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The basic strategies in Tabu Search (TS) have always been regarded in the area of Memetic Algorithms (MAs) as one of the best ways of overcoming some limitations of population-based metaheuristics. As a consequence, there have been many applications of Tabu Search mechanisms within memetic strategies, thus we follow a historical guideline to see how these hybridization took place and developed through the years. In so doing, we uncover some pieces of information not generally known by metaheuristics practitioners. 
Back in 1988-89, P. Moscato was developing his first MAs on the travelling salesman problem in collaboration with Michael G. Norman.  He acknowledges being influenced by his colleague, Edoardo Amaldi, who was also at Caltech at the time, who encouraged him to use Tabu Search instead of Simulated Annealing in his memetic strategies. The challenge, those days, was to establish a new metaheuristic on a very competitive landscape, politically dominated by Simulated Annealing and Genetic Algorithms. At that time, both methods were applied independently, and Moscato’s push was to hybridize always, to bring the best benefits of different technique (including exact algorithms). 
Aiming about how to untangle some of the apparent basic characteristics of basic TS, which included a “probability one” of acceptance of modifications of a feasible solution that would increase the objective function value (which for maximization problems was divergent of the criterion used by Simulated Annealing, that used a probabilistic update), Moscato started to experiment with such schemes in 1989 in the context of MAs [2]. At the same time work started with J.F. Fontanari showed that, at least for a finite-time annealing runs, the use of a deterministic update function, was perhaps the preferred choice [3]. It also cast a serious doubt about the usefulness of SA as a generic optimization technique, as a basic tenet, that the use of a probability update function allowed to “jump” as a mechanism to “avoid getting local minima” was not holding well [3]. It took more than a decade until Hoffmann, Franz, Helimann and Salamon to prove the optimality of these strategies under very generic circumstances in [4.5].  In [2] and [3] a claim was made, that it was the hierarchical nature of the objective function, with a landscape in which local minima were correlated, could explain the good empirical performance of both TS and MAs, and in the later publication optimization problems dealing with protein conformation was discussed as an archetypical example.  
Curiously, these “deterministic updates” or “threshold accepting” mechanisms, that have a lot in common with TS basics, where overlooked even if the evidence was there, particularly fuelled by the positive message of Dueck and Scheuer who independently arrived to the same strategy [6]. 
After a few years collecting evidence on the hybridization of basic TS within the memetic algorithmic strategies on the binary perceptron learning and the quadratic assignment problems [7.8], in [9] it was proposed that TS mechanism were ideally suited as a controlled form of intensification and diversification for population-based optimization. A case was established on the binary perceptron learning problem in [9], showing how a parameterized TS, which was implementing an individual search strategy for each agent in the population, could be of great benefit to have a controlled diversification after the population has lost diversity. The use of TS in MAs continued since 1993, and was considered as an essential component of many successful approaches in combinatorial optimization [10] and bioinformatics [11]. For other applications of Tabu Search in production planning we refer to [12.13].
[1] A competitive and cooperative approach to complex combinatorial search, M.G. Norman and P. Moscato, Technical Report Caltech Concurrent Computation Program, Report. 790, California Institute of Technology, Pasadena, California, USA, 1989. expanded version published at the Proceedings of the 20th Informatics and Operations Research Meeting, Buenos Aires (20th JAIIO), Aug. 1991, pp. 3.15-3.29.
[2] On Evolution, Search, Optimization, Genetic Algorithms and Martial Arts: Towards Memetic Algorithms, P. Moscato, Caltech Concurrent Computation Program, C3P Report 826 (1989).
[3] “Stochastic vs. deterministic update in simulated annealing”, Moscato P. and Fontanari JF, Physics Letters A (The Netherlands), (1990) 146(4): 204-08. ISSN 0375-9601.
[4] Structure of best possible strategies for finding ground states, Karl Heinz Hoffmann, Astrid Franz, Peter Salamon,  Phys. Rev. E 66, 046706 (2002).
[5] Fitness threshold accepting over extremal optimization ranks, Karl Heinz Hoffmann, Frank Heilmann and Peter Salamon, Phys. Rev. E 70, 046704 (2004).

