
2011 IEEE International Conference on Fuzzy Systems
June 27-30, 2011, Taipei, Taiwan

978-1-4244-7316-8/11/$26.00 ©2011 IEEE

An Interactive Fuzzy Satisficing Method for
Multiobjective Stochastic Defensive Location

Problems
Takeshi Uno

Institute of Socio-Arts and Sciences,
The University of Tokushima

1-1, Minamijosanjima-cho,
Tokushima, 770-8502, JAPAN

Email: uno@ias.tokushima-u.ac.jp

Kosuke Kato
Faculty of Applied Information Science,

Hiroshima Institute of Technology
2-1-1, Miyake, Saeki-ku,

Hiroshima, 731-5193, JAPAN
Email: k.katoh.me@it-hiroshima.ac.jp

Abstract—This paper extends the defensive location problem
(DLP), proposed by Uno and Katagiri, considering the situa-
tions that the defender locates defensive facilities for preventing
invaders from reaching some important vertices in a network.
Their DLPs assumed that invaders, with a given energy, exist on
a given vertex in it. On the other hand, this paper considers a
new DLP that invaders’ sites and energies are given uncertainly.
By representing their existing vertices and energies as random
variables with scenarios, the new DLP can be formulated as a
multiobjective bilevel stochastic programming problem. In order
to find a satisficing solution of the decision maker for the
multiobjective DLP, an interactive fuzzy satisficing method with
tabu search algorithm based on strategic oscillation is proposed.
The efficiency of the proposed method is shown by applying it to
numerical examples of the DLPs.

Index Terms—Facility location, Stackelberg equilibrium,
stochastic programming, multiobjective programming, tabu
search.

I. INTRODUCTION

Defensive location problem (DLP), proposed by Uno and
Katagiri [12], is one of the bilevel location problems in
a competitive environment. Hakimi [4] considered a bilevel
location problem of commercial facilities, e.g. shops and
supermarkets, on a network. His problem deals with a type of
competitiveness between two decision makers (DMs) locating
their own facilities, with the aim of maximizing her/his profit
obtaining from their customers. For the detail of Hakimi’s
problem and its applications, the readers can refer to the book
of Miller et al. [8]. As an extension of Hakimi’s location
problem, Shiode and Drezner [11] considered a problem with
random demands, Uno et al [13] considered a problem with
fuzzy random demands, and Yang et al [14] considered a
bilevel flow interception problem. Meanwhile, O’Hanley and
Church [9] considered a bilevel maximum covering problem,
which is a noncompetitive type of location problem.

On the other hand, the DLP deals with another type of
competitiveness between two types of decision makers, called
a defender and invader. Uno and Katagiri [12] considered
the situation that the defender locates defensive facilities for
preventing the invaders from reaching some important sites,

Fig. 1. An example of DLPs

called cores. Examples of their DLPs are “a government of a
country locates self-defense bases to prevent her/his aggressors
from reaching the capital of the country,” “a coach of a
succor/football team locates its players to defend goal from
its opponent team,” etc. By representing the location region
as a network and the core is a vertex in the network and the
defender and the invaders as an upper and a lower DM, their
DLP can be formulated as a bilevel programming problem. An
example of DLPs is illustrated in Fig. 1.

Although the DLP can be expected for many situations that
there are both a defender and invaders, their DLP assumed
that the site of invaders is on a given vertex and their energy
is a given value. This means that their DLP cannot deal with
the situations that there are several vertices with several types
of invaders given uncertainly, e.g., the defender locates fire
stations for preventing that wildfire, which can be regarded
as invaders, marching toward important sites. Then, in this
paper, we consider a new DLP that invaders’ sites and energies
are given uncertainly. By representing their existing vertices
and energies as random variables with scenarios, the new
DLP can be formulated as a multiobjective bilevel stochastic
programming problem. We define each objective function of
the DLP as minimizing the degree of invasion for each core
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under a probability given by the defender.
In order to find a satisficing solution for the defender,

we apply an interactive fuzzy satisficing method in order to
find a satisficing solution for multiobjective linear fractional
programming problems. As other applications of the method,
Katagiri et al [6] considered multiobjective fuzzy random
linear programming problems whose objectives are possibility
and probability, and Kato et al [7] considered fractile criterion
optimization for multiobjective stochastic integer programming
problems. For applying the method to the multiobjective DLP,
we need to solve minimax problems for finding M-Pareto opti-
mal solutions, which are candidates of satisficing solutions. We
propose its solution method based upon tabu search algorithm
proposed by Glover [3]; for the details of algorithm, the readers
can refer to the book of Reeves [10]. Since there are many
M-Pareto optimal solutions, in order to solve the problem
efficiently, we introduce the algorithm to the idea of strategic
oscillation, suggested by Hanafi and Freville [5], by utilizing
characteristics of DLPs. We show an efficiency of the method
by applying it to examples of the multiobjective DLPs.

