and potentials for eliciting further information would need to be specified before a simulation run, but the strategies themselves could be coded in a rather straightforward way as character strings associated with each player and could be subject to mutation and recombination during the process of evolution.

We tested this idea for a very simple model of animal contests that was developed by Just and Morris (1999) and that addresses the question of which contestant should escalate a two-stage contest to the more costly fighting stage.

2 A mathematical model of the Napoleon complex

In (Morris et al. 1995), a study of contests between male swordtail fish of the species Xiphophorus multilineatus and X. nigrensis under laboratory conditions was reported. When the difference in size between fish was very large, contests were settled without fights with the smaller animal retreating. However, 78% of the observed fights were initiated by the smaller animal, and in 70% of the fights, the fish that delivered the first bite lost the contest.

    In (Just and Morris 1999), a mathematical model was formulated that provides a possible explanation for the behavior observed in the swordtails. In the model, a contest has up to two stages: a “display” stage during which no physical contact occurs, followed in some cases by a “fight” stage that involves physical contact. Passage to the fight stage requires escalation by only one of the contestants. The objective of a contest is to gain access to a resource with value V.  Displaying carries a cost 
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 is a parameter of the model. If the display stage ends by retreat of one of the players, then the other player’s payoff is 
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. The cost K of losing a fight and the cost  L  of engaging in a fight are parameters of the model. It follows that a “rational” player should engage in a fight if and only if the probability of winning the fight is higher than
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The probability of winning a fight corresponds to the difference in resource holding power, or RHP, of the contestants. RHP is strongly correlated with body size and fights are being observed only between contestants of similar size. This indicates that during the display phase, contestants are assessing the difference in their respective RHPs, which will henceforth be denoted by (RHP. Clearly, the decision to retreat is driven in the swordtails by the perception that (RHP is above a certain threshold. On the other hand, since significantly more fights are picked by the smaller animal, the decision to escalate to the fighting stage must be driven in part by the perception of who the likely winner of a fight will be; i.e., of whether (RHP is positive or negative. Thus the data suggest that during the display stage the contestants are trying to obtain two crucial bits of information: (a) Whether (RHP is positive or negative, and (b) whether |(RHP| is below or above a certain threshold (“small” or “large” in the terminology of the model).

The model of Just and Morris (1999) describes the progression of an encounter where at some moment 
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 both contestants are supposed to know (accurately) who has the larger RHP, but not yet whether |(RHP| is above or below the threshold. This bit of knowledge will be attained by
[image: image9.wmf]l

P

, the player with the lower RHP, at time 
[image: image10.wmf]l

T

, and by 
[image: image11.wmf]H

P

, the player with the higher RHP, at time 
[image: image12.wmf]H

T

, where 
[image: image13.wmf]l

T

and 
[image: image14.wmf]H

T

are independent, normally distributed random variables. If |(RHP| is large, then 
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 will win a fight with probability 
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The model of Just and Morris (1999) predicts that in certain regions of the parameter space (roughly speaking, when 
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is small) the following ESSs should occur: 
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, the player with the lower RHP, should retreat the moment he reaches a decision that |(RHP| is large and should start a fight the moment he reaches a decision that |(RHP| is small. If 
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 is equal to or very close to 1, then 
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 should start a fight the moment he reaches a decision that |(RHP| is small, and should continue displaying until 
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 retreats if he reaches a decision that |(RHP| is large. However, if 
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 is significantly less that 1 (say, 
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 should always leave the initiative to the player with the lower RHP and wait until the latter either attacks or retreats. Note that while the former ESS results in a population where 50% of all observed fights are initiated by the contestant with the lower RHP, the latter ESS results in a population where all observed fights are initiated by the contestant with the lower RHP. This is consistent with the data reported by Morris et al. (1995) if, as the authors of that paper conjecture, RHP is determined largely but not exclusively by body size.

