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ENTROPIC DECISION CRITERIA APPLIED TO BIMATRIX GAMES

ATRBER 1R o r%? ( Minoru SAKAGUCHI )

ABSTRACT'Three non-zero-sum games, based on the concept of
Shannon's entropy and its variant are considered, in whieh
the two players compéte in a bimatrix game. In the first,
each player wants to maximize Shannon entropyccontained in
his strategy plus his expected payoff resulted from his own
and rival'!s strategy; in the second the aim is to maximize
the ratio of Shannon entropy to the expected payoff; in the
third, Shannon entropy in the first game is replaced by
Havrda—Charvat entropy with parameter B=2. In each case  the
game is solved and examples are given,
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2. An Entropic Decision Criterfon. ‘ R

Let us now consider a competitive choice problem with two players I and IL
They want to choose an object from their own set of n objects If I(II) chooses the
i-th (the j-th) object, they obtain the benefit aq “for I and by; for I1. The benefit may
be positive, negative or zero, since a choice of any ogject may have posilive,
negative or zero, incentive to choose. (The “benefit” is the terminology borrowed
from Guiasu [1: Chapter 22]).

Let X=(, ... 1> and Y=Y, -, %) be any iixed sirategies
for I and II, respectively. We define the expected benefit [or player I by
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Here we use lhc notations for the expec(ed payoﬂ's in game theory
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Theorem 2. For the non-zero-sum game walh payoffﬁmctzons (2. D-(2.2), if
the system of simultaneous equation.
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has a unique root (x%, y*), then the game has egimllblmm strategies x* for]l a;};d(}L 5
v* for 1. The equilibrium values are 3 forl, and Q% E. e R S0 T



3 Anoller E v\\voru, Pecigipn Critorion '
KW)\\SN«:‘&UVJ ceon $i Lo an entr 0J77 mortell in whicd, flo Aisciuaded on

the PYD\’QL‘“ —_— ‘}‘ 10 /; X, — o

ngl_ ,(ka (\/\W‘)Q\ (—G\/‘t.ﬁh Lﬁ MG H(L.{f(h\o»ui Q(/\,&\ALQ/,

Theorem 4 Let A(B) be any Nxn  matrix havmg no zero-rows (zero-
columms). For the non-zero-sum game wuh payojfﬁmcuom
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has a unique root (x*, y*, )’, fp_ ), then the game hM:buum strategy-pair
x*-y*, and equilibrium values 7j-7; , provided that mixed stvle
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4. Entropic Decision Criterion Based on Havrda Charvat Entropy.

Charvat enlropy (See, for example, Kumar [3] and Sakaguchi [12),)
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is more general lhan Qhannon entropy.
Consider the non-zéf6-suin game with payoff functions

(%) H.(x,wal—imztm.u,w,
%) Ho= =2y 20 yMale)),

Theorem 5. For the non-zero- sum game_wuh payoff functions (4, 1)-(4, 2), if the
system of linear simulaneous equation
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where i )j = < Ny "};> , has a unique root (x*, y*), then the game has an
equilibrium mixed-strategy pair x*-y*, and the equilibrium values are
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