DEDICATION TO ALAN GEORGE

This special volume of Electronic Transactions on Numerical Analysis is dedicated to Alan George, an intellectual forefather of the combinatorial scientific computing (CSC) community, who celebrated his 62nd birthday on November 9, 2005. Alan has made many significant contributions to CSC especially in sparse matrix algorithms, numerical linear algebra, and mathematical software. At the First SIAM Workshop on Combinatorial Scientific Computing held at San Francisco in February 2004 (when he had turned sixty), Alan was honored with a plaque for his pioneering contributions to CSC as a researcher, teacher and mentor. The CSC community congratulates Alan on this milestone in his life, and wishes him continued success in the future. In this tribute, we include a brief biographical sketch of Alan, describe his research contributions, mention the names of his students, and list all of his publications to date.

Alan George was born November 9, 1943 in Lloydminster, a town that straddles Saskatchewan and Alberta, to John Edward George and Margaret Ann Brown. After completing his early education in public schools in Alberta and Saskatchewan, he attended the University of Alberta where he received a Bachelor’s degree in mathematics in 1964. He also received a Master’s degree in computer science in 1966 vii

from the University of Alberta. Alan worked as an instructor at Alberta for a year, and then enrolled for graduate studies at Stanford University, where he received a Ph.D. in computer science in 1971. His advisor was Professor George E. Forsythe, the founding chair of the computer science department at Stanford, and an early leader in the emerging field of computer science and in the Society for Industrial and Applied Mathematics.

After graduating from Stanford, Alan joined the computer science department at the University of Waterloo. Here he began his research in the field of sparse matrix computations, developing graph-theoretic models, novel algorithms and the SPARSPAK software library for solving sparse systems of linear equations by direct (factorization) methods. He rose rapidly through the academic ranks, becoming the youngest professor in the computer science department at Waterloo. In 1980 Alan began his career in university administration as Dean of the Faculty of Mathematics, serving until 1986. He moved to the U.S. in 1986, holding the position of University Professor of Mathematics and Computer Science at the University of Tennessee at Knoxville and Distinguished Scientist at the Oak Ridge National Laboratory. In 1988 Alan returned to the University of Waterloo as Vice-President, Academic and Provost, and completed a five-year term in that position on June 30, 1993. After five years of research and teaching in the department of computer science, he served a second term as Dean of the Faculty of Mathematics from 1998 to June 2005. In 2003 Alan became Associate Provost of Information Systems and Technology, a position that he continues to hold; he also serves now as interim Vice President of Research at Waterloo.

Alan George’s broad research interests involve large scale scientific computation and related aspects of mathematical software. He is the author or co-author of 108 articles (currently!), two books, and has co-edited two other books. With his students, he has developed a widely-used mathematical software package, SPARSPAK, for solving large sparse systems of equations and sparse least squares problems.

Nested dissection is a technique he invented in his early years at Waterloo, for ordering sparse matrices from the finite element method for sparse Cholesky factorization. For the n^{1/2} × n^{1/2} grid corresponding to a model problem, Alan showed that whereas a natural ordering would require Θ(n^2) operations, a nested dissection ordering would lead to only Θ(n^{3/2}) operations in the sparse factorization. This technique was readily generalized to planar graphs and three-dimensional meshes with bounded aspect ratios of the elements. In recent years, with the development of high quality graph partitioning algorithms based on spectral graph theory and the multilevel paradigm, nested dissection has become the method of choice for ordering sparse matrices for factorization.

Together with Joseph Liu, he developed the quotient graph data structure to represent the sequence of elimination graphs in sparse Cholesky factorization in a semiimplicit and space-efficient manner. This factorization creates many fill elements, zero elements in the original matrix that become nonzeros in the factor. The quotient graph model enables one to compute implicitly the data structure for a sparse Cholesky factor in no more space than that required by the original matrix. The space-efficient representation of the filled graph is achieved by continuing to represent edges incident on eliminated vertices and identifying fill edges using paths of length at most two in the graph model. Alan and Joseph used the quotient graph to design an efficient symbolic factorization algorithm that computes a data structure for the sparse Cholesky factor, and also to implement the minimum degree ordering algorithm.

This work led to a comprehensive suite of algorithms and software for solving large, sparse, symmetric positive definite systems of equations and least-squares problems. The programs, developed by Alan George, Joseph Liu, and Esmond Ng, were included in a software library called SPARSPAK, and this library has been licensed for use in more than 150 industrial, academic, and research institutions in over twenty countries.

