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The Effect of Optimal Algorithm Selection of
Parallel Sparse Matrix-Vector Multiplication

MAKOTO KUDOH,t HISAYASU KURODA t+
TAKAHIRO KATAGIRItt and YASUMASA KANADA

The computational performance of parallel sparse matrix-vector multiplication (SpMxV)
depends highly on the non-zero structure of the target matrix and the nature of machine’s
architecture. Therefore it is important to select the best optimization method according to
these characteristics. In this paper, our parallel SpMxV routine which includes several opti-
mization algorithms is described, and the performance with optimal algorithm is compared
to that with uniform default algorithm on 4 kinds of parallel machines. The average speed-up

of 1.29 is obtained.
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Table 1 The local computation algorithms

Algorithm Type
U1,U2,U3,U4,U5,U6,U7,U8
R1X2,R1X3,R1x4,
R2x1,R2x2,R2X3,R2X4,
R3x1,R3x2,R3X3,R3x4,
R4x1,R4%x2,R4x3,R4x4
D3,D5,D7,D9,D11,D13,D15,D17,D19

Unrolling

Register blocking

Diagonal blocking

02 0JO0OoOoooo
MPI_Send,MPI_Recv 000000000
MPI_Isend,MPI Irecv 0000000000000
Table 2 The communication algorithms
MPI_Send and MPI_Recv are blocking commu-
nication, MPI_Isend and MPI_Irecv are non-

blocking communication

Explanation
Allgather 00O
MPI_Send 0 MPI_Recv 000000000
MPI.Isend 0 MPIIrecv 000000000
MPI.Isend MPI_Irecv order 00
MPI.Isend 0 MPI.Irecv 000000000
MPI Irecv MPI Isend OO
MPI_Send 0 MPI_Recv 00000000
MPI.Isend 0 MPI.Irecv 00000000
MPI.Isend MPI_Irecv 00
MPI.Isend 0 MPI.Irecv 00000000
MPI Irecv MPI Isend OO

comm param
Allgather
SendRecv-range

IsendIrecv-range

IrecvIsend-range

SendRecv-min

IsendIrecv-min

IrecvIsend-min
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Table 3 Machine’s Architectures

Name Processor PE Network
Compiler Compiler Compiler
Name version option
PC-cluster PentiumIIT 8 100 base-T
800 MHz Ethernet
gee 2.95.2 -0O3
COMPAQ Alpha 21264 8 SMP
AlphaServer GS8 731 MHz
Compaq C 6.3-027 -fast
MIPS R12000 8 DSM
SGI 2100 350 MHz
MIPSpro C 7.30 -64 -O3
Itanium 8 SMP
HITACHI HA8000| 733 MHz
Intel Itanium
Compiler 5.0.1 -03
04 0O0O0OO
Table 4 The characteristics of test matrices
No.| Name Explanation DimensionNon-zeros
1 |erystk03 FEM crystal vibration 24696 1751178
2 (venkat01{Unstructured 2D euler solvery 62424 1717792
3 |nasasrb Shuttle rocket booster 54870 2677324
4 | pwtk Pressurized wind tunnel 217918 (11634424
5 | gearbox Aircraft flap actuator 153746 | 9080404

godoooooobobooooooooooooa
goddoododooooooobooooooa
ooagd

4.1 0 00O
Joodoooobboooobooobooono 400
goddoooooobooooooooooooooa
oO30000

4.2 00O0O0OO
000000000 00DODO0O Tim Davis’s matrix
collection' ) 00000000 0OO0OOOOOOOO
Oo40000

4.3 O0O0OO0OOO0O
Joo0oo0oooooooooooooooooo
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0oooooooooooooooooooooog
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goddoooooobooooboooooooooa
0000gog ‘Allgather’ 00O ‘Irecvisend-min’

O0000D0Allgather’ D000 O0O0000O0O0OO

‘Irecvlsend-min’ 000000000 O00O0OOOO0O
dooDooooooooooooooooooon 2
godoooooobooooooooo400000
goooooooooooa

4.4 00 00O

gboooboooeouobosboonooooooboon

‘No’ODO 40000000000000O0%cal’0DO

05 0O0O0O0O0O0OOODOOOO0O
Table 5 Default fixed algorithms

No. local computation communication
1 Ul Allgather
2 Ul Irecvlsend-min
3 R2x2 Allgatehr
4 R2x2 Irecvlsend-min

o00oo0ooOooooooooooooooooo
oo0g8UiUiOoooooooooo8uuoooQ
0o0o0o0oo00dn ‘comm’0000000000D0O0O0
000000 “imedefault’ 000000 0O0O0O0O
gooooobobobbobooboobboooo
Ooo0z20000000000000000000
00000 4imeopt’ JO000OO0OOOODOOOOO
gobooooboboooobbbbbooobboo
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oo0ooooooooooooooooooooog
ooo
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oooOooooooooooo

goooooOooooOoOoooUooooooooo
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O000D000OAlpha D0ODOOOOODOODODOODO
Unrolling 00 0000000000000 OOODO
000D Register Blocking OO ODOOOODOOOO
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0000000000000 Allgather00O00DODO
goooobooboobooooouobbbooo
oooOoooMPIODOOOOOODOOOOOOOO
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Table 10 Summary of speed-ups

Machine 1 2 3 4
PC-cluster | 8.58 | 1.40 | 8.23 | 1.08
COMPAQ | 3.66 | 1.54 | 3.12 | 1.48

SGI 3.63 1.59 3.16 1.40
HITACHI | 2.39 | 1.71 | 1.86 | 1.20
average 4.56 | 1.56 | 4.09 | 1.29
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0 6 PC-cluster 0000

