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Abstract

Data Compression and Decompression (DCD) using C# system aims to use Microsoft
Visua C# as a new programming language to compress data (Text files and image), the
system has the ability to decompress data after compressing it so that the origina data
will be available after this stage, the system uses 3 different compression agorithms

(Run Length Encoding or RLE, Huffman Encoding, Adaptive Huffman).

DCD system has the ability to provide statistical information summarizing the results
obtained after compression and decompression applied to particular file (i.e. origind file
size, compressed file size compression ratio), a demonstration show how a particular

algorithm works is also provided by the system.
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Abstract

Data Compression and Decompression (DCD) using C# system aims to use Microsoft
Visua C# as a hew programming language to compress data (Text files and image), the
system has the ability to decompress data after compressing it so that the origina data
will be available after this stage, the system uses 3 different compression algorithms (Run

Length Encoding or RLE, Huffman Encoding, Adaptive Huffman).

DCD system has the ability to provide statistical information summarizing the results
obtained after compression and decompression applied to particular file (i.e. original file
size, compressed file size compression ratio), a demonstration show how a particular

algorithm works is also provided by the system.
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1.1 Preface

Data and image compression was and still one of the subjects that many of
software researches and projects work on, this comes form the fact that data and image
compression provides great advantages, these advantages come into two main things:

Save size on disks.
Reduce cost of transmitting data over the Internet or networks in general.
The main idea behind data compression is to eliminate redundant data, redundancy
of data exists specialy in image files, and so if there is a technique to eliminate this

redundancy, this will reduce the size of datafile.

1.2 System Objectives

The system is expected to accomplish the following
Compression of text files (files with extension .txt) and image files (Bitmap
(.bmp), IPG (.jpg) and GIF (.gif)) using a predefined compression agorithms.
Decompression of the compressed file so it will provide the original datafile.
Provides statistical information after applying compression to a data file. This
information includes the size of origina file, the size of compressed file and
compression ratio.
Provides quick demonstration that will explain and illustrate how Huffman
algorithm works in an animated mode

Learn Microsoft Visual C# as a new programming technology.

1.3 Previous Work

There is aproject that works on the image compression using matlab, this project

“Image Compression using Discrete Transform” by Jawad Sabha, Shadi Arafeh and



Wanes Abu Safa which presented at 2002 works on images using Discrete Cosine

Transform algorithm, Hartly Transform Hadamard Transform and Haar Transform.

1.4 Main Points of Contribution

The system will be able to do the following:

Reduces the size of text and image files using three well known algorithms (Run
Length Encoding, Huffman Encoding and Adaptive Huffman), so it will reduce
the storage requirements, it also reduces the cost required to transmit data over
the networks.

Provides user with statistical information, so it will make it easy for the user to
make comparisons between the algorithms and make judge which agorithm is
more efficient for a particular file.

Provides the user with demonstration that will illustrate how a particular

algorithm works using animated show.

1.5 Report Outline

Report consists of seven chapters, the following is a brief description of the

topics that will be covered in each chapter.

Chapter One Introduction presents an idea about system objectives, the previous work
that is related to the current system, also it introduces the main points of contribution of

the system.



Chapter Two Project Planning presents an idea about how project team is organized,
risks that faces the project team, suggestions to reduce these risks and gives description
about project schedule that is how project activities are related and depended between
each other.

Chapter Three System Specification and Analysis introduces both the Software and
system requirement specification, it also covers software requirement anaysis and the
system models (i.e. Data Flow Diagrams (DFDs), Object Models).

Chapter Four Software Design Shows objects and classes used by the system, it
describes the design process of Object Oriented (OO), and it also describes the software
interface design.

Chapter Five Implementation provides description of the features and characteristics

of each algorithm used in the system, system pseudo code and flowcharts are included.

Chapter Six Testing explains levels of test unit component and defect testing, and it
provides OO testing.

Chapter Seven Conclusion and Future Work presents conclusions that concluded
form design and development of the project and it also provide suggested ideas to be

implemented for future work.
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2.1 Preface

The system will be able to implement the following

Compression of text and image files and decompress the compressed files
Provides statistical information about the compressed files

Providesillustration of how Huffman algorithm works

The system will be dominated with the following constraints:

The system development time will be 16 weeks

2.2 Project Organization

The devel opment team consists of three developers
Anwar A. Fakhouri
Weael F. Takrouri
Yousef H. Shroukh
The work division and role of each developer will be as follow
Anwar A. Fakhouri responsible for project planning, scheduling and requirement
specification and analysis.
Wael F. Takrouri responsible for project design and implementation.
Yousef H. Shroukh responsible for requirement specification and analysis and
for project testing.

Developer Role
Anwar Planning, scheduling and requirement specification and analysis
Wael Design and implementation
Y ousef Requirements specification and analysis and project testing




Table 2.1 Team Work Division

2.3 Risk Analysis

2.3.1 Project Risks

Risk can be expected as follows
The way of how to deal with image, reading the content of image using Visual
CH#
The documentation and material related to data compression using C# is not
available.

[lIness of one of the team members.

2.3.2 Reduction Strategies

Risks can be reduced using the suggested ideas

By knowing how other object oriented languages like java programming
language deal with different compression algorithm and how they deal with
images.

Searching for other documentations that illustrate how other programming
languages build compression algorithms.

Make a new plan that increases the efforts on the other team members to perform

the tasks of the sick member.

2.4 Hardwar e and Softwar e Resour ce Requirement

2.4.1 Hardware Development Resour ces

One PC with the following specifications:



Pentium 111 1000MHz

256MB RAM

30 GB Hard Disk Drive (HDD)
15” SVGA Monitor

Keyboard

Mouse

2.4.4.1 Hardwar e Resour ces Cost Estimation

Component Estimated cost ($)
1- | Pentium Ill PC 340.0
2- | Printer 150.0
Total cost 490.0

Table 2.2 Hardware Resource Cost Estimation

2.4.2 Softwar e Development Resour ces

The development of project requires the following packages
Microsoft Windows XP professiona
Microsoft Visual Studio.Net 2003
Microsoft Office 2003

2.4.2.1 Softwar e Resour ces Cost Estimation

Component Estimated cost ($)
1- | Microsoft Windows X P Professional 290.0
2- | Microsoft Visua Studio .Net 2003 990.0
3- | Microsoft Office 2003 420.0
4-  Macromedia Flash 250.0




Total cost | 1950.0

Table 2.3 Software Resource Cost Estimation

2.4.3 Human Development Resour ces

The development of project will be implemented by ateam of 3 developers

2.4.3.1 Human Resour ces Cost Estimation

The project team work through 16 weeks, with 6 days aweek, and 5 hours aday.
Total number of hour of work: 16week X 6days X Shours= 480 hour

480 hour X $20= $9600 per individual

Total human cost=$9600 X 3 individuals= $28800

2.4.4 Internet

Tota Internet cost = 6 week X 5 hours X $1 = $30

2.4.5 Transportation

Total transportation cost = 16 week X 5days X $6 = $480

2.4.6 Project Total Cost

Resource Estimated cost ($)
1-  Hardware 490.0
2- | Software 1950.0
3-  Human 28800.0
4- | Internet 30.0
5- | Transportation 480.0




Total cost | 31750.0

Table 2.4 Project Total Cost

2.5 Work Activities

The system development involves a group of tasks, the following points describe

these tasks and the working period of each task

T1: Collection of Data 6 Weeks
T2: Requirements Specification 4 Weeks
T3: Requirements Analysis 5 Weeks
T4: System Design 7 Weeks
T5: System Implementation 6 Weeks
T6: System Testing 5 Weeks
T7: documentation 16 week

Requirements Specification involves the following activities
Requirements definition: the functional and non functional requirements are
described

System Design involves the following activities
Design of classes and objects.
Design of software interface which involves the design of Graphical User
Interface (GUI) components.

System Implementation involves the following activities
Implementing al gorithms

Implementing flow charts

10



System Testing involves the following activities
Defect testing which involves Black Box testing, structural testing and interface
testing
Object Oriented testing which involves testing objects

2.6 Project Schedule

A) Task Schedule

The following bar chart describes the project tasks and the duration of each task

Week 16

Task

_

Documentation

Collection of
Data

Requirement
Specification

g NN
Analysis 1 1 1 .

Systom Desiy ENEEEER

System
I mplementation
System Testing
Figure 2.1 Bar Chart Task Schedule
B) Team Schedule
Task Developer

T1 Anwar, Wael and Y ousef
T2 Anwar and Y ousef
T3 Anwar and Y ousef
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T4 Wad

T5 Weael

T6 Anwar and Y ousef

T7 Anwar, Wadl and Y ousef
Table 2.5 Team Schedule

Chapter Three

System Specification and Analysis

3.1 Softwar e Requirement Specification
3.2 System Requirement Specification
3.3 Softwar e Requirement Analysis

3.4 System Models

12




3.1 Softwar e Requirement Specification

3.1.1 System Definition

DCD is Data Compression and Decompression system which has the ability to
compress text and image data and decompress it after compression, using three
different encoding decoding techniques (Run Length Encoding (RLE), Huffman
Encoding, and Adaptive Huffman), also the system provides statistical information
after a particular compression agorithm applied to a particular file (i.e. it provides
quality of data, and compression ratio), a demonstration shows how a Huffman

algorithm works is also provided by the system.

The system requirementsin the DCD are categorized into two main parts, these

regquirements are:

* Functional Requirements

* Non-functional Requirements

We will consider both of them and describe them in details through this chapter.

3.1.2 Functional Requirements

Anillustration of the functional requirements will be provided through this
section, functional requirements definition and functional requirements specification

will be considered.
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Functional Requirements Definition

The functional requirements involve accomplishing the following requirements:

Allow the user to compress text files (files with extension .txt) and image
files (bitmap .bmp, JPG .jpg and GIF .gif) using the predefined compression
algorithms.

Allow the user to decompress compressed file using the same algorithm that
was compressed by, so it will provide the original datafile.

Provides statistical information after applying compression to a datafile.
This information includes quality of dataand compression ratio.

Provides quick demonstration that explains and illustrates how Huffman

algorithm works in an animated mode.

3.1.2.1 Allow the User to Compress Data Definition

3.1.2.1 Allow the user to compress data

3.1.2.1.1 The DCD system shall provide afacility to
allow to the user to compress text and
image files

3.1.2.1.2 The sequence of actionsto compress afile
(1) The user should select type of file text
or image
(2) The user must open afile with a
correct format.
(3) The user should select acompression
algorithm
Rationale: The user who chooses
the file format, file, and
compression algorithm
Specification: Software Project/DCD using C#/3.1.2.1

Figure 3.1 Requirements Definition for Data Compression
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3.1.2.2 Allow the User to Decompr ess Data Definition

3.1.2.2 Allow the user to decompress data

3.1.2.2.1 The DCD system shall provide afacility to
allow to the user to decompress compressed
files.

3.1.2.2.2 The sequence of actions to decompress afile
(1) The user should select type of file format
(2) The user must open afile with a
correct format (compressed file).
(3) The user should select adecompression
algorithm
Rationale: The user who
chooses the file format, file,
decompression algorithm
Specification: Software Project/DCD using C#/3.1.2.2

Figure3.2 Requirements Definition for Data Decompression

3.1.2.3 Provides Statistical | nfor mation Definition

3.1.2.3 Provides Statistical Information

3.1.2.3.1 The DCD system shall provide afacility to
alow to the user to request statistical
information
onacompressed file
3.1.2.3.2 The sequence of actions to request statisticla
information
(1) The user should select type of file format
(2) The user must open afile with a
correct format (compressed file).
(3) The user should select acompression
algorithm
(4) The user Should request statistical
information.
Rationale: The user who
chooses the file format, file,
compression algorithm,and request
Statistica information
Specification: Software Project/DCD using C#/3.1.2.3

Figure 3.3 Requirements Definition for Requesting Statistical Information
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3.1.2.4 Provides a Quick Demonstration Definition

3.1.24  Providesaquick demonstration

3.1.2.4.1 TheDCD system shdl provide afecility to
alow to the user see aquick demonstration
explans how Huff man a gorithm works
3.1.2.4.2 The sequence of actions to request
demonstration

The user should request demonstration

Rationale: The user who
requests the demonstration

Specification: Software Project/DCD using C#/3.1.2.4

Figure 3.4 Requirements Definition for Requesting Demonstration

3.1.3 Non - Functional Requirements

Friendly user interface

Using Visual C# as development environment
Portability

Reliability

Performance

3.1.3.1 Usability (Friendly User Interface)

DCD provides the user with easily and friendly graphical component by using
help tips and help pages for each used form, also the use of friendly messages which

16



directs the user how to recover from errors and how to interact with the system

operations.

3.1.3.2 Using Visual C# as Development Environment
Visual C# whichisbuilt on .NET technology provides a group of classes and

methods to deal with image and text files, which enhances the devel opment of DCD
system.

3.1.3.3 Portability

The system works under Microsoft Windows operating systems Windows 9X,
Windows 2000 and Windows XP.

3.1.3.4 Reliability

The system is reliable that it manages al the problems that may occur, it aso
able to deal with exceptions that may results.

3.1.3.5 Perfor mance

The system provides the services to the user in an reasonable time, which makes

system efficient.

17



3.2 System Requirements Specification

3.2.1 Allow the User to Compress Data

Software Project / Data Compr ession and Decompression Using C#/ 3.2.1

Function: Allow the user to compress data (text or image)

Description: A user can select atext or image file and compress it by a predefined algorithm.

Inputs: Text or image file, compression algorithm selection.

Source: File and compression algorithm are selected by the user.

Outputs: Compressed file (file with extension .data).

Destination: Folder named with the same of the compression algorithm.

Requires: Data (text or image).

Pre-Condition: The user should select afile to be compressed, and then select a compression

algorithm.

Post-Condition: None.

Side-effects: None

Definition: Software Project / Data compr ession decompr ession Using C#/ 3.2.2
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3.2.2 Allow the User to Decompr ess Data

Software Project / Data Compr ession Decompression Using C#/ 3.2.3

Function: Allow the user to decompress compressed file

Description: A user can select a compressed file and decompressit by the compression
algorithm.

Inputs. Compressed file (file with extension .data), decompression algorithm.

Source: Compressed file and decompression a gorithm are selected by the user.

Outputs:. The original data (text or image).

Destination: The decompression folder.

Requires. Compressed file.

Pre-Condition: The user should select a compressed file to be compressed, and then select a

decompression algorithm.

Post-Condition: None.

Side-effects: None.

Definition: Software Project / Data compr ession decompr ession Using C#/ 3.2.1
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3.2.3 Provides Statistical | nformation

Software Project / Data Compr ession Decompression Using C#/ 3.2.3

Function: Provides statistical information to the user.

