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The primary task of this assignment was to develop a game that utilised a chosen number of networking techniques that I had learnt in the Network Multiplayer Games module of this course. I wanted to prioritise my understanding of network connections over the game logic itself, so I chose something simple; noughts and crosses. 
There are two main types of protocol that can be followed at the transport layer of a network connection, both of which needed to be utilised in the game to some extent. One of these is the Transmission Control Protocol (TCP). This establishes a connection between the end-users, divides transmitted data into segments, and provides flow control. The other is the User Datagram Protocol (UDP). This is connectionless, sends the entire message as a datagram, and has no flow control. 
[bookmark: _GoBack]How each protocol establishes a connection can be described using an analogy involving two people and a tennis ball. A TCP connection is basically one man telling his friend that he is about to throw the ball, who sets himself up in a defined location and catches the ball. He will almost certainly throw the ball back. UDP is like the ball bearer throwing the projectile at his friend without prior warning; he may or may not throw it back, if he wants to.
Noughts and crosses is a game that relies on the players communicating with the server to understand when it is their turn to move. TCP would therefore be more suitable for the main game logic than the connectionless UDP. The server waits to establish connections with two players, after which it sends a packet to the user client indicating that it is their turn to move. The client inputs the tile number that they would like to lay their shape at and sends it in a packet to the server. If the move is legal, then the shape is placed on the game board at the indicated tile, and the process is repeated for the AI bot. Otherwise, a packet is sent to the previous player indicating that they must make another move. This is repeated either until a player gets three in a row or the board is full, with a corresponding packet sent to both players. 
UDP is utilised at the end of the game if the user client has won. The Player object sends a message to notify EndServer that it has won the game, with EndServer sending a message back congratulating the Player on their victory. A UDP connection is acceptable here because the server is not sending a lot of data, and also because we are not that concerned whether the message returns to the player or not.
There are two versions of the game, one that handles the client’s requests, and another that contains the server information. When the client receives a packet from the server notifying the Player that it is their turn to make a move, it sends back a packet of its own containing the tile number where the Player wishes to make a move, in addition to the shape it uses (X or O). 
The client and server versions of the game are separate applications, and the only way they can communicate with each other is through the send() and recv() commands. The processes need to be synchronised so that these commands are being called at the right time; if the client tries to receive a packet before the server can send one, for example, errors can occur. This problem is avoided by containing these commands in while-loops. The client continuously waits for the recv() function to return a positive integer (indicating that it has been successful) before going any further, and likewise for the server. 
This is admittedly a rather crude form of process synchronisation, as it does not distinguish between an open or a closed connection. This is circumvented by delaying the closing of any sockets until the game has finished, so that any failures in receiving the data are understood to be the result of a data packet not being sent from the server. 
The player recruitment and client/server game functionality are also organised into threads, with a mutex used to contain the game functionality within a thread until it finishes. A mutex is essentially an electronic baton, with the thread that has control of it having mutually exclusive access to a shared resource. In this case, the threads that execute the game logic on their respective applications hold the mutex while the game is still in progress.
Appendix
Player.h:
#pragma once
#include <WinSock2.h>
#include <Ws2tcpip.h>
#include <stdio.h>
#include <time.h>
#include <conio.h>

//the shape enum has been set to these numbers
//because they are out of the board range
enum shape
{
	NOUGHT = 10,
	CROSS = 11
};

class Player
{
public:
	Player();
	~Player();

	int playShape;

	int initialise(char name[]);
	int connection(char name[]);
	void destroy();
	int sendData(int input);
	int receiveData();

	int endCreate(char name[]);
	int sendEnd();
	int receiveEnd();

	virtual int input() const = 0;

protected:
	SOCKET playerSocket;
	SOCKET endSocket;
	char* portNumber = "58008";
	char recvBuffer[512];
	char localBoard[9];

	struct addrinfo *addresses;
	struct addrinfo *pointer;
	struct addrinfo specs;
};
Player.cpp:
#include "Player.h"
#include "Packet.h"

