References

[1] Georgi M. Adelson-Velsky, Vladimir L. Arlazarov, and Mikhail V. Donskoy.

Some methods of controlling the tree search in chess programs. Artiőcial Intelligence, 6(4):361ś371, 1975.

[2] L. Victor Allis. Searching for Solutions in Games and Artiőcial Intelligence.

PhD thesis, University of Limburg, Maastricht, The Netherlands, September 1994.

[3] L. Victor Allis, Maarten van der Meulen, and H. Jaap van den Herik. Proofnumber search. Artiőcial Intelligence, 66:91ś124, March 1994.

[4] Claude Amiguet. ContrÃoleurs DistribuÂes pour la Programmation Heuristique.

PhD thesis, Swiss Federal Institute of Technology, Department of Computer Science, Lausanne, Switzerland, 1991.

[5] Thomas S. Anantharaman. A Statistical Study of Selective Min-Max Search.

PhD thesis, Department of Computing Science, Carnegie Mellon University, Pittsburg, PA, 1990.

[6] Thomas S. Anantharaman, Murray S. Campbell, and Feng hsiung Hsu. Singular extensions: Adding selectivity to brute-force searching. Artiőcial Intelligence, 43(1):99ś109, 1990.

[7] Bruce W. Ballard. The *-minimax search procedure for trees containing chance nodes. Artiőcial Intelligence, 21:327ś350, 1983.

[8] GÂerard M. Baudet. The Design and Analysis of Algorithms for Asynchronous Multiprocessors. PhD thesis, Carnegie Mellon University, Pittsburgh, PA, 1978.

[9] Eric Baum. How a Bayesian approaches games like Chess. In Proceedings of the AAAI’93 Fall Symposium, pages 48ś50. American Association for Artiőcial Intelligence, AAAI Press, October 1993.

[10] Don F. Beal. Experiments with the null-move. In D.F. Beal, editor, Advances in Computer Chess 5, pages 65ś79, Amsterdam, 1989. Elsevier Science Publishers.

[11] Don F. Beal. A generalized quiescence search algorithm. Artiőcial Intelligence, 43(1):85ś98, 1990.

[12] Hans J. Berliner. Chess as problem solving: The development of a tactics analyzer. PhD thesis, Carnegie-Mellon University, Department of Computer Science, March 1974.

[13] Hans J. Berliner. The B* tree search algorithm: A best-őrst proof procedure.

Artiőcial Intelligence, 12:23ś40, 1979.

[14] Hans J. Berliner. Backgammon computer program beats world champion. Artiőcial Intelligence, 14:205ś220, 1980.

[15] Hans J. Berliner. Computer backgammon. Scientiőc American, 243(1):64ś72, 1980.

[16] Hans J. Berliner and Christopher McConnell. B* probability based search.

Artiőcial Intelligence, 1995. To appear. Also published as Technical Report CMU-CS-94-168, Carnegie Mellon University, Pittsburgh, PA.

[17] Alan Bernstein, M. de V. Roberts, T. Arbuckle, and M.A. Belsky. A chess-playing program for the IBM 704 computer. In Proceedings Western Joint Computer Conference, pages 157ś159, 1958.

[18] Subir Bhattacharya. Experimenting with revisits in game tree search. In Proceedings of the 14th International Joint Conference on Artiőcial Intelligence (IJCAI-95), volume 1, pages 243ś249, Montreal, Canada, August 1995.

[19] Subir Bhattacharya and Amitava Bagchi. Searching game trees in parallel using SSS*. In Proceedings IJCAI-89, pages 42ś47, 1989.

[20] Subir Bhattacharya and Amitava Bagchi. Uniőed recursive schemes for search in game trees. Technical Report WPS-144, Indian Institute of Management, Calcutta, 1990.

[21] Subir Bhattacharya and Amitava Bagchi. A faster alternative to SSS* with extension to variable memory. Information processing letters, 47:209ś214, September 1993.

[22] Subir Bhattacharya and Amitava Bagchi. A general framework for minimax search in game trees. Information processing letters, 52:295ś301, 1994.

[23] Robert D. Blumofe and Charles E. Leiserson. Scheduling large-scale parallel computations by work stealing. In Proceedings of the 35th Annual Symposium on Foundations of Computer Science (FOCS), pages 356ś368, Santa Fe, New Mexico, November 1994.

[24] Dennis M. Breuker, Jos W.H.M. Uiterwijk, and H. Jaap van den Herik. Replacement schemes for transposition tables. ICCA Journal, 17(4):183ś193, December 1994.

[25] Mark G. Brockington. Improvements to parallel Alpha-Beta algorithms. Technical Report (Internal), Department of Computing Science, University of Alberta, Edmonton, Canada, 1994.

[26] Mark G. Brockington. A taxonomy of parallel game-tree search algorithms.

ICCA Journal, 1995. Submitted for publication.

[27] A.L. Brudno. Bounds and valuations for shortening the search of estimates.

Problems of Cybernetics, 10:225ś241, 1963. Appeared originally in Russian in Problemy Kibernetiki, vol. 10, pp. 141ś150, 1963.

[28] Arie de Bruin, Wim Pijls, and Aske Plaat. Solution trees as a basis for game tree search. Technical Report EUR-CS-94-04, Department of Computer Science, Erasmus University Rotterdam, The Netherlands, May 1994.

[29] Arie de Bruin, Wim Pijls, and Aske Plaat. Solution trees as a basis for game-tree search. ICCA Journal, 17(4):207ś219, December 1994.

[30] Michael Buro. Techniken fÈur die Bewertung von Spielsituation anhand von Beispielen. PhD thesis, UniversitÈat-Gesamthochschule Paderborn, Germany, September 1994.

[31] Michael Buro. ProbCut: A powerful selective extension of the αβ algorithm.

ICCA Journal, 18(2):71ś81, June 1995.

[32] Murray S. Campbell. Algorithms for the parallel search of game trees. Master’s thesis, Department of Computing Science, University of Alberta, Edmonton, Canada, August 1981. Available as Technical Report 81-8.

[33] Murray S. Campbell and T. Anthony Marsland. A comparison of minimax tree search algorithms. Artiőcial Intelligence, 20:347ś367, 1983.

[34] Joe H. Condon and Ken Thompson. Belle chess hardware. In M.R.B. Clarke, editor, Advances in Computer Chess 3, pages 45ś54. Pergamon Press, Oxford, 1982.

[35] K. Coplan. A special-purpose machine for an improved search algorithm for deep chess combinations. In M.R.B. Clarke, editor, Advances in Computer Chess 3, pages 25ś43. Pergamon Press, Oxford, 1982.

