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Abstract particular, this paper deals with the use of inserted idle-time
to delay the realease of any lower priority task (message)
Non-preemptive scheduling is known for its lower whenever a higher priority one will become ready before the
efficiency in meeting temporal constraints when compared toformer one would finish. This is easily achieved in
preemptive scheduling. However, it is still used in certain Synchronised systems where the release of tasks (messages)
cases such as in small multi-tasking kernels for embeddeds performed by means of a periodic timer interrupt. This
systems based on simple microprocessors and, mainly, ifaper shows how it can be achieved and presents a
message scheduling over serial broadcast buses. Both cases$hedulability analysis of periodic non-preemptive tasks with
are typically found in control applications requiring the fixed priorities using inserted idle-time. This analysis is
periodic execution (or transmission) of a set of tasks (orbased on existing analysis availabe for preemptive
messages) with low jitter. This paper shows how such lowscheduling of tasks with fixed priorities.
jitter can be achieved using inserted idle-time in order to
circumvent the typical blocking caused by non-preemptive
scheduling. A schedulability analysis for the case of fixed2' Related work
priorities is also presented which is based on existing
analysis for preemptive scheduling. Current work is being
developed for the case of dynamic priorities.

It is known that non-preemptive scheduling causes a
considerable schedulability penalty and many systems which
are schedulable preemptively cannot be timely scheduled
with  non-preemption [1]. Nevertheless, when tasks’
1. Introduction execution times are small compared to the respective periods

then non-preemption is not generally a serious drawback in

Non_preemptive Schedu”ng is known for its lower terms of SChedUlablllty In this case it is known that non-

efficiency in meeting temporal constraints when compared toPreemptive scheduling approaches preemptive scheduling in
preemptive scheduling. In fact, non-preemption causesterms of the level of schedulability [2].
higher blocking factors that can easily lead to non- Nevertheless, well-known results deduced for preemptive
schedulability. When applied to periodic tasks, it also scheduling cannot be used directly in a non-preemption
imposes a well known limitation to the tasks’ execution time, Situation. Either some degree of adaptation must be done on
i.e. the largest task execution time must be shorter than théhe existing preemptive analysis or new analysis must be
shortest task relative deadline. derived. For example, Jeffat al [3] use a new analysis to
However, it is still used in certain cases such as in smallProve that the well-known EDF algorithm is also optimal for
multi-tasking kernels for embedded systems based on simpl&0n-preemptive task scheduling. On the other hand, Vasques
microprocessors and, mainly, in message scheduling ovel4] suggests the use of an adequate blocking term in usual
serial broadcast buses. In the former case, it has th@reemptive RM analysis to account for the effects of non-
advantage of a lower run-time overhead and simple resourcreemption. The maximum such blocking that a task can
management, in the latter, its use is imperative to support guffer equals the duration of the longest task among those
coherent serial transfer of each message. with lower priority. Furthermore, this blocking also has a
Many applications of both one case or the other are in thé'€gative impact on tasks’ release jitter which can be a
control of physical devices normally requiring the periodic drawback for example in control applications.
execution (or transmission) of a set of tasks (or messages) A way to reduce non-preemption blocking and improve
with low jitter. One of the sources of jitter is the blocking schedulability is to use idle-time insertion [5]. It consists in
caused by non-preemptive scheduling but this can bedelaying long non-preemptive tasks in order to wait for the
reduced, or even eliminated, by adequately using insertedelease of tasks with shorter deadlines and higher priority so
idle-time, period transformation and relative phasing. In



timer interrupts expressed as integer multiples of E, g1 N Ti=k*E,

% tick interval, tick intervaln. é k=1. The same constraint applies to the initial phashg

LI - Furthermore, it will be assumed that each task must be short
u o e |k e e | enough to execute within E, i.€i=1. N G<E. In typical

X Time application areas for which this analysis is suited, this

Xn - Inserted idle-time assumption is not restrictive, e.g. in fieldbus communication

E - . .
Tr.otasks systems where typical messages are very short, in the control
Figure 1. Inserting idle-time to prevent of small autonomous robots using reflex behaviour
blocking. approaches where typical tasks are short.

. ) . In the analysis that follows, the task Eewill be assumed
that they can execute first. Otherwise such tasks would mis$, pe ordered by decreasing priority, i@,j=1..N i<j =>

their deadlines. P>P; .

