1.NVETHOD FOR THE REAL- TI ME ORDERI NG OF A SET OF NONCYCLI_CAL .MULTI - FRAME
TASKS The subject of the present invention is a nethod for the real-tine 5

scheduling of nulti-frane software tasis. It rel ates lRd of
_real-time processors, for exanple signal processing Immwmmmlul‘ﬂmon whi ch a
plurality of functions, also called software tasks, are yun, which may be
concurrent, that is to say be invoked sinultaneously. The I nvention relates
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One of the problens that the invention seeks to resolve is to guarantee the

real -ti ne feasi Bi multifreme: taski ispactasktart seftwae Bunsion ovhigh| exequtes@ t asks,

whi ch together define an applicatian Qr . m. . i i ut i on
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the software tasks to be executed is such that it does not allow for their
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concurrent tasks which are thensel ves executing a processing operation on a
nunber 26f data franes having execution constraints that are

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
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20 ‘bounded in tine. It is therefore inportant to be able to detect these
cases during the design phase of the overall architecture of the systemin
order to redefine the paraneters of thg software tasks that are to be
. depl oyed on a given processor if said fasks are not conpatible with a
real -ti me execution. 250ne scheduling policy knowmn to those skilled in the
art is the dynamc priority scheduling nethod, known by the abbreviation

EDF (Earliest, De ine First). This od consi,sts .in,assigning.a. dynam c
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positioned notably in the 30context of this scheduling nethod. The
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E, D and P an at makes it possible to validate the feasibility of the
real -ti ne siwglrupranessér by mhariapiitsy resousess imatimel $n thisksayrthe rgal-time

rocessor. . The sol ution prapos by the docunment [2] is.lipgited to
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of the franes. In this 20 case, it is possible to find a repetition pattern
whi ch enti alow fosf theis simeltaneeus ggaktidengxeeutiane ardcin ithis 6asa thesk over

a given_petri,od I a h.a.c i cri uh.fjgure 1.
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types of dpfsblémaRRizh RRF Ao GaRitial Ghiese ditidnzearehietengsablyesasyt fvat are
execution tinme 25C, Cl2,, deadline Di!, D 12 , D between the instant when
the task i getasctiangt apidnBoiaRly imiierasuet complasapplications, which Heeat ed t he
processi ng f : ! Al rd time
et ueon t apamien o SHEurient 956 KRicH"Brd BerbbifBs HRThiA B propisfierl ' L
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eri odi cal as illustrated in fi re 1. The task i is the ualified as a
(I?ycl i c20ml L%UT‘ eGgn ttiggqﬁt is there¥or u|mportant to be able to getect r’[11eci~:e 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.

25 One 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

30 context of this scheduling method.



Such a case corresponds, for exanple, to the case of a video conpression
devi ce of MPEG (Motion Picture Expert G oup) type which can mani pulate 5
three types of different data franes k?omm to those skilled in the art by
.the frame identifier I, P or B, and whFch are transmtted nore often than
not according to a cyclic time pattern. The requirenment function
introduced in [2] and that makes it possible to test the feasibility of a

f multi-f K he. i od | h
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processed or Al ic time schenme because they arrive in a random
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dynam c priority scheduling of an application executed on’at |east one
processor , methed 4sudh astthenEDEnmiethodjgisopropogedrial theydegumentof2lwdhis t asks
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guard tinme W th respect to the next frame j+1, said g[uard time Pi being
great er t hualiaste dhadeasiildnial theaal-timepexecution of a plurality of software

ol lowhg SeRse LPMERHBFERE T ack 1. calculating the ratios n J betueen
t he execution tinei of each frane j and the correspondi ng
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
25 C!,C},C} deadline D!,D?,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 tme P',P’, P’
between two successive calls to this task. At the end of a cycle time

T=P' +P>+P’, the time execution pattern of the task i is repeated



deadline D, o for each task i, searching for the maxi mum of said ratios
over all of said franes j max( C D m-1C 100 conparing the sumE max (over
all. of said tasks i 0<./N-1 D 7=0 - of ,said maxima with the nunber p of
. processors operating in parallel over ﬂhich the total conmputation |oad of
said real-time application is distributed, if said sumJ Emax (. ) j5. N1 D
=0 is less than or equal to the 15nunber p of processors, then concl uding

on the feasifbdibhly 88 ifMiradln bR TX3RY'OR 9 tAld qBbifd s SPbURY @ tasks

distribute
- 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 |, 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-
25 predictable 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

30 data frames, each of said tasks i being defined at least, for each of said



ovér said processors and associating a dynam c execution Dj priority with
the task i according to its execution deadline -1-1i so that, at a given

i nstant, the task which has the highes% n priority is the one whose
_deadline is the closest intine 6 o iF said sumE max () is strictly
greater than the 1.0 05./5N-1 Di nunber p of processors,
rejecting the task i and/or redefining its and execution deadli nei
parameters m-1C so as to satisfy the inequality Emax(p i=00_,LT -1 D5

