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Abstraction:
      This is a two-player game which can be done using two computers connected to each other. The game has two parts: clients and server. Each user manages one team in the game by using the mouse to interact with the graphical user interface provided by the client. The client does not implement strategies but relies on user input to determine where players should move and where the ball is thrown. The server can be run either on of the client’s computers or on a third computer and has the responsibility in implementing the rule of the game. The clients and server communicate with each other via TCP/IP protocol sockets by sending messages with specific format. The game is implemented in Java programming language with Object-Oriented approach; Networking and Multi-threading programming are two basic concepts used to implement the game.
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1.0 Introduction:

             Netball game is the computer game that simulates the real netball game. The objective of the project is to implement the whole game that can be played via the local area network. The game must follow closely the rules of the game. The report describes the project: the implementation stages, what has achieved in the project, and technical details about the project. 

              The report consists of 5 parts. After the introduction is the game overview which presents in details the game rules. The next part is the design which describes the structural design and algorithms used to implement the functionalities of the game. The implementation part comes next; technical data of the implementation is presented in this part. Before the conclusion is the results of the project which describes the current status of the project, the future intentions and experience gained from the project. 
2.0 Game Overview:
2.1 Netball game Overview:

          There are two teams in each game called red team and blue team. The red team’s goal is on the left hand side of the playground and is represented by a red triangle which is surrounded by a red circle-the goal area; the goal area of the blue team is on the right hand side and is represented similarly with the red but in blue color. Each team has six players, players in the red team are represented by red circle, and similarly with players in the blue team; the ball is indicated by a white circle. 

         Each team is controlled by at least one user, in this project, the game is simplified so that only one user controls one team. There is one client program for each user and one server program for the whole game. In each client program during the game, the user can control the player in his team by a set of commands which are triggered by mouse, they are:

· start: announce that one is ready for the game

· move : move 1 player to another location in the playground

· kick : kick the ball to another player or shoot to the goal

· pause: stop the game temporarily

· resume: return the game after a pause

2.2 Game Rules:   

 2.2.1 Duration
         A game lasts 100 seconds.
2.2.2 Players

       Players are represented by a geometric point and cannot collide with other players. A player is either stopped or moves at constant speed in any direction. The speed will move a player the length of the court in 5 seconds. The player is stopped after catching the ball or reaching the boundary line or reaching the goal circle when another team member is within the circle.       

2.2.3 Ball

       The ball travels at twice speed the speed of the players.

2.2.4 Starting the Game
       The game starts when both users issue the start command. At the beginning, the players are randomly positioned in the player ground and the ball is randomly given to one player. The game time is count.

2.2.5 Catching the Ball
        Once the ball is thrown, the probability and the distance between the ball and a player will determine whether this player can catch the ball or not. A ball is caught by a player only if the ball passes within W/10 the player, where W is the width of the playground. The thrower can not catch the ball. The probability of a catch depends on the distance from where the ball is thrown to the player attempting a catch.
· For a distance of R up to 2R, the probability is 0.95 (R is the radius of the goal circle)

· The probability reduces linearly to 0 at the distance L (L is the length of the playground)

· For distance less than R/2, the probability is 0 and reduces linearly from R to R/2.

           Each player has only one opportunity to catch the ball as it passes.

2.2.6 Holding the Ball

           A player can hold the ball at most 4 seconds; otherwise the ball is passed to the nearest player in the other team.

2.2.7 Ball out of Bounds
           If the ball passes over the boundary line, the ball is given to the nearest player (of other team) to the point on the boundary that the ball crossed. This also applies to missed goal attempts.
2.2.8 Pausing

           During the game, each client can pause the game for an indefinite period of time, and of course the time is not count for the pausing duration. Up to 3 pauses are allowed per game.   

2.2.9 Scoring

           A goal is scored if the ball is thrown in the goal circle and the ball passes within R/10 of the goal, the probability of scoring a goal is described below.

          The probability of scoring a goal relates to the distance from where the ball is thrown to the goal.

· For a distance  less than R/5 the probability is 0.9

· The probability reduces linearly to 0 at a distance of R.

           After a goal is scored, the game is restarted in the same way as starting the game except that the ball is given to the team which has just scored. This means that the players are also randomly positioned but the ball is given to the team which has just scored.                   