The remaining structure of this article is organized as
follows: In Section 2, we formulate an extended DLP as a
multiobjective bilevel stochastic programming problem. We
propose an interactive fuzzy satisficing method for finding a
satisficing solution of the defender in Section 3. For solving
minimax problems in the method, we propose a tabu search
algorithm with strategic oscillation in Section 4. In Section
5, we show the efficiency of the interactive fuzzy satisficing
method by applying it to examples of the DLPs. Finally,
concluding comments and future extensions are summarized
in Section 6.

II. FORMULATION OF STOCHASTIC DLP

We represent a location region as network 𝑁 = (𝑉,𝐸),
where 𝑉 = {𝑣1, . . . , 𝑣𝑛} is a set of 𝑛 vertices and 𝐸 is a set
of edges. For edge 𝑒 ∈ 𝐸, let 𝑑(𝑒) be its weight, meaning the
distance between vertices with 𝑒. In the network 𝑁 , there are
𝑘 core vertices, denoted by 𝑐1, . . . , 𝑐𝑘 ∈ 𝑉 . that the defender
needs to defend from the invader.

In the new DLP, first the defender locates her/his defensive
facilities before a scenario is determined., and then the invaders
choose sets of paths with knowing a determined scenario. The
defender can locate at most one defensive facility on each
vertex in 𝑉 . For 𝑖-th vertex, let 𝑞𝑖 ∈ {0, 1} denote the variable
such that 𝑞𝑖 = 1 if a defensive facility is located on 𝑣𝑖 and
𝑞𝑖 = 0 otherwise. Then the decision vector of the DLP for the
defender can be represented as 𝒒 := (𝑞1, . . . , 𝑞𝑛)

𝑇 .
On the other hand, sites of the invaders are given randomly

with scenarios, whose set are denoted by 𝑆. For each scenario
𝑠 ∈ 𝑆, the set of the invaders’ sites and their energies are given
as Ξ(𝑠) ⊆ 𝑉 and 𝛾(𝜉), 𝜉 ∈ Ξ(𝑠), respectively, Let 𝑝𝜉ℎ be the
path 𝜉 to ℎ-th core 𝑐ℎ. Then, for scenario 𝑠 and ℎ-th core, the
decision vector of the DLP for the invader can be represented
as 𝒑ℎ(𝑠) = {𝑝𝜉ℎ∣𝜉 ∈ Ξ(𝑠)}.

We define the degree of invasion for ℎ-th core as the
following function:

𝑓ℎ(𝒒,𝒑ℎ(𝑠)∣𝑠) :=
0 ∨max𝜉∈Ξ(𝑠){𝛾(𝜉)−𝐷(𝑝𝜉ℎ)− 𝛽 ⋅𝑊 (𝒒, 𝑝𝜉ℎ)},

(1)

where
𝐷(𝒑ℎ(𝑠)) :=

∑

𝑒∈𝑝𝜉
ℎ

𝑑(𝑒), (2)

𝛽 is a given positive number meaning the capacity that a
defensive facility can reduce the energy of invaders on 𝜉, and
𝑊 (𝒒, 𝑝𝜉ℎ) is the number of facilities in 𝑝𝜉ℎ. Equation (1) is the
objective function of the invader for scenario 𝑠 and ℎ-th core.
Hence the invaders have 𝑘 objective function for each scenario.

On the other hand, Since the defender needs to decide
her/his location before a scenario is determined, an objective
function value of the defender for ℎ-th core can be represented
as a random variable whose value for each scenario 𝑠 is
𝑓ℎ(𝒒,𝒑ℎ(𝑠)∣𝑠). By integrating decision vectors of the invaders
for all scenarios , we represent paths to ℎ-th core as a random
path as 𝒑ℎ. Then, the objective function of the defender for
ℎ-th core is denoted by 𝑓ℎ(𝒒,𝒑ℎ), Hence the defender has 𝑘
objective functions.

