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Sommario esteso
Service-Oriented Architecture, abbreviato SOA, è un paradigma di sviluppo
di software che sta assumendo un ruolo importante nell’industria delle applicazioni e nelle ricerca universitaria. L’idea di base di SOA è quella di
sviluppare le applicazioni come servizi in modo tale da poterle integrare in
uniche applicazioni molto più vaste e complesse. In più il paradigma permette la collaborazione all’interno della stessa organizzazione ma anche tra
organizzazioni diverse, in modo tale da diminuire la duplicazione di applicazioni che in realtà svolgono lo stesso compito.
L’implementazione più usata di SOA sono i Web services che si basano sul
cosı̀ detto Web Service Stack dove risiedono standard come SOAP, WSDL,
UDDI ed estensioni WS-*.
Mentre lo sviluppo di singoli servizi e l’interconnessione punto-punto di
essi ha ormai raggiunto un buon livello di adozione, ci sono ancora questioni
rilevanti e da risolvere riguardo ad altre problematiche legate all’approccio
SOA. Infatti i protocolli disponibili e utilizzabili in questo momento non
riescono a soddisfare tutti i requisiti che la gestione e lo sviluppo di applicazioni complesse richiedono. In particolare l’interazione tra i diversi
servizi deve raggiungere un certo livello di funzionalità e di affidabilità che
l’implementazione attuale di SOA non riesce a fornire.
Sistemi orientati ai servizi richiedono ancora la risoluzione di problemi
come la descrizione e la definizione nei dettagli del concetto di servizio,
l’organizzazione di servizi complessi composti da altri servizi più semplici,
la selezione dei servizi adatti per un’applicazione e il monitoraggio della loro
esecuzione. Tutti questi aspetti vanno considerati congiuntamente e un’idea
che possa risolvere, o per lo meno concentrarsi maggiormente su SOA, è
quella di fornire un framework completo e self-contained che si occupi delle
varie problematiche.
Ci sono diversi approcci nella definizione dei concetti legati al servizio,
ogni approccio ha il suo peculiare scopo, metodo e punto di vista, ma tutti
cercano di trovare un modello per il concetto di servizio e aspetti legati ad
esso. Inoltre alcuni approcci sono legati ad una particolare implementazione
e dipendono da uno specifico insieme di protocolli e standard, senza quindi
permettere una soluzione adattabile ad ogni tipo di implementazione SOA.
In questa tesi analizziamo le varie soluzione e le varie proposte che proven7
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gono sia dal fronte della ricerca universitaria, sia da fronte delle industrie di
software in modo tale da raccogliere un insieme completo di informazioni a
riguardo.
Riusciremo quindi a capire che il numero di protocolli e linguaggi legati
a SOA, ancora in fase di crescita con acronimi e soluzioni molto simili tra
loro, è il risultato di diversi trend di ricerca a riguardo di SOA. Ogni gruppo
sviluppa la sua soluzione, a seconda delle sue idee e del suo approccio, su una
parte specifica dei sistemi service-oriented. In questo modo ci ritroviamo ora
molte soluzioni, magari simili nel loro contenuto, che si focalizzano solo su
una singola parte del problema. Abbiamo quindi una letteratura scientifica
ricca di modelli, meta-modelli, linguaggi e standard a riguardo dei servizi.
Questo fenomeno ha però portato ad una difficile situazione dove molte
questioni sono ancora da risolvere nonostante l’argomento vanti di parecchie pubblicazioni e proposte. Infatti si trovano spesso simili soluzioni per
lo stesso problema che in realtà non riescono a distinguersi una dall’altra.
L’analisi dello stato dell’arte ci permette di capire quali sono i requisiti preliminari dei modelli SOA. Prima di proporre una nuova soluzione è quindi
necessario focalizzare quali sono i requisiti di un modello, in modo tale da
non ottenere una visione troppo ampia a dispersiva del concetto di servizio.
Un’altro punto da sottolineare è la necessità di fornire un meta-modello che
riesca a raggruppare gli aspetti delle applicazioni orientate ai servizi e a dare
una definizione di tutti gli elementi coinvolti.
La parte di SOA che maggiormente richiede una formalizzazione è la
composizione di servizi. Nonostante ci siano ottimi e ben adottati protocolli
di composizione, essi non considerano tutti gli aspetti legati ad essa e talvolta
sono troppo legati ad una specifica implementazione di SOA. Il nostro scopo
è di fornire un meta-modello che sia in grado di modellare la composizione
con una prospettiva più astratta, indipendente dall’implementazione alla
base del servizio e ad alto livello.
Per riassumere lo scenario in qui viene introdotto il nostro lavoro, possiamo dire che i servizi sono buone soluzioni che si adattano ad infrastrutture
eterogenee, ma ci sono ancora dei requisiti che vanno soddisfatti. Alcuni di
questi sono:
• facile deployment dei servizi in diverse infrastrutture;
• capacità del servizio di distinguere l’attuale disponibilità di risorse
(resource-awareness);
• supporto alla Quality of Service (QoS);
• adattabilità al contesto.
Considerato questo scenario, che spiegheremo nei dettagli nel corso della
tesi, vediamo la necessità di sviluppare un meta-modello alla base di un
framework per lo sviluppo, deployment e validazione dei servizi.
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Il meta-modello che proponiamo ha come scopo lo sviluppo di un modello di composizione che abbia cognizione non solo di parametri funzionali ma anche di qualità del servizio. Che il servizio esegua ciò per cui è
stato selezionato e invocato non basta, è necessario anche un supporto alla
QoS in modo tale da ottenere un servizio efficiente oltre che funzionale. Le
soluzioni legate alla QoS nell’ambito di SOA sono sviluppate come parti
esterne della composizione e vanno integrate in un secondo momento durante la definizione del servizio. Alcuni esempi sono service level agreements
(SLAs) o policies. La nostra prospettiva è diversa in quanto vogliamo sviluppare un meta-modello che riesca a contenere requisiti legati sia al servizio, sia
alla composizione, sia alla QoS: un’unico framework che definisce i concetti
base e anche i parametri di QoS, le misurazioni, i range di valori desiderati
dall’utente e simili concetti. Analizziamo tutti questi punti nei prossimi
capitoli passando da un’analisi dello stato dell’arte per quanto riguarda la
composizione di servizi, poi per quanto riguarda la QoS e poi per quanto
riguarda i modelli SOA ora disponibili.
La tesi è organizzata nel modo seguente:
• il capitolo 2 presenta un’introduzione a Service-Oriented Architecture
(SOA) e al suo framework di base. Inoltre viene fatta una breve discussione a riguardo dei Web services come implementazione più importante di SOA. Infine una discussione finale sulle questioni più importanti legate a SOA;
• il capitolo 3 analizza il concetto di composizione di servizi, ne definisce
il significato e si concentra sugli aspetti più importanti che richiedono
ancora studio. Le caratteristiche della composizione sono spiegate attraverso la discussione degli approcci attuali e dei requisiti legati ad
essa;
• il capitolo 4 riferisce lo stato dell’arte a riguardo della QoS nel contesto
di SOA. Vengono analizzate le varie definizioni e proprietà assegnate
al concetto di QoS, poi commentati i principali standard legati a QoS
e i punti non ancora risolti. In particolare la concentrazione è sulla
definizione e sul monitoraggio della qualità del servizio;
• il capitolo 5 è una panoramica dei modelli, meta-modelli e linguaggi
legati al concetto di servizio. Nell’analisi ci concentriamo sugli aspetti legati alle definizioni di servizio, di composizione e di proprietà
non funzionali. Commentiamo ogni soluzione sottolineando vantaggi
e svantaggi rispetto alle altre;
• il capitolo 6 è dedicato alla nostra proposta di meta-modello. Il metamodello è pensato con lo scopo di riuscire a descrivere una composizione nel modo più generico possibile in modo da essere adatta per
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ogni tipo di implementazione. Il meta-modello inoltre integra aspetti
di QoS definendo significati e relazioni tra i vari elementi;
• il capitolo 7 è dedicato ad un caso di studio che aiuta nella comprensione dei problemi legati alla composizione, delle prerogative richieste
dalla QoS e delle motivazioni di design del meta-modello. Il caso di studio è prima esposto nei termini della richiesta del cliente del servizio,
poi nella prospettiva della composizione;
• il capitolo 8 conclude la tesi sottolineando le problematiche che richiedono ulteriore sviluppo e le possibili svolte a riguardo del meta-modello.

Chapter 1

Introduction
Service-Oriented Architecture (SOA) has nowadays become a commonly accepted paradigm for integrating applications within and across organizations. In this architectural approach, applications are exposed as services
and are interconnected using standard protocols. The most famous implementation of service is the Web service technology which uses the so-called
Web service stack with standards like SOAP, WSDL, UDDI and WS-* extensions. While the development of single services and the interconnection
of them with a point-to-point approach have a good and well-accepted level
of adoption, there are still relevant open questions about the service composition issues. Managing and developing complex compositions with efficient
functionalities and reliable outcome for the B2B interactions are not yet
satisfied by the current protocols.
Service-oriented systems are built over the service concept and involve a
relevant number of issues: they range from the description and definition of
the service, to the organization of a complex service composed by other subservices; from the selection of the appropriate services for a particular task,
to the monitoring of the execution of the application. These are some of
the SOA concepts that actually require an appropriate glue that can collect
them in a complete and self-contained framework.
There are several and different approaches in the definition of the service
domain, each of them has a different goal and point of view but all aim at
finding a model for the service and its features. Moreover some approaches
are tied to a specific implementation and rely on a predefined set of standards, instead of giving an overall view of the service in its general meaning.
We will analyse the most important efforts done in the research communities
and in the software industries about this topic, in order to get a complete
knowledge of the current state of the art.
We will understand that the huge and still growing number of protocols
and languages, which sometimes have similar acronyms that make confusion
even about their meaning, is the reason of a wide and separated develop11
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ment of SOA standards and proposals promoted by different research trends.
Each group develops its own solution with its own philosophy and approach
in order to solve a specific problem of the service-oriented systems: this
behavior results in a myriad of solutions, each concentrated on specific developing ideas and goals, that usually define and redefine the same concepts
in similar way. Even if the approaches are similar, more than one solution
are conceived enabling the increase of the number of models, meta-models,
languages, standards, etc. about services.
This phenomena has reached a quite difficult situation where still many
questions are unsolved and many solutions are provided for the same functions with some little peculiarities that distinguish one specification from
another. Actually the state of the art analysis lets think about two preliminary requirements of the service-oriented architecture models. The first one
is the necessity of listing the set of requisites that a model for service needs
in order to concentrate the investigation on specific topics, instead of having
a generic and maybe too much distractive vision. The second requirement
is to provide a meta-model that can really collect the aspects of the serviceoriented applications and give a definition of each element involved in the
domain.
In our opinion the most important part of the SOA domain, that is not
well defined from an abstract point of view, is the composition of services.
Even if there are well accepted protocols for composition, they do not satisfy
the whole set of requirements and most of them lack of generality. Our goal
is to provide a meta-model that is able to model the composition of services
from an abstract perspective. This means that it should be independent
from any kind of service technology, i.e. it should consider the service in
its most abstract acceptation, and should provide a high-level view of the
domain.
To summarize the scenario in which our meta-model is introduced, we
can assert that services are good solutions for heterogeneous infrastructures
since they can satisfy functionalities even if the execution environment is
complex, but there are other requirements that should be met. Some of
them are expressed in the following list:
• easy deployment of the services in the several and distinct infrastructures;
• resource-awareness;
• QoS support; and
• context adaptability.
In this scenario it is necessary to develop a conceptual model as a basis
of a framework for development, deployments and validation of the services.

1.1. ORGANIZATION OF THE WORK
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The meta-model we propose aims at specifying Quality of Service (QoS)
properties related to the composition of services. Functionalities are not
enough in the service-oriented applications, but a minimum QoS framework
should be provided next to a correct execution of the application. The
service should be also efficient and current SOA solutions do not really focus
on this topic with an inner perspective. Usually they attach generic QoS
solutions through service level agreements (SLAs) or policies, but they do
not solve the issue by integrating the non-functional properties in the model
itself. Our idea is to provide a meta-model that can represent the service,
the composition and also the QoS. In particular it is necessary to offer a way
to define QoS parameters, metrics and to monitor the stated QoS during the
execution. In fact the objective of the meta-model is to have the capability
of modeling QoS-aware compositions of generic services. We will analyse all
these points in the next chapters: ranging from the composition, the QoS
definition and monitoring issues to the discussion of the current state of the
art.

1.1

Organization of the Work

The thesis is organized as it follows:
• Chapter 2 is dedicated to an introduction of the Service-Oriented Architecture (SOA) and to an overview of the framework upon SOA is
built. In addition, there is a brief overview of the Web Service Framework in the context of SOA implementations. Finally we argue about
the challenges and open debates in SOA;
• Chapter 3 deals with the service composition topic. It defines the
meaning of composition and analyzes the open questions. The interesting features of the composition are outlined and explained through
the discussion of the current approaches and requirements related to
it;
• Chapter 4 reports the main efforts in the definition of QoS properties
in the context of service-oriented applications. It discusses the current
standards that support a QoS framework and the open issues about
QoS definition and monitoring with regard to simple and to composite
services;
• Chapter 5 is an overview of the current models, meta-models and language specifications about the service concept. We focus on the composition and non-functional properties definition aspects. We comment each solution highlighting advantages and disadvantages with
respect to the capability of modeling the service domain. A conclusive
comparative analysis is provided;
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• Chapter 6 presents our proposal: i.e. a meta-model for QoS-aware
composition of services. After the discussion of the state of the art
and the definition of a set of requirements related to the modeling of a
composition, we propose an abstract meta-model that integrates QoS
concepts;
• Chapter 7 is dedicated to the explanation of a case study that can help
in the understanding of the structure and the rules of the meta-model.
Firstly the example is outlined in terms of the request of the user,
then it is analyzed from the composition perspective. An example of
mapping of the case study to an instance of the proposed meta-model
is designed;
• Chapter 8 concludes the thesis highlighting the further work required
by the actual state of the meta-model and the future developments
that can be done to achieve a more efficient meta-model.

1.2

A Note on the Language of the Thesis

The work is written in English but some important parts are summarized
in Italian in the previous chapter (Sommario esteso), with an overall view
of the work, and in the last chapter (Conclusioni e sviluppi futuri), with a
conclusive comment about the proposal and its future improvements.

Chapter 2

SOA and Web Services
SOA, i.e. Service-Oriented Architecture, is an emerging paradigm based
on the service concept that is used to develop distributed applications. The
interconnection between different organizations is important for the development of high quality and efficient applications. SOA suggests an easy way
to interconnect and improve single applications into robust and complex
systems.
An example of SOA is the Web service technology which is now one of the
technology which is most used together with Grid services and Peer-to-Peer
services. We will explain the concepts of Service-Oriented Architecture and
Service-Oriented Computing (SOC), moreover we will focus on the reason
why and the way how SOA and SOC become relevant and challenging in the
actual panorama of distributed environments. After giving an appreciation
of the main issues and facets related to SOA, we concentrate to one of the
most important example of SOA application, i.e. Web services.

