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Abstract –The paper deals with the Hadoop software library 
which provides a framework that enables distributed processing 
of large data sets using computer clusters and a simple 
programming model. It enables scaling of applications depending 
on the available hardware on which it was built (on systems with 
one server and a large number of servers where each has a local 
area). The library is designed in such a way that failures can be 
detected and treated at the application level. So, Hadoop 
Framework has been developed for ad-hoc parallel processing 
unstructured data, using MapReduce programming model and 
the distributed file system HDFS (Hadoop Distributed 
Filesystem). This paper will explain this new technology. 
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I. INTRODUCTION 

With the development of computer technology, it is now 
possible to manage huge amounts of data that were previously 
impossible to process and that could be used only with the 
help of supercomputers and at great expense. System prices 
have fallen as a result of new techniques and distributed 
processing, which are currently in the focus. The real 
breakthrough in Big data technology occurred when 
companies such as Yahoo, Google, and Facebook came to the 
conclusion that they could process large amounts of data 
which their products generate. These companies have been 
tasked to find new technologies that will enable them to save, 
access, manage and analyze vast amounts of data in real time, 
in such a way that they can process and fairly and properly 
utilize the amount of data they have and include them in their 
networks. Their solutions that have emerged have led to 
changes in the market data management. In particular, the 
innovations that MapReduce, Hadoop and Big Table brought 
forth, proved to be a spark that led to a new generation of data 
management. In support of this technology, the Apache 
project is developing a number of projects related to open 
source Hadoop with: Ambari, Avro, HBase, Cassandra, 
Chukwu, Mahout, Hive, Pig, Spark. Cassandra's Hadoop is 
distributed "NoSQL" database open source, which is 
recognized as the basis for the following generation of 
business intelligence systems, used by Ebay, Twitter and 
many other companies whose characteristic is that they have 
large amounts of active data. The largest known Cassandra 
cluster has over 300 TB of data on more than 400 servers. 

These technologies emphasize one of the most fundamental 
problems, which is the ability to process large amounts of data 
in an efficient and timely manner, in a manner that is cost 
effective and does not require large expenditures.  

The scope of what is now considered as a Big Data is wide, 
and the definitions are unclear, even contradictory. The most 
widely accepted definition of the term Big Data is derived 
from the Meta Group analysis (now Gartner) which was 
conducted in 2001. According to this definition, the term Big 
Data stands for information resource large quantities, high 
speed and high diversity of data that require new and 
innovative methods of processing and optimization of 
information, improving access to the contents of the data and 
decision-making. This is the definition of so-called ''3V 
Dimensions''': Volume, Variety, Velocity where the amount of 
data goes up to the peta byte, and the variety of data to be 
processed in real time is tight (structured, unstructured, text, 
blogs, multimedia, etc.), Fig 1. According to some estimates, 
about 80 percent of data is not of a numeric type, but they still 
need to be involved in the procedure of analysis and decision-
making. 

 

Fig. 1. 3D Big Data outlook  

Also, when talking about the characteristics, it is important 
to note two new dimensions: 

Versatility: How the data is subject to change? In addition 
to large quantities and speeds of data processing, data streams 
can become quite spread with time. This can be explained by 
a phenomenon in popular media, where one and the same 
information is repeated many times. Such exceptions are very 
difficult to handle, especially when you take into account the 
recent rise in popularity of social networks. 

Complexity: How difficult is data processing? When 
dealing with large amounts of data, they typically come from 
different sources. In many cases it is a fatal pair: filtering and 
transforming a piece of  information in any way. However, it 
is necessary to connect the relationships between data and 
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hierarchies of data, otherwise the amount of data can get out 
of control.  

10.000 Credit card transactions are done every second in 
the world. 340 million tweets are sent daily, which is some 
4.000 tweets per second. Facebook has more than 901 million 
active users who generate data daily, based on their mutual 
interaction. More than 5 billion people are calling, sending 
SMS, MMS, tweeting or surfing the Internet on mobile 
devices. 

II. MAP REDUCE PROGRAMMING 

In contrast with traditional relational database–oriented 
information which organizes data into fairly rigid rows and 
columns that are stored in tables - MapReduce uses key/value 
pairs. MapReduce is a programming model for processing 
large data sets using parallel distributed algorithms in a 
cluster. MapReduce program includes Map () procedure that 
performs filtering and sorting (such as sorting students by 
name in rows, one row for each name) and Reduce () 
procedure that performs the operation of aggregation (for 
example, the number of students in each row). MapReduce 
system manages the distributed servers, and generally the 
whole process. The system performs different tasks 
simultaneously, manages all communications as well as the 
transfer of data between different parts of the system, at the 
same time ensuring a system against redundancy and errors. 
MapReduce libraries are written in different programming 
languages. In-Memory machine provide high-performance 
memory analytics processing. Free implementation is the 
popular Apache Hadoop organizations. 

 

The MapReduce workflow for such a word count function 
would follow the steps as shown in the diagram below, Fig 2.: 
1. The system takes input from a file system and splits it up 

across separate Map nodes 
2. The Map function or code is run and generates an output 

for each Map node-in the word count function, every word 
is listed and grouped by word per node 

3. This output represents a set of intermediate key-value pairs 
that are moved to Reduce nodes as input 

4. The Reduce function or code is run and generates an output 
for each Reduce node-in the word count example, the 
reduce function sums the number of times a group of words 
or key occurs 

5. The system takes the outputs from each node to aggregate a 
final view. 

The reduction starts when the data is copied from the 
mapping phase as soon as available. Reduction phase can start 
only after the mapping phase is completed and the results are 
collected. 

 Reduction consists of three main phases: 
1.Shuffle: Reduction is used for grouping the outputs from 

mapping phase. At this stage the system, for each node that 
runs the reduction, finds all relevant parts of the outputs that 
nodes are produced in the mapping phase. Finding is 
performed using HTTP. 

2.Sort: The system groups the inputs to be reduced by using 
their key. This needs to be done because the different nodes 
that could do mapping, might produce the keys for the same 
node for reduction process. The steps of mixing and sorting 
are carried out simultaneously, that is, when acquiring the 
output they are joined by together. 

3. Reduce: At this stage, the method reducer (Object, 
Iterable, Context) is performed,  which calls for each clustered 
pair <key, value collections>. The output of this phase is 
usually entered in RecordWriter using 
TaskInputOutputContext.write (Object, Object). 

 

 

Fig. 3. MapReduce tasks 

 

Fig. 2. MapReduce workflow 

 
A MapReduce job is a unit of work that the client wants to 

be performed: it consists of the input data, the MapReduce 
program, and configuration information. Hadoop runs the job 
by dividing it into tasks, of which there are two types: map 
tasks and reduce tasks, Fig 3. 

There are two types of nodes that control the job execution 
process: a job-tracker and a number of task-trackers. The job-
tracker coordinates all the jobs run on the system by 
scheduling tasks to run on task-trackers. Task-trackers run 
tasks and send progress reports to the job-tracker, which keeps 
a record of the overall progress of each job. If a task fails, the 
job-tracker can reschedule it on a different task-tracker. 

Hadoop divides the input to a MapReduce job into fixed-
size pieces called input splits. Hadoop creates one map task 
for each split, which runs the user defined map function for 
each record in the split. Having many splits means the time 
taken to process each split is small compared to the time to 
process the whole input. So if we are processing the splits in 
parallel, the processing is better load-balanced if the splits are 
small, since a faster machine will be able to process 
proportionally more splits over the course of the job than a 
slower machine. 

  
Example of the MapReduce process can be seen in Fig. 4. 



Fig. 4 MapReduce example 

III. HADOOP DISTRIBUTED FILE SYSTEM 

The Hadoop distributed file system (HDFS) is a distributed, 
scalable, and portable file-system written in Java for the 
Hadoop framework. Even though the Hadoop framework is 
written in Java, programs for Hadoop need not to be coded in 
Java but can also be developed in other languages like Python, 
multi-threaded PHP or C++ . 

VM Hadoop consists of the Hadoop Common package, 
which provides filesystem and OS level abstractions, a 
MapReduce engine (either MapReduce/MR1 or YARN/MR2) 
and the Hadoop Distributed File System (HDFS). The Hadoop 
Common package contains the necessary Java ARchive (JAR) 
files and scripts needed to start Hadoop. 

 A typical Hadoop environment consists of several 
specialized software components: MasterNode, NameNode 
and Worker Node, Fig 5. 

