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Abstract

Web services are the building blocks of the emerging
computing paradigm based on service-oriented architec-
tures. A web service is a self-describing, open component
that supports rapid composition of distributed applications.
Web service definitions are used to describe the service ca-
pabilities in terms of the operations of the service and the
input and output messages for each operation. Such defini-
tions are expressed in XML by use of the Web Service Defi-
nition Language (WSDL). Unfortunately, a WSDL descrip-
tion only addresses the functional aspects of a web service
without containing any useful description of non-functional
or quality of service (QoS) characteristics. This paper intro-
duces a lightweight WSDL extension for the description of
QoS characteristics of a web service. The extension is car-
ried out as a metamodel transformation, according to prin-
ciples and standards recommended by the Model Driven Ar-
chitecture (MDA). The WSDL metamodel is introduced and
then transformed into the Q-WSDL (QoS-enabled WSDL)
metamodel. The proposed Q-WSDL extension can effec-
tively be used to specify QoS requirements, to establish ser-
vice level agreements (SLA), to add QoS-oriented charac-
teristics when querying registries of web services and to
support the automated mapping from WSDL documents to
Q-WSDL ones and from UML models to Q-WSDL web ser-
vices.

1. Introduction

Service-oriented computing is becoming the promi-
nent paradigm for distributed computing and e-commerce.
Web services are the building blocks for the applica-
tion of service-oriented computing on the Web [20].

A web service is a self-describing, open component that
supports rapid composition of distributed applications. In
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a service-oriented architecture, the service provider creates
a WSDL (Web Service Description Language) service de-
scription and publishes it to one or more discovery registries
(such as UDDI), so that service consumers can find the ser-
vice using a wide variety of search criteria and then use the
WSDL description to develop or configure a client that will
interact with the service.

A WSDL description is an XML document that contains
all the information about service capabilities and invoca-
tion mechanisms. The capabilities are described in terms of
the operations of the service and the input and output mes-
sages for each operation. What is needed to invoke the ser-
vice is provided by a binding implementation description
that describes how messages are sent through the network
to reach the service location, where the hosting environment
executes the service implementation.

Unfortunately, a WSDL document only addresses the
functional aspects of a web service without containing any
useful description of non-functional or quality of service
(QoS) characteristics. Different web services may provide
similar functionality, but with distinct quality of service
properties. In the selection of a web service, it is impor-
tant to consider both functional and QoS properties in order
to fully satisfy the needs of a service consumer [9, 12].

This paper introduces a lightweight WSDL extension for
the description of QoS characteristics of a web service, such
as performance, reliability, availability, security, etc.

The proposed extension is defined by first introduc-
ing the WSDL metamodel, derived from the WSDL XML
Schema, and then transforming it into a QoS-enabled WSDL
(Q-WSDL) metamodel, from which the Q-WSDL XML
Schema is derived. Indeed, an XML Schema defines the
WSDL language in the same respect as a metamodel is
used to define a model. Representing the WSDL grammar
in terms of a metamodel allows to enhance its comprehen-
sibility and facilitate its extension.

The WSDL and Q-WSDL metamodels are defined by
use of the Meta Object Facility (MOF), the Object Manage-
ment Group’s (OMG) standard for specifying technology
neutral metamodels, or models used to describe other mod-
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els [14]. The production of XML Schemas from MOF meta-
models, and vice-versa, is specified by a further OMG’s
standard, the XML Metadata Interchange (XMI) specifica-
tion. MOF and XMI are at the heart of the Model Driven Ar-
chitecture (MDA), the OMG’s effort that focuses on models
as the primary artifacts of software development, evolution
and integration [13]. Applying MDA to Web services has
recently received considerable attention, mainly addressing
the automated generation of platform-specific implementa-
tions from web service models [1, 6]. In this paper, MDA
standards are also used to formally define and apply the
QoS-oriented extension of WSDL, in order to appropriately
enrich web service descriptions with QoS data.