2.1

Service-Oriented Architecture

Computing is becoming a central issue in distributed applications: we have
complex infrastructures that lead to complex interactions between systems.
Moreover the complexity of computing grows when dealing with heterogeneous, dynamic and autonomous systems since they require a more demanding integration. Therefore, as systems are growing and getting more complex, smart infrastructure management and monitoring mechanisms are necessary. The idea of autonomic computing comes into consideration with its
properties of self-configuring, self-optimizing, self-healing and self-adapting
we will explain better in Chapter 3. The acronym SOC stands for ServiceOriented Computing and refers to the concept of having services as building
blocks of distributed computing. SOC leads to the SOA term which instead
stands for Service-Oriented Architecture and comprises a software design
approach based on the service concept, too.
15
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Before giving more details about SOA we clarify the meaning of service.
Services are context-independent in the sense that the context where they
are used has no influence on the properties of the service. They can be
stateful or stateless. Moreover services are loosely coupled in three main
aspects: loose coupling in the interface, i.e. implementation details are hidden, loose coupling in the technology, i.e. they are platform independent,
and loose coupling in the process, i.e. they are reusable in distinct business
processes. Another important feature of service is that it is self-contained,
and it is an independent and autonomous module that can be used with no
limiting constraints and rules. Finally services are based on standards in
their interface, in their data model and in their process model so that the
portability and flexibility of the protocols can bring their advantages to the
service-based applications. As it is possible to find in every documentation
about services, a service can be described, published, found, bound, invoked
and composed. We will not explore every detail of each property but we will
give an appreciation of the main topics, in particular to the composition capability of the services. Another advantage of the service-oriented paradigm
is the location transparency which enables high and free accessibility to the
services.
Given the definition of service of the last paragraph, we can now analyse
what the term SOA means and what are its main applications. SOA is an
abstract architectural concept whose relevant paradigms are loose coupling,
dynamic binding and high interoperability. The basic architecture is known
as the publish-find-bind paradigm which involves three roles: the provider of
the service that defines and implements it, the requestor of the service and
the intermediate broker which helps the client in finding the desired service.
Even though the architectural components seem to be enough, the basic
architecture requires more facilities that adds to simple transport, messaging
and description features included in the publish-find-bind paradigm, other
more complex facilities. We talk about middleware facilities like transaction
support, quality of service (QoS) knowledge and management, composition
capability and similar.
In Figure 2.1 there is the complete SOA framework divided in layers
according to the specific functionalities.
We follow with a summary of the layers and their main functionalities
in order to get a short overview of the SOA framework. The layers are the
following:
• transport layer, which includes general transport protocols;
• messaging layer, which includes messaging protocols and addressing
techniques;
• description layer, which defines interfaces plus bindings and policies of
the service;

2.2. WEB SERVICES OVERVIEW
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Figure 2.1: The SOA Framework
• QoS layer, which provides facilities for reliable messaging, security and
transactional operations; and
• composition layer, which includes orchestration and choreography features that we will analyse in the following chapters.
The advantages of SOA are numerous and are related to different aspects,
we can divide them into two categories: technical benefits and business benefits. About technical benefits we know that developing services is not that
complex thanks to the modularity and loose coupling of the services, moreover the adherence to standard protocols allows the reuse of the modules
in several applications. Finally, since interfaces are independent from the
implementation, maintainability is simpler. Regarding business benefits, instead, the term business agility is used in order to state that it is simple
to find out the right service, changing the provider, assembling services in
applications and reusing preexisting services. This also allows a reduced
integration cost and a reduced technology dependence.
SOA can be built using distributed object middlewares such as CORBA
and J2EE, message-oriented middlewares such as IBM WebSphere MQ, TP
monitors, B2B platforms such as ebXML and RosettaNet, and Web services.
More in general and according to the underlaying technologies and business
models, SOA can be considered a super class of services like Web services,
Grid services and P2P services.
As a summary about SOA we present a quick table in Figure 2.2 with
the main aspects concerning the service orientation approach.

2.2

Web Services Overview

Web services are one of the possible implementations of SOA: a short overview
of the Web services world highlighting the main aspects will give an appre-
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SOA
service description-based
separation from description and implementation
module-based
support for run-time functions
dynamic discovery, substitution and composition
dynamic availability
abstract composition
non-functional properties definition and control
Figure 2.2: SOA Features Summary

ciation of the field in which we are moving.
Web services are now quite popular in the Web but still they comprehend
a lot of open issues and challenges: in the following chapters we explain
some of them and give a proposal for solving part of the composition-related
problems.
The W3C definition of Web services claims: “A Web service is a software system designed to support interoperable machine-to-machine interaction over a network. It has an interface described in a machine-processable
format (specifically WSDL). Other systems interact with the Web service
in a manner prescribed by its description using SOAP-messages, typically
conveyed using HTTP with an XML serialization in conjunction with other
Web-related standards”
Web services are distributed applications whose main properties are flexibility, independence and quick setup. In more details Web services are selfcontained processes which can be described, published, localized and invoked
from any client. Web services are therefore processes available on the Web
that can be used, as they are or in a composite manner. It is possible, for
example, to develop a new application by composing several services where
every single service has a specific functionality. If the service is a Web service
this means that it is using Internet standards and protocols, and it has to
take into consideration the public, insicure and low-fidelity mechanisms and
interactions that are at the base of the Internet communication.
Three roles are involved in the Web service architecture: providers,
clients and aggregators. Service providers are in charge of the implementation and the description of the service; clients use the services in order
to satisfy their requirements; and aggregators combine distinct services and
provide a new one with additional features.
Web services can have different kind of usages, from simple requests to
complete business applications: the spread of Web services usage is due to
the easy definition of services by using standard protocols, the possibility
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of assembling services own by different providers and the chance to arrange
them into a customized and specific application. When we develop an application it is not necessary to start from scratch, but it is possible to reuse
and customize preexisting services according to our requirements and build
a more specific application that satisfies our needs. In this scenario the idea
of software as service looks interesting and it leads to a new software developing approach which is mainly centered on adding functionalities and
value to existing applications. This concept enforces the definition we have
given of Web services as rapid, low-cost and easily composite distributed
applications.
The base middleware of Web services comprehends SOAP, WSDL and
UDDI, which are always mentioned in the Web service protocol stack. Each
of them has a specialized role in the overall architecture and, as we will see
in Section 2.3, they are divided into separated levels according to the their
work. If we consider more general and complex facets and issues of Web
services, like monitoring, composition and similar, we must introduce some
other infrastructures, frameworks and standards that are used to implement
and solve such issues.

2.3

The Web Service Framework

The goal of the Web service technology is to get applications working together over standard Internet protocol, therefore the choice of some base
protocols depends on the overlay communication system we use. Actually
the transport layer in Internet is implemented with HTTP and TCP/IP
therefore we need upper layers which can communicate with such implementation. As for SOA, the stack can be divided into layers: core layers,
like transport and messaging techniques, and high-level layers, like service
description, publication, composition and collaboration. Both core and highlevel layers have several and specific functionalities that are implemented by
usually more than one solution.
In Figure 2.3 we can see the overall picture of the Web service framework.
We can make a comparison between the SOA framework (Figure 2.1) and
the Web service framework (Figure 2.3) in order to appreciate the paradigm
idea and a specific implementation of SOA.
Here follows a list of the main layers and related implementations that
can be identified in the Web service stack:
• transport layer: core layer of the stack usually implemented with
HTTP and TCP/IP. It can be also implemented with SMTP, FTP
and other transport protocols according to the requirements. What is
deemed important is that the upper layers do not have to care about
the specific transport base;
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Figure 2.3: The Web Services Framework
• messaging layer: SOAP, WS-Addressing, WS-Notification and WSEventing are examples of protocols that can implement these functionalities;
• description layer: it is responsible of describing the public interface
of the Web service so that the it can be published and invoked by
the clients. WSDL and WS-Policy are examples of protocols that
implement these functionalities;
• quality of service layer: this high-level layer embraces quality parameters like security, reliability and transactions. We can mention WSSecurity, WS-Authorization, WS-ReliableMessaging, WS-Transaction
and WS-Coordination as examples of implementation of these nonfunctional facilities;
• composition layer: this layer has several challenges and open issues
and still many researches are focussed on it. Compositions and collaborations are usually implemented using BPEL4WS and WS-CDL;
and
• discovery and negotiation layer: it is another challenging and not well
developed layer. It is responsible of the discovery of the available Web
services and the negotiation of parameters, invocation and execution of
them. The most important protocols are UDDI and WS-* extensions
such as WS-Addressing and WS-MetaDataExchange.
Since Web service is one of the most important SOA technology we focus
on each layer of the Web service framework in Sections 2.3.1, 2.3.2, 2.3.3,
2.3.4 and 2.3.5. A very short summary about Web services, layers and
protocols can be the following: Web services are self-contained and modular
applications that can be described with WSDL; published and found with
UDDI; bound and invoked with SOAP; and composed with BPEL4WS.
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Moreover the mentioned core standards like WSDL, SOAP and BPEL4WS
are supported by WS-* extension protocols.

2.3.1

The Messaging Layer

According to the functionalities of the messaging layer we already mentioned in the previous sections, we can give some hints about the most used
protocols: SOAP, WS-Addressing [W3C04b], WS-Notification [not04] and
WS-Eventing.
SOAP (Simple Object Access Protocol) is a lightweight protocol standardized by W3C with version 1.1 [W3C00] and recently improved in version
1.2 [W3C07a]. It simply sends and receives HTTP packets and processes
XML messages. Its goal is to provide a messaging protocol with the crucial
property of transparency to the underlaying protocols, operating systems
and programming environments. It is based on XML and simply acts as a
communication protocol for exchanging messages between machines. SOAP
is lightweight in the sense that it does not embrace anything about reliability, transactions, security, and more complex message exchanges. Therefore it requires the contributory usage of other standards which provide
these typical middleware features: therefore SOAP is designed so that these
features can be implemented by other standards through the so called extensibility approach. Some examples are WS-Security, WS-Coordination and
WS-Transaction which define more specific features to be attached to the
conventional messaging system.
Another protocol of the messaging layer is WS-Addressing which provides an interoperable and transport independent way of identifying senders
and receivers. It can also be used for the discovery and negotiation layer.

2.3.2

The Description Layer

Standards of the description layer are WSDL (Web Service Description Language) [W3C07b] and WS-Policy.
WSDL provides the XML interface of the Web service: it defines the operations, the location and the invocation constraints of the service. It is an
abstract definition of the service since there are no details about implementation and deployment specifications. The WSDL document is composed
of an abstract and a concrete part: the abstract part encompasses a service interface definition with operations and their specific parameters; the
concrete part instead encompasses the service implementation part, i.e. the
binding of the interface to concrete location, protocol and data structure.
This second part defines how developers and generic clients can reach the
implementation of the service. It is an XML vocabulary to describe Web
services and it was born from the combination of two service description
languages: one studied by IBM and the other one by Microsoft.
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WS-Policy defines constraints, conditions, service-level assurances and
requirements for services: it complements the WSDL document of the service. Policies can be attached through the WS-PolicyAttachment protocol.

2.3.3

The QoS Layer

This layer comprehends security, reliability and transaction features which
are some of the main quality-related issues. QoS has a relevant role in SOA,
especially in composition. We do not dedicate much space in this chapter
since QoS issues and solutions are deeply analyzed in Chapter 4. Moreover
QoS is considered as first citizen in our composition model, thus we will
discuss about it frequently.

2.3.4

The Composition Layer

This layer comprehends service composition and collaboration. The two
concepts are slightly different: the composition describes the execution logic
of the services through control flows definition and set up of rules about
consistency of data management; collaboration, instead, concerns the relationships between cross-enterprise participants of a service. We will focus
on composition issue in the following chapters analyzing deeply the problem
and trying to provide a solution for some of its facets.
Some of the protocols for this layer are BPEL4WS [OAS06] and WSCDL [W3C05] which are taken into consideration in Chapter 3.

2.3.5

The Discovery and Negotiation Layer

This layer comprehends service discovery and negotiation functionalities:
some implementations are UDDI [OAS04], WS-Addressing [W3C04b] and
WS-MetaDataExchange [mde06].
The UDDI (Universal Description, Discovery, Integration) protocol belongs to the discovery layer of the protocol stack. As its acronym claims, its
goal is the description, the discovery and the integration of services. It uses
directories and registries to store essential information about the available
services with a taxonomy mechanism. Some APIs are implemented in order
to publish, discover and manage services. UDDI implements a static service
discovery process in the sense that implementation details are bound at design time and the service retrieval is performed on a service registry. This
is one of the main drawback of this protocol: the dynamic discovery would
provide more benefits since the implementation details can be arranged at
run-time and the service retrieval can be done at the end, without worrying
about it at design time. Concerning the static or dynamic nature of the
service discovery process we can observe that UDDI is not so efficient.
Other features can be explored but it is not the goal of this thesis.
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WS-MetaDataExchange is a lightweight alternative to UDDI to overcome the centralization of the UDDI mechanism: its mechanism is based on
the dynamic exchange of WS-Policy and general meta-data between endpoints with no intermediation of registries as in UDDI.

2.4

Challenging Issues in SOA

We give a brief overview of the open issues related to SOA and Web services:
we mention some of them as examples of the actual scenario of the research
and the industry in this field.
The main challenging issues in SOA are service composition, discovery,
verification, and QoS definition and monitoring.
The service composition goal is to build valued-added services from preexisting services. There are three main approaches: one is process-based
and the composition is deemed as a workflow, another one is requirementsdriven in the sense that the composition is build by heavy use of requirements’ specification, and finally another one is Artificial Intelligence-based
and the composition is built with reasoning engines. The last approach is
related to the autonomic computing research field.
Composition can be static, i.e. at design time, dynamic, i.e. at run time,
or at deployment time during the application installation. The different
approaches differ in the difficulty and complexity and also in the performance
and efficiency of the composition. For example, a dynamic composition
model includes issues such as dynamic service discovery, QoS negotiation,
reorganization of the processes, service availability checking, fault handling
and transactional properties.
On the industry front the composition theme has reached a relevant importance, in particular in the business process definition specifications. Orchestration and choreography concepts are precious for the organizations,
in fact most of the efforts are dedicated to the development of definitions
for business process activities, business interaction protocols and collaborating services. On the research front, instead, the composition theme has a
wider area of interests, especially in dynamic composition, formal description of the service and its composition, composition verification, and finally
automatic retrieval and composition of Web services through Artificial Intelligence planning techniques.
There are other issues about composition but we do not dedicate much
space for them in this chapter: composition is the main open issue of this
work therefore detailed ideas and hints can be found in the following chapters, in particular in Chapter 3.
In Chapter 4 we focus on the problem of integrating QoS parameters
to the service-oriented systems so that it is possible to define levels of efficiency of an application and provide services according to the requirements,
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capabilities and possibilities of the consumers. QoS is a complex term in the
SOA scenario and it is necessary to understand its meaning and implications
in order to get QoS-enabled frameworks.
Moreover service discovery is another important open issue in SOA, since
there has no well-accepted method or standard that can accomplish the
requirements of dynamic discovery and selection of the services. We do
not take much in consideration this aspect because it would require a lot
of investigation and discussion that are not the aim of this thesis. It is
anyway important the relation of the discovery process management with
the composition of services.
The last challenge we would like to mention is the service verification,
that in the last years has reached a relevant attention by the researchers.
In fact, the now available SOA solutions do not fulfill neither implement
tools for the verification of the services. For example, thanks to BPEL it
is possible to define business processes but there is no BPEL method that
allows to check the instance of the created processes before letting it execute.
Therefore it is necessary to use some external tools to do the job. In [vBK06]
the nowadays efforts in these directions are explained, with the attention to
the BPEL example.

Chapter 3

Service Composition
Service composition is a relevant aspect of SOA. We focus on the composition
of services in order to understand what composition should do and what
is its influence on other features like discovery, invocation and monitoring
in service-oriented systems. We also investigate the open issues and the
research trends about composition, after giving a state of the art analysis.
The chapter is organized as it follows: Section 3.1 is an introduction
to the concept of service composition, Section 3.2 defines the meaning of
orchestration and choreography, and Section 3.3 introduces the issues related
to composition of services. Next we focus on the actual efforts done in the
definition and design of solutions for compositions outlining the different
approaches (Section 3.4) and the results (Section 3.5). We conclude with
the open issues and research challenges in Section 3.6.

3.1

Introduction to Composition

The composition of services is a very discussed and challenging topic of the
service-oriented architectures. It is still under research even if today it is not
a new concept and even if there are a lot of solutions and standards related to
it. The term composition is firstly dedicated to the definition of an open and
standard solution that can connect together different service with the goal of
getting a higher-level and value-added business process [Pel03a]. Even if the
definition is agreed by the university communities and by the business environments, during the development of new approaches to composition and the
changing of the research trends about this topic, the composition term has
received a more complete and richer meaning. Composition is not only the
capability of connecting services, but it is also, for example, the capability of
providing a more complex and valuable service with non-functional requirements. Moreover the availability of a dynamic composition, the monitoring
and discovery facilities have received an increasing interest.
Service composition is the creation of new services combining and linking
25
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preexisting services, which in turn can be atomic or recursively composed. A
composition can be static i.e. the selection and combination of the services
is done at design time, or it can be built at developing time during the
installation of the service, or it can even be dynamic if the services are
selected and linked at run time. In the last case at design time it is necessary
to design the abstract process that models the composed service.
In Chapter 2 we have introduced the term process and we need to explain it better in the context of service and service composition. A process,
or more precisely, a business process is an activity consisting of related tasks
which are combined according to a specific sequence and to business rules.
Such process produces an output that can be the final result of the application in which the service is invoked or it can be used again for another
composition. Moreover the workflow concept, which in general describes the
technology interaction that are involved in the real-world processes model,
e.g. the implementation, includes some more difficulties in the services and
Web services context. In fact the huge amount of available services, not
manually browsable and selectable, and the requirement of a QoS definition
and management bring more complexity in the service workflow.
Usually the service composition comprehends the functionalities of the
process and it does not include non-functional properties, which in fact are
separated into other dedicated modules: for example a QoS module can be
added to the composition but can not be integrated to it.

