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

AXIRA NisHIDAt and YosHIO OYANAGIt

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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Fig. 1 ScaLAPACK software hierarchy.
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input a starting vector v and a tolerance ¢;
compute u1 = vy = v/ || v ||2;
oW = A’U], 0= h1,1 = wfvl, T=w — 9'01;
for k=2,...
solve approximately a z L u from
(I —wu)(A -6 —uu*)z = —r;
forj=1,.,k-1
z =z — (2"vj)v;;
vk = z/ || 2 ||2, wk = Avg;
forj=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 =74 fu;
stop if || r [l2< ¢
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Fig. 2 Computation of largest eigenvalue by Jacobi-
Davidson.

BT OT, ZZic (4) 2RATT

(Ap = Az = -1+ (A= 0 —upAz)ur  (6)
L2B. Apz Lug, 2 Lug, r Lup &9 up OFEIT
0 TRFNIERLR2VOT, MER

(Ap = M)z =—r 7
OHBEZREIND Z LB, 5. EBIZIX A Ok
BT LIITERVD, (7) I TR RERRWED,
ZZTIRRDYVIZ O ANWT

(I —wpug)(A — 0, )T — upug)z = —r (8)
L. Bohiey Mk Vi I L TESMEL, vetr
ET5. Hk+1 = Vk*+1AVk+1 DERKEEHERKRRAT v
70 Ritz H Opr1 725, BEHARTATY X L%
2 (R, AROBEHET, BRkEAVWTEKOBRERE L
RDBZLENRTES.

6. SREE L EREETIE

UFTCR, EE7ATY XAOEE, RUEFAEY
T—%F I F ¥ LCOEFULFEOVWTHRETS. 7/
® 75 AZBI L Ti3, Fokkema, van Gijzen® b2k
JDQZ M—FrER—2 L L. REFBEORBRIZIZ
Templates?, & = HEEICIE BLAS®, LAPACKY
EFRVWTNA.

FHEZiL, Intel Pentium III Xeon (550MHz, 16KB
data, 16KB instruction cache, 512KB L2 cache) ®
4-way SMP (Dell PowerEdge 6300, 450NX chipset,
768MB main memory) & U Sun UltraSPARC II
(250MHz, 16KB data, 16KB instruction cache,
1MB L2 cache) @ 64-way SMP (Ultra Enterprise
10000) Zfvz. OS wivw¥hb Solaris 7, £fe=zv

A Zizideh £ PGI Fortran XU Omni OpenMP
Compiler # v 7z,

Y, BHESBESTH 3 U T OEMFTHZHAV
TITD.

n=N?&5ERAITFI

Tn =1 0]

P I 9)
L
0 —I Ty
4 -1 o)

w=| "} " (10)
'.. ’.' -1
o) 1 4

OB A B, BT 4 — 2(cos(kr/(N + 1)) +
cos(jm/(N +1)), j,k=1,..,N TEZbh3.

TIT, BEOTAKEAY 1078 L LT, ADEX
EHEEZHE L. BREMOEEST 10-15 OFEHE L
L, % Petrov ZM L CRERS MV 2ERTS. &
EFEXOHEICIT BICGSTAB4) 2.

4-way SMP ETOMREYA X & 3HEFROBMRIIHR
1DEY THB. R, A 04T

8 4
o () T w

TRBLDZ LN TEA.

%1 Jacobi-Davidson ¥ic & 5 RAEAEOHAR

Table 1 Computation time for the largest eigenvalue.

Size | Time(s)
322 1
642 12
1282 60
2562 396
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y := alpha*A*x + betaxry,

y := alpha*A’+x + betaxy,

y := alphaxconjg( A’ )*x + betary,
BD Level 2 BLAS, %7, zdotc IX

z := conjg(x)*y,
zaxpy, zxpay IXZhEh

y := alpha*x + y,

y := x + alphaxy
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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
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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 )
D050, I=1, M

Y(I)
$ =Y(I)+ TEMP*A( I, J)
50 CONTINUE
END IF
JX = JX + INCX
60 CONTINUE

ZOHEBAIZLVIRY V&/V‘Cﬂ)ﬁiﬁm% H#yE Lizd
DTHBHE, —fHI72 Level 2 BLAS HWEIZBVW T,
_7 My LITFI M OITL %

Y1 Y1 M,
Y2 Y2

I

M,
+ . xz (14)
Yk Yk My
LLTT ey kL, UTDL3E&ETay 7 TORY
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*
* Form y := alpha*A*x + y,
*
I$0MP PARALLEL PRIVATE(JX, TEMP, TEMP_SUM)
I$0MP+ SHARED (KX, INCX, ALPHA)
!$0MP DO
D0 50, I =1, M
TEMP_SUM = (0, 0)
D0 60, J =1, N
JX = KX + J * INCX - INCX
IF( X( JX ).NE.ZERO )THEN

60 |

50

40

speedup
2
%
p

30 }S{xxxxx
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Fig. 5 Speedups of subroutines for n = 64%.

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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