95-771 Data Structures and Algorithms Midterm Exam
Fall 2019

Print Full Name KeyY Andrew ID ke ¥

Tree Problem - Code (15 points)

Consider the following class named TreeNode.java.

package midterm;
public class TreeNode {

private int d1, d2;
private TreeNode lc,mc, rc;

public TreeNode(TreeNode lc, int d1, TreeNode mc, int d2, TreeNode rc){
this.lc = Ic;
this.d1 =dl1;
this.mc = mc;
this.d2 = d2;
this.rc = rc;

}

@Override

public String toString() {
String LC="";
String RC="";
String MC ="";
if (Ic == null) LC = "||<-";
else LC ="<--";
if (mc == null) MC ="--";
else MC ="|";
if (rc == null) RC ="->|";
else RC="-->",;

String s = LC +d1 + MC +d2 + RC; 1\l
return s; *
}

public int getD1() {

return d1; j-M
}

public void setD1(int d1) {
this.d1 =d1;
}

public int getD2() {
return d2;

}
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public void setD2(int d2) {
this.d2 = d2;
}

public TreeNode getLc() { \L°
return Ic;

}

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

}

public TreeNode getRe() {
return rc;

}

public void setRe(TreeNode rc) { va
this.rc = rc; 33 leo

}

public TreeNode getMc() { / | . AN
return mc; 9 16

} s 2 |

public void setMc(TreeNode mc) { sa 53
this.mc = mc;

}

public static void main(String args[]) { ‘ I
TreeNode root = new TreeNode(null, 33, null, 100, null); | <=~ 33 =~ 100 ~>!
System.out.println(root);

TreeNode a = new TreeNode(null, 4, null, 15, null);

root.setLc(a);

TreeNode b = new TreeNode(null, 50, null, 55, null);

root.setMc(b);

TreeNode ¢ = new TreeNode(null, 150, null, 160, null);

root.setRe(c);

TreeNode d = new TreeNode(null, 52, null, 53, null);
b.setMc(d);

TreeNode p = root;

while(p != null) {

e~ 33 =180 =31

. . n n 33 1o°
System.out.println(p.getD1() + +p.getD2()); 'y
p = p-getMc(); §o $
) £ §3

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

le¢r 32 ~-Jaa =11 (1.25 points)
33 loo (1.25 points)
So KXo (1.25 points)
a S (1.25 points)

Consider the following class that uses the TreeNode from page 1. There are five lines of
output from this program.

package midterm;
public class Tree {

private TreeNode root;

public Tree(TreeNode root) {
this.root = root;

}

public void setRoot(TreeNode tree) {
this.root = tree;

}

public TreeNode getRoot() {
return root;

}

public void strangeTraversal(TreeNode t) {
if(t !=null) {

strangeTraversal(t.getRc()); oo
strangeTraversal(t.getMc()); d
strangeTraversal(t.getLc()); AU -y 33 jo o
System.out.println(t.getD1() +" " + t.getD2());
} / l' ¢ N ¢
) y 5 g0 5 _we 16°
public void strangeTraversal(){ Ly
strangeTraversal(root); , £3 £3

}

public static void main(String[] args) {
TreeNode a = new TreeNode(null, 33, null, 100, null);
TreeNode b = new TreeNode(null, 4, null, 15, null);

TreeNode ¢ = new TreeNode(null, 50, null, 55, null); 150 €0
TreeNode d = new TreeNode(null, 150, null, 160, null); sa s3
TreeNode e = new TreeNode(null, 52, null, 53, null); jrve )

Tree t = new Tree(a); y Xy
t.getRoot().setl.c(b):
t.getRoot().setRe(d);

(O8]
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t.getRoot().setMc(c);
t.getRoot().getMc().setMc(e);

t.strange Traversal(); \4./" A
}
}
2) Show the five lines of output here. (2 Points per line = 10 points)
A 160
S £3
L) S5
| 15
33 loo

Heaps (16 points)

3) Insert the following numbers into a min heap. Draw a new tree for each heap insertion.

(6 Points) o o % I [ | | } \
1

/ S / \ = /
01233 U g > &" e & 73 ~a

- Q

4) Suppose we were to add three more numnibers to the heap in question 3. Which of the
following is correct? d (2 Points)
a. The new height would be 2”n, where n is the number of numbers in the heap.
b. We cannot determine the new height. It depends on the values of the numbers.
c. The new height would be two.
The new height would be three.
€. The new height would be eight.

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

3
3/ \l s
3 P
/N /
1o 33 1o
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6) Consider the following min heap implemented in an array. It is not quite correct. To
make it a min heap exactly one swap of parent and child must occur. What two numbers
need to be swapped in order to make this a min heap? (5 points). Circle the two numbers.

4 Y

10 o~
C%) 1o s

N\ (/7

10 JS/ 16 |3/
Q;D /NTN

" : S/ \IL, (o WIS )5 18

t

16

10

11

15

15

15

Binary Trees (16 points)

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

(a) 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 accessed, separated by
commas. (3 points)

16', '10) 6)6‘) '1:) 3 v, 90) 7;) 7

(b) 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)

S",ﬂ°,w6,agl:;qo)7g>7
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(c) 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)

§,6,17,98,1°,7,7c,% %
(d) In general, if a binary tree is perfectly balanced (unlike the tree pictured here)

and complete with helghl h, how many leaves, in terms of h, will the tree
have? (2 points) Q Note, this tree has a perfectly flat bottom.

