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Abstract can run at any time on any processor, they may start and
resume on any one. For aperiodic tasks, the problem con-
We consider the scheduling problem for real time ap- sists in defining an acceptance test which obeys the fol-
plications with variable processor utilization factor. & lowing criteria :
are composed of a set kernel of periodic tasks and of a flow
of aperiodic tasks, all with firm deadlines. Periodic tasks 1. An accepted aperiodic task must complete at the lat-
are scheduled according to a PFair policy. We propose an est by its deadline.
efficient acceptance test for aperiodic traffic, which guar- o
antees steady and predictable periodic scheduling, a very 2. The acceptance of a new aperiodic task must not lead
small error rate and which has a low complexity. We then any periodic task to miss its deadline.
compare its performances to the performances of chal-

lenger acceptance tests. 3. A new accepted task must not lead a previously ac-

cepted aperiodic task to miss its deadline.

) This issue has already been studied for uniprocessor sys-
1 Introduction tems. One of the most effective solution consists in
scheduling tasks according to EDF [7, 8]: the processed
We consider real-time applications composed of a settask has the nearest deadline. There is one single queue,
periodic task kernel and of an aperiodic task flow. Periodic sorted in increasing order of deadlines, which contains pe-
tasks are mostly dedicated to control, e.g. temperatureriodic tasks as well as accepted aperiodic ones. The accep-
acquisition in a nuclear station, robot’s trajectory com- tance test is then very simple. It consists in considering
putation, processing of informations provided by a syn- the aperiodic task as a new periodic one. In multiproces-
chronous link.... Aperiodic tasks arise as answers to ape-sor context, the most efficient scheduling strategy is PFair
riodic events: human interaction, alarm activation, error scheduling [3, 4]. Furthermore, the feasability test con-
detection.... We consider here only hard real time tasks.sists only in verifying if the utilization factor is at most
Thus we deal with applications composed of n periodic equal to the number of processors. Here again, a solution
tasksr,. .., and of aperiodic tasks. Both periodic and for the acceptance test is to consider each new aperiodic
aperiodic tasks are submitted to firm deadlines, by which tasks as a new periodic one, and to use the global feasabil-
they must be completed, for safety reasons. E.g. a lateity test. This method has nevertheless two drawbacks.
computed value can be obsolete, using it may be mislead-Firstly, periodic tasks are not steadily scheduled, there
ing and even dangerous. may be rather much jitter, and it is not possible to pre-
One of the main challenge for system designer is to dict when periodic tasks will occur if the aperiodic flow is
guarantee that all deadlines will be met. This is the con- not known. Secondly, since each aperiodic task is consid-
cern of scheduling. Now, the architecture of the applica- ered by the test as a periodic one, it is supposed to require
tion, due to aperiodic traffic, is variable, thus scheduling possibly much more slots than effectively necessary (sev-
must be adaptative, so that it can take at any time the ac-eral instances may be considered). The test is therefore
tual processor workload into account. For periodic traffic, sometimes pessimistic. Our aim is to propose a method
the scheduling problem consists in defining a suited strat-which guarantees a planned, steady and fair periodic pro-
egy and to prove that all temporal constraints will be re- cessing, in association with an acceptance test which con-
spected. We consider here only global scheduling: taskssiders only the required slots, so which is less pessimistic



than the global PFair acceptance test. The accepted apeask isscheduled at timet means that one processor pro-
riodic queue is sorted according to EDF. Aperiodic tasks cesses it during slot t.
are scheduled in background: they use the idle time unitsA scheduleis defined by SNx {1,...,n} — {0,1} such
left by the periodic tasks. For efficiency reasons, the P_F thatzn: S(t,i) < m. We have S(t,i) = £  is scheduled
schedule can be computed before run-time, since it will i=1
never be affected by the aperiodic traffic. Then only the _
acceptance test and the aperiodic task scheduling run onEit timet, fori=1...nand Ifz S(ti) = k < mthen
line. This will reduce the overhead due to scheduling. We (m - K) idle time units occur at tlme t. Aidle time unit
have chosen to PF strategy for two reasons : corresponds to idleness for one processor.
1if S(t,i) =1
O else ’
For any times t and t', and for any task, we define
2. PF enables to predict with a complexite O(1) the Wi(t,t') as theprocessed execution time for FaSkTi be-
numb_er of idle time units within any temporal inter- tween time t and time t'. We havd; (¢, /) = tzl Si(u).
val, with only a very small error. Our acceptance test =
relies on this predictability property. An aperiodic task, consists in an arrival time,, a
worst case execution timé, and a relative deadlinB,.
Its deadline isi; = rs; + Ds. For any aperiodic task;,,
RCTs,(t) denotes theemaining computation time of

