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Abstract 

 

This paper presents a comparative study between standard Optimality Criteria 

method (OC), Particle Swarm Optimization (PSO) and Modified Simulated 

Annealing Algorithm (MSAA) to solve topology optimization problems of two-

dimensional beams. Three plane elasticity problems reported in the specialized 

literature were analyzed in order to compare the results obtained in terms of 

topologies, strain deformation and average execution times. The comparative study 

indicated that the procedures involving PSO and MSAA metaheuristics yield 

shorter computational times as problems with more refined meshes are analyzed. 

 

Keywords: Topology optimization, particle swarm optimization, modified 
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1 Introduction 
 

Topology optimization (TO) consists in searching for an optimal distribution of 

material in a design domain that satisfies the requirements and the established 

conditions. The TO is a rapidly growing research field, involving different areas 

such as mathematics, mechanics and computer science, it also has important 

practical applications in the industry and in the manufacturing sector. Currently, 

TO is used in the civil works, aerospace and automotive industries, among others. 

 

Generally, TO has been formulated in terms of minimizing the strain energy of the 

structure analyzed. In the majority of works on TO reported in the literature it is  
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found that the optimization methods commonly used are: the standard optimality 

criteria [1, 2], the level set method [3, 4], and Pareto optimal tracing [5], among 

others. However, it must be remembered that TO is a problem with multiple local 

minimums that can be solved through metaheuristic methods designed to identify 

global minimums. 

 

Recently, the performance of Particle Swarm Optimization (PSO) [6] and Modified 

Simulated Annealing Algorithm (MSAA) [7] metaheuristics were evaluated in 

topology optimization problems. Therefore, this paper aims to present a 

comparative study between OC [1], PSO and MSAA to solve topology optimization 

problems of two-dimensional beams. 

 

This study is structured as follows: Section 2 presents the methodology. Section 3 

shows the comparative study between OC, MSAA and PSO. Section 4 presents the 

conclusions of this study. 

 

2 Methodology 
 

The algorithms reported by Andreassen [1], Millan [6] and Millan [7] were coded 

in MATLAB in Windows platform using Intel(R) Core(TM) Duo@ 1.33 GHz 

processor speed with 2.00 GB RAM. The design domain is discretized by square 

finite elements. The algorithms were evaluated in three two-dimensional beams 

(Figure 1). To carry out the comparative study, numerical experiments were carried 

out obtaining: the topologies, their strain energy values (c) and the average 

execution times for each problem.  

 

Andreassen [1] used the OC. The OC is an indirect method of optimization unlike 

mathematical programming methods which directly optimize the objective 

function. Optimality criteria methods attempt to satisfy a set of criteria related to 

the behavior of the structure.  

 

Millán [6] employed the PSO metaheuristic. PSO was introduced by Kennedy and 

Eberhart [8] is a metaheuristic global optimization method, which belongs to the 

family of algorithms based on the concept of swarm intelligence. In analogy to the 

behavior of bird flocks and fish schools, in PSO the set of candidate solutions to the 

optimization problem is defined as a swarm of particles which may flow through 

the search space. 

 

Finally, Millan [7] applied MSAA to solve topology optimization problems. MSAA 

is a recently developed metaheuristic [9] and is based on simulated annealing [10]. 
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Figure 1. The design domain, boundary conditions, and external load 

for the optimization. 

 

3 Results 
 

Table 1 shows the topologies, strain deformation (c) and average execution times 

in the optimization problems. Problem I is called Messerschmitt-Bölkow-Blohm 

Beam (MBB). The predetermined boundary conditions correspond to the half of the 

beam (Figure 1). The load is applied vertically in the upper left corner; there are 

symmetrical boundary conditions along the left edge and the structure rests 

horizontally on the lower right corner. The structure was discretized with 3 types of 

mesh, as indicated below: a) 60 x 20 (60 elements in horizontal direction and 20 

elements in vertical direction); b) 150 x 50, and c) 300 x 100. From the table, it can 

be seen, that MSAA presents a good behavior in terms of distribution of material 

and energy, unlike the PSO that shows good results in energy values but varies a 

little in the distribution of the material. In terms of execution times, it is observed 

that as the mesh grows (discretization), metaheuristics use fewer time compared to 

OC and with more smoothed topologies, that is, less toothed. For example, For the 

300x100 mesh, the OC employed 5531.50 s while PSO and MSAA used 240.98 s 

and 240.61 s respectively. 

