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1. [bookmark: _30j0zll]Introduction

1.1. [bookmark: _1fob9te]Overview
Connect 4 is a two player game played in a 6w X 7h grid. Each player chooses a column down which a counter (or disk) should be dropped. The counter should “drop” until it occupies the lowest empty row in that column. The aim of the player is to win by creating a horizontal, vertical or diagonal line of 4 counters.

[image: ]
Figure 1: Game Design

The game has four traditional rules, which include; a player can capture an opponent’s counter by trapping it between two of their own counters horizontally, vertically and diagonally as shown in Figure below.

[image: ]
Figure 2: First Game Traditional Rules

If a player captures 3 of their opponent’s counters, then these counters are destroyed. Any “holes” left by the destroyed counters are filled by any counters that can “drop” down a column to fill a hole. Counters can be captured in this way horizontally, vertically or diagonally. Counters which drop down do NOT capture or destroy opponent’s counters.


[image: ]
Figure 3: Second Game Traditional Rules

The purpose of this report is to produce a software design for the case study game, which includes user interface design with appropriate wireframe diagrams and class description CRC cards. Also, software design evaluation, user stories, software testing evaluation, and version control are performed. Lastly, the report provides the software coding.
2. [bookmark: _3znysh7]Evaluation of Design

2.1. [bookmark: _2et92p0]Design Algorithm

2.1.1. [bookmark: _tyjcwt]Minimax (Proximity Search and Alpha-Beta-pruning)
In game theory, Alpha-Beta pruning is used to design chess programs such as tic-tac-toe, given its pure abstraction of the competition between two players. Its abstraction creates an attractive game area, which contains a minimax recursive algorithm that can effectively select an optimal move to a player assuming that the other player is also playing optimally and their move is unpredictable. To implement the software code, we use minimax with alpha and beta pruning as shown in Figure 4 [1]. This requires some data structure that denotes the entire behaviour of the game so that it can utilise a 2D array with six rows and seven columns. So that the software is able to obtain all valid moves that a player can take from a given direction (either vertically, diagnostically, or horizontally). For connect 4 game, it requires to go through each column and if it's empty, then that is a valid disc move, for each valid move the game is expected to produce a new game board state, which shows that indeed the board is making that move, while the algorithm gets recursive. The design is to keep track of the depth the game has to search using proximity search and then terminate the search after it has gone down a few levels. By any chance it reaches the maximum depth of four discs, and the opponent wins, then need to have a software function that assesses the board, and offers a numeric estimate for the board fairness of the winning player. In case the player 1 wins, return an extremely high value and if player 2 wins, return an extremely low value [1].
[image: ]
Figure 4: Minimax-Proximity Search and Alpha-Beta-pruning
Based on Figure 1, alpha is the finest selection for the player MAX, who needs to obtain the greatest promising value. While beta is the best choice for MIN, since it’s the lowest possible value. Also, prune is the second and third child nodes since alpha is now greater than beta []. In the case of figure 1;
Minimax Decision = MAX {MIN {3, 5, 10}, MIN {2,2}}
= MAX {3, 2}
= 3
The idea will be that of two scores passed around the search with the first one being the alpha and the second score being the beta. Alpha is the best score while beta is the worst situation for the opponent player. When searching moves, each move search generates a score, which has some association to alpha and beta, given that the association is key and implies that the search can stop and returns a value [2]. In case a move finds a score, which is smaller than or equivalent to alpha, then it suggests a bad move. In case the move finds a score which is larger than or equivalent to beta, then the entire node is useless [1]. The opponent player will not allow the other player to move to complete this direction, given that there is an opportunity for the opponent to circumvent the position. If a move outcome is greater than alpha, though smaller than beta, then the opponent will plan to use this move to play, unless player 1 alters the game plan afterward. According to rain, the pseudocode codes are presented in Snippet below [1];
function minimax(node, depth, maximizingPlayer)
            if depth = 0 or node is a terminal node
                   return the utility of the node

            if maximizingPlayer
                   bestValue := ??
            for each child of node
                   v := minimax(child, depth ? 1, FALSE)
                   bestValue := max(bestValue, v)
            return bestValue  

            else (* minimizing player *)
                   bestValue := +?
                   for each child of node
                          v := minimax(child, depth ? 1, TRUE)
                          bestValue := min(bestValue, v)
                   return bestValue

