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Parallel Implementation of the BLAS Library on Shared Memory Architectures
for Sparse Matrix Algorithms and its Evaluation

AKIRA NISHIDA! and YOSHIO OYANAGI

Parallel implementation of the BLAS library for sparse matrix algorithms in computational
linear algebra is a critical problem, especially on the shared memory architectures with low
data access latency. In this paper, we discuss the advantages and disadvantages of the par-
allelizing methodology of Level 1 and 2 BLAS subroutines using pthreads library, and report

its implementation and performance evaluation on shared memory architectures.
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input a starting vector v and a tolerance ¢;
compute uy = v1 = v/ || v ||2;
w1 = Avi, 0 = h1,1 = wivi, r = w1 — Ovy;
for k=2,...
solve approximately a z L u from
(I—uu)(A—0I)(I —uu*)z = —r;
forj=1,...,k—1
z =2z — (2"v))vj;
ve = z/ || 2 |2, wr = Avg;
for j=1,...,k
hjk = wivj;
compute the largest eigenpair (6, y)
of the matrix Hy with || y ||=1;
compute the Ritz vector u = Vy
and @ = Au = Wy;
r=1u— Qu;
stop if || 7 [|2< €
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Fig. 2 Computation of largest eigenvalue by Jacobi-
Davidson.
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Table 1 Computation time for the largest eigenvalue.

Size | Time(s)
322 1
642 12
1282 60
2562 396

256° OB EIDNT, BR TRKREAEE 5 HET
ROIGFEDHEN—F L OFATRHDOWRE R 21RT .

Z DFERD B, Jacobi-Davidson EIZEB W TIIEE
HRROHADEERRARTHD Z &N DH,
18 % DBEFIZ OWTH D &, RO KL % zgenv,
zdotc, zaxpy 72 £® Level 1, 2 BLAS L—F U H 4
DTNWDBZ LRND. 728, zgemv IX

y := alpha*A*x + beta*y,

y := alpha*A’*x + betaxy,

y := alpha*conjg( A’ )*x + betaxy,
D Level 2 BLAS, ¥£7z, zdotc iX

z := conjg(x)*y,
zaxpy, zxpay ¥ ZhEh

y := alpha*x + y,

y := x + alphaxy



£2 n= 256" COETREE
Table 2 Result for n = 2562,

Function Calls  Time(s) Time(%)
zgemv 10246 319 33.40
zdotc 12615 150 15.77
zaxpy 8163 116 12.14
jdqz 1 109 11.50
jdqzmv 3479 54 5.74
zxpay 4193 54 5.68
dznrm2 5402 52 5.50
amul 3540 47 5.00
bmul 3540 31 3.26
zcgstabl 41 12 1.33
zmgs 369 3 0.32
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Fig. 3 Speedups of subroutines for n = 2562.
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Table 3 Result for n = 2562 in parallel execution.

Function Calls  Time(s) Time(%)
jdqz 1 113 19.95
zgemv 9814 96 17.12
zaxpy 7818 54 9.69
zxpay 3954 51 9.12
zdotc 12212 50 8.93
jdqzmv 3290 50 8.85
dznrm2 5296 45 8.09
amul 3352 42 7.56
bmul 3352 42 7.47
zcgstabl 42 11 2.02
zmgs 376 3 0.56

Fi, Ay FEEEILERTEROAY—RT v 7%
X3, WILEEX TCEITRBELZbOEK 4 ITRT.
WIEBRE L RBIT LR > TEEMERBZ Ly P
W30, BERREET zgemv, zdotc BOIHHKE T,
FOVBEVWIEBELNTNDZ ERGM5.

WIZ, Sun Enterprise 10000 £ TOEITHERIZOWV
TRRB.

Omni T, Solaris 77 v b 74— A ETAL Y N
FuvyFICEET DI ENRTETHS. S EIOFHE
THEF vy VaOFABFIHRE R D7D, TrkyPic
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Fig. 4 Size of problem and speedup.

*
* Form y := alpha*A*x + y.
*
D0 60, J =1, N
IF( X( JX ).NE.ZERO )THEN
TEMP = ALPHA*X( JX )
DO 50, I =1, M
YCI)
$ =Y(I) + TEMP*AC I, J)
50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE

COBEIILYRAZ LN TOREEERE L
DTHDHH, —kH72 Level 2 BLAS HEIZBWTIE,
7 My EATH M OfTE %

Y1 Y1 M,
Y2 Y2 M,
. = ) + xz (14)
Yk Yk M;,

LLTTmry L, LFOLIET Yy s TORY
MR Z WIS B RERH 5.

*
* Form y := alpha*A*x + y,
*
'$0MP PARALLEL PRIVATE(JX, TEMP, TEMP_SUM)
'$0MP+ SHARED (KX, INCX, ALPHA)
'$0MP DO
DO 50, I =1, M
TEMP_SUM = (0, 0)
DO 60, J =1, N
JX = KX + J * INCX - INCX
IF( X( JX ).NE.ZERO )THEN

speedup

number of threads

5 n = 64> TOENL—F L DHEER LFR
Fig. 5 Speedups of subroutines for n = 642,

TEMP = ALPHA*X( JX )
TEMP_SUM
$ = TEMP_SUM + TEMP*A( I, J )
END IF
60 CONTINUE
Y(I)=Y(I) + TEMP_SUM
50 CONTINUE
'$0MP END DO NOWAIT
'$0MP END PARALLEL
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