[image: image1]
                                   An example of the netball playground.
  T  The length of the playground: L
        The width of the playground: W

        The radius of the goal circle: R = 0.32 W
3.0  Design:
This part represents the structural design of the game, including the client-server architecture, the client and server responsibilities, and their architectural designs.
3.1 Client-Server architecture:

[image: image2]
  Model of the communication between the server and two clients.
       The game consists of 2 parts: the server and the clients. They communicate with each other by sending standard messages periodically. The server program receives user command from the client programs whenever it receives the command and the server program sends status message to the client each 50 mseconds.
3.2  Client:
      The client is the interface between the server and the users. It receives the commands from the user and sends them to the server; it also receives the status message from the server and updates the GUI. It would have two threads. One is responsible for communication with the server including sending commands and receiving status messages, the other is responsible for receive commands from the user and update the display. Each thread is allowed to run in a quantum of time, then it switches to the other thread, by switching between each other, the client program can receive commands from the user, update the screen and communicate with the server concurrently.


[image: image3]
3.3 Server:

         The Server has the responsibility to implement the rule of the game, this means it must coordinate between players, keep track the ball and handle the commands received from client programs. It must also generate status messages and send them to the clients to refresh their displays. 

          The class diagram for the server package (more detailed class diagram and the explanations will be introduced later):

[image: image4.emf]player


team


1


6


ball


match


1


2


queue


server


1


6


1


2




player

team

1

6

ball

match

1

2

queue

server

1

6

1

2


          There are two designs for the server operation:

· Design 1: 

We create 2 threads in the server program. Each thread has the responsibility to receive commands from one client, manipulate data, and send status messages to the client that connects with this thread.


[image: image5]
    The server in this design uses one queue to store the commands from 2 clients called receiveQueue; this queue is shared by 2 threads.

    Each thread uses a while loop. First, the PlayerThread 1 thread listens to the client1 to wait for a command. If the user issues a command, this thread will receive and append to the receiveQueue. If the time for waiting commands is over, this thread takes a string from the receiveQueue and processes this command. After that, it checks whether the send interval (from current moment to the last sending status message) is over 50 mseconds or not. If it is, this thread produces a status message at that moment, send it to the client1. Finally it checks whether the quantum time run is over or not, if the quantum time is over, it switches to the thread2, if it is not comes back to the beginning of the while loop. The thread 2 does the same things as thread 1.

         Therefore, by switching between 2 threads, the server can handle all commands from the two clients, manipulate data and then send status messages to these clients. Because these 2 threads are independent, the status messages sent to the 2 clients may be different, but these difference is acceptable because the quantum time of this 2 thread is very short (about 20 mseconds). This design is simple to implement.
· Design 2:

Instead of having only 2 threads, we have 3 threads, 2 threads for communication with the 2 clients, and the other is only process the data received.

[image: image6]
           The server in this design uses 2 queues, one queue contains commands from 2 clients called receiveQueue and the other contains status messages called sendQueue, a string in the sendQueue goes out the queue only if this string is taken by both communication threads. Both queues are shared by all threads. 

           First, the Communication thread 1 listens to the server for a period of time to receive commands from client 1. If it receives any command, it appends this command to the receiveQueue (queue that contains only commands). If the time for waiting for commands is over, it checks the sendQueue, if there is any string in this queue, then it takes this string and send to the client1. If the sendQueue is empty, it switches to the communication thread 2. The communication thread 2 does the same things.

           When the data processing thread is run, it checks whether the receiveQueue is empty or not, if the queue is not empty, it takes the front string from this queue, process it. After that, it checks the send interval (time between now and the last sending) is over 50 mseconds or not. If it is, the thread produces a status message, appends it to the sendQueue and switches to the communication thread1.   
        This design can send to the 2 clients the same status message but it is harder to implement, and switching to much between threads makes the program less efficient.
      Because of the simplicity the design 1 was chosen.
3.4 Algorithms for main functionalities:
· pausing and resuming:
      When a client (assume that the client1) issues a PAUSE command, the client program checks whether the status of the game is PLAYING or not. Only when the game status is PLAYING, the client sends the PAUSE command to the server and changes the button to RESUME. Therefore, only the client issued the PAUSE command can resume the game. 

