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Abstract

The aim of this project is to build an ecommerce website using AJAX, with sophisticated user interface which makes the site easily accessible for any kind of bandwidth. Standard layer architecture was used with emphasis on component oriented design. JavaScript framework called scriptaculous was used to build the user interface in conjunction with the AJAX which gives a totally new direction to web programming. Database was designed using FabForce which is a powerful designing tool for MySql. Security was implemented on top using SSL layer and using session variables to handle user authentication. Powerful load balancing techniques were used to make the total website scalable.
1. Introduction


World Wide Web is becoming a virtual market where netigens shop online for all there needs without leaving the comfort of their home. Online shopping is becoming a big playground for shoppers who wants to increase there revenue by increasing their customer base. Building an ecommerce site is a complicated process, where you need to keep in mind that it will be used by customers from all fields of life, and also there are many inherent differences in the browsers which make it more complicated to construct a website which will be compatible with all the browsers. There are many inherent contradicting features that we need to include in building the site that makes it, for example when ever we consider securing the site, it involves a loss of performance in terms of the time the server responds to a client. A proper balance is needed between these contradicting features for optimal performance of the website.

Ecommerce website can be built using layered architecture where in the total functionality can be divided into layers, each layer having its own functionality. The main layers of which includes the database access layer, business logic layer and presentation layer. 

Database access is basically used to access the database where in we can use some standard queries which will be used repeatedly in majority of the classes. For example customer name of a particular customer id is generally required in all the classes, so it would increase the performance by getting all the customer names of all the customer ids and keep it in an object, so that access to them is significantly improved. This performance is achieved because the objects reside on the RAM rather than the hard disk. 


Business logic layer is basically used to include all the business logic that would be used for our project, for example when ever we want to add an order placed by a customer to the pending orders, we have to check that enough quantity is there in the stock which includes the available quantity on hand and all the orders that placed before this order. Only if the enough quantity is available then only the order can be processed. This kind of logic can become quite complicated if we integrate this with the presentation layer.

Presentation layer deals with how the data should be presented to the client. Depending on the client connection low bandwidth or high bandwidth site should be automatically selected. Doing this will ensure that the site is accessible to every one and so are the chances of selling more. If we have a high bandwidth client then the delay will be quite less in accessing the site, so all the requests can be sent to the server to process. On the other hand if we have a low bandwidth then it is better to push all the data at once, because dialup network supports fast transmission of data in bursts. Hence to utilize this property we can send all the data at once in XML format, and then use JavaScript to handle client side requests rather than sending the request to server.

In this way layered architecture can be used to properly divide the functionality of the whole website, and for each layer we can use component oriented design to make the layer scalable. For example in the presentation layer we can divide the total layout into panels (Login panel, search panel etc) and then code each panel separately, this gives the advantage that we can dynamically control the panels and also we can change the code of one panel with out changing the functionality of other programs. This gives the advantage of flexibility and scalability to the website also we can add in functionality step by step, with out much effort.

This combination of layered architecture and component oriented design proved to be very effective in terms of flexibility, scalability and overall performance of the system. Some part of business logic can be pushed onto the database access layer or presentation layer without loss of much performance.
2. Motivation

The motivation of the project includes, increasing my expertise in .NET, MySql, database designing, website designing and understanding business logic and use it to drive the requirements of the website designing.


Website designing should not only include features like look and feel, but it also should include the business logic to extent that it should be useful for a business person to stream line his business process. Main aim of this project is to include this business logic as a driving force for building the website. 


Also customer requirements have to be kept in mind there may be many different kinds of customers visiting the site. These may include people who are visually impaired, people whose native language is not English and many more. It is difficult to make the site universally accessible because of many things, so our main concern in developing this would be ADA compliance, browser compatibility and band width compatibility (The site should be accessible from any kind of network whose bandwidth may be less or more).


