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Abstract

In this paper, a fuzzy multi-objective constrained optimization prob-
lem (FMCOP) is converted to a single-objective constrained optimiza-
tion problem with equality and inequality constraints (SCOP) by using
α−level set of the fuzzy vector and weighting approach. A trust-region
algorithm for solving problem (SCOP) is introduced to obtain α−pareto
optimal solutions of problem (FMCOP). An εα−stability set for prob-
lem (FMCOP) which represent a range of α−pareto optimal solutions
is obtained.

A numerical example to clarify the proposed of the paper is intro-
duced in the end.
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1 Introduction

A fuzzy multi-objective optimization problem is

minimize f(x, p̃) = (f1(x, p̃1), ..., fm(x, p̃m))T

subject to : c(x) ≤ 0,
(1.1)

where x ∈ Ω = {x ∈ �n|c(x) ≤ 0} and p̃ = (p̃1, ..., p̃m)T represented a vector

of fuzzy parameters that can be characterized as a fuzzy number Sakawa [15].

The functions fi(x, p̃i), i = 1, 2, ....,m, and c(x) ∈ �me are twice continuously

differentiable functions.

In this paper, we convert the above problem to a single-objective con-

strained optimization problem with equality and inequality constraints (SCOP)

by using α−level set of the fuzzy vector and weighting approach. To obtain

an α−pareto optimal solutions of problem (FMCOP), we solve the single-

objective constrained optimization problem by using a trust-region algorithm.

A trust-region algorithms have proved to be robust techniques for solving un-

constrained or constrained single-objective optimization problems, see([3], [5],

[6], [7], [8], [9], [13], and [19]).

In an earlier work, Orloviski[12] formulate multi-objective nonlinear pro-

gramming problem with fuzzy parameters. Many authors such as [[10], [11],

[14], [15], [16], [17], [18]] introduced the stability of fuzzy multi-objective op-

timization problem. But in many applications of fuzzy multi-objective opti-

mization problem, the decision maker not only needs an α−pareto optimal

solution but also he prefers to get a set of α−pareto optimal solutions which

denoted by εα−stability set. Our proposed approach is allowing a decision

maker to control the α−pareto optimal set by choosing an appropriate ε value

according to his needs.

In this paper, the εα−stability set for problem (FMCOP) is obtained. The

εα−stability set is the set of all α−pareto optimal solutions of problem (FM-

COP) that lie in the range of α−pareto optimal solutions.

In the next section, some basic fuzzy concepts and how the problem (FM-

COP) is converted to problem (SCOP) are discussed. In section 3, the trust-

region algorithm for solving the single-objective optimization problem is intro-

duced to obtain α−pareto optimal solutions of problem (FMCOP). In section

4, an εα−stability set is introduced.
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In section 5, a numerical example for the multi-objective optimization prob-

lem is introduced in the end to clarify the proposed of the paper. Finally

Section 6, contains concluding remarks.

The following notations are used throughout the rest of the paper. Sub-

scripted functions are function values at particular points; for example, fk =

f(xk), gk = g(xk), hk = h(xk), ∇fk = ∇xf(xk), ∇gk = ∇xg(xk), ∇hk =

∇xh(xk), lk = l(xk, λk, νk) ,∇lk = ∇xl(xk, λk, νk), Uk = U(xk), and so on.

However, the arguments of the functions are not abbreviated when emphasiz-

ing the dependence of the functions on their arguments. The ith component

of a vector νk is denoted by (νk)i. Finally, all norms used in this paper are

l2−norms.

2 Theoretical Fuzzy Foundations

Fuzzy set theory has developed for solving problems in which descriptions

of activities and observation are imprecise, vague and uncertain. The term

”fuzzy” refers to the situation in which here are no well-defined boundaries of

the set of activities or observations to which the descriptions apply.

A fuzzy set is a class of objects with membership grades. A membership

function, which assigns to each object a grade of membership, is associated

with each fuzzy set. Usually the membership grades are in [0, 1]. When the

grade of the membership for an object in a set is one, this object is absolutely in

that set when the grade of membership function is zero, the object is absolutely

not in that set. Borderline cases are assigned numbers between zero and one.

