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ABSTRACT

This paper deals with the organization of concepts and
ideas as regards the relation between quality and web ac-
cessible services. We discuss the concept of service and
service requestor. We investigate their mutual expectations
and offered functionalities that involve both functional and
non-functional requirements. The relation between non-
functional requirements and quality attributes is presented
by examining the related concepts of measurement and
model. We contextualize the generic concept of service
in the Web and Web services architecture and, finally, we
briefly present current proposals for service functional and
non-functional requirements description.

Keywords: Web Services, Quality of Service, Non-
functional requirements.

1. INTRODUCTION

This paper is mainly targeted at organizing concepts
and ideas as regards the relation between quality and web
accessible services. Firstly, fundamental aspects concern-
ing functional and non-functional requirements (FR’s and
NFR’s) engineering of services are presented and, sec-
ondly, current Web technologies that are able to model
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these characteristics as regarded by Web accessible ser-
vices are introduced. We mean ‘Web accessible services’
as those services that can be requested through the Web.

In order to achieve this goal, we present terms and con-
cepts related to the involved entities (section 2); we in-
vestigate current available methodologies to identify, de-
fine, verify and audit FR and NFR (section 3); we summa-
rize the Web accessible services evolution underlining the
ongoing transition from the ‘human-system’ interaction
towards the automatic ‘system-system’ interaction (sec-
tion 4); finally, we review the current work-in-progress for
Web services FR and NFR description (section 5).

A typical Web accessible service belonging to the
human-system interaction category is an e-Business Web
portal providing for access to the product/service catalogue
and allowing shopping online, whereas a service belonging
to the system-system interaction category in a business-to-
business (B2B) context is a dynamic and automatic sup-
plier selection based on a set of constraints on the product
or service to be bought (e.g. price range, delivery time,
guarantees condition, payment methods).

2. TERMS AND CONCEPTS

In this section, we present the entities that are involved
in our discussion and the relationships among them. We
start by introducing the basic scenario of our discussion:
a ‘service’ being offered and a ‘service requestor’ that di-
rectly interact with it. The former is a coordinated set of
business activities that do not generate new goods, but they



consist in performing certain works, while the latter is the
entity interacting with a service as a direct user.

Each of these parts offers ‘functionalities’ and has ‘ex-
pectations’ against the counterpart. By functionality we
mean an action that either the service or the service re-
questor can do, while by expectation we mean a function-
ality that a service (respectively, a service requestor) ex-
pect to be provided by a service requestor (respectively, a
service).

For a successful interaction between a service and a
service requestor, their mutual expectations must not be
greater than functionalities offered by the counterpart.
Conversely, the functionalities offered by each of them
must at least meet the expectations of the other one.

For instance, in the system-system scenario presented
in section 1, service functionalities may consist in the cat-
alogue searching capability that may be based on certain
criteria (e.g. price range and product type) and may al-
low services/products purchase. In the same context, ser-
vice requestor functionalities may have the following ca-
pabilities: new suppliers discovering, querying their ser-
vices/products availability, and selecting the best buy with
respect to some constraint. Considering expectations, ser-
vice expectations may consist in the service requestor ca-
pability of presenting certain credentials or querying the
catalogue using a fixed set of parameters, while service re-
questor expectations on the counterpart may have the ser-
vice capability of enabling a query for a product on the
catalogue to be satisfied within 24 hours.

Expectations and functionalities of each involved part
are related to functional and/or non-functional require-
ments (respectively, a capability that the system must have
and an aspect of a system different from its capabilities).

As anticipated above, both functionalities and expecta-
tions must be mapped in a set of FR’s and/or NFR’s con-
cerning the service and/or service requestor involved. For
instance, the service purchase functionality implies the fol-
lowing FR: ‘the products/services availability must be ad-
vertised’, and the following NFR: ‘the payment transac-
tion must use a secure communication channel in order
to meet goals such as confidentiality, authentication, non-
repudiation and integrity’. We shall go deeper in this sub-
ject in section 3.