[6] Threshold accepting: a general purpose optimization algorithm appearing superior to simulated annealing, Gunter Dueck, Tobias Scheuer, Journal of Computational Physics, Volume 90,  Issue 1  (September 1990), Pages: 161 – 175, Year of Publication: 1990. ISSN:0021-9991

[7] “Algoritmos memeticos para problemas de optimizacion combinatoria”, D. Guerri, F.G. Tinetti and P. Moscato, Anales de la Cuarta Reunion de Trabajo en Procesamiento de la Informacion y Control, RPIC91 (pp. 319-26), Buenos Aires, Argentina (Nov. 1991).
 [8] “A computational ecology for the quadratic assignment problem”, J. Carrizo, F.G. Tinetti and P. Moscato, Proceedings of JAIIO XXI, The 21st Meeting on Informatics and Operations Research, Buenos Aires, Argentina (1992).
[9] An introduction to population approaches for optimization and hierarchical objective functions: A discussion on the role of Tabu Search”, Moscato P., Annals of Operations Research (Basel, Switzerland), (1993) 41(1-4): 85-121. ISSN 0254-5330. 
[10] The number partitioning problem: An open challenge for Evolutionary Computation?”, R.E. Berretta and P. Moscato, in New Ideas in Optimization (pp. 261-78), D. Corne, M. Dorigo and F. Glover (eds.), McGraw-Hill Ltd., Maidenhead, Berkshire, UK (1999). ISBN 0 077 09506 5.
[11] Benchmarking a memetic algorithm for ordering microarray data”, P. Moscato, Mendes A and Berretta R, Biosystems, 88(1-2): 56-75; Epub 5 May 2006.
[12] A comparison between Lagrangian Relaxation-based and Tabu Search heuristics and for the Multi-Stage Lot-Sizing Problem, (in Portuguese) Berretta R. E. and Oliveira, K. L., "Anais do XXXII Simpósio Brasileiro de Pesquisa Operacional", p. 1634-1642, Viçosa, MG, 2000.

[13] Busca Tabu para o Dimensionamento de Lotes em Sistemas Multiestágios, (In Portuguese) R. E. Berretta, P. M. França and V. A. Armentano, Anais do XXVII Simpósio Brasileiro de Pesquisa Operacional, Vitória, ES, 1995.
Other references on Tabu Search are available below



 ADDIN EN.CITE.DATA 


 ADDIN EN.CITE.DATA 
 ADDIN EN.CITE 
[1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50]

Other references of Memetic Algorithms can be found in




 ADDIN EN.CITE.DATA 


[37,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80,81,82,83,84,85,86,87] ADDIN EN.CITE 
1. Zhang X, Wang T, Luo H, Yang JY, Deng Y, et al.(2010) 3D protein structure prediction with genetic tabu search algorithm. BMC Syst Biol 4 Suppl 1: S6. 
2. Shen Q, Shi WM, Kong W (2010) Modified tabu search approach for variable selection in quantitative structure-activity relationship studies of toxicity of aromatic compounds. Artif Intell Med 49: 61-66.

3. Rusu M, Birmanns S (2010) Evolutionary tabu search strategies for the simultaneous registration of multiple atomic structures in cryo-EM reconstructions. J Struct Biol 170: 164-171.

4. Chuang LY, Yang CH (2009) Tabu search and binary particle swarm optimization for feature selection using microarray data. J Comput Biol 16: 1689-1703.

5. Dotu I, Lorenz WA, Van Hentenryck P, Clote P Computing folding pathways between RNA secondary structures. Nucleic Acids Res 38: 1711-1722.

6. Wang S, Watada J, Pedrycz W Recourse-based facility-location problems in hybrid uncertain environment. IEEE Trans Syst Man Cybern B Cybern 40: 1176-1187.

7. Demeester P, Souffriau W, De Causmaecker P, Vanden Berghe (2010) G A hybrid tabu search algorithm for automatically assigning patients to beds. Artif Intell Med 48: 61-70.

8. Lu Z, Huang W (2009) Iterated tabu search for identifying community structure in complex networks. Phys Rev E Stat Nonlin Soft Matter Phys 80: 026130.

9. Stepanenko S, Engels B (2009) Tabu search based strategies for conformational search. J Phys Chem A 113: 11699-11705.

10. Kapsokalivas L, Gan X, Albrecht AA, Steinhofel K (2009) Population-based local search for protein folding simulation in the MJ energy model and cubic lattices. Comput Biol Chem 33: 283-294.

11. Todeschini R, Ballabio D, Consonni V, Manganaro A, Mauri A (2009) Canonical Measure of Correlation (CMC) and Canonical Measure of Distance (CMD) between sets of data. Part 1. Theory and simple chemometric applications. Anal Chim Acta 648: 45-51.

12. Ge D, Le Carpentier E, Farina D (2010) Unsupervised Bayesian decomposition of multiunit EMG recordings using Tabu search. IEEE Trans Biomed Eng 57: 561-571.

