J Braz Comput Soc (2013) 19:207-221
DOI 10.1007/s13173-012-0094-2

WEBMEDIA 2010

A semantic approach for QoS specification of communication

services using QoE parameters

José Cé Junior - Achilles C. Prudéncio
Roberto Willrich - Madalena P. da Silva

Received: 20 April 2011 / Accepted: 30 October 2012 / Published online: 21 November 2012

© The Brazilian Computer Society 2012

Abstract Various operations related to Quality of Service
(QoS) management in communication networks require the
clients/users to specify the quality level of the network
service. The current QoS proposals adopt a fixed set of per-
formance parameters at the network level to specify quality
levels, avoiding dealing with the problem of heterogeneity
among QoS parameters and metrics during the service man-
agement. However, in several situations where humans are
the end-users of the service, the quality level should be spec-
ified using Quality of Experience (QoE) parameters, more
natural for humans than network performance parameters.
On the other hand, the QoS specification using QoE parame-
ters is not sufficient to the service providers; they must trans-
late QoE parameters into network parameters. This paper
proposes a semantic approach to the automatic QoE/QoS
mapping using the Network QoS Ontology (NetQoSOnt),
offering automatic and extensible translation between QoE
and QoS parameters. The use of our proposal is illustrated
by supporting a voice over IP service negotiation.
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1 Introduction

New networked applications and customers consider essen-
tial that service providers guarantee the quality of the ser-
vices offered. Otherwise, customers may be dissatisfied
with the service. This has stimulated significant research
and implementation efforts in Quality of Service (QoS) at
the application, operating system and network levels. In a
QoS-aware system, a network service provider (NSP) negoti-
ates a contract with clients. These contracts, known as service
level agreements (SLAs), specify several service parameters,
including the QoS level to be guaranteed. An SLA contains
a list of service level specifications (SLSs) that specify the
quality level of a service using a set of technical parameters
and their values.

Nowadays, there is neither a standardized SLA/SLS
specification template, nor a universally adopted set of
QoS parameters (and their metrics). In general, the cur-
rent QoS solutions adopt performance metrics at the net-
work level, such as OWD (One Way Delay), IPDV (IP
Packet Delay Variation) and PLR (Packet Loss Rate). Thus,
these network QoS parameters are used to define the net-
work’s capability to meet the requirements of customers and
applications.

Some works have shown that adopting parameters deter-
mining perceived service quality and the user satisfaction
level is more natural for humans than network QoS parame-
ters [1,2]. The perceived service quality as well as the user
satisfaction level can be qualified in terms of QoE (Qual-
ity of Experience) parameters. MOS (Mean Opinion Score)
[3] is an example of a QoE metric that has been frequently
used to assess the perceptual QoS in voice over multimedia
applications. For instance, it is more “natural” for people to
express quality of a VoIP service using MOS than network
QoS parameters.
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The use of QoE parameters to specify the service quality
poses some challenges related to the QoS mapping: the QoE
parameters must be understood and translated into quantita-
tive QoS parameters that can be recognized and controlled
by the NSPs [4,5]. This is necessary because the NSP must
know the network QoS parameters to configure its network
(and link data layer devices). Two of the challenging issues
of the QoS/QoE mapping are: (i) there is an expanding list
of QoE parameters, and (ii) different NSPs can adopt differ-
ent network performance parameters to specify QoS require-
ments. These issues can be summarized by heterogeneity and
extensibility issues.

In this paper, we intend to make a contribution so that
NSPs, standardization organizations and application devel-
opers can publish new QoE/QoS parameters and related map-
ping rules and these new parameters can be automatically
used during the various operations related with the QoS man-
agement in network services. Here, there are two important
requirements that such a solution must meet: (i) it must offer
mechanisms allowing the sharing of new QoE/QoS parame-
ters, metrics and mapping rules based on standard languages;
and (ii) it must offer mechanisms that allow an NSP to import
these new parameters, metrics, and rules, and autonomously
consider them during the QoS management. We consider that
the Semantic Web technologies, such as Ontologies and Rea-
soning, are natural solutions that satisfies these requirements.

In the Web service domain, heterogeneity and extensibility
issues must also be handled during the service selection and
negotiation [6]. In the Semantic Web Services, these issues
are dealt with by means of ontologies, which can be defined as
sets of classes (concrete representation of concepts), proper-
ties (or relations), individuals (or instances) and axioms that
can be used to describe a domain [7]. The Web Ontology Lan-
guage (OWL) [8] is the W3C language standard designed
for coding ontologies. Ontologies provide a formal mech-
anism that can bridge the gap between different terminol-
ogy and semantic related metrics. In particular, ontologies
have as characteristics intelligibility, interoperability, trans-
parency and extensibility. A Knowledge Base (KB) is a spe-
cial database for knowledge management providing means
for information to be collected, organized, shared, searched
and utilized. Semantic reasoners are able to infer logical con-
sequences given a set of axioms or facts in the KB.

Some works have been using ontologies in the network
services domain. In [9], the authors point out that ontolo-
gies can be used as a formal specification of network ser-
vices management semantics required as the building blocks
to create reasoning mechanisms to allow developing self-
managed network service providers. In [10], Zrelli et al. adopt
ontologies as an alternative to deal with the challenges that
organizations face in managing large scale multi-technology
and multi-vendor heterogeneous network infrastructures.
Ontologies are used as mechanisms to unify concepts to
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provide interoperability between systems and organizations.
The ontologies are also being applied in the Internet of Things
(IoT) [11] to address the heterogeneity of IoT components.

In [12], we proposed an OWL-based QoS Ontology for
network services, called NetQoSOnt. Using this ontology, it
is possible not only to define acommon vocabulary but also to
extend this vocabulary with new QoS parameters and metrics.
This ontology allows the expression of equivalence relations
between QoS specifications in different levels, including the
expression of equivalence relation between QoS specifica-
tions using the network performance parameters (Internet
layer) and specifications using QoE parameters (user layer).
For instance, NetQoSOnt allows the user to specify that the
quality level MOS <4 is equivalent to guaranteeing certain
upper bounds for OWD, IPDV and PLR at the Internet layer.
However, as it will be discussed later, this form of QoS/QoE
mapping has a granularity issue.

This paper proposes a semantic approach, which reuse
the NetQoSOnt ontology, providing the functionalities nec-
essary to the automatic mapping of QoS/QoE specifications
into different network levels. The solution proposed in this
paper is to specify the QoS/QoE mapping using rules writ-
ten in the SWRL language [13]. Consequently, our semantic
approach offers flexibility in terms of QoS/QoE parameters
and an improvement on the granularity issue. Our seman-
tic approach allows that different service providers, clients
and organizations in general can express their quality levels
(required or guarantee qualities) in terms of arbitrary para-
meters and metrics according to their needs.

