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Abstract—In this paper, we propose a novel preemption thresh-
old assignment algorithm that considers both the memory limita-
tion and schedulability, thereby improving both aspects as opposed
to the state-of-the-art algorithms that only consider one of the
two aspects. In addition, the proposed algorithm explores only a
fraction of preemption threshold configurations in a shorter time
compared to the state-of-the-art.

Index Terms—limited preemption, preemption thresholds

I. INTRODUCTION

Non-preemptive (NP) scheduling minimizes the memory
usage by running all the tasks from the same shared stack
(a single task at a time); however blocking in non-preemptive
scheduling reduces schedulability. While fully-preemptive (FP)
scheduling reduces blocking and improves schedulability, it
requires a larger memory to accommodate the stack of each
task. Limited preemption is a favorable middle path to reduce
memory requirements by limiting preemptions while maintain-
ing schedulability [1], [2], e.g., preemption points [3], deferred
preemption [4], and preemption thresholds [5], [6]. This paper
focuses on preemption thresholds (PT). PTs temporarily in-
crease the priority of executing tasks, thereby limiting the num-
ber of tasks that can preempt them [5]-[9]. PTs have also been
commonly utilized in the literature to reduce memory/stack
usage, especially for stack sharing in RTOS [5], [7], [10]-[13].
Using an effective preemption threshold assignment algorithm
that addresses all system objectives, e.g., timing and memory
aspects, is crucial. The maximum preemption threshold assign-
ment algorithm (MPTAA) [11] assigns maximum possible pre-
emption thresholds to tasks, aiming to improve memory/stack
usage. MPTAA is based on the maximum preemption threshold
algorithm proposed by Wang and Saksena [5] and has been
proven to find the largest preemption threshold assignment
than any other feasible preemption threshold assignment [14].
MPTAA starts with a task set that is already schedulable
and increases the PTs while maintaining the schedulability it
initially had improving the memory requirement. Thus, inde-
pendent of the initial configuration used (NP or FP), MPTAA
is suboptimal in the schedulability aspect as neither NP nor FP
dominates the other [6], [15]. Wang and Saksena have proposed
another algorithm, which we call the preemption threshold
assignment algorithm for schedulability (PTAS), that has an
FP initial configuration and increases the PTs, aiming to find
a schedulable PT configuration (see Figure 2 in [6]). However,
improving the memory aspect is not an objective of PTAS, i.e.,
it returns the lowest PT that makes the task set schedulable.

Thus, existing algorithms for preemption threshold assignment
either focus on improving memory usage while maintaining
the initial schedulability or on improving schedulability with-
out considering memory limitations. We propose the Non-
Preemptive First Threshold Assignment Algorithm (NPFTA),
which aims to improve schedulability as well as memory usage.

II. SYSTEM MODEL

We consider an application with n independent sporadic
tasks 7 = {7, 72,...,7n} scheduled by preemptive fixed-
priority scheduling on a single-core platform. Each task is
represented using the tuple (73, D;, S;, P;, 6;, C;), denoting the
task’s minimum inter-arrival time, relative deadline (D; < T5),
the maximum stack usage, the fixed nominal priority, tasks’s
preemption threshold (P; < 6;), and the task’s worst-case
execution time (WCET). Higher values indicate higher priority.
As we consider preemption thresholds (PT), the priority of a
task 7; is raised to its PT, 6;, at the start of its execution.
The priority is restored to its nominal value after the execution
finishes.

III. THE PROPOSED NPFTA ALGORITHM

NPFTA has an NP initial configuration, i.e., the PTs of
all tasks are configured to the maximum priority in the task
set. Starting with an NP configuration and reducing the PTs
if needed can improve schedulability, memory usage, search
space, and time to find a solution when assigning PT due to
the following reasons: (1) NP scheduling results in minimum
memory/stack usage. (2) Task sets already schedulable under
NP scheduling do not need further modification. (3) Task sets
that are schedulable under other configurations than the initial
configuration can be found, in contrast to MPTAA.

Algorithm 1 Non-Preemptive First Threshold Assignment Al-
gorithm (NPFTA)

1: Input: TaskSet

2: TaskSet < assignNPPT() > initial non-preemptive PTs
3: if sched == True then return Success

4: else

5:  missedTasks, otherTasks < sortTasks()

6: if len(otherTasks) == 0 then return Fail

7:  else

8: sched < Algorithm2(missedTasks, otherTasks)
9: if sched == False then return Fasl
10: else return Success
11: end if
12:  end if
13: end if

978-3-9826741-1-7/DATE26/© 2026 EDAA



o
S
L
1
n
)
i
i
”
!
T
1
]
*
i
i
1
1
*

IS
S

—e- schedulable NP ) \

schedulable FP/MPTAA N \
%= schedulable PTAS/PTAS+MPTAA "~ | ) 5

% schedulable NPFTA (ours) Y

Percentage of Task Sets
5 2 8
/
;
/
4
_
2
////
gy
Stack Usage (KB)
S & 8

o

NP  NPFTA PTAS+ MPTAA PTAS Fp

0.2 0.4 0.6 0.8 1.0
Total Utilization of the Task Set (U) PT A551gnment Algorithm

(a) Utilization (b) Stack usage

PTAS + MPTAA

—~ 200 . - = & /= =
é: [ NPFTAA (ours) | t H E
Z1751 £ PTAS + MPTAA =+ 40 i §
S 15.0
E 30
3 125 = T
@ I :
®© 10.0 5 The Proposed NPFTA
] a4 T
E 751, : 1 == S
i == 1
8 50l 4 L == 2, |
& T
E 25 ' P l | <
= 4 =
00— e — 1
0.1 03 05 07 09 1.1 s 0.1 03 05 07 09 1.1
Total Utilization Z Total Utilization

(c) Time to find the solution (d) Number of explored states

Fig. 1: (a)-Percentages of task sets that are schedulable. (b)-Stack Usages calculated using the analysis in [13] at U=0.9. (c)-Time
to find a solution for the same experiment as (a). (d)-No. of states explored for the same experiment as (a).

