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Problem Definition

The problem was to create a software application, which simulates the pair matching card game known as concentration or memory. When a game is commenced the cards will be placed randomly face down and turned over two at a time through user clicks.

If a match is selected the pair will disappear from the game board and the players score will increase by one. However, if the cards don’t match they will be turned over after a certain period of time or if the user clicks again. The next turn will then be assigned to the next player in sequence. When all cards are removed the computer determines and displays the outcome of the game. If at any stage a game is ended everything is reset.

Adding additional features to the game was optional and my ambition was to include the following characteristics. Firstly, the user can specify the number of players and the size of the game board dictating the number of pairs. Each player can also be assigned as either a human or computer player. A computer player can be assigned an intelligence level and automatically select cards and compete with the other players.

Solution Specification

Proposed Screen Design

frmHelp
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frmMain – (Game Options Phase)
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frmMain – (Player Entry Phase)
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frmMain – (Gameplay Phase with Invisible Objects Displayed)
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Inputs and Outputs

	Inputs


	Outputs

	frmMain

	· Click cmdNew
	If a game is not underway the cards are dealt (DealCards) and the window resized (ResizeWindow). The appropriate frames fraDimensions and fraOptions disappear and fraPlayers appears ready for the player entry phase.

If a game is underway the frames fraDimensions and fraOptions appear and fraPlayers and fraOutcome disappear ready for the game options phase.

This is all determined by the caption of cmdNew, and it changes each time it is pressed.

	· Click cmdHelp
	frmHelp appears.

	· Click cmdExit
	The application is immediately ended and exited.

	· Click cmdDone
	The values of the cmbPlayerType and txtPlayer are analyzed and the appropriate caption assigned to the corresponding lblPlayer box. The first player is assigned as the caption of lblPlayerTurn and fraPlayers disappears ready for the gameplay phase.

	· Click cmbWidth
	The window is resized internally (ResizeWindow)

	· Click cmbHeight
	

	· Click chkBackground
	imgGame and imgPlayer appear if checked or disappear if unchecked

	· Click cmbPlayerType (Index)
	The corresponding cmbComputerLevel box appears if the text is set to computer or disappears if set to human.

	· Click sldSpeed
	The interval of tmrCardDelay and tmrComputerDelay both change proportional to the set value.

	· Click imgCard (Index)
	If a game is underway and it’s not a computer’s turn then the index value is assigned to an invisible label and provided the same card was not selected twice the internal card selection process begins (DisplayCard).

If two different cards are already showing the cards are turned over (TurnOver) and tmrCardDelay is disabled to prevent this happening twice.

	frmHelp

	· Click cmdEnd
	frmHelp disappears.

	· Click tabHelp (Index)
	The corresponding fraHelp will appear. A tab strip is unable to store objects, so this array of frames is used instead


Program Description

For the sake of simplicity and user friendliness, this application consists of only two forms including, namely frmHelp and frmMain. Presented when the program is started, frmMain contains everything necessary to play the game. Within this form the user can at any time during the game exit the application through cmdExit or access frmHelp through cmdHelp. In contrast to frmMain, the only thing the user can do inside frmHelp is to read the user documentation of this program within tabHelp and return to frmMain using cmdEnd. When playing the game there are three main phases involved. These include the game options phase, the player entry phase and the gameplay phase. 

Game Options Phase

The game options phase is the phase initially presented to the user when the program is started. fraDimensions and fraOptions are visible and fraPlayers is invisible so fraGame can be seen underneath. In fraDimensions the user is able to change cmbHeight and cmbWidth and consequently the dimensions of the game window (ResizeWindow). Within fraOptions the user can change the game options including cmbPlayers, chkBackground, chkDuplicate and chkHighlight. To end this phase the user must click cmdNew, which will deal the cards (DealCards), resize the window (ResizeWindow) and commence the player entry phase.

Player Entry Phase

During the player entry phase fraPlayers is visible and fraDimensions and fraOptions are invisible so fraScore and fraCommentary can be seen underneath. In fraPlayers the player details are entered. The number of players which appear depends on the value of cmbPlayers and each player can be assigned as either human or computer through cmbPlayerType. When this is changed the corresponding cmbComputerLevel will appear so the intelligence of the computer can be set or disappear so the text within txtPlayer can be changed. In fraScore the user can change the interval of tmrCardDelay and tmrComputerDelay through sldSpeed to make the gameplay go faster or slower. To end this phase the user can click cmdNew to return to the game options phase or cmdDone to enter the gameplay phase.

Gameplay Phase

The gameplay phase is similar to the player entry phase except fraPlayers is invisible so fraGame can be seen underneath. Provided it is not the computer’s turn, the user can start clicking cards and searching for pairs. Each time a card is clicked it is displayed (CardDisplay). If it is the second card selected the computer determines if the two make a pair (CheckCards). If no pair is found tmrCardDelay is enabled and when this finishes or a card is prematurely clicked the cards turn over (TurnOver) and the next player in sequence has his turn. If a pair is found the cards are removed immediately (MatchFound), that player’s score as represented by the corresponding lblScore increases by one and lblPairs decreases by one. When the last pair is removed fraOutcome appears, the computer internally determines the outcome of the game (DetermineOutcome) and displays a message in picOutcome. At this stage the user is forced to click cmdNew and return to the game options phase.

Nearly all of the general procedures in this application make use of the list boxes and labels in fraInvisible never seen by the user. During the gameplay phase the general procedures also use the objects in fraOptions and fraDimensions. If these objects were to be changed during this stage any number of errors would result, which is the main reason they become hidden.

