I )
Matrix Computations
B 2 v R &K

Numerical Linear Algebra

&

RO RFHRFMFFR



gt |

In the history of science, there were two periods of time that made the most impact for applied
mathematics. The first was the time of Newton, during which it was established that mathematics
should be the language of science. The second was the time of von Neumann, during which
it was proposed that numerical algorithms should be the main bridge between mathematics

and science.

— BPHERG, “A Mathematical Perspective on Machine Learning”, ICM 2022.

© ERERERE L, HREREY 2L REETL SR A4+
© ICM 2022 (3 29 & HBREIER R E) —/Mfdid, ICML 2022 (H Faplas 2 I K2 ik
© ICIAM Maxwell Prize (2023), ICIAM Collatz Prize (2003), ACM Gordon-Bell Prize (2020)
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MSC (Mathematics Subject Classification, AMS) 2020: Numerical analysis

65Axx
65Bxx
65Cxx
65Dxx
65Exx
65Fxx
65Gxx
65Hxx
65]xx
65Kxx
65Lxx
65Mxx
65Nxx
65Pxx
65Qxx
65Rxx
65Sxx
65Txx
65Yxx
657xx

Tables in numerical analysis

Acceleration of convergence in numerical analysis

Probabilistic methods, stochastic differential equations

Numerical approximation and computational geometry (primarily algorithms)

Numerical methods in complex analysis (potential theory, etc.)

Numerical linear algebra

Error analysis and interval analysis

Nonlinear algebraic or transcendental equations

Numerical analysis in abstract spaces

Numerical methods for mathematical programming, optimization and variational techniques
Numerical methods for ordinary differential equations

Numerical methods for PDEg, initial value and time-dependent initial-boundary value problems
Numerical methods for partial differential equations, boundary value problems

Numerical problems in dynamical systems

Numerical methods for difference and functional equations, recurrence relations

Numerical methods for integral equations, integral transforms

Graphical methods in numerical analysis

Numerical methods in Fourier analysis

Computer aspects of numerical algorithms

Applications to the sciences
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If any other mathematical topic is as fundamental to the mathematical sciences as calculus and

differential equations, it is numerical linear algebra.

— Trefethen & Bau, Numerical Linear Algebra, 1997/2022.

Lloyd N. Trefethen (1955 -)

© Professor of University of Oxford / Harvard (2023.9 -)

© First customer to buy MATLAB

© Royal Society (32 E 2 K% £), National Academy of Engineering (¥ RIAR),
Chinese Academy of Sciences, Academia Europaea (BX il A ST 5 aR#AEnR)

© President of SIAM, Fellow of SIAM and AMS

© IMA Gold Medal, LMS Naylor Prize, SIAM Pélya Prize

© SIAM John von Neumann Prize

© Invited speaker at ICIAM, ICM, and ECM congresses

© Author of SIAM’s all-time bestseller

© Winner of teaching prizes at MIT, Cornell and Oxford

© Winner of the first Fox Prize in Numerical Analysis

http://math.ecnu.edu.cn/jypan 7/16



Linear algebra — in particular, the solution of linear systems of equations — lies at the heart of

most calculations in scientific computing,.
— Dongarra & Eijkhout, 2000.

& ].J. Dongarra and V. Eijkhout, Numerical linear algebra algorithms and software, JCAM, 123 (2000), 489-514.

Jack J. Dongarra (1950 —)
© #Ri bR IGT MG T EER
© EIR¥(2021)
© Director of Innovative Computing Laboratory
© Distinguished Research Staff, Oak Ridge National Laboratory
© Turing Fellow at Manchester University
© National Academy of Engineering, British Royal Society, Russian Academy of Sciences
© Fellow of AAAS, ACM, IEEE and SIAM
© first IEEE Medal of Excellence in Scalable Computing,
first recipient of the SIAM Special Interest Group on Supercomputing’s award, ...
© BLAS, LAPACK, ScalL APACK, MPI, Netlib, Top500, ...
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MSC 2020 (Mathematics Subject Classification, AMS): Numerical Linear Algebra

65F05
65F08
65F10
65F15
65F18
65F20
65F22
65F25
65F35
65F40
65F45
65F50
65F55
65F60
65F99

Direct numerical methods for linear systems and matrix inversion
Preconditioners for iterative methods

Iterative numerical methods for linear systems

Numerical computation of eigenvalues and eigenvectors of matrices
Numerical solutions to inverse eigenvalue problems

Numerical solutions to overdetermined systems, pseudoinverses
[ll-posedness and regularization problems in numerical linear algebra
Orthogonalization in numerical linear algebra

Numerical computation of matrix norms, conditioning, scaling

Numerical computation of determinants

Numerical methods for matrix equations

Computational methods for sparse matrices

Numerical methods for low-rank matrix approximation; matrix compression
Numerical computation of matrix exponential and similar matrix functions

None of the above, but in this section
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© HiFE4M#E: LU, Cholesky, QR, SVD, ... ...
© Mk BHIERE, PULBERCR, .. ...
© JHEREREYE: 72 MIEARIE, RABRHEAE T 5L, BEOLEE, . .
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I The Best of the 20th Century: Editors Name Top 10 Algorithms

1. Monte Carlo method (1946)
Simplex Method for Linear Programming (1947)
Krylov Subspace Iteration Methods (1950)

The Decompositional Approach to Matrix Computations (1951)
The Fortran Optimizing Compiler (1957)

QR Algorithm for Computing Eigenvalues (1959-61)

Quicksort Algorithm for Sorting (1962)

Fast Fourier Transform (1965)

® N s D

9. Integer Relation Detection Algorithm (1977)
10. Fast Multipole Method (1987)

& B. A. Cipra, SIAM News, 2000.
& ]. Dongarra and F. Sullivan, Computing in Science and Engineering, 2(2000), 22-23.
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& G.H. Golub and C. E van Loan, Matrix Computations (4th), 2013.

& ].W. Demmel, Applied Numerical Linear Algebra, 1997.

& L.N. Trefethen and D. Bau, 111, Numerical Linear Algebra, 1997/2022.

W AR FERE, 1§ B FREES, WLKKIT, MATLAB, Python, C\C++, Fortran
W FEF T https://math.ecnu.edu.cn/jypan/Teaching/MC/
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