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Abstract. In this paper, a Value-at-Risk (VaR) based fuzzy random facility location
model (VaR-FRFLM) is built in which both the costs and demands are assumed to
be fuzzy random variables, and the capacity of each facility is unfixed but a deci-
sion variable. A hybrid approach based on modified particle swarm optimization
(MPSO) is proposed to solve the VaR-FRFLM. In this hybrid mechanism, an ap-
proximation algorithm is utilized to compute the fuzzy random VaR, a continuous
Nbest-Gbest-based PSO and a genotype-phenotype-based binary PSO vehicles are
designed to deal with the continuous capacity decisions and the binary location de-
cisions, respectively, and two mutation operators are incorporated into the PSO to
further enlarge the search space. A numerical experiment illustrates the application
of the proposed hybrid MPSO algorithm and lays out its robustness to the parameter
settings when dealing with the VaR-FRFLM.

1 Introduction

Facility location selection is a kind of optimization problems which aim to max-
imize the return or minimize the costs via determining the locations of facilities
to open from a set of potential sites. Various kinds of facility location problems
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under uncertainty have been investigated in the literature. The first category of such
uncertain location is the stochastic facility location problems which deal with the
cases when the uncertain parameters, like customers’ demands and operating costs
of plants, are characterized by random variables. For the details on such facility
location problems, one may refer to [1, 11]. Another category of facility location
problems with uncertain parameters were developed based on fuzzy set theory [12]
and possibility theory [8, 19], which aims at dealing with cases of imprecise or
vague data. For this kind of location problems, one may refer to [4, 16].

In real-world applications, randomness and fuzziness may coexist in a facil-
ity location problem, there is a genuine need to deal with a hybrid uncertainty of
randomness and fuzziness. Making use of the expected value operator of a fuzzy
random variable (see [6, 9]) as the objective, Wang et al. [17] modeled a recourse-
based facility location problem with fuzzy random uncertainty and discussed its
binary particle swarm optimization (BPSO) approach. Wen and Iwamura [18] built
an (α,β ) -cost minimization model for random fuzzy facility location problems
under the Hurewicz criterion in hybrid uncertain environment, and designed a
genetic algorithm (GA) dealing with continuous decision variables for the location
model.

In both studies of [17] and [18], the capacity of each facility is assumed to be
fixed, however, in more practical situations, it should be variable and serve as a de-
cision to be made. In this paper, we allow the capacity to be a decision variable
and model fuzzy random facility location problems by using fuzzy random VaR
(see [15]) as an objective. Herewith, in contrast with the model in [17] whose de-
cisions are all binary variables, and the model in [18] where all the decisions are
continuous variables, the fuzzy random location model built in this paper contains
mixed decisions, that is the capacities are the continuous decisions while the loca-
tion decisions are binary ones. As a consequence, we design a hybrid approach to
the model which comprises an approximation algorithm to fuzzy random VaR and
a mechanism of modified continuous-binary PSO.

2 Preliminaries

Let the triplet (Γ ,P(Γ ),Pos) be a possibility space, where P(Γ ) is the power set
of Γ , X be a fuzzy variable defined on (Γ ,P(Γ ),Pos) whose membership function
is μX , and r be a real number. The possibility and credibility of an event X ≤ r are
expressed as follows:

Pos{X ≤ r} = sup
t≤r

μX(t),and

Cr{X ≤ r} = 1
2

(
sup
t≤r

μX(t)+ 1− sup
t>r

μX (t)
)

.
(1)

Suppose that (Ω ,A ,Pr) is a probability space, Fv is a collection of fuzzy variables
defined on possibility space (Γ ,P(Γ ),Pos). A fuzzy random variable is defined as
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a map ξ : Ω → Fv such that Pos{ξ (ω) ∈ B} is a measurable function of ω for any
Borel subset B of ℜ(see [9]).

Example 2.1. Let Y be a random variable defined on probability space (Ω ,A ,Pr).
If we define that for every ω ∈ Ω , ξ (ω) = (Y (ω),Y (ω)+ 2,Y(ω)+ 6) which is a
triangular fuzzy variable defined on some possibility space (Γ ,P(Γ ),Pos). Then,
ξ is a (triangular) fuzzy random variable.

