
• [O4]. Implementation

[O4] In this assignment, you are requested to implement an AVL tree. You should imple-
ment the operations using exactly the same algorithms as we taught in class. Starting from
an empty tree, you should apply the operations to the tree one by one. The operations are
described below.

1. Insertion. A key x is given, and you need to insert it to the AVL tree. You may
assume x is not currently in the tree. Here x is an integer.

2. Deletion. A key x is given, and you need to delete it from the current tree. You may
assume x is currently in the tree. Here x is an integer.

3. In-order traversal. Traverse the tree using in-order traversal. Output the keys in the
order of traversal.

4. Pre-order traversal. Traverse the tree using pre-order traversal. Output the keys in
the order of traversal.

Note. When deleting a node with two children, you should replace it with its immediate
successor. Then you can delete that node.

Notice for Rotation. Please read the text-book carefully for the conditions of rota-
tion. Below is one of the conditions that you need to be careful. Suppose node r is not
balanced, say height(r.left) == height(r.right) � 2. If we have height(r.right.left) ==
height(r.right.right), then you should only do a single rotation. A double rotation would
break the tree in some cases.

I will describe the input/output format below and give sample input/output. Your program
is judged by a computer automatically, please follow the exact format. You should read
from standard input and write to standard output. e.g, scanf/print, cin/cout.

Input Format:

The input contains multiple lines. The last line contains the word “END”, which means
end of input. You program should exit after reading this line. Except the last line, each
line corresponds to an operation.
The format of each line is described as below.

1. Insertion. Character ’A’ followed by a space then an integer x. e.g. “A 10”. You
should insert the key x into the AVL tree.
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2. Deletion. Character ’D’ followed by a space then an integer x. e.g. “D 10”. You
should delete the key x from the AVL tree.

3. Pre-order traversal. A single character ’P’. You should output the pre-order traver-
sal of the keys in a single line. Output a space after each key.

4. In-order traversal. A single character ’I’. You should output the in-order traversal
of the keys in a single line. Output a space after each key.

Output Format:

Output a line for each in-order/pre-order traversal operation.

For each such operation, output a line of the keys in order of traversal. Output a space
character (’ ’) after each key. You should output them in a single line. e.g. output a ’\n’ 
character in the end. Note that you should output a single line (’\n’) if the tree is empty. 
A sample input/output is given below.

Sample Input:
A 10
A 5
A 1
P
A 20
A 19
P
I
D 1
I
END

Sample Output:
5 1 10
5 1 19 10 20
1 5 10 19 20
5 10 19 20
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