As a result, alpha will increase to respond to this newly obtained value. The more the algorithm intensities, the more it’s likely to accurately forecast the future winner. Therefore, the software will be developed with different levels, for instance, normal levels that consist of 4 recursive stages that inspect player 1 and  player 2 turn [3].  
2.2. [bookmark: _3dy6vkm]Strengths and Weaknesses of the Design  
2.2.1. [bookmark: _1t3h5sf]Strengths 
Minimax with Alpha-Beta Pruning method enhanced with depth and higher depth let the application have a robust look ahead in regard to choosing the optimal move. Minimax and its proximity search effectively assists to minimise the loss when the other player selects the strategy of having the maximum loss. Minimax efficiently uses an initial state that consists of the position on the board and displaying whose move it is. The successor and utility functions in the algorithm define the legal moves players can make and assign a numerical value for the game results respectively. For instance, in the Connect4 game, the results are either a win, loss, or a draw, which are donated with +1, -1, or 0, values respectively [1]. The terminal state in the minimax design automatically positions the board when a specific disc movement criteria is obtained. Last but not least, the algorithm decreases the computation time for nodes by a huge factor, which enhances node search while going deeper levels in the game tree. If one chance or option is found at the minimum, the algorithm stops evaluating a move to ensure validity during the game [1]. 
2.2.2. [bookmark: _4d34og8]Weakness
The main limitation with minimax with Alpha-Beta Pruning procedure is that it requires the software to criss-cross the whole game board, which tends to be time consuming [4]. Minimax has been associated with limitations such as its inability to search the entire game board. The minimax development is limited in terms of translating high-level plans into concrete heuristic functions to evaluate the connect4 board. Besides, it is a bit hard to evaluate the efficiency of an agent, instead of playing the game numerous frequencies against an opponent. An extra metric we used is the overall number of moves played. Besides, the technique assumes that given the chance, the human player will create the best possible move; however, this might not be the case in real scenario [4].  
3. [bookmark: _2s8eyo1]User Stories and Map and Benefits
A user story is basically an agile technique that helps software developers to obtain a description of a software attribute from an end-user aspect [5]. The story determines user type, their expectations with the connect4 software and why they want the functions and design. A user story assists to develop a simplified description of a user requirement [6]. For this project, user stories were disintegrated into two clusters, the essential and desirable. The process made sure that I finished what was essential to the functionality of the software. Also, figure out the benefit of each user story using a map to offer an idea of duration I could anticipate to undertake to finish each story, as presented in the user maps below.
3.1. [bookmark: _17dp8vu]User Story Map
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3.2. [bookmark: _3rdcrjn]User Story Benefits
User 1: If implemented will enhance user experience when playing in terms of reducing user time looking for play buttons. If the suggestion from the user story will be implemented, the software will notify the player about an option before they navigate and if a mistake is done, then the player with validations steps to follow.
User 2: If this story is captured well in the software design, the player will be provided with enough opportunities to detect patterns based on colour. Colour and disc patterns for each player or opponent allow the player to think ahead and look for ways to connect 4 discs. Besides, it starts prediction of the outcomes of alternative moves, for all the players. Using different colours and automatic pattern change based on each player's turn will improve user recognition rather than recall [7]. Also will enhance aesthetic and software minimalist design for the Connect 4 game.
User 3: The function will allow for a valid move and turn when one player obtains four of their coloured checkers in a row vertically, horizontally or diagonally. This function also will detect a basis upon which the game is declared a draw in case all the discs are played but no player obtains four coloured discs in a row. Also, as suggested by user story three, the ability for the system to reset automatically after a win will help players to recognise, diagnose, and recover from an error [7]. The rest function will also provide. The function can also offer a platform for help and documentation on how to win the game [7].
User 4:  Having improved user experience is an essential element with several benefits. The aspect will compel the connect4 to have appropriate user interface to facilitate these UX. The row and columns will be spaced appropriately to reduce errors from misplacements and big thumbs errors when moving discs by each player to guarantee fair win. Improved UX will improve visibility of software status during gaming to keep users updated when winning, losing or when the game rests. Also, incorporating enhanced UX in the connect4 such as total score keeper and sound effect can improve match between the software and the real world. The situation will benefit the system to use words, sounds, and signs as well as concepts that the players are used to rather than the system-oriented language. Placing an empty board clearly with well situated play buttons as asked by user story one, will improve player control and freedom. In case the player selects software functions by mistake and might want to clearly mark 'Undo' to leave the unwanted move should be supported in the user interface. Consistency and standards for functions in the game board will also be a benefit as a result of enhanced UX.  Last but not least improved UX will strengthen flexibility and efficiency of use such as ability for players to save the game, watch the timer on the interface while playing [7].


