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MOTIVATION
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■ desktop real-time

■ there are no hard real-time applications on 
desktops

■ there is a lot of firm and soft real-time

■ low-latency audio processing

■ smooth video playback

■ desktop effects

■ user interface responsiveness
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H.264 DECODING
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H.264 DECODING
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Requirements even slightly below 
100% can dramatically reduce 

resource allocation.
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SRMS

5

■ Statistical Rate Monotonic Scheduling

■ local admission ensures percentage of 
successful jobs

■ execution time of each job must be known 
in advance
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PROBLEMS
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■ WCET largely exceeds average case

■ poor utilization efficiency

■ restricted to specific task types

■ tough runtime requirements

■ missed deadlines can at best be predicted
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DESIGN GOALS
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■ use distribution instead of WCET  

■ relax guarantees, improve utilization  

■ hard, firm, preemptible, non-preemptible  

■ minimal runtime dispatcher requirements  

■ controllable fraction of missed deadlines  
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KEY IDEA
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Use probabilistic admission control to 
model the actual run-time dispatching.
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KEY IDEA
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WCET
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KEY IDEA
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WCET
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RESERVATION
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(a) J successful because
e ≤ r
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(b) J unsuccessful be-
cause e > r 
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Figure 2.  Reservation times of optional parts   

 

 

 

 
 

Figure 3. Overlapping periods 

 

 

 

 

 

 

 

 

          a)  QAS                                                        b)  QRMS 

Figure 4. Admission with QAS vs. QRMS 
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(c) J unsuccessful although e ≤ r
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Figure 1. Successful and unsuccessful jobs

an admission using WCET, the reservation time is only the
fraction of the WCET ensuring a requested quality q. A
probabilistic model exactly mapping this scheduling policy
enables the computation of these.

The reservation time r appears to result solely from the
q-quantile of the execution time distribution of the jobs (see
Figures 1a and 1b). However, the model also has to consider
a job J being aborted at its relative deadline d even if a
complete execution of the job would not have exhausted its
reservation time (see Figure 1c).

Hence, the reservation time for each job J of a task re-
questing a quality q is the shortest time r where

P(J does not run longer than r ∧
J is completed until its relative deadline) ≥ q (1)

More formally, let pi(r) denote the probability that a job
of task Ti is completed in the sense of Equation (1) (r ∈
R, i ∈ N). Then we obtain a system of equations for a task
set T = {T1, . . . , Tn} with requested qualities q1, . . . , qn:

ri = min(r ∈ R | pi(r) ≥ qi) ∀i = 1, . . . , n. (2)

So the general admission criterion is

The system of equations in (2) is solvable. (3)

2.2. Task Model

Generally, we consider tasks Ti as a sequence of jobs Jij

to be processed periodically:

Ti = (Jij)j=1,2,... i = 1, . . . , n (4)

where n ∈ N denotes the total number of tasks in the
task set T = {T1, . . . , Tn}.

To be widely applicable, we want to map both hard
and firm real-time tasks in both preemptible and non-
preemptible flavor to our model. Therefore, each job can
be partitioned into one mandatory part Mij and mi optional
parts Oij1, Oij2, . . . , Oijm. Mij is released at the begin-
ning of its respective period, Oij1 becomes ready when Mij

is completed, and so on. The end of the period is the relative
deadline of all parts. The execution times of the parts vary
described by random variables, but obviously the manda-
tory parts do not exceed their WCET, wi. We assume that
the random variables of all tasks are pairwise independent.
For a task Ti, the random variables describing the individ-
ual instances of the mandatory part are assumed to be iden-
tically distributed. The same is assumed for the instances
of the optional parts. Finally, an application may specify a
minimum percentage, qi, of optional parts that have to be
completed successfully. In summary, the following defini-
tion describes a task.

