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Two person zero-sum fuzzy matrix games and
extensions

Rajani Singh, Ashutosh Dhar Dwivedi

Abstract- In this work, fuzzy linear programming problems (FLPP) and their implementations is being done in two person zero-sum fuzzy matrix game
theory, based on Bector, Chandra and Vijay [2] model. Verification of solution of all possible type of two person zero-sum game is done by solving

examples by numerical method.

Generalized fuzzy set first introduced by Atanassov (1986) which is called I-fuzzy set has been studied and using this knowledge, application in
(FLPP) and two person zero-sum matrix games with |-fuzzy goals is given. At the end | gave useful MATLAB codes for solving all three type of two
person zero-sum fuzzy matrix games, with fuzzy goals, with fuzzy pay-offs and with both fuzzy goals and fuzzy pay-offs.

Keywords-Two person zero-sum games; Fuzzy sets; |-fuzzy set; Fuzzy Linear programming problems; Pareto-optimal security strategy.

1. INTRODUCTION

Similar to fuzzy linear programming problems fuzziness

in matrix games can also come. In the game players may
have fuzzy goals and/or the entries of the pay-off matrix are
fuzzy number.

In this paper we discuss about different types of
two person zero-sum fuzzy matrix game with all type of
possibilities for fuzziness and their conversion in linear
programing problems (LPP’s).

In real decision making problems there are
instances where not only the degree to which an object
belongs to a set is known but in addition a degree to which
the same object does not belong to the set is also known.

Atanassov (1986) proposed a generalized approach
of fuzzy set is called I-fuzzy set. We used this special type
of set to solve two person zero-sum matrix games with I-
fuzzy goals.

There are three types of two person zero-sum
matrix games listed as,

0 Two person zero-sum matrix games with fuzzy goals.

0 Two person zero-sum matrix games with fuzzy pay-
offs.

0 Two person zero-sum matrix games with fuzzy goals
and fuzzy Pay-offs.
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2. Two person zero-sum matrix games with
fuzzy goals:

Let A € R™ be a pay-off matrix and Sm= {x € Rm:)}/% | X; =
1,X20,Vi=1,2,..., mjand Sn =[x €Rm: L1 Xj =1, X}
0, Vj=1,2,...,n} bethe strategies spaces for player I and
player II respectively.

Let vo and wo be aspiration levels for player I and
player II respectively and po and qo be the tolerances for
player I and player II respectively, then the two person
zero-sum matrix game with fuzzy goals is denoted by FG
and is defined as , FG = (S5, S0, A, vo, 2, po, Wo, S, qo)
where, = () is essentially greater (less) than or equal to
sign.

Solution of the fuzzy matrix game (FG):
An ordered pair (X,y) is said to be a solution of the two
person zero-sum matrix game with fuzzy goals FG if

X)"Ay Zp, Vo forally € S,
And XTAY S g, Wo for all x € S=

Conversion of fuzzy matrix game FG into fuzzy linear
programming

(FP-1) Find x € R™
Suchthat  XTAy Z, Vo, forally € S
iz1Xj=1
x20
(FP-2) Find y € R"
Suchthat  XTAy Sq Wy, forallx€ S™
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j=1Yj=1
y20

Let Aj (=1,2,...n) and A; (i=1,2,...m) denote ’thejth column

and i™ row of the matrix A respectively . Then
(FP-3) Find x € R™

Suchthat A{'XZp Vo,  ViL2...,n
i=1X=1
x20
(FP-4) Find y € R"
Such that A;y Sq, Wor Vi=1,2,...,m
=1yj=1
y20
Membership function for jth constraint of (FP-3) is given as
I( 1 for Afx > v,,
T Vo —ATX
I‘l](A]X)=4|1_ P ! (Vo_po)SA’er<V0;
0
T
k O A]'X<(V0_p0).
and the membership function for ith constraint of (FP-4) is,
|( 1 for Ajy < w

191(Ai}’)=4 1—AiY—wo
| o
k 0 Ajy >wg +qp
Then the fuzzy linear programming (FP-3) and (FP-4)
becomes

(FLP) max A
A"x > v,- (1-)pg
i=1Xi=1
AL 1
x, A=0
(FLD) maxn
Ajy <wg +(1-n)qo
=1yj=1
n<1
y,nz0

wo <Ay <wg+ (o

Subject to, Vij=12..n

Subject to, Vi=12 ...,m

Remark 2.1 The crisp linear programming problems (FLP)
and (FLD) are primal-dual pair in the fuzzy sense, not in
crisp sense.