3.3. [bookmark: _26in1rg]Software Wireframe
Wireframe entails procedures for designing application architecture or skeleton. The process includes low-fidelity, medium fidelity, and high fidelity. A major benefit to prototypes is the ability to determine what users consider to be the product's purpose and reduced development time [8], [9].  For this application, the medium-fidelity and high-fidelity prototypes are used. 
3.3.1. [bookmark: _lnxbz9]Medium Fidelity



A medium fidelity prototype entails limited functionality but with clickable area, which shows the interaction and navigation possibilities of the application [8]. The prototype is built using online wireframe software, which provides tools to create storyboards and user scenarios. This prototype provides adequate user experience before designing the final application. It is essential for the prototype to be tested for usability to ensure pain-points are addressed during the development process. Performing usability tests with prototypes ensures that valuable user feedback is implemented by designers from early application design process [9].  



[image: ]
Figure 5: Medium-Fidelity
[image: ]
Figure 6: Medium-Fidelity

The only actual weakness (that was not a major issue at moment) of medium-fidelity design prototype is that; whereas the wireframe is capable of creating an imitation of the application environment, users were not able to experience an environment that is more practical to and addressed their need; perhaps giving us benefit of doubts [9]. Table 1 below documents components of the software. 



Table 1: Interface Components
	Component Number
	Component Type
	Description
	Name

	1
	Label
	Displays Player at the top of the window
	playerLabel

	2
	Label
	The program will display either a 1 or 2, depending on which player’s turn it is
	playerTurn

	3-9
	Button
	Buttons 1 through 7, when clicked, will control which column the player’s chip goes down.
	playerButton(1-7)

	10-51
	Label
	The program will display 0 here when empty, and switch to either 1, or 2, depending on which player moves into that spot. 
	array(00-56)
*Numbers are column by row, not numbered 00 – 56

	52
	Label
	Displays the name of player 1
	player1winsLabel1

	53
	Label
	The program will count the number of times player 1 has won here
	player1winsLabel2

	54
	Label
	Displays the name of player 2
	player2winsLabel1

	55
	Label
	The program will count the number of times player 2 has won here
	player2winsLabel2

	56
	Label
	Instructs the user that they are able to rename player1winsLabel1 and player2winsLabel1
	rename

	57
	TextBox
	This is where the user can rename player1winsLabel1, and player2winsLabel1, into the two names of the players.
	renameBox

	58
	Button
	When clicked, will take the input of the textbox, place it in player1winsLabel1, and clear the textbox
	renameButton1

	59
	Button
	When clicked, will take the input of the textbox, place it in player2winsLabel1, and clear the textbox
	renameButton2

	60
	Label
	Warns the player not to enter numbers into the renameBox textbox
	renameWarning



3.3.2. [bookmark: _35nkun2]High-fidelity 

High fidelity wireframe is a more complete interface of a software, with objects that are clickable and responds to player actions enhancing authentic interface interaction. This wireframe presents an advanced stage of the web application and it helps to validate user interface interaction during software testing and evaluation. As shown in Figure 7, the wireframe offers a realistic representation of the connect4 game. The Connect4 play screen has a board with 6 rows and 7 columns where the player can drop the disc in the empty column by moving the cursor on the cells. The game play interface will indicate the winner status. For the user interface, the player can stop or restart the existing game. Also, if the user stops the game, the interface will show players to the menu screen. The multiplayers alternately drop one of their discs at a time into an empty column, in an anticipation that one of the players obtains four discs in a row, diagonally and wins. If the game board fills prior to either player obtaining the four discs in a row, then the game goes into a draw. 
[image: ]
Figure 7: High-fidelity Wireframe for Winning and losing Rule
4. [bookmark: _1ksv4uv]CRC cards
In Object-oriented programming (OOP), collaboration interactions are vital; as such one of the most important steps is to design classes that are required for the Connect 4 game. To complete this step, CRC-class names are determined using index cards known as CRC cards, responsibility as well as collaborators. This step will be designed to ensure that the cards encompass adequate detail to enable the software code to be implemented and tested. Also, specifically reflect the acceptance criteria identified in the user stories [10].  Class name represents the real world scenario and a presentation of a set of similar objects for the game and it is therefore essential to be figured out accurately. Also, assign a responsibility to each class in regard to what the class will perform. On the other hand, integrate the CRC design with a collaborator to ensure that another class or perhaps a class cooperates with to fulfil its responsibilities. OPPs are more of a network of collaboration between classes that works together to obtain the application's goals [10]. 

