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[bookmark: _Toc172670502]Introduction

The objective of this project is to investigate one of the most popular board game, Scrabble and develop a computer-based solution that resemble a gameplay experience. Scrabble is a widely popular word game where players score points by creating words from tiles with letters on a 15x15 board. Each word must connect to the existing words on the board, following specific rules that control tile placement and scoring. 
The development of a computer-based Scrabble game involves several steps, including defining the rules of the game, identifying and prioritizing the necessary features using the MoSCoW technique, and implementing the game through a well organised algorithm. The game must enforce the rules accurately and offer various gameplay modes to enhance the user experience.
This report is going to show the rules of Scrabble, showing the essential features for the computer based solution, and provide implementation strategy through flowcharts and pseudocode. The goal is to create a robust, enjoyable, and accessible digital version of Scrabble that maintains the integrity and challenge of the original board game.




[bookmark: _Toc172670503]Task 1: Description of Scrabble rules

1. [bookmark: _Toc172670504]Objective of the game

“The main goal of Scrabble is to outscore your opponents by creating legitimate words on the board with letter tiles. Points are earned based on the value of the letters in the words, with extra bonuses for placing tiles on special squares. Here are the essential aspects to reach the objective:
Form Words: Players alternate turns to create words on a 15x15 board using their letter tiles. Words can be placed horizontally or vertically, and each new word must link to words already on the board.
Maximize Score: Each letter tile has a certain number of points, and players try to make words that score high. Some squares on the board give extra points and can greatly increase the score of a word when used.
Bonus Points: If a player uses all seven of their tiles in one turn, they earn a 50-point bonus, which is called a "bingo."
Endgame Scoring: The game ends when all tiles are used or when players cannot form any more words. Players then subtract the total value of unplaced tiles from their score. If a player uses all their tiles, they add the sum of all opponents' unplaced tiles to their score.
The player who has the most points when the game ends is the winner. ​” [1] [2]

2. [bookmark: _Toc172670505]Setup

Game Components:
“You need the Board: A 15x15 grid with 225 squares, including special premium squares, the Tiles: 100 letter tiles, including 2 blank tiles which act as wild cards, the Racks: Each player gets a rack to hold their tiles and the Tile Bag: Tiles are placed in a bag for random drawing.” [1]
Starting the Game:
“Each player picks a tile from the bag, and the one with the letter closest to “A” goes first. Blank tiles come before “A”. All tiles are then put back in the bag and shuffled. Each player draws seven tiles to start the game.” [1]

3. [bookmark: _Toc172670506]Gameplay Mechanics

Word Formation and Placement
“The first player must place a word that includes the center star square. After that, every new word must connect to words already on the board. Words can be added horizontally or vertically.” [2]
Valid Words: “Words must be found in the agreed-upon dictionary. Invalid words include abbreviations, prefixes/suffixes, hyphenated words, apostrophized words, proper nouns, and non-English words not in the dictionary​.” [2]
Drawing New Tiles: “Players draw new tiles after their turn to maintain seven tiles on their rack.” [1]
Special Moves: “Exchanging Tiles: Players can exchange tiles instead of playing a word, forfeiting their turn. 
Passing: Players can pass their turn. If all players pass twice consecutively, the game ends​.” [1]
Challenges: “Players can challenge an opponent's word if they think it's invalid. If the word is correct, the challenger loses their turn. If it's not valid, the player who placed the word removes it and loses their turn.” [1]
**Scoring System**

Letter Values: Each tile has its own point value.
Premium Squares:
 Double Letter Score: Light blue squares double the points of the tile placed on them.
 Triple Letter Score: Dark blue squares triple the points of the tile placed on them.
 Double Word Score: Light red squares double the score of the whole word.
 Triple Word Score: Dark red squares triple the score of the whole word.
Multiple Words: If placing a tile forms more than one new word, each word is scored separately, and premium squares are applied to each word.
Bingo Bonus: Using all seven tiles in one turn gives a 50-point bonus.

