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@ The Problem
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Problem unit R

@ Input: Accv*n, AH=A; #eigenpairs: 1<k<n

@ Output: X € C"** eigenvectors
A € R¥*k  eigenvalues
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AX = XA
@ Input: Accv*n, AH=A; #eigenpairs: 1<k<n

@ Output: X € C"** eigenvectors
A € RF¥F  eigenvalues

Approach

@ T =QHAQ Reduction to tridiagonal form  O(n?)
@ 77 =7A  Tridiagonal eigenproblem O(lm)—O(n3)
e X =QZ Backtransformation O(kn?)
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AX = XA
@ Input: Accv*n, AH=A; #eigenpairs: 1<k<n

@ Output: X € C"** eigenvectors
A € RF¥F  eigenvalues

Approach

@ T =QHAQ Reduction to tridiagonal form  O(n?)

@ 77 =zA  Tridiagonal eigenproblem O(lm)—O(n3)

@ X =QZ Backtransformation O(kn?) )
Algorithms

@ Inverse lteration (1958): subsets O(kn?)

@ QR (1961): high-accuracy O(n?)

@ Divide & Conquer (1981): parallel, BLAS3 O(n?)

@ MRRR (1997): subsets, no re-orth. O(kn) ) g.
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Multi-cores: standard (computing) architecture

Multi-cores invasion: 499/500 entries of the Top 500

4 cores, 8 cores, ...24 cores, ...

an
Cle]s]

Paolo Bientinesi (AICES, RWTH Aachen) MRRR for Multi-core Processors PARA 2010 June 6-9, 2010 4/18




Multi-cores: standard (computing) architecture

Multi-cores invasion: 499/500 entries of the Top 500

4 cores, 8 cores, ...24 cores, ...

@ More parallelism than we know what to do with?

@ |Is multi-threaded BLAS the solution for LA libs?

@ Linear solvers # Eigensolvers [A]1]
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Multi-cores: standard (computing) architecture

Multi-cores invasion: 499/500 entries of the Top 500

4 cores, 8 cores, ...24 cores, ...

@ More parallelism than we know what to do with?

@ |Is multi-threaded BLAS the solution for LA libs?

° Eigensolvers [A]1]
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Multi-threaded BLA
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Tridiagonal eigensolver, matrix size=4289, from DFT.
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Multi-threaded BL
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More motivation? unifERRY

...it's O(n?*) anyway
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More motivation? unifERRY

) anyway

N = 4,289

0.9 Backtransformation

Sequential MRRR

Fraction of execution time

12 4 8 16 24
Number of threads

If not properly parallelized, even O(n?) dominates! g.
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@ The Algorithm
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MRRR — Dhillon & Parlett unifERRY

Multiple Relatively Robust Representations

@ first stable algorithm to compute k eigenpairs in O(nk) ops
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MRRR — Dhillon & Parlett unifERRY

Multiple Relatively Robust Representations

@ first stable algorithm to compute k eigenpairs in O(nk) ops
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MRRR — Dhillon & Parlett unifERRY

Multiple Relatively Robust Representations

@ first stable algorithm to compute k eigenpairs in O(nk) ops
@ no reorthogonalization

@ 1) eigenvalues — 2) eigenvectors + eigenvalues

@ eigenvalues: Bisection or dqds

@ eigenvectors:

Scan \’s
sep. cluster
Compute Shift
1\ 2) New RRR
Y
\’s refine

_

v
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MRRR — Dhillon & Parlett unfERSRY

Multiple Relatively Robust Representations

@ first stable algorithm to compute k eigenpairs in O(nk) ops
@ no reorthogonalization

@ 1) eigenvalues — 2) eigenvectors + eigenvalues

@ eigenvalues: Bisection or dqds

@ eigenvectors:

Compute
1(), 2)

Shift
New RRR
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Representation Tree uniGEREEY
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The work queue unif R

High priority

thread pool <_| R R R

Low priority
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Example trace: 16 cores—eigenvectors onitERIRY

Matrix size: 12387 Execution time: 3.3s  Sequential: 49.3s (LAPACK)
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e Results
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Tridiagonal stage unGESY
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Matrix size: 4289. g.
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Tridiagonal stage unGESY
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Tridiagonal stage unGESY
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Tridiagonal stage unGESY
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A larger example: look at the scale! unifERRY

Matrix size: 16023. Frequency response analysis of automobiles.
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From almost 10 hours to 8.3 seconds. (A] 1]
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Speedups
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e Conclusions

Paolo Bientinesi (AICES, RWTH Aache MRRR for Multi-core Process PARA 2010 June 2010 16/18




3 stages: before and after unifERERY
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3 stages: before and after
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Conclusions oY

Multi-threaded BLAS for eigensolvers: not THAT good.

MRRR-SMP

@ eigensolver tailored for multi-cores
@ almost perfect speedups
@ routines are available

Thank you for the attention.
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