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Abstract. Avionics is confronted with transitioning from a federated
avionics architecture to an Integrated Modular Avionics (IMA) archi-
tecture. IMA architectures utilize shared, configurable computing, com-
munication, and I/O resources to increase system scalability. Therefore,
resources scheduling becomes a critical issue for IMA. This paper focuses
on the process scheduling. We use preemption threshold scheduling strat-
egy to improve process scheduling performance, and propose a two-stage
tabu algorithm to optimize the preemption threshold and the priority
respectively. Firstly, we investigate a convergence criterion to stop iter-
ation of level-i busy period which is used to calculate the worse-case
response time. Secondly, we propose the difference analysis method based
on weight to evaluate the optimal schedule. Finally, we propose TS-
preemption threshold and priority optimization algorithm to obtain the
near-optimal assignment of the priority and the preemption threshold.
The experiment results of different sizes of process scheduling problems
illustrate the validity and effectivity of the algorithm.

Keywords: Integrated Modular Avionics · Process scheduling ·
Two-stage tabu algorithm · Evaluation method · Convergence analysis

1 Introduction

As a new generation of avionics system, IMA attracts more attentions because
of the significant advantages compared with the traditional avionics [1,2]. IMA
introduces the concept of partition to support one or more avionics applications
and allow them execute independently to improve the stability of the system [3].
IMA dynamically dispatch system resources to partition and process. Therefore,
the partition scheduling problem and process scheduling problem are critical to
the performance of IMA. The partition scheduling, which is different from region
division in many-objective optimization [4], aims at dispatching the time window
of applications. One application in a partition can have numbers of processes.
The process scheduling focuses on the better way to ensure the reliability of
applications. Therefore, a high performance algorithm to schedule the process
plays a critical role for IMA.
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In fact, IMA is based on the ARINC 653 standard and inherits the charac-
teristics of real-time operating systems. The design of the process scheduling can
obtain experience from the real-time system. The process scheduling for real-time
system includes fixed priority scheduling and non-fixed priority scheduling. The
former has been widely used in varieties of real-time systems. It can be divided
into three categories. They are fully preemptive [5,6], fully non-preemptive [5,7]
and limited preemptive scheduling. There are many methods for the first two
categories, like Rate-Monotonic (RM) algorithm [8,9] and Deadline-Monotonic
(DM) algorithm [10]. As a kind of limited preemptive scheduling strategy, pre-
emption threshold scheduling (PTS) [11] had been proved to have more advan-
tages than fully preemptive and fully non-preemptive scheduling. It can improve
the schedulability for a set of processes and achieve a reasonable use of the
processor with reasonable preemption thresholds and priorities.

There are some discussions of PTS. Lehoczky [12] introduced the concept of
the level-i busy period [13,14] to calculate the worse-case response time (WCRT)
of the processes. Wang and Saksena [11] investigated some useful conclusions
to guide the preemption threshold optimization, and proposed an algorithm to
search a feasible assignment. Redell and Torngren [15] proposed a computa-
tional method of the exact worse-case response time for static priority scheduled
tasks with offsets and jitter. Keskin et al. [16] presented a revised analysis for
WCRT and extended PTS algorithm. Buttazzo et al. [17] further summarized
the analysis method of WCRT.

However, there are some problems for the existing assignment algorithm.
Firstly, only when L(i), the length of the level-i busy period for process τi, is
convergent can we calculate WCRT for process τi, Secondly, we cannot obtain
the better solutions because of the lack of evaluation criteria for the performance
of the assignments. Finally, the assignment obtained by the existing method [11]
is not the global optimal solution, because the algorithm will terminate when a
feasible assignment of the preemption threshold is obtained with given priorities.

In this paper, we use PTS to schedule processes in IMA. We focus on improv-
ing above problems and propose TS-preemption threshold and priority opti-
mization algorithm (TPTPOA) to solve the assignment problem for preemption
threshold and priority in PTS.

Firstly, we prove two conclusions of the convergence of L(i) when the sum
of the execution time and the blocking time meet specific conditions for process
τi. In other conditions, we investigate a termination criterion for L(i) to prevent
the algorithm from getting stuck in an infinite loop.

