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Abstract

This paper addresses the various alternative methods of synthesizing task sets even when the continuous uniform distri-
bution of their task utilizations is guaranteed. There are four methods that have been widely used in literature; LinearC,
LinearT, LogT, and HarmonicT: C and T represent the worst-case execution times and periods, while linear, log, har-
monic represent the spaces for the random generation of C or T. We have demonstrated that the schedulability perfor-
mances of the task sets generated by those methods are very different. Specifically, the schedulability performance for the
fixed priority scheduling is in the decreasing order of LogT, HarmonicT, LinearC, and LinearT. We have introduced
notions of C-difference and T-difference, which have been used to demonstrate that the larger the value induced the better

schedulability performance.
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I. INTRODUCTION

The performance of fixed priority scheduling algorithms
or schedulability attributes assignment algorithms is
typically evaluated in terms of its schedulability: the ratio
of schedulable task sets among all randomly generated
task sets. To synthesize a task set, it is common to generate
each task 7’s utilization U, in a uniform distribution for a
given number of tasks » and a given total utilization U.
Here, the UUniFast [1] algorithm is the de facto standard
method for generating the utilizations of tasks. This
algorithm was proposed to address the way task parameters
are generated because they may significantly affect the
schedulability performance result and cause bias in the
judgment on the schedulability tests. To express the utilization
disparity in a set of tasks, [1] introduced the following

parameter called U-difference, which we denote as A,

max{U;} —min{U,}
Ay = i - i (1)
2U

The range of D, is [0, 1], where 0 and 1 represent the
minimum and the maximum differences, respectively.
With this, the UUniFast algorithm guarantees generation
of evenly distributed tasks in the utilization space.

However, we also show that there are other alternative
methods of generating each task z;’s worst-case execution
time C; and period 7; with the given U, = C/T,, even
though the uniform distribution of U, is guaranteed. We
derive six alternative methods and compare the sche-
dulability performance of four methods that are widely
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used in literature. We demonstrate that the effects of
employing different methods on the schedulability per-
formance for the fixed priority scheduling are significant.
To analyze such phenomena, we introduce the notions of
C-difference and T-difference, which are similar to U-
difference [1]. With these, we demonstrate that the level
of the distributions of their joint probability density functions
is proportional to the schedulability performance.

The remainder of the paper is organized as follows.
Section II highlights the task model and example task sets
that motivate this work. Section III summarizes alternative
methods of generating task sets. Section IV presents
impacts of alternative methods on the schedulability
performance. Section V analyzes the impacts of using the
notions of C-difference and T-difference. Section VI
concludes the paper.

Il. TASK MODEL AND MOTIVATING EXAMPLE
TASK SETS

We presume that a single processor and a system have
a fixed set of tasks /"= {7, ©, ..., 7,}. Each task 7 has a
fixed period 7}, a fixed relative deadline D,, and a known
worst-case execution time C,. There are no restrictions
such that each task’s deadline should be shorter than its
period. We presume that tasks are scheduled under the
fully preemptive fixed priority scheduling (FPS). Since
the deadline monotonic priority ordering (DMPO) is
optimal in FPS, we assume that all task priorities are
assigned using DMPO.

All of the three task sets in Fig. 1 have the same U-

difference of A, = 0.38 where U, = 3/10 and U, = 2/3,
taking task set as the original task set. Then, C, and 7, of
task set are doubled, while C, and 7, of task set are
halved in comparison to those of the original task set. As
Fig. 1 shows, task set (a) is not schedulable while task sets
(b) and (c) are schedulable. It shows that the schedulability
results of task sets of the same U-difference with the
same task utilizations may be different, which motivated
our work.

Ill. ALTERNATIVE METHODS FOR TASK SET
SYNTHESIS

We presume a single processor. As the example task
sets of Fig. 1 show, same U-difference with same utilization
of each task does not give the same schedulability. This
section presents alternative methods in synthesizing task
sets even if we generate task sets in the uniform distribution
of utilizations. Specifically, after getting the uniform
distribution of utilizations, there are two aspects to consider:
1) (timing attribute) targets to randomly generate and 2)
space where the random generation of targets is performed.

For the first aspect of the target, there are two alternatives:
1) the worst case execution time C; or 2) the period of a
task T to be generated first should be decided while the
other one is derived from the equation C;= T, x U, or T, =
C/U.. For the second aspect of the space, there are three
alternatives—linear, log, and harmonic, the chosen target
values of the first aspect (C; or T;) to be generated in a
uniform distribution.

