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Abstract—The increasing attention on global scheduling
algorithms for identical multiprocessor platforms produced
different, independently developed, schedulability tests. How-
ever, the existing relations among such tests have not been
sufficiently clarified, so that it is difficult to understand which
strategy provides the best performances in a particular sce-
nario.

In this paper, we will summarize the main existing results
for the schedulability analysis of multiprocessor systemssched-
uled with global EDF, showing, when possible, existing domi-
nance relations. We will compare these algorithms taking into
consideration different aspects, namely, run-time complexity,
average performances over a randomly generated workload,
sustainability properties and speedup factors.

I. I NTRODUCTION

The theoretical scheduling and schedulability analysis of
multiprocessor systems with migration support is recently
receiving an increasing attention in the real-time community.
The recent advancements in the multiprocessor technol-
ogy are reducing the migration-related penalties of global
scheduling algorithms, rendering it more likely the adoption
of such kind of schedulers in a real platform.

In this paper we will compare, both theoretically and ex-
perimentally, the performances of the main existing schedu-
lability tests for sporadic task systems with hard real-time
requirements, scheduled with global Earliest Deadline First
(EDF) on an identical multiprocessor platform. In particular,
we will propose an exhaustive set of simulations, analyzing
which test is able to detect the larger number of schedulable
task sets, for different randomly generated distributionsof
task set parameters.

Moreover, we will present observations regarding the
practical application of the considered tests. From a real-
time system design perspective, it is not only important to
have a test that is able to detect the schedulability of a
given task set, but also to do that in a reasonable amount of
time. Having a fast schedulability test allows, for example,
to check on-line if tasks can be dynamically admitted into a
running system without causing any deadline to be missed.
Efficient run-time admission control testsare particularly
useful for highly varying workloads, when it is important to
promptly decide if to admit a new hard real-time instance,
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avoiding to waste a significant processor share for non-
functional scheduling purposes. More complex solutions can
instead be used for off-line analysis, when there are no
particular timing requirements.

II. SYSTEM MODEL

We consider a setτ of n sporadic tasks [12] to be
scheduled onm identical processors using globalEDF. Each
task τk ∈ τ is characterized by a three-tuple(Ck, Dk, Tk)
composed by aworst-case computation timeCk, a relative
deadlineDk ≥ Ck, and aperiod, or minimum interarrival
time, Tk. In this paper, we will consider onlyconstrained
deadline systems, for which Di ≤ Ti, ∀τi ∈ τ .

A task τk is composed by a sequence of jobsJj
k , where

each job is characterized by an arrival timerj
k, a finishing

time f j
k and an absolute deadlinedj

k. We say that a job is
readyat timet, if t ∈ [rj

k, f j
k). By extension, a task is ready

(or backlogged) whenever it has a ready job.
With global EDF, each task ready to execute is placed in

a system-wide queue, ordered by non-decreasing absolute
deadline, from which the firstm tasks are extracted to
execute on the available processors.

All tasks are assumed to beindependent, meaning that no
structure is shared, except for the computing units, and no
data is contemporarily requested by more than one task. This
simplification allows ignoring the blocking effects associated
to contemporary accesses to serially usable resources.

The utilization (resp.density) of a taskτk is defined as
Uk = Ck

Tk
(resp. λk = Ck

Dk
), while the total utilization

(resp. total density) is Utot =
∑

τi∈τ Ui (resp. λtot =
∑

τi∈τ λi). Let Umax (resp.λmax) be the largest utilization
(resp. the largest density) among all tasks. Theresponse time
Rk of τk is the worst-case finishing time among all jobs of
τk: Rk

.
= max

J
j

k
∈τk

(f j
k − rj

k). The minimum slackSk of
τk is the minimum distance between the absolute deadline
and the finishing time of any job ofτk. It is therefore
Sk

.
= min

J
j

k
∈τk

(dj
k − f j

k) = Dk − Rk. Note that when a
task set is schedulable, each task has a non-negative slack
and a response time lower than or equal to the deadline.

