
An Adaptive Web Server Application

Cristina Hava Muntean

Performance Engineering Laboratory,
School of Electronic Engineering, Dublin City University

Glasnevin, Dublin-9, IRELAND
havac@eeng.dcu.ie

Jennifer McManis

Performance Engineering Laboratory,
School of Electronic Engineering, Dublin City University

Glasnevin, Dublin-9, IRELAND
mcmanisj@eeng.dcu.ie

John Murphy

Performance Engineering Laboratory,
School of Electronic Engineering, Dublin City University

Glasnevin, Dublin-9, IRELAND
murphyj@eeng.dcu.ie

Liam Murphy

Department of Computer Science,
University College Dublin,

Belfield, Dublin-4, IRELAND
Liam.Murphy@ucd.ie

ABSTRACT

The Web is continually increasing in size and importance and so does the interest of the Web server administrators to
maximize their users' satisfaction, while efficiently using the existing resources. The paper proposes an adaptive Web server
application that tries to increase the performance of the Web server that hosts a Web site, as seen from the clients' point of
view. The adaptiveness is based on the customization of the Web site in a manner that emphasizes the interests of the clients.
Our tests show that both the user satisfaction and the server performance are improved.
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1. INTRODUCTION

The usage of Web sites can vary widely during a day making difficult to predict the exact number of requests during
any given time. It is therefore important to analyze how the Web sites perform under larger than anticipated loads. Web
server performance has a large impact on the popularity of a given Web site and therefore extensive effort has been done to
improve it, especially for the sites that service a high number of requests.

Our work focuses on the improvements that bring both a better Web server performance and a greater increase in
customer satisfaction with the visited Web site by introducing an adaptive Web server application which makes use of a
customizable Web site, according to the traffic-related parameters measured at the client side. By simulating a variable
number of clients while monitoring the server activity, we show that the adaptive Web server performs better than a non-
adaptive one under different loading conditions.



Two main directions are taken by the research that focuses on improving the Web server's performance and therefore
increasing customer satisfaction with a site.

Firstly, some adaptive solutions allow the customization of the Web sites according to the clients' interests. Microsoft
Network (MSN) and Yahoo! display the latest news from user-chosen domains of interest. Web Watcher [1] tries to predict
what links will be followed from the current page, while Avanti [2] dynamically customizes the content of the Web page
based on the user's needs and tastes, and predicts the user's next step and the eventual goal. Perkowitz and Etzioni's [3]
adaptive Web server uses feedback from all the users to modify the site’s content.

The second direction seeks to improve the client satisfaction with the Web server by increasing its performance. A
multicast solution [4] for distributing commonly requested pages, which also accommodates service differentiation among
clients and the "content adaptation" [5] that serves one out-of-multiple pre-existing different size versions of the requested
Web pages reduce the bandwidth consumption on the server output links.

2. ANALYSING USER SATISFACTION

We propose a methodology that identifies different users classes. A class is represented by groups of users with
similar characteristics and values for the Web site performance parameters. The structure of classes may dynamically change
depending on current user population.

Starting from a Web site structure we try to identify those Web site factors related to features of the site, which might
affect user satisfaction.

Having identified our user classes and the characteristics of the Web site that will affect the user satisfaction, we seek
to measure user satisfaction in a consistent and quantifiable way. In figure 2 we summarize the steps needed to measure user
satisfaction.

Figure 1. Proposed methodology for analysis of user satisfaction
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3. THE ARHITECTURE OF THE WEB SERVER APPLICATION

To customize a Web site means to offer different versions of the site to different users. We divide users into classes,
each class receiving a version of the site optimized to their requirements. The classification of the users is based on a wide
variety of parameters including both clients’ capabilities and server performance measures, as the clients perceive them. By
serving smaller versions of a site to users instead of a bulky ‘one-size-fits-all’ version, we can increase overall user
satisfaction with a Web site and, at the same time, the server performance.

Some of the parameters used for the classification are: download time of Web pages, client’s bandwidth, the client’s
connection type, Web server’s load, the type of the browser’s plug-in components. The parameters’ values are stored in a
centralized database situated on the server side. The classification information is computed at every access done by the user
and therefore the class the user belongs to can be dynamically changed.

