
CS1102: Data Structure and Algorithms


Tutorial 2 ADTs
Week of 11/2/08

1. In this question we are looking at a small program in which the user is able to place orders for merchandise. Each order has information regarding the date of order. An order also consists of one or more different items with different properties like price and quantity. The user can add, edit and delete the individual items in each order.
Identify two ADTs specified in the text above and describe briefly in which class the respective objects will be instantiated.
Answer:

The two ADTs are OrdersADT and ItemsADT. 

A user is able to view, add, edit and delete orders in the OrdersADT. The OrdersADT will reside in the class where the user is required to modify the Orders. Internally, the OrdersADT will maintain a list of Order objects. Each order object will maintain a list of Items objects.

2. Suppose that you are required to code a ContactList ADT using a Java Array as the data structure to store the contacts. The ADT must provide public methods for the programmer to add, edit, delete a contact. A contact contains the contact name and contact number information. Explain the following in English (with the aid of diagrams if necessary) –

a. How would you implement the add method?

Answer:
Search through the array and insert the contact into the first empty spot. If there is no empty spot, then perform (b).

b. What would you do when the array is full?

Answer:

Create a new array twice the size of the existing one and copy the contents of the existing array into the first half of the new array.

c. How would you implement the edit method?

Answer:

Search through the array to find the contact which matches the contact name and change it accordingly.
d. How would you implement the delete method?
Answer:

Search through the array to find the contact which matches the contact name and set that spot to empty.

e. Identify a potential problem resulting from your implementation in (a) and how it would affect your implementation in (c) and (d). 

Answer:

When implementing (a), what happens when we try to insert multiple contacts with the same contact name? If the add method allows user to add multiple contacts with the same name, how would the edit/delete method be able to identify which contact to edit/delete?
A possible solution would be to disallow the programmer to add multiple contacts with the same name.
3. Consider the Java class ArrayList. Suppose we define a data type called ArrayList < ArrayList <Integer> > which is an ArrayList of ArrayLists. Write the method int sumList(ArrayList<ArrayList <Integer>>  aList)  that computes the sum of all the integers in the list aList. Some of the operations on ArrayList that you might be interested in are -

· int size ()


//Obtains the number of elements in the arraylist
· Object get (int index)

//Returns the object at the specified index
Answer:

	int sumList(ArrayList< ArrayList<Integer> > aList) 


// --------------------------------------------------------


// Computes the sum of the integers in the list of list 
//  aList.


// Precondition:  aList is a list of list of integers.


// Postcondition:  The sum of the integers in aList is   
// returned.


// -------------------------------------------------------

{  

   int sum = 0;

   //Iterates through all the available ArrayLists.

   for(int i = 0; i < aList.size(); i++)

   {

      //Gets the individual ArrayList.
      //You do not need to do any typecasting for aList.get()
      //here because aList has been defined to store the 
      //ArrayList<Integer> type items. You are only required to
      //typecast if you did not use generics. Not that the get
      //method for Java ArrayList is defined as -
      //       E get(int index)

      //in the Java API
      ArrayList<Integer> currList = aList.get(i);

      //Iterate through all the available integers

      for(int j = 0; j < currList.size(); j++)

      {
         Integer currValue = currList.get(j);

         //Java also does auto-unboxing of the primitive

         //int value from the Integer object, so

         // sum += currValue; would be correct.

         sum += currValue.intValue();

      }

   }

   return sum;   

} 



4. The objective of Minesweeper is to locate all the mines as quickly as possible without uncovering any of them. If you uncover a mine, you lose the game. 

· The game area consists of the playing field, a mine counter, and a timer.

· You can uncover a square by clicking it. If you uncover a mine, you lose the game.

· If a number appears on a square, it indicates how many mines are in the eight squares that surround the numbered one.

· To flag a square you suspect contains a mine, right-click it. To flag it as “questionable” right click it again. To clear the flag, right click it again.

(Reference: Minesweeper help)

To get a better feel of the game, it is highly recommended you play it at least once! (You now have an excuse to play minesweeper in the school labs)

The below code shows a possible code for minesweeper:

	public void init()

{


//Initialize the time


Timer t = new Timer();


//Initialize the playing field of field 15 tiles by 15 tiles 
//with a probability of 0.1 that a tile is a mine.

MineSweeper ms = new MineSweeper(15,15, 0.1);

… //more code here
}

//This method is called when a user left clicks on the (x,y) //coordinate of the grid for example (0,2) is the first column //from the left, and 3rd row from the bottom

public void leftClickEvent(int x, int y)
{


…

}

//This method is called when the user right clicks on the (x,y) //coordinate of the grid

public void rightClickEvent(int x, int y)
{

…
}


The timer class used to keep record of the game time. It is implemented as follows –
	class Timer
{

private int timer;

public timer() { … }


public incrementTimer() { … }

public resetTimer() { … }

}


In this question you are required to implement the MineSweeper ADT and the Tile ADT. You are only required to write down the method names and the variables but you are not required to write down the method implementation for example like in the Timer Class above.