 

Fig. 5 Hadoop environment for better Availability/Scalability 
  

Master node: The majority of Hadoop deployments consist 
of several master node instances. Having more than one 
master node helps eliminate the risk of a single point of 
failure. Here are major elements present in the master node: 

 JobTracker: This process is assigned to interact with 
client applications. It is also responsible for distributing 
MapReduce tasks to particular nodes within a cluster. 

 TaskTracker: This is a process in the cluster that is 
capable of receiving tasks (including Map, Reduce, and 
Shuffle) from a JobTracker. 

 NameNode: These processes are charged with storing a 
directory tree of all files in the Hadoop Distributed File 
System (HDFS). They also keep track of where the file data is 
kept within the cluster. Client applications contact 
NameNodes when they need to locate a file, or add, copy, or 
delete a file. 

DataNodes: The DataNode stores data in the HDFS, and is 
responsible for replicating data across clusters. DataNodes 

interact with client applications when the NameNode has 
supplied the DataNode’s address. 

Worker nodes: Unlike the master node, whose numbers you 
can usually count on one hand, a representative Hadoop 
deployment consists of dozens or even hundreds of worker 
nodes, which provide enough processing power to analyze a 
few hundred terabytes all the way up to one petabyte. Each 
worker node includes a DataNode as well as a TaskTracker. 

A Hadoop cluster has nominally a single name-node plus a 
cluster of data-nodes, although redundancy options are 
available for the name-node due to its criticality. Each data-
node serves up blocks of data over the network using a block 
protocol specific to HDFS. The file system uses TCP/IP 
sockets for communication. Clients use remote procedure call 
(RPC) to communicate between each other. Fig. 6 shows how 
Hadoop runs a MapReduce job. 

  

      

 

Fig. 6 How Hadoop runs a MapReduce job 
 
The job submission process implemented by JobClient’s 

submitJob() method does the following: 
MapReduce job is sent to the execution by using the 

Hadoop client application JobClient. The client application 
requires major node (JobTracker), a new unique identifier of 
the transaction, and calculates the partition of the input data. 
Once the input data is divided into partitions and all the 
parameters of the transaction have been checked, copied 
JobClient business components in distributed file system in a 
directory - the same transaction identifier  is generated in the 
first step. Components of the transaction include the JAR 
archive with the program itself, with configuration files and 
partitions of the input data.  

After the components of the job became available in a 
distributed file system, the job is saved in the internal queue  
Job queue. Job Scheduler then retrieves the job and initializes 
the tasks required for its execution. Initialized tasks include 
the Map function (a Map function for each partition of the 
input data) and Reduce tool (Reduce the number of functions 
is defined in the configuration file). 

Tasks performing is fully orchestrated with main nodes. 
Before the execution of certain tasks, JobTracker must choose 
which tasks belong to the work to be performed. Assumed job 
scheduler chooses what first arrived in the queue. Once you 
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choose a job, JobTracker assigned tasks that make up the 
selected free job creators of jobs. Tasktrackers run a simple 
loop that periodically sends heartbeat method calls to the 
jobtracker. Heartbeats tell the jobtracker that a tasktracker is 
alive, but they also double as a channel for messages. 
TaskTracker periodically reports its status main node. The 
state includes information on free slots for Map and Reduce 
tasks. Important optimization occurs in assignment to the Map 
tasks. Map tasks are trying to allocate TaskTracker nodes on 
which there are data processed by the administration assigned 
task, thus avoiding the costly network communication, since 
the data are in the local Map task. In order to optimize the 
overlap of reading and data processing, framework Hadoop 
runs more Map and Reduce tasks competitively at the nodes 
workers.  

After the TaskTracker node assigned to the task, it retrieves 
the JAR archive with the program and launches a separate 
instance of the Virtual Java Machine (JVM) for performing 
the assigned task. MapReduce programs can take hours, so 
workers nodes periodically provide information on the 
progress of the execution. The job is finished when a 
TaskTracker which executes the last task in the business told 
the head node to end the execution of the assigned task. 

Performing tasks is subject to hardware or software errors 
that can manifest in various ways. One advantage of Hadoop 
framework is to monitor the status of jobs and tasks, handling 
errors and delays in the work and enabling execution of the 
transaction in a precarious computer online environment. A 
mistake by the worker node can cause an exception during the 
execution of Map / Reduce job or some other error in the JVM 
system. A common case is the phenomenon of slow workers 
or workers at a standstill. When the main node receives 
periodic status message alert workers with errors, it restarts 
the failed task (avoiding the task start on the same node 
worker where the error occurred). The master node receives 
periodic general messages about the status of work 
(tasktrackers pool). In addition, the availability of funds in the 
system is very high using a distributed file system replication 
blocks (eg. level of replication funds jobs is 10). In this way, 
apart from the obvious benefits of reducing network 
communication during the execution of tasks, system 
reliability and data redundance is increased. Hadoop is not 
currently considered a mistake in the head node that 
represents a single point of system failure (single point of 
failure). One possibility is to introduce redundancy protection 
using the system to manage the ZooKeeper Internet nodes and 
determine the primary (main) node. 

HDFS stores large files (typically in the range of gigabytes 
to terabytes) across multiple machines. It achieves reliability 
by replicating the data across multiple hosts. With the default 
replication value, 3, data is stored on three nodes: two on the 
same rack, and one on a different rack. Data nodes can talk to 
each other to rebalance data, to move copies around, and to 
keep the replication of data high. HDFS is not fully POSIX-
compliant, because the requirements for a POSIX file-system 
differ from the target goals for a Hadoop application. 

 HDFS has a master/slave architecture. An HDFS cluster 
consists of a single NameNode, a master server that manages 
the file system namespace and regulates access to files by 

clients. In addition, there are a number of DataNodes, usually 
one per node in the cluster, which manage storage attached to 
the nodes that they run on. HDFS exposes a file system 
namespace and allows user data to be stored in files. 
Internally, a file is split into one or more blocks and these 
blocks are stored in a set of DataNodes. The NameNode 
executes file system namespace operations like opening, 
closing, and renaming files and directories. It also determines 
the mapping of blocks to DataNodes. The DataNodes are 
responsible for serving read and write requests from the file 
system’s clients. The DataNodes also perform block creation, 
deletion, and replication upon instruction from the 
NameNode. 

Hadoop does its best to run the map task on a node where 
the input data resides in HDFS. This is called the data locality 
optimization. It should now be clear why the optimal split size 
is the same as the block size: it is the largest size of input that 
can be guaranteed to be stored on a single node. If the split 
spanned two blocks, it would be unlikely that any HDFS node 
stored both blocks, so some of the split would have to be 
transferred across the network to the node running the map 
task, which is clearly less efficient than running the whole 
map task using local data. 

IV. CONCLUSION 

Unlike Relational database management system - RDBMS, 
Hadoop MapReduce model exhibits a proportional increase 
because the Map and Reduce functions do not depend on the 
size of the input data set, nor the size of the Internet PC 
network to which the system is running. MapReduce model 
processes the entire set of data during the execution of 
queries, while RDBMS systems typically maintains additional 
data structures ( B tree ), that speeds up executing queries or 
updating small amounts of records, but significantly slows 
down the update of most records in the database. In addition, 
the MapReduce programming model is designed to handle 
unstructured (or semi-structured) data such as text, 
multimedia or binary data. 
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Formal Methods for Data Analysis 
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Abstract – In this paper formal methods for data analytics will 
be discussed upon. The main goal is to calculate an analytical 
system that can formalise methods for data analysis.  
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I. INTRODUCTION 

Data analytics is getting more and more important for 
business, science as well as ordinary people. Because of the 
abundant sources of information that flood the world with it 
through various channels this leads to an ever-growing 
demand for analyzing this data and filtering it for effect. Still, 
although, there exist numerous methods that can execute this 
task, there is no formal method of defining and using them. 
This means that the approach to each analysis is different and 
thus can also lead to a result of wrong data or increased time 
and resource costs in order to receive the results. 
 

II. DATA ANALYTICS METHODS 

Information is the core of all success stories as well as 
failures in the current age of technology. In the ever-changing 
daily drive there is a requirement for secure information 
sources, as well as fast analysis of provided information. In 
the last ten years a new term has been established, namely Big 
Data. This is the description of techniques and technologies 
that require new integration methods, in order to find hidden 
values and data in complex and massive sets of data. They not 
only analyze and find those, but also sort and order them for 
best effect. 

