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ABSTRACT

In this paper research, author presents an algorithm to provide a tutorial for any Sudoku
player who got stuck during the solving process. With this ‘Sudoku Helper’ application,
author wants to encourage the Sudoku player to complete the puzzle without looking to
the full answer scheme. Thus, it will be more challenging and fun for the user. The

project is done by author using a Java programming language in Android Studio.
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CHAPTER 1
INTRODUCTION

1.1 Background Study

Sudoku is one of the most popular games in the world nowadays and had been
played by millions of people. This is because of its simple rules and complex
problem-solving which give challenges and satisfaction for player that can
complete the puzzle. Sudoku was introduced by Nikoli, Japanese puzzle
company in 1986 [1]. It is a logic puzzle game that involves numbers and
normally play with 9 x 9 grid. The sole goal for Sudoku puzzle is to write down
a number from 1 to 9 in such a way that each number must appear once in every
row, column and 3x3 block. The puzzle starts with a given clues or digit in

various position as stated in Figure 1.1.

5(3 7
6 1195
918 6
8 6 3
4 8 3 1
7 2 6
6 2|8
41119 5
8 719

Figure 1.1. A common Sudoku puzzle



The job of Sudoku player is to fill up the empty space with numbers until the puzzle is
complete. There are a lot of algorithm that can be used to start fill up the empty spot
until the puzzle is completed. This algorithm will be discussed by author in the later
section. A Sudoku puzzle must be start with a minimum number of 17 clues. That means
a computer cannot generate a complete solution if the puzzle contain 16 or less clues [2].
The example of Sudoku above contains 30 clues and can be classified as ‘easy’ level.

The number of clues will be decreasing as the level of hardness increasing.

Figure 1.2 below is the complete answer scheme for Sudoku puzzle in Figure 1.1. It is to

give an overview for beginner player to see how this puzzle is done.

513(4]16(7]8]19]1]|2
617(2]11|19|5]3|4]|8
119(8]|3|4|2]|5]6]7
815|9|7|6]1]|4|2|3
41216]18(5]317]19]1
711[(3]19]2[4]8]|5]6
91615371284
218(7]14]11[9]16|3|5
314151218|6]1]7]9

Figure 1.2. Completed Sudoku

1.2Problem Statement

There are numerous Sudoku solver applications that can be found online whether it is
free or paid. However, most of the application designed is to find a complete solution
with the fastest time. There are no applications that can provide a step by step tutorial

process of completing Sudoku puzzle for beginner player.

2



1.30Dbjective

Human brain consists of millions of nerve cell or basic information processing unit
called neurons. By using multiples neuron simultaneously, the brain can perform its
function much faster. Strong connection between neurons leading to the ‘right answer’
while those leading to ‘wrong answer’ are weak connection. Thus, author develops this
application and targeted beginner player as its main user so that it can help their brain to

work faster in early stage.
The main objective for the author to develop this application is :-
i.  Todevelop an application that can provide hint or act as a helper for Sudoku

player.

ii.  To provide mechanism and platform for beginner player to learn Sudoku using

backtracking algorithm.

1.4Project Scope

Project scope defines what is needed in order to create and complete a certain project. In
this particular project, the project mainly focused on the searching algorithm that can be
used to detect the number of clues on the beginning, generate solution when needed and
prompt out the guide to the player. There are several algorithms that can be used in this

particular topic such as hidden single strategy, packet, hitting algorithm, differential

algorithm, brute force algorithm, backtracking algorithm and constraint propagation.



1.5Relevance and Feasibility

This application is designed to help primary school student to play Sudoku as it can help
to train their brain in the young age. Sudoku does not require complicated technique or
mathematical algorithm but the player just need to find differences in each row, column
and block. In order to solve Sudoku puzzle, human brain uses a set of neural pathways
called associative memory which help the player to identify pattern from the given clues
in Sudoku puzzle. While playing Sudoku, human memory and logic work together as the
memory used to memorize the number and its position and on the other hand, logic help

the player to figure out the right answer for the blank space.

In addition, playing Sudoku in the book is quite boring and player tends to feel sleepy.
With this application, any Sudoku player can play from their smartphone or iPad which

IS quite convenience and easier to carry along.



