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Abstract. A vast number of business services have been published on the Web
in an attempt to achieve cost reductions and satisfy user demand. Service re-
trieval consequently plays an important role, but unfortunately existing research
focuses on crisp service retrieval techniques which are unsuitable for vague real
world information. In this paper, we propose a new fuzzy service retrieval ap-
proach which consists of two modules: service annotation and service retrieval.
Related service concepts for a given query are semantically retrieved, following
which services that are annotated to those concepts are retrieved. The degree of
retrieval of the retrieval module and the similarity between a service, a concept,
and a query are fuzzy. Our experiment shows that the proposed approach per-
forms better than a non-fuzzy approach on Recall measure.

Keywords: Fuzzy Service Retrieval, Semantic Service Annotation, Semantic
Service Retrieval.

1 Introduction

Nowadays, a huge number of business services have been published on the Internet
because companies desire to reduce costs and easily access their customers. Annotat-
ing services semantically enables machines to understand the purpose of services and
can further assist in intelligent and precise service retrieval, selection and composi-
tion. Nowadays, meanings are manually ascribed to most services by service provid-
ers. Although this makes the results more acceptable, it is time-consuming, and there
are difficulties in dealing with online tasks. The automation of service annotation is
therefore desirable, but unfortunately no service annotation technique for service
technology exists. Research about Web service annotation [1,2,3,4,5,6] concerns
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semi-automated systems which suggest annotations to service providers. While [1],
[6] are term-based annotation approaches, the others [2,3,4,5] are ontology-based
annotation approaches. However, these approaches focus on only crisp annotation. To
link the parameters of service descriptions to concepts of ontology is fuzzy. One pa-
rameter can be linked to several concepts with different degrees of relevance. Moreo-
ver, those works focus only on Web services. In this paper, we attempt to annotate
business services to service concepts by using fuzzy variables.

Understanding the semantics of a query is the other significant factor for improving
service retrieval performance. Zhai et al [7] focus on semantic query expansion by
using ontology. In contrast, in this paper, we apply the ECBR algorithm [8] to seman-
tically retrieve relevant services by using the synonyms of a query. Moreover, the
intention of our approach is to overcome the issue of vague information, such as the
similarity between a service and a concept, the similarity between a query and a con-
cept, and the retrieval degree of a service. Therefore, we apply Fuzzy logic to the
semantic service retrieval, which has not been done previously in the existing litera-
ture. Although there are some papers relating to fuzzy service retrieval [7], [9,10,11],
their methods are based on fuzzy ontology, instead of crisp ontology which is used in
this paper. Moreover, the existing work [9], [11] focus on retrieving Web services,
while we focus on retrieving business service information on the Web.

The rest of this paper is organized as follows. In Section 2, we introduce the design
of our semantic service retrieval system. The experiments and results are provided in
Section 3, and the work is concluded in Section 4.

2 System Design

In this paper, we propose a Fuzzy VSM-based approach for a semantic service re-
trieval system, to enable users to search services based on service concepts.

The overall system architecture of the semantic service retrieval system is shown in
Fig.1. The system consists of three main components, namely the service knowledge
base, service annotation module and service retrieval module. The service knowledge
base stores information related to services. It contains service ontology and service
description entity (SDE) metadata. The service annotation module automatically an-
notates a SDE to relevant service concepts in the domain specific service ontology.
The service retrieval module retrieves SDEs which are relevant to a user’s query.

- Service Retrieval Module —»|  Service KB
- retrieves

Service Annotation Module

Fig. 1. Overall system architecture of the semantic service retrieval system
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2.1  Service Knowledge Base

As mentioned above, the service knowledge base stores domain specific service on-
tology and SDE metadata. In this paper, we apply the service knowledge base from
the work by Dong, Hussain and Chang [8]. The SDEs are easily linked to service
concepts according to the categories of those services. In this paper, we propose a
new service annotation method, which is presented in Section 2.2.

