
A CLASSIFIED REVIEW ON THE COMBINATION FUZZYLOGIC{GENETIC ALGORITHMS BIBLIOGRAPHY: 1989{1995O. Cord�on, F. Herrera, M. LozanoDept. of Computer Science and Arti�cial Intelligence.E.T.S.I. Informatica. Universidad de Granada. 18071, Granada, Spain.E-mail: ocordon,herrera,lozano@robinson.ugr.esIn this paper, we present a classi�ed review of the bibliography on the combinationfuzzy logic|genetic algorithms. The classi�cation is developed collecting the papersmaking reference to an speci�c fuzzy logic area.1 IntroductionRecentely, numerous papers and applications combining fuzzy logic (FL) andgenetic algorithms (GAs) have become known, and there is an increasing in-terest in the integration of these two topics.The present bibliography collects a big quantity of references in this grow-ing area, althought unfortunatelly they are not all the possible. Some of thereferences are incomplete because either we have earlier versions before to bepublished or we have got them incomplete. Comments, corrections, papers andreferences for mantaining the report are welcome.The classi�cation has been made following the table 1 that contains thekeywords and the number of papers on each of them. We have tried to cover theapplication of FL based tools to GA (with the name of fuzzy genetic algorithms)and di�erent areas of the fuzzy logic making useful the classi�cation. When apaper belongs to more than one area then we have selected the area that canmake easy its search or use.Table 2 collects the classi�ed data related to the number of works publishedin each one of the classi�cation areas per years, these last belonging to the timeinterval considered in our paper. It can be observed the increasing interestexisting in the last few years.The next section presents a short introduction about FL and GAs for read-ers which are not familiarized with these topics. The third section shows theclassi�ed bibliography. 1



Table 1: Classi�cation keywords1 Fuzzy genetic algorithms 162 Fuzzy clustering 113 Fuzzy optimization 234 Fuzzy neural networks 235 Fuzzy relational equations 46 Fuzzy expert systems 57 Fuzzy classi�er systems 208 Fuzzy information retrieval and database quering 59 Fuzzy decision making, �nancial, and economic models 710 Fuzzy regression analysis 311 Fuzzy pattern recognition and image processing 1612 Fuzzzy classi�cation | Concept Learning 1713 Fuzzy logic controllers(Design, Learning, Tuning, Applications) 17114 Fuzzy logic miscellaneous 24Fuzzy logic | Genetic algorithms: Total 345
Table 2: Number of contributions per yearYear Classi�cation Area Total1 2 3 4 5 6 7 8 9 10 11 12 13 141989 0 0 0 0 0 0 0 0 0 0 1 0 1 0 21990 0 0 0 0 0 0 0 0 0 0 3 0 4 0 71991 0 0 0 0 0 0 2 0 0 0 0 0 7 0 91992 1 0 3 2 0 0 1 0 0 0 1 1 15 0 241993 4 2 3 5 0 0 4 2 3 1 2 5 36 2 691994 5 4 7 7 2 3 6 1 2 2 5 4 51 10 1091995 6 5 10 9 2 2 7 2 2 0 4 7 57 12 1252



2 Fuzzy Logic and Genetic Algorithms2.1 Fuzzy logicFL may be viewed with two di�erent meanings as was expounded in by Prof.Zadeh, the pionner of fuzzy logic and fuzzy set theory (in L.A. Zadeh, Foreword.In: P{Z. Wang, K.F. Loe (Eds.) Between Mind and Computer: Fuzzy Scienceand Engineering, World Scienti�c, London, 1993).