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1 Introduction

This report presents all feasibility tests that we have selected to be imple-
mented into the Cheddar framework. We mostly assume systems that are com-
posed of periodic tasks running on mono-processor architectures. See [GRS96,
KRP+94] for a more detailed review of feasibility tests.

2 Some de�nitions

Some de�nitions that are handled in the rest of this report.

Dé�nition 1 Non concrete task
In this report, a non concrete (periodic) task is de�ned by parameters Pi, Di

and Ci.

Dé�nition 2 Concrete task
In this report, a concrete (periodic) task is de�ned by parameters Pi, Di, Ci.

and Si.

Dé�nition 3 Synchronous concrete task set
A synchronous concrete task set is a set of concrete tasks with ∀i : Si = k

where k is a critical instant.

Dé�nition 4 Asynchronous concrete task set
A concrete task set is a set a tasks with no critical instant.

Dé�nition 5 Request on deadline tasks
A request on deadline task is a task with Di = Pi.

3 Feasibility tests taxonomy

4 Veri�cation based on exhaustive simulations

4.1 S1 test : any real time schedulers

1. How to compute :

[0, LCM(∀i : Pi)]

2. References : [RRC02].

3. Assumptions :

� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� LCM(∀i : Pi) is the last common multiplier of all period values of the
task set.
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4.2 S2 test : any real time schedulers

1. How to compute :

[0, LCM(∀i : Pi) + 2 ·max(∀i : Si)]

2. References : [RRC02].

3. Assumptions :

� Independent periodic tasks. Concrete and asynchronous task set.

4. Comments :

� LCM(∀i : Pi), the last common multiplier of all period values of the
task set.

5 Tests based on processor utilization factor

5.1 C1 test : preemptive Rate Monotonic

1. How to compute :

U =
n∑

i=1

Ci

Pi
≤ B

2. References : [LL73].

3. Assumptions :

� Request on deadline tasks.
� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� If task are not harmonic, then B = n(2
1
n − 1) and the test is su�cient

but not necessary condition.
� If task are harmonic, then B = 1 and the test is a su�cient and necessary
test.

5.2 C2 test : preemptive Earliest Deadline First or Least

Laxity First

1. How to compute :

U =
n∑

i=1

Ci

Pi
≤ 1

2. References : [LL73, LM80, CDKM00].

3. Assumptions :

� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� Necessary and su�cient condition if ∀i : Di = Pi.
� If ∃i : Di < Pi, then

∑n
i=1

Ci

Di
≤ 1 is a su�cient condition only and∑n

i=1
Ci

Pi
≤ 1 is a necessary condition only.
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5.3 C3 test : non preemptive Rate Monotonic

1. How to compute :

∀ i, 1 ≤ i ≤ n :
n∑

i=1

Ci

Pi
+ max

i<i≤n

(
Bi

Pi

)
≤ n(2

1
n − 1)

2. References : [Car96].

3. Assumptions :

� Request on deadline tasks.
� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� Condition su�sante mais non ncessaire.
� On suppose que les tches sont ordonnes de faon dcroissante selon leur
priorit : la tche i− 1 est donc moins prioritaire que la tche i.

5.4 C4 test : preemptive and non preemptive Rate Mono-

tonic

1. How to compute :

∀ i, 1 ≤ i ≤ n :
i−1∑
k=1

Ck

Pk
+

Ci + Bi

Pi
≤ i(2

1
i − 1)

2. References : [SRL90, Car96].

3. Assumptions :

� Pour Rate Monotonic non premptif : tches indpendantes, chances sur
requte, concrtes et synchrones.

� Pour Rate Monotonic premptif : tches dpendantes, chances sur requte,
concrtes et synchrones.

4. Comments :

� Condition su�sante mais non ncessaire.
� On suppose que les tches sont ordonnes de faon dcroissante selon leur
priorit : la tche i− 1 est donc moins prioritaire que la tche i.

