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Abstract: This paper deals with knapsack problem in fuzzy nature, where both the
objective function and constraints are considered to be fuzzy. Three different mod-
els for fuzzy knapsack problem are proposed including, expected value model, chance-
constrained model, and dependent-chance model. Credibility ranking method is applied
to convert the fuzzy models into a crisp equivalent linear one considering triangular and
trapezoidal fuzzy numbers. The solution of the fuzzy problem is obtained with respect
to different satisfaction degrees in the objective function and constraints. Several nu-
merical examples are given to demonstrate different models and concepts. The proposed
approaches are applied to model and to solve a fuzzy pre-disaster investment decision
problem.
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1. INTRODUCTION

The knapsack problem is one of the most important problems in mathematical
programming, which has numerous applications in different areas such as various
packing problem, cargo loading, stock cutting or economic planning [10]. Sahoo
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et al. [30] presented how the knapsack problem relates to the problem of optimal
allocation of physical resource blocks. The generalization of the standard 0-1
knapsack problem as a set-union knapsack problem was suggested in [15]. Another
application of the knapsack problem is the radio communication decision-making,
storage, and computing problem [8]. Mengistu et al. [19] modeled the problem of
placing a virtual machine in voluntary cloud computing as a constrained knapsack
problem and use three initiative-based algorithms to meet the specific goals and
limitations of voluntary cloud computing. The goal of knapsack problem is to
maximize the total amount of profit without exceeding the maximum weight. The
knapsack problem has a simple structure that allows it to be used in combinatorial
optimization problems. Suppose that there are N objects where the weight of the
object j is wj and the profit of adding this object to the knapsack is pj . The
mathematical model of the continues knapsack problem is stated as follows ([7],
[31], [18]):

max
∑n
j=1 pjxj

s.t.
∑n
j=1 wjxj ≤ C

0 ≤ xj ≤ 1, j = 1, 2, ..., N.

In the real world, because of the inherent uncertainty, the amount of weight
and profit of the objects is vague [4]. Two approaches, probabilistic and fuzzy, are
used to consider uncertainty in a knapsack problem. In the probabilistic approach,
the values of the parameters of the problem are considered as random variables
[26]. Since calculations in probabilistic space are very complex and also the varies
knapsack problems deal with linguistic descriptions like high weight, low profit,
etc, fuzzy approach is applied to deal with vague and imprecise data in knapsack
problem ([1], [5]). Therefore, this approach is more popular in recent years [26]. To
solve the knapsack problem using fuzzy programming, Abboud et al. modeled the
multi-objective knapsack problem as a fuzzy linear programming problem (FLP)
and used genetic algorithms to solve it [2]. A fuzzy hyperheuristic approach,
which is a combination of a fuzzy inference system with a selection hyperheuristic
is proposed in [24]. An integrated fuzzy TOPSIS-knapsack problem model for
order selection in a bakery is presented in [9]. The fuzzy knapsack problem for
single and bi-objective function, in which weights and profit were considered as
triangular fuzzy numbers is investigated in [29]. The authors proposed dynamic
programming approach using multi-stage decision making. It is applied to solve
an investment problem in an imprecise environment. Uncertain multidimensional
knapsack problem with different decision criteria was studied by [6]. An Integer
Linear Programming Model for Binary Knapsack Problem with Dependent Item
Values was demonstrated in [20]. The results of some important researches in the
field of fuzzy knapsack problem is summarized in Table 1.

Table 1: Summery of researches in the subject of knapsack problem in fuzzy
nature
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Reference Year Uncertain pa-
rameters

proposed method

Abass and Abdal-
lah [1]

2018 Capacities of
the knapsack

Possibility Theory

Abboud et al. [2] 1997 Fuzzy goals Mathematical optimiza-
tion

Chen [5] 2009 Object weights Parametric programming
Cheng et al. [6] 2017 All parameters Chance-constrained pro-

gramming
Kasperski and
Kulej [13]

2007 Imprecise prof-
its and impre-
cise weights of
items

Bisection approach

Lin and Yao [15] 2001 Weight coeffi-
cients

Fuzzy optimization

Olivas et al. [24] 2021 - Fuzzy hyperheuristic ap-
proach

Singh and
Chakrabor [28]