[36] Joseph C. Culberson and Jonathan Schaeffer. Efőciently searching the 15-puzzle.

Technical Report TR-94-08, Department of Computing Science, University of Alberta, Edmonton, Canada, 1994.

[37] Thomas L. Dean and Mark Boddy. An analysis of time-dependent planning. In Proceedings of the 7th National Conference on Artiőcial Intelligence (AAAI-88), pages 49ś54, Minneapolis/Saint Paul, Minnesota, August 1988.

[38] Claude G. Diderich. Evaluation des performances de l’algorithme SSS* avec phases de synchronisation sur une machine parallÁele Áa mÂemoires distribuÂees. Technical report, Swiss Federal Institute of Technology, Department of Computer Science, Laboratory for Theoretical Computer Science, Lausanne, Switzerland, June 1992.

[39] Mikhail Donskoy and Jonathan Schaeffer. Perspectives on falling from grace. In New Directions in Game-Tree Search, pages 85ś93, Edmonton, Alberta, Canada, 1989. Also appeared in ICCA Journal, 12(3), pp. 155ś163, 1989, and in Chess, Computers and Cognition, T. Anthony Marsland and Jonathan Schaeffer (eds.), Springer-Verlag, pp. 259ś268, 1990.

[40] Carl Ebeling. All the Right Moves. PhD thesis, Department of Computer Science, Carnegie-Mellon University, Pittsburgh, PA, MIT Press, Cambridge, Massachusetts, 1987.

[41] Rainer Feldmann. Spielbaumsuche mit massiv parallelen Systemen. PhD thesis, UniversitÈat-Gesamthochschule Paderborn, Germany, May 1993. English translation available: Game Tree Search on Massively Parallel Systems.

[42] Rainer Feldmann, Burkhard Monien, Peter Mysliwietz, and Oliver Vornberger.

Distributed game tree search. In Vipin Kumar, P.S. Gopalakrishnan, and Laveen N. Kanal, editors, Parallel Algorithms for Machine Intelligence and Vision, pages 66ś101. Springer-Verlag, 1990.

[43] Rainer Feldmann, Peter Mysliwietz, and Burkhard Monien. A fully distributed chess program. In Don Beal, editor, Advances in Computer Chess 6, pages 1ś27. Ellis Horwood, 1990.

[44] John P. Fishburn. Analysis of Speedup in Distributed Algorithms. PhD thesis, University of Wisconsin, Madison, WI, 1981.

[45] John P. Fishburn and Raphael A. Finkel. Parallel alpha-beta search on arachne.

Technical Report 394, Computer Sciences Department, University of Wisconsin, Madison, WI, 1980.

[46] Aviezri S. Fraenkel. Selected bibliography on combinatorial games and some related material. In Proceedings Combinatorial Games Workshop, Berkeley, CA, 1995. MSRI. Also in Electronic Journal of Combinatorics, Nov 1994, http://ejc.math.gatech.edu:8080/Journal/Surveys/index.html.

[47] Peter W. Frey, editor. Chess Skill in Man and Machine. Springer-Verlag, New York, NY, 1977.

[48] Frederic Friedel. Pentium Genius beats Kasparov: A report on the Intel Speed Chess Grand Prix in London. ICCA Journal, 17(3):153ś158, September 1994.

[49] Frederic Friedel and Frans Morsch. The Intel world chess express challenge.

ICCA Journal, 17(2):98ś104, June 1994.

[50] Ralph Gasser. Efőciently Harnessing Computational Resources for Exhaustive Search. PhD thesis, Swiss Federal Institute of Technology, ZÈurich, Switzerland, 1995.

[51] Gordon Goetsch and Murray S. Campbell. Experiments with the null move heuristic in chess. In AAAI Spring Symposium Proceedings, pages 14ś18. AAAI, 1988.

[52] Richard D. Greenblatt, D.E. Eastlake, and S.D. Crocker. The Greenblatt chess program. In Fall Joint Computer Conference, volume 31, pages 801ś810, 1967.

[53] H. Jaap van den Herik. Computerschaak, Schaakwereld en Kunstmatige Intelligentie. PhD thesis, Delft University of Technology, The Netherlands, 1983.

[54] Feng hsiung Hsu. Large Scale Parallelization of Alpha-Beta Search: An Algorithmic and Architectural Study with Computer Chess. PhD thesis, Carnegie Mellon University, Pittsburgh, PA, February 1990.

[55] Feng hsiung Hsu, Thomas S. Anantharaman, Murray S. Campbell, and Andreas Nowatzyk. Deep thought. In T. Anthony Marsland and Jonathan Schaeffer, editors, Computers, Chess, and Cognition, pages 55ś78. Springer Verlag, 1990.

[56] Feng hsiung Hsu, Thomas S. Anantharaman, Murray S. Campbell, and Andreas Nowatzyk. A grandmaster chess machine. Scientiőc American, 263(4):44ś50, October 1990.

[57] Toshihide Ibaraki. Generalization of alpha-beta and SSS* search procedures.

Artiőcial Intelligence, 29:73ś117, 1986.

[58] Toshihide Ibaraki. Game solving procedure H* is unsurpassed. In D. S. Johnson et al., editor, Discrete Algorithms and Complexity, pages 185ś200. Academic Press, Inc., 1987.

[59] Toshihide Ibaraki and Yoshiroh Katoh. Searching minimax game trees under memory space constraint. Annals of Mathematics and Artiőcial Intelligence, 1:141ś153, 1990.

[60] Christopher F. Joerg and Bradley C. Kuszmaul. Massively parallel chess. In Third DIMACS Parallel Implementation Challenge, Rutgers University, NJ, 1994. Available as ftp://theory.lcs.mit.edu/pub/bradley/dimacs94.ps.Z.

[61] Andreas Junghanns, Christian Posthoff, and Michael Schlosser. Search with fuzzy numbers. In Proceedings FUZZ IEEE/IFES’95, pages 979ś986, Yokohama, Japan, March 1995.

[62] Hermann Kaindl, Gerhard Kainz, Angelika Leeb, and Harald Smetana. How to use limited memory in heuristic search. In Proceedings of the 14th International Joint Conference on Artiőcial Intelligence (IJCAI-95), volume 1, pages 236ś242, August 1995.

[63] Hermann Kaindl, Reza Shams, and Helmut Horacek. Minimax search algorithms with and without aspiration windows. IEEE Transactions on Pattern Analysis and Machine Intelligence, 13(12):1225ś1235, December 1991.

[64] Donald E. Knuth. The Art of Computer Programming, Volume Three, searching and Sorting. Addison-Wesley Publishing Co., Reading, MA, 1973.