For the purposes of our analysis we need to introduce
and define the following entities: the ‘Service Owner’ that
is the entity owning the service business property, the ‘Ser-
vice Provider’ that is the entity providing for service access
and execution, and the ‘Service End-User’ that is the ulti-
mate consumer of the service.

For instance, if we consider a virtual travel agency sell-
ing airline tickets of different companies, the service owner
will be the company that effectively provides for the book-
ing service, the service provider will be the travel agency
acting as the intermediary, and the service end-user will be

the customer buying a ticket.
We can now introduce the fundamental concept to

which all the foregoing concepts given above are related,
that is quality, meaning for itthe totality of features and
characteristics of a product or service that bear on its abil-
ity to satisfy stated or implied needs[1].

In section 3 we will consider quality attributes of a ser-
vice/product in relationship with certain requirements and
viewpoints. These viewpoints may be intended as the theo-
retical tool by which we can express state or implied needs.

3. QUALITY FORMALIZATION AND
EVALUATION

NFR’s have been considered as ‘constraints’ [2] or
‘quality attributes’ [3]; these definitions are too restrictive
for our purpose. We distinguish NFR’s from constraints
because constraints mainly express features and character-
istics easy to quantify. For instance, it is very difficult to
define constraints and invariants concerning the ‘usabil-
ity’ of a service/product. Of course, constraints may be
very useful to model, for example, service/product deliv-
ery timeliness in a workflow.

The second way to consider NFR’s is as quality at-
tributes. There are many authoritative quality attributes
taxonomies [4, 5, 6] but this tendency of thought is not
mainly addressed to express the aims we want to achieve
by investigating a certain set of quality attributes. A qual-
ity attribute is a useful component to build taxonomies and
quality models, but it does not clearly help to express how
and why to employ them. For instance, to model the ‘secu-
rity’ quality attribute of a service/product provider in terms
of ‘confidentiality’, ‘integrity’ and ‘availability’, does not
directly permit to investigate whether it is possible to guar-
antee the achievement of a particular access control policy.

To clearly express our quality goals and quantify the
satisfaction concerning a particular quality issue, we con-
sider NFR’s in relationship with constraints and quality at-
tributes, but we integrate these visions with the concepts of
‘measurement’ and ‘model’.

As described in section 2, both service and service re-
questor have expectations on the counterpart and offer it
functionalities. In their turn, both expectations and func-
tionalities involve FR’s and/or NFR’s concerning the sys-
tem under investigation.

We remark that each NFR has logic and engineering re-
lations with certain quality attributes. Let us consider again
the system-system example given in the foregoing section
pointing out the described scenario. The supplier selec-
tion service offers the cited searching functionality to its
requestor, while this requestor may offer the supplier dis-
covering functionality to the service. From the expectation
viewpoint, the supplier selection service may expect the re-



questor has certain credentials, while it expects the service
guarantees a specific date of delivery.

Considering FR’s and NFR’s involved by the presented
expectations and functionalities, for the searching func-
tionality a FR may be that product/service availability is
advertised, while for the supplier discovering requestor
functionality a FR is that a supplier list is available. As
regards NFR’s, both the searching and supplier discover-
ing functionalities may require a secure communication in-
frastructure between them. Finally, the supplier selection
service expectation may imply the need for a requestor au-
thentication technique (NFR), while the requestor expecta-
tion needs a specific delivery timeliness (NFR).

As anticipated, each NFR presented above involves di-
rectly or indirectly certain quality attributes. For instance,
the specific delivery timeliness NFR relates to the ‘perfor-
mance’ quality attribute, while the requestor authentication
availability NFR concerns the ‘confidentiality’ quality at-
tribute. In this context, we examine the following issues:

• How can we relate a NFR with all quality attributes
concerning it according to a specific viewpoint?

