INFOTEH-JAHORINA Vol. 8, Ref. E-VI-13, p. 781-785, March 2009.

DATA ANALYSIS APPLICATION – MIGRATING TO THE WEB
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Abstract – This paper describes the migrating process of the desktop application for data analysis to web environment with the main aim to provide on-line services that will help end users to extract implicit, previously unknown data that might be of interest for them. Previously developed data analysis software application may be used by the wide range of customers from various fields such as medicine, economics, agriculture, etc. We started with the desktop application that uses the rough sets techniques for data analysis and extracted the data analysis logic in a single independent module. The next step is the development of the web application architecture that uses extracted data analysis module as an on-line service. The proposed solution is opened in terms that additional services for various types of data analysis might be added.

1. INTRODUCTION

Today, Web applications grow rapidly in their scope and extent of use, affecting many aspects of our lives. Many traditional information and database systems have migrated to the Web [1]. Web application vary in its scope of usage and complexity. The term web portal is used for a set of Web pages that provide entry point to an application with a  personalized user interface and to informations that are of interest to the user. A web application should conform to the following requirements [2]: the necessity of handling both structured data (e.g., database records) and non-structured data (e.g., multimedia items), the support of exploratory access through navigational interfaces, a high level of graphical quality, the customization and possibly dynamic adaptation of content structure, navigation primitives, and presentation styles, the support of proactive behavior, i.e., for recommendation and filtering. These specific requirements must be completed with technical and managerial issues related to software data-intensive applications, such as security, scalability, and availability, interoperability with legacy systems and data, ease of evolution and maintenance. The author also proposes the model of Web application life cycle with the following stages: requirement analysis, conceptualization, prototyping and validation, design, implementation, evolution and maintenance. 

According to the definition given by Sun Microsystems, Inc. “the migration is the transition of an environment's people, processes, or technologies from one implementation to another”. There are six migration strategies named refronting, replacement, rehosting, rearchitecture, interoperation, and retirement [3]. Selection of the right migration strategy depends on the context where it will be implemented. The migration of a legacy system to the Web is a complex task, which is influenced by several concerns, like system decomposability, the separation of presentation logic from the application logic and database access logic, quality of the system [4]. An approach in developing a reference architecture for bringing a legacy application to the web is presented in [5]. Author started with the simple three-tier architecture of a web application for the given legacy system and derive a simple process model for migrating an application to the web. This simple architecture can not be applied in a large-scale web development projects, so author enriched this architecture to gather a conceptual understanding which components are required for reengineering large-scale systems to Web. Author presents an integrated reference architecture that encompasses the following issues: wrapping the legacy system in order to connect it to web components, handling HTTP protocol, and ensuring the consistent representation styles by choosing the appropriate  dynamic content creation techniques. In the [6] authors present migration of a monolithic multi-user COBOL legacy systems to a multi-tier Web based architecture. The migration strategy is identified after an assessment of the legacy system in terms of business value and software quality. The adopted migration strategy is based on the reengineering of the user interface using Web technology, the transformation of interactive legacy programs into batch programs, and the wrapping of the programs.

With todays advancements in software engineering and web technologies it becomes possible to extend the functionality and scope of various software applications by the Web, practically to do the reengineering of existing desktop application to the Web. The software application from the domain of empirical modeling enables the empirical model to be formed, starting from scratch. The real–life empirical data is analyzed and empirical model is formed. It might be very important that such system is available via the Web because:

· the system is fully available to the variety of the users,

· large amounts of various data can be transferred very fast,

· the arbitrary number of concurrent users, 

· formed empirical models can be further analyzed by the users, etc.

In this paper we present an approach in migrating data analysis desktop application to Web. First, we outlined the  existing desktop application, and propose a migration process together with the web portal architecture. The architecture of the presented web portal is opened for extension with additional data analysis modules. The resulted web portal can be used by variety of the users from domains of: medicine, economy, agriculture, etc. The empirical model is formed as a set of the If Then rules. This model is very suitable for further analysis.

The remainder of the paper is organized as follows. The second section of the paper contains a definition of the indiscernibility relation and a brief introduction to Rough sets theory which is used for rule sets genesis. In the third section is presented the process of migrating our desktop application to Web. Finally, there are some conclusions and remarks.

2. PREVIOUS WORKS

The domain of empirical modeling includes the task of generating well articulated knowledge from various measurements. The starting point of this approach is data which is table organized. The data is represented in the form of a flat table with rows containing objects and columns containing attributes. Each combination of an object and an attribute can be characterized by a value, usually numerical, corresponding to a state. This form of data enables extraction of essential piece of knowledge [7, 8]. While statistical analysis is probably the method most often used in various domains, new developments have included: artificial neural networks, decision trees, If Then rules, fuzzy inference systems, etc. An advantage of methods that produces If Then rule sets is that these rules are directly inspectable and interpretable, and the results of decisions are easy to understand and explain [9]. This is exact reason to utilize these new methods in order to cope with problems of uncertain, incomplete or approximate data, especially for conducting analyses of unknown phenomena.

