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Abstract. In the area of software engineering and systenitacthre, the design
and implementation process has taken a generalodmtigical approach, en-
compassing all the activities necessary to desgolve and verify a system
providing an economical and efficient solution &eds of a client while satisfy-
ing all the stakeholders. For a long time, systagireers have used modeling
techniques, the best known of which are AADL (As&éyand Architecture De-
sign Language) and SysML (System Modeling Langua@g&pL was born as a
language specific to the field focused on avioamicd later was revised to repre-
sent and support a more general category of embesigltems in real time.
SysML is an extension of the Unified Modeling Lange (UML) to support en-
gineering and modeling of the system. Based on ttvesdanguages and these
two tools, several approaches have been createdesetbped to meet the needs
and requirements of the system and also to overchenproblems and limita-
tions of these two languages. In this paper, weéstiidy and examine the two
AADL and SysML modeling languages in a thorough wagrder to extend the
SysML language by the AADL language specificatiforgdhe modeling and de-
sign of sensor networks without (WSN).

Keywords: Modeling Process, WSN, Performance evaluationV&y#$\ADL.

1 I ntroduction

In recent years, wireless sensor networks (WSN# parformed enormously in vari-
ous fields including medicine, military and envinoental domains [1,2,3]. This sensor
network is an ad hoc network made up of differemssr nodes which are electronic
components whose role is to capture and measucifisgerameters in a monitoring
space called a capture field.

These sensor nodes are small nodes that usediemtergy resources and low com-
munication and processing power to collect infoiorain a given geographic area and
transfer them to the well node (called Sink). THaws#s are very important in the study,
analysis and deployment of a network of wirelessees to ensure network longevity
and also to guarantee better performance and ileliah receiving data collected in a
practical way and effective [4]. These sensor nétabave another problem that must



be taken into consideration and which is to mobHelliehavioral and non-behavioral
part of the latter in order to carry out the designa the deployment using the most
modeling languages used to implement their funaigand behavior.

Model-based engineering (MBE) has emerged as as&epf technologies for de-
sighing complex systems. This technology has seeadent times a tremendous pro-
gress in the realm of development and modelingalftime systems among them wire-
less sensor networks (WSN). This modeling of systengenerally relying on the use
of one of the two most distinguished and most uaaduages currently: AADL and
SysML.

AADL [5] defines several categories of componedigided into three main families
of components:

e The software components describe the applicatiemehts of the architecture.

* The hardware components define the elements afxbeution platform.

e The hybrid components, described through the Systemponent, are used to
structure the application architecture (in blocks).

In addition, AADL supports the prediction and eahalysis of critical system qual-
ities, such as performance, planning and religbilit

SysML [6,7] is a modeling language with a graphjiotax developed and standard-
ized by Object Management Group (OMG). It has kaesigned to, inter alia, capture
software interactions with physical entities, apavidely used in systems engineering.
Compared to UML 2, SysML adds support for systenmgireeering (for example, by
requirements engineering and quantitative analyfstae physical aspects of the sys-
tem), while removing many UML software centric cousts.

The main objective of this paper is to proposeddilerspecific modeling for wireless
sensor networks (WSN) based on the use of a neigrdeschnique which is based on
an extension of the SysML language by adding thieak specifications of the AADL
language in order to carry out and implement thdeting of wireless sensor networks.

The rest of the document is organized as followstiBn. 2 provides an overview of
WSN modeling methods. In Section 3, we will expltie requirements of the SysML
profiles for the modeling of WSN. Then, in Sectibmve will give a new contribution
based on a proposed SysML profile. Finally, we dathe with a conclusion and a per-
spective in Section 5.

2  WSN Modeding Languages

In this section, we will study and examine theeliéint modeling languages that are the
most distinguished and used today in the designimptémentation of complex and
real-time systems. Among these languages are UMARTE, BIP, SysML, AADL.



21  Current Modeling Languages

UML [8] (Unified Modeling Language) is a unified meling language and Object Ori-
ented by the OMG which is based on the use of grapd diagrams to visualize, spec-
ify, build and document systems covering differargas of application between them
the software systems, based on all standardizedlgedt-oriented methods. UML of-
fers thirteen diagrams that are used for the detsoni and design of a system. These
diagrams are divided into two categories of diagrarhich are:

» Structural diagrams: These diagrams play a cruolal in the description of the
body part of the system based on the identificatibobjects with their behaviors
and their operations, not forgetting the operatimmg methods attributed to them.

