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1. Abstract
My task this year was to build a program capable of allowing a user to play a game of Yahtzee. The program also had to provide the player with hints as to what the next sensible move to make would be after each roll of the dice. The program needed to be produced in a suitable programming language like Java or C++. The project consisted of three major parts: detailing the specification, drawing up a design, and finally the implementation and testing of the solution itself.
The specification section involved evaluating the project, looking at the background to the problem, planning out a solution and identifying the various stages of the project. This included defining what would be required out of the project, i.e. the documentation, finished software, testing and evaluation. Also detailed in the specification were the desirable features of the program, and how important each of them was. 
Here I also researched what would be required for the project. Despite having little prior experience with C++, I chose it as the language for my program. This was so that I could get some solid hands-on experience with a widely used language, and I was willing to put the effort in to learn the basics for me to get started. A suitable development environment was needed as well as some learning of C++ so that I could get started in implementation with good knowledge of the language. This wasn’t too difficult as the structure of most of C++ is similar to Java, which I had experience of in my first two years of university.
In the design section, I planned the structure of the program using class diagrams and data tables, showing a plan for each of the classes Dice, Scorecard and Gametips. I drew up a data flow diagram to show how the program would run, and made some designs for key algorithms that the program would require; from simple ones such as a dice rolling algorithm, to more complex ones such as assigning a score to a given category, or verifying that certain dice combinations have been rolled.
I also made a design for the user interface identifying key features, including a mock-up of how the GUI would look. At this stage I also compared how the project was progressing with how it was planned in the specification.

The implementation stage covered most of the project duration. In this stage I built up the game a bit at a time, making sure each part was working before moving on to the next. Using this method, I had a working game of Yahtzee about half way through the allotted time, and could use the remaining time to create an algorithm to generate the game tips for the user. It was a difficult task, which took a lot of time, but using the same method as before I did a little at a time making sure it was working, so as to not be left with a long bugged algorithm at the end.

During the implementation, I had a few people play the game from time to time, so that they could report any bugs or strange suggestions by the game tips, and so they could be fixed as soon as possible. After the finished program was produced, I sent out the finished software to various people for further testing.

2. Introduction

The Computer Assisted Yahtzee project was put forward by Dr. Katie Atkinson of the Computer Science Department at the University of Liverpool. The task was to produce a program that would enable a player to play a game of Yahtzee and provide hints as to what the best move to make would be after each roll of the dice.

Yahtzee is a dice based game that involves a player rolling five dice up to three times, but being able to “lock” any number of dice after each throw to keep the value rolled, with the aim of achieving a higher scoring combination on the next roll. The player then proceeds to re-roll the remaining dice and subsequently he may choose to further “lock” any of the new values rolled. The player then chooses a category to assign the score to. The categories are similar to poker hands, such as “three of a kind” (three dice with the same value) or “full house” (three of a kind and two of another). Each category can only be assigned once, and the skill of the game is in choosing which category to use. Play continues until all categories have been chosen.

The main problem for the project lay in the hints for the player. After each dice roll, an evaluation would have to be made by the program, looking at which dice have been rolled and seeing which category left to choose would be the best one to go for. The likelihood of a certain category being rolled would also come into account, as it’s not a good hint to suggest attempting a Yahtzee to a player when he is close to a straight and the category is free.


The possible ways to approach this were to work with probabilities, or to take a more heuristic approach. Using probabilities would have been an immense task as, taking into account the possible dice combinations and the thirteen categories available, there were an extremely large number of cases and probabilities for the program to calculate and then decide on the best option. In addition to that, there is also the different point scores to take into consideration and the possible bonus scores achievable by doing well in certain categories.


The heuristic approach, which was used in the solution, was a simpler way of deciding on the best move to make. Rather than numbers, it works in a more logical sense. First identifying which dice have been rolled, and then checking if the most desirable option is available. The idea is that by narrowing down the possibilities as early as possible, the run time will be a lot quicker than working through probabilities. It deals with what is rather than what could be.


The final solution was a GUI as shown in the Design documentation. The simple interface allows the player to play Yahtzee with ease, having only four “areas” of the screen for the user to interact with; the dice, the roll button, the category selection buttons, and the menu along the top of the screen. The player can reset the game at any time, toggle game tips on and off, and new players can see the game rules, accessed through the help menu. There is no significant delay between dice rolls from generating game tips. This was a worry of mine when planning the project as it is had the potential to take a lot of processing, but I am very pleased with the result.

Having watched people test the solution by playing through games, I have seen that there seems to be very little trouble with players getting used to the interface. Even people who have never played Yahtzee before got to grips with it very fast, assisted by the tip system.

3. Background
Preparation for the Project

Before starting work on the project, there were a few things that I needed to research into and learn. The first of which was the researching the rules of Yahtzee. Luckily there wasn’t a lot to learn, as I had played a version of Yahtzee in the past and was familiar with how the game plays through, but in order to create the game myself I had to learn all the details of the game so that my program could replicate them.

