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Bacău, Romania

ceraselacrisan@ub.ro

Camelia–M. Pintea
Faculty of Sciences

Technical University Cluj-Napoca
Baia-Mare, Romania

dr.camelia.pintea@ieee.org

Petrica C. Pop
Faculty of Sciences

Technical University Cluj-Napoca
Baia-Mare, Romania

petrica.pop@cunbm.utcluj.ro

Abstract—Nowadays, in the world are produced at high speed
tremendous volumes of data which is sometimes incomplete,
inconsistent, and/or uncertain. Therefore, operating and ana-
lyzing such data must be error-tolerant and should maintain a
specific degree of result reliability. The behavior of several greedy
and adaptive heuristics, including a natural-inspired optimiza-
tion approach, the Discrete Fruit Fly Optimization Algorithm
(DFOA), when applied to a set of fuzzified Traveling Salesman
Problem (TSP) instances is studied. Several symmetric TSP
instances were systematically transformed using two information
imperfection parameters: the volume and the amplitude. The
specified heuristics adaptation to a systematic degree of fuzziness
is analyzed.

Index Terms—Traveling Salesman Problem; Discrete Fruit Fly
Optimization Algorithm; Optimization; Uncertainty Model

I. INTRODUCTION

Information produced, stored and analyzed in our days is not
fully reliable, as it is imperfect. Most problems we face today
do not embed clear-cut facts and must be solved when the
data is incomplete, inconsistent or uncertain. Computational
applications are therefore requested to efficiently operate with
inexact information, like the human mind does.

When coping with low-quality data, two strategies could
be used: either using pre-processing procedures, to clean the
data [1], or designing more reliable applications, able to deal
with inexact data [2].

One of the first approaches to decision under risk [3] defined
the expected utility of an agent competing for resources in an
Economic environment.

The decision under uncertainty evolved later on in [4], by
combining the expected utility with subjective probabilities
into the subjective expected utility. Mathematical models based
on rationality and axioms helped in defining the Game Theory
domain and also in addressing the inherent complexity of
social, natural or scientific phenomena.
The sources of uncertainty are multiple and a specific process
could compound its uncertainties [5]:

• model parameters which are not exactly known;
• input data characteristics which can vary;
• model bias, as a result from the insufficient model accu-

racy;
• numerical approximations from computations;

• observation errors, due to imperfect measuring devices or
human errors;

• interpolation errors, due to insufficient experimental data.

Quantifying the uncertainty relies mostly on computer sim-
ulations [6]. The goal of uncertainty quantification is to find
how likely a process will produce a specific outcome if some
characteristics of the process are not exactly known.

Approximate computing is a new computing paradigm that
produces a bounded approximate result instead of an exact
result, with considerable gain in computational cost [7]. This
relaxed approach to traditional computing is fitted to error-
tolerant applications which are expected to run with high
speed; for example, search engines response to queries or
multimedia processing.

Trans-precision computing is a step forward from the ap-
proximate computing [8]. It proposes dynamic adjustments
during computations:

• floating-point data are stored on less bits than the com-
mon IEEE 754 Standard;

• applications are stopped when a specific precision of the
result is reached.

The current work uses the uncertainty quantification para-
digm in order to investigate the behavior of a nature-inspired
algorithm when the data fed are uncertain. Following the
classification from [5], here we use variability of the input
data in order to quantify the reliability of Discrete Fruit Fly
Optimization Algorithm (DFOA), when applied to a set of
fuzzified Traveling Salesman Problem (TSP) instances.

The investigated nature-inspired algorithm (DFOA) belongs
to the Swarm Intelligence category of solving methods [9],
which uses natural or artificial systems composed of coor-
dinated individuals that complete a difficult common task
using decentralized control and self-organization. DFOA is
a population-based meta-heuristics, which is designed to ap-
proach a Combinatorial Optimization Problem [10].

The framework starts by creating a population of solutions
to the proposed problem; each solution models a food location;
for a number of generations, a cycle of smelling, evaluating
and flocking is performed by the fruit flies; at the end, the
global best solution is returned.