Secondly, we propose an evaluation method to select the optimal preemp-
tion threshold with given priorities. A different weight is allocated to different
process based on the difference between the deadline and WCRT. We calculate
the fitness value of the arbitrary two assignments combined the weight and the
quantification of the relative differences. Then we compare the better one with
others and update the better one continually until all assignments are compared.

Thirdly, we propose the preemption threshold optimization algorithm with
given priorities (PTOGP) to search the near-optimal assignments of the preemp-
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tion threshold with given priorities by taking the assignment of the preemption
threshold obtained by the existing algorithm [11] as initial minimum boundary.
PTOGP uses Tabu search (TS) [18,19] or traversal search based on the size of
the processes and obtains a better assignment of the preemption threshold.

Finally, we propose TPTPOA to search the global near-optimal assignments
for the preemption threshold and the priority. Here, PTOGP is used as a func-
tion. As a result, the search space is decreased by one dimension. It is excellent for
decreasing the computational complexity and space complexity of the scheduling
algorithm.

The rest of the paper is organized as following. Section 2 gives the task model
of the preemption threshold scheduling problem. Section 3 summarizes the back-
ground. In Sect. 4, we investigate a termination criterion for L(i) and propose
TPTPOA. Experiment results are presented in Sect. 5. Section 6 concludes the
paper.

2 Optimization Model of the Preemption Threshold
Scheduling Problem

On a single processor Λ, we assume a set of real-time processes Π =
{τ1, τ2, τ3 · · · τn}. Each process τi consists of three elements Ci, Di, Ti. They
denote the execution time, the deadline and the period of process τi respec-
tively. In addition, each process τi has a fixed priority Pi, and a threshold θi.
There are some hypotheses.

• The switching time of the process is not considered. It means that the switch
is instant whether it is caused by the preemption or the completion of a
process. In addition, there is no blocking time caused by resource occupancy.

• The process will not stop unless it is preempted by other processes or it is
finished.

• The priority Pi ∈ [1, n] is unique for all processes, but the threshold θi ∈ [Pi, n]
can be the same for different processes.

• The execution time is less than or equal to the deadline. At the same time,
the deadline is less than or equal to the period of each process.

• The larger the value of Pi is, the higher priority the process has. Once process
τi is being executed, it can only be preempted when the priority Pj of the
new arrival process τj is larger than threshold θi.

• The necessary and sufficient condition for each process schedulability is that
the WCRT of each process is not more than its deadline.

For a set of processes Π = {τ1, τ2, τ3 · · · τn}, the aim of the preemption
threshold scheduling problem is to find whether there exists a feasible {Pi, θi}
(i = 1 · · · n) that can make Π schedulable and give at least the near-optimal
assignments if the feasible assignments are available.
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3 Background

In this section, we introduce the method to calculate WCRT with a given assign-
ment of the priority and the preemption threshold, and to obtain a feasible
assignment of the preemption threshold when the priorities are given.

3.1 Analysis of the Worse-Case Response Time

The definition of the response time is shown as Fig. 1. Time 0 indicates the arrival
time of a process. ‘Start’ and ‘Finish’ indicate the time when the process begins
and finishes respectively. [0, Start] contains the blocking time of the lower priority
processes with the higher preemption thresholds and the execution time of the
higher priority processes arrived when the process is blocked. [Start, Finish]
contains the execution time of the processes whose priorities are higher than the
current process’s preemption threshold and the current process’s execution time.

Fig. 1. The structure of the response time.

The definition of the blocking time of process τi is as following.

B(τi) = max{Cj |Pj < Pi ≤ θi} (1)

The level-i busy period is extended to calculate WCRT. It begins with the
critical instant [8,11]. The process is as following [16,17].{

L(0)(i) = Bi + Ci

L(s)(i) = Bi +
∑

τj ,Pj≥Pi

⌈
L(s−1)(i)

Tj

⌉
Cj

(2)

We take the minimum value of L(i) when L(s)(i) = L(s−1)(i) as the length
of the level-i busy period for process τi. Here, the number of the execution times
in L(i) for process τi can be calculated by the following formula.

