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Performance Evaluation of LAPACK
Tuned for Shared Memory Parallel Computers

SELJI NISHIMURA,* SATOSHI TATENO,™> TAKAOMI SHIGEHARA,?
HIDEHIKO HASEGAWAT and SUMIKO HIYAMAT®4

In this paper, we evaluate the performance of LAPACK/BLAS by comparing the runtime
performance of LAPACK/BLAS with user programs on HITACHI SR8000 and SGI Ori-
gin2000, which are representative shared memory parallel computers. The LAPACK routines
were tuned by vendors, whereas the user programs were implemented based on standard al-
gorithms without using any special tuning techniques and parallelized automatically solely
by the compilers. For comparison, direct solution of linear systems and eigenvalue problems
are considered. The results for performance evaluation show that, in LAPACK, an applica-
tion of blocked algorithms as well as highly tuned Level 3 BLAS takes a crucial role for high
performance computing in direct solution of linear systems, whereas a utilization of a fastest
algorithm is efficient for high performance computing in symmetric eigenvalue problems. On
the other hand, even the up-to-date algorithms in LAPACK are not efficient in non-symmetric
eigenvalue problems on shared memory parallel computers.
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Table 1 Machine specification.
SR8000 Origin2000
Vendor HITACHI SGI
Processor PowerPC base MIPS R12000/1P27
Clock [MHz] 375 300
L1 Cache (Inst./Data) [KB/proc.] 64/128 32/32
L2 Cache [KB/proc.] - 8192
Main Memory 16[GB/node] 0.5 [GB/proc.]
Number of Processors 48[proc.] 64[proc.]
( 6 [node] x 8[proc./node] )
Theoretical Peak Perf. [GFLOPS/proc.] 1.5 0.6
Architecture Pseudo-Vector Processor cc-NUMA
oS HI-UX/MPP 03-02 IRIX 6.5
FORTRANT7 Compiler OFORT77 V01-02-/B MIPSpro 7.3.1.2m
Library HITACHI LAPACK V01-03 | SCSL Scientific Library1.3.0.0
0 2 FORTRANT7ODOOO0OOOODOODOOO0ODOOOOOOOO
Table 2 Compiler options.
Machine Programs #CPU Compiler Options
SR8000 1CPU | -64 -nolimit -noscope -W0,‘OPT(0O(4))’ -pvfunc=3 -noparallel
User -1( LAPACK/BLAS for Single Processing )
& 8CPU -64 -nolimit -noscope -W0,‘OPT(0(4)),MP(P(3))’
Vendor LAPACK -procnum=38 -pvfunc=3 -parallel
-1( LAPACK/BLAS for Multi Processing )
Origin2000 User 1CPU -64 -mips4 -O3
8CPU -64 -mips4 -O3 -apo
Vendor LAPACK 1CPU -64 -mips4 -O3
8CPU -64 -mips4 -O3 -mp
03 0D000O0O0O0O0oobDO000000 LAPACKOOOO
Table 3 Algorithms of user program and LAPACK routines for each problem.
Problems Algorithms of User Program LAPACK Routines
LU Factorization 1) LU factorization with partial pivoting dgetrf
2) Solve linear equation by forward and backward substitutions dgetrs
Eigenvalue Problem 1) Tridiagonalization by Householder transformation dsyevr
(Symmetric Matrix) 2) Find all eigenvalues and all eigenvectors by (dsyev)
bisection method and inverse iteration method
Eigenvalue Problem 1) Transform to Hessenberg form by dgeev

(Non-Symmetric Matrix)

modified Gaussian elimination
2) Find all eigenvalues by QR Method with implicit shifts
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Table 4 Real (elapsed) and user times of LAPACK routines and user programs
for linear system (hour:minute:second). n is problem size.

Sep. 2002

SR8000 Origin2000
LU Factorization 1CPU 8CPU Speed-Up 1CPU 8CPU Speed-Up
n=1000 real 0:00:06 real 0:00:04 1.50 real 0:00:37 real 0:00:16 2.31
user 0:00:06 user 0:00:28 user 0:00:38 user 0:01:36
User n=5000 | real 0:10:54 | real 0:03:21 3.25 real 5:57:29 | real 2:28:31 2.41
user 0:10:53 user 0:26:40 user 5:55:47 user 11:56:21
n=1000 real 0:00:04 real 0:00:01 4.00 real 0:00:01 real 0:00:01 1.00
Vendor LAPACK user 0:00:02 user 0:00:05 user 0:00:02 user 0:00:05
(dgetrf,dgetrs) n=>5000 | real 0:05:30 real 0:00:22 15.00 real 0:03:11 real 0:01:01 3.13
user 0:02:58 user 0:02:52 user 0:03:02 user 0:03:54

0 5 SR8000 8CPU DDODODODOOOODO NetlibOOODOD LUDDOODODOOOODO
00000MO000000 n=>50000 LAPACKO0OOO0O dgetrf,dgetrs
Table 5 Comparison of real (elapsed) and user times for LU factorization with ven-

dor code (v) and Netlib code (n) on SR8000 8CPU (hour:minute:second);

(lapack code, blas code)=(v/n,v/n). Problem size is n = 5000. LA-
PACK routines are dgetrf,dgetrs.
Code (v,v) (n,v) (v,n) (n,n) User
real time 0:00:22 0:00:23 0:00:49 0:00:49 0:03:21
user time 0:02:52 0:02:55 0:06:27 0:06:29 0:26:40
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Table 6 Comparison of real (elapsed) and user times for a typical BLAS rou-
tine at each level between vendor code and Netlib code on SR8000
(hour:minute:second). Matrix size/vector length is n = 5000.

