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Test Framework

We split the game in four main modules, which are Graphics Rendering, Network, Physics and UI.  Each team member is assigned one of these modules, and is responsible of its proper working.  This means that the assigned team member is responsible of testing his own part.  However, the whole team will be responsible for the proper integration the whole game, and its proper functioning.

Builds

Network and Physics Modules


These two modules will have their own debug builds posted on SourceForge by Mohamed Benmouffok.  These debug builds simply consist of drivers, black-box unit tests that are run on the particular module.  

We will provide a very basic composite class structure to be used for testing. This last test will only be provided for the Network and Physic modules, since only these two components allowed such a test to be executed.  This will be used when modification are done on these modules, in order to ensure no new problems have been created by the change.  By the end of this testing phase, we will be able to start end-to-end testing, where we will test the system in its entirety.

UI and Rendering Modules

We cannot test the UI and Rendering modules in the same way as Physics and Network because the output is graphical and relate more to human interaction rather than functionality testing as in black box.  In other words, their output cannot be quantitatively measured like Physics’ and Network’s.

Therefore, these two modules will be tested in a beta-testing fashion – that is the team member assigned to the module will test it by trying different combinations of events to try to find defects.


The “Object” object is the base class which carries the information we need about any “object” rendered on the screen.  Hence it requires a physics module to contain its position and space vectors.  It also contains the rendering code it needs to render the 3DS model to the screen.
System Build


Two builds of our software will co-exist within WaveWars home page.  One will contain a debug features that will enable us to see such information as performance-monitoring.  This build will also contain assert statements that will give us the ability to track defects that may cause unexpected behaviour.  Any Sourceforge user will have access to the latest build in order to try it out, and will have the opportunity to report any defect encountered using our bug-tracking tool.  See the Quality Assurance section (section 4) for more information.


Some of the asserts are placed in core locations in the system and verifying most of them for every frame would significantly reduce the performance of the system.  Exceptions are even slower then if cases which makes this an even less attractive option.  Games have significantly different requirements then real time systems and mission critical software.  Consequently, it’s not a huge-deal if for example, the collision detection is 2-10 pixels off provided that a projectile which 
is *relatively* close to an a object finds a collision.  In fact, it’s preferable that the precision be a bit more off and that the game runs faster.  In other words, the performance requirements outweigh the reliability requirements.  The game does not need to be fail-safe, so the asserts will be removed in the runtime version.
Target Platform

As for the material needed in the test environment the system, all that is necessary will be a PIII 1GHz PC with 128 MB of RAM, a 10/100MB network card, a Geforce 2 video card, two-button mouse, Windows 2000 and 50 MB of free hard disk space will be required for installation purposes.  The network protocol used will be the standard TCP/IP service provided by Windows 2000.

Test procedures and New Requirements

	#
	Requirements
	I
	Ve
	Va

	2.1
	This game is played by 2 players

· Fairly trivial to test, count the number of player that are playing in the same game.
	
	
	

	2.2
	Real-time game (not turn-based)
	
	
	

	2.3
	Players are represented as ships navigating on an aquatic battlefield

· As long as the game is going on, verify that players have total control over their respective battleships

· Verify that battleships are floating on water
	
	
	

	2.4
	Each player controls a fleet of 5 ships

· At the beginning of the game, count the number of battleships displayed for each player
	
	
	

	2.5
	Top View will be from top (this is a bird-view of the sea)

· By pressing tab, verify that there exists an overview of battleships
	
	
	

	2.6
	Firing View will be first-person, from behind the battleship’s canon

· By pressing tab, verify that one of the views is showing a canon
	
	
	

	2.7
	View will be switched from the Top View to the Firing View when player presses the TAB button when a boat is selected

· From Top View, select a boat and click Tab.  Verify that switch is made to Firing View, on the same boat.  Verify boat location to ensure that it is the same boat
	
	
	

	2.8
	The player exits the Firing View and goes into the Top View by pressing the TAB button

· From Firing View, click Tab.  Verify that switch is made to Top View, on the same boat.  Verify boat location to ensure that it is the same boat.
	
