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Introduction

• Search-based software engineering

• applies metaheuristic search techniques to software 
engineering problems that can be formulated as optimization 
problems

• Genetic improvement (of existing software)

• is the application of evolutionary and search-based 
optimization methods with the aim of improving functional
and/or non-functional properties of existing software

• Genetic programming (GP)

• one of  evolutionary computing methods capable of 
automated creation of software
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Genetic improvement of software

Langdon and Harman: IEEE Tr. On Evol. Computing. 19(1), 2015

Bowtie2, a widely-used DNA sequencing system, consisting of 50k lines of C++ code, 
was reduced by GI to 20k lines of code;  with an average 70 times faster execution than 
the original code



Other examples

• automatic bug fixing (real bugs in real C programs)
• W. Weimer, et al.  Automatic program repair with evolutionary computation. 

Communications of the ACM, vol. 53, no. 5, pp. 109–116, 2010.

• an improved version of C++ code from multiple versions 
of a program written by different domain experts (e.g. 
improved MiniSAT)

• J. Petke, et al. Using genetic improvement and code transplants to specialise a C++ 
program to a problem class. In  17th European Conference on Genetic 
Programming, LNCS, vol. 8599. Springer, 2014, pp. 137–149

• improved CUDA programs (DNA analysis SW)
• W. Langdon. Improving CUDA DNA Analysis Software with Genetic Programming. 

In Genetic and Evolutionary Computation Conference (GECCO 2015): 1063-1070
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Genetic improvement in Approximate computing
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Observation: The Genetic Improvement method has not accepted 
solutions increasing the error (w.r.t the original implementation)

Let us use Genetic Improvement and tolerate some errors!
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The median function

filtered image
(9-input median filter)

corrupted image 
(10% pixels, impulse noise)

original



Median as a comparator network
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60% instructions20% instructions original

pixelvalue opt_med9 (pixelvalue * p)

{

PIX_SORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[8]) ;

PIX_SORT(p[0], p[1]) ; PIX_SORT(p[3], p[4]) ; PIX_SORT(p[6], p[7]) ;

PIX_SORT(p[1], p[2]) ; PIX_SORT(p[4], p[5]) ; PIX_SORT(p[7], p[8]) ;

PIX_SORT(p[0], p[3]) ; PIX_SORT(p[5], p[8]) ; PIX_SORT(p[4], p[7]) ;

PIX_SORT(p[3], p[6]) ; PIX_SORT(p[1], p[4]) ; PIX_SORT(p[2], p[5]) ;

PIX_SORT(p[4], p[7]) ; PIX_SORT(p[4], p[2]) ; PIX_SORT(p[6], p[4]) ;

PIX_SORT(p[4], p[2]) ; return(p[4]) ;

} Source: http://ndevilla.free.fr/median/median.pdf

#define PIX_SORT(a,b) { 
if ((a)>(b)) 

PIX_SWAP((a),(b)); 
}

Approximations conducted by means of genetic programming



Approximate 9-median as SW for microcontrollers
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#define PIX_SORT(a,b) { 
if ((a)>(b)) 

PIX_SWAP((a),(b)); 
}

ops = operations in the source code. 

V. Mrazek, Z. Vasicek and L. Sekanina. GECCO GI Workshop, 2015

fully-working median

4.8% error prob., 
max. error dist. 1
21% power reduction

34.9% error prob., 
max. error dist. 2

52% power reduction



Conclusions

• Genetic improvement can (relatively) easily be adopted to 
approximate software/hardware components.

• Advantages

• an automated method

• Interesting solutions typically hidden to conventional 
methods can be discovered. 

• A multi-objective GP provides a Pareto front showing various 
non-dominating trade-offs.

• Disadvantages

• time consuming process of evolution

• non-deterministic method

• difficult interpretation of results
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DTIS 2016: Special session on Approximate Computing

• 11th International Conference on Design &Technology of 
Integrated Systems in Nanoscale Era

• Conference: April 12 – 14, 2016 in Istanbul, Turkey

• Deadline for submissions: January 27, 2016

• http://www.dtis2016.teiath.gr/
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Thank you for your attention!
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