This information management systems were and are still 
seen by many businesses as a hindrance rather than a 
supporting function that gives them new opportunities. 
Surprising is the fact that even today some businesses refuse 
to switch to such systems, in the process wasting more than 
half of their IT budgets just to keep the old systems alive and 
running, albeit at high cost and high impact. The rising flow 
of data that flow between interconnected companies, the 
internet, as well as the public domain, coupled with official 
state prescriptions, led to companies using such systems for 
cost reduction on data analytics. In order for this to happen, 
existing systems and methods are “fixed” to work with the 
new systems and methods, but without any underlying 
architecture, process or outcome expectation set-up.  

In order to understand the key of this publication on a better 
scale, basic methods for data analytics and their development 

in the last ten years is reviewed, as well as a comparison of 
their key features. 

  

A. Big Data 

Even ten years ago big data was in the background of all 
future-talk on data analytics. The then used method of choice 
was Business Intelligence, where Business Intelligence was 
finding trends through descriptive analysis of big data sets 
with high data density. On the other hand, Big Data is using 
inductive statistical dependencies for data with lower data 
density. In addition, Big Data creates forecasts for output data 
as well as behavior models. Base descriptors of Big Data are 
the Mass (big datasets), Diversity (data in various formats), 
Velocity (dataflow) and accuracy (confidence in correct data). 

 
“Actual forecasts say that the global data volume will 

double itself each year.” [1] 
 
This trend, coupled with advances in hardware technology, 

shows clearly, that data must be handled faster, because their 
volume is rising constantly. Software and the methods for this 
are getting more and more crucial in order to achieve a 
constant flow and analysis result as well as to be scalable. The 
final goal is to have a way to analyze and present Data in real-
time. 

 

B. Base methods for data analysis 

One of the widely used methods is the so-called linkage 
analysis – this method analyses data for opportunities on 
linking it together, combining it in the so-called life-cycles, 
which are returned as an output of categorized data. 

 
Another method is Data Mining. Data Mining searches for 

re-occurring events in data-sets of structured data. Those can 
also be combined in new patterns. 

 
The last observed method is the predictive analysis. For this 

method the main difference in comparison to the previous 
ones is that the data is not structured and coming in in big 
volumes. This input happens mainly in real-time, and the 
method looks for patterns in the different data-sets and their 
data. The end-result is prepared data for further analysis 
which is combined in separate entities based on the 
preliminary analysis. 

 
All methods serve their purpose in providing data analysis 

to different data sets with different results, although there is 
no clear distinction on when each one of them should be used 
in reality. As they treat data differently, this also leads to 
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different outputs and time effort required for each one of 
them. 

 

 C. Comparison of the methods 

 
We can split the methods in three types – descriptive, 

predictive and prescriptive.  
The descriptive methods, such as the linkage analysis, rely 

on already existing data in order to use milestones for certain 
events, thus splitting the data in smaller units, which are 
linked logically to each other, leading to clear outputs. Those 
methods rely on input data, which are available at an earlier 
stage, in order to give an output. This is getting harder with 
the complex flow of input data rising in real-time, because 
there can be new data types that are created during this real-
time flow, who make previous analyses irrelevant. With this, 
the time required for the execution of those analyzes is 
directly linked to the amount of incoming data. In addition, if 
the dataflow is really high, the analysis needs to be repeated 
and re-arranged every time, which also has a direct effect on 
the effort. Because of the constant need for state-of-art data-
sets the accuracy of the data is also not guaranteed, which has 
a negative effect on the end-result. Descriptive methods also 
have a relatively low impact on the optimization of data, 
because a data reduction is only possible if the only data that 
is used is historical one, which is not refreshed in real-time. 

 
    Predictive methods, for example Predictive Analysis and 
Data Mining, analyze historical as well as new data-sets, in 
order to find patterns, that can be used as predictions for 
future events. Those methods can not say what will happen in 
the future, they only point at what could happen. This is done 
by deriving data, which is not gathered, from the one already 
available. For those methods the time for execution is similar 
to the one of the descriptive methods, because predictive 
analyses that are done for future data are not required to be 
executed again if the future data matches the prediction. 
Predictive methods are generally used for data reduction 
purposes, because from them the data can be derived that will 
flow in in the future, allowing for models for their analysis to 
be provided, thus having a faster analysis time.  
 

The last type of methods, in this case specific examples of 
Predictive Analysis and Data Mining, named prescriptive 
methods, are seen just now as being fully functional. Their 
goal is to not only provided an analysis on given input data, 
but also to go a step beyond by presenting possible actions 
and their effects. The prescriptive methods are a further 
development of the predictive methods, by saying what 
exactly needs to be done in order to reach a set goal. They 
also don’t give just one way of achieving this, but multiple 
branches with different actions, depending on the future data 
coming in, thus providing actions for every situation that can 
arise. In order to execute a prescriptive method, a predictive 
method is required as well as two additional parameters – 
data, for which actions need to be put in place to influence the 

results, as well as a system which is documenting the 
influence of taken actions on the data. 

 
For those systems the data mass is determined not only by 

the input, but also from the different branches, actions and 
resulting events, because all of them need to be analyzed in 
parallel. Thus, it is very important to set up a high data 
reduction, which can be controlled by the incoming feedback, 
in order to prevent non-critical and unneeded data set 
amounts. Furthermore, the accuracy of data is extremely 
important for such methods, which also leads to a longer 
execution time compared to the other methods. Still, this is a 
pointer in the direction of intelligent systems for data analysis 
giving proven and accurate data as outputs, which also 
increases their usability. The dataflow doesn’t influence the 
method as far as the rest, because here the future flow can be 
predicted according to the actions, which is not always the 
case for say predictive methods. 

  
The following table shows the summary of the most 

important parameters in relation to the three types of methods 
for data analysis described prior. It also shows their influence 
on accuracy and data reduction, their execution time as well as 
the influence of dataflow, data variance and data quantity on 
the methods. This calculations also apply for all types of 
methods mentioned within the prior chapter. 

 

  TABLE I 
BASE DATA ANALYSIS METHOD COMPARISON 

 
 
  Execution 

time 
Influence on 

Accuracy Data-
reduction 

Descriptive 
Methods 

Very high Medium Low 

Predictive 
Methods 

High High High 

Prescriptive 
Methods 

Very high Very High Very 
High 

 
 
 
 

 
  Influenced by 

Dataflow Variance Data 
quantity 

Descriptive 
Methods 

Low High Very 
High 

Predictive 
Methods 

Very High High Very 
High 

Prescriptive 
Methods 

High High High 

 



 
As can be seen from the table, there is no clear “winner” 

from the methods, but each one of them has it’s negative and 
positive sides. The user needs to decide which one to use. The 
challenge arises when the user is not aware how to proceed 
and thus can not rely on a formal method for data analysis in 
order to cover his needs. This can lead either to increased cost 
because of additional method set-up or repeated method 
execution, as well as to wrong data accuracy if the correct 
method to be used is not chosen. In addition, routine 
maintenance and future-proofing of such methods bound into 
client systems is not guaranteed, leading to additional costs 
and missed opportunities for using the data as a competitive 
advantage. This, coupled with the complex business 
environment and customer expectations, can be the decisive 
factor between staying in business or losing everything. Thus, 
the need for a formal method for data analysis becomes more 
and more apparent. It should not only reflect different data 
inputs, but also differentiate between them and update the 
output as necessary in order to reflect the best accuracy and 
dataflow process contunitity. 

  
    

III. FORMAL METHOD DESCRIPTION  

A. Assumptions 

In order for the methods to be formalized, they need to be 
having a couple of base information descriptors provided. The 
first one is data flow, followed by data quantity as well as data 
mass. Those are basic definitions of the data inputs, and most 
methods existing today are also using those descriptors in 
order to be differentiated between each other[1].  

In addition, due to the nature of the methods, they affect the 
data accuracy, data reduction and execution time of the given 
input set of data. 

  
B. Method approach 

    Different methods that can be included in the formalisation 
are descriptive, predictive and prescriptive methods, as they 
all can be used upon the same base input data. The important 
part is the interaction between the data, methods and the 
resulting output, in order to have formalised rules for the 
whole process. Thus, an interface will be created based on an 
use-case that can define the formalisation process, accepting 
data from different entities in different types and forms, and 
applying the same basic calculations for the different types of 
data analysis methods.  

    The output should be based on this process and always give 
a result to the users on the receiving side, thus completing the 
formalisation steps set-up.  

    The approach taken for the method is described in the next 
point, where a use-case definition is set-up as a basis for the 
further rollout and description of the method.  

