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Best Keyword Set Recommendations For
Building Service-Based Systems
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Abstract: Software development has witnessed tremendous changes. One of the important paradigm shifts it has undergone is reusable services that
get rid of the need for reinventing the wheel. Thus it could achieve productivity and service orientation rather having multiple disjointed applications. This
was made possible due to technology innovations and emergence of distributed computing technologies like Web Services. With integrated
interoperable services reusability is promoted in unprecedented fashion. In this context Service Oriented Architecture (SOA) has assumed significance
beyond imagination. With third party services available and accessible in public domain, new service oriented application development became easier
on top of the state-of-the-art services already available. It has resulted in building useful Service Based Systems (SBSs). Such systems are made up of
multiple services integrated with Single Sign On (SSO) service on top of SOA. However, building robust SBS is very challenging. The literature found
many contributions but still a framework that renders desired services in service discovery and composition to have robust SBSs is the need of the hour.
Towards this end, in this paper a framework is designed to have multiple phases to have different activities like pre-processing, building SVM classifier to
predict class labels like SBS with anti-patterns and SBS with no anti-patterns, generating keyword set recommendations for effective service discovery
and composition of SBSs. Collaborative filtering based algorithm under multi-user and multi-item (SBSs) settings. A prototype application is built to

demonstrate proof of the concept. The experimental results and evaluation revealed that the proposed method outperforms state of the art methods.

Index Terms: Keyword search, Service Based System (SBS), web service, service discovery, service composition, SVM classifier.
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1 INTRODUCTION

SERVICE Oriented Architecture (SOA) based systems
revolutionized the way customer centric applications are built.
Instead of having multiple applications, the service oriented
approach targets services to end users by simplifying and
integrating applications into services. Distributed computing
technologies paved way for this. With SOA many complex
chain of applications are transformed into seamless services
provided to end users. For instance in tourism domain, many
applications used for reservations, hotel bookings, cab
bookings etc. are brought into a single service where a Single
Sign On (SSO) in an SOA application can take care of
everything and users are provided required service. This
service based systems integrate all complexities of real world
into simple services that are automated. The SBS is realized
using web services technology. Web service is a program that
is interoperable and can run in remote servers and invoked
dynamically. They are reusable components. Based on the
Software Engineering (SE) principles, such applications avoid
reinventing wheel and promote reusability. SOA takes the
reusability to next level by allowing integration of similar
applications into a seamless service rendering to end users
sans of time and geographical restrictions. In the literature
many contributions are found in this area. They are broadly
divided into two related activities. They are known as service
discovery and service composition. The service discovery is
widely used as explored in [4], [14], [16] and [20]. The service
composition is investigated with different approaches in [1], [6],
[8], [11], [13], [16], [19] and [23]. Monitoring strategies for SBS
are also found in the literature as in [15], [21] while some
simulation studies are found on the service discovery and
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composition as investigated in [22], [23] and [25]. A common
thread in all these researches is that there is need for
improvement with a comprehensive framework that takes care
of search keyword recommendations besides supporting
service discovery and composition. This is the motivation
behind the research in this paper. Our contributions in this
paper are as follows.

« A framework is proposed for service discovery and
composition of SBS based on the generated keyword set
recommendations that are used for best SBS creation.

* An SVM based classifier is built to predict SBS as anti-
pattern or not anti-pattern based on the given training set.

* An algorithm is proposed to have collaborative filtering in
a multi-user and multi-SBS (items) environment for
keyword set recommendations.

+ A prototype application is built using JDK and Eclipse IDE
in order to demonstrate proof of the concept. The
experimental results revealed the usefulness of the
prototype which realizes the proposed framework.

The remainder of the paper is structured as follows. Section 2
provides review of literature on the web service anti-patterns
and business process anti-patterns. Section 3 defined the
problem considered. Section 4 presents the proposed system.
Section 5 presents implementation details. Section 6 presents
experimental results. Section 7 concludes the paper provides
directions for future work.

