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Abstract
This paper proposes a static scheduling of an application designed using the IEC 61499 standard. In
this standard, a function block (FB) is an event triggered component and an application is a FBs network.
According to specifications, we propose temporal constraints on the application behavior. To verify these
constraints, we propose to transform the application
blocks into a particular tasks system with precedence
constraints. The purpose is to exploit previous works
on scheduling. In addition, we propose a schedulability analysis generating an accessibility graph of the
application. This graph allows the construction of a
static scheduling to use by a sequencer at run-time.

1

Introduction

Nowadays, several component based approaches
have been proposed to develop safe control applications. They allow to model applications at design time
[4]. Nevertheless, it is difficult to evaluate real-time
behavior without modelling the execution support and
its distribution.
The IEC 61499 standard [9] is one of the most
known component-based methodology in the industrial field [4]. It allows to model applications as well
as the execution support. A component (called Function Block and denoted by FB) is a reusable functional
unit of software owning data.
A function block interacts with its environment
thanks to event and data inputs and outputs. Event
inputs trigger the function block activation while data
inputs provide algorithms parameters. According to
[8, 9], we allows events buffering in blocks. We suppose a buffer of size m (m ≥ 1) in each application
block. In this case, events loss depends on the buffer

size. On the other hand, a control application is specified by a so called ”function blocks network”.
A control application has classically to respect end
to end bounds [13] according to specifications. These
bounds represent the maximum duration between the
receive of stimulus from sensors and the activation of
the corresponding actuators.
According to the standard, the application blocks
are distributed on containers of devices called resources. A resource is a logic execution unit corresponding to time slots of the processing unit.
In a resource, the application blocks may share
data and also interactions with physical processes.
The standard imposes a non-preemptive execution between them. Due to this restriction, a mutual exclusion on these interactions does not have to be explicitly handled. We note that a FB execution can be preempted by another FB belonging to another resource.
In this paper, we synthesize the static scheduling
of a centralized IEC 61499 application. The resource
concept is not relevant to take into account in this
work. We suppose as assumption an application located in only one resource of a device. We have to
apply a non-preemptive policy to perform such synthesis.
To validate the temporal behavior of a control application, we propose to transform its FBs network
into a particular tasks system with precedence constraints. The purpose is to exploit the previous researches in this field. This system is different from
all those proposed in other researches. It allows the
representation of all execution scenarios.
To avoid any events loss, we propose to compute
deadlines for the different application tasks. A deadline defines the latest completion date of a task execution [19]. This computation must take into account
the end to end bounds according to specifications.
To check the application feasibility, We propose

a schedulability analysis based on a graph construction. If all deadlines are met, we generate an off-line
scheduling [24] to use by a sequencer at run time. This
off-line scheduling specifies all the execution scenarios inside the resource. It is a direct acyclic graph
(DAG) where each trajectory represents a possible
blocks scheduling.
In the section 2, we present the IEC 61499 standard. Then we briefly present in the section 3 a behavioral characterization of a FB and a control application. In the section 4, we present the transformation
approach of a FBs network into a particular tasks system. Then, we present in the section 5 the computation
of blocks deadlines. In the section 6, we present the
schedulability analysis of an IEC 61499 control application. Finally, we present in the section 7 a method
generating priorities of events inside blocks.

2

The IEC 61499 standard

We present the main concepts of the IEC 61499
Function Blocks standard [9, 8]. This standard is an
extension of the IEC 61131.3 [7] for the Programmable Logic Controllers (PLC). We can divide its description into two parts: the architecture description
and the block temporal behavior through the events
selection mechanism.
2.1

Architecture description

An application function block (FB) (figure 1) is a
functional unit of software supporting some functionalities of an application. It is composed by an interface
and an implementation.
The interface contains data/event inputs and outputs supporting the interaction with the environment.
Events are responsible for the activation of the block
while data contain valued information.
The implementation consists of a body and a head.
The body is composed of internal data and algorithms
implementing the block functionalities. Each algorithm gets values in the input data channels and produces values in the output data ones. They are specified in structured text (ST) language [7].
The block head is connected to events flow. It selects the sequence of algorithms to execute with regard to an occurrence of an input event. The selection mechanism of an event occurrence is encoded in
a state machine called the Execution Control Chart
(ECC). At the end of the algorithms execution, the
ECC sends the corresponding output event occurrences.
Regarding that we are interested in the temporal
behavior of the application, we will only focus on

