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A B S T R A C T

An Enhanced Imperialist Competitive Algorithm (EICA) is proposed aimed at enabling the ICA algorithm to escape
from local optima faster, thus enabling faster convergence of the basic ICA algorithm. To this end, the imperi-
alistic competition phase of the algorithm is enhanced by giving added value to a slightly unfeasible solution,
based on its distance from the relative imperialist. The performance of the proposed EICA algorithm is investi-
gated through design optimizations of four benchmark side-sway frames. Results indicate that, in terms of both
the design quality and the solution speed, EICA compares significantly favourable with a number of other meta-
heuristic optimizers, including the basic ICA.

1. Introduction

In recent years development of efficient meta-heuristic optimization
algorithms for structural design has received much attention. Meta-
heuristic algorithms are most suited for structural optimization prob-
lems having many design variables and large design spaces. The main
drawback of older algorithms such as: simple genetic algorithms (GA) [1]
or basic simulated annealing (SA) [2] is the slow convergence rate and
high computational cost. More recent algorithms such as: tabu search
(TS) [3], ant colony optimization (ACO) [4], particle swarm optimization
(PSO) [5], harmony search (HS) [6] and big bang-big crunch (BB–BC) [7]
are generally faster but still suffer from the possibility of becoming
trapped in some local optima.

More powerful meta-heuristic algorithms are generally needed to
solve complicated practical optimization problems. In recent years, much
effort has been dedicated to increase the speed and robustness of opti-
mization process. To this end, some researchers have worked on
improving the existing algorithms by overcoming some of their draw-
backs, others have obtained more powerful algorithms by hybridizing
two or more of the existing algorithms by combining their strong and
complementary features and some researchers have worked on devel-
oping new meta-heuristic algorithms based on other natural or physical
phenomena. Comprehensive reviews on new developments in meta-
heuristic optimization approaches for engineering problems are given
by Saka [8], Lamberti and Pappalettere [9] and Saka and Do�gan [10].

Many different algorithms have been used for optimum design of steel

structures. In 2004, Hayalioglu and Degertekin used the GA for opti-
mizing nonlinear steel frames with semi-rigid connections [11]. Later,
tabu search algorithm was used by Hayalioglu and Degertekin for opti-
mum design of geometrically nonlinear steel space frames [12]. They also
utilized the simulated annealing (SA) method to find the
minimum-weight design of nonlinear steel frames [13]. In 2008,
Degertekin and Hayalioglu combined the tabu search and simulated
annealing (tabu-simulated algorithm (HTS)) to find the optimum design
of steel frames [14]. Later, Degertekin applied the Artificial Bee Colony
(ABC) for optimum design of geometrically nonlinear steel frames [15].
Also, Kaveh and Bakhshpoori used Cuckoo Search Algorithm (CSA) for
optimizing the design of steel frames [16]. Maheri and Narimani made an
improvement on the harmony search algorithm (EHS) and applied the
technique to find the optimum design of side-sway steel frames [17].
Later, Gholizadeh and Poorhoseini investigated the optimum design of
steel frame structures using Dolphin Echolocation Algorithm (DEA) [18].

The imperialist competitive algorithm (ICA) is one of the most recent
developments in meta-heuristic optimization techniques. This socio-
politically motivated optimization algorithm was first proposed by
Atashpaz-Gargari and co-workers [19,20]. Later, Eskandar and Salehi
[21] applied the ICA method to the truss optimization problems and
showed that the algorithm can be effectively used to solve structural
optimization problems with discrete variables. Kaveh and Talatahari
[22] also used this algorithm to solve skeletal structures optimization
problems. They applied the ICA method to some trusses and frames and
compared their results with some well-known meta-heuristic algorithms.
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In 2011, Sabour et al. [23] combined the ICA method with ACO algo-
rithm and applied the hybrid algorithm (ICACO) to the structural opti-
mization problems. In this algorithm, ACO does the local search and the
global search is carried out by the ICA search engine. They showed that
the hybrid ICACO method produced results very similar to the ICA al-
gorithm but at a higher rate of convergence [23]. In 2014, Hosseini and
Al Khaled [24] carried out a state of the art review of the ICA algorithm
and discussed the wide range of usage of the algorithm. Later, Arup
Kumar et al. [25] modified the ICA for use in multi-robot co-ordination
which is an important part of robotics research. They combined the ICA
with the Firefly algorithm and proposed the ICFA algorithm [25].
Another hybrid algorithm was proposed by Abdolhoseyni Saber et al.
[26] in which ICA was combined with GA to solve thermal unit
commitment problems. Zhang et al. used ICA in the industrial problem of
optimizing the Photolithography Machines Scheduling [27]. Also,
Sadeghi et al. [28] used the ICA algorithm to optimize an inventory
model with fuzzy demand. They tried to find the near-optimal solution
including the order size, the replenishment rate of the retailers, the
maximum backorder quantities of retailers' item and the suitable price of
the item to minimize the total inventory cost [28].

