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ABSTRACT 

Visualization is a specific technique for building images, animations or diagrams 

to communicate a message [1]. Nowadays, it effective to communicate both abstract and 

concrete ideas for big data by visual imagery. Visualization examples from history include 

cave paintings, Egyptian hieroglyphs, Greek geometry, and Leonardo da Vinci's 

revolutionary methods of technical drawing for engineering and scientific purposes [2].  

In the work of this paper, we are describe the development of a web-based online 

visualization system and introduce an existing prediction model called - Markov Chains, 

which may be applied to specific data sets. The development processes, design structure, 

and testing results are presented in this paper. 
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1.  INTRODUCTION 

1.1. Visualization 

Visualization refers to specific technique for building images, animations or 

diagrams to communicate a message [1].Visualization methods are particularly effective 

for understanding and communicating information concerning the big data sets 

encountered today. Examples of visualization from history include cave paintings, 

Egyptian hieroglyphs, Greek geometry, and Leonardo da Vinci's revolutionary methods of 

technical drawing for engineering and scientific purposes [2].  

Applications of visualization abound, particularly in science, education, 

engineering, interactive multimedia, and medicine. Information visualization is the 

broadest term that could be used to subsume the developments to be described here. Tables, 

graphs, maps and even text, whether static or dynamic, provide many means to see what 

lies within, determine the answer about a question, find relations, and perhaps understand 

things which could not be seen so readily in other forms. As used today, the term 

information visualization is generally applied to the visual representation of large-scale 

collections of non-numerical information, such as files and lines of code in software 

systems [3], library and bibliographic databases, and networks of relations on the internet, 

from Software Engineering, unified modeling language (UML) provides a visual system 

that uses special symbols for representing phases of software development across the 

development cycle. Certain symbolic elements (such as class, contact, aggregate, 

inheritance) are utilized in the analysis. Other symbols of elements (such as those to 

implement identity and attributes) are introduced in the design. There are three kinds of 

symbolic roles: The first one is symbolic serves as a language, to convey decisions it cannot 
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obviously infer from the code. Secondly, it provides the semantics to capture all important 

strategic and tactical decisions. Thirdly, it provides a concrete form, enough for people to 

think, as well as tools to operate. Figure 1 Provides examples of how traditional the 

visualizations. 

 

Figure 1. Traditional Visualization Charts 

Why is data visualization important? The simple reason is that visualizations help 

people see things that were previously not obvious to them. Even when data volumes are 

very large, patterns can be spotted through visualizations. Visualizations convey 

information in a universal manner and make it simple to share ideas with others. It lets 

people ask others, “Do you see what I see?” And it can even answer questions like “What 

would happen if we made an adjustment to that area?”[26] 
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Figure 2. Frequency of Sales and Customer Satisfaction 

Furthermore, Data visualization presents the data in a way that the director can 

easily interpret, saving time and energy. For example, Figure 2 shows the frequency of 

sales that correspond to customer satisfaction as well as the sales rep rating as customer 

satisfaction increases. [26] 

1.2. Big Data and Visualization 

Under the background of big data and data mining, a newer technology of 

visualization is needed for different requirements from different industrial areas.  

“Big data” is an all-encompassing term for any collection of data sets so large or 

complex that it becomes difficult to process them using traditional data processing 

applications. The challenges include analysis, capture, curation, search, sharing, storage, 

transfer, visualization and privacy violations. The trend to larger data sets is due to the 

additional information derivable from analysis of a single large set of related data, as 

compared to separate smaller sets with the same total amount of data, allowing correlations 

to be found to "spot business trends, prevent diseases, combat crime and so on."[5] A better 

visualization technology will help human beings gain understanding about their data and 
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as a result, a detailed analysis phase would be easier. In addition, the final visualization of 

the data can be more acceptable to most people. (Figure 3) 

 

Figure 3. More Fancy Visualization Charts 

Big data brings new challenges to visualization because large volumes, different 

varieties and varying velocities must be taken into account. And, in many cases today, data 

is just being generated faster than it can be digested. There are many factors to consider. 