[bookmark: _44sinio]4.1. CRC card Design Approach
The Connect 4 software has three (3) key classes that are used to create CRC cards, they include, Player, GAmeBoard, and GameFrame. Also, other five collaborators are used to provide effective game execution and goals; they comprise; Token, which is hosted under GameBoard; then, GameLock, SaveGame, Multiplayer, and Win Ratio are collaborating under GamaFrame. The CRC cards for the game design approach in shown in below;
[image: ]
Figure…: CRC card design approach
[bookmark: _2jxsxqh]4.1.1. Game Board
[image: ]
The GameBoard class is responsible for largely providing gaming interface for users as well as checking both horizontal and vertical winners, diagonal winners. The class will collaborate with Token class to provide player token which assists the player to get and sets words or letters, gets and sets row position, as well as get and set colour position.
[bookmark: _z337ya]4.1.2. Player
[image: ]
The Player class sets the room for players to enrol and play the game with multiple players including human and computer-based players who are also opponents in a competition to win the game. Sets the player’s name, gets and sets token letters, as well as insert the token in the game board.
[bookmark: _3j2qqm3]4.1.3. GameFrame
[image: ]
GameFrame has the majority responsibilities with four collaborations. GameLock class will collaborate to set timers in seconds, minutes, labels that the game will run till it is finished. SaveGame will coordinate to ensure that connect four has timing history for games played by each player and stores them appropriately, then when the player embarks, the class can reinitialiser the game by setting it back in the play mode. On the other hand, win ratio is a collaborator that sets winning criteria, updates win Ratio and sets Url after winning the game. Lastly, the GameFrame will be incorporated by Multiplayer collaborator to organise server sockets, set run for the player to take on the game, sets the IP for each player to access their interface or perhaps gets the IP socket for each player in connect 4 server. Also, Multiplayer will collaborate to offer buffered readers out as well as print writer run from the interface to the server. Besides, the CRC cards offered premises under which the software test and acceptance criteria will be based upon. The test case will be performed to measure if the relationship between classes (collaborators) are designed based on the application benchmarks. Further, classes will be tested to determine if their responsibilities are assigned well and are working as envisioned for the acceptance team to conclude against or in favour of the software ability to meet the two traditional rules.  Perhaps, the created CRC card does reflect the acceptance criteria identified in the user stories preceding section. 