2019 Profit and
weights

Two-stage decision-
making approach

Singh [29] 2019 Weights and
profit

Dynamic programming
approach

In our work, the profit and the weight of objects are considered to be fuzzy
numbers. Kasperski et al. solved the 0-1 backpack problem with fuzzy data
[13]. Lin et al. described the fuzzy knapsack problem (FKP). They considered
wj , j = 1, ..., N as an interval value [15]. In our paper, different models for fuzzy
knapsack problem considering impreciseness in profit and weigh parameters are
proposed. The models include expected value model, chance-constrained model
and dependent-chance model. The credibility ranking method is applied to obtain
the crisp equivalent of the models. The proposed models are applied to model and
solve a fuzzy pre-disaster investment decision problem.
The paper is organized as follows. In section 2 preliminaries from credibility
measure and fuzzy credibility programming are reviewed. Different models for
fuzzy knapsack problem are proposed in section 3. Numerical results are presented
in section 4. The last section ends the paper with a brief conclusion and future
directions.

2. PRELIMINARIES

In this section, credibility measure for ranking fuzzy numbers are illustrated
([3], [11], [12], [17], [22]).
Definition 1. Let Ã be a fuzzy subset of X with the membership function µÃ :

X → [0, 1]. The α-cut of Ã is denoted with [Ã]α and it is defined as follows:

[Ã]α = {x ∈ X|µÃ(x) ≥ α} .
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To compare a couple of fuzzy numbers ã and b̃, concepts of possibility and
necessity relations are defined as the following
Definition 2. Let ã and b̃ be two fuzzy quantities with the membership functions
µã and µb̃, respectively. The possibility relation and the necessity relation can be
defined as the following:

Pos(ã�b̃) = sup
{

min(µã(x), µb̃(y))|x ∈ ã, y ∈ b̃, x ≤ y
}

Nec(ã�b̃) = inf
{

max(1− µã(x), 1− µb̃(y))|x ∈ ã, y ∈ b̃, x > y
}

Possibility relation is very optimistic, but necessity relation is very pessimistic.
To exhibit with risk-neutral personality, it is more acceptable to use the following
credibility relation as the average of possibility relation and necessity relation:

Cr(ã�b̃) = 0.5{Pos(ã�b̃) +Nec(ã�b̃)}.

Generally, the credibility of a fuzzy variable is not linear. When the fuzzy vari-
ables are special fuzzy numbers, such as triangular fuzzy numbers and trapezoidal
fuzzy numbers, which are widely used in modeling fuzziness, this ranking method
is easier to apply. The use of fuzzy credibility programming in fuzzy mathemat-
ical programming problems whose parameters are triangular or trapezoidal fuzzy
numbers has been studied by a number of researchers ([14],[25], [28]).
Proposition 1. Considering a triangular fuzzy number Ã = (A,A, Ā)with
membership function

µÃ(a) =


a−A
A−A A ≤ a ≤ A
a−Ā
A−Ā A ≤ a ≤ Ā

0 o.w.

For this special membership function, the credibility of the fuzzy event Ã�ω
is computed as

Cr(Ã�ω) =


1 ω ≤ A

2A−A−ω
2(A−A) A ≤ ω ≤ A
ω−Ā

2(A−Ā)
A ≤ ω ≤ Ā

0 o.w.

Figure 1 shows the values of Cr(Ã�ω) in terms of different values of ω.
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Figure 1: The values of Cr(Ã�ω) in terms of different values of ω.

3. MODELS for KNAPSACK PROBLEM in FUZZY NATURE

Research on fuzzy logic provides the tools needed to model complex problems,
which, along with other methods, contribute to better results [27]. In practice,
many backpack problems involve items whose weight or benefit is not precisely
known. In these cases, the decision maker (DM) has only vague knowledge of
objects that uses approximate estimation and fuzzy linguistics, or decimal trun-
cation for problem weight and coefficients [21]. Therefore, the weight and profit
of each object in the knapsack problem are considered to be imprecise. In this
section, three models including the expected value model, the chance-constrained
programming model, and the dependent-chance programming model for the fuzzy
knapsack problem are developed. One of the most well-known method for ranking
fuzzy variables, which is based on credibilistic mappings is the expected value of a
fuzzy variable defined by the weighted average of all possible values. The expected
value model for modeling fuzzy/vague phenomena in mathematical programming
was proposed by Liu and Liu, based on the concept of expected value, had been
applied in many real-life applications [16]. The model optimizes the expected value
of the objective function subject to some constraints. In this way, if the decision
maker prefers finding a knapsack with the maximum expected value of the objec-
tive function, the following expected value model for the fuzzy knapsack problem
is proposed:

