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I. INTRODUCTION

Game Theory is a systematic study of strategic interactions between rational individuals [12], aware of
their goals, and those of other pro tagonists [13]. It constitutes the mathematical theory of strategic be haviors
[14]. based on extensive mathematical research in the field of fixed points before being applied to a multitude of
fields and scientific disciplines such as economics, international relations, psychology. etc. It is a scientific
approach that goes back to the analyzes of Antoine Augustin Cournot (1801-1877) in his famous work
”Research on the Mathematical Principles of the Theory of Wealth” (1838), particularly with regard to the
competition of economic agents, their interactions, and the resulting balance. But the real development of game
theory was realized by John von Neumann (1903-1957) in formulating the the orem of minimax (1928) which
was enriched jointly by von Neumann and Oskar Morgenstern (1902-1977) in their book ”Theory of Games and
Economic Behavior” (1940). Gaming research accelerated after the establishment of Nash equi librium(1950)
by the American mathematician and economist John Forbes Nash (1928-2015); game theory gradually spreads
in the second half of the twentieth century to a multitude of domains, transforming itself into a practical tool at
the same time as it is integrated in the analysis of many diverse phenomena [15]. The adoption of modeled game
theory has broadened by reaching several scientific fields includ ing those related to competition issues and
strategic decision moking.

The work of Robert Ysra'el Aumann [16] has linked the concepts of game theory to the problems of
economic analysis of the market and contributed to the development of the Nash equilibrium by defining the
correlated equilibrium (Aumann, 1987). With regard to strategic conflict and international strategic negotiations,
the contribution of Thomas Crombie Schelling (1921-2016) was remarkable, notably in his famous book The
Strategy of Conflict (1960). The concepts and models of Game Theory become tools favorable to the
researchers to give the scientific character to the analysis of the social sciences. This may explain the emergence
and expansion of this scientific approach to the point where many researchers have received the Nobel Prize
[17] for Economics through their contributions to the development and application of the theory. Our work aims
at contributing to scientific efforts in the field of the development of the minimax theorem and applying the
outcoming results to the analysis of the Moroccan economic diplomacy, particularly with regard to its strategic
and competitive aspect as a new diplomatic practice, adopted by Morocco to face a multitude of economic,
political, security challenges, etc. But to what extent can we develop the minimax theorem in this fields? How
can we exploit the mathematical analysis of a zero-sum game for the study of strategic games imposed on
Moroccan economic diplomacy?

DOI: 10.9790/0837-2407066574 www.iosrjournals.org 65 |Page



Moroccan Economic Diplomacy in the Light Of Game Theory

I1. NOTATIONS AND PRELIMINARIES
Definition 2.1. Let E be a complete locally conver space . An element
r € E is said to be a fired point of a multivalued mapping T : E — 2F
if r € T(x).

Let E be an ordered locally convex space whose topology is defined
by a family P of continuous semi-norms on E, B is the family of all
bounded subsets of E, and @ is the space of all functions ¢ : P —-R™
with the usual partial ordering o, < @, if ¢ (p) < o (p) for all p € P.
The measure of noncompactness on F is the function a : B — ® such
that for every B € B, a(B) is the function from P into R defined by

a(B) (p) =inf{d > 0:sup{p(r—y) :x,y € B;} <d Vi}

where the infimum is taken on all subsets B; such that B is finite
union of B;. Properties of measure of noncompactness in locally
convex spaces are presented in [4, Proposition 1.4].

An operator T : () C E — E is called to be countably condensing if
T((Q) is bounded and if for any countably bounded set A of (Q with

a(A)(p) > 0 we have
a(T'(A)(p) < a(4) (p)

1. MAIN RESULTS
In the following theorem, we will use the notion of a closed (have closed graph ) mapping in the case of a
locally convex space. A Hausdorff locally convex space is regular, [6, see Chapter VI, Section 1]

Theorem 3.2. Let E be a complete locally convexr space. Let C C E
be a nonempty closed,bounded and conver subset, and let T : C — 2€
be a monotone closed such that T'(x) is nonempty closed and convex for

every r € C,and 3k € [0, 1[: a(T'(£2))(p) < ka(Q2)(p),for all 2 C K.
Then, T' has a fired point u e C.

Proof. Let €2g = C and by induction €2, = conv(T(2,-1)), for n € M.
Show that 0, C 2, and «(€,)(p) < E"a(Q)(p) ()
Indeed, €2, C (2y.and the properties of a give:

a($;)(p) = a(conv(T' (X)) (p) = a(T(d))(p) < ka(£2)(p)-

So the relationship (#) is checked for n = 1.
Suppose this relations is valid to order n > 1, so:

Q1 = conv(T(Q,)) C conv(T(Q,—1)) = 2y,
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and
(Qns1) (p) = a(@HH(T(2,)))(p) = a(T(2))(p) < ka(,)(p) < K"+ (%) (p).
follows that lim,, ., a(£2,)(p) = 0; done Q2 = My, is non-empty and
compact [4, see Lemma 2.4]; I 'ONIVEX.