Description:  Provides statistical information after applying compression to data this
information include data quality and compression ratio

Inputs: File, compression algorithm.

Source: File and compression algorithm are selected by the user.

Outputs. Statistical information.

Destination: Data on windows form.

Requires: Data (text or image).

Pre-Condition: The user should select afile to provide related compression information.

Post-Condition: None.
Side-effects: None.

Definition: Software Project / Data compr ession decompr ession Using C#/ 3.2.3
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3.2.4 Provides a Quick Demonstration

Software Project / Data compression decompression Using C#/ 3.2.4

Function: Providesaquick demonstration.
Description:  Provides a quick demonstration that explains and illustrates how Huffman

algorithm worksin an animated mode

I nputs: None.

Source: None.

Outputs. Macromedia Flash view.

Destination: Sketch on screen.

Requires: None.

Pre-Condition: None.

Post-Condition: None

Side-effects: None.

Definition: Software Project / Data compr ession decompression Using C#/ 3.2.4
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3.3 Softwar e Requirement Analysis

In this section view points of the DCD system will be described, by providing
view point hierarchy or structure and view point templ ates.

3.3.1 View-Point Oriented Elicitation

The DCD system interacts with a user, the user recelves some services from the
system, in this section the interaction between the user and the system will be explained.

Figure 3.5 shows data and control information entered by the user.

Control input Datainput

File format File
Compression agorithm{Compressed file
Decompression
agorithm

Figure 3.5 View Point Data and Control Informatopn

3.3.1.1 Viewpoint Hierarchy

Viewpoint hierarchy shows the services delivered to the user, as shown in Figure 3.6.

All VPs

Services

Compression text and image files

Decompression compressed files User I
Providing statisticd information

Providing demonstration explains

how Huffman d gorithm works

Figure 3.6 Viewpoint Hierarchy
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3.3.1.2 Viewpoint Templates

In this section the relation between the viewpoint templates and the service

templates provided to the user will be described, as shown in figure 3.7.

Refaaoe Usr
Attritutes Nare

Bas Guoodngafie
Comression
Deconpression
Provdrg atistical

infametion,

Pojdrgdarordration

Sices
Compression
Deconmpression
Projidrgdatidicd irfamretian

Poidrgdarordrationd
Hufrrendgaittm

SbVPs Nae

\ '

\

Referaoe Demordration Referaoe Satidicd iffamation || | Referenoe: Decarpressan Refarae Conpresion
Raticrele: Toget damoreration| | Retiorele Toget Satistical ReiceeTodsoonpress Reticdle Tooonpress cHi(texdt ar
o howHufrrendgarittm infameioninduce cetaquertity || | compressedfileto gt arigirel imege)far red.dng farage gece ad
waks adonpessoratia Ha recloe ooet f trananitting cetaover
thelneme a rewaksingened
Foedificatios Usarsreqest a | | Spedifications Usersdhocsea Soadficatios Ussrsdooea
darordration famanenu filethen dhooseacompressan carpesadfilethendhocsea Fedfications Usrsdooeafilethen
dgaithm trenrequest Satidicd | |dsoarpressandgaritm dooeacopescndgaitm
VRs Usr infamretion
VPs Usr VPRs Usr
NonHudtiodl VPs Usr
requireetsNae NorHurctiorel Nofurdtiael
NarHfurdiiael reuiravetsNae recuirarertsNae
Provickr;Hash mutineda requiremetsNoe
dject Provda: Decarpresson Provda: Covpression dgarithm
Provickr: Satidticd famdjet | |dgmittmdasses deses

Figure 3.7 Viewpoint Templates
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3.3.2 Event Scenario

Event scenario describes how the user interacts with the system, description of data
flows and actions of the system and documents the exceptions which can arise.

3.3.2.1 Dealing with Text Files Scenario

The user deals with text files as follow:

(1) The user open file with a correct format, if the user doesn’t specify the correct
thereis an exception:
- Invalid file format

(2) The user performs a set of services on the opened file.

(3) Compressfile, if the user select a compression service while not opened file there is
an exception.

- Open File
May be the user not select a compression algorithm there is an exception

- Select a compression algorithm

(4) Decompressfile, if thereis not acompressed file
- Compressfile
(5) Request statistics, if there is not acompressed file

- Compressfile

(6) Word count, if there is no opened file

- Openfile
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Nat qoered]

file

Qenfile

file

Conpessfile

Hle

SHat asnice
frannanneu

Deoompressan

Nat conpressd
file

Copessfile

Nt Heded
dsompressm
dgithm

SHeat
ceonpress

agaitm

Ted
File |
-
Nt qeredifile | N
- Na velidfile
Qenfile | P
Qnfilewith
Na sHected caredt famet
oopressan
dgaithm
Sedt onpressm
dgaithm
|

Figure 3.8 Event Scenario — Dealing with Text Files Scenario

3.3.2.2 Dealing with Image Files Scenario

The user deals with image files as follow:

(1) The user open file with a correct format, if the user doesn’t specify the correct

thereis an exception:
- Invalid file format

(2) The user performs a set of services on the opened file.
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(3) Compressfile, if the user select a compression service while not opened file there is

an exception.

- Open File

May be the user not select a compression algorithm there is an exception

- Select a compression algorithm

(4) Decompressfile, if thereis not acompressed file

- Compressfile
(5) Request statistics, if there is not acompressed file

- Compressfile

(6) Image properities, if there is no opened file

ile

Fle |

- Openfile
« Sdect aservice I
Imege - fromma'nrrmul ) T
- Imege
v ey v
Conpressed

Imege -

proprieties Siatistics H IeI

Not opened file
Openfile

Not
compressed
file

Compress file

Decompression

Not compressed file I

Openfile I

Not sdected
decompression
dgorithm

Not opened file |

Openfile I

Not sdected
compression
dgorithm

Sdect compression
dgorithm

Sdect decompression

dgorithm

Not vdid file
forma

Open file with correct
forma

Not available memory I

intidize memory

Figure 3.9 Event Scenario — Dealing with Image Files Scenario
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3.4 System Models

In this section system models will be explained, the system context model, data
flow diagrams, and data/object models.

3.4.1 System Context M odel
The DCD system is independent so it hasn’t any relation with other systems.
3.4.2 Data Flow Diagrams (DFD)
Data-flow models shows how data flows through a sequence of processing steps, the

next diagrams shows how the data flow through the different processes in the DCD

system.

3.4.2.1 Compression Process

Choose
compression
agorithm

[nput
file
(text or image)

Selected
file

B E
B3
Q
3%
Text a_1d image Compressed Compress the
files file file
Compression
folder

Figure 3.10 Data— Flow Diagram of Compression Process
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3.4.2.2 Decompression Process

[nput Selected Choose

—File list: file file decompression

(text or image) algorithm
BE
85
38

Compression ¢

folder
——Decompressed file Decon;ﬁ;ess the
Y
Decompression
folder

Figure 3.11 Data— Flow Diagram of Decompression Process
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3.4.2.3 Request Statistical Information Process

Input
file
(text or image)

Choose
compression
agorithm

Selected
file

Selected

agorithm

Request statistica
information

S

sy

55 g

B =

3

£ /

O —

Screen Compressed
file

Figure 3.12 Data— Flow Diagram of Statistical Information Request Process

3.4.3 Object Models

Object models shows how entities in the DCD system are composed, and the

inheritance relation among the different objects.
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DCDsystem

DCDsystem()

ImegeForm
imegePath
imegeSize
imegeHleName
imegeHleExtension
imegeCompDirect
imegeDecompDirect
imegeHleSze
I megeFormet()
Reedl megeDa ()
| I
CRLBmegeDECo OHuffmenText | CHuffmanText
CRLEmegeComp mp Deconp Gomp
cCount cCount
ImegeFilePath pixelCourt textFilePath
i cPixdCount te<tF|Ie_Pah HUfTDirect
o Dllfcleecl:t\lare | Extension HUT Direct Fr|IeNare
C compr
gelrgr Dec eDirect | |comPrFileName
P I CHUffmenText
temp CompFileName o
count CompFileDirect CHuffmenText
Decomp() wCourt()
R Bmegecomp) || TR waourt() E‘fkﬁgﬁd)
e
mp() LookupTable) |~ o0

TextForm
textPeth
textSze
textHleName
currentAlgor
TCompDirect
TDecompDirect
TextFormet()
ReedTextDaa()
A
CRLETextComp CRLETextDecomp
textHlePeth cText
RLETDirect count
comprHleName temp
cText ComphileName
temp CompHileDirect
court DEompHleDirect
CRLETextComp() | CRLETextDecomp()

Figure 3.13 DCD System Class Hierarchy
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CAdaptiveHuffmanText
Comp

cCount
currentchar
codeByte
codeString
outputArray
cText

freq
code

weount()

Sort()

Initia ()
LookupTable()
AdaptiveCoding()
UpdateTable()
OverHead()
TArray()
Assigncode()
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cText

freq
code

Specid

Sort()
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AdaptiveDecoding()
OverHead()
ReadComDat&()
Assigncode()

Figure 3.14 Cont. DCD System Class Hierarchy



Chapter Four
Softwar e Design

4.1 Preface

4.2 Objectsand Object Classes
4.3 O-0 design process

4.4 System Interface Design
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4.1 Preface

This chapter shows the system models. In addition, it demonstrates the relations
between the system parts. It describes and identifies the different objects used in the
system, illustrates the use-case and sequence diagrams for each part of the system, and
describes the software interface design used in the system too.

4.2 Objectsand Object Classes

This section describes al of the objects used in the DCD system that builds the
different parts of the system.

4.2.1 DCD Object

DCDsystem

DCDsystem()

Figure 4.1 DCD Object
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4.2.2 ImageFor mat Object

ImageFormt

imagePath: String
imageSize: String
imageFileName: String
imageFileExtension: String
imageCompDirect: String
imageDecompDirect: String
imageFileSize: Double

ImageFormat()
ReadlmageData()

Figure 4.2 ImageFormat Object

4.2.3 TextForm Object

TextFormat

textPath: String
textSize: String
textFleName: String
currentAlgor: String
TCompDirect: String
TDecompDirect: String

TextFormat()
ReadTextData()

Figure 4.3 TextFormat Object



4.2.4 CRLERextComp Object

CRLETextComp

textFilePath:
String
RLETDirect:
String
comprFileName:
Sring

cText: Char
temp: Char
count: Integere

CRLETextComp()

Figure 4.4 CRLETextComp Object

4.2.5 CRLERextDecomp Object

CRLETextDecomp

cText: Char

cCount: Char

temp: Char
CompFileName: Sring
CompkFileDirect: String
DEompFileDirect: String

CRLETextDecomp()

Figure 4.5 CRLETextDecomp Object
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4.2.6 CHuffmanTextComp Object

CHuffmanTextComp

cCount: Integer
textFilePath: String
Huf TDirect: String
comprFileName: String
charArray: Char
codeByte: Byte

cText: String

freq: Integer

code: String

CHuffmanTextComp()
wCount()
LookupTable()
OverHead()

huff Coding()

Figure 4.6 CHuffmanTextComp Object

4.2.7 CHuffmanTextDecomp Object

CHuffmanTextDecomp

cCount:Integer
textFilePath: String
Huf TDirect: String
comprFileName: String

CHuffmanTextDecomp()
wCount()
LookupTable()

Figure 4.7 CHuffmanTextDecomp Object
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4.2.8 CRLEImageComp Object

CRLEImageComp

ImageFilePath:
String
RLEIDirec: Stringt
comprFileName:
String

pixel Str:String
temp: String
count: Integer
|Array: Byte
specid: Byte
dter: Byte

CRLEImageComp()

Figure 4.8 CRLEImageComp Object

4.2.9 CRL EImageDecomp Object

CRLEImageDEcomp

pixel Count: Integer
cPixel Count: Char
|Extension: String
DecompFileDirect:
String

CompFileName: String
CompFileDirect: String
specid: Byte

pByte: Byte]

element: Byte

CRLEImageDEcomp()

Figure 4.9 CRLEImageDecomp Object
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4.2.10 CAdaptiveHuffmanComp Object

CAdaptiveHuffmanText
Comp

cCount: Integer
currentchar: Character
codeByte:Byte
codeString: String
outputArray:String
cText: String
freq:Integer
code:String

weount()

Sort()

Initia ()
LookupTable()
AdaptiveCoding()
UpdateTable()
OverHead()

TArray()
Assigncode()

Figure 4.10 CAdaptiveHuffmanComp Object
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4.2.11 CAdaptiveHuffmanDecomp Object

CAdaptiveHuffmanText
Decom

codeString: String
cText: String
freq:Integer
code:String
Specid: Byte
Sort()

Initid ()
LookupTable()
AdaptiveDecoding()
OverHead()
ReadComDat&()
Assigncode()

Figure 4.11 CAdaptiveHuffmanDecomp Object
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4.3 O-O Design Process

In this section the process pf object-oriented design will be illustrated, it passes
through the following stages.
1. Design the system architecture.
2. ldentify the objectsin the DCD system.
3. Develop design models.
4. Specify object interfaces.

4.3.1 Architectural Design

Architectural design decomposes the system to subsystems, so it describes all the
subsystems that compose the DCD system as shown in figure 4.10.

DCD system |
1
"subsystem"” M anag;ehs al the
Interface other
~ _ Subsystems
1
“subsystem” Compresses the
Datacompression data
1
"subsystem" Decompresses
D ata decompression the data, gets on
the original data
1
subsystem Provides M acromedia
D emonstration flash view explains
how the Huffman
— algorithm works
"subsystem" ) .
Repor¥ Provides Statistical
information on the

compressed file

Figure 4.12 DCD System Architecture
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4.3.2 Objects I dentification

1.

10.

The DCD object class provides the basic interface of the DCD system, from it
the user can perform the different services that is provided by the system as
shown infigure4.1.

The TextFormat object class provides the basic interface that alows the user to
deal with the text file format and performs the different services on it as shown in
figure 4.2.

The ImageFormat object class provides the basic interface that alows the user to
deal with the image file formats and performs the different services on it as
shown infigure 4.3.

The CRLETextComp object class is used to compress text data with the RLE
compression algorithm as shown in figure 4.4.

The CRLEtextDecomp object class is used to decompress text data with the RLE
compression algorithm as shown in figure 4.5.

The CRLEImageComp object classis used to compress image data with the RLE
compression algorithm as shown in figure 4.6.

The CRLEImageDecomp object class is used to decompress image data with the

RLE compression agorithm as shown in figure 4.7.

The CHuffmanTextComp object class is used to compress text data with the

Huffman compression algorithm as shown in figure 4.8.

The CHuffmanTextDecomp object classis used to decompress text data with the
Huffman compression algorithm as shown in figure 4.9.

