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Abstract: Multimedia technology is increasingly being used deate reliable and effective
communication environments. However, the desigmoltimedia applications is currently driven
more by intuition than by empirically or theoretigaderived design guidelines. In a multimedia
application, the software architecture is definedaaset of components manipulating various
multimedia data types with specific constraintsttha must take into consideration at the
architectural design. For instance, the problemheferogeneity related to the exchanged of
multimedia data flows. In the absence of presaniptarchitectural design principles, MMSA
(Meta-model Multimedia Software Architecture) erembthe description of software architectures
expressing a multimedia software system as a ¢weof components which handle various types
and formats of multimedia data, and interacts betwhem via adaptation connectors. This paper
proposes a modeling of architectural elements sashmultimedia, application components,
communication, etc. and an UML profile for verifitm and validation of MMSA architectures
and detection of heterogeneities between compomrentsunicating with multimedia flows.
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1. Introduction

With recent progress in software and material teldgies, the systems multimedia
became increasingly sophisticated and complex. Yodhe companies require
multimedia applications that combine a variety afirges, such as audio, video, text and
image, and of the multiparty interactive commurima. The multimedia
communication needs the services able to face dgseeity on several levels: the
context, the access devices, the communicationankiwthe user, etc. It is necessary to
integrate capacities to deal the heterogeneitylpnoband to answer the changes of the
context caused by the user, the application, tiark or the access device. The future
multimedia ubiquitous systems must have capacitiesdaptation, and thus beings able
to modify the system configuration and/or the nmédia contents any time. This
requires taking into account the contents presentand the components interaction of
application in the early development phases ofiegibn.

Among the software architecture for pervasive agpions, there exist component-
based architectures that allow the reasoning abouiplex software systems at an
abstract level, i.e. ignoring the details of deségd of implantation. Architecture is an
abstract and modular description of a system. Bt lével, the architecture is perceived
as a collection of components (in the sense ofwso#& entities), a collection of
connectors (to describe the interactions betweenpoments) and of configurations
(assemblies components and connectors). The can@motional and/or non-functional
can concern the components assembled in archiésctas well as the assemblies
themselves. They cover the structural and the dicaspects of applications. The
adaptation is one of the concerns that we conside+functional and serves to ensure the
interoperability of heterogeneous components.

The software architectures are commonly categoriied "Component-Based
Software Architecture”, described with ADL “Architieire Languages Description”
(Clements et al, 2002) (Medvidovic et al, 2000) al@dbject-Based Software
Architecture" (Khammaci et al, 2005) described gsibML (Unified Modeling
Language) (Booch et al, 1998) (Jacobson, 1992) (DROB1L).

After you define a meta-model MMSA in (Derdour dt a010) for multimedia
applications, that offering an architectural dgstiosh of components, and that is capable
of detecting the heterogeneity (non-interoperabilietween component of architecture
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and propose adaptation connectors ensuring suetopgrability. We need a language
that allows a formal specification of architectuctahcepts and a tool for verification and
validation of software architectures.

Recently, UML has become a standard of specifinatigsualization, construction
and documentation of the software systems. Theamiacof UML in its version 2.0
(OMG, 2004) are sufficiently generic to be used tire description of software
architectures by providing a rich and a completeudeentation and allowing the
expression of a non-ambiguous semantics of theicems. UML 2.0 offers means that
are more explicit than version UML 1.4 to represesitain architectural concepts, such
as, the components, the interfaces and the potfter @rchitectural concepts such as the
connectors of adaptation, the multimedia componéhnésinterfaces of multimedia flows,
etc. presented in MMSA cannot be directly expressedJML 2.0. It is therefore
necessary to define a profile, which is the subpéthis paper.

The objective of this UML profile is to provide & and complete documentation
and to produce a non-ambiguous semantics of theimagia concepts allowing
developers to express the elements of MMSA (Derdeural, 2010) taking into
consideration the heterogeneity generated by méatipg of several media types (image,
sound, video, text). We define here a set of stgpes to describe a complete and formal
specification of multimedia software architectures.

This paper is organized as follows: we present seorés related to this one in order
to position our contribution compared to state led airt. Then we present the MMSA
meta-model. We introduce thereafter the UML profile MMSA with an illustrative
example the application of rules and constraintppsed into profile. Finally, this article
ends with a conclusion and prospects.

2. Related works

Modern applications which have software prepondsxaare more and more developed
by ADL-based development processes (Avgeriou andnZ@005). The ADLs allow
analysis and verification of properties early ire thevelopment cycle that the future
system will have to satisfy, in particular the hameoeity and compatibility properties of
components manipulating various media. Indeed,ctiveent applications (multimedia,
embedded systems, communication systems, etc.)ideonthe media notion as an
important characteristic of their behavior (Aviziert al, 2004) (Balsamo et al, 2003).
Most of existing ADLs such as SPT-UML (Graf and @b2004), MARTE (OMG,
2006), and AADL (SAE, 2008) do not take into acaotinve adaptation and the properties
related to multimedia flow during the software donstion phase. Some of them, treat
the heterogeneity problem by modification of thenfeguration parameters (addition,
withdrawal or replacement of components) (Marcebkt2004) or by a meta-model
which verifies the adequacy of service regarding dbntext and research of the
adaptation strategy (Marcel et al 2007). In paléicutheir use does not allow the
detection of the incompatibilities caused by theediity of media during exchanged
flows.