Definition 1 A task Ti is a tuple

Ti = (Xi, Y i, wi, mi, qi, di) (5)

where

Xi nonnegative random variable: execution time
of a mandatory part,

Yi nonnegative random variable: execution time
of an optional part,

wi positive real number less than or equal to di:
worst case execution time of the mandatory
parts,

mi nonnegative integer: number of optional parts,
qi real number 0 ≤ qi ≤ 1: quality parameter,

probability that an optional part is completed,
di positive real number: period length = relative

deadline.

Further generalizations (task offsets, not identically dis-
tributed optional parts) increase the effort to formulate the
admission criterion (more variables, more indices), without
increasing the tractability or the computational complex-
ity. For simplicity, we identify the parts with their random
variables, consider each mandatory part Mij as a realiza-
tion of Xi and each Oijk as a realization of Yi. Notably,
mi = 0 enables us to model hard real-time tasks, Xi ≡ 0
and mi = 1 models a set of “classical” firm tasks (as in
[12, 2]).

The admission goal is to derive the priorities pr(Xi) and
pr(Yi) of the mandatory and optional parts and the reserva-
tion times ri from the task description listed above in such
a way that a feasible schedule can be generated, by which
is meant all mandatory parts meet their deadlines and all
optional parts meet their quality requirements. We describe
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TASK MODEL

12

■ tasks Ti are sequences of periodic jobs

■ period length = relative deadline di

■ jobs are partitioned into one mandatory 
part and mi optional parts

■ mandatory part‘s execution time Xi with 
WCET wi

■ optional part‘s execution time Yi

■ quality qi: fraction of completed optional parts
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ADMISSION GOAL

■ all mandatory parts meet their deadlines

■ all optional parts meet their requested 
qualities

13

priorities and reservation times for all 
jobs to generate a feasible schedule
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QAS
■ Quality-Assuring Scheduling (RTSS‘01)

■ priority assignment:

■ all mandatory parts first

■ higher quality → higher priority

■ reservation times:

14

the approach in three steps: task sets with uniform periods
(all tasks have the same length of period d), harmonic peri-
ods, and arbitrary periods.

3. Quality-Assuring Scheduling – an Overview

This section outlines the priority assignment and the
computation of the reservation times. We conclude it with
an evaluation.

3.1. Priority Assignment

In case of uniform periods, we give Xi an arbitrary but
high priority because each mandatory part precedes its op-
tional parts and must meet its deadline even in worst-case
situations. For the priority assignment of optional parts,
we introduced the Quality-Monotonic Scheduling (QMS)
in [10] analogous to RMS: a higher quality corresponds to
a higher priority. Additionally, the priority of each optional
part has to be lower than the priority of each mandatory
part. Resulting from empirical investigations, QMS seems
to be optimal with respect to feasibility. However, til now a
formal proof failed for reasons explained in [11].

We extend QMS for harmonic periods in the following
way: a task set T is decomposed into m disjoint subsets
T1, . . . , Tm such that a subset consists of all tasks with the
same period length di (i = 1, . . . ,m). The subsets are or-
dered according to period length (T1 contains the shortest
periods and so on). At this point, priorities are assigned
according to QMS to both the mandatory and the optional
parts of T1. After that, we treat T2 the same way but the
highest assigned priority must be lower than any priority of
T1, and so on. We use this priority assignment in case of
arbitrary periods as well.

3.2. Reservation Times

Due to spatial constraints, we illustrate results for the
simplest case only and include some remarks for other
cases. We assume uniform periods of length d, optional
jobs consisting of one part only, and preemptible resources;
furthermore, the task set T has to be ordered according to
QMS. Then the reservation time ri of task Ti given in Equa-
tion (2) is calculated as

pi(r) = P(Yi ≤ r ∧
n∑

i=1

Xi +
i−1∑

j=1

min(Yj , rj)

︸ ︷︷ ︸
!