Controls and Properties

	Control


	Properties

	frmMain

	· frmMain
	Caption = Memory Game

WindowState = 2 – Maximized

	Frames
	Font = Bold & Underlined

	· fraOutcome
	Caption = Outcome

	· fraPlayers
	Caption = Player Details

	· fraGame
	Caption = Game Window

	· fraDimensions
	Caption = Dimensions

	· fraCommentary
	Caption = Commentary

	· fraOptions
	Caption = Game Options

	· fraScore
	Caption = Score Board

	· fraInvisible
	Caption = Invisible Objects

Visible = False

	Command Buttons
	Font = Bold

	· cmdNew
	Caption = New Game

	· cmdHelp
	Caption = Help

	· cmdExit
	Caption = Exit

	· cmdDone
	Caption = Done

	Combo Boxes
	Style = 2 – Dropdown List

	· cmbWidth
	List = 4, 6, 8, 10

	· cmbHeight
	List = 2, 3, 4, 5

	· cmbPlayers
	List = 1, 2, 3, 4

	· cmbPlayerType(0-3)
	List = Human, Computer

	· cmbComputerLevel(0-3)
	List = Excellent, Good, Average, Poor, Shocking

Visible = False

	Check Boxes
	

	· chkBackground
	Caption = Background Picture

Value = 1 – Checked

	· chkMultiple
	Caption = Multiple Pairs

	· chkHighlight
	Caption = Highlight Selected

	Slider
	

	· sldSpeed
	LargeChange = 1
Max = 8          Min = 2

Value = 5

	Image Boxes
	Picture = (Bitmap)

	· imgPlayer
	

	· imgGame
	

	· imgCard(0-49)
	

	Picture Boxes
	Backcolor = Active Title Bar Text

	· picResult
	Picture = (Bitmap)

	· picOutcome
	BorderStyle = 0 – None

	Timers
	Enabled = False

	· tmrCardDelay
	Interval = 1500

	· tmrComputerDelay
	Interval = 2000

	Text Boxes
	

	· txtPlayer(0-3)
	MaxLength = 12

Text = Player (Index)

	List Boxes
	

	· lstSelection
	

	· lstShuffled
	

	· lstIndexes
	

	· lstSelected
	

	· lstMatches
	

	Labels – Type One
	Backcolor = Active Title Bar Text

BorderStyle = 1 – Fixed Single

	· lblIndex1
	Caption = Index1

	· lblIndex2
	Caption = Index2

	· lblTurn
	Caption = Turn

	· lblPlayerTurn
	Caption = Blank

	· lblPairs
	Caption = Blank

	· lblScore(0-3)
	Caption = 0

	Labels – Type Two
	

	· Width
	Caption = Width

	· Height
	Caption = Height

	· Players
	Caption = Players

	· Player
	Caption = Player to Select Cards

	· Remaining
	Caption = Pairs Remaining

	· lblPlayer(Index)
	Caption = Players

	· Speed
	Caption = Game Speed

	frmHelp

	· frmMain
	Caption = Help

ShowInTaskbar = False
StartUpPosition = 2 – CenterScreen

	Command Buttons
	Font = Bold

	· cmdEnd
	Caption = End Help

	Images
	

	· imgOrnate
	Picture = (Bitmap)

	Frames
	Font = Bold & Underlined

	· fraHelp(0-5)
	BorderStyle = None

	Labels
	

	· Introduction
	Caption = (See User Documentation)

	· Aim
	Caption = (See User Documentation)

	· Starting
	Caption = (See User Documentation)

	· Entering
	Caption = (See User Documentation)

	· Playing
	Caption = (See User Documentation)

	· Designer
	Caption = This software application was created and designed by the Noske Software Organization.

	· Product
	Caption = This product is licensed to:

	· License
	Caption = Andrew Noske
Backcolor = Active Title Bar Text

BorderStyle = 1 – Fixed Single

	· Internet
	Caption = http://www.noske.software.com/

	Tab Strip
	Font = Bold & Underlined

	· tabHelp
	TabCaptions = Introduction, Aim of the Game, Starting a New Game, Entering Players, Playing the Game, About Memory


Note: The reason some label names contain the normal prefix while others don’t is to differentiate between those with captions that change due to user input and those that don’t change.

Algorithm Design

This section covers all events in both algorithm design and structure design charts. In parts the structure design charts have been simplified, however all algorithm designs are complete.

Note: Square brackets represent the value of the object’s text or caption.
Algorithm Design

frmMain

Load frmMain
1. Set cmbHeight text as “2”

2. Set cmbWidth text as “4”

3. Set cmbPlayers text as “1”

4. For Count1 = 0 To 3

4.1 Set cmbPlayerType(Count1) text as "Human"

4.2 Set cmbComputerLevel(Count1) text as "Average"

4.3 Next Count1

Click cmdNew
1. If cmdNew caption = "New Game"

1.1 (DealCards)

1.2 (ResizeWindow)

1.3 fraDimensions disappears

1.4 fraOptions disappears

1.5 fraPlayers appears

1.6 Set cmdNew caption as "End Game"

1.7 Set imgGame picture as "Mouse.bmp"

2. If cmdNew caption = "End Game"

2.1 (ResizeWindow)

2.2 fraDimensions appears

2.3 fraOptions appears

2.4 fraPlayers disappears

2.5 fraOutcome disappears

2.6 Set cmdNew caption as "New Game"

2.7 Set imgGame picture as “Pig.bmp"

Click cmdHelp
1. frmHelp disappears

2. frmHelp appears

Click cmdExit
3. Exit application

Click cmdDone
1. For Count1 = 0 To 3

1.1 If cmbPlayerType(Count1) text = "Human"

1.1.1 Set lblPlayer(Count1) caption as txtPlayer(Count1) text

1.2 If cmbPlayerType(Count1) = text = "Computer"

1.2.1 Set lblPlayer(Count1) caption as "Computer"

1.3 Next Count1
2. fraPlayers disappears

3. Set lblPlayerTurn caption as lblPlayer(0) caption

4. (DeterminePlayer)

Click cmbWidth or click cmbHeight
1. (ResizeWindow)

Click chkBackground
1. If chkBackground unchecked

1.1 imgGame disappears

1.2 imgPlayer disappears

2. If chkBackground checked

2.1 imgGame appears

2.2 imgPlayer appears

Click cmbPlayerType (Index)

1. If cmbPlayerType(Index) text = "Computer"

1.1 cmbComputerLevel(Index) appears

2. If cmbPlayerType(Index) text = "Human"

2.1 cmbComputerLevel(Index) disappears

Click sldSpeed
1. Set tmrCardDelay interval as (300 * [sldSpeed])