• How can we quantitatively evaluate and trade off mul-
tiple quality attributes to arrive at a global system
quality evaluation?

In the remaining of this section we will investigate the
foregoing questions.

Viewpoints, NFR’s and Quality Attributes
Quality is a complex concept that involves the entities
under investigation, their quality attributes, and the
observers’ viewpoints. So, quality is reputed to be a not
universally definable and measurable concept. Many pro-
posals have been put forward for its definition, all of them
traceable back to two tendencies of thought [7], the first
one is based on the client-user of a service/product and his
satisfaction, the second one on the provider/developer and
his methods and tools. ‘Conformity to the requirements
document’ is a typical definition belonging to the first
tendency, while ‘conformity to the design document’ is a
typical definition belonging to the second one.
These two tendencies of thought examine only indirectly
many specific viewpoints (e.g. a catalogue service
provider or a financial investor service requestor), that
is there is no way to quantify explicitly the satisfaction
concerning a quality characteristic of interest for a specific
viewpoint involved in a service/product evaluation. Of
course, we can express FR’s and NFR’s concerning
the needs of a specific viewpoint, but in general we do
not have a theoretical tool to quantify how much these
requirements are respected.
Another issue to consider is that we need to define and
plan for quality. In fact typical questions in this context

concern, for instance, estimate of service/product cost,
availability, security, and delivery timeliness. We can con-
clude that we must use an adaptable quality definition in
terms of the involved quality attributes. Such a definition
will be used by persons very different as regards their own
education and goals.

Global Quality Evaluation
In this section we present the concept of ‘model’ and that
of ‘measurement’. We introduce them because the first
one is an essential tool to formalize a viewpoint in terms
of quality attributes it may need to consider, while the
second one helps us to quantitatively evaluate and trade off
multiple quality attributes and to arrive at a global quality
evaluation.

Measurements: We can interpret a measurement
as an activity allowing us to describe by numbers the at-
tributes of the service/product under examination. As re-
gards the type of attributes they investigate, measurements
are divided into two categories:

1. Direct Measurements. The attribute of interest is
measurable without help of other measurements (e.g.
the service/product delivery time).

2. Indirect Measurements. The attribute of interest
is measurable only with the help of other measure-
ments. For instance, the service/product delivery
timeliness may be measured as the ratio between the
service/product delivery time and the service/product
expected delivery time; we can mean a value close
to 1 as an indicator of high timeliness, while we can
mean a low timeliness on the contrary.

The indirect measurements have an anticipatory power
since they assume a relation among many attributes; so,
because of its kind, very probably quality is measured
by an indirect measurement. The need of this indirect
measurement implies that we formalize the relations
among the attributes of interest. In this formalization
the concept of model presented in section 3 can explain
the rules and the methods that allow us to define the link
between a particular software/product quality viewpoint,
and the entities allowing us to evaluate it.

Models
A measurement, even if defined so that it reflects the real-
ity, cannot be used in a real analysis without a theoretical
tool to interpret and employ it. Such a tool will be supplied
by a model of the reality in which the measurement must be
carried out. A model can be intended as an abstraction of
the real world pointing out its aspects of greatest interest,
that is the goals we want reach through it. We need this step



to determine what aspects of the real world we must in-
clude in the model; besides, a model must lay down the re-
lations among the involved entities and their attributes. For
instance, if we want to model the paper consumption for a
printing service (i.e., the goal of the model) we will as-
sume a relation between the number of the produced lines
of text and the quantity of paper it needs (i.e., the relations
among the involved entities and their attributes). So, we
can define the following equation (wherecns is the paper
consumption,SLOC is the number of the produced lines
of text, andn is the number of lines of text fitting in one
page):

cns =
SLOC

n
(1)

We remark thatn is parametric on the type of the employed
paper. Besides, we can also remark that a model gets
its input and returns its output basing itself on relations
among variables; these relations are formalized in the
model by equations that may depend on parameters. The
crucial point is the association between the entities of the
real world and the input and output. On the one hand,
we have the process of measurement that works from the
real world toward the model, on the other hand we have
the process of prevision and evaluation that goes in the
opposite direction.

