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ABSTRACT 
 

Addressing Quality of Service and specification of 
quality attributes has been gaining a growing 
importance in the software engineering area. 

The research presented in this study investigates 
different approaches to specification of Quality of 
Service. UML profile for Quality of Service is one of 
the standards of the Quality of Service specification and 
is described in the QoS specification context.  

The research aim of this thesis is the evaluation of 
the UML profile for Quality of Service against the 
following criteria: expressiveness, reusability, 
understandability, applicability and tool support, as well 
as further comparison of the profile with other Quality 
of Service specification languages. To perform that, 
several tasks and activities were conducted, such as a 
survey on different QoS specification languages, an 
examination of the UML profile for Quality of Service, 
the formulation of the evaluation criteria, and the 
appliance of the criteria in the evaluation and 
comparison processes. 

This study is performed from the perspective of 
readers and users of the profile that are not UML 
experts but have sufficient knowledge of UML in terms 
of software systems analysis and design. 

The context of the UML profile and Quality of 
Service aspects include basic concepts of the UML 2.0 
and Quality of Service which will be described along 
the thesis.  

The main contribution of the thesis is the evaluation 
of the UML profile for Quality of Service against a set 
of criteria, followed by explanations on the contents of 
the profile and how Quality of Service is specified 
within it.  

The presented comparison of the UML profile and 
other Quality of Service specification languages could 
be the basis for a user to decide what language to use in 
a particular situation.  

This study can be comprehended as a starting point 
for further evaluation of the UML profile and its 
comparison with other quality specification languages.  

 
Keywords: QoS, UML profile, modeling language, 
evaluation, comparison, QoS specification, meta-
models, profile, stereotypes. 
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1 INTRODUCTION 
 

Software system can be described from two perspectives: tasks performed by the 
system, or that the system should perform, and how the system performs the tasks. The 
“what” question is answered by functional requirements and the “how” question is 
answered by non-functional requirements. Non-functional requirements are 
characterized and expressed in terms of quality attributes – properties of the system. 
Non-functional aspects reflect the attributes that are used to assess the quality of a 
system [33]. Non-functional requirements are the constraints on the service or 
functions offered by a system [15]. There are non-functional requirements that are 
related to the run-time execution of the system, such as performance or bandwidth 
network [13]. These are named Quality of Service (QoS). 

QoS1 deals with a set of non-functional aspects of a software system that 
determines the level of satisfaction of its users [45]. The increasing use of computers 
allows a variety of new services to be offered to the users [5]. Such services require 
that available systems provide QoS capabilities. The term QoS was initially used 
broadly by the communications and networking area to describe the ability to measure 
and guarantee transmission rates over networks [13]. In addition, it extends to the 
system information domain and software engineering, to entail any constraint that 
might impact the execution of software [13].  

QoS is also described as the level of quality provided by a server while responding 
to a client’s request for a particular service [21]. QoS requirements specify not what 
the system does, but how the system satisfies its clients while doing what it does [23].  

There are different ways of specifying the QoS: informal way, such as specifying 
requirements using natural language; and formal approaches, such as QoS 
specification languages, the Object Constraint Language (OCL) and the Unified 
Modeling Language (UML) profile for QoS. Although natural language is preferred by 
many users to specify requirements, Sommerville [15] points out a variety of problems 
that occur using that approach, such as lack of clarity (imprecise and ambiguous 
specification), requirements confusion (when goals and design information are not 
clearly distinguished from the requirement) and requirement amalgamation (when 
several requirements are expressed together as a single requirement). As a result of 
that, requirement specifications written in natural language lead to misunderstandings 
[15]. There are formal languages, such as QoS Modeling Language (e.g. QoS 
Modeling Language - QML [41], Component Quality Modeling Language – CQML 
[22], QoS Description Language - QDL [19, 4], Hierarchical QoS Markup Language- 
HQML[47]), OCL (which is specialized language to express constraints) and the UML 
profile for QoS (specifications of the profile are available in [37]).  

One of the basic languages to specify QoS is the UML profile for QoS. The UML 
profile for QoS was defined by the Object Management Group (OMG) [34] and 
adopted in 2004 [37]. The UML profile for QoS combines UML models and OCL 
expressions in which the QoS are categorized, specified and modeled [37]. Essentially, 
it includes: QoS subprofile, Fault Tolerance sub-profile and a tailored subprofile 
extended from the UML profile for Schedulability, Performance and Time 
(specification of this profile is available in [38]). In the present study, only the QoS 
part of the entire profile (defined in [37]) is analyzed, since this study focuses on QoS 
specification languages. UML profile for QoS provides flexible mechanisms to store 

                                                      
1 All terminologies and its meanings can be found in detail in the Appendix A. 
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pre-defined QoS characteristics [14]. Nevertheless, it requires too much effort for the 
users to comprehend and effectively use the profile. One of the reasons is due to the 
fact that usage of the profile requires complex steps annotation processes that are 
difficult for a user to manage [14]. 

The main purpose of this study is to perform an evaluation of the UML profile for 
QoS. First, an assessment of the UML profile against set of criteria such as: 
expressiveness, reusability, understandability, applicability and tool support is 
performed, and then a comparison of the profile with other QoS specifications 
languages based on the same criteria is made.   

Some studies have already been carried out on the QoS profile (e.g. [45] and [40]), 
and others are focusing on the comparison of different QoS modeling languages (e.g. 
[19]). The study presented in [45] aims to assess the UML for QoS profile in order to 
extend it into the reliability domain of component-based systems. In the other study, 
assessment of the profile is done with the aim of comparing it with the other standard 
profile, the UML profile for Schedulability, Performance and Time [40]. In addition, 
Jin and Nahrstedt [19] present a comparison of different modeling languages against a 
number of criteria, with the aim of increasing the knowledge in QoS specification 
languages, providing guidelines to the users showing how to evaluate QoS languages 
and what aspects are most relevant when designing new languages [19].  

This study is performed from the user perspective, that is, the reader and the user 
of the profile that are not UML experts but have sufficient knowledge on UML to be 
able to perform the analysis and design of software system using UML as a basic 
notation language, rather than using UML in an advanced way (e.g. defining meta-
models or extension mechanisms, such as stereotypes). 

 

1.1 Scope 

 

This study is concerned with the approaches to specify QoS. The focus is on UML 
profile for QoS with the intention of describing QoS specification through the profile, 
and assesses a variety of QoS languages that include different mechanisms to support 
QoS specifications.  

This study concentrates only in the QoS aspects of the profile, excluding the Fault 
tolerance part from the scope. Fault tolerance issues are concerned with the capacity of 
the system to deliver continuous failure service [45]. Therefore, from the author’s 
point of view, it is not considered as part of QoS specification. 

Different QoS specification approaches are discussed, including the informal and 
formal approaches (see Chapter 4).  

To facilitate a better understanding of the different approaches, a representative 
subset of QoS (throughput and reliability) have been selected as used while presenting 
the basics of the approaches.  
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1.2 Motivation 

 

In order to provide an acceptable level of quality, QoS has to be integrated earlier 
in the systems development process to take into account the non-functional aspects of 
the system and users constraints [5]. Generally, QoS should be elicited, whenever it is 
possible, in the requirement engineering phase of the life cycle of a system and be 
implemented in the analysis and development phase before the requirements are 
effectively implemented (in the implementation and testing phase) to avoid extra costs. 
Therefore, there is a need to identify which specification can best cover all QoS 
aspects in a particular environment. An extensive research of how to specify QoS 
requirements in terms of available approaches to express QoS is relevant to help users 
to select the most suitable QoS language to apply. 

The primary source of QoS requests is the user [11]. In most cases, users prioritize 
the qualitative aspects of QoS over the quantitative (i.e. measurable) aspects. 
Consequently, it becomes difficult to specify QoS, since the user’s perception of what 
QoS is diverges, and in some cases compromises the functioning of the system [11].   

The UML profile for QoS and Fault Tolerance is a standard language to specify 
and categorize QoS [37, 14]. Espinoza et al [14] state that the UML profile for QoS 
provides flexible mechanisms to store pre-defined QoS characteristics. However, it 
requires much effort for the users to understand and use the profile, due to its complex 
annotation steps [14]. 

The framework of the UML profile for QoS is defined by metamodels and the 
subprofiles are defined by stereotypes. Metamodelling is also called heavyweight 
extension mechanism that is used to define new languages and UML meta-models [32] 
(detailed information on metamodelling is provided in Section 2.4). Kühne [43], 
highlights that metamodelling can help building flexible solutions; nevertheless, most 
engineers have no experience in managing the hierarchy description presented in the 
metamodelling specification.  

The literature reveals limited application of the standard profile (e.g. [40]); 
pointing out that there are no complete examples of the application of the profile in 
real life. Since we believe that the UML profile for QoS can be better used as a tool for 
QoS specification, categorization and other tasks related to QoS covered within the 
profile, a tutorial with light explanations of what is included in the profile and how 
QoS is specified through it, is provided along this study (see Chapter 7). 

 

1.3 Research Aim and Objectives 

 

The aim of this study is to evaluate the UML profile against particular criteria 
(expressiveness, reusability, understandability, applicability and tool support) and 
further compare the profile with other QoS specification languages. 

The research objectives are as follows: 

1) To perform a literature survey of different ways of specifying QoS, 
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2) To understand the UML profile for QoS from the user perspective, 

3) To formulate criteria for evaluation of the UML profile for QoS,  

4) To evaluate the UML profile for QoS against particular criteria, 

5) To compare the UML profile for QoS with other QoS specification languages 
based on the evaluation criteria, 

6) To investigate the different available tools that support QoS specifications. 

 

1.4 Research Questions 

 

The main research question of this study is: 

• How can the UML profile of QoS be evaluated in terms of the user 
perspective? 

 

In order to answer the main question, the following sub-questions should be 
considered: 

• How QoS is generally expressed? 

• How does the UML profile for QoS look like from the user perspective? 

• What can be the basis for evaluating the UML profile for QoS? 

• What are the differences and similarities between the UML profile for QoS 
and other languages used to specify QoS? 

• What are the available tools that support QoS specifications? 

 

1.5 Research Methodology 

 

According to Dawson [6], projects involving evaluation are recognized and 
categorized as evaluation projects. As the present study is focused on the evaluation of 
the UML profile for QoS, it can be considered an evaluation project. On the other 
hand, Creswell [26] identifies three types of research methods: the qualitative study, 
the quantitative study and a combination of both. A qualitative study is the one that 
focuses in one concept, examines qualitative aspects and generally the perception of 
the author is explicit along the study [26]. Based on that, the study carried out in this 
thesis is classified as qualitative. In addition, the collection of data uses qualitative 
strategies in which the researcher (author of the study) continually searches and 
collects information on reliable databases and websites with the primary intent of 
developing themes from the data [26] and parameterizes its results into a set of criteria. 
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Expressiveness, reusability, understandability, applicability and tool support (see 
Chapter 6) are the criteria used for evaluation of the UML profile for QoS itself and 
are further applied for the comparison of the UML profile and other QoS specification 
languages. These criteria were defined to answer the research questions that are posed 
when a user is applying the specification languages of QoS in two perspectives: the 
language perspective (e.g. expressiveness, reusability mechanisms, applicability, and 
understandability) and the tool support perspective. To define the criteria, a literature 
survey on previous studies was perfumed, taking into account the focus of the study. 

This study is conducted and based on peer-reviewed published research materials 
such as research papers, journals articles, books, and also trustworthy websites. At the 
initial stage, an investigation of how QoS is expressed in different approaches was 
carried out. This stage was based on the available literature for the topic, considering 
books and peer-reviewed papers. Hence, a comparison of the UML profile for QoS and 
other languages used to specify QoS was carried out describing similarities and 
differences between them against the stated evaluation criteria.  

A relevant investigation of the tools that support different QoS specification 
languages was performed, based on reliable databases, such as IEEE Xplore, ACM 
Digital Library, Springer and INSPEC, and trustworthy websites, such as OMG 
(available in [34]). 

 

1.6 Related Work 

 

Since the present study is focused on the evaluation of the UML profile for QoS 
and it includes a comparison between this profile and the different QoS approaches, 
the related work is divided into two parts: the first part of the study is related to 
previous assessment on the UML profile for QoS ([45, 40]), while the second part 
describes studies concerning the comparison between different QoS languages based 
on particular criteria ([19]). 

The literature presents an evaluation of the UML profile for QoS carried out in 
different ways. Cortelessa and Pompei [45] analyze the UML profile for QoS and 
Fault Tolerance with the aim of extending it into the reliability domain. The main idea 
is that a unique profile for QoS and Fault Tolerance created by OMG would be enough 
to include all non-functional properties, rather than a new profile to deal with the same 
issues [45]. A significant characteristic pointed out is that no new concept has been 
introduced and the whole characteristic domain was encoded into concepts inherited 
from other domains, i.e., from the UML profile for QoS and Fault Tolerance [45].  

Another assessment of the profile is the research described in [40]. Bernardi and 
Petriu [40], describe the assessment of two different profiles: the UML profile for QoS 
and Fault Tolerance [37] and the UML profile for Schedulability, Performance and 
Time [38], aimed at establishing a comparison between them [40]. The comparative 
analysis of the two profiles is performed to increase the usability of the UML profile 
for QoS, to emphasize the advantages and drawbacks of the two profiles and to 
identify the new concepts to be included at a given moment in time [40]. In order to 
compare the two profiles, the authors focused on the performance and timing aspects 
[40]. 
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A comparison of the variety of QoS specification languages significantly different 
from the UML profile for QoS is described in [19]. Jin and Nahrstedt [19] present a 
comparison of different QoS modeling languages against a number of criteria, such as 
expressiveness, declarativity, independence, extensibility and reusability. The authors 
analyze different QoS modeling languages, dividing them into different abstract layers 
such as: user layer, application layer, and resource layer [19]. This main purpose of 
this study is to classify and methodologically compare different modeling languages. 
In addition, it provides users with global insight knowledge of QoS specification 
domain, providing guidelines that show how to evaluate QoS languages and what 
aspects are most relevant when designing new languages [19].  

Compared to the present study, previous researches address separately the 
evaluation of the UML profile for QoS and the comparison between the different QoS 
specification languages. The UML profile for QoS is not compared against other QoS 
specification languages. This comparative analysis is shown in the present study. In 
addition, no research that evaluates the UML profile itself against particular criteria 
was found. This is also addressed in this study.  

 

1.7 Answering the Research Questions  

 

To answer the research questions, the following schema will be considered: 

• Find out and define a set of criteria to be used as guidance during the 
evaluation of the UML profile for QoS; 

• Evaluate the UML profile for QoS against those criteria; 

• Investigate different QoS specification languages; 

• Compare the UML profile for QoS with other QoS specification languages 
based on the evaluation criteria; 

• Investigate different tools to support QoS specification languages. 

 

1.8 Outline of the thesis 

 

The thesis is structured as follows: 

Chapter 1 introduces the study; Chapter 2 describes context aspects of UML 2.0; 
Chapter 3 presents the QoS concepts; Chapter 4 provides different QoS specification 
approaches, Chapter 5 describes existing tool support for QoS specification languages; 
Chapter 6 lists the evaluation criteria; Chapter 7 examines the UML profile for QoS; 
Chapter 8 describes the evaluation and the comparison processes of the UML profile 
and other QoS specification languages against the defined evaluation criteria; Chapter 
9 presents a discussion; and the conclusions of the thesis are drawn. At the end of the 
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thesis, appendix is included containing the technical terminologies used along the 
thesis and its meanings in the subsection named glossary. 
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2 UML CONCEPTS 

 

UML is a visual language for specifying, constructing and documenting artifacts 
of a system and can be applied to all domains and platforms [28]. 

The UML was launched in 1995 and adopted as an industry standard by the OMG 
in 1997 with UML 1.1 version [36]. Since then, UML has been strongly used in both 
industry and academia, and it has now become the general-purpose modeling language 
[3]. As the experience of UML grew and issues and needs of software modeling 
became more evident, new requirements for UML emerged [3]. After several requests 
and reviews, in 2001 OMG propose version 1.4 and later, as a result of the need to 
introduce new concepts, it lunched the UML 2.0 in 2003 [36]. This UML version is 
used in the definition of the UML profile for QoS and its concepts are described along 
this chapter.  

The aim of this chapter is to introduce to the reader the basic concepts of the UML 
2.0 in order to facilitate the understanding of subsequent chapters.  

 

2.1 Concepts of the UML 2.0 

 

General UML concepts are used regularly, so they will be broadly described here, 
before entering into more specific aspects of UML 2.0. These include the concept of 
Class, object and relationships. 

Class is a category or group of items that have the same attributes (properties) and 
the same behaviors (operations) [24]. Classes that do not have parents are called base 
classes [10]. Base classes can be both abstract and concrete meta-classes from the 
UML meta-model [32]. 

A simple example of a Class is a Student. The class “Student” has some attributes 
(e.g.: IDStudent, name, surname, dateOfBirth) and behaviors (e.g.: IntroduceStudent( 
), UpdateStudent ( ), RemoveStudent( )). Figure 1 shows the graphical example of the 
class Student and its instance - the object Marie.  

Thus, if a particular Student is indicated, for example, Marie, and its respective 
attributes (010101-P111, Marie, Lee, 01/01/01), this is called object. Object is an 
instance of a class, i.e., a specific thing that has specific values of the classes attributes 
[24]. 
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Figure 1 - Example of Class and Object 

 

There is a special type of class denominated abstract class. Abstract class is a 
class that provides an operation signature, but no implementation [10]. These classes 
are useful for identifying common functionality across several types of objects. For 
example, an abstract class denominated Movable and one operation defined as move(). 
Because the base class Movable does not have an implementation for move(), the class 
is said to be abstract [10].  

Classes are related to each other through relationships. Each UML relationship 
represents a different type of connection between classes [10]. There are different 
types of relationships. Here the most used in metamodelling language have been listed 
below, as a pre-requisite to understand the next chapters. The most common 
relationships and their characteristics are provided in Table-1. Table-1 shows the 
graphic representation and how to read the relationships included in “<<>>” 
annotations. 
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Table 1 - UML relationship types [3, 10, 24] 

 

UML 2.0 was introduced to improve the language and there is a clear distinction 
from earlier versions [3]: 

• The increased level of precision of description of the basic modeling concepts in 
the language, particularly in its semantics, 

• The improved capacity to model large-scale systems. This comprises the ability 
to model entire system architectures, thus transforming UML an architectural 
description language, 

• The enhancements to allow modeling of complex network-based business 
processes and other functionally oriented applications. 

• Enhancements that integrate a number of new features of UML 2.0 with the 
existing ones.  

Type of 
Relationship 

Graphical Representation Relationship Characteristic 

Dependency 

 

A <<uses a >>B 

 

Weakest relationship in which one 
class uses the knowledge of the 
other class. 