The demand bound functionof a taskτk is defined as

DBFi(t) =

(⌊

t−Di

Ti

⌋

+ 1

)

Ci.



In the following, we will use(x)0 as a short notation for
max(0, x).

A. Predictability and Sustainability

A system that becomes unschedulable when less stringent
timing parameters are used is not sufficiently robust for
critical applications. To capture this concept, Baruah and
Burns introduced in [11] the concept ofsustainability. We
report here the definition of sustainability with relation to
the sporadic task model adopted in this paper.

Definition 1 (Sustainability). A scheduling algorithmA is
sustainableif and only if theA-schedulability of a sporadic
task system implies theA-schedulability of the same task
system modified in any of the following ways: (i) decreasing
execution requirements; (ii) increasing periods or inter-
arrival times; (iii) increasing relative deadlines.

For the sporadic task model, Baker and Baruah showed
in [1] that EDF is sustainable with respect to decreased
execution times and later arrivals. Thanks to this result, all
EDF-schedulability tests for sporadic task systems are valid
as well for strictly periodic task systems. Nothing is known
instead about the sustainability w.r.t. deadline relaxations.

The concept of sustainability can be as well extended to
schedulability tests. A test is sustainable if, given a task
set passing the test, another task set with reduced timing
requirements would as well pass the test. It is possible to
build sustainable schedulability tests even for task systems
scheduled with a non-sustainable algorithm.

B. Processor speedup factor

A metric that can be used to characterize the performances
of a schedulability test is theprocessor speedup factor. This
is a lower bound on the speedup factors that guarantees that
each feasible task set on a platform composed by identical
processors will pass the considered schedulability test on
a platform in which each processor iss times as fast. In
other words, this means that if the schedulability tests fails,
the task set cannot be scheduled with any algorithm on a
platform which is at most1/s times as fast.

Phillips et al.proved in [24] the following (tight) resource
augmentation bound for systems scheduled withEDF.

Theorem 1 (from [24]). Any collection of independent jobs
that is feasible uponm processors of a given speed, is
schedulable with globalEDF upon m processors each of
which is (2− 1

m
) times as fast.

The “distance” of the processor speedup factor of anEDF-
schedulability test from this tight bound of(2− 1

m
) can be

used as a measure of the optimality of the test.

III. SCHEDULABILITY TESTS FOR GLOBAL EDF

We will remind here the main existing results in the
schedulability analysis of sporadic task systems scheduled

with globalEDF. We omit existing works that are generalized
by the results below described.

Cucu and Goossens showed in [19] that to check the
EDF-schedulability of a synchronous periodic task set, it is
sufficient to verify if any deadline is missed in the generated
schedule until the hyperperiod, i.e., the least common mul-
tiple of all tasks periods. However, since the synchronous
periodic case is not a critical instant for sporadic task
systems, the above result cannot be used for the systems
considered in this paper.

Given the extreme complexity of finding exact results, a
more conceivable approach is considering sufficient albeit
not necessary schedulability conditions. Finding efficient
schedulability tests is therefore at least as important as
finding “good” scheduling algorithms.

We hereafter recall the main existing sufficient schedula-
bility tests for multiprocessor systems scheduled with global
EDF. Each test will be denoted with an acronym, mostly
derived taking the first letter of the name of each author.

A. GFB

In [23], the resource augmentation result of Theorem 1
has been used by Goossenset al. as a basis to prove
a utilization-based schedulability test for implicit deadline
sporadic task systems scheduled withEDF. We report here
the straightforward generalization for constrained deadline
systems.

Theorem 2 (GFB). A task setτ is schedulable with global
EDF if

λtot ≤ m(1− λmax) + λmax. (1)

The test is sustainable w.r.t. all considered relaxations.

B. BAK

A different approach has been proposed by Baker in [2],
[3], analyzing the workload that must be executed in a
particular window to cause a deadline miss.