These are the main motivations for the project which include many functional and non-functional requirements.
2.1. Background


There has been much research done on how well how to increase the consumer experience on net, for example the paper written by Michael W. Forbes and Michael L. Rothschild “Toward an Understanding of Consumer Experience on the Internet: Implications

For Website Design”, talks about what are the main ingredients for making a good website. Because the final product that will be delivered to the client should increase the productivity of his business, this can be done by understanding that the consumers who will buy the products are the once who are going to see the website and judge the contents instantly.


Consumer should be the one that we need to concentrate on, it should be easy for any kind of person with any kind of background, but the architecture should be flexible enough to make sure that changes can be incorporated easily with out getting the websites on its knees. For example, to stop automatic registration by bots, we can see that a consumer who really wants to shop should register using the credit card, so that only real consumers get registered. Another simple thing that can be included is making a customer login only once to avoid simultaneous logins for the same account which can increase the server load. Using these simple features we can see that website will be up and working even when some one tries to over load the system.
2.2. Resources used


IIS 6.0 sever was used to host the website. The site was itself developed in C#.NET using visual studio 2003. MySql was used as a backend to hold the data. FabForce was used to design the database.

IIS server is a powerful web server that can be used to host websites, which provides reliability, security (using SSL) and scalability which are required for a good ecommerce website. It is also quite easy to manage the website with all the automated tools which are provided by the server. IIS 6.0 supports Microsoft Dynamic Systems Initiative (MDSI) which includes health monitoring tools and management tools. So all in all this is a great server which can handle any kind of server load with ease. 


C#.NET is the latest language developed by Microsoft for making web applications run faster. In a research done it was found that it actually runs faster than Java applications. The power of this language lies in its simplicity yet it has many features packed into it that makes it a powerful language to build enterprise level web applications. It is actually compiled into CLR managed code (common language runtime) which is equivalent to java byte codes. This provides all the security, interoperability and versioning support needed for developing web applications.


MySql is a powerful open source database, which can be used to hold loads of data without affecting the performance. It has loads of features that can be used to manage the database efficiently, some of which are ACID transactions, stored procedures, triggers, views etc. For an ecommerce site there are millions of tuples in the database and MySql can handle this efficiently and easily. Also there is GUI called MySql browser which makes it very easy to see the contents and work with the data. This feature is very useful in development phase because we want to debug some SQL command. 


FabForce is also open source software which is used to design all the tables and relations which are needed for our project. When ever you are designing a website depending on the features you want to include many times you need to change the tables and relations, this is done more frequently that it is thought of. So FabForce was very helpful in the project from the start. There were many changes done to the database during the development phase of the project, over all the database schema was changed ten to twelve times. So use of this state-of-the-art application was very important in reducing the development time.

3. Layered Architecture

Three layered architecture was used for this project, where the three layers are Database access, Business logic and presentation layer. The presentation layer can itself be divided into client and server layers. But during the development phase they are coupled together that distinguishing them did not made any sense. For example, while developing the user component which displays the product of a particular category, the client side JavaScript function calls the server side function dynamically which then makes up a string to represent a table of products and sends it to the client. The client then displays it, in such cases there is no way that client and server can be distinguished, so rather than dividing them into two separate layers using only one layer for development made much sense.


After the functionality of these layers were decided each layer was developed independently, functionalities were defined and each layer was subdivided into subcomponents which interacts with each other to provide the necessary functionality. This has the advantage that the architecture is flexible and functionality of a component can be increased without affecting the whole layer. But we should make sure that two components are not much coupled with each other.
Figure 1 – Layered architecture
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3.1. Database access layer


The main function of this layer is to make the access to the database easy. Classes were defined which can be used to access the database from any function. There are many lines of code to initialize the connection and retrieve the records that repeating the lines of code in every function that needs data does not make sense. So a component called Database was defined which can be initialized from any function and then execute the SQL queries that we need.

There are two types of SQL queries one that   inserts or updates data that does not retrieve the data and another type which retrieves the records, so two functions were created to handle this type of situation. The function “CreateQuery” handles the first type and “SelectQuery” handles the queries of second type.