Association A <<has a>> B 

 

Indicate that one class keeps a 
relationship with another over an 
extended period of time. 

Aggregation 

 

A <<owns >> B 

 

This is a stronger version of 
association. It implies ownership 
and may imply a relationship 
between lifelines. 

Composition B << is part of >> A 

 

It represents a very strong 
relationship, to the point of 
containment, i.e., it is used to 
capture the whole-part relationship 

Generalization  

 

B <<is a>> subclass of A  

 

It represents an inheritance 
relationship, in which the subclass 
inherits all features of the parent 
and may add its own. 
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• The modular structure that facilitates adoption, i.e., the core is added to optional 
specialized sublanguages. 

 

2.2 UML Extension mechanisms 

 

According to the local needs and requirements, such as specific domain, particular 
development process or specific problem, it is possible to customize UML using its 
extension mechanisms [27]. An extension is used to indicate that the properties of a 
metaclass are extended through a stereotype, and gives the ability to add or remove 
stereotypes to classes [36]. Extension is a sort of association. One end of the Extension 
is an ordinary Property and the other end is an ExtensionEnd [36]. The aggregation of 
ExtensionEnd is always composite [36]. Each extension mechanism is used for a 
different purpose [32]. There are three defined extension mechanisms: stereotypes, 

tagged values and constraints. Each of the extension mechanisms is detailed in the 
following subsections. 

 

2.2.1 Stereotypes 

 

Stereotype, also designated lightweight extension mechanism, is the most 
important extension mechanism, and it has been used as a means of branding the 
existing model elements with new semantics [32].The main idea behind stereotypes is 
to introduce new semantics to the existing model elements [27]. 

Stereotypes modify the intent of the elements to which they apply, i.e., they allow 
the differentiation of roles of an element of models [24]. Different classifications of 
stereotypes are provided in [32] and can be accessed for deeper analysis.  

Stereotypes can be displayed as text, enclosed between guillots (<< >>) or 
presented graphically. Graphical icons can be either defined or standardized by UML 
[10] Three examples of showing the stereotype <<Interface>> are provided by Staron 
[32] and illustrated in Figure 2. 

 

 

Figure 2-Example of a UML stereotyped class showing three ways of depicting 

the stereotype <<Interface>>: icon, decoration of elements and guillements [32] 

 

A general notation of declaration of a stereotype which includes the tagged values 
and constraints definition is depicted in Figure 3.  
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Figure 3 - General Notation of a Stereotype declaration [30] 

A significant property of the stereotypes is that they are defined by users of 
languages as parts of models. Hence, once defined, they are proposed to be used as 
other UML constructs like, for example, a class, state, etc [32]. In addition, stereotypes 
have the power of increasing the flexibility into model by enabling the usage of the 
existing UML element as the basis for user elements [24]. The user elements capture 
some aspects of the system or domain in a way that standard UML elements cannot 
[24].  

In UML 2.0, the definition of the notion of stereotypes is illustrated as in Figure 4. 
The new notion of stereotype adds a new definition of classes [32]. The new notion of 
classes can be extended by stereotypes.  

The design of stereotypes obeys the following basis [32]: 

• It should not be possible to “stereotype” classes with other classes. Therefore, 
once one of the ends of Extension is designated as the end, it has to be typed by 
a stereotype - ExtensionEnd. 

• It should not be possible to navigate from the extended class to the stereotype 
that extends it. ExtensionEnd is owned by Extension and not by the extended 
class. 

• It should be possible to navigate from stereotypes to classes which they extend. 
Thus, Property is owned – ownedAttribute – by Stereotype, as Stereotype 
inherits from the base class.  
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Figure 4 - Definition of the notion of stereotypes – from profiles [32] 

 

The rules that are mentioned above are evident in Figure 4 - definition of the 
notion of stereotypes from profiles. A profile is composed by owned stereotypes. A 
stereotype extends a class. A class can have one or no extensions. ExtensionEnd is 
owned by Extension.   

Like classes, a stereotype may have properties, called tag definitions. When a 
stereotype is applied to a model element, the value of the properties is referred to as 
tagged values [36]. 

 

2.2.2 Tagged Values 

 

Tagged value is designed to explicitly define a property. It consists of a tag, which 
represents the property to be defined, and a value [24]. 

Tagged values are generally confused with attributes, but they exist at different 
levels of abstraction [10]. While attributes are defined in the design model (M1) and 
exist in runtime systems (M0), tagged values are defined in the profile (M2) and only 
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exist in the design model (M1)2. Tagged values may provide hints to help in code 
generation [10]. 

Graphically, tagged values are specified as attributes of the class that defines a 
stereotype [28] (illustrated in Figure 3). 

 

2.2.3 Constraints 

 

Stereotypes provide roles to elements. Tagged-values provide role-specific 
information. Hence, constraints provide a mechanism to specify rules for correct usage 
of stereotyped elements [10].  

Constraints may be used separately or as part of stereotypes. In cases in which they 
are used separately from stereotypes, they restrict the usage of an instance of a model 
element which they are attached to [32]. For example, if attached to a class, they 
restrict the usage of its instances. On the other hand, when used as a part of stereotype 
(illustrated Figure 3 as a part of stereotype declaration) they provide a way of changing 
semantics of the stereotyped or the extended elements [32]. 

Constraints can be expressed in any language, including OCL [35], or natural 
languages [28]. They are expressed in OCL whenever possible. In some cases, where 
constraints have to be defined on the meta-model and referred to the instance level, the 
constraints are expressed in natural language [27] (the discussion of constraints 
specification using OCL is detailed in Section 4.2.2). 

Examples of constraints include: “pre-”and “post-”conditions of operations, 
invariants, derivation rules for attributes and associations, and others [28].  

 

2.3 Definition of UML Profile 

 

A UML profile is defined as UML package stereotyped “profile”, and can extend a 
meta-model or another profile [28]. In other words, the UML profile is a set of 
extension mechanisms (stereotypes, constraints and tagged values), grouped into a 
package labeled <<profile>>, and used to extend meta-models or profiles. 

Staron [32] states that creating a profile is making the existing, standard modeling 
language more suitable for a specific context and adaptable to particular purposes. The 
adaptations are not intended to modify the modeling language and thereby the profiles 
are applied to user models [32].  

In UML 2.0, profiles are packages that encapsulate extension mechanisms [37]. A 
UML profile extends parts of the UML meta-model in a constrained way. This means 
that new modeling concepts must be supported by the UML model elements. In 
addition, the new attributes must respect the semantic of UML elements. All 
associations are binary associations [37]. An important restriction is that it is not 

                                                      
2 Detailed information of different abstract layers (M0, M1, M2, M3) is provided in Section 2.4. 
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allowed to modify the existing meta-models within profiles; however, it is possible to 
add news [8]. 

To define a profile in UML 2.0, there are steps to be followed. They consisting of 
[28]: 

• Definition of the set of elements that will comprise the system and the 
relationships among them. The elements can be expressed in terms of meta-
models, including the definition of the domain entities, the relationships 
between them, and the constraints of both the structure and behaviors of the 
entities. 

• Inclusion of stereotypes for each relevant element of the meta-model to be 
included within the <<profile>> package. 

• Representation with a stereotype of the elements of metamodel that is 
extended. In this way, each stereotype will be applied to the UML metaclass 
used in the domain meta-models for defining concepts or a relationship. 

• Definition of the attributes emerging in meta-model as tagged values, 
including their types and initial values. 

• Removal of the profile constraints from the domain restrictions. 

 

Figure 5 depicts the Profiles package from the Infrastructure specification [36].  
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Figure 5 - The classes defined in the profiles package [36] 

 

According to Figure 5, a Profile contains Stereotypes. A Stereotype extends (or 
specializes) an existing Metaclass or Stereotype. This extension is defined by a 
specialized association between the Stereotype and the extended Metaclass. Through 
the Extension, each instance of the Stereotype is associated with an instance of the 
Metaclass that it extends. A ProfileApplication defines which Profiles have been 
applied to some Packages [8]. 

 

2.4 Metamodelling 

 

Metamodelling refers to the definition of the meta-models [8]. It is a completely 
different approach to customization of the language, called first-class extensibility 
mechanisms, that is also called heavyweight extension mechanism [32]. 

The major difference between metamodelling and the definition of profiles 
(profiling) is that profiling starts from an existing models and does not modify its 
meta-model, whereas metamodelling involves the creation of a new or the 
modification of an existing meta-model [8]. 
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The OMG defines a four-layered architecture that separates the different 
conceptual levels building up a model: the instances, the model of the system, the 
modeling language and the metamodelling language [28]. The meta-modeling layer 
(M3) constitutes the basis of the metamodelling hierarchy [36]. Though each layer 
should be viewed independently from other layers, it is desirable that related meta-
models and meta-meta-models share common design philosophies and constructs [36]. 
In OMG terminology these layers correspond to M0, M1, M2 and M3, respectively 
[28]: 

• Run-time instance Layer (M0): this layer contains the run-time instances of 
model elements defined in a model [36]. It corresponds to the level of objects 
that are instances of user defined classes [32]. The snapshots that are modeled 
at M1 are constrained versions of the M0 run-time instances [28]. 

• Model Layer (M1): this layer is formed by models [28]. The primary task of 
the M1 is to allow users to model variety of different problem domains, such 
as software, business processes, and requirements [36]. A user model is an 
instance of the UML meta-model [36]. An example of a user model is 
illustrated in M1, in Figure 6. 

• Meta-model Layer (M2): this is constituted by meta-models. The major task 
of the meta-model layer is to define a language for specifying models [36]. 
Every element at M2 is an instance of M3 and elements at M1 is an instances 
of elements at M2 [28]. UML and the OMG Common Warehouse Meta-
model (CWM) are examples of meta-models [36]. The UML meta-model is 
an instance of the MOF, hence, each UML metaclass is an instance of an 
element in InfrastructureLibrary [36]. 

• Meta-meta-model Layer (M3): composed by meta-meta-models that is used 
to define specification languages [28, 32]. Model Object Facility (MOF) is an 
example of a meta-meta-model [36]. MOF itself is defined at this level and it 
is used to define languages at the M2 layer [32]. 

 

A particular characteristic about metamodelling is the ability to define languages 
as being reflective, i.e., languages that can be used to define themselves [36]. A 
reflective language is the one that does not require definitions of another language to 
specify its semantics. For example, the InfrastructureLibrary is a reflective language, 
since it incorporates all the meta-classes required to define it [36]. 

Figure 6 illustrates the four-layer metamodelling. It shows that a UML class 
(defined in Model layer) is an instance of a metaclass (class in Meta-model layer). In 
addition, a metaclass is defined as an instance of meta-metaclass (class of Meta-meta-
model) [24]. Looking at concrete examples, the Run-instance layer is defined Mary (an 
object), which is an instance of class Student defined in the Model layer. On the other 
hand, Student is an instance of Class, which is defined in Meta-model layer. Class, in 
its turn, is an instance of another class named Class (InfrastructureLibrary:: 

Core::Constructs::Class), which is placed in the meta-meta-model layer and, in this 
case, defined as MOF.  



  18 

 

Figure 6 - The four layers of metamodelling 

 

Metamodelling extends and complements the existing technologies of modeling 
and object-orientation, in general [43]. When applied correctly, it can help the 
flexibility of the solutions supporting change management in much more cost-effective 
ways [43]. However, due to the inexperience of users or exhaustive usage of the 
language, some threats may arise [43, 32]. If used without caution, the language that is 
engineered may not be considered as UML variant. In addition, there are practical 
problems with the UML tool that support this approach [32]. 
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3 QUALITY OF SERVICE 

 

This chapter discusses QoS concepts in detail in order to provide a clear 
understanding of the QoS meaning and basis for explaining the approaches that 
express the QoS. Thus, the quality model will be described along this chapter, 
followed by different definitions of the QoS. In addition to that, the QoS framework is 
depicted. At the end of the chapter, we provide the QoS Catalog that groups QoS into 
various categories. 

3.1 The Quality Model 

 

The International Standard Organization ISO/IEC provides a standard ISO/IEC 
FDIS 9126-1 for specification and evaluating of software product quality from 
different perspectives [17]. The standard defines the quality model for external and 
internal quality. It categorizes six quality characteristics and provides a simple way of 
measuring them. The six quality characteristics and associated sub-characteristics are 
listed below: 

1) Functionality: refers to whether the software product has the desired 
functionality required by the user. It is subdivided into suitability, accuracy, 
interoperability and security.  

2) Reliability: used to evaluate the reliability of the software product. It 
includes maturity, recoverability and fault tolerance sub-characteristics. 

3) Usability: used to evaluate the usability of software product. It comprises the 
following sub-characteristics: understandability, learnability, operability and 
attractiveness. 

4) Efficiency: used to evaluate the efficiency of the software product. This 
includes time behavior and resource utilization characteristics. 

5) Maintainability: used to evaluate the complexity of the efforts needed to 
change the functionality of the software product. It is subdivided in the 
following characteristics: changeability, stability, testability and 
analyzability. 

6) Portability: used for evaluating the software products ability to operate in 
different environment. The sub-characteristics of portability are: 
adaptability, installability, conformance, co-existence and replaceability. 

 

3.2 Definition of Quality of Service 

 

QoS is a general term with several meanings [21]. QoS was primarily used by the 
communications and networking areas to describe the ability to measure and guarantee 
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transmission rates over networks [13]. In a more broadly vision, QoS can be defined 
as: 

“QoS is a relation between a server and a client” [21]. The server (service 
provider) provides services with a specific quality level (Qp) whereas the client 
(service requester) requests a service with a desired quality (Qr). The system is 
considered as working properly when the level of quality required (Qr) is less than or 
equals the level of the quality provided (Qp), i.e.: Qr<=Qp [21]. 

There is also another definition provided in Zagar and Rimac-Drlje [11], which 
states that QoS is the measurement of how good the services provided by the system 
are. Despite the different definitions, QoS is a part of quality attributes that express the 
quality level of a service provided upon a client request. 

QoS can be classified as subjective and objective QoS. Objective QoS is concrete 
and quantitative, i.e., QoS that can be measured directly (e.g. delay, reliability, etc). 
On the other hand, subjective QoS corresponds to the service quality from the user 
perspective, that is, how the user feels about the quality. Obviously, subjective QoS is 
much more difficult to measure than objective QoS, since the user experiencing quality 
does not accurately follow technical solutions that can have direct impact on the 
objective QoS. [44]. 

 

3.3 The Quality of Service Framework 

 

Different QoS Frameworks can be found in the literature (e.g.: [21, 22, 23, 39, 
29]). According to Aagedal [22], the Framework for QoS defined by ISO identifies the 
QoS characteristic as the most basic term to express QoS. Although there is a number 
of QoS characteristics defined in the ISO framework, there is no concrete list of QoS 
characteristics [23]. In addition, the characteristics defined in the ISO Framework are 
more focused on the communication field [23]. Moreover, in the QoS Framework 
presented in Miguel [29], he states that a general QoS framework provides support to 
ensure consistency in the modeling of different QoS. Therefore, in the QoS 
framework, there is support to categorize different kinds of QoS and also to integrate 
different categories with the purpose of modeling the QoS [29].  

 

A general QoS modeling language must provide specification of [29]: 

• Definition of QoS characteristics: QoS Characteristics represent certain 
aspects of the QoS of a system, service or resource that can be identified and 
quantified [23]. QoS Characteristics are quantified with some specific 
parameters and methods, and with other characteristics with a lower 
abstraction level [29].  

• QoS Force: defines the restrictions that QoS-aware Specification functions 
(QASF) and Resource Consuming-Component (RCC) impose on QoS 
Characteristics. This restriction expresses limitations in the parameters and 
methods of characteristics [29].  
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• QoS execution modes: intended to support different modes of executions with 
different quality levels [37]. Each mode has different QoS Forces associated 
and their functionality can be different [29]. 

• QoS adaptation and monitoring: are the adaptations made from the transition 
from one execution mode to another. During the transition from one 
execution mode to another, some actions are required. However, not all are 
allowed in QoS, as the quality level cannot be changed randomly. Another 
frequent activity is monitoring QoS Characteristics for errors and robustness 
[37, 29].  

 

3.3.1 QoS Characteristics 

 

QoS Characteristics are specified independently of the elements that they qualify. 
QoS Characteristic is the constructor of the description of non-functional aspects such 
as latency, throughput, capacity, scalability, availability, reliability, safety, 
confidentiality, integrity, error probability, accuracy, and loading [37, 29]. QoS 
characteristics are distinguishable from QoS parameters. A QoS parameter is any 
value associated to QoS that is transmitted among entities [23]. There are two 
distinguished QoS parameters: objective (e.g. start-up delay and data sizes) and 
subjective parameters (e.g. cost, blocking times, delays, and throughput and size 
buffers) [37]. QoS characteristics can be grouped into QoS categories. A QoS category 
represents a type of user or application requirement [23].  

The QoS Characteristics core meta-model (illustrated in Figure 7) contains the 
following elements [29]: 

• QoS Characteristic: represents quantifiable characteristics of services. The 
description of QoS Characteristic may require some parameters [29].  

• QoS Parameter: this class supports QoS parameters. The parameterization of 
the units and types for the description of value definitions, or some specific 
methods for the quantification of the values [29]. 

• QoS Value Definition: QoS Value Definitions are dimensions for the 
quantification of QoS characteristics. 

• QoS Capability: when the number of QoS is large, mechanisms for grouping 
them are required. Examples of grouping QoS characteristics include 
performance, dependability and security. 

 

Figure 7 shows the relationship between meta-classes of the QoS Characteristic 
representation. The QoS Characteristic concept inherit the QoS characteristics from the 
base class (or meta-metaclass) QoSCharacteristic. 
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Figure 7 - Meta-model of QoS Characteristics Core [29] 

 

Figure 7 illustrates the meta-model of QoS Characteristics concept. A 
QoSCharacteristic is composed by QoSParamater and description of 
QoSValuesDefinition. QoSValueDefinition contains description of order and unit of 
each QoSCharacteristic. The QoSCharacteristics is an aggregation of many 
QoSValueDefinitions. QoSCharacteristics are grouped according to its 
QoSCapabilities. QoSCapabilities can be a subgroup of other QoS Capabilities.  

 

3.3.2 QoS Forces 

 

QoS Forces defines the restrictions imposed on QoS Characteristics [29]. The QoS 
Characteristics and functional elements involved in QoS Forces are defined by QoS 

Context. The QoS Context establishes the vocabulary of the constraint, whereas QoS 
Forces sets the allowed values [29].  

The description of the QoS Forces meta-model includes one abstract QoS Forces 
and three types of QoS contracts (illustrated in Figure 8): 

• QoS Forces: is an abstract metaclass that limits the allowed values of one or 
more QoS Characteristics. It defines the constraints of the QoS Characteristics 
of model elements [29]. 