2. Set tmrComputerDelay interval as (400 * [sldSpeed])

Click imgCard(Index)
1. If cmdNew has caption "End Game" and lblPlayerTurn doesn’t have caption "Computer"

1.1 If lstSelection has list count <= 1 and tmrComputerDelay disabled

1.1.1 Set lblIndex2 caption as lblIndex1 caption

1.1.2 Set lblIndex1 caption as Index

1.1.3 If lblIndex1 caption <> lblIndex2 caption

1.1.3.1 (DisplayCard)

1.2 If lstSelection has list-count > 1 or tmrComputerDelay enabled

1.2.1 (TurnOver)

1.2.2 Disable tmrCardDelay
1.2.3 Disable tmrComputerDelay
Finish tmrCardDelay
1. (TurnOver)

2. Disable tmrCardDelay
Finish tmrComputerDelay
1. Disable tmrComputerDelay
2. If lblPlayerTurn caption = "Computer" and fraOutcome invisible and cmdNew caption = "End Game"

2.1 (ComputerTurn)

2.2 Enable tmrComputerDelay
(DealCards)

1. Clear lstSelection
2. Clear lstShuffled
3. Clear lstSelected
4. Clear lstIndexes
5. Clear lstMatches
6. Set lblTurn caption as "0"

7. Set lblPlayerTurn caption as ""

8. Set lblPairs caption as ([cmbHeight] * [cmbWidth] / 2)

1. For Count1 = 0 To 3

1.1 cmbPlayerType(Count1) disappears

1.2 txtPlayer(Count1) disappears

1.3 cmbComputerLevel(Count1) disappears

1.4 lblPlayer(Count1) disappears

1.5 Set lblPlayer(Count1) caption as ""

1.6 lblScore(Count1) disappears

1.7 Set lblScore(Count1) caption as "0"

1.8 Make lblPlayer(Count1) font bold false

1.9 Next Count1

2. Make lblPlayer(0) font bold true

3. For Count1 = 0 To ([cmbPlayers] - 1)

3.1 cmbPlayerType(Count1) appears

3.2 txtPlayer(Count1) appears

3.3 lblPlayer(Count1) appears

3.4 lblScore(Count1) appears

3.5 If cmbPlayerType(Count1) text is "Computer"

3.5.1 cmbComputerLevel(Count1) appears

3.6 Next Count1

1. For Count1 = 1 To 26

1.1 Add item Count1 to lstShuffled
1.2 Next Count1

2. For Count1 = 0 To ([lblPairs] – 1)

2.1 Generator = Int(Rnd * lstShuffled list count)

2.2 Set lstShuffled list index as Generator

2.3 Add item [lstShuffled] to lstSelection
2.4 If chkMultiple is unchecked

2.4.1 Remove item Generator from lstShuffled
2.5 Next Count1

3. Clear lstShuffled
1. For Count1 = 0 To (lblPairs - 1)

1.1 Set lstSelection list index as Count1

1.2 Add item [lstSelection] to lstSelection
1.3 Next Count1

2. For Count1 = 0 To (2 * ([lblPairs] - 1))

2.1 Generator = Int(Rnd * lstSelection list count)

2.2 Set lstSelection list index as Generator

2.3 Add item [lstSelection] to lstShuffled
2.4 Remove item Generator from lstSelection
2.5 Next Count1

(DisplayCard)

1. Set lstShuffled list index as (([lblIndex1] \ 10) * [cmbWidth]) + ([lblIndex1] Mod 10)

1.1 Select the case of [lstShuffled]

1.1.1 For case # load picture Card#.bmp for imgCard(Index)
2. For Count1 = 0 To (lstIndexes list count - 1)

2.1 If Count1 <= (lstIndexes list count - 1)

2.1.1 Set lstIndexes list index as Count1

2.1.2 Set lstSelected list index as Count1

2.1.3 If [lstIndexes] = [lblIndex1]

2.1.3.1 Remove item Count 1 from lstIndexes
2.1.3.2 Remove item Count 1 from lstSelected
2.1.3.3 Count1 = Count1 - 1

2.2 Next Count1

3. (DeterminePlayer)

4. Add item [lstShuffled] to lstSelection 

5. Add item [lstShuffled] to lstSelected 

6. Add item [lblIndex1] to lstIndexes 

7. If lstSelection list count = 2

7.1 (CheckCards)

(CheckCards)

1. Set lstSelection list index as 0

2. Card1 = [lstSelection]

3. Set lstSelection list index as 1

4. Card2 = [lstSelection]

5. If Card1 = Card2

5.1 (MatchFound)

6. If Card1 <> Card2

6.1 Enable tmrCardDelay
6.2 Set lblTurn caption as ([lblTurn] + 1)

6.3 For Count1 = 0 To 3

6.3.1 Set lblPlayer(Count1) font bold off

6.3.2 Next Count1

6.4 Count1 = ([lblTurn] Mod [cmbPlayers])

6.5 Set lblPlayerTurn caption as lblPlayer(Count1) caption

6.6 Set lblPlayer(Count1) font bold on

(MatchFound)

1. For Count1 = 0 To ([lblPairs] * 2)

1.1 If Count1 <= ([lstIndexes list count - 1)

1.1.1 Set lstIndexes list index as Count1

1.1.2 Set lstSelected list index as Count1

1.1.3 If [lstIndexes] = [lblIndex1] or [lstIndexes] = [lblIndex2]

1.1.3.1 Remove item Count1 From lstIndexes
1.1.3.2 Remove item Count1 From lstSelected
1.1.3.3 Count1 = Count1 - 1

1.2 Next Count1

2. imgCard([lblIndex1]) disappears

3. imgCard([lblIndex2]) disappears

4. Set lblIndex1 caption as ""

5. Set lblIndex2 caption as ""

6. Clear lstSelection
7. Count1 = ([lblTurn] Mod [cmbPlayers])

8. lblScore(Count1) = lblScore(Count1) + 1

9. Set lblPairs caption as ([lblPairs] - 1)

10. If lblPairs caption = 0

10.1 fraOutcome appears

10.2 (DetermineOutcome)

(DetermineOutcome)

