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Abstract


Playing games such as Sudoku and playing games on cell phones have become emerging trends in society. Consequently the blending of the two in the Celdoku project seemed like an obvious choice for a project. In order to transfer the concept of Sudoku to a cell phone some engineering had to be carried out. A development environment had to be selected, a transfer method had to be decided on and finally the design, implementation and testing phases had to be carried out. Upon completion of Celdoku, a fully functional Sudoku game for cell phones was produced. The following document details the motivation, design, implementation and testing associated with the creation of Celdoku.     
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1.0 INTRODUCTION

Celdoku is a Java mobile application developed for cell phones. It follows the same rules as a typical Sudoku game (See Appendix A for the complete Sudoku rules), but has the added value of being playable on the cell phone. Celdoku also introduces a number of features that make it friendly for cell phone players, who may want an easier challenge than the typical game offers. The application also has the added benefit of being compatible with phones capable of running J2ME. 

1.1 Problem Motivation

Today’s society is well versed in different forms of entertainment. Games represent one of those forms and can cover many different activities or topics. Sudoku, for example, is a very popular game that has a great following in many parts of the world. One of the most convenient ways to play these games is through the cell phone. Mobile phones are small, portable, and widely used as a digital device. Furthermore, bringing Sudoku to the cell phone would allow it to be used by people who would have gone without the experience on a bus, or other inconvenient locations where paper and pencil are not readily available. Therefore, the main motivation for this project is the challenge of making a Sudoku game on a cell phone platform. 

1.2 Problem Statement

The goal of this project is to build a Sudoku game, which is fully playable on a cell phone. Celdoku has to fit within the confines of the cell phone screen, with all of its limitations in terms of text size, visibility, and graphics. The cell phone can also pose challenges in terms of user interoperability when it comes to fitting all of the controls on the typical cell phone keyboard. In other words, the game has to be designed well enough to fit the confines of the cell phone, but the controls have to allow it to be playable. 

1.3 Proposed Solution


 The solution involves many aspects, but perhaps most important are the choices of Development Environment, Cell Phone target, and controls. J2ME is the programming language of choice for Celdoku, because of it’s similarities with Java and compatibility with cell phones. Netbeans was chosen as the development environment, due to it’s robust features, and integrated cell phone emulator. The Sony Z-520a was the ideal choice as the target cell phone available, due to its screen size and graphics being similar to many cell phones on the market. The keyboard controls were also defined as the typical direction keys, coupled with the number keys for actual number input. 

1.4 Accomplishments


Upon completion of the project, a fully functional Sudoku game was produced. Using Bluetooth, builds of the game were transferred to the cell phone resulting in the set out goal of creating a mobile version of Sudoku.  
1.5 Overview of Report


This report covers the design, implementation, and testing of the Celdoku application. Section 2.0 details the working practices utilized throughout the project. Section 3.0 covers some useful background information, which helps in understanding the report. Section 4.0 details some of the requirements set out at the start for the Celdoku game in terms of appearance, and user operability. The subsequent section 5.0 covers the design of Celdoku, and the planning for which programming classes were needed, and how they would interact with each other. In Section 6.0, the report discusses specific details on each of the classes and what their role is regarding the operation of Celdoku. Section 7.0 deals with the testing associated with Celdoku. It details the test cases run for each class along with a discussion of the on board testing which was performed. Section 8.0 gives a conclusion and closing thoughts on the Celdoku project. The section also details some recommendations for future work on Celdoku.
2.0 THE ENGINEERING PROJECT
The Celdoku project was conducted keeping the standards of engineering practice in mind. Health and safety procedures related to the project were followed whenever applicable to the situation. The project was also conducted with the utmost professionalism between all parties involved. The success of the project can also be attributed to the management of both time and effort, between the involved contributors. This included frequent communication between tasks, and peer reviews whenever possible. The following sections will discuss health and safety associated to the project, professionalism and project management. The final section details the contributions of each team member to the overall success of the project.  
2.1 Health and Safety


According to the Laboratory Health and Safety Manual [1], all of the procedures mentioned regarding health and safety were followed by the Sudoku Project. These included avoiding the consumption of food and beverages while in the computer lab, reporting all computer incidents to the laboratory supervisor, and attending all training sessions regarding how to use the computer lab and it’s computers. The laboratory computers were used for their specified purpose, and the disturbance of other groups was avoided. Work areas were also kept clean and free of obstructions. . 
2.2 Engineering Professionalism


It was very important to maintain a high level of professionalism throughout the project. This included formal emails for communication whenever possible, and attention to the sensitivities of each individual involved. All parties were treated with the utmost respect and problems were discussed in a professional and respectful manner.