(a) a narrow interpretation, FLn, in which fuzzy logic is basically a logic ofapproximate reasoning; and (b) a wide interpretation, FLw, in terms of whichfuzzy logic is coextensive with the theory of fuzzy sets, that is, classes of objectsin which the transition from membership to nonmembership is gradual ratherthan abrupt.In the narrow sense, fuzzy logic may be viewed as a generalization andextension of multivalued logic. But the applicability of fuzzy logic is far thanthat of multivalued logic because FLn provides many concepts and techniqueswhich are not a part of multivalued logic. Among such concepts and techniques| which play a key role in the applications of fuzzy logic | are those of thelinguistic variable; the concepts of possibility and necessity; concepts of truthand usuality|quali�cation; fuzzy quanti�cation and cardinality. Furthermore,the agenda of FLn is quite di�erent from that of classical multivalued logicalsystems.In its wide sense, FLw, fuzzy logic is a very broad theory with manybranches, among them fuzzy sets, fuzzy arithmetic, fuzzy mathematical pro-gramming, fuzzy pattern recognition, fuzzy control, fuzzy probability theory,fuzzy topology, the calculi of fuzzy rules and fuzzy graphs, and fuzzy logic,FLn, in its narrow sense. It shoud be noted that there is a growing trend tointerpret the fuzzy logic in its wide sense since the label fuzzy logic is moreeuphonious and more self|explanatory than fuzzy set theory. Regardless of itsinterpretation, the role model for fuzzy logic is the human mind.2.2 Genetic algorithmsGAs are general purpose search algorithms which use principles inspired bynatural genetic populations to evolve solutions to problems. The basic ideais to maintain a population of knowledge structures that evolves over timethrough a process of competition and controlled variation. Each structure inthe population represents a candidate solution to the concrete problem and hasan associated �tness to determine which structures are used to form new onesin the competition process. The new ones are created using genetic operatorssuch as crossover and mutation. GAs have had a great measure of success in3



search and optimization problems. The reason for a great part of their success istheir ability to exploit the information accumulated about an initially unknownsearch space in order to bias subsequent searches into useful subspaces, i.e.,their robustness. This is their key feature, particularly in large, complex, andpoorly understood search spaces, where classical search tools (enumerative,heuristic, : : : ) are inappropriate, o�ering a valid approach to problems requiringe�cient and e�ective search techniques.A GA starts o� with a population of randomly generated solutions, chro-mosomes, and advances toward better solutions by applying genetic operators,modeled on the genetic processes occurring in nature. In these algorithms wemaintain a population of solutions for a given problem and this populationundergoes evolution in a form of natural selection. In each generation, relat-ively good solutions reproduce to give o�spring that replace the relatively badsolutions, which die. An evaluation or �tness function plays the role of theenvironment to distinguish between good and bad solutions. The process ofgoing from the current population to the next one constitutes a generation inthe execution of a GA.Although there are many possible variants of the basic GA, the fundamentalunderlying mechanism operates on a population of chromosomes or individuals(representing possible solutions to the problem) and consists of three opera-tions: evaluation of individual �tness, formation of a gene pool (intermediatepopulation), and recombination through crossover and mutation.3 Classi�ed Bibliography3.1 Fuzzy genetic algorithms1. Arnone S., Dell'Orto M., and Tettamanzi A. (November 1994) Towards a fuzzygovernment of genetic populations. In Proc. Sixth IEEE Conference on Toolswith Arti�cial Intelligence (TAI'94), pages 585{591. Los Alamitos.2. Bergman A., Burgard W., and Hemker A. (October 1994) Adjusting parametersof genetic algorithms by fuzzy control rules. In Proc. Third InternationalWorkshop on Software Engineering and Expert Systems for High Energy andNuclear Physics, New Computing Techniques in Physics Research III, pages235{240. Oberammergau.3. Bergman A., Burgard W., and Hemker A. (1994) Adjusting parameters ofgenetic algorithms by fuzzy control rules. In Becks K. H. and Gallix D. P.(eds)New Computer Techniques in Physics Research III, pages 235{240. WorldScienti�c Press, Singapore.4. Herrera F., Herrera-Viedma E., Lozano M., and Verdegay J. L. (Septem-ber 1994) Fuzzy tools to improve genetic algorithms. In Proc. Second4