978-1-7281-6932-3/20/$31.00 ©2020 IEEE



DFOA was later improved in several ways. For example,
Elimination-based Fruit Fly Optimization Algorithm (EFOA)
reinforces the smelling process, eliminates the weak solutions
and perform gradual flocking, instead of direct mass move
towards the best fly [11].

An improved FOA with immune response was proposed
in [12]. The basic idea of this version is to use a decision
mechanism for interrupting the FOA and to use a method
for generating antigens which enforce the space exploration.
The literature reports good results for DFOA and its versions:
basic version is comparable to other metaheuristic approaches,
and improved versions obtain best results on benchmark
datasets [13].

The Traveling Salesman Problem (TSP) [14] was chosen
here as optimization benchmark problem for the DFOA. The
classical variant of TSP (with perfect data), and a fuzzified
TSP variant, including a controlled degree of uncertainty, were
approached by DFOA.

This paper-work focuses on the behavior of several heuristic
methods when applied to uncertain data. In particular, the
flexibility of a Swarm Intelligence algorithm, a local search
method and several construction heuristics is studied when
fuzzy data are fed. The work explores the Discrete Fruit Fly
Optimization Algorithm (DFOA), Lin-Kernighan (LK), Greedy,
Nearest Neighbor, Borůvka, and Quick-Borůvka approaches
and studies their sensitivity to fuzzy data, continuing the
practical experiments from [15], [16].

The article is organized as follows. In Section II, the
solving methods and the fuzzification scheme for the Traveling
Salesman Problem (TSP) are described. Section III describes
and analyses the computational results obtained, and Section
IV concludes this work.

II. PROBLEM AND SOLVING METHODS

In this Section, several discrete Optimization methods are
presented, and also the TSP benchmark with perfect and
uncertain/fuzzy data.

A. Traveling Salesman Problem (TSP)

The Traveling Salesman Problem (TSP) is one of the most-
studied Combinatorial Optimization Problems [17]. It has a
simple specification and broad applications [14] in transporta-
tion, logistics, industry, communications, etc.

One TSP specification, based on Graph Theory follows.
Given a complete graph with weights on the edges (arcs),
find a Hamiltonian cycle with minimum total weight.

The mathematical formulation of TSP considers a complete
graph G = (V,E) with vertex set V = {1, 2, . . . , n} and
weights on edges stored in the distance matrix. For each edge
from E, a corresponding binary variable is set to 1 if and only
if the edge belongs to the chosen Hamiltonian cycle. The goal
of TSP is to minimize the objective function Z:

Z =
n∑

i=1

n∑

j=1

dijyij , (1)

s.t.

n∑

j=1

yij = 1, ∀i ∈ V, (2)

n∑

i=1

yij = 1, ∀j ∈ V, (3)

∑

i∈S

∑

j∈S

yij ≤ |S| − 1, ∀S ⊂ V, |S| > 2. (4)

The objective function (1) describes the total length of a
set of edges. The constraints (2) and (3) ensure that for each
vertex from V, one and only one edge from the set of selected
edges starts from that vertex, and respectively one and only
one edge from the set of selected edges ends in that vertex. The
constraint (4) eliminates the cycles that are not Hamiltonian.

There are special cases of TSP; for example, if the distance
matrix is symmetric, then we have Symmetric TSP. If the ver-
tices are points in a plane and the distance matrix is computed
using the Euclidean norm, then we have 2D Euclidean TSP.

There are multiple collections of classical TSP in-
stances [18], [19]; several real-life complex problems are
available at [20], [21].

The first uncertain TSP is described in [22]. The Probabilis-
tic TSP searches for a most efficient fixed Hamiltonian cycle
when each city is to be visited with a specific probability.
Fuzzy TSP is defined as TSP with fuzzy numbers as distances
on the edges [23]. The solution in this case is a classic TSP
solution with a fuzzy number as length. This TSP variant could
consider solutions that are comparable, so the solving method
needs to take appropriate decisions to orient the search. The
TSP with interval data specifies the distance between any two
cities as interval of real numbers [24]. The solution to this TSP
variant is the tour that minimizes the maximum deviations over
all possible distances. Dynamic TSP models are various; one
example is in [25]; the distance function is dynamic, and so is
the number of cities. A dynamic, clustered TSP is investigated
in [26]. An uncertain multi-objective TSP is defined and solved
in [27].