2.3 Project Management


Celdoku benefited greatly from a well planned outline for the entire project. Requirements were set as soon as possible to give a very good idea of the final outcome before the design and coding processes began. The project also benefited from a good scheduling process, with appropriate and achievable deadlines. In order to coordinate the effort, emails were exchanged frequently, and frequent meetings were attended between the contributors. Meetings were also scheduled at least once a week between the contributors and the coordinator, and were helpful for seeking advice from a more experienced professional.

2.4 Individual Contributions


The following two sections describe the contributions made by each member towards the goal of the project. It’s important to say that both individuals worked on, or reviewed each other’s work many times, and that a lot of the important decisions were made as a team effort, with many meetings between members. As such, this list gives an approximate evaluation of the work done by each individual.

2.4.1 Project Contributions

Below are the lists of each team member’s contributions.
Eduardo Araujo:

-Chose Development Environment (Cell Phones, J2ME)

-Chose Compiler (Netbeans with Mobility Pack)

-Transfer methods of builds to phone (Bluetooth, MyPhoneExplorer)

-Design of application

-Design of GUI

-Implementation of Design
-Testing
Dustin Littau:

-Design of application

-Art Design (logo, Canvas art)

-Design of GUI

-Designed randomization method for puzzles
-Created all templates used for puzzles
-Implementation of design

-Testing
2.4.2 Report Contributions


The report was broken down in sections and the sections were split as evenly as possible amongst both group members. Below is a list of which sections belong to which author.

Eduardo Araujo:

Sections 1, 2, 3, 4, 5, 8, 
Dustin Littau:

Abstract, Sections 6, 7, Appendix A
3.0 BACKGROUND

The following section defines key terms and concepts that are relevant to the remainder of the report. 
Java: Popular programming language that is compatible with a variety of electronic devices.
J2ME: Refers to the Java 2 Micro Edition programming language. It uses many of aspects of JAVA, but does away with others to favour the limited handheld device. Since a mobile phone doesn’t exactly have the same resources as a desktop machine, a number of special libraries are used by J2ME in order to perform some of the needed functions within programs.

Virtual Machine: Program used to translate typical JAVA or J2ME code to function on a specific machine. Different hardware may have different virtual machines used, but the code written by developers can be ported with little change. This makes Java the language of choice for writing programs which need to run on a variety of different platforms.
Sudoku: Sudoku is a puzzle game that became popular in Japan in 1986 and achieved international popularity in 2005. It is often described as the Rubik's cube of the 21st century. [2]
Cell Phone Technology: Cell phones are now powerful enough to run many different applications. One of the many uses for this new found horsepower is gaming, which is aggressively marketed by mobile providers.

Netbeans: Program that facilitates development of applications. It’s free and available online.

Blue-Tooth: Provides a connection between electronic devices (cell phones, computers, headsets), and facilitates exchange of information between those devices.

MyPhoneExplorer: Free application that helps Sony branded cell phones receive files from a computer. 
Libraries: Pre-existing code within a programming language that facilitates the creation of new programs. 

Emulator: Program that emulates or imitates a specific device on a computer. Emulators are used for testing how programs will function on the hardware they are being developed for. 

Number Input: The act of players putting numbers on the Celdoku puzzle while trying to solve it.

User: Player of the game.

GUI: Stands for graphical user interface and is what the player actually sees when using a program.

Class: An element of a programming language used to bring together different variables and methods that represent clusters of code for a specific function.
4.0 REQUIREMENTS

 
The requirements envisioned for Celdoku were that of a fully playable Sudoku application on a cell phone. Throughout development there were a number of set requirements, which acted as guidelines for the direction of the project. These requirements were decided upon during the design stage of the project and were the basis for a viable Celdoku application.

The first requirement was a splash screen with the Celdoku logo. The splash screen acted as a visual aid, to let the player associate the logo with the Sudoku game.
The second requirement was to have a menu screen at the start, which displays a choice of difficulty levels and game instructions. It was important to give players an intuitive and clearly labelled way to navigate the application. The addition of instructions for example, is fundamental to avoid confusion and frustration on the part of the user.