Figure 1. An IEC 61499 Function Block

event flows. Therefore, we suppose a complete synchronization between event and data flows.
In the standard, a function blocks network defines
a functional architecture of a control application. Each
event input (resp. output) is linked to an event output
(resp. input) by a channel. If not, it corresponds to a
global input (resp. output) of the network. Data inputs
and outputs follow the same rules.
According to the standard, a device (industrial control system) is composed of one processing unit and
interfaces (for sensors, actuators and the communication network). Moreover, it contains one or more containers called resources.
A resource contains application FBs interacting
with physical processes. It defines ”the important
boundary that exists between what is within the scope
of the IEC 61499 model and what is device and system
specific functionality. Issues such as operating system
and communications protocols are outside the scope
of the standard” [18].
The resource can be viewed as a logic execution
unit corresponding to time slots of the processing unit.
It provides a scheduling function, for its local FBs,
applying a non-preemptive policy.
In this paper, we are interested in the validation of
the temporal behavior inside a resource. We suppose
then an application located in only one resource of a
device. This assumption, representing the simple case,
is well required to validate thereafter the temporal behavior of a distributed application on several resources
of devices.
Running Example. For all the continuation, we
consider a simple toy example of an IEC 61499 ! (figure 2) to explain the proposed approach.
This application is composed by four FBs. Each
FB implements elementary functionalities (one for
each input event). The application receives two external input events (i.e, ie1 and ie5 ) and can send five
output ones (i.e, oe4 , oe5 , oe6 , oe9 and oe10 ).
According to specifications, the application has to

ecuted when the corresponding input events occur. We
note that the selection mechanism is performed thanks
to state variables ’a’ and ’b’ of F B1 .
When the ECC selects an ie1 occurrence, it asks
(!ex f b) the processor to perform the corresponding
algorithms sequence Alg1 . When the execution is finished (?end ex) and depending on the state variable
’a’, the ECC sends oe1 to F B4 or simultaneously
oe2 and oe3 to respectively F B3 and F B2 .
When the ECC selects an ie5 occurrence, it waits
also the processor to execute the corresponding algorithms sequence Alg5 . When it is finished, it sends
oe7 to F B3 or oe8 to F B2 depending on the internal
variable ’b’ (figure 3).
Figure 2. A control application f bn

respect end to end bounds between the receive of these
external input events and the sent of output ones.
2.2

Temporal behavior of a FB

Let us turn to the internal behavior of a function
block. The standard supposes that only algorithms execution spends time. In a given function block, the
ECC is said idle if there is no algorithm to execute.
Otherwise, the ECC is busy.
According to the standard [9], the FB contains a
limited buffer (size m ≥ 1) for input occurrences. The
ECC behavior is devised into three steps :
* First, it selects one occurrence of an input event
according to priority rules defined in the resource.
* It activates the algorithms sequence corresponding to the selected event. Then, it waits for the resource scheduler to execute this sequence.
* When the execution ends, it emits occurrences of
corresponding output events. These occurrences are
sent simultaneously or in exclusion. The emission depends on state variables of the FB.
We note that an algorithms sequence of a FB is
atomic. The generation of events priorities is not specified in the standard. Therefore, it is up to the designer
to fix such priorities [11]. We define at the end of this
paper a method generating events priorities in a FB.
On the other hand, the ECC is specified by a state
machine where each trajectory is conditioned by the
reception of an input event, then the execution of an
algorithms sequence and finally the sent of the corresponding output events.
Running Example. We present the ECC behavior of the function block F B1 (figure 3).
We distinguish two algorithms sequences to execute : Alg1 and Alg5 . These sequences have to be ex-

Figure 3. The ECC behavior of F B1

3

Behavior formalization

To characterize the temporal behavior of a function
block, we have to take into account the execution of its
ECC. Indeed, the ECC selects not only algorithms
to execute but also the output events to send. Nevertheless, the selection of transitions inside the ECC
may depend on internal state variables. We propose to
define sets of output events corresponding to all possible executions.
On the other hand, we classically define end to end
bounds on the application behavior. These bounds
represent the maximum duration between the receive
of stimulus from sensors and the activation of the corresponding actuators. They are deduced from specifications.
In this section, we first present an abstraction of the
function block behavior. Then we propose a formalization of end to end bounds. For all the continuation,
we denote by f bn a function blocks network.

