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I. Introduction 

WWW is an advanced information retrieval system which is currently being developed rapidly. WWW supports 
information like pictures, graphs, colors, and fonts, if the user's device supports them. Voice can also be delivered 
if the user's device has a sound generator [7]. The basis of the WWW is hypertext, which means that when the 
user is navigating on the information then one can pick up an interesting word or expression within a text and 
request for more information about it. This can never be applied to all words in a text but only to those which are 
properly designated as such by the producer of the information and shown on screen by underlined text [7]. In 
practice, the use of WWW is still largely similar to the use of simpler, menu-driven information systems. Web 
applications become the one of the largest development areas in software. Web applications not only offer new 
types of applications but also provide an entirely new way to set up software applications to the users. Web 
applications use a number of languages, technologies, and programming models to implement highly interactive 
applications [2], [3]. As the modern Web applications are complicated, interactive programs with compound 
GUIs and several back-end software components. Therefore to analyze, model and testing these applications 
present a number of new challenges to software developers and researchers. Web applications are much 
complicated than simple HTML Web pages, and consist of more than just the front-end graphical user interfaces 
that users see [10]. A Website is a collection of Web pages which linked software components that are associated 
semantically by content and syntactically through links and other control systems. A Web application is a set of 
instruction that runs in whole or in part on one or more Web servers which is access by users through a Website 
[10].   
This research paper deals with the difficulty of testing of Web applications. But the primary focus is on the state 
dependent behavior of Web applications. Finite state machines (FSMs) provide a convenient way to model 
software behavior. Several methods have been proposed for deriving tests from FSMs [10]. Theoretically, Web 
applications can be completely modeled with FSMs as the Web pages have the data, if data is there then this have 
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k, if k is the smallest integer such that r(t+k)=r(t) =x in W(n) 

       , if x does not reappear in W(n) beyond time t      

k, if k is the smallest integer such that r(t-k)=r(t) =x in W(n) 

       , if x never appeared in W(n) in the past   

the states and if states are there, they easily represented using the FSMs. However, there may be large possible 
inputs to text fields, a large number of options on some Web pages, and choices as to the order in which 
information can be entered [10]. Factors such as these mean that a finite state machine can become prohibitively 
large, even for a single page. Thus, an FSM-based testing method can only be used if techniques are found to 
generate FSMs that are descriptive enough to yield effective tests yet small enough to be practically useful [1]. 
The Web testing is categorized in the following ways: - (a) Static links: Links that do not use redirection or 
JavaScript, just plain HTML. Most of the early research on Web testing focused on link validation, (b) Dynamic 
links: In the dynamic links [10] HTML forms send data to software components that process the data. One issue 
with testing dynamic links is that data must be found or created for the forms, (c) Operational transitions: These 
transitions [10] are those which the user introduces into the system outside of the control of the HTML or 
software. Operational transitions include use of the back button, the forward button, and URL rewriting, (d) 
Software connections: This includes connections among back-end software components, such as method calls and 
forwarding among Web components, and (e) Off-site software connections: This type of connection that some 
Web applications will access software components that are available at a far-off site, while powerful, is difficult 
to test because little is known about the remote software.  

II. Web Page Trace Algorithms 

Consider a Web page trace W(n) = r (1)*r(2)*----------*r(n) consisting of n Web page numbers (WPNs) requested 
in discrete time from 1 to n, where r(t) is the WPN requested at time t, and Web page trace is a sequence of Web 
page numbers. Therefore, two references distances are defined between the repeated occurrences of the same 
page in W(n) [4]. The forward distance ‘ft(x)’ for page ‘x’ is the number of time slots required from  time ‘t’ to 
the first repeated reference of Web page ‘x’ in the future, and it is given by: - 
  

    
 
 
 
Similarly, a backward distance bt(x) is defined as the number of time slots from time ‘t’ to the most recent 
reference of Web page ‘x’ in the past, and it is represented by: - 

 
 
 
 
 
Let R(t) be the resident set of all Web pages residing in Web server under the indexed Web page at time ‘t’.  