Models and Theory: Each model implies a theory
expressed by the relations between its input and output;
only according to this theory we can carry out previsions
and evaluations. The more we require a wide applicability
of a model, the more its complexity increases. Both who
has chosen the simplicity to the detriment of universality
[8], and who has chosen the opposite way [9, 4], have been
criticized [7].

This remark induces us to consider limits of a model
that are represented by the hypotheses it bases itself on. If
the hypotheses are complex we have problems in the pro-
cess of ‘validation’ of the model. This process consists in
verifying the agreement of the model under examination,
with the real world it claims to represent. We have essen-
tially two possibilities to validate a model:

1. Theoretical validation: We build a theory the model
must comply with [7]. In that case, we have three
fundamental issues to consider:

(a) The model must be usefully employed by its
users that is the model must return significative
information.

(b) The model must be formal. The relations be-
tween its input and its output must be definite
in all conditions that is the model must not be
ambiguous.

(c) The input of the model must be based on ob-
jective measurements. Some measurements are
necessarily subjective but, in that case, we must
clearly express this subjectivity.

2. Empirical validation: Even though a model com-
plies with a theory, it can be averse to the reality it
claims to represent. We try to verify it through statis-
tical studies at large scale and in many environments;
for instance, techniques of linear regression will help
us in this context [10].

4. WEB ACCESSIBLE SERVICES

The World Wide Web was born in the early 90’s as a
technology for sharing scientific documents across the In-
ternet by standard means. The architecture has been de-
signed to meet the needs of a large-scale distributed hy-
permedia system. Over time, the Web which Hypertext
Transfer Protocol (HTTP) [11] is the primary informa-
tion transfer protocol and the Hypertext Markup Language
(HTML) [12] is the primary media type, has been extended
in order to provide greater support for collaboration and
distributed authoring [13].

Currently, the W3 Consortium (W3C) is working on a
reference document for the Web architecture [14]. In this,
the Web is defined as a networked information system con-
sisting of agents (programs acting on behalf of another per-
son, entity, or process) that exchange information. The
analysis is organized in terms of concepts such as identi-
fication (Uniform Resource Identifier or URI), representa-
tion (an Internet media type and a sequence of bits) and in-
teraction (agents exchange representations via protocols).
The concept of ‘resource’ is evolved from the initiala net-
work data object or service which can be identified by an
URI [15] to the currentanything that has identity (e.g. doc-
uments, files, menu items, machines, services, people, or-
ganizations and concepts)[16]. This means that, in the
Web, a service is part of the universe of resources, is iden-
tified by a URI and may have its own representation.

Traditional Web applications are designed to take input
from a human user and display output to a human user and
the Web architecture is a mature technology to accomplish
this task. The new undertaken effort towards a more
loosely-coupled system-system interaction, where the
information exchange require that outputs of a component
are intended to be in a machine-processable format, needs
a specific set of technologies that must conform to the Web
architecture. The Web services architecture [17] is the
current proposal to meet this goal and is presented in the
next section. While it is plain that we need Web services,
there is not yet common view on whether they are a subset
or a superset of the Web.



The Web Services Architecture
The Web services architecture is being defined inside the
W3C in order to determine a common set of concepts and
relationships that allow different implementations working
together [17]. While no constraint on specific technologies
is given, the current reference architecture assumes that
implementations are build on the foundation of both Web
Services Description Language (WSDL) [18] and Simple
Object Access Protocol (SOAP) [19].

A Web service is defined as ‘a software system iden-
tified by a URI, whose public interfaces and bindings are
defined and described using XML. Its definition can be dis-
covered by other software systems. These systems may
then interact with the Web service in a manner prescribed
by its definition, using XML based messages conveyed by
internet protocols’ [17].

