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Abstract spread adoption in industrial contexts, many extensions and

profiles have been proposed to “adapt” UML to model ar-
Many formal languages to describe software architec- chitectures (e.g., [16, 27, 18, 24, 22, 36, 31]). However,
tures (SA) have been proposed so far, but only very fewwhile such UML notations are well suited to modeling some
of them are still supported and used in practical contexts. aspects of software architectures, they fail in modeling oth-
Many UML profiles and extensions have been provided ers [13]. These extensions permit to reduce the gap between
when UML became a standard, in order to model as much UML and ADLs, but they still fail in representing all as-
as possible architectural concepts. They allow to specify pects of ADLs [13, 28, 27]. Moreover, based on our acad-
specific needs, but the effort in creating a sort of unified emic and industrial experience on SA modeling for analysis,
UML-based language for architectures is still not paying. we realized thatnodeling for documenting is quite differ-
In fact, since different communities require different infor- ent from modeling for analysisnddifferent analysis tech-
mation to be put into a diagram, depending on which ar- niques usually require different notatiariBhere is not best
chitectural design aspects should be represented and anaformalization since it depends on which aspects of architec-
lyzed, the idea of an unified UML language for SA seems totural design we want to represent and then analyze. Any
be not adequate. Building on these considerations, we pro-time a new slightly different analysis is required, new mod-
poseDUAL LY, a core set of UML concepts, well suited for eling concepts are needed. This suggests there is neither a
SA modeling, together with a framework which provides ex- unique language for representing SAs, not a unique fit be-
tensibility mechanisms to adapt the initial notation, in order tween UML and ADLSs.
to meet different needs. Then, can we really advocate a stronger synergy between
UML and ADLs can be created? We believe this possible
and we suggest to approach the problem from a different
1 Introduction perspective:i) our starting point consists iientifying a
core set of architectural elements always requijren,ii)
When software engineers realized the importance of we create an UML profile able to model the core architec-
Software Architecture (SA), they started proposing lan- tural elements previously identifiedii) We provide exten-
guages to specify it. Informal box-and-line notations have Sibility mechanisms to add modeling concepts needed for
been rapidly replaced/complemented by architectural lan-specific analysis Finally, iv) we describe how semantic
guages. In a few years, the SA Community has observed dinks mechanisms can be kept between different notations
proliferation of architecture description languages (ADLs) ¢ From existing ADLs and from our experience on mod-
[28] for rigorous and formal SA modeling and analysis, and eling and analysis of SA, we observe that there are some
the introduction of supporting tools. In parallel, the concept core architectural concepts commonly understood by any
of viewpointmodeling [25, 20, 26] has been introduced in software architect, while other modeling elements are
order to tackle the problem of modeling SA from different needed for specific analysis. We inherit from both xArch [1]
perspectives, thus reducing modeling complexity. and ACME [7] the idea of identifying a maximum common
Although several studies have shown the suitability of denominator (a core set) of architectural concepts, called
such formal languages for SA modeling and analysis, in- hereafterd, (point:). Then, we create theUAL Ly UML
dustries still tend to prefer model-based (semi-formal) no- profile to model such core architectural concepts. Since we
tations. In particular, with the introduction of UML as the cannot expect to create a unique fit between UML modeling
de-facto standard to model software systems and its wide-elements and architectural concepts, instead of providing a



thorough and precise UML-SA profile, we propose minimal A,Chc,g;u,a,j
extensions to UML 2.0 in order to make the profile applica- -2t 1 |AD|
ble in industrial contexts (poirit). Since our profile covers
only core architectural concep@lJAL LY provides exten- ( Bl —
sibility mechanisms, at different levels: the UML profile AD‘L ' ‘
notation for core elements can be extended with additional

modeling elements. New diagrams can be introduced. Ex-

istent modeling and analysis tools can be integrated. The T

first two extensions are performed through UML profiling
and meta-modeling extensions. The latter extension is sup-
ported by a plugin framework, which allows to easily add
new design or analysis tools (poiif). Finall, DUALLY 21 Formal Architecture Description Languages
permits to specify semantic links, which allow to specify for SA modeling

semantic equivalences/differences among model elements.

In this paper, we focus on pointsand:i), while providing
initial results oniii) andiv).

