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Abstract - The increasing growth in the popularity of Web Services makes discovery of relevant Web Services a significant challenge. To this
end, the central objective of this paper is to propose a framework that proffers solutions to some problems identified in the course of study of
SAWSDL-MX, a hybrid matchmaker based on OWL-S MX, that uses both logic based reasoning and content based information retrieval
techniques for services specified in SAWSDL description. As part of solution to the problems identified, non-functional specification like
quality of service (QoS) was added to the discovery process and also, users are allowed to specify queries for services using terms in their own
ontology. This is achieved by specifying a mapping from user ontology to domain ontology and also a QoS algorithm was developed and
incorporated into the architecture of SAWSDL-MX to enable service discovery based on non-functional specification. An example is given in
this paper to validate our framework. The implementation is an ongoing work.
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1. Introduction

Web applications are applications that are accessed via web
browsers over a network such as the Internet or an intranet.
Web has gone through many transformations starting from
the first generation non-interactive content pages to the new
generation Web Services. Web Services are the third
generation web applications; they are modular, self-
describing, self-contained applications that are accessible
over the Internet Cubera et al (2001). In its simplest form, a
Web Services is a class whose methods are callable
remotely. Method calls to and responses from Web Services
are transmitted via SOAP. Thus any client capable of
generating and processing SOAP messages can use a Web
Services regardless of the language in which the Web
Services is written. Once a Web Service is deployed, other
application (and other Web Services) can discover and
invoke the deployed service. The major issue with the
current Web Services is Description. Currently, WSDL
contains  information  useful to  humans  not
computer/applications i.e. the description lacks explicit
semantic and this can lead to misinterpretation of meaning
of description. As such, discovery which is a process of
finding Web Services that matches request can’t be
automated.  Currently, UDDI supports Web Services
discovery based on keyword search and taxonomy based
search which can be less effective than desired. The
popularity of Web Services solution led to the proliferation
of Web Services thereby making the keyword based
matching of requests for services inadequate. Semantic Web
technology gave hope to this problem however, the use of
ontology to add meaning to Web Services description came
with its own problem (ontology heterogeneity). Use of
common ontology may solve this problem but individual
users or communities of users are expected to query for
services of interest to them using descriptions that are
expressed using terms in their own ontologies. The need to

