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[bookmark: _Toc172000788]1.0 Introduction
This report examines the traditional board game called Scrabble and comes up with a computerized approach to applying the game. Monopoly, Scrabble, Risk and many more games were created in this era, which includes Scrabble by Alfred Mosher Butts to be specific which is popular all around the world and is sold in over 120 countries in 33 different languages (Fatsis, 2021). The game is based on the combination of the word knowledge, tactics, and arithmetical scoring that makes it suitable for the transformation into a computer game. The next sections will describe the rules of Scrabble, enumerate the list of requirements for computerized version in accordance with the MoSCoW technique and describe the implementation of the proposed solution. Such digital adaptation of Scrabble is consistent with the current position of physical board games transitioning into the digital world domain, which has been boosted by the recent global occurrences (Xue, 2021). This report is meant to be a blueprint for the creation of a solid and fun digital Scrabble to play.
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Scrabble is an activity that is played by two to four people on a square board with a network of 15x15 cells (Hinkle, 2020). Seven letter tiles are then drawn at random from 98 letter tiles, of which two are blank tiles that can represent any letter. The game starts with the first player to place his word on the board, provided that this word must consist of at least two of his letter tiles and one of the tiles must be placed on the star in the middle of the board.
Other turns involve the players placing one or more letters on the existing words on the board to make new words that are complete, actual words (Fatsis, 2021). Words can be constructed one letter above the other creating a rectangle or a parallelogram and must be a part of a standard dictionary. Players get the points depending on the letters they have and the squares they occupy on the board. The letter values also vary and can start from 1 point to 10 points where the rarest letters, Q and Z, are valued more.The board features premium squares that multiply the value of a letter or an entire word:
· Double Letter Score (Light Blue)
· Triple Letter Score (Dark Blue)
· Double Word Score (Pink)
· Triple Word Score (Red)
The number of tiles on the players rack is restored to seven for every turn, as long as tiles are left in the pool. The game ends when all remaining tiles have been drawn or when a player exhausts all their letters on their rack. Scrabble play is incomplete without provocation of the challenger using some of the words that are against the rules. If a player has a question or does not believe that a word is legitimate they may challenge that word. If the challenged word is not allowed, the player who committed the mistake drops the tiles and loses his/her turn. However, if the word is valid, the challenger loses his/her next turn (Moskowitz, 2019). Blank tiles may not have a score, but they introduce a great deal of strategy to the game. They can be any letter of the week – this makes it possible to pull off some great plays, particularly, when combined with premium squares or to create a ‘bingo’ – using all tiles within a turn and earning a 50-point bonus.
The objective is to get as many points as possible and the one with the highest score at the end of the game is declared the winner. There are other rules that are added during tournaments like the time limit per the turn and the penalties that are imposed in the event of an over-time (National Scrabble Association, 2020).
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The MoSCoW method is a priority method used mostly in software developing and business analysis to set priorities with stakeholders on what should be achieved (Clegg & Barker, 2014). In our case where we shall be providing a computer-based Scrabble solution, the features shall be categorized as Must, Should, Could, and Won’t. 
Must Have:
1. Digital game board representation with 15x15 grid and premium squares
2. Virtual tile rack for each player with 7 tiles
3. Tile placement and word formation functionality
4. Automatic score calculation based on tile values and premium squares
5. Dictionary validation for played words
6. Turn-based gameplay system
7. Tile replenishment after each turn
8. Game end conditions (all tiles played or no more valid moves)
9. Basic user interface for game interaction
10. Local multiplayer mode for 2-4 players
Should Have:
1. AI opponent with adjustable difficulty levels
2. Online multiplayer functionality
3. User account system for tracking stats and rankings
4. In-game chat for online play
5. Customizable game rules (e.g., time limits, challenge rules)
6. Tutorial mode for new players
7. Ability to save and resume games
8. Replay feature to review past games
9. Word definitions lookup
10. Sound effects and basic animations
Could Have:
1. Advanced AI using machine learning techniques (Oshri et al., 2015)
2. Integration with social media platforms for sharing achievements
3. Tournaments and leaderboards
4. Spectator mode for online games
5. Customizable themes and board designs
6. Achievement system
7. Daily challenges or puzzles
8. Voice-activated commands
9. AR (Augmented Reality) mode for playing on a virtual board in real space
10. Cross-platform play (mobile, desktop, web)
Won't have:
1. Real-money gambling features
2. Integration with physical Scrabble boards
3. Support for non-standard Scrabble variants
4. Automatic word suggestion feature
5. Real-time simultaneous play mode