The Q-WSDL extension can be applied to serve different
purposes, such as:

• to specify QoS requirements of web services;

• to add QoS characteristics when querying registries of
web services (e.g., UDDI);

• to define service level specifications (SLS) when es-
tablishing service level agreements (SLA);

• to enable the QoS-aware composition of web services;

• to ease the derivation of models that predict the QoS
of web services;

• to support the automated mapping from WSDL docu-
ments to Q-WSDL ones;

• to support the automated mapping from UML models
(e.g., UML models of BPEL processes) to services in
Q-WSDL.

The paper is organized as follows. Section 2 overviews
related contributions. Section 3 describes the main steps
of the extension process and clarifies the terminology used
throughout the paper. Section 4 introduces the characteris-
tics used to describe the QoS of web services, while Sec-
tion 5 illustrates the proposed Q-WSDL metamodel. Fi-
nally, Section 6 gives a Q-WSDL example application.

2. Related Work

Aspects that focus on describing, advertising and sign-
ing up to web services at defined levels of quality of ser-
vice have also been addressed by similar and bigger efforts
[22], such as the HPs Web Services Management Frame-
work (WSMF) [4], the IBMs Web Service Level Agree-
ment (WSLA) language [8], the Web Services Offer Lan-
guage (WSOL) [23] and the WS-Policy [3]. Some contri-
butions have also been given in the Semantic Web area (see
OWL-S [11] and METEOR-S [24]).

Such considerable contributions introduce new infras-
tructures for specifying the QoS characteristics of web ser-
vices and specifically target web service management ac-
tivities. This paper is instead in favor of an approach that

extends the WSDL capabilities rather than introducing ad-
ditional languages on top of it.

The proposed approach is lightweight, so that existing
WSDL documents can easily be extended without altering
their original content, and automated, in order to effectively
support its adoption. Moreover, Q-WSDL descriptions of
web services can be used to seamlessly derive predictive
models that assist service providers to effectively manag-
ing the levels of QoS characteristics. The Q-WSDL meta-
model is an important contribution in such a direction be-
cause methods for the automated building and evaluation of
predictive models based on metamodel transformations are
currently being developed (see, e.g., [5] and [21]) and the Q-
WSDL metamodel includes the formal description of QoS
parameters required by such methods. Service providers can
thus be endowed with methods and tools to obtain QoS pre-
dictions and answer questions like: “what is the expected
service quality?” or “what is a satisfactory reconfiguration
of the service parameters to guarantee an agreed QoS?” or
also “what is the acceptable response time under different
workload situations?”.

A further advantage of having defined the extension at
metamodel level is that it is relatively easy to foresee au-
tomated transformations of both WSDL documents into Q-
WSDL ones and platform-independent UML models (PIMs
in MDA terms) into platform-specific web services in Q-
WSDL (PSMs in MDA terms). The degree of automation
will further be increased by the availability of tools imple-
menting the MOF 2.0 Query/View/Transformation (QVT)
specification, which has just been adopted by the OMG
[15].

3. Extension Process

As said in Section 1, the proposed extension has been
carried out as a metamodel transformation, according to
principles and standards recommended by MDA.

The set of guidelines provided by MDA strongly re-
lies on metamodeling techniques for structuring specifi-
cations expressed as models and transformations between
such models [13]. In this respect, MOF is the key stan-
dard that provides an abstract language and a framework
for specifying, constructing, and managing technology neu-
tral metamodels, or models used to describe other mod-
els [14]. In MDA terms, a model (e.g., an UML model
[18]) is an instance of a MOF metamodel (e.g., the UML
metamodel [18]), which in turn is an instance of the MOF
meta-metamodel specified in [14] (and briefly called MOF
Model).

A side standard of MOF is the OMG’s XMI specifica-
tion, which provides a set of rules to serialize models and
MOF metamodels into XML documents and XML Schemas,
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respectively, and to derive a MOF metamodel from an XML
Schema [26, 19].

