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Abstract
The specificities and design complexity of web services (WS) call for a language and tool support to guide a WS design.   This paper first presents WS-UML (Web Service with UML), a UML profile for the design of web services.  WS-UML extends UML to express specific concepts of web services like composition, security, location, trace of execution. Secondly, this paper presents the WS-UML Tool and its functionalities. Finally, the paper illustrates the usefulness of the WS-UML notation using a Tourist information service example designed with the WS-UML Tool.
1. Introduction
With the proliferation of web service-based applications and the evolution towards the Web as a standard development platform, comes the need to automate various web service (WS) development phases. Our objective is to offer tool support for the design of WS while clearly representing their specific aspects.
In fact, using WS to develop distributed applications is a complex task.  The complexity stems from the various aspects that a web service comprises and that must be specified at the design level, e.g., service discovery, composition, quality of service, security, mobility, etc. 
To cope with the specific aspects of web services several design notations have been proposed (cf., Provost [15], Ortiz and Hernandez [7], Belouadha and Roudiés [5] [6], Skogan [3]).  While most of the proposed notations agreed on a set of concepts, none of them expresses all of the concepts.  For instance, none of the proposed notations considers the WS location and execution trace, which can be important for security requirements. In fact, identifying the security, composition and location aspects is essential in understanding a WS application.  This shortage motivated our work in proposing a WS design language, called WS-UML [1], that increases the expressiveness of UML for WS and guides their design. Stereotypes and graphical annotations have been added to UML diagrams in order to distinguish between the different aspects in a WS.  Overall, three main motivations are behind our extensions of the original UML notation: 1) to distinguish visually among WS specific aspects; 2) to facilitate the understanding of WS; and 3) to guide the user in composing a WS when designing a particular application. 
After a brief overview of WS-UML, in this paper, we present its tool support for the design of WS. The WS-UML Tool provides for an easy representation of WS by distinguishing among the WSDL, security, quality of service, process and directory information aspects.  WS developers can, therefore, represent clearly the essential elements of a WS and, later, they are guided during the reuse phase of these WS.  On the other hand, one technological advantage of the WS-UML Tool derives from its development following the Model Driven Architecture (MDA) [12]: its precise modeling and current transformation technologies provide for its deployment over different technological platforms. 
The remainder of the paper is organized as follows.  Section 2 presents the WS-UML design language for WS. Section 3 overviews the GUI and main functionalities of the WS-UML Tool. Section 4 illustrates the usage of the tool through the design of a WS for Tourist Information. Section 5 summarizes the paper and outlines some future work.
2. The WS-UML design Language
In this section, we briefly overview the WS-UML design language.  For more details the reader is referred to [1]. 
The design language WS-UML is based on three UML extended diagrams:
· A class diagram that describes several aspects relative to WS (Figure 1): WSDL, Security, QoS, Directory Information and Process or WS composition.

[image: ]Figure1: WS-UML Packages

· An activity diagram to describe WS composition.
· A sequence diagram that describes the behavioral perspective of WS like security through authentication. 
The class diagram describes the static architecture of a WS. As shown in Figure 1, the main modeling element is the class stereotyped <<WebService>> used to represent the WS as a collection of ports. In addition, the modeling elements stem from five packages each representing one design perspective.
The package called WSDL represents interface related information as proposed in the standard WSDL:
· The class stereotyped <<port>> specifies an address for a binding, thus defining a single communication endpoint. 
· The stereotype <<PortType>> is an abstract set of operations supported by one or more endpoints. The association class stereotyped <<Binding>> represents a concrete protocol and data format specification for a particular PortType.
· The class <<Message>> represents an abstract definition of the data being transmitted.
· A message consists of logical parts, represented by the class stereotyped <<Part>>.
On the other hand, the package called Security presents two security aspects: Authentication [10] and Role-Based authorization [2] where: 
· The class stereotyped <<Client>> represents the client claimant to the service. 
· The class stereotyped <<SecurityToken>> is used by the client to authenticate with the service.
· The class stereotyped <<AuthenticationBroker>> represents the authentication Broker that authenticates clients by issuing to them a security token.
· The class stereotyped <<Session>> is used to show the Role-Based Access Control (RBAC) standard. This stereotyped class represents sessions created by the client to access to the service.
·  The class stereotyped <<Role>> representing responsibilities well identified in an organization 
· The class stereotyped <<Permission>> indicates a particular access right on one or several activities of the web service.
The third package, Quality of Service, specifies a set of quality requirements on the behaviour of a WS. To model these aspects, we use three concepts: First, an UML class stereotyped <<QoS>> that offers the cost, execution Time, Bandwidth and the reliability’s   degree   of   a   service. Secondly, UML   classes    stereotyped   <<Community>> and 
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Figure2: The WS-UML Tool GUI

