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Abstract - Many real-life applications today are discrete-valued in nature, and no algorithm has been confirmed to offer solutions to 
all optimization problems. There is a need for more improved discrete valued algorithms to offer solutions to real life discrete-
valued complex optimization problems. A discrete multi-valued search space cockroach swarm optimization algorithm is proposed 
in this paper which is designed to provide solutions to optimization problems with any discrete range value. The proposed 
algorithm model was tested with different discrete value ranges using standard benchmarks to prove its performance. The results 
obtained show that the proposed algorithm would be efficient in solving optimization problems with any discrete value. 
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I. INTRODUCTION 
 

The interest of industry and research community is to 
develop more improved discrete valued optimization 
algorithms to solve real life problems which are mainly 
discrete in nature [1, 2, 3, 4, 5]. Many real world 
optimization problems today such as signal design, 
scheduling, and power management have discrete multi-
valued variables. Swarm intelligence (SI) techniques are 
population based algorithms that are inspired by the social 
behaviour of animal, and one of the recent SI techniques is 
the cockroach swarm optimization (CSO) that imitate 
cockroach behaviours [6, 7, 8, 9]. 

The original CSO was primarily designed to provide 
solution for optimization problems with continuous values 
[6, 7]. 

A number of popular swarm intelligence algorithms 
have discrete versions that enable them to function in 
discrete-values spaces; these include particle swarm 
optimization [1, 2, 3, 4, 5], Harmony search algorithm [10], 
Cuckoo search algorithm [11], and firefly meta-heuristic 
algorithm [12]. This paper proposes a discrete multi-valued 
space cockroach swarm optimization (DCSO) algorithm to 
handle any discrete range valued optimization problem. 

The proposed algorithm can optimize any discrete 
valued problem without converting the problem into 
equivalent binary representation. Although, it may be 
disputed that discrete variable can be converted into an 
equivalent binary format [2, 3]. For instance a three bit 
binary representation of range (0 − 7) is needed for a 
discrete variable range (0,1,2,3,4,5); therefore, special 
conditions are needed to manage the values past the main 
range of the discrete variable [2, 3]. In addition, complexity 
may occur in a search process because the Hamming 
distance between two discrete values undergoes a linear 
transformation by the adoption of an equivalent binary 

representation technique [2, 3]. The binary representation 
can also increase the dimensions of cockroach. Therefore, 
the design of a multivalued CSO is essential. 

DCSO was designed to work on discrete variable 
between the range of [0, D − 1], where D denotes discrete 
values from 2 upward. DCSO searches from one state to 
another, for instance in binary space, it searches between 
states (0,1); ternary space (0,1,2); quaternary space 
(0,1,2,3). Cockroach position is translated into number 
between [0, D − 1]. 

Methods on minimization of a set of standard 
benchmarks that have been widely used by researchers for 
algorithm performance testing and comparison is 
investigated in this paper; the benchmarks are described in 
Table 1. The considered benchmarks characteristics include 
uni-modal, multi-modal, shifted, rotated, separable, non-
separable, scalable, noise in fitness. 

The rest of the paper is organized as follows: the 
proposed DCSO algorithm model is presented in section , 
the investigation of the ability of the proposed algorithm on 
standard benchmarks to prove its performance is shown in 
section , the paper is concluded in section . 

 
 

II. DISCRETE MULTI-VALUED SPACE COCKROACH 
SWARM OPTIMIZATION 

 
Some existing meta-heuristics in the literature that were 

originally developed for continuous optimization problems 
were transformed to discrete spaces using some methods 
which include sigmoid function, random-key, smallest 
position value, modified position equation, great value 
priority, and nearest integer [13]. Sigmoid function is the 
most popular among the methods, Kennedy and Eberhart, 
Veeramacheneni et.al. used sigmoid function to transform 
continuous PSO to discrete binary and multivalued discrete 
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spaces respectively [1, 2, 3]. Similarly, Sayadia et al, 
Kwiencien and Filipowicz developed discrete firefly meta-
heuristic with the employment of sigmoid function, and 
solved permutation flow shop scheduling problems [12, 14]. 
Kwiencien and Filipowicz compared firefly and CSO 
algorithms for permutation flow shop scheduling problems 
[14]. 

Sigmoid function was adopted in this paper to construct 
a discrete multi-valued space algorithm to cater for 
optimization problems with any discrete range. 

