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Impact of Auto-tuning Facilities for Parallel Numerical Library

TAKAHIRO KATAGIRI, 2 HISAYASU KURODA,t KIYOSHI OHSAWA, 20
MAKOTO KUDOH™:2% and YASUMASA KANADAT3

To attain high performance in numerical computations, one has to tune one’s programs by
using several techniques. The tuning work is a time-consuming work, and it needs special
knowledge of the target architectures. To automate the tuning work, we propose an auto-
tuning facility for parallel numerical libraries in this paper. The different points between
conventional facility and our facility are: (1) our facility focuses on distributed memory paral-
lel machines; (2) our facility is not the limited optimization facility to standard computations;
(3) our facility can optimize the all area of the target library. We evaluate the ILIB (Intelli-
gent LIBrary) which contains the proposed auto-tuning facility on the HITACHI’s distributed
memory parallel machines of the HITACHI SR2201 and HITACHI SR8000. The evaluation
shows that the ILIB can attain the efficiency of 89% in a dense LU decomposition routine
and that of 72% in a sparse LU decomposition to theoretical peak performance. In the sparse
iterative method routine, we obtained the speedup factor of 52 times in comparison with the
execution time by the default parameters. On the other hand, the proposed facility can tune
a block factor for blocked algorithm, which can affect computations and communications. For
the optimization of the block factor, we found a case that the speed-up factor was 2.3 times.
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Fig.1 The concept of auto-tuning facilities.
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Table 1 Summary for the characteristics of auto-tuning
facilities in numerical libraries.
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Table 2 Performance of ILIB.LU (LU decomposition for
dense matrices).
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Table 3 Information of the coefficient matrix.
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Table 4 Effect of the restriction of update region in
ILIBRRLU (LU decomposition for sparse matrices)
with comparison to dense LU decomposition.
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Table 5 Effect of the skipping update calculation in
ILIBRLU (LU decomposition for sparse matrices).
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0 6 ILIBGMRESO GMRES(m) 00000000000 0O000ODOO0DOOOOOOOO
0 HITACHI SR2201 M 000 0itr. 00000 O0Ort. TOOOOOOO0O0O0OOA,v.T
Ooo00oo0obO0o0000Omax mO0O00000O0O00OrtMOOOOODODOOOOO
ooo
Table 6 Performance of ILIB_.GMRES] GMRES(m) methodOwith auto-tuned param-
eters. The unit is in second (HITACHI SR2201). The notations of itr.,
Ort. T, h,v.T, max m and Ort.M show that the number of iterations,
time for orthogonalization, time for solving a least squares problem, the
re-start frequency and the orthogonalization methods, respectively.