1. PFis optimal in multiprocessor context, and the fea- Let.S; be such thaf;(t) =
sibility test is very simple.

The paper is organised as follows. In part 2, we intro-
duce the task model and our notations. We also briefly
present PFair scheduling. In part 3, we discuss the lo-

cation of the idle time units. In part 4, we describe our To; Atime t

acceptance test. And finally, in part 5, simulation results

are presented, which illustrate the performances of our RCTs,(t) = Z Ss;(u) = Cs; — Wi, (rs;. 1)
method. u=rs;

2 Task model and PFair scheluling _ .
2.2 PFair scheduling

We consider multiprocessor systems, with m proces- PFair scheduling strategies have been proposed in the
sors. For any reat, || denotes the greatest integer less multiprocessor context, for which they are very efficient
than or equal te and[z] the smallestinteger greater than [4]. The basic idea is that each task is processed at “reg-

or equal tar. ular rate”. This means that at each time t, the number of
processed slotd’; (0, t) is proportionnal to t, with coeffi-
2.1 Thetask model cientu; = 0 . But, since the number of processed slots
We consider applications composedoindependent ~ attime t must be integen,; x ¢ is approximated by either
synchronous periodic tasks with implicit deadling&’;, |u; X t] or [u; X t].
P;). Each task is submitted to hard temporal constraints. This is formally expressed by the following definition:
We adopt the classical modeling of tasks [7]. Eaehi- A schedule iPFair iff we have

odic task7; is characterized by its worst-case execution v ¢ N —1 < y; x t — Z Si(j) < 1.

time C; and its periodP;, and consists in an infinite set

of instances (or jobs), released at timlex P;, with k Figure 1 illustrates PFa'meSS For any taskthe bro-
€ N. At each release, the precedent instance must haveken lineW; must remain strictly between both limit lines
complete execution (deadlines are implicit). We assume W™ =u; x t —landW+ =u; x t + 1.

parallelism to be forbidden: at any time, a task can runon ~ Atany time t, a task is said to be:

at most one processor. Finally, we suppose that temporal o ghead if W;(t) is above the ideal lin®; (¢) = u; x .

parameters are known and deterministic. It has been processed a Iittle bit more than in the ideal
In the sequel, P denotes thgperperiod of the system
definedas P =lcnit,, Py, ..., P,). case. We haver; x t — Z Si(j) <O.

The processoutilization factor characterizes the pro-
cessor workload due to the application. It is defined by e punctual if it has been processed for exactly x ¢

n t—1

u=> % If U > m (m being the number of pro- slots. We haveu; x t — Y S;(j) = 0.
i—1 =0

cesscz)rs), the system is over-loaded and temporal faults !

cannot be avoided [6]. In the sequel, we assume that ® behind if W;(¢) is under the ideal lindV;(t) = u; x

m—1 < U < m.The case U = m is avoided because t. It has been processed a little bit less than in the
we need.to dispose of some processor capacity for aperi- ideal case. We haver; x ¢ — ti Si(j) > 0.
odic traffic. j=0

In the furtherdlot t denotes the time interval [t, t+1) A PFair strategies follow the global frame described below.
la,by={ula<u<b} 1 - The task set is partitioned into three sets.
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PFair execution curve must be located be- Figure 2. Tnegru, contending and urgent
tween both dotted lines tasks ,

e the Urgent set collects all the behind tasks which
would be late (under the lower bound) if they were 1 Processed
not processed at time t. These tasks must be pro- execution time
cessed at time t, else the PFairness condition would
be violated.

¢ theTnegru set collects the ahead tasks which would
be in advance (over the upper bound) if they were
processed at time t. These tasks must not be pro-
cessed at time t, else the PFairness condition would
be violated.

¢ the Contending set collects the other tasks: the
PFairness won't be violated neither if they are pro-
cessed nor if they are not.

j j j
2 - Urgent tasks are executed. Poret dler g

3 - Contending tasks are sorted. The mUrgent(t) |
first contending tasks are processed

The different status of tasks is illlustrated by figure 2.
Note that usually, PFair strategies are depicted by means -
of feasibility windows of unitary subtasks. Feasability
windows are deduced from the lag inequations. Figure 3
illustrates the windows construction and figure 4 presents

Figure 3. Feasibility windows: construction

an example' Processed
Several PFair versions have been proposed in the littera- execution time

ture (PF, PD an®D? [4, 5, 1, 2] ). These algorihms differ 7

in the way they select tasks to process among the contend- 6

ing tasks. The remainder of the paper holds whatever the 5
chosen PFair algorithm. These scheduling strategies are
very efficient, as stated in theorem 1.