Certain rules I learned, such as how the bonus Yahtzee is scored as well as a rule restricting the player’s options should a second Yahtzee be rolled. This rule states that when a second Yahtzee is rolled, if the player has not already selected the appropriate category in the top section of the scorecard then they must do so now. The game must force the player to select the relevant top section category if they haven’t already done so. These rules I had to incorporate into the game, by disabling options the player isn’t “allowed” to choose at the right time. Also the mechanics behind how bonus points are achieved was something I had to look at, as the version I had played before was slightly different to the traditional kind, and the bonus scores were not the same.

The second part of preparing was to learn sufficient C++ to make a start on the project. My reason for selecting C++ as the programming language for my project, despite having no prior experience, was that it is a widely used language (particularly by the video game industry which I would like to get into) and therefore having a project completed in that language would be useful to show in my CV and also would give me some vital experience working with and getting used to the language and the development environments. I used various C++ books including Sams Teach Yourself C++ in 5 Days (Reisdorph, 1999) and Beginning C++ Game Programming (Dawson, 2004). Both were a great help in building a foundation to my C++ knowledge and allowing me to start on the project.

The other language option was Java, having worked with it throughout my first two years in university. I decided against it for the reasons stated above regarding C++, but also the finished software would have to run on a machine with java installed. A piece of software written in C++ would be distributable to any machine, provided the library files were included with it and the .NET framework, which is already installed on most Windows machines.

Another thing I had to look at was probability of dice rolls. I spent a long while working through all of the probabilities for each of the scoring categories in the game. I also researched on the internet at various sites related to probability theory. One of the most useful was http://wizardofodds.com  (Wizard of Odds), as it showed how to calculate various different dice rolls in different circumstances. It provided me with the knowledge of how to compute the probabilities needed in the game. Other sites looked at were http://mathworld.wolfram.com/Yahtzee.html (Weisstein) and http://blog.plover.com/math/yahtzee.html (Dominus, 2007).

The probabilities of reaching certain categories with the first roll are shown in the table below, starting with the most likely.

	Category
	Probability

	Three of a kind
	15.432%

	Four die straight
	6.173%

	Full House
	3.858%

	Five die straight
	3.086%

	Four of a kind
	1.929%

	Five of a kind (Yahtzee)
	0.077%


Given the first roll of the die, the probabilities will change as the player can “lock” certain dice if they wish. For example, if the player rolls close to a straight, the odds of getting one of the straight will soar, whereas the pairing categories would show only slight changes. Therefore the probabilities will need updating after each roll to reflect the changes. The probability of rolling each category is higher given the three rolls of the dice that the player gets each turn.

Project Requirements


Below is a list of the project requirements that were first outlined in the original specification. They are split into the essential features that are a true requirement for the program, the less important items and those that would be desirable but only if there is the opportunity for them to be added. Without the essential items the solution would be a failure.


Included with each requirement point is a description of how I went about achieving each of these goals when producing the final solution or, as the case may be, my reasons for leaving them out or altering them slightly.
Essential Items:
· To have a working game that follows all of the official Yahtzee rules.

· As mentioned above, I ensured this by learning all the details of the game of Yahtzee.

· Some way of tracking the score as the game progresses and displaying it to the player. This can be shown as a full scorecard displaying all of the possible combinations and which have been used so far in the game.

· For this I implemented a scorecard on the GUI, which updates as the game is played.

· To show which categories are available and which have already been chosen, I made it so that once a category has been chosen, the button for that category disappears. The player can only choose categories that have a button, and therefore it is impossible to select categories that have already been used.

· A way of showing roll outcomes. At basic level, some numbers in a box. A better way would be to have dice images to be displayed.

· I created dice images in Adobe Photoshop, and use them in the game to show the outcomes of the dice rolls.
· A “locking” system, so that players can choose dice that will not be rolled again. This could be done by the player clicking the dice themselves or perhaps a check box under each one.

· I used the dice clicking option. When you click on a die, it gains a visual effect of being “locked down” and will not roll when the button is clicked. If you click the die again it unlocks and can be rolled.

· A tip system, to advise players of the next sensible move. This could be provided in message boxes, or have its own area of the GUI.

· I used a box on the GUI to display the game tips. The tip is a string that explains to the player what to do next. If game tips are turned off, the box is blank.

Less Important Items:

· A menu system to start new games and exit.

· There is a menu system in place with the following features: a file menu for starting new games and exiting the program, an options menu to toggle the game tips on and off, and a help menu to show the game rules and display an “About” dialog for the program.

· A help page to show rules of the game and how to play.

· As this was one of the features at the back of my list, due to time constraints I didn’t create a dialog to display the rules of the game. However, instead of leaving out this feature entirely, I created an option in the help menu which loads up your default browser and displays a website showing the rules of the game.