	
	

	2.9
	The Top View will permit the user to move in different areas of the map by moving the mouse on the border of the window

· Manually move the mouse to the side of the screen.  All displayed objects should move to the opposite side.  Try with all 8 directions (up, down, right, left, up-right, up-left, down-right, down-left).  We will verify this requirement with users’ satisfaction during beta testing
	
	
	

	2.10
	In the Top View, the user will only be able to control the direction and speed of his own ship

· While in Top View, select an opponent’s boat and try to modify its speed and direction.  It should not work
· While in Top View, select your own boat and try to modify its speed and direction.  It should work
	
	
	

	2.11
	In the Firing View, the user will only be able to control the canon

· From the Firing View, press the + and – keys and any other boat control keys to try to modify the boat’s speed and direction.  It should not work.

· Click and drag the mouse to ensure that the current boat doesn’t try to change directions.

· If another of the user’s boats is visible from the Firing View, try to select it and modify its speed and direction by using the arrow keys and the + and – keys.  Nothing should happen.
	
	
	

	2.12
	A player must be able to host a game on a LAN (For server)

· A LAN is a Microsoft Local Area Network using standard TCP/IP connection.

· To test this requirement, two computers running Microsoft operating systems (Win2000) will establish a connection

· One will act as a server, the other as a client.

· The Server will start first.  Using the UI, this computer’s user will identify himself as the host.  The UI should confirm its host identity and wait for a client to connect.

· The game will start upon client connection.
	
	
	

	2.13
	A player must be able to connect to a server on a LAN (For client)

· The Client will start.  Using the UI this computer’s user will identify himself as the client and enter the IP address of the Host machine when prompted.  The UI should confirm that a connection has been made.
	
	
	

	2.14
	Players must be able to terminate a session

· Start a game

· When the ESC button is pressed, a confirmation dialog box should come up asking for quitting confirmation.  Select Yes. 

· The window should disappear.
	
	
	

	2.15
	If a player terminates a session, the other player must be notified

· If a player executes requirement 2.16, verify that the other player is properly notified. 

· A message box should pop up notifying the user that the other player has exited the game.  When this dialog is closed, the game window will be closed as well
	
	
	

	2.16
	The player aims using aim-and-click functionality in the Firing View

· When rotating the cannon, ensure that the cannon coordinates are modified accordingly. 

· Verify the cannon itself follows the appropriate motion in respect to the coordinates and mouse movement
	
	
	

	2.17
	The player fires using the Space Bar

· In the Firing View, press the Space Bar and ensure that the cannon indeed fires
	
	
	

	2.18
	Pressing the ESC key will pop-up a dialog in the center of the screen asking the user if he/she wants to quit (Yes or No)

· When the ESC button is pressed, a confirmation dialog box should come up asking for quitting confirmation.  Select Yes.  

· The game window should disappear.
	
	
	

	2.19
	User can sink a boat by shooting on it

· Fire bullet directly at boat
· Boat should disappear
	
	
	

	2.20
	User with no boat loses

· Repeat 2.19 with all boats
· Message should appear indicating which player won
	
	
	

	
	The Quit Dialog will not stop the proceeding of the game, but the user will not be able to control anything else while this dialog is up. 

· THIS REQUIREMENT HAS BEEN REMOVED.
· Press the ESC key and ensure the game continues in the background.  This can be achieved by looking at the radar and the ship movements.

· Try to select other ships while the Quit Dialog is displayed.  It should not work.

· Pressing the TAB key will alternate between the YES and NO buttons on the dialog box and should not switch between the Firing View and Top View.
	
	
	

	
	Current of the ocean will be simulated and boats will drift accordingly

· THIS REQUIREMENT HAS BEEN REMOVED.
· Verify that when no power is applied to the boat it drifts
	
	
	

	
	Wind will be simulated and will affect the boats and projectiles

· THIS REQUIREMENT HAS BEEN REMOVED.

· It has been determined that the wind would have no effect on the boats or projectiles due to their size.  Only moderate weather conditions will be modeled, so the wind factor may be safely ignored.
	
	
	

	
	The map will be covered by a “fog of war” to represent the idea that on a boat, the viewing distance is limited

· THIS REQUIREMENT HAS BEEN REMOVED.