The Model-Driven Engineering (MDE) is an approadtseoftware development that
puts the model concept (rather than code) in thnteceof the development cycle. This
approach is mainly based on UML and the initiaidPA (Model-Driven Architecture),
led by the OMG (Object Management Group). The curref meta-modeling, very
vigorous in the 1990, has also produced MOF stahdkfeta-Object Facility) and
mechanisms defining the specific languages of nioglébr specialized fields (DSL). The
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duality UML/Profile - DSL/MOF exists at the healfttbe standard, since it was expressed
by the OMG, in sometimes conflicting positions.

Regarding the advantages and the disadvantagescbfapproach DSL/Profile, the
sterile debates on the technical preferences batwleese approaches are secondary
(Desferay, 2009). It remains a permanent ambiguity,the definition of a DSL: the
concept of DSL does not stop at Profile/Meta-mdubeter, because these two techniques
allow defining languages dedicated to certain §eldonsidering that UML integrates in
its definition the ability to be expanded to targeparticular field, UML integrates the
concept of DSL which is a necessity. We chose thd Profile that allows us to profit
from UML standard, in terms of learning model, exahe between different workshops,
and an equipped support very responded. The mafd@ be applied to existing models,
and combined between them. Their limit is that ntposes that the new concepts
introduced is a natural extension of the UML sericant

Many works have been realized on the projectionABL concepts in UML. In
(Midvidovic et al, 2002), Medvidovic propose twopapaches to express the architectural
elements with notations of UML 1.4 language. Thetfapproach uses UML language
“such as it is”, whereas the second proposes t@xtemsions such as the stereotypes, the
marked values and the constraints in certain dfitacture description languages, like C2,
Wright and Rapide. In (OMG, 2007) (Belloir, 2008)MG has presented tow UML
profiles. The first one is an UML profile for Mar(®MG, 2007) intended to real-time and
embedded systems. The second called SysML (Be0®8), it is an UML 2.0 profile
providing the elements of modeling systems thay taeked in UML. In particular, their
use does not allow the detection of the incompéids caused by the diversity of media
during the exchange of flows.

In (Garlan, 2000), the authors have selected UMK fotations to represent
architectural elements, holding in counts the athga and limitations of each notation.
They found that aspects of components-based saftveachitecture are not easily
representable in UML 1.4. This leads us to say #aty versions of UML were not
adequate to represent the architectural concepth s components, connectors,
configurations, interfaces (ports and roles) oratehitectural styles.

Therefore, UML 2.0 (OMG, 2004) proposed new ardaiteal concepts such as
connectors, ports, and structural classifiers agdkfined the concept of components
which becomes a subclass of UML meta-model claggetVer, a component has more
expressive characters as classes (it can havéargerand contain other components or
classes). In (Ivers et al, 2004), Ivers studiedsthi¢gability of new UML 2.0 notation for
the projection of the view components and connectGr & C) of software architecture,
especially the architecture description languagdl&ECThus, they studied the projection
of each concept of ACME language linked to the i&aC (component, connector, ports,
and roles) towards UML 2.0. Goulao and Al. (Goutaal Abreu, 2003) consider each
concept of the language ACME as a stereotype, arittdoes not benefit from the new
notations of UML 2.0 language. More recently, OgieerfOquendo, 2006) proposed a
profile UML 2.0 for the formal ADL ArchWare.

Mauro (Caporuscio and Issarny, 2006) proposed a ktfile to define and analyze
software architectures that exploit explicitly themain properties of B3G (Beyond Third-
Generation). This work tries to integrate the vasinetworks available in the B3G
application domain and QoS properties defined bMTS, 2005) in the profile dually
(Inverardi et al, 2005). While exploiting the repeatation of the connectors by a
stereotyped UML component, symbolizing both the cfiomal and nonfunctional
properties of connectors.
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3. MMSA: Meta-model for Multimedia Software Architectu re

Currently, the multimedia data flows must be exedutn many platforms (Cell phones,
PDA, PC or portables, etc). This diversificationtibé uses and the supports requires the
adaptation of flows to their execution context, stimes unforeseeable at the stage of the
preparation and the design of data. The flow is anntonstituent of the functional
components, it is often specified like constraiat associate with a functionality of
communication involving several components. Thestamts of data flows such as the
type, the format and the parameters of media maistpecified at the architectural level.
For that, we consider a new type of component dgdnto ensure a non-functional
concerns that of the adaptation, which one calisatiaptation connector related to the
component which provides and/or requires the datéimedia.

We propose a graphical notation of the ports oftimeldia interfaces allowing to
identify visually the heterogeneity points per neetlipe and to highlight the need for the
search of adaptation connectors.

Table 1. PORT OF MULTIMEDIA INTERFACE
Type Output Input Format
Text —] |— —-l— DOC pocx —Jif] |— oot
Image —( é —(é JPEG BMP —(épNG

Sound

Video _D >_ —»—WAVE RM _»_Mpa
IO > {3 e i wes

Color Black Red el Blue

The detection of heterogeneity is done automayidallchecking of the constraints of
forms and colors. For example the port of type tTexust be linked with only one port
of type “Text” having the same multimedia formatleso on for the other types.