3.2

Orchestration and Choreography

Composition embraces two relevant concepts that are orchestration and
choreography. Nowadays the distinction is quite obscure and many solutions relates to composition in its orchestration meaning, without taking
into consideration the other side of the topic. Even though we give a definition of both terms according to [Pel03a], [RPD06] and [REM+ 07].
Orchestration is related to the composition of services for business processes: it defines what are the composite services and which are the elements of the composition. It describes the interactions between services at
the message level defining the business logic and the execution flow of the
interactions. The description may include long-running processes and transactions. In few words orchestration deals with the private executable part
of the business process.
Choreography instead has a wider meaning in the sense that it is related
to the composition of services for business collaborations, rather than for
business processes: it defines how parties collaborate and what are the relationships between partners. It controls the sequence of the messages that
are exchanged between the parties involved in the process. In few words
choreography is responsible of the observable public exchange of messages
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between parties. Thus a choreography model usually details an abstract,
non-executable process description.

3.3

Composition Issues

Orchestration and choreography are the two facets of the composition concept: they include a finer-grained set of issues that are relevant when defining
the composition concept and a model for it. A summary of the composition
issues follows:
• representation of the abstract process that is compiled and defined
only at run time within the desired services;
• discovery of the service: the discovery of the required services can
be manual or automatic, in both cases the linked services must be
interoperable to get a consistent result;
• coordination of the composition in the terms of a definition of a sequence of operations that guarantees the correctness and consistency
of the composition;
• support for short-duration, atomic transactions and for long-running
business activities;
• context-awareness in order to provide an adaptable service provision
according to the context requirements of the consumer;
• performance and efficiency of the composition;
• definition of techniques for the composed service execution;
• definition of techniques for run time analysis of the composed service
execution, i.e. what is usually called monitoring; and
• definition and management of the QoS for the composite service according to the required quality and according to the QoS dimensions
related to the single services involved in the composition.
This set of issues lets understand the complexity behind SOA and composition. In the literature there is no protocol, proposal or research effort
that comply with all the requirements: usually a work is more focussed on
an aspect than another one. Therefore the result is a large set of attempts,
models, languages and protocols that solve parts of the issues. We will investigate the different approaches and directions that get more relevance in
coming to a resolution for the composition problems.
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3.4

Composition Approaches

There are three generic approaches for composition:
• a process-based approach where composition is deemed a workflow. It
is the most developed now;
• a requirements-driven approach where composition creation is performed after a precise and rich specification of the requirements; and
• an AI-based (Artificial Intelligence) approach where composition is
built with reasoning engines. It is related to the autonomic computing
research field.
Some composition approaches are well defined and summarized in [DS05].
The paper provides also a complete reference to the frameworks and implementations of each approach. We follow with a discussion about the most
relevant approaches, according to our work’s perspective. To have an idea
of the topic we list the different approaches first, and then we discuss them
one at a time:
• dynamic vs. static composition;
• model driven service composition;
• declarative service composition;
• automated vs. manual composition; and
• context-based service composition.

3.4.1

Dynamic versus Static Composition

One of the most important direction of the service composition research
is the dynamic composition. In dynamic composition it is necessary to
discover and organize the services at run time avoiding the fixed and predefined behavior of the static composition techniques. Moreover in dynamic
composition it is necessary to define and negotiate QoS parameters so that
the life-cycle of the service can be monitored according to the assurances
established with the clients. Therefore a complete QoS management system
should be added to the composition in order to provide an efficient composite
service.
Some QoS properties are robustness, availability, scalability and ability
of recovery from failures and exceptions. Moreover if we dynamically compose services in a more complex service, it is necessary to keep the integrity
of data and operations: for example it is crucial to maintain the transactional properties of the single processes that are involved in the composite
service.
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Static composition, instead, is a limiting approach that can not efficiently manage the changes of the services and their features during time.
The composition is actually performed at design-time and its characteristics
depends on the pre-execution availability and state of the services.

3.4.2

Model Driven Service Composition

The model driven service composition approach is proposed by [OYP03] and
it provides instructions about the service composition development: actually there is a detailed description of the composition definition, scheduling,
construction and execution steps.
The approach is workflow-based and defines business rules for the creation of a composition dividing them into structural, data, behavioral, resource and exception rules.
We discuss this approach also in Chapter 5 since the proposed model is
interesting for our work perspective.

3.4.3

Declarative Service Composition

The approach is quite different from the others since it uses declarative
languages like PDDL (Planning Domain Definition Language) to define the
requirements of the consumer. For example the consumer can define a set
of goals and build generic plans for them, after this it is possible to choose a
specific plan and discover appropriate services in order to build a workflow
out of them. Examples using this approach are enTish [ABS03] and SELFSERV [SBDM02].

3.4.4

Automated versus Manual Composition

The manual composition approach is well-known if we think about the BPEL
mechanisms that are in a major part manual. The automation of the composition is achieved with the usage of ontologies and semantic Web service
techniques and solutions. Thanks to the ontology facilities it is possible to
collect in a repository similar services that share the same domain of interest. Moreover the ontology can describe also how the service should be
described, published and accessed.
The ontologies that allow the automated composition comprehend also
aspects like QoS metrics, measurements units, measurement methods and
QoS parameters. Some languages for the definition of ontologies in the
service domain are DAML-S [Coa02] (DARPA Agent Markup Language for
Web Services) and OWL [W3C04a] (Web Ontology Language).
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3.4.5

Context-Based Service Composition

This final approach we mention is context-centric since it considers the context as one of the most important aspects of the composition. Actually
services are invoked and executed through different channels, i.e. through
different devices, network technologies and protocols. The differentiated
scenario that involves services should take into consideration that the capability of a consumer can differ from the capability of another one. More in
detail it is necessary to provide an adaptable and dynamic service that can
be executed in different environments with different prerogatives.
We will discuss the model for Web services proposed by [ACMI06] in
Chapter 5 in order to understand which are the problems we need to face
when performing discovery and composition of context-aware services.

3.5

Service Composition Solutions

Besides the proposals and the solutions mentioned in the last section, there
are several composition protocols that are standardized and adopted by
many projects. Anyway they have different approaches, different goals and
different solutions. Most of them are not enough for satisfying the requirement of a composition and must be used jointly with other protocols.
Web services composition is supported by BPEL (Business Process Execution Language) for the orchestration, and by WS-CDL (Web Services
Choreography Description Language) for the choreography. But other proposals exist and address features and details not considered by both BPEL
and WS-CDL. Moreover, there are solutions that are not tied to a specific
SOA implementation, therefore are more generic and usable.
Chapter 5 is dedicated to a discussion and a critical comparison of languages, models and meta-models related to services and their composition.
We will outline the following solutions:
• BPEL, i.e. Business Process Execution Language, a protocol developed as a combination of two languages, the IBM Web Service Flow
Language (WSFL) [Ley01] and the Microsoft XLANG [Tha01]. The
standardization process is directed by OASIS and the updated protocol
specification is in [OAS06];
• BPML, i.e. Business Process Management Language, a meta-language
for describing business processes, actually the private implementation
of the composition [BPM02];
• WS-CDL, i.e. Web Service Choreography Description Language, a
standard of W3C bases on the π-calculus [W3C05];
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• WSCL, i.e. Web Service Conversation Language, a W3C standard
that aims at specifying conversations among services through labelled
graphs [W3C05];
• the DAML-S initiative that is about providing a sematic to Web service through an ontology, specifying the various aspects of the serviceoriented systems [Coa02];
• WSMO, i.e. Web Service Modeling Ontology, a W3C proposal of an
ontology that describes the semantic of the Web services domain. Its
reference is in [dBBD+ 05];
• a conceptual model proposed in [CNP+ 05a] as explanation of the concepts of SOA and as proposal of an unique terminology reference for
the service-oriented systems;
• a conceptual model designed for adaptable and context-aware services
presented in [ACMI06]; and
• an abstract meta-model for the so-called model-driven service composition in [OYP03].
In [HS05], [HS04] and [HBCS03] it is underlined the idea that service
technologies require a lot of work to be done in order to satify the goals
of having automated discovery, composition, enactment and monitoring of
services. Moreover the papers explain and discuss some current models and
tools for composition: some of them are based on the semantic Web, some
others on automata and Mealy machines.

3.6

Research Challenges in Service Composition

As already mentioned in Section 2.1 one of the challenges in this field is
the development of the so-called autonomic computing in the composition
context. The self-* properties in composition can be interpreted in the
following way:
• self-configuring means to automatically discover the services and the
partners in a composition;
• self-optimizing means to automatically select the partners and options
that provide more advantages at lower cost;
• self-healing means to automatically detect no longer satisfied requirements and react to them; and
• self-adapting is related to the capability of reacting to changes in the
behaviors and conditions of the component services.
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Another challenge in service composition is to get a QoS-aware composition: it is important to provide functionalities within a composition,
but also to be able to comprehend and guarantee performance, security and
other non-functional requirements of the composition. This thesis is mainly
concerned about this topic therefore we will pay attention about QoS in
Chapter 4 and about QoS-aware composition in Chapter 6.
A challenging issue in service composition is the design and the development of a widely usable composition platform that can satisfy several
consumer and provider requirements. WSDL, SOAP and UDDI are not
enough, but still a well-accepted and efficient solution misses.
In particular the following requirements need to be met in order to increase the success of SOA also in mission-critical applications:
• dynamic discovery and composition;
• automated composition;
• execution monitoring;
• QoS-awareness;
• context-adaptable composition; and
• orchestration and choreography capabilities.

Chapter 4

QoS Definition and
Monitoring
A relevant issue related to services is the Quality of Service, in short QoS,
which includes the non-functional features of the services. It urges a way to
define and monitor non-functional properties of a service-oriented system.
A distributed application enables the activation of different resources
from different providers, in particular, within distributed systems designed
with services, we have the chance to exploit a huge variety of services but we
also need to select and combine them according to specific non-functional
requirements. An efficient application should have a precise functional goal
and a complete set of qualities that should be satisfied during the execution.
If it is difficult to select the appropriate services that satisfy the required
functionalities, it is even more difficult to combine them in an efficient composition.
The composition in fact should be able to guarantee the consumer-side
required qualities within the declared capacities of the provider. There is
not a single relation between consumer and provider but other roles, like the
service integrator, the registry and similar, are involved in the provisioning
of the simple or complex service. Moreover the quality of the service composition depends on several factors: e.g. the availability of the services, the
capacity of the network, the level of security required by the application,
the capacity of the machines where the services are running, the robustness
of the application, etc. Most of these parameters are complex and need a
separation into smaller and more specific parts. Additionally they need a
formalization in terms of meaning, metrics and values so that they can really
specify the quality-level of the service.
The monitoring strategy is paramount important, too. It is not enough
to establish a well-defined level of quality about a service composition, but it
is also necessary to provide a way of checking that the qualities are satisfied,
i.e. when and how to monitor the execution or how to react to possible
33
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violations of the qualities and similar.
QoS is a dominant element in the composition of Web services: in particular, when we compose a service it is necessary to define a set of nonfunctional requirements that will provide an appropriate service in terms of
performance and dependability as suggested in [RPD06]. We will discuss in
Section 4.1 the meaning of this categorization of qualities.
The aim of our work is to provide a QoS-enabled composition environment that allows the creation of composite services with QoS knowledge.
First of all it is necessary to analyse the QoS concept and get an appreciation of which are the necessary elements to build a QoS-aware composition
(Section 4.1). Next we underline the meaning given by the researchers to
the QoS concept in the SOA framework (Section 4.2) and we provide a brief
panorama of the state of the art about QoS in general and about integrating
QoS into service compositions (Section 4.3). We conclude with a discussion
about the open issues in QoS definition and monitoring (Section 4.4).

4.1

QoS Definition

It is really complex to give a definition of the QoS term because it includes myriad of features and niceties that depend on the system we are
describing and are of difficult understanding and categorization. Anyway
QoS definition is fundamental for the discovery, selection and composition
of the services, therefore it requires a deep investigation in order to provide
a complete service model.
An interesting categorization and definition of some of the qualities of
service are done in [RPD06]. The project’s aim is to point out which are
the performance and dependability properties of a service and how to define
them in a Web service domain.
The QoS categorization has four classes of qualities: performance, dependability, security and cost plus payment. The last two parameters are
not yet defined and discussed in the project. We explain the meaning and
usage of the performance and dependability properties because we will use
them as a foundation of the QoS-related part of our meta-model.

4.1.1

Performance

Performance can be measured with time-related attributes, with throughput
and with scalability. Given a service s, an operation o belonging to s and a
request r for the operation o, we define the properties as it follows:
• processing time tp : tp (s, o) is the time required for the execution of
the operation o. It does not include the network communication time,
but simply the time required by the operation to be processed;
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• wrapping time tw : tw (s, o) is the so-called XML processing time. In
fact it includes the time used for unwrapping the XML structure of
the request r, wrapping the request r and sending it to destination;
• execution time te : te (s, o) is the time required for execution of o, i.e.
the time needed for unwrapping the XML document (tw ), plus the time
needed for processing the output (tp ), plus the time for wrapping the
result in a SOAP envelope (tw ). In a formal definition the execution
time is:
te (s, o) = tp (s, o) + 2 × tw
• latency tl : tl (s, o) is the time required by the SOAP message to reach
the destination. This value depends on the network capacity and load
during the conveyance of the message;
• response time tr : tr (s, o) is the time required for sending a message
from a client to the service s provider until the response for the message
arrives back to the client. This value is provider-specific since the
provider gives a different priority to the clients of his services. The
formula for the response time is:
tr (s, o) = te (s, o) + 2 × tl (s, os)
• round trip time trt : trt (s, o) is the time the client has to wait for
the output. More in detail it is the time that passes between the
moment of the request done by the provider and the moment when the
client receives the output. It depends on both consumer and provider
capabilities. Assuming the service s and the operation o, the formula
for trt is the following:
trt =
(2 × tw )cons + tl + (tp + 2 × tw )prov + tl + (2 × tw )cons
|{z}
|{z}
|
{z
}
|
{z
}
|
{z
}
network
network
requestW rap
responseW rap
execution
|
{z
}
responseT ime

• throughput tp : tp (s, o) measures the number of requests r for an operation o that can be processed by the service s in a given interval of
time. Its value is due to the hardware capability of the provider. Its
formula is:
#Of Requests
tp (s, o) =
timeInterval
• scalability s: it defines when a provider of a service is not overloaded
by a massive number of incoming requests. More scalability means
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more probability for a consumer to get an output in the evaluated
response time tr (s, o) for that service and operation. The formula is:
sc(s) =

trt
trt(throughput)

where trt is the effective round trip time measured during the request
processing and trt(throughput) is the round trip time measured during
the throughput test.

4.1.2

Dependability

Dependability can be measured by three main properties that we explain in
the following list:
• availability av(s): it is the probability that the service s is up and
running. It is measured by
av(s) = 1 −

downT ime
upT ime

• accuracy ac(s): it is measured through an evaluation of a set of invocation of the service s starting at a precise moment. In particular it
measures the success rate produced by s and it is given by
ac(s) = 1 −

#f ailedRequests
#totalRequests

• robustness ro(s): it specifies how the service reacts to invalid, incomplete input messages. It is measured by
Pn
f (respi (reqi (s)))
ro(s) = i
#totalRrequests
where (respi (reqi (s)) is the ith response to the ith request, n is the
number of total requests and f is defined as

1 if respi is valid
f=
0 if respi is not valid

4.2

The Quality of Service in SOA

The quality of service level of the framework for service-oriented systems
includes three main concepts: reliable messaging, security and transactions.
In the Web service stack we can find at the QoS layer some WS-* extensions such as WS-ReliableMessaging, WS-Security, WS-Transaction and
WS-Coordination.
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Actually these three categories do not satisfy the overall non-functional
requirements and some concepts are missing. Therefore, in our opinion, the
QoS level should be updated and renewed. It is not enough to define a protocol and fix it in the appropriate level of the stack, but the efforts should be
done in advanced, in a high-level definition. It is necessary an abstract model
that defines properties, rules and mechanisms for the monitoring issue, so
that the QoS-centric features can be analyzed and controlled.