For example, the cardinality of the data set to be visualized is a factor. High 

cardinality means there is a large proportion of unique values (e.g., bank account numbers, 

because each item should be unique). Low cardinality means a set of data contains a large 

percentage of repeated values (as might be seen in a “gender” column).  

1.3. Data mining and Visualization  

Data mining (the analysis step of the "Knowledge Discovery in Databases" process, 

or KDD) [6], an interdisciplinary subfield of computer science,[7][8][9], is the 
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computational process of discovering patterns in large data sets involving methods at the 

intersection of artificial intelligence, machine learning, statistics, and database systems [7]. 

The overall goal of the data mining process is to extract information from a data set and 

transform it into an understandable structure for subsequent use [7]. Aside from the raw 

analysis step, data mining involves database and data management, pre-processing, model 

and inference considerations, interestingness metrics, complexity, post-processing of 

discovered structures, visualization, and online updating [7]. As a part of the raw step of 

data mining, visualization not only helps find the interconnections among independent data 

in a visual way, but can also help to indicate the deviations in the data and define noisy 

points. The task of designing a software model is analogous to a building needing a 

blueprint. A good model should be able to identify needs and communicate information, 

reveal components of system interaction, enable understanding of the relationships among 

design components and improve cross-team communication. These software engineering 

design issues are all helped through visualization.  

1.4. Objectives and Technical Approach 

In this paper, we describe a methodology for visualizing data that utilizes xml 

frames and a popular web-based visualization package called FusionChart to support 

diagrams in a web-based system. To incorporate possibilities for prediction, we also 

introduce a famous technique called Markov Chains into our system.  

Our web based system currently provides a single page which contains four 

different styles of charts. It allows users to upload their original data from an excel file and 

choose the diagram from the four pre-made diagrams, then either hide or reveal items in 

each diagram. For each column of data we also show basic statistics, such as average values.  
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A Markov Chain model provides accurate and complicated predictions. The goal is 

to calculate quantitative values called the “emission probabilities” and “transition 

probabilities” between two continuous nodes (states). Theoretically, those possibilities can 

help in predicting the likelihoods for specific states following given initial states. 

1.5. Structure of the Paper 

The paper is organized as follows: The first chapter gives the introduction, 

definition of the problem, related research, tools and research objectives. The second 

chapter explains the literature overview. The third chapter discusses the functional 

specification of the software. The fourth and fifth chapters discuss the design and 

implementation of the data testing. The sixth chapter discusses the testing results and 

provides a conclusion and description of future work. 
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2.  RELATED WORK AND BACKGROUND 

This section outlines the purpose of developing the web-based visualization system 

and presents related works. This section also cites relevant background to provide context 

for the research that will be presented in the remainder of the document. 

2.1. Motivation 

Business Analysis is defined as the practice of enabling change in an organizational 

context by defining needs and recommending solutions that deliver value to stakeholders.  

A successful business analysis relies on massive data analysis. A very efficient way 

to do the data analysis is data mining. Visualization plays a vital role not only in data mining, 

but also provides an excellent way to understand the data itself. For one real-world example 

of data mining, consider Lending Club, a US peer-to-peer lending company headquartered 

in San Francisco, California. It was the first peer-to-peer lender to register its offerings as 

securities with the Securities and Exchange Commission (SEC), and to offer loan trading 

on a secondary market. Lending Club operates an online lending platform that enables 

borrowers to obtain a loan and investors to purchase notes backed by payments made on 

loans. Data mining is a powerful way to control risk. Data analytics can provide support 

for loan trading and visualization can directly support applications such as this one. [24] 

2.2. Related Work on Visualization 

Visualization technology is a broad term that appears in many historical accounts 

of development within many fields, including probability [10], statistics [11, 12, 13], 

astronomy [14], and cartography [15]. There are other more specialized accounts, which 

focus on the early history of graphic recording [16, 17], statistical graphs [18, 19], and 

fitting equations to empirical data [20], cartography [21] and thematic mapping [22]. 
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Robinson [22] gives an overview of some of the important intellectual, scientific and 

technical developments of the 15th–18th centuries which lead to the thinking of thematic 

cartography and statistical analyses. 