[65] Donald E. Knuth and Ronald W. Moore. An analysis of alpha-beta pruning.

Artiőcial Intelligence, 6(4):293ś326, 1975.

[66] Danny Kopec and Ivan Bratko. The Bratko-Kopec experiment: A comparison of human and computer performance in chess. In M.R.B. Clarke, editor, Advances in Computer Chess 3, pages 57ś72. Pergamon Press, 1982.

[67] Richard E. Korf. Iterative deepening: An optimal admissible tree search. Artiőcial Intelligence, 27:97ś109, 1985.

[68] Richard E. Korf. Real-time heuristic search. Artiőcial Intelligence, 42:189ś211, 1990.

[69] Richard E. Korf and David W. Chickering. Best-őrst minimax search: First results. In Proceedings of the AAAI’93 Fall Symposium, pages 39ś47. AAAI Press, October 1993.

[70] Richard E. Korf and David W. Chickering. Best-őrst minimax search: Othello results. In Proceedings of the 12th National Conference on Artiőcial Intelligence (AAAI’94), volume 2, pages 1365ś1370. American Association for Artiőcial Intelligence, AAAI Press, August 1994.

[71] Hans-Joachim Kraas. Zur Parallelisierung des SSS*-Algorithmus. PhD thesis, TU Braunschweig, Germany, January 1990.

[72] Vipin Kumar and Laveen N. Kanal. A general branch and bound formulation for understanding and synthesizing AND/OR tree search procedures. Artiőcial Intelligence, 21:179ś198, 1983.

[73] Vipin Kumar and Laveen N. Kanal. Parallel branch-and-bound formulations for AND/OR tree search. IEEE Transactions on Pattern Analysis and Machine Intelligence, 6(6):768ś778, November 1984.

[74] Vipin Kumar and Laveen N. Kanal. A general branch and bound formulation for AND/OR graph and game tree search. In Search in Artiőcial Intelligence. Springer Verlag, 1988.

[75] Bradley C. Kuszmaul. Synchronized MIMD Computing. PhD thesis, Department of Electrical Engineering and Computer Science, Massachusetts Institute of Technology, Cambridge, MA, 1994.

[76] James B.H. Kwa. BS*: An admissible bidirectional staged heuristic search algorithm. Artiőcial Intelligence, 38:95ś109, February 1989.

[77] Kai-Fu Lee and Sanjoy Mahajan. The development of a world class othello program. Artiőcial Intelligence, 43:21ś36, 1990.

[78] Daniel B. Leifker and Laveen N. Kanal. A hybrid SSS*/alpha-beta algorithm for parallel search of game trees. In Proceedings of the International Joint Conference on Artiőcial Intelligence (IJCAI-89), pages 1044ś1046, 1985.

[79] David Levy. Computer Chess Compendium. Springer-Verlag, 1988.

[80] Giovanni Manzini. BIDA*: An improved perimeter search algorithm. Artiőcial Intelligence, 75(2):347ś360, June 1995.

[81] T. Anthony Marsland. A review of game-tree pruning. ICCA Journal, 9(1):3ś19, March 1986.

[82] T. Anthony Marsland and Murray S. Campbell. Parallel search of strongly ordered game trees. Computing Surveys, 14(4):533ś551, December 1982.

[83] T. Anthony Marsland and Fred Popowich. Parallel game-tree search. IEEE Transactions on Pattern Analysis and Machine Intelligence, 7(4):442ś452, July 1985.

[84] T. Anthony Marsland and Alexander Reinefeld. Heuristic search in one and two player games. Technical Report 93-02, University of Alberta, Edmonton, Canada, Paderborn Center for Parallel Computing, Germany, February 1993.

[85] T. Anthony Marsland, Alexander Reinefeld, and Jonathan Schaeffer. Low overhead alternatives to SSS*. Artiőcial Intelligence, 31:185ś199, 1987.

[86] T. Anthony Marsland and N. Srimani. Phased state space search. In Proceedings of the ACM/IEEE Fall Joint Computer Conference, pages 514ś518, Dallas, TX, November 1986.

[87] David Allen McAllester. Conspiracy numbers for min-max searching. Artiőcial Intelligence, 35:287ś310, 1988.

[88] Agata Muszycka and Rajjan Shinghal. An empirical comparison of pruning strategies in game trees. IEEE Transactions on Systems, Man and Cybernetics, 15(3):389ś399, May/June 1985.

[89] Peter Mysliwietz. Personal communication. January 1996.

[90] Wolfgang Nagl. Best-move-proving: A fast game-tree searching program.

In D.N.L. Levy and D.F. Beal, editors, Heuristic Programming in Artiőcial IntelligenceÐThe őrst computer olympiad, pages 255ś272. Ellis Horwood, 1989.

[91] Dana S. Nau. Pathology on game trees revisited, and an alternative to minimaxing. Artiőcial Intelligence, 21:221ś244, 1983.

[92] Allen Newell, Cliff Shaw, and Herbert Simon. Chess playing programs and the problem of complexity. IBM Journal of Research and Development, 4(2):320ś 335, 1958. Also in Computers and Thought, Feigenbaum and Feldman (eds.), pp. 39ś70, McGraw-Hill, (1963).

[93] Nils J. Nilsson. Problem-Solving Methods in Artiőcial Intelligence. McGraw- Hill Book Company, New York, NY, 1971.

[94] Nils J. Nilsson. Principles of Artiőcial Intelligence. Tioga Publishing Company, Palo Alto, CA, 1980.

[95] Andrew J. Palay. Searching with Probabilities. PhD thesis, Computer Science Department, Carnegie-Mellon University, Pittsburg, PA, 1985.

[96] Judea Pearl. Asymptotical properties of minimax trees and game searching procedures. Artiőcial Intelligence, 14(2):113ś138, 1980.

[97] Judea Pearl. The solution for the branching factor of the alpha-beta pruning algorithm and its optimality. Communications of the ACM, 25(8):559ś564, August 1982.

[98] Judea Pearl. On the nature of pathology in game searching. Artiőcial Intelligence, 20:427ś453, 1983.

[99] Judea Pearl. Heuristics ś Intelligent Search Strategies for Computer Problem Solving. Addison-Wesley Publishing Co., Reading, MA, 1984.

[100] Judea Pearl and Richard E. Korf. Search techniques. Annual Review of Computer Science, 2:451ś467, 1987.

[101] Wim Pijls. Shortest Paths and Game Trees. PhD thesis, Erasmus University Rotterdam, The Netherlands, November 1991.