MMSA is used to describe software architecture asobection of components
(homogeneous and heterogeneous) that interact bgrmadiate of connector.
Components and connectors have the same abstratated are defined explicitly by the
separation of their interfaces and their implemgota. MMSA integrates most
adaptation mechanisms of multimedia flow by intrcidg the adaptation connector
concept (Derdour et al, 2009). Figure 1 presergscthss diagram of MMSA meta-model
showing the basic architectural elements that ls@ecomponents, the connectors and the
configurations. These architectural elements gpesywhich can be instantiated to build
several architectures. An architectural elementhzare its own properties (functional and
non-functional), its constraints and several immatations and can be composed of
several interfaces. Finally, it can be composeskwgral architectural sub-elements.

In order to respond the insufficiencies of ADL Haof expression, absence of
semantics, etc.) we proposed MMSA (Meta-model fadtivhedia Software Architecture)
to describe software architecture based on theimedia components, it is based on the
definition of four types of interfaces accordingdata flow (Image, Sound, Text, Video)
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and adaptation strategy of multimedia flow (typ@niat, property) to three levels to solve
the problem of components heterogeneous.

The basic concepts of MMSA software architectueethe same ones as in most of the
software architecture, namely: configuration, comgu and connector. The software
architecture model of MMSA is a hybrid model basedthe concepts of component-
oriented architecture (CBSE) and service-orientetligecture (SOA).

A component is defined by a set of services tharact to fill a role of component and
communicate with environment through its requirenvjted interface. Generally, the
connectors define abstractions which encapsulaentachanisms of: communication,
coordination and conversion (type, number, frequeara order of interactions) between
the components. A connector is represented bytarface and glue (Goulao and Abreu,
2003) (Maillard et al, 2007). This description cioless the connector as a mediator
between components, which limits its role in comioation. The specification of glue
describes the functionality which is expected fransonnector. It represents the hidden
part of a connector. The glue can be a simple pobiof communication linking the ports,
or a complex protocol that uses various operat@specially that of: links, conversion of
data format, transfer, adaptation, etc. Generdtiy,glue of connector is the connection
type of this connector.

Possess: Videc-Port [
—————— PemmmS RN
Image-Port

e Componer-lnterfac% _
Applicatior - C Sutp], Text-Por [
1.4 1.*
. Componnt ‘

1

Adaptation—Servic% 1.7
Outpu .........
1.* L 2 Texi-Role

| Adaptatior-Glue | |Connector-|nterfack>
<
0. 1] ] Image-Role
—OIAdaptation—Manage}r | Communication—ManageF 3
Videc-Role

’
To Use 1
£4

=
I—{ Technical adaptationl

Figure 1. Class diagram of software architecture MMSA
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The ADL can be classified in three different catég® Amirat (Amirat and oussalah
(A), 2009): ADL without connectors, ADL with a pegsset of connectors, and ADL with
explicit types of connectors. In the last case, ABY. provides connectors as first order
elements of the language such as: Wright (Allen @adan, 1997) (Medvidovic et al,
1999), ACME C2 (Garlan et al, 2000), xADL (Dashefyal, 2005), AADL (Allen et al,
2002), etc. All these languages seek to improvedhsability of the components and the
connectors by separating the calculation and thedamation. In our approach, we choose
the explicit category of connector. Thus, MMSA m@mtsa generic and explicit type of
connector that the system can specialize it acegrdd the architecture and the
components needs. The originality of MMSA connectmmes from the function which it
provides. It ensures the adaptation of the datasflaccording to the characteristics of the
destination component. The architecture describedMMSA allows the detection of
heterogeneities between the application components.

In MMSA, a connector is a set of services (commaitidr, adaptation, Quality, etc.)
ensuring connection between the components, ienaare the non-functional concerns of
components (such as security, data transformatommunication, etc). This allows a
possible change of the adaptation services durirg execution of the application
(dynamic and real time adaptation), and preserbes abstract specification of the
component.

4, Definition of UML Profile

The main interest of the MMSA meta-model (Derdotirak 2010) is to express the
architectural multimedia concepts that are not ieitjyl defined in UML 2.0. In other
words, the use of stereotypes, constraints and edavilues allowing better specifying
and better capturing the concepts of MMSA meta-rhog@aultimedia interface,
multimedia component, multimedia connector, adapiailue, etc.).

In this objective, we will exploit the profile apgach that constitutes a key aspect for
the validation of the non-functional assembly ofehegeneous components and allow
deriving the automatically analyzable models bylddie Eclipse and Rational Software
modeler (http://www.ibm.com/developerworks/). Thug benefit from MDA approach
and UML profiles to separate the architecture drel implementation contexts from a
multimedia application. This provides an architeetumodel that better responds the
various constraints of the multimedia componend, affers a support for the systematic
adaptation of models, thus of the automatic adapimtaccording to various contexts for
heterogeneous components of conceptual model dtatipn.

The definition of UML 2.0 profile requires the resp of the structural and semantic
characteristics of MMSA meta-model (c.f. sectionrBprder to ensure the quality of the
multimedia components assembly with formal teche&yaf specification (of multimedia
flow and constraints of the components multi-media) automatic checking of assembly.

