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Abstract

The advent of the Internet has fostered commerce on the web, creating successful web
businesses. More recently, web businesses which typically started out as websites are
morphing into web-business platforms. They are building product platforms on which
end-users can personalize their experiences and customize it for their needs. For example,
eBay® provides an auctioning and internet selling platform which could be used by
different consumers in different ways - an average Joe can auction used items out of his
garage, an entrepreneur from India can sell Indian handicraft, gems and jewelry to
customers in Europe and America, and a manufacturing company can auction its excess
inventory in the online marketplace - all this with their own tailor-made, co-created user
experiences. A platform strategy is getting increasingly critical for web-business owners to
engage the community - an eco-system of developers, entrepreneurs and customers to
co-innovate and create value around their web-business platforms.

How do platform-owners operationalize their platform strategy? The solution lies in
“opening-up” their web-business platforms, thereby exposing their business capabilities
to consumers in a way they can readily use them. This is quite similar to Windows®
Application Programming Interfaces (APIs) which provide well-defined interfaces to
developers to build applications on top of the Windows® operating systems. These APIs
abstract the “internal workings” of platform functions, providing clean and easy to use
interfaces to invoke these functions. In order to address a larger community, APIs for
web-business platforms or web APIs as we call them have to be based-on interoperable
open-standards. Predominantly, the web APIs are built using open-standards compliant
webservices. By using these webservices, the community can build mash-ups by
leveraging content from multiple information sources; entrepreneurs can exploit
synergies between content and services from different providers to build end-to-end
applications for customers.

iii



Though the concept of “opening-up” web-business platforms through webservices seems
pretty intuitive, there are certain critical technical issues which have to be addressed by
the platform-owners, in order to operationalize it. For instance, webservice technologies
and standards are in a state of constant flux. There are heterogeneities in design
approaches, underlying invocation protocols and client-side consumption environments.
Our research is motivated by these issues; the focus of our research and subsequently this
thesis is to address these issues and facilitate “opening-up” of web-business platforms.

Our solution is based on a model-driven design and development approach in order to
define service artifacts. This allows us to capture the solution space using high-level
conceptual models, thus, delaying technology decisions to later stages of services
development. We provide model views, metamodels and tools-compliant models to
support services development in the context of web-business platforms. We also validate
our research by applying it to non-trivial and real-world web-business platform scenarios.
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Chapter1

Introduction

The most recent trend among internet players such as eBay®, Amazon®, Force.com,
Google® and many others is the “opening-up” of their software platforms [1]. These
businesses are ceasing to be mere websites and are evolving into web-business platforms
by pursuing a platform strategy [2-4]. They are opening up their business through the
web, allowing their business functions to be accessed programmatically by a vibrant
community - a community of developers and business partners. Doing so, they promote
community-driven creation of value-added services and solutions for their customers
faster than they could possibly create by themselves [5]. More often than not, the
business functions of these web-business platforms are provided as open-standards
compliant webservices. Technically, platform owners are service providers, providing
their standard business functions as webservices based on service-oriented architecture
principles. Each service represents an underlying business capability.

1.1 Problem Area

Every web-business platform owner would want to incrementally expose their business
functions as externally accessible services based on stakeholders (the community as well
as the customers) needs. While doing so, they face certain critical challenges. Although
some of these challenges are inherent to the solution approach - service-oriented
architectures, specifically the webservices technology. Nonetheless, these challenges need
to be overcome [6].

®  Currently, there is a rapid evolution of standards in the webservices technology
space. Webservice technologies like WSDL [7] (for service description) and SOAP
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[8] (for service invocation) have stabilized, however, associated specifications (WS-
*) [9] are still evolving and are likely to result in more competing standards. These
standards are promoted by different standards bodies and industry lobbies. In
addition, alternate approaches such as Representational State Transfer (REST) [10]
have created more heterogeneity in the services ecosystem. As the standards and
underlying technologies evolve at a rapid pace, the longevity of the solutions built
on them reduces. We call this the Evolving Standards Problem.

Service Metadata is currently lean and incomplete. The WS-* standards which
describe various facets of service metadata are semantically weak. For example, to
access an eBay® webservice [u1], the registration information (developer key and a
merchantID obtained while signing up with the eBay® developer program) must be
supplied for each service invocation. However, this information is not a part of the
formal service description; instead it is specified in the developer documentation.
Not all service facets can be adequately described by existing formal service
description mechanisms; therefore automated ways of service consumption is still
not a reality. We call this the Lean Service Metadata Problem.

Services in a services marketplace have to be differentiated from that of competitor
service offerings in order to sustain or gain market share. In essence, service
offerings have to be offered to consumers at competitive terms than competing
services in the marketplace. Competitive positioning of already commissioned
services has to be dynamic as well as unintrusive. We call this the challenge of
Unintrusive Differentiation of Service Offerings in a services marketplace [12].

Business process experts and domain experts along with IT architects and
developers play a crucial role in “opening-up” of the platform. Currently,
webservice assets are described using a multitude of verbose and formal XML [13]
documents. In our opinion, business experts would find it extremely difficult to
use these XML specification documents. Instead, they would prefer visual
paradigms to support handling webservices. We call this the Lack of Visual Syntax
Problem.

Service-oriented computing is an evolving and a ‘moving-target’ discipline. There are

several other challenges in the areas of semantics, (dynamic) service composition,

interoperability, services management and performance [14, 15]. However, this thesis is

primarily motivated from the aforementioned challenges. Hence, the other issues are out

of our addressable scope.
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1.2 Succinct Research Questions

The questions that our research and this thesis attempt to answer are:

1. How could we support platform owners in methodically “opening-up” their web-
business platforms using webservices?

2. How could we represent service artifacts and metadata, in order to increase the
longevity of the service-oriented solutions by insulating them from rapid
technology evolution?

3. How could we support constant and unintrusive differentiation of commissioned
services to keep them competitive in the services marketplace?

1.3 Criteria for Solution

We believe any solution for these research problems would address the following criteria.

Criterion #1: The services must be represented at a conceptual and technology-
agnostic level. In order to insulate our service-oriented solution from technology
changes, the solution must be captured at an abstract and conceptual-level, agnostic to
technology considerations during early-stage development. The service representation
must describe both the capability-on-offer - the underlying business functionality — and
the terms of offer of the service.

Criterion #2: The high-level conceptual service representation must be easily
convertible to executable service specifications. It must be possible to easily convert
high-level conceptual service representations to executable service specifications, based
on technical considerations like protocol and channel of access.

Criterion #3: The service representation method must have minimal concepts
supporting maximal expressiveness. By having minimal representation concepts with
maximal expressiveness, business experts would find it easy to use the service
representation method to describe various facets of services.
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Criterion #4: The service representation should be used by different roles involved
during early-stage services development. The service representation must provide
different views or perspectives for different roles to describe service artifacts during early-
stage services development.

Criterion #5: The service representation must have strong underpinnings in the
application domain. The service representation must have underpinnings in the
application domain in order to support easy evolution of the solution and provide a
common communication lingo between domain experts and the IT experts.

Criterion #6: The service representation must be open-standards compliant and
must leverage existing skill-sets and tools. Our service representation method has to
be based on open-standards and must leverage existing skill-sets in projects and popular
tooling environments.

Criterion #7: The solution must support unintrusive changes to the commissioned
services to support competitive differentiation. The solution must support
unintrusive changes to the already deployed (commissioned) services in order to
differentiate service offerings from that of the competition in the services marketplace.

1.4 Our Proposed Approach

Our proposed approach to finding a solution to the aforementioned challenges is based
on OMG’s Model-Driven Architecture (MDA) [16] prescription. MDA proposes that the
solution be captured using high-level computation-independent models (CIM) which
could later undergo a series of transformations to platform-independent models (PIM),
platform-specific models (PSM) and finally run-time artifacts [17, 18]. We use MDA
recommendations to create service representation using models which helps to capture
various facets of services during early-stages of services development. Our metamodels
are the cornerstone to our modeling approach, to support platform owners in exposing
their business functions as services. Our MDA approach helps us to forward engineer our
solution from abstract models to executable webservices specifications.
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By representing the solution using high-level models instead of evolving webservice
specifications (WS-*), we hope to address the Evolving Standards Problem. By capturing
the solution space using models, independent of the representational depth and
capabilities provided by the current specifications, we hope to completely capture
services metadata, thereby addressing the Lean Services Metadata Problem. As models are
first-class citizens in MDA, we hope that business experts benefit from existing visual
modeling tools making our approach business experts-friendly. Therefore we hope to
address the Lack of Visual Syntax Problem.

1.5 Scope

The focus of this thesis is to understand the different facets of service-oriented
development in the context of web business platforms. Using this understanding, we
create methodology, modeling perspectives and metamodels to support early-stage
services development for platform-owners. We address services granularity [19] by
supporting both fine-grained and coarse-grained services. We also address the issue of
competitive and unintrusive service differentiation. Throughout this thesis, we have a
service provider perspective as our goal is to support the platform-owners. Following are
the concrete outcomes of our thesis:

1.5.1 Model Views

We provide modeling perspectives for different roles involved during the early-stage
services development. We present these modeling perspectives as model views. These
model views assist in defining services at different granularity, representing service
capability, defining policies associated with services, service realization (or service
provisioning), service mediation and service deployment.
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1.5.2 Metamodels

Our MOF2-compliant [20] metamodels - Services Metamodel and Resources Metamodel
support modeling of both fine-grained and coarse-grained services from the perspective
of web-business platforms. These metamodels are open-standards compliant; therefore,
existing tools and skill-sets could be deployed to support modeling of services. Even
standard transformation languages (like MOF2-QVT [21] and MOF2-Model2Text [22])
could be used to transform the service-oriented solution captured using our metamodels
to standard webservice specifications.

1.5.3 Service Flavors Strategy

We provide a competitive and unintrusive service differentiation strategy called the
service flavors strategy. Using this strategy, we could isolate the terms of offer of the
service from the capability on-offer and competitively alter the terms to differentiate
service offerings from that of competition in a services marketplace.

1.6 Outline of the Thesis

In chapter 2, we present the necessary background and context to present our thesis. We
discuss the emergence of web-business platforms and the “opening-up” of these platforms
through application programming interfaces (web APIs). We also discuss service-oriented
paradigm for building loosely-coupled applications and how webservices are the best
proposition for web APIs. We discuss in detail the heterogeneities in webservice
ecosystems and how model-driven development addresses these heterogeneities by
raising the level-of abstraction. We also present a 4-layer SOA architecture used
throughout this thesis. Finally, we discuss service granularity.

In chapter 3, we address fine-grained services by modeling web resources. We use the
principles of domain-driven design methodology to create a domain model, which forms
the basis of our web resources model. The fine-grained services provide basic CRUD

6
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operations on these resources. In chapter 4, we address modeling of coarse-grained
services using six model views and our Services Metamodel. In chapter 5, we address
modeling of service policies for these services using our service policy metamodel. We
explain in detail our domain-independent policy development approach.

In chapter 6, we address unintrusive differentiation of services using our service flavors
strategy. Chapter 7 provides a service consumption API model to support creation and
evolution of client-libraries to address heterogeneities in service consumption
environments. In chapter 8, we present an evaluation of our approach, establish
conformance with reference architectures and explain the pragmatics of using our
approach. Finally we present conclusions and future work.

1.7 Contribution to Research

The primary contribution of our research and this thesis is our model views, our
standards-compliant metamodels to model service-oriented solutions for web-business
platforms and the service flavors strategy to differentiate services in a service marketplace.

1.7.1 Vita - Publications resulting from this thesis

Journal publications resulting from this research is as follows:

- Harshavardhan Jegadeesan, Sundar Balasubramaniam: "An MOFz2-based Services
Metamodel”, in Journal of Object Technology, vol. 7, no. 8, Nov-Dec 2008 (to

appear)

- Harshavardhan Jegadeesan, Sundar Balasubramaniam: "A Model-Driven Approach
to Service Policies ", in Journal of Object Technology, vol. 8, no. 3, Mar-Apr 2009
(to appear)

Conference papers resulting from this research is as follows:
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- Harshavardhan  Jegadeesan, Sundar Balasubramaniam: "Differentiating

1

Commoditized Services in a Services Marketplace ", in the 2008 IEEE Conference

on Services Computing (SCC 2008), Honolulu, Hawaii, USA, July 8 - 11, 2008.

- Sundar Balasubramaniam, Harshavardhan Jegadeesan: "eThens - A Modular
Framework for e-Governance", Proceedings of the International Conference on
Politics and Information Systems, Technologies and Applications (PISTA
2004),0rlando, Florida, USA, July 2004.

The following paper has been communicated to a journal:

- Harshavardhan Jegadeesan, Sundar Balasubramaniam: “Service Flavors:
Differentiating Service Offerings in a Services Marketplace”, communicated to the
Journal of Webservices Research on January 22, 2008.

1.8 Summary

Web-business platform owners are “opening-up” their platforms - providing their
business functions to be externally and programmatically accessible by the community
for co-innovation. They are using the popular open-standard based webservices to expose
their business functions by means of web APIs. While doing so, the platform owners are
countered by challenges such as the evolving standards problem, lean service metadata
problem, lack of visual syntax for describing services and the challenge of unintrusively
differentiating service offering from that of competition. In order to methodically expose
their platforms and improve longevity and competitiveness of their services, they need to
counter these problems. The motivation for this thesis is to address these challenges by
adopting a model-driven development approach to “opening-up” of SOA-based web
business platforms.
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Chapter 2

Background

Web-Business Platforms, Webservices-based SOA and Model-Driven
Development

In this chapter, we provide the prelude and necessary context required to present our
research. We present details on the emergence of web-business platforms, their technical
elements and how they use webservices - a technology manifestation of service-oriented
architectures - to expose their business functions to the community. We also highlight
the problems and challenges faced by platform owners while using these technologies to
expose their business functions. In addition, we provide a brief overview of model-driven
development - the approach we think is best suited to tackle these challenges.

2.1 Emergence of the Web-Business Platforms

The world-wide web (WWW) has continuously evolved at a rapid pace from the time it
came to existence in the early nineties to the present day web 2.0 [23]. From being a static
universe of network-accessible information (read-only web), it has transformed to its
present form - dynamic, transaction-oriented and collaborative (read-write web) [24, 25].
Web sites that provided access to own content and services are morphing to support
user-generated content and community created value-added services. From being mere
websites, they are transforming into ‘web platforms’. For example, eBay® which started as
an auctioning website has become a complete e-commerce web-business platform
creating an entire ecosystem of buyers, sellers and affiliates doing business on the web [1].
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2.1.1 “Opening-up” the Web-Business Platform

A software platform [26] is a piece of foundation software around which systems and
applications could be built. It is a software program which makes services available to
other software programs through APIs. These well-defined interfaces abstract underlying
complexity and provide access to platform functionalities. Technically, APIs open-up the
platform for developers to build innovative applications around it. The operating system is
a prime example of a software platform - it provides high-level interfaces to handle
hardware resources such as processor, memory and storage. Similarly, by “opening-up”
their web-business platforms to the community - developers, business partners and
customers - through well-defined interfaces, platform owners foster innovation,
emergence of new applications and usage scenarios that they themselves might not have
envisaged.

Analogous to the operating systems, web-business platforms expose their business
functions through well-defined interfaces or web APIs to the community. “Opening-up”
of web platforms through web APIs has created new possibilities [27]. Firstly, custom
functionality can be built by customers based on unique business needs without using
website user-interfaces. For example, with eBay® APIs it is possible to list items for
auctioning on the eBay® marketplace, without using their web site. A manufacturing
company can auction excess inventory in the eBay® marketplace directly from its
enterprise-resource planning system using APIs. Secondly, an exciting genre of web
application hybrids, commonly known as mash-ups [28] can now be built using web APIs
by leveraging content from more than one source of information (content provider).
Thirdly, entrepreneurs and developers can exploit synergies between different content
and service providers to build innovative end-to-end applications for customers.

2.1.2Web Application Programming Interfaces

In the previous section, we discussed that web APIs are used to open-up web business
platforms. The most important technical criteria for web APIs is that, they must be
accessible by heterogeneous consumers, especially, from a variety of technology platforms
such as .NET® [29], Java™ [30], open-source platforms (such as PHP, Pearl and Python),
propriety platforms (such as SAP®) and browser environments (JavaScript™). As

10
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webservices [31] are based on open-standards and are widely adopted, they meet the
technical criteria of platform-independence. Therefore, webservices emerge as a natural
choice for web APIs. Presently, apart from web APIs, the platform owners also provide
language-specific application libraries (especially .NET, Java and PHP language libraries)
to be used directly in client code. These libraries are webservice client-proxy programs
that abstract message-based interactions with the remote web service. We address client-
libraries in chapter 7.

2.2 Service-Oriented Architectures and
Webservices

Service-oriented computing paradigm deals with organizing and utilizing distributed
capabilities under the control of different ownership domains [32]. Every service
represents a capability on-offer - a business function - and the terms at which this
capability is offered (terms of offer) [33]. The capability on-offer satisfies the goal of the
service consumer under the constraints of the terms of offer. We refer to the OASIS SOA
Reference Model (herein SOA-RM) [32] for a formal and broad definition of service - A
service represents an underlying capability offered by a service provider that meets the goals
of one or more service consumers. Service-Oriented Architecture (SOA) considers services
as first-class entities to build applications [34]. Webservices - a technology
implementation of SOA - are self-describing, self-contained components that can be
automatically discovered and invoked using open-standards. Fundamentally, SOA is an
architectural style while webservices are practical implementations based on the SOA
architectural style. Webservices are popular due to the fact that they are based on
interoperable open-standards such as SOAP, WSDL which make them platform-
independent.

The term ‘web service’ has been commonly used while referring to SOAP based
webservices. However for our research, the term ‘webservice’ encompasses all services
offered on the web (web-based services), based on open-standards, accessible in a loosely-
coupled fashion through message-based interactions'. Apart from the standard SOAP-

' Note the use of “webservice” instead of “web service”. We use this subtle difference to refer to our
definition of webservices.

11
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based services, this could include services based on the REST (REpresentational State
Transfer) architectural style and Plain Old XML (POX) services. The SOAP-based services
could still further be document-style or RPC-style supported through a variety of
transport protocols, the most popular being HTTP [35, 36]. The REST-based services
support message exchange over plain-HTTP in either XML or in JSON (java script object
notation) [37] payloads. REST-style services could also be based on popular syndication
protocols such as ATOM and RSS [38].

2.2.1 Service Granularity

Granularity is a relative measure of how broad the level of interaction between a service
consumer and a service provider has to be. Service granularity refers to scope of business
functionality a service exposes, thus addressing the level of encapsulation of a particular
business capability to support the “loosely-coupled” philosophy of service-oriented
architecture [39]. Right service granularity is critical to achieve service reusability. The
approach we take to build services has an impact on granularity. Services could be built
using a “code-first” or an inside-out approach. In the inside-out approach existing IT
assets are exposed by using webservices interfaces. Alternatively, the “contract-first” or
the outside-in approach is purely driven by stakeholder requirements. By using the latter
approach, services could be built in the right granularity [40].

Broadly, services could be either fine-grained or coarse-grained [41]. Fine-grained services
address a small unit of functionality. In contrast, coarse-grained services address a larger
functionality. In our thesis, we view fine-grained services as services providing CRUD
(Create, Retrieve, Update, Delete) [42, 43] manipulation of web resources [44]. Fine-
grained services are primarily used in user-interfaces and mash-ups. They can also be
used in a few application-to-application integration scenarios. We address fine-grained
services in chapter 3. Coarse-grained services, on the other hand, handle larger business
tasks. They support triggering of business functions in the platform, notifications of
events and functions that require manipulation of one or more resources. They could be
used in business-to-business integration scenarios and some application integration
scenarios. We address coarse-grained services in chapter 4.

12
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SAP’s Enterprise Services [45] defines three types of service interfaces - A2X (application
to ‘any’), A2A (application to application) and B2B (business to business). The A2X
services are fine-granular while the A2A and B2B services are coarse-granular in nature. In
addition, by convention, A2X services are always synchronous, while A2A and B2B
services could be either invoked synchronously or asynchronously.

2.2.2 Heterogeneity in the webservice ecosystem

Various service delivery styles and protocols have led to heterogeneity in development
approaches as well as the webservices ecosystem as a whole [46]. The web services
interoperability specifications [47] addresses interoperability of WS-* web services from
different vendors through the WS-I Basic Profile [48]. At one end, the heterogeneity in
the ecosystem is due to evolving standards, at the other, it is due to different
interpretations of standards by implementing vendors. Nevertheless, it is important for
the platform-owners to support various styles and protocols to increase platform usage
and adoption among the community. Recently, there is a growing understanding that
each of these service delivery styles and protocols are suited for a specific-purpose or an
environment. For example, XML payloads are better suited for webservices consumed by
third-party applications, while JSON payloads are easier to handle in browser-based
environments, due to their native JavaScript support. SOAP-based services are useful for
coarser service-cuts, while REST is best suited for fine-granular services — primarily CRUD
services on web resources [49, 50]. We discuss this further in chapter 3.

Thumb rules over appropriateness of service delivery styles and protocols are beginning
to emerge. However, platform-owners must have the flexibility to offer their business
functions as services in whichever way they deem fit. It should be possible to offer the
same service in different delivery styles or protocols to support different consumer’s
technical environments. Presently, web business platforms such as eBay®, Amazon®,
Google® and many others have been providing web APIs which are based on both SOAP-
based and REST-based service interfaces [s1].

13
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2.2.3 Reference Architectures for SOA

Though SOA offers significant advantages by fostering loosely-coupled applications,
creating a SOA-based solution is rather difficult. Specifically, it is difficult to
systematically organize and implement the solution [52]. In order to create SOA based
solutions easily and in an organized fashion, reference architectures and patterns have
emerged [53-55]. The Service-oriented Solution Stack (S3) [56], a popular vendor-neutral
SOA reference architecture provides a metamodel and a flexible nine-layer solution stack
for SOA solutions based on best industry practices. Each layer addresses specific logical
and physical perspectives, thus helping in effective separation of concerns. The S3 can be
employed with methods such as IBM’s Service-oriented Modeling and Architecture
(SOMA) [52] to create SOA-based solutions. For the purpose of this thesis, however, we
use a slightly altered and simplified “4-layer architecture” to present our work (fig. 2.1).
Even though our discussions are based on our layered architecture, the methods we
present are independent of it and can be applied in the context of any reference
architecture. We briefly explain our 4-layered SOA architecture below:

= Operational Systems Layer: The operational systems layer consists of home-
grown custom applications, legacy systems, packaged enterprise systems and
databases. The operational systems layer depicts the existing IT-assets in the
system landscape.

* Domain Layer: We use a domain layer in a broader context than that of the
service components layer in S3. The domain layer contains domain entities and
business functions and can be organized using a Business Reference Model (BRM).
The BRM in the Federal Enterprise Architecture (FEA) [57] could be used for this
purpose; however, this is not in the scope of our solution. The BRM hierarchically
organizes the business functions in a given domain. These business functions are
ideally exposed as services to the community. The domain layer also attempts to
bridge the gap between business and IT. The domain experts are closely involved
in defining the business entities and the related business functions in the domain
layer, as well as organizing them based on the business reference model.

= Services Layer: The services layer consists of all services defined in the solution.
These services are offered by the platform owners based on different service
delivery styles and protocols. The services could be of different granularities
ranging from a coarse-grained service wused for business-to-business
communication or a fine-granular CRUD service consumed in mashup interfaces.
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Fig 2.1: Simplified 4-Layer SOA Reference Architecture

* Consumption Layer: The consumption layer consists of applications, business
processes, mash-ups and other 3™ party applications in which services are
consumed. It also contains service consumption APIs, popularly known as client-
libraries or consumer proxies.

2.3 MDA - Raising the Level of Abstraction

In order to address heterogeneity in the webservices ecosystem, we adopt a model-driven
approach prescribed by Model-Driven Architecture (MDA) to services design and
development. Before understanding MDA, it is essential to have a common definition of a
model. A model is an abstract definition of (part of) a system written in a well-defined
language [58]. A well-defined language is a language with well-defined form (syntax), and
meaning (semantics). OMG’s MDA [59] is a framework for software development which
prescribes using models as first-class entities for specifying a software system and its
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functionality. MDA effectively separates system specification from its implementation,
keeping the focus on abstract and conceptual system definition in early-stages of
development. In addition, it helps postponing technology decisions to appropriate later
stages of the development cycle.

MDA supports separation of concerns by using three-layers of models - the Computation
Independent Model (CIM), the Platform-Independent Model (PIM) and the Platform-
Specific Model (PSM) [60]. The CIM model elements capture the problem domain from a
functional and a business viewpoint. The PIM model elements build on the CIM and add
computation specific aspects without being concerned with the implementation platform.
Finally the PSM builds on the PIM to add technology platform specific implementation
details. A PSM can then be transformed into executable code and specifications (fig. 2.2).