Thanks to the automatic classification provided by for-
mal ontologies, our semantic approach makes it possible to
compare these quality specifications despite the heterogene-
ity among QoE/QoS parameters. Moreover, our semantic
approach offers flexible extensibility, requiring only that ser-
vice providers and standardization organization publish new
parameters, metrics and respective mapping rules specified
as classes and individuals in an OWL file on their Web sites.

The rest of this paper is organized as follows: Sect. 2
reviews concepts related to QoS and QoE. Section 3 describes
and analyzes related work and shows the advantages of
the proposed approach. Section 4 presents the NetQoSOnt
ontology. Section 5 presents the proposed extension of
NetQoSOnt allowing the specification of QoE/QoS map-
ping using SWRL rules. In Sect. 6, the use of our semantic
approach to automatically map QoS/QoE parameters is illus-
trated and tested in the VoIP domain. Finally, Sect. 7 presents
conclusions and future work.

2 QoS and QoE

ITU-T Recommendation E.800 [14] defines QoS as “the col-
lective effect of service performances, which determine the
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degree of satisfaction of a user of the service”. In network
communication services, instead of specifying the degree of
satisfaction experienced by the users (i.e., QoE parameters),
the QoS specification normally is described by network per-
formance parameters. This section presents some basic con-
cepts in QoS and QoE, including the QoS/QoE mapping.

2.1 QoS in network services

As previously described, in a QoS-aware network system, an
NSP negotiates SLAs with its clients, each SLA containing
a list of SLSs specifying the quality level of a specific ser-
vice or traffic. In general, each SLS defines the quality level
negotiated for a specific network traffic via a set of network
performance parameter/value (or value range) pairs.

Because of the lack of standardization in terms of QoS
parameters, NSPs can adopt SLSs using different QoS para-
meters and metrics. The choice of these parameters can be
driven by various factors such as network technology, QoS
solution and marketing strategy. An attempt to compile a
standard set of SLS parameters was made by the TEQUILA
project [15]. Like most works, the TEQUILA project adopted
network performance parameters to specify QoS, including
OWD, PLR and IPVD.

For instance, consider a hypothetical NSP adopting the
Differentiated Service (DiffServ) architecture and a set of
Class of Services (CoS), each one satisfying specific net-
work performance requirements specified for the Y.1541 QoS
classes [16]. Thus, each QoS class must guarantee deter-
mined maximum values of IPTD, IPTV and PLR. So, it is
natural that this NSP adopts these network parameters during
the definition of its SLS template. During the service nego-
tiation, the NSP could associate each SLS with the CoS that
meets the required quality. Other NSP adopting a different
QoS solution can adopt different QoS parameters (e.g., cell
loss ratio, maximum cell transfer delay) and different mea-
surement methods.

2.2 QoE

There are several definitions of QoE in the literature. ITU-T
[17] defines QoE as “the overall acceptability of an applica-
tion or service, as perceived subjectively by the end-user”. It
is influenced by all the components involved in end-to-end
communication, including the user, the terminal, the com-
munication network and the service infrastructure.
Nowadays, there are various QoE parameters and met-
rics in the literature that can be used in different applica-
tions and media types. MOS (Mean Opinion Score) [3] has
been widely used to assess the perceptual QoS in audio/video
applications, such as VoIP, video conference [18,19] and
TV over IP [20]. MOS gives a numerical indication of the

perceived quality of the media, expressed on a scale from 1
to 5: 1—bad, 2—poor, 3—fair, 4—good, 5—excellent.

Because MOS testing is subjective and requires carefully
prepared and controlled test conditions that are difficult and
expensive to set up and execute, some objective methods
were proposed. In the VoIP domain, E-Model [21] and PESQ
[22] are examples of objective measurement of quality. The
output of the E-Model algorithm is a quality rating value
varying from O to 100, called R factor, which is defined in
[21] as

R=R0_Is_1d_le7eff+As (1)

where R, is the basic signal-to-noise ratio (including noise
sources), I is impairments simultaneous to voice signal, /4
is impairments caused by delay and the effective equipment
impairment, I._f represents impairments caused by low bit-
rate codecs and due to randomly distributed packet losses,
and the advantage factor A allows for the compensation of
impairment factors when there are other advantages of access
to the user. Among all these factors, only Ig and I._ef are
affected by network conditions. Taking the default values for
the other factors (as defined in [23]), the factor R can be
defined by

R=932— I3 — Io_ef. 2)

Cole and Rosenbluth [24] propose a simpler linear func-
tion to estimate the values of /4, given by

14 = 0.024d 4+ 0.11(d — 177.3)H(d — 177, 3), 3)

where d is the end-to-end delay (in milliseconds) and H (x)
is the Heavyside function:

Hx)=0ifx <0; Hx)=1ifx > 0.
I.—cff can be calculated using the Eq. [21]

Ppl

Ppl

Te—etf = Ie + (95 - Ie)—’
BurstR + B[)l

“)
where Ppl is the packet-loss probability, Bpl is the packet
loss robustness factor, and BurstR is the so-called burst
ratio. When packet loss is random (i.e., independent),
BurstR = 1, and when packet loss is bursty (i.e., depen-
dent) BurstR > 1.

The R value can be used to estimate MOS. Equation 5,
presented in [21], defines how to map an R value into a MOS
rate. Table 1 presents the relationship of R-factor values to
MOS and to the subjective quality rating. I, and Bpl are
codec-dependent factors whose values for some codecs are
defined in [23].

1, ifR <0
1+ 0.035R + R(R — 60)- )
(100 — R)7 - 1075, if0 < R <100

45, if R > 100

MOS =
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Table 1 Relation between R-value, MOS and subjective quality
(adapted from [21])

R-value MOS Subjective quality
>90 >4.34 Best

>80 >4.03 High

>70 >3.60 Medium

>60 >3.10 Low

>50 >2.58 Poor

From the user’s point of view, it is more convenient
to describe the quality level using QoE parameters than
network performance parameters. For example, during a
VoIP service negotiation, it is more natural for customers
to express their quality needs in terms of MOS score than
network parameters, like OWD, PLR and PVD. However,
there exists a large and expanding list of QoE parameters
and metrics. An ideal QoS solution should offer means to
specify the quality level with flexibility in terms of QoS
parameters.

2.3 QoE/QoS mapping

As already presented, the perceived quality is influenced by
all the components involved in the end-to-end communica-
tion. The network service is sometimes the only component
that is controlled by the NSP. On its side, the NSP must
set-up the network devices in order to guarantee a network
quality level sufficient to ensure the QoE required by the cus-
tomer. This quality level can be calculated considering the
default values for the other components impacting the QoE
(e.g., human factors, equipment quality).