TSP is a NP-hard Optimization problem [17]; therefore,
exact methods are unlikely to solve large instances in an af-
fordable time. Currently, the best exact solver is Concorde [28]
which found the optimal value to all the 110 TSPLIB instances
from [18]. Efficient parallel branch-and-bound methods are
described in [29]. Heuristic methods represent a class of
solving approaches which balance the quality of the results
with the computational resources needed.

Heuristics provide in most cases “good-enough” feasible
solutions to difficult problems in a fraction of time needed by
exact methods, but no guarantee exists: it is possible to return
bad solutions or no solution.

Several biologically-inspired heuristic methods for ap-
proaching difficult TSP instances are Ant Colony Optimiza-
tion (ACO) [30], Particle Swarm Optimization (PSO) [31] or
Discrete Fruit Fly Optimization algorithm (DFOA) [10].



The class of greedy heuristic methods uses a myopic strat-
egy: they construct a feasible solution “step by step, in a local
optimum way”. Several such methods for TSP are: Nearest
Neighbor [32], Greedy [33], Borůvka, Quick-Borůvka [34].

Local search heuristics improve an already existing solu-
tion. For TSP, the most simple and known such method is
Lin-Kernighan [35]. A eugenic bacterial memetic algorithm
(EBMA) was adapted for fuzzy TSP in [36]. It is one early
paper which identified and investigated the potential of using
swarm intelligence in approaching fuzzy versions of Combi-
natorial Optimization Problems.

B. Discrete Fruit Fly Optimization Algorithm

The Fruit Fly Optimization Algorithm (FOA) is a recent
continuous optimization algorithm inspired by the foraging
behavior of fruit flies [37]. Their senses of smelling, seeing
and tasting are very accurate and support the search.

When a fruit fly searches for food, it randomly flies until
it discovers by smelling a favorable location or it sees a
concentration of other fruit flies. The next step is to taste the
location, and therefore to evaluate its quality. If the quality
is high, then the fruit fly remains near the promising region,
explores the neighborhood and exchanges information with
peers.

The FOA is a population-based algorithm, where a constant
number of solutions are developed during a fixed number of
cycles. At the beginning, the solutions are randomly generated,
or a construction heuristic is used. Each cycle consists of:

• smelling: each agent searches near the swarm location;
• tasting: each agent evaluates its current position;
• moving: each agent moves toward the best position in this

cycle.
At the end, FOA returns the Global Best position. Due to

its simple and adaptable structure, adjustable parameters and
generous solution representation, FOA was successfully used
for solving many continuous optimization problems [37].

The discrete version of FOA (DFOA) was published in [10].
This framework simplified the iterations to only two steps
presented in Fig. 1 ( [10]):

• smelling: each agent randomly borrows a part from the
information stored in the Global Best position and mixes
it with its current position. It moves to the new position
and evaluates what it found.

• tasting: a local search around the promising position, in
order to find new, better position.

The computational time complexity of DFOA is given by
formula (5):

popsize ·max{fit, cross, upd} ·MaxGen (5)

where popsize is the constant number of fruit flies, fit, cross
and upd are the complexities of the fitness function, crossover
operator and update operators, and MaxGen is the maximum
number of generations allowed. If we denote the problem size
by n, usually the popsize is n, the fitness function has O(n)
complexity, the crossover is O(n), and update is O(n) or
O(n2).

Fig. 1. Discrete Fruit Fly Algorithm (DFOA) [10]

.

Therefore, the maximum time complexity of DFOA is
O(n3) [10].

When applied to 2D Euclidean TSP, each solution represents
a Hamiltonian cycle. At the beginning, the solutions are
generated randomly and the Global Best is computed.