European Conference on Intelligent Techniques and Soft Computing (EU-FIT'94), volume 3, pages 1532{1539. Aachen.5. Herrera F., Lozano M., and Verdegay J. L. (March 1995) Fuzzy connectivebased crossover operators to model genetic algorithms population diversity.Technical Report DECSAI-95110, University of Granada, Department of Com-puter Science and Arti�cial Intelligence, University of Granada, 18071 Granada,Spain.6. Herrera F., Lozano M., and Verdegay J. L. (April 1995) Dynamic and heur-istic crossover operators for controlling the diversity and convergence of real-coded genetic algorithms. Technical Report DECSAI-95113, University ofGranada, Department of Computer Science and Arti�cial Intelligence, Uni-versity of Granada, 18071 Granada, Spain.7. Herrera F., Lozano M., and Verdegay J. L. (1995) Tackling fuzzy genetic al-gorithms. In Winter G., Periaux J., Gal�an M., and Cuesta P. (eds) GeneticAlgorithms in Engineering and Computer Science, pages 167{189. John Wileyand Sons, England.8. Herrera F., Lozano M., and Verdegay J. L. (1995) The use of fuzzy connectivesto design real-coded genetic algorithms. Mathware & Soft Computing 1(3):239{251.9. Lee M. A. and Takagi H. (July 1993) Dynamic control of genetic algorithms us-ing fuzzy logic techniques. In Proc. Fifth International Conference on GeneticAlgorithms (ICGA'93), pages 76{83. San Mateo.10. Meyer L. and Feng X. (June 1994) A fuzzy stop criterion for genetic algorithmsusing performance estimation. In Proc. Third IEEE International Conferenceon Fuzzy Systems (FUZZ-IEEE'94), pages 1990{1995. Orlando.11. Pearce R. and Cowley P. H. (September 1995) Use of fuzzy logic to overcomeconstraint problems in genetic algorithms. In Proc. First IEE/IEEE Interna-tional Conference on Genetic Algorithms in Engineering Systems: Innovationsand Applications, pages 13{17. She�eld.12. Sanchez E. (July 1993) Fuzzy genetic algorithms in soft computing enviro-ment. In Proc. Fifth International Fuzzy Systems Association World Congress(IFSA'93), pages 1{13. Seoul.13. Voigt H. M. (June 1992) Fuzzy evolutionary algorithms. Technical Report 92-038, International Computer Science Institute (ICSI), 1947 Center Street, Suite600, Berkeley, CA, 94704.14. Voigt H. M., Born J., and Santibanez-Koref I. (April 1993) A multivalued evol-utionary algorithm. Technical Report 93-022, International Computer ScienceInstitute (ICSI), 1947 Center Street, Suite 600, Berkeley, CA, 94704.15. Voigt H. M., Muhlenbein H., and Cvetkovic D. (July 1995) Fuzzy recombinationfor the continuous breeder genetic algorithm. In Proc. Sixth InternationalConference on Genetic Algorithms (ICGA'95), pages 104{111 Pittsburgh.16. Xu H. Y. and Vukovich G. (October 1993) A fuzzy genetic algorithm withe�ective search and optimization. In Proc. International Joint Conference onNeural Networks (IJCNN'93), pages 2967{2970. Nagoya.5