4.2.1

Reliable Messaging

One of the limitations in services is that usually they are built on top of unreliable network transport like HTTP, in particular for Web services. Therefore the lack of reliable messaging systems does not allow the adoption of
the service-oriented architecture in critical applications.
In the SOA stack there is a part dedicated to reliable messaging and its
goal is to provide a way to add reliability features to the lower level messaging protocols. In Web services reliability is defined in terms of messages
and independently from the transport layer. The idea is to manage the message exchange with mechanisms more sophisticated than the simple SOAP:
actually the messages are exchanged as groups or sequences and some processing rules are provided in order to have a basic acknowledge strategy to
eliminate duplication, missing messages and unordered flows.
The proposed language for reliable messaging in the Web service context
is WS-ReliableMessaging.

4.2.2

Security

Even if a reliable messaging protocol is used, the obtained infrastructure is
not enough for reliable applications: we still need a security layer that can
guarantee the application message exchange. The main issues are credential
exchange of messages, message integrity and message confidentiality.
Security, in addition with reliable messaging and transactions, is the set
of the so-called advanced requirements of service-oriented architectures. The
proposed language for security in the Web service context is WS-Security
which is studied by OASIS.

4.2.3

Transactions

Transaction support is yet another feature of the service concept that should
be taken into consideration in particular when composing several services.
Usually transactions require resource locking when implemented with the
two-phase commit (2PC) approach, but what increases complexity with SOA
is that resources can not be locked when using for example Web services.
Transactions must satisfies the four properties of the ACID acronym:
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• atomicity, i.e. the operations in a transaction are performed if all of
them are successful, otherwise the transaction rolls back;
• consistency, i.e. in each state of the transaction the data are consistent
and the interactions have no faults;
• isolation, i.e. the external side of the transaction is given only by the
start and the end of the transaction: no intermediate state can be
observable; and
• durability, i.e. when a transaction commits, the changes are maintained during time.

Transactions are required also in SOA but there are more complexities.
If we consider Web services, as examples of SOA, we notice some peculiarities that influence the generic transaction concept. Web services are
loosely coupled and distributed across independent systems, they are also
heterogeneous therefore providing a transaction system that satisfies ACID
for them is difficult. As a possible solution to this problem the long running transaction concept is introduced to facilitate coordination and ACID
guarantee even if in a more relaxed way. Long running transactions give the
chance of having multiple sub-activities that are committed when they have
finished, if there is any error the previously committed sub-activities are
compensated. This approach is different from 2PC and it does not satisfy
the isolation property because when a sub-activity is committed other applications can see its outcome and, if after it, an error occurs, a compensation
action is performed. Usually a compensation action is application-specific.
Isolation is therefore disregarded and the ACID acronym is transformed in
the so-called compensation relaxed ACID term.
Some protocols for transactions in Web services are WS-Coordination
and WS-Transaction that is now replaced by WS-AtomicTransaction for
short-lived transaction implementable with a two-phase commit and by WSBusinessActivity for long-running transactions.

4.3

State of the Art

QoS definition and monitoring has gained within the evolution of SOA an
important role in the service-based applications. Different research groups
have paid attention on the topic and we analyse the current efforts about
it. The goal of this analysis is to understand how it is possible to integrate
QoS knowledge in a simple service and in a service composition, so that the
system can rely on a embedded level of non-functional requirements. Our
interest is mainly concerned on the projects that define, provide and monitor
non-functional requirements in a distributed environment.

4.3. STATE OF THE ART

39

Section 4.3.1 is dedicated to the Web Services Agreement protocol, Section 4.3.2 to Web Service Level Agreement, and Section 4.3.3 to a new proposal that combine QoS attributes in composition of Web services. Finally
Section 4.3.4 is dedicated to some minor projects about QoS. All of them
rely on the Web service technology and do not define a high-level approach
that can be used for any kind of service implementation.

4.3.1

Web Services Agreement Specification

Web Services Agreement Specification [W3C04c], in short WS-Agreement,
defines an XML-based language for defining agreements and agreement templates and for managing agreements during their execution.
The WS-Agreement specification provides a set operations on agreements, as the creation from a given template, the monitoring of the services and guarantees associated to it and the termination of it. The model
at the basis of the agreement creation is an “offer-accep” or “offer-reject”
interaction.
Moreover the specification defines a set of states which describes the lifecycle of the agreement (pending, pending and terminating, observed,
observed and terminating, rejected, complete, terminated): in details, functional and non-functional requirements of an interaction between
a service provider and a service consumer are specified in the agreement as
SDTs (Service Description Terms) and Guarantee Terms, respectively. According to the current states of the SDTs (not ready, ready, processing,
idle, completed) and the Guarantee Terms (not determined, fulfilled,
violated), the established agreement is in a particular state of the life-cycle.
The monitoring system checks the agreement compliance at runtime: if
some guarantees are violated or fulfilled it applies respectively the penalty
or rewards actions defined in the agreement, or simply terminates it.
In SDTs it is possible to define a set of variables with names and metrics
that represent the set of QoS parameters we want to monitor. In Guarantee
Terms we refer to this variable set in order to state the range or enumeration
values we want to be respected during the interactions.
In [W3C04c] the authors state that the monitoring module is domaindependent, therefore the verification of the agreement and its terms is not
the scope of the WS-Agreement specification.

4.3.2

Web Services Level Agreement

Web Services Level Agreement (WSLA) Language Specification [LKD+ 03]
is an XML-based language for compilation and management of SLAs.
The WSLA framework provides a layered model of the information: it
focusses on different degrees of specification of the QoS parameters, from a
low level related to the actual measurements of the resources to a high level
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related to business metrics. Unlike WS-Agreement, it gives detailed information about the basic metric measurements, the composition of the metrics
and the algorithm for composing them into higher-level SLA parameters.
WSLA, as WS-Agreement, complies a third party for the SLAs managing
service: i.e. measurement, monitoring and reaction to violations. After a
violation the management service sends a notification to the partner which
has violated an obligation declared in the agreement.
Actually, WSLA is no more under development and WS-Agreement
seems to have superseded it. In WS-Agreement there is an additional and
relevant part of the specification about the life-cycle of an agreement, i.e.
a high level model with states and transactions of agreements, SDTs and
Guarantee Terms.

4.3.3

QoS-Awareness with WS-CDL and BPEL

The proposal in [REM+ 07] is a totally different approach whose goal is
to integrate QoS aspects in top-down business process development using
composition languages like WS-CDL and BPEL. The importance of SLAs
(Service Level Agreements) between the parties and the necessity to automate some mechanisms of the choreography leads to the proposal of this
solution for QoS-aware compositions.
We are not much interested in the precise development steps, but we
prefer to see how QoS is taken into consideration. First of all the most
important element is the SLA, which defines obligations and guarantees
among the participants. Thanks to the capability of BPEL to integrate in
the process definition some WS-Policy extensions, it is possible to formulate
the QoS into WS-Policy, actually WS-QoSPolicy [REM+ 07], statements and
attach them to the BPEL partner links. SLA and WS-Policy distinguish
the two layer of QoS integration: QoS integration at the choreography layer
is performed through SLAs with performance and dependability attributes
defined in [RPD06] and listed in Figure 4.1; QoS integration at the orchestration layer, instead, is performed through WS-Policy.
QoS attributes
processing time
wrapping time
execution time
throughput
availability
Figure 4.1: List of the QoS Attributes at the Choreography Layer
Each QoS attribute is defined trough WS-QoSPolicy assertions which
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include type, unit, predicate and value.
The proposal is actually focussed on two main issues of composition: the
orchestration versus choreography debate and the QoS model for business
processes. Both are discussed and a precise implementation is provided for
them in the proposal.

4.3.4

Minor Projects: some Remarks

In [BGP05] it is presented a monitoring framework for WS-BPEL processes.
In this framework a new language specification is used for specifying nonfunctional requirements and monitoring assertions about a Web services
composition. It is called Web Service Constraint Language, in short WSCoL. WS-CoL is compliant with WS-Policy framework [BBC+ 06] and it is
domain-independent.
The authors underline an important issue about the monitoring approach: the impact of monitoring on the performance of the service execution. The challenge is to find a trade-off between the computational capabilities dedicated to the monitoring service and the computational capabilities dedicated to the actual service. It is important to have the ability
to change at runtime the amount of resources spent for both services with
some monitoring rules e.g. with a priority-based model.
Another effort is in the TAPAS project [tap] (Trusted and QoS-Aware
Provision of Application Services) that is concentrated on the QoS monitoring: there is the specification of a language for Service Level Agreements
(SLAng) and the definition of a monitoring model. SLAng is a language for
describing SLAs, i.e. technical and non-technical requirements of a service,
whose aim is to provide the compositional property, the ability of defining
parameters for describing the service and the chance to define an automated
monitoring system which checks the agreed conditions between parties.
The project focusses also on the possibility of providing an architecture
with third parties involved in the monitoring, third parties which are trusted
by all actors in the interactions. In this case the monitoring service is divided in two main parts: a measurement service which collects data during
specified intervals, and a violation evaluation and detection service which
retrieves the data collected and after some computations decides whether to
send or not notifications to the service partners.
Yet another proposal, we already mentioned in Section 4.1 and 4.3.3,
about QoS in the Web services is presented in [RPD06]. The authors first
provide an accurate definition of the QoS properties and then propose a
threefold approach based on QoS, i.e. a bootstrapping, evaluating and monitoring mechanism that can be used with Web services. The solution is really
interesting since it provides a tool that evaluates the quality parameters and
perform an analysis of the obtained results. An overall picture of the solution
is in Figure 4.2.
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Figure 4.2: The Steps of the Approach
This work is really interesting in the perspective of a dynamic composition of services since the selection of the services can be done according
to the required level of efficiency required by the user and the performance
and dependability analysis performed by the tool. In the future, with the
addition of other QoS parameters the results can be even refined and more
useful.

4.4

Open Issues in QoS Definition and Monitoring

As we can notice from the state of the art analysis, there are different issues
about QoS definition and monitoring in the service domain and we list them
as a quick reference:
• how to define non-functional requirements of a service, e.g. performance, availability, security;
• how to measure the QoS parameters;
• how to specify a possible agreement between participants of a service
interaction, e.g. how to map functional and non-functional requirements of an interaction into elements of a Service Level Agreement
(SLA);
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• how to monitor QoS at runtime: e.g. how to specify the parties that
are involved in the monitoring service, how to define the measurement
model, and how to select the measurement evaluation approach;
• how to react if the QoS requirements or part of them are fulfilled
or violated: this means fixing an agreement fulfillment and violation
detection service and a related service that acts accordingly (with notifications, penalties or what ever); and
• how to manage the amount of computational capacity used by the
monitoring system, i.e. how to define a set of priorities in order to
find a trade-off between the resources used for monitoring and the
resources used for the actual service provided or consumed.
Taking into account that these are the main problems and issues related
to the definition of a monitoring approach, we try to provide a monitoring
model within the composition of services meta-model, in order to be able
to control the behavior of simple and composed services. The model is
explained in Chapter 6.
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Chapter 5

Models for Service
Composition
It is important to have a formalization of the service composition concept
because a unique reference explaining the issues and the aspects related
to composition is necessary for the definition and the implementation of a
composition language. Actually the formalization is twofold helpful: first, it
allows to describe the elements and the requirements concerning composition
in order to point out which are the open questions and the features that we
need to take into consideration; and second, it allows to define a composition
tool or language specification that can actually implement the composition
steps.
Models and languages for the formalization of services and their compositions are important because they concentrate in a formal and systematic
way the composition logic and structure in a set of elements and relations.
The analysis of the model lets understand the composition issue with its
details and drives the proposal of a solution that can overcome the current
problems.
We compare and illustrate the main models and languages related to the
formalization of service and service composition. Besides the formalization
of the service, some models pay also attention to the most relevant aspects of
the service development and usage such as the description, the publication,
the discovery, the monitoring and the execution of a service or a service
composition.
There are models that are executable and are implemented through a
language specification, and some other that only provide an abstract specification of it. Therefore, in the following sections, we will divide them into
two categories in order to distinguish which are language specifications and
which are conceptual models with no implementation. Moreover some of
the proposals we illustrate in this chapter are meta-models, i.e. they focus
on the description of the service, the composition or other aspects related
45
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to the service domain, from a higher level of abstraction. This abstraction
allows to define the meaning of a service and its related features independently from the specific implementation and supported language. We will
underline the importance of this kind of abstraction also in the next chapter
(Chapter 6) where we will provide an abstract meta-model mainly oriented
to composition and QoS monitoring aspects.
There is a wide and heterogeneous set of models with different perspectives and different basis. Just to give an idea of the variety of the models we mention some of them: the process-based and executable model of
BPEL (Business Process Execution Language), the choreography-oriented
WS-CDL (Web Service Choreography Description Language), the semanticbased model of DAML-S, and the conceptual high level meta-models defined
in research communities. We can underline that some of them are dedicated
to the composition of services and some other to the overall set of features
related to a service; some models are based on a semantic perspective and
some other on the workflow, process-based idea; finally some models investigate the composition, the description or the execution strategies and
some other prefer to provide an overall overview of the service in its generic
meaning and functionalities.
The goal of this chapter is to collect and analyse the most relevant proposals and solutions about services. An important feature we consider is the
generality of the models about the service definition, i.e. we prefer models
that can be applied to any kind of services independently from the implementation and platform. We provide a brief understanding of each model
and a comparison of the considered models in order to underline which elements still require investigation and solutions. The comparison introduces
Chapter 6: the analysis of the state of the art is used to comment the available models, meta-models and languages and, more importantly, to provide
a new meta-model that embraces the main aspects of service description,
composition and QoS monitoring. The limitations of the current solutions
are analyzed and we try to overcome them designing a new meta-model that
can fit to any kind of service and can deal with functional and non-functional
issues of a service composition.
The chapter is organized as it follows: Section 5.1 is an overview and
analysis of the main models, meta-models and languages available in the
literature and in the standards. We take into consideration BPEL (Section 5.1.1), BPML (Section 5.1.2), WS-CDL (Section 5.1.3), WSCL (Section 5.1.4), DAML-S (Section 5.1.5), WSMO (Section 5.1.6), and abstract
conceptual models in Sections 5.1.7, 5.1.8 and 5.1.9. Some of them cover
the whole set of service-related concepts, some other are specific to the
composition issue. Then Section 5.2 follows with a comparative and critical investigation about the mentioned proposals and finally Section 5.3 is
a further discussion about the state of the art in the perspective of a new
meta-model proposal.

5.1. CURRENT MODELS, META-MODELS AND LANGUAGES

5.1

47

Current Models, Meta-Models and Languages

We provide an overview of the main models, meta-models and sometimes
also language specifications that are now available for service definition and
in particular for composition description and QoS definition and monitoring.
We underline the main features according to the actual challenging issues of
the service-oriented architectures outlined in Chapter 2.
Section 5.1.1 is devoted to the BPEL model; Section 5.1.2 is about the orchestration facilities provided by BPML; Section 5.1.3 overviews WS-CDL;
and then Section 5.1.5 and Section 5.1.6 refer to the sematic approach to
composition exploited by the DAML-S initiative and by WSMO, respectively. Finally the last three Sections 5.1.7, 5.1.8 and 5.1.9 are dedicated to
conceptual models about the definition of service and its related aspects.
Most of the models and languages borrow concepts from the workflow
literature and usually embed the new concepts in the standard protocol stack
of Web services. This is actually a sort of limitation if we think about the
capability of a model to deal with services in their generic meaning, not tied
to a specific implementation, e.g. Web services. Anyway in the following
sections we will deal with all these comments and issues for each specific
model.