The smelling phase is the exploitation part of the iteration,
where each agent randomly generates two position of the
Global Best solution, extracts the corresponding subtour and
includes it in its solution, by reconstructing in the best way
the Hamiltonian cycle. Therefore, it is a crossover operator
applied always with the Global Best solution. The first phase
ends after all new positions are evaluated. The second phase
is the exploration phase, when each agent tries to improve the
Current Best solution, by eliminating the edge intersections
(not considering a vertex as edge intersection). If some solu-
tions are better than the Global Best, the Global Best solution
is updated. The algorithm returns the Global Best solution,
when the MaxGen value was reached.

The balance between exploitation and exploration (infor-
mation exchange and local search) provided encouraging re-
sults when compared against Parallel Hybrid Genetic Algo-
rithm [38] and Particle Swarm Optimization [39].

C. Greedy methods for Traveling Salesman Problem

The group of solution construction methods makes use of
a specific strategy to iteratively add components to a partial
solution, until a complete solution is obtained. Among the
solution construction strategies, the greedy ones make myopic
decisions: at each step, is chosen the best component among
the available ones, without long-term evaluation.



These methods usually deliver good solutions, but not (local)
optima ones. One of the first greedy methods is Nearest Neigh-
bor (NN) [32]. Given a TSP instance, NN uses a binary flag for
marking each vertex: unmark vertices, randomly choose and
mark a vertex i as current vertex,*find an unmarked vertex j
closest to i; if no unmarked vertices, STOP; set and mark j as
current vertex and go to step *. In the end, the Hamiltonian
cycle found is printed, and its length is computed.

Greedy method constructs a feasible solution to TSP [40]
as it follows: unmark all edges, select the edge with minimum
cost, mark it and print it (in case of multiple such edges,
choose one at random); *find the unmarked edge with mini-
mum cost, which does not close the tour and does not create
a degree-3 vertex; if no unmarked edges, STOP. Mark the
selected edge, print it and go to step *.

The idea is to collect the shortest edges as long as they
could belong to a Hamiltonian cycle.
Borůvka approach to TSP is a modification following the

Christofides idea [41] of the algorithm for Minimum Spanning
Tree proposed in [34].

Quick-Borůvka is proposed by Concorde implementation,
as a rapid variant of the Borůvka method [42]: set the solution
C to empty set; put all the vertices from V in a list; *explore
the list from the beginning; for each vertex I with degree less
than 2 in C, consider the set of its incident edges not in C;
among these edges, put in C the shortest one which neither
prematurely close the cycle, nor create a vertex of degree
greater than 2; if C is not an Hamiltonian cycle, go to step *,
else print C, STOP.

D. Lin-Kernighan method for Traveling Salesman Problem

The group of local search methods is based on an initial so-
lution which is improved using a specific strategy. A common
idea is to delete a set of edges from a TSP solution and to
better reconnect the parts. Such attempts are known as local
moves, as they transform a solution into a neighbor one (in the
solution space). Lin-Kernighan technique is an extended local
search approach to TSP. Based on the instance, it decides how
far to go when testing iteratively 2-opt, 3-opt, etc. An effective
implementation is in [35].

E. Fuzzified Traveling Salesman Problem

The theory of fuzzy sets was developed by Lotfi A. Zadeh
in [43]. In this seminal paper, the fuzzy sets were defined as
collections of elements with degrees of membership belonging
to the interval [0, 1]. Therefore, a fuzzy set generalizes the
notion of set: the membership function that characterizes
a set has only two values. Fuzzy numbers are fuzzy sets
with numbers in the same range and are used to represent
the vagueness, the same way the random values express the
probability. Further details on fuzzy concepts and applications
are given in [44].

The idea of TSP fuzzification is to introduce a perturbation
in data which models the real-life situations when the dis-
tance between two vertices is changed due to road closures,
bottlenecks or bad weather.

Fig. 2. a) Representation of an initial instance. b) The node i is moved in its
neighborhood.

An example of fuzzification method is described in [45].
A different fuzzification approach used here follows. Each
instance chosen for experiments was fuzzified by slightly
moving several nodes within their neighborhood.

