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1. Introduction

One of the main concerns in optimization methods is reduction the number of function evaluation which is
mentioned in many studies like (Gholizadeh et al, 2018).The present study focuses on a method and series of
actions designed to achieve the answer with the aim of minimization the total number of analysis; and so the
time; needed for global and local search. Although the suggested elite particles method (EPM) can be used for
any population based optimization method, but here it is applied to one of the fundamental and widely
developed metaheuristic algorithms; namely particle swarm optimization (Eberhart et al, 1995) to handle the
truss structures optimization with discrete design variables. As the original version of the assumed method
suffers from the slow convergence rate; specially when dealing with the discrete optimization problems; the
elite particles modification algorithm; which can be used in almost all population based metaheuristic
optimization methods; will be implemented for that method. Here the elite particles method is attached with
the particle swarm optimization method and the gained metaheuristic algorithm is named modified particle
swarm optimization (MPSO). MPSO utilizes two computational strategies named ‘Regeneration’ and ‘Mutation’.

2. Methodology
2.1. Truss optimization problem

For the optimization problem of trusses, objective function is the structural weight and some limitations
are usually considered on nodal displacements and element stress as the design constraints. Formulation of
truss structures optimization problem is as follows:

n
Minimize W = Z)/L- L; X; (1)
i=1
Subject to :
d:
d J ;
f==-1<0,j=12,..,
9j d] ] m (2)

0|
gl =——1<0,k=12,..n
O
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Xt < x; <x! (3)

Where W is structural weight; y;, I and X; are the density of material, element length and cross-sectional
area of ith element, respectively; displacement and stress constraints are represented by g}i and gj, respectively;
dj and oy are jth node displacement and kth element stress, respectively; dj and @ are their allowable values; n
and m are numbers of elements and nodes, respectively. The following exterior penalty function (EPF) is
employed to handle the constraints of the above constrained optimization problem.

m n

=W X[1+m, Z(max{o, g;_i})z +7, ;(max{o, 9iN?] @)

Jj=1

Where @ is pseudo unconstrained objective function; and r,, is a penalty parameter.

2.2. Modification process

To modify the optimization process, weak particles will be replaced by “Elite Particles” using two main
strategy named “Regeneration” and “Mutation”. In order to improve the performance of the PSO in dealing with
the discrete sizing optimization problems of truss structures these two computational strategies are
implemented and the improved metaheuristic is named as modified particle swarm optimization (MPSO). The
proposed strategies affect deeply exploration and exploitation of the design space during the search procedure.

In the first strategy, some of worst solutions in each iteration are removed and the same number of variants
of the best solution is added to the population. In the second strategy, a mutation operator is added to the
algorithm. Four benchmark optimization problems of truss structures with discrete variables are presented
and the results of MPSO are compared with literature.

2.3. Regeneration:

In each iteration of the optimization process, the population, including np particles, is sorted in an
ascending order based on the objective function values of particles as represented below:

sort(XH) = [X! X5 .. XL . XEp] (5)

Where sort (X!) is the sorted current population; and X; to X}, are the worst solutions at iteration ¢ that
should be regenerated. Then, a number of Axnp worst particles (i.e. X} to X{, ) are removed from the population
and instead, the best solution found so far, X* = [X; X; ... X ... X;;]", is copied Axnp times in the population. In
these solutions, except the last one, one randomly selected design variable is regenerated in the design space
on a random basis as follows:

Xk - [X5, %5, % X] , l=k,.,np—1 (6)

X; =round (X} +7 x (X! = X)) , j €[12,...n] (7)

Where X]-Land XjUare lower and upper bounds of the jth design variable; and r is a random number in [0,
1].The regenerated design variables of particles Xf toX,tm_1 are substituted in the last particle (Xfw). This
strategy will increase the probability of finding the promising regions of the design space.

2.4. Mutation:

In the framework of this method, a mutation operation is implemented to reduce the probability of trapping
into local optima. In this way, a mutation rate of m: is considered and for each particle (X;, i=1,2,...,np) arandom
number in [0,1] is selected in each iteration. If for the ith particle, the selected random number is less than mr,
Xi will be regenerated in the design space as follows:

t
Xf“ =round [X} + (t

- )X RX (Xhest = X0)] (8)
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Where in iteration t, Rt is a vector of random numbers in [0, 1]; X}, is the best particle of the current
population and X is a randomly selected particle from the current population.

3. Results and discussion

In order to illustrate the efficiency of the MPSO, a sort of well-known discrete benchmark truss optimization
problems, including 10, 52-bar planar trusses and 25 and 72-bar spatial trusses, are presented and the results
of MPSO are compared with those of HPSO, HHS, AEDE, ECBO, IMBA, and PSO.

3.1. Example 1: 10-bar planar truss

The 10-bar truss shown in Fig. 2 is one of the most extensively studied problems. The vertical load in nodes
2 and 4 is equal to 105 lb. The Young's modulus and density of material are 104 ksi and 0.1 1b/in3, respectively.

L (5) 1 3) 2

6 360in

b
P

Fig. 2. 10-bar truss

The allowable stress for all members is specified as 25 ksi both in tension and compression. The maximum
displacements of all free nodes in the x and y directions are limited to +2 in. In this example, the discrete design
variables are selected from the following list: [1.62, 1.80, 1.99, 2.13, 2.38, 2.62, 2.63, 2.88, 2.93, 3.09, 3.13, 3.38,
3.47, 3.55, 3.63, 3.84, 3.87, 3.88, 4.18, 4.22, 4.49, 4.59, 4.80, 4.97, 5.12, 5.74, 7.22, 7.97, 11.50, 13.50, 13.90,
14.20, 15.50, 16.00, 16.90, 18.80, 19.90, 22.00, 22.90, 26.50, 30.00, 33.50] (in2). The convergence curves of PSO
and MPSO are compared in Fig. 3.

10Bar Truss PSO
7400
MPSO
6900
o
£ 6400
a0
.w l
= 5900 k
5400 Iteration
0 100 200 300 400 500

Fig. 3. Convergence histories of PSO and MPSO for 10-bar truss

4., Conclusions

The present study introduces a method and series of actions designed to achieve the result with the aim of
the minimization the total number of analysis; and so the time; needed for global and local search. Although
the suggested elite particles method can be used for any population based optimization method, but here it is
applied to one of the fundamental and widely developed metaheuristic algorithms; namely particle swarm
optimization (PSO) to handle the truss structures optimization with discrete design variables.

The proposed MPSO integrates two computational strategies during its search process. In the first strategy,
named as “Regeneration”, a kind of elitism is utilized by substituting a number of worst solutions of the current
population with some variants of the global best solution. In the second strategy, named as “Mutation”, a
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mutation operation is performed to increase the probability of finding the global optimum or near global
optima.

In order to illustrate the efficiency of the MPSO, a sort of well-known discrete benchmark truss optimization
problems, including 10, 52-bar planar trusses and 25 and 72-bar spatial trusses, are presented and the results
of MPSO are compared with those of HPSO, HHS, AEDE, ECBO, IMBA, and PSO. The numerical results
demonstrate that the original PSO is not competitive with the mentioned algorithms while in the most cases,
the proposed MPSO outperforms other algorithms and presents an appropriate performance.
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