specify a mechanism for mapping user ontology to the
domain ontology used to describe services is essential. Also,
the need to add non-functional specification to the discovery
process cannot be overemphasized. Consider a scenario
where a request for service satisfies all the wusers’
requirements (functional) but the cost (non-functional) of
invoking the service is overbearing. If non-functional
specification is not included in the discovery process, this
very service will be returned to the user who will
unknowingly invoke and bear the consequences. These
amongst others motivated this research. Semantic Web
Services Discovery is based on matching semantically
described goal descriptions (goal queries) with semantic
annotations of Web Services (capability descriptions)
(Walsh et al, 2002). Several capability-based semantic Web
Services discovery solutions have been proposed in the
literature (Patil et al, 2003; Duftler et al, 2001; Cardoso et
al, 2002; DAML-S 0.7 Draft Release, 2002). A capability
description annotates either the inputs or outputs of Web
Services (Cardoso et al, 2002) or describes an abstract
service capability (Paolucci et al, 2002; Duftler et al, 2001)
and can be applied in the frame of both OWL-S (Patil et al,
2003) and WSMF/WSMO (Ankolenkar et al, 2002;
Paolucci et al, 2002). The discovery process in the
capability-based semantic discovery approaches can only
happen on an ontological level, i.e., it can only rely on
conceptual and reusable things. The greatest difficulty in a
Web Services discovery mechanism is heterogeneity
between services (Garofalakis et al, 2004). Heterogeneities
include different operating platforms, different data formats,
as well as heterogeneities of ontologies. Regarding ontology
heterogeneities, semantic Web Services may use different
ontologies or different ontologies description language such
as OWL, DAML, RDF, and so forth to describe the
services. There is also heterogeneity between semantic Web
Services and non-semantic Web Services. Therefore, when
developing a discovery system, these heterogeneities should
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be borne in mind. UDDI service registry does not allow, as
it is, to store any semantic information related to service
declarations, as such most semantic Web Service discovery
engines allows for services to be registered in their service
database and only services that are registered with the
engine are considered during matching. However, in the
work of Pierre (2007), a WSDL-S to UDDI mapping was
defined and a service publication and querying APl named
LUCAS (layer for UDDI compatibility with annotated
semantics) is placed around it. Jyotishman et al (2005)
proposes a framework for ontology-based flexible discovery
of Semantic Web Services. The proposed approach relies on
user-supplied, context-specific mappings from a user
ontology to relevant domain ontologies used to specify Web
Services. A description of how user-specified preferences
for Web Services in terms of non-functional requirements
(e.g., QoS) can be incorporated into the Web Services
discovery mechanism to generate a partially ordered list of
services that meet user- specified functional requirements.
OWL-S/UDDI (Srinivasan et al, 2004)) matchmaker
combines UDDI's proliferation into the Web Services
infrastructure and OWL-S's explicit semantic description of
the Web Services. Glue (www. swa.cefriel.it/Glue) is a
WSMO compliant discovery engine that aims at developing
an efficient system for the management of semantically
described Web Services and their discovery. OWL-S MX by
Matthias et al (2008) is a hybrid OWL-S semantic service
matchmaking algorithm. It uses both logical based and
content based retrieval techniques for Web Services
discovery. The hybrid semantic service matching uses six
different filters to calculate the degree of semantic match
between the request and advertisement. The first four filters
are purely logic based and the next two are hybrid, which
use the IR similarity metric values. SAWSDL —-MX by
Kapahnke et al (2008) is an approach that does hybrid
semantic Web Services discovery using SAWSDL based on
logic based matching as well as information retrieval based
techniques. It is significantly based on but a further
refinement of OWL-MX. Our work seeks to extend the
work of Kapahnke et al. In the next section, we give some
of the problems we identified in the cause of our study of
SAWSDL-MX and then proffer solutions to them and that
serves as our extension of Kapahnke’s approach. We
extended SAWSDL-MX to allow user to specifying queries
using descriptions expressed using terms in their own
ontology. This is to be achieved by specifying mapping
between user ontology to service ontology. We also
included non functional specification e.g. quality of service
in the discovery process of SAWSDL-MX. It is important to
note that the implementation of this work is ongoing and
that this is a framework that is validated using the example
here given. The rest of the paper is organized as follows:
service matching using SAWSDL-MX (that we extended) is
given in section 2, section 3gives our proposed framework.
Architecture of the framework is in section 4, an example of
service discovery using our framework is in section 5, future

work in section 6, section 7 is related work and finally
conclusion and acknowledgements is given.

2. Service Matching with SAWSDL-MX

SAWSDL-MX was developed based on some
assumptions. Details of which can be found in Kapahnke et
al (2008). SAWSDL-MX performs logic-based, syntactic
(text similarity-based) and hybrid matching of service
against request. The request for service is given as a
standard SAWSDL document. This approach is particularly
based on OWLS-MX (Matthias et al, 2008) and WSMO-
MX (Kaufer et al, 2006) for OWL-S and WSML
respectively.

2.1. Logic-Based Operation Matching

SAWSDL-MX applies four matching filters of increasing
degree of relaxation: Exact, Plug-in, Subsumes and
Subsumed-by, which are adopted from OWLS-MX but
modified in terms of an additional bipartite concept
matching to ensure an injective mapping between offer and
request concepts. Details on the filters can be found in
(Kapahnke et al,2008).

2.2. Syntactic Operation Matching

SAWSDL-MX implements the same similarity measures as
that of OWLS-MX, which are the Loss-of-Information, the
Extended Jaccard, the Cosine and the Jensen-Shannon
similarity measures. Also the architecture of SAWSDL-MX
allows the integration of other text similarity measures such
as those provided by SimPack which is also used in the
iMatcher matchmaker (Kiefer et al, 2008). The weighted
keyword vectors of inputs and outputs for every operation
are generated by first unfolding the referenced concepts in
the ontologies. The resulting set of primitive concepts of all
input concepts of a service operation is then processed to a
weighted keyword vector based on TFIDF (Term Frequency
and Inverse Document Frequency) weighting scheme, the
same is done with its output concepts. The text similarity of
a service offer operation and a request operation is the
average of the similarity values of their input and output
vectors according to the selected text similarity measure.