2 RELATED WORK

This section provides review of literature on automatic
generation of SBS systems. Skyline services are explored in
[1] for web service composition. Quality of Service (QoS) is
considered while composing services. Similarly in [2] new
generation web based application is automatically built with
the concept of service mashups. Often they are also known as
situational web applications that are dynamically built. Service
Oriented Architecture (SOA) is widely used to have service
oriented applications. SOA based systems dynamically
adapted at runtime as studied in [3]. In [4], automatic service

of Aeronautical Engineering, Hyderabad, PH-9703962233. E-mail: . . . e s
g.ramucse@gmail.com discovery is made using a method known as probabilistic
match making. The notion of keyword proximity is used for
better search criteria and complex data graphs in order to
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have dynamic applications in [5]. The service composition
process is investigated in cloud based systems in [6] where
network-aware service composition is the crucial contribution.
Of it is important to discover web services before composing
new applications with required services. In [8] such
investigation is made using semantics based service discovery
and composition. Sometimes, it is possible to have query
expansion to have better search criteria to discover web
services from sources of Internet [7]. Service
recommendations also play an important role in finding better
services. It is explored in [9] to have negative-service aware
recommendations to get rid of issues in the composition.
When multiple services work together, it becomes a Service
Based System (SBS). As explored in [10] BPEL process with
self supervision are examples for SBS oriented applications.
As mentioned earlier, situational web applications are
dynamically created in [11] with SOA approach [21] and data-
driven approach. There are many contributions towards
investigating and composing web services from World Wide
Web (WWW). They include [12], [13] which focused on large
scale service networks, [14] where keyword search is
employed, [16] with wishful search and top-k nearest search
method in [20]. Monitoring of SBS after composition is the
study focused in [15] while the concept of functionally diverse
services is explored in [18] for robust service composition.
Adaptive service composition is the study found in [19] while
simulation approaches are studied in [22], [23] and [25]. The
review of literature found that there is need for further research
in terms of developing a framework that can help in
discovering and composing SBS with better keyword set
recommendations. This gap is filled in this paper. The following
sections throw light on this.

3 PROBLEM DEFINITION

Service Based Systems (SBSs) play vital role in rendering
services to end users. They can get all related services with a
single application instead of moving to different individual
applications. When SBS is constructed dynamically, there is
the problem of service discovery and service composition.
From the literature it is understood that the service
composition needs search keywords. When the users are not
equipped with good keywords, it results in SBS composition
that does not provide accurate solution. Therefore it is
important to suggest keywords also to end users so as to help
them to provide ideal keywords for search based SBS
composition. This is the challenging problem considered in this
paper.

4 PROPOSED FRAMEWORK

This section presents the proposed framework which is
discussed with multiple phases in it. In the first phase, the
framework focuses on taking a SBS dataset and predicts class
labels for the same. It is based on the SVM classifier. SVM
makes binary classification dividing the testing data into SBS
with anti-patterns and SBS with no anti-patterns. The Figure 1
shows how the classification is made. However, just
classification is not useful unless, users get best keyword sets
for enhancing capability of discovering and creating or
composing best SBS that provide integrated services to end
users.
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Fig. 1: Proposed framework for predicting SBS anti-patterns

As shown in Fig.1, it is observed that SBS dataset collected
from [17] is subjected to pre-processing. The pre-processing
step results in generation of two datasets. They are known as
training and testing datasets. The training set is used to train
the SVM classifier while the testing set is used to predict class
labels. The results of SVM are a model that has gained or
learned knowledge with the proposed supervised learning
approach. With the knowledge model in hand, now it is able to
predict SBS instances to be either SBS with anti-patterns or
SB with no anti-patterns. Once the SBS with no-anti patterns
are predicted, they are used for further research. The main
problem identified in SBS generation is that users are not
aware of the keywords that are used to discover highly related
services to form SBS. To overcome this problem, we extended
our framework as shown in Figure 2. The extension part of the
framework is used to generate keyword sets that are highly
useful to have best service discovery and composition of
services. Before that, here is the functionality of SVM
described. The dataset D is represented as in Eq. (1).

D= {(E:z:I X, V:|x; €E RP,y, € {_1:1}]} 1)

The dataset D has number of rows denoted as n. Each row
has different elements denoted as element ({x;,¥;). In this
context, the pair such as x; and y; are denoted as elements.
Out of which a p dimensional feature vector is associated with
x;while set of class labels is associated with y;. There needs
to be a decision function that can determined the two classes.
Itis asin Eqg. (2).

f(x) =sign(w'.x + b) 2)

Where ‘W’ denotes a normal vector while ‘b’ denotes the hyper
plane’s intercept. In other words, the position of hyper plane is
represented by both w and b. The optimal separation is
possible with the concept of hyper plane. The SVM
classification problem can be mathematically specified as in

