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its equilibrium equations numerically was proposed. However, using this tech-
nique makes it difficult to solve the equations when the states of the system
increase.

An approximation method that can reduce the difficulty of numerical cal-
culation is proposed. In the approximation model, the system is analyzed by
dividing it into two parts. One is the behavior of a job in CPU and I/O nodes
and the other is the behavior of a job that requests or releases the resource.
The former part is approximated by the product form solution of the ordinary
queuing network model, and the latter is analyzed by a Markov chain that de-
scribes the behavior of a job that requests or releases the resource. Since this
Markov chain represents only one part, the number of states becomes smaller
and the computational burden is also reduced. Numerical experiments indicate
that the approximation model has enough accuracy for practical use.
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An Approximation Queuing Network Technique for
Evaluating Performance of Computer Systems with
Resource Requirements

ToMOHARU HAsuMmIi , X1UMEI GAO
and TOSHIYUKI KINOSHITA

In computer systems, while one job uses an updatable file, other jobs are
prohibited from accessing that file in order to ensure its consistency. We call
such a file an exclusively used resource (or simply, a resource). These conflicts
of accessing an exclusively used resource significantly affect the performance
of the system. A method for analyzing the queuing network model with re-
source requirements that describes the network with a Markov chain and solves
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Fig.1 Image diagram of central server model with 2 exclusively-used resources.
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02 CcrPuOOOO
Table 2 CPU busy ratio.
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Table 4 Number of jobs in resource waiting queue.
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oooo oooo 000 F=1
(N) oo @Y | ooo | ooo ooo
0.02 0.761 | 0.761 | 0.13 %
4 0.08 0.740 | 0.739 | -0.14
0.14 0.701 | 0.702 | 0.14
0.02 0.901 | 0.900 | 0.22
8 0.08 0.843 | 0.844 | 0.12
0.14 0.747 | 0.759 | 1.47
F=2
0.02 0.760 | 0.762 | 0.26 %
4 0.08 0.744 | 0.751 | 0.94
0.14 0.720 | 0.732 1.67
0.02 0.900 | 0.902 | 0.22
8 0.08 0.874 | 0.880 | 0.67
0.14 0.823 | 0.837 | 1.47

0oooo oooo ooo F=1
(N) oo @) | ooo ooo ooo
0.02 0.0177 | 0.0203 3.95 %
4 0.08 0.262 0.274 4.58
0.14 0.675 0.658 2.52
0.02 0.0989 | 0.1159 2.02
8 0.08 1.874 1.805 -3.68
0.14 3.812 3.553 -6.79
F=2
0.02 0.0086 | 0.0100 | 16.28 %
4 0.08 0.122 0.137 12.30
0.14 0.322 0.350 8.70
0.02 0.0442 | 0.0531 | 20.14
8 0.08 0.747 0.815 9.10
0.14 1.980 2.007 1.36

03 0000000000

Table 3 Resource waiting queue busy ratio.

F=200000000000 10 20000000000

Table 5 Mean resident time in resource waiting queue.

05 100000000000000

oooo 0oooo 000 F=1
(N) oo @) | ooo ooo ooo

0.02 0.0167 | 0.0189 | 13.17 %

4 0.08 0.210 0.213 0.94
0.14 0.468 0.444 -5.34
0.02 0.0807 | 0.0903 | 11.90

8 0.08 0.759 0.715 5.80
0.14 0.979 0.948 3.17

F=2

0.02 0.0042 | 0.0049 | 16.67 %

4 0.08 0.0551 | 0.0607 | 10.16
0.14 0.138 0.146 5.80
0.02 0.0201 | 0.0236 | 17.41

8 0.08 0.257 0.266 3.50
0.14 0.554 0.538 -2.89

F=200000000000100000

oooo oooo 000 F=1
(N) oo @) | ooo ooo ooo
0.02 4.505 4.053 | -10.03 %
4 0.08 5.370 4.888 8.98
0.14 6.186 5.632 8.96
0.02 9.305 | 10.065 8.17
8 0.08 17.961 | 17.522 | -2.44
0.14 23.478 | 21.733 | -7.43
F=2
0.02 3.333 3.906 | 17.19 %
4 0.08 3.829 4.311 | 12.59
0.14 4.356 4.680 7.44
0.02 7.370 8.907 | 20.85
8 0.08 11111 | 12.171 9.54
0.14 15.901 | 15.311 | -3.71

F=200000000000 10000000
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Table 6 Job throughput.

oooo oooo 000 F=1
(N) oo @) | ooo | ooO ooo
0.02 0.304 | 0.304 0%
4 0.08 0.296 | 0.296 0
0.14 0.280 | 0.281 | 0.36
0.02 0.360 | 0.360 0
8 0.08 0.337 | 0.338 | 0.30
0.14 0.299 | 0.303 | 1.55
F=2
0.02 0.304 | 0.305 | 0.33%
4 0.08 0.297 | 0.300 | 1.00
0.14 0.288 | 0.293 | 1.74
0.02 0.360 | 0.361 | 0.28
8 0.08 0.350 | 0.352 | 0.57
0.14 0.329 | 0.335 | 1.82
07 0D0O0D0DODOOOOO
Table 7 Mean job response time.
oooo oooo 000 F=1
(N) oo @Y | ooo ooo ooo
0.02 13.142 | 13.145 0.02 %
4 0.08 13.514 | 13.533 | 0.14
0.14 14.269 | 14.245 | -0.17
0.02 22.200 | 22.212 | 0.05
8 0.08 23.733 | 23.692 | -0.17
0.14 26.775 | 26.369 | -1.52
F=2
0.02 13.167 | 13.132 | -0.33 %
4 0.08 13.446 | 13.314 | -0.98
0.14 13.895 | 13.655 | -1.73
0.02 22.218 | 22.174 | -0.20
8 0.08 22.890 | 22.715 | -0.76
0.14 24.301 | 23.888 | -1.70
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