� Ce test peut tre employ dans deux cas de �gures :

(a) Soit pour tester un jeu de tches ordonnances avec un algorithme
Rate Monotonic premptif quand les tches accdent des ressources
partages. On suppose alors que Bi est calcul en fonction du proto-
cole d'accs aux ressources partages.

(b) Soit pour tester un jeu de tches indpendantes avec un algorithme
Rate Monotonic non premptif. Dans ce cas, on suppose que Bi est
le temps d'attente de la tche i provoqu par les tches de plus faibles
priorits.

5.5 C5 test : preemptive Deadline Monotonic

1. How to compute :
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U =
n∑

i=1

Ci

Di
≤ n(2

1
n − 1)

2. References : [LL73].

3. Assumptions :
� Tasks with ∀i : Di ≤ Pi.
� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� Condition su�sante mais non ncessaire.

5.6 C6 test : non preemptive Earliest Deadline First

1. How to compute :

U =
n∑

i=1

Ci

Pi
≤ 1

et

∀ 1 < i ≤ n : Ci +
i−1∑
j=1

⌊
L− 1

Pj

⌋
· Cj ≤ L

avec P1 < L < Pi

2. References : [JDM91].

3. Assumptions :
� Request on deadline tasks.
� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� Necessary and su�cient condition.
� On suppose que les tches sont ordonnes de faon dcroissante selon leur
priorit : la tche i− 1 est donc moins prioritaire que la tche i.

5.7 C7 test : any preemptive �xed priority scheduler

1. How to compute :

∀ 1 ≤ i ≤ n : min0≤t≤Di

 i∑
j=1

Cj

t
·
⌈

t

Pj

⌉ ≤ 1

2. References : [LSD89].

3. Assumptions :
� Algorithme priorit �xe, quelque soit l'algorithme d'a�ectation des prio-
rits.

� Request on deadline tasks.
� Independent periodic tasks. Concrete and synchronous task set.

4. Comments :

� Condition ncessaire et su�sante.
� On suppose que les tches sont ordonnes de faon dcroissante selon leur
priorit : la tche i− 1 est donc moins prioritaire que la tche i.
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5.8 C8 test : preemptive Earliest Deadline First

1. How to compute :

U =
n∑

i=1

Ci

Pi
≤ 1

et

∀t ≥ 0 : h(t) ≤ t

avec h(t), la demande processeur tel que :

h(t) =
∑
Di≤t

(
1 +

⌊
t−Di

Ti

⌋)
· Ci

2. References : [BHR90, GRS96].

3. Assumptions :

� Tasks with ∀i : Di ≥ Pi.
� Independent periodic tasks. Non concrete and synchronous task set.

4. Comments :

� Necessary and su�cient condition.

6 Tests based on worst case response times

6.1 R1 test : any preemptive �xed priority scheduler

1. How to compute :

ri = Ci +
∑

∀j∈hp(i)

⌈
ri

Pj

⌉
· Cj

2. References : [JP86].

3. Assumptions :

� Algorithme premptif priorit �xe, quelque soit l'algorithme d'a�ectation
des priorits.

� Tches chances sur requtes.
� Tches indpendantes, concrtes et synchrones.

4. Comments :

� hp(i) est l'ensemble des tches de plus forte priorit que i.
� Necessary and su�cient condition.

6.2 R2 test : any preemptive �xed priority scheduler

1. How to compute :

ri = max
q=0,1,2,...

(Ji + Bi + wi(q)− q · Pi)

avec
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wi(q) = (q + 1)Ci +
∑

∀j∈hp(i)

⌈
Jj + wi(q)

Pj

⌉
· Cj

et

∀q : wi(q) ≥ (q + 1) · Pi

2. References : [JP86, ABRT93, TC94].

3. Assumptions :

� Algorithme premptif priorit �xe, quelque soit l'algorithme d'a�ectation
des priorits.