Eq. (3).
Minimize —w'.w ()
Subjected to

1—y(w'.x,+b<0) forany i=12,..n
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Then it is possible to have an optimal hyper plane by
considering the solution to problem aforementioned with
linearly constrained quadratic equation for optimization. After
solving the equation, the final solution is as in Eq. (4).

fiz1 &YX x; + b) (4)

f(x) = sign(X;=

Where Lagrange multiplier is denoted as 'a;'. This is the
linear case approach. With respect to non-linear approach to
classification, the SVM algorithm performs transformation of
original data to get the same in higher dimension. Afterwards,
the SVM seeks linear optimal solution by separating decision
boundary or hyper plane in a new dimension. Thus the
decision function is revised as in Eq. (5).

f(x) = sign(X;=1 @y, 0(x,).0(x;) + b)  (5)

Keyword
Setsas
Recommendations

5B5
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Fig.2: Search keyword extraction

Here there is involvement of non-linear mapping function
denoted as @ . SVM is used as classifier that predicts two
class labels which as SBS with anti-patterns and SBS without
anti-patterns. After prediction of class label SBM with no anti-
patterns, the instances of this class are further used for
recommendations with keyword sets. As presented in Fig.2, it
is evident that the search keyword extraction procedure is
illustrated. The SBS with no anti-patters is taken as input. In a
setting of multiple wusers preferring related SBS, a
recommendation algorithm is proposed based on collaborative
filtering concept. The algorithm returns keyword sets as
recommendations. The recommendation algorithm is
described in Algorithm-1. In a multi-user multi-SBS setting the
algorithm is based on collaborative filtering method.

Algorithm: Collaborative Filtering for SBS Recommendations
Inputs: Users U, SBSs S
Output: SBS Recommendations OS and keyword sets

1. |Initialize a Users and SBSs matrix US
Initialize output SBS recommendations vector
Initialize keyword sets KS
For each user in U

For each sbsin S

Add rating value to US

End For
End For
Use cosine similarity for generating SBS to SBS similarity
matrix
10. Filter US
11. For each item in US
12.  Extract keywords from item
13.  Add keyword set to KS
14. End For
15. Return KS

©ONO G A~WN
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The algorithm performs collaborative filtering from multiple
users and their SBS ratings. The algorithm considers SBSs
chosen or preferred by previous users in order to make
keyword set recommendations for best SBS generation. The
results are then subjected to keywords extraction to have
search keyword recommendations for end users to have
search based SBS composition that meets quality criteria.

Search

Recommended - For —* Service
Keywords Web Services Discovery
Service
Compositi Best
SBS

Fig. 3: Generation of best SBS

As presented in Figure 3, it is evident that the recommended
keywords are used to searching web services online and
discover them live. Then the service composition is made to
have best SBS. The reason behind user recommendations for
the keyword sets is that users are not aware of related
keywords to have best search for SBS. Once the SBS are
discovered and composed, their quality and integrity will be
better than the keywords directly used by the users. The
recommended keyword sets improve performance of making
SBS that are very useful

5 Dataset and Experimental Processing

The proposed frameworks is realised with a prototype
application having Graphical User Interface (GUI). The
application is built using JDK and Eclipse IDE. It is used to
demonstrate proof of the concept. The dataset obtained from
[17] is employed to have SVM classification and then to have
further recommendation based keyword set usage for service
discovery and composition. The process of generating SBS is
automated with graphical tool and the underlying algorithms
for recommendations of keywords and the other framework
mechanisms illustrated in Figure 1, Figure 2 and Figure 3. The
implementation point of view and the flow of operations are
presented in Figure 4.
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Fig. 4 Flow of operations in involved in the proposed
framework

The flow of operations that are implemented in the proposed
framework and realized in terms of different parts is provided.
The application makes use of dataset related to SBS and it is
loaded into a collection data structure before it is used for
processing. The initial pre-processing generates training and
testing datasets. After generating classification results by SVM
classifier (as shown in Figure 1), there is service discovery and
service composition procedures based on the recommended
keyword sets.

5.1 Datasets Used

SBS datasets that are having mix of anti-patterns and without
anti-patterns are used as input to the proposed framework.
The dataset is collected from [17]. Fig. 5 presents some part of
the dataset used for experiments initially. The dataset contains
SBS of different categories like travel, weather, shipping,
service, finance and so on.