Theorem 3(BAK, from [3]). A task setτ is schedulable with
global EDF if, for all τk ∈ τ , there is aλ ∈ {λk}∪{U`|U` ≥
λk, ` < k} such that

∑

τi∈τ

min(1, βi,k(λ)) ≤ m(1− λ) + λ, (2)

where

βi,k(λ) =







Ui

(

1 + max(0,Ti−Di)
Dk

)

if Ui ≤ λ

Ui

(

1 + Ti

Dk

)

− λ Di

Dk
if Ui > λ.

The overall complexity of the above schedulability test
is O(n3). A simplified O(n2) test can be derived testing
only the caseλ = λk. When deadlines are equal to periods,
it is possible to reduce the above test to theGFB test of
Theorem 2. However, when deadlines can be different from



periods, both test are incomparable, as we will show in our
simulations.

Baker and Cirinei later modified Theorem 3 in [5], trying
to integrate it with techniques described in [15], [16].
Anyway, simulations by the same authors show that the
comparison with theBAK test is not favorable in theEDF

case. We will therefore avoid to describe theEDF test derived
in [5].

C. BAR

Somewhat similar techniques have been applied by
Baruah in [6], deriving the following condition1.

Theorem 4 (BAR from [6]). A task setτ is schedulable
with global EDF if, for all τk ∈ τ and all

0 ≤ Ak ≤
CΣ −Dk(m− Utot) +

∑

τi∈τ
(Ti −Di)Ui + mCk

m− Utot
,

it is
∑

τi∈τ

I ′k(τi) + Iε
k < m(Ak + Dk − Ck), (3)

with
I

ε

k

.
=

∑

i|(m−1)largest

(I ′′
k (τi)− I

′
k(τi)),

I
′
k(τi)

.
=

{

min(DBFi(Ak + Dk), Ak + Dk − Ck), if i 6= k

min(DBFi(Ak + Dk)− Ck, Ak), if i = k,

I
′′
k (τi)

.
=























min
(⌊

Ak+Dk

Ti

⌋

Ci + min(Ci, (Ak+Dk) mod Ti),

Ak+Dk−Ck), if i 6= k

min
(⌊

Ak+Dk

Ti

⌋

Ci + min(Ci, (Ak+Dk) mod Ti)

−Ck, Ak), if i = k

being CΣ the sum of the(m − 1) largest execution times
among all tasks.

WhenUtot < m, the above condition can be checked in
pseudo-polynomial time.

D. LOAD

A different category ofEDF-schedulability tests is based
on the computation of theLOAD of a task set, defined as

LOAD = max
t

∑

τi∈τ DBFi(t)

t
. (4)

Fisheret al. showed in [21] that it is sufficient to evaluate
the maximum in the RHS of Equation (4) over each point
{Dj + kTj | k ∈ N, 1 ≤ j ≤ n} until the least common
multiple of all task periods. In the same paper, they show
as well methods to further reduce the number of points
to consider. However, the complexity of such methods is
still exponential in the worst-case. To decrease the overall
complexity, polynomial and pseudo-polynomial algorithms

1In the original paper, Inequality (3) is not strict. However, we found
that this would underestimate the case in which there are exactly m tasks
interfering for more than(Ak +Dk −Ck). To preserve the correctness of
the test, we restated the test using a strict inequality.

are proposed to compute an approximated estimation of the
load within a given margin of error. For a complete survey
on how to efficiently check load-based conditions, see [20].

Different load load-based sufficient schedulability tests
for EDF have been proposed in [22], [8], [7]. In [9], the
following result due to Baker and Baruah is shown to
dominate the previous load-based conditions.

Theorem 5 (LOAD from [9]). A task setτ is schedulable
with global EDF if

LOAD ≤ max{µ− λµ
max, (dµe − 1)− λdµe−1

max }, (5)

whereµ
.
= m− (m− 1)λmax, and λx

max is the sum of the
(dxe − 1) largest densities among all tasks.

