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(7) ABSTRACT

An EDF scheduling method comprising the steps of: check-
ing the number of tasks to be scheduled; allocating priorities
to the tasks; updating current time as the lowest priority; and
processing the tasks in a shortest-deadline-first order from
the updated lowest priority on a temporal axis. A time

(22) Filed: Sep. 24, 2003 indicator for indicating the lowest priority level is set in
current time and corresponding tasks are searched towards a
(30) Foreign Application Priority Data clockwise direction thus to process the firstly searched task
firstly, thereby minimizing a runtime overhead by a priority
Jul. 23,2003 (KR) coeevreevrvecreirmeeineerecerecanen 50708/2003 re-allocation.
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EDF SCHEDULING METHOD

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a real time sched-
uling, and more particularly, to an EDF scheduling method
for performing a priority allocation in a constant time
complexity.

[0003] 2. Description of the Related Art

[0004] Recently, with a rapid growth of a computer and a
computer network system technique, various real time mul-
timedia applications are being shown. Also, as the real time
applications become more sophisticated and complicated,
many researches for a real time scheduling are being per-
formed in order to improve a performance and a reliability
of a system.

[0005] Among several well-known scheduling techniques,
a rate monotonic (RM) and an earliest deadline first (EDF)
algorithm are evaluated to be suitable for a multimedia
scheduling.

[0006] Especially, the EDF algorithm is regarded as an
optimum scheduling algorithm in that a system utilization
degree is 100%. However, due to an unstable characteristic
at the time of a temporary overload and a complicated
realization characteristic, a fixed priority algorithm such as
the RM is being utilized much more.

[0007] FIGS. 1 and 2 are exemplary views for respec-
tively explaining an RM scheduling and an EDF scheduling
in accordance with the conventional art, in which three tasks
(T1, T2, and T3) respectively having different period and
runtime are scheduled according to an RM algorithm and an
EDF algorithm.

[0008] In case of the RM scheduling, the shorter a period
is, the higher priority is allocated to a task. As shown in FIG.
1, the task T1 having a period of 5 is allocated with the
highest priority H, the task T2 having a period of 7 is
allocated with a middle priority M, and the task T3 having
a period of 15 is allocated with the lowest priority L. In the
RM scheduling, once priorities are allocated to the tasks, the
priorities are not changed even if time elapses.

[0009] On the contrary, in case of the EDF scheduling,
priorities of the tasks are determined by deadlines of the
tasks. That is, a task having the shortest deadline in current
time is allocated with the highest priority. According to this,
as shown in FIG. 2, in time ‘0’, the task T1 having time of
5 up to a deadline is allocated with the highest priority H, the
task T2 having time of 7 up to a deadline is allocated with
a middle priority M, and the task T3 having time of 15 up
to a deadline is allocated with the lowest priority L. How-
ever, in time ‘9’, remaining time up to the deadline of the
tasks T1 and T3 are respectively 6 and remaining time up to
the deadline of the task T2 is 5, so that priorities of the tasks
are changed.

[0010] Operating systems which support said EDF sched-
uling generally use a list structure or a data structure of a
heap form. Herein, if the number of tasks or messages of a
system is N, a linear time O(N) is required when a scheduler
selects a task or a message to be scheduled next.
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[0011] However, in a real time network requiring a pre-
dictable runtime and having no long allowance time or in a
real time mounted type system, a scheduler of a linear time
complexity is not desirable and a constant time scheduling
is required.

[0012] To this end, an improved priority allocation method
in the EDF was disclosed in A. Mesh et.al’s thesis of
“Earliest Deadline Message Scheduling with Limited Prior-
ity Inversion”. A basic concept of said Mesh’s priority
allocation method is to convert a deadline of current tasks or
messages into a logarithmic scale and thereby allocate
priorities. In said Mesh’s priority allocation method, if new
task or message is not added, a new priority allocation is not
required, thereby performing a schedule in constant time.
However, in an environment where a dynamic task is
frequently generated and annihilated by a user’s demand, the
linear time complexity still exists.