5. [bookmark: _1y810tw]Software Testing Evaluation
Software testing entails verification of a system structure to identify any defects, gaps, or missing components and requirements versus the actual actual requirement [11]. There are two main types of software testing, which includes; Black Box and White Box testing [12]. 
5.1. [bookmark: _4i7ojhp]Importance of Software testing
Software testing is an essential process in software design and development since it promises software quality. Software testing ensures user and customer requirements are attained and guarantees that the software will serve its anticipated objective. Also, software testing ensures better business optimisation in regard to less maintenance cost, durability, scalability, reliability, and enhanced user experience [13]. Further, the most vital aspect is to assure the development team that the software is ready for release to the market for use and that all system attributes, components declared by the developer are effectively functioning without any limitation or perhaps errors [14].
5.2. [bookmark: _2xcytpi]Difference between Black and White Box Testing 
Black box testing entails software testing with no prior knowledge of the software’s internal working. Conversely, White Box testing is a software testing technique where the internal architecture, design and scripts of a system that are also known by the tester, are tested to establish flow of input and output in order to enhance design, usability and software security. By contrast, in Black Box testing, a tester offers an input and detects the output produced by the software being tested. Black Box testing is a functional testing, which is also data-driven. While White Box Testing entails structural testing, which is code-based and transparent. Black Box test involves tests such as functional, non-functional, and regression testing, whereas, White box testing unit testing, static analysis, dynamic analysis, and mutation testing [15]. 
For instance, after connect4 software development, a system developer would want to check if a winner will win after moving four discs of the same colour in a row either vertically, diagnostically, or horizontally. The tester will use a Black Box functional test to determine the functionality of the software based on the actual requirement by placing the four discs on the game board (either vertically, diagnostically and horizontally) to establish if the software detects the winner. In each case [16].  In contrast, a software tester want to establish the dynamic state of the software authentication system; in this case the tester will use a White box testing by entering a username; for instance as "Abc123", the software will accepts the same while when the user puts the username as "ABC123@Abc", the software denies the user to login into the system and displays an error alert. The findings will show that the code is behaving dynamically according to the user input [17].
5.3. [bookmark: _1ci93xb]Testable Code and its Importance
Testable code is a code that can be verified programmatically and in a very granular manner. The testable code confirms small units of behaviour to help developers understand what is wrong with their software and how the error can be modified instantly [18]. Testable codes encompasses codes that expedite automatic and quick software testing, which is also easy to perform. The testable code translates codes that are challenging to test into code that is easily testable. The results of testable codes not assists developers to debug their codes in case of an error, but also assists to keep developers focused on developing software that fulfils some desired behaviour [19]. Testable code implies that the smallest element of the software is independently verifiable. As such, the testable code makes each element of the software to have dependencies injected into them so that the code cannot reference global variables or to utilise a read and write services. The process ensures a high efficient way of developing a software and the outcome of the codes can be programmatically verified [19]. Testable code allows for last-minute software modifications that is essential to the software functioning [20], [21]. Besides, this code ensures that software code is more coherent and simple to understand. Further, it's exceptionally demarcated in its own appropriate state in order to offer easier update, and maintenance [19].  
Based on the user interface attribute, the web application was tested on multiple web browsers among them Google Chrome and Safari, and Mozilla using user stories as test cases. Functional unit testing for Black Box and White Box were both performed using JavaScript testable code, detailed testable code and test unit are attached in Appendix B and C. 
6. [bookmark: _3whwml4]Version Control
Version control is used to track changes on the source code or other related software files and folders. The term is obtained from ability to maintain change log history as well as managing collaboration, track modification [22]. Version control also manages metadata such as a developer among the team who designed each snapshot, message related to each of the snapshot [23]. To a larger extent, version control software such as Git are useful in the software development process, however they might present some limitations.  This project used Git to maintain a local repository as well as NPM to manage the client-side dependencies and offer useful third parties frameworks for collaboration and version control. Details of Git log are provided in Appendix A. 
6.1. [bookmark: _2bn6wsx]Benefits of Version Control Software

Version control allows for effective team collaboration during software development. Since it not only offers sharing tools, but also keeps tracking the development process and can later be used by other new software developers to easily understand the software architecture using the presented snapshots and change logs with timestamp are kept. Also, it’s a vital tool that allows other team members to view what their colleagues have modified and which data and time. Further, as a team work, the version control tool assists in resolving conflicts in simultaneous development [24]. Besides. Version control software is also helpful even if the developer is working alone, given its ability to help the developer to look at older snapshots of the software project, stores and updates logs of why specific modifications were made on the system. Version Control software also atomically offers answers to queries regarding who wrote the module, when a specific line in a particular file was modified and by which developer, as well as reasons for editing. Additionally, the tool also displays more than one thousand revisions, when and why a specific unit test stops functioning [24]. Version control helps to compare files, identify differences, and merge the modification if required to commit any script.
6.2. [bookmark: _qsh70q]Drawback of Version Control Software

Version Control software is largely vulnerable to technical issues and hitch that can jeopardise seamless software development. For instance, if the main server goes offline, software developers cannot access the software to create and save versioned changes. Besides, remote commits are usually slow and in some cases unwanted modification can ruin software development [25]. Further, in case the central database is corrupted, then the entire history, update, timestamps, could be lost; this includes vulnerability to security issues. In particular, version control tools such as GIT require numerous branches to offer parallel software development. Also, it has limited cross platform support such as inadequate support for window systems and does not track empty folders. Git has poor general user interface and usability [25]. 
7. [bookmark: _3as4poj]Coding

The wireframe developed in section 3, helped in the web design and development of the Connection 4. This was to be obtained using HTML, CSS, and JavaScript scripting languages, given their capability to create position elements in CSS (Grid layout), HTML player clickable play buttons and the disc and ensure they are in the right row and column. Also, using JavaScript to detect if there are four discs of the same colour in a row to notify the players of a winner. The initial element of HTML was designed as shown in snippet below;