Figure 1. Core Architectural Concepts

When the software architecture field was in its infancy,
software architects started suggesting what an (ideal) ADL
DUAL LY differs from previous work on ADLs and  should consider: support for components and connectors
UML modeling for many reasons: while related work specification, and their overall interconnection [32, 17],
on ADLs mostly focus on identifying “what to” model composition, abstraction, reusability, configuration, hetero-
[28, 7, 1], DUAL LY identifies both “what to” model (i.e., geneity and analysis mechanisms [37].
the core architectural concepts) and “how to” model (via  Then, many ADLs have been proposed, with different
the DUALLY UML profile). Differently from related  requirements and notations, and permitting different analy-
work which extend UML for modeling specific ADLs, the  sjs at the SA level. New requirements emerged, such as
DUAL LY UML profile focusses on modeling just the min-  hjerarchical composition, type system, ability to model dy-
imal set of architectural concepts. Similarly to xArch and namic architectures, ability to accommodate analysis tools,
ACME, DUAL LY provides extensibility mechanismsto fa-  traceability, refinement, and evolution. New ADLs have
cilitate modeling extensions. been proposed to deal with specific features [4, 33], such
The paper describes the state of the art in SA model-as configuration managemendlistribution and suitability
ing in Section 2: we focus on formal languages and UML- for product line architecturanodeling. Structural specifi-
based notations for SA specification. Section 3 describescations have been integrated with behavioral ones [26, 15]
DUAL LY, the main principles and current work. Section With the introduction of many formalisms such as pre- and
4 shows initial results on applyingUAL LY to a specific post-conditions, process algebras, statecharts, POSets, CSP,
notation for SA analysis. Section 5 concludes the paper.  m-calculus and others [28].
In order to make some clarification on what an ADL
is and on how they may be classified, papers have been
2 Modeling Software Architecture proposed to survey, classify and compare existing ADLSs.
In particular, Medvidovic and Taylor in [28] proposed a
classification and comparison framework, describing what
&n ADL must explicity model, and what and ADL can
model. In their work, an ADL must explicitly model com-
ponents (with interfaces), connectors, and their configura-
tions. A similar study has been performed for producing
xArch [1], an XML schema to represent core architectural
) ) elements. In xArch, an architecture is minimally composed
Section 2.1 analyzes which concepts a formal ADL py components and connectors (with interfaces), links, and
shOL_JIdm|n_|m_aIIysupport._ This analysis takes into consid- groups. ACME [7], the architecture interchange language,
eration existing ADLSs, still supported ADLs and our expe- g5 identifies a set of core elements for architecture mod-

tectural concepts, represented by fyearea in Figure 1. and constraints.

Two main classes of languages have been used so far t
model software architectures: formal architecture descrip-
tion languages (ADLs) and model-based specifications with
UML. In this section we identify a core set of architectural
elements always required.

Section 2.2, instead, outlines how UML 1.x has been In the following of this section, we identify a list of
used for SA modeling, the novelties in moving from UML core architectural concept84area in Figure 1) by extend-
1.x to UML 2.0, and how UML 2.0 is currently used to ing/revising/updating previous work in order to take into ac-
model SAs. count architectural concepts supported by still in use ADLs



(Section 2.1.1) and our experience on SA-based modeling2.1.2 What an architectural language should support:
and analysis (Section 2.1.2). our Experience

The authors of this paper are members of the Software
2.1.1 Still supported Formal Architecture Description Engineering and Architecture Group (SEA Group), which
Languages mostly works on software modeling and analysis at the ar-

. ) chitecture level. Based on our experience on SA-based
Table 1 shows the most famous ADLs evidencing the onesanalysis in industry, we here summarize what we consider