The design of SPARSPAK included several novel features. This package, dating back to 1975, exhibited several features of object-oriented design and modern software engineering practice. It was organized in a modular fashion into a collection of routines for the various subtasks involved in solving systems of sparse, linear equations: ordering, symbolic factorization, numerical factorization, and triangular solution. The package had a friendly user interface, with short and simple parameter lists, and it supported automatic storage allocation. Graceful and informative error-handling routines were included as well. The design of SPARSPAK’s user interface was described by Alan and Joseph in an ACM Transactions on Mathematical Software article in 1979.

The graph models and algorithms developed in this work were discussed in a book that Alan George and Joseph Liu published in 1981, The Computer Solution of Large, Sparse, Positive Definite Systems. The book popularized the distinctive approach that Alan and his colleagues brought to their work in sparse matrix computations: development of suitable graph models for the problems; mathematical formulations and proofs of properties that are used to solve the problems; the design of practically efficient algorithms based on these formal mathematical results; analysis of the worst-case time-complexity of the algorithms when feasible, and when that is too complex, such analyses for the model problem; careful attention to the design of space-efficient algorithms; and implementation and computational verification of the practical efficacy of the algorithms on a collection of test problems from various applications. The care and time that Alan took to communicate the results of his work enabled researchers following him and scientists from other research areas to gain a thorough understanding of the field of sparse matrix algorithms. The book served to educate the next generation of researchers in sparse matrix computations, and has influenced the approaches that researchers in combinatorial scientific computing bring to their research.

Together with Michael Heath, then at Oak Ridge National Laboratory and currently at the University of Illinois, Alan developed the first effective algorithm for computing the orthogonal factorization of a sparse matrix. Exploiting the fact that the nonzero structure of the triangular factor in the orthogonal factorization of a sparse matrix A is identical (up to multiplication of rows by ±1) to that of the Cholesky factor of the matrix A^T A, they developed an algorithm for computing the orthogonal factorization in place, i.e., in the space allocated to the triangular factor and an additional row. The matrix A was transformed by rows, with nonzeros from each row annihilated by a sequence of Givens rotations. The relationship with Cholesky factorization also meant that data structures for the triangular factor and ordering strategies such as nested dissection and minimum degree that were developed for Cholesky factorization could be employed here. The rows of the matrix to be factored could then be ordered to reduce the computational work. The efficient algorithms developed in this work were used to solve large-scale least-squares problems involving millions of observations from the National Geodetic Survey.

The work on Givens orthogonalization led to graph models and data structures for other factorizations of nonsymmetric matrices. In subsequent work, Alan George, Esmond Ng and Joseph Liu described data structures for sparse Gaussian elimination with partial pivoting and orthogonal factorization with Householder transformations.

When Alan moved to the University of Tennessee and Oak Ridge, the first commercial parallel computers were becoming available. Alan and his colleagues there, together with Joseph Liu, designed and implemented the first parallel algorithms for sparse Cholesky factorization. Their work concerned the discovery of concurrency in sparse matrix computations, task decomposition, the construction of a suitable task graph to discover the precedence constraints that tasks must satisfy, and mapping and scheduling the tasks on the processors in order to balance the work load and reduce the communication costs. While parallel architectures have changed significantly from the 1980’s, the algorithmic paradigms that they discovered continue to determine how sparse matrix computations are performed on parallel computers.

With Eleanor Chu, Alan has written several papers on the parallel computation of the orthogonal factorization of a sparse matrix, and a book on algorithms for computing Fast Fourier transforms on serial and parallel computers. In recent years, together with Khakim Ikramov, Alan has published papers on varied topics such as the growth factor in Gaussian elimination for special classes of matrices, symmetric quasi-definite matrices, the polar decomposition, etc.

Alan has served with distinction as an editor for The Electronic Transactions on Numerical Analysis as well as several other journals: The ACM Transactions on Mathematical Software, SIAM Journal on Scientific and Statistical Computing, Linear Algebra and its Applications, and Aequationes Mathematicae. He has also been a leader in many professional organizations. He served as chair of the Association of Computing Machinery’s (ACM) Special Interest Group on Numerical Mathematics from 1981 to 1983, and as a member of the SIAM Council from 1987 to 1990. He served for many years on the committee organizing the Householder meetings on numerical linear algebra, and hosted the one held in Waterloo in 1984. He has been a consultant to various companies and government agencies in Canada, the United States, and Britain, and has served on advisory or governing boards for a number of academic institutions and research institutes.