« Behavior diagrams: These diagrams describe thendigngart of a system that is
based on the output of the results to the user threcgystem interacts with external
events.

MARTE [9,10] (Modeling and Analysis of Real TimedhEmbedded Systems) is
designed to take over from its predecessor caltefilp for Scheduling, Performance
and Time Specification (SPT), it is a recent OMG Upofile consisting of a platform
and a which describes the real-time parameteragpects of systems in UML models.
This language also relies on the modeling of syst@bonsidering the static part, de-
fining the components, functions and methods, &eddynamic part describing the
interaction of the system with its entourage asceitvironment, producing real-time
results. The main objective of MARTE is to createl @ropose a common and unigque
modeling language to describe and specify at theegane the software and hardware
aspects of embedded systems in real time. Thisubg®yconsists of three major mod-
els:

« Application model: Defines aspects and functioredibf the system.

e The Resource Model: describes the implementati@hexecution infrastructure
of the behavioral part of the system based on nontfonal properties and param-
eters

« Allocation model: describes the interaction betwapplications and resources.

BIP [11] (Behavior, Interaction, Priority) is a lguage with a theoretical basis for
the construction and analysis of embedded systamsail time from heterogeneous
components. This language allows the implementadiwh behavioral description of
real-time embedded architectures. The BIP model®btained by the association and
integration of three modeling parts:

e The lower part defines the behavioral aspect afrappnent or object as a set of
transitions (that is, an extended state machinie data);

e The intermediate part describes the connection thithbehavior part using the
connectors which provide a description of the imtéion between these two parts.

e The upper part consists of a group of propertias @iority features used to de-
scribe the laws and rules of operation and planafrigteractions.



Modeling using the BIP language is based on teeofisonnectors and priorities to
develop and build a hierarchical architecture ahposite components from atomic
components. This modeling has created an openlaad\ision that has made it pos-
sible to design the behavior and operation of camepts and the overall structure of a
system.

2.2 Presentation of The SysML Language

SysML [12-14] is a modeling language developed By INCOSE and AP233 and
is oriented to the field of system engineering \Wahi based on the graph to specify,
analyse, describe, verify and validate the fedsibilf a system before its realization.
SysML has been designed to use and rely on ansipéaoe license to develop its con-
tribution and use. SysML is defined as an exteneifoam subset of UML using the pro-
file mechanism defined by UML.

The SysML language is a way to form and consoliidate single, common model
all feature components, properties, constraintd pmameters to model and design the
entire system. To carry out this modeling, the Sydkhguage is based on diagrams
that make it easier to approach complex systemsigodo implement their operations
and their realizations.

With modeling using the SysML language, a systamlie modeled and also can be
designed in several manners and in different waysrder to formalize the overall
behavior of the system. This freedom of modeling ceeate problems when imple-
menting the realization of the operation of thisteyn. This language does not allow
the realization and the execution of the behavidhe system which limits its perfor-
mance.

2.3  Presentation of The AADL Language

AADL (Architecture Analysis and Design Language} [l6] is an SAE international
standard established in 2004 that produces a ngeqgbto analyse system designs prior
to development and that supports the system acthitedescription for embedded sys-
tems.

The objective of the AADL language is to performedficient and precise modeling
that includes all functional and non-functionaltparf the system without forgetting all
these properties and these functions such as cgityplechedulability, message trans-
mission, hardware description (processor, memary, etc.). To carry out this model-
ing, each component of the system is describeddiDlAaccording to two aspects. The
first, type, corresponds to the functional inteefad the component. The second, the
implementation, describes the content of the corapb(subcomponents, time proper-
ties, connections, etc.). Each component belongadof the 10 categories predefined
in AADL, classified into 3 families: hardware (Exdmon Platform), software (Appli-
cation Software) and hybrid (Composite).



To model an architecture, the AADL components niagstdeclared as subcompo-
nents (instances) of other AADL components. Athtfghest level, a system component
contains all instances of other components. MosbA&Aomponents can contain sub-
components that allow a hierarchical descriptiothefsystem.

3 SysML Profiles Requirementsfor WSN Modeling

This paper proposes a new process of modelingesisedensor networks that is based
on the combination of two languages SYSML and AApRiecisely on the notion of
profile in UML/SYSM, this notion which allows spetizing a part of the AADL lan-
guage by SYSML in order to produce a profile thdl provide a complete modeling
support for WSN designers.

