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1. Models of computations.

a. Hardware trends and communication costs.

b. Models: Sequential (2-levels, Hierarchical), Distributed (homogeneous, BSP-like
with local memory bound, PRAM), shared.

c. Communication minimizing algorithms: basic examples.

2. Communication minimizing algorithms

a. Sequential classical matrix multiplication: blocked, recursive

b. Parallel classical matrix multiplication: 2D (Cannon, Summa), 3D, 2.5D, BFS-DFS
c. Dense linear algebra: sequential and parallel LU, Cholesky, QR and other
decompositions.

d. Sparse numerical linear algebra

e. Weak scaling, strong scaling, perfect strong scaling.

f. Parallel graph algorithms

g. Dynamic programming

h. N-Body problem

3. Communication costs lower bounds: sequential and parallel.

a. Reductions

b. Geometric surface to volume bounds: Loomis-Whitney, Brascamp-Lieb, and
Hoélder's Inequalities and their applications to matrix multiplication, direct numerical
linear algebra, and nested loops.

c. Graph analyses: dominator set, edge expansion, path routing, and their
application to Cooley-Tukey FFT, Strassen’s matrix multiplication, and other
algorithmes.

4. Obliviousness to resources

a. Tuning, auto-tuning and obliviousness

b. Cache oblivious algorithms; Cache eviction policies.

c. Data layouts: row and column major, blocked, recursive.
d. Distributed date layouts, dynamic data layouts

e. Data structure for Cache obliviousness

f. Network and processors obliviousness

5. Networks

a. Common networks: in chips, clusters, and supercomputers
b. Universal networks

c. 2.5D algorithms revisited

d. Topology dependent lower bounds.

6. Resilient computing

a. Hardware trends

b. Fault tolerance

c. Fault tolerance by error correcting codes
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7. Non-volatile memories

a. Read-write asymmetry in costs and durability
b. Write spreading algorithms

c. Write lower bounds

d. Write minimizing algorithms

8. Sorting Algorithms
a. Parallelizations of sequential algorithms
b. Funnel-sort

9. Bilinear algorithms

a. Practical fast matrix multiplication, exact and approximated: Strassen-Winograd,
Bini, Pan, Hopkroft-Kerr, Smirnov

b. Impractical fast matrix multiplication

C. Yuster-Zwick fast-sparse matrix multiplication

10. Fast Fourier Transform

a. Cooley Tukey

b. Lower bounds

c. Sequential and Parallel implementations

11. Hands-on. A subset of

a. Distributed memory machines: MPI

b. Shared memory machines: OpenMP and Threads
c. GPU: CUDA, CULA, OpenCL

d. Debugging and optimization tools.

e. The roofline model

f. LAPACK and ScalLAPACK

g. FFTW

12. Function on matrices, Newton method, inverse, root, sign.
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Parallel Scientific Computation: A Structured Approach using BSP and MPI
by Rob H. Bisseling

Introduction to Algorithms
by Thomas H. Cormen et al.

Applied Numerical Linear Algebra
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by James W. Demmel

Functions of Matrices: Theory and Computation
by Nicholas J. Higham

. '9101 [I'XN 2’271

:nyn/ 9on yTn

5/5


http://www.tcpdf.org