A series of transformations (a.k.a. model transformations) is used to convert from CIM to
PSM. Behind the model specification and transformations, lie a set of metamodels -
fundamentally a model is an instance of its metamodel. The metamodel is a language with
well-defined formal syntax and semantics to describe models [16, 20]. The metamodel is
essentially a domain-specific language (DSL) [61] to define systems in a particular domain.
OMG’s Meta-Object Facility (MOF2) provides the abstract syntax to define the modeling
constructs of a metamodel. MOF2 is tightly aligned with the UML2 Infrastructure [62] -
MOF2 and UML share a common and unifying set of modeling elements called the kernel.
Transformation languages such as MOF2 Queries/ Views/ Transformations (MOF QVT)
and MOF Model2Text support model to model and model to text transformations
respectively. UML in its new avatar - UML2 - is a family of languages [63] supporting the
creation of domain-specific languages to address modeling of specific domains. This is
possible because of the structured 4-layer UML2 hierarchy [64] (fig. 2.3). The M3, meta-
meta model layer has basic model elements to support creation of a metamodel. The M2
layer represents the metamodels such as UML - to support modeling of object-oriented
systems, Common Warehouse Metamodel (CWM) [65] - to support modeling of
databases and warehouses and Ontology Definition Metamodel (ODM) [66] - to support
modeling of ontologies.
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Fig 2.2: The MDA Layers and Transformations
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hlodal-to-Taxt
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M3: Metameta-Model

UML, CWM M2: Meta-Model

/ System Model \Ml: Model
/ Running System \/IO: Object Instance Model

Fig 2.3: UML 4-layer Hierarchy to Support Family of Languages

The M1 layer contains the system model instantiated by the metamodel and the Mo layer
contains the object instance model representing the running system. The prevalent
approach to create a domain-specific modeling language is to create a MOF2-based
metamodel with domain-specific concepts as model elements along with a corresponding
UML2 Profile [67]. The UML2 profile helps to leverage existing tools and skills. A UML2
profile is a stereotyped package that contains model elements that are customized for a
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specific purpose using extension mechanisms such as stereotypes, tagged values and
constraints. We also adhere to this approach by creating metamodels and corresponding
UML2 profiles to model services.

2.3.1 Model Transformations

Model Transformations are central to model-driven development. A transformation is an
automatic generation of a target model(s) from a source model(s), according to a
transformation definition [68]. A transformation definition is a set of transformation rules
that describe how a model in the source language can be transformed into one or more
constructs in the target language. A transformation rule is a description of how one or
more constructs in the source language can be transformed to one or more constructs in
the target language [69].

Model Transformations could either be model-to-model transformations or model-to-text
transformations, supporting transformations of a model to another model (e.g. PIM to
PSM) or text (e.g. PSM to code). The vision of model-driven development is to shift the
focus from programming to capturing the solution in conceptual models, thereby
increasing the longevity of the solution. For this vision to become a reality, it must be
possible to transform high-level conceptual models to useful executable specifications or
code. Using one or more input models and producing one or more output models,
requires a good understanding of the formal abstract syntax and semantics of the input
and output models. Numerous model-to-model transformation languages are emerging.
Some of them are ATL (ATLAS transformation language) [70], transformation using XSLT
[71] on XMI [72, 73] representations, and Kermeta [74]. Again, these are based on different
approaches such as direct manipulation, graph-transformation and other hybrid
approaches [75]. In order to standardize the model-to-model transformations, OMG has
come out with MOFz2 QVT (Query/View/Transform). A classification of model
transformation approaches is presented in [75]. There are also graphical model
transformation languages such as MOLA (Model transformation language) [76], UMLX
[77] and GReat [78] which provide a visual syntax to support model transformations.

Model-to-text transformations are also becoming popular. Models can be transformed to
executable specifications, code and other XML-based artifacts (deployment descriptors).
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Some of the model-to-text transformation languages include MOFScript, Xpand, and Java
Emitter Templates (JET) [79]. These transformation languages are either based on visitor-
based approach or a template-based approach, the latter being more popular. The OMG’s
MOF2 Model to Text (mofztext) standard addresses how to translate a model to various
text artifacts using a template-based approach.

2.4 Summary

In this chapter, we presented a background of web-based business platforms. We
explained platform strategy — operationalized by exposing a web-business platform using
open-standards based webservices. We also presented details on model-driven
development - our chosen approach to address challenges faced by platform-owners. We
follow the prescription of Model-Driven Architecture (MDA) to support platform owners
in systematically “opening-up” their web-business platforms using webservices-based web
APIs.

We specify services and web resources precisely using technology-agnostic, high-level
conceptual models. These models can later be translated to concrete executable
specifications or code using transformations. We address both fine-grained and coarse-
grained services (see section 2.2.1). Fine-grained services support CRUD-based access to
web resources. Web resources are basically real-world objects in the business domain,
captured in the domain model. We use a domain-driven design approach to create an
expressive domain model of the application domain (chapter 3). Certain domain entities
in the domain model could be exposed as web resources. We have a resource model
representing certain domain entities which are opened-up for manipulation. Fine-grained
services support fine-granular manipulation of these web resources. For coarse-grained
services, we define a MOF2-based Services Metamodel (a M2-level model in the 4-layer
UML hierarchy) to support various facets of modeling coarse-grained services (chapter 4).
We compliment our Services Metamodel with a UML Profile to leverage existing
modeling tools. We also support independent service policies development using a policy
model (chapter 5).
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In summary, platform-owners face complex challenges while operationalizing their
platform strategy. There is plenty of research, though conceived in a different context,
which partly address these challenges. However, we strongly believe that they do not
provide a comprehensive solution to address web-business platform challenges (as
discussed in chapter 1). In subsequent chapters, we explain different components of our
solution. We also attempt to provide a comprehensive related works section in each
chapter where we compare and contrast our solution components to that of other
existing approaches.
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Chapter 3

Modeling Web Resources and Fine-
Grained Services

Using Domain-Driven Design Techniques to Model Web Resources and Fine-Grained
Services

In this chapter, we address modeling of web resources and subsequently the fine-grained
services which provide CRUD-manipulation on these resources. Resource is a real-world
entity in the domain that would have an identifier [80]. Apart from having an identifier, a
resource has a name, has a reasonable representation, a resource description and is owned
by a person or an organization [81]. Representation of a resource reflects the state of the
resource. Resource is a fundamental concept that underpins the web. While a service
represents an underlying capability offered by a service provider, a resource is an
underlying entity in a particular domain - a domain entity. In an abstract sense, a service
is activity-centric and focused on ‘verbs’, in contrast to resources which are focused on
‘nouns’. A resource represents the state of the domain entity explicitly while a service
represents the state implicitly. In this chapter we focus on modeling web resources.

3.1 Heterogeneity Due to Conflict of Styles

In chapter 2, we discussed the heterogeneities in the SOA landscape. These
heterogeneities could be due to technical protocols (WS-*), payloads (XML, JSON) or
even due to styles (SOAP vs. POX vs. REST) [50]. We also discussed how model-driven
development - the approach we take in our thesis - helps in managing these
heterogeneities and increasing the longevity of the solution. In this section, we would like

to discuss briefly about the heterogeneity due to conflict of styles — the REST vs. SOAP-
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style debate. Although we acknowledge that this is not significantly relevant, the
underlying issues it highlights are more important than the debate itself. The
fundamental principle of SOA is loose-coupling. This debate is about which style supports
development of loosely-coupled and scalable applications based on service-oriented
architectures. Our aim is to provide the necessary abstraction in early-stage design and
modeling to support different styles, payloads and protocols. Nevertheless, we still
consider it important to discuss these conflicting styles to emphasize the difference
between activity-oriented vs. resource-oriented focus of these styles [82].

Representational State Transfer (REST) is an architectural style which underpins the web
- it supports independent development and therefore scalability in web architectures.
The central principal in REST is the existence of resources, each of which could be
identified by a globally unique identifier - the Uniform Resource Identifier (URI) in the
context of the web. In addition, each resource has a standard representation which
reflects the state of the resource. REST-style is supported by the Hyper-Text Transfer
Protocol (HTTP), which provides standardized interfaces to manipulate these resources
through the POST, GET, PUT, and DELETE methods [10] (fig 3.1). These methods support
CRUD (Create, Retrieve, Update and Delete) operations on the resources. While the
HTTP methods are a part of the HTTP-header, the payload consists of a resource
representation in either XML or in JSON. In terms of service granularity, REST-based
services support fine-grained CRUD services which could be readily consumed in mashup
user interfaces or in other web applications.

Before the REST-style was articulated by Roy Fielding in this doctoral thesis, webservices
were predominantly based on SOAP and WS-* protocols. A significant point to note is
that, Fielding presented REST in the context of uniform information access (‘resource’
focus) rather than remote function calls (‘activity’ focus). While every practitioner has his
own preferences and loyalties, it is important to use appropriate styles to solve different
classes of problems [50, 49]. Let us contrast the resource-oriented REST-style to that of
the activity-oriented SOAP-style using an example. Consider an online LISTINGSERVICE
such as the one offered by Shopping.com®, which supports pricing comparison across
online shops. The LISTINGSERVICE supports the online shops and merchants to list their
products in Shopping.com® listings. A buyer could search and compare products in

* The services and scenarios we describe in the context of Shopping.com is fictitious, however it closely
represents real-world scenarios.
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different online shops through Shopping.com®. Once the buyer decides to buy a
particular product, he is redirected to the online shop. Fig 3.2(a, b) depicts both a REST-
based interface and a SOAP-based interface for the service. Note that while the SOAP-
interface is activity-centric (note the verbs e.g. CreateNewListing), the REST-interface is
resource-centric (note the nouns e.g. Listing).

| GET o
i Read N i E
Resource - S RCRETEEEEES 47T
, _ > = R EREEEEEE T !
URI (Unique Identifier) HTTP/HTTPS g PUT !

L
+ DELETE P

I
| Delete ! i
e e P !
1
HTTP Methods |
1
r:::::::::::::::::::::::::
] REPRESENTATION '

I

! Payload |

__________________________

Fig 3.1: REST-based Standardized HTTP Interfaces to a Resource

LISTINGSERVICE

ManageListings'®"

- CreateNewListing'@F!

- DeleteExstinglisting!'~F
- UpdateExistingListing'F
- Getlistings'@F!

Fig 3.2 (a): SOAP-based Interface to Shopping.com® Listings
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Sample Listing - XML representation

- <l:Listing xmins:|="http:/ /shopping.fictitious.com"
xmins:xlink="http:/ /www.w3.org/ 1999 /xlink" >
<ProductiD=00345</ProductID =
<Mame=iPod Classic</Namez
<Description=Apple's Fifth Generation iPod</Description=
<Specification

xlink:href="http:f f shopping.fictitious.com/listings /faoed-156-

w2rdf/specification" />
<UnitCost currency="EUR">210</UnitCost>
<Quantity =10</Quantity =
=/l:Listing=

Create

HTTP
Method

POST/PUT

Payload

Listing XML instance

Retrieve

GET: http://shopping.fictitious.com/listings/aoed-156-

wardf
GET:

http://shopping.fictitious.com/listings?query=ipod+classic

(Lists all iPod Classic listings from different online

shops)
Update | HTTP POST/PUT

Method

Payload Listing XML instance
Delete | HTTP DELETE

Method

Payload Listing XML instance

Fig 3.2 (b): REST-based Interface to Shopping.com® Listings

With time some thumb rules have evolved in the community in choosing one approach

over the other [50]. In our opinion, the most important of these is service granularity. For

fine-grained services which support CRUD like operations, REST-style is considered
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minimal; however for coarse grained services which represent underlying business
capabilities, SOAP-style is preferred. In addition, for direct consumption in mashup user
interfaces and web applications, fine-grained REST-style services are preferred. Coarse-
grained SOAP-style services are used in application integration or for business-to-
business (B2B) scenarios. Apart from service granularity, the second distinction is the
informational vs. transactional nature of the scenarios in general [83]. Our suitability
argument that is for information access (simple ‘read/write’) scenarios, REST-based
services are simple and best suited and for transactional scenarios SOAP-based services
are best suited. However for platform-owners, consumer preferences and considerations
also play a big role in deciding one style over the other. We would like to emphasize our
suitability argument with empirical examples. Let us consider a practical example of
Google™ Services. Google exposes its different web-platforms in different ways. Google
Base [84] is a platform through which one could post any type of semantic content to
Google and make it searchable from other Google properties. A typical scenario would be
for merchants and online sellers to post product information or their entire catalog to
Google Base and make it accessible through Google Product Search (earlier Froogle®) [85].
The Google Base platform is exposed using REST-based services through the Google Base
API. The Google Base API is based on Google Data APIs [86] (GData for short), a standard
protocol for reading and writing data on Google properties. GData works based on
popular syndication protocols such as RSS and Atom Publishing Protocol (APP) [87]. The
GData is built in the spirit of the REST approach. A common feature of all Google
properties using REST-based GData (like Base, Blogger, Calendar, Contacts etc.) is that
they provide fine-grained information access. Contrast this with other Google platforms
such as Google Checkout [88] and Google Adwords [89]. Google Checkout supports safe
and single-login purchases across different online stores for customers and a new and
efficient way to process sales for merchants. Google Adwords platform is a targeted
advertisement platform. Both Checkout and Adwords API services are coarse grained and
transactional in nature; therefore, they are SOAP-based. It is also possible for a provider
to provide access to its web-platforms based on both the styles, and leave the choice
entirely to the consumer. Consider the example of eBay® Shopping and Merchandizing
APIs [90], they provide both SOAP and REST-based interfaces with support for different
payloads and protocols.

It is important for web business-platform owners to support both SOAP-based as well as
REST-based interfaces to their platforms. This will facilitate wider platform adoption,
thereby supporting diverse service consumption and platform usage scenarios. Hence our
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approach should focus on modeling resources and fine-grained access to these web
resources, abstracting protocol and style details.

3.2 The Domain-Driven Design Approach

Irrespective of the styles and protocols, there is a fundamental need to model web
resources and fine-grained services. Web resources are basically domain entities in an
application domain. For example, a Product Listing is a domain entity in the e-commerce
domain. We would need fine-grained CRUD services to manipulate product listings.
There is a need to identify domain entities in a particular domain, which would
eventually be resources. Once resources are identified, they have to be adequately
represented. In order to have a business domain focus in our solution, we follow a
domain-driven design (DDD) approach [91] - an extensive use of domain models to
identify and model domain entities and eventually resources.

Domain modeling is an activity that would happen in the domain-layer of our simplified
4-layered SOA architecture. The DDD approach, apart from supporting identification of
resources through domain entities, also supports realization of fine-grained services
associated with these resources. So what is domain-driven design? The goal of domain-
driven design is to put the domain model at the heart of developing software, keeping the
focus on models rather than technology. A domain model is an abstract representation of a
particular domain crystallized by a domain expert [92]. The domain model provides the
structural underpinnings for our solution and is focused at describing the domain-layer.

3.2.1 Modeling the Domain using Domain-Driven
Design Approach

As a first step, we use the principles of domain-driven approach to model the application
domain. The domain entities in the domain model would eventually be web resources.
We model the domain based on the tenets of domain-driven design. In order to support
the use of domain-driven design, we create our DDD Metamodel, a domain-specific

language for domain-driven design where the model elements are extensively borrowed from
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the domain-driven design approach. Our DDD Metamodel is a MOF2-based M2-layer
metamodel compatible with UML family of languages. It extends the UML Infrastructure
Library::Core package (fig 3.3). The DDD Metamodel (fig 3.4) supports our Domain
Model View, a model view at the domain layer. In order to leverage existing UML tools
to model the domain, we have also created an UML2 Profile (fig 3.5). The domain model
created using the DDD Metamodel could be transformed to code in different provisioning
languages to support implementation, using model-to-text transformations.

M3
Infrastructure::Core
#
|
—| [
' M2
DDD
Metamodel

Fig 3.3: The DDD Metamodel (a M2-layer metamodel)

Key Classes and Associations

Entity: Entity is a domain object which is defined primarily by its identity [g1]. Entity is
something that has continuity through its life-cycle and is distinguished by its identity
rather than its attributes. An entity could be independent or be part of an Aggregate
(discussed below). It could also be an aggregate root. The attribute isAggregateMember:
Boolean determines if the entity is part of an aggregate or not. An entity has a
globalldentifier: UUID, natural identifiers from the domain (e.g. social security number
for an employee) and a lifecycle state. The Identifier, UUID and the LifeCycleState extend
the Core: Property. An entity is a Repositoryltem, and a Repository (discussed below)
manages the life cycle of an entity. In addition, an entity is created by a Factory
(discussed below). An entity could conform to one or more Specification (discussed
below). An entity has an operation checkConsistency which ensures that the entity is
consistent and conformant with specifications. It extends the Core: Class.
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Fig 3.4: The DDD Metamodel - Domain Model View

Value Object: Value object is an object in the domain which has a descriptive nature but
with no conceptual (or natural) identity in the domain [91]. A value object can also be an
aggregate member (isAggregateMember: Boolean). Value objects are immutable and can
be created by a Factory. It extends the Core: Class.

Aggregate: An aggregate is a cluster of associated objects (entities, value objects) which
we treat as a single unit for the purpose of data changes and maintaining consistency [91].
Every aggregate has a root entity which is the only object that could be accessed directly
outside the aggregate boundary. An aggregate is created by a Factory. An aggregate is also
a Repositoryltem. An aggregate also has a checkConsistency operation which ensures the
consistency of the aggregate. It extends Core: Class.

Module: A module logically partitions the domain. The partitioning is from a conceptual
and domain perspective [91]. It extends Core: Package.
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Factory: A factory provides the necessary encapsulation to create entities, value objects
or aggregates [91]. Factories do not necessarily represent a domain concept, but are
responsible for constructing one. It has a create operation which is responsible for
creation of entities, value objects or repositories. It extends the Core: Class.

Repository: A repository is a conceptual set of all objects of a certain type [91]. It acts as a
collection with elaborate querying capabilities (finding objects by their identifiers
(if any), or by other attribute criteria). A repository supports addition of new objects as
well as updating and deleting existing objects. It supports operations such as add, remove,
and update as well as querying operations such as findByldentifier and findByCriteria.

Specification: A specification provides a concise way to capture business rules [g1].
Normally such rules would be hard-coded in business logic. Specification makes it easy to
specify rules explicitly in the model. A specification has a checkConformance operation
which checks if an entity conforms to the specification. A specification could have one or
more conforming entities. It extends the Core: Class.

Domain Service?: There are some domain operations which do not fit naturally in an
entity or a value object. A domain service is an activity in the domain rather than an
entity that represents these domain operations [91]. At the domain layer, the means of
providing access to a domain service (through distributed architectures such as RMI,
CORBA or SOAP [93]) is not as important as the design decision to carve off a particular
system responsibility as a service itself.

3 In Domain-Driven design the Domain Service is actually called a SERVICE. We call it domain service just to
differentiate it from the services in the services layer
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Fig 3.5: The Domain Model View (UML2 Profile)

3.2.2 Resources Model

Using the principles of domain-driven design and with the help of our DDD Metamodel,
it is possible to model the application domain in the domain-layer. Once we have the
domain model and the domain entities, web resources have to be identified and created.
As resources have identifiers, the model entities from the DDD Metamodel - Entities and
Aggregates — would be ideal candidates for web resources. However it is possible that
based on business requirements of the web business platform, only certain Entities and
Aggregates from the domain model would be exposed as resources. We have a resources
model that is derived from the domain model through a model-to-model transformation
(fig 3.6.A) to represent resources.
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Fig 3.6 (A): Model-to-Model Transformation (Domain Model to Resources Model)
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Fig 3.6 (B) provides an overview of the model-to-model transformation using UMLX

visual syntax. The resources model is based on our Resources Metamodel (fig 3.7).
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Fig 3.8: Resources Model View

Our Resources Metamodel is also a MOF2-based M2-layer metamodel which extends the
UML: Infrastructure::Core. We also have an associated UML2 profile (fig 3.8)

Key Classes and Associations

Resource: A resource is an entity in the domain with an identifier [94]. A resource could
have related resources and has an identifier URI. It also has one or more resource
representations. An ownership domain owns resources. It extends Core: NamedElement.
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URI: An URI uniquely identifies a resource. It is derived from the qualified name of an
entity as well as the entity identifier (UUID) in the domain model.

Resource Representation: A resource representation provides a semantic
representation for a resource through a data schema. A resource could have more than
one representation. The representation could be based on XML, JSON, RDF or any other
description language identified through the mime-type attribute. It extends the Core:

Type.

3.2.3 Uniform Access to Resources

Once the resources are identified, it is essential to support uniform access to manipulate
resources. We support the standard fine-grained CRUD pattern to access to resources in
the services-layer irrespective of whether the platform owner decides to expose the
resource through a SOAP-based interface or through REST. Creating REST-style
interfaces for manipulating a resource is straightforward as it fits with the CRUD pattern.
If the platform owner chooses to expose the resource through a SOAP-style service for
whatever reason, then a standard service is created automatically at the service-layer to
manipulate the resource. We call it the MANAGE<RESOURCE>SERVICE. The manage service
for a resource would support operations such as creation (Create<Resource> %), change
(Change<Resource> %), delete (Delete<Resource> ©”) and querying a particular
resource (fig 3.9). The query on the resource could either be based on resource identifier

(Query<Resource>Byld °”) or through some criteria (Query<Resource>ByCriteria 7).

| ® CreateListing ® ChangeListing |
! e DeleteListing e QueryListingByld i
| ® QueryListingByCriteria |
: e MANAGELISTINGSERVICE |
| Service Layer |

Fig 3.9: MANAGELISTINGSERVICE — SOAP-based Service
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The manage service at the service-layer is a fine-grained service to manage and
manipulate resources through a uniform mechanism. Whichever style the resource is
exposed, the provisioning (implementation) for the standard CRUD pattern to
manipulate the resource is supported in the domain-layer. This is supported by the
operations of the Repository of the corresponding entity or the aggregate. The standard
Repository operations such as add, remove, update, findByldentifier and findByCriteria
support the uniform CRUD pattern interface.

3.3 Model to Executable Specifications

] [ ]

Domain Model MOF2 QVT Resources Model
—

Model-to-Model MODELS
Transformation

Model-to-Text Model-to-Text

EXECUTABLE
SPCIFICATIONS
Provisioning SOAP-Style REST-Style
Code WSDL 2.0 WADL /WSDL 2.0
Java. NET. ABAP (SOAP Binding) (HTTP Binding)

Fig 3.10: Transformation to Executable Specifications

Fig 3.10 explains the transformations from the models to executable machine process-able
artifacts. The domain model is transformed to provisioning (implementation) skeleton
code using a model-to-text transformation. The skeleton code could be in Java, .NET or
any other provisioning language using different model-to-text transformations. Earlier,
we discussed that the domain model is converted to resource model using a model-to-
model transformation. The resource model has to be converted to executable
specifications. The choice of specifications is based on if the resource is exposed through
a SOAP-style interface or through a REST-style interface. For the SOAP-style interface we
transform the resource model to WSDL 2.0 with SOAP-bindings. For the REST-style
interface the resource model is transformed to either WADL [95] (Web Application
Description Language) or to WSDL 2.0 with HTTP-bindings. However, it is possible to
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transform the resource model to any other machine process-able description such as APP
(Atom Publishing Protocol) etc. This is achieved by creating new transformations for
REST-style services.