Player::Player()
{
	addresses = NULL;
	pointer = NULL;
	playerSocket = INVALID_SOCKET;
}

Player::~Player()
{
}

int Player::initialise(char name[])
{
	//What kind of address do we want?
	ZeroMemory(&specs, sizeof(specs));
	specs.ai_family = AF_UNSPEC;
	specs.ai_socktype = SOCK_STREAM;
	specs.ai_protocol = IPPROTO_TCP;

	//Find the IP address of the server named on the command line
	int test = getaddrinfo(name, portNumber, &specs, &addresses);
	if (test != 0)
	{
		printf("getaddrinfo failed: %d\n", test);
		return 1;
	}

	//Try connecting to multiple addresses until you find one
	for (pointer = addresses; pointer != NULL; pointer = pointer->ai_next)
	{
		//Create a connection socket using the current address
		playerSocket = socket(pointer->ai_family, pointer->ai_socktype, pointer->ai_protocol);
		if (playerSocket == INVALID_SOCKET)
		{
			printf("Error at socket(): %ld\n", WSAGetLastError());
			return 1;
		}

		//Attempt a server connection
		test = connect(playerSocket, pointer->ai_addr, (int)pointer->ai_addrlen);
		if (test == SOCKET_ERROR)
		{
			printf("Connection failed: %ld\n", WSAGetLastError());
			closesocket(playerSocket);
			playerSocket = INVALID_SOCKET;
			continue;
		}
		break;
	}

	freeaddrinfo(addresses);

	//if a connection still has not been established
	if (playerSocket == INVALID_SOCKET)
	{
		printf("Unable to connect to server!\n");
		return 1;
	}

	//we will set the socket to non-blocking
	//so that it doesn't wait for send and receive functions
	//when there is no data to transfer
	u_long mode = 1;
	test = ioctlsocket(playerSocket, FIONBIO, &mode);
	if (test == SOCKET_ERROR)
	{
		printf("ioctlsocket failed with error: %d\n", WSAGetLastError());
		closesocket(playerSocket);
		return 1;
	}

	return 0;
}

int Player::connection(char name[])
{
	const int packetSize = sizeof(Packet);
	char packetContents[packetSize];

	//send a packet of prawn cocktail data 
	//to the server just to show you've connected
	Packet packet;
	packet.packType = INIT_CONNECTION;
	packet.pack(packetContents);

	send(playerSocket, packetContents, packetSize, 0);
	printf("A message has been sent\n");
	return 0;
}

void Player::destroy()
{
	int test = shutdown(playerSocket, SD_SEND);
	if (test == SOCKET_ERROR)
	{
		printf("shutdown failed: %d\n", WSAGetLastError());
	}
	if (playerSocket != INVALID_SOCKET) closesocket(playerSocket);
	if (endSocket != INVALID_SOCKET) closesocket(endSocket);
}

int Player::sendData(int input)
{
	const int packetSize = sizeof(Packet);
	char packetContents[packetSize];

	//this time we want to tell the server
	//the location of the tile
	//where we want to place a shape
	Packet packet;
	packet.packType = input;
	if (playShape == NOUGHT) packet.packShape = true;
	else packet.packShape = false;
	strncpy(packet.board, localBoard, sizeof(localBoard));
	packet.pack(packetContents);

	int test = send(playerSocket, packetContents, packetSize, 0);
	if (test == SOCKET_ERROR)
	{
	//	printf("Send to server failed: %d\n", WSAGetLastError());
	//	closesocket(playerSocket);
		return 1;
	}
	printf("A packet has been sent to server\n\n");
	return 0;
}

int Player::receiveData()
{
	Packet packet;
	int test = recv(playerSocket, recvBuffer, 512, 0);
	if (test == SOCKET_ERROR)
	{
	//	printf("Data receive from server failed: %d\n", WSAGetLastError());
	//	closesocket(playerSocket);
		return 1;
	}
	if (test == 0) //closed connection
	{
	//	printf("Connection closed\n");
	//	closesocket(playerSocket);
		return 1;
	}