(a) 0O 1
y 1.0 2.0
PE 8 16 64 128 8 16 64 128
T1(itr.) | 49.6(43) | 36.7(43) | 20.9(43) | 22.0(43) | 353.3(337) | 277.6(323) | 153.9(323) | 143.9(323)
T2itr.) | 40.5(18) | 24.0(19) | 8.3(19) | 5.3(20) | 124.9(332) | 86.6(321) | 22.8(321) | 13.7(321)
M.V.T 21.7 11.0 2.6 1.3 38.0 18.1 3.9 1.9
Ort. T 4.7 2.4 0.8 0.4 56.6 52.1 12.6 6.2
h,v.T 0.9 0.5 0.1 0.1 7.5 3.6 1.0 0.7
max m 16 64 128 128 16 64 128 128
Unroll N(1,3) N(1,3) N(3,3) P(3,3) N(1,3) N(1,3) N(3,3) P(3,3)
Com.M Send Send Irecv Send Send Send Send Send
Ort.M MGS MGS CGS CGS MGS MGS CGS CGS
Pre.M BILU BILU BILU BILU None None None None
T1/T2 1.22 1.52 2.51 4.15 2.82 3.20 6.75 10.5
(b)oo 2
R 1.0 1000.0
PE 8 16 64 128 8 16 64 128
T1 1205.7 769.3 520.3 413.1 90.4 55.0 34.3 36.1
(itr.) (21842) (21842) (21842) | (21842)|  (1597) (1650) | (1646) | (1618)
T2(itr.) | 90.7(1349) | 44.3(1328) | 14.1(1596) | 7.9(1497)| 23.2(384) | 12.4(415) | 3.7(460) | 2.4(466)
M.V.T 52.7 24.4 6.2 2.8 15.2 7.8 1.8 0.9
Ort. T 33.1 17.1 6.4 3.8 5.4 3.2 1.2 0.8
h,v.T 1.3 0.8 0.8 0.8 0.4 0.3 0.2 0.3
max m 128 128 128 128 128 128 128 128
Unroll P(3,5) P(3,5) P(2,5) P(2,5) P(3,5) P(3,5) P(3,5) P(2,5)
Com.M Send Send Send Send Send Send Send Send
Ort.M CGS CGS CGS CGS CGS CGS CGS CGS
Pre.M BILU BILU BILU BILU BILU BILU BILU BILU
T1/T2 13.2 17.3 36.9 52.2 3.89 4.43 9.27 15.0
(c)O0O 3
R 1.0 100.0
PE 8 16 64 128 8 16 64 128
T1(itr.) | 250.6(12657) | 149.4(1) | 90.8(1) | 80.9(1)| 124.2(62611) | 72.1(17) | 44.7(11) | 39-3(1)
T2(itr.) 81.9(288) | 42.5(300) | 7.3(417) | 4.7(417) 45.7(176) | 25.3(199) | 11.3(306) | 4.3(272)
M.V.T 52.0 26.4 2.9 2.0 32.5 17.8 5.9 2.4
ort. T 20.9 11.5 3.0 2.0 5.5 3.4 3.8 1.0
h,v.T 0.9 0.5 0.3 0.3 0.6 0.3 0.3 0.2
max m 128 128 128 128 128 128 128 128
Unroll P(2,7) P(2,7) P(1,7) P(1,7) P(2,7) P(1,7) P(1,7) P(1,7)
Com.M Isend Isend Isend Isend Isend Isend Irecv Isend
Ort.M MGS CGS CGS CGS MGS CGS CGS CGS
Pre.M BILU BILU 1+ B I+ B BILU BILU BILU BILU
T1/T2 3.05 3.51 12.4 17.2 2.71 2.84 3.95 9.13
T20 O0000O0OO0OOOOOOOODOOOOOOO goooooooa
goooOoooooooood Com.MO 0O0000OSendd MPI_Send — MPI_Recv
M.V. TO 0O00-0000O00O0O0O0O0OO0OOO O0O00O0DO0OIsend d MPI_Isend — MPI_Irecv
Unrolll 000000000 O00O0OO P(2,3)0 O000000OIrecv 0 MPI_Irecv — MPI_Isend

ooooboobooooooono 20000 30 ooooog
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0 7 HITACHI SR22010SR8000 0000000000000 O000O0OOODODOOD
Table 7 The auto-tuned parameters on the HITACHI SR2201 and SR8000. (Tri-

diagonalization routine)

(a-1) PE =4 (PE Grid:2 x 2) 00D
0SR2201000000000

(b-1) 1 000 (8IP) (PE Grid:2 x 4) 000
0 SR80000000 000000000000

ooooo oooo oo0-0o0000 oooo ooooo oooo oo0-00000 oooo
100 MPI_ALLREDUCE 60 30 100 MPI_ALLREDUCE oo oo
200 00000000 80 40 200  MPI_ALLREDUCE 40 0o
300 00000000 80 60 300  MPI_ALLREDUCE 80 oo
400 O0OO0OO0OCOOOO 50 20 400  MPI_ALLREDUCE 40 oo
500 OOOOOOOO 80 50 500  MPI_ALLREDUCE 50 0o
600 00000000 50 60 600  MPI_ALLREDUCE 60 30
700 0OO0OO0OO0OO0O0OOCO 80 60 700  MPI_ALLREDUCE 60 oo
800 ODOOOODODOO 30 30 800  MPI_ALLREDUCE 60 30
900 0OO0OO0O000OO 80 40 900  MPI_ALLREDUCE 60 oo