CHAPTER 2
LITERATURE REVIEW

2.1 Algorithms

There are many ways that human brain can solve a Sudoku puzzle. Author will discuss
about that in this chapter and show some examples that how a puzzle can be solved.
These are a few algorithms that had been discussed by author and there are more out
there. Every algorithm had different approach, technique and processing speed. As the
technology advanced, some of the algorithm can even provide the Sudoku solution in

millisecond.

Hidden Single Strateqy

Author would like to discuss about the first algorithm that can be used to solve Sudoku

called ‘hidden single strategy’. Let first take a look at the Sudoku Puzzle A below.

T|6 211 1[5
3 Gl8
1|2 319

4

1 7 }
315
} 1
9|7 5

6 3 2

Figure 2.1. Sudoku Puzzle A

First of all, Sudoku player must find any row, column or block that has high amount of
number. In this example, row have a lot of number except 2,3 and 9. Since column 3 and
7 contain number 3, thus 3 must be put in sixth cell in the first row. This is how hidden

single strategy algorithm can help player to fill in the blank space in the puzzle
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Figure 2.2. Hidden Single Strategy

Packet

People normally used pencil and eraser while playing with Sudoku puzzle. People often
look at the cell and make note which number cannot be put into that cell. A packet act as
reminder to the player and be representation that a number cannot be placed in a cell [3].
For example, if a player determine that number 2,5,7 and 9 cannot be in the first cell in

the first row, he/she need to put 4 symbol in the first cell as shown in Figure 5.

S
2

Figure 2.3. Packet in the first cell

Hitting Set Algorithm

This method can be used by using a software that was released in 2006 called ‘checker’.
It is a computer-assist algorithm that can be used to calculate mathematical theorem.

Checker will perform an exhaustive search based on 9x9 grid Sudoku puzzle and came



out with the solution to that puzzle. It is a principle that applicable to any instance of
hitting set problem, whether it is decision version (determine if the hitting of a given

size exist) or optimization version (finding a smallest hitting set) [4].

Differential Evolution

Differential Evolution (DE) is a technique developed to iteratively improve a candidate
solution by given a certain clues such as Sudoku puzzle. This technique makes a few
assumptions or no about the clues being optimized and can search a very large space to

complete the puzzle. The pseudocode of Differential Algorithm is as follows :-

1. Create the initial population of the genotype.
2. Set the generation number to zero. g=0.

3. Run the software until the stop criteria is met [5].

Pz | Maz | Mz Mzs | Mes| Moo Mer| Maa| Mazs

M'.l M'IJ M'l'l M'ld- M'l:'i M'l'i M'IT M'l-'l M'IQ

M"i' M"EJ M"i'l M"i& M"i:‘i M"il‘i M"ET M"i-‘l M"i:ﬁ

Mes | Mz | Maa] Mas e = Me.s Mer| Mea| Mas

M-‘l' M-'IJ M-‘l'l M-‘ld- M-‘l"i M-‘lﬁ M-'IT M-‘lu‘l M-‘l:ﬁ

Mﬁ' M-ﬁ: Mﬁ.‘. Mﬁa h‘l«.-: fl.-'lu: rl.l'lw fl.|'|q.-| Mqa

Figure 2.4. Transform the puzzle into genotype

Brute Force Algorithm

This algorithm basically will try to find every possible scenario in a problem until it
finds the solution. This technique starts by fill in the 1 and locked the numbers that was
part of the puzzle. It then will start changing the first number that is not locked [6]. For

every increment, the number will be increase from 1 to 2 and so on until the puzzle is



completed. If it not, the number will be reset to 1 and the second set of increment will

be run until it get the solution to the Sudoku puzzle.

Figure 2.5. First step of Brute Force algorithm

Backtracking Algorithm

This technique is quite similar to Brute Force algorithm but the differences is
Backtracking algorithm incrementally build clues for the solutions and abandon each
partial clues as soon as it determine that candidate clues is not the right solution. It will
try with different number at first, if it fails, then it will backtrack and tries with another
different numbers. However, this technique is much faster compared to Brute Force
algorithm. It takes more than 90 minutes to find a Sudoku solution using Brute Force
algorithm for three different level of difficulty which are easy, medium and hard. On the
other hand, it takes 6miliseconds, 42miliseconds and 46miliseconds to solve each easy,

medium and hard puzzle by using Backtracking algorithm [6]



. Constraint Propagation

Constraint Propagation involve 2 rules in order to complete a Sudoku puzzle. The rules

are as follows :-

1. If anumber already exist in the cell for any row, column or block (the cell

peers), the possibility of that number for that cell is removed.