To measure an event ξ ∈ B induced by a fuzzy random variable ξ , where B a Borel
subset of ℜ, the mean chance measure (see [10]) is given as

Ch{ξ ∈ B} =
∫

Ω
Cr{ξ (ω) ∈ B}Pr(dω). (2)

In the fuzzy random environment, let L be the loss variable with fuzzy random
parameters of some investment. The fuzzy random Value-at-Risk of the investment
with confidence 1−β is expressed in the following form (see [15]):

VaR1−β = sup{λ ∈ ℜ | Ch{L ≥ λ} ≥ β} (3)

where β ∈ (0,1), and Ch is the mean chance measure in (2).

3 VaR-Based Fuzzy Random Facility Location Model

In this section, we formulate a VaR-based fuzzy random facility location model
(VaR-FRFLM) with variable capacity which is a task of two-stage mixed 0-1 integer
fuzzy random programming. We introduce the following notation for this two-stage
model:

Indices and constants

i index of facilities, 1 ≤ i ≤ n
j index of clients, 1 ≤ j ≤ m
rj unit price charged to client j
ci fixed cost for opening and operating facility i
Wi maximum capacity of each facility i
ti j unit transportation cost from i to j
1−β confidence level of the Value-at-Risk

Fuzzy random parameters

D j fuzzy random demand of client j
Vi fuzzy random unit variable operating cost of facility i
ξ fuzzy random demand-cost vector ξ = (D1, · · · ,Dm,V1, · · · ,Vn)
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Decision variables

xi location decision which is a binary variable
x location decision vector which is x = (x1,x2, · · · ,xn)
si capacity decision of facility i
s capacity decision vector which is s = (s1,s2, · · · ,sn)
y(ω,γ)

i j quantity supplied to client j from facility i at scenario (ω ,γ).

As usual, it is assumed that each customer’s demand cannot be over served, but it
is possible that not all demand is served. Furthermore, the total supply from one
facility to all clients cannot exceed the capacity of the facility. Lastly, we assume
that fuzzy random demand-cost vector ξ = (D1, · · · ,Dm,V1, · · · ,Vn) is defined from
a probability space (Ω ,A ,Pr) to a collection of fuzzy vectors on possibility space
(Γ ,P(Γ ),Pos).

Making use of the fuzzy random VaR in (3), a VaR-FRFLM at confidence level
1−β can be built as follows under the above notation and assumptions. The objec-
tive of this VaR-FRFLM is to minimize the VaR of the investment by determining
the optimal locations as well as the capacities of the new facilities to open.

Model
min VaR1−β (x,s)
subject to xi ∈ {0,1}, i = 1,2, · · · ,n,

0 ≤ si ≤Wixi, i = 1,2, · · · ,n,

⎫⎬
⎭ (4)

where

VaR1−β (x,s) = sup

{
λ | Ch

{
n

∑
i=1

cixi −R(x,s,ξ ) ≥ λ

}
≥ β

}
, (5)

and the second-stage problem for each scenario (ω ,γ) is

R
(

x,s,ξ (ω ,γ)
)

= max
n
∑

i=1

m
∑
j=1

(
r j −Vi(ω ,γ)− ti j

)
y(ω,γ)

i j

subject to
n
∑

i=1
y(ω,γ)

i j ≤ D j(ω ,γ), j = 1,2, · · · ,m,

m
∑
j=1

y(ω,γ)
i j ≤ sixi, i = 1,2, · · · ,n,

y(ω,γ)
i j ≥ 0, i = 1,2, · · · ,n, j = 1,2, · · · ,m.

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(6)

In the VaR-FRFLM (4)-(6), the location-capacity decision (x,s) is called the first
stage decision in the theory of two-stage fuzzy random programming with VaR
criteria (see [15]), which should be made before the realizations D j(ω ,γ) and
Vi(ω ,γ) of the fuzzy random demand D j and cost Vi, respectively, are observed,
where the scenario (ω ,γ) ∈ Ω × Γ . Furthermore, we note that the objective
function is
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VaR1−β (x,s) =

sup

{
λ |

∫
Ω

Cr

{
γ ∈ Γ |

n

∑
i=1

cixi −R
(

x,s,ξ (ω ,γ)
)
≥λ

}
Pr(dω)≥β

}
, (7)

for each first stage decision (x,s), hence, in order to determine the value of objective
VaR1−β (x,s) we have to solve N second stage problems (6), where N is the number
of all the scenarios (ω ,γ)∈Ω ×Γ . Given (x,s), for each scenario (ω ,γ), the quality

