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Abstract

Task scheduling is an essential part of any computer system for allocating tasks to a processor of the
system among various competitors. As we know, in real-time system, the failure of scheduling a hard
real-time task may lead to disastrous consequence. Besides efficiency, resource and speed, real-time
system has to take time constraint in serious consideration. This paper proposes a priority-driven
scheduling algorithm for real-time multiprocessor system, which is called L-RE coordinates algorithm.
L-RE coordinates is a new way of describing the task scheduling problem. In the algorithm, we take both
deadline and laxity into consideration for allocating the priority. The simulation result shows that the
new algorithm is viable and performance better than EDF and LLF algorithm on schedulability and
context switch respectively.
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| . Introduction

Real-time system is widely used in our daily life,
science research, industry, military affairs, and
various other fields. The concept “real-time” does not
mean fast but completing the task in a stated time.
Based on this time constraint, we classify real-time
tasks into two groups: hard real-time and soft
real-time. For the former one, a failure of getting
response in time may lead to a disastrous result.
But for the later one, the failure may lead to a
degradation of the system performance or minor
curable symptom. Therefore deadline is one of the
most vital parameters in real-time system.

With the development of real-time systems and
computer technology, more and more real-time
systems are based on multiprocessors now. For its
high performance and reliability, multiprocessor
system has been employed in a wide variety of
computer applications. As we known, real-time

scheduling for multiprocessors is to govern an
executing sequence of the characterized task sets
among processors to make sure that the task’s
deadline and requirement are satisfied. Hence in
real-time multiprocessor system, just enhancing the
processor's speed does not ensure the proper
scheduling of multiple tasks with different response
time requirements. Conventional scheduling
algorithm focuses on fairness, efficiency, response
time, turnaround time and throughput. These
criteria are insufficient when we are dealing with
real-time multiprocessor scheduling problem. For
real-time scheduling, time constraint is of most
importance, and real-time metrics such as
minimizing the number of missed deadlines and
minimizing the total lateness would be preferred
than traditional metrics such as minimizing
scheduling time. We suggest an algorithm that
improves the real-time scheduling whereby better
fulfilling the deadline requirement of real-time
system. We can restate the real-time multiprocessor

scheduling problem as follows: given a set of N

section
scheduling al

computational tasks and their required
computational times, the precedence relations among
them, and the M number of available processors
with the same processing capability, find the task
allocation and processing order on the processors

such that the tasks can be successfully finished and

the total lateness is minimal while fulfilling the

deadline constraint.

The following sections are arranged as this:
expatiates some classical
3.1 and 3.2 discuss the
3.3 releases a

2 mainly
gorithms;
processor model and task model:
detailed introduction of L-RE (Laxity-Remaining
Execution Time) coordinates and its properties: 3.4
expatiates the scheduling rule based on the L-RE
coordinates: section 4 demonstrates the proposed
scheduling algorithm in a concrete example and
compares its performance with EDF (Earliest
Deadline First) and LLF (Least Laxity First)
algorithm: finally section 5 is the conclusion.

Il. Related Works

The real-time scheduling algorithm has been
studied for decades. Currently, most
scheduling algorithms are priority-based. They can
be divided into two categories: static algorithm and
algorithm, the

several

dynamic algorithm. In static
assignment of tasks to processors and the time at
which the tasks start the execution are determined a
priori. It couldnt accomplish the re-scheduling of
any task during the system's execution. Static
algorithm is often used to schedule periodic tasks
with hard deadlines. Although it is easy to be

implemented and has low-time cost, it is inflexible

and not applicable to aperiodic tasks whose
characteristics are unknown a priori. Rate
Monotonic (RM) (1) and Deadline Monotonic

Scheduling (DMS) (2] algorithms are the typical
static algorithms. Dynamic scheduling means the
algorithm makes its decision based on the existing
tasks, but new tasks might arrive and may change
the circumstance thus rescheduling might be need
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(3). Dynamic scheduling can be preemptive or
non-preemptive. Preemptive scheduling makes the
running task to be rescheduled when higher priority
tasks
non-preemptive scheduling system, task switching is
only performed via one of the explicitly defined
system services, like process termination, or explicit
call to the scheduler. Non—preemptive kernel is easy
to be analyzed and implemented, but it can not
ensure all the tasks can be finished before their
deadlines. As a dynamic
scheduling algorithm hard
real-time systems in recent years. EDF (1) and
LLF (also known as Least Slack Time First) (4] are
preemptive dynamic

arrive or become ready to run. In

result, preemptive

is more popular for

known to be the typical
scheduling algorithms. EDF algorithm assigns task
priority based on its current requirement of the
deadline. A task with the least deadline is allocated
the highest priority. LLF algorithm assigns the
highest priority to a task with the least laxity,
where laxity is the time difference between time
span to deadline and the remaining execution time.
Laxity indicates the flexibility for
scheduling of corresponding task (5).