	printf("Packet received from server\n");
	int dataLength = test;
	if (dataLength > 0) //if there has been any received data
	{
		int i = 0;

		while (i < dataLength)
		{
			packet.unpack(&(recvBuffer[i]));
			i += sizeof(Packet);

			for (int i = 0; i < 3; i++)
			{
				localBoard[3 * i] = packet.board[3 * i];
				localBoard[(3 * i) + 1] = packet.board[(3 * i) + 1];
				localBoard[(3 * i) + 2] = packet.board[(3 * i) + 2];
				printf("%c   %c   %c\n", localBoard[3 * i], localBoard[(3 * i) + 1], localBoard[(3 * i) + 2]);
			}
			printf("\n");

			if (packet.packType == YOUR_TURN) //it's the players turn to move
			{
				return 0;
			}
			else if (packet.packType == YOU_WIN)
			{
				printf("You have won the game!\n");
				return 2;
			}
			else if (packet.packType == YOU_LOSE)
			{
				printf("You have lost the game\n");
				return 3;
			}
			else if (packet.packType == BOARD_FULL)
			{
				printf("The board is full. Ending game\n");
				return 3;
			}
		}
	}

	return 0;
}

int Player::endCreate(char name[]) //receiving end
{
	ZeroMemory(&specs, sizeof(specs));
	specs.ai_family = AF_UNSPEC;
	specs.ai_socktype = SOCK_DGRAM;
	specs.ai_protocol = IPPROTO_UDP;

	int test = getaddrinfo(name, portNumber, &specs, &addresses);
	if (test != 0)
	{
		printf("getaddrinfo failed: %d\n", test);
		return 1;
	}

	if (addresses != NULL)
	{
		endSocket = socket(addresses->ai_family,
			addresses->ai_socktype,
			addresses->ai_protocol);

		if (endSocket == INVALID_SOCKET)
		{
			printf("Error at socket(): %ld\n", WSAGetLastError());
			freeaddrinfo(addresses);
			return 1;
		}
	}
	return 0;
}

int Player::sendEnd()
{
	char* msg = "I have won!";

	int test = sendto(endSocket, msg, (int)strlen(msg) + 1, 0, addresses->ai_addr, addresses->ai_addrlen);
	if (test == SOCKET_ERROR)
	{
		printf("send failed: %d\n", WSAGetLastError());
		freeaddrinfo(addresses);
		closesocket(endSocket);
		return 1;
	}

	freeaddrinfo(addresses);
	return 0;
}

int Player::receiveEnd()
{
	char msgBuffer[512];
	int test = recvfrom(endSocket, msgBuffer, 512, 0, NULL, NULL);
	if (test == SOCKET_ERROR)
	{
		printf("recv failed: %d\n", WSAGetLastError());
		closesocket(endSocket);
		return 1;
	}
	printf("%s\n", msgBuffer);

	// cleanup
	closesocket(endSocket);
	return 0;
}

Server.h:
#pragma once
#include <WinSock2.h>
#include <Ws2tcpip.h>
#include <stdio.h>
#include <conio.h>
#include <vector>
#include "Game.h"

class Server
{
public:
	Server();
	~Server();

	int initiate();
	int connection();
	void destroy();
	bool newPlayer();
	void update();
	int sendData(int target, int type);
	int receiveData(int target);

	std::vector<SOCKET> players;
	Game game;

private:
	char* ipAddress;
	char* portNumber = "58008";
	SOCKET listenSocket;
	SOCKET connectSocket;
	char buffer[1000000];
	int receivedBytes;
	int numPlayers;
	bool lastMove;

	struct addrinfo *addresses;
	struct addrinfo specs;
};
Server.cpp:
#include "Server.h"
#include "Packet.h"

Server::Server()
{
	addresses = NULL;
	connectSocket = INVALID_SOCKET;
	listenSocket = INVALID_SOCKET;
	numPlayers = 0;
}