The authors proved that the aboveEDF-schedulability test
(i) is sustainable and (ii) has a processor speedup bound of

2(m− 1)

(3m− 1)−
√

5m2 − 2m + 1
,

approaching3+
√

5
2 ' 2.62 asm→∞.

E. BCL

Bertognaet al. presented in [15] a schedulability test
with polynomial complexity, bounding, for each taskτk, the
interfering workload that can be produced in the scheduling
window [rj

k, rj
k +Dk] of a generic jobJj

k . This test has been
later improved in [17], presenting an iterative procedure that
allows tightening the estimation of the interfering workload,
exploiting the information on the slack of each tasks. We
hereafter describe this procedure (BCL).

• The slackSlb
k of each task is initialized to zero.

• Then, for each taskτk, the following expression is
computed

Dk− Ck−









1

m

∑

i6=k

min
(

I
i
k, Dk−Ck+1

)







 , (6)

with

I
i
k

.
=

⌊

Dk

Ti

⌋

Ci + min
(

Ci,
(

Dk mod Ti − Slb
i

)

0

)

,

(7)

If the returned value is> Slb
k , it is assigned toSlb

k ;
if instead it is< 0, τk is marked as ”potentially not
schedulable”.

• If no task has been marked as potentially not schedu-
lable, the task set is declaredschedulable. Otherwise,
the previous step is repeated.

• If during the last round no slack has been updated,
the iteration stops and the task set is declarednot
schedulable.

The complexity of the procedure depends on the num-
ber of iterations, each one having complexityO(n2). A
rough upper bound on the total number of iterations is



∑

k(Dk − Ck) = O(nDmax). However, the test can be
stopped after a finite numberN of iterations. In this case, the
total complexity of the test isO(n2N). Simulations show
negligible losses even with a very lowN (equal to a few
units).

F. RTA

In [14], a schedulability test has been derived based on the
iterative estimation of the response time of each task. The
procedure (RTA) is the same as procedureBCL, replacing
the second step with the following one:

• For each taskτk, computeRub
k as the smallest fixed

point of the following expression, starting withRub
k =

Ck, and failing if Rub
k becomes> Dk:

R
ub
k ← Ck+









1

m

∑

i6=k

min
(

Wi(Rk), Ii

k, R
ub
k−Ck+1

)







 ,

with Ii
k given by Eq. (7), and

Wi(L) =

⌊

L + Di − Ci − Slb
i

Ti

⌋

Ci+

min
(

Ci,
(

L + Di − Ci − Slb
i

)

mod Ti

)

.

If the operation failed, markτi as ”potentially not
schedulable”; otherwise, assign

Slb
k = Dk −Rub

k . (8)

It can be proved that the overall complexity of the test is
O(n3D2

max), and therefore pseudo-polynomial. Differently
from the BCL case, if the number of rounds is limited
to N , the overall complexity is still pseudo-polynomial:
O(n2NDmax). The averagecomplexity of the test can be
significantly reduced, with a very limited performance degra-
dation, replacing the termRub

k −Ck − 1 with Dk −Ck − 1
in the minimum of the fixed point iteration expression.

Both RTA and BCL are sustainablewith respect to task
periods [13]. More work is needed to verify the sustainability
with respect to execution times and deadlines.

G. FF-DBF

Recently, Baruahet al. proposed in [10] a schedulability
test based on the forced-forward demand bound function,
defined as follows:

FF DBFi(t, σ) =

(⌊

t−Di

Ti

⌋

+ 1

)

Ci+

σ

(

(t−Di) mod Ti − Ti +
Ci

σ

)

0

.

The following theorem makes use of the above definition to
derive a sufficient schedulability condition.

