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Performance Evaluation of Parallelizing Techniques for Matrix
Computations on Shared Memory Parallel Computers
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and SUMIKO HIYAMA t4

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
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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 8CPU -64 -nolimit -noscope -W0,”OPT(O(4)),MP(P(3))’
V01-05-/A n-LAPACK -procnum==_8 -pvfunc=3 -parallel +SBTLB
1CPU -64 -nolimit -noscope -O4 -pvfunc=3 -noparallel +SBTLB
&2 #7477V OWIHLTIEE T % BLAS.
Table 2 Parallelizing technique and BLAS.
Library Parallelizing technique BLAS
NAG 8CPU Parallelize outer loops by OpenMP N lelized
1CPU — onparallelize
v-LAPACK  8CPU Parallelize core loops by compiler Parallelized
n-LAPACK  1CPU — Nonparallelized

¥ D BLAS i3 5.

LAPACK (v-LAPACK, n-LAPACK)
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£ 3 LU ROIFATRRT (HALIZ 5:8). 178194 XX 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

% 4 n-BLAS #iJIRHTET 5 BLAS LEROFSHITIER. 1751% 4 XX n = 5000.
Table 4 Relative time of each BLAS level in LU decomposition with n-BLAS.
1CPU. 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%

&5 LR BLAS 24272860 n-LAPACK O JATHRER (WALIX 20:8). 175194 X3 n = 5000.
Table 5 Real time of n-LAPACK with v-BLAS/n-BLAS for each BLAS level.

Matrix size is n = 5000.

Routine

BLAS routines of each level : (Level 1, Level 2, Level 3)
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)

8CPU 00:44.06

1.00

00:44.07
1.00

00:44.09
1.00

dgetrf

00:22.35
1.97

00:22.35
1.97

00:22.34
1.97

00:44.08
1.00

00:22.34
1.97

1CPU 04:09.68

1.00

04:09.73
1.00

04:09.82
1.00

01:54.42
2.18

01:54.45
2.18

01:54.22
2.19

04:09.87
1.00

01:54.35
2.18

Speed-Up 5.67 5.67 5.67

5.11 5.67 5.12 5.12 5.12

EANRTORLEZTHS. b O EITRENIX
a7y A & 0B AA DL—F L DFEATHIE %
BLAS L ANAVEICOT THREFL TR S, £z, PO
Others DMiZT7 A 7 Z UV —F o &&Te BLAS L4t
DI ELS DR FATIFMZ R LTV 2.

3.1 Ei—RAEK

AT, FOMERAE D LU O & 28—
WITRER D E MBI T AR IOV THRT 5.
FREATINER [0, 1) D—AEELEL & AT IR DR 1T 5]
L4%. LAPACK /L—F 13 dgetrf,dgetrs Z V5.
£ 7 dgetrf ZH\WTITH1% LU /3L, dgetrs IZ &
DS K FBRROMERD S, LarL, LU Df#E
DRI DBHEE [O(n?)] BIHMMOFER [O(n?))
LV IEBMTARL, dgetrs [CET BIERIT L DI
FERTH 0.1 B~0.5 BRI L dgetrf ORIV b
LN T, ZDT, AEITH dgetrf 77205
LU 530 FATRERNC DWW Tl 3 5.

® 3 ICHEBR 1 OFRERT. v-BLAS AW 724;
#1%, 1CPU, 8CPU & $iZ NAG(1CPU 01:18.40,
8CPU 00:12.01), v-LAPACK(1CPU 01:28.33,
8CPU 00:17.82), n-LAPACK(1CPU 01:54.44,
8CPU 00:22.35) DIAIZEIETH 2. 8CPU DHFE

¥, NAG(00:12.01) 23 Vendor(00:17.82) £ ¥ 32%#z
BETHDZ b, LU SR —F V RIKE IS
T 2% NAG DO F{ETFIEE, BLAS 25T 2 v-
LAPACK, n-LAPACK DW5HETFEL v BT
X9z s. ZoOBBEE LTI, RO 2 EHEER
FEHRTHDHEBEZLND.