Mi =
⌈

L(i)
Ti

⌉
(3)

For all instances of process τi, the start time is as following [11,16,17].{
S(0)(i, k) = Bi +

∑
τj ,Pj≥Pi

Cj (k = 1, 2 · · · Mi)

S(s)(i, k) = Bi + (k − 1)Cj +
∑

τj ,Pj≥Pi
(
⌊

S(s−1)(i,k)
Tj

⌋
Cj)

(4)
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We take S(i, k) when S(s)(i, k) = S(s−1)(i, k) as the start time for the k-th
instance of process τi.

The completion time for all instances of process τi is as following.{
F (0)(i, k) = S(i, k) + Ci (k = 1, 2 · · · Mi)
F (s)(i, k) = S(i, k) + Ci +

∑
τj ,Pj>θi

(
⌈

F (s−1)(i,k)
Tj

⌉
−

⌊
S(s−1)(i,k)

Tj

⌋
+ 1)Cj

(5)

Similar to the start time, we take F (i, k) when F (s)(i, k) = F (s−1)(i, k) as
the completion time for the k-th instance of process τi.

Therefore, we obtain WCRT for process τi using the following formula.

Rimax = max{F (i, k) − (k − 1)Ti} (k = 1, 2 · · · Mi) (6)

3.2 The Minimum Boundary of the Preemption Threshold
Assignment with Given Priorities

There are some lemmas [11] which indicate the search strategy for a feasible
assignment of the preemption threshold.

Lemma 1. The worse-case response time of the processes with the lower priority
will not change when processes with the higher priority change their preemption
thresholds.

Lemma 2. For a set of schedulable processes, if one of the processes reduces its
preemption threshold and is still schedulable, the set of the processes will also
be schedulable.

Lemma 3. For a particular process, if we set its preemption threshold to n,
it is still non-schedulable. It cannot be schedulable for arbitrary preemption
threshold.

Based on the above lemmas, we can obtain the idea of searching the preemp-
tion thresholds minimum boundary. The assignment of the preemption threshold
can start from the lowest priority process to the highest priority process. The
preemption threshold should be increased from processs priority value to the
maximum which denotes the number of processes until the process is schedula-
ble. If it is still non-schedulable when the preemption threshold is the maximum,
the minimum boundary of the preemption threshold is non-existent for the cur-
rent assignment of the priority.

4 TS-Preemption Threshold and Priority Optimization
Algorithm

In this section, we propose TPTPOA to search near-optimal assignments of the
priority and the preemption threshold. The whole structure of the algorithm is
shown as Fig. 2.
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Fig. 2. The whole structure of TPTPOA.

4.1 Termination Criterion When L(i) is Not Convergent

Assuming there are M processes which meet Pj ≥ Pi and using Swcet to denote
the sum of the M processes’ execution time. We propose the following two the-
orems.

Theorem 1. If the sum of Swcet and Bi is not more than the minimum period
of the M processes (i.e. Swcet + Bi ≤ min{Tj | Pj ≥ Pi}), L(i) for process τi is
convergent.

Proof. Assuming there are only two processes τs and τk with higher priority than
process τi, and Ts = 1.5Ti, Tk = 2Ti. According to the computational method of
L(i), the three processes arrive concurrently at time 0 for their first time. L(0)(i)
is equal to Bi + Ci, and L(1)(i) will be Bi + Cs + Ck + Ci. If Bi + Cs + Ck + Ci

is not more than Ti, the second period for all three processes are not available
at the time Bi + Cs + Ck + Ci. Therefore, L(2)(i) will not increase. It means
that L(2)(i) = L(1)(i), and L(i) is convergent. In addition, the number of the
processes and the size of their periods have no influence on the conclusion.

Theorem 2. If Swcet is more than the maximum period of the M processes (i.e.
Swcet > max{Tj | Pj ≥ Pi}), L(i) for process τi is not convergent.

Proof. Assuming there are only two processes τs and τk with higher priority
than process τi, and Ts = 1.5Ti, Tk = 2Ti. If Cs + Ck + Ci is more than 2Ti,
Bi + Cs + Ck + Ci must be more than 2Ti. Therefore, L(1)(i) which is equal to
Bi + Cs + Ck + Ci is later than the second arrival of the process τk with the
maximum period. Therefore, the increment from L(1)(i) to L(2)(i) will be not
less than Cs + Ck + Ci. It means that the interval of [L(2)(i), L(3)(i)] contains
at least one new arrival for all three processes. The increment from L(3)(i) to
L(4)(i) will be not less than Cs+Ck +Ci. As a result, the iteration will be endless
and L(i) will be not convergent.