2.3 Hybrid Operation Matching

SAWSDL-MX combines logic-based and syntactic-based
matching to perform hybrid semantic service matching.
There are different options of combination:

e A compensative variant uses syntactic similarity
measures in situation where the logic-based filters
don’t apply with respect to logic-based false
negatives. It helps to improve the service ranking
by re-considering them again in the light of their
computed syntactic similarity.
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e An integrative variant deals with problems
concerning logic-based false positives by not
taking the syntactic similarity of concepts into
account only when a logical matching fails, but as
a conjunctive constraint in each logical matching
filter.

SAWSDL-MX inherited the compensative variant from
OWLS-MX.

2.4. Limitations of SAWSDL-MX

We identified the following limitations amongst others:

e Users are not afforded flexibility to specify queries
for services of interest to them using descriptions
that are expressed using terms in their own
ontologies i.e. ontology heterogeneity problem still
persists.

e It lacks support for service selection based on non
functional specification of offered or registered
services

To address these limitations, we propose solutions that serve
as extension and improvement on SAWSDL-MX. These
extensions are:

1. We added a component to SAWSDL-MX that
allows for specifying mappings from a user
ontology to relevant domain ontologies used to
specify Web Services. This is to take care of
problem of ontology heterogeneity.

2. We also describe how user-specified preferences
for Web Services in terms of non-functional
requirements (e.g., QoS) can be incorporated into
the Web Services discovery mechanism to generate
a partially ordered list of services that meet user-
specified functional requirements.

We give details of our proposal in the next section

3. Proposed Framework

This section describes our framework for ontology-based
flexible discovery of Semantic Web Services which is an
extension proposed for SAWSDL-MX.

3.1 Mapping User Ontology to Domain Ontology

Ontologies are the basis for shared conceptualization of a
domain, and comprise of concepts with their relationships
and properties (Gruber, 1993). In the work of Caragea et al
(2004), a precise definition of ontology was given which we
adopt in this work. They looked at ontology in terms of
hierarchy, that if we define S to be a partially ordered set
under ordering =. Then an ordering = defines a hierarchy
for S if the following three conditions are satisfied:

Dx =y —x=yvxy €5 Then (5=) is better
than (5, =),

(2) (5. =)is the reflexive, transitive closure of (5. =)

(3) No other ordering exists that satisfies (1) and (2).

Then all ontology does is to associate orderings to their
corresponding hierarchies. This means that given a set of
concepts that define a domain, ontology associates ordering
among the concepts i.e. they can be parsed as hierarchical
tree with the nodes denoting the different concepts and the
edges, relationship between these concepts. In order to make
ontologies interoperable, so that the terms in different
ontologies are brought into correspondence, we need to
define mappings. These mappings are specified through

Interoperation Constraints. Which they define as:

Let (H;.=;) and (H;. =), be any two hierarchies. Then
the set of Interoperation Constraints (IC) the set of
relationships that exist between elements from two different
hierarchies. For two elements, x € H, and ¥ & H;, we can
have one of the following Interoperation Constraints:-
x: Hy =vy:Hy, x:t Hi# y: Hy, x: H < y: Hy,
and,

x: Hy £ yv: H,

This means that given two ontologies defined as above, they
interoperate if we can define a relation between the elements
(which are actually concepts in the respective domains).
Equality could mean they occur at the same level in the tree
structure. Also, less than could mean a parent-child relation
and so on.

The interoperation constraint gives a fine mapping from
user ontology to the domain ontology used by the
matchmaker.

3.2 Incorporating Non-Functional Requirements

Quality of Service can be defined as a set of non-functional
attributes that may have significant effect on the service
quality offered by a Web Services. Examples of these non-
functional attributes include scalability, performance,
availability etc. Different QoS attributes might be important
in different applications and different classes of Web
Services might use different sets of non-functional attributes
to specify their QoS properties. For example, response time
may be an important QoS criterion for a service which
provides online voice conferencing, as opposed to,
availability for a service which provides online reservation.
As a result, we categorize them into:

Domain Independent Attributes: The domain-independent
attributes represent those QoS characteristics which are not
specific to any particular service (or a community of
services). Examples include scalability, throughput etc.

Domain  Dependent  Attributes: domain-dependent
attributes capture those QoS properties which are specific to
a particular domain. For example in a gift packaging
domain, gift decoration rating may be a QoS attribute.