C. Use-case definition 

The following use-case is set forward for the method: 
 

 
Fig. 1 Use-case for method description 

 
    In the above use-case scenario (Fig. 1), all types of data can 
be collected, regardless of their origin and type. Thus, this 
ensures the use-case is valid for all scenarios of data analysis.  
 
    The data analysis catalogue will pursue the following steps: 

- Collect data from the input sources 
- Analyze data for base descriptors[2] 
- Apply data analysis to collected and pre-analyzed 

data 
- Create output data and publish to end-users 

 
Each of those steps is highlighted in the points below. 

D. Data collection 

Data collection should work regardless of input method. 
This is why the interface for the formalization will  have input 
ports accepting all protocols and inputs. Error rates on data 
recognition should be non-existent, going through several 
checks to ensure data integrity. Data can be real-time or 
historical, structured or non-structured, or any combination of 
the ones above. 

E. Data analysis for base descriptors 

After collecting the input data, the interface will analyze the 
data for base characteristics and descriptors to match further 
algorithms. Thus, data can be sorted and prepared prior to the 
next step. Here, useless data pieces will be discarded, and the 
remaining data clustered into different category layers, thus 
producing a base process for identification, data quantity 
description, as well as highlighting criteria such as accuracy 
that can be obtained, mass of data and others.[3] 



 
F. Data analysis application 

Following the previous step, the data analysis application 
will have the following process (including previous steps)[4]: 

 

Fig. 2 Process flow for method description 

   In order for the process to have additional checkpoints, 
underlying documents for all checks should be created 
through testing and implementation. Each of those steps 
should be amended to the process flow as notes and additional 
documentation steps. In addition, the processing time, 
requirements as well as error rates should be measurable in 
order to provide inputs for accuracy and a proof of concept. 
The interface should be also created in a software 
implementation that can differentiate and show the process 
flow in action with base input data. 

G. Create output data and publish to end-customers 

After the analysis is done and the formal method applied, 
the resulting data with the analysis should be packaged in 
different formats, so as to be input in different kinds of 
databases, linked to existing data for matching and further 
analysis or saved as a documentation for end-users and data 
operators. This ensures the process flow described in Fig. 2 
will have an end-to-end approach, going from the input of the 
base data through the analysis and ending with the output of 
the results as per requirements set-up. This is an additional 
step after the formal method for data analysis is applied, but 
ensures practical usability as well as a well designed interface 
that is created during the previous steps. 

IV. CONCLUSION 

In this paper an introduction on methods used to formalize 
data analysis is laid out on the basis of use-cases[5]. A draft 
process flow model is outline that gives the base process steps 
for the formalization. Overlying on this, an interface should be 
created that will enable the rollout of the formalization for all 
types of data input, as well as all methods to be used. This 
model will feature end-to-end functionality, going from the 
pre-analysis and integrated descriptor checks of input data 
through applying data analysis methods through formalization 
and ending in user output. Given the development and 
importance of the topic for all industries and public areas of 
importance, this would give a solid foundation for a set-up of 
formalization to various methods, so as to have scalability, 
cost-effectiveness and future-proofing going ahead[6]. 
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Abstract –This paper presents our work in the area of image 

retrieval in Image Databases for images saved by spatial 

similarity of extended objects location. We propose a new 

approach to description of the spatial location of extended 

objects. The approach is based on a geometric approximation. By 

the development of the proposed approach we enrich our former 

efforts for creation of effective method for image storage and 

retrieval from Spatial Databases. 

 

Keywords –Image databases, spatial image databases, symbol 

description of extended objects, spatial similarity retrieval and 
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I. INTRODUCTION 

The aim of this paper is to achieve a new response to the 

raised requirements of different applications to Spatial Image 

Databases (SIDB), namely attainment of invariance of query 

processing results with respect to arbitrary compositions of 

transformations. Our attention is directed to the object 

description methods by the spatial location of the extended 

objects contained in it. The image description in SIDB is in 

conformity with the next image retrieval from it by spatial 

query. 

In real-world database applications, the rotation invariance 

is a basic issue because each image is captured and stored in 

agreement with a viewpoint which is implicitly dependent on 

an outside viewer who establishes a fixed scanning direction. 

Any translation of this viewpoint and/or any rotation of the 

image affect the direction relations between each pair of 

objects. In the recent literature, several approaches can be 

found whose aim is to provide a solution to the rotation 

invariance of the conventional indexing methodologies based 

on symbolic projections [2], [3], [4]. In [7] and [8] are 

presented  approaches for speeding-up the time responses in 

databases which uses Spatial Access Methods (SAMs) to treat 

image content in conjunction with two well-known image 

matching methods, namely the editing distance on Attributed 

Relational Graphs (ARGs) and the Hungarian method for 

graph matching. It provides index support for the two most 

common types of similarity queries, referred to as range and 

nearest neighbour queries and has many desirable properties. 

However, in real application, it would also be able to find the 

images in the database that present a given pattern, even if it 

appears mirror reflected. An iconic indexing methodology is 

present in [6] which guarantees the rotation and reflection 

invariance of the image visual content, where it is described 

by direction relationships, which are view-based. This 

methodology does not recognize the similarity between two 

images when their corresponding symbolic descriptions (R-

virtual images) have been extracted with respect to different 

rotation centres. In [9] we have proposed a geometric based 

structure which makes possible the extraction of spatial 

relations among domain objects that are invariant with respect 

to transformation such as translation, rotation, scaling. In [10] 

we propose an approach to symbol description of extended 

objects in SIDB and now we present its further development.  

By the proposed approach to spatial information description in 

an image we aim to achieve an effective storage of the image 

description information, effective query to SIDB processing, 

and efficient invariant with respect to transformations image 

retrieval from SIDB by spatial similarity.  

By the development of the proposed approach for image 

spatial features description we enrich our former efforts to 

create an effective method for image storage and retrieval 

from SIDB through “query by image example” that gives an 

account of the spatial location of image domain objects and is 

invariant with respect of transformation compositions.  

The solution of the task for image storage and retrieval 

from SIDB by spatial similarity lies on the following basic 

sub-solutions: consistency of original approximations of 

image objects area; determination of the spatial relations 

among domain objects, that are invariant with respect to 

transformations in images; determination of the similarity 

between spatial relations; determination of the measure of 

spatial similarity between relations of two images, spatial 

similarity algorithm whose results are determining for the 

spatial query processing. 

II. APPROXIMATION OF THE EXTENDED IMAGE 

OBJECT AREA 

The requirement for storage and spatial investigation 

efficiency imposes the condition for minimal dimension of the 

shape description of extended image object area. The objects 

are two-dimensional areas and the search for their minimal 

description is as a description of their approximation with 

suitable for a following processing rectangle form. The 

requirements for invariance with respect to transformation 

impose the perceived approximation to be close to the object 

area, as well as to be simply determined with respect to 

transformations. This means that an object is approximated 

with rectangle, whose sides concur with the same points of its 

approximations of the image objects area.  

Definition 1. From all rectangles that include the area of an 

image object, MAR is the one whose area is minimal. If there 

are more than one such rectangles with minimal area, for 

approximating MAR is accepted this one, whose sides form 

smallest angle with the axis orientation of the object domain. 
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This definition insures that for the approximating MAR 

determination are taken the coordinates of the same points of 

the area external contour independently from the possible 

transformations. The points from the contour of such 

determined approximating MAR of an object from an image 

keep their relative location towards its area centroid. MAR 

avoids the popular in the literature “diagonal imprecation” in 

two-dimensional area approximation by Minimal Boundary 

Rectangle (MBR). MAR is calculated by using object rotation 

around it’s centroid. The spatial data for each object include 

the absolute Decart coordinates of these 4 characterizing the 

object points (angle points of MAR) and of the object 

centroid, obtained from the points of its external contour. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This information that is saved for each object, allows us to 

use ring sectors (MRS) determined by concentric circles for 

approximating the objects’ shape extent. Figure 1 illustrates 

the approximations used. By using this representation we 

determine, analogically to the orthogonal models, the well-

known 13 relations in one linear (R) direction and one 

specifically used circle (θ) direction. We provide the 

transformation invariance of determination the atomic 

relations between two objects by utilizing the properties of the 

object and image centroids. 