Level 1 BLAS (daxpy) Level 2 BLAS (dgemv) Level 3 BLAS (dgemm)
BLAS routines 2 x 10° iterations 2000 iterations 10 iterations
1CPU 8CPU 1CPU 8CPU 1CPU 8CPU
Netlib BLAS real 0:00:10 real 0:00:03 real 0:09:34 real 0:01:55 real 3:59:06 real 0:30:10
user 0:00:11 user 0:00:19 user 0:09:32 user 0:15:04 user 3:58:09 user 3:59:58
Vendor BLAS real 0:00:04 real 0:00:02 real 0:02:57 real 0:00:26 real 2:23:11 real 0:02:59
user 0:00:04 user 0:00:12 user 0:02:56 user 0:03:20 user 1:00:57 user 0:23:35
Netlib / Vendor 2.50 1.50 3.24 4.42 1.66 10.11
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Table 7 Real (elapsed) and user times of LAPACK routines and user programs
for symmetric eigenvalue/eigenvector problem (hour:minute:second). n is
problem size.
SR8000 Origin2000
Symmetric Matrix 1CPU 8CPU Speed-Up 1CPU 8CPU Speed-Up
n=1000 real 0:00:17 real 0:00:04 4.25 real 0:00:25 real 0:00:40 0.62
user 0:00:16 user 0:00:31 user 0:00:25 user 0:01:39
User n=5000 | real 0:27:18 | real 0:04:14 6.45 real 2:58:13 | real 0:51:04 3.49
user 0:27:11 user 0:33:36 user 2:51:53 user 6:52:43
n=1000 real 0:00:11 real 0:00:03 3.67 real 0:00:10 real 0:00:08 1.25
Vendor LAPACK user 0:00:07 | user 0:00:18 user 0:00:10 user 0:00:56
(dsyevr) n=5000 | real 0:13:56 real 0:01:26 9.72 real 0:32:06 real 0:19:21 1.66
user 0:09:52 user 0:11:17 user 0:31:55 user 2:12:19

0 8 SR80008CPU DODODODOOODO NetlibODODOOOODOODOODOOOOD
000000000 moOO00Odnn n=>50000LAPACK 00000 dsyevr
Table 8 Comparison of real (elapsed) and user times for symmetric eigenvalue

problem with vendor code (v) and Netlib code (n) on SR8000 8CPU
(hour:minute:second); (lapack code, blas code)=(v/n,v/n). Problem size
is n = 5000. LAPACK routine is dsyevr.

Code (v,v) (n,v) (v,n) (n,n) User
real time 0:01:26 0:01:41 0:08:11 0:07:43 0:04:14
user time 0:11:17 0:13:15 1:05:07 1:01:27 0:33:36
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Table 9 Real (elapsed) and user times of LAPACK routines and user programs for
non-symmetric eigenvalue problem (hour:minute:second). n is problem
size.
SR8000 Origin2000
Non-Symmetric Matrix 1CPU 8CPU Speed-Up 1CPU 8CPU Speed-Up
n=1000 real 0:00:14 real 0:00:12 1.17 real 0:01:05 real 0:01:03 1.03
user 0:00:14 user 0:01:29 user 0:01:02 user 0:06:19
User n=5000 | real 0:25:13 | real 0:08:16 3.05 real 7:45:04 | real 2:08:12 3.63
user 0:25:07 user 1:05:42 user 7:28:39 user 16:29:12
n=1000 real 0:00:33 real 0:00:19 1.74 real 0:00:45 real 0:00:39 1.15
Vendor LAPACK user 0:00:28 user 0:02:27 user 0:00:44 | user 0:01:19
(dgeev) n=5000 | real 1:04:34 real 0:11:44 5.50 real 3:09:46 real 2:40:55 1.18
user 0:57:31 user 1:33:13 user 3:03:00 user 4:06:18

0 10 SR8000 8CPUODODODDOODOOOODO NetlibOOODODOODOODOODOOODOO
000oo00ooo0ooomoOdoOdnn n=>50000LAPACK 00000 dgeev

Table 10 Comparison of real (elapsed) and user times for non-symmetric eigen-
value problem with vendor code (v) and Netlib code (n) on SR8000 8CPU

(hour:minute:second);

(lapack code, blas code)=(v/n,v/n).

Problem

size is n = 5000. LAPACK routine is dgeev.

Code (v,v) (n,v) (v,n) (n,n) User
real time 0:11:44 0:09:26 0:15:09 0:11:26 0:08:16
user time 1:32:13 1:14:58 2:00:28 1:30:58 1:05:42
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