Alan has received several honors during his career. In 1982 he was awarded the George E. Forsythe Memorial Prize for Leadership in Numerical Mathematics by the ACM. He is a Fellow of the Institute for Electrical and Electronics Engineers, a Fellow of the Institute for Mathematics and its Applications, and a Fellow of the Royal Society of Canada. In 1992, he received the Governor General’s Commemorative Medal awarded on the 125th anniversary of Canada.

Perhaps the best legacy that Alan has for us in combinatorial scientific computing is his appreciation for the elegance of simplicity. Joseph Liu, in a talk at a conference at Stanford University in January 2004 to celebrate Alan’s sixtieth birthday (and also the sixtieth birthdays of two of his colleagues, Jim Varah of the University of British Columbia and Michael Saunders of Stanford; the conference was organized by Michael Friedlander, Gene Golub, Chen Greif and Esmond Ng), recounted several lessons that he had absorbed from Alan. Foremost is to “think simple”—Alan has the gift as a successful pioneer in sparse matrix algorithms to find simple solutions to problems from a clutter of possibilities. Joseph mentioned the high value that Alan placed on communicating his research results as clearly as possible, and in finding elegant approaches to the design of sparse matrix software. Joseph also added that he learned from Alan to recognize the role that failed attempts play in ultimately solving a problem.

Alan has spent eighteen years in the senior administrative ranks at the University of Waterloo. He is known to be decisive, making up his mind quickly once he has marshaled the facts, and willing to make tough decisions when needed. David Johnston, President of the University of Waterloo, says of Alan: “No one has served his University with greater devotion and wisdom than Alan George has at Waterloo. He is a man of old-fashioned virtues—selfless, courageous, brimming with integrity—and a long-term visionary.” Amit Chakma, Vice President, Academic and Provost, adds: “Alan is a committed senior member of the Waterloo family, having served in more leadership roles than any other administrator. This is a recognition of his superb leadership qualities, and a sign of his loyalty to Waterloo. Alan’s most significant contribution to Waterloo, in my opinion, is helping to create a culture of excellence, as a relentless champion of quality and a strong advocate for excellence.”

Those of us who are colleagues of Alan have been privileged to see his vision, integrity, leadership, and passion for excellence; we have also been blessed by his friendship. As we celebrate this special milestone in Alan’s life, we look forward to many years of fruitful interactions with him!

Students of Alan George.

List of PhD students. 1. Joseph W-H. Liu 2. Gaston H. Gonnet 3. David R. McIntyre 4. Esmond G-Y. Ng 5. Hamza Rashwan 6. Eleanor Chu 7. Fletcher Lu

List of Master’s Students. 1. Kristine W. Kwok 2. Andy Haycock 3. Humphrey H. Yang 4. Yik-Man Lau 5. Eng-Wee Chionh 6. John Towers 7. Alex Liu 8. John L. Drummond 9. Wing Hong Wong 10. Lamees Abourahma 11. Rod Affleck 12. Ye Yang 13. Shae Armstrong 14. Gonzalo Middleton 15. Freddy Chik 16. David Marotto

List of Publications.

1. Alan George and Khakim Ikramov, On the properties of Accretive-Dissi-pative Matrices, Math. Notes, 77 (2005), pp. 67–776.

2. Alan George and Khakim Ikramov, On the Growth Factor in Gaussian Elimination for Matrices with Sharp Angular Field of values, Calcolo, 41

(2004), pp. 27–36.

3. Alan George and Khakim Ikramov, Gaussian Elimination for the Inverse of a Diagonally Dominant Matrix is Stable, Math. Comp., 73 (2003), pp. 653–657.

4. Alan George and Khakim Ikramov, Unitary Similarity of Matrices with Quadratic Minimal Polynomial, Linear Algebra Appl., 349 (2002), pp. 11–16.

5. Alan George and Khakim Ikramov, The Closedness of Certain Classes of Matrices with Respect to Pseudoinversion, Comp. Math. & Math. Phys., 42 (2002), pp. 1242–1246.

6. Alan George, Khakim Ikramov, and Andrew Kucherov, On the Growth Factor in Gaussian Elimination for Generalized Higham Matrices, Numer. Linear Algebra Appl., 9 (2002), pp. 107–114.

7. Alan George, Wei-Pai Tang, and Ya Dan Wu, Multi-level One-way Dissection Factorization, SIAM J. Matrix Anal. Appl., 22 (2001), pp. 752– 771.

8. Alan George, Lan Chieh Huang, Wei-Pai Tang, and Ya Dan Wu, Numerical Simulation of High Re Unsteady State Incompressible Flow on a Curvilinear Half-staggered Grid, SIAM J. Sci. Comp., 21 (2000), pp. 2331– 2351.