Figure 1 illustrates the metamodel-based process used to
carry out the QoS-oriented extension of WSDL, with the re-
lationships among the main elements in the process.

A WSDL description is basically an XML document
that is produced and validated by use of the WSDL XML
Schema described in [25]. The relationship between an
XML document and its corresponding XML Schema is the
same that links a model and its corresponding metamodel.
Indeed, an XML Schema defines the WSDL language in the
same respect where a metamodel is used to define a model.
Restated as an <<instance of>> relationship, an XML
document is an instance of an XML Schema in the same
way a model is an instance of a metamodel.

Representing the WSDL grammar in terms of a meta-
model allows to enhance its comprehensibility and facili-
tate its extension. A MOF metamodel is indeed expressed
by use of well-known visual modeling constructs such as
classes, attributes and associations, which are easy to un-
derstand and analyze compared with the verbosity and poor
readability of XML Schema structures. Hence, as a first step
in the process, the WSDL metamodel has been derived from
the WSDL XML Schema. Such a step is based on XMI rules
and can be fully automated, as described in [2].

As a second step, the WSDL metamodel has been ex-
tended by applying a metamodel transformation that maps
the elements of a source metamodel (i.e., the WSDL meta-
model) to elements of a target metamodel (i.e., the Q-
WSDL metamodel). The transformation is inspired by the
following UML profiles published by the OMG:

• the UML Profile for Quality of Service and Fault Toler-
ance (hereafter QoS Profile), which extends the UML
metamodel to provide UML models with QoS-oriented
annotations [16];

• the UML Profile for Schedulability, Performance and
Time (hereafter SPT Profile), which extends the UML
metamodel to provide UML models with time and
performance-oriented annotations [17].

Concepts stemmed from the QoS and SPT profiles are
here used to extend the WSDL metamodel and thus obtain
the Q-WSDL (QoS-enabled WSDL) metamodel, so that
WSDL models (and their respective XML documents) can
effectively be enriched with QoS data.

Finally, as a third step of the extension process, the
Q-WSDL metamodel has been serialized to the Q-WSDL
XML Schema by use of XMI-based rules. The obtained
Q-WSDL Schema is then used to produce and validate Q-
WSDL XML documents, i.e. QoS-enabled WSDL descrip-
tions.

4. QoS characteristics of Web Services

QoS can be defined in terms of the characteristics that
contribute to the overall quality of a service as perceived by
service consumers [7].

In the QoS Profile, a QoS characteristic is a quantified
aspect of the QoS, for example latency, throughput, reliabil-
ity, availability, etc., which is defined independently of the
means by which it is represented, managed or controlled.
QoS Characteristics of a common subject are grouped into
abstract QoS categories, for example performance (for la-
tency and throughput characteristics) and dependability (for
reliability and availability characteristics). A QoS character-
istic is quantified by use of QoS dimensions. Examples di-
mensions for reliability are MTBF (mean time between fail-
ures), MTTR (mean time to repair), number of failures sup-
ported, etc. [16].

The QoS profile introduces a catalog of general QoS
characteristics within a structured collection of modeling
concepts, denoted as QoS modeling framework. Different
domains usually requires different catalogs of QoS charac-
teristics, and thus the QoS modeling framework provides
enough flexibility to either specialize the QoS characteris-
tics for a given application domain or introduce new char-
acteristics.

In this respect, this section introduces a catalog of QoS
characteristics of interest in the web services domain. Some
QoS characteristics of the QoS Profile catalog have been
reused and some new characteristics have been defined.

The catalog of characteristics and dimensions that de-
scribe the QoS of web services consists of the following
classes:

• OperationLatency: time taken to process a single
operation, quantified in terms of:

– ServiceTime: time to execute the operation
at server side (does not include network transfer
time);

– TurnAround: end-to-end time to complete an
operation, as experienced by a service consumer
(including the time to transfer requests and re-
sponses from and to the service consumer).