We define the neighborhood of a vertex i, as the disk with
center i and radius the minimum distance from i to any other
vertex. For example, in Fig. 2 a) the neighborhood of i is the
closed disk in thick line.

The fuzzification procedure applied to an instance deter-
mines how many vertices are moved and how far in its
neighborhood is each one moved.

Two parameters a ∈ (0, 100) and b ∈ (0, 100) are used
to express the degree of uncertainty, i.e., the fuzziness for
each instance. The parameter a controls the number of moved
nodes. The parameter b controls how far the nodes are moved.

Fig. 2 b) shows the modified position of node i, randomly
chosen on the circle C(i, r), the circle with the center in the
old node i and the radius r = x · b

100 , where x is the distance
from i to the nearest node.

The pseudocode of the procedure fuzzifyInstance follows.

procedure fuzzifyInstance
read instance, a, b
k = instance.Nodes · a

100
unmark all nodes from instance
for j = 1 to k do

randomly choose an unmarked node i
x = min{d(i, u), u ∈ instance, u �= i}
r = x · b

100
randomly choose newi ∈ C(i, r)
mark newi

end for
return instance

The function returns the modified instance after applying
the moves controlled by a and b. The function min returns the
minimum of the distances between the current node i and any
other node from instance, and C(i, r) is the circle with the
center in the current node i and radius r.



III. EXPERIMENTAL RESULTS

We continue experimental work on studying the natural
computing resilience in fuzzy environments; an ant-based
algorithm and a version of particle swarm algorithm were pre-
viously analyzed [15], [16]. A Discrete Fruit Fly Optimization
Algorithm and another adaptive heuristic, Lin Kernighan are
tested; extended experiments are made also on several greedy
techniques using an AMD computation device (2.8GHz, 3GB
RAM). An analysis and comparison of the results follows.

The experimental process makes use of several TSPLIB
large instances [18] namely: rd400, pr439, pr1002, rl1304,
rl1323, vm1084, vm1748 and rl1889. We choose higher di-
mensions data when compared with [16] as DFOA obtains the
best solution for all included instances. The specified group
of instances was successively modified based on the volume
and the amplitude parameters, denoted by a and b.

Continuing on the same basis as in [15], [16] for
each instance from the group were created fuzzified in-
stances corresponding to the (a,b) pair of parameters:
(10, 25), (10, 50), (25, 25) and (25, 50).

Concorde software [28] was used for the exact solver
CPLEX, Lin Kernigan and the greedy techniques.

The Discrete Fruit Fly Optimization software from [10] was
used for the DFOA experiments. For each type of techniques,
the predefined parameters were included.

Two cases are presented for all considered fuzzy data sets:

A) Comparing the results of fuzzy data with the same
algorithm optimal of the initial data set.

B) Comparing the results of fuzzy data with the CPLEX
optimal of the initial data set.

A) The same algorithm is run with both the initial and fuzzy
data set. The obtained results, the optimal of the initial data
set and the best of fuzzy data, are afterwards compared.

Firstly, on focus on the Discrete Fruit Fly Optimization
(DFOA) fuzzy data: (10,25), (10,50), (25,25) and (25,50)
results when compared with initial data set group results based
on each optimal solution. The values of Table 1 are using the
measure of the fuzzy impact with the percentage change, a
difference between obtained solution and the best solution in
proportion with the best solution. The average, minimal and
maximal values after ten executions for each DFOA instance
are shown in Table 1.

Follows the exact solver CPLEX and the Lin Kernighan
(LK) heuristic are tested on initial and fuzzy data: (10,25),
(10,50), (25,25) and (25,50). The fuzzy data results are com-
pared with initial data set group results based on each optimal
solution. Table 2 shows the fuzzy impact values, the average,
minimal and maximal percentage change values.

In Table 3 the fuzzy impact values, the average, minimal and
maximal percentage change values for the greedy techniques
are included. The values are based on the fuzzy data: (10,25),
(10,50), (25,25) and (25,50) and compared with optimum of
each initial data set.

