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Preface

Middleware is one of those topics in computer science for which it appears dif-
ficult to reach consensus on its exact meaning. Broadly speaking, one could say
that middleware contains solutions to the distribution of processes, data, and
control that are more or less independent from applications, and that allow un-
derlying platforms and hardware to be hidden from applications. In other words,
it covers a lot.

However, there does seem to be consensus on the fact that middleware is
about distributed systems, and that the solutions incorporated into middleware
are applicable to a wide range of applications. Following the trend of past Middle-
ware conferences, this seventh edition has continued to take a broad perspective
on what middleware is all about, and there was general agreement among the
Program Committee members that we should be open-minded as to what should
be considered on topic or not. This open-mindedness is reflected in an interest-
ing collection of papers that cover many fields of middleware, and even touch
upon areas that have traditionally belonged more to the systems arena, such as
virtualization.

However, not everything changes. As usual, the number of strong submis-
sions was remarkably high, and there were many discussions among committee
members as to which papers to accept. (Almost every paper was reviewed by
four committee members.) Eventually, we selected 21 out of the 122 submissions,
with space limitations forcing us to reject even papers that reflected good and
original research.

We would like to thank all authors who submitted papers for Middleware
2006. Also, we both feel that we had a strong committee with members who not
only did an excellent job reviewing submissions, but also submitted their reviews
on time and acted promptly during the discussion phase, which allowed us to
send out notifications to the authors as originally planned. We also gratefully
acknowledge the work done by external reviewers, who often provided detailed
and high-quality reports.

September 2006 Maarten van Steen and Michi Henning
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Caching Dynamic Web Content: Designing and
Analysing an Aspect-Oriented Solution

Sara Bouchenak!, Alan Cox?, Steven Dropsho?,
Sumit Mittal**, and Willy Zwaenepoel®

1 INRIA, 655, av. de I’'Europe, Montbonnot, 38334 St. Ismier Cedex, France
Sara.BouchenakQinria.fr
2 Rice University, Department of Computer Science, Houston, TX USA
alc@cs.rice.edu
3 EPFL, Department of Computer Science, CH-1015 Lausanne, Switzerland
{Steven.Dropsho, Willy.Zwaenepoel}@epfl.ch
4 IBM India Research Lab, Block-1, IIT, Hauz Khas, New Delhi, India
sumittal@Qin.ibm.com

Abstract. Caching dynamic web content is an effective approach to re-
duce Internet latency and server load. An ideal caching solution is one
that can be added transparently by the developers and provides com-
plete consistency of the cached documents, while minimizing false cache
invalidations. In this paper, we design and implement AutoWebCache, a
middleware system for adding caching of dynamic content transparently
to J2EE server-side applications having a backend database. For this
purpose, we first present the principles involved in caching dynamic web
content, including our logic to ensure consistency of the cached entries.
Thereafter, we demonstrate the use of aspect-oriented (AOP) techniques
to implement our system, showing how AOP provides modularity and
transparency to the entire process. Further, we evaluate the effectiveness
of AutoWebCache in reducing response times of applications, thereby
improving throughput. We also analyze the transparency of our system
for a general application suite, considering issues such as dynamic web
pages aggregating data from multiple sources, presence of insufficiently
structured interfaces for exchanging information and the use of applica-
tion semantics while caching. We use two standard J2EE web benchmark
applications, RUBIS and TPC-W, to conduct our experiments and dis-
cuss the results obtained.

Keywords: Caching, aspect-oriented programming, J2EE applications,
dynamic content.

1 Introduction

Dynamically generated web content represents a large portion of web requests.
The rate at which dynamic documents are delivered is often orders of magnitudes
slower than static documents [9,11]. Therefore, caching dynamic web content is
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an appealing approach to reduce Internet latency and server load. Web sites
for dynamic content are usually based on a multi-tier J2EE architecture using
several middleware systems [27]: an HT'TP server as a web front-end and provider
of static content, an application server to execute the business logic and generate
the dynamic web content, and a database to store the persistent data required by
the application. Dynamic content generation places a significant burden on the
servers, often leading to performance bottlenecks. Caching dynamic web content
can directly address these bottlenecks.