  23 

• QoS Type: represents the abstract quality type. It describes the level of 
rigorousness of a quality force. There are three types of QoS Type: Quality 

Hard, Quality Soft and Quality Firm. Quality Hard means that not meeting a 
QoS Force is not acceptable and may generate some problems. Quality Soft is 
the level that infrequent not meeting QoS Force does not create drastic 
consequences. Quality Firm is the quality type level that limits the unfulfillment 
of the QoS Force. Depending on the different Quality Force, there exist other 
approaches to specify the quality type [29]. 

• QoS Required: is the quality level requested by clients for a particular service or 
resource [37, 29]. The QoS Required Force specifies the quality that the server 
must achieve. This is specified in terms of constraints that limit the valid values 
of the QoS Characteristics involved in a service [29].   

• QoS Offered: is the quality level provided by the server to respond to a client’s 
request [37]. QoS Offered establish the limits of values that support the model 
element. The QoS Offered often depends on the QoS provided by the resources 
and services providers that the model element uses. In case the requested quality 
does not appear in the context of the QoS Offered, the model element does not 
consider it and thereby the quality is not guaranteed by the element [29]. 

• QoS Contract: establishes the agreement between the quality specified by the 
provider (QoS Offered) and the quality requested by the client (QoS Required) 
[37, 29]. If the provider does not support the QoS required, then the contract 
must be negotiated and the final quality must be provided [29]. 

 

Figure 8 shows the QoS Force meta-model concepts and their relationship. The 
meta-model of QoS Force concept shown in Figure 8 specifies that a QoS Force has a 
limits attribute which the value is an expression. The QoSForce can be QoSRequired 
or QoSOffered. The QoSRequired and QoSOffered forces are specified through a 
QoSContract. The QoSContract concept limits a QoSOffered or a QoSReqired force 
by imposing constraints. A QoSForce is qualified as a QualityType.  
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Figure 8 -Meta-model of QoS Force [29] 

 

3.3.3 QoS Levels and Adaptation 

 

QoS Levels represents the different modes of QoS supported by a subsystem. A 
model element can support a variety of modes. These working modes provide different 
qualities for the same service [37, 22, 29]. For each working mode, a QoS Level is 
specified. The QoS Level depends on the execution of available resources, the required 
quality and functional parameters (e.g. state variables) that define the current 
configuration [37, 29].  

The QoS Level diagram (Figure 9) describes the important concepts incorporated 
in the QoS Level definition. It includes: 
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• QoS Level is the concept that embodies different QoS modes supported. The 
QoS Level represents states in the system from a quality perspective. For each 
QoS Level, the resources required are different [29]. 

• QoS Allowed Space: this represents the condition at which the model element 
and the system must reach to state in a particular QoS Level. QoS Allowed 
Space is a Boolean expression that describes when the model element stays in 
the QoS Level state associated with the expression [29]. 

• QoS Allowed Change: when the QoS Level Space of the current QoS Level 
becomes false, the QoS Allowed Change occurs. The change must enable one 
transition from the current QoS Level to another that is to be activated. In case 
the transition is not enabled, the system is considered to be in a state in which 
the QoS requirements are not fulfilled and thus it cannot support contracts [29]. 

• QoS Transition: the QoS Transition models allow transitions between QoS 
Levels [29] (illustrated in Figure 10).  

 

Figure 9 illustrates the QoS Level concepts. 

 

Figure 9 - QoS Levels [29] 

 

The QoSLevel concept shown in Figure 9 specifies that the QoSLevel is an 
aggregation of defined QoSAllowedSpace. QoSAllowedSpace are the constrained 
space to be allowed for a specific QoSLevel. QoSLevelChange is the concept that 
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triggers the incoming change and fires the out coming feedback. In case of occurrence 
of a change, QoSLevelChange directs it to the QoSLevel. 

 

There are two types of events that can fire a QoS Transition: 

• QoS Level Change: represents the predicted transition events [29].  

• QoS Invalid Event: is the transition fired in case the elements cannot support 
some quality conditions. Examples of such conditions are: when the quality 
required is too high or resources are not available at particular time [29]. 

The transitions must have associated QoS Adaptation Processes that are executed 
at same time as a transition [29]. QoS Adaptation Processes are the actions that update 
the quality state of the system. Examples of actions are: the update of resource 
reservation and renegotiation of quality contracts with other model elements [29]. 

These are the basic concepts that constitute the adaptation model which is 
illustrated in Figure 10.  

 

 

Figure 10 - QoS Adaptation 

 

Figure 10 illustrates the QoSAdaptationProcess concepts, which specifies that 
QoSTransition is an aggregation of QoSAdaptationProcess. The QoS Adaptation 
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Process has as attribute the adaptation expression. QoSinvariant concept can generate 
different QoSInvalidEnvent. In case one or many QoSInvalidEvents are reported, the 
QoSTransition activates the notice of an occurrence of change in the processes. This 
adaptation process is then directed to the QoSAdaptationProcess concept where it has 
to be executed. 

 

3.4 QoS Catalog  

 

A general QoS Catalog must include a set of general characteristics and categories 
that are not particularly specific to a project or domain [37]. QoS Catalog can be 
viewed as a quality model. A general quality model is easy to reuse and can reduce the 
cost of specification of non-functional properties due to reusability of quality models 
[37]. 

The general Catalog illustrated in Figure 11 represents essentially the most critical 
QoS characteristics in real-time and high confidence systems that express the 
fundamental aspects of different kinds of QoS [37].  

• Performance: is the characteristic that constrain the speed of a service [12]. It 
includes other QoS characteristics such as throughput, latency, efficiency and 
demand (illustrated in Figure 11). Sometimes it refers to the relationship 
between the service provided and the utilization of resource (e.g. memory and 
CPU utilization) [37].  

• Dependability: is the characteristic that is broken into other non-function 
characteristics: availability, reliability, safety, confidentiality, integrity and 
maintainability [18]. Thus, a system with dependable properties is expected to 
be in operation when needed (available), that the system will operate correctly 
while being used (reliable), that there will be no unauthorized disclosure 
(confidential) or modification (integrity) of information and that the operation 
will not be dangerous (safety) [18]. 

• Security, this characteristic consists of issues related to protection and privacy of 
entities and access to system resources [37, 9]. Different security requirements 
are proposed in [9]. QoS characteristics included are access control and 
confidentiality [37]. 

• Integrity: is the characteristic that ensure that the data and communication of a 
system are not intentionally corrupted via unauthorized creation, modification or 
deletion [9].  

• Coherence: includes characteristics about concurrent and temporal consistency 
of data and system elements [37].  

• Throughput: this characteristic consists of a number of event responses handled 
within limited time [37, 12]. These values determine a processing rate [37].  

• Latency: is the time interval that a response to an event must be delivered [37]. 

• Availability: is concerned with the capacity of a system to be in a state to 
perform any service, under different conditions of use [37, 15].  
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• Efficiency: is the capability of the systems to generate their results with a 
minimum of resource consumption [37]. 

• Reliability: is the characteristic of the system to maintain a specific level of 
performance when used under specific conditions [37]. This characteristic can 
be quantified, for example, in terms of failure rates and time between failures 
[15]. 

•  Demand is the property that typifies how much of a service or resource is 
needed [37]. 

 

The Catalog is presented in Figure 11. It first groups and organizes the QoS into 
different categories divided into layers. The categories are the following: coherence, 
functionality, dependability and performance categories. The Functionality category 
includes security and integration characteristics. The Dependability category 
incorporates reliability and availability, whereas the Performance category covers 
throughput, latency, efficiency and demand characteristics.  

 

 

Figure 11 - Quality Categories [37] 

In the Catalog (Figure 11), different QoS from different categories have a 
dependency relationship among one another. For instance, reliability depends on 
availability and throughput. There are QoS which are more critical, i.e., more QoS 
depends on their resources to perform their tasks. The more critical QoS, upon which 
more QoS are dependent on, is throughput. The architecture in Figure 11 shows that 
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integrity, reliability and coherence depends on throughput (three requests). It means 
that, according to the QoS Catalog (Figure 11), throughput is the most required QoS, 
compared to the others with one or zero requests. 
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4 APPROACHES TO EXPRESSING QUALITY 

OF SERVICES 

 

Non-functional properties of QoS are in general expressed in the form of 
restrictions or constraints of qualities, resources, timescales and interfaces [12].  

QoS requirements express not what the system does, but rather how the system 
satisfies its clients while performing a service [23]. In general, these requirements are 
considered critical, compared to functional requirements, and usually require the 
establishment of trade-offs among them [12]. 

There are a number of approaches to express QoS requirements in formal and 
informal ways [22]. In most cases, users prefer to express QoS requirements using 
natural language, given that it does not require additional specific expertise because 
the specification is done informally [15]. Existing formal languages to express QoS 
requirements include the QoS modeling languages (e.g. QML, CQML, QDL and 
HQML), the OCL and the UML profile for QoS.  

Generally, QoS specification should allow description of quantitative parameters 
(like delay, bandwidth) and qualitative parameters (e.g.: CPU scheduling, error 
recover) mechanisms [19]. In addition, adaptation rules must be added in a declarative 
form, in order to ensure the specification only of what is required and not how the 
requirement should be carried out [19]. 

Whenever possible, QoS should be expressed in a quantitative way, so that it can 
be promptly tested [15]. However, expressing non-functional properties of the QoS in 
a measurable way is a challenge [2]. Non-functional properties reflect characteristics 
of a whole system and therefore cannot be verified for individual components [2]. 
Another reason of difficulty of expressing QoS is the incomplete understanding of 
quality from the user side [11]. Users rarely prioritize the most critical QoS with high 
privileges, such as performance, in critical systems [15]. Rather than this, they prefer 
to spend resources on other issues, such as the graphical user interfaces [11]. 

Some QoS are quantified over a numeric domain (e.g., the non-negative integers), 
whereas others are quantified over an enumerated or a set domain [22]. Examples of 
measurable QoS are: performance, throughput and reliability. However, there are other 
QoS, where metrics are not applied, or it is hard to do it, due to the nature of the QoS 
[12]. It includes, among others: security and integrity. 

Along this chapter, different approaches for expressing QoS are described, having 
as example the specification of some QoS. To represent QoS, we select throughput and 
reliability from the QoS categories (shown in Figure 11). The rationale behind the 
selection of throughput is that, by analyzing the QoS categories, we realize that most 
of other QoS depends on throughput, since they require throughput (illustrated by 
relationships among QoS in Figure 11). Based on that, we believe that throughput is 
relevant to be analyzed in terms of different QoS specification languages. The other 
QoS picked is reliability. Reliability includes a number of well-elaborated metrics that 
deal with reliability aspects. Thus, expressing reliability requirements using different 
approaches can clearly depict different approaches. Having stated that, reliability and 
throughput are first described in detail and examples of informal specification are 
provided below and then applied to different QoS modeling languages. 
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4.1 Informal Specification of the Quality of Service 

 

Natural language is frequently used to specify non-functional properties of QoS 
[15]. Users prefer to express QoS using natural language due to the fact that it does not 
require any expertise, particularly modeling language. Throughput and reliability 
requirements are presented below using natural language.  

Before specifying its requirements, additional information about throughput and 
reliability requirements is provided below: 

 

Throughput requirements: represents a subcategory of performance requirement 
that specify the amount of data to be processed in a particular time [12]. Usually 
throughput requirements answer the question “how many requests per second can be 
processed?” Throughput requirement can also be defined as the specification of a 
number of event responses handled during a particular time [37]. It is expressed in a 
quantitative way, using the rate unit/sec (e.g. bit/sec, instructions/sec) [37]. It is well 
known that the response time of a given system decreases as the throughput increases. 
An example of throughput requirement in natural language is: 

Example: “the system throughput shall be more than 50 megabits per second and it 
is desirable that it increases”. 

 

Reliability requirements: are constraints on the run-time behavior of the system 
[12]. These requirements are usually expressed in a quantitative way with the help of 
well-defined metrics, such as: Mean Time To Failure (MTTF), Rate Of Failure 
Occurrence (ROCOF) and Probability of Availability (AVAIL) [15, 12].  

While writing reliability requirements, one should identify different types of 
failures and diverse treatments for each of those failures [15].  

In order to meet reliability requirements, it may be necessary to specify additional 
functional and design requirements that state how failures may be avoided or mitigated 
[15].  

An example of reliability requirement specified in natural language is: 

Example: “the number of failures of a system shall be less than 10 failures per 
month and it is desirable that it decreases in the same scale monthly”. 

 

Although natural language uses a simple way to describe QoS expressions and 
does not require much expertise in specific approaches, using this informal approach 
may originate several drawbacks [15]. Understanding natural languages relies on the 
interpretation of individual readers. In addition, the over flexibility of the language 
may arise problems, i.e., same thing can be said in completely different ways and are 
subject to different interpretations [15]. There is no easy way to modularize natural 
language requirements. In case of change in requirements, it is quite hard to trace it 
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back to natural language specifications [15], 12]. For this reason, a number of formal 
approaches are available to avoid these problems.  

The stated examples of throughput and reliability requirements are further applied 
in different QoS specification languages (see Section 4.2) in order to clearly show how 
each specification language can accommodate particular requirements. 

 

4.2 Formal Specification of the Quality of Service 

 

A number of different formal approaches support QoS specification. These formal 
specifications of QoS can be defined for particular QoS categories like timeliness and 
reliability or addressing generic specification covering all QoS categories [22]. 

In this section, we discuss general-purpose specification approaches. These include 
generic QoS modeling languages to specify the QoS discussed in Section 4.2.1 and the 
OCL presented in Section 4.2.2. 

 

4.2.1 QoS Modeling Languages  

 

A language to support specification of QoS may be useful in a number of phases of 
the software lifecycle and may be used for diverse purposes, differing from the system 
users [22, 23]. For example, an analyst may use it to specify user requirements, 
whereas the developer may use it to specify QoS offers and QoS expectations of 
system elements [22].  

In the early years, a number of QoS specification language specialized for QoS 
specification were proposed and described [e.g. 41, 22, 11, 19]. This section describes 
recently published modeling language (from 1998 to present): QML, CQML, QDL and 
HQML. There are a number of other specification languages (described, for example, 
in [22, 11]) that are not included in the study because they are outdated and thereby 
may not be adaptable to the new available technology infrastructures. 

One of the most recent QoS specification languages, the QoS Specification 
Language (QSL), created in 2006, is described in [5]. This language is basically used 
to specify QoS negotiations in the context of Service Agreement Level (SLA) 
specification for networks [5]. Although it provides contracts to specify negotiations 
among QoS, it deviates from the specification of QoS characteristic itself. In that 
sense, QSL is not examined in detail in the current study.  

For every QoS modeling language, the following is provided: general description 
of the language, elements that are included in the language, QoS contract specification 
of throughput and reliability requirements whenever possible. At the end, a summary 
of each language is also provided. Key words from each language are illustrated in 
bold characters in each specification. Each summary is described for major advantages 
and drawbacks based on the features and capabilities that a particular language 
provides. In addition, information regarding tool support for particular QoS modeling 
language is included in its summary.  
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4.2.1.1 Quality of Service Modeling Language – QML 

 

QML is a language designed to support QoS specification in object oriented 
domain, such as classes, inherences and interfaces [41]. There are three main 
abstraction mechanisms for the QoS specification: contract type, contract and profile 
[22].  

A contract type defines the dimensions to be used to characterize a particular QoS 
[41]. A contract type has a dimension type for each of the dimensions in the category 
[39]. Dimensions have domain values that may be ordered. Three dimension types are 
defined: Set, Enumeration and Numeric [39]. Statistical properties can be included to 
QoS dimensions. This can be done by defining aspects of QoS dimensions. QML 
includes four aspects: percentile, means, variance and frequency [16]. Dimensions, 
presents the order of constraints if it is needed, the unit measure and the relationship, 
such as increasing/decreasing [16]. 

Using contract types, one can define concrete contracts [16]. Contracts are 
instances of a contract type and represent particular QoS [41]. A contract contains a 
list of constraints which is imposed on the values of the dimensions of a QoS category 
[39]. A constraint consists of a name of the dimension, an operator and a value [41]. 

A QML profile describes the association between contracts and interface elements 
for particular interface [16]. A profile is used to specify client QoS requirements or 
server QoS provisioning [41].  It should be bound to an entity and the entity can be a 
client or a server [39]. In case a requirement from profile is not associated with an 
interface entity, then that requirement is called default requirement and applies to all 
entities from the interface [16].  

Figure12 illustrates an example showing the definition of contract types, contract 
and a profile. This example specifies the throughput and reliability requirements stated 
in Section 4.1 (reliability and throughput requirements examples).  

In this case, contract types have to be specified to describe the stated requirements. 
First step is to acquire dimensions for each contract type that can support a 
specification of the requirement. Therefore, for the reliability contract type, the 
dimension is the numberOfFailures and the relationship decreases. For the throughput 
requirement, since it is a dimension of performance, the contract type defined will be 
the Performance contract type, having throughput as dimension and its relationship 
increases. The second step is the definition of the contracts, which are the instances of 
contract types. Thus, the contract systemReliability is defined as an instance of the 
Reliability contract and the contract systemPerformance is defined as an instance of 
the Performance contract type. Lastly, the profile ServiceProfile is defined for an 
interface (named ServiceInterface) with one operation. The profile requires the two 
previously defined contracts, either for service generation (systemReliability, since it 
is a default contract and holds all operations), or for particular operation(s) (requiring 
operation from Performance for the ServiceInterface). Operations defined within 
profiles have higher priority than default contracts [16]. 
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Figure 12- Example of contract and profile specified in QML 

 

Figure 12 presents a sequential illustration of two contract types, Reliability and 
Performance, with specific dimensions and respective relationship. Since contracts are 
instances of contract type, our throughput and reliability requirements (from Section 
4.1) can be specified within the contracts specifications. Hence, the contract 
systemReliability includes the specification of reliability requirement and 
systemPerformance includes the throughput requirement specification. As we learnt 
above, in QML a profile is defined for an interface. In Figure 12, the ServiceProfile 
defined for ServiceInterface requires all operations from systemReliability (which is 
an instance of Reliability contract type) and one operation (named Operation1) from 
the contract Performance. For the case of the profile required for the interface 
ServiceInterface, the contract systemReliability is applied with each defined values. 
That is not the case of contract systemPerformance, since the operations are of high 
priority compared to the specification of the contract, given that it represents a 
constraint condition for specific interface. Therefore, for throughput, in this case, the 
specification within the operation defined is the one to be used in the definition of the 
ServiceInterface. One of the limitations of the QML is not to specify the 
SystemPerformance contract within the profile. In QML, for each involved contract 
type at most one contract can be used as default contract within the profile.  