Desirable Additions but Unimportant:

· Animations of rolling dice.

· I did some experiments with dice animations early in the implementation of the program; however I found that it would increase game durations significantly and decided to leave it out.
· Some kind of background music and/or sound effects. The player would have the option to turn these off in an options screen.

· Whilst this would have been an interesting feature, it would be a big undertaking and there simply wasn’t time after working on game tips for the majority of the implementation stage.

4. Design


The full Design documentation is included in the Appendices. Included here are the most important points and design considerations, along with notification of any changes made during development of the solution.

Design Methodology

I chose to use an Object Oriented Design Methodology for the project, as the key features of the program could be split down into distinct objects, i.e. the dice, the scorecard and the game tips generator. Using this methodology the design included the following sections:

· Objects to be used in the system.

· A description of the objects and their purpose within the program.

· Attributes and methods of objects.

· Details of any attributes and key methods of the objects, with descriptions of how they will be used in the solution.

· Activity diagram to show program structure.

· A diagram to show the flow of the program, describing each stage of game play and what options the player will have an each point.

· Pseudo code for the key methods.

· Some of the most important algorithms in the program needed to be planned ahead to make implementation easier. These plans are in the form of pseudo code, written to show the basic idea behind these methods.

· Interface design.

· The design of the interface was planned ahead so once implementation began I could work with the design to create the GUI. The design was intended to show a simple clean interface for a user to get to grips with easily.

Class Design

In the design of the solution there are four main classes plus the “Math” class. The Math class is listed simply to show that the dice objects will make a call to a premade random number generating method. The main game class will build up the GUI including menu system, and create instances of the other classes as required to build up the game functionality. The menu will allow the user to start up a game, quit the program, toggle game tips or see some game rules if they don’t know how to play.


When a new game is started, the game will be started and instances of the other classes will be created in order to create the various game mechanics. There are five dice in the game so five instances of the Dice class must be created. There will also be a scorecard generated on the GUI and a section of the screen built up to display the tips. These tips will not be displayed if the player has toggled them off. There will also be buttons to roll the dice and to choose categories to use for each turn. The interface design later in the report details this more clearly.

The dice object stores information about a die. There are five instances of this object created during a game, one for each die. The attributes are the current state of the die (i.e. a number from 1 to 6) and a Boolean value to represent whether the die is locked or not. The methods are the roll method and the getState method. The roll method is what calls the random number generator to get a random number from 1 to 6 for the die. The getState method returns the current state of the die to the calling method. During implementation, I added a new method to reset the dice, by setting the state to zero and locked to false.

The scorecard class keeps track of the scores for each category, and keeps a running total as the game progresses. There were constants used for the predefined scores for the full house, small and large straight, and Yahtzee categories, and arrays to store the scores for the top and bottom sections of the scorecard. The methods included were assignScore and getScore. The functions of these two methods were to assign scores when passes in some dice values, and to retrieve the score for a given category to be used by the calling method. Extra methods needed to be added for various tasks such as verifying the given dice as the categories specified and resetting the scorecard. Details of these new methods are given in the Realisation section of the report.

The class for game tips was initially designed as working with probabilities and the “benefits” of trying for each category based on that probability. The attributes would involve arrays for the remaining categories left to select, and the benefits of attempting to roll those categories. The methods would have included one to generate a tip string, and another to calculate the probabilities. During development I realised that this wasn’t the best option in practice and opted for a more heuristic solution. By doing this, it eliminated the method for calculating probabilities and cut the lag between rolls down dramatically, as the calculations would have been immense. Details on the changes are given in the Realisation section.

Full details of the classes plus attribute tables are given in the Appendices.

How the Program runs

When thinking of programs that are games, a lot of what it does will depend on user interaction. Once the game environment is established, it is up to the player what to do with it. The game of Yahtzee is a turn based game, so most of the program will involve repeating steps over and over until the game is complete.

Initially the game is a blank scorecard and some dice waiting to be rolled. Once the dice have been rolled the game will come alive. The game will produce some advice as to the best move to make, and offer the player a number of choices. First they can take the advice of the game tips or go for another combination that they think may be better. They will have the choice to roll the dice again, locking certain dice as required, or to accept a certain combination and pick a category to score from. Only three rolls of the dice are allowed before the player is forced to pick a category in order to continue. Play continues this way until all categories have been chosen and a final score given.

The activity diagram on the following page shows the flow of a game and how it progresses based on user input.
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Algorithm Design

It was important during design to create some pseudo code examples of some of the key methods that the solution would contain. Some were smaller and simpler than others but were just as important for the successful implementation of the final program.