       The server receives the command; it sets the status of the game to PAUSED. When the new status message is sent from the server to the client, the status of the game is now PAUSED.    
· Moving a player:
    When a player is requested to move to the new position, the server first checks whether the player is moving or not, or this player is holding the ball or not. One player can move only if the status of this player is STOP and this player does not has the ball.

     After that, the server sets the target of the movement. The movement of the player is divided into smaller steps, each step happens in deltaT. The movement is stop only when the player reaches the target. 


[image: image7]
Current position: xLocation, yLocation

Target position: xTarget, yTarget

V_PLAYER the speed of the player

D the distance the player can move in deltaT time.

Assume that after deltaT time, the new position has the x, y coordinator: xNew, yNew.

        xNew = xLocation+ (xTarget-xLocation)*deltaT*V_PLAYER/d); 

        yNew = yLocation+ (yTarget-yLocation)* deltaT*V_PLAYER/d);

· Throwing the ball:
Throwing the ball is similar, the movement of the ball is split into smaller intervals, but the difference is the ball only stop if it is caught or reaches the boundary, therefore, using the same technique as moving the player is quite hard (we need to compute the target of the movement-a point in the boundary line which require additional computation). 

  The following technique is simpler.

+when the ball is thrown, we compute the sin and cos of the angle between the movement direction and OX. 


[image: image8]
                 Assume that the ball is at Current Position(xLocation, yLocation), the command is: kick x y. We have:
        sin = (y-yLocation)/D

        cos = (x-xLocation)/D

  Where D is the distance from current position to T.

                   After a period deltaT, the new position of the ball is New position (xNew, yNew).

     xNew =  xLocation + cos* deltaT * V_BALL); 

     yNew =  yLocation + sin* deltaT * V_BALL);

  Where V_BALL is the speed of the movement of the ball.

· catching the ball
      When the ball is thrown, the probability to catch the ball of each player is computed based on the distance from this player to the thrower. In the movement of the ball, find any player who is within W/10 of the ball (W: the width of the playground, W/10 is the maximum distance that a player can catch the ball), generate e random integer number in the 0 to 100 interval. If this random integer is smaller than probability to catch the ball of this player, the ball is given to this player, otherwise, set the probability to get the ball of this player to 0. This means that each player has only one chance to catch the ball.

   In the example below, the probability to catch the ball of the player is 0.8 (80%), when the ball enters within W/10 of this player, a random integer is generated. If this random integer is smaller than 80, the ball is given to this player, otherwise the probability to get the ball of this player is set to 0, this means that this player can not catch the ball in this throw.
[image: image9]  

· scoring
         Every time the ball reaches the boundary line, we check whether the ball pass within R/10 to the goal or not (R/10 of the goal is the maximum distance that a goal can be scored). If it does, the distance from the thrower to the goal is computed, and based on this we calculate the probability to score the goal. A random number from 0 to 100 is generated, if this random integer is smaller than the probability to score the goal, a goal is scored for the team of the thrower, otherwise, this case is treated just like the ball goes out the boundary.

4.0  Implementation:

4.1  Choosing the language:

 Java was chosen to implement the project because of the following reasons: 
· Java is pure Object- Oriented programming language with high portability. A program which is written in Java can be run in various platforms. 
· Multithreading programming in Java is simpler, Java is a programming language that supports multithreading, and therefore, creating and manipulating threads are easier. In order to being a thread, one class can extends the Thread class and overwrite the method run() or implements the runnable interface and overwrite the method run(). In order to create a thread instance, just create new object of the class inherited the thread class or implements the runnable interface, and then invoke method start() to begin the thread.
· Java provides full facilities to work with networking. 

· Java provides high level support graphical interface.
4.2 Planning:
The project was divided in 3 steps:

· Step 1:  implement the graphical user interface of the client package. There are 2 weeks for this step.
· Step 2: implement the main part of the server (including: the Player, Team, Ball, Match classes). Time for this step is 3 weeks.
· Step 3: implement the connection between the clients and the server and finalize the project. Time for this step is the rest of the semester.
4.3 Implementation:
4.3.1 The Client package:
   The Client package has 2 classes:

· Queue class: The queue is implemented as a linked-queue. The reason for this choice is that the linked-queue can be resizable. If the queue is implemented by array, the length of the array is a problem. If the length is too long, it is not efficient; if the length is too short, overflow may occur.  

