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A Resource Selection Support Expert System
for Large-Scale Computing Environments

Rio Kokusu, ! Hrtosur Satof!
and SATOSHI MATSUOKA 112

Batch queue systems on large-scale shared-resource supercomputers present
the users with numerous, often cryptic, site-specific options in order for them
to specify the resources, and appropriately instantiate them for effective appli-
cation executions. Failure to specify the appropriate parameters, often the case
for novice users of the system, not only could degrade the quality of service
for the user, but also could compromise the effectiveness and the stability of
the system. We instead aim to develop an“ advisor” expert system which
will present the users with appropriate batch queue parameters and other us-
age information depending on his needs by answering a simple set of questions.
We surveyed job execution logs of the Tokyo Tech TSUBAME supercompter
and statistical analysises of them allowed us to construct a correlative usage
model which revealed several distinctive user usage patterns, which we could
lead to create such an expert system based on the model to reflect the user
needs accurately.
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Fig.1 An Resource Selection Support Expert System
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Table 1 Resource Selection Parameters Available in TSUBAME Grid Cluster
ooooo oo oo
-mem <memory size> 00bO0o000o0O0o00o0oo0ooo0o:GB
-rankOmem <memory size> Rank0 00D00000O00O00O0O0O0O00DO:GB
-mpi <cpus> MPIOOOOOOOOOOOOOO cpUOOOOO
-smp <cpus> gooooOoOo cpUOOOOOOOOODOOOOOOOO
-proc <cpus> ooooooO0Oo cpUOOOOOOOOOOOOOOOOO
-rt <run time> SLAOOO BESOOODOOO0OOO0OO0OO0O0OO :min
-pl <premium level> ooooooooooooooon
-q <queue name> ooooO0o0o0oooooo0oon
-linda <cpus> Gaussian Linda 00000 CPUOOOOO
-ddi <cpus> GAMESS OO0OOO cpPUOOO0OODO
-stripe <count> Gaussian 0000 Lustre FSOOOOOOODO

0 2 TSUBAME 0OOO0O (°08.11-’09.9)
Table 2 Utilization of TSUBAME(’08.11-°09.9)

goooooooo ooooo gooooooo oooooooo (%)
ooo 2546442 203420 7.99
Gaussian(CLI) 192737 5900 2.94
Gaussian(GUI) 299 14 4.68
ABAQUS 46647 29407 63.04
MATLAB 34006 3323 9.77
AMBER 13332 3222 22.09
LS_DYNA 6405 4118 26.16
GROMACS 3801 904 23.78
GAMESS 3565 204 9.57
FLUENT 1262 208 16.48
Mathematica(GUI) 638 147 23.04
Mathematica(CLI) 170 5 2.94
NASTRAN 197 10 5.08
Molpro 194 15 7.73
POV-Ray 163 4 2.45
MOPAC 82 2 2.44
NWChem 37 0 0.00
EnSight 15 2 13.33
MAPLE 10 0 0.00
UTChem 8 0 0.00
oo 2850010 250905 8.80
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Fig.2 Analysis Segmentation
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Fig.3 Factors Extracted
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Factorl Factor2 Factor3 Factor4
pmem -0.1862 -0.0658 0.30854 0.44938
mpi [10199143 -0.0532 0.07855 0.06064
smp -0.1871 -0.1052 0.1628 0.41489
proc -0.0364 -0.0178 -0.0168 -0.1686
rt -0.0058/ 0.83902 -0.0213 0.08069
pl 0.01223 0.01189[/70!5874 0.06536
TES -0.0212 -0.0101 0.02299 -0.1062
CPUMax 0.03494 0.03634 0.15944 0.07889
ddi -0.0097 0.38632 0.04154 -0.0332
0 5 notype3BES 00ODOODDOOD
Fig.5 Factor Loading Matrix for notype3BES
0 4 notype3BESODOOODOODOO
Table 4 Result of notype3BES Cluster Analysis
size wait | wallclock cpu mem | mpi | smp | proc
(sec) (sec) (sec) (GB)
1 7356 1852 16510 52739 12395 0 4 0
2 9428 7854 438504 1062315 732133 46 0 0
3 65694 169 8229 18936 18175 62 0 0
4 1757321 2485 2452 2950 1885 0 0 0
5 28452 616 4804 20879 12434 178 0 0
6 41025 263 2367 5793 2469 27 0 0
7 5326 14888 10314 80991 91618 0 11 0
8 30673 11133 141308 248058 791440 13 0 0
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dchi =

oooo | | ‘ |
o me - y
pi=""N

(N = (il + |yz~|>>

i=1

6.2 0DOOOOOOOOO
uboboooboooooboooboobOoobOobooboobOoOooboOobOobObOOobOobOOoOonn
0000000000000 5000000000 60 notyped OO 3(BES)ODODOO

(© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

05 O0O0O0OOOOOODOO
Table 5 Evaluation of Fact Analysis Model

oo oooo oooo oooo ooooo
Gaussianl 26.57 0.85 3.15 12.59
ABAQUS1 17.99 1.05 2.89 12.59
AMBER1 10.78 1.36 3.04 7.82
FLUENT1 11.43 1.55 4.14 12.59
GAMESS1 10.85 1.21 3.13 7.82
notype3BES 16.27 0.63 2.95 12.59
notype3SLA 53.37 0.85 4.26 16.92
notype3HPC 13.05 1.39 2.91 7.82
notype5SLA 13.34 1.12 3.40 9.49
notype5SHPC 7.67 0.05 2.37 3.84
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Fig.6 Chi Square Valule for Each Samples in notype3BES.
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Table 6 Parameter Settings in the Worst and the Best Case of notype3BES

pmem mpi | smp | proc rt pl | TES CPUMax ddi
worst_data 1 64 0 0 31680 2 0 1888 0
worst_predicted 1.4 63.3 -1.8 -0.5 21575.4 1.6 -0.0 1955.7 3.6
best_data 3 512 0 0 30 1 0 1888 0
best_predicted 2.9 | 509.7 0.3 0.0 70.2 | 1.1 0.00 1883.2 | -0.0

0O 7 notype3BESOOUOO worstUbest 00000000000
Table 7 Measurement Value of Resource Usage in the Worst and the Best Case of notype3BES

wait wallclock cpu mem mpi smp proc
worst_data 0 303 | 4522 4505 64 0 0
best_data 8604 17 40 0.2 512 0 0
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