2.1. The Rough Sets Theory

The rough sets theory was originaly discovered by Zdzislaw Pawlak in the early 1980`s [10, 11]. This approach proved to be very useful for the analysis of data in various domains, especially in domains of artificial intelligence and cognitive sciences (machine learning, knowledge acquisition, data mining, decision analysis, expert systems, decision support systems, pattern recognition and inductive reasoning).

The indiscernibility relation is the mathematical basis of the rough sets theory. As in [12], let 
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The relation (1) is an equivalence relation – reflexive, symmetric and transitive.

2.2. Set Approximations

The decision system is the information system in which one atribute (or more attributes in some cases) is choosen to be decision attribute while other attributes are condition attributes. Let 
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The P–boundary (4) of 
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Here, 
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The set X is approximated so that one can tell that element x belongs to set X only if x belongs to lower approximation of set X. If an element belongs to boundary region of approximated set X then one cannot be certain that element x belongs to set X.

2.3. Rule Induction

The approximation of a set can be used for rule induction. If set C consists of condition attributes and set D consists of decision attributes (of some previously defined information system) then decision system is defined.

Each object x that belongs to a decision system determines one decision rule [11, 12]:
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, here a(x) stands for the value of condition attribute a of an object x and d(x) stands for the value of decision attribute d of the same object x. The expression 
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Now, it is possible to generate rules of the form: IF α THEN β. Here α (rule’s antecedent) denotes a conjunction (AND logical operator) of descriptors that only involve condition attributes and β (rule’s consequent) denote a descriptor 
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Very impotrant practical issue is reduction of the condition attributes set. It is possible to keep only those attributes that preserve the indiscernibility relation (1) and consequently, set approximation. The rejected attributes are redundant (superfluous) since their removal cannot worsen the classification. Let 
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. There are usually several subsets of such attributes called reducts or reduct sets. The calculation of all reducts is a complex task but in many practical applications it is not needed to calculate all the reducts, but only some of them [7, 8, 11, 12].

In a standard procedure, after the reducts have been computed the rules are composed by overlaying every reduct over the decision table and simply reading of the values [8, 11, 12].

Rules of the form (5) are composed by overlaying computed reducts over the lower approximation of a set X. These rules are called univocal or exact. By overlaying computed reducts over the boundary region of a set X, so called non–exact rules are composed. These rules includes OR logical operator in the consequent part.

Example: Simple example from [7, 12] includes six objects; each object is described by means of four attributes, see Table1.

Table 1: Information (decision) system

	Object
	Age
	Body Mass Index (BMI)
	Fat%
	Leptin Level (LL)

	x1
	young
	good
	low
	low

	x2
	middle-age
	medium
	low
	high

	x3
	middle-age
	medium
	low
	low

	x4
	old
	medium
	low
	high

	x5
	middle-age
	good
	high
	high

	x6
	young
	medium
	high
	low


Decision system is defined as follows:

Condition attributes C={Age, BMI, Fat%},

Decision attribute D={LL}.

If 
[image: image32.wmf]%}

,

,

{

Fat

BMI

Age

P

=

 then, by (1), we have:


[image: image33.wmf]}},

,

{

},

,

{

},

,

{

},

,

{

},

,

{

},

,

{

},

,

{

},

,

{{

6

6

5

5

4

4

3

3

2

3

3

2

2

2

1

1

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

I

P

=


and one can approximate set 
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 which consists of object where LL is low using only the information contained in P by constructing the P–lower (2) and P–upper (3) approximations of X:
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The P–boundary (4) of 
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If R={Age, BMI}, S={Age, Fat%}, and T={BMI, Fat%}, then IR=IP and IS=IP while IT≠IP. This means that R and S are reducts of P, while T is not. Attribute Age is indispensable, but attributes BMI and Fat% may be mutually exchanged.

By overlaying reduct set R over the decision system it is possible to generate rules:

1. If Age=young AND BMI=good Then LL=low




(supported by object x1)

2. If Age=young AND BMI=medium Then LL=low




(supported by object x6)

3. If Age=middle-age AND BMI=good Then LL=high




(supported by object x5)

4. If Age=middle-age AND BMI=medium Then LL=high OR 
LL=low

(supported by objects x2, x3)

5. If Age=old AND BMI=medium Then LL=high




(supported by object x4)

2.4. The Application

The desktop data analysis application (see Figure 1) was developed using programming language Pascal, (Borland Delphi 2005). The iterating algorithm exploits functional dependences between condition and decision attributes which are expressed in the form of If Then rules [13]. Antecedent part of each rule is formed by condition attributes without superfluous ones and consequent part of the rule is formed by decision attribute.