A third requirement was to include different difficulty levels, such as easy mode, and hard mode. This lets the player customize their experience, to their skill level, and to the amount of time they wish to dedicate to a Sudoku puzzle. The easy level consists of a 4x4 grid which can be easily solved within a few minutes. The hard mode, on the other hand, is a much more challenging puzzle, consisting of a 9x9 grid, and can take longer to solve when compared to the easy mode. 

Another important requirement was to give players a chance to beat the puzzle in a manner suitable to the cell phone. As it is impractical for users to put down numbers on a piece of paper while solving the puzzle, a new solution had to be found. The solution consisted of implementing a colour coded error verification system. The system works by making incorrect number input from the user turn red, and displaying correct user input green. That way, the user has some feedback on whether or not they are solving the puzzle correctly, thus allowing the user to change the red numbers to find the right answer. The given numbers at the start of the game are black so that the user does not confuse their input with the numbers already present at the start of the puzzle. 

The fifth requirement was a compliment to the previous one and involved limiting the number of mistakes the user could make while solving a puzzle. Since Celdoku implements instant error verification, the user would be able to solve any puzzle by just making errors until they input the right number. Therefore, the number of errors was limited depending on the difficulty level for any given puzzle. If a user is trying to solve an easy puzzle, it is possible to make a maximum of 3 mistakes. But if the user is solving a hard puzzle, it is possible to make a maximum of 20 mistakes. 
The last requirement is related to players winning the game. If the user makes more mistakes than the allowed maximum for a given difficulty, the game displays a game over screen, and gives the user a chance to try a different puzzle. However, if the user is able to solve the puzzle without reaching the maximum amount of mistakes, then a winner screen is displayed.
5.0 DESIGN


The design of Celdoku involved many aspects from both software and design perspectives. The first consideration consisted of choosing a good development environment to develop the application. Once that decision was made, an acceptable design had to be made as to how the application would take shape, and how the class designs would reflect the requirements. The following sections detail the development environment used to build Celdoku, and the class design used for development.
5.1 Development Environment


Celdoku was developed using the J2ME (Java 2 Micro Edition) programming language. J2ME uses many aspects of Java, but does away with others to favour the limited handheld device. Since a mobile phone doesn’t exactly have the same resources as a desktop machine, a number of special libraries are used by J2ME in order to perform some of the needed functions for programs. One example of such a change includes the exclusion of AWT and SWING libraries. These are used for displaying many of what the user sees in desktop Java applications. Rather, J2ME opts for a more streamlined approach with the Canvas and Graphics classes. These implement the concept of a Canvas, which can be used to paint text, images, or shapes to the screen with given x and y coordinates. The actual painting of the canvas is done by the many methods provided in the Graphics class, and both Canvas and Graphics are a part of J2ME. J2ME also runs in a different virtual machine when compared to typical Java desktop applications as shown in Figure 1. In this figure, KVM or kilobyte virtual machine, is shown below the mobile phones to indicate that it is the virtual machine used for mobile devices. Hotspot virtual machine is shown below the desktop PCs figure to indicate that it is the virtual machine used for that platform. 

[image: image1]
Figure 1: Picture showing different virtual machines and Java versions for specified Hardware [3]

Another aspect of the development environment included the software used to develop the application. Netbeans was chosen for its ease of use and mobile platform support. Unlike other solutions, such as the J2ME emulator provided by Sun Microsystems, which would have required developers to compile their code on one program and open a dedicated emulator in another, Netbeans offered an integrated solution where developers can compile their code into the emulator for immediate testing. While the emulator isn’t exactly the same as testing on the actual phone, it gives an approximation of the actual onboard results.


As for loading builds onto the phone, a Bluetooth USB device was used, as shown in Figure 2. A free application called MyPhoneExplorer was also used to install the new builds onto the cellphone in tandem with the Bluetooth connection.