3.4 Modeling an Online Shopping Scenario

==VaheOhject=>
ShoppingSession

-sessionlD : Integer
-sessionState ; String

| ==VaheOhject=>
=<VahieOhjectz= Address
-parent -subCategory Shopping Cart Shbppingiession —bujld.ingNo_: String
4 0.* == VaheOhject== -;;reit: St;xg
. F— -localty : sinng
—f « <VabueObjects= | #oreateOrder(] : Order -shippingA ddress “city : String
0. Calegory 0.1 1 [ 1 -state : string
P 1 -cp‘untdz: :SStr?'mg
-hame - otnng 0.* ~mpeode ; Mung
-description : Htrng 0.+ - <=Entity=>=
1] <=Entitye all1] ==VaheObjact== Cusin ¥= Q
== fzmyezaters Product Purchasedliem ustomer
Catalog L 1% ™= i _quamtity - Integer <:Identj§'mp:.mtgmle : String ==Domaimdervices=
" ) ==ldentifier=>-prodoctID : Mtrng _nHre - -name : Strng PaymeniService
-name : String -aggregateRnot -name : String price : float ~revrardPoints ; Integer
-sellingPrice : float
1.#| -orderltems 1 =<=Diomaimbervices=
ShippingService
==Entity== Q
==Repositoryltem==
Oxder 1.*
1
—| ==Identifier==-order]ID : tring
-date : date ==Reposit =
<=Factorys= ~taxdmount : float Orde 1;;:;01?::
OrderFactory ~discountdmount : float T oIy
-shippingCost © float
-totalfmeount © float
-murency ; String
==LifeCrolaitate==-orderitate ; String

Fig 3.11: Online Shopping Domain Model (partial)

We use a fictitious online shopping scenario based on eBay ProStores®* to illustrate the
use of our DDD Metamodel and the Resources Metamodel, to model web resources. The
ProStores® platform supports a merchant to setup a web store to sell products on the
internet. By using an iterative domain driven design approach, we arrive at the online
shopping domain model (fig 3.11) modeled using our DDD Metamodel. We only present
the partial domain model for brevity. Using the domain model, it is possible to generate
the skeleton provisioning code in a language of choice. For our example, we use Java and

*The ProStores® scenario we describe here is fictitious, however it closely relates to the real world online
selling scenario supported by ProStores®.
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hence using standard JET (Java Emitter Template) transformations, we create partial

provisioning code (fig 3.12) below:

package com.fictitious.prostores.ordermanagemsent;

public class FProduct implements RespositoryItem|
private boolean ilsZgoregatelember = false;
private String UUID;

private
private
private float =s=llingPrics;

public boolean checklonsistsncy () {
boolean conzistencyCheckFailed = false;

* Check for Consistency

return consistencyCheckPailsd;

3

package com.fictiticous.prostores.ordermanagement;
import java.io.Ssrializabls;

public interface REepositoryItem extends Serializabls |
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package com.fictitious.prostores.ordermanagement;
import java.util.*;
public class Crder implements ERspo

private boolean isLgorsgateli=m
private String UUID;

[aT]
in
H

private String ordszrId;
private Dates date;

private float taxZmount;
private float discountimount;
private float shippinglost;
private fleoat totalfmount;
private
private

private
private Customer customsr;

public boolean checkfonsistency ()
boolean consistencylheckPailed = false;

“heck for Consist

ney

return conslistencyCheckFailed;

package com.fictitious.prostores.ordermanagemsnt;
public class Customsr implements RepositoryItsm|

private boolean iskgoregatelsmber = falss;
private String UUID;

private String customsrId;
private String nams;

private Intsger rewardPoints;

public boolean checkConsistency () |
boolean consistencylheckFailed = false;

,_

onsist

H
i
=
i

nowy

* Check

return consistencyCheckFailsd;

}
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package com.fictitious.prostores.ordermanagemsnt;

import java.util.*;

H
i
il
o
[N]
i
e
il
fal
e

public class Crds

public Order findByIdentifier (3tring UUID, 3tring OrdsxzID)
Order foundOrder = new Ordesxr);

return foundordsr;

return foundlrders;

3

H
Ll
i
.
¥
il
il
=
1]

public boolean add(Li=t<0Ord

return true;
public boolean remove (List<Order> items) |

return true;
public boolean update (List<Ordsr> items) |

- ] = I A

return trues;

Fig 3.12: Java Code Listing - Provisioning

Now consider that the platform owner has a new requirement to support. The scenario
could be that, a merchant wants to support his customers to place an order directly in the
ProStores® platform. The customers would want to place orders from his home-grown
procurement application instead of the web shop shopping cart. To support this scenario,
the platform owner could open up the ‘Order’ (domain) entity as a web resource which
could be manipulated by a CRUD pattern by an external consumer. By doing so, an
‘Order’ can be created directly in the ProStores® platform. Fig 3.13 shows the resource
model derived from the domain model using the model-to-model transformation. We
have a XML representation of the resources in our example.
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==ChamezrshipDiomain==
OrderManagement
==Resource== -namesparelTRT : TRI
Orderhten v
-OATe Y

==TEl=>-ur : Strng = hitp:Sfprostores fctitious comiordermanagzeme ntfordetltam

a.#

==Fesouree==
Purchase Order

==TTFI==am1 : String = hitp:/iprostores fictitions comfordermanazementiparchaseOrder

==FeasourceFapresentation=>=
XMLOrderliem

-mime-type : String = applicationfzml
-product]D : St
-i;.;m : dtring e ==RasourceReprasentation==

-sellingPrice : float XMLPurchase Order

-mime-type : Mrng = applicationfzml
-date : date

~taxdomcnnt : float

-discount Amount : float
-shippingCost : float

-totalfmennt @ float

—murreney ; String

—orderitate ; String

—mustomer]D : String

Fig 3.13: Online Shopping Resource Model

The resource could either be exposed through the SOAP-style or REST-style services. Fig
3.14 shows an abstract MANAGEPURCHASEORDERSERVICE WSDL 2.0 description. The WSDL
service description is obtained from the resource model using a model-to-text
transformation. If the platform owner chooses to expose the resource based on the REST-
style, we provide a WADL (Web Application Description Language) description (fig 3.15)
of the service using a resource model to WADL model-to-text transformation. WADL
provides a machine process-able description of REST-based services.
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<%wml version="1.0" encoding="utf-g8" 7=
- =description xminz="http:/ /www.w3.org/ ns/wsdl"
targetMamespace="http:/ f prostores.fictitious.com/services/ordermanagement”
wmins:tns="http:/ / prostores.fictitious.com/services/ordermanagement”
wminz:order="http:/ / prostores.fictitious.com/schemas/ordermanagement”
wmins:wsoap="http:/ fwww.w3.org/ns/wsdl/=soap”
wmins:isoap="http:/ /www.w3.org/2003/05/soap-envelope"
wmilnz:wedl="http:/ fwww.w3.0rg/ns/wsdl-extensions"=
<documentation=Manage Order Service=/documentation=
- =types>
- =xzischema xmins:xe="http:/ fwww.w3.0rg/ 2001 /XMLSchema"
targetMamespace="http:/ fprostores.fictitious.com/schemas/ordermanagement”
wmins="http:/ / prostores.fictitious.com/schemas/ordermanagement” =
+ wuz:complexType name="0rderltemType'=
+ =xzicomplexType name="PurchaseOrderType"=
<wzielement name="PurchaseOrder” type="PurchaseOrderType" /=
<xzielement name="PurchaseOrders" type="PurchaseOrderType" minCccurs="0"
maxZccurs="unbounded" /=
+ =xsielement name="StandardException"=
<fxs:schemaz=
=/types>
- =interface name="ManagePurchaseOrderServicelnterface">
=fault name="StandardFault" slement="order:StandardException” /=
+ «<operation name="CreatePurchaseOrder”
pattern="http:/ /www.w3.org,/ns/wsdl/in-out"
styvle="http:/ fwww.w3.org/ns/wsdl/style/iri"'=
+ «<operation name="ChangePurchase0Order"
pattern="http:/ /www.w3.org,/ns/wsdl/in-out"
styvle="http:/ fwww.w3.org/ns/wsdl/style/iri"'=
+ «<operation name="DeletePurchaseOrder”
pattern="http:/ /www.w3.org,/ns/wsdl/in-out"
styvle="http:/ fwww.w3.org/ns/wsdl/style/iri"'=
+ «<operation name="QueryPurchaseOrderById"
pattern="http:/ /www.w3.org,/ns/wsdl/in-out"
styvle="http:/ fwww.w3.org/ns/wsdl/style/iri"'=
+ «<operation name="QueryPurchaseOrderByCriteria’
pattern="http:/ /www.w3.org,/ns/wsdl/in-out"
styvle="http:/ fwww.w3.org/ns/wsdl/style/iri"'=
<finterface>
=/description=

Fig 3.14: MANAGEPURCHASEORDERSERVICE — SOAP-style Interface
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<?xml version="1.0" 7=
- =zapplication xminz:xzi="http:/ fwww.w3.0rg /2001 /XMLSchema-instance"
wziischemalocation="http:/ fresearch.sun.com,/wadl/ 2006/ 10/wadl.xsd"
wmins:ixs="http:f /www. w3.org/ 2001 /XMLSchema”
xminz:zhopping="http:/ / prostores.fictitious.com/schemas"
wmins="http:f / research.sun.com/wadl/2006,/10"=
- <grammars=
- «xz:schema xmins:xs="http:/ fwww.w3.org/ 2001 /XMLSchema"
targetMamespace="http:/ f prostores.fictitious.com/ordermanagement/schemas”
wmins="http:/ f prostores.fictitious.com/schemas/ordermanagement” =
+ =uz:complexType name="0OrderltemType'=
+ =uzicomplexType name="PurchaseOrderType"=
+ =uzielement name="StandardException">=
<zwzielement name="PurchaseOrder" type="PurchaseOrderType" /=
=<xz:ielement name="PurchaseOrders" type="PurchaseOrderType" minCccurs="0"
maxCccurs="unbounded" />
<fxs:schemaz
=/grammars=
- =zresources base="http:/ fprostores.fictitious.com/orgermanagement,/ "=
- =rezource path="PurchaseOrder"=
+ =method name="PUT" id="CreatePurchaseOrder"=
+ =method name="POST" id="ChangePurchaseOrder"=
+ =method name="POST" id="DeletePurchaseOrder"=
+ =method name="GET" id="QueryPurchaseOrderById">
- =method name="GET" id="QueryPurchaseOrderByCriteria">
<reguest /=
<response /=
</method=
«</resource>
</resources>
=/application=

Fig 3.15: WADL description - Purchase Order

3.5 Summary

In this chapter we presented our approach to model resources as well as fine-grained
services to manipulate these resources. In our approach, any resource could be uniformly
manipulated through CRUD-interfaces. Our modeling approach is based on domain-
driven design with the focus on domain models. From the domain models, we derive the
resources model depicting web resources. The transformation from a domain entity to a
resource is based on business requirements, as illustrated in the online shopping scenario.
The resource model is in the domain-layer in our simplified 4-layered SOA architecture,
while the fine-grained services to manipulate resources are in the service-layer. The fine-
grained access to web resources could either be through SOAP-style interface or through
a REST interface. We support this through transformation of the model to executable
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specifications using model-to-text transformations. The choice of style is left to the web
platform owner.

In chapter 4 we address modeling of coarse-grained services in the service-layer. These
services are modeled from a stake-holder perspective. Some of these services could be
directly provisioned using the Domain Services we described in the DDD metamodel.
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Chapter 4

Modeling Coarse-Grained Services

Model Views and a Services Metamodel to model different facets of Coarse-
Grained Services

In this chapter, we address coarse-grained services. Modeling these services involves
capturing various service requirements and solutions identified during early-stage
services development using high-level conceptual models. Earlier, we argued that in order
to improve the longevity of the solution and to rigorously represent all facets of services,
it is important to capture the solution space in a platform and technology independent
way using high-level models. These models must be rich enough to capture associated
services metadata irrespective of whether the current standards support them. These
models must support business users to visually model services. In this chapter, we
identify different perspectives of services modeling and present six model views to
support different facets of services. We also define our MOF2-based Services Metamodel
to support modeling these different perspectives. Our Services Metamodel is a layer 2 (M2)
model and extends the UML Infrastructure Library::Core package (herein known as Core)

(fig 4.1).

M3

Infrastructure:: Core

—

Services Metamodel

M2

Fig 4.1: MOF2-based Services Metamodel
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4.1 Services Metamodel - High-Level
Requirements

Our Services Metamodel addresses the early-stage modeling of web-based electronic
services from the perspective of web business platforms. A Services Metamodel must not
only enable capturing of different perspectives of services, but also support maximum
expressiveness with a small set of modeling elements (see criteria #3). Some of the criteria
we mentioned in section 1.3 are addressed by the high-level requirements for the Services
Metamodel we present below:

R1: The metamodel shall enable capture of the high-level description of the service
(addresses criteria #1 - high-level conceptual service representation).

R2: The metamodel shall enable capture of the different roles and perspectives of the
actors associated with a service (addresses criteria #4)

R3: The metamodel shall enable capture of realization (or provisioning) of services.
R4: The metamodel shall enable capture of the operational details of a service in use.

Rs5: The metamodel must be conformant to the Oasis SOA Reference Model (SOA-RM)

Some of our high-level requirements also correspond to a subset of mandatory
requirements in the OMG’s RFP (Request for Proposal) - the UML Profile and Metamodel
for Services (herein referred to as RFP-UPMS) [96]. Though our intention is not to
address all the requirements in RFP-UPMS, we just provide a correlation. The high-level
description of a service (R1) includes ownership information, service capabilities and the
roles involved in exercising these capabilities. Service interfaces and their operations,
along with their pre-conditions and post-conditions, must also be a part of the service
description. These correspond to RFP-UPMS mandatory requirement Service Description
(requirement 6.5.7). The metamodel must support different roles of actors associated
with the service (R2). Roles may include those of providers, consumers, aggregators and
mediators. These requirements correspond to the RFP-UPMS mandatory requirements
Service Provider and Service Consumer (requirements 6.5.12, 6.5.13). The metamodel
must support realization mechanisms of services (R3). The realization mechanisms could
include implementation by service providers or through aggregation of already existing
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services by an aggregator. These correspond to the RFP-UPMS mandatory requirements
Realization, Composition, and Extension (6.5.14, 6.5.15, 6.5.17). The metamodel must
support provisioning of services (R4) over many channels, deployment and invocation
mechanisms for the service. These correspond to the RFP-UPMS mandatory requirement
Invocation (6.5.9). In addition, our metamodel also meets the requirements on UML
Compatibility (6.5.2) and Platform Independence (6.5.3).

4.2 Services Model Views

A model view is a representation of one aspect or perspective of a system [97]. By looking
at a system through different viewpoints, we would be able to deal with different aspects
of the system better. In order to arrive at the right set of model views for modeling
services for web business platforms, we look at a practical example. Our example is based
on a real life scenario - eBay® Auctions’ [98]. eBay® is a web-based business platform
which allows auctioning of a variety of items based on certain rules and policies in an
online marketplace. Sellers can auction items by choosing a minimum bid amount and
duration. Bidders bid for the item and the bidder with the highest bid at bid closing wins.
The winning bidder pays the seller and the seller ships the item to the buyer. Both the
buyers and sellers rate each other and the rating determines their credibility in the
marketplace. eBay® supports business services such as auctioning, bidding and rating but
collaborates with business partners for payment (Paypal®) and shipping services (FedEx®).
There could as well be other partners in the services marketplace providing these services.

eBay® opened-up its ecommerce web business platform for customers, business partners
and affiliates by exposing their business functions as webservices-based web APIs.
Opening up of the platform would enable a manufacturing company to auction its excess
inventory through eBay® auctions directly from its Supplier Relationship Management
(SRM) software like SAP® SRM. To expose a business function as a consumable service, a
business expert must be able to specify the broad definition of this service in a
technology-agnostic fashion. Consider the AUCTIONITEM service which allows sellers to
list an item in eBay® auctions. A business expert from eBay® needs a model view for

> The services and the scenario described here are completely fictitious. However the scenario is
representational of other web business platform scenarios.

45



Chapter 4: Modeling Coarse-Grained Services

defining this service, its broad purpose and the associated ownership domain. An
ownership domain represents a logical partitioning of the services for administrative or
deployment purposes. We need a Service Definition View to support the business expert
in defining a service. The service definition view must support classification of the
services as atomic, composite or abstract. Atomic services (e.g. AUCTIONITEM) represent
atomic business functions such as auctioning an item. Composite services aggregate other
services (constituent services) and through this packaging improve value proposition to
consumers. Consider the BUYITNOW service from eBay® which lets a seller directly sell the
item at a fixed price instead of auctioning it. The BUYITNOW service in turn uses the
PROCESSPAYMENT service from Paypal® and SHIPPINGSERVICE from FedEx®. The BUYITNOwW
service which aggregates the PROCESSPAYMENT and the SHIPPINGSERVICE services provided
by business partners is a composite service. Lastly, a business expert must be able to
define a service that represents a business need - a gap in the value-chain - yet to be
provided by any service provider. The reasons for defining an abstract service are the
following:

- An ownership domain would like its business partners to provide it with this
service based on some terms and conditions (expression of intent to outsource the
service)

- The ownership domain would want to defer the realization of the service. The
service could be defined for advertisement purposes but need not necessarily be
realized immediately.

For example, assume that eBay® wants to introduce a new VALIDATEAUCTIONITEM service
which would validate certain items being auctioned (e.g. art pieces). eBay® would want to
outsource the realization of this service (to say artnet®) because they might not have the
expertise to do this in-house. The intention to outsource this service could be expressed
by defining an abstract service.

The next step after service definition for the AUCTIONITEM service would be to define the
capabilities provided by this service more concretely. How does the interface for
auctioning an item look like? What are the different service properties (e.g. cost of access,
availability etc.)? We need a Service Capability View which would define service
properties and capabilities. The view must describe service interfaces, their service
operations and the syntax associated with invoking these operations along with the
schema of the messages and the message exchange pattern for interacting with the
service. The service capability view essentially defines the capability on-offer of a service.
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Once the basic capabilities and properties are defined, it must be possible to specify
policies (such as security policy, auction policy or service disruption policy). The security
policy could state that only registered and authorized users must be allowed to access the
AUCTIONITEM service. The auction policy could state that perishable items could not be
auctioned. We need a Service Policy View to define policies on services. Exact
mechanisms to realize these policies are specified by the IT team during realization by
enhancing the policy definitions. For example, the IT experts could decide that the
authorization (security policy) should happen through a signed certificate (e.g. X.509
digital certificate [99]). The service policy view defines the terms of offer of a service.

The AUCTIONITEM service once defined and capabilities expressed must be realized (or
provisioned). Realizing a service could either be through an existing or new
implementation - in case of atomic services (by service providers) or through service
composition - in case of composite services (by service aggregators). The IT team could
use underlying IT assets from operational systems (packaged applications, custom home-
grown systems or mainframes) to implement a service. We need a Service Realization
View to capture provisioning of services.

Every service consumer has a goal which a service offering would satisfy. The relationship
between consumer goals and service offerings is an n x m relationship. Sometimes there
may not be a direct ‘fit’ between the goals and services due to inherent heterogeneities,
resulting in the need for mediation. For example, the BIDFORITEM service which is used to
bid for an auctioned item could be re-purposed to support a proxy-bidding scenario. In a
proxy-bidding scenario, the system alters the bid for an item on behalf of the bidder
based on user-specified rules. A service mediator could support this proxy-bidding
scenario. We need a Service Mediation View to support specification of mediation.

After the abstract definition for a service is specified followed by the service realization, it
must be possible to define external interaction points through which a service consumer
could access the service. It must be possible to define various ways of binding to the
service through the use of different transport protocols. It must also be possible to define
service invocation properties. We need a Service Deployment View to describe the
service interaction points and service invocation mechanisms.
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From the eBay® Auctions scenario, we have identified the six model views - service
definition view, service capability view, service policy view, service realization view,
service mediation view and the service deployment view. These six views represent
different perspectives of services modeling in the context of web business platforms.
Table 4.1 below provides a summary of our six services model views.

Model View
Service Description
View

Viewpoint addresses
Description and classification
Services based on ownership domain

of

Service
View

Capability

Description of Service, Service Properties, Interfaces,
Operations, Messages and message-exchange pattern. In
essence, defines the capability on-offer.

Service Policy View

Definition of Service Policies. In essence, defining the
term of offer of a service

Service Realization
Service

Defining the service provisioning approach, either service
implementation from underlying IT assets or through

composition of constituent services

Service Mediation | Defining how existing services could be re-purposed to

View address different consumer goals using process or data
mediation.

Service Describes service interaction points and service

Deployment View | invocation mechanisms

Table 4.1: Summary of Services Model Views

4.3 Formal Semantics of the Services
Metamodel

In this section, we provide the formal semantics of the Services Metamodel which
supports modeling in different views. In addition to the MOF2-based metamodel for each
model view, we also present UML2 Profile defined in a stereotyped package <<Modeling
View>> for each of these model views which would help leveraging existing UML tools.
In this section, we focus on five model views and we deal with the service policy view
separately in the next chapter.
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4.3.1 Service Definition View

The service definition view (fig 4.2) defines a service, its purpose along with the
ownership domain which owns the service. The ownership domain provides a logical
partitioning of services in terms of physical or administrative boundaries. The business
entity which owns the service could be the top-level ownership domain. Enterprise-wide
service portfolio could be organized under hierarchies of ownership domains. Ideally, the
business expert uses the service definition view as a starting point to define the ownership

domain and the services they own.

Key Classes and Associations

Service: A service represents a capability of a provider which meets goals of consumers. It
is a first-class modeling entity in our Services Metamodel. Service extends the Core:
NamedElement from UML Infrastructure Library®. A service could be atomic, composite
(isComposite = true) or an abstract service (isAbstract = true).

Ownership Domain: An ownership domain represents partitioning of services based on
physical deployment or administrative domains [32]. Ownership domain has owned
services associated with it. An ownership domain can in turn belong to other ownership
domain thereby creating a hierarchy of ownerships. The ownership domain extends the
Core: Namespace. The ownership domain also has a namespace URI (uniform resource
identifier).

® Core represents the UML Infrastructure Library — the kernel. In our diagrams, we use the stereotype
<<metaclass>> to represent the Core.
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==metaclass==

NawmedElement

I

Service

-oamediervice

-isdbstract : Boolean
-isComposite : Boolean 0.*
-isExtensible : Boolean
-ishadiator : Boolean
-1sDeployed : Boolean

1 -carmeY
OuwnershipDomain =<metaclass==

-namespaceTRI : URI —— T MNamespace

-TAmET 1 0. #* |-cwmedDormains

Fig 4.2: Service Definition View

==Modeling Viewr=>
Service Description View

==stereatypers= ==stereatype=r
Service OwnershipDomain
[M amedElement] [Hamespace]

Fig 4.3: Service Definition Modeling View

4.3.2 Service Capability View

The service capability view (fig 4.4) helps in defining the capabilities and properties of a
service which is defined using the service definition view. Using this view it is possible to
define the service description, service properties, the service interface and the various
service operations along with their pre- and post-conditions.
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Key Classes and Associations

Service: Service has a property isExtensible which determines if the service could be
extended or enhanced. Extension of a service could either be functional enhancements
(extending its capabilities) or property enhancements (enhancing service properties or
policies associated with a service). Every service can have one or more service
descriptions.

Service Description: A service description has a semantic description of the service and
could have many classifications. Service Description is associated with a Service Property
and a Service Interface. A service could have multiple service descriptions; also a service
description could exist without any service realizing it.

Service Property: A service property represents properties of service such as cost of
access, availability and service rating. The property could be quantitative (describing a
measure) or qualitative. One or more service properties are associated with every service
description. Service properties are also used in identifying appropriate services during
service discovery.

Service Classification: A service could be classified based on different taxonomies. The
classification system could be based on an internal taxonomy or be based on an existing
system such as the North American Industry Classification System (NAICS) [100]. It
extends the Core: Namespace.

Service Interface: A service interface represents the underlying capabilities brought to
bear by a service. A service interface could be extended to support specialization of a
service. For a service to be extended, the isExtensible property must be set true. Every
service interface has a set of supported operations and an exception associated with it.
The Service Interface extends the Core: NamedElement.

Service Constraint: A service constraint represents pre-conditions or post-conditions on
service operations. A constraint could be a hard constraint (mandatory constraint) or just
a preference (best-effort constraint). Service Constraint extends the Core: Constraint. A
service constraint is owned by an OwnershipDomain.
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Service

-1sthstract : Boolean
-isCamposite : Boolean

-1sExtensible : Boolean

-isMediator : Boolean
-1sDeplaved : Boolean =metaclass=>
==metaclass== Namespace
DataType 01
0 * -realizedDeascrption zl}‘
‘T‘ " ServiceDezcription Lassificati Service Clagzification
iceP -property -classification
Service erty -deseription : Mring ==metarlass==
* 0.1 0.* Typed Elemeny
1 ’—D
1 -interface ServicaEocon
ervice Excephion . .
ServiceInterface -exception OwnershipDomain
1 -Resmmable : Boolean TEI - TRI
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1 I
& | -fapportedOperation -infalt -oatfaalt ) '
Service Operaton o |-ovmedFule
_ . -preCondition
_:;L;i:.afga]iimxchangepattem :TRI Service Cons traint
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Fig 4.4: Service Capability View

Service Operation: A service operation represents an underlying capability. Event-
driven scenarios could also be modeled using a notification or an event receiver operation.
A notification operation (isNotifier = true) sends out messages that represent a
notification, whereas an event receiver operation (isEventReceiver = true) receives
messages representing an event. Every operation has input and output messages and the
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sequencing of these messages get determined by the message exchange patterns. Marking
an operation as isNotifier or isReceiver could determine the message exchange pattern. It
extends Core: NamedElement.

Service Exception: A service exception represents an exceptional condition in a service
operation execution. Every service operation would have an infault or an outfault message
based on the message exchange pattern. A message exchange pattern defines the order of
the messages between the provider and the consumer. An exception could also be defined
at the level of a service interface. A service exception could be a resumable exception - an
exception does not halt the further execution of an operation after being handled
properly. It extends the Core: TypedElement.

Message: A message encapsulates input and output data for a service operation. We use
the terminology message as it is indicative of a loosely-coupled communication between
service providers and consumers. The messages that are exchanged must be strictly typed
and hence Message extends Core: TypedElement. The message label identifies whether a
message is an input message or an output message.

==Modeling Views==
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Fig 4.5: Service Capability Modeling View
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4.3.3 Service Realization View

The service realization view (fig 4.6) helps to describe how services specified using the
service definition, capability and policy views are realized. Service realization is done by
IT experts. Realization of a service could be either through implementation or through
composition. Atomic services are realized through service provider implementations
whereas composite services are realized through composition of existing services. These
service providers could be existing IT assets in the operational systems or new
implementations. Composition is achieved by service aggregators using known
composition patterns and composition directives. Design-time composition directives
enable dynamic composition decisions at execution-time.

==metaclass==
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OvmnershipDomain | _mey -oamedFiole ServiceParticipant
-narespace(TEI : TTEI 1 *
==metaclass== | |
Class k—— | Service Provider Service Agrregator
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Operation —extendingbervice P
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—
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CompositionDirective ueExpreszion
; OpayueFExp

Fig 4.6: Service Realization View
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Key Classes and Associations

Service: Service has an attribute isComposable which determines if the service is
composable. Also if a service is a composite service, then it is composed of many
constituent services. Each composite service has an associated composition pattern.

Service Participant: A service participant represents a role played by a stakeholder in a
services marketplace. Service Provider, Service Aggregator, Service Consumer and Service
Mediator are different roles representing service participants. It extends the Core:
Classifier.

==Modeling Views==
ServiceRealizationView
=<staraotype=>= =<=sterectype=>= =<stereatype=>=
Service Participant ServiceProvider Service[mplementation
[Classifier] [Class] [Operation]
=<staraotype== ==stereatype== ==stereatype==
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[Classifier] [MamedElement] [OpaqueExpression]

Fig 4.7: Service Realization Modeling View

Service Provider: A service provider supports realization of an atomic service through its
service implementations. A service could be realized with an existing off-the-shelf
component, a function module in a packaged application, a stored procedure in a
database or through an entirely new implementation. A service provider is a service
participant and it also extends the Core: Class.

Service Implementation: A service implementation extends the Core: Operation. It
supports the actual implementation of an atomic service.
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Service Aggregator: A service aggregator aggregates different (constituent) services to
provide a value-added composite service through service composition. A service
aggregator is a service participant.

Composition Pattern: A composition pattern is a pattern which describes a structured
assembly of constituent services to create a composite service. There are many patterns
available in the literature. The composition pattern extends the Core: NamedElement.

Composition Directive: The composition directive represents a directive used for
composing constituent services to create a composite service using the composition
pattern. A composition directive is associated with a composition pattern. It extends the
Core: OpaqueExpression.

Constraints

1. Only Composite services have a composition pattern associated with them.
2. Only Composite services have an aggregator associated with it.

3. The supported service of a service provider is always an atomic service

4. The supported service of a service aggregator is always a composite service

5. If one or more constituent services of a composite service are abstract, then the
constituent service is also abstract.