still supported. The table contains also approaches thatig pe fundamental aspects in SA modeling:
since lack in some aspects that are considered fundamentalgp) g concepts and UML modeling: an architecture lan-
for an ADL, are considered non conventional ADL. More- guage to be used in industrial contexts, needs to expose
over several ADLs focusses on very specific contexts, as forap| s architectural concepts, while using UML as the mod-
example the avionic context. eling notation. In this way, UML is used as the modeling
Taking into consideration non domain-specific lan- |anguage complying with architectural concepts exploited
guages for SA, the surviving ADLs are ABC/ADL, ACME, by ADLs.
Darwin, DAOP-ADL, Jacal, Koala, and Rapide together stryctural and Behavioral Viewpoint: whenever func-
with the ADML, xArch, XADL, and xXACME XML repre- tional analysis at the architectural level is required, behav-
sentation formats. ioral models need to be provided [11, 15]. In our experience
We believe that one of the reason which made thosewith SA-based testing [29], state machine or Labelled Tran-
ADLs survive, is because software architects found on themsition System models are needed to express functional prop-
some concrete help with their quotidian problems in mod- erties of the SA. In our work on SA-based model-checking
eling architectures. [2], state machine-based notations are used to specify the
ABC/ADLIis an architecture language recently proposed SA behavior while scenarios are used to identify properties
to support component compositiocme born as an ar-  of interest. In [12] we may notice how scenarios are used for
chitecture exchange language, today has become a welteliability and performance analysis. In the Fujaba project
supported ADL, tool supported by AcmeStudio and inte- [3], UML class diagrams and UML state diagrams are com-
grated with Java code generation features [Bhrwin de- bined to provide a specification language for hard real-time
scribes software structures in terms of primitive and com- systems.
posite components, encouraging hierarchical composition.Tool support: whenever an architecture has to be specified
Darwin possesses both a textual and graphical notation andn industrial contexts, tool support is a must. As pointed out
a process algebra (the Finite State Process (FSP)) permitin Section 2, while many formal or UML-based languages
ting to model behavioral aspects of an SA and allowing have been proposed so far, very few tools are available. In
for analysis at the architecture-leveDAOP-ADL [33] is the past few year, we have developed a tool caledrMY
a component- and aspect-based language to specify the af2] to model and analyze architectural specifications. Its use
chitecture of an application in terms of components, aspectshas evidenced the importance of tool support in our model-
and a set of plug-compatibility rules between thedacal ing and analysis activity in industrial contexts.
is an ADL with the aim of permitting the execution (an- Different abstraction levels in the same specification:
imation) of described architecture&oala is an architec-  some ADLSs provide features to specify nested components
ture language for software product line designed for model- and hierarchical architectures. In our experience, we real-
ing embedded software for consumer electroriRapideis ized the importance of such features, and the importance of
a general-purpose system description language that allowseing able to specify an SA at different abstraction levels.
modelling of component interfaces and their externally vis- This is due to different factors) a given specification may
ible behavior. be too abstract to be useful for analysis purposes. How-
ADML [6] (the Architecture Description Markup Lan- ever, moving towards next abstraction levels (i.e., provid-
guage) is an XML-based representation language for archi-ing a more detailed specification) the system global model
tecture, originally developed by the Micro-electronics and may become too complex to be analyzed as a whalg.
Computer technology Consortium, based on Acmarch We cannot assume components to have the same complex-
is an extensible XML-based notation for software architec- ity. While some components may be small computational
tures. xArch has been thought to be extensible, that is, tounits, others may be complex subsysterig) We cannot
be augmented with new XML schemas to introduce addi- assume components have the same importance. Some com-
tional information. BothxADL2.0[4] and xAcme[5] are ponents may be of higher interest for analysis with respect
extensions to the xArch core to handle configuration man-to others. iv) Different components may require different
agement and product families, and Acme architectural con-specification types. In fact, while some components may
cepts (respectively). require black- or white-box specifications.



ADL Born Data Tools Still Notes
Supported
ABC/ADL 2002 ABC tool (prototype) YES ADL for component composition
Acme 1995 AcmeStudio + Armani YES Interchange Language between ADLs
Adage 1992 — NO Avionics navigation and guidance Architecture Descriptipn
Aesop 1994 Aesop System NO Emphasis on Architectural Styles
ArTek 1994 — NO Non conventional ADL
C2 SADEL & C2 AML 1996 Dradel, SAAGE,ArchStudio NO ADL based on C2 style
Darwin 1991 LTSA + SAA YES Focus on dynamic SA
DAOP-ADL 2003 DAOP-ADTools YES Component and Aspect-based ADL
GenVoca 1996 P3 NO Non conventional ADL
Jacal 1997 Jacal 2 YES Focus on prototyping SA
Koala 1997 Koala tools YES ADL for product families
LILEANNA 1993 LILEANNA NO Modules connection language
Little-JIL 1998 Little-JIL 1.0 NO Non conventional ADL
Maude 1998 Maude 2.0 YES Non conventional ADL
MetaH & MetaS 1993 MetaH YES ADL for avionic domain
Rapide 1990 Rapide YES ADL and simulation
Resolve 1994 Resolve NO Focus on Component Specification
SADL 1995 Sadl tool NO Focus on Refinement
UniCon 1995 UniCon NO Focus on connectors and Styles
Weaves 1991 Weaves NO Data-flow-architectures with high-volume of data
Wright 1994 Wright NO Focus on communications
ADML 2000 ADML Enabled Tools YES XML-based ADL
xArch/xAcme 2001 AcmeStudio YES Acme in XML
xArch/xADL 2000 XADL 2.0 YES XML-based ADL