Remark 2.2 If both players have the same aspiration levels
i.e. vo=woand in the optimal solutions of (FLP) and (FLD)
A" =1M" =1, then the fuzzy game FG reduces to crisp two
person zero-sum game G.

Example 2.1 Solve the two person zero-sum matrix game
with fuzzy pay-offs FG whose pay-off matrix A is given by

1 3 0
A=14 7 2], with vo=5/3, wo=3/2and po =2, qo =

3 56
3.

Solution
(FLP) max A
Subject to;  2A - x1 - 4x2 - 3x3 < 1/3
2A - 3x1 - 7x2 - 5x3 < 1/3
2\ -2x2 - 6x3<1/3

x1+x2+x3=1

A<t
X1, X2, X3, A2 0
(FLD) maxn
Subject to; 3n+y1+3y2<9/2

3n +4y1 +7y2 +2y3 <9/2
3n + 3y1 + 5y2 + 6ys <9/2
yit+y2+ys=1
n<l

V1, y2,y3,1N20
The optimal solution and optimal value for (FLP) (i.e. for

player I) is x* = (0.0271, 0.4233, 0.5496) and A* = 1.0000 and
the optimal solution and optimal value for (FLD) (i.e. for
player II) is y* = (0.8000, 0.0000, 0.2000) and n* = 0.3000.

3. Two person zero-sum matrix games with
Fuzzy Pay-offs:

Two person zero-sum matrix game with fuzzy pay-offs is
the triplet G =(S™, S™, A).

Reasonable values (¥, W) of the gameG:
(V, W) is called a reasonable solution of the fuzzy matrix
game FG if there exists X" € S™, y* € S" satisfying

x) Ay=¥,v yeS"and xTAy* S W,v xeS™.

Solution of the Fuzzy Matrix GameG:
T1= {V € N(R): V iS reasonable value for Player I}, T2={W €

N(R): W iS reasonable value for Player II}.Let there exist
V*e T1, W* € T2 such that F(V*) > F¥), vVe Tl and

k Sk

F(W™) < FW), vWe T2 then (x*, ¥, V*,W") is called the
solution of the game G.

Conversion of fuzzy matrix game G into LPP:

(FP) max F(V)
Subjectto,  Xitq dj;X; = V- (1-A)P vij=12,...n
eTx= 1,
x>0,
0<A<1,
(FD) min F(W)
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Subject to Yit1dy; SWHIm)§  vi=12..,m
ely=1,
y 20,
0<n<t,
By using the defuzzification function F: N(R) —R for the
constraints (FP) and (FD) problems can be rewritten as:
(FP1) max F(V)
Subject to, Y21 F(@;) x; = F(v)- A-MF(D)
eTx=1, vj=1,2,...,n
x>0,
<A<,
(FD2) min F(W)
Subject to, Z]-n=1 F@&;)y; = F(W)+(1-n) F@)
ely=1, Vi=1,2,..,m
y 20,
0<n<t,

Example 3.1 Consider the fuzzy matrix game with fuzzy
payoff matrix
(175,180,190) (150,156,158)

( (80,90,100) (175,180,190))
Where (), @, @) is a triangular fuzzy number Py , assume
that Player I and Player II have the margins p; =
p2 =(0.08,0.10,0.11), and Q7 = {5 = (0.14, 0.15, 0.17).
Solution
To solve this game, following two crisp linear
programming problems (LP) and (LD) is needed to be

solving for Player I and Player II respectively:

(LP) max V_(Vl+v—z+v3)
3

Subject to, 545X + 270X, =3V - (1 - A)*(0.29)
464X, + 545X, 23V - (1 - A)*(0.29)
X1 +Xy=1
A<l
X1, X2, A 20,
. (witwy+ws)
(LD) min Wf
Subject to, 545y, + 464y, <3W + (1 -1)*(0.46)
270y4 + 545y, <3W + (1 -1)*(0.46)
Yi+Yy2=1
n<1.
Y1.y2,n20.
Solving the above (LP) and (LD), the values are, (X;=0.7725,
X5=0.2275, V = 160.91, A= 0) and (Y= 0.2275, y5=0.7725, W
= 160.65, n*= 0) respectively. Therefore, optimal strategies
for Player I and Player II are (Xj= 0.7725, X5= 0.2275) and
(V1= 0.2275, y5 = 0.7725) respectively.
Remark 3.1 Here F(V) and F(W) are used which is in crisp

sense instead of using Vand W in fuzzy sense in objective
function of (FP) and (FD). So it gives an average of fuzzy

values instead of fuzzy value for Player I and Player II.