[102] Wim Pijls and Arie de Bruin. Another view on the SSS* algorithm. In T. Asano, T. Ibaraki, H. Imai, and T. Nishizeki, editors, Algorithms, SIGAL ’90, Tokyo, volume 450 of LNCS, pages 211ś220. Springer-Verlag, August 1990.

[103] Wim Pijls and Arie de Bruin. Searching informed game trees. Technical Report EUR-CS-92-02, Erasmus University Rotterdam, The Netherlands, October 1992. Extended abstract in Proceedings CSN 92, pp. 246ś256, and Algorithms and Computation, ISAAC 92 (T. Ibaraki, ed), pp. 332ś341, LNCS 650 Springer- Verlag.

[104] Wim Pijls and Arie de Bruin. SSS*-like algorithms in constrained memory.

ICCA Journal, 16(1):18ś30, March 1993.

[105] Wim Pijls and Arie de Bruin. Generalizing alpha-beta. In H.J. van den Herik, I.S. Herschberg, and J.W.H.M. Uiterwijk, editors, Advances in Computer Chess 7, pages 219ś236. University of Limburg, Maastricht, The Netherlands, 1994.

[106] Wim Pijls, Arie de Bruin, and Aske Plaat. Solution trees as a unifying concept for game tree algorithms. Technical Report EUR-CS-95-01, Erasmus University, Department of Computer Science, Rotterdam, The Netherlands, April 1995.

[107] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. Nearly optimal minimax tree search? Technical Report TR-CS-94-19, Department of Computing Science, University of Alberta, Edmonton, AB, Canada, December 1994.

[108] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. A new paradigm for minimax search. Technical Report TR-CS-94-18, Department of Computing Science, University of Alberta, Edmonton, AB, Canada, December 1994.

[109] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. SSS* = α-β + TT.

Technical Report TR-CS-94-17, Department of Computing Science, University of Alberta, Edmonton, AB, Canada, December 1994.

[110] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. Best-őrst and depth-őrst minimax search in practice. In Proceedings of Computing Science in the Netherlands, November 1995. A slightly longer version has been presented as: łAn Algorithm Faster than NegaScout and SSS* in Practice,ž at the Computer Strategy and Game Programming Workshop, World Computer Chess Championship, Hong Kong, May 1995.

[111] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. Best-őrst őxeddepth game-tree search in practice. In Proceedings of the 14th International Joint Conference on Artiőcial Intelligence (IJCAI-95), volume 1, pages 273ś 279, Montreal, Canada, August 1995.

[112] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. A minimax algorithm better than Alpha-Beta? No and Yes. Technical Report 95-15, University of Alberta, Department of Computing Science, Edmonton, AB, Canada, June 1995.

[113] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. Best-őrst őxeddepth minimax algorithms. Artiőcial Intelligence, To appear in the fall of 1996. Accepted for publication, November 1995.

[114] Aske Plaat, Jonathan Schaeffer, Wim Pijls, and Arie de Bruin. Exploiting graph properties of game trees. In Proceedings of the 13th National Conference on Artiőcial Intelligence (AAAI’96), Portland, OR, August 1996. American Association for Artiőcial Intelligence, AAAI Press. Accepted for Publication.

[115] Alexander Reinefeld. An improvement of the Scout tree-search algorithm. ICCA Journal, 6(4):4ś14, 1983.

[116] Alexander Reinefeld. Spielbaum Suchverfahren. Informatik-Fachberichte 200.

Springer Verlag, 1989.

[117] Alexander Reinefeld and T. Anthony Marsland. Enhanced iterative-deepening search. IEEE Transactions on Pattern Analysis and Machine Intelligence, 16(7):701ś710, July 1994.

[118] Alexander Reinefeld and Peter Ridinger. Time-efőcient state space search.

Artiőcial Intelligence, 71(2):397ś408, 1994.

[119] Alexander Reinefeld, Jonathan Schaeffer, and T. Anthony Marsland. Information acquisition in minimal window search. In Proceeding of the International Joint Conference on Artiőcial Intelligence (IJCAI-85), volume 2, pages 1040ś1043, 1985.

[120] Ronald L. Rivest. Game tree searching by min/max approximation. Artiőcial Intelligence, 34(1):77ś96, 1987.

[121] Igor Roizen and Judea Pearl. A minimax algorithm better than Alpha-Beta? Yes and No. Artiőcial Intelligence, 21:199ś230, 1983.

[122] Stuart Russell and Eric Wefald. Do The Right Thing. The MIT Press, Cambridge, MA, 1991.

[123] Arthur L. Samuel. Some studies in machine learning using the game of checkers.

IBM Journal of Research and Development, 3:211ś229, 1959. Reprinted in Computers and Thought, Feigenbaum and Feldman, eds., McGraw-Hill, 1963, pp. 71ś105, and in Computer Games I, David Levy, ed., Springer, 1987, pp. 335ś 365.

[124] Arthur L. Samuel. Some studies in machine learning using the game of checkers.

II Ð recent progress. IBM Journal of Research and Development, 11:601ś617, 1967. Reprinted in Computer Games I, David Levy, ed, Springer, 1987, pp. 366ś 400.

[125] Jonathan Schaeffer. Experiments in Search and Knowledge. PhD thesis, Department of Computing Science, University of Waterloo, Canada, 1986. Available as University of Alberta technical report TR86-12.

[126] Jonathan Schaeffer. Speculative computing. ICCA Journal, 10(3):118ś124, 1987.

[127] Jonathan Schaeffer. Distributed game-tree searching. Journal of Parallel and Distributed Computing, 6:90ś114, 1989.

[128] Jonathan Schaeffer. The history heuristic and alpha-beta search enhancements in practice. IEEE Transactions on Pattern Analysis and Machine Intelligence, 11(1):1203ś1212, November 1989.

[129] Jonathan Schaeffer. Conspiracy numbers. Artiőcial Intelligence, 43:67ś84, 1990.

[130] Jonathan Schaeffer. Personal communication. 1994.

[131] Jonathan Schaeffer, Joseph Culberson, Norman Treloar, Brent Knight, Paul Lu, and Duane Szafron. A world championship caliber checkers program. Artiőcial Intelligence, 53(2-3):273ś290, 1992.

[132] Jonathan Schaeffer, Robert Lake, Paul Lu, and Martin Bryant. Chinook: The world man-machine checkers champion. AI Magazine, 1995. Accepted for publication.

[133] Jonathan Schaeffer, Paul Lu, Duane Szafron, and Robert Lake. A re-examination of brute-force search. In Games: Planning and Learning: AAAI 1993 Fall Symposium, pages 51ś58, Report FS9302, AAAI, 1993.

[134] Jonathan Schaeffer and Aske Plaat. New advances in alpha-beta searching.

