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Abstract 
 

The paper is devoted to optimization in multiscale problems. The composite modelled as a macrostructure with a lo-
cal periodic microstructure is considered. The multiscale analysis is performed with the use of the homogenization 
method. The parallel evolutionary algorithm used in computations allows to shorten wall time of optimization. The fitness 
function evaluation with the use of the parallel homogenization algorithm is considered. The paper contains a description 
of the parallel evolutionary algorithm, the homogenization method, the optimization formulation and numerical examples. 
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1. INTRODUCTION 

The multiscale modelling of materials [9,11] and 
structures is an important area of research allowing 
designing new materials and products with better 
quality, strength and performance parameters. The 
multiscale approach allows to create reliable models 
taking into account products and material properties 
and topology in different length scales. The multis-
cale models can be analysed using many approaches. 
The bridging and homogenization methods are most 
popular [8]. The bridging consists in connecting of 
scales on some boundaries. This method is especially 
important if some phenomenon occurs in a small part 
of the structure and should be taken into account. The 
example of the bridging method is connection be-
tween an atomic model and a continuum model dis-
cretized by the finite element method (FEM) for prob-
lems with the crack initialization and propagation. 

The area near the crack is modelled using the discreet 
atomic model and the rest of the structure is analysed 
by means of  finite elements [12]. The two main ap-
proaches – mathematical and computational homog-
enization are used for analysing models with a locally 
periodical microstructure. The mathematical homog-
enization method is widely used in analyses of lami-
nates. The micromodels have to be analysed for each 
local microstructure when the computational homog-
enization is used. The computational homogenization 
allows to consider complicated microstructure with 
nonlinearities like the elasto-plastic material, the con-
tact with friction, wear or phase changes in the mi-
cromodel. The computational homogenization is used 
in the paper; the description of this method is pre-
sented in section 2. 

The optimization in multiscale modelling allows 
to find structures with better performance or strength 
in one scale with respect to design variables in an-
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Table 1. Optimizations times and speedups. 

 
function evaluations. The tests run for 50 generations 
of the evolutionary algorithm. The total number of 
chromosomes was 10. The time need to perform op-
timization and speedups are shown in table 1. 

The results depend on computer hardware, the 
common hard disk and common memories slow 
down parallel computations. It can be seen that the 
parallel evolutionary algorithm gives better speedups 
in tests 3, 5, 6. The use of the parallel homogeniza-
tion algorithm is very important when the number of 
available cores is greater than number of chromo-
somes, the parallel evolutionary cannot scale up and 
the fitness function should be parallelized. The re-
sults depend hardly on the multiscale problem and 
presented data should be verified for other models 
before performing optimizations. 

6. CONCLUSIONS 

The evolutionary approach to optimization prob-
lems in the multi-scale modelling was presented. 
The aim of optimization problem was to find opti-
mal parameters of the microstructure which ensures 
the best performance of the macrostructure for an 
assumed optimization criterion. It is seen that cou-
pling FEM, the computational homogenization and 
the evolutionary computing enables to solve optimi-
zation and identification problems in multiscale 
modeling. The experimental analysis of paralleliza-
tion of the evolutionary algorithm and homogeniza-
tion was performed. The results show advantages of 
using the parallel evolutionary algorithm combined 
with the parallel homogenization when number of 
available processing elements is bigger than number 
of chromosomes. 
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RÓWNOLEGŁA OPTYMALIZACJA EWOLUCYJNA 
W ZAGADNIENIACH WIELOSKALOWYCH 

Streszczenie 
 
Artykuł poświęcony jest optymalizacji w problemach wieloska-

lowych. Rozważany jest kompozyt modelowany jako ciało makro-
skopowe z mikroskopową strukturą lokalnie periodyczną Analiza 
wielkoskalowa przeprowadzona jest z użyciem metody homogeni-
zacji komputerowej. Zastosowanie w obliczeniach równoległego 
algorytmu ewolucyjnego pozwoliło na skrócenie czasu obliczeń. 
Wyznaczanie wartości funkcji przystosowania również przeprowa-
dzono stosując obliczenia równoległe. Artykuł zawiera opis równo-
ległego algorytmu ewolucyjnego, metody homogenizacji, sformu-
łowanie problemu optymalizacji oraz przykład numeryczny. 
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Test 
number

Number of cores 
used in parallel 
homogenization 

Number of parallel 
fitness function 

evaluations 

Number of 
threads 

Total 
number of 
used cores

Number of  
boxes 

Time 
s Speedup 

1 1 1 1 1 1 1905.3 1 
2 3 1 3 3 1 1215.4 1.57 
3 1 2 2 2 1 1230.0 1.55 
4 3 2 6 6 1 826.4 2.31 
5 1 4 4 4 1 867.8 2.20 
6 1 8 8 8 1 707.9 2.69 
7 3 8 24 16 2 622.3 3.06 
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