1. Clear picOutcome
2. If [cmbPlayers] > 1

2.1 Count2 = [lblScore(0)]

2.2 Winner = 0

2.3 For Count1 = 1 To 3

2.3.1 If [lblScore(Count1)] = Count2

2.3.1.1 Draw = True

2.3.2 If [lblScore(Count1)] > Count2

2.3.2.1 Count2 = [lblScore(Count1)]

2.3.2.2 Winner = Count1

2.3.2.3 Draw = False

2.3.3 Next Count1

2.4 If Draw = False

2.4.1 Print lblPlayer(Winner) caption; "Wins!" in picOutcome
2.4.2 Set picResult picture as “Winner.bmp"

2.4.3 If lblPlayer(Winner) caption = "Computer"

2.4.3.1 Print "Bad luck!" in picOutcome 

2.4.3.2 Set picResult picture as “Depressed.bmp"

2.5 If Draw = True

2.5.1 Print "It's a bloody draw!" in picOutcome 

2.5.2 Set picResult picture as “Frustrated.bmp"

3. If [cmbPlayers] =< 1

3.1 Print "Well Done"; lblPlayer(0) caption; "!" in picOutcome 

3.2 Print "You found"; ([cmbHeight] * [cmbWidth] / 2); " pairs in"; [lblTurn]; " turns" in picOutcome 

3.3 Set picResult picture as “Trophy.bmp"

(ResizeWindow)

1. For Count1 = 0 To 49

1.1 If chkHighlight unchecked

1.1.1 Set imgCard(Count1) picture as “CardBack1.bmp"

1.2 If chkHighlight checked

1.2.1 Set imgCard(Count1) picture as “CardBack2.bmp"

1.3 imgCard(Count1) appears

1.4 Next Count1

2. For Count1 = ([cmbHeight] * 10) To 49

2.1 imgCard(Count1) disappears

2.2 Next Count1

3. For Count1 = ([cmbWidth]) To ([cmbHeight] * 10)

3.1 If Count1 Mod 10 >= ([cmbWidth])

3.1.1 imgCard(Count1) disappears

3.2 Next Count1

(TurnOver)

1. Set imgCard([lblIndex1]) picture as “CardBack1.bmp"

2. Set imgCard([lblIndex1]) picture as “CardBack1.bmp"

3. Set lblIndex1.Caption as ""

4. Set lblIndex2.Caption as ""

5. Clear lstSelection

6. (DeterminePlayer)

(DeterminePlayer)

1. If lblPlayerTurn caption = "Computer"

1.1 Enable tmrComputerDelay

(ComputerTurn)

1. Clear lstMatches
2. For Count1 = 0 To (lstSelected list count - 1)

2.1 Set lstIndexes list index as Count1

2.2 Set lstSelected list index as Count1

2.3 Index1 = [lstIndexes]

2.4 Card1 = [lstSelected]

2.5 For Count2 = (Count1 + 1) To (lstSelected list count - 1)

2.5.1 Set lstIndexes list index as Count2

2.5.2 Set lstSelected list index as Count2

2.5.3 Index2 = [lstIndexes]

2.5.4 Card2 = [lstSelected]

2.5.5 If Card1 = Card2 And Index1 <> Index2

2.5.5.1 Add item Index1 to lstMatches 

2.5.5.2 Add item Index2 to lstMatches
2.5.6 Next Count2

2.6 Next Count1

3. If lstMatches list count >= 2

3.1 Count1 = [lblTurn] Mod [cmbPlayers]

3.2 Intelligence = (4 – cmbComputerLevel(Count1) list index)

3.3 Generator = Int(Rnd * 4) + 1

4. If Intelligence >= Generator And lstMatches list count >= 2

4.1 If lstSelection list count = 0

4.1.1 (FirstSelect)

4.2 If lstSelection list count <> 0

4.2.1 (SecondSelect)

5. If Intelligence < Generator Or lstMatches list count < 2

5.1 (RandomSelect)

(RandomSelect)

1. For Count1 = 0 To 0

1.1 Generator = Int(Rnd * [cmbHeight] * 10)

1.1.1 If imgCard(Generator) visible And Generator <> [lblIndex1]

1.1.1.1 Set lblIndex2 caption as lblIndex1 caption

1.1.1.2 Set lblIndex1 caption as Generator

1.1.1.3 (DisplayCard)

1.1.1.4 (DeterminePlayer)

1.1.2 If imgCard(Generator) invisible Or Generator = [lblIndex1]

1.1.2.1 Count1 = Count1 - 1

1.2 Next Count1

(FirstSelect)

1. Generator = Int(Rnd * lstMatches list count)

2. Set lstMatches list index as Generator

3. Set lblIndex2 caption as lblIndex1 caption

4. Set lblIndex1 caption as [lstMatches]

5. (DisplayCard)

(SecondSelect)

1. Set lstSelection list index as 0

2. Index1 = [lblIndex1]

3. Card1 = [lstSelection]

4. Match = False

5. For Count1 = 0 To (lstIndexes list count – 1)

5.1 Set lstIndexes list index as Count1

5.2 Set lstSelected list index as Count1

5.3 Index2 = [lstIndexes]

5.4 Card2 = [lstSelected]

5.5 If Card1 = Card2 And Index1 <> Index2

5.5.1 Winner = Index2

5.5.2 Match = True

5.6 Next Count1

6. If Match = True

6.1 Set lstMatches list index as 0

6.2 Set lblIndex2 caption as lblIndex1 caption

6.3 Set lblIndex1 caption as Winner

6.4 (DisplayCard)

7. If Match = False

7.1 (RandomSelect)

frmMain

Click cmdEnd
1. frmHelp disappears
Click tabHelp
2. For Count1 = 0 To 5
2.1 fraHelp(Count1) disappears
2.2 Next Count1
3. Index = tabHelp selected item index
4. fraHelp([Index] - 1) appears

Structure Design Charts

Data Dictionary

	Variable


	Data Type
	Purpose

	· Count1
	Integer
	Used as a counter for all simple single loops.

	· Count2
	Integer
	Used as an internal loop inside a loop using Count1.

	· Index1
	Integer
	Used with Index2 to compare two different index numbers within a single list box.