+Yi ≤ d) (6)

where the left and right terms of the conjunction respec-
tively corresponds to the abort of an optional part at the end
of its reservation time and at the end of its period. The term
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Figure 3. Overlapping periods

! represents the fact that jobs with higher priorities consume
either their actual execution time or at most their reserva-
tion time (see Figure 2). Note that the sum of all WCET
and all reservation times may exceed the period, neverthe-
less the resulting schedule is feasible. Due to the existence
of mandatory parts, the admission criterion (3) is completed
by

n∑

i=1

wi ≤ d . (7)

The generalization for harmonic periods is not difficult
and is described in [11]. For arbitrary periods, overlapping
periods (see Figure 3) pose a problem: Such periods end in
a period of the next lower priority task different from the
one they began in. The formal model to compute pi(r) has
to consider all periods during the hyperperiod of the task
set because the available time a job can execute varies from
period to period.

Tasks with several optional parts require to generalize
Equation (2):

ri = min(r ∈ R | EAi ≥ qimi) (8)

Ai = Ai(r, r1, . . . , ri−1) number of completed
optional parts of Task Ti

within a period
EAi =

∑mi

k=1 k · P(Ai = k) expected value of the
random variable Ai

Details can be found in [11, 19]. Finally, the reservation
time formula for nonpreemptible resources respects the fact
that a started optional part cannot be aborted and so may ex-
ceed its reservation time within a period. To avoid pending
optional parts at the end of a period, we introduce a WCET
wO,i for optional parts of task Ti. For the admission, the pe-
riod of Ti is diminished by wO,i and the longest WCET of
all lower prioritized optional parts. This results in a slightly
lower resource utilization but avoids pending optional parts.

3.3. Evaluation

We evaluated the QAS approach with experiments us-
ing both a prototype real-time system and simulations for
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X1 X2 X3 Y1 Y2 Y3

EXAMPLE

15

d

the approach in three steps: task sets with uniform periods
(all tasks have the same length of period d), harmonic peri-
ods, and arbitrary periods.

3. Quality-Assuring Scheduling – an Overview

This section outlines the priority assignment and the
computation of the reservation times. We conclude it with
an evaluation.

3.1. Priority Assignment

In case of uniform periods, we give Xi an arbitrary but
high priority because each mandatory part precedes its op-
tional parts and must meet its deadline even in worst-case
situations. For the priority assignment of optional parts,
we introduced the Quality-Monotonic Scheduling (QMS)
in [10] analogous to RMS: a higher quality corresponds to
a higher priority. Additionally, the priority of each optional
part has to be lower than the priority of each mandatory
part. Resulting from empirical investigations, QMS seems
to be optimal with respect to feasibility. However, til now a
formal proof failed for reasons explained in [11].

We extend QMS for harmonic periods in the following
way: a task set T is decomposed into m disjoint subsets
T1, . . . , Tm such that a subset consists of all tasks with the
same period length di (i = 1, . . . ,m). The subsets are or-
dered according to period length (T1 contains the shortest
periods and so on). At this point, priorities are assigned
according to QMS to both the mandatory and the optional
parts of T1. After that, we treat T2 the same way but the
highest assigned priority must be lower than any priority of
T1, and so on. We use this priority assignment in case of
arbitrary periods as well.

3.2. Reservation Times

Due to spatial constraints, we illustrate results for the
simplest case only and include some remarks for other
cases. We assume uniform periods of length d, optional
jobs consisting of one part only, and preemptible resources;
furthermore, the task set T has to be ordered according to
QMS. Then the reservation time ri of task Ti given in Equa-
tion (2) is calculated as

pi(r) = P(Yi ≤ r ∧
n∑

i=1

Xi +
i−1∑

j=1

min(Yj , rj)

︸ ︷︷ ︸
!