In Proceedings of the 24th ACM Computer Science Conference 1996, pages 124ś130, February 16ś18 1996.

[135] Claude E. Shannon. Programming a computer for playing chess. Philosophical Magazine, 41(7):256ś275, 1950. See also: Levy, D.N.L. (ed.) Computer Games I, New York, NY, Springer-Verlag, pp. 81ś88, 1988.

[136] James H. Slagle and John K. Dixon. Experiments with some programs that search game trees. Journal of the ACM, 16(2):189ś207, April 1969.

[137] David Slate and Larry Atkin. Chess 4.5Ðthe Northwestern University chess program. In P.W. Frey, editor, Chess Skill in Man and Machine, pages 82ś118, New York, NY, 1977. Springer-Verlag.

[138] Bradley S. Stewart, Ching-Fang Liaw, and Chelsea C. White III. A bibliography of heuristic search research through 1992. IEEE Transactions on Systems, Man, and Cybernetics, 24(2):268ś293, February 1994.

[139] George C. Stockman. A problem-reduction approach to the linguistic analysis of waveforms. PhD thesis, University of Maryland, Department of Computer Science, May 1977. Technical Report TR-538.

[140] George C. Stockman. A minimax algorithm better than Alpha-Beta? Artiőcial Intelligence, 12(2):179ś196, 1979.

[141] George C. Stockman. Personal communication. July 1995.

[142] Gerald Tesauro. Temporal difference learning and TD-Gammon. Communications of the ACM, 38(3):58ś68, March 1995.

[143] Ken Thompson. Computer chess strength. In M.R.B. Clarke, editor, Advances in Computer Chess 3, pages 55ś56. Pergamon Press, Oxford, 1982.

[144] Jos W.H.M. Uiterwijk. The Kasparov ś Deep Blue match. ICCA Journal, 19(1):38ś41, March 1996.

[145] Oliver Vornberger and Burkhard Monien. Parallel alpha-beta versus parallel SSS*. In IFIP Conference on Distributed Processing, pages 613ś625, Amsterdam, The Netherlands, October 1987. North-Holland.

[146] Jean-Christophe Weill. The NegaC* search. ICCA Journal, 15(1):3ś7, March 1992.

[147] Jean-Christophe Weill. The ABDADA distributed minimax search algorithm.

In Proceedings of the 24th ACM Computer Science Conference, pages 131ś138, Philadelphia, PA, February 1996.

[148] Shlomo Zilberstein. Optimizing decision quality with contract algorithms. In Proceedings of the 14th International Joint Conference on Artiőcial Intelligence (IJCAI-95), volume 2, pages 1576ś1582, Montreal, Canada, August 1995.

Index

⊥, 11 *Socrates, 29

A*, 7, 30, 36 Allis, 1 Alpha Bounding, 47 Alpha-Beta, 3, 4, 16, 37, 104

alternatives to, 30 enhancements, 3, 20, 85 example, 111 parallel, 104, 108 postcondition, 18 precondition, 18 AND/OR tree, 3, 14, 30 anytime algorithm, 2 AO*, 30, 34 ARMG, see minimal graph, approximating the real artiőcial intelligence, 1 artiőcial intelligence journal, 3 artiőcial tree, 80 aspiration window, 21

B*, 35, 44 back-up, 11 backgammon, 1 Baudet, 108 Baum, 35 Berliner, 35, 46 Bernstein, 29 best 7 moves, 29 best case, 15 best move, 11, 46 best, łSSS*-bestž, 32, 37 best-őrst, see search, best-őrst best-move example, 32 bi-directional search, 2 bibliograhy, 2

BIDA*, 2 bisection, 46 BKG, 1 both bounds, 43, 53 bound, 12, see solution tree bound tree example, 13 branching factor, 4, 12, 81, 86 branching factor, irregular, 88 bridge, 1 Brockington, 104 Brudno, 16 Bruin, de, 44, 48

C*, 4, 46 cache of nodes, 26 Campbell, 23, 45 center control, 12 checkers, 1 chess, 1 Chess 4.0 (program), 29 Chess Genius, 30 Chickering, 36 chinese chess, 1 Chinook, 1, 53 collision, 25 combinatorial games, 2 combinatorial optimization, 2 complexity theory, 2 computer science, 1 connect-four, 1 connectionist networks, 2 conspiracy numbers, 35, 88 constraint satisfaction, 2 Coplan, 46 correlation, parent-child value, 12, 21, 81 counter-example, 74 critical path, see principal variation critical tree, see minimal tree

156 Index

cut off, 16 cutoff, deep, 114 cutoff, shallow, 114

decision quality, 2 Deep Thought, 29 depth-őrst, see search, depth-őrst domination, 6, 32, 66 draw, 12 Dual*, 42, 71 Dual*, performance of, 66

economics, 1 Enhanced Transposition Cutoff, 93 enhancements, 3 ETC, 5, 7, 93 evaluation function, 11, 30 evaluation function range, 12, 13, 46, 79 even level, 11 execution time, 68

fail high, 18, 38 fail low, 18, 38 fail-soft, 18, 38 Finkel, 23 őrstchild, 11 Fishburn, 23 forward pruning, 28, 53 Fraenkel, 1, 2 frameworks, 44 Frenchess, 29 Fritz, 30 future work, 107

game playing, 1

applications of, 2 computer game playing, 1 minimax, 2 game theory, 2 GenGame, 44, 58 go, 1 graph, 25 Greenblatt, 29 Gsearch, 44

heuristic evaluation function, 12 heuritic bound, 44 history heuristic, 3, 24, 53, 81

Hitech, 90

Ibaraki, 44 IDA*, 2, 7 interior node, 11 iterative deepening, 2, 3, 25, 57

Junghanns, 35

Keyano, 53 king safety, 12 Knuth and Moore, 4, 16, 85 Korf, 36

leaf node, 11, 61 least work őrst, 88 Levy, 2 LFMG, see minimal graph, left-őrst LFMT, see minimal tree, left-őrst line of play, 22 lines of play, 11 logic programming, 2 Logistello, 1 look ahead, 13 loss, 11, 12 lower bound, 14

Marsland, 23 material, 12 mathematics, 1 maximum, 11 Maxsearch, 44 McCarthy, 16 McConnell, 35 memory, 6, 7, 19, 33, 40, 51 memory requirements