C

On the other hand,T'(€1,,)
So, T : 2 — 2¢
By the theorem 3.1,T has a fixed point in 2 C C.

s
T, 1) Ceono(T(2y—1)) =02, n > 1.

IV. APPLICATION TO GAME THEORY

The triumph of the market economy has led to the return of the role of trade as the main area of
competition between nations. Militaryideological conflicts has been transformed into economic and cultural
conflict. International conflicts are now essentially of a commercial nature and the conquest of markets has
taken the place of territorial conquests. Nowadays, economy directs more and more the international
politics[18]. The acceleration of global connectivity and the international market, which has become united in
the context of a globalized economy, have encouraged all states to innovate their diplomatic practices and
respond to new challenges, particularly those of an economic nature. Economy has become one of the major
fields of diplomatic activity [19] . What gave birth to economic diplomacy or rather a “new economic
diplomacy” to indicate this practice that unfolds in an environment born of the end of the Cold War is the
acceleration of globalization and the increase of non-governmental actors [20]. This is a new approach to
economic diplomacy, which is no longer limited to its punitive aspect as was the case during the Cold War. The
Sino-American scientist Shu Guang Zhang has opportunely emphasized the assimilation of economic diplomacy
of the Cold War to its negative aspect, namely the use, or threat of use, of economic means against a country for
the purpose of weakening it economically and politically [21]. Its object has become much wider and more
varied and it has penetrated more deeply into domestic politics [22]. It is a new vision with new goals and new
means that challenges the paradigms of international relations and Geoeconomy and creates new realities on the
international stage. The economic knowledge and the proliferation of mechanisms for exchange and
international cooperation open wide possibilities of action to various actors and allow emerging countries to
integrate the various fields of global economic competition. Economic diplomacy, whether of influence or
cooperation, is no longer reserved for major economic and political forces; it has become an inevitable reality
for all the countries of the world to face the challenges of a globalized economy in permanent mutations. It is in
this context that the emergence and development of economic diplomacy in Morocco is taking place. It has
become a priority to the diplomatic action of the Moroccan State to mobilize energies, develop partnerships,
attract investment, promote the attractiveness of the country, adjust to new positions and intensify foreign trade
[23].

It is then a choice of a country that wants to make the economic dimension an essential lever to develop
its foreign policy and make it more efficient and effective. For this reason, Morocco integrates its economic
means and strategies in all aspects of diplomatic action. At the level of the diplomatic administration, two
central directorates of the Department of Foreign Affairs are responsible for international economic cooperation
[24]. Besides, the economic advisers have been serving Moroccan embassies since 1983, whose main task is to
list the real needs of the Moroccan economy and Morocco’s economic interests abroad. To perfect Morocco’s
participation in the Doha Round to defend its national trade interests, Morocco set up the National Committee
for Multilateral Trade Negotiations (NCMTN) in April 2002 [25] as a committee to decide on the national
strategy based on recommendations issued by the various sectoral negotiating bodies and consultations with the
various political, economic and social actors [26]. Morocco’s adherence to mechanisms and standards of global
governance has required the involvement of all stakeholders capable of supporting the competitive capacity of
Moroccan companies and enhancing the attractiveness of the national market. The partnership between the
public and the private sector has become a strategic necessity and the coordination mechanisms between
business representatives and the relevant government departments have become important. State and company
act together - the first caregiver and supporting the ambitions of the second - in full awareness of each other’s
strategic imperatives [27]. Moroccan companies are committed to the actions of economic diplomacy,
particularly within the framework of the General Confederation of Moroccan Enterprises (GCEM), because
diplomacy is no longer reserved to states. These are the external relation policies of companies and their
associations, which become mandatory with the increase of their international role [28]. Moroccan economic
actors also contribute to diplomatic actions through the chambers of commerce, industry and service that
represent the professionals of the trade, industry and services sectors to international organizations and
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institutions [29]. Territorial decentralization of power, particularly in the context of advanced regionalization,
has given the role of local and regional authorities to diplomatic issues through decentralized cooperation [30]
which can be a multiform tool of territorial economic diplomacy of influence and a real territorial marketing as
the French-Moroccan decentralized cooperation demonstrates it well. Thanks to the two French laws, the ATR
of 1992 and the Thiolliere law of February 2, 2006, the French territorial entities lead a real French economic
diplomacy of influence in Morocco through the French Development Agency (AFD) [31]. Economic diplomacy
then encompasses a multitude of means and opens the door to the various actors for economic purposes; it is a
new vision of diplomatic action in the era of the global economy and the surprising acceleration of technological
and communication innovation. It is a vision that has changed the aims and methods and the profiles of the staff
of the diplomatic apparatus. Economic diplomacy is not limited to the introduction of economic objectives to the
traditional questions of foreign policy; it also concerns the innovation of diplomatic practices by adopting
methods of economic intelligence and new mechanisms of soft power. The emergence of new diplomatic
professions is an important aspect of economic diplomacy; Experts and advisers with economic experience have
become real pillars for the implementation of influence strategies. All actors (State, firms, local authorities, civil
society, etc.) are called upon to develop strategies and improve decision-making processes to maximize profits
and minimize losses. But how can one analyze the behavior of an actor, interpret his decisions or predict his
trends without being rational? Despite all the criticisms of rational choice theory, it remains an essential tool for
the analysis of the decision-making process; it is an approach based on maximizing the utility of the actor by
relating: preferences, action and consequences [32]. The use of rational choice theory is an operational approach
that facilitates the understanding and analysis of decision-making processes and strategic interactions of actors
and allows the use of mathematical methods to diplomatic questions. But how to exploit the possibilities offered
by the game theory to analyse the challenges imposed on the actors of the Moroccan economic diplomacy? how
can one examine the conflict situations in which the Moroccan diplomatic actor finds himself? The use of
alliances and the strengthening of cooperation measures are not always possible to manage all the competitive
situations faced by Moroccan actors in the context of economic diplomacy. A lot of these strategic games are
conflicting and zero-sum. The Sahara conflict aggravates and stimulates this conflictuality and incites the
adversaries to adopt strategies diametrically opposed to those of Morocco in order to weaken its diplomatic
actions. Hence the importance of the minimax theorem as a tool of analysis and reflection to examine the
possibility of a balance maximizing gains and minimizing losses.