- 1C 1isty the |  Emx(p 100 LT -1
andom or P Masa & b Sl E, 27 LR RpRo BT Rt £/ it o T °

enbodi nent of the invention, said tasks execute, on said data franes,

si gnal proggsal figel UNCt iats rédisbc 3b dheRAEHERIS jof, it Pub tifled
10processors (DSP). I n one enbodi nent of the invention, a single

processor with variable frequency is used and s%dj met hod al so conpri ses
the fol | owbsiggsyerer Ban or equal to said deadline i , said method being

characterized in that it comprises at least the following steps:

C/

5 o for each task i, calculating the ratios Dj between the
i

J
execution time C,- of each frame j and the corresponding

J
deadline D,- ,
o for each task i, searching for the maximum of said ratios over

j
all of said frames j mMax( Dl' ),

J
i

m-1 J
10 o comparing the sum Z max (—
=0

0<j<N-1- D J
1

) over all of said tasks i

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,

m—1 J

. . m I'. .
o if said sum 26 os,-%-l(p/) is less than or equal to the

1= i

15 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

' J
priority with the task i according to its execution deadline D i

so that, at a given instant, the task which has the highest

;
20 priority is the one whose deadline is the closest in time D i



oif the followng inequalitymax ( D)is not 05/5N-1 1=0 15satisfied, then
multiplying, by a factorat |east equal to C JAT-1 D J o< , the frequency
of said processor, i=0 - o if said freguency nultiplied by said factor .5
is less than or equal to the HBX|nun1o§erat|ng frequency of said processor,
t hen - associating a dynam c execution priority with the
task i 20according to its execution deadline Dj i so that, at a given
instant, the task which has the highest pr|or|ty is the one whose n

deadllne- 1-'i is th cI sest i t| f sadfre ne plied by
said factor is gré’atgr FHai! [lnhleaxumlm(qper at Bn§ rfc}tlgqggq%?r gtf'g?iaﬁthg
processor, then rejecting the tadk i and/of redefini ng its execution time
Cl and execution deag{inber PlofRprbedBors Tefeting the tasktiidridyortle@efining its

O : D/
execution time “; and execution deadline i parameters

-1

so as to satisfy the inequality Z max (—)
i=00<j<N -1 D, J

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

10  processors (DSP).

In one embodiment of the invention, a single processor with variable
frequency is used and said method also comprises the following steps:
m-—1 J

C.
. . - . 1 < .
o if the following inequality ZO 022(17]4\, I(D ) <1 is not

15 satisfied, then multiplying, by a factor & at least equal to

m—1

- 00<]<N -1

I= l

o if said frequency multiplied by said factor § is less than or equal
to the maximum operating frequency of said processor, then

associating a dynamic execution priority with the task i

: J
20 according to its execution deadline Di so that, at a given

instant, the task which has the highest priority is the one whose

J
deadline D,- is the closest in time,



m-1C inequality I max () 1 ON1 Di=o0 Al so the subject of the
invention is a scheduling device for a real-tine application executed on at
| east one processor with a fixed or vagi abl e operating frequency, said
.application consisting of a plurality mof software tasks executing at

| east- one function on a plurality N of successive data franmes, said device
being characterized in that it conprises neans for inplenenting the

schedul i ng nmet hod descri bed previ qusl y. . 4 LI becone
apparent from read n SPHEﬁ%{}?%W %ﬁtﬁi"&gt%ﬁ P%'éi’ f&@&ﬁe %té%%tt%t?\%gmgs a
nonlinmiting exanpl e maxirhahtogdratihg freBRenEieef gaiavproesssiti ten epsaingnt :
figure 1, a diagram of an exanple of cyclic nulti-frane tasks and their
execution over tine, . figure 2, a diagram of an e@'ahpl e of
non-cyclic multi-frathe taskd apd/osofedaiining disuexsputiRertimeney i afgure 3,
a bl ock diagram of the nethod according to the invention, figure 4, an

I f hi t ect f -1 JSyst f whi ch the_i] [
apples, oo eF Beelen” dhS3nam 2 of PahnBiR T tudd BT hEGT ng 1o

the invention 25used to guarantee the real -tine dependability of an
application being executed oy a tform rising a nunber of identical
process%rs. 8 'neﬁfJaﬁ}P'eZ_i‘*é (&Ig )gmi Dclaf[%gprepresents a di agram
representing the steps of the nethod fof scheduling software tasks
according to the invention. The nethod falls into the context of a

real -time systemnotably executing the software tasks that are to be
schedul ed on a §lspethepsuibiedsdithe Tendipads & saheslufingdevicreos paeahtimgl nakes
|t possibl g b0 GEh E%@t%(?t?rﬁfatsféfagyv%rn% S%s&f'vﬁ{h PikEd pQPQ/aFinIIeEQC“ ons

