2004 Spring CS146A  Final Exam Study Guide
Note: Please bring 882E scantron!
· Final Exam for Section (4) is on Monday May 24, 2004 at 12:15 - 14:30  and  Section (6) is on Wednesday, May 26 2004 at 14:45 – 17:00
· Final Exam is worth 20% of your grade 

· Final exam is closed book, closed notes

Topics:

· Running Time

· Simplified model of computation 

· Counting operations to estimate running time-- examples 

· linear search 

· binary search 

· Big-Oh, big-Theta, big-Omega, little-Oh 

· Big-Oh classes: linear, logarithmic, etc. 

· Example of running time using recursion: efficient exponentiation 

· Stack ADT 
· Stack operations 

· Array and linked list implementations 

· Running times 

· Applications 

· Balancing symbols 

· Evaluating postfix expressions 

· Implementing recursion, problems with recursion 

· Trees
· Definitions: 

· Parent, child, leaf, root 

· Path, length of path, height of node/tree, depth of node/tree 

· Implementation of general tree 

· Binary Trees 

· Inorder, postorder, preorder traversal 

· Example: expression trees 

· Infix, postfix, prefix notation 

· Construction of expression tree from postfix expression 

· Binary Search Trees 

· Ordering property 

· Example of induction: full binary tree of height h has 2^(h+1)-1 nodes 

· Operations and running times 

· In class: find, findMin, findMax, insert, remove 

· In homework: findKth, findSuccessor 

· AVL Trees 

· Balance condition 

· Rebalancing after insertion: single and double rotations 

Priority Queues (Heaps)

· Operations: insert, deleteMin 

· Binary heap implementation 

· Heap-order property 

· Structure property 

· Implementation of insert and deleteMin operations 

· Running times for insert and deleteMin operations 

· Other heap operations 

· buildHeap -- proof of O(N) running time 

· Hash/Heap data structure to efficiently implement extra operations -- decreaseKey(p,delta), increaseKey(p,delta), delete(p) -- where p is position and delta is a positive amount 

· Hashing. Hashing schemes, principles, how to design hash functions, how to solve collisons. Open addressing. Double hashing. Secondary clustering. 

· Sorting. All algorithms. Analysis of Heapsort (priority queue, heap) and Quicksort. Time complexity of sorting algorithms. Lower bounds for sorting (model). Stable sorts. 

· External sorting algorithms. Mergesort

· Graph search algorithms. Depth-first search (Topological sort), breadth-first search. Minimum spanning trees. Sortest paths. 

· Greedy Algorithms 

1. graph coloring

2. Topological sort.

3. Huffman codes
· NP-Completeness
· Stacks: Use stack methods push, pop, isEmpty, and getTop. Evaluate postfix expressions

· Binary Trees (exactly two children, where none, one or both may be empty trees). 

· Hard code a tree ( a collection of linked BinaryTreeNode objects

· Tree Traversals (preorder, postorder, inorder)
· Recursive tree algorithms  (size, maxHeight, numberOfLeaves, findMax)

· Binary search trees ( know ordering property

· Write code that builds the following binary search tree.

· Draw the BST given the following code.

· BST algorithms (find, insert, getMax, getMin)
· Hash table
Sample Problems

1. Write the tightest Big-Oh runtime of an algorithm to return a reference to an object stored in each data structure 
	Sorted Array
	 

	Unsorted Array
	 

	Singly Linked Structure
	 

	Binary Search Tree
	 

	Hash Table
	 


 
2. Is this a Binary Search Tree (yes or no)?  ___   
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3. What potential benefit is there to using a binary search tree rather than an array to store the same collection?  
 
4.Use the following tree to write out the traversals indicated below. 
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Preorder traversal   __________________________________________________  
Inorder traversal     __________________________________________________ 

Postorder traversal  __________________________________________________ 
5. List the requirements for using binary search. 

6. In the context of hashing, what is a collision? 

A) What is the class P? 

B) What is the class NP? 

C) Is P = NP? 

D) What does it mean when you say that problem A is reducible to problem B? 