9. Alan George, Khakim Ikramov, and Andrew Kucherov, Some Properties of Symmetric Quasidefinite Matrices, SIAM J. Matrix Anal. Appl., 21 (2000), pp. 1318–1323.

10. Alan George and Khakim Ikramov, On the Quasidiagonalizability of 3- Self-Adjoint Matrices, Comp. Math. & Math. Phys., 40 (2000), pp. 963–973.

11. Yurii A. Al’pin, Alan George, and Khakim Ikramov, Solving the Twodimensional CIS Problem by a Rational Algorithm, Linear Algebra Appl., 312 (2000), pp. 115–123.

12. Alan George and Khakim Ikramov, On the Condition of Symmetric Quasidefinite Matrices, SIAM J. Matrix Anal. Appl., 21 (2000), pp. 970–977.

13. Alan George and Joseph W-H. Liu, An Object-Oriented Approach to the Design of a User Interface for a Sparse Matrix Package, SIAM J. Matrix Anal. Appl., 20 (1999), pp. 953–969.

14. Alan George and Khakim Ikramov, On Quasidefinite Matrices with a Parameter in the Off-Diagonal Block, Comp. Math. & Math. Phys., 39 (1999), pp. 1553–1557.

15. Alan George and Khakim Ikramov, Common Invariant Subspaces of Two Matrices, Linear Algebra Appl., 287 (1999), pp. 171–179.

16. Eleanor Chu and Alan George, FFT Algorithms and their Adaptation to Parallel Processing, Linear Algebra Appl., 284 (1998), pp. 95–124.

17. Alan George, Lan Chieh Huang, Wei-Pai Tang, and Ya Dan Wu, Numerical Solution for the Time-Dependent Three-Dimensional Incompressible Navier-Stokes Equations on a Curvilinear Grid, Sixth Annual Conference of the CFD Society of Canada, University of Laval, June 6-7, 1998.

18. Alan George and Alex Pothen, Analysis of a Spectral Envelope Reduction Algorithm via Quadratic Assignment Problems, SIAM J. Matrix Anal. Appl., 18 (1997), pp. 706–732.

19. Alan George, Wei-Pai Tang, and Ya Dan Wu, Multi-Level One-Way Dissection for Unsteady Incompressible Navier-Stokes Flows, Fifth Conference of the CFD Society of Canada, University of Victoria, May 25-27, 1997.

20. Alan George and Khakim Ikramov, On Hankel Matrices which Commute with Tridiagonal Matrices, Comp. Math. & Math. Phys., 36 (1996), pp. 3–10.

21. Alan George, Khakim Ikramov, Wei-Pai Tang, and V. N. Tchugunov, On Doubly Symmetric Tridiagonal Forms for Complex Matrices, SIAM J. Matrix Anal. Appl., 17 (1996), pp. 680–690.

22. Alan George and Khakim Ikramov, Is the Polar Decomposition Finitely Computable?, SIAM J. Matrix Anal. Appl., 17 (1996), pp. 348–354.

23. Alan George, On Finding and Analyzing the Structure of the Cholesky Factor, Proceedings of the NATO Conference on Algorithms for Large Scale Linear Algebraic Systems: State of the Art and Applications in Science and Engineering, University of Gran Canaria, Spain, June 23-July 5, 1996, Kluwer Academic Publishers, G. Althous Winter and E. Spedicato (eds.), pp. 73–105.

24. Alan George, Khakim Ikramov, L. Matushkina, and Wei-Pai Tang, On a QR-Like Algorithm for Some Structured Eigenvalue Problems, SIAM J. Matrix Anal. Appl., 16 (1995), pp. 1107–1126.

25. Alan George and Khakim Ikramov, On Conditionality and Expected Error of two Methods for Computing the Pseudo-eigenvalues of a Complex Matrix, Comp. Math. & Math. Phys., 35 (1995), pp. 1597–1604 (in Russian).

26. Alan George, Khakim Ikramov, A. N. Krivoshapova, and Wei-Pai Tang, A Finite Procedure for the Tridiagonalization of a General Matrix, SIAM J. Matrix Anal. Appl., 16 (1995), pp. 377–386.

27. Eleanor Chu, Alan George, and D. Quesnel, Parallel Matrix Inversion on a Subcube-grid, Parallel Comput., 19 (1993), pp. 243–256.

