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How to find and select a suitable service for services users are a challenging task. In
this paper, we proposed a method of concept categorization with the use of personal ontology to evaluate and select more suitable service according to the preferences of users.
We use the attributes of ‘reputation’ ‘compliance’, ‘verity’, and ‘user ranking’ for our
evaluation of service quality. In addition, a new attribute called ‘reformation’ is also
added to evaluate service quality. Based on the evaluation attributes, a fuzzy reasoning
method is used for service selection. Our method is to aide the evaluation process with
user preferences to reflect the fact that the user difference will affect the selection of different service providers. A system prototype has been built for determining the feasibility of our approach.
Keywords: web services, personal ontology, fuzzy reasoning, services selection, user
preference

1. INTRODUCTION
Web services are a good choice for loosely coupled architectures and reusable software components which could be published, located, and invoked via the Internet. However, to fully satisfy the requirements of business applications, the current technologies
still have many research issues such as security, selection, composition, and semantic
problems to be explored [1].
Many approaches have been proposed to enable the Web services. The technologies
of SOAP, WSDL, and UDDI, provide syntactic level standards for Web services. The
languages of Web Services Flow Language [2] and BPEL4WS [3] give the basis for assembling value-added composite services from atomic services. The Semantic Web services [4] solve problems on the semantic level of Web services and address Web services
descriptions as a whole. The semantic markup languages OWL-S and its previous release
DAML-S [5] are proposed to describe the capabilities and contents of the Web services
in a computer interpretable language and improve the quality of service discovery, selection, invocation, composition, monitoring, and recovery.
Although there are many techniques and standards which have been proposed to facilitate the Web services access, it is still too naive to wish that one can directly use the
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results returned from the service providers to satisfy the user’s request. The system might
have to interact with the user to elicit enough information for Web services acquisition,
discover, select, and compose services, process information returned from the services,
and demonstrate the results to the user for user’s request satisfaction.
How to find and select suitable services for services users is one of the key challenges in Web services research. In this paper, we use the concept of Quality of Service
(QoS) [6] to evaluate the services to the users according to user preferences. For such
requirements, personal ontology [7] is used in modeling user preferences and also user
backgrounds. By establishing personal ontology for each user, we may automate the
matching process for finding more suitable service providers for the users. This work
uses goal models [8] to capture user intention to aide the personal ontology for providing
more information for the system to filter the services.
Personal ontology is used for storing information about each individual user. How
much information and what information to keep raise a new problem and will be discussed in the latter section. The work in [9, 10] uses personal ontology to record the habit
and interests of a user in browsing Web pages. A system then uses such information for
recommending the user to view certain Web pages. The authors in [11] use personal ontology in an agent-system for a meeting scheduling system. In [12], personal ontology
and domain ontology were used in keeping personal information and food preferences
for finding Web services.
There are many service providers offering similar services, and the services delivered by different providers may differ depending on situations and platforms. Quality
attributes that are usually considered include execution price, latency, response time,
throughput, availability, reliability, reputation, etc. In addition, the attributes like security
and transaction may also be considered [6]. In using quality attributes in selecting services, the work reported in [11] uses QoS for evaluating service composition. The authors in [12, 13] define ontology for service quality to provide strategies for QoS between providers and requestors. Such strategies will be used for selecting matching services. Service Level Agreement (SLA) [14] is to protect the requestors for receiving
quality services. For providers, they can use this index for making themselves more appealing to the requestors.
Table 1 shows the features used by the systems mentioned in the previous paragraph.
All systems use community usage history which is the record of services used for selecting services. Most of them use some kinds of service quality parameters and make a
good use of user feedback. However, Personal service selection policy is supported by
only one system.
Table 1. Comparison of features.
Service quality parameters
User feedback
User usage history
Community usage history
Personal selection policy
User preferences

[11]
O
O
x
O
x
x

[12]
O
x
x
O
O
x

[16]
O
O
O
O
x
x

[17]
x
O
O
O
x
x
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The discussion above on related work is the motivation to our work in blending
personal ontology with the QoS concept. This paper is organized as follows. How to construct personal ontology is presented in section 2. Section 3 discusses on the subject of
service quality, while section 4 presents the reasoning method for service selection. Section 5 explains the simulation work and the last section states the conclusion.

