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OpenATLib: A General Auto-tuning Interface
for Numerical Solvers

TAKAO SAKURAL ! KEN Naono, !
TAKAHIRO KATAGIRI,? KENGO NAKAJIMA T2
and Hisayasu Kuropat?13

Reusability for Implementation of Automatic Tuning facility (RIAT) is
needed to develop low-cost construction of high performance software. In
this paper, we propose an auto-tuning interface named OpenATLib to realize
RIAT for numerical libraries. OpenATLib provides to numerical libraries with
restart frequency adjustment and sparse matrix-vector multiplication auto-
tuning functions. To evaluate the effectiveness of OpenATLib, we have devel-
oped sparse iterative solvers named Xabclib_LANCZOS and Xabclib . GMRES
with OpenATLib. Performance evaluation of OpenATLib using several U.
Florida matrices with the T2K Open Supercomputer (Todai Combined Clus-
ter) on 1 node (16CPU) indicated that the maximum speedup established 22.4x
(Xabclib_. LANCZOS) and 3.5x (Xabclib_ GMRES).
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Fig.1 The architecture of OpenATLib.
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Fig.2 The method of restart frequency auto-tuning using OpenATI_DAFRT.
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Table 1 Computer and compiler configuration.

CPU Quad-Core AMD Opteron(tm) 8356 2.3 GHz 16core/1node
L2000 2 MByte/4core
Memory 32 GByteld 8 GByte/1Socket[
oS Red Hat Enterprise Linux 5
goooo Intel Fortran Compiler Version 11.0
gooooooooo -03 -m64 -openmp -mcmodel=medium

0 2 Xabclib.LANCZOS DOOOODO
Table 2 Test matrices for Xabclib_.LANCZOS.

Matrix N NNZ Field
vibrobox 12,328 177,578 acoustics
Lin 256,000 1,011,200 chemistry
cfdl 70,656 949,510 fluid dynamics
cfd2 123,440 | 1,605,669 fluid dynamics
gyro 17,361 519,260 | model reduction
t3d1 20,360 265,113 model reduction
c-71 76,638 468,096 optimization
SibH12 19,896 379,247 structural
SiO 33,401 675,528 structural
dawsonb 51,537 531,157 structural
H20 67,024 1,141,880 structural
F2 71,505 2,682,895 structural
oilpan 73,752 1,835,470 structural
shipsecl 140,874 | 3,977,139 structural
bmw7st_1 141,347 | 3,740,507 structural
Si02 155,331 5,719,417 structural
shipsech 179,860 5,146,478 structural
Si41Ge41HT72 185,639 | 7,598,452 structural
bmw3_2 227,362 5,757,996 structural
GadlAs41HT72 268,096 9,378,286 structural

crlO000000C000C0O0DOO0O0OOOOO0OOO0ODOOOOObOOObOOODbOOOn
oobooooobooooooooooooooobobo0oboOOoobOoooDbOOoobboOoooDooo
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0 3 Xabclib GMRES 00O0OO0O0O
Table 3 Test matrices for Xabclib . GMRES.

Matrix N NNZ Field
chem_masterl 40,401 201,201 2D /3D
torso2 115,967 | 1,033,473 2D /3D
torsol 116,158 | 8,516,500 2D /3D
torso3 259,156 4,429,042 2D /3D
memplus 17,758 126,150 electric circuit
ex19 12,005 259,879 fluid dynamics
poisson3Da 13,514 352,762 fluid dynamics
airfoil_2d 14,214 259,688 fluid dynamics
poisson3Db 85,623 2,374,949 fluid dynamics
viscoplastic2 32,769 381,326 materials
xenonl 48,600 1,181,120 materials
xenon2 157,464 3,866,688 materials
wang4d 26,068 177,196 semiconductor device
ecl32 51,993 380,415 semiconductor device
sme3Da 12,504 874,887 structural
sme3Db 29,067 | 2,081,063 structural
sme3Dc 42,930 3,148,656 structural
epbl 14,734 95,053 thermal
epb2 25,228 175,027 thermal
epb3 84,617 463,625 thermal

0 4 Xabclib LANCZOS OOOOUOOOOODDOOOODOOOODOO
Table 4 Effectiveness of restart frequency auto-tuning by Xabclib_.LANCZOS.

