
Neural networks for circuit and signal analysis and synthesis 
 
The current technological advances are giving rise to increasingly complex systems. This 
evolution has brought forth analysis and design challenges that were either marginalized 
or unknown in the past. Given the increasingly shorter lifetime of today’s technological 
projects, the current formal tools for design and analysis are often overwhelmed by new 
problems. On the other hand, complex systems are common in nature where they have 
been dealt with successfully by an approach based on memory and experience, and/or 
synergistic collaboration.  This very slow process at the human scale has produced 
remarkable results for Nature, although often consisting of suboptimal solutions and 
offering limited explanatory capacities in comparison to approaches based on 
mathematical logic, algebra and analysis. 
 
The field of nature-inspired computation has been studied in academia for several 
decades. In particular, artificial neural networks (ANN) received considerable attention as 
a means to imitate the human brain’s resilience to imprecise, fragmentary and/or noisy 
information, and to solve classification and optimization tasks on the basis of analogy and 
generalization, as opposed to formal models known beforehand.  However, the black box 
approach of ANNs appears to have been a deterrent for using them beyond pattern 
recognition tasks, until the recent interest vested on them by big players in big data and 
social networking such as Google and Facebook.  Actually, their application potential also 
extends to all fields of engineering, as they can be used to solve a wide range of detection 
and identification, analysis, synthesis and optimization problems.  
 
The tutorial will start by discussing some limitations of the current formal approaches for 
the study and design of complex systems, and how, by turning the problems to solve into 
classification or optimization ones, various solution techniques inspired from nature can 
effectively, and often efficiently, solve them, even in the presence of noise, nonlinear or 
chaotic behavior, and unknown, vague or incomplete Input-output models. Then, an 
introduction to artificial neurons and networks thereof will be presented, along with the 
techniques to design and train them. Finally, several case studies in signal processing, 
circuit analysis and circuit synthesis will be given for illustration. 
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