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Outline 
 
Evolutionary electronics = Reconfigurable electronics + 
Evolutionary Algorithms 
• Reconfigurable electronics 
• Evolutionary algorithms 
• Early example of novel designs 
• Digital design 
• Evolutionary algorithm in hardware 
• Other curiosities 
• Current and future research 



 

Field Programmable Gate Array (FPGA) 
 

 
 

Spartan 3 
 



 
 



 
 
 



 

Field programmable Analog Array (FPAA) 
 
 

 
 
 
Each CAB can implement a number of analog signal processing functions such as amplification, integration, differentiation, addition, 
subtraction, multiplication, comparison, log, and exponential.  
The interconnection network routes signals from one CAB to another, and to and from the I/O blocks.  



 

Evolutionary Algorithms 
 
Pool of candidates       evaluate    improvement 
 
Representation of candidate: bit-string 
Improvement:  operation on bit-string 
Bit-string represents circuits or its configuration bits 
  



 



 

 
 



 

evaluation of candidate circuits 
  on-line 
  off-line 
 
circuits 
  simulation 
  real 
 
evolutionary algorithms 
  software 
  hardware 
 
 



 
(Higuchi, T. and  Kajihara, N. 1999) 
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(John R. Koza, Sameer H. Al-Sakran, Lee W. Jones 2005) 
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Early Examples (on-line intrinsic) 
 

 
(Thompson, A., Harvey, I., and Husbands, P., 1995) 
 



 
 



 
 
 



 
 
 
 



 



 
 

Digital Design 

 



 

Compact Genetic Programming (CGP)  
represents circuits as a feed-forward directed graph 
(acyclic), (Miller & Thompson, 2000) 
 
Parity problem, adder, multiplier 2-3 bits. 
 
Conventional one-bit adder Evolved one-bit adder 

 
 

 



 
 
 
 
 

 
 



 



 
 



 
 



Analog Design 

 
(Stoica et al, 2000) 
 



 
 
(Zebulum, 2003) 
 



 
 
(Zebulum, 2003) 
 



Evolutionary Algorithms in Hardware 
 

Compact Genetic Algorithm    
(Harik, Lobo & Goldberg 1999)  

 



 
 

 
 
(Aportewan & Chongstitvatana 2001) 



 

 
(Aportewan & Chongstitvatana, 2000) 
 



 
 



 
(Vasicek, Z. and Sekanina, L., 2008) 



 

Scalable Compact Genetic Algorithm in Hardware 
 

 
(Jewajinda, Y. and Chongstitvatana, P., 2006) 
 



 
 



 
 



 

Other Curiosities 
 
Liquid Crystal as a medium   
(Hardy & Miller, 2004) 
 

 



 
 



 
 



 
(Oltean, 2006) 



 

Tuning MEMS gyroscope  
(Ferguson et al, 2005) 

 
Tuning the resonance frequencies to be symmetric.  
The tuning pads are electrostatically soften the mechanical 
springs. 
 



 
 



 

Cooperative GA in hardware + Neural Network  
(Jewajinda & Chongstitvatana, 2008) 
 

Block-based Neural Network  
(Moon & Kong, 2001) 
 

 



 

 
 



 
 



 
 
(Jewajinda & Chongstitvatana, 2008) 
 



 
 
(Jewajinda & Chongstitvatana, 2008) 



 

Current and Future Research 
 
Applications 
 

International Conf. on Evolvable System (ICES) 2007 
 

Sonar spectrum classification 
Fault tolerant analog circuits 
Self repairing circuits 
Underwater acoustic wireless communication 
Adaptive air-to-air missile controller 
Automatic adjustment for optical axes in laser systems 
Analog circuits for space applications 
Lossless image compression 



 
Adaptive Hardware and System (AHS) 2006 
 
Self-tuning analog PID controller 
Temperature-adaptive circuits on analog arrays 
Adaptive micro antenna 
Drive control loop of gyroscope 
H.624 adaptive deblocking filters 
Low complexity self-calibrating adaptive quadrature receiver 
Adaptable multiplier for cryptographic applications 
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