distribution pattern
(

y(ω,γ)
i j

)
n×m

is determined by solving the second stage problem

(6) at scenario (ω ,γ). Here, the y(ω,γ)
i j for i = 1,2, · · · ,n; j = 1,2, · · · ,m are referred

to as the second stage decisions (see [15]). From the model (4)-(6), we can see

the second stage decision y(ω,γ)
i j is up to the scenario (ω ,γ) ∈ Ω ×Γ , it does not

serve as the decision to all the scenarios but is determined for the calculation of the
value of VaR1−β (x,s). So the real decision in VaR-FRFLM is the first stage decision
(x,s).

In general, the fuzzy random parameterVi and D j for i = 1,2, · · · ,n; j = 1,2, · · · ,m
are continuous fuzzy random variables which has infinite numbers of realizations,
which follows from (7) that it requires to solve infinite second stage problems (6)
to determine the objective value VaR1−β (x,s). Hence, it cannot be calculated an-
alytically. As a consequence, the VaR-FRFLM (4)-(6) within this nature cannot be
solved analytically, we will design a hybrid metaheuristic approach to this two-stage
mixed 0-1 fuzzy random programming problem.

4 Hybrid MPSO Approach

Recall that in this paper the proposed VaR-FRFLM (4)-(6) is a two-stage mixed
0-1 integer fuzzy random programming problems. We design a hybrid mechanism,
which integrates the continuous PSO (see [13, 14, 15]), binary PSO (BPSO, see [5,
7, 16, 17] ), and Approximation Algorithm to fuzzy random VaR (see [15]), to solve
the model. Several modifications are made or implemented so as to enhance the
performance of the hybrid approach:

i) We employ a phenotype-genotype mechanism (see [7, 16]) in the BPSO to
further enhance the searching capability of the binary particles.

ii) To further improve the global search in the population-based optimization, it is
desirable to consider the individual’s neighborhood which is better than considering
the individual itself. From this point of view, we introduce a Nbest-Gbest-based
update rule (the ‘Nbest’ denotes the neighborhood-best particles) by adjusting the
velocity in the direction of the personal best particles in the neighborhood and the
global best particle.
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iii) Two mutation operators are applied to the binary location particles and capac-
ity particles, respectively, to further extend the search space of the hybrid algorithm
so as to decrease the probability of its getting trapped in a local optimum.

The proposed hybrid algorithm is referred to as a hybrid modified PSO (MPSO)
algorithm, which is elaborated as follows.

4.1 Approximation to Fuzzy Random VaR

An approximation algorithm for fuzzy random VaR has been proposed in the
VaR-based two-stage fuzzy stochastic programming (see [15]), and the conver-
gence of the approximation algorithm is also proved in [15]. In this paper, we
employ the approximation algorithm to estimate the objective value VaR1−β (x,s)
for each (x,s) in our VaR-FRFLM (4)-(6). The detailed Approximation Algorithm
(Algorithms 2-3) to fuzzy random VaR can be found in [15].

4.2 Solution Representation

A real number vector (x,s) �
(
〈x1,s1〉,〈x2,s2〉, · · · ,〈xn,sn〉

)
is used as a parti-

cle pair to represent a solution (location-capacity) of the two-stage VaR-FRFLM
(4)-(6), where xp,i ∈ {0,1},0 ≤ sp,i ≤Wixi, i = 1,2, · · · ,n.

4.3 Initialization

First of all, we randomly generate the initial binary phenotype location particle xp =
(xp,1,xp,2, · · · ,xp,n) as follows:

for(i = 1; i <= n; i++)
if(rand() > 0.5) then xp,i = 1; else xp,i = 0;

(8)

where rand() is a random number coming from the uniform distribution over the in-
terval [0,1], and initialize the genotype location particle xg = xp. Then, we generate
a capacity particle s = (s1,s2, · · · ,sn) by the following method:

for(i = 1; i <= n; i++)
if(xp,i = 1) then si = rand(0,Wi); else si = 0;

(9)

where rand(a,b) is a uniformly distributed random number over the interval [a,b].
Repeat the above process Psize times, we get Psize initial binary phenotype and geno-
type location particles xp,1,xp,2, · · · ,xp,Psize ;xg,1,xg,2, · · · ,xg,Psize , and Psize capacity
particles s1,s2, · · · ,sPsize , respectively.

