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Abstract 

Large datasets are difficult to visualize. For a human to find structures and understand the
data, good visualization tools are required. In this project a technique will be developed
that makes it possible for a user to look at complex data at different scales. This technique
is  obvious  when viewing geographical  data  where  zooming in  and out  gives  a  good
feeling for the spatial relationships in map data or satellite images. However, for other
types of data it is not obvious how much scaling should be done.

In this project, an experimental application is developed that visualizes data in multiple
dimensions from a large news article database. Using this experimental application, the
user can select multiple keywords on different axis and then can create a visualization
containing  news  articles  with  those  keywords.  The  user  is  able  to  move  around  the
visualization.

If  the camera is  far  away from the document icons then they are clustered using red
coloured spheres. If the user moves the camera closer to the clusters they will pop up into
single document icons. If the camera is very close to the document icons it is possible to
read the news articles.
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1 Introduction 
In recent era advancement in technology has eased the human daily life. Beside this ease there is
a complex situation about data management. The main problem is that many applications are
creating data and that data is being stored for future analysis.

To access  the  required  specific  data  becomes  a  complex problem for  anyone.  Some of  the
problems are:

• You only have an idea of what is required.
• You do not have any idea what to search for.
• You do not know if the data is correct for your search.

Considering these problems in mind, the users experience difficulties to search for data.

In research field, data is the most important part. Finding data according to a research topic is the
most crucial part. It is difficult to find required data because any search query results in piles of
proposed data. 

In research fields one topic comprises of many subdocuments or articles. Keeping relationship
and coherence in  those articles is  a  problem. In some cases  one author’s  work is  based on
different sub articles or some articles have dependencies on each other.

All these scenarios are the problem for any researcher. 

We have implemented an experimental  application through which a  user is  able  to  create  a
multidimensional visualization of multiple search queries. 

1.1 Research Questions

• What approaches, methods and techniques are already available for text mining?
• How is text visualization done in text visualization applications?
• How many applications are already available serving the same purpose?
• Which new approaches can we  use to create visualization of news articles?

1.2 Thesis Goal and Objective
In our thesis work we have set goal and objective which we will attain at the end of thesis work.

We have highlighted them by using bullets, so making them clearly readable and understandable.
  

• The goal of the thesis is to identify approaches, methods and techniques from text
mining that can be incorporated and applied in building text visualization tool.

• The specific objective of this thesis work is to build a multidimensional experimental
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application. Using it we can create a visualization of complex and large dataset using
keywords as search queries.

1.3 Thesis workflow
Below we will present a figure showing an overview of the thesis workflow. It will help a reader
to understand how the dataset is accessed and visualized in the thesis.

Figure No. 1 Thesis workflow overview

Figure no. 1 presents the workflow of the thesis. If we start from the top right we will see the
internet cloud from where we will download a dataset of news articles to our local hard drive.

After downloading the dataset file the application extracts data from the file. Then it saves the
data to different files(page 15). It also calculates TFIDF values (page 6)  for the words. 

Then we will build an application using C++ and OpenGL which will create a visualization of
news articles.

In the experimental visualization application we will  show news articles as document icons.
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These document icons are drawn using TFIDF values.  The purpose of it is to draw document
icons using these values as part of the coordinates.  If the icons are far away from the camera
they are drawn as clusters(page 34).

The user should be given the ability to move around the visualization and zoom in a required 
article. When looking at a specific article the whole document will be shown.

1.4 Thesis organization
This thesis work is comprised of 6 main chapters. In chapter 2 which is based on related work,
we will  cover  different  literature  related  to  our  topic.  Then in  chapter  3  we will  cover  the
keyword extractor and also extraction of keywords and their TFIDF value calculation. In chapter
4 we will create the text visualization of news articles. In chapter 5 we will cover clustering and
octree. In chapter 6 we will evaluate our work and will discuss findings and also will provide
suggestions to the future work. In chapter 7 we will discuss our conclusions.
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2 Related work
In this chapter, we will present a literature study related to our thesis work. In chapter no. 1 we
asked the following research questions:

• What approaches, methods and techniques are already available for text mining?
• How is text visualization done in text visualization applications?
• How many applications are already available serving the same purpose?
• Which new approaches can we  use to create visualization of news articles?

Keeping these basic research questions in mind, we have searched for related material in the
university library, on the internet and other resources as well. We found 3 research papers which
are related to our topic. In section 2.3 we will summarize those three research papers.

2.1 Concepts
In this section we will describe some concepts about big data, news articles, text mining and 
visualization tools.

2.1.1 Big Data

In this section we use [12] as a reference. Big Data is the term used for exponential growth and
availability  of  data  (structured  or  unstructured).  Big  data  is  used  in  every  day  of  life  like
business, society, sports, social media, social network and internet. This big data ease persons to
make analysis and take accurate decisions based on that analysis.

There are three basic factors which describe big data in a clear sense: volume, velocity and
variety.

If we consider volume as a factor, then we will get to know that from sensors, machines, internet
and social media, everything is increasing data volume at daily basis. Also, due to the leverage
in data storage cost, data storage is increasing rapidly in volume.

As we have understood the volume factor, let’s go further to the velocity factor. As we noticed
that data is arriving from sensors, machines and other sources, we have to map this data arrival
at a time line base to measure the data velocity. The best example of it is data streaming, where
every chunk of data is associated to a time line base.

To differentiate data we have to deal with variety factor. The data arrives in different shapes and
forms like structured data stored in databases or unstructured data like emails, video files, audio
files or sensor generated data files.