In order to allow the quality level of a network service to
be expressed using QoE parameters, one of the first actions to
be performed by the NSP is the QoS/QoE mapping. Two of
the challenging issues of the QoS/QoE mapping are: (i) there
are several QoS/QoE parameters and metrics used in differ-
ent media and services, and the list of QoE parameters is
in continuous expansion; and (ii) different NSPs can adopt
different network QoS parameters to specify QoS (accord-
ing to its network technologies, QoS solutions and marketing
strategy).

There are some works that aim at mapping QoE para-
meters and network performance parameters. In [4,5,25],
the authors propose mathematical expressions for QoS/QoE
mapping. Ghinea and Thomas [5] identified a relation of pro-
portionality between QoE and QoS, where a QoE score is
determined by a weighted sum of bit error, segment loss,
order, delay and jitter metrics. The weight associated with
each metrics was empirically derived based on subjective
tests. Siller and Woods [4] propose that a normalized QoE
can be defined as some function of network and application
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QoS metrics. In this work, the Network QoS metric is defined
as the sum of the weighted factors given by three network
metrics: delay, jitter and packet loss.

3 Related work

The QoE/QoS mapping solutions presented in the last section
are not sufficient to deal with the heterogeneity and exten-
sibility issues present in QoS management. As previously
presented, two significant and challenging issues are yet to
be fully addressed: (i) there is an expanding list of QoE para-
meters, and (ii) different NSPs can adopt different network
performance parameters to specify QoS requirements. An
ideal QoS management solution should support both the QoS
specification allowing the use of an extensible list of QoS
parameters and the automatic mapping of these parameters
to those understood and controlled by the NSPs.

Semantic approaches to QoS specification using a flexi-
ble list of parameters are not a new matter in Web Services
(WS). Four important contributions in the QoS for WS are
OWL-QoS [26], QoSOnt [27], Service Level Ontology [28]
and OWL-Q [29]. These contributions use OWL version
1.0 and, as discussed further in [12], this version of OWL
does not provide sufficient support for data type constraints,
which are necessary to correctly model parameter bounds.
The QoS ontologies cited try to bypass this limitation using
OWL object properties, custom XML and semantic Web rule
languages. For instance, OWL-Q [29], an extensible onto-
logical specification for semantic QoS-based WS descrip-
tion, bypass this limitation by extending OWL with SWRL
rules reasoning about relations between properties in order
to enforce constraints. Note that the use of SWRL rules to
specify the QoE/QoS mapping is not addressed in any of the
works above.

There are some works that consider ontologies and
QoE/QoS mapping in the network domain. For instance,
Gallo et al. [30] propose a QoE ontology used by an agent-
based platform to map quality of service to experience
in conventional and active networks. Differently from our
approach, the QoE ontology proposed by [4] specifies the
vocabulary and communication messages of the agents com-
posing the proposed platform to map quality of service to
experience. Therefore, the QOE/QoS mapping itself does not
follow a semantic approach.

In [10,31,32] the authors propose semantic approaches to
deal with network monitoring, authorization of explicit QoS
services invocations and to manage large-scale networks,
respectively. In these three works, the ontologies specify QoS
using a fixed list of network parameters. Therefore, these
approaches also do not deal with the heterogeneity and exten-
sibility issues. Moreover, these ontologies do not deal with
QoE/QoS mapping.
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In [33], Macidn et al. propose a framework based on
ontologies and rules to perform the QoE/QoS mapping auto-
matically. This framework combines SWRL rules and a lan-
guage that represents the semantics of mathematical objects
(such as OpenMath [34]) to obtain the semantic represen-
tation of the relationship between the technical compo-
nent of QoS and QoE. A semantic reasoner will use these
rules and the instances of the ontology to generate new
instances related to the QoE domain providing informa-
tion about the QoE level. However, the proposed frame-
work was not tested or applied in [33]. Moreover, this
work does not deal with the heterogeneity and extensibility
issues.

In [35] describes an ontology-based SLA formalization
using OWL and SWRL in the telecommunication domain.
Six generic ontologies were designed to provide a frame-
work for describe SLAs: Unit Ontology, Time Unit Ontol-
ogy, Temporal Ontology, Concurrency Ontology, Network
Metrics Ontology and SLA ontology. However, the layer
abstraction necessary to deal with mapping between QOS
parameters in different level is unavailable.

In [36], Chen et al. propose a QoS model for software
services deployed in the cloud. In this work, an ontology
is used to describe QoS concerns from three dimensions:
system resource utilization, service performance, and price.
An ontology language is used to describe these concerns
and their properties. However, like the previous one, this
ontology lacks an abstraction to model the system layers.
Moreover, the satisfaction of the system is defined as a
weighted sum of parameter satisfaction, a non ontology-
based method.

In [9], Rodrigues et al. the authors define an ontology for
multiservice IP networks targeting multiple service manage-
ment goals. The authors are concerned with the QoE/QoS
mapping. This mapping is driven by a so-called Multiservice
Monitoring. However, the QOE/QoS mapping is not detailed
in [9]. Moreover, only network performance parameters are
specified in this ontology.

Fallon and Sullivan [37] work in building, populating and
evaluating an ontological Knowledge Base (KB) for qual-
ity management in IPTV services. This KB represent end-
user service experience and context. The terminal reporting
is used to collect the QoS and QoE metrics that are semanti-
cally mapped and stored in the KB. That knowledge is sub-
sequently used to analyze and optimize the quality of [IPTV
service delivery. The QoE/QoS mapping is not considered
in this work; all quality metrics are classified as individu-
als (Metrics). Therefore, these two concepts are not distin-
guished in the KB.

Alipio et al. [38] propose an ontological representation
of network services to create a common vocabulary, includ-
ing a service classification, and to map service requirements
into network configuration. However, [38] does not explain

how this mapping is performed. Moreover, this ontology is
specific for Diffserv and deals only with network level para-
meters.

The new version 2.0 of OWL provides syntactic support
to define numeric ranges, backed up by reasoner support (in
reasoners like FaCT++ and Pellet). Using OWL 2.0 makes
the previous QoS/QoE mapping solutions obsolete. In [12],
we present NetQoSOnt, an ontology that allows the semantic
interoperability in terms of parameters used in the QoS spec-
ification of network services. This ontology is being devel-
oped utilizing OWL 2.0 [8] and uses the characteristics of this
new version of OWL for the comparison of QoS parameters
through inference.

In this paper we extend NetQoSOnt with SWRL rules in
order to specify QoE/QoS rules. Note that we do not intend
to propose new methods to map QoS and QoE, as proposed
by [4,5,25]. The novel aspect of our approach is that it makes
it possible that clients and NSPs express their quality level
using different QoE and QoS parameters. The existing and
future QoE and QoS parameters and mapping methods can
be specified as new OWL classes and SWRL rules. After
published as an OWL file, these concepts can be imported
into the Knowledge Base (KB) of the NSPs. Thus, this new
knowledge can be applied to automatically map QoE and
QoS parameters and, using the new features of OWL 2.0, the
QoS specification using different QOE/QoS parameters can
be compared.

