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

Satoshi Tateno,†1 Takaomi Shigehara,†2 Hidehiko Hasegawa†3

and Sumiko Hiyama †4

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
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 ���������������������������� �¡]¢ BLAS£

Table 2 Parallelizing technique and BLAS.

Library Parallelizing technique BLAS

NAG 8CPU Parallelize outer loops by OpenMP
Nonparallelized

1CPU —

v-LAPACK 8CPU Parallelize core loops by compiler Parallelized

n-LAPACK 1CPU — Nonparallelized

ø � BLAS ^�Ñ�}q? ö�J
LAPACK (v-LAPACK î n-LAPACK¤çAè�ùtí]¥F@
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ç è�Ò�Ó�� æqç í?î çAèqÅ v-LAPACK/n-LAPACKà ç ècÅ BLAS ^ î1¬q¶qÒqÓc? ö�æcç í î V ñ � OÅ v-LAPACK/n-LAPACK à�çfè�ùXE�G ü l]j
l Vñ � O�Å BLAS ^ å?ñ � ? öqJ

v-LAPACK @ n-LAPACK � ó ltí SR8000 �8¦	nà ç Ð�e n tau þ]w ñ � ��â�rnì�I ö�J v-LAPACKí � ñ��fà õfö SR8000 =�\��
tvu þ]w ñ � 3 xFECGü l ö�J n-LAPACK àfí�t]u þ�w ñ � ^�Þ s xFE 8 îï ñ?òAó ôfà õ ö  r ùA���A^�x�? J
NAG Fortran SMP K�I�{1K�| (NAG)

BLAS à8°X6 ü ìfí�j]U�îZO þ ttñ ��­ �?çfè�	��I ö Á ` à�°X6 ü OpenMP ^8}ql ü çAèfù ECG ü lö�J 5�6�Ã�ðtà CPU L ðA^
ý c ? ö�¡ @�ì
Ñ�}�? ö
CPU L ðA^ s ¢¯® { öqn�� îAï?Þ���Èq£�Äq¹Eì?ç èÒ�Ó 3 ¤ ¡ j�{ ö�J m�n îZO þ ttñ ��­ 3 çAèAùXECG
ü l ö�n�� î 1 ��� BLAS O þ tEñ 3(° ð�� CPU >ì�ï$*tà"± � dAECG ö�¡ @ 3 I ö �fì�î³çfèfù ECG ü
lèj�l V ñ � OqÅ BLAS ^fÑ�} 6 î1Q © çAè ù à õö 	Aú�² ù�^$³�\ öqJ

NAG, v-LAPACK, n-LAPACK à8¤�\ ö ç èfù��� @ÇÑ�}�? ö BLAS ^ m @ ��n Þ�´ ö ^(o 2 à
þ�? J

3. µ=¶?·=¸
� � � ì�í�´ µ�Þ ¶ ·�¸Z¹�î�°Z½ /¾ °�½ £�è]� ¿|âÀ ²
³ à�° 6 ü 2 «�ø �8ð�À�È�É]^
¤ ¡ jX¯ Jº¹ ÞA�È�É ( �"� î È�É 1 @C½�? ) ìfí?î v-BLASî n-BLAS^
Ñ�}X6 n
æ�ç � ò ô?ó��fôtå
�8	fú�^
ä�å�? ö�J�¹

Q���È�É ( �"� î�È�É 2 @�½�? ) ìfí�î n-LAPACK à°X6 ü î ò BLAS , � O"-tàtå?ñ � ? ö BLAS ^ v-

BLASî n-BLAS à
Ã�.X6Cî p � , � OA�8t�u þ�w ñ� Ý çfèfù 3 p�/�<Aj���7�^8­"» ö�J�ò È�ÉX@
9
O þ
tEñq�8È�£1*�ÖAì�	Aú�^ ��  ? öqJ 3.1 7��J¼ à8þq?È�É"½1/tí ÏEü £Aè�¾Aó�Q 3 n = 5000 � æ�ç ��9��ì�I ¢ î�½"/ 3(¿ étì�I ö�¡ @?í
é"À�Á��tì�I ö�J j
¤Aî n = 3000 � æ�ç ì�9 �c��� �8ÈcÉ�½1/Ì@�ï$gA�Â = 3 � hCG n�J������ �
È�Étà
}�l n������ ô����
Ã þE� ï þ � í 19) à�I ö�Jö

3Ä 11 à
¤�l ü î�È�£"*]ÖAí Ïtü “
`

: Å ” ì ö ? Jm�n î Speed-Up í 1CPU ��È�£�*AÖq^ 8CPU �
È£"*]Öfì]+ û n Ànì�I ö�J È�É 2 �$½"/]^
þF6 n�ö 5 î
8î 11 ì í?î�Ñq}X6 n BLAS ^

(Level 1, Level 2, Level 3)��ÄA¹ ì ö ? J�¡A¡ ì î “v” í v-BLAS î “n” í n-

BLAS ^]ÆPÇ�? ö�J�È {�y�î (v,n,n) í Level 1 BLASà v-BLAS î Level 2,3 BLAS à n-BLAS ^�}�l n�¡@k^sÆÉÇZ? öaJ >
�i�ZÀ ífÈa£	*iÖ î � � �kÀ í Ï
BLAS , � OEà n-BLAS ^
Ñ�}X6 n
æ�ç ^ 1.00 @�?ö Èq£
*iÖq�TÊ
Ë�Ì\Í�Î
Ï
Ð"ÑTÒ�Ó (v,v,v) Ó (n,n,n)Ô(Õ�Ö"×�Ö"Ø