1000 DOOOOOOO 50 50 1000  MPI_ALLREDUCE 60 30
2000 OO0OO0OOOOO 50 60 2000 MPI_ALLREDUCE 60 0o
3000 OOOOOOOCO 50 50 3000  MPI_ALLREDUCE 60 oo
4000 OOOOOOOCO 30 30 4000  MPI_ALLREDUCE 60 oo
5000 MPI_ALLREDUCE 50 50 5000  MPI_ALLREDUCE 40 0o
6000 MPI_ALLREDUCE 50 50 6000 MPI_ALLREDUCE 40 oo
7000 MPI_ALLREDUCE 50 50 7000 MPI_ALLREDUCE 60 og
8000 MPI_ALLREDUCE 30 20 8000 MPI_ALLREDUCE 60 oo
Tuning Tuning
Time 118401 [O] (32.8 [00O)) Time 16325 [O] (4.5 [00]))
(a-2) PE = 32 (PE Grid:4 x 8) OO0 (b-2) 4 000 (32IP) (Node Grid:2 x 2) 00O
0 SR2201000 000000 0O SR80 OO0 000000000000
ooooD oooo o0o-00000 oooo ooooD oooo oo-00000 oooo
100  MPI_ALLREDUCE 60 16 O 100 00000000 0o 20
200  MPI_ALLREDUCE 40 50 200 0OO0OO0OO0OO0O0OO oo oo
300  MPI_ALLREDUCE 40 40 300 00000000 oo 20
400  MPI_ALLREDUCE 60 30 400 O0OO0OO0ODOOOO 0o 0o
500  MPI_ALLREDUCE 60 40 500 0OO0OO0O0O0O0OO oo oo
600  MPI_ALLREDUCE 60 40 600 00000000 oo oo
700  MPI_ALLREDUCE 80 30 700 0OO0OO0O0OO0OOO 0o 0o
800  MPI_ALLREDUCE 50 30 800 OOOO0OO0OOO 40 oo
900  MPI_ALLREDUCE 40 30 900 00000000 40 oo
1000  MPI_ALLREDUCE 50 30 1000 DOOO0O0ODOOO0O 60 oo
2000 MPI_ALLREDUCE 50 50 2000 MPI_ALLREDUCE 60 40
3000 MPI_ALLREDUCE 80 50 3000 MPI_ALLREDUCE 6 0 40
4000 MPI_ALLREDUCE 50 50 4000 MPI_ALLREDUCE 40 16 O
5000 MPI_ALLREDUCE 80 50 5000 MPI_ALLREDUCE 40 16 O
6000 MPI_ALLREDUCE 50 50 6000 MPI_ALLREDUCE 40 16 O
7000 MPI_ALLREDUCE 50 50 7000 MPI_ALLREDUCE 60 16 O
8000 MPI_ALLREDUCE 30 30 8000 MPI_ALLREDUCE 60 16 O
Tuning Tuning
Time 15555 [O] 4.3 [00]) Time 4443 (0] (1.2 [00))

oobooooooood
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0 8 HITACHI SR22010SR8000 0000000000 0OOOOOOOOOOODO
Table 8 Execution time on the HITACHI SR2201 and SR8000. Unit is in second

(Tri-diagonalization routine).

(a-1) 4PE (PE Grid:2x2) 000
0 HITACHI SR22010 00000000

goooo ILIB_TriRedl ILIB_TriRed2 ILIB_TriRedl

(not auto-tuned)  (auto-tuned)  /ILIB_TriRed?2
100 0.056 0.056 1.0
200 0.131 0.133 0.98
400 0.435 0.475 0.91
800 3.732 2.454 1.5
1000 3.817 3.785 1.00
2000 28.165 26.937 1.04
4000 411.666 242.010 1.7
8000 3589.175 1962.512 1.8

(a-2) 32PE (PE Grid:4x8) 000
0 HITACHI SR22010 00000000

goooo ILIB_TriRedl ILIB_TriRed2 /ILIB_TI‘iRedl

(not auto-tuned)  (auto-tuned)  /ILIB_TriRed2
100 0.108 0.106 1.01
200 0.250 0.240 1.04
400 0.514 0.516 0.99
800 1.207 1.228 0.98
1000 1.654 1.687 0.98
2000 5.930 5.886 1.00
4000 32.961 32.124 1.02
8000 427.267 254.937 1.6

(b-1) 1000 (8IP) (PE Grid:2x4) 000
0 HITACHI SR80000 D00 000000000000

goooo TriRedl TriRed2 TriRedl

(not auto-tuned) (auto-tuned) /TriRed2
100 0.024 0.022 1.09
200 0.053 0.049 1.08
400 0.162 0.145 1.11
800 0.678 0.587 1.15
1000 1.155 0.988 1.16
2000 7.098 5.595 1.26
4000 50.451 39.263 1.28
8000 389.297 308.307 1.26

(b-2) 4000 (32IP) (Node Grid:2x2) 000
0 HITACHI SR80000 000 000000000000

ooooo TriRedl TriRed2 TriRedl

(not auto-tuned)  (auto-tuned) /TriRed2
100 0.038 0.036 1.05
200 0.077 0.072 1.06
400 0.176 0.162 1.08
800 0.490 0.450 1.08
1000 0.714 0.648 1.10
2000 2.806 2.345 1.19
4000 14.957 11.392 1.31

8000 102.369 75.398 1.35
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0 9 HITACHI SR2201 0000000000000 OO0OOMGSOOO0ODOOODO
Table 9 The auto-tuned parameters on the HITACHI SR2201 (MGS orthogonalization routine).