2. PERSONAL ONTOLOGY CONSTRUCTION
Our approach in defining a personal ontology for recording user interests and preferences is introduced in this section. We first identify the types of concepts and then discuss the relationship between them.
2.1 Types of Concepts
In constructing a personal ontology, we use a concept to represent the preferences
of a user for some domains. For example, the term ‘price’ for the shopping domain
means how much to spend for goods, and this concept can be used in considering how a
user behaves in shopping. A word may have different senses, and different terms may be
used in different domains. If the term ‘price’ is associated with another term ‘Java’, then
it may mean the price for a bag of coffee beans or the airfare to a resort island. Even if
the domain is set as shopping a book for programming in Java, it may also differ according to users to determine whether a book price of USD 50 is expensive or not. Thus ‘expensive book’ or ‘inexpensive book’ may be associated with ‘price’, but the value associated to it may be different according to users.
Following the discussion above, we classify a concept from domain point of view
and user point of view. Three attributes are used to further define concepts, “independent”, “dependent”, and “specific”. Our approach uses six types of concept to associate
domains and user needs as listed below:
Domain Independent Concept (DIC) A concept may appear in different domains, but
the meaning of the concept is the same despite of different domains.
Domain Dependent Concept (DDC) The meaning of a concept differs in different
domains.
Domain Specific Concept (DSC) A concept may be used only in a specific domain.
User Independent Concept (UIC) The meaning of a concept is agreed by all users in
the same domain.
User Dependent Concept (UDC) The meaning of a concept is different according to
different users.
User Specific Concept (USC) A concept is only meaningful to a specific user.
System design may benefit from the types above. The following shows how we can
incorporate such information:
1. If the concept is of DIC, then system does not need to worry about the ambiguity in
the meaning.
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2. If the concept is of DDC, then the system may not immediately determine the meaning,
but need to collect more information to clarify its meaning.
3. If the concept is of DSC, then the system interprets its meaning in that particular domain.
Using the definition above, we can determine nine different kinds of concept
which is shown in Table 2. The table shows how domain dependencies and user dependencies can be combined together.
Table 2. Categories of concepts.
User Aspect
Domain Aspect
Domain
Independent
Domain
Dependent
Domain Specific

User Independent

User Dependent

User Specific

User Independent &
Domain Independent
User Independent &
Domain Dependent
User Independent &
Domain Specific

User Dependent &
Domain Independent
User Dependent &
Domain Dependent
User Dependent &
Domain Specific

User Specific &
Domain Independent
User Specific &
Domain Dependent
User Specific &
Domain Specific

2.2 Relationships Between Concepts
From the discussion above, we define three kinds of relationships between concepts, such as below:
hasInformation This associates the information between different users or between
preferences.
hasPreference This shows the possession of preferences for a concept.
needInterpretation This connects ‘Interpretation’ and UDC or USC. As shown in Fig.
1, needInterpretation has domains ‘UDC’ and ‘USC’. Its range is of the concept of ‘Interpretation’.

Fig. 1. needInterpretation relation.
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2.3 Process of Constructing Personal Ontology
The procedure of constructing personal ontology is shown in Fig. 2. The steps are
described below:
Step 1: Determine the domains that will be used for personal ontology.
Step 2: Find the items of interests (concepts) in the chosen domains for the users.
Step 3: Categorize the concepts according to the meaning in domains.
Step 4: Categorize the concepts according to the user’s point of view.
Step 5: Determine whether the concept is of UDC or USC. If so, more information is needed. If not, the step 6 can be skipped.
Step 6: Use ‘Interpretation’ to determine the user’s view on such concept.
Step 7: Collect the weights between the personal information and the user preferences.
Step 8: Produce personal ontology.

Fig. 2. Personal ontology construction process.

Fig. 3 shows an example in a transportation system. A partial view of the personal
ontology shown here has four sub-domains. From the domain point of view, the attributes ‘price’, ‘company’, and ‘time’ all belong to DIC. The train type and ticket rank belong to DSC. Following the steps in Fig. 2, an ontology instance derived from Fig. 3 is
shown in Fig. 4.