3 Ó 6 Ó 9 Ù v-BLAS Ó n-BLAS Ú(Û�ÜPÝÞ�ß Ù n-LAPACK à$á�â Í1Î�Ï�ÐØ
4 Ó 7 Ó 10

Ô Ó n-BLAS Ú�Û�ÜPÝ�ã�ä�å�æ (1CPU)ç Ò ÜJè Ó�é�ê Ù�ë1ì1í\î çsïñð èsò BLAS óOô�õ
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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
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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%
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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 8CPU 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

Ú78:9 Ì�Í�; ð Ý Ø Í"Î"Ï"Ð=< Ö?> Ù ü ï ë"ì�í�î Ô@7A�BDC�EGF ç7HGIKJ Ý�LNM�Ù(õ7O�PGQ"Ù(ë"ì�í�î"Ú
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Others Ù:Y Ô F:E[Z7F[\ õ]O7PGQ1Ú�^�_ BLAS ú7`
Ù�å�æ çba þ Ï�ü ï ë�ì�íEî�Ú Ø�ð è�Ü Ï�Ð

3.1 c]d7e�f]g�h�ij�k Í Ô ÓWl 97m7n7oJÚ�prq LU 97s ç7H Ï:t7u â
äwv]x]yEÙ{zw|]s]} çsï þ Ï:~w� çb� ÜJè{�]��þ Ï�Ð�]� ì�� Ô]� î [0, 1) Ù�â��7� � Ú���9 ç:�7�7� ì7�
à�þ Ï�Ð LAPACK õ�ODPNQ Ô dgetrf,dgetrs Ú]Û�Ü Ï�Ð
V{� dgetrf ÚsÛ
ÜEèsìw�\Ú LU 9ws ð Ó dgetrs

ç]H
I t�u â1ä�v7x]yJÙ�sEÚ:��ø Ï�Ð ð:�Eð Ó LU 9]s��
Ùb��s l 9JÙb����� [O(n2)]

Ô 9�sEÙ:�w��� [O(n3)]HGI$Ô Ï �"ç�� ÑG� Ó dgetrs
ç�a þ Ï í�î ÔG� Ù(ë7�

~]��Í�� 0.1 ��� 0.5 ��x]��à dgetrf Ù ~]� H[I � ÔÏ ��ç��G��� Ý Ð Õ Ù"Ý�ø Ó j7k Í Ô dgetrf þ ÑD�7�
LU 9�sJÙ$ë1ì�íEî ç:� Ü�è:�]��þ Ï�Ð 

3
ç ë]� 1 Ù ~w� Ú ; þ Ð v-BLAS ÚsÛ�ÜEÝ Þß Ô Ó 1CPU Ó 8CPU à � ç NAG(1CPU 01:18.40 Ó

8CPU 00:12.01) Ó v-LAPACK(1CPU 01:28.33 Ó
8CPU 00:17.82) Ó n-LAPACK(1CPU 01:54.44 Ó
8CPU 00:22.35) Ù=¡ ç=¢¤£ Í	Î
Ï	Ð 8CPU Ù Þ	ß

Ô Ó NAG(00:12.01) ö Vendor(00:17.82)
HNI

32%x¢�£ Í1Î�Ï7< à �G> Ó LU 9�s�õ�O7P¥Q j ê Ú:¦7�]§
þ Ï NAG Ùb¦w�¤§]¨w} Ô Ó BLAS Úb¦w�]§�þ Ï v-

LAPACKÓ n-LAPACK Ù�¦D�D§D¨�} HNI ��© Ö è]ÜÏ H q ç�ª[« Ï"Ð=< Ù(æG¬�à ð è Ô Ó ä�Ù 2 ­�ö�® Ña[¯ Í�Î"Ï àK° «¥>¯Ö Ï�Ð± âEÙ a²¯�Ô Ó Z]A[³:´ § LU 9�s 5),20) Úb¦���§ð è(Ü Ï�< à Í"Î"Ï�Ð Z�AN³�´ § LU 97s Ô Ó ï7µ àÑ"Ï ì7�JÚ�¶ �G� Ù Z7AN³�´ ç 9 ù ð Ó a7·7¸7¹ Í ÔÑ¥� Z�A¥³:´ ¸�¹ Í LU 9]sEÚ Ò¥<1Ñ qºvw} Í�Î1Ï1ÐZDA¤³+´ § LU 9�s Í Ô Ó�» �D�Pö]ìD� - ì=���D�~à ÑÏ Ý"ø Ó=¼D½ Ù LU 97s H[I � å"æ�Ù�¦��7¾�ö ¢ �$ÑÏ 20) Ð NAG Í Ô Ó ZwAG³:´ § LU 9wsEÚ OpenMPÍ ¦7�7§ ð è(Ü Ï Ý�ø ÓW¿ � Ù Z7AN³�´ ç(ï þ Ï å�æ
Ú�¦D� ç ë�ì Í7À�Ï�Ð âDv v-LAPACK Ó n-LAPACKÔ Ó õDODPNQ j ê Ù ZDAN³Á´ Ú]ã�äDÂ ç å�æ ð è]Ü Ï�Ð
NAG Ù]ë�ì�íPî�ö v-LAPACK Ó n-LAPACK

HNI �
� � Ó ð�� � Speed-Up ö 6.53 à v-LAPACK(4.96) Ó
n-LAPACK(5.12)

H¥I � ¢ Ü < à Ô Ó ZwA[³:´ Ú{¦
� ç å"æ"þ Ï v7}PÙ(å"æDÃ Ì ö Ó BLAS Ú�¦7�7§�þ Ï
v�} H[I �]Ä Ü < à$Ú ; ð è�Ü Ï�Ð±DÅ Ù aN¯�Ô Ó�Æ Q7Ç]õDÈ v-BLAS ö�ÉD9 ç PNÊ+O
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æ QGÇèç Ö è1Ü ÏG< à ÍJÎEÏ�Ð n-BLAS Ú�é�Û ð
Ý ÞPß Ù Speed-Up