Keeping these 3 basic factors in mind one can understand big data at a broader view. As we
discussed earlier, big data makes it easy to make decisions but this big data also creates problems
like understanding data complexity and data analytics. [12]
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2.1.2 News Articles 

News articles are the written and published work based on some research topic or information
being conveyed to its reader through text representation.

Many  people  read  newspapers  daily  and  have  some  idea  about  articles  published  in  the
newspapers. These articles are written on a specific topic like daily life, science, technology,
health and other topics.

News articles  are  shorter  documents  and  they  are  written  by  some professionals.  They  are
written by some professionals so there are fewer chances of mistakes. 

News articles are written in a structured way, presenting rich information about a specific topic.

These articles are single documents, which are pieces of big stories and may span over several
documents in a row. [1]

2.1.3 Text Mining

In text mining information is presented in a high quality to make it easier to understand. 

We present our query as an input to the text mining system(database) which could be keywords
of some information needed. These keywords will be matched to the stored documents in the
database. Then as output on the screen some visuals are presented based on the information
searched for. The user can analyze this information and can take some decisions. 

2.1.4 Visualization Tools 

Visualization is a technique through which we can present data or information in a visual or
pictorial form for better understanding. The important thing is that visualization deals with data
transparency, where no one has concern about where the actual data is stored and this data is not
altered or changed by the visualization tool.

There are a lot of open source and enterprise versions of visualization tools.  We also will build
our own application using C++ and OpenGL to create a visualization of news articles. 

2.2 Approaches
In this section we will cover different approaches used by the research papers. We are using 
TFIDF approach for our experimental application. Some detail of these approaches are in next 
sub sections. The sub sections use [1][2][3] as reference.

2.2.1 Name Entity Extraction

Name  Entity  Extraction  is  a  process  to  identify,  people,  organization,  cities,  countries  and
continents etc., also some other type of entity within text of whole documents. This process can
be carried out by applying different algorithms like statistical algorithms and also by natural
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language processing technology. These will analyze and extract the required information from
the database of text documents.

2.2.2 TFIDF (Term Frequency Inverse Document Frequency)

TFIDF provides numerical statistics, through which one may know, how important a word is in
many documents of the whole corpus.

TFIDF  is  mostly  used  for  text  mining  purpose.  The  statistical  value  of  TFIDF  increase
proportionally  to  the  number  of  times  a  word  occurs  in  the  document  and  is  offset  by  the
frequency value of the word in the whole corpus.

This helps in knowing that some words occur more often in the whole text. For example (the, an,
a) words.

Suppose we have a large amount of text documents and we want to search in which documents
the keywords “The Brilliant Students” exist.

The first step will be to eliminate those documents which do not include these keywords. As a
next step we will count the number, each time these search keywords occur in each document
and will sum them all together as a whole value. This occurrence of keywords in each document
is called Term Frequency.

In the text “The” is the word which occurs most of the time, so it is not a good choice for
selecting it as a keyword. Compared to it the words “Brilliant” and “Students” are less common
words.  To  eliminate  the  mostly  occurring  words  the  Inverse  Document  Frequency  is
incorporated. It will minimize the weight of the most occurring words and will increase weight
of less occurring words like here in our example, “Brilliant” and “Students”.

In section 3.3 we will discuss TFIDF with an example.

2.2.3 Cosine Distance Metric

Cosine  Similarity  is  the  term  which  is  used  in  text  mining  and  information  retrieval.  To
determine the cosine similarity value between the documents the attributes which are the words
are given as a vector to search between the documents for checking that how often they occur
between those documents.

In cosine distance metric, the dot product of two documents is computed. If the dot product of
cosine similarity angle is 0,  then there is a similarity between the documents.

For text matching the attributes are the term frequency vectors of the documents. The cosine
similarity can be understood as normalizing the document length during the comparison process.
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2.3 Three different visualization applications
In this section we will discuss three different research papers. All the authors of the research
papers  built  a  visualization  application  for  creating  visualization  of  news  articles.  The  first
research paper we are going to discuss is of Marko Grobelnik and Dunja Mladenic [1]. They
wrote an extensive paper on the topic of text visualization of the news articles. The summary of
it is in the next sub section.

2.3.1 Contexter, Visualization application

In this research paper the authors Marko Grobelnik and Dunja Mladenic [1] have proposed a
system which creates visualization of large amount of news stories. At first  phase the news
stories are preprocessed and then the Name Entity Extraction process is completed. After this
process a graph based on relationship between the extracted name entities is created. In that
graph one vertex of the graph represents each Name Entity. Name entities are connected to each
other if they are within the same text document. 

The graph created between Entities presents a local neighborhood. This enables further addition
of contextual information in the form of characteristic keywords and adding a feature to relate
Name entities which are connected to the entities in the focus (being searched for).

The system for creating text visualization was given a name Contexter by the authors of the
papers. The main goal of building such a system was to help experts and semi experts users like
analysts, journalists, social scientists etc. to use it for their daily tasks.

The design assumption while building the Contexter application was that much of the relevant
information is mostly centered around the entity which is extracted from the documents. 

The entities can be names of people, companies, institutes, countries, products etc. An additional
property of an entity is that it may serve as connector between different documents.

The authors selected news articles corpus as a sample database. After observing this corpus the
authors divided news documents in three categories. The categories are plain text documents
written by the writers, TFIDF and set of Name Entity appearing within the article.