<section class="container">
    <header>Header</header>
    <section class="description">Description</section>
    <main class="game-area">
        <div class="turn">Turn</div>
        <div class="board">GameBoard</div>
    </main>
    <footer>Footer</footer>
</section>

Then CSS Grid Layout was used to separate web pages into major clusters as well as describing the association in regard to size, position, and layer, between parts of a control built from HTML primitives [26]. The CSS Grid assisted the coding project to obtain very nice grids for the connect 4 game and codes that were used to obtain this are documented in the snippet below;
.container-mine {
    background-color: #ffffff;
    display: grid;
    grid-gap: 4px;
    grid-template-columns: repeat(12, 1fr);
    grid-template-rows:  180px 120px 90px 80px 80px 80px 80px 80px 80px 50px;
    grid-template-areas: 
        "h h h h h h h h h h h h"
        "d d d d d d d d d d d d"
        "t t . b b b b b b b . ."
        "t t . b b b b b b b . ." 
        "t t . b b b b b b b . ."
        "t t . b b b b b b b . ."
        "t t . b b b b b b b . ."
        "t t . b b b b b b b . ."
        "t t . b b b b b b b . ."
        "f f f f f f f f f f f f";
}

The Game board was designed and developed with the use of HTML tables and button classes added to each row and Column. The design allows a function that every time the player clicked on moves a cursor on one of the buttons in the row, their coloured disc would move into an appropriate slot. The game board used codes shown in the snippet below;

<div class="board">
    <table>
        <tr class="play-buttons">
            <th><button class="btn btn-success" data-button="1">1</button></th>
            <th><button class="btn btn-success" data-button="2">2</button></th> 
            <th><button class="btn btn-success" data-button="3">3</button></th>
            <th><button class="btn btn-success" data-button="4">4</button></th>
            <th><button class="btn btn-success" data-button="5">5</button></th> 
            <th><button class="btn btn-success" data-button="6">6</button></th>
        </tr>
        <tr class="firstrow">
            <th data-board-cell="1"></th>
            <th data-board-cell="2"></th> 
            <th data-board-cell="3"></th>
            <th data-board-cell="4"></th>
            <th data-board-cell="5"></th> 
            <th data-board-cell="6"></th>
        </tr>
        <tr>
            <th data-board-cell="7"></th>
            <th data-board-cell="8"></th> 
            <th data-board-cell="9"></th>
            <th data-board-cell="10"></th>
            <th data-board-cell="11"></th> 
            <th data-board-cell="12"></th>
        </tr>
        <tr>
            <th data-board-cell="13"></th>
            <th data-board-cell="14"></th> 
            <th data-board-cell="15"></th>
            <th data-board-cell="16"></th>
            <th data-board-cell="17"></th> 
            <th data-board-cell="18"></th>
        </tr>
        <tr>
            <th data-board-cell="19"></th>
            <th data-board-cell="20"></th> 
            <th data-board-cell="21"></th>
            <th data-board-cell="22"></th>
            <th data-board-cell="23"></th> 
            <th data-board-cell="24"></th>
        </tr>
        <tr>
            <th data-board-cell="25"></th>
            <th data-board-cell="26"></th> 
            <th data-board-cell="27"></th>
            <th data-board-cell="28"></th>
            <th data-board-cell="29"></th> 
            <th data-board-cell="30"></th>
        </tr>
        <tr>
            <th data-board-cell="31"></th>
            <th data-board-cell="32"></th> 
            <th data-board-cell="33"></th>
            <th data-board-cell="34"></th>
            <th data-board-cell="35"></th> 
            <th data-board-cell="36"></th>
        </tr>
    </table>
</div>




HTML5 was thereafter used to add data attributes to each cell in the game board, since the scripting language offers an onclick function for the user to click and add a disc to an appropriate cell. To enhance this function, onclick was tracked using the number of clicks on each button over a row. As such, based on the frequency the cell is clicked on, that would estimate the cell exact, the playing-disc should show in; this was designed using codes below;

var buttonOneClickCount = 0;
var buttonTwoClickCount = 0;
var buttonThreeClickCount = 0;
var buttonFourClickCount = 0;
var buttonFiveClickCount = 0;
var buttonSixClickCount = 0;

