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Aims & Objectives

Overall Aim

There will be a wide variety of issues discussed, but the overall aim is to study the game of Connect 4 in detail and to recreate the game both on a PC and on a handheld device - examining the issues that arise between the technologies of the two platforms. The sub-objectives are discussed below.

Sub-Objective 1

Connect 4 is merely one of a massive range of games spanning across the world. To give an idea of where it fits in, I will be looking at a collection of different games with varying backgrounds and properties. This will begin by looking from a wide range (Tennis, Cricket, Solitaire), to a medium range (Snakes & Ladders, Battleship, Chess, Go), and finally narrowing down to a close range (GoMoku, Noughts & Crosses) and will explain why the games discussed fit into those categories. During the examination of each, I will discuss the possibility of incorporating some of their rules into Connect 4.

Sub-Objective 2

Connect 4 itself is a deep strategy game with many interesting elements to the gameplay. I will study the game in closer detail looking at elements such as rule sets, strategies, player motives etc. I will also look at versions of the game that already exist (primarily web and handheld versions) and categorise them according to the grading of certain aspects. This will be discussed in more detail later.

Sub-Objective 3

The game will then be developed as a two-player PC game, which should build on the versions that were previously looked at. A couple of further aims to consider would be to allow two people to play the game across the internet, although there would problems to overcome in doing this, which will be discussed later. The other would be for one player to play against a computer AI, but this may prove too complex to realise in the time available. It will be primarily a two-player experience.

Sub-Objective 4

The PC version will then be converted for use on a handheld platform. This will require a compromise on some of the features as detailed in subsequent sections below.

Sub-Objective 5

In developing the game for the two platforms, I will examine the technological and practical differences between creating a game for use on a desktop PC and then porting that to a handheld device that uses a different interface.

Possible Sub-Objective 6

A further avenue that I may choose to pursue would be to have volunteer players evaluate both versions, analysing and drawing conclusions on the differing playing experiences from the results.

Overview Of Topic & Initial Research

Introduction

Puzzle games have taken a back seat in recent years with the growing popularity of other forms of entertainment. The rising status of computer games is one such example, with the ever-popular PlayStation 2 leading the way, and the recent releases of the next generation Xbox 360 and handheld PlayStation Portable proving the industry is showing no signs of slowing down. Listening to music has been made easier in recent years by the advent of MP3 players, particularly with the explosion of the iPod. Even advancements such as the ever decreasing size and cost of DVD players, means that watching your favourite film or TV show is high on most people’s lists of leisure activities. All of this means that, unfortunately, puzzle games have been thrust on the backburner, particularly, it seems, in the youth market.

But within the last 6 months, these types of games have seen a rebirth with the Sudoku game craze proving there’s still a lot of people out there who appreciate a game that requires some thinking. Since Sudoku has taken off there are countless versions that have appeared on the web, in newspapers and puzzle books. More importantly, it’s branched into electronic entertainment – DVDs, computer games, handheld electronic games.

So for this dissertation, I will attempt to do the same for Connect 4 – albeit on a smaller scale. Since Connect 4 is a dynamic game (in other words, you can’t feature it as a static image in a newspaper), it is best suited to being converted from board game into electronic entertainment.

History

Connect 4 was launched in 1974 by the Milton Bradley gaming corporation, which was established in Springfield, Massachusetts in 1860. (Hasbro Inc., 2005) Better known today as MB Games, a subdivision of Hasbro Inc. since 1984, they produce a variety of games such as Battleship, The Game of Life, Hungry Hippos and what could be regarded as a cultural phenomenon - Twister. All of these games have become synonymous with fun and are played by people of all ages across the world.

The rules for Connect 4 have actually been around for much longer than 1974, though - the game was originally known as “The Captain’s Mistress” when Captain James Cook used to play the game on his voyages in the mid-1700’s. (Sandy Knoll Software, 2005)
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Figure 1

The story goes that every evening, Cook retired to his cabin to play the game for many, many hours with his ship companions, and the joke among the crew was that the captain was not playing the game, but in fact had a mistress on board! This version was played with a wooden game area (Figure 1) and wooden balls of different shades, with a plank at the bottom providing the ‘release’ mechanism to allow the balls to drop back into the container below as shown in figure 1 above. The modern design obviously is made of plastic instead of wood and uses coin-style tokens instead of balls, due to lower production costs and weight.

Today’s version has changed very little since its launch, but the style of the packaging has changed somewhat over the years, revising the design to keep it up-to-date and attractive to perspective buyers. Since the game itself is non-proprietary (in the public domain), it can be recreated by other companies or people, but the phrase “Connect 4” is copyrighted by Hasbro Inc., so other versions have appeared such as “Four In A Row”. There are slight variations on the game that have been developed over the years, such as “Connect 4 Advanced”, and these will be looked at in the subsequent sections.