If the conditions of the two theorems are not satisfied, termination criterion is
effective to prevent the algorithm from endless loop when L(i) is not convergent.
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Termination Criterion. If the difference of L(i) between two consecutive iter-
ations is more than the maximum period of all processes whose priorities are not
less than Pi, the algorithm will terminate. It is as following.

L(s)(i) − L(s−1)(i) > max{Tj |Pj ≥ Pi} (7)

Assuming L(i) is convergent, L(s+1)(i) is equal to L(s)(i) and L(s)(i) is equal
to L(s−1)(i). Therefore,

∑
τj ,Pj≥Pi

⌈
L(s−1)(i)

Tj

⌉
Cj =

∑
τj ,Pj≥Pi

⌈
L(s)(i)

Tj

⌉
Cj (8)

For different processes, the execution time is different. Therefore,⎧⎪⎪⎪⎨
⎪⎪⎪⎩

⌈
L(s)(i)

Tji

⌉
=

⌈
L(s−1)(i)

Tji

⌉
...

...
...⌈

L(s)(i)
TjM

⌉
=

⌈
L(s−1)(i)

TjM

⌉ ⇒

⎧⎪⎨
⎪⎩

n1TjM < L(s−1)(i) ≤ L(s)(i) ≤ (n1 + 1)TjM
...

...
...

...
nMTjM < L(s−1)(i) ≤ L(s)(i) ≤ (nM + 1)TjM

(9)

We find that L(s−1)(i) and L(s)(i) are in the same period for all processes.
It means that L(s)(i) appears before the next arrival of all M processes.

We choose the maximum period of all processes whose priorities are not
less than the current process’s priority as the threshold of the increment of two
adjacent iterations. If the increment is more than the maximum period, the
algorithm will terminate. It means that the set of processes is non-schedulable
with the current priority. It is worth mentioning that the termination criterion
is only a sufficient condition.

4.2 Evaluation for Assignment of the Preemption Threshold

For a set of processes, there may exist many feasible assignments of the pre-
emption threshold with given priorities. Therefore, rational evaluation method
is essential for selecting the best assignment and optimizing the design of algo-
rithm. We propose DAMW to solve this problem.

The difference between the deadline and WCRT can be used to judge the
schedulability of a process. We define a variable Vmi to represent the difference
and evaluate which preemption threshold has a better performance for process
τi. The bigger value of Vmi means the better fault tolerance and the better
performance. In addition, we also define Fmi to denote the superiority of V ∗

mi

which is the i-th element in the sorted Vm in ascending order compared with
V ∗

ni(n �= m). Fm is the sum of Fmi and denotes the fitness value of Vm. For
a large number of feasible assignments, we choose two of them randomly and
obtain the better one by using DAMW, and compare the better one with all
other assignments. The detailed procedure of DAMW for two assignments is as
following.
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1. Obtain two sets V1 = {V11, V12, · · · V1n} and V2 = {V21,V22, · · · V2n} by
using Vmi = Di − WCRTi (m = 1, 2; i = 1, 2 · · · n)

2. Sort elements in ascending order for each group Vm (m = 1, 2)
3. Assign weight as (n − i + 1) for each sorted element V ∗

mi (m = 1, 2; i = 1, 2
· · · n)

4. Calculate Fm (m = 1, 2) for each group respectively.

For each set V ∗
1i and V ∗

2i (i = 1, 2 · · · n), we compare the size of the two
values. There are three possibilities.

• If V ∗
1i > V ∗

2i, (n−i+1) * (V ∗
1i − V ∗

2i) / V ∗
1i will be added to F1, and F2 remains

unchanged
• If V ∗

1i < V ∗
2i, (n−i+1) * (V ∗

2i − V ∗
1i) / V ∗

2i will be added to F2, and F1 remains
unchanged

• If V ∗
1i = V ∗

2i, neither F1 not F2 changes its value.

