Using Software Visualization technology to helpGenetic Algorithm DesignersTrevor Collins�The Knowledge Systems GroupThe Knowledge Media InstituteThe Open UniversityWalton HallMilton Keynes UKMK7 6AAAbstractThis work is part of a three year PhD project to examine how Software Visualization(SV) can be applied to support the design and construction of Genetic Algorithms (GAs). Auser survey carried out at the start of this project identified a set of key system featuresrequired by GA users. A visualization system embodying these features was then designedand a prototype built. This paper describes what genetic algorithms are and how they can beapplied. It then reviews some of the survey results and their impact on the design of thevisualization system. The paper concludes with an exploration of how the resultingprototype may be evaluated.� email - t.d.collins@open.ac.uk, www - http://kmi.open.ac.uk/~trevor/1 IntroductionGenetic algorithms (GAs) are a robust type of search algorithm. Designed by John Holland at AnnArbour, Michigan in 1970 they are based upon the evolutionary principle of �survival of the fittest� [8]. As asearch algorithm operating in a symbolic domain, a GA generates a large quantity of search data, from which anear optimal solution emerges. The user�s tasks in designing genetic algorithms are to:1. Define a way of representing a problem state as a string of numbers, known as a "chromosome",2. Construct a function capable of rating problem states (i.e. chromosomes) and returning a fitness score(typically normalised between zero and one) and,3. Set-up the genetic algorithm by choosing a set of selection and reproduction components based onthe problem representation used.Only by monitoring the genetic algorithm during it’s search can a user make an informed decision about thequality of the solutions found. Software Visualization (i.e. techniques such as cinematography, graphic design,typography and animation [9]) has been used in other domains such as prolog program development andscientific systems design, to support the design and development processes. Applying Software Visualizationtechnology to the GA design process is put forward as a means for supporting the user tasks described above andthe search monitoring necessary for quality assurance.Section two of this paper provides a description of some GA terminology and an overview of howgenetic algorithms search for solutions to user defined problems. Section three gives an overview of a surveycarried out in order to gain an insight into the problems found by people designing GAs, their opinions on somesample visualization and interaction methods, and their ideas on how the work of a GA designer could be madeeasier. This includes a description of the survey mechanism used, a summary of the responses given and theirimpact on the resulting system design. Section four, the final section, presents a screen view taken from theresulting system design and examines how such a system could be evaluated.2 Genetic AlgorithmsIn order to represent a problem state problem domain information is translated by the user into a symbolicrepresentation (generally using either binary or decimal numbers) on which the genetic algorithm acts. This datatakes the form of a string of numbers referred to as a �chromosome�, the numbers’ position in the chromosome iscalled the �locus� and the chromosomes� symbol values are called �alleles� (see figure 1).

0110111101011101ChromosomeAllele = 1Loci = 5

Figure 1 - An illustration of how a problem state can be represented as a string of numbers suitable for use within a GA.An initial population (generation 0) is made up of chromosomes whose alleles have been generated using arandom number generator. These chromosomes then �evolve� to form the next generation (generation 1).Evolution has two steps; "Selection" and "Mating". Selection for mating and is biased by the chromosomes�fitness values to the extent that a chromosome with a high fitness value has a better chance of mating than onewith a low fitness value.

01101111 1001110001101001 01011101

0110111110011100 - 0.960110100101011101 - 0.781. Cut2. Crossover3. PasteFigure 3 - An example of the three steps involved in single point crossover in order to create two new chromosomes.As can be seen in figure 3 above the two selected chromosomes are cut at a random locus (in this case locuseight), the two sections are then crossed, and finally these are pasted together to produce two new chromosomes.As is shown in this example single point crossover can create both better and worse chromosomes.Another example genetic operator used in chromosome mating is mutation. Mutation in GAs can becontrolled by the user altering the algorithm�s mutation rate (i.e. the probability of a random allele beingintroduced instead of a parent�s allele).