28. Phil Edmonds, Eleanor Chu, and Alan George, Dynamic Programming on a Shared-Memory Multiprocessor, Parallel Comput.,19 (1993), pp. 9– 22. 29. Eleanor Chu and Alan George, Parallel Algorithms and Subcube Embedding on a Hypercube, SIAM J. Sci. Stat. Comput., 14 (1993), pp. 81–94.

30. Eleanor Chu and Alan George, A Balanced Submatrix Merging Algorithm for Multiprocessor Architectures, Parallel Comput., 18 (1992), pp. 1–10.

31. Alan George and Esmond Ng, Parallel Sparse Gaussian Elimination with Partial Pivoting, Annals of Operations Research, 22 (1990), pp. 219–240.

32. Eleanor Chu and Alan George, Sparse Orthogonal Decomposition on a Hypercube Multiprocessor, SIAM J. Sci. Stat. Comput., 11(3) (1990), pp. 453–465.

33. Eleanor Chu and Alan George, QR Factorization of a Dense Matrix on a Hypercube Multiprocessor, SIAM J. Sci. Stat. Comput., 11(5) (1990), pp. 990–1028.

34. Alan George and Joseph W-H. Liu, The Evolution of the Minimum Degree Ordering Algorithm, SIAM Rev., 31 (1989), pp. 1–19.

35. Alan George, Joseph W-H. Liu, and Esmond Ng, Communication Results for Parallel Sparse Cholesky Factorization on a Hypercube, Parallel Comput., 10 (1989), pp. 287–298.

36. Eleanor Chu and Alan George, QR Factorization of a Dense Matrix on a Shared-Memory Multiprocessor, Parallel Comput., 11 (1989), pp. 55–71.

37. Alan George, Michael T. Heath, Joseph W-H. Liu, and Esmond Ng, Solution of Sparse Positive Definite Systems on a Hypercube, Comput. Appl. Math., 27 (1989), pp. 129–156.

38. Alan George, Solution of Sparse Systems of Equations on Multiprocessor Architectures, Proceedings of the SERC Numerical Analysis Summer School, University of Lancaster, England, Peter Turner (ed.), Lecture Notes in Mathematics # 1394, Springer Verlag, 1989, pp. 31–94.

39. Eleanor Chu and Alan George, Updating and Downdating the Inverse Cholesky Factor on a Hypercube Multiprocessor, in Hypercube and Distributed Computers, Proceedings of the First European Workshop on Hypercube and Distributed Computers, Elsevier North-Holland Publishing Co., F. André and J. P. Verjus (eds.), 1989, pp. 117–131.

40. Alan George, Michael T. Heath, Joseph W-H. Liu, and Esmond Ng, Sparse Cholesky Factorization on a Local-Memory Multiprocessor, Proceedings of the ARO Workshop on Parallel Processing and Medium-Scale Multiprocessors A. Wouk (ed.), SIAM, Philadelphia (1989), 58–75.

41. Alan George and Esmond Ng, On the Complexity of Sparse QR and LU Factorization of Finite Element Matrices, SIAM J. Sci. Stat. Comput., 9 (1988), pp. 849–861.

42. Alan George, Joseph W-H. Liu, and Esmond Ng, A Data Structure for Sparse QR and LU Factorizations, SIAM J. Sci. Stat. Comput., 9 (1988), pp. 100–121.

43. Alan George, Michael T. Heath, Joseph W-H. Liu, and Esmond Ng, Sparse Cholesky Factorization on a Local-Memory Multiprocessor, SIAM J. Sci. Stat. Comput., 9 (1988), 327–340.

44. Alan George and Esmond Ng, Shared versus Local Memory in Parallel Sparse Matrix Computations, ACM SIGNUM Newsletter, 23, No. 2, pp. 9-13, 1988.

45. Alan George and Joseph W-H. Liu, Householder Reflections Versus Givens Rotations for Sparse Orthogonal Decomposition, Linear Algebra Appl., 88/89 (1987), pp. 223–238.

46. Alan George and Esmond Ng, Symbolic Factorization for Sparse Gaussian Elimination with Partial Pivoting, SIAM J. Sci. Stat. Comput., 8 (1987), pp. 877–898.

47. Alan George, Michael T. Heath, Joseph W-H. Liu, and Esmond Ng, Symbolic Cholesky Factorization on a Local-Memory Multiprocessor, Parallel Comput., 5 (1987), pp. 85–95.

48. Eleanor Chu and Alan George, Gaussian Elimination with Partial Pivoting and Load Balancing on a Multiprocessor, Parallel Comput., 5 (1987), pp. 65–74.