Suppose M A the Morocean diplomatic actor is part of a strategic zero-
sum game against a strategic competitor SC, and each one of them
aims to maximize his winnings and to minimize his losses whatever the
preferences of the other and without any intention of cooperation.

A game is a triple (A, B, K'), where A, B are nonempty compact sets ([5,
page 326] ), whose elements are called strategies, and K : A x B — R
is the gain function. There are two players, M A and SC', and K (x, y)
represents the gain of the playver MA when he chooses the strategy
r € A and the player SC chooses the strategy y € B. The quantity
— K (x,y) represents the gain of the playver SC' in the same situation.
The target of the player M A is to maximize his gain when the player
S5C chooses a strategy that is the worst for M A, that is, to choose
ro € A such that :

(4.1) inf K(xg, y) = max inf K(x,y).

ye B A yeB

Similarly, the player SC' chooses y; € B such that:

(4.2) sup K (r, yp) = minsup K(x,y).

red yeEB xeA
It follows

(4.3) sup inf K (x,y) = K(xg,yp) = inf sup Kz, y).
reA ¥ED vEEB x4
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The common value in (4.3) is called the value of the game,

(70, y0) € Ax B asolution of the game and xy and y, winning strategies.
It follows that to prove the existence of a solution of a game we have
to prove equality (4.3).

For more details on game theory and minimax theorems, we refer to
the book of Carl, S, Heikkila, S [5].

We set that :

d(x) = 11.15'151 K(zr,y)=minK(x x B),r € A
y
and
U(y) = mﬂicK[I,y} =max K(A xy),ye B
re
And
N, = {re A: K(z,y) =¢(y)} and M, ={y € B: K(z,y) = ¢(x)}

In the sequel, we consider the measure of noncompactness a*(p) on a
product of locally convex spaces. See [T]

Theorem 4.1. Let Xy, Xs, ..., X,, be a complete locally conver spaces.
Assume that oy, s, ..., a, be the measure of noncompactness in X, Xs, ..., X,
respectively, Suppose F : ([0, +oc])* — [0,400[ is :

(1) Convere.
(2) Flxy,9,....,xp) = 0 if and only if z; =0 fori=1,2,....,n.

then, for each D € B(X; x Xz x ... x X,,):
a™(D)(p) = F(a1(D1)(p), a2(D2)(p), ..., an (D) (p))-

defines a measure of noncompactness in X; x Xo x ... x X,, where
Dy, Dy, ..., D, denote the natural projection of D into X; fori =1, ..., n.

Theorem 4.2 ([2, Theorem 3]). Let X and Y be a complete locally
conver spaces, Let A C X, B CY be nonempty compact conver sets.
Suppose that K : A x B — R is continuous and

(1) for every x € A, the function K(x, A) is conver.

(2) for everyy € B the function K(A,y) is concave.
Then, max,e 4 mingep K(r,y) = mingep max,c 2 K(x,y), and
The game (A, B, K) has a solution.
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Now, we present our theorem.