 

Problem II is the cantilever beam (Figure 1), known in international literature as 

Michell's cantilever. This problem was modeled with 3 mesh types: a) 80 x 50; b) 

160 x 100, and c) 240 x 150. As seen, MSAA found quite similar topologies to OC, 

varying a bit in the configuration of the elements; this is reflected in the strain  
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energy values, which differ minimally. PSO found topologies that include light 

elements as opposed to OC and MSAA but tend to disappear as the mesh is refined.  

 

Table 1. Topologies, strain deformation (c) and average execution times 

 

Problem I – MBB beam 

Algorithm 
Topologies 

c 
Time 

(s) Mesh 60x20 Mesh 150x50 Mesh 300x100 

OC [1] 
   

233.71 22.00 

235.73 375.85 

238.31 5531.50 

PSO [6] 
   

237.32 21.00 

240.73 200.59 

246.51 240.98 

MSAA [7] 
   

239.14 114.02 

241.83 112.95 

241.47 240.81 

Problem II – Cantilever beam 

Algorithm 
Topologies 

c 
Time 

(s) Mesh 80x50 Mesh 160x100 Mesh 240x150 

OC [1] 

   

63.07 91.33 

64.76 1213.50 

65.62 6223.93 

PSO [6] 

   

66.54 27.14 

66.15 485.23 

63.40 825.87 

MSAA [7] 

   

63.85 271.69 

66.10 135.65 

70.53 472.76 

Problem III – Cantilever beam with a fixed hole 

Algorithm 
Topologies 

c 
Time 

(s) Mesh 75x50 Mesh 150x100 Mesh 225x150 

OC [1] 

   

54.23 80.49 

55.05 1021.90 

55.52 3009.85 

PSO [6] 

   

54.43 42.04 

55.01 301.46 

56.72 611.24 

MSAA [7] 

   

56.86 56.91 

57.22 136.40 

57.68 288.01 

 

As for the strain energy values, it can be said that they are reasonable. Like the 

previous problem, the PSO and MSAA metaheuristics use less computational times  
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when the structures are refined with larger meshes. For the 240x150 mesh, OC 

employed 6223.93 s while PSO and MSAA used 825.87 s and 472.76 s respectively. 

 

Finally, Problem III, called cantilever beam with a fixed hole (Figure 1), was 

analyzed with meshes: a) 75 x 50; b) 150 x 100, and c) 225x150. From the table, it 

can be seen that MSAA obtained topologies in which it adds a small hole and a thin 

bar that little alter the values of deformation energy in relation to OC and PSO. 

MSAA and PSO metaheuristics. PSO and MSAA metaheuristics need less time to 

produce optimal solutions. 

 

4 Conclusions 

 
This paper presented the performance of three methods in topological optimization 

problems in two-dimensional beams. These methods were OC, PSO, and MSAA. 

It was observed that the PSO and MSAA metaheuristics show great advantage in 

execution times, when the problems are discretized with more refined meshes 

(increase in the number of elements), avoiding complex topologies, with greater 

bifurcations and holes between the bars. On the other hand, these metaheuristics 

have versatility to analyze different types of problems with different types of 

meshes. This is reflected in the distributions of material, energy values and times 

achieved.  

 

Regarding the OC, it can be said that it is an acceptable method when working with 

small meshes. When the problems were refined with large meshes, OC spent a lot 

of computational time to reach optimal topologies. 
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