· Ensure Fog of War is implemented in both Top and Firing views.
	
	
	

	
	Every object, except the player’s boats, in the fog of war is invisible

· THIS REQUIREMENT HAS BEEN REMOVED.

· Ensure all 5 of the player’s boats are visible from the Top View.
	
	
	

	
	A circular viewing area with a radius equivalent to one boat-length will surround each of the player’s boats. Any object present in this viewing area will be visible to the player.

· THIS REQUIREMENT HAS BEEN REMOVED.

· Two users should rendezvous at specified coordinates.  The two users should then see the opponent’s ship as it progressively enters their viewing area.  A simple subtraction of the coordinates when the opponent boat is at the extreme side of the viewing area will verify that the viewing area is one boat length.
	
	
	

	
	Every boat is provided with a radar that can view up to a radius of two and a half boat lengths from its current position

· THIS REQUIREMENT HAS BEEN REMOVED.

· Two users should rendezvous at specified coordinates.  The two users should then see the opponent’s ship in his radar area as it enters it.  A simple subtraction of the coordinates when the opponent boat is at the extreme side of the radar will verify that the radar area is two and a half boat lengths.
	
	
	

	
	A context menu will be present in the bottom left corner of the map at any given view.

· THIS REQUIREMENT HAS BEEN REMOVED.

· Its contents will be a Speed indicator, the Heading Indicator, Boat Coordinates, Canon orientation and Power.

· CANON POWER IS NOW A CONSTANT FOR THE FIRST RELEASE.  HOWEVER IT WILL BE DISPLAYED.

· Ensure the context menu is visible in both Top and Firing Views

· Ensure the context menu is updated when a different ship is selected from the Top View

· Verify all movements seem coherent.
	
	
	


Cutbacks

We have decided to prioritize our tasks for the November/December deliverables.  We will be delivering the basic tasks as of November.  This will provide a fully working game but it might lack of visual effects or flexibility in comparison to what we previously anticipated.  The medium and advanced tasks will be tackled if time permits it.  In fact, for some modules theses tasks are actually nearly all done.  They are the “fancy” features of our game, which are solely there to intensify the experience the gamer lives.

In the above table, every numbered requirement is considered as basic functionality.  We are aiming to implement all these requirements.  The old requirements marked in red are “nice to have” functionality which are purely cosmetic features and will not change the initial idea of the project.  We will implement these features only if time permits.

Test Data 

Network Module

The Network component requires to be tested since it's the one of the most used components of the game.  Therefore, this component will be tested under heavy traffic load and large volumes of data will be transferred between the server and the client. 

This component will be tested using a large predefined amount of data read from a file on a client and sent through a LAN to the server.  The server will process this data and send it to another client on the same LAN.  At the receiver’s side, the client will do a “diff” command on the received information and the expected data (read from a file).  At the end, a status report will be generated for network performance in the form of an html file.  This document will tell us if our game satisfies our criteria of reliability (amount of packets lost, which should be less than 2 packets per minutes), rapidity of the server to compute and transmit data through the LAN (should be within a frequency higher than twice the one for the display – frame rate).
Client file format

This file contains a series of structures defined below, and will be read by the client test stub.  Basically, each client will send this information to the server and wait for it to respond.

<Client A><A’s block count>

<Data required by A>

<Data required by A>

…

<Client B><B’s block count>

<Data required by B>

<Data required by B>

….

Server file format

This file contains a series of structures defined below, and will be read by the server test stub and checked against what has been received from the network.  The data received from each client will be saved within a file corresponding to its originator.  Afterward, the test framework will be able to check the accuracy and reliability of the underlying network.  This data will be sent back to its originator in order for it to test the server responsiveness.

<Client A expected block count>

<Data required by A>

<Data required by A>

…

<Client B expected block count>

<Data required by B>

<Data required by B>

…

Physics Module

The physics module will be tested in a black-box fashion.  This means that every function in the Physics interface will be tried out by a driver.  The driver will sequentially try out each of the Physics’ interface functions.  The testing functions will be as follows:

The TestSetSpeed function will set the speed vector to a certain value, then check the speed vector’s value to verify that it contains the appropriate value.

