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An Approximate Method by Queuing Network
Modeling for Performance Evaluation of Computer
Systems with Exclusively-used Resources

TOSHIYUKI KINOSHITAT and YUKIO TAKAHASHI!

In computer systems, job conflicts occur at accessing an ezxclusively-used resource. A typical
example is conflicts at accessing a group of updatable files. When a job uses a part of these
files, other jobs are not allowed to access any of them. These conflicts affect the performance
of the system significantly. In our previous work, we introduced a queuing network model
to analyze the influence of the conlficts on the performance of the computer systems. It can
provide most of performance measures requested, but the analysis requires a large compu-
tational burden even for models of medium size since the stationary distribution has to be
calculated for a Markov chain with a large number of states. In this paper, we propose an
approximate method of the model which reduces the number of states of the model and our
computation efforts. The policy and the algorithm of the approximate method are described
and its accuracy is analyzed by numerical experiments.
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Fig.1 Image diagram of central server model with
2 exclusively-used resources.
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Table 1  Possible state ~(k,ng,ni,ng,n3) and number

of jobs in CPU and I/O nodes or resource

waiting queue when the network is in state

v(k,ng, n1,n2,n3).
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Table 2 Number of states (M = 2).
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Table 3 CPU busy ratio. Table 6 Mean resident time in resource waiting queue.
oooo ooood ooo F=1 oooo gooo ooo F=1
(N) oo @°Y) [ ooo [ ooo 0oo (N) oo @Y | ooo 00O 000
0.02 0.761 0.762 0.13 % 0.02 4.505 4.053 | —10.03 %
4 0.08 0.740 0.739 | —0.14 4 0.08 5.370 4.888 8.98
0.14 0.701 0.702 0.14 0.14 6.186 5.632 8.96
0.02 0.901 0.903 0.22 0.02 9.305 10.065 8.17
8 0.08 0.843 0.844 0.12 8 0.08 17.961 17.522 —2.44
0.14 0.747 0.758 1.47 0.14 23.478 21.733 —7.43
F=2 F=2
0.02 0.761 0.762 0.13 % 0.02 3.354 3.881 15.71 %
4 0.08 0.752 0.754 0.27 4 0.08 4.699 4.184 | —10.96
0.14 0.734 0.739 0.68 0.14 5.004 4.345 | —13.17
0.02 0.898 0.902 0.45 0.02 7.284 8.523 17.01
8 0.08 0.878 0.890 1.37 8 0.08 11.352 10.282 —9.43
0.14 0.836 0.840 0.48 0.14 14.922 12.014 —19.49
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Table 4 Resource waiting queue busy ratio. Table 7 Job throughput.
oooo oooo ooo F=1 oooo oooo oog F=1
(N) |oo@Eh | ooo 0oo 000 (N) oo @®Y) | ooo [ ooo | ooo

0.02 0.0167 0.0189 13.17 % 0.02 0.304 0.304 0%

4 0.08 0.210 0.212 0.94 4 0.08 0.296 0.296 0
0.14 0.468 0.443 —5.34 0.14 0.280 0.281 | 0.36
0.02 0.0807 0.0903 11.90 0.02 0.360 0.360 0

8 0.08 0.759 0.715 5.80 8 0.08 0.337 0.338 | 0.30
0.14 0.979 0.948 3.17 0.14 0.299 0.303 | 1.55

F=2 F=2

0.02 0.00415 | 0.00467 12.53 % 0.02 0.304 0.305 | 0.33 %

4 0.08 0.0543 0.0547 0.74 4 0.08 0.300 0.306 | 2.00
0.14 0.141 0.129 —8.51 0.14 0.294 0.306 | 4.08
0.02 0.0215 0.0211 —1.86 0.02 0.360 0.362 | 0.56

8 0.08 0.254 0.216 —14.96 8 0.08 0.351 0.367 | 4.56
0.14 0.551 0.441 —19.96 0.14 0.335 0.368 | 9.85

F=200000000000100000
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Table 5 Number of jobs in resource waiting queue. Table 8 Mean job response time.
oooo | oooo 000 F=1 oooo o000 0ooo F=1
(N) |oo@E®h [ ooo 0oo 00O (N) oo @Y | ooo 00O 00O
0.02 0.0177 | 0.0184 3.95 % 0.02 13.142 | 13.145 0.02 %
4 0.08 0.262 0.274 4.58 4 0.08 13.514 | 13.533 0.14
0.14 0.675 0.658 2.52 0.14 14.269 | 14.245 | —0.17
0.02 0.0990 | 0.1010 2.02 0.02 22.200 | 22.212 0.05
8 0.08 1.874 1.805 —3.68 8 0.08 23.733 | 23.692 | —0.17
0.14 3.812 3.553 —6.79 0.14 26.775 | 26.369 | —1.52
F=2 F=2
0.02 0.00898 | 0.00968 7.80 % 0.02 13.137 | 13.112 | —0.19 %
4 0.08 0.119 0.124 4.20 4 0.08 13.335 | 13.069 | —1.99
0.14 0.320 0.311 —2.81 0.14 13.610 | 13.060 | —4.04
0.02 0.0411 | 0.0475 15.57 0.02 22.236 | 22.101 | —0.61
8 0.08 0.729 0.608 —16.60 8 0.08 22.793 | 21.798 | —4.37
0.14 1.973 1.633 —17.23 0.14 23.861 | 21.736 | —8.91

F=200000000000102000000000D0
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