 

Summary: 

As a generic-purpose language, QML is not restricted to any particular domain or 
particular type of QoS [41, 16]. QML mechanisms enable the systematically separation 
of the QoS specification with other parts of service specification, such as the interface 
definition. In addition it specifies both quality properties that a client requires and the 
properties provided by a server [41]. QML separates specification of QoS aspects from 

type Reliability = contract {  
numberOfFailure: decreasing numeric unit/month; 
}; 
type Performance = contract { 
throughput: increasing numeric mb/sec; 
}; 
 
systemReliability=Reliability contract{ 
numberofFailure<10 unit/month 
}; 
 
systemPerformance=Performance contract{ 
throughput > 50 mb/sec 
}; 
 
ServiceProfile for ServiceInterface = profile { 
 require systemReliability;  
 from operation1 require Performance contract { 
  throughput>100 mb/sec 
               }; 
}; 
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the functional aspects [16]. However, required resources specifications are not 
supported in this language.  

Another important feature of QML is that it supports refinement within contracts 
and profiles (different examples of refinements among contracts and profiles are 
detailed in [19]). Consequently, QML supports good specification reusability through 
contract and profile refinement [19]. 

QML is a language that largely specifies QoS properties at design time [41, 19]. 
On the other hand, the concepts can be used to specify QoS at run time [41]. However, 
at run-time, it does not address the problem of what actions to take if the QoS 
requirements cannot be satisfied in current execution [19].  

QML allows creation of profiles to associate the QoS with the functional 
specification, but it does not provide a way to specify the number of contracts to be 
used within a profile [39]. For example, the profile ServiceProfile declares that it 
requires systemReliability, which is an instance of the contract type Reliability; it 
cannot require a second instance of the same contract type, or declares other contract 
types (e.g. systemPerformance) as default in the same profile [19] 

QML specification is very easy to understand, since it introduces few specialized 
expressions and symbols (e.g. type, contract, “{}”) that do not require previous 
training in order to understand any specification. On the other hand, it lacks the 
support for precise specification of QoS, since it does not include support for 
composition of QoS specification [22]. 

According to [41], there is a need for tool support to address the process designed 
in QML and to specify QoS properties in an automatic way. 

 

4.2.1.2 Component Quality Modeling Language – CQML 

 

CQML is a lexical language for specifying QoS in distributed systems [22]. 
CQML provides the necessary concepts and constructs to specify QoS of components 
[39, 22]. It includes four types of specification constructors: the QoS characteristics, 
the QoS statements, QoS profiles and QoS categories [22].  

QoS characteristics is the most fundamental concept and represents some aspects 
of a QoS of a system, service or resource that can be identified and quantified [22]. 
QoS characteristics are user-defined types. For each QoS characteristics, a domain can 
be specified. A domain type can be numeric, set or enumeration. There is also the 
possibility to specify statistical domain types (i.e., derived QoS, such as percentile, 
minimum maximum and others). The keyword “domain” is used to specify the range 
of possible values for a particular quality characteristic [16].  

QoS statements are used to specify constraints on the values of QoS characteristic 
[16]. 

The third construct are the QoS profiles. QoS profiles are used to bind QoS 
statements with component specification, i.e., relate the QoS statements to a specific 
component or part of it [22]. QoS profiles can be specified using the keywords: “uses” 
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and “provides”. The keyword “uses” expresses the QoS expectations, whereas 
“provides’ specifies QoS offered [22].  

All previous concepts can be grouped into QoS Categories. QoS categories are 
used to group any of the three concepts [16].  

 

Figure 13 represents the QoS concepts (QoS characteristics, QoS statements and 
QoS profile) using throughput and reliability requirements (Examples are described in 
Section 4.1). It starts with the representation of the QoS characteristics specification, 
whereas throughput and numberOfFailures are expressed within a particular domain. 
Notice that those represent dimensions of reliability and performance in previous QoS 
specification (see Figure 12). QoS statements restrict range of values of defined QoS 
characteristic. The QoS statements defined in the example are the throughput and 
numberOfFailure statements. The last concept specified in Figure 13 is the profile 
goodComponent. This profile relates the specified QoS statement: high throughput and 
less_numOfFailures with the component. Since QoS Categories can be a group of to 
group any of the concepts, we grouped similar concepts presented in Figure 13. 

 

 

Figure 13 - QoS Concepts specification using CQML 

 

CQML specification, presented in Figure 13, can be compared to the QML 
specification (illustrated in Figure 12). QoS characteristics are similar to the contract 
type specification expressed in QML in terms of what is specified (i.e. both specify 

QoSCharacteristic: 
 
quality_characteristic numberOfFailures { 
domain: decreasing numeric/month; 
} 
quality_characteristic throughput{ 
domain: increasing numeric megabits per seconds; 
} 
 
QoSStatement: 
 
quality less_numberOfFailures{ 
numberOfFailures<10 
} 
 

quality high_throughput{ 
Throughput>50; 
} 
 
QoS Profile: 
 
profile goodComponent for component_specification{ 
uses high_throughput; 
provides less_numberOfFailures; 
} 
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domain of dimensions), though their semantic and syntax are slightly different. On the 
other hand, QoS statements can be viewed as instances of QoS characteristics, since 
they constrain the QoS characteristics within a particular range of values. This can be 
compared to the contracts specified in QML. The profile specified in CQML states 
which statements are offered and required for specific component. It differs from the 
QML profile, in the sense that this information is not included in its specification and 
it has some limitation in terms of assessing more than one contract types at the same 
time. The profile in Figure 13 indicates that high throughput is the QoS expected, since 
the profile “uses” the QoS statement high_throughput. On the other hand, the 
component is expected to offer less number of failures. It is specified in the profile 
with the expression “provides” less_numberOfFailures.  

 

Summary: 

As result, CQML can be considered a language for expressing QoS at different 
abstraction levels [16]. CQML provides a means for precise specification of QoS 
characteristics and QoS measurements [16]. However, it does not provide mechanisms 
(concepts) to specify certain QoS characteristics, such as security, maintainability [39]. 
In addition, dependencies between QoS can not be easily specified using CQML [5]. 

CQML provides appropriate semantics to specify non-functional QoS based on 
QoS-relations between components. However, demand on resources for components 
cannot be specified in pure CQML [42]. To solve this problem, an enhancement on 
CQML was researched and presented in [42], where a derived language raised: the 
CQML plus (CQML+). However, our study does not consider CQML+ as a substitute 
of CQML, and a defined language. Consequently, CQML does not provide support for 
resource specification. 

CQML allows QoS to be refined and also to be aggregated [16], thus guaranteeing 
the reusability support.  

Similar to QML, CQML can be very easy to understand, since it introduces few 
specialized expressions and symbols that do not require any training in order to use 
and implement them. 

Regarding tool support, CQML is well supported by a tool (see Table2, in Chapter 
5). In order to guarantee tool support of contract specification in CQML, COMQUAD 
project (COMponents with QUantitative properties and ADaptivity), a project which 
deals with component-based development, enables the integration of QoS support into 
an Enterprise Java Beans (EJB) based run-time environment. In this environment, all 
information is stored in deployment descriptors, which are written in XML and then 
translated into CQML specifications [42]. There is another tool that can support 
CQML specification: the QoSTalk. Since QoSTalk framework provides a hierarchical 
approach to deal with component specification at different application layers [46], we 
believe that a partial or full specification of components through CQML can be 
generated by QoSTalk. 
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4.2.1.3 QoS Description Language – QDL 

 

QDL is an aspect-Oriented approach used to specify QoS contracts in the Quality 
Object (QuO) Framework developed by BBN [4]. QuO Framework focuses in the 
connections between clients and servers, and supports only numeric and measurable 
QoS dimensions [22]. As part of QuO, the QDL suite allows specification of QoS 
states, system resources, and mechanisms to ensuring and providing QoS and 
behaviors for adaptation of new changes [19]. QDL consists of three languages: the 
Contract Description Language (CDL), the Structure Description Language (SDL), 
and the Resource Description Language (RDL) [19]. 

CDL language is used for specifying QoS contracts between Clients and Common 
Object Request Broker Architecture (CORBA) objects [16]. CORBA is a middleware 
that provides a flexible communication and launched substrate for distributed 
heterogeneous object-oriented systems [20]. CORBA has the ability to hide system 
and network specification characteristics of objects behind the standardized Interface 
Description Language (IDL) specification, so that the objects exhibit only their 
functional interfaces. This functionality of IDL of abstracting low level details 
simplifies development and maintenance of distributed object. However, it may turn 
difficult the inclusion of non-functional features (such as QoS) into the system because 
information required to support the QoS specification is also hidden [19]. 

Such contracts specify the level of service required by the client, the level of 
services the object is expected to provide, actions to take in case a QoS change occurs 
and what QoS characteristics are observable [16]. The main abstractions of CDL are 
the following: nested regions, transitions, references to system condition objects and 
call backs [19]. A set of nested regions represents a possible state of QoS [19]. There 
are two distinct nested regions: negotiated regions and reality regions [16]. Transitions 
for each level of regions specify behaviors to trigger whenever the active region 
changes. References to system condition objects collect runtime information for 
measuring and controlling QoS whereas Call backs used to notify the client or object 
[19].  

SDL describes the internal structure of remote object implementations and how 
they consume resources. By the use of SDL, different behaviors to invoke methods 
(call and return) based on the current regions of contracts can be specified [16]. Lastly, 
RDL abstracts the physical resource used by the objects [16]. 

In QDL, contracts specify constraints on system condition objects, whereas 
contract types only identify the system condition objects to constrain, leaving the 
specific constraints to each individual contract instance [22].  

Figures 14 and Figure 5, illustrate examples of CDL contracts that specify 
throughput characteristic (Figure 14) and reliability (Figure 15). Each of the examples 
has modes represented as negotiated regions (e.g. High/Low_throughput). It also 
specifies which system can operate in the nested regions (e.g. negotiated and reality 
regions). The decision on which operating mode is active depends on particular object 
condition (e.g. ClientExpectedThroughput, ClientExpectednumberOfFailures).  

In Figure 14, the requirement “the system throughput shall be more than 50 
megabits per second and it is desirable that it increases” is specified. Hence, we define 
a condition object – ClientExpectedThroughput and a range of values to be defined in 
its operations. According to our requirement, the throughput shall be more than 50. 
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Therefore, we assume that a throughput equal to 50 mb/sec is considered low. Hence, 
the high throughput expected will be more than 51 mb/sec. 

 

 

Figure 14 - CDL contract specification of throughput 

 

Figure 14 shows a CDL contract for throughput. In it, the client can have two 
operating regions: Low_throughput and High_throughput. These two modes are the 
negotiated regions. They have nested regions in which the system can operate. The 
decision on which operating mode is active depends on ClientExpectedThroughput 
(which is the condition object). It indicates the expected values for a client related to a 
particular aspect. Another system condition is the MeasuredThroughput which is used 

contract throughput(ClientExpectedThroughput, ClientCallback, 
MeasuredThroughput, ThMgr) is    //variables declaration 

negotiated regions are 

region Low_throughput: when ClientExpectedThroughput == 50 => 

reality regions are 

region Low : when MeasuredThroughput < 50 => 

region High: when MeasureThroughput > 50 => 

transitions are 

transition High->Low : ClientCallback.throughput_degraded(); 

end transitions; 

end reality regions; 

region high_throughput: when ClientExpectedThroughput >=51 => 

reality regions are 

region Low : when MeasuredThroughput<ClientExpectedThroughput => 

transitions are 

 

end transitions; 

end reality regions; 

transitions are 

transition Low_throughput-> High_throughput: 

ThMgr.adjust_throughput (ClientExpectedThroughput); 

transition High_throughput->Low_throughput: 

ThMgr.adjust_throughput(ClientExpectedThroughput); 

end transitions; 

end negotiated region; 

end Throughput contract; 
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to discriminate between reality regions. In the case of Low_throughput negotiation 
region, the reality regions are Low and High. The reality regions are used to notify 
users about the changes [16] in throughput. If there is a decrease of throughput during 
measurement, then a callback throughput_degraded() will be triggered. 

Following the previous example (Figure 14), the reliability requirement “the 
number of failures of a system shall be less than 10 failures per month and it is 
desirable that it decreases in the same scale monthly”, can be specified. The condition 
object in this case is defined as ClientExpectedNumberofFailures. Hence, we can 
define the operation for the regions, for this condition such as: Low_NumberofFailure 
and High_NumberofFailure. Since numberOfFailure must be less than 10, we fix that 
client at low degree expect to have 9 failures per month. Hence, the high number of 
expected failures by clients is considered when there are 10 failures per month. 

Since same procedures are involved in the definition of contracts depicted in 
Figure 14 and Figure 15, this figure is not deeply described. 
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Figure 15 - CDL contract specification of Reliability 

 

Summary: 

Summarizing, QDL language provides support for QoS specifications for 
disturbed systems [16]. It is very contract-based approach, specifying what actions 
must be taken in case QoS requirements are not achieved [16]. QDL is considered as 
generic-purpose language, since it provides mechanisms to specify most of QoS 
characteristics. This does not support the specification of contract types as QML and 
CQML language [16] but it gains in supporting of resources specification. QDL 
provides a well-defined contract for specifying required resources, the SDL contracts, 
enabling a very good expressiveness to this language.  

contract reliability(ClientExpectedNumberofFailures, ClientCallback, 
MeasuredNumberofFailure, ReliabMgr) is //variables declaration 

negotiated regions are 

region Low_NumberofFailures: when ClientExpectedNumberofFailures== 9 => 

reality regions are 

region Low : when MeasuredNumberofFailures < 9 => 

region Average : when MeasuredNumberofFailures = = 9 => 

region High: when MeasureNumberofFailures> 9 => 

transitions are 

transition High->Low :ClientCallback. NumberofFailures_degraded(); 

end transitions; 

end reality regions; 

region High_NumberofFailures: when ClientExpectedNumberofFailures>= 10 => 

reality regions are 

……. 

transitions are 

 

end transition; 

end reality regions; 

transitions are 

transition Low_NumberofFailures -> High_ NumberofFailures; 

ReliabMgr.adjust_NumberofFailure (ClientExpectedNumberofFailure); 

transition High_ NumberofFailures -> Low_NumberofFailures: 

RealibMgr.adjust_throughput(ClientExpectedNumberofFailure); 

end transitions; 

end negotiated region; 

end Throughput contract; 
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QDL expressions and symbols used within its contracts are relatively easy to 
understand (e.g. contract, end Contract, regions, negotiated regions, transitions, “()”, 
logical operators), if few events are specified (e.g. few system conditions, transitions. 
etc). However, it may require short trainee to understand QDL specification when 
large events are processed, since the language mixes declarative specification of QoS 
with implementation specification, increasing complexity to the language, with 
unnecessary expressions [22]. 

QDL does not provide mechanisms to support reusability, which constitutes a 
disadvantage by applying this language [19, 16].  

Regarding tool support, QuO kernel includes code generators for CDL, SDL 
contracts and provides a small library of system condition objects to specify the QoS 
[4, 16]. The QuO code generator takes the normal CORBA IDL code, as well as 
specifications written in SDL and CDL, as the input, and weaves them into a single 
application [19]. 

 

4.2.1.4 Hierarchical QoS Markup Language – HQML 

 

HQML is an (Extensible Markup Language) XML-based Hierarchical QoS 
Markup Language, proposed to enhance distributed systems in the World Wide Web 
(WWW) with QoS capabilities [47]. A Markup language is a mechanism to identify 
structures in a document, and the XML specification defines a standard way to add 
Markup to documents [19].  

HQML includes three distinct levels of QoS specifications: User, Application and 
System Resource Level [47]. The user level provides tags to specify qualitative QoS 
criteria (e.g. high, average, and low), user focus attention and price for particular 
service and model. The user level QoS specifications are used at runtime mood [47]. 
The second level provides tags to specify all kinds of application level QoS parameters 
(e.g.: frame rate, frame size, resolution), application-specific QoS policies (e.g. 
adaptation rules, reconfiguration rules). The QoS application is used by QoS Proxies 
(e.g. adaptor, configurator) to setup and implement the QoS. The last level supports the 
specification of system resources requirements (e.g. CPU, memory, disk, network 
bandwidth, power). In case of services are available, the QoS proxies start the 
reservation of resources in support of the application based on this level’s 
specifications [47].  

HQML allows users to specify adaptation rules between the pair of tags 
<ReconfigRuleList> and </ReconfigRuleList> [19]. It also allows feedback to and 
from the user through the tags : <Notification> and <Feedback> [19, 47].  

Figure 16 illustrates an example of HQML specification of throughput requirement 
stated on previous example, where the expected throughput is more than 50 mb/sec. 
According to that, we can fix 51 mb/sec as the acceptable throughput. This 
specification indicates also a condition which is detailed above.  
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Figure 16 - Example of HQML Specification 

 

The HQML specification from Figure 16, has the ID equal to 1. This specification 
starts with the tag <AppConfig>and ends with the tag <AppConfig>. Tags such: 
<ServerCluster>, <ClientCluster> and <LinkList> define the QoS requirements of 
server, client machines and QoS parameters respectively. The tag <ReconfigRule> is 
defined inside the block <ReconfigRuleList>. It specifies an adaptation rule indicates 
that “when Throughput is very low”, then the application execution should switch to 
specification whose ID is 2.  

A similar example of HQML can be learnt in [19, 47 and 20]. We found that it is 
hard (or even impossible) to specify Reliability characteristic in this language. Since 
failures that are observed outside the system, they are not considered as QoS property 
(such as throughput, delay, jitters, etc), there is no appropriate template for this type of 
QoS. 

 

Summary: 

HQML is a modeling language used to specify QoS in distributed multimedia 
systems [19]. In addition, it can be extended to include new QoS parameters due to 

<AppConfig id = "1"> 

<ServerCluster> 

... 

</ServerCluster> 

<ClientCluster> 

... 

</ClientCluster> 

<LinkList> 

  <Link type=”FixedLink”> 

 …. 

 <Throughput unit=”mb per second”> 51</Throughput> 

  </Link> 

</LinkList> 

<ReconfigRuleList> 

  <ReconfigRule> 

 <Condition type = "Throughput"> very low</Condition> 

 <ReconfigAction type = "switch to"> 2 </ReconfigAction> 

  </ReconfigRule> 

</ReconfigRuleList> 

</AppConfig> 
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XML’s meta-language properties [20]. However, HQML schema is fairly inflexible 
and does not apply well to large number of services [19, 47]. Not all QoS 
Characteristics can be specified in HQML. HQML focuses on distributed multimedia 
QoS specifications and excludes other QoS that are not relevant in this context (e.g. 
reliability aspects) [19]. 

HQML provides a special level for resource specifications, the System Resource 
Level, that support a consistently a large number of resources specifications [47].  

Since developers are allowed to use HQML to specify their own QoS requirements 
and policies, any illegal specification may break down the system’s functionality [47]. 
In addition, HQML does not have any special constructs that facilitate the extension 
and reuse of existing specifications [20]. 