3.1

inputs = {ie ∈ IE / cause(ie)∈
/ OE}
outputs ={oe ∈ OE / ef f ect (oe)∈
/ IE}

Function block behavior

We propose an abstraction of the function block
behavior. The problem is to identify the possible output occurrences corresponding to an input one. Such
association is specified in the ECC state machine.
Nevertheless, firing a transition in the ECC can depend on internal variables of the block and also on input data. Therefore, we propose to identify the supersets of output occurrences that occur simultaneously.
For each trajectory of the ECC automaton (i.e.
each possible execution), we associate a superset gathering all the output events occurring successively.
Let consider IE (resp OE ) the set of input (output) events of f bn. In the same way, let consider
IEF B (resp OEF B ) the set of input (resp output)
events of a function block F B. In addition, let tr be a
trajectory ECC ECCF B . we denote by,
* IE(tr) the input event occurring in tr
* OE(tr) the set of output events occurring in tr
We propose a function follow associating to an input event ie ∈ IEF B , the sets of simultaneous output
events.
follow(F B,ie) =
{OE(tr)/ ie = IE(tr), tr ∈ ECCF B }

In this paper, we suppose periodic events of inputs.
We are based on the model proposed in [19] to characterize such events by a release time r, a period p, a
jitter j (the maximum deviation of the period) and a
constant deadline d.
Running example. In the example, we have the
following sets :
inputs={ ie1 ,ie5 }
outputs={ oe4 ,oe5 ,oe6 ,oe9 ,oe10 }
We propose the function bound encoding all the
end to end bounds of f bn. bound(ie,oe) denotes the
maximum duration between the release time of an ie
occurrence (ie ∈ inputs) and the sent of an oe one (oe
∈ outputs). It is directly deduced from the application
specifications.
Running Example. In the treated example,
bound(ie1 ,oe4 ) specifies the maximum duration that
can take the treatment of Alg1 and Alg4 .
We suppose the following constraints deduced from
the specifications :
• bound(ie1 ,oe4 ) = bound(ie1 ,oe5 ) = 20,

Running example. In the example, we associate
for ie5 two sets of output events. These sets correspond to the trajectories of the ECC starting from
the transition triggered by ?ie5 .
follow(f b1 , ie1 )= {{oe1 }, {oe2 ,oe3 }}
follow(f b1 , ie5 )= {{oe7 }, {oe8 }}
follow(f b4 , ie4 )= {{ oe4 }}
3.2

fbn temporal constraint

According to specifications, a real time application
must often respect temporal constraints as end to end
bounds. We associate, in this paper, such bounds to a
F Bs network.
We formalize in this section the dependance between function blocks. We propose a function cause
that specifies causalities between an event input of a
F B and the corresponding output of another one regarding the F Bs network. Note that ef f ect specifies
the opposite function associating to an output event,
the input event target of the sent occurrences.
Running example. From the link between F B1
and F B4 , one can deduce :
cause(ie4 )=oe1 ; effect(oe1 )=ie4
On the other hand, we define in f bn the set inputs
(resp, outputs ) of input (resp, output) events such as
each event is not linked to another one.

• bound(ie1 ,oe6 )= bound(ie5 ,oe10 ) = 25,
• bound(ie5 ,oe9 ) = 23,

4

Transformation into a Task Model

In this part, we propose to transform f bn into a
tasks system S with precedence constraints [2]. This
system is different from all those proposed in other
researches.
We first define a task as an execution of a FB. Then
we define a trace as a sequence of tasks.
4.1