In this paper we describe our software that provides a contribution to build free-

visualization. The primary goal is to provide a flexible, and useful web-based visualization 

system, containing prediction functions and illustrative images. We also include examples 

using real-world data (electric power consumption and other resource consumption data). 

Related work are as follows: (a) Model Design by collecting different teams and roles in 

the business in order to impact and analyze the demand of the model, (b) the method and 

principle of the construction of the unified model, (c) delimited the business service 

application system model of the system boundary, (d) after preliminary information and 

acquisition, building up the business service application about the system model, (e) the 

concept of the system with the related team subdivision, (f) the definition and correlation 

of the particle size, (g) confirmed and concentrated the model for the operations team, (h) 

formed the basis of elaborating the carding process data. 
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3. FUNCTIONAL SPECIFICATION FOR VISUALIZATION 

This section introduces the basic structure of our web-based visualization system 

and shows the codes that explain the ideas employed. 

3.1. Introduction 

Our goal of doing research is to provide a web based visualization system, which 

may be used online for multiple kinds of facilities such as a personal computer, mobile 

phone or tablet. To illustrate the system, four popular types of charts have been developed, 

including a Bar chart, Line charts, Lattice charts, and a Pie chart. (Figure 4) Also, this 

system is based on four technologies, namely java + html + xml + tomcat server. All the 

charts and buttons are justified by using the html and xml files and the bootstrap frame. 

 

Figure 4. Sample Bar Chart 

In order to support flexibility in the system, all the elements at the bottom of the 

chart in our visualization system can be easily hidden or revealed by one click, and the 

shape or the color of the data can be predefined while storing data in the xml based data 

store.  
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The left part is the navigation bar of charts. Users can find the chart they want and 

click on the specific button. 

3.2. System Functional Categorization 

Table 1 and 2 shows the main functional requirement and non-functional requirement 

of the system. 

Table 1. High-Level Functional Requirements 

Data Converting The one thing a user needs to do is to upload an .xls files. 

The system automatically converts this file into our 

predefined xml file in order to show the data as charts. 

Chart selection There are 4 different types of charts in our system. Once 

the data file has been submitted, our user can easily 

choose the chart they want at the left of the webpage. 

Element selection Users can hide or reveal element in the displayed chart, as 

long as the data file has been submitted. 

Average Value The average value for each column should be shown as a 

new item of each chart. 

 

Table 2. High-Level Non-Functional Requirements 

 

Efficient Structure All the elements of our system should be well structured 

which means our user can find what they want in no more 

than 5 seconds. 

Availability The web server should run 24 hours a day, 7 days a week. 

Easy used buttons Buttons should be clear to see, and the name of the button 

should be easily understood. Users must be able to find 

the button they want in no more than 5 seconds 

Autoing justify data Data should be shown within the screen size. 
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User

Upload 
Data Set

Ask Administrator
 to update data format

Reveal columns of charts

Hide columns of charts

Administrator

<<extend>>

<<include>>

Run/shut down 
the server

Maintain server

<<include>>

 

Figure 5. Use Case Diagram 

 Figure 5 shows the interactions between our web-based visualization system and 

users. Our user can simply upload their data set or original date by clicking the upload 

button. Before that, an xml data format based on the original data set should be defined. 
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Figure 6. Class Components of the System 

 The Figure 6 indicates the base components of our system. We have 6 different 

packages and more than 10 different classes in our system. Each of them does a certain job 

such as converting a data set to a pre-defined data format, translating those data from xml 

to map, and converting data into a proper diagram in Fusionchart. 
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Main.JSP

Generate a form request
Uploading .xls file

Web.xml

An interseptor can capture 
the form requestand locate 
the uploadserverlet.java

Uploadserverlet.java

Convort the .xls file 
into data steam

ParseExcelUtil.java

In this stage, the data steam will
be repackaged and parsed as SheetBean.
(SheetBean.java)

ListExcelData

All the sheetbean data will become
the listExcelData in this steage.
 (sheetBean->LstExcelData)

Chartclasses

Finally, we get data from the lstExceldata
and then, applying the API of fusion chart 
in order to show different kinds of charts.