13. Wang J, Zhou Y, Yin J, Zhang Y (2009) Competitive hopfield network combined with estimation of distribution for maximum diversity problems. IEEE Trans Syst Man Cybern B Cybern 39: 1048-1066.

14. Mei Y, Tang K, Yao X (2009) A global repair operator for capacitated arc routing problem. IEEE Trans Syst Man Cybern B Cybern 39: 723-734.

15. Kalwij IM, Peralta RC (2008) Intelligent Space Tube Optimization for speeding ground water remedial design. Ground Water 46: 829-840.

16. Guturu P, Dantu R (2008) An impatient evolutionary algorithm with probabilistic tabu search for unified solution of some NP-hard problems in graph and set theory via clique finding. IEEE Trans Syst Man Cybern B Cybern 38: 645-666.

17. Lebrun G, Charrier C, Lezoray O, Cardot H (2008) Tabu search model selection for SVM. Int J Neural Syst 18: 19-31.

18. Dey F, Caflisch A (2008) Fragment-based de novo ligand design by multiobjective evolutionary optimization. J Chem Inf Model 48: 679-690.

19. Jiang T, Yang F (2002) An evolutionary tabu search for cell image segmentation. IEEE Trans Syst Man Cybern B Cybern 32: 675-678.

20. Cerveron V, Ferri FJ (2001) Another move toward the minimum consistent subset: a tabu search approach to the condensed nearest neighbor rule. IEEE Trans Syst Man Cybern B Cybern 31: 408-413.

21. Healey C, Kocherlakota S, Rao V, Mehta R, St Amant R (2008) Visual perception and mixed-initiative interaction for assisted visualization design. IEEE Trans Vis Comput Graph 14: 396-411.

22. Shen Q, Shi WM, Kong W (2008) Hybrid particle swarm optimization and tabu search approach for selecting genes for tumor classification using gene expression data. Comput Biol Chem 32: 52-59.

23. Bagis A (2008) Fuzzy rule base design using tabu search algorithm for nonlinear system modeling. ISA Trans 47: 32-44.

24. Padman R, Bai X, Airoldi EM (2007) A new machine learning classifier for high dimensional healthcare data. Stud Health Technol Inform 129: 664-668.

25. Stepanenko S, Engels B (2008) New Tabu Search based global optimization methods outline of algorithms and study of efficiency. J Comput Chem 29: 768-780.

26. Zheng H, Wei DQ, Zhang R, Wang C, Wei H, et al. (2007) Screening for new agonists against Alzheimer's disease. Med Chem 3: 488-493.

27. Li J, Su H, Chen H, Futscher BW (2007) Optimal search-based gene subset selection for gene array cancer classification. IEEE Trans Inf Technol Biomed 11: 398-405.

28. Ulrich S, Nill S, Oelfke U (2007) Development of an optimization concept for arc-modulated cone beam therapy. Phys Med Biol 52: 4099-4119.

29. Shakeri S, Funk K (2007) A comparison of human and near-optimal task management behavior. Hum Factors 49: 400-416.

30. Good AC (2007) Novel DOCK clique driven 3D similarity database search tools for molecule shape matching and beyond: adding flexibility to the search for ligand kin. J Mol Graph Model 26: 656-666.

31. Shuyi W, Xingsan Q (2005) The study on computer aided peripheral visual field diagnosis. Conf Proc IEEE Eng Med Biol Soc 3: 3196-3198.

32. Lee JD, Huang JH, Huang CH, Liu LC (2005) An Adaptive-Tabu GA for Registration of CT and Surface Laser Scan. Conf Proc IEEE Eng Med Biol Soc 4: 3467-3470.

33. Stepanenko S, Engels B (2007) Gradient tabu search. J Comput Chem 28: 601-611.

34. Ludermir TB, Yamazaki A, Zanchettin C (2006) An optimization methodology for neural network weights and architectures. IEEE Trans Neural Netw 17: 1452-1459.

35. Paluszewski M, Hamelryck T, Winter P (2006) Reconstructing protein structure from solvent exposure using tabu search. Algorithms Mol Biol 1: 20.

36. Tahir MA, Bouridane A (2006) Novel round-robin tabu search algorithm for prostate cancer classification and diagnosis using multispectral imagery. IEEE Trans Inf Technol Biomed 10: 782-793.

37. Moscato P, Mendes A, Berretta R (2007) Benchmarking a memetic algorithm for ordering microarray data. Biosystems 88: 56-75.