31 TheSysML-AADL Prfil

The initial experiments with the SYSML and AADL nadohg languages have revealed
difficulties in handling these tools. Certainly etlsyntax of these languages is very
wealth, but the semantics and methodology to betadaemain dependent on the ap-
plication field and the context of use. Hence temi of specializing and customizing a
profile dedicated to sensor networks based on dngptementarity of these two lan-
guages and the possibility offered by extensiorth 8 SML profile (which is also a
UML profile). The ultimate goal is to create a sifieqrofile for wireless sensor net-
works by integrating new features based on feedfrack these two languages.

3.2 SysML-AADL Profilerequirementsfor WSN

Generally modeling is a very important operationewtit is poorly mastered it can
engender a model that does not exactly represersystem and which, in some cases,
can cause defects in the behavior or executiohe@fystem which in turn leads to a
renunciation of the solution.

In our case, we proposed a new profile of modedind analyzing SYSML-AADL
that will be served as a support for the desigantsdevelopers of the WSN. Indeed, a
WSN is based on four components:

* Nodes containing sensors.

* A wireless interconnection networks.

« A base station for grouping information and actagyan interface between the
nodes and the user.

« Processing resources at the base station leveht@age data correlation.

The SYSML-AADL profile must consider all the regainents related to these com-
ponents (lifetime, scheduling, communication, ettgrder to produce a complete so-
lution which allows building a complete support fbe modeling of the WSN. In this
part, we will describe all these requirements whaoh divided into four categories:

« Requirements related to the structure of WSN.



Requirements related to the behavior of WSN.
Requirements related to energy constraints.
Specific requirements.

321 Requirementsrelated to the structur e of WSN

A wireless sensor network consists of a group cdlbmireless node networks; each

node group is connected to a gateway. The gatesexnys the collected data to a base

station via a transmission network.

In order to model this structure, our profile msispport the following requirements:

e REQU STRUCT-1: The modeling of the sensor nodesthaidt characteristics
(commercial name, operating systems supporteas.well as the internal compo-
nents that ensure the communication and the dategsing (ex: transducer, pro-
cessor).

e REQU STRUCT-2: The modeling of communication lirdetween two devices
(between two sensor nodes for example) and thanacteristics (error rate ....)

« REQU STRUCT-3: The modeling of sensors, gatewagsase stations and their
characteristics.

« REQU STRUCT-4: The modeling of the transmissioroek specification.

322 Requirementsrelated to the behavior of WSN

In addition to collecting and transmitting data imeless sensor network can also per-

form other tasks, such as changing behavior iretleat of a failure.

« REQU BEHAVIOR-1: Modeling the process of data ccfiien.

« REQU BEHAVIOR-2: The modeling of the maintenanceqass (periodic send-
ing of messages to indicate the state of healthsahsor node).

« REQU BEHAVIOR-3: Modeling the configuration procesmsd auto-reconfigura-
tion

323 Requirementsrelated to the energy constraints

Energy conservation is an important issue for WSNhe nodes contain a limited
amount of energy, which cannot usually be renewed.
REQU ENERG-1: our profile must define the modelkmgities for the specification

of the energy properties of the different elemefithe model.

324 Requirementsrelated to the specific constraints

The scope of use of the WSN is very wide, whichegates a specific constraint related
either to the environment of use or to the mectmargconfiguration of the network.



However, our SYSML-AADL profile must be scalabledagxtensible to support any
possible constraints.

4 Contribution: Proposal of a SysML Profile

41  Why a Specific Profile definition?

As we saw in the previous section, SysML is an liteiaguage to serve the systems

modeling as the WSNs without forgetting the AADLeWow have to make the link

between these two languages. We set ourselvedjbetive of demonstrating the in-

terest of such a combination by first developin§yaML profile for AADL. As we

know the ideal would be to develop a DSL (Domair@fic Language), completely

dedicated to the WSNs. This objective will intenestn a second time and we chose at

first to start pragmatically by defining a SYSMLofite, The SysML profile will solve

a number of AADL language limitations:

e It will provide a development environment and gria@upport for the expression
of the constraints of the WSNs.

e It will provide SysML tools that are now startinglte used in industrial settings.

< It will make it possible to check the consistenéyh® operators defined by their
implementation in OCL constraints.

e It will make the transition between the expressibmeeds and the analysis in an
efficient way and with a minimum of information Béseamless).

The Expected progress of the project and the eggeesults:

The development of this profile is not the meanlgibas part of a thesis aiming at
the elaboration of a set (WSNs modeling and codegdion as long as testing) of
software tools for the modeling of the WSNSs.