[image: image2]
Figure 2: Bluetooth USB device [4]
5.2 Class Design

This section provides a brief explanation of the intended purpose of each class. An overview of how the classes relate to each other is shown in Figure 4. The backbone of the application is implemented within classes Game, Board, and Cell. These are the ones required to run the game and keep track of all the information provided by the user. These classes are easily portable to another language and make it simple to bring the game to other platforms, such as the PC, IPhone, and different types of PDA devices. Meanwhile, the Canvas classes deal mostly with graphics implementation, and take the information from the backbone classes in order to make the game display properly on the mobile device. 
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Figure 3: UML Class Diagram
Celdoku: The Celdoku class is responsible for the transition between different stages of the game. It makes use of the different canvas classes to create new canvasses for the game, and sets them as the active display for the user.

Game: The Game class keeps track of the state of the game. It checks whether the game has been won, or whether the maximum number of errors has been made. 
Board: The Board class is responsible for making new puzzles for the game. 

Cell: The Cell class contains functionality for each of the squares that make up the puzzle. The class keeps track of the user input for a square, the solution for a square, background color for a square, and whether or not the number for each square is shown in the puzzle grid.  
GameCanvas: The GameCanvas is responsible for displaying the current game. The puzzle associated with the current game is displayed as long as the user is still playing and a win/loss screen is displayed to notify the user if they have won or lost.  
LogoCanvas: The LogoCanvas class paints the logo of the game as the first thing the user sees when the game is started. 

InstructionCanvas: The InstructionCanvas class is responsible for showing the instructions required for the user to play the game. 

DifficultyCanvas: The DifficultyCanvas takes care of showing the different difficulty settings for the user to choose from.
6.0 IMPLEMENTATION
After completing the design component of the project, the task shifted to implementing the design. From the design phase, a class diagram was developed and the following sections will detail how each class was implemented. The order in which classes are discussed is Celdoku, the Canvas classes, Game, Board and finally Cell.

6.1 Celdoku Class

In any program there always exists a main class from which all execution begins. In the case of J2ME this main class is referred to as a MIDlet. The Celdoku class is the MIDlet class for this application. Figure 4 shows the attributes and methods associated with the class.
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Figure 4: Class diagram showing attributes and methods for the Celdoku class.
Using the methods and attributes present, the Celdoku class is able to control transitions between Canvases and provide the user a visual representation of the game. In order to give the user control of the transitions, Commands are used. The processes of achieving such functionality will be explained below.    

The Celdoku() method begins the application by calling initialize() which sets the current display. Setting the current display requires calling getDisplay().setCurrent() and passing the Canvas to be displayed. getDisplay() and setCurrent() are methods inherited from MIDlet.

When the program first begins, the current display is set to logoCanvas by calling get_logoCanvas().The method get_logoCanvas() assigns logoCanvas a new instance of type LogoCanvas as well as adding the Commands associated to the Canvas and setting the commandListener for the Canvas to be the Celdoku class. By setting the commandListener to be the Celdoku class, it enables the commandAction() method in Celdoku to handle the Commands added to that Canvas.  The Commands which were added to logoCanvas were playCommand and instructionCommand. Each Command was created by calling get_playCommand() in the case of the playCommand and get_instructionCommand() in the case of instructionCommand.
[image: image4.jpg]H+5550000 - DefaultColorPhone

MDiet _Hel

Ip





Figure 5: GUI display of a Command. The user pressing a button generates a Command which is listened for by the commandAction() method.
Once the Commands were added, it was the commandAction() method which would wait for the user to press a button, which generated a Command,  and act appropriately based on the Command received and which Canvas was the current Canvas. Figure 5 shows the user representation of a Command. In this application Commands were used as transitions between Canvases.  Figure 6 illustrates the Canvas transitions based on the Command received. 
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Figure 6: Illustrates the transitions between Canvases, which are Displayable, based on the Commands received. This flow of events is managed by commandAction() in the Celdoku class.


In order to transition to a new Canvas, three main steps had to be taken. These steps involved creating an instance of the new Canvas, setting the Commands for that Canvas and setting the Celdoku class as the commandListener.  Two Canvases with additional responsibility were the difficultyCanvas, which had to set difficulty to the user’s choice, and the gameCanvas, which had to create a new game based on difficulty. The transition steps were achieved in the respective get_Canvas() method for each Canvas. 
6.2 Canvas Classes

The Canvas classes represent the GUI (graphical user interface) portion of the application. Their sole purpose was to make the application visually appealing to the user. All Canvas classes inherited from class Canvas and were implemented in a similar fashion with a constructor() and a paint() method. The differences in each Canvas lie in what was painted. The following sub sections will describe each of the four Canvases. 
6.2.1 LogoCanvas Class

The LogoCanvas class introduced the user to the game by displaying the game’s logo. To implement this class, a method get_logo() was used to create an instance of an Image. This Image was created using a method from class Image called createImage(). createImage() used a graphic file to produce the Image thus allowing a .png file to be used. The Image can be seen in Figure 7. 
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Figure 7: Image for LogoCanvas.