EVK : max E(
∑n
j=1 p̃jxj)

s.t.
∑n
j=1 w̃jxj≺C

0 ≤ xj ≤ 1, j = 1, 2, ..., N

This modal states that from all the items that can be selected to fill the knap-
sack, the items associated with the maximum expected profit are preferred. In
summary, this problem is called EVK problem. Therefore x∗ = (x∗1, x

∗
2, ..., x

∗
n)is

the optimal solution of EVK problem if and only if E(
∑n
j=1 p̃jxj) ≤ E(

∑n
j=1 p̃jx

∗
j)

in which x = (x1, x2, ..., xn)is a feasible solution. The expected value of the fuzzy
variable Ã is defined as follows [10]:

E(Ã) =

∫ ∞
0

cr(Ã�r)dr −
∫ 0

−∞
cr(Ã�r)dr

in which at least one of the two integrals is finite.
Since, the expected value of a fuzzy variable has a linear property, the EVK

problem is equivalent to:

EEVK : max
∑n
j=1E(p̃j)xj

s.t.
∑n
j=1 w̃jxj≺C

0 ≤ xj ≤ 1, j = 1, 2, ..., N
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In addition, if the decision maker considers the satisfaction level for the con-
straint, the EEVK problem can be written using credibility measure as follows,
which is named a credibility equivalent expected valued knapsack problem (CEEVK):

CEEVK : max
∑n
j=1E(p̃j)xj

s.t. cr
(∑n

j=1 w̃jxj≺C
)
≥ β

0 ≤ xj ≤ 1, j = 1, 2, ..., N

There are many methods for ranking fuzzy numbers, which is an important
issue in fuzzy set theory. The selection of the appropriate method is highly de-
pendent on the decision maker’s preferences. Based on this, several more practical
versions of the knapsack problem are presented. If the decision maker’s preference
is to optimize the value of the fuzzy objective function with certain confidence level
α, the chance-constrained model of the fuzzy knapsack problem can be stated as
follows:

CCK : max ω

s.t. cr
(∑n

j=1 p̃jxj�ω
)
≥ α∑n

j=1 w̃jxj≺C
0 ≤ xj ≤ 1, j = 1, 2, ..., N

Again, considering the satisfaction level β for the constraint of the problem, the
following credibility chance-constrained knapsack (CCCK) problem is proposed.

CCCK : max ω

s.t. cr
(∑n

j=1 p̃jxj�ω
)
≥ α

cr
(∑n

j=1 w̃jxj≺C
)
≥ β

0 ≤ xj ≤ 1, j = 1, 2, ..., N

The advantage of this model compared to the previous expected value model
is that if the membership functions of the fuzzy parameters are triangular or
trapezoidal, the crisp equivalent model can be constructed as the following, which
also retains its linearity. Therefore, a solution for the fuzzy knapsack problem
under credibility ranking method can be generated by solving the crisp model.
Based on the proposition 1, if p̃j and w̃j , j = 1, ..., N be triangular fuzzy numbers,

cr
(∑n

j=1 p̃jxj�ω
)
≥ αcan be rewritten as:

(2− 2α)

n∑
j=1

pjxj + (2α− 1)

n∑
j=1

p
j
xj ≥ ω

in which p̃j =
(
p
j
, pj , p̄j

)
and w̃j =

(
wj , wj , w̄j

)
. On the other hand, cr(Ã≺r) =

1−cr(Ã�r). Therefore, cr
(∑n

j=1 w̃jxj≺C
)
≥ β is equivalent to cr

(∑n
j=1 w̃jxj�C

)
≤
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1− β and w̃j =
(
wj , wj , w̄j

)
can be rewritten as:

(2− 2β)

n∑
j=1

wjxj + (2β − 1)

n∑
j=1

w̄jxj ≤ C

Substituting the last two constraints in CCCK problem, the crisp equivalent
model for the fuzzy knapsack problem is obtained. The solution of the crisp model
is an (α, β)-optimal solution for the fuzzy chance-constraint knapsack problem
under credibility ranking method. Based on the decision making preferences, the
satisfaction levels α and β are usually greater than 0.5.