Alpha-Beta, 58 MT-Dual*, 60 MT-SSS*, 59 memory sensitivity, see transposition table size minimal graph, 5, 7

approximating the real, 93 computing the left-őrst, 90 computing the real, 92 left-őrst, 89 minimaxing, 97 roadmap, 99 the real, 91, 106 minimal tree, 4, 5, 12, 15, 85, 106 minimal tree, left-őrst, 89 minimax example, 11 minimax function, 9 minimax games, 9 minimax search, 2 minimax view, 18 minimax wall, 71 minimum, 11 mobility, 12 move ordering, quality of, 19, 20, 24 move ordering, quality of (graph), 86 MT code, 39 MT framework, 7, 37, 45, 104 MT with list-ops, 127 MT-Dual*, 40, 42, 52 MT-SSS*, 37, 52, 104 MT-SSS* equivalence, 127 MT-SSS* example, 121 MTD, 41 MTD(+∞), 41 MTD(−∞), 42 MTD(ƒ), 7, 42, 71, 105 MTD(ƒ), performance of, 68, 78 MTD(best), 43 MTD(bi), 42 MTD(step), 42

Nagl, 47 narrow search window, 3, 20, 38, 46, 70 negamax view, 18 NegaScout, 4, 23 NegaScout, performance of, 68, 78 Newell, Shaw and Simon, 16 nextbrother, 11 Nilsson, 16, 34, 45 nine-men’s-morris, 1 node type (Knuth and Moore), 16, 22 null-move heuristic, 28 null-window, see narrow search window

odd level, 11 odd-ply data is misleading, 91 odd/even effect, 66 odd/even oscillation, 62, 87 odd/even search depth, 15 one-player games, 25

OPEN list, 5, 30, 33, 51, 61, 104, 115 Othello, 1, 36

P-alpha-beta, 23 Palay, 35 parallel computing, 2 parallelism, 108

Baudet, 108 work stealing, 108 parsing, 2 pathology, 12 pattern recognition, 2 pawn structure, 12 PB*, 35 Pearl, 16, 23, 38, 45, 115 performance benchmark, 4 performance graphs, 62 performance picture, 19

practical algorithms, 79 performance standard, 4 Phoenix, 53, 71, 90 Pijls, 44, 48 ply, 11 positional, 12 practice, 83 principal variation, 22, 32, 37, 43 ProbCut, 29 problem-reduction space, 30, 34 proof numbers, 35, 88 proof tree, see minimal tree pruning, 13, 16 PVS, 23

qubic, 1, 88 QuickGame, 45 quiescence search, 28

re-search, 79 re-search overhead, 22 real minimal graph, 7, 91 real tree, 22, 80 RecSSS*, 38, 61 reformulation, 4 Reinefeld, 23 Rivest, 35 RMG, see minimal graph, the real root node, 9 Rsearch, 44, 58

158 Index

RTA*, 2 Russell, 35

Samuel, 16 satisőcing, 2, 9 Schaeffer, 47, 71, 83, 102 search

best-őrst, 3, 4, 30, 37, 106 best-őrst minimax, 36 depth-őrst, 3, 4, 106 deth-őrst, 11 extensions, 28, 53 őxed-depth, 27 full-width, 27, 30 inconsistencies, 29 minimax search, 2 quiescence, 28 real-time, 2 selective, 27 shallow, 28 variable depth, 34 search depth, 12 shogi, 1 simulation, 3, 6, 30, 80, 109 singular extensions, 28 solution tree, 7, 12, 16, 44, 108 solution tree example, 13 solution tree, max, 14, 32, 37, 51 solution tree, min, 14, 115 SSS*, 3, 4, 30, 37, 71, 104

code, 30 conventional view, 32 equivalence, 127 example, 115 footnote, 5, 106 hybrids, 58 list of problems, 32, 104 list operations, 127 parallel, 33 passes, 121 performance of, 66 Phased SSS*, 58 recursive SSS*, 45, 58 reformulation, 104 Staged SSS*, 45, 58 Stockman’s view, 34, 115 SSS-2, 38 start value, 71 state-space, 30, 34 Stewart, 2 Stockman, 6, 30, 51 storage, see memory strategy, 14, 16 surpassing, 6, 66

Test (procedure), 38 test positions, 54, 137 theorem proving, 2 theory, 83 tic-tac-toe, 9 total node, 61 tournament conditions, 12 transposition, 4, 81 transposition node, 61 transposition table, 2, 3, 25, 52 transposition table advantages, 52 transposition table size, 57, 61 transposition table size, tiny, 75 transposition table, code, 26 transposition table, uses of, 25, 59 transpositions, effect of (graph), 88 TRMG, see minimal graph, the real two-agent search, 2 two-player search, 2

uniform depth, 12 uniform width, 12 upper bound, 14, 32, 37

WChess, 30 Wefald, 35 win, 11, 12 world champion, 1

zero-sum game, 9 Zugzwang, 29, 90

Samenvatting

Zoeken & Her-zoeken Onderzocht

Dit proefschrift gaat over zoekalgoritmen. Zoekalgoritmen worden vaak aan de hand van hun expansie-strategie gekarakteriseerd. Een mogelijke strategie is de depth-őrst strategie, een eenvoudig backtrack mechanisme waarbij de volgorde waarin knopen gegenereerd worden bepaalt hoe de zoekruimte doorlopen wordt. Een alternatief is de best-őrst strategie, ontworpen om het gebruik van domein-afhankelijke heuristische informatie mogelijk te maken. Door veelbelovende wegen eerst te bewandelen, zijn best-őrst algoritmen in het algemeen efőciÈenter dan depth-őrst algoritmen.

Voor minimax spelprogramma’s (zoals voor schaken en dammen) is de efőciÈentie van het zoek algoritme van cruciaal belang. Echter, alle goede programma’s zijn gebaseerd op een depth-őrst algoritme, niettegenstaande het succes van best-őrst strategieÈen bij andere toepassingen.

In dit onderzoek worden een depth-őrst algoritme, Alpha-Beta, en een best-őrst algoritme, SSS*, nader beschouwd. De heersende opinie zegt dat SSS* in potentie efőciÈenter zoekt, maar dat de ingewikkelde formulering en het exponentiÈele geheugengebruik het tot een onpraktisch algoritme maken. Dit onderzoek laat zien dat er een verrassend eenvoudige relatie tussen de twee algoritmen bestaat: SSS* is te beschouwen als een speciaal geval van Alpha-Beta. Empirisch vervolgonderzoek toont aan dat de heersende opinie over SSS* fout is: het is geen ingewikkeld algoritme, het gebruikt niet te veel geheugen, maar het is ook niet efőciÈenter dan depth-őrst algoritmen.