The paint() method retrieved the height and width of the cell phone display and calculated the center location of the display. Using this center location, get_logo() and a method called drawImage(), which was provided from the Graphics class, the logo Image was painted.  
6.2.2 DifficultyCanvas Class

The DifficultyCanvas class allowed the user to choose a difficulty. To accomplish this, two Image creation functions were implemented to create graphics. These functions were get_easy_image() and  get_hard_image(). Both methods were responsible for creating an Image using a method from class Image called createImage(). createImage() used a graphic file to produce the Image thus allowing a .gif file to be used. The Images can be seen in Figure 8.
[image: image11.png]


[image: image12.png]



Figure 8: Images for DifficultyCanvas. Image on the left is created by get_easy_image() and the Image on the right is created by get_hard_image().


Canvas classes provide a method called keyPressed(), which listens for keys to be pressed. Using this method, the pressing of an arrow key was detected, and a boolean variable, easy, was set based on the key pressed. As well, when a key was pressed, the screen was refreshed by calling repaint() to reflect the changes. repaint() is provided by class Canvas and simply calls the paint() method of that class. 

The paint() method retrieved the height and width of the cell phone display and calculated the center location of the display. Next, paint() checked the variable easy and called the appropriate Image creation function to retrieve the appropriate Image. If easy was set to true then the method get_easy_image() was called and if it was false then get_hard_image() was called. Using the center location, the retrieved Image and a method called drawImage(), which was provided from the Graphics class, the appropriate Image was painted.  
6.2.3 InstructionCanvas Class

The InstructionCanvas class provides the user with instructions on how the game is played. The instructions were broken down into six separate strings, a string for each line to be displayed. The strings were set in the constructor for the class and were output in the paint() method. 
paint() calculated the horizontal center of the display, to ensure the instructions were centered horizontally, and had a variable to keep track of the vertical position. The vertical position was updated as each string was painted. To paint a string required calling drawString(), a method provided by the Graphics class in Canvas, and providing it with the horizontal and vertical position of where to begin painting as well as the string to paint. The result can be seen in Figure 9. 
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Figure 9: Output of paint() method for class InstructionCanvas.
6.2.4 GameCanvas Class

The GameCanvas class provides the GUI for the playing of the game. It’s functionally included listening for user keys pressed and painting the playing surface. To accommodate for the fact that a game could be in three different states, the class was implemented on the state based system shown in Figure 10 and described below. 
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Figure 10: The state based system used in GameCanvas class. State transitions are dependant on the error count of the user.


GameCanvas used the keyPressed() method provided by Canvas to listen for user input. If an arrow key was pressed two variables, current_row and current_column, were updated to keep track of the users current cell. In order for a user to input a value, the select key first had to be pressed. A boolean variable called fire_pressed was used to keep track of whether select had been pressed. This variable was set to true if the select key was pressed and would then and only then allow other keys to react to being pressed. A key’s reaction to being pressed involved five steps. First, its value was checked to see if it was correct so that Game could update its error count. Next, the value was input into the current position, given by current_row and current_column. Subsequently, fire_pressed was set back to false and the state of Game was updated by calling updateState() from Game. Finally repaint() was called to refresh what was painted on the display. 

A method called get_stateImage() is used to create and retrieve the Images for the game states Won and Lost. The paint() method used get_stateImage() to retrieve the correct Image if the state of the game, given by the Game class, was either Won or Lost. Figure 11 shows the Images for states Won and Lost. 
If the state of the game was Playing, then paint() notified the Board of the current_row and current_column and called Board’s paint() method, which takes care of painting the board. 
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Figure 11: Images created for states Won (left) and Lost (right).
6.3 Game Class


The Game class is responsible for storing game related information which could be accessed by the GameCanvas. It contained the board associated to the particular game, the number of errors made in the game and the current state of the game. 

The Game class constructor created a new Board based on the difficulty which was passed to it from the Celdoku class. The constructor also set the initial state of the game to Playing and the number of errors to zero.

