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Performance Evaluation of Parallelizing Techniques for Matrix
Computations on Shared Memory Parallel Computers

SATOSHI TATENO," TAKAOMI SHIGEHARA,t? HIDEHIKO HASEGAWA13
and SUMIKO HIyYAMAt4

There are two methods of parallelizing the programs for numerical linear algebra on shared
memory parallel computers. One is the method which parallelizes a round sum of process
in the main routine by using OpenMP. The other is the method where the BLAS routines
for basic operations in linear algebra are highly parallelized. In this paper, we evaluate the
performance of two linear algebra libraries with each parallelizing technique on a single node
of HITACHI SR8000 as a shared memory parallel computer, and clarify the features of each
parallelizing technique. For comparison, direct solution of linear systems and eigenvalue prob-
lems are considered. Furthermore, in order to make clear which of BLAS levels should be
highly parallelized and tuned for the improvement of the performance for each problem and
algorithm, we present an entire data for each problem which exhausts all the combinations
of tuned/not-tuned BLAS for each BLAS level. The results for performance evaluation show
that the parallelizing technique which should be adopted as well as the BLAS level which
should be highly tuned is strongly dependent on the problem and the algorithm for it under

consideration.
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Table 1 Compiler version and compile options.

Compiler Library Compile Options
Optimizing FORTRAN90 NAG -64 -nolimit -noscope -omp -save -O4 -parallel +SBTLB
Compiler v-LAPACK 8 CPU -64 -nolimit -noscope -W0,”OPT(0(4)),MP(P(3))’
V01-05-/A n-LAPACK -procnum==8 -pvfunc=3 -parallel +SBTLB
1CPU | -64 -nolimit -noscope -O4 -pvfunc=3 -noparallel +SBTLB
02 00000000000000000 BLAS
Table 2 Parallelizing technique and BLAS.
Library Parallelizing technique BLAS
NAG 8 CPU | Parallelize outer loops by OpenMP .
1CPU — Nonparallelized
v-LAPACK 8CPU Parallelize core loops by compiler Parallelized
n-LAPACK 1CPU Nonparallelized
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03 LUOODOO0D0OO00O0O00000MmO00000 n = 5000

Table 3 Real time (minute :

second) for LU decomposition. Matrix size is n = 5000.

Library v-BLAS n-BLAS
1CPU 8CPU Speed-Up 1CPU 8CPU Speed-Up
NAG 01:18.40 | 00:12.01 6.53 04:04.51 | 00:38.42 6.36
v-LAPACK 01:28.33 00:17.82 4.96 04:16.12 00:44.02 5.77
n-LAPACK | 01:54.44 00:22.35 5.12 04:09.71 00:44.06 5.66

04 n-BLASOOOOOOO BLASOOOOOOOOOOOOOOOO n = 5000
Table 4 Relative time of each BLAS level in LU decomposition with n-BLAS.
1 CPU. Matrix size is n = 5000.

Library Level 1 BLAS | Level 2 BLAS | Level 3 BLAS | Others
NAG 0.06% 0.04% 96.58% 3.32%
v-LAPACK 0.28% 3.48% 92.09% 4.15%
n-LAPACK 0.14% 0.93% 94.89% 4.04%
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05 000000 BLASOODODOOO n-LAPACKODOOOO0O000O00O0MMOO0OO0OO0O n = 5000
Table 5 Real time of n-LAPACK with v-BLAS/n-BLAS for each BLAS level.
Matrix size is n = 5000.