Table 1. Still supported ADLs and XML representations

Typed components and connectors: a type system  modeling software architectures, considering classes, ob-
permits to semantically group architectural elements with jects, components and packages to model SA components.
the same properties and constraints. When a type systenThe concept of software views/perspectives has been im-
is missing, properties and constraints must be assignedlemented inside UML with many proposals [20, 9]. Since
to each single element, thus increasing the effort in SA such initial works, many other papers have compared the ar-
modeling, and making much more difficult maintainability chitectural needs with UML concepts, extended or adapted
when the SA evolves. UML, or created new profiles to specify domain specific
needs with UML. Even if such extensions allow to reduce
2.1.3 Summarizing: what goes in the Core architec- the gap between UML and ADLs, they cannot fully repre-
tural concepts A sent all aspects/features of every ADLs, neither there is a
unique way to model a single ADL [13, 16, 28]. A good

Baseq on what expressed in this section, we Cla'm_thatanalysis of UML1.x extensions to model SAs can be found
the minimum concepts a language for modeling architec- in [27]

tures must take into consideration are the following: com-
ponents (with required and provided interfaces, types and
ports), connectors (with required and provided interfaces
and types), channels, configuration (with hierarchical com-
position), tool support, and behavioral modeling.

With the advent of UML 2.0, many new concepts have
been added/modified to bridge the gap with ADLs. Five
fundamentals novelties have been introduced for SA de-
scriptions:

1. In UML 2.0 acomponents a subtype of cladsthen it

may now have attributes and methods, as well as interfaces,
ports and internal structure.

2. UML 2.0 extends UML1.4 concept onterface by ex-
Plicitly including providedand requiredinterfaces, which
allow to wire components together.

3. Ports describe how components interact with the envi-
ronment. A port specifies that any request arriving to the

2.2 The Unified Modeling Language for SA mod-
eling

Many proposals have been presented so far to adap
UML 1.x to model software architectures [34, 27, 16, 25,
20, 18, 23, 36]. In the seminar paper proposed by Rob-
bins et al. [34], UML has been extended in order to make
UML semantically equivalent to the C2 architectural style. ~1gterently from UML 1.4 where a component is defined as a subclass
Garlan and Kompanek in [16] proposed five approaches forof Classifier




port itself, will be handled by the component which owns able to model the core architectural elements identified in
the port. The interfaces associated with a port, specify theSection 2.1.3, allows to solve problemThe profile for SA
nature of the interaction that may occur over the port. A modeling and analysis in presented in Section 3.1.

port can be enriched with a behavior description. To overcome probler? we outline an extendible frame-

4. Decomposition of components, useful to represent thework that allows to add models and to extend existing ones
internal structure, is performed thanksstiouctured classi-  in order to support the introduction of analysis techniques.
fier. Structured components can be composed with inter-Semantic relations are proposed to bind different elements
faces and ports. of different models. Semantic links will allow to specify se-
5. A UML 2.0 connectoris a communication link between mantic equivalences/differences between model elements.
two or more instances. There exist two kind of connec- Extensibility mechanisms and semantic links are outlined
tors: (i) assemblyonnector represents the binding between in Section 3.2 and will be refined in future work.

a provided interface and a required interface or portd@i}

egationconnector binds an internal representation of a com- ADL UML XML
ponent with its external behavior, i.e., maps a request from
one port to either another port or to a realization that pro- x:(r:‘:\:l‘E&

vides the implementation for the request. Ports and connec- DUALLY

tors formalize the interaction points on a component, and ~ Profile for
A

provide explicit mapping between published interfaces and J’ 0
internal implementation mechanisms (realizations). [Experience}» Z}