From these two aspects and their alternatives, six
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(a) The original task set

(b) C1 and 7' doubled

(¢) C> and T halved

Fig. 1. Schedules produced for task sets whose U-differences are the same (A, = 0.38) with U; =3/10 and U, = 2/3). (a) is the original task
set, (b) is a task set whose C, and T, were doubled, and (c) is a task set whose C, and T, were halved compared to the original task set (a).
R;is the worst-case response time of task z. Note that while task set (a) is not schedulable (since R, (=11) > D, (=10)), task sets of (b) and (c)

are schedulable.
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Table 1. Alternative methods for generating task sets with the given U, = C/T,

Target
Random generation
(& T,
Space Linear LinearC LinearT
-linearC1: [100, 500] in [2] -linearT1: [1, 10%] in [3]
-linearT2: [10, 10°] in [4, 5]
-linearT2’: [25, 10°] in [6]
-linearT2"': [50, 10°] in [7]
-linearT2"": [50, 200], [200, 500], [500, 2-10°] in [8]
-linearT3: [10%, 10°] in [9]
Log LogC LogT
-N/A -logT1: [10°, 10°] in [10]
-logT1': [20, 200] in [11]
-logT1": [1,10°] in [12]
-logT2: [10°, 107] in [10]
-logT3: [10°, 10°] in [10]
Harmonic HarmonicC HarmonicT
-N/A -harmonicT1: randomly drawn from {5, 10, 20, 40, 50, 100, 200, 400, 500,

1000} in [13]
-harmonicT1’: randomly drawn from {25, 50, 75, 100} in [14]
-harmonicT1": randomly drawn while minimizing hyper-period in [15, 16]
-harmonicT2: product of 1-3 factors, each of which randomly drawn from
harmonic sets (2, 4), (5, 10), (6, 12) in [17]

alternative methods are possible as shown in Table 1:
LinearC, LinearT, LogC, LogT, HarmonicC, and HarmonicT.
Table 1 also shows example usages of these alternatives.
Specifically, LinearC has been adopted in [2] with
duration of [100, 500]. LinearT is the most widely used
method in literature as it has been adopted in various
durations: [1, 10°] in [3], [10, 10°] in [4, 5], [25, 10°] in
[6], [50, 10°] in [7], [50, 200], [200, 500], [500, 2-10°] in
[8], and [107, 10°] in [9], while LogT has also been adopted
in various durations: [10°, 10°] in [10], [20, 100] in [11],
[1,10°]in [12], and [10°, 107], [10°, 10°] in [10]. HarmonicT
has also been adopted in various combinations: randomly
drawn from {5, 10, 20, 40, 50, 100, 200, 400, 500, 1000}
in [13], {25, 50, 75, 100} in [14], randomly drawn while
minimizing hyperperiod in [15, 16], or the product of one
to three factors, each randomly drawn from three
harmonic sets (2, 4), (5, 10), (6, 12) in [17]. To the best of
our knowledge, there have been no example usages for
LogC and HarmonicC. We named specific examples of
LinearC, LinearT, LogT, and HamonicT as linearCl,
linearT1/2/3, 1ogT1/2/3, and harmonicT1/2 as shown in
Table 1. In the next section, we empirically compare the
schedulability performance of all of the example methods
in Table 1.

IV. SCHEDULABILITY COMPARISON

The experiments were conducted with MATLAB R2016b
on an Intel Core 17-4790, 3.60 GHz system with 16 GB of
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RAM. For a specific given total utilization U, we generated
utilization U, for each task 7 using UUniFast [1] algorithm.
After that, for linearCl, we generated C; as a random
integer uniformly distributed in the linear interval [100,
500] and got 7; = C/U, as in [2]. For the other methods
(linearT1/2/3, logT1/2/3, and harmonicT1/2), we generated
T, as a random integer uniformly distributed in the linear
or log intervals in Table 1, and got C; = T; xU,. For any
method, we generated D, as a random integer uniformly
distributed in the interval [C; + 0.5 x (T; — C)), T}]. For
each configuration, we generated 10,000 task sets. Fig. 2
shows MATLAB code for synthesizing task sets with
linearCl, linearT3, logT3, and harmonicT2.