If the decision maker prefers that the objective function value is not lower
than ω, in which ω is a preferred minimum, the dependent-chance model can be
obtained as follows:

DCK : max cr
(∑n

j=1 p̃jxj�ω
)

s.t.
∑n
j=1 w̃jxj≺C

0 ≤ xj ≤ 1, j = 1, 2, ..., N

Using credibility measure and the satisfaction degree β for the constraints, the
following credibility dependent-chance knapsack problem is presented:

CDCK : max cr
(∑n

j=1 p̃jxj�ω
)

s.t. cr
(∑n

j=1 w̃jxj≺C
)
≥ β

0 ≤ xj ≤ 1, j = 1, 2, ..., N

The CDCK is equivalent to:

CDCK : max α

s.t. cr
(∑n

j=1 p̃jxj�ω
)
≥ α

cr
(∑n

j=1 w̃jxj≺C
)
≥ β

0 ≤ xj ≤ 1, j = 1, 2, ..., N

in which α ∈ [0, 1]. Two cases should be considered.
Case 1: if 0 ≤ α ≤ 0.5

CDCK(1) : max α
s.t. 2α

∑n
j=1 pjxj+ (1− 2α)

∑n
j=1 p̄jxj ≥ ω

(2− 2β)
∑n
j=1 wjxj + (2β − 1)

∑n
j=1 w̄jxj ≤ C

0 ≤ xj ≤ 1, j = 1, 2, ..., N, 0 ≤ α ≤ 0.5
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Case 2: if 0.5 ≤ α ≤ 1

CDCK(2) : max α
(2α− 1)

∑n
j=1 pjxj+ (2− 2α)

∑n
j=1 pjxj ≥ ω

s.t. (2− 2β)
∑n
j=1 wjxj + (2β − 1)

∑n
j=1 w̄jxj ≤ C

0 ≤ xj ≤ 1, j = 1, 2, ..., N, 0.5 ≤ α ≤ 1

4. COMPUTATIONAL EXPERIMENTS

To illustrate the potential application of the proposed models, a fuzzy knapsack
problem is modeled by different approaches and comparison analysis are given.
Consider a fuzzy knapsack problem with 6 objects and C = 86. The fuzzy values of
weights and profits are given in Table 2. A review of the available literature shows
that the best form of membership functions in practical applications modeled
as a form of fuzzy mathematical programming problems is the linear membership
functions such as triangular or trapezoidal fuzzy numbers [22]. The most important
advantage of linear membership functions is the production of linear models that
use efficient and simple algorithms to solve them. Therefore, fuzzy numbers are
considered to be triangular and trapezoidal. After estimating the boundaries of
fuzzy numbers, it is enough to determine the core values of fuzzy numbers based
on the opinion of the experts.

Table 2: The fuzzy values of weights and profits of objects.
J p̃j w̃j
1 (7,12,13) (7.8,8.1,9)
2 (13,15,17) (11.6,12.1,13.8)
3 (18,21,22) (12.4,13.2,13.8)
4 (10,12,14) (63,64.2,64.6)
5 (16,19,20) (21.3,22.2,23.3)
6 (23,25,27) (40,41.2,41.6)

The fuzzy knapsack problem is formulated as follows:

max (7, 12, 13)x1 + (13, 15, 17)x2 + (18, 21, 22)x3

+ (10, 12, 14)x4 + (16, 19, 20)x5 + (23, 25, 27)x6

s.t. (7.8, 8.1, 9)x1+(11.6, 12.1, 13.8)x2+(12.4, 13.2, 13.8)x3

+(63, 64.2, 64.6)x4+(21.3, 22.2, 23.3)x5+(40, 41.2, 41.6)x6 ≤ 86
0 ≤ xj ≤ 1, j = 1, 2, ..., N.

According to the results obtained in the previous section, the credibility chance-
constrained knapsack (CCCK) problem model can be formulated as:

max ω
s.t. (17− 10α)x1 + (17− 4α)x2 + (24− 6α)x3

+(14− 4α)x4 + (22− 2α)x5 + (27− 4α)x6 ≥ ω
(7.2 + 1.8β)x1 + (10.4 + 3.4β)x2 + (12.6 + 1.2β)x3

(63.8 + 0.8β)x4 + (21.1 + 2.2β)x5 + (40.8 + 0.8β)x6 ≤ 86
0 ≤ xj ≤ 1, j = 1, 2, ..., N
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The above model is solved with AMPL (A Mathematical Programming Lan-
guages). The solution of the problem for α = 0.7and β = 0.8 is:

x1 = 1, x2 = 1, x3 = 1, x4 = 0, x5 = 1, x6 = 0.67

ω = 80.84

Also, the relation between parameters α, β and the objective function value ω
is demonstrated in Figure 2. As one can see, increasing the parameter α and β
decreases the objective function value ω. In fact, the least value for ω is obtained
by α = 0.9 and β = 0.9 and the highest value is gained by α = 0.5and β = 0.5.
The reason is that, by increasing the parameters α and β, the degree of violation
of the constraints decreases. In fact, the reduction in profit is a cost that must be
paid for more certainty about the constraints of the problem.