Therefore, another method which is based on “Pareto-
optimal security strategies” used to solve two person zero-
sum matrix games with Fuzzy Pay-offs.

4. Pareto-optimal security strategies in
matrix games with fuzzy payoffs:

If the membership function is given by a piecewise linear

function then it has a finite number of pieces and therefore

only a finite number of different a-cut sets is used to

exactly describe the corresponding fuzzy number. Set of

cuts is defined as y = {01, O3, ....., 0} € [0, 1]

with o < 0y < - < 0pq < Op=1

a-cut of a fuzzy number can be defined as @ by

2y =[ak ,a%] where, al=inf (ay) and aZ=sup (ay).

Standard ranking function:
A function f: N(R) —R" *? such that, f (3) = (p;j(@)) € R"*?
where pi]-(ﬁ) = a&i ,i=1..,rand j=1,2.

Standard fuzzy order:
A fuzzy order, < is standard if there exists a standard

ranking function f such that, a s bef @c<f (B) with

a, b € N(R), where < is the component wise order on

Rr *2

Security Level:
The security level of player I for strategy x € S™ is a fuzzy
number @e N(R) such that

fv(x) =infyesn p;i(E(Xy))  icl.randjl,2.
The security level of player II for strategy y € S™ is a fuzzy
number 6666 N(R) such that

f(V(y))=supxesm p;(E(X,y)) i=l.randj=1,2.

Pareto-optimal security strategy (POSS):
A strategy x* € X is a Pareto-optimal security strategy

(POSS) of the game G using the standard fuzzy order for
player I iff there is no x € X such that V(X *) < v(X *).

Similarly, one can define POSS for player II.
FLP and MLP Equivalence:

(FLP) max V
Subject to, xTA =¥
x € SMm

Where € and b are fuzzy vectors and A is a matrix with
fuzzy entries

(MLP) max (Vjj) i=1...r and j=1,2
Subject to, X ( K(]xi) = Vj el vij
x € S™M
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Example 4.1 Consider the fuzzy matrix game with fuzzy
payoff matrix
(175,180,190) (150,156,158)
( (80,90,100) (175,180,190))
Where (@1, a, a,) is a triangular fuzzy number.
Solution
Assume that player I wishes to solve the above game using
a standard fuzzy order with set of cuts y = {0, 1}
Ag=l(a—apaj+ap,-(ay —a) a+ay]
Take 0;1=0 and Q=1 to get,
1 175 150 2 190 158
Ak, = ( 80 175) Ao (100 190)’

. (180 156\ ,, (180 156
A(o0 1800 %90 180)
Use (FLP) and (MLP) equivalence to get the (MLP) as,

(MLP) Max Viq, Viz, Vo1
Subject to, 175Xq + 80X, V¢4 ,
150X + 175X, 2V41 ,
190x1 + 100X, 2V, ,
158X + 190X, 2V, ,
180X +90X, 2Vyq ,
156X1 + 180X, 2Vyq ,
X1 +Xp =1,
X1,X220
Solving this (MLP) POSS strategy for player I is X*= (0.7916,
0, 0.2084) and its security level as V¥= (161, 6.79, 3.67).

5. Two person zero-sum matrix game with
I-fuzzy goals:

I-fuzzy set (Intuitionistic fuzzy set):

Let X be a universal set. An I-fuzzy set A in X is described

by A = {{(X, LA (X), Va(X))! x € X}, where pa : X — [0, 1]

and Vp : X — [0, 1] define respectively the degree of

belongingness and the degree of non-belongingness of an

element x € X to the set A with 0 < pa(x) +Va(x) < 1.

If pa(x) +va(x) =1, Vv x € X, then A degenerates to a

standard fuzzy set in X.

Union and intersection:

Let A and B be two I-fuzzy sets in X, their union and
intersection are I-fuzzy sets defined respectively as
AUB:{(XI maX{l.lA (X)l UB (X)} ) min{VA (X)l VB (X)})
Such thatx € X } and

AnB = {(Xl min{l.lA (X)l UB (X)}l maX{VA (X)l VB (X)})
Such that x € X}.