each execu Png a subseé e processing operations necessary to

operation eperding feaqierity, $hid bpsirdatiomtonkisting ofys phmalitytra dfasdfbvare
general ly done during a design phase and depends_notablg on the

speci f 1Cat tasks %’fequﬁégs@tske@ﬁ? ang factior Mm@ phality N Qfr Suepssslyeedatang
operat i onsghg, € é?ﬁc?f@%\f@ b"éi‘rgqt rhctbhiZ&d GANfHa 3t Mompridds hasdrs khrat make
up the systemhave to be executed on a processor, for ‘exanple a signal

pr ocessi nginpplecestiog tbé stheduddly hBthyidt déscBbgdqreRouslgssi ng) type which al so
conprises intrinsic characteristics 302, for exanple its operating
frequency or execution speed, which also inpact on the design of the tasks.
15 A task defigjhdOtesfiufds 30 becomBr abparertSAEm Goging M BlI&RIngof tasks
i for which three paraneters are defined for each data frane j manipul ated
by the1sul defailadelasssrtion, divers espananinising exagpladn dgbicot thenappensded of the

task i fordFa%nggtvv%iér{?erﬁereéént':ts deadline D1l and its guard tinme P,-/

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
20 their 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
25 used to guarantee the real-time dependability of an application being

executed on a platform comprising a number of identical processors.



A feasibility test 304 according to the invention is then applied in order
to 20 determ ne whether the set of the tasks designed in the step 303 can
be schedul ed on the chosen processor agcording to the EDF schedul i ng
_policy. For a nunber m of tasks, each generating a nunber N of data franes,
the feasibility test consists in checking the followng relationship: 25 m
-1C Emax(1) D If the rel ationship (1) is satisfied, the set of tasks

cxoout ed bef or eF BHET P DRIk b jPRrieer g 2Bkt P ahr eI g SHER 6T 7S

Q her wi se, the rRAlkbd Fort ls@ﬁeéﬁﬂﬁugogoﬁwgret asdke Accoremgs®athe indemiohcdhey, the
nmet hod accordl@gffto the invention is also applied when a new task is

creat ed antsthed fallssinie|theyconiext gf @er@ahtm%tsaat%.nqtak}lyvchuﬁ'na thet of

Sre at onc R e eBPE et IS (OAR Rl 8, 4 DivehbeRSeR Fhakfrh?

ncorporatin I'S new

val i dat® | tealtingospstent i30r Makeetuhe;rossme to adefitic at setnof seﬂwérmmswss
characteristics so that the par amet er observe the rel ationship

(1). The eWBil reffesnond to fengiions %%‘f'ire&?ﬁ‘éﬁﬂ“%lat plapsafyofethis RERGESS™I pri or |
the conpl eébé BEs%%egéﬁ'gqé?h%%V%?foﬁ6@%%%’9@% eﬁwé’g dwaskf theon the

frame j 10 | e'tinme nee to execute this

task al onesystemhmtcktaslw iprgeresaltyr dodaedwiing vodesigpt phdse enécdﬁnendSti me in

order to ena Igthedf_‘ask i o obserye, the r Iatlons herfefore to
c H¥Y

be abl e t o"BED asprah ey of e W RpiEGAtBH P E WRE
al gor I wm Bro¥ieRSRgSO Pt afiti & beerfofmeddaid trfélﬁ%@dcdiﬁtr{ahﬂswﬁéwisl on
speed 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 ,.j of the task i

for the data frame j, its deadline D,-j 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:

m—1 C.j

25 Z max (—'L—) <1 (])
i=00< j<N-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.



15The relationship (1) is a sufficient condition for the set of tasks which
satisfy this relationship to be able to be schedul ed according to an EDF
scheduling policy, that is to say that,the highest priority is granted to
.the task which has the cl osest deadling. The foll ow ng paragraph ains to
denonstrate that the checking of the relationship (1) is sufficient to
ensure the feasibility of 20 a real-tine inplenentation of the non-cyclic

mul ti-f rarrﬁﬁ%ﬁ)ge’%I%Phﬁnigipﬁr@%géfqpﬁ:gsggéqjs(F'@'Ce%é)a esol ve the technical

probl em ne art ocurment. 1o ensure that the

real -tine pysamidallp, te eethod alccoidind t6 A Uriveditiont i8sdso Zpplibd avheraa be
executed at non-predictable instants i s observe It i s sufficient to
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time at an,j.pst . | a r h C alni i tuation
since the tgrs ggegis?%?& sd%}g%@%%ejﬂgy%@wé?%nstcgs&&g@%% hée&s?ga'rrgbt Fdr]rgt.h%By

consi deg i ng:latidnshiphel )fbyriatomaratirigthésanéwttasik nakes éspassibla do validdte ifsi r st
frame to 30be Fg)r(gocessed, it js then vyeri ie& that, if t(ﬁe.real-tirr]re