Next we represent feasible sets of the defender and the
invaders. For the defender, we set 𝑚 linear constraints rep-
resented as follows:

𝐴𝒒 ≤ 𝒃, (3)

where

𝐴 := (𝒂1, . . . ,𝒂𝑚)𝑇 =

⎛
⎜⎝

𝑎11 . . . 𝑎1𝑛
...

. . .
...

𝑎𝑚1 . . . 𝑎𝑚𝑛

⎞
⎟⎠ , (4)

𝒃 := (𝑏1, . . . , 𝑏𝑚)𝑇 , (5)

and 𝑎𝑖𝑗 , 𝑏𝑖 ≥ 0 for any 𝑖 = 1, . . . ,𝑚, 𝑗 = 1, . . . , 𝑛. Hence the
feasible set of the defender can be represented as follows:

𝑆𝐷 := {𝒒 ∈ {0, 1}𝑛∣𝑨𝒒 ≤ 𝒃} . (6)

On the other hand, the feasible set of the invader for scenario
𝑠 ∈ 𝑆 and ℎ-th core can be regarded as the family of
sets of paths from all vertices in Ξ(𝑠) to 𝑐ℎ, denoted by
𝑆𝐼ℎ(𝑠). Therefore, the extending DLP can be formulated as
the following stochastic bilevel programming problem:

minimize
𝒒

(
𝑓1(𝒒,𝒑1), . . . , 𝑓𝑘(𝒒,𝒑𝑘)

)𝑇
where 𝒑1, . . . ,𝒑𝑘 solve
maximize

𝒑ℎ(𝑠)
𝑓ℎ(𝒒,𝒑ℎ(𝑠)∣𝑠),

∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘
subject to 𝒒 ∈ 𝑆𝐷,

𝒑ℎ(𝑠) ∈ 𝑆𝐼ℎ(𝑠),
∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘.

⎫⎬
⎭

(7)

For solving (7), we give 𝜎ℎ ∈ (0, 1], ℎ = 1, . . . , 𝑘 for
each core, meaning the probability that the defender wants
to guarantee for invasion to each core. Then, we transform
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(7) to the following bilevel programming problem by using 𝑘
auxiliary variables 𝛼1(𝒒), . . . , 𝛼𝑘(𝒒):

minimize
𝒒

(𝛼1(𝒒), . . . , 𝛼𝑘(𝒒))
𝑇

subject to 𝑃𝑟
(
𝑓1(𝒒,𝒑1) ≤ 𝛼1(𝒒)

) ≥ 𝜎1,
...

𝑃𝑟
(
𝑓𝑘(𝒒,𝒑𝑘) ≤ 𝛼𝑘(𝒒)

) ≥ 𝜎𝑘,
where 𝒑1, . . . ,𝒑𝑘 solve
maximize

𝒑ℎ(𝑠)
𝑓ℎ(𝒒,𝒑ℎ(𝑠)∣𝑠),

∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘
subject to 𝒒 ∈ 𝑆𝐷,

𝒑ℎ(𝑠) ∈ 𝑆𝐼ℎ(𝑠),
∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘.

⎫⎬
⎭

(8)

III. INTERACTIVE FUZZY SATISFICING METHOD

For ℎ-th core, ℎ = 1, . . . , 𝑘, we provide a satisfaction level
of the defender for each objective function as the following
linear membership function:

𝜇ℎ(𝛼ℎ(𝒒)) =

⎧⎨
⎩

1, 𝛼ℎ(𝒒) ≤ 𝛼1
ℎ,

𝛼ℎ(𝒒)− 𝛼1
ℎ

𝛼0
ℎ − 𝛼1

ℎ

, 𝛼1
ℎ ≤ 𝛼ℎ(𝒒) ≤ 𝛼0

ℎ,

0, 𝛼0
ℎ ≤ 𝛼ℎ(𝒒),

(9)

where 𝛼1
ℎ means the infimum of 𝑘-th objective function value

satisfying the defender sufficiently, and 𝛼0
ℎ the supremum of

that no satisfying her/him.
For estimating all satisfaction levels for objective functions

simultaneously, we use the concept of M-Pareto optimal solu-
tions.