III. IMAGE CONTENT  DESCRIPTION  

By image symbol description we avoid the need of their 

repeated understanding. The memory that is necessary for the 

storage of the performed symbol image is insignificant in 

comparison with its physical performance. The query 

processing for image retrieval from SIDB uses only stored 

information for the image. The stored in SIDB information for 

the domain objects of each image contains as attributes 

symbol object names and 5 pairs of Decart coordinates that 

describe the spatial data of the object. The first one is the pair 

of object centroid coordinates, obtained from the coordinates 

of its area external contour. The next 4 are the coordinate 

pairs of the angle points of the approximating the object area 

MAR. The storage of absolute location of each object’s 

centroid is indispensable due to the fact that the relative 

spatial location of the stored information for each object’s 

area is preserved towards it. The image centroid, towards 

which the image objects preserve their relative spatial 

location, can be obtained from the stored centroids of an 

objects set from an image.  

We accept that the domain objects describing symbol 

information is stored and arranged in alphabetic order of 

objects names. We accept that domain objects are named 

consistently through all images in DB and the images contain 

numerous examples of object type. The chosen SIDB model is 

object-relational and results in a general structure with general 

type of relational diagrams of two relations: “Images” and 

“Image objects”. 

IV. SPATIAL SIMILARITY IMAGE RETRIEVAL IN 

IMAGE DATABASE  

This information that is saved for each object, allows us to 

use MRS determined by concentric circles for approximating 

the objects’ shape extent [8]. MRS of an object is obtained by 

the cross of concentric circles with center – the image centroid 

point, with passing through it strait lines. MRS minimally 

encloses the object area describing MAR and is determined by 

the minimums and maximums of its polar coordinates. 

The spatial relations between each pair domain objects are 

determined in sense of conditions over the initial and final 

points of their MRS in two directions of a polar coordinate 

system [8]. By using this representation we determine, 

analogically to the orthogonal models [1], [4], the well-known 

13 relations in one linear direction and one specifically used 

circle direction.  

Definition 2. A triple like (Оj γ Оi) that is called an atomic 

spatial relation, where Оj, Оi  ОI are object names and 

γ{<,>,|,:,=,[,(,],),/,\,%,#} is an operator.  We use the notation 

(Оj γR Оi) to indicate that the pair of objects (Оj, Оi) belongs 

to relation γ in R-direction and (Оj γθ Оi) to indicate that the 

pair of objects (Оj, Оi) belongs to relation γ in θ-direction.  

The defining of binary spatial relations is identical to those 

in [1] adapted to a polar system and it is presented in [8]. 

Applied for both directions here arise generally 169 spatial 

relations between two objects in two dimensions, by which 

the spatial content can be suitably presented. We provide the 

transformation invariance of determination the atomic 

relations between two objects by utilizing the properties of the 

object and image centroids. 

The defining of binary spatial relations is identical to those, 

defined in the orthogonal models [8], adapted to a polar 

system, and it is presented in Table 1. The 7 symbols for 

spatial operators, used by Lee and Hsu in [5], are used here 

also, and 6 new symbol marks for operators indication ( >,  :, 

|, (, ), # ) are inserted. 

 

Table 1: Determination of R-θ symbol spatial operators 

Spatial relations   Conditions 

Before                 A<B end (A) < begin (B) 

After                    A>B begin (A) >end (B) 

Touch                   A|B end (A) = begin (B) 

Touch inversely     A:B Begin (A) = end (B) 

Overlap                 A/B begin (A) < begin (B) < 

end (A) < end (B) 

Overlap inversely   A\B begin (B) < begin (A) < 

end (B) < end (A) 

Fig. 1. Illustration of the approximations used 
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R-direction  
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(Rjend,θjend) 

Object 
Oj 

(Rjbegin,θjbegin) 
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Equally  A=B begin (A) = begin (B);   

end (A) = end (B) 

Common start          A[B begin (A) = begin (B);   

end (A) > end (B) 

Common inverse start 

A(B 

begin (A) = begin (B);   

end (A) < end (B) 

Common end            A]B begin (A) < begin (B);   

end (A) = end (B) 

Common inverse end  

A)B 

begin (A) > begin (B);   

end (A) = end (B 

Include                 A%B begin (A) < begin (B);   

end (A) > end (B) 

Include inversely    А#B begin (A) > begin (B);   

end (A) < end (B) 

 

Similarity distance is defined on the number of objects from 

the query, the common for both images objects, as well as on 

the similarity of their corresponding atomic relations and 

equations. Its values are in the diapason [0,1], where 1 is valid 

for image that completely satisfies  the query and the value is 

0 if they have no common objects. 

According to our understanding for similarity and our 

desire the method to be independent of subjective 

interpretation, we put forward a formula for similarity 

evaluation that assesses the similarity between the common 

for both images objects and their corresponding atomic 

relations. 

Definition 3. Let the query image is Q and the Image 

Database image is I. We define the similarity distance 

sim(Q,I)  between Q and I by Eq.1 and sim(Q,I) [0,1], 
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(1) 
where where: m=║OQ║ is the number of objects in the query 

image, n=║OQ ∩ OI║ is the number of the common for both 

images objects, simji(γR,γR’)  is the spatial similarity between 

the images Q and I for the object match (Oj,Oi) in R-direction, 

and simji(γθ,γθ’) is the spatial similarity between the images Q 

and I for the object match (Oj,Oi) in θ-direction. simji(γθ
о
,γθ’) is 

similarity between the spatial relations of image I and 

reflection image of the query Q for the object match  (Oj,Oi)  

in θ-direction; and Co, Cs are coefficients  (Co+Cs=1).  
 

 

 

 

 

 

 

 

This definition is different from the corresponding 

similarity distance from [8] by the including of the similarity 

between the spatial relations of image I and reflection image 

of the query Q in θ-direction (simji(γθ
о
,γθ’)) and the 

coefficients (Co,Cs). The processing of the image query to 

SIDB includes a filter that detaches as candidates only those 

images from SIDB that include objects from the query. The 

images – candidates are evaluated by spatial similarity for 

their proximity to the query by similarity algorithm SIMR.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The similarity value simji(γ1,γ2) is defined for each pair (γ1, 

γ2) of spatial relations with equation:  

  )4/),(1),( 2121  dsim           (2) 

where the distance between two projection relations d(γ1, 

γ2) is determined as the length of the shortest way between 

their corresponding knots in the graph (Fig. 2.). The 

maximum value of the so determined distance in the graph is 

6, and the minimum is 0. We accept that some degree of 

similarity exists if the distance is smaller than or equal to the 

average possible value of the distance. 

The relations similarity in the two images Q and I for the 

pair of objects (Оj,Оi)  in R-direction is indicated as 

simji(γR,γR’), and as simji(γθ,γθ’) in θ-direction. 

An example, illustrating the obtaining of the spatial 

relations similarity, got between the three objects of two 

images, is presented by Fig. 3. 

V. EXPERIMENTS  

The experiments that improve invariance to 

transformation compositions are published in [10]. We 

present hear the following experiment that investigates 

how the similarity distance detects smaller and bigger 

spatial differences between the images and how it reads 

the target understanding for spatial similarity. For these 

aims a test group 1 is used, which is presented in Fig. 4. 

The images in it are synthesized, and in one original image 

6.1. smaller and bigger object and spatial differences are 

Fig. 2. Interval neighbor graph of the projection relations 
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Fig. 3. An example, illustrating the obtaining of the 

spatial relations similarity, got between the three 

objects of two images 



 

inserted as disposed, missing and alien to the query 

objects. The images include part of generally 24 named 

regional objects, whose iconic sketches are taken from the 

TESSA collection, or are created for variety of the test 

data. The chosen 6 extended objects in the original image 

4.1 allow the generations of not big number of image 

variants differ by with gradually increasing intentionally 

inserted differences, for which similarity distances in 

possibly larger range shall be obtained. Images 1.2, 1.3, 

and 1.4 differ from the query by the disposed spatial 

position of one object. This object changes its relative 

spatial location in the consecutive variant. Images 1.5, 1.6, 

1.7 and 1.8 differ by disposed two objects, and images 1.9, 

1.10, 1.11, and 1.12 differ by the spatial position of three 

disposed objects. Images 1.4, 1.8, and 1.12 each have as 

additional difference one missing and one alien to the 

query object. Images 1.7 and 1.11 are transformation 

variants with composition (scaling, translation, rotation) 

respectively to 1.6 and 1.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the image query 4.1 and parameters Co=Cs=0.5 the 

similarity ordering of the images in the group is as follows: 

{4.1, 4.2, 4.3, 4.5, 4.6, 4.7, 4.4, 4.9, 4.10, 4.8, 4.11, 4.12}. The 

obtained ordering corresponds completely to the expected one 

on the base of the introduced spatial differences in the group 

images. The values of the similarity measure change in the 

range [1; 0.6750] and decrease by the increase of the spatial 

differences (in disposed, missing and additional objects) 

between the images and the query. If the images are grouped 

by the number of the object differences, close, though 

different, values of the similarity distance are obtained for 

each object sub-group. The results, obtained for the similarity 

distance for the images of the sub-groups show strong 

dependence of the retrieval value on the number of 

differences, inserted in the image variant. 