Service Ontology

The service ontology is a conceptualization of the services offered. Its structure is
separated into four layers, namely the abstract concept layer, the service subdomain
concept layer, the abstract service concept layer, and the actual service layer. Each
service concept consists of a service concept name and service concept description.
Only service concepts in the actual service layer are linked to SDE metadata.

Service Description Entity (SDE)

The SDE metadata is the information about the actual business services which may be
relevant to more than one service concept. In this paper, the SDE metadata consists of
five properties, namely linked concepts, service provider name, provider address,
provider contact details, and SDE description. For example, the SDE metadata "Air-
line Agents Bookings" is assigned to "Virgin Airlines", "131 Fortitude Valley QLD,
4006 Australia", "Phone : 13 6789", and "Low Fares, Great Service." as service pro-
vider, provider address, provider contact details, and SDE description respectively.

2.2  Service Annotation Module

The service annotation module is a pre-processing element of the service retrieval
system. The main purpose of this module is to automatically link SDE metadata to
related service concepts. For example, the SDE called "Airline Agents Bookings" is
connected to the service concept called "Airline_Booking". This enables the system to
semantically retrieve the services associated with the relevant service concepts.

We present two approaches to SDE annotation, namely non-fuzzy and fuzzy ser-
vice annotation respectively. The workflow of both approaches is presented in Fig. 2.
The input data are SDE metadata and service ontology, while the output data are links
between SDE metadata and service concepts. SDE metadata and service concepts are
represented by a vector space model (VSM). While the VSM of a SDE is generated
from the SDE name and description, the VSM of a service concept is created from
service concept descriptions. The similarity between a SDE and a service concept is
then calculated in the Matching Module using the cosine similarity between vectors.
The similarity values range from O to 1. The higher the similarity value is, the more
closely a SDE relates to a service concept. A value of 0 means that a SDE and a ser-
vice concept are totally different. On the other hand, a value of 1 means that a SDE
and a service concept are the same. The SDE-Service Concept Linking Module will
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subsequently link a SDE to a service concept if they are related. There is a difference
in this step between a non-fuzzy system and a fuzzy system. If the SDE-Concept simi-
larity value is greater than the link threshold (LT) in a non-fuzzy system, a SDE will
be linked to a concept. In contrast, a SDE in a fuzzy system will be linked only if the
similarity is greater than 0.

*SDEi Service Concept; ‘
SDE-vector generation Service concept-vector generation
SDE Service Concept
vector Matching Module vector

¢ SDE-Service Concept Similarity

SDE-Service Concept Linking Module

Fig. 2. System architecture of the service annotation module
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Fig. 3. System architecture of the service retrieval module

2.3  Service Retrieval Module

The service retrieval module fetches SDEs which are relevant to a user’s query. For
example, when a user sends the query "Flight booking service" to the system, the
module retrieves related SDESs, such as "Airline Agents Bookings", which is provided
by Air Niugini. The architecture of the service retrieval module is shown in Fig. 3.
First, the module receives a query via the retrieval interface. It extracts a set of se-
parating terms from the query and removes the stop words. The retrieval interface
then sends each query term to the WordNet API which returns the synonyms of the
received term. The retrieval interface sends a set of query terms and their synonyms to
the matching module, and we add those synonyms to the query terms. The matching
module computes the similarity value between the set of query terms and each service
concept in the service ontology. The processes of this module for non-fuzzy and fuzzy
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service retrieval systems are different. For the non-fuzzy system, arbitrary service
concepts whose similarity values are greater than the retrieval threshold (RT) are
selected, and the module refers to SDEs that are linked to the selected service con-
cepts in the previous step. For the fuzzy system, the matching module applies Fuzzy
logic to retrieve the relevant SDEs. The fuzzy rules and fuzzy membership functions
are defined in Fig.4 and Fig.5 respectively. The fuzzy rules in this paper are quite
simple. For example, if the similarity value between a query and a service concept is
high, and the value between a SDE and a service concept is high, then the degree of
retrieving a SDE is high. The variable query_concept_sim ) is the similarity value
between a query and a service concept. The variable sde_concept_simpg) is the
value between a SDE and a concept, which is calculated in the service annotation
process. The variable retrievespg, presents the degree of retrieving a SDE. The values
of these fuzzy variables are divided into three levels: high, medium, and low.