Server::~Server()
{
}

int Server::initiate()
{
	receivedBytes = 0;
	printf("Just warming up the server...\n");

	//Specify the type of connection we want
	ZeroMemory(&specs, sizeof(specs));
	specs.ai_family = AF_INET; //we want an IPv4 address
	specs.ai_socktype = SOCK_STREAM; //we want data streams
	specs.ai_protocol = IPPROTO_TCP; //TCP protocol
	specs.ai_flags = AI_PASSIVE; //we want to bind this info to a socket

	//Retrieve an address and a port number
	int test = getaddrinfo(NULL, portNumber, &specs, &addresses);
	if (test != 0) //if there has been an error
	{
		printf("getaddrinfo failed: %d\n", test);
		return 1;
	}

	//Create a socket from the retrieved address
	listenSocket = socket(addresses->ai_family, addresses->ai_socktype, addresses->ai_protocol);
	if (listenSocket == INVALID_SOCKET)
	{
		printf("socket failed: %ld\n", WSAGetLastError());
		freeaddrinfo(addresses);
		return 1;
	}
	
	//Set the mode of the socket to be nonblocking
	u_long mode = 1;
	test = ioctlsocket(listenSocket, FIONBIO, &mode);

	if (test == SOCKET_ERROR) {
		printf("ioctlsocket failed with error: %d\n", WSAGetLastError());
		closesocket(listenSocket);
		return 1;
	}

	//Bind the socket with the local address
	test = bind(listenSocket, addresses->ai_addr, (int)addresses->ai_addrlen);
	if (test == SOCKET_ERROR)
	{
		printf("bind failed: %d\n", WSAGetLastError());
		freeaddrinfo(addresses);
		closesocket(listenSocket);
		return 1;
	}

	//free addresses, since we don't need it any more
	freeaddrinfo(addresses);

	//Listen for connections
	test = listen(listenSocket, SOMAXCONN);
	if (test == SOCKET_ERROR)
	{
		printf("listen failed: %d\n", WSAGetLastError());
		closesocket(listenSocket);
		return 1;
	}

	return 0;
}

int Server::connection()
{
	Packet packet;
	int test;

	for (int i = 0; i < players.size(); i++)
	{
		SOCKET currentSocket = players[i];

		//collect data from that socket
		test = recv(currentSocket, buffer, 1000000, 0);
		if (test == 0) //closed connection
		{
			printf("Connection closed\n");
			closesocket(currentSocket);
		}

		int dataLength = test;
		if (dataLength > 0) //if there has been any received data
		{
			int j = 0;

			while (j < dataLength)
			{
				packet.unpack(&(buffer[j]));
				j += sizeof(Packet);

				switch (packet.packType)
				{
				case INIT_CONNECTION:
					printf("Player %d has sent a connection packet\n", i+1);
					break;

				default:
					printf("Error in packet types\n");
					break;
				}
			}
		}
	}

	return 0;
}

void Server::destroy()
{
	for (int i = 0; i < players.size(); i++)
	{
		int test = shutdown(players[i], SD_SEND);
		if (test == SOCKET_ERROR)
		{
			printf("shutdown failed: %d\n", WSAGetLastError());
		}
	}
	if (!players.empty()) players.erase(players.begin(), players.end());
	if (connectSocket != INVALID_SOCKET) closesocket(connectSocket);
	if (listenSocket != INVALID_SOCKET) closesocket(listenSocket);
}

bool Server::newPlayer()
{
	connectSocket = accept(listenSocket, NULL, NULL);

	if (connectSocket != INVALID_SOCKET)
	{
		// insert new client into session id table
		players.push_back(connectSocket);
		return true;
	}

	return false;
}

void Server::update()
{
	if (newPlayer())
	{
		numPlayers = players.size();
		printf("Player %d has joined the game\n", numPlayers);
	}

	connection();
}

int Server::sendData(int target, int type)
{
	const int packetSize = sizeof(Packet);
	char packetContents[packetSize];
	