Ô Ó NAG
Ô

6.36 à+ê ��Ñ I Ó
v-LAPACK

Ô
5.77 à ¢ ��Ñ�Ï�Ð v-LAPACK Í Ù

1CPU Ù�¾DëDê�ûPö 8CPU
HNI ��ìNÀ Ü < à �N> Ó v-

LAPACK Ù Speed-Up Ù7í�î Ô ÓïÆ Q7Ç$õ7È BLAS

Ù�PïÊÁO æ QDÇ�Ù�Ã � ö ìNÀ Ü < à�Ú�ðNñ]þ Ï�Ð NAGÔ ZòA[³b´ Ù�¦G��åPæ ç Æ QNÇ�õNÈ BLAS Ú"Û�Ü
è"Ü Ï Ý�ø Ó[Æ QòÇ�õGÈ BLAS Ù7P[ÊbO æ QGÇ Ô
NAG 8CPU Ù�¾�ë ç �:ó]ô Ú:õ¥ö(þ Ð Õ Ù�Ý�ø Ó v-

LAPACK 8CPU
ç]ï þ Ï NAG 8CPU Ù ¢D£ §PÙ ùß Ô Ó P[ÊbO æ Q]Ç²ç Ö èsÜ Ñ Ü n-BLAS Ù Þ1ß Ô

12%x]� ç�÷ V I Ó PNÊ�O æ Q7Ç[ç Ö è(Ü Ï v-BLAS

Ù Þ�ß ç�Ô+ø 32%
ç�ù þ Ï�Ð+< Öú> Ù < à �N> Ó NAG

Ù{¦]�w§w¨]} Ô Ó¥Æ QwÇ�õwÈ BLAS öbÉw9wP[Ê:O æ
Q]Ç[ç Ö è(Ü Ï Þ�ß ç:¢ Ü]Ã � Ú�û�ü1þ Ï à Ü « Ï�Ð 

4
ç ; þ BLAS Ù ü ï ë1ì1íEî�Ú ª Ï à Ó þ7ý

è1Ù F:EGZ]FG\ ç Ò Ü�è Ó Level 3 BLAS Ù ü ï ë"ì
í�î�ö 92%ú]î~àÏþ"Ü < à$ö � � Ï"ÐW< Ö�Ô Ó Z�AN³´ § LU 9�sJÙ » �7�Eö(ì�� - ì��7�]��à Ñ I Ó Level

1,2 BLAS
HGI � Level 3 BLAS Ú�é�Û"þ Ï7ÿ � ö��

��Ñ"Ï Ý1ø Í�Î"Ï1ÐDV Ý Ó Level 3 BLAS Ù:�7�]� Ô
O(n3) à���ÜEÝ�ø Ó 1 ÿ Ù:�]� çba þ Ï íJî1ö Level

1,2 BLAS
HGI � þ"Ü < à �$ü ï ë�ì"íEî"Ù�þ�Ü�æG¬Í�Î1Ï�Ð�< Ù < àsÚ�� V « Ó   5

ç ; þ�ë]� 2 Ù ~
� Ú ª Ï à Ó�ü ï ë"ì�í�î�Ù � Ü Level 1,2 BLAS

ç
v-BLAS Ú�é"Û ð è � ¾Dë Ô í�î ð Ñ Ü�ö Ósü ï ë"ì
í\î1Ùbþ1Ü Level 3 BLAS

ç
v-BLAS Ú{é1Û�þ Ï Þß ç�Ô Ó 1CPU Í 2.19 � Ó 8CPU Í 1.97 � ç ¾DëGí

î ð è(Ü Ï"Ð�< Ö?> Ù < à �G> Ó Z�AN³�´ § LU 97s
Ù�¾Dë Ô Level 3 BLAS Ù:¾7ë ç ìGÀN�Ïó�ô ç Ö ÏD<
à�ö � � Ï"Ð
ú]îJÙ < à H¥I Ó NAG Í�� Û ð è�Ü Ï õ]O�P¥Q jê ÚW¦¤�w§
þ Ï v¤} Í Ô Ó1é�ê Ù��Tõ
	 \���
 ç=¢

Üw¦]�w¾\ö Î I ÓEÑ�Ò �{� Æ Q]ÇsõwÈ BLAS öbÉw9
P¥Ê:O æ QwÇ ç Ö èTÜ Ïï< àsö Ó ¦¤��å	æ
í çW¢ Ü
¾7ëJÚ�û7ü"þ Ï Ý"ø"Ù����ñà Ü « Ï"Ð�� ç Z�AN³�´ §
LU 9]sEÙ Þ�ß ç�Ô Ó å�æJÙ ì]l 9JÚ\÷�ø Ï Level 3

BLAS Ù�PNÊ�O æ QDÇ"ö�� ½ ç��7a Í"Î I ÓwÆ Q7Ç(õ
È BLAS

ç Ò S Ï Level 3 BLAS Ù�PïÊ O æ QDÇ�ö��
É79 Ñ Þ"ß ç"Ô Ó BLAS Ú:¦D�7§�þ Ï v-LAPACK,n-

LAPACK Ùb¦��7§]¨7}Jö$õ�O7P¥Q j ê Ú�¦��7§1þ Ï
NAG Ù:¦]��§7¨]} H[I � ¾�ëEö ÄG��Ñ�Ï�� ë7¾Eö ¢
��Ñ�Ï�Ð
3.2 �������� "!�#j�k Í Ô Ó ë ï ý"ì7��Ù é�$�%�&(')$�% ô ´+* õJÙ