	· Index2
	Integer
	Used with Index1 to compare two different index numbers from a single list box.

	· Card1
	Integer
	Used with Card2 to compare two card values.

	· Card2
	Integer
	Used with Card1 to compare two card values.

	· Generator
	Integer
	Used to contain all randomly generated integers within the code.

	· Winner
	Integer
	Used to store either the number representing the highest score or number representing the winning player

	· Intelligence
	Integer
	Used to store the intelligence level for a computer player.

	· Draw
	Boolean
	Used to determine if a game was a draw – that is the highest score was shared by more than one player.

	· Match
	Boolean
	Used with Card1, Card2, Index1 and Index2 to determine if two different cards match each other.


Note: No constants were used in the creation of this application

Note: All variables above appear in a public general procedure and therefore they have a public scope. Although all variables are only declared once in the code, they are applicable to both forms.

Program Testing

As planned, this application was tested throughout the designing phase of the assignment so progress could be monitored in small steps along the way. Backtracking was often necessary because each time I added another level to the program I seemed to encounter another unforeseen problem. I soon discovered that saving frequently was essential because sometimes the codes I had written began to cycle indefinitely and the only option was to force the application to end and to lose all progress since the last save.

From the beginning until the application was completed, the form included two extra command buttons, two labels, a list box and a text box. These were all intended for testing purposes, they were named and captioned accordingly and positioned away from everything else to avoid confusion. Whenever I had a new problem I would use these objects and change the code for the test command buttons in order to figure it out. Once a suitable solution was established I would move the code from these test command buttons to wherever it was needed. I found this was a very practical option and I would definitely use this method again if creating another fairly complex program.

I could recognize that the problems we were initially given, for example dealing the cards, could have been done in numerous different ways and I spent a fair deal of time searching for the most efficient way to solve each problem in terms of the shortest code length and computer processing time. I have no doubt what I have done could be achieved more efficiently, but the time expended on making those changes would not have been worthwhile in the long run.

Evaluation

When this program neared completion, reflecting on the initial criteria and problem definition was an imperative step. The finished program has been thoroughly assessed and compared with the initial objective by reviewing each of the individual requirements. Fortunately I had decided to complete the bulk of this assignment closer to the date is was given to us rather than the date is was due. This way I had plenty of time to fix minor problems and add extra features. I was satisfied at this stage with the way the program worked, and most of the time-consuming documentation process was complete.

Excluding the help form, I had designed this entire program to fit in a single maximized main form. This meant the application remained fairly simple to use and I was happy with that. All of the objects in this game, excluding the command buttons, are located in frames. These frames were especially designed to overlap each other perfectly so when the frame in the foreground disappears, the frame in the background appears to replace it. This technique of using layered frames limited the length of code I needed – to have each individual object disappear or appear would have been madness. The actual game includes three phases, each with it’s own frame configuration, even though this might not be obvious to the user. These phases included the game options phase, the player entry phase and the gameplay phase. Realizing from the moment I started this assignment I wanted to design the game with these three phases helped tremendously.

The number of features included in this program made it complicated to work with at times, however the original idea of using list boxes meant I could witness the computer assigning different values rather than relying on blind faith. However by the end of designing the program I spent some time simplifying the code and adding comments as concisely as possible. Once the algorithm design part of the documentation was finished I found the code was actually easier to follow than I had ever anticipated. In fact I wondered why I had found any of this program difficult to create at all.

The finished game met all of the initial criteria and actually extended further than my ambitions. As desired, the shuffling of the cards was completely random and as a unique feature the set of cards selected for shuffling each game was done randomly as well. Nearly every time the game is played a different set of cards appears. I regret drawing a series of playing cards instead of attractive pictures because I feel this game feature would be more obvious and the average person would find picture cards easier to remember.

As seen in the game options phase, the dimensions of the game board can be changed using two dropdown boxes. I had considered text boxes, but the end product would have required lengthy code and numerous potential errors. I increased the values of the width dropdown box in increments of two so the user could only specify dimensions which produced a whole number of pairs. For the same reasons I used a dropdown box to specify the number of players. I was initially tentative in deciding whether the game needed a player entry phase, but it proved essential later on when I enabled the computer to participate in the game. The entry of player’s names could easily have been omitted, however it did add a personal touch and I think the game needed that element.

In the end I was extremely pleased with the simple artificial intelligence I had established within the game. Each player could be set as a computer and its intelligence set on any of the five specified levels. This intelligence level determined the chance it would either select a card randomly or based on its flawless memory of which cards had already been selected. The code was complicated to work with at times, however I knew if I pulled this one off my time would have been well spent.

Other additional features to the game included the option to highlight selected pairs and to allow the appearance of multiple pairs as specified using checkboxes. The code for these options was simple, however the option to cheat against the computer or see the same pair appear more than once adds interest to the game. A checkbox is also used to hide or show the comical background pictures in case they distract the user from his game.

Taking the teacher’s advice, I initially used a delay timer to overturn cards, however I later came to understand that if the delay time was too slow the user could become frustrated, and if it was too fast the user may not remember or even see the cards as easily. The same concept was true for the delay timer I used to determine the increments between which the computer selected cards. The solution leading to my satisfaction was a slider to either slow down or speed up both delays, and to make these values realistic required a fair amount of testing. I decided to also let the user overturn cards prematurely by clicking early.

In conclusion, I am confident the program I designed comfortably satisfies all original objectives and even exceeded my expectations. Despite my original fear that using only one form for the game might make the program congested and user unfriendly, I am happy with the way the program looks and runs thanks to the three phases I have illustrated. After testing the finished program with other students – the only computer game I’ve ever been allowed to play during class time – I haven’t found any errors, and aside from minor modifications to the code, the only improvements I can think of involve the addition of one or two more simple features to the game. Overall I am very pleased with the game, complete with its artificial intelligence and comical background pictures it generates its own kind of appeal and I’ve even found it to be quite addictive at times.