Score function:
Let A be an I-fuzzy set in X, then the score function is

defined as, S(x) = [p (X) - VA(X) V x € X.

5.1 The pessimistic approach to defining the -
fuzzy statement x (IF) = a:

Let {(X, u(X), V(X)) | x € X} be an I-fuzzy set.

In this approach the decision maker takes extra
cautious for acceptance. That is, even if the degree of
rejection of x is zero, the decision maker is not accepting
totally. To represent this situation, assume that the
tolerances are p and q with 0 < q < p, then the membership
function is given as

1 X 23,
J1-= a—p<x<a,
e . p
0 x<a—p;
and the non-membership function is given as
1 x<a-—p,
x—a+p

vx)=4 1— a—p<x<a-pt,q

0 X=za—p+aq.

A J

(a-p} (a-p+q) a
Figure 1

Note 5.1 There is an interval [a — p + q, a] in which the non-
membership degree is zero but the membership degree is
not one.

5.2 The optimistic approach to defining the I-fuzzy
statement x (IF) = a:

Let {(X, u(X), V(X))I x € X} be an I-fuzzy set. In
optimistic approach the decision maker is not rejecting
totally even if the degree of acceptance of x is zero. To
represent this situation, there for certain tolerances p, q, the
membership function is given as

1 X2 a,
J1-= a—p<x<a
H(X) b p )
0 x<a—p;
and the non-membership function is given as
1 Xx<a—p—q
11— 3 _p-g<x<a
V(x) = p+q P—q ’
0 X2 a.
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(a-p-q) (a-p) ~
Figure 2

Note 5.2.1 There is an interval [a - p - g, a - p] in which the
membership degree is zero but the non-membership degree
isnot one.

Remark 5.2.1 x (IF) < a if and only if (-x) IF) = (-a).

Decision making in I-fuzzy environment:

Let X be any set. Let G, foralli=1,2, ..., r, be the set of r
goals and Cj, for all j =1, 2, . . . ,m, be the set of m
constraints, each of which can be characterized by an I-
fuzzy set on X . The I-fuzzy decision is given by,
D=(GinGn---nG)N(CinCz2n---NCn)isan I-fuzzy
and it is defined as , D = {{X, Up(x), vp(X))| x € X},

Where, lp(x) = minij{uGi(x), e (x)} and

vp (%) = max;;{vg, (x), V¢ )}

I-fuzzy linear programming and duality:

Let R~ denote the n-dimensional Euclidean space. Let ¢ €
Rr, b €R™, and A eRm™n. Consider a general model for an I-
fuzzy linear programming problem (IFP) in which the
aspiration level Zo for the objective function is indicated by
the decision maker.

(IFP) Find x €RD
Suchthat ¢Tx (IF) = Z,
Ax (IF) Sb
x20
(IFD) Find y € R™

Suchthat bTy (IF) S W,
Aly (IF) 2c
y20
Where Wo is an aspiration level for the dual objective.

Duality under pessimistic approach:

Consider the I-fuzzy primal problem (IFP). Let pi, qi, 0 < gi
<py,i=0,1 ..., m denote the tolerances associated
respectively with the acceptance and the rejection of m + 1
constraints in (IFP). Also, let a, 3 denote the minimal
degree of acceptance and the maximal degree of rejection
respectively of the m + 1 constraints of the primal problem
(IFP). The I-fuzzy optimization problem (IFP) under
pessimistic scenario is equivalent to the following crisp

optimization problem
(IFPC) max(a — 3)
Subjectto (1-a)po+c™x—-Zo=0

(1-a)ypi-Aix+bi20 forall i=1,...,m
I1-B)qo—-c"x+(Zo—po)<0
1-PB)gi+tAix—(bi+pi) <0

a+p<l
az P20
x20.
Next we consider the I-fuzzy dual problem (IFD).
Let sj, tj , 0 <t <s,j=0,1, ..., n be the tolerances

associated respectively with the acceptance and rejection of
the n + 1 constraints in (IFD). Let d and n respectively
denote the minimal degree of acceptance and the maximal
degree of rejection of n + 1 constraints of the dual problem
(IFD). Analogous to the discussion above, the I-fuzzy
optimization problem (IFD) is equivalent to the following
crisp optimization problem
(IFDC) max 0-T1
Subjectto  (1-9)so-bTy+Wo20
(1-9)sj+Aljy-¢=0 forallj=1,...,n
(I-m)to+DbTy - (Wo+s0)<0
I-mti-Ay+(c—s)<0
d+n<l,
021 20,
w>0.
Remark 5.2.2 The pair (IFPC) and (IFDC) is termed as I-
fuzzy primal-dual pair.

