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Abstract. Web services discovery, ranking and selection based on QoS parame-
ters is remained a hot topic for research since the start of the semantic web. 
Quality of service (QoS) plays an important role to resolve the issue of best  
service among the functional similar services. Semantic web relies on the on-
tologies for providing metadata schema and the vocabulary of concepts used in 
semantic annotation; resulting improved accuracy of web search. This is why; 
the success of semantic web depends on the proliferation of ontologies.  De-
pending on the nature of the application, different companies may use different 
ontology languages and QoS models for web services selection which lead to 
the issue of heterogeneity. In this paper we have presented ontology evaluation 
criteria that if satisfied, can solve the problem of heterogeneity and interopera-
bility. Moreover, ontology developers may also use these criteria to evaluate 
their developed ontology for the refinements. We have evaluated different  
ontologies in-order to know their strengths and limitations along with the new 
research directions. 

Keywords: Web Services, Semantic Web, Semantic Web Services, QoS,  
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1 Introduction 

Service Oriented Computing relies on services for the development of dynamic, flexi-
ble, distributed and cost effective application. Service Oriented Architecture (SOA) is 
a style of design that guides at all steps of creating and using services throughout their 
lifecycle [1]. Service Oriented Architecture (SOA) enables different applications to 
exchange data and participate in different processes regardless the complexity of the 
applications. 

Semantic Web services with machine readable interface promises to enable the 
web services to be selected dynamically at run time to achieve the business goals 
within and across the organizational boundaries [3]. To find out the most relevant 
service among functionally similar that meet the requirements of users is the key issue 
in the web service discovery [4, 5]; however there is a need to define a set of well 
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defined Quality of Services (QoS) criteria and user preferences [6]. Typically QoS 
resolves the issue of best service among the functional similar services by ranking and 
selection based on non-functional requirements. Hence QoS can be used as main fac-
tor for ranking the web services.  

Efficiently locating the web service registries and the efficiently retrieval of servic-
es with QoS from registries (UDDI) is one of the major challenge for web services 
[9]. This problem is becoming worst with the ever increasing of web services in the 
UDDI; the reason behind this problem is that the current web service technology is 
lack of semantic support. Researchers are trying to add semantics to web services to 
facilitate the web services discovery, ranking and selection process easy and call it as 
Semantic Web Services [9]. Ontologies are the proposed solution of heterogeneity 
among web services [7] and present the human knowledge as a critical component 
among the web services [8]. 

In this paper we have presented criteria that if satisfied, can solve the problem of 
heterogeneity and interoperability. We have evaluated different ontologies [15, 16, 
18, 19, 20, 21, 22, 27] on these criteria to know, which one is the best ontology that 
can be used efficiently for web services discovery while addressing its limitations.   

The remaining paper is organized as; Section 2 presents state-of-the-art; Section 3 
comparative evaluation, while Section 4 discusses the findings and finally Section 5 
summarize the paper. 

2 State-of-the-Art 

In this section the review of different QoS ontologies have been presented. 
DAML-QoS [15]; It consists over three layers; profile layer, property definition 

layer and metrics layer. QoS property definition layer is used for elaborating the  
domain and range constraints of the property; QoS profile layer is used for QoS re-
quirements matchmaking, while the metric layer is used for measuring the QoS prop-
erties. DAML-QoS is the enhanced form of DAML-S for QoS support. This ontology 
has a number of drawbacks; QoS ontology vocabulary is missing, concrete definition 
for QoS properties are also missing. For measuring the QoS information the scale and 
type of metric is not presented. The metric model is also not rich enough, approach is 
not perfect, and the use of OWL for imposing QoS values is also incorrect.  

QoSOnt [16]; ontology has three layers; base, attribute and the domain specific 
layers. Base layer consists on the generic concepts and the unit ontology. Attribute 
layer defines the particular metric of the QoS attribute. Dependability and the perfor-
mance ontology are defined by a common set of QoS attributes introduced in [2]. The 
domain specific layer is used for defining the specific type of system, for example, 
web services or network system. This layer provides the QoS connection concepts in 
lower layer with OWL-S service profiles.  QoSOnt is similar with [18, 19], but it does 
not support QoS profile and the QoS relationships. Conversion mechanism does not 
support units for mapping the different QoS properties; the usage aspect of the ontol-
ogy is also poor. 