However up to now, most real-time scheduling
algorithms have been designed and proved their
relevance for uniprocessor platforms. When it comes

available

to schedule real-time tasks in multiprocessors,
sometimes anomalies such as deadline miss may
occur. In this paper, we mainly focus on improving
the conventional scheduling algorithm and applying

it to the multiprocessor platform.

lll. Model Specification

3.1 Processor Model

In our research, we assume there are m processors
in the system. In the scheduling scheme, all the
tasks arrive at the scheduler, from where each of
them is distributed to a processor for execution. The
scheduler runs in parallel with other processors,
scheduling the newly arriving tasks, and periodically

updating the dispatch queue. The m processors are
assumed to be identical parallel machines that have
the same computing capacity (6). So there is no
processor idle when there is an active task waiting

in the dispatch queue.

3.2 Task Model

In the real-time system, the basic unit of work is
implemented as a task (7](8). In our work, we
assume scheduled tasks are independent each other
and not run parallel. At any given instant in time, a
task can execute on at most one processor. For
execution, labeled by a set of
parameters denoted as t; = (a;, e, di, 11, 1),
where ai is the arrival time of task t;:

each task is

e; is the required execution time of ti;

d; is the deadline of t;;

1; is the remaining execution time of ti;

li is the laxity of ti, i = (d; - current_time) - ri.
The parameters ai, e;, d; are available when the
task arrives.

For a scheduling algorithm to be practically useful,
tasks must be allocated to processors for an interval
long enough to accommodate context switch. In
many systems, the length of the interval, called the
time unit, is fixed and context switch may occur only
between adjacent time units. Processors are
scheduled by whole time units and allocated to at
most one task in a single time unit.

For we are focusing on an improved preemptive
task scheduling algorithm, tasks can be preempted
by other tasks whose priorities are higher than
theirs. The preemption also happens during the time
unit. When the preempted task is rescheduled and
resumes the execution where it left off, it can be
allocated to the original or different processor. We
assume there is no penalty associated with such
migration. Futhermore. we assume the other cost of
the migration is also negligible, including the
releasing time for an old task, picking up time for a
new task, and the time of loading the task’s relative

data from memory.
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3.3 L-RE coordinates

In the previous studies on task scheduling
algorithms, researchers used vectors to describe the
model and exploited the numeration relationship
among the parameters in the vector to calculate the
priority for every task at an instance in time. Here
we suggest a new L-RE coordinates to improve the
real-time scheduling efficiency. The coordinates can
represent all the properties of a task and also reveal
some relationships among the properties which are
a L-RE

coordinates with five tasks. Each task is represented

not found easily. Figure 1 describes

as a node in the figure.

L A line 1

Zonei 2

tl
Zone |1

3 Zone 3

Zone 4 >

0 line 2 4 RE
I3 1. L-RE =3
Fig. 1 L-RE coordinates

In the coordinates, x-axis indicates a task’'s
remaining execution time ri and y-axis indicates its
laxity 1li. The metric unit is the length of the time
unit in real-time system. The tangent value which is
defined the ratio between the laxity and remaining
time as in Formula 1 is used to describe the node’s
state.

I

2
Tangent value T; = o

As the Figure 1 shows, the L-RE coordinates space
can be divided into four zones:
+ Zone 1 is attached to the y-axis. Nodes in this

zone, where l; ) 0, r; = 0, have a infinite tangent
value. It denotes that the tasks in this zone are
successfully finished, like t;1 in Figure 1.

+ Zone 2 is the space between y-axis and the line
1. Here line 1 is fixed with gradient 1 and origin
(0,0). Nodes in this zone, where 1; ) 1;, have the
tangent value not less than 1, like tg. For the
task’s laxity is larger than remaining execution
time, the nodes are not emergent and can still
wait for a while.

+ Zone 3 is the space between line 1 and x-axis.
Nodes in this zone, where 1; { r;, are with the
tangent value less than 1, like t3 and ts. For the
task’s laxity is less than remaining execution
time, current time is near the latest start time.
So the tasks should be elevated to higher
priorities.

- Zone 4 is attached to the x-axis. Nodes in this
zone, where I; = 0, r; ) 0, are with the tangent
value of 0, like t4 in the Figure 1. Tasks in this
zone are the most emergent ones. They couldn’t

but get the control of the

processors immediately, or else their deadline is

wait any longer

sure to be missed.

For every time unit, L-RE coordinates refresh once
and all the nodes” locations are changed. A task
move around the coordinates. Note that once a node
in the
directions to move: left and down, a scale per unit

appears coordinates, it only has two

time. Table 1 lists a node’s actions and their
meanings.
1 RE S o #@el & O #elel o)
Table. 1 Nodes’ actions and meanings
Action Meaning
Appear A new task arrives.
Task is active and is executed for a
Move left ) )
time unit.
Task waits for a time unit and isn't
Move down

executed.

Move to x-axis | Task is accomplished.

. Task must get the control of processor
Move to y-axis

immediately.
Move below Task will miss the deadline. Scheduling
x-axis fails.
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There are some other characteristics we can read
from the coordinates. For instance, nodes in the line
whose gradient is -1, like line 2, have the same
time span to their deadlines, like t2 and ts in Figure
1; the sum of a node’s abscissa and ordinate decides
the task’s deadline: the larger the sum, the further
the deadline, for example, tz's deadline is earlier
than ts's.