The need for the development of a SysML ifgcdupporting the expression and
taking into account AADL elements. The idea is taken (starting with UML) the tax-
onomy of the types of association. First intra-mddelations, compositions, etc. in a
class diagram for example), then inter-model (geddencies), with in this case the
mono levels of meta-modeling (M1) or multi-leveM / M2, for example the type
conforms to).

4.2  Mapping Component Type and Component Implementation

In AADL, component types and component implemeatetidescribe the component,
respectively, the visible interfaces and the iraéstructure. In our case, we will use
the blocks for the modeling of the component’s §ypad the components implemen-
tations of AADL. To differentiate between these lago, we will use two new stereo-
types, "ComponentType" and "Componentimpl”, twoMlyextensions.

The SysML blocks are extensions of the UML clasB8esy are chosen for the mod-
eling of the components to describe the two stmattand behavioral parts of the sys-
tem, by adding only the block modeling, this willow the use of other SysML



constructs (ports and parts) for consistent modedhAADL parts (subcomponents
and ports).

AADL provides ten components of different categsriEor each identifier in the
AADL category, we reserve a stereotype with attelsurepresenting the properties of
the chosen category. The values associated withAld properties are automatically
projected as values of the attributes of the stgpes applied to the blocks. All cate-
gory identifiers are generalized by "ComponentTyaed "Componentimpl". We ap-
ply two stereotypes for each block: a stereotypeciéiegs whether it is ("Compo-
nentType") or it is ("Componentimpl"), and the athell specified its component cat-
egories.

In AADL, the "Componantimpl" can refine the speciiion of the "Compo-
nantType" by adding implementation details. Fornepke, specifying the subcompo-
nents, connections, modes, properties and the flow.

A realization relationship in the AADL enables #fle values of the "Compo-
nantType" properties to be transferred to "Comptngl”, and gives accessibility to
all aspects and specifications of the "ComponargTyjows, from the "Componan-
timpl".

For our Model in UML / SysML, this is done by "AADIRealization", each relation
of realization in our model must be stereotypedA&DL_Realization".

4.3  Application and Evaluation of the Profile

In this section, we conducted a case study basedrefess sensor network modeling
using the profile proposed in the previous sectinrthis true study, we will evaluate
the capability of this profile to meet the modelirguirements of a wireless sensor
network system (WSN) consisting of two sensor npdédead cluster node and a base
station using AADL/OSATE.

To start the study, first you need to create a "GomentType" system type that al-
lows to gather all the different components needestructure the architecture of the
sensor network. In our case, we will create twoaspé CH, and a BS. For example,
specifying the subcomponents, connections, modasces, properties and the flow.
To accomplish this task, it is necessary to maduelitnplementation part "Componen-
timpl" of this "ComponentType" in order to refinadadefine its internal structure in
terms of interactions between the different subcomepts (see Fig. 1).
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Fig. 1. limplementation of the proposed system WSN

After modeling the internal architecture of theteys, it is important to define the
functions and processes to be executed for eacpauent of the system. To achieve
this part, you need to create a new "ComponentTyyged process that defines the
function to perform for each component using "ComgaImpl" to refine the behavior
of the component with more detail and accuracyuncase, it is necessary to deter-
mine the tasks that will be executed by the 2 nathesCH and the base station without
forgetting to define the technique of access comdrthe wireless communication me-
dium which will allow to transmit several flows bfffic on a single channel in real
time (using TDMA).

Once the processes to be performed by the WSNmsystwe been completed, the
tasks to be performed for each network componenbhtained. As shown in the fol-

lowing Figures:

ch_to node.imgl

1
4

(b)
Fig. 2. a) Implementation of CH processd®, implementation of BS processes

According to the study carried out, we can conclinde the developed model based
on the extension of SysML using the AADL specificat has gathered all the features
and details to model the WSN wireless sensor nétsypstem. As expected, many as-
pects of the SysML model required the use of AABAtfires because SysML proved

to be insufficient and powerless.



10

5

Conclusion and Per spectives

The works presented in this article are "in progte®ur study of the state of the art
makes it possible to show the pluridisciplinary apgplied nature of the research that
can be done within a framework of the modelinghef WSNs. The concrete develop-
ment of an experimental platform will demonstrdie tnterest of the approach de-
scribed and raise other questions both practicdlt@oretical on the development of
hardware / software-based engineering models.
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