Definition 1: 𝒒∗ is called an M-Pareto optimal solution
to (8) if and only if there does not exist another 𝒒 such
that 𝜇ℎ(𝛼ℎ(𝒒)) ≥ 𝜇ℎ(𝛼ℎ(𝒒

∗)) for all ℎ = 1, . . . , 𝑘 and
𝜇ℎ′(𝛼ℎ′(𝒒)) ∕= 𝜇ℎ′(𝛼ℎ′(𝒒∗)) for at least one ℎ′ ∈ {1, . . . , 𝑘}.

Interactive fuzzy satisficing method is a method to find a
satisficing solution among a set of M-Pareto optimal solutions
by utilizing information of M-Pareto optimal solutions com-
puted on the way of this method. We propose the interactive
fuzzy satisficing method to the multi-objective DLPs in order
to find a satisficing solution for the defender among a set
of M-Pareto optimal solutions. Let (𝜇̄1, . . . , 𝜇̄𝑘) be a 𝑘-
tuple of reference membership levels of membership functions
𝜇1, . . . , 𝜇𝑘, respectively.

Interactive fuzzy satisficing method for the stochastic DLPs

Step 1: Set membership function (9) for each ℎ = 1, . . . , 𝑘
by giving 𝛼1

ℎ and 𝛼0
ℎ.

Step 2: Set initial reference membership levels
(𝜇̄1, . . . , 𝜇̄𝑘) = (1, . . . , 1).

Step 3: For the given (𝜇̄1, . . . , 𝜇̄𝑘), solve the following cor-
responding minimax problem:

minimize
𝒒

max
ℎ=1,...,𝑘

{𝜇̄ℎ − 𝜇ℎ(𝛼ℎ(𝒒))

+ 𝜌

𝑘∑
𝑙=1

(𝜇̄𝑙 − 𝜇𝑙(𝛼𝑙(𝒒)))}
subject to 𝑃𝑟

(
𝑓1(𝒒,𝒑1) ≤ 𝛼1(𝒒)

) ≥ 𝜎1,
...

𝑃𝑟
(
𝑓𝑘(𝒒,𝒑𝑘) ≤ 𝛼𝑘(𝒒)

) ≥ 𝜎𝑘,
where 𝒑1, . . . ,𝒑𝑘 solve
maximize

𝒑ℎ(𝑠)
𝑓ℎ(𝒒,𝒑ℎ(𝑠)∣𝑠),

∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘
subject to 𝒒 ∈ 𝑆𝐷,

𝒑ℎ(𝑠) ∈ 𝑆𝐼ℎ(𝑠),
∀𝑠 ∈ 𝑆, ∀ℎ = 1, . . . , 𝑘,

⎫⎬
⎭

(10)

where 𝜌 is a sufficiently small positive number.
Step 4: If the defender is satisfied by the given solution of

(10), then it is a satisficing solution of the defender.
Otherwise, ask the defender to update (𝜇̄1, . . . , 𝜇̄𝑘)
by considering the current membership function val-
ues, and return to Step 3.

The following theorem introduces an important relationship
between (8) and (10).

Theorem 1: (i) If 𝒒∗ ∈ 𝑆𝐷 is an optimal solution of (10)
with some (𝜇̄1, . . . , 𝜇̄𝑘), then 𝒒∗ is also an M-Pareto optimal
solution of (8).
(ii) If 𝒒∗ ∈ 𝑆𝐷 is an M-Pareto optimal solution of (8), then
there exists (𝜇̄1, . . . , 𝜇̄𝑘) such that 𝒒∗ is an optimal solution
of (10).

Proof: (i) if 𝒒∗ is not an M-Pareto optimal solution of
(8), then there exist a solution 𝒒 such that 𝜇ℎ(𝛼ℎ(𝒒)) ≥
𝜇ℎ(𝛼ℎ(𝒒

∗)) for all ℎ = 1, . . . , 𝑘 and 𝜇ℎ′(𝛼ℎ′(𝒒)) ∕=
𝜇ℎ′(𝛼ℎ′(𝒒∗)) for at least one ℎ′ ∈ {1, . . . , 𝑘}. This means
that 𝒒 is better than 𝒒∗ for (10) with any (𝜇̄1, . . . , 𝜇̄𝑘), and
then this contradicts the optimality of 𝒒∗.