HE—OBERIY, 7y 7k LU 5220 2351k
LTWAHZEThHD. 7uy st LU H#L, gL
RBITHNEZSHDOT a v 2 1THEIL, BRI TIX
7T uy 7 BT LU iR ) FIETHA.
Ty 7t LU 53 CiE, BEEBTHIATHIER & 72
5728, WH D LU 5L 0 bSO R < 72
%20, NAG Ti¥, 7 v v 27k LU 43f#% OpenMP
TIWSIUL LTV D7D, BEOT oy 71k %080
ZWINCHEITTED. —F v-LAPACK, n-LAPACK
i, V—FUAREROT T v I BRRINAERL TV,
NAG DIATHRIA v-LAPACK, n-LAPACK £ %
<, L, Speed-Up 28 6.53 & v-LAPACK(4.96),
n-LAPACK(5.12) KW bEWzZ Lk, ey 7 %
FNTALEES 2 HFIEOREZ)H ), BLAS 2W5HET 5
FHEIVBRWVWILERLTNS.

BEOOHERIL, vV VR v-BLAS ST F 2 —
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=T ENTNAZ ETHD. n-BLAS A L
7284 @ Speed-Up X, NAG IZ 6.36 &1E< 220,
v-LAPACK 1% 5.77 L %< 7 %. v-LAPACK T®
1CPU OMEEIE T2 8CPU LW b KEWNWZ 2D, v-
LAPACK @ Speed-Up D[ k1%, > 7 ViR BLAS
DF 2—=V TOPRENPKENZ L 2B KT SH. NAG
X7 ey 7 oWILEIZ Y v VR BLAS & W
TWB7, Y7V BLAS OF a—= 1%
NAG 8CPU OHEREIC b A KT, 207D, v-
LAPACK 8CPU izxt9% NAG 8CPU Of#{t.oEl
A, Fa—=r7EN TRV n-BLAS B4
DRYRREICEEY, Fa—=2T ENTW5 v-BLAS
DOBATITR 32%ICETD. hbDZ b, NAG
DWFVFREZ, v VK BLAS B +4Fa—=
VIERTVWAEAICEWSRERETE L VWS,

& 410”7 BLAS OMIXIEITRRZ /LD &, §
TDFAT T VBT, Level 3 BLAS ORI AT
REEIDS 2% LA EE BV E¥bd. Zhu, Tuy
74t LU 3 ROEFFEDTHIATINRA L 72D, Level
1,2 BLAS XY % Level 3 BLAS &4 % RI¥A %
{23720 Th%b. ¥£7-, Level 3 BLAS ORI
O(n?) L% iz, 1 [EIOFEIC T 2 M2 Level
1,2 BLAS X9 BV Z & bR FATHRM O W ELH
Thd. ZOZLESHEZ, K5 ITNTHEER 2 Ok
RERD &, HRFATRM O Level 1,2 BLAS IZ
v-BLAS ZAfi ] UCHPERBIZIN L L a23, HExEST
i D FE W Level 3 BLAS (2 v-BLAS #3455
A1Z1X, 1CPU T 2.19 4%, 8CPU T 1.97 fi#lcHkREln
ELTWB. ZhbDZ &b, TuyZ{t LU 4R
DOYEREIE Level 3 BLAS ORI KR E L SN D Z
EBnNB.

PUEnZ Xy, NAG TERHLTWAL—F UK
REWIULT B HETIE, 2RO T7ATY XAHE
WEFIEDR B 0, RIBHDT v Z VIR BLAS 234y
Fa—=r T ENTWASZ L, WHIRHEEZE
PEREA T B0 D&M L VW2 D, FrcTry 74k
LU 7R DGAIE, MBROKE 5% 59 D Level 3
BLAS OF a—=U 7 BRHEBICEETHY, v In
it BLAS 123517 % Level 3 BLAS OF 2—=1 ZHR
+43 72421, BLAS %3651{k3 % v-LAPACK,n-
LAPACK O HULFIERNV—F VAR ZWFIE 5
NAG OWFUEFIEL 0 bIEREA R < 72 2 ATREMEAS T
725,