Other methods which the Game class provided included value_check(), is_won(), errorExceeded() and updateState(). value_check() was responsible for updating the error count based on checking the given value with the correct value at that location. is_won(), a boolean method, was responsible for determining if the game had been won. This was accomplished by iterating through all the cells in the board and comparing the solution to the user input. If all cells matched, then is_won() returned true, otherwise it returned false. errorsExceeded(), another boolean method,  checked the error count to see if it had exceeded the maximum number of  errors for the difficulty. If the number of errors was exceeded, then true was returned. The final method was updateState() which allowed the GameCanvas to update the state of the game. updateState() used  is_won() and errorsExceeded() to change state of the game. 
6.4 Board Class

The Board class contained templates for games. It also provided a method to paint boards. The constructor in the Board class contained various templates for boards which were chosen at random based on the difficulty. 

A template consisted of a two-dimensional array of Cells with each Cell being assigned a solution, whether to show the cell and a background color. The assignment of a solution for a cell was a multi stage process. Each cell was assigned a variable as seen in Figure 12. Using a random number generator, a value within the value range for the difficulty was assigned to that variable. Using this approach n! combinations can be generated, where n is the board size. New puzzles can also be generated by rotating a template 90 degrees and reflecting the puzzles in both the x-axis and y-axis.  Therefore, one template can generate 8 x (n!) different puzzles.  
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Figure 12: Sample template for an easy puzzle. Each cell in the template is assigned a solution variable which is later translated into a value using a random number generator. For example A might be assigned 2, B assigned 3, C assigned 1 and D assigned 4.

The decision of whether a cell’s value was initially shown was an important issue because the initial values dictate the solution. To ensure that the values shown directed the user to the template’s solution, a Boolean variable was used within each Cell. The Boolean value was set to true when the cell was created if the cell’s value was to be shown initially and false otherwise. By checking this variable, the Board was able to determine which initial values to output. 

Hard puzzles were generated the same way as discussed above. The main difference was in the number or Cells required for the puzzle. Since hard puzzles were played on a 9 x 9 grid, it required eighty-one cells to be generated instead of the sixteen required for an easy puzzle. Having more cells was beneficial in the sense that less templates were needed to make the generation of puzzles appear random. One hard template alone would produce 8 x (9!) puzzles which would provide ample variation for the user. 

Painting a board requires drawing a number of rectangles in such a configuration as to emulate a grid. The first step in this process is to calculate an appropriate rectangle size in order to ensure that the grid fits in the display of the cell phone. For the cell phone used by this project, the display was 120 x 160 pixels. Using these dimensions, it was found that for an easy puzzle 20 x 20 pixel rectangles are an effective size. For hard puzzles an effective size was deemed to be 13 x13 pixel rectangles. Next, a border was calculated to ensure the grid appeared center on the display. The border was calculated using the number of cells, the size of each cell, and the maximum display dimension. Finally the board could be output. 
 The background of each rectangle was set to be white, except in the case of the current cell (the cell the user is currently on), which was given a black background to distinguish it from the rest. Once the rectangles were in place, the values could be written on top of the rectangle. All given initial values were output black. If the initial value fell on the current cell, then it’s value was output white so it could be seen. User input values were verified with the solution for that cell and output green if correct and red otherwise. 
6.5 Cell Class


The Cell class acted as a storage container. It stored the solution, the user input, whether the value was shown in initial start-up and the cell’s background color. In order to achieve this functionality, the class contained four attributes. One attribute was in charge of storing the users input and another was in charge of storing the solution for that particular cell.  The other two attributes were a background color and a Boolean identifying whether the value was to be shown or not. Since all of these attributes were made private, setter and getter functions were implemented so that Board could access them. These methods included setInput(), getSolution(), getInput, isShown() and getColor(). Using these methods, Board was able to access and store the appropriate data for the game to function.   
7.0 Testing and Validation

Testing for Celdoku was done on a class by class basis using a test bench. The test bench contained a series of test cases which thoroughly tested the class. As well on board cell phone testing was done to verify that the application functioned as planned on the device. The following sections will outline the class verification process and provide a description of how on board testing was carried out.  
7.1 Class Verification


 Celdoku contains a series of classes each with unique functionality. As a result, test cases for each class had to be distinct and relevant. The following sections will briefly outline the test cases which were implemented for each class. 
7.1.1 Celdoku Class


The main function the Celdoku class was to allow for transfer between Canvases. In order to test this, the test bench checked the current Canvas and the Command received and verified that the Canvas about to be transitioned to was correct. If the Canvas being transitioned to was not the correct Canvas, an error message was written to the development console. 


