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Performance Evaluation of Global Computing Systems by Simulation

ATSUKO TAKEFUSA,i* KENTO AIDA,i? HIDEMOTO NAKADA,i?
HIROTAKA OGAWA,2 SATOSHI MATSUOKA,?? MITSUHISA SATO,
SATOSHI SEKIGUCHI® and UMPEI NAGASHIMA 15

While there have been several proposals of high performance global computing systems,
scheduling schemes for the systems have not been well investigated. The reason is difficul-
ties of evaluation by large-scale benchmarks with reproducible results. This paper describes
design and implementation of the simulator that evaluates scheduling schemes on a typical
high-performance global computing system. The simulator can simulate various features of
global computing systems by adopting a queueing model. Effectiveness of the simulator was
verified by the simulation results, which showed very similar results to the experimental results
on a real global computing system. This paper also shows simulation results of simple schedul-
ing schemes by the simulator. Results show it is important to consider resource conditions
appropriately for overall system performance.
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Fig. 1 Execution process of global computing.
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Fig. 2 Simulation model of global computing system.
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Fig. 3 Benchmarking environment of global computing.
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Table 2 Single-client benchmark results by simulation (OCHA-U - ETL).
Yial—va g SEHE
n Wpacket[KB]  Tsim[KB/s]  Pgim[Mflops] | Tact[KB/s]  Pact[Mflops]

10 160.808 7.919

600 50 157.743 7.771 161 7.68
100 153.038 7.543
10 131.115 10.698

1000 50 129.486 10.568 131 10.50
100 127.776 10.431
10 146.689 16.553

1400 50 146.008 16.479 147 16.42
100 145.653 16.440

K3 BRI IATVIERELEY I alb—va ViR (Wpacker = 100[KB])
Table 3 Multi-client benchmark results by simulation for Wyacrer = 100[KB].

YIalb—variE KHME
n UNIV. Tsim|[KB/s]  Psim [Mflops] | Tact[KB/s]  Pact[Mflops]
Ocha-U 123.473 6.102 133 6.41
600 U-Tokyo 179.588 8.825 195 9.32
NITech 84.859 4.210 95 4.36
TITech 28.963 1.445 37 1.83
Ocha-U 108.829 8.908 118 9.58
1000 U-Tokyo 163.020 13.225 173 13.53
NITech 98.401 8.068 107 8.57
TITech 30.597 2.538 37 3.07
Ocha-U 130.255 14.724 135 15.05
1400 U-Tokyo 225.171 24.914 232 25.39
NITech 130.480 14.743 135 15.11
TITech 25.964 3.011 28 3.20

Vial—var THWERT A—=F ZUTIORT.
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e MY A X : Linpack n = 600, EP n =21
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Fig. 4 Benchmarking environment by simulation
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Table 4 Simulation results of scheduling schemes.
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linpack LOAD 0.610 44.682 45.292 0.117 0.118
LOTH 0.397 21.496 21.893 0.122 0.102
RR 96.776 2.359 99.135 0.454 0.979
EP LOAD 45.867 1.787 47.654 0.608 0.791
LOTH 42.729 1.689 44.418 0.625 0.722

ence and Engineering Computation (1997).

7) Raman, R., Livny, M. and Solomon, M.:
Matchmaking: Distributed Resource Manage-
ment for High Throughput Computing, Proc.
7t IEEE International Symposium on High
Performance Distributed Computing (1998).

8) Czajkowski, K., Foster, I. and Kesselman,
C.: Resource Management Architecture for
Metacomputing Systems, Proc. IPPS/SPDP
’98 Workshop on Job Scheduling Strategies for
Parallel Processing (1998).

9) Chapin, S. J., D. Katramatos, J. K. and
Grimshaw, A.: Resource Management in Le-
gion, submitted to Elsevier Science.

10) Berman, F., Wolski, R., Figueira, S., Schopf,
J. and Shao, G.: Application-Level Scheduling
on Distributed Heterogeneous Networks, Proc.
the 1996 ACM/IEEE Supercomputing Confer-
ence (1996).

11) Weissman, J. B. and Zhao, X.: Scheduling
Parallel Applications in Distributed Networks,
Journal of Cluster Computing, Vol.1(1) (1998).

12) Wolski, R., Spring, N. and Peterson, C.: Im-
plementing a Performance Forecasting System
for Metacomputing: The Network Weather ser-
vice, Proc. the 1997 ACM/IEEE Supercomput-
ing Conference (1997).

13) Jain, R.: The art of computer systems per-
formance analysis, John Wiley & Sons, Inc.
(1991).

14) Gamma, E., Helm, R., Johnson, R. and
Vlissides, J.: Design patterns, Addison-Wesley
(1995).

15) Takefusa, A., Matsuoka, S., Ogawa, H.,
Nakada, H., Takagi, H., Sato, M., Sekiguchi,
S. and Nagashima, U.: Multi-client LAN/WAN
Performance Analysis of Ninf: a High-
Performance Global Computing System, Proc.
the 1997 ACM/IEEE Supercomputing Confer-
ence (1997).

16) PrEdHoF, /NIER, WA, fHEFE, SRS,
=N, B O, RIBER: B8 747 MC
& % LAN/WAN T Ninf O¥ERE, [EHAHEES
#w3CEE, Vol. 39, No. 6, pp. 1827-1838 (1998).

17) NPB: NAS Parallel Benchmarks.
http://science.nas.nasa.gov/Software/NPB/.

18) Paxson, V. and Floyd, S.: Wide-Area Traffic:
The Failure of Poisson Modeling, SIGCOMM
"9/, pp- 257-268 (1994).