	//this time we want to tell the client
	//what the board looks like
	Packet packet;
	packet.packType = type;
	strncpy(packet.board, game.board, sizeof(game.board));
	packet.pack(packetContents);

	connectSocket = players[target - 1];
	int test = send(connectSocket, packetContents, packetSize, 0);
	if (test == SOCKET_ERROR)
	{
//		printf("Send to player failed: %d\n", WSAGetLastError());
//		closesocket(connectSocket);
		return 1;
	}
	printf("A packet has been sent to client\n\n");
	return 0;
}

int Server::receiveData(int target)
{
	Packet packet;
	int test;

	connectSocket = players[target - 1];

	//collect data from that socket
	test = recv(connectSocket, buffer, 1000000, 0);
	if (test == SOCKET_ERROR)
	{
	//	printf("Data receive failed: %d\n", WSAGetLastError());
	//	closesocket(connectSocket);
		return 1;
	}
	if (test == 0) //closed connection
	{
	//	printf("Connection closed\n");
	//	closesocket(connectSocket);
	}

	printf("Packet received from player %d\n", target);
	int dataLength = test;
	if (dataLength > 0) //if there has been any received data
	{
		int j = 0;

		while (j < dataLength)
		{
			packet.unpack(&(buffer[j]));
			j += sizeof(Packet);

			if (game.canMove(packet.packType))
			{
				if (packet.packShape)
				{
					printf("Placing a O at tile %d\n", packet.packType);
					game.makeMove(packet.packType, 'O');
				}
				else
				{
					printf("Placing a X at tile %d\n", packet.packType);
					game.makeMove(packet.packType, 'X');
				}
				lastMove = packet.packShape;
			}
			else
			{
				printf("Move not possible. Try again.\n");
				return 2;
			}
		}
	}

	return 0;
}
Game.h:
#pragma once
#include <stdio.h>

class Game
{
public:
	Game();
	~Game();

	bool canMove(int index);
	void makeMove(int index, char type);
	void print();
	bool hasFinished();
	bool checkFull();
	char board[9];
};
Game.cpp:
#include "Game.h"

Game::Game()
{
	for (int i = 0; i < 9; i++) board[i] = '-';
}

Game::~Game()
{
}

void Game::makeMove(int index, char type)
{
	if (canMove(index)) board[index - 1] = type;
}

bool Game::canMove(int index)
{
	if (board[index - 1] == '-') return true;
	else return false;
}

bool Game::hasFinished()
{
	for (int i = 0; i < 3; i++)
	{
		if ((board[3 * i] == board[(3 * i) + 1] && board[(3 * i) + 1] == board[(3 * i) + 2]) && //checking the rows
			(board[3 * i] != '-' && board[(3 * i) + 1] != '-' && board[(3 * i) + 2] != '-'))
			return true;

		if ((board[i] == board[i + 3] && board[i + 3] == board[i + 6]) && //checking the columns
			(board[i] != '-' && board[i + 3] != '-' && board[i + 6] != '-'))
			return true;
	}

	//checking the diagonals
	if ((board[0] == board[4] && board[4] == board[8]) &&
		(board[0] != '-' && board[4] != '-' && board[8] != '-'))
		return true;

	if ((board[2] == board[4] && board[4] == board[6]) &&
		(board[2] != '-' && board[4] != '-' && board[6] != '-'))
		return true;

	return false;
}

bool Game::checkFull()
{
	int count = 0;
	for (int i = 0; i < 9; i++)
	{
		if (board[i] != '-') count++;
	}

	if (count == 9) return true; //if the board is full
	return false;
}

void Game::print()
{
	for (int i = 0; i < 3; i++)
	{
		printf("%c   %c   %c\n", board[3*i], board[(3*i) + 1], board[(3*i) + 2]);
	}
	printf("\n");
}
Packet.h:
#pragma once
#include <string.h>

enum PacketTypes 
{
	//1 through 9 are reserved for the tile numbers
	INIT_CONNECTION = 0,
	YOUR_TURN = 10,
	YOU_WIN = 11,
	YOU_LOSE = 12,
	BOARD_FULL = 13
};

class Packet
{
public:
	Packet();
	~Packet();

	unsigned int packType;
	bool packShape; //true for O, false for X
	char board[9];
	void pack(char* data);
	void unpack(char* data);
};

inline void Packet::pack(char* data)
{
	memcpy(data, this, sizeof(Packet));
}

inline void Packet::unpack(char* data)
{
	memcpy(this, data, sizeof(Packet));
}
Packet.cpp:
#include "Packet.h"