4.4 Evaluation by Approximation Algorithm to VaR

Denote Fit(·) the fitness function, and let the fitness of each decision (x,s) be the
minus of the Value-at-Risk, i.e.,
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Fit(x,s) = −VaR1−β (x,s).

Therefore, the particles of smaller objective values are evaluated with higher fit-
ness. For each (x,s), the fitness value Fit(x,s) is calculated by the approximation
algorithm mentioned in Subsection 4.1.

4.5 Update Process

4.5.1 Update of Genotype-Location and Capacity Particles

In the update process, we first need to determine the global best particle pair
(xGbest ,sGbest) (with the highest fitness), where the xGbest is the best phenotype loca-
tion particle so far; and for each (xp,k,sk), find the (xPbest,k,sPbest,k) with the highest
previous fitness, where k = 1,2, · · · ,Psize. Then, for each k, we determine the veloc-
ity vector pair (vx,k,vs,k) through the following Nbest-Gbest-based update formula:

vx,k = W ∗ vx,k + c1 ∗ dN(xp,k)+ c2 ∗ rand()∗ (
xGbest − xp,k

)
, (10)

vs,k = W ∗ vs,k + c1 ∗ dN(sk)+ c2 ∗ rand()∗ (sGbest − sk) . (11)

In the above formula, dN(xp,k),k = 1,2, · · · ,Psize are the average distance from xp,k

to the best positions in its neighborhood, which are defined as

dN(xp,1) =
2

∑
j=1

rand()∗
(

xPbest, j − xp,1

2

)
, (12)

dN(xp,k) =
k+1

∑
j=k−1

rand()∗
(

xPbest, j − xp,k

3

)
,k = 2,3, · · · ,Psize −1, (13)

dN
(
xp,Psize

)
=

Psize

∑
j=Psize−1

rand()∗
(

xPbest, j − xp,Psize

2

)
, (14)

respectively, and the dN(sk),k = 1,2, · · · ,Psize can be given similarly. Here, c1 and
c2 are learning rates, to well adjust the convergence of the particles, we employ the
time-varying learning rates (see [14]) as follows:

c1 = 2 ∗ Gmax −Gn

Gmax
+ 1, and c2 = 2 ∗ Gn

Gmax
+ 1, (15)

where Gmax and Gn are the indexes of the maximum and current generations,
respectively. W is the inertia weight which is set by the following expression [3]:

W =
2

|2−φ −
√

φ2 −4φ | ,

where φ = c1 + c2.
Next, each genotype location particle xg,k and capacity particle sk are updated by

the following operations
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xg,k = xg,k + vx,k (16)

sk = sk + vs,k (17)

respectively.

4.5.2 Update of Phenotype-Location Particles and Re-update of Capacity
Particles

All the phenotype location particles xp,k,k = 1,2, · · · ,Psize are updated according to
the following rule [7]:

for(i = 1; i <= n; i++)
if(rand() < S(xg,ki)) then xp,ki = 1;else xp,ki = 0;

(18)

where xg,ki and xp,ki are the components of the vectors xg,k and xp,k, respectively,
and S(·) is a sigmoid function with S(x) = 1/1 + e−x. Furthermore, we re-update
the capacity particles sk with the following constraint:

for(i = 1; i <= n; i++)
{ if(xp,ki = 0) then ski = 0;

else
if(ski = 0) then ski = rand(0,Wi);}

(19)

where ski is a component of capacity particle sk, for k = 1,2, · · · ,Psize.
Making use of formulas (10)-(19), we yield a new generation of phenotype-

location and capacity particle pairs
(

x′p,1,s
′
1

)
,
(

x′p,2,s
′
2

)
, · · · ,

(
x′p,Psize

,s′Psize

)
.

4.5.3 Mutation

We predetermine 2 parameters Pm,L,Pm,C ∈ (0,1) representing the probability of mu-
tation for the location and capacity particles, respectively. The following mutation
operation is applied to all velocity vectors of location particles after the update (16)
of the genotype location particles:

for(k = 1;k <= Psize;k ++)
if(rand() < Pm,L) then vx,k = −vx,k;

(20)

On the other hand, the mutation of capacity particles is implemented following
the update operation (19). For each capacity particle sk = (sk1,sk2, · · · ,skn),k =
1,2, · · · ,Psize, if rand() < Pm,C, then we generate a number Nm between 1 & n, and
mutate the capacity particle as follows

for(i = 1; i <= Nm; i++)
if(ski > 0) then ski = rand(0,Wi).