Theorem 1. [4] The scheduling algorithms PF, PD and )
PD? are optimal for systems of periodic synchronous in-
dependent tasks with implicit deadlines in multiprocessor
context. Moreover, the system is feasible if and only if
U < m where m is the number of processors.

Figure 4. Feasibility windows: example

2| A | denotes the cardinality of set A



For multiprocessor systems, Pfair scheduling strategiesonly if they are PFair distributed. Unfortunately, this is
are the only known optimal strategies. In the sequel, we not the case, as illustrated by figure 6. We have consid-
assume periodic tasks to be scheduled according to a PFaiered a system of 5 processors, and an application com-

strategy. posed of 16 tasks:r( = <14, 60>, 72 = <26, 300>,73
= <14,50>,74 = <59, 150,75 = <48, 100>,76 = <87,
2.3 Theaperiodic queue 300>,77 =<0, 120>,78 = <9, 20>,79 = <63, 300>,710

We suppose that the operating system maintains an= <82, 200>,711 = <50,200>,712 = <76, 300>,713 =
aperiodic queue as shown on figure 5. The periodic sched-<4, 10>,714 = <16, 100>,715 = <9, 20>,716 = <65,
ule can either be computed on line, or, for more efficiency, 300>). We have U = 4.647, P = 600 and there are 212
have been previously computed. In this case, the scheddidle time units.A PFair distribution of the idle slots guar-
uler disposes of the periodic schedule. We furthermore antees that at any time t, eithéf2 x ¢] or [212 x ¢] idle
times units have taken Figure. place 6 shows the distribu-
tion of the idle time units for the 80 first slots. We first
note that the background idle time distribution doen’t re-
spect PFairness. E.g., at time 10, according to PFairness,
either 3 or 4 idle time units should have occur, but no one
has still occured. Furthermore, we can see that several
idle time units may occur simultaneously. In such a case,

Rejected tasks

Sporadic queue
Sporadic ___ /” Acceptance
o e A
Scheduler O —

PFair periodic schedule
(s]4]5]of4T5]aT4]

SOELEGEE even if enough idle time units are available for an ape-
G [zlo[ilz[eli]o] riodic demand, we cannot conclude (i.e. guarantee that
\ a4 Processors the aperiodic demand can be proc_:essed on_time). Indeed,
tdle slots the demand may come from one single aperiodic task, and

an aperiodic task cannot run on several processors at the
same time. Thus the number of idle time units it actually
ghay use can be smaller that the required number.

We thus introduce a further task, callietle task defined
ByTO =< P x (m—"U), P > (remember that we have as-

Figure 5. The aperiodic queue

assume the aperiodic queue to be sorted according to ED
(Earliest Deadline First [7]), i.e. in increasing order of

deadines. The task with the neartest deadline is processe .
first. We adopt the background approach: aperiodic taskssumedm —1 <U < m). The system s thus fully loaded

are scheduled when some processors have no periodic tas = m) but is sl PFa!r fea5|b-le ac_cordmg_ to Baruah's
to process. theorem. By construction, an idle time unit takes place

each time the idle task is processed. Thus, sifces
scheduled by a Pfair algorithm, idle time units are PFairly
distributed, and because a task cannot be parallelized, sev
eral idle time units can never occur simultaneously.

3 ldletimeunits

Aperiodic tasks can be scheduled each time an idle
time unit occurs. The efficiency of our method is based
on the predictability of the idle time unit location. For
that purpose, we require them to be distributed according 47
to PFair rule. We first have to discuss the way idle time
units are supported: they can either take place when no
periodic task can be processed, or they can be modeled by
a specific task, the idle task. We investigate their location

and numbering in both cases. 0 ||||||||
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81

Slots

Idle time units location

Number of idle time
units
N

3.1 Idletime units management
We consider systems with m processors and assume the
utilization factor of the application to verifyn — 1 <
U < m. The processor is thus idlB x (m — U) slots
each hyperperiod. The simpler way is to schedule idle
time units in background, i.e. to schedule idle time units
each time there is less than m ready tasks to process. Note
that here, the notion of ready task differs from the classi-
cal one: a task is ready if it hasn’t completed execution, 3 »
and if its execution won't lead the task to violate the PFair
condition. We can adopt this solution only if we can guar-
antee a PFair-like distribution of idle time units. This is
of matter for us since we want to count on-line the num- {LUO x t| < Wp(0,t) < [ug x t]
ber of idle slots within any time interval, what we can do | |ug x t'| < Wy (0,#') < [ug x t']

Figure 6. Idle time units repartition for a
multiprocessor system: some occur simul-
taneously

From now on, we adopt the idle task solution.