This gives rise to a situation where a user might consider
some non-functional attributes valuable for his/her purpose
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(and hence, defined in the user ontology). These attributes
are used to compose a quality vector comprising of their
values for each candidate service (services that satisfy
functional requirement of the user). These quality vectors
are used to derive a quality matrix, Q.

Doina et al, (2005) defined a quality matrix,
C={V@;»1l=:t=m1l=j= n}, whichrefersto
a collection of quality of service attribute-values for a set of
candidate services, such that, each row of the matrix
corresponds to the value of a particular QoS attribute (in
which the user is interested) and each column refers to a
particular candidate service. In other words, V{@;],

represents the value of the i™® QoS attribute for the j*
candidate service. These values are obtained from the
profile of the candidate service providers and mapped to a
scale between 0 & 1 by applying standard mathematical
maximization and minimization formulas based on whether
the attribute is positive or negative. For example, the values
for the attributes Latency and Fault Rate needs to be
minimized, whereas Availability needs to be maximized.
Also, to give relative importance to the various attributes,
the users can specify a weight value for each attribute,
which are used along with the QoS attribute values to give
relative scores to each candidate service using an additive
value function, f; 5. Formally,
m

foos (service;) = ) (V(Qy) % waighty)
i=1

where, m is the number of QoS attributes in & (Doina et al,

2005).

This incorporates non-functional requirements into the

discovery process

4. Proposed Architecture

This section shows how the solutions identified with
SAWSDL-MXZ1.0 are incorporated to have an improved and
refined prototype. Basic aspects of SAWSDL-MX1.0 are
maintained. The figure 1 gives the architecture.

The proposed new SAWSDL-MX consists of all the
components of SAWSDL-MX1.0 as found in Kapahnke et
al (2008). The new components include QoS matcher and
Mapping User to Domain Ontology which in the next
section. From the perspective of service providers, the new
SAWSDL-MX allows the registration of SAWSDL Web
Services offers along with their QoS ratings, at the service
registry. For requesters, SAWSDL-MX provides an
interface for submitting queries by means of a SAWSDL
document specifying details about the desired service
interface in the user’s ontology. After which the user’s
ontology is mapped to the domain ontology of the
matchmaker, as is in SAWSDL-MX, the domain ontology
in our proposed framework is also OWL-based. After the
service discovery process using the logic, syntactic or
hybrid filters, QoS matcher of the proposed improved

SAWSDL-MX takes as input those services returned by the
filters and calculate their additive value function (f;.s)
scores and returns a ranked list of service offers with f; <

scores greater than user specified threshold. This guarantees
that the returned services match both functional and non-
functional specification of the query

4.1 Mapping User to Domain Ontology:

This component takes the user ontology and maps it to the
domain ontology of the matchmaker. Ontologies associate
orderings to their corresponding hierarchies. For example,
let S5 = {Food.ChineseFood,5eaFood} (Figure 2). We
can define the partial ordering = on 5 according to an is-a
(or sub-class) relationship. For example, SeaFood is-a sub-
class of ChineseFood, ChineseFood is-a sub-class of
Food and, also SeaFood is-a sub-class of Food. Besides,

every class can be regarded as a sub-class of itself. Thus,
(5.=) =

{{ChineseFood, ChineseFood), (SeaFood, SeaFood),(Food,Food)
(5eaFood, ChineseFood), (SeaFood, Food), (ChineseFood, Food )}

, is the reflexive, transitive closure of the set:
(5.<) = {(ChineseFood, Food),

{(S5eaFood, ChineseFood )}

, Which is the only hierarchy associated with (& =}. We
defined interoperability constraints to specify mapping from
user to domain ontology. For example, let 0F ineze be user
ontology for specifying Chinese food different from
Ochinezeroog  (domain  ontology), assuming that the
ontologies Ofhineze and Ophinsseropg  associate is-a
orderings to their corresponding hierarchies, we can have
the following interoperation constraints, among others-
Chicken : HE;":L'?!ESE = Pﬂuft‘?"}-‘ : Hckinese}'md

Fish : Hé'i::[r!ese = SeaFood * Hhineseroog

,Chicken : Hé‘;‘:[nese # Appetizer : Hepingeeroog ,and SO
on.