3.2. Business Logic layer


In this layer all the business logic will be present. The project was started with a noble ambition of dividing the functionality into layers, but the functionality intruded into other layers, and so other layers also had the business logic in them. This was a natural case because to handle the complexity of ecommerce site, that seemed eminent. The business logic was used to design the database and then the when the functionality was being added. In all the phases of the program development it was included.
3.3. Presentation layer


This layer deals with visual part of the website, which is how the data should be presented and so on. Using visual studio will easy the development of static elements, that is all the HTML components which does not change (example of such element is Label) can be designed and it will be processed at server side before displaying at the client. All the dynamic elements such as client side functionality was developed using java script.


Third party .NET wrapper was used to implement the AJAX feature. Once installed it gives the flexibility of calling the server functions from the client code. For example for the search feature as the customer types in the word, after every key stroke a server side function is called which searches the word and returns the data to the JavaScript function as a string of XML, then the function retrieves the data and display it dynamically so major part of the development cycle went through designing the static parts of a webpage and then working on dynamic things like the one explained above.

3.4. Component based development


In all the layers described above component based developmental approach was adopted. In the database access layer components were designed keeping the functionality that it needs to be capable of handling. In the presentation layer I had divided all the visual parts into user defined controls which are like components which can be drag and dropped onto any web page. This made it quite easy to design the whole page, and also a user defined control can be changed and it will not change the over all view of the page.


Depending on the user actions the controls can be hidden or displayed thus giving the illusion of navigation although we have only one web form which handles everything. Adopting this approach had given many benefits including the ease of development. 
4. Database Design

Database design is the central part of any web application. The database was designed using FabForce which is a visual database designer for MySql, in which all the tables can be defined and the relationships between the tables can be visually drawn, and then all the tables will be generated in MySql with the click of a button.
4.1. FabForce and MySql


FabForce DBDesigner4 is a powerful application which can reverse engineer any database schemas from many of the existing databases. 


The main features of FabForce 

· Open source – It is an open source software and mainly built for MySql.

· Plug-ins – There are many plug-ins for this software which can be used performs many functions.
· Model to database synchronization – This is the best feature of the software that we can change the database model and the tables in the database can be synchronized to the model.


During the coding stage the schema will be found to be not complete enough for the project in that case we can redefine the model and change the database, thus helping to reduce the development time. FabForce is a great tool that can be used on any database which supports ODBC connectivity.

MySql is an open source database, which is powerful enough to handle millions of records. ODBC was used to connect to the database from c#. DSN was created on the host machine and that was used to initiate a connection from Visual Studio 2003. MySql has many rich features which can be used by any software developer to get all the functionality needed. 


Some of the functionality provided by MySql is
· GUI tools for administration and development purposes.

· Performance – The performance offered is on par with other commercial databases that are available in the market.

· Reliability – MySql offers reliability by using various mechanisms to make sure down time is less.

4.2. ER Diagrams


The complete ER diagram of the database schema is given in the Figure 2. As you can see there are many categories and each categories has sub categories and each sub categories has all the products included in them. Customer table is used to save all the customer details. Customer address is the billing address of the customer and shipping address table is used to save all the address book details.

Explanation of each table is given in the next section.

4.3. Tables


Table “admin_login” is used to save the login information of the administrators of the site. The column “attempts” is used to save the number of attempts made for a failed login. If that value is more than a threshold, the account is locked and will not be unlocked unless an administrator does that.


Table “shipping_address” is used to save all the shipping addresses belonging to a customer. It is like an address book belonging to a customer.


Table “customer” is used to save the details of the customer.


Table “customer_address” is associated with the customer, which is the home/billing address of the customer.


Table “product_status” gives the status of each product that we have in the database. Status of a product includes a verbal description of stock contents and any special discounts associated with the product.


Table “product” is used to hold all the products data. This includes various columns like “reorder level” and “quantity on hand” which are used to implement the logic layer.