4 NetQoSOnt

This section presents NetQoSOnt [12], a QoS ontology ori-
ented to network services able to provide a formal, extendable
and machine-processable specification to state QoS specifi-
cations. NetQoSOnt is designed to be a basis for semantic-
based approaches for all stages of QoS service management,
including selection, negotiation, dynamic invocation, and
monitoring of network services. New ontologies importing
concepts of NetQoS-Ont are necessary for any QoS ontology-
based operation.

4.1 NetQoSOnt modules

As shownin Fig. 1, NetQoSOnt classes are organized in mod-
ules. Each module involves classes of one of the four layers
of the TCP/IP stack. Additionally, there is a module designed
to contain QoS specifications at the user’s level and another
one containing basic concepts that are reused by all other
modules. The notion of layers is very important to model
QoS in network services because the quality parameters of a
layer may (and usually do) depend on the quality parameters
of the lower layers.
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Fig. 1 The NetQoSOnt modules

4.1.1 Base module

The Base module was defined to aggregate a list of generic
resources necessary to create QoS specifications and parame-
ters. This module is composed of various classes, the most
important of which are illustrated in Fig. 1. The class Para-
meter represents a measurable property in a network layer.
QoSSpec is the super concept of any QoS specification, i.e.,
a QoS specification can be specified as a subclass (special-
ization) of QoSSpec. A QoS specification is defined as a set
of QoS parameters, identified by the property hasParameter.

NetQoSOnt reuses the unit concepts from the Measure-
ment Units Ontology (MUO) [39]. The class Measure is a
subclass of QualityValue, a concept from MUO representing
the value of an individual quality, for instance, 150 ms for
OWD. Each Parameter is related to a Measure, specified by
the property hasMeasure.

4.1.2 Link layer module

This module aggregates concepts related to the link layer
of the TCP/IP stack. For instance, the concept LinkPer-
formanceParameter has been derived from Parameter to
define parameters specific to this layer. For example, Fig. 2
presents two performance parameters of the 802.16e stan-
dard, Tolerated Jitter and Maximum Latency, specified as
subclasses of LinkPerformanceParameter, and they refer
to a Measure subclass that defines the unit (bits per sec-
ond and per millisecond, respectively), and their respective
values.
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Fig. 2 The Link Layer module

4.1.3 Internet layer module

The Internet layer module specifies concepts related to the
Internet layer of the TCP/IP stack. The QoS parameters at the
Internet layer are derived from InternetPerformanceParame-
ter. The parameters PLR, OWL and PDV have been defined
based on the IETF RFCs 2680, 2679 and 3393, respectively.
Figure 1 presents only OneWayDelay for the sake of simpli-
fication.

Adopting NetQoSOnt, the NSP must maintain the quality
level offered by their network services in its KB. To illustrate
the use of NetQoSOnt, suppose that an NSP adopts a QoS
solution based on two classes of service: CoSA that satis-
fies the Y.1543 QoS Class 0 criteria [16] (OWD <100 ms,
IPDV <50 ms, PLR < 0.001) and CoSB that satisfies the
Y.1543 QoS Class 1 criteria (OWD <400 ms, IPDV <100 ms,
PLR < 0.001). The team of network specialists of this
NSP must produce a subclass of QoSSpec for each CoS
using an ontology development tool (e.g., Protégé [40]). Fig-
ure 1 illustrates the specification of the QoS level offered by
CoSA and CoSB that must be maintained in the KB, rep-
resented by the classes CoSA and CoSB. Again, this figure
presents only the parameter OWD, where the OWD limit of
CoSA is defined by CoSAOWDMeasure as <100 ms, and
the OWD limit of CoSB is defined by CoSBOWDMeasure as
<400 ms.

4.1.4 Transport layer module

This module specifies concepts related to the transport layer
of the TCP/IP stack. For instance, the QoSTP protocol [41]
allows the configuration of the congestion window algo-
rithm and the error control algorithm. These parameters can
be modeled by means of a specialization of the Parameter
concept.

4.1.5 Application layer module and user module

Similarly to the previous layers, NetQoSOnt provides the
means to specify QoS specifications, parameters and met-
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rics at the application and user layers. Based on the concepts
defined in our ontology, application developers and organiza-
tions can publish in their websites new concepts, for instance,
to express QoE parameters. For example, using NetQoSOnt
a hypothetical VoIP standardization organization can publish
a set of ranges of MOS scores. In Fig. 1 only one range is rep-
resented, MOS >4.1, specified by MOS41Spec (a subclass
of QoSSpec) at the User Layer.

Moreover, customers and users can express their qual-
ity level needs as subclasses of QoSSpec. For instance, dur-
ing a service invocation a user can request a VoIP call with
quality MOS >3.9. This request is specified by QoSSpec
MOS39Spec, presented in Fig. 1. In [42], we propose a SIP
(Session Initiation Protocol) extension for specifying QoS
requirements using NetQoSOnt. Because there is no sub-
class of QoSSpec specifying MOS >3.9 in the KB of the
NSP, the negotiation system must include the class MOS3.9in
the KB.

4.2 Equivalence between QoS specifications
and the inference process

Figure 1 shows also an example of how NetQoSOnt specifies
equivalence relations between QoS specifications. Return-
ing to our hypothetical VoIP standardization organization,
in addition to the subclasses of QoSSpec specifying a set
of ranges of MOS scores, this organization must publish
the quality level that must be guaranteed at the Internet
layer to ensure each range. The MOS41IPSpec in the Inter-
net layer specifies the QoS level that the network service
should ensure to allow a MOS >4.1. For simplification, Fig. 1
presents only one of the QoS parameters used to specify
this network QoS level, the OWD parameter (although not
showed here, other ranges of MOS score and QoS para-
meters were defined). As seen in Fig. 1, MOS41IPSpec
has MOS410WD as one of these properties, which spec-
ifies the OWD limits to guarantee MOS >4.1. The mea-
surement of OWD is defined in MOS410WDMeasure as
<150 ms. To define the equivalence between MOS41Spec
at the user level and MOS41IPSpec at the Internet level,
an equivalence relation of classes in ontologies is used
(equivalent-to).

Suppose again that a customer of an NSP requests a VoIP
service with quality MOS >3.9 and the NSP adopts a QoS
solution based on two CoS: CoSA and CoSB. To accept or
reject the customer’s request, the NSP must first know if there
is a CoS that meets the customer’s request. To answer this
question the NSP uses a semantic reasoner that tries to derive
answers from the KB. The reasoner can recognize which
concepts fit under which definitions and, therefore, maintain
the hierarchy correctly. The semantic reasoner can maintain
the hierarchy of the subclasses of QoSSpec when they are
applied to the previous example of service negotiation.