Task definition

An application task T corresponds to the execution
of a function block activated by an occurrence of an
input event ie. This task implements the corresponding algorithms sequence.
We define the function generate(ie) associating for
an input event ie the corresponding task T. Note that
is generated by(T) is the opposite function of generate(ie). In addition, we denote by Task the tasks set of
S.
Let setOE be a set of output events. We define
the function target(setOE ) associating for setOE the
following set of tasks,

target(setOE ) =
{T ∈ T ask / ∃ oe ∈ setOE ,
oe = cause(is generated by(T))}

4.2

Trace definition

To specify causalities between tasks, we define in
S a trace tr as a tasks sequence,

We propose, the following characterization of a
task T,
T={ r, j, p, d, W CET , BCET , pred, succ}

tr=T0 ,T1 ,.....,Tn−1
such as,
• T0 ∈ f irst, Tn−1 ∈ last

such as,
• ∀ i ∈ ] 1,n − 1 ], Ti−1 = pred(Ti )
• r (release time), j (jitter), p (period), d (deadline)
: Temporal parameters according to the model
proposed in [19]. We propose, in the next section, a method processing these parameters.
• WCET (resp BCET) : the worst (resp best) case
execution time of the algorithms sequence corresponding to ie. It can be evaluated using the
code and the characteristics of the execution support [23].
• pred : the task that must be executed in fbn before the execution of T . It corresponds to the
execution of the FB producing cause(ie) (ie =
is generated by(T)).
• succ : a set of tasks sets. Each tasks set corresponds to a possible execution scenario (ie. only
one tasks set between all ones is performed).
The tasks of a set are to be executed once the
execution of T is finished. They belong to FBs
activated once the ie treatment finishes.

∃ setOE

succ(T ) = {setT ⊂ Task /
∈ f ollow(f b,is generated by(T )),
setT = target(setOE )}

Running example. In the proposed example, we
distinguish seven tasks Ti corresponding to iei (i ∈
[1, 7]). The task T1 corresponds to the algorithms
sequence Alg1 . The predecessor of T4 and the successors of T1 are as follows,
pred(T4 ) = T1
succ(T1 )= {{T2 ,T3 }; {T4 }}
When the T1 execution is finished, two scenarios
are possible : Either we execute T2 and T3 or we execute T4 .
We define first (resp last ) as the set of tasks with
no predecessors (resp successors). The set first (resp
last) corresponds to inputs (resp outputs),
f irst = {T ∈ T ask / pred(T) ∈
/ Task}
last = {T ∈ Task / succ(T )= Ø}

We define the trace concept to just specify end to
end bounds. A trace represents then a possible execution part of the application when an event belonging
to inputs occurs.
We denote by T races the traces set in S. We denote also by start(tr) the first task of the trace tr.
To avoid any functional problem, we suppose non
reentry traces [14, 20] : the execution of the k − th
instance of a trace must not start before the execution
end of the (k −1)−th one. More precisely, the period
of the first task is higher than the corresponding end to
end bound.
In a closed control loop, a new reading from a sensor cannot be done before the activation of the corresponding actuators.
Running Example. In the example, we distinguish
five traces. Each trace specifies a possible application
behavior.
tr1 =T1 , T2 ; tr2 =T1 , T3 ; tr3 =T1 , T4 ;
tr4 =T5 , T6 ; tr5 =T5 , T7
Finally, we define in the system S an operation opi
as the set of traces having the same first task Ti . It
specifies all possible executions of f bn when Ti is activated.
opi = {tr ∈ T races / start(tr)= Ti }
At run-time, some tasks of opi have to be executed
each time Ti is activated. Some others have to be executed depending on the execution of their predecessors. We characterize the execution of a task as follows,
Definition. Let T be a task of an operation opi .
We say that the task T is principal if it is executed
each time Ti is executed.
More precisely, the task T is principal if it is directly executed when its predecessors are completely
executed.
∀ T 0 ∈ pred∗ (T ), cardinality(succ(T 0 )) = 1
Running example. In the example, we distinguish
two operations op1 and op5 (figure 4),

To respect the end to end bounds of all traces containing Ti , the deadline di has to respect the following
condition
∀Ti ∈ S, di ≤dbound
.
i
Running example. We suppose the following
worst case and best case execution times of the different tasks,
Figure 4. The application operations

op1 = {tr1 , tr2 }; op5 = {tr3 , tr4 , tr5 }.
The operation op1 specifies two possible application executions. According to the execution of the task
T1 , we execute either T2 and T3 or T4 .
The task T1 is executed periodically. It is then a
principal task. The execution of the tasks T2 , T3 and
T4 depends on the state variable ’a’ of F B1 . They are
not principal tasks.

