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Abstract

Paint by Numbers puzze is a game of logic and deduction. The goal of solving the
puzzleisto find a hidden image associated to the puzzle. To do so, a player uses a set of
number s attached to each puzzle as clues. Several technigques can be utilized to solve the
puzzles. Some puzzes can be solved easily while the others might invol ve diver se advanced
approaches. As a result, many people found Paint by Numbers puzze attractive and
challenging. Consequently, Paint by Numbers becomes prominent amongst puzzers around
the world.

The system proposed here employs Java 2 Platform, Standard Edition 5.0 to develop
a software that can solve Paint by Numbers puzzles. It also provides the game interface
allowing usersto try solving the puzzles manually by interacting with the program.
Furthermore, it offers various tools that can help users create their own puzzes, either from

scratch or fromregular imagefiles.

1. Introduction

Many years ago, game industry shared only a slightly portion of softvaakemit
was considered a child’s play and not many companies seriously paid attenti¢iotdhe
past few years, however, it has become an attractive issue in softwateyiaddsgained
much attention from software developers. Even Microsoft, the gigantic softamugany,
has invested in the game market, venturing a lot of money on the Xbox project.

A game can be categorized into various genres: action, adventure, fighting, puzzle,
RPG (role-playing game), shooting, simulation, etc. Normally, each type & igaapposite
for a certain group of people. The puzzle game, on the other hand, is generdilg $nita
everybody: no matter how old or what gender they are. One of such puzzles ibyPaint
Numbers.”

Paint by Numbers is a picture logic puzzle. Each puzzle contains an emptydyrid a
various sets of numbers associated to each row and column of the grid. Behind the grid lies a
hidden monochrome picture. Hence, the goal of solving the puzzle, in addition to challenging
the player’s smartness, is to uncover the concealed image. The numbers omweauh ro
column serve as “clues” telling the player how to paint the puzzle, which is diddnssiore
details in Section 1.2 (How to play). Figure 1.1 illustrates an example of a Painnityers

puzzle.
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Figure 1.1 — Paint by Numbers puzzle [8]

1.1 History

The concept of Paint by Numbers puzzle was introduced in 1987 by two unrelated
Japanese people: Non Ishida, a Japanese graphics editor, and Tetsuya Nislassiamabf
Japanese puzzler. A few years later, magazines with Paint by Numbedes miaeed
appearing in Japan, the United Kingdom, the United States, Sweden, South Africa, and some
other countries. Since they have constantly gained popularity, Paint by Numb&es pue
presently published worldwide in many magazine titles. In addition, some maghaiwe
invented new names for Paint by Numbers puzzles to use in their magazines. Consequently
Paint by Numbers puzzles are also known by many other names, such as Nonograms,
Griddlers, Edel, Tsunami, Pic-a-Pix, Japanese Crosswords, lllust;lQrgissPix, Picture
Logic, etc. [9]

Not only were they published in magazines, but Paint by Numbers puzzles were also
made into console games in 1995 by Nintendo under the name Mario’s Picraa® (Pic
Crossvord). Nintendo released two Picross titles for Game Boy system and ningfar S
Famicom, eight of which were released in a two-month interval! Additionally, in 1996
Deniam Corporation released the puzzles for Arcade game system using tHeoganiro.

Logic Pro was made into Play Station system in the later yeardlafOjve

1.2 How to play

As illustrated in Figure 1.1 above, there is a set of numbers associateld toveand
column of the puzzle. (For simplification, we will refer to a row or a column agel “li
onwards.) These numbers will help you draw the puzzle and reveal the obscured image.
How? Each number tells how many contiguous black cells there are on that lineoWallals
a group of adjacent black cells a “block.” In other words, each number represents a block of



black cells. Figure 1.2 shows the solution of the first column containing a 5, resuléing

block of five consecutive black boxes.

Figure 1.2 — Example of how to paint the puzzle (1)

If two or more numbers exist in the same line, resulting in two or more blocks, there
must be “at least” one white cell between each block. Note that we do not know how many
white cells exist between each block, but we “do” know that it must be at least loreak
the black blocks apart from each other. Consider the second rows from the previoustpuzzle
contains 3 and 1. Hence, the solution of this line has two blocks with the size of three and one
separated by a white cell as shown in Figure 1.3. Also note that all the blocksamthbre
must appear in the same sequence as the numbers. For instance, the second and the fourth
rows have the same set of numbers, 1 and 3, but they come in the reverse order. Consequently,

the solutions of these two lines are contradictory.