4.3.4 Service Mediation View

In a loosely-coupled environment, mediators are needed to cope with inherent
heterogeneities. Service Mediators are used to re-purpose services to cater to a wider
variety of user goals. Such mediation is called process mediation. Service Mediation is
also needed during service composition to support differences in service data and
message schemas. Such mediation is called data mediation. The Service Mediation View
(fig 4.8) helps in defining data or process mediation scenarios.
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Key Classes and Associations

Service Mediator: A service mediator facilitates mediation for a service. Mediation could
either be data or process mediation. The type of mediator is specified by MediatorType
(data or process). The mediatorType attribute denotes the actual mediation. The service
mediation provides a mediation service which supports the actual mediation.

Service: A service has an attribute isMediator which signifies whether a service is a
mediator or not. The mediator service can either mediate between a consumer and a
service or between a service and another service. It also has another attribute isRealized
which determines whether the service has a realization.

Goal: The goal represents the goal (or need) of a service consumer. Each Service
Consumer has associated goals (consumer goals). Each of these goals is satisfied by one or
more services (satisfying services) and each service supports one or more goals. A goal has
both pre- and post-conditions which have to be met if the goal has to be satisfied. Goal
extends Core: NamedElement.

Service Mediation: Service Mediation represents the mediation between either two
services (in a composition scenario) or between a service and an external service
consumer. A service mediator is associated with a mediator service which does the actual
mediation. It extends the Core: DirectedRelationship.

Constraints

Abstract services are not realized (isRealized = false).
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Fig 4.9: Service Mediation Modeling View
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4.3.5 Service Deployment View

The service deployment view (fig 4.10) helps to describe how realized and concrete
services are deployed and how they could be invoked by external stakeholders.

Key Classes and Associations

Interaction Point: The interaction point defines an endpoint at which a service could be
accessed by service consumers. It is uniquely determined by a location URI. Interaction
point encapsulates the semantics of a channel through which a service is exposed
(exposed service). The choice of a channel is represented by a BindingType i.e. logical
channel type such as SOAP, HTTP etc. An ownership domain may have one or more
interaction points. Also a service could be exposed through different interaction points
(end-points). It extends Core: NamedElement.

Service Invocation: Service invocation defines an invocation of a service through the
interaction point by an external service consumer or another service (in a service
composition scenario). It also defines the mode of interaction i.e. Invocation Mode -
whether the service invocation is synchronous or asynchronous. A service invocation
could be either stateful (isStateful = true) or stateless.

Service: Service has an attribute isDeployed which signifies if a service is deployed and
has at least one interaction point.

Constraints

Abstract services will not have interaction points since they cannot be deployed
(isDeployed = false).
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Fig 4.10: Service Deployment View
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Fig 4.11: Service Deployment Modeling View

4.4 Modeling the Internet Auctions Scenario

In this section, we use our Services Metamodel to model the eBay® internet auctions
scenario, particularly we would keep the focus on simple modeling of the AUCTIONITEM
service in four steps. We use this modeling exercise to demonstrate the usefulness of our
metamodel.
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Step I: Defining the AUCTIONITEM Service

We start with the service definition view to define all the services and the ownership
domains in the internet auctions scenario (see fig 4.12). The eBay ownership domain owns
the BUYITNOW composite service (isComposite = true). It also owns other ownership
domains - Feedback and Auction ownership domains, which in turn own atomic services
such as RATINGSERVICE, AUCTIONITEM and BIDFORITEM. The Paypal ownership domain
owns the PROCESSPAYMENT service and the FedEx ownership domain owns the
SHIPPINGSERVICE.

Step II: Modeling the AUCTIONITEM Service Capability

We take the AUCTIONITEM service and model its capability on-offer (see fig 4.13) using the
service capability view. The service description has a single classification based on the
NACIS. The AUCTIONITEM service is classified as a business-to-consumer (B2C) service.
The service description has an AuctionServicelnterface " which has an

d (EX)

AuctionNotPermitte service exception. The exception denotes a business contract

violation of trying to auction a prohibited item (could be based on the auction policy).

(OP)

The service interface supports a service operation AuctionSingleltem which follows

the request-response message exchange pattern. Since the pattern supports an in as well
as an out message, we have defined both the messages. The AuctionRequestMessage™,
the in message encapsulates item name, item description, minimum bid and auction

M)

closing date and AuctionResponseMessage'"’, the out response message returns an

auction identifier as a reference.

Step III: Realizing the AUCTIONITEM Service

The AUCTIONITEM service is an atomic service that is realized (or provisioned) by a service
provider implementation (see fig 4.14). The auction manager is the service provider which
provides a service implementation listAuctionltem () which implements the service.

61



Chapter 4: Modeling Coarse-Grained Services
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Fig 4.12: eBay Internet Auctions Scenario - Service Definition

Step IV: Deploying the AUCTIONITEM Service

Once the AUCTIONITEM is defined, capability modeled and realized it has to be exposed
(or deployed) for consumption (see fig 4.15). We expose the AUCTIONITEM service through

an interaction point AuctionSOAPEndpoint ™ The transport protocol for this endpoint
is SOAP/HTTP. The location URL is specified through which this service could be
consumed synchronously by a seller from the public domain.
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Fig 4.13: AUCTIONITEM service - Service Capability
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Fig 4.14: AUCTIONITEM service - Service Realization
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Fig 4.15: AUCTIONITEM service - Service Deployment

4.5 Models to Executable Specifications

Once the service is modeled using our model views and our Services Metamodel, we
would have to transform these models to usable artifacts. The artifacts which get
generated from our services models are listed below (table 4.2).

Input Models Specifications

Service Description | - Abstract Service Description (e.g. WSDL) - service
Model / Service | description without concrete protocol bindings and
Capability Model endpoints

- Service registry listings (e.g. UDDI [31]) for aiding
service discovery for consumers

64



Chapter 4: Modeling Coarse-Grained Services

Service Realization | Service provisioning code templates based on particular
Model provisioning environments (java, .NET etc.)
Service Policy | Policy descriptions (e.g. WS-Policy [101]) and policy
Model attachment to services (e.g. WS-PolicyAttachment [102])
(more in chapter 5)
Service - Concrete service descriptions (WSDL with protocol
Deployment Model | bindings)
- Deployment descriptors

Table 4.2: List of Artifacts Generated from Models

Generally, these artifacts could be executable specifications, deployment descriptors as
well as code templates. In model-driven development, the transformations from model to
text (artifacts) happen through model to text transformation languages. Model to text
transformation is evolving and there are multiple transformation languages such as
MOFScript, OMG’s Model to Text Transformation Language (MTL), JET (Java Emitter
Templates) and OpenArchitectureWare’s Xpand [103]. The choice of the languages could
be based on MDA tools, personal preferences and suitability (for example, JET is used to
create transformations between model to Java code). The support for model
transformation is one of the core features which support longevity and usefulness of a
MDA solution.

For each of these artifacts generated, there could be one or more input models. Using the
service description and the capability models, we could generate abstract service
descriptions (e.g. WSDL without bindings). We could also create service registry entries
to aid consumers in discovering the service using standards such as UDDI. Using the
service realization model, we could create code templates to support service provisioning.

For example, we could create a service provider class to support the provisioning of the
AUCTIONITEM service. The class template could be created for different technical
platforms such as java or .NET. The service policy model could be transformed to run-
time policy specifications (more in chapter 5) and the deployment model could be used to
create concrete service specifications with protocol bindings and endpoint. It could also
be used to create application server deployment descriptors. Technically, we could have
transformations from our Services Metamodel to any executable service description
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language. But our choice of executable specification for our default transformation is
driven by industry adoption. Based on industry adoption, Web Services Description
Language (version 1.1 or 2.0) is the widely adopted service description standard. We have
developed a MTL template (see Appendix I) to transform our services models to WSDL
2.0 service description (fig 4.16). For provisioning the AUCTIONITEM service, the service
realization model is converted to a skeleton java class (fig 4.17). It is also possible to create
the provisioning class in any technology platform by altering the transformation.

<?xml version="1.0" encoding="utf-8" 7>
- «=description xmins="http:/ /www.w3.org/ns/wsdl"
targetNamespace="http:/ ffictitious.ebay.com/services fauction"
xmins: tns="http:/ /fictitious.ebay.com/services/auction"
xmins:aus="http:/ /fictitious.ebay.com/schemas/auction"
xmins:wsoap="http:/ fwww.w3.org/nsfwsdlfsoap" xmins:scap="http:/ fwww.w3.0rg/2003/05/so0ap-
envelope" xmins:wsdlx="http:/ /www.w3.0org/ns/wsdl-extensions">
<documentation>=Auction an Item in eBay</documentation=
- «types>
- <xs:schema xmins:xs="http://www.w3.o0rg/2001/XMLSchema"
targetNamespace="http:/ ffictitious.ebay.com/schemasfauction"
xmins="http:/ ffictitious.ebay.com/schemas/auction">
+ <xs:element name="AuctionRequestMessage">
+ <xs:element name="AuctionResponseMessage">
+ =xs:element name="AuctionNotPermitted"
</xs:schemaz
</types=
- «interface name="AuctionServiceInterface">
<fault name="AuctionNotPermitted" slement="aus:AuctionNotePermitted" /=
- <operation name="AuctionSingleItem" pattern="http://www.w3.org/ns/wsdl/in-out"
style="http:/ fwww.w3.org/ns/wsdl/style/firi"=
<input messagelLabel="In" element="aus:AuctionRequestMessage" /=
<output messagelabel="0ut" element="aus:AuctionResponseMessage" /=
<outfault ref="tns:AuctionNotPermitted" messagelLabel="Out" /=
</operation>
<finterface=
- «<binding name="AuctionSOAPEndpoint" interface="tns:AuctionServiceIlnteface"
type="http://www.w3.org/ns/wsdl/soap"
wsoap:protocol="http:/ /fwww.w3.0rg/2003/05/soap/bindings/HTTP/">
<fault ref="tns:AuctionNotPermitted" wsoap:code="soap:Sender" /=
<operation ref="tns:AuctionSingleItem"
wsoap:mep="http:/ /www.w3.0rg/2003/05/so0ap/mep/soap-response" />
=/binding=
- zservice name="AuctionTtem" interface="tns:AuctionServiceInterface":
<endpoint name="AuctionltemEndpoint" binding="tns:AuctionSOAPBinding"
address="http:/ ffictitious.ebay.com/fservices/auctionItem" />
</service>
</description=

Fig 4.16: AuctionService WSDL 2.0 Description
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Fig 4.17: Auction Manager Java Implementation — Service Provisioning

4.6 Related Work

Model-driven development of services is still in the nascent stage. Model-driven
development of web-services is addressed in [104-107]. The RFP-UMPS is an effort by
OMG to consolidate existing approaches into a consistent metamodel and UML2 profile
for modeling services. There are existing UML-based approaches to modeling services. In
[108], they use UML class diagrams to model services. In this approach ‘Service’ is not
viewed as a first-class modeling entity. UML Collaboration diagrams have been used
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extensively to model behavioral-aspects such as service collaboration and compositions
[109,110].

There are also other efforts to provide support for services modeling through light-weight
extensions to UML through Profiles [11-u13]. All these efforts provide a direct mapping
between WSDL 1.1 elements and their model elements. Also they are based on the UML1.x
standards. UML-profiles for services and SOA are proposed by [114,115]. An UML 2.0
Profile for Software Services [116] is proposed by IBM. In this profile, a service is
restrictively modeled as a Port of a UML Composite class. The service realization
mechanisms are only through implementation by components. Composition as a
realization mechanism is not supported. The profile does not support modeling of
policies and mediation. Although Service is a first-class modeling entity, it is tightly
associated with a Component. In contrast, in our services metamodel services are truly
first-class modeling entities. Modeling of realization mechanisms such as implementation
and composition are supported. Our service metamodel also supports modeling non-
functional aspects of services through service properties and policies. We also provide
support for deployment and mediation of services.

UML-profile for distributed object computing (EDOC) [u7] facilitates modeling of
enterprise systems but does not provide means to model services. The UN/CEFACT's
Unified Modeling Methodology (UMM) [18] provides a standard way for business
processes and information modeling for e-Commerce. An UML-profile for B2B e-
commerce is presented in [19]. Our services metamodel could complement these
approaches and act as the foundation for a model-based service repository.

Apart from UML-based modeling approaches, there are other approaches which aid
modeling of services. [120] provides a formal-model of services with a theoretical
foundation for specifying services and service composition. The Webservices Modeling
Framework (WSMF) [121] defines conceptual entities for services modeling. Web-Service
Modeling Ontology (WSMO) [122] has its foundations in WSMF but it defines a formal
ontology to semantically describe webservices. The Webservices Modeling Language
(WSML) [123] provides a formal syntax for WSMO based on different logical formalisms.
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4.7 Summary

In this chapter, we presented our Services Metamodel with six model views to model
different perspectives of services development. These model views have a formal
foundation based on MOF2. They support different stakeholders such as business experts
and the IT experts to model services during early-stage services design. The metamodel
draws its foundations from technical specifications like WSDL 2.0, WS-Policy and WSMF
since our focus is on web-based electronic services. We have used our services metamodel
to model a fictitious eBay® auctions scenario. Through this modeling exercise, we have
demonstrated how different facets of services such as service description, realization,
mediation and deployment could be modeled using our services metamodel. The
Services Metamodel addresses the high-level requirements we had mentioned. The
service description and capability views address the high-level description of web-based
services. Each of the views addresses different participants (roles) - service provider,
aggregator, mediator and consumer, involved. The service realization view addresses the
provisioning of defined services. The service deployment view addresses operational
details of the service such as available interaction points, protocols and modes to access
the service.
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Chapters

Modeling Service Policies

Modeling the Terms of offer of a Service using Service Policies

A service representation describes two facets of a service - the service functionality
(capability on-offer) and the terms at which the service is offered (terms of offer) [33]. The
capability on-offer satisfies the goal of a service consumer under the constraints of the
terms of offer. Essentially, the terms of offer describe the service-level agreement (SLA)
between a service provider and a consumer. Service Policies are used to define the terms
of offer of a service offering. In general, a service policy defines constraints or conditions
of use of a service. Policies deal with different aspects such as security, pricing, quality of
service etc. Consider the example of a SHIPPINGSERVICE from FedEx®, the capability on-
offer is to ship packages from one place to another, the terms of offer could be the time-
to-delivery and rates of shipping. In our research, we address two significant issues in the
development of service policies.

- Firstly, current approaches to service policies focus primarily on technical or
infrastructural aspects such as security, trust and reliable messaging. We take a
broader view of service policy development. In our view, service policies would
address three-levels of aspects — service-level (e.g. availability, pricing, promotions and
quality of service), business or domain-level (e.g. compliance, industry regulations)
and technical-level (e.g. security, trust). While technical policies are defined by IT
experts, the service-level and domain policies would be defined by domain experts.

- Secondly, we address independent development of service policies. Traditionally,
service descriptions have had a bias towards describing service functionality as
opposed to non-functional terms of offer (e.g. WSDL for web service description).
Lately, there have been efforts to address description of non-functional terms of offer
in service descriptions (Features & Properties in WSDL 2.0 and the WS-Policy
framework [124]). However, service development approaches still consider service
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policies in the confined context of the underlying service functionality which they

constraint. Instead, service policies could be developed independently by domain

experts and could later be applied on a chosen set of services in the services portfolio

through well-defined quantification and fine-tuning. For example, the security expert

could define encryption and authentication policies independently and later apply it

to selected services in the portfolio.

5.1 Generic Policy Framework

The most-important aspect of our service policy development approach is our service

policy view supported by the service policy metamodel - a part of our Services Metamodel.

In order to arrive at our policy metamodel for the service policy view, it is important to

understand the generic policy model - an abstract model for service policies. The generic

policy model consists of four functional layers to describe service policies [125] (fig 5.1).

Vocabulary Specification Layer: Deals with specification of the vocabulary
associated with various policy domains representing independent aspects. These
aspects could be technical, service-level or domain-level aspects. Vocabulary
consists of vocabulary items and their applicable values which would then be used
in service policies. It also involves specifying the semantics and syntax associated
with the vocabulary items. Constraints are always specified on these vocabulary
items in the constraint specification layer.

Constraint Specification Layer: Deals with specification of policy constraints,
which would ideally be constraints on the agreeable values of vocabulary items.
Constrained vocabulary items are assertions which are the building blocks of a
policy.

Policy Specification Layer: Deals with specification of acceptable combinations
of the constrained vocabulary items. Each combination of constrained vocabulary
items represents a policy alternative.

Bindings Specification Layer: Deals with specification of application of the
service policies on various policy subjects. Policy subjects could be services,
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ownership domains as well as individual operations. Binding layer supports the

quantification and fine-tuning of policies for different policy subjects.

o Policy P1
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Satof e o Domain
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Policy (P1)

Alternativas | |
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Constraint Specification Layer
(Specification of constraints on the
vocgbulary ftems of various zspects)

Vocabulary Specification Layer
(Specification of technical. service-
level and business-level aspects and
their voczbulary)

Fig 5.1: The Generic Policy Model

This generic policy model is largely representative of several policy specifications which

are based on propositional logic with the assertions representing an indivisible unit and

their combinations through conjunction or disjunction representing a policy.

5.2 Service Policy View

The service policy view (fig 5.2) is used to define policies which could later be applied on

selected service artifacts. It is supported by the policy metamodel, part of the Services

Metamodel. The service policy <<modeling view>> is presented in fig 5.3.
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Service Policy: A service policy defines a set of enforceable constraints which would be
applied on a policy subject [32]. It presents these enforceable constraints as a set of
alternatives. A service policy reflects the point of view of a service participant. Service
Policy extends the Core: NamedElement. A service policy is owned by an
OwnershipDomain.

Policy Subject: A policy subject represents an entity on which a policy is applied [101]. A
policy subject extends the Core: Element. The policy subjects could be Ownership Domain,
Service, Service Interface, Service Operation, Message and Interaction Point (end point).
If a set of policies are applicable on a single policy subject, at run-time these are
reconciled and represented as an effective policy.

OvwnershipDomain
-narespaceTET : TR
PolicyDomain ==metaclass==
0.+ |PolicyScope -policyramer —namespaceURI : URI F——— Namespace

1Y -domain

b 1 # liedPalie 0.#* 0.#* 0%
-subjects . -app ooy
: - —— Vocabularylem ==metaclass=2
PolicySuhjact 0+ ServicePolicy ————3 DataType
-effectivePolicy 1 -chosend lternative -constrainedElement
. Policy Alternative
==metaclass=> | jopmatives
Named Element 1 )
—assertions -constramt
e rmetarlassee 0 PolicyAszertion 01 <::meta.c1,afsz>
NawmmedElewment -1si0ptional | Boolean ons
-operator : Mung

|

==metarlass==
Named Element

Fig 5.2: Service Policy View — The Policy Metamodel
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Policy Scope: A policy scope represents a set of policy subjects on which a policy could
be applied [101]. It is a mechanism to group related policy subjects together in order to
apply the same policy on them. More than one policy could also be applied on the policy
scope. The policy scope supports quantification of service policy by domain experts.

Policy Alternative: Each policy has a set of policy alternatives out of which at least one
has to be honored [101]. The policy alternative which is honored is called the chosen
alternative. Every policy alternative would have more than one policy assertion.

==Modeling Viewrs==
servicePolicyView
==sterentypes=>= =<starentypes== ==stereatype=>=
ServicePolicy PolicySuhbject Policy Alternative
[HamedElement] [Elernent] [MamedElement]
==sterectyperr= ==stereatype=r ==stereotyperr-
PolicyAszerton VocabularyItem PolicyDomain
[HamedElement] [DataType] [HMamespace]

==stereatype==
PolicyScope
[Elernent]

Fig 5.3: Service Policy Modeling View (UML Profile)

Policy Assertion: Every policy alternative would have one or more policy assertions [101].
A policy assertion is related to a constraint that is applied on a vocabulary item
(constrained element) of a particular domain. The policy assertion specifies the allowable
range, range of values, or set of values for a vocabulary item. It has an operator associated
with it - the operator is a predicate operator used to describe constraints. The policy
assertion could be optional in nature and could represent a preference of the service
participant. It extends the Core: NamedElement.
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A policy assertion is an atomic unit of a service policy. It represents a constraint on a
vocabulary item representing different technical, service-level or domain-level (business)
aspects. A policy assertion could be represented as:

Policy Assertion = {VI, PO, AV, C}

Where, VI - vocabulary item representing a particular aspect
PO - predicate operator
AV - accepted value / values or range of values
C - category of the assertion (Mandatory / preference)

Consider examples of security assertion (use of Kerberos security token) and pricing
assertion (cost of service-access) below:

Security Token Assertion = {‘Security Token’, ‘Equals’, ‘Kerberos’, ‘Preference’}

Pricing Assertion = {‘Cost of Access’, ‘Equals’, 1 EUR’, ‘Mandatory’}

Policy Domain: A policy domain represents a grouping of assertions belonging to a
particular aspect such as pricing, availability, security & trust etc. A policy domain is
identified by a name and a namespace URI and it extends the Core: Namespace.

Vocabulary Item: A vocabulary item represents semantics associated with a particular
aspect and belongs to a policy domain. Every vocabulary item has a set of applicable
values. The vocabulary items for a particular domain (aspect) are defined by the domain
expert. Vocabulary Item extends the Core: DataType.

5.3 Vocabulary Specification - Defining Policy
Domains and their Vocabulary

Vocabulary specification involves identifying policy domains and describing their
vocabulary. The policy domain vocabulary involves defining Vocabulary Items to describe
the policy domain. The vocabulary items would have a type and a range of acceptable
values. The policy assertions apply constraints on the vocabulary items by specifying
agreeable values for the vocabulary items. Policy domains address aspects that represent
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independent concerns such as security, pricing etc. These concerns are pre-dominantly
crosscutting in nature as they apply to a set of services in the services portfolio and not
just a single service. From aspect-oriented software development literature, we refer to
these crosscutting concerns represented by the policy domains as aspects. We group
these aspects as technical, service-level or domain-level (business) aspects. It is important
to identify these aspects early in the life-cycle of service development and define their
vocabulary in order to use them in service policies.

5.3.1 Policy Domain Aspect Catalog

Becasue the technical, service-level and domain-level aspects are reusable assets in
services development, it is important to document and catalog these aspects. Notably,
this catalog of aspects is extensible and could be extended to create additional aspects
either by extending existing aspects or by adding new aspects. We have defined a
standard schema (table 5.1) to document aspects.

Name of Concern | The name of the concern addressed by the
aspect

Type of Aspect Denotes the aspect type

Related Aspects | Denotes related aspects for this aspect

Context Denotes the context for this aspect

Rationale & | Provides a brief description of the aspect and
Discussion its application

Quantification Denotes applicability of the aspect. It could be:

1. List of services in the services portfolio

2. Select services, interfaces, operations or
interaction points (end-points)

3. Ownership Domains
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Vocabulary Vocabulary defines a set of vocabulary items
and their applicable values

Vocabulary Items | Type Applicable Values
Domain terms to | Type of vocabulary | Acceptable values for
describe the | item the vocabulary item
aspect

Table 5.1: Standard Schema for Documenting and Cataloging Aspects

We believe this would facilitate better communication among stakeholders during early-
stage design and development activities. A formal definition of this schema is done using
XML-Schema (aspect.xsd). A pictorial XML-Schema is presented in fig 5.4.

[E] ConcernName : string

[E] TypeOfaspect: AspectType

a [E] RelatedAspect: AspectType
[E] AspectDescription +f3 | [E] Contest : text

[E] RationaleAndDiscussion: text

[E] guantification : test

[E] vocabulary : anyType

Fig 5.4: A XML-Schema (pictorial representation) for Documenting Aspects

In the remainder of this section, we present the top-level technical, service-level and
domain-level aspects we have identified. An important point to note is that the
vocabulary for these aspects would evolve and standardize over a period of time. Existing
ontologies could also be used to standardize the vocabulary.
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Technical Aspects

Technical aspects address infrastructural and messaging concerns such as security, trust
and transactions. These aspects must be conveyed though service policies to enable
secure trusted and reliable conversation between the service provider and the consumer.
Fig 5.5 presents the top-level technical aspects we have identified - Security, Trust,
Reliable Messaging and Transactions.

[ Technical Aspects ]

[ Security ] [ Reliable Messaging ][ Transactions ] [ Trust ]

Fig 5.5: Technical Aspects

Security: Security deals with message level security between the service provider and
consumer thereby guaranteeing a secure conversation. Security mainly involves end-to-
end message integrity, message confidentiality and authentication. As an example, we use
the catalog schema to document the security aspect (see Table 5.2).

Trust: Trust is closely related to security. In the context of a secure conversation, trust
determines the reliability and integrity of the service consumer from the perspective of
the provider or vice-versa. In order to prove integrity, the consumer requests a token
from a trusted third-party (e.g. Kerberos token from a Kerberos Token Distribution
Center) and sends this to the provider to establish it’s identify.

Reliable Messaging: Reliable messaging deals with end-to-end reliable and guaranteed
delivery of messages between a service provider and a consumer.

Transactions: Transactions addresses standard transaction mechanisms for short-
duration ACID transactions as well as long-running business transactions.
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Name of Concern

Secure Conversation

Type of Aspect Security
Related Aspects Trust
Context Security addresses secure conversation

between the service provider and the
consumer.

Rationale & Discussion

Security addresses issues such as
authentication, encryption and integrity of
messages between the provider and the
consumer.