+Yi ≤ d) (6)

where the left and right terms of the conjunction respec-
tively corresponds to the abort of an optional part at the end
of its reservation time and at the end of its period. The term
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Figure 3. Overlapping periods

! represents the fact that jobs with higher priorities consume
either their actual execution time or at most their reserva-
tion time (see Figure 2). Note that the sum of all WCET
and all reservation times may exceed the period, neverthe-
less the resulting schedule is feasible. Due to the existence
of mandatory parts, the admission criterion (3) is completed
by

n∑

i=1

wi ≤ d . (7)

The generalization for harmonic periods is not difficult
and is described in [11]. For arbitrary periods, overlapping
periods (see Figure 3) pose a problem: Such periods end in
a period of the next lower priority task different from the
one they began in. The formal model to compute pi(r) has
to consider all periods during the hyperperiod of the task
set because the available time a job can execute varies from
period to period.

Tasks with several optional parts require to generalize
Equation (2):

ri = min(r ∈ R | EAi ≥ qimi) (8)

Ai = Ai(r, r1, . . . , ri−1) number of completed
optional parts of Task Ti

within a period
EAi =

∑mi

k=1 k · P(Ai = k) expected value of the
random variable Ai

Details can be found in [11, 19]. Finally, the reservation
time formula for nonpreemptible resources respects the fact
that a started optional part cannot be aborted and so may ex-
ceed its reservation time within a period. To avoid pending
optional parts at the end of a period, we introduce a WCET
wO,i for optional parts of task Ti. For the admission, the pe-
riod of Ti is diminished by wO,i and the longest WCET of
all lower prioritized optional parts. This results in a slightly
lower resource utilization but avoids pending optional parts.

3.3. Evaluation

We evaluated the QAS approach with experiments us-
ing both a prototype real-time system and simulations for

3 Tasks: 1 mandatory, 1 optional part each
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DOWNSIDE
■ expensive computation for arbitrary 

periods

■ hyperperiod explodes for task sets with 
close-by period lengths
(LCM of 503 and 510 anyone?)

■ new algorithm differs in three ways

■ priority assignment

■ notion of reservation time

■ very low-cost admission
16
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QRMS
■ Quality-Rate-Monotonic Scheduling

■ cut down the exact modeling of dispatcher 
behavior in favor of a simpler algorithm:

■ priorities are assigned to tasks as in RMS

■ combined reservation for all parts of a job

■ reservation time regarded constant 
execution time in the admission

■ tasks are independent for admission

17
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EXAMPLE
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X1 X2 Y1 Y2

QAS:

X1 Y1

QRMS:

X2 Y2
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RESERVATION

19

preemptible (CPU) as well as for nonpreemptible (disk) re-
sources. Furthermore, we also included empirical execution
time distributions. Three main conclusions should be em-
phasized here.

• All the experiments show the compliance of the re-
quested qualities with the achieved qualities.

• The approach enables to provide statistical guarantees
and to control the behavior of firm applications even
under overload.

• QAS can clearly admit a higher load than an admission
based on WCET with negligible loss of quality.

The costs for these advantages are comparatively low. The
numerical complexity of the admission control (which can
be done offline) is dominated by the convolution of the dis-
cretized execution time distributions. The highest complex-
ity is that for the admission in case of nonpreemptible re-
sources; their complexity is O(s · v3) (s: total number of
optional parts, v: common number of values of the ran-
dom variables) [10, 11]. On the other hand, the scheduler
only manages the ready queue based on fixed priorities. So
online-overhead is negligible, independent of the type of re-
sources and the type of periods.

In case of arbitrary periods however, the computation of
the reservation time is very expensive with increasing costs
for larger task sets because the hyperperiod explodes for
task sets with close-by period lengths (like 503 and 510)
and all periods must be considered. Looking for a way to
overcome this difficulty, we propose a new admission con-
trol approach, which differs from QAS in three respects:
priority assignment, interpretation of the reservation time,
and as a consequence, a very low-cost admission algorithm.

4. Quality-Rate-Monotonic Scheduling

We will first explain our new approach, followed by an
investigation of the admission performance and overhead.