The conclusion of Just and Morris (1999) were reached by explicitly calculating expected payoffs for the eight most plausible strategies and then simulating evolution using these expected values for selected parameter constellations. This leaves open several questions. First of all, are the predicted ESSs stable in real, finite populations that exhibit random fluctuations in payoffs? Second, could we have overlooked less “plausible” strategies that have a higher evolutionary fitness than the investigated ones? Third, do the predicted strategies indeed evolve in a population that is not initially confined to a mix of the eight most plausible strategies? The evolutionary algorithm described in the remainder of the present paper was designed to shed light on the above questions.

A fourth question is to what extent the predictions of the model for encounters in which contestants first determine who has the larger RHP and then assess |(RHP| (a likely scenario if |(RHP| is close to the fight vs. retreat threshold) carry over to contests where the contestants first determine that they are about evenly matched (i.e., |(RHP| is small) and then figure out who actually has the larger RHP. This question will be studied with the help of a future version of the algorithm presented here.

3 The algorithm

The algorithm simulates the evolution of a population of players. Units of time are mating seasons. Each player is alive for a user-defined number 
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 of mating seasons. RHP is a random number from the interval [0,1] assigned to each player at birth. At the beginning of each mating season, the fitness of each player is set to zero, and then each player gets involved in a number of contests. The mean number of contests per season per player is a user-defined parameter 
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 contests, with the other contestant picked randomly from the remaining players. Contests are simulated, with players following strategies that are encoded by character strings. |(RHP| is considered “small” if it is at most 
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, and is “large” otherwise. Thus, as in the model of Just and Morris (1999), in about half of the contests |(RHP| is small. If none of the players escalates or retreats until a user-defined cutoff time c, then none of the contestants gets the resource, and both have their fitness reduced by 
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 is the total duration of the display), and his opponent’s fitness is increased by 
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. If a fight occurs, then a random number 
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 with uniform distribution over [0,1] is generated. The player with the smaller RHP is declared the winner if |(RHP| is large and 
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. Payoff for each contestant are calculated as in the model described above, and fitness of the contestants is increased or decreased by the respective payoff. While in the present version of the algorithm costs for engaging and for losing a fight and value of the resource are held constant, in all our simulations reported here we had each player engage on average in ten contests per mating season, which should substantially randomize the overall payoff. 

As mentioned in the previous section, we assume that a player’s actions during a contest are driven by two crucial bits of information: whether he is 
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, the player with the lower RHP, or 
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, the player with the higher RHP, and whether |(RHP| is perceived as small or large. We model a crucial phase of the display stage of some contests, starting from a hypothetical moment where each player has attained accurate knowledge whether he has the smaller or the larger RHP and is trying to estimate |(RHP|, up to the moment when the encounter either progresses to the fighting stage or ends by retreat of one of the players. Thus there are six possible “knowledge states” for each player during the display phase, which will be denoted by (
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 and have not yet figured out whether |(RHP| is small or large,” the state (
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, small) means “I am 
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 and I am convinced that |(RHP| is small,” etc. In each of these knowledge states, a player has a choice of three possible actions: to retreat (‘R’), to continue displaying (‘D’), or to escalate to the fighting stage (‘E’). The strategy of each player is encoded by a character string of length six, where each position corresponds to one of the possible knowledge states, and the character written at this position, R, D, or E, indicates the action to be taken at this stage.

In the simulation of an encounter, players start out in knowledge states (
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 is correct with probability 
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, which is a user-defined variable.

In the initial population, strategies are generated randomly with no assumed dependencies between knowledge states. The default is to generate one-third of R, D, and E at each knowledge state; but the user has the option of specifying different proportions for some or all states. When all contests of the mating season have been simulated, parents for the new generation are chosen according to the following procedure: All players who have attained positive fitness participate in roulette-wheel draws of “fathers,” with their chances of being chosen proportional to fitness. The “mother” of each offspring is chosen randomly, with all players having equal chances. Character strings that code the strategies of parents are merged using a uniform crossover procedure (with each character being inherited from the mother or father with equal probability and no dependencies assumed between inheritance of characters at different positions), and then mutated according to a user-defined mutation rate. The newly created individuals replace the ones that have lived the specified number of 
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 seasons.