Dice Class


Although small, the Dice class is important to the working of the game. If the dice do not work correctly, the rest of the game will suffer, even if everything else works as intended. The roll method is the main function and is outlined below.


roll()



if locked = false


currentState = Math.random()*6

This method is called for each die whenever the user clicks to roll. If the die has been locked by the player, it does nothing. However if the die remains unlocked, it changes the current state of the die to a new random number between one and six, thus “rolling” it. The Math.random method represents the premade function to generate random numbers. The number generated is between 0 and 1, so multiplying by 6 ensures that the correct range of numbers is available when the method is called.

Scorecard Class

The scorecard contains a rather complicated method for assigning a score to a category. The method will be passed the value of each of the dice and the category which it is to assign the score to. The algorithm for this is below.


assignScore(die1, die2, die3, die4, die5, category)



Switch:




if category = 1s:





count = number of 1s rolled





TopScores[1s] = count




if category = 2s:





count = number of 2s rolled





TopScores[2s] = count * 2




if category = 3s:





count = number of 3s rolled





TopScores[3s] = count * 3




if category = 4s:





count = number of 4s rolled





TopScores[4s] = count * 4




if category = 5s:





count = number of 5s rolled





TopScores[5s] = count * 5




if category = 6s:





count = number of 6s rolled





TopScores[6s] = count * 6




if category = 3ofKind:





if dice show 3 of a kind






BottomScores[3ofKind] = sum of dice





else






BottomScores[3ofKind] = 0




if category = 4ofKind:





if dice show 4 of a kind






BottomScores[4ofKind] = sum of dice





else






BottomScores[4ofKind] = 0




if category = FH:





if dice show full house






BottomScores[FH] = FHSCORE   //referring to constant declared





else






BottomScores[FH] = 0




if category = SS:





if dice show small straight






BottomScores[SS] = SSSCORE   //referring to constant declared





else






BottomScores[SS] = 0




if category = LS:





if dice show large straight






BottomScores[LS] = LSSCORE   //referring to constant declared





else






BottomScores[LS] = 0




if category = Yah:





if dice show 5 of a kind (Yahtzee)






BottomScores[Yah] = YAHTZEE   //referring to constant declared





else






BottomScores[Yah] = 0




if category = Chance:





BottomScores[Chance] = sum of the dice


As shown in the pseudo code, the method will act depending on which category is passed in. The switch statement checks the category and performs the required operations to calculate the score. Some of the categories require a check, to ensure that the dice actually do match the category chosen by the player. If the dice do match, the score is calculated and stored.


As an example, the following is a pseudo code for the large straight check. It requires the dice results to be the numbers 1 to 5, or 2 to 6. To do this, the numbers need to be sorted and then checked for increments of one.


largeStraightCheck(die1, die2, die3, die4, die5)



dice[] = {die1, die2, die3, die4, die5}



sortAsc(dice)      //sort dice in ascending order



for i = 1 to 4




if dice[i] – dice[i-1] <> 1





return false



return true

The code returns true if the dice pass the test and false if not. The sortAsc method simply sorts the values in the array in ascending order.

Game Tips Class


The original plan for the game tips class was to use probabilities and benefit scores for each category to decide on the best category to go for. The pseudo code for the tip generation was as follows:

generateTip(die1, die2, die3, die4, die5, scorecard)



S = set of categories not yet picked on scorecard



B = the benefit of each category



for i = 0 to (size of S) -1




odds = chance of getting S[i] with the next roll




score = the score available for S[i]




B[i] = odds * score



Suggest a move to the player that gives the category with max benefit.


The algorithm would have looked at each of the categories not picked yet and looping through each one worked out the benefit of attempting to reach it. This would be done using the probability of getting the right combination with the dice you have and the score that would be earned if you got the right outcome. Once it had all been calculated, the category with the maximum benefit would be used and recommended to the player.


The problem with this method of generating tips was the amount of calculation required after each roll of the dice. The lag on the game after the player rolled the dice would have likely been frustrating. The reason for this is the large variety of combinations that can be rolled with just one throw, and even more considering the three throws that a player is allowed to make per turn. There would have been many options for the tip generator to consider, and there would be a large number of factors to consider when making the best choice.

The alternative heuristic approach I decided upon during implementation kept processing time down dramatically compared to how the probability method would have performed. The details of the new tip generation system are located in the Realisation section.
User Interface Design


The aim of any User Interface is to be simple and easy to navigate, while containing all the features that it needs to. The GUI to my Yahtzee game is no exception. When designing how the game is laid out I took several things into consideration.

First of all I would use a well established menu system that many computer users are accustomed to. This is the menu bar used in many computer applications, which allows users to click on one of the options on the menu, usually on the top of the window under the title bar, to expand it and provide more options. By using a well used system, I would ensure that any player would be able to find their way around quite easily. As seen on the Wikipedia entry for menu bars, (Wikipedia - Menu Bar), it is a commonly used feature in many operating systems.

