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Acceleration of Data-Intensive Workflow Applications
by Using File Access History

Mik1 HoriucHI**® KENJIRO TAURAL-P)

Abstract: 1/0 time is one of main bottlenecks in workflow applications, especially in data-intensive workflow
applications. It is important to reduce remote data accesses to achieve high I/O throughput, which requires
appropriate task allocations of a workflow, so a task scheduling takes an important role. It remains a difficult
problem how to know I/O files of each job and optimize the scheduling of workflow applications to effectively
harness distributed resources, even though many researches have attacked the problem. In this paper, we
propose an improvement of scheduling mechanism by gathering file I/O history and expecting I/0 files in the
next job. We implemented our proposal method on GXP Make, a workflow driver, and evaluated the method
by using a synthetic workflow application and Montage, a widely used scientific workflow application. The
result shows that the ratio of local file accesses in the synthetic increased to about 85% on average and that
in the Montage from 23% to 37%.
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Table 1 File Access History Format.
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Fig. 1 Mechanism for Gathering File Access History.
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Table 2 Basic Spec of Machines for Experiments
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Fig. 2 Synthetic Workflow Application (Pipeline).
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Fig. 5 Sample DAG of Montage Workflow Application.

04 0000000000000 InputO0O0O0O00OOOOO
Table 4 Accuracy of Expecting Input Files by File Access His-
tory.

00O0o0o000o0oo
0oooo (%)

oooooooooo

0ooooooo
ooooo (%)

mProjectPP 99.84 (1230/1232) 100 (1230/1230)
mDiffFit 41.14 (5632/13691)  75.56 (5632/7454)
mConcatFit 33.33 (2/6) 0.22 (2/914)
mBgModel 100 (2/2) 100 (2/2)
mBackground 99.89 (1846,/1848) 100 (1846/1846)
mImgtbl 33.33 (2/6) 33.33 (2/6)
mAdd 33.90 (20/59) 2.78 (20,/720)
mShrink 50 (4/8) 100 (4/4)
mJPEG 100 (1/1) 100 (1/1)

5.3.1 Montage 0000000000000
Montage 0000 O0O00O0O0O0O0O0O0COCOOODOO
cobooboooooobocooobooooooboboOooobooooo
olo00o0b00oooobooboooooboboboOooao
OO0000C0O00O00O00OO0OMontageDOOOOOO
0000000 5000000000000 Montage O
ooooooooo90OO0OcoOoooooooooao
OO mProjectPP O O00COCOCOOOOO
ubooobOoocoOo20b0000000000000
cooooooooooobooOoooOobocOoobooooo
coooOooooOoocooboo 3guoon
5.3.2 000000 I/o0000O000DOOOOO
ooooOooOooOool/ooooUooooooooog

© 2012 Information Processing Society of Japan

Vol.2012-HPC-135 No.26
2012/8/2

0000000000o00o00 MontageOOOOOOO
0000000000 200000000000000
0000000000 ooooooooooooooon
00000o000o0oooooooooooooooon
0000000000 ooooooooooooooon
0000000000 ooooooooooooooon
00000o0000o0oo0oooooooooooooon
0000000000 o0oooooooooooooon
0000000000 0ooooooooooooooon
0000D0o000ooooOo0o 2000000000000
000000000 40000 mProjectPP, mBgModel,
mBackgound, mShrink, mJPEGO 000000 OOOO
O0o000o0oO00ooooooooooooooI/ooooo
000000000 0000000mConcatFit, mImgtbl,
mAddO0 000000000000 000000000OO0
00o0oo00ooooooooooooooooooon
00o0oo000oooooDooooooooooooon
ooooo
5.3.3 Montage 00000000000 OOOOOO
oo
O000ooo0ooooooooooooooooog
000000ooooooooooo0good Montage O
O000000o0o0o0oooOooooooos320000
O00o0o0oo0oooOoUoo0ooooooooI/o
0000000 s32000000000000DOOO
0o000o00o0ooooooooooooooooo
000oo000oooooDooooooooooooon
0000000000 4000000000000000
ooooo
O000000oDO0oOoDoooooooooooog
00000000o0oU0oU0OoD eoooOooOoOOO
0000000 mProjectPPO00mput 0000000
ooooDooDooDO0ooOooooooooooon
ooooDOooDOooDOoOoDOoOoDOooODOoOoOooOn
oo0ooooooooooooooooooooooon
OmDiffFit 000 0000000000000 00O0O0O
oo0o0oooooooooDooooooooooooon
oo0ooooooooooooooooooooooon
O00ooooooo 3%000000000000000
037%0000000000000000000000O0
o0oo0ooDoooooooooooooOon 7To0000
00000oooooooooo mDiffFt 0000000
0000000000 OoUOOooo207000 182000
oooooo0oooooooooooooooooon
o0oooOoOoOoOoOooOoOoDoO UUoUooOOooo
0o0o0pooO00oooooDooooooooooooon
oo0oooo0oooooDooooooooooooon
ooooooooooooooooooooooooon



goooboooooo
IPSJ SIG Technical Report

Vol.2012-HPC-135 No.26
2012/8/2

B REFEHY m BEFELL

100

80

60

40

0 ; : :