TABLE I
COMPARISON BETWEEN INITIAL DATA SET AND FUZZY DATA, OPTIMAL

SOLUTIONS OF THE Discrete Fruit Fly Optimization Algorithm (DFOA).

DFOA (10, 25) (10, 50) (25,25) (25, 50)
Average 0.021 -0.065 0.005 0.103

Min -0.244 -0.563 -0.347 -0.416
Max 0.327 0.329 0.360 0.884

TABLE II
COMPARISON BETWEEN INITIAL DATA SET AND FUZZY DATA OPTIMAL

SOLUTION OF CPLEX and Lin Kernighan (LK).

(10, 25) (10, 50) (25,25) (25, 50)
CPLEX
Average 0.021 -0.065 0.005 0.103

Min -0.244 -0.563 -0.347 -0.416
Max 0.327 0.329 0.360 0.884

Lin Kernighan (LK)
Average 1.172 0.808 3.028 -0.230

Min -3.570 -3.671 -0.736 -1.920
Max 6.288 4.798 9.615 0.879

TABLE III
COMPARISON BETWEEN INITIAL DATA SET AND FUZZY DATA OPTIMAL

SOLUTION OF Greedy techniques Greedy, Borůvka, q- Borůvka AND NN.

(10, 25) (10, 50) (25,25) (25, 50)
Greedy
Average 0.298 1.944 -0.457 1.142

Min -3.840 -1.764 -4.171 -2.453
Max 7.094 5.404 7.401 5.497

Borůvka
Average -0.560 -0.220 -1.648 -1.135

Min -5.725 -6.273 -5.370 -4.322
Max 4.198 7.063 2.315 2.703

q- Borůvka
Average 0.842 0.668 0.270 0.490

Min -1.378 -0.237 -3.185 -3.649
Max 4.021 2.400 6.390 4.021

NN
Average 1.128 1.328 0.697 2.195

Min -5.121 -3.570 -3.671 -0.736
Max 4.949 6.288 4.798 9.615

Fig. 3. Comparison of the best values from Table 1-3 heuristics

.



Fig. 4. Comparison of the normalized (z-scores) best values from Table 4-5
heuristics.

Figure 3 illustrates an overall comparison of all considered
greedy and adaptive heuristics from Tables 1, 2 and 3 related
to the minimal best values influence on the data fuzziness for
each (a, b) set of parameters; study case A).

Tables 1-2 and Figure 3 shows that Lin Kernighan (LK) is
much sensitive to fuzzy data than CPLEX and DFOA, both
last techniques with the same fuzzy impact in case A).

Based on Table 3, we measure the overall average, for all
fuzzy data (10, 25), (10, 50), (25,25) and (25,50) of each
algorithm average: Greedy is 0.7317, for Borůvka is -0.8907,
for q-Borůvka is 0.5675 and for NN is 1.3368. NN detects the
modifications in data, but is mainly used for small instances.

For larger data Greedy and Borůvka shows similar fuzzy
impact and q-Borůvka seems to be less sensitive to data
modifications. (Figure 3, case A).
B) We compare the CPLEX optimal of each initial data set
with the best results of each algorithm on initial and fuzzy
(10,25), (10,50), (25,25) and (25,50) data.

Table 4 presents the average, minimal and maximal fuzzy
impact values for both adaptive heuristics the Discrete Fruit
Fly Optimization (DFOA) and Lin Kernighan (LK).

Table 5 includes the average, minimal and maximal fuzzy
impact values for best solutions of the Greedy techniques
(Greedy, Borůvka, q-Borůvka and NN) on initial and fuzzy
data, when compared with the CPLEX optimal on initial data.
Figure 4 illustrates an overall comparison of considered greedy
and adaptive heuristics from Table 4-5 normalized values (z-
scores), related to the influence on the data fuzziness for each
(a,b) set of parameters; study case B).