Implementing caching as a middleware solution is particularly attractive. Of
course, an ideal solution is one that can be added transparently by the developers,
possibly even as an after-thought. Some examples of transparently adding caching
to an application are given in [17,6,4], but these ignore consistency of the cached
entries. Other solutions provide consistency, but ignore transparency, requiring
manual insertion [10]. There are some projects that provide both consistency and
transparency, such as those caching SQL query result sets [8] at the back-end. The
interesting property of data from result sets of SQL queries is that it is from a sin-
gle interface and hence, of one type (homogeneous). An open question is whether
similar techniques can be successful for more complex content such as web pages
that aggregate data from multiple sources (i.e., heterogeneous).

In this paper, we present the design and implementation of Auto WebCache, a
middleware solution for caching dynamically generated content in J2EE applica-
tions. A goal is to move the caching as far forward in the multi-tier architecture to
not only reduce the database activity in the back-end but also the business logic
activity, which is becoming ever more complex and costly at the middle tier. Unlike
caching data such as JDBC SQL results at a single well-specified interface, caching
fully formed web pages requires interfacing to both the front-end (e.g., Tomcat
servlet engine) and the back-end (e.g., JDBC interface). Caching at this level re-
quires information from both interfaces to maintain consistency of the cached doc-
uments. To keep the caching transparent, we cast caching as an aspect of the ap-
plication and use an aspect oriented programming (AOP) framework to capture
the information flowing through various interfaces. We give details of the AutoWe-
bCache cache system based on AOP principles and the AspectJ [2] weaving rules
that add the caching logic transparently to the application.

We evaluate the performance of our middleware solution with the help of two
J2EE benchmarks - RUBIS and TPC-W. RUBIS implements the core functional-
ity of an auction-site: selling, browsing and bidding [1], while TPC-W simulates an
online-bookstore [30]. We demonstrate the gains in response times using AutoWe-
bCache for each. We also analyze the transparency of AutoWebCache for a general
application suite. We argue that for the general case, issues can arise when caching
dynamic content at the front-end due to 1) dynamic web pages aggregating data
from multiple sources, 2) some sources not having sufficiently structured interfaces
for exchanging information and 3) the need to consider semantics of the applica-
tion while caching. Although our benchmark applications are servlets-based and
use SQL queries to incorporate dynamism, we believe that the results and argu-
ments presented in this paper hold true for a general architecture as well.
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The contributions of this paper can be summarized as follows:

1. Design, implementation and evaluation of AutoWebCache, a middleware so-
lution that caches dynamic web pages at the front-end while maintaining
consistency with the back-end database(s).

2. Demonstrating that dynamic web caching can be considered a crosscutting
aspect and, therefore, AOP methods should be considered as a flexible and
easy-to-use tool to develop the middleware support.

The remainder of this paper is organized as follows. Section 2 gives some back-
ground on dynamic web applications and aspect-oriented programming. Section
3 outlines the principles involved in designing a dynamic web cache and gives
an overview of our AutoWebCache system. Section 4 describes the implementa-
tion of AutoWebCache using aspect-oriented techniques, and analyzes its trans-
parency with respect to an application. Sections 5 and 6 present our evaluation
environment and the results of our evaluation, respectively. Section 7 provides a
discussion of our experiences. Section 8 discusses some related work and finally,
Section 9 draws our conclusions.

2 Background

2.1 J2EE Web Applications

Java 2 Platform, Enterprise Edition (J2EE) defines a model for developing dis-
tributed applications, e.g., web applications, in a multi-tiered architecture [27].
Such applications usually start with requests from web clients that flow through
an HTTP server front-end and provider of static content, then to an applica-
tion server to execute the business logic and generate web pages on-the-fly, and
finally to a database that stores resources and data (see Figure 1).

HTTP request
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Fig. 1. Architecture of Dynamic Web Applications

Upon an HTTP client request, either the request targets a static web docu-
ment that the web server can return directly; or the request refers to a dynamic
document, in which case the web server forwards that request to the applica-
tion server. The application server runs one or more software components (e.g.,
Servlets, EJB) that query a database through a JDBC driver (Java DataBase
Connection driver) [28] and retrieve data to generate a web document on-the-fly.



