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Project Review
The aim of this project is to write a program, in any suitable programming language (such as Java, C++, etc.), that will allow a human player to play a game of Yahtzee through interacting with the program. The program should provide the player with hints as to what the most sensible moves will be after each given roll of the dice.
The required features of the program will be a graphical user interface for the user to interact with, a way of representing the dice (instances of a dice class), buttons to roll the dice and “lock” certain die, a scorecard, this will be on the GUI so players can see how they are getting on and decide which category to pick, and a tip section that contains advice for the next move to make. These tips will be based on the dice that have been rolled, the categories left to pick on the scorecard, and the probability of getting each of these categories. There will also be a menu system to start new games, quit the program, etc.
The objectives have not changed since the original specification. Since writing the specification, I have done more research into C++, the programming language I will use, and the game of Yahtzee. Using various sources of information available to me I now have a good enough knowledge of C++ to carry out the project implementation. I also now have a thorough understanding of Yahtzee, having researched the details of the game rules and how the game plays out.

I decided that the key to developing a good tip system will be to work with probabilities. So I have been looking at the probabilities of rolling each of the scoring combinations and how I will incorporate that into the game. In order for the tip system to perform as well as possible, it will need to work with probabilities based on the dice rolled so far. I will explain this in more detail later in the report. 

The rest of this report will detail the design of the program, including class diagrams, algorithm designs and the design of the user interface.
Class Design

Game Class
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There will be 4 classes in the game. 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.

Once the initial GUI has been created, the rest of the running of the program will depend on user interaction. The player will click the buttons provided to roll the dice up to three times. During these rolls, certain dice can be locked so that they will not be rolled again. After any of the three rolls the player can choose a category to assign the dice to, and get a score from it. The score will then display on the scorecard and that category will become unavailable for selection again. After this the dice will reset and play will resume until each of the categories have been picked.

Dice Class

The sole purpose of the dice class is to represent the dice objects in the game. The game will require the creation of five dice for the player to roll. Therefore each instance of the class will need to store the value of the die and whether or not it is locked. If it is locked, the die will not roll along with the others. Although this is only a small class, it is one of the key components in the program. The following is the class diagram for the Dice Class.
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	Variables
	

	int currentState
	The currentState variable is an integer that will hold the current value of the die. This will be one of the possible values of the die, i.e. one to six, or zero. Zero will represent the die when it has yet to be rolled.

	Boolean locked
	The locked variable is a Boolean. This will be ‘true’ if the player has locked the die and ‘false’ if it is locked and the state should stay the same. This value will be changed by user interaction in the Game class.


	Methods
	

	roll()
	The roll method is for simulating a roll of the die. This generates a random number between one and six and changes the currentState variable appropriately. This method will be called by the Game class whenever the player clicks to roll the dice. The method will not perform the roll if the locked variable is set to ‘true’.

	getState()
	The getState method returns the value of the die to the calling method. The primary use will be used to send data to the scorecard class and also for the game tip system to process.


Scorecard Class
The scorecard class will be the section of the program that keeps track of the player’s scores. It does this by holding a value for each category. Some of the categories have fixed scores and so these will be stored as constants in this class. The scores for other categories rely on the dice results to be calculated, and so the rolls will need to be passed to this class to work out what value to store in that category. An example of the scorecard is shown below.
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The scores will be stored in arrays. One array will be for the scores from the top section of the scorecard and one for the bottom section. This will make it easier to calculate the running totals and to work out if the player is eligible for the bonus in the top section.

The class diagram is shown below.
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	Constants
	

	int FHSCORE = 25
	The score for the Full House category.

	int SSSCORE = 30
	The score for the Small Straight category.

	int LSSCORE = 40
	The score for the Large Straight category.

	int YAHTZEE = 50
	The score for the Yahtzee category.


	Variables
	

	int topScores[]
	The topScores array will store the scores for the categories in the top section of the scorecard. These will be stored separately from the rest as the total of these is used to decide whether the player receives the bonus score.

	int bottomScores[]
	The bottomScores array will store the remaining values, i.e. the scores from the bottom section of the scorecard.


	Methods
	

	assignScore(die1, die2, die3, die4, die5, category)
	The assignScore method is used to assign a score to a category and takes several parameters to work with. These are the current values of each of the dice and the category to assign the score to. The dice values will be used in the cases where the score depends on what is rolled, e.g. the sum of all the dice.

	int getScore(category)
	The getScore method will be used to retrieve a score from the arrays. It takes the category required as a parameter so that the correct value can be found and passed back to the calling method.


The purpose of this class is to hold the scores attained from each turn in the game, but it will also be used to build up the visual representation of the scorecard on the screen. The bonus scores and totals will be displayed directly to the player from the game class, but these will be calculated by communicating with the Scorecard class to ensure eligibility for bonuses, and for calculating the totals. This communication will be invoked when the player clicks on one of the buttons to choose a category and receive points for his/her dice combination. 