Financial (94)
http://developer.ebay.com/webservices/finding/latest/FindingService wsdl
http://www.xignite.com/xMaster.asmx?WS DL

http://www . xignite.com/xIndexComponents.asimx? WS DL

Science (34)
http://www.ebi.ac.uk/webservices/whatizit/ws ?wsdl
http://www.pharmaceutical-bioinformatics. de/prolific/soap/prolific. wsdl

http://mrs.embi.ru.nl/mrsws/search/wsdl

Shipping (38)

http://webservices. linjegods.no/PublicMethodes. asmx?WS DL
http://developer.stamps.com/developer/downloads/files/Stamps.com_S WSIM_v26.ws
dl

http://ws.epostcode.com/uk/postcodeservices09.asmx?WSDI.

Travel (65)
https://api. flightstats.com/flex/flight status/docsA2/1ts/soap/flightsNearService. wsdl
http://api. whl.travel/soap?act=wsdl

http://www.orchestration.com. br/TravelManagementService.sve?wsdl

Weather (42)
http:/eil.cs.txstate.edu/ServiceXplorer/wsdl_files/service86.Specialist.wsdl
http://river.sdsc.edw/wateroneflow/SNOTEL/cuahsi_1_0.asmx? WSDL

http:/eil.cs.txstate.edu/ServiceXplorer/wsdl files/2446 _Czech Republic WeatherWs

~wsdl

Fig. 5: Dataset details

As can be seen in Figure 4, it is evident that there are different
SBS hat is used to have experiments. The SVM classifier used
in the framework distinguished SBS anti-patterns from SBS
with no anti-patterns. As shown in Fig.6, the prototype
application has all features right from loading dataset to
performing all activities. It supports SVM classification,
dynamic discovery of web services and SBS generation based
on the recommended relevant keyword sets

F |

£ = B [
Locd Dataset:  D:\bechmark.csv Load
ATrR: //EILC EauU/3erv AF EF/WSHI_THES/1355_LWanddad_vWedrnersery

http: eil.cs.txstate.edu/ServiceXplorer wsdl_files/15004_United_States_Weat!
http: //gis.rfocus.com/ws/GeoCoder.asmx?WSDL

http:  rwww.wehservi net/globalweather.asmx?WSDL

http: rwww.elguille.info,Net ' WebServices/CelsiusFahrenheit.asmx?WSDL
http: //climhy.lternet.eduvrwambam/soap_server.pl?wsdl=climdb_raw

http: /eil.cs.txstate.edusServiceXplorer wsdl_files/13s6s_United_States_Show|
http: /eil.cs.txstate.edusServiceXplorer,wsdl_files 13773_United_States_Weat
http: //eil.cs.txstate.edu/ServiceXplorer wsdl_files/servicear.wsdl

http: rwww.thomas-bayer.com/axis2/services/BLZService? wsell
http:/eil.cs.txstate.edu,ServiceXplorer/wsdl_files 1824¢_United_States_FastTr
http: eil.cs.txstate.edusServiceXplorer wsdl_files/serviceas wsdl

http: eil.cs.txstate.edu/ServiceXplorer wsdl_files/11200_United_States_FastW ¥

< T

e

| Discover Webservices | SBS Query Back

Figure 6: The prototype application used in the experiments

6 Experimental Results

Experiments made with the proposed framework realized in
the form of the prototype application are described here. The
dataset obtained from [17] is used to evaluate the proposed
framework. The performance of the application is measures in
terms of computation time and the utility of the framework that
generates SBS with service discovery and service composition
based on generated keyword sets used for search. Actually
collaborative filtering based algorithm proposed in this paper
generates keyword set recommendations as the users are not
aware of relevant keywords.

Table 1: Performance of the proposed system with different
keyword distances

Keyword Computation Time(ms)
[ . KS3 KS3 ) K_S3 Propo
Normal Constraint Optimal sed
1 0 0 0 0
2 1000 1000 1000 800
3 1000 1000 7000 800
4 1000 1000 8000 800
5 1000 1000 10000 800
6 2000 2000 13000 1500
7 2000 2000 17000 1600
8 2500 2500 18000 2000
9 3000 4000 22000 2500
10 4000 5000 30000 3500
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As can be seen in Table 1, the computation time is the main
observation recorded for various keyword distances. The
observations are against different methods like the proposed
one and other state of the art approaches found in literature
like KS3 optimal, KS3 constraint and KS3 normal.