O—ALTPANTIERLE (%)

mProjectPP mDifffit ~ mConcatFit mBgModel MBackground mimgtbl mAdd mShrink mJPEG All
(646MB) (16GB) (3MB) (272kB) (2529MB) (108kB) (2491MB) (793MB) (7MB) (22GB)
FTVr—vay
(FPANT O ERY A XEE)
06 Montage 1000000000000 ODOOODO
Fig. 6 Ratio of Local File Accesses in Montage.
» REFEHY (7—070—RITHRE » REFZELL(7—070—-FTHH
179.565sec) 176.344sec)
5 2500 2057.09
9 1852.05
< 2000
i
@
& 1500
% 947.45
TBéK 1000 ;:nl:_n‘: 76366 —
o 608.41 137.55
2 500 350.11 343 29 :
] 9.00 108.31
0045, 8.05 8.00 - 0.18 0.10 362 6.62 071 0.51
0 : :
mProjectPP mDiffFit mConcatFit mBgModel  mBackground mimgtbl mAdd mShrink mJPEG All

07 Montage 0D 0ODO0ODO0ODOOOOODO
Fig. 7 Sum of Job Execution Time in Montage.

oooooooooooboooboooooon
6. OO0

0000000000000 00000oUOoOI/00
oooboooooooooooooboboooooooo
ooooooooooooobooooooboobooobooooo
0000000000000 000 GXP MakeODODDO
OFUSEODOCOOOQOOOOOOOOOOOOOOOO
ooobooooooooobooooooboooooooo
ooobooooooooobooooooooboooo
O000D0O0000D0O00000D0DOMontage 00O
oooboooooboooooboooooboboooooooo
00000000000 8%0 0 Montage 0 0O 23%0 O
3% 000000000000000000000D0OO0
ooo

000D00000001/Oo0000000000000
oobooooooooooooooooboooooooo
ooboooooooooooooooooooooogn
oboooooboooboooboooooooooooao
oooooobooooooobooooooobooooon
oooooobooooooobooooooobooooon
oobooooooooooooooooooooooon
oooooooooooooooooooooooooo
0o0ooo0oooOooOooOooI/ooooooooooo
oooooobooooooobooooooobooooon

© 2012 Information Processing Society of Japan

goooooobooooooooooooooooooon
gobooooooooooooo

gooo

[1]  Fuse :. http://fuse.sourceforge.net/.

[2] Intrigger platform :. http://www.intrigger.jp/.

[3] Montage : An astronomical image mosaic engine.
http://montage.ipac.caltech.edu/.

[4]  Mosastore :. http://mosastore.net.

[5) Ann Chervenak, Ewa Deelman, Miron Livny, Mei-Hui
Su, Rob Schuler, Shishir Bharathi, Gaurang Mehta, and
Karan Vahi. Data placement for scientific applications
in distributed environments. In Proceedings of the Sth
IEEE/ACM International Conference on Grid Com-
puting, GRID ’07, pages 267—274, Washington, DC,
USA, 2007. IEEE Computer Society.

[6) Ewa Deelman, Gurmeet Singh, Mei-Hui Su, James
Blythe, Yolanda Gil, Carl Kesselman, Gaurang Mehta,
Karan Vahi, G. Bruce Berriman, John Good, Anastasia
Laity, Joseph C. Jacob, and Daniel S. Katz. Pegasus:
A framework for mapping complex scientific workflows
onto distributed systems. Sci. Program., 13(3):219-237,
July 2005.

[7]  Frederic Desprez and Antoine Vernois. Simultaneous
scheduling of replication and computation for data-
intensive applications on the grid. Journal of Grid Com-
puting, 4:19-31, 2006. 10.1007/s10723-005-9016-2.

[8] George Karypis and Vipin Kumar. Multilevel algorithms
for multi-constraint graph partitioning. In Proceedings
of the 1998 ACM/IEEE conference on Supercomputing
(CDROM), Supercomputing 98, pages 1-13, Washing-
ton, DC, USA, 1998. IEEE Computer Society.



Vol.2012-HPC-135 No.26
gogoooooood 3012/8/2
IPSJ SIG Technical Report

[9] Elizeu S. Neto, Samer A. Kiswany, Nazareno Andrade,
Sathish Gopalakrishnan, and Matei Ripeanu. enabling
cross-layer optimizations in storage systems with custom
metadata. In HPDC ’08: Proceedings of the 17th in-
ternational symposium on High performance distributed
computing, pages 213-216, New York, NY, USA, 2008.
ACM.

[10] Kohei Hiraga Osamu Tatebe and Noriyuki Soda. Gfarm
grid file system. New Generation Computing, 28, 2010.

[11] Masahiro Tanaka and Osamu Tatebe. Pwrake: a par-
allel and distributed flexible workflow management tool
for wide-area data intensive computing. In Proceedings
of the 19th ACM International Symposium on High
Performance Distributed Computing, HPDC ’10, pages
356-359, New York, NY, USA, 2010. ACM.

[12] Masahiro Tanaka and Osamu Tatebe. Workflow schedul-
ing to minimize data movement using multi-constraint
graph partitioning. In 12th International Symposium
on Clusters, Cloud, and Grid Computing (CCGrid’12),
pages 65-72, May 2012.

[13] Kenjiro Taura, Takuya Matsuzaki, Makoto Miwa,
Yoshikazu Kamoshida, Daisaku Yokoyama, Nan Dun,
Takeshi Shibata, Choi Sung Jun, and Jun ichi Tsujii.
Design and implementation of gxp make - a workflow sys-
tem based on make. In eScience, pages 214-221. IEEE
Computer Society, 2010.

[14] Emalayan Vairavanathan, Samer Al-Kiswany, Lauro
Costa, Zhao Zhang, Daniel Katz, Michael Wilde, and
Matei Ripeanu. A workflow-aware storage system: An
opportunity study. In 12th International Symposium
on Clusters, Cloud, and Grid Computing (CCGrid’12),
May 2012.

[15] T. White. Hadoop: The Definitive Guide. O’Reilly Me-
dia, Inc., June 2009.

© 2012 Information Processing Society of Japan 8