For greedy techniques, in case B), based on Table 5 a similar
conclusion with case A) can be made. We measure the overall
average, for all fuzzy data (10, 25), (10, 50), (25, 25) and
(25, 50) of each algorithm average: Greedy is 17.025, for
Borůvka is 17.193, for q-Borůvka is 20.744 and for NN
is 26.306. Therefore, from the studied greedy techniques, the
Greedy algorithm and the Borůvka algorithm can detect more
accurately the modifications in data.

TABLE IV
COMPARISON OF CPLEX OPTIMAL ON INITIAL DATA AND BEST

SOLUTION OF THE Discrete Fruit Fly Optimization Algorithm (DFOA) and
Lin Kernighan (LK) on initial and fuzzy data.

Initial (10, 25) (10, 50) (25,25) (25, 50)
DFOA
Average 0.000 0.021 -0.065 0.005 0.103

Min 0.000 -0.244 -0.563 -0.347 -0.416
Max 0.001 0.327 0.329 0.360 0.884

Lin Kernighan (LK)
Average 1.533 1.433 1.581 1.147 1.296

Min 0.020 0.013 -0.229 -0.112 0.036
Max 3.802 4.257 7.561 4.151 4.295

TABLE V
COMPARISON OF CPLEX OPTIMAL ON INITIAL DATA AND BEST

SOLUTION OF Greedy techniques Greedy, Borůvka, q- Borůvka AND NN,
on initial and fuzzy data.

Initial (10, 25) (10, 50) (25,25) (25, 50)
Greedy
Average 16.383 16.675 18.606 15.788 17.670

Min 12.927 11.818 13.909 9.819 11.731
Max 20.494 20.938 21.173 21.285 20.809

Borůvka
Average 18.081 17.373 17.721 16.098 16.692

Min 13.040 9.538 13.673 10.567 13.544
Max 22.479 23.350 23.641 20.723 20.187

q-Borůvka
Average 20.214 21.216 21.006 20.495 20.788

Min 17.069 16.353 17.255 16.550 16.524
Max 24.893 26.893 24.597 24.549 26.893

NN
Average 25.018 26.354 26.619 25.812 27.727

Min 20.860 22.005 23.134 23.464 21.941
Max 29.239 29.759 33.353 28.628 33.695

Figure 3 and 4 shows a direct influence of the fuzziness
magnitude on the solution, therefore the Discrete Fruit Fly Op-
timization Algorithm (DFAO) proofs its adaptation to the fuzzy
data. In [16] the fuzzy instances derived from different volume
and amplitude parameters (a,b) manifest different behavior for
the basic heuristics ACO and PSO; in the current study with
local improvements, the difference is not significant.

IV. CONCLUSIONS

The current paper is a study of several heuristics including
greedy techniques and adaptive heuristics facing the data fuzzi-
ness. The Discrete Fruit Fly Optimization Algorithm (DFAO)
is the bio-inspired method included and tested.

The DFAO obtains significantly good solutions closer to the
CPLEX optimal; the local search included leads to a positive
influence on the fuzzy data experiments. This is also the case
of Lin Kernighan (LK) technique where the variations of the
results show that LK can detect the modifications in data.

From the greedy techniques analyzed, Borůvka and Greedy
are able to correctly perceive the data modifications. The
results are consistent as the data sets have large dimension
(between 400 and 1889) when compared with [16] (dimension
less than 150).



As an overall conclusion, Borůvka, Greedy technique and
adaptive heuristics as Lin Kernighan and DFAO with local
improvements are feasible choices even when uncertain data
is provided. The classical implementation of DFOA is usually
slow. The Lin-Kernighan method has an empirical time com-
plexity of O(n2.2) [46]. Other drawback of DFOA is, as in
many population-based methods, the parameter set: there are
multiple parameters which are difficult to tailor, as there is no
procedure for finding their best values.

We intend to explore the idea of maintaining a pool of
very good solutions and to randomly use the update operators.
Another research direction is to apply DFOA to Rich Trans-
portation problems, as multi-attributes Vehicle Routing Prob-
lems. Further work will be done on studying other algorithms
including heuristics adaptation to other degrees of fuzziness
as nowadays big data and cloud data could be damaged or
uncertain.
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