U7� ç(ï þ Ï�~�� ç�� Ü�è����"þ Ï"Ð é"Û"þ Ï ì7� Ô

(i, j) ��9Jö
aij = n − max(i, j) + 1, i, j = 1, · · · , n

Í Ø ç Ö Ï n ä B7F Q ´ ì7� Í"Î"Ï�Ð LAPACK õ�O
P Q Ô Ó Relatively Robust Representation21) ç¤H
Ï dsyevr Ó 9 ù�,�- } ç¤H Ï dsyevdÓ QR } ç¤H Ï
dsyev Ú$Û
Ü Ï1Ð NAG Í Ô dsyevr,dsyev

ç ü/. þ Ï
LAPACK 021�õ=O�P¤Q�ö+^ V Ö è�Ü Ñ Ü�ÝTø Ó dsyevd

à]á�3PÙ]õDODPNQ�Ú]Û�Ü Ï�Ð � Ù]õDODPNQ ç Ò ÜPè �]Ó
1)
ï ý�ì��PÙ 3

��ï54 § Ó 2)3
��ï64 ì���Ù $7%5&8'9$

% ô ´:* õEÙ�U�� Ó 3) $�% ô ´8* õJÙ�;�< (3
��ï�4

ì��EÙ $�% ô ´:* õ\Ú�<JÙ $�% ô ´8* õ>=�?�1 ) Ù 3@6A Ù]å"æPÚ�BPè $�%6&C'D$�% ô ´E* õ�ö�UD�?ç Ö Ï�Ð 
6
ç ë[� 1 Ù ~G� Ú ; þ Ð v-LAPACK Ù ~

� Ú ª Ï à Ó 1CPU Í Ô Ó v-BLAS Ó n-BLAS à �ç
dsyevr Ù{¾]ë\ö ¢ ��Ó v-BLAS Ú{é1Û ð Ý Þ�ß Ô

07:32.82 à Ñ
Ï�Ð 8CPU Í Ô Ó v-BLAS ÚTÛ
ÜÉÝ Þß ç"Ô
dsyevd(01:20.83) Ó n-BLAS Ú(Û�Ü�Ý Þ"ß ç�Ô

dsyevr(08:08.45) Ùb¾]ëEö ¢ Ü Ð�V Ý Ó Speed-Up öF � ¢ �sÑ�Ï Ù Ô dsyevd Í1Î I Ó v-BLAS Ú{é�Û ð
Ý Þ1ß ç1Ô 6.30 à Ñ1Ï1Ð �w���\ö�� � ¦w�]¾ ç�G SÏ QR }ÉÚ � Û
þ Ï dsyev

Ô Ó v-BLAS Ú�Û
ÜÉÝ Þß Ó 1CPU ö 23:11.17 Ó 8CPU ö 04:41.39 à Ó é1Û
þ Ï CPU H � Ú>I ����J Ù$õ7O7P[Q HGI �1ú7î�K �Ñ1Ï�Ð�< Ö > Ù�L¥í Ô n-LAPACK Íw� á/M Í1Î�Ï�Ð
ú7î�Ù < à �G> Ó é�Û"þ Ï�$�%�& U7���$õ�	 \���
 Ô
¾�ëEÚ�N�O1þ Ï F ì Ù a[¯ Í1Î"Ï à Ü « Ï�Ð

8CPU Ù ~W� ç�PRQ þ Ï à Ó v-BLAS Ú�Û�Ü	Ý NAG

ö 02:19.01 à Ó á�3�Ù2��õS	 \7�6
 Ú � Û ð Ý dsyevd

Ù n-LAPACK(01:36.21) Ó v-LAPACK(01:20.83)
ç

T Ï7< à(ö � � Ï"Ð n-BLAS Ú(Û"ÜJÝ Þ�ß � áUMVL[í
Ú ; ð è Ò I Ó dsyevd Ù n-LAPACK(08:07.72) Ó v-

LAPACK(08:31.81) Ó NAG(08:48.34) ÙW¡ ç ë
ì	í
î1ö � Ü Ð�W Q�X E²F çwH Ï FZY §\Ù\[EÚ�] ð Ý n-

LAPACK ö Ó ¢ � ç PGÊ:O æ Q�Ç[ç Ö Ý NAG Úbî
ÿ"Ï ¾7ëJÚ�û7ü ð Ý < à Ô Ó ¦7�7§7¨7}JÙ�^"Ü�ö�¾�ëç ìGÀ�Ñ�ó�ô Ú�_ « è(Ü Ï à Ü « Ï"Ð v-BLAS Ú(Û�Ü
Ý Þ"ß Ù Speed-Up Ú�`>a ð è�[ Ï à Ó v-LAPACK Ó
n-LAPACK b ç 4.80 � 6.30 à NAG(3.91)

HGI � ¢
Ü & Ú J è(Ü Ï�Ð:< Ù < à �N> Ó ï ý $�%6& I�c Í Ô Ó
Æ Q7Ç�õ�È BLAS Ú�é�Û1þ Ï Ý�ø BLAS Ù�å�æ £ �
ö7?=§ ð Ñ Ü NAG Ù�¦��W§�¨�} HòI ��Ó ¦=�=§ ç�Hb�
è BLAS Ú ¢7£ §1þ Ï v-LAPACK Ó n-LAPACK Ù
¦��]§�¨7}EÙ>dèq ö:Ã�eJö Ä Ü�à¯Ü « Ï1Ð

n-BLAS Ú1ÛEÜ Ï ÞJß Ó F £ à ÑJÏ õGO¥P Q Ô
1CPUÓ 8CPU à � ç dsyevr Ù n-LAPACK(1CPU
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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
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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 Ó 8CPU 07:44.65) Í1Î1Ï1Ð ðb�\ð Ó¥< Ö >
Ù(ë�ì"íPî Ô v-BLAS Ú$Û�Ü�Ý Þ"ß Í F � K"Ü dsyev