(e) 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 P,
tree? (2 points)l.g«h K Note, this tree has a perfectly flat bottom. QQD
07> 4

ON L’A*’l 2)-3'\0'49 F‘Nq‘ -ﬁ;\_g. <
8. (a) Insert he following numbers into a Binary Search Tree. Draw the tree after each
100

insertion. (3 Points) e, N
100, 50, 25, 10, 5, 2, 4,200, 150, 60 ’ Seo aoa
— WS TR DA ’Jo . ) /
fep 1e0 -1 % as WY, ¥e
/ ’ g0 'So & o
SO ,J‘b p n‘! '6“ 5'/ ,f
a8 e & 'Y "\.f

(b) Delete 100 from the final tree that you drew in 8 (a). We discussed two ways to do
this. You must perform the deletion in one of these two ways. Draw this fina] tree. (2

Points)
I1so
p Y S g ~ q60
50 wo ©f AR TN
/ Ve / Q
= )
s t$0 /
/ 10
I'D q
5 J
/ /
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Project Questions (18 points) le’* 1

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.

The Merkle-Hellman cryptosystem in Project 1 was based on the subset sum problem
which is known to be NP-Complete. The problem itself can be described as follows:
given a set of numbers X and a number k, is there a subset of X, which sums to k?

(a) Suppose X = {4, 16, 3,9, 2, 8, 3} and k = 31. Is there a subset of X which sums to k?
Ya o Yes/No (2 points)

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

Bob decrypts with his public key.

Alice encrypts with a super increasing sequence.

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

@ Alice encrypts 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 méthod 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
// post: returns true if some subset of x sums to k, false otherwise.

s 4 3 N L L &
wWhile ('.i.vr.o) £ 1A v s 1&
p{xCil <5 kYKt Kk =xLel. v ¢ 3
IF K22 0 tedown dove . K
3 it~ . s
tedvew Salde . - g

(d) What is the best case run time complexity of your code in part (c)? Use Big Theta

notation. (1 Points) & ( 1)___
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() In project 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) ¢ New oi eyronenNt sl f
(f) In Project 3, we wrote a calculator that processed RPN expressions and used a Red

Black Tree. 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

(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 method named lookup() that
checked if a word was present. Which of the following is true of the worst-case lookup

method? Circle all correct answers. (2 Points) =
e . ¥
: oA ¥
@ It ran in O(LogN) v oF
2. Itranin O(1) €0 s
3. It ran in QONA2) A N
4. Tt ran in O(N) o
(5) 1t ran in ®(LogN) oS

6. Itranin ®(1)
It ran in O(2"N)
It ran in O(3"N)

Balanced Trees (15 points)

10. B-Trees

(a) Insert these numbers into a B-Tree with min = 1.
[j),]_l,lg,]},w,lé,lé
Draw the fina] tree. (2.points)

s n\ n, ) 3
0.1l ) 4 c 7 ) N
)y 1a 5. 13,1314 10 13 N4 e gt
LI
(b) Insert the numbers 45, 23, 12, 10, 100, 16, 17, 67, ]5W1 min = 2.
8 g - - badiy ] —y o '_‘_._,_,,--’
. (2 points) . 15 l 23
./ \
e 13,28 1o
L '1;) ,/4. g% lo.1) W8 (7,160
5o > TAY 1* %
"')‘3:)"9).'? 45,1 :
o7 o
P
____/
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(c) What is the height of the B-Tree in question W (a)? D\ (1 Point)
. ‘6

(d) What is the height of the B-Tree in question)/f (b)? ‘ (1 Point)

(e) What is the maximum number of keys a B-Tree can hold with min = 1 and helght =37?

3_0_(2P01nts) :] I : Q ‘ 5-;
! 8
fF\i 33 -6 . e
ﬂ ﬁ"lm}?:l?a”? +7 2
—

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 b]ack vertices should
appear without circles. (2 points)

4,3,2,1 @5 1 a%"

. Y
é@ e ® S~
(b) What is the runtime complexity of an inorder traversal of a Red Black Tree ? Use
Big Theta '

notation. (1 Point) e (N )

(c) What is the worst-case runtime (.omplemty of a Rgd Black Tree lookup operation?
Use Big Theta notation. (1 point) & ( Lo Nﬁ Lﬁ“_ Aots NOt mM"é,U
S (Lo‘élN\ 19 plso AINQ
+12. B+ Trees o '

Insert the followmg numbers into a B+ Tree with minimum =2. (3 Points)
1,2, 3, 4 ,6,7,8,9,10,11,12,13, 14

TERE g s = > 3 3: )
3 0N e \ \
. l‘g'-'-vv) 3,1‘,5‘& 7 L
ba,3,d 8 12— 3,1,9 . N 3P B T

' 3 8§ 7 .

3.'&- “ ). F) : \ \
,/ AN / } \ \ 4 ”"3"““.\5&73 'tlou:)
239257, 9 ] ;431»\5‘1 — 1,3, 9 :o u 3
3,5, 7 LR

/11

A Ad S56 78 e 1,13,3

-
35 Al
/N S [\'I
W 31 8¢ 7>aw"
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Graph Representations and Concepts (8 points)

13. (a) Represent the following graph in an adjacency matrix representation. Show your
matrix. (1 Points) - B

"

£

! 6

7
7
a

representation. (1 Points) pyeC S .
S

ﬂ‘.*a,.v; A-l

& 3
13. (c) Give a