The CAdaptiveHuffmanTextComp object class is used to compress text data
with the adaptive Huffman compression algorithm shown in figure 4.10.
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11. The CAdaptiveHuffmanTextDecomp object class is used to decompress text data

with the adaptive Huffman decompression algorithm shown in figure 4.11.

4.3.3 Use-Case Models

4.3.3.1 DCD System Use-Case M odel

RLE compression

RLE
decompression

Huffma
compression

Huffma
decompression

AdaptiveHuffman
compression

AdaptiveHuffman
Decompression

Report

Figure 4.13 DCD Use-Case
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4.3.3.2 RLE Compression Use-Case Description

System
Use-Case
Actors
Data

Stimulus
Response

Comments

Data Compression Decompression (DCD)

RLE compression

the selected file (text or image)

The user will select the file (text or image) and the RLE algorithm
will compressthat file

The data repetition in the selected file will change the result
Compressed file

The result change according to the data repetition in the selected file

:DCD system | |:RLECompression

: request
— (openfilefor
compr ession)

~— acknowledge() —

compression()

' replay
<<— compressed —
file()

— acknomMedge ——

Figure 4.14 Collaboration Diagram for RLE Compression
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4.3.3.3 RLE Decompression Use-Case Description

System Data Compression decompression (DCD)
Use-Case RLE decompression
Actors The selected compressed file
Data The user will select the compressed file and the RLE algorithm
will decompress that file
Stimulus The data repetition in the selected file will change the result
Response Theorigina file
Comments The result changes according to the data repetition in the selected file
:DCD system :RLE Decompression
. request
— (select filefor
decompression)
~— ack nowl edge() —
decompression()
' replay < — — — — —
<<— decompr essed —
i file()

——— acknowl edge ——

Figure 4.15 Collaboration Diagram for RLE Decompression



4.3.3.4 Huffman Compression Use-Case Description

System Data Compression decompression (DCD)
Use-Case Huffman compression
Actors The selected file (text or image)
Data The user will select the file (text or image) and the Huffman
algorithm will compressthat file
Stimulus The data frequency in the selected file will change the result
Response Compressed file
Comments The result changes according to the data frequency in the selected
file.
:DCD system :HuffmanCompr ession
request
(open file for
. compr ession)
1 <— acknom edge() —
compression()
' replay < — — — — —
, <&— compressed —
; file()
— acknowedge ——

Figure 4.16 Collaboration Diagram for Huffman Compression
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4.3.3.5 Huffman Decompression Use-Case Description

System
Use-Case
Actors
Data

Stimulus
Response
Comments

Data Compression decompression (DCD)
Huffman decompression
The selected compressed file (text or image)
The user will select the compressed file and the
Huffman algorithm will decompress that file
The data frequency in the selected file will change the result
the original file
The result change according to the data frequency in the selected file

:DCD system :Huffman Decompression

! request
+ — (select filefor
decompr ession)

| <— acknowledge() —
decompression()
' reflay [ — — — — —
' <&— decompr essed
file()
1 —— acknowledge

Figure 4.17 Collaboration Diagram for Huffman Decompression
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4.3.3.6 Adaptive Huffman Compression Use-Case Description

System Data Compression decompression (DCD)

Use-Case Adaptive Huffman compression

Actors the selected file (text or image)

Data The user will select the file(text or image ) and the Adaptive Huffman
Will compressed that file

Stimulus the data frequency in the selected file will change the result

Response Compressed file

Comments The result change according to the data frequency in the selected file

ocname | | Ao

request
(open file for
compression)

E ~<—acknowledge()

compression()

! replay
, <€&——compressed
! file()

ack nowledge——

Figure 4.18 Collaboration Diagram for Adaptive Huffman Compression
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4.3.3.7 Adaptive Huffman Decompression Use-Case Description

System Data Compression decompression (DCD)

Use-Case Adaptive Huffman decompression

Actors the selected compression file (text or image)

Data The user will select the compression file(text or image ) and the
Adaptive Huffman will decompressed that file

Stimulus the data frequency in the selected file will change the result

Response the origina file

Comments The result change according to the data frequency in the selected file

cossen | | Ao

request
(select file for
decompression)

i ~——acknowledge()

decompression()

' replay
' <€&—decompressed
- file()

ack nowl edge——

Figure 4.19 Collaboration Diagram for Adaptive Huffman Decompression
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4.3.3.8 Report Use-Case Description

System Data Compression decompression (DCD)

Use-Case Report

Actors Data compression agorithm, statistical information

Data Statistical class sends report contains the compression rétio, file

proprieties and data quality

Stimulus The selected algorithm will change the result
Response Statistical information will be given contains compression ratio, file
proprieties and data quality
Comments The result change according to the selected algorithm and file
:DCD system | | :Statistical :Compression algorithm
request
(report)

~——acknowledge()——

statistical ()

compr ession()

: replay ' send(r epor t)
<—  report
statistical info

acknom edge——

Figure 4.20 Collaboration Diagram for Report Providing
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4.4 Object Interface Specification

This section specifies the interface between the different components in the
design, so that objects and other components can be designed in paralléel.

Interface DCD {
Public void DCD();
Public void RLECompression(File F);
Public void HuffmanCompression(File F);
Public void Report();
Public void RLEDecompression();
Public void RLEDecompression(File F);
Public void HuffmanDeompression();
Public void HuffmanDeompression((File F);
}// DCD

50



4.5 System Interface Design

This section shows how DCD’s user interface will look like. It shows all of the

screens that the user will interact with them.

1) DCD Main Form

Figure 4.21 DCD Main Form

This form allows the user to select Text File Form or Image File Form from File

menu, and allows the user to view About DCD Form from Help menu.

2) Text File Form

This form alows the user to select desired text file to compress it by one of the
algorithms, decompress compressed file, view file word count, view statistical

information, and get more information about compression al gorithms.
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‘File @‘Compression VHDecompression QH TooISVH Help v‘

Figure 4.22 Text File Form
3) Image File Form

This form allows the user to select any image file and make compression,

decompression, view image properties and view statistical information.

‘File @‘Compression VHDecompression VH TOO'S@H Help v‘

Figure 4.23 Image File Form
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4) Word Count Form

Word Count

Character (No spaces)

Character (With spaces)

Number of Lines I:I

Figure 4.24 Word Count From

This form shows text file properties include the number of characters with

spaces, without spaces and the number of linesin thefile.

5) Text Statistical Information Form

Text Statistical Infor mation

Original File Size(Byte)

Compressed File Size(Byte)

Compression Ratio I:I

Figure 4.25 Text Statistical Information Form
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This form shows the text statistical information includes the original file size, file

Size after the compression, and compression ratio

6) | mage Properties Form

Image Pr operties

Width (Pixel)

Height (Pixel)
Horizontal Resolution e,

Format [ ]

Vertical Resolution

Pixel Format

Figure 4.26 Image Properties Form

This form shows properties include the image format, width, height, Resolution and
pixel format for the selected image.

7) Image Statistics Information Form

Image Statistical Infor mation

Original File Size(Byte) I:I

Compressed File Size(Byte) I:I
Compression Ratio I:I

Figure 4.27 Image Statistics Information Form



This form shows image statistical information includes the original file size, file

Size after the compression, and compression ratio.

8) About DCD Form

About Data Compression and Decompression Using C#

Data compression and Decompression Using C# Version 1.0.0
DCD project is developed by a team of three developers

Anwar A.Fakhouri Wael F.Takrouri
Yousef H.Shrouk h

Supervisor
Eng. Amal Mohammed AL -Dweik

This project submitted in Partial Fulfillment of Requirement for the
Degree of Bachelor in Computer System Engineering

Palestine Polytechnic University
Faculty of Engineering and Technology

June 2004

Figure 4.28 About DCD Form

This form shows information about the DCD Project includes the programmers

name, supervisor name, and the university and college name.
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Chapter Five

| mplementation

5.1 Preface

5.2 Algorithms

5.3 System Pseudo code
5.4 System Flow Chart
5.5 System Results

5.6 Conclusions
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5.1 Preface

This chapter describes algorithms used in the DCD system and features of each
algorithm, it presents Pseudo code and flow chart of each agorithm, the results after
implementing agorithms on selected data will be provided, finaly resulted data will be
analyzed to get conclusion.

5.2 Algorithms

5.2.1 Run Length Encoding

Run Length Encoding (RLE) which is one of the lossless compression algorithms
that reduces the repeated data sequence after alevel of occurrence.

RLE encounters a repeated data sequence that is above a level of occurrence it
will reduce this occurrence by replacing them with a special character (compression
indicator character) followed by a one of the repeating data and finally the count which
represent the number of times the repeated data occurred in the data sequence.

The selection of the special character should be based on the fact that it will not occurred
in the data stream, which makes it easy to refer to the compressed data and also make it
easy when we try to decompress the data.

Sc X Count

Where Sc: the special character.
X: the repeated data.
Count: the number of times the repeated data occurred in data sequence.
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Description of RLE Compression

1-

2-

The algorithm will start to read the content of text file until it reaches the end
of file

In the first reading the read datawill be considered as temporary data, and the
comparisons will be applied between the temporary data and the next read
data.

If the next data differs from the temporary data, the temporary data will be
written to the compressed file, and the new data will be considered as
temporary data.

If they are the same then the count which represent the number of repetition
times will be incremented by one, the compressed data will be written to
compress file when a different datais read or when the count reaches 255.
The compressed format is same as the previous figure, with the specid
character (ESC with ASCII code 27,9 and 1Be).

The compression output will be written to filename.data which represents a

binary file.

Notes:

1.

Text files
A) We deal with characters size of each one byte, because the
compression format takes three bytes so the repeated data must be
four or more to get efficient reduction of data.
B) If the repeated data is more than 255(1 byte), we compress the first
255 repeated data separately then dea the next also separately,
because the compression format takes only 3 bytes, one for count

value.
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2. Imagefiles
A) We deal with pixels size of each three bytes (1 byte for RED, 1 byte
for GREEN, 1 byte for BLUE).
B) The compression format here is 5 bytes because each symbol in the
repeated data takes 3 bytes.
C) Because the compression format takes 5 bytes so the repeated data
(Pixels) must be two or more to get efficient reduction of data.
D) If the repeated data is more than 255(1 byte), we compress the first
255 repeated data separately then deal the next also separately, because
the count value is one byte.
E) Because image data contains all values from 0-255, so thereisno a
gpecial character(byte) that will not occur in the data stream, so we
choose a valug(27) to indicate a specia character and if found in the data
replaceit by 26 value.

Description of RLE Decompression

1- The algorithm start to read the content of compressed file until it reaches the
end of thefile (afile with the extension .data).

2- If the dataisthe specia character then the algorithm read the next byte which
represents the data, and read the next byte which represent the count, then it
will decompress the compressed data to text file.

3- If the read data is not specia character it will be written to the text file
normally.
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5.2.2 Huffman Encoding

Huffman encoding was introduced by prof. David A. Huffman (1925-1999),
Huffman encoding is a lossless compression algorithm that is there is no loss of
information after the data is compressed i.e. after we decompress the data, that original
information will be available, lossless compression is desired while compressing text

documents, bank records ...etc.

The main idea behind Huffman encoding is to assign smaller codes (a sequence
of zeros and ones) to frequently used data and longer codes for data that are less
frequently used which provides considerable compression results, so the Huffman

encoding is called variable length coding.

Implementation of Huffman encoding should use binary tree precisely complete

binary tree, where the form of each node in the tree will asin the following figure.

node* left child
Symbol

Frequancy
ikade” righl_child

Typical node of o
Huffiman Trea

Description of Huffman Compression

1- Theagorithm will start to read the content of text file until it reaches the end

of file.
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6-

Frequency table is build which contains all symbols and their frequency, and
then the binary tree will be built starting from the leaves until reaching the
root.

The code will be provided by starting from root of tree going on assigning 1
to every left branch and O to every right branch.

The code of each symbol can be determined by moving form the root to the

desired symbol if traversing toward the left branch O is applied else 1 is
applied.

Each symbol in the input file then will be replaced by the code generated by
thetree.
The compressed file will be abinary file(file with extension .data)

Description of Huffman Decompression

Starting form the root of the tree that is generated by the compression process
The next input is read from the compressed file.

If the input equalsto 1, then move to the left child of the tree.

If the input equalsto O, then move to the right child of the tree.

If the node is leaf, then output the symbol and return to step number 1

If the node is not |eaf, then go to step number 2.

5.2.3 Adaptive Huffman Encoding

Adaptive Huffman or Dynamic Huffman encoding introduced to solve the

problems or disadvantages in Huffman encoding, where in adaptive Huffman there is no

need to know the symbol frequency table in advance.
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Description of Adaptive Huffman Compression

1- Theagorithm will start to read the content of text file until it reaches the end
of file.

2- Every symbol areinitially has frequency of 1, and the binary tree is formed.

3- After symbol is encoded its frequency incremented by one and the tree is
rebuilt, and from the newly updated tree the new symbol decoded, the
process continues until all symbols are encoded.

4- As the frequency of symbol increase the bits needed to decode the symbol

decreases.

Description of Adaptive Huffman Decompression

1- The agorithm will build binary tree same as in the compression step where
the frequency of all symbols equalsto one.

2- Starting form the root of the tree.

3- Thenext input from the compressed file will be examined.

4- If the input equals to zero, then move to the left child node, if not where it
will be one then move to the right child node.

5- If the node is child, then the symbol will be output to the decompressed file
and the frequency symbol will be incremented by one, and the tree will be
updated, then continue to step number 2 until the end of fileis reached.

6- If itisnot leaf node, then continue to step number 3.

Note: Why using file type binary or the file with extension .data in writing
compressed data.
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Binary file or the file with the extension .data allows data to be read and written
as binary, which allows the value of count to be written as one byte and therefore when
the file will be decompressed it will be easier to read the count as a byte rather than a

sequence of character in the case of Text file.

