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The Scheduling Problem

H A Schedule
LD\ = fa, = o

T
. e"
Requirements T
1 A set of tasks (periodic, sporadic..)
Specifications ®
functionnal Temporal

Timing Constraints
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General Context

v’ Critical real-time application

v’ Pre-emptive interacting periodic tasks
with conditional statements

v’ Pre-runtime scheduling on pre-
emptive uniprocessor systems
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Structure of a Real-Time Task

Task T
Input x: integer,
block(2), -- a functionnal block written in a high-level langage
Send(message,). -- a real-time primitive
If (x>3) [duration of test = 1]
then
block(1):
else
Lock(resource,)’ -- a real-time primitive
block(3) .
Unlock(resource,) -- a real-time primitive
endif;
block(3)
Receilve(messagel), -- a real-time primitive
block(l)
end,;
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Classical Model versus Tree Model

Liul973, Babaul996, Niehaus1991, Buttazo1997, Wilhelm and Al2008

v' Qversized

Lock(R,)Lock(R,) UnLock(R,) .
1™t I,>rQ§I<T ] v Uneffective

o 1 2 3 4 5 6 ¢ 8 9 10
UnLock(R,)

MeFosng\l/%ssmal view of a Task

Taskis running U=5%.,"(C/P)>1=> Non Feasible
TaskTr'CDP>/ \
Task must have
First release completed execution  Reactivation of the task
I >
c <—> r+D r+PpP
A“n C=c +c,
S
S I S
Lock(R UnLock(R . .
5 Mo (Rc) - Unbock(®) > The classical model is
= 1 1 | .
S LockR)  UnLock(®) v’ Overconstrained
9 i><f ] ,
C
—
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Objectives

Linear (Classical) approach
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A task
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A schedule
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Tree-based (Our) approach

A task 1™ ’
0O 1 2
A scheduling tree —

m <]
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Automatic generation
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Motivations of this Work (1/2)

Fotsing and Al2009, Fotsing and Al2010
v’ Task TAcquir'edOr'der'

TAcquiredOrder'<O'2f11'11> O\—‘l—lz — No conditional instructions
v’ Task TWiper'Con’rr'oller' on ™
m, 4 my ma ma
TWiper‘ConTr'oller'<O'(4'6)'11'11> J'—'—'* T (l), 1| 2| 3|, I El g
0 1 2 M2
T
v’ Task TOr'der' on -
TOrder<O'(4'3)'11'11> l_z'i lm2| |1y
0 1 2_| 0 1 2 3 4
off 3
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Motivations of this Work (2/2)

Madhukar and Al2008, Fotsing and Al2009, Fotsing and Al2010
Classical analysis Our analysis

T
vU=2/11+6/11+4/11=12/11>1 ] TAcquiredOrder ] TWiper'Com‘roller' B Order
[ ]

v Not valid schedule ml‘ h

|||||||||H=

0O 1 2 3 4 5 6 7 8 9 10 11

Contact on and contact off is impossible

Scheduling tree

Linear Unfeasibility Does not ImplyTree-based Unfeasibility

Effective

Linear Implies Tree-based
Feasibility

Feasibility Feasibility
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Existing Approaches

Aussagues and Al1998, Baruah1998, Baruah2003

= Aussagues And David's approach

v’ State-transition diagram
v Propose a feasibility study based on
ILP technique

= Baruah's approach
v' Subdivise tasks in sub-tasks

v Propose a feasibility study based on
DBF function
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Our General Methodology

System
Task T,
............ Pseudo Code of Modeling Step | Petri net
Task T application | model
End.
s o O
G
n
W
-+
S
T Scheduling |,___EXfraction Step Marking
T | free Graph
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Motivations for Our Choices

= Off line approaches
v Not optimal on line scheduling
v’ Describe behavior of applications
v'Scheduling Power
= Petri net based model expressing
v Exchange messages v Parallelism
v Share resources v’ Concatenation

» Automatic Generation of Scheduling Tree
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Use of Petri Net

> Some notions of Petri nets

» The Basic Model of Choquet-Geniet and Grolleau
» The Integration of Conditional Tasks

» The Incompatibility Relations between Tests
> The Semantic Layer
» An Illustration of our Model

> Conclusion
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Petri Net Model

Choquet-Geniet2006

v Autonomous Petri nets
v' Colored Petri nets

v’ Terminal Marking

v Maximum firing rule

= My: Initial Marking = Q: Finite Set of places

= T: Finite Set of transitions
= W: QxT U TxQ = N*, the valuation fonction
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Basic Model

Choquet-Geniet and Grolleau2002

Clock System

(To insure dynamic of application)

Task System

(To manage tasks and their interactions)
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Clock Representation