The architecture is divided in a basic part that each
implementation must provide and an extended part where
guidelines to layer optional functionalities are given.

The basic architecture structures the minimum set of
technologies that is capable of:

• Exchanging messages

• Describing Web services

• Publishing and discovering Web service descriptions

Three are the involved roles: the service provider, the ser-
vice requestor and the discovery agency. They interact by
exchanging messages, which may be aggregated to form
message exchange pattern’s (MEP’s). Operations that can
be undertaken are three: publish or find a Web service de-
scription and interact with a Web service.

A ‘Web service description’ is a machine-processable
document that describes the expectations and functionali-
ties of a particular Web service, so that a potential Client
(service requestor) can read the description and understand
how to correctly interact with the Service. Even though, it
is written solely from the point of view of the Web ser-
vice [20].

Three are the independent protocol stacks that have
been defined: the ‘Wire stack’ that encapsulates the con-
cepts and technologies dealing with the actual physical ex-
change of information between any of the roles, the ‘De-
scription stack’ that allow descriptions that apply to a par-
ticular Web service or to relationships among a set of them,
and the ‘Discovery Agencies stack’ that apply to the pub-
lish and find operations [17].

In the current reference architecture document, there are
three overarching concerns that have been identified: se-
curity, management and quality of services. Security ad-
dresses issues like authorization, authentication, integrity
and confidentiality. Management is defined as a set of ca-
pabilities for discovering the existence, availability, health,

and usage, as well the control and configuration of re-
sources, where resources are defined as Web services,
agents of the Web services architecture, and roles under-
taken in the architecture. Quality of service is not yet de-
veloped.

5. MODELLING LANGUAGES FOR
QUALITY IN WEB SERVICES

Currently, the official language to describe Web services
is the Web Service Description Language (WSDL) [18], a
W3C specification previously developed by a number of
industries and contributed to the Consortium during 2001.
This proposal does not address issues related to the de-
scription of quality aspects of a service. A specific lan-
guage to describe NFR’s of a service has been announced
by IBM and is called Web Services Endpoint Language
(WSEL) [21], but, at present, any specification document
has been publicly released.

Other efforts towards modelling Web services quality
are the DARPA Agent Markup Language for Web Ser-
vices (DAML-S) and the Web Services Offering Language
(WSOL).

DAML-S is an ontology of services making possible
to discover, invoke, compose, and monitor Web resources
that offer particular services and have particular proper-
ties [22]. DAML-S consists of three main parts: the ser-
vice profile (for advertising and discovering services), the
process model (for providing a detailed description of a
service operation), and the grounding (for giving details
on how to interoperate with a service). In particular, the
profile allows the description of properties concerning fea-
tures of a service that is the category of a given service, the
quality rating of the service, and a list of service parame-
ters.

WSOL has been developed for a formal specification
of various constraints and classes of service for Web ser-
vices [23]. Constraints may be functional (pre-, post- and
future-conditions), non-functional (Quality of Service),
and access rights. Classes of service are defined as a dis-
crete variation of the complete service and quality of ser-
vice provided by a Web service.

6. CONCLUSIONS

In this paper we have investigated the relation between
quality and web accessible services. Terms and concepts
concerning our area of investigation (i.e. service, service
requestor, expectations, functionalities, FR’s and NFR’s)
have been presented and exemplified. We have exam-
ined the related concepts of measurement and model and
we have considered the concept of service in both Web
and Web services architecture concluding our discussion



by presenting current proposals for service functional and
non-functional requirements description.

The organization of concepts considered in this paper is
the first step towards building a framework for the analy-
sis, description, negotiation and evaluation of Web services
quality.

An association between a binding and a network ad-
dress, specified by a URI, that may be used to commu-
nicate with an instance of a service. An end point indicates
a specific location for accessing a service using a specific
protocol and data format.
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