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Abstract

The development of Web applications is characterized by short development cycles. As a consequence the non-functional requirements are not addressed very formally. Reuse of components can be used to shorten time-to-market and to improve the quality of Web applications.
1 Introduction

In the last years there has been a substantial growth in the number of Web applications. Many companies and government departments are using web applications to communicate with their customers. Some examples are Internet banking (managing your bank accounts and other services a bank offers), internet shops (i.e. bookshops or record shops), flight booking or internet portal to basic medical support (asking for subscription for medical drugs or advice from a doctor). There are even some companies that do not have other channels to their customers than their web page.
The range of different web applications indicates that we are depending more and more on some of these web applications. For most people it will not be acceptable if they do not have access to their bank accounts and the services the particular banking application offers just because the application has some failures. Also the companies are relaying on the availability of their web applications. If these applications are not available they are at risk of loosing business.
There are certain expectations to development of web applications. They should fulfill the requirements of the users, the time to deployment should be short, the system should have a high usability (potential users find the system easy to use), and the system should of course be reliable, robust and secure.
The practices of how to develop of Web applications did not move at the same speed. The term “Web Crisis” [‎1] has been used to describe a situation where the development of Web applications do not satisfy the expectations there are for the development of these systems. There is a strong need to improve the practices in use when developing web applications. One important practice to improve is the use of development processes for web development. Other practices to be improved are requirement engineering and testing. In this essay I will look at how reuse can be used to improve the development of Web applications.
The structure of this essay will be as follows. In the next section there will be a description of Web applications. Section 3 will give a short overview of reuse. Section 4 will discuss some problems of reuse, and section 5 will give the conclusions.

2 Web application
Web applications have some characteristics that make them different from traditional applications [‎1].

· Web applications will put more focus on look and feel than traditional applications. This is also seen in that graphically designers are working in the development of the user interfaces.
· Most Web application need to be developed within a short time, making it difficult to apply the same level of formal planning and testing as used in traditional software development.

· Web applications have a different deployment medium than traditional software. The later generally operates in a well-defined environment whereas Web applications, at the user end, have to cater to diverse environments.

2.1 Web engineering

Many web applications are developed in an ad hoc manner.  This raises concerns about the long-term quality and integrity of these applications. What is needed is a disciplined approach to Web application development, and Web engineering advocates a process and a systematic approach to the development of high quality Web applications.
A definition for Web engineering is given by ‎[1]:

Web engineering is the establishment and use of sound scientific, engineering and management principles and disciplined and systematic approaches to the successful development, deployment and maintenance of high quality Web-based systems and applications.
Web engineering principles and approaches can bring the potential chaos in Web application development under control, and enhance maintainability and quality [‎1]. 

2.2 Classification of Web applications
According to a classification of Web applications in [x] there are four groups of Web applications. The classification uses to dimensions: Data and Control (Figure 1):
· Brochure Web applications are the first generation of Web applications. They have very little data to present and have also very little program logic in them. Simple personal web pages are examples of this type of web application.
· Catalogue web applications have a lot of data to present, but have very little programming logic in them. Examples of this type of applications are online library catalogues.
· Service web applications have lot of programming logic in them, but little data to present. Examples of these type applications are online word processors.
· [image: image1.wmf]Information system web applications have both a lot of programming logic in them and a lot of data to present. This group of web application can be further divided. Some applications are transaction-based. These applications allow a user to register and manipulate transactions. An example is an internet banking application.  Other applications are process-oriented. These applications are guiding to user through a series of steps the user has to perform. An example is filling out an application form for insurance company.
2.3 Architecture of web applications

[image: image2.wmf]Many Web applications use a three-tier architecture as shown in Figure 2. In this architecture the business logic of the application is divided from the presentation logic. In bigger Web applications this will mean that these layers are running on different servers.

Many Web applications will use legacy systems to integrate some functionality that these systems offer. Such systems will have some functionality developed solely for the Web application, and some functionality offered by the legacy system. The user interface will present and collect the data for the legacy system.

3 Reuse

Reuse is not a new concept, and the use of reuse to improve software quality and productivity has been investigated for some years now. In [‎3] Reuse is defined as the

Use of work products without modification in the development of other software.
A work product is the product of the software development process: for example code, design, and test plans. Another kind of reuse is leveraged reuse, which is modifying existing work products to meet specific system requirements.
The current build-from-scratch techniques of software systems must give way to techniques that build systems by reusing building blocks. If not, software designers may hit a production ceiling in generating lager, high-quality software applications [‎5]. Most software developers would prefer to reuse building blocks instead of writing all code from scratch [‎4].
These building blocks can be the reuse of some design that solves some kind of problem. Other systems can use the same design to solve the same problem. But in most cases these building blocks are code that can be reused. These buildings blocks can be found inside the same organization, for example the reuse of code from prior projects. Or they can be found outside of the working organization and have to be purchased. Such building blocks are called Commercial-off-the-shelf (COTS) software products.
3.1 Experience with reuse

According to a study performed at Hewlett-Packard [‎3], reuse

· Leads to higher quality of the work products. This is a result of the multiple uses of the work products and accumulated defect fixes.