Table 6 The result of PC-cluster

No. local comm time default time opt speed-up
62 (12,52) 6.28
1 R2x4 R3x3 R3x3 R3x2 IsendIrecv-range 15 (12,3) 9 1.54
D11 R1x3 R3Xx3 R3x3 58 (8,52) (7,2) 5.87
11 (8,3) 1.13
184 (11,176) 10.7
2 R1x4 R1Xx4 R1X4 R1x4 IrecvIsend-min 21 (14,8) 17 1.22
R1x4 R1x4 R1X4 R1x4 183 (10,175) (9,9) 10.6
20 (12,8) 1.17
164 (16,150) 9.78
3 R2x3 R3x3 R3x4 R3x3 IrecvIsend-range 23 (20,3) 16 1.38
U6 R2x2 R3x4 R2x3 158 (11,150) (15,2) 9.44
17 (14,3) 1.05
589 (80,520) 9.23
4 R3x3 R3X3 R3X2 R3X3 SendRecv-min 98 (82,20) 63 1.55
R3x2 R3x3 R3X3 R3x3 548 (48,509) | (48,16) 8.60
68 (52,20) 1.08
418 (66,363) 6.80
5 R2x3 R3x3 D15 R3x3 IsendIrecv-min 78 (67,12) 61 1.27
R2x3 R3x3 R3x3 R3x3 401 (46,364) | (50,12) 6.53
59 (48,12) 0.973
0 7 Compaq OO0
Table 7 The result of Compaq
No. local comm time default time opt speed-up
8 (3,5) 3.94
1 U1l U1 U1l U1l SendRecv-min 3 (2,1) 2 1.58
U1 U1 U1 UL 7 (3,4) (1,0) 3.45
3 (2,1) 1.66
20 (6,14) 6.44
2 U1l U1 U1 U1 SendRecv-min 6 (3,3) 3 1.94
U1 U1 U1 U1l 18 (5,13) (2,1) 5.84
6 (4,2) 2.04
23 (12,11) 4.34
3 U1l U1 U1l U1l SendRecv-range 8 (6,2) 5 1.67
U1 U1 U1 UL 16 (6,10) (4,1) 3.08
8 (6,2) 1.52
150 (103,51) 1.59
4 D5 U3 U3 U1l SendRecv-min 104 (95,9) 94 1.10
U3 U3 U3 U1l 132 (85,50) (89,5) 1.40
86 (78,10) 0.917
117 (82,38) 1.98
5 D5 R3x3 R3x3 R3x3 SendRecv-min 82 (76,7) 58 1.40
R3x3 R3x3 R3x3 R3x3 107 (72,37) (55,3) 1.82
73 (66,7) 1.24
08 SGIOoOOO
Table 8 The result of SGI
No. local comm time default time opt speed-up
13 (4,8) 5.36
1 R3x3 R3x3 R3x3 R3x3 Irecvlsend-range 4 (3,1) 2 1.89
R3x3 R3x3 R3x3 R3x3 10 (2,8) (1,0) 4.44
4 (2,1) 1.69
27 (7,20) 4.48
2 R1x4 R1x4 R1x4 R1x4 SendRecv-min 7 (4,3) 6 1.30
R1x4 R1x4 R1x4 Rlx4 26 (6,20) (3,2) 4.29
7 (4,3) 1.30
32 (14,18) 3.78
3 R2x2 R3x3 R2x2 R2x2 IsendIrecv-range 11 (9,2) 8 1.37
R2x2 U4 R3x3 R4x3 25 (9,16) (7,0) 3.02
9 (7,2) 1.16
204 (149,57) 2.42
4 R3x3 R3x3 R4x4 R2x3 SendRecv-min 160 (148,12) 84 1.90
R3x3 R3x3 R3x3 R3x3 189 (133,57) (79,6) 2.24
138 (126,12) 1.64
119 (78,43) 2.09
5 D5 R3x3 R3x3 R3x3 SendRecv-min 83 (76,7) 56 1.47
R3x3 D7 D9 R3x3 102 (61,42) (52,4) 1.80
67 (60,6) 1.18
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0 9 HITACHI HA8000 DO OO
Table 9 The result of HITACHI HA8000

No. local comm time default time opt speed-up
11 (6,4) 3.64
1 D13 R3x3 R3x3 R3x3 SendRecv-range 7 (5,1) 3 2.38
D5 R3x3 R3x3 R3x3 7 (3,4) (2,1) 2.63
4 (2,1) 1.50
14 (7,7) 2.26
2 R2x4 R4x1 R4x4 R3x2 SendRecv-min 9 (6,3) 6 1.55
R1x4 R1x4 R3x2 R3x4 12 (5,7) (4,2) 1.99
7 (4,3) 1.19
21 (14,7) 2.68
3 R3x2 R4x2 R3x3 D7 SendRecv-range 15 (13,2) 7 1.92
R3x3 R3x3 R3x3 R3x3 15 (8,7) (7,1) 1.88
9 (7,2) 1.19
105 (76,31) 1.66
4 D5 D5 R4x4 R4x4 SendRecv-min 83 (75,8) 63 1.32
R4x4 D5 R4x4 Rdx4 86 (58,31) (61,4) 1.36
65 (57,9) 1.03
82 (62,21) 1.69
5 R3x3 R3x3 R3x3 R3x3 SendRecv-min 67 (61,6) 48 1.38
R3x3 Rdx4 R3x4 R4x3 68 (48,23) (44,4) 1.40
53 (47,6) 1.08
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