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Implementation of Genetic Algorithm Processor based on
Hardware Optimization for Evolvable Hardware
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Abstract -

Genetic Algorithm(GA) has been known as a method of solving large-scaled optimization problems with

complex constraints in various applications. Since a major drawback of the GA is that it needs a long computation time,
the hardware implementations of Genetic Algorithm Processors(GAP) are focused on in recent studies. In this paper, a
hardware-oriented GA was proposed in order to save the hardware resources and to reduce the execution time of GAP.
Based on steady-state model among continuos generation model, the proposed GA used modified tournament selection, as
well as special survival condition, with replaced whenever the offspring’s fitness is better than worse-fit parent’s. The
proposed algorithm shows more than 30% in convergence speed over the conventional algorithm in simulation. Finally, by
employing the efficient pipeline parallelization and handshaking protocol in proposed GAP, above 30% of the computation
speed-up can be achieved over survival-based GA which runs one million crossovers per second (1MHz), when device
speed and size of application are taken into account on prototype. It would be used for high speed processing such of
central processor of evolvable hardware, robot control and many optimization problems.
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Table 1 The proposed genetic algorithm

& Initialize Parent £ and best chromosome
Parent 2, Best_chrom = all bits is initialized by zero
While optimal value (Best_chrom) do
& Select two chromosomes from population using two
random numbers.
Chrom # = Population{Chrom 2 _adrs =Random(N,,)}
Chrom @ = Population{Chrom /£ _adrs =Random(N,s)}
@ Copy the previous parent for the other parent
Parent # = previous Parent &
@ Decide one parent from two chromosomes using fitness

value
Parent # = Max. of Fitness(Chrom 2z, Chrom &)
Worse_adrs
= Min. of Fitness(Chrom ¢ _adrs, Chrom 4 _adrs)
Worse_fit

= Min. of Fitness(Chrom & jimess, Chrom £ pimes,)
@ Do Mutation and Crossover using a few methods
¢ Crossover( 2, £): [1-point, 2 point, uniform]
Childrenyus (@, &) = Crossover(Parent @, Parent £)
e Mutation (2, &) : [single-point, multi-point](P»)
Childrenuue (@, £)
= Mutation(children @ g, children & jua)
@ Evaluate a fitness on a specific problem
Childrengmess (2, £)
= Fitness(children @ o, children & o)
& Update a population using new offspring compared a
worse chromosome
New_chrom
= Max. of Fitness(Children @, Children &p)
IF New_chromyme,s > Worse_fit then
Population(Worse_adrs) = New_chrom
END IF
IF New_chromgmes > Best_chromgn.s then
Best_chrom = New_chrom
END IF
& Adapt a Muation & Crossover using a relation of best
chromosome and worse chromosome
End While
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Table 2 Previous & developed work for hardware imple-
mentation of GA
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Table 3 State diagram of each module

R/ Register(Population)
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«—Random Number for selection
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—Selection Controller
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«-Random Number for crossover & mutation
Child &, Child 3.
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«Fitness Evaluation(Child 2)
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4.1.2 Set Covering Problem(SCP)
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Fig. 12 The prototype of GAP
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