BLAS routines of each level : (Level 1, Level 2, Level 3)
Routine v = “v-BLAS”, n = “n-BLAS”
(n,n,n) | (v,n,n) | (n,v,n) | (n,n,v) | (v,v,n) | (v,n,v) | (n,v,v) | (v,v, V)
dgetrf 8 CPU 00:44.06 | 00:44.07 | 00:44.09 | 00:22.34 | 00:44.08 | 00:22.34 | 00:22.35 | 00:22.35
1.00 1.00 1.00 1.97 1.00 1.97 1.97 1.97
1CPU 04:09.68 04:09.73 04:09.82 01:54.22 04:09.87 01:54.35 01:54.42 01:54.45
1.00 1.00 1.00 2.19 1.00 2.18 2.18 2.18
Speed-Up 5.67 5.67 5.67 5.11 5.67 5.12 5.12 5.12
06 00000000DDDDOO0D0O0OD0O00MOOO0DOO n= 5000
Table 6 Real time (minute : second) for symmetric eigenvalue/eigenvector
problem. Matrix size is n = 5000.
Library v-BLAS n-BLAS
1CPU 8 CPU Speed-Up 1CPU 8 CPU Speed-Up

NAG dsyevd 09:03.68 02:19.01 3.91 25:05.55 08:48.34 2.84

v-LAPACK  dsyevr | 07:32.82 | 01:24.37 5.37 25:26.40 | 08:08.45 3.12

dsyevd | 08:29.55 | 01:20.83 6.30 29:34.69 | 08:31.81 3.47

dsyev 23:11.17 | 04:41.39 4.94 37:17.13 | 10:47.42 3.46

n-LAPACK  dsyevr | 09:12.92 | 01:39.86 5.54 25:05.00 | 07:44.65 3.24

dsyevd | 10:05.30 | 01:36.21 6.29 29:16.70 | 08:07.72 3.60

dsyev 23:02.82 | 04:47.30 4.81 36:01.30 | 10:20.92 3.48
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07 n-BLASOOOODOODO BLASOOOOOOOOOOOOOOOO n = 5000
Table 7 Relative time of each BLAS level in symmetric eigenvalue/eigenvector
problem with n-BLAS. 1 CPU. Matrix size is n = 5000.

Library Level 1 BLAS | Level 2 BLAS | Level 3 BLAS Others

NAG dsyevd 0.17% 0.29% 84.99% 14.55%
v-LAPACK  dsyevr 0.08% 17.91% 79.28% 2.73%
dsyevd 0.15% 15.38% 82.67% 1.80%

dsyev 0.05% 12.69% 40.62% 46.64%

n-LAPACK  dsyevr 0.08% 16.57% 80.59% 2.76%
dsyevd 0.15% 14.18% 83.60% 2.07%

dsyev 0.05% 11.66% 42.81% 45.48%
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08 000000 BLASOOOOOOO n-LAPACKOOODODODOODDO0O0MmMOOOOO0O n = 5000
Table 8 Real time of n-LAPACK with v-BLAS/n-BLAS for each BLAS level.
Matrix size is n = 5000.