This way, the most important aspects of the game will remain within the “Must have” category, and the “Should have” and “Could have” categories are opened for improvements and innovations. As a result of applying the “Won’t have” list, it is easy to establish the limits in terms of the project scope.
The “Must have” features concentrate on the possible scenario of playing Scrabble on an electronic device, while retaining the spirit of the game. This is the game board, score and basic multiplayer capability. These elements are important in order to preserve the game’s balance and in satisfying the player (Xu et al., 2017).
The “Should have” features improve the digital experience by capitalizing on the strengths of a computer based system. For instance, the AI opponent directly responds to the problem of needing to play alone more often, and online multiplayer increases the amount of people who can potentially play. These characteristics enhance the product’s utility but are not critical to its primary purpose.
The “Could have” category contains features that could make the product unique in the market place. For instance, the incorporation of machine learning solutions in AI opponents could make the gameplay more interesting and realistic (Oshri et al., 2015). However, those should be used only if time and other resources are available for modification of the software.
The “Won’t have” list, in turn, assists in controlling the expectations of the stakeholders and keep the focus on the project. This means that there is a need to inform the audiences that these features are intentionally taken out.
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This section defines the implementation parameters and variables that are pertinent to the case. 
Constants:
1. BOARD_SIZE: 15 (15x15 grid)
2. INITIAL_TILES_PER_PLAYER: 7
3. BINGO_BONUS: 50 (points for using all 7 tiles in one turn)
4. LETTER_DISTRIBUTION: Dictionary or array of letter frequencies
5. LETTER_SCORES: Dictionary or array of point values for each letter
Variables:
1. Game State: Tracks if the game is in progress, paused, or completed
2. Current Player: Indicates whose turn it is
3. Players: Array of player objects, each containing: 
· Score: Current score of the player
· Rack: Tiles currently held by the player
4. Tile Bag: Remaining tiles available for drawing
5. Board: 2D array representing the current state of the game board
6. Word Validity: Boolean indicating if the last placed word is valid
7. Game Time: Total elapsed time of the game
8. Turn Time: Time remaining for the current player's turn
There are no variables in the Scrabble implementation – The size of the Scrabble board was fixed to 15 by 15; players were initially given 7 tiles; and there was a bonus of 50 points for turning all tiles in the word. The values of the letters are also constants as they do not change throughout the game and so is the letters distribution. These constants help to maintain the same level of the game from session to session and are used according to the rules of Scrabble (Schachner, 2019). 
Variables, in their turn, vary during the course of the game; The game state is another variable, which indicates if the game is in progress, on pause or if it has been won/lost. Some of the variables that pertain to a particular player are the current score, the number of tiles left in a player’s rack, and the player turn order. The current player variable shows who is current playing and tile bag variable shows how many tiles are left for drawing. 
The board state is a high dimensional vector, usually realized as a two dimensional matrix, which describes the present distribution of tiles on the board. The structure of this array is that every cell stores the information about the placed tile (if it exists) and the type of the premium square (double letter, triple word, etc. ). 
Another distinct variable is word validity which is calculated on the fly by referring to the official scrabble dictionary. This variable is different for each attempt to place the words and is essential for the introduction of the challenge feature. 
Time-related variables are also very important for the execution of game clock and this is more evident in the competitive play. These may include; Total game time, time per turn, (Fang et al., 2016). 
Thus, when using such an approach and having a clear understanding of the variables and constants, we get a solid and adaptable Scrabble implementation that translates the basic nature of the physical version to a digital environment and expands it where possible.
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The algorithm for our computer based Scrabble solution is one that is based on a flow chart that will be in a sequence like the actual game of Scrabble but with added computer assistance. The process starts by game initialization and establishment of the game board, tiles and the initial turn of the player. This setup phase is important in ensuring that the participants commence with equal chances and or the random chance is created (Neller et al., 2016). 
The core gameplay loop consists of several key steps: It includes the current player placing a word, and then the validation of this word, the calculation of the score that will be given to the player, and the replenishment of the tiles. Word validation is a significant part, using fast data structures such as DAWG (Directed Acyclic Word Graph) for faster dictionary search (Appel & Jacobson, 2018). 
Each time it is a player’s turn, the algorithm looks for conditions that would end the game including the exhaustion of tiles in the bag and situation where a player uses all his tiles on the board.
Initialize Game