A fuzzy number is defined differently by many authors such as [[14], [18]]. That

most frequently used definition belongs to a trapezoidal fuzzy type as follows:

Definition 2.1 (A fuzzy number) A fuzzy number is appropriate to recall that

a real fuzzy number p̃ is a continuous fuzzy subset from real line � whose

membership function μp̃(β) defined by:

1. μβ̃(β) : � → [0, 1], is continuous function,

2. μβ̃(β) = 0 ∀β ∈ (−∞, β1],

3. μβ̃(β) is strictly increasing on [β1, β2],
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4. μβ̃(β) = 1 ∀β ∈ [β2, β3],

5. μβ̃(β) is strictly decreasing on [β3, β4],

6. μβ̃(β) = 0 ∀β ∈ [β4,∞].

For more details see [14].

Here, the vector of fuzzy parameters p̃ involved in problem(1.1) is a vector

of fuzzy numbers whose membership functions is μp̃(p).

Throughout this paper, a membership function in the following form will

be elicited:

μβ̃(β) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0 if −∞ < β ≤ β1,

β−β1

β2−β1
if β1 ≤ β ≤ β2,

1 if β2 ≤ β ≤ β3,

β4−β
β3−β4

if β3 ≤ β ≤ β4,

0 if β4 ≤ β < ∞,

(2.1)

Definition 2.2 (α−level set): α−level set of vector of fuzzy parameter p̃ in

problem(1.1) is defined as the ordinary set Lα(p̃) for which the degree of its

membership function exceeds that level α ∈ [0, 1], where:

Lα(p̃) = {p ∈ �|μp̃(p) ≥ α}. (2.2)

For more details see [14].

For a certain degree of α ∈ [0, 1], estimated by the decision maker, the

problem (1.1) can be written as the following α− multi-objective constrained

optimization problem

minimize f(x, p) = (f1(x, p1), ..., fm(x, pm)),

subject to : c(x) ≤ 0,

p ∈ Lα(p̃),

(2.3)

where p = (p1, ..., pm)T . It should be emphasized here in problem(2.3) that the

vector of parameters pi, i = 1, ..., m is treated as a vectors of decision variables
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rather than the constraints. On the basis of the α− level sets of the fuzzy

numbers, the compact of α−pareto optimal solution to the problem (2.3) is

given by the following definition.

Definition 2.3 (α−pareto optimal solutions): A point (x∗, p∗) where x∗ ∈ Ω

and p∗ ∈ Lα(p̃) is said to be an α−pareto optimal solution to the problem

(2.3), if and only if there does not exists x ∈ Ω and p ∈ Lα(p̃) , such that

f(x, p) < f(x∗, p∗), where the corresponding value of parameter p∗ is called

α−optimal parameter of p.

By using a weighting approach, we transform problem (2.3) to the following

single-objective constrained optimization problem (SCOP):

minimize f(x, p, w) =
∑m

i=1 wifi(x, pi),

subject to cj(x) ≤ 0, j=1,...,me

pi1 ≤ pi ≤ pi2, i=1,...,m,

wi ≥ 0, i=1,...,m,∑m
i=1 wi = 1,

(2.4)

where [pi1, pi2] = Lα(p̃).

In the following section, we introduce the trust-region algorithm for solving

(SCOP) problem (2.4) to obtain α−pareto optimal solution (x∗, p∗) of problem

(FMCOP). In this algorithm, an active set strategy is used together with a

reduced Hessian technique to convert the computation of the trial step to two

easy trust-region subproblem similar to those for the unconstrained case. A

dogleg method is used to compute a trial step in the following algorithm.

3 A Trust-region algorithm for solving (SCOP)

problem

In this section, we consider the solution of (SCOP) problem (2.4)which can be

rewritten as follows
minimize f(x̄)

subject to h(x̄) = 0,

g(x̄) ≤ 0,

(3.1)

where x̄ = (x, p, w)T ∈ �n+2m, f(x̄) = f(x, p, w), h(x̄) =
∑m

i=1 wi − 1, and

g(x̄) = (cj(x), pi1 − pi, pi − pi2,−wi)
T . The functions f(x̄) : �n+2m → �,
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h(x̄) : �n+2m → �, and g(x̄) : �n+2m → �3m+me are twice continuously

differentiable.

