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Direct Solver for Sparse Linear Equations with Dynamic Block Size Selection

RyuJi NisHIDE ,t TAKAHIRO KATAGIRI +
and YASUMASA KANADA 1

We adopted the auto-tuning mechanism of optimizing the blocking parameter automati-
cally to the supernodal algorithm (one of LU decomposition methods). Using five different
architectures, we found this auto-tuning mechanism achieved at most 1.5 times faster than
the not tuned case. It shows an important finding that the user’s load and solving time are
reduced in the “blocked” left-looking algorithm. We also found that the optimized parameter
related to the structure of solving matrices. This implies that we could reduce the searching
and solving time by modeling the non-zero structure of the coefficient matrix quantitatively.
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1. for column j=1 to n step w do

2. Symbolic factorization;

3. for each updating supernode (r: s) < j
in topological order do

4. for column jj = jto j+w—1do

5. f=A(7575);

6. flr:s)=L(r:s,r:s)" 1 f(r:s);

7. fls+1:n)=f(s+1:n)—
L(s+1:n,r:s) f(r:s);

8. end for;

9. end for;

10. Inner factorization: Apply the LU
decomposition within the panel
11. end for;
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¢ COMPAQ AlphaServer GS80
(w, t,b)=(4,130,923),(8,270,440),
(12,270,424),(16,270,409)
¢ SGI2100
(w, t,b)=(4,175,345),(8,170,336),
(12,170,319),(17,170,303)
¢ HITACHI SR8000/MPP
(w, t,b)=(4,240,770),(8,220,806),
(12,200,846),(16,200,813)
o Freebsd Machine
(w, t,b)=(4,65,434),(8,60,414),
(12,60,372),(16,60,337)
01 000o0O0O0o00o0ooooooooooobooooo.

0 8 Sun Enterprise 3500 00000

No. time(sec) (r,w,t,b) W/B | auto-
(Mflops) tuning

(1) | 15.6(56.1) | (8,12,220,136) | 1.07 | 1.01

(2) | 0.898(45.1) | (4,8,220,128) 1.07 | 1.01

(3) | 0.474(47.8) default 1.03 | 1.00

(4) | 8.62(58.7) | (4,12,220,120) | 1.03 | 1.00

(5) | 2.15(475 default 1.06 | 1.00

(6) | 19.3(52.7) | (4,16,220,130) | 1.16 | 1.06

)

)
(7) | 1.67(51.1) | (8,16,220,130) | 1.04 | 1.00
(8) | 1.15(49.6) | (4,8,220,128) | 1.04 | 1.03

(9) | 22.7(56.0) | (16,16,220,130) | 1.07 | 1.02

N P - ho i m (10) | 0.512(23.7) (4,4,220,136) 1.30 1.11
ame rocessor cache size | compiler
L1 (ID) & option (11) | 0.956(32.9) (4,4,220,136) 1.10 1.03
0 4 COMPAQ AlphaServer GS80 00O OO
Sun Enter- Ultra (16,16) Sun Work-
prise 3500 shop Com- No. time(sec) (7’7 w, t, b) W/B auto-
piler 5.0 (Mflops) tuning
Sparc2 336MHz <03 (1) 3.15(279.1) default 1.11 1.00
COMPAQ— Alpha (64,64) | CompaqC (2) | 0.222(183.6) | (4/4,130,923) | 1.14 | 1.04
AlphaServer V6.3-027 (3) 0.100(229.6) (8,4,130,923) 1.13 1.10
GS80 21264 731MHz -03 (4) 1.89(267.7) (4,12,270,424) 1.04 1.01
SGI2100 MIPS (32,32) MIPSpro (5) | 0.628(162.4) (4,4,130,923) 1.08 1.04
R12000 350MHz Compilers (6) 4.53(224.3) (4,8,270,440) 1.12 1.05
V7.30-03 (7) | 0.397(214.1) default 1.04 1.00
HITACHI RICS Micro (64,128) Optimizing| (8) | 0.273(209.6) | (4,4,130,923) 1.13 1.10
C Compiler| (9) 5.70(223.6) (16,8,270,440) 1.07 1.00
SR8000/mpp| Processor 1.8GHz -03 (10) 0.147(82.4) (4,4,130,923) 1.52 1.19
Freebsd Pentium3 E (16,16) gee2.0 (11) | 0.247(127.3) | (4,4,130,923) 1.16 1.09
Machine 600MHz -03 05 SGI2000000