A. Web Page Replacement Policies 

Basically, the page replacement policies are used in the operating systems as discussed by Hwang [6]. The same 
page replacement policies are used to trace out the behaviour of Web pages and hence those policies are renamed 
as Web page replacement policies. The following Web page replacement policies are used in a Web server 
system for a Web Frame Repetition (WFR), which results in Web page faults at time ‘t’. (a) Least recently used 
(LRU): This policy replaces the Web page in R(t) which has the longest backward distance or it will replace the 
Web page that has not been recently used for the longest period of time, (b) Optimal (OPT) algorithm: This policy 
replaces the Web page in R(t) with the longest forward distance or replaces the Web page that will not be used for 
the longest period of time, (c)  First-in-first-out (FIFO): This policy replaces the Web page in R(t) which has been 
in memory for the longest time or when a Web page must be replaced, the oldest Web page is chosen, (d)  Least 
frequently used (LFU): This policy replaces the Web page in R(t) which has been least referenced  in the past or it 
will replace the Web page that has the smallest count, and (e)  Most frequently used (MFU): This policy replaces 
the Web page in R(t) which has been most referenced in the past or it will replace the Web page that has the 
largest  count. 
Consider the example of an “Online Internet Banking System (OIBS)” in which a Web server system having two-
level hierarchy: main memory M1 and disk memory M2. The number of Web page frame (WPF) is 3, labelled a, 
b, and c; and the number of pages in M2 is 11, 13, and 15 as presented in table 1, 2 and 3. For these experimental 
validations a sequence of random number has been generated. The sequence of Web page numbers so formed is 
the Web page trace. The following three Web page trace numbers have been taken from Web server log files of 
OIBS to experiment with the Web page replacement policies: (i) 0 1 2 4 2 3 7 2 1 3 1; (ii) 0 1 2 4 2 3 7 3 2 1 1 3 1 
(with an error node); and (ii) 0 1 2 3 2 4 2 3 7 3 2 1 1 3 1 (with error and virtual nodes). The results from graph 1 
indicate the superiority of OPT policy over others. However, the OPT is very difficult to implement in practice. 
The LRU policy performs better than FIFO due to the locality of references. The MFU policy shows better results 
than LFU policy due to the most frequent usability index of Web pages. The MFU and LFU policies are useful to 
keep a counter of the number of Web page references that have been made to each page. From these results, it is 
realized that the LRU is generally better than FIFO, MFU and LFU. However, exceptions still exist due to the 
dependence on program behaviour. 

ft(x) =             

ft(x) =             
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B. Usability Index for Web Pages 

The usability index has been implemented by means of a set of suggestions (page links) dynamically generated on 
the basis of the active user session, which are used to personalize page requested. The Web usability is calculated 
by performing off-line and on-line analysis with respect to the Web server activities. By analyzing the historical 
data (i.e. server access log files), the off-line component builds a knowledge base, which is used in the on-line 
phase to generate the personalized content [4], [5]. This content can be expressed in several forms, such as links 
to pages or advertisements considered of interest for the current user. User sessions are identified by means of 
cookies stored on the client side. Cookies contain the keys to identify the client sessions. For each Web page, 
URL request is generated and thereafter the Web server knowledge base is updated. 

Table 1 results of Web page replacement policies. 

III.  
L 
R 
U 

WPF 0 1 2 4 2 3 7 3 2 1 1 3 1 Hit Ratio 

a 0 0 0 4 4 4 7 7 7 1 1 1 1 

 
6/13 

b  1 1 1 1 3 3 3 3 3 3 3 3 

c   2 2 2 2 2 2 2 2 2 2 2 

WFR     *   * *  * * * 

O 
P 
T 

a 0 0 0 4 4 3 3 3 3 3 3 3 1 

 
5/13 

b  1 1 1 1 1 1 7 7 1 1 1 1 

c   2 2 2 2 2 2 2 2 2 2 2 

WFR     *   * *  * *  

F 
I 
F 
O 

a 0 0 0 4 4 4 4 4 2 2 2 2 2 

 
4/13 

b  1 1 1 1 3 3 3 3 1 1 1 1 

c   2 2 2 2 7 7 7 7 7 3 3 

WFR     *   *   *  * 

L 
F 
U 

a 0 0 0 4 4 4 7 7 7 1 1 1 1 

 
6/13 

b  1 1 1 1 3 3 3 3 3 3 3 3 

c   2 2 2 2 2 2 2 2 2 2 2 

WFR     *   * *  * * * 

M 
F 

IV. U 

a 0 0 0 4 4 4 4 4 4 4 4 4 4 

 
3/13 

b  1 1 1 1 1 7 7 7 7 7 7 7 

c   2 2 2 3 3 3 2 1 1 3 1 

WFR     *   *   *   

Table 2 results of Web page replacement after addition of error node. 
Let us assume that interest in a Web page depends on its content and not on the order in which a Web page is 
visited during a session, the edge weight W is computed as: 
W=Nij/max{Ni, Nj}                                                      (1)  
Where: Nij is the number of sessions containing both pages i and j, and Ni and Nj are the number of sessions 
containing only page i or j. Generally, LRU algorithm is applied and according to this algorithm information 