SUMMARY OF THE INVENTION

[0013] Therefore, an object of the present invention is to
provide an EDF scheduling method capable of minimizing
a runtime overhead.

[0014] Another object of the present invention is to pro-
vide an EDF scheduling method capable of minimizing a
runtime overhead by making a priority allocated to one task
not be changed as time elapses and thereby removing a
runtime overhead generated by a priority re-allocation.

[0015] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided an
EDF scheduling method comprising the steps of: checking
the number of tasks to be scheduled; allocating priorities to
the tasks; updating current time as the lowest priority; and
processing the tasks in a shortest-deadline-first order from
the updated lowest priority on a temporal axis.

[0016] In the present invention, it is determined that the
number of tasks to be scheduled is less than the number 2*
of a priority level. If the number of the tasks is less than that
of the priority level, a priority of each task is determined as
a value obtained by dividing a value obtained by dividing a
deadline d; of a corresponding task by a maximum deadline
T ... by a specific time unit q. The maximum deadline is a
relative deadline of a task having the longest period among
the tasks, and the specific time unit is a value obtained by
dividing the maximum deadline by the number of a priority
level.

[0017] The current time is indicated by a current time
indicator obtained by dividing a value obtained by dividing
current time by the maximum deadline by the specific time
unit.

[0018] In the EDF scheduling method according to
another aspect of the present invention, if the number of the
tasks is more than the number of a priority level, the tasks
are grouped into several sets and one current time indicator
is set to each task set.

[0019] A priority level (P, of a task having a deadline
which is in a range of 2®7'T_; ~2™T,, is obtained by a
formula of
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d; mod 2" Tin
(m—1Dx+ [7]

gq(m)

[0020] wherein the g(m) denotes a time unit relevant to the
m'™ time indicator, the x denotes the number of a priority
level relevant to each current time indicator, and the d;
denotes a deadline of a corresponding task. Herein, the
number of the current time indicator is

[0021] A value of the m™ time indicator, C(m) is updated
by a formula of

(current time) mod 2" Tpin
gq(m)

[0022] The EDF scheduling method of the present inven-
tion includes a priority allocation method in case of an
abundant priority level or a limited priority level and a
schedulability test method at the time of applying the EDF
scheduling method.

[0023] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0025]

[0026] FIG. 1 is an exemplary view for explaining a rate
monotonic (RM) scheduling in accordance with the conven-
tional art;

In the drawings:

[0027] FIG. 2 is an exemplary view for explaining an EDF
scheduling in accordance with the conventional art;

[0028] FIG. 3 is a conceptual view showing a bitmap
structure applied to an EDF scheduling method of the
present invention;

[0029] FIG. 4A is an exemplary view for explaining
priorities of respective tasks in time ‘0’ according to an EDF
scheduling method of the present invention;

[0030] FIG. 4B is an exemplary view for explaining
priorities of each task in time ‘11’ according to an EDF
scheduling method of the present invention; and
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[0031] FIG. 4C is an exemplary view for explaining
priorities of each task in time ‘12° according to an EDF
scheduling method of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0032] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0033] In the present invention, a temporal axis is divided
into a quantum unit, then a priority and a time indicator for
indicating current time of each task are calculated thus to be
mapped in a bitmap, and the time indicator is periodically
updated, thereby scheduling the tasks by a relative priority
for the time indicator without a priority re-allocation process
of the tasks.

[0034] The quantum (q) is calculated by dividing the
longest deadline among deadlines of tasks to be scheduled
by the number 2* of a priority level, and expressed as a
following formula 1.

Tmax < formula 1 >
==

[0035] Herein, the T, denotes a maximum deadline, and
the k denotes the number of bits allocated for a priority level.

[0036] A priority level of each task (P,) is calculated by a
following formula 2.

[d; mod T ] < formula 2 >

q

[0037] Herein, d; denotes a deadline of a corresponding
task.

