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Chapter 10: Doing GAs with GAGS

GAGS is a C++ class library designed to make programming a. Genetic Algorithm (GA) [HeitkÃ¶eter and Beasley, 1996] easy, and at the same time, flexible ... 
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10.1 Introduction GAGS is a C++ class library designed to make programming a Genetic Algorithm (GA) [Heitköeter and Beasley, 1996] easy, and at the same time, flexible enough to add new objects, which are treated in the same way as native ones. As many other class libraries, GAGS includes the following features: •



Chromosomes, which are the basic building blocks of a genetic algorithms. Chromosomes are bit strings, and have a variable length.



•



Genetic operators, which are not part of the chromosome class, but are outside it (actually, they are halfway outside: being friends, they conceptually belong to the same class); this way, operators are not reduced to mutation and crossover: there are many predefined genetic operators, like bitflip mutation, crossover (uniform, 1- and n-point, and gene-boundary respecting), creep (change gene value by 1), transpose (permute genes), and kill, remove, and randomAdd, which alter the length of the chromosome. New operators can be added and used in the same way as the predefined. Operators can be applied blindly, or to a certain part of a chromosome.



• Views, which represent the chromome and are used to evaluate and print it; views are objects used to watch the chromosome as a float or int array or whatever is needed to ©1999 by CRC Press LLC



evaluate it. •



Population, which includes a list of chromosomes to be evaluated and sorts them in another list when they are; operators for generational replacement, and a list of genetic operators together with their rates; the number of chromosomes, the list of operators and their rates can be changed in runtime.



•



The evaluation or fitness function can be any C or C++ function, and it can return any class or type; thus, fitness is not reduced to a floating point number: it can be an array or any other user-defined type; the only requirement is that it has ordering operators defined.



The second and last feature set it apart from other GA class libraries, like Matthew's GAlib [Wall, 1995] and TOLKIEN [Tang, 1994]. At the same time, it lacks some features like a user interface and provision for more than one kind of chromosomes. In this chapter we will see the way a genetic algorithm is programmed using these building blocks. We will take a bottom-up approach, starting with a chromosome, and building up from there. 10.2 Creating chromosomes Chromosomes are the basic building blocks of a genetic algorithm, and are used to represent a problem solution. You will not usually need to create them directly (that is the role of the Population class, but just in case, this is the way it would be done. #include main ( ) { const unsigned numBits = 12; chrom aChromosome( numBits ); cout getLength()/SIZEGENES; j ++ ) { val += vista( tmp, j); } censo.setFitness( val ); // This erases it from censo censo++; // Ahead to the next chromosome }



evaliter eval( people ); // Iterator on evaluated chromosomes // mapItem contains a pointer to the chromosome, key the // fitness value for ( unsigned j = O; j < eval.current().mapItem>getLength()/SIZEGENES; j ++ ) { cout getLength()) && ( minWinner*SIZEGENES < tmp>getLength()) ) {// If not too small killer.applyAt( minWinner*SIZEGENES, tmp ); } } if ((myrand(1000)/1000.0) < addRate ) { if ( maxWinner*SIZEGENES < tmp>getLength() ) adder.applyAt( maxWinner*SIZEGENES, tmp ); } censo++; } //Print out best if ( g < GENERATIONS - 1) myPop.newGeneration(); }



As it can be seen, population is set up in the usual way, except that the chromosome size range is effectively used, giving the max and min number of genes for each chromosome. Then, besides the two default operators, crossover and mutation, the operators that eliminate and add randomly or not genes to the chromosome are added to the list. The GA loop is also the usual, except that for each chromosome, the gene that gets most and least hits (maxWinner, minWinner) is stored, and used with some probability to be duplicated (using adder) or eliminated (using killer). Fitness takes into account three things: first, accuracy achieved by the neural network in classification of the test file; then neural net length, and then distortion, which represents the average distance ©1999 by CRC Press LLC



from the test file to the codebook. This application, at the same time, combines genetic algorithms and neural networks, that is, global search procedures and local search procedures, in a meaningful way; instead of making the GA set the NN weights, it only sets the NN initial weights, which makes search, to a certain point, faster and more precise. 10.8.2 Optimizing ad placement The problem can be defined in this way: given M media, which can be printed, broadcasted, or other, place N ads in such a way that the audience is maximized, taking into account several constraints, like a maximum or approximate bound for money spent, and a maximum audience reached. Different media have got different ratings, or audience, and obviously, different prices for an advertising unit, or module. This makes advertising placement a combinatorial optimization problem. Besides, the objective is not only to reach the possible consumer, but to reach him or her a certain number of times (called impacts), so that he or she will afterwards remember the ad, and modify his or her behavior accordingly. This application [Merelo et al., 1997b] is even more straightforward than before. In this case, all elements intervening in the fitness was combined in a formula, so no vectorial fitness was used, default operator rates had to be adjusted, and creepOp was added to the mix, so that number of ad placements changed smoothly. // include files ... main( int argc, char** argv ) { unsigned popSize = 400,