• OperationDemand: intensity of the demand for the
operation, quantified in terms of:

– ArrivalRate: rate at which service con-
sumers request the operation;

• Network: characteristics of the IP network to which
the service’s hosting environment is connected, quan-
tified in terms of:

– BitRate: rate at which the IP network transfers
user data;
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Figure 1. WSDL extension as a metamodel transformation

– Delay: end-to-end delay experienced by IP
packets while passing through the network;

– Jitter: variations in the end-to-end delay;

– PacketLoss: ratio of the number of undeliv-
ered packets to sent ones.

• ServiceAccessControl: protection against
unauthorized access to the service, quantified in terms
of:

– Policy: control policy used in the access to the
service (e.g., a reference to a WS-Policy docu-
ment);

• MessageEncryption: security mechanisms ap-
plied to input and output messages, quantified in terms
of:

– EncryptionProtocol: protocol used for se-
curing input and output messages;

– KeyType: type of keys used for message en-
cryption.

• ServiceAvailability: readiness of usage of the
web service, quantified in terms of:

– TimeToRepair: time-to-repair (TTR) , or time
needed to repair and restore service after a fail-
ure;

– TimeBetweenFailure: time-between-
failure (TBF), or time the application runs before
failing;

– ExpAvailability: expected availabil-
ity, which can be obtained either from ex-
pected values of uptime and downtime, as up-
time/(uptime+downtime), or from TTR and TBF,
as TBF/(TTR+TBF).

• ServiceReliability: ability of the web service
to keep operating over time, quantified in terms of:

– TimeBetweenFailure: time-between-
failure (TBF), or time the service runs before
failing;

– ExpFailures: expected number of fail-
ures over a time interval, which can be obtained
from TBF, as described in [10].

It is worth to note that the main goal is not to provide an
exhaustive catalog for the description of the QoS of web ser-
vice, but to illustrate how the QoS characteristics defined
in the QoS Profile’s catalog can be customized to be ap-
plied to a given application domain. Additional character-
istics about, e.g., service utilization, integrity, scalability or
accuracy, can be defined or existing ones be modified or re-
moved in a similar way.

5. QoS-enabled WSDL Metamodel (Q-
WSDL)

A WSDL document consists of a set of definitions that
describe what a service does (the operation it provides), how
a service is acceded (data formats and protocols) and where
it is located (network address). Such definitions are speci-
fied in the WSDL XML Schema [25], which has been used
to identify the classes and associations of the WSDL meta-
model, illustrated in the portion of Figure 2 bounded by a
dashed line shape1.

Classes and associations outside the dashed line shape in
Figure 2 extend the WSDL metamodel to include the de-
scription of the QoS characteristics of a web service. The
complete set of classes and association in Figure 2 (both

1 For the sake of brevity and readability, only relevant classes are il-
lustrated in Figure 2. Specialized classes (e.g., classes for operations
of type one-way, request-response, solicit-response and notification-
response) have been omitted, as well as classes related to specific doc-
umenting and extensibility features of XML.
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Figure 2. QoS-enabled WSDL (Q-WSDL) metamodel

inside and outside the dashed line shape) identifies the Q-
WSDL metamodel.

As said in Section 3, the extension is inspired by the QoS
and SPT Profiles, which provide mechanisms for annotating
UML models with the description of QoS and time charac-
teristics. The power and flexibility of the QoS Profile has
been combined with the simplicity and convenience of ex-
pression of the SPT Profile, in order to reach the right bal-

ance between flexibility and expressivity.
Each class corresponding to a QoS characteristic pro-

vides two attributes:

• qualification, which specifies a constraint on
the characteristic and can be guaranteed, best-effort,
threshold best-effort (i.e., the service issues a warning
if the QoS is below the threshold level), compulsory
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best-effort (i.e., the system aborts if the QoS is below
the compulsory level) or none;

• isOffered, whose boolean value specifies if the
characteristic is offered (true) or required (false).