This technique can also be used to reduce the release jitter !
of high priority tasks. For example, consider a synchronous
system where tasks become ready synchronously with a time}. Worst-case phasing
interrupt. Moreover, consider that a task is not released if it
cannot finish before the next interrupt. Then, when the In order to determine the worst-case scenario concerning
interrupt comes, such task is rescheduled together with thghe interference caused by higher priority tasks to the release
remaining ones. Whenever this occurs, a small amount abf lower priority ones, three aspects must be taken into
idle-time (implicitely inserted) may appear just before theaccount. Firstly, that tasks are activated synchronously with
interrupt (fig. 1). the tick interrupt and that the initial phasings are also

This technique has been proposed and discussed by thexpressed as integer multiples of the tick duration. Thus, no
authors [6] for message scheduling in synchronous fieldbusask becomes ready for execution in the middle of a tick
systems. Basically, two effects are referred concerning idle-interval. Secondly, that tasks are not released for execution
time insertion: avoidance of potential preemption instants,unless they can complete within the current tick interval thus
which makes it irrelevant whether the scheduling is leading to a possible implicit idle-time insertion. Both
preemptive or non-preemptive, and a bounded waste of busprevious aspects make it irrelevant whether the scheduling is
time (CPU in this case), corresponding to the inserted idle-preemptive or not (fig. 1) since potential preemption instants
time. The former effect is responsible for the avoidance ofare avoided. Thirdly, that the order by which ready tasks are
blocking and guarantees a jitter-free periodic release of theaxecuted respects their relative priorities, i.e. a lower priority
highest priority task (fig. 1). The latter effect invalidates the task cannot execute if there is a higher priority one, ready for
direct applicability of the existing analysis for fixed priorities execution. Thus, whenever a portion of idle-time is inserted
preemptive scheduling (e.g [7]), leading to the need for ano lower priority tasks can execute in that portion of time
new analysis. even if they fit in.

The previous three aspects altogether lead to a situation
which is equivalent to the scheduling of fixed priorities
preemptive tasks in terms of worst-case scenario. In fact, the

) ) ) interference felt by each task is then maximised when it is
The analysis presented in the paper considers[a cieN activated together with all higher priority tasks. Thus, to

independent periodic non-preemptive tasks. Eachtiésln  assess the schedulability of a given task set it suffices to
infinite  succession of instances which are periodically consjder all tasks in phase, i.e. all activated at a given instant
activated. Nevertheless, no instance is released for executiof time known as the critical instant (e.g. t=0), and check if
until the previous one is terminated. the first instance of each task meets its deadline.
The parameters that characterise a generictaaste the
computation time  the period T, the relative deadline ;D
which is equal to or shorter than the period, an initial phasingd. Adapting existing analysis for fixed priority
®; expressing the activation instant of the first instance, andpreemptive systems
a fixed priority R which can be, but not necessarily, derived
from the period, deadline or value in the context of the Although it is not possible to directly apply the typical
application. This is formalised in expression (1). analysis for fixed priorities preemptive scheduling as
et~ T M - referred before, such analysis can still be used if a small
F={u(G. T Di, % R) i=1.N} @ adaptation is carried out. This is expressed in the following:
The instances of each task are activated by a timer Theorem: Consider a set of synchronous tadksas
interrupt which has a period of E. The periods of all tasks aredefined in (1) but withbj=0 Oj=1 N, i.e. the first instance of

3. Task model



all tasks becomes ready at instant t=0. E stands for the tick RWC: = H't (Rweh) . Die ©)
duration and the scheduler uses inserted idle-time as well as wei = H'j (Rwej) , i=1.N

enforces priority ordering in the execution of tasks. Consider The proof of the theorem consists in showing that
X = maxy(Xp) which stands for the maximum inserted idle- Rwc’j > Rwq , Oj=1. N Then, if set”’ is guaranteed to be
time in any tick (fig. 1). Also consider the hypothetical set of schedulable then i Rwc'’j, Oj=1 N. Consequently[ is

independent preemptable tasks defined as in (2) and  also schedulable sincg B Rwc'j = Rwg, Oj=1. N
scheduled according to the same static priorities assignment To prove that Rwg'> Rwg , [j=1 N. consider the

but without inserted idle-time. referred functionsHj(t) and H’j(t) restricted to the interval
r'={ T (C'i,Di,Ti,P), Cil =G * E Oan}t (0,Rwg] or (0,Rwci] Whichever.is Ionger or untiI. one of
E-X them grows beyond the deadling. O his latter situation
Then: corresponds to the non-schedulability of eitheor I' which
Setl™ is quaranteed to be is not relevant to this proof. On the other hand, showing that
schedulablegby at least one sort of Setrl is also H'i() = Hi() in the interval (0,Rwg] leads to the desired
. . L result.
analysis for fixed priority schedulable ato
preemptive scheduling i 0¢ O i O¢ O ERL
Proof: Define function H(t) as in expression (3), which  Hi (D2 Hi(t) = =1§T_j§ Cj= ;Eﬁg Ci+ nzlxn
represents the cumulative demand for CPU time at instant t J ot o :
by the instances of tasks$ to Tj. This function contains two i 0y O EF? _
terms, the former due to the tasks effective processing and - YE-GC 2 z X * )]
the latter due to the inserted idle-time. Starting frond,ttGe =Eh 8 n=1 X

value of H(t) raises in steps whenever a new task instance By definition Hjj (t) > t in the interval (0,Rwg] yielding
becomes ready. As long as there are uncompleted readgondition (8). Notice that, by the definition of the ceiling and
tasks, the demand is higher than the effective CPU time, i.efloor functions,X[1> x = X[ X[I-1.