3.2 Fuzzy clustering1. Bezdek J. C. and Hathaway R. J. (June 1994) Optimization of fuzzy clusteringcriteria using genetic algorithms. In Proc. First IEEE Conference on Evolu-tionary Computation (EC-IEEE'94), pages 589{594. Orlando.2. Buckles B. P., Petry F. E., Preabhu D., George R., and Srikanth R. (June1994) Fuzzy clustering with genetic search. In Proc. First IEEE Conferenceon Evolutionary Computation (EC-IEEE'94), pages 46{50. Orlando.3. Fogel D. B. and Simpson P. K. (March 1993) Evolving fuzzy clusters. InProc. IEEE International Congress on Neural Networks (IEEE-ICNN'93),pages 1829{1834. San Francisco.4. Hall L. O., Bezdek J. C., Boggavarpu S., and Bensaid A. (1994) Genetic fuzzyclustering. In Proc. North American Fuzzy Information Processing SocietyBiannual Conference (NAFIPS'94), pages 411{415. San Antonio.5. Hall L. O. and Ozyurt B. (September 1995) Scaling genetically guided fuzzyclustering. In Proc. ISUMA-NAFIPS'95, pages 328{332. Maryland.6. Le T. V. (November 1995) Evolutionary fuzzy clustering. In Proc. Second IEEEConference on Evolutionary Computation (EC-IEEE'95), volume 2, pages 753{758. Perth.7. Liu J. and Xie W. (March 1995) A genetics-based approach to fuzzy clustering.In Proc. Fourth IEEE International Conference on Fuzzy Systems (FUZZ-IEEE'95), pages 2233{2237. Yokohama.8. Schulte C. M. (September 1994) Genetic algorithms for prototype based fuzzyclustering. In Proc. Second European Conference on Intelligent Techniquesand Soft Computing (EUFIT'94), pages 913{921. Aachen.9. Srikanth R., George R., Prabhu D., and Petry F. E. (August 1993) Fuzzyclustering using genetic algorithms. In Proc. Thirty Sixth Midwest Symposiumon Circuits and Systems Conference, pages 1362{1365. Detroit.10. Srikanth R., George R., Warsi N., Prabhu D., Petry F. E., and Buckles B. P.(1995) A variable-length genetic algorithm for clustering and classi�cation.Pattern Recognition Letters 16: 789{800.11. Yuan B., Klir G. J., and Swan-Stone J. F. (March 1995) Evolutionary fuzzyC-Means clustering algorithm. In Proc. Fourth IEEE International Conferenceon Fuzzy Systems (FUZZ-IEEE'95), pages 2221{2226. Yokohama.3.3 Fuzzy optimization1. Buckley J. J. and Hayashi Y. (October 1993) Fuzzy genetic algorithms foroptimization. In Proc. International Joint Conference on Neural Networks(IJCNN'93), pages 725{728. Nagoya.2. Buckley J. J. and Hayashi Y. (1994) Fuzzy genetic algorithm and applications.Fuzzy Sets and Systems 61(2): 129{136.3. Cadenas J. M. and Jim�enez F. (June 1994) A genetic algorithm for the mul-tiobjective solid transportation problem: A fuzzy approach. In Proc. Interna-6



tional Symposium on Automotive Technology and Automation, pages 327{334.Aachen.4. Cadenas J. M. and Jim�enez F. (July 1995) Genetic search in fuzzy multiob-jective programming. In Proc. Sixth International Fuzzy Systems AssociationWorld Congress (IFSA'95), volume 2, pages 25{28. Sao Paulo.5. Castillo L. and Gonz�alez A. (July 1995) Optimizing the �nal cost in distributionnetworks under fuzzy restrictions. In Proc. Sixth International Fuzzy SystemsAssociation World Congress (IFSA'95), volume 2, pages 81{84. Sao Paulo.6. Castillo L. and Gonz�alez A. (October 1995) Fuzzy optimization of distributionnetworks by using genetic algorithms. Technical Report DECSAI-95131, Uni-versity of Granada, Department of Computer Science and Arti�cial Intelligence,University of Granada, 18071 Granada, Spain.7. Gen M., Tsujimura Y., and Kubota E. (September 1994) Solving job-shopscheduling problem with fuzzy processing time using genetic algorithm. In Proc.Second European Conference on Intelligent Techniques and Soft Computing(EUFIT'94), pages 1540{1547. Aachen.8. Gen M., Ida K., and Li Y. (1995) Solving bicriteria solid transportation problemwith fuzzy numbers by genetic algorithm. In Proc. Seventeenth InternationalConference on Comput. and Indust. Engineering, Phoenix.9. Herrera F., Lozano M., and Verdegay J. L. (1994) Applying genetic algorithmsin fuzzy optimization problems. Fuzzy Systems and Arti�cal Intelligence 3(1):39{52.10. Ida K., Gen M., and Li Y. (August 1995) Solving multicriteria solid trans-portation problem with fuzzy numbers by genetic algorithms. In Proc. ThirdEuropean Conference on Intelligent Techniques and Soft Computing (EU-FIT'95), pages 434{441. Aachen.11. Ishibuchi H., Yamamoto N., Murata T., and Tanaka H. (1994) Genetic al-gorithms and neighborhood search algorithms for fuzzy 