To define a UML 2.0 profile for MMSA, we proposerdle hierarchical levels of
abstraction where the basic concepts of MMSA amesented in distinct levels of
abstraction. The level of pre-configuration presembasic model of the application from
the component and attachment concepts of MMSA mmetdel. The level typing and
formatting of the interfaces specify the types dodnats of data exchanged between
components. It is defined by the concepts of matia ports (Text, Image, Video, and
Sound). At this level, we detected heterogeneitywben components in terms of type and
format of data encoding. Finally, the integrati@vdl places the adaptation connectors
between components according to the heterogengity and uses concepts (Connector
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and Glue). This hierarchy provides to software iecks the opportunity to verify the
architecture model with each change in order taueng#s semantic coherence and to
detect heterogeneity in terms of data exchanged.

4.1 Pre-configuration level

Context of MMSAComponent. The multimedia component is a basic concept of ou
meta-model. This concept has no explicit correspond in UML. Thus, UML profile
must include a stereotype to represent it. Wethalstereotype «sMMSAComponent». It
corresponds to the Component meta-class of UML -medel. The latter is more
expressive than UML 2.0 class and provides servicws the ports associated to the
"provided" or "Required" interfaces. Any componetereotyped "MMSAComponent"
must have at least one port stereotyped "MMSAlatef. This constraint can be defined
in OCL (Object Constraint Language) (OMG, 2005jadisws:

context UML::InfrastructureLibrary::Core::Constructs:: Compmnt
inv : self.isStereotypetifMSAComponent)
implies
( self.ownedPort->size()>3and
( self.ownedOperation->IsEmpty@nd
(self.ownedPort-forAll (p|p.isStereotypetiComponentinterfacg)) and
(self.clientDependency.targeferAll (tjt.oclisKindOf (Interface)))-¥sEmpty())

We propose the following graphical notation:

«MMSACompo ne$;I |_E Component 1 ]—D

Component 1

«MMSAInterface» «MMSA Interface».

« DataAttachement

O <>

Figure 2. Graphical notation of MMSA component
4.2 Level of typing and formatting of interfaces

In our profile, an UML port has multiple interfacgzrovided and required), matches
MMSA interfaces. A UML port has multiple interfacgsrovided and required), matches
MMSA roles or ports.

Context of Componentinterface In MMSA, the interface of component is composed
of several input/output ports of multimedia floncaading to their format. The UML port
corresponds to the interface concept that has aleperts of provided/required type and
support unidirectional and bidirectional communimat The MMSA port “MMSAPort”
supports only the unidirectional communication sigcport MMSA is directed and can
ensure only one required or provided service. Thusynnector ensures the adaptation of
data and, generally, the adaptation service doésfumztion in both directions (ex:
transformation text to sound). The interface ha$y arinputPort» or «OutputPort»
stereotyped ports.
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Component 2 ]—D

Figure 3. Transformation connector: Text to Sound

= S AGTH »

[Emmmicaiam -0
o] <[]

|—|: Component 1 }D [ |

Contrary to connectors defined in UML, the adaptatconnector is unidirectional.
Indeed, the adaptation service of media towardghands neither automatic, neither
symmetrical, nor even sometimes feasible (the toamation of Text toward sound is
feasible, the reverse is not realistic), it's amotkervice. This constraint is expressed in

OCL as follows:

context UML::InfrastructureLibrary::Core:: Constructs::Port
inv : self.isStereotyped(“Componentinterface”)
implies
(self.owner.isStereotyped(“"MMSAComponentand
( self.ownedOperation->IsEmpty()) and
(self.required->size() <=dr self.provided->size() <=)land
(self.required-forAll (p|p.isStereotyped(“InputVideoPortsy
p.isStaxgped(“InputAudioPort™or
p.isStaxgped(“InputTextPort"or
p.isStaxgped(“InputimagePort”)) and
(self.provided-forAll (p|p.isStereotyped(“OutputVideoPort”)
p.isStargped(“OutputAudioPort™pr
p.isStaxgped(“OutputTextPort"pr
p.isStgped(“OutputimagePort”))

«OutputVideoPort» «InputSoundPort»
«Output Interface» «Input Interface»
Figure 4. Graphical notation of MMSA Port/Role

Context of MMSAPort. We distinguish in the MMSA meta-model four categsrof
multimedia ports: text, image, sound and video. @tpan be of type «Input» or
«Output». It provides a set of services suitabtettie media type. For example, a port of
video type has the attributes: speed, sampling,lett/ML, the concept of interface is
perfectly identical to the «<MMSAPort» concept, liuemains to define its semantics with

following constraint OCL.:

context UML.::InfrastructureLibrary::Core:: Constructs::Imtace

inv : self.isStereotypgtMMSAPort”)

implies
(self..isStereotypetiComponentinterfacg) and
(self.ownedOperationferAll (p|p.isStereotypetlIMSAMedia”)))
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The MMSAPorts are stereotyped as texts «InputTex®utputText », videos
«InputVideo» / « OutputVideo», images «Inputimagk= Outputimage», or sounds
«InputSound» / « OutputSound». Each stereotypeldizaled values (see table 1 and
Table 2). Each interface has, for each type of medivalue labelled according to the
format.