4.1. The QRMS Approach

QRMS is simple but still effective. We abandon the ex-
act modeling of the scheduling behavior in favor of apply-
ing the well-known results from rate-monotonic scheduling
theory. Therefore, we choose another priority assignment
policy and a simpler way to compute the reservation times:

• Priorities are assigned to tasks (this means mandatory
and optional parts of a task have the same priority) ac-
cording to RMS.

• All parts of a job are assigned a common reservation
time.
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(a) QAS
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(b) QRMS
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Figure 4. Admission with QAS vs. QRMS

• In the admission, the reservation time is regarded as a
constant execution time.

Consequently, tasks are independent during admission, an
important advantage to drastically decrease the admission
overhead. Figure 4 illustrates the modified priority assign-
ment and the notion of reservation times for two tasks T1,
T2 with uniform periods of length d.

The approach uses the task model given in Definition 1.
To derive the reservation times, we consider preemptible
resources first. We have to use Equation (8). Due to the
laws of probability calculus, we can compute the expected
value of Ai as

EAi =
mi∑

k=1

P(Ai ≥ k), i = 1, . . . , n (9)

The number Ai of completed parts of task Ti within a
period does no longer depend on the reservation times of
other tasks. Obviously, it holds (see Figure (5)):

P(Ai(r) ≥ k) = P(Xi + k · Yi ≤ r), k = 1, . . . ,mi

(10)
Thus:

r′
i = min(r ∈ R |

mi∑

k=1

P(Xi + k · Yi ≤ r) ≥ qimi) . (11)

The final formula respects the fact that r′
i may be shorter

than the WCET wi of the mandatory part and includes the
constraint that jobs are aborted at the end of their period:

ri = max(r′
i, wi) i = 1, . . . , n (12)

We check ri ≤ di for all i in a first admission step. Then
the final admission test can be done using the Liu/Layland-
criterion or time demand analysis [13]. In case of nonpre-
emptible resources, r′

i is computed as above, but the admis-
sion must include the WCET wO,i of an optional part:

ri = max(r′
i + wO,i, wi) (13)

■ Where is the deadline?

■ consider reservation as constant 
execution time of a rate monotonic task

■ use any RMS admission criterion

■ aborting by deadline does not happen

preemptible (CPU) as well as for nonpreemptible (disk) re-
sources. Furthermore, we also included empirical execution
time distributions. Three main conclusions should be em-
phasized here.

• All the experiments show the compliance of the re-
quested qualities with the achieved qualities.

• The approach enables to provide statistical guarantees
and to control the behavior of firm applications even
under overload.

• QAS can clearly admit a higher load than an admission
based on WCET with negligible loss of quality.

The costs for these advantages are comparatively low. The
numerical complexity of the admission control (which can
be done offline) is dominated by the convolution of the dis-
cretized execution time distributions. The highest complex-
ity is that for the admission in case of nonpreemptible re-
sources; their complexity is O(s · v3) (s: total number of
optional parts, v: common number of values of the ran-
dom variables) [10, 11]. On the other hand, the scheduler
only manages the ready queue based on fixed priorities. So
online-overhead is negligible, independent of the type of re-
sources and the type of periods.

In case of arbitrary periods however, the computation of
the reservation time is very expensive with increasing costs
for larger task sets because the hyperperiod explodes for
task sets with close-by period lengths (like 503 and 510)
and all periods must be considered. Looking for a way to
overcome this difficulty, we propose a new admission con-
trol approach, which differs from QAS in three respects:
priority assignment, interpretation of the reservation time,
and as a consequence, a very low-cost admission algorithm.

4. Quality-Rate-Monotonic Scheduling

We will first explain our new approach, followed by an
investigation of the admission performance and overhead.

4.1. The QRMS Approach

QRMS is simple but still effective. We abandon the ex-
act modeling of the scheduling behavior in favor of apply-
ing the well-known results from rate-monotonic scheduling
theory. Therefore, we choose another priority assignment
policy and a simpler way to compute the reservation times:

• Priorities are assigned to tasks (this means mandatory
and optional parts of a task have the same priority) ac-
cording to RMS.