(a) 4PE OO0
ooooo ooooo 00 PEODODO 00 PEO 2000 0O PEDODODO 0OPED 2000
100 6 30 40 20 60
200 6 oo oo 20 60
300 6 oo oo 20 60
400 6 oo oo 20 30
500 6 oo oo 20 60
600 6 oo oo 20 60
700 6 oo oo 20 60
800 6 oo oo 20 30
900 6 oo oo 20 60
1000 6 oo oo 20 60
2000 6 oo 60 20 30
3000 6 oo 16 0 20 60
4000 6 oo oo oo 30
Tuning Time 91407 [O] (25.3[00])
(b) 1I6PE 00O
ooooo ooooo 00 PEODODO 00 PEO 2000 0O PEODODO 0O PEDO 2000
100 5 40 80 40 20
200 5 oo oo 20 50
300 5 oo oo oo 40
400 5 oo oo 20 50
500 6 oo oo 20 60
600 6 oo oo 20 60
700 5 oo oo 20 50
800 5 oo oo 20 50
900 6 oo oo 20 60
1000 5 oo oo 20 50
2000 6 oo 80 20 30
3000 6 oo 60 20 60
4000 6 oo 80 20 60
Tuning Time 26607 [O] (7.3 [00])
0 10 HITACHI SR2201 000000000000MGSO0O0O00OOOO
Table 10 Execution time on the HITACHI SR2201. Unit is in second (MGS
orthogonalization routine).
() 4PEOODO (b) 16 PEODOD
ooooo MGSAO1 MGSAO2 MGSAO1 oooog MGSAO1 MGSAO2 MGSAO1
(not AT) (AT) /MGSAO2 (not AT) (AT) /MGSAO2
100 0.017 0.010 1.70 100 0.014 0.012 1.16
200 0.103 0.051 2.01 200 0.047 0.033 1.42
400 0.733 0.389 1.88 400 0.294 0.136 2.16
800 6.379 3.174 2.00 800 1.932 0.859 2.24
1000 12.598 5.378 2.34 1000 3.865 1.668 2.31
2000 108.665 48.879 2.22 2000 32.407 14.310 2.26
4000 892.796 420.207 2.12 4000 260.168 119.003 2.18
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0 GMRES(m)00 000 ILIBGMRESO OO OOO
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0 11 HITACHI SR2201 0000000000 OOOOOO
0 Householder 0000000 O
Table 11 The auto-tuned parameters on the HITACHI
SR2201 (Householder inverse transformation

routine).

(a) 4PEODODO
ooooo oooo
100 60
200 30
300 50
400 30
500 50
600 60
700 50
800 30
900 50
1000 60
2000 30
3000 60
4000 30
Tuning Time 6246 [0] (1.73[00])
(b) 16 PEO DO
ooooo oooo
100 60
200 40
300 40
400 30
500 30
600 60
700 80
800 30
900 50
1000 60
2000 30
3000 60
4000 30
Tuning Time  3129[0] (0.86[00])

ooooooooUoooooooooooooooo
oooooUoooOooOoopDOoOoooooooooo
0000 ILIB.TriRedO DO 1.800000O0OOCOOO
go000 ILIBMGsAOOO 23000000000
0 O Householder 0000 OO0 ILIB_HouseInv ([
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0 12 HITACHI SR2201 00000000000
0 Householder 00000000 O
Table 12 Execution time on the HITACHI SR2201. Unit
is in second (Householder inverse transformation

routine).
() APED OO
oo HIT1 HIT2 HIT1
000  (not AT)  (AT) /HIT2
100 0.010 0.007 1.42
200 0.067 0.051 1.31
400 0.473 0.375 1.26
800 3.469 2.837 1.22
1000 6.624 5.200 1.27
2000 49.46 39.51 1.25
4000 384.9 312.9 1.23
(b) 1I6PEO OO
oo HIT1 HIT?2 HIT1
000  (not AT)  (AT)  /HIT2
100 0.005 0.004 1.25
200 0.034 0.026 1.30
400 0.234 0.189 1.23
800 1.735 1.436 1.20
1000 3.332 2.660 1.25
2000 24.81 19.86 1.24
4000 192.96 158.93 1.21
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