End Conditions
Game End: The game finishes when all tiles have been drawn and a player uses their last tile, or when no more moves can be made.
Final Scoring: Players subtract the total value of their remaining tiles from their score. If a player uses all their tiles, they add the sum of all opponents' unplaced tile values to their score.
Winner: The player with the highest final score wins​.

4. [bookmark: _Toc172670507]Requirements features list MoSCoW technique

“MoSCoW prioritization helps us rank tasks by importance: Must Have, Should Have, Could Have, Won't Have.” [3]
“Prioritization is key. Must-have features ensure core functionality, while Should-have and Could-have features enhance the experience but might be sacrificed for time constraints.” [4]
This is the list for the Scrabble game:
Must have:
Game Board: 15x15 grid for tile placement.
Tile Bag: 100 tiles with correct distribution and values.
Player Racks: Each player has a rack for 7 tiles.
Scoring System: Calculate scores using tile values and multipliers.
Word Validation: Check played words against a dictionary.
Turn System: Players take turns to play tiles.
End Game Conditions: Game ends when no tiles are left or after certain passes.
Basic UI: Display board, racks, and scores.
Should have:
Tile Exchange: Allow tile swapping.
Bingo Bonus: Extra points for using all 7 tiles.
AI Opponent: Basic AI for single-player.
Save/Load Game: Save and resume games.
Multiplayer Support: Play with others on the same device or network.
Could have:
Advanced AI: Complex strategies.
Hints and Tips: Move suggestions.
Statistics Tracking: Track player stats.
Timer: Limit turn durations.
Won't have:
3D Graphics: 3D game view.
Voice Commands: Voice-controlled gameplay.
Augmented Reality Mode: AR board viewing.
Cross-Platform Multiplayer: Play across devices/platforms.

[bookmark: _Toc172670508]Task 2: Implementation

1. [bookmark: _Toc172670509]Identification and Description of Variables

To implement Scrabble, we need to identify various variables. These will be used throughout the program to manage the game state, player actions, and scoring. Here's a list of variables and constants we might need, along with brief descriptions:
“Variables and Constants
	Constants:
1. board_size: This constant defines the size of the Scrabble board, typically set to 15, which corresponds to a 15x15 grid.
2. max_tiles_per_player: The maximum number of letters tiles a player can hold at any given time, generally set to 7.
3. letter_distribution: A specification of how many of each letter are present in the tile bag, ensuring an appropriate mix of tiles.
4. letter_points: This constant assigns a point value to each letter, which is used to calculate the score for words played.
5. bonus_squares: A mapping that identifies special board positions, indicating which squares offer bonuses like double or triple letter and word scores.
6. placement_directions: A list of permissible directions for placing words on the board, usually including options like horizontal and vertical.
7. max_players: This constant limit the number of players who can participate in a game session.	

Variables:

1. board: - A 2D array representing the Scrabble board.
2. tiles: - A list of all available letter tiles.
3. tile_bag: - A collection of remaining tiles to draw from.
4. players: - A list containing player information (each player is a dictionary with keys for name, score, and tiles).
5. current_player_index: - The number representing the player whose turn it is.
6. scores: - A dictionary mapping each letter to its point value.
7. word_list: - A set containing valid words.
8. placed_words: - A list of words that have been placed on the board.
9. current_word: - The word currently being formed by the player.
10. player_tiles: - The tiles currently held by each player (keyed by player index).
11. turn_count: - The number of turns that have been played.
12. game_over: - A boolean indicating if the game has ended.
13. bonus_squares: - A 2D array marking special squares for double/triple scores.
14. tile_positions: - Positions of tiles being placed on the board in the current turn.
15. direction: - The direction of the word being placed (either 'horizontal' or 'vertical').” [5]