The Lagrangian function associated with problem (3.1) is the function

l(x̄, λ, ν) = f(x̄) + λT h(x̄) + νT g(x̄), (3.2)

where λ ∈ � and ν ∈ �3m+me are the Lagrange multiplier vectors associated

with equality and inequality constraint respectively.

By using active set method, we transform the problem (3.1) to the following

problem

minimize f(x̄) + νT g(x̄) + ρ
2
‖U(x̄)g(x̄)‖2

2,

subject to h(x̄) = 0,
(3.3)

where U(x̄) ∈ �3m+me×3m+me is a 0-1 diagonal indicator matrix, whose diago-

nal entries are

ui(x̄) =

{
1 if gi(x̄) ≥ 0,

0 if gi(x̄) < 0.
(3.4)

and ρ is a positive parameter. This matrix is similar to the one used by Dennis,

El-Alem, and Williamson [1].

The Lagrangian function associated with Problem (3.3) is given by

L(x̄, λ, ν; ρ) = l(x̄, λ, ν) +
ρ

2
‖U(x̄)g(x̄)‖2

2, (3.5)

and the augmented Lagrangian is the function

Φ(x̄, λ, ν; ρ; r) = l(x̄, λ, ν) +
ρ

2
‖U(x̄)g(x̄)‖2

2 + r‖h(x̄)‖2
2, (3.6)

where r > 0 is a penalty parameter.

In the following section, we introduce a trust-region algorithm outline for

solving problem (3.1)

3.1 Algorithm Outline

This section is devoted to presenting the detailed description of the trust-

region algorithm for solving problem (3.1). A global convergence theory of

this algorithm is proved in El-Sobky [4].

In this algorithm a reduced Hessian approach is used to compute a trial

step sk. In this approach, the trial step sk is decomposed into two orthogonal

components; the normal component sn
k and the tangential component st

k. The
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trial step sk has the form sk = sn
k +Zks̄

t
k, where Zk is a matrix whose columns

form an orthonormal basis for the null space of ∇hT
k .

We obtain the normal component sn
k by solving the following trust-region

subproblem

minimize 1
2
‖∇hT

k sn + hk‖2

subject to ‖sn‖ ≤ ζδk,
(3.7)

for some ζ ∈ (0, 1), where δk is the trust-region radius.

Let the quadratic model of the Lagrangian function (3.5) be

qk(s) = lk + ∇lTk s +
1

2
sT Hks +

ρk

2
‖Uk(gk + ∇gT

k s)‖2. (3.8)

where lk is the Lagrangian function (3.2) and Hk is the Hessian of the la-

grangian function lk or approximation to it.

Given the normal component sn
k , we compute the tangential component

st
k = Zks̄

t
k by solving the following trust-region subproblem

minimize [ZT
k (∇lk + Hks

n
k + ρk∇gkUkgk)]

T s̄t + 1
2
s̄tT ZT

k BkZks̄
t

subject to ‖Zks̄
t‖ ≤ Δk,

(3.9)

where Δk =
√

δ2
k − ‖sn

k‖2 and Bk = Hk + ρk∇gkUk∇gT
k .

Once the trial step is computed, it needs to be tested to determine whether

it will be accepted. To do that, a merit function is needed. We use the

augmented Lagrangian (3.6) as a merit function.

Once the trial step is computed, we test it to determine whether it is

accepted. To test the step, estimates for the two Lagrange multipliers λk+1

and νk+1 are needed. We compare the actual reduction in the merit function in

moving from (x̄k, λk, νk) to (x̄k +sk, λk+1, νk+1) versus the predicted reduction.

We define the actual reduction as

Aredk = Φ(x̄k, λk, νk; ρk; rk) − Φ(x̄k + sk, λk+1, νk+1; ρk; rk).

The predicted reduction in the merit function is defined to be

Predk = qk(0) − qk(sk) − ΔλT
k (hk + ∇hT

k sk) (3.10)

−ΔνT
k (gk + ∇gT

k sk) + rk[‖hk‖2 − ‖hk + ∇hT
k sk‖2],

where Δλk = λk+1 − λk and Δνk = νk+1 − νk.
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We define the tangential predicted decrease Tpredk to be the decrease at

the kth iteration the quadratic model of the Lagrangian function (3.5) by the

step st
k = Zks̄

t
k. It is defined to be

Tpredk = −(ZT
k (∇lk + Hks

n
k))T s̄t

k −
1

2
s̄tT

k ZT
k HkZks̄

t
k (3.11)

+
ρk

2
[‖Ukgk‖2 − ‖Uk(gk + ∇gT

k Zks̄
t
k)‖2].

