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Abstract The propagation of web services into our businesses and day-to-day lives has made quality of services (QoS) a
very important aspect for both the service provider and the consumers. With a large number of web service providers
providing similar services, Web service selection based on QoS classification becomes crucial for the consumer. This paper
deals with ranking and selection of Web services on the basis of Entropy-Based Discretization with the help of using QoS
constraints values and classifying them under corresponding service classifier. Using ranking (service classifier), client can

easily choose the Web service for his need.

Keywords Web Services, Quality of Service, Entropy Based Discretization, Decision Tree Rule Induction Algorithm

1. Introduction

With the increasing use of web services in standardization
of basic content integration, support of complex
service-oriented architectures, provision of seamless
integration of business processes and applications etc has
lead to a boost in numbers of both web service consumers
and providers. This means Quality of Service (QoS)
becomes a very important aspect in distinguishing the
success of a web service provider. [5]

From a consumer’s point of view, knowing the QoS
provided by the service provider plays a crucial role in
choosing a particular web service over its alternatives.
Therefore, knowing where the QoS of a web service ranks
becomes vital for both the web service provider and the web
service consumer.

This has called for tools to measure and classify web
services based on various aspects of the service provided.
Also, with more and more service providers providing
similar functionality the customers job of searching the
UDDI registry for a web service that suits his requirements
while ensuring desired QoS becomes difficult.

In this project, we aim to design and implement a tool
which will be able to classify web services based on their
QoS and also assist customers in web service discovery
based on functionality and QoS. This tool will be then
implemented as a web service which will increase ease of use
and improved integration. The remainder of the paper is
organized as follows: Section 2 presents related work done in
selection of web services on the basis of Qos attributes of the
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web service. Section 3 explains about web service and the
need to select web service. Section 4 describes the dataset
used for web service selection. Section 5 explains our feature
selection ideas and reviews a core discretization algorithm
[25] that is used in our method for the first round of selection
and proposes tree classifier consisting of cascading decision
trees. Section 6 reports our results to show that our feature
selection method is effective in the selection of web service.

2. Related Work

Selection of Web Services on the Basis of Quality of
Service Constraints was proposed in the paper [13]. In that
QoS Manager had a role of being a moderator amongst the
provider and the client. In paper [4] they discuss about Qos
broker publish system that Extract the quality of service
constraints in the issued WSDL and the values extracted are
stored in QoSDB and the fundamental features are issued in
the UDDI registry. Service matching procedure is applied,
and finally, service with the highest quality selected and
proposed to the service requester. In paper [8] they
formulates a robust QoS semantic framework for Web
Services into three layers QoS-ontology, which can provide
a standard model to formally describe arbitrary QoS
parameters and exhibits properties [18] [19] [20]. Paper [21]
dealt with, prominent works that apply fuzzy theory for
representing imprecise QoS constraints and preferences and
for developing QoS based ranking algorithm for Web
services which can deal with fuzzy QoS values.In [22], the
service selection for a Web service composition problem
PWSDCP is dignified as contentment difficulty that belongs
to a fuzzy attribute.

3. Web Services
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Web Services are outcome of the advancement of the web
into a means of scientific, commercial and social exchanges.
A Web service can be described as a way of calling a
function which is inside software from another software. The
software which makes the call is called as the client and the
software which services the client is called a server. The two
softwares might have been programmed using different
languages and could be running on different machines but
have to be connected by a network. Web services have an
interface expressed as the WSDL (Web services description
language) file. WSDL file can be seen a contract for
communications between the web service client and server.

With the rapid growth in the field of web services, Quality
of service (QoS) becomes one of the important factors based
on which the service requestor distinguishes the success of
service providers [15].

Some of the aspects of QoS include response time,
reliability, scalability, throughput, robustness, success ability,
exception handling, reliability, accuracy, integrity,
accessibility, availability, interoperability, security, and
network-related QoS requirements.

The aim of this project is to classify the web services
based on the response time, availability, throughput, success
ability and reliability and hence help the service requestor
choose a web service which best suits his requirements.

1. Response time(ms):

Response time is a factor of web services which tell us
how fast a web service can service our request. Response
time is a vital performance measure which is used to grade
web service an lesser response latency is preferred by web
service consumers.

Response Time = Time taken to complete the response
— Time taken for user request.