» The firing of RTC = £
model one time unit .&.)
=

> Local counter Time(1) Time(2) O Time(3) | ()

P, P,

» Fired at each Clky Clk, '5
period a a a ke,
O

> Activation of Task.( ab ) Activi ( a+b ) Activ @ Activs

a+b a+b atb  a+b a,&i’

< If Ocr<P, then M (Time(i))=P.-r+T < If ri=0"then'M (Time(i))=1
< If O<r<P. then M(Activ,)=b < If r=0 then M(Activ;)=a+b
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Modeling Task T; as a Path

Choquet-Geniet and Grolleau2002 a

c Activ;

ST DN

d-2

d =1 d=2 d>2
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Resources and Messages

Choquet-Geniet and Grolleau2002

224N0S2yY
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Notion of Paths

ZBehaviors©2PaThS‘| = = I

0 1 2 3 4 5 6 7 8 9 10

Used approach for implementation
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Modeling Paths

> Paths are in

Mutual Exclusion
» As many branches

as paths

message, 3

resource, 1

> Each primitive
occurs on it's
effective path
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Insuring Respects of Constraints

= A terminal set I
< M(Time(i)) > D, 2 M(Activ;))=b

< M(Time(i)) = 1 = M(Activ,) = a+b or M(Activ)=b
» To insure Critical Delay

* M(Time(i)) <P,

» To insure Periodicity
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Notion of Incompatible Branches

v’ test; and test, are incompatible if test; = not(test,)
X: input

/\ [\x > 10
Task T, Task T,

* Two mcompa’rlble tests

+ Same value of input x
4

*ry=r,and P, = P,

= =
*Then Branch of T, is incompatible with Then Branch of T,
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Managing of Semantic of Tests (1/2)

Py P, Incompatible P, Py

Semantic

Task
System

|
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Managing of Semantic of Tests (2/2)

Insure the Time(i)

activation b P. P,
| | Pl
Cl Cl Ikis

In the caseri #0
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Analysis and Validation

" M(Sem;) + M(Exclij) + M(Sem;) = 1

» To insure incompatibility relations
" 3 PIM(Sem;) < 1
= M(Activ,) = a+b = M(Sem,) =0

« M(Time(i)) = 1 & M(Excl,) = 1

% To insure re-initialization of Petri net

MeFoSyLoMa fotsingc@ensma.fr 24



lllustration (1/2)

L 111 op,
I I O T R B B
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11111 Jp,
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> 21
S S S
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1 1 1 | J Py p %
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L) Py
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lllustration (2/2)
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lllustration (2/2)
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lllustration (2/2)
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A Complete tree-based Schedulability Analysis

Tree-based

Pseudo Code
of application

/' task model

S~

(=)

)

System S
Task T1

—p

MeFoSyLoMa

relations

Incompatibility

Sequential
task model

Time

Semantics

System

Petri net
modeling

2N i

Ty

\E

T

T

Ty

A sequence

Done
Not Yet Done
Half Done

Sequential
scheduling
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Conclusion

= Explicit modeling of conditional statements

= Explicit modeling of the semantics of tests

» Formalization of tree-based schedules

= Extraction techniques of tree-based
schedules

= Propose a tool for a complete automatic
of f-line analysis of real-time systems
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An Example of Real-Time System (1/2)

»DARTS Conception of system

Read_Sensor_Water

llms /\7/
Read_comodo ; TAcquur‘edOr'de T

r WlpeCon‘rr‘olle / TOr‘der‘
— / JJ

o~
/\/

ReceiveBSIFrame (contains speed State of contact
of vehicle and state of contact)

v' A simplified control-command of
the wipers of a vehicle

7 v' Tasks TWlpesConTr'oller' and TOr‘der‘ LIS€
the same input variable contact |
- Off
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An Example of Real-Time System (2/2)

Task T <0, 2, 11, 11>

AcquiredOrder

All 11 ms do
block(2); - - reads the position of the comodo (position may be stop/1/2/3)
Send(m ); - - sends the state of the comodo

end:;
Task T <0, 6, 11, 11>

WipesController

Receive(m ); - - waits the message giving the state of the comodo

block(2); - - extracts speed and state of contact of vehicule on ReceiveBSIFrame
If (contact = 0) [duration of test = 1] then - - if contact is off
block(1); - - calculation of the order according to the speed and the comodo
Send(m ); - - sends command O to task T the state

Order

else
block(3) - - calculation of the order according to the speed and the comodo
Send(m ); - - sends calculate command to task T

endif;
end:;
Task TOroler <0, 4, 11, 11>

Receive(m ); - - waits the value of the order

block(1); - - extract state of contact of vehicule
If (contact = 0) [duration of test = 1] then - - if contact is off
block(2); - - application of the order on wipers
else
block(1); - - application of the order on wipers
end;
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