Packet::Packet()
{
}

Packet::~Packet()
{
}
FleshPlayer.h:
#pragma once
#include "Player.h"

class FleshPlayer : public Player
{
public:
	FleshPlayer();
	~FleshPlayer();

	virtual int input() const;
};
FleshPlayer.cpp:
#include "FleshPlayer.h"

FleshPlayer::FleshPlayer() : Player()
{
}

FleshPlayer::~FleshPlayer()
{
}

int FleshPlayer::input() const
{
	int choice = 0;
	while (choice < 1 || choice > 9)
	{
		printf("Input a number between 1 and 9:\n");
		scanf("%d", &choice);
	}

	printf("Choice accepted\n");
	return choice;
}
AIPlayer.h:
#pragma once
#include "Player.h"

class AIPlayer : public Player
{
public:
	AIPlayer();
	~AIPlayer();

	virtual int input() const;
};
AIPlayer.cpp:
#include "AIPlayer.h"

AIPlayer::AIPlayer() : Player()
{
	srand(time(NULL));
}

AIPlayer::~AIPlayer()
{
}

int AIPlayer::input() const
{
	int choice = 1 + rand() % 9;

	return choice;
}
EndServer.h:
#pragma once
#include <WinSock2.h>
#include <stdio.h>

class EndServer
{
public:
	EndServer();
	~EndServer();

	int createSocket();
	int sendData();
	int receiveData();
	SOCKET sendSocket;

private:
	int receivedBytes;
	char buffer[512];
	sockaddr_in	receiveAddr;
	sockaddr_in senderAddr;
	int	addressSize;
};
EndServer.cpp:
#include "EndServer.h"

EndServer::EndServer()
{
	receivedBytes = 0;
	addressSize = sizeof(senderAddr);
}

EndServer::~EndServer()
{
	if (sendSocket != INVALID_SOCKET) closesocket(sendSocket);
}

int EndServer::createSocket()
{
	sendSocket = socket(AF_INET, SOCK_DGRAM, IPPROTO_UDP);
	if (sendSocket == INVALID_SOCKET)
	{
		printf("Socket failed: %ld\n", WSAGetLastError());
		return 1;
	}

	receiveAddr.sin_family = AF_INET;
	receiveAddr.sin_port = htons((u_short)atol("58008"));
	receiveAddr.sin_addr.s_addr = htonl(INADDR_ANY);
	int test = bind(sendSocket, (SOCKADDR *)&receiveAddr, sizeof(receiveAddr));
	if (test == SOCKET_ERROR)
	{
		printf("Bind failed: %d\n", WSAGetLastError());
		closesocket(sendSocket);
		return 1;
	}

	return 0;
}

int EndServer::sendData()
{
	char msg[] = "The UDP server sends its congrats!";
	memcpy(buffer, msg, strlen(msg) + 1);

	int test = 0;
	test = sendto(sendSocket, msg, strlen(msg) + 1, 0, (SOCKADDR *)&senderAddr, addressSize);
	if (test == SOCKET_ERROR)
	{
		printf("send failed: %d\n", WSAGetLastError());
		closesocket(sendSocket);
		return 1;
	}

	// cleanup
	closesocket(sendSocket);
	return 0;
}

int EndServer::receiveData()
{
	int test = recvfrom(sendSocket, buffer, 512, 0, (SOCKADDR *)&senderAddr, &addressSize);
	if (test == SOCKET_ERROR)
	{
		printf("recv failed: %d\n", WSAGetLastError());
		closesocket(sendSocket);
		return 1;
	}

	printf("%s\n", buffer);
	return 0;
}
Main.cpp:
#include "Server.h"
#include "FleshPlayer.h"
#include "AIPlayer.h"
#include "EndServer.h"
#include <stdio.h>
#include <winsock2.h>
#include <WS2tcpip.h>
#include <conio.h>