In de loop der jaren heeft onderzoek naar Alpha-Beta vele verbeteringen opgeleverd, zoals transpositietabellen en minimale zoekwindows met her-zoeken. Deze verbeteringen maken het mogelijk dat een depth-őrst procedure gebruikt kan worden om de zoekruimte op een best-őrst manier te doorlopen. Op basis van deze inzichten wordt een nieuw algoritme gepresenteerd, MTD(ƒ), dat beter presteert dan zowel SSS* als NegaScout, de in de praktijk meest gebruikte Alpha-Beta variant.

Naast best-őrst strategieÈen behandelt dit proefschrift ook andere mogelijkheden om minimax algoritmen te verbeteren. In het algemeen wordt aangenomen dat geen enkel algoritme dat de minimax waarde wil vaststellen efőciÈenter kan zijn dan de best-case van Alpha-Beta ś dit is de zogeheten minimale boom. In de praktijk is deze opvatting niet juist. De echte minimale graaf die de minimax waarde bepaalt blijkt aanmerkelijk kleiner te zijn dan Alpha-Beta’s best-case. Dientengevolge is er meer ruimte voor verbetering van minimax zoekalgoritmen dan in het algemeen wordt aangenomen.

The Tinbergen Institute is the Netherlands Research Institute and Graduate School for Economics and Business, which was founded in 1987 by the Faculties of Economics and Econometrics of the Erasmus University in Rotterdam, the University of Amsterdam and the Free University in Amsterdam. The Institute is named after the late Professor Jan Tinbergen, Dutch Nobel Prize laureate in economics in 1969. The Tinbergen Institute is located in Amsterdam and Rotterdam. Copies of the books which are published in the Tinbergen Institute Research Series can be ordered through Thesis Publishers, P.O. Box 14791, 1001 LG Amsterdam, The Netherlands, phone: +3120 6255429; fax: +3120 6203395.

The following books already appeared in this series:

1. O.H. SWANK, Policy makers, voters and optimal control, estimation of the preferences behind monetary and őscal policy in the United States.

2. J. VAN DER BORG, Tourism and urban development. The impact of tourism on urban development: towards a theory of urban tourism, and its application to the case of Venice, Italy.

3. A. JOLINK, LibertÂe, EgalitÂe, RaretÂe. The evolutionary economics of LÂeon Walras. 4. R.B. BUITENDIJK, Towards an effective use of relational database management systems. 5. R.M. VERBURG, The two faces of interest. The problem of order and the origins of political economy and sociology as distinctive őelds of inquiry in the Scottish Enlightenment.

6. H.P. VAN DALEN, Economic policy in a demographically divided world. 7. P.J. VERBEEK, Two case studies on manpower planning in an Airline. 8. M.W. HOFKES, Modelling and computation of general equilibrium. 9. T.C.R. VAN SOMEREN, Innovatie, emulatie en tijd. De rol van de organisatorische vernieuwingen in het economische proces.

10. M. VAN VLIET, Optimization of manufacturing system design.

11. R.M.C. VAN WAES, Architectures for Information Management. A pragmatic approach on architectural concepts and their application in dynamic environments.

12. K. NIMAKO, Economic change and political conŕict in Ghana 1600-1990. 13. J.M.C. VOLLERING, Care services for the elderly in the Netherlands. The PACKAGE model.

14. S. ZHANG, Stochastic queue location problems.

15. C. GORTER, The dynamics of unemployment and vacancies on regional labour markets. 16. P. KOFMAN, Managing primary commodity trade (on the use of futures markets). 17. P.Th. VAN DE LAAR, Financieringsgedrag in de Rotterdamse maritieme sector, 1945- 1960.

18. P.H.B.F. FRANSES, Model selection and seasonality in time series. 19. P.W. VAN WIJCK, Inkomensverdelingsbeleid in Nederland. Over individuele voorkeuren en distributieve effecten.

20. A.E. VAN HEERWAARDEN, Ordering of risks. Theory and actuarial applications. 21. J.C.J.M. VAN DEN BERGH, Dynamic models for sustainable development. 22. H. XIN, Statistics of bivariate extreme values.

23. C.P. VAN BEERS, Exports of developing countries. Differences between South-South and South-North trade and their implications for economic development.

24. L. BROERSMA, The relation between unemployment and interest rate. Empirical evidence and theoretical justiőcation.

25. E. SMEITINK, Stochastic models for repairable systems. 26. M. DE LANGE, Essays on the theory of őnancial intermediation. 27. S.J. KOOPMAN, Diagnostic checking and intra-daily effects in time series models. 28. R.J. BOUCHERIE, Product-form in queueing networks.

29. F.A.G. WINDMEIJER, Goodness of őt in linear and qualitative-choice models. 30. M. LINDEBOOM, Empirical duration models for the labour market. 31. S.T.H. STORM, Macro-economic considerations in the choice of an agricultural policy. 32. H.E. ROMEIJN, Global optimization by random walk sampling methods. 33. R.W. VAN ZIJP, Austrian and new classical business cycle theories. 34. J.A. VIJLBRIEF, Unemployment insurance and the Dutch labour market. 35. G.E. HEBBINK, Human capital, labour demand and wages. Aspects of labour market heterogeneity.

36. J.J.M. POTTERS, Lobbying and pressure: theory and experiments. 37. P. BOSWIJK, Cointegration, identiőcation and exogeneity. Inference in structural error correction models.

38. M. BOUMANS, A case of limited physics transfer. Jan Tinbergen’s resources for reshaping economics.

39. J.B.J.M. DE KORT, Edge-disjointness in combinatorial optimization: problems and algorithms.

40. J.F.J. DE MUNNIK, The valuation of interest rates derivative securities. 41. J.C.A. POTJES, Empirical studies in Japanese retailing.

42. J.-K. MARTIJN, Exchange-rate variability and trade: Essays on the impact of exchangerate variability on international trade ŕows.

43. J.B.L.M. VERBEEK, Studies on economic growth theory. The role of imperfections and externalities.

44. R.H. VAN HET KAAR, Medezeggenschap bij fusie en ontvlechting. 45. F. KALSHOVEN, Over Marxistische economie in Nederland, 1883-1939. 46. W. SWAAN, Behaviour and institutions under economic reform. Price regulation and market behaviour in Hungary.

47. J.J. CAPEL, Exchange rates and strategic decisions of őrms.

48. M.F.M. CANOY, Bertrand meets the fox and the owl. Essays in the theory of price competition.

49. H.M. KAT, The efőciency of dynamic trading strategies in imperfect markets. 50. E.A.M. BULDER, The social economics of old age: strategies to maintain income in later life in the Netherlands 1880-1940.

51. J. BARENDREGT, The Dutch Money Purge. The monetary consequences of German occupation and their redress after liberation, 1940-1952.

