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Mating strategies

The lizard Uta stansburniana

large teritory, several females 0 wins loses
teritory with single female |OS€S O W| ns
no teritory wins |OseS O
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Simple properties of bimatrix replicator equations

~

X! :xi((Ay)i — :BTAy),
y; =y;((Bx); —y'Bx),

~

m S, X Sp, 05, x9S, S, xS, are positive invariant sets of
the equations,

m consequently, the n + m-dimensional system can be reduced
to the n + m — 2-dimensional one:

i = yile; —y)' (Bw—fv ,

where a;; = ajj — Qim — Anj + Gnm, Qi = Apm — Qim

bij = bij — bin — bmj + bmn,  bj = bmn — bjn.
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Example: n=m =2

Reduced system:

/

r = z(1—2)(a1y — as)

y = y(1—y)(fix— F2)

where a1 = a1 — a12 — ag1 + ag9, a2 = ag — ai2,
B1 = b11 — b1 — ba1 + baa, B2 = bao — b12

Phase space: |0,1] x |0, 1]

Stationary solutions: (0,0), (0,1), (1,0), (1,1)
corresponds to the pure strategies.

ol £0 0<22 <1 8,20, 0< 2 <1
o b1
the interior stationary solution: (é, %)
b1 oy

corresponds to mixed strategies.
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Example: n=m =2

Reduced system:

/

r = z(1—2)(a1y — as)

y = y(1—y)(fix— F2)

The variational matrix of the system:

J(O,O):<_32 _%2), J(O,l):<a16a2 502)

[ G2 — O 0
ﬁ1—52)’ J(l’l)_< 0 ﬁ2—51)’

0 a1 52(B1 — B2)
7 (ﬁ2 042) _ 5%
0
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Imitation dynamics

The types (behaviour patterns, strategies) do not replicate by
inheritence but by imitation.

Events: S;; ... an individual of the type j
meets an individual of the type

(i ... an individual of the type 5 addopts the type ¢
Probabilities of the events during a time interval of length At:

Probability that an individual of the type ¢ addopts the type j:
P(Cij) = P(Si;)P(Cij]Sij) ~ ziAt.
gi; - ..rate of proportionality

N ...size of population
Expected number of individuals of the type 7 after the time

interval At:

Nai(t+ A8) = Nay(t) + 3 (N (1)) gy ()0t~
— é:l (Nzk(t)) grizi(t) At
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Famous conflicts

IFlieplicator equation gij — ¢((Am)27 (ACB)])
f‘;l)fr?aa;:]\g A rule “imitate the better with effort which increase with

expected gain”:

Discrete dynamics
for bimatrix game (’LL — ’U)a, u > v,
p(u,v) = a >0
0, u <o

Natural selection and ecology — 35 / 36

P vadativini
pro konkurenceschopnost



Sga aa

SISy
Vongis®

&

Q

Introduction

Theoretical
background

Replicator equation |

Matrix and bimatrix
games

Famous conflicts

Replicator equation
I

Alternative
approaches

Imitation dynamics

Discrete dynamics
for bimatrix game

Imitation dynamics

n

k=1

Probability of transition from the j-th type to the i-th depends
on payoffs (Ax);, (Ax);:
gij = ¢((Az);, (Az);)

A rule “imitate the better with effort which increase with
expected gain’:
(u o U)av

0, u <

u > v,

o(u,v) = a>0

Replicator equation can be viewed as a particular case of the
imitation dynamics equation for a = 1.
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Replicator equation the following has to hold
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Alternative C(t) = , d(t) = 7% > () bZ] > ()

approaches $(t)TAy(t)

Imitation dynamics

Discrete dynamics
for bimatrix game

Natural selection and ecology — 36 / 36

P vadativini
pro konkurenceschopnost



ERS
é\\] z ]:7

S s,
: Z Discrete dynamics for bimatrix game
%}Q %@5’
Introduction Growth rate of each subpopulation (behaviour pattern, strategy)
Theoretical . . y N1
background is proportional to “the gain”:
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g/la:i;:rei: and bimatrix ( _|_ h) — d )(Ba}(t ] y
Famous conflicts For (J;'(t), y(t)) S S X S = (:B t)7 y t)) Sn X Sm’
Replicator equation the following has to hold
I 1 1
ernative ) = , d(t) = , Cl/i'>0, bz>0
e W= oA T y@reery 070

Imitation dynamics

Discrete dynamics
for bimatrix game

Hence
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Introduction T

_ Ay(t))i — x(t) Ay(t)

;—ahcelféf;fr?cll ACBZ (t) — Xy (t) ( (B)(Zt)TAy(t) )
S Ao (1) — oy (BED); —y(O)TB(1)
cames yi(t) = y;(t) y(t)TBz ()

Famous conflicts

Replicator equation

! Continuous analogy

Alternative

approaches

Iiation dynaics , (Ay)Z . CBTA'y o

X, =T = : 1=1,2,...,n,
for bimatrix game €T A’y

(Bx); —y' Bz ,
Y =Y; S TBa j=1,2,...,m.

Interpretation of matrices A and B in this case differs from the
one for the introduced continuous replicator equation.
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