<<Function>> are modelled to group services    that possess the same functionalities. Finally, the class stereotyped <<Trace>> allows to specify the follow-up of the execution trace of a WS.
The fourth package, Directory Information, allows the designer to specify from where the service comes and how it can be invoked. This information can be presented with the UDDI (Universal Description, Discovery and Integration) data model [14] which includes the following main modelling elements: <<businessEntity>> to represent a physical company, <<businessService>> to represent a service offered by a company, <<bindingTemplate>> to offer instructions on how to invoke a service and <<TModel>> to describe invocation details. 
The last package, Process, provides for WS functional and compositional design. It uses concepts inspired from the composition language BPEL4WS (Business Process Execution Language for Web Services) [13] where each element in a process is called an activity represented in WS-UML by a class stereotyped <<Activity>>. An activity is either primitive or structured represented by classes stereotyped <<PrimitiveActivity>> and <<StructuredActivity>>, respectively.
The composition tie indicates that a structured activity can be composed of one or several activities. It is annotated to indicate the composition type. The primitive activity is also annotated to define the activity type and the service name.
3. Tool support for WS design
To ensure the deployment of the tool over different platforms, and to provide for its potential extensions, we adopted the MDA development approach.  The adoption was facilitated thanks to our UML-based meta-model defining WS-UML [1].
Thus, after the definition of the WS-UML meta-model, our next step was to complement the WS-UML meta-model with a model for the tool’s GUI and afterwards apply the necessary transformations to generate the code.  To conduct these last two steps, we used the Eclipse Ganymede and the Eclipse Graphical Modeling Framework (GMF) [9].  GMF offers a generative component and runtime infrastructure for developing graphical editors based on EMF [4] and GEF [8]. 
The current WS-UML Tool prototype allows the user to draw class diagrams, sequence diagrams and activity diagrams according to the WS-UML language notation.  Due to space limitations, in this paper we focus only on the GUI for specifying the class diagram.
To implement the UML extensions added by WS-UML, we begin with loading the UML meta-model through the Model Development Tools UML2 Tools (MDT-UML2Tools) [11].  These later offer a set of GMF-based editors for viewing and editing UML models.  They are centered on (eventually) automatic generation of editors for all UML diagram types.
We use the MDT-UML2Tools to indicate the nature of our extensions; for example, to model the class stereotyped <<Webservice>>, we define it as a class in the Ecore diagram (UML profile supported by GMF) and we indicate that its super type is the class stereotype of the UML meta-model as shown in Figure 4.
As shown in Figure 2, the WS-UML Tool GUI gives access to a specification as a diagram; it shows in the palette different elements of this diagram grouped in the five packages of the WS-UML meta-model.  Each package groups its modelling elements; for example, the package SECURITY groups in the palette, illustrated in Figure 3, the classes stereotyped <<Client>>, <<Session>>, <<Role>>, <<Permission>>, <<SecurityToken>> and <<AuthenticationBroker>> and the associations relating these elements.  This facilitates searching a particular element in a package and navigating within a large diagram.  For the example shown in Figure 2, we have specified a class stereotyped <<Webservice>> and called TouristInformation.
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Figure 3: The tool palette: modelling elements of the security package
Associations between the different stereotypes are presented also in the palette.  As an example, the association WCLT, shown in Figure 3, specifies an association between the class stereotyped <<WebService>> and the class stereotyped <<Client>>; this association, as shown in Figure 4, is defined in the Ecore diagram as a class which is extended from the class association of the UML meta-model presented in MDT-UML2 Tools. Moreover, the association properties of the UML meta-model are applied on the association WCLT to appear like an association in UML.  The same approach is applied for representing a composition, an association class, a generalization and a tagged value.
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Figure 4: The package Security in Ecore
The annotation part of the GUI allows the developer to add WS-UML specific notations to the entities of the various diagrams. Figure 5 shows the GUI of a sample class diagram.  In this diagram, the annotation part of the interface contains the WS-UML specific stereotypes annotated with tagged values to detail these stereotypes. In fact, these tagged values belong to the package Process and help to express the composition Type, which is related to the composition tie ({CompType=...}), to define the activity type related to the class stereotype <<PrimitiveActivity>> ({ActivityName=...}). When we select the stereotype <<PrimitiveActivity>>, the tagged {ActType=Invoke} appear automatically as a compartment in this stereotype with the default value “Invoke”.
Note that, when the user chooses a specific WS-UML package (e.g., WSDL), the corresponding elements of the package are automatically added to the selected entity, which provides a valuable help to the designer.
4. Application: Tourist information web service
To illustrate the various functionalities of the WS-UML Tool during the design of a WS, we show in this section the design of a WS for Tourist Information. 