3. SERVICE QUALITY EVALUATION
According to the definition of ‘reputation’ given in [15], a system must consider
that the usage experiences will be kept and the values kept track will determine the outcome of the decision of the participants. We use the idea of ‘reputation’ introduced in [16,
17] for our evaluation of service quality. Besides the original three criteria ‘ompliance’,
‘verity’, and ‘user ranking’, we introduce ‘reformation’ as an additional criterion.
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Fig. 3. Partial list of personal ontology in the transportation domain.

Fig. 4. A partial list of personal ontology instance.

3.1 Compliance
Compliance is used for recording the integrity of the projected value and delivered
value of a service provider. As presented in SLA [10], how a provider can guarantee a
service quality is evaluated. In this paper, we use a to determine service quality value, p
to determine the guarantee value, d to determine the delivery value. aipn represents the
nth guarantee value of a service quality value, ai. aidn means what ai received for the delivery value after using such services for n times. A history of a service provider is
shown in a list like below:
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{(aip1, aid1), (aip2, aid2) … (aipn, aidn)}.
i
Let Njai be the normalized guarantee value and Lacompal
be the compliance of ai for
the past n services. They are defined as

n

N aj =

ai p j − ai d j

i

i
, Lacompl
=

ai p j

∑ N aj

i

j =1

n

(1)

.

We can have the compliance of a service, Scompl, where r is the number of quality attributes.
r

∑ Lacompl
i

Scompl =

i =1

(2)

r

3.2 Verity

Verity determines the degree of change (differences in service quality and delivery)
in a service provider. This can be calculated from the history data. We can use the value
of compliance to determine the average value of compliance for the past n usages, μcompl.
By using this value, we can define the verity value, Sverity. The formulas are given below:
n

μcompl =

∑ Scompl

i

i =1

n

n

, Sverity =

∑ (Scompl
i =1

i

n

−μcompl ) 2
.

(3)

The smaller the value of verity, the more reliable the service provider is. Thus, the
ideal value for verity is 0. If the value is large, it indicates that the reliability of a service
provider is low
3.3 User Ranking

User ranking tells how satisfied a user is about a certain service provider. This value
is subjective according to each user. Thus, the value may differ depending on different
users’ grading preferences. The value, Srating, shows the average of the ranking given by
the same user. The values are between (0, 10) in this paper, where the default value is set
as 0 and the formula is defined as below:
n

Srating =

∑ Ri
i =1

n

.

(4)

3.4 Reformation

Reformation is the degree of improvement for service quality. The advantage of ap-
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plying this criterion is that it gives a chance of updating the values of quality value. With
this criterion, the system can give a chance to continued improved services. The value,
μaid, is the average of what a user received for a particular service. The value, μaiD, is the
average of difference between the promised value and real value. The value, Rai, shows
the degree of improvement. If the degree of improvement is only the proportion, then for
a person with 30 points to receive 45 points is a 50% improvement while a person with
90 points to receive perfect 100 is just 11% improvement. In order to show the differences in the degree of progress in the lower level and the higher level, the value, Waid,
gives a weighted evaluation with Ci as a base. Ci can be set by system designer or derived
by data mining approaches. In this paper, we assume that Ci is set by system designer.
n

n

∑ ai d j
μai d =
Rai =

∑ ai p j − ai d j

j =1

, μai D =

n

ai pn +1 − μai D

μai d

j =1

, Wai d =

n

(5)

μai d
Ci

Finally, putting all together, we can have the value for reformation, Sreform, defined as
r

Sreform =

∑Wa d × Ra
i =1

i

r

i

.

(6)

3.5 Reputation

With the availability of compliance, verity, user rating, and reformation, we can define reputation as a quadruple below:
Sreput = (Scompl, Sverity, Srating, Sreform).

(7)

There are different ways to derive reputation criterion. For example, the designer
can simply add the values of compliance, verity, user rating, and reformation to get reputation, or considering the promises and reliability from the past experiences with a service provider, a user may add some weights to the above. Thus, we will have
Sreput = W1Scompl + W2Sverity + W3Srating + W4Sreform.

(8)

In next section, we introduced a fuzzy reasoning method to derive reputation for
service selection.