An executable of our algorithm named Napoleon1.exe that runs under Windows 95 is available on the companion CD of these conference proceedings.

4 Results and Discussion

We run a number of preliminary simulations to get a feel for the behavior of the algorithm and two series of 100 and 120 simulations respectively for the purpose of collecting statistics. In the preliminary runs, settings of 10 contests per season per player and a mutation rate of 0.0003 were found to work well, and these settings were used for all simulations reported in this paper. With these settings and a population size of 5,000, a typical simulation of 20,000 mating seasons on a 266MHz Pentium PC running under Windows 95 took on the order of several hours.

It was predicted by Just and Morris (1999) that for parameter settings with  V > K + L  and  a < (K+L)/(V+K) < b, if the cost  d  of displaying is reasonably small, the following ESSs should evolve:  

· If  p  is equal to or very close to 1, then a player should continue displaying while in knowledge state (
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, small), and should retreat when in knowledge state (
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, large). This strategy was called cC.

· If  p  is significantly smaller than 1, then a player should continue displaying while in knowledge state (
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, large), should escalate when in knowledge state (
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, small), and should retreat when in knowledge state (
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Our simulations confirm that these ESSs will indeed become dominant in the population under many, but not all, parameter settings for which they were predicted. Moreover, the evolutionary dynamic is much more complex than was apparent from the theoretical considerations of Just and Morris (1999).

Let us illustrate this dynamic with a typical run. The parameter settings were  a = 0.2, b = 0.4, c = 3, d = 0.5, p = 0.9, V = 70, K = 20, L = 5, g = 2. The population size was 5000, the length of the run was set at 6,000 seasons, and the seed of the random number generator was 25. The model of Just and Morris (1999) predicts cW as the emerging ESS for the above parameter settings. We observed the following dynamic: The population started out in the default mix where each knowledge state would elicit each of the three possible actions R, D, and E (retreat, display, escalate) with probability 1/3. After 1,000 mating seasons, D was by far the most popular action in knowledge states  (
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, no info), E was by far the most popular action in knowledge states (
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, large), and 72% of all players would retreat in knowledge state (
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, large). Over the next 1,000 seasons, we saw an increase of action R in knowledge state (
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, large) to over 80% of the population and a shift from almost total dominance of E to almost total dominance of D in knowledge state (
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, large). Thus by season 2,000, about 60% of all players were following strategy cC. Over the next few hundred seasons, we saw a shift from E to D in knowledge state (
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, small), and by season 3,500, over 90% of players had adopted the strategy cW described above. This remained the case until the end of the run. The diagrams illustrate the changing percentages of the preferred action in all six knowledge states in the run described above.

We found that increasing the number  g  of mating seasons per lifetime speeds up execution of the algorithm per season (because fewer descendants have to be created), but slows down the amount of evolution we see per mating season. Thus in order to compare the performance of the algorithm for different values of g, the most objective measure appears to be the number of lifetimes, which we define as the number of seasons divided by g. We ran 100 simulations with parameter settings  a = 0.2, b = 0.4, c = 3, d = 0.5, p = 0.9, V = 70, K = 20, L = 5 and population size 5,000; twenty simulations each for the settings g = 1, 2, 5, 10, 20. Each of these simulations was run for 3,000 lifetimes (e.g., if g = 5, the run is terminated after 15,000 seasons). We considered that the strategy cW had become dominant in the population if it was adopted by at least 90% of the population. In 74 of the 100 runs, the strategy did become dominant at some time during the run. In some runs where the strategy never became dominant it may have been the case that the cutoff time was too short. In other runs the 
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population had become stuck in a situation where the selection pressure for some knowledge states had effectively ceased. We found that increasing the number  g  tends to slightly speed up evolution in terms of number of lifetimes it takes for a phenomenon to emerge (data not shown; see also Fogel and Fogel (1995) for discussion of similar experiments).

