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In this project we managed to implement a Bricks game. There is a box surrounded by 
three walls, i.e., left wall, right wall and ceiling. The background indicates this project is 
for CS582, OOP class. A bat locates at the bottom of the box controlled by the mouse, 
which can move left or right to bounce a ball. The bat is initially used to launch the ball. 
The ball is moving around with a fixed speed at particular level inside the box once being 
launched, bouncing (reflecting) by the bat, the walls and bricks. The ball keeps moving in 
this box unless it is missed by the bat and drops down since there is no bottom wall. 
Inside the box, four rows of bricks with 10 bricks in each row pile in the upper part of the 
box in some format. There is some distance between the ceiling and the top row of bricks. 
Three different kinds of bricks exist. First, bricks with different colors randomly reside in 
the piles. Among these bricks, dark color bricks need 3 hits from the ball to be “killed”; 
middle color bricks need 2 hits; and light color ones, 1 hit. Once a dark color brick 
receives a hit, it turns its color to middle color. Once a middle color brick receives a hit, it 
turns its color to light color. A light color brick will disappear at once after receiving one 
hit. Second, at most one life brick appears among the brick rows in a random position. 
The life brick is represented as a heart image and a “+1” note. When this life brick 
receives a hit from the ball, it will disappear immediately and increase the total lives by 1. 
Third, at most one level-up brick appears among the brick rows in a random position. The 
level-up brick is represented as a smile face image and a “+1” note. When this life brick 
receives a hit from the ball, it will disappear and the current level is automatically 
finished and the game enters into the next level, no matter how many bricks are left in the 
current level. In the upper left corner, several heart images represent the total lives the 
player have during the game, initially three default hearts. In the middle to the right of the 
upper part of the box, the current level is shown followed by the current score. As the 
level gets higher and higher, the speed of the ball is getting faster and faster thus 
increasing the difficulty of the game. 
 
Once the game starts, a welcome screen displays with rolling-up message showing the 
name of the game, the authors and acknowledgement. (Figure 1) After several seconds, 
the welcome screen is replaced by a game interface, which shows 3 lives, at level 1 and 
zero score. (Figure 2, left panel) The player can click to start the game. By moving the 
mouse, the player can control the bat to bounce the ball to prevent it from dropping down 
the bottom. The score will increase by hitting the bricks. If either all the bricks disappear 
or the level-up brick is hit, the game enters the next level. (Figure 2, right panel, note that 
one life is obtained.) When a ball is missed by the bat, the player loses one life and total 
number of hearts will decrease by 1. A red message will pop up with “Alas, you lost one 
life!”(Figure 3, left panel) Meantime, the game is paused. The player can resume the 
game by clicking the mouse. If all the lives are lost, the game is over and displays how 
many scores the player gets and a message “Press SPACE to restart the game!” (Figure 3, 
right panel) 
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Figure 1.The welcome screen of the Bricks game inside a browser. 
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Figure 2.Left: Bricks game initial interface. Right: in the middle of the game. 
 
 
 

   
 
Figure 3.Left: one life is lost. Right: game is over. 
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We implemented the game in Java2 (Sun Microsystems, Inc.) applying some of the main 
concepts of the object-oriented design such as inheritance, polymorphism, abstraction, 
message passing, information hiding, refinement and replacement, principle of 
substitution, application frameworks, interface and so on.  
 
The game consists of 14 classes, creating an inheritance hierarchy shown in Figure 4 
(partial). Meantime, we also made use of the java flavor of multiple inheritance by using 
interfaces and inheritance. By using Java's AWT framework we could benefit from 
several objects provided in Java library resulting in less programming burden. (Figure 5, 
whole hierarchy)  
 
 

 
 

Figure 4.The class hierarchy of the Bricks game. 
 