EndServer endServer;
Server server;
FleshPlayer player;
AIPlayer aiBot;
bool gameFinished = false;
bool clientMove;
int terminateFlag = 0;
HANDLE gameMutex;

DWORD WINAPI recruitPlayers(LPVOID parameter)
{
	while (server.players.size() < 2) //still waiting for two players
	{
		server.update();
	}

	return 0;
}

DWORD WINAPI clientPlay(LPVOID parameter)
{
	WaitForSingleObject(gameMutex, INFINITE);
	player.playShape = CROSS;

	while (!gameFinished)
	{
		printf("Waiting to receive data from server...\n");
		Sleep(1000); //wait for the AI bot to make a move
		int test = 1;
		while (test == 1)
		{
			test = player.receiveData(); //waiting for a reception

			if (test == 2 || test == 3)
			{
				gameFinished = true;
				break;
			}
		}
		if (gameFinished) break;
		clientMove = true;
		while (clientMove) //if it's the user's turn to move
		{
			int location = player.input();
			if (player.sendData(location) == 0) //if the data send has been successful
				clientMove = false;
		}
	}

	ReleaseMutex(gameMutex);
	return 0;
}

DWORD WINAPI serverPlay(LPVOID parameter)
{
	WaitForSingleObject(gameMutex, INFINITE);
	aiBot.playShape = NOUGHT;

	while (!gameFinished)
	{
		int test = -1;
		while (test != 0) test = server.sendData(2, 10);
		if (test == 0) //successful send
		{
			clientMove = true;
		}
		test = 1;
		while (test == 1) test = server.receiveData(2);
		clientMove = false; //server's turn
		if (test == 2) //another move required
		{
			test = -1;
			while (test != 0) test = server.sendData(2, 10);
			if (test == 0) //successful send
			{
				clientMove = true;
			}
		}

		//check for a win
		if (server.game.hasFinished())
		{
			server.sendData(2, 11);
			server.sendData(1, 12);
			gameFinished = true;
			break;
		}
		else if (server.game.checkFull()) //if the board has been filled
										  //without a win
		{
			server.sendData(2, 13);
			server.sendData(1, 13);
			gameFinished = true;
			break;
		}

		while (!clientMove)
		{
			server.sendData(1, 10);
			aiBot.receiveData();
			int location = aiBot.input();
			aiBot.sendData(location);

			test = 1;
			while (test == 1) test = server.receiveData(1);

			if (server.game.hasFinished())
			{
				server.sendData(1, 11);
				server.sendData(2, 12);
				gameFinished = true;
				break;
			}
			clientMove = true; //client's turn
			if (test == 2)  //another move required
				clientMove = false;
		}
	}

	ReleaseMutex(gameMutex);
	return 0;
}

DWORD WINAPI celebrate(LPVOID parameter)
{
	WaitForSingleObject(gameMutex, INFINITE);

	if (endServer.createSocket() == 1) //error
	{
		printf("Celebratory server failed to initialise\n");
		ReleaseMutex(gameMutex);
	}

	if (player.endCreate("127.0.0.1") == 1) //error
	{
		printf("Socket failed to initialise\n");
		ReleaseMutex(gameMutex);
	}

	player.sendEnd();
	endServer.receiveData();
	endServer.sendData();
	player.receiveEnd();