Algorithm Implementation

frmMain

Private Sub Form_Load()

cmbHeight.Text = 3

cmbWidth.Text = 6

cmbPlayers.Text = 1

For Count1 = 0 To 3

    cmbPlayerType(Count1).Text = "Human"

    cmbComputerLevel(Count1).Text = "Average"

Next Count1 
'All combo box values are set
End Sub

Private Sub cmdNew_Click()

If cmdNew.Caption = "New Game" Then

    DealCards

    ResizeWindow

    fraDimensions.Visible = False

    fraOptions.Visible = False

    fraPlayers.Visible = True

    cmdNew.Caption = "End Game"

    imgGame.Picture = LoadPicture("A:\Mouse.jpg")
'If a game is not in progress the player entry phase is commenced
Else

    ResizeWindow

    fraDimensions.Visible = True

    fraOptions.Visible = True

    fraPlayers.Visible = False

    fraOutcome.Visible = False

    cmdNew.Caption = "New Game"

    imgGame.Picture = LoadPicture("A:\Pig.jpg")
'If a game is in progress the game options phase is commenced
End If

End Sub

Private Sub cmdHelp_Click()

    frmHelp.Visible = False

    frmHelp.Visible = True

End Sub

Private Sub cmdExit_Click()

    End

End Sub

Private Sub cmbWidth_Click()

    ResizeWindow

End Sub

Private Sub cmbHeight_Click()

    ResizeWindow

End Sub

Private Sub cmdDone_Click()

    For Count1 = 0 To 3

        If cmbPlayerType(Count1).Text = "Human" Then

            lblPlayer(Count1).Caption = txtPlayer(Count1).Text

        Else: lblPlayer(Count1).Caption = "Computer"

        End If

'For all lblPlayer the appropriate caption is assigned
    Next Count1

    fraPlayers.Visible = False

    lblPlayerTurn.Caption = lblPlayer(0).Caption

    DeterminePlayer
'The gameplay phase is commence
End Sub

Private Sub chkBackground_Click()

    If chkBackground.Value = 0 Then

        imgGame.Visible = False

        imgPlayer.Visible = False

    Else

        imgGame.Visible = True

        imgPlayer.Visible = True

    End If

'The background pictures appear or disappear depending on chkBackground
End Sub

Private Sub cmbPlayerType_Click(Index As Integer)

    If cmbPlayerType(Index).Text = "Computer" Then

        cmbComputerLevel(Index).Visible = True

    Else: cmbComputerLevel(Index).Visible = False

    End If

'The corresponding computer level combo box appears or disappears
End Sub

Private Sub sldSpeed_Click()

    tmrCardDelay.Interval = 300 * Val(sldSpeed.Value)

    tmrComputerDelay.Interval = 400 * Val(sldSpeed.Value)

End Sub

Private Sub imgCard_Click(Index As Integer)

If cmdNew.Caption = "End Game" And lblPlayerTurn.Caption <> "Computer" Then

    If lstSelection.ListCount <= 1 And tmrComputerDelay.Enabled = False Then

        lblIndex2.Caption = lblIndex1.Caption

        lblIndex1.Caption = Index

        If lblIndex1.Caption <> lblIndex2.Caption Then

            DisplayCard

        End If
'If a game is in progress, it is not the computer's turn, two cards are not overturned and the corresponding imgCard is not already selected then DisplayCard is commenced
    Else

        TurnOver

        tmrCardDelay.Enabled = False

        tmrComputerDelay.Enabled = False

    End If 
'If a game is in progress, it is not the computer's turn and two cards are already overturned then TurnOver is commenced
End If

End Sub

Public Sub DealCards()

Randomize

lstSelection.Clear

lstShuffled.Clear

lstSelected.Clear

lstIndexes.Clear

lstMatches.Clear                        'All list boxes are cleared
lblTurn.Caption = "0"

lblPlayerTurn.Caption = ""

lblPairs = Val(cmbHeight.Text) * Val(cmbWidth.Text) / 2

For Count1 = 0 To 3

    cmbPlayerType(Count1).Visible = False

    txtPlayer(Count1).Visible = False

    cmbComputerLevel(Count1).Visible = False

    lblPlayer(Count1).Visible = False

    lblPlayer(Count1).Caption = ""

    lblScore(Count1).Visible = False

    lblScore(Count1).Caption = "0"

    lblPlayer(Count1).FontBold = False

Next Count1                         
'All player associated boxes disappear
lblPlayer(0).FontBold = True

For Count1 = 0 To Val(cmbPlayers.Text) - 1

    txtPlayer(Count1).Visible = True

    cmbPlayerType(Count1).Visible = True

    lblPlayer(Count1).Visible = True

    lblScore(Count1).Visible = True

    If cmbPlayerType(Count1).Text = "Computer" Then

        cmbComputerLevel(Count1).Visible = True

    End If

Next Count1                         
'The correct number of player associated boxes reappear
For Count1 = 1 To 26

    lstShuffled.AddItem Count1

Next Count1                             
'Numbers from 1 to 26 are added to lstShuffled
For Count1 = 0 To lblPairs - 1

Generator = Int(Rnd * lstShuffled.ListCount)
'The numbers in lstShuffled are randomly selected and added to lstSelection until the correct number of pairs is obtained
    lstShuffled.ListIndex = Generator

    lstSelection.AddItem Val(lstShuffled.Text)

    If chkMultiple.Value = 0 Then

        lstShuffled.RemoveItem Generator
'If chkMultiple is unchecked the numbers in lstShuffled are removed so the same number is not selected again
    End If

Next Count1

lstShuffled.Clear

For Count1 = 0 To lblPairs - 1

    lstSelection.ListIndex = Count1

    lstSelection.AddItem Val(lstSelection.Text)

Next Count1 
'For each of the items in lstSelection that number is added once again
For Count1 = 0 To 2 * lblPairs - 1

    Generator = Int(Rnd * lstSelection.ListCount)

    lstSelection.ListIndex = Generator

    lstShuffled.AddItem Val(lstSelection.Text)

    lstSelection.RemoveItem Generator

Next Count1
'For each of the items in lstSelection the numbers are randomly selected and removed from lstSelection and added to lstShuffled
End Sub

Public Sub DisplayCard()

lstShuffled.ListIndex = ((Val(lblIndex1.Caption) \ 10) * Val(cmbWidth.Text)) + (Val(lblIndex1.Caption) Mod 10)