(ii) if there does not exist (𝜇̄1, . . . , 𝜇̄𝑘) such that 𝒒∗ is an
optimal solution of (10), then for any (𝜇̄1, . . . , 𝜇̄𝑘), there exist
a solution 𝒒 such that 𝜇̄ℎ−𝜇ℎ(𝛼ℎ(𝒒)) ≤ 𝜇̄ℎ−𝜇ℎ(𝛼ℎ(𝒒

∗)) for
all ℎ = 1, . . . , 𝑘 and 𝜇̄ℎ′ −𝜇ℎ′(𝛼ℎ′(𝒒)) ∕= 𝜇̄ℎ′ −𝜇ℎ′(𝛼ℎ′(𝒒∗))
for at least one ℎ′ ∈ {1, . . . , 𝑘}. This contradicts that 𝒒∗ ∈ 𝑆𝐷
is an M-Pareto optimal solution of (8).

At Step 3 in the above method, we need to find an optimal
solution of (10) for updated reference membership levels. In
the next section, we propose an efficient solution method for
(10).

IV. TABU SEARCH BASED ON STRATEGIC OSCILLATION

First, we consider the complexity to solve (10) strictly. For
each location 𝒒 ∈ 𝑆𝐷, we need to compute its objective
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function values. This means that for each scenario 𝑠 ∈ 𝑆,
we need to find the 𝑘 sets of paths 𝒑1(𝑠), . . . ,𝒑𝑘(𝑠) so as
to minimize 𝑓1(𝒒,𝒑1(𝑠)∣𝑠), . . . , 𝑓𝑘(𝒒,𝒑𝑘(𝑠)∣𝑠) among all sets
of paths from vertices in Ξ(𝑠) to cores 𝑐1, . . . , 𝑐𝑘. We can
utilize a version of Warshall-Floyd Algorithm [1] to find
such 𝑘 sets of paths at a polynomial time. However, since
the number of defensive locations is 2𝑛, solving (10) strictly
needs enormous computational times for large-scale DLPs.
Therefore, we propose an efficient solution method for (10)
based upon tabu search algorithm with strategic oscillation.

The tabu search is one of local search methods, which
replicates movement from a current solution 𝒒now to a next
solution 𝒒next. In the proposed method, we define a move
as adding/subtracting one to/from an element of 𝒒now, and
a neighborhood of 𝒒now, denoted by 𝒩 (𝒒now), as the set of
all solutions that can be transferred by only one move from
it. From 𝒩 (𝒒now), 𝒒next is chosen as the best solution in
the sense of a given criterion, e.g. objective function value.
However, without modification, a circulation of certain chosen
moves may occur on the way of search, and then it only can
examine a limited local area. Then, for cases that a move is
chosen in the search, the tabu constraint for its opposite move
is activated for given tenure, called the tabu tenure and denoted
by 𝑇1. Then the activated moves are forbidden to choose,
called tabu, even if the moves make the objective function
value of (10) best in 𝒩 (𝒒now). Tabu are memorized in a tabu
list through the search.

Although the tabu search method has the advantage of
finding several local optimal solutions efficiently, the feasible
set of (10) is generally wide and there are many local optimal
solutions in the feasible set. Then, we introduce the concept
of strategic oscillation for finding various types of local op-
timal solutions. The following function, meaning the degree
of feasibility for 𝒒, plays an important role in the strategic
oscillation:

𝑟(𝒒) := max
𝑖=1,...,𝑚

{𝒂𝑖 ⋅ 𝒒 − 𝑏𝑖} (11)

Tabu search algorithm with strategic oscillation for the
stochastic DLPs

Step 0: Generate the initial searching matrix 𝒒now, and ini-
tialize the tabu list and other parameters. If 𝒒now ∈
𝑆𝐷, then go to Step 4.

Step 1: Move 𝒒now to 𝒒next by decreasing an element of
𝒒now for the aim of increasing 𝑟(𝒒next) as much
as possible. This step is repeated until it is satisfied
𝑟(𝒒next) ≥ 0, that is 𝒒next ∈ 𝑆𝐷.

Step 2: Move 𝒒now to 𝒒next for the aim of improving the
objective function value of (10). This step is repeated
at a given tenure, denoted by 𝑇2 > 0.