How to use UML 2.0 (as is) for SA modeling has been DUALLY o
analyzed in some books. In [14], how UML 2.0 can be modeling
used to represent logical architectures, patterns and physi- gxiensions

cal architectures. The UML 2.0 concepts of components,

dependencies, collaborations and component and deploy-  Figure 2. The roles of ADL, UML and XML

ment diagrams are used. In [30], components in a com-

ponent diagram are used to model the logical and physical  Figure 2 summarizes hoBUAL LY is organized. Ex-
architecture. In order to bridge the gap between UML 2.0 pjoiting ACME as interchange language, all the ADLs pro-
and ADLs, some aspects still require adjustments. There-posed till now, xArch, and the feedback generated by our
fore, much work has been proposed in order to adapt andexperience in SA analysis, we build a basic UML profile for

use UML 2.0 as an ADL [19, 35, 22, 31]. SA analysis (th®UAL Ly Profile for Ay). While the UML
profile for Ay represents the (core) modeling notation, an
3 DUALLY extension to xArch represents the XML representation for-

mat. Whenever a new UML-based notation is required for
a different analysis, a new profile is built by extending the
DUAL LY profile and its XML representation is obtained
by extending thé&UAL LY XML representation.

The main limitation of existing ADLs is that each of
them allows for a particular analysis technique, leaving
other techniques unexplored: supposing an industry is in-
terested in deadlock analysis and performance analysis, a ) o
complete result is obtained only using two different ADLs. 3-1 The UML profile for SA description
The process is complicated and made worse by the fact that
each ADL uses a different notation for SA specification,  Goal of theDUALLY UML profile is to extend UML
thus making difficult any integration. 2.0 in order to model core architectural concepts described

Two problems hamper the success of strategies based om Section 2.1.3. This profile is not meant to create a per-
traditional ADLs: 1) languages used by ADLs are generally fect matching between UML and architectural concepts. In-
formal and sophisticated, making difficult their integration stead, it wants to provide a practical way, for software en-
in industrial life-cycles2) it is impossible to construct an  gineers in industry, to model their software architectures in
ADL able to support every kind of analysis, since any analy- UML, while minimizing effort and time and reusing UML
sis technique requires additional analysis-specific notationstools. We analyze how UML 2.0 standard notation can be
and models. used for SA modeling of core architectural concepts and

DUAL LY merges UML 2.0 and ADLs through a UML-  propose some needed extensions.
based notation for Software Architecture descriptions. This Architectural components: an SA component can be
choice is motivated by the fact that UML is the de-facto mapped into both structured classes and UML components.
standard to model software systems and it is largely ap-Even if there is a little distinction between the two consid-
proved by the industries. The definition of the UML profile, ered elements in UML 2.0, we use UML components for



modeling SA components since a component contains allsociations of assembly connectors, using UML association
class elements (a component is a subtype of class), plus, itlasses, or using UML (stereotyped) classes. While the first
is possible to attach deployment descriptors, property filessolution for modeling architectural connectors may be used
and any kind of document to a component. Moreover, it is to model the concept of Channel, the make use of a so-
more natural to map SA components into UML components lution lied to the third solution proposed in [22], but, in-
because they have the same name and a similar granulaistead of using UML (stereotyped) classes, we make use of
ity. The “Dependency” relationship between components in UML (stereotyped) components that, from the architectural
UML 2.0 may be used to identify relationships among com- point of view, seems the cleanest choice. The second so-
ponents, when interface information or details are missinglution (i.e., using association classes) is dismissed in our
or want to be hidden. “Structured classifiers” permit the view since it requires information similar to the one needed
natural representation of architecture hierarchy and portsin the third solution, while introducing multiplicity under-
provide a natural way to represent runtime points of interac- specifications, as discussed in [30], ch. 6.

tions. As noticed in [35], SA components and UML compo- Channels: a channel is usually considered as a simple bind-
nents are not exactly the same, but we believe they represenhg mechanism between components, without any specific
a right compromise. logic. UML 2.0 provides the concept aksembly connec-
Ports and Interfaces: UML 2.0 as is explicitly models  tors which is semantically equivalent to the concept or ar-
ports to formalize components interaction points. More- chitectural channel. We assume in our formalism assembly
over, UML component diagrams also explicitly handle re- connectors are attached to ports (with or without associated
quired and provided interfaces. In summary, UML 2.0 pro- interfaces). When refining an SA, the need of converting
vides native notations for ports and interfaces. channels into connectors may appear. In this case, the as-
Types: a type model identifies properties and constraints sembly conqegtgr 1S replaced ,by a stereotyped component,
which must be applied to a set of elements of the samea”dthe multiplicity is adjusted in conformance to what sug-