5

Deadlines computation

To validate the temporal behavior of the application, we present in this section an approach to compute tasks deadlines. A deadline represents the latest
completion date of a task execution [19].
A deadline computation is based on end to end
bounds described in specifications. Moreover, it must
avoid any events loss in buffers of blocks.
5.1

deadlines computation basing on end to end
bounds

Let tr be a tasks trace of S. We classically define bound(tr) as the end to end bound of the trace
tr. This temporal constraint corresponds to the bound
between the activation of f irst(tr) and the end of the
last(tr) execution.
We define d the deadline of a task T ∈ tr. We define dbound the upper bound deadline to guarantee the
end to end bounds of traces containing T . dbound has
to take into account the time for executing all the successors belonging to succ(T ) before their respective
deadlines. We process this deadline as follows,
If T ∈ last,
dbound = bound(tr)
Otherwise,

P

dbound =
d ≤di
minTi ∈succ(T ) {di − Tjj ∈succ(T
) Tj .W CET }

We process the tasks deadlines as follows,
• dbound
= dbound
= bound(tr1 ) = bound(tr3 ) =
2
4
20
• dbound
= bound(tr2 ) = 25
3
• dbound
= min{dbound
−T4 .W CET, dbound
−
1
4
2
T2 .W CET − T3 .W CET } = 11
• dbound
= bound(tr4 ) = 23
6
• dbound
= bound(tr5 ) = 25
7
• dbound
= min{dbound
−T6 .W CET, dbound
−
5
6
7
T7 .W CET } = 17
5.2

Deadlines computation taking into account
buffers size

Denoting by m the size of buffers in the application blocks, the events loss occurs when the number
of active tasks at a given time is larger than m.
To avoid this problem, we first propose to characterize the release time of each application task. We
propose then to compute deadlines in the order to keep
such number lower than m.
Note that this method can also be used to determine
the sizes of buffers if they are not fixed.
5.2.1

Temporal characterization

Let Ti be an application task such as Ti ∈ f irst. The
task Ti is periodic regarding the periodicity of readings from sensors.
We characterize the temporal behavior of an application block as follows,
Definition. Let fb be a function block of fbn. We
define a ”hard activity duration” of fb, a duration during which all the non principal tasks are periodically
activated.

More precisely, the hard activity duration of a
block corresponds to the worst case when all the non
principal tasks are executed as if they are principal.
To avoid any events loss in the corresponding
buffer, we must compute tasks deadlines in a such duration.
Running example. In the example, we suppose
T2 and T6 (resp T3 and T7 ) as principal tasks in F B2
(resp F B3 ) to compute their deadlines d2 and d6 (resp
d3 and d7 ).
Considering non reentry traces, all the application
tasks are periodic. Let tr = T0 ,....,Tn−1 be a trace of
S. We characterize the temporal behavior of Ti ∈ tr
(i∈ [ 1 , n − 1 ] ) as follows.
• ri = r0 +
• ji = di−1

P
P
−

k=i−1
k=0

BCET (Tk )

k=i−1
k=0

BCET (Tk )

• pi = p0
The earliest activation date of Ti occurs when each
previous task in the trace is executed as soon as possible ( k=i−1
BCET (Tk )). The latest activation date
k=0
occurs when the previous task ends just in time (i.e. at
its deadline). The difference between the earliest and
the latest date corresponds to the jitter (figure 5).

P

5.2.2

Evaluating the Hyper Period

To validate the application, we classically verify the
respect of deadlines in a hyper-period H [22]. Therefore, we propose to compute these deadlines in the
same hyper-period.
Let lcm be the least common multiple of the
tasks periods. Let Tmax = {rmax , pmax , jmax } and
Tmin = {rmin , pmin , jmin } be two tasks of f irst
such as,
∀Ti ∈ f irst, rmin + jmin ≤ ri + ji ≤ rmax + jmax
As we treat non reentry traces, we can exploit the
result on the hyper period proposed for the schedulability analysis of asynchronous systems [17]. By
analogy with our case, the analysis may be done in
[rmin + jmin , rmax + jmax + 2.lcm].
5.2.3