2. If all of its peers have a specific number removed, the cell itself must contain

that number [7].

It can be explain with the example below. Since number 3 already exist in row 2&3 and

column 2&3, then the only place for number 3 is in the first cell of row 1. The cells that

fall within the blue line is called cell peer.

Figure 2.6. Constraint Propagation algorithm



2.2 Comparative Study

The comparative study is a study in which participant assigned different treatment for

purposes of comparing the materials [8]. It is to analyze every research papers that had

been chosen and the current Sudoku mobile application that already been developed.

There must be some research or application that had been designed in the past and

author will do a comparison between those applications.

Research Comparative Study

times.

Algorithm Processing Speed Limitation Design
Human Solving Based on human | It can solve the | Hidden Single
Symmetry skills puzzle but it Strategy

takes quite some | approach

Packet approach

Hitting Set Algorithm

A few hours

Need to use
‘checker’
software

Run through the
catalogue and
search every
grid in turn
using checker.

Differential Evolution

15000 iterations
for ‘hard’Sudoku

Used a
genotype
strategy
(mutation)

Brute Force Algorithm

More than 90
minutes

Use node as
state in the
search
algorithm

Backtracking Algorithm

46 milisecond

Use node as
state in the
search
algorithm

Constraint Propagation

19 second

Need to use
pthread library
on Linux kernel

The possibility
of numbers is
remove once the
numbers is exist

Table 2.1 Research comparative Study
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Apps Comparative Study

Apps/ Sudoku Travel Sudoku Sudoku Sudoku
Details Sudoku Game Ninja Helper
Apps Icon 3 6 ,.\@
°) 1 3
5 o
Price Free Free Free Free Free
Android l6andup | 23andup | 23andup | 2.3andup 2.3 and up
required
Level of 7 level 7 level 4 level 3 level 3 level
difficulty
Background No No Yes No Yes
music
Generate Yes Yes Yes Yes Yes
answer
scheme
Special Attractive | Has alarm Provide Intuitive Provide Hint
Feature interface | system Sudoku fact | interface in
high
17 clued definition
sudoku
puzzle
(hardest
difficulty
level)

Table 2.2 Apps Comparative Study

11




CHAPTER 3

METHODOLOGY

While doing this Final Year Project, author had used several ways on how to get the
finding and data. First of all, author have conducted an internet research and find five
journals that are related to the Final Year Project’s topic. To keep this report updated
and fresh, author decided to select the journals that were written form years 2008 until

now.

Besides, author planned to use Software Development Life Cycle method while
developing the project. Author need to collect requirement first in order to develop the
Sudoku Helper application. After that, author will design the prototype and implement
the real application. Once the application is finished, the product will be move to the
next stage which is testing phase. This phase involve a lot of testing and finding bug
within the application. Finally, author will need to keep updating the application from

time to time.

3.1 Research Methodology

The data gathering process will be done by questionnaire survey using Google Doc. The
purpose of this survey is to get the requirement for this Final Year Project 1. It is also
important to know what the users want and delivered it to them. The targeted participant
for this survey is people who like to play Sudoku especially secondary school’s

students.

The survey will be done in two phases which is pre-development (FYP1) and post-
development (FYP2). By having the result from this survey, further analysis can be done
regarding the outcome of the system and how much users are willing to pay for the

application.

12



3.2Development Methodology

SDLC

Software/System Development

Life Cycle - SDLC

Figure 3.1. Software Development Life Cycle

Requirement Analysis

This is the first stage where author have to do research to know about previous
case study on what software development have been done and what never been
done regarding Sudoku application. From the internet research, author decided to
do an application entitled ‘Sudoku Helper’ which is have more functions

compared to previous developed application.

Design

The next phase is design stage. This is where the process of designing the
application takes place. It is important to make a right Unified Modeling
Language (UML) diagram such as use case diagram, sequence diagram, class
diagram and many more. The design of Graphical User Interface (GUI) of this
application also needs to be done in this period. It is to give author a big picture
of how this project going to be and look likes.