Two main functions in 
this class:doget &dopost. 
They will helps check the 

file name and also the 
converting job.

The method 
getmapDataforExcel()wil 

extract data from sheetBean 
and store them into list of java 

at the format of 
list<map<string,string>>

Some common methods 
are put in the 
chartutil.java

Along with the web.xml, there is a file 
called config.xml which contains the 

column names of uploaded file

Figure 7. Connections between Classes 

The Figure 7 details the connections among various classes and the ways in which 

they work together. This whole process starts with the file-uploading and ends with 

showing the chart. Once our users upload the .xls file at the main webpage, an interceptor 

captures the form request and locates the method in uploadserver.java. In this method, 

the .xls file will be converted into a data stream. Thus, in the next phase, the data stream 

can be repackaged and parsed as a SheetBean object. The SheetBean object will be 

repackaged as a ListExcelData. Finally, we extract data from the ListExcelData object and 

apply those data into a specific format which fits the APIs of different chart classes such as 

Line chart, Lattice Chart, Bar Chart, etc.  

3.2.1. Realization of Functional Requirements  

In this paper, there are five main technical approaches: Bootstrap frame, XML, POI 

package, FusionChart, JSP in order to complete our goals.   
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3.2.2. Details of Technical Approaches 

The key technical approach that we are using in our system is the FusionChart 

package. Comparing to its competitor JFreeChart, it contains more types of charts and 

better user-interface design than JFreeChart. For commercial purposes, the user must 

purchase a license. A free download trial package is available and can be used for research 

purposes. The FusionChart Company has 23,000 customers and 500,000 users in 120 

countries, including technology giants such as Apple, Google, Facebook, Intel. [27] 

Also, as a part of the user interface (UI) design, the open source frame called the 

Bootstrap frame, is applied in our system. It is usually regarded as an excellent front-end 

frame work because it provides a consistent and low maintenance UI. Also, comparing to 

another famous framework called Foundation, it supports internet explorer 8 well and it 

provides wide choices for plugins and widgets. [28] 

Another well-known technology called XML is used in this system as a standard 

data frame for the source data that is uploaded by users. Extensible Markup Language 

(XML) is a markup language that defines a set of rules for encoding documents in a format 

which is both human-readable and machine-readable. Comparing to HTML, XML is much 

better in the schema for storing data because new tags can be defined at will and tags can 

be nested to arbitrary depth. Also, it can contain an optional description of its grammar. 

[29] 

The following code is code segment from our system for re-format the original data: 

<?xml version="1.0" encoding="UTF-8"?> 

<sheetName name="dataSheet" startRowNum="1"> 

<column name="Year" value="Year" columnNum="1" category="true"/> 
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<column name="Residential" value="Residential" columnNum="2" /> 

<column name="Commer-cial" value="Commercial" columnNum="3" /> 

<column name="Industrial" value="Industrial" columnNum="4" /> 

<column name="Transpor-tation" value="Transpor-tation" columnNum="5" /> 

<column name="Other" value="Other" columnNum="6" /> 

<column name="Total" value="Total" columnNum="7" /> 

</sheetName> 

Technically, each line of this xml codes defines a specific column in the .xsl file. 

The column name in the xml file is the same as the corresponding column name in the 

uploaded .xsl file. For example, if the first column name in the .xls file is ‘student name’, 

then we should write <column name = student name> along with the index ‘1’ in our xml 

file. As you can see the second attribute ‘value’ is the same as the column name, which will 

be shown in our chart. ’ 

In order to convert the .xls file into a Java data stream, the open-source package 

called POI is utilized in our system. This is a project run by the Apache Software 

Foundation, and previously was a sub-project of the Jakarta Project. It provides pure Java 

libraries for reading and writing files in Microsoft Office formats, such as Word, 

PowerPoint and Excel. [30] This package is clearly the best choice for converting excel 

files at the present time. 