IF query_concept_simq ) is High and sde_concept_simpg ) is High
THEN retrievespg, is High.

IF query_concept_simq ¢, is Medium and sde_concept_simspg,c) is Medium
THEN retrievespg) is Medium.

IF query_concept_simq ¢, is Low and sde_concept_simspg,c) is Low
THEN retrievespg) is Low.

Fig. 4. Fuzzy rules for service retrieval system

query_concept_sim sde_concept_sim retrieve
o0 100 100
2om 2075 20
2 om0 2 om0 3 40

5 5 g
202 = oas 2 025
oo om 000 B
10 85 o0 05 10 15 20 4o os oo os 10 15 20
% X x
& high & low & medium ahigh & low & medium [ retrieve:0.00 (CenterofGravin) a nigh & tow & medium)

Fig. 5. Membership functions for service retrieval system

Query-Concept Similarity

We apply an extended case-based reasoning (ECBR) algorithm [8] to compute the
similarity value between a set of query terms and a service concept. The main concept
of the ECBR algorithm is to compare a set of query terms with the descriptions of a
service concept. As previously mentioned, a service concept may contain many ser-
vice concept descriptions. Therefore, the module will first compute the similarity
values between query terms and each service concept description. Then, their maxi-
mum similarity values will be returned.

The similarity value for a service concept description is the summation of the
matching value between each term and that concept description. We normalize the
summation with the length of that concept description. If a query term from a user
appears in the description, a value of 1 will be added to the matching value. On the
other hand, if a synonym of a query term appears, a value of 0.5 will be added instead.
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3 Experiment and Result

In this section, we compare the performance of the service retrieval system based on
the non-fuzzy VSM model with the system based on the fuzzy VSM model in a
Transportation domain ontology (TO) defined in [8]. We apply four performance
measures from the area of information retrieval [12], namely Precision, Recall, Har-
monic Mean, and Fallout Rate.

3.1 Experiment and Results

To evaluate the non-fuzzy system, we test the performance by setting the retrieval
threshold (RT) for the ECBR algorithm as 0.8 and setting the link threshold (LT) in
the service annotation module from 0.1 to 0.9 with an increment of 0.1. The perfor-
mance of non-fuzzy service annotation and retrieval are shown in Table 1 and Table 2
respectively. For the fuzzy system, we set the RT as 0.8, and the retrieval degree
(RD), the result of firing fuzzy rules, from 0.1 to 0.9 with an increment of 0.1. The
performance of the fuzzy service annotation and retrieval are presented in Table 3 and
Table 4 respectively. Note that we set the value of the RT as 0.8 because this value
gives us the best performance values in term of Precision and Recall.

Comparing the Performance of Non-fuzzy with Fuzzy Service Annotation

The Precision values of non-fuzzy service annotation in Tables 1 and 3 are greater
with every LT than those in the fuzzy system. It should be noted that all measure val-
ues (Precision, Recall, Harmonic Mean and Fallout) are the same values with differ-
ent levels of RD, because the system links all SDEs that relate to a concept, even if
that relationship is low. The performance of the fuzzy service annotation is equal to
the performance of non-fuzzy annotation with LT value 0. Consequently, the Recall
value of the fuzzy system is greater than all the Recall values of the non-fuzzy sys-
tem. However, the non-fuzzy system performs better on Harmonic Mean and Fallout.