5.3 System Pseudo code

5.3.1 RLE Compression Pseudo Code

Stepl: Read symbol from thefile
Step2: Set count to zero
Step3:  Set symbol as temp variable
Stepd: Repeat
Read next symbol
If symbol same as temp and count less than 255
Increment count
Else
Begin
If count lessthan 4 (2 for image data)
Write temp to compressed file
Else
Begin
Set compression format
Write compressed datato thefile
End
End
Step5: Until reach end of thefile
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5.3.2 RLE Decompression Pseudo Code

Stepl: Repeat
Step2: Read a symbol from compressed file
Step3: If read symbol equalsto specia character

Read symbol

Read count

Repeat

Output symbol to decompressed file
Decrement count
Step4: Until count equals one
StepS: Else
Output symbol to decompressed file

StepS:  Until reach end of file

5.3.3 Huffman Compression Pseudo Code

Stepl: Read the different symbols from thefile

Step2: Determine symbols frequency

Step3: Arrange frequencies in ascending order

Step4: Repeat
Assign 0 to 2nd smallest frequency
Assign 1 to smallest frequency
Combine the two smallest frequencies
Arrange frequency in ascending order

Step5: Until all frequencies are combined

Step6: Generate code for each symbol

Step7: Write the code for each symbol to compressed file



5.3.4 Huffman Decompression Pseudo Code
Stepl: Read the compressed file
Step2: Start from the root of the tree
Step3: Examine the next element in the input
Step4: If itis1, moveto the left child.
Step5: If itis 0, moveto the right child.
Step6: If itisleaf node

Output its symbol

Go to step?2

Step7: If itisnot aleaf node then go to step3

5.3.5 Adaptive Huffman Compression Pseudo Code

Stepl: Read the different symbols from thefile
Step2: Initialize frequency to one for each symbol
Step3: Build tree

Step4: Read next symbol

Step5: Code symbol

Step6: Increment count of read symbol

Step7: Go to step 3 until reach end of file
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5.3.6 Adaptive Huffman Decompression Pseudo Code

Stepl: Makeinitia Huffman tree having frequency count of al symbols 1.
Step2: Start from the root of the tree.
Step3: Examine the next element in the input
Step4: If itis 1, moveto the left child.
Step5: If it is 0, move to theright child.
Step6: If it isleaf node then
Output its symbol.
Increment its count by 1.
Update the Huffman tree.
Go to step 2
Step7: If it isnot aleaf node then go to step 3

66



5.4 System Flow Charts

5.4.1 RLE Compression Flow Chart

G et next sym bol
from the file

I's

Y € S wesmime!| C ount = C ount + 1

T emp=sy mbol
&

Count < 255

Store tem p tim es of count
in the com pression file

form at

Set com pression I

Store com pressed data in I

the com pression

file
Figure 5.1 RLE Compression Flow Chart
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5.4.2 RLE Decompression Flow Chart

Get symbol from
the file

\/
1 es

W rite symbol data
- to file

5

Get the symbol data I

o

| Get the count I

v

> W rite symbol data I

to file

v

| Decrement count I

N U

1Ty

Figure 5.2 RLE Decompression Flow Chart
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5.4.3 Huffman Compression Flow Chart

Getdifferent symbols
from the file

Calculate symbols
frequency

Arrange frequencies
in ascending order

Reach end
of symbols
?

3
>
=
o
v v
Generate code for each Assign 0 to 2nd

symbol smallest frequency

W rite the code for each
symbolto compressed file

Assign 1 to smallest
frequency

Sum the tw o sm allest
frequencies

Figure 5.3 Huffman Compression Flow Chart
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5.4.4 Huffman Decompression Flow Chart

Read the compressed file

v

B uild the tree I

>¢

Start from the root of the tree

r

Examine the next element in
the input

rN o Y es + =
- M ove to the left
M ove to the right child
child
|
Is leaf
node

<
[1°3
w

v

Output element I

symbol

Figure 5.4 Huffman Decompression Flow Chart



5.4.5 Adaptive Huffman Compression Flow Chart

Read different
symbols from the file

v

Initialize frequency to
one for each symbol

v

Build the tree

v

Read next symbol

v

Code the symbol

v

Freg= Freq + 1

No

Is
end
of file

>

Figure 5.5 Adaptive Huffman Compression Flow Chart



5.4.6 Adaptive Huffman Decompression Flow Chart

Read the compressed file

v

B uild the tree

v

one

¢<

Start from the root of the tree

ﬁ

Examine the next element in
the input

Initialize all frequencies to I

Y

es *

—

M ove to the
child

left I

child

M ove to the right I

Is leaf

No

node

<5 |

O utput element
symbol

4

EleFreq =EleFreq+1

v

|U pdate the tree I

Figure 5.6 Adaptive Huffman Decompression Flow Chart
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5.5 System Results

This section provides statistical information on different algorithms that applied

to different data files to examine algorithms efficiencies.

5.5.1RLE Text

A) Best Case Sample

dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
dddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
ddddddddddddddddddddddddddddddddddddddd

Analysis:

The data includes one symbol repeated 255 times, so the compression format is
(27 d 255) where:

27: indicates the specia character.

d: The repeated symbol

255: Count of repeated data.
So:
- The compressed datais three bytes.
- The best case happens when there is one symbol in the data and repeated 255 times
(Count value stores in bytes 255 = 1 byte) and that rarely occursin text files.
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B) Average Case Sample

Thisis software project DCD using C#,which implements RLE,Huffman,Adaptive

pal estine polytechnic university.

Analysis:
The sample shows that:
- The first 128 symbol has no repetition so it has no compression
- Next the data contains the symbol (h) repeated 69 times, so it compressed to three
bytes (27 h 69).
- Finally the data contains the symbol (i) repeated 58 times, so it compressed to three
bytes (27 i 58).
- So the compressed total datais 128 + 3 + 3 = 134 bytes.

The result indicates that the average case happens when the data contains a number of

repeated data and some without repetition, this case occurs normally when the data

contains alot of spaces between the words.
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C) Worst Case Sample

Thisis software project that uses C# as devel opment environment

it implements RLE,Huffman and Adaptive compression agorithms

developed by ateam of three computer systems engineering:

Anwar A. Fakhouri
Wadl F. Takrouri
Y ousef H. Shroukh

Analysis
Sample shows that the data has no repetition so the output data is the same as the
original data. So worst cast happens when the data has no any repetition, this case occurs

in normal data, data normally has no repetition, so the compressed data is the same as
the original data.

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio

255:3

7 255 3 _ 85 1

s}

S

@ 255:134

255 134

§ = 19:10

<

B 255 255 o RS

¢} = 1:1

=

Table 5.1 RLE Text Statistics
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RLE Text Statistics

300

N
a1
o

2001

150
100

@ Original
B Compressed

File Size(Byte)

NN

a1
o

o

Best Average  Worst

Figure 5.7 RLE Text Statistics

5.5.2 RLE Image

1) BMP

A) Best Case Sample
Dimensions; 312 x 132

Figure 5.8 RLE (BMP) Best Case
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Analysis:

-The original data size is 245340 bytes, the compressed datais 1664 bytes.

- The bitmap header = 54 bytes.

- So the image datais 245340 — 54 = 245286

- Each pixel has 24 bits (3 bytes).

- So the image data has 245286 / 3 = 81762 pixels

- Since the image has on symbol (pixel) is red so al image data is repeated but the
system deds every 255 repeated data separately so it has a number of repeated
sequences equalsto:

81762/ 255 = 321

- So the compressed data size equals

54 bytes (bitmap header) + 321(sequence) * 5(compression format) = 1659 bytes
B) Average Case Sample

Dimensions; 800 X 600

&

Windows*e

Figure 5.9 RLE (BMP) Average Case
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Analysis:

Sample shows that the image data has a small number of colors, so thereisalso alot

number of repeated data, so it has a medium compression rétio.

C) Worst Case Sample

Dimensions; 256 X 256

Figure 5.10 RLE (BMP) Worst Case

Analysis:

Sample shows that the image data has a lot number of colors, so it has rarely

repetitive data, so it has a small compression ratio.

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio
245340 : 1664
7 245340 1664 _ 147 1
[oa}
2
479436 : 13167
g 479436 13167 — 361
<
¥ | 301788 196454 _ 391788 19788
g = 2:1

Table 5.2 RLE Image (BMP) Statistics
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RLE Image (BMP) Statistics

500000+
400000+
300000+
200000+
100000

0-

@ Original
m Compressed

NN N

File Size(Byte)

Best  Average Worst

Figure 5.11 RLE Image (BMP) Statistics
2) JPG

A) Best Case Sample

Dimensions; 800 X 600

Figure 5.12 RLE (JPG) Best Case
Analysis:

-The original data sizeis 2875308 bytes, the compressed data is 18854 bytes.
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- The bitmap header = 54 bytes.
- So theimage data is 2875308 — 54 = 2875254
- Each pixel has 24 bits (3 bytes).
- So theimage data has 2875254 / 3 = 958418 pixels
- Since the image has on symbol (pixel) is green so al image data is repeated but the
system dedls every 255 repeated data separately so it has a number of repeated
sequences equalsto:
958418 / 255 = 37581
- S0 the compressed data size equal's
54 bytes (bitmap header) + 37581 (sequence) * 5(compression format) = 18849 bytes

B) Average Case Sample

Dimensions; 750 X 750

Figure 5.13 RLE (JPG) Average Case
Analysis:

Sample shows that the image data has a small number of colors, so thereisalso alot

number of repeated data, so it has a medium compression ratio.
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C) Worst Case Sample

Analysis:

Dimensions; 800 X 600

Figure 5.14 RLE (JPG) Worst Case

Sample shows that the image data has a lot number of colors, so it has rarely

repetitive data, so it has a small compression ratio.

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio
2875308 : 18854

7 2875308 18854 _ 153 1
el
S
S 1128652 203493 1120052 : 203433
> - .
<
B | 2875308 1280723 2875308 : 1280723
§ = 22:10

Table 5.3 RLE Image (JPG) Statistics
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RLE Image (JPG) Statistics

File3g0e(Byte),
2500000
2000000

1500000 1
1000000 1
500000

@ Original

B Compressed

O,

Best Average Worst

Figure 5.15 RLE (JPG) Statistics

3) GIF

A) Best Case Sample

Dimensions; 360 X 216

Figure 5.16 RLE (GIF) Best Case
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B) Average Case Sample
Dimensions: 200 X 48

Figure5.17 RLE (GIF) Average Case
B) Worst Case Sample

Dimensions; 125 X 90

Figure 5.18 RLE (GIF) Worst Case

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio
131072 : 944

7 131072 944 _ 139 1

[}

S

@ 19164 : 1954

19164 1954

o = 10:1

<

0 17248 : 11885
g 17248 11885 _ 14- 10

Table 5.4 RLE Image (GIF) Statistics
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RLE Image (GIF) Statistics

150000
O) _
& 1000001
IS | @ Original
n i
o 920000 m Compressed
2

O 4

Best Average  Worst

Figure 5.19 RLE Image (GIF) Statistics
Conclusions;

Table 5.2, 5.3, 5.4 shows the statistics for image datafrom it we see:
1) Best case for images occurs when the image data consist of one color so it is

completely corresponds a repetitive data.

2) Average case occurs if the image data has a small number of colors, so thereisalso a

lot number of repeated data.

3) Worst case occurs if the image data has a lot number of colors, so it has rarely

repetitive data.



5.5.3 Huffman Text

A) Best Case Sample

ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
ddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddddd
dddddddddddddddddddddddddddddddddddddddddddddddd

B) Average Case Sample

Thisis software project
data compression and decompression using viusal ¢# which implements RLE,huffman

and adaptive huffman, the project developed ateam of three
computer system engineers

anwar a fakhouri
wael f takrouri
yousef h shroukh
supervisor

eng. amal mohammad al dweik
pal estine polytechnic university

college of engineering and technology

computer and electical department

one two three four five six seven eight nine ten eleven twelve
abcdefghijklmnopgrstuvwxyz
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huffman codes are indeed very efficient

we use huffman codes in virtually every application which involves compression

of digital data huffman compression can compress data up to around ninty percent
huffman compression isimplemented in computer networks, modems and fax machines
huffman compression is also used in multimedia applications, Various multimedia
standards like JPEG and MPEG use Huffman compression

data compression is one of the most renowned branches of computer science

over the years alot of research has been donein thisfield to compress data

in numerous ways and many standards have been developed data compression can
be defined as reducing of the amount of storage space required to store

agiven amount of data, data compression comes with alot of advantages,

it saves storage space, bandwidth, cost and TIME required to transmit data

from one place to another, in this article we will throw light on Huffman

coding for data compression

C) Worst Case Sample

abcdefghijklmnopgrstuvwxyzA BCDEFGHIJK LMNOPQRSTUVWXY 2123456789

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio

255: 37

7 255 37 _ 71

[}

S

s | 1517 962 _ 151;'_ 262

> - -

<

% 61:171

= 61 171 _ 1:3

=

Table 5.5 Huffman Text Statistics

86



Huffman Text Statistics

2000
€ 15001
Q
% 1000+ @ Original
% 500- m Compressed
0_

Best Average  Worst

Figure 5.20 Huffman Text Statistics
Huffman Analysis:

For analysis Huffman code consider the following example which shows Symbol

Frequency table of atext file containing atotal of 100 characters.

Symbol Frequency of occurrence
40

30

10

10

6

m o m O O W >

4

Table 5.6 Frequency Symbol Table
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1) First we create the leaf nodes from the symbol frequency table and sort them.
Symbols “‘f* and ‘e’ have the least frequencies, 4 and 6 respectively; these 2 nodes are

combined to make a node ‘fe’ having frequency 4+6=10.

2) This new node ‘fe’ is now the parent node of the nodes ‘f* and ‘e’, and ‘fe” replaces

‘f” and ‘e’. Again we sort the nodes.

3) Now ‘fe’ and ‘c’ have least frequencies i.e. 10 each. This time we combine ‘fe’ and
‘C’ to create a new node “fec’ having frequency 20. Nodes “fe” and ‘c’ are replaced to be

their parent “fec’.

4) After sorting again, we now combine‘d’ and ‘fec’ to create ‘dfec’ having frequency
30, 10 of “‘d” and 20 of “fec’. This ‘dfec’ becomes parent of ‘d’ and ‘fec’ and replaces
both of them.

5) Now combines the nodes ‘dfec’ and ‘b’ as they have least frequency. New node will

be “dfecb’ having frequency of 60, again ‘dfec’ and ‘b’ will be replaced by “dfecb’.

6) Now only two nodes are left namely ‘dfecbh’ and ‘a’. We again sort them and combine

both of them to form “adfecb’ which has frequency count of 100.

7) After making ‘adfecb’ parent of ‘a’ and “‘dfecb’ and replacing them with *adfecb’, we
have created the Huffman tree for the symbols in Table 5.6. Node ‘adfecb’ is the root of

the tree.

8) To assign codes to the tree created, start from the root of tree and go on assigning 1

to every left branch and O to every right branch.

9) To find the code for a particular symbol, start from that symbol and traverse in up

direction towards the root. As soon as you encounter a branch output the code assigned
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to that branch (1/0), when you reach the root you will have the code for that symbol
from LSB to MSB. Suppose we need to find Huffman code for “f’, we start from ‘f* and
move

toward root i.e. f -> fe -> fec -> dfec -> dfecb -> adfecb; we get code 1, 1, 0, 1, 0

respectively (i.e. 1 for f->fe, 1 for fe -> fec, O for fec -> dfec and so on). Note that this
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code that we have is from LSB to MSB so the final code for ‘f* will be “01011”. table
5.7 shows Huffman code for all the symbols.