(21)
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4.6 Hybrid Algorithm Procedure

The hybrid MPSO algorithm to VaR-FRFLM (4)-(6) can be summarized as
follows.

(Hybrid MPSO Algorithm)

Step 1. Initialize a population of phenotype-genotype location particles xp,k,xg,k , and ca-
pacity particles sk, for k = 1,2, · · · ,Psize, by using (8)-(9).

Step 2. Calculate the fitness Fit(xp,s) for all particles through the Approximation Algo-
rithm to VaR, and evaluate each particle pair according to the fitness;

Step 3. Determine the dN(xp) and dN(s) for each phenotype location particle xp and ca-
pacity particle s, and find the global best particles xGbest and sGbestfor the population;

Step 4. Update all the genotype location and capacity particles by formulas (10)-(17);
Step 5. Run mutation operator (20) to each location velocity with probability Pm,L.
Step 6. Update each phenotype location particle by (18), and re-update each capacity par-

ticle with (19).
Step 7. Run mutation operator (21) to each capacity particle with probability Pm,C.
Step 8. Repeat Step 2 to Step 7 for a given number of generations;
Step 9. Return the particle pair (xGbest ,sGbest) as the optimal solution to the VaR-

FRFLM (4)-(6), and VaR1−β (xGbest ,sGbest) = −Fit(xGbest ,sGbest) the corresponding op-
timal value.

5 Numerical Experiments and Comparison

We consider a firm which plans to open new facilities in 10 potential sites, the ca-
pacity limits Wi, fixed costs ci and fuzzy random operating costs Vi of the sites
i, i = 1,2, · · · ,10 are given in Table 1. We suppose that there are 5 customers whose
fuzzy random demands D j, j = 1,2, · · · ,5 are given in Table 2, where U (a,b)

Table 1 Capacity limits, fixed and variable costs

Facility site i Capacity limit Wi Fixed cost ci Variable cost Vi Parameter Yi

1 250 8
(
7+Y1,9+Y1,10+Y1

)
U (1,2)

2 220 15
(
6+Y2,8+Y2,10+Y2

)
U (2,3)

3 300 16
(
8+Y3,10+Y3,11+Y3

)
U (1,2)

4 290 12
(
12+Y4,13+Y4,15+Y4

)
U (0,1)

5 260 6
(
13+Y5,15+Y5,16+Y5

)
U (1,2)

6 250 12
(
8+Y6,9+Y6,10+Y6

)
U (0,2)

7 320 17
(
6+Y7,7+Y7,8+Y7

)
U (2,4)

8 330 8
(
8+Y8,10+Y8,12+Y8

)
U (2,3)

9 280 9
(
13+Y9,15+Y9,16+Y9

)
U (3,4)

10 370 12
(
10+Y10,11+Y10,12+Y10

)
U (1,2)
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Table 2 Fuzzy random demands

Customer j t j Demand D j Parameter Z j

1 24
(
20+Z1,22+Z1,23+Z1

)
U (1,2)

2 22
(
18+Z2,20+Z2,21+Z2

)
U (1,3)

3 28
(
16+Z3,18+Z3,19+Z3

)
U (2,4)

4 26
(
22+Z4,23+Z4,24+Z4

)
U (2,3)

5 19
(
20+Z5,22+Z5,23+Z5

)
U (3,4)

Table 3 Results of hybrid MPSO algorithm with Different Parameters

System Parameters Results

No. 1−β Pm,L Pm,C Optimal solution Objective Error(%)

1 0.90 0.2 0.4
(〈0,0〉,〈1,220.0〉,〈0,0〉,〈1,67.4〉, -285.8 0.14
〈1,185.0〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,200.3〉,〈0,0〉)

2 0.90 0.3 0.3
(〈0,0〉,〈1,97.7〉,〈0,0〉,〈1,119.1〉, -284.0 0.77
〈1,142.3〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,51.3〉,〈0,0〉)

3 0.90 0.4 0.2
(〈0,0〉,〈1,127.0〉,〈0,0〉,〈1,204.0〉, -283.0 1.10
〈1,182.4〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,234.3〉,〈0,0〉)