In terms of the graphical layout, I decided to keep the objects for user interaction in the central area of the screen, whilst having the other features spread out more. The scorecard is on the right of the screen, with buttons to submit dice rolls to its left. The game tips are at the bottom of the screen but remain central so the player will notice them quite easily. The dice themselves are positioned to the left of the screen. The button to roll the dice is right in the middle as it is the key object that the player will need. The button will be disabled when the player has used up his three rolls, and become active again once a category has been chosen.

A diagram of the design for the graphical user interface is shown below and is a very good representation of the look of the final user interface. During implementation I stayed as close the design as possible.
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5. Realisation

Having completed the Design documentation the next stage of the project was to take that design and implement it into a working program. Instead of rushing into anything, I decided the best form of tackling the problem was to take a piece of the solution at a time, perfecting each one before moving on to the next. With that approach there was no way that I could end up with a heavily bugged program towards the end. The only bugs were with newly added features.

Starting Out


The first step was to create the basic GUI. I started with a basic windows form template in MS Visual C++. I first created a menu across the top of the window using the wizard provided. I added the File menu with New Game and Exit options, the Options menu with a Game Tips toggle, and the Help menu with Game Rules and About options. I added a script to the Exit option to terminate the program, but left the rest with no function for the time being.

Adding Dice


Creating the Dice objects was the first major feature I worked on. Anything else in the program revolves around the dice so making sure they worked as intended was important to do as early as possible. Firstly I created dice images in Adobe Photoshop for each of the possible states of the dice. Then I created image objects on the GUI, in the area specified in the design, to show the dice using the created images.

Next I created the button which is used to roll the dice. I added code which generates a random number between 1 and 6 for each of the dice and updated the images accordingly whenever the button was pushed. However, the random number generator used in C++ uses the “randomness” of the system clock to generate the number. This does not make a truly random number as if two or more numbers are generated in the same clock cycle, they will turn out as the same value. This unfortunately is unavoidable due to the fact that there is no truly random factor in a computer system and generating true random numbers is impossible without taking environmental factors into consideration; something which is way beyond this project. Therefore, the “pseudorandom” random numbers generated by the computer is the best we can hope for, and while it is very close to the randomness we would like, occasionally some outcomes occur that we would be less than likely to see with true randomness.
The next step was to create the dice class and create five instances of it, so that the images on the GUI could be linked to them. All that was needed on each push of the button was to call the roll function for each dice instance and update the corresponding image appropriately.


The final feature to add regarding the dice was locking. I added an “on click” function to each dice image so that when the player clicks a die, there is a visual change to represent locking or unlocking (depending on current locked state) and also the “locked” variable for that die is updated.

In addition to the dice class features shown in the original design documentation, I added an extra method to reset the die. It did so by setting the current state to zero and locked to false. This method is called each time a category is selected and a new round begins.

Adding the Scorecard


To create the scorecard I decided to make a visual representation of an actual scorecard. This involved adding to the GUI a box for the border and labels to create the look of the card. Each category also had a text box to display the score for that category. These would be updated as the game is played.


Once the visual representation was complete it was time to write the code behind it all. The attributes and methods outlined in the original design were included, as well as some new additions to allow proper workings of the class.

First was a sorting method, to sort the dice passed to the object. This is to allow easy comparisons of the dice values as, if they are in order, you can see straights and refer to similar dice more easily. I also created methods to update the totals as categories were assigned their score so that the full scorecard was always up to date, and a method to check for additional Yahtzees once the first one had been made so that the bonus Yahtzee score could be updated appropriately. Finally, as done in the Dice class, I added a method to reset the scorecard, setting all categories back to their initial values.


Once the class was complete, the next stage was to allow the player interaction with the scorecard, so that they could score with their dice rolls. For this I created buttons next to each selectable category for the user to click. Once the player clicked the button, the current dice values are passed to the scorecard, along with the name of the category they chose. The class in the background then assigns the score, and updates the visual representation as necessary. Once the category was chosen, the button would change to “invisible” hiding itself so that the user cannot click it again during the game. This enforces the Yahtzee rule that each category can only be chosen once.
Making a Working Game


Having made the two classes that the game comprises of, it was time to connect to two so that a player could play a game of Yahtzee in the program unassisted. Once that was accomplished I could move on to adding the game tips class.

In order to make the game playable I had to integrate the game rules that I had researched into the program, to guide the player through the game without letting him/her make any “illegal” moves. I disabled the category selection buttons before the first roll of each round and also made the dice unlockable. This ensured that the player could not cheat by reusing dice from the last round. I also limited the number of dice rolls to 3 before disabling the roll button, meaning that the player would have to select a category to be able to continue with the game. The final rule to implement was to force the player to select the relevant top section category having rolled a 2nd Yahtzee, assuming it hasn’t already been selected.

With those rules in place the game was fully playable. Once the last category was chosen, a selection of labels would appear to congratulate the player and present him/her with the final score. In addition I added code to the New Game option in the menu to reset the dice, the scorecard and all of the buttons. I also created the About dialog box at this stage, to explain that the game was fully playable without the assistance of the computer. I would periodically change this to reflect the progress with the rest of the implementation of the project.