Using the properties we mentioned above, we have
found that L-RE coordinates is also suitable for
describing the EDF scheduling and LLF scheduling.
Furthermore, when considering the nodes’s
movement, it’s easy to find the disadvantages of
EDF algorithm and LLF algorithm. For EDF
algorithm, only a new node might affect the other
existent nodes’ priorities. It won't change by itself
as the execution goes on while no new node arrives.
So even when there are only a few tasks, the task
scheduling is also not feasible. For example, if there
are two processors, the scheduling of t1(8,6), t2(8,7)
and t3(10,2) on at any instance in time could never
satisfy the deadline constraint by EDF algorithm, as
shown in Figure 2(a). For LLF algorithm, if there
are some nodes laxity, the
processor switch would happen frequently. Also
taking t1(8,6), t2(8,7), t3(10,2) and two processors

for instance,

having a similar

the scheduling can be successfully
accomplished by LLF algorithm, but one processor
will have a context switch and the other one will

have six context switches, as shown in Figure 2(b).

3.4 Scheduling Rules

Based on the L-RE coordinates, we propose the
scheduling algorithm as follows:
Stepl: for every node, mark =0 : count the
number of nodes in the coordinates, note it as n.
If n { m (m is the number of the processors in
the system), allocate n processors to these n
tasks randomly and mark every node as mark
=1; else
Step2: if there are k node whose 1 =0, mark
them as mark =1 ; and
- Step3: calculate the summation of abscissa and
ordinate for the rest nodes, sum =1 + r : choose

m-k nodes with the least sum and mark them as

mark = 1 ; especially, if there are two nodes
with the same sum, the task with less laxity will
be marked: among all the nodes whose mark = 0,
find the one with the least laxity and note its

laxity as q. As every time unit passes,
cag=0a9-1;
for the nodes whose mark = 1, their abscissas
self-minus by 1, r = r = 1, and ordinates 1 don't
change
for the nodes whose mark = 0, their ordinates
self-minus by 1, 1 = 1 - 1, and abscissas r don't
change :

this process goes on till

Case 1: if a new node appears in the coordinates,

go to Stepl:
Case 2: if a node arrives at y-axis, go to Stepl;
Case 3: if g = 0, go to Stepl.

Processor: H

Processor:

Processor

Processor: [

(b) tasks scheduled by LLF

T2 2. EDFe} LLF ¢zjEe| ok
Fig. 2 Shortcoming of EDF and LLF algorithm

IV. EXAMPLE

To analyse the proposed scheduling algorithm’s
performance, we use an example to illustrate it.
Assume there are two processors and five tasks. The
tasks’ parameters are listed in Table 2.



152 W AFEEER e WOGE(2007. 7))
it finishes. LLF can successfully schedule all the
2. EHﬁi%’l 2ol tasks. However the context switch happens too
Table. 2 Tasks parameters frequently, total seven times. Our proposed
ek i arrivall time 9>t<I90UTi0In deadiing di algorithm can also accomplish all the tasks before
al Ime el their deadlines with four context switches. It shows
1 0 6 1 that L-RE coordinates can avoid the shortcomings of
both EDF and LLF.
12 0 7 14
t3 0 9 11
t4 6 4 13 V. CONCLUSION
th 9 4 16
This paper proposes an improved dynamic
priority-driven scheduling algorithm for real-time
We schedule these tasks using EDF, LLF and L-RE multiprocessor  system — I-RE  coordinates

coordinates algorithm respectively and show the

results in Figure 3.

= B I SN

t t: t L4 ts

Deadline miss

Processor.

EIIIIIIIIIIIIEIIIIIlllllwi_i

] 12 14 16

Processor: |

(a) Scheduling by EDF

s====N

[EO T T |
[ O |

Processor

Processor:

0 4 6 8 12 14 16
(b) Scheduling by LLF

Processor |

Processor: F

(¢} Scheduling by L-RE coordinates algorithm

J8 3. YeiEe| vl
Fig. 3 Comparison of three algorithms

As showing in the figure, the scheduling is easy to
be implemented by EDF algorithm, but it couldn’t
guarantee to schedule the given tasks in a feasible
way. For example, task tz misses the deadline before

algorithm. L-RE coordinates is a new way of
improving the task scheduling efficiency. By using
it, the specification of the task’s property is not
merely expressed as a set of numbers. The algorithm
knows the task’s state by illustrating the node’s
location and movement, and rearranges the priority
deadline. To demonstrate the

release a

to not miss the

algorithm’s feasibility, we concrete
scheduling problem and analyse the task scheduling
sequence of three algorithms: EDF, LLF and L-RE
coordinates algorithm. The analysis result indicates
that our method combines the advantages of both
EDF and LLF their

shortcomings of poor schedulability and frequent

algorithm and avoids

context switches.
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