User Module  equivalent-to

Internet Layer Module

Legend:

Class is-a (subclass-of) property equivalent-to

Fig. 3 The inferred class hierarchy

Figure 3 presents the inferred class hierarchy. Since
3.9 < 4.1, and the units are the same, the reasoner will
infer that MOS41 is a subclass of MOS39, and consequently
MOS39Spec will be inferred as a subclass of MOS41Spec.
Since 100 < 150 < 400, CoSAOWD-Measure will be
inferred as a subclass of MOS410WD-Measure, which in
turn is a subclass of CoSBOWDMeasure. Consequently,
CoSAOWD will be inferred as a subclass of MOS410WD,
which will be a subclass of CoSBOWD. Moreover, CoSA
will be inferred as a subclass of MOS411PSpec, which will
be a subclass of CoSB. Finally, as the OWD limit of CoSA is
less than that specified by MOS41IPSpec, CoSA is inferred
to be more specialized than MOS41IPSpec.

In conclusion, CoSA is a subclass of MOS39Spec and
therefore CoSA meets the customer requirements. Note that
to accept the user request, the NSP must also use others para-
meters (e.g., source and destination addresses, traffic confor-
mance) and verify the current resource availability.

4.3 QoE/QoS mapping

NetQoSOnt does not allow the specification of QoS mapping
rules, only the definition of equivalence relations between
QoS specifications. This limitation creates problems. First,
the equivalence relations in Net-QoSOnt are biconditional
logical connective between statements, i.e., a QoS level in a
specific layer (described by a subclass of QoSSpec) is met
if and only if an equivalent QoS specification in guaranteed
in a lower layer. For instance, MOS41Spec is equivalent to
MOS411PSpec, where the latter specifies the quality level as
OWD >150 and PLR >0.03. However, according to Eq. 2
(Sect. 2.3), there are other combinations of delay and packet
losses that ensure the same MOS score.

The second problem is related to network resource opti-
mization. Taking the previous example into consideration,
when a hypothetical standardization organization publishes
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the MOS parameter using NetQoSOnt, it must also publish
a set of equivalence relations between MOS ranges and QoS
specification at the Internet level. Consider that two MOS
ranges are published: MOS >4.1 is equivalent to guarantee-
ing OWD <150 ms, IPDV <50 ms, PLR <0.03; and MOS
>3.6 is equivalent to guaranteeing OWD <350 ms, IPDV
<125 ms, PLR <0.15. Using the semantic reasoner, the NSP
can identify which QoS level guaranteed by CoSA (OWD
<100 ms, IPDV <50 ms, PLR <0.001) is equivalent to MOS
>4.1. Note that the effective MOS range guaranteed by a CoS
is not calculated.

In this case, if a certain CoS can ensure MOS >3.9 (based
on its maximum limits of OWD, IPDV and PLR), using only
the equivalence relations the reasoner will infer that the MOS
range guaranteed by this class is MOS >3.6. In this case, if
a customer request MOS >3.9 for its VoIP traffic, the NSP
will classify this traffic in CoSA. As previously described,
this conclusion was reached from the observation that QoS
specification MOS >3.9 was classified by the reasoner as
a subclass of QoS specification MOS >4.1 that in turn is
equivalent to the QoS specification guaranteed by the class
of service CoSA. The rationale is that if the NSP guaran-
tees resources to ensure quality MOS >4.1, it also ensures
that the user’s request of MOS >3.9 is honoured. In any
case, if there was a way to dynamically generate the MOS
range guaranteed by a CoS, then it could be concluded that
a less expensive class of service could satisfy the customer
needs.

The problems pointed out above arise due to a lack of
granularity of the equivalence relations between QoS speci-
fications. In this paper, we address this issue of lack of granu-
larity by offering functionalities for supporting the automatic
mapping between QoS parameters adopted by the NSP and
the QoS/QoE parameters adopted by the customer/user. In
NetQoSOnt, the equivalence relations between QoS speci-
fications are statically defined. In this paper, these equiva-
lence relations can be created automatically when the cus-
tomer/user uses a new QoS/QoE parameter. For instance,
when the customer requests MOS >3.9, and MOS is an
unknown parameter of the NSP, they can import this para-
meter and its mapping rules, and automatically calculate the
quality level offered by its network services using now the
MOS score.

5 Extending NetQoSOnt with SWRL rules

This section presents an extension of the NetQoSOnt ontol-
ogy seeking to overcome the previously cited limitations
during the QoS/QoE mapping. This extension defines new
concepts and individuals necessary to specify formally the
QoS/QoE mapping, including a new module called QoS/QoE
mapping. Particularly important is that the proposed extension
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allows the automatic QoS/QoE mapping using SWRL rules
stored in individuals of the ontology.

5.1 New concepts and individuals

In NetQoSOnt [12], QoS specifications are described by
specializations of the class QoSSpec. In the present pro-
posal, QoS specifications that are guaranteed by the net-
work services offered by the NSPs (e.g., QoS specifica-
tions describing the quality level guaranteed by each CoS)
are described as individuals, while customer/user’s QoS
requirements are described by specializations of the class
QoSSpec. This interpretation is necessary because it is not
possible to associate SWRL rules with classes, only with
individuals.

Figure 4 illustrates the use of the proposed NetQoSOnt
extension in the VoIP domain. For purposes of simplification,
this figure does not present all the NetQoSOnt modules. Two
concepts in the application layer module are presented in this
figure:

— ApplicationParameter is a subclass of Parameter to
define parameters at the application layer;

— Codec is a subclass of ApplicationParameter used to
specify the codec chosen by the customer/user of a VoIP
service. Anindividual belonging to the class Codec repre-
sents a specific codec that is identified by its RTP Payload
Type (PT) value [43]. PT values are specified by sub-
classes of Measure, using the object property hasMea-
sure and the data property qualityLiteralvalue.

The user layer module aggregates concepts related to
QoE. Figure 4 presents three examples of subclasses of
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Fig. 4 Specifying QoE concepts in the VoIP domain
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UserLayerParameter in the VoIP domain: MOS, RFactor and
SubjectiveQuality. These classes allow the users to specify its
required QoE through MOS, R factors and subjective qual-
ity values. The subjective quality levels and the relationships
between these parameters are presented in Table 1.

In the Internet layer module, the class CoS (a subclass
of QoSSpec) has been defined to allow the NSPs to specify
the quality level guaranteed by their CoSs. The NSP should
include in its KB an individual belonging to the class CoS
for each CoS adopted by the NSP. As will be presented in
this paper, to each individual CoS can be associated, with the
object property hasEquivalent, a set of individuals QoSSpec
specifying qualities levels equivalent to this CoS. These indi-
viduals QoSSpec will be automatically generated during the
QoS/QoE mapping.