Rules

The game is played by 2 players on a 7 x 6 grid, which stands upright. To win the game, one must make a line of 4 in a row of their coloured tokens (traditionally red or yellow), which can either be vertically, horizontally or diagonally. Each player takes it in turns to play a piece by dropping it down one of the 7 columns, where the token will fall to the bottom-most available space due to the board being vertically positioned. If nobody has a line of 4 by the time the board is full, then the game is a draw, although these are not very common. There is no strict rule on who goes first (unlike, say, Chess where white always goes first), so this is decided amongst the two players.

Why Connect 4?

Connect 4 is the sort of game that sits in the medium between not being overly simple and not being overly complicated – it’s extremely simple to understand, but there is a deceiving amount of strategy involved. The rules are very straightforward and can be instantly understood by virtually everyone, regardless of age or background – get 4 tokens in a row by placing them in the columns. The ‘gravity’ element adds a new level of complexity to the game that wouldn’t be there if it were a flat board game where the players had a free choice as to where they were going to place them. The game is of pure strategy – there are no elements of luck involved (such as a dice), but this will be looked at in more detail in the “Analysing Connect 4” section. But above all else, Connect 4 is an engaging, enjoyable game that people, including myself, have played since it first appeared over 30 years ago, and felt it would be a perfect choice of game to focus on in this dissertation.

Analysing Connect 4

Here I’m going to look at the game from a game theory perspective, trying to cover as many aspects of the game as possible.

The motive for each player is to win the game; hence the other person loses - this is known as a zero-sum game, in that the addition of all the outcomes (or payoffs) add up to zero. For example, a win over the course of the whole game may be classed as gaining a point, and a loss would be the equal opposite to that – minus one point. Each move has it’s own payoff for each player, though, with some moves being better suited than others, but each move only gives one player as much of an advantage as it does a disadvantage to the other. There is no ‘third’ player involved, which would be ‘luck’ or ‘nature’, an example of which would be a coin toss, the order of playing cards after shuffling or anything else that is beyond the control of the players. So, with only two players in Connect 4, both of whom have partial control over the outcome, it is classed as a two person, zero-sum game or a strictly competitive game (Colman, 1995).

The game was actually solved back in 1988 by both Victor Allis (as his university Masters Thesis) and James D. Allen, with the solutions being found independently. While Allen discovered a weak solution to the game based on his fascination with it, Allis’ solution was adaptable to other games and the same techniques have also been used to solve the similar GoMoku. Hence, I’ll be looking at the latter in this dissertation. Allis’ solution proved that if a player went first he could always win the game by playing a certain way and adhering to strategies that he outlined. Here, I’ll cover some of the basic strategies that can be used to your advantage when playing the game. I’ll be referring to the player who went first as ‘white’ and the player who went second as ‘black’ as is the convention in chess.

If you are fortunate enough to get 3 tokens in a row, then the square that you need to fill to complete the win is a threat square. However, if the only way you can ever get to the point in the game where you can play in that square involves you having to play in a square that will give your opponent the win, this is known as a useless threat. Essentially, you’ll never get the chance to carry your threat out. An example would be if you have a threat square directly above an opponent’s threat square, as your opponent will get the chance to play in their threat square first, or if you play in it, the opponent can simply nullify your threat – rendering it useless.

Leading on from that - a double vertical threat is when you have 2 threat squares one above the other and no opponent threats in the same column below yours. If you can allow play to continue until the rest of the board is full without your opponent winning (see “follow-up” below), then they will eventually be forced to play in the affected column. Even if you have to play first (leading up to your first threat square), your opponent has to block your first threat square, leaving you to win with the second, again providing that your first threat square (or any squares leading up to it that your opponent can play in) does not lead to a win for your opponent.

A good tactic to play if you want your opponent to play in a particular column to allow you to win is to use follow-up. This essentially means that if your opponent plays in a column, you play in the same column if possible - this can work for either white or black, depending on the situation. For black, if there are an even number of empty squares (including zero) in each column, then he can play after every move that white makes, meaning white can never finish a column and force black to play at the bottom of another. Obviously you want to avoid your opponent winning whilst doing this, but that is not possible anyway as Figure 2 shows. (Allis, 1988)
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Figure 2

White will eventually have to play at the bottom of either the second or fifth column, meaning black can win. It’s interesting to note that black’s threat square is on an even number, as this tactic would not work if it were on an odd number. White can play similarly if his threat square or squares are on odd square(s), excluding the bottom row, which black could block straight away. The column with white’s threat square must have an odd number of spaces with the rest all having an even number of spaces, hence it is as if black has played first and white can play follow-up until black is forced to play. Therefore it is wise for white to seek odd threats and for black to seek even threats.