The application enables to the user to load the data in csv (comma separated values) form and then generates the set of the If Then rules. The user can commit further analysis of the rule set manually.
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Figure 1: The desktop data analysis application

3. THE MIGRATION PROCESS

The goal of this migration process is to provide basis for developing a strategy and a solution for migrating an existing desktop data analysis application to Web environment. On the basis of our theoretical and practical experience we try to identify all process steps and develop a model of the process. Well established migration process helps us to identify all artifacts affected by the migration process and to integrate them into the web application architecture. 

The migration process, we implemented in the project, starts with the desktop application and through the clearly defined set of steps leads to appropriate web application (see Figure 2). We chose the rearchitecture strategy [3] for migrating process, which enables tailored migration of the application architecture to Web environment.

The steps in our migration process are: 

· assessing the desktop application (inspecting application structure and component dependability, wrap/develop version suitable for web application, define interfaces), 

· defining the target environment (development and execution platform, suitable set of tolls and technologies for development), 

· Define requirements for web application, both functional and nonfunctional [14],

· Develop and validate prototypes (for testing the simplified versions of application with the simplified architecture),

· Design and implementation (after validating all aspects of application structure and functioning),

· Deployment and maintenance (set up version of application for public usage, enter the maintenance phase of application life-cycle).
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Figure 2: The migration process model

The most critical step in this process was assessment of the existing desktop application for data analysis. Problems we met during this phase were:
· identification of data analysis logic from the application,
· clear separation of  identified data analysis logic component from other parts of application, especially from the application GUI,
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specification of all modifications necessary for implementing extracted component in the Web application,

· identification of interfaces the extracted data analysis module must conform,

· decision - development of  a new solution from the  scratch vs wrapping existing component (development of an component to provide communication between adapted version of data analysis component and new web environment),

· reengineering existing GUI to web environment without loosing functionality and performance.

The next step in defining migration process was to define the target environment. For the first prototypes we chose wrapped version of the data analysis logic component. This component was deployed on the web server as an executable file. For the platform for developing web portal we chose Java Platform Enterprise Edition 5 (Java EE 5) [15], while for the development of GUI part of the Web portal we also use HTML [16], CSS [17] and Java Script [18]. As a Web server we use Apache Tomcat [19].
After the first two steps we entered an iterative process of specifying requirements and validating them on simplified prototypes. The purpose of these steps of the migration process is the identification of the portal users and detailed specification of user requirements. Identified users of the portal are customers, developers and the portal administrator.  The portal provides a personalized user interface for each identified group of users. The customer is the person who provides the data for the analysis, and uses the results of the data analysis. The customer can upload data for analysis, provide feedback about the portal usage (report problems), propose new data analysis techniques and tools, preview results from all personal finished analysis. The developer is the person who develops and maintains data analysis modules. The administrator is the person in charge for managing user, policies and security issues of the portal.

At this stage of the project, we are in the phase of testing web application prototypes in order to validate proposed requirements and the simplified application architecture (see Figure 3).
Currently we deal with many problems during the prototyping phase. The first, and as seem to us, the most important is the choice  between completely develop data analysis module from the scratch  using Java EE 5  technology or to  wrap the existing module written in Pascal. One of the problems we have met is related to the synchronization between the data analysis module written in Pascal  language and server-side code written in Java language.

The next problem is related to an extension of the simplified architecture of web portal with the module for dynamically manage data analysis modules. This extension will leads to  the portal with a set of modules for various types of data analysis. With this extension developers will have the possibility to concurrently test many versions of the same data analysis module, or to compare result obtained  after implementing different data analysis modules (with different data analysis approaches) on the same data. This feature will be very useful for the customers too.

Figure 3: The simplified Web portal architecture

This architecture is subject for further changes in order to fulfill all proposed project requirements, and the new ones that will arise during the intensive experiments with the prototypes.

4. CONCLUSION

This paper has presented a process for the migration of a desktop data analysis application to a Web-based multi-tier architecture application based on the rearchitect strategy. In the paper we outlined the existing desktop application, and after that the model of the migration process with the focus on the most critical issues in developing migration process. During the development of the process, we have defined the simplified Web portal architecture, and build some prototypes for validating design decisions and obtained results. 

This paper describes work in progress, and the presented contents should not be considered as finished results. Current and future experiments will provide us results that will help in refining the proposed migration process and the architecture of the portal. The first research direction is oriented towards defining more accurate and platform independent data model for analyzed data. Also in the next prototyping iterations the possibility to analyze data presented in various formats (excel spreadsheets, relational data, XML data) will be tested and included in the portal. Extension of  the portal architecture with module for managing data analysis components (adding new components for various types of analysis, and modification of existing ones) is also promising research direction.
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