2. [bookmark: _Toc172670510]Flowchart

“A flowchart is a diagram that illustrates a process, system, or computer algorithm. It visually represents the steps needed to solve a problem and breaks down the essential stages of the solution.” [6]

Here are some examples of flowcharts for my solution for the Scrabble game:

















Initialization flowchart		        Player turn flowchart
[image: Player turn Flowchart.][image: Initialization of the solution flowchart.]                                   Figure 2. Player turn Flowchart

Figure 1. Initialization Flowchart
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[image: Ending the game Flowchart.][image: Scoring a move Flowchart.]Figure 5. Ending the game
Figure 4. Scoring a move

























Figure 5. Ending the game Flowchart
Figure 4. Scoring a move Flowchart
Figure 3. Validating a move Flowchart

3. [bookmark: _Toc172670511]Pseudocode
Setting up the game
This snippet covers initializing the game components, such as the board, players, and tiles.
“InitializeGame()
    CreateBoard(15, 15)
    Initialize tile_bag with 100 tiles
    Shuffle(tile_bag)
    For each player in players
        player.tiles = DrawTiles(7)
        player.score = 0
    End For
    current_player_index = 0
    game_over = false
End InitializeGame”

Player turn
This snippet represents the main flow of a player's turn, including word placement and score calculation.
“function playerTurn():
    if game over:
        endGame()
    else:
        show board
        show player's tiles
        action = ask player what to do
        if action is 'place tiles':
            get move details
            if move is valid:
                update board
                update score
                give new tiles to player
            else:
                show error
        if action is 'exchange tiles':
            exchange tiles with bag
        if action is 'pass turn':
            pass turn
        switch to next player”

Validating a move
This function checks if a word placement is valid based on existing board rules.
“IsValidWord(word, start_position, direction)
    For each letter in word:
        Calculate board_position based on start_position and direction
        If board_position is out of bounds or collides with an incompatible tile:
            Return false
    Check if word connects with existing words on board
    Return true if valid, otherwise false
End IsValidWord”

Scoring a move
Pseudocode for scoring a move.
“function calculateScore():
    score = 0
    for each tile:
        add tile value to score
    if all tiles used:
        add bonus
    return score”


Ending the game
This snippet checks if the game is over.
“CheckGameOver()
    If tile_bag is empty and any player's tiles are empty:
        game_over = true
    consecutive_passes = CheckConsecutivePasses()
    If consecutive_passes >= 2:
        game_over = true
    Return game_over
End CheckGameOver”

Main game loop
This is the main loop of the game.
“MainGameLoop()
    InitializeGame()
    While not game_over:
        current_player = players[current_player_index]
        PlayerTurn(current_player)
        game_over = CheckGameOver()
    CalculateFinalScores()
    DeclareWinner()
End MainGameLoop”

These pseudocode snippets give us a basic outline of how to build a digital version of the Scrabble game. They show the main tasks and steps needed to make the game work, from setting up the game components to handling player turns and calculating scores. 




[bookmark: _Toc172670512]Conclusion
This report has detailed the development of a conceptual design for a computer-based Scrabble game. The introduction provided an overview of the classic board game, outlining its objectives, setup, gameplay mechanics, and scoring system. The MoSCoW prioritization technique was introduced to categorize essential features for the digital version. The implementation section explored the key variables and data structures needed to represent the game state and player actions. Flowcharts and pseudocode were described as a tool to visualize the game logic and decision points.
Developing a robust digital Scrabble game requires careful consideration of core gameplay mechanics, user experience, and potential complexities. While this report provides a foundational framework, further development can translate these concepts into functional code using appropriate algorithms and data structures. This includes:
- Implementing game logic: Coding the core functionalities like player turns, word validation, score calculation, and game flow management.
- Developing a user interface: Creating a user interface involves designing a user-friendly screen where players can easily interact with the game, see the board, and manage their tiles.
By focusing on these aspects, this project can evolve into a feature-rich and engaging digital version of Scrabble that captures the spirit and challenge of the original board game.
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