VI. CONCLUSION 

The image spatial properties describing approach, 

proposed in this paper, implemented in a method for 

storage and retrieval of images from SIDB by spatial 

similarity of their domain objects achieves stability with 

respect to arbitrary compositions of transformations, 

shows completeness, correctness and sensitivity of the 

results. The method achieves very good effectiveness of 

information storage in SIDB and good efficiency of query 

processing. The experiments investigate it in details by use 

of various evaluations of the results and their comparison 

with other methods results. The experiments result 

demonstrates that the proposed approach is invariant with 

respect to transformations including reflection and its 

evaluation has stable behavior when enriching and 

detailing spatial relations among objects.  

The main contributions are: 

Utilization of new approximations, that provides short 

symbol description for storage in SIDB. This short 

information allows achieving invariance from 

transformations when determining the spatial relations in 

images. 

Spatial similarity approach and distance measure for 

image retrieval from SIDB that recognize the shape, 

measures and mutual location of their objects. They detect 

transformed images and sub-images. 
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Fig. 4.  Test images of Group 1, when image 1.1 is 

query by example  
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Studying the process of software development through 
intensive use of software tools 
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Abstract – The paper focuses on the further development of 

our approach to teach the discipline of Software Engineering 
(SE) which is based on intensive use of software tools. The use of 
software tools in the process of software development is a way to 
increase both the effectiveness of teaching SE and the 
effectiveness of the software engineer’s work. This approach was 
used during the "Software Engineering" course labs at the 
Technical University – Varna. The approach is intended to focus 
students' attention on both the use of software tools in all phases 
of software developmenton as well on the tools development. An 
open for future development package of software tools is 
developed for this case; its current structure is discussed in the 
paper.  

 
 

Keywords – Software Engineering, Software Engineering 
education, tools for Software Engineering education, tools 
supporting software development, etc. 
 

I. INTRODUCTION 

"Software engineering" (SE) is a basic course for bachelor 
degree students in "Computer Science". It examines the 
different models of software life cycle and covers all phases 
and activities of the software production. The course is 
difficult for the students because of its highly theoretical 
nature. The popular SE books also do not easily attract the 
students' attention, because of their theoretical-style approach. 
As a result of everything mentioned above, students lose 
interest in the Software Engineering discipline. 

Based on our long teaching experience in the field of 
Computer Sciences in the Technical University in Varna, we 
believe that teamwork and tool supported project-oriented 
exercises help students easily understand the theory included 
in SE textbooks.  

This paper is about the further development of our approach 
to teach Software engineering discipline, which is based on 
intensive use of software tools ([3] and [5]). An open for 

future development package of software tools ([1] ÷ [5]) is in 
the core of this approach; its current state is discussed in the 
paper. 

II. OUR APPROACH 

In this section we discuss our approach to teach the 
discipline of Software Engineering which is based on 
intensive use of self developed software tools.  

The discipline of Software Engineering is conducted in the 
third year of the student’s curriculum. It brings 6 credits and 
includes lectures, practical labs and course project. The 
students work in teams of maximum 3 students, each student 
has his different role in the team. 

In the first week, all teams receive by the teacher a list with 
practical software problems to resolve. The last week, each 
team must submit implementation and documentation of the 
entire list of software problems. 

The student semester includes 15 weeks. The software tools 
used in the different phases of the software life cycle by 
weeks of semester are shown below in the Table 1: 

TABLE I 
THE SOFTWARE TOOLS USED IN THE DIFFERENT PHASES OF THE 

SOFTWARE LIFE CYCLE BY WEEKS OF SEMESTER 

Tool SE Phase  Weeks 
SCE Requirement 

Analysis and 
Specification 

Week 1 ÷ Week 2 

SR&A Operation & 
Maintenance 

Week 13 ÷ Week 14 

VLT Design, Coding 
and Testing 

Week 6 ÷ Week 12 

PMS Software Project 
Management 

Week 1 ÷ Week 15 

DPAP-T Design, Coding 
and Testing 

Week 6 ÷ Week 12 

UML-T Requirement 
Analysis and 
Specification 

Week 3 ÷ Week 5 

 
The teams work is based on evolutionary model for 

software development. The package of software tools (fig.1) 
used in solving the software problems is extensible and 
currently consists of six tools, supporting different software 
development activities (fig.2): 
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Fig 1. The package of software tools 

 

Fig. 2. Software tools in different phases of the software life cycle 

 
• A tool that supports Software Project Management, 

named PMS.  
This tool was in details discussed in ([3] and [5]). Project 

management software (PMS) is a term covering many types of 
software, including scheduling, cost control and budget 
management, resource allocation, collaboration software, 
communication, quality management and documentation or 
administration systems, which are used to deal with the 
complexity of large projects.  
• A tool (VLT) with lecture notes, exercises and tests on 

programming.  
VLT ([3] and [5]) is a case of educational software that 

aims at helping the student study the relevant Microsoft.Net 
programming language. Before doing the current laboratory 
exercises, the students could read the language materials. 
Choosing “Tests” pane the students could make the 
corresponding quiz and evaluate their learning progress. The 
teacher also can analyse the students' results, and get an 
overall view for the progress of the students. The architecture 
of the developed web-based tool provides instructors a 
possibility to easily create and manage different course 
materials. Although the tool doesn’t impose limitation about 
the program language materials, the students are suggested to 
use a .Net language. 
• A tool (SCE) that supports the software cost estimation 

([3], [4] and [5]).  
This tool implements a hybrid approach for software cost 

estimation [4], which is based on the classical models for 
software cost estimation: Basic COCOMO, COCOMOII and 
Function Points Analysis. Software estimation is the part of 
project planning aimed at size estimation, effort, time, people 

required etc. Software cost estimation process gives the 
information needed to develop a software project’s schedule, 
budget and assignment of personnel and resources.  
• A tool for Software Re-structuring and Analysis 

(SR&A) is integrated in the package ([2], [3] and [5]).  
This tool could support mainly the maintenance activity. 

Using this tool the students could analyze and re-structure the 
software with the idea to improve its structure. The software 
must be formally presented as a weighted oriented graph 
G=(X, U), where the set of weighted nodes X (N=|X|) models 
the software’s components (classes, modules, files, packages, 
etc.) and U (the set of graph’s edges) presents the 
dependencies between the components (e.g., procedural 
invocation, variable access, etc.).  

 

 

Fig. 3. The structure of DPAP-T 

 
• A tool for software anti-pattern identification, named 

DPAP-T. 
DPAP-T is a web-based application that contains home 

page and several sections representing different aspects of 
design patterns and anti-pattern support (Fig. 3).  

Home page aims to present the different sections of the 
system with a short description and redirect the user to any of 
them.  

Encyclopedia: it is a section of the system, which aims to 
provide information about design patterns and anti-patterns. 
This section describes the problems that each design pattern 
resolves; it describes the benefits of the use of design patterns 
and the situations in which it could be used. Anti-patterns are 
common solutions to problems that lead to negative 
consequences. As a result, they produce a poor code structure. 
The structure of the code is an important factor in maintaining 
and adding new functionality in one system. 

Generation of patterns: this section provides functionality 
for design pattern generation (fig 4). An example of design 
pattern (abstract factory) generation is presented in figure 5. 

Section “Refactoring” provides methods for automatic code 
refactoring. Refactoring is a reconstruction of the code with 
the goal to improve its properties. The code is supplied as 
input to the refactoring method. The method performs the 
appropriate changes and returns as a result the modified code. 
8 refactoring methods are provided by the tool: “Extract 
Method”, “Inline method”, “Replace Temp with Query”, 
“Encapsulate Field”, “Replace Magic Number with Symbolic 
Constant”, “Replace Constructor with Factory Method” and 
“Self Encapsulate Field”.  

Identification of poorly built code: this section offers 
methods for analysis of the code. It is supplied as input of a 



 
particular method which identifies the poorly constructed code 
sections. The poorly build code could be rewritten to be more 
easily readable and to allow easy maintenance. 3 methods 
(fig.3) for poorly built code identification are provided by the 
tool: “Duplicated code”, “Too many parameters in a method”, 
“Complicated If’s”. Several algorithms that improve the 
software readability, software maintenance and the ability to 
add new functionality are provided, but still are waiting to be 
realized.  