const rai nt INCETRASELON OF plherwisg, raiest fti ang redefingaits sharagigrstcs $¢ ety so be
observed for all the s e ;tasks which will not take place

si mul t aneoths Rﬁréﬂwt?ﬁe(;&? ﬂjeje&éjps Qgﬁ?ﬁveéh?é@@@'&%?@}ni ng situation. 5For

the first call of each task, the configuration first considered is the one
for which Thelexeaatioptioneedsescan be aleteriined eitbep bydisignating a riprictees t
criticality or execution urgency which is reflected in a maxi m zation of
the rati o bemplexity tofithe processingezpearatieneexeautet ®yghedassi ony thptrams jon

oS00, o, B A, 1 S o804 630G i R B O
for any vajHie cRbsén pMib&dsors OrRntwaiyo i tadept IR texeautibR timekia bRjersteendi ng
deadl i ne order which is always possible, then, for the set of the tasks to
be abl e t oebabledhe daskeidonhser e retationshibrl) ppe therederg torhe paeitepe it is
Buif | ?I:,))e nt sér?erdu?g&hist t%Sléptiim}z% f?‘n%sﬁﬁﬁllgrﬁ[erﬂ?atfo% loP m&%ldoeflt%iico'a%ue%'sin%OE Ck
operations in order to speed up their execution speed.
15 The 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 realtime 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

30 be processed, it is then verified that, if the real-time constraint is observed for



k=0 In effect, on each deadline -1-1, all the preceding tasks have to have
been executed for the real-tinme constraint to be correctly observed. The
precedi ng tasks are understood to be t t asks whose deadl i ne precedes the
.deadline 11 W therefore seek to sho hat the relationship (1') inplies
the relationship (3) to prove the feasibility test according to the
I nventi on. The relationship (1') is equivalent, by multiplying each
menber I 1 t ' 0; k#i f
Now, si nce{héﬁ'?%t a%h %t?ér@ th%% ﬁ\X"" éﬁﬁ? % Obéogsrlglgd ééé %tlj eergesftéS fqu%g\g%t]a%(e deduced
t her ef r om whigh: wﬁn Hor thké Oplacsi er[@ltanebukly<aﬁzj Xhefdford rép@lsent lettiess

constraining situation.

5 For the first call of each task, the configuration first considered is the
one for which each task processes a frame x; 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:

Xi J
10 . max (C ) @)
DY 0<j<N-1 DJ

1

The relationship (1) therefore becomes:

m—1 Cix,-
> TSl

i=0 Di

15 If it is assumed that D;'7' < D" | 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:

i
X _\‘l-
20 Z Cet <D/ (3
k=0
D’
in effect, on each deadline i , 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

D"

1



Ch'D xk (5) And therefore c xk ¢ 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 Fromthe
relationship (6) it is therefore p055|qle to deduce that the relationship
_(3) is indeed observed, in other wordst! 201ck - xk < D xi 12 The pr ecedi ng
denonstration proves the feasibility test according to the invention in the
case where the tasks concerned process only franes of type xi which exhibit

For whi on. et {rerglors Bepk f show Bl ing sERrighdTeTddhBEE he helafofigflp, o o
g_ritical t (3300 bisvd therfeagibilitypedt wbterdiridertabaneertiahl sfi es the rel ati onshi p:

The relationship (1’) is equivalent, by multiplying each member of the

X
5 inequality by Di , to:

m—1 ka
Cr + DY —ft_< D%
R P e e

Now, since all the terms of the sum are positive numbers, it can be deduced

therefrom that:

10 N X i I x; (5
k=0 D ¢ k=0 k=i Dkl‘ ®)
And therefore
i—-1 ka
xl xl k xl
Ch+) DV—t-—<D} o
k=0 Dk
15

Now, since D7 < D then for any k < i, D;* <D or even

1< i

X -
Dk

From the relationship (6) it is therefore possible to deduce that the

relationship (3) is indeed observed, in other words:

: [

Xy X;

20 Z ¢y =D,
k=0



vi '<cl Dxi (7) 10Fromthe relationships (1) and (7), it is found that: m-1
CYi <DYi (8 i=o0 and the sane reasoning as previously can be applied to
denpnstrate that the relationship (8) jymplies the follow ng relationship: <
Dyl ki k=0 15 The preceding deﬁgggtration t herefore proves, through
successive steps, that the test inplenented by the relationship (1) is a
sufficient condition for the tasks which observe this relationship to be

assi o ng 16 20exealer SMsAcRio] doSedare, (Bl B4 REeRlng 6k,

( EDF schedigviengio il theygase where th@ taskecbiicernee greessonlytifarhes bf tigk ned by
the relationship (1) can be extended to the execution of msoftware tasks

on a nunbek Whichexhidiia megiravmagitieality. of i dentical processors operating in
parallel within a nultiprocessor device. In this case, the feasibility test
guaranteeing the real-tinme scheduling 13 of mnulti-franme tasks on p

pr Fcesss)rﬁ oper bt 4 sgcond ptapaltheconfigutatien is oeksiteresiabr sihjsmontthe first | owi ng
rel ati onshi
cgll each task processes any frame y; less critical than the frame x;, and

which therefore satisfies the relationship:

C C i
D Dx (7)

10  From the relationships (1) and (7), it is found that:
m—1 C Yi
<1 ®)
Vi
i=0 Di

and the same reasoning as previously can be applied to demonstrate that the

relationship (8) implies the following relationship:

S e <y

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

20 execution 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
25 to 2, of identical processors operating in paraliel within a multiprocessor

device. In this case, the feasibility test guaranteeing the real-time scheduling



nC'E max ( o<JN-1 Dp (9) 1=0 - The relationship (9) is a
generalization of the relationship (1) for a nunber p 5greater than 1 of
processors. The relationship (9) is d nstrated in a way simlar to the
relationship (1). A sufficient conditi gﬁ for all the tasks to be able to be
schedul ed on the p avail able processors is obtained by satisfying the
followng relationship for any i < m D xi In practise, on each

t asks have to have bee

i etri but i PR R TS puRCavaR S Rer 0 paTal sBlaf or (e

real -ti me SARBJiRGHE fd||g\,¢nfg Faticishipy observed. It is then denonstrated, in
a manner simlar to the case of a single processor, 15 that the

relationship (9) inplies thegselationsfip (10) and that therefore the
observation of the relations poglg)i i f$cPef@) to validate that all the
tasks will indeed be executed=thy Ghser ing the real-time constraint. The

met hod accgoy di nvention ca b 0 I

devi ce or E?lé%g 'Q?SII'RQI%I ot 59?88@“56 g’ﬁ@ﬁf‘ﬁﬁg ﬁ%‘f Zm %II?? n@%ﬁ I |epg

i mpl ement sgRtdedhah MIRSF sreBesidrsng net hod and, when a dynam c task i s added,
t he creatlon of this task is rejected if it does not satisfy th

f easi bi | i t Jhe eelationshipé9) is|damensitated inp way sipHlar éathe Eﬁlatépﬁhﬁg(@ Processor

or of the 9 I [ egsors. Thus,
o ook i's SERERREEORYRR Jor AT SRR B Rl 1 Be schdiud] BRCRRPES: 2
that the rgaditablaresEisbraisbbisnabdyr satisfyng thbafbllcmmgamwtnmhnp)forvw chis
executed operates correctly. 14 Figure 5 illustrates an exanple of a
schedul i ng@@¢eVT & according to the invention used to guarantee the

real -time dependability of an application that is executed on a platform
conprising a nunber of identi caZpCc@essor S.
k

10 £=2—< D (10
p

x;
In practise, on each deadline D i , 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.



5 'The function of a scheduling device 501 is to guarantee the real-tine
execution of one or nore software applications 503, 504. At a given
instant, an application 504 creates 5 a software task whose execution
.time, execution deadline and guard ti characteristics are transmtted to
t he schedul i ng device 501. The |atter 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 al ready
executed on a set of avail able processors Procl , Proc2, ProcP. If the

schedul i ng devi Egubd$ ihusicdtesian axamme oﬁarschedaﬁntg' deviye atcardirepto- thene
execution of the new created task it rejects 553 this task in order to

guar ant ee tNentiRHEEEA LD IQP?W’HPetﬂP\%rQ% timg, ?P@ﬁ@?lﬂwy Ansapplicafign tRaty
message to; i ne the
characteri Sf@ggugéboég%? %ﬁé’fﬁgﬁfpﬁfﬁ‘ d%hut (nggf eﬁtlhélrpc{,ec%ﬁéchedul i ng
devi ce 501 concThddanctiort bkafsehsdblig dgvioé Melsrteaguaran’ee@hecneal -bmeof t he
task 511, it aythorjzes 513 the _addition of thij task and co ni cat es
this i i or RERGLING GIP 8T FRrar 0L ae ARBRC N o054t SNEN GRS e | ask
511 for anaﬁxsﬁ;satdaﬂanoao@n@reafest t#maéasbﬁ\bb@ RASE SPTYS XBBAMIGH NBné 0 an
EDF-type scheduling policy (in other words, at a given instant, a processor

whose r esoexeeutioar deadling amldeggéwectm foheracienisticsearen dlansmitted texeut ed t he

one whose e ion,deadl cIo In dient of
the invent ?@?F#%Pgmﬂ?‘@ﬁe é@e Bﬁ% §§Lﬁ%§ th g}??%%cg c%oFdlrSngg igrségr has
t he capgci tn‘)(/ehﬂorh%\éed@sdf@édqhbeloﬁéﬁwmn mablddeeubhite Ereatoeriay &0 change
during the execution of the tasks, the nmethod according to the invention

al so cont athis newdaskasovelhas Qﬁ;g@t of the tasks 51, 52, 53 already executed on a
| ft herel at t t t 8 i
theref or e §FdCLAICRE PRET R arabr b ProcP dCffecseedtiing oo o8t /e

that the reaheludie® onothet ign-feasitilitglufer veal-tintdrexecitenubf the dewi areats@l
triggers 514 the nultiplication by a factor .5 of the, current oagratlng

frequency skl drigiacdssi? this t@%'”n@\@ef F%qug@@p%w%d@&lgy theexceed
Lhe Mxs MIALBRERN 864 HRANRRTE 8mELeQ RF SaROAppIidatiBHI SIS irf Bfderl ¢ he