Start


Current Player’s Turn



Place a Word on Board



Is Word Valid?

NO
YES



Calculate & Add Score



Replenish Tiles



Are Game End Conditions Met?

NO

Next Player’s Turn


YES

Calculate Final Score



Determine Winner




End

In the subsequent step, if the game does not end, then the turn goes to the next player and the cycle continues. This kind of turn-based structure guarantees the certain order in the game and does not eliminate the strategic aspect of it. When end-game conditions are met the formula is used to compute the final scores and declare the winner based on the number of tiles left in the players’ racks. During this process, the algorithm controls the game state and the board representation, the change of which and players’ interactions are described above and which provides a rather smooth digital Scrabble experience.
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This section provides pseudocode of the important sub-processes that are involved in the implementation of Scrabble game particularly involving the placement, validation and scoring of the placed words. These algorithms are at the very heart of the game’s functioning and guarantee the precise performance of a game (Eisenberg & Noe, 2009).
Word Placement:
FUNCTION PlaceWord(board, word, startRow, startCol, direction)
    IF direction = HORIZONTAL THEN
        FOR each letter in word
            IF board[startRow][startCol] is empty THEN
                Place letter on board[startRow][startCol]
            ELSE IF board[startRow][startCol] != letter THEN
                RETURN false  // Invalid placement
            END IF
            INCREMENT startCol
        END FOR
    ELSE  // Vertical placement
        FOR each letter in word
            IF board[startRow][startCol] is empty THEN
                Place letter on board[startRow][startCol]
            ELSE IF board[startRow][startCol] != letter THEN
                RETURN false  // Invalid placement
            END IF
            INCREMENT startRow
        END FOR
    END IF
    RETURN true  // Successful placement
END FUNCTION
Word Validation:
FUNCTION ValidateWord(word)
    IF word exists in DAWG (Directed Acyclic Word Graph) THEN
        RETURN true
    ELSE
        RETURN false
    END IF
END FUNCTION

The validation of words in a DAWG takes much less time than the time required for word validation in the dictionary (Appel & Jacobson, 2018).
Score Calculation:
FUNCTION CalculateScore(word, startRow, startCol, direction)
    score = 0
    wordMultiplier = 1
    FOR each letter in word
        letterScore = GetLetterScore(letter)
        IF current square is DoubleLetter THEN
            letterScore *= 2
        ELSE IF current square is TripleLetter THEN
            letterScore *= 3
        END IF
        score += letterScore
        IF current square is DoubleWord THEN
            wordMultiplier *= 2
        ELSE IF current square is TripleWord THEN
            wordMultiplier *= 3
        END IF
        IF direction = HORIZONTAL THEN
            INCREMENT startCol
        ELSE
            INCREMENT startRow
        END IF
    END FOR
    score *= wordMultiplier
    IF all 7 tiles used THEN
        score += 50  // Bingo bonus
    END IF
    RETURN score
END FUNCTION
These all sub-processes help to build a strong Scrabble engine. The word placement algorithm helps correctly place the tiles on the board where the previous tiles have already been placed to fit the required words (Gordon, 2014). The validation process ensures that only actual words are accepted and this helps to check the authenticity of the game. Last but not the least, the scoring method does incorporate the points for premium squares and for using all seven tiles (Lewis & Beal, 2017). By applying them efficiently, I could make a fast and correct Scrabble game that could effectively reproduce the board game procedure but use the opportunities of the digital environment.
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This report has outlined and provided the analysis and design of a computer-based solution to Scrabble. As for the rules of the game, we have described the classical one and evaluated its features with the help of MoSCoW technique, also, there are the information about the main implementation aspects of the game, variables, constants, and algorithms. Thus, the proposed digital adaptation is intended to stay as close as possible to the scrabble concept but use the technological benefits to improve the gameplay and experience. This solution gives the foundation for the improvement as it underlines the major qualities and does not lock in the features that can be added in the future. With the increase in the use of digital board games, this Scrabble implementation provides an active, friendly, and possibly extensible interface for word games across the globe.
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