type. UML 2.0 offers the concept of Collaboration, which 9€stédin[30],ch. 6. _ _

explains the component role (its properties) in achieving g Configurations: an archnectyral configuration shows the
joint task with other classifiers. We believe the use of col- Overall structure of the SA, in terms of components and
laborations and roles to model types is not appropriate andcONNectors instances assembly. In UML 2.0, component
a more explicit notation for types is required. In [35] the INstances may be created and assembled through ports, in-
authors provide a well though solution, however, it seems terfaces and architectural connectors. _

to be of difficult (practical) application. In [22] the authors Behavioral viewpoint: depending on the kind of analysis
propose to use class or components diagrams to describ&duired, state-based machines or scenarios notations are
types and instance diagrams to define component and con¥Sually utilized to specify how components and connec-
nector instances. Our proposal refines this one, by usingi©rS behave. As a core element, we take UML 2.0 state
component diagrams and property files to describe compo-maCh'T‘eS and sequence diagrams as native notations for
nent types and instance diagrams to identify architecturalPehavioral modeling.

elements instances.

Connectors:in current architectural languages, a connector
represents communication glue and may include a set of in-
terfaces or properties. While a connector is frequently used . . i
to capture single connecting lines (such as channels), they3-2 Extensibility mechanisms and Semantic Rules
may also serve as complex run-time interaction coordina-

tors between components. UML 2.0 provides the conceptof The DUAL LY modeling profile can be used as a refer-
delegation connector ana@issembly connector. However, ence modeling notation to describe architectures. In a basic
the UML 2.0 definition of connector is far away from the SA  scenario, a software architect can document its architecture
definition of connector. An extension of UML 2.0 connec- by drawing a diagram, can check the diagram compliance to
tors is the solution proposed in [35]. However, we do not be- theDUAL LY profile, and can run analysis tools to validate
lieve this solution is easily applicable. Many other alterna- the architectural model.

tives may be chosen. For example, a Port may have an asso- Indeed, what we expect in a more typical scenario is that
ciated behavior, and a protocol state machine may describghe software architect needs a more expressive architectural
the conditions under which the port may be used successimodel, for documentation or analysis purposBsIAL LY

fully [30]. However, binding the concept of port as connec- extensibility mechanisms allow to handle this scenario, by
tor with the one of component does not seem a reasonablgermitting to add new modeling elements, new diagrams, or
solution. Reasoning about the proposal presented in [22],integrating different analysis tools.

three different alternatives are proposed: using UML as- Whenever a new notation wants to be added in

The DUAL LY modeling profile XML representation is
performed by extending the xArch XML Schemas.



1or Model it t UML/SA profile
file has to be written, by extending tHBUAL LY profile Checking Presting ) \or Performance
to take into account the new desired notatiai).Its XML

representation needs to be created, extendinptha&L Ly

DUAL LY, three activities are required) a new UML pro- CML/SA proﬂl? [UML/SA]

XML Schema.iiz) Tool support for drawing diagrams and DUALLY @ '

to perform analysis has to be provided. standard | DUALLY % DUALLY ‘ (a)
The modeling extension is realized through UML pro- editing and Profile for A XML

filing and meta-modeling extensions (poiht Whenever a analysis tools L% Lﬁ @

new conceptual element is needed, UML extension mech- Modeling XML :

anisms (tagged values, stereotypes, and constraints) can be extensions extensions

utilized to create a new profile. The profiling solution is

a lightweight extension to UML, since it does not require Pusses [ Editing
. . . i i into

to change the UML metamodel, thus allowing to maintain | Semantic Relations [«gt e 501q
the compatibility with existing UML tools. Some existing — | Al
UML tools (e.g., MagicDraw) allows to create a new pro- hecking - mz's
file or extend an existing profile. However, UML exten- Tosstick notony/ | roacoacn oo S~

. . o i Model- oo
sion mechanisms can bg qtlllzeq only when _the new mod Chesking tool | | Testing tool Performance Other

tool

eling element extends (via inheritance) an existent element.

Whenever this condition does not apply, meta-modeling ex-
tensions are required.