/****estimate the clicks****/
var clickTrack = function (eventTarget) {
    clickCountTotal = clickCountTotal + 1;
    
    switch ($(eventTarget).data("button")) {
        case 1:
            buttonOneClickCount = buttonOneClickCount + 1;
            break;
        case 2:
            buttonTwoClickCount = buttonTwoClickCount + 1;
            break;
        case 3:
            buttonThreeClickCount = buttonThreeClickCount + 1;
            break;
        case 4:
            buttonFourClickCount = buttonFourClickCount + 1;
            break;
        case 5:
            buttonFiveClickCount = buttonFiveClickCount + 1;
            break;
        case 6:
            buttonSixClickCount = buttonSixClickCount + 1;
    };
};


**Putting discs on the game Board**/

var placeDisc = function(eventTarget) {
    if($(eventTarget).data("button") === 1 && buttonOneClickCount === 1){
        currentPlacedCell = 31;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
    }else if($(eventTarget).data("button") === 1 && buttonOneClickCount === 2){
        currentPlacedCell = 25;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
    }else if($(eventTarget).data("button") === 1 && buttonOneClickCount === 3){
        currentPlacedCell = 19;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
    }else if($(eventTarget).data("button") === 1 && buttonOneClickCount === 4){
        currentPlacedCell = 13;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
    }else if($(eventTarget).data("button") === 1 && buttonOneClickCount === 5){
        currentPlacedCell = 7;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
    }else if($(eventTarget).data("button") === 1 && buttonOneClickCount >= 6){
        currentPlacedCell = 1;
        insertDisc(currentPlacedCell, currentDiscColor);
        updateTheBoard(currentPlacedCell, currentDiscColor);
        $("[data-button=1]").prop("disabled","true");
    }
};

var insertDisc = function(number, color) {
    $("[data-board-cell="+number+"]").css({
        'background-image': 'url("../assets/images/'+color+'.png")',
        'background-repeat': 'no-repeat',
        'background-position': 'center',
        'background-size': 'contain',
    });
};


After implementing these codes, when the user clicks on a button to move a disc, they are confident that the disc will appear in an appropriate cell whenever they play. A proximity search was used to ensure that every time the player put a disc on the game board, the square to the right to have the same colour up to the fourth disc to determine the winner [1], [2]. The proximity search was to be performed in all the horizontal, vertical, and diagonally directions. JavaScript was then used to check each square designed in a programmatic way of the board, instead of hovering through the html to validate each square. Therefore, every time the player moved a disc on the game board, the array representation would be validated as shown in the snippet below;
[image: ]

Thereafter, the actual html is eliminated and used the function in the snippet below to detect a winner. With the used proximity search technique, a winner was detected and players were notified. 
var rightCheck = function () {
    //From the existing cell in the display check through the Board array

    var cellToTheRightInArray = currentPlacedCell; 
    for(var i=0; i<3; i++){    
        if(theBoard[cellToTheRightInArray] === (cellToTheRightInArray+1)+currentDiscColor){
            inARow = inARow + 1;  
        }else{
            inARow = 0;
            break;
        }
        //once checked  1 cell in the Board array in that direction move to the next cell

        cellToTheRightInArray = cellToTheRightInArray + 1;
    }
    if(inARow === 3){winAndReset();}
};

/ To improve speed the codes search was limited in move directions only when needed. 

var winCheck = function(){
    var limitCheckLeft = [4, 5, 6, 10, 11, 12, 16, 17, 18, 22, 23, 24, 28, 29, 30, 34, 35, 36];
    var limitCheckRight = [1, 2, 3, 7, 8, 9, 13, 14, 15, 19, 20, 21, 25, 26, 27, 31, 32, 33];
    var limitCheckDown = [1, 2,	3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18];
    var limitCheckRDU = [19, 20, 21, 25, 26, 27, 31, 32, 33];
    var limitCheckRDD = [1,2,3,7,8,9,13,14,15];
    var limitCheckLDU = [22,23,24,28,29,30,34,35,36];
    var limitCheckLDD = [4,5,6,10,11,12,16,17,18];

    if (limitCheckLeft.includes(currentPlacedCell)) {leftCheck();}
    
    if (limitCheckRight.includes(currentPlacedCell)) {rightCheck();}
    
    if (limitCheckDown.includes(currentPlacedCell)) {downCheck();}
    
    if (limitCheckRDU.includes(currentPlacedCell)) {rightDiagonalUpCheck();}
    
    if (limitCheckRDD.includes(currentPlacedCell)) {rightDiagonalDownCheck();}

    if (limitCheckLDU.includes(currentPlacedCell)) {leftDiagonalUpCheck();}

    if (limitCheckLDD.includes(currentPlacedCell)) {leftDiagonalDownCheck();}   
};
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A. Git Log Snapshots
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B. Test units and Codes
	Test Case ID
	Connect_4
	Test Case Description
	Test the winning function