Algorithm 2 Recursive PT adjustment for schedulability

1: Input: missedTasks, otherTasks

2: otherTasks.sort() > sort according to the WCET

3: LPrio < getLowestPriority(missedTasks) 1> find the lowest priority
among the missed tasks

: nextTask < getNextTask(otherTasks)

: while nextTask found and sched == False do
nextTask.setPT(LPrio — 1)
sched < WCRT_Analysis( TaskSet)
Algorithm2(missedTasks', otherTasks')

end while

: return sched

> recurssive

SOOI N S

—_

NPFTA takes the task set as the input (see Algorithm 1).
It returns whether a schedulable PT configuration is found
for a task set, i.e., Success, and Fuail otherwise. First the task
set’s schedulability is evaluated at the initial NP configuration
using the WCRT in [8]. In the case where the task set meets
all deadlines under the NP configuration, the algorithm looks
no further and returns Success, otherwise it looks further into
configuring PTs to make the tasks schedulable. A list of tasks
that missed their deadline (missedTasks) and the rest of the
tasks that met their deadlines (otherTasks) are identified. When
not all tasks miss their deadlines, we reduce the PTs of suitable
tasks (that met their deadline) to reduce blocking time on those
that missed their deadlines, aiming to improve schedulability
(Line 8 in Algorithm 1). This is done recursively (see Algorithm
2). Often, it is higher-priority tasks that miss the deadline
in NP scheduling due to blocking from lower-priority tasks
with larger WCETs. Thus, it is effective to reduce the PTs
of lower-priority tasks that have longer WCETs compared to
the missed tasks, aiming to reduce blocking. Another reason
for this is that tasks with longer execution times often have
longer periods and can often afford to be preempted without
affecting their schedulability. In order to make the task set
schedulable, even the task that has the lowest nominal priority
(LPrio) among the tasks that missed the deadlines should meet
its deadline. Thus, the PT of a task that has a lower nominal
priority must be decremented below LPrio. getNextTask()
finds the next task to reduce the PT of (nextTask). Which
is the task with the longest WCET that has a higher or
equal PT than LPrio and a nominal priority lower than
LPrio, i.e., OpepiTask > LPrio > PpepiTask. In other words,
getNextTask() finds the lower-priority task that the missed

tasks couldn’t preempt, which is potentially causing the most
blocking. In this process of finding the nextTask, we first look
among the tasks that have a non-preemptive PT configuration
(PT at the highest priority level). If no task among them satisfies
the conditions then we look at the tasks whose PTs have already
been adjusted. Once the nextTask is found, we reduce its PT
to LPrio — 1 (see Line 6 in Algorithm 2) so that preemption
could help all missed tasks to meet their deadlines by reducing
blocking. The schedulability is evaluated after each PT change.
If there are tasks that miss the deadline still, we recursively call
Algorithm 2 until the tasks are schedulable or until we identify
that the task set is not schedulable, i.e., no more tasks found
to adjust the PT of (Line 8 in Algorithm 2).

IV. RESULTS AND DISCUSSION

Each evaluated task set consists of 10 tasks, and their mini-
mum inter-arrival times follow a log-uniform distribution in the
range [100, 1000]. The generated stack sizes follow a uniform
distribution in the range [1KB, 4KB]. Rate-monotonic priorities
are used. We evaluate our NPFTA algorithm compared to
MPTAA (with a FP initial configuration as commonly used
in literature [10], [11], [16], [17]), PTAS and PTAS+MPTAA
(using the result of PTAS as the input to MPTAA, which is
not evaluated in literature to the best of our knowledge) on the
schedulability, stack usage, explored preemption threshold state
space, and time to find a solution (see Figure 1). Each plotted
point represents 500 task sets. NP scheduling provides the best
memory usage but the lowest schedulability. FP scheduling
has better schedulability compared to NP scheduling, but has
the worst memory usage. PTAS gives the same schedulability
as NPFTA but has a high memory usage. MPTAA has better
memory usage, but the schedulability can be improved at higher
utilizations. The proposed NPFTA and the PTAS+MPTAA
offer the best schedulability while also minimizing mem-
ory usage. Among NPFTA and PTAS+MPTAA, the proposed
NPFTA explores only a fraction of the PT configurations that
PTAS+MPTAA explores in a shorter time, making it suitable
for larger systems and for design space exploration as well.
To conclude, the proposed NPFTA algorithm improves both
schedulability and memory efficiency, while also reducing the
number of explored states and the time to compute a solution;
objectives that have, to the best of our knowledge, not been
jointly addressed by any existing approach.
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