[0038] Also, the time indicator C is updated by a following
formula 3 whenever current time of a system is updated.

(current time) mod Tyax < formula 3 >

q

[0039] Herein, the current_time denotes current time of a
system.

[0040] FIG. 3 is a conceptual view showing a bitmap
structure applied to the EDF scheduling method of the
present invention. Once priorities of tasks to be scheduled
are determined by using the formulas 1 and 2, a correspond-
ing priority bit is set to the bitmap and the time indicator is
periodically updated by the formula 3.

[0041] Hereinafter, a case that three tasks (T1, T2, and T3)
are scheduled by the scheduling method of the present
invention will be explained with reference to FIGS. 4A to
4C.

[0042] FIGS. 4A to 4C are exemplary views for explain-
ing that a priority of each task is determined as time elapses.
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[0043] As shown in FIG. 4A, the T1 having a period of 2,
the T2 having a period of 5, and the T3 having a period of
15 reach to a scheduler in time ‘0’, the scheduler determines
priorities of the tasks by using the formulas 1 and 2. In time
‘0’, the maximum deadline T, of said three tasks is 13
which is equal to the period of the T3, 13 priority levels
exist, and by the formula 2, deadlines d,, d,, and d; of the
T1, T2, and T3 are respectively 2, 5, and O and by the
formula 3, the time indicator indicates ‘0°. A priority level of
time that the time indicator indicates is the lowest, and
priority levels become lower towards a clockwise direction.

[0044] In time ‘11°, as shown in FIG. 4B, the time
indicator indicates time 11, and relative deadlines of the T1,
T2, and T3 become 1, 4, and 2, respectively by the formula
2. According to this, in time ‘11°, the tasks are processed in
an order of T1, T3, and T2.

[0045] In time ‘12’, as shown in FIG. 4C, the time
indicator indicates time 12, and relative deadlines of the T1,
T2, and T3 become 2, 3, and 1, respectively by the formula
2. According to this, in time ‘12°, the tasks are processed in
an order of T3, T1, and T2.

[0046] As aforementioned, the EDF scheduling method
according to the present invention is based on a priority
setting method in the EDF scheduling. Differently from the
conventional EDF scheduling where priorities are re-allo-
cated by yielding relative deadlines of tasks in current time,
in the present invention, a time indicator for indicating the
lowest priority level is set in current time and corresponding
tasks are searched towards a clockwise direction thus to
process the firstly searched task firstly, thereby minimizing
a runtime overhead by a priority re-allocation.

[0047] In a real circumstance, since the number of the
priority level is limited, the number of the tasks can be more
than the number of allocable priorities. In this case, an
efficient EDF scheduling is possible by applying a plurality
of time indicators.

[0048] Hereinafter, another embodiment of the present
invention will be explained. In a second embodiment of the
present invention, when it is supposed that the shortest
deadline among deadlines of tasks to be scheduled is T, ;,
and the longest deadline is T,,,,, a quantum g(m) relevant to

the m"™ time indicator is obtained by a following formula 4.

2T min < formula 4 >
gm)= ——

[0049] Herein, the x denotes the number of a priority level
relevant to each time indicator and is obtained by a follow-
ing formula 5.

< formula 5 >
ok
Tnax

Tonin

X =

log,

[0050] Herein, the k denotes the number of a priority level
bit.
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[0051] A priority (P;) of a task having a deadline which is
in a range of 2™ 'T_; ~2™T,_;, is obtained by a following
formula 6.

< formula 6 >

d; mod Zmejn
(m—-Dx+ [7]

g(m)

[0052] Herein, the time indicator is maintained as

[0053] and when current time is updated, the m™ time
indicator C(m) is updated by a following formula 7.

(current time) mod2™ Ty {formula 7)

C =
o) gm)

[0054] In the present invention, a system using rate for a
case that the priority level is enough and a case that the
priority level is not enough is yielded thus to test a schedu-
lability of each case. Herein, the system using rate denotes
a total sum of values obtained by dividing processing time
of tasks or messages by their deadlines.

