95-771 Data Structures and Algorithms
Spring 2019

Print Full Name AndrewID €& Y

Midterm Exam

Tree Problem Code (15 points)

Consider the following class named TreeNode.java.
package midterm;
public class TreeNode {

private int data;
private TreeNode lc,rc;

public TreeNode(TreeNode lc, int data, TreeNode rc){
this.data = data;
this.Ic = Ic;
this.rc = rc;

}

@Override

public String toString() {
String LC ="";
String RC="";
if (lc == null) LC = "NULL<-";
else LC = "<--";
if (rc == null) RC = "->NULL";
else RC ="-->";
String s = LC + data + RC;
return s;

}

public int getData() {
return data;

}
public TreeNode getLc() {

return lc;  »

}

public TreeNode getRe() {
return rc;
} .

public void setData(int data) {
this.data = data;

}

public void setLc(TreeNode Ic) {
this.lc = Ic;

} i

public void setRc(TreeNode rc) {
this.rc = rc;

}
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if(y == null) {
tree = z;
}
else {
if (z.getData() <= y.getData()) {
y.setLc(z);

else {
y.setRe(z);
}
}
z.setLc(null);
z.setRe(null);

public boolean contains(int v) {

TreeNode x = tree;
while(x = null) {
if (v == x.getData()) return true;

if (v <= x.getData()) {
x = x.getLc();

else {
x = x.getRc();
}
}
return false;

}

public static void main(String[] args) {
Tree t = new Tree();

t.insert(34);

t.insert(100);

t.insert(300);

t.insert(300);

t.insert(5);

t.insert(2);

t.insert(1);

t.postOrderTraversal();
if(t.contains(100)) System.out.println("Found 100");
else System.out.println("No 100 found");

2) Show the eight lines of output here. (1.5 Points per line = 12 points)

NULL<--1-->NULL
<--2-->NULL
<--5-->NULL
NULL<--300-->NULL
<--300-->NULL
NULL<--100-->
<er34.->

Found 100
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public static void main(String args[]) {
TreeNode t = new TreeNode(null, 23, null);

System.out.println(t);

TreeNode 1 = new TreeNode(null,100,nutl);
TreeNode r = new TreeNode(null,200,null);
t.setLc(l);
t.setRe(r);

System.out.printIn(t);
}
}

1. There are two lines of output from TreeNode.java. Each is printed with a println() statement. What
is the exact output of these two lines?

NULL<--23-->NULL (1.5 Points)

<--23--> (1.5 points)

Consider the following class that uses TreeNode shown above. There are eight lines of output
from this program. Note that the comparison used during insert() and contains() is “<=" and not “<” .

package midterm;
public class Tree §{

private TreeNode tree;

public Tree() {
tree = null;
}

public void postOrderTraversal(TreeNode t) {
if(t 1= null) {
postOrderTraversal(t.getLc());
postOrderTraversal(t.getRe());
System.out.println(t);
}

}
public void postOrderTraversal(){

postOrderTraversal(tree);

public void insert(int value) {
TreeNode y = null;
TreeNode x = tree;
TreeNode z = new TreeNode(null, value, null);
while(x !=null) {
Y=x
if (z.getData() <= x.getData()) {
x = x.getLc();
}
else {
x = x.getRe();
}
3
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Heaps (15 points)

3) Insert the following numbers into a max heap. Draw a new tree for each heap insertion. (5 Points)

10,1,2,3,40

4) What is the height of the tree that you drew in question 3? (2 Points) A '/'

5) Perform a single delete operation on the heap that you drew in question 3. Draw the resulting tree. (3
Points)

7o /"3 N
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/
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6) Consider the following max heap implemented in an array. It is not quite correct. To make it a max heap
exactly one swap of parent and child must occur. What two numbers need to be swapped in order to make
this a max heap? (5 points) It is fine to just circle the two numbers.

100
80
90
70

72
76
15
9
8

@

13
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Binary Trees (16 points)

7.

Parts (a), (b), and (c¢) refer to the following binary tree:

(2)

(®)

(c)

(d)

(e)

55
/ \
40 90
/A \
6 45 76
/A /A
5 7 65 7

List the data that would be accessed by a pre-order traversal on the given tree by writing out the
values in the nodes as they would be agffsed, separated by commas. (3 points)

S’f, Ne, 6’5‘; 7; V‘) QG, J—?’()S, 7

List the data that would be accessed by an in-order traversal on the given tree by writing out
the values in the nodes as they would be accessed, separated by commas. (2 points)
e

§,6,7 46,45, ssVes, 76, 7
List the data that would be accessed by a post-order traversal on the given tree by writing out
the values in the nodes as they would be accessed, separated by commas. (2 points)

$57, 6,45, 4o 45,7, 7¢, 10,94
In general, if a binary tree is perfectly balanced (unlike the tree pictured here) and complete

with height h, how many leaves, in terms of h, will the tree have? (2 points) ;)“ Note,
this tree has a perfectly flat bottom.