Figure 2: The relation between parameters α, β and ω

Furthermore, the dependent-chance model for the fuzzy knapsack problem with
ω = 78 can be formulated as follows:

max Cr((7, 12, 13)x1 + (13, 15, 17)x2 + (18, 21, 22)x3 + (10, 12, 14)x4

+(16, 19, 20)x5 + (23, 25, 27)x6) ≥ 78
s.t. (7.8, 8.1, 9)x1+(11.6, 12.1, 13.8)x2+(12.4, 13.2, 13.8)x3

+(63, 64.2, 64.6)x4+(21.3, 22.2, 23.3)x5+(40, 41.2, 41.6)x6 ≤ 86
0 ≤ xj ≤ 1, j = 1, 2, ..., N.

According to the transformations described is section 3, the following equivalent
models can be obtained.
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Case 1: 0.5 ≤ α < 1

max α
s.t. (17− 10α)x1 + (17− 4α)x2 + (24− 6α)x3

+(14− 4α)x4 + (22− 2α)x5 + (27− 4α)x6 ≥ 78
(7.2 + 1.8β)x1 + (10.4 + 3.4β)x2 + (12.6 + 1.2β)x3

(63.8 + 0.8β)x4 + (21.1 + 2.2β)x5 + (40.8 + 0.8β)x6 ≤ 86
0 ≤ xj ≤ 1, j = 1, 2, ..., N, 0.5 ≤ α ≤ 1.

Case 2: 0 < α < 0.5

max α
s.t. (13− 2α)x1 + (17− 4α)x2 + (22− 2α)x3

+(14− 4α)x4 + (20− 2α)x5 + (27− 4α)x6 ≥ 78
(7.2 + 1.8β)x1 + (10.4 + 3.4β)x2 + (12.6 + 1.2β)x3

(63.8 + 0.8β)x4 + (21.1 + 2.2β)x5 + (40.8 + 0.8β)x6 ≤ 86
0 ≤ xj ≤ 1, j = 1, 2, ..., N, 0.5 ≤ α ≤ 1.

Considering β = 0.8, the problem is feasible when0.5 ≤ α < 1 and the optimal
solution is

x1 = 1, x2 = 1, x3 = 1, x4 = 0, x5 = 1, x6 = 0.6713, α= 0.8153

Again, the relation between parameters α and β is demonstrated in Figure 3. This
figure shows that by increasing the parameter β, the objective function value of
the dependent-chance model –equal to α- decreases due to higher confidence level
that the constraints will be satisfied.

Figure 3: The relation between parameters α and β in dependent-chance model.

4.1. Application to Pre-Disaster Investment Decision Problem

Knapsack problem has many applications in real world problems such as produc-
tion planning, energy management, resource management, power allocation, work-
flow mapping and so on. In this section, the application of the fuzzy knapsack
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problem is investigated in a pre-disaster investment decision problem. Natural
or man-made hazards can significantly affect the performance of civil systems,
such as transportation networks, water, energy and communications. Continuity
of this infrastructure is essential for effective crisis management and post-crisis
response. The first stage of crisis management is pre-crisis preparedness, which
is made possible by long-term decisions such as investing in the infrastructure of
these networks to strengthen the network and increase their likelihood of survival
in the event of a crisis [22]. Of course, strengthening all network links requires
a huge budget, which in many cases is impossible, so decisions must be made to
select the subset of network links for investment to provide the most factor of
network stability.
Let G = (N,A)is the designed logistic network for post-disaster transportation
problem, in which N is the set of nodes and A is the set of links. Let p̃i,j is
the survival factor of the link (i, j). The survival factor of the link (i, j) can
be increased to q̃i,jby investing an amount equal to c̃i,j . The total amount of
budget for increasing the survival factor of the network is bounded by B. The
investment decision variable is denoted by z = (zi,j), in which zi,j = 1 if link
(i, j) is selected for the investment and zi,j = 0, otherwise. The model of the
pre-disaster investment decision problem is formulated as follows:

PDIDP : max
∑

(i,j)∈A(q̃i,j − p̃i,j)zi,j
s.t.