I.  
L 
R 
U 

WPF 0 1 2 4 2 3 7 2 1 3 1 Hit Ratio 

a 0 0 0 4 4 4 7 7 7 3 3 

 
3/11 

b  1 1 1 1 3 3 3 1 1 1 

c   2 2 2 2 2 2 2 2 2 

WFR     *   *   * 

O 
P 
T 

a 0 0 0 4 4 3 7 7 7 3 3 

 
4/11 

b  1 1 1 1 1 1 1 1 1 1 

c   2 2 2 2 2 2 2 2 2 

WFR     *   * *  * 

F 
I 
F 
O 

a 0 0 0 4 4 4 4 2 2 2 2 

 
2/11 

b  1 1 1 1 3 3 3 1 1 1 

c   2 2 2 2 7 7 7 3 3 

WFR     *      * 

L 
F 
U 

a 0 0 0 4 4 4 7 7 7 3 3 

 
3/11 

b  1 1 1 1 3 3 3 1 1 1 

c   2 2 2 2 2 2 2 2 2 

WFR     *   *   * 

M 
F 

II.        U 

a 0 0 0 4 4 4 4 2 1 1 1 

 
3/11 

b  1 1 1 1 1 7 7 7 7 7 

c   2 2 2 3 3 3 3 3 3 

WFR     *     * * 
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about a Web page least recently accessed is replaced for a currently accessed Web page [5]. Therefore, the system 
performance due to least recently used Web page (s) will enhance the performance of the Website. 

Table 3 results of Web page replacement after addition of the error and virtual nodes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph 1 characteristic of Web page replacement policies for table 1, 2 and 3. 

III. Web Page replacement based on Finite State Machine 

The FSM of few modules of OIBS of SBI is as in figure 1. The banking system divided into small modules. The 
top level is divided in to three subsystems, which are Personnel banking, corporate banking, and SBI F.S.A.T. 
which are further divided into modules and WebPages [9]. Table 4 shows the partitioning of physical and logical 
Web pages for the Personnel banking. Moreover, the table 5 presents the annotations for third party fund transfer 
in Internet banking system of SBI. Table 6 shows the nodes and the logical Web pages related to the personnel 
banking system.  

Node Modules Details 

SS 
PB 
CB 
SF 

Select Service 
Personnel Banking 
Corporate Banking 
SBI F.S.A.T. 

Menu of Main Services 
View Personnel Banking Services 
View Corporate Banking Services 
View SBI F.S.A.T. Services  

Table 4 shows the Services by SBI Internet Banking. 
 

L 
R 
U 

WPF 0 1 2 3 2 4 2 3 7 3 2 1 1 3 1 
Hit 

Ratio 

a 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 

 
8/15 

b  1 1 1 1 4 4 4 7 7 7 1 1 1 1 

c   2 2 2 2 2 2 2 2 2 2 2 2 2 

WFR     *  * *  * *  * * * 

O 
P 
T 

a 0 0 0 3 3 3 3 3 3 3 3 3 1 1 1 

 
5/15 

b  1 1 1 1 4 2 2 7 3 3 3 3 3 3 

c   2 2 2 2 2 2 2 2 2 1 1 1 1 

WFR     *   *   *   * * 

F 
I 
F 
O 

a 0 0 0 3 3 3 3 3 3 3 2 2 2 2 2 

 
6/15 

b  1 1 1 1 4 4 4 4 4 4 1 1 1 1 

c   2 2 2 2 2 2 7 7 7 7 7 3 3 

WFR     *  * *  *   *  * 

L 
F 
U 

a 0 0 0 3 3 3 3 3 3 3 3 3 3 3 3 

 
8/15 

b  1 1 1 1 4 4 4 7 7 7 1 1 1 1 

c   2 2 2 2 2 2 2 2 2 2 2 2 2 

WFR     *  * *  * *  * * * 

M 
F 

V. U 

a 0 0 0 3 3 3 3 3 3 3 2 1 1 3 1 

 
4/15 

b  1 1 1 1 1 2 2 7 7 7 7 7 7 7 

c   2 2 2 4 4 4 4 4 4 7 1 4 4 

WFR     *   *  *   *   

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Web Page Replacement Policies 

Table 1 3 4 2 3 3 

Table 2 6 5 4 6 3 

Table 3 8 5 6 8 4 

LRU OPT FIFO LFU MFU 

Hit Ratio 
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Figure 1 FSM of few modules of OIBS of SBI. 