• All parts of a job are assigned a common reservation
time.
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(a) QAS
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(b) QRMS
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Figure 4. Admission with QAS vs. QRMS

• In the admission, the reservation time is regarded as a
constant execution time.

Consequently, tasks are independent during admission, an
important advantage to drastically decrease the admission
overhead. Figure 4 illustrates the modified priority assign-
ment and the notion of reservation times for two tasks T1,
T2 with uniform periods of length d.

The approach uses the task model given in Definition 1.
To derive the reservation times, we consider preemptible
resources first. We have to use Equation (8). Due to the
laws of probability calculus, we can compute the expected
value of Ai as

EAi =
mi∑

k=1

P(Ai ≥ k), i = 1, . . . , n (9)

The number Ai of completed parts of task Ti within a
period does no longer depend on the reservation times of
other tasks. Obviously, it holds (see Figure (5)):

P(Ai(r) ≥ k) = P(Xi + k · Yi ≤ r), k = 1, . . . ,mi

(10)
Thus:

r′
i = min(r ∈ R | 1

mi

mi∑

k=1

P(Xi +k ·Yi ≤ r) ≥ qi) . (11)

The final formula respects the fact that r′
i may be shorter

than the WCET wi of the mandatory part and includes the
constraint that jobs are aborted at the end of their period:

ri = max(r′
i, wi) i = 1, . . . , n (12)

We check ri ≤ di for all i in a first admission step. Then
the final admission test can be done using the Liu/Layland-
criterion or time demand analysis [13]. In case of nonpre-
emptible resources, r′

i is computed as above, but the admis-
sion must include the WCET wO,i of an optional part:

ri = max(r′
i + wO,i, wi) (13)
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COST
■ Admission

■ computational cost dominated by 
convolutions

■ O(number optional parts × (number of bins 
in distribution)2)

■ 5ms per part for hundreds of bins

■ Runtime

■ static priorities

20
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ACCURACY
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Period Mandatory 
Part

Optional 
Part

Requested 
Quality

20 N(5,1), w=6.5 N(3,1) 70%

30 E(0.33), w=4 N(2,3) 90%

50 E(0.25), w=2 N(5,19.5) 80%

Achieved 
Quality

70.23%

89.72%

78.44%
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QRMS VS. SRMS

22

Period Mandatory 
Part

Optional 
Part

Requested 
Quality

10 N(2,0.5), w=3 N(1.5,0.5) 70%

20 E(0.33), w=6 N(2,1) 50%

60 N(6,3), w=10 E(10) 75%

QRMS 
Quality

70.06%

99.95%

74.76%

SRMS 
Quality

85.9%

77.5%

79.3%

preemptible (CPU) as well as for nonpreemptible (disk) re-
sources. Furthermore, we also included empirical execution
time distributions. Three main conclusions should be em-
phasized here.

• All the experiments show the compliance of the re-
quested qualities with the achieved qualities.

• The approach enables to provide statistical guarantees
and to control the behavior of firm applications even
under overload.

• QAS can clearly admit a higher load than an admission
based on WCET with negligible loss of quality.

The costs for these advantages are comparatively low. The
numerical complexity of the admission control (which can
be done offline) is dominated by the convolution of the dis-
cretized execution time distributions. The highest complex-
ity is that for the admission in case of nonpreemptible re-
sources; their complexity is O(s · v3) (s: total number of
optional parts, v: common number of values of the ran-
dom variables) [10, 11]. On the other hand, the scheduler
only manages the ready queue based on fixed priorities. So
online-overhead is negligible, independent of the type of re-
sources and the type of periods.