5.3 Two person zero-sum matrix game with I-fuzzy
goals:

Let A € R™™ be a real matrix. Let Uo and Vo be the
aspiration levels for player I and II respectively, then the
two person zero-sum matrix game with I-fuzzy goals is
defined as, FG = (S, S0, A, U, (I F)Z, po, qo; Vo, (I F)S, so,
to).

Where Smand S¢ are strategies spaces for player I and II
respectively.po and qo respectively are the tolerances pre-
specified by player 1 for accepting and rejecting the
aspiration level Uo. Similarly, so and to respectively are the
tolerances pre-specified by player II for accepting and
rejecting the aspiration level Vo.

Solution of the I-fuzzy matrix game IFG:

An ordered pair (X, ) € S*x S is said to be a solution of
the two person zero-sum matrix game with fuzzy goals IFG
if XTAy (IF)= Uo forally € S»,

And XTAy (IF)S Vo for all x € Sm

Since S and S are convex polytopes, it is sufficient to
consider only the extreme points of S* and S. Therefore,
the problem of finding a solution of IFG is equivalent to
solving the following two I-fuzzy linear programming
problems
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(IFG1) Find x € S™
Such that Z{’;l ajjXj (IF) = U, Vi=1,2,...,n
i=1Xi=1
x>0
(IFG2) Find y € S™
Such that Z]-n=1 ally] (I F) S VO/ Vi=1,2,...,m
=1yj=1
y20

Here (IFG1) is the I-fuzzy linear programming problem for
player I and (IFG2) is the I-fuzzy linear programming
problem for player II.

Assume that both players have pessimistic view points for
their I-fuzzy aspiration levels. In other words, it amounts to
saying that Uo — po <Uo = po +qo <U o and Vo < Vo +s0 — to
<Vo+so,i.e, 0<qo<poand0<to<so.

Let o denote the minimal degree of acceptance and f3
denote the maximal degree of rejection of the constraints of
(IFG1). Similarly let & denote the minimal degree of
acceptances and n denote the maximal degree of rejection
of the constraints of (IFG2). Then the two I-fuzzy linear
programming problems are respectively equivalent to the
following two crisp optimization problems.

(CFP1) Max a-f

Subject to, (1—a)po+A}Fx—U020 j=1,2,...,n
(1-p) qo- Af x+(Uo-po)<0
i=1Xj=1
x2 0
az2fp20, a+p<L
(CFP2) Max d-7
Subjectto (1-0)so—Aiy+Vo20 i=1,...,m
I-mto+Aiy-(Vo+s0)=<0
=1yj=1
y=20

02120, d0+n<1.
Here Aj and Aidenote the j th column and the i th row of A,
respectively.

6. CONCLUSIONS

We tried to study various type of two person zero sum
fuzzy matrix games and their conversion into fuzzy linear
programming problems to solve the games given in
examples which are given in textbooks .

We also verify the solution by numerical methods.
Main work is use of pareto optimal security strategies
which uses muliobjective linear programming to solve the
game when the game has fuzzy matrix and fuzzy pay-offs .

Introduction of  I-fuzzy set is given and
application of I-fuzzy set in two person zero sum game is
given as an extension of these games which is very
advance in game theory.
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APPENDIX A

A.1 MATLAB code for two person zero-sum matrix
game with fuzzy goals:

A=input ('Enter the pay-offs matrix A =");

vO=input ('Enter the aspiration level of Player 1st v0=");
wO=input ('Enter the aspiration level of Player 2nd w0 =");
pO=input ('Enter the tolerance error of Player 1st p0=");
qO=input ('Enter the tolerance error of Player 2nd q0=");
fprintf (\n \n\n'); % for player 1st

fprintf ((FLP)");

x=sym ('x',[length(A(:,1)),1]);

syms v;

fprintf (' max ');

disp (v);

fprintf ('subject to; \n');

disp(-A"*x+p0*v <=p0-v0);
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disp(v<=1);
disp(sum(x)==1);
disp(x>=0);

disp(v>=0);

fprintf (\n \n\n'); %for player 2nd
fprintf ('(FLD)');
y=sym('y',[length(A(1), 1]);
syms w;

fprintf(' max ');

disp(w);

fprintf('subject to; \n');
disp(A*y+q0*w <=w0+q0);
disp(w<=1);
disp(sum(y)==1);
disp(y>=0);

disp(w>=0);