A sigmoid S i = 1+eD−x(i) and (D−1)µ is used to 
generate solution that is rounded to the nearest discrete 
variable, and cockroach position is translated to discrete 
values between [0, D − 1]. The discrete value ranges is 
between [0, D − 1], where D is the discrete value. 

 
xi = round((D − 1)µ + S i)   1) 

 
Cockroach position is updated as: 
 

 xi = D − 1, 0, if xifi > xDi <− 01  (2) 
 
where xi is the current position, D is the discrete value 

considered and µ is an operator which enhances the 
performance of the algorithm. Cockroach positions are now 
discrete values between [0, D − 1]. There is a possibility of 
selecting a number between [0, D − 1]. 

The computational steps of DCSO algorithm is given as 
follows: 

 
1. Initialize cockroach swarm with uniform distributed 

random numbers in the range [0, D − 1] and set all 
parameters with values. 

2. Perform cockroach operations (see [6, 7, 9]) 
3. Limit cockroach agent i magnitude with constant 

xmax: 
 x_i < xmax If xi >  
 xmax Then xi =  
 xmax 
 ElseIf xi < −(xmax) Then xi  
 =−(xmax) 
 
4. Update cockroach position using sigmoid function to 

transform position to discrete values: 
 S i = 1+eD−x(i) 
 xi = round((D − 1)µ + S i) 
  ( 
 xi = D − 1, 0, if xifi > xDi <− 10 
 
5. Repeat the loop until stopping criteria is reached. 

III. SIMULATION STUDIES 
 

This section presents performance of DCSO. The 
proposed algorithm was implemented in MATLAB 7.14 
(R2012a) and run on a computer with 2.30 GHz processor 
with 4.00 GB of RAM. Methods on minimization of 11 
standard benchmarks that have been widely used by 
researchers for algorithm performance testing and 
comparison is investigated in this paper; the benchmarks are 
described in Table 1.  

Experiments were conducted in testing the performance 
of DSCO with different number bases: binary, ternary and 
quaternary (Bases 2, 3 and 4) respectively. Each number 
base has length of numerical character string, binary is 2 
digits (0,1); ternary is 3 digits (0,1,2); quaternary is 4 digits 
(0,1,2,3,4). The algorithm can be used for any number based 
system. 

Experimental settings considered in this paper are: 10 
dimensions for the benchmarks, swarm size N = 20, xmax = 
4, number of runs =25, and 5000 iterations each. Algorithm 
settings of CSO [6, 7] is used; inertial weight w = 0.618, 
perception distance visual = 5, the largest step size step = 2. 
Parameter τ is an operator of DSCO that controls its 
convergence. The setting of parameter τ is crucial to the 
performance of the algorithm, low τ values yield better 
result. τ is set to a value less or equals to 0.2 in our 
experiments; τ value is stochastically generated, this allows 
random generation of different values between 0.0 and 0.2 
in each iteration. The operator τ effects the convergence of 
the proposed algorithm, optimal results is obtained in each 
experiment when τ is set to rand[0.0, 0.2]. 

The numerical result of DCSO for binary, ternary and 
quaternary number bases were recorded in this paper after 
implementing the algorithm; the result is depicted in Table 
2. The proposed algorithm has consistence performance in 
each iteration, this is proved by low standard deviation of 
the optimal mean in Table 2. The proposed algorithm solves 
optimally in most cases the benchmark problems for binary, 
ternary and quaternary discrete values as shown in Table 2. 
The expected optima value for each benchmark problem is 
shown in the Table 1 as fbias. The results of our 
experiments when compare with the expected optima value 
show that the proposed algorithm solves the benchmark 
problems optimally, except for Schwefel 2.6 problem for 
binary and ternary. The algorithm will be efficient for 
solving optimization problems with any discrete range 
value. 
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TABLE 1: BENCHMARK TEST FUNCTIONS. 

U= Unimodal, M=Multimodal, S=Separable, N=Non-Separable, Sc=Scalable, Sh=Shifted, Rt=Rotated, Ns=Noise in fitness. D=Dimension, Global optimum 
x∗ = 0, f(x∗) = fbias. x = [x1, x2,..., xD],o = [o1,o2,...oD], M=D*D orthogonal matrix. 