5.2 QoS/QoE mapping

As presented in Sect. 4.3, in NetQoSOnt the equivalence rela-
tions between QoS specifications are statistically defined. For
instance, NetQoSOnt makes it possible to guarantee that a
certain QoS level at the network layer is equivalent to guar-
anteeing a certain QoE level. However, NetQoSOnt does not
allow the specification of how a network QoS specification
should be mapped to certain QoE level. In order to offer
flexibility in terms of QoS/QoE mapping, in this paper we
extended NetQoSOnt with a new module, called QoS/QoE
Mapping.

In the QoS/QoE Mapping module, new subclasses of
QoSQoEMapping can be defined to describe new QoS/QoE
mapping rules. Figure 4 presents three subclasses of
QoSQoEMapping defining three QoS/QoE mapping rules
in the VoIP domain: RFactorMapping, MOSMapping and
SubjectiveQualityMapping. In addition, one individual for
each one of these subclasses is presented: QoStoMOS-
SWRL, QoStoRFactor-SWRL and QoStoSubjectiveQuality-
SWRL. Each one of these individuals keeps QoS/QoE
mapping rules using the SWRL language. As illustrated in
Fig. 4, the relationship mappingTo links the class Parameter
to individuals belonging to the class QoSQoEMapping that
specify mapping rules to each parameter.

The mapping rules present in the individual’s QoS-
toRFactor-SWRL and QoStoSubjectiveQuality-SWRL were
described based on Egs. 2, 3, 4 and Table 1. Figure 5
presents one of the mapping rules maintained in the indi-
vidual QoStoMOS-SWRL. These rules allow the estimation
of a MOS score based on the OWD and PLR parameters (i.e.,
these rules are an SWRL representation of Eqs. 2, 3,4 and 5).
For the MOS score estimation, the codec used must be con-
sidered. For simplification, Fig. 5 shows only the mapping
rule considering the G.711 codec and an end-to-end delay
greater than 177.3ms.

. CoS(?cos)A

. hasParameter(?cos,?owdparam) AOneWayDelay (?owdparam)A
. hasParameter(?cos,?plrparam)APacketLossRate(?plrparam)A
. hasMeasure(?owdparam,?owdmeasure) A

. qualityLiteralValue(?owdmeasure,?d) A

. hasMeasure(?plrparam,?plrmeasure) A

. qualityLiteralValue(?plrmeasure,?p) A

. hasEquivalent(?cos,?mosspec) AhasParameter(?mosspec,?mos)A

© 00 N O Utk W N =

. MeanOpinionScore(?mos)A

. swrlb:add(?de2e,?d,80)A

. swrlb:greaterThanOrEqual(?de2e,177.3)A

. swrlb:add(?varl,?p,4.3) Aswrlb:divide(?var2,?p,?varl)A

. swrlb:multiply (?ieff,95,?var2) A

. swrlb:subtract(?var3,?de2e,177.3)A

. swrlb:multiply(?var4,?var3,0.11)A

. swrlb:multiply (?var5,?de2e,0.024) Aswrlb:add(?id,?var5,?var4) A
. swrlb:subtract(?var6,93.2,7id) Aswrlb:subtract(?r,?var6,?ieff) A
. swrlb:subtract(?var7,100,?r) Aswrlb:subtract(?var8,?r,60) A

e e e e e e e
© 00 N O Uk W N = O

. swrlb:multiply(?var9,?var8,?var7) A
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[=)

. swrlb:multiply(?var10,?var9,?r)A

[N~}
—

. swrlb:multiply(?varl1,?var10,7.0E—6)A

N
3]

. swrlb:multiply(?var12,0.035,7r)A
. swrlb:add(?varl3,?varl2,?varll)A

. swrlb:add(?mosvalue,1,?var13)A

NN N
Ttk W

. qualityLiteralValue(result,?mosvalue)

26. = hasMeasure(?mos,result)

Fig. 5 MOS-mapping rules

All SWRL rules are expressed in terms of OWL con-
cepts (classes, properties, individuals). The SWRL rules
have the form of an implication between an antecedent
(body) and a consequent (head). As defined in [13], an
SWRL can be denoted as R = Implies(Antecedent(A),
Consequent(C)). The intended meaning is: whenever the
conditions specified in the antecedent (A) hold, then the
conditions specified in the consequent (C) must also hold.
Both the antecedent and consequent consist of zero or more
SWRL atoms. SWRL atoms can be of the form C(x), P(x,y),
sameAs(x,y), differentFrom(x,y), or builtIn(r,x,...), where C is
an OWL description or data range, P is an OWL property,
r is a built-in relation, x and y are either variables, OWL
individuals or OWL data values. SWRL built-ins are used
to perform specific mathematical computation (swrlb:add,
swrlb:divide, swrlb:multiply, swrlb:pow) and comparisons
(e.g., swrib:equal).

In Fig. 5, we adopt the informal “human readable”
form to present the MOS mapping rules (as proposed
by [13]). In this syntax, a rule has the form:
Antecedent (A) = Consequent (C),where both antecedent
and consequent are conjunctions of atoms written as al
A ...Aan. Variables are indicated using the standard conven-
tion of prefixing them with a question mark (e.g., ?argument).
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In the rule presented in Fig. 5, the conjunction of atoms in
lines 1 to 3 hold if there is an individual CoS containing a QoS
specification using the OWD and PLR parameters (therefore,
allowing its mapping to a MOS score). Lines 4 to 7 contain a
conjunction of atoms allowing the storing of OWD and PLR
values in variables d and p, respectively. Next, the atoms in
lines 8 and 9 allow the identification of the individual mos of
the class MeanOpinionScore that will store the MOS score
to be estimated by this rule. This individual is the QoS para-
meter used by QoSSpec mosspec that in its turn is related to
the evaluated CoS individual by the hasEquivalent property.
Line 10 allows the calculation of the end-to-end delay using
a typical buffering delay for G.711. The atom in Lines 11
holds if this delay is greater than 177.3 ms (see Eq. 3).

Lines 12 to 18 represent Eqgs. 2, 3 and 4, allowing the
estimation of the value of R. To describe these in SWRL,
it was necessary to use auxiliary variables holding interme-
diate values of the various mathematical computations and
comparisons present in this equation. In Fig. 5 these auxiliary
variables are indicated by ?varn. For instance, the variable
varl holds the product of ?p and 4.3. Lines 19 to 24 repre-
sent Eq. 5 used to estimate the MOS score from the R value.
Finally, the atoms in lines 25 and 26 allow the storing of the
estimated MOS score as a measure of the individual mos.

5.3 The inference process

As presented in Sect. 4.2, using NetQoSOnt the NSP can ver-
ify that network service satisfies the user requirement using
the class hierarchy generated by the inference process. If the
class specifying the user requirement is inferred as a subclass
of QoSSpec specifying a quality guaranteed by a service pro-
vided by this NSP, then this service meets the user require-
ment. The rationale is different in the proposed NetQoSOnt
extension. As presented in the previous section, now the qual-
ity level guaranteed by the network service is specified by an
individual and the user requirement is specified by a subclass
of QoSSpec.