BLAS routines of each level : (Level 1, Level 2, Level 3)
Routine v="“v-BLAS”, n=“n-BLAS”
(n,n,n) | (v,n,n) | (n,v,n) | (n,n,v) | (v,v,n) | (v,n,v) I (n,v,v) I (v,v,v)
1) Reduce symmetric matrix to tridiagonal form
dsyevr 8 CPU 04:58.63 | 04:57.77 | 01:12.67 | 04:23.69 | 01:11.89 | 04:23.37 | 00:37.00 | 00:36.38
1.00 1.00 4.11 1.13 4.15 1.13 8.07 8.21
1CPU 07:33.67 | 07:33.16 | 05:12.97 | 05:51.59 | 05:12.96 | 05:51.63 | 03:30.90 | 03:30.95
1.00 1.00 1.45 1.29 1.45 1.29 2.15 2.15
Speed-Up 1.52 1.52 4.31 1.33 4.35 1.34 5.70 5.79
dsyevd 8CPU 04:55.78 | 04:55.97 | 01:12.00 | 04:21.30 | 01:11.26 | 04:21.04 | 00:36.73 | 00:35.99
1.00 1.00 4.11 1.13 4.15 1.13 8.05 8.22
1CPU 07:33.00 | 07:32.48 | 05:11.42 | 05:51.35 | 05:11.59 | 05:50.99 | 03:29.85 | 03:29.59
1.00 1.00 1.45 1.29 1.45 1.29 2.15 2.16
Speed-Up 1.53 1.53 4.33 1.34 4.37 1.34 5.71 5.82
dsyev 8 CPU 04:57.20 | 04:56.80 | 01:12.37 | 04:22.34 | 01:11.73 | 04:21.67 | 00:36.72 | 00:36.10
1.00 1.00 4.11 1.13 4.14 1.14 8.09 8.23
1CPU 07:33.38 | 07:33.09 | 05:12.37 | 05:52.00 | 05:12.15 | 05:51.51 | 03:30.19 | 03:30.57
1.00 1.00 1.45 1.29 1.45 1.29 2.15 2.15
Speed-Up 1.53 1.53 4.32 1.34 4.35 1.34 5.72 5.83
2) Calculate eigenvalues and eigenvectors of tridiagonal matrix
dsyevr 8 CPU 00:19.57 | 00:19.56 | 00:19.56 | 00:19.57 | 00:19.58 | 00:19.52 | 00:19.52 | 00:19.57
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1CPU 00:20.35 | 00:20.33 | 00:20.32 | 00:20.32 | 00:20.33 | 00:20.36 | 00:20.34 | 00:20.32
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Speed-Up 1.04 1.04 1.04 1.04 1.04 1.04 1.04 1.04
dsyevd 8CPU 00:43.59 | 00:42.72 | 00:43.61 | 00:17.23 | 00:42.72 | 00:16.38 | 00:17.23 | 00:16.36
1.00 1.02 1.00 2.53 1.02 2.66 2.53 2.66
1CPU 04:02.55 | 04:02.27 | 04:02.59 | 01:13.24 | 04:02.29 | 01:12.95 | 01:13.42 | 01:12.93
1.00 1.00 1.00 3.31 1.00 3.32 3.30 3.33
Speed-Up 5.56 5.67 5.56 4.25 5.67 4.45 4.26 4.46
dsyev 8 CPU 03:42.27 03:41.91 03:41.37 03:40.89 03:41.10 03:41.41 03:41.67 03:41.79
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1CPU 16:00.38 | 15:58.66 | 15:57.11 | 15:59.93 | 15:59.53 | 15:59.34 | 15:59.03 | 15:58.38
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Speed-Up 4.32 4.33 4.32 4.35 4.34 4.33 4.33 4.32
3) Transform eigenvectors of tridiagonal matrix into eigenvectors of original matrix
dsyevr 8CPU 02:27.14 | 02:27.09 | 02:25.21 | 00:45.75 | 02:25.13 | 00:45.71 | 00:43.63 | 00:43.67
1.00 1.00 1.01 3.22 1.01 3.22 3.37 3.37
1CPU 17:08.03 | 17:08.46 | 17:07.90 | 05:21.84 | 17:06.89 | 05:21.67 | 05:20.13 | 05:20.13
1.00 1.00 1.00 3.19 1.00 3.20 3.21 3.21
Speed-Up 6.97 6.97 7.07 7.03 7.08 7.04 7.34 7.34
dsyevd 8 CPU 02:27.61 | 02:27.69 | 02:25.65 | 00:45.63 | 02:25.60 | 00:45.68 | 00:43.58 | 00:43.66
1.00 1.00 1.01 3.23 1.01 3.23 3.39 3.38
1CPU 17:35.92 | 17:35.87 | 17:34.61 | 05:22.40 | 17:34.94 | 05:22.16 | 05:20.86 | 05:20.63
1.00 1.00 1.00 3.28 1.00 3.28 3.29 3.29
Speed-Up 7.15 7.15 7.24 7.07 7.24 7.05 7.36 7.34
dsyev 8CPU 01:41.48 | 01:41.47 | 01:37.57 | 00:36.05 | 01:37.58 | 00:34.26 | 00:30.31 | 00:30.33
1.00 1.00 1.04 2.82 1.04 2.96 3.35 3.35
1CPU 12:23.21 | 12:23.01 | 12:20.00 | 03:38.04 | 12:19.92 | 03:36.98 | 03:33.98 | 03:34.01
1.00 1.00 1.00 3.41 1.00 3.43 3.47 3.47
Speed-Up 7.32 7.32 7.58 6.04 7.58 6.33 7.06 7.06
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09 000000000 O0O0O0OO00O000C0O00mMOOO0000 n = 5000