HQML is specified using HTML tags that can be understood by a user familiar 
with web development or may require some training on this language (in case user is 
not familiar with HTML tags). However, in spite of specialized tags, HQML contracts 
are not much hard to understand. 

A tool support for HQML is the QoSTalk, a visual programming environment that 
allows developers to introduce specifications, process and store different application-
specific for QoS requirements [46]. It enables easy programming of QoS-aware 
multimedia applications, running on top of a unified QoS-aware middleware 
framework. The implementation of the tool is based in Java and CORBA. Gu at all 
[46] presented in their investigation, an evaluation of a prototype of the tool to prove 
its efficiency in several distributed multimedia systems. 

 

4.2.2 The Object Constraint Language  

 

Object Constraint Language (OCL) is a pure specification language used to 
describe expressions in object oriented systems [35, 25]. It provides a way of 
specifying the constraints of the model elements of a functional model of systems [35]. 
Constraints are the restrictions on one or more values of an object oriented model or 
system [25].  

OCL uses a lexical approach to specify and express constraints. Such specification 
requires definition of a context in which the constraints are involved [25]. These 
constraints are typically expressed in a file which has to be referenced while viewing 
the functional model [35]. OCL allows describing properties of states and to describe 
pre and post conditions designed to be simple enough for developers, so far able to 
express the constraints without ambiguity. It is simple text-based formal language 
designed to express constraints and it is also used to define precise semantics to the 
modeling elements and therefore enabling the creation of precise models of system 
functionality [39, 25]. Adding an OCL expression does not cause side effects on the 
system and when the expression is evaluated it returns a value, not causing any 
changes in the model [35]. 

Each OCL expression has a type that is either a model type (e.g. class or any other 
type defined in UML model) or a predefined OCL type [25]. Using OCL, an invariant, 
can be defined [22]. Invariant is a predicate that must always be true can be specified 
[25]. The invariant context is always a class, an interface or a type [25]. In OCL, the 
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keyword “self” is used to refer to the current instance. Using self to refer to the 
instance of the QoS characteristic, the invariant can restrict the value of the 
characteristic [22]. An invariant specifies inherent properties of the QoS characteristic, 
valid for any measurement [22]. Aegdal [22], included invariant in a grammar that 
defines QoS characteristics: 

 

<characteristic_definition> ::= <domain_declaration> [<invariant>] 

<invariant> ::= invariant <OCL::oclExpression> ‘;’ 

 

The “invariant’ keyword introduces a Boolean OCL expression that is always to be 
evaluated to value true. This can be used to define properties of this characteristic [22, 
25]. In OCL, constraints on the behavior are specified by the means of “pre-” and 
“post-” conditions [31].  

Examples of OCL expressions are shown in Figure 17 and Figure 18. The first one 
(Figure 17), illustrates throughput requirement and Figure 18 depicts the reliability 
requirement.  

According to our throughput requirement (stated in Section 4.1), the throughput 
expected is more than 50mb/sec. In OCL, first of all the context of the expression 
should be defined, aided by the keyword “context” at the beginning. Secondly, a 
variable to store the value of the initial throughput (defined as “amount”) should be 
declared, as well as its type. Hence, has a pre condition, we express that the amount of 
throughput should be greater than 50. Therefore, the post condition is the current 
throughput plus the amount (which is defined as greater than 50). Throughput 
expressed in OCL is shown in Figure 17: 

 

 

Figure 17 – Example of throughput requirement expressed in OCL 

 

Reliability requirement is expressed following the same procedures as in Figure 
17. It is desirable that the number of failures is less than 10 units per month. Using 
OCL expression, first, one should define the context of the expression. Then, the 
variable that stores the initial value of number of failures needs to be declared. We 
named it as “amountFailure”. Since it is expected that primarily the amount of failure 
is less than 10, we define this amount as a pre-condition for the expression. Therefore, 
a post-condition is the current number of failures added to the amount of the pre-
condition. This expression is indicated in Figure 18. 

 

Context throughput::increaseThroughput(amount:real): real 
Pre: amount>50 
Post: self.throughput= self.throughput@pre + amount 
and result = self.throughput 
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Figure 18 -Example of reliability requirement specification using OCL 

 

In summary, OCL allows to formally specify constraints of UML model [31]. It 
provides a way of specifying QoS at design phase, however does not provide facilities 
to reuse the constraint in some other context. Each constraint has a context associated 
with it [39]. OCL does not provide constructs for expressing QoS characteristics like 
security, maintainability, etc [39]. Since it is used in the standard UML profile for QoS 
to express the semantics and well-formedness of the QoS constraint expressions, it is 
further analyzed as part of the UML profile for QoS (in Chapter 7) and it is not to be 
considered as a separate approach from QoS specification. 

Context Reliability::decreasenumberOfFailures(amountFailure: real): real 
Pre: amountFailures<10 
Post: self.numberofFailures= self.numberOfFailures@pre + amountFailures  
   and result = self.numberOfFailures 
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5 EXISTING TOOL SUPPORT FOR QOS 

SPECIFICATIONS 

 

There are different tools for QoS (e.g. CISCO Systems provide a variety of QoS 
tools for congestion-avoidance, traffic-shaping and policies, etc [7]); however, there 
are very few for its specification. Literatures stress the need for more tools to support 
the QoS specification (e.g. [41, 22, 39]), since very little work has been carried out in 
this area. 

Two tools for visual specification of QoS for more generic QoS languages were 
identified in [20]: the Internet Demand Experiment (INDEX) QoS architecture and the 
QoSTalk framework [46]. 

INDEX QoS architecture captures users’ specifications in terms of service quality 
and price, and maps them into a corresponding QoS of Internet network services via an 
intelligent agent embedded into the general QoS architecture [20]. The mapping is 
aimed to optimize the cost-performance relation of a user. This relation defines how 
much the user is eager to pay for high responsiveness. The pricing and media quality 
descriptions is presented via four GUI panels, which reflect billing information, usage 
information, user preference (price selection and user feedback) and user complaints in 
case of disagreements. The INDEX agent communication module uses the specified 
QoS information to select an appropriate Internet service provider to perform the data 
communication [20].  

In the other visual tool, the QoSTalk framework, the user specifies, using a 
hierarchical approach, the application service components in which each component is 
labeled with the corresponding application-layer QoS descriptions [20, 46]. QoSTalk 
provides user-application templates, which include QoS descriptions and their 
mapping to the corresponding application layer QoS feature. This template enables the 
users merely express media-quality and non-media quality descriptions and allows for 
specifications of different application domains [20, 46]. Although this tool was 
primarily designed to support specification of HQML contracts (described in Section 
4.2.1), we believe that it can accommodate other specification languages, since it 
provides mechanisms to issues concerning multimedia applications that can be used in 
multimedia domain.  

The two visual tools have distinct highlighting: the INDEX framework 
concentrates on pricing issues, whereas the QoSTalk concentrates on the description of 
general QoS for multimedia applications [20]. Jin and Nahrstedt [20] state that a GUI 
aggregating features of both tools would be more desirable.  

Apart from generic tools to specify QoS, there are some specialized domain tools 
described to support code generation of QoS contracts (e.g. COMQUAD [42] and 
QuO [4] projects). 

COMQUAD includes a visual environment for QoS description, specialized in 
component-based software development projects [42]. It provides mechanisms to 
visualize QoS specification through user friendly GUI, based in EJB frames and XML 
mechanisms (such as ActiveX). COMQUAD also supports mechanisms to specify 
demands resource descriptions. Different types of code can be generated from this 
environment: from the specification of individual QoS characteristics a monitoring 
code can be generated and then inserted into run-time environment to measure current 
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values. In addition, from the complete QoS specification, a pre-processed XML file 
can be generated, and then reduced to the relevant information for run-time. The 
translation of the code generated into the XML language through XML schema file is 
then translated into CQML specifications [42].  

QuO framework supports QoS at the CORBA object layer, extending the CORBA 
functional IDL to support QoS descriptions [19]. The application developed in QuO, 
can program a QoS contract (particularly a QDL) separately from the functional code, 
specifying in the contracts both, the level of service the object expects to provide and 
the actions to take when the level of service changes [19]. It also supports client 
remote calls to specify the objects, as well as the QoS [19]. A major drawback of this 
tool support is that, since the CORBA IDL provides the capacity of hiding its 
functional and non-functional objects specification details, it is difficult to the 
specification of some QoS, since it can be hidden within the interface that the user can 
access. 

With respect of GUI characteristic, it is concluded that differently from QuO, 
whose specifications are shown through CORBA IDL, it is code-based and, 
consequently, not user-friendly and may require specialized training for its usage. In 
general, the other available tools (INDEX, QoSTalk and COMQUAD) are user-
friendly tools.  

Considering that one of the languages to specify QoS is UML-based (the UML 
profile for QoS), some of the available UML tools can be adapted to QoS domain, in 
order to increase the tool support for QoS specifications, optimizing the cost for users. 
OMG is in the process of providing tool support for this profile [40]. However, a 
recent study emphasis that there is still a need for tool support for the UML profile for 
QoS [1]. Based on that, we can state that there is no direct tool support for the UML 
profile for QoS, but there is a possibility to introduce stereotypes in UML 2.0 tools to 
support the specification of profiles and thereby the UML profile for QoS. 

In general, each tool can support a particular language or a set of them (tool 
support for each QoS specification languages is described in Section 4.2.1 separately 
for each modeling language). However, INDEX doesn’t seem to support any of the 
described language. Therefore, due to its facility of mapping the service and price into 
the corresponding QoS, one can say that this tool can support HQML, since this 
language provides the support to specify services and prices. However, HQML is web-
based language and it uses HTML specification to define QoS contracts, and therefore 
it cannot be stated that INDEX can support such specialized language. Thus, we can 
argue that INDEX is a language independent tool that is used when there is service and 
its available prices involved.  

From this analysis, it is noticed that a tool support for QoS is still an emerging area 
and there is a need to increase the number of tools for this purpose.  

Table 2 below summarizes the available tools and its QoS language that are 
supported by a tool. 
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Table 2 - Tool Support of different QoS specification languages 

 

INDEX QoSTalk COMQUAD QuO UML-based

GUI Characteristics Graphical Graphical Graphical Code-based Graphical

UMLProfile for QoS Not available No No No Yes

QML Not available No No No No

CQML Not available Yes Yes No No

QDL Not available No No Yes No

HQML Not available yes No No No

Tool Support

QoS Specification Languages

 

 

Table 2 shows some available tools in terms of their applicability within the QoS 
specification languages and also illustrates the GUI characteristic of each tool, weather 
a tool provides graphical interface or is code-based. QuO is the code-based tool, 
whereas others, such as INDEX, QoSTalk, COMQUAD and UML-based tools that 
support profiles specifications, provide user-friendly visual GUI. 

INDEX provides visual GUI, support to specify quality services and prices, but it 
is not clear which language it supports. On the other hand, UML profile for QoS is 
indirectly supported by a set of UML-based tools that allow specification of profiles.  

QoS modeling languages are in general support for at least one tool, excluding the 
QML. It may be due to that it was further improved for CQML, so investigations of its 
tool support were not well evaluated. A description of the relationship between tools 
and QoS modeling languages is provided in Section 4.2.1. 
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6 EVALUATION CRITERIA 

 

This chapter provides a set of evaluation criteria that will be applied in the 
evaluation of the UML profile for QoS and further in a comparison among the profile 
and the other existing QoS specification languages.  

The criteria are defined in two perspectives:  

• Language perspective: characterized by criteria that evaluates a QoS language in 
terms of the characteristics of the language, i.e., its properties and usability from 
user perspective. In this perspective the following criteria are included: 
expressiveness, understandability, applicability and reusability. Expressiveness 
and reusability is concerned on the characteristic of a language in terms of its 
properties, whereas understandability and applicability are related to the user 
perception and how often a language is explored by researchers. 

• Tool support: is the perspective that deals with the support of a particular 
language in terms of its tool support. It relates the available tools with specific 
languages and establishes metric that measures qualitatively whether a QoS 
language is well supported by a tool or not.  

 

6.1 Definition of the Evaluation Criteria 

 

There are different ways of expressing QoS. Each language obeys some sort of 
mechanisms and rules.  

To compare and evaluate QoS specification languages, we define a set of criteria 
in two perspectives: the language perspective and the tool support. These are listed 
below and will be used to evaluate the UML profile for QoS itself (see Section 8.1) 
and then compare it with other available QoS specification languages (see Section 
8.2). For each criterion, a rationale for choosing it is also provided (how to measure). 

To describe the criteria, the following pattern will be used: 

  Name: name of the criterion, 

• Description: provides the information of what to measure in a particular 
criterion, 

• Rationale: gives the reasons why to use particular criteria, 

• Metrics: addresses the scale of measurement. 

• How to measure: specifies the criteria or assumption used to constrain the 
defined metrics. 

Since criteria are categorized in two distinct perspectives, they will be described 
separately, following the same pattern. 
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From the language perspective, the evaluation criteria are the following: 

1) Expressiveness:  

• Description: this criterion refers to the capability of particular language 
together with the available mechanisms of particular language to specify 
QoS. An expressive language must include capability of specify a large QoS, 
their required resources and must provide adaptation rules.  

• Rationale: expressiveness is relevant to this study due to it include a variety 
ways of expressing QoS with different mechanisms. For instance, QoS 
modeling languages use different contracts to express QoS whereas in the 
UML profile they are expressed in UML meta-models as well as OCL 
expressions. What makes the choice of this criterion relevant is the fact that it 
provides an insight of what can be more appropriate in the available language 
when the aim is to use a more expressive language. 

• Metrics: expressiveness is rated as good, fair and poor. 

• How to measure: A language is considered as having good expressiveness in 
case it provides the capability to specify most of the QoS, required resources 
and provides adaptation rules. In case a language does not support 
specification for a large variety of QoS but support specification of required 
resources, it is rated as with fair expressiveness. In addition, if it is a generic-
purpose language but does not support specification of resources, then it can 
also be considered with fair expressiveness. If the language does not support 
specification for a large number of QoS and does not provide mechanisms to 
specify resources, then it has poor expressiveness power.  

 

2) Reusability:  

• Description: this criterion becomes more important when QoS specification 
gets larger and more complex. Sometimes it may be the case that a new 
specification is just an existing one with some minor changes [19]. 

• Rationale: the QoS specification language with reusable mechanisms is 
appropriate to be used when large and similar specifications are involved. In 
that sense, we assume that reusability criterion is relevant to be investigated 
in this study as it helps the user to reuse what they have, in that way saving 
their time and resources. 

• Metrics: reusability is rated as: high, fair and none reusability. 

• How to measure: A language has high reusability if it incorporates well-
defined mechanisms that facilitate reusability of the specification. If it has 
partial mechanisms that facilitate reusability or at least has the condition to 
adapt the specifications without changing its core, then it has fair reusability. 
In case such language does not provide any mechanisms that sustain 
reusability, then it has no reusability.  
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3) Understandability:  

• Description: this criterion refers to the ability of understanding a particular 
language for specifying QoS. Understanding a language is accomplished if 
such language provides an easy way of representation QoS with less complex 
number of artifacts from the user perspective. 

• Rationale: Some QoS specification languages are powerful, providing 
flexible mechanisms specified in structured language such as metamodelling. 
However, sometimes users face problems in understanding specialized 
semantics of languages. Once users have difficulty in understanding the 
mechanisms and rules to follow in a particular language, this language turns 
to be less used by them. 

• Metrics: Understandability criterion is measured as: easy, regular and hard to 
understand.  

• How to measure: A language is considered easy to understand in case its 
specification does not require extra effort from the user side. It assumes that 
user should understand a QoS requirement described in natural language. In 
addition, the easy understandable language should have less complex 
artifacts. It implies that, in any easy specification, specific terms related to the 
specification of the QoS modeling language that cannot be understood for a 
generic user is consider hard to understand. Therefore, a hard to understand 
language is the one that uses specialized annotations that requires specific 
training programs, since they are not comprehensible for most of users. A 
language is regularly understood if it provides specialized annotations 
combined with simple specifications (including natural language 
specification) that are well-known by any user. A language that is regular in 
terms of its understandability may require short trainings to involve the user 
in the language in a more comfortable way. 

 

4) Applicability:  

• Description: this criterion represents how much a particular QoS 
specification language is familiar and used by different parties or individuals. 
It gives an idea of what is the most used QoS specification language and may 
pointed out for some reasons. This factor is analyzed according to the 
available studies of different languages and how mature it is in the research 
community.  

• Rationale: the importance of this criterion is to gather the most and less used 
language to specify QoS.  

• Metrics: applicability is rated as: high, regular and less applicability. 

• How to measure: A language is considered well-accepted and applicable by 
others if it is observed at least more than two times in different environments 
(or studies). In these conditions, the language is rated with high parameter if 
it is used two or one time by researchers, then it is considered as with regular 
application. If no researcher has used such a language and it is not quite 
recent, then this language is considered to be less applicable. 
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From the tool support perspective, the evaluation criterion is the following: 

Tool support:  

•••• Description: the process of QoS specification can be done either manually or 
aided by a tool. Tool support helps to construct proper, correct and 
meaningful QoS specification. This criterion is supposed to measure to what 
extend what aid is available in particular tool and how useful it is. The 
usefulness of a tool is measured in terms of whether the Graphical Unit 
Interface (GUI) is user-friendly or not.  

•••• Rationale: using tool support implied reducing time and resources in QoS 
specification. It also may guarantees the quality of the specification as 
humans are more eager to make mistakes while performing specifications 
manually. This criterion is relevant to acquire information about available 
tools for each QoS, how they are using, and to learn what are the available 
aid in each tool. 

•••• Metrics: the scale used for tool support is: good, fair and poor. 

•••• How to measure: A language has good tool support if there are at least two 
available tools for it, since tool support is still a weakness in QoS 
specification domain. In case it has only one tool to support its specification, 
then the language is considered has having tool support at fair scale. If there 
are not direct available tools to support a QoS language, but there is a 
possibility of using tools by some modifications, it is rated poor. Finally, it is 
poor if no tool support is available at all.  
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7 EXAMINATION OF THE UML PROFILE FOR 

QOS 

 

The chapter starts by explaining the UML profile for QoS from the user 
perspective translating the metamodel language into a natural language description and 
further it provides the specifications of particular QoS and the benefits and drawbacks.  

 

7.1 UML profile for QoS 

 

The UML profile defined by OMG for QoS and Fault Tolerance was adopted in 
June, 2004 [37]. This UML profile is one of the profiles that deal with system non-
functional aspects, more specifically the QoS and Fault Tolerance issue. For a better 
understanding of the UML profile position in the UML modeling framework, we 
provide a graphical illustration in Figure 19 that also shows its relationships with other 
UML profiles.  