In the plain text approach the main idea was to present full text information to the user. This
approach required the lowest level of content abstraction.

They used TFIDF, a weighting scheme. The goal of using TFIDF here was to calculate context to
form keywords list. The purpose of this list was to create a higher level of content abstraction
compared to plain text.

In  set  of  Name entity  appearing  within  the  article,  the  authors  used  standard  Name Entity
Extraction algorithm. In this algorithm Name Entity was the word starting with capitalization.
They also added additional mechanism of Name Consolidation, example of which is ‘George W.
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Bush’ ‘=’ President of USA. In this example one can see that George W. Bush is the name of the
president of the USA, so this approach also provided further filtering.

To use the system the user has to give input to the system. As an input the authors provided a set
of documents which were containing news articles. Before providing these set of documents to
the  system  those  documents  were  categorized  like  plain  text,  TFIDF  and  Name  Entity
documents.

To achieve these categories all news articles were preprocessed. First text was cleaned, then
TFIDF was calculated and at last Name Entity was extracted. All these documents were then
stored in a database as plain text, TFIDF and Name entity.

Then from the database these files were loaded to the client software to create efficient GUI
(Graphical User Interface). In GUI user can have two functionalities. The first functionality is
that the user can browse through the network of connected Name Entities. There the user will
find two connected Name entities if they appear in the same document. The second functionality
is to visualize context of Name entities appearance in the whole corpus of news articles [1]

2.3.2 Overview, Visualization application

The second research paper is written by Matthew Brehmer, Stephen Ingram, Jonathan Stray, and
Tamara  Munzner  [2].  In  this  paper  they  describe  a  text  visualization  tool  which  creates  a
visualization of the news articles text. Here is the summary of the article;

The authors of the paper have suggested an application named as Overview. In this application
the user may have multiple view options. This application is built for the purpose of systematic
search summarization, annotation and reading a large collection of text documents.

The authors of the research paper  have found that frequently used language for exploring a
document is both vague and too narrow to capture.  It means that frequently used language did
not provide basics for structured or systematic approach to search documents.  These documents
are needed for building such an application which can develop visualization of text documents.

In this research paper the authors built many versions of the application and presented them to
the journalists of news agencies to try them for searching required material.

The authors found that journalist may be interested in patterns of text across many documents
which can be helpful in revealing categories, themes and significant trends in text either in one
document or many documents.

The  authors  also  conducted  case  studies  to  get  background  information  for  building  the
application. After conducting this study the authors concluded that an application can be built
using features of clustering and tagging.

Here are some steps the authors used in building Overview application;
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In the first step the authors created a semantically interesting cluster structure, where they also
provided zoom in option to see what is in that document.

In the second step, each document was converted to a vector of TFIDF values and for similarity
between documents they used cosine distance metric. In this method the attributes which are
words in the documents are used as a vector to search for the normalize dot product of the two
selected documents.

For determining cosine similarity value, the user tries to find cosine angle between 2 objects. If
the value of cosine similarity is zero then there is a cosine similarity. In that case the documents
do not share words because the value of cosine similarity is 90 degrees between the objects.

In step three, clusters using cosine distance metric are used to create a tree. Clusters which are
extracted using TFIDF value, could be labeled using keywords.

Multiple meaningful clusterings could exist for a collection of documents, so in step four the
authors introduced distance metric and hierarchical clustering algorithm as a choice. Overview
also allows an arbitrary number of user defined tags on each document, which could be assigned
either on individual document or at a cluster level. These tags allow users to keep track of what
they have searched, and where they have looked so far. [2]

In next section we will cover third research paper summary this is about a tool jigsaw built for
creating text visualization of news articles and here is the summary;

2.3.3 Jigsaw, Visualization application

In this paper, the authors, Carsten Gorg, Youn-ah Kang, Zhicheng Liu and John Stasko [3] have
highlighted that for the purpose of intelligence analysis the investigators face a challenge to
search through a large collection of data documents.  Also they need to take a great care of
understanding  the  information  and  events  occurred  in  those  documents.  Visual  analytics
technologies are built to serve this purpose for intelligence analysis professionals.

The authors built a system called Jigsaw to create a visualization of text documents. The data set
they used was the 9/11 commission report (of the incident 9/11, occurred in the USA). That
report  was  585  pages  long.  They  divided  this  complete  report  into  585  individual  pages
considering each page as a separate document. They used page break as a separator because the
report was not having any kind of structure.

At  first  they  found  entity,  which  was  people,  place  organization  etc.  Then  they  developed
connection between those found entities if they occur in the same document. If those entities
occur in many documents, then they have strong connection.

Then authors proposed different view options of these sorted and clustered entities like list view,
document cluster view, graph view, document view etc.
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In list view, they presented overview of entities like displaying location, person, organization
and money etc.

To be more precise about the theme and topic of the report, they presented document cluster
view. In that view they displayed document clusters by text similarity. For the text similarity
purpose  they  used  text  analysis  algorithm,  which  automatically  computed  the  cluster  and
similarities between documents.

In graph view, a user can interactively explore a network of connections between entities. The
authors also provided expand and collapsed option to the user. If a user double clicks on the
selected entity or document, it will expand. 

Using collapsed option by pressing double click,  the  expanded items which have been already
seen will hide.

In document view, there are two divisions. The first division is the word cloud. It presents the
summary of currently loaded data set by using approach of most frequent words used in those
documents. 

For the second division, there is one sentence summary option to ease a user to get some idea of
what is presented in the whole document [3].