In 15 of the 74 runs where cW had become dominant at some time, in the season when the run was terminated fewer than 90% of all players were following this strategy. This indicates that while cW is an ESS and tends to become dominant in the population, it is somewhat sensitive to random fluctuations. One problem we observed is that once almost all of the population has adopted strategies with D in knowledge state (
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, large), there is a tendency to drift from almost 100%  R  in knowledge state  (
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, large) towards a mixture of  R  and  D  in this knowledge state. Apparently, if the opponent is unlikely to attack, the extra displaying cost may not be enough to make a significant difference between immediate retreat and sticking around until cutoff time. It seems that the only effective mechanism for eliminating D in knowledge state (
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In some trial runs with  p = 1 we observed initially a similar dynamics as for  p = 0.9, except that at the end, there is no selection pressure for shifting from E to D in knowledge state (
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, small) (or from cC to cW in the terminology of Just and Morris (1999)). Thus the system tends to reach cC and more or less stay there, although there can be surprising effects of random drift. 

We also performed 120 runs of our algorithm for the parameter settings a = 0.13, b = 0.33, c = 3, p = 0.9,V = 70, K = 20, L = 0, g = 5. The population size in these runs was 1,500, and each run was terminated after 20,000 seasons. In 60 of the runs, the parameter d was set to 0.5; in 60 of the runs it was set to 2. For these parameter settings, the emergence of the ESS cW is predicted (Just and Morris 1999, Table 3). For each of the two parameter settings, 20 of the runs that started from a "uniform" population  (i.e., each of the actions in each of the knowledge states was chosen with probability 1/3), 20 of the runs started from a population where all players had adopted the strategy cC, and 20 of the runs started in an "intermediate" population, where in knowledge states (
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, no info) action D was chosen with probability 0.9, and actions E and R have probability 0.05 each, whereas each action in the remaining knowledge states has probability 0.33. We will refer to these three types of runs as the u-runs, the c-runs, and the i-runs. For each run, we checked whether there was a point at which at least 90% of the population had adopted strategy cW. This did in fact occur in 37 out of the 40 c-runs, but only in 17 out of the 40 i-runs, and in 13 out of the 40 u-runs. Moreover, only in 9 of the 40 u- and i-runs combined for parameter d = 2 did we see adoption of cW at some time by at least 90% of the population. Thus although cW is an ESS for the parameter settings considered, it is not usually reached when starting with random strategies. From such starting points, the population tends to quickly reach a state where E is the action taken by almost all players in knowledge state (
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, no info) or both, which effectively takes off the selection pressure at all other knowledge states. We conjecture that the reason for this is that in random populations, the "gene for (
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, no info)" cannot count on being in good company. Since, on the average, one third of all players will have coded a retreat for the next knowledge state to be reached, ((
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, large)), it may be more prudent to escalate right away rather than to continue the display. If this conjecture is true, then replacing our uniform crossover operator with a one-point crossover operator that favors receiving the total strategy information for 
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 "as a package" should change the picture. Note also that with the larger displaying cost, there is bigger selection pressure in favor of escalating right away, and our data show that cW seems to evolve less often from random initial populations.

However, the power of random drift is surprisingly strong. Many of our u-runs in which cW did eventually become dominant went through a phase where almost the entire population performed action E in knowledge state (
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, no info), but this state of affairs changed once random drift had eliminated or sufficiently diminished the occurrence of unfavorable actions at other knowledge states.
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		bit1r		bit1d		bit1e		bit2r		bit2d		bit2e		bit4r		bit4d		bit4e		bit5r		bit5d		bit5e		bit7r		bit7d		bit7e		R		D		E		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		R		D		E		bit2r		bit2d		bit2e		bit4r		bit4d		bit4e		bit5r		bit5d		bit5e		bit7r		bit7d		bit7e		bit8r		bit8d		bit8e		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		bit1r		bit1d		bit1e		bit2r		bit2d		bit2e		R		D		E		bit5r		bit5d		bit5e		bit7r		bit7d		bit7e		bit8r		bit8d		bit8e		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		bit1r		bit1d		bit1e		bit2r		bit2d		bit2e		bit4r		bit4d		bit4e		R		D		E		bit7r		bit7d		bit7e		bit8r		bit8d		bit8e		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		bit1r		bit1d		bit1e		bit2r		bit2d		bit2e		bit4r		bit4d		bit4e		bit5r		bit5d		bit5e		R		D		E		bit8r		bit8d		bit8e		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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format_2_25