In case of arbitrary periods however, the computation of
the reservation time is very expensive with increasing costs
for larger task sets because the hyperperiod explodes for
task sets with close-by period lengths (like 503 and 510)
and all periods must be considered. Looking for a way to
overcome this difficulty, we propose a new admission con-
trol approach, which differs from QAS in three respects:
priority assignment, interpretation of the reservation time,
and as a consequence, a very low-cost admission algorithm.

4. Quality-Rate-Monotonic Scheduling

We will first explain our new approach, followed by an
investigation of the admission performance and overhead.

4.1. The QRMS Approach

QRMS is simple but still effective. We abandon the ex-
act modeling of the scheduling behavior in favor of apply-
ing the well-known results from rate-monotonic scheduling
theory. Therefore, we choose another priority assignment
policy and a simpler way to compute the reservation times:

• Priorities are assigned to tasks (this means mandatory
and optional parts of a task have the same priority) ac-
cording to RMS.

• All parts of a job are assigned a common reservation
time.
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(a) QAS
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(b) QRMS

 

 

 

 

 

 

 

 

 

1a     1b    1c 

 

 

 

 

 

 

Figure 2.  Reservation times of optional parts   

 

 

 

 
 

Figure 3. Overlapping periods 

 

 

 

 

 

 

 

 

          a)  QAS                                                        b)  QRMS 

Figure 4. Admission with QAS vs. QRMS 

 

 

 

 

 

Figure 5.  

 

 

aborted part of J

di 

Ti 

Tj 

dj 

t

p.d.f. 

q 

r 

d 

…    J 

e t

p.d.f. 

q

r

d
e

…    J

p.d.f. 

q 

r 
 

t d

…        J 

e 

X1              X2          X3        Y1              Y2            Y3 

d 0 

r1 
r2 r 

Y2 aborted 

X1           X2         Y1       Y2 

0 d 

r1 

r2 

X1   Y1                      X2          Y2 

0 d

r1 r2 

lost for admission available for admission 

Xi         Yi        Yi         Yi            Yi

0 di 

 r

Figure 4. Admission with QAS vs. QRMS

• In the admission, the reservation time is regarded as a
constant execution time.

Consequently, tasks are independent during admission, an
important advantage to drastically decrease the admission
overhead. Figure 4 illustrates the modified priority assign-
ment and the notion of reservation times for two tasks T1,
T2 with uniform periods of length d.

The approach uses the task model given in Definition 1.
To derive the reservation times, we consider preemptible
resources first. We have to use Equation (8). Due to the
laws of probability calculus, we can compute the expected
value of Ai as

EAi =
mi∑

k=1

P(Ai ≥ k), i = 1, . . . , n (9)

The number Ai of completed parts of task Ti within a
period does no longer depend on the reservation times of
other tasks. Obviously, it holds (see Figure (5)):

P(Ai(r) ≥ k) = P(Xi + k · Yi ≤ r), k = 1, . . . ,mi

(10)
Thus:

r′
i = min(r ∈ R |

mi∑

k=1

P(Xi + k · Yi ≤ r) ≥ qimi) . (11)

The final formula respects the fact that r′
i may be shorter

than the WCET wi of the mandatory part and includes the
constraint that jobs are aborted at the end of their period:

ri = max(r′
i, wi) i = 1, . . . , n (12)

We check ri ≤ di for all i in a first admission step. Then
the final admission test can be done using the Liu/Layland-
criterion or time demand analysis [13]. In case of nonpre-
emptible resources, r′

i is computed as above, but the admis-
sion must include the WCET wO,i of an optional part:

ri = max(r′
i + wO,i, wi) (13)
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QRMS VS. QAS

23

■ performed simulations:
random qualities, random distributions

■ yet to come: quantitative analysis, 
utilization discussion, application studies

QAS QRMS

uniform, optional only ++
uniform +

harmonic ++
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CONCLUSION

■ handles arbitrary, empiric distributions  

■ high utilization by probabilistic guarantees  

■ mandatory and optional parts, subjobs  

■ static priority dispatching  

■ intuitive quality parameter  
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