The TestSetAcceleration function will set the acceleration vector to a certain value, then check the acceleration vector’s value to verify that it contains the appropriate value.

The TestSetPosition function will set the position vector to a certain value, then check the position vector’s value to verify that it contains the appropriate value.

The TestUpdateTime function will set the time variable to a certain value, then check the time value to verify that it contains the appropriate value.

The TestUpdate function will set the position, speed and acceleration values.  It will then execute a pre-determined amount of iterations, every time incrementing the time value by a fixed value, and will verify that the position, speed and acceleration vectors are all coherent at that time unit using Newtonian physics.

Quality Assurance

Most of our daily quality assurance will be done using SourceForge.net features.  This site provides free services to Open Source developers, including project hosting, version control, bug and issue tracking, project management, backups/archives, and communication and collaboration resources.

Bug Tracking
SourceForge provides us with a bug-tracking tool.  This defect
 tracking system allows developers to keep track of outstanding bugs in their product effectively.  This last feature will give us a good indication of the progression of this software by allowing us to use metrics to count bugs remaining as well as those outstanding within our application.  

Furthermore, it also allows us to communicate defects between developers.  By simply entering bugs into the system, the bug tracking facility will send emails to all developers working on the project letting them know that a new bug as been logged in.  It also provides ways to view bugs that have previously been logged using this tool.

Task Tracker
Finally, all of our major tasks will be refined and organized on SourceForge under the task/tracker functionalities within the WaveWars site.  Developers will update their daily tasks as they go along with the development of this product.  Therefore, we’ll have regular quality assurance report as well as feedback on the progress of our system.

User Interaction Test

Since the project is hosted on SourceForge.net, we will have the ability to easily find beta testers and have many users test our game, providing further validation.  Beta testing tests the system in its entirety (end-to-end gain) and provides feedback from the users.  To report defects/improvement to our game, users will have the opportunity to use a simple HTML form to send us feedback on the progression of this software.  Furthermore, forums will be held with other developers on different factors of quality as we go along with the development of this software.

 Conceptual Design

High-Level Architecture Overview

Description of the System


This software is designed to be a game played by essentially the gamer community.  It consists of a two-player game where the player would be the head of a battleship fleet, with the goal of destroying all his enemy’s ships.   It will be real-time and the viewing will be done via a camera that can be set at any height level (the player would be able to see the whole game area from a number of possible ways, ranging from a top bird’s eye view to the bridge of the ship.  It will be designed in a client-server fashion, where one player will be designated as the server, and the other as the client.

Module Functionality

Network Module 

Like every other network, it serves to transmit data between at least two remote computers.  In our case, we’ll use it as a method of synchronization as well as a way to pass data between two game sessions.

	Functionality

	Initialization functionalities:

a. Network module enables the host to listen on a port for client connections.

b. Network module enables a client to connect to a host given its IP and Port



	Protocol functionalities:

a. Network module implements a communication protocol between the host and a client.

b. Network module implements a synchronization method between the server and its clients.



	Termination functionalities:

a. Network module must be able to terminate a session gracefully


Rendering Module

To render dynamic water waves and objects on the screen

	Functionality

	To render dynamic water waves and objects on the screen



	Renders model objects




	Camera movement in the world




	Renders reflective water waves





Physics Module

 The purpose of the Physics module is to represent an object’s physical properties, namely its position, speed, rotation and acceleration in the X, Y and Z directions.  Every object capable of being rendered will contain a Physics member.  For example, the rendering object will refer to the Physics member of each object to determine where to draw these objects.  The Physics also ensures the collision detection.

	Functionality

	The Physics module takes care of updating speed, the position and the acceleration of a boat. 

	The Physics module takes care of updating the speed, position and the acceleration of projectiles.

	The Physic module takes care of updating the position of a cannon




GUI Module

The purpose of the GUI Module let the user control the system. The GUI module should be able to create Windows and widgets such as buttons, sliders, and text box.

	Functionality

	To pop up a window when the user starts the application.

	To pop up a server connection window when the user wants to start a game as a server

· Need text box to input the player NickName and the port.