2. Availability (%):

Availability is the probability that the system is up and
read for immediate consumption when invoked. Service
providers have to guarantee high availability ratio of their
web service so as to ensure customer satisfaction. A web
service with is prone to frequent outages or unavailability
might lead to adverse effects on the business of the
customers and on the standing of the web service provider.

Availability = 1 — (Down time/ Unit time)
3. Throughput(invokes/second):

Throughput represents the number of invocation per unit
time for a given web service. This corresponds to the ability
of'a web service to accept an incoming request and to counter
it in accordance with the requisite performance constraints.

Throughput = Max. Completed requests / Unit Time
4. Successability(%):

Success ability represents the ratio of the number of
successful responses to the number of requests. It tells us
how often a web service responds given a certain number of
requests or how often the web service fulfills its service
commitments.
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Successability = No. Of responses / No. Of requests
5. Reliability (%):

Reliability corresponds to the ability of a web service to
execute its required functions under the given conditions for
a particular time interval. [16] Reliability is computed as a
function of 6 characteristic features which are Accuracy (C),
fault tolerance (F), testability (T), interoperability (I),
availability (A), and performance (P).[21]

Reliability = f(aC, bF, cT, dI, eA, fP)

Where a, b, ¢, d, e, and f are the weight associated with the
contribution of each attribute to the reliability of the web
service.

4. Entropy

Initially, the range of a continuous variable, from a
database sample, is divided into intervals which contain at
least one case each. This is done after sorting on the variable
values. At most, there would be m intervals (O (m)) for m
cases. This converts the continuous variable into a discrete
one, with O (m) values [16]. Entropy, or information, is
maximized when the frequency probability distribution has
the maximum number of values. Since there is a discrete
partition for every distinct value in the continuous
distribution in the database, there is no information or
entropy loss from the database sample.

The entropy of a discrete random variable X is defined as

Entropy (0= p(+) log2 p(3) (1

We can use a measure called Information Gain, which
calculates the reduction in entropy (Gain in information) that
would result on splitting the data on an attribute, A.

Gain (S,A) = Entropy (S) X, 4 52!

151

Entropy (Sv)

Where v is a value of A, |Sv] is the subset of instances of S
where A takes the value v, and |S] is the number of instances

Using Entropy-based Discretization, classification of web
services could be done easily. Using this classification the
requester could choose the most suitable web service
according to his/her requirements and preferences. Using
Entropy-based Discretization we obtained a tree (Figure 6.1).
In this tree, nodes belong to the QoS attributes. Tracing these
nodes, we could reach leave nodes, which represent the
classification of the web service into four classes.

In order to present the most suitable service to the service
requester, we used the Quality of Service attributes, as they
completely define a web service. In this paper, we proposed
to use Entropy-based Discretization in order classify web
services into four classes, i.e. Poor, Good, Average and
Excellent. Using this method we obtained a classifier tree.
Using this tree, we could classify any new web service into
the four classes mentioned earlier by tracing the tree
according to their QoS attribute values.

Many features are irrelevant to the classification.
Takingsuch features into account during -classification
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increases the dimensionality of the problem, raises many
computational difficulties, and potentially introduces noise
effecting the classification accuracy [12, 22]. So, how to
select important features for classifications a problem that
has been attracting tremendous research effort previously
and currently. So we have considered only five attributes
namely throughput, response time, success ability, reliability
and availability.

Decision tree construction

algorithm looks through the attributes of the training set and
extorts the attribute that best splits the given examples. If the
attribute perfectly classifies the training sets then the ID3
algorithm stops; else it recursively executes on the split
subsets to get their "best" splitting attribute. The algorithm
exploits a greedy search technique. The “best” splitting
attribute is determined by means of entropy and information
gain. [7]

The variant of ID3 used has been modified to handle

. S continuous attributes in the test and training sets.
The entropy based discretization is used to construct the &

decision tree using a variant of the ID3 algorithm. ID3

BuildDecTree (Training Set ) returns node ptr
IF all entries of the Training Set all of the same class
THEN return a pointer to a LEAF node with class = one with the most
examples
ELSE
choose split_point S based on information gain.
IF splitting fails
THEN return pointer to LEAF node as above
ELSE
split_examples( S, Training Set, +examples, -examples)
LET +b = BuildDecTree( +examples )
AND -b = BuildDecTree( -examples )
return a pointer to a BRANCH
with criteria = §
+branch = +b
-branch = -b
END {if choosing fails}
END {if examples of same class}

