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Abstract odic resource modglL1] for reservations. Conceivable im-
plementations include FPPS for global scheduling using a
Worst-case response time analysis of hard real-time tasksspecific type of server, such as tperiodic server5], the
under hierarchical fixed priority pre-emptive scheduling deferrable servef13], or thesporadic servefl2].
has been addressed in a number of papers. By means of Worst-case response time analysis of real-time tasks un-
an example, we show that the existing analysis can be im-der hierarchical FPPS using deferrable servers and sporadi
proved when a sporadic server is applied at highest priority servers to implement reservations has been addressed in
and that server is exclusively used for hard real-time tasks [1, 5, 6, 10], where the analysis presented in [5] improves
Improving the analysis is not straightforward, however, be on the earlier work. In [2, 4], we have shown that the anal-
cause the worst-case response time of a task is not necesysis in [5] can be improved for a deferrable server when
sarily assumed for the first job when released at a critical that server is exclusively used for hard real-time tasks. Es
instant. Moreover, our example illustrates that the provi- sentially, the absence of soft real-time tasks allows for an
sion of the capacity of the server may be fragmented. Theexploitation of the preservation strategy of the defeeabl
paper includes a brief investigation of best-case responseserver. In this paper, we will show that the analysis in [5]
times and response jitter for the example. can also be improved for a sporadic server in the absence of
soft real-time tasks. Improving the existing analysis it no
straightforward, however, because the worst-case respons
time of a task is not necessarily assumed for the first job
when released at a critical instant. Moreover, the prowisio
of the capacity of the server may be fragmented, potentially
Today, fixed-priority pre-emptive scheduling (FPPS) is giving rise to high context switch costs. For illustratiaurp
a de-facto standard in industry for scheduling systems with poses, we consider a specific class of subsystgmsd an
real-time constraints. A major shortcoming of FPPS, how- example subsyste®c S. The paper includes a brief inves-
ever, is that temporary or permanent faults occurring in onetigation of best-case response times and response jitter.
application can hamper the execution of other applications  This paper is organized as follows. In Section 2, we
To resolve this shortcoming, the notionresource reserva-  priefly recapitulate existing analytical results for ouass
tion [8] has been proposed. Resource reservation providesf subsystemsS and introduce our example subsystem
isolationbetween applications, effectively protectinganap- s< S. This example clearly illustrated the potential for
plication against other, malfunctioning applications. improvement. We investigate response times and response
In a basic setting of a real-time system, we consider a sefjitter for our example in Section 3. In Section 4, we dis-
of independent applications, where each application con-cuss the differences found between our new results and the
sists of a set of periodically released, hard real-timegask existing approaches. We conclude the paper in Section 5.
that are executed on a shared resource. We assume two-
level hierarchical scheduling, wheregbbbal scheduler de-
termines which application should be provided the resource
and alocal scheduler determines which of the chosen ap-
plication’s tasks should execute. Although each applbcati In this section, we briefly recapitulate existing analysis.
could have a dedicated scheduler, we assume FPPS for eW\Ve start with a description of a scheduling model and than
ery application. For temporal protection, each applicatio present our example subsyst&n Next, we recapitulate
is associated a dedicated reservation. We assupezia the analysis for a periodic resource model [11], a periodic

1. Introduction

2. A recapitulation of existing analysis



server [5], and a deferrable server [2], which we illustrate 2.4. Analysis for a periodic server
by means of. We conclude this section with an overview.
Strictly spoken, our class of subsystegsloes not sat-

2.1. A scheduling model isfy the model described in [5], because that article assume

that every set of tasks associated with a server contains at

We assume FPPS for global scheduling, and considerleast one soft real-time task. Fortunately, a periodiceserv

a class of subsystenss consisting of an application with  provides its resources irrespective of demand. As a result,
a single, periodic hard real-time taskand an associated the soft real-time tasks of a task set do not hamper the ex-
serverg at highest priority. The server is characterized ecution of the hard real-time tasks with which they share
by areplenishment period 9 and acapacity C, where a periodic server. The analysis presented in [5] therefore
0 < C% < TC°. Without loss of generality, we assume that equally well applies t& in general an&in particular. For
o is replenished for the first time at ting¢ = 0. The task  an unbound task, we derive from [5] thAR is given by
T is characterized by period T', a computation time &§ .
and arelative deadline D, where 0<C' < D' <T'. We WR =C'+ {C_W (TO—C9). (3)
assume that is released for the first time at tingg > ¢, ce