 

Fig. 4. Section “Generation of patterns” 

 

Fig. 5. An example of design pattern (abstract factory) generation 

 
• A tool for UML diagrams training and drawing, named 

UML-T. 
 

This software tool (UML-T) provides theoretical and 
practical training for Unified Modeling Language (UML). It 
contains 2 modules: “UML textbook” and “UML editor” - 
(fig.6 and fig.7).  

UML is a "universal" to the process of software 
development language for visual modeling. The visual 
modeling (visual modeling) is a method that: 

- Use graphic (often based on graphs) model for 
software visualization; 

- Offers subject area modeling from different viewpoints 
(perspectives); 

- Supports almost all phases and activities of the 
software development process; it can be used for both: 
the development of new software and the evolution of 
the existing software. 

The diagrams are the most important building elements in 
UML which can be used for the purposes of the: 

- Specification of the system requirements and the 
system architecture; 

- System documentation; 
- Model simulation (with automatically generated code); 
- Model testing and validation; 
- Communication between project participants, etc. 

 

 

Fig. 6. UML textbook 

 
UML-T supports the drawing of the basic UML diagrams 

trough “UML editor” module. It provides an intuitive and 
very simple interface. Compared with the existing commercial 
and free UML tools, UML-T provides a training subsystem 
(something as e-book for UML), supports the modeling of 
Data Flow diagrams, but it is still in its initial phase of 
development and does not yet support the entire set of charts 
and Reverse/Forward Engineering options. As a conclusion, 
many things in the current realization of UML-T wait to be 
improved. 

 

Fig. 7. UML editor 

 

 



 

III. CONCLUSION 

The paper focuses on the further development of our 
approach to teach the discipline of Software Engineering 
which is based on intensive use of software tools. An open for 
future development package of software tools is in the core of 
this approach; its further development is discussed in this 
paper. 

Our observation is that the effect of the approach 
application for SE educational purposes is positive. The 
student’s interest in SE discipline has grown. It is intended to 
focus students' attention on both the use of software tools in 
all phases of software developmenton as well on the tools 
development. The students acquire useful theoretical and 
practical knowledge in software analysis and specifications, 
software cost estimation, software maintenance, software 
development and so on. 

Further work is needed in order to improve and to enrich 
the teaching package: the existing tools could be improved 
and unified; new functionalities could be aided; new tools 
could be included in the package. 
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Statistical Analysis of Text Encryption Software 
Darko Brodić1, Ivo R. Draganov2 and Zoran N. Milivojević3 

Abstract – The paper describes the problem related to the 
efficacy of different text encryption programs. Many of the 
known programs uses similar techniques along with different 
keys to encrypt and decode the encrypted text. Still, many of 
them have different efficacy in the relation between output and 
input data, i.e. encrypted and original data. Also, some of them 
are more adjusted to different text document, which includes 
various languages and scripts as well as multilingual documents, 
too. This study statistically analyses aforementioned problems on 
the example of 5 different text encryption programs. The 
obtained results show meaningful differences between different 
encryption programs, which were under research process. 
 

Keywords – Algorithm, Cipher, Cryptography, Encryption, 
Software, Statistical Analysis. 

I. INTRODUCTION 

Encryption represents a process of transforming accessible 
data into an unreadable code that cannot be understood by 
normal means [1]. The encryption process uses a key as well 
as an algorithm to turn the accessible data into an encoded 
data. To decode encoded data or to convert encoded data to 
the original form, the ciphering algorithm and a secret key are 
needed. Hence, the encryption software includes the algorithm 
for encoding data in order that unauthorized users cannot 
access it [2]. These data can be accessed only if we have an 
appropriate key for decoding. Typically, the encryption 
process is used to protect our personal or business sensitive 
data. In this way, encryption software comprises different 
methods that may encrypt files, directories and drives to 
ensure data privacy. Currently, the application of this software 
is mainly in the area of archiving a large amounts of data or 
secure private communication over the Internet. 

A whole group of different encryption software solution has 
been developed. Many of them differ according to their 
simplicity or complexity of included algorithms. Some of 
them includes less or more complex keys for coding and 
decoding. In the recent times, more and more solutions 
represent a freeware software ones.  

The base of this study incorporates the  research of different 
encryption programs and their implication on data that were 
subject to the encryption. In this way, the inputs to the 
encryption programs represent text documents given in 

different languages and scripts. The outputs represent 
encrypted data. The study statistically analyzes the output-
input relationship. The conclusions are drawn according to the 
efficacy of the encryption level and suitability of using 
documents written in different languages and scripts.     

The paper is organized in the following manner. Section 2 
describes the encryption software under the research. Section 
3 defines the experiment as well as the statistical measures 
used for comparison. Section 4 presents the results and gives 
the discussion. Section 5 draws conclusions. 

II. TEXT ENCRYPTION PROGRAMS 

In this study, the following encryption programs were under 
consideration and evaluation: (i) Arcanum Editor, (ii) 
BCTextEncoder, (iii) TheLetterEncrypter, (iv) Simple Text 
Encryptor, and (v) CryptX. 

Arcanum Editor is a text encryption software. It is one of 
the best tools for encryption and decryption. It has multiple 
methods to encrypt your data. The various supported 
encryption algorithms are AES, Base64, Bytes, 1337 speak 
and Rot13. You can set an encryption password when using 
AES algorithm, while others simply encrypt/decrypt your text. 
It also has a Hash feature. 

BCTextEncoder is a free text encryption software. It can 
encrypt typed text and text files. The encrypted text can be 
saved in a text file or copied from the clipboard. It has two 
types of encryption methods; one is password based 
encryption and the second is public key based encryption. It 
doesn’t require installation, just download it and run it. 

TheLetterEncrypter is a free text encryption software. You 
can encrypt or decrypt your text using any password of your 
choice. You can also import text file to encrypt and export the 
encrypted text to a file. It uses strong Rijndael Encryption 
algorithm to encrypt text. You can copy encrypted text to your 
email message to send. It requires no installation. 

Simple Text Encryptor is a free and simple program that 
encrypts and decrypts text using 128-bit AES encryption 
method. It comes in two versions to download; one is an 
installer and other is stand alone zipped version. Zip version 
doesn’t require installation and you can use it from any 
portable drive also. You can set or generate a random key to 
encrypt your text easily. It has very simple interface and is 
easy to use. 

CryptX is a free text encryption software. You can encrypt 
and decrypt text files with it easily. It supports three types of 
encryption methods: Binary, Base64 and Base64 without 
password. Only Base64 is password supported encryption 
method. It saves the encrypted file in the normal text file. It 
has different tabs for encryption and decryption. It also has a 
feature of computing hash and calculate MD5 checksum. 

 

1Darko Brodić is with the Technical Faculty in Bor, University of 
Belgrade, Vojske Jugoslavije 12, 19210 Bor, Serbia, E-mail: 
dbrodic@tf.bor.ac.rs 

2Ivo R. Draganov is with the Faculty of Telecommunications at 
Technical University of Sofia, 8 Kl. Ohridski Blvd, Sofia 1000, 
Bulgaria, E-mail: idraganov@tu-sofia.bg   

3Zoran N. Milivojević is with the College of Applied Technical 
Sciences, Aleksandra Medvedeva 20, 18000 Niš, Serbia, E-mail: 
Zoran.milivojevic@vtsnis.edu.rs 

mailto:dbrodic@tf.bor.ac.rs


III. EXPERIMENT 

The experiment is performed by encrypting a small 
database of text documents by all five chosen encryption 
programs. The database consists of 75 text documents, i.e. 25 
English text documents, 25 Serbian text documents written in 
Latin script and 25 Serbian text documents written in Cyrillic 
script. The example of the text document samples is given in 
Fig. 1. 

 
But in the ancient way of Himalayan travel, they're still 20 
switchback roads and several torturous hours away. 

(a) 
U ostvarivanju ovog projekta, američki internet pretraživač se 
udružio sa šest fotografa, skijaša i planinara koji su sa 
kamerama u rancu prošli najpoznatijim stazama po letnjem i 
zimskom vremenu. 

(b) 
У остваривању овог пројекта, амерички интернет 
претраживач се удружио са шест фотографа, скијаша и 
планинара који су са камерама у ранцу прошли 
најпознатијим стазама по летњем и зимском времену. 