 

 

Figure 19 - Relationships among UML profiles within the UML framework 

conceptual 
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The illustration provided in Figure 19 is based on the Cortellessa and Pompei [45] 
approach, whereas a component-based reliability was built and associated with QoS 
and Fault Tolerance profile. Our approach is more general, and it attempts to show the 
relationships among the UML profiles within the UML conceptual framework.  

The meta-model level is divided in two areas: the upper area, containing all meta-
models found in the MOF (that includes the UML standard), and the lower area, 
formed by a set of profiles that define how the UML is used in domain-specific issues 
[45]. At the lower side, the UML profile for QoS and Fault Tolerance is represented by 
a round box and it is associated with other non-functional profiles represented by a 
square box (named Other Non-functional). In addition, QoS and Fault Tolerance 
profile is associated with the well accepted UML profile for Schedulability, 
Performance and Time (SPT) [38], which is represented by a square box. The main 
reason for this association is that, the SPT profile includes concepts that support the 
QoS specification for resources and their contracts. SPT provides three packages that 
support the description of QoS contracts for resources: the Core Resource Model, the 
Resource Usage Model and the Causality Model [37]. General resource model in SPT 
was designed as a conceptual model. Therefore, UML profile for QoS extends this 
model by stereotypes in order to provide the support for the identification of 
dependencies of resources at conceptual level.  

The UML profile for QoS and Fault Tolerance integrates basically extensions in 
two basic frameworks: the general QoS Framework and the Fault Tolerance modeling 
framework. The general QoS Framework provides support to ensure consistency in 
modeling different QoS [37].Fault Tolerance part assesses the capability of a system to 
deliver continuous and failure-free service [45]. Since the study is concentrated in QoS 
specification approaches, the Fault Tolerance part of the profile is not analyzed and is 
considered out of scope.  

The QoS framework includes meta-models in its specification and support QoS 
categorization. Earlier in this study, a detailed QoS framework based on the UML 
model was provided in Section 3.3. The specification of this framework includes 
similar meta-models to the ones specified in the UML profile for QoS specification: 
QoSCharacteristics, QoSForces and QoSLevels. A slightly difference is that the 
QoSForces are designated as QoS Constraints in the UML profile for QoS. There are 
also other differences in terms of the elements of each meta-model that are clearly 
observed in the study, as specification of both meta-models are provided. Therefore, 
the UML QoS framework presented in [37] is partitioned in main three meta-models: 
QoS Characteristics, QoS Constraints and QoS Levels.  

Based on the meta-models definition, the profile is composed by the following 
subprofiles: QoS Characteristic subprofile, QoS constraints subprofile and the QoS 
levels subprofile. Each subprofile has associated UML concepts (meta-models and 
stereotypes) and well-formedness rules and semantics expressed in OCL [37].  

 

Subprofiles of QoS profile are depicted in Figure 20. 
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Figure 20 - Subprofiles in the QoS profile [37] 

 

The profile is organized hierarchically starting by QoS Characteristics subprofile, the 
QoS Constraints subprofile and the QoS Levels subprofile. Detail explanation of these 
subprofiles is provided in next sections. Detailed descriptions of each subprofile along with 
the corresponding meta-model are presented in the next sections. 

 

7.1.1 QoS Characteristic Subprofile 

 

QoS Characteristic meta-model is the base constructs to the QoS Characteristic 
subprofile which is defined by specific extensions mechanisms and well-formedness 
rules and semantics expressed in OCL. Therefore, first we present the 
QoSCharacteristic meta-model defined in the UML profile specifications. 
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Figure 21 -QoSCharacteristic meta-model [37] 

 

QoSCharacteristic meta-model illustrated in Figure 21 represents quantifiable 
characteristics of services. QoSCharacteristic is the constructor for the description of 
non-functional aspects such as: throughput, reliability, availability, integrity, etc. the 
relation Sub-parent provides support for the extensions-specialization. This association 
supports the reuse of QoS characteristics in a cycle mode. QoSCharacteristic may 
require some parameters. QoS Parameter concept supports the description of 
parameterization of the QoS characteristics defining its units and types of value 
definitions. QoSCharacteristic has an attribute isInvariant, which specifies when the 
QoS Characteristic can or cannot update the value of the dimension in a dynamic way. 
QoSDimension meta-model represents dimensions for the quantification of QoS 
Characteristics. A QoS Characteristic can require more then one type of 
QoSDimension. QoSDimension cab is defined based on another QoSCharacteristic by 
composition of the QoS Characteristics for the definition of new qualities. 
QoSDimension comprises the following attributes: statisticalQualifier, Direction and 
unit. The statisticalQualifier give the type of statistical qualifier in case the value of the 
dimension is statistical value. The attribute direction defines the type of order relation, 
which is defined by following values: increasing, decreasing and undefined values. 
Unit allows the specification of the unit for the values of the dimension. 

QoSCharacteristic may be grouped in one or any QoSCategory. A QoSCategory 
can be composed by subcategories of QoS Characteristics (e.g. performance, 
dependability are categories within the QoS categories group).  
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Based on the QoSCharacteristic meta-model, the UML extensions and semantic 
rules are defined for QoSCharacteristic concept. The stereotypes defined for QoS 
characteristics are: QoS Characteristic stereotype, QoS Category and QoS Dimension. 
Each stereotype is associated to a base class and it is illustrated in Figure 22. 

Figure 22 -QoS Characteristics Stereotypes [37] 

 

Figure 22, illustrates that the base class of the stereotype <<QoSCharacteristic>> 
is Class. In addition the Classifier metaclass in meta-model 
AuxiliaryConstructs::Templates is the UML metaclass that can represent classes with 
template parameters. Properties and Structural Features with stereotype 
<<QoSDimension>> provide support for the quantification of characteristics. The 
metaclass Class included in meta-model Classes::Kernel does not provide support for 
the description of template properties. Thus, these descriptions are provided by the 
meta-model AuxiliaryConstructs::Templates that includes the constructors for the 
description of template and parameters of model elements. For <<QoSCategory>>, the 
base class is Package. The package is a grouping of QoS Characteristics that provides 
support for the management of QoS Characteristics [37].  

QoS Values implicitly constraint fix slots of values of a QoS Dimension (see 
Figure 22). The base class of <<QoSValue>>stereotype is the InstancesSpecification. 
The model element annotated is an instance of a class annotated 
<<QoSCharacteristic>> [37].  
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Figure 23 - QoS Values Stereotypes [37] 

 

The well-formedness and semantics rules for the concepts presented above are the 
following [37]: 

Rule 1: In case a property is annotated with stereotype <<QoSDimension>>, the 
class that includes the property must be annotated with the stereotype 
<<QoSCharacteristic>>. 

Rule2: The type of a <<QoSDimension>> represented with a property can be a 
<<QoSCharacteristic>>, a primitive type or an enumerated type. 

Rule3: When classes are annotated with <<QoSCharacteristic>> and class 
parameters cannot have QoS Value instances. 

 

These three rules are described in natural language and further expressed in OCL 
language to ensure its precise description, avoiding misinterpretations originated by 
natural languages expressions.  

The OCL expressions for the rules are [37]: 

Rule1 in OCL: In OCL this rule is represented as: 

context QoSDimension invariant: 

 self.base.class. stereotypes->includes(QoSCharacteristic) 

 

This OCL expression emphasizes the natural specification of Rule 1. It states that 
in the context of QoSDimension stereotype (that is always true) the class that includes 
the property should be specified as QoSCharacteristic stereotype annotation. 
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Rule2 in OCL: using OCL language this rule include the following expressions 
[37]: 

context QoSDimension invariant: 

 self.base.classifier.isTypeOf(Property) implies 

(self.base.classifier.isTypeOf(Enumeration) or 

self.base.classifier.isKindOf(PrimitiveType) or 

(self.base.classifier.isTypeOf(Class) and 

self.base.classifier. 

stereotypes->includes(QoSCharacteristic))) 

 

Rule2 in OCL specification states that in the context of the QoSDimension a 
classifier represented with a property can be: enumerated type, primitive type, a class 
and a QoSCharacteristic itself. 

 

Rule3 in OCL: Rule 3 presented in OCL [7]: 

context QoSValue invariant: 

 self.base.classifier->forAll(self.isKindOf( 

  UML::AuxiliarConstructs::Templates::Classifier) implies 

self.ownedSignature.inheritedParameter.size() = 0) 

 

Rule 3 in OCL expression states that in the context of QoSValue, an annotated 
classifier, such as in the description provided of a classifier by the template (i.e., 
QoSCharacteristic), implies that an inherited class parameter would have null QoS 
values. 

 

All OCL rules presented express invariant contexts for different concepts. As we 
learnt previously in Section 4.2.2, an OCL expression starts with the definition of the 
context in which a particular constraint is involved. In case of invariant context, it is 
always specified as true and can be a class, type or interface.  

 

7.1.2 QoS Constraints Subprofile 

 



  61 

The QoS Constraints subprofile is based on the specification of the QoSConstraint 
meta-model, as illustrated in Figure 24.  

 

Figure 24 - QoS Constraint meta-model [37] 

 

The QoSConstraint meta-model shown in Figure 24 is an abstract metaclass that 
limits the allowed values of one or more QoSCharacteristics [37]. QoSConstraint can 
be required from the client or provided by the server. QoS required is represented by 
QoSRequired concept and QoS provided is represented by QoSOffered. When the 
client defines its QoS Required constraint, the server that supports the service must 
provide services with the desired quality levels to meet its client’s requirements. QoS 
Offered establishes the limits of values that a server can support. Often, QoSOffered 
depends on the QoS provided by the resources and service providers that the software 
elements use [37]. QoSContract specifies the quality that the server can support 
(QoSOffered) and the requirements that must achieve its clients (Required QoS). In 
that way, QoSContract concept establishes an agreement of QoSRequired and 
QoSOffered. A QoSConstraint has an attribute Qualification. It specifies the strictness 
of the constraint. Qualification has the values: Guarantee, Best Bets-Effort, Threshold-
Best-Effort, Compulsory-Best-Effort and none. QoSCompoundConstraint represents 
the combination of a set of constraints that ensemble correspond to a QoS Constraint 
for a model element (e.g. class, component or object, etc). QoSCompoundConstraint is 
needed in case a model element does not have a single mode of execution or can adapt 
its execution to provide different quality levels [37].  

Based on the QoSConstraint meta-model, the corresponding subprofile is 
presented.  
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The QoS Constraint subprofile includes the following stereotypes: 
<<QoSRequired>>, <<QoSOffered>>, and <<QoSContract>>. The QoSConstraint is 
an abstract stereotype, so there are no instances of this stereotype, given that it is used 
for structural purposes. 

Three methods are defined for specification of QoSConstraints [37]: 

1) UML constraints with stereotype <<QoSRequired>>, <<QoSOffered>>, 
or <<QoSContract>>. These constraints include OCL expression whose 
context is a QoS Context classifier. These OCL expressions establish the 
limits of allowed values of QoS Characteristics associated with the QoS 
Context. Attribute AllowedValue and logicalOperator are not used in this 
method [37]. 

2) UML Dependency relationship with stereotype <<QoSRequired>>, 
<<QoSOffered>>, or <<QoSContract>>. It represents the dependency of a 
model element depending on a QoSValue. The attribute AllowedValue is 
not used whereas the logicalOperator attribute is used. logicalOperator 
characterizes the logical relationship between QoS Values in case there are 
multiple values involved in the dependency. The values for 
logicalOperator are: and, or and none [37]. 

3) A model element with stereotype <<QoSRequired>>, <<QoSOffered>>, 
or <<QoSContract>>. The attributes AllowedValues and logicalOperator 
are used in this method. AllowedValues corresponds to a set of QoS 
Values whereas logicalIOperator specifies the logical relationship between 
the QoS Values. This annotation is used to constraint a model element 
with a set of allowed QoS Values [37]. 

 

Figure 25 - QoS Constraints Stereotypes [37] 
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Figure 25, shows the QoSConstraints stereotypes. Like its metamodel the 
<<QoSConstraint>> stereotype can have a <<QoSRequired>> or <<QoSOffered>> 
constraint. A <<QoSContract>> stereotype is represented as abstract stereotype and it 
provides the specification of both the QoSRequired and QoSOffered. 

Well-formedness and semantics rules are provided for QoSConstraint concept 
[37]: 

Rule1: The provider of a UML dependency annotated with stereotype 
<<QoSRequired>>, <<QoSOffered>>, or <<QoSContract>> must be an 
InstanceSpecification annotated with stereotype <<QoSValue>>. 

Rule2: The context of constraints annotated with stereotype <<QoSRequired>>, 
<<QoSOffered>>, or <<QoSContract>> must be a Classifier with stereotypes 
<<QoSRequired>>, <<QoSOffered>>, or <<QoSContract>>. 

Both rules are expressed in OCL expressions. 

Rule1 in OCL: using OCL language this rule is transformed into [37]: 

context QoSConstraint invariant: 

 self.base.isKindOf(Dependency) implies 

 self.base.supplier->forAll( 

  self.isKindOf(Instancespecification) and 

  self.stereotypes->includes (QoSValue) 

 

It states that in the context of a true value of a QoSConstraint, all kinds of 
dependencies imply that all dependencies of a provider must be a kind of 
InstanceSpecification and that it must include stereotype QoSValue.  

Rule2 in OCL: in OCL this rule is translated as [37]: 

 context QoSConstraint invariant: 

 self.base.isKindOf(Constraint) implies 

                self.context->forAll(self.stereotypes-> 

  forAll(self.isKindOf(QoSContext)) 

) 

This rule expressed in OCL emphasises the natural language specification stated 
above. It states that in the context of QoSConstraint stereotype, constraints implies that 
a context is specified for all types of constraints stereotypes. 
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7.1.3 QoS Levels Subprofile 

 

The basic meta-model for this subprofile is the QoS Level which is provided in 
Figure 26: 

 

Figure 26 – QoS Level meta-model [37] 

 

Figure 26 shows QoSLevel meta-model specification. QoSLevel concept 
represents different modes of QoS supported by a subsystem. Depending on the 
configuration of the systems, the software element (e.g. component) can support 
different working modes, each providing different qualities for particular service. For 
each working mode, a QoSLevel is specified. For each QoSLevel there are different 
required resources. Furthermore, AllowedSpace relationship describes the conditions 
that a software element and the system must meet to be in particular QoSLevel. The 
CurrentLevel depends on the available resources, the quality required and functional 
parameters (e.g. state variables). QoSTransition specifies the allowed transitions 
among QoSLevels. The QoSCompoundLevel is composed by all QoSLevels. These 
QoSLevels have associated some QoSConstraints and all of them define the 
QoSCompoundConstraint associated to the QoSCompoundConstraint [37].  

Based on the QoSLevel meta-model, UML extensions mechanisms and OCL 
expressions are specified for the QoSLevels subprofile. The QoS Levels subprofile 
includes the following concepts: <<QoSLevel>> and <<QoSTransition>> stereotypes. 

Since the QoS Level defines QoS Behaviours, this subprofile is also named QoS 
Behaviour subprofile. For each stereotype defined in this subprofile (depicted in 

Figure 27) there is an associated base class. For instance, the base class for 
<<QoSLevel>> stereotype is the State and the base class defined for 

<<QoSTransition>> stereotype is the Transition. States model the quality state of 
model elements like classes or components. The QoSLevel states can have associated 
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QoSConstraints. On the other hand, Transitions model the quality transition of 
software elements associated with the state machine in which it is integrated. These 
transitions connect QoSLevel states and can have associated QoSAdaptationProcess 

[37].

 

Figure 27 - QoSLevels Stereotypes [37] 

 

Based on the context QosLevel and QoS Transitions, a well-formedness rule is 
formulated and expressed in OCL [37]: 

Rule1: This rule states that the transitions that connect two QoS Level states are 
QoS Transitions: 

context QoSLevel invariant: 

 self.base.outgoing->union(self.base.incoming)-> 

  forAll(self.stereotypes.includes( 

                QoSTransition)) 

context QoSTransition invariant: 

 self.base.source->union(self.base.target)-> 

                forAll(self.stereotypes.includes(QoSLevel)) 

 

The OCL semantic emphasises rule1, stating that in the context of QoSLevel all 
incoming stereotypes annotated with QoSLevel are connected with all stereotypes 
annotated with QoSTransition. The second OCL expression express same rule defined 
in the context of QoSTransition.  
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7.2 Requirements Specification using the UML Profile 

for QoS 

 

In this section, the requirement specification provided in the standard UML profile 
for QoS is presented. Following previous QoS specifications (provided in Chapter 4), 
we present throughput and reliability qualities to represent all the categories. For each 
QoS, the UML profile for QoS provides a set of defined meta-models. 

 

7.2.1 Throughput Requirement Specification based on the UML 
profile for QoS 

 

The UML profile for QoS includes a model for the specification of throughput 
concept. It specifies different types of throughputs. Figure 28 shows an abstract 
QoSCharacteristic (throughput), that represents the throughput in general, in a 
particular interval of time and rate, whose units or direction are not defined (as it is 
abstract). The QoSCharacteristic throughput can be: input-data-throughput, 
communication-throughput or processing-throughput. The input-data-throughput 
represents the arrival rate of user data input to a channel (software or hardware) 
averaged over a particular period of time. Its rate unit is bit/sec and its direction of the 
dimension is increasing. Communication-throughput represents the rate of user data 
output to a channel averaged over a particular period of time. The unit and the 
direction of this throughput is the same as the previous one. Processing-throughput 
represents the amount of processing possible to be created in a period of time. The unit 
of rate is instructions/sec and the direction increasing [37]. 
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Figure 28 - Throughput specification using the standard UML profile for QoS [37] 
 

The throughput representation in the UML profile is defined through meta-models 
over a particular time. The model specifies three different types of throughput, each 
with respective QoSDimension and direction (increasing or decreasing). 

Using the same example of throughput (expressed in Section 4.1) which states that 
expected throughput should be more than 50 mb per seconds and it is desirable to 
increase the value over a period of time. Since the direction of stated requirement is 
increasing and the unit is mb/sec (which can be transformed to bit/sec to be flow with 
the model) this requirement can be specified either as an input-throughput or 
communication-throughput in throughput model provided by the UML profile. This is 
due to the low level of detail provided by stated requirement, which does not indicate 
the type of throughput. 
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7.2.2 Reliability Requirement Specification based on the UML profile 
for QoS  

 

In the UML profile for QoS, reliability is modeled as an integrated of 
dependability. Dependability includes rather then reliability, availability safety, 
confidentiality, and maintainability QoS characteristics [37]. The characteristics 
specified in dependability model are the ones that qualify the services. Fault-tolerance 
characteristic is related to the reliability specification and are part of the dependability 
model. The impairments to the dependability include the fault, error and failure [37]. 
Faults arise within the system, whereas failures occur in the environment [37]. Failures 
are evaluated with respect to intent, not the specification. Failures can be quantified 
with three enumerated attributes: domain (values, failures, timing failures), perception-
by-users (consistent failures, inconsistent failures), consequences (benign failures, 
catastrophic failures).  