13



Implementation

Implementation stage is the process where author start to develop the project by
writing coding for that particular application. This process determine what
software used to write the coding, how to transform a sketch of GUI into a real

GUI and so on.

Testing

The main purpose of testing is to find bug and fix it. A bug can give drawback to
a system and that is what every developer trying to avoid. If a system contains a

lot of bug, it will affect all parts of the system and the system might not perform

its function well.

3.3System Interface

The application need to be user-friendly and provide ease of use to the user
especially newbie or beginner player. The application is developed for mobile
phone with Android operating system. All the programs is coded by using
Android Studio software and author used Java Programming language for this
system.

3.4 Tool Required

Research
I.  Internet
ii.  Laptop / Personal computer
iii.  Journals
iv.  Printer
v.  Adobe Illustrator CS6

Development

i. Internet

ii.  Laptop / Personal Computer

14
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Vili.

Android Studio software

Java Development Kit

Android SDK

Android device (Mobile phone / Tablet)
Google Play
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CHAPTER 4

RESULT AND DISCUSSION

This chapter will discuss about the result of questionnaire and the expected outcome of
this system. Author will explain by using UML diagram and Graphical User Interface

(GUI) about what this system are supposed to do.

4.1 Result and Analysis of the Survey

4.1.1 Pre — development survey

A survey had been conducted to the targeted user by using Google Doc. The
questionnaire basically based on age generation to see whether the respondents know
the Sudoku game or not. It is also important to know which generations are familiar
with mobile apps and they might be the potential buyer of this application later. The
total respondent for this survey is 20 people. The result of this survey is illustrated as

below.

Question 1

Respondent's Age
20

0

12 and 1318 19-30 31-40 41 and

below above

Figure 4.1 Respondent’s Age

Out of 20 respondents, 15 of them are around 19 to 30 years old while another 5 are
around 13-18 years old. It is showing that the people of 31 years old and above are not

quite interested in playing games.

16



Question 2

When do you start playing Sudoku?

B Frimary School
B Secondary School
I University

Figure 4.2 Respondent start
playing Sudoku

In figure 4.2, most of the respondents started playing Sudoku while in secondary school.
2 of the respondents start playing Sudoku when in primary school and another 2 in their

university time frame.

Question 3

How many years that you have been playing
Sudoku?

M Less than 1 year
W 2-Zyear
I 34 year Figure 4.3 Respondent’s

M than & .
W flore than & vear experience

Based on the above graph, 45% of the respondent are considered beginner because they
just played the Sudoku in less than a year. 35% of them had been playing Sudoku for

about 2-3 years and 10% each for 3-4 years and more than 5 years’ experience.

17



Question 4

How would you rate Sudoku game?

[ Bl
g
[ K3

— Figure 4.4 Respondent rating

This question is asking respondent’s opinion on the Sudoku game itself whether it is
interesting or not. Number 1 is the least interesting while number 5 is very interesting.
Based on the result gathered, 55% say that Sudoku game is an average game. There also
about 10% of the respondent who find this game interesting and 5% who not quite

attracted to the game.

Question 5

What level did you play currently?

M Easy
B WMedium
B Hard

Figure 4.5 Difficulty level

Basically, there are 3 level of difficulty in playing Sudoku which are easy, medium and
hard level. Since most of the respondents are new to the game, 50% of them are just
playing easy level. On the other hand, 35% of them played medium level while the rest
played the hard level.

18



Question 6

Which one do you prefer when playing Sudoku?

W Sudoku Apps

(mobile apes) Figure 4.6 Respondent
M Sudoku Book
preference

Nowadays there are a lot of ways in playing Sudoku. 55% of the respondent prefer to
use book while playing the game while 45% of the respondent will use mobile

application when playing the game.

Question 7

What did you do when you got stuck?

Figure 4.7 Respondent
responds to stuck problem

Seek for Stop Move to Redo Throw the
answer playing next puzzle phane
scheme

Since Sudoku is a logic game, many of the players got stuck while playing it. Based on
the survey, 8 respondents will look for answer scheme and 6 respondents will move to
the next puzzle when they got stuck. There are also 4 respondents who will stop playing
due to that problem. One respondent will try to redo the puzzle and another one tend to

throw his/her phone if he/she cannot solve the puzzle.