After computing a trial step and updating the Lagrange multipliers, the

penalty parameter is updated to ensure that Predk ≥ 0. To update rk, we

use a scheme that has the flavor of the scheme proposed by El-Alem [2]. This

scheme is described in Step 6 of algorithm (3.1) below.

After that, the step is tested to know whether it is accepted. This is done

by comparing Predk against Aredk. Our way of evaluating the trial steps

and updating the trust-region radius is presented in Step 7 of algorithm (3.1)

below.

After accepting the step, we update the parameter ρk and the Hessian

matrix Hk. To update ρk, we use a scheme suggested by Yuan [19]. In this

scheme, another parameter σk has to be updated with ρk. This scheme is

described in Step 8 of algorithm (3.1) below.

Finally, the algorithm is terminated when either

‖ZT
k ∇lk‖ + ‖∇gkUkgk‖ + ‖hk‖ ≤ ε1, or ‖sk‖ ≤ ε2

for some ε1 > 0 and ε2 > 0.

A formal description of our trust-region algorithm for solving (SCOP)problem

is presented in the following algorithm.

Algorithm 3.1 (A trust-region algorithm for solving (SCOP) problem )

Step 0. (Initialization)

Given x̄1 ∈ �n+2m. Compute U1.

Evaluate ν1 and λ1 (see Step 5 with k = 0 and λ0 = (0, 0, ..., 0)T ).

Set ρ1 = 1, r0 = 1, σ1 = 1, and β0 = 0.1. Compute δ1

Choose ε1 = ε2 = 10−8, α1 = 0.05, α2 = 2, η1 = 10−4, and η2 = 0.5

such that 0 < α1 < 1 < α2, and 0 < η1 < η2 < 1.

Set δmin = 10−3 and δmax = 105δ1 such that δmin ≤ δ1 ≤ δmax.

Set k = 1.
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Step 1. (Test for convergence)

If ‖ZT
k ∇lk‖+‖∇gkUkgk‖+‖hk‖ ≤ ε1, then terminate the algorithm.

Step 2. (Compute a trial step)

If ‖hk‖ = 0, then

a) Set sn
k = 0.

b) Compute the step s̄t
k by solving problem (3.9)with sn

k =

0.

c) Set sk = Zks̄
t
k.

Else

a) Compute sn
k by solving problem (3.7).

b) If ‖ZT
k (∇lk+ρk∇gkUkgk+Bks

n
k)‖ = 0, then set s̄t

k = 0.

Else, compute s̄t
k by solving problem (3.9), end

if.

c) Set sk = sn
k + Zks̄

t
k and x̄k+1 = x̄k + sk.

End if

Step 3. (Test for termination)

If ‖sk‖ ≤ ε2, then terminate the algorithm.

Step 4. (Update the active set)

Compute Uk+1.

Step 5. (Compute the Lagrange multipliers νk+1 and λk+1)

a) Compute νk+1 by solving

minimize ‖ZT
k+1(∇fk+1 + ∇gk+1Uk+1ν)‖2

subject to Uk+1ν ≥ 0
(3.12)

b) If ‖∇fk+1+∇hk+1λk+∇gk+1Uk+1νk+1‖ ≤ ε1, then set λk+1 = λk.

Else, compute λk+1 by solving

minimize ‖∇fk+1 + ∇gk+1νk+1 + ∇hk+1λ‖2.

End if.
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Step 6. (Update the penalty parameter rk)

a) Set rk = rk−1.

b) If Predk ≤ rk

2
[‖hk‖2 − ‖hk + ∇hT

k sk‖2], then set

rk =
2[qk(sk) − qk(0) + ΔλT

k (hk + ∇hT
k sk) + ΔνT

k (gk + ∇gT
k sk)]

‖hk‖2 − ‖hk + ∇hT
k sk‖2

+β0,

End if

Step 7. (Test the step and update the trust-region radius)

If Aredk

Predk
< η1

Reduce the trust-region radius by setting δk = α1‖sk‖ and

go to step 2.