Since the description of reliability is included in the dependability characteristic, 
availability and fault-tolerance characteristics are expressed along with reliability in 
the UML profile for QoS. It is depicted in Figure 29:  
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Figure 29 - Reliability and Availability Specification in the UML Profile for QoS [37] 

 

Figure 29 represents the model described in the profile for QoS for dependability 
characteristic. Since reliability is a part of it, it is included in this model. Although 
reliability is mixed with availability and fault-tolerance concepts, it provides the 
necessary mechanisms to express the reliability requirement. Relating the model 
(illustrated in Figure 29) and our reliability requirement example: “the number of 
failures of a system shall be less than 10 failures per month and it is desirable that it 
decreases in the same scale monthly”; it is important to identify which meta-models 
are involved along with respective dimensions. Therefore, number of failures is 
modeled through the attribute expected-number-service-failures. It has decreasing 
direction, such is the stated requirement. based on that, reliability requirement can be 
specified through the model provided in the UML profile for QoS. 

Summarizing, we can state that UML profile for QoS provides flexible 
mechanisms for specifying all types of QoS characteristics. For each QoS, a model 
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based on meta-models can be defined in which attributes (including direction) and 
operations can be expressed in generic way enabling the easy specification any type of 
requirement. The defined model for each QoS is based on meta-models specifications. 
Since developers (or engineers) are the persons that most specify QoS requirements 
and are not UML experts it may be hard for them to understand the metamodelling 
language used in the profile. Since the profile is hard to understand from the users’ 
perspective, it is still less applied in practice.  

Regarding tool support (detailed in Chapter 5), the UML profile for QoS is not 
supported directly by any tool, but it is possible to specify stereotypes in UML tools 
capable to support profiles extending it to a QoS domain.  

 

7.3 Benefits and Drawbacks of the UML Profile for QoS 

 

The benefits and drawbacks of the UML profile for QoS are as follows: 

 

Benefits:  

• UML profile for QoS allows the definition of an open variety of QoS 
requirements and properties [29]. UML allows the designer to define any set of 
QoS requirements and carry out any specification analysis that could be relevant 
in QoS aspects [1]; 

• UML profile for QoS is strong in terms of its expressiveness. This profile is able 
to express consistently a quality model for a set of QoS or individuals, showing 
its relationships and well-formedness rules and semantic expressed in OCL; 

• UML profile for QoS provides flexible mechanisms to store pre-defined QoS 
Characteristics [14], 

• UML profile provides good mechanisms that enable reusability of its 
specifications as it is explained in above Section (Section 7.3). 

 

Drawbacks: 

• A major drawback identified in the UML profile is its weakness in terms of tool 
support. Adapting a UML tool for QoS domain would be a solution for this 
problem, 

• One of the disadvantages of the UML specification for QoS is that it is written 
using metamodelling language. The QoS framework is based in meta-models 
and the subprofiles are presented in meta-models and UML extensions, such as 
stereotypes.  

• Not all users are able to understand this language. Kühne [43] emphasizes that 
most engineers have no background to manage description hierarchies presented 
in the metamodelling specification [43]; 
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• UML profile for QoS annotations are based on three steps: the definition of QoS 
characteristics, the definition of quality model (in which QoS characteristics 
parameters are assigned to actual values) and the last step in which the UML 
models are annotated with QoS constraints and QoS values according to the 
QoS characteristics defined in the Quality Model and to the characteristics of 
interest [1]. These three steps require too much effort for the users due to its 
complexity [14]. The QoS annotation approach is not straightforward from the 
point of view of UML modelers, in particular, the execution of the first step. 
The set of QoS characteristics defined in the first step should be used for the 
QoS annotation of different applications either of the same domain or for which 
the same type of analysis has to be carried out. Hence, QoS characteristics 
defined in first step should be defined by expert analysts of the application 
domain and provided in the QoS Profile to the end-user modelers [1], which is 
not always feasible. 
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8 EVALUATION AND A COMPARISON OF 

THE UML PROFILE FOR QOS AND OTHER 

LANGUAGES 

 

The evaluation of the UML profile for QoS and the comparison among the profile 
and other QoS specification languages is presented in this Chapter. In order to perform 
those tasks, a set of criteria were defined (see Chapter 6) and further applied and 
processes were followed. Added to that, a set of strategies were defined and applied 
for both evaluation and comparison processes.  

The description of the evaluation process of the UML profile for QoS against 
evaluation criteria and it comparison with other QoS specification languages is 
provided below. 

 

8.1 Evaluation of the UML Profile for QoS  

 

The evaluation of the UML profile for QoS against certain criteria: expressiveness, 
reusability, understandability, applicability and tool support has been done as 
described below.  Criteria used for description are those from Section 6.1.  

The approach for the empirical evaluation of the UML profile is conducted 
through the following strategies:  

Strategy1 - Data collection: this strategy is related to the data collection process. 
With the aim of producing trustworthy results, the data used in the evaluation process 
was gathered in reliable sources, such as well known databases: IEEE Xplore, ACM 
Digital Library, Springer and INSPEC and credible websites (e.g. OMG [34]). The 
data collected is further analyzed based on the stated criteria from the user perspective. 
Hence, the result of this study is a reflection of the available data collected.  

Strategy2 - Assessment based on defined criteria: this strategy relies on the 
assessment of the profiles based on pre-defined criteria. This strategy is the driving 
mechanism to the evaluation process that imposes conditions and what can be 
observed and further analyzed through the profile that is relevant from the user 
viewpoint. The assessment is performed separately for each criterion subdivided in 
two perspectives: 

From language perspective: 

• Expressiveness: the UML profile provides capabilities to express any QoS. In 
addition, the UML profile for QoS is associated with the UML profile for SPT to 
uses its model for resource specification. UML profile for QoS extends the 
mechanisms of the general resource model from the SPT profile to provide the 
support for resources specification. Based on that, the UML profile for QoS is 
considered expressive. As it support specification for different QoS, resources 
and it provides adaptation mechanisms (in this case are the extensions, such as 
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stereotypes, to include the general model resource) it can be rate as an approach 
of good expressiveness mechanisms.  

• Reusability: since the QoS are modeled in terms of meta-models and UML 
extensions in the UML profile, this approach provides a model for each type of 
QoS. Consequently a requirement can be specified and further reused. In 
addition, the profile itself provides the support not only to reuse the profile 
specifications, but also to reuse other mechanisms coming from other profiles 
(e.g. the general resource model from the SPT profile). This flexibility and strong 
support in terms of reusability turns the profile into an approach of high level of 
reusability.  

• Understandability: the UML profile is written in metamodelling language, 
supported by UML meta-model QoS Framework. The description of that profile 
also includes UML extensions mechanisms such as stereotypes and OCL 
expressions that specify rules and semantics descriptions. From the user 
perspective, the UML profile is considering hard to understand, since in general a 
user (e.g. a developer or designer) is not familiar with metamodelling language. 
Commonly, UML language is used at design model level (used to model the 
system entities, behaviors, processes, etc) whereas metamodelling is used to 
specialists in UML languages (with the aim of defining models and derived 
languages). Regarding the complexity of the artifacts, it can be notice in the UML 
profile specification that for each QoS, an UML model is defined that integrates 
specialized artifacts, such as meta-models and stereotypes. 

• Applicability: although this profile exists for as far back as two years, a number 
of researches have been done to assess and analyze it. There are a considerable 
number of studies regarding the UML profile for QoS that include, among others: 
[14, 45, 40, 19 and 1]. Since the UML profile is mentioned and investigated in 
more than two studies in different situations, this approach can be considered 
mature in terms of level of importance in the research community. Hence, it is 
rated as an approach with high applicability.  

 

From tool support perspective: 

• Tool support: the UML profile for QoS is not supported directly by any tool [1]. 
However UML-based tools that can support profiles and allow the introduction of 
domain specific profiles, such as the QoS profile. Therefore, concerning this 
criterion, the UML profile is rated as poor.  

As a result, Table-3, resumes the assessment of the profile in terms of different 
criteria. 

Table 3 - Evaluation of UML profile for QoS against evaluation criteria 

Expressiveness Reusability Understandability Applicability Tool support

(good/fair/poor) (high/fair/none) (easy/regular/difficult) (high/regular/less) (good/fair/poor)

UML profile

for QoS

Comparison Criteria (Rating Scale)

good poorhardhigh high
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Table 3 summarizes the evaluation of the UML profile against specific criteria, 
taking into account the user perspective. Each criterion is defined by its scale (with 
three levels). Analyzing Table 3, it is clearly visible that the UML profile is good in 
terms of expressiveness (since it is UML-based), support reusability (through its 
flexible mechanisms) and is also very well applied by individuals. However, the UML 
profile specifications (specified in meta-models) is hard to understand and it is poor in 
terms of tool support (no tool that is directly built for the specification of this profile is 
available). 

The result of this evaluation is further used to establish the comparison among the 
UML profile for QoS with other QoS specification languages (in Section 8.3). 

 

8.2 Comparison of QoS Modeling Languages 

 

Based on the assessment of different QoS specification languages against a set of 
criteria defined in Section 6.1 (expressiveness, understandability, tool support, 
applicability and reusability), the following strategies were defined and applied: 

Strategy1 - Data collection: as the evaluation process (described in Section 7.3), 
the needs of presenting trustworthy results is aided by this strategy. Information 
collected from reliable sources (well recognized databases and websites) is used to 
produce the comparison analysis. 

Strategy2 - Selection of concrete QoS to build practical example of specification: 
with the aim of providing clear understanding of different approaches; two QoS are 
picked (throughput and reliability) to serve as examples for QoS specifications. 
Choosing same QoS requirements and further specifying them with different 
approaches may guarantee consistency and at same time it may upraise some 
differences and similarities among the approaches. Whenever it is possible, same 
specification was used by different approaches. The examples of QoS requirements 
used for UML profile for QoS, is not an exception. It models the QoS referred by the 
others approaches.  

Strategy3 - Comparison of the specification languages against particular criteria: 
this strategy conducts the assessment of the different specification languages based on 
pre-defined criteria. The comparison is performed by isolating each criteria and 
assessing the modeling language describing all of them in particular criterion, taking 
into account the user perspective. Hence, based on evaluation criteria, the QoS 
specification languages are assessed considering the following: 

Criteria from language perspective: 

• Expressiveness: in terms of expressiveness, each of the modeling language is 
assessed taken into account its capacities to specify large number of QoS, 
required resources and adaptation rules. A modeling language is considering 
with good expressiveness if it provides mechanisms to specify major group of 
QoS, resources specifications mechanisms and its adaptation rules. If a language 
does not support specification for a large group of QoS but provides 
mechanisms for resources specification and its adaptation rules, then it is 
considered with fair expressiveness. In addition, if it is a generic-purpose 
language but does not support specification of resources, then it is also to be 
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considered with fair expressiveness. On the other hand, if it does not support a 
large number of QoS and does not provide mechanisms to specify resources, 
then it is poor in terms of expressiveness.  

- QML: this language is a generic-purpose, meaning that any QoS can be 
specified in QML. However, it does not provide support mechanisms to 
specify required resources. As result, QML is fair language in terms of its 
expressiveness.  

- CQML: this language does not provide mechanisms to support all QoS (e.g. 
aspects of security cannot be specified). In addition, CQML does not 
provide mechanisms to support resources specification. Though there is an 
evolution of this language- the CQML+, that incorporates the resource 
specification, this is considered another language and its specifications are 
not taken as part of the pure CQML. Therefore, CQML is poor in terms of 
its expressiveness.  

- QDL: is a contract-based approach, provides specialized contracts to 
describe most QoS at different abstraction levels. It also provides special 
contracts to specify demands resources. These features denote QDL as a 
good language in terms of expressiveness.  

- HQML: this language is specialized for distributed multimedia systems and 
it provides support for QoS specifications that are relevant for this type of 
system. Hence, HQML does not support a large number of services and 
QoS [19, 47] that are not relevant for this domain. In addition it provides a 
great support for specifying required resources. Based on these 
characteristics, this language is rated as fair in terms of expressiveness. 

• Reusability: this measure the ability of the language to provide mechanisms for 
reusing QoS specifications reducing in that way resources on specifications that 
were done previously. Hence, a modeling language is considered with high level 
of reusability if it incorporates mechanisms that facilitate reusability of the 
specification. If it has partial mechanisms for reusability or at least has the 
mechanisms to adapt specifications using previous specifications, then this has 
fair reusability. In case such modeling language does not provide any 
mechanisms that sustain reusability, then it has no reusability.  

- QML: this language supports good specification reusability through contract 
and profiles refinement [19]. According to that, it is rated high for this 
metric.  

- CQML: this language allows not only the refinement through contracts and 
profiles such as QML, but also support the aggregation among them [16]. 
That makes it a language of high level of reusability.  

- QDL: this language does not provide mechanisms that enable the reuse of 
QoS specifications. Thus, it is rated with no level.  

- HQML: this language does not provide mechanisms to facilitate extensions 
and reuse of existing specifications [20]. Thus, it is rated as none, in terms 
of reusability. 

• Understandability: This criterion is assessed in terms of the features of the 
mechanisms that a particular language is specified (weather it is written using 
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specialized mechanisms or less complex mechanisms). This is a subject 
criterion that is based on the user perception on weather a language is easy or 
hard to understand, supposing that a user has knowledge of how to specify QoS 
requirement in natural language. In addition, the nature of artifacts (including 
number of complex artifacts) that characterize the specification of each QoS is 
also taken into account. Thus, a modeling language is rated as easy to 
understand, if it does not require extra effort from the user side (it have less 
complex and few number of artifacts). A modeling language is hard to 
understand if it uses complex and specialized annotations that are not familiar 
for majority of users. A modeling language is considered with regular level of 
understanding, if it requires some effort but at the same time provides 
annotations that can be satisfactory understood, i.e., it provides specialized 
annotations combined with simple specifications (including natural language 
specification).  

- QML: in terms of understandability this language is rated as easy to 
understand, due to its fewer complexes semantic that does not require 
previous training for understanding and interpreting a particular QoS QML 
contract. 

- CQML: this language is very easy to understand, as it introduces few 
specialized expressions and symbols like QML, and does not require any 
training for its use and implementation. 

- QDL: this language may requires a short training before its usage, as it gets 
complex when large number of events are involved. Additionally QDL 
mixes declarative QoS specification with implementation specification, 
increasing complexity to the language and therefore difficulty it’s 
understanding [22]. Based on that, QDL can be rated with regular level of 
understanding.  

- HQML: This language uses HTML tags that can be understood by a user 
familiar with web development. Despite of specialized expressions such as 
HTML tags, this language is not much difficult to understand, since tags are 
easy to read through HQML specifications. However, for a user that is not 
familiar with HTML syntax, a short training may be required to fully 
understand this language. Based on that, HQML provides regular level of 
understandability. 

• Applicability: this criterion measures how mature is a particular QoS modeling 
languages in terms of its applicability by individuals. A modeling language has 
high applicability, in case there is more than two researches (from different 
environments) done under it. If there is two or one study investigating a 
particular modeling language, then this is considered as regular level of 
applicability. If no researcher has been used such language and it is not recent, 
then it has less level of applicability. 

- QML: this language inspires different researchers to investigate more the 
QoS specification. For instance, it is recognized as the bases for CQML [22] 
language foundation. Since different studies were invoking and analyzing 
this language ([22, 39, 19, 16]) excluding its original study ([41]), it can be 
considered a mature language and thereby high applicable within QoS 
specification languages domain.  
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- CQML: this language was initially investigated in [22] and further 
improvement of the languages designated CQML+ was provided [42]. 
Other studies used CQML language as basis for its investigations and 
establish relations and comparison between CQML and other QoS modeling 
languages (e.g. [39, 16]). Considering that there are more than two different 
studies applying the language, it is rated as highly applicable.  

- QDL: though there is not a concrete observed evaluation or enhancement of 
this language (such as the case of QML that evaluated to CQML or CQML+ 
that is an enhancement to CQML), this language has been used in some 
studies ([19, 16]) with the purpose of comparing it with other QoS modeling 
languages. Based on that, this language is rated as with regular level of 
applicability.  

- HQML: apart from its original source [47], this language has been referred 
to in others studies (such as [19, 20]) with the aim of establishing a 
comparison among different QoS modeling languages. In addition, research 
on tool support for this language was carried out (described in [46]), which 
sustains the relevancy observed to this approach. Based on that, HQML is 
rated as of high level in terms of applicability. 

 

From tool support perspective: 

• Tool support: the available number of tools to support a particular QoS 
modeling language determines whether a particular language is well-supported 
by a tool or not. Hence, the modeling language has good tool support if at least 
there are two available tools for it. In case there is only one tool available for 
particular language, it is considering fair supported by a tool. If there are not 
direct available tools but there is the possibility of using tools by some 
modifications or there is not available tool support, then the language is poorly 
supported. 

- QML: this language lacks on tool support. Since any tool to support QML 
contracts was identified, it is rated as having poor tool support. 

- CQML: there is support for generation of codes of CQML contracts 
provided by COMQUAD project technology [42]. In addition, the QoSTalk 
which is a component-based framework QoS development seems to be a 
support code generator for this language. Based on that, this language is 
considered as having good tool support.  

- QDL: the code generation of QDL contracts is supported by QuO 
framework. In addition, this framework provides also a small library 
including system conditions to facilitate the automation process [4, 16]. 
Since at least one tool support is gathered, this language is rated as fair level 
of tool support.  

- HQML: this language is supported by QoSTalk, a visual programming 
environment, designed primarily to support automatic generation of HQML 
contracts [46]. Since there is one available tool to support this approach, it is 
rated as of fair level in terms of its tool support. 
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Table 4 - Comparison of different modeling language against particular criteria 

QoS Modelling Expressiveness Reusability Understandability Applicability Tool support

Languages (good/fair/poor) (high/fair/none) (easy/regular/difficult) (high/regular/less) (good/fair/poor)

QML fair high easy high poor

CQML poor high easy high good

QDL good none regular regular fair

HQML fair none regular high fair

Comparison Criteria (Rating Scale)

 

Table 4 illustrates different QoS modeling languages described and further 
evaluated in this study in terms of particular criteria. Each criterion is defined by its 
rates (specified with three degrees).  

From this Table, one can be conclude that within the modeling language domain, 
QDL is the best in expressiveness and CQML is the poorest language in terms of 
expressiveness. In terms of support of reusability of QoS specifications, it is notice that 
there is no medium scale founded in the languages, i.e., two of the languages provides 
high reusability mechanisms (QML and CQML) whereas other two does not provide at 
it at all (CDL and HQML). Any of presented languages are very hard to understand, 
being the QDL and HQML regularly understood while QML and CQML are the 
easiest languages that does not require any previous trainee. In terms of applicability, it 
is notice that there is a high interest by researchers in analyzing at most the QoS 
modeling languages (mainly the QML, CQML and HQML). While QML is not QoS 
supported by any CASE tool, CQML is well supported by different tools and QDL and 
HQML are supported for few numbers of tools compared to CQML.  