Each class corresponding to a QoS dimension provides
the following attributes:

• value, which specifies the value of the dimension;

• unit, which specifies the unit of measure of the di-
mension;

• source, which specifies how the value has been ob-
tained (can be required, assumed, predicted, measured
or undefined);

When appropriate, a class corresponding to a QoS di-
mension may also provide the following attributes:

• type, which defines the type of statistical value (can
be maximum, minimum, mean, variance, standard de-
viation, i-th percentile or distribution);

• direction, which defines the type of order relation
used to compare values (can be increasing, decreasing
or undefined);

As usual, associations with multiplicities 0..1 or 0..*
denote optional associations, while multiplicities 1 or 1..*
denote required associations. This means, for example, that
the OperationLatency characteristic must be quanti-
fied in terms of the ServiceTime dimension, while the
TurnAround dimension is optional (see Figure 2). At-
tributes that are given values are automatically set to such
values when class instances are created in a Q-WSDL
model.

The Q-WSDL metamodel in Figure 2 has then been
translated into the XML Schema used to produce and val-
idate Q-WSDL XML documents (see Section 3). As an
example, the portion of Q-WSDL schema that defines the
operation element is as follows2:

<element name="operation" type="qwsdl:operationType"/>
<complexType name="operationType">

<complexContent>
<extension base="qwsdl:documented">
<choice>
<group ref="qwsdl:one-way-operation"/>
<group ref="qwsdl:request-response-operation"/>
<group ref="qwsdl:solicit-response-operation"/>
<group ref="qwsdl:notification-operation"/>
</choice>
<sequence>
<element ref="qwsdl:OperationLatency"

minOccurs="0" maxOccurs="1"/>
</sequence>

2 The datatypes TypeType, DirectionType and SourceType,
not listed in the portion of Q-WSDL XML Schema, are enumerations
datatypes that specify the set of acceptable values for attributes type,
direction and source, respectively.

<attribute name="name" type="NCName"
use="required"/>

</extension>
</complexContent>

</complexType>
<element name="OperationLatency"

type="qwsdl:OperationLatencyType"/>
<complexType name="OperationLatencyType">

<sequence>
<element name="ServiceTime"

type="qwsdl:ServiceTimeType"
minOccurs="1" maxOccurs="1"/>

<element name="TurnAround"
type="qwsdl:TurnAroundType"
minOccurs="1" maxOccurs="1"/>

</sequence>
<attribute name="Qualification"

type="QualificationType"/>
<attribute name="Offered" type="boolean"/>

</complexType>
<complexType name="ServiceTimeType">

<attribute name="value" type="float"/>
<attribute name="unit" type="string" fixed="sec"/>
<attribute name="qualifier"

type="qwsdl:QualifierType"/>
<attribute name="direction"

type="qwsdl:DirectionType" fixed="decreasing"/>
<attribute name="source" type="qwsdl:SourceType"/>

</complexType>
<complexType name="TurnAround">

<attribute name="value" type="float"/>
<attribute name="unit" type="string" fixed=’sec’/>
<attribute name="qualifier"

type="qwsdl:QualifierType"/>
<attribute name="direction"

type="qwsdl:DirectionType" fixed="decreasing"
<attribute name="source" type="qwsdl:SourceType"/>

</complexType>

The Q-WSDL XML Schema also validates standard
WSDL documents, because elements of QoS characteris-
tics and associated dimensions are defined as optional ele-
ments.

An appropriate trade-off between completeness and us-
ability has driven the derivation of the Q-WSDL metamodel
in Figure 2. Additional classes, attributes and associations
could be introduced to describe, e.g., more QoS character-
istics or more details about the service’s hosting environ-
ment or service consumer’s application, although it is likely
that the introduction of additional details would result in
adding excessive complexity to a relatively simple but pow-
erful language like WSDL, thus preventing an effective use
of Q-WSDL.