Compare F1 and F2, and the larger one corresponds to the better assignment
of the preemption threshold.

4.3 The Preemption Threshold Optimization Algorithm with Given
Priorities

We adopt different strategies based on the size of the processes. The traversing
method is used for small scale of processes. For the large scale of processes, we
propose TS-preemption threshold optimization algorithm based on TS. Here,
we take 6 processes as the boundary value. The detailed processes are listed as
below.

1. Use the algorithm introduced in Sect. 3 to calculate the minimum boundary
of the preemption threshold with given priorities. If the minimum boundary
is not exist, there is no feasible assignment of the preemption threshold with
the given priorities.

2. Use the minimum boundary to initialize the current assignment and the opti-
mal assignment, and initialize the Tabu list and put the minimum boundary
into it.

3. Search all neighborhoods of the current assignment and obtain the best one
with DAMW.

4. Compare the optimal assignment in the neighborhood with the assignments
in the Tabu list. If it is already in the list, set it to zero and return to 3.

5. Use DAMW to compare the optimal assignment in the neighborhood with
the optimal assignment. If the former one is better than the later one, use the
optimal assignment in the neighborhood to update the optimal assignment.

6. Use the optimal assignment in the neighborhood to update the current assign-
ment and put it into the Tabu list. Return to 3.

7. Terminate iteration and output the optimal preemption threshold.
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4.4 TS-Preemption Threshold and Priority Optimization Algorithm

Based on the algorithm in Sect. 4.3, at least the near-optimal assignments with
given priorities can be obtained. If we set up a corresponding relationship
between the preemption thresholds and the given priorities, the problem will
reduce one dimension. However, the solution space of the priority optimization
is O(n!). We propose an effective algorithm based on TS to solve this problem.
The process is similar to the Sect. 4.3 and the differences between them are listed
as below.

• EDF [20] has been proved to be the most effective algorithm for the preemp-
tive scheduling problem. Although the preemption threshold scheduling is not
fully preemptive and its priority is fixed, the assignment of the priority based
on EDF is still a good solution and can be used as the initial assignment of
the priority.

• The neighborhood solutions of the priority are obtained by exchanging the
priority with each other in one step, while the neighborhood solutions of the
preemption threshold only have one process with different threshold compared
with the current assignment. The demonstration for it is shown as Table 1.

Table 1. The differences of the neighborhood for priority and preemption threshold

Process Current
assignment

Neighborhood of priority Neighborhood of threshold

1st 2nd 3rd 1st 2nd 3rd

τ1 1 2 3 1 2 3 1

τ2 2 1 2 3 2 2 3

τ3 3 3 1 2 3 3 3

4.5 The Flowchart of the TPTPOA

The flowchart is shown as Fig. 3. Switching the sequence is carried out four
times. The purpose of the first two times is to guarantee that the processes’
order is from the lowest priority to the highest priority, which can bring great
convenience for the optimization of the preemption threshold. The third time is
to ensure that the optimal neighborhood assignment of the preemption threshold
corresponds to the right sequence of the processes when compared with the Tabu
list. The fourth execution is to guarantee that the optimal assignments are in
the original processes sequence.

5 Experiments and Results

The following experiments are implemented in Matlab R2014a, which runs in a
computer with Inter(R) Core(TM) i5-4590T CPU and 4 GB RAM.
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Fig. 3. The flowchart of TPTPOA

5.1 The Performance Analysis of TPTPOA

We conduct five experiments to test the validity of TPTPOA. Four, five, six,
seven, eight processes are used respectively. In the algorithm, we use six as the
threshold to decide which one will be used between TS and traversal search
when optimizing the preemption threshold. However, we use both of them in
the experiments respectively. We define TPTPOA when TS is used to optimize
the preemption threshold as TPTPOA1, and TPTPOA when traversal search is
used to optimize the preemption threshold as TPTPOA2. Priority/Threshold1
and Priority/Threshold2 denotes the priorities and the preemption thresholds
obtained by TPTPOA1 and TPTPOA2 respectively. WCRT1 and WCRT2

denotes the worse-case response time for each process corresponding to the
assignments searched by TPTPOA1 and TPTPOA2 respectively.