[image: ]Figure 5: The WS-UML Tool GUI: specification of WS-UML class diagram

As illustrated in Figure 5, this web service offers two operations: CarRenting which offers renting a particular type of car and DestinationInformation which provides information about the destination city. 
In Figure 6, CarRenting is designed as an atomic service and DestinationInformation as a composite WS composed of the atomic WS WeatherInformation that returns weather information in a destination city and the composite WS HotelInformation that provides the possibility of getting information about different hotels available in a given city. Finally, the HotelInformation service is composed of two atomic services: HotelPrice and hotelLocation service. 
In Figure 5, the WS TouristInformation is described through the WSDL essential elements: Port, PortType (e.g., TouristInformationInterface), Operations (e.g., DestinationInformation and CarRenting) and parameters of these operations (e.g., CityName). These elements are represented as stereotyped UML classes. Service relative URI is expressed as a tagged value bound to the class stereotyped <<Port>>. 
Furthermore, in terms of security, the client of the service must possess a certificate X.509, as the security token, signed with the private Key of a certificate authority. In fact, the authentication broker is paired with the public Key of the client.  The UML classes stereotyped <<Session>>, <<Role>> and <<Permission>> express the RBAC model. In fact, the client cannot access to the
TouristInformationActivity if he/she has not the permission. 
As shown in Figure 6, our web service is composed of several activities. The primitive activity consists in calling the web services “CarRenting” and “DestinationInformation”. These services are executed sequentially as indicated by the tagged value {COMPTYPE=Sequence}. Moreover, the WS HotelInformation and WeatherInformation which belong to the web service DestinationInformation, are executed in parallel as indicated by the tagged value {COMPTYPE=Flow}. Finally, the HotelPrice and HotelLocation WS constituting the HotleInformation service are executed in parallel. 
The company that offers the WS TouristInformation is indicated here as a class stereotyped “BusinessEntity” called TouristInformationService Company. This company has a descriptive URL that gives information about it, and a list of its contacts. All instructions on how to invoke a service are indicated with the class stereotyped <<BindingTemplate>>. The invocation details are presented in a class stereotyped <<Tmodel>>. 
Moreover, notice that the TouristInformation service quality is indicated by the class TouristInformationServiceQuality.  In addition, it belongs to a service community with the function TouristInformationFunction.
Finally, the TouristInformationTrace indicates that the TouristInformation service is performed in the ExecutionID e1, at the location “www.location.xml” with the status running.
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Figure 6: Package Process in WS-UML Tool

5. Conclusion
This paper first overviewed the UML-based design language for web services WS-UML. It then presented a CASE tool for the WS-UML language that provides for the graphical representation of WS applications.  The tool offers the design of WS elements and helps the developer to distinguish between these elements. The tool usage was illustrated through the design of a WS for tourist information. 
We are currently investigating how to improve the tool by integrating analysis facilities to reason about a particular WS design.  For this, we will associate the WS-UML with a formal language (e.g., the Z notation) whose verification engine will allow a designer to verify several properties like the coherence of the model compose of various diagrams.  
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