Quantification

Externally exposed services needing secure
access

Vocabulary

Vocabulary Terms Type Applicable Values

Username String

PasswordType String Clear Text, Digest

PasswordValue String

IsBinarySecurityTokenRequired Boolean

BinaryEncodingType String Base64, Hex, UU

BinaryEncodingTokenType String Kerberos, X.509
(variants)

BinaryEncodingTokenValue anyType

isDigitalSignatureRequired Boolean

SignatureMethod String

HashMethod String SHA1, MDs5

DigestValue anyType

IsEncryptionRequired Boolean
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EncryptionMethod String DES, TripleDES, PGP

Table 5.2: Technical Aspect — Secure Conversation

Service-Level Aspects

Service-level aspects addresses service concerns such as quality of service, privacy of
service consumers, pricing and availability. It also addresses how to promote the use of
services in the services marketplace. Fig 5.6 describes the top-level service-level aspects
we have identified.

[ Service Privacy ] [ Service Quality ]

( Service-Level Aspects )

| |
[ Service Pricing ] [ Service Availability ][ Service Promotion ]

Fig 5.6: Service-Level Aspects

Service Pricing: Service pricing deals with the price at which a service is offered. It also
deals with price types, payment modes and the charging styles for the use of a service. As
an example, we use the catalog schema to document the pricing aspect (Table 5.3).

Service Availability: Service availability deals with spatial (location) and temporal
availability concerns of a service. It determines the time of the day and the duration for
which the service is available. It also determines the geographical reach (countries,
regions, cities and states) of the service.
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Name of Concern Pricing of a Service Offering

Type of Aspect Service Pricing

Related Aspects Service Promotion

Context A Service offering from a provider could have an

associated cost.

Rationale & Discussion Pricing deals with associating a cost of access
with a service. It involves payment and
settlement. Payment is a concern during access
of a paid service. Payment for a service is
determined by cost of service access, the
charging style and the payment modes.

Quantification Payment is a concern across a set of paid
services.

Vocabulary Terms Type Applicable Values

Pricing Period Validity

Applicable Location Location

Pricing Mechanism String Absolute, Proportional, Dynamic

Price Amount Amount

Price Type String Regular, Tax, Shipping, Commission,
Octroi

Credit Period Duration

Payment Mode String Cheque, Cash, Credit Card, Bank
Transfer

Charging Style String Pay-per-use, Rental, Subscription
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Table 5.3: Service-Level Aspect — Service Pricing

Service Promotion: Service promotion deals with promoting service consumption by
customers and market segments by providing them with discounts and rewards.

Service Privacy: Deals with protecting consumer information and ensuring
confidentiality of the data exchanged between the service consumer and the provider. It
also determines whether the consumer information would be shared with business
partners in case of composite service offerings.

Service Quality: Deals with guaranteeing consumers acceptable and agreed upon quality
of service such as service availability, response time, performance and reliability.

Domain-Level Aspects

Domain-level aspects address business-level concerns such as compliance to legislative as
well as industry regulations, adherence to business rules and following industry
conventions (fig 5.7).

[ Domain-Level Aspects ]

| |
[ Business Rules ] [ Compliance ] [ Conventions ]

[ Regulatory Compliance ] [ Legislative Compliance ]

Fig 5.7: Domain-Level Aspects

Business Rules: Business rules define constraints on the operations, or operational
procedure of a business which influences the behavior of the business. Business rules
could pertain to business calculations, business policies or restrictions.
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Compliance: Compliance addresses issues related to adhering to legislation (rule of the
land) or with regulations set by industry regulatory authorities.

Conventions: Conventions deal with generally accepted practices which have been
followed in a particular business or industry over a period of time.

Domain-Level Aspects Vs Technical & Service-Level Aspects

Flexible Vocabulary: Technical aspects like security and service-level aspects such as
pricing can have a generic vocabulary which could standardize over a period of time or
through standard ontologies. The vocabulary of technical or service-level aspects remains
similar across businesses or industries. However, in the case of domain-level aspects,
though business rules and compliance are broad crosscutting concerns, their specific
vocabulary vary. Consider the example of the Shipping industry - a business like FedEx®
in the shipping business, has to comply with the Bioterorrism Act 2002 - Prior Notice for
food shipments. Meanwhile, the aviation industry would have to comply with Federal
Aviation Act. We note that though compliance remains an aspect across industries, the
vocabulary for compliance is flexible. Due to its flexible vocabulary, domain-level aspects
have to be specifically defined for each business by regulatory and governance (domain)
experts. We define vocabulary for Compliance to Bioterrorism Act 2002 - Prior Notice
(table 5.4) regulation in the Shipping industry. The regulation requires the consumer of

(OP)

the ShippingService Shipltem operation to intimate the FDA (Federal Drug

Administration) with a prior notice for food shipments and use the prior notice

confirmation while using ShipItem ©P.

Restricted Quantification: Quantification deals with the selection of services and other
policy subjects in the services portfolio for applying a Policy i.e. it determines the policy
scope. Unlike, technical and service-level aspects, the domain-level aspects have a limited
quantification i.e. they do not have a broad impact on services in the services portfolio.
Due to the nature of domain-level aspects they apply to specific services e.g. Compliance

to Bioterrorism Act 2002 - Prior Notice applied to ShippingService Shipltem ©”

operation.
Most importantly, the aspects and their vocabulary we identified in this section are more
indicative than prescriptive. They could evolve as per specific business or industry. New

aspects could derive from the existing aspects, or they could be entirely independent.
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Name of Concern Compliance to Bioterrorism Act 2002 - Prior Notice
Regulation

Type of Aspect Bioterorrism Act 2002 - Prior Notice Compliance

Related Aspects Regulatory Compliance

Context Compliance notice to the service consumer while shipping

food exports.

Rationale & | The aspect deals with compliance to the Bioterrorism Act
Discussion 2002 - Prior Notice which requires the consumer to use a
prior notice confirmation number to ship food exports.

Quantification SHIPPINGSERVICE Shipltem©”) Operation

Vocabulary

Vocabulary Terms Type Applicable Values

IsPriorNoticeRequired Boolean

PriorNoticeConfirmationNumber | String

Table 5.4: Domain-Level Aspect — Compliance to Bioterrorism Act 2002 (Prior Notice)

5.4 Modeling the SHIPPINGSERVICE Scenario

We use a fictitious SHIPPINGSERVICE offered by FedEx® to explain the use of our service
policy view. The service represents an underlying capability of shipping an item from one
place to another. The SHIPPINGSERVICE defines a ShipItem "

shipping a package. In addition to this, there could be other operations (fig 5.8) such as
(OP)

operation which supports

Get Rates and Transit Times"’ - an operation which provides rates and transit times

between two locations and Schedule Pick-up©”

- an operation which supports pick-up of
items from consumer’s location. In addition, FedEx® also offers the TRACKINGSERVICE

which supports tracking a shipment through its Track Shipment°” operation.
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________________ " Ownership Domain)
® Ship Item ® Track Shipment F;dEBxE s
@ Schedule Pick-up

i
i
i
i
1
1
® Get Fates & Transit Time '
i
i
i
i
1
1

Shipping Service o Tracking Service

Fig 5.8: FedEx® Ownership Domain and the Services

The service capability view (fig 5.9) provides a functional view of the ShippingService. By
applying a WSDL 2.0 transformation (from Appendix I) on the service capability view, the
abstract service description could be obtained (fig 5.10).

=2lervice=s
ShippingService

-name : dtring = Shup [tem
-1sExtensible : Boolean = false

-reahmedDescnption

“eServiceDescription-= ==lerviceClassification==
i : T -classification
ShippingService Descripton ShippingClassification
-description : Strng = Shipping an [tem
-mnterface
==Massage=>=
==lermcelnterface=> ShiphtemBeguest
ShippingServiceInterface “massazeLabel : Strinz = in
-companyame ; Muang
-ShipFrom : AddressType ==dataType==
. -ShipTo : &ddressType AddrezsType
-mpportedOperation -TotalPackazeWeaight : Integer Siri
-ShipmentType © St -HATHE SRS
==dervicellperation== -dec?ared‘fa.bi?: ﬂﬂartmg -E‘l::.b:h:lgs:tlr_lteger
ShipIte -Street : Stung
hipliem ~City : String
-messageExchangePattemn : TRI = woarar a2 orgharsdlin-cnat -itate : Stryng
1. -PostalCode ; String
-Phone : Strng
==Messagze==
ShipltemResponse

-messagelabel ; String = ont
-InvoiceFumber : String
-Eeferencelumber : String

Fig 5.9: SHIPPINGSERVICE — Service Capability View
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Below, we define an example pricing policy which is later applied to the ShipItem©”

service operation. The domain experts use the service policy metamodel to independently

(OP)

define the pricing policy and associate it with the Shipltem"™ "’ policy subject. Defining

the pricing policy inolves firstly defining the pricing domain vocabulary, secondly

defining the alternatives by constraining the pricing vocabulary items and finally applying

(OP)

the policy on the Shipltem" "’ operation.

Pricing Policy: Every customer could be a subscription customer or a regular customer.
Subscription customers pay a propotional price based on their use. Reqular customers pay
an absolute price per service access.

- «description xmins="http: f fwwwwe.w3.orgfns fvesdl” =mins:tns="http: / f service.fictitious.com f shipping ffedex”
targetMamespace="http: f fservice.fictitious.com/shipping/fedex">
<documentation=Fictitious FedEx Shipping Service</documentations
- <typess

- «xsd:schema =mins:soap="http: f fschemas.xmlsoap.org/wsdlfsoap/"
smins:ssd="http: f fwww.w3.0rgf 2001/ XMLSchema" zmins:wsdl="http: f fschemas.xmlsoap.orgfwsdl/"
elementFormDefault="qualified" targetfamespace="http: f fservice fictitious.com/shipping ffedex">

- «usdelement name="AddressType"=

+ oxsdicomplesTypes
<fusd:elements
- «xsdelement name="ShipItemRequest >
- «wrsdicomplexTypes
- «xsdisequences

<wsdielement minOeocurs="1" maxOcours="1" name="CompanyName" type="wsd:string" />
<wsdielement minOccurs="1" maxOccurs="1" name="ShipFrom" type="tns: AddressType" />
<wsdielement minOocurs="1" maxOcours="1" name="ShipTo" type="tns: AddressType" /=
<wsdielement minOccurs="1" maxOccurs="1" name="TotalPackageWeight" type="xsd:integer" />
<wsdielement minOccurs="1" maxOccurs="1" name="ShipmentType" type="xsd:string" />
<wsdielement minOeocurs="1" maxOcours="1" name="Declared¥alue" type="xsd:float" /=

<fusd:sequences
<fusdicomplexTypes
<fusd:elements
- «usd:element name="ShipItemResponse">
- oxsdicomplesTypes
- <xsdiseqUENCES
<wsdielement minOocurs="0" max0cours="1" name="InvoiceNumber" type="xsd:string" />
<wsdielement minOccurs="0" maxOccurs="1" name="Reference Number" type="xsd:string" /=
<fusd:sequence=
<fusd complexTypes
<fusd:elements
< fusdischemas
< ftypess
- «interface name="shippingServiceInterface"=
- <operation name="ShipItem" pattern="http: f/ fvswwr.w3.orgfnsfwsdlfin-out' =
<documentation=Ship Item Operation</docurmentations
zinput element="tns:ShipIltemRequest" /=
zoutput element="tns: ShipItemResponse" /=
<Jfoperationz
<finterface:

+ <hinding xmins:wsoap="http: / fwsww.w3.orgfns/wsdl/soap” name="ShippingServiceEndpoint"
interface="tns:ShippingServicelnterface" type="http: f fvwww.w3.org/nsfwsdlfsoap” wsoap:version="1.2"
wzoap:protocol="http: f fvewrw.w3.0rg /200601 fsoapll/bindings fHTTR/ ">

+ «saervice name="ShippingService" interface="tns:ShippingServiceInterface '

< fdescription:

Fig 5.10: WSDL 2.0 Snippet for abstract definition of the SHIPPINGSERVICE
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Step I: Defining the Service Pricing Policy Domain

The first step for the pricing expert (domain expert) is to define the domain vocabulary
for the service pricing domain (fig 5.11) if it is not done previously. The domain vocabulary
is defined using visual models using the Service Policy View.

e Tomablare T ter= {d‘fncab'lﬂ,.az}rltembb dde;unlf:.e:;tmnhb
ChargingSiyle Price elype
-premghlachanism : PrcingMechanism regular
giY'P'.Er?SE -prceType : PriceType ootrol
SCHphON -arnount ; float taxes
-murrency_ode @ Mtung shipping
COTMILFSI00
==ermmeration== surcharze
PricingMechanism
1 P ==PolicyDomains=»=
yhanicPrice ‘.
absohitePrice FPricing
proportionalPrice -name : Mring = Preing
-namespacelTRT : TTEI = hitp ffanarar fictiticns comfpricing

0 !

== Vooablareltem== ==dataType== ==Vooabularyltem==
ApplicableLocation CreditPeriod ApplicablePeriod
-oountry ; dtang -duaration : Daration -startDateTime : DateTimme
-state : Styng -endDateTime : DateTime
ity ; btring -duaration : Daration
-region : String ==dataType== ==dataType==

DateTime Duration

Fig 5.11: Vocabulary Definition - Pricing

Step II: Defining the Pricing Policy

After modeling the pricing vocabulary, the pricing policy has to be modeled by the
domain experts. Fig 5.12, shows the pricing policy modeled using our services policy

metamodel.
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Step III: Quantification - Applying the Pricing Policy to ShipItem©?

Once the pricing policy id modeled, it has to be applied to the ShipItem“? operation (fig
5.13) — a policy subject.

==ChamarshipDomain==
Fedex

-namespaceTRT | TEI = http Jifietitions fadex comisetrrices
-name : Mring = FedEx Shipping

-policyChamer
<<Poshu.c:£1t:=_-r:it1ve>b =<ServicePolicy=> <=:Po]_u:1;:lltemat1ve>>
scripton PricingPolicy gular
-namie : dtrng = Subscription Pricing Model -name : String = Begilar Pricing Maodel
==Palicydssertion== { creditPeriod Duration «<=P1M} ==dataType==
SubseriptionCreditPeriod | — _ _ _ _ _ _ =) CreditPeriod
-duration : Daration «=Policyhssertion==
=<Polisyhssertinm-= o — RegularChargingStyle =
Subszeription ChargingSiyle o1 ingSiyle & — — -
_ B|pay-pere {chargingStyle EQUTALS 'pay-per-use'}
- - - - - subscription
{;f]fhc’fﬂ;s:ﬂm.w {chanrgingdtyle = ‘sibscription’} ==PolisyAssertiom=>
geriptionPrice RegularPrice
==Vocablaryltam==
i Price P
{priceType EQUALS "Subscriptio -pricingMechanism : PricingMechanism /
prizingMechanism EQUALS 'Propoytional'} _ 'PmETfPE,; PtmeTnJe T - — —
—_— -amount : floa .
- B ey {prceType EQUALS 'Regulay’
cumeneyCods : String pricingiechanism EQUALS "ibschite'}

Fig 5.12: Service Pricing Policy Model

PolicySuhject
{Service Metamodel :: Policy Metamodel)

T

==lerriceCperation=»= ==lervicePolicy==
Shapliem -appliedPolicy PricingPolicy
-messageExchangePattern : TR = wanar w3 orgharsdlin-cat

Fig 5.13: Service Pricing Policy Model
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5.5 Models to Executable Specifications

Once the domain experts model the policies using our service policy view, these policy

models have to be converted to appropriate interoperable standards. The policies should

also be incorporated into service descriptions.

For the SHIPPINGSERVICE, the service capability model (in fig 5.9) captured the underlying

capability on offer. The capability model was then converted to a standard WSDL 2.0

service description (in fig 5.10). In a similar manner, the policies described using our

service policy models have to be transformed to appropriate industry accepted

interoperable standards. Since there are multiple and sometimes competing standards,

we look at different standards available in each of layers of the generic policy model (table

5.5).

Generic Policy Model Layer

Specifications

Vocabulary Specification

- XML Schema [126]

- Web Ontology Language (OWL) [127] to support
specification of domain ontologies

Constraint Specification

- Domain Dependent Specification: Domain
specific assertions using WS-SecurityPolicy, WS-
Trust, WS-ReliableMessagingPolicy [128].

- Domain Independent Specification: Domain

independent assertions using WS-
PolicyConstraints [129], XACML [130].
Policy Specification - WS-Policy

- Web Service Policy Language (WSPL) [131]

Binding Specification

- WS-PolicyAttachment

Table 5.5: Standards Relevant to Generic Policy Model Layers
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Technically, the policy models created using our service policy metamodel could be
transformed to any of these specifications using MOF2 Models to Text Transformation
Language (MTL) standard mappings (or any other mapping language). But we have made
certain choices about the standards we would use for our standard transformations.
These choices are based on two considerations - current industry adoption and support
for generic processing of policies.

Based on industry adoption we choose WS-Policy specification to specify policies. WS-
Policy specification has a solid industry backing and is a mature W3C recommendation
now. SOA vendors also support policies defined using WS-Policy in their middleware
software. Having chosen WS-Policy, choosing WS-Policy Attachment was an obvious
option for binding specification. For vocabulary specification and constraint specification:
Domain-dependent constraint specification languages like WS-Security policy (security
domain) and WS-ReliableMessagingPolicy (reliable messaging domain) have matured
and evolved with WS-Policy. They provide standard semantics and constraints to specify
security and reliable messaging capability. However, we choose a domain-independent
constraint specification language - WS-PolicyConstraints. WS-PolicyConstraints help to
specify domain-independent generic constraints using XACML-based functions. We
choose the nascent WS-PolicyConstraints over the much adopted domain-dependent
constraint languages for the following reason:

e Absence of existing assertion languages to specify domain-specific assertions for
service-level aspects such as availability, pricing, promotions as well as domain-
specific aspects.

e To provide flexibility in rich vocabulary specification for service-level and domain-
level aspects across industries and businesses. Domain-dependent assertion
languages have currently restricted vocabulary to improve interoperability.

e Advantage of using a common generic policy handling logic for parsing policies in
the SOA middleware instead of having multiple policy handlers.

We have developed a MTL transformation to transform the model developed using the
service policy metamodel to preferred specifications (XML Schema, WS-PolicyConstraints,

WS-Policy and WS-PolicyAttachment) (fig. 5.14). The Normal Form of WS-Policy is
chosen for the transformation.
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5.5.1 Transforming the Pricing Policy Model

< Model to Temxt Language Transformation

< Service Policy Metamodel to WS-FPolicy Hormal Form
Mtext—-explicit

[template public MHodelToWSPolicySpec (policy @ SerwvicePolicy) ]

<w=p:Policy
Emnlns:wsp="http: “www. w3 org-n=<ws-policy"
Emnlns: gacml="urn oas=i= namnes:tc:xacml:1l.0:policy"

Emnlns:wspc= "http:-~rressesrch.=sun. com-ns-ws—policyconstraints"
Emnlns:wsu="http: - docs. caziz—open . org-wssecurity—utility-1. 0. x=sd"
w=u:Id = '[policy . name]’ >

¢wap: Exact lvCne:

[For (alternative:Policyhlternative | policy.alternatives) ]
<w=p:Allx
[For (assertion:PolicyvAssertion | alternative.assertions) ]
[AzsertionToWSPolicyConstraint (assertion) )
[~For]
owsEprAlls
[#For]
¢wap: Exact lvCne:
<wep:Policy:
[“tenplate]

SsTranzform Assertion to WS-PolicvConstraint
Mtext—-explicit
[template public AssertionToWSPolicyConstraint (assertion: Policyvissertion)]
¢weps: Apply FunctionId = "&function; [assertion.operator]”:
<wspc: Fesourcedttributelesignator
Attributeld = "[assertion.constrainedElement name]"
DataTvpe = "[azzertion.constrainedElemnent  type]"
(wspcAttributeValue DataType = &type: [assertion.specification. type]:
[az=ertion.specification. stringValus( )]
<suspocAttributeValue s
owsEps Applys
[“template]

Fig 5.14: MTL Transformation (Service Policy Metamodel to Specifications)

We apply our standard MTL transformation to the pricing policy model. The pricing
vocabulary we defined is converted to XML Schema using standard XML mappings (fig
5.15).
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=7xml version="1.0" encoding="utf-8" 7=
- <xs:schema xmins="http: / /www fictitious.com/servicepricing” elementFormDefault="qualified"
targetNamespace="http:/ fwww fictitious.com/servicepricing”
xmins:xs="http:/ fwww.w3.0rg/2001/XMLSchema” >
<xs5:include schemalLocation="Common.xsd" />
- «x5:element name="Pricing" >
- <xs:complexTypes
- <¥X5 sequence:
<xsielement xmins:ql="www.fictitious.com” name="ApplicablePeriod”
type="gl1:Validity" />
<xs:element xmins:g2="www.fictitious.com” name="ApplicableLocation”
type="g2:Location” />
<xs:element name="CreditPeriod” type="xs:duration” /=
- <xs:element xmins: q3="www.fictitious.com” name="Price"
- <xs.complexTypes
- <X5:sequence:
- =x5:element name="PricingMechanism" >
+ <xs:simpleType=
</x5 elements
- =x5:element name="PriceType" =
+ <xs:simpleType=
<fxs element:
<xs element name="Amount” type="xs:float"” /=
z¥5:element name="CurrencyCode" type="xs:string" /=
<f¥sisequence:
<fws.complexTypes
<fxselement:
- «xs5:element name="ChargingStyle" =
- <xs:simpleType=
- <xsirestriction base="xs:string" >
<¥s enumeration value="pay-per-use” />
<xs5:enumeration value="subscription” /=
<fxsrestriction:
<fws simpleType:s
<fxs:element:
<f¥s:5equence:s
<fwsicomplexTypes
(x5 element
=fws:schemas

Fig 5.15: Pricing Vocabulary XML Schema

The pricing model is transformed to WS-Policy with the policy constraints being
expressed in WS-PolicyConstraints (fig 5.16) and the pricing policy is attached to the
ShipItem ©P

Enforcement Handler) is optionally generated and added in the SOA middleware to

using WS-PolicyAttachment (fig 5.17). A pricing policy handler (a Policy

handle pricing policies (more on this in the next section).
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<wsp:Policy w=u:Id = "ServicePricingPolicy":»
<wep: ExactlyOne:
{|— Policy Alternatiwve: Subscription Customers ——:3»
{wsp: Alls

¢Apply Functionld="é&wspc:function:is—less—than—or—-equal”:
cAttributeValue DataType="&x=d . duration” »PlH< AttributeValues>
{RezourceAttributelesighator Attributeld="creditPeriocd” DataType="&z=dduration":
CrApply s

<Apply Functionld="&wspc:function:equals">
¢AttributeValue DataType="&xsd:=tring” REeqular< AttributeValue:
¢ResourceAttributelesignator Attributeld="pricespricelype" DataType="bzsd.=string"- >
CrApplys

¢Apply FunctionId="&wspo: function:equals">
¢AttributeValue DataType="bxsd.string” »proportional< AttributeValue:
¢ResourceAttributelesignator Attributeld="price-pricinglechanisn" DataTlype="é&=x=d.string". >
(rApplys

¢Apply Functionld="bwspc: function equals":»
¢AttributeValue DataType="&zsd.string" rsubscriptions-AttributeValue:
¢RezourceAttributelesignator Attributeld="chargingStvyle" DataType="&zsd.=string"->
oApplys
{suwsp All:
{wsp All:
{|-— Policvilternative: Regqular Customners ——>
<Applvy Functionld="&wspco:function:equals">
¢AttributeValue DataType="&zsd.string" *Regular< AttributeValue:
¢ResourceAttributelesignator Attributeld="price-priceTlype" DataType="bzsd.string"-»
(rApplys
<Applvy Functionld="&wspco:function:equals">
¢AttributeValue DataType="&zsd.=string" >absolute< AttributeValue:
¢ResourceAttributelesignator Attributeld="price-pricinglechanism" DataType="é&=x=d.string". »
(rApplys
<Applvy Functionld="&wspco:function:equals">
¢AttributeValue DataType="&kzsd.string" »pay—per—use<d AttributeValues:
¢ResourceAttributelesignator Attributeld="chargingStyle" DataType="&=sd.=string"- >
(rApplys
{swzp:All>
{swsp: Exact lyOne»
<swzp. Policy:»

Fig 5.16: Pricing Policy Definition in WS-Policy and WS-PolicyConstraints

<w=p:PolicvAttachment »
{wep:Applie=sTo:
(wza TRI:http:v. .  Finterfacesoperation(ShippingServicelnterface-Shiplten)<-w=za:Address:
< wsp Applie=sTo:r
{wzp:PolicyReference URI="http:. vwwyw. fictitious.conpolicies#ServicePricingPolicy"
< wap:PolicyhAttachment »

Fig 5.17: External Policy Attachment using WS-PolicyAttachment
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5.6 Policy Enforcement at the SOA Middleware

Once the policies are modeled and associated to the policy subjects, the service
descriptions are enhanced with policy information. Now these policies have to be
enforced in the SOA middleware. The most important criterion for policy enforcement is
that it has to be unintrusive. We use an active SOAP intermediary - the Policy
Enforcement Point intermediary (PEP) Intermediary (fig 5.18). The PEP intermediary
works on the SOAP headers associated with service policies. We use Apache Axis 2.0 [132]
(herein Axis2) SOAP engine as our PEP SOAP intermediary. We take advantage of the
extensible SOAP processing model of Axisz.