I.e. ator afterthe first replenishment af. Theworst-case  \yjithout further elaboration, we mention that (3) also holds

response time WHRf the taska is the longest possible time ¢, the analysis o8 based on a deferrable server in [1] and

fr_om its egTrivaI to its c_o_mpl_etion. The uti(ljiozaticmT of Tis on a sporadic server in [1, 10]. Given (3), we derive that
given by 3r and the utilizationd ° of o by %5. A necessary o _ 15, giving rise toWR = 5.

schedulability condition fo§ is given by [4] min
UT<U®<1. (1) 2.5. Analysis for a deferrable server
2.2. An example subsystem The following theorem fos is proven in [4].

Theorem 1 Consider a highest-priority deferrable server

For illustration purposes, we use an example subsystem0 with period T° and capacity €. Furthermore, assume
S e § with characteristics as described in Table 1. Note that the server is associated with a periodic taskvith

thatr is ar;unt)lqu?dte;sl; [5], b_e%e;us? i;s periot is nﬁF period T, worst-case computation time' Cand deadline
an integral multiple of the perio@™ of the server. In this e _ TT, where the first release aftakes place at or after

section, we are interested in minimum capa€ify, for the the first replenishment af. The deadline Dis met when

H _ H (6] T
various types of servers, wheBgy, = min{C°|WR <D'}. ¢ respective utilizations satisfy the following inedtyal
Given (1),CS. >U°®.TT = 1.2,

min =
ut<u°<i 4)
T=D C
o 3 Co Note that (4) is a necessary and sufficient (i.e. exact)
I 5 2 schedulability condition for both the task and the server.
According to Theorem 1S is schedulable using a de-
Table 1. Characteristics of subsystem S, ferrable server for a capacig;,, =U"-T° = 1.2. As il-
lustrated in [2], the worst-case response tWIE of taskt
2.3. Analysis for periodic resource model for C° = 1.2 is equal to 4.
Based on [11], we merely postulate the followinglemma. 2.6. Overview
Without further elaboration, we mention that we can postu-
late similar lemmas for the analysis 6f based on a de- Table 2 gives an overview of the minimum capaci-
ferrable server in [10] and the abstract server model in [6] tiesCZ,, and minimum server utilitie§l,, that guarantee

(and therefore also on the sporadic and deferrable server). schedulability ofS for existing analytical approaches and

different types of servers. The table includes the worseca

response tim&/R of 1 for these approaches. The analysis
for a sporadic server is the topic of the next section.

Lemmal Assuming a periodic resource model 8y the
worst-case response time W taskr is given by

T
WRT:CWGC—JJA) (T°-C%). (2) _ _
C 3. Analysisfor a sporadic server
Given (2), we derive for our exampthat the minimum
capacity for a periodic resource model is giverQjy, = 2. We will now explore the example in more detail by con-

For this capacity, we fintlVR = 4. sidering the worst-case response time, best-case response
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Figure 1. Timeline for Swith a simultaneous release of task 1 and sporadic server g, including a
graph with the remaining capacity of 0. The numbers at the top right corner of the boxes denote the
response times of the respective releases.