· Increases the productivity of the developers, because the work products have already been created, tested, and documented.
· Does not necessarily shorten time-to-market (TTM). Reuse must be used on the critical path of a development project, the chain of activities that determine the total project duration.

Yet the systematic construction of large-scale software applications from existing part remains an elusive goal [‎5]. There are two reasons for this: 
· One problem is the lack of pieces to build on or the problems connected to find these pieces.

· The bigger problem is that the chosen parts do not fit well together. This problem is called the Architectural Mismatch.

A definition of the term Architectural Mismatch is given in [‎5]:

The architectural mismatch stems from mismatched assumptions a reusable part makes about the structure of the system it is to be part of. These assumptions often conflict with the assumptions of other parts and are almost always implicit, making them extremely difficult to analyze before building the system.

This shows that integrating reusable parts to work together as one system is not a trivial task. This is especially true for COTS.
3.2 Integration of reusable components

There are two questions that are important in the context of this essay when a system is build by building blocks. The first question is about the quality attributes of the final system. How reliable will a system build by components be? There are methods for predicting this. Each component must have a high quality. Some Web applications are using legacy system to offer services. When all components have a high reliability but the legacy system does not, than the reliability of the final system will be reduced. This emphasizes the importance the election of reusable components have for the final quality of a software system.
The other question is about how to integrate the software system consisting of components. In many cases not all required functionality will be found in components. The job of the software developer is therefore both to write the glue code (the code that integrates all components) but also to write the code for the missing functionality. This will influence the quality of the final system. Not only must the components be of high quality, but the code that is written for an application (both glue code and code for part of the functionality) must be of the same high quality.
4 Reuse to improve the quality of Web applications
The objectives of reuse in the context of this essay is
· To increase the quality of Web applications. As reported earlier in this essay many Web applications are developed in an ad hoc manner. The quality issues of these applications are not formally addressed.
· To shorten the time-to-market of new Web applications. It is important for companies that want to offer their services on the internet that their Web applications are available on short time.
Reuse has to be planned to be successfully in the terms of quality and time-to-market. Because of the short development time for Web application development projects, an organization has to prepare for a good development environment that enables development project to reach these goals.
4.1 Product lines
Section ‎2.2 presents a classification schema of Web application. This schema can be further divided, as it was done with Information system Web applications: transaction based systems and process-oriented systems. A similar division can be made for the other groups of Web applications. Web applications differ also in the type of domain they are developed for.
It is possible to develop frameworks for each kind of application type. These frameworks consist of components that can be reused in new applications. Applications in the same application group will therefore be a kind of product line. Some components will be reuse by more than one framework. This situation is shown in Figure 3.

[image: image3.wmf]By using frameworks in this way the developers can reuse components that are used in more than one application and that therefore have a good quality. In the same way this will contribute to short time-to-market. Software development companies that specialize their development services for a special domain can use this approach.
4.2 Standardization

Web applications are developed by using new technology. By standardization of the technology used in the development of Web application it should by possible to solve some of the problems that lead to architectural mismatch.

4.3 Reuse process
The election of components to reuse is a critical process for every reuse project. As far as only in-house components are considered, a development team has experience and first hand knowledge about this component. The formal documentation is maybe not as good as for purchased components.

Components that are purchased have to be carefully assessed if they fit into the development project. The development team has no experience with using these components, and when the components are used slightly different then by the component provider, the components may have different quality attributes than the one found in the documentation.
Every time a component is about to be reused one should consider if the benefits of reusing this component exceeds the integration costs of that component.

5 Conclusion
Web applications are developed with short development cycles. This makes it difficult to address quality issues in a proper way. One strategy to improve this is to build Web applications from reusable components.
Building software systems from reusable components is not a trivial task. This essay has looked at some challenges for building software systems from components and has presented three steps to make reuse work with development of Web applications. These steps are using

· frameworks of components for special types of Web applications,
· standardization of technology used for developing Web applications, and

· developing a reuse process that goes along with the development of Web applications.

References

1. S. Murugesan, Y. Deshpande, S. Hansen and A. Ginige: Web Engineering: A New Discipline for Development of Web-Based Systems, in: WebEngineering 2000, LNCS 2016
2. A. Hassan: Architecture Recovery of Web Applications; Masterthesis

3. W. C. Lim: Effects of Reuse on Quality, Productivity and Economics, in: IEEE Software, 9, 1994
4. W. B. Frakes and C. J. Fox: Sixteen Questions about Software Reuse; in: Communication of the ACM, 6, 1995.

5. D. Garlan, R. Allen and J. Ockerbloom: Architectural Mismatch: Why Reuse Is So Hard, in: IEEE Software, 11, 1995





















Page 1 of 11