A.2 MATLAB code for two person zero-sum matrix
game with fuzzy pay-offs:

m=input(no. of rows in matrixxm =");

n=input('no. of columns in matrix:n =");

disp('Enter the elements of fuzzy matrix in [al a au] form ');
for i=1:m

for j=1:n

a=input(");
A(ij)=sum(a);

end

end

disp('Matrix is..\n');
A

disp('Enter the tollerence for player 1st in [pl p pu] form ');
p=input(p=");

p=sum(p)

disp('Enter the tollerence for player 2nd in [ql q qu] form ');
q=input('q=");

q=sum(q)

disp('V=(vl+v+vu)\3'); % for player 1st
fprintf('\n \n\n');

fprintf('(LP)');

x=sym('x’,[m,1]);

syms V;

fprintf(' max ');

disp(V);

fprintf('subject to; \n');

Syms ¢;

disp(-A*x+3*V+c*p <=p);

disp(sum(x)==1);

disp(c<=1);

disp(x>=0);

disp(c>=0);

disp('W=(wl+w+wu)\3'); %for player 2nd
fprintf('\n \n\n');

fprintf('(LD)");

y=sym('y',[n,1]);

syms W;

fprintf(' min ');

disp(W);

fprintf('subject to; \n');

syms d;

disp(-3*W+A*y+q*d <=q );

disp(d<=1);

disp(sum(y)==1);

disp(y>=0);

disp(d>=0);

f1=-[1;zeros(m+1,1)]; %solution of (FLP)
B1=[[3*ones(n,1);1],[p*ones(n,1);1],[-A";zeros(1,m)]];
bi=[(p)*ones(n, 1);1];

Bleq=[0,0,0ones(1,m)];

bleq=1;

Ibl=zeros(m+2,1)’;
X=linprog(f1,B1,b1,Bleq,bleq,Ibl);

fprintf('\n FOR PLAYER 1st \n')

fprintf('\n The optimal value of (FLP) is \n %f \n',X(1,1));
fprintf('\n The optimal solution of (FLP) is \n );
disp(X(2:m+2,1));

f2=-[1;zeros(n+1,1)]; %solution of (FLD)
B2=[[(-3)*ones(m,1);1],[q*ones(m,1);1],[A;zeros(1,n)]];
b2=[q*ones(m,1);1];

B2eq=[0,0,ones(1,n)];

b2eq=1;

Ib2=zeros(n+2,1);
Y=linprog(f2,B2,b2,B2eq,b2eq,1b2);

fprintf("\n FOR PLAYER 2st \n')

fprintf('\n The optimal value of (FLD) is \n %f \n',Y(1,1));
fprintf('\n The optimal solution of (FLD) is \n ');
disp(Y(2:n+2,1));

A.3 MATLAB code for two person zero-sum matrix
game with fuzzy pay-offs using multi-objective linear
programming:

m=input(no. of rows in matrix m=");

n=Input('no. of columns in matrix :n=");

r=input('Enter no of cuts r=");

disp('Enter the elements of fuzzy matrix in(al a au) form );
for c=l:r

disp('Enter the value of alpha');

alpha=input(");

for i=1:m

for j=1:n

al=input('al:");

a=input(‘a:'’);

au=input('au:’);

C(i,j)=(a-al)*alpha+al;

D(i,j)= (-(au-a)*alpha)+au;

end

end

C

D
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end

fprintf('\n \n\n'); % for player 1st
fprintf('(MLP)");
x=sym('x’,[m,1]);

fprintf(' max v11 ,v12 ,v21');
fprintf('subject to; \n');

for k=1:r

disp(-C*x <=-v(k k));
disp(-D"*x <=-v(k k+1));

end

disp(sum(x)==1);
disp(x>=0);
disp('W=(wl+w+wu)\3'); %for player 2nd
fprintf('\n \n\n');
fprintf('(LD)");
y=sym(y’,[n,1]);

syms d;

fprintf(' min ');

disp(W);

fprintf('subject to; \n');
disp(A*y-3*W+q*d <=d );
disp(d<=1);
disp(sum(y)==1);
disp(y>=0);

disp(d>=0);
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