[0055] Accordingly, in case that the number of a priority
bit is k, if a system using rate is

1oL T
2" Tmin

[0056] or less than that, a scheduling is possible. Also, in
case that k is not enough, if a system using rate is

2

2k

Tnax
log, T

[0057] or less than that, a scheduling is possible.

[0058] As aforementioned, according to the EDF sched-
uling method of the present invention, a time indicator
indicating the lowest priority level is set in current time, and
corresponding tasks are searched towards a clockwise direc-
tion thus to process the first searched task firstly, thereby
enabling a scheduling in a constant time complexity without
changing priorities allocated to each task.

[0059] Also, in case that a priority level is not enough, a
plurality of time indicators are set thus to expand a deadline
range, thereby maximizing a system using rate.

[0060] Moreover, according to the EDF scheduling
method of the present invention, allocated priorities are not
changed thus to minimize a runtime overhead generated by
re-allocating priorities.
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[0061] As the present invention may be embodied in
several forms without departing from the spirit or essential
characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the
details of the foregoing description, unless otherwise speci-
fied, but rather should be construed broadly within its spirit
and scope as defined in the appended claims, and therefore
all changes and modifications that fall within the metes and
bounds of the claims, or equivalence of such metes and
bounds are therefore intended to be embraced by the
appended claims.

1. An EDF scheduling method comprising:
checking the number of tasks to be scheduled;
allocating priorities to the tasks;

updating current time as the lowest priority; and

processing the tasks in a shortest-deadline-first order from

the updated lowest priority on a temporal axis.

2. The method of claim 1, wherein it is determined that the
number of tasks to be scheduled is less than the number of
a priority level.

3. The method of claim 2, wherein the number of a
priority level is 2.

4. The method of claim 2, wherein if the number of tasks
is less than that of the priority level, a priority of each task
is determined as a value obtained by dividing a value
obtained by dividing a deadline d; of a corresponding task by
a maximum deadline T, .. by a specific time unit q.

5. The method of claim 4, wherein the maximum deadline
is a relative deadline of a task having the longest period
among the tasks.

6. The method of claim 4, wherein the specific time unit
is a value obtained by dividing the maximum deadline by the
number of a priority level.

7. The method of claim 4, wherein the current time is
indicated by a current time indicator.

8. The method of claim 7, wherein the current time
indicator is a value obtained by dividing current time of a
system by the maximum deadline by the specific time unit.

9. The method of claim 2, wherein if the number of tasks
is less than the number of a priority level, a priority of each
task (P,) is calculated by a following formula of

[d;modTmax]
7 s

in which the d; denotes a deadline of a corresponding task,
T, .. denotes a maximum deadline, and the q denotes a
specific time unit.
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10. The method of claim 9, wherein the T, is a relative
deadline of a task having the longest period among tasks.
11. The method of claim 10, wherein the specific time unit

is calculated by a formula of

12. The method of claim 11, wherein current time is
updated by a formula of

(current time) mod7 .«
q

and the current_time is current time of a system.

13. The method of claim 2, wherein if the number of tasks
is more than the number of a priority level, tasks are grouped
into several task sets.

14. The method of claim 13, wherein one current time
indicator is set to each task set.

15. The method of claim 14, wherein a priority (P;) of a
task having a deadline which is in a range of
2uaT ; ~2"T, ;. is obtained by a following formula of

dimod2™ Tyin
(m—-1Dx+ [7],

gq(m)

wherein the g(m) denotes a time unit relevant to the m'™ time
indicator, the x denotes the number of a priority level
relevant to each current time indicator, and the d; denotes a
deadline of a corresponding task.

16. The method of claim 15, wherein the number of the
current time indicator is

17. The method of claim 16, wherein a value of the m'™®
time indicator, C(m) is updated by a following formula of

(current time) mod2™ Ty,
gim)