52 0000
goo0bOo0oo0bO0O0 2000000DbD0ODDOO
University of Florida Sparse Matrix Collection[13]
obobobo
02 000000000

(No.)Name Dimension | Nonzeros | Sparsity(0)
(1)Orani6T8 2529 90158 14
(2)Lnsp3937 3937 25407 0.16
(3)Sherman5 3312 20793 0.19
(4)Goodwin 7320 324772 0.61
(5)Dw4096 8192 41746 0.062
(6)Coater2 9540 207308 0.23
(T)Ex12 3973 80211 051
(8)Ex15 6867 98671 0.21
(9)Garon2 13535 390607 0.21
(10)Bayer10 13436 94926 0.053
(11)Lhr07 7337 156508 0.29
53 0000

0300070000000000000000
0000000000000 50000000000
000

000 auto-tuning 0000000000000
000000000000000000000000
00 [4]00 w=10,r =5,t = 100,b = 200000
O00OW/BOODODO (Worse) D000 (Best) OO
ooooooo

No. time(sec) (r,w,t,b) W/B | auto-
(Mflops) tuning

(1) | 4.93(174.7) | (8,12,170,319) | 1.13 | 1.05

(2) | 0.370(108.8) | (4,4,175,345) | 1.05 | 1.03

(3) | 0.170(137.0) | (12,4,175,345) | 1.09 | 1.05

(4) | 2.87(176.7) | (4,12,170,319) | 1.01 | 1.00

(5) | 0.782(130.3) | (4,4,175,345) | 1.06 | 1.03

(6) | 6.61(153.6) | (4,8,170,336) | 1.12 | 1.05

(7) | 0.630(135.0) | (8,4,175,345) | 1.03 | 1.02

(8) | 0.412(138.4) | (4,4,175,345) 1.07 | 1.06

(9) | 7.43(172.0) | (16,12,170,319) | 1.06 | 1.01

(10) | 0.256(47.3) (4,4,175,345) 132 | 1.15

(11) | 0.436(72.1) (4,4,175,345) 111 | 1.05

54 O O
0000000000000000000000W/B
000 1.520000 1.15 0000 auto-tuning O O
01190000 1.0500000000000000
000000000000000000000000
00000000000000000000
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000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000 r=4,8,12, 160w = 4, 8,12, 16
0000000000 r> 16,w>16000000




0 6 HITACHI SR8000/MPP O0ODODO

No. time(sec) (r,w,t,b) W/B | auto-
(Mflops) tuning
(1) | 7.71(113.8) | (8,12,200,846) | L.11 | 1.00
(2) | 0.530(75.9) | (4,4,240,770) | 1.08 | 1.02
(3) | 0.230(98.4) default 117 | 1.00
(4) 4.45(113.7) default 1.09 1.00
(5) 1.94(52.5) (4,4,240,770) 1.21 1.18
(6) 10.1(100.6) (4,4,240,770) 1.35 1.18
(7 0.940(90.5) | (8,12,200,846) 1.04 1.01
(8) 0.580(98.3) (4,8,220,806) 1.07 1.05
9) 16.7(75.5) (16,8,220,806) 1.14 1.00
(10) | 0.310(39.1) (4,4,240,770) 1.26 1.06
(11) | 0.530(59.4) (4,8,220,806) 1.06 1.00
0 7 Freebsd machine 0000
No. time(sec) (r,w,t,b) W/B | auto-
(Mflops) tuning
(1) | 7.49(117.2) | (8,12,60,372) | 1.26 | 1.01
(2) | 0.450(89.5) | (4,4,65,434) | 1.11 | 1.01
(3) | 0.230(96.6) default 1.08 | 1.00
(4) | 4.03(125.6) | (4,16,60,337) | 1.22 | 1.04
5y | 1.31(77.7) (4,4,65,434) | 1.16 | L.11
6) | 8.67(117.2) | (4,16,60,337) | 1.43 | L.11
(7) | 0.830(102.8) | (8,12,60,372) | L1z | 1.02
(8) | 0.555(102.1) | (4,4,65,434) | 1.09 | 1.05
(9) | 10.8(117.8) | (12,16,60,337) | 1.32 | 1.04
(10) | 0.240(50.0) | (4,4,65,434) | 1.33 | 1.13
(11) | 0.415(76.0) | (8,4,65,434) | 1.13 | 1.08
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