Table 2. VALUES LABELED OF PORTS OF MULTIMEDIA INTERFACE
e W ik A UML interface "Text" has a value labeled
- |— Format:TTextFormat.
« Image» « Image » X X
0O D>— A UML interface “image" has a value labeled
\ Format:TImageFormat.
« Sound» « Sound » .
O O—=, A UML interface "sound" has a value labelgd
‘ Format:TSoundFormat.
»> >
«Vldeo » «Vldeo » . "o, "
A UML interface "video" has a value labeled
SoundFormat -AVI .
_. >_ — Format:TVideoFormat.

A stereotyped UML interface “OutputSoundPort” omputSoundPort” export or
import only data of type “Sound” in only one form#itis constraint is expressed in OCL
as follows:

context UML::InfrastructureLibrary::Core:: Constructs::Port
inv : self.isStereotyped(“OutputVideoPort”)
implies
self.ownedOperationforAll (op|op.formalParameterforAll (fp|fp.direction= #output
implies fp.TypeoclASTypeg(Sound).Format = #WAVEor
fp. Typ@clASTypegSound).Format = #MIDI or
fp. Typ@clASTypegSound).Format = #MP3 or
fp. Typ@clASTypegSound).Format = #PCM ))

4.3 Level of integration of adaptation connectors

Context of MMSAConnector. We include in the UML profile two stereotypes: a
stereotype to represent the concept of componeMSKMComponent” corresponding to
the component metaclass of metamodel UML and adtgre to represent the concept of
connector “MMSAConnector” corresponding to the cector meta-class of the meta-
model UML. The components and the connectors remmitinct with their associated
stereotypes (Port and Role). A connector is reptese in UML by the class
“MMSAConnector”. The class “MMSAConnector” must leaat least two ports UML
“ConnectorRole” and only one “AdaptationGlue”. Thisnstraint is expressed in OCL:
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context UML::InfrastructureLibrary::Core::Constructs::Class

inv :self.isStereotyped(“MMSAConnector”)

implies

(self.ownedPort->size ()>3and

(self.ownedOperation->isEmpty())
(self.ownedPort-selec{p|p.isStereotyped(“ConnectorRole”))-> size()aRd
(self.nestedClassifierselec{m| moclisTypeOf(Class))->
forAll(g|g.isStereotyped(“AdaptationGlue™)))-> sigel) and
(self.clientDependency.targeferAll -> (t|t.oclisKindOf (Interface)) -> isEmpty())

We propose the following graphical notation:

«Textt» «Sound»

«MMSAConnector:
Connector 1 D_O

«Output Interface».

Connector 1 | | }

«Input Irterf

¥

Figure 5. Graphical notation of MMSA connector

An adaptation connector is a mediator between teterbgeneous components or a
component and a connector who do not have same MiviteAace.

|—E Component TH ]’ *>-T] Component ZII-D

Figure 6. Tronsmoding connector of Text to Sound

Context of Connectorinterface. An interface of connector contains a set of rodes,
role of connector must be related to a wearing amihgonent or a role of another
connector. A role is of required type “InputRole” mrovided type "OutputRole”. A role
MMSA “MMSARole” supports only the unidirectional mamunication since a role
MMSA is directed and cannot be used that in onlg dimection required or provides. A
port UML “MMSARole” has only one interface UML “T¢Role”, “ImageRole”,
“SoundRole” or “VideoRole”. This constraint is eggsed in OCL as follows:

context UML.::InfrastructureLibrary::Core:: Constructs::Imtace

inv : self.isStereotypgtiConnectorinterface’

implies
(self.owner.isStereotypet MSAConnector’)) and
(self.required->size() =dr self.provided->size() =)1and
(self.required-forAll (p|p.isStereotypetlfputTextRole”) or
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p.isStagged(InputimageRole) or
p.isStagged(InputVideoRole”) or
p.isStaggeed(InputSoundRole)))and
(self.provided-forAll (p|p.isStereotypetiputputTextRole’) or
p.isStaggeed(OutputimageRole) or
p.isStaggred(OutputVideoRole') or
p.isStereoy(®utputSoundRole)))

Context of AdaptationGlu. The role of the adaptation connector is to recehe
data, to adapt them according to the directive@@$% manager and delivering them to a
connector or component recipient. The glue comsidt one: “CommunicationMng”
“AdapatationMng” and “QualityMng”, it describes tlveork made by each manager in
order to ensure the interaction between the compendhe concept of MMSAGIu is
identical to the concept of association class inLUiNthe direction where it ensures the
adaptation and ensures the communication betwesrcdimponents. Its semantics is
defined with following constraint OCL.:

context UML.::InfrastructureLibrary::Core:: Constructs::Cautor
inv : self.isStereotyped(“AdapattionGlue”)
implies
(self.owner.isStereotyped(“MMSAConnectyrand
(self. nestedClassifier selecfm| mocllsKindOf (Class))-selec{cg|
cg.isStereotyped(“CommunicationMng 2)¥ize()=1) and
(self. nestedClassifier selecfm| mocllsKindOf (Class))-selec{am|
am.isStereotyped(“AdapatationMng ")}ize()=1) and
(self. nestedClassifier selectm| mocllsKindOf (Class))-selec{qm|
gm.isStereotyped(“QualityMng "))-> size()31)

We propose the following graphical notation:

« MMSAGIu »
Adaptation_Glu

« Communication Mng »
: g L - ’3_ CS_Manager _Oﬂ

A O

«Use»
«AdptMng » [« Use!»[ «QosMngs
MngAdpt 1 === MngQ 1
Figure 7. Internal structure of glue

Context of attachment. The attachment is a communication link between tales
or a port and a role (a role of "Output" must béydimked with a role / Port of "Input”,
and reciprocally). A connector assembly in UML e tconcept of attachment that
defines a link between an interface "Provided" amd interface "Required". This
constraint is expressed in OCL as follows:



UML-Profile for Multimedia Software Architectures

context UML::InfrastructureLibrary::Core:: Constructs::Cautor
inv : self.isStereotyped(“MMSAAttachment”)
implies

(self.kind=#assemb)jyand

(self.memberEnd.typeferAll (m|moclisKindOf (Interface)) and

( self.end->(exists(cpl,cp2|cpl.name <> cpAeand
cpl.oclASTypegMedia).Format= cploclASTypgMedia).Format)) and ((self.end-
>selec{cpl|cpl .isStereotyped(“InputVideoRole”))->size) ahd
self.end-selec{cp2|cp2 .isStereotyped(“OutputVideoRole"))->siZ8 yor
(self.end-selectcplicpl .isStereotyped(“InputimageRole”))->siz¢ =and
self.end-selec{cp2|cp2 .isStereotyped(“OutputimageRole”))->siig)or
(self.end-selectcplicpl .isStereotyped(“InputSoundRole™))->siz¢ =4and
self.end-selec{cp2|cp2 .isStereotyped(“OutputSoundRole”))->si1) or
(self.end-selectcplicpl .isStereotyped(“InputTextRole))->size) =and
self.end-selec{cp2|cp2 .isStereotyped(“OutputTextRole"))->sizg)F1

... And we use the same idea for a port of compomeétit a role of connector and
reciprocally.

Context of MMSAConfiguration. An important aspect of MMSA architecture is that
of configuration, it is represented by graph of poments and connectors. As a UML
component can contain sub-components and sub-sla8$®ISA configurations are
projected towards a graph of UML components with@CL constraint follows:

context UML::InfrastructureLibrary::Core::Constructs::Cooment

inv :self.isStereotyped(“MMSAConfiguration”)

implies
(self.ownedPort->size()35nd
(self.ownedOperation->isEmpty()) and
(self.ownedPort-forAll (p|p.isStereotyped(“Componentinterfac¢’ghd
(self.member->select(m|m.oclisKindOf(CompongrfprAll

->(c|c.isStereotyped(“MMSAComponent”)))->gire= 1) and

(self.member->select(m|m.oclisTypeOf(ClassprAfl
->(c|c.isStereotyped(“MMSAConnector”)))->size()>¥ 0

5. Anillustrative example: the monitoring system

To illustrate our strategy of projection, we comsidn automatic surveillance system;
that includes surveillance cameras, an informatigstem and alert equipments. We have
the following software components:

« Avideo capture component (provides video in MPB@Griat)

« Animage improvement component (requires / provie&)

« A face detection component (requires / provides RiN&jes)

« Aface recognition component (requires BMP/providlest)

* A component of querying multimedia DB (provides timage in BMP format)

< Analarm management component (provides sound ve fiaamat)

The Figure 8 describes the surveillance system MRASA and Figures 9 to 12 shows
the representation of that system after the impieat®n of the proposed UML profile.
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Class Configuration Monitoring {
Class ComponentAcquisition{
Properties{ data-type = video; data-format =MPBG;
Constraints{max-persons=};
Interface { Connection-Mode: synchronous ;
Ports providegrovide_ MPEG};
Services providgacquisition-video;}
}
Class ComponentPreparatio
Properties{ data-type = image; data-format =PNG;
Interface {Connection-Mode: synchronous ;
Ports provideProvimage _PNG;
Ports requesReqimage_PNG;
Services providgtreatment -image;} }

Class ComponenfTreatment
Properties{ data-type = image; data-format =PNG;
Interface {Connection-Mode: synchronous ;
Ports provideProvimage _PNG;
Ports requesRegimage_PNG;
Services providé treatment -image;} }
}
Class ComponentAlarm{...................... }
Class ComponentRRecognitionf................. }
Class ComponentSGBDImage|................... }
Class ComponenDataBas............... }
Class Text-Connectorconnector{
Properties {flow = data}
Glue { //simple case of a glue
Communication {Com_Service}
Adaptation service{}
QoS{}}
Interface {Connection-Mode: synchronous
Roles_Required{ProvText.OL}
Roles_ProvideReqText.OL}}
Service{Connection}}
Class V-I-Connectorconnector®
Properties {flow = data}
Glue { //simple case of a glue
Communication {Com_Service}
Adaptation service{MpegToJpeg}
QoS{resolution}
Interface { Connection-Mode: synchronous
Roles_Required{ProvVideo.Mpeg}
Roles_ProvideReqlmage.Jpeg }}
Service{connection, adaptation} }

Class Image-Connectorconnectord................ }
Class Image-Connectorconnector4................ }
Class Image-Connectorconnectorf................. }
Class Image-Connectorconnector§................ }