49. Alan George, Joseph W-H. Liu, and Esmond Ng, Communication Reduction in Parallel Sparse Cholesky Factorization, in Hypercube Multiprocessors, M. T. Heath (ed.), SIAM, Philadelphia, 1987, pp. 576–586.

50. Alan George, Joseph W-H. Liu, and Esmond Ng, Row Ordering Schemes for Sparse Givens Transformations II: Implicit Graph Model, Linear Algebra Appl., 75 (1986), pp. 203–224.

51. Alan George and Esmond Ng, Orthogonal Reduction of Sparse Matrices to Upper Triangular Form Using Householder Transformations, SIAM J. Sci. Stat. Comput., 7 (1986), pp. 460–472.

52. Alan George, Joseph W-H. Liu, and Esmond Ng, Row Ordering Schemes for Sparse Givens Transformations III: Analyses of a Model Problem, Linear Algebra Appl., 75 (1986), pp. 225–240.

53. Alan George, Michael T. Heath, and Joseph W-H. Liu, Parallel Cholesky Factorization on a Shared-Memory Multiprocessor, Linear Algebra Appl., 77 (1986), pp. 165–188.

54. Alan George, Michael T. Heath, Joseph W-H. Liu, and Esmond Ng, Solution of Sparse Positive Definite Systems on a Shared-Memory Multiprocessor, Internat. J. Parallel Programming, 15 (1986), pp. 309–325.

55. Alan George and Joseph W-H. Liu, Compact Structural Representation of Sparse Cholesky, QR, and LU Factors, Computing Methods in Applied Science and Engineering VII, R. Glowinski and J-L. Lions (eds.), Elsevier Science Publishers B. V. (North Holland), 1986, pp. 93–106.

56. Alan George and Esmond Ng, An Implementation of Gaussian Elimination with Partial Pivoting for Sparse Systems, SIAM J. Sci. Stat. Comput., 6 (1985), pp. 390–409.

57. Alan George and Hamza Rashwan, Auxiliary Storage Methods for Solving Finite Element Systems, SIAM J. Sci. Stat. Comput., 6 (1985), pp. 882– 910.

58. Eleanor Chu and Alan George, A Note on Estimating the Error in Gaussian Elimination Without Pivoting, ACM SIGNUM Newsletter, 20, No. 2, 1985, pp. 2–7.

59. Alan George, Joseph W-H. Liu, and Esmond Ng, Row Ordering Schemes for Sparse Givens Transformations I: Bipartite Graph Model, Linear Algebra Appl., 61 (1984), pp. 55–81.

60. Alan George, Michael T. Heath, and Esmond Ng, Solution of Sparse Underdetermined Systems of Linear Equations, SIAM J. Sci. Stat.Comput., 4 (1984), pp. 988–997.

61. Alan George and Esmond Ng, A New Release of SPARSPAK: The Waterloo Sparse Linear Equations Package, ACM SIGNUM Newsletter, 19, No. 4, 1984, pp. 9–13.

62. Alan George, Michael T. Heath, and Esmond Ng, A Comparison of Some Methods for Solving Sparse Linear Least Squares Problems, SIAM J. Sci. Stat. Comput., 4 (1983), pp. 177–187.

63. Alan George and Esmond Ng, On Row and Column Orderings for Sparse Least Squares Problems, SIAM J. on Numer. Anal., 20 (1983), pp. 326–344.

64. Alan George and Esmond Ng, A Package for Solving Large Sparse Linear Least Squares Problems, Computer Science & Statistics: 15th Symposium on the Interface, J. E. Gentle (ed.), North-Holland, 1983, pp. 140–147.

65. Alan George, Michael T. Heath, and Robert J. Plemmons, Solution of Large Scale Sparse Least Squares Problems Using Auxiliary Storage, SIAM J. Sci. Stat. Comput., 2 (1981), pp. 416–429.

66. Alan George and Esmond Ng, A Brief Description of SPARSPAK: The Waterloo Sparse Linear Equations Package, ACM SIGNUM Newsletter, 16, No. 2, 1981, pp. 17–20.

67. Alan George, G. H. Golub, M. T. Heath, and R. J. Plemmons, Least Squares Adjustment of Large-Scale Geodetic Networks by Orthogonal Decomposition, Proceedings of the Symposium on Geodetic Networks and Computations, Munich, August 30-September 4, 1981.