Symbol Frequency of occurence Huffman code

a

b

40 1

30 00

10 0100
10 011

6 01010
4 01011
Table 5.7 Huffman Code Table

Conclusion: if you notice carefully you will see that no codeword is also a prefix of

another codeword. E.g. codeword for b is 00, now there is no other codeword which

begins with 00. Codes having this property are called as Prefix codes. In prefix codes no

codeword in the set is a prefix to another codeword. Huffman codes are Prefix codes.

This property makes Huffman codes easy to decode as we will find later.

Now suppose we want to encode the following string using Huffman “abdceabedf”, 1

for ‘a’, 011 for ‘d’ and so on. Following table shows what will be encoded for each of

the symbols:

ab e
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So the compressed code will look like “1000110100010101000101001101011”. There
are 10 characters and it takes only 31 bits to code them. If we use normal ASCII code
i.e. 8 bit fixed length code then it will take 8*10=80 bits to code the same string. So in

our case, use of Huffman codes saved 49 hits.
Decoding Huffman Codes

How to recover the original data from the given Huffman code? To decode the
Huffman codes we need the Symbol Frequency Table which was used while
compressing the data. Without the symbol frequency table we can not recover the data
back.

Suppose we want to decode the stream “1000110100010101000101001101011” for the
above created Huffman tree.

1) Start from the root (node “adfecb”), as first bit is 1 we go to the left child which
is node ‘a’, now this ‘a’ is a leaf node so we output the symbol ‘a’ and again start
our way from the root.

2) Thistime input is 0, so we move to right child of the root i.e. node ‘dfecb’; this
node is not aleaf node so we continue our search.

3) Again next input bit is 0 so we again visit the left child of node “dfecb’ which is
node ‘b’; now node ‘b’ is a leaf node so we output the symbol ‘b’ and restart the

search. In the similar way we find the symbols for the above string as follows:

100 011 0100 01010 1 00 01010011 01011

ab D ¢ [E ab e D F

So the final output symbols string is “abdceabedf”.
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5.5.4 Adaptive Huffman Text
Adaptive Huffman applied on the same cases in Huffman.

Case/Size | Original text file (Byte) | Compressed file (Byte) Compression ratio

255:34

9 255 34 _ 152

0

S

g 1517:910

1517 910

o = 1610

<

w 61:111

5 61 111 _ 1:2

=

Table 5.8 Adaptive Huffman Text Statistics

Adaptive Huffman Text Statistics

2000
§ 1500+
Q
% 1000+ @ Original
% 500- B Compressed
0_

Best Average Worst

Figure 5.21 Adaptive Huffman Text Statistics
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Adaptive Huffman Analysis:

For illustration Adaptive Huffman consider the following example: suppose we have

4 symbols a, b, ¢ and d which occur as “abbbccdccc”.

1) Initially all the symbols will be having a frequency count of 1 and an initial
tree will be build as show in fig (a); symbol ’a’ will be encoded as 01 and its
frequency count will be incremented to 2.

2) The tree is updated as in fig (b) and this time we will encode ’'b’ as 101. This

process continues until we are finished with encoding all the symbols.

As frequency count of a symbol increases, bits needed to encode the symbol
decreases i.e. in adaptive Huffman coding bits needed to encode a symbol increase
or decrease dynamically and hence the name Dynamic Huffman Encoding. The final
bit stream will be 0110100111100001101001.

aB blbc ¢ d |c |Clc

01 101 00 1 111 00O 011 01 00 1

Decoding adaptive Huffman codes:

First of all, we build an initial Huffman tree, like the one we built while
encoding the symbols. From that tree we decode the first symbol. After decoding
the symbol we increment its count by 1 and we update the tree. From this newly
updated tree, we decode the next symbol. This process continues till we decode all

the symbols.
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Adaptive Huffman Encoding
For data pattern "sbbboodoec”

Encoded bil pattern :0110100111100007101001
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Suppose for example; we want to decode “0110100111100001101001". We first
create the initial tree as in fig (a). From that tree we decode 01 as ’a’; procedure for
decoding the code basically remains same as the one used for static Huffman
decoding. We then increment the frequency count of 'a’ to 2 and rebuild/ update the
tree (fig. b). From this updated tree we then decode 101 as ’'b’ and then increment
count of 'b’ to 2 and again update the tree as in the fig (c). We continue this process

until the whole input stream is decoded.

01/101 001 111 000 011 0100 1
A B b bc ¢ d cic C

So the final output stream becomes “abbbccdccc™.

Conclusion:

Table 5.5 and table 5.6 show the statistics for Huffman and Adaptive Huffman

text compression:

1) Best case occurs if the data has a high frequency so the compressed symbols has a
small number of bits.

2) Average case occurs if the data has a lot number of symbols with different values of

frequencies.

3) Worst case occurs if the data has a lot number of symbols with the nearly the same

frequencies.
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5.6 Conclusions

1)

2)

3)

4)

5)

6)

7)

Run Length Encoding is actually not useful for compression text files,
since a typical text file doesn’t have a lot of long repetitive character
strings.

RLE it is very useful for compression bytes of monochrome image
data (give high performance in compression the black-and-white
image).

RLE result always the compressed data size is lower or equal the
original datasizeif there is arepeated data.

Huffman and adaptive Huffman compression algorithms is mainly
efficient in compression text files, because they depends on the
frequency of data regardless of it’s location in the string.

RLE compression efficiency depends on the type of arrangement of
data in the file, but Huffman and Adaptive Huffman compression has
the same efficiency what ever how the data arranged in thefile.
Adaptive algorithms do not need a priori estimation of probabilities,

they are more useful in real applications.

Implementations of Static Huffman encoding faces some problems

As discussed earlier symbol frequencies must be known in advance. Now this

can be a rea problem, consider a network in which Huffman compression is

applied on the data, before sending them on the communication channel. We can

not build the Symbol Frequency table in advance as in most cases we do not

know the nature of data being transmitted i.e. we do not know whether next

character that will be transmitted is an ‘a’ or ‘z’ or something else. The
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compression must be applied on the fly, which is not possible with the static
Huffman encoding.

Symbol frequency table must be stored /transmitted along with the code words.
Thistable is needed while decoding the Huffman codes.

If we use the universal symbol frequency table we have an advantage that this
table may not be stored/ transmitted along with Huffman codes as this table is
known in advance to parties involved in the process. Disadvantages of this
approach is that in an specific situation input stream may totally mismatch with
what is there in universal frequency table, e.g. a text message in which there are
more ‘z’ than ‘e’. In that situation we do not get good compression ratio.

While compressing a file using static Huffman encoding we need to do two
passes on the file; in the first pass we make the Symbol Frequency table and in
the second pass we actually compress the data.

For large files containing a large number of characters, building a symbol

frequency table is time consuming as disk access is quite slow.

9) While compressing files with adaptive Huffman encoding we only need to have
one pass on the file as compared to two required by static Huffman coding. This can

save time required for additional disk 1/0 operation.

98



Chapter Six
Testing

6.1 Introduction
6.2 Unit Testing
6.3 Integration Testing
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6.1 Introduction

The DCD system must be tested to ensure that every unit or component in the
project works as it is expected to do and checks functionadlity, this grantees that the

project works properly.
6.2 Unit Testing

DCD system consists of many classes each represent aform or a class these class
are tested separately to insure the functionality of these components, classes contains
either compression or decompression algorithm, these algorithms were build using
Console Application in Visual C# then after that an input is implemented to the
algorithm if the desired output is gotten.

6.2.1 RLE Text

Thisis a Data Compression Decompression using C#

salammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Masaasacaasaaaatttttttt

Figure 6.1 Input File RLE Text

Thisis aData Compression Decompression using C#

salammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
Masaasacaasaaaatttttttt

Figure 6.2 Output File RLE Text
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Property

Value

Input file path

C:\Documents and Settings\Wael\Desktop\RL E Text.txt

Input file size

131 byte

Compressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Compresssion\
RLE\ RLE Text.data

Compressed file size

72 byte

Decompressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Decompression
\RLE\\RLE Text.txt

Decompressed file size

131 byte

Table 6.1 RLE Text Testing Results

(™ Text Statistical Information
i Test
Orniginal File Size [Bute] 131
Comprezzed File Size [Byte] s
Comprezsion Hatio 1.8

Figure 6.3 RLE Text Statistical Information
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6.2.2 RLE Image

Figure 6.4 Input File RLE Image

Figure 6.5 Output File RLE Image

Property Value
Input file path C:\Documents and Settings\Wael\Desktop\RL E Image.bmp
Input file size 229932 byte

Compressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio

Projects\DataComprDecompr\bin\Debug\l mage\Compresssio
N\RLE\ RLE Image.data

Compressed file size

1564 byte

Decompressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\lmage\Decompressi
on\RLE\RLE Image.bmp

Decompressed file size

229932 byte

Table 6.2 RLE Image Testing Results
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= Image Statistics Information

 Image
Original File Size [Buyte] 229932
Comprezzsed File Size [Byte] 1564
Comprezsion Hatio 147

Figure 6.6 RLE Image Statistical Information

6.2.3 Huffman Text

thisisatest pagethisisadcd system

thisis software project

thisis atest page

Figure 6.7 Input File Huffman Text

thisisatest pagethisisadcd system

thisis software project

thisis atest page

Figure 6.8 Output File Huffman Text
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Property

Value

Input file path

C:\Documents and Settings\Wael\Desktop\Huffman Text.txt

Input file size

107 byte

Compressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Compresssion\
Huffman\ Huffman Text.data

Compressed file size

92 byte

Decompressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Decompression
\Huffman\Huffman Text.txt

Decompressed file size

107 byte

Table 6.3 Huffman Text Testing Results

Text Statistical Information

Test-
Orniginal File Size [Byte] 107
Compreszed File Size [Bite] 92
Compression Fatio 1.1

Figure 6.9 Huffman Text Statistical Information

6.2.4 Adaptive Huffman Text

thisisatest pagethisisadcd system

thisis software project

thisis atest page

Figure 6.10 Input File Adaptive Huffman Text
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thisis atest pagethisisadcd system

thisis software project

thisis atest page

Figure 6.11 Output File Adaptive Huffman Text

Property Value
Input file path C:\Documents and Settings\Wael\Desktop\Adaptive Text.txt
Input file size 107 byte

Compressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Compresssion\
Adaptive\ Adapive Text.data

Compressed file size

77 byte

Decompressed file path

C:\Documents and Settings\Wael\My Documents\Visual
Studio
Projects\DataComprDecompr\bin\Debug\Text\Decompression
\Adaptive\Huffman Text.txt

Decompressed file size

107 byte

Table 6.4 Adaptive Huffman Text Testing Results

C™ Text Statistical Information
“Test -
Original File Size [Byte] 107
Comprezszed File Size [Bute] i
Comprezzion Fatio 1.3

Figure 6.12 Adaptive Huffman Text Statistical Infromation
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Chapter Seven

Conclusion and Future Work

7.1 Conclusion
7.2 FutureWork

106



7.1 Conclusion

There are many conclusions that are concluded after working with this project and

in this section a description of the resulted conclusions will be pointed:

In normal cases the occurrence of redundant data in images is greater than text
files.

Each algorithm has best case, average case and worst case, this comes from the
fact that each algorithm has its own way to deal with data.

RLE works perfectly when redundant data occurred frequently data, where as
when talking about norma cases where redundant data occurred rarely
compression ratio is small.

Huffman Algorithm and Adaptive Huffman algorithm comes to solve the lower
compression ratio in the RLE.

Working with this project increases the knowledge of dealing with streams to
read data and write form files (text or image).

Working with this project focuses on how to implement different data structures
(i.e. building trees using Visual C# without using pointers).

Working with this project it could implement three well kwon agorithms in
classes (RLE, Huffman, and Adaptive Huffman) where until this moment no
classes where implemented using Visual C#, so any future work on DCD could
use these classes(class reusability), with no need to build it another time(why to
reinvent the whesel).

Working with this project make it possible to make a distinction between the
algorithms, the user compress a file using the algorithms, then request statistical
information, so it is possible for him to make comparison.
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Working with this project forces the way of how to program using Visua C#,
that is C# is has leading rank than its competitive object oriented languages.
Working with this project focuses the concepts of visual programming, where

DCD system uses the visual components which are available in wide manner.

7.2 FutureWork

DCD system could be improved and modified, and the following points can be
implemented as future work:

Implementing the DCD using more number of agorithm (i.e. Modified
Huffman),

Applying Quantization to images before compressing these files so that it could
get better results than the way without using Quantization.

Implementing some of tools on images (i.e. Inverting color, gray scaling...),
where the implementation of these tools requires accessing image data and

changes these data according to the tool.
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Appendix A
Glossary
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Adaptive Huffman Encoding: is a modified version of Huffman encoding that is used
to build the tree dynamically and the is called variable length coding that is the

generated code is variable according to frequency of each symbol.

Binary tree: it is a specia type of inverted tree in which each element has only two

branches below it.

Bitmap (BMP): is a standard format used by Windows to store device-independent and
application-independent images. The number of bits per pixel (1, 4, 8, 15, 24, 32, or 64)
for a given BMP file is specified in a file header. BMP files with 24 bits per pixel are
common. BMP files are usually not compressed and therefore are not well suited for

transfer across the Internet.

Compression Ratio: defined as the ratio of original data size to the compressed data
size, thisisan indication of how compression algorithm efficiency.

Data Compression: defined as reducing of the amount of storage space required to store
a given amount of data, it comes with a lot of advantages, it saves storage space,
bandwidth, cost and time required to transmit data from one place to another.

Data Decompression: defined as the process of getting the original data form
compressed formats it is the reverse process of compression.

Graphics Interchange Format (GIF): is a common format for images that appear on
Web pages, GIFs work well for line drawings, pictures with blocks of solid color, and
pictures with sharp boundaries between colors, GIFs are compressed, but no information
is lost in the compression process; a decompressed image is exactly the same as the
original. One color in a GIF can be designated as transparent, so that the image will have

the background color of any Web page that displaysit. A sequence of GIF images can be

115



stored in a single file to form an animated GIF. GIFs store at most 8 bits per pixel, so
they are limited to 256 colors.

Huffman Encoding: one of the algorithms that is used to calculate the frequency of
each count in file then building a binary tree that, each node of this tree has the

following items the symbol, frequency of each symbol and code for each node.

