
SHES 2402 ADAPTIVE SYSTEMS

WEEK 12: EVOLUTIONARY GAME THEORY

PRELIMINARIES

• All living beings in this world have to make decisions constantly. Sometimes, a decision
leads to a desired outcome (such as profit); occasionally, it may lead to disaster (such
as death). Thus, it is of interest to think about the rational basis of decisions. Why
are certain strategy favoured, while others are not? How do we adjust our strategy in
light of the actions of other individuals (players)?

• A large body of knowledge known as game theory has been developed to analyse the
cost and benefit of decisions taken in an interaction between two or more players. For
example, consider the classic situation known as the Prisoner’s Dilemma (PD).

• In the PD problem, you and another suspect (S) have been locked up by the police
in a fascist country. The interrogators inform you and the other suspect about the
consequences of your joint decisions.

1) If both of you confess, then both of you will be released after spending one year in
prison (besides appearing in TV to denounce some imaginary enemy).
2) If you confess, but S does not, then you will be locked up for 20 years (plus hard
labour and “reeducation”), and S will go free.
3) If you do not confess, but S does, then you will go free, and S will be locked up for
20 years.
4) If both of you do not confess, then both of you are locked up for 5 years as an
“example”, but not more than that because of lack of evidence.

These outcome of joint decisions can be summarised in a 2× 2 table as follows (called
the payoff matrix). The entry of a cell corresponds to the outcome for (you, S).

CONFESS DEFY
CONFESS (1, 1) (20, 0)
DEFY (0, 20) (5, 5)

Of course, if you and S could communicate, both of you might agree to confess. But
there is always the risk of betrayal - if S betrays you at the final moment, then you are
in big trouble. In this situation, both of you cannot communicate. What should your
decision be?
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• If we assume that each player puts self-interest above other’s interest, then the minimax
strategy is a reasonable one. In this strategy, we protect ourself from the worst possible
outcome (i.e. we minimise the maximum risk), regardless of what other players choose
to do. If we adopt the minimax strategy in the PD problem, then we should choose to
be defiant, since the maximum risk when we confess is 20, and 5 when we are defiant.
Therefore, min{20, 5} = 5, which leads to the defiant strategy. Clearly, under the same
strategy, S would choose the same course of action. So both end up serving 5 years in
prison.

• The (defy,defy) strategy is an equilibrium point, because no side can gain by switching
strategy, if one side holds on to the “defy” action.

• Here is another example of how consideration of a payoff matrix can be useful in
a practical situation. During the Pacific naval war between the US Army and the
Imperial Japanese Army, the US commander had to make a decision whether to take
the northern (bad weather) or southern route (mostly clear weather) through New
Britain to intercept the Japanese reinforcement to New Guinea. Both routes take
three days, and the goal of the US Army is to maximise their air attack hours. The
payoff matrix is given as follows

JAP NORTH JAP SOUTH
US NORTH 2 days 2 days
US SOUTH 1 days 3 days

The entries show the duration of air attack time available for the US Army for particular
combinations of actions. The solution is easy - if we think from the Japanese point of
view, their goal must be to minimise US air attack time, so the only rational action
is to choose the northern route. The US army should therefore choose the northern
route as well since this maximises their air attack duration. Thus, we see that under
assumption of rational action, there is usually an optimal solution (the equilibrium
point) to a game-theoretic problem.

NATURE AS A STRATEGIST

• Very often, an individual’s best interest may come into conflict with the interest of the
group to which the individual belongs to. For example, a bird that gives off a warning
(an altruistic behaviour) when a predator approaches may improve the survival chances
of other members of the species, but doing so puts it at risk because the predator
becomes attracted to it. If it remained silent (a selfish behaviour), then it might live
longer to produce more offsprings.
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• If being selfish is so rewarding, then why do we still observe altruistic behaviour in
nature (e.g. meerkats, humans, etc.)? An explanation is possible if we focus the cost-
benefit analysis on the gene for altruism, rather than the individual itself. Most of the
time, groups of individuals living together are likely to share similar genes. An act of
altruism may cost the individual its life, but may save many more copies of the same
gene in the species. This explains why such genes tend to spread in a population.

• To understand why some traits that are harmful to a group can exist and be main-
tained in a population, imagine a population composed of conflict-avoiding individuals
(doves). A mutation occurs in this population, and a small number of conflict-seeking
individuals appear (hawks). Since doves always retreat when they meet hawks, it
seems that hawks might eventually monopolise the resources and lead to the doves’
extinction.

• However, as hawks begin to increase in numbers, contacts between hawks become more
often, which can lead to serious injury of death. What will happen in the long run in
terms of the hawk:doves composition in the population?

• The eminent biologist John Maynard Smith suggested the following explanation for
the emergence of a stable strategy that prevents the doves from being wiped out by
hawks:
1) If two hawks meet, the winner of the fight gains +10 “fitness units”, while the loser
loses -20; on average a hawk gets (+10 - 20)/2 = +5 payoff.
2) If a hawk meets a dove, the dove always retreats, so the hawk gains +10.
3) If two doves meet, the winner gains +7, while the loser loses -3 (for wasting foraging
time to combat); on average a dove gets (+7 -3)/2 = +2 payoff.

HAWK DOVE
HAWK (-5,-5) (+10,0)
DOVE (0,+10) (+2,+2)

A strategy I is evolutionarily stable if an alternative strategy J cannot compete with
it (and dies out). To check if I is evolutionarily stable, only one of the following two
conditions need to be true:
1) E(I, I) > E(J, I) .
2) E(I, I) = E(J, I) and E(I, J) > E(J, J).
The notation E denotes expected payoff.

• Since E(D,D) = 2 < E(H,D) = 10, a pure dove population is not evolutionarily stable
(condition 1 not met). Conversely, a pure hawk population is also not evolutionarily
stable because E(H,H) = −5 < E(D,H) = 0 (condition 1 not met).
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• On the other hand, a mixed-strategy where 8/13 of the population is hawks while the
remainder is doves is stable against additions of hawks of doves. Call this strategy M .
It can be shown that

E(H,M) = E(D,M) = E(M,M) =
10

13
.

If hawks proliferate, we have E(M,H) = −40/13 > E(H,H) = −5, so condition 2
is satisfied and the extra hawks die. Similarly, if doves proliferate, then E(M,D) =
90/13 > E(D,D) = 2, so again condition 2 is satisfied and the extra doves die.

• The preceding example can be generalised to include the additional strategy called the
bourgeois strategy, where individuals act like hawks on their own “turf”, but behave
like doves once they are in someone else’s turf.

• Game theory can be used to explain many other interesting phenomenon of animal
behaviour, such as bluffing and standoff between males who compete for mating rights
in the mating season. Very seldom do these competitors engage in a life-and-death
struggle; in most cases, the weaker side backs off and tries his luck elsewhere.
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