Instance Monitoring {
Instances { CP1 : Acquisition; CP2 : Prepargtio

CP3: Treatment; CP4 rAla
CP5 : Recognition; CP6 : SGBBRge;
CP7 : DataBase; CN1 : ConoiEct
CAL: Connector2; CA2: Conme8t ...}

Attachement {
CP1toCA1; CALtoCA2; CA2toCP2;

Figure 8. The monitoring system in MMSA




UML-Profile for Multimedia Software Architectures

5.1 The functional diagram of application

O— Alarm =

o

)— Acquisition I—O)— Preparation I—O)— Treatmen —O)— Recofgnitior{l
ace

a

BDImages I—Q)— SGBDImage

Figure 9. Description of monitoring system in UML 2.0

The figure 9 shows the component diagram of ourmgte, as described in UML 2.0.
This modeling with UML ADL does not allow the detion of heterogeneity between

the various components

5.2 The use of UML profile

Level I Pre-configuration
In this step we represent the monitoring systerh wie specification of input/output
data of each component of architecture. We usethereoncepts defined by MMSA

Out_Dec
- ]

O—n «MMSAComponent»

Alarm

In_Dec

Oul_Rec?

In_Acq T Jjout Acq ] ot ] Jout_mtt ]
)_n «MhASAC_orptponent «MMSAComponent )—E «MMSAComponent D—())—E «MMSAComponent»
cquisition Preparatio  fout_pre Treatmer 7 rect] Recegnition

In_Pry

In_Rec2

? Oun_SGBD

In_SGB ]
«MMSAComponent «MMSAComponent
BDImage SGBDImagk
out BD

Figure 10. Pre-configuration of system

Level 2 Typing, formatting interfaces and detection afenegeneity

In this step, we use the notations of the profilattwe defined in Section 4. This
notation allows us to locate and identify heteraggnpoints (data type and data format)
of the architecture components.
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L
«MMSAComponent»
Alarm

n

[H| i \\ ] N s \\ M|
“MM::i?S?si’;ﬁ"em «MMSAComponent] «MMSAComponent @ «MMSAComponent»
q \ , Preparatio Treatmer \ , Recognitiol
S ~_ .
] ]
«MMSAComponent] «MMSAComponent
BDImage SGBDImage
Figure 11. Use of profile components

Level 3 Integration of connectors
In this step, we integrate the connectors betwesnponents with the inclusion of
heterogeneities, if they exist.

«MMSAComponent] «MMSAConnector
4—: Aarm OO “oicraue

i
E

MMSAComponent «MMSAConnector < ] «VIMSAComponent
“M'g?e’*;;m%’sm:l'(ét asaComeciorfFE&E— ¢ Treatmant 0—~<&1 * ercroswe & Reconnaissanc

i ;

«MMSAConnector» «MMSAComponent; «MMSACom
ponent
JPEGtoPNG BDImage éﬂ «MMSAConnectory éﬂ SGBDImage :‘(é: «MMSAConnector>
1=}

SR B
«MMSAConnector» «MMSAComponent]
VideoTolmaae Acquisition

y

Figure 12. Integration of MMSAprofil connectors

In order to examine the projection of MMSA in UMLO2 the OCL constraints will be
dynamically evaluated on the model of monitoringteyn. We propose to the software
architects the possibility of checking the arcHitiee model to each modification in order
to ensure its structural and semantic coherencevahous tests and validations made on
the architecture models guarantee perfectly oueption.

6. MMSAplug-in: A Software Architecture Profil Tool

This section presents the development of the MM3Afile in Rational Software
Modeler (RSM) for Eclipse. For this, we choose &e uhe mechanisms of creating
profiles of RSM. Next we focus on what tooling iseded to detect heterogeneity (data
type and format) of a given system and to validstesemantics with MMSA approach.
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After that we present an example from the tool aedend up with a comparison of the
tool with other existing tools.

6.1 Implementing the profil tool

Once we have the MMSA Meta-model mapped into an Ufddel, we can take
advantage of the tools developed around Rationéiw8ce Modeler. The UML 2.0
profile for MMSA is implemented in IBM Rational Sefare Modeler for Eclipse 3.1.
This visual modeling tool supports creating and agimg UML 2.0 models for software
applications, independent of their programming leye, and provides a common
language for describing formal semantics with OGlnguage and have been used
successfully to define profiles and to valid mod#lsomplex systems.

The Plug-In is developed with two levels of abdimat In the high level, the meta-
model of MMSA with all tagged values and its OCIO Zonstraints is defined by the
UML 2.0 profile. This diagram plays an importanterin the second level when it is used
by the model of software architecture. Once we engoat the given model complies
with the semantic constraints defined by the peofd set of instances for the types are
defined and evaluated in this level.

Figure 13. The MMSA-Profile in RSM for Eclipse 3.1.

The main objective of this plug-In is to show theility to apply the profile for
complex applications. The plug-In offers to thehatects the possibility to verify the
structural coherence of a given system and to addidts semantics with MMSA
approach. First we create a diagram of component¥ML 2.0 for the described system
and then we add the needed OCL constraints. Afiel, the model is evaluated by the
profile. MMSA is defined in UML 2.0 by using the etenisms of creating profiles of
RSM. Figure 13 shows the profile with its stereetypall tagged values and OCL 2.0
constraints expressed in the meta-model UML 2.0 MFE(Eclipse Modeling
Framework).
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6.2 Final Results

For the surveillance system, we elaborated theesy&ty a components diagram and
OCL constraints. Once, MMSA profile is applied frahe select profile dialog, shown in
Figure 14, all its stereotypes will be availablppléged and contributed by the tagged-
values. The model then checks to remove any contgnéolation.