 
 
 
 
 
 
 



 6 

 
 
 Figure 5.The entire class hierarchy of the Bricks game. Interfaces are in cyan 
parallelograms, classes from the AWT framework are in cyan rectangles and our own 
classes are in green rectangles. 
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Scenario One 
 
Ann opens the website of the Bricks game. Once the game starts, a welcome screen 
displays with rolling-up message showing (Figure 1): 

 
Welcome to Bricks Game 

by Guohua Hao & Rongkun Shen 
 

Thanks to Prof. Tim Budd 
 

 After several seconds, rolling-up message goes up to the top of the box and then the 
welcome screen is replaced by a game interface. It shows 3 lives, at level 1 and zero 
score, and 4 rows of bricks with randomly distributed bricks, 1 life brick and 1 level-up 
brick. (Figure 2, left panel) Ann moves the bat to a position using the mouse and clicks 
the mouse to start the game. By moving the mouse, Ann controls the bat to bounce the 
ball to prevent it from dropping down the bottom. When the ball hits a dark color brick, 
the brick turns to middle color brick; hits a middle color brick, the brick turns to light 
color brick; hits a light color brick, the brick disappears immediately. The score increases 
while the ball hits the bricks. Lucky enough, the ball hits the life brick after some time. 
The life brick disappears and total lives increases to 4 now. Again, several seconds later, 
the ball hits the level-up brick. This time the current level is finished and the game enters 
the second level automatically although there are at least half of the bricks are left. She 
clicks again to start this new level. She can feel that in the second level, the speed of the 
ball is a little bit faster than in the first level. Several seconds later, she carelessly missed 
the ball. A message pops up with “Alas, you lost one life! ” (Figure 3, left panel) 
Total number of lives turns back to 3. She clicks to continue. Unfortunately, she keeps 
missing the ball. Finally, she loses all the lives. The game is over and displays (Figure 3, 
right panel): 

 
Your total score is 580. 

Press SPACE to restart the game! 
 

Ann presses space bar on the keyboard to restart the game. 
 

 
Scenarios Two 
 
Betty enters the website of the Bricks game. Betty sees all the welcome screens as Ann 
does. However, after the game interface appears, she sees all bricks without bonus bricks 
such as life brick or level-up brick. She clicks the mouse to launch the ball. By keeping 
moving the bat to control, she keeps killing the bricks and earns scores. She also sees that 
when the ball hits a dark color brick, the brick turns to middle color brick; hits a middle 
color brick, the brick turns to light color brick; hits a light color brick, the brick 
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disappears immediately. After she manages to kill all the bricks in the box, the game 
enters into the second level. She has one life brick among the other bricks. She clicks to 
launch the ball. Several seconds later, she hits the life brick and earns one more life. Her 
total number of lives is 4 now. Unfortunately, she keeps losing lives in this level. Every 
time she loses one life, she gets a pop up message of “Alas, you lost one life! ”. 
Finally, she loses all 4 lives. The game is over and displays (Figure 3, right panel): 

 
Your total score is 580. 

Press SPACE to restart the game! 
 

Betty presses space bar on the keyboard to restart the game. 
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Ball                                         Collaborators 
                
Maintain initial X, Y position, radius and its image               Bat 
Maintain velocity in X and Y direction                                    LeftWall 
Provide access to the properties of ball                                    RightWall 
Set the value of velocity in both X and Y direction                 Ceiling 
Change the direction of velocity                                              Brick 
Move in the direction of current velocity                                 LifeBrick 
Move to the X position of the mouse                                       LevelUpBrick 
Draw itself                                                                                GameControl 
 

Bat                                          Collaborators 
 
Maintain initial X, Y position, size and its image                   Ball 
Maintain the left and right boundary to display it   GameControl 
Change the velocity of the ball if hit       
Check if the bat can not bounce the ball any more 
Move to the current position of the mouse 
Draw itself 
 

Ceiling                                         Collaborators 
 
Maintain initial X, Y position, size and its image                  Ball 
Change the velocity of the ball if hit         GameControl 
Draw itself 

LeftWall                                        Collaborators 
 
Maintain initial X, Y position, size and its image                  Ball 
Change the velocity of the ball if hit         GameControl 
Draw itself 



 10 

 

 
 

RightWall                                        Collaborators 
 
Maintain initial X, Y position, size and its image                  Ball 
Change the velocity of the ball if hit         GameControl 
Draw itself 

