
Course: Surrogate methods in system engineering 

 

Teaching hours: 15 

 

Prerequisites: The students enrolling in the course should be familiar with the concept of computer-

aided design with focus on the role of computationally expensive numerical models in the system 

development. 

 

 

Course outline 

 

Contents 

 

The development of modern engineering systems is a computer-aided process that often involves the 

use of accurate, yet numerically expensive computational models. Direct application of the latter ones 

to optimization is challenging due to a high cost associated with a large number of simulations required 

to obtain the desired solution. The problem can be mitigated using surrogate-based approaches, a class 

of numerical techniques for low-cost design of complex systems represented using expensive simulation 

models. Surrogate methods find application in many areas of research including, but not limited to, 

aerospace, antenna, hydro, or microwave engineering. 

 

The course focuses on presentation of numerical techniques for budget-oriented development of modern 

engineering systems. In the design process, the core concept behind the considered methods boils down 

to substitution of the accurate models with so-called surrogates that provide numerically cheap 

representation of the system and are used for prediction of solutions that improve its functionality. The 

course is designed to explain the tools required for application of surrogate-based optimization in 

contemporary engineering. The covered topics will be explained and demonstrated based on real-world 

design problems (mostly from the area of microwave/antenna engineering). 

 

Topics: 

1. Introduction to surrogate-assisted design – definition of a surrogate, classification of models, 

formulation of the design problem for conventional and surrogate optimization; 

2. Engineering design as a bottom-up process – the role of surrogate models in the design flow; 

3. Numerical optimization as a main tool for surrogate-assisted design – selected algorithms, 

objective functions, simulation setup, termination conditions; 

4. Physics-based surrogates – construction/validation and applications in surrogate-design; 

5. Approximation models – construction/validation and applications; 

6. Surrogate-based optimization – correction methods, algorithms, accuracy, reliability, 

applicability; 

7. Surrogate methods for solving real-world design problems. 

 

Teaching 

 

The course will involve 15 hours of lectures conducted in the summer semester. The contents will focus 

on explanation of selected topics related to surrogate-assisted design and demonstration of the 

methods/algorithms based on case study analysis. The language of the lecture is English. 

 

Examination 

 

Understanding of the material presented during the lectures will be verified based on the writing exam 

in the form of a test. 
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