Idletime unitslocation
Let us consider a time interval [t, t']. We focuse on the
idle taskr,. Beause of PFairness, we have:



We can deduce:
luo x '] — [ug x t] < Wo(t,t') < [ug x '] — [ug x t]

We thus dispose of a minimal value for the number of
idle time units within any time interval. Furthermore, the
difference between the upper and the lower bounds is at
most equal to 2. Thus, the rate of non counted idle time
units will be rather small, provided considered intervals
are wide enough. In the sequel, we denote hiy\\t, t')

this minimal value.

4 The acceptance process

We assume periodic tasks to be scheduled by means of
a PFair strategy, and aperiodic tasks to be supported by the
idle task. The idle task acts as a PF aperiodic server. Each

time the server is scheduled, if there is no pending aperi-
odic task, the slot is lost, i.e. a real idle time unit occurs.

2. each delayed task will still be processed on
time:
Vpej+1.. .k,

p
W_M(t,ds,) > > RCT;,(t) + C,
i=1

o If ds < ds,. Each pending aperiodic task will be
affected by the execution af. Thus we must verify
that

1. W.M(t, ds) > C; i.e. the new task can respect
its temporal contraint,

2. each delayed task will still be processed on
time:

p
Vpel...k,W_M(td,) > RCT,,(t)+C,

i=1

We first present the principle of the acceptance test, andWe can note that we never have to consider periodic tasks,
we then give some indications about its implementation. Which simplifies the decision process.

4.1 The acceptancetest
Let (75,,7s,,--.,7s,) be the set of the pending ac-

4.2

Implementation
We first compute the periodic schedule before run-

cepted aperiodic tasks. We assume the set to be ordered iime. It is computed on the interval [0, P] and then it-

increasing deadlines order. Let= (t,Cs, D) be a new
aperiodic task with arrival time t. We denafg its dead-
line (ds = t + D;). We haved;, < dgo < ... < dg. The

erated. Only the acceptance test and the aperiodic sched-

uler are processed at run-time. Each time the idle task is
planned to be processed, the scheduler is invocated, and if

acceptance test relies on the approximation of the numbetthe aperiodic queue is not empty, the first aperiodic task

of idle slots within a time interval by its minimal value. It
runs as follows:

is processed. For the sake of the acceptance test, we must
maintain the remaining processing times of every pending

_ aperiodic tasks. Thus, we maintain a list of aperiodic ac-
o ifdy <ds _ cepted tasks sorted in increasing deadline order. For the

The new aperiodic task has a greater deadline than;r {35k we store: - its deadling, , - its remaining com-

any pending aperiodic task, so it won't have any im- puting time RCT,,, - the cumulated remaining aperiodic

pact on their execution. The decision depends on theprocessing time that must be completed at the lates, at
number of idle time units between t ang: either (see table 1).

there are enough ones to processafter completion

of all pending aperiodic tasks and befakg then the id 51 So Sk

task can be accepted or the number of remaining idle[ ] ds, ds, dy,

time units after completion of the pending aperiodic [RCT RCT,,| RCT,, RCT,,

tasks and beforé; is less thar’s, thenthe task must " RCT RCT,, | RCT,, T RCT,, + -+
be rejected. Thus the task is accepted if and only if RCT,, RCT,,

k
W_M(t,ds) > RCT;,(t) + Cs

— Table 1. Aperiodic table used by the accep-

tance algorithm

If3j€l...k—1suchthat,, <d, <d,,,,

Thejt" first aperiodic tasks won't be affected by the
execution ofr,, but shouldrs be processed, then it
will delay the completion of, , ,, ..., 7, . We must Functi on Accept
then make sure that this delay will not cause the tem- jnput

The acceptance algorithm is then

poral failure of some of them. We therefore verify: ug: float -- utilization factor of the idle task,
1. 7, can meet its deadline: T -- accepted aperiodic table
k : integer -- number ofalready accepted ape-
J riodic tasks
W_M(t,ds) > ZRCT&. (t) + Cs 7 = (t, C, D -- newaperiodictask
i=1 output



accept ed: bool ean

- - trueif the task is accepted, false else
d=t + D

MW:=| uo x d | — [ wugx t]

