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Modified Multiple Explicitly Restarted Arnoldi Method
with Hybrid GridRPC/MPI Implementation

TAKANORI KIHARA,* YOSHIHISA KODAKI, HIROTO TADANOf*
and TETSUYA SAKURAI®

In this paper, we consider a parallel method for standard eigenvalue problems with large
sparse non-Hermitian matrices. The explicitly restarted Arnoldi method is one of iterative so-
lution technique for large-scale standard eigenvalue problems. The convergence of this method
depends on a restart period. However, it is difficult to specify a restart period which has good
convergences. The modified multiple explicitly restarted Arnoldi method is based on a multi-
ple use of explicitly restarted Arnoldi method in order to improve the convergence. However,
the residual norm of this method may stagnate. We propose a modified method to avoid this
drawback and have implemented the modified method with hybrid of GridRPC and MPI.
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Some numerical examples illustrate the performance of the presented method.
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Basic Arnoldi Algorithm : BA

(Input : A, s, m, v, Output : 7, Al Us(m))

Lwi =v/[vl,
2. For j=1,2,...,m do:

w; = ij7
Fori=1,2,...,75 do:
hij = (wi,wy),

W; = W; — hijws,
End
i1 = [y
wjp1 = Wj/hjt,,
End

3. Compute the eigenpairs of H,,
and select the s desired ones.
4. Compute the s associate Ritz vectors
@™ = Woy'™, i=1,2,...,).
5. Normalize the s Ritz vectors
w™ =a™ /|a{™,, (i =1,2,...,5).
6. Compute rs = (p1,...,ps) with
pi = (A= X" Du™|,.
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ERAM Algorithm :
(Input : A, s, m, v, Output : rs, Al Us(m))

1. Start. Choose a parameter m and

an initial vector v.

2. Iterate. Compute a BA step.

3. Restart. If ||r4||_, > tol then update
the initial vector v by (4) and goto 2.
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MERAM Algorithm :
(Input : A, s, M, v, Output : 75, Al Us(m))

1. Start. Choose an initial vector v and a

set of subspace sizes M = (ma,...my).
2. Iterate. For i = 1,...,[ do in parallel:

(a) Receiv_Initial Data

(b) Compute a BA step.

(c) If ||Iri]|,, < tol

then stop all processes.

(d) Send_Eigen_Info

3. Restart. Update the initial vector v

by (5) and goto 2.
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call Mat_Vec_multiple(v) }

end for
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Fig.1 Ninf-G/MPI hybrid implemenation of MERAM in

Servers.

01 MERAM OOOODOOOO
Table 1 Restart Periods of MERAM.

#ERAMs ooooooo

2 200 40

3 100 300 50

4 120 240 360 48

5 100 200 300 400 50

6 100 180 260 340 420 50

7 120 180 240 300 360 420 48

8 120 170 220 270 320 370 420 47

9 100 150 200 250 300 350 400 450 50

10 120 160 200 240 280 320 360 400 440 48
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