Writing the Game Tips Class


Up to this point in the development of the game I had been following the design closely, only adding functions to help the program to run better and function as it was intended. However, upon researching various probabilities that would be needed, I started to realise that the task I had planned in the design was not ideal and started to look at alternatives. The result was to take a more logical approach by identifying the dice combination you have after a roll, and checking whether the best option to go for is available (hasn’t been chosen already). If it hasn’t then the game should suggest that move to the player, if it hasn’t then it should check the 2nd best option and so on.

I created the class and the method to generate the game tips. The method is passed the current dice values, the scorecard object and the variable storing the number of rolls made so far in that round. It looks at the dice, and determines what combination they are by using the method in the scorecard class for verifying categories. Then for each of those categories, it looks at what the best options are, if there are rolls left and if there isn’t. Of those options it checks categories in the order that you are most likely to score well in to see if they are available or not. If it is available then a premade string, the tip, is returned to the calling method, and will be displayed on the GUI.

If the combination rolled is not one of the categories that can be checked for, it is then caught at the end of the If statement where appropriate checks are made to ensure that all possible combinations are covered, and a suitable tip string is provided. Full code listings are in the Appendices and show exactly how this works.

After finishing the game tips class, I made a box on the GUI for the tips to be displayed in, and made a call to the class to generate a tip every time the button was pressed to roll the dice. Then I created a simple If statement around this to only generate the tip if the option is toggled on in the options menu.

Tidying Up and Testing


Once all of the major features were in place, I added the last few features that were missing. For the game rules, due to time constraints at this point in the project, instead of leaving them out of the program, I made the option in the menu a link to a website, http://www.yahtzee.org.uk  (The Yahtzee Page), listing the Yahtzee rules in detail. A player, who is not familiar with the rules of Yahtzee, can now visit that website from within the game itself, and read up on how Yahtzee works. Alternatively, the game is made such that you cannot play the game “wrong”. Options that are not available due to game rules are disabled appropriately, so the user can easily pick up how the game plays out after a game or two.

I started beta testing during the development of the game tips class. As I built up the tip algorithm in stages, testing couldn’t be carried out on the correctness of the tips themselves until it was complete, but the finished game was tested thoroughly by a friend of mine who played it every few nights. Any odd behaviour that was picked up I could correct quickly and efficiently due to the structured nature of the programming.


Once the final version of the program was complete, it was time to move testing to the game tips. Once again my friend played through the game every few nights for an hour or so (luckily she loved it!), and when any unexpected tips came up that made no sense or seemed to prioritise wrongly, I would go back to the code and fix the algorithm. To aid with the testing of the logic, I also temporarily removed the limit on the number of allowable rolls so that I could make the scenarios I wanted to test, and made sure the tip system behaved as it should.

Once I was happy with the result, I asked another friend of mine to take a look at the game. She is a professional software tester in Amsterdam and so I thought she would be a great aid in finding any bugs that would need to be removed. After a good while playing with it, she got back to me with her verdict. She said that it was “as solid as a rock” and that she was quite annoyed that she couldn’t break it, also mentioning I should get a job with her company! Clearly this was a good final test for the program’s working state; however it is still a difficult job to test a program whose behaviour is based on random factors.

The final step was to test whether the game tips are actually beneficial to a player, so I devised a study to compare the scores achieved by a player utilising the game tips and a player with them turned off. The table of results of the study are shown in the Appendices.


The results show that the game tips generally give a larger score than those from playing without them. Of the 20 games played in each setting, the average score for playing without tips was 200.65, whereas the average for playing with tips enabled was 232.1. This shows quite clearly that the scores are likely to be higher if you follow the game tips. Also fourteen of the top twenty overall scores came from the games that had tips enabled. This is strong evidence to suggest that the game tip algorithm was a success.

However there is an interesting statistic in the standard deviation of the two sets of data. The set from playing unassisted has a standard deviation of 38.57 whereas the set from using the game tips has a standard deviation of 58.35. This suggests that although game tips yield better results, the scores achieved are more widespread than that of playing unassisted which is an odd proposal.


Luckily this odd statistic can be disproven by the identification of a few anomalous results. The last three scores for playing with game tips were 121, 125 and 394. The first two of these are incredibly low scores and were brought on by two consecutive highly unlucky games. Similarly for the last score of 394, this was the only game to feature a second Yahtzee being rolled and therefore had an exceptionally high score compared to the rest. If you remove just these three results from the result set, along with the lowest two and highest one of the unassisted set, the standard deviations of the two sets are very similar meaning that they have similar spread while the games helped on by the game tips score higher.


