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a b s t r a c t
This paper proposes a novel and unconventional Memetic Computing approach for solving
continuous optimization problems characterized by memory limitations. The proposed
algorithm, unlike employing an explorative evolutionary framework and a set of local
search algorithms, employs multiple exploitative search within the main framework and
performs a multiple step global search by means of a randomized perturbation of the virtual population corresponding to a periodical randomization of the search for the exploitative operators. The proposed Memetic Computing approach is based on a populationless
(compact) evolutionary framework which, instead of processing a population of solutions,
handles its statistical model. This evolutionary framework is based on a Differential Evolution which cooperatively employs two exploitative search operators: the ﬁrst is based on a
standard Differential Evolution mutation and exponential crossover, and the second is the
trigonometric mutation. These two search operators have an exploitative action on the
algorithmic framework and thus contribute to the rapid convergence of the virtual population towards promising candidate solutions. The action of these search operators is counterbalanced by a periodical stochastic perturbation of the virtual population, which has the
role of ‘‘disturbing’’ the excessively exploitative action of the framework and thus inhibits
its premature convergence. The proposed algorithm, namely Disturbed Exploitation compact Differential Evolution, is a simple and memory-wise cheap structure that makes use
of the Memetic Computing paradigm in order to solve complex optimization problems.
The proposed approach has been tested on a set of various test problems and compared
with state-of-the-art compact algorithms and with some modern population based
meta-heuristics. Numerical results show that Disturbed Exploitation compact Differential
Evolution signiﬁcantly outperforms all the other compact algorithms present in literature
and reaches a competitive performance with respect to modern population algorithms,
including some memetic approaches and complex modern Differential Evolution based
algorithms. In order to show the potential of the proposed approach in real-world applications, Disturbed Exploitation compact Differential Evolution has been implemented for
performing the control of a space robot by simulating the implementation within the robot
micro-controller. Numerical results show the superiority of the proposed algorithm with
respect to other modern compact algorithms present in literature.
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1. Introduction
Memetic Computing (MC) is a promising and broad research area in computer science which considers the meme as the
unit of information with the purpose of solving problems, see [56,57]. The concept of meme is borrowed from philosophy
and is intended as the unit of cultural transmission. In other words, complex ideas can be decomposed into memes which
propagate and mutate within a population. Culture, in this way, constantly undergoes evolution and tends towards progressive improvements.
In computer science, the concept of meme can be identiﬁed as a search strategy, an agent, or an operator belonging to a
complex system, e.g. an optimization algorithm, which is evolving over time. The earliest example of the MC paradigm is the
Memetic Algorithm (MA) [47], i.e. a hybrid evolutionary algorithm which employs deterministic local search within the evolutionary cycle in order to solve a given optimization problem.
The importance and need of MC in optimization must be put into relationship with the No Free Lunch Theorem (NFLT)
[77], which mathematically proves that the average performance of any pair of algorithms A and B across all possible problems is identical. Thus, if an algorithm performs well on a certain class of problems, then it necessarily pays for that with
degraded performance on the set of all remaining problems, as this is the only way that all algorithms can have the same
performance averaged over all functions. Strictly speaking, the proof of NFLT is made under the hypothesis that both the
algorithms A and B are non-revisiting, i.e. the algorithms do not perform the ﬁtness evaluation of the same candidate solution more often than once during the optimization run. Although this hypothesis is de facto not respected for most of the
computational intelligence optimization algorithms, the concept that there is no universal optimizer had a signiﬁcant impact
on the scientiﬁc community.
It must be observed that until the NFLT publication, Evolutionary Algorithms (EAs) were extremely popular among computer scientists, and their related research was oriented towards the design of algorithms having a superior performance
with respect to all the other algorithms present in literature. This approach is visible in many famous texts published in
those years, e.g. [21]. After the NFLT diffusion, researchers in optimization had to dramatically change their view about
the subject. More speciﬁcally, in light of increasing interest in general purpose optimization algorithms, it has become
important, to understand the relationship between the performance of an algorithm A and a given optimization problem
f. Thus, the problem f became the starting point for building up a suitable algorithm.
Since each optimization problem with its features, e.g. multimodality of the landscape, separability of the function, epistasis, etc., must be considered as the basis for building up an optimization solver that addresses the speciﬁc features of the
problem, NFLT constitutes, in a certain sense, the ‘‘Full Employment Theorem’’ (FET) for optimization professionals. In computer science and mathematics, the term FET is used to refer to a theorem that shows that no algorithm can optimally perform a particular task done by some class of professionals. In this sense, as no efﬁcient general purpose solver exists, there is
always scope for improving algorithms for better performance on particular problems.
Since MC, as mentioned above, represents a broad class of algorithms that combine various algorithmic components
(memes), a suitable combination is necessary for a given problem. Since, during the last decade, computer scientists had
to observe the features of their optimization problem in order to propose an ad hoc optimization algorithm, the approach
of combining various search operators within the algorithmic design became a common practice. In this sense, the development of NFLT implicitly encouraged the use and development of MC approaches, which became extremely popular and often
necessary, in computer science, at ﬁrst, and in engineering and applied science, more recently, thus constituting the FET for
MC.

1.1. Memetic and compact computing: a literature survey
A crucially important issue in MC is the selection and coordination of the memes within an algorithmic structure. By
updating the classiﬁcation given in [58], MC approaches can be subdivided as: (1) adaptive hyper-heuristic, see e.g.
[9,32,5,34], where the coordination of the memes is performed by means of heuristic rules; (2) self-adaptive and co-evolutionary, see e.g. [69,80,39], where the memes, either directly encoded within the candidate solutions or evolving in parallel
to them, take part in the evolution and undergo recombination and selection in order to select the most promising operators;
(3) meta-Lamarckian learning, see e.g. [55,35,53,41], where the success of the memes biases their activation probability, thus
performing an on-line algorithmic design which can ﬂexibly adapt to various optimization problems; (4) diversity-adaptive,
see e.g. [6,51,52,50,73,7,72], where a measure of the diversity is used to select and activate the most appropriate memes. In
addition, it is worthwhile commenting Baldwinian systems, i.e. those MC approaches which do not modify the solutions after
the employment of local search, see [82,22]. An early attempt of modeling a system capable to automatically generate MC
approaches for given problems is described in [43].
Although these adaptive systems allow the generation of robust algorithms which are able to handle diverse optimization
problems, some classes of problems follow different logics and are not easily solvable by the straightforward implementation
of the above-mentioned MC approaches. This paper addresses a class of problems falling within this category, i.e. the optimization despite a limited computational device, especially memory hardware. This situation is typical in control engineering and robotics, most of all for commercial robotics. For example, robots for domestic purposes (e.g. a vacuum cleaner robot)
need to undergo a learning process which can result in a complex optimization problem. This problem must be solved