owshop schedulingproblems. Fuzzy Sets and Systems 67: 81{100.12. Miranda V. and Proenca L. M. (November 1994) Genetic algorithms and fuzzymodels - an application to gas and electricity distribution planning under un-certainly. In Proc. Third International Workshop on Rough Sets and SoftComputing, pages 43{50. San Jos�e.13. Mizunuma H. and Watada J. (1995) Fuzzy mixed integer programmingbased on genetic algorithm and its application to resource distribution.Japanese Journal of Fuzzy Theory and Systems 7(1): 97{117.14. Qian Y., Tessier P. J. C., and Dumont G. A. (July 1992) Fuzzy logic basedmodeling and optimization. In Proc. Second International Conference on FuzzyLogic and Neural Networks, pages 349{352. Iizuka.15. Qian Y., Tessier P. J. C., and Dumont G. A. (November 1992) Process mod-eling and optimization of systems with imprecise and con
icting equations.Engineering Application of Arti�cial Intelligence16. Strbac G. and Djapic P. (September 1995) A genetic based fuzzy approachto optimization of electrical distribution networks. In Proc. First IEE/IEEE7



International Conference on Genetic Algorithms in Engineering Systems: In-novations and Applications, pages 194{199. She�eld.17. Sakurai M., Kurihara Y., and Karasawa S. (June 1994) Color classi�cationusing fuzzy inference and genetic algorithm. In Proc. Third IEEE InternationalConference on Fuzzy Systems (FUZZ-IEEE'94), pages 1975{1978. Orlando.18. Sakawa M., Kato K., Sunada H., and Enda Y. (1995) An interactive fuzzysatis�cing method for multiobjective 0-1 programming problems through re-vised genetic algorithm. Japanese Journal of Fuzzy Theory and Systems 7(2):233{245.19. Sakawa M., Utaka J., Inuiguchi M., Shiromaru I., Suginohara N., and InoueT. (October 1993) Hot parts operating schedule of gas turbines by geneticalgorithms and fuzzy satis�cing methods. In Proc. International Joint Confer-ence on Neural Networks (IJCNN'93), pages 746{749. Nagoya.20. Tsujimura Y., Gen M., Li Y., and Kubota E. (August 1995) An e�cient methodfor solving fuzzy assembly-line balancing problem using genetic algorithms. InProc. Third European Conference on Intelligent Techniques and Soft Comput-ing (EUFIT'95), pages 406{415. Aachen.21. Tsujimura Y., Gen M., and Kubota E. (1995) Solving fuzzy assembly-line bal-ancing problem with genetic algorithm. In Proc. Seventeenth InternationalConference on Comput. and Indust. Engineering, Phoenix.22. Watada J., Mizunuma H., and Yamamoto K. (1992) Method for solving a fuzzyoptimal distribution problem based on a genetic algorithm. In Proc. SecondFuzzy Workshop, pages 67{75.23. Yamamoto N., Ishibuchi H., and Tanaka H. (July 1993) Fuzzy 
ow shopscheduling by GA, SA and taboo search. In Proc. Fifth International FuzzySystems Association World Congress (IFSA'93), pages 576{579. Seoul.3.4 Fuzzy neural networks1. Caponetto R., Lavorgna M., and Presti M. L. (June 1995) Genetic algorithmand neuro-fuzzy systems for automatic controller design. In Proc. Fifth Inter-national Workshop on Current Issues in Fuzzy Technologies (CIFT'95), pages38{47. Trento.2. Caponetto R., Lavorgna M., Presti M. L., and Rizotto G. G. (July 1995) Howgenetic algorithm and neuro-fuzzy systems can be used for automatic controllerdesign. In Proc. Sixth International Fuzzy Systems Association World Con-gress (IFSA'95), volume 1, pages 169{172. Sao Paulo.3. Fukuda T. and Ishigami H. (July 1993) Structure optimization of fuzzy neuralnetwork by genetic algorithm. In Proc. Fifth International Fuzzy SystemsAssociation World Congress (IFSA'93), pages 964{967. Seoul.4. Fukuda T. and Shibata T. (1994) Fuzzy-neuro-GA based intelligent robotics.In Zurada J. M. and Robinson R. J. M. I. C. J. (eds) Computational IntelligenceImitating Life, pages 352{363. IEEE Press, New York.5. Gupta M. and Ding H. (August 1994) Fuzzy neuronal networks and genetic8