Brick                                        Collaborators 
 
Maintain initial X, Y position, size, images, type, score       Ball 
and hit number 
Change the velocity of the ball, return the score and             GameControl 
decrease hit number if hit by ball    
Draw itself according to current hit number 
Check if the brick still exists 
Return type of the brick 
 

LifeBrick                            Collaborators 
 
Maintain initial X, Y position, size, images, type, score       Ball 
and hit number 
Change the velocity of the ball, return the score and             GameControl 
decrease hit number if hit     
draw itself  
Check if the brick still exists 
Return type of the brick 
 

LevelUpBrick                            Collaborators 
 
Maintain initial X, Y position, size, images, type, score       Ball 
and hit number 
Change the velocity of the ball, return the score and             GameControl 
decrease hit number if hit     
draw itself  
Check if the brick still exists 
Return type of the brick 
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Based on the CRC cards above, we have the following interaction graph for the scenario 
one. 
 

��

GameControl           Collaborators 
 
Keep general control over the game        Ball 
Generate bricks randomly for each level       Bat 
Listening to the actions of mouse and keyboard      Ceiling 
Display messages to tell players the current state      LeftWall 
Paint the current game interface        RightWall 
            Brick 
            LifeBrick 
            LevelUpBrick 
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Information Hiding:  
 
Maybe the first important feature we encountered in the object-oriented programming is 
information hiding, which is the purposeful omission of details in the development of an 
abstract representation. It allows abstraction to control complexity. In our project, when 
we want to draw a GraphicObject, for example, an instance of Ball, in Draw (Graphics g)  
method, we only need to know the public method drawImage(…) and  do not have to 
care about the details of how an image is drawn. Thus the details of how to paint the 
pattern could be omitted.  
 
Inheritance: 
 
Inheritance is one of the most important features in the object-oriented programming. 
Using inheritance, we can make different levels of abstraction of the objects involved, 
from more abstract levels discarding many details to more concrete levels concerning 
more detailed features of the objects. This leads a class hierarchy. In our project, we have 
the following class hierarchy: 

 
 
All the objects involved will be painted as graphics. So we make an abstract class 
GraphicObject. It has the position information of the object and an abstract method to 
draw the object. 
 
Then Ball is a round graphical object. Board is just a rectangle graphic object. 
 
Within Board, Wall  is a special kind of board that has only one side that can bounce the 
ball back and it can not move. AbstractBrick  is a special kind of board that has four 
sides that can bounce the ball back but can not move either. Bat is another kind of board 
that has only one side that can bounce the ball back but can move horizontally. 

GraphicObject 

Ball Board 

Wall AbstractBrick 

SideWall Brick LifeBrick Ceiling LevelUpBrick 

LeftWall RightWall 

Bat 
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Ceiling is a kind of Wall and it will change the velocity of the ball in the Y direction. 
And SideWall is also a kind of Wall and it will change the velocity of the ball in the X 
direction. LeftWall  and RightWall  are SideWall. 
 
Brick  is a general kind of AbstractBrick . After several times’ hitting, it will disappear. 
LifeBrick  is a special kind of AbstractBrick and your life number will increase after 
hitting it. Also LevelUpBrick  is another special kind of AbstractBrick and you will come 
to the next level directly after you hit it. 
 
In the inheritance hierarchy, the more concrete child class will have all the properties and 
methods of its more abstract parent class. So we do not have to rewrite all the code to 
provide the same behaviors and data that can be inherited from the parent class. This is an 
important kind of software reuse.  
 
Inheritance is also transitive, so that all the child classes along the inheritance path will 
inherit properties of their foremost parent class. In our project, since we are interested in 
getting the X and Y position of all kinds of GraphicObject, we provide it in the superclass 
GraphicObject, so that we won’t be bothered to repeat it in the subsequent child classes. 
It also facilitates the maintenance of the software. If we want to change this access 
method in all the child class, we only need to change it in the parent class. 
 