    Select Case Val(lstShuffled.Text)

        Case 1: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card1.bmp")

        Case 2: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card2.bmp")

        Case 3: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card3.bmp")

        Case 4: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card4.bmp")

        Case 5: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card5.bmp")

        Case 6: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card6.bmp")

        Case 7: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card7.bmp")

        Case 8: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card8.bmp")

        Case 9: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card9.bmp")

        Case 10: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card10.bmp")

        Case 11: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card11.bmp")

        Case 12: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card12.bmp")

        Case 13: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card13.bmp")

        Case 14: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card14.bmp")

        Case 15: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card15.bmp")

        Case 16: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card16.bmp")

        Case 17: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card17.bmp")

        Case 18: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card18.bmp")

        Case 19: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card19.bmp")

        Case 20: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card20.bmp")

        Case 21: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card21.bmp")

        Case 22: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card22.bmp")

        Case 23: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card23.bmp")

        Case 24: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card24.bmp")

        Case 25: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card25.bmp")

        Case 26: imgCard(lblIndex1.Caption).Picture = LoadPicture("A:\Card26.bmp")

        End Select
'The case of lstShuffled value is selected and the picture matching that number is loaded into the correct imgCard
For Count1 = 0 To lstIndexes.ListCount - 1

    If Count1 <= lstIndexes.ListCount - 1 Then

        lstIndexes.ListIndex = Count1

        lstSelected.ListIndex = Count1

        If Val(lstIndexes.Text) = lblIndex1.Caption Then

            lstIndexes.RemoveItem Count1

            lstSelected.RemoveItem Count1

            Count1 = Count1 - 1

        End If

    End If

Next Count1
'For each of the items in lstSelected and lstIndexes the computer removes those which match lblIndex1
DeterminePlayer

lstSelection.AddItem Val(lstShuffled.Text)

lstSelected.AddItem Val(lstShuffled.Text)

lstIndexes.AddItem Val(lblIndex1.Caption)

If lstSelection.ListCount = 2 Then

    CheckCards

End If

End Sub

Private Sub tmrCardDelay_Timer()

    TurnOver

    tmrCardDelay.Enabled = False

End Sub

Private Sub tmrComputerDelay_Timer()

    tmrComputerDelay.Enabled = False

    If lblPlayerTurn.Caption = "Computer" And fraOutcome.Visible = False And cmdNew.Caption = "End Game" Then

        ComputerTurn

        tmrComputerDelay.Enabled = True

    End If 
'If it's a computer's turn tmrcomputerdelay is enabled and ComputerTurn commenced
End Sub

Public Sub CheckCards()

lstSelection.ListIndex = 0

Card1 = Val(lstSelection.Text)

lstSelection.ListIndex = 1

Card2 = Val(lstSelection.Text)

If Card1 = Card2 Then

    MatchFound                          'If the two cards match then MatchFound is commenced
Else

    tmrCardDelay.Enabled = True

    lblTurn.Caption = Val(lblTurn.Caption) + 1

    For Count1 = 0 To 3

        lblPlayer(Count1).FontBold = False

Next Count1                                 'All lblPlayer font bolds are turned off
    Count1 = Val(lblTurn.Caption) Mod Val(cmbPlayers.Text)

    lblPlayerTurn.Caption = lblPlayer(Count1).Caption

    lblPlayer(Count1).FontBold = True
'The correct lblPlayer font bold is turn on and its caption is assigned to lblPlayerTurn
End If

End Sub

Public Sub MatchFound()

For Count1 = 0 To Val(lblPairs.Caption) * 2

    If Count1 <= lstIndexes.ListCount - 1 Then

        lstIndexes.ListIndex = Count1

        lstSelected.ListIndex = Count1

        If Val(lstIndexes.Text) = lblIndex1.Caption Or Val(lstIndexes.Text) = lblIndex2.Caption Then

            lstIndexes.RemoveItem Count1

            lstSelected.RemoveItem Count1

            Count1 = Count1 - 1

        End If

    End If

Next Count1
'For each of the corresponding items in lstIndexes and lstSelected if the value of lstIndexes is equal to lblIndex1 or lblIndex2 then both items are removed
imgCard(Val(lblIndex1.Caption)).Visible = False

imgCard(Val(lblIndex2.Caption)).Visible = False

lblIndex1.Caption = ""

lblIndex2.Caption = ""

lstSelection.Clear                                  'The matching imgCards disappear
Count1 = Val(lblTurn.Caption) Mod Val(cmbPlayers.Text)

lblScore(Count1) = lblScore(Count1) + 1

lblPairs.Caption = Val(lblPairs.Caption) - 1
'The correct player's score increases and lblPairs decreases by one

If lblPairs.Caption = 0 Then

    fraOutcome.Visible = True

    DetermineOutcome

End If                                  'If no pairs remain DetermineOutcome is commenced
End Sub

Public Sub DetermineOutcome()

picOutcome.Cls

If Val(cmbPlayers.Text) > 1 Then

    Count2 = Val(lblScore(0).Caption)

    Winner = 0

    For Count1 = 1 To 3

        If Val(lblScore(Count1).Caption) = Count2 Then

            Draw = True

        End If

        If Val(lblScore(Count1).Caption) > Count2 Then

            Count2 = Val(lblScore(Count1).Caption)

            Winner = Count1

            Draw = False

        End If

    Next Count1                     'The player who won is determined or a draw is found
    If Draw = False Then

        picOutcome.Print lblPlayer(Winner).Caption

        picOutcome.Print "Wins!"

        picResult.Picture = LoadPicture("A:\Winner.bmp")

        If lblPlayer(Winner).Caption = "Computer" Then

            picOutcome.Print "Bad luck!"

            picResult.Picture = LoadPicture("A:\Depressed.bmp")

        End If

    Else

        picOutcome.Print "It's a bloody"

        picOutcome.Print "draw!"

        picResult.Picture = LoadPicture("A:\Frustrated.bmp")

    End If

Else

picOutcome.Print "Well Done"

picOutcome.Print lblPlayer(0).Caption; "!"