38. Kalwij IM, Peralta RC (2006) Simulation/optimization modeling for robust pumping strategy design. Ground Water 44: 574-582.

39. Lardeux F, Saubion F, Hao JK (2006) GASAT: a genetic local search algorithm for the satisfiability problem. Evol Comput 14: 223-253.

40. Tondel K, Anderssen E, Drablos F (2006) Protein Alpha Shape (PAS) Dock: a new gaussian-based score function suitable for docking in homology modelled protein structures. J Comput Aided Mol Des 20: 131-144.

41. Heise HM, Damm U, Lampen P, Davies AN, McIntyre PS (2005) Spectral variable selection for partial least squares calibration applied to authentication and quantification of extra virgin olive oils using Fourier transform Raman spectroscopy. Appl Spectrosc 59: 1286-1294.

42. Oakley MT, Garibaldi JM, Hirst JD (2005) Lattice models of peptide aggregation: evaluation of conformational search algorithms. J Comput Chem 26: 1638-1646.

43. Blazewicz J, Lukasiak P, Milostan M (2005) Application of tabu search strategy for finding low energy structure of protein. Artif Intell Med 35: 135-145.

44. Riaz T, Yi W, Li KB (2005) A tabu search algorithm for post-processing multiple sequence alignment. J Bioinform Comput Biol 3: 145-156.

45. Blazewicz J, Szachniuk M, Wojtowicz A (2005) RNA tertiary structure determination: NOE pathways construction by tabu search. Bioinformatics 21: 2356-2361.

46. Shmygelska A, Hoos HH (2005) An ant colony optimisation algorithm for the 2D and 3D hydrophobic polar protein folding problem. BMC Bioinformatics 6: 30.

47. Zheng RT, Ngo NQ, Le Binh N, Tjin SC (2004) Two-stage hybrid optimization of fiber Bragg gratings for design of linear phase filters. J Opt Soc Am A Opt Image Sci Vis 21: 2399-2405.

48. Smithies R, Salhi S, Queen N (2004) Adaptive hybrid learning for neural networks. Neural Comput 16: 139-157.

49. Stummer C, Doerner K, Focke A, Heidenberger K (2004) Determining location and size of medical departments in a hospital network: a multiobjective decision support approach. Health Care Manag Sci 7: 63-71.

50. Blazewicz J, Formanowicz P, Kasprzak M, Markiewicz WT, Swiercz A (2004) Tabu search algorithm for DNA sequencing by hybridization with isothermic libraries. Comput Biol Chem 28: 11-19.

51. Zhu Z, Ong YS, Zurada JM Identification of full and partial class relevant genes. IEEE/ACM Trans Comput Biol Bioinform 7: 263-277.

52. Chen YP, Chen CH Enabling the extended compact genetic algorithm for real-parameter optimization by using adaptive discretization. Evol Comput 18: 199-228.

53. Molina D, Lozano M, Garcia-Martinez C, Herrera F Memetic algorithms for continuous optimisation based on local search chains. Evol Comput 18: 27-63.

54. Schutze O, Laumanns M, Tantar E, Coello CA, Talbi el G Computing gap free Pareto front approximations with stochastic search algorithms. Evol Comput 18: 65-96.

55. Huy NQ, Soon OY, Hiot LM, Krasnogor N (2009) Adaptive cellular memetic algorithms. Evol Comput 17: 231-256.

56. Yang CH, Cheng YH, Chuang LY, Chang HW (2009) Specific PCR product primer design using memetic algorithm. Biotechnol Prog 25: 745-753.

57. Tirronen V, Neri F, Karkkainen T, Majava K, Rossi T (2008) An enhanced memetic differential evolution in filter design for defect detection in paper production. Evol Comput 16: 529-555.

58. Capp A, Inostroza-Ponta M, Bill D, Moscato P, Lai C, et al. (2009) Is there more than one proctitis syndrome? A revisitation using data from the TROG 96.01 trial. Radiother Oncol 90: 400-407.

59. Pullan W (2008) A memetic genetic algorithm for the vertex p-center problem. Evol Comput 16: 417-436.

60. Wanner EF, Guimaraes FG, Takahashi RH, Fleming PJ (2008) Local search with quadratic approximations into memetic algorithms for optimization with multiple criteria. Evol Comput 16: 185-224.

61. Oakley MT, Barthel D, Bykov Y, Garibaldi JM, Burke EK, et al. (2008) Search strategies in structural bioinformatics. Curr Protein Pept Sci 9: 260-274.

