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Performance Evaluation of LAPACK Tuned for Shared Memory Parallel Computers
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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-
2in2000, 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/IP27
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
0Ss HI-UX/MPP 03-02 IRIX 6.5
FORTRANT77 Compiler OFORT77 V01-02-/B MIPSpro 7.3.1.2m
Library HITACHI LAPACK V01-03 SCSL Scientific Library1.3.0.0
% 2 FORTRANT77 a3 5@ ABEFHE - BolifbA ¥ = .
Table 2 Compiler Options.
Machine Programs #CPU Compiler Options
SRI000 1CPU -64 -nolimit -noscope -W0,”OPT(0O(4))’ -pvfunc=3 -noparallel
User -1{ LAPACK/BLAS for Single Processing )
& 8CPU -64 -nolimit -noscope -W0,OPT(0O(4)),MP(P(3))’
Vendor LAPACK -procnum=38 -pvfunc=3 -parallel
-1({ LAPACK/BLAS for Multi Processing )
Origin2000 User 1CPU -64 -mips4 -03
8CPU -64 -mips4 -O3 -apo
Vendor LAPACK 1CPU -64 -mips4 -O3
8CPU -64 -mips4 -O3 -mp
£3 a2—PESRFFLADTAIY Xht LAPACK L—F.
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.
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

% 5 SR8000 8CPU ETHARyFa— & Netlib =— FTD LU SROEITHRM (BALI

By #). FAEYA X n = 5000. LAPACK A —F i3 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 00:00:22 00:00:23 00:00:49 00:00:49 00:03:21

user time 00:02:52 00:02:55 00:06:27 00:06:29 00:26:40

% 6 SR8000 ETm% BLAS L_SMTBIF B0 Fa—FE Netlib 22— FOEFTRH (B
PLiTEE: 50 8D). 1THIYA X/ =y P AKX n = 5000.

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)
2 x 10° iterations

Level 2 BLAS (dgemv)
2000 iterations

Level 3 BLAS (dgemm)

BLAS routines 10 iterations

1CPU

8CPU

1CPU

8CPU

1CPU

8CPU

Netlib BLAS

real 00:00:10
user 00:00:11

real 00:00:03
user 00:00:19

real 00:09:34
user 00:09:32

real 00:01:55
user 00:15:04

real 03:59:06
user 03:58:09

real 00:30:10
user 03:59:58

Vendor BLAS

real 00:00:04
user 00:00:04

real 00:00:02
user 00:00:12

real 00:02:57
user 00:02:56

real 00:00:26
user 00:03:20

real 02:23:11
user 01:00:57

real 00:02:59
user 00:23:35

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

# 8 SR8000 8CPU ETONUFa—FE Netlib 32— R COGHREAEMEOETHRM
(BAALiZWE: 4y ). PAEYA X% n = 5000. LAPACK A—F i 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 00:01:26 00:01:41 00:08:11 00:07:43 00:04:14
user time 00:11:17 00:13:15 01:05:07 01:01:27 00:33:36
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IR LAPACK OH#REDNS 5. —J5 Origin2000 T,
AR FRRELAPACK 25 03:09:46, =—YHRRAS 07:45:04
L2y, a—FROMENRED. 2 —FRIE K
LAPACK IZHA_THES DEBER T~y B~V
ITHA~ERLTNBDZ L EEBE LTS, NUFRLA-



Vol. 0 No. 0 Hh A ) BNEFIEHEIZ T 5 LAPACK OYEREFEAR 7
RO FEAFHTHIOEAMAEDEITHEN (BALIINE S 8). n IR A K.
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

% 10 SR8000 8CPU LTHORyFDa— K& Netlib =— FTOIENHEAHBEDE
ATHER] (BAZIZRE Sy %). MY A XL n = 5000. LAPACK A —F i 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 1s n = 5000. LAPACK routine is dgeev.
Code (v,v) (n,v) (v,n) (n,n) User
real time 00:11:44 00:09:26 00:15:09 00:11:26 00:08:16
user time 01:32:13 01:14:58 02:00:28 01:30:58 01:05:42

PACK OHREDREED LIXE 2720

Ny F R LAPACK ORBFER% Speed-Up 122
WTHHEREMEORKR L BT 5 L, n = 5000
DA, HFEAERIEIZ BT SR000 Tk 9.72,
Origin2000 Ti% 1.66 TH 7= Speed-Up 23, FERIFR
BEAERIBIC B TIE SR8000 T 5.50, Origin2000
TIZ 1.18 &, SR8000, Origin2000 & BiZ/IEL 2o
TWa. FEFMTEIOEBR FRETIEBEFEO T A2 Y
R 5B HOWFIWEDMEN T8, R FIE LAPACK T
LIEEBE % Level 3 BLAS [ZJ@%ET% 9 BLAS
DF a—=2 T OMEB5HS AR, Speed-Up
OB IFa—FRICO A b5, LB T, E#H
BAEMEICBOTIE, XU FRR LAPACK « 22—
IR & BITIEF AE Y BRFEEOREE HIERL T
W3 EIRE XAV, 2B, Origin2000 T, =—¥F
MRAS_y # LAPACK IR & b b K& %2 Speed-Up 2745
TWAR, Zhuiz—FR, 1CPU OHEENMEV D
T, AT EoboThs.