2.3.4 Methods used to build the applications 

After covering summaries section we can conclude that all three papers presented same approach
for Name Entity extraction, then for creating network between entities the approach is same for
all of them.

Research paper no. Name Entity TFIDF Cosine Metric

 1 using using no

2 using using using

3 using no no

Table 1: Research papers approaches

Table no. 1 shows which approaches are used for building visualization applications. Research
paper 1 and 2 both use TFIDF while paper 2 also use cosine metric for checking similarity
between different documents.

These approaches will  provide us the basics for building our own application to create text
visualization of sample news articles. We covered these approaches above in section 2.2. In our
implementation we use the TFIDF approach.
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2.3.5 Text Visualization, Applications

We have studied three applications Contexter, Overview and Jigsaw. All these applications are
built to create text visualization of news articles.

The basic principle of building such applications is to ease investigators to have an abstract level
view of the text. This will ease the reader to understand what information is presented in the
whole documents.

Different applications provide different level of view options to the user like in Jigsaw a user can
have graph view, list view etc., options to better understand the information.

The design and architecture of the applications and working of the applications will help us a lot
in building our own application.

2.4 Summary of the chapter
In  this  chapter,  we  have  found  different  approaches  for  creating  text  visualization  that  the
research papers used. We also have covered 3 research papers summaries and applications.

By the end of this chapter we have found answers to the research questions mentioned in the
start of this chapter. In table 1 there are answers to the first two research questions. We discussed
three applications related to our topic. The fourth research question will be answered by building
our own experimental visualization application.

The next chapter will be covering the application building process.
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3 Keywords Extraction and calculating TFIDF values
In this chapter, we will discuss keyword extraction and how TFIDF is calculated. The TFIDF
value is used by the visualization application to determine coordinates for document icons.  The
coordinates of document icons with low TFIDF values are closer to the origin of the coordinate
system. Very high TFIDF values give coordinates far away from the origin. 

As an example, the words “is”, “the” and “of” are the most frequent words in text so the TF is
higher  for  them but  IDF will  lower their  score,  and will  try  to  keep balance between most
frequent  and infrequent  words[5].  Using IDF we remove common words[5]  so that  we can
display less common words in the keyword selection interface. 

In the next section we will also discuss the database we are using.

3.1 The database
The visualization application requires data. For this purpose we are using  AG' s corpus of news
articles [4] as a data-set to our application building. The downloaded database file is of size
590.6 MB.

This file was in text format, we opened the file and got to know, how data is placed in the file.

The categories in the text data are stored like, 
newspaper name, 
URL, 
title, 
image field, 
category, 
summary, 
rank field, 
date & time
video.[4]

The categories are separated using Tab key.

Yahoo Business
http://us.rd.yahoo.com/dailynews/rss/business/*http://story.news.yahoo.com/ne

ws?tmpl=story2&u=/nm/20040814/bs_nm/column_stocks_week_dc Wall St. 
Pullback Reflects Tech Blowout (Reuters) none Business Reuters - Wall 
Street's long-playing drama,\
"Waiting for Google," is about to reach its final act, but its\
stock market debut is ending up as more of a nostalgia event\
than the catalyst for a new era. 5 0000-00-00 00:00:00 \N

Figure No. 2 Database record stored in database file [4] (text copied)
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In figure no. 2 we are showing how a data record looks in the database file.

Sr. No. Field Contents

1 newspaper name “Yahoo Business”

2 URL “http://us.rd.yahoo.com/dailynews/rss/business/*http://story.new
s.yahoo.com/news?
tmpl=story2&u=/nm/20040814/bs_nm/column_stocks_week_dc
” 

3 title “Wall St. Pullback Reflects Tech Blowout (Reuters)”

4 image field -

5 category “Business”

6 summary “Reuters - Wall Street's long-playing drama,\
"Waiting for Google," is about to reach its final act, but its\
stock market debut is ending up as more of a nostalgia event\
than the catalyst for a new era.”

7 rank field “5”

8 date & time “0000-00-00 00:00:00”

Table 2: Database record details[4]

Table no. 2 describes the fields of a database record.

In the next section we will discuss keyword extraction using this database. The fields we are
using for creating visualization of news articles are title, summary, and date & time.

3.2 Keyword extraction
The application first accesses the database file through a data stream, then it determines term
frequencies of the words in the whole text and in whole corpus as well. Then it finds Inverse of
Document frequency in the whole corpus. At the end the application  takes the  product of both
TF and IDF and the result is TFIDF [5].

Then it saves extracted words, document numbers which has those words and TFIDF values in a
separate file named as extracteddata.txt. In table 3 there are examples showing how the extracted
and calculated data is saved.

This  saved  information  is  used  as  an  input  to  our  visualization  application  to  build  a
visualization based on the input from the file.
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Word Document No. TFIDF Value

Franchione 181223 0.406824

Mutiny 181230,  219672 0.350541, 0.39728

Rivaz 181233 0.525481

Table 3: Result of data extraction from database file [4] 

3.3 Finding TFIDF values in our application
Our keyword extractor needs to calculate TFIDF values for the visualization application. In this
section we discuss with examples how this is done.

Formula to calculate TF (Term Frequency)
“TF(t)  =  (Number  of  times term t  appears  in  a  document)  /  (Total  number of  terms in the
document)” [5].

