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Stochastic Analysis on Periodic Task Model
with Initial Phase Distribution

TAKUYA ISHIKAWA,T! YUTAKA MATSUBARAT!
and HIROAKI TAKADAT!

These days, a stochastic analysis method for response times of real-time sys-
tems is proposed using random execution times of tasks. In general, it becomes
a problem that a stochastic analysis takes long time because of complexity.
Therefore, techniques for stochastic analysis with reducing the complexity are
required. In this paper, we propose a stochastic analysis method for response
times of tasks. In the proposed method, initial phases of tasks are modelled as
random values, in addition to execution times of tasks. One problem caused by
using random initial phases of tasks is that analysis takes long time, because
response time distribution is analyzed for all combinations of initial phases of
tasks. To solve this problem, we first discretize both of execution time dis-
tribution and initial phase distribution of tasks. The discretization errors are
rounded off so that response time distribution is analyzed pessimistically. Then,
we focus only on analyzing the end of response time distribution.
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Fig.1 The end of response time distribution.
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Table 1 A task set No.1.

task  priority = period  EJ"®

T1 1 5 2
T2 2 10 4
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Fig.2 A case that 73 is interfered by higher priority tasks at maximum times.
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Table 2 One of task sets for evaluation.

task  priority  period Eres E:’”"El . op,
T1 1 13 1.897 1.0 1.546 1.5
To 2 38 6.355 1.0 4.689 1.5
T3 3 48 4.014 1.0 3.889 1.5
Ta 4 49 3.439 1.0 2.694 1.5
T5 5 59 2.195 1.0 2.131 1.5
T6 6 71 10.42 1.0 8.205 1.5
T 7 73 1.297 1.0 1.089 1.5

fi(;r) (a <z< b)

fx(z) = Pla < X <) (21)
0 otherwise
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Table 3 Analysis time (A, is constant).

oooo
4 5 6 7
0.1 0.151 1.207 702.416 8950.128
A 0.2 0.102 0.446 203.220 2605.243
0.4 0.008 0.212 64.910 871.049
gooooo 3058.291  4046.404  5992.767  6993.226

04 A,000000000D0D0000DO
Table 4 Analysis time (A, is constant).

oooo
4 5 6 7
1.0 0.151 1.207 702.416 8950.128
A, 2.0 0.111 0.157 22.268 130.637
4.0 0.093 0.086 1.042 3.747
oooooao 3058.291  4046.404  5992.767  6993.226
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Fig.3 The distribution of 74’s response time.
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Fig.4 The distribution of 74’s response time in the confidential interval.
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Table 5 Error in response time distribution (A, is constant).

oooo
4 5 6 7
0.1 | 2105 /1.283 1.535 / 1.333  1.691 / 1.675 -
A. 02 | 1.667 /1.080 1.926 / 1.103  2.994 / 1.807  3.076 / 2.209
0.4 | 3.062 /2.317 3.425 /2477 5.162 / 3.848  5.977 / 4.646
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Table 6 Error in response time distribution (A, is constant).

oooo
4 5 6 7
1.0 | 2.105 / 1.283 1.535 / 1.333  1.691 / 1.675 -
A, 2.0 | 0.294 / 0.294 0.307 / 0.307  0.201 / 0.201  0.361 / 0.361
4.0 | 0.793 / 0.793  0.826 / 0.826  0.628 / 0.628  1.008 / 1.008
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