4 0.90 0.2 0.3
(〈0,0〉,〈1,148.8〉,〈0,0〉,〈1,95.6〉, -286.2 0.00
〈1,121.2〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,49.5〉,〈0,0〉)

6 0.85 0.2 0.4
(〈0,0〉,〈1,92.8〉,〈0,0〉,〈1,100.9〉, -294.6 0.44
〈1,260.0〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,247.8〉,〈0,0〉)

7 0.85 0.3 0.3
(〈0,0〉,〈1,91.7〉,〈0,0〉,〈1,46.7〉, -292.5 1.15
〈1,180.2〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,147.4〉,〈0,0〉)

8 0.85 0.4 0.2
(〈0,0〉,〈1,111.7〉,〈0,0〉,〈1,208.8〉, -295.9 0.00
〈1,239.7〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,177.6〉,〈0,0〉)

9 0.85 0.2 0.3
(〈0,0〉,〈1,138.4〉,〈0,0〉,〈1,175.3〉, -291.7 1.43
〈1,54.6〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,91.8〉,〈0,0〉)

11 0.80 0.2 0.4
(〈0,0〉,〈1,172.7〉,〈0,0〉,〈1,144.0〉, -310.2 0.00
〈1,199.3〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,105.4〉,〈0,0〉)

12 0.80 0.3 0.3
(〈0,0〉,〈1,215.7〉,〈0,0〉,〈1,167.1〉, -308.8 0.45
〈1,173.9〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,54.6〉,〈0,0〉)

14 0.80 0.4 0.2
(〈0,0〉,〈1,49.3〉,〈0,0〉,〈1,266.0〉, -304.0 1.90
〈1,250.7〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,241.5〉,〈0,0〉)

14 0.80 0.2 0.3
(〈0,0〉,〈1,160.3〉,〈0,0〉,〈1,183.1〉, -309.0 0.39
〈1,260.2〉, 〈0,0〉,〈0,0〉,〈0,0〉,〈1,260.0〉,〈0,0〉)
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represents a random variable with uniform distribution on [a,b], also the unit price
r j charged to each customer is also listed there. In addition, the unit transportation
costs ti j, i = 1,2, · · · ,10; j = 1,2, · · · ,5 are given by a matrix T as follows:

T =
(

ti j

)
5×10

=

⎛
⎜⎜⎜⎜⎜⎜⎝

i = 1 2 3 4 5 6 7 8 9 10

j = 1 16 21 19 18 14 18 16 20 18 20
2 17 15 17 14 18 16 17 18 17 14
3 24 20 25 22 23 22 24 22 20 22
4 19 22 18 15 21 17 22 21 22 16
5 13 10 16 13 14 11 13 15 14 13

⎞
⎟⎟⎟⎟⎟⎟⎠

.

The hybrid MPSO algorithm (Algorithm 1) which integrates the Approximation
Algorithm is run to solve this VaR-based fuzzy random facility location problem
with above settings. In the hybrid MPSO, we set the population size Psize = 20,
and run the hybrid algorithm (Algorithm 1) with 200 generations for different
confidence levels of 0.9, 0.85, and 0.8, respectively. The optimal location solu-
tions with different parameters is listed in Table 3, where the RelativeError =
(optimal value−ob jective value)/(optimal value) is given in the last column. It
follows from Table 3 that the relative error does not exceed 1.10%,1.43% and
1.90% for the different confidence levels 1−β = 0.9,1−β = 0.85, and 1−β =
0.8, respectively, when different parameters are selected. The performance implies
the hybrid MPSO algorithm is robust to the parameter settings when solving the
VaR-FRFLM.

6 Conclusions

This paper built a Value-at-Risk-based facility location model with variable ca-
pacity and fuzzy random demands and costs. The proposed model is inherently
a two-stage mixed 0-1 integer fuzzy random programming problem. To solve the
model, a hybrid MPSO algorithm is proposed, in which an Approximation Algo-
rithm is utilized to compute the fuzzy random VaR, a continuous Nbest-Gbest-based
PSO and a genotype-phenotype-based binary PSO vehicles are employed to deal
with the continuous capacity decisions and the binary location decisions, respec-
tively, and two mutation operators are implemented to enlarge the search space. The
numerical experiments show that the hybrid MPSO is robust to the parameter
settings.
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