The reason for these anomalies and the problems with trusting such test data as this is that Yahtzee is a game that is heavily based on chance. You can apply logic to each of the situations that can arise, but you are never guaranteed a good score without the dice rolling the way you would like them. The game tips generated by the system should be there to help players with the logic behind the game, and provide them with a chance at being more likely to get the higher scores, but once the dice are rolled anything can happen. The outcome of random events cannot be predicted to you can only follow a guide rather than know exactly how the path will turn out.

6. Evaluation

Project Strengths


The project as a whole went very well as intended in the design section of the project. The simple UI layout was used in the final implementation as well as all of the functionalities detailed, and all of the essential project requirements from the specification were fulfilled. A few of the lesser requirements were left out however they were not contributors to the success of the project and would only be added extras.

Having knowledge of the game I was asked to create meant that I had a head start on the project. Whilst I did research into the specific details of the game, I didn’t have to spend too much time on it due to knowing the basics already. Also having a strong interest in games in general made it easier for me to adapt to the mental state of the player and knowing what features are required and desirable to make a good game playing environment.

My personal strength is in programming, so seeing as this project was heavily based upon programming I was able to complete the task with relative ease and to good quality. I managed to build up the program to the midway stage (having a playable game of Yahtzee) quite early on in the year, due to my enthusiasm to work on the programming side of the project. This left me with plenty of time to work on the most difficult part of the project, the game tips algorithm. Due to my interest in programming and having studied university modules on advanced algorithms, the task proved more time consuming than difficult. The most important aspect was to ensure that every state that the game dice could be in was covered, so that a suitable tip would be shown for every roll of the dice. I worked through this methodically, taking an instance at a time and perfecting that situation before moving on to the next.

The finished solution is both appealing for new and expert users. The options available are clear and not misleading in any way. All of the menu options also have hotkeys assigned for those users who like to utilise the shortcuts available, e.g. Ctrl + N starts a new game, Ctrl + Q exits the game. The UI for the game is also kept simple with only 3 options for the user: clicking the dice to lock / unlock them, clicking the button to roll the dice, clicking the buttons to select a category. The simple interface means that even the most basic computer user can pick it up quickly and easily.

MS Visual C++ was an excellent development environment for the program. The Intelisense feature made programming easier and quicker and the windows form template meant that I could get started on developing my own classes as quickly as possible without having to worry about the setup of the form. The objects on the form itself (the buttons, labels, etc) could be dragged on from the toolbox, and the properties of these objects could be easily modified using the properties box. This meant that I could spend more time on programming the functionality of these objects rather than specifying every detail of their appearance in the code. This development kit also provided an easier way to distribute the finished program to other systems than other development environments such as Java. Java programs require Java installed on the target machine to be able to run, whereas programs built in Visual C++ require the DLL files used (which can be supplied with the program) and the .NET framework, which is already installed on most Windows machines.
Project Weaknesses


Whilst the project as a whole was a success, there are certain things that could have been done differently or extra features added but, due to time constraints and the scope of the project, had to be left out. These include the less important features mentioned in the specification as well as ideas I came up with during development


Firstly the missing features from the specification. There were the dice animations which I chose not to include for reasons outlined earlier in the report. The main reason was due to the fact that it would add a lot of time to the duration of the games. However given more time on the project, I would go back to the animations to find a suitable animation time and also add an option in the options menu to turn off animations. This would be to speed the game back up for impatient players who don’t want to sit through watching the dice roll and would rather just play through the game as quickly as possible.

The other missing feature was the background music and sound effects. Also as explained earlier, the task was simply too large for this project, and the focus had to be on getting the game tips right as it was the primary target for Computer Assisted Yahtzee. If I had more time I would probably look at adding this feature as sound effects can make a game more immersive and give a richer experience to the player. There would also be an option in the menu to turn this feature off, for those who do not wish to have sound effects or music on, perhaps while playing their own music.

A feature I would have liked to add to the project would be a high score. This would keep track of the current high score so that the player would have a target to beat on subsequent tries. Those who tested my program seemed to all keep track of any good scores they achieved by taking a screenshot of the final score screen. It would have been much more desirable if they didn’t have to take external measures to record their achievements and had such a feature integrated into the game itself. This would be something I would certainly look at if I went back to work on a new version of the game.

Although Visual C++ was a great medium through which to develop my solution to the problem, as explained in the Project Strengths section above, there were still some grievances with the program. Firstly there were problems with compilation with had nothing to do with the code itself. It could sometimes take several attempts at compiling the same code to get it to run. This is apparently a bug that Microsoft is currently looking at. Also, seeing as I was using the Express edition I missed out on a useful feature of Visual Studio which was to make an installation file. This would be distributable and allow the program to be installed with all necessary files with ease on other computers. However in the Express edition, this feature is unavailable and to distribute on other machines requires you to find the DLL files and manifest file used in your program, and send them in the same directory as your program to other machines. While not the simplest of procedures and Microsoft offers no guidance in its help service, it works well once you have found the files needed.