Finally, the popular technology Java Server Pages (JSP) supports the logical layer 

of our system. JSP was originally designed for dynamic web pages. The primary reason 

that we use this technology is that JSP can be translated and compiled into Java serverlets. 

Also, it uses a simple scripting language based syntax for embedding HTML into JSP.  
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Figure 8. Server Architecture 

Because our system will be run on the tomcat server, JSP is an excellent choice for 

doing logical based works. (Figure 8) 

3.2.3. System Security and Privacy 

In the basement of design, our system does not contain any database layer for the 

purpose of storing data from users, thus the most important thing we need to do in order to 

improve the system security is protect the privacy of data from users while they upload 

them and defend the potential ping attack (DDoS).  

For the first one, we encourage our user to install antivirus software for the purpose 

of defending the leak of credential information due to malicious software. For the second 

problem here, generally, we will write some scripts that try to filter out the bad traffic or 

we will try to build firewalls to block the traffic. As an alternative, Internet Service Provider 

(ISP) can be another solution. We can buy an ISP to provide DDoS mitigation.   

3.2.4. Markov Chain Model 

Theoretically, we will introduce the Markov Chain model in this section and along 

with some possible ways to showing prediction result on visualization chart.  

3.2.4.1. Basic Background 

A Markov chain, named after Andrey Markov, is a mathematical system that 

undergoes transitions from one state to another on a state space. It is a random process 

usually characterized as memoryless: the next state depends only on the current state and 

not on the sequence of events that preceded it [25]. 

Tom Cat Server Web page User 
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Generally, there are three main key terminologies for a Markov Chain. They are 

states, emission probabilities, and transition probabilities between states. Taking the 

electronic power consumption data of the USA as an example (The target of this prediction 

can be determine whether our consumption increasing is in a good or bad developing mode). 

Each year is modeled as a node ant the total power consumption is a state of this node 

(Figure 9).  

 

Figure 9. Nodes and Emission and Transition Probability 

The emission probability and transition probity can be obtained from the following 

formulas: 

a. The maximum likelihood (ML) approach is used to estimate the transition 

probabilities. (Cab is the data that b follows a, and the bottom are the counts of occurrences 

of b following of a). 
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b. The maximum likelihood (ML) approach is also used to estimate the emission 

probabilities. (Where Ca is the count of showing times and the denominator is the count of 

showing times in the past). 

 

 

After finding the data that we want, the probability that a sequence x is generated 

by a Markov chain model: 

 

Which also can be taken as by applying many times of 

P(X, Y) = P(X) * P(Y|X) 

The next question is to determine the increasing consumption is in a good or bad 

developing mode: 

 

If the log likelihood ratio >0, then we will say the consumption of this year is in a 

good developing mode. 

3.2.4.2. Prediction Part 

The following MC algorithm follows the classic Markov Chain model. This classic 

model can be illustrated in the action of rolling dice and may be directly applied in our 

visualization model. In the classic dice rolling problem, we have one fair die which shares 

the same probability of rolling numbers (1/6 for each number) and one loaded die which 


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has 1/2 for 6 and 1/10 for each of the remaining numbers. If we give a sequence of numbers 

like 6, 2, 6, 3 we ask the question of what is the probability of a fair or loaded dice. 

Returning to the model in the background chapter, we can find the emission 

probability and transition probability for the different states F and L (Figure 10). 

 

Figure 10. Sample Transition and Emission Probability of Dice 

As a classic way to calculate the probability, the following table shows the result of 

the probability of obtaining each of the numbers (Figure 10). 