	Created By
	user
	Reviewed By
	Tester
	Version
	2.1

	
	
	
	
	
	
	
	
	
	
	

	QA Tester’s Log
	Review comments from tester incorporate in version 1.1
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Tester's Name 
	User
	Date Tested
	27-Dec-2020
	Test Case (Pass/Fail/Not Executed)
	Pass

	
	
	
	
	
	
	
	
	
	
	

	S #
	Prerequisites:
	
	S #
	Test Data

	1
	Access to Chrome Browser
	
	1
	Legal Player turn

	2
	 
	
	2
	 Legal moves

	3
	 
	
	3
	 User interface and experience

	4
	 
	
	4
	 Valid win

	
	
	
	
	
	
	
	
	
	
	

	Test Scenario
	System Functionality
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Step #
	Step Details
	Expected Results
	Actual Results
	Pass / Fail / Not executed / Suspended

	
	
	
	
	

	1
	Game board UI
	Game Board only move disc to unfilled space
	As Expected
	Pass

	2
	Valid  Winner Declaring
	The application only declares a winner when 4 discs of the same colour are filled in a row (either Horizontal, Vertically, and Diagnostically)
	As Expected
	Pass

	3
	User Experience 
	The app has appropriate function that enhance user experience such as sound, disc colour, alerts, navigation, and score bag
	As Expected
	Pass

	4
	Distinctive Disc
	Each player has a disc with different colours. Player1 has Red while Player 2 has Yellow
	As Expected
	Pass

	5
	Legal moves and turn
	When a player click the play button, the disc moves into an appropriate column and changes the turn
	As Expected
	Pass

	6
	Valid Reset
	When the game is over, the game board resets automatically
	As Expected
	pass























C. Testable Codes 

var assert = require('assert');
var wordwrap = require('../');
exports.hard = function () {
var s = 'Assert from {"type":"equal","ok":false,"found":1,"wanted":2,'
+ '"stack":[],"id":"bhjrrr5688wnbrje8",'
+ '"browser":"chrome/6.0"}'
;
var s_ = wordwrap.hard(80)(s);
var lines = s_.split('\n');
assert.equal(lines.length, 2);
assert.ok(lines[0].length < 80);
assert.ok(lines[1].length < 80);
assert.equal(s, s_.replace(/\n/g, ''));
};
exports.break = function () {
var s = new Array(55+1).join('a');
var s_ = wordwrap.hard(20)(s);
var lines = s_.split('\n');
assert.equal(lines.length, 3);
assert.ok(lines[0].length === 20);
assert.ok(lines[1].length === 20);
assert.ok(lines[2].length === 15);
assert.equal(s, s_.replace(/\n/g, ''));
};

var assert = require('assert');
var wordwrap = require('wordwrap');

var fs = require('fs');
var idleness = fs.readFileSync(__dirname + '/idleness.txt', 'utf8');

exports.stop80 = function () {
    var lines = wordwrap(80)(idleness).split(/\n/);
    var words = idleness.split(/\s+/);
    
    lines.forEach(function (line) {
        assert.ok(line.length <= 80, 'line > 80 columns');
        var chunks = line.match(/\S/) ? line.split(/\s+/) : [];
        assert.deepEqual(chunks, words.splice(0, chunks.length));
    });
};

exports.start20stop60 = function () {
    var lines = wordwrap(20, 100)(idleness).split(/\n/);
    var words = idleness.split(/\s+/);
    
    lines.forEach(function (line) {
        assert.ok(line.length <= 100, 'line > 100 columns');
        var chunks = line
            .split(/\s+/)
            .filter(function (x) { return x.match(/\S/) })
        ;
        assert.deepEqual(chunks, words.splice(0, chunks.length));
        assert.deepEqual(line.slice(0, 20), new Array(20 + 1).join(' '));
    });
};
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