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load, this paper proposes the auto-tuning method by inserting specifier and
measuring execution time. Implemented translator searching optimized loca-
tion of specifier in programs written in Fortran is evaluated by several scientific
benchmarks on two NVIDIA’s GPUs and a microprocessor.
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Evaluation of Optimization Method for Fortran Codes
with GPU Automatic Parallelization Compiler

Yuyva TANAKA,T! MasaTto YosHiMr, ! MirsuNnorr Miki'!
and ToMOYUKI HIROYASUT?

Parallel processing has been more important according to recent trend of
multi- and many- core processors. Even utilizing dedicated hardware such as
GPU grows popular to achieve high performance maintaining low-operating
costs, exploiting their potential requires architectural specific knowledge and
techniques and following high cost of development. While recent automatic par-
allelization compilers which translate general program codes to the dedicated
hardware by adding specifier to the program code have widely used, the tun-
ing cost to optimize the region of parallelization and their parameters remains
high. As the performance fluctuates according to the data of application and
computing environment, obtaining the best combination of region and param-
eter requires circulation of prototyping and evaluation. To reduce developing
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:| (1, 1) | | f(2, 1) | | f(ni, 1) | If(ni, nj)l E

o8 IR H 3 t
doj =1, nj [
doi =1, ni Computational

-/ L Resources
Directives f(i, J)

end do
end do
v [ $acc "end régionT T

01 0D00O0oDo

gooooboooocooooooobooooobooooooobooooooobooooooDoon
cpuOOoOoooooooon

GpUOOOOOOOOOOOOODOOO0OO0O0DOO0O0DOO0ODOOOO0OOODOOOOGPU
goooobooooooooooooooooobooooOoooooboobooOoooooon
00000000 0000000-000000000000000000000000
O00000O0OPGI Accelerator 000000000000 O0OO0OOOODOOOOOOO
goooboboooooooobooooobooobooooo0ooooooobooooooDon
goboooboooooobooooon

4. 00OO0OO00OOO00Od

gooobooboooooooboooooooooooooooooooooooooon
goooboboooooooboooooooboooboobooboooooobooboOoOooooon
gooobooooooooooboooooboooobobooOoooooooOboOoOooooDon
gooobobooooooooooooobooboooooooOooboOoooooboobOoOoooobon
goooobooboooobooooooooobooobOoboOoobooOoOboOoOobOOooooOoDbon
goooboooooooboooooooooboooobooOobOOooooooOobooOooooDon
goooboooooooooboooooboooooooooOoboOooooooooooboDbon
gooooboooocodobooooooobooboOoOooooOoOOoOooooDOobOoOoooOooDon
oooo

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gboobooobooboobooboooboboobobooboobooobobooobob
gbooboobooboooboooooobooobobooboobooboboboboobo
gbobobobogoboooobooooooboobobobooboboooboboboobooo
goooboooodooooobobooboooooooooooooooooboooooooo
gobooobooobooooooobobooooo

5. O O

O00oo0O0000O0O0O000O0O0000O000O0Fertran 000000000 OOODO
ooooboooodooooooobooboooooooooOOobOOoOooobOOobOoOoooOoDoboo
0000000000000 0000000000000000 PGI Accelerator 0 0 O
gooooooooooooooobOoooooobooOooOoOoooboooOobooobooOoDboo
gooooooooooooooooooboooooooooooboooboOobOOoooooDoboo
goboooobooooboboooooooooo

5.1 OO0OO0O0OO00O00O0

00000 Fortran 00000000000 O0DOOODOO 200000000000
gooooooooooooooooooobobOoooooooboooOooooooDoooboboo
O0000000000000000000PGI Accelerator 0000000000000
gobooobooooooooobooooo

gooooooooboooobooooobooooobooooooooobOobobooDoDoD
OO0OPGI Accelerator 00 0000000000000 OODOOOCOCOOOOOOOOOO
goooboobooooooooobooooobobooooooooDboboooooDooo
gooobooobooooooooooboooooboooooooooooOoooooooo
O00O0o00ooooooooOoOO0OO0Obb0O0O000 node, OOOOOOOOOOOOOO
gobodoobooooooobobooooooboooooboog