The key strategy point of the above is to force your opponent into playing moves he may not necessarily want him to, which Allis describes as being in control of the Zugzwang.

Other Games

It’s easy to see that Connect 4 is very closely related to other game such as Noughts and Crosses or GoMoku. But further away from those games and others of a similar type (other games that use a grid playing surface), it’s hard to see the different ways that various games are comparable to Connect 4. This section is a very brief overview of two other games and how they relate to Connect 4. Note that the term ‘game’ can be applied to any situation where two or more players take part, each player has two or more choices they can make at an arbitrary point x in the game and where the players have preferences as to the outcomes of the interactions within the game (Colman, 1995).

A distant example would be something like tennis, which seems to have nothing in common with Connect 4, but does involve a fair amount of strategy. Each player has a side to defend, which they must do by trying to anticipate what move the opponent will make next. In Connect 4, the player still has to defend, but there is no side to defend, rather, they must try and stop the opponent getting into a position (creating a threat square) which would enable them to possibly win.

A closer example is something like GoMoku, which is very similar to Connect 4 – it’s played on a grid, although the idea is to get 5 tokens in a row. Other small differences are the lack of a ‘gravity’ element and the larger board size (19 x 19). Some variants also insist on getting exactly 5 tokens in a row, with more than that (ie. Joining up two separate rows of 3) not allowing a victory.

Existing Examples

Ignoring the physical versions that are available there are many different examples of different implementations of the game. The majority of these are shareware or freeware editions that run in a dedicated program, or basic web-based versions that run within the user’s browser. There are also a few examples of the official game appearing in electronic form.

The most recent example is a Gameboy Advance version that has not yet been released in the UK, developed by Destination Software Inc.
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Figure 3 (Destination Software, 2005)

Figure 3 above shows the cover and a screenshot from the game. With this being a handheld implementation of the game, it would be preferable for me to be able to evaluate the game, particularly the interface and graphics, but that will require me to get access to the necessary technology to enable me to do so. Hopefully I will be able to play the game at some point.

One of the more accomplished free versions currently available is Mustrum, as shown in Figure 4:
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Figure 4

The game features very clean graphics, with a very capable computer AI, featuring the ability to play ‘perfectly’ if it goes first. There are no sound effects in the game, though, and very little in the way of animation, but there are many other options including language support, different layouts and the ability to search for a winning move. The interface is user friendly, with the player merely clicking in a column to place their token there.

Going From Here

The intention for progress from this point is to carry out more research on each topic – looking at more advanced strategies that can be applied in Connect 4 and also looking at a wider variety of other games that can be compared to Connect 4 and in more detail, such as comparing the strategies involved as well as comparing aspects such as rule sets, playing area etc. The timetable further on in the document provides an overview of the timescale for completing the following stages of the project, with emphasis on research and the beginning of development over the Christmas break, emphasis in term 2 on the development of the programs to their completion and the reporting of this in the second deliverable. Term 3 is reserved for looking back over the project and reporting on the differences I encountered in developing for the different platforms as well as writing up the final dissertation.

Requirements For Target Systems

PC Version

Functional Requirements

Most importantly, the game should be easy to set up and play, and ideally just use traditional interfaces such as the keyboard, mouse and monitor. It should to be accessible to a wide audience, so it must not be too complicated to play for children, but not too boring that it puts older people off.

The original board game version is a classic game, and even although there will be many enhancements in the computer version, it should capture the feeling of the original as much as possible. The original game was a lot of fun, and one of the focuses is to give the player a fun experience when playing.

A typical desktop PC is powerful enough to run the latest 3D games that make use of millions of calculations per second to be playable. Obviously a version of Connect 4 will not use all of this power, but the graphics should still be pleasing enough to suggest that it is using more of the potential of the machine than other versions. However, I don’t want to exclude users who may not have the latest technology and may be using older machines, so a compromise will have to be reached here.

What I would also like to do here is incorporate some of the techniques that Victor Allis researched in his solution, perhaps running the player through a brief tutorial on the ideas behind threat squares, follow-up and the like. This would most likely be provided in a separate section, with the user maybe pushing a button to activate it.

Non-Functional Requirements

The game will need a simple distribution medium in order to reach the largest possible audience, the most obvious example being the internet. So, ideally the game will be easily transferable across the internet (one of the useful properties of Java applets). As previously mentioned, a possibility to look at would be to have the game playable by two players across the internet, but it should definitely be playable by two players on the same computer.