Figure 1. Pseudo code of the algorithm
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Figure 2. Broker based architecture for web service selection

Once the decision tree has been constructed using the algorithm, the decision tree could be used to classify new web
services based on their QoS parameters namely response time, availability, throughput, success ability and reliability.
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In this project we assume that the QoS information is stored in the WSDL document which are registered in the UDDI
registry and is updated by the service providers in case of amendments. Our service discovery agent/broker obtains the QoS
information from the WSDL documents, stores them in its database and classifies the web service based on its QoS
information. Therefore, a service requestor who is looking for a service can send a service discovery request to the agent with
his requirements and specification and the agent will look up through its data base and suggest the available services which
meet the requestor’s requirements.

Input Data Set

The input data set used for the decision tree induction and QoS classification is the “QWS Dataset”[12]. The QWS dataset
consists of data from over 5000 web services out of which the public dataset consists of a random 365 web services which
have been chosen and nine QWS(Quality of Web Service) attributes have been measured. Each web service was tested for
over a duration of over ten-minutes for three successive days.

1D Parameter Name Descnption Units
1 Response Time Time taken to send a request and receive a response ms
2 Awvailability Mumber of successful invocations/total invocations Yo
3 Throughput Total Mumber of invocations for a given period of time invokes/second
4 Successability Mumber of response / number of request messages Ya
5 Reliability Ratio of the number of error messages to total messages Yo
6  Compliance The extent to which a WSDL document follows WSDL specification Ya
7 Best Practices The extent to which a Web senice follows VWS- Basic Profile Ya
8  Latency Time taken for the server to process a given reguest ms
9  Documentation Measure of documentation {i.e. description tags) in WSDL Yo
10 WsRF Web Service Relevancy Function: a rank for Web Service Quality Ya
11 Senice Classification Levels representing service offering qualities (1 through 4) Classifier
12 Serice Name Mame of the Web serice Maone
13 WSDL Address Location of the Web Senice Definition Language (WSDL) file on the Web MNone
=79 =79
/( =314 =214
= ezs.s! !>ezse = 72482 72482 RN
n AN <= 60 =50 = 203025 289029
-/<:54 =a4\ ::wau =1m— =31 =3.1— /<:aw =61

== 37225 = 37224

-—

Figure 3. Decision tree classifier
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5. Algorithm and Result

Decision tree rule induction algorithm using entropy based
discretization.

Modification in the proposed algorithm design:

ID3 algorithm has been used because of its quick build
time and accuracy comparable to that of other algorithms
like C4.5 for numeric datasets. ID3 inherently uses entropy
based discretization for creating pure bins out of the training
dataset. But the drawback with ID3 algorithms is, the
performance of ID3 in case of continuous attributes
deteriorates to a high extent. But in our modified algorithm,
it uses a variation of ID3 algorithm to induce the decision
tree to enable decision tree classification for continuous
datasets.

Implementation:

The Java based implementation of this algorithm has been
carried out and results of the same have been recorded. The
result consists of a decision tree which is represented in the

form of rules. This java program is also capable of accepting
inputs of QoS parameter test values from the user, traversing
the decision tree and giving out the classification of the test
web service. The decision tree when processed and
represented in a tree format will look like figure 4.
Design

The rules generated using the Decision tree rule induction
algorithm are consolidated and made into a SOAP based web
service.
Implementation

The web service uses Java API for XML Web Services
(JAX-WS) which is an significant part of the Java EE 5 and
EE 6 platforms. The web services is deployed on the
glassfish server. On successful deployment, the web service
is then tested using the IDE’s tester page which runs on the
local browser[13].

6. Testing and Output

@DecTree.java ﬁ| ’I‘B@
Source | History | . im | Eﬁ| @ = | & s
1 import java.io.BufferedReader; -~
2 import java.io.File;
3 import java.io.FilelnputStream;
4 import java.io.InputStreamReader;
5 import java.util.Scanner;
f import java.util.StringTokenizer;
@ - import java.util.Vector;
8
k] puklic class DecTree {
10
11 .
12 int numAttributes;
13 String []attributeNames;
14 -
'l m +
Usages |0utput—DecTree:run] # | Test Results =
run: -
if{ ResponseTime <= "173") {
if{ Throughput <= "3_.8") {
|:| if{ Throughput <= "§.1") {
%& Classification = "POOR";
1} else {
if{ Throughput <= "4.3") {
Classification = "POOR";
1} else {
if( Throughput <= "4.4") {
Classification = "POCR";
1 else {
if( Reliability <= "53") |
Classification = "AVERAGE";
1} else {
if( DesponzeTime <= "451") |
Classification = "RAVERRGE";
1 else {
if({ ResponseTime <= "4&4_&2") { =
'l m +
DecTree {run) running. .. 417|258 |INS