Joint Photographic Experts Group (JPEG): JPEG is a compression scheme that
works well for natural scenes such as scanned photographs. Some information is lost in
the compression process, but often the loss is imperceptible to the human eye. JPEGs
store 24 hits per pixel, so they are capable of displaying more than 16 million colors.

JPEGs do not support transparency or animation.

Run Length Encoding (RLE): one of the algorithms that is used to compress the
redundant data with a format that take less number of symbols, the general format of

compressed datais special character, symbol then count or frequency of symbol.

Tree: A type of data structure in which each element is attached to one or more
elements directly beneath it. The connections between elements are called branches,
trees are often called inverted trees because they are normally drawn with the root at the

top.
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Appendix C
DCD User Interface
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DCD Main Form
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E® Tout Flle Form

be Lorpicizon  Dedovpessior loeos Hop

Text File Form
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L Image Fil= Earm

b Lorptcizon Dedompessaor  Image Rds

Image File Form
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™ Word Count [EJ

[~ word
Characters tND spaces] Filalal
Characters [with spaces| 285
Humber of Lines 1

Word Count From

Text Statistical Information

i Teut-
Original File Size [Byte) 255
Comprezzed File Size [Bute] 3
Compreszion Ratio 35

Text Statistical Information Form
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B Image Properties E|

[~ Image
Farmat YWindows Bitrmap [BMP)
Wwidth [pixe] 800
Height [pixel] GO0

Harizantal Beszalution [dpi] 71,9836
Wertical Reszolution [dpi] 71,9836

Piel Farmat Farmatdbpplndexed

Image Properties Form

= Image Statistics Information

i~ Image
Original File Size [Byte] 473436
Comprezzed File Size [Bute] 15939
Comprezsion Fatio 234

Image Statistics Information Form
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1 About Data Compression Decompression

Data Comprezsion and Decompression [DED) using CH

DCD project iz develop by a team of three developers
Ariwar & Fakhouri Wael F. Takrour
ouzel H: Shroukh

Superviar

Eng. Amal Mohammad Al-Dweik,

Falestine Polptechhic University

Faculty of Engineering and Techhology

June 2004

Werzion 1.0.0

Thiz project subritted in Partial Fulfiliment of Bequirment for the

Degree of Bachelor in Computer Systems Engineenng

=
—_—
=
=]
b=1
—

About DCD Form
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Appendix C
DCD Source Code
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RLE Text Compression Class

usi ng System
using System | Q

nanmespace Dat aConpr Deconpr

{

/1l <summary>

/'l Sunmary description for RLEText Conp.
/1]l </ summary>

public class CRLEText Conp

{

public CRLEText Conp()

{

data occurred

char cText;
char tenp="]";
/lcount represents the nunber of tines the repeated

i nt count =0;

String textFil ePat h=frnText.textPat h;

String RLETDi rect=frnText. TConpDi rect;

String conprFil eName=frniText.t ext Fi | eNane;
StreamReader sr=new StreanReader (textFil ePath);

Fil eStream f s=new

Fil eStream( RLETDi rect +"\\ " +conpr Fi | eNane+". dat a", Fi | eMode. QpenOr Cr eat e,

Fil eAccess. Wite);

Bi naryWiter bw=new BinaryWiter(fs);
whi | e(sr. Peek()!=-1)

{ i f(count==0)
{ cText =Convert. ToChar (sr. Read());
t enp=cText;
count +=1,
}
el se
{

cText =Convert. ToChar (sr. Read());
i f(tenp!=cText | count==255)
{

i f(count<4)

for(int i=0;i<count;i++)
bw. Wite(tenp);
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el se

bw. Wite(Convert. ToByte(27));
bw. Wite(tenp);

bw. Wite(Convert. ToByte(count));

}
count =1;
t enp=cText;

el se i f(count <255)

{
count +=1,

}

el se

{
bw. Wite(Convert. ToByte(27));
bw. Wite(tenp);
bw. Wite(Convert. ToByte(count));
count =1;
t enp=cText;

}

}
i f(count<4)

for(int i=0;i<count;i++)
bw. Wite(tenp);

}
el se
{
bw. Wite(Convert. ToByte(27));
bw. Wite(tenp);
bw. Wite(Convert. ToByte(count));
}
sr.d ose();
bw. C ose();
fs.d ose();

126



RLE Text Decompression Class

usi ng System
using System | Q
usi ng System W ndows. For ns;

nanespace Dat aConpr Deconpr
{
[l <summary>
[l Summary description for RLETextDeconp.
1] <l summary>
public class CRLEText Deconp

publ i c CRLEText Deconp()
{
char cText;
char tenp;
char cCount;
i nt count;
byte sChar=27;
String ConpFil eNane=frnmlext.textFil eNang;
String ConpFil eDirect=frniext. TConpDirect;
String DeconpFil eDi rect=frnifext. TDeconpDi r ect ;

FileStream fs;
Bi nar yReader br;
StreanmWiter sw,

try

{
f s=new
Fi | eStream( ConpFil eDirect +"\\ " +ConpFi | eNane+". dat a", Fi | eMode. Qpen, Fi | eA
ccess. Read) ;
br =new Bi nar yReader (fs);
sSwW=new
StreamWiter(DeconpFil eDirect+"\\"+ConpFi | eNane+".txt");
whi | e(br. PeekChar ()!=-1)
{
cText =Convert. ToChar (br. Read());
i f (cText==Convert. ToChar (sChar))
{
t enp=Convert. ToChar (br. Read());
cCount =Convert. ToChar (br. Read());
count =Convert. Tol nt 16 (cCount);
/1 Consol e. WiteLine(count);
for(int i=0;i<count;i++)
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sw.Wite(tenp);

}
}
el se
{
sw. Wite(cText);
}
sw. O ose();

}
catch(System | O Fi | eNot FoundExcepti on exFNF)

{
MessageBox. Show exFNF. Message, "Fi | e Not
Found", MessageBoxBut t ons. OK, MessageBoxI| con. Error);

}

}
}

RLE Image Compression Class

usi ng System

using System | Q

usi ng System Draw ng;

usi ng System Drawi ng. | magi ng;

namespace Dat aConpr Deconpr
{
/1l <summary>
[l Summary description for CRLEI mageConp.
/1l </ summary>
public class CRLElI nageConp
{
publ i c CRLEI mageConp()

{

int i;

String | mageFil ePat h=frm mage. i nagePat h;
String RLEIDi rect=frm mage. | ngConpDi r ect ;
String conprFil eNane=frm mage. i nageFi | eNaneg;

Fil eStream f s=new
Fil eStream RLEI Di rect +"\\ " +conpr Fi | eName+". dat a", Fi | eMode. OpenOr Cr eat e,
Fil eAccess. Wite);

Bi naryWiter bw=new BinaryWiter(fs);

128



byte []IArray;
String pixel Str="";
String tenp="";

i nt count =0;

byt e speci al =27;
byte alter=26;

// Read the content of image file as array of bytes
| mmge Bl mage=new Bi t map(| nageFi | ePat h) ;
MenorySt ream ns=new MenoryStream();

Bl mage. Save( s, | nageFor mat . Bnp) ;

| Array=ms. Get Buf fer();

frm mage. i mageFi | eSi ze=l Array. Lengt h;

/I'Wite the content of header file to conpressed file
for(i=0;i<54;i++)

{
bw. Wite(Convert. ToByte(l Array[i]));
}
for(;i<lArray.Length;)
{

i f(count==0)
for(int j=0;j<3 & i<lArray. Length;j++)
if(lArray[i]==special)
| Array[i]=alter;

pi xel Str+=lArray[i];

i ++;
} |
t emp=pi xel Str;
count +=1,
}
el se
{ |
pi xel Str="";

for(int j=0;j<3 & i<lArray. Length;j++)
if(lArray[i]==special)
{
| Array[i]=alter;
}

pi xel Str+=lArray[i];
i ++;
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bw. Wite(Convert.

bw. Wite(Convert.

bw. Wite(Convert.

bw. Wite(Convert.

i f(tenp!=pixel Str)
{

i f(count<2)
{
i -=6;
for(int x=0; x<3; x++, i ++)

{

ToByte(l Array[i]));

el se i f(count <=255)

{

ToByt e(special ));

i -=6;
for(int x=0; x<3; x++, i ++)

{

ToByte(l Array[i]) ):
}

ToByt e(count));
}

el se

{
}

el se

count =1;
t enp=pi xel Str;
i +=3;

i f(count<255)

count +=1,;

bw. Wite(Convert. ToByte(special));
i -=6;
for(int x=0; x<3; x++, i ++)

{

bw. Wite(Convert. ToByte(lArray[i]) );

}

bw. Wite(Convert. ToByte(count));
count =1;

t emp=pi xel Str;

i +=3;
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i f(count<2)

{
i-=3;
for(int x=0;Xx<3; x++, i ++)
{
bw. Wite(Convert. ToByte(lArray[i]) );
}
el se i f(count <=255)
{
bw. Wite(Convert. ToByte(special));
i-=3;
for(int x=0;x<3; x++, i ++)
{
bw. Wite(Convert. ToByte(lArray[i]) );
}
bw. Wite(Convert. ToByte(count));
}
bw. Cl ose();
}
}

RL E Image Decompression Class

usi ng System

using System|1Q

usi ng System Draw ng;

usi ng System Col | ecti ons;

usi ng System Drawi ng. | magi ng;

nanmespace Dat aConpr Deconpr
{
[l <summary>
/1] Summary description for CRLElI nageDeconp.
1] <l summary>
public class CRLEI nageDeconp

{
publ i c CRLEI mageDeconp()

{

char cPi xel Count;
i nt pixel Count;
byt e speci al =27;
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byte pByte;
byte [] el ement=new byte[3];

String | Extensi on=frm mage. i nageFi | eExt ensi on;
String DeconpFil eDi rect=frm nage. | ngDeconpDi r ect ;
String ConpFil eNanme=frm nage. i mageFi | eNane;
String ConpFil eDirect=frm mage. | ngConpDi rect ;

Fil eStream fs=new Fil eStrean( ConpFileDirect+ "\\"+
ConpFi l eName + ".data", Fil eMode. Qpen, Fi | eAccess. Read ) ;

Bi nar yReader br=new Bi naryReader (fs);

ArrayLi st al =new ArraylList();

/1 Add i mage header to arrayli st
for(int w=0; w<54; w++)

{
al . Add( Convert. ToByt e(br. ReadByte()));

}
whi | e(br. PeekChar ()!=-1)
{

pByt e=Convert. ToByt e( br. ReadByte());
i f(pByte==special)

{
for(int j=0;j<3 && br.PeekChar()!=-1;] ++)

el ement[j ] =Convert. ToByt e(br. ReadByte());

cPi xel Count =Convert. ToChar (br. ReadByte());
pi xel Count =Convert. Tol nt 16 (cPi xel Count);

for(int i=0;i<pixel Count;i++)

{
al . Add( Convert. ToByte(el enent[0]));
al . Add( Convert. ToByte(elenent[1]));
al . Add( Convert. ToByte(elenent[2]));
}
}
el se
{

al . Add( Convert. ToByte(pByte));
for(int j=0;j<2 && br.PeekChar()!=-1;]++)

{
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al . Add( Convert. ToByte(br. ReadByte()));

}

}
byte [] test=new byte[al.Count];

for(int z=0;z<al.Count;z++)

{
test[z]=Convert. ToByte(al[z]);

}

Menor ySt ream ns=new MenoryStream();
ns. Wite(test,O,test.Length );

| mage |Bitmap=new Bitmap(ns);

i f(1Extension==".bnp")

{

| Bi t map. Save( DeconpFi | eDi rect +"\\ " +ConpFi | eNane+| Ext ensi on, | mageF
or mat . Bnp) ;

}
el se if (I Extension==".jpg")
{

| Bi t map. Save( DeconpFi | eDi rect +"\\ " +ConpFi | eNane+| Ext ensi on, | mageF
or mat . Jpeq) ;

el se i f(lIExtension==".gif")

{

| Bi t map. Save( DeconpFi | eDi rect +*"\\ " +ConpFi | eNane+| Ext ensi on, | mageF
ormat. G f);

}
el se
{
| Bi t map. Save( DeconpFi | eDi rect +"\\ " +ConpFi | eNane+". bnp", | nageFor ma
t.Bm);
}
br.C ose();
}
}
}
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Huffman Text Compression Class

usi ng System
using System | Q

usi ng System Col | ecti ons;

nanmespace Dat aConpr Deconpr

{

[l <summary>

/1] Summary description for CHaffnanText Conp.

['1] <l summary>

public class CHaf f nanText Conp

{

public static int cCount=0;
// Nunmber of characters in the text file

public stati
public stati
public stati
public stati
public stati
public stati

c

OO0 00

c

String textFil ePath;
String Huf f TDi rect;
String conprFil eNaneg;
char [] charArray;
cell [] TenpTabl e;
Fil eStream f s=new

FileStreanm("test.data", Fil eMode. OpenOr Create, Fil eAccess. Wite);

public static BinaryWiter bw=new Bi naryWiter(fs);

public static byte [] codeByte;

/1 cell represent a node of tree
public struct cell

public String cText;
public int freq;
public String code;

}
publ i c CHaf f manText Conp()

{

/lset the values of conpressed
file(name, directory, path)
t ext Fi | ePat h=f r niTfext . t ext Pat h;
Huf f TDi r ect =f r niText . TConpDi r ect ;
conpr Fi | eNane=f r niText . t ext Fi | eNane;
/] fs=new
Fil eStream Huf f TDi rect +"\\ " +conpr Fi | eNane+". dat a", Fi | eMbde. OpenOr Cr eat e

, Fil eAccess. Wite);

/I bw=new Bi naryWiter(fs);;

wCount () ;
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LookupTabl e() ;
Over Head() ;
huf f Codi ng() ;

/1 Sort method is used to sort array content in ascending

or der
public static void Sort(cell [] TableCell , int n)
cell tenp;
for(int i=0;i<n;i++)
for(int j=i;j<n;j++)
if(TableCell[i].freq > TableCell[j].freq)
{
tenp=Tabl eCel I [i];
Tabl eCel | [i] =Tabl eCel I [ ];
Tabl eCel I [ ] =t enp;
}
}
}
}
/1 wCount method is used to count the number of charater in
text file
public static void wCount ()
{
StreanmReader sr=new StreanReader (textFil ePath);
whi | e(sr. Peek()!=-1)
{
sr. Read();
cCount +=1;
sr.d ose();
}
public static void OverHead()
{

byte speci al =27;
for(int g=0;g<TenpTabl e. Lengt h; g++)

char
cText Head=Convert. ToChar ( TenpTabl e[ g] . cText);

i f(TenpTabl e[ g] . freq<=255)

bw. Wite(Convert. ToByt e(cText Head));
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bw. Wite(Convert. ToByte(TenpTable[g].freq));