If the computer AI future objective is implemented, it should ideally have varying difficulty levels to accommodate novice, average and expert players, and should work to a sufficient degree (ie. Not playing stupid moves on the higher levels, but giving the player a chance to win on the lower levels). It should obviously also be robust - never getting stuck in a loop when deciding what move to play, or playing the same moves every time.

Handheld Version

Functional Requirements

The situations in which people will be playing the handheld version will obviously be different than if they were sitting down at a PC workstation to play the PC version. Handhelds, by their nature, are used while the user is on the move, so the handheld version of Connect 4 should be no different to any other handheld program and should be easy to use while moving around. This includes being easy to open and close down, having minimal loading times and generally having as few interruptions as possible.

Non-Functional Requirements

As I understand it, Java Micro Edition is limited in what it can produce on screen, so it may be the case that I have to draw the symbols at a primitive level rather than use images or animation.

Prototypes

With the development taking the rapid prototyping approach, several prototypes will be created during the course of development for both PC and handheld versions. What follows is a brief overview of what each will contain in terms of features.

The first version should be a basic prototype, with very little in the way of graphics, but the game should be playable. No statistical data or sounds will be present.

The second version will be similar to the first, but with a bit more advanced graphics (possibly improving the look of the board for example) and the basic statistics such as wins for each player should be viewable to the users.

The third version should have graphics that are almost up to the final standard or even finalised. The full compliment of statistics should be present and working, building on the basics that were in the previous prototype. Sounds will not yet be implemented, but work (such as the recording or locating of samples) should have begun in preparation for them being inserted into the game.

The final version will contain the final graphics (if they weren’t present in the previous iteration), with the sound now being fully incorporated. The final touches such as a game title and logo, with possibly a splash screen being created to add to the professional look of the game.

Possible Issues

There will be many problems to overcome during the carrying out of my dissertation. I will cover the foreseeable cases here and will also provide some thoughts on how I can overcome them.

Game Comparing

When comparing Connect 4 to other games in a wider context, some may be very far removed from the mechanics of Connect 4, so could be difficult to compare to it. This will require looking at these games in a highly abstract way, due to only having a few aspects in common. It would be difficult to compare winning strategies for Connect 4 with those of, for example, cricket, but it should be possible when using the game theory perspective, possibly looking at details such as opponent mis-direction.

Existing Versions

Obviously there will be many, many versions of Connect 4 on the web, and it will be impossible to cover them all during my investigation into looking at the existing versions. The scope will have to be limited to cover a certain number of them, most likely ignoring versions that are very similar to ensure a broad range and trying to cover the most popular foremost. They will also have to be categorised depending on the features that each have and the effectiveness of their implementation, which would be best done using a grading system on several fields. The scale has yet to be decided, but will probably be a Likert Scale between 1-3 or 1-5, with the possible fields:

AI (if applicable) ; interface ; graphics / animation ; players (Hot seat, web) ; help / instructions ; statistics ; feedback.

Each grade for each field will have guidelines written that will try to formally state what each version should be capable of if it is to be given a certain grade.

Creating PC Version Of Connect 4

The PC version of the game should provide high quality graphics and animation to set it apart from the versions that already exist. It is very likely that this will be done in a Java applet due to my experience with graphics in Java and the ease of portability between machines. The graphics will require more than the basics that are used normally when creating GUIs. Having recently studied Java 2D, this could provide a suitable solution, as it allows models to be created and then moved on-screen, which could be used for the tokens that the player uses. The possibility is there to use Java 3D instead, but due to the diversity of the dissertation, this may prove too time costly.

Sound effects should also be used to help immerse the player in the game. Having never used sound effects in a program before, this could prove to be a problem in incorporating depending on how challenging it is. Whether the sound effects are newly created or used from another source will also have to be thought about, and whilst I would prefer to create them myself, the quality may not be good enough due to my lack of expertise in this area and sounds gathered from other sources may have to be used.

The further aim of having the game playable across the web could be difficult as, again, I only have limited knowledge of connecting 2 computers and allowing information to be exchanged, and incorporating some sort of lobby would be fairly tricky. With this being a further avenue that could be pursued, I will investigate the likelihood of this being possible in the time allowed and consider whether it will be viable to go down this route.

The other possible future aim is to include a computer AI for one player to play by themselves against the machine, but this will require the programming (and extensive testing) of an AI search tree, and due to a handheld version also being created, this may prove unfeasible.

Finally, if a Java applet is to be used, I will have to ensure program compatibility for the most popular internet browsers; ideally for the main 5 – Internet Explorer, Firefox, Netscape, Mozilla and Opera.