19



Question 8

Opinion on Sudoku Helper

| N

g
Hs .
Figure 4.8 Respondent’s

opinion on Sudoku Helper

This question is about asking respondents’ opinion on Sudoku Helper, a mobile
application which can provide hint when user needs it. From five scales which is 1 is a

bad idea and five is a great idea, 60% of the respondent agree that to would like to use
this application.

Question 9

How much do you willing to pay?

B Wantitfree
M 31 and below

52-510 Figure 4.9 Respondent
M 311 and above

willingness to pay

Based on above pie chart, 45% of the respondent are willing to pay for less than $1
while another 35% of them want the application free. 15% are willing to pay for the
price range from $2 to $10 and 5% can pay for $11 and above.

20



Question 10

Apps Operating System

M Android
Wics

Figure 4.10 Apps operating
system

On the final question of the survey, 85% of the respondent would prefer to use android

operating system while the rest like to use iOS operating system.

21



4.1.2 Post-Development Survey (User Acceptance Test)

The system had been tested by 10 people who live around Seri Iskandar area. The
system is tested under the instruction of the developer and the developer take note about
some comments regarding the application. After testing with the prototype, the testers
are asked to fill in the survey form to get their feedback. The result of the user

acceptance testing will be discussed through figure below.

8

6 .

4 M Terrible

p) M Poor

0 - Average
S\,bo‘?' 7}{0\ & m Very Good
< Q& S

\&Q’ &° \\“J* m Excellent
Q o
< @

Figure 4.11 User Acceptance Testing data

4.2 Use Case Diagram

A use case is a specification of sequences of actions, including variant sequences and
error sequences, that a system, subsystem, or class can perform by interacting with
outside actors [9]. Use case typically represents a major piece of functionality that is
complete from beginning to end and captures a contract between the stakeholders of a
system about its behavior [10]. This use case diagram will be divided into several
actions such as main menu, start game, how to play the game and lastly quit the

application.

22



4.2.1 Main Menu

MAIN MENU ™

Start game

Figure 4.12 Use case diagram for main menu

Purpose To show the option of this application.
Actor User
Trigger User can choose whether to play a Sudoku game, to read the Sudoku

game rules and regulations or quit the application.

Precondition

The user must have an Android operating system.

The user must install the Sudoku Helper application.

Scenario Name

Step Action

1 | Open the Sudoku Helper application.

2 | Choose one of the options given on the interface.

23




4.2.2 Start Game

START BUTTON ﬁ

Open 'Sudoku Helper' Application

Select Level

Play Sudoku
Generate Hint

Figure 4.13. Use case for start game

Purpose To allow user to play Sudoku game.
Actor User
Trigger Click ‘Start’ button to play and solve Sudoku puzzle .

Precondition

The user must have an Android operating system.

The user must install the Sudoku Helper application.

Scenario Name | Step

Action

1

Open the Sudoku Helper application.

Choose ‘Start’ button to start playing the game.

User need to choose the level of difficulty of the game

User can start playing by fill in the answer in the blank space

User can generate a hint if they got stuck

OO WIN

Once completed the puzzle, user need to submit the answer to
check with the answer scheme.

24




4.2.3. How To Play

BUTTON

HOW TO PLAY T

Open 'Sudoku Helper'
Application

Click 'How to play' button
Short Briefing

Start Game

Figure 4.14. Use case for how to play

Purpose To show the rules and regulations for newbie player.
Actor User
Trigger Click ‘How to play’ button to view the rules and regulations.

Precondition

The user must have an Android operating system.

The user must install the Sudoku Helper application.

Scenario Name

Step Action

1 | Open the Sudoku Helper application.

2 | Choose ‘How to play’ button.

3 | A user will be given a short briefing on the rules and

regulations of Sudoku game.

4 | User then will be allow to start playing the game.

25




4.2.4 Quit Application

QUIT BUTTON ﬁ

Open 'Sudoku Helper' Application
Quit application

Actor

Figure 4.15. Use case for quit application

Purpose To close the Sudoku Helper application.

Actor User

Trigger Click ‘Quit’ button.