// population size



generations = 100, // number of generations sizeGenes = 4; 1ocus/gene



// size in bits of each



mutRate_t mutRate = 0.1; // mutation rate; xOver is uniform with prob 0.01 // Command line checking ...
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// Creation of media objects ... // Population declaration and setup Population myPop( popSize, sizeGenes, chromSize, chromSize, mutRate ); myPop.setElite( 0.6 ); // Never forget to do // Add new operators genOp creeper( sizeGenes, genOp::CREEP); myPop.addOp( &creeper, 0.1 );



// A new



// Change rates using the genOp iterator popIter censo( myPop ); opIter oi( myPop ); while (oi) { switch ( oi.current().mapItem->getMode() ) { case genOp::MUT: oi.setRate( 0.12 ); break; case genOp::XOVER: oi.setRate( 0.1 ); break; default: break; } oi++; }



// Genetic algorithm loop .......... for ( unsigned g= O; g < generations ; g++ ) { censo.reset( Iter::FIRST); fitness



// Evaluate



while( censo ) { and correct



// Compute fitness



chrom* tmp = censo.current(); ©1999 by CRC Press LLC



censo.setFitness( unMedio->fitness( tmp, sizeGenes )); censo++; } // Print best ... if ( g < generations - 1) myPop.newGeneration(); } }



10.8.3 Playing Mastermind Solving the game of MasterMind using GAs is quite a difficult problem [Bernier et al., 1996], since there is only one correct solution. Along the game, there are several partial solutions, and the GA will strive to find them. This problem required a lot of tweaking of the GA, mainly to keep diversity, but also to overcome the problem of having discrete fitness, and to keep the number of generated solutions to a minimum, since the success of a MasterMind solving program lays not only in the number of guesses made before the final solution, but also on the number of combinations generated to find it. Using GAGS, the following design decisions were taken: •



Population was huge, in order to keep diversity, around 500 individuals, and it increased with the length of the combination, that is, the size of the space to search.



•



Besides usual operators, transposition was also used; since it permutes the values of two gene positions, it was quite adequate for combinatorial optimization problems.



•



Some operators were not adequate for some phases of the search: for instance, it did not make much sense to use mutation when the combination was correct except for pin position, that is why the application rate of all the operators changed with the number of correct positions and colors, to become zero except for transposition when all the colors where correct.



This program has been working online for a long time at the
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URL http://kal-el.ugr.es/mastermind. 10.9 Conclusion and future work GAGS is a C++ class library which can be easily used for solving many problems using Genetic Algorithms, and at the same time can be easily added new operators, or new interpretations of the chromosome. So far, it has been used in several applications, allowing the rapid development of new applications, usually in less than one week for an expert C++ programmer. This does not mean that it lacks more things. Some of these features might be added in the future, by order of importance • STL compliance STL has been recently adopted as the standard C++ library. GAGS could use many of its data structures, like lists, maps, vectors and so on. STL involves some changes in mentality, and obviously in interface. • Adding new selection strategies as functors, and taking selection strategies out of the Population class. Conceptually, selection and reproduction operators should be outside the Population class, and besides, this would allow changing population operators in the same way that chromosome-level operators can be changed now. • Adding a user interface. References [Bernier et al., 1996] Bernier, J.L., Herraiz, C. 1., Merelo, J.J., Olmeda, S., and Prieto, A. (1996). Solving mastermind using GAs and simulated annealing: a case of dynamic constraint optimization. In Proceedings PPSN, Parallel Problem Solving from Nature IV, number 1141 in Lecture Notes in Computer Science, pages 554 563. Springer-Verlag. [Coplien, 1994] Coplien, J.O. (1994). Advanced C++: programming styles and idioms. Addison Wesley. [Heitköeter and Beasley, 1996] Heitköeter, J. and Beasley, D. (1996). The Hitchhiker's Guide to Evolutionary Computation, v. 3.4. Technical report, Available at the ENCORE sites. [Merelo and Prieto, 1995] Merelo, J.J. and Prieto, A. (1995). G©1999 by CRC Press LLC



LVQ, a combination of genetic algorithms and LVQ. In D.W.Pearson, N. and R.F.Albrecht, editors, Artificial Neural Nets and Genetic Algorithms, pages 92-95. Springer-Verlag. [Merelo et al., 1997a] Merelo, J.J., Prieto, A., and Morán, F. (1997a). A GA-optimized neural network for classification of biological particles from electron-microscopy images. In Prieto, Mira, C., editor, Proceedings IWANN 97, number 1240 in LNCS. Springer-Verlag. [Merelo et al., 1997b] Merelo, J.J., Prieto, A., Rivas, V., and Valderrábano, J.L. (1997b). Designing advertising strategies using a genetic algorithm. In 6th AISB Workshop on Evolutionary Computing, Lecture Notes in Computer Science. Springer. [Ripley, 1994] Ripley, B.D. (1994). Neural networks and related methods for classification. J.R. Statist. Soc. B, 56(3):409456. [Tang, 1994] Tang, A. (1994). Constructing GA applications using TOLKIEN. Technical report, Dept. Computer Science, Chinese University of Hong Kong. [Wall, 1995] Wall, M. (1995). Overview of Matthew's genetic algorithm library. found at http://lancet.mir.edu/ga.
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