Deadlines computation of a FB

Let f b be a function block containing q tasks. To compute the deadlines of its tasks, we suppose the hyper
period as a hard activity duration. All the non principal tasks are then supposed as principal ones in a such
period.
According to the previous temporal characterization, each task Ta ∈ f b is activated periodically.
Moreover, Ta belongs also to a trace tr of S.

tr = T0 , ...., Ta , ...., Tn−1
Let Ta,k be the k −th instance of the task Ta in the
hyper period (figure 6). Let Te,h be the (m + 1) − th
instance activated in f b after t(Ta,k ).
To avoid any events loss in the buffer, the execution of Ta,k must finish before the activation of Te,h .
Otherwise, m + 1 input events occur during the Ta,k
execution, whereas the buffer size is m.
We denote by dloose
the deadline bound of the ina,k
stance Ta,k to avoid any events loss in f b (figure6). It
corresponds to the earliest activation date of Te,h .
= re + h.pe − (r0 + k.p0 )
dloose
a,k
i
Considering that there exist (b rmax +2.lcm−r
c+
pi
1) instances of each task Ti ∈ f b in the hyper period,
we compute the corresponding deadline bound dloose
i
as follows,

rmax +2.lcm−ri
dloose
= min{dloose
c]}
i
i,k , k ∈ [0, b
pi

In the same way, we compute the deadlines of tasks
belonging to each block of f bn. We suppose the hyper
period as a hard activity duration for each one of them.
Finally, to avoid any events loss in a buffer, the
deadline of each task has to respect the following condition,
∀ Ti ∈ S, di ≤ dloose
i
5.3

Deadlines generation method

In this subsection, we propose a method processing deadlines for the different tasks of the system S.
These deadlines have to respect
• dloose bound to avoid any events loss in blocks.
• dbound bound to satisfy end to end bounds.
Contrary to dloose , the computation of dbound is based
on the successors deadlines of the task. Therefore,
such deadlines have to take into account the corresponding dloose . We propose a computation method
in two steps.
Let tr be a trace of S as follows,
tr = T0 , ......, Tn−1
first step. We compute the deadline dloose of each
task Ti ∈ tr, (i ∈ [ 0, n − 1 ]).
Second step. We compute the real deadline thanks
to the proposed bound formula,
• dn−1 = min{dloose
n−1 , bound(tr)}

Figure 5. Temporal characterization of tr

Figure 6. The scenario of the instances arrivals

• ∀i ∈ [0, n − 2],

We Compute for the different tasks the corresponding deadlines according to the proposed method,
First step.
To avoid any events loss in
F B1 , F B2 , F B3 andF B4 , we compute for each task
the deadline dloose in the hyper period [1, 53]. We obtain the following values.

di =
min{ dloose
, dbound
}
i
i
with,

P

=
dbound
i
minTk ∈succ(Ti ) { dk -

dj ≤dloose
k
Tj ∈succ(Ti )

WCET(Tj )}}

To conclude as soon as possible the infeasibility of
the application, we propose the following schedulability condition,
Proposition. (Schedulability condition)
Let consider a tasks system S specifying an IEC
61499 application. The system S is infeasible if
∃ Ti ∈ S, di < W CETi
Running example. In the example, we propose the
following temporal characteristics of the tasks belonging to first. We suppose that their jitters are null. We
deduce also the temporal characteristics of the tasks
T3 , T4 , T6 and T7 .

Second step. Applying the proposed method, we
obtain the following real deadlines that avoid any
events loss and guarantee the respect of end to end
bounds,
• d2 = min{ bound(tr1 ), dloose
} = 20
2
• d3 = min{ bound(tr2 ), dloose
} = 25
3
• d4 = min{ bound(tr3 ), dloose
} = 20
4
• d1 = min{ dloose
, min{ d4 -W CET (T4 ), d2 1
W CET (T2 )- W CET (T3 ) } } = 11
• d6 = min{bound(tr4 ), dloose
} = 23
6
• d7 = min{ bound(tr5 ), dloose
} = 25
7
• d5 = min {dloose
, min{ d6 - W CET (T6 ) 5
W CET (T7 )}} = 17

All the processed deadlines are higher than the corresponding W CET . Therefore, we use them to perform
the schedulability analysis of the application.