Step 3: Move 𝒒now to 𝒒next by decreasing an element of
𝒒now for the aim of increasing 𝑟(𝒒next) as much as
possible. This step is repeated until 𝑟(𝒒next) is less
than a given value, denoted by 𝑟low.

Step 4: Move 𝒒now to 𝒒next by increasing an element of 𝒒now

for the aim of improving the objective function value
of (10). This step is repeated until one step short of
𝑟(𝒒next) < 0.

Step 5: Do the same operations as Step 2.
Step 6: Move 𝒒now to 𝒒next by increasing an element of 𝒒now

for the aim of improving the objective function value
of (10) without the feasibility of (10). This step is
repeated until 𝑟(𝒒next) is more than a given value,
denoted by 𝑟upp.

Step 7: If the iteration count of the algorithm reaches a given
number, denoted by 𝑇3, then terminate. Otherwise,
return to Step 1.

V. NUMERICAL EXPERIMENTS

This section shows the efficiency of the method introduced
in the previous sections by applying to a given numerical
example of the stochastic multiobjective DLP. We consider the
DLP on network 𝑁 = (𝑉,𝐸), where 𝑉 and 𝐸 have 𝑛 = 100
vertices and 1000 edges, respectively, and there are 𝑘 = 3
cores in 𝑉 . For each edge 𝑒 ∈ 𝐸, 𝑤𝑒 is given a value in
{1, . . . , 100} randomly.

For the defender, the capacity of the defensive facility is
𝛽 = 30, and there are the following 𝑚 = 30 constraints: for
(4), each 𝑎𝑖𝑗 , 𝑖 = 1, . . . ,𝑚 and 𝑗 = 1, . . . , 𝑛, is given as a
value in {1, . . . , 100} randomly, and

𝑏𝑖 = 𝜃𝑖 ⋅
𝑛∑

𝑗=1

𝑎𝑖𝑗 , (12)

where 𝜃𝑖, 𝑖 = 1, . . . ,𝑚 is a given value in [0.1, 0.3] randomly.
For (8), we set 𝜎ℎ = 0.7, ℎ = 1, 2, 3.

For the invaders, we give 𝑠 = 3 scenarios each of whose
possibilities is given randomly. For each scenario, their sites,
number of vertices, and their initial energies are given in 𝑁 ,
{1, . . . , 3}, and [100, 300], randomly and respectively.

For the tabu search algorithm in Section IV, we set 𝑇1 = 20.
In Steps 2 and 4 of the algorithm with strategic oscillation, we
set 𝑇2 = 7 and 𝑇3 = 100, respectively.

For the interactive fuzzy satisficing method in Section III, at
Step 0, we define three membership functions 𝜇1, 𝜇2, 𝜇3 whose
parameters are (𝛼𝐿

1 , 𝑓
𝑈
1 ) = (30, 90), (𝛼𝐿

2 , 𝑓
𝑈
2 ) = (40, 120),

and (𝛼𝐿
3 , 𝑓

𝑈
3 ) = (60, 200), respectively. In this example of

the DLP, we assume that the defender regards that 𝑐3 is the
most important, 𝑐2 is the second, and 𝑐1 is the last. Then,
the defender thinks that she/he hopes to improve 𝜇3 even if
𝜇1 and 𝜇2 are worse, and similarly to improve 𝜇2 even if 𝜇1

is worse. TABLE I shows computational results for applying
the method to the example of DLP, where we obtain them
computed by Dell Studio XPS 8100 (CPU: Inter𝑅 CORE𝑇𝑀

i7-860 2.80GHz × 2, RAM: 6.00GB).
In TABLE I, for the satisfaction levels of the M-Pareto

optimal solution obtained at Iteration 1, the defender decreased
𝜇̄1 and 𝜇̄2 in order to improve the value of 𝜇3 at Iteration
2. Then, the defender can obtain the solution improving the
value of 𝜇̄3. However, the solution did not satisfy the defender,
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TABLE I
COMPUTATIONAL RESULTS

Iteration 1 2 3 4
𝜇̄1 1.0 0.7 0.7 0.7
𝜇̄2 1.0 0.9 0.8 0.8
𝜇̄3 1.0 1.0 1.0 0.95

𝜇1(𝑓1(𝒒∗,𝒑∗)) 0.564 0.356 0.475 0.501
𝜇2(𝑓2(𝒒∗,𝒑∗)) 0.570 0.595 0.532 0.570
𝜇3(𝑓3(𝒒∗,𝒑∗)) 0.558 0.680 0.747 0.727

CPU Time (seconds) 57.24 54.68 60.77 60.70

because the values of 𝜇1 for its solution is too bad. Then,
at Iteration 3, the defender reduced 𝜇̄2 a little. Although the
values of 𝜇1 for its solution is recovered, that of 𝜇2 is too
bad. Then, the defender reduced 𝜇̄3 a little at Iteration 4. As
a result, the defender obtained a satisficing solution and the
method is terminated.