Theorem 6(FF-DBF from [10]). A task setτ is schedulable
with global EDF if ∃σ | λmax ≤ σ < m−Utot

m−1 − ε (with an
arbitrarily small ε), such that∀t ≥ 0,

∑

τi∈τ

FF DBFi(t, σ) ≤ (m− (m− 1)σ)t (9)

It can be proved that it is sufficient to check only those
values oft in

{

kTj + Dk, kTj + Dk −min

(

Ci

σ
, Di

)

| k ∈ N

}n

i=1

that are smaller than2

∑

τi∈τ Ci

(

1− Di

Ti

)

m− (m− 1)σ − Utot
.

Considering the given range ofσ, the set of values oft to
be checked has pseudopolynomial size. Assume this testing
set to be ordered. The following algorithm optimally exploits
the result of Theorem 6, reducing the set ofσ to be checked:

• start consideringσcur = λmax;
• check condition (9) for the currentσcur, for eacht in

the testing set in increasing order.
• if the condition is violated at a givent, compute the

first σ ≥ σcur that satisfies the condition, and assign
σcur← σ. If σ ≥ m−Utot

m−1 − ε, the test fails. Otherwise,
return to the previous step, continuing with the new
σcur, without re-checking the values oft that have been
already checked with an olderσ.

The complexity of the above algorithm is pseudopolynomial.
Moreover, the schedulability test has a processor speedup
factor of

(

2− 1
m

)

, which is the smallest possible forEDF,
as proved by the tightness of Theorem 1.

IV. CONSIDERATIONS

Only few dominance results can be claimed for the
presented schedulability tests. Namely, it is possible to
analytically prove that (i)FF-DBF dominatesGFB, and
(ii) RTA dominatesBCL. All other pairs of tests are in-
comparable, meaning that it is possible to find schedulable
task sets that are detected by only one of the test, and
viceversa (differently from what is claimed in some of the
related papers). We hereafter try to outline the main peculiar
features that uniquely characterize each test. The differences
among the tests are mainly related to the consideredproblem
window— i.e., a window ending with a missed deadline —
and the adopted bound on thecarry-in contributions — i.e.,
the interference due to jobs not entirely contained inside the
considered problem window.

• The condition used byBAK is derived considering a
particular scheduling window, that allows deriving a
bound on the maximum carry-in contribution ofeach
task.

2We present here a tighter bound that the one in [10].



• The particularity ofBAR is a bound provided on the
total numberof carry-in contributions, limited by(m−
1).

• A different bound on thetotal number of carry-in
contributions is used inLOAD: dµe−1, (see Theorem 5
for the definition ofµ), along with another bound on
eachcarry-in contribution.

• The peculiar advantage ofBCL and RTA is the itera-
tive estimation of the maximum carry-in contribution
of each task (however, the total number of carry-in
contributions in not bounded);

• The iterative way in which the problem window is
defined in FF-DBF allows deriving a bound on the
total amountof carry-in that can be imposed onany
task. A similar, although weaker, bound is found in the
GFB case as well.

To better clarify the relative performances of each one
of the above techniques, we performed an exhaustive set of
simulations. Since we found examples of task sets proving
the incomparability between any two of the above tech-
niques, we decided to analyze as well the performance of a
new test (denoted asCOMP) realized composing some of
the techniques adopted by the described tests. In particular,
COMP is based on the following procedure:

1) Apply RTA to the given task set, storing each com-
puted positive slack lower bound for later use.

2) If RTA does not succeed, applyBAR using the positive
slack lower bounds for a refined computation of the
term I ′′k (τi) (note the analogy with the termIi

k of
Eq. (7) in BCL andRTA):

I
′′

k (τi)
.
=























min
(⌊

Ak+Dk
Ti

⌋

Ci + min(Ci, (Ak+Dk) mod Ti

−Slb
i ), Ak+Dk−Ck), if i 6= k

min
(⌊

Ak+Dk
Ti

⌋

Ci + min(Ci, (Ak+Dk) mod Ti

−Slb
i ) − Ck, Ak), if i = k

3) If also this test fails, applyFF-DBF.
4) When, again, a negative result is obtained, it is at least

possible to state a processor speedup result: the task set
is not feasible on a platform in which each processor
is 1/

(

2− 1
m

)

= m
2m−1 times as fast.