∑
(i,j)∈A c̃i,jzi,j≺B

zi,j ∈ {0, 1}, (i, j) ∈ A

Accordingly, the chance-constraint model of the fuzzy pre-disaster investment de-
cision problem can be stated as follows:

max ω

s.t. cr
(∑

(i,j)∈A(q̃i,j − p̃i,j)zi,j�ω
)
≥ α

cr
(∑

(i,j)∈A c̃i,jzi,j≺B
)
≥ β

zi,j ∈ {0, 1}, (i, j) ∈ A

The computational results are based on a highway network with 30 links depicted
in Figure 4 and adapted from [23].
The total budget for investment in all links is 2640 units. Also the values of param-
eters p̃i,j , q̃i,j and c̃i,jfor all (i, j) ∈ A are reported in Table 3. The transformed
problem is solved by GLPK solver. Table 4 shows the solution of the fuzzy pre-
disaster investment decision problem for different values of the budget amount. For
each value of the budget, links with a value of one are selected for investment. The
last row of the table shows the total increase in the survival factor of the network
for different values of the budget. In all cases it is assumed that α=β=0.8. Also,
Figure 5 shows the relation between budget and the increase in the total survival
factor of the network. The results show that increasing the budget increases the
total survival factor of the network. Of course, for higher budget amounts, the
intensity of increase in the survival factor is reduced.
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Table 3: The values of parameters of the fuzzy pre-disaster investment decision
problem

Link
number

p̃i,j q̃i,j q̃i,j − p̃i,j c̃i,j

1 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (75,80,85)
2 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (75,80,85)
3 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (310,320,330)
4 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (255,260,265)
5 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (155,160,165)
6 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (410,420,430)
7 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (155,160,165)
8 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (610,620,630)
9 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (115,120,125)
10 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (335,340,345)
11 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (930,940,950)
12 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (155,160,165)
13 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (610,620,630)
14 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (1170,1180,1190)
15 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (35,40,45)
16 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (930,940,950)
17 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (295,300,305)
18 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (510,520,530)
19 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (35,40,45)
20 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (790,800,810)
21 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (35,40,45)
22 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (155,160,165)
23 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (35,40,45)
24 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (610,620,630)
25 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (255,260,265)
26 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (770,780,790)
27 (0.1,0.3,0.4) (0.5,0.7,1) (0.1,0.4,0.9) (790,800,810)
28 (0.3,0.4,0.5) (0.7,0.8,1) (0.2,0.4,0.7) (115,120,125)
29 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (215,220,225)
30 (0.2,0.3,0.5) (0.6,0.7,1) (0.1,0.4,0.8) (490,500,510)

Table 4: The total increase in the survival factor of the highway network for
different values of the budget amount
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Links Budget amount
2640 1900 3000

1 1 1 1
2 1 1 1
3 1 1 1
4 1 0 1
5 1 1 1
6 0 0 0
7 1 1 1
8 0 0 0
9 1 1 1
10 0 0 1
11 0 0 0
12 1 1 1
13 0 0 0
14 0 0 0
15 1 1 1
16 0 0 0
17 1 1 1
18 0 0 0
19 1 1 1
20 0 0 0
21 1 1 1
22 1 1 1
23 1 1 1
24 0 0 0
25 1 0 1
26 0 0 0
27 0 0 0
28 1 1 1
29 1 0 1
30 0 0 0
Total increase in survival factor 43.4 36.8 45.6
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Figure 4: Highway network with 30 links

Figure 5: The relation between budget and total survival factor of the network.

5. CONCLUSIONS and SUGGESTIONS

This paper discuses knapsack problem in fuzzy nature, considering fuzziness
in the profit and weight parameters. Therefore, both the objective function and
constraints of the problem are considered to be fuzzy. Three models are proposed
which include expected value model, chance-constrained model and dependent-
chance model. When the membership function of the fuzzy parameters are as-
sumed to be triangular or trapezoidal, credibility ranking method is used to con-
vert the fuzzy model into a crisp linear programming model in which the solution
of the crisp model is an (α, β)-optimal solution for the fuzzy problem. In this way,
based on the preferences of the decision maker on the selection of the satisfaction
degrees for the objective functions and the constraints, an appropriate solution is
proposed. Numerical examples are solved to demonstrate the proposed models.
The proposed models are applied to formulate and solve fuzzy pre-disaster invest-
ment decision problem. In the future, providing efficient approaches to solve the
fuzzy proposed models will be pursued.
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