4.2 QoS Matcher

This component incorporates non-functional aspects into the
discovery process. Definition (Candidate Service
Providers): Let & = {5;, - - - .5} denote the set of
services which are available (or registered with our system).
We call, &' = §, the set of candidate providers, if they meet
the requested functional properties of the user in terms of
inputs, output, precondition and effects (IOPE’s). This
component takes as input, the candidate services returned by
either logic-based or IR-based or hybrid matcher and return
services that satisfy functional specification and have
overall score (for the non-functional attributes) greater than
some threshold value specified by the user. If several
services satisfy these constraints, it is at the discretion of the
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user. But, if no service exists, then an exception is raised
and the user is notified appropriately.

The Service Requester specifies a request for service using
the Service Requesting API. Such a request is described
using OWL-DL. That allows to apply standard subsumption
reasoning used for OWL-S MX. The requester also specifies
the interoperation constraints (ICs) between the terms and
concepts of its ontologies to the domain ontologies.

For our first prototype, the constraints are defined manually.
With the help of these translations, the service requesting
API transforms the requester’s query, into a domain-specific
query. The matchmaking engine then tries to find service
advertisement(s) which match the user’s request. This
process is the same as SAWSDL-MX1.0 and it returns a set
of candidate service providers which is the taken as input by
the QoS Matcher. For a particular service request query, our
system selects one or more services which satisfies user’s
constraints (in terms of functional requirement) and has an
overall score (for the non-functional attributes) greater than
some threshold value specified by the user. But, if no
service exists, then an exception is raised and the user is
notified appropriately. The QoS Algorithm is given in 4.3
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Figure 2: Domain Ontology for Chinese Food
4.3. QoS Algorithm

Finds services which belong to candidate services that best
match a requesters non-functional requirements 4;; it
returns set of services (Service;. fp,5) with additive value

function
foos = threshold score vale (¢)

Function QoS (Attribute A;, Weight;. @)
local Q, result
e={(g)i1=iz=mizj=n}
forall Candidate .. 20
m

foos (Service;) = Z W(Q;;) x Weight;)
i=1

if faos = @ then
result = result U {(Service, fo,5)}
end if
end for

raturn result
end Function
5.  Service
Framework

Discovery using  Proposed

We now give a detailed example to ascertain the workability
of our framework.

Example 1: Let £ = {5,,5,.5;.5,) be the set of services
returned that satisfy the functional requirement of the user
based on logic, syntactic or hybrid filters. Now if the user is
interested in scalability, availability, ratings, latency and
throughput. Assuming based on the QoS attributes specified

in the service description, the quality matrix is given below
rAttributes [Service 5, 5 5, 5,0

scalability 085 073 067 0.3

. Availability 0.85 0.84 0.09 0.25
e Rating 0.91 094 0.5 035
Latency 0.05 007 011 001

v Throughput 0.83 098 053 0.23/

The additive value function for each service is given below
(.S'm"vfae 5y 5 5, 5, J

faes 2,02 196 1.0 0.67
Assuming the user specifies
weight (scalability) = 0.8, weight (availability) = 0.9,
weight (rating) = 0.5, weight (latency) = 0.7,
weight (throughput) = 0.1 and threshold score(g) =1
Clearly, we see that only services 5;.5; and 53 will be
returned after calculating their respective f;,; scores. There

will be implicit ranking of these returned services based on
the one with the highest f;,; score to the lowest.

6. Future

In this paper, we presented only the framework of our
proposed matchmaker, the implementation is however, an
ongoing work. Also in this initial framework,
interoperability constraints are specified manually by the
user, a possible future work is to incorporate (semi)
automatic correspondences between user and domain
ontology should be considered. Also, allowing the
matchmaker to accommodate model reference to multiple
ontologies description will further enhance its capabilities.