The classification is one of the description logic infer-
ence services, which computes the subclass relations between
every named class to create the complete class hierarchy.
Another service is the realization [44], which finds the most
specific classes that an individual belongs to. The realiza-
tion is used here to verify that there is an individual CoS
that belongs to the subclass of QoSSpec specifying the user
requirements. If yes, the CoS represented by the individual
belonging to the subclass QoSSpec specifying, therefore, that
the user requirements meets the user requirements.

6 An illustrative scenario

This section illustrates how the proposed NetQoSOnt exten-
sion can be used to address the problem of QoE/QoS mapping
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Fig. 6 Illustrative scenario

during a QoS service negotiation. Moreover, this illustrative
scenario was used as a testing scenario.

In this illustrative scenario, presented in Fig. 6, we first
consider that NetQoSOnt was used by a hypothetical stan-
dards organization to describe a set of QoS/QoE-related con-
cepts in the VoIP domain, and the resulting file was published
in http://VoIPOrg.org/ VoIPQoEOnt.owl. Some concepts and
mapping rules described in VoIPQoSOnt were presented in
Fig. 4. Moreover, consider that the NSP adopts the two CoS
described in Sect. 4.1.3 and whose QoS specifications are
maintained in its KB.

Consider now that a customer negotiates a VoIP SLS with
its NSP. This VoIP SLS specifies the voice quality desired
by the voice calls between the main office and the branch
of its corporation. For this, the customer specifies quality
MOS >4 for voice calls using the G.711 codec (i.e., he or
she accepts voice calls with a quality level inferior to that
provided by G.711 in a scenario without loss). The problem
stated here is: how can the NSP automatically identify what
MOS >4 quality means in terms of network QoS parameters
and identify which of its CoSs provides the required quality?
The solution, using the proposed NetQoSOnt extension, is
described in the following subsections.

To simulate and test our own proposed NetQoSOnt exten-
sion, an SLS negotiation system prototype has been imple-
mented using Java, API OWL [45], and the OWL reasoner
Pellet [44]. This is a proof-of-concept prototype, implement-
ing the minimum functionalities required for the customer of
a VoIP service to specify the required quality level and for the
NSP to reach the CoS that meets the customer requirements.
Figure 7 presents the two elements of the implemented SLS
Negotiation System:

— QoS Specification Creator: itis a Java application built to
emulate the client side of our SLS Negotiation System.
This application offers an interface, presented in Fig. 8,
through which a customer can request a voice quality
by defining a MOS score rate, an R factor rate or using
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Fig. 7 QoS negotiation system prototype

a subjective quality. The mappings between these dif-
ferent QoE parameters are presented in Table 1. Based
on VoIPQoSOnt, the QoS Specification Creator gener-
ates the OWL classes and individuals describing the QoS
specification required by the customer.

— QoS Negotiation Systems: it is a Java application respon-
sible for receiving a QoS specification, a subclass of
QoSSpec expressing the customer requirements and iden-
tifying what CoS meets the customer requirements. This
system is composed by three components—SLS Nego-
tiator, Rules Interpreter, and Knowledge Base (KB).

During the QoS negotiation, the SLS Negotiation System
proceeds as follows. The SLS Negotiator receives the sub-
class of QoSSpec and verifies if there is already in the KB
an equivalent subclass of QoSSpec. If yes, then the inference
process has already been done, and the SLS Negotiator can
reach the CoS satisfying the quality requirement of the cus-
tomer and present it to the user’s application (as presented in
Sect. 5.3). Otherwise, the new QoSSpec must be included in
the KB. The Rules Interpreter is called when new QoE/QoS
parameters are used by a subclass of QoSSpec specifying the
customer’s requirements. Before the rules are applied, this
component is responsible for including in the KB new indi-
viduals belonging to the classes CoS and Parameter using
the new QoE/QoS parameter for each individual CoS. After
this operation, the SLS Negotiator can call the Reasoner to do
the classification and realization on the KB. Finally, the SLS
Negotiator can reach the CoS satisfying the quality require-
ment of the customer and present it to the user’s application.

The SWRL language does not support the dynamic gen-
eration of OWL individuals. This automatic generation
of individuals belonging to the class QoSSpec (and other
related individuals) based on the SWRL mapping rules is
accomplished by the Rules Interpreter in our QoS Nego-
tiation System. With this objective, we developed a sim-
ple SWRL interpreter, implemented in Java, and used the
OWL API to populate the KB of the NSP with the new
individuals.

VoIPQoEOnNt

|
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RFactor

Quality

Select the QoS parameter:

Select the CODEC

Fig. 8 Customer interface of the QOS specification creator
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Fig. 9 QoS specification guaranteed by the CoSs as maintained in the
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6.1 Specifying QoS-related concepts

The NSP must include in its KB a set of concepts specify-
ing the QoS level guaranteed by its CoS. These concepts are
presented in Fig. 9. For simplification, this figure presents
only OWD metrics; however, other performance metrics
were considered, such as IPDV and PLR. Figure 9 illus-
trates two individuals belonging to the class CoS: CoSA
and CoSB. CoSA is a subclass of QoSSpec specifying the
QoS level guaranteed by this CoS. CoSA has relations with
CoSAOWD and CoSAPLR, representing the maximum OWD
and PLR guaranteed by CoSA, respectively. The measure
of the maximum OWD is defined by CoSAOWDMeasure as
<140 ms, and the measure of the maximum PLR is defined by
CoSAPLR as <0.001. In its turn, CoSB has relations with
CoSBOWD and CoSBPLR specifying the maximum OWD
and PLR guaranteed by this CoS. The measures of the maxi-
mum OWD and PLR are <400 ms and <0.001, respectively.
In our QoS Negotiation System prototype, these concepts
have been manually included in the KB.
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6.2 Specifying the required quality

The classes and individuals generated during the service
negotiation will be maintained in the KB of the NSP.
Figure 10 presents the classes and individuals describing the
QoS specification under negotiation (MOS >4 with codec
G.711). The QoS specification is described by Clientl, a
subclass of QoSSpec. Clientl has two parameters: G.711,
an individual of the class Codec specifying the codec to
be used by the VoIP calls; and ClientIMOS, a subclass of
http://VoIPOrg.org/ VoIPQoEOnt.owl/#MOS. This subclass
has a measure specified by Client]IMOSRate that in turn has
the value qualityLiteralValue double=4. This value is stated
in the individual MOSClientlClientMeasure. Note that if
the class http://VoIPOrg.org/ VoIPQoEOnt.owl/#MOS is not
known, the negotiation system will import this description
from http://VoIPOrg.org/VoIPQoE-Ont.owl. This is so that
new QoE and QoS parameters may become known by the
NSP.