3.2 MEFERE

AT, EXNPITHIOREAME - FEAXZ A0
SRR DR ROV TR T 5. AT 517801

A7 2 E VA FIFHFHE L OFTFIRHIC XS 2 WFHEFIEOVERER AT 5

(i,4) BEG3 DS
a;j =n—max(i,j)+1, ¢,7=1,---,n

TREIND n k7774151 ThH5. LAPACK L—
F 1%, Relatively Robust Representation®V {2 &
% dsyevr, ZEEIRIEIC X D dsyevd, QR IEIC L D
dsyev Z V5. NAG TiX dsyevr,dsyev (%32
LAPACK E#L—F 2 BN EEN TR0, dsyevd
LRZEON—F v EHNWD. EOL—F BN TH,
1) MFATHID 3 ExHfafk, 2)3 ERATTHIOBEAE -« [H
HRZ PO, 3) B MO (3 Ext
THIDER T MV ETLOEGRT bA~EH) O3
BeBE DI A R CEAE - AN PARFRIND.

& 6 ICHER 1 OfR%ERT. v-LAPACK Off
REHBE, 1ICPU TiX, v-BLAS, n-BLAS & %
IZ dsyevr OPEREDEI L, v-BLAS 2 L7254
07:32.82 &£ 72%. 8CPU Ti¥, v-BLAS W=
A1ZiT dsyevd(01:20.83), n-BLAS ZHW 4121
dsyevr(08:08.45) DPEREA RV, E£72, Speed-Up 23
b < 725 DX dsyevd TH Y, v-BLAS AL
BmAITIL 6.30 L7225, BRERSE  WHIMIZKIT
% QR ¥EETRMT D dsyev 1%, v-BLAS #HWi=5
A, 1CPU 28 23:11.17, 8CPU 2% 04:41.39 &, i/
4% CPU A& ZEMbFthor—F o L v ELL EEL
5. ZhSOHIAE n-LAPACK THRICTH 5.
UEnzZ bant, HHTZERMEHETALTY XA
PEREZ EAT DHRAROEKNTHD EWVZD.

8CPU OFERIZIEHT 5 &, v-BLAS vz NAG
2802:19.01 &, [A%DT7 AT X A% LT dsyevd
® n-LAPACK(01:36.21), v-LAPACK(01:20.83) IZ
£HZERbMBD. n-BLAS ZHWZ54 B IR TN
Z/RLTEY, dsyevd @ n-LAPACK(08:07.72), v-
LAPACK(08:31.81), NAG(08:48.34) DJIEIZ FEATIE
MR, 2230 FIC XD REEDOH%EE LT n-
LAPACK B, REILTF 2—=vT I NAG %L
| BPEREZ R4 L2 2 & 1d, WHHLFRIEDE O BERE
K& Ipg#hk 5.2 Tnb Lz 5. v-BLAS 2w
72354 @ Speed-Up 2L TH B &, v-LAPACK,
n-LAPACK 3£ 4.80~6.30 & NAG(3.91) £V b
VMEZIFTWS. 202 Ln, MFREAMERE T,
VU7 VIR BLAS Z 9272 BLAS OWLBHEE
DL NAG OWFUETFIEL D b, WIHKIZ L -
T BLAS #®&#{t4 5 v-LAPACK, n-LAPACK ®
WEHUETFEDIE D BEERRNENZ .

n-BLAS # WA 56, RH LR V—F Ui
1CPU, 8CPU & %1Z dsyevr @ n-LAPACK(1CPU
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& 6 AFREAMIEOIATRRN (WALT 2:8). 175191 X% n = 5000.

Table 6 Real time (minute:second) for symmetric eigenvalue/eigenvector

problem. Matrix size is n = 5000.

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

& 7 n-BLAS fiJllRfic¥1T 5 BLAS BLOFISFATIER. 175194 X% n = 5000.
Table 7 Relative time of each BLAS level in symmetric eigenvalue/eigenvector
problem with n-BLAS. 1CPU. 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%

25:05.00, 8CPU 07:44.65) TH5. LHL, Zhbd
DIATHREHIX v-BLAS 2 W25 6 TR b IV dsyev
® n-LAPACK(1CPU 23:02.82, 8CPU 04:47.30) X
DHIBITEW. £z, Speed-Up 28 2.84~3.60 &,
v-BLAS ZHWe84 (3.91~6.30) LV HIETLTH
5. ZNBDOZ L, v-BLAS OF =—=172 - W4
EDOBENRRENZ L EZRLTNS,