62. Volk J, Herrmann T, Wuthrich K (2008) Automated sequence-specific protein NMR assignment using the memetic algorithm MATCH. J Biomol NMR 41: 127-138.

63. Mendes A, Scott RJ, Moscato P (2008) Microarrays--identifying molecular portraits for prostate tumors with different Gleason patterns. Methods Mol Med 141: 131-151.

64. Noman N, Iba H (2007) Inferring gene regulatory networks using differential evolution with local search heuristics. IEEE/ACM Trans Comput Biol Bioinform 4: 634-647.

65. Neri F, Toivanen J, Cascella GL, Ong YS (2007) An adaptive multimeme algorithm for designing HIV multidrug therapies. IEEE/ACM Trans Comput Biol Bioinform 4: 264-278.

66. Tse SM, Liang Y, Leung KS, Lee KH, Mok TS (2007) A memetic algorithm for multiple-drug cancer chemotherapy schedule optimization. IEEE Trans Syst Man Cybern B Cybern 37: 84-91.

67. Gallardo JE, Cotta C, Fernandez AJ (2007) On the hybridization of memetic algorithms with branch-and-bound techniques. IEEE Trans Syst Man Cybern B Cybern 37: 77-83.

68. Zhu Z, Ong YS, Dash M (2007) Wrapper-filter feature selection algorithm using a memetic framework. IEEE Trans Syst Man Cybern B Cybern 37: 70-76.

69. Tang M, Yao X (2007) A memetic algorithm for VLSI floorplanning. IEEE Trans Syst Man Cybern B Cybern 37: 62-69.

70. Liu D, Tan KC, Goh CK, Ho WK (2007) A multiobjective memetic algorithm based on particle swarm optimization. IEEE Trans Syst Man Cybern B Cybern 37: 42-50.

71. Caponio A, Cascella GL, Neri F, Salvatore N, Sumner M (2007) A fast adaptive memetic algorithm for online and offline control design of PMSM drives. IEEE Trans Syst Man Cybern B Cybern 37: 28-41.

72. Liu B, Wang L, Jin YH (2007) An effective PSO-based memetic algorithm for flow shop scheduling. IEEE Trans Syst Man Cybern B Cybern 37: 18-27.

73. Smith JE (2007) Coevolving memetic algorithms: a review and progress report. IEEE Trans Syst Man Cybern B Cybern 37: 6-17.

74. Ong YS, Lim MH, Zhu N, Wong KW (2006) Classification of adaptive memetic algorithms: a comparative study. IEEE Trans Syst Man Cybern B Cybern 36: 141-152.

75. Merz P, Katayama K (2004) Memetic algorithms for the unconstrained binary quadratic programming problem. Biosystems 78: 99-118.

76. Milano M, Roli A (2004) MAGMA: a multiagent architecture for metaheuristics. IEEE Trans Syst Man Cybern B Cybern 34: 925-941.

77. Areibi S, Yang Z (2004) Effective Memetic Algorithms for VLSI design = Genetic Algorithms + local search + multi-level clustering. Evol Comput 12: 327-353.

78. Merz P (2004) Advanced fitness landscape analysis and the performance of memetic algorithms. Evol Comput 12: 303-325.

79. Lozano M, Herrera F, Krasnogor N, Molina D (2004) Real-coded memetic algorithms with crossover hill-climbing. Evol Comput 12: 273-302.

80. Merz P (2003) Analysis of gene expression profiles: an application of memetic algorithms to the minimum sum-of-squares clustering problem. Biosystems 72: 99-109.

81. Cotta C, Moscato P (2003) A memetic-aided approach to hierarchical clustering from distance matrices: application to gene expression clustering and phylogeny. Biosystems 72: 75-97.

82. Abbass HA (2003) Speeding up backpropagation using multiobjective evolutionary algorithms. Neural Comput 15: 2705-2726.

83. Hart WE (2003) Locally-adaptive and memetic evolutionary pattern search algorithms. Evol Comput 11: 29-51.

84. Ivkovic V, Jovanovic V (2002) Anthropocybernetic modeling--from population demography to the concept of values. Coll Antropol 26 Suppl: 15-23.

85. Yakovlev V, Tempea G (2002) Optimization of chirped mirrors. Appl Opt 41: 6514-6520.

86. Abbass HA (2002) An evolutionary artificial neural networks approach for breast cancer diagnosis. Artif Intell Med 25: 265-281.

87. Merz P, Freisleben B (2000) Fitness landscapes, memetic algorithms, and greedy operators for graph bipartitioning. Evol Comput 8: 61-91.


 
