Problem No. 6 – BST in a matrix
Executable Program : PROG6.EXE, PROG6.CLASS

Source Program: PROG6.CPP, PROG6.JAVA, PROG6.C, PROG6.PAS

Input file: PROG6.IN
Output file: PROG6.OUT
BACKGROUND

The structure (or shape) of a Binary Search Tree (BST) can be represented in memory as follows:

Let  d1, d2, d3, … dn, be the keys (nodes) of a BST where d1 < d2 < d3 < … dn . You can see that each key has an index that identify the key. For example, the key d3 has the index 3.

The matrix M is built as follows: for every i <=j, M[i,j] contains the index of the key that represents the root in the BST that is formed with the keys from di to dj. The rest of the values in the matrix M are set to  zero since are nor required. This representation is known as Matrix of Roots.

The Matrix of Roots has n+1 rows that range from 1  to n+1 and n+1 columns that range from 0 to n.

Below is an example of a BST and its corresponding Matrix of Roots:
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1 0 1 2 3 3 5 5 5 5 5

2 0 0 2 3 3 5 5 5 5 5

3 0 0 0 3 3 5 5 5 5 5

4 0 0 0 0 4 5 5 5 5 5

5 0 0 0 0 0 5 5 5 5 5

6 0 0 0 0 0 0 6 7 7 9

7 0 0 0 0 0 0 0 7 7 9

8 0 0 0 0 0 0 0 0 8 9

9 0 0 0 0 0 0 0 0 0 9

10 0 0 0 0 0 0 0 0 0 0


INPUT

You will be given a number of test cases. Each test case represents a BST in its Matrix of Roots representation. The input for each test is as follows: The first line represents the order (# of rows and columns) of the Matrix of Roots for the BST. The following lines will represent the values of the matrix, each line will correspond to one row of the matrix. The values within each row are delimited by tabs.  All values are non-negative and you can assume that a BST contains at most 100 elements.  

You will identify the end of input when you find a single line with a  -1 value. 

OUTPUT

For each test case, print the case number followed by a messages indicating the height of the BST and the average number of  comparisons  that will be required to perform the search of  keys in the BST.  The average number of comparisons is the sum of the comparisons that each key needs to be found divided into the total quantity of keys.  You are going to count only the comparisons between keys.  For example, in the BST of above, the key 12 needs 1 comparison to be found; the key 19 needs 4 comparisons to be found, etc.

Output the information using the following format: 

Case X: 

The height of the BST is: Y

The average of the search in the BST is: Z

where X,Y and Z are replaced by the appropriate values. Z could be displayed with 2 decimals. 
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SAMPLE OUTPUT

Case 1: 

The height of the BST is: 4

The average of the search in the BST is: 2.89