RTICRTHTA 77 VBT 5 BLAS OF%E
TR Z L5 &, dsyev A D A—F 2 Tid, Level
3 BLAS DX ST 80% 5 85% & K. £
72, NAG PSDNL—F > Tik, Level 2 BLAS D#
REFEATREM DS 11% 5> & 15% & — Ik TR0 %4
IV BELRSoTWA. ZhbDZ b, MIHEA
ERVEIZF N TiX Level 3 BLAS 7213 T2 <, Level
2 BLAS OFE#E b b PERER EOBEERERTHD &
Z5. dsyev Ti¥, BLAS LIS DN —F > OFRFELT
WA 5%k & BV, Zhid, BLAS 2RI T
PRNBRIED T L —F CNERIC S E TV D
72 TH Y, BLAS OFEALEE T IR 2tk
BDEDRNT L EZERT 5.

% 81%, n-LAPACK @ dsyevr,dsyevd,dsyev (230>
T, WERE 1) 17410 3 x4k, 2)3 ExIATTHID
B - WA~ 7 SAOFHR, 3) BH~X7 MO
D 3 ODBBEZT, TN ENONERREIZ IR 2 Of
RERLELDOTHD. 728, 17510 3 ERA{LIZE

DON—F > THR—DON—F > FHNTUEL TN D
7e®, FERFERIIFRCIC2R 5.

3 XML BT T Level 2 BLAS IZ v-BLAS
ZHEMALEZEA, 1CPU TIX 1.45 f%, 8CPU TiZ
4.11 fEERER W FE &N D. KT, 8CPU HFIZ Level
2,3 BLAS IZ v-BLAS %] U7c#56, PEREITHY 8 fiF
LRIEICm ELTWA., Zhud, 3 BN S
N RRNVE —EWT Level 2 BLAS B2 &N 57~
WTHD. £z, dsyevr, dsyev D 3 ERHATTFIOEA
i - A7 bAOFFETIE, v-BLASZHHALTYH
FATIERNC BB R SRV, 0z &ix, HEHR
EON—F 2 dsyevd LIS TIE, BLAS Zig& A EF
ALTWARNWZ LEEKRL TS, 2B, BAXZ b
NOBITEIE 3 AL OB ER Lo A HYTHI L 3 |
RATTHIDOEART M EBMLIZATIORTH Y,
Level 3 BLAS 2MLBEO K% EHTND. ZFD1=d),
Level 3 BLAS (Z v-BLAS Z W5 L BEAXY F
JEE Ay OYEREDSK 3 fFlzm B3 5.

UEbkozZ & &y, d#mEAERNETE, HEEE»D
72 MFWEDTENT LT Y X ADTRIR &l 2 OFFRHE D
FEEAEETH Y, BLAS 25T 2 FESA
MTHDHZ N otz KT, Level 2,3 BLAS @
Fa—= 7 WEHHRIIATHIO 3 Extfk, Ba~X7
MO E NS T2 HT A TY XL TIHSEE 72 D ALEE
EEEETABNICARITH Y, HERRSEEIC R 2N
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& 8 LRI BLAS 24 2724580 n-LAPACK O FATR (WALIT 43:8). 175194 XX 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”

(o) | (van) | (avn) | @ov) | (vvn) | vay) | avy) | ()

1) Reduce symmetric matrix to tridiagonal form

dsyevr 8CPU 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 8CPU 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 8CPU 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 8CPU 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 8CPU 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
HRTHD. MERD R, FERITIT
3.3 IEIFEFIERME aij =mod(n+j—i,n)+1, i,j=1,---,n

AT, FERPATEIOBEAMEREI 3 5 R

o : % (i,7) 5y &3 28BEHTH1% vz, LAPACK v—
OWCHEMT S, EAMITETRD D2, EHEXZ b
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Table 9 Real time (minute:second) for non-symmetric eigenvalue problem.
Matrix size is n = 5000.
Library v-BLAS n-BLAS
1CPU 8CPU Speed-Up 1CPU 8CPU 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
% 10 n-BLAS fiJHRRICET 5 BLAS ABROFIR FATRN. 175194 Xix n = 5000.
Table 10 Relative time of each BLAS level in non-symmetric eigenvalue problem
with n-BLAS. 1CPU. 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%
£ 11 L~ULEIC BLAS 248272880 n-LAPACK OSATHER (WALIZ 43:8). 175194 X1E 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 8CPU 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 8CPU 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