LAPACK/BLAS {Z% L T # 22— F/Netlib
o — REHLAE Y SR8000 8CPU TRITLE=ER
FlaF 10 (237, BEY A X1d n = 5000 TH5.
LAPACK TRV F a— RE W4, real time i,
(v,v) T00:11:44, (v,n) TO00:15:09 &72v, —JF
LAPACK iZ Netlib 2— FZAWEHETIE (n,v)
T 00:09:26, (n,n) T00:11:26 &7V, LAPACK Z

Netlib =— FERAWELTBHERRS 252 bbb
2B, i, LU G #HER EMEOSS & Rk
IZ BLAS OF a—=U FREMTHEZ L Bbh 5
Origin2000 THFEHOREREH=. ZORENPDL G,
THETHLN T DT ER EREC T2 7
2D X ATEROBRESE W OIEFEE L UOR
HLBEE LW &, BLAS OF a—=2 73 LU 5%
R HEAEMEOSGIEE A RRERELTH
RN EBRpnBb.

4. ¥ ¢ O

AT, A A Y BEHIFHES HITACHI
SR8000 1 7 — F & SGI Origin2000 £, Ry &1z
X EE{LENE LAPACK (U FRR LAPACK)
L —FOER U AZEEN R T AT XARZESL T
nyT A (2—WR) ORIRERSZ 2ot LU
BELOXBHEAEREOERIER» D, < FhK LA-
PACK O®E#{tid, LAPACK A& TiE7<, BLAS
DEBLIZ L > THBZ LB LMotz Lizhis
T, R2—FIL LB 70T I BT LB
B % BLAS RS ST, U Z R0 BLAS
EAVWEZ LiZkoTTu rT AR T
BTED. I, 1u— R/ A MNTHEY Y OFEEMS
FITHRDBE Level 3 BLAS OIEAN TS5 5D
BERILCAEDTH Y, TEER DITBEREEES T Level 3
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BLAS ZfATE3 X527 A R F a—
=V TTRIEREETHD. LUSMEOT ey 4k
W AamETZOMRBFICTHD.

PR QRIFIZ X BN—F L Clida—FIRIzE B4
E LS HIRdo B ST, Fiun T
NN ZEERNEA—F L EHE S Z ik Y HRER
YEENE. ZOERBRERLY, A ATV EWFIEER
WOMREE 25 & H T2 0icil, BROWFHIER
BWTATY ALEZRATLERERTHL LD
o»B. F7=, Relatively Robust Representation @
X5 el CH LTI Y X ARBBAICE - T
B &S RIZBWT, LAPACK OFRIZERTH D

FEXI B EA BRI TR, U F R LAPACK 23=2—
PRUZHAEREDRE S, RV LI, B VEVREZE LN
YBAMSRERES . EREHIZ, =—PFRTHE~y
TNV TITRI~OBEBROBRIIER Yy F&Ro&X v
AVHEIR & FERERE AWl DIi T AR —
EHERAVIRAICHRTHAREN 5 BB TE
o lizkd. —F, BEHREZA 7Y L LTRE
ZERTDRL, EEEIE THLRERNT ARV
F—EHERAVIBERDD. WTHUCLTHSED
RBFERITVERE - WHIBEOMWEA S AT, BRERY
DOF 2. —= v ZEG I A £ U B FRRHC B
Wb IEFERERMEL R L M@ Z LidREgT
HBHZLERLTND.

AFRSCTRR L LA A€ U AWHIFHE R T
AR F A 75 VIidBEER S OLF L2 {EET S Z
Lo Ty 7 AORBEILERBETHLOTHS.
ZOFME—BRBEIEDZEHICE, KA ATVEN
FIHAEMC BV L ERER IS T = 7
A 7592 ORENREBETHSH. —FIh&idy
2, OpenMP? ¥, #RFEANVTA—TEEIT
7 vaEWIHLL, BRERSICIEE—TaEy
PRHEY2a—AERWDET Fu—F oG NHTHD (Z
OB, BERAEWNICT 2 F a—=r FRNELRS
ZEFESETHRY) . KB, NAG (Numerical
Algorithm Group) SMP SA 75 U TldtEFEOT T
o—FREAENTNS., ZhDL 207 Fa—FD
BEREFALMCTS Z LT, SHBEARTEHBFAT
Y ZREFIFH R RS R T 0 7 A A
FTAREBENE LY —FWRECT S LTROTEERR
BTho.

BE AR, 2001 4F 5 BB Z abivi Bl
AT VR U A TORELFBHRE L, HREKE H
BUIMRET B TAERE ¥ — KEFAC AT AL
BERT RAHEHRARE Y ¥ — O EEERY A

TRIR-7.
AFFEDEITIZH T2V, SRS000 L THHIRD LA-
PACK #FIFATE B LI LTWEEE, e ohH
ML TV W (%) B BUERT % RE K,
EFH B4 K, WS Origin2000 ECHarAf 5
LTATZ Y ONTOREEBERIZIH] « L LT
TV BAR SGL BERGat: VA7 AH5H « —v R
A & B ELCRHOBEERTS.
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