Despite recent improvements made to the ICA algorithm, it still suf-
fers from the possibility of getting trapped in local optima. In the pro-
posed algorithm, termed the Enhanced Imperialist Competitive
Algorithm (EICA), the imperialistic competition phase of the ICA is
modified by giving weight to distant designs, resulting in enhanced
global search capacity and increased rate of convergence. In the
following, after presenting an overview of the basic ICA method, the
proposed EICA algorithm is first described and then applied to optimum
design of a number of sway frames. To verify the performance of EICA,
the results are then compared with those obtained from some other meta-
heuristic optimization solutions of these benchmark problems.

2. Imperialist competitive algorithm

The imperialist competitive algorithm (ICA) starts by generating a set
of random solutions in the search space, called initial countries. Coun-
tries in this algorithm are analogous to chromosomes in the GAs and
particles in the Particle Swarm Optimization (PSO) algorithm. Based on
their power (i.e. their cost function), some of the best initial countries

become imperialists and start taking control of other countries (called
colonies). Each colony becomes attracted to a particular imperialist based
on its power. The number of colonies for each imperialist can be
expressed as follows:

NCn ¼ roundfPnNcolg (1)

In equation (1), NCn is the number of colonies of empire n, Pn is the
power of that empire and Ncol is the total number of colonies. After
forming the empires, the colonies start to move toward their imperialists.

As stated in equation (2), the movement of a colony towards an
imperialist depends on two parameters; (i) distance amplification (β),
which is usually selected randomly between 0 and twice their distance
(L) and (ii) angle of deviation (θ) which may vary within a pre-defined
angle (γ). γ is usually taken as, between 0 and �Π/4 (see Fig. 1).

x � Uð0; β � LÞ (2)

θ � Uð � γ; γÞ
In equation (2) and Fig. 1, x is the approach radius and θ is the angle

of deviation. The shaded area in Fig. 1 also shows the area where the
colony has the chance to be in.

During the movement of a colony towards its relevant imperialist, it
could become more powerful than the imperialist itself. In this situation
they exchange their positions and the colony becomes the new
imperialist.

Each colony tries to increase the total power of the empire by
increasing its own power. The total power of an empire depends mostly
on the power of the imperialist country; however, the power of colonies
has also an effect, although very small. The total power of an empire is
expressed as [19]:

TCn ¼ CostðimprialistnÞ þ ξmeanfCostðcolonies of empirenÞg (3)

where, TCn is the total power or value of the nth empire and ξ is a positive
small number. In the imperialistic competition algorithm, each empire
tries to increase its power in relation to the other empires by attracting
other colonies (or at least tries to prevent losing its own colonies);
otherwise, it will be eliminated from the competition. In this competition
the weakest empire loses a colony to a more powerful one. The more
powerful the empire the more chance it has to catch this colony. The
chance of each empire to catch this colony can be expressed as:
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where, pj is the probability of each empire to catch the deported colony,
Nimp is the number of imperialists and the NTC is the normalized total
cost of empires. The NTCn could be determined as follows:

NTCn ¼ TCn �maxfTCig (5)

The imperialistic competition, therefore, results in a gradual increase
in the power of the most powerful empires and reduction in the power of
the weaker ones. Any empire that loses all its colonies will collapse. The
competition ends with only one empire remaining or after some specified
steps. The sole remaining empire is an ideal world in which all the col-
onies, as well as the winning imperialist, have equal power, i.e. they are
all the optimum solution.

3. The proposed enhanced imperialist competitive algorithm
(EICA)

In the proposed improvement to the ICA, the rules of imperialist
competition are modified with the aim of enhancing the ability to search

Fig. 1. The colony movement parameters.
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