The proposed integrated composition ofRTA and BAR
allows finding a larger number of schedulable task sets
than with the simple serial combination of both tests. This
is becauseCOMP is able tocontemporarilyexploit both
BAR’s limitation on the number (m − 1) of carry-in jobs,
and RTA’s improved estimation of the potential carry-in
contribution of each task.

Moreover, we added the serial combination ofFF-DBF
to be able to claim a processor speedup result in case the
test fails. We decided not to include other tests, because
GFB andBCL are already dominated by, respectively,FF-
DBF andRTA, while BAK andLOAD would add very few
schedulable task set detections toCOMP (less than one over
100 000 generated task sets).

Since some of the composing algorithms can be not
sustainable, it is difficult to prove any sustainability property
for COMP, needing further investigation.

V. EXPERIMENTAL RESULTS

In this section, we show the results of the simulations we
performed computing the number of schedulable task sets,
among a randomly generated distribution, that are detected
by each one of the analyzed schedulability tests; namely:
GFB, BAK, BAR, LOAD, BCL, RTA, FF-DBF andCOMP.

To properly compare the schedulability tests described
throughout this work, a first problem is how to generate a
distribution of task sets that is representative of the general
behavior of a real-time system. Using the method described
in [18] to generate a uniform distribution of task sets with
a desired total utilization is not so straightforward in the
multiprocessor case, unless accepting tasks with utilization
larger than one. Since such tasks would be trivially not
feasible, we will adopt a different technique.

Another problem is related to the absence of exact
feasibility and schedulability tests for globally scheduled
multiprocessor systems. Since no such test is known, we
don’t have any term of comparison against which to evaluate
the absolute performances of a given schedulability test.
To sidestep this problem, an option is to use necessary
(albeit not sufficient) conditions for feasibility. The tightest
known necessary test with reasonable complexity is the one
described in [4]. We will implement a pseudo-polynomial
version of this test, and use this algorithm to decide which
task set to consider from a randomly generated distribution:
every task set that is rejected by this test, will also be
excluded by our testing set.

A. Experiment Setup

Each task is generated in the following way: utilization
extracted according to an exponential distribution with mean
σu, re-extracting tasks with utilizationUi > 1; period
from a uniform distribution in[0, 2000], and execution time
accordingly computed asCi = UiTi; deadline from a
uniform distribution betweenCi andPi.

For each experiment, we generated1 000 000 task sets
according to the following procedure:

1) Initially, we extract a set ofm + 1 tasks.
2) We then check if the generated task set passes the

necessary condition for feasibility proposed in [4]. If
not, we discard the task set, returning to step 1.

3) If instead the answer is positive, we apply each con-
sidered schedulability test to the generated task set.

4) Then, a new set is created adding a new task to the
old set, returning to step 2.

This method allows generating task sets with a progressively
larger number of elements, until the necessary condition for
feasibility is violated.
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Figure 1. Experiment with 2 processors andσu = 0.25.

The simulations have been performed for many different
configurations, varying the number of processorsm and the
mean task utilizationσu.

B. Evaluation of Experiments

The results are shown in the following histograms. Each
line represents the number of task sets proved schedulable by
one specific test. The curves are drawn connecting a series
of points, each one representing the collection of task sets
that have total utilization in a range of4% near the point. To
give anupper boundon the number of feasible task sets, we
included a continuous curve labeled withTOT, representing
the distribution of generated task sets that meet the necessary
feasibility condition. To help the reader understanding the
relative performances of the various algorithms,keys are
always ordered according to the total number of task sets
detectedby the corresponding test: tests with a lower key
position detect a lower number of task sets.