68. Alan George and Hamza Rashwan, Input/Output Traffic Analysis of an Auxiliary Storage Scheme for Solving Finite Element Systems, Proceedings of the Fifth International Symposium on Computing Methods in Applied

Sciences and Engineering, INRIA, Versailles, France, December 14-18, 1981. 69. Alan George and Joseph W-H. Liu, A Minimal Storage Implementation of the Minimum Degree Algorithm, SIAM J. Numer. Anal., 17 (1980), pp. 282–299.

70. G. H. Gonnet, L. D. Rogers, and Alan George, An Algorithmic and Complexity Analysis of Interpolation Search, Acta Inform., 13 (1980), pp. 39– 52. 71. Alan George and Joseph W-H. Liu, An Optimal Algorithm for Symbolic Factorization of Symmetric Matrices, SIAM J. on Computing, 9 (1980), pp. 583–593.

72. Alan George and Joseph W-H. Liu, A Fast Implementation of the Minimum Degree Algorithm Using Quotient Graphs, ACM Trans. Math. Software, 6 (1980), pp. 337–358.

73. W. M. Chan and Alan George, A Linear Time Implementation of the Reverse Cuthill-McKee Algorithm, BIT, 20 (1980) pp. 8–14.

74. Alan George, An Automatic One-Way Dissection Algorithm for Irregular Finite Element Problems, SIAM J. Numer. Anal., 17 (1980), pp. 740–751.

75. Alan George and Hamza Rashwan, On Symbolic Factorization of Partitioned Sparse Symmetric Matrices, Linear Algebra Appl., 34 (1980), pp. 145– 157.

76. Alan George and Michael T. Heath, Solution of Sparse Linear Least Squares Problems Using Givens Rotations, Linear Algebra Appl., 34 (1980), pp. 69–83.

77. Alan George, Direct Solution of Sparse Positive Definite Systems: Some Basic Ideas and Open Problems, Proceedings of the IMA Conference on Sparse Matrices and their Uses, Reading, England, July 9-11, 1980.

78. Alan George, Direct Methods for the Solution of Large Sparse Systems of Linear Equations: Part 1 - SIAM News 13 No. 3, June 1980. Part 2 - SIAM News 13 No. 4, September 1980.

79. Alan George and Joseph W-H. Liu, Finding Diagonal Block Envelopes of Triangular Factors of Partitioned Matrices, Proceedings of the 10th Manitoba Conference on Numerical Analysis and Computing, University of Manitoba, October 1-4, 1980.

80. Alan George and Esmond Ng, A Comparison of Some Methods for Solving Sparse Linear Least Squares Problems, Proceedings of the 10th Manitoba Conference on Numerical Analysis and Computing, University of Manitoba, October 1-4, 1980.

81. Alan George and Joseph W-H. Liu, The Design of a User Interface for a Sparse Matrix Package, ACM Trans. Math. Software, 5 (1979), pp. 139–162.

82. Alan George and Joseph W-H. Liu, An Implementation of a Pseudo- Peripheral Node Finder, ACM Trans. Math. Software, 5 (1979), pp. 284–295.

83. S. Eisenstat, Alan George, R. Grimes, D. Kincaid, and A. Sherman, Some Comparisons of Software Packages for Large Sparse Linear Systems, Proceedings Third IMACS International Symposium on Computer Methods for Partial Differential Equations, Lehigh University, June 20-22, 1979.

84. Alan George and Hamza Rashwan, On Symbolic Factorization of Partitioned Sparse Symmetric Matrices, Proceedings of the 9th Manitoba Conference on Numerical Mathematics, University of Manitoba, Sept. 27-29, 1979.

85. Alan George and Joseph W-H. Liu, Algorithms for Matrix Partitioning and the Numerical Solution of Finite Element Systems, SIAM J. Numer. Anal., 15 (1978), pp. 297–327.

86. Alan George and David R. McIntyre, On the Application of the Minimum Degree Algorithm to Finite Element Systems, SIAM J. Numer. Anal., 15 (1978), pp. 90–112.

87. Alan George, W. G. Poole, Jr., and R. G. Voigt, Incomplete Nested Dissection for Solving n by n Grid Problems, SIAM J. Numer. Anal., 15 (1978), pp. 662–673.

88. Alan George and Joseph W-H. Liu, An Automatic Nested Dissection Algorithm for Irregular Finite Element Problems, SIAM J. Numer. Anal., 15 (1978), pp. 1053–1069.

89. Alan George, W. G. Poole, Jr., and R. G. Voigt, Analysis of Dissection Algorithms for Vector Computers, J. Computers and Mathematics with Applications, 4 (1978), pp. 287–304.