SOAP
Massare

Semvice | e + PEP Intermediary | """ """ + Service Provider Role:
' > - —_— ; :
CD:I?UTHEH (Role: (Role: Ultimate Receiver)
' PolicyEnforcement

Fig 5.18: Unintrusive Policy Enforcement using PEP Intermediary

Inside the PEP intermediary (fig 5.19), we have a Generic Handler (an XACML policy
processor) to handle all service policies - an advantage of using the domain-independent
WS-PolicyConstraints. However, if we need application specific programming logic to
handle special policy enforcement for certain policy domains, we could optionally choose
to have an exclusive Policy Enforcement Handler (PE Handler). The generic handler and
the optional PE handlers are part of a user-defined Policy Enforcement Phase (PE Phase).
As soon as a new instance of a policy domain is added in the policy model, a
corresponding policy enforcement handler is optionally generated and automatically
added to the end of the PE phase. The SOAP headers representing different aspects such
as security, pricing etc. have the role http://fictitious.com/role/policyEnforcement and

the PE intermediary which plays the policy enforcement role must understand and
process these headers.
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-

----------- - S0AP Engine

I |
{ Transport i | 2 i PreDispatch |#e | Dispatch

PE Phaze (Uszer-defined phasze)

PEP Intenme diar}\

— ey —y——

- - -

_______________________________________________________ -

Fig 5.19: Inside the PEP Intermediary

- «soap:Envelope xmins:soap="http:/ /www.w3.o0rg/2003/05/soap-envelope”
soap:encodingStyle="http:/ /www.w3.0rg/2001 /12 /soap-encoding =

- «soap:Header>
- «5:5ecurity ¥mlns:s="http:/ /fictitious.com/security”

soap:role="http:/ ffictitious.com/role/policyEnforcement” soap:mustUnderstand="true" =

<s:Username=eBayUser_ 10312 «</s:Username:
<s:PasswordType=Clear Text</s:PasswordType:
<5:Passwordvalue>eBay@!456</s:PasswordValue:
</5:Security
- «p:Pricing xmins:p="http: / ffictitious.com/servicepricing”

soap:role="http: [ ffictitious.com/role/policyEnforcement” soap:mustUnderstand="true" >

- «p:Price:
<p:priceType=regular</p priceType:s
</p:Pricex=
<p:chargingstyle =subscription</p.chargingStyle:
</p:Pricingz
<{soap:Headers
<soap:Body>..</soap:Body x>
<{soap:Envelope:

Fig 5.20: Sample SOAP Request for the Shipltem(op) Operation

message is then handled by Pricing Handler.

Once the policy enforcement is done, the SOAP messages are routed to the ultimate
Fig 5.20 presents a sample SOAP request for the
ShipItem " operation (the SOAP body is not presented for brevity). The header element
Service Pricing would be interpreted by the PEP intermediary based on the role. The
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5.7 Related Work

Model-driven approaches to developing webservices [104-106] are increasingly getting
popular. OMG realized the need to standardize model-driven services development - the
result - RFP (request for proposal) UML Profile and Metamodel for Services (UPMS) [133],
hereon RFP UPMS. However, the RFP UPMS does not address Service Policies; the focus
is on Services Modeling - capability and contract modeling. The OASIS SOA Reference
Model (SOA-RM) [32] and the WS-Arch [94] (Webservices Architecture) describe service
policies in detail. Our approach complies with the SOA-RM. In our approach, we consider
all aspects of service policy modeling by addressing the 4-layers of the generic policy
model.

A close related work - Ortiz et al.’s [134] work on modeling extra-functional properties
deals with modeling services based on the Service-Component Architecture (SCA) and
defining extra-functional properties. They have developed a UML Profile for SCA and to
model extra-functional properties [135]. However the focus of their approach is not on
independent policy development - by describing alternatives and constraints - instead
the focus is on defining extra-functional properties at the modeling level and representing
it using WS-Policy. Policy enforcement implementations are based on aspect-oriented
techniques [136]. Moreover, the aspects dealt (e.g. logging) are more technical in nature;
in comparison our approach addresses technical, service-level and domain-level aspects.
Also Ortiz et al.’s approach does not address vocabulary specification for policy domains
and constraint specification.

With respect to vocabulary specification, O’Sullivan has done extensive work on non-
functional properties in service descriptions; he has also produced concrete XML syntax
of service properties [137], which could be reused as vocabularies. Also ontologies such as
QoSOnt [138] (an ontology for QoS) could be reused to describe policy vocabulary.

With respect to policy enforcement implementations, we use a SOAP intermediary to
handle policy enforcements. However, there are variety of approaches [139, 140]
(including Ortiz et al’s) using aspect-oriented programming techniques to handle
crosscutting aspects like service management and adaptability. Our approach could
complement those approaches and provide means to identify aspects and aid in the entire
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life-cycle of service policy development. Later, we could enhance our approach to support
AOP-based quantification.

5.8 Summary

In this chapter we addressed broad-based independent service policy development using
our service policy view and the policy metamodel. We addressed service policy
development in the early-stage services development based on the generic policy
framework. We also addressed different levels of policy aspects - technical, service-level
and domain-level aspects and vocabulary associated with these aspects. We presented an
aspect catalog to define aspects related to policy domains. We demonstrated our policy
modeling approach using the SHIPPINGSERVICE and a service pricing policy example. We
also explained policy enforcement using the PEP intermediary.
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Chapter 6

Service Flavors Strategy

Differentiating Services in a Services Marketplace

In a services marketplace where a service is provided by multiple service providers,
service offerings have to be differentiated against competitor services. Differentiation
helps to sustain as well as grow market share. Strategies to differentiate service offerings
have to be unintrusive - without requiring major changes to the existing service
realization mechanisms. In order to unintrusively differentiate services, we need a
differentiation strategy — a method to identify and document differentiating aspects of a
service and manipulate them to differentiate services from that of competition.

6.1 Need for Service Differentiation

In the context of a services marketplace, a service can be a commoditized service, a
specialized service or a monopolistic service based on the number of service providers
providing that service. Monopolized services are provided by a single service provider (e.g.
eGovernance services provided by the Government). Specialized services are provided by
very few service providers in the services marketplace (e.g. payroll & benefits services).
On the contrary, commoditized services are always provided by multiple competing
service providers in a services marketplace. For example, consider the SHIPPINGSERVICE in
the context of an e-marketplace such as eBay® provided by multiple providers such as
UPS®, USPS®, DHL®, OverniteExpress® and FedEx®. More often than not, the underlying
capabilities represented by competing commoditized services remain the same.
Additionally, competing services may even have standardized (open standards-compliant)
messages and interfaces. Standardization leads to business layer interoperability, efforts
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such as Universal Business Language (UBL) [141], ebXML [142], RosettaNet [143] and
UN/CEFACT address business layer interoperability [144]. The standardization of these
competing services is a result of market compulsions or regulatory compliance
requirements (in case of HL7 [145] and SWIFT [146]). For customers, standardization
supports easy migration from one provider to another. However, standardization takes
away provider lock-in advantages for service providers. As a result, every service provider
is faced with the dilemma of balancing standardization and differentiation of their service
offerings. Given that standardization is a necessity, service providers of commoditized
services are pressed with the challenge to differentiate their service offerings from that of
the competition in order to sustain as well as grow market share. However, in case of the
monopolistic and specialized services, the need to differentiate is not as much as the need
to differentiate commoditized services. Differentiation of commoditized services is
possible by providing competitive and differentiated offerings [147,148]. A service
development and delivery platform must support service providers in creating both
competitive and targeted offerings of their services.

Competitive Offerings: Given the functionality of the services are the same (due to
market enforced standardization), differentiation of commoditized services is often done
through competitive pricing, promotions, enhancing the reach of service offerings and
improving quality of service. By understanding the differentiating aspects among
competing services and manipulating these aspects competitively we can create
competitive offerings. Ideally, it is done by making the terms of offer of a service
attractive for a consumer.

Targeted Offerings: Creating discrete variations of services specially targeted towards a
market segment or a customer niche. These discrete service variations —Service Flavors, as
we call it - are created through customizing differentiating aspects and making the
service attractive to the consumer.
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6.2 Flavoring Aspects: Differentiating Aspects of
a Service

Before attempting to differentiate a commodity service, it is important to understand the
changing parts in a service description across service offerings. By understanding the
changing parts that influence a consumer’s decision to choose a service offering, we could
identify differentiating aspects of a service that help in differentiating it against
competing services. As we discussed earlier, every service represents an underlying
capability on-offer offered under specific terms and conditions - the terms of offer. The
capability on-offer satisfies the goal of a consumer under the constraints of the terms of
offer. Terms of offer — aspects such as cost, discounts, availability, quality of service,
convenience of use, and packaging - could be represented as service properties. Most
often, the capability on-offer represents the functional aspects, whereas the terms of offer
represent the non-functional aspects of a service. A service description must describe
both the capability on-offer as well as the terms of offer for automatic selection and
consumption of a service.

In case of our commodity SHIPPINGSERVICE, the underlying capability is to ship items from
one place to another. Given that the capability on-offer is the same across competing
services in a services marketplace, how does a service provider differentiate his shipping
service from that of the competition? On what basis does a service consumer choose a
particular shipping service? Consider the examples of a websites such as
www.redroller.com and iShip™ that compare the shipping services provided by various

providers such as USPS®, DHL® and OverniteExpress®. It is interesting to note the terms
at which these services are compared - delivery date (quality of service) and shipping rates
(price). Therefore, given that the capability on-offer is the same, consumers would choose
a particular service based on attractiveness of the terms of offer. Certain aspects of the
terms of offer which could make service offerings attractive to consumers would become
differentiating aspects.

Competitive offerings could be created by appropriately varying these differentiating
aspects and attractively positioning services to consumers. Targeted offerings could be
created by offering the same capability on-offer under different terms of offer (fig 6.1).
Each targeted offering represents a discrete variation of a service or a Service Flavor. Since
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the differentiating aspects are used in service flavoring, they are also called Flavoring
Aspects. Some of our domain-level, technical or service-level aspects, we identified in the
previous chapter could be flavoring aspects. The important criteria to determine if an
aspect is a flavoring aspect or not is to answer this question - ‘would the aspect make the
terms of offer attractive to the consumer and differentiate the service offering from that
of competition? We call this the attractiveness of terms of offer criteria. There are other
aspects such as service reputation, market perception and service rating by rating
agencies which also significantly impact the choice of a service by a consumer. However,
we do not address them as they are not under the direct and explicit influence of the
service provider - though they are implicitly addresses by other aspects.

Service Flavors
(same capability offered under different terms of

________

1 1
Service ! - !
1 1
1 1

________

- Capability on- Offer E______j Terms of Offer

Fig 6.1: Service Flavors - Targeted Offerings

It is important to identify differentiating aspects during early-stage design of services and
provide a way to alter them appropriately and unintrusively to support differentiation of
services. Some of the non-functional aspects we identified in the Chapter 5 could ideally
be differentiating flavoring aspects - i.e. they would satisfy the attractiveness of terms of
offer criteria. A case in point is the service pricing and promotions aspects. By attractively
pricing and promoting service offerings, service providers can effectively differentiate
their service offerings thereby gaining market share. In this chapter, we use service
pricing and service promotion as examples of flavoring aspects to explain our flavoring
strategy. We documented the service-level service pricing flavoring aspect in the previous
chapter using our standard schema. Similarly, we also document service promotion in
table 6.1.
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Name of Concern Service Promotion

Type of Aspect Promotion

Related Aspects Discounts & Rewards

Context A Service provider would promote his

service by offering discounts and
rewards to service consumers.

Rationale & Discussion Promotion is a concern which deals
with promoting the use of a service
offering among service consumers.
Promotion schemes could provide
discounts on using the service, waive
cost for a fixed time-period or offer
reward points which could be

redeemed.
foopls ]
Vocabulary Terms Type Applicable Values
Promotion Period Validity
Applicable Location Location
Reward Type String Reward Points, Coupons
Reward Value Integer
Discount Percent Integer
Discount Value Float

Table 6.1: Service Promotion — A Flavoring Service-Level Aspect

We model the service promotion vocabulary (fig 6.2) and we also show the corresponding
XML schema generated using the standard XML mapping (fig 6.3).
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==Vocahlaryltem==
Dizcount

-discountPercent : Integer
-diseomnt Vahie © float

==2PohecyDomams==
Promwotions

-nare ; tring = Promotions
-namespacalTEI : TEI = hitp/fictitions com/promotions

==Vocablaryltem==

Applicablelocation ==Vocsbuluayltem==

-country : Stnng ==emnneration== ==Waocabnlaryltem=> ApplicahlePeriod

-state : Stri Reoward Reward

-eity Strinm.-:;g Type -startDateTime : DateTime

-region : Mtring Fevrard Points -rewardType | BewardType -EﬂﬂDﬁtETm : ]_:'atETJ-mE
Coupons -revrardVahe : Integer -duration : Dharation

Fig 6.2: Vocabulary Definition — Promotions

6.2.1Note on Vocabulary Items for Flavoring Aspects

The vocabulary items associated with the flavoring aspects have to standardize across
service providers offering a particular service in a specific domain. The standardization
leads to accurate comparison of the terms of offer across service offerings. The
standardization of vocabulary in an industry or domain could happen through consensus
or evolution. For example the shippingCost and deliveryTime are now standardized
vocabulary items in the package shipping industry. Another efficient way of achieving
consensus on vocabulary in a particular domain could be through domain ontologies
[149]. For example, QoSOnt [138] - ontology for quality of service for service-centric
systems could be used as a vocabulary for the service quality aspect. Vocabulary items are
different in different industries and businesses. For example, promotions in the shipping
& logistics domain could be based on reward points, but in the aviation domain,
promotions are based on accumulated flyer miles. For this reason, the vocabulary items
we defined for service pricing and promotion are more prescriptive than indicative and
hence could be extended or replaced completely.
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<?xml version="1.0" encoding="utf-8" 7>
- <xs:5chema xmins="www.fictitious.org" elementFormDefault="qualified" xmins:xs="http:/ /www.w3.org/ 2001 /XMLSchema">
<xs:include schemalLocation="Common.xsd" /=
- <xs:element name="ServicePromotion">
- <xs:complexType=
- <X5i5equences
<xs:element name="PromotionPeriod" type="Validity" />
<xs:element name="ApplicableLocation" type="Location" />
- «<xs:element minOccurs="0" maxOccurs="unbounded" name="Reward">
- <xsicomplexTypes=
- «xs:sequence:
- «xs:element name="RewardType">
- <xs:simpleType=
- «<xs:restriction base="xs:string">
<xs:enumeration value="RewardPoints" /=
<xs:enumeration value="Coupons" />
</xs:restriction=
</xs:simpleTypez=
</%s:elements
<xs:element name="RewardValue" type="xs:integer" /=
Z/xs:sequence
</xs:complexType=>
</%5:elements
- «xs:element minOccurs="0" maxOccurs="unbounded" name="Discount"=
- =xs:complexType=
- <¥Sisequence
<x5:element name="DiscountPercent" type="xs:positiveInteger" />
<xs5:element name="DiscountValue" type="xs:float" />
=/xs:sequencez=
</us:complexType=
<fxs:element=
</¥s5:58qUENCE>
</xs:complexType=
</xs:element=
<{xs:schemaz=

Fig: 6.3 Promotions Vocabulary - XML Schema

6.3 Differentiating Services with Service Flavors

Consider the example of a targeted offering of the SHIPPINGSERVICE - Subscription
Service Flavor targeting a customer niche, subscription customers. The subscription
service flavor supports the business strategy of attracting more subscription customers in
order to have predictability in revenues. The strategy to attract subscription customers is
by offering them a one-month credit period. The subscription service flavor adheres to
the following Subscription Pricing policy:

“The service provider of the fictitious ShippingService provides a one-month credit period for
its subscription customers.”
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==lervice=s
==lervicePolicy== ) ) ShippingService
SubscriptionPricingPolicy [c2ppledPolioy

-name : dtring = Shp Item
-isExtensible : Boolean = false

==Paolicyiltarmatives=
Subzcripton

1 chargingityle = 'Subscription’,
creditPeriod Duration == P1M}

-name ; dtng = Mabserption Prcing Model

Fig 6.4: Subscription Pricing Policy

On using our standard transformation, the creditPeriod and the chargingStyle vocabulary
items of the pricing policy domain is constrained. Fig 6.5 provides a WS-PolicyConstraint
representation of the creditPeriod. In fig 6.6, the SHIPPINGSERVICE WSDLz2.0o description is
enhanced with the subscription pricing policy.

<AppTy
FunctionId="&wspc;function:is-less-than-or-equal">
<attributevalue
DataType="&xsd; duration"”>PlM< attributevalues
<ResourceAttributebesignator
attributeld="creditPeriod"
DataType="&xsd;duration”/ >

< /app Ty

Fig 6.5: WS-PolicyConstraints on creditPeriod vocabulary item

The subscription service flavor is created by offering the SHIPPINGSERVICE with different
terms of offer for the subscription customers. The subscription pricing policy is specified
with a single alternative which has domain-independent assertions on vocabulary item
creditPeriod and chargingStyle specified using WS-PolicyConstraints. The policy is
intrinsically referenced in the <service/> using the WS-Policy Attachment’s <wsp: Policy
Reference />. The enhanced service description describes the targeted offering -
Subscription Service Flavor for the subscription customers (market segment).
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¢description Emln=="http: wuw wl org n=-wsdl"
Emlns: tne="http. rgervice fictitious. con-shipping-fedex"
#Zhilns :®=="http: ~~wyw vl org - 2001-XMLSchemna"
Emln=: wsp="http: »wyy wl org-ns-ws—policy"
Emln= macml="urn ca=zi= namnes:tc:xacml:1l. 0. policy"
¥mlns . wespc= "http. - ressarch.sun.comn ns-ve—policyconstraints"
¥mlns: wsu="http: - docs . nasis-open.org-wss-2004-01 - 0asis—200401-wss—waesecurity—utility-1 .0 ==d"
targetHamespace="http ~“service. fictitious. consshipping-fedex"»

{documentation:Fictitious FedEx Shipping Serviced docunentation:
<types: ... LStvpesy
<wsp:Policy wsu: Id="SunscriptionPricingPolicy":
cw=p:Exact lyOne »
(wep:All:

<Apply FunctionId="&wspc:function:is—greater—than—or—-equal”:

<AttributeValue DataType="éx=d duration" >Pl1H¢ AttributeValues:»
<Resourcedttributelesignator Attributeld="creditPeriod" DataTvpe="&xsd . duration" >
< hApply s

<Apply FunctionId="&wspc;function: equal=":

<AttributeValue DataType="&x=sd; string" »Subscriptions<AdttributeValus:
<{ResourceAttributelesignator Attributeld="chargingStyle" DataTlype="é&x=d.string" >
< Apply s

(syspiAlly
</wsp:ExactlyCne:>
< yzp:Policys

¢interface name="ShippingServicelnterface": ... (s interiface:
<hinding: ... < binding:

¢mervice name="ShippingService" interface="tn=:ShippingServicelnterface":
{documentation:Fictitious FedEx Shipping Web Services. (~docunentation:
{endpoint name="ShippingServiceEndpoint” binding="tns:ShippingServiceEndpoint”
addre=ss="http: vservice fictitious. con-shipping-fedex. asmnx"~ >
¢wap:PolicyReference URI="#SubscriptionPricingPolicy" >
{rzervice:
{/description:

Fig 6.5: Subscription Service Flavor

6.3.1 Service Flavors - Customer Context-aware Policies

Segmenting markets and targeting those market segments with promotions is a good
service differentiation strategy [147]. Service flavors have to be created for each of these
market segments (e.g. subscription service flavor). For example, the pricing or
promotions could be different for members of an alliance (e.g. members of Star Alliance
in the aviation sector can redeem frequent flyer miles (reward points) across member
airlines) from that of other consumers.

The service consumers could be segmented based on various customer segmentation
schemes - based on customer characteristics such as small businesses, business partners,
or members of an alliance or based on qualitative characteristics such as gold, silver or
platinum customers derived based on previous engagements or revenues from the
customer. The domain expert defines consumer segments and associates service policies
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to that segment. For example, consider a Service Flavor: USFSB Service Flavor - a
targeted offering strategy (fig 6.6):

“The promotion policy provides a flat 10% discount on the ShippingService to members of
the United States Federation of Small Businesses (USFSB, Inc.). “

=2lervicess
==lerdcePolicy=> ) . ShippingService
_  |TISFSBPromotionPolicy jcappliedPolicy |

-name ; dring = Slup Item
-1sExtensible : Boolean = false

==Policyilternative==
Promotion
{ disecuntPearcent = 10%:}

Fig 6.6: USFSB Service Flavor

At run-time, the service consumer’s market segment is identified and the appropriate
service flavor is provisioned for the consumer. In order to support this at the SOA
middleware, we have a Consumer Profiling Handler (CPH) (fig 6.7) which is the first
handler that gets invoked in the PE phase before the generic and the other PE handlers.
The CPH deals with identifying and profiling the consumer. The consumer profile
information is shared with the other handlers using the MessageContext.

PE Phaze (Uzer-defined phasze)

_______________________________________________________ -

! i’ Cl:l]:l SUII:IIP:I.'DHl'iIIE 1 1 - | ' ..
! = ' P e 2
: L laz (CPH Ly Genaric Handlar L Pricing Handlar

Fig 6.7: Consumer Profiling Handler
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The SOAP header would have the consumer profile information (fig 6.8). It provides the
consumer reference UUID (global unique identifier), the access time, location and the
formatted name of the consumer.

- «soap:Envelope xmins:soap="http://www.w3.org/2003/05/s0ap-envelope"
soap:encodingStyle="http:/ /www.w3.o0rg/2001/12/so0ap-encoding":=
- «soap:Header>
- <consumer:ConsumerProfile xmlns:consumer="http:/ ffictitious.comfconsumerprofile"
xmins:common="http:/ ffictitious.com/common"
soap:role="http:/ ffictitious.com/role/policyEnforcement"
soap:mustlnderstand="true"=
<consumer:reference scheme="UUID"=00300571-cecb-1dec-973d-
559058888227 </consumer:reference:=
<consumer:Formattediame>=Take5 Inc</consumer:Formattediame:=
<common:accessTime=2008-03-29T13:20:00.000</common:accessTime =
- <common:Location=
<common:Country =US</common:Country =
</common:Location:
</consumer:ConsumerProfile =
</soap:Header>
«=s50ap:Body=..</s0ap:Body:=
=</soap:Envelope>

Fig 6.8: SOAP Request with Consumer Profile Information

6.4 Related Work

Service Flavors present a strategy to differentiate services in the service marketplace from
the perspective of the provider. The closest related work is the Webservices Offering
Language (WSOL) [150], but WSOL is not specifically intended for differentiating services.
It is designed to support management of services, expressing constraints (pre-, post-
conditions) etc. Though the ‘class of service’ concept in WSOL could be considered to
create a service flavor, it is not standards compliant. The WSOL specification presents a
WSDL1.1-compatible custom-XML language to describe a service offering. In comparison,
Service Flavors is open-standards compliant (WS-Policy, WS-Policy Attachment and WS-
PolicyConstraints).  Service Flavors supports the entire life-cycle from early-stage
identification, definition and documentation of differentiating (flavoring) aspects as well
as the vocabulary items associated with them.
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Flavors could be seen as services with different Service-Level Agreements (SLA’s). For
defining SLAs, there are languages such as the IBM’s Web Service-Level Agreement
(WSLA) [151] and HP’s Webservice Management Language (WSML) [152]. These
languages support QoS guarantees than really defining discrete variations. WS-QoS [153]
is a QoS specification language which has a notion of class of service; however it is
centered on network-level QoS and is not useful to flavor services. Flavoring aspects
represent crosscutting service-level concerns from the perspective of the service provider.

Aspect-Oriented Software Development (AOSD) [154] offers an elegant way to handle
cross-cutting concerns in software development by modularizing these concerns as
aspects. The flavoring aspects represent crosscutting concerns such as availability,
quality of service, pricing and promotions which are largely service-level provider
concerns. There could be other crosscutting concerns in services development such as
domain-level concerns, technical middleware concerns, service realization concerns
(implementation and composition concerns) which are not addressed by flavoring aspects.

Certain flavoring aspects are non-functional in nature. Definition of non-functional
properties of a service is addressed by frameworks such as OWL-S, WSMO [155] and
Features & Properties in WSDL 2.0 and [4]. However, the properties they define are fixed
and these approaches do not take into account business and industry-centric vocabulary.
In contrast, flavoring aspects support flexible vocabulary specification and domain-
independent constraint specification. In essence, service flavoring addresses variability in
service offerings arising out of the need to differentiate services in the marketplace -
variability in service definition and provisioning.

6.5 Summary

In this chapter we presented a strategy to support differentiation of services in a service
marketplace. We identified terms of offer of a service to be the changing part in a service
description in the context of differentiation. Certain terms of offer that make service
offerings attractive to consumers become differentiating or flavoring aspects. New and
attractive terms of offer could be associated with a service through service policies
without requiring a change in the underlying service realization mechanisms. Hence, by
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adopting the service flavors strategy, a service provider can unintrusively differentiate his
services by creating competitive as well as targeted offerings.
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Chapter 7

Service Consumer APIs

Addressing Heterogeneities in Service Consumption

In the previous chapters, our focus was on modeling and provisioning of both fine-
grained and coarse-grained services from the perspective of the service provider. In this
chapter, we address heterogeneities in service consumption, from a service consumer
perspective. It is important for web-business platform owners (service providers) to
support service consumption from different platforms as well as different types of
customer applications. Supporting service consumption in heterogeneous consumer
environments is a challenge, which nevertheless has to be addressed to increase platform
usage.