0110111101011101 - 0.950110111100011101 - 0.93

Mutation

Figure 4 - An example of how mutation can be applied to a chromosome in order to alter its features.The example given in figure 4 shows the occurrence of mutation on a randomly chosen allele (locus 10). Theallele’s original value has been flipped in this case from a one to a zero. These selection and mating steps arerepeated until an acceptable solution is evolved. Typically the user defines an acceptable fitness rating and thealgorithm repeats the evolutionary process until an individual is found with an equivalent (or better) fitnessrating. Further information on GAs can be found in [8] , [5], or, [11].3 GA User SurveyA survey of GA designers was carried out in order to gain an insight into the design process involved in applyingGAs. This was then used as a basis for the design of a GA visualization system. This section describes the surveymethod used, gives an overview of the survey design, and explains some of the findings extracted from thesurvey responses.3.1 Survey MethodAn electronic questionnaire was used as a survey tool to gain an insight into the work of GA users. This wasposted on three Newsnet bulletin boards known to be of interest to GA designers; comp.ai, comp.ai.alife andcomp.ai.genetic. A HTML version was posted on the world wide web with an associated link from anevolutionary computing web site. Direct emails containing the questionnaire were sent to several GA researchersand research groups.3.2 Questionnaire DesignThe electronic questionnaire was split into two main sections; a background section, and a query section (anadditional question seeking permission for future contact was added to the end of the questionnaire). Thebackground section was made up of four simple questions that invited the reader to indicate their experience ofgenetic algorithms in terms of both time and areas of application, their reasons behind using genetic algorithmsand the computer environment/s they used. These background questions were intended to provide some possiblestructuring methods for the responses received, such as the number of years of experience, or the problemdomain being examined.The query section made up the body of the questionnaire. This was intended to; identify the usersdifficulties, to suggest some possible GA visualizations, and to examine how interaction could be best used tosupport the user. As previously mentioned the aim of any Software Visualization system is to aid humanunderstanding, this is only possible if the system provides support for the users difficulties, presents theinformation in a salient manner and provides an appropriate amount of freedom for the user to explore andexamine the information in a useful way. The query section provided a means for identifying these features:Questions five and six asked what if anything did the reader find difficult about setting up andevaluating a genetic algorithm. Questions seven through to nine enquired after the possible uses of visualizationfor directly and indirectly illustrating a GA. Questions ten and eleven asked about the use of interaction to aid inthe exploration of the GAs search in the problem space. The reader was asked to comment on some possibleinteraction opportunities and to suggest any alternative opportunities they considered beneficial. As a final sub-component, question twelve asked for any other suggestions on how GAs could be made easier to use.As well as the cover page message prefixing the questionnaire, a single paragraph presenting a briefintroduction to each query section component was included within the questionnaire. This was intended not onlyto guide the reader in their interpretation of the questions but also to encourage a more detailed response. Thequestionnaire itself can be found on the World Wide Web (URL http://kmi.open.ac.uk/~trevor/Quest1.html).3.3 Questionnaire ResultsNineteen completed questionnaires were received from experienced GA users. This section gives a briefsummary of some of the questionnaire results (a more complete report is given in [4]). Some of the difficultiesfound by GA users and system features intended to solve them are discussed, then some of the respondentscomments on system features suggested in the questionnaire are described, and finally the section closes with anexplanation of one of the system features requested by a respondent.

User DifficultiesAs mentioned above one of the prime purposes in carrying out this design survey was to identify the difficultiesthat users have in designing genetic algorithms. Two of these are described in the following sub-section.Problem: Defining the problem representation and evaluation functionThe first two questions in the query section of the questionnaire asked the respondents to describe whatdifficulties if any they found with defining a suitable problem representation and constructing an effectiveevaluation function, some typical responses were as follows: �The really tricky issue is designing the representation and the operators, not controlling or visualizingthe GA during running.� �This [defining the problem representation] is to my mind the most important step in any algorithm,perhaps more important than the choice of algorithm.� �This [producing the evaluation function] can be a difficulty in many scientific problems; scaling isoften necessary to ensure the algorithm does not concentrate on one variable and neglect others. Usuallywe find that in principle it is not too difficult to construct a suitable function, but often it must berefined once we know the behaviour of the algorithm.�Proposed Solution: A problem representation and evaluation function editorOne possible solution to this problem would be to provide the user with an editor in which they could construct arepresentation by defining the real-world problem features and then identifying how they map onto a string likestructure. An editor of this kind could also support the construction of the evaluation function, as the contributionof each string component (i.e. �allele�) would be made explicit and could be visually present throughout theevaluation function�s development. Any test cases (i.e. example chromosomes) could be evaluated and both theirfitness rating and problem specific description returned.

Problem: Choosing the algorithm�s parametersAnother question raised in the user survey asked the users what, if anything, they found difficult about selectingsuitable parameters for the GA, i.e. the population size, the mutation rate etc:�This is a real crusher, this is where your package would save a lot of time. Setting parameters is anagony for me. Every time I run the thing it takes more than a day, at the end of which all I know is thatthe run didn’t work. It would be nice to be able to watch the run and monitor population diversity, andpopulation movement. To some extent, the setting of parameters is _irreducibly_ hard. There aretheoretical methods for setting them, which work when you know a lot about the problem i.e. it is a toyproblem.�Proposed Solution: The provision of interactive parameter controlThe ability to make parameter corrections without restarting the GA may well be useful. For example, as analgorithm converges toward a solution the user may wish to reintroduce some diversity into the search, in orderto verify that the convergence is not premature. This could be achieved by increasing the rate of mutation duringthe algorithm�s execution and then reducing it again once the population had become sufficiently diverse. Aparameter dialogue in which the user could �tweak� their algorithm would provide this form of interactivecontrol.

evolutionary history would enable a record to be kept of each algorithm design. A facility to load a previouslysaved algorithm�s data (either the algorithm�s design, solution or history) would enable a new user to viewprevious users work and use this either as an educational aid, or as a model for their own algorithm design.