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[bookmark: _Toc227935095]Introduction
	The project undertaken was a multiplayer chess game created in C++. The objective of this assignment was to utilise socket programming to create a networked chess application with a client-server architecture, and concurrency to establish multiple client connections with the server. 

[bookmark: _Toc227935096]System Design

The application follows a client-server architecture, where in a central chess server manages the game state, logic, and communication to various clients. This design would ensure a consistent game state, as all moves are validated and processed on the server rather than client devices. With the server being the control hub, this simplifies synchronisation between multiple users.
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Figure 1: Chess client architecture
Figure 2: Chess Server
As seen above, the application was designed using an object oriented approach, each class aiming to handle specific roles the core classes are as follows:
· The server class is responsible for network set-up and managing connections
· GameSession class encapsulates the match logic, managing turn management, sending game state updates to clients and move validation.
· Board class represents and manages the state of the board through a 2d array of pieces.
By Abstracting each of the functions of the server, it allows for easily maintainable and scalable code to be produced.
[image: ]
Figure 3: UML Class Diagram


[bookmark: _Toc227935097]Networking and Sockets
The application makes use of TCP sockets via Winsock to allow for reliable transmission.
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TCP was chosen over alternative protocols, like UDP, due to its order and lossless packet transmission, this would be essential for maintaining an unchanged game state after transmission and the fact that it is a turn-based game. 
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The implementation of this was through the use of sockets. A listening socket is initialised and set-up, this socket is then bound to port 8080.
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Figure 4: Methods of the Server Class
Clients are then able to connect using “connect()”, after which the server will accept the connection(s), thus creating a dedicated socket for each client. Communication is then performed using “send()” and “recv()”.

Utilising these functions, a customised text protocol was implemented to structure communication between the client and server. These “commands” are exchanged to interact with game and server state, contributing to state driven transmission. It is also readable, allowing for easier debugging.
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[bookmark: _Toc227935099]Concurrency

Concurrency was need in the development of this application to support multiple connections to the server simultaneously.  The game ran on a single thread, whereas a separate thread is then used to accept new client connections, allowing spectators to join and watch an ongoing match.
 [image: ]
Figure 5: Separate Game Thread
One challenge of this was maintaining data integrity. The list of spectators is access by both the game thread and the connection thread, so to prevent race conditions, a mutex was used to lock threads and protect access to shared resources. 
Without implementing synchronisation, behaviour that may crash or corrupt data shared data structures may have occurred. As such, by implementing basic concurrency control in the application, more reliable communication and operation is achieved with multiple clients.
[image: ]
Figure 6:Lock_guard in action

[bookmark: _Toc227935100]Features
This application allows users to play a multiplayer chess game. A “D array was used as the board, with pieces placed on relevant elements. Chess notation translation was also implemented for ease of use.

[image: ]
Figure 7: Chess board
[image: ]
Figure 8: Chess Notation

A key feature of application is the ability for two players to play against each other, with multiple spectators. The board state is broadcast to all clients, but only players are able to make moves, and only the server is able to make changes to the game state.
[image: ]
Figure 9: Multiple Connections

[image: ]
Figure 10: Game State Sent to all




[bookmark: _Toc227935101]Future Enhancements and Evaluation
There is much to improve with this project. The design decision made favoured simplicity over complexity, with scalability in mind. 
While the current implementation only supports one game, it would also be possible to extend the support to multiple concurrent matches. As well as a lobby/ matchmaking system for users wishing to play against each other.
In terms of the project implementation, there was a struggle with prioritising actual game logic and network capability, as such , the connection aspect is more fleshed out than the game logic as aa whole (I.E. Very few pieces with valid movements on the board).




[bookmark: _Toc227935102]Conclusion
To conclude the application demonstrates aspects of socket programming through the use of client-server architecture and Winsock, as well as concurrency in the use of multiple connections and mutex. locking
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#include <winsock2.h>
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#include <ws2tcpip.h>
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void Server: :serverStart()

listenSocket = socket(address.GetSockaddrRef()->sin_family, SOCK_STREAM, IPPROTO_TCP);

if (listenSocket == INVALID_SOCKET) { //create socket
| std::cerr << "Failed to Create Socket" << WSAGetLastError() << "\n";

wsACleanup();
| exit(-1:

1

if (bind(listenSocket, (sockaddrx)address.GetSockaddrRef(), (int)address.GetSocketAddressLengthVal()) == SOCKET_ERROR) {

std: :cerr << "Failed to Bind Socket:
closesocket (Listensocket);
WsACLeanup();

exit(-1);

<< WSAGetLastError() << "\n*;

3

void Server::serverListen() {

if (listen(listenSocket, SOMAXCONN) == SOCKET_ERROR) { //start socket to listen, somaxcon for high backl
std::cerr << "Listening failed" << WSAGetlastError() << "\n"

closesocket(Listensocket:

wsACLeanup();

exit(-1);
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sendTo(whiteSocket, "START WHITE\n")
sendTo(blackSocket, "START BLACK\n");

‘sendToBoth("GAME_START\n
sendBoardToEveryone();
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if (response. £ind("YOUR_TURN")
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else if (response.find("WAIT")

' etd- -cout << "Waitina for o
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GameSession game(whiteSocket, blackSocket);

std: :thread gameThread([sgame]() {
| game.startSession();
n;

while (true) {

SOCKET specSocket = server.acceptClient();
if (specSocket != INVALID_SOCKET) {

| game.addspectator(specsocket);

1
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v void GameSession: :addSpectator(SOCKET spectator)
{
| std::lock_guard<st

mutex> Lock(spechutex);

spectators. push_back(spectator);
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v bool Board: :chessConversion(stringé position, int& row, int col) {
if (position.length() != 2) {
return false;

3

col = tolower(position[0]) —
row = 8 - (position[1] - ‘0’

| return true;

 bool Board: :movePiecChessNotation(strings startPosition, strings endPosition) { //wrapper to use original move function with chessnotation
int startX, starty, endX, endY;

if (!chessConversion(startPosition, startX, starty)) {
cout << "Invalid move\n";
return false;

3

if (!chessConversion(endPosition, endX, endY)) {
cout << "Invalid move\n"
return false;

3

return movePiece(startX, starty, endX, endY);
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Chess
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