Presently, the most popular approach of the web-business platforms such as eBay®,
Google®, Amazon® and others has been to offer readily usable service consumer APIs for
different technology platforms such as Java, .NET, Ruby and PHP [156]. Such an approach
of providing technology platform-specific APIs is primarily to engage a wider developer
community. In addition, supports service consumption by heterogeneous client
applications such as web applications, desktop applications (widgets, dashboards etc.)
and other packaged applications. In our opinion, it is a huge challenge for web-business
platform owners to create, maintain and evolve consumer APIs in different programming
languages targeting different technology platforms. In this chapter, we provide a model-
driven development approach for service consumer APIs. Broadly, we derive a service
consumption API model from our existing models (domain, resource and our services
model) using model-to-model transformations. We then transform the generated
consumption API model to client-libraries in different programming languages using
model-to-text transformations.
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=.1 Need for Service Consumer APIs

Before we deal with the need for service consumer APIs, let us establish the standard
model in which a service is consumed. The WS-Arch (web service architecture) explains
the general process of consuming a web service in detail [94]. Typically, the process
consists of 2-steps (fig 7.1):

|
Dizcovery Service

©-..o (Service Registry) |- Publish Sarvics
Service Discovery A e
Get servics description (&g R R
W3DL) using sarvice discovery
protacal fs.g. UDDI
Requester Entity Provider Entity
(Service Consumer) R» {Service Provider)

o Service Invocation
Invaks service using ssrvice
imvacation pratoacal

{s.g SO4AP/ UDDI

Fig 7.1: Process of Engaging a Service

Step 1 - Service Discovery: The requester entity (the service consumer) becomes aware
of the existence of a service provided by a provider entity (the service provider).
Awareness could be through service discovery supported by a service registry [157].
Technically, discovery is supported by a search and discovery protocol (e.g. UDDI) [158].
The service consumer then obtains a formal machine-readable service description (e.g.
WSDL).

Step 2 - Service Invocation: The requester entity formulates a service invocation call
using an invocation protocol (e.g. SOAP / HTTP) based on the formal service description.
The interaction between the requester and provider entity is through loosely-coupled
message exchanges.

112



Chapter 7: Service Consumer APIs

Though webservices follow open-standards, service invocation for the consumer is not so
straightforward due to heterogeneity in invocation protocols. For example, SOAP binding
is just one invocation protocol for services defined using WSDL. There are other such
bindings such as direct binding with HTTP, RMI/IIOP or Java Connector API [159]. In
case of REST services, the invocation protocol could be plain HTTP (HTTPS in case of
secure invocations). Currently service invocation approaches are of 2-types:

» Direct Consumption: Developers could assemble a SOAP message (or for that
matter, any RSS/APP or Plain-XML messages) based on the service description and
send it directly across the network to the service endpoint. However, direct
consumption fails to hide low-level communication and data encoding details
from programmers.

= Consumption using automatically generated consumer proxies: A proven approach
is to automatically generate a client-proxy in the target programming language
(using existing tools) and use the proxy to consume services from client programs.
This approach is quite popular and is based on the well-known Proxy design
pattern [160]. The advantage of using the automatically generated proxy is that
consumers are not required to deal with XML messaging and other low-level
communication details. They can consume services through the native
programming paradigm. For example, in an object-oriented environment like Java,
service interfaces can be viewed as classes, service operations as methods and
faults as exceptions [161].

7.1.1 Advantages of Service Consumption APIs

Though automatically generated client-proxies support service consumption in the target
technology platform, they still need to be wrapped around in client libraries (or service
consumption APIs, as we call them). This is also the most prevalent approach among the
existing web-business platforms. There are certain advantages of creating service
consumption APIs:

1. A service consumption API addresses particular business functionality unlike a client-
proxy which addresses a single service. An individual client-proxy can be generated for
a fine-grained MANAGEORDERSERVICE service with a SOAP-style interface. However, we
would need to provide the customer with a client library for the entire ‘Order
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Management’ business functionality. The order management client library would
support, creating, changing and cancelling orders. In addition, it would support
tracking of order, choosing a logistics provider and shipping the order. Hence, it is
essential to group individual services addressing particular business functionality and
to create a service consumption API around that business functionality. For example,
eBay® provides separate developer APIs for different business functionality such as
buying, selling and market research (tracking pricing trends etc.) [11] [162].

2. Service consumption API provides the semantic underpinning for consuming these
services. They are essential for maintaining the conceptual integrity of the client
application.

3. Service consumption API insulates customer applications from changes to
automatically generated client-proxies. Client proxies could change due to changes in
service description, new service versions as well as changes to protocol bindings.

Due to the advantages it offers, a service consumption API is the best proposition to
address heterogeneities in invocation protocols in the client applications. Most
importantly they bridge the gaps between the service-oriented paradigm with that of the
native application’s paradigm (object-oriented) [163], ensuring conceptual integrity of the
client applications.

7.1.2Challenges in Creating Service Consumption APIs

The service consumption APIs are part of the consumption layer of our 4-layer SOA
architecture (fig 7.2). The consumption APIs support consumption of both coarse-grained
and fine-grained services. Creating service consumption APIs is no doubt advantageous;
however managing and evolving these APIs is not as easy. There are certain challenges
that have to be addressed; the most important being the large effort required to create,
maintain and evolve consumption APIs consistently for different technology platforms.

Consider the following scenario - based on a new business case, specific platform
functionality may have to be exposed or enhanced. This would result in either creation of
a new service (either fine-grained or coarse-grained), or in a new version of an existing
service. Such a change would translate to either creation of new consumption APIs or
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enhancement of an existing consumption API. Service consumption API for each
technology platform must be modified in order to support this change. The APIs must
also maintain backward compatibility. In addition, it requires a lot of effort to create new
consumption APIs to cater to other technology platforms, say the platform-owner would
want to support SAP® ABAP-based environments.

C ionLay
onsumption Layer NET

Java DLL Library

JAR Library

|Python| |PHPS | .| Ruby |
O%
Service Layer
Coarse-Grained Fine-Grained

Services Services

Fig 7.2: Service Consumption APIs in Consumption Layer

How do we enable the platform owner to handle these challenges? We propose a model-
driven approach to support the creation and evolution of service consumption APIs. With
this approach, we believe that the effort to create and evolve these APIs would
significantly reduce. In addition, consumption APIs for new technology platforms can be
developed easily either by the platform owner or by the community.

7.2 Our Model-Driven Development Approach

As mentioned earlier, we employ a model-driven development approach to develop and
evolve service consumption APIs. We create a standard UML2 class diagram from our
other MOF2-based models (domain, resources, and the services model). We leverage
existing transformations to transform the UML2 class model to different languages such
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as Java, .NET etc. Fig 7.3 shows the transformations that are involved in our approach.
The model-to-model transformations from the domain, resources and the services models
create a UML2 class model of the service consumption APIs. We use the standard UML2
class model for our service consumption APIs becasue we support an object-oriented
client library.

] ] 1
Services Model

Domain Model Resources Model (Service Capability
Model)

Model-to-Model
Transformation Model-to-Model
Model-to-Model Transformation

Transformation

UML2 Model <
(Classes Diagram)

v

MODELS

Model-to-Text
v Transformation

l \ 4 \ 4

TECHNOLOGY PLATFORMS
(Programming Languages)

DLL Client- JAR Files PHP, Ruby,
Library Java Platform Pearl, Python
NET Platform

Fig 7.3: Model-Driven Approach to build Service Consumption APIs

Using the UML2 class model, we can create client libraries for different technology
platforms. For creating client libraries in different programming languages, we rely on
existing transformations such as ATL transformation for UML2-to-Java, UML-to-C#
transformations for the .NET platform [164], and xmizphp for UML-to-PHP
transformations [165].

For the model-to-model transformations, we could technically use any transformation
language to transform our input models (domain, resources and the services model) to
the UML2 model. In fig 7.4, we present our model-to-model transformations using a
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UMLX diagram - a visual concrete syntax to MOF QVT’ transformations - to explain our
model-to-model transformations. Though our service consumption APIs are based on
UML2 metamodel and our transformations are to UML2 Class Diagram model, we still
introduce domain driven design notions in the consumption API model. We believe that
the domain-driven design notions are important in order to provide a consistent
mechanism to use consumption APIs for both the fine-grained and the coarse-grained
services. We use a necessary set of five concepts namely Domain Object, Repository,
Factory and a Service from the domain-driven design methodology in our consumption
API model. We have a light-weight extension UML2 Profile for the Service Consumption
API to represent these model concepts (fig 7.5).

Each Entity and Aggregate from the domain model is directly mapped to a Domain Object
(basically a Class), if it is exposed as a resource, in the resource model. For simplicity, we
do not distinguish between an Entity and an Aggregate in the consumption API model.
We retain the name of the Resource (if there are any differences in name between Entity,
Aggregate and the Resource). We also preserve the concept of a Repository and a Factory
to support the life-cycle of the Domain Object in the consumption model. The repository
supports basic CRUD operations through its methods add, remove, update and findBy* on
the domain objects. The Repositoryltem is also preserved in the consumption API model
to handle repository operations. The major difference between the domain-model and the
service consumption API model is the implementation.

" Though we depict our model-to-model transformations using a UMLX visual syntax, the diagram (fig. 7.3)
is not completely compliant to UMLX concrete-syntax and is primarily used for representation purposes.
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Fig 7.4: Model-to-Model Transformations to the UMLz2 Service Consumption APl Model

This is in addition to certain concepts in the domain model which are missing in the
service consumption API model. In the domain model, the focus of implementation code
is provisioning; whereas, the focus of the consumption API model is to abstract client-
proxy calls to the remote services. The repository methods consume the client-proxies of
these CRUD services (either SOAP-based or REST-based interfaces), abstracting those
details from the consumer. Thus, we support fine-grained manipulation of our resources

through our service consumption API.
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|
==profile==
Service Consumpiion API

==stereatyper:= ==sterectyperr- ==stereatyper=
DomainOhject Repozitory Factory
[iC1ass] [iC1ass] [Class]
=<=stereatype=>=
Service
[iC1ass]

Fig 7.5: Light-weight UML2 Profile for Service Consumption API

For the coarse-grained services, the Service Interface in the Service Capability Model is
transformed to a Class (Service), with the Service Operations and Message(s) as
operations and parameters. The Service Exception becomes the raisedException of the
class operation. In the next subsection, we would look at a few examples of service
consumption API models.

7.2.1Examples

Consider the online shopping example we presented in section 3.4, where the Purchase
Order and the Product (Orderltem) was exposed as web resources. As mentioned earlier,
this supports the customers to place orders directly from their systems instead of using
the online shopping cart. By using our model-driven approach, it is possible to generate a
service consumption API model for the Direct Order functionality (fig. 7.6). Our model-
to-model transformations create a UML2-based consumption API model with Domain
Objects — Purchase Order, Orderltem, a Repository and Factory for these domain objects.
Using this UML model it is possible to create technology platform-specific client-libraries
to aid service consumption through existing model-to-text transformations.

For an example of a coarse-grained service, consider the example of the AUCTIONITEM
service (fig. 7.7). The AuctionltemlInterface is a Service - transformed from the services
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Fig 7.6: Partial Service Consumption API Model - Fine-Grained Service Access
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Fig 7.7: Service Consumption API Model - Coarse-Grained Service
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=.3 Related Work

The Web Service Invocation Framework (WSIF) [159] is a closely related work. WSIF is a
framework based on Java to invoke webservices generically, independent of the
invocation protocol (protocol bindings). WSIF uses an abstract WSDL description of a
web service and allows developers to program against this abstract WSDL to access the
remote service, independent of protocol bindings. New protocol bindings can be
supported by the WSIF dynamic providers. Using the abstract WSDL, WSIF framework
generates a stub - a Java object, which can be readily consumed in Java programs. Though
WESIF solves the problem of invocation protocol heterogeneities in the consumption
platform, it is specific for the Java platform.

Another interesting related work is REST Describe & Compile tool [166]. The goal of the
tool is to generate client-code in various programming languages to access REST-based
webservices, described using WADL. The REST Compile tool is a compiler which
generates an Abstract Syntax Tree (AST) based on an input WADL file. Using the AST,
the compiler generates client-code for consuming REST-based services in various
programming languages (currently supports PHP 5, Ruby, Python and Java). The tool
reduces considerable effort in creating and maintaining client-code of REST-based
services access. Though REST Compile supports automatic client-code generation for
REST-based fine-grained services described using WADL, it is quite similar to the
numerous consumer proxy generation tools for WSDL in different technology platforms.
In contrast, our service consumption API provides client-libraries compliant to the
domain-driven design methodology. This supports conceptual integrity of consumer
applications based on an object-oriented paradigm.

7.4 Summary

In this chapter, we support the creation of service consumption APIs to consume fine-
grained and coarse-grained services. Using our service consumption APIs we address 2-
important points in service consumption:

— Firstly, we address heterogeneities in service consumption environments arising due
to different invocation protocols. We do this by providing a client-library to
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abstract the application programmer from low-level communication and protocol
details.

— Secondly, we support Reduction in effort involved in creating and evolving
technology platform-specific APIs. We do this by adopting model-driven
development principles to generate client-libraries in different programming
languages.

Using our approach web-business platform owners can create client-libraries to
consume services in different programming languages targeting various technology
platforms.
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Chapter 8
Epilogue

Evaluation, Experiences and Pragmatics

Our thesis addressed the research problems in the area of “opening-up” web-business
platforms using webservices. Through this thesis, we have attempted to answer our
succinct research questions. We support platform owners in methodically opening-up
their web-business platforms through fine and coarse granular webservices using our
model-driven approach. We represent service artifacts and metadata at a conceptual level
using our model views and metamodels; and additionally, support competitively and
unintrusively differentiating services in a services marketplace using our service flavors
strategy.

8.1 Addressing Problem Areas

We had mentioned four problem areas in section 1.1. Our thesis addresses each of these
problem areas. We present a correlation of how our thesis addresses those problem areas.
Using our model-driven approach, we capture the solution space using high-level
conceptual models; therefore, offering insulation from changing standards, supporting
heterogeneities in the environment and increasing longevity of the solution. By doing this,
we addressed the Evolving Standards Problem. For example, a service property can either
be represented using Features & Properties in WSDL 2.0, or using separate service policies.
In addition, a service can be offered as either a REST-based or a SOAP-based service as we
demonstrated with the Shopping.com Listings example in fig. 3.2.
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Our models - the services and resources model - capture metadata with a necessary
representation depth irrespective of whether current standards support it. By doing so,
we address the Lean Service Metadata Problem. For example, it is possible to capture
service access information (registration information such as developer key and merchant
ID) using formal service policies, which could be machine-processed leading to automatic
consumption of services. A service could be defined as an abstract service, to represent
intention to outsource, as we demonstrated with the VALIDATEAUCTIONITEM service in
section 4.2. However, current standards do not support defining an abstract service.

Through our service flavoring approach - our method to create targeted and
differentiated service offerings — we addressed the Unintrusive Differentiation of Service
Offerings Problem. Service offerings can be competitively differentiated by unintrusively
changing differentiating aspect as demonstrated in the Subscription service flavor and the
USFSB service flavor examples in section 6.3.

We also created UML2 profiles of our model views in order to leverage existing modeling
tools and skills. Our profiles provide visual modeling syntax for domain and business
experts to define services, altogether removing the need to understand verbose XML
syntax. Through our model views and corresponding profiles, we addressed the Lack of
Visual Syntax Problem.

8.2 Criteria for the Solution

In chapter 1, we presented seven-point criteria. Any solution to the research problems we
mentioned would satisfy these criteria. In this section, we provide a mapping between
each criterion and evaluate how we address it in our thesis.

Criterion #1: The services must be represented at a conceptual and technology-
agnostic level. In order to insulate the service-oriented solution from technology changes,
the solution must be captured at an abstract and conceptual-level agnostic to technology
considerations during early-stage development. The service representation must describe
both the capability-on-offer — the underlying business functionality — and the terms of offer
of the service.
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Using our service and resource models we represent both coarse and fine-grained services
at a conceptual and technology-agnostic level. While our service capability model
presented in section 4.3.2 represents the capability on offer, our service policy models in
section 5.2 represents the terms of offer of the service.

Criterion #2: The high-level conceptual service representation must be easily
convertible to executable service specifications. It must be possible to easily convert
high-level conceptual service representations to executable service specifications, based on
technical considerations like protocol and channel of access.

The service representations captured in our models can be converted to executable
specifications using model-to-text transformations. Such a transformation is possible
because our metamodels are based on OMG’s MOF2. We demonstrated in section 4.5,
how our service capability model of the AUCTIONSERVICE was transformed to executable
WSDL 2.0 specification using MTL mappings presented in Appendix I. In addition, the
service provisioning code was generated for the Auction Manager in Java. In section 5.5,
we demonstrated how service policy model was transformed to executable WS-Policy
specifications. In section 3.3, we demonstrated how our resources model is used to
generate service provisioning code as well as fine-grained service description as REST
interfaces or using WSDL 2.o0.

Criterion #3: The service representation method must have minimal concepts
supporting maximal expressiveness. By having minimal concepts with maximal
expressiveness, business experts would find it easy to use the service representation method
to describe various facets of services.

Our services model is very well organized into six-model views representing different
facets of services development. We have ensured that the model elements are minimal by
creating our own domain-specific language (Services Metamodel, Resources Metamodel
derived from domain-driven design metamodel) for modeling services, rather than using
UML2, a general-purpose modeling language. Our approach of using domain-driven
design techniques to provide a conceptual underpinning to our SOA-based solutions
lowers the representation gap for domain experts. Expressivity of our models is proved by
the successful mapping of models to executable specifications as demonstrated in
sections 3.3, 4.5 and 5.5.
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Criterion #4: The service representation should be used by different roles involved
during early-stage services development. The service representation must provide
different views or perspectives for different roles to describe service artifacts during early-
stage services development.

In our thesis, we provide different model views for different stakeholders during early-
stage services development. Our domain model, from which our resources model is built,
is defined by domain experts using our domain model view. Similarly, we provide
different model views such as service description, capability, policy, realization,
mediation and deployment views. While the description view could be used by the
business expert, the architect could use the capability view to describe service capability.
The developer could use the realization view to define service provisioning. By providing
different model views, we support different roles involved in services development.

Criterion #5: The service representation must have strong underpinnings in the
application domain. The service representation must have underpinnings in the
application domain in order to support easy evolution of the solution and provide a
common communication lingo between domain experts and the IT experts.

Using the application domain as the conceptual underpinning, as advocated by the
domain-driven approach, we aim to support solution evolution and provide a “ubiquitous
language” for bridging the business as well as the IT experts. In addition, we hope to
make services semantically rich by directly borrowing domain concepts.

Criterion #6: The service representation must be open-standards compliant and
must leverage existing skill-sets and tools. Our service representation method has to
be based on open-standards and must leverage existing skill-sets in projects and popular
tooling environments.

Our service representation is based on models, as prescribed by the model-driven
development approach. Our metamodels are based on MOFz2; moreover we have provided
corresponding UML2 profiles for our metamodel to leverage existing tooling. We also
have Ecore (Eclipse EMOF Core) [167] representations of our metamodels (see section 8.5,
Appendix II), which facilitate the use of model-driven environments such as eclipse-based
openArchitectureWare [168] (a.k.a. 0AW). Using such tools, it is easy to create
transformations of our models to open-standards based executable specifications.
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Criterion #7: The solution must support unintrusive changes to the commissioned
services to support competitive differentiation. The solution must support unintrusive
changes to the already deployed (commissioned) services in order to differentiate service
offerings from that of the competition in the services marketplace.

Based on our service flavors strategy (chapter 6), we can create competitive services by
creating either targeted or differentiated offerings. In order to do this, we support
manipulation of differentiating or flavoring aspects of a service. These flavoring aspects
are terms of offer, which improve the attractiveness of the service offering. We support
service flavoring by attaching different service policies to existing services. As our policy
enforcement points are abstracted from the service provisioning in the SOA-middleware,
we can support unintrusive service differentiation.

8.3 Conformance

We evaluated our thesis on conformance to contemporary reference models and
conceptual architectures. We wish to ensure compliance with the concepts presented in
the OASIS Reference Model for Service-Oriented Architectures and the WS-Arch (Web
services Architecture).

8.3.1 OASIS SOA Reference Model

We present the state of our compliance to the reference model’s conformance guidelines
(Section 4 of [32]) below:

1) Have entities that can be identified as services as defined by this Reference Model

We have a first-class model entity ‘Service’ in our services metamodel. Service represents
a set of capabilities provided by a service provider (or a service aggregator) which meets
the goals (needs) of service consumers.

2) Be able to identify how visibility is established between service providers and consumers
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A service consumer could become aware of a service provider and its capabilities on offer
through a service description (awareness). However we do not address discovery and
advertising capabilities within a services marketplace as yet. Service providers and service
consumers interact through an interaction point (reachability).

3) Be able to identify how interaction is mediated

The interaction is mediated through the understanding provided by the service
description. The message exchange patterns of service operation dictate the sequence of
communication between the provider and the consumer. In case, an interaction between
a consumer and provider needs data or process mediation, our ‘Mediator’ supports it.

4) Be able to identify how the effect of using services is understood

Given that the pre-conditions and policies are met, the post-conditions on a service
operation specify the real-world effects of invoking the service operation.

5) Have descriptions associated with services

Service description (containing the service interface, associated operations and properties)
and the service policy provide description about choosing and using a particular service.

While the service capability view describes the capability on offer, the service policy view

represents the terms of offer.

6) Be able to identify the execution context required to support interaction

Though we have the infrastructural elements such as service description and service
policies, we do not completely address all requirements of execution context to support
interaction between the providers and consumers.

7) It will be possible to identify how policies are handled and how contracts may be modeled
and enforced

Our service policy view completely addresses modeling of policy alternatives, assertions
for a service. Enforcement of policy is possible through the policy enforcement point
(PEP), a SOAP intermediary. Modeling support for service contracts is still missing.
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8.3.2 WS-Arch (Web Services Architecture)

We also compare our models to W3(C’s Webservices Architecture [94]Webservices. In
table 8.1, we present a comparison of the concepts present in the webservices architecture
with the concepts in our metamodels. The webservices architecture represents the
concepts and their relationships as concept maps; whereas, we have formal services and
resources models based on MOF2. As our focus is on early-stage design, certain concepts
(e.g. message body and header) are not present in our model.

Webservices Architecture

Services/ Resources Metamodel

Service Oriented Model

Service Definition / Service Capability
View

Service

Service

Service Description

Service Description

Service Interface

Service Interface

Person / Organization

Ownership Domain

Provider Agent

Service Provider

Requestor Agent

Service Requestor

Service Intermediary

Service Mediator

Policy Model

Service Policy View

Policy

Service Policy

Policy Description

Service Policy

Domain

Domain Assertion

Permission / Obligation Guard

Policy Assertion

Resource Oriented Model

Resources View
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Service (is a Resource) Resource (fine-grained services)
Message Oriented Model Service Capability View
Message Message

Service Operation's Message Exchange
Message Exchange Pattern Pattern

Table 8.1 Related Concepts in the Webservices Architecture

8.4 Experiences
8.4.1 Experiences in using the Models

We used our models to extensively model popular, non-trivial e-Commerce scenarios. We
borrowed our fictitious scenarios from hugely popular web-business platforms such as
eBay®, Shopping.com, FedEx® and Google®. We modeled an online shopping scenario
similar to the one supported by eBay ProStores®, using our domain-driven design
metamodel in section 3.4. We modeled the online shopping domain and created a
resources model from the domain model. We modeled various facets of eBay Auctions®
scenario in chapter 4 using our services model, model views and profiles. Further, we
modeled a Shipping scenario closely relating to FedEx® shipping scenario.

In our experience, our models were formal and expressive enough to capture a high-
level conceptual view of the domain, domain objects, various facets of services and
policies. With the UML2 profiles for these model views, we were able to leverage
existing tools supporting and use existing modeling skills. Especially, we used a
community edition of MagicDraw 15.0 to model our scenarios (details in 8.5.2). Most
importantly, the model views supported incremental and iterative development of
services. The model views provided implicit logical steps to define and develop services.
Starting with the domain model, helped to leverage domain semantics, evolve resources
and develop straight-forward fine-grained CRUD services. In the next step, the services
model views, the service description, capability, realization and the deployment views
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provided us with a logical sequence to design, realize and deploy services. In our
experience of using these models, they are comprehensible and highly coherent.

In order to generate runtime artifacts such as code and executable specifications from our
models, there was some effort involved in setting up the model-driven development
platform. However, this was a one-time evaluation and setup effort. We used existing
tools to convert our MOF2-compliant models to EMF metamodel (see section 8.5.2).
Writing transformations involved deeper understanding of current model-driven
development practices, metamodels and transformation languages. While we wrote
transformations to popular WSDL 2.0 and WS-Policy standards (see Appendix I), we
realized that it was easy to map our models to executable specifications. In our opinion,
the executability - the ease at which models can be executed to create runtime artifacts
is good.

8.4.2 Experiences with Existing Tools

In order to work with these models, we needed a model-driven development platform.
Such a platform should support creating model instances, validating constraints and
finally support code-generation. We built our formal MOF2-based metamodels - our
domain-driven design metamodel, resources metamodel, services metamodel and our
consumption API metamodel - using a formal modeling tool, MagicDraw® [169]. Using
the export feature, we exported our metamodels into XMI format (XML Metadata
Interchange) (see Appendix II) (fig 8.1).

2 chitacturaWars

MagicDraw® B i b .
i 1

i
X1 | s UML2ecore | coore :
) Exporter | | LUML2 Conv 1 :
Miede] P ! LML onverter !
1
i 1

Fig 8.1 Transforming Model to .ecore format
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For manipulating our models, we used openArchitectureWare (0AW), a model-driven
development platform. oAW is part of the Eclipse GMT (Generative Modeling
Technologies) [170] project to support instantiation and creation of model,
transformation to other models and code. 0AW is available as a plug-in in the open-
source eclipse development environment. 0AW, as well as other tools are converging on
the ECore or the EMF metamodel standard to represent metamodels.

The EMF metamodel is defined by the EMF (Eclipse Modeling Framework) project and is
based on Essential MOF, a core subset of the MOF2 standard. Using a model-to-model
transformation (UML2Ecore), we transformed our metamodel (in XMI) to .ecore format
EMF metamodels. For example, we transformed our domain-driven design metamodel to
DomainDrivenDesign.ecore (fig 8.2). We present other .ecore models in Appendix II.
Using the .ecore format of the model, we could manipulate the model, create validated
model instances and write transformations to generate code.