	To pop up a client connection window when the user wants to start the game as a client

· Need text box to input player NickName, IP of the host, and the port

	Slider widget is needed to control the speed of the boats.

	Button is needed to let the user quit  a game.

	Text widgets are needed to show the context menu of a boat


High-Level Interconnection Between Modules

Interface of the System

Application Window:

The Application Window is the first window that appears when the user starts the application.  
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Server Connection Window:

The Server Connection Window appears when the user wants to start the game as a server.

[image: image2.png]=lo/x|

Player NickName st
Port e

Wal For Client Return ta Main Winow





Client Connection Window:

The Client Connection Window appears when the user decides to start the game as a client.  He must enter the right information to connect to a host.
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Technical Design

Application Program Interface

Network Module API

[image: image4.emf]Network_Client

client_number : int

init(server : char *, port : int) : void

receive() : int

send(packet : UDPpacket *) : int

<<virtual>> sendInitACK(client : int) : int

<<virtual>> receiveInitACK() : int

<<constructor>> Network_Client(server : char *, port : int = 0)

<<constructor>> Network_Client()

<<destructor>> ~Network_Client()

Network_Manager

server_channel : Integer

packetManager : PacketManager * = NULL

updsocket : UDPsocket = NULL

server_address : IPaddress

openUDP(port : int) : UDPsocket

closeUDP(updsocket : UDPsocket) : int

bindUDP(socket : UDPsocket, ip : IPaddressPtr, channel : int = 1) : int

resolve_host(IPPtr : IPaddressPtr, host : char *, port : int) : int

resolve_ip(hostname : char *, IPPtr : IPaddressPtr) : int

<<virtual>> sendInitACK(client : int = 0) : int

<<virtual>> receivedInitACK() : int

getPacketManager() : PacketManager *

init() : int

quit() : int

<<constructor>> Network_Manager()

<<destructor>> ~Network_Manager()

Packet_Manager

udpsocket : UDPsocket = NULL

server_address : IPaddress

create(physic : Physics &) : UDPpacket *

read(physic : Physics &) : int

<<constructor>> Packet_Manager()

<<destructor>> Packet_Manager()

packetManager

Network_Server

clients : Client

noOfClients : int = 0

maxNoOfClients : int

<<virtual>> sendInitACK(client : int = 0) : int

<<virtual>> receiveInitACK() : int

sendStop() : int

<<constructor>> Network_Server(port : int, clients : int)

<<destructor>> Network_Server()

init(port : int, client : int) : Integer

Client

channel : int

address : IPaddress

host : char *

clients


For the entire description of the API, see
http://wavewars.sourceforge.net/designdocs/
Rendering Module

See API generated by doxygen: http://wavewars.sourceforge.net/designdocs/classObject.html
Physics Module

[image: image5.emf]Physics

rotation : Vector3D

position : Vector3D

acceleration : Vector3D

speed : Vector3D

currentTimeStamp : unsigned long

previousTimeStamp : unsigned long

timeInterval : unsigned long

update(argname) : void

setPosition(newCoordinates : Vector3D) : void

setSpeed(newSpeed : Vector3D) : void

setAcceleration(newAcceleration) : void

updateTime() : void

updateSpeed() : void

getTime() : unsigned long

updatePosition(timeInterval : unsigned long) : void

updateRotation(speed : Vector3D *) : void

<<constructor>> Physics(acceleration : Vector3D) : void

<<constructor>> Physics() : void

<<destructor>> ~Physics() : void


· Update(): updates the Physic member of the object.  The object’s position, speed and acceleration properties will be updated by this function.

· Example: Object.Physic.Update()

· SetSpeed(Vector3D speed): sets the speed property of the Physics member of the object.  This could be used to force the object’s speed property to a certain value.
· Example: Object.Physic.SetSpeed(new Vector3D(10, 10, 10))

· SetAcceleration(Vector3D acceleration): sets the acceleration property of the Physics member of the object.  This could be used to force the object’s acceleration property to a certain value.
· Example: Object.Physic.SetAcceleration(new Vector3D(0, -9.8, 0))

· SetPosition(Vector3D position): sets the position property of the Physics member of the object.  This could be used to force the object’s position to a certain point on the plane.