}

el se

{
i nt nunBytes=TenpTabl e[ g] . freq/255;

int remain=TenpTabl e[ g].freq¥55;
for(int z=0; z<nunByt es; z++)

{

bw. Wite(Convert. ToByt e(cText Head)) ;
bw. Wite(Convert. ToByte(255));

}
bw. Wite(Convert. ToByt e(cText Head)) ;

bw. Wite(Convert. ToByte(renain));

}
bw. Wite(Convert. ToByte(special));

public static void LookupTabl e()
{

int i=0;

i nt count =0;

bool exi st;

int accum

char ctxt,tenp;

String concat Char;

cell concat Cel |l =new cel | ();

char Array=new char[ cCount];
St reanmReader strR=new StreanReader (textFil ePath);

whi | e(strR Peek()!=-1)

{
char Array[i]=Convert. ToChar (strR Read());

i ++;
}
strR O ose();

/ladding different elenments of the text file to array
[ist
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ArrayLi st AL=new ArraylList();
i f(charArray. Lengt h! =0)

AL. Add(char Array[0]);
for(int j=0;j<charArray.Length;j++)
{

exi st =f al se;
for(int k=0; k<AL. Count &&

{
i f(charArray[]j]==Convert. ToChar (AL[ k]))
{

exi st ==f al se; k++)

exi st=true;
b
i f(exist==fal se)

AL. Add(charArray[j]);

}
cell [] nd=new cel | [ AL. Count];
for(int k=0; k<AL. Count ; k++)

nd[ k] . cText =Convert.ToString(AL[K]);

}
for(int j=0;j<nd.Length;j++)
{
t emp=Convert. ToChar(nd[j].cText);
for(int w=0;wchar Array. Lengt h; w++)
{
ct xt =char Array[ W ;
i f(ctxt==tenp)
{
count +=1;
}
nd[j].freg=count;
count =0;
}

cell [] TableCell=new cell[nd.Length];
TenmpTabl e=new cel | [ nd. Lengt h] ;
cell [][] jagTabl e=new cell[nd.Length][];
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i f(nd. Lengt h! =1)

{

for(int e=0; e<nd. Length; e++)

}

Tabl eCel | [ e] =nd[ €] ;

j agTabl e[ 0] =new cel | [ Tabl eCel | . Lengt h] ;
for(int d=0;d<Tabl eCel | . Lengt h; d++)

{

jagTabl e[ 0] [d] =nd[ d] ;
TempTabl e[ d] =nd[ d] ;

}
Sort ( TenpTabl e, TenpTabl e. Lengt h) ;
for(int

z=1, aLen=Tabl eCel | . Lengt h; z<Tabl eCel I . Lengt h; z++, aLen- -)

Sort (j agTabl e[ z-1], aLen);
accun¥j agTabl e[ z-1][ 0] . freq+j agTabl e[ z-

concat Char =j agTabl e[ z-1] [ 0] . cText +
concat Cel | . cText =concat Char ;
concat Cel | . freq=accum

j agTabl e[ z] =new cel | [aLen-1];

j agTabl e[ z] [ O] =concat Cel |

for(int j=2;j<jagTabl e[z-1].Length ;j++)

jagTabl e[ z][]j-1] =] agTable[z-1][]j];

for(int x=TenpTabl e. Lengt h- 2; x>=0; x--)

{
11[1] . freq;
jagTabl e[ z-1] [ 1] . cText;

}

{

}

for(int j=0;j<jagTabl e[ x].Length;j ++)

i f (j ¥2==0)
jagTabl e[ x][]j].code="1";

lise

i jagTabl e[ x][]j].code="0";

138



/1 assignment of code for each character in the
file

/1 assigning 1 to the smallest value and 0 to
the second snal |l est one

bool stop=fal se;

String cTenp="";

for(int s=0;s<jagTabl e[0]. Lengt h; s++)
{
st op=f al se;
cTemp="";
for(int j=TenpTabl e. Length-2;j>=0 &&
stop==false ;j--)

for(int k=jagTable[]j].Length-1;k>=0
{
i f(jagTabl e[0][s].cText==jagTable[j][k].cText )

&& stop==fal se ; k--)

TenmpTabl e[ s] . code+=j agTabl e[ j ][ k] . code
}

el se
if(jagTable[j][Kk].cText.IndexO(jagTable[0][s].cText,0)!=-1 &&
cTenp! =j agTabl e[ j ][ k] . cText)

{

TenpTabl e[ s] . code+=j agTabl e[ j ][ k] . code;

st op=true;

cTenp=j agTabl e[ j][ k] . cText;

}
}
}
}
}
el se
{
TenmpTabl e[ 0] . cText =nd[ 0] . cText ;
TenpTabl e[ 0] . freq=nd[ 0] . freq;
TenpTabl e[ 0] . code="1"
}
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public static void huffCoding()

{
byte trueByte=1;
byte fal seByte=0;
String codeString="";
for(int f=0;f<charArray. Length ;f++)
{
for(int d=0;d<TenpTabl e. Lengt h; d++)
{
i f(charArray[f]==Convert. ToChar (TenpTabl e[ d].cText) )
{
codeStri ng+=TenpTabl e[ d] . code;
}
}
}

codeByt e=new byt e[ codeStri ng. Lengt h] ;
byte [] bl ockByte=new byte[8];

byt e bitRepres;

for(int d=0;d<codeString. Length; d++)

if(codeString[d]=="0")
codeByt e[ d] =f al seByt €;
el se
codeByt e[ d] =t rueByt €;
}
i nt Quat =codeByte. Lengt h/ 8;
i nt | Remai n=codeByte. Length %B8;
i f (| Remai n==0)
{
int r=0;
i nt w=0;

for (w=0; w<codeByt e. Lengt h;)

{
for(r=0;r<8;r++, wH+)
{
bl ockByt e[ r] =codeByte[ W] ;
}

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
t e[ 6] <<6) | (bl ockByt e[ 7] <<7));
bw. Wite(bitRepres);
}

el se
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int r=0;
i nt w=0;

for(w=0; w<Quat *8;)
{

for(r=0;r<8;r++ wt)

bl ockByt e[ r] =codeByte[ W] ;
}

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
te[ 6] <<6) | (bl ockByte[ 7] <<7));
bw. Wite(bitRepres);

%or (r=0, w=Quat *8; w<codeByt e. Lengt h; w++, r ++)
{ bl ockByt e[ r] =codeByte[ W] ;

%or (w=codeByt e. Lengt h; wsQuat * 8; w++, r ++)

i bl ockByt e[ r] =f al seByt e;

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
te[ 6] <<6) | (bl ockByte[ 7] <<7));
bw. Wite(bitRepres);

}
bw. Cl ose();

Huffman Text Decompression Class

usi ng System
using System | Q
usi ng System Col | ecti ons;

nanmespace Dat aConpr Deconpr
{
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/1l <summary>

/1] Summary description for CHaffrmanText Deconp.
/1]l </ summary>

public class CHaffnmanText Deconp

{
public static byte special =27;
public static String codeString="";
public static cell [] tableCell;
public static cell [] TenpTabl e;
public static FileStreamfs;
public static BinaryReader br;
public static StreamWiter sw,

public struct cell

{
public String cText;
public int freq;
public String code;

}

publ i c CHaf f manText Deconp()

{

String ConpHuff TDirect =frnText. TConpDi r ect ;
String DeconpHuffTDirect =frnText. TDeconpDirect ;
String conprFil eName=frniText.textFil eNaneg;

f s=new
Fi | eSt r eam( ConpHuf f TDi rect +"\\ " +conpr Fi | eNane+" . dat a", Fi | eMode. Open, Fi |
eAccess. Read) ;

Bi nar yReader br=new Bi naryReader (fs);

StreamWiter sw=new
Streamiiter(DeconpHuffTDirect +"\\ " +conpr Fi | eName+" .t xt");

ReadOver Head() ;
LookupTabl e() ;
ReadDat a() ;

Huf f manDecodi ng() ;

}

public static void ReadOver Head()
{

ArrayLi st ALchar=new ArrayList();
ArrayLi st ALcoun=new ArrayList();

whi | e(br. PeekChar ()!=-1 && br. PeekChar ()! =speci al)
{
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ALchar . Add( Convert. ToChar (br. ReadByte()));
ALcoun. Add( Convert. Tol nt 32( br. ReadByte()));
t abl eCel | =new cel | [ ALchar . Count];

for(int k=0; k<ALchar. Count ; k++)
{

=Convert. ToString(ALchar[Kk]);

tabl eCel | [ k] . cText

tabl eCel I [ k] .freg=Convert. Tol nt 32( ALcoun[ k] );
}

}
}
public static void Sort(cell [] TableCell , int n)
{
cell tenp;
for(int i=0;i<n;i++)
{
for(int j=i;j<n;j++)
if(TableCell[i].freq > TableCell[j].freq)
temp=Tabl eCel I [i];
Tabl eCel I [i] =Tabl eCel I [j];
Tabl eCel I [j] =t enp;
}
}
}
}

public static void LookupTabl e()
{

int accum
String concat Char
cell concat Cel |l =new cel | ();

TenpTabl e=new cel | [tabl eCel | . Lengt h];
cell [][1 jagTabl e=new cell[tableCell.Length][];

i f(tableCell.Length!=1)
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j agTabl e[ 0] =new cel I [t abl eCel | . Lengt h] ;
for(int d=0;d<tabl eCell.Length; d++)
{
jagTabl e[ 0] [d] =t abl eCel | [ d];
TenpTabl e[ d] =t abl eCel I [ d] ;

}
Sort ( TenpTabl e, TenpTabl e. Lengt h) ;
for(int

z=1, aLen=t abl eCel | . Lengt h; z<t abl eCel | . Lengt h; z++, aLen--)

Sort (j agTabl e[ z-1], aLen);

accun¥j agTabl e[ z-1][ 0] . freq+j agTabl e[ z-
11[1] . freq;

concat Char =j agTabl e[ z-1] [ 0] . cText +
jagTabl e[ z-1] [ 1] . cText;

concat Cel | . cText =concat Char ;

concat Cel | . freg=accum

j agTabl e[ z] =new cel | [aLen-1];

j agTabl e[ z] [ 0] =concat Cel |

for(int j=2;j<jagTable[z-1].Length ;j++)
jagTabl e[z][j-1]=jagTable[z-1][]];
}
for(int x=TenpTabl e. Lengt h- 2; x>=0; x--)

for(int j=0;j<jagTabl e[ x].Length;j++)

{ i f(j 9R==0)
jagTabl e[ x][]j].code="1";
ilse
i jagTabl e[ x][j].code="0";
}

}

/1 assignment of code for each character in the
file

/1 assigning 1 to the smallest value and 0 to
the second snal |l est one

bool stop=fal se;

String cTenp="";
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for(int s=0;s<jagTabl e[0]. Length; s++)
{

st op=f al se;
for(int j=TenpTable.Length-2;j>=0 &&

{

stop==false ;j--)
for(int k=jagTable[]j].Length-1;k>=0
{
if(jagTabIe[O][s].cText==jagTabIe[j]Ek].cText )

&& stop==fal se ; k--)

TenmpTabl e[ s] . code+=j agTabl e[ j ][ k] . code
}

el se
if(jagTable[j][K].cText.|ndexOf (jagTabl e[0][s].cText,0)!=-1 &&
cTenp! =j agTabl e[ j ][ k] . cText)

{

TenpTabl e[ s] . code+=j agTabl e[ j ][ k] . code;

st op=t r ue;

cTenp=j agTabl e[ j][ k] . cText;

}
}
}
}
}
el se
{
TenpTabl e[ 0] . cText =t abl eCel | [ 0] . cText;
TenpTabl e[ 0] . freq=tabl eCel | [0].freq;
TenpTabl e[ 0] . code="1";
}

public static void ReadData()

{
ArrayLi st AL=new ArraylList();

i f(br.ReadByte()==special)
{
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whi | e(br. PeekChar ()!=-1)
AL. Add( Convert. ToByt e(br. ReadByte()));
}
}
byte [] dataByte=new byte[ AL. Count];
byte [] y=new byte[8];

for(int j=0;j<AL.Count;j++)
{

}

for(int i=0;i<dataByte.Length;i++)

dat aByt e[ j] =Convert. ToByte(AL[]]);

for(int j=0;j<8;j++)

{ y[j]=Convert. ToByte(dataByte[i] &
Convert. ToByte(Math. Pow(2,j)));
Lf(y[j]==0)
codeString+="0";
}
el se
{
codeString+="1";
}
}

}
i nt totFreq=0;
for(int i=0;i<TenpTable.Length;i++)

{
tot Freq+=TenpTabl e[i].freq*TenpTabl e[i]. code. Lengt h;
}
codeStri ng=codeStri ng. Substring(0,totFreq);
}
public static void Huf f manDecodi ng()
{
String sTenp="";
for(int i=0;i<codeString.Length;i++)
{

sTenp+=codeString[i];
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for(int j=0;j<TenpTabl e. Length;j++)

{
i f(sTemp==TenpTabl e[j]. code)
sw. Wite(TenpTable[j].cText);
sTemp="";
}
}
sw. O ose();

Adaptive Huffman Text Compression Class

usi ng System

using System|1Q

usi ng System Col | ections ;

nanespace AdpConp

{
/1l <summary>
/1l Summary description for C assl.
/1]l </ summary>

class d assl

public static int cCount=0;
// Number of characters in the text file

public static ArraylLi st textArray;
public static ArraylLi st charArray;
public static cell [] node;

public static char currentChar;
public static cell [] TenpTabl ¢;
public static cell [] TableCell;
public static cell [][] jagTable;
public static StreamReader sr;
public static FileStreamfs;
public static BinaryWiter bw,
public static byte [] codeByte;
public static String codeString;
public static Arrayli st outputArray;
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public struct cell

{
public String cText;
public int freq;
public String code;
}

/1l <summary>
/1l The main entry point for the application.
1] <l summary>
[ STAThr ead]
public static void wCount ()
{
char fText;
String path=@ C: \ Docunents and
Set ti ngs\ Wael \ Deskt op\i nput . txt";
t ext Array=new ArrayList();
sr=new St reanReader (path);
whi | e(sr. Peek()!=-1)

{
f Text =Convert. ToChar (sr. Read());
text Array. Add(f Text);
cCount +=1;
}
sr.d ose();
}
public static void Sort(cell [] TableCell , int n)
cell tenp;
for(int i=0;i<n;i++)
{
for(int j=i;j<n;j++)
if(TableCell[i].freq > TableCell[j].freq)
{
temp=Tabl eCel I [i];
Tabl eCel I [i] =Tabl eCel I [ ];
Tabl eCel I [j] =t enp;
}
}
}
}
public static void Initial()
{

node=new cel | [ char Array. Count ];