As shown in Tables 2, 3 and 5, the assignments of the priority and the pre-
emption threshold obtained by TPTPOA1 and TPTPOA2 are the same. In
Table 4, the assignments obtained by TPTPOA1 is a part of the assignments
obtained by TPTPOA2. For more processes, TPTPOA1 may not obtain the
optimal solutions, but it can also obtain the near-optimal assignments at least.
Therefore, TPTPOA with TS used to optimize the preemption threshold is an
effective algorithm to optimize the assignments for the priority and the preemp-
tion threshold.

For the results in Tables 2, 3, 4, 5 and 6, the running time for TPTPOA1 is
0.518199 s, 0.281927 s, 2.227995 s, 4.914453 s, 6.639471 s, respectively. The run-
ning time for TPTPOA2 is 0.201472 s, 0.141070 s, 6.551539 s, 317.807542 s, none,
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Table 2. The assignments of the threshold and the priority with four processes

Process 1 2 3 4

Deadline 140 180 160 90

WCET 18 40 35 30

Period 140 180 160 120

Priority/Threshold1 3/3 1/4 2/4 4/4

3/4 1/4 2/4 4/4

3/3 2/4 1/4 4/4

3/4 2/4 1/4 4/4

Priority/Threshold2 3/3 1/4 2/4 4/4

3/4 1/4 2/4 4/4

3/3 2/4 1/4 4/4

3/4 2/4 1/4 4/4

WCRT1 88 123 123 70

WCRT2 88 123 123 70

Table 3. The assignments of the threshold and the priority with five processes

Process 1 2 3 4 5

Deadline 120 160 180 140 100

WCET 25 35 40 30 20

Period 140 180 200 160 120

Priority/Threshold1 4/4 2/5 1/5 3/3 5/5

4/5 2/5 1/5 3/3 5/5

4/4 2/5 1/5 3/4 5/5

· · · · · · · · · · · · · · ·
Priority/Threshold2 4/4 2/5 1/5 3/3 5/5

4/5 2/5 1/5 3/3 5/5

4/4 2/5 1/5 3/4 5/5

· · · · · · · · · · · · · · ·
WCRT1 85 150 150 115 60

WCRT2 85 150 150 115 60

respectively. None denotes we cannot obtain the results in a short and tolerable
time. When the number of the processes is less than six, TPTPOA2 have less
computational cost than TPTPOA1, and it also obtains all the assignments with
the same optimal WCRT. However, the computational cost will increase sharply
if the number of the processes is not less than six. It cannot obtain the effective
assignments in a short time with only eight processes in Table 6. Compared with
TPTPOA2, the computational cost of TPTPOA1 increases slowly, and it will
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Table 4. The assignments of the threshold and the priority with six processes