picOutcome.Print "You found"; Val(cmbHeight.Text) * Val(cmbWidth.Text) / 2

picOutcome.Print "pairs in"

picOutcome.Print lblTurn.Caption; " turns"

picResult.Picture = LoadPicture("A:\Trophy.bmp")

End If

End Sub

Public Sub ResizeWindow()

For Count1 = 0 To 49

    If chkHighlight.Value = 0 Then

        imgCard(Count1).Picture = LoadPicture("A:\CardBack1.bmp")

    Else: imgCard(Count1).Picture = LoadPicture("A:\CardBack2.bmp")

    End If

    imgCard(Count1).Visible = True

Next Count1
'All imgCards appear
For Count1 = Val(cmbHeight.Text) * 10 To 49

    imgCard(Count1).Visible = False

Next Count1

For Count1 = Val(cmbWidth.Text) To Val(cmbHeight.Text) * 10

    If Count1 Mod 10 >= Val(cmbWidth.Text) Then

        imgCard(Count1).Visible = False

    End If

Next Count1
'imgCards outside of the set dimensions disappear
End Sub

Public Sub TurnOver()

    imgCard(Val(lblIndex1.Caption)).Picture = LoadPicture("A:\CardBack1.bmp")

    imgCard(Val(lblIndex2.Caption)).Picture = LoadPicture("A:\CardBack1.bmp")

    lblIndex1.Caption = ""

    lblIndex2.Caption = ""

    lstSelection.Clear

    DeterminePlayer

End Sub

Public Sub DeterminePlayer()

    If lblPlayerTurn.Caption = "Computer" Then

        tmrComputerDelay.Enabled = True

    Else

    End If

'If it's a computer's turn tmrcomputerdelay is enabled
End Sub

Public Sub ComputerTurn()

Randomize

lstMatches.Clear

For Count1 = 0 To lstSelected.ListCount - 1

    lstIndexes.ListIndex = Count1

    lstSelected.ListIndex = Count1

    Index1 = Val(lstIndexes.Text)

    Card1 = Val(lstSelected.Text)

        For Count2 = Count1 + 1 To lstSelected.ListCount - 1

            lstIndexes.ListIndex = Count2

            lstSelected.ListIndex = Count2

            Index2 = Val(lstIndexes.Text)

            Card2 = Val(lstSelected.Text)

            If Card1 = Card2 And Index1 <> Index2 Then

                lstMatches.AddItem Index1

                lstMatches.AddItem Index2

            End If

            Next Count2

Next Count1
'For each item in lstSelected, that value is compared with all of the following values within lstSelected. If a match is found and the corresponding lstIndexes values don't match then those two different lstIndexes values are added to lstMatches
If lstMatches.ListCount >= 2 Then

    Count1 = Val(lblTurn.Caption) Mod Val(cmbPlayers.Text)

    Intelligence = 4 - Val(cmbComputerLevel(Count1).ListIndex)

    Generator = Int(Rnd * 4) + 1

End If

If Intelligence >= Generator And lstMatches.ListCount >= 2 Then

    If lstSelection.ListCount = 0 Then

        FirstSelect    
'If the random number is to equal or greater than the computer's intelligence level and no cards have been selected FirstSelect is commenced
Else: SecondSelect  
'If the random number is to equal or greater than the computer's intelligence level and a cards has already been selected SecondSelect is commenced

    End If

Else: RandomSelect
'If the random number is to less than the computer's intelligence level then RandomSelect is commenced

End If

End Sub

Public Sub RandomSelect()

Randomize

For Count1 = 0 To 0

    Generator = Int(Rnd * Val(cmbHeight.Text) * 10)

        If imgCard(Generator).Visible = True And Generator <> lblIndex1.Caption Then

            lblIndex2.Caption = lblIndex1.Caption

            lblIndex1.Caption = Generator

            DisplayCard

            DeterminePlayer

        Else: Count1 = Count1 - 1

        End If

Next Count1
'Cards are randomly selected until one is found to be visible, that card is selected and DisplayCard is commenced
End Sub

Public Sub FirstSelect()

Randomize

Generator = Int(Rnd * lstMatches.ListCount)

lstMatches.ListIndex = Generator

lblIndex2.Caption = lblIndex1.Caption

lblIndex1.Caption = Val(lstMatches.Text)

DisplayCard
'An item in lstMatches is randomly selected, that card is selected and DisplayCard is commenced

End Sub

Public Sub SecondSelect()

lstSelection.ListIndex = 0

Index1 = Val(lblIndex1.Caption)

Card1 = Val(lstSelection.Text)

Match = False

For Count1 = 0 To lstIndexes.ListCount - 1

    lstIndexes.ListIndex = Count1

    lstSelected.ListIndex = Count1

    Index2 = Val(lstIndexes.Text)

    Card2 = Val(lstSelected.Text)

    If Card1 = Card2 And Index1 <> Index2 Then

        Winner = Index2

        Match = True

    End If

Next Count1
'The card matching the value of the one already selected without being the same one is found

If Match = True Then

    lstMatches.ListIndex = 0

    lblIndex2.Caption = lblIndex1.Caption

    lblIndex1.Caption = Winner

    DisplayCard

Else: RandomSelect

End If 

'The card matching the one selected is selected and DisplayCard is commenced

End Sub

Public Sub VariablesDeclared()

Dim Index1 As Integer, Index2 As Integer

Dim Count As Integer, Count1 As Integer, Count2 As Integer

Dim Card1 As Integer, Card2 As Integer

Dim Generator As Integer, Matches As Integer, Winner As Integer

Dim Draw As Boolean

Dim Intelligence As Integer

Dim Match As Boolean

'All variables are declared
End Sub

frmMain

Private Sub cmdEnd_Click()

    frmHelp.Visible = False

End Sub

Private Sub tabHelp_Click()

    For Count1 = 0 To 5

        fraHelp(Count1).Visible = False

    Next Count1
'All objects in the fraHelp array disappear
    Index = tabHelp.SelectedItem.Index

    fraHelp(Index - 1).Visible = True       'The fraHelp corresponding with the tab the user clicked appears. Frames are used because it is able to contain other objects while a tab strip cannot
End Sub
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