A comparison of three Differential Evolution strategies in
terms of early convergence with different population sizes
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Abstract. Differential Evolution (DE) is a popular population-based continuous optimization algorithm that generates new candidate solutions by perturbing the existing ones, using scaled differences of randomly selected solutions in the population. While the
number of generation increases, the differences between the solutions in the population decrease and the population tends to converge to a small hyper-volume within the search space. When these differences become too small, the evolutionary process becomes
inefficient as no further improvements on the fitness value can be made - unless specific mechanisms for diversity preservation or
restart are implemented.
In this work, we present a set of preliminary results on measuring the population diversity during the DE process, to investigate how different DE strategies and population sizes can lead to early convergence. In particular, we compare two standard
DE strategies, namely “DE/rand/1/bin” and “DE/rand/1/exp”, and a rotation-invariant strategy, “DE/current-to-random/1”, with
populations of 10, 30, 50, 100, 200 solutions.
Our results show, quite intuitively, that the lower is the population size, the higher is the chance of observing early convergence. Furthermore, the comparison of the different strategies shows that “DE/rand/1/exp” preserves the population diversity the
most, whereas “DE/current-to-random/1” preserves diversity the least.

INTRODUCTION
Differential Evolution (DE) is a powerful yet simple metaheuristic for real-valued optimization which only requires
tuning three parameters, i.e. the scale factor F, the crossover ratio CR and the population size N [1, 2, 3]. As its
performance heavily depends on these parameters, a great research effort has been put in the last two decades to try to
understand the effect and the optimal values of F and CR, with positive results [4, 5, 6, 7, 8, 9].
On the contrary, less clear is still the choice of the population size. In [5], it is recommended to use a number
of solutions which is 10 times greater than the dimensionality of the problem. Such recommendation is arguable, as
unfeasible in many real-world and large-scale scenarios [10, 11]. Indeed, an excessive number of candidate solutions
can introduce a number of undesirable side effects, e.g. it deleteriously strengthens the algorithmic structural bias,
which was proven to correlate with the population size in most population-based metaheuristics [12]. Moreover, it
has been noted that shrinking the population size can be beneficial to avoid stagnation, an implicit drawback of DE
[13], as shown in [14, 15] where the number of solutions is resized on-the-fly to improve the algorithmic performance
in terms of robustness and convergence. In this direction, the proximity-based mutation scheme proposed in [16]
theoretically guarantees a similar behavior, independently of the population size. However, in practice this method
turns out to be unsuitable in presence of large populations, due to its computational cost. Operators resizing and
controlling the population are commonly used also to prevent premature convergence [13, 17]. In this regard, it is
worth mentioning the DE variant with auto-enhanced population diversity [18], as well as the mechanism introduced
in [19], that preserves diversity by replacing more frequently solutions with higher fitness values.
In this light, it is clear that a good choice for the population size can make the difference in DE and all its
variants [20]. Moreover, it must be observed that while the literature is abundant with enhanced DE variants, to the