Table “customer_login” is used to hold all the login information of the customer. The passwords are all encrypted when they are saved. So when a customer enters a password, it is encrypted and compared with the one in the database to decide whether to allow login or not.


Table “orders” is the central table used to save all the transactions done by the customers. It saves all the information of the order, like where it has to be shipped the credit card used. Status is used to save the status of the payment that was offered by the customer.


Table “cusomter_billing” is used to save the credit card information of the customer. Huns algorithm was used to validate the credit card before saving it to the database.


Table “category” contains all the categories of the products, and if there are any sub categories associated with this, that information is saved in the “subcategory” table.


Table “order_details” is used to save the order size, price and any discounts if associated with that order. For example, a shopping site may offer discount of 15% if we buy more than 300 dollars, this table is used to save this kind of information.
Figure 2 – Database Schema
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Table “cart” is used to save the contents of shopping cart, while the customer is shopping. That is all the items that a customer adds to the cart will be placed in this table. When a customer checks out contents are checked to see if the stock levels of the orders are more than the quantity ordered, if yes then the contents of the cart are placed onto the “orders” table. In this way proper database design makes it easy to implement the business logic with ease.

Table “status_code” is used to hold the standard status associated with the transaction. That is when a order is placed the status will be “order placed” and when the credit card authorization is complete it will be “order processed” then after it is shipped it will be shipped. After the items in the order are delivered the status will be “complete”. In this way status can be used to save the present status associated with all the orders.
5. Asynchronous JavaScript and XML (AJAX)

AJAX is an abbreviation of Asynchronous JavaScript and XML, used to design web applications which are very interactive in nature. That is it does not follow the general web applications client server interaction in which a request is sent to the server for every action of the user and the whole page is reloaded. Rather it takes the approach that when client has an event then a request is sent to the server behind the scene and the data that was received from the server will be used to refresh only the part of the web page that needs to be updated. Because we are only handling small amounts of data that are communicated between the client and server, the applications are generally faster because of the fact that it does not hog on the bandwidth of the client. Also the pages are more responsive because in the classical client server pair, the client has to wait until the while page is downloaded in order to refresh the page, but here this can be done dynamically.


XML is used as the medium of communication between the client and server in order to make the design clean and also for compatibility sake.  

Generally AJAX technology uses a combination of many technologies that are in the market, some of them are 

· XHTML/HTML and CSS for general styling information. This is same as general web applications.
· XML for backend asynchronous calls to the server and response from the server.
· XMLHttpRequest for asynchronous exchange of this XML data with the server.
· JavaScript for dynamic client side handling of the data.
5.1. Use of AJAX


AJAX was used in the project extensively from the scratch, depending of the bandwidth of the client some of the AJAX features are enabled or disabled. Dynamic bandwidth testing is done by a bandwidth tester and if it is a higher bandwidth connection then AJAX features can be disabled and if it is a lower bandwidth connection then all the AJAX features are enabled so that the data exchange between the client and server is at minimum.

AJAX features play a big role in user interaction, and so to make your site easily accessible to clients AJAX can make a big difference. But browser support could be a problem because all the browsers do not yet support the AJAX features. For all such browsers the web application should fall back to the classic web application mode.
5.2. AJAX wrapper for .NET


AJAX.NET profession version 6.4.28.1 was used for providing the AJAX features for the site. This is a wrapper for .NET for which we need to create a reference to ajax.dll provided by the wrapper and we can tag the methods that we want to access asynchronously. Those methods can then be called from the JavaScript using the same function name. The return type is in the form of XML from which the returned data is extracted. In this way the total AJAX features are built into it so that we can access it in the same way that we access the c# routines that we write.

There are some inherit difficulties using AJAX that has to be overcome during the application development, some of which are when ever you are calling some routines care has to be taken you send only basic types as the arguments. Sending objects as arguments are only supported for certain kinds of the objects. Also the current values of other objects in the server classes are not accessible from the AJAX routines.