) 1 iatt de;
variation(nodey) = Hnmeiec}”dm"”( +variation(node;)) - (x #0) (1)
1 (x=10)
6. O a
6.1 00O OO

ogboboooooooboooobooo1b000oboooboobo suboooooboooboOoDn

Vol.2011-ARC-197 No.9
Vol.2011-HPC-132 No.9
2011/11/28

Program Code Parsing Tree Representing the Nest Structure

1: doj =1, nj Program Code: 13 lines, 5 |oops
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Fig.2 Parsing Tree of the Nest Structure
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Table 1 Environment for Evaluation
goo 1 goog 2
CPU Xeon W3530 2.8GHz Core i5 2400 3.1GHz
RAM 6GB 8GB
GPU Tesla C2050 GeForce GTX 460
OSs Linux 2.6.26 x86_64 Linux 2.6.38 x86_64
Compiler PGI Accelerator 2010 (10.9)
-Minfo=accel,inline,ccff -fastsse
Option -Minline=size:1000,levels:10,reshape
-ta=nvidia,cuda3.1
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Table 2 Program Codes Used for Evaluation

bench lines | loops | variations
ep 290 7 80
runge 97 1 2
mset 58 4 9
matvec 7 10 129
matmul 101 8 60
intgl4 57 4 5
himeno 326 5 10
les (sgs_model) 142 15 1536
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Fig.3 the Number of Loops on Each Nest Level

oobooooooooobooooon
cpUOOO0OOOO0OOOOOOOOOOOO00OOOO00OOO00DOO0O000000
coobooOoooboooobOOoOoOoOoOoooobooOoOobOOoOOObObOOoOoOoboboboOoDOOOnn
00000000000 0000000000000000000000O00OGPUDOOO
goboooboboooooooooobooobooooboooobooooooooooon
matmul 0 matvec 0000000000 000000C0COCOOOOOOOOOOOO
gobodobobooboooooboooooooboooooooOobOOoboboOobOoOonOOoDn
oooo

7. O O

ggooobooooooobooooooooOoboooobooDoOobOOoooboooooooDon
0000000000000 000000000000000000000O0OOlesO0O
gobO1l1b0o00ob0o00ooboooooooooooboooooboobOoOooOoooonDn

© 2011 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

12

Pattern

«—Tesla C2050 / Xeon W3530 2.8GHz =—GeForce GTX 460 / Core i5 2400 3.1GHz

04 ep000000O0DODDODODODODO
Fig.4 Execution Speed Comparision between

Patterns of Regions, ep

Speed up
@
3

-
\

Pattern

~——Tesla C2050 / Xeon W3530 2.8GHz =——GeForce GTX 460 / Core i5 2400 3.1GHz

08 matmul 0000000000000
Fig.8 Execution Speed Comparision between

Patterns of Regions, matmul

1.2

1

0.8

0.6

Speed up

0.4

0.2

0
Pattern

m Tesla C2050 / Xeon W3530 2.8GHz ~ m GeForce GTX 460 / Core i5 2400 3.1GHz

05 runge 0000000000000
Fig.5 Execution Speed Comparision between
Patterns of Regions, runge

Vol.2011-ARC-197 No.9
Vol.2011-HPC-132 No.9
2011/11/28

0.8 0.8
=3 o
S 5
B 06 T 06
] 8
2 2
& &
0.4 0.4
0.2

0.2

[
Pattern

Pattern

m Tesla C2050 / Xeon W3530 2.8GHz ~ m GeForce GTX 460 / Core i5 2400 3.1GHz «—Tesla C2050 / Xeon W3530 2.8GHz ===GeForce GTX 460 / Core i5 2400 3.1GHz

07 matvec00O00000O00O0O0OOO

Fig.7 Execution Speed Comparision between
Patterns of Regions, matvec

06 mset 00000000 DODOOOOO
Fig.6 Execution Speed Comparision between
Patterns of Regions, mset

5 6 25
4.5
4 5 2
35 B
g 3 s g 15
T 25 23 -
g 4 g
& 2 & & 1
15 2 \
1 N 05
05 | R
0 0

0
Pattern

m Tesla C2050 / Xeon W3530 2.8GHz ~ m GeForce GTX 460 / Core i5 2400 3.1GHz

09 intgld 0000000000 OOODO
Fig.9 Execution Speed Comparision between
Patterns of Regions, intgld

goooooboooooooooodobooooooooooooooooboooooooo
gooobooodoboodooooobooooooboooooobooboooooooooboOogo
gooooboooooooboboooooboboboo0ooooooooooOoooooooo
goooboboooooooboboooooboboooooobooooboOooooooboo
000000000000 0o00000000000000

8. OO0OUOOOOOOO

gooooooooooooooboooooobOoOo0oOoOooooOoboOooooooDoo
O000oo0o0o0o0o0ooOo0ooOo0oooOooooOoOoooGPUOODOOOOOO