Precondition The user must have an Android operating system.

The user must install the Sudoku Helper application.

Scenario Name | Step Action

1 | Open the Sudoku Helper application.

2 | Close and quit the application.

26




4.3 Activity Diagram

Activity diagram is graphical representation of workflow of activities and actions with
support for choice, iteration and concurrency. The activity diagram show the overall of

the flow in that particular system [11].

Next puzzle < %> Continue?
L/ Yes No

Figure 4.16 Activity diagram of Sudoku Helper application

First of all, every user must open the Sudoku Helper application first in order to play the
game. Once the application is already running, user will be given 3 options whether to

immediately playing the game, read the rules and quit the application.

27



The first option is playing a Sudoku game. If a user decided to play the game, user will
be directed to the game interface of the system. A user may select the level of difficulty
of the game and can start playing the game. If user got stuck while playing the game,
this application can generate a hint for user to proceed with the next step. Once
completed the puzzle, user are given 2 options whether to continue to next puzzle or

close the application.

Back to the main menu option again, the second choice that a user can select is to read
the rules and regulations of the game. The application will display simple rules so that it
is easier for the beginner player to understand it. After finish read all the rules, user then

can start playing Sudoku game.

The third and last option is to close and quit the application. Once user click select
‘Quit’ button, the system may and may not save the current game based on user

preference and exit the application.

4.4 Graphical User Interface

Android Sudoku Helper

Figure 4.17 Main menu interface
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Difficulty

Figure 4.18 Select level
interface

g
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Figure 4.20 Game Completed
interface

Figure 4.19 Game interface

About Android Sudoku Helper

Figure 4.21 Rules and
regulations interface
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CHAPTER 5

CONCLUSION & RECOMMENDATION

The Sudoku Helper is an android application intended to give fun for the Sudoku lover
from all over the world. The algorithm used can generate hint faster and it will give
satisfaction for the users. In addition, this application is simple to use and it has a very

nice interface.

However, there are some improvement and features that can be added in the future to
make the application more reliable and attractive. A few examples of the features are as
follows:

i.  MP3player
ii.  Counting Watch

iii. Alarm
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APPENDIX 1

Gantt Chart FYP

No

Details/Week

1]2[3[4|5]6]7[8 ]9 [10|11 12|13 |14 |15|16 |17 |18 |19 |20 |21 |22 |23 |24 [25] 26 | 27 | 28

Planning Phase

1 Research on
topic
2 Identify
problem and
propose
solution
3 Clarify scope,
goals and
objectives
4 | Prepare system
requirement
5 Comparative
Study
6 | Confirmation of
FYP topic
7 | Conduct Online
Survey
8 | Analyze survey
data

Design Phase
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Design
graphical user
interface

10

Do the UML
diagram

Implementation
Phase

11

Coding the
program

12

Implement the
algorithm

Testing Phase

13

Usability testing

14

Functionality

Quality
Assurance

15

User acceptance
testing

Launch Phase

16

Viva

17

Project
Documentation

18

Launch the
system
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APPENDIX 2
QUESTIONNAIRE

Sudoku Helper Apps

*Make sure you have play Sudoku before answering the questionnaire !!
* Required

How old are you? *
12 and below
13-18

19-30

31-40

41 and above

o O O O O

When do you start playing Sudoku? *
o  Primary School

Secondary School

University

Work place

Other: [ ]

How many years that you had been playing Sudoku? *
Less than 1 year

2-3 year

3-4 year

More than 5 year

o O O O

o O O O

How would you rate Sudoku game? *

12345

Not interesting © © © © © Very interesting

What level did you play currently? *

o Easy
o  Medium
o Hard
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Which one do you prefer when playing Sudoku? *
o  Sudoku Book
o  Sudoku Online (website)
o  Sudoku Apps (mobile apps)

When you got stuck while playing Sudoku, what did you do? *
o  Seek for answer scheme
o  Stop playing
o  Move to next puzzle
@)

Other:[ |

What are your opinion on apps that can provide hint when player got stuck? *

12345

Bad © O O O O Great

How many ringgit are you willing to pay for the apps? *
o Wantit free
o $1and below
o $2-%10
o $11 and above

Do you prefer apps on Android or iOS? *
o Android
o 10S
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