Example sentence: Once upon  a time, there lived  a man with his  cow, his  cow was  a brown
colour cow, he was milking every day, one day his cow was not there, so he became worried.

term, “a” = 3/34 = 0.088

term, “cow” = 4/34 = 0.11

Formula to Calculate IDF (Inverse Document Frequency)
“IDF(t) = log_e(Total number of documents / Number of documents with term t in it)” [5].

for example, we calculate IDF for “cow” term

Total number of documents = 50

Number of documents with term in it = 5

IDF(t) = log_e(50/5)

IDF(t) = log_e(10)

IDF(t) = 2.30 

Formula to calculate TFIDF (Term Frequency Inverse Document Frequency)
TFIDF (t) = TF (t) * IDF (t) [5]

TFIDF = 0.11 * 2.30 = 0.253 

This TFIDF statistical value, which is 0.253, gives an idea that the “cow” could be a keyword for
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that document in the corpus.

In our application we are calculating the TFIDF value by using three functions. Now we will 
discuss how the functions work.

countWords/findTF
To get the TF value we divide the frequency of a word by the total number of words in an article.
Then we save the TF value into a vector.

After looping through all the documents to calculate the TF values the functions below are used
to calculate the TFIDF value.

findIDF
Loops through all the words. It retrieves a vector with document numbers that has a word. Then
we divide the total amount of documents with the size of the document number vector. After this
we take the logarithm of the calculated value. Then it will provide us the IDF value for that
word.

findTFIDF
Loops through all the words. For each word it retrieves a vector of TF values and a IDF value. It
then saves the TFIDF value in that vector by multiplying the TF value with the IDF value.

3.4 Saving data
After calculating the TFIDF values for each word in each article the data is saved to files. The
application  saves  the  TFIDF  values,  the  date  &  time  of  the  articles,  article  titles  and  the
summaries. The IDF value for each word is also saved. The purpose of saving the IDF value is to
remove common words.

3.5 Summary
The keyword extractor program extracts data and calculates TFIDF values.  The data is then
saved to different files.

This chapter was about the pre-processing of input for the visualization application. In upcoming
chapter we will read about visualization application building and how that works. 
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4 The Visualization Application
This chapter is about the visualization application. In this chapter we will cover how we are
visualizing text articles in our visualization application. We have named our application as News
Space Visualizer. The visualizer application is developed C++, and OpenGL for creating the
visualization. 

In News Space Visualizer, the user is able to query the news article database. The user can place
queries on different axises. The TFIDF value for a keyword on an axis is used as part of the
coordinate of the document icon. If keywords are used on other axises then those keywords
TFIDF values are used for the other parts of the coordinate. If keywords are used on only two
axises then the document icons are drawn on the plane defined by those two axises. If keywords
are used on all three axises then document icons are drawn in the region defined by those three
axises.

Multiple keywords can be placed on the same axis. The queried result is a union of articles
which have those keywords.

We use different colours depending on the age of the documents. New documents are coloured
white and old documents are coloured yellow.

4.1 Loading data to visualization application
The data saved by the keyword extractor to different files is loaded to the visualizer.

We retrieve words, TFIDF values, and document numbers. We also retrieve document age and
document titles and summaries. The details of the files are shown in table no. 5.

The first file that's loaded is the extracteddata.txt. The words in this file are saved in a vector
called docWord. The document numbers are placed in vector. This vector is placed in another
vector  called  docsWithWord.  The  TFIDF  value  is  placed  in  a  vector  called
docsWithWordTFIDF.
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In figure no 3 we show how the vectors are organized.

docWithWord is a vector that has all the words that we load from the extracteddata.txt.  For
example word1 is the first word saved into the vector.

docsWithWord is  a  vector  that  has  vectors  of  document numbers.  For  example  word1 is  in
document1, 2, and 4. Word1 and word2 are both in document 4.

docsWithWordTFIDF is  a  vector  in  which we are saving TFIDF values  for each word.  For
word1 the TFIDF value is TFIDF1.

The docagefile.txt has the document publication dates. We save the year of that publication date
into a vector.

The doctitlefile.txt has the news article titles. We save the news article titles into a vector.

The docsummaryfile.txt has the news article summaries. We save the news article summaries
into a  vector.

documentsAge documentsTitle documentsSummary

documentsAge1 documentsTitle1 documentsSummary1

.................................2 .................................2 .................................2

.................................n .................................n .................................n

Table 4: Document data loaded into vectors

In table no 4 we show how the data is saved into different vectors for each document. This data
is loaded from vectors to the visualizer application. Each row in the table represents one data
record for one document.
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Sr. 
No.

Filename Description

1 ../database/extracteddata.txt The extracted data from the main database file.

The file contains an index of words that gives 
information about which documents contain that 
word[10].

It is saved as word followed by a space. For each 
document that contains that word the document number
is saved followed by a space and then the TFIDF value 
for that document and word. This is done for each word
in the whole corpus.

Example:
cow 1 0.1 2 0.1 3 0.4 4 0.2 ....

2 ../database/docagefile.txt The age of each document.

It is saved as document number followed by a space 
and then the document age. This is repeated for each 
document.

3 ../database/doctitlefile.txt The title of each document.

It is saved as document number followed by a space 
and then the document title followed by a new line. 
This is repeated for each document.

4 ../database/docsummaryfile.txt The summary of each document.

It is saved as document number followed by a space 
and then the document summary. Summaries are 
separated by new line. This is done for each document.

5 ../database/docidffile.txt The IDF values for each word in the corpus.