oo gooooooooo gooooooooo oooooooo

M restart goooo | last M restart ooooo poooooog
t3dl 30 1,878 125.62 90 33 6.69 18.79
c-71 30 4 0.70 25 17 1.38 0.51
dawsonb 30 1,052 135.75 105 34 14.79 9.18
bmw3_2 30 3 4.20 25 19 12.93 0.33
GadlAs41HT2 30 10,000 ooo 150 44 204.05 00D —- 00
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Table 5 Effectiveness of restart frequency auto-tuning by Xabclib_.GMRES.

oo gooooooooo ooooooooono gooooooo

M | restart 00000 | last M | restart ooooo ooooooo
torsol 30 1 2.54 2 1 0.72 3.53
poisson3Da | 30 3 0.48 17 7 0.54 0.89
airfoil_2d 30 7 0.73 22 14 0.83 0.88
sme3Da, 30 670 215.49 100 90 101.33 2.13
sme3Db 30 1,000 ooo 100 120 377.29 000 —-00
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Fig.3 Comparison of performance of 3 methods provided by OpenATI_.DSRMV.
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Fig.4 Comparison of performance of 3 methods provided by OpenATI_DURMV.
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0 6 Xabclib.LANCZOSOOO 200000000000000

Table 6 Effectiveness of restart frequency and sparse matrix-vector multiply auto-tuning by
Xabclib_.LANCZOS.

oo Jooooooooo gooooooooo oooooooo

M restart ooooo | last M restart ooooo poooooo
vibrobox 30 24 1.13 35 20 1.12 1.01
Lin 30 1,047 601.65 150 54 190.48 3.16
cfdl 30 55 12.42 80 24 11.75 1.06
cfd2 30 45 18.69 70 28 21.35 0.88
gyro 30 10 1.13 35 16 0.83 1.36
t3dl 30 1,878 125.62 90 33 5.59 22.46
c-71 30 4 0.7 25 17 1.17 0.60
SibH12 30 192 17.99 115 34 8.1 2.22
SiOo 30 161 24.32 100 37 14.48 1.68
dawson5b 30 1,052 135.75 105 34 14.68 9.25
H20 30 623 168.46 130 40 35.34 4.77
F2 30 27 15.04 50 21 8.74 1.72
oilpan 30 28 10.63 45 24 9.72 1.09
shipsecl 30 26 20.89 50 30 29.73 0.70
bmw7st_1 30 1 1.06 15 5 0.85 1.25
Si02 30 699 805.68 145 45 137.32 5.87
shipsech 30 53 59.31 75 27 36.35 1.63
Si41Ged1HT2 30 411 679.91 150 40 160.7 4.23
bmw3_2 30 3 4.2 25 19 8.63 0.49
Gadl1As41HT2 30 10,000 ooo 150 44 144.12 ooo —-0oo

00000000 OpenATLIbOOOOOOOCOOOODOOOOOOOOODOOODODOD
gobodooooobobodoobbooboooooboOoooooooooa
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0 7 Xabclib. GMRESOOO 200000000000000
Table 7 Effectiveness of restart frequency and sparse matrix-vector multiply auto-tuning by
Xabclib_.GMRES.

oo gooooooooo ooooooooog oooooooo

M restart oo0ooo | last M restart ooooo gooooono
chem_masterl 30 22 2.55 52 14 2.22 1.15
torso2 30 1 0.68 7 2 0.3 2.27
torsol 30 1 2.54 2 1 0.72 3.52
torso3 30 12 33.57 32 14 33.76 0.99
memplus 30 5 0.25 22 10 0.2 1.25
ex19 30 1,000 ooDo 100 54 21.28 ooo —-00
poisson3Da 30 3 0.48 17 7 0.54 0.89
airfoil_2d 30 7 0.73 22 14 0.83 0.88
poisson3Db 30 7 10.38 17 14 11.04 0.94
viscoplastic2 30 19 2.93 37 15 1.74 1.68
xenonl 30 30 20.16 62 19 16.47 1.22
xenon2 30 40 92.96 72 20 64.31 1.45
wang4 30 5 0.37 17 9 0.29 1.28
ecl32 30 1,000 ooo 92 22 11.66 ooo —-00
sme3Da 30 670 215.49 100 87 97.48 2.21
sme3Db 30 1,000 ooo 100 120 380.39 000 — 00
sme3Dc 30 1,000 ooo 100 98 531.37 0ooo — 00
epbl 30 11 0.38 32 14 0.34 1.12
epb2 30 3 0.22 12 9 0.21 1.05
epb3 30 11 3.22 42 14 3 1.07
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