 
Transition  S (input)  O(Output) Transition  S (input)  O(Output) 

(L, MA) 
(MA, L) 
(MA, BP) 
(BP, MA) 
(MA, P) 
(P, TT) 

UN/PWD 
RS 
BL 
B 
F 
F 

MA 
L 
BP 
MA 
P 
TT 

(TT, PO) 
(PO, S) 
(S, C) 
(C, H) 
(C,TT) 

SA 
S 
CP 
H 
B 

PO 
S 
TT 
H 
TT 

Table 5 Annotations for third party fund transfer in Internet banking system of SBI. 
Nod
e 

Modules Details 

H 
AS 
AST 
LP 
F 
TT 
IT 
DD 
SE 
MK 
VT 
RS 
RT 
SN 
SU 
BL 

Home  
Account  Summery 
Account Statement 
Loyalty Point 
Fund Transfer 
Third Party  
Inter-banking 
Transfer 
Demand Draft 
Status Enquiry 
Make Donation 
Visa Transfer 
Reset 
Retrieve 
Submit New 
Submit Update 
Bill Payment 

View Home Page 
Get Account Summery 
Print Account Statement 
Get Loyalty Point 
Transfer Funds 
Transfer Funds to Third Party 
Transfer Fund to Inter Banking 
Account 
Issue a Demand Draft 
Enquiry about the Current Account 
Donation of the Funds 
Transfer fund for Visa purpose 
Reset the page 
Retrieve the Account Information 
Submit New Account  
Submit Updated Information 
Payment for any Type of Bills 

Table 6 shows the nodes for personnel banking. 

IV. Testing Web Applications using GA 

However, the number of tests generated using the W-method is usually large. Several alternative methods have 
been proposed that generate fewer test cases. In addition, these methods are either as effective or nearly as ef-
fective as the W-method in their fault-detection capability [8]. A method for test-generation based on unique 
input/output sequences is presented in this section. The UIO-method generates tests from an FSM representation 
of the design. All the assumptions in this method are similar to the W method. In addition, it is assumed that the 
IUT has the same number of states as the FSM that specifies the corresponding design. A UIO sequence is a 
sequence of input and output pairs that distinguishes a state of an FSM from the remaining states. Consider FSM 

M = (X; Y, Q, qo, , 0). A UIO sequence of length k for some state S є Q, is denoted as UIO(s) and looks like the 
following sequence: - 

 (s, in(UIO(s))) ≠ (t, in(UIO(s))),  t є Q, t ≠ s.                                                                                  (2) 
Generation of test cases uses both the test model and the test criteria. Generation proceeds in three steps: - 
i. Path selection: For each FSM is based on the required coverage criterion. This is easily automatable via 

existing Unique Input / Output (UIO) algorithms. Path selection algorithms that do not end in the last 

Enable High Security 
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Select A/C 
  

Select Third Party A/C 

  

Back 
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Fund Transfer   
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Payment 
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state involve the addition of a proper sequence to an end state. If not, the sequence cannot be combined 
properly with the resultant test sequence in the aggregate test sequence.  

ii. Test case selection: The test cases are generated by the genetic algorithm with the UIO technique of the 
FSM and Input constraints decide which inputs to select and in which order. One issue is to satisfy all 
constraints and criteria during selection.  

iii. Fitness function:  Fitness function is calculated from the transition ranking process. The transition 
ranking process ranks each input/output pair of the FSM according to number of times it reoccurs in the 
transition table (e.g. table 6) of the FSM. If any input/output pair occurs only once that pair gets the 
lowest rank, a pair that occurs twice is ranked next etc. if any pairs have the same number of occurrences 
in the transition table get the same rank [1]. 