F ¥ dgehrd IZ & V178 &E~ > &~V TITHIC L B
L, dhseqr Z iT QRIETCEFAAMEEZRDS. Zh
LON—F L EFIALTEARZ M ERDBZ LD
ARERED, AENIEARZ MAEFRE LRV, 27k,
NAG TIIERBATSI OB AEFEICE 2 —F
IEAFUE S TNZRND,

R OWCER 1 OKRERT. £9 F, Total ®
TIATHI OO Z RS 71 & T A0 F24T IR
##&¥. NAG ix 8CPU T% 1CPU & &< A LA
HERBZ7297%, Speed-Up 28 1.00 £72%. To-
tal 1%, v-BLAS ZHW/HA, CPU A% %Mb
PFTFa—=r T ENTWARY n-LAPACK (1CPU
46:58.00, 8CPU 10:09.28) BNF a—=27ER T

% v-LAPACK (1CPU 46:58.00, 8CPU 10:09.28) %
ERIZZERDDD. ZOMAIE n-BLAS & W28
ATHRICLTH A7, FetFrEGMHEMEDRE R,
Fa—oU T ENTZTAT TV OMRER—FOER
LizFas 5 hhb—HlThd ez s,

v-BLAS # W56, NAG #R<& 7477
Y @ dgehrd O FE4THRRIZ 1ICPU T 15:32, 8CPU
T02:15 CFRETH Y, Bl KERgELY X
BN—F 0% dhseqr THHZ LR35, dhseqr
XA 35 BLAS O Fa—=v 7 IClFR2<IZ
E—EDMERICRD. £, 1CPU Tik NAG ©
dhseqr ¥ DL —F 5% 09:01 Bi# &% 5 »iC
FETH Y, KT n-LAPACK(31:25~32:51), v-
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LAPACK(44:27~45:03) DJEIZHERED BV, 8CPU
T% n-LAPACK(07:13~07:54), v-LAPACK(10:18
~11:01) DIEFIIEL LR, 2D &b, v-
LAPACK 28} % dhseqr O F o —= 713 AR Y)
ThHoDZ eNbnsd. HREYET SI2L, AAED
HEAN—F > ThH D dhseqr DREMN 2 F 2 —=27,
FRIRB L RBINL—F U ORBERLELNZD.

n-BLAS Z W =354121%, dgehrd @ Speed-Up 2%
6.89 15 2.12 IZF LMK FT 5. Speed-Up I& FD
FK%% 10, & 11 L viBkT 5. £, £10 LV,
FEXIFREAERE T Level 3 BLAS 28&< il &h
Tz E3bh 5. (Level 3 BLAS 9%
BT RO TEIEA B0 FERTFRE A R 0 S5k
KIFEENTWARY. ) —J7, Level 2 BLAS Ot
FATHEIZ v-LAPACK T 33.49%, n-LAPACK T
40.83% & Fv. Zd7=®, n-BLAS i D dgehrd
@ Speed-Up & T D ERFKIEIA~ v NV T1T7F]~
DIEWIZ LN % Level 2 BLAS DF 2—=1 71T
boHHFE2OLND. FHE, K11 LY, dgehrd OPERE
iZ Level 2 BLAS IZ v-BLAS % HW 3 B4 0 HiH
ENTEY, Lrb ICPU TOMAESER 1.49 %2
), 8CPU T 4.80 fif & KiFIZ A M E LA <
RoTWAH., ZOZ &G, FEXNHEAMHEMNETIE,
Level 2 BLAS OF = —=1 778 dgehrd OHEAEE £
AL, EEROMERICEELY 52 IR KOERTHD L
Wx5.

