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NIEUW ARCHIEF VOOR WISKUNDE (3), XXVIII (1980), 12-38

GAMES IN EXTENDED AND NORMAL FORM
AND MATHEMATICAL PROGRAMMING

.01 TS

ABSTRACT

Games in normal form and mixed extensions of these games are
considered in this paper. The transformation of games in extensive
form into games in normal form is treated informally by means of
examples. A survey of minimax theoréms and equilibrium point theorems
is given. Attention is paid to the relation between matrix game theory
and linear programming theory and also between bimatrix game theory and

linear complementarity problems.

1. INTRODUCTION

Game theoretists are engaged in the design and the study of math-
ematical models for conflict situations, i.e. situations in which some
decision makers (players) with diverse objectives are involved. The
subject owes its name to one cof its inspiration sources, namely the
class of parlour games (poker, nim, chess,...). Furthermore, there is
a fruitful interaction between game theory and the following subjects:
mathematical programming, dynamic programming, control theory, mathe-
matical economics, statistics, sociology and military science.

The foundation of Game Theory was laid by JOHN VON NEUMANN (1903-

1957) in his beautiful paper Zur Theorie der Gesellschaftsspiele, Math.
Ann. 100, 1928, 295-320. The subject obtained reputation in a wider

circle, after the appearance in 1944 of the book Theory of Games and
Economic Behavior (Princeton University Press), which John von Neumann

wrote together with the mathematical economist OSKAR MORGENSTERN

(1902-1977) . Since that time some thousands of papers connected with
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the subject appeared in various places. The need of game theorists to
have their own journal was fulfilled in 1971 by the foundation of
International Journal of Gam= Theory (Physica Verlag, Vienna).
It is not to be wondered that not all conflict situations can be
caught in one model. It is natural to make a subdivision in classes of
games by looking at the various aspects, which are relevant 1in contlict
situations such as
(a) the number of decision makers (two-person games, games with more
| than two players),

(b) the admissibility of forming coalitions, yes or no (cooperative
) games, non-cooperative games),

(c) the number of moves (games in normal form, games in extended form,
) stochastic games, differential games),
(d) the number of strategies available (finite games, infinite games),
(e) the source of the payoffs (zero-sum games, non-zero-sum games),
(f) the amount of information which a player has available when 1t 1s

his move (games with and without perfect information).

For a very detailed attempt to classify games we refer to VOROB'EV

[36]. The most widely studied classes of games are
| — games in normal form
| - games in extended form
| - games in characteristic function form (cooperative games)
) - stochastic games

| - differential games.

i In this survey paper we occupy ourselves mainly with the class of

1 non-cooperative two-person games in normal form, where the subclass of

f zero-sum games will obtain special attention. After having introduced

Q a number of basic notions, we will concentrate on problems such as

. (a) the existence of equilibrium points (or e-equilibrium points for

) each € > 0) of non-zero-sum games; the existence of value and
optimal strategies for zero-sum games.

l (b) the existence of (eg)-equilibrium points for mixed extensions of
games in normal form.

? (c) the calculation of value and optimal strategies (or equilibrium

points, respectively) for zero-sum games (non-zero-sum games,

respectively). Herewith linear programming problems and linear















































