The model is tested and validated with the semaotistraints defined by the profile.
One of the strengths of the MMSA profile tool igithability to link a model space (i.e.
UML) to an architectural space (i.e. MMSA) using dab extensions mechanisms (i.e.
Stereotype concepts in UML meta-model), and theeefautomatic detection of
heterogeneity by type/format of media.

Salectionner un profil

' Profil déplové

|MMSA Profil |

Profil d'analyse

] B EREATER,
Lo]8 | Annuler |

Figure 14. Selecting the MMSA profile for the serveillance teys.

6.3 Comparison and lessons learned

Our tool MMSAPIug-In can be compared with similacldtecture profile tools, such
as UML 2.0 Profile fom-ADL (Amirat and Oussalah (B), 2009) and UML 2.@fle for
C3 (Oquendo, 2006). Indeed, these two applicatalltsv graphical representation of
architectures and automatic constraints verificatibmodels using OCL standard.

4 Modélisation - Testodel: :Main - Plateforme Eclipse
Ficher Edter Maviguer Rechercher Projet Diagramme Modglisation Exécuter Fenétre A
Fegrem IO NE G TSPl E S e Y| BgiModélisation
I A e =l i
= O fTestModelienx | ETestiod | S simpleCS.emx | [ TestModsliain 52 o
S A Palette ’
= [y Sélectorner
= «MMSACormponenty MSA0L .
ZlPreparation | Zi0utPrep ZIPNG_ |
«htiachment X st
Att_OutPrep_To_InPNG
<MMSACamponent> Acquisition A MMBAInputimagePorty
<MrIsACamRonent» Alarme 2
MMSACOmponent ED
TaText .
] compasant
<MMSACompenents 1dentication <attathment> ] Com
Att_OUtPNG_to_InPrep H Packsge
#1 ] <MNSAComponents ImageProcess @ Intorface
4 o PNGToEME [ artefact
i ?PW i «MMSAOUtpLEIMEDERDIEs:
£ helg o 4 OutPNG
1] aMFISAComponents Preparation s
¥ PrepTopracess «MMSECannector -
1 o deaTalmage < PNGTOIPG / Rssocistion
[ Main
5 @ comens
o A «MSALNpUtImageRdle»
CldentoLteP 2 INPNG
Crnident
CIning sattachment
anpe Att_vidTolmg_PNGToJPG
crnens
CinpregProcess #
< T «MMSAQUtpUtImageRole»
5, S 2 & OUtPNG
oF Skructure 51 Explorateur dhéritage Bl ~0 «MMSAConnector
¢ VideoToImage
< [ Disgranme de dlasse
3 (> Formes géométriques
Propriétés | Taches | Bl Console 52 Signets | Erreurs Z|stB-=8
Modslisation Rational
Hodéle "C:\Documents and Settings\adel|IBM\rationalsdps. 0l Nodéles divers\Testiode
Validation - 0 erremrfs), 0 avercissement(s), 0 message(s) Q'information
2 s
o

Figure 15. Validating of monitoring system in UML 2.0 with RB



UML-Profile for Multimedia Software Architectures

The use of MMSAPIug-in offers number of advantagespared to these tools,

including:

« Providing an easy way to describe complex softwachitectures in one easy-to-
use visual editor and diagramming facilities.

« Implementing most architectural multimedia concefi#edias ports such as
video, audio, text and image, user defined conmgctstructures such as
configurations of complex components and complaxegtors).

« The detection of heterogeneity is done automagicaly checking of the
constraints of formats and data type.

« Providing a more suitable representation of admptatonnectors which are
defined at the meta-level (Class concept of UML) 2aher than using a simple
attributes for this purpose.

7. Conclusion

To make available to the UML users the conceptssaijacent mechanisms from the
ADL, we proposed a specific profile for multimedipplications. Thus we proposed rules
allowing translating an UML 2.0 architecture intoM@A architecture. This opens
perspectives related to the formal verification MMSA architectures. The MMSA
approach describes in an abstract way the softaachitectures based multimedia
components.

In this paper, we have developed an UML profile §tiviISA approach. This profile
enabled us to project the concepts (multimedia orapt, adaptation connector) of
MMSA towards the concepts of UML 2.0. An illustradi example was presented at the
end of the article. Our profile <MMSAProfile» coimta a set of stereotypes where all the
values are marked and all OCL constraints are egptkin the UML 2.0 meta-model. We
have also developed a plug-In in Rational SoftWaoeleler for Eclipse 3.1 for the profile.

Our future works will be the automatic transforroatbf models defined by MMSA to
.NET using this profile and the integration of tipisfile in the approach MDA (Model
Driven Approach) to ensure the automatism of th@sformation process. Actually this
profile is limited to MMSA architectural concepteut we intended to include other
multimedia concepts in the profile. Therefore waildohave a complete profile for all
multimedia concepts and next this profile can kegrated in the approach MDA as a
transformation model for all architectural concepts
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