For a similar reason, the Q-WSDL metamodel does not
include elements that address advanced QoS management
activities, such as the explicit specification of QoS con-
tracts, QoS levels and QoS adaptation criteria. Such addi-
tional issues could easily be included into Q-WSDL by fol-
lowing the same process described in Section 3, or better
added on top of Q-WSDL by use of additional specialized
languages (e.g., WSLA) that exploit Q-WSDL without clut-
tering its design.
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name = 'TranslateService'

s : Service
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Figure 3. Q-WSDL example application

6. Q-WSDL Example Application

As said in Section 1, the proposed Q-WSDL metamodel
can be applied to serve different purposes. This section
gives an example application of Q-WSDL, namely to the
QoS specification from the point of view of both service
consumers and service providers.

Specific Q-WSDL documents are here represented as Q-
WSDL models (see Figure 1), or object diagrams instanti-
ated from the Q-WSDL metamodel in Figure 2.

Figure 3 illustrates the use of Q-WSDL for specifying of-
fered and required QoS of an example web service that pro-
vides an operation to translate documents3.

The example describes a usage scenario that as-
sumes a mean arrival rate of 10 requests/sec for the
Translate operation, as quantified by the object of
ArrivalRate type linked to the QoS characteristic ob-
ject of OperationDemand type.

Performance properties of the operation provided by
the web service are specified as QoS characteristics re-
quired by the service consumer. In particular, the objects
of ResponseTime and TurnAround type quantify the
QoS characteristic object of OperationLatency type.
The object of ResponseTime type specifies a constraint
on the maximum time to execute the operation at server side
(800 msec), while the object of TurnAround type speci-
fies a requirement of maximum 2 seconds to complete the
operation, including the time to transfer requests and re-
sponses from and to the service consumer (without regard to

3 For the sake of clarity, object diagrams of this section only consider
WSDL objects relevant to the Q-WSDL extension and objects specific
to Q-WSDL are shown in bold-italic characters.

type and capacity of the network linking service consumer
to service provider).

Service reliability and availability are instead speci-
fied as QoS characteristics offered by the service provider
(see the value of attribute isOffered on objects of
Reliability and Availability type), which speci-
fies measured mean values of expected number of failures
and expected availability, respectively.

The example does not specify any assumption or require-
ment about the network characteristics, the encryption of
messages or the access control policy of the web service,
and thus no objects are instantiated from classes Network
Encryption and AccessControl, as well as from the
classes linked by use of QoS dimension associations.

Objects in the object diagram are directly translated into
XML elements, according to XMI rules for XML document
production. The resulting Q-WSDL XML document can
then be validated by use of the Q-WSDL XML Schema ob-
tained from the Q-WSDL metamodel, as illustrated in Sec-
tion 5.

7. Conclusions

Web services are the building blocks of the emerging
computing paradigm based on service-oriented architec-
tures. Web service capabilities are expressed in XML by
use of the Web Service Definition Language (WSDL).

Unfortunately, a WSDL description only addresses the
functional aspects of a web service without containing any
useful description of non-functional or quality of service
characteristics.
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This paper has introduced a lightweight WSDL exten-
sion for the description of QoS characteristics of a web ser-
vice.

The WSDL extension, called Q-WSDL (QoS-enabled
WSDL), is inspired by the OMG QoS and SPT Profiles and
has been carried out as a metamodel transformation, accord-
ing to principles and standards provided by MDA.

An example application to the specification of QoS re-
quirements has been illustrated, but Q-WSDL can also be
used to add QoS characteristics when querying registries
of web services, to define the SLS part of a SLA, to en-
able the QoS-aware composition of web services and, being
a model-driven extension, to support the automated map-
ping from WSDL documents to Q-WSDL ones and from
UML models to Q-WSDL web services.
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