algorithms. In Proc. Third International Conference on Fuzzy Logic, NeuralNets and Soft Computing, pages 187{188. Iizuka.6. Ichimura T., Takano T., and Tazaki E. (August 1995) Reasoning and learningmethod for fuzzy rules using neural networks with adaptive structured geneticalgorithm. In Proc. Third European Conference on Intelligent Techniques andSoft Computing (EUFIT'95), pages 472{476. Aachen.7. Ishigami H., Fukuda T., Shibata T., and Arai F. (May 1995) Structure optim-ization of fuzzy neural networks by genetic algorithm. Fuzzy Sets and Systems71(3): 257{264.8. Krishnamraju P. V., Buckley J. J., Reilly K. D., and Hayashi Y. (June 1994)Genetic learning algorithms for fuzzy neural nets. In Proc. Third IEEE In-ternational Conference on Fuzzy Systems (FUZZ-IEEE'94), pages 1969{1974.Orlando.9. Linkens D. A. and Nyongesa H. O. (August 1995) Evolutionary learning in fuzzyneural control systems. In Proc. Third European Conference on IntelligentTechniques and Soft Computing (EUFIT'95), pages 990{995. Aachen.10. Machado R. J. and Rocha A. F. (March 1992) Evolutive fuzzy neural net-works. In Proc. First IEEE International Conference on Fuzzy Systems(FUZZ-IEEE'92), pages 493{500. San Diego.11. Pal S. K. and Bhandari D. (1995) Genetic algorithms with fuzzy �tness functionfor object extraction using cellular networks. Fuzzy Sets and Systems 65(2):129{139.12. Sanchez E. (July 1992) Genetic algorithms, neural networks and fuzzy logicsystems. In Proc. Second International Conference on Fuzzy Logic and NeuralNetworks, pages 17{19. Iizuka.13. Scha�er J. D. (1994) Combinations of genetic algorithms and neural networksor fuzzy systems. In Zurada J. M. and Robinson R. J. M. I. C. J. (eds)Computational Intelligence Imitating Life, pages 371{382. IEEE Press, NewYork.14. Simon F. and Nobre M. (March 1995) Genetic-neuro-fuzzy systems: A prom-ising fusion. In Proc. Fourth IEEE International Conference on Fuzzy Systems(FUZZ-IEEE'95), pages 259{265. Yokohama.15. Takagi H. and Lee M. A. (June 1993) Neural network and genetic algorithmapproaches to auto-design of fuzzy systems. In Proc. Fuzzy Logic in Arti�cialIntelligence (FLAI'93), pages 68{79. Linz.16. Takagi H. (July 1993) Neural network and genetic algorithm techniques forfuzzy systems. In Proc. World Congress on Neural Networks (WCNN'93),volume 2, pages 631{634.17. Takagi H. (September 1993) Fusion techniques of fuzzy systems and neuralnetwork, and fuzzy systems and genetic algorithms. In Proc. Society of Photo-Optics Instrumentation Engineers (SPIE) Technical Conference on Applica-tions of Fuzzy Logic Technology, SPIE's International Symposium on OpticalTools for Manufacturing and Advanced Automation (SPIE'93), volume 2061,pages 402{413. Boston. 9