4. FUZZY REASONING METHOD FOR SERVICE SELECTION
We use fuzzy reasoning method in our approach for service evaluation. A service
quality model consisting of ‘reputation’, ‘compliance’, ‘verity’, ‘user ranking’, and ‘reformation’ is used and ‘bad’, ‘normal’, and ‘good’ are used for defining a input linguistic value.
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Right and left linear membership functions are used to model the ‘bad’ and ‘good’
fuzzy set.
x<a
⎧1
⎪
right_linear ( x : a, b) = ⎨ (b − x)/(b − a ) a ≤ x ≤ b
⎪0
x>b
⎩

(9)

x<a
⎧0
⎪
left_linear ( x : a, b) = ⎨ ( x − a)/(b − a ) a ≤ x ≤ b
⎪1
x>b
⎩

(10)

The ‘normal’ fuzzy set is described by the triangle function.
⎧0
x<a
⎪
(
)/(
)
x
−
a
b
−
a
a
≤x≤b
⎪
triangle ( x : a , b, c ) = ⎨
⎪ (c − x )/( c − b ) b < x ≤ c
⎪0
x>c
⎩

(11)

We also provide some hedges with the definition of ‘extremely’, ‘very’, ‘normal’,
‘somewhat’, and ‘less’ to modify fuzzy linguistic variables. Fig. 5 shows a fuzzy set with
‘normal’ hedge, where Quality Value shows the arguments entered. The y-axis, Degree is
the membership degree with the values between 0 and 1.

Fig. 5. Definition ‘Normal’.

A degree of concern, QA can also be determined. The degree of concern for ‘normal’
then is defined as SA.
QA = (μBad, μNormal, μGood), SA(UNormal, QA)

(12)

The degree of concern, ‘Extremely’ can be defined as Fig. 6. Fig. 7 shows the degree of concern for ‘Very’. In the same way ‘Somewhat’ and ‘Less’ can be determined
and are depicted in Figs. 8 and 9.
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Fig. 6. Definition ‘Extremely’.

Fig. 8. Definition ‘Somewhat’.

Fig. 7. Definition ‘Very’.

Fig. 9. Definition ‘Less’.

SA(UExtremely, QA) = [SA(UNormal, QA)]3

(13)

SA(UVery, QA) = [SA(UNormal, QA)]2

(14)

SA(USomewhat, QA) = [SA(UNormal, QA)]1/2

(15)

SA(ULess, QA) = [SA(UNormal, QA)]1/3

(16)

With the above functions defined, we let the user express his strategies and preferences for using the services. The strategies are kept in personal ontology to let the system
determine user’s preference.
Table 3 shows the first 10 rules from 81 fuzzy rules, using values, P (prime), G
(good), N (normal), B (bad), and W (worst). Here we may see a rule, IF Compliance =
Good and Verity = Good and UserRanking = Good and Reformation = Good, then
MatchingValue = Prime.
The system delivers a fuzzy variable for matching value of a service. The range is 0
to 1. Fig. 10 shows the matching value with 5 types of linguistic values: ‘Prime’, ‘Good’,
‘Normal’, ‘Bad’, and ‘Worst’.
The Max-Min Operation along with Center of Gravity is used in the fuzzy reasoning.
We consider the accuracy of the output and then to consider the performance issues.
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Table 3. Fuzzy rule base.
Input
Output
Rule Comp. Verity User Ranking Reform. Matching Value
1
G
G
G
G
P
2
G
G
G
N
P
3
G
G
G
B
G
4
G
G
N
G
P
5
G
G
N
N
G
6
G
G
N
B
G
7
G
G
B
G
G
8
G
G
B
N
G
9
G
G
B
B
N
10
G
N
G
G
P
P: Prime G: Good N: Normal B: Bad W: Worst

Fig. 10. Matching values.