E) What is an NP-Complete problem? 

7.Huffman trees 
Solve the Optimal Binary Search Tree problem with the following frequencies. 
	index 
	0 
	1 
	2 

	frequency 
	0.5 
	0.3 
	0.2 


· Dynamic programming

8. Given these methods 

    public int math1( int n ) {

        if (n <= 1) {

            return 1;

        } // if
        else {

            return ( n * 2 ) + math1( n-1 );

        } // else
    } // math1
    public int math2( int n ) {

        if (n <= 1) {

            return 1;

        } // if
        else {

            return n + math1( n ) * math2( n/2 );

        } // else
    } // math2
a) By showing the activation records for each call to a method, calculate the result of running the method call: math2(4);

b) Set up a recurrence relation for the running time of the method math1 as a function of n. Solve your recurrence relation to specify the Big-Oh bound of math1.

c) Now set up a recurrence relation for the running time of the method math2 as a function of n. Solve your recurrence relation to specify the Big-Oh bound of math2. 

Hint: When doing this, the call to math1 can be replaced by the equation that you found when solving the recurrence relation for math1 in part b). 
9. The formula for the sum of an arithmetic series is as follows:
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Prove this formula by induction on n. Treat a and b as constants.
10. Show the execution of the quick sort algorithm on the following list of numbers: 

        (1, 18, 21, 34, 12, 16, 74, 47, 3)

Do this by showing how the algorithm recourses through the list. Write out the list in full at each point of the algorithm. Draw a rectangle around the numbers being considered at this point in the algorithm, and draw an arrow pointing to the number being used as the pivot point. Use the first item in the sublist as the pivot point at each stage of the sort.
11. Given this class definition: 

    public class TreeNode {

        public int label;

        public TreeNode left;

        public TreeNode right;

    }

Write a recursive program to find the maximum label of the nodes of a binary tree (assume that the label is an integer and is called label). Assume that the nodes are in arbitrary order (in other words, you can't just assume that left is greater, etc -- you have to search). 
12. Given this tree:
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List the nodes of the tree in 

	a)
	Preorder

	b)
	Postorder


13. Convert the expression ab + c * de - / f + from postfix to 

	a)
	infix

	b)
	prefix


Hint: Create the expression tree from the postfix expression. This makes it much easier to do the rest of the problem. 

14. For each of these expressions:

	i)
	(x + y) * (x + z)

	ii)
	((x - y) * z + (y - w)) * x

	iii)
	((((a * x + b) * x + c) * x + d) * x + e) * x + f



do the following:

	a)
	Construct the expression tree

	b)
	Find the equivalent prefix expression (do a preorder traversal)

	c)
	Find the equivalent postfix expression (do a postorder traversal)3


15.   i. What is the Big-Oh bound of the selection sort? Justify your answer. 

ii. What is the Big-Oh bound of the insertion sort? Justify your answer. 

iii. What is the Big-Oh bound of the binary search? Justify your answer. 

16.

[image: image5.png]Now here is a recursive formulation of Bubble-sort. Note that the main sorting procedure
BubbleSort2 calls a recursive subprocedure Bubble, which in turn calls a recursive subpro-
cedure OneBubble. Again, it would be a good idea for you to do a dry run on a small input
list first to get a feel for how the algorithm works.

algorithm BubbleSort2(1 : list(item)) : list(item)
1. if length(l) > 1 then Bubble(l, length(l) — 1)

algorithm Bubble(l : list(item);n - integer)
I ifn > 0 then

1.1, OneBubble(l,0,n)

1.2, Bubble(l,n— 1)

algorithm One Bubble(l : list(item); m,n : integer)
1. if m <n then

L1 it lfm] = lm + 1] then
L1 temp — lm + 1]
112 {fm o+ 1] — I[m]

113, {m] — temp
1.2, OneBubble(l,m + 1,n)

Your next task is to analyse the best-case and worst-case complexities of BubbleSort2.
How do your answers compare with what you found for BubbleSort1? Are they the same
order of magnitude?