In our experience, it was fairly simple and easy to convert our MOF2-based metamodels
to EMF metamodels, manipulate them and transform them to executable specifications
and code. The advantage of using a mature model-driven development platform is that
there are community developed cartridges (transformations) which we could readily
leverage, for example, the JavaBasic cartridge supports service provisioning code
generation in Java. There are other comparable MDA tools such as AndroMDA [171],
Motion Modeling [172] etc. As most, currently not all, of the MDA tools support EMF
metamodel we could safely assume that our models could be used with those tools as well.
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Fig 8.2 Domain-Driven Design .ecore format

8.5 Pragmatics & Future Work

In this section we discuss certain pragmatic issues, we realized while using our approach.
We mention some limitations and possible solutions leading to future work. Below is a
set of pragmatic issues:
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Model Extensions: Though we have tried our best to create metamodels which capture
the domain pretty well, we do envisage scenarios where we would need to add new
attributes or model elements to our existing metamodels. In particular, we envision two
scenarios a) Development-specific model attributes - to support the service development
process and b) Domain-specific Model elements or attributes. An example for
development-specific model attributes would be addition of a “versionID” field to our
“Service” model element to support version tracking or addition of attributes to model
elements which would help software asset tracking in a development environment. For
development specific model attributes, we propose to have a DevelopmentDescriptor
model element, associated with each model element at the metamodel which would have
the necessary attributes. For handling domain-specific model elements or attributes we
would have to evaluate model versioning techniques [173].

Support for Semantics: Currently our models do not address semantics explicitly,
though there is lot of traction on semantic webservices in research. Current approaches
for adding semantics is converging on annotating service descriptions with semantics,
especially the Semantic Annotations for webservices (SAWSDL) [174] based on WSDL-S
[175]. In the future, we could look at using MOF2-compliant ODM (Ontology Definition
Metamodel) in our platform to work with ontologies. We would evaluate model
annotation techniques [176] to annotate our models with these ontology-defined
semantics. In the policy front, we could evaluate the use of SBVR (Semantics of Business
Vocabulary and Rules) [177] to define policy domain and vocabulary. SBVR also has a
textual-syntax which is easy for business experts to work with.

Middleware-Agnostic Service Policy Enforcement: We currently achieve abstraction
and modularity in policy enforcement using the PEP intermediary. This approach is
tightly coupled to the underlying SOA middleware. However we would like to investigate
a middleware-agnostic approach based on aspect-oriented techniques to support
quantification and enforcement of service policies [136, 140]. In addition, we would have
to investigate the issue of modeling dependencies between policy domains, e.g. modeling
the relation between service pricing and promotions.
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8.6 Conclusions

This thesis is an attempt to address the problems faced by web-business platform owners
with a service-oriented platform strategy. We strongly believe that our research would
support platform-owners in systematically “opening-up” their web-business platforms
and support large-scale platform adoption in the community. We believe our primary
contribution is our model-driven approach. This includes our:

— model views which support systematic development of fine as well as coarse-
grained services,

— standards-compliant metamodels which support the actual modeling of service
artifacts (presented in chapter 3, 4, and 5)

— Service flavoring strategy (presented in chapter 6) to differentiate service offerings
in a services marketplace.

We demonstrated with non-trivial examples from popular online businesses, that our
approach is suitable to realize the platform strategy of any web-business platform. As next
steps, we would look at commercialization opportunities of the approaches mentioned in
this thesis. Specifically, we would look to build an eclipse-based model-driven
development platform to support platform-owners in using services to open-up their
web-business platforms.
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Appendix I

Evidence for Empirical Evaluation: OMG Model-to-Text
(MTL) Transformation from Services Model to WSDL 2.0
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S« Transformation: Create WSDL 2.0 Description for a particular =service endpoint

Mtext—explicit
[template public ServicelodelToWSDLZTransformation{service : Service,
endpoint : InteractionPoint)]

[file { file:~~"+service. namnst’ .w=dl' . false)]

<?Eml verszion="1.0" encoding="utf-8" 7:
¢description:

Enlnz="http: s wyw. w3 org-nz-w=dl"
targetHamespace= [service.owner . namespacelREI~ ]
Znlnz: tns= [=ervice.owner . nanespacelREL~ ]
=nlns:wzoap= "http:-swww.wl org nz-w=sdl-s=oap"
=nlns:soap="http: - “www w3l org-2003-05-=0ap—envelops"
Enln=:wadlz= "http: ~www.wld org-ne-wsdl-extenszions"»

¢docunentation:
[gervice realizedDescription.description ]
¢sdocumentation:

[mes=age=s: Set{Hesszage = allleszsages(zervice realizedlefinition.interface).]
[CreateTypeszDefinition(nessages, service . OWNET )]
[CreatelnterfaceindlperationDefinition{service. realizedlefinition) <]
[CreateBinding{=service . endpoint).]

[CreateServiceEndpoint (service . endpoint )]

¢sdescription:

[#file]
[~template]

Listing 1: Transformation from Services Model to WSDLz2.0o
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SoTransformation: Create Types definition

Ptext—-ezplicit
[template public CreateTypesDefinitioni{messzages @ Set({Hes=zage)., od : Ownershiplomnain)]
{typeEs>»
{¥=:=chema
EZnlns : zZs="http:»www vl org-2001l-EMLSchemna"
targetNamnespace=[od . namespacellRI.~]
Enlns=[od. namespacelRI]
¢{sHs schema:
[For (message:Message | messages)]
[IterativedModelToXHLSchenaTransformnationi{nessage) "]
[«For]

LAtypes
[“template]

s Transformation: Iteratively transform Messages to XML Schema

Mtext—-explicit
[template public IterativeModelToXMlSchemaTransformation{messszage | Hes=zage)]

[ffémplate]

Listing 2: Create Types definition from messages by iteratively transforming
Messages to XML Schema

Souery: Get all Messages from supported Operations

Dtext—explicit
[query public allMe=ssage=(=1i : Servicelnterface) :Set (Hessage)]
[mes=zages: Set (Hessage )]
[For {(operation:Operation | =i. =supportedOperation]
[For (message:Messzage | operation.message]

[messages: Set(Message) = Set{}| messages—runionimessage) -]
[~ For]
[#For]
[return messages.]
[~query]

Listing 3: Query to get all messages from all supported operations
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s Transformation: Create Interface and Operation definitions

Ptext—explicit
[template public CreatelnterfaceAndOperationDefinition{description : Servicelescription)]
{interface name = [description.names ]3>
[CreateFaultDefinition{description. interface) ]
[CreatelperationDefinition({description. interface) ]
{<interface:
[template]

soTransformation: Create Fault definition

Ptext—explicit
[template public CreateFaultDefinitioni{interface : Servicelnterface)]

[For (ex: ServiceEzception | interface.ezception]
{documentation:
[ex. descriptions]
{sdocumentation:
<{fault name = [ex. nanes] element = [ex.type-]:
[#For]
[#tenplate]

soTransformation: Create Operation Definition

Atext—-explicit
[template public CreateQperationDefinition{interface : Servicelnterface)]
[For (op: Servicelpsration |interface. supporteddperations)]

¢operation
namne = [op.namer ]
pattern = [op.messageExchangePattern<]
=tvle = [op.=stvles]
wazdlx zafe = [op.i=s5afes ]

[let inputissociationEnd = op. lookupAssociationEnd( " input" )]
[1f not {inputiAssociationkEnd. ocllsUndefined( )]
¢input messagelabel = "In" element = [op.input. types]so:
[~1f]
[l=et inFault = op. lookupissociationEnd("infault").]
[if not (inFault oclIslndefined( )]
¢infault ref = [op. infault gualifisdHame~] messagelabsl = "In":
[~1f]
[let outputdssociationEnd = op. lockupissociationEnd( "output”™)]
[1f not {outputissocistionkEnd.ocllslndefined( )]

soutput messagelabel = "Out" element = [op.output. types] #»
[~1f]
[if not (outFault oclIsUndefined()]
¢outfault ref = [op.outfault gqualifisedHam=s] messagelabel = "Out":
[~1f]
{soOperation:
[«For]
[#template]

Listing 4: Create interface and operation definitions
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ssTransformation: Create Bindings

Ptext—-explicit

[template public CreateBinding({service : Service, endpoint | InteractionFoint)]
[let interface : Servicelnterface = service . realizedlescription.interfacer]
{binding

namne = [endpoint . names ]

type = [getBindingTypelRI{endpoint bindingType)-]

yzoap:protocol = [getBindingProtocol {endpoint . bindingType)-]:
[For (fault :ServiceEzception | interface exception) ]

{fault ref = [fault. gualifiedName-] w=zoap:.code = "soap:Sender".»
[#For]
[For (op : Servicelperation | interface. supportedCperations)]

{operation ref = [op.gualifiedHame-]

wzoap:mep = [getSOAPHERTURI(op.messageExchangeFattern)-]»

[#For]
< binding:

[function getBindingTypelURI{(bindingType : BindingTypes) :URI]
[{<sreturn corresponding URI for binding type }-]

[function]

[function getBindingProtocol {bindingTvpe  BindingTwvpe) :URI]
[{/sreturn corresponding binding protocol for binding type }7]

[«function]

[function getS0APMER (mep UEIL) :URI]
[{/return corresponding SOAF messzage sxchange pattern -]

[function]

[~template]

Listing 5: Create Bindings

s Tranzformation: Create Service Endpoint

Mtext—e=xplicit

[template public CreateServiceEndpoint{service @ Serwvice. endpoint ;| InteractionPoint)]
[let interface : Servicelnterface = service.realizedlDescription. interface ]
{Eervice name = =ervice.name lnterface = [interface.qualifiedHame~]:

¢endpoint name = [service.name + "Endpoint"s]
binding = [endpoint. gualifiedHame]
addre=s=s = [endpoint . locations ] :
{SEErVice
[temnplate]

Listing 6: Create Service Endpoints
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Appendix I1

Evidence for Empirical Evaluation: Domain-Driven Design
Metamodel to EMF Metamodels
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Domain-Driven Design Metamodel

Step 1: Metamodel (using MagicDraw®)

==metaclass== k}
DomainService
] T
==mataclass==
Clas= —‘V
Specification Tdentifier T
+checkConformance() 1.* -
o _identifiers Life Cycle State
==metaclass== N 0.1 1 |-glaballdentifier
Class -conforrningEntity Entity
o.* 0.1
Factory | -ishzgregateMermber : Boolean _state
| +checkConsistencyl
+ereatel]
Repository
0.1 -aggregateRoot | 1 1.*
+findByldentifier! indentifiars : Identifier [1.#] ) : Bepositoryltem
+findByCriterial attrdbutes : Property [1..%] 1 : Repositoryltem [0.#]
0.1 +add[ itemns : Repositoryltem [1.#] ) : Boolean
+remmowvel items : Repositoryltem [1.%] ) : Boolean
e metaclase Value Ohject o Aggregate +updatel items : Fepositoryltem [1.#] ] : Boolean
Package -ishgzregateMember : Boolean - "l teheckConsistency() Dl*I emraetaclassee
l J_ — Repasitorplrem Class
T
Module cemataclass <dm::t::slass>>
Class #
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Step 2: XMI Export of the Metamodel - Using XMI 2.1 Export

<?xml version="1.0" encoding="UTF-8" 7=
— <xmi: XML xmi:version="2.1" xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"

xmins:xsi="http:/ fwww.w3.0org/2001/XMLSchema-instance"
xmilns:MagicDrawProfile="http:/ / f schemas /MagicDrawProfile/_UG7MoOetEd2dH_d60Sielg/0"
xmins:ecore="http:/ /www.eclipse.org/emf/2002 /Ecore"
xmins:uml="http:/ fwww.eclipse.org/uml2/2.0.0/uUML"
xsi:schemalLocation="http:/ f f schemas/MagicDrawProfile/_UG7Mo0OetEd2dH_d60Sielg /0
UML_Standard_Profile.MagicDraw_Profile.profile.uml#_UG7NauetEd2dH_d60Sielg" =

- <uml:Model xmi:id="eee_1045467100313_135436_1" name="DomainDrivenDesign"

o+

viewpoint=""=
zownedComment xmi:id="_15_0_1_6410187_1211888231480_153565_938"
body="Author:I034949. Created:5/27/08 5:08 PM. Title:. Comment:."
annotatedElement="eee_1045467100313_135436_1" /=
<packagelmport xmi:id="_0primitiveTypesDomainDrivenDesign"=
<packagelmport xmi:id="_0javaPrimitiveTypesDomainDrivenDesign">
<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211888318993 265824 254" name="Entity">
<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211888472890_35449_275" name="ValueObject">
<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211888499124_303717_296" name="Repository">
<packagedElement xmi: type="uml:Class"
xmidid="_15_0_1_6410187_1211888577402_844542_318" name="Identifier"=
zpackagedElement xmi: type="uml:Association"
xmizid="_15_0_1_6410187_1211888707851_323608_397" name=""
memberEnd="_15_0_1_ 6410187_1211838707851_378243_3090
15 0_1 _6410187_12118388707851_992470_3958">
<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211888891551_707739_452" name="Aggregate">
=packagedElement xmi: type="uml:Association"
xmizid="_15_0_1_6410187_1211889018939_974587_536" name=""
memberEnd="_15_0_1 6410187 1211830018939 241627_537
15 0_1 6410187 1211839018939 195167 _538">
<packagedElement xmi: type="uml:Association"
xmizid="_15 0_1_6410187_1211889117296_969811_593" name=""
memberEnd="_15_0_1_6410187_1211889117296_588819_595
_15 0_1_6410187_1211889117296_248004_594">
<packagedElement xmi:type="uml:Association"
xmizid="_15_0_1_6410187_1211889462119_ 724336_659" name=""
memberEnd="_15_0_1_6410187_1211889462119_377407_660

_15_0_1_6410187_1211889462119_408195_661">
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<packagedElement xmi:type="uml:Class"
xmizid="_15_0_1_6410187_1211950868193_207254_403" name="Factory">

zpackagedElement xmi: type="uml:Association"
¥xmizid="_15_0_1_6410187_1211951360311_43111_783" name=""
memberEnd="_15_0_1_6410187_1211951360311_671053_785
15 0_1 6410187_1211951360311 378141 784"

<packagedElement xmi:type="uml:Association"
xmizid="_15_0_1_6410187_1211951870125_956542_890" names=""
memberEnd="_15_0_1_6410187_1211951870125_331130_892
_15 0_1_6410187_1211951870125_441816_891"=

zpackagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211951921860_257327_943" name="Specification" >

<packagedElement xmi: type="uml:Association"
xmizid="_15_0_1_6410187_1211951950752_630672_966" name=""
memberEnd="_15_0_1_6410187_1211951950752_626150_967
_15_0_1_6410187_1211951950752_875256_968" /=

<packagedElement xmi:type="uml:Association"
xmizid="_15_0_1_6410187_1211957735532_377601_1378" name=""
memberEnd="_15_0_1_6410187_1211957735532_184178_ 1380
_15_0_1_6410187_1211957735532_412680_1379">

<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211957987870_739727_1433"
name="RepositoryItem" isAbstract="true" /=

<packagedElement xmi:type="uml:Association"
xmizid="_15_0_1_6410187_1211958079887_888353_1456" name=""
memberEnd="_15_0_1_6410187_1211958079887_381738_1457
_15 0_1_6410187_1211958079887_300394_1458">

<packagedElement xmi: type="uml:Class"
¥mizid="_15_0_1_6410187_1211968311206_246242_1574" name="Module">=

<packagedElement xmi: type="uml:Class"
¥xmizid="_15_0_1_6410187_1211968943007_374719_1940" name="Service">

<packagedElement xmi:type="uml:Stereotype"
xmizid="_15_0_1_6410187_1211972576583_81467_1986" name="Aggregate" >

<packagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1211972600756_857115_19388" name=""
memberEnd="_15_0_1_6410187_1211972600756_242802_1990

_15_0_1_6410187_1211972600756_99443_1989">

<packagedElement xmi: type="uml:Extension"
xmizid="_15_0_1_6410187_1211972600756_857115_1988" name=""
memberEnd="_15_0_1_6410187_1211972600756_242802_1990
_15 0_1_6410187_1211972600756_99443_1989"

<packagedElement xmi: type="uml:Class"
xmizid="_15_0_1_6410187_1211973268847_572802_2153"
name="LifeCycleState"

<packagedElement xmi:type="uml:Association"
xmizid="_15_0_1_6410187_1211973508275_929347_2271" name=""
memberEnd="_15_0_1 6410187_1211973508275_169984_ 2373
_15 0_1_6410187_1211973508275_386083_2272">

<packagedElement xmi: type="uml:Extension"
xmizid="_15_0_1_6410187_1211978832289_200705_2373" name=""
memberEnd="_15_0_1_6410187_1211978832289_593600_2375

_15 0_1_6410187_12119783832289_3820040_2374"=
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<packagedElement xmi: type="uml:Stereotype"
xmizid="_15_0_1_6410187_121197882222%6_321028_2371" name="ValueObject"

<packagedElement xmi:type="uml:Stereotype"
xmizid="_15_0_1_6410187_1211978903773_301357_2410" name="Service" =

zpackagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1211978906461_866593_2412" name=""
memberEnd="_15_0_1_6410187_1211978906461_209095_2414
_15 0_1_6410187_1211978906461_108980_2413">

zpackagedElement xmi: type="uml:Stereotype"
xmizid="_15_0_1_6410187_1211979604851_228209_2496" name="Repository"=

<packagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1211979612773_177191_2498" name=""
memberEnd="_15_0_1_6410187_1211979612773_710062_2500
_15 0_1_6410187_1211979612773_586974_2499">

spackagedElement xmi: type="uml:Stereotype"
¥xmizid="_15_0_1_6410187_1212039487660_578855_2540"
name="Repositoryltem">

<packagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1212039490612_873689_2542" name=""
memberEnd="_15_0_1_6410187_1212039490612_936128_2543
_15_0_1_6410187_1212039490612_199499_2544">

zpackagedElement xmi: type="uml:Stereotype"
xmizid="_15_0_1_6410187_1212040248817_727745_2722" name="Factory">

zpackagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1212040257051_789614_2724" name=""
memberEnd="_15_0_1_6410187_1212040257051_352167_2725
_15_0_1_6410187_1212040257051_642274_37326">

zpackagedElement xmi: type="uml:Stereotype"
xmi:id="_15_0_1_6410187_1212040343662_651450_2772" name="Create">

spackagedElement xmi:type="uml:Extension"
¥xmizid="_15_0_1_6410187_1212040349803_173966_2774" name=""
memberEnd="_15_0_1_6410187_12120403493803_48976_2776
_15 0_1_6410187_1212040349803_317680_2775"=

<packagedElement xmi:type="uml:Stereotype"
xmizid="_15_0_1_6410187_1212040410242_519342_32797" name="Module" =

zpackagedElement xmi:type="uml:Extension"
¥xmizid="_15_0_1_6410187_1212040414805_877935_2799" name=""
memberEnd="_15_0_1_6410187_1212040414805_461995_2801
_15 0_1_6410187_1212040414805_960493_2800">

zpackagedElement xmi: type="uml:Stereotype"

xmizid="_15_0_1_6410187_1212040443618_219395_2822" name="Specification'

=

=

158



+ <packagedElement xmi:type="uml:Stereotype"
xmizid="_15_0_1_6410187_1212040443618_219395_28232" name="Specification":>

+ <packagedElement xmi:type="uml:Extension"
¥xmizid="_15_0_1_6410187_1212040450852_871387_2824" name=""
memberEnd="_15_0_1_6410187_1212040450852_835288 2826
_15_0_1_6410187_1212040450852_218195_2825">

+ zpackagedElement xmi: type="uml:Stereotype"
¥mizid="_15_0_1_6410187_1212040506854_443987_2847" name="add">

+ <packagedElement xmi:type="uml:Extension"
xmizid="_15_0_1_6410187_1212040509713_3892094_2849" name=""
memberEnd="_15_0_1_6410187_1212040509713_954991_2851
_15 0_1_6410187_1212040509713_3846836_2850">

+ =packagedElement xmi: type="uml:Stereotype"
wmidid="_15_0_1_6410187_1212040531776_178389_2872" name="remove":

+ <packagedElement xmi:type="uml:Extension"
mizid="_15_0_1_6410187_1212040536948_795973_2874" name=""
memberEnd="_15_0_1_6410187_12120405326948_103428 2876
_15_0_1_6410187_1212040536948_932506_2875">

+ =packagedElement xmi: type="uml:Stereotype"
wmizid="_15_0_1_6410187_1212040623216_562271_23897" name="find">

+ zpackagedElement xmi: type="uml:Extension"
¥mizid="_15_0_1_6410187_1212040628576_469031_2899" nams=""
memberEnd="_15_0_1_6410187_1212040628576_512378_2901
_15_0_1_6410187_1212040628576_519962_2900">

+ <packagedElement xmi:type="uml:Package"
xmi:id="magicdraw_uml_standard_profile_v_0001" name="UML Standard Profile">

+ =zprofiledpplication
xmizid="_9_0_beD0301_1108050582343_527400_10847profileApplicationDomainDriven

+ <profilefpplication
xmizid="_11_5_ beD0301_1153310565718_226811_161profileApplicationDomainDrivenD

+ <profiledpplication
xmi:id="_be00301_1073394351331_445580_2profileApplicationDomainDrivenDesign">

+ <profileApplication
xmizid="_11_5_f720368_1159529670215_231387_1profileApplicationDomainDrivenDesi

=fuml:Model=

<MagicDrawProfile: auxiliaryResource xmi:id="_UIaac-etEd2dH_d60Sielg"

base_Element="magicdraw_uml_standard_profile_v_0001"
base_Package="magicdraw_uml_standard_profile_v_0001" />
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Step 3: XMI to ECore Conversion - Using the wf-uml2ecore-policy.oaw Cartridge

<?xml version="1.0"7?>

<workflow>

<cartridge

file="org/openarchitectureware/util/uml2ecore/uml2ecoreWorkflow.oaw"

uml2ModelFile="md/DDD.uml"
nsUriPrefix="http://www.fictitious.org/domainmodel"
addNameAttribute="true"
includedPackages="DDDMetamodel"
resourcePerToplevelPackage="false"
outputPath="src-gen" />

</workflow>

Step 4: ECore Model

<?xml version="1.0" encoding="UTF-8"?>
<ecore:EPackage xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:ecore="http://www.eclipse.org/emf/2002/Ecore"
name="DomainDrivenDesign"
nsURI="http:///DomainDrivenDesign.ecore”™ nsPrefix="DomainDrivenDesign">
<eClassifiers xsi:type="ecore:EClass" name="Entity"
eSuperTypes="uml.ecore#//Class #//RepositoryItem">
<eOperations name="checkConformance" ordered="false" lowerBound="1"/>
<eStructuralFeatures xsi:type="ecore:EReference" ordered="false"
lowerBound="1"
eType="4#//Identifier" containment="true"/>
<eStructuralFeatures xsi:type="ecore:EAttribute" name="isAggregateMember"
ordered="false"
lowerBound="1" eType="ecore:EDataType
http://www.eclipse.org/emf/2002/Ecore#//EBoolean"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="RepositoryItem"
abstract="true"/>
<eClassifiers xsi:type="ecore:EClass" name="Identifier"
eSuperTypes="uml.ecore#//Property"/>
<eClassifiers xsi:type="ecore:EClass" name="Specification"
eSuperTypes="uml.ecore#//Class"/>
<eClassifiers xsi:type="ecore:EClass" name="ValueObject"
eSuperTypes="uml.ecore#//Class">
<eStructuralFeatures xsi:type="ecore:EAttribute" name="isAggregateMember"
ordered="false"
lowerBound="1" eType="ecore:EDataType
http://www.eclipse.org/emf/2002/Ecore#//EBoolean"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Repository"
eSuperTypes="uml.ecore#//Class">
<eOperations name="findByIdentifier" ordered="false" lowerBound="1"
eType="#//Repositoryltem">
<eParameters name="indentifiers" ordered="false" lowerBound="1"
upperBound="-1"
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eType="#//Identifier"/>
</eOperations>
<eOperations name="findByCriteria" ordered="false" upperBound="-1"
eType="#//Repositoryltem">
<eParameters name="attributes" ordered="false" lowerBound="1"
upperBound="-1"
eType="ecore:EClass uml.ecore#//Property"/>
</eOperations>
<eOperations name="add" ordered="false" lowerBound="1"
eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EBoolean">
<eParameters name="items" ordered="false" lowerBound="1" upperBound="-
1" eType="#//RepositoryIltem"/>
</eOperations>
<eOperations name="remove" ordered="false" lowerBound="1"
eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore#//EBoolean">
<eParameters name="items" ordered="false" lowerBound="1" upperBound="-
1" eType="#//RepositoryIltem"/>
</eOperations>
<eStructuralFeatures xsi:type="ecore:EReference" name=" " ordered="false"
upperBound="-1"
eType="#//Repositoryltem" containment="true"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Aggregate"
eSuperTypes="uml.ecore#//Class #//RepositoryItem">
<eOperations name="checkConsistency" ordered="false" lowerBound="1"/>
<eStructuralFeatures xsi:type="ecore:EReference" name="aggregateRoot"
ordered="false"
lowerBound="1" eType="#//Entity"/>
<eStructuralFeatures xsi:type="ecore:EReference" name=" " ordered="false"
upperBound="-1"
eType="#//ValueObject" containment="true"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Factory"
eSuperTypes="uml.ecore#//Class">
<eOperations name="create" ordered="false" lowerBound="1"/>
<eStructuralFeatures xsi:type="ecore:EReference" name="_ " ordered="false"
lowerBound="1"
eType="#//Entity"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Module"
eSuperTypes="uml.ecore#//Namespace" />
<eClassifiers xsi:type="ecore:EClass" name="Service"
eSuperTypes="uml.ecore#//Class"/>
</ecore:EPackage>
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