		Current		settings:

		Seed:		25

		Intial		Strategy		Distribution:

				Retreat		Display		Escalate

		(1)P^L,		no_info		0.333		0.667		1

		(2)P^H,		no_info		0.333		0.667		1

		(4)P^L,		small		0.333		0.667		1

		(5)P^H,		small		0.333		0.667		1

		(7)P^L,		large		0.333		0.667		1

		(8)P^H,		large		0.333		0.667		1

		Player		Population		Settings:

		pOpulation:		5000		Generation:		2

		Mutation		rate:		0.0003		Fight		per		season:		10

		Report		Setting:

		User		confirm		frequency(season):		6001

		rEport		file		name:		report_2_25.txt		formaT		file		name:		format_2_25.txt

		Parameters		Setting:

		a=0.2		b=0.4		c=3		d=0.5		p=0.9

		V=70		K=20		L=5

		season		bit1r		bit1d		bit1e		R		D		E		bit4r		bit4d		bit4e		bit5r		bit5d		bit5e		bit7r		bit7d		bit7e		bit8r		bit8d		bit8e		best

		0		32		35		32		29		36		33		34		32		32		33		33		33		31		34		33		33		32		34		15

		20		12		65		22		0		49		49		29		36		33		25		35		39		30		37		32		26		32		40		30

		40		7		76		15		0		45		54		32		34		33		20		32		46		27		43		29		15		32		51		54

		60		5		83		10		0		35		63		27		34		37		12		30		56		25		50		23		9		30		60		159

		80		3		86		10		0		35		65		19		37		42		7		35		56		29		50		20		6		26		66		235

		100		1		84		14		0		31		68		18		38		42		5		33		60		29		52		17		2		18		78		319

		200		0		76		22		0		41		58		14		37		48		0		20		78		36		41		22		0		1		98		353

		300		0		77		21		0		58		41		3		32		64		0		8		91		36		34		28		0		0		99		479

		400		0		76		23		0		85		14		2		35		62		0		2		97		57		27		15		0		0		99		1201

		600		0		60		39		0		97		2		0		38		60		0		0		99		55		38		6		0		0		99		986

		800		0		75		24		0		99		0		0		22		76		0		0		99		59		35		5		0		0		99		1651

		1000		0		76		23		0		99		0		0		13		86		0		0		99		72		22		5		0		1		97		2347

		1500		0		89		9		0		99		0		0		17		82		0		2		97		89		9		1		0		52		47		1694

		2000		0		97		2		0		99		0		0		0		99		0		23		75		84		15		0		0		96		3		2955

		2500		0		97		2		0		99		0		0		0		99		0		90		9		95		4		0		0		99		0		4134

		3000		0		99		0		0		99		0		0		0		99		0		96		3		93		6		0		0		99		0		4417

		3500		0		96		2		0		99		0		0		0		99		0		99		0		95		2		2		0		99		0		4562

		4000		0		98		1		0		99		0		0		0		99		0		99		0		99		0		0		0		99		0		4894

		4500		0		99		0		0		99		0		0		0		99		0		99		0		95		4		0		0		99		0		4738

		5000		0		99		0		0		99		0		0		0		99		0		99		0		95		2		1		0		99		0		4705

		6000		0		99		0		0		99		0		0		0		99		0		99		0		98		1		0		0		99		0		4821
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