Fig. 3 shows the ratios of feasible task sets that were
generated by each of the example methods of Table 1:
Fig. 3(a) for varying utilization with » = 20 and Fig. 3(b)
for varying number of tasks with U = 0.9. As shown in
both Fig. 3(a) and 3(b), the schedulability ratios of example
methods of LinearT (linearT1, linearT2, and linearT3)
are almost the same and are also the worst. Moreover,
they are convex (downward) in both Fig. 3(a) and 3(b)
the decreasing ratios (derivatives/slopes) decrease with
the larger n and U. On the other hand, the ratio results of
linearC1 are almost the same as those of logT1. While
they are much larger than the schedulability ratios of all
example methods of LinearT, they are all smaller than
those of the Harmonic example methods (harmonicT1
and harmonicT2), which are also smaller than those of
logT2 and logT3.
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C = randi([100, 5001, 1, n);
T = round(C ./ vectU, 0);
(@)
T = randi([100, 100000], 1, n);
C = T.*vectU;
(b)
T = round(10.~(3 + 3 * rand(1l, n)), 0);
C = T.*vectU;
©
Tcand = [1, 2, 4; 1, 5, 10; 1, 6, 12];
for 1 = 1:n
while (1)
T(i) = Tcand(l, randi([1,3], 1))*.
Tcand (2, randi([1,3], 1))*
Tcand (3, randi([1,3]1, 1)):
if T(i) >= 3
break;
end
end % end while
end % end for i
C = T.*vectU;

(d)

Fig. 2. MATLAB code for task set synthesis for (a) linearC1, (b)
linearT3, (c) logT3, and (d) harmonicT2, where n is the number of
tasks in a task set and vectUis a vector of which each element is
the utilization of each task.

V. C-DIFFERENCE AND T-DIFFERENCE

To analyze the impacts of task set generation methods
on schedulability, we introduced another set of parameters
in addition to U-difference; C-difference and 7-difference,

and expressed the execution time and period disparities,
respectively, in a set of tasks. They were denoted as A,
and A, respectively, and we defined them like U-difference
as follows:

max{C;} —min{C;}
.G

Ac= 2)

max{7;} —min{T;}
2T,

Ar= 3)

For Fig. 1(a), A. = 0.14, A, = 0.25, while for both
Fig. 1(b) and 1(c), A. = 0.2, A; = 0.54; both C-difference
and 7-difference in Fig. 1(b) and 1(c) are larger than in
Fig. 1(a). These example task sets infer that the larger the
C-difference and the 7-difference are, the greater the
possibility of schedulability of the task sets. Note that all
task sets in Fig. 1(a) have the same U-difference of A, =
0.38.

Fig. 4 shows contour graphs for the joint probability
density function (pdf) of A and A; for linearC1, linearT3,
logT3, and harmonicT2, each of which is a representative
example of LinearC, LinearT, LogT, and HarmonicT.
These are derived from the synthesized task sets described
in Section IV.

Note that utilizations for all task sets were uniformly
generated with UUniFast [1]. As shown in Fig. 4, the
degrees of the distributions of the joint pdf of A, and A;
are in the decreasing order of logT3, hamonitcT2,
linearC1, and linearT3, which is the same as the order of
the schedulability ratio performance in Fig. 3.

Specifically, Fig. 4(a) shows that linearC1 generates C;
that is characterized by values of C-difference that are
very close to zero, which means that C; values tend to be

‘ —A—linearC1 =% linearT! —%- linearT2 — linearT3 —2 logT1 —V logT2 —C~ logT3 —*—harmonicT1 —*—harmonicT2 ‘
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Fig. 3. Ratio of feasible task sets with (a) varying utilization and (b) varying number of tasks.
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Fig. 4. Contour graphs for the joint probability density function (pdf) of C-difference and T-difference for (a) linearC1, (b) linearT3, (c)

logT3, and (d) harmonicT2.

similar. Fig. 4(b) shows that linearT3 generates 7; that is
characterized by values of 7-difference that are close to
zero, which also means that 7; values tend to be similar.
Fig. 4(c) shows that logT3 generates C; and 7; that are
characterized by widely spread values of C-difference and
T-difference. Finally, Fig. 4(d) shows that harmonicT2
generates C; and 7 that are characterized by C-difference
and 7-difference values that are less spread than those of
logT3.

VI. CONCLUSION

This paper has shown that the synthetic task set generation
methods can generate varying results; however, uniform
distribution of task utilizations is guaranteed. Specifically,
after getting the uniform distribution of task utilizations,
there are two aspects to consider: 1) timing attribute

http://dx.doi.org/10.5626/JCSE.2021.15.2.72

76

which targets to randomly generate and 2) space where
the random generation of targets is performed. With this,
we showed that six alternative methods are derivable,
among which we noted that four methods have been
widely used in literature: LinearC, LinearT, LogT, and
HarmonicT. With empirical experiments, we showed that
the schedulability performances of task sets generated by
these methods are significantly different in respects to not
only the schedulability performance but also the varying
tendencies/derivatives with varying utilizations or varying
number of tasks. To analyze such effects, we introduced
the notions of C-difference and T-difference. We also
demonstrated that the larger the values are, the better the
schedulability is. Specifically, we showed that their joint
probability density functions are in the decreasing order
of LogT, HarmonicT, LinearC, and LinearT, which is the
same order for the schedulability performance.
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