Dbz Lo, BIlE A COIERFRE A RTED iR
BTN RATIE, ~yBUVTITICE#RT
dgehrd T &5 Level 2 BLAS OF 2 —=>7
&, QRIETHEAMEZHAT S dhseqr DF 2—=2
T X o THERRELTLEI LD, F,
NoEOTNTY XAZE, WHHERZ LWz r—F
CREENIUET D Z EREELY, BLAS OF 2—=
VT OFNREBBLNIRNE, PERESGE DORREE & 72 2 IS
BELEENTWS., 2070, FEFREAERED
PEREMEFECIL, BEET AT Y RADOKIERKE, L
SEELWTAITY AAOHBEBARARTHS.

4. ¥ & O

AR TIE SR8000 1 /— K% 8 B?D CPU &Fioktf
A VAENGFIEHERE S 72 L, BLAS OWSHRIZHE D
TI7A4 T Y N—F U AKE%E OpenMP % TS|
{4 % NAG Fortran SMP A 75 VU, BLAS /L—
F v w \HIAIZWESIE T 50 F ik LAPACK,
Netlib £ Y —Ra— K% a4 T HENES{HE
8 « e bAgRE & VW THERR L7z LAPACK 122\ T

A7 2 E VA FIFHFHE L OFTFIRHIC XS 2 WFHEFIEOVERER AT 9

PERELLIR 2 46 Z 72\, MBS FIE O Rek & RS %
B 62T LTe.

BAEEROMR LY, LU HREHWIZESL—K
BROMETIE, TATY XLOWFIMEREHN 20D
N—F VARIK%E OpenMP 12 & 0 WHHLT B FIEDS)
EPRRL, VYIMEBLAS R Fa—=2 7 ERTH
%A1 BLAS 205k 3 2 Rk L 0 bR HEfE
"EohdZ L, Try 7k LU HEEHLTHD
72, Level 3 BLAS ODF a2 —=V B (%h b
LR DL TroT. MPMTEIOEAMMEDORE R
BIE, ZIROBNWTATY XADER L BLAS O
HALBERER O TH Y, Level 2,3 BLAS ifi 5D
Fa—oV IREETHDII R Dh otz &
72, FHRPATHIOEAEREDOFERI I, WHIPEAS
ZLWT A TY RADTZdN—F  AREOWFIEAH
HETH Y, BURTIX BLAS 235t 2 Rk L i
HT&72nWZ b, Level 2D BLAS #F a2 —=>
TLTHORERBRNZ ERbhoTz. Zh b DR K
v, V—F U AK{K%E OpenMP 2 X - TIFHELT B
FikL BLAS %W 5L 2 FIEOAEB=RIL, WM&
RN—F DT NANIY AAURGFTHLE2bND.
(72, HiEOBGIIITATY A0 FMEL S T
JVIR BLAS OPERE, #HF DO%BA 3SR BLAS @
PEREIC & 0 2ROMRERRE D &\ 2 5. AT, £
K OHIEHFARETHW SN S Level 2,3 BLAS O
Bk, BUROT7TAITY XA X WHIEOFENT Y
ZLDRFES, a5 L0MEERN LSR5 ETE
EHEWx 5.

AR mESERD L, SBOAGAEY
FNFFIFHEAONSNZ 4 7T VIcirsshd Z &k
AWFFECTHAE LTz 2 FEHOWIHLREE LI 2, R
DU U WS RIEE YNV T 5 2 N TE
LEIBREEHITVDEZLETHASY. ZDLEIHI R
TAT T VT, MBI DFEMORHERHE 5 M
O EZBEIZANRTII RS 20D, 475
VOMERR « Fa—=V TBERODIATI U X0 HIA
BB e EZbNS. LnL, ATLAS®? k5
B2 /87 A—# & ABNICRET D HEIF 2 —=>
T OEIEEGATIUE, FREO®mOSE TR
L7477 0309 BIHEHTE5EE2 60
5. Ele, BRWLRMEICH L THERR LT
LLR, WHMERR RO RNWT LT Y X LD
1, BEEOWFIRR/ S ARG A 75 ) OoMReE
#FL, HILWISULTIEERM 72T A4 75 ) 2580 S
T B TDIZ bk LT T 20 ERH 5.

HE AFROZEITICHZ Y, SR8000 |k Thhh
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