Table 3. MC Calculation of Probability 

 E 6 2 6 

F 0 (1/2) x (1/6) 

= 1/12 

(1/6) x max{(1/12) x 0.99, 

(1/4) x 0.2} = 0.01375 

(1/6) x max{0.01375 x 0.99, 

0.02 x 0.2} = 0.00226875 

L 0 (1/2) x (1/2) 

= 1/4 

(1/10) x max{ (1/12) x 0.99, 

(1/4) x 0.2} = 0.01375 

(1/2) x max {0.01375 x 

0.01, 0.02 x 0.8} = 0.008 

 

Thus, the one that has the highest probability is more likely to be the best 

prediction number (Table 3). 

In our data sink, each year will be taken as a single state and the total 

consumption will be taken as the numbers in the dice-rolling problem. 
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Figure 11. Data from EIA 

According to the theory we talked above, there are two steps to needs to be done 

before we can apply this sample data with the MC model. The first step is determine the 

data groups and groups different columns into those intervals such as low status, normal 

status or high status. The second steps is calculate the emission and transition probabilities 

for each state. The intent is for our visualization system to support graphical representations 

of all the relevant possible states and their probabilities. 
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4. REAL-DATA VISULIZATION TESTING 

In this phase, we illustrate the result of our visualization software, which is 

combined with the data in EIA. 

4.1. Introduction 

Our data is downloaded from the official website of EIA (U.S Energy Information 

Administration.). The mechanism we were using in the testing was to build a C/S based 

system, which has its own domain name and pre-uploaded data that can be visited through 

Internet Explorer.  

The first test is run in our personal computer. We ran the apache server on our 

computer and visited local host: 8080/charts in order to visit the package, which was 

generated by our system in the app folder. 

4.2. Visualization Frameworks and Display 

There are four main steps to apply the system: 

a. Set up the apache server with the right settings. 

b. Copy and paste the .war file into the apache app folder 

c. Run the apache server in the local host 

d. Input the local host into your web browser and choose your resource data. 

 As designed, all titles and values can be revealed or hidden by one simple click on 

the name at the bottom of the diagram. Meanwhile, all diagrams will be automatically 

justified depending on the data size. In our testing, usually, it takes no more than 10 seconds 

to read the data. 
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Figure 12. Charts of the Test Data 

The Figure 12 shows the Bar chart, Line chart, Lattice chat, Pie chart after the user 

uploaded the source data from EIA. 

 

Figure 13. Motion Chart 

The Figure 13 shows the conceptual motion diagram along with random data. 

4.3. Junit Test 

JUnit is a unit testing framework for the Java programming language. JUnit has 

been important in the development of test-driven development, and is one of a family of 

unit-testing frameworks which is collectively known as xUnit that originated with SUnit. 

[31] 
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Regarding the system itself, some JUnit tests have been applied to our system for 

the purpose of confirming the correctness of the functionalities of each method and class.  
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5. TEST RESULT 

In this section, we will describe the evaluation of our system and show the results. 

5.1. Evaluation of Test Result 

To use the surrounding reality idea, “visual modeling” is the creation of an 

organizational model to help the developed devise a way to do something. The vital target 

of modeling is to promote a better understanding of requirements, a better design and to 

make an easily maintained system. A self-evaluated frame is shown below (Table 4 and 5): 

Table 4. Statistics of Self-Satisfaction 

 Displeasure Adequate Satisfied Perfect 

UI Design 13% 56% 17% 14% 

Functionality 5% 34% 42% 19% 

Easy to Use 11% 40% 37% 12% 

Over all 3% 59% 21% 17% 

 

On the other hand, the evaluation which depends on our original requirements is 

another vital factor of evaluation. As a designer of the system, I configured the following 

evaluation table: 

Table 5. Functional Requirements Self-Evaluation Result 

 Realized Follow the doc Self-evaluation Overall 

Data 

transferring 

4 5 5 4 

Chart selection 5 5 5 5 

Element 

selection 

5 5 4 5 

Data prediction 3 4 4 3 
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Table 6. Non-Functional Requirements Self-Evaluation Result 

 Realized Follow the doc Future work Overall 

Friendly 

Structure 

5 5 5 5 

Easy Color 

selection  

2 5 5 5 

Easy used 

buttons 

5 4 4 5 

Autoing justify 

data 

5 5 5 5 

  

In real data testing, we determined that everything we downloaded from the EIA 

website can be properly shown on the screen. In addition, all data are shown with correct 

values. However, there is an inconvenience in our system in that we cannot upload a data 

file without first justifying it. Thus, every time before we upload the data, we need to first 

justify them by the administrator. This deficiency can be corrected in the future. We tested 

10 different data sets from the EIA website. The table below shows data for the self-

evaluation. 