VI. CONCLUSION

In this paper, we have proposed a new location problem
by considering a multiobjective DLP with invaders whose
sites are given randomly. By representing a location region
as a network, we have formulated the DLP as a stochastic
multiobjective bilevel programming problem. For finding its
satisficing solution of the defender, we have proposed an
interactive fuzzy satisficing method with tabu search algorithm
with strategic oscillation. Its efficiency has been shown by
applying the proposed method for examples of the DLP.

For the proposed DLP, both the capacity of defensive
facilities and the energy of invaders are given determinate
values. However, it is often cases that these data include
vagueness and ambiguity. Considering the DLP representing
these data as fuzzy random variables [6], [13], which can be
formulated as a fuzzy random programming problem, is an
important future research.

REFERENCES

[1] T. H. Cormen, C. E. Leiserson, R. L. Rivest, Introduction to algorithms.
MIT Press, 1990.

[2] Z. Drezner, Competitive Location Strategies for Two Facilities. Regional
Science and Urban Economics, vol.12, vol.3, pp.485-493, 1982.

[3] F. Glover, Future Paths for Integer Programming and Links to Artificial
Intelligence. Computers & Operations Research, vol.5, pp.533-549,
1986.

[4] S. L. Hakimi, On Locating New Facilities in a Competitive Environment.
European Journal of Operational Research, vol.12, pp.29-35, 1983.

[5] S. Hanafi, A. Freville, An Efficient Tabu Search Approach for the 0-1
Multidimensional Knapsack Problem. European Journal of Operational
Research, vol.106, pp.659-675, 1998.

[6] H. Katagiri, M. Sakawa, K. Kato, I. Nishizaki, Interactive Multiobjective
Fuzzy Random Linear Programming: Maximization of Possibility and
Probability. European Journal of Operational Research, vol.188, no.2,
pp. 530-539, 2008.

[7] K. Kato, M. Sakawa, H. Katagiri, C. Perkgoz, An interactive fuzzy
satisficing method based on fractile criterion optimization for multiob-
jective stochastic integer programming problems. Expert Systems with
Applications, vol.37, no.8, pp.6012-6017, 2010.

[8] T. C. Miller, T. L. Friesz, R. L. Tobin, Equilibrium Facility Location on
Networks, Springer Verlag, Berlin, 1996.

[9] J. R. O’Hanley, R. L. Church, Designing Robust Coverage Networks
to Hedge against Worst-Case Facility Losses. European Journal of
Operational Research, vol.209, no.1, pp.23-36, 2011.

[10] C. R. Reeves, ed., Modern Heuristic Techniques for Combinatorial
Problems. Blackwell Scientific Press, Oxford, 1993.

[11] S. Shiode, Z. Drezner, A Competitive Facility Location Problem on a
Tree Network with Stochastic Weights. European Journal of Operational
Research, vol. 149, no. 1, pp.47-52, 2003.

[12] T. Uno, H. Katagiri, Single- and Multi-Objective Defensive Location
Problems on a Network. European Journal of Operational Research,
vol.188, no.1, pp.76-84, 2008.

[13] T. Uno, H. Katagiri, K. Kato, A Stackelberg Location Problem on a
Tree Network with Fuzzy Random Demands. Advances in Intelligent
Decision Technologies (eds: G. Phillips-Wren, L.C. Jain, K. Nakamatsu,
R.J. Howlett), pp.581-588, Springer, 2010.

[14] J. Yang, M. Zhang, B. He, C. Yang, Bi-level programming model and
hybrid genetic algorithm for flow interception problem with customer
choice. Computers & Mathematics with Applications, vol.57, no.11-12,
pp.1985-1994, 2009.

883



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


