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Abstract 
 

The unabated growth of the World Wide Web in the last decade and the increasing size of the websites have resulted 

in significant amount of research activity to improve the link structure of the websites. A website can   be   

considered   as   a directed graph with webpages as nodes and hyperlinks as edges referred to as the Webgraph. 

Website structure optimization or reorganization   is   also   considered   as   a   graph   optimization problem. The 

researchers have developed few models to optimize the website link structure. It is observed that the heuristic 

and mathematical models cannot optimize webgraphs of large size and are also time consuming. This paper presents 

an  Ant  Colony  and  local  search  based  hybrid  metaheuristic model  for  the  newly emerged  website  

structure  optimization (WSO) problem.  The developed hybrid model is also compared with Ant   colony   method   

and   it   is   observed   that   the   model performs better than Ant Colony System based approach.We have also 

tested the model on large synthetic data sets to demonstrate that it scales up very well. In addition, we define two 

evaluation metrics and use them to assess the performance of the improved website using the real data set. 

Evaluation results confirm that the user navigation on the improved structure is indeed greatly enhanced. More 

interestingly, we find that heavily disoriented users are more likely to benefit from the improved structure than the 

less disoriented users. 

 

Index Terms—Web Graph; Optimization; Ant Colony System; Local Search 
 

 

1. Introduction 
 

With  rapid  growth  of  the  World  Wide  Web  and Internet,  websites  are  becoming  a  competitive  tool  for 

businesses. The development of well- structured website is a major challenge in the E-business industry. The task of 

designing an effective website structure is not a trivial one. A number of high profile site failures have been there  

due  to  poor  link  structure  design  of  the  websites . Users facing difficulty in getting to the target pages are very 

likely to leave a website even if the information offered by the website is of very high quality. 
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In order to satisfy the increasing demands from online customers, firms are heavily investing in the development and 

maintenance of their websites. InternetRetailer reports that the overall website operations spending increased in 2007, 

with one-third of site operators hiking spending by at least 11 percent, compared to that in 2006.A primary cause of 

poor website design is that the web developers’ understanding of how a website should be structured can be 

considerably different from those of the users. Such differences result in cases where users cannot easily locate the 

desired information in a website. This problem is difficult to avoid because when creating a website, web developers 

may not have a clear under- standing of users’ preferences and can only organize pages based on their own 

judgments. However, the measure of website effectiveness should be the satisfaction of the users rather than that of 

the developers. Thus, Webpages should be organized in a way that generally matches the user’s model of how pages 

should be organized . 
 
 

 

2. Existing System 
 

The  overall  process  of  usage-based  Web  personalization can  be  divided  into  two  components.  The  offline 

component is comprised of the data preparation tasks resulting in a user transaction file, and the specific usage 

mining tasks, which in our case include the discovery of association rules and the derivation of URL clusters based on  

user  access  patterns.  Once  the  mining  tasks  are  accomplished,  the  frequent  itemsets  and  the  URL 

clusters are used by the online component of the architecture to provide dynamic recommendations to  users based 

on their current navigational activity. The Web server keeps track of the active user session as the user browser 

makes HTTP requests. The recommendation engine considers the active user session in conjunction with the URL 

clusters to compute a set of recommended URLs. The recommendation set is then added to the last requested page as a 

set of links before the page is sent to the client browser. A generalized architecture for 

 
Recognizing the drawbacks of website reorganization approaches, we address the question of how to improve the 

structure of a website rather than reorganize it substantially. Specifically, we develop a mathematical programming 

(MP) model that facilitates user navigation on a website with minimal changes to its current structure. Our model is 

particularly appropriate for  informational websites whose contents are  static  and  relatively stable  over  time. 

Examples of organizations that have informational websites are universities, tourist attractions, hospitals, federal 

agencies, and sports organizations. Our model, however, may not be appropriate for websites that purely use 

dynamic pages or have volatile contents. This is because a steady state might never be reached in user access 

patterns in such websites, so it may not be possible to use the weblog data to improve the site structure. 

 

4 Related Works 
 

Fu  et  al.  have  proposed  the  method  in  which  the structure of the website evolves over time. The proposed 

method uses operations such as merging of webpages and removal of links. Lin [10] developed a 0–1 

programming model for reorganizing Web sites based on user browsing data. A method to optimize the website 

link structure for E- supermarket websites is developed by Wang, Y. et al.      The  problem  is  mapped  onto 

Hopfield  networks. This model works by reducing the overall weighted distance between webpages. Saremi et 

al.  developed a  method  in  which  the  Website  Structure  Optimization problem  is  modeled  as  quadratic 

assignment (QAP) type problem. Ant colony meta-heuristic technique is employed to  solve the problem. Lin 

and  Tseng   developed a  model  based  on  ant  colony    system  for website  reorganization. The  method  is 

divided into two stages. In the first stage, the Ant Colony based method is applied to find a spanning tree and in 
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the second stage. 
 
 
 
 

 

5. Proposed System 
 

As will be shown later, the choice of path threshold can have significant impacts on relevant mini sessions. Generally, 

increasing the path threshold leads to a smaller number of relevant mini sessions while decreasing it has the opposite 

effect. For example, for the real data set used in the experiments when the path threshold ðbÞ increases from 3 to 5, 

the number of relevant mini sessions reduces from several thousand to only a few hundred. Even for the case when b 

¼ 1, a large number of irrelevant mini sessions can be eliminated from consideration. 
 
 

The results show that when there is no penalty term ðm ¼ 0Þ, the number of new links and the number of existing 

links to be improved are the same across different out-degree thresholds ðCÞ. This is because the out-degree threshold 

plays no role in the MP model if the penalty term is removed from the objective function. When the penalty term is 

imposed, i.e., m 6¼ 0, we find that while a larger multiplier for the penalty term ðmÞ leads to more new links, it also 

adds fewer links to nodes having excessive links. This is anticipated because as m increases, the MP model would 

prefer to establish more links to pages with small out-degrees in order to prevent large penalties. 
 

 
Three websites consisting of 1,000, 2,000, and 5,000 web- pages were constructed. Our approach for generating the 

link structure is similar to that described in [28]. Particu- larly, to generate the link structure that contains 1,000 pages, 

we first constructed a complete graph of 1,000 nodes (pages) and each directed edge was assigned a random value 

between 0 and 1. Then, we selected the edges with the smallest 15,000 values to form the link structure, resulting in an 

average out-degree of 15 for this website. In a similar manner, we generated the link structures for other artificial 

websites. The mini sessions were generated in a slightly different manner. Specifically, we directly generated the set of 

relevant candidate links for each mini session instead of creating the user’s traversal path. As a result, this allows us to 

directly apply the model on synthetic data sets. The sets of relevant candidate links in synthetic data sets has similar 

characteristics with those from the real one, comprising one to five relevant candidate links per each relevant mini 

session, with each link being randomly selected. 

 

TABLE: Evaluation  Results on Improved  Website Using Number  of Paths Per  Mini Session for T ¼ 5 Min 
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6 Conclusions 
 

This paper presents a hybrid algorithm based on Ant colony System and local search for website optimization. 

The  proposed  method  is  compared  with  the  simple  Ant colony  based  method  using  artificially  generated 

web graphs  and  it  is  observed  that  the  developed  method always  gives  higher  value  of  the  objective 

function. Website Structure Optimization problem is very much an unexplored problem. 

In future work, the presented model would be applied on very large sized webgraphs and also on  real  world 

website structures to further analyze its behavior. Future work also includes the use of other metaheuristics 

to develop new algorithms for website structure. 
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