� Tches chances quelconques, concrtes et synchrones.
� Tches dpendantes (ressources partages et/ou contraintes de prcdence
exprime avec une gigue).

4. Comments :

� hp(i) est l'ensemble des tches de plus forte priorit que i.
� Condition ncessaire et su�sante si la gigue et le temps de blocage sur
ressources partages ne sont pas employs. Condition su�sante seulement
dans le cas contraire.

6.3 R3 test : preemptive Earliest Deadline First premptif

1. How to compute :

ri = maxa∈S(Li(a)− a)

avec :

Li(a) = W (a, Li(a)) +
(

1 +
⌊

a

Ti

⌋)
· Ci

S =
n⋃

j=1

(
k · Tj + Dj −Di, 0 ≤ k ≤

⌊
min(λ, Li)

Tj

⌋)

λ =
n∑

j=1

⌈
λ

Tj

⌉
· Cj

2. References : [Spu96, GRS96].

3. Assumptions :

� Tches chances quelconques.
� Tches non concrtes.

4. Comments :

� Necessary and su�cient condition.
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6.4 R4 test : any non preemptive �xed priority scheduler

1. How to compute :

ri = Ci +
∑

j∈hp(i)

⌈
ri

Pj

⌉
· Cj + max(Ck,∀k ∈ lp(i))

2. References : [JP86, GRS96].

3. Assumptions :
� Algorithme premptif priorit �xe, quelque soit l'algorithme d'a�ectation
des priorits.

� Tches chances sur requtes.
� Tches indpendantes, concrtes et synchrones.

4. Comments :

� hp(i) est l'ensemble des tches de plus forte priorit que i.
� lp(i), l'ensemble des tches de plus faible priorit que i.
� Su�cient condition only.

6.5 R5 test : non preemptive Earliest Deadline First

1. How to compute :

ri = maxa∈S(Ci, Li(a)− a)

avec :

Li(a) = maxDj>a+Di
(Cj)+

∑
j 6=i,Dj≤a+Di

min

(
1 +

⌊
Li(a)
Tj

⌋
, 1 +

⌊
a + Di −Dj

Tj

⌋)
· Cj+

⌊
a

Ti

⌋
·Ci

S =
n⋃

j=1

(
k · Tj + Dj −Di, 0 ≤ k ≤

⌊
min(λ, Li)

Tj

⌋)

λ =
n∑

j=1

⌈
λ

Tj

⌉
· Cj

2. References : [Spu96, GRS96].

3. Assumptions :
� Task with any type of deadlines.
� Non concrete task set.

4. Comments :

� Necessary and su�cient condition.

7 Computing of task blocking time on shared re-

sources

Actually, this last section does not contain feasibility tests but equations
that could be used in some feasibility tests. In the sequel, we list methods that
Cheddar apply to compute task blocking time on shared resources. This delay
is sometimes including in worst case response time computation.
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7.1 P1 test : Priority Inversion Protocol

1. How to compute :

Bi = is the sum of the duraion of all critical sections of the tasks with a
priority level lower than i's priority.

2. References : [SRL90].

3. Comments :

� Compute task blocking time of task i according to PIP.
� Only one shared resource between the task,otherwise this protocol leads
to deadlock.

7.2 P2 test : Priority Ceiling Protocol

1. How to compute :

Bi = is the longest critical section of the tasks sharing the same set of
resources.

2. References : [SRL90].

3. Comments :

� Compute task blocking time of task i according to any version of PCP
such as OCPP or ICPP.

� Several shared resources without deadlock.

7.3 P3 test : Stack Resource Protocol

1. How to compute :

Bi = is the longest critical section of the tasks with

(a) With a period which is greater than the period of task i.

(b) With a preemption level which is greater than preemption level of
task i.

2. References : [Bak91, GN01].

3. Comments :

� Compute task blocking time of task i according to SRP.
� Several shared resources without deadlock.
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