The tags that we need to use for the methods are “[Ajax.AjaxMethod ()]” if we don’t want to access the session state, “[Ajax.AjaxMethod (HttpSessionStateRequirement.ReadWrite)]” if we want to access the session state. Doing this will automatically create JavaScript functions that can be called from user defined functions to access this server routines.
5.3. Advantages and Disadvantages of AJAX


Advantages of using AJAX includes 

· Interactive user interface – Because most of the functionality can now be shifted onto client machines, we will see an increase in the performance of the application, as load on the server is reduced, because only certain functions will be called on the server side.

· Bandwidth utilization – As the server side functions are called depending on the user events, and only some part of the display is refreshed, there is no much hogging on the users bandwidth that in turn increases the speed of over all applications.

Disadvantages of using AJAX includes
· AJAX support – Not all the browsers support AJAX, so care should be taken that incompatible browsers also access the contents easily, that incurs more development time.

· Security – The functions that we are calling should make sure that nothing secure is given out. Security has to be implemented on each and every function that can be accessed asynchronously.
6. JavaScript framework

Web application development is changing the way it used to be developed. By using AJAX we can enhance the user interactivity without much of a problem that was there in traditional web application development.
The user interface can be further enhanced by using the JavaScript frame work, which provides some enhanced features that can be used to enhance the web application without affecting much of the performance.

6.1. Scriptaculous

Script.aculo.us provides java script libraries that can be used to develop rich web user interface with stunning visual effects. Also it provides multi browser compatibility so we don’t have to worry about browser implementations.

There are seven JavaScript files which we have to include with our web application this can be an addition to the size of the webpage, but once loaded everything works on the client side, so we don’t have to worry about loading it once again. By default all the scripts will be loaded onto the client.


The JavaScript files that will be downloaded are

· Prototype.js

· Scriptaculous.js
· Builder.js

· Effects.js

· Dragdrop.js

· Slider.js

· Controls.js


Prototype.js script loads the basic core JavaScript framework. Scriptaculous.js checks for the script and browser support and loads the remaining classes. Remaining are the user interface builder elements, which can be used to enrich the interface.


Advanced AJAX compatible controls will be produced in the next release of this framework, and next version of visual studio will be full of these functionalities, then highly complicated and graphically advanced web applications can be written with out much problem.


Complying to the standards and transparent compatibility with all the major browsers gives the programmer with the powerful tools with which next generation web applications can be developed with ease.


Efficiency is the key, the code base of this framework being less will not affect the efficiency of the web applications that are being developed.

DOM, XHTML and CSS are also used to provide the same functionality for the browser that does not support full functionality of JavaScript.

6.2. Visual Effects and ADA compliance

Visual effects are enhanced beautifully using this framework, actually everything that can be done using this framework can be done without it using core JavaScript functionality, but the time taken to develop the application will be high to be of any use. So using the framework reduces the development time and also enhances the user interface.


Visual effects like drag and drop, slide down can be done easily, but for doing that we need to use the functions provided by the scriptaculous. Also the final product that will be produced will adhere to HTML standards. It is totally object oriented, so programmers who are aware of this methodology will not have any problem using this framework.

But when developing applications that completely rely on the JavaScript care should be taken to see that the web application that is written is ADA compliant, because that is not provided as part of the framework. This should be said as the major defect of this framework which should be taken into consideration when developing the next version. Much care was taken to see that the site was ADA compliant as much as possible.

Visual affects that were provided were drag and drop of the items into the shopping cart, dynamic search results display as done by Google and slide down effect for dynamic display of the product details, i.e. the product displays a link and when it is clicked the product data will be dynamically retrieved from the server and will be displayed using a slide down effect.