As a guide:

1. You should have a data structure to store the tiles, each of which representing a single tile in the grid

2. When init is called, each tile should be assigned as either empty or mine. Remember you do not have to write any codes, you only have to think of what methods are required for these steps.

3. On a left/right click event, think of what should happen and write the methods to implement them accordingly.

4. You only need to implement the core functionalities of the game, not additional “features” like the high score table or the menu functions.

Now; after writing these method names, do you think it is easy to implement the methods? Can your implementation support a command line input version?
The following shows a simple flow diagram for the game:
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Answer:
Remember that there can be multiple solutions to this question; there is no one right answer. The below is a possible solution. However, to write a GOOD solution to this problem, you WILL have to write down the algorithm.
Initialization

Let us first consider what happens when the game is launched.

1. Initialize the game board of 15 x 15 tiles, and with a probability of 0.1 that a tile is a mine.

We can take care of this in the constructor of the MineSweeper class. How do we maintain the 15 x 15 tiles? 

· Since the size do not change in the course of the game, use a 2 dimensional array.

· Since each tile contains some information, we use a Tile ADT to represent this information.

· The constructor of the Tile class will take in the probability value to determine if a tile is a mine.

Game starts

When the game starts, the user interface would need a loop to repeatedly take in the user input. Regardless of the user input, the loop has to check if the game is won or lost. If the game state is not either, then we need to display every tile on board and display the mine counter.
· hasWon(), all tiles are uncovered EXCEPT mine
· hasLost(), tile is uncovered and it is a mine
· getMineCounter() is to get the number of suspect mines remaining

· getTileRepresentation(x, y) is to get the display state of each tile
LeftClickEvent(int x, int y)
Left clicking will uncover a tile if it is covered. If the neighbouring tiles has mines, it will display the number of mines on itself.

· uncover(x, y)

· isUncovered(x, y)

· getNeighbouringMines(x, y)  //returns the number of mines on its 
 




   //neighbours

RightClickEvent(int x, int y)
Right clicking on a covered tile will toggle the flag.

· toggleFlag(x, y)
The tile ADT is used by the MineSweeper class to store the information for each tile.

Since the Tile ADT is abstract to the programmer making use of the MineSweeper class, the methods have no accessibility modifiers (which means they are by default class and package accessible only)

Again, we look at the events that occur

Game Start

A tile does not know its surroundings, so it is unable to tell if a game is won or lost. Likewise, it is unable to influence the mine counter (since it can only itself be a mine, or not).  However a tile can return its display state.

· getTileRepresentation()

LeftClickEvent
A tile can be uncovered, and it knows its own state, hence it can also return if it is already uncovered.
· uncover()

· isUncovered()

RightClickEvent
A tile can change its flag state.

· toggleFlag()
We also need an additional isMine() method to determine if a tile is a mine. This method will be used by the MineSweeper class in the hasLost() condition (where a tile is uncovered and it is a mine).
Summary
In this solution, Tile is abstract to classes that are using the MineSweeper class. This means that people using the mine sweeper class do not need to know about the Tile class at all. At no point in time is the MineSweeper required to return a Tile object. 

It is clear in this case why getNeighborMines() reside in the MineSweeper class instead of the Tile class. This is because each Tile does not know who its neighbouring tiles are while the MineSweeper class does store this information.

What this question aims is to remember the concept of code reusability. The code you write must be usable not only in this context (in the GUI version of minesweeper) but also as a command line version. A well written ADT is easy to understand and can be easily used by project mates.

	class MineSweeper
{


private Tile[][]grid;  


//The mine counter keeps track of the number of suspected 
//mines left. It is initially set to the number of mines.


//It is decremented each time the user flag a tile as 


//suspected

private int mineCounter; 



//constructor. Sets the size of the grid

public MineSweeper(int x, int y){…}


//---- For gameplay use ---


//Return true if the game is won


public boolean hasWon(){…}


//Returns true if the game is lost


public boolean hasLost(){…}


//Uncover a tile (left click)


public void uncover(int x, int y) {…}


//Returns true if tile is uncovered


public boolean isUncovered(int x, int y) {…}


//Returns the string representation of the marking on the 


//tile


public string getTileString(int x, int y) {…}


//Increment the flag status on a tile. This is done when 

//the user wants to toggle flags on a mine. Returns the new 
//flag status after toggled. 


public int toggleFlag(int x, int y) {…}



//Get the mine counter



public void getMineCounter(){…}


//Get the number of mines on a tile’s neighbors


public int getNeighborMines(int x, int y) {…}

}


	class Tile
{


//0 = no flag, 1 = suspected mine, 2 = questionable

private int flagStatus; 


private boolean isUncovered;


private boolean isMine;


//Toggles the flag status. Returns the new flag status.


int toggleFlag(){…}


//Sets tile to ‘Uncovered’ or opened status


void uncover(){…}


//Returns true if tile is uncovered


boolean isUncovered(){…}


//Returns the string representation of the marking on tile


string getTileString(){…}


//Returns true if tile is a mine. (Used for checking lost 
//condition) or neighboring mines.


bool isMine(){…}

}
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