Table 7. Result of Self-Evaluation of Real-Data 

File Name Correctness Auto Justifying Time-Cost(in 10 

secs) 

Summary electricity 

statistics 2002–2012 

100% 95% 100% 

Supply and disposition of 

electricity 2002–2012 

100% 100% 95% 

Electricity overview 100% 100% 100% 

Consumption for 

electricity generation  

100% 100% 100% 

Generating capacity 100% 100% 100% 
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Table 8. Result of NUnit Tests 

Class Name Correctness of Assertions 

ColumnBean.java 100% 

SheetBean.java 100% 

GlobalUtils.java 100% 

UploadServlet.java 100% 

ParseExcelUtil.java 100% 
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6. CONCLUSION AND FUTURE WORK 

In this chapter, an overall conclusion is described. A description of the advantages 

and defects of our system is presented. In addition, future work ideas and methods are 

described.  

6.1. Conclusion 

In this study, our initial objective of building a web-based online visualization 

system that meets functional requirements was met. The resultant system is shown to be 

correct. A small number of deficiencies, such as limitations in accepted data formats, 

somewhat rigid user interface, and limited styles of charts are addressable in the future and 

do fit within our established system architecture. Below we present some approaches for 

improving the system and eliminating identified defects. 

6.2. Future Work 

In the work described in this paper, we established a web-based visualization 

system with pre-designed functionalities. However, some deficiencies remain. In improve 

the product, a prototype Software Design Life Cycle is applied in this study. As a result, 

we claim only that the system is a prototype that follows a prescribed architecture, and plan 

to continue to improve the system and to add useful new features. The description below 

presents some concepts for proceeding to address future functionalities:   

The capability to read different file formats, more chart options, flexibility of styles 

and outputs the primary area to address. 

 Automatic data conversion is important because there are many and varied kinds 

of data sources. Among the many types of data, five of them are very common, namely pdf, 

xls, word, txt and database files. It is a significant challenge to extract all the keywords 
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from those documents and justify them into xml files. However, this requirement is 

important and will be needed in a more advanced system. In the next generation of the 

system, we expect to use data mining models to help determine the titles of each column 

in those files and automatically put them into a proper xml structure. In addition, outputting 

is another significant functionality. In the next generation of the system, users will be able 

to output their visualization data as jpg and png files or save them as a xls file. 

 To improve the flexibility of our system, more chart styles should be added. In the 

package of FusionChart, we have a large amount of charts that can be applied into our web-

system. The following figure 14 shows some other choices for our system in the future. 

 

Figure 14. Future Charts 

Reusability and robustness can help improve the efficiency and security of our 

system. The idea is that we plan to follow is to combine our system with a cloud driver and 

thereby help users to store useful visualization charts. Also, an authorization of user ID and 

password will be needed in order to improve the robustness of our system. The added 

flexibility will mean that a user can change the color and style of lines in each type of chart 
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in the next generation of the system. For the purpose of flexibility, simple buttons will be 

created to help our user easily find their needs. 

 Regarding the prediction aspect in the future version of the system, the result of 

MC model can be shown as an extra pie diagram or an extra element in charts for predicting 

the next state. The Figure 15 shows this idea. 

 

Figure 15. Future Pie Chart of MC Model Result 

The highly competitive and changing business environment has led to increasing 

complexity, which brought unique challenges for system developers. Thus, after adding 

some new features, consultation meetings will be needed in order to improve this system. 
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