Else if η1 ≤ Aredk

Predk
< η2, then

Accept the step: x̄k+1 = x̄k + sk.

Set the trust-region radius: δk+1 = max(δk, δmin).

Else, accept the step: x̄k+1 = x̄k + sk.

Set the trust-region radius: δk+1 = min{δmax, max{δmin, α2δk}}.

End if.

Step 8. (Update the parameters ρk and σk)

a) Set ρk+1 = ρk and σk+1 = σk.

b) If 1
2
Tpredk−ΔνT

k (gk+∇gT
k s) ≤ σk‖∇gkUkgk‖min{‖∇gkUkgk‖, Δk},

then set ρk+1 = 2ρk and σk+1 = 1
2
σk.

Step 9. Set k = k + 1 and go to Step 1.

Notice that, we use the above algorithm for solving (SCOP) problem to ob-

tain α−pareto optimal solutions (x∗, p∗) of (FMCOP) problem, the weighting

vector w∗, and the Lagrange multiplier vectors λ∗ and ν∗.
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4 An εα−stability set of (FMCOP) problem

This section deals with the stability set for the α−pareto optimal solutions of

(FMCOP) problem, so we start with the definition of solvability set of problem

(2.4).

Definition 4.1 (Solvability set): A solvability set is the set of α−pareto opti-

mal solutions of (FMCOP) problem.

Now, assume that (x∗, p∗) is an α−pareto optimal solutions of (FMCOP) prob-

lem and p∗ is the α−level optimal parameter of problem (2.4), then the stability

set of the first kind of (FMCOP) problem corresponding to (x∗, p∗) is given by

the following definition.

Definition 4.2 (Stability set) A stability set of the first kind of (FMCOP)

problem corresponding to (x∗, p∗) is defined by the set of all {[pi1, pi2] ∈ R2m

such that (x∗, p∗) is an α−pareto optimal solution of (FMCOP) problem.

Now, our aim is to get another α−pareto optimal solutions (x̂∗, p̂∗) such that

the norm of the difference between them and (x∗, p∗) is limited by a small

attribute ε. So we set the following definition

Definition 4.3 (εα−stability set): Let (x∗, p∗) be α−pareto optimal solutions

of (FMCOP) problem, then εα−stability set of (FMCOP) problem which we

denoted it by Gεα is defined as follows :

Gεα = {(x̂∗, p̂∗) ∈ �n+m| ‖(x̂∗, p̂∗) − (x∗, p∗)‖ ≤ ε.}
To obtain Gεα set, we added the εα−stability condition ‖(x̂, p̂)−(x∗, p∗)‖ ≤

ε, to the constraints of problem (2.4). Then, we have the following single-

objective constrained optimization problem:

minimize f(x̂, p̂, ŵ) =
∑m

i=1 ŵifi(x̂, p̂i),

subject to
∑m

i=1 ŵi − 1 = 0,

cj(x̂) ≤ 0, j=1,...,me,

pi1 ≤ p̂i ≤ pi2 i=1,...,m,

‖(x̂, p̂) − (x∗, p∗)‖ ≤ ε,

ŵi ≥ 0, i=1,...,m.

(4.1)

We can obtain some α−pareto optimal solutions (x̂∗, p̂∗) of (FMCOP) problem

which lie in the range of α−pareto optimal solutions (x∗, p∗) by solving problem

(4.1) by using the trust-region algorithm (3.1)above. Then we obtain Gεα set.
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5 Test Problem

In this section, we introduce a fuzzy multi-objective constrained optimization

test problem. Our programs are written in MATLAB and run under MATLAB

Version 7.0 with machine epsilon 10−16. The fuzzy multi-objective constrained

optimization test problem is

minimize (x1 + p̃1, x2 + p̃2),

subject to (x1 − 3)2 + (x2 − 2)2 ≤ 4,

−2x1 + x2 ≤ 0.

(5.1)

With the membership functions (2.1) of the fuzzy numbers p̃1 and p̃2 for i = 1, 2

are p̃1 = (1, 2, 4, 5) and p̃2 = (3, 5, 9, 10).

