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1. Introduction

Abstract In this work, a new plant-inspired optimization algorithm namely the hybrid artificial
root foraging optimizion (HARFO) is proposed, which mimics the iterative root foraging behaviors
for complex optimization. In HARFO model, two innovative strategies were developed: one is the
root-to-root communication strategy, which enables the individual exchange information with each
other in different efficient topologies that can essentially improve the exploration ability; the other is
co-evolution strategy, which can structure the hierarchical spatial population driven by evolution-
ary pressure of multiple sub-populations that ensure the diversity of root population to be well
maintained. The proposed algorithm is benchmarked against four classical evolutionary algorithms
on well-designed test function suites including both classical and composition test functions.
Through the rigorous performance analysis that of all these tests highlight the significant perfor-
mance improvement, and the comparative results show the superiority of the proposed algorithm.
© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

(ABC) (Bhandari et al., 2015), and the bacterial foraging algo-
rithm (BFA) (Bouaziz et al., 2015) have been found to perform
better than the classical heuristic methods and already come to

Nature-inspired methods which mimic the intelligent behaviors
of certain creatures have the excellent abilities of tackling com-
plex NP-hard problems. For examples, the particle swarm
optimization (PSO) (Gao et al., 2013), the ant colony opti-
mization (ACO) (Huang et al., 2008), the artificial bee colony
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be widely used in many areas.

Recently, many top researchers are paying more interest
investigation how to improve the accurate of the result and
greatly reduce the computation time. The computational mod-
els of artificial root foraging behavior have attracted more and
more attention, due to their remarkable adaptive growth pro-
cesses can provide novel insights into new computing para-
digm for global optimization (Karaboga and Basturk, 2008;
McNickle et al., 2009). In this paper, we implement a novel
hybrid artificial root foraging optimizion (HARFO) by incor-
porating a set of hybrid strategies in the following aspects:
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e The proposed HARFO adopts the root-to-root communi-
cation. The individual roots share more information from
the elite roots through different effective topologies in the
early exploration stage of the algorithm.

e By introducing a multi-population co-evolution mecha-
nism. The hierarchical population of roots can be struc-
tured with enhanced interactions of individual behaviors
from different sub-populations.

The rest of this paper is organized as follows: in Section 2,
we outline the classical Artificial Root Foraging Model in suf-
ficient details. Section 3 gives a brief overview of the model and
algorithm of the proposed HARFO. In Section 4, the experi-
ment studies of the proposed HARFO and the other algo-
rithms are presented with descriptions of a set of benchmark
functions. In Section 5, the conclusions are drawn, the results
show that the proposed HARFO is feasible and have a power-
ful search ability.

2. Classical Artificial Root Foraging Model (ARFO)

2.1. Biological basis of plant root growth optimization

Plant roots are generally composed of the main root and lat-
eral roots. The main root is developed by radicle, main root
growth model mainly shows geotropism, means vertical
growth down to the ground. Lateral roots are many branches
which are grown from the main root edges. The lateral roots
can grow another lateral root, these lateral roots can be graded
to be first degree, second degree, third degree and so on. Lat-
eral root growth direction has an angle from the main root.
The lateral root growth pattern is mainly reflected in hydro-
tropism. Based on the plant growth mechanisms and biological
model, and Optimal foraging theory and adaptive optimiza-
tion model of plant growth, the classical Artificial Root Forag-
ing Model (ARFO) is presented, The optimization process of
ARFO is shown in Fig. 1.

2.2. Basic concepts

We regard the soil environments for plant root growth as a
minimization problem and the root population as a homoge-
neous biomass, so each root apex represents a feasible solution
of the specific problem, and each of its search for the optimal
area through adjusting the directions, elongation length and
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Figure 1  The optimization process of ARFO.

the propagation strategies. Some criteria should be obeyed to
obtain the ideal plant root growth behaviors, which is shown
as follows:

a. Criterion-1: The auxin concentration regulating the
roots’ spatial structure reallocated dynamically instead
of static.

b. Criterion-2: One root apex elongates forward in the sub-
strate and produces daughter root apices.

c. Criterion-3: According to the size of auxin concentra-
tion, there are three categories in the whole root system,
main roots, the lateral-roots and the dead-roots.

d. Criterion-4.: The hydrotropism influences the growth tra-
jectory of plant roots, and makes the growing direction
of the root tips toward the optimal individual position.

2.3. Auxin regulation

Various growth operations and the branching number should
be controlled by the auxin. In artificial soil environment, the
nutrient distribution should be formulated as the following
expression (He, 2015; Wang et al., 20006):
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Then the auxin concentration can be stated mathematically
as below:

/i
S,

where fitness; is the functional fitness value, f; is the normaliza-
tion fitness value of the root i, f,,;, and f,,.. are the maximum
and minimum of the current population, respectively, S is the
size of current population.

(1)
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i

2.4. The growth strategy of main root

According to the criteria, a main root regrows including
regrowing operator and branching operator (He, 2015; Ma
et al., 2015a,b).

2.4.1. Regrowing operator

A main root makes the growing direction toward the best indi-
vidual of current population, the operator is formulated as the
following expression (He, 2015; Ma et al., 2015a,b).

X = xl’._l + [ rand - (Xpes — x;['_l) (3)

where x! is the new position, x!~! is the original position of

root i, / is a local learning inertia, rand is a random coefficient
varying within [0, 1], xy.s 1S the local best individual in current
population.

2.4.2. Branching operator

Once some specific conditions are met, branching operator
means a root apex generates new individuals. When auxin con-
centration value is more than a branching threshold 7'_Branch,
it will start generating a certain number of new individuals as
follows.
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