Process 1 2 3 4 5 6

Deadline 120 160 180 140 150 200

WCET 25 28 24 21 22 30

Period 140 180 200 160 160 240

Priority/Threshold1 6/6 3/3 2/6 5/5 4/4 1/6

6/6 3/4 2/6 5/5 4/4 1/6

· · · · · · · · · · · · · · · · · ·
Priority/Threshold2 6/6 3/3 2/6 5/6 4/4 1/6

6/6 3/3 2/6 5/5 4/4 1/6

6/6 3/3 2/6 5/6 4/5 1/6

· · · · · · · · · · · · · · · · · ·
WCRT1 55 126 150 76 98 150

WCRT2 55 126 150 76 98 150

Table 5. The assignments of the threshold and the priority with seven processes

Process 1 2 3 4 5 6 7

Deadline 140 170 160 160 170 150 180

WCET 20 23 21 25 26 25 20

Period 150 180 175 180 190 180 195

Priority/Threshold1 7/7 2/7 5/5 4/4 3/3 6/6 1/7

7/7 2/7 5/6 4/4 3/3 6/6 1/7

7/7 2/7 5/7 4/4 3/3 6/6 1/7

Priority/Threshold2 7/7 2/7 5/5 4/4 3/3 6/6 1/7

7/7 2/7 5/6 4/4 3/3 6/6 1/7

7/7 2/7 5/7 4/4 3/3 6/6 1/7

WCRT1 43 160 89 114 140 68 160

WCRT2 43 160 89 114 140 68 160

significantly lower than that of TPTPOA2 when the number of the processes is
not less than six. Therefore, we select six as the threshold to decide which strat-
egy will be used to optimize the preemption threshold in TPTPOA. In addition,
though the running time increases slowly for TPTPOA when the number of the
processes is not less than six, it may also take much time when the number
of the processes is very large. We can reduce the number of the neighborhood
solutions involved in updating the optimal solution in each iteration to control
the increasing time cost effectively.
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Table 6. The assignments of the threshold and the priority with eight processes

Process 1 2 3 4 5 6 7 8

Deadline 140 170 160 160 170 150 180 250

WCET 20 23 21 21 24 23 20 18

Period 150 180 175 180 190 180 195 280

Priority/Threshold1 8/8 2/8 5/5 6/6 4/4 7/7 3/8 1/7

8/8 2/8 5/5 6/6 4/4 7/7 3/8 1/8

8/8 2/8 5/6 6/6 4/4 7/7 3/8 1/8

8/8 2/8 5/6 6/6 4/4 7/7 3/8 1/7

8/8 2/8 5/7 6/6 4/4 7/7 3/8 1/7

8/8 2/8 5/7 6/6 4/4 7/7 3/8 1/8

8/8 2/8 5/8 6/6 4/4 7/7 3/8 1/8

8/8 2/8 5/8 6/6 4/4 7/7 3/8 1/7

8/8 2/8 5/8 6/7 4/4 7/7 3/8 1/7

WCRT1 43 170 108 87 132 66 152 190

5.2 Summary

We have following conclusions based on the experiment results.
Firstly, TPTPOA can obtain the assignments for both preemption threshold

and priority, but the existing algorithm can only have the preemption thresh-
old. As shown in Table 5, TPTPOA has 18 assignments of the priority and the
preemption threshold with the same WCRT. We can select arbitrary one as the
final assignment.

Secondly, the initial assignment of the processes’ priority based on the main
idea of EDF is not necessarily the optimal solution. It can be seen from Table 6.
Process 2 have the less deadline than process 7, while the priority of process
2 is also less than that of process 7 in the optimal assignments. However, the
assignment of the processes’ priority based on EDF is still an effective initial
assignment and it even could be the optimal assignment of the priority occa-
sionally.

Finally, the better assignment does not necessarily have the larger preemp-
tion threshold. If the execution time of the process with the lowest priority is the
largest one, every increase by one of its preemption threshold will make the num-
ber of the affected processes increase one. For each affected process, its blocking
time will have a significant increase. It means that the performance of the new
assignment becomes worse and the processes could even be non-schedulable.
There is an example with the given priorities in Table 7. For process 1, all fea-
sible preemption thresholds are 2, 3 and 4. However, the optimal preemption
threshold is 2 instead of 4.



22 Q. Zhou et al.

Table 7. The assignments of threshold with given priorities

Process 1 2 3 4

Deadline 200 140 100 90

WCET 40 35 30 25

Period 250 160 140 120

Minimum boundary 2 4 3 4

All feasible thresholds 2 4 3 4

2 4 4 4

3 4 3 4

3 4 4 4

4 4 3 4

4 4 4 4

Optimal threshold 2 4 3 4

2 4 4 4

6 Conclusion

This paper focuses on the process scheduling problem for IMA. Compared with
the fully preemptive and fully non-preemptive scheduling, PTS is a more com-
prehensive scheduling strategy. Aiming at the problem of assigning preemption
threshold and priority, we propose TPTPOA. The experiments show that algo-
rithm has more extensive global searching ability than the existing algorithm. At
least near-optimal solutions can be obtained within the acceptable time. Though
the running time will increase when the number of the processes is too large, the
effective assignments can still be obtained by decreasing the number of the neigh-
borhood solutions in each iteration. Therefore, TPTPOA can be used in IMA
for processes’ scheduling and other real-time systems meeting the hypotheses to
improve their schedulability.

The future work focuses on applying the algorithm to the model considering
the sequential relationship of the process, and improving the efficiency of the
algorithm.
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