• Rule 0. the first tasks state is characterized as
follows,
C0 = { set0 , Tmin , t=rmin +jmin }

6

Schedulability analysis

In the scheduling theory of real-time systems, two
interests exist : periodic systems [16, 1] and systems
with precedence constraints [15, 3]. Even these two
fields are separately rich in results, there are few results where both aspects are treated together.
Until today, only one work studied the case of systems with precedence constraints, periodicity and endto-end bounds [5]. Nevertheless, the used task model
is not well expressive to specify all execution scenarios of an application.
We propose then a schedulability analysis [1] of
a tasks system S based on the proposed task model.
This analysis validates the temporal behavior according to specifications. The schedulability criterion is
then the respect of all tasks deadlines.
Based on the method processing these deadlines,
the analysis applies the EDF policy [25] to verify
all bounds. We propose to construct an accessibility
graph [22] in the proposed hyper period. The accessibility graph is a set of scheduling trajectories. Each
trajectory represents a possible scheduling of a traces
set. We apply the EDF algorithm during each trajectory construction to verify end to end bounds of the
corresponding traces. A trajectory specifies then a
possible behavior of the application.
When the application is feasible, we generate an
off-line scheduling as a DAG to use by a sequencer at
run-time. This DAG is well required to abstract the
resource behavior at run-time.
6.1

Accessibility graph generation

Let G be the accessibility graph constructed during the schedulability analysis of S. We construct
this graph in the proposed hyper period [rmin +
jmin , rmax + jmax + 2.lcm]. We define a tasks state
C of G as follows :
C={ set, T, t} Where,
• set : a tasks set of S to execute
• T : a selected task to execute between all the active ones of set. We apply the EDF policy to
perform such selection
• t : the start time of the T execution
We propose the following rules to apply during the
graph construction. The first rule allows to construct
the first tasks state C0 .

Where, set0 contains all the tasks belonging to
first (set0 = f irst).
We generate then step by step the different tasks
states in the different G trajectories as follows.
Let Ci = { seti , Ti , ti } be a state in the graph G
• Rule 1. if ti ≥ rmax + jmax + 2.lcm Then
we stop the current trajectory construction. This
trajectory is a possible scheduling of the application.
• Rule 2. if ∃ Tj ∈ seti / dj < tj Then the
system S is infeasible.
• Rule 3. if Ti ∈
/ last then Let us suppose that
succ(Ti ) contains k tasks sets.
succ(Ti )= {ts0 ,...,tsk−1 }
We construct k tasks states C0 ,...., Ck−1 target
of Ci as follows,
∀ j ∈ [0, k − 1], Cj = {setj , Tj , tj }
1. ∀ j ∈ [ 0,k − 1 ], setj = seti \ {Ti } ∪ tsj
2. tj = ti + W CET (Ti )
• Rule 4. if Ti ∈ last. Let tr be the trace containing Ti . We construct Cj = {setj , Tj , tj } target
of Ci as follows
1. Sj = Si \ {Ti } ∪ first(tr)
2. tj = ti + W CET (Ti )
6.2

Algorithm

We propose the algorithm applying the approach.
This algorithm is based on a recursive function generate() (table 1). The application feasibility is concluded
if we successfully generate all the possible trajectories.
Based on a graph construction, the proposed analysis is optimal regarding the optimality of EDF [25].
Therefore, if we conclude the infeasibility of the application then no other approach concludes the reverse.
To calculate the algorithm complexity, we denote
by m the number of all operations to schedule. Let