Table 9 Real time (minute :
Matrix size is n = 5000.

second) for non-symmetric eigenvalue problem.

Library v-BLAS n-BLAS
1CPU 8 CPU Speed-Up 1CPU 8 CPU Speed-Up

NAG dgehrd 15:33.48 | 15:35.91 1.00 23:02.10 | 23:02.07 1.00
dhseqr | 09:01.90 | 09:03.45 1.00 09:02.62 | 09:02.61 1.00

Total 24:35.38 | 24:39.36 1.00 32:04.72 | 32:04.68 1.00

v-LAPACK  dgehrd 15:32.25 | 02:15.39 6.89 23:08.03 | 10:54.48 2.12
dhseqr | 44:27.74 | 11:01.06 4.03 45:03.90 | 10:18.24 4.37

Total 59:59.99 13:16.45 4.52 68:12.22 21:12.72 3.21

n-LAPACK dgehrd 15:32.51 02:15.27 6.89 23:04.26 10:54.34 2.12
dhseqr | 31:25.49 | 07:54.01 3.98 32:51.49 | 07:13.11 4.55

Total 46:58.00 | 10:09.28 4.63 55:55.75 | 18:07.45 3.09

010 n-BLASOOOOOOO BLASOOODOODOODOOOOOO n = 5000
Table 10 Relative time of each BLAS level in non-symmetric eigenvalue problem
with n-BLAS. 1 CPU. Matrix size is n = 5000.

Library Level 1 BLAS | Level 2 BLAS | Level 3 BLAS Others
NAG 0.89% 71.18% 0.00% 27.93%
v-LAPACK 1.04% 33.49% 0.00% 65.47%
n-LAPACK 1.23% 40.83% 0.00% 57.94%

aij =mod(n+j—1i,n)+1, ¢,7=1,---,n
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011 000000 BLASOOOOOOO n-LAPACKOOODOOOOOOOODOmMOO
0000 n = 5000
Table 11 Real time of n-LAPACK with v-BLAS/n-BLAS for each BLAS level.
Matrix size is n = 5000.
BLAS routines of each level : (Level 1, Level 2, Level 3)
Routine v = “v-BLAS” , n = “n-BLAS”
(n, n, n) (v, n, n) (n, v, n) (n, n, v) (v, v, n) (v, n, v) (n, v, v) (v, v, v)
dgehrd 8 CPU 10:53.48 10:52.95 02:16.14 10:53.33 02:15.18 10:53.46 02:15.68 02:15.19
1.00 1.00 4.80 1.00 4.83 1.00 4.81 4.83
1CPU 23:05.09 23:05.05 15:02.16 23:02.56 15:32.47 23:02.81 15:30.92 15:30.44
1.00 1.00 1.49 1.00 1.49 1.00 1.49 1.49
Speed-Up 2.11 2.12 6.63 2.11 6.89 2.11 6.86 6.88
dhseqr 8 CPU 07:12.18 07:51.69 06:42.72 07:14.56 07:48.96 07:54.75 06:47.09 07:49.58
1.00 0.92 1.07 0.99 0.92 0.91 1.06 0.92
1CPU 32:47.70 33:55.02 31:41.92 32:45.63 31:16.06 33:52.55 31:41.62 31:35.42
1.00 0.98 1.03 1.00 1.05 0.98 1.03 1.04
Speed-Up 4.55 4.31 4.72 4.52 4.00 4.28 4.67 4.04
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