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MAIN GOAL: Highly Efficient Parallel Linear Algebra Software
Decisions to be taken:

· Block size in algorithms by blocks.

· Number of processors to use.

· Logical topology of the processes.

· Basic library to use for each lower level routine called.

· Algorithm to use when several are available.

Proposal


NECESSARY: Accurate Models of the Execution Time

t(n,SP,AP)

n : problem size

AP : algorithmic parameters (block size, number of processors, topology, library, algorithm)

SP : system parameters (cost of arithmetic or communication operations)

each s ( SP is s(n,AP)

example: s(n,r,c,b,l) with

     r : number of rows of processes
     c : number of columns of processes
     b : block size
     l : library
Improvements

· Values of the parameters vary with the problem size. Storing of values for selected sizes at installation time. Splitting of the formula in several parts:

2/3 k n3 ( 2/9 kn/6 n3 + 2/9 k3n/6 n3 + 2/9 k5n/6 n3
· Different values for different

· levels of computation (BLAS 1,2,3)

· routines in the same level

· storage scheme (square-rectangular-triangular matrix)

· access scheme (by rows or columns, …)

· Communication parameters (start-up and word-sending time) depend on the logical topology but also on the characteristics of the system, by influencing the theoretical cost by a factor depending on the system.

The values of the parameters are obtained by:

· For routines of the lowest level in the hierarchy: experiments for representative problem sizes, and storage and access schemes. This information is stored to estimate the cost of routines of higher levels.

· For routines in higher levels: substituting the values of the parameters of the lower levels in the formula of the theoretical cost, or by performing experiments to obtain values not previously stored.
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EXPERIMENTS

Systems: Origin 2000, IBM-SP2, Networks of PCs and Workstations (Ethernet, Fast-Ethernet, Myrinet).

Routines: 
  lowest level: Matrix multiplication: direct, blocks, Strassen

  medium levels: LU, QR and Cholesky factorizations. One-sided Jacobi method for the symmetric eigenvalue problem

  highest level: Toeplitz Least Square Problem, Lift-and-project method for the inverse eigenvalue problem

Basic libraries: ATLAS, reference and machine specific BLAS

Parameter selection for the QR algorithm
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Network of Pentium III with Fast-Ethernet
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Library and algorithm selection for the Cholesky algorithm
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Hierarchical Architecture of Self-Optimised Linear Algebra Libraries.
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