 Range fbias Properties Functions Description 

F1 [-32, 32] -140 M,Rt,Sh,N,Sc 
Shifted Rotated 

Ackley 

 

F2 [-5,5] -330 M,Sh,S,Sc 
Shifted  

Rastrigin 
f2(x) =P(z2

i − 10cos(2pizi) + 10) + fbias,z = (x − o) 
i=1 

F3 [-5,5] -330 M,Sh,Rt,N,Sc 
Shifted Rotated  

Rastrigin 

D f3(x) =P(z2
i − 10cos(2pizi) + 10) + fbias 

i=1 
z = (x − o) ∗ M 

F4 [-0.5,0.5] 90 M,Sh,Rt,N,Sc 
Shifted Rotated  

Weierstrass 

D kmax f4(x) =P( P [akcos(2πbk(zi + 0.5))]) 
i=1 k=0 
kmax 
−D P [akcos(2πbk0.5)] + fbias 
k=0 
a − 0.5,b = 3,kmax = 20,z = (x − o) ∗ M 

F5 [−π,π] -460 M,Sh,N,Sc Schwefel 2.13 

 D D 
f5(x) =P(Ai − Bi(x))2 + fbiasAi = P (aij i=1 j=1 
D 
sinαj + bijcosαj), Bi = P (aijsinxj + bijcosxj) 
j=1 
α = [α1,α2,...,αD],αj, [−π,π] 

F6 [-100,100] -450 U,Sh,S,Sc Shifted Sphere 
D f6(x) =P z2i + fbias,z = x − o 
i=1 

F7 [-100,100] -450 U,Sh,N,Sc 
Shifted  

Schwefel 1.2 

 D i 
f7(x) =P( P zj)2 + fbias,z = x − o 
i=1 j=1 

F8 [-100,100] -450 U,Sh,N,Sc,Ns 
Shifted  

Schwefel 1.2  
with noise 

 D i 
f8(x) =P( P zj)2 ∗ (1 + 0.4N(0,1)) + fbias 
i=1 j=1 
z = x − o 

F9 [-100,100] -310 U,N,Sc Schwefel 2.6 
f9(x) = maxA_i-B_i+ fbias,i = 1,..., D f(x) = maxx_1+2x_2-
7,2x_1+x_2-5,i = 1,..,n 
A is D*D matrix,Bi = Ai ∗ o, o is a D*1 vector 

F10 [-100,100] 390 M, Sh, N, Sc Shifted Rosenbrock D−1 f10(x) = P (100(z2
i − zi+1)2 + (zi − 1)2) + fbias 

F11 [0,600] -180 M, Rt, Sh, N,Sc 
Shifted Rotated 

Griewangk 
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TABLE 2: PERFORMANCE OF DCSO. 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 

Binary Best -140 -330 -330 90 -460 -450 -450 -450 -310 390 -180 

Average -140 -330 -330 90 -446.84 -450 -450 -450 294.04 390 -180 

STD 0 0 0 0 18.10 0 0 0 532.94 0 0 

Ternary Best -140 -330 -330 90 -460 -450 -450 -450 -310 390 -180 

Average -140 -330 -330 90 -456.17 -450 -450 -450 -5.12 390 -180 

STD 0 0 0 0 5.77 0 0 0 346.20 0 0 

Quaternary Best -140 -330 -330 90 -460 -450 -450 -450 -310 390 -180 

Average -139.85 -329.96 -330 90 -454.89 -450 -450 -450 -352.92 390 -180 

STD 0.73 0.20 0 0 13.10 0 0 0 512.01 0 0 

EOV -140 -330 -330 90 -460 -450 -450 -450 -310 390 -180 

STD denotes standard deviation; EOV denotes expected optimal value include uni-modal, multi-modal, shifted, rotated, separable, non-separable, scalable, 
noise in fitness. Further details about the benchmark test functions can be found [15]. 

 

 
IV. CONCLUSION 

 
This paper presented a multi-valued discrete space 

cockroach swarm optimization algorithm that can be used to 
evaluate optimization problems with any discrete range 
value. Its performance was tested with binary, ternary and 
quaternary discrete systems on standard benchmark test 
functions. The proposed algorithm solves the benchmark 
problems optimally for binary ternary and quaternary in 
most cases, and this is an indication that the algorithm 
would be useful in solving discrete valued optimization 
problems. Application of proposed algorithm to real life 
discrete optimization problems, and performance 
comparison with similar algorithms will be focused upon in 
further research. 
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