· Client class: 

                       The Client class has 2 queue objects: receiveQueue and sendQueue, the receiveQueue object contains strings from the server (status messages), the sendQueue contains command from the user.

Client class has 4 inner classes:

· Stadium class (extends JPanel): the responsibility of this class is painting the screen including the playground, players, the ball, and the scores.

· MouseClickedHandler class (extends ActionListener): the class is used to handler the command entered from the users by mouse.

· Updater class: this class takes a string from the receiveQueue (queue that contains status messages from the server), convert the string to integer values and update the screen based on these new values.

· Connection class: the class’s responsibility is to communicate with the server. First, it creates a connection with the server, and then receives status messages from the server, appends them to the receiveQueue, it also takes string from sendQueue and send them to the server.  

[image: image10]
                             Class diagram for the Client package.

  The Connection and Updater are two sub classes of the Thread class, once they are instantiated, they will be run for a quantum of time, then switch to other thread. By switching between these 2 threads, the client program can communicate with the server, receive command from the user, and update the screen.


[image: image11]
                               Client program operation.
4.3.2 The Server package:
       This part represents the class diagram of the server package, and briefly introduces each class, their instance, the class queue is the same as in the client package, the class Server has the inner class, and it will be introduced in a separate diagram. 
              As can be seen from the class diagram, the server package consists of 6 classes:
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Data processing is one mainly in the 4 classes: Player, Ball, Team and Match. The server class communicates with the clients and invokes methods in these classes.

· Player class:

· Instance fields:

· xLocation, yLocation: the position of the player

· xTarget, yTarget: the position of the target of the movement.

· status: the status of the player, if this player is moving status has the value 1, if he is stop, status equals to 0.

· playerID : from 0 to 11

· position: the position of the player.
If the player is inside the red circle, position equals to 3

If the player is inside the blue circle, position equals to 4

If the player is not inside any circle, position equals to 2.
· direction: the direction of the movement (if the player is moving). 

direction = 1 if the movement is northeast

direction = 2 if the movement is southeast

direction = 3 if the movement is southwest

direction = 4 if the movement is northwest.
                                               - int probabilityGetBall: the probability to catch the ball                   when the ball is thrown.

· Team class:

· Instance fields:
· int name: the name of the team, it equals to 0 if it’s blue team, and 1 for red team.

· int score the score of this team.

· Player[] players: array of players

· Ball class:

· instance fields:
· xLocation, yLocation the current position of the ball.

· int owner : the owner of the ball.
If the ball is moving, owner equals -1, else the owner is the playerID of the player who is holding the ball.

· int status: the status of the ball

If the ball is moving, status equals 1, otherwise, it is 0.

· xThrown, yThrown the location where the ball has just be thrown.

·  Double sin, cos: sin and cosine of the angle of the movement of the ball. 
· int holdtime: the hold time of the ball, if the ball is moving it is 0, the holdtime is count from the ball is caught.  
· Match class:

· Instance fields:

· ball

· Team[] teams

· status : the status of the game

If the game is started, status = 0

If the game is playing, status = 1

If the game is paused, status = 2

If the game is finished, status = 3

- int timeLeft : the time left of the game.

* Server class:
                          The server class has a Match object and a queue object. It also has two                     objects of an inner class PlayerThread. 



                                  The server class.

     Inner class PlayerThread extends the Thread class and has the responsibility to communicate with one client program (receive the commands from and send the status messages to this client) and invoke method in the match class to manipulate commands taken from the queue object.


[image: image13]
The server has 2 threads; once they are created, they will establish the connection with two client programs. Each thread will be allowed to run for a quantum of time, in this period, the thread waits the client’s command for a period of time, if there is no command, it does the other task; otherwise, it appends the command to the queue object. The next task is to take a string from the queue object, then invoke method(s) in the Match class to process this command. If the interval from the last time to send the status message to current time is over 50 mseconds, a new status is generated and sent to the client. The thread switches to another PlayerThread if the quantum time is over. By keeping switching between 2 threads, the program can handle the communication with 2 client programs and process commands from them.                                  
4.3.3 Communication:
The server and clients communicate by sending the well-defined messages, the format of these messages are below:
· The user commands are all in normal letters and words are separate by a space if it is more than 1 in length. They are: 

·  kick x y        

Kick the ball towards position x y , the ball keeps going until it crosses the boundary or is caught by a player, the message has no effect if the client has no player with possession of the ball.