5.1.1

The BPEL Model

BPEL (Business Process Execution Language) is an executable language
that aims at building and executing compositions of services from a workflowbased point of view [OAS06] [Pel03b]. It is a de-facto standard for compositions of services, in particular for Web services, and it is widely used
in the SOAs. It takes into consideration the orchestration aspect of the
composition leaving unspecified how to do choreography within the newly
defined BPEL processes. BPEL implements a static composition strategy
and requires the human help in the definition of the states, transitions and
conditions of the processes: therefore it is easy to make mistakes in the development of the composition. Moreover these mistakes may be identified only
at runtime and can lead to continuous loops and endless executions. BPEL
processes can be run using an orchestration engine like ActiveBPEL [act07].
BPEL relies on a model that is depicted in Figure 5.1 with an UML class
diagram.
The diagram shows the model at the base of the BPEL language specification: the main elements are Process, Activity, Partner, EventHandler,
and FaultHandler. Through the explanation of these main elements of the
model we try to give a brief overview of the BPEL mechanisms.
BPEL has a process-oriented model and we can notice it from the UML
diagram too. The composition is defined as a process, i.e. as a sequence
of activities connected together following a specific flow in order to take an
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Figure 5.1: UML Diagram of the BPEL Meta-Model
input and produce an output. A process, in its generic meaning, is a set
of steps that are performed according to a specific goal and to specific constraints and conditions. More precisely, a process contains a set of manual
and/or automated activities that follow a predefined order, which is defined
through conditional branches, decision points and other simple workflow
patterns. A process can have different durations and level of automation
according to its implementation. BPEL designs its composition strategy
around the concept of workflow and process, actually of business process.
This last concept is similar to the process concept, but it underlines the fact
that it is involved in a B2B or similar environment where the interactions
and the activities aim at performing well-defined tasks that produce a business outcome. In the BPEL philosophy a business process is a coordinated
interaction of Web services [HS04].
The central role of the Process element allows a definition of the composition strictly connected to the actual execution of the composed services.
In fact BPEL allows the definition of an abstract process, which embodies
the public interface of the service and the definition of a concrete process,
which instead includes the actual implementation of the service. This dual
face provides a separation between the definition and the instantiation of the
composition so that the concrete binding can be done independently from
the definition.
The Process element is the root element of the model and it has seven
relevant elements connected with a composition relation:
• Activity,
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• EventHandler,
• FaultHandler,
• Partner,
• PartnerLink,
• Variable, and
• CorrelationSet.
The Activity element guides the composability of the services in a process since it gives the mechanisms to build a simple or complex organization
of the tasks provided by the services. This means that, given a set of services
that are regulated through the basic activities Invoke, Receive and Reply,
we can arrange their outputs in a more complex flow by using the s tructured
activities Flow, Pick, Sequence, Switch and While. Most of the structured
activities represent the main control flow patterns: in order as they appear
in the list, we have parallel flow (Flow), a non deterministic choice based on
an external event (Pick), a sequence flow (Sequence), and the traditional
switch and while control flows. They can be nested and combined in order
to get the desired flow.
To be more precise in the definition, BasicActivity deals with the
message flow of the BPEL process, i.e. the sending and receiving of messages so that the process can communicate with several services through
the invocation, reply and response actions on the operations. Through
these BasicActivity elements it is possible to implement synchronous and
asynchronous communications between the service consumer and the service
provider. Basic activities interact with services external to the the process
itself, structured activities instead deal with the overall process flow in terms
of its order and execution control. Figure 5.2 illustrates better the difference
between the two kinds of activities in the context of a BPEL flow.

Figure 5.2: A BPEL Process Flow Example
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Moreover Activity is the generalization of some other elements which
deal with the invocation of the operations, the message exchange and the
exception notification. Some of the elements are Assign, which is used to
set the value of the Variable elements in order to store the state of the
process, Compensate, Empty, Throw and Wait.
The Partner and PartnerLink elements are related to the specification
of the services interacting in the BPEL process. It deals with the orchestration functionalities that are necessary to establish relations between the
partners in the process: it is necessary that a partner has a role and an
interface mapped to a specific operation of the service. In fact BPEL allows the specification of each single endpoint of the process by defining its
functionalities in the composition.
BPEL supports also event handling, fault handling and compensation
mechanisms that can be activated in particular situations. Compensation actions are executed when an simple or complex activity should rollback since something bad happened during the execution. Moreover it is
possible to define scopes through the Scope element, generalized by the
StructuredActivity element, in order to collect a set of steps of the flow
and manage them as a separated part, with dedicated handlers and compensation actions.
As we have already mentioned at the beginning of this section, BPEL
is an orchestration protocol, not a choreography one. Actually it builds the
composition from a single party point of view, i.e. it defines interactions at
the message level specifying the business logic and the execution steps from
a single endpoint perspective. It does not care about the other endpoints of
the composition and the message exchange that take place between multiple
parties.
Moreover the model of BPEL presents a static composition mechanism
that can not be changed during execution. The binding to a concrete set
of services and operations required in a abstract process is done at design
time, therefore it is not possible to know in advanced if a service is available
or not, moreover in the negative case, if the process is running it has to
stop the execution. This mechanism does not completely exploit the actual
availability of services that can vary during different executions of the same
composition. Additionally it forces the developer to choose the services and
to implement fault handlers and compensation actions in advanced.
BPEL is strongly connected to WSDL (Web Service Description Language), actually there is a direct mapping between the tags of the BPEL
process and the tags of the Web service description: this feature can be
considered as an advantage for the developer because he can go directly to
the WSDL document to find out the name of the elements that he needs to
include in the BPEL process specification; but it is also a limiting aspect
that makes BPEL more focussed on the Web service world, instead of being
independent from any specific SOA implementation.
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An important aspect of this well-accepted protocol is the strong attention paid by the researchers about the modeling and verification of BPEL.
The definition of the BPEL model requires a second step of verification in
order to control the correct behavior of the generated processes. The presence of complex features like concurrency, transactions and compensations
requires a verification procedure. Some verification procedures and tools
have been proposed by different research groups and their bases span from
Petri Nets to process algebras, from abstract state machines to automata.
Some detailed overviews of the attempts that can be found in the literature
are [vBK06], [HS05] and [HS04].

5.1.2

BPML

Another important orchestration standard is Business Process Management
Language(BPML) [BPM02] that is meta-language for describing business
processes. It defines the private implementation of the composition and can
be used to compose enterprise processes and multi-party collaborations, not
only Web services: this is an important advantage of BPML with respect to
BPEL.
In Figure 5.3 the main features of the BPML model are depicted.

Figure 5.3: The BPML Model: the main Features
Process is the central element of the model and it is built thanks to
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the Activity element. The basic and structured activities of BPEL have a
similar correspondence to the atomic and complex activities of BPML. We
have quite the same set of activities and they can be compared looking at
both models in Figure 5.3 and Figure 5.1. Anyway BPML supports also the
scheduling of tasks at specific times adding a new functionality that is not
present in most of the composition languages.
The BPML process can be of one of the following types:
• nested process: a type of process including the business logic that is
designed for a specific context definition;
• exception process: a type of process that handles exceptional scenarios
during the execution; and
• compensation process: a type of process that manages the compensation logic.
Moreover BPML supports recursive composition, transactions and exception handling mechanisms. Also compensation actions can be defined
using the same scoping mechanism of BPEL that in this case is called context instead of scope. Moreover the Context element allows the services to
share properties and to be executed in a transaction. Transactions can be
atomic or open nested: an atomic transaction is flat, an open nested transaction instead can be defined with both atomic and nested transactions.
BPML presents good mechanisms to handle data flow and control flow,
moreover transaction facilities are supported with the chance of defining
compensation actions similarly for BPEL. Anyway BPML suffers because of
its dependency with the WSCI protocol (Web Service Choreography Interface) [AAF+ 02]: the dependency is derived from the very first versions of
the protocol and even the newest one has this strong link to it. This is the
main reason why now BPML requires a deeper investigation about its main
parts so that it can be a more independent protocol.
Another important consideration about BPML is that it only focusses
on the Web service technology and builds the meta-model according to the
requirements of the Web service particular implementation and according to
the available protocols for Web service. This lack of generality does not help
the adoption of the language in many B2B scenario or in user interactions.

5.1.3

WS-CDL

The Web Service Choreography group of W3C defines WS-CDL, a Web
Service Choreography Description Language that describes the service interactions from a global point of view [W3C05] [BDO05]. This standard
fulfills the choreography facet of the composition of services, defining the
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participants and their roles in the composition and the channels that connect the service at the message layer. It allows a global description of a
composition.
As we can note from the UML class diagram in Figure 5.4 the meta-model
of WS-CDL is simplified according to our investigation’s prerogatives. In
particular we focus on the Choreography element that is one of the children
of the Package super-class of the model.

Figure 5.4: A Simplified Part of the UML Class Diagram of WS-CDL
The building block of the WS-CDL model is Activity which comprehends control flow activities, WorkUnit and basic activities. We explain the
whole set of activities dividing them into the three categories:
• control flow activities: they are Sequence, Parallel and Choice.
They are block-structured therefore can be nested as the composition
request desires;
• WorkUnit activity: it is a conditional and usually repeated execution of
an activity. It has a guard condition, a block condition and a repetition
condition that are checked during the execution; and
• basic activities: they are Interaction, NoAction, SilentAction,
Assign and Perform.
Another building block of WS-CDL is the collaboration-related elements
that specify the types of the participants with the roles assumed, the relationships between the participant and the channel, i.e. where and how the
message exchange takes place, used for the interactions. Moreover another
set of elements are dedicated to the information handling in a choreography.
Even if it is deemed too abstract because it has no direct connection to
the WSDL document of a Web service, it enforces choreography aspects of
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the composition that BPEL, for example, is not able to deal with. Moreover
it is designed for interoperable, long-running and peer-to-peer collaborations
between participants therefore it considers the transactional requirements
and exception handling necessity of the services involved.
WS-CDL was born to solve the lacks of BPEL in organizing and defining
the data exchange between multiple parties of a composition. In fact BPEL
can only manage the private process from a single endpoint perspective and
can not provide an agreement about the message format, order and similar
inter-parties constraints that control the interactions.
Finally, WS-CDL is a declarative language and can define an abstract
description of a process: the executable process that can be formulated
from the abstract description is still under development and design. At
the moment the capability of defining an executable process is held only by
BPEL and this is one of the reasons why BPEL is the most important and
most used composition language. Even though, the advantage of WS-CDL
of being independent from platforms and programming languages provides
a relevant base for a further development and adoption of the solution.

5.1.4

WSCL

Web Service Conversation Language [W3C02], in short WSCL, is another
W3C standard that aims at specifying conversations among services through
labelled graphs. It describes the external behavior of the services, i.e. the
conversations between the services.
The main elements are interactions, represented through nodes, transitions, represented through edges, and conditions on transitions, represented
through labels for the edges.
The elements defined by WSCL are the following:
• Document type description: it specifies the XML schema of the
documents that a service can accept and transmit during the conversation;
• Interaction: it models the actions of the conversation as document
exchanges between two participants. The types of interaction are:
– Send: so that the service can send out a document;
– Receive: so that the service can receive a document;
– SendReceive: so that the service can send out a document and
wait for the reply;
– ReceiveSend: so that the service can receive a document and
then send out another one;
– Empty: no documents are involved in this interaction. It used
used for modeling the start and the end of the conversation.
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• Transition: it defines the order of the interactions; and
• Conversation: it lists the interactions and transitions belonging to a
conversation.
The explained elements and their relations are depicted in the UML class
diagram of WSCL in Figure 5.5.

Figure 5.5: The UML Class Diagram of WSCL
WSCL provides a different way of describing a service: it uses input
and output messages linked by transitions building sets of input and output
messages pairs. A transition can also have a condition about the kind of
document exchanged by the message. There is this strong definition of the
document concept that many models leave unspecified, but the different
pseudo-graph approach used in WSCL requires it. The idea of the standard
is to provide, as well as a language for specifying conversations, a set of
elements that can be mapped to finite state automaton to check the behavior
and the correctness of the conversation.

5.1.5

The DAML-S Initiative

The DAML-S initiative provides an ontology that can represent the features of a Web service like description, discovering, invoking, composing,
and monitoring. DAML stands for DARPA Agent Markup Language and
DAML-S is a DAML-based Web service ontology.
The goal of DAML-S is to provide a framework of ontologies that can be
used to describe Web services in the semantic Web context. Each service is
described as a process and an ontology is provided for it. Another ontology is
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Figure 5.6: The Service Ontology by DAML-S
conceived for the controlling of the process, even though the current versions
of DAML-S does not yet define it.
In [Coa02] the semantic description of a service is arranged in three main
parts: profile, model and grounding. Figure 5.6 illustrate the high-level
representation of the service ontology.
We briefly analyse the three essential concept of the DAML-S ontology
for service:
• service profile: i.e. the description of what the service does through
input, output, preconditions and effects definition;
• process model: i.e. the description of how the service operates. Three
types of processes are present in the framework:
– simple process: it is the abstract representation of an atomic or
composite process. It can not be invoked;
– atomic process: it is a single-step process that does not have any
sub-processes; and
– composite process: it is a composition of several atomic processes
connected by using control constructs.
According to the type of process, different rules are used in the execution; and
• service grounding: i.e. the description of how to access the service.
Moreover DAML-S defines a process ontology which is illustrated in Figure 5.7.
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Figure 5.7: The Process Ontology by DAML-S

The contribution of DAML-S to the composition topic is the sematic
support to the model which enables the automatic discovery and composition
of services, these issues are deemed as some of the most challenging open
questions in SOA (see Chapet 2 for more details).
Giving a semantics to the concepts related to service-oriented systems
is now an important trend of the research about SOA. It aims at providing
a robust support about the meaning of the entities and of the relationships
involved in a service-base application. Even if it is quite complex to understand how the work can be directly applied in the SOA issues, the preliminary step of assigning a semantic to all the concepts should be well executed.
Actually, the typical error in the SOA is that the lack of agreement about
the used concepts has caused and it is still causing a growing of the set of
model, meta-model and language definitions. Each research group uses its
own terminology and then the result is a solution with an overlapping of
some features with one model and of some other with another model. An
uniformity of the terminology and an agreement about a model containing
the entire set of aspects and issues of SOA would improve the understanding
among different approaches.
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5.1.6

A Ontology for Services: WSMO

The W3C proposes a conceptual framework and a formal language in order to describe the semantic of the features of the Web services domain.
In [dBBD+ 05] the authors state that the goal of the work is to design a
dynamic and efficient infrastructure for electronic transactions towards the
Semantic Web service philosophy. WSMO, i.e. Web Service Modeling Ontology, is an ontology that models the semantics of the service features so
that the automation of discovery, composition and invocation of services is
conceived to be easier. WSMO is a refinement and extension of the Web
Service Modeling Framework (WSMF) [FB02].
WSMO is a meta-model which defines the structures and semantics of
the elements of the modeling framework and its core graphical representation
is depicted in Figure 5.8.

Figure 5.8: The Core WSMO Meta-Model
As we can evince from the UML diagram the top-level elements which
describe Semantic Web services are the following:
• Ontology: it provides the vocabulary used by WSMO elements;
• WebService: it describes the functionalities and capabilities of a Web
service, i.e. the interface and the internal work of the service. It is
defined by W3C as the computational entity which is able to achieve a
user goal meaning that it describes the functional and non-functional
features of a Web service. It is composed of an undefined numbers of
capabilities each of them specified by assumption, precondition, postcondition, and effect. Moreover WebService has one or more interfaces
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that specify how the functionalities can be achieved. Both orchestration and choreography facets can be defined so that a complete and
efficient overview of the service can be defined according to distinct
points of view;
• Goal: it describes the requests of the users; and
• Mediator: it solves the interoperability questions between the WSMO
elements. Mediators work at different levels:
– at data level to overcome incompatibilities in the vocabulary;
– at protocol level to define the communication standard; and
– at process level to define the composition of the Web services.
A more detailed representation of the Goal and Web Service classes is
depicted in Figure 5.9.