5addi tion new task. In practlse tiplication by a factor 8 of
t he execut enabtbrlietqu@ldeﬁneithe bbaqazlctﬂnsslssof ggiddgsk ballent to the division of

all the exiafc%ltﬁ

tf‘uer ﬁand the scthedullng de\c/*‘lce 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.

25 In 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.

If the relationship (1) is not observed, it is noted that
j

m—1
30 O = ; 01}1}3}\ I(D’)' & is therefore greater than one. In order to




sarre quantity 8. Because of this, the sum/ max () then beconmes D =0
equal to 1 and therefore observes the inequality (1). Mire generally, it
can be 10seen that, to observe the in ality (1), it is sufficient to
_increase the frequency of the processor by a factor at |east equal to 8.
The nethod according to the invention applies notably to the design of
mul ti-user comruni cation systens. A transm ssion systemis, nore often 15
t han- not, use e . US i tAaP i . gonvey a
ol aral 1y SFEanRe R CHesP it Baie R, RE G5l bal e BB Uhd uBRicB L Yy
on the datgof rnAggsrsapils tthe mukiplitatsh tbynasfactort Heft theksuirentdopératiegt . A
video content transm ssion application nmay, for exanple, use data frames of
a greater freaugneyt ofaiheaprosssaresthgi My dissiuensy iobtaings clogis ROtRXCERE f r ames

st ant of (g PO Ahe@Rob FEeiingy " L 8o diSer; RlunGied BITRE "2

bi di r ecf i ogaditic® BFtHY &V it@sk systemis nore often than not random because it
is determned by events triggered by the users. This diversity of

char act er i kt prastise, theemulipticationrby antactar § of Hiss sxkeswionofregianey efdhet he
design of an 25 architecture of a communication system a npdel of

mul ti - f r anprocesser issequivaleaista the divisiarupf al th@ﬁﬁ@@”ﬂﬂﬂ:b’ﬂ"@ﬁ%it by tthis
invention using this nodel. An exanple of a real-tine systemarchitecture
for which the invention applies is illustr@ted in fiGure 4. Areal-tine
comruni cat samegysndity bBesauseofribisbthe sdmu R —&-) ohes bespmesent ed,
conprising three processors Po, P1, P2. 169 1671 nt epest is focused on the

schedul i ng_of the tasks executed on.the pr raaP lat: ecutes a
et of ¢ ackaualto 3R ierEliiE thEGnRR ha MR AT el bEaD: D e 87
subsys§em §8én rpgei 10 %séﬁeatﬁ@nheaualwegy,sw % Guffitier? W anereasppinecat i on
402 to the users A and B. The reception subsystem nade up of the tasks
41, 42, A3frequencycefitheprderssopbyleciastaratieasiegonl ordler, the reception of

t hese packets triggers successive calls to the reception tasks 41, 42, 43,
44 whi ch execute, for exanple, denodul ati on and/or channel decodi ng

processi ng oper ahiPRSthBR dcerdifg o RS PventicraBpplidd netebRaothdatesigrooft he
receiving application 401. 10In parallel with this first transm ssion

subsyst em nmulboael cgMINBRIgatiarmsystemss oA iipnRisaioad sysfefmds, pneca Lften Po to

enabl e, 1t he _ users, A B.to co nj i N, W h r d D. A
set of 1% asf&arh%?t’ Hé,ggi)y ,a hgmg%?mtdgggsﬁ g’&%g"‘é% 'Bgé%g'i? !eoﬁ)sgl? ﬁzft% nﬁgﬁ‘% it
possi bl e tQIJrQIit?fﬁif differefasanviceshieavisg chafauteristiesisose apact modablgtanon or
channel codi n% unction. The tasks 15 45, 4?, 47, 48, %ﬁn up, the sending
subsyst em Hiee datee amas ?ﬁ‘ééb@r@@%ﬂ?”éﬁ%%@yﬁ%r@ﬁ'&ﬁjéﬁna' rg’ht-t%é“qe&’sks 41,
42, 43, 44 . : £ Y [ | i ' kes it
possi bi et SOMEREreBRARGON LRSS Hiay o, SBimiie, Bt BB Khas, B ™

i mpl ement agiremteoierigte thanda rigktr emsisaging applitwtiomhiThel sizk ofsthenfriasrasnt ed

bet t licati 405, 406_and i I t h ti 20 qf 1
Casks 49, SOPSH amibepslbion inie,of Hircasitriad Jedo Fartis ore Has IRt | on

appl i es t.0of B dYRRd Yrerefste ﬁﬂl%c§¥§56”b§im¥ﬁa€éaﬁ_an4€%5i|ﬁ é&)idﬂécfctibnﬁr anme .and