Figure 4. Screenshot showing output of the Decision tree rule induction algorithm
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@ DecTreejava & @ B @

Source Hismry|wvw-ﬂ%§ |=§'f£|(_) D|WéEE
14 i
15 =
@ Vector []domaina;
17
18 * The class to represent a data point consisting of numAttributes values of attributes *
19 class DataPoint {
20
21 public int []attributes;
22
23 public DataPoint (int numattributes) {
24 attributes = new int[numattributes]; =
25 }
26 b
27 o
1 in r
Usages ‘Output-DecTreelrun) # | TestResults El

W1 i
D> Enter Availability
250
0 |¥ou entered string 250.0
%& Enter Through Put
45
You entered string 45.0
Enter Successability
a3
You entered string 33.0
Enter Response Time
777
You entered string 777.0

Enter Relizbilty

a3

You entered string 33.0

Classification is AVERAGE

BUILD SUCCESSFUL (total time: Z minutes 42 seconds)

4

Figure 5. Decision tree traversal and classification using Decision tree rule induction algorithm

[ QoS Web Service Tester %

= C [ localhost:8080/QoS/QoS?Tester

QoS Web Service Tester

This form will allow you to test your web service implementation (WSDL File)

To invoke an operation, fill the method parameter(s) input boxes and click on the button labeled with the method name.
Methods 3

public abstract java lang String org. me qos. QoS qoSTest(float float float float float)

(|25 .I67 .99 .99 .78 )

Figure 6. IDE’s tester page for the QoS classification web service
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1] Method invacation trace %

€ 2 ¢ [} localhost8080/Qc

5/QoSTester

qoSTest Method invocation

Method parameter(s)

Type |Value
float |23

lfoat 67
Jfoar |99

Method returned

javalang String : "AVERAGE'

Figure 7. IDE’s Method invocation trace for the QoS classification web
service

This fig shows, the IDE’s tester page for the QoS
classification web service. Here we expect the client to know
the values for the attributes that he is looking for throughput,
response time, success ability, reliability and availability. As
he enters the values for these attributes, according to the
mining results we have, classification of the web service is
done.

Clippings of the SOAP request and response file for the
QoS classification web service is given fig 7 and fig 8 below,

SOAP Request

<2xml version="1.0" encoding="UTF-§"2>
<S:Envelope
xmlns:S="http://schemas.xmlsoap.org/soap/envelope/™>
<S:Header/>
<§:Body>
<ns2:QoSTest xmlns:ns2="http://qos.me.org/"™
<Availability>25.0</Availability>
<ResponseTime>67. 0</ResponseTime>
<Throughput>99. 0</Throughput>
<Reliability»99.0</Reliability>
<Successability>78.0</Successability>
</ns2:QoSTest>
</S:Body>

Figure 8. SOAP request for the QoS classification web service

SOAP Response

<?xnl version="1.0" encoding="UIF-§"?>
<§:Envelope
umlns:5="http://schenas. xnlsoap. orq/soap/envelope/">
<§:Body>
<ns2:QoSTestResponse
xmlns:ns2="http: //qos.me.org/">
<return>AVERAGES/return>
</ns2:0oSTestResponse>
<[S:Body>

<[S:Envelope>

Figure 9. SOAP response for the QoS classification web service

7. Conclusions

Web Services are becoming increasingly used and a large
number of consumers are building their business solutions
using web service technology. The need for QoS
specifications for web services have arisen due to
consumer’s prospect for superior web service performance
and Services provider’s obligation to provide high quality
service so as to improve the usability and utility of their
services which in turn decides their standing in the market.
This report dealt with the design and implementation of a
QoS classifier which takes in the QoS parameters as input
and yield the classification of web services based on those
aspects as the result and the same classifier was also
implemented as a web service as to improve ease of access.
A service discovery agent was also implemented and
deployed as a web service. Even though this implementation
wasn’t a full-fledged one, it does give us an intuitive
overview of a service discovery agent to enable us
understand the basic working of such a system.
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