 

8.3 UML profile for QoS versus Modeling Languages 

 

This section describes a comparison between the UML profile for QoS and other 
approaches to specify QoS, the specification languages. This comparison is based on 
separate assessment performed previously (Section 8.1 and Section 8.2). The UML 
profile for QoS is evaluated against the same criteria that the QoS specification 
languages, in order to sustain the basis for a possible comparison. This Section, relates 
and compare the results gathered from previous assessments performed in the UML 
profile for QoS (in Section 8.1) and in the other QoS specification languages (in 
Section 8.2).  

A table is provided (Table 5) to better illustrate the results from the previous 
evaluations and facilitate the process of comparison between the UML profile for QoS 
and the QoS specification languages. 
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Table 5 - Comparison between UML profile for QoS and QoS modeling 

languages against particular criteria 

QoS Specification Expressiveness Reusability Understandability Applicability Tool support

Languages (good/fair/poor) (high/fair/none) (easy/regular/difficult) (high/regular/less) (good/fair/poor)

UML profile good high hard high poor

QoS Modeling Languages fair high and none easy and regular high fair
 

 

Differences and Similarities between the UML profile for QoS and other QoS 

specification languages: 

Table 5 reflects a summary the QoS specification languages and constitutes the 
basis to draw a comparison analysis among them. QoS modeling languages are 
described in one row showing the mode values of its evaluation. In case there is more 
than one value appearing with same frequency, the cell shows two values.  

The comparative analysis is based on the pre-defined criteria. From the language 
perspective, differences and similarities among the profile and the QoS modeling 
languages in general are: 

Expressiveness power: since the UML profile provides well defined semantics to 
model QoS, it is considered an approach with good expressiveness power. On the other 
hand, in general, QoS modeling languages provide fair expressiveness power. 

Reusability mechanisms: In terms of reusability, the UML profile is recognizes 
as having high mechanisms to enable reusability of QoS specifications. On the other 
hand, QoS modeling languages are partially similar to the UML profile in this issue, 
since two of them provide high mechanisms to support reusability. However, at the 
same time QoS modeling languages cannot be assumed as having high reusability 
resource, since there are languages that do not provides such mechanisms. 

Understandability: in general the UML profile for QoS specification is quite hard 
to understand compared to the languages of QoS modeling languages that are some of 
them easy to comprehend and others with satisfactory level of understanding.  

Applicability: such as most of QoS modeling languages, the UML profile is also 
well accepted by individuals. This study reveals that researchers are highly 
investigating the UML profile as they are also much interested in most of QoS 
modeling languages. 

 

From the tool support perspective, a difference between the profile and the 
modeling language is identified: 

Tool Support: the UML profile for QoS lacks in tool support for its specification, 
since there is no available tool that is mainly specified for the profile. However, there 
is a possibility to apply it into a UML-based tool that support UML profiles 
generation. That differs from the QoS modeling languages in general, since they are 
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fairly supported by a tool. Most of them provides at least one CASE tool that enable its 
code generation. 

In analysis section (see Section 9.1), graphs representation is shown to emphasize 
the similarities and differences discussed in this section.  
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9 DISCUSSION 

 

The discussion is based on the results from the evaluation of the UML profile 
against the set of criteria and the comparison of the profile with other QoS 
specification languages (see Chapter 8). Variation of the values of each criterion is 
illustrated and discussed. 

First, each criteria level is transformed to numbers (1, 2 and 3) in order to be 
represented in graphs, and then the discussion is performed. For each criterion, the 
transformed levels have different meaning according to the nature of the criterion (e.g. 
it could be good, fair and bad; or, easy, average and difficult, etc). In addition, threats 
to validity of the study have been listed. 

 

9.1 Discussion of the results of the evaluation and 

comparison processes of QoS specification languages 

 

In this section the analysis of the evaluation of the UML profile for QoS and the 
QoS modeling languages is discussed based on the evaluation criteria. 

To enable the illustration of graphs, we enumerate the levels of each criterion. For 
instance if a criteria is rated as: good, fair and poor, we denominate good as 3, fair-2 
and poor-1, given the first position for the lowest level and third position for the 
highest degree of criteria. 

 

Expressiveness 

Graph1 represents the variation of expressiveness among the QoS specification 
languages. According to that, the UML profile for QoS and QDL are the most 
expressive language whereas the CQML are the less expressive. QML and HQML are 
the fair expressive.  
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Graph 1 - Expressiveness of QoS specification Language 

 

High expressiveness of the UML profile is due to its capability to express any QoS 
in meta-models and its semantics in OCL expressions. QDL provides mechanisms to 
express contracts at different levels of abstractions. On the other hand, CQML is the 
poorest language in terms of expressiveness, since it does not cover all QoS aspects 
and does not support mechanisms to express required resource.  

 

Reusability 

In terms of reusability it is clear from Graph 2, that the UML profile along the 
QML and CQML provides good mechanisms to support reusability of the 
specifications. For reusability, level 3 means high, 2 is fair and 1 is none.  

Reusability

0

0.5

1

1.5

2

2.5

3

3.5

UML profile QML CQML QDL HQML

QoS Languages

R
e
u
s
a
b
ili
ty

ty

Reusability (high/fair/none)
 

Graph 2 - Reusability of QoS specification languages 
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UML profile for QoS provides flexible mechanisms that enable the reusability of 
the UML-models, from which the requirements are specified. Rather than this, UML 
profile reuse mechanisms extended from other profiles to support the reusability (the 
general resource model). QML provides mechanisms to support refinement of 
contracts and profiles. That refinement contract and profiles are further reused in this 
process. Similarly, CQML provides mechanisms that enable the refinements and reuse 
of the QoS specifications and it also provides mechanisms to support aggregation 
among the contracts and profiles. On the other hand, any of QoS specifications 
languages is considered fair in terms of reusability. The poorest of them according to 
this criterion is QDL and HQML, which do not support reusability of the 
specifications.  

 

Understandability 

Understandability is shown in Graph 3, in which 3 = easy, 2 = regular and 1 
=difficult.  
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Graph 3 - Understandability of QoS specification languages 

 

As previously learnt the most difficult language to understand by users is the UML 
profile for QoS due to its heavy mechanisms and specialized language for UML 
experts (the metamodelling). Opposed to that, QML and CQML are the easiest 
languages to learn. This is basically due to its simple semantics and less number of 
symbols it uses, which do not require any kind of training to apply. QDL and HQML 
are neither easy nor hard to understand. Both may require short training for the user to 
apply them effectively.  

 

Applicability 

This evaluation criterion in terms of the different QoS specification languages is 
illustrated in Graph 4. High applicability is referred as 3, regular-2 and less-1. 
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Graph 4 - Applicability of QoS specification languages 

According to Graph 4, in general there is a large interest from individuals to 
investigate and develop studies on most QoS specification languages; therefore, most 
of them are well applicable by individuals. The regular applicable language is the 
QDL, which rather than evaluation of the language or more deeply analysis on that, 
most of researchers use it for comparative analysis. We believe that this is due to the 
close environment of the language. It was build basically to provide support for QuO 
Framework in QoS specifications.  

 

Tool Support  

Graph 5 illustrates the results from the tool support perspective. In Graph 5, level 3 
means good, 2 means fair and 1 means poor.  
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Graph 5 - Tool Support of QoS specification languages 
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UML profile is one of the poorest languages in terms of tool support. There is still 
not available a specific tool for modeling this profile and thereby enabling specifying 
the QoS. However, this situation is mitigated by adapting UML based tools that 
support profiles, as it was learned previously (in tool support descriptions-Chapter 5). 
On the other hand, CQML is one of the most powerful in terms of tool support, which 
can be supported by at least two different tools (e.g. COMQUAD and QoSTalk). A 
special attention for this tools variation is that most of the available tool provides 
visual GUI except the tool that supports QDL specifications (the QuO Framework), 
which is code-base. 

 

9.2 Threats to Validity 

 

The following threats have being identified: 

• Data collection: the collected data may not represent whole domain of QoS 
specification, and it can represent a threat to validity. The data used in the 
evaluation and comparison of QoS approaches processes were searched and 
collected from reliable data bases such as: IEEE Xplore, ACM Digital Library, 
Springer and INSPEC, and some trustworthy web sites. Hence, the fact that the 
data available from these sources is peer-reviewed can mitigate this threat.  

• Definition of criteria: criteria were defined based on user perspective. The 
criteria were labeled to include relevant aspects of QoS specifications 
approaches in the optic of the author of the study. Since criteria are described in 
natural language, there is always a threat of a reader not understanding a 
particular criteria or misinterprets it. To mitigate this threat, we defined a pattern 
to describe criteria so it can guarantee less misinterpretation.  

• Tool support: available tools in the reliable databases were identified. However, 
it may exist others tools from individuals that are not published in databases 
which are relevant for the study. This constitutes a risk to this study.   

• Description of the QoS specification approaches: the explanation of different 
approaches for QoS specification is based on previous studies and perception of 
the author by critical analysis. In case the author misinterprets any concept, its 
validity becomes at risk, so it may be considered a threat to study. However, a 
deeply investigation of the UML profile for QoS and other QoS specification 
approaches were performed before its description and evaluation to avoid 
ambiguities and misunderstandings.  

• Nature of the study results: results from the study are of qualitative nature and 
state whether a particular approach is good, acceptable or bad, based on 
different quality criteria. However, a more desirable type of results would be a 
combination of qualitative and quantitative results in order to provide more 
precise analysis of current situation. Running an experiment to produce some 
quantitative results would be a solution for this treat. However, it implies to 
have certain conditions (such as the desirable samples, material resources, cost 
of implementation of the experiment, and others) that are not always feasible.  
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Despite the different threats to validity, we believe that the results from the study 
are valuable and useful, taking into account that there are not full examples of how to 
specify QoS in different approaches. Added to that, there is no available study that 
evaluates the UML profile against to set of criteria. Hence, this thesis can be a starting 
point for further evaluation of the UML profile against itself. In addition, different 
examples of how to specify QoS languages can be used to enhance the knowledge of 
each QoS specification language.  
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10 CONCLUSIONS AND FUTURE WORK  
 

This chapter provides the drawn conclusions and the future work needed to be 
conducted by future researches.  

 

10.1 Conclusions  

 

The purpose of this thesis was to perform an evaluation of the UML profile against 
set of criteria and further compare the profile with other QoS specifications languages 
from the user perspective. We believe that both aim and research objectives were 
achieved. 

Most previous studies on QoS specification languages presented in Section 1.6 
assess the UML profile for QoS and other QoS specification languages themselves and 
not compare them against each other. This thesis evaluates the UML profile for QoS 
and other QoS specification languages against a set of criteria and later compares the 
languages based on the initial evaluation. The added value of the thesis is that the 
evaluation of the UML profile for QoS against a set of criteria is performed in order to 
assess the main advantages and drawbacks powerfulness of the profile.  

All posed research questions have been answered along the thesis. Different 
approaches to express QoS were identified and described in Chapter 4. The answer to 
the question of how the profile looks like from the user perspective is presented in 
Section 7.1. The examination of the profile does not cover the whole UML profile for 
QoS, since the Fault Tolerance part was excluded from the scope of the study. The 
evaluation of the UML profile for QoS is based on a set of evaluation criteria, which 
were designed and listed in Section 6.1. The differences and similarities between the 
UML profile for QoS and other QoS specification languages are the result of the 
comparison between the profile and the QoS modeling languages shown in Section 
8.3. Different tools that support QoS specifications in different QoS specification 
languages are described in Section 5. 

This thesis presents and evaluates the UML profile for QoS. The evaluation 
process was divided into two steps: firstly, the evaluation of the UML profile for QoS 
against particular criteria and secondly, the comparison between the profile and other 
QoS specification languages based on the evaluation criteria. To perform those tasks, 
along this study, the following processes were conducted: first a survey on different 
QoS specification languages and analysis of the UML profile for QoS was done and 
further, the evaluation criteria were defined and finally the evaluation of the UML 
profile itself and its comparison with other QoS specification languages were 
performed. 

The evaluation of the UML profile for QoS shows its weak and strong points. The 
significant drawback of the profile is that the profile lacks tool support specialized for 
the QoS specifications using UML language. The profile is hard to understand due to it 
technical specification which is appropriate for UML experts. On the other hand, the 
profile is good in expressiveness, provides flexible mechanisms to support reusability 
and most researchers are interest in investigation the profile (i.e. the profile is well 
applicable by research communities). 
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From the comparison analysis, it can be concluded that the selection of the proper 
QoS specification language to use in particular case, depends on the needs, available 
resources and skills of the user and that understandability of the specific language 
plays the crucial role. Most of the languages have their strong and week points and 
there is a need of establishment of trade-offs in order to decide which language to use 
in particular situation. The comparative analysis presented in the study can serve as 
basis for the users to decide which particular language to use.  

Since QoS are formulated in terms of constraints, it is better not to express them in 
natural language in order to avoid ambiguity, avoid misinterpretation and to ensure 
proper understanding. Any of the QoS specification formalisms can be used depending 
on the needs, resources and skills and further a tool must be applied to reduce the load 
of the user facilitating in that way the QoS specification process.  

In this study, light, user oriented, explanations of the profile are provided. We 
believe that this can increase the usability of the profile since it translates the meta-
models into natural language explanations that are well known by the users.  

The major problems encountered while working on the thesis are the lack of 
application of the profile in real life, lack of and incomplete examples of how to 
specify QoS in different QoS modeling languages. There exist examples of some of 
the usage of the languages but they are both insufficient in number and incomplete in 
details to cover all QoS specification languages. There is also a problem for 
identifying which aspects of QoS can be expressed in the specific language since 
examples are described in a generic way. There number of available tools to express 
QoS of different QoS specification languages is limited. The tools that were found are 
described in Section 5. However, in some of the tools, it is not stated weather a 
particular QoS specification language can be expressed with the aid of that tool or not. 
We use as a basis the tool features to state which QoS specification language can be 
expressed when there is no available information regarding that. In addition, most of 
tools are commercial and not freely available for users to test and, therefore, measuring 
their efficiency and effectiveness in QoS specification language is a hard task. The 
information available in previous published studies was used to make the evaluation 
presented in the thesis. 

The results of this study are useful to software engineering and the users of the 
profile who might be interested in QoS specification.  

This thesis can be pointed as a first step towards evaluation of the UML profile for 
QoS and its comparison with other QoS specification languages.  

 

10.2 Future Work 

 

The issues identified as a follow up to the studies performed within the thesis are: 

• The design and conduction of an experiment of different ways of expressing 
QoS. The experiment can use the evaluation criteria defined in this thesis as 
metrics to evaluate the QoS specifications approach. It is desirable that such 
experiment produces both qualitative and quantitative results in terms of defined 
criteria. In addition, the experiment should be conducted in industry or academy 
context. From industry, UML experts that work in QoS specifications and 
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engineers can be involved in the evaluation process. Students experienced in 
metamodelling language and other software engineering students that lack UML 
advanced expertise can be used as samples for experiment running in academic 
environment.  

• Tool support for QoS specification is needed in order to enhance the usability 
for the QoS specification approaches. In case of the UML profile for QoS, since 
the QoS are modeled in meta-models and extension mechanisms, an adaptation 
to the available UML tools would be a solution. This could be done by defining 
a specific QoS domain or introduce plug-ins that is aware of different QoS 
relationship.  

• Studies including the cost of implementation of each QoS specification 
languages should be conducted taking into account the average time that a user 
can spend in a particular specification and the cost of other resources such as 
possible required training and for acquiring of a tool support for particular 
language. 
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APPENDIX A TERMINOLOGIES AND GLOSSARY 
 

A1 – Terminologies 
 

CDL - Contract Description Language  

COMQUAD: COMponents with QUantitative properties and ADaptivity 

CORBA - Common Object Request Broker Architecture  

CQML - Component Quality Modeling Language  

HQML - Hierarchical QoS Markup Language 

INDEX - Internet Demand Experiment  

OCL - Object Constraint Language 

QDL - QoS Description Language  

QML - QoS Modeling Language  

QoS- Quality of Service 

QSL - QoS Specification Language  

RDL - Resource Description Language 

SDL - Structure Description Language  

SLA - Service Agreement Level  

UML- Unified Modeling Language 

XML - Extensible Markup Language 
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A2 – Glossary 
 

Abstract Class: is a class that provides an operation signature, but no implementation. These 
classes are useful for identifying common functionality across several types of objects [10].  

Class: is a category or group of items that have the same attributes (properties) and the same 
behaviors (operations) [24]. 

COMQUAD: includes a visual environment for QoS description, specialized in component-
based software development projects. It provides mechanisms to visualize QoS specification 
through user friendly GUI, based in EJB frames and XML mechanisms (such as ActiveX) 
[42].  

CORBA: is a middleware that provides a flexible communication and launched substrate for 
distributed heterogeneous object-oriented systems [20]. 

Constraints: is mechanism used to specify rules for correct usage of stereotyped elements 
[10].  

Extension Mechanisms: are the UML customization mechanisms used to adapt to the local 
needs and requirements, such as specific domain, particular development process or specific 
problem [27]. 

INDEX: is a QoS tool that captures users’ specifications in terms of service quality and 
price, and maps them into a corresponding QoS of Internet network services via an 
intelligent agent embedded into the general QoS architecture [20]. 

Infrastructure Library: is a reflective language (a language that does not require 
definitions of another language to specify its semantics), since it incorporates all the meta-
classes required to define it [36]. 

Metamodelling: is a language that involves the creation of a new or the modification of an 
existing meta-model [8]. 

QoSTalk: is a visual tool that provides user-application templates; include QoS descriptions 
and their mapping to the corresponding application layer QoS feature. This template enables 
the users merely express media-quality and non-media quality descriptions and allows for 
specifications of different application domains [20, 46]. 

QuO: is a framework that supports QoS at the CORBA object layer, extending the CORBA 
functional IDL to support QoS descriptions [19]. The application developed in QuO, can 
program a QoS contract (particularly a QDL) separately from the functional code, specifying 
in the contracts both, the level of service the object expects to provide and the actions to take 
when the level of service changes [19]. 

Relationships: UML relationship represents a different type of connection between classes 
[10].  

Stereotypes: is the most important extension mechanism, and it has been used as a means of 
branding the existing model elements with new semantics [32]. 
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Tagged value: is designed to explicitly define a property. It consists of a tag, which 
represents the property to be defined, and a value [24]. 

UML profile: is a set of extension mechanisms (stereotypes, constraints and tagged values), 
grouped into a package labeled <<profile>>, and used to extend meta-models or profiles. 