Bool generate(C : taskss tate, first : tasksl ist,
tasks : tasksl ist, time: integer)
Begin
T1 : task; C1 : taskss tate; result : bool;
result ← true;
if(C.t ≥ time) //time = 2.lcm + rmax + jmax
then return(true);
for each task T1 ∈ C.S
if deadline violated (T1 )
then return (f alse);
C.T ← apply EDF (C.S);
while(ts ∈ C.T → succ and result)
create( C1 ); C1 .S ← C.S \ C.T ∪ ts ;
C1 .t ← C.t+ T2 .W CET ;
result ← generate( C1 , f irst, time)
return result;
End.
Table 1. The recursive function generate()

pi be the traces number of the operation opi ( i ∈ [
0,m − 1 ] ). Let qi be the tasks number of the longest
opi trace.
The maximum number of tasks states to construct
in the graph is α*β where,
• α = Πj=0..m−1 pj is the trajectories number in
the accessibility graph.
• β=Σm−1
j=0 qj is the longest trajectory.
To process the problem complexity, we suppose
that the biggest number of trajectories in the accessibility graph is n. We suppose moreover that all trajectories contains n tasks states. The complexity of
the problem is then O(n2 ).
Running example. In the example, we perform the
proposed algorithm to validate the temporal behavior
of the application.
By constructing the accessibility graph in the hyper period [1,53] , the algorithm constructs the trajectories specifying the different execution scenarios.
We present a part of such graph (figure 7).
Applying the Rule 0, we construct the first tasks
state C0 ={{T1 ,T5 },T1 ,t = 1}. Then, we apply the
proposed rules to construct the remainder states.
We successfully construct the graph and we prove
the application feasibility.
In addition, we deduce from the accessibility graph
an off-line scheduling as a DAG. In fact, identical
branches of the tree are merged. We show in each
state of this graph the selected task and the start time
of its execution. This graph, used by a sequencer at
run-time, abstracts the resource behavior (figure 8).

Figure 8. The-schedulability-analysis

7

Definition of events priorities policy

Now we have to go back to the FB behavior. The
selection of events occurrences (by the ECC) must be
based on the corresponding tasks deadlines. Indeed,
the occurrence to select must correspond to the task
that has the earliest deadline.
Regarding that the ECC is unaware of these temporal properties, We propose therefore to exploit the previous schedulability analysis to generate events priorities for each block. The scheduler receives then at a
given time t from an ECC the adequate task to execute that has the earliest deadline.
This proposition allows to guarantee the conformity between the internal behavior of a FB and the
scheduler behavior inside the resource.
As the schedulability analysis is performed in the
hyper period [rmin + jmin , rmax +jmax +2.lcm ] , we
propose to generate for each block the order of occurrences to select in a such duration.
Let iei,m and iej,n be two occurrences to select,
we note that iei,m  iej,n if the ECC has to select
iei,m before iej,n .
Running Example. According to the generated
accessibility graph, we deduce the following events
priorities for ECC1 : ie11  ie51  ie12  ie52
 ie13  ie53
The state machine ECC1 must select these occur-

Figure 7. The-accessibility-graph

rences in a such order to guarantee the correct composition with the scheduler.

8

Conclusion

This paper proposes a contribution to develop an
industrial control application according to the IEC
61499 standard. This application is located in a single resource of a device. We classically suppose end
to end bounds as bounds on the application behavior
according to specifications.
We combine the two versions of the standard by
supposing a buffer of size m ≥ 1 in each block. The
events loss appears in a block when the number of new
events is larger than the buffer size.
To exploit the previous researches on scheduling,
we propose to transform the application into a particular tasks system with precedence constraints. this
system is different from all those proposed in other
works. It allows to model all the possible execution
scenarios of the application.
To avoid any events loss, we propose a method
processing deadlines for tasks. This method takes also
into account the end to end bounds.
To validate the application behavior, we propose
an optimal schedulability analysis based on the construction of an accessibility graph. If the application
is feasible, then we generate an off-line scheduling to
use by a sequencer at run-time.
We are currently working to propose a fault tolerant schedulability analysis of an IEC 61499 application [26, 6]. The purpose is to authorize a limited
number of deadlines to be missed.

We also plan to check the feasibility of a control
application distributed on several resources of a device. According to the standard, an on-line preemptive
policy can be applied to schedule blocks belonging to
different resources. Thanks to this paper contribution,
we plan to consider the off-line scheduling of each resource as an OS task [26].
The application is viewed then as a set of OS tasks.
We plan to apply a schedulability condition checking
the on-line preemptive scheduling of these tasks in the
device.
In addition, we plan to extend our researches by
supposing a distributed application on several devices.
Such extension imposes to take into account the communication interfaces and the networks bounds.
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