90. Alan George, An Automatic One-Way Dissection Algorithm for Irregular Finite Element Problems, Proceedings of the 1977 Dundee Conference on Numerical Analysis, Lecture Notes in Mathematics #630, Springer Verlag, 1978, pp. 76–89.

91. Alan George and Joseph W-H. Liu, A Quotient Graph Model for Symmetric Factorization, in Sparse Matrix Proceedings 1978, Iain S. Duff, and G. W. Stewart (eds.), SIAM, Philadelphia, 1978, pp. 154–175.

92. Alan George and Joseph W-H. Liu, A Fast Implementation of the Minimum Degree Algorithm using Quotient Graphs, Proceedings of the 8th Manitoba Conference on Numerical Mathematics, University of Manitoba, Sept. 28 - 30, 1978, pp. 217–250.

93. Alan George, Numerical Experiments Using Dissection Methods to Solve n by n Grid Problems, SIAM J. Numer. Anal., 14 (1977), pp. 161–179.

94. Alan George and David R. McIntyre, On the Application of the Minimum Degree Algorithm to Finite Element Systems, in Mathematical Aspects of Finite Element Methods, Lecture Notes in Mathematics #606, Springer Verlag, 1977, pp. 122–149.

95. Alan George, A Negative Result on Sparse Matrix Splitting and Gaussian Elimination, SIAM J. Numer. Anal., 13 (1976), pp. 846–853.

96. Victor Barwell and Alan George, A Comparison of Algorithms for Solving Symmetric Indefinite Systems of Linear Equations, ACM Trans. Math. Software, 2 (1976), pp. 242–251.

97. Alan George and Joseph W-H. Liu, An Algorithm for Automatic Nested Dissection and its Application to General Finite Element Problems, Proceedings of the 6th Manitoba Conference on Numerical Mathematics and Computing, University of Manitoba, Sept. 30 - Oct. 2, 1976, pp. 59–94.

98. Alan George, Sparse Matrix Aspects of the Finite Element Method, in Computing Methods in Applied Science and Engineering, Lecture Notes in Economics and Mathematical Systems #134, Springer Verlag 1976, pp. 3–22.

99. Alan George and Joseph W-H. Liu, A Note on Fill for Sparse Matrices, SIAM J. Numer. Anal., 12 (1975), pp. 452–455.

100. Alan George, On Block Elimination for Sparse Linear Systems, SIAM J.

Numer. Anal., 11 (1974), pp. 585–603.

101. Alan George, Nested Dissection of a Regular Finite Element Mesh, SIAM J. Numer. Anal., 10 (1973), pp. 345–363.

102. Garrett Birkhoff and Alan George, Elimination by Nested Dissection, in Complexity of Sequential and Parallel Algorithms, J.F. Traub (ed.), Academic Press, New York, 1973, 221–269.

103. Alan George, A Survey of Sparse Matrix Methods in the Direct Solution of Finite Element Equations, Proceedings of the Summer Computer Simulation Conference, Montreal, Canada, July 17-19, 1973, pp. 15–20.

104. Alan George, On the Density of Finite Element Matrices, Internat. J.

Numer. Meth. Engrg., 5 (1972), pp. 297–300.

105. Alan George, An Efficient Band-Oriented Scheme for Solving n by n Grid Problems, Proceedings of the 1972 Fall Joint Computer Conference, AFIPS Press, 210 Summit Ave., Montvale, N.J., Dec. 1972, pp. 1317–1320.

106. Alan George, Block Elimination on Finite Element Systems of Equations, in Sparse Matrices and Their Applications, D.J. Rose and R.A. Willoughby (eds.), Plenum Press, New York, 1972.

107. B. L. Buzbee, F. W. Dorr, Alan George, and G. H. Golub, The Direct Solution of the Discrete Poisson Equation on Irregular Regions, SIAM J. Numer. Anal., 8 (1971), pp. 722–736.

108. J. W. Carmichael, Alan George, and R. S. Julius, Finding Natural Clusters, Systematic Zoology, 17 (1968), pp. 144–152.

Acknowledgments. I am very grateful for the help I have received from Alan George’s many professional colleagues in writing this dedication. Joseph Liu made numerous suggestions, and Esmond Ng, Mike Heath, John Gilbert and Bruce Hendrickson commented on a draft. Thanks also to President David Johnston, Provost Amit Chakma, and Lois Claxton, Secretary of the University, all of the University of Waterloo, for their helpful contributions.

Alex Pothen Department of Computer Science and Center for Computational Science Old Dominion University Norfolk VA 23529 USA

pothen@cs.odu.edu