5. SIMULATION
A system prototype has been built for determining the feasibility of our approach.
The system was written in Java, and personal ontology was constructed through Protégé
[18] and is recorded as an XML file. Jena [19] was used in reasoning, and FuzzyJ ToolKit [20] was used in handling fuzzy values.
Fig. 11 illustrates our prototype system. Two external components are the Service
Planner from our previous results [21] and Service Matchmaker (SM) which is similar to
[22]. The Service Planner processes the goal model along with personal preferences from
the Personal Ontologies to derive plans for the Service Selector, which prepares a request
document in OWL-S and send it to the SM, which in turn finds some suitable service
providers. The Fuzzy Decision Module then is to reason according to the user preferences to select the most suitable service for the user. At the same time, the Policy Generator determines which policy is best for the occasion according to the ontology or directly from the user. The QoS Calculator uses the attributes presented in section 3 and
the execution history is kept in a database.
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Fig. 11. Prototype system architecture.

The purpose of this simulation is to evaluate the differences between ‘Prime’,
‘Good’, ‘Normal’, ‘Bad’, and ‘Worst’. To start with a simple experiment, we first consider ‘response time’ as a factor in determining how five services which are viewed as
similar services may differ. For this simulation, ‘User Rating’ is assumed to be all ‘Normal’. To setup the simulation, we assume that we have five services, namely Service 0,
Service 1, etc. The services are defined as Table 4:
Table 4. Sample services.
time
stability

Service 0
slow
bad

Service 1
slow
good

Service 2
medium
good

Service 3
fast
bad

Service 4
fast
good

ResponseTime (ms)

Service Execution History
1300
1200
1100
1000
900
800
700

Service 0
Service 1
Service 2
Service 3
Service 4
1

6

11

16

21

26

Invocation No.

Fig. 12. Time for service execution.

Fig. 12 shows the result of performing 5 different services for 30 times. We can see
individual characteristics of each service. Service 0 and Service 3 have a great variation
in response time, and this causes unstable services. Table 5 shows the statistical data
concerning response time.
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Table 5. Response time (Unit: ms).
Average
Std. Div.
Max.
Min.

Service 0
1110.93
102.664
1302
911

Service 1
1100.93
62.9827
1242
972

Service 2
981.4
71.6281
1132
861

Service 3
895.966
103.048
1102
711

Service 4
915.633
68.4218
1031
771

Table 6. Polices based to quality attributes.
Policy 1
Policy 2
Policy 3

Compliance
Less
Normal
Extremely

Verity
Less
Less
Less

User Rating
Less
Less
Less

Reformation
Less
Less
Less

In our service quality evaluation mode, ‘Compliance’ keeps the record of whether
the service is completed every time. ‘Verity’ shows the stableness of the quality. Table 6
shows three different policies with four attributes set in different values. This setting is to
simulate a user whose main concern is on compliance.
By taking Service 3 as example, we can see that Service 3 is sensitive to the compliance value, so that the value varies greatly according to the degree of ‘less’, ‘normal’,
and ‘extreme’ as shown in Fig. 13.
Table 7 shows the result of having completed all 30 service selections except for the
very first one which does not a previous service. In this simulation ‘Compliance’ and

Service 3

Matching Value

0.8
0.7

Normal

0.6

Less
Extremely

0.5
0.4
1

4

7

10 13 16 19 22 25 28
Invocation No.

Fig. 13. Result of the service 3.

Table 7. Service selection strategies.
Less
Normal
Extremely

Service 0
0
3.40%
0

Service 1
0
0
0

Service 2
34.50%
24.10%
20.60%

Service 3
27.60%
37.90%
41.40%

Service 4
44%
34.50%
37.90%
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‘Response time’ along with the value ‘Extremely’ are used. The table shows that Service
1 is never chosen and Service 3 is most chosen when ‘Extreme’ is of concern, while Service 4 is chosen when ‘Less’ is the primary concern. More simulation was conducted
according to different preferences, and the results show that our definition of reputation
with the concept of reformation is informative.

6. CONCLUSION
This paper proposed the usage of concept categorization from the domain and user
point of view. Personal ontology is used in representing difference in users by recording
their preferences and other information. The attribute of ‘reputation’ is used for evaluating service quality by adding a concept of ‘reformation’. A reasoning method based on
fuzzy theory is also introduced along with the strategies of setting policies. A prototype
system is built and a simulation was executed. The results showed that the attributes discussed in the paper can be beneficial to service selection based on user preferences.
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