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Adaptive parallel algorithm for stochastic estimation of
nonlinear eigenvalue density

KazuMA YAMAMOTO, ! YASUYUKI MAEDA, !
YasuNoORrI FuTaAMURAT! and TETSUYA SAKURATT!

A numerical method that estimates the eigenvalue density of nonlinear eigenvalue problems
in the specified region has been proposed. Nonlinear eigenvalue problems arise in science and
engineering. Since parameter settings for eigensolver that based on eigenvalues are required,
accuracy and parallel efficiency can be improved by using eigenvalue density. In the present
paper, we propose an algorithm for efficient execution of the estimation method on parallel
computers. Conventional approach requires the solutions of linear systems for each integral
point that uniformly distributed on the complex plane. Thus, it causes the load imbalance and
requires a large computational cost due to the variation of solution time for linear systems.
The proposed master-worker type adaptive algorithm improves the load balance and reduces
the computational cost by the placing integral points according to the density of eigenvalue
in the specified region. Moreover, we propose a look-ahead algorithm that balances the loads
more efficiently by recycling the variables in the linear solver. We evaluate the efficiency of
the proposed algorithms by several numerical examples.
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O : Integral point

01 0oo0ooooooooobooooo
Fig.1 Layout of closed curves for estimation method of

eigenvalue density
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Complete mesh Master algorithm
Input: number of integral points Nan
Output: m,; fori=1,..., Nan
1: Add N,y tasks to TaskSet
2: Send tasks to all workers
3: while there exist m; which have not been com-
puted do
4. Receive t; from a worker
5 if Converge all integral points in I'; then
6 Compute m; by Eq.(4)
7. end if
8 if TaskSet is not empty then
9 Send a task to free worker
10:  end if
11: end while
12: Send END to all workers

02 0000O0oOoOO0oO0o0oO0o0oooOooooooooooooo
Fig.2 Algorithm of master process for complete mesh

algorithm

Worker Algorithm 1
1: Receive task from master
2: while have not received END do
3:  Solve F(z;) 'F'(zj)v, forl=1,...,L
4:  Compute ¢; by Eq.(3)
5. Send f; to master
6 Receive task or END from master

7: end while

03 00000000000000000000000000O0
gooooooooooooobooobo
Fig.3 Algorithm of worker process for complete mesh
algorithm and adaptive mesh algorithm
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® : Initial point
04 O0OO0OO0O0OODOOOCODODOOODOOOOODOOCOO 9
goooooOoOoO0O00oOoOoOO0oOO000OUUoDoooo
ooo
Fig.4 Relationship between complete mesh and adaptive
mesh. An example of initial integral points for 9
processed] left:complete meshOright:adaptive mesh(

Adaptive mesh Master algorithm
Input: threshold value m’
Output: m; fori=1,2,...
1: Add np —1 initial tasks to TaskSetd np, is num-
ber of process[]
2: Send tasks for all workers
3: while there exist m; which have not been com-
puted do
Receive i; from a worker
if Converge all integral points in I'; then
Compute m; by Eq.(4)
end if
if m; > m’ then
Add new tasks to TaskSet
end if
if TaskSet is not empty then
Send tasks to free workers
end if
14: end while
15: Send END

13:

05 00000000000 O00O00O00O0OOCOOOOOODOODO
Fig.5 Algorithm of master process for adaptive mesh

algorithm
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Adaptive mesh Master Algorithm with
Look-ahead
Input: threshold value m’
Output: m; fori =1,2,...
1: Add np —1 initial tasks to TaskSetd np, is num-
ber of process[]
2: Send tasks to all workers
3: while there exist m; which have not been com-
puted do
4:  Receive result

5. if Converge integral points in I'; > 3 then

6: if 1 point NotConverge and TaskSet is
empty then

7: Compute w; by Eq.(5)

8: end if

9: Compute m; by Eq.(4)

if m; > m’ then
Add tasks to TaskSet
end if
end if
if result is NotConverge then
Send CONTINUE
else if TaskSet is not empty then

10:
11:
12:
13:
14:
15:
16:
Send tasks to free workers
end if
19: end while
20: Send END

17:
18:

06 DO000OOO0OOO0OOOODOOODOOODOOODOOOO
oooooo
Fig.6 Adaptive mesh master’s algorithm with look-ahead

01 00000oooooooooo
Table 1 Nonlinear eigenvalue problems used in numerical

example

‘ F(z) ‘ Dimension
QDotSub2 | 32 2'A; | 245
QDotSub4 | % 2'A; | 2475
Butterfly Z?:O 2'A; | 64

0000 Quantum DotO 00 QDotO OO0 OODO
0Y0000050000000000 20000
00000000 QDotSub204000000000
000 QDotSub4 O O O OButterfly 0 NLEVP? O
00“ Butterfly” 0000

000020000000000000000000
00000 Butterfly 00000 200000000
00000000000000000QDotSub2 O
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Worker Algorithm 2

1: Receive task from master
2: while have not received END do

3:  Solve F(z;) 'F'(zj)v, forl=1,...,L
4:  if equation solver converge then
5 Compute #; by Eq.(3)
6: result «— i,
7. else
8 result — NotConverge
9 end if
Send result to master
Receive task, CONTINUE or END

12: end while

10:
11:

07 0DOoOoOoO0OoOOOOOOOOODOOOOOODOOOOO
opooooo
Fig.7 Algorithm of worker process for adaptive mesh
algorithm with look-ahead

02 Oooo0o

Table 2 Regions for estimation

| 0O [a00a1] | OO [boOb]

QDotSub2 | [-0.5600.04] | [-0.1900.21]
QDotSub4 | [-1.100.9] [-0.701.3]
Butterfly [-20 2] [-20 2]
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O Armoldi0000000000000000000
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0000000000000000 L=320000
0000000000000000000 GMRES
0¥ ooooooo0ODO0O0O0O0D 10720000
0000000000000 30000000000
ILU(0)0D0O0Y 0000000000000000
0o0o0D000O0DoOo0
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03 OD0ooOoooooon
Table 3 Number of integral point

goooooa 0ooooooooOo0o0/0000

QDotSub2 35 350 1.000
117 790 0.670
425 1670 0.390
1617 31500.190
6305 5600 0.090

24897 85900 0.030

25 250 1.000

81 810 1.000

289 21700.750
1089 5050 0.460
4225 10810 0.260
16641 24430 0.170
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Fig.8 Adaptive mesh and eigenvalue distribution of
QDotSub2
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Fig.9 Adaptive mesh and eigenvalue distribution of
Butterfly
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Table 4 Efficiency of look-ahead algorithm
| 00000000 | 000000000
42 2
14 48
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Fig.10 Timeline of busy time and wait time for each
worker process on adaptive mesh algorithm with
look-ahead.

[ 2 4 6 8 10 12

011 000000000000000000000000
Fig.11 Timeline of busy time and wait time for each
worker process on adaptive mesh algorithm.
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