	ReleaseMutex(gameMutex);
	return 0;
}

int main(int argc, char* argv[])
{
	WSADATA wsa;
	int test;
	HANDLE threadHdl, pOneHdl, pTwoHdl, endHdl;
	DWORD pOneID, pTwoID, endID;

	struct addrinfo *addressList = NULL;
	struct addrinfo *ptr = NULL;
	struct addrinfo hints;

	if (argc < 2) //an insufficient number of command arguments
	{
		printf("So, uh...\n");
		printf("If you're a network client\n");
		printf("You'll want to run this with the command argument\n");
		printf("-client server-name\n");
		printf("Otherwise\n");
		printf("Your command argument will have to be\n");
		printf("-server\n");
		printf("Good night\n");
		return 1;
	}

	test = WSAStartup(MAKEWORD(2, 2), &wsa); //initialise winsock
	if (test != 0)
	{
		printf("WSAStartup broke: %d\n", test);
		return 1;
	}

	//Create a mutex
	//so that only one thread at a time
	//can send data to the server
	gameMutex = CreateMutex(NULL, FALSE, NULL);
	if (gameMutex == NULL)
	{
		printf("Mutex error: %d\n", GetLastError());
		player.destroy();
		aiBot.destroy();
		server.destroy();
		WSACleanup();

		return 1;
	}

	if (strcmp(argv[1], "-client") == 0) //if this is a client
	{
		// Validate the parameters
		if (argc != 3)
		{
			printf("usage: %s -client server-name\n", argv[0]);
			return 1;
		}

		if (player.initialise(argv[2]) == 1) //if there has been an error in initialising the server
		{
			printf("Client failed to initialise. Closing...\n");
			WSACleanup();
			return 1;
		}

		if (player.connection(argv[2]) == 1) //if there has been an error in establishing a connection
		{
			printf("Client failed to connect. Closing...\n");
			WSACleanup();
			return 1;
		}

		pOneHdl = CreateThread(NULL, 0, clientPlay, NULL, 0, &pOneID);
		if (pOneHdl == NULL)
		{
			printf("Player 1 thread failed to initialise: %d\n", GetLastError());
			CloseHandle(gameMutex);
			player.destroy();
			aiBot.destroy();
			server.destroy();
			WSACleanup();

			return 1;
		}

		WaitForSingleObject(pOneHdl, INFINITE);
		CloseHandle(pOneHdl);

		endHdl = CreateThread(NULL, 0, celebrate, NULL, 0, &endID);
		if (endHdl == NULL)
		{
			printf("Celebratory server failed to initialise: %d\n", GetLastError());
			CloseHandle(gameMutex);
			player.destroy();
			aiBot.destroy();
			server.destroy();
			WSACleanup();

			return 1;
		}

		WaitForSingleObject(endHdl, INFINITE);
		CloseHandle(endHdl);
	}
	else //if this is a server
	{
		if (server.initiate() == 1) //if there has been an error in initialising the server
		{
			printf("Server failed to initialise. Closing...\n");
			WSACleanup();
			return 1;
		}

		if (server.connection() == 1) //if there has been an error in establishing a connection
		{
			printf("Server failed to connect. Closing...\n");
			WSACleanup();
			return 1;
		}

		aiBot.initialise(argv[2]);
		aiBot.connection(argv[2]);

		//Create a thread that will handle (lol)
		//the connection of a real (flesh) player
		threadHdl = CreateThread(NULL, 0, recruitPlayers, NULL, 0, NULL);
		Sleep(1000);
		WaitForSingleObject(threadHdl, INFINITE);
		CloseHandle(threadHdl);

		pTwoHdl = CreateThread(NULL, 0, serverPlay, NULL, 0, &pTwoID);
		if (pTwoHdl == NULL)
		{
			printf("Player 2 thread failed to initialise: %d\n", GetLastError());
			CloseHandle(gameMutex);
			player.destroy();
			aiBot.destroy();
			server.destroy();
			WSACleanup();

			return 1;
		}

		WaitForSingleObject(pTwoHdl, INFINITE);
		CloseHandle(pTwoHdl);
	}

	CloseHandle(gameMutex);
	printf("Press Any key to exit\n");
	while (!_kbhit());

	player.destroy();
	aiBot.destroy();
	server.destroy();
	WSACleanup(); //we need to clean up after ourselves
	return 0;
}
