
POSSIBLE MIDTERM 2 QUESTIONS

Computer Science 61BL, Summer 2009

1. In lab, we talked about representing expressions as trees, and we stored such expression trees as
binary trees. Write a procedure called simplify with the following signature:

public static void simplify (BinaryTree exprTree, String variable, int value)

This method would replace every binary tree node having the variable given as variable with the
value given as value and simplify the tree as far as possible. For example, calling simplify on the
expression ((a * 5) + (a * (10 + a))) with variable being a and value being 1, the result
would be a single binary tree node with the String 16. However, if the expression were ((a * 5)
+ (b * (10 + a))) with variable being a and value being 1, the result would be a binary tree
representing the expression (5 + (b * 11)).

What is the running time of your code in terms of h, the height of the tree?

2. We will add extra functionality to our expression trees by including the ** operator. The ** operation
signifies exponentiation, with the result that the expressions (a ** 2) and (a * a) are equivalent.
In the case of larger exponents, we will expand these by always nesting and parenthesizing from
the right to the left. As a result, (a ** 3) is equivalent to (a * (a * a)), and (b ** 5) is
equivalent to (b * (b * (b * (b * b)))).

Write a procedure called expandExponents that replaces every sub-expression involving the ex-
ponentiation operator into its constituent multiplication sub-expressions. As a result, the expression
tree representing ((a ** 3) + (b * (c + 3))will now become the expression tree representing
((a * (a * a)) + (b * (c + 3)).

Hint. This code should be very similar to the static exprTree method in the BinaryTree class.

3. When dealing with data streams in some applications, a type of compression used takes advantage of
repeated values to compress the data stream. For example, if the data stream were

3, 3, 3, 6, 6, 1, 0, 0, 0, 2, 2, 2, 2, . . .,

then the resultant, compressed data stream would be

3, 3, 2, 6, 1, 1, 3, 0, 4, 2, . . ..

As can be seen, the number at every odd position represents the number of occurrences of the number
after it.

We will store our data streams as lists. Assume that the data streams are finite and of length n, and
that the average occurrence of any character is k.

(a) Write a procedure called compress that takes a list representing a data stream and returns a
new, compressed list. What is the running time of your algorithm in terms of n and k?

(b) Write a procedure called compress that takes a list representing a data stream and permanently
compresses it. In other words, the list must be compressed by mutation. What is the running
time of your algorithm in terms of n and k?
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4. As discussed in lecture, it is possible to represent a binary tree as an array starting at position 1, with
position 0 ignored. Assume that we have a binary tree stored internally in this manner. We want
to design iterators that move through this tree in a particular manner, returned by the iterator
method in the BinaryTree class. Assume that you have the following BinaryTree class, and the
corresponding private inner class for your purpose:

public class BinaryTree {
Object[] elements; // The nodes of the tree.

public Iterator iterator() {
return new BinaryTreeIterator();

}

private class BinaryTreeIterator implements Iterator {
public BinaryTreeIterator() { }
public boolean hasNext() { }
public Object next() { }

}
}

Note. Creating a BinaryTreeIterator object starts the iterator, but the iterator cannot be restarted.

(a) Fill in the constructor, the hasNext method, and the next method so that tree is traversed
in a breadth-first fashion. You may add any private variables and private methods in the
BinaryTreeIterator class.

(b) Fill in the constructor, the hasNext method, and the next method so that tree is traversed in a
preorder fashion. You may add any private variables and private methods in the BinaryTreeIterator
class.

(c) Fill in the constructor, the hasNext method, and the next method so that tree is traversed in an
inorder fashion. You may add any private variables and private methods in the BinaryTreeIterator
class.

5. Write a method called hasMostSiblings in the AmoebaFamily class that takes no arguments and
returns an ArrayList of the Amoeba objects with the most siblings. If there are multiple Amoeba
objects with the same number of siblings, you must return all of them.

Hint. You may find a static helper method that keeps track of the maximum siblings seen so far, as
well as the maximum number of siblings seen so far, useful.

6. (a) Write a method called leftChildren that returns the number of nodes in a binary tree with
left children.

(b) Assume that you have a similar method called rightChildren that returns the number of
nodes in a binary tree with right children.
We will call a tree left-lopsided if it happens to have more left children than it does right. Write
a method called isLeftLopsided that determines whether a given binary tree is left-lopsided
or not.
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