Graphical tests were also performed using the emulator provided by Netbeans. Using the emulator, Commands were activated through button pressing and a visual verification was performed. 

7.1.2 LogoCanvas Class

The main function of the LogoCanvas was to display the logo. Testing of this involved ensuring that get_logo() created a logo and that the paint() method displayed the logo correctly. These tests were performed visually using the emulator. The Commands associated with the LogoCanvas were also verified using the emulator and visual verification. 

 7.1.3 DifficultyCanvas Class


The DifficultyCanvas is responsible for allowing the user to choose a difficulty level. To ensure the difficulty was changed correctly, an arrow key press was emulated in the test bench and the easy variable was checked. 


Visual verification was also performed using the emulator provided by Netbeans. By pressing an arrow key, the GUI was verified to ensure the Image painted was correct. The Commands associated with the Canvas were verified as well using the emulator.    
7.1.4 InstructionCanvas Class


The InstructionCanvas provides the user instructions for the game. Verification of this class was done on a purely visual level using the emulator. Visual verification ensured the instructions appeared on the display as intended. The Command associated with this Canvas was also tested in the emulator. By pressing the Command button, backCommand in this case, the visual transition could be observed and verified. 
7.1.5 GameCanvas Class


The GameCanvas is in charge of displaying the game in all of its states as well as obtaining user input from the keypad. To test this class, a number of key presses were emulated in the test bench. By emulating a key press, the keyPressed() method was verified. 


Next, the class was tested using the emulator and simulating the playing of a game. Using the arrows to navigate verified that the current_row and current_column variables were updated correctly. Pressing the select key followed by a number verified the keyPressed() method as well as provided a visual of the board and numbers being entered. 
The subsequent test was to verify the state Image correctness. This involved two test cases, one to verify a winning case and one to verify a losing case. First a winning case was tested. In the process of testing for the winning case, the output color of the numbers was also verified. Next the losing case was verified.


Finally, the Commands were verified to ensure they transitioned to the correct location.   
7.1.6 Game Class
The Game class contained information regarding the state of the game, the board associated with the game and the number of errors made in the game. To test this, a new Game was created in the test bench. getGameState() was called and verified that it was equal to Playable. Using the test bench to emulate key presses, a number of incorrect keys were entered and the errorsExceeded() method was verified as well as the transition from state playable to Lost. 
Next, a new game was created and using the test bench, correct key presses were emulated. The puzzle was solved correctly and the is_won() method and state transition from Playable to Won were demonstrated.
7.1.7 Board Class


The Board class consisted of numerous templates for games. In the test bench two instances of Board were created; one easy and one hard. The method inputValue() was tested with valid and invalid values for the difficulty. This insured that values out of range were rejected. The random_var() method was also tested in the test bench to ensure that it generated numbers within the correct range. 

The final test for the Board class was running it in the emulator to observe the paint() method. The visual checks included whether values were the correct output color, verifying the grid and its arrangement and that the current cell background was black.   
7.1.8 Cell Class


The Cell class acts as a storage container containing the solution for the cell, the user input and whether or not the cell is shown in the initial output. In order to test this, an instance of a Cell was created in the test bench. All of the setter and getter methods associated with the Cell class were tested.   

7.2 On Board Testing


The emulator offered by Netbeans provided a solid basis for initial testing, but there were differences between the emulator and the real phone. As a result the application was also loaded on the phone for testing. 

Noticeable differences between the emulator and the phone came in the form of graphic display. One instance was the centering of Images. On the emulator, the Images appeared off center when they were supposed to be centered. Testing the application on the phone showed the Images to be centered as expected. 

