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Design optimization aims to find the best design within the available means. This can be 
mathematically formulated as: find the set of design variable values that will minimize some objective 
function subject to a set of constraints. Early optimization activities in the engineering design field 
were mainly restricted to the use of analytical models. In such a setting, engineers had to cast a 
design problem into an analytical analysis model, which had to be complemented with a definition of 
the optimization problem. Obviously, only limited complexity could be addressed. As soon as 
computers became available in the engineering field, both researchers and engineers have tried to 
use computer models in combination with mathematical optimization algorithms. The interest to 
combine, e.g., finite element method and optimization is nicely demonstrated by early research on 
design sensitivities in the seventies. Despite its potential, computer-based optimization became a 
mature design tool only recently, i.e. during the last decade. Among the industrial pioneers who 
adopted optimization as a standard design tool are the aerospace and automotive fields. Due to 
limited computer resources, early computer-based optimization attempts had to rely on a limited 
number of design evaluations. The availability of faster computers has changed the engineering 
optimization field significantly. 
 
Today, design optimization methods are subject of ongoing research. Motivated by the increasing 
interest by industry, aspects being addressed are their efficiency, versatility and robustness. Both 
non-gradient and gradient-based methods receive substantial attention. Interesting in this aspect is 
that methods relying on brute force computing are becoming very popular and are often used in 
practical applications. Adjacent to the research on optimization methods, design sensitivity analysis 
still attracts many research activities. However, the focus has somewhat shifted towards the 
automated or computational derivatives. In the engineering field, topology optimization, reliability-
based and multi-level optimization are main research issues. Topology or layout optimization became 
a hot research item in the nineties and found its way very quickly to industry. Reliability-based 
optimization is recognized more and more as the preferred technique, although computer resources 
still limit its practical application. The multi-level techniques are still in their infancy although they are 
mandatory for large-scale industrial optimization tasks. 
 
Within the Engineering Mechanics graduate research school, most of the activities as sketched above 
are being addressed to some extent. Main attention and efforts are on the modeling aspects.  But a 
growing number of PhD projects within the EM research program is dealing with design optimization 
subjects, including sensitivity analysis, topology optimization, reliability-based optimization, 
simulation-based optimization, multi-level design optimization, metamodeling techniques, and 
combined optimal design and optimal control.  
Accordingly, the workshop addresses the following two main themes: 
1) Method development and application 
2) Design and analysis tools for optimization. 