(c) 

Fig. 1. The example of the text document samples from the database: 
(a) English document, (b) Serbian Latin document, and (c) Serbian 

Cyrillic document 
 
All documents included in the database represent a small 

text document. English documents consist of 75 to 176 
characters, while Serbian Latin documents consist of 74 to 
196 characters and Serbian Cyrillic documents consist of 73 to 
196 characters. As a result, the input text is coded. The sample 
of encrypted documents is given in Fig. 2.  

 
Lt6nrSTxksmvuc7I61ROMtnx9liVi8dRaq5P0Pe9ZKjnkag7D
F2Q5ck5pOR9wPuk0btVctdu3wXvalvGoPr7ayp977aUAGT3
MYNon4H/K2gYEZNVcuuky+OK7Y2dVRioL4Xj5WGRqu
RL/bdxz/AIqkyHUvftOQGr 

 (a) 
XUAReMDMKUJQj9SWWV/N4w6z7t/EDBfxxcc15ma6Dzs
Y0L6xoCGdidZL2a51vAbQHH7vjBHWFN5vjjqO9cxlTLj4q
EkfrtXqvuogo/ZXfF2JI9UsBAWAfVqCPgnvlGfXSgziF7EA
aw3ILrnKr9W1imUBUG+ksXO2qXK3JovPwU4Q8DohyeD
n3h9F0ZZ7Wpf7Ydpg2UB3q/ZL66hqWz1ZnazJHKm1meD
7Nt91fiJCLWjP7G183kHuEYcHirkdzztn5vExI+KtWug= 

 (b) 
0l6b8krM8vETLxnOcCgh7qGbQ2IezvTxyqLRgas/nrYTLxn
OcCgh7vvWqxnvl5/1sPf4NIJYW6Wg0Mi7uRt8TRMvGc5w
KCHuGQGX7v6e0kSZsFnr3+9/1eiR160rKsRLn3ihAvp3gE
A/bQ95+zysB9VOScas7f22sPf4NIJYW6WfeKEC+neAQIQ
HYoSNOIhFsPf4NIJYW6UTLxnOcCgh7hMvGc5wKCHuh
AdihI04iEXSXpvySszy8dJem/JKzPLx/8jTYS9QtbU= 

 (c) 

Fig. 2. Examples of the encrypted text document samples from the 
database: (a) encrypted English document, (b) encrypted Serbian 

Latin document, and (c) encrypted Serbian Cyrillic document 

 
The output, which represents the coded text is statistically 

analyzed by typical statistical measures like mean, standard 
deviation and correlation coefficients. These measures are 
defined as follows, respectively: 
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The correlation coefficient R expresses the strength and 

direction of a linear relationship between two variables x 
(input) and y (output), where xi is the value of the variable x 
for the instance i, x̄ is the mean of x value, yi the value of the 
variable y for the instance i, and ȳ is the mean of y value [4]. 
Consequently, R measures the strength and direction of a 
linear relationship between two variables on a scatterplot [5]. 
It can receive the value from -1 to +1. The larger the absolute 
value of the coefficient, the stronger linear relationship 
between the variables (input and output). An absolute value of 
1 indicates a perfect linear relationship. If R is positive, then 
the two variables tend to increase or decrease together. In 
contrast, if R is negative, then one variable increases as the 
other decreases. 

IV. RESULTS AND DISCUSSION 

Table I shows the statistical values obtained after 
encryption of Serbian Latin documents by all five encryption 
programs (Output1 - Arcanum Editor, Output2 - BCTextEncoder, 
Output3 - TheLetterEncrypter, Output4 - Simple Text Encryptor, 
Output5 – CryptX). 

TABLE I 
STATISTICAL MEASURES OF ENCRYPTED SERBIAN LATIN 

DOCUMENTS 

 Output1 Output2 Output3 Output4 Output5 
Min 108 236 108 160 108 
Max 272 356 280 384 268 
Mean 185.08 297.44 193.92 283.2 186.56 
SD 43.69 28.78 43.60 60.21 41.80 
R 0.9944 0.9768 0.9812 0.9814 0.9874 

 
Table II shows the statistical values obtained after 

encryption of Serbian Cyrillic documents by all five 
encryption programs (Output1 - Arcanum Editor, Output2 - 



BCTextEncoder, Output3 - TheLetterEncrypter , Output4 - Simple 
Text Encryptor, Output5 – CryptX). 

TABLE II 
STATISTICAL MEASURES OF ENCRYPTED SERBIAN CYRILLIC 

DOCUMENTS 

 Output1 Output2 Output3 Output4 Output5 
Min 176 284 192 160 128 
Max 476 420 492 416 268 
Mean 324.8 349.76 337.44 282.88 197.44 
SD 79.57 34.56 80.14 63.79 39.76 
R 0.9992 0.9892 0.9952 0.9902 0.9894 
 
Table III shows the statistical values obtained after 

encryption of English documents by all five encryption 
programs (Output1 - Arcanum Editor, Output2 - BCTextEncoder, 
Output3 - TheLetterEncrypter, Output4 - Simple Text Encryptor, 
Output5 – CryptX). 

TABLE III 
STATISTICAL MEASURES OF ENCRYPTED ENGLISH DOCUMENTS  

 Output1 Output2 Output3 Output4 Output5 
Min 100 232 108 160 108 
Max 236 324 256 384 248 
Mean 158.12 273.92 170.68 248.32 168.48 
SD 35.38 23.35 36.59 56.00 36.47 
R 0.9992 0.9849 0.9835 0.9855 0.9957 
 
From the results given in Tables I-III, it is quite clear that all 

encryption programs due to the high value of correlation 
coefficient R create linearly dependent output-input correlation. 
It means that the longer input document text will tend to create 
a longer coded output text. Furthermore, the analysis will be 
continued by comparison of the statistical analysis of 
documents written in different languages and/or scripts. 

Fig. 3 shows the output-input relation in accordance to the 
number of characters obtained by the encryption program 
Arcanum Editor. 

 

Fig. 3. Coded vs. input text obtained by Arcanum Editor 
 
From Fig. 3, it is an obvious that the encryption of English 

and Serbian Latin documents has similar efficacy. However, 
the coding of Serbian Cyrillic documents creates larger coded 

documents. Hence, the program is more appropriate for the 
Latin based languages. 

Fig. 4 shows the output-input relation in accordance to the 
number of characters obtained by the encryption program 
BCTextEncoder. 

 

Fig. 4. Coded vs. input text obtained by BCTextEncoder 
 
BCTextEncoder also depends on the type of the input 

scripts. Hence, English and Serbian Latin documents are 
similarly coded. As a consequence, Serbian Cyrillic 
documents are coded by creating larger documents. 

Fig. 5 shows the output-input relation in accordance to the 
number of characters obtained by the encryption program 
TheLetterEncrypter. 

 

Fig. 5. Coded vs. input text obtained by TheLetterEncrypter 
 
The situation with TheLetterEncrypter program is similar to 

previously analyzed programs. 
Fig. 6 shows the output-input relation in accordance to the 

number of characters obtained by the encryption program 
Simple Text Encryptor. 

Simple Text Encryptor similarly coded documents written by 
different languages/scripts. Hence, it has similar efficacy of 
encrypting document given by different languages and scripts. 

Fig. 7 shows the output-input relation in accordance to the 
number of characters obtained by the encryption program 
CryptX. 

CryptX program has similar way of encrypting documents 
in spite of their language or script. In this way, it is similar to 
the Simple Text Encryptor. 



 

Fig. 6. Coded vs. input text obtained by Simple Text Encryptor 

 

Fig. 7. Coded vs. input text obtained by CryptX 
 
At the end, the comparison of different programs is 

established by giving their efficacy of encrypting documents 
in certain languages or scripts. Fig. 8 shows coded vs. input 
for English based documents. 

 

  

Fig. 8. Coded vs. input English text  
 
Fig. 9 shows coded vs. input for Serbian Latin based 

documents, while Fig. 10 shows coded vs. input for Serbian 
Cyrillic based documents. 

  
 

 

Fig. 9. Coded vs. input Serbian Latin text  

 

Fig. 10. Coded vs. input Serbian Cyrillic text  

V. CONCLUSION 

This paper analyzed different types of encryption programs. 
Their efficacy of coding was in the focus. The statistical 
analysis showed similarities as well as dissimilarities between 
their efficacy of coding. Many of the programs are primarily 
adjusted to the Latin based languages. However, some of them 
like Simple Text Encryptor and CryptX are almost completely 
independent of the type of document that they are coding. 
However, CryptX program created smaller coded documents 
achieving better efficacy. 

Future research will include wider range of encryption 
programs as well as more complex database, which will 
include Chinese and Indian texts. 
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