148



for(int i=0;i<node.Length;i++)

{
node[i].cText=Convert. ToString(charArray[i]);
node[i].freqg=1;

}

public static void LookupTabl e()
{

int accum
String concat Char
cell concat Cel |l =new cel | ();

Tabl eCel | =new cel | [ node. Lengt h] ;
TenpTabl e=new cel | [ node. Lengt h];
j agTabl e=new cel | [ node. Length][];

i f(node. Lengt h! =1)
{

for(int e=0; e<node. Lengt h; e++)

Tabl eCel | [ €] =node] e] ;
}

j agTabl e[ 0] =new cel | [ Tabl eCel | . Lengt h] ;
for(int d=0;d<Tabl eCel | . Lengt h; d++)
{
j agTabl e[ 0] [ d] =node[ d] ;
TenpTabl e[ d] =node[ d] ;
}

Sort ( TenpTabl e, TenpTabl e. Lengt h) ;
for(int
z=1, aLen=Tabl eCel | . Lengt h; z<Tabl eCel | . Lengt h; z++, aLen--)
{
Sort (j agTabl e[ z-1], aLen);
accun¥j agTabl e[ z-1][ 0] . freq+j agTabl e[ z-
11[1] . freq;
concat Char =j agTabl e[ z-1] [ 0] . cText +
jagTabl e[ z-1] [ 1] . cText;
concat Cel | . cText =concat Char ;
concat Cel | . freg=accum
j agTabl e[ z] =new cel | [aLen-1];
j agTabl e[ z] [ O] =concat Cel |

for(int j=2;j<jagTabl e[z-1].Length ;j++)
{
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jagTabl e[ z][]j-1] =] agTable[z-1][]j];

}
}
for(int x=TenpTabl e. Lengt h- 2; x>=0; x--)
{
for(int j=0;j<jagTabl e[ x].Length;j++)
i f(juR==0)
jagTabl e[ x][]j].code="1";
el se
{
jagTabl e[ x][]j].code="0";
}
}
}
el se
{
TenpTabl e[ 0] . cText =node[ 0] . cText;
TenpTabl e[ 0] . freq=1
TenpTabl e[ 0] . code="1";
j agTabl e[ 0] =new cel | [ Tabl eCel | . Lengt h] ;
jagTabl e[ 0] [ O] =TenpTabl e[ 0] ;
}
}
public static void AdaptiveCodi ng()
{
for(int i=0;i<textArray. Count;i ++)
{
current Char =Convert. ToChar (text Array[i]);
LookupTabl e() ;
Assi gnCode() ;
Updat eTabl e() ;
}
public static void UpdateTabl e()
{

for(int i=0;i<node.Length;i++)

{
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i f(current Char==Convert. ToChar (node[i].cText))

node[i].freq+=1;

}
}
}
public static void AssignCode()
{

/'l assignment of code for each character in the file
/1 assigning 1 to the smallest value anode 0 to the
seconode smal | est one
bool stop=fal se;
String cTenp="";
for(int s=0;s<jagTabl e[0]. Lengt h; s++)
{
st op=f al se;
cTemp="";
for(int j=TenpTabl e. Length-2;j>=0 &&

{

stop==false ;j--)
for(int k=jagTable[j].Length-1;k>=0 &&

{
i f(jagTabl e[0][s].cText==jagTable[j][k].cText )
{

stop==fal se ; k--)

TenmpTabl e[ s] . code+=j agTabl e[ j ][ k] . code
st op=true;
}

el se
if(jagTable[j][k].cText.|ndexOf (jagTable[0][s].cText,0)!=-1 &&
cTenp! =j agTabl e[ j][ k] . cText)

{

TenpTabl e[ s] . code+=j agTabl e[ j ][ k] . code;
cTenp=j agTabl e[ j][ k] . cText;

}
}
}
}
for(int i=0;i<TenpTable.Length;i++)
{

i f(Convert. ToChar (TenpTabl e[i].cText)==current Char)
{

codeStri ng+=TenpTabl e[i]. code;
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}

public static void GenerateConpresedDat a()
{

byte trueByte=1;

byte fal seByte=0

codeByt e=new byt e[ codeStri ng. Lengt h] ;
byte [] bl ockByte=new byte[8];

byt e bitRepres;

for(int d=0;d<codeString.Length; d++)

{
if(codeString[d]=="0")
codeByt e[ d] =f al seByt e€;
el se
codeByt e[ d] =t rueByte
}

i nt Quat =codeByte. Lengt h/ 8;
i nt | Remai n=codeByte. Length %B;
i f (| Remai n==0)
{
int r=0;
i nt w=0;

for (w=0; w<codeByt e. Lengt h;)
{

for(r=0;r<8;r++, wH+)

bl ockByt e[ r] =codeByte[ W] ;
}

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
t e[ 6] <<6) | (bl ockByt e[ 7] <<7));
bw. Wite(bitRepres);

out put Array. Add( Convert. ToByt e( bi t Repres));
}

}

el se

{ _
int r=0;
i nt w=0;

for(w=0; w<Quat *8;)
{

for(r=0;r<8;r++, w+)
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{

}

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
t e[ 6] <<6) | (bl ockByt e[ 7] <<7));

bl ockByt e[ r] =codeByte[ W] ;

out put Array. Add( Convert. ToByt e( bit Repres));
bw. Wite(bitRepres);

for(r=0, w=Quat *8; w<codeByt e. Lengt h; w++, r ++)

{
bl ockByt e[ r] =codeByte[ W] ;

f or (w=codeByt e. Lengt h; w<Quat * 8; w++, r ++)

{

}

bi t Repres=Convert. ToByt e(bl ockByt e[ 0] | (bl ockByt e[ 1] <<1) | ( bl ockByt
e[ 2] <<2) | (bl ockByt e[ 3] <<3) | (bl ockByt e[ 4] <<4) | (bl ockByt e[ 5] <<5) | ( bl ockBy
te[ 6] <<6) | (bl ockByte[ 7] <<7));
out put Array. Add( Convert. ToByt e( bi t Repres));
bw. Wite(bitRepres);

bl ockByt e[ r] =f al seByt e;

}

bw. Cl ose();

public static void TArray()
{
char Array=new ArraylList();
bool exist;
i f(textArray. Count! =0)
{
char Array. Add(text Array[0]);
for(int j=1;j<textArray. Count;j ++)
{
exi st =f al se;
for(int k=0; k<charArray. Count &&

{

i f(Convert. ToChar(textArray[j])==Convert. ToChar (charArray[k]))
{

exi st ==f al se; k++)

exi st=true;
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}

}
i f(exist==fal se)
{
charArray. Add(textArray[j]);
}

}

public static void OverHead()

{

}

byt e speci al =27;
char [] cArray=new char[charArray. Count];
for(int i=0;i<cArray.Length;i++)

{
cArray[i]=Convert.ToChar(charArray[i]);
}
for(int i=0;i<cArray.Length ;i++)
{

bw. Wite(cArray[i]);
out put Array. Add( Convert. ToByte(cArray[i]));

bw. Wite(Convert. ToByte(special));
out put Array. Add( Convert. ToByt e(special));

public static void WiteData()

{

byte [] out put Byt es=new byt e[ out put Array. Count];
for(int i=0;i<outputArray. Count;i++)
{

Consol e. WitelLine(outputArray[i]);

out put Byt es[i] =Convert. ToByte(outputArray[i]);

}
Consol e. WitelLine("Length: "+outputArray. Count);

for(int i=0;i<outputBytes.Length;i++)
{

}

bw. Wite(outputBytes[i]);
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static void Main(string[] args)

f s=new
FileStream("test.data", Fil eMode. OpenOr Creat e, Fil eAccess. Wite);

bw=new Bi naryWiter(fs);

out put Array=new ArraylList();

wCount () ;

TArray();

Initial ();

Over Head() ;

Adapt i veCodi ng() ;

Gener at eConpr esedbDat a() ;

WiteData();
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Adaptive Huffman Text Decompression Class

usi ng System
using System |1 Q
usi ng System Col | ecti ons;

nanespace AdpDeconp
{
/1l <summary>
/1l Summary description for C assl.
/1]l </ summary>
class C assl

{
public static StreanWiter sw
public static ArraylLi st charArray;
public static cell [] node;
public static cell [] TableCell
public static cell [] TenpTabl ¢;
public static cell [][] jagTable
public static String codeString;
public static byte special =27;
public struct cell
{
public String cText;
public int freq;
public String code;
}

/1l <summary>

/1] The main entry point for the application
/1]l </ summary>

[ STAThr ead]

public static void Initial()

{
node=new cel | [ char Array. Count ];
for(int i=0;i<node.Length;i++)
{
node[i].cText=Convert. ToString(charArray[i]);
node[i].freqg=1;
}
}
public static void ReadHeader ()
{

char Array=new ArraylList();
whi | e(br. PeekChar () ! =27)

{
char Array. Add( Convert. ToChar (br. ReadByte()));
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}

public static void LookupTabl e()
{

int accum

String concat Char;

cell concat Cel |l =new cel | ();

Tabl eCel | =new cel | [ node. Lengt h] ;
TenpTabl e=new cel | [ node. Lengt h];
j agTabl e=new cel | [ node. Length][];

i f(node. Lengt h! =1)
{

for(int e=0;e<node. Length; e++)
Tabl eCel | [ e] =node[ €] ;

}
j agTabl e[ 0] =new cel | [ Tabl eCel | . Lengt h] ;
for(int d=0;d<Tabl eCel | . Lengt h; d++)
{
j agTabl e[ 0] [ d] =node[ d] ;
TenpTabl e[ d] =node[ d] ;
}

Sort ( TenpTabl e, TenpTabl e. Lengt h) ;
for(int
z=1, aLen=Tabl eCel | . Lengt h; z<Tabl eCel | . Lengt h; z++, aLen- -)

Sort (j agTabl e[ z-1], aLen);

accun¥j agTabl e[ z-1][ 0] . freq+j agTabl e[ z-
11[1] - freq;

concat Char =j agTabl e[ z-1] [ 0] . cText +
jagTabl e[ z-1] [ 1] . cText;

concat Cel | . cText =concat Char ;

concat Cel | . freg=accum

j agTabl e[ z] =new cel | [aLen-1];

j agTabl e[ z] [ 0] =concat Cel |

for(int j=2;j<jagTabl e[z-1].Length ;j++)

{
jagTabl e[ z][j-1]=j agTabl e[ z-1][]j];
}
}
for(int x=TenpTabl e. Lengt h- 2; x>=0; x--)
{
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for(int j=0;j<jagTabl e[ x].Length;j++)

{
i f(jwR==0)
jagTabl e[ x][]j].code="1";
}
el se
{
jagTabl e[x][]j]. code="0";
}
}
}
}
el se
{
TenpTabl e[ 0] . cText =node[ 0] . cText;
TenmpTabl e[ 0] . freq=node[ 0] . freq;
TenmpTabl e[ 0] . code="1";
}
}
public static void AssignCode()
{

/'l assignment of code for each character in the file

/1 assigning 1 to the snmallest value anode 0 to the
seconode smal | est one

bool stop=fal se;

String cTenp="";
for(int s=0;s<jagTabl e[0]. Length; s++)
{
st op=f al se;
cTenmp="";
for(int j=TenpTabl e. Length-2;j>=0 &&
stop==false ;j--)
{

for(int k=jagTable[j].Length-1;k>=0 &&

{
i f(jagTabl e[0][s].cText==jagTable[j][k].cText )
{

stop==fal se ; k--)

TenmpTabl e[ s] . code+=j agTabl e[ j ][ k] . code
st op=true;
}

el se

if(jagTable[j][Kk].cText.|ndexOf (jagTabl e[0][s].cText,0)!=-1 &&
cTenp! =j agTabl e[ j][ k] . cText)
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{

TenmpTabl e[ s] . code+=j agTabl e[ j ][ k] . code;
cTenp=j agTabl e[ j][ k] . cText;

}
}
}
}
}
public static void Sort(cell [] TableCell , int n)
{
cell tenp;
for(int i=0;i<n;i++)
for(int j=i;j<n;j++)
if(TableCell[i].freq > TableCell[j].freq)
{
tenp=Tabl eCel I [i];
Tabl eCel | [i] =Tabl eCel I [j];
Tabl eCel I [j] =t enp;
}
}
}
}
public static void ReadConpDat a()
{
codeString="";
ArrayLi st BArray=new ArrayList();
whi | e(br. PeekChar ()!=-1)
i f(br.ReadByte()==Convert. ToByte(""))
{
br. ReadByte();
}
el se
{
BArray. Add( Convert. ToByt e(br. ReadByte()));
}

}

byte [] dataByte=new byte[ BArray. Count];
byte [] y=new byte[8];
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for(int j=0;j<BArray. Count;j ++)

{
dat aByte[j] =Convert. ToByte(BArray[j]);
}
for(int i=0;i<dataByte.Length;i++)
{
Consol e. WitelLine(dataByte[i]);
for(int j=0;j<8;j++)
{
y[j]1=Convert. ToByt e(dataByte[i] &
Convert. ToByte(Math. Pow(2,j)));
i{f(y[J]==0)
codeString+="0";
}
el se
{
codeString+="1";
}
}
}
}
public static void AdaptiveDecodi ng()
{

bool stop=fal se;

String current Code=Convert. ToString(codeString[0]);
LookupTabl e() ;

Assi gnCode() ;

for(int i=0;i<codeString.Length-1;)
{
st op=f al se;
for(int j=0;j<TenpTable.Length &&

{

st op==f al se; | ++)
i f(TenpTabl e[j].code ==current Code &&

{

i <codeString. Lengt h-1)

sw. Wite(TenpTable[j].cText);
i ++;
current Code=Convert. ToString(codeString[i]);

for(int k=0; k<node. Lengt h; k++)
{
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i f(node[ k].cText ==
TenpTabl e[ j]. cText)

{
node[ k] . freq+=1;
}
st op=true;
LookupTabl e() ;
Assi gnCode() ;
}
}
i f(stop==fal se & i <codeString. Lengt h-1)
{ i ++;
current Code+=codeString[i];
}

sw. O ose();

static void Main(string[] args)
{
sw=new StreanmWiter("input.txt");
Fi | eStream f s=new
FileStream("test.data", Fil eMode. OpenOr Creat e , Fil eAccess. Read);
Bi nar yReader br=new Bi naryReader (fs);

whi | e(br. PeekChar ()!=-1)

{
Consol e. Wi telLi ne(br. ReadByte());

}

ReadHeader () ;
Initial ();
ReadConpDat a() ;
Adapt i veDecodi ng() ;
br.d ose();
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