Figure 5.9: The WSMO Meta-Model: Details about Goal and Web Service
Classes
In [dBBD+ 05] there is also the specification of the non-functional properties of a service. We list the main properties in the table of the Figure 5.10
with a brief understanding of the entailed concept and metric. 1
The WSMO ontology involves the non-functional property concept providing some example of them. This means that it is possible to attach a naive
appreciation of the QoS importance in the high-level service description.
Anyway the control flow of the service is not well specified: it is left to
the orchestration concept but no way on how to define and implement it is
advised by the ontology. The same situation for the choreography facet of
the composition where the issue is considered but no solution is provided.
Another drawback of the model is the strict relation to the Web service
implementation in the terms of interfaces and similar WSDL concepts.
1
The security functions we mention in the table are authentication, authorization,
confidentiality, traceability, data-encryption and non-repudiation
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accuracy

description and metric
error rate generated by the Web service
numberOf Errors
timeInterval

reliability

ability to perform its functions
numberOf F ailures
timeInterval

robustness
scalability

ability to work with incomplete or invalid input
ability to process more requests in a given interval
numberOf Satisf iedRequests
timeInterval

security

ability to provide typical security functions

Figure 5.10: Non-Functional Properties of WSMO

5.1.7

A Common Language for Service-Oriented Systems

In [CNP+ 05a] and in [CNP+ 05b] there is the explanation of a conceptual
model that aims at providing a common and extensible terminology for
service-oriented systems. The lack of standardization and the challenging requirements of SOA urge to define a common vocabulary that all the
service-based applications can refer to. Moreover it is necessary to define
the components of the service concepts and the actions related to it, ranging
from the description to the selection and the binding of the services.
The so-called Common Language definition requires, as stated by the
authors, four main properties: compactness, extensibility, generality and
independency from technologies. With this perspective it is possible to
define an efficient model that influences and determines the elements and
the functions in the service-oriented systems.
The conceptual model proposed in [CNP+ 05b] is firstly developed in
order to provide a common vocabulary across the SeCSE project that aims at
solving the challenging issues about SOA, but the model can be analyzed and
commented in the perspective of a service-oriented architecture definition
strategy.
The UML model is divided into 7 sub-models:
• agents and actors: it identifies the stakeholders and their roles. Agents
represent real-world entities, actors instead the real-world roles the
agents may play.
Examples of actors are Service Provider, Operation Provider,
Service Developer, Service Certifier, Service Monitor,
Service Registry, Service Consumer, Service Integrator, and
System Engineer;
• core: it is the main model that defines the relationships between the
actors and the elements of a service-oriented system;
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• service description: it highlights the description part of the model;
• service discovery: it deals with the discovery phase of the serviceoriented application: it is possible to perform it in three different moments of the service life-cycle:
– at an early stage when the requirements of a new system are
gathered;
– when the system is designed; and
– when the system is already running, in order to overcome unavailability of the chosen services.
• service composition;
• service monitoring; and
• service publication: it is about the registration of services in a repository so that their specification are available for potential consumers.
The core model is depicted in Figure 5.11.
The core model contains the high-level relationships between the actors
and the concepts of the model. The central Service class is related to quite
all the other classes. It can be a composed service through the aggregation
performed by the service integrator and it can be related to an optional
set of additional information about the service. Moreover there is still the
concept of AbstractService as an even more higher-level of abstraction of
the service concept. We can note that the certifier is a quite new actor that
none of the previous models includes in the set of external entities that can
influence the service-oriented system.
[CNP+ 05b] provides an UML representation for each of the sub-models
listed before with an additional short description of the meaning of the
classes and relationships.
According to the goals of our work, we focus only on the service composition and on the service monitoring models. Actually this is the first proposal
we found that provides a formal description of the monitoring phase therefore it is a relevant starting point for the discussion and analysis.
The composition model and the monitoring model are illustrated in Figure 5.12 and Figure 5.13, respectively.
The composition model specifies the idea illustrated in the paper about
separating the service between simple and composed, and also between stateful and stateless. These distinctions are important in order to know how to
manage the execution of the service, because services that store their state at
run-time among several requests should be treated differently from stateless
services. Moreover simple services do not require a control over the execution
of other operations as in the case of composed services. The generalization
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Figure 5.11: The Core Model
relations between the classes are recursive and may cause misunderstanding
while developing a composition. The transaction concept is developed as a
set of work units that should be performed according to a specific policy,
e.g. the ACID policy (Atomicity, Consistency, Isolation, Durability).
The monitoring model aims at solving the main open issues related to
the monitoring of the distributed service-oriented system that can not be
controlled by the system itself. The tool used by the service monitor is
the MonitoringSocket that produces results according to the set of rules
about a number of constraints. These constraints are expressed over some
QualityMetrics related to a service. Moreover the results are collected in
a History so that the qualities can be checked on a set of values, not on a
single one.
This work is mainly devoted to the definition of the vocabulary that can
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Figure 5.12: Service Composition Model
be used in all the service-oriented systems, thus it is independent from any
protocol and implementation of SOA and can really investigate the domain
with a wide and implementation-free perspective. It actually comprehends
most of the relevant features and for each of them it makes a quite deep and
complete investigation.

5.1.8

A Model for Adaptable Services

In this section we describe a conceptual model designed for adaptable and
context-aware services [ACMI06]. Even if the model is developed for contextaware services, that are not the main topic of our discussion, we analyse it
in order to see how this specific scenario can be examined and how it can
help the design of a more generic QoS-aware model for services. Actually
adaptable and context-aware services need a relevant attention to the QoS
aspects and also general service-based applications should be developed and
executed according to non-functional requirements as we already discussed
in Chapter 4. Therefore a conceptual model like this deserves attention also
in the scenario of standard services.
The conceptual model has three main features that distinguish it from
other attempts in the modeling of a service:
• precise definition of the relationships between components and services;
• definition of the context concept; and
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Figure 5.13: Service Monitoring Model
• definition of QoS features among several concepts of the model.
The listed features make understand that the model is suitable for any
kind of domain where QoS is a central requirement and the adaptability
of the system is desired to get an efficient service. In fact the objective
of the conceptual model is defined by the authors as it follows: “The goal
is to provide services that achieve the best tradeoff between the user needs
(in terms of Quality of Service) and the current context characteristics (in
terms of available resources)”.
The conceptual model embraces the context concept in order to provide
an adaptable service which is able to satisfy both functionality and QoS
requirements. The context concept is important in order to know the scenario where the service is executing and how to react; actually the context
is defined as a combination of user-centric data, such as user interests, user
circumstances, and of resource-centric data, such as resource constraints
and resource conditions. The definition is twofold so that it can include all
required characteristics.
In Figure 5.14 there is a representation of the conceptual model.
The conceptual model is quite complex and it shows the dual layering of
the approach: the basis of the model in fact is the so-called service-oriented
component approach. It embraces concepts like service and component and
it builds a lower component-oriented level and an upper service-oriented
level. The first level is related to the assembling of the components and
the management of their life-cycles. The service layer instead deals with
the description of the services and compositions and with the mapping of
services to components.
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Figure 5.14: The Conceptual Model
The central class of the model is SoftwareService that models the
software functionalities and it is implemented through the
ComponentBasedSoftwareSystem elements. As it can be noticed by the
relations with ComposedSoftwareService a service can be a composition of
simpler services.
The Context element, with its description, is taken into consideration
by the framework in order to provide a good degree of adaptability of the
system. Indeed it represents the logical and physical availability of resources
at consumer-side like network connectivity and hardware devices that really
influence service provisioning in context-dependent domains.
Besides each service has a ServiceDescription element that is built up
by two classes: the ServiceSpecification, defined by the provider with
the functional and non-functional requisites, and the optional
ServiceAdditionalInformation, filled in by the consumer as feedback to
the used service.
Another important class of the model is SLA which represents an agreement between service consumer and service provider about a service provisioning. It contains conditions about the service according to the requirement of the request, the service availability and the current context.
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The conceptual model pays attention also on the actors involved in the
service domain and distinguishes six different actors:
• Service Provider;
• Service Consumer;
• Service Registry;
• Service Assembler;
• Service Integrator; and
• Service Developer.
Actors are not part of the framework but they are external entities that
interact with the concepts in different ways. We can see the roles of the
actors in the representation in Figure 5.15 where only the main classes of
the conceptual model are depicted according to the relations with the actors.

Figure 5.15: The Actors
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The developer develops a SoftwareService that can be provided, when
an implementation is available, by the provider. Moreover the provider defines a ServiceSpecification so that the registry can publish it with a
ServiceDescription in an accessible repository or similar. The integrator,
instead, is responsible of the composition part of the service: according to
the consumer requests, it composes several services in a
ComposedSoftwareService. In order to satisfy this work the integrator
has to speak with the registry in order to know which are the services
available and their functionalities. In this concern the consumer makes
a ServiceRequest specifying ServiceRequestRequirement elements that
cover both functional and non-functional properties. Finally the component
assembler gathers together SoftwareComponent elements in order to build
a ComponentBasedSoftwareSystem, which in turn is the implementation of
the requested service.
This model is similar to the previous one presented in [CNP+ 05a] and
share quite the same advantages and disadvantage. But the current model
does not divide the various aspects into separated and more details UML
class diagrams. Anyway it is more devoted to the concepts of service and
component and how to deal with these two similar and connected elements.

5.1.9

Information Model: the Building Blocks of Composition

Yet another abstract meta-model is presented in [OYP03] with a complete
and interesting discussion about the model-driven service composition. Because of the different goals of this thesis, we do not care about the modeldriven approach for the development and management of dynamic service
compositions explained in the paper, but we borrow the proposed metamodel with the objective of analyzing and commenting it with respect to
other models and languages. The authors, indeed, provide a set of basic
elements of the service composition with the goal of investigating how to do
the development of the composition itself.
The philosophy of the model-driven approach is rooted in the concept
of business rules: “Business rules are precise statements that describe, constrain and control the structure, operations and strategies of a business”.
Actually the set of business rules is used to identify the QoS, the process
flow, the policies, the regulations and similar constraints and properties of a
business process. Analyzing the business rules it is possible to learn how to
do a service composition: how to define it at high level and how to execute
it. In this concern it is possible to design the composition taking into account its structure, the scheduling of the activities, the selection of services
and the binding of the services to appropriate implementations.
The so-called Information Model in [OYP03] is depicted in Figure 5.16
and it represents the main components of a service composition and the
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relationships among them.

Figure 5.16: The Information Model.
Here follows a description of the elements of the meta-model:
• Activity: it represents a business function with its inputs, outputs
and mapped function implementations;
• Flow: it is used for the flow of activities. It allows simple and nested
activities definitions through the subfunctions attribute. Moreover
the pattern attribute defines how the activity should run. Available
patterns are sequential, iterative, parallel and conditional, some other
patterns are also supported by the model as defined in [OYP03];
• Role: it represents a party involved in the service composition. It is
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in charge of raising events in special conditions and performing the
activities. Each role has capability and permission attributes that
specify what the party can do and what it is allowed to do;
• Provider: it is an example of party involved in the composition. Actually it provides a concrete service with functionalities that can be
exploited by the composition to build a more complex service. It has
cost and quality attributes in order to have a minimal basis of nonfunctional properties to be attached to a service provision;
• Event: it describes the faulty or exceptional occurrences during the
composition process, moreover it defines the influence of such events
on the pre-defined activities;
• Condition: it is used by Activity, for pre- and post-guarding of the
business functions; by Message, for constraining it; and Event, for
controlling the event occurrences. The element has name, argument,
predicate and value attributes; and
• Message: it is an information container used by Activity, to store
inputs and outputs, and by Event, to contain any data added to the
raising event.
The relationships between the elements of the Information Model are
constrained by the business rules, in particular there are five types of rules
that govern the composition:
• behavioral rules that define how to guard the activities, how to control
the occurrences of events and how to maintain integrity of the data;
• data rules that define the relationships between messages and the type
of input and output messages for the activities;
• structural rules that govern the structuring and scheduling of the activities in a composition;
• resource rules that manage the use of resources like services, providers
and event raisers; and
• exception rules that handle the exceptional scenarios may occur during
the execution of the composition.
Usually the rules are defined using the functions listed in the class diagram of the model with the addition of the constructs provided by the Object
Constraint Language (OCL) [Gro03].
This meta-model is different from the other presented in the previous sections because it is only dedicated to the composition aspects of the serviceoriented architectures. No other information are added to the model in order
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to keep it simple and suitable for the analysis of the composition development process.
Moreover it is important the effort of the authors about the dynamic
nature of the composition development process built upon the model. In
fact the phases of the life-cycle of the composition process are defined in
an abstract level so that the composition results flexible and changeable.
Finally the composition is built with sub-elements that are mapped to a
concrete composition only at the end of the process, therefore it is possible
to combined them as required with no regard to the actually used set of
services, parties and technologies.

5.2

Comparison of the Models

A comparison of the models can be planned according to a set of requirements related to the descriptive capabilities of the model, the approach used
and the service support. In Section 5.2.1 we try to outline a complete set
of requirements and relevant points than can differentiate the models and
next we analyse each model with respect to them.

5.2.1

Requirements of a Composition Model

The list of the requirements of a model for the composition of services can
be the following:
• modeling the choreography: the solution should be able to model the
message exchange between the participants to the composition, i.e. the
interactions should build a well-defined collaboration between services;
• modeling the orchestration: the solution should be able to model the
internal private behavior of the process;
• modeling the control flow: the model should provide a set of control
flow constructs and rules that can be used to model the flow. Additionally it should be possible to nest actions and control flows as the
user of the service requires;
• modeling the execution: the model should be able to build an executable process or an abstract process where the execution flow can
be controlled and monitored. The process can assemble several services but the model should take into consideration also the execution
control and the monitoring of the whole set of services;
• exception and fault handling: in the case a composition experiences
problems during the execution it is necessary to have the possibility
to handle such critical situations. For example, the model should take
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into consideration what to do when a service is not available, or when
an input is not consistent with the parameters of the service, or some
exceptional and faulty situation may occur;
• transaction support: the model should support transactions in order
to be able to execute, or at least model if a related executable language
is not defined, long-running processes, ACID transactions and other
specific execution constraints;
• compensation actions support: the model should define a mechanism
for defining actions that should take place when a pre-defined activity
is undone for some motivations. It is usually related to the tricky case
of transaction rollback or failure;
• modeling the roles: the model should provide a representation of the
roles a participant may play in order to distinguish the behaviors of
the same service in distinct scenarios;
• dynamic composition support: the model can reflect a dynamic composition approach or a simple static composition. The dynamic approach would provide more advantages in terms of adaptability and
modification at run time;
• semantic support: the model supporting the representation of semantics of the compositions allows the automation of some procedures
related to services, like discovery, composition and management;
• modeling QoS: the model should provide a form of definition and monitoring of the non-functional properties of a composition. Especially in
B2B scenario it is often necessary to establish a set of conditions that
must be agreed by the parties involved in the composition in order to
get an outcome;
• architecture and programming language independency: the solution
should fit to any kind of service-oriented technology and be independent from the implementation and programming language used. For
example the model should not be tied to a specific description language like WSDL (Web Service Description Language) and should not
rely on a pre-defined service technology; and
• language definition support: the model can be an abstract meta-model
describing the composition from a high level of abstraction or can
provide a language definition support.
Some of the requirements are complementary and some other can not be
met simultaneously in the same model: some features can not be satisfied
at the same time but they require a second model or meta-model support
in order to provide the complete set of capabilities of a composition model.
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5.2.2

Comparison Summary

In the table in Figure 6.7 we give a sketch of the comparative analysis of
the models according to the requirements listed in Section 5.2.1.

choreography
orchestration
control constructs
execution control
exception/fault
transaction
compensation
roles
dynamic
semantic
QoS modelling
techn. indep.
language support

BPEL
×
X
X
X
X
X
X
±
×
×
×
×
X

BPML
×
X
X
X
X
X
X
×
×
×
×
X
±

WS-CDL
X
×
X
×
X
±
±
X
×
×
×
×
×

WSCL
X
×
×
×
×
×
×
×
±
×
×
×
×

choreography
orchestration
control constructs
execution control
exception/fault
transaction
compensation
roles
dynamic
semantic
QoS modelling
techn. indep.
language support

WSMO
±
±
×
±
×
×
×
×
×
X
±
X
×

Colombo
×
X
×
X
X
×
×
X
±
×
±
X
×

Autili
×
X
×
×
×
×
×
X
±
×
X
X
×

MikePapa
×
X
±
X
X
×
×
×
X
×
X
X
×

DAML-S
X
X
X
X
X
±
±
×
X
X
×
×
±

Figure 5.17: A Summary of the Comparative Analysis of the Models
X means that the model satisfies the requirement, × instead means that
it does not satisfy it, and ± means that it provides a poor solution for the
requirement or it turns to other protocols.
A similar but less detailed comparison of a part of the models can be
consulted in [BG06].
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Final Comments about the State of the Art

The huge and still growing amount of acronyms and standards lets understand the problematic and still under investigation aspects of service composition. There is no language and no model that can satisfy the overall set of
requirements of a composition of services. Moreover the need of attaching
non-functional properties, monitoring capabilities, dynamic discovery and
composition increases the business request of having a composition framework that can embrace such aspects.
As the survey about service composition languages and models in [BG06]
underlines, the composition models can be divided according to two main
features: first the static or dynamic basis to the composition definition, i.e.
if the model expresses a process that can be changed during execution or a
static process whose characteristics are defined at design time and can not
be modified if the pre-defined execution parameters are not met; second the
sematic or non-semantic approach to the composition definition, i.e. if the
model is compliant to a precise semantics and aims at the automation of
the composition life-cycle or it relies on the basic definitions and concepts
of service-oriented architecture.
There are some other elements that can lead to a different categorization
of the approaches and all of them would underline a different aspect of the
issue. Our goal is to investigate the composition and the QoS issues in
conjunction in order to better investigate this topic that is not considered
by the current trends of research.
In [vdA03] and [vdADtH03] the large set of composition languages is
judged as a set of protocols and initiatives whose functionalities are frequently overlapped. Moreover some features are present and sometimes
similarly investigated in most of the solutions, some other instead are not
even considered. For example an interesting comparison between the models is done according to the communicating and workflow patterns that
they have.
A really important requirement that is not fully satisfied by any model
is to have a composition mechanism that is QoS-aware. Actually some
composition protocols can be used in conjunction of an agreement between
the parties but there is no way to understand if a quality is satisfied or not,
or what to do in case of a violation, or how to manage the monitoring of
parameters. In our opinion, it is a hard issue that should be investigated
and solved inside the composition concept: the composition should be able
to deal with non-functional properties, and not be partnered by yet another
external framework.
Even if most of the implementations of the composition languages rely
on the BPEL model, it is not true that such model can satisfy all the requirements of a composition. There are still many aspects that need more study
and even if BPEL is quite well accepted by the B2B, the enterprise needs a
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more complete and efficient support in building compositions. The strong
human intervention in the use of BPEL is one of the limitations that can be
mentioned: BPEL allows the specification of complex Web services interacting with each other but the creation of the central process that handles the
interactions and actually defines the composition must be designed by the
developer. For example, this means that the final composition depends on
the capability of the developer to select appropriately the flow, the services
and the order of invocation so that the composition is not a continuous loop.
Automation of these steps would improve the robustness of the composition
created with BPEL.
The state of the art analysis was twofold: first we wanted to compare the
current models and languages to get an idea of what the vendors and research
efforts offer, second we wanted to understand what are the requirements not
yet fulfilled in order to design a new meta-model that tries to overcome some
of the up to date limitations.