7. Related Work

Ontologies have been identified as the basis for semantic
annotation that can be used for discovery. Ontologies are the
basis for shared conceptualization of a domain (Gruber,
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1993), and comprise of concepts with their relationships and
properties. Use of ontologies to provide underpinning for
information sharing and semantic interoperability has been
long realized (Gruber et al, 1991; Kashyap et al, 1994;
Wache et al, 2001). By mapping concepts in a Web resource
(whether data or Web Services) to ontological concepts,
users can explicitly define the semantics of that resource in
that domain. The semantic relationships in ontologies are
machine readable, and thus enable inferencing and asking
queries about a subject domain. The W3C standard OWL
(www.w3.0rg/TR/2004/REC-owl-guide-20040210) is based
on RDF(S) and supports the modeling of
knowledge/ontologies (Herrmann et al, 2006). OWL
supports developing of ontologies in a powerful way, but
lacks in describing the technical details of services. WSDL-
S (adopted in industry as SAWSDL) extends WDSL in
order to use semantic capabilities of OWL to provide
semantically enriched meanings of WSDL services —
WSDL-S connects WSDL and OWL in a practical way
(Akkiraju et al, 2005). In the work of Pierre (2007), a
WSDL-S to UDDI mapping was defined and a service
publication and querying APl named LUCAS (layer for
UDDI compatibility with annotated semantics) is placed
around it. Jyotishman et al (2005) proposes a framework for
ontology-based flexible discovery of Semantic Web
Services. The proposed approach relies on user-supplied,
context-specific mappings from a user ontology to relevant
domain ontologies used to specify Web Services. A
description of how user-specified preferences for Web
Services in terms of non-functional requirements (e.g., QoS)
can be incorporated into the Web Services discovery
mechanism to generate a partially ordered list of services
that meet user- specified functional requirements. Our
approach is similar to this in the sense that both provide
mappings from user to domain ontology however, their
approach is OWL based while ours is SAWSDL based.
OWL-S/UDDI (Srinivasan et al, 2004)) matchmaker
combines UDDI's proliferation into the Web Services
infrastructure and OWL-S's explicit semantic description of
the Web Services. Glue (www. swa.cefriel.it/Glue) is a
WSMO compliant discovery engine that aims at developing
an efficient system for the management of semantically
described Web Services and their discovery. OWL-S MX by
Matthias et al (2008) is a hybrid OWL-S semantic service
matchmaking algorithm. It uses both logical based and
content based retrieval techniques for Web Services
discovery. The hybrid semantic service matching uses six
different filters to calculate the degree of semantic match
between the request and advertisement. The first four filters
are purely logic based and the next two are hybrid, which
use the IR similarity metric values. SAWSDL —MX by
Kapahnke et al (2008) is an approach that does hybrid
semantic Web Services discovery using SAWSDL based on
logic based matching as well as information retrieval based
techniques. It is significantly based on but a further
refinement of OWL-MX. Our work extended the work of
Kapahnke et al. as stated earlier.

8. Conclusion

It is a fact that users will always want to request for services
of interest to using terms defined in their own ontology. So,
we included a mechanism that allows mapping from user
ontology to the domain ontology used to describe the
services. This mapping is specified in form of interoperation
constraints between the user and domain ontologies. Since
ontology associates ordering to corresponding hierarchy, if
we can associate a concept from user ontology to another in
the domain ontology, we can then form a relation between
all the concepts in the respective domain i.e. user and
domain ontology. Also, Web Services are distributed as well
as autonomous by their very nature, and can be invoked
dynamically by third parties over the Internet, their QoS can
vary greatly. Thus, it is vital to have an infrastructure which
takes into account the QoS provided by the service provider
and the QoS desired by the service requester, and ultimately
find the (best possible) match between the two during
service discovery. Integrating QoS features in the profile of
Web Services is to the advantage of both users and
providers. QoS profiles of Web Services are crucial in
determining which service best addresses the user desires
and objectives. If the discovered Web Services are
accompanied with descriptions of their non-functional
properties, then the automated Web Service selection and
composition that takes place, considers the user’s QoS
preferences in order to optimize the user’s Web Service-
experience regarding features such as performance,
reliability, security, integrity, and cost. On the other hand,
QoS can give Web Service providers a significant
competitive advantage in the e-business domain, as QoS-
aware services meet user needs better and thus attract more
customers. As major contribution, the extension of
SAWSDL-MX to allow for mapping of user to domain
ontology, gives users the flexibility to make queries without
having to use the domain ontology. Also the incorporation
of non-functional specification in the discovery process of
SAWSDL-MX makes it user centered in that it returns what
the user wants bearing in mind tradeoffs that may exist.

8.1 Limitations of our Framework

Potential of the proposed Framework is illustrated in the
examples in the earlier section. However, a more concrete
feel can be obtained when the proposed Framework is
implemented. Also, our proposed framework takes care of
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only problem of ontology heterogeneity. Problem of
ontology description heterogeneity still persists.
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