6.3 Customer’s request treatment

During the VoIP SLS negotiation, the SLS Negotiator must
accept/renegotiate or refuse the requested SLS. One of the
first steps is to verify which CoSs can meet the customer’s
needs. More specifically, the QoS specification used by the
customer must be compared with the QoS specification guar-
anteed by the CoSs. To allow this comparison, it is necessary
to map the QoS specifications of the CoSs into QoS specifi-
cations using the same QoE parameters used by the customer.
In our illustrative scenario, the NSP must verify what CoSs
offer the quality MOS >4.

Upon receiving the customer’s request, the SLS Negotia-
tor verifies if the QoS specification is already available in
the KB. If it is available, the module already knows which
CoS meets the user’s request. Let’s consider here that the
NSP does not yet know the MOS concept. The procedure
begins with the importation of the concepts used in the
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QoS specification, i.e., the importation of http://VoIPOrg.
org/ VoIPQoEOnt.owl.

The property mappingTo (Fig. 4) allows the SLS Nego-
tiator to identify the individual containing the mapping rules
of the QoE parameter used by the customer (i.e., MOS). In
this illustrative scenario, mappingTo identifies the mapping
rules of the parameter MOS, which are those kept in the
individual QoSto-MOS-SWRL of the class MOSMapping. In
order to determine the minimum MOS score guaranteed by
each CoSs, the SLS Negotiator calls the Rules Interpreter
(Fig. 7) to interpret these mapping rules kept in the indi-
vidual QoStoMOS-SWRL. Interpreting these rules, the Rules
Interpreter creates new individuals belonging the class CoS
specifying the quality level guaranteed by COSA and CoSB,
now using MOS parameters and codec G.711. For this, the
mapping rule available in the individual QoStoMOS-SWRL
is interpreted twice, each one considering the OWD and PLR
guaranteed by one of the CoSs of the NSP. The output vari-
able’s value returning from each interpretation is the mini-
mum MOS score guaranteed by the considered CoS.

Figure 11 presents the individuals generated from these
two interpretations: the individuals QoSSpecMOS-G711Co
SA and QoSSpecMOSG711CoSB represent the QoS spec-
ifications using the MOS parameter and the G.711 codec
guaranteed by CoSA and CoSB, respectively. The individu-
als MOSG711CoSAMeasure (double =4.1) and MOSG711
CoSBMeasure (double =2.96) specify the minimum MOS
score guaranteed by CoSA and CoSB, respectively.

After generating the individuals belonging to the class
QoSSpec, the QoS negotiation system must use the Reasoner
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Fig. 12 Generated individuals and the inference results

to identify what CoSs ensure the quality requested by the
client. As Clientl is the formalization of the requested qual-
ity level, the problem of identifying what CoS ensures this
quality level can be represented as the identification of which
individuals belonging to the class CoS also belong to the
class Clientl. The new hierarchy obtained after the infer-
ence process is presented in Fig. 12, where one can observe
that QoSSpecMOSG711CoSA is an individual of the class
Clientl, and therefore, CoSA meets the quality requested by
the client.

To identify individuals belonging to subclasses of QoS
Spec, the Reasoner analyzes the intervals defined by the Mea-
sure subclasses and individuals. Since 4.1 > 4, the reasoner
will infer that the individual MOSG711-CoSAMeasure
belongs to the class ClientIMOSRate. Consequently,
MOSG711CoSA will be inferred as an individual belong-
ing to the class ClientIMOS and QoSSPecMOS-G711CoSA
as individual belonging to the Client/. This makes us con-
clude that CoSA offers a QoS level that meets the customer’s
request.

This hypothetical scenario illustrate the flexibility offered
by our NetQoSOnt extension: the NSP, without knowing the
QoE parameter chosen by the user, can dynamically gener-
ate individuals in the user layer of its KB. These instances
were generated based on the mapping rules published by a
hypothetical VoIP standards organization. These individuals
were used to identify what CoS meets the user requirement.
These operations are necessary only when the NSP does not
know the QoE parameter used. If the NSP knows the QoE
parameter used, it also knows the quality level provided by
their CoSs in terms of these QoE parameters.

In order to test the effectiveness of our semantic-based
approach, various negotiation scenarios were simulated by
altering the QoE parameter and value (considering the
maximum values for G.711): MOS scores from 1.0 to
4.1; R values from 1 to 82; and all subjective qualities
(High, Medium, Low and Poor). In all simulations the CoS
automatically identified as meeting the customer’s request
is the same than those manually found using the same
rules.

6.4 Performance evaluation

For this illustrative scenario, the inference process took
312 ms on a standard computer with Intel i5 and 8 GB
RAM. In a real situation, the time of transfer of the new
quality parameter and their mapping rules (MOS scenario
illustrates) must be added to this delay. Considering that the
small sized ontologies described do reflect a real provider
specification (in general, an NSP has only a small set of
CoSs), the time response of the reasoner proves viable
the use of ontologies to help negotiation process. It is
important note that this transfer and mapping procedure is
necessary only the first time that QoE/QoS parameter is
used.

6.5 Applying the proposal in other domains

The semantic approach for QoS/QoE mapping proposed in
this paper can been applied in other domains. For instance,
using the QoS/QoE correlation model proposed by [46], it is
possible to specify QoE metrics for IPTV services, includ-
ing their mapping rules. For that purpose, it is necessary
to specify the QoE concepts in the IPTV domain (analo-
gous to the specification of the QoE concepts in the VoIP
domain presented in Fig. 4) and publish it in a public web
site.

7 Conclusions

This paper proposed an extension of the NetQoSOnt ontology
offering resources to automatically map QoS specifications
in the different network layers. Using the SWRL language to
specify mapping rules between QoE/QoS parameters brings
flexibility to network service providers, application imple-
menters, and standards organizations: new QoS/QoE para-
meters and mapping rules can be published and be automat-
ically interpreted by service providers.

Our proposal was illustrated and tested using a QoS ser-
vice negotiation prototype. Using this prototype, we showed
the effectiveness of our semantic-based approach when used
during the VoIP service negotiation. In this scenario, the cus-
tomer can adopt different QoE parameters and the Network
Service Provider can identify what network service satisfies
the customer’s requirement.

Our approach adopts the SWRL language to specify the
mapping rules. However, one rule specified in SWRL con-
taining a high number of characteristics will make the rule
too long and difficult to understand and manage, even with a
simple formula [47]. To overcome these disadvantages, [47]
combines SWRL rules and OpenMath [34]: SWRL is used
to manage the OWL instances by locating those required
in the formulas and OpenMath defines the mathematical
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functions. This solution can be used in our approach, chang-
ing the way the mapping rules are specified. However, this
solution requires the use of SWRL extensions not yet stan-
dardized and there are no tools supporting it.

As future works, we are defining a complete semantic-
based solution for network service negotiation. Additionally,
we are also populating our ontology with new QoE parame-
ters and the definition of new mapping rules using the SWRL
language.
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