It is saved as a document number followed by a space 
and then the IDF value. IDF values are separated by 
new line. This is done for each word.

Table 5: File description

Table no. 5 is the description of how we are saving data into different files, extracted from main
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database file.

4.2 Querying articles
In our visualizer application, for selecting keywords, we have built a method through which a
user can select keywords for x, y and z axises. Now we will describe how the keyword selection
works. The next figure is the main interface of the visualizer application.

Figure no. 4 shows the main window of our application. No keywords have been selected so no
documents are shown.
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Figure No. 4 Main News Space Visualizer 
Window



Figure No. 5 is  displaying a list of keywords in the visualization application, by pressing key
stroke “v” the user can display keywords list in the visualizer, by pressing again “v” key stroke
list can be toggled.

In figure no. 6, we can see that by using keystroke “x” we have selected “Accelerare” key word
from the list for the x-axis. The text has change colour as blue and in the background one can see
the selected keyword on x-axis plane. The keyword on the x-axis is coloured blue.  Selected
keywords  in  the  selection  interface  use  the  same  colour  as  the  corresponding  axis  in  the
visualizer.
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Figure No. 5 Keywords Displaying List

Figure No. 6 Selecting keyword for X-Axis



Figure no. 7 is showing selecting keyword for y-axis, by pressing “y” key stroke, we selected
“Affect”

keyword from the keywords list. The background also shows selected keyword on the y-axis
plane. The keyword changed its colour as red.

Figure no. 8 shows selecting of keyword for z-axis, by pressing “z” keystroke one can select
z-axis keyword, the keyword has changed its colour as green, both in list and in the z-axis plane
in the background.
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Figure No. 7 Selecting keyword for Y-Axis

Figure No. 8 Selecting keyword for z-axis



In figure no. 9 we are displaying selected keyword on x, y and z axis plane. The documents icon
are drawn for those articles which have these keywords in them. By pressing “v” keystroke we
switched the view to visualizing the keywords and document icons.
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Figure No. 9 Selected keywords using x, y and z key strokes



Figure no. 10 shows the multiple keywords are selected on x, y and z-axis, and the documents
icons are drawn in the News Space Visualizer window, for making this figure we used scaling
using the “t” and “g” key strokes.

The keywords in the keyword selector are sorted alphabetically and they are drawn from the
lower left corner to the top.

To determine which keyword the user selects we use a formula from Millington & Funge 's book
[9], this formula is calculating which region of the plane we are selecting. This gives us two
coordinates x and y. We use them with a formula [6] that let's us access a keyword in the sorted
keywords vector.

If the user press the “x”-key then the keyword is added to a vector of keywords for the x-axis. If
the keyword is already in that vector then it is removed instead. This is done for the y and z
axises as well.
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Figure No. 10 Multiple keyword on x, y and z-axis



4.2.1 Documents icon drawn using TFIDF values

In figure 11 we  query “Computer” on the x-axis. “Windows” on the y-axis, and “Laptop” on
the z-axis. The queried documents are drawn as icons. They are coloured yellow if they are old
and white if they are new. For each axis we are using the TFIDF value for the icon position. For
example if a document has the word “Computer “ in the article text then the TFIDF value for
“Computer” in that article is used as x-coordinate.

4.3 Lights and materials
We place one light source at position (0, 50, 50). The X-coordinate is 0. The Y-coordinate is 50,
and the Z-coordinate is 50. The second light source is at (50, 50, 0). The third is at(-50, 50, 0),
and the fourth is at (0, 50, -50).
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Figure No. 11 Queried documents



For the lights we use diffuse lights with values (1, 1, 1, 1). Diffuse light intensities depend on the
angle between the vector toward the light source, and the the normal vector of the surface [6].
These values for the light give us a white coloured light.

We use different materials on the ground plane, document icons, and query text. For the plane
we use diffuse material (0.01, 0.1, 0.01, 1). This value gives the plane a green colour.

In this figure we have four lights and the camera is placed in front of the x-axis looking toward
the negative z-axis.
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Figure No. 12 Light Source 
Position overview

Figure No. 13 Light and Material overview
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4.4 Drawing documents
We are drawing the document icons using a function called drawDocument. The documents are
drawn using  the  TFIDF values.  We use  viewplane  oriented  billboards.  A billboard  is  a  flat
surface. Viewplane oriented means that the billboard is always facing the camera. [6]

The  size  of  icons  is  determined  by  the  length  of  the  article.  Articles  with  more  than  300
characters are drawn as big icons. Text with less than 300 characters are drawn with small icons
in the visualization application.

We determine the vector from the camera to the document.  The length of this vector is the
distance between the camera and the document.  If the distance is small then the document icon
is drawn with article title and article text.

In figure 14 the camera is too far away from the document. No text is shown.
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Figure No. 14 Document icon 
without text

Figure No. 15 Document icon 
with title and text



In figure 15 the camera is closer to the document icon and title and text is shown.

We use a line breaking algorithm[7] that breaks the text into multiple lines where each line has a
maximum number of characters. The algorithm used goto command/statement, but we changed
the algorithm to use loops instead. We put each line into a vector. Then we draw one line at a
time. We do this for both the document title and text.

To increase the speed of drawing we put the document icon drawing into a display list. This
saves all the drawing commands, and enables drawing the document icon with one command
only.

4.5 Camera
When the visualization application starts the camera looks toward the negative z-axis. The user
can then move the camera and rotate it using different keys on the keyboard.

Sr.
No.