· Example: Object.Physic.SetPosition(new Vector3D(-10, 80, 45))

· SetRotation(Vector3D rotation): sets the rotation property of the Physics member of the object.  This could be used to force the object’s rotation to a certain angle.

· Example: Object.Physic.SetRotation(new Vector3D(0, 45, 0))

CollisionDetection API

· DetectCollision(Object object1, Object object2): Determines if there was a collision between object1 and object2.  Returns true if a collision occurred, and false if not.
· Example: Collision.DetectCollision(obj1, obj2)

See API generated by doxygen:
http://wavewars.sourceforge.net/designdocs/classPhysics.html
GUI Module

See API generated by doxygen:
http://wavewars.sourceforge.net/designdocs/
Widgets
i. Buttons
ii. Sliders

iii. Text Label
iv. Text Box

v. Container
Third Party Libraries
SDL Suite
Simple DirectMedia is a cross-platform multimedia library designed to provide fast access to the graphics frame buffer and audio device. It is used by many popular games. Simple DirectMedia Layer supports Linux, Win32, BeOS, MacOS, Solaris, IRIX, and FreeBSD. However, in this project, we will only be supporting the Windows 2000 platform. SDL is written in C, but works with C++ natively, and has bindings to several other languages, including Ada, Eiffel, ML, Perl, PHP, Python, and Ruby. We have decided to use C++ in conjunction with SDL for this project.  The use of SDL would be justified if a second release is developed. The software could then easily be adapted to support cross-platform, since the SDL functionality would already be implemented.

OpenGL

OpenGL is the industry-standard graphics rendering library. It is deemed platform independent and will be used for graphics rendering in our application. Its cross-platform abilities will be used, once again, in the case of a second release which would support multiple platforms.  However in this release it is only used for its graphical abilities, as our software will only support the Windows 2000 platform.

Infrastructure

SourceForge (www.sourceforge.net) will permit us to exercise some configuration and version management tasks as well as bug-tracking, which are extremely important features in any software development project. The SourceForge website also lets independent users try out our software and give us feed back, a feature that will come in very handy during the testing phase of our final release. Doxygen will be used for documentation purposes.

Algorithms

 Network Protocol

We tried to keep the network protocol as simple as possible, but with all the functionalities it needed to create an awesome game.   Here a small description of the major guidelines of the network is following:

Initialization

At the beginning of the game, one of the players will have to choose to be the host of the game while the other will be the player.  The host of the game will choose on which port to wait for the game’s connection.  In the case of the client, this last player will have to write both the IP address and port in order to be able to connect to the server.  As soon as the server receive a connection request on its port, the server will respond to the client by giving him its game ID (GID) and set it game time to zero.  When the client side receives back the server’s acknowledgement it will also set its game time to zero.  Therefore, the network delay time is the only difference in time between the server game time and the one on the player side. The client will responds to the server letting him know that it is starting the game by sending the information of all its objects.  Finally, when the server receives this information, it starts the session on the host side.

Normal behavior
Assume a client A.  This client only has to send his information when something important has been modified (such as a bullet has been launched, or a boat’s trajectory changed).   The server is predicting the trajectory of each object it knows therefore it needs to know when bullets are launched or trajectories changed.  We used the word prediction in its broad sense, we only use this word to indicate the server will loop and update each object positions for each time step.  In other words, we do not mean the server will know in advance if an interception will happen between two objects.

From the server point of view, each time a packet is received it does some calculations in order to guaranty these objects are still synchronized with those the server knows about.  

1- First, the server verifies if the game timestamp is not out-of-synch (3 seconds smaller than the one the server has).   This feature prevents the underlying UDP protocol of giving server out-of-synch packets, and therefore causing problem on the server-side (which will then be transmitted to each client).