Hj(t) > t (see fig. 2 for task 9 of task set of table 1). oo R

However, if the CPU has enough capacity to process all the zmac 2t Y T‘B Cjzt — % (E- x)>%g% E-x  (8)
tasks then Ht) will grow slower than t. When t reacheg(t) =8 =HIE

it means that all the instances of tasksto 1j that became Taking into account that X stands for méXp) the
ready in the interval [0,t) have been completed (the intervalfollowing inequality can be written
[0,t) is then called the level i busy interval). Furthermore,

such instant t also corresponds to the response time of the >EEF
first instance of taskj, or, more precisely, the worst-case %H_lﬁ* % %n ©)

response time (R since all tasks are in phase. This is  Combining inequalities (8) and (9) proves the condition

expressed in equation (4). expressed in (7) and consequently, the theorem (g.e.d.).
N %5[ The above theorem represents a general result which can
Hi(t) = ZB_g z Xy Dicin @) be exploited to enlarge the applicability of several analysis
=] =
CPU Demand Functions
Rwg = Hj(Rwg) , j=1..N (4) t(ms) 5 : :

On the other hand, a similar functioR;j (t), can be i

established, as in expression (5), for[Setvhich represents M

Ho'(t)

the cumulative processor demand at instant t by the tagks 35y
to T'j. The worst-case response time (Ryvcan also be 3r Ha(0) /
written as the solution to equation (6). 2.5 Ruc's
w03 386 o i
i(t)=) -OCf Lan 5
=8 ®) L5

1t

Table 1. Set of N tasks (Oj=1 N Dj =Tj, ®j=0, Pj=1/i) ol

i 1 2 3 4 5 6 7 8 9 % 1 2 s 4 s

t (ms)
Ci(ms) 021 021 02 02 02 02 02 0.14 0.14 Figure 2. CPU demand functions for task 9

Tims) 1 2 2 2 2 4 4 4 4 within the set described in table 1.




based on fixed-priorities preemptive scheduling to non- 6, Conclusions and work-in-progress

preemptive scheduling of periodic and synchronous tasks

using inserted idle-time. However, any schedulability  Although non-preemptive scheduling does not seem very

assessment resulting from the use of this theorem is alwaygitractive due to the large blocking factors normally

sufficient and not necessary even when the analysisassociated to it, it is still advantageously used in applications

performed on the hypothetical st is necessary and such as small multitasking kernels of embedded systems

sufficient. This is due to the fact that the theorem considerspased on simple microprocessors and message scheduling in

X, the maximum inserted idle-time, and not the effective fieldbus communication systems.

values X. In this paper it is shown that by implicitely using idle-time
A practical difficulty resides in the determination of insertion in synchronous systems, i.e. those executing

X = max(Xn) without actually building the schedule to periodic tasks, only, activated synchronously with a timer

determine the values ofpX(the inserted idle-time in thé"n interrupt, it is possible to eliminate the blocking factor

tick). Hence, an upper bound can be used given by (10).  associated to non-preemption. The result is a jitter-free

max (G )z Xz max(X, ) 10 release of the highest priority task in the system. If apropriate
i=LN n (10) . - ) .
o _ periods and initial phasing are chosen for the remaning tasks
The enlarged execution times are then given by (11). it might be possible to obtain a jitter-free schedule for the
G =G * E 0. whole task set.
! E- max(Cj ) I=LN (11) Furthermore, the paper shows how the existing analysis
J=LN for fixed priorities preemptive scheduling can be adapted to

Two corollaries can now be established concerning thecope with inserted idle-time and non-preemption in
adaptation of two typical analysis: the utilisation-based synchronous systems. The result, nevertheless, is just a
analysis for rate-monotonic scheduling [8] and the responsssufficient schedulability assessment. Current work is being
time-based analysis for fixed-priorities preemptive developed to investigate the possible extension of this result
scheduling [7]. to dynamic priorities.
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Rwg’ is the worst-case response time for an instance of
T'j in " (2) obtained by the usual response time analysis for
fixed priority preemptive scheduling [7]. Since when the left-
hand side condition is true detis schedulable, then, by the
theorem, corollary 2 is proved (g.e.d.).