Ù n-LAPACK(1CPU 23:02.82 Ó 8CPU 04:47.30)
H

I � ç >$ç þ�Ü Ð7V Ý Ó Speed-Up ö 2.84� 3.60 à Ó
v-BLAS Ú]Û�ÜPÝ Þ�ß (3.91 � 6.30)

HNI � ê�û ð è]ÜÏ"Ð�< Öè> Ù < à Ô Ó v-BLAS Ù�P[Ê�O æ Q7Ç ' ¦7�
§EÙ:Ã � ö ì[À Ü < à$Ú ; ð è�Ü Ï�Ð 

7
ç ; þ�ò FbE¥Z�F[\ ç Ò S Ï BLAS Ù ü ï ë

ì
íÉî
Ú ª Ï à Ó dsyev úw`ÉÙTõ¤O¤P²Q Í Ô Ó Level

3 BLAS Ù ü ï ë�ì�íJî�ö 80%
�¥>

85% à þ1Ü Ð�V
Ý Ó NAG úw`JÙsõ�OwP[Q Í Ô Ó Level 2 BLAS Ù üï ë�ì�íJî�ö 11%

� >
15% à twu â�äwv�xwyJÙ Þ�ßHGI � þ �(Ñ � è$Ü Ï"Ð�< Ö?> Ù < à �G> Ó ï ý $�%

& I�c ç Ò ÜJè Ô Level 3 BLAS mwS Í1Ñ¥� Ó Level

2 BLAS Ù ¢7£ § � ¾7ëNí�î�Ù ��a Ñ aG¯ Í"Î�Ï à Ü« Ï"Ð dsyev Í Ô Ó BLAS ú]`JÙ(õ]O7P[Q1Ù ü ï ë"ì
í\î1ö 45%n¤� à þ�Ü Ð�< ÖEÔ Ó BLAS Ú�o�Û Í¤ÀÑ Ü�ã"äD¾�Ù ¢ Ü�å�æ�ö(õ7O7P[Q6p l ç ^ V Ö è(Ü Ï
Ý"ø Í�Î I Ó BLAS Ù ¢7£ §"mDS Í Ô�q Â Ñ ¾7ë6r�s
ö�tJø Ñ Ü < à�Ú:ð¥ñ$þ Ï1Ð 

8
Ô Ó n-LAPACK Ù dsyevr,dsyevd,dsyev

ç Ò Ü
è Ó å1æEÚ 1) ìw�EÙ 3

��ï>4 § Ó 2)3
��ï�4 ì��\Ù

$�%>&u'v$�% ô ´+* õPÙ�U7� Ó 3) $�% ô ´+* õPÙ�;�<
Ù 3

� Ù @�A ç 9GS Ó Õ"Ö�×"Ö Ù(å"æ7R ç ë7� 2 Ù ~
� Ú ; ð Ý � Ù Í�Î"Ï"Ð�Ñ(Ò"Ó ì���Ù 3

�"ï�4 § ÔG�

Ù(õ7ODPGQ Í7� á(âPÙ(õ�O7PGQ�Ú(Û"ÜJè(å"æ ð è(Ü Ï
Ý�ø Ó ë7� ~�� Ô á"M ç Ñ�Ï1Ð

3
��ï\4 §
Ù @5A ç Ò Ü	è Level 2 BLAS

ç
v-BLAS

Ú�é	Û ð Ý Þ�ß Ó 1CPU Í Ô 1.45 � Ó 8CPU Í Ô
4.11 �¤¾¤ë ö\rZs ç Ö Ï
Ð�� ç Ó 8CPU í ç Level

2,3 BLAS
ç

v-BLAS Ú�é�Û ð Ý Þ"ß Ó ¾�ë Ô�ø 8 �
à ì�w ç í:î ð è(Ü Ï�ÐD< ÖEÔ Ó 3

�1ï�4 § ç Û�Ü Ï
x+y�z�{ õU|:O6?�1 Í Level 2 BLAS ö��"Û ç Ö Ï Ý
ø Í�Î"Ï"Ð{V Ý Ó dsyevr, dsyev Ù 3

�"ï�4 ìD��Ù $�%
&}'~$�% ô ´8* õJÙ�U�� Í Ô Ó v-BLAS Ú:é"Û ð è �
ë"ì"í�î ç ?7§�ö ªè> Ö Ñ Ü Ð�< Ù < à Ô Ó 9 ù>,>-
}JÙ�õ�O�P¥Q dsyevd ú�` Í Ô Ó BLAS Ú�dJà�� � o
Û ð è(Ü Ñ Ü < à(Ú:ðGñ ð è(Ü Ï"Ð�Ñ(Ò"ÓS$�% ô ´8*
õ�Ù�;�< ÔU���"ï64 §�Ù�� ç��6��ð Ý�?�1�ì7�ñà 3

�
ï�4 ìw�EÙ $�% ô ´:* õEÚ��Z� ð Ý�ìw�\Ù � Í1Î I Ó
Level 3 BLAS ö(å�æ�Ù ì�� ÚJ÷]ø"è]Ü Ï�Ð Õ Ù�Ý�ø Ó
Level 3 BLAS

ç
v-BLAS Ú(Û�Ü Ï à $�% ô ´E* õ6;