ISSN 2277-8616

is shown in horizontal axis while the vertical axis shows the
performance in terms of computational time. The number of
keywords in the query has their impact on the performance
and the proposed system is found outperforming other
methods.

35000

30000 —

25000

20000

=4—KS3 Normal

15000 ~——KS3 Constraint

KS3 Optimal
10000

o M
0 - T T T T T 1

1 2 3 4 5 6 7 8 9 10
Keyword Distance

Computation Time(ms)

== Proposed

Figure 7: Performance comparison against different keyword
distances

Table 2: Performance of the proposed system with number of
keywords in query

Number of Computation Time (ms)
Quality KS3 KS3 KS3 Proposed

Constraints Normal Constraint Optimal P
1 1800 2500 2500 2200
2 1700 2300 2400 2000
3 2000 2000 2100 1800
4 2000 1600 1700 1400
5 2200 1500 1600 1300
6 1800 900 900 800
7 2000 500 500 400
8 1900 0 0 0
9 2100 0 0 0
10 2000 0 0 0

Number of Computation Time(ms)
keywords in KS3 KS3 KS3
y(\Svuery Normal Constraint Optimal Pl ezl
1 0 0 0 0
2 4000 4000 18000 3000
3 6000 12000 28000 5000
4 12000 25000 45000 10000

The results shown in Figure 7 reveal the performance
differences between the state of the art approaches and the
proposed framework. Keyword distances are presented in
horizontal axis while the vertical axis shows the performance
in terms of computational time. The results showed that the
computational time is influenced by key word distances and
the proposed approach outperforms other approaches. As
presented in Table 2, the observations on computational time
are recorded against different number of keywords and
different state of the art methods besides the proposed
method in this paper.

50000

45000
—. 40000
Z
£ 35000
£ 30000
= =4=—KS3 Normal
§ 25000
: 20000 ~fl—KS3 Constraint
5]
g / KS3 Optimal
£ 15000
S 10000 ‘/-/’4 —s=Proposed
5000
0 | g——r

T
2 3 4 5

Number of keywords in Query

Fig 8. Performance comparison against different number of
keywords in query

As shown in Figure 8, the results of the experiments reveal the
performance of the proposed method over state of the art
approaches. The number of keywords present in given query

Table 3: Performance of the proposed system with different
number of quality constraints

Table 3 presents the quality constraints used in the proposed
system that influences the performance of the system. The
computational time for different approaches against different
number of quality constraints is presented. As found in Figure
9, itis clear that the number of quality constraints do have their
impact on the performance. The results also reveal that the
proposed system outperforms other state of the art methods
compared. The proposed system shows less computational
time.

3000

2500 —¥%
)
£
@ 2000 - \
£
L =4=—KS3 Normal
§ 1500 N
B == KS3 Constraint
s
é 1000 KS3 Optimal
8 K = Proposed
500 )
0 T T T T B T 1

T T
10 20 30 40 50 60 70 80 90 100

Number of Quality Constraints

Fig 9: Performance comparison against different number of
quality constraints

7 CONCLUSIONS AND FUTURE SCOPE

Building SBSs dynamically by discovering relevant services is
very challenging phenomenon. The rationale behind this is that
users who perform search based discovery do not know
exactly what are the most relevant keywords related to desired
SBS to be built. This has limited the capability of service
discovery and composition. To overcome this problem, it is
important to recommend keyword set recommendations to
users who involve in building SBS dynamically. Towards this
end, in this paper, we proposed a framework that focuses on
finding key words from SBS with no anti-patterns. Since anti-
patterns defeat the very purpose of the SBS, an SVM classifier
is built to distinguish them from SBS with no anti-patterns.
Afterwards, the framework makes use of SBS with no anti-
patterns to generate relevant keyword sets as
recommendations. Collaborative filtering based algorithm is
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proposed to achieve this. The algorithm takes different users
and different rated SBSs for collaborative filtering. The
recommended keyword sets based on the kind of SBS to be
built is used to discover and compose services. The
framework is realized with a prototype application built using
JDK and Eclipse. The experimental results are encouraging as
the proposed method outperforms other state of the art
methods. In future, we try to use ensemble approach to
investigate the process of building SBS dynamically.
Enhancement of the framework with such method is an
interesting direction for future work.
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