GameTips Class

This class will be the most complicated class, as it will be updating the tips section of the UI after every dice roll. The tips provided will be based upon what the outcome of the rolls are, which categories are still left to score from and what the probability is of reaching each of those with the current dice combination.
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	Variables
	

	categoriesLeft[]
	This array will hold the set of categories that have not yet been picked on the scorecard. This will shorten as the game goes on, as a category will be removed each turn.

	categoryBenefits[]
	This array will hold the benefit of picking each category and will be calculated after each roll of the dice. It will be filled in the generateTip method.


	Methods
	

	generateTip(die1, die2, die3, die4, die5, scorecard)
	The generateTip method will be called every time the dice are rolled. It will use the dice values passed to it to work out the benefit of aiming for each category, using probabilities and score analysis, and suggest to the player the best move to make.

	calculateProbability(die1, die2, die3, die4, die5, category)
	This method will be called by the generateTip method, and will deal with working out the probability of reaching the category passed to it, provided with the dice rolls that have been made.


The GameTips class will be mainly algorithm based, and so I will discuss this in detail in the algorithm section of the report.
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 following page contains the activity diagram for the game.
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Algorithm Design
Each of the classes will have key methods that will ensure that the game runs as it should. What follows is a description of the most important of these features along with appropriate pseudo code to show how they will run.
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 will do nothing. However if the die remains unlocked, it will change the current state of the die to a new random number between one and six, thus “rolling” it.
Scorecard Class

The scorecard will contain 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, I will write pseudo code for the large straight check. It will require the dice results to be the numbers 1 to 5, or 2 to 6. To do this, the numbers will 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 would simply sort the values in the array in ascending order.
GameTips Class

This section of the program is the most complicated and difficult. It will involve inspecting the dice after each roll, looking at which scoring combinations are still needed and, using various probabilities, will suggest what the best move would be to the player.


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 will look at each of the categories not picked yet and looping through each one works out the benefit of attempting to reach it. This is done using the probability of getting the right combination with the dice you have, and the score that will be earned if you get the right outcome. Once it has all been calculated, the category with the maximum benefit will be used and recommended to the player.
The pseudo code above gives a general idea of how the tip system will work, although it could come to change as the implementation phase gets underway. The details of the odds will be different for each distinct category.
There are certain ways in which the program may look at different situations. Due to 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 are many options for the tip generator to consider, and there are many things to consider when making the best choice. Below is a sample of the variety of decisions that must be made.
Considering the result of a throw that contains three 1s, the player would have a choice of what to do next. One option is to assign this roll to the three of a kind category, giving a score of three, plus the sum of the remaining two dice. However a better option might be to attempt to reach a full house, by locking the 1s and rolling one of the other dice. A full house would give a score of 25 regardless of the dice values, a lot higher than you could reach with a three of a kind of 1s. Another alternative would be to attempt to roll both of the remaining dice to get two more 1s. This gives a Yahtzee and a score of 50.
There is a case, however, where attempting to reach a full house over a three of a kind, might not be beneficial. If you have rolled three 6s, then you already have a score of 18. If the other two dice are a 5 and a 4, then the score you would get from the three of a kind is already higher than that of a full house. The program will take all of these cases into consideration before putting its final decision to the player.

Another situation could be a roll of a three die straight and a pair. The options to the player would be to try for a four or five die straight, or to attempt to reach a three or four of a kind or even a Yahtzee. The program would look at the probabilities of reaching each these cases, and would suggest to the player the most likely combination reachable with the best score available.
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. The program will calculate these new odds and together with considering potential scoring possibilities will provide the best category for the player to aim for.
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 will be 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, http://en.wikipedia.org/wiki/Menu_bar, it is a commonly used feature in many operating systems.
In terms of the graphical layout, I have 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 will be on the right of the screen, with buttons to submit dice rolls to its left. The game tips will be at the bottom of the screen but remain central so the player will notice them quite easily. The dice themselves will stay to the left of the screen. The button to roll the dice will be right in the middle as it is the key object that the player will need. Any information about the roll, e.g. how many rolls left, will be near this button. The button will be disabled when the player has used up his rolls, and become active again once a category has been chosen.
A diagram of the graphical user interface is shown below.
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Review Against Plan
As stated in the original plan in the Project Specification, some background research had to be done both on the game of Yahtzee itself and the programming language C++. Since producing the specification, I have looked into the details of the rules of Yahtzee and now have a good understanding of how the game is played and what is required for implementation into the computerised game. I have also been looking at more C++ and am confident in my choice to use it for this project. Using the knowledge I have gained, the resources I have available and various sources of guidance online, I should have no problems concerning that choice.
For this Design document, I have followed the plan to use an object-oriented design methodology. I have included all the necessary sections, including object descriptions, algorithm designs and UI planning.
I am currently set on a good course from the original time scale on the gantt chart. I have included a new, updated gantt chart on the following page to show the project progress.

Once the implementation has been completed, I will evaluate the success of the program, especially the tip system, by having some users play through the game, both with tips enabled and disabled. These tests will show if the players can generally achieve a higher score by following the guidance of the tips or if there is no difference than following their own instinct.
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