It is much clear from the architecture of the www that the Web pages containing the data. If the Web pages 
contains the data then there must be states are there, if states are there then this can be represented using the finite 
state machine. The home page of the www acts as the initial state of the FSM. The hyperlinks and the hypertext 
works as the edges of the FSM and these edges connect the two WebPages, which are states in the FSM.  This 
fitness function is used in GA using for generating input sequences that contain mostly input/output pairs with 
lower frequency in the transition table 6 corresponding to feasible transitions. The fitness function represents the 
search for a UIO sequence as a function minimization problem so an input sequence with a lower fitness value is 
considered more likely to form a UIO sequence since it is made up of more low ranked transitions. The proposed 
framework for automatic test case generation using GA and UIO of FSM is as under: - 

Generate the FSM // i.e. finite state machine of Web application to be tested 
P: =Generate Test Cases using UIO for FSM //Generate a test set of n test cases 
FAIL: =FALSE  // initialize the variable 
While (Not (terminating condition)) do  { 
Generate the mutant of V 
While (~FAIL)  
{ 
  Generate the next generation S (of size n) from P using Genetic Algorithm. 
  Perform FSM testing 
If failure 
 { 
  FAIL=TRUE 
  Then add the test case killing the mutant to the population P 
           }  } } 
End. 
4.1 Input sequence representation and GA  
  The generated UIO sequence for a given state of an FSM involved finding an appropriate input 

sequence that generates a unique output sequence. In the Genetic Algorithm, each character can be represented as 
it is or encoded in binary notation. When using binary representation the information then input for FSM with 
binary alphabet can be presented with a single digit in binary, with input alphabet of size 4, with 2 binary digits, 
etc. The fitness function is designed according to input sequences of the same length. After fitness function and 
an input sequence representation, GA can be used to find UIOs for all the states of an FSM [9]. The proposed 
model for Web based application testing is shown in figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 2 Illustrate the model for testing Web based applications using FSM and Genetic Algorithm. 

Web based Application FSM of Web 

Application 
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The initial population in GA is a set of randomly generated input sequence and corresponding output can be 
obtained from the FSM transition table 6. Each generated input sequence is type checked to see whether it 
represents a specified sequence of input of characters according to the specification of the FSM under test. 
Moreover, starting the GA with a population of valid input sequences increases the probability of generating next 
valid input sequences after crossover and mutation operator. The crossover and mutation operators recombine the 
existing sequences in such a way that next sequences represents specified transitions with lower ranked 
input/output pairs. If a input sequences represent some unspecified transitions, specified transitions with higher 
ranked input/output pairs or a combination of both would be rewarded less and reprimand and the GA terminates 
either after a set number of recombination’s or if the population gets saturated with the same result and does not 
recover for a number of generations. 

V. Conclusions 

This research paper is planned to predict and analyse the performance of hypermedia applications in terms of 
Web page replacement policies, Web page selection metrics, reliability, usability index, and error estimating 
function. The paper has presented how Web applications are converted to finite state machines without using the 
source code. These proposed methods gather data by the offline and online analysis of Web logs files and these 
methods can effectively be used for any online information systems. Firstly, an example of OIBS is taken to 
analyse user’s behaviour and to implement different matrixes of transition probabilities. Secondly, various Web 
page trace algorithms are implemented by using different Web page replacement policies to find the Web page 
faults and hit ratio of the hyperlinks. In this section, an effort equation for usability index for Web pages is also 
designed to argue dynamically generated Web page hyperlinks by active user session. This section also includes a 
technique for Web page error estimating measure to find the level of probabilistic hyper-threading information 
between the presence and absence of node in an index page. Finally, in the last section, Web page selection 
metrics are presented on the basis of users’ perception to scroll down the important hyperlinks available on the 
Websites. The selection of Web page is completely managed by the collection of high quality Web pages relevant 
to a user’s query. This section also consists of the details of the importance of Web page selection metrics, 
HODM, algorithm for HODM, and a case study evaluation to search the contents of Website that consists of a 
number of hyperlinks. Therefore, based on the results of these mentioned approaches, the behaviour of Web-
based hypermedia applications can definitely be useful to identify the performance, design aspects, efforts, and 
failure points in Web-based systems. It also presented the procedure for generating tests from the FSMs and 
describes the Genetic Algorithm. In addition, a model is proposed for generating the test cases using the genetic 
algorithm. This procedure uses standard coverage criteria on the FSMs, and a novel technique for generating tests 
using UIO method. 
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