Pattern Pattern

m Tesla C2050 / Xeon W3530 2.8GHz ~ m GeForce GTX 460 / Core i5 2400 3.1GHz ~——Tesla C2050 / Xeon W3530 2.8GHz =——GeForce GTX 460 / Core i5 2400 3.1GHz

011 lesO000000O0O0OO0DODODOO

Fig.11 Execution Speed Comparision between
Patterns of Regions, les

0 10 himeno OOOOO0OO0OO0OOOOOOOO
Fig. 10 Execution Speed Comparision between

Patterns of Regions, himeno

J0ooooO00 PGI Accelerator 0000 OO00O0O0Fortran DO 0O0OO0OO0OO0ODO
pgoboooooboobooboboboboobooboboboobooboobobobo
pgooooboobooboboobobobo0obooboboboboobooboboo
oooobooog
goboobobotboobuoobooboboobobobbobooobooboboboo
goooboobooobooooobooboobobooooboobobobooboooooo

good

5 © 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

o o o0 0

1) Matsuoka, S.: Making TSUBAME2.0, the world’s greenest production su-
percomputer, even greener: challenges to the architects, Proceedings of the
17th IEEE/ACM international symposium on Low-power electronics and de-
sign, ISLPED ’11, Piscataway, NJ, USA, IEEE Press, pp. 367-368 (online),
available from (http://dl.acm.org/citation.cfm?id=2016802.2016887) (2011).

2) NVIDIA: Compute Unified Device Architecture Programming Guide (2007).

3) Stone, J., Gohara, D. and Shi, G.: OpenCL: A Parallel Programming Standard
for Heterogeneous Computing Systems, Computing in Science Engineering, Vol.12,
No.3, pp.66 ~73 (2010).

4) Dagum, L. and Menon, R.: OpenMP: an industry standard API for shared-memory
programming, Computational Science Engineering, IEEFE, Vol.5, No.1, pp.46 —55
(1998).

5) Wolfe, Michael: Implementing the PGI Accelerator model, Proceedings of the
3rd Workshop on General-Purpose Computation on Graphics Processing Units,
GPGPU ’10, New York, NY, USA, ACM, pp.43-50 (2010).

6) Christian Terboven and Dieter an Mey: OpenMP in the Real World.

Vol.2011-ARC-197 No.9
Vol.2011-HPC-132 No.9
2011/11/28

14) DOoO0O0O0oooo.
http://acce.riken.jp/HPC/HimenoBMT.html (2011 0 100 000).

15) Nakanishi, M.: Large-Eddy Simulation Of Radiation Fog, Boundary-Layer Mete-
orology, Vol.94, pp.461-493 (2000).

16) 0000000000000 000000O000000000O0O0O00OU0OOO0OnOO
goooO0o00o0obOoOoO000ooO0O00.0000b0oODO000OOoOoOooovol.2010,
No.9, pp.1-60 00000 000 OO (http://ci.nii.ac.jp/naid/110007997691 /) (2010-
12-09).

http://cobweb.ecn.purdue.edu/ParaMount /iwomp2008 /documents/OpenMP _in_the_Real _World

(20110 100000).

7) WRF Model Users Site: .
http://www.mmm.ucar.edu/wrf/users/ (2011 0 100000).

8) 00U0UU00UDOOOO0OUOUOOMPCUDA : GPUDDO OpenMPO OO (ODOO
O00)00o0O0ooUo0o0. 000000000000 oUODOOlO Vol.2008,
No.125, pp.121-1260 0 0 00 0000 O O (http://ci.nii.ac.jp/naid /110007123623 /)
(2008-12-09).

9) Antoine, C.W., Petitet, A. and Dongarra, J.J.: Automated Empirical Optimization
of Software and the ATLAS Project, Parallel Computing, Vol.27, p.2001 (2000).

10) J00000oooooU0OoUoOooGPUOOOOODOOUOOLUOOUOUODUOUOUOOOO
00000000000000000000000000000 SACSIS 2011 OO
00 No.11-623, pp.229-230 (2011).

11) NAS Parallel Benchmarks: .
http://www.nas.nasa.gov/Resources/Software/npb.html (2011 0 100000).

12) N. Tajima’s fortran benchmark tests (Ver.2): .
http:/ /serv.apphy.fukui-u.ac.jp/fajima/bench/ (2011 0 10 0000).

13) Fortran Benchmarks (University of Western Ontario): .
http://www.stats.uwo.ca/faculty /aim/epubs/
benchmark/fortran.htm (2011 0 100000).

© 2011 Information Processing Society of Japan