In Figure 1, we show the case withm = 2 processors.
As we can see,COMP is able to detect a larger number of
schedulable task sets than any of the existing tests. Among
those latter ones, the best performances are shown byRTA
and FF-DBF. The curve ofBCL is pretty close, although
slightly lower. The remaining tests have instead much worse
performances.

We found that only very few task sets are found schedu-
lable by BAK (1 task set) orLOAD (10 task sets) and not
by COMP, over 1 000 000 generated task sets.

In Figure 2, we present the case withm = 4 processors.
The situation is more or less the same as before, except
for the worse behavior ofFF-DBF, which has now a much
lower curve. This can be due to the larger numbern of tasks
per set when more processors are added. Whenn is large,
there are more chances to extract a largeλmax, reducing the
RHS term of Eq. (9).
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Figure 2. Experiment with 4 processors andσu = 0.25.
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Figure 3. Experiment with 8 processors andσu = 0.25.

The best performances are still shown byCOMP and
RTA, although the difference between the curves of both
algorithms is reduced.BCL’s curve is still close, while all
other algorithms have significant losses. The larger distance
from theTOT curve is motivated by the worse performances
of EDF when the number of processor increases, and doesn’t
seem a weak point of the tests. Further increasing the
number of processors, the above results are magnified, as
shown in Figure 3 for the case withm = 8 processors.
In this case,COMP, RTA and BCL are the only tests that
guarantee reasonable acceptance rates, while the remaining
algorithms are almost useless. This can be noticed as well
noting the negligible distance between the curves ofRTA
andCOMP. Among sustainable tests,GFB allows achieving
performances comparable toLOAD, at a much smaller
computational cost.

Increasing the mean utilization of the generated task sets
to σu = 0.50, we obtained the histograms in Figure 4. Again,



 0

 5000

 10000

 15000

 20000

 25000

 30000

 35000

 0  0.5  1  1.5  2

N
um

be
r 

of
 d

et
ec

te
d 

ta
sk

 s
et

s

Task set utilization

TOT

COMP

RTA

BCL

FF-DBF

LOAD

GFB

BAR

BAK

Figure 4. Experiment with 2 processors andσu = 0.50.

it is possible to see that the results are similar to the above
cases. We also performed experiments withσu = 0, 10:
even if the shape of the curves slightly changes, the relative
ordering of the tests in terms of schedulability performances
remains the same.

As a side remark, note that, since we are using the
constrained deadline model, no scheduling algorithm can
reach a schedulable utilization in the number of processors.
We included the continuous curve labeled withTOT just to
give anupper boundon the number of feasible task sets. This
curvedoes notrepresent the number ofEDF-schedulable task
sets, neither it indicates how many task sets are feasible. It
gives an indication on how many generated task sets are not
for sure infeasible — using techniques from [4] — at the
considered utilizations. If an exact feasibility test existed, its
curve would be below theTOT curve. Moreover, considering
that EDF is not optimal for multiprocessors, a hypothetical
necessary and sufficient schedulability test forEDF would
have an even lower curve.

VI. CONCLUSIONS

We presented a detailed description, with a homogenous
notation, of the main existing schedulability tests for global
EDF scheduling on an identical multiprocessor platform,
considering sporadic task sets with constrained deadlines.
The performances of all tests have been compared by means
of exhaustive simulations as well as of analytical consider-
ations, taking into account dominance relations, processor
speedup factors, run-time complexities, sustainability issues,
and average performances over different sets of randomly
generated loads.

We proposed an algorithm (COMP) that combines the
major advantages of the existing techniques. This algorithm
can be efficiently used to check the schedulability of a
set of task sets with hard real-time requirements, with an
optimal processor speedup factor and a pseudopolynomial

run-time complexity. When faster schedulability tests are
needed, comparable performances can be reached using a
polynomialO(n2) test (BCL). For even faster decisions, a
linear complexity test (GFB) can be adopted with acceptable
performances, as long as the number of processors is small,
or there is no heavy task. This latter test allows as well a
sustainable schedulability analysis at a small computational
cost.
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