Creating Handheld Version Of Connect 4

Due to the much lower processing power and memory of a handheld device, some compromises may have to be made on the graphics and sound. Having no experience on handheld development, I’m not sure on what it is possible to program into one, so the graphics may have to be done from the ground up instead of being ported, in which case they will be of a lower quality.

With a handheld device lacking a mouse and instead using a touchscreen, some interface changes will be required. Hopefully the amount of changes required will be minimal to allow the user to relate to the PC version. For example, touching the screen in the right place instead of clicking the mouse are very similar.

One of the main problems will be the smaller size of the screen on a handheld, so obviously less information will be able to be displayed at the one time. For example, this may require items such as the statistics to be moved to a separate screen as opposed to having them down the side of the game board, or for the graphics to be of a general lower resolution.

With PCs, portability is ensured due to the simple interface, but not all PDA’s will have the same size of screen or number of buttons. Just like ensuring the PC version will work on different browsers (if applicable), the handheld version should bear the different interfaces for handhelds in mind.

Player Evaluations

Even though this section is only for further consideration, the problems should still be thought about. The main problem would be that players would have to be found to play the game and evaluate it, and would also have to play under similar conditions to ensure fair comparisons could be made. Obviously the games will have to be finished in order for them to play them and evaluate them, so if this were to be considered then time would have to be set aside for it to take place.

Initial Testing Strategy

I plan on using rapid prototyping in the development phase, meaning that the coding will not be left until after a specification has been completed, but will involve the creation of several, functioning versions over the development cycle, each with additional features from the last. This is also to aid the development of the handheld version – after each iteration of the PC version is developed, similar details will be added to the handheld version. Since my knowledge of handheld development is extremely limited at the moment, this will avoid the pitfall of leaving the handheld development until last and then realising that what I would like to implement would be too tricky.

As far as testing goes, each prototype will be tested thoroughly with the features that are currently functioning. I will be doing the vast majority of the testing myself, with the possibility of a few other people briefly using it to ensure I haven’t missed any obvious flaws and to check that it’s heading in the right direction as far as a user unconnected from the development of the project is concerned.

Testing will involve various things to measure the usability of the game, such as the interface, the multimedia aspects (graphics/sounds) and the actual implementation of the game rules. Obviously with using the rapid prototyping method the game will have to be playable (in the sense of having user interaction) at every stage of the way, albeit with features not as fine tuned as they will be come the final product, so the early prototypes will most likely be rather crude, but can still be evaluated.

Timetable

The coding will take place using a rapid prototyping system, whereby a series of functioning versions will be produced – each with a few added features to the one preceding it.

Term 1

Weeks’ 1-4

Discuss ideas for topic and dissertation possibilities for each.

Weeks’ 5-8

Research chosen topic of “Connect Four”, including looking at game theory and an initial look at handheld development.

Weeks’ 9-10

Write Deliverable 1.

Christmas Break

Begin coding of PC version and look further into handheld development, also beginning coding. Complete the first prototypes for both versions and test them, whilst beginning on the second prototypes. I will also look further into game theory and the solution of Connect 4.

Term 2

Weeks’ 1-3

Complete the second prototype of both versions and test them. Re-evaluate whether to include the functionality to play across the internet. If this is decided upon, then a basic implementation should be available on the third prototype.

Weeks’ 3-6

Complete the third prototype of both versions and test them. Re-evaluate whether to pursue including artificial intelligence.

Weeks’ 6-10

Complete the final versions of both programs and test them.

Weeks’ 9-10

Write Deliverable 2. Re-evaluate sub-objective of having actual users try out the programs.

Term 3

Week’s 2-8

Carry out sub-objective 6 if found feasible in previous deliverable. Look back retrospectively over the development of the programs and compile a document discussing the differences between developing the program for the PC and for the handheld and also how this knowledge could apply to other situations. Finalise content for dissertation and write and submit final document.

Additional Work

I decided to briefly test out programming in Java applets to see whether they were a feasible option to use for the development of the PC version of the game. These features may not be used, but I thought it would be wise to investigate them beforehand anyway. Here are my findings.

Images

Java applets make using images complicated due to the in-built security measure of restrictions on the accessing of files – including images. Since an applet is run on the client’s side, the browser assumed I wanted to access a file on the client’s computer, which would be an obvious security risk. After some research, there are a few ways around this – one of which is to package the applet and any images to be used in a Jar file and thus the images would be transported to the client’s side within the Jar file and would also be accessible to the applet. The other way is to have the images stored online, either in the same directory or a sub-directory of the applet and HTML file, but some code changes would be required in the way the image files are read.
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