Figure 1.3 — Example of how to paint the puzzle (2)

Now that we have learned all the fundamental rules, if we continue solving the puzzle
based on these bases, we will finally find the solution as illustrated in Rigurl’s the
letter N!

Figure 1.4 — The solution of the puzzle



1.3 Motivation

As stated before, Paint by Numbers puzzles were made into the Super Famicom
console game system by Nintendo in 1990’s. We instantly fell in love with thesegptiezle
first time we saw them, and that was the original incentive of this project.

Having been solving countless of puzzles so far, we have become famitidhevit
puzzles and developed various techniques that can be used to deal with them. Then, here
come the interesting questions: “What about the computer?” “Can we make therthsolve
puzzles?” “Can we apply the same methods that we use into the programmingéaagdia
make the computer think the same way that we ‘humans’ do?” “Is mathematics #bDloe

we need any kind of arithmetic formula?”

2. Technological Background

The only major technology that we use in this project is the Java technology. The Java
technology consists of both a programming language and a platform. The Javenpringya
language is a high-level object oriented programming language used tcacpeatgam. The
Java Platform, on the other hand, is an environment in which a program runs. [3]

In the Java programming language, a programmer writes the codes irepldiles.

The Java compiler is then used to compile these files into Java bytecodes. eCodds/tare
not native codes of the operating system (OS), but machine codes of the Java Virtua
Machine (JVM). Thus, these bytecodes cannot be executed directly by thbe€B/NI,
instead, will translate them into native codes, and pass them to the OS. Accordengiyn w
simply write a program on one system, compile it into bytecodes, and thdg rdeahe
program on any system provided that the JVM is available on that machine. This concept
resulted in Sun Microsystems’ prominent trademark: “Write once, run anywhere!

The Java platform is a software-based platform running on top of other hardware-
based platforms (Microsoft Windows, Linux, MacOS, etc.) It acts as an iediéata between
the Java programming language and the hardware-based platform. The JVM is one of its
components. Another component is the Java Application Programming Interface (API)
which is basically a collection of ready-for-use software libraries. [1]

The primary reason that Java was chosen as the programming langubgge for
project is that we need to practice and learn more about Java language. Alsandética’s
platform capability provides us a broad area of customers. Furthermore, a@uaite the

Java source codes into Java applets easily, probably only a few lines of coddsméede
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modified. With Java applets, people around the world can access our program conveniently

via their favorite web browsers.

2.1 Java 2 Platform, Standard Edition 5.0

The Java platform is categorized into four different platfohasa SE (Java Platform,
Standard Edition), Java EE (Java Platform, Enterprise Edition), Java ME (JdwenPla
Micro Edition), and Java Card. Each platform is specialized for particular deehpimd
deployment environments. Out of these platforms, the Java SE fits our projgoitemeents
the most. We therefore employ Java 2 Platform, Standard Edition 5.0 (J2SE 5.0) as the
developing environment for this project. Comparing to the previous version, many new
features have been added into J2SE 5.0, such as Metadata, Generic Types, Autoboxing and
Auto-Unboxing, Enhanceflor Loop, Enumerated Types, Static Import, Formatted Input &
Output, Varargs, Concurrency Utilities, and Core XML Support. [2]

The latest version of Java SE, as of today, is Java SE 6 Beta. Since it is Hill a be
version and has just been released for awhile, we do not know much about it, and, thus, do
not have any plan to migrate our project to this new platform. However, theoreiically
should be backward compatible with J2SE 5.0 and our project should be able to be compiled

and run on this new platform as well, hopefully without any major modification.

2.2 Javagram

Javagram is a Nonograms (one of Paint by Numbers’ synonyms) puzzlelsoiaer
package written by Steven Simpson. [4] Perhaps, the name Javagram is derivéé from t
combination of the words Jawaad Nonograms Not only did he write the puzzle solver
program in Java, Steven Simpson coded the solver library in C language as wellh@dleof t
programs are open source software and are released free of charge under thes€aXU Le
General Public License as published by the Free Software Foundation.