In general, if a binary tree is perfectly balanced (unlike the tree pictured here) and complete
with exactly k leaves. What is the height (in terms of k) of this tree? (2 points) l...cv;a [
Note, this tree has a perfectly flat bottom. whong base ar wo hase =1
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8. (a) Insert he following numbers into a Binary Search Tree. Draw the tree after each insertion. (3 Points)
1,2,30,40,5,0,35

! 1 1
\ ~
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~
(b) Delete 30 from the final tree that you drew in 8 (a). Draw this final tree. (2 Points) 3&
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9. Recall the Merkle-Hellman cryptosystem and the Merkle tree that we worked with in Project 1, the

spell checker application and the dynamic programming exercise in Project 2, and the calculator problem
from Project 3. ,
NET e gy ~red Ao show |

The Merkle-Hellman cryptosystem in Project | Avas based on the subset sum problem which is known to be
NP-Complete. The problem itself can be desgfibed as follows: given a set of numbers X and a number k, is

there a subset of ., which sums to k?

(a) Suppose X = {4,@6@ 2@@ and k = 41. Is there a subset of X which sums to k?
& Yes/No (2 points)

(b) Suppose Alice sends messages to Bob encrypted with Bob’s Merkle-Hellman public key.
Circle the one statement that is true? (2 Points)

Alice encrypts with a super increasing sequence.
Alice decrypts with a super increasing sequence.
Bob decrypts with a set such as X in part a.

@ Bob decrypts with a super increasing sequence.
3

4

5. Alice decrypts with a set such as X in part a.

(c) Write a method in Java that returns true if there is a subset of X which sums to k and false
otherwise. The method signature and pre-conditions are provided. Note, the array x is a super
increasing sequence. (6 points)

public static boolean subSetSum(int[] x, int n, int k) {

// pre: x is a super increasing and x[0] < x[1] <x[2] <...<x[n-1].

// pre: n is the size of x.

// pre: all integers involved are small enough that overflow is not of concern
/1 post: returns true if some subset of x sums to k, false otherwise.

whie (k20 ¢+ Nso) {
# (xCn-1T om ¢ k) K= K= xDwetd

1f (Kzxo) PebvuN troe 7 3
tLse tetunsN FAlZE »

(d) What is the worst case run time complexity of your code in part (¢)? Use Big Theta.

(1 Points) & (_N\

(e) Inproject 1 we wrote a recursive function that computed probabilities of a World Series win.
Briefly describe the run time performance of this function. (1 Point)

IT Teow Teo Long To Execute Fob hawge vinlves oF N,

17 MAN N exPoneNtin] tume
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Draw what the Red Black Tree would look like after the following user interaction. Circle RED
nodes and leave BLACK nodes un-circled. (4 Points)

® * » wou g

(f) InProject 3, we wrote a calculator that processed RPN expressions and used a Red Black Tree. @

SRR AN B
Y2-= u ™
BY2 - 6 N :;»3—. ~d

,/y\ll'\f. ‘1

» @ .@___e————ﬁ

(g) In Project 2 we wrote a spell checker that loaded n words into a Red Black tree and allowed a user
to make queries against the tree. We wrote a lookup method that checked if a word was present.
Which of the following is true of the best-case lookup method? Circle all correct answers. (2

Points)
. J 7 &
8 It ran in O(LogN) ¢ ¢ J’J/ -
It ran in O(1) 0 & 2
3. Itranin Q(N"2) Q'V A"\P
4, TItranin O(N) \ ?” Qf"

5. Itranin ©(LogN)

It ran in ©(1)

Balanced Trees (15 points) * —

10. B-Trees 2T 7N
A 146,

(a) Insert these numbers into a B-Treé WIth min = 2.
1,2,3,4,5,6,7 & W= 3 /

Draw the final tree. (2 pomts) /_,,-

(b) Insert the same numbers (1,2,3,4,5,6,7) into a B-Tree with min = 1. (2 points)

+ |
3,2 123 12.\4\ 3,4 1‘16 ‘N
) 345 / ES e / a é
3 V3 S, 7 l ; l§7 :AJ 51\1

(c) What is the height of the B-Tree in question 18(a)? l (1 Point)
(d) What is the height of the B-Tree in question 10(b)? l (1 Point)

(e) What is the maximum number of keys a B-Tree can hold with min = 4 and height = 2? (2 Points)

: 8+ (98)*(9%8) =729

3 | wode & Kevs Per nade 3 B Kays
--’-E g ‘i——- re g nedes @Ke¥s Aek Mede 3.8 Kevs

9.8 | _
9. 2
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11. Red-Black Trees

(a) Insert the following numbers, one by one, into a Red-Black Tree. Show the tree after each
insertion. red vertices should be circled and black vertices should appear without circles. (2 points)

18,15, 10 (1%) IS or  nolOM Y

(b) What is the runtime complexity of an inorder traversal of a Red Black Tree ? Use Big Theta
notation. (1 Point)

(c) What is the worst-case runtime complexity of a Red Black Tree lookup operation? Use Big Theta
notation. (1 point) @ Leg N)
12. B+ Trees N

Insert the following numbers into a B+ Tree with minimum = 1. (3 Points)
1,2,3,4,5
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Graph Representations (14 points)

13. (a) Represent the following graph in an adjacency matrix representation. Show your matrix, (7$oints)
N T B T & 7

©
4 8

7 °
[ Y i
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13. (b) Represent the graph above as an adjacency list. Draw a sketch of this representation. (7 Points)
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Stacks (7 points) 8 \
| g :
14, Write a class Stack. The stack data will live in an array of size 5000. You will provide a constructor, a
method named addToStack, a method named removeE k, a method named isEmpty, and a method
named jsFull. TRTSTAUSTBe Written in Java and the syntax must be good but not perfect. For full credit, be
exm |
Public class Sinex { Y AW
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