The DUAL LY XML schema requires to be extended in
order to take into account the new UML modeling concepts
(pointiz). SinceDUAL Ly extends xArchDUAL Ly XML tic relations allows to use the same modeling and analy-
Schema can be easily extended by using existing XML gis framework (i.e.DUALLY) to perform many differ-
tools. ent analysis, by exploiting equivalences/differences among

Finally, tool support can be provided to edit and analyze UML-SA notations. In particular, it allows to embed the
the new required notation (point). The analysis tool inte-  feedback resulting from analysis into the models.
gration is supported by a plugin framework, which allowsto  For example, it is intuitive that upon detecting a deadlock
easily add new analysis tools. The plugin framework allows jn a software model, a critical component may be split in
to plug different editors or analysis tools. two components, and this refinement may heavily affect the

Figure 3 summarizes how tHBUAL LY architecture  software performance. Traditionally, we have to select an
handles such extensions. Initially, tB&JAL LYy architec- ADL which allows for deadlock analysis (P1) and an ADL
ture contains thdUAL Ly profile, theDUAL LY XML which allows for performance analysis (P2). We have to
Schemas, and tools for editing and analysis of architec-provide two specifications in two different languages. We
tural models written in th®©UAL Ly profile (Figure 3.a). have to run the deadlock analysis tool, get the feedback,
When a new profile P is created and wants to be insertedmodify the SA and then modify the performance specifica-
in DUAL LY (Figure 3.b), an input filter is created to val- tion to take into account such changes.
idate the P’s conformance to tHe@UAL Ly profile, and With DUAL LY, instead, we create the two UML pro-
to distinguish the P’s specific modeling concepts from the files for P1 and P2. The input filters allow to transform P1
DUAL LY basic modeling concepts (Figure 3.c). Itis im- and P2 models into standaBJJAL LY models which can
portant to notice that an input filter is required for each be submitted tdUAL LY standard analysis. Then, P1 is
notation extending th®UAL LY profile. The input filter  submitted to deadlock analysis. If some core architectural
generates from the P’s modeDAJAL LY model: amodel-  elements in P1 are modified, tiemantic Relationsom-
to-model transformation is utilized in this phase to con- ponent propagates this change to the core part of P2. If
vert P's models intdUAL Ly models (Figure 3.d). The changes in P1 affect only P1-specific elements, than such
transformed model can be analyzed WilWAL LY stan-  changes do not affect P2. The relations that allowSke
dard analysis tools. New modeling and analysis tools canmantic Relationcomponent to propagate the changes are
be introduced to deal with P. The introduction of new tools embedded into each UML/SA profile for the specific analy-
is handled by a plugin-based framework which allows to sis. In fact, since each profile must extend BléAL LY
extend theDUAL LY standard features. profile, it is implicitly required to relate the new introduced

The introduction of new models requires to define se- models with the ones contained inBlJALLY (e.g. the
mantic relations between the added/modified models andbehavior of the components specified in a specific profile
the models already contained MUAL LY. This seman- is related to theDUAL LY core components). These re-

Figure 3. DUAL LY Software Architecture



lations are exactly what we mean to be a semantic rela-Both sent and received messages are performed over de-

tion. When, by using the created input filter, the model- fined channelgh. An event can have several parameters

ing extensions and the XML extensions are accepted by theas defined in the parameters lisp;, ops, - - - , op,, are the

DUALLY core, the semantic relations component is able operations performed when the transition fires.

to calculate the relations that regulate the propagation feed-

back forwarding. Sequence Diagrams

In CHARMY, sequence diagrams are used to describe tem-

poral properties we want to check on the SA. They are de-

) _ ) scribed using a UML notation, stereotyped so that i) each
CHARMY [2] is a project whose goal is to apply model-  yactangular box represents an architectural component, ii)

checking techniques to validate the SA conformance o cer-gach arrow defines a communication line (a channel) be-

tain properties. IlCHARMY the SA is specified through an  yyeen the left and the right components. Both synchronous

UML profile where state diagrams are used to describe howang asynchronous communications are taken into account.

architectural components behave while sequence diagramgetween a pair of messages we can select if other messages