approach (including server or modél)cc’ o WH for schedulability ofS with a capacity ofC° = 1.2, andS

periodic resource model [11] = = is therefore not schedulable with a periodic server with tha
abstract server model [6] 20 56 4.0 capacity. Hence, the vyorst—case response time gnalysis pre
deferrable server [6, 10] senteq in [5] can be |mprovec_j when a sporadic server is
sporadic server [6] exclusively used fqr harq realjtlme tasks. ' '
periodic server [5] We conclude this sectlo_n WI'Fh three observations. F_|rstl_y,
deferrable server [1] 15 12 50 the worst-case response time is nqt assumed_ for the first job
sporadic server [1, 10] of the t_ask_[. Sgcondlyz the execution of any job Dfa_lfter
deferrable server [2, 4] 12 25 44 the T job in Figure 1 is dependent on the execution of a

previous job oft. Thirdly, the provision of the capacity

of the server becomes fragmented with a size 0.4, which
Table 2. A comparison of approaches for S. is equal to the greatest common divisor of the computation

time C' of taskt and the capacitZ® of the serve, i.e.

time, and response jitter of taslof Sfor a sporadic server  gcdC',C°) = gcd1.2,2.0) = 0.4.

with a capacityC® = 1.2.

_ Fi_gure 1 shows_ a timeline with the ava_ilable process- 4 piscussion

ing time of sporadic serves and the executions of tagk

with a first release of at ¢" = 0. From this figure, we

conclude thaS is schedulable under a sporadic server for into three main catedories based on the minimum capacit
¢* = 0. Moreover, we derive that the worst-case response  categ pacity
of the periodic resource or server and the worst-case

i T - iBIE (b7 min
ngniVC\)IF;(g) g;i\?gr(]j E;/s(/t;(aos)e:rejao;is;gri?o()q):) gfsr fg_ response timaVR of the taskt. Notably, both the de-

spectively. Because the processing time ofasporadicrs;erveferrable Server and the_sporadic server are dealt Wi_th in all
is never lost, both the worst-case response tR (¢7) Fhree categories. The d|ffer'ences betweeq these resigjts or

and best-case response tiBE (") of T are independent Lﬂate fro;n the_ d|ffe\;\</en(l:)e§ H] the ai'jsumtﬁtlons madi for tPe
of the first releasa@’ of the task, henc&VR (¢7) = 4.4 hrei categories. Vve drle y ::odn5|her e.assu.n;p lons oli
andBR (¢7) = 3.8. This has the following consequences. the three categories and conclude the section with a remark.

Firstly, both acritical instant[7] and anoptimal (or favor-
able) instant[3, 9] occurs for every value af*. Next, the
response jitteRJ of taskt is constant, i.e.

sporadic server (this paper)

In Table 2, we partitioned the various approachesSor

4.1. Assumptions of approaches

For the first category, no assumptions are made about

RF = sugWR(¢")—BR(¢Y)) the characteristics of other servers nor about the priofity
0T other servers. As a result, the specific preservation giyate
- WR-BR =44-38=0.6. of a server cannot be exploited.

For [1, 5] of the second category, the fact ti&ahas
When we ignore the initial start-up phase, the response timehighest priority is taken into account, and without poten-
of the taskt is constant and equal to 4.4. In such a case, thetial interference of higher priority servers the minimum ca
response jitter becomes equal to zero. pacity of o can therefore be reduced significantly, i.e. with
FromWR = 4.4, we conclude thafis schedulable un- 25%. These existing approaches do not exploit the preser-
der a sporadic server with a capacitydSf= 1.2. Moreover, vation strategy of a server to improve the results of a spe-
we conclude that capacity suspensiorod$ a prerequisite  cific server, however. We observe that because every task



set is assumed to have at least one (unspecified) soft realnot assume infinite repetitions towards both ends of the time

time task in [5], the preservation strategy of a server canno axis. As a result, the best-case response time of a task is de-

be exploited. We consider the sporadic server approach oftermined by a start-up phase. When the start-up phase can

[10] in the next section. be ignored, the best-case response time becomes equal to
Similar to the second category, the third category also the worst-case response time, and the resulting respanse ji

takes the fact tha&@ has highest priority into account. More- ter therefore becomes equal to zero.

over, the approaches in this category exploit the specific Improved response time analysis of H-FPPS using spo-

preservation strategy of both the deferrable server and theadic servers is a topic of future work.

sporadic server. As a result, the minimum capacitg oéin

again be reduced, in this case with an additional 20%. References
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