OWL-Q [18]; is an upper level ontology that extends OWL-S [14] specification 
for describing QoS of Web services. It consists of six facets; In Connecting Facet, 
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QoS attribute refers to service elements like preconditions, input, effects, parameters 
etc. It provides the high level concepts for defining QoS advertisements and demands. 
The Basic Facet is associated with several QoS offers or with only one QoS request. 
In this facet, QoS specification is used for the actual description of web services in-
terms of validity period of the offer, cost of the service, associated currency with cost 
and security etc. QoS Metric Facet represents the upper ontology containing formal 
definitions of QoS metric model. It also represents the relationships between two 
metrics which may be independent and related. Function, Measurement Directive and 
Schedule Facets describe all the important properties and concepts for the definition 
of the metric function, while the Function and Schedule facets are used for computing 
and measuring the metrics. Unit Facet describes the unit of a QoS metric. A Unit is 
divided into BaseUnits, MultipleOfUnits and DerivedUnits but most of the time base 
units are used for measurements. Although OWL-Q ontology provides a detailed 
specification for modeling QoS information but it has weak support for the usage of 
the ontologies, for example QoS priority, quality level, QoS mandatory. It also does 
not include concrete definitions of common QoS properties. 

onQoS [19]; ontology was developed for specifying the QoS requirements by ser-
vice consumers and by the service providers for advertising.  It gives a clear descrip-
tion for a set of QoS properties. It is composed of three layers: upper, middle and 
lower. The onQoS upper ontology describes the QoS ontological language and an-
swers the QoS information. Middle ontology refines the concepts of the upper ontolo-
gy. Qos parameters, scales and metrics are defined in middle layer; this layer also 
gives the clear specification for metrics and the value types. In low level ontology 
domain specific properties, constraints and the QoS information are defined. But this 
ontology is quiet on specifying the QoS relationships, quality level, QoS priority, 
dynamism etc.  

QoS-MO [20]; has different quality levels for the requesters according to his de-
mands, and can represent the interdependent QoS requirements between providers and 
requesters. This is an upper level ontology based on OWL-S and consists of three 
levels. First layer is for defining the general characteristics; QoS group related charac-
teristics, for measurements and mapping the characteristics of the service. In second 
layer three types of constraints are defined, these constraints must be obeyed; service 
provider can specify the constraints for the service requester to follow in-order to 
make the service quality better. In third layer different QoS levels for different QoS 
usage models are defined.  But this ontology has very weak support for metric trans-
formation, units, value types and QoS priority. 

QoSHOnt [21]; author has presented QoS ontology for semantic service discov-
ery, which provides a unified semantic model for users to advertising and querying 
the web services. Due to its context, service providers can describe different QoS 
specification for different circumstances.  QoSHOnt consists of three parts, top level 
ontology is based on general requirements and it is independent to any application 
domain, middle level ontology is used to integrate quality features defined in the top 
ontology, while low level ontology is constructed for domain specific requirements. 
Author also has extended this ontology for contexts, by which service providers can 
describe different QoS specifications for different circumstances. The algorithm  
presented in this ontology has been used for matching and ranking the web services.   
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OSQS [22]; author has proposed ontology consisting of six components. OSQS is 
the extension of OWL-S for QoS. In this proposed ontology author has tried to inte-
grate the quality standards like ISO/IEC 9126-1 and ISO/IEC 13236 [12, 13]. For web 
service discovery they also have extended the SPARQL query language for searching 
the web services according to the quality criteria but the quality properties are not 
used in query as other properties. Results of queries are produced without considering 
relationships that can be establish between quality properties. The extended SPARQL 
solve the problem to much extent. User discovers the services with required functio-
nalities and then further classify on non-functional requirements. It does not provide 
the unit conversion facility as well as the metric is also not rich enough.   