. 8{‘ g?xﬁ'ta (%
is executed in a non-predictable order fromthe point of view o “the
processor Bommmunibatidn tdysyerar & ererutaften 2banonbkrrandem dfecappei daid on for

which the i i lies is th wh k.. nr i
operat i on SR PR Bl BioBatas by T SO T AR e B RO T hi <
task is exgeuheddags fdiResamakbs Vitt fosamsiel & eapdly, ¢OMINEPEESGN §prarexarrpl e

by varying its execution frequency. In this case, if a nunmber o
consunps i oarchiteturarsd aacaminabication lsystexecamasiel of multbframesasksasyyglh frame

will be di ];fsetrh%nécﬂce%ruliﬁgcrﬂef%dt Q@c?o?dfﬁgdﬁsthe-rnﬁehfigﬁ'ﬁjstir%d)"?his 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 Py, P4, Pa.



from one consunption node to another may be perforned over tine in a 17
non- pr edi ct abl e manner, notably according to constraints |inked to the
system The nethod according to the iq%pntion descri bed previously applies
well in this case since there are one or nore software tasks which execute
a processing operation on a data franme whose execution tinme, notably, wll
5 vary over tine according to the consunption node of the processor. The

desi gn of st.e be_vali and_ 4 I - L egcHtdan
guar ant eed?ﬁéinﬂgeré%te}sl m‘%’%’ |do§'f' t% ga]ieg"rll@ga?ﬂ ;t/ﬁe ttﬁ%“sl tr?\5;§§¥1i:é§n8gptg|%i es to
any set of peesssir Ppt Thofiatier exdoasds aosetgpfntaiske gt 1f, rd2dn 48, f44e mesaciatedr ces and

executing, in a noné’ﬁredi ctable I o order, a procgessing orgteé)zhih_i on on a set

of data frwhedndigiduaniunstions oéreuhsysierader weadingatd &g & H&®Guar d
times are &a%habbe.viél an aﬁéi tioRv 205! ) tROt Ay ﬂaénﬁg hg. afheansagption! making
It possible to validate t esign choices of an application or of a

rﬁfil -tisre sutsﬁys:}erarrdﬁde upbofther taske el 1t, M2, f4ASa Adbrddeivesoflatahpackeds in ion of
this systemw thin t del ay,.constraints t hich it is subject. tn

bar t1 ool ar (R PRI O IPORRRES O thossoaseids fipdts chppdsi ot lor bl
operation pi-catighnadis e, M2 MalyaarikicRréx@icute, v kantple, dehrdultion
executing the EDF nethod and in particular to guarantee that the system

wi | | never ahd/opvehanagledlecoding herocessiag operatians agher datanibeforso never
be greater than.100%. References [1] A K.Mk et..D.Chen. A multifrane nodel
for real ttrﬁﬁsmgérll%?’a'lgr%éﬁé%lit Eecﬁgv"}'%éﬁplﬂl' M%'Qpnéoni'onal Real ti me System
Synposidm |PpaRfiePRitk this Restardiemidd8R suBsystemSa Raidiedisutbyysten, is Slscor i nsky,
A. Mok. Ceneralized nultiframe tasks. 1996. 18 CLAIMS 1. nmet h for the

A
Ireal -tine Hyplgmentedienithe J¥ReeRAArNFooto apnaple g iusars ot SR e on at
east one pr Sal | J | I §t IzN |4 f
sof twar e tggﬁ]@?@g%tﬁt'ﬁﬁgﬂqaw efggfﬁ %egg %%@?e@'s |Ang(atg(]é)fetraagf2 % %5?5%5 ’ ?73}% ality
of N successéststefrbeedsimgroperatidnb that makd it psssible tbdomyatdibki dedd tatbd east ,

for each of said franme , by an executi ti , ' '
and a guar gept. far examp Ja dat)a/ modufzétiorl1J olroc anlnra3 cogl%ge u%(c:: lct)rlu.o?hg ‘?S‘Slls' ne O

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 Py on which they are executed.