If Tis enpty then
- - there is no aperiodic pending task
accepted : =(MW> O
end if
elsif d < T(1).dl then
the new task will postpone
tion times of all pending aperiodic tasks
If MW> C
then accepted :
for i in 1..k |oop
if | w x T().d | [ upx t ]
< C +T(@).C.RCT
then accepted : = fal se
end if
end | oop
el se accepted
end if
elsif T(k).dl < d then
- - the new task will have no incidence on other aperi-
odic tasks
If | wox d | [ woXx t]
> C + T(k).C.RCT
then accepted : = true
el se accepted : = fal se
end if
elsei:=1
VWhile T(i+1).dl
i +1

comple-

true

.= fal se

< d loop
i =
end | oop
-- wehavel; < d < di+1
if | (upx T(i).dl | [ wox t]
> C + T().C-RCT
then accepted : = true

for j ini+l..k |loop
if [ wx TG | — [ upx t]
< C +T(j).C.RCT
then accepted := fal se
end if
end | oop
el se accepted : = fal se
end if
end if

return accepted

The list of pending acepted aperiodic tasks must be up-

dated after acceptation of a new task. We use an insertion

function Insert ((dl, RCT, QRCT), j, T) which insert the
tuple (dl, RCT,CRCT) in position j in the list T.

Function insert_task
input

T -- pending accepted aperiodic tasks

T = (t, C, D) -- new aperiodic task
Precondition

Task 7 is accepted

output

the updated |ist of accepted tasks

d=t +D
If Tis enpty then

insert((d, C, ©Q, 1, T)
elsif d < T(1).dl then

for i in 1..k loop

T(i).CRCT := T(i).CRCT + C

end | oop

insert((d, CO, 1, T)
elsif T(k).dl < d then

insert((d, C, T(k).CRCT + O, k+1, T)
elsei:=1

VWiile T(i+1).dl < d loop

i = i+1
end | oop
for j ini+l..k |loop
T(j).CRCT := T(j).CRCT + C

end | oop

insert((d, c, T(i).CRCT + O, i+1, T)
end if
return(T)

Finally, the global scheduling algorithm is the follow-
ing. We use a deletion function del(T, k) which delete the
kth item of table T.

Functi on schedul e

input

T -- pending accepted aperiodic tasks

L - - list of the new arrived aperiodic tasks

t -- currenttime

output

updated |ist of pending aperiodic tasks
identity of the processed task

while L is not enpty | oop
T = head(L)
unqueue(L)
I f accept(up, T, 7) then

insert_task(T, 7)
end if
end | oop
if Tis not enpty then
id:=T(1).id
T(1).RCT := T(1).RCT - 1
for i in 1..k loop
T(i).CRCT := T(i).CRCT - 1
end | oop

If T(1).RCT = 0 then del (T, 1)
end if

end if;

return(id, T)



5 Performance analysis 1. we first use our method, periodic tasks are scheduled
by PF

We first evaluate the complexity of our method. Since
the periodic schedule is never revised, the periodic sched- 2. we implement the joined PFair method
ule has to be computed only once, before run-time for ef-
ficiency reasons, on the interval [0, P]. Then, computation 5
of the number of idle time units within any time interval
is done in O(1). Thus, the acceptance test requires O(k)
additions and O(k) comparisons, where k is the number
of pending aperiodic tasks. Updating the list of accepted
tasks also runs in O(k), so does the function Schedule.
The second point of interest is to compare our method to

previously existing methods and to optimal strategies. The\y then use competitive analysis, using the exact PFair

greatest challenger for our method consists in scheduling,, othod as referent method. For any couple (tasks set
at run-time together periodic and aperiodi tasks a_ccord_- aperiodic flow), we compute the ratio of the cumulated
ing to PFair policy. The acceptance test is very simple: accepted aperiodic demand by our method (resp. by the
k
if Xn: % + 3 IC)S{ + % < m then the task (t, C, D) is Joined PFair method) over the cumulated accepted aperi-
i=1"" =17 ) odic demand for the exact method. We have repeated the
accgpted elseitis rejectt_ad. We_call this methoq_d)in_}ad experience for different tuple (m, x, _Max). Figure 7
PFair method Note that it considers each aperiodic task presents the results for 4 processors, with a mean inter-
as a periodic task. Therefore, more slots are reserved fory rival x = 40 and a maximal relative deadlineNbax =
each aperiodic task than required (corresponding to theppo. Results obtained for other values (2 ou 4 processors,