18. Uchino E., Yamakawa T., and Niizumi D. (July 1995) E�ective learning for aneo-fuzzy-neuron by combination of a genetic algorithm, an algebraic learningmethod and a gradient descendent method. In Proc. Sixth International FuzzySystems Association World Congress (IFSA'95), volume 2, pages 233{236. SaoPaulo.19. Wienholt W. (1993) Optimizing the structure of radial basis function networksby optimizing fuzzy inference systems with evolution strategy. Technical Re-port 93-07, Ruhr-Universit�at Bochum, Institut f�ur Neuroinformatik ND 04/584.44780 Bochum, Germany.20. Wolf T. (September 1994) Optimization of fuzzy systems using neural networksand genetic algorithms. In Proc. Second European Conference on IntelligentTechniques and Soft Computing (EUFIT'94), pages 544{551. Aachen.21. Xue H., Chong N. T., and Jmashidi M. (June 1994) Fuzzy associative memoryoptimization using genetic algorithms. In Proc. Third IEEE InternationalConference on Fuzzy Systems (FUZZ-IEEE'94), pages 509{513. Orlando.22. Xue H. (1994) Applications of Genetic Algorithms in Optimization of Fuzzy-Associative Memory Based Controllers. PhD thesis, University of New Mexico,CAD Laboratory for Intelligent and Robotic Systems. Department of EECE.23. Xue S. H. and Jamshidi M. (July 1995) Fuzzy associated memory optimiz-ation using genetic algorithms. In Proc. Sixth International Fuzzy SystemsAssociation World Congress (IFSA'95), volume 1, pages 177{180. Sao Paulo.3.5 Fuzzy relational equations1. Negoita M. G., Fagarasan F., and Agapie A. (September 1994) Applicationsof genetic algorithms in solving fuzzy relational equations. In Proc. SecondEuropean Conference on Intelligent Techniques and Soft Computing (EU-FIT'94), pages 1126{1129. Aachen.2. Negoita M. G., Giuclea M., and Dediu H. (November 1995) Genetic algorithmto optimize approximate solutions of fuzzy relational equations for fuzzy systemsand controllers. In Proc. ANNES'95, Dunedin.3. Pedrycz W. (June 1994) GAREL: A hybrid genetic learning in fuzzy relationalequations. In Proc. Third IEEE International Conference on Fuzzy Systems(FUZZ-IEEE'94), pages 1354{1358. Orlando.4. Pedrycz W. (1995) Genetic algorithms for learning in fuzzy relational struc-tures. Fuzzy Sets and Systems 69(1): 37{52.3.6 Fuzzy expert systems1. Negoita M. G. and Roventa E. (August 1994) Genetic algorithms for build-ing knowledge bases in fuzzy expert systems. In Proc. Third InternationalConference on Fuzzy Logic, Neural Nets and Soft Computing, pages 455{456.Iizuka. 10



2. Negoita M. G. (August 1994) The fusion of genetic algorithms and fuzzylogic: Applications in the expert systems and intelligent control. In Proc.IEEE/Nagoya University WWW on Fuzzy Logic and Neural Networks/GeneticAlgorithms, Nagoya.3. Negoita M. G. and Roventa E. (September 1994) Knowledge learning in ex-pert systems by genetic algorithms. In Proc. Second European Conferenceon Intelligent Techniques and Soft Computing (EUFIT'94), pages 1121{1125.Aachen.4. Perneel C., Themlin J. M., Renders J. M., and Acheroy M. (1995) Optimiz-ation of fuzzy expert systems using genetic algorithms and neural networks.IEEE Transactions on Fuzzy Systems 3(3): 300{312.5. Zhang L., Wang L., Zang Y., Seki H., and Itoh H. (March 1995) On rulechecking and learning in an acupuncture diagnosis fuzzy expert system bygenetic algorithm. In Proc. Fourth IEEE International Conference on FuzzySystems (FUZZ-IEEE'95), pages 455{460. Yokohama.3.7 Fuzzy classi�er systems1. Carse B. and Fogarty T. C. (1994) A fuzzy classi�er system using the pitts-burgh approach. In Davidor Y., Schwefel H. P., and M�aanner R. (eds) ParallelProblem Solving from Nature - PPSN III, pages 260{269. Springer-Verlag,Berlin.2. Carse B. and Fogarty T. C. (August 1995) Evolutionary learning of temporalbehaviour using discrete and fuzzy classi�er system. In Proc. Tenth Interna-tional Symposium on Intelligent Control, Monterey.3. Furuhasi T., Nakaoka K., Morikawa K., and Uchikawa Y. (July 1993) Con-trolling excessive fuzziness in a fuzzy classi�er system. In Proc. Fifth Interna-tional Conference on Genetic Algorithms (ICGA'93), page 635. San Mateo.4. Furuhasi T., Nakaoka K., and Uchikawa