Dynamic update of the cart is also another feature that was developed, which is basically used to update the cart when items are dropped into the cart, which is an area of the browser with the image of the cart on it.
6.2. Scriptaculous with AJAX


The total power of a browser is known when we utilize the features provided without introducing much complexity. Combining visual effects with AJAX make the client even faster and visually rich that one day all the web applications will be developed using combination of technologies like the ones provided by AJAX, Scriptaculous and many more. New tools are arriving in the market with such capabilities.
7. UML class diagrams
Figure 3 – UML class diagram 
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The UML class diagram of all the classes used in the web application is given in the figure 3. There is only one page used to put all the user controls onto, which is WebForm1.aspx. It mainly has three controls on it Customer_login which is used for login purposes, Customer_registration which is used for new user registration and the header which holds the logo of the website and menu.

All the controls are displayed when a customer logins to the site depending on the context. All the controls are divided into three types 
· Admin controls

· Update controls

· User controls

Admin controls are basically used for administrative purpose, that is if the customer who logins has administrative rights then these controls are enabled. This control enables to see all the orders placed in a day, stock levels and users that did the transactions that day. Then the administrator can clear the orders by sending the items ordered by the client.


Update controls are the controls which enables a person to see his account information and make any changes that are needed and update that information. Typical information that will be updated using this control is login information, address book, changes to the orders placed etc.


User controls are the controls which provide the basic navigation for the client like menu control, category control which displays all the categories that are in the database. View controls such as grid view control and list view controls are also inside this package.


Database is the package which contains classes used to access the database. Typically it can be imagined as a database access layer.
7.1. Functionality


The functionality provided is quite similar to those provided by the commercial ecommerce sites. A customer visits the site and can browse through all the products and if he wants to buy any he has to have an account, so he should register using a valid credit card, this is done to stop automatic registration. After registering he can login to the site and add items to the cart and can check out the items or can save the cart for later use.

The administrator (of the site) can login and see all the orders placed the stock levels of the products in his inventory and depending on the stock levels he can reorder the item. All the orders are processed in the order that was received. In this way the administrator can handle all the orders he received. Also there is a list of all the products in the order of its rank (popularity) so the administrator can order more of those products.
8. Security

Security is a main feature that is required by any web application. For an ecommerce site the security becomes a major concern because of the use of credit card information of the customers. And customer has to feel safe shopping on the site that all the information that he provides will be safe and secure.
8.1. SSL Layer


Secure socket layer was used to make the site secure, all the information communication between client and the server are encrypted ensuring that all the transactions are safe and secure. Certificates were used on the client side for this purpose.


Using secure pages for all the pages in the site will have impact on the performance of the website as a whole. So only the pages which use private and confidential information are secured. Examples of such pages are customer registration, credit card information etc.

8.2. Sessions


Using a stateless protocol such as HTTP provides various challenges for a programmer because all the details of the previous requests are forgotten, that is for a request we don’t know what the previous requests were. And if we want to save all this information in the database, a customer can logout when ever he wants or he can simply close the browser, which leaves the database in an inconsistent state. Using session will help us out of this situation .NET provides System.web.SessionState name space which has classes which can store data belonging to a certain client.

Sessions were used to hold the entire id’s of the customer, so that even when a customer navigates away form a page and does some request we can get his details using his id. Extensive use of sessions was used to store specific pieces of data that were used to render each user control that was used in the project.


In addition to SSL and Sessions, encryption was used to see that all the passwords and credit card information saved in the database were in encrypted state. So even if a hacker managed to enter the server he will not be able to steal the credit card or password of the customers. So the customer data is safe in our database.
9. Performance Evaluation

Performance was evaluated using JMeter and Microsoft application test center which ships in with the visual studio. JMeter performance results are given in Figure 4. As you can see in the figure a test plan was created which ran 500 threads with 2 seconds loop count and it generated the graph as shown in the Figure 2. As you can the through put is around 3320 per minute, which is roughly and the response time keeps reducing as number of client’s increases.

Microsoft application test center was used to analyze different parameter which affects the performance the complete result is given in the Figure 5.

9.1. Load Balancing


Load balancing is a technique in which if the load on a website is high then all the future requests are redirected to another server so as to balance the load on the present server. I kept track of the number of users who are currently logged in and if that is higher than a threshold then all the requests are redirected to another system on which the website is configured.