4 Introducing CHARMY into DUALLY

are used to explain how components interact. can occur (loose relation) or not (strict relation). Graphi-
cally, the strict relation is realized whit a thick line that lies
How CHARMY works the messages pair. Constraints, graphically represented as

a filled circle, are introduced to define a set of messages
Starting from these dynamic viewEHARMY synthesizes,  that must never occur in between the message containing
through a suitable translation into Promela (the specifica-the constraint (i.e., the one with the filled circle) and its pre-
tion language of the SPIN [21] model checker) an actual SA decessor. Messages are typedeagilar message§denti-
complete model that can be executed and verified in SPIN.fied by thee label), required message@dentified by ther
This model can be validated with respect to a set of prop- |abel) andfail message§identified by thef label).
erties, e.g. deadlock, correctness of properties, starvation,
etc., expressed in Linear Temporal Logic (LTL). Instead of 4 1 Integrating the CHARMY notation models into
writing directly temporal properties that is a task inherently DUAL LY
error prone, CHARMY allows to describe temporal proper-
Itles by using sequence dlagr:_;\ms that are supcesswely trans- Since CHARMY makes use of its own stereotyped no-
ated into a temporal properties representation understandiation for state and sequence diagram&raRMY profile
able by SPIN. To describe state and sequence diagrams the

. . needs to be created by extending Bl@AL LY profile. In-
used notation encompasses those used in current softwar: . ]
: . ormally, the CHARMY profile revises the concept of tran-
development practice and rich enough to allow for analy-

o : . sition label for state machines and extends the concept of
sis. Figure 4 illustrates the notati@HARMY uses for state . . . .
diagrams and scenarios sequence diagram message, while adding new modeling no-

' tations for constraints. When identifying the semantic rela-
tionships among th€HARMY and theDUAL LY profiles,
State Diagrams we identify the following semantic links:

Rule 1.Each state diagram describes the behavior of a com-

Th machine- formalism RMY i
e state machine-based formalism usedisy sa ponent or a connector.

Sgbset of l_JML state d'agra”?S' ano! IS gr_aph|cally s_hown "N Rule 2. The state machines transition labels identify com-
Figure 4.a: labels on arcs uniquely identify the architectural L
- munications between components.
communication channels, and a channel allows the commu- o .
o . Rule 3. Each lifeline in the scenario corresponds to a state
nication only between a pair of components. The labels are

machine.
structured as follows: . .
Rule 4. Sequence diagrams can contain only messages al-

ready inserted into the state diagrams of the involved com-
‘[‘guard]‘event' (‘parameter list*)“/‘op1‘; ‘op2‘; -+ ¢ ‘opn ponents.
Rule 5. The sender and the receiver of a message must be
the same (components) in the sequence diagrams and in the
whereguardis a boolean condition that denotes the tran- state diagrams.
sition activation, areventcan be a message sent or received  Thus, theCHARMY profile extends th®UAL LY pro-
(denoted by an exclamation mark “I" or a question mark file embedding inside the relations before itemized. Oper-
“?”, respectively), or an internal operation)((i.e. an event  atively, the process of introducinGHARMY is composed
that not requires synchronization between state machines)of the following steps: theCHARMY Input filter gets the
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Figure 4. CHARMY State and Sequence formalisms and UML 2.0 State Diagram

CHARMY profile and (i) extracts the models and introduces
them into theModeling extensionomponent; (ii) in accord-
ing to the profile, an extension of the XML &fUALLY is
performed.

The Semantic Relationsomponent plays its role when
DUAL LY runs and a change performed by an analysis tool
impacts on th®UAL LY core. In this case an analysis feed-
back is forwarded to the other analysis tools. For example,
if both CHARMY and a performance analysis profile/tool
have been inserted inUAL LY, CHARMY can be run on
the architectural model proving the SA conformance to se-
lected properties. However, the performance tool may sug-
gest to split a given compone@tinto two components for
improving the overall SA performance. What happens to
theCHARMY results?DUAL LY informs theCHARMY tool
that component’ has been split and two scenarios may ap-
ply: if CHARMY has been applied to a subsystem of the
given SA, not includingC, then previous results are still
valid. Instead, ifCHARMY has been been applied to the
entire SA, compositional verification techniques can be ap-
plied to the modified architectural model [10].

5 Conclusions and Future Work

DUAL LY is an ongoing work which provides an exten-
sible UML-based notation for SA modeling and analysis.
DUALLY is composed by an UML profile for SA mod-
eling, which allows to easily specify SA concepts slightly
extending the UML 2.0 notationDUAL LY provides ex-
tensibility mechanisms and semantic rules which allow to
introduce and integrate UML-based notations and tools.

In future work, we will validate this initial work by
extending theDUAL LYy profile with our UML-based no-
tations for SA-based model-checking and testing [29, 2].
While a plugin framework for SA-based analysis tools is al-
ready available [2], we have to implement the Input Filters
and Semantic Relations components.
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