25 Another 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

30 same 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



10Pi1 with respect to the next franme j+1, said guard tinebeing greater than

or equal to said deadline Di , said method being characterized in that it
conprises at |least the follow ng steps"., Ci for each task i, calculating
the ratios Dbetween the execution tinmel’ of each frane j and the

correspondi ng 15 n deadl i ne, for each task i, searching for the maxi num
of said ratios over Cif D conparing the sumErn-1 max ( D) over all of

sai d- t asks_j . Q | d ' | 1 he n fi. Pracessars
ot 2okl pesiraple. g TSR kb Bhd B Pue R B8
real -ti ne gt Fhicometodlasddrtingttecthe iddermtiochCdesdribesiapreévivuslytappiiesl D ()
Is less than or equal to the -- )
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
10  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%.
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1=0 nunmber p of processors, then concluding on the feasibility of the
real -tinme execution of all of said software tasks distributed over said
processors and associating a dynam c cution TAj priority with the task
.1 according to its execution deadline Li i so that, at a given instant, the
task which has the highest nj priority is the one whose deadline is the
closest intinme, m-1Co if said sumE max (is strictly greater than the
ON -1 D i=01 nunber p of processors, rejecting the task i and/or redefining
its J execution tinmeand execution deadline " i paraneters - 1C so as to
satisfy the inequality Emax(. )p i=6LAIMS1 D] 2. The schedul i ng net hod
as clainmed in claiml, characterized in that said data frames are sequenced
in a random order and do not 15observe a cyclic pattern in tine. 3. The
schedul i ng met.had rastholdaifsredinien reaktidé dyaanic Lpddity 2 schbdulingt esfi zad in

that said tasks execute, on said data franes, signal . o
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

O . D/ :
execution time i , an execution deadline ; and a guard time
J J
10 Pl with respect to the next frame j+1, said guard time P, being

J
greater than or equal to said deadline D,- , said method being
characterized in that it comprises at least the following steps:

C/

o for each task i, calculating the ratios Dj between the
i

J
execution time C,- of each frame j and the corresponding

' J
15 deadline Di :
o for each task i, searching for the maximum of said ratios over

J

all of said frames j max( D ij ),

i

m—1 J

. C, . .
o comparing the sum Og}_%_l( D7 ) over all of said tasks i

of said maxima with the number p of processors operating in

20 parallel over which the total computation load of said real-time

application is distributed,



processing functions and that said processors are digital signal
20processors (DSP). 4. The scheduling nmethod as clained in one of clains 1
to 3, characterized in that a single Rygecessor with a variable frequency is
.used and that said nmethod al so conprisés the followi ng steps: 20 max ( c'
) 1 oif the followng inequalityis not i=0 OND -1 satisfied, then
multiplying, by a factor 5 at |least equal to m-ICij 0<D(-, , the
Lrequegc]%/ of said processor, nmax, 1=0_w v -1 o if said frequency multiplied
y sai actor 5 |s Jess than I h | e equenc
of said processor ® %ssé'c%l |a%1gg d€ %e%u%nggr%}ﬁ'ﬁg l{Ir\]II tﬂ they
task i according to |ts execution deadliné D so that, at a given instant,
the task which has thgmbeghest prdedsbis thént&tﬁldumngwmsmaie@aﬂumr@ of i s the
closest in time, 10a if said frequency rrultlplled sai d factor 45 is

greater than the maxtheufpabyeraexegitoneefuahey said §%ﬁ‘ﬂar§r@§5§§ﬁ” viesh
rejecting the task i aqdigr Te86IdBIODAd Ss888aHAG OF dyrimit! eR8ition

J
5 priority with the task i according to its execution deadline D i

so that, at a given instant, the task which has the highest

J
priority is the one whose deadline is the closest in time Di ,

m—1 j
o if said sum Z max (
0<j<N -1

i=0 1

=) is strictly greater than the
number p of processors, rejecting the task i and/or redefining its

e CJ . D/
10 execution time “; and execution deadline i parameters

-1 Cf

so as to satisfy the inequality Z max (—) < p.
i=00<jSN-1 D/

2. The scheduling method as claimed in claim 1, characterized in that
said data frames are sequenced in a random order and do not

15 observe 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

20 processors (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:



exécution deadlineparaneters so as to satisfy the m-1C inequality I max(
-)D1 15 5. A scheduling device (501) for a real-tine application (503, 504)
executed on at |east one processor witjy a fixed or variable operating
frequency, said application consistind of a plurality mof software tasks
executing at |east one function on a plurality N of successive data 20
franmes, said device (501) being characterized in that it conprises neans
for inplementing the scheduling nethod as clajmed in one of claims 1 to 4.

—) <1 is not

o if the following inequality Z o£n2<1,\ 1 D’

satisfied, then multiplying, by a factor 8 at least equal to

m—1 C J
Z ,max l( D ) , the frequency of said processor,

i=

o if said frequency multiplied by said factor § is less than or equal
5 to the maximum operating frequency of said processor, then

associating a dynamic execution priority with the task i

J
according to its execution deadline D i so that, at a given

instant, the task which has the highest priority is the one whose

J
deadline Di is the closest in time,

10 o if said frequency mulitiplied by said factor 3 is greater than the

maximum operating frequency of said processor, then rejecting

J
the task i and/or redefining its execution time C,- and

J
execution deadline D i parameters so as to satisfy the
J

<1v 1(D1

inequality Z ma ) <1

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.