Load balancing can also be done at the DNS level, which is done in the next method explained. Depending on the bandwidth of the server each customer can be assigned a bandwidth i.e. dividing the bandwidth available with the average bandwidth gives the number of users that can use the website in parallel. In this way the threshold can be calculated.

9.2. DNS Round-Robin method


The site “www.no-ip.com” offers DNS mapping service in which a domain name is mapped onto an IP address. That service was used to test the performance of the server, in which we have options to use round robin method to load balance the server. That is we can use as many systems as we want and provide the same domain 
Name to be mapped onto all these IP addresses, the requests received are forwarded to those IP addresses in round robin fashion, in turn ensuring that load is balanced among all the servers that we have. In this way same website can be hosted on different system and total load can be balanced.

Figure 4 – Performance analysis
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9.3. Bandwidth testing


Script was used to test the bandwidth of the client when the first page of the website is loaded and a session variable is set for that, and depending on that session variables values some of the AJAX features are turned off to make the site more faster for higher bandwidths and it can be turned on for lower bandwidths to get the efficient performance needed.
9.4. Scalability


As component oriented development approach was taken for the whole system development, the total system can be said as scalable because now we have these components for which the functionality can be added without affecting the functionality of other components. So new hardware can be added to the system to increase the performance and each component can be tweaked to get an over all system performance improvement.
Figure 5 – Number of request per sec
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10. Testing


Testing is the criterion that is used to judge the quality of any software. Unit testing is done in NUNIT where in all the components and the methods are tested.

10.1. Unit testing using NUNIT


There are many testing frameworks in the market for .NET among which NUNIT is popular for unit testing the .NET applications. Initially taken from JUNIT, NUNIT version 2.2 is the extensively used testing software for Microsoft.NET. A test suite was developed and test cases were written for all the classes that were defined. Some of the test cases that were defined are
· AdminControlTest

· CategoryManagementTest

· CompRankingTest

· OrdersTest

· StockLevelsTest

· UserMgmetTest

· BIllingAddressTest

· CartTest

· CategoryTest

· CategoryGTest

· CheckOutTest

The entire test was successful as shown in the Figure 6.

Figure 6 – Unit testing using NUNIT
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10.2. Link Checker


After unit testing I used link checker to check all the links were valid in the entire web application. Because all the links produced are dynamic in nature it may happen some time that there may be a logic error in the application which gives out invalid links. So doing link checking will remove all those possibilities.

10.3. Data Validations controls


Main errors in the web application arise because the data that was expected to be input from the user is not in the correct format. If the data is not in the rights format then all kinds of type errors may arise which gets the web site down. The best approach for these errors is being defensive. That is at the client side itself the data can be checked to see that it is right format before sending it to the server. Doing this might have some security problems because java script can be changed by a hacker to input wrong data and access the resources on the server. So data has to be checked on the server side also to make sure nothing like this happens this is kind of defense programming approach that I had taken to ensure the security of the site. Data validation controls were used to do the client side validation and server side code was written for security purpose.
11. Difficulties faced


The main difficulties that were faced during the development were

· Client VS Server programming – There were inherent differences using the JavaScript functions to call the server side functions, because of the incompatibilities of the arguments that produced many problems.

· AJAX VS Scriptaculous –I had many problems making AJAX work with Scriptaculous, because in some situations I had to dynamically load JavaScript using AJAX, and that is not possible. So I had to totally redesign the interface.

· Page refresh – When we use AJAX the total page will not be refreshed so  care has to be taken to see that all the places that has to be refreshed should be updated.
12. Conclusion


AJAX is the future of web applications and if a framework can be produced which combines the feature of AJAX and Scriptaculous that would be a great way for web programming. The next versions of the Visual Studio will be supporting AJAX, so if this client side visual framework is added then that would be the way for future websites. 

Ecommerce sites are complex in nature but if step by step development approach is taken then the complexity can be reduced to an extent that errors made during can be reduced to almost none.
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