Substitution: 
 
The principle of substitution is an important feature of statically typed object-oriented 
language based on the concept of inheritance. It asserts that one should be able to 
substitute an instance of child class in situation where an instance of the parent class is 
expected. In other words, a variable declared as a parent class can hold a value that is an 
instance of a child class. But by using the principle of substitution, instances of the 
subclass must possess all data areas associated with the parent class. They must also 
implement all methods defined for the parent class either by inheritance or overriding. In 
this way, instances of subclass can mimic the behavior of the instances of parent class. 
Substitution is also a way to implement polymorphism, which we will discuss in the next 
section. In our project, we also use the principle of substitution. For example,  
 
    private Wall walls [] = new Wall [3]; 
    walls [0] = new Ceiling (0, 0, wallHeight, wallWidth, this); 
    Walls[1] = new LeftWall(0, 0, wallWidth, wallHeight, this); 
    walls [2] = new RightWall (appletWidth - wallWidth, 0, wallWidth, wallHeight, this); 

 
The elements in the array walls are all of type of the parent class Wall, but each of them 
are assigned an instance of different child classes. The same happens in the declaration 
and assignment of the array bricks. 
 
Polymorphism 
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Polymorphism is another important feature of object-oriented programming. In our 
project, we implemented three kinds of polymorphism: 

·  Overloading: one name refers to two different implementations. There are two 
main classes of context to resolve the overloading. One is based on scope and the 
other is based on type signature. In our project, for example, there are two move 
methods in the class ball. One is void Move () and the other is void Move (int x). 
They have the same function name but different type signature. So they have 
different functionality. The former one is to move the ball one step forward 
according to its current velocity. And the latter one is to move the ball 
horizontally to the X axis position x, which is used before you kick out the ball 
and just move the bat around horizontally. By looking at the type signature of the 
call, we can tell which version is intended and thus use the desired one.  

 
·  Overriding : the methods in the parent class are redefined in the child class with 

the same name and same type signature. This method is usually used together 
with the principle of substitution. In our project, we implemented quite a few 
examples of overriding. One of them is Draw (Graphics g). It is used to draw the 
graphical objects belonging to the current class. It is obvious that different 
graphical objects have different method to draw itself. So all these overriding 
methods Draw (Graphics g) defined in all the subsequent child classes of 
GraphicalObject have the same name and same type signature but different 
functionality. Another example is the method hitByBall (Ball aBall) defined in 
the class Board and all the subsequent child classes. Because when it is hit by a 
ball, the board will bounce the ball and thus change the direction of the ball. So 
there should be a message sent to the board to ask if it is hit by the ball and then 
do some operations. We define an interface hitByBall (Ball aBall) in the super 
class Board to describe this functionality. Since different boards (i.e. the child 
classes) have different criterions to check if it is hit by the ball, we implement this 
interface, i.e. overriding this method, in each of the subsequent child class. 

 
·  Polymorphic variable: a variable that can hold values of different types during 

the course of execution. In our project, we used the following kinds of 
polymorphic variables: 

 
o Simple polymorphic variables:  we define an array walls of type Wall 

and another array bricks of type AbstractBrick. In these two arrays, we 
store instance variables of various child classes of Wall and AbstractBrick 
respectively. And we do not care the exact type of the instance variables in 
the array. The principle of substitution will be employed to determine the 
appropriate behavior each instance variable will commit. 

o Receiver Variable: In Java, the variable this is an implicit variable that 
hold the value of the current receiver during the execution of the method. 
So it is obvious that the type of the value it holds is quite different in 
different cases. In our project, we also use this variable for quite a few 
times 

. 
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This is another type of polymorphism which is called Generics, in which it defines 
templates of functions or classes. But we did not use it in our project due to the 
simplicity of our proposed problem in the project.  

 
Overriding by Refinement and Replacement 
 
Overriding can be handled by two different ways: 
 

·  Refinement: executes the code in the parent class, and adds to it the code in the 
child class. We implemented this semantics in the constructors. In our inheritance 
hierarchy, when we write the constructor of a child class, we always first execute 
the constructor of its parent class by key word ‘super’, and then add some other 
code to initiate the new data member defined in the child class. By this means we 
can guarantee that no matter what initialization the parent class performs will 
always be included as part of the initialization of the child class. 