Three -Tier Architecture

Our Web server application is based on applets-servlets technology. The application has a Three-Tier Architecture
shown in Figure 2. The servlets act as gateway for the back-end system and control the access to the system resources. The
back-end system consists of all the versions of the Web site and the database that saves the client-related performance
parameters. These can be situated on another machine, behind a firewall if desired.

The servlets communicate with back-end resources looking up and updating the information from a back-end
database, request/offer information from/to the applet, perform calculations and provide Web pages. The applets are used to
measure different performance parameters on the client machine and to send the results back to the servlets.

Tools For Deploying And Testing Our Application

In order to deploy our adaptive application we have developed a simple Web site using the Adobe GoLive tool. The
Web site consists of different versions of pages containing the same type of information, but its complexity, the level in the
hierarchy where it is located and the sizes of the Web pages may differ.

Sun’s Java Web-Server 2.0 was used to capture the HTTP requests and to dispatch them to our application. The
database is implemented using a MySQL Server and it is accessed using the Java Database Connectivity (JDBC) technology.

In order to generate the Web users that visit the Web site and to do the performance measurements we used OpenSTA
[6] (Figure 3). This tool is used to measure both some performance parameters at the client (e.g. download time), and at the
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Figure 2. The Three-Tier Architecture for our
Web application



server sides (e.g. CPU load, server latency time, rejected requests, throughputs, number of HTTP responses per second sent
by the server, etc.).

4. TEST RESULTS FOR OUR SIMPLE ADAPTIVE WEB SERVER APPLICATION

As a test Web site, we built two versions of a simplified Web site of our research group (Figures 4 and 5). One version
is suitable for accesses by external users to our research group, while the second version is better designed for internal access
(i.e. by the members of our group). The database stores the information about the classified clients.

We tested the adaptive and non-adaptive versions of our Web server using pre-defined navigation tasks, with different
numbers of clients executing them in parallel. We measured the HTTP monitored bytes/second and HTTP responses/second
parameters. The first parameter shows the total number of bytes per second outputted by the Web server during the
simulation. The second one indicates the total number of responses per second the Web server had to handle (Figures 6 and
7).

Figure 4. First version of our test Web site
suitable for internal users

Figure 5. Second version of our test Web site
suitable for external users

Figure 3. OpenSTA architecture
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In order to compare the adaptive and non-adaptive versions of our sites, we perform the above test on both of them,
increasing the number of the Web users simulated in parallel (Figures 8 and 9). We noticed that the total number of HTTP
requests is smaller when the clients are classified than when all the users were treated alike. Similarly, the number of HTTP
monitored bytes is bigger when the users are not classified. This is because some users have not only to visit more Web pages
to find the desired information, but also the downloaded components were larger and more numerous.

In all cases, the adaptive server is subjected to a smaller workload than the non-adaptive server. However, looking to
the growth of HTTP monitored bytes for adaptive and non-adaptive Web site with the number of clients, we noticed that the
difference between them decreases with the increasing of the number of clients due to the Web server’s physical limitation of
the maximal number of bytes/second sent.

5. CONCLUSIONS AND FUTURE DIRECTIONS

In this article we discussed a new design of a Web Server application, which seeks to improve both the Web user
satisfaction and Web server performance. The design of the Web server is based on the server performance, as the Web users
perceive it. Improving the server performance, the users’ satisfaction can be increased. The test results presented in the paper
analyze the improvements of performance on the server side only. We monitored some of the server performance indices that
showed some improvements with our adaptive Web server. More investigations have to be done on other performance
parameters especially when the Web server is overloaded and requests are rejected. Further work is also needed on
quantifying user satisfaction and identifying relevant performance parameters.

Figure 8. Growth of HTTP responses with the
number of parallel clients

Figure 9. Growth of HTTP monitored bytes
with the number of parallel clients
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Figure 6. HTTP monitored bytes/second
vs. elapsed time

Figure 7. HTTP responses / second
vs. elapsed time
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