different instances supposed to occur within the next hy- y = 20 or 40, DMax = 40 or 200) lead to similar figures.
perperiod). Moreover, periodic tasks must be scheduled

on line, and the periodic schedule is not steady. Becaus
of a more precise idle time unit reservation, our method
will produce better results, in the sense that more aperi-
odic traffic will be accepted. In order to prove it, some
simulations have been carried out. We first create sam-
ples of periodic task sets. A sample S(U,m) consists in
500 task sets, where m is the number of processors and is
characterized by:

we also implement an exact method based on PF pe-
riodic scheduling. Each time we need to accept or
reject a task, we count in the PF schedule the exact
number of idle time units. Then we proceed exactly
as in our method, using the exact number of idle time
units instead of our approximation.

Xx=40-D_Max=200-m=4

-
N
o

-

o

S]
L

processor
o)) ®
=] o

L

demand / Exact accepted
N
o

% Accepted processor

N
o
L

¢ the utilization factor of any task set of the sample

must belong to the intervaibf —1+ &, m—1+ 4], T3 a1 32 33 34 35 36 37 38 39

foriin2...9. Utilization factor U

o

M Ourmethod ' Joined PFair method

e periods are chosen according to Goossens’ method

9.

(9] Figure 7. Comparison our method and
e WCET C; are chosen uniformly within the interval joined PFair method

5

For each task sets, we then generate a aperiodic task \We can see that for almost all values of U, our test
flow. A flow is characterised by: behaves almost like the exact test, meanwhile the joined
PFair method has lower performances, in the sens that it
accepts less aperiodic load. Performances of our test re-
ally decreases only for high values of b (— 0.1 < U <
m). With such utilization factors, there are few remaining
idle slots, and thus the error due to the approximation of

o relative deadline®,, are uniformaly chosen within  idle slots number becomes significant, and in such cases,

the interval [10, DMax] the joined PFair method becomes competitive. But in al-
most all cases, our method has higher performances. Note

o the WCET of a tasks, is uniformaly chosen within  that equivalent obervations can be made for uniprocessor

the interval [Il)_o D;i] systems, for which the challenger method to our ones is
EDF [8]. Experimentations show that, except for high val-
For each sample, we carry out 3 simulations, over the timeues of U, our method has significantly better results than
interval [0, P): EDF.

¢ the interarrival obeys an exponential law, with mean
x

e deadlines must be less than P




6 Conclusion

We have proposed an efficient acceptance test for ape-
riodic tasks, with firm deadlines. Periodic tasks are sched-
uled by a PFair algorithm, e.g. PF [4]. The periodic sched-
ule is steady, new accepted aperiodic tasks do not interfere
with periodic tasks. This has two advantages: the peri- [4]
odic schedule can be computed before run-time over the
interval [0, P), and is then iterated, and the periodic task
location is deterministic. The acceptance test runs in O(k) [5]
where k is the number of pending aperiodic tasks. We
have here assumed tasks to be synchronous (they are first
released at the same time), with implicit deadlines, but we
can note that the synchronous assumption can be omitted
[10]. The method we propose can be used for uniproces- [7]
sor systems as well as for multiprocessor systems if m -
1 < U < m, where m is the number of processors. If
U < m - 1, the problem is more intricated, since there
must be more than one idle task. In this case, there is one [9]
(or more) idle processor, and we must first partition aperi-
odic tasks between idle processor(s) and active processors
Tasks assigned to the active set are scheduled according to
our methodology. Further investigation will deal with the
way tasks can be partitionned, and look for the best way
to schedule tasks on the idle processor(s). Figure 8 illus-

trates the complete method for — 2 < U < m — 2.

Sporadic queue 1
T

,

/;
Sporadic queue 2

Rejected tasks
LTI °

J o
Scheduler — o
PFair periodic schedule
ELElollsE] @

(sTelsT2]s6 2]5]
112]ol1[2]0l1]0 \

\ / / (m - 1) Processors

Idle slots

Sporadic ___
tasks

Figure 8. The method when m — 2 < U <
m — 1. Aperiodic tasks are distributed in two
separate queues. One of the processor is
completely dedicated to aperiodic service.
The (m-1) others are used to schedule con-
jointly periodic and aperiodic tasks accord-
ing to our methodology.
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