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Abstract: - Scheduling algorithms play an important role in design of rea-time systems. Owing to high
processing power and low price of multiprocessors, real-time scheduling in such systems is more interesting;
however, more complicated. Its complication is due to the fact that multiprocessors are composed of a number
of processors that require more complex strategies in order to maintain the system’s performance over a
desirable level. Earliest Deadline First (EDF) and Least Laxity First (LLF) are two well-known and
extensvely applied dynamic scheduling algorithms which have been proved to be optimal on uniprocessor
systems. However, neither of these algorithms is shown to be optimal on multiprocessors. Up until now, many
researches have been done on aforementioned algorithms, but to the best of our knowledge, none of which has
compared the efficiency of the two agorithms under similar conditions. Perhaps the main reason is that LLF
algorithm is fully dynamic and impractica to implement. In this research, we have used a practical version of
LLF which is called the Modified Least Laxity First (MLLF) algorithm instead of the traditional LLF and have
compared its performance with the EDF algorithm. The MLLF is ajob-level dynamic and optimal strategy on
uniprocessor systems, similar to the EDF agorithm. We have comprehensively investigated the performance
of EDF and MLLF from many different aspects.
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Examples are their speed, high processing power
and low price[2].

1 Introduction
In real-time systems each task has a deadline before

or a which it should be completed. A scheduling
algorithm is a set of rules which determines which
task should be executed in any given instance. Due
to the tasks criticality, scheduling agorithms should
be timely and predictable. Real-time systems include
power plant control systems, embedded tactical
systems for military applications, flight mission
control systems, traffic control systems, etc.

One of the research fields in the area of real-time
systems to which more attention has been recently
pad ae red-time multiprocessor systems.
Multiprocessor platforms include several processors
on which jobs can get executed. Modern
multiprocessor systems made up of off-the-shelf
enterprise components are not designed for real-time
usage. Nevertheless, they have characteristics that
make them interesting in rea-time applications.

An important class of scheduling algorithms is
priority driven which determines the order of tasks
to be executed based on ther priorities. Priority
driven agorithms are divided into static and
dynamic agorithms. An agorithm is considered to
be datic if it specifies the priorities of tasks only
once and the priorities do not change during
execution. In contrast, an agorithm is said to be
dynamic if task priorities may change during
execution [3]. This research is concentrated on the
latter typei.e. dynamic scheduling agorithms.

EDF and LLF are two common dynamic
scheduling algorithms. Many researches have been
conducted on EDF in multiprocessor environments.
In this paper, we aim to compare a laxity-based with
a deadline-based scheduling agorithm  from
different aspects and to analyze the experimental
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results. We have investigated MLLF agorithm for
two reasons. Firgtly, less research has been done on
LLF in multiprocessors compared to EDF
Secondly, it has been shown that LLF has some
advantages over EDF [4].

The rest of this paper is organized as follows. In
pat two, the mentioned dynamic scheduling
algorithms are studied, and in part three we survey
the scheduling policies in multiprocessor
environments. Real-time system model and our
research framework details are presented in section
four. Section five includes various experiments on
the algorithms being investigated, and finaly we
conclude in sixth part.

2 Related Work

Dynamic scheduling means the agorithm makes its
decision based on the existing tasks, but new tasks
might arrive and may change the circumstances thus
rescheduling might be needed [5]. Dynamic
algorithms produce on-line schedules using
appropriate and up-to-date information about the
tasks and the environment. Since these agorithms
perform on-line, they are supposed to be efficient
and their sophigtication affects the overall system's
performance [6]. As indicated before, there are two
well-known algorithms of this class: EDF and LLF.

EDF algorithm [7] uses a task's deadline to
determine its priority so that each task’s priority is
commensurate with its deadline. The highest priority
belongs to the task with the closest deadline while
the task with farthest deadline has the lowest
priority.

LLF agorithm [8] alocates maximum priority to
tasks with minimum laxity. Laxity is defined as the
time difference between time span to deadline and
remaining execution time which indicates the
available flexibility for scheduling of corresponding
task. A Laxity of t means even if a task's execution
defers insomuch t time units, it will still have the
opportunity to meet its deadline.

A mgor disadvantage of LLF is that if two or
more tasks have the same laxity, they will lead to
laxity tie which result in too many context switches,
and consequently, vast degradation of scheduler's
performance. It causes LLF to be impractica to
implement [9]. In other words, LLF is a fully
dynamic algorithm, and this fact may be the reason
why less research has been conducted on LLF
compared to EDF.

Perhaps MLLF agorithm [9] can be named as the
only practical variant of LLF. This agorithm solves
the LLF's problem of extensive context switches by

deferring the preemptions until necessary and
prevents the system's performance degradation.
MLLF has been proved to be optima on
uniprocessors [9]. In this research, instead of LLF,
we use MLLF i.e. the only practical variant of LLF.

Any invocation of a periodic task is called a job
release or a job arrival. EDF is categorized as job-
level dynamic because it preserves the relative
priority of each two jobs in a system, whereas, LLF
is classified into the fully dynamic category as it
may change the relative priority of two tasks during
execution [10]. In fact, MLLF can be job-leve
dynamic version of LLF, and this better justifies the
comparison of EDF and MLLF.

3 Scheduling in Multiprocessors

As multiprocessor systems are applied in rea-time
applications, scheduling of real-time tasks in these
systems is of much significance. Two important
types of multiprocessor systems are identical and
uniform paralel machines. In the former the
processing power of al processors is the same,
whereas, each processor might have a different
processing power in the latter case [12]. In this
paper we have conducted our research on the first
typei.e. identica multiprocessors.

Two important parameters affecting the
performance  of  multiprocessor  scheduling
algorithms are preemption and migration. A task is
said to be preempted if it is not completed, but its
execution is not continued on the processor it was
just running on [13]. If atask whose execution has
been preempted, resumes its running on another
processor, a migration has occurred [11]. Based on
the two aforementioned factors, there are two types
of scheduling policies in  multiprocessor
environments named global scheduling and partition
scheduling.

Global scheduling algorithms put al the arrived
tasks with non-zero remaining execution time into a
gueue that is common among the processors. In a
system with mprocessors, in every moment, mtasks
having the highest priorities should be executing
considering preemptions and migrations, if
necessary [14].

Partition scheduling agorithms divide the task
set into partitions (subsets) such that al the tasks
within a partition are assigned to a processor. In this
policy task migrations are not alowed [14].

As mentioned before, neither agorithm being
investigated in this research is optima on
multiprocessors. In fact, it has been shown that in
genera there is no optima scheduling algorithm for















