ds09b

Data Structures – Programming Assignment no. 1

Assignment

In this assignment you will implement a red-black search tree data structure.

Implementation

Implement the following operations on a red-black search tree:

empty(): returns true if and only if the tree is empty.

contains(i): returns true if and only if the tree contains the value i.

insert(i):   inserts the integer i into the tree.

delete(i): deletes the element whose value is i.

min(): returns the minimal value in the tree. If the tree is empty returns -1.

max(): returns the maximal value in the tree. If the tree is empty, returns -1.

isComplete(): returns true if and only if the tree is a complete binary tree.

isLegal(): returns true if and only if the tree is a legal red-black in terms of leaf color and father-son correct coloring. This method has to be only reasonably efficient and you are obligated to perform a full check (and not rely on the consistency of the insertion/deletion methods).

toIntArray(): returns an int array containing the values stored in the tree, in ascending order.

The last three operations should be implemented by recursive functions.

Implement the variant of red-black trees where the elements are stored in the internal nodes. 

The function headers are given in the skeleton files (see below). You may define and implement any other functions as necessary.

Specifically, you should start with the skeleton file. You should write code into the skeleton file that performs the required operations. You should then check your code using the tester programs.





Requirements

Input

	All  values  given  as  input  are  non-negative  integer  numbers. 
	No  duplicate  elements  are  given. 
	You  may  assume  all  the  pre-conditions  (as  given  in  the  skeleton  files)  are  met. 


Output

Your program should not output anything. Output is allowed (but not mandatory) only if an erroneous input is given to one of your implemented methods.

Complexity

The operations should have the smallest asymptotic complexity you can achieve, accompanied by a clear explanation in the documentation file.




Implementation notes

	On the DS programming exercise web page you will find a skeleton source file for this exercise. Your implementations should be based on this skeleton file. 


	You should not change any class declarations there. 
	You may add any classes and/or methods you like to the skeleton. 


	Your source file should not contain a "main" function. Specifically, if you are able to compile your project by itself, without any tester program, then you have done something wrong. 


	In addition to the skeleton file, you are provided with a test file that you can use to run checks on your methods. You are encouraged to use them. We will run your project through these tests, along with other tests. 


	Remember to set the appropriate permissions on the exercise directories. 






Good luck! 
Appendix — Definitions

The  following  standard  definitions  are  cited  for  your  convenience.

In-order traversal

Traverse the tree nodes in the following order (a recursive definition):
	traverse the left sub-tree 

visit current node 
traverse the right sub tree 

Depth

The depth of a node in a tree is the number of edges in a path from the tree's root to that node.

Complete binary trees

A  complete binary tree is  a  tree  satisfying  the  following  two  properties:

	All  internal  nodes  have  degree  2. 
	All  leaves  are  of  the  same  depth. 