Chapter 6

A Meta-Model Proposal
The meta-model we propose has the prerogative of defining the composition
concept and it should embrace the different aspects of the service-oriented
architecture. The need of an abstract meta-model, instead of a language
specification, is due to the critical situation of the current proposals and
standards that present several, similar and incomplete solutions. This scenario includes different and overlapping models that lack of an agreement
about the terminology. This meta-model provides a possibly vast and complete overview of the service concept that is independent from any particular
lower level. The abstraction can help in the identification of the requisites
and problems and also provide a high-level representation of the service
composition that can fit to different implementations.
It is worth to underline that finding a right composition approach that
satisfies all the requirements is complex and challenging. BPEL is now
playing the important role of being the best-accepted and the most adopted
composition language since it covers the main aspect of composition, but still
some requirements lack a solution and a new meta-model with a corresponding language specification and engine is required in the service interactions
among and within the boundaries of enterprises.
The aim of the thesis is to provide a meta-model for the composition of
services: it is a high level design of the interactions between the services and
of some relevant features related to composition: for example the definition
of a Quality of Service (QoS) and monitoring framework, and the definition
of exception and fault handlers. The novelty and importance of the metamodel are in the capability of integrating QoS in the composition model.
The process of composition requires the definition of the services involved
in it and also a focus on non-functional requirements related to the composition. This means that it is necessary to define a meta-model that designs
control flow and data flow aspects plus features related to QoS, exceptions
and faults.
The meta-model is abstract from any kind of composition engines and it
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should fit to any concrete composition schemas: this means that it covers the
main issues of a general composition process that may be or not implemented
or contemplated by a particular composition engine.
Section 6.1 and 6.2 are dedicated to the discussion of how the model
should be in terms of rules of modelling and what are the features specific
to composition modelling. Then in Section 6.3 we explain our QoS-aware
composition meta-model dividing it into appropriate parts. We conclude
the chapter with some final comments about the proposal.

6.1

Requirements of a Model Design

There are some important technical requirements that must be satisfied
while modelling. As suggested in [CNP+ 05b] the requirements for a conceptual model can be the following:
• compactness: the model should be developed avoiding redundancies
and inconsistencies. Moreover it should consider the overall features
of the composition aspects taken into account;
• extensibility: the model should be extensible in terms of new entities
and relations. Additionally it should allow the introduction of new
aspects that were not considered at the first design; and
• generality: the model should explain the service concept in its generic
meaning with no connection to particular implementation and constraints. In other words the model should be technologically independent.

6.2

Requirements of the Composition Meta-Model

We analyze and describe the relevant points that influence and determine
the composition model specification. As proposed in [CNP+ 05b] we can
identify some important aspects of the services model:
• service description;
• service discovery;
• service composition;
• service monitoring; and
• service publication.
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These aspects include the relevant features and mechanisms of the services and they can be abstracted in a model. We focus on the composition
and monitoring issues, leaving unsatisfied the open questions related to discovery and publication that are anyway important and challenging.
Assuming that the discovery can be implemented dynamically, we have
an ongoing availability of services that can fulfill our requirements, therefore
looking for the suitable service for a request or replacing the previously
chosen service with a new one because of its temporal unavailability is not
our business. Our problem is to define the service as a central element of
the model and see how it can be composed and monitored. Actually the
service can be a simple service or a composition of other service including a
recursive definition of it.
A service, due to its plain or composite nature, is therefore related to a
set of activities regulated by a control flow framework. We mean that the
composition model has some primitives that can regulate the flow of the
processes included in the composition. It is besides necessary to have sequence, parallel, conditional and similar primitives that can be used to build
a composition. This primitives are used for the standard flow of execution
and for the definition of alternative flows in case of errors and faults.
Another point to be addressed in the composition modelling is the interaction concept : the services communicate together in order to get a more
sophisticated result. Therefore it is necessary to have a message exchange
mechanism that allows the transformation or conversion of the input and
output messages according to the service parameters. So a service integrator, or whatever we need to consider as an interaction management, is in
charge of passing correct and well-formed parameters to the invoked services.
A service should also be able to perform transactions, e.g. when performing an operation strictly connected with another one whose results will
not have any meaning if both are not committed. For example, when we
want to book a flight and we know the period in which we will stay in vacation we need to have the car availability for the whole period. Therefore
if it is possible to book a flight there must be also a car for that period,
this means that the reservation of the two elements should be performed
in a transaction so that if one of the two operations does not commit the
successful reservation is rolled back. Besides it is necessary to find an alternative to the missing service, otherwise the the whole holiday must be
modified. Using a transactional operation we are sure that the two elements
are booked and consequently the client can accept the holiday proposal.
Moreover the service execution should be checked and monitored by
another service or whatever that can certify the client that his requirements
are fulfilled so that he can get exactly what he required. Both functional and
non-functional requirements should be checked and it is necessary to insert
in the model a part dedicated to the QoS issue. We need to investigate also
this issues and understand which elements are required in the composition
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meta-model. A monitoring service needs a definition of the QoS metrics, a
specification of the parameters’ values, a monitoring system and in case a
SLA (Service Level Agreement) definition among the parties.
Another important element of the composition is the need of an exception
handling mechanism that is in charge of executing compensation activities
in the case an exception raises or a non-standard process execution flow is
required.
To summarize all the features we mention we can list the composition
dimensions we should take into consideration when developing the metamodel for composition:
• service description: i.e. a so-called component model where we define
what is a component;
• control flow facilities: i.e. parts of the so-called orchestration model
that describe the order, the conditions and the flow of the services
involved in a composition;
• message exchange mechanisms: i.e. parts of the so-called data and
data access model which specify the data format and how to establish
the exchange of them;
• transaction capabilities: i.e. the transaction model with the specification of the semantics of transaction and its execution;
• binding: i.e. the so-called service selection model that defines how the
binding takes place, e.g. statically or dynamically;
• monitoring facilities with QoS parameters and metrics definition: i.e.
a QoS model directly connected to the composition features; and
• exception handling: i.e. a model that defines how to manage the
exception during the execution of the service..
The composition model dimensions are argued in [DS05].

6.3

The Composition Meta-Model

The meta-model describes a high level composition strategy: it is drawn
with the fundamental idea to separate the composition logic from particular
composition specifications. This idea is the base of our goal of getting an
abstract composition meta-model that can fit to any kind of service independently from the implementation used.
The model is inspired by many of the already mentioned models described in Chapter 5 and it provides more detailed information and features
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of the composition of services, as a general concept not tied to any technology or standard.
The composition meta-model we propose describes a high level composition strategy and it is depicted in the class diagram in Figure 6.1.

Figure 6.1: High Level View of the Composition Meta-Model
We follow with a description of the elements of the composition metamodel underling the ideas included in each element, the relationships with
the others and the motivations of such design. The method we use for
modelling the composition is UML that allows us to develop implementation
independent compositions, that may be mapped to particular specification
only at the last step of the composition process.

6.3.1

Composability of the Services

A composition can be done according to some rules defined in the metamodel. In particular the Service element can represent both a simple and
a composite service as we can notice from the two relations it has with the
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ComposedService element. It identifies the generic meaning of the service
in the SOA paradigm, where service can be developed with any technology
and it is not tied to any particular implementation and standard. It can
be a simple service or a composite one as the has relation specifies: it has
recursive definition that summarizes and keeps a generic meaning of service.
Service represents the composition we want to build and a name is
assigned to it. It is mainly related to entities about the description of
the service (ServiceDescription), the flow of the operations composing
the service (Flow), condition-related elements, the actual service execution
(Activity, Transaction), and the monitoring and the QoS definition of the
service (QoSParameter, QoSMonitoringRule).
An operation, either in a simple flow or in a complex flow, can be referred
to a transactional or fault-exception scope. The relationship is not defined
in the Service element, but in the Flow element, where it is possible to
collect operations and specify their execution.
The service composability aspect is depicted in Figure 6.2.

Figure 6.2: Meta-Model: Service Composition

6.3.2

Service Description

This aspect of the meta-model deals with the high-level description of the
service and its operations. The quality of the description influences the
capability of dynamically select and discover the appropriate services for an
application.
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Each service we request has a set of operations that can be mapped
to the real activities we require for our service-oriented application. Each
operation has input and output messages that should be transformed and
converted when actually executing the operation.
In order to keep a generic meaning of service we link the Service entity
to a ServiceDescription entity that is related to an overall specification of
the service. It can represent any type of service with Operations. Each operation has a set of Messages which are InputMessages and OutputMessages.
Both input and output messages are associated to a name: we keep
abstract the structure of the message since we do not want to constrain the
content of them, actually they can contain fields about the type of service,
operation and required information according to the actual technology.
The service description aspect is depicted in Figure 6.3.

Figure 6.3: Meta-Model: Service Description

6.3.3

Workflow and Transaction Support

The composition we model is workflow-based and in particular it is built
through the Activity, Transaction and Flow elements. We design the
model in the way that the tasks of an abstract service are performed by
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the activities that are correlated to other entities in order to provide typical
workflow features.
In particular an Activity is mapped to a specific operation and its
execution is regulated by a set of ControlFlowCommands that define the flow
of the execution. Moreover the activities can be executed in Transactions
according to the requirements of the application.
Transactions can be of two types:
• ACID transactions: i.e. transactions executed according to the atomicity, consistency, isolation, and durability properties; and
• long-running transactions: i.e. transactions that can violate the isolation property. It is possible therefore to have multiple sub-activities
that are committed when they have finished, and if there is an error
any previously committed sub-activities are compensated.
Transactions are checked by some rules that in case will require a compensation action.
The workflow and transaction features of the meta-model are depicted
in Figure 6.4.

Figure 6.4: Meta-Model: Workflow and Transaction Features

6.3.4

Control Flow Elements

The service is implemented with activities and transactions, but it is necessary to define the flow of these elements. We propose two main classes:
Flow and ControlFlowCommand.
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The flow represent a high-level concept and it is a point of connection
of several classes related to flow management and control, in particular the
ConditionControllingRule and the Service elements.
The ControlFlowCommand element is a recursive element: in order to
build a more complex flow of operations and services, each element can be
nested according to some simple rules. It includes the main flow constructs
like Sequence, Parallel, Loop, Switch, and If. With these elements we
can build pre-condition for the invocation of specific operations: we can
control the order of the operations, and specify conditions to control the
composition execution. The set of control flow commands is taken from an
analysis of the main constructs presented and explained in [vdAtHKB03].
They are not the complete set but represent the main elements.
We follow with a brief explanation of each of the flow constructs:
• Sequence: it represents a flow where an operation or another nested
flow is performed after the completion of the previous operation or
flow. There are no conditions before or after the elements included in
a Sequence.
• AndParallel and XorParallel: they are two kinds of parallel flows:
they can contain an undefined number of operations or nested flows
which are executed simultaneously.
The semantics associated to AndParallel refers to the AND concept:
it implies that all threads must complete successfully to get to the end
of the control flow. This means that when AndParallel tag is closed,
there is an AND-join which synchronizes the multiple thread that were
running in parallel. To follow with the remainder of the composition
it is necessary that all threads end the execution.
The operations and flows in XorParallel, instead, do not need to be
synchronized when they end. It is possible, for example, to specify
two services that are searching for a flight in a XorParallel element
and take the response of the first one that finishes.
• Loop: it represents a cyclic performance of operations or nested flows
according to a specific Condition.
• Switch: it represents the common switch command where a minimum
set of two Cases are specified about a Condition. In the Case tag it
is possible to define an operation or a flow of operations that must be
executed if the current case is compliant.
• If: it represents the common if command where it is possible to split
the control flow in two ways according to a Condition. The Then
subelement is compulsory but the Else subelement is optional. Both
contain a simple operation or a flow of operations.
The control flow elements of the meta-model are depicted in Figure 6.5.
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Figure 6.5: Meta-Model: Control Flow Elements

6.3.5

Condition Definition

The Condition concept is quite complex: its goal is to define pre- and postconditions for the flow of operations, for the exceptional and faulty situation
and for transactional problems.
A condition should contain a control that is differently defined according
to the implementation, but it should be related to one of the aspects we
mentioned. Moreover, for each condition there should be a set of
ConditionControllingRules which define how to check it and what should
be done in the case of violation of the condition through compensation
actions.
Usually compensation actions are referred to actions that should be executed when an error in a transaction occurs, but they can be used in a
more generic meaning for different scenario where an exceptional and always
available solution should be activated. The price we pay for the definition
of these compensation actions is the capability of the composition to handle
difficult situation without aborting the execution.
Also fault and exception handling is included in this set of elements as
we can notice in the part of the UML diagram of the meta-model dedicated
to this feature represented in Figure 6.6.

6.3.6

Compensation Actions

Action is different from activity: the last is tied to a specific operation of a
service, action is more related to a functionality related to composition as
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Figure 6.6: Meta-Model: Condition Definition
a large concept. For example it can be a termination command that can be
invoked in case of error, or a command that restore the service execution in
specific cases when a transaction or a simple operation raised some problems,
or simply it denotes a functionality external to the component service itself:
it can invoke a new discovery process, or a new composition process to
overcome faults, exceptions, unavailability of a service that requires a new
composition design and building.
Compensation actions are related also to monitoring in the sense that it
can be an alternative to the standard agreed flow that can not be fulfilled
in terms of QoS requirements.
They are also connected to pre-condition and post-conditions, and to
situation caused by external, faulty or exceptional problems.

6.3.7

QoS Features

The QoS-awareness of the meta-model is provided through several elements:
• QoSParameter;
• QoSLevel;
• QoSMetric;
• QoSAgreedValue;
• MonitoredQoSValue; and
• QoSMonitoringRule.
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The goal of the QoS-related elements is to allow the monitoring of the
composition according to some specified parameters and to check if the execution guarantees the agreed values.
QoSParameter specifies the parameters we measure to monitor the composition execution. It defines the name and the category of the parameter.
As an example of categories that can be used to define the QoS properties
of a service composition we use the classification suggested in [RPD06]. The
table in Figure 6.7 enumerates the parameters for performance and dependability.

performance

dependability

parameter
processing time
wrapping time
execution time
latency
response time
round trip time
throughput
scalability
availability
accuracy
robustness

metric
milliseconds
milliseconds
milliseconds
milliseconds
milliseconds
milliseconds
#requests/seconds
probability
probability
probability
probability

Figure 6.7: Meta-Model: QoS Parameters
QoSLevel specifies a simple or composite set of qualities of service with
a related level of fulfillment: it is possible to specify several types of fulfillment degrees defining different values for the non-functional attributes. A
QoSLevel element may refer to single or to multiple QoS parameters.
QoSMetric, instead, specifies the metric used for the parameter. Actually
a parameter has a set of sub-elements that specify it better, in particular we
have a reference value which the consumer and provider have agreed about
a particular composition, then we have a set of monitored values that can
be used to compute instant or average values according to the type of monitoring the monitor is in charge of. Actually the monitoring is guided by a
set of QoSMonitoringRules that can define the time interval, when explicitly perform the monitoring and when let the composition to be executed
with no load by the monitoring that can interfere its performance. Actually there are parameters that require short term monitoring and other that
instead need long-term monitoring sessions: according to this prerequisites
the monitoring rules are adapted.
The meta-model is extensible to other categories and types of qualities
in order to fulfill the precise requirement of each composition.
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The QoS-related elements of the meta-model are depicted in Figure 6.8.