At α = 0.36, we get, 1.36 ≤ p1 ≤ 4.46, and 3.72 ≤ p2 ≤ 9.64. Then, α−
multi-objective constrained optimization problem is

minimize (x1 + p1, x2 + p2),

subject to : (x1 − 3)2 + (x2 − 2)2 ≤ 4,

−2x1 + x2 ≤ 0,

1.36 ≤ p1 ≤ 4.46,

3.72 ≤ p2 ≤ 9.64.

(5.2)

By using the weighting approach, the α− multi-objective constrained opti-

mization problem (5.2) converted to the following single objective constrained

optimization problem

minimize w1(x1 + p1) + w2(x2 + p2),

subject to : w1 + w2 = 1,

(x1 − 3)2 + (x2 − 2)2 ≤ 4,

−2x1 + x2 ≤ 0,

1.36 ≤ p1 ≤ 4.46,

3.72 ≤ p2 ≤ 9.64,

w1 ≥ 0, w2 ≥ 0,

(5.3)

To solve the above problem, we use the trust-region algorithm (3.1). Then

α−pareto optimal solutions of problem(5.1) is (x1∗, x2∗, p1∗, p2∗) = (2.44, 0.08, 1.36, 3.72)T ,

and the values of wights is w∗ = (0.22581, 0.77419)T .

To obtain εα stability set at α = 0.36 and ε = 0.1, we added the εα−stability

condition ‖(x̂, p̂) − (x∗, p∗)‖ ≤ ε, to the constraints of problem (5.3) and solve
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this problem again by using the trust-region algorithm (3.1). This problem

has the form

minimize ŵ1(x̂1 + p̂1) + ŵ2(x̂2 + p̂2),

subject to ŵ1 + ŵ2 = 1,

(x̂1 − 3)2 + (x̂2 − 2)2 ≤ 4,

−2x̂1 + x̂2 ≤ 0,

1.36 ≤ p̂1 ≤ 4.46,

3.72 ≤ p̂2 ≤ 9.64,

(x̂1 − 2)2 + (x̂2 − 0.26795)2 + (p̂1 − 1.36)2 + (p̂2 − 3.72)2 ≤ 0.1,

ŵ1 ≥ 0, ŵ2 ≥ 0.

(5.4)

Using the trust-region algorithm (3.1) to solve the above problem, we have

the following εα stability set of (FMCOP) problem which is obviously in the

following table.

x̂1 x̂2 p̂1 p̂2 ŵ1 ŵ2

2.4395 0.080154 1.3571 3.7165 0.22596 0.77404

2.4637 0.07324 1.3562 3.7506 0.51688 0.48312

2.3563 0.10643 1.3455 3.7043 0.47014 0.52986

2.3672 0.10281 1.36 3.7195 0.4544 0.5455

2.439 0.080299 1.3579 3.7198 0.14608 0.85392

2.44 0.079997 1.3596 3.7196 0.2258 0.7742

2.4272 0.083797 1.36 3.7196 0.61787 0.38213

2.4274 0.083521 1.3641 3.708 0.23063 0.76937

2.4224 0.085207 1.3725 3.7135 0.3335 0.66665

2.4384 .08047 1.36 3.72 0.58417 0.41583

Table 1: εα stability set of(FMCOP) problem.

From the previous results we conclude that 1.3455 ≤ p1 ≤ 1.3725, 3.7043 ≤
p2 ≤ 3.7506. So the εα stability set at α = 0.36 and ε = 0.1 is as follows

Gεα = {(x, p)|1.3455 ≤ p1 ≤ 1.3725, 3.7043

≤ p2 ≤ 3.7506, 2.3563 ≤ x1 ≤ 2.4637, 0.07324 ≤ x2 ≤ 0.085}.
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6 Concluding Remarks

A trust-region algorithm for solving a single objective constrained optimization

problem is used to get the stability set of the third kind for fuzzy multi-

objective constrained optimization problem, which represents the set of all

fuzzy parameter for which a set of α−pareto optimal solutions for one fuzzy

parameters has been introduced.

The following are the significant contributions of this paper

• The stability set is determined for α−pareto optimal solutions not for

an α−pareto optimal point

• The stability set is determined numerically by using trust-region algo-

rithm.

• This approach seems to be an interactive approach where the decision

maker specifies the epsilon value his needs.

• Allowing the decision maker to control the resolutions of the pareto set

by choosing the epsilon value according his needs.
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