3 Comparative Evaluation 

The defined criteria for ontologies evaluation are quite limited defined over the gen-
eral requirements (questions defined above) and obviously not sufficient to fulfill all 
of the requirements of different applications. We have organized the criteria into three 
groups; Model related, Process related and runtime related criteria. We have com-
pared different ontologies on these criteria, in-order to know the best approach  
that meets the maximum requirements. The short introduction of the criteria is given 
below. 

3.1 Model Related Criteria 

Short introduction of model related criteria is given below.  

Relationship: Relationship defines that how the qualities are related to each other 
[18].  

Metric: Metric defines that how the values can be assigned to the QoS property [18]. 

Modularity: This requirement allows for adapting QoS ontology for different domains 
and applications. 

3.2 Process Related Criteria 

Short introduction of process related criteria is given below. 

Comparison: This property is an important factor for evaluating QoS metrics and 
their values. A QoS property can have one of five comparative effects: negative, posi-
tive, close, exact, and none. 

Prioritization: In prioritization the requester defines that which qualities may be given 
more weight over others [24, 25].  

Grouping: This feature allows for grouping several QoS properties which share simi-
lar characteristics or impacts in order to facilitate the evaluation and computing of the 
whole QoS ranking value of a Web service. 
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3.3 Runtime Related Criteria 

Short introduction of runtime related criteria is given below. 

Scalability: it defines whether the service capacity (ability to process more transactions 
in the defined period) can be increased as per requester requirements [10, 11, 23]. 

Dynamicity: Dynamicity defines the nature of the property. Dynamic properties  
are needed to be updated frequently while the static properties are updated once  
[24, 25, 26]. 

Interoperability: Means, that any two systems will drive the same inference from  
the same information, which is very difficult. It also deals with the compatibility of 
service with the standards [11, 23]. 

4 Discussion  

In Table 1, we have analyzed different QoS ontologies to know their strengths and 
limitations.  We have concluded that none of the existing ontologies cover all over the 
aspects of defined criteria; and still, there are many open issues for research.   

Most of the ontologies support the model related criteria, less of the process related 
and least in runtime related criteria.  So, the runtime related aspects should be consi-
dered seriously for building an affective ontology. However, the phases (model and 
process) cover the maximum criteria aspects, but ontology support for runtime stage 
is still very small.  Most of the ontologies described in the literature provide guideline 
for ontology development but still there is no agreement for best practices for ontolo-
gy development. 

Table 1. Web service composition approaches 

 
    
                  Properties 
 
 
 
Ontologies 

Model Related Process Related Run-Time Related 
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etric 
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C
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parison 

Prioritization 

G
rouping 

D
ynam

icity 

Scalability 

Interoperability 

DAML-QoS [15]  √        
QoSOnt [16]   √       
OWL-Q [18] √ √ √     √  √ 
onQoS [19]  √ √  √     
QoS-MO [20]   √          
QoSHOnt [21]    √   √   
OSQS [22] √  √  √     
OWL-SQ  [27]          
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The results show (Table 1) that OWL-Q is the best ontology language among the 
rest as it fulfills the most of the parameters of the defined criteria. Despite of the re-
cent efforts there is still a lot to do in enhancing the description of quality aspects of 
services. Some of our proposed research areas are as under.  

• Most of the ontologies described in the literature provide guideline for ontology 
development but still there is no agreement for best practices for ontology devel-
opment.   

• The number of best practices that must be followed by designers and developers 
is still very small, while there is no technical standard for ontology development.  

• Fine-grained ontology development guidelines are needed to develop. In case of 
conflicting viewpoints fine-grained ontology can specify more accurately the vo-
cabulary meanings.  

Ontology support for runtime stage is very small. So, the runtime related aspects 
should be considered seriously for building an affective ontology. 

5 Summary 

Web services discovery, ranking and selection based on QoS parameters is remained a 
hot topic for research since the start of the semantic web. In this paper we have 
pointed out some problems associated with the current ontology models for effective 
discovery, ranking and selection of services based on QoS. In this paper we have 
presented criteria that if satisfied, can resolve these issues. We have evaluated differ-
ent ontologies on these criteria to know, which one is the best ontology that can be 
used efficiently for web services discovery while addressing its limitations. We also 
have proposed the new research directions in this paper. 
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