Key Description

1 w Moves the camera forward

2 s Moves the camera backward

3 a Moves the camera to the left

4 d Moves the camera to the right

5 u Moves the camera vertically up

6 j Moves the camera vertically down

7 r Rotates to the left

8 f Rotates to the right

9 t Increase scaling value

10 g Decrease scaling value

11 v Toggle the keyword selection interface

12 +  Forward page turning in stacked
documents

13 - Backward page turning in stacked
documents

14 1 Full screen view

15 2 Window view

Table 6: Keys description

This table shows the keys used to navigate the visualization.
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4.6 Stacking documents
When  article  icons  have  exactly  the  same  coordinates  they  are  added  to  a  vector  in  the
octree(section 5.1) leaf. Drawing all the article icons in the same coordinates is not good because
it is impossible to see the articles at the same place.

To solve this problem we are using a stacking approach to show document icons which are at the
same coordinate. In upcoming figure we will show how they look in drawing.

In figure 16 we have drawn stack document icon as rectangle pages, and we are using “+” and
“-” key strokes to show stacked documents text of the article, by using “+” key the text of next
article comes on the drawn icon and this process repeats until the last article come by keep on
pressing “+” key.

By using “-” key stroke, we can go backward to read the text of previous article.

We used this method for showing the documents which are placed on the same location, which
have same TFIDF value. There could be many approach or method to display documents, but
this approach is simple and it does not increase complexity in drawing visuals.
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Figure No. 16 Stacked documents icon



In this figure no. 17, the stacked documents icon change their colours depending on the articles
age. If the article is old then the colour is shown as yellow.

4.7 Summary

In this chapter we have covered the visualization application building and how it works. Using
this application it is possible to get an overview and data abstraction of the whole corpus. Using
navigation feature it is possible to find documents with high TFIDF values. We also covered
stacking of multiple documents which are using the same coordinates, we presented a simple and
efficient method to display stacked documents. Using key strokes user can switches between
different articles.
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Figure No. 17 Stacked documents icon showing age of 
article



5 Clustering and Octree
In this chapter we will cover how we do clustering in our application. We will also discuss the
octree data structure and how we use it for clustering. Using octrees we can draw clusters instead
of many document icons. In the upcoming sections we will cover this detail.

5.1 The octree
The octree is data structure used to divide the space into eight smaller regions. We use an octree
because we want to cluster articles which are neighbours to eachother. Those clusters should be
drawn as blobs. The blobs are red coloured spheres in our  visualization application.

In figure no.  18 some nodes  of  the octree are  drawn as  red spheres  called blobs.  The blob
drawing depends on the distance from the node to the camera. As long as we move further with
the camera to the blobs, the blobs will be disappeared and documents icon will be drawn instead
of red coloured blobs. We use a display list to draw the blobs.
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Figure No. 18 Articles and blobs



In this figure no. 19 we have presented Octree overview, here you can see that one node is
divided into smaller boxes. This division serves a purpose of putting each document icon into a
single box.

In figure No. 20  an overview of an octree is presented. The parent node has eight children. On
the second level one of these children is a node that has eight children.

Now we show how the octree divides space into smaller regions. In Hanan Samet's research
paper[11] there is a figure that shows how an octree divides 3D space. Our example use 2D
space. The figures we show below use the octree in figure no 20.
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Figure No. 20 Overview of an octree

Figure No. 19 Octree 
Overview
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This is the front side of the node. The entire rectangle is node1. The
lower right rectangle is node2 and it has eight children. Only number
9, 10, 11, and 12 of them are visible here.

The back side of the node. It has four leaves 5, 6, 7 and 8.

This is the top of the node. It has leaves 5, 6, 1 and 2.

This is the right side of the node. It has leaves 2, 6 and 8 of node1.

The lower left part of the node is node 2. It has leaves 10, 14, 12 and
16.

We have shown how the octree is used to divide space into smaller regions. We have done this
using figures showing different sides of the octree nodes. There can be more levels in an octree.
Each new level will divide space into more smaller regions.
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5.2 Working of octree
When an article is added to the octree it will try to add the article to the correct location. First it
tries to add the article to one of the 8 nodes. Each node represents a region. The article will be
added to the region that has the coordinate of the article.

If an article is already in that location it will divide the region into eight smaller regions and then
add that article to one of the new regions. Then it will try to add the new article. This process
repeats until it has managed to add the article.

If  two articles have exactly  the same coordinates then it  is  impossible  to put  the articles  in
separate regions. Therefore we add those documents to a vector. This is used to draw the articles
in the visualizer as a collection of articles.

To add articles to the octree recursion is used. We are using an example to describe the details of
the octree. In this example the octree node is a blue coloured rectangle and the first document is
a yellow coloured rectangle. The second article is drawn as a light green coloured rectangle.

This octree is empty and has no articles. An article has coordinates (-0.5, 0.5)
and it is added to the octree. 

Because x=-1 and y=1 it is added to the upper left location of the octree.

Another article is added to the octree at coordinates (-0.8, 0.8). There is already
an article in this location. Therefore the octree node is divided.

 The old article is added first.

Then the new article is added.
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This example shows how adding articles to the octree works. 

In figure No 21 we show how the octree in our visualization tool looks with documents icon into
octree nodes. Each box has only one document icon at a unique coordinate.

5.3 Drawing the octree and clustering
We draw the octree using recursion but we have also used level order traversal[8]. Both works in
our case. In level order traversal the root node is added to a queue. Then the algorithm retrieves
the first node in the queue. After that the children of the node are added to the queue. This
process repeats until the queue is empty.