52. Nanda PIERSMA, Combinatorial optimization and empirical processes. 53. M.J.C. SIJBRANDS, Strategische en logistieke besluitvorming. Een empirisch onderzoek naar informatiegebruik en instrumentele ondersteuning.

54. H.J. VAN DER SLUIS, Heuristics for complex inventory systems. Deterministic and stochastic problems.

55. E.F.M. WUBBEN, Markets, uncertainty and decision-making. A history of the introduction of uncertainty into economics.

56. V.J. BATELAAN, Organizational culture and strategy. A study of cultural inŕuences on the formulation of strategies, goals, and objectives in two companies.

57. R.M. DE JONG, Asymptotic theory of expanding parameter space methods and data dependence in econometrics.

58. D.P.M. DE WIT, Portfolio management of common stock and real estate assets. An empirical investigation into the stochastic properties of common stock and equity realestate.

59. A. LAGENDIJK, The internationalisation of the Spanish automobile industry and its regional impact. The emergence of a growth-periphery.

60. B.M. KLING, Life insurance, a non-life approach.

61. J.H. GROOTENDORST, De markthuur op kantorenmarkten in Nederland. 62. M. DINGENA, The creation of meaning in advertising. Interaction of őgurative advertising and individual differences in processing styles.

63. R.T. LIE, Economische dynamiek en toplocaties. Locatiekarakteristieken en prijsontwikkeling van kantoren in een aantal grote Europese steden.

64. R.L.M. PEETERS, System identiőcation based on Riemannian geometry: theory and algorithms.

65. O. MEMEDOVIC, On the theory and measurement of comparative advantage. An empirical analysis of Yugoslav trade in manufactures with the OECD countries, 1970-1986.

66. S. FISCHER, The paradox of information technology management. 67. P.A. STORK, Modelling international őnancial markets: an empirical study. 68. R.A. BELDERBOS, Strategic trade policy and multinational enterprises: essays on trade and investment by Japanese electronics őrms.

69. I.T. VAN DEN DOEL, Dynamics in cross-section and panel data models. 70. M.W. DELL, Maximum price regulations and resulting parallel and black markets. 71. Bo CHEN, Worst case performance of scheduling heuristics.

72. P.W. CHRISTIAANSE, Strategic advantage and the exploitability of information technology. An empirical study of the effects of IT on supplier-distributor relationships in the US airline industry.

73. L. LEI, User participation and the success of information system development. An integrated model of user-specialist relationships.

74. J.H. BAGGEN, Duurzame mobiliteit. Duurzame ontwikkeling en de voorzieningenstructuur van het personenvervoer in de Randstad.

75. R.A. BOSCHMA, Looking through a window of locational opportunity. A long-term spatial analysis of techno-industrial upheavals in Great-Britain and Belgium.

76. C.A.G. SNEEP, Innovation management in the Agro-food industry. 77. F.R. KLEIBERGEN, Identiőability and nonstationarity in classical and Bayesian econometrics.

78. R.F. VAN DE WIJNGAERT, Trade Unions and collective bargaining in the Netherlands.

79. M. BOOGAARD, Defusing the software crisis: Information systems ŕexibility through data independence.

80. E.M. VERMEULEN, Corporate risk management. A multi-factor approach. 81. R.A. ZUIDWIJK, Complementary triangular forms for pairs of matrices and operators. 82. M.H. GOEDHART, Financial planning in divisionalised őrms: models and methods. 83. E. EGGINK, A symmetric approach to the labor market: an application of the sem method. 84. A.F. CORRELJ ÂE, The Spanish Oil Industry: Structural change and modernization. 85. A.H.M. LELIVELD, Social security in developing countries; operation and dynamics of social security mechanisms in rural Swaziland.

86. Y.M. PRINCE, Price cost margins in Dutch manufacturing: with an emphasis on cyclical and őrm size effects.

87. W.E. KUIPER, Farmers, prices and rational expectations.

88. B. ROORDA, Global total least squares. A method for the construction of open approximate models from vector time series.

89. A.I. MARTINS BOTTO DE BARROS, Discrete and fractional programming techniques for location models.

90. J.A. DOS SANTOS GROMICHO, Quasiconvex optimization and location models. 91. R.B. KOOL, Aspects of enlarging the market effects in the Dutch health care. 92. B. LEEFTINK, The desirability of currency uniőcation theory and some evidence. 93. AndrÂe VAN VLIET, Heuristic and optimal methods for the three-dimensional bin packing problem.

94. C.C.J.M. HEYNEN, Models for option evaluation in alternative price-movements. 95. Yvonne VAN EVERDINGEN, Adoption and diffusion of the European currency unit. An empirical study among European companies.

96. Robin DE VILDER, Endogenous business cycles.

97. Joachim J. STIBORA and Albert DE VAAL, Services and services trade: A theoretical inquiry.

98. Ronald VAN DER BIE, "Een doorlopende groote roes". De economische ontwikkeling van Nederland, 1913-1921.

99. W.J. JANSEN, International capital mobility and asset demand. Six empirical studies. 100. Natasha E. STROEKER, Second-hand markets for consumer durables. 101. Annette VAN DEN BERG, Trade union growth and decline in The Netherlands. 102. Patrick VAN DER LAAG, An analysis of reőnement operators in inductive logic programming.

103. Euro BEINAT, Multiattribute value functions for environmental management. 104. H.A. VAN KLINK, Towards the borderless mainport Rotterdam. An analysis of functional, special and administrative dynamics in port systems.

105. W.H.J. HASSINK, Worker ŕows and the employment adjustment of őrms. An empirical investigation.

106. S. LIU, Contributions to matrix calculus and applications in econometrics. 107. Mirjam VAN PRAAG, Determinants of successful entrepreneurship. 108. Erik VERHOEF, Economic efőciency and social feasibility in the regulation of road transport externalities.

109. Ilaria BRAMEZZA, The competitiveness of a European city and the role of urban management in improving the city’s performance. The cases of the Central Veneto and Rotterdam regions.

110. Guido BIESSEN, East European foreign trade and system changes. 111. AndrÂe LUCAS, Outlier robust unit root analysis.

112. Tineke FOKKEMA, Residential moving behaviour of the elderly: an explanatory analysis for the Netherlands.

113. Turan EROL, Exchange rate policy in Turkey. External competitiveness and internal stability studied through a macromodel.

114. Thijs DE RUYTER VAN STEVENINCK, The impact of capital imports on the Argentine economy, 1970ś1989 115. Dennis DANNENBURG, Actuarial credibility models: evaluations and extensions. 116. Carsten FOLKERTSMA, On equivalence scales. 117. Aske PLAAT, Research Re: search & Re-search.