The final point is the game rules provided with the program. Given more time I would have certainly made a new dialog to display how to play within the game itself. This would allow players without internet connection to see the game rules. Even though most people have internet connection nowadays, it is still the case that some people do not have access. It may be the case that they don’t’ have it installed, or may be out of range of a network on their laptop as an example.

7. Learning Points


For me this project has been an immense learning experience. A lot of the solution was new to me; a new language, the type of problem, the research. This section is dedicated to all of the new experiences and ideas that I have gained from carrying out this project and how each has benefitted me for future projects. The project as a whole has given plenty of opportunity to develop my time keeping skills. From documentation deadlines given by the university, to deadlines I gave myself while working on the development of the final solution, I have had to stay on schedule in order to not fall behind and allow room for unexpected turns of events.

From completing the Specification and Design documentation I picked up valuable experience of report writing and planning. Planning how you will implement your ideas before diving into production can make it much easier to develop in the long run and also prevents a lot of unavoidable mistakes created by starting to program without a clear design in mind. I learned that things can change dramatically over the course of a project, as demonstrated in my game tip generation class. A strategy that seemed feasible during design of the program turned out to be unsatisfactory compared to the heuristic alternative that I decided on instead during implementation.


Probably the biggest learning point for me was that of using a new language to code a type of program I had not attempted yet. I wanted to code this program in C++ to gain experience with it, as it is a very useful language to be able to use and having a fully working project written in C++ is a great asset to my CV. However I had not seen much of C++ before starting the project so everything I did was new territory in terms of my coding experience. Code in both Java and C++ is structured similarly but the syntax and key words of each can vary, so getting used to the new vocabulary was a task I had to overcome.

Also there were inbuilt functions that I had to use which of course are different for each of the languages. An example is the link to a web page that I used to allow the player access to the game rules. In C++ this was one line of code, a system call that executed depending on what was passed in. As a website address was passed, it opens the default browser and goes to the URL provided. In Java there is no simple way of doing this and, as I had to do in my project in my 2nd year of university, requires a whole class to open a browser and link to the address that is provided.
The program itself was also unlike any I have written before. In previous years I have created programs to interact with databases, and work only as a means of storing data and viewing data in the database. This time, instead of working with data sets and viewing records, I had to work with logic and game play issues. I had to work on creating a system that was capable of analysing a situation and suggesting what to do with it. I had to create a clear visual representation of the various game pieces that worked together with the complex structure behind the scenes.

This project was an exciting prospect for me and looking back I am proud of what I have accomplished. Programming games is something that I hope to continue with in future and this project has been a huge boost for my confidence along with serving as proof that I can do the job and do it well.

8. Professional Issues

The codes of practice and conduct issued by the BCS (British Computer Society) do not apply directly to my project for the most part. As the development was completed entirely by me and there was no specific end user in mind, there was no client or “third party” involved. A lot of the conduct applies to dealing with third parties so didn’t need a huge deal of consideration for the Computer Assisted Yahtzee project.
The Public Interest


The public in the sense of this project would be any users of the program. The game is kept simple and intuitive so that it is suitable for the largest range of players as possible. The inclusion of the game rules also the game tips provided in the game mean that new players to Yahtzee will have equal opportunity to play the game as someone familiar with the game already. They can read up on how to play and then are guided through play as much as possible. The option to remove the game tips also allows expert players to play unassisted as they may enjoy the challenge. These features of the program ensure that players from any background of knowledge of Yahtzee can have an enjoyable experience with the Computer Assisted Yahtzee game without feeling lost or confused as to how it works or, in the case of experienced players, without feeling like they are being given unnecessary assistance.

Duty to Relevant Authority


As I was free to produce the program to my own design, there was no opportunity for conflicts of interest between myself and the project supervisor. The aim of the project was to develop a game of Yahtzee which assisted the player with hints of the best move to make after a given roll. As this was completed there were no issues over how the rest of the problem was solved. A point in the code tells not to disclose personal information to third parties. As my project contained no personal information whatsoever, this rule did not apply. I also did not misrepresent or withhold information regarding the project. If there was a problem, for example the unavoidable fact that the dice are not rolled in a “truly” random way, I made this known to my supervisor and also brought it up during the software demonstration.

Duty to the Profession


Most points here were irrelevant in my project; however I would hope that I produced the standard of work expected of a project of this kind.  I acted with integrity throughout the course of the project.
Professional Competence and Integrity


Throughout the project I made sure to bring myself to the required level of knowledge for carrying out the required tasks. This involved learning C++ prior to starting development as well as researching into probabilities and how they integrate with the rules of Yahtzee. As the design of the game tips class changed midway through the program development, I adapted my algorithm and started looking into heuristics instead so I could continue to develop the program to the best of my ability. I believe that I put a lot of effort in to get the project done as required and by learning the extra knowledge that was needed, I am happy with the final solution and hope that I have fulfilled this requirement of the BCS code.
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