The Javagram package, however, cannot solve all puzzles. It might return an
incomplete solution if the input puzzle belongs to one of the following circumstanbas: i
any conflict between the numbers on the rows and those on the columns, has more than one
feasible solution, or has exactly one solution but require a guessing method. \Wi¢s dlzaut
the algorithm used in the Javagram and how to make the algorithm complete in&&ction

(Puzzle Solver).



Apart from the solving algorithm, Javagram also provides two basic data types
representing the key components in the puzzleGthel class represents the grid area of the
puzzle while thePuzz!l e class represents all the clues associated to the puzzle. In order to
utilize the solving algorithm of the Javagram package, we need to creats ol jihetse two
classes. Since they are pretty well designed, we then employ thesad$sesdh our game
system and other components throughout our project as well.

In addition, Javagram defines the format of a text file into which the puzzle

information can be saved. We discuss about this file format in section 4.2 (Puzzlg Editor

2.3 Java Advanced Imaging

Java Advanced Imaging (JAI) is a Java API that provides rich functiesaditi
advanced image processing, allowing developers to perform sophisticated taskgen i
data without the necessity of low-level background knowledge on image processiaegtsonc
[10] JAI supports various standard image file formats including BMP, FlasGiff, JPEG,
PNG, PNM, TIFF, and WBMP. Currently, the latest version is JAI 1.1.3-beta While t
version we use in our project is JAI 1.1.2_1.

In this project, we use JAI to read image data from files, resize the im#ugt #dfits
the puzzle’s size, and then convert the image into monochrome. This feature helps users

create a new puzzle from an image file within only a few mouse clicks.

3. System Overview

The primary goal of this project is to create a program that can solveasnyoi?
Numbers puzzle, or at least notify the users if the puzzle is invalid, meanirgttieathere
are clue conflicts in the puzzle or the puzzle has more than one solution. The second
objective is to provide the graphical game interface and tools for users who want to solve
puzzles interactively through the program. The last goal is to provide toolstthaers
create their own puzzles and find the solutions as well.

Four main visible components exist in the system: the main menu, the puzzle editor,
the game interface, and the puzzle browser. There is also another important component, the
puzzle solver, which will not be seen by the user. The main menu asks the user whether he
wants to create a new puzzle or load it from an existing file. The puzzle etiites #he user
to create or edit the puzzle. Then the puzzle solver will be used to find the solution of the

puzzle. If the puzzle has exactly one solution, the game interface will appedet the user
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play the game, trying to solve the puzzle. In contrast, if the pbhazlenore than one solution,
the puzzle browser will show up instead. The puzzle browser tells the user how many
solutions can be generated from this particular set of numbers and lets the usge navig
through each of them one by one.

4. Design and Implementation

As mentioned in the previous section, there are five major components in this. project

We discuss about each module in more details in the following sections.

4.1 Main Menu

The overall process of the program begins with the main menu, which is divided into
two categories. The user can choose whether to create a new puzzle or openfeopuzzle
saved file. To create a new puzzle, the users must specify the size of the negyréated
puzzle too. Also note that, two methods can be used to create a puzzle, either from numbers

or from a painting. Figure 4.1 illustrates the main menu GUI.

i@ Paint-by-Numbers Puzzle Solver E“E]

Create New Puzzle:
m m Create By Numhbers Create By Painting

Open From File:
|

Close

Figure 4.1 — The main menu GUI

Basically, the main menu acts as the gateway to the puzzle editor. Isla&ba
implemented by Swing components. The button “Browse” lets the user browse fotea puzz
file using aJFi | eChooser object. We also createFal eFi | t er class, called
PBNFi | eFi | t er, which will be used in th@Fi | eChooser object to filter for
only .pbn, .non, and .txt files since this will help the user browse for the puzzle files mor
quickly. We discuss about the format of the text file in more details in the ratixinséNote
that pbn is short fordnt By Numbers, which is the name of this project, and that is why we
add it in the list of supported file extensions. We also include .non in the list because it i

originally supported in the Javagram package.



4.2 Puzzle Editor

If the user chooses to create a puzzle from numbers, a puzzle editor window will pop
up and let the user fill in the numbers for each row and column. Creating a puzzée from
painting, in contrast, does not let the user input any number directly, but the user can paint
image in the grid area of the puzzle using the mouse, and the program will convert it int
numbers automatically. Moreover, the user can import an image file into the gridsang
the “Load Image” button, only provided in the “painting” mode. The program supports most
of standard image file formats as stated in section 2.3 (Java Advanced Imaging)

We divide the GUI of the puzzle editor into two parts. The top part uses basic Swing
components to create a collectionJ&@ut t ons used as the controller of the puzzle editor
window. In the middle, we useJ®anel object to paint the grid and the clues of the puzzle
as shown in Figure 4.2. Basically, each grid is an instangkeatbel class, and each clue is
an instance ad Text Fi el d class. We design our program this way because it is easy to
implement. We can conveniently catch an event on each object and have it iotdract t
specific event. For example, if the user clicks the left button mouse on a gridecelill
have that cell change the background color to black. This way we do not need to worry about
the calculation of the mouse pointer position. We can also paint the background color of each
box easily without the need to compute for the x and y coordination, the width, and the height
of the area we want to paint. For the clue cells, since each cdllsxa Fi el d object, we
can obtain the capability of text editing automatically. Consequently, we die leser edit
the number on each cell, and simply call the metietdText () on that object to read the

user input. This helps us develop the program a lot more conveniently.

Start Game: || Clear || [ Save Puzzle H Close
| otter M l

|

i |

slalalEls]
)
B 3
10404
12
| J

Figure 4.2 — The puzzle editor GUI (edit by numbersnode)



Figure 4.2 shows the GUI of the puzzle editor in the “numbers” mode. In the painting
mode, however, is slightly different from the numbers mode. First of all, it doed tot le
user edit the clues. Instead, it lets the user paint in the grid area. Bedidesyrie more
button called “Load Image”. This button lets the user browse for an image file using a
JFi | eChooser object, which is similar to the browse button on the main menu.
Nonetheless, this time we us®BNFi | eFi | t er to filter for image files such
as .bmp, .gif, .png, .jpg, and .jpeg. After the user have selected a file, we use Ugdatisa
section 2.3 (Java Advanced Imaging) to read the image data, resize the imatheto fi
puzzle’s size by processing those data, convert them into grayscale, congea/toale
image into a monochrome, and have the program read the final data pixel by pixehand pa
them on the grid area.

In the puzzle editor window, the user can also save the puzzle into a text file, which
can be opened for a later use from the main menu. The text file format is loridefaned in
the Javagram package, and we simply adopt it into our system because it isaaongdsy

to understand. Figure 4.3 compares a puzzle file to its corresponding gameenterfa

B 5x5 - Letter N.txt - Notepad E@@

Fil= Edit Format VYiew Help
width 5

height b
title Letter N

Figure 4.3 — A puzzle file and its corresponding gae interface

As shown in Figure 4.3, the keyword “width” and “height” are followed by numbers
used to specify the size of the puzzle. The keyword “title” is used to indicatdelwd the
puzzle. Then, the keyword “rows” tells the program that the following lines contaghuene
of the puzzle on the left side of the grid. Each line represents the clues for ostantovg
from the top of the puzzle. The same thing applies to the keyword “columns”, meaning that
each line represents the clues for one column starting from the left of the Fuezler

more numbers in the same line are separated by commas.



4.3 Puzzle Solver

The puzzle solver is used to find the solution of the puzzle that the user creates or
edits. We use the Javagram package discussed in section 2.2 (Javagram) asrghe prima
algorithm to solve the puzzle. However, as stated before, the Javagram is ineoWple
consequently, apply a technique called “recursive guessing” to make the sdgonghm
perfect. The following sections discuss about the Javagram algorithm anduttsevies

guessing method in more details.

4.3.1 Javagram Algorithm

The Javagram does not solve the whole puzzle at once. Instead, it solves the puzzle
one line at a time using an objectlofneSol ver class. The LineSolver class has two
subclasses callggéast Li neSol ver andConpl et eLi neSol ver. The
Fast Li neSol ver solves a line by trying to push all blocks as far as possible to the left of
the line, without opposing the rules of the game and the solved cells. It then does the same
thing, but in the reverse direction. Finally, it looks for overlaps between both pushomgsacti

Figure 4.4 shows an example of this algorithm.

Original | I = e
:(—Push

Push =& 2 4

Solution 2 4[ |

Figure 4.4 — An example of the FastLineSolver algdghm

TheConpl et eLi neSol ver thoroughly tries all possibilities to paint a line
according to its clue numbers. If, for any combination, a cell can only be black tiéroe
determined as black. If it can only be white, it will be resolved to white. We cdadhthis
algorithm as a kind of brute-force algorithm.

Comparing to th€onpl et eLi neSol ver, theFast Li neSol ver algorithm is
fast, but it might not “best” extract information from a given line. This meanst tmaght
leave some cells that should be solved unsolved as illustrated in Figure 4.5. The

Conpl et eLi neSol ver algorithm, in contrast, guarantees that a line will be solved as best
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as possible according to the available clues, but it is rather slow. [5] Tieetefgolve a
puzzle, the Javagram first applies Feest Li neSol ver to solve as many possible cells as
it can. Then it uses t@onpl et eLi neSol ver to solve the remaining cells. This is to
minimize the use of th€onpl et eLi neSol ver algorithm since it consumes quite a large

amount of time.

Original | 3 1 I | [ ] | I | [ .I _
FastLineSolver (9 1 I | | | | I | [ | . I
BT T I

Figure 4.5 — Compare the solutions from both algothms on a sample line

CompleteLineSolver |3 1 I

4.3.2 Recursive Guessing Algorithm

As mentioned earlier, the Javagram algorithm might return an incompletesolut
leaving some cells unsolved, if the puzzle has any contradiction, has more than one solution,
or has one solution but required a guessing technique. We use a technique calle@ recurs
guessing to solve these problems.

The recursive guessing acts as an intermediate between the main pnodjithe a
Javagram. Instead of returning the solution directly from the Javagram t@gramr the
recursive guessing takes the returned solution from the Javagram, etaéussdlution,
decides whether the solving process is complete or not, and then takes an appcifmmate
If the Javagram return an incomplete solution, leaving some cells unsolved, and there is no
contradiction in the solving process, the recursive guessing will randorklgpiegnsolved
cell, make a guess, and send the solution with the new information back to the Javagram to
continue solving the puzzle. Note that, in this project, we always look for an unsolved cell
starting from the first row, and from the left column to the right column. Also hatewe
always guess “black” rather than “white” because, empirically, a lokeitkisually gives
more information to continue solving the puzzle than a white cell.

Apparently, after making the first guess, it is possible that the Javagodrraturn
an incomplete solution again. If this happens, the recursive guessing wilamatker guess
on another cell and follow the same algorithm. If, finally, the Javagram retuwmsplete
solution, the returned solution will be added intodam ayLi st , which is used to store all
feasible solutions of the puzzle. At this point, the recursive guessingtiaiganill roll back
to the state before it made the latest guess, change the guessed values #mel Jevagram

solve this new information as well. In the case that there is more than one solution, a
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particular cell could be either black or white, and that is why we need to roll baalyand t
another guess even though we have already found a solution from the previous guessed value.
In other words, we must exhaust all possible paths in order to achieve all feasilbasaiit
the puzzle. When it rolls back, if the latest guessed cell has used up all thedgussie
(black and white), the algorithm will roll back to the guessed cell before the ecesitly
guessed cell, and try another guess from that cell instead.

If the Javagram finds a contradiction, the recursive guessing algorithaiseiroll
back, change the guessed value, and try another path in the same manner asnaben it f
complete solution. The only difference is that no solution will be inserted into theogsoluti
Arrayli st.

After the recursive guessing algorithm exhausts all possible pathB, régtwin the
control to the main program. Then the main program can determine the solution of the puzzle
from theAr r ayLi st . If the size of the solutioAr r ayLi st is zero, this means that the
puzzle doesn’t have a valid solution. In other words, at least one clue conflict octws in t
puzzle. If there is exactly one solution in ther ayLi st , the puzzle is valid and the game
interface will be started. However, if the size of 8ne ayLi st is greater than one, the
puzzle has multiple solutions and the puzzle browser will show up instead.

Since the recursive guessing algorithm has to remember the previous datatso tha
can roll back when it finds a solution or a contradiction, we implement the algarsing a
St ack andSol vi ngThr eadMove objects.Sol vi ngThr eadMove is an object
representing a movement occurring during the guessing process. It colhtdé@ta aecessary
for each roll back step. Each instance of this object will be created and pushed onto the top of
the St ack when the algorithm can determine a solution and, consequently, change the value
of a cell. When the algorithm needs to roll backpavi ngThr eadMove object will be
popped out of the top of ti&t ack and the program will change back to the previous state

according to this object.

4.4 Game Interface

The game interface will show up when the user clicks the “Start Game” button in the
puzzle editor window. Actually, some behind-the-scene tasks will be performed tiefore
game interface appears. Firstly, the program will collect alufiee inputs and prepare them
for the solving algorithm. If the user is in the painting mode, the painting wibhipeected

into numbers first. During the process of collecting user inputs, the progradowibme
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basic checking on the inputs as well. This is to prevent the user from passing invalid inputs
into the program. Secondly, the puzzle solver will be used to solve the puzzle and return the
solutionAr r ayLi st to the program. Finally, if the puzzle has only one solution, the game
interface can start, using the solution from the previous step as a parameter.

The GUI of the game interface window is similar to those of the puzzle editdow.
The top area contains a set of controller buttons while in the middleJiéareel object
representing the grid and clues of the puzzle. If the user moves the mouse pointer onto the
grid or the clues areas, the program will draw focus bars covering the wiesefithat row
and column. This will be extremely helpful while the user is solving a larggsizzle.
Figure 4.6 shows an example of the game interface window.

EEE

Solution || Clear || Undo || Close |

wlon==aa = ~0

Figure 4.6 — An example of the game interface [6]

In the game interface window, the user can paint the puzzle using the mouse. Each
cell has three different states resulting in three different backgroumc aotluding black,
white, and green. The user can paint each of these colors using the left, right, and middle
mouse buttons respectively. Additionally, the user can drag the mouse whilagessiof
its buttons to continuously paint the corresponding color throughout the grid area. You may
ask “What if | do not have a three-buttons mouse?” That is alright. We also offeeanot
method to paint the puzzle. If the user hold a shift key on the keyboard while making the lef
click, the program will change the grid color from black to white to green and baclkcko bla
again. The color will change in the reverse order if we do the same thing usirghtrdick
instead. In addition, if the user clicks the mouse on a clue cell, the font color of thatlclue

turn gray, making it less distinguishable. This does not affect the solution of tHe. puzz
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simply helps the user eliminate the clues that have already been solvettkeythll not
catch the user’s attention when he is trying to solve the neighboring clues. Tharuatso
turn it back to black color by clicking on that clue again.

If the user realizes that he has made some mistaken moves, he can use the “Undo”
button to remove the latest action he made. The program will keep the history of the
movements in the memory up to one hundred steps. We implement this functionality using
St ack and Move objects. A Move object consists of four attributes; y,
pr evi ousDat a, andnewDat a. “x” and “y” represent the row and the column on the grid
respectively. pr evi ousDat a” is the status of that grid cell before it was changed while
“newDat a” is the new status. A newivbve object will be created when the user clicks the
mouse on the grid area resulting in the change of color on a particular grid cethems
that no movement exists if the color does not change. TheMmwe object then will be
pushed onto the top of ti8¢ ack of Move. If the user clicks undo button, the program pops
the last Move object out of the top of thet ack and paint the grid cell back to its previous
state.

This technique is similar to those used in the recursive guessing algdritussed
in the previous section with a slightly difference. The movement object used to iemplem
the undo button is thigbve object while the one used in the recursive guessing algorithm is
theSol vi ngThr eadMbve object. In factSol vi ngThr eadMove is a subclass dibve
with a few additional attributes in order to comply with the Javagram solvingthlgor

We define the size of tHat ack for the undo button to one hundred. The purpose of
this is to limit the resource used by tBieack since a newhMbve object will be created
constantly. If we let that happen, sooner or later our program will run out of mpemor
probably resulting in the system crash. To prevent this casualty, before puskimghone
object onto thé&t ack, we check whether the size of thieack is equal to one hundred or
not. If it is, the program will remove th&bve object at the bottom of tH&t ack before
adding the new one.

While playing the game, the user can restart the game simplickinglon the
“Clear” button. If the user can paint exactly all the required black cells in tlzeptize
congratulation screen will appear. The user can also click the button “Solutioe’ tteese
solution of the puzzle directly. To check whether the player has found the solution or not, the
program has to go through all the cells in the grid and compare the value of each ced to thos
of the solution. If the program has to do this checking every time the usertblck®use, it
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will take so much CPU time. We solve this problem by having the program count the number
of black cells of the solution before the game is started. Then the program wditbrae the
checking only when the number of black cells that the user paints matches these of t

solution.

4.5 Puzzle Browser

The puzzle browser will appear when the user clicks the “Start Game” button and the
puzzle solver finds more than one possible solution. Figure 4.7 shows an example of the

puzzle browser window.

EE®

There are 120 solutions for this puzzle.

lﬁ PBN: Puzzle Browser

Figure 4.7 — An example of the puzzle browser

The puzzle browser tells the user how many solutions can be found from the input
puzzle. The user can select the solution number from the drop-down list and then click the
“Start” button to see the solution of the puzzle with the specified number. Then a game
interface window will appear and the solution will be painted onto the grid of the game
interface. If the user clicks the “Start All” button, all solutions will banfgal onto separated

game interface windows at once.

5. System Evaluation

We test our software on two machines as follow.

Computer | Computer II
Type Laptop Desktop
CPU Intel Pentium Centrino Intel Pentium 4
CPU Speed 1.3 GHz 2.93 GHz
RAM 480 MB 760 MB
Microsoft Windows XP Microsoft Windows XP
03 Professional SP1 Professional SP1
JDK J2SE 5.0 J2SE 5.0
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Both machines run the puzzle editor and the game interface properly. On the first
machine, if the size of the puzzle becomes bigger, probably around 30-40, depending on the
available system resources at that moment, the program will start haicgteliin
catching the mouse events while the second machine can handle it normally. Thighsthows
the GUI part of the program works fine comparing to the puzzle solving part.

The puzzle solving part, which is based mostly on the Javagram package, also works
fine when the size of the puzzle is not too big. Obviously, the time need to solve thegpuzzle
likely to increase if the size of the input puzzle becomes bigger. However, whatis mor
interesting is that the size of the puzzle is not the only factor that atiectslving time. The
pattern of the numbers plays an important role as well. On the same test machssme-
size puzzles might require different amount of time that the program needd tbdi
solutions. The difference could be in milliseconds, or even minutes. This is because the
Conpl et eLi neSol ver algorithm used in the Javagram package requires a large amount
of time, and we do not know how often it will be used to solve a particular puzzle. On one
hand, only thé-ast Li neSol ver algorithm is enough to solve the entire puzzle. On the
other hand, the program might need to employGtwepl et eLi neSol ver algorithm
several times. Therefore, the pattern of the input numbers significafieitysathe solving
time.

There is also an article discussing about Paint by Numbers puzzle and NP-
Completeness problem written by Nobuhisa Ueda and Tadaaki Nagao. [7] Being an NP
Complete problem means there is no algorithm that can solve Paint by Numbeegsipuzz|
polynomial time. Thus, although we concentrate on puzzles with a specific siz&] we

cannot determine the exact time that the program needs to solve Paint by Numbess puz

6. Conclusion

For this project, we create a program that can solve Paint by Numbers plizzles
provides tools that can help the user create puzzles as well. We also provide the game
interface for the user who enjoys solving the puzzles. The algorithms usedetthsol
puzzles in this project work pretty well. However, there might be some otheidaes that
can be used to solve the puzzles. Accordingly, in the future, we wish to find or develop new
algorithms that will improve the solving time. Finally, our ultimate go&b ismake the

program support multi-colors puzzles, not only black and white as in this project.
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