Theorem 4.3. Let X and Y be a complete locally convex spaces, Let
AcC X, BCY be nonempty closed, bounded and convex sets. Suppose
that K : A x B — R s continuous and

(1) for every x € A, the function K(x, A) is conver.

(2) for every y € B the function K(A,y) is concave.

(3) & and ¢ are continuous.

(4) a*(Nego) X Mr0))(p) < ka*(Q)(p) for any Q € A x B such
that () is a countable and bounded set and k € [0, 1]

Then, max,e 4 mingeg K(z,y) = mingep max,e4 K(z,y), and
The game (A, B, K) has a solution.

Proof. We pose : C = Ax B and ¢ = (x,y).
the product set C' is closed and bouned (product of two closed and

bounded)
therefore, the following two mapping can be defined by:

T:C —2°
¢+ N, x M,
whith ¢ = (z,y) € A x B.
First, we will show that T have the closed graph.
Indeed, Let {(z,4, 4,)} be a net in C' such that (z,,y.) — (z.y) € C,

let {(uq,v,)} be a net such that (u,,v,) € T(z4, ¥a),
and (ug.,v,) — (u,v), We shall show that (u,v) € T(x, y),

we have :
(U, Va) € T (T, Yo) & (Ua,va) € Ny, x M,
< K(ua, Yo) = V(yo) and K(za.va) = ¢(2a)
Since K and ¢ are continous, for o € I, we will have that :
K(u,y) =¢(y) and K(x,v) = ¢(x)

So, (u,v) € T(x,y), which implies that T has a closed graph.
Now, we show T is countably condensing map.

Indeed, Let (Q € (' a countable and bounded set,

using the hypothesis (3), we will have :
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a*(T(Q))(p) = a”

)(

<aT)(p)
UteneaNy x M) (7

(U
(

x( izy) Elf;“ ' .0 X ﬂfﬁ‘q{r.yj}(fj}
(

*5(Q) X Un,q{c;r )(p)
(Q)[P}
This shows that T' is a countably condensing on C'.
we easily show that N, and M, are convex too by the hypotheses (1)
and (2).
So that, by Theorem 3.2, T has a fixed point ¢* = (z*, y*).
So, we have ¢ € T'¢* = Ny x M,-
in other words,

<

* e Ny e K2, y") = max K(z,y") = inf max K(z, y)
zeA yelB red

y* € M. & K(z*,y") = 1111111'1( ,y) < sup min K (x,y)
veB xeA VE
Taking into account these last two inequalities, we get

K(z*,y") < HllpIIllIl K(z,y) < inf max K (z,y) < K(z*,y")
yeB T€A red yeB

implying

maxmin K (z, y) = K(z*,y") = minmax K(z,y)
reA yebB yeB xeA

This completes the proof.

V. CONCLUSION
In the context of economic diplomacy, economic profit is a primary objective that conditions any
strategic game especially those with zero sum. That is why each actor should have a set of choices X closed and
bounded according to the importance of their economic gains. Economic gain should be an essential and
decisive element in dealing with the strategic choices of the actors considering the choices of the competitors
and their gains. Despite the conflicting nature of zero-sum games, the solution can only be developed as part of
a win-win reconciling pragmatism and rationality.

The mappinf K : Ax B — Ris characterized by its values K (z,,ys,)
when a; € I and 3; € J such that I and J are a ordred sets. This is
the reason why such games are called matrix game.

MA\SC B

K I: “ w3 J3|} -h[ Levrs sz}
I( tlz~J3|} I“: tlz'-sz}

A
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Once the game is represented by a matrix as above, we identify the i*h
strategy of Morocco with the i th row of the matrix and the j™* strategy
of strategic competitor with the 7% column.

In other words, one regards }»Imrmrcrn as selecting rows and strategic
competitor columns.

In this case Morocco loss (or strategic competitor utility) is the entry
K(x4,,ys,) appearing in the corresponding row and column of the ma-
trix.

For Morocco, the worst loss K*(x,,) is the maximum loss in the jth
row, 1.e.

K*(x,,) = max K(xa,,ys,)
ya, €D

and a conservative strategy is a row which has the smallest worst loss.

K*(z,,) = min max K(z,,,yg,)

Ta;EA ys; eb

For strategic competitor, the situation is symmetric.
“th

The worst gain K7 (x,,) is the minimum gain in the j' column, i.e.

K*(z,,) = max K(xz,, Y3, )
ya,€B

and a conservative strategy is a row which has the smallest worst loss.

K*(r,,) = min max K(r.,,yg,)
Ty Eﬂ. y:r EE

For strategic competitor, the situation is symmetric.
-th

The worst gain K7 (x,,) is the minimum gain in the 7** column, i.e.

K #(Jj } = 1111111 I‘il{ ¢ g "Jj}

"—"I

and a conservative strategy is a column which has the largest worst
gain
K = max min K(z,,,
“(ys,) = n i, min, (%o, ys,)
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