2- If game’s timestamp are synchronized, the server re-evaluated the status of these objects by comparing them with its own internal status.   For example, when the server receives a packet from client A; if this information is not agreeing with those on the server, then two actions could take place:

a. If the information which was received corresponds to objects owned by client A, then the server updates the information it knows for these objects.  We could therefore say the client is king!  Then all other clients are notified of these changes.  The protocol was design to ensure fairness for client owns object when packet are loss or never received by the server (Remember, we are relying on the UDP protocol). 

b. If the information which was received do corresponds to objects not owned by client A, then this client is notified of the appropriate state of these objects.  As mention previously, this protocol was design to ensure the fairness of client owns objects, not those from other clients.  This prevents other players from being unjustifiably punish for other client packets losses.

Out-of-synch condition

When no information is received from the server for 5 seconds, the client needs to synchronize itself against all the other players on the network.  To do this, the client will send a cyclic redundancy check (CRC) to the server.   This CRC will notify the server of all objects’ IDs this client knows about.  With this information at hand, the server will verify that all of these objects are actually still used by the game and/or that there is no objects missing or added in the client session.  

1. In the case where a clients has elements no more used by the game.  The server will send a packet telling the client to remove these objects from its session.

2. In the case a client has element not known by the server.  If the client owns these objects, the server will update its own information.  

3. In the case a client do not have all the objects the server knows about.  The server will notify the client that it needs to add these objects to its session.

Collision

As mention previously, the client as the last word on its objects’s position, but the server decides if there is a collision or not by looping until a collision happens between two objects.  When the server detects a collision, the server notifies all its clients of this interception, and tells them who hit whom, and which object died.  The protocol was design in such a way to have fairness between each player.  You can also picture the server as being a judge between the different players. 

End of game

When the client wants to terminate a game, the client sends an end-of-game (EOG) signal to the server and waits for it to reply.  On the server side, when it receives the EOG signal or wants to terminate a game on its own, it sends an EOG signals to each client and close its session.  When each client receives an EOG signal, they know the server do not exists anymore and therefore close their session.  

In the case where a client do not receive the EOG coming back from the server when it initiated the concluding process, the client will be able to figure out the server did not receive its EOG packet by looking at the game time.  If the packet was send more than 5 seconds ago, the client will resend the EOG packet.  

In case where the client do not receive the EOG from the server and did not initiate the concluding process, then the client will figure-out the as stop when the server is no longer responding to its CRC and therefore closes its session (10 CRC will be needed to do so).

Physics

Position calculation

A timestamp is kept as a static variable inside the Physic member of every object.  Using this timestamp, the object can know how much time has elapsed since the last update, and, knowing its speed and direction, it can calculate its new position using simple mathematical functions.

At a higher level, this algorithm is called in every loop of the main loop, which will call the Update function of each object.  Therefore, every object’s position will be updated at every loop.

Use Case Realization

Diagrams
1. User Presses TAB Button

R-2.7 View will be switched from the Top View to the Firing View when player presses the TAB button when a boat is selected

R-2.8 The player exits the Firing View and goes into the Top View by pressing the TAB button

2. User Moves Mouse to Side of Window

R-2.9 The Top View will permit the user to move in different area of the map by moving the mouse on the border of the window

3. User is in Top View, Selects Battleship and Modifies Speed and Direction

R-2.10 In the Top View, the user will only be able to control the direction and speed of its own battleship.

4. User is in Firing View, and Controls the Canon

R-2.11 In the Firing View, the user will only be able to control the canon.
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5. Boats Drift with Current

R-2.12 Current of the ocean will be simulated and boats will drift accordingly

6. A Player Hosts a Game


R-2.14 A player must be able to host a game on a LAN (For server).
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7. A Player Connects to a Server


R-2.15 A player must be able to connect to a server on a LAN (For client)
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Interaction between client and server at session start


8. A Player Terminates a Session

R-2.25 Pressing the ESC key will pop-up a dialog in the center of the screen asking the user if he/she wants to quit (Yes or No)

R-2.16 Players must be able to terminate a session


R-2.17 If a player terminates a session, the other player must be notified
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A Player Receives an End Session Notification
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9. A Player Aims and Shoots a Canon in the Firing View


R-2.23 The player aims using point-and-click functionality in the Firing View


R-2.24 The player fires using the Space Bar


Refer to Diagram 4
� By defect, the author does not only mean the un-working piece of code, but also, missing features and unsatisfied requirements.
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