  
·  Replacement: totally and completely replaces the code in the parent class with 

the new codes in the child class. In our project, we implement this kind of 
semantics in the inheritance hierarchy of the parent class Board and its subsequent 
child classes. We define a default method hitByBall (Ball aBall) in the parent 
class Board, since any kind of board is required to check if it is hit by the ball. But 
instances of different child class have distinct method to check it. So we give out 
the code used to check it in all subclass, such as Bat, Ceiling, and Brick and so on.  

 
 
Message Passing:  
 
Object-oriented program can be viewed a community of agents working together to 
address a common purpose. This common purpose is achieved by the mechanism of 
message passing, which is the dynamic process of asking an object to perform a specific 
action. The action performed in response to a message depends on the class of the 
receiver. Different receiver will respond differently to the same message. In our project, 
for example, the instance of class Bat is always given a message named bat.hitByBall to 
ask the bat if it is hit by the ball. If so, then the bat passes another message named 
setVelocity to the ball about the reflected direction the ball should move to. After 
receiving this message, the ball changes its direction and then continues its movement in 
the new direction. The message hitByBall is commonly passed to several receivers, such 
as RightWall, LeftWall, Ceiling and so on. The responses are quite different. 
 
Coupling 
 
Coupling refers to the extent to which one component uses another to perform actions. It 
refers to the dependency between different components. Generally a goal is to reduce 
coupling between components. In our project, we tried to reduce the coupling by 
assigning each class a single task, which can be achieved by the class itself. For example, 
the class Bat has tasks of drawing itself, moving horizontally according to the position of 
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the mouse and giving reflection when it is hit by a ball. We managed to avoid coupling in 
forms of internal data coupling, global data coupling, but we could not circumvent the 
control coupling.  

 
In each cycle of the progress during the game,  
bat.Move (int mouse_x) is called to move the bat to the current horizontal position 
of the mouse; 
bat.isBallOut (Ball aBall) is called to check if the ball is out of the bottom 
boundary 
If not then 

ask all the instances whose parent class is Board to check whether they 
are hit by the ball -- hitedByBall (Ball aBall) 
 If so then tell the ball to change the direction of its velocity 
   ---ball.ChangeVelocity () 

after finish all these checking, ask the ball to move ahead with its current 
velocity--ball.Move (); 

 
All these methods are called in a fixed order in the class GameControl. Clearly indicate 
the sequence in the controller class GameControl is a method to mitigate the control 
coupling. 
 
Since component coupling, parameter coupling, and subclass coupling are very week 
types of coupling, we use it several times in our project. In the component coupling, one 
class holds an instance of another class. It occurs in the definition of the class 
GameControl. There we define quite a few instances of other classes as the data member 
of the GameControl class. In the parameter coupling, one object knows of another only 
through being passed as a parameter or a return value. We have the following code: 

 
 class Bat { 
  public int hitByBall (Ball aBall) { 
   ………… 
  } 
 } 

    
Subclass coupling describes the relationship between a parent class and a child class. 
 class Board extends GraphicObject { 
  …… 

} 
class Bat extends Board { 
 …… 
} 

 
 
Software Framework: 
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Software framework is a solution to a family of similar problems. In our project, we used 
two existing frameworks in java language to experience the power of software 
framework. 
 

·  The Java Applet API: this framework is used to control the applets in the Java 
language. The fundamental class for every applet is class Applet. The main 
method defines the overall structure of the application by invoking a number of 
other methods, which are overridden in our project to provide specific behavior. 
Here we override the methods init (), start (), stop (), paint () and destroy (). 

 
·  AWT Framework: it provides a rich collection of classes for constructing items 

such as buttons and menus, displaying text in a variety of fonts, dealing with color 
and so on. And most of our classes inherit from class Panel, which provides 
methods for dealing with a graphical representation of an object. So we can easily 
draw the graphics of these objects. 