Table 1. The Performance of Non-Fuzzy Service Annotation for the TO, RT = 0.8

Link Threshold (LT) Precision Recall Harmonic Mean Fallout
0.1 17.43% 99.85% 11.01% 5.91%
0.2 20.34% 98.81% 12.86% 4.50%
0.3 27.14% 97.10% 16.20% 2.95%
0.4 34.08% 90.25% 18.01% 2.01%
0.5 42.08% 78.51% 21.13% 1.06%
0.6 53.95% 67.93% 24.18% 0.52%
0.7 59.72% 55.89% 24.48% 0.16%
0.8 56.28% 36.29% 19.34% 0.06%

0.9 54.98% 28.80% 16.71% 0.01%
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Table 2. The Performance of Non-Fuzzy Service Retrieval for the TO, RT = 0.8

Link Threshold (LT) Precision Recall Harmonic Mean Fallout
0.1 67.59% 100.00% 37.67% 3.44%
0.2 70.23% 99.35% 38.91% 2.61%
0.3 78.83% 94.45% 41.49% 1.45%
0.4 87.95% 84.71% 41.77% 0.91%
0.5 82.15% 61.71% 33.04% 0.58%
0.6 69.55% 43.55% 25.94% 0.20%
0.7 75.29% 37.66% 22.91% 0.12%
0.8 60.00% 18.53% 12.44% 0.20%
0.9 62.50% 19.57% 12.29% 0.00%

Table 3. The Performance of Fuzzy Service Annotation for the TO, RT = 0.8

Retrieval Degree (RD) Precision Recall Harmonic Mean Fallout

All RDs 16.59% 100.00% 10.48% 6.48%

Table 4. The Performance of Fuzzy Service Retrieval for the TO, RT = 0.8

Retrieval Degree (RD) Precision Recall Harmonic Mean Fallout
0.1 67.38% 100.00% 37.58% 3.53%
0.2 67.38% 100.00% 37.58% 3.53%
0.3 67.38% 100.00% 37.58% 3.53%
04 67.38% 100.00% 37.58% 3.53%
0.5 67.56% 100.00% 37.67% 3.41%
0.6 87.34% 87.76% 42.36% 1.03%
0.7 79.30% 69.74% 35.57% 0.77%
0.8 78.17% 53.37% 29.61% 0.39%
0.9 57.84% 18.54% 11.66% 0.18%

Comparing the Performance of Non-fuzzy with Fuzzy Service Retrieval

Because the processes of retrieving the services for non-fuzzy and fuzzy systems are
quite different, we will compare them with their maximum Precision values and we
will focus on the performance of a non-fuzzy system with the LT value 0.4 and a
fuzzy system with the RD value 0.6. Both non-fuzzy and fuzzy service retrieval sys-
tems perform well on Precision measure with values of 87.95% and 87.34% respec-
tively. We observe that the Precision value of the fuzzy retrieval system is still high,
although the value of the fuzzy annotation system is very low. This means that the
Precision values of fuzzy retrieval system do not depend on those of fuzzy annotation
system. With the same Precision, it can be seen that the fuzzy system performs
slightly better than the non-fuzzy system — around 3% on the Recall measure. This is
because fuzzy annotation links all related SDESs to a concept, which non-fuzzy anno-
tation fails to do. As a result, the Fallout Rate of the fuzzy system is a marginally
higher because it retrieves more non-relevant services.
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4 Conclusion

In this paper, we proposed a Fuzzy VSM-based approach for semantic service retriev-
al. This approach is divided into two main modules: an annotation module and a re-
trieval module. The purpose of the annotation module is to prepare the Service Know-
ledge Base for the retrieval module. In this step, SDEs are automatically linked to
relevant service concepts by comparing the similarity between their VSM-based vec-
tors. The retrieval module semantically retrieves relevant service concepts using the
ECBR algorithm and then retrieves SDEs that relate to selected concepts using Fuzzy
technique. The experiment demonstrates that fuzzy service retrieval performs better
on Recall than non-fuzzy service retrieval, but that both non-fuzzy and fuzzy retrieval
perform well on Precision and Harmonic Mean.
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