Y. (June 1994) Suppresion of ex-cesive fuziness using multiple fuzzy classi�er systems. In Proc. Third IEEEInternational Conference on Fuzzy Systems (FUZZ-IEEE'94), pages 411{414.Orlando.5. Furuhasi T., Nakaoka K., and Uchikawa Y. (August 1994) A new approach togenetic based machine learning and an e�cient �nding of fuzzy rules. In Proc.IEEE/Nagoya University WWW on Fuzzy Logic and Neural Networks/GeneticAlgorithms, pages 114{122. Nagoya.6. Furuhashi T., Nakaoka K., and Uchikawa Y. (March 1995) An e�cient �ndingof fuzzy rules using a new approach to genetic based machine learning. In Proc.Fourth IEEE International Conference on Fuzzy Systems (FUZZ-IEEE'95),pages 715{722. Yokohama.7. Geyer-Schulz A. (September 1992) Fuzzy rule languages and genetic algorithms.In Proc. Fourteenth Seminar on Fuzzy Set Theory, Non Classical Logic and itsApplication, pages 36{38. Linz.8. Geyer-Schulz A. (1993) Fuzzy classi�er systems. In Lowen R. and Roubens11



M. (eds) Fuzzy Logic: State of the Art, pages 345{354. Kluwer AcademicPublishers, Dordretch.9. Geyer-Schulz A. (September 1993) Speeding up genetic machine learning - acase for fuzzy rule languages. In Proc. First European Congress on Fuzzy andIntelligent Technologies (EUFIT'93), pages 1083{1089. Aachen.10. Geyer-Schulz A. (1995) Fuzzy Rule-Based Expert Systems and Genetic MachineLearning. Physica-Verlag, Heidelberg.11. Geyer-Schulz A. (1995) On the speci�cation of fuzzy data in management. InBandemer H. (ed) Mathematical Research: Modelling Uncertain Data, pages105{110. Akademie Verlag.12. Halgamuge S. K. and Glesner M. (1995) Input space segmentation with a ge-netic algorithm for generation of rule based classi�er systems. In ChambersL. (ed) Practical Handbook of Genetic Algorithms: New Frontiers, volume 2,pages 317{331. CRC Press, Boca Raton.13. Ishibuchi H., Nakashima T., and Murata T. (November 1995) A fuzzy classi�ersystem that generates fuzzy if-then rules for pattern classi�cation problems. InProc. Second IEEE Conference on Evolutionary Computation (EC-IEEE'95),volume 2, pages 759{764. Perth.14. Nakaoka K., Furuhasi T., and Uchikawa Y. (June 1994) A study on apportion-ment of credits of fuzzy classi�er systems for knowledge acquisition of largescale systems. In Proc. Third IEEE International Conference on Fuzzy Sys-tems (FUZZ-IEEE'94), pages 1797{1800. Orlando.15. Nakaoka K., Furuhasi T., and Uchikawa Y. (August 1994) A study on fuzzyclassi�er system for knowledge acquisition of large scale systems. In Proc.Third International Conference on Fuzzy Logic, Neural Nets and Soft Comput-ing, pages 467{468. Iizuka.16. Nakamiti G. and Gomide F. (September 1994) An evolutive fuzzy mechanismbased on past experiences. In Proc. Second European Conference on IntelligentTechniques and Soft Computing (EUFIT'94), pages 1211{1217. Aachen.17. Parodi A. and Bonelli P. (July 1993) A new approach to fuzzy classi�er system.In Proc. Fifth International Conference on Genetic Algorithms (ICGA'93),pages 223{230. San Mateo.18. Terano T. and Yoshinaga K. (March 1995) Analyzing long-chain rules extrac-ted from a learning classi�er system. In Proc. Fourth IEEE InternationalConference on Fuzzy Systems (FUZZ-IEEE'95), pages 723{728. Yokohama.19. Valenzuela-Rend�on M. (1991) The fuzzy classi�er system: Motivations and �rstresults. In M�anner R. and Manderick B. (eds) Parallel Problem Solving fromNature - PPSN II, pages 330{334. Springer-Verlag, Berlin.20. Valenzuela-Rend�on M. (July 1991) The fuzzy classi�er system: A classi�ersystem for continuously varing variables. In Proc. Fourth International Con-ference on Genetic Algorithms (ICGA'91), pages 346{353. San Diego.12
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