Figure 6.8: Meta-Model: QoS Features

6.4

Final Comments about the Meta-Model

The meta-model provides an abstract overview of the composition of services
with QoS-awareness. We define an XSD Schema for the element definitions
and the rules of construction of services. The meta-model requires a deeper
investigation in the mapping of its elements to composition languages like
BPEL and WS-CDL in order to understand the efficiency of its modelling
task.
The integration of the QoS features in the meta-model is a novelty in
the models for compositions; even in the model for services there is no
directed link to a QoS inner specification that can be developed during the
development of the service itself.
Moreover the verification of the processes created by using this model
should be done according to some predefined requirements and rules. Actually the model verification after the definition of a theory behind the model
should be the next step in the studies.
In the next chapter we provide a case study about a composition of
services related to travel agencies. We will underline the functionalities of
the elements of the meta-model and build the necessary relationships among
them.
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Chapter 7

A Case Study
We focus on a case study which is helpful for understanding the issues related
to service composition and the motivation of design of our meta-model. The
case study is based on a typical travel agency scenario and it comprehends
some possible situations that can occur while booking a travel.
The main functionalities of the travel agency are searching and booking
flights, hotels, restaurants, car rentals, and events. We firstly describe the
case study from the client point of view, then we give more details about
the case study analyzing it from the service and composition point of views,
i.e. we consider the elements that play a role in the travel agency system
and the services that are taken into consideration and executed in order to
fulfill the client’s request.
The chapter is organized as it follows: Section 7.1 is a description of the
case study from the travel agency client’s perspective, Section 7.2, instead,
takes the composition’s point of view, and the final section presents an
example of mapping of the case study to the meta-model.

7.1

Travel Agency: the Client Point of View

A client wants to go to Australia for one month of holiday. He needs to buy
a return ticket for a flight: he plans to land in Melbourne and then rent a
car to travel from the South of Australia to Cairns along the East Coast.
He plans to stay in hotels and to eat every dinner in restaurants in the cities
where he currently stays. Besides he would like to participate to excursions
in the desert and in the aboriginal villages, and to book some events like the
Surfer Paradise’s exhibition and the Wild Aussie Animal exhibition.
He looks for a service that provides a full-fledged holiday organization
according to his plans. Moreover he requires that some possible changes in
his plans can be satisfied during the holiday.
He connects to his Internet Service Provider and ask for Australian
holiday. He gets some results about Australian holiday in general and fil89
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ters the services that provide typical travel agency utilities. He selects the
TravelAgency service and starts filling forms about the desired flight, the
car rental, the restaurants where he wants to eat, the hotels and the activities he wants to join. TravelAgency is actually a complex service which
integrates several services all related to a holiday organization topic, e.g.
the flight reservation, the restaurant table reservation, and the car to rent
for driving in the wide continent.
Once ha has chosen all details about the holiday he selects a payment
method for each specific element of the vacation. Let’s assume that for
example he decides to pay the flight by credit card. Finally he confirms
the travel packet, by email or by any other kind of mechanism, and he just
waits for the departure date. He finally leaves, enjoys, more or less, the
holiday, and when he comes back from down under he gives feedback to the
TravelAgency service he has used.
The use case diagram of the scenario from the perspective of the user is
represented in Figure 7.1:

Figure 7.1: Use Case Diagram of the Travel Agency Scenario

7.2

Travel Agency: a more Detailed Panorama

We prefer to give a more detailed panorama of the TravelAgency service
also according to how the system is built and how the various components
interact with each other.
The service selected by our client is called TravelAgency and it aims
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at providing a well-organized travel agency system which is able to arrange
clients’ holiday requirements in a flexible and compliant packet.
TravelAgency is actually a composition of several services, each of them
is dedicated to a specific phase or element of the holiday arrangement. It
combines already available and active services in order to accomplish the
requirements of the clients, e.g. it discovers and composes a service of flight
reservation, another one of hotel reservation, another one of car rental, yet
another one of restaurant information and booking, and the last one about
events, exhibitions, museums and similar. This means that TravelAgency
is capable of performing specific steps aiming at building a flexible and
full-fledged travel agency service in charge of all kind of facets of a holiday
organization. It executes a discovery phase looking for available services and
a composition phase coordinating the activities of each component service.
Moreover it satisfies the requests of the clients also in term of quality of the
service, not only in terms of functionalities.
Now we can immagine a simple and common situation where the holiday
to Australia of our client has been arranged by the TravelAgency service
by using discovery, composition and monitoring facilities. The client is not
involved in these mechanisms, he only provides a request with all its details
about flight, hotels and so on, and gets a response from the TravelAgency.
Let’s consider that TravelAgency usually relies on FlightReservation,
a service that collects all available flights given a departure and arrival
date, a departure and arrival airport, and usual information about a flight.
TravelAgency calls the service, finds a suitable flight for the client and
books it. We said that TravelAgency worries about the payment, if the
client asks fot it. Therefore, after receiving the credit card company, number and expiration date by the client, the service takes care of the payment
of the flight.
After the decision of the flight’s details, TravelAgency knows which are
the vacation days and according to the plans of the client it can look for the
hotels and the restaurants to book. For simplicity let’s consider that the
services for hotel and restaurant reservation are called HotelReservation
and RestaurantReservation, respectively, and they are invoked by the
travel agency when visiting-cities and dates are known.
Now TravelAgency has to take care of the car the client requires for
the whole holiday: it looks for a service about car rental and finds the
CarRental service which is in charge of providing cars and cargos to people
that need them in the cities of the continent. Finally the agency finds also
the EventReservation service which is responsible of giving information
and in case booking events, exhibitions and similar. Actually TravelAgency
rents a car for our client and books some of the desired activities the client
specified in the holiday’s form.
The payments of the hotels, restaurants, the car and events can be done
by credit card by using the same Payment service as for the flight payment, or

92

CHAPTER 7. A CASE STUDY

by other means; this issue is not relevant to our investigation, we only need
to assume the existence of a trusted Payment service that can be invoked by
the TravelAgency service and we do not care if the client decides to pay by
cash or whatever some benefits.
The holiday is completely organized by TravelAgency with the support
of other services related to holiday organization categories and payment
services: in summary we have the following services that are depicted in
Figure 7.2:
• FlightReservation,
• HotelReservation,
• RestaurantReservation,
• CarRental,
• EventReservation, and
• Payment.

Figure 7.2: Services of the Travel Agency Scenario
An example of the flow of the operations is depicted in the UML activity
diagram in Fig. 7.3.
Let’s assume that our client finally leaves; but TravelAgency is notified
by the CarRental service that the booked car is no longer available because
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Figure 7.3: Activity Diagram of a Composition
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of a crash. TravelAgency searches again for another car rental service and
finds out another one which is likely to solve the car rental issue. Therefore
another car is booked for the client. Arrived in Melbourne, the client starts
driving the desired car, visiting the cities, participating in the activities, eating in the restaurants and enjoying the booked hotel: in few words he enjoys
the holiday he requested to TravelAgency without knowing the mechanisms
behind it. When he comes back home he decides to give positive or negative
feedback according to his satisfaction to the facilities and activities he joined
in Australia.
In the meanwhile another Monitoring service has checked and monitored
the fulfillment of the requirements given by the client. For example, the
service has controlled the time when the car was delivered to the client and
checked if the agreed timetable was fulfilled or not. Moreover a Security
service has checked the credential of the organizations and agencies behind
the services that have required a credit card payment, in order to provide a
more secure and added-value service to the client. With added-value service
we mean a service with a predefined set of qualities and non-functional
properties added to the actual functionalities of the service. Therefore we
have a TravelAgency service supported and integrated by a fairly consistent
set of other services.
In conclusion we remark that TravelAgency aims at providing a complete service by discovering and composing some dedicated services in order
to fulfill clients’ requirements in a holiday organization. Moreover, the resulting service is not only concerned with functional requirements but it
is also in charge of satisfying time, security, reliability and similar nonfunctional requirements of the clients.
The simple example we provided presents some features we want to analyse with respect to the composition demand in order to understand what
a composition is, what it requires and how we can develop a model that
entails its characteristics and mechanisms.

7.3

An Example of Mapping to the Meta-Model

According to the case study, we show how the elements of the meta-model
can be mapped over the scenario.
The TravelAgency service is a composed service that collects simple services like flight, hotel, restaurant, event reservation, car rental and payment.
Taking FlightReservation service as example we have a set of operations that are looking for a flight, booking a flight and similar that are
expressed through the Operation element. Moreover the input parameters
of the operations, like a departure and arrival date, a departure and arrival
airport, and usual information about a flight, and the output parameters,
like the availability reply and similar, are mapped to InputMessage and
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OutputMessage, respectively. All these elements belong also to the description of the services. The other services are similarly built.
The tasks performed by the single operations are mapped to Activity
or Transaction elements according to their requirements so that they can
be inserted in a specific workflow.
The whole set of services is arranged so that it can provide a specific
composition workflow that satisfies the user requirements: for example several activities, like looking for an available restaurant or flight, are composed
with Sequence, ANDParallel and If ControlFlowConstructs.
Some operations are included in a Transaction and, for example, if
restaurants and hotel availabilities do not correspond with the availability
of the clients, both reservations should be cancelled or other compensation
actions should be performed.
Moreover some QoS properties can defined in the composition using the
parameters and their metrics and collecting them into a QoSLevel. We mention a monitoring service as an algorithm that independently computes the
monitoring rules and stores the measured values. In this way the composition is fully controlled and checked according to the user’s non-functional
requirements.
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Chapter 8

Conclusions and Future
Work
We worked on a meta-model for service composition after analyzing the state
of the art about composition. Actually many challenges are still open and
there is the necessity of finding solutions that can overcome the composition
problems.
Moreover the composition meta-model is focussed on the idea of QoSawareness. This idea lets understand that integrating composition and QoS
features is a quite complex task. Additionally, the complexity raises if we
want to keep a high level of abstraction so that any kind of service can fit
to the model.
The discussion of the state of the art about composition and QoSsupporting solutions make us understand that what is missing in the ServiceOriented Architectures is a common understanding and agreement of the
terminology used to describe applications. Moreover many concepts are not
well defined and investigated, leaving the free choice to researchers and developers to use a service in their terms and requirements. In addition, what
is even more problematic is the increasing number of protocols, languages
and solutions that are all directed to solve the same problem, but that actually define and re-define the same ideas with really minimal differences with
other proposals: this phenomena is also called Protocol Babylon.
Therefore our main requirement was to understand the field of serviceoriented applications in order to provide a single framework that explains
and defines most of the features and aspects related to services. We decided
to focus on composition and QoS definition and monitoring, but other issues
need to be investigated in the same perspective. For example, dynamic discovery and selection of the services can be designed if there is an appropriate
base of service description. All the features are related to each other and
the design of a single one influences the behavior of the others.
The abstract meta-model we designed integrates QoS aspects as a first97

98

CHAPTER 8. CONCLUSIONS AND FUTURE WORK

class citizen, therefore a relevant part of it is dedicated to the definition and
discussion of QoS-related elements.
The UML class diagrams and the diagrams of the case study are developed according to an XML Schema we developed to provide the specification
of such compositions. We developed also an ontology to better understand
the issues, but it can be interesting for a further work to develop a more
appropriate and complete specification of the meta-model. The specification
can be also provided with some mapping rules that can relate the abstract
composition to existing composition environments such as BPEL, WS-CDL
or other languages we discussed. The mapping can also provide a way of
validation of the model and of the processes created by instantiating a composition for an example scenario.
An important part of the thesis is the analysis of the several models
proposed in the literature and in the standards about the service concept
and the service composition. The discussion and the comparison of the
models was helpful for outlining the open issues.
A final relevant feature of the meta-model is the high level of abstraction
we maintained when modelling the service domain: the abstraction allows
the adaptation to the meta-model by several type of services. Actually the
idea is to keep the model as abstract as possible, with no relations to real
implementations. Therefore, when the meta-model can be considered satisfactory for the whole set of aspects of the service domain, it is possible to
map the model to the desired composition language and build the composition. Surely, nowadays there is no composition language that can satisfy all
requirements of the service-oriented systems: so it is necessary to specify a
language that can express all the features of the model. This idea can be
seen as yet another solution for composition but, if it is developed according
to the entire set of requisites it could be a complete QoS-aware composition
language.

Conclusioni e sviluppi futuri
Nel lavoro di tesi abbiamo analizzato lo stato dell’arte per quanto riguarda
la composizione di servizi e quindi lavorato su un meta-modello di composizione. In realtà ci sono ancora delle questioni da sviluppare e mancano
delle soluzioni che possano risolvere i problemi legati alla composizione.
Il nostro meta-modello è concentrato anche su questioni di Quality of
Services, in particolare si vuole integrare caratteristiche di QoS nel metamodello di composizione stesso. Inoltre, la complessità del meta-modello
è anche determinata dal livello di astrazione che si vuole mantenere nella
specifica del meta-modello.
La discussione dello stato dell’arte a riguardo della composizione e delle
soluzioni che supportano QoS permette di capire che nelle architetture basate
sui servizi manca una terminologia e un accordo comune sui concetti che descrivono i servizi. Molti concetti non sono nemmeno definiti e questo causa
l’aumento del numero di protocolli, linguaggi e soluzioni che sono focalizzati
su un determinato problema, quando in realtà molti di essi vanno a definire
e ri-definire gli stessi con concetti con minimali differenze.
Quindi il nostro principale requisito nella modellazione della composizione è quello di capire l’ambito in cui i sistemi orientati ai servizi sono
introdotti e offrire un framework singolo che possa definire tutti gli aspetti. Abbiamo deciso di concentrarci sulla composizione di servizi e sulla
definizione e monitoraggio di QoS, anche se altri aspetti influenzano la
definizione del framework. Per esempio, la discovery e la selezione di servizi,
se effettuati dinamicamente, devono poter affidare su un’efficiente descrizione
del servizio, magari basata su ontologie.
Il meta-modello astratto che abbiamo sviluppato integra aspetti di QoS
e quindi abbiamo sviluppato anche una definizione degli elementi legati a
parametri non funzionali.
I diagrammi delle classi e i diagrammi del case study sono sviluppati secondo lo schema XML che abbiamo scritto come specifica del meta-modello.
Abbiamo sviluppato anche un’ontologia in modo tale da riferire maggiormente il significato dei suoi elementi. La specifica può essere sviluppata
tenendo conto anche di regole di mappaggio del meta-modello astratto su
linguaggi come BPEL e WS-CDL.
Una parte molto importante della tesi consiste nell’analisi dei vari model99
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li, meta-modelli e linguaggi proposti nella letteratura e nei vari standard. La
discussione e il confronto dei modelli sono stati i primi spunti per delimitare
gli aspetti da considerare.
Infine, il livello di astrazione mantenuto durante lo sviluppo e l’analisi del
meta-modello permette al meta-modello di essere adottato da parte di diversi tipi di servizio. Rimane comunque un enorme gap tra il meta-modello e
una reale composizione che comunque può essere risolto nel momento in qui
il meta-modello è completamente definito nei confronti di tutti gli aspetti
della composizione, discovery, selezione e pubblicazione. Certo non esiste
un linguaggio che coinvolga tutti questi aspetti, ma dalla definizione del
meta-modello è possibile ricavare un linguaggio appropriato ed efficiente che
contempla tutti gli elementi. Questa idea può essere considerata come un
ennesimo tentativo con le limitazioni già enunciate nella tesi ma, se sviluppata sulla base di un appropriato meta-modello, può portare alla specifica
di un unico e completo linguaggio di composizione di servizi con supporto
alla QoS.
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A. Vedamuthu, Ü. Yalçinalp, and D. Orchard. Web Services
Policy Framework (WS-Policy), March 2006. Version 1.2.

[BDO05]

A. Barros, M. Dumas, and P. Oaks. A Critical Overview of
the Web Services Choreography Description Language (WSCDL), 2005. BPTrends.

[BG06]

A. Bucchiarone and S. Gnesi. A Survey on Service Composition Languages and Models. pages 51–63, June 2006.
In Proceedings of International Workshop on Web Services
Modeling and Testing (WS-MaTe2006).

[BGP05]

L. Baresi, S. Guinea, and P. Plebani. WS-Policy for Service
Monitoring, 2005. TES.
101

102

BIBLIOGRAPHY

[BPM02]

BPML. Business Process Modeling Language BPML. 2002.
http://www.bpmi.org.

[CNP+ 05a]

M. Colombo, E. Di Nitto, M. Di Penta, D. Distante, and
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li metterei anche alla fine di questa. Ma dicono che non sta bene... Quindi
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