·  move x y

Move the player nearest to the position x y to the position x y. The player should stop at that position.

· start

   Announce the readiness to play the game, the game is commenced id both clients issue the start command.

· pause

Pause the game, the game is paused until this user issues the resume command.

·  resume

Resume the game after pausing the game, only the user who issued the pause command can issue the resume command.

· The status message is the message that contains all the status of the game which is represented in integer values, including the name of the team, the position of the players, the position of the ball, the owner of the ball, the time left of the game, the scores of two teams in a specific format. Each integer value is separated by a space.

 1, Team Name:  0 for blue team and 1 for red team. The name of the team is decided at the moment they connect, the first team connects to the server will be named as blue team, the second is red team.

2, x-coordinator of the ball

3, y-coordinator of the ball

4, the owner of the ball: 

    The owner = -1 if no player has the ball; otherwise, it is the player ID of the owner.

5, the time left to hold the ball:

If the owner = -1 (the ball is moving), the time left = 0;

Otherwise the time left is count from the moment when the owner has the ball.

  From 6 to 29: the x and y – coordinator of the position of the 12   players.

30, the time left of the game  
31, the status of the game: 

   The status = 0 if the game is playing and 1 is it is paused.

32, the blue team’s score

33, the red team’s score 
The format of the status message:

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17


	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33


     In order to create a server-client connection in Java, we need to create a server and client(s). 

     Creating a server takes 5 steps:

· Step 1: create a ServerSocket with specific port and queue length.

ServerSocket server = new ServerSocket (port, queueLength);

· Step 2: Server listens indefinitely for an attempt by a client to connect.

Socket connection = server.accept();

· Step 3: get the OuputStream and InputStream objects.

ObjectInputStream input = new ObjectInputStream(connection.getInputStream());

  ObjectOutputStream output = new ObjectOutputStream(connection.getOutputStream());

· Step 4:  process the connection, the server communicates with the clients via InputStream object and OutputStream object.

+receive string

String receiveString = (String) input.readObject();

+send string

output.writeObject(sendString);

output.flush();

· Step 5: close the connection.

input.close();

output.close();

connection.close();

Similarly we need 4 steps to create new client

· Step 1: create new Socket 

Socket connection = new Socket(serverIPAdress, port);
· Step 2: get InputStream and OutputStream objects

· Step 3: process the connection

· Step 4: close the connection.

      Step 2, 3 and 4 are similar to those in creating a server.
5.0 Results:
5.1 Current status:
The project is complete and the product satisfies the requirements of the project.  The game can be played via local network, each team is controlled by 1 user, and the game rules are implemented as specified. 
5.2 Future intentions:

 For the future, the project can be developed in 2 further steps:

-step1: the game can be developed so that more than one user can control a team, each user controls a player for example. 

- step 2: the second step is implementing the game in applet so that the game can be played in the web-browser that supports Java Applet like Mozilla FireFox. 
5.3 Personal experience:
This project is a good practice in Object Oriented programming which is more and more popular in software development. Through the project, I have learnt 2 new concepts: networking and multithreading, and have more experience in developing GUI application. Moreover, this project is the first long term project I have ever implemented, it last a semester and it is more than 1.5 KOC (thousands line of code) in length. I understand the difficulties that such project has to cope with and how to overcome them. For large project, it is crucial to split it into smaller phases and allocate time appropriately for each phase. Additionally, the clear and full documentation in these projects is essential. The documentation is everything related to the project including the comment in the source code, folio of the project, etc. Good documentation not only helps the other understand your code, but also helps the developer himself remember what he has done. 

6.0 Conclusion and future intentions:

             The netball game is fully implemented and satisfies the requirements of the project. Java was chosen to implement the game because its portability, high level supports networking, multithreading, and graphical user interface. Through the project, I have more experience in programming, particularly Object Oriented programming, networking and multi-threading programming, understand the difficulties that a long term project must face with and how to solve them. For the future, the project can be developed further so that more than 1 user can control a team or the programs can be written in applets and they can be played in the web browser. 
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