In recursion the function calls itself with the same purpose as in level order traversal.

For  each  leaf  we  retrieve  the  coordinates  of  the  articles.  The  coordinates  are  scaled  by
multiplying  it  with  a  constant  value.  This  value  can  be  changed  by  pressing  keys  on  the
keyboard(t and g, find detail in table 6). This scaling increases the distance between article icons.
The article icons do not change their size.

Clustering is done by dividing the width of the octree node with the distance to the camera. For
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Figure No. 21 Octree in the visualizer



each child of the node we check if this value is bigger than a value that we have found by
experimentation.  Then we call the drawing function  recursively for that child of the node. This
means that the function calls itself with a child as an argument.

This method had the weakness that very small octree nodes were drawn as clusters. To solve this
problem we are also checking the distance to the camera. If the distance to the camera is lower
than a value we have found by experimentation then the drawing function will call itself.

If all the conditions mentioned above will fail then we draw the node as a cluster.

5.4 Octree pros & cons
In this section we will cover the strengths and weaknesses of using octrees. After building the 
News Space Visualizer we have found some pros and cons of the octree. We will discuss them 
here.

Pros

1. Made it possible to stack documents that have the same coordinates.

2. Draws clusters instead of drawing single documents. This reduces workload.

Cons

1. According to Lewis & Denenberg[8] with quadtrees memory usage is a problem, and the 
problem is worse for an octree. One of the problems is that the nodes use memory for 
empty pointers[8].

5.5 Chapter summary
In this chapter we have covered the octree data structure and how we use it for clustering.

We  covered  the  drawing  of  octree  and  its  working,  the  octree  severed  clustering  in  our
application and we displayed article icons in neighbours using octree. we also used blobs in our
application.

The blobs are some kind of data abstraction which enables a user to think that they are related to
each other or have some kind of relationship between them. We used red coloured spheres for
drawing blobs.

After achieving this task we are able to describe that this task took much of our time and effort.
The issues arises as, octree data structure implementation, algorithm design, blobbing feature
and drawing blob at a distance in our application.

While doing this task we learnt a lot and we will specially thank to Ingemar for his help and
suggestions in completing this task.
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6 Evaluation and future work 
In this chapter we will cover evaluation to summarize what we have done so far. We will also
give some suggestions for future work.

6.1 Evaluation
Searching  the  news  articles  in  big  databases  is  a  problem.  As  a  solution  one  automated
application is needed to save time and effort.

We have made a visualization application that can be used to visualize news article databases.
Using  our  keyword  extractor  program  we  save  data  to  simplified  files.  We  do  the  TFIDF
calculation in that program which reduces the amount of calculation the visualization application
needs to do. It also enables data abstraction.

The user is able to query the database using keywords in a keyword selection interface. Using
different coloured axises the user can put keywords on any axis to query the database. The result
is visualized as document icons. It is possible to see in the keyword selection screen which axis a
keyword is assigned to from the colour. Keywords have the same colour as the axis they are
assigned to.

Scaling gives the user the option to change how close the document icons are to eachother. This
makes it possible to make documents move closer to eachother or further away.

It is also possible to move the camera around the visualization, and read articles by moving the
camera close to them.

We use clustering to cluster articles that are too far from the camera. These clusters are shown as
red coloured spheres called blobs. The usage of drawing blobs is to save computation by not
drawing hundreds of single documents icons, instead the articles which are nearby to each other
are drawn as blobs.

Document icons with the same TFIDF values are shown as a stack. Using keys on the keyboard
the user is able to turn pages of the stack to read all of the documents. In stacked documents,
user can also find old and new documents based on publication date, the new documents are
coloured white and the old documents are coloured yellow.

The visualizer application serves the objective of making complex and big data into simple and
abstract form to understand. The TFIDF gives a statistical analysis about text which could be the
keywords. Using these keyword we can find whole text.

In the upcoming section we will present what could be done in future based on our work and
experiences.
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6.2 Future work
Another way to visualize the keywords selection could be to put them on the ground floor, and
place boxes on them. Then the height of the boxes could either depend on the TF value of that
keyword or on how many articles have the keyword.

Navigation to a document icon could be simplified by allowing the user to click on them.

In the next version of our application the data extraction could be done automatically using some
program which could access to the databases of different news agencies and get data as an input
to the visualizer application.

The application could be accessible using smart phone in future,  if the processing and GPU
power are enhanced.

News Space Visualizer could be optimized to use more modern OpenGL features to increase the
drawing speed.

Keywords on the axis could have different colours. The colours on the documents could then use
the keyword colours to show which document has the keyword.
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7 Conclusion
We built an experimental application for creating multidimensional visualization of large dataset
of news articles. The camera can be moved around and rotated using the keyboard keys.

We also built a keyword extractor to calculate TFIDF values from a database of news articles.
We saved article text, titles, and publication dates to files. These saved dataset files are needed
for creating visualization of the news articles.

Keywords selection is provided by an interface where a list of possible keywords are presented
to the user. The user is able to select multiple keywords on different axis and can find documents
containing those keywords. The TFIDF values are used as coordinates for the document icons
drawing.

Clustering  of  document  icons  saves  computation  time  instead  of  drawing  multiple  single
documents. The visualizer application provides data abstraction and data transparency features to
the user.

News Space Visualizer can enable a user to understand complex and large data in a simple and
easy to understand way.
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