The final benefit of on board testing was being able to get test subjects that were unfamiliar with the game to test it. These test subjects were able to discover bugs that otherwise may have never been considered. Also, they provided quality feedback and suggestions for areas of improvement. 
8.0 CONCLUSION

Celdoku was an interesting challenge in many ways. The problem of bringing a fully functioning Sudoku game to the cell phone is certainly fraught with usability complications. One of the difficult aspects of this problem goes back to the limitations of the device, in terms of display real estate, as well as button operation. The different cells for the puzzle had to be small enough to fit into the screen, but not too small as to make the puzzle difficult to read. Not only that, but the typical cell phone user may want a different experience than a person sitting down to solve a Sudoku game on paper.
The first step in finding a solution was to choose a good development environment. Choosing J2ME as the programming language for Celdoku, meant that Netbeans with the mobility pack was the best development environment available. It is very powerful and happens to have the emulator built in for easy prototyping and testing. Another factor was choosing a cell phone that was representative of the different phones available on the market. The choice came down to the Sony Z520a, as the dimensions of the screen are similar to many phones, and the user keyboard is similar to many standard phone keyboards. This allowed us to make sure that Celdoku will display, and control properly on most cell phones.

Using the different tools available, a representation of Sudoku was brought to the mobile platform. Celdoku was a game specifically designed to fit the mobile screen. The colours and graphics used in the puzzles were chosen for proper identification. Celdoku also uses an error notification system with colours that give instant feedback to the user. Since most mobile users don’t use a pen and paper with them, it was important to give that feedback right away. The mobile keyboard is also limited in terms of keystrokes and the user interface had to fit that limitation. The decision was made to use the direction keys to navigate through the puzzle and the number keys to input the number. The game also offers different difficulty settings, and makes it possible for the “on the go” mobile audience to access the experience. 

In the future, developers could bring the game to popular platforms such as the IPhone, or even enhance it as a desktop application. A lot of work could still be done to create a robust multiplayer experience on mobile phones as well, and to create more competitive aspects, such as a “Celdoku Battle Mode” with rivalry animations playing for each move that either player makes. As for the game itself, additional modes could be added by using the NxN formula with smaller grids of size √Nx√N as explained in Appendix A. This would allow for 16x16 grids to be created, which could make up “Impossible mode” besides the already existent Easy and Hard variants. 
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APPENDIX A: RULES OF SUDOKU


Traditional Sudoku is played on a 9x9 grid with the numbers 1 to 9, but the game can be generalized to an NxN grid with the numbers 1 to N, as long as the √N is an integer. From this it can be seen that 4x4 grids, 16x16 grids and even 36x36 grids can be valid Sudoku puzzles. As a result, the rules will be explained in general terms using N to represent the grid size. 
The game consists of an NxN grid, three rules and many techniques to solving puzzles. The NxN grid contains a number of values which are given as a starting point. These initial values dictate the solution for the puzzles and are chosen appropriately to ensure the user arrives at the expected solution. If the initial values are not chosen correctly then the possibility of numerous solutions for a puzzles can arise. A puzzle with more than one valid solution is not a true Sudoku puzzle. 

Many users attempt to solve Sudoku puzzles using trial and error. This method can work, but the odds are not in the users favour. Techniques and strategies have been devised for solving Sudoku puzzles. These techniques range in difficulty with some being trivial and obvious and others being extremely complex.  The techniques will not be discussed here. 

The most important feature of Sudoku is the rules associated with it. Without the rules, the game as it is known would not exist. The three rules are as follows:
1)  Every number, 1 to N, must appear in each row one and only one time in each row.

2)  Every number, 1 to N, must appear in each column one and only one time in each column.

3)  An NxN grid is divided into N smaller grids of size √Nx√N. Each of these smaller grids must contain every number, 1 to N, one and only one time.
Using these three rules, and a grid with some initial values given as a starting point, the remainder of the grid must be filled in.   
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Celdoku


private Game game    
private int difficulty;
private LogoCanvas logoCanvas
private InstructionCanvas instructionCanvas 
private DifficultyCanvas difficultyCanvas
private GameCanvas gameCanvas
private Command playCommand
private Command instructionCommand 
private Command backCommand
private Command selectCommand
private Command newgameCommand
private Command exitCommand




private void initialize()
private LogoCanvas get_logoCanvas()
private InstructionCanvas get_instructionCanvas()
private DifficultyCanvas get_difficultyCanvas()
private GameCanvas get_gameCanvas()
private Command get_exitCommand()
private Command get_playCommand()
private Command get_instructionCommand()
private Command get_backCommand()
private Command get_selectCommand()
private Command get_newgameCommand()

public Celdoku()
public Display getDisplay()
public void commandAction(Command command, Displayable displayable)
public void exitMIDlet()




