
1 METHOD FOR THE REAL-TIME ORDERING OF A SET OF NONCYCLICAL MULTI-FRAME
TASKS The subject of the present invention is a method for the real-time 5
scheduling of multi-frame software tasks. It relates to the field of
real-time processors, for example signal processing processors, on which a
plurality of functions, also called software tasks, are run, which may be
concurrent, that is to say be invoked simultaneously. The invention relates
more particularly to the issue of the real-time scheduling of the software
tasks executed by one 10 or more software applications on one or more
parallel processors.       A multi-frame task is a task or software
function which executes a processing operation on a plurality of data
frames with which are associated an execution time, a deadline and a guard
time with respect to the next frame. The execution time C is the time
needed to execute, on said data 15 frame, the functional processing
operation defined by the corresponding task on a given processor. It
depends both on the complexity of the processing operation to be executed
and on the resources of the processor, notably its operating frequency. The
deadline D corresponds to the relative time which elapses between the
activation of a task and the time at the end of which the 20 execution of
this task must be finalized. The deadline depends notably on time
constraints linked to the software application or to the system implemented
which uses this application. The guard time P corresponds to the minimum
time which elapses between two successive calls to a same task. 25
One of the problems that the invention seeks to resolve is to guarantee the
real-time feasibility of the implementation of a set of multi-frame tasks,
which together define an application or a system, having given execution
time, deadline and guard time parameters on a given processor. 30  To this
end, the technical problem to be resolved relates to the real-time
scheduling of these tasks on this processor. In order to guarantee that the
2 design of the software tasks is valid for a real-time implementation, it
is necessary to test whether the time limits are never exceeded by checking
notably that each task is executed well before its deadline. The resolution
of this technical problem makes it possible to validate the correct
operation of 5 the scheduler which is implemented by the operating system
associated with the processor.       A scheduler is a component of the
operating system whose function is to determine the order in which the
tasks or processes will be executed on a processor so as to observe the
real-time constraint. The use of a scheduler 10 makes it possible to
execute a number of tasks or processes in parallel on a single processor by
sharing its resources in time. In this way, the real-time execution of the
tasks is possible. However, there are cases in which the specification of
the software tasks to be executed is such that it does not allow for their
simultaneous real-time execution, and in this case the 15 scheduler cannot
operate correctly because it will be required to resolve a problem which
has no solution. These solutions are not necessarily easy to detect and
avoid, notably in the case of complex applications which use a number of
concurrent tasks which are themselves executing a processing operation on a
number of data frames having execution constraints that are 



20 bounded in time. It is therefore important to be able to detect these
cases during the design phase of the overall architecture of the system in
order to redefine the parameters of the software tasks that are to be
deployed on a given processor if said tasks are not compatible with a
real-time execution. 25One scheduling policy known to those skilled in the
art is the dynamic priority scheduling method, known by the abbreviation
EDF (Earliest Deadline First). This method consists in assigning a dynamic
priority to each task or process according to the deadline thereof. The
nearer the deadline of a task, the higher its priority. The invention is
positioned notably in the 30context of this scheduling method.  3       The
document [1] describes the concept of multi-frame tasks and proposes
modeling a set of real-time software tasks using this concept. A
multi-frame task is a task or software function which executes a processing
operation on a plurality of data frames characterized by the three
parameters 5 of execution time E, deadline D and guard time P introduced
previously in this document, and for which, in addition, the execution time
E is variable from one frame to another.        The document [2] reprises
this concept, generalizing it to a set of multi-frame tasks for which the
deadline D and the guard time P are also 10 variable. A feasibility test
associated with a dynamic priority scheduling method (such as the EDF
method) is proposed in the document [2]. This method is based on the
construction of a bounded requirement function dependent on the parameters
E, D and P and that makes it possible to validate the feasibility of the
real-time execution of a plurality of software 15 tasks on a given
processor.        The solution proposed by the document [2] is limited to
the particular case in which there is a periodicity, also called cycle, in
the successive call to the tasks and the time sequencing of the processing
of the frames. In this 20 case, it is possible to find a repetition pattern
which entirely defines the time sequencing of the execution of a task over
a given period of time. An example of such a case is described in figure 1.
A software task i which executes a processing operation on three different
types of data frames, each characterized by the three parameters that are
execution time 25C!, C12,, deadline Di!, D 12 , D between the instant when
the task is activated and the instant when it needs to have terminated the
processing of the frame to observe the real-time constraints and guard time
between two successive calls to this task. At the end of a cycle time T =
+3 P,2 + P1, the time execution pattern of the task i is repeated  4
periodically as illustrated in figure 1. The task i is then qualified as a
cyclic multi-frame task. 



Such a case corresponds, for example, to the case of a video compression
device of MPEG (Motion Picture Expert Group) type which can manipulate 5
three types of different data frames known to those skilled in the art by
the frame identifier I, P or B, and which are transmitted more often than
not according to a cyclic time pattern.       The requirement function
introduced in [2] and that makes it possible to test the feasibility of a
set of multi-frame tasks, uses the period or cycle T 10  to resolve the
problem of scheduling of the tasks and is therefore limited to the case of
cyclic tasks.       The invention proposes a solution that makes it
possible to resolve the problem of feasibility of a set of multiframe
software tasks when none of 15 these exhibits a repetition pattern in time.
In particular, this case corresponds to a random processing of the data
frames where their instant of arrival is not known in advance. An example
of such a scenario is schematically represented in figure 2. The same
software task i as that illustrated in figure 1 is represented but this
time in a case of an application for which the three 20 data frames are not
processed according to a cyclic time scheme because they arrive in a random
order. This case corresponds, for example, to an OFDMA (Orthogonal
Frequency Division Multiple Access) modulation device which generates data
frames allocated to different users and therefore having different
characteristics and which are transmitted in a non- 25predictable order.
To this end, the subject of the invention is a method for the real-time
dynamic priority scheduling of an application executed on at least one
processor, said application consisting of a plurality m of software tasks
executing at least one processing operation on a plurality of N successive
30data frames, each of said tasks i being defined at least, for each of
said  5 II frames j, by an execution time, an execution deadline Dand a
guard time Pij with respect to the next frame j+1, said guard time Pi being
greater than or equal to said deadline D
, said method being characterized in that it comprises at least the
following steps: C/ 5o for each task i, calculating the ratios n J between
the execution timei of each frame j and the corresponding 



deadline D , o for each task i, searching for the maximum of said ratios
over all of said frames j max( C D  m -1C 10o comparing the sum E max (over
all of said tasks i 0<./N-1 D 7=0 - of said maxima with the number p of
processors operating in parallel over which the total computation load of
said real-time application is distributed, if said sum J Emax (. ) j5.N-1 D
i=o is less than or equal to the  15number p of processors, then concluding
on the feasibility of the real-time execution of all of said software tasks
distributed 



over said processors and associating a dynamic execution D j priority with
the task i according to its execution deadline -I-1i so that, at a given
instant, the task which has the highest n priority is the one whose
deadline is the closest in time  6 o if said sum E max () is strictly
greater than the 1.0 05./5N-1 Di                   number p of processors,
rejecting the task i and/or redefining its and execution deadlinei
parameters m -1C so as to satisfy the inequality Emax(p i=00_,LT -1 D 5
In one embodiment of the invention, said data frames are sequenced in a
random order and do not observe a cyclic pattern in time.       In one
embodiment of the invention, said tasks execute, on said data frames,
signal processing functions and said processors are digital signal
10processors (DSP).    In one embodiment of the invention, a single
processor with variable frequency is used and said method also comprises
the following steps: EC'  1 



o if the following inequalitymax ( D)is not 05/5N-1  1=0 15satisfied, then
multiplying, by a factorat least equal to C JAT-1 D J o<   , the frequency
of said processor, i=o - o if said frequency multiplied by said factor .5
is less than or equal to the maximum operating frequency of said processor,
then                   associating a dynamic execution priority with the
task i 20according to its execution deadline D j i so that, at a given
instant, the task which has the highest priority is the one whose n
deadline -1-'i is the closest in time,  7 0 if said frequency multiplied by
said factor is greater than the maximum operating frequency of said
processor, then rejecting the task i and/or redefining its execution time
CI and execution deadline D/ parameters so as to satisfy the 5 



m -1C inequality I max () 1 ON-1 D i=o         Also the subject of the
invention is a scheduling device for a real-time application executed on at
least one processor with a fixed or variable operating frequency, said
application consisting of a plurality m of software tasks executing at
least one function on a plurality N of successive data frames, said device
being characterized in that it comprises means for implementing the
scheduling method described previously.          Other features will become
apparent from reading the following 15detailed description, given as a
nonlimiting example in light of the appended drawings which represent:
figure 1, a diagram of an example of cyclic multi-frame tasks and their
execution over time,             figure 2, a diagram of an example of
non-cyclic multi-frame tasks and 20their execution over time,    figure 3,
a block diagram of the method according to the invention, figure 4, an
example of architecture of a real-time system for which the invention
applies,          figure 5, an example of a scheduling device according to
the invention 25used to guarantee the real-time dependability of an
application being executed on a platform comprising a number of identical
processors.  8        Figure 3 schematically represents a diagram
representing the steps of the method for scheduling software tasks
according to the invention. The method falls into the context of a
real-time system notably executing the software tasks that are to be
scheduled on a given processor. The specified 5 real-time system 301 makes
it possible to define a set of software tasks which correspond to functions
each executing a subset of the processing operations necessary to the
operation of said system. The breakdown of the system into tasks is
generally done during a design phase and depends notably on the
specifications of the system, in particular the type of 10 processing
operations to be performed and their time constraints. The tasks that make
up the system have to be executed on a processor, for example a signal
processing processor of the DSP (Digital Signal Processing) type which also
comprises intrinsic characteristics 302, for example its operating
frequency or execution speed, which also impact on the design of the tasks.
15  A task definition step 303 is therefore used to generate a set of tasks
i for which three parameters are defined for each data frame j manipulated
by the multiframe task I. These parameters are the execution time C/ of the
task i for the data frame j, its deadline D1l and its guard time P,-/ . 



A feasibility test 304 according to the invention is then applied in order
to 20 determine whether the set of the tasks designed in the step 303 can
be scheduled on the chosen processor according to the EDF scheduling
policy. For a number m of tasks, each generating a number N of data frames,
the feasibility test consists in checking the following relationship: 25 m
-1C Emax(1) D/  If the relationship (1) is satisfied, the set of tasks
considered can indeed be scheduled which means that all the tasks can be
executed before their deadline by observing the real-time constraint.  9
Otherwise, a redefinition 306 of the tasks is necessary. Dynamically, the
method according to the invention is also applied when a new task is
created and its feasibility has to be validated jointly with the set of
tasks already designed. The application of the test according to the
5relationship (1) by incorporating this new task makes it possible to
validate its incorporation or, otherwise, reject it and redefine its
characteristics so that the parameters ( C/,P/ ) observe the relationship
(1). The execution time C/ can be determined either by estimating a priori
the complexity of the processing operations executed by the task i on the
frame j 10 or by measuring, individually, the time needed to execute this
task alone on the chosen processor. One way to adapt the execution time in
order to enable the task i to observe the relationship (1) and therefore to
be able to be scheduled, is to optimize the implementation of the
algorithmic processing operations in order to speed up their execution
speed. 



15The relationship (1) is a sufficient condition for the set of tasks which
satisfy this relationship to be able to be scheduled according to an EDF
scheduling policy, that is to say that the highest priority is granted to
the task which has the closest deadline. The following paragraph aims to
demonstrate that the checking of the relationship (1) is sufficient to
ensure the feasibility of 20 a real-time implementation of the non-cyclic
multi-frame tasks and is therefore sufficient to resolve the technical
problem mentioned at the start of this document. To ensure that the
real-time execution of a plurality of concurrent tasks 25 which can be
executed at non-predictable instants is observed, it is sufficient to
replicate the worst case for which all the tasks are activated at the same
time at an instant to. This case represents the most constraining situation
since the processor is demanded by all the tasks at the same time. By
considering only the first call to each task corresponding to the first
frame to 30be processed, it is then verified that, if the real-time
constraint is observed for  10 this first activation, then it will also be
observed for all the subsequent tasks which will not take place
simultaneously and therefore represent a less constraining situation. 5For
the first call of each task, the configuration first considered is the one
for which each task processes a frame xi corresponding to the greatest
criticality or execution urgency which is reflected in a maximization of
the ratio between the time needed to execute the processing operation
associated with this frame and the execution deadline: = max () (2) ON-1 Df
The relationship (1) therefore becomes:    15If it is assumed thatD,x' ,
for any value of i, which is tantamount to sorting the tasks in ascending
deadline order which is always possible, then, for the set of the tasks to
be able to be scheduled according to an EDF-type scheduling policy, it is
sufficient for each task i to observe the following relationship: 20E C:k
Dix' (3) 



k=0 In effect, on each deadline -1-1, all the preceding tasks have to have
been executed for the real-time constraint to be correctly observed. The
preceding tasks are understood to be the tasks whose deadline precedes the
deadline  11 We therefore seek to show that the relationship (1') implies
the relationship (3) to prove the feasibility test according to the
invention.     The relationship (1') is equivalent, by multiplying each
member of the xi 5inequality by 13, to:  m-1C xk D xi kxk < D(4) k=o;k#ifl
Now, since all the terms of the sum are positive numbers, it can be deduced
therefrom that: C xkm-1 10 C xiD D xi k k < C X,+D :xi k=0k=0;k#i 



Ch D xk (5)  And therefore c xk c xi  E D xi kD ixi (6) k=0D xk 15 Now,
since Dxi-1 < D, , then for any k <D:k <x, or even < D:A From the
relationship (6) it is therefore possible to deduce that the relationship
(3) is indeed observed, in other words: 20Ick - xk < D xi  12 The preceding
demonstration proves the feasibility test according to the invention in the
case where the tasks concerned process only frames of type xi which exhibit
a maximum criticality. 5In a second step, the configuration is considered
for which, on the first  call, each task processes any frame yi less
critical than the frame xi, and which therefore satisfies the relationship:
C: 



vi <c1 Dxi (7) 10From the relationships (1) and (7), it is found that: m -1
CiYi < D Yi (8) i= o and the same reasoning as previously can be applied to
demonstrate that the relationship (8) implies the following relationship: <
DY1 ki k=0 15        The preceding demonstration therefore proves, through
successive steps, that the test implemented by the relationship (1) is a
sufficient condition for the tasks which observe this relationship to be
able to be scheduled according to a scheduling policy consisting in
assigning an 20execution priority to each task according to its deadline
(EDF scheduling policy).        Similarly, the feasibility test defined by
the relationship (1) can be extended to the execution of m software tasks
on a number p, at least equal 25to 2, of identical processors operating in
parallel within a multiprocessor device. In this case, the feasibility test
guaranteeing the real-time scheduling  13 of m multi-frame tasks on p
processors operating in parallel is determined by satisfying the following
relationship: 



mC E max (  o<JN-1 Dp (9) 1=0 -     The relationship (9) is a
generalization of the relationship (1) for a number p 5greater than 1 of
processors. The relationship (9) is demonstrated in a way similar to the
relationship (1). A sufficient condition for all the tasks to be able to be
scheduled on the p available processors is obtained by satisfying the
following relationship for any i < m:    D xi In practise, on each
deadlinei , all the preceding tasks have to have been executed by
distributing their execution load over the p available processors for the
real-time constraint to be correctly observed. It is then demonstrated, in
a manner similar to the case of a single processor, 15 that the
relationship (9) implies the relationship (10) and that therefore the
observation of the relationship (9) is sufficient to validate that all the
tasks will indeed be executed by observing the real-time constraint. The
method according to the invention can be implemented by a 20 scheduling
device or scheduler incorporated in an operating system. The scheduler
implements an EDF-type scheduling method and, when a dynamic task is added,
the creation of this task is rejected if it does not satisfy the
feasibility test of the relationship (1) for the case of a single processor
or of the relationship (9) for the case of a plurality of processors. Thus,
a lock is 25 added to the scheduler that makes it possible to guarantee
that the real-time constraint is observed and that the application which is
executed operates correctly.  14       Figure 5 illustrates an example of a
scheduling device according to the invention used to guarantee the
real-time dependability of an application that is executed on a platform
comprising a number of identical processors. 



5  The function of a scheduling device 501 is to guarantee the real-time
execution of one or more software applications 503, 504. At a given
instant, an application 504 creates 511 a software task whose execution
time, execution deadline and guard time characteristics are transmitted to
the scheduling device 501. The latter executes the method according to the
10  invention as described previously by taking into account the creation
511 of this new task as well as the set of the tasks 51, 52, 53 already
executed on a set of available processors Proc1 , Proc2, ProcP. If the
scheduling device 501 concludes on the non-feasibility of a real-time
execution of the new created task 511, it rejects 512 this task in order to
guarantee the dependability of the 15  application 504 and returns a
message to said application 504 in order to enable it to redefine the
characteristics of said task 511. If, on the other hand, the scheduling
device 501 concludes on the feasibility of the real-time execution of the
task 511, it authorizes 513 the addition of this new task and communicates
this information to an allocation device 502 20  which positions the task
511 for an execution on one of the available processors according to an
EDF-type scheduling policy (in other words, at a given instant, a processor
whose resources are available selects from all the tasks to be executed the
one whose execution deadline is the closest. 25In a variant embodiment of
the invention for which a single processor is used and this processor has
the capacity to have a variable frequency enabling this frequency to change
during the execution of the tasks, the method according to the invention
also contains the following steps.
Iftherelationship(1)isnotobserved,itisnotedthat m -1C 30= E max (D ,) 8 is
therefore greater than one. In order to       05 /5N-1  i=0  15 guarantee
that the real-time constraint is observed, the scheduling device 501
triggers 514 the multiplication by a factor .5 of the current operating
frequency of the processor. If the new frequency obtained does not exceed
the maximum operating frequency of the processor, it authorizes 513 the
5addition of the new task. In practise, the multiplication by a factor 8 of
the execution frequency of the processor is equivalent to the division of
all the execution times C,J by this m -1C 



same quantity 8. Because of this, the sum / max () then becomes Di=o
equal to 1 and therefore observes the inequality (1). More generally, it
can be 10seen that, to observe the inequality (1), it is sufficient to
increase the frequency of the processor by a factor at least equal to 8.
The method according to the invention applies notably to the design of
multi-user communication systems. A transmission system is, more often 15
than not, used by a number of users and makes it possible to also convey a
plurality of different services having characteristics whose impact notably
on the data frames and the execution times of the tasks is different. A
video content transmission application may, for example, use data frames of
a greater length than a text messaging application. The size of the frames
20 impact on the execution time of the associated task. Furthermore, the
instant of arrival, and therefore of processing, of the data frames in a
bidirectional communication system is more often than not random because it
is determined by events triggered by the users. This diversity of
characteristics of the data frames makes it possible to apply, for the
design of an 25 architecture of a communication system, a model of
multi-frame tasks as well as the scheduling method according to the
invention using this model. An example of a real-time system architecture
for which the invention applies is illustrated in figure 4. A real-time
communication system between a number of users A, B, C, D is represented,
comprising three processors Po, P1, P2.  16 The interest is focused on the
scheduling of the tasks executed on the processor Po. The latter executes a
set of tasks 41, 42, 43, 44 associated with individual functions of a
subsystem for receiving data sent by the users C and D via an application
402 to the users A and B. The reception 5 subsystem made up of the tasks
41, 42, 43, 44 receives data packets in a random order, the reception of
these packets triggers successive calls to the reception tasks 41, 42, 43,
44 which execute, for example, demodulation and/or channel decoding
processing operations on the data before transmitting said data to the
receiving application 401. 10In parallel with this first transmission
subsystem, a sending subsystem is also implemented on the processor Po to
enable the users A and B to communicate in turn with the users C and D. A
set of tasks 45, 46, 47, 48 execute processing operations that make it
possible to format the data to be sent, for example a data modulation or
channel coding function. The tasks 15 45, 46, 47, 48 making up the sending
subsystem are executed independently and asynchronously with the tasks 41,
42, 43, 44 of the reception subsystem. Similarly, a signaling link makes it
possible to transmit the information relating to the control and
implementation of the sending/receiving means. This link is implemented
between two applications 405, 406 and involves the execution 20 of two
tasks 49, 50 on the processor Po. The method according to the invention
applies to this type of real-time system since each task is multi-frame and
is executed in a non-predictable order from the point of view of the
processor Po on which they are executed. 25Another case of application for
which the invention applies is the case where a task executes a processing
operation on a single type of data frame, but the processor on which this
task is executed has the capacity to modulate its consumption, for example
by varying its execution frequency. In this case, if a number of
consumption modes are available, the execution time of a 30same data frame
will be different for each of these modes. The transition 



from one consumption mode to another may be performed over time in a  17
non-predictable manner, notably according to constraints linked to the
system. The method according to the invention described previously applies
well in this case since there are one or more software tasks which execute
a processing operation on a data frame whose execution time, notably, will
5 vary over time according to the consumption mode of the processor. The
design of such a system can be validated and its real-time execution
guaranteed using the invention.       Generally, the invention applies to
any set of concurrent software tasks originating from different sources and
executing, in a non-predictable lo order, a processing operation on a set
of data frames for which the execution and deadline times and the guard
times are variable.       The invention notably has the advantage of making
it possible to validate the design choices of an application or of a
real-time system and to 15 guarantee the feasibility of the execution of
this system within the delay constraints to which it is subject. In
particular, the invention makes it possible to guarantee the correct
operation of a scheduler with dynamic priority such as a scheduler
executing the EDF method and in particular to guarantee that the system
will never be overloaded, in other words that its usage rate will 20 never
be greater than 100%. References  [1] A.K.Mok et D.Chen. A multiframe model
for real time tasks. Proceedings of IEEE International Realtime System
Symposium, pages 22-29, December 1996. 25[2] S. Baruah, D.Chen, S.Gorinsky,
A.Mok. Generalized multiframe tasks. 1996.  18 CLAIMS 1. A method for the
real-time dynamic priority scheduling of an 5  application executed on at
least one processor, said application consisting of a plurality m of
software tasks executing at least one processing operation on a plurality
of N successive data frames, each of said tasks i being defined at least,
for each of said frames j, by an execution time, an execution deadline D/
and a guard time 1101 J 



10PiI with respect to the next frame j+1, said guard timebeing greater than
or equal to said deadline Di , said method being characterized in that it
comprises at least the following steps: Cii  for each task i, calculating
the ratios Dbetween the execution timei of each frame j and the
corresponding 15 n deadline,   for each task i, searching for the maximum
of said ratios over C if D  comparing the sum Ern-I max ( D ) over all of
said tasks i          of said maxima with the number p of processors
operating in 20parallel over which the total computation load of said
real-time application is distributed,  19 m-1C o if said sum E max 1 D ()
is less than or equal to the --  



1=0 number p of processors, then concluding on the feasibility of the
real-time execution of all of said software tasks distributed over said
processors and associating a dynamic execution TA j priority with the task
i according to its execution deadline Li i so that, at a given instant, the
task which has the highest n j priority is the one whose deadline is the
closest in time, m -1C o if said sum E max (is strictly greater than the
ON -1 D i=01 number p of processors, rejecting the task i and/or redefining
its J execution timeand execution deadline " i parameters - 1C so as to
satisfy the inequality Emax(. )p i=0015_N-1 Di]    2. The scheduling method
as claimed in claim 1, characterized in that said data frames are sequenced
in a random order and do not 15observe a cyclic pattern in time.    3. The
scheduling method as claimed in one of claims 1 and 2, characterized in
that said tasks execute, on said data frames, signal 



processing functions and that said processors are digital signal
20processors (DSP). 4. The scheduling method as claimed in one of claims 1
to 3, characterized in that a single processor with a variable frequency is
used and that said method also comprises the following steps:  20 max ( c'
) 1 o if the following inequalityis not i=0 OND -1 satisfied, then
multiplying, by a factor 5 at least equal to m -IC ij  0<D(-, , the
frequency of said processor, max 1=0_w v -1  o if said frequency multiplied
by said factor 5 is less than or equal 5to the maximum operating frequency
of said processor, then associating a dynamic execution priority with the
task i according to its execution deadline D/ so that, at a given instant,
the task which has the highest priority is the one whose deadline i is the
closest in time, 10a if said frequency multiplied by said factor 45 is
greater than the maximum operating frequency of said processor, then
rejecting the task i and/or redefining its execution time C/ and 



execution deadlineparameters so as to satisfy the m -1C inequality I max(
-)D1 15 5. A scheduling device (501) for a real-time application (503, 504)
executed on at least one processor with a fixed or variable operating
frequency, said application consisting of a plurality m of software tasks
executing at least one function on a plurality N of successive data 20
frames, said device (501) being characterized in that it comprises means
for implementing the scheduling method as claimed in one of claims 1 to 4. 