< l 9JÙ�¾]ëJö ø 3 � ç íbî�þ Ï1Ð
ú7î�Ù < à HGI Ó ï ý $�%>& I�c Í Ô Ó �7�7��ö �ÑG� ¦7�D¾JÙ ¢ Ü��(õ"	 \���
 Ù�n�o�àÏLNM�Ù��7�JÙ¢¤£ §Éö �¤a Í
Î I Ó BLAS ÚW¦¤�ï§�þ Ï ¨¤}Éö %

Ã Í1Î�Ï�< à$ö � ��� Ý Ð�� ç Ó Level 2,3 BLAS Ù
PNÊ�O æ Q�Ç ' ¦7�7§ Ô ì���Ù 3

�"ï>4 § Ó�$�% ô ´* õ�Ù�;6<ñà Ü � Ý(ò��(õ"	 \���
 Í b ¼ à Ñ"Ï å�æ
Ú ¢7£ §�þ Ï � ç % Ã Í"Î I Ó ¾7ë�r�s ç�GG��� Ñ Ü
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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) (n,v,v) (v,v,v)

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

a¥¯ Í�Î1Ï"Ð
3.3 �����"���> "!�#j�k Í Ô Ó � ï ý�ì7�JÙ $�%�& I�c ç(ï þ Ï:~7� ç� ÜJè��7�"þ Ï�Ð5$�%�& Ô é è���ø Ï ö ÓS$�% ô ´+*

õ Ô �Jø Ñ Ü Ð ë]� ç1Ô
aij = mod(n + j − i, n) + 1, i, j = 1, · · · , n

Ú (i, j) �D9�à�þ Ï7�Nÿ ìD�	Ú]Û�Ü�Ý Ð LAPACK õDO
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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
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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%
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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

P¥Q dgehrd
ç�H¥I ì��EÚ�� ³�� Qsô�õ¥Ç$ì]� ç ?Z1ð Ó dhseqr Ú]Û�Ü�è QR } Í]éU$�%�& Ú��Pø Ï"Ð:< Ö> Ù$õ7ODPGQ"Ú�o�Û ð è $�% ô ´E* õ�Ú���ø Ï�< à �

� ë/m�ö Ó��¥ÿ Ô $�% ô ´�* õ\Ú{U]� ð Ñ Ü Ð�Ñ$Ò�Ó
NAG Í Ô � ï ý1ì��JÙ $�%>& I�c ç�� þ Ï õ7O]P[QÔ ¦���§ ç Ö è�Ü Ñ Ü 15) Ð
 

9
ç ëò� 1 Ù ~ò� Ú ; þ Ð Ø 9

X Ó Total Ù
ì Ô ì¤�\Ù\���¤§ÉÚZ� � @¤A Ç F�
 é	ê ÙTë�ì
íÉî
Ú Ø þ Ð NAG

Ô
8CPU Íò� 1CPU à é � áEM�å

æ Ú Ò <	Ñ q�Ý	ø Ó Speed-Up ö 1.00 à Ñ	Ï�Ð To-

tal
Ô Ó v-BLAS Ú"ÛJÜñÝ ÞJß Ó CPU H � Ú�I �

� P[ÊbO æ QGÇèç Ö è�Ü Ñ Ü n-LAPACK (1CPU

46:58.00 Ó 8CPU 10:09.28) öbP[Ê:O æ QwÇ¥ç Ö èsÜ

Ï v-LAPACK (1CPU 46:58.00 Ó 8CPU 10:09.28) Ú
î ÿ�ÏD< à]ö � � Ï�Ð�< Ù�LNí Ô n-BLAS Ú]Û�ÜPÝ Þß Íw� á�M Í1Î�Ï Ý1ø Ó � ï ý $�%�& I�cEÙ ~w� Ô Ó
PNÊ�O æ Q7ÇNç Ö Ý F�EGZ�FG\ Ù�¾Dë�ö��7O���Ù����ð Ý @�A Ç F>
 ç T Ï â>� Í1Î"Ï à Ü « Ï 7),8) Ð

v-BLAS Ú�Û�Ü�Ý Þ�ß Ó NAG ÚU� � ò F=EúZNF\ Ù dgehrd Ù�ë�ì�í~î Ô 1CPU Í 15:32Ó 8CPUÍ 02:15 àsáWxï� Í
Î I Ó ¾¤ë ç ì À	ÑWó¤ô Ú\_ «Ï õGOòP Q Ô dhseqr ÍPÎPÏN< à�ö � � Ï�Ð dhseqrÔ é\ÛÉþ Ï BLAS Ù¤PGÊbO æ Q Ç ç
� � Ñ � d
ö"â"�~Ù�¾[ë ç Ñ�ÏJÐ7V Ý Ó 1CPU Í Ô NAG Ù
dhseqr ü�. Ù
õ²O P QÉö 09:01 n � à Ô Ï � ç¢ï£ Í	Î I Ó ä	Ü Í n-LAPACK(31:25 � 32:51) Ó v-



Vol. 0 No. 0 Ë�Ì7ÍÏÎNÐÒÑ�Ó�Ô�Õ�Ö�×�Ø7Ù�Ú�Ô�Õ�Ö7Û�Ü�Ý7ÞÏÓ�Ô�ß�à�á7Ù�â�ã�ä�å 9

LAPACK(44:27 � 45:03) ÙW¡ ç ¾wë\ö Ä Ü Ð 8CPUÍ]� n-LAPACK(07:13 � 07:54) Ó v-LAPACK(10:18

� 11:01) Ù�¡6� Ô ?D§ ð Ñ Ü Ð{< Ö?> Ù < à �N> Ó v-

LAPACK
ç Ò S Ï dhseqr ÙWP¥Ê:O æ Q¤Ç Ô � YZ�Í"Î�Ï7< à(ö � � Ï"Ð ¾7ë�Ú�r>s"þ Ï ç"Ô Ó�$�%�& Ù

U]��õ�O�P[Q Í1Î�Ï dhseqr Ù��> �Â Ñ P[ÊbO æ Q]Ç Ó
V Ý Ô�¡�¢ à Ñ1Ï õ]O�P[Q1Ù>£bû�ö�¤ a à¯Ü « Ï1Ð

n-BLAS Ú�Û�ÜPÝ Þ�ß ç�Ô Ó dgehrd Ù Speed-Up ö
6.89

�¥>
2.12

ç�¥ñð � ê1û1þ Ï�Ð Speed-Up ê1û\Ù¦ ¯ Ú   10Ó   11
HGIV§ ��þ Ï"Ð{V���Ó Ø 10

HGI Ó
� ï ý $�%6& I�c Í Ô Level 3 BLAS ö éè� é"Û?ç Ö
èsÜ Ñ Ü < àsö � � Ï�Ð (Level 3 BLAS Ú{é�Û1þ Ï
$�% ô ´E* õ�Ù�;>< Ô �Gÿ Ù�� ï ý $�%�& I�cJÙ(ë7�ç1Ô ^ V Ö èsÜ Ñ Ü Ð ) â7v Ó Level 2 BLAS Ù ü ï
ë
ì
íÉî Ô v-LAPACK Í 33.49% Ó n-LAPACK Í
40.83% à þ1Ü Ð�< Ù�Ý1ø Ó n-BLAS é1Û"íJÙ dgehrd

Ù Speed-Up ê�ûPÙ�® Ñ ¦ ¯�Ô � ³g� Q(ô�õNÇ(ì7�6=
Ù�?>1�í ç ��Û"þ Ï Level 2 BLAS Ù:PNÊ+O æ QDÇ çÎ"Ï àK° «G> Ö Ï�Ð�¨ ë Ó Ø 11

HGI Ó dgehrd Ù:¾7ëÔ
Level 2 BLAS

ç
v-BLAS ÚsÛ�Ü Ï Þ1ß Ù�[>rZs

ç Ö è Ò I Ó ð�� � 1CPU Í Ù:¾7ë�r�s>e 1.49 � ç
`]ý Ó 8CPU Í Ô 4.80 �ñà ì>w ç ¾�ëZr>s�eJö ¢ �Ñ � èsÜ Ï�Ð�< Ù < à �²> Ó � ï ý $�%Z& I�c Í Ô Ó
Level 2 BLAS ÙbPGÊbO æ QwÇ�ö dgehrd Ùb¾wëJÚ�N
O ð ÓTé"ê Ù�¾7ë ç óDô Ú�_ « Ï F ì Ù aG¯ Í�Î"Ï à
Ü « Ï�Ð
ú�î�Ù < à �[> Ó5© í�­ Í Ù�� ï ý $�%�& I�c�Ù�s

}��$õ�	 \���
 Í Ô Ó � ³�� Q(ô"õ[Ç(ì7� ç ?>1"þ Ï
dgehrd Í ��Û ç Ö Ï Level 2 BLAS Ù{P[Ê:O æ QwÇ
à Ó QR } Í�$�%�& ÚbUw��þ Ï dhseqr Ù{P[ÊbO æ Q
Ç ç�HD� è:¾7ë�ö�ª�� ð è ð V q(à Ü « Ï"Ð�V Ý Óò<Ö?> Ù��(õ�	 \���
 ç"Ô Ó ¦7�7¾�ö�« ð Ü�Ý"ø$õ7O7P
Q j ê Ú�¦7�D§"þ Ï�< à(ö�¬ ð Ü Ó BLAS Ù�PNÊ�O æ
Q7Ç�Ù�Ã � ö © Ö Ñ Ü�3 Ó ¾7ë�r�sJÙ�­�®�à Ñ�Ï�¯ c
ö�� � ^ V Ö è$Ü Ï"Ð Õ Ù"Ý"ø Ó � ï ý $�%>& I�c�Ù
¾7ë>r�s ç"Ô Ó2°�± �(õ�	 \��>
 Ù ì�w�Ñ r Ä(Óò� ð
� Ô�²ñð Ü��$õ/	 \��>
 Ù�£:ûEö�� � G Í�Î1Ï�Ð
4. ³ ´ µ
j5¶ Í Ô SR8000 1 ·ÁO¹¸�Ú 8 H	Ù CPU Ú ��� b %º�» \�¼ ¦D�7U7�6½�à ª Ñ ð Ó BLAS Ù�¦��D§ ç�¾?>

� F�E[Z7F¥\ õ�O�P[Q j ê Ú OpenMP Ú(Û�Ü�èb¦7�
§�þ Ï NAG Fortran SMP

F{E²Z�F[\ Ó BLAS õwO
P Q
Ú � ­¤Â ç ¦w�¤§
þ Ï ô Q�|\¿�À\Ù LAPACK Ó
Netlib îPÙUÁ�O z W OC¸�Ú W Q�X E[F ÙUÂ�Ã7¦D�D§6½
ë ' F�Y §�½7ë�Ú$Û�Ü�è��7� ð Ý LAPACK

ç:� Ü�è

¾7ë�`�aJÚ ÒG<�Ñ Ü Ó ò7¦7��§7¨7}�Ù �>Ä à�I�c7­JÚÅ >b��ç�ð Ý Ð� & ë��JÙ ~�� HGI Ó LU 97sEÚ$Û�ÜEÝ t7u â�ä]v
x]y\Ù:sw}�Æ Ô Ó �sõ"	 \��Z
 Ùb¦]�]¾\ö ¢ Ü\Ý�ø Ó
õ�O7P¥Q j ê Ú OpenMP

ç]HGI ¦��7§�þ Ï ¨7}JÙ:Ã
ePö ÄN� Ó�Æ QDÇ]õDÈ BLAS ö�PòÊÁO æ QDÇNç Ö è$ÜÏ Þ�ß ç�Ô BLAS Úb¦w��§�þ Ï ¨]} H²I � ¢ Üw¾wë
ö J?> Ö Ï7< à Ó Z7AN³�´ § LU 97s�Ú:é"Û ð è(Ü Ï
Ý�ø Ó Level 3 BLAS Ù:PGÊ�O æ Q7Ç1ö % Ãñà Ñ�Ï�<
à(ö Å >:� à Ñ � Ý Ð ï ý�ì���Ù $�%�& I�c�Ù ~7� �>�Ô Ó ÃZeEÙ Ä Ü/��õ/	 \��Z
 Ù{nwo à BLAS Ù ¢£ §Eö:¾�ë¥íbîEÙ a Æ Î I Ó Level 2,3 BLAS Ç�vJÙ
PNÊ�O æ Q]Ç"ö �7a Æ Î"Ï7< à(ö Å >�� à Ñ � Ý Ð�V
Ý Ó � ï ý"ì7�JÙ $�%�& I�c�Ù ~7� �G>(Ô Ó ¦D��¾Jö
« ð ÜU�(õ"	 \���
 Ù"Ý�ø(õ7ODPGQ j ê Ù�¦D�7§�ö>È
¬/Æ Î I Ó�©�É Æ Ô BLAS Ú{¦w�]§�þ Ï ¨¤} ð{� Y
Û�Æ À"Ñ Ü < à Ó Level 2 ú7`JÙ BLAS Ú�PNÊ�O æ Q
Ç ð è � Ã � ö Ñ Ü < à(ö � �D� Ý Ð=< Ö?> Ù ~7� HI Ó õ�O�P[Q j ê Ú OpenMP 3 ç�H�� è�¦]��§"þ Ï
¨]} à BLAS Ú:¦w�]§�þ Ï ¨]}EÙså1æwÃ>e Ô Ó I�cÊ õwO�P²Q�Ù��sõ"	 \��Z
 ç�Ë ± þ Ï à ° «²>OÖ Ï1Ð
V Ý Ó n�Ì�Ù Þ�ß ç"Ô �(õ�	 \���
 Ù�¦��7¾�à Æ Q�Ç
õ�È BLAS Ù:¾7ë Ó �>ÌJÙ Þ"ß ç�Ô ¦]��È BLAS Ù
¾7ë ç7H[I é"ê Ù�¾�ë�ö�ª V"Ï à Ü « Ï�ÐÎÍ « è Ó �
� Ù�Ï�Ð�U7��I�c/Æ(Û"Ü > Ö Ï Level 2,3 BLAS Ù ¢£ § Ó5©�É Ù��$õU	 \���
 H[I ¦7�7¾�Ù ¢ Ü��(õ�	 \��
 Ù�£:û �(Ó @DA Ç F�
 Ù:¾7ë�Ú7í�îèç � Ï î�Æ �a à Ü « Ï1Ðj�Ñ�Ò Æ J Ý ~ ��Ú�� V « Ï à Ó\� �JÙ�b % º�» \¼ ¦D��UD�6½�Û	Ù�¦D� F�ENZDFN\ ç �6Ó ç Ö ÏD< à Ô Ój�Ñ�Ò Æ�Ô>Õ ð Ý 2 Ö�×�Ù:¦D�7§7¨7}�Ú�b ç�ØG« Ó\ÉÙ ç�Ú M(è:¦7�7§7¨D}�Ú Y�� ç é"Ü79[S Ï7< à(ö�Æ ÀÏ H q Ñ ½7ë�Ú ØG« è(Ü Ï7< à�Æ Î�Û q Ð�< Ù H q ÑF�EGZ7F[\ Æ Ô Ó ïDµ à þ Ï U7��½�Ù � ¾ Ê�Ü qVI�c
Ù�¾�Ý�Ú:°�Þ ç�ß"Ö Ñ S Ö�à Ñ > Ñ Ü�Ý"ø Ó F�EGZ�F\ Ù��7� ' PGÊ�O æ Q7Ç1ö�á�â�Ù F�EGZ�F[\ HGI � È
¬ ç Ñ�Ï àK° «G>�Ö Ï"Ð ð���ð Ó ATLAS22) Ù H q çF�Y Ñ X F º O�ã"Ú�Â�Ã7Â ç ª���þ Ï ÂVÃ7PNÊ�O æ Q
Ç"Ù�ä7}JÚ Ú Û�þ Ö�à Ó\å�æ ¾�Ù ¢ Ü7¦��7§7¨7}�Ú �
Û ð Ý F�E[Z7FG\ Ô�ç Ü q � ç ë © Æ À"Ï à�° «G>¯ÖÏ"Ð=V Ý Ó ã"ä7Â Ñ I�c ç(ï�ð è � Ã�e Ä[� å"æ"Æ ÀÏ�è�é"Ó ¦7�7¾Jö ¢ � Ã�e�Ù Ä Ü��(õ�	 \���
 Ù�£:ûÔ Ó�°>± Ù{¦��]È / Æ Q]Ç�õ]È F{E[Z]F¥\ Ù:¾wëJÚ�r
s ð Ó ²�ð Ü7¦��D§7¨7}�Ú Ø[« Ý F�EGZ�FG\ Ú�ê7�èç� Ï Ý�ø ç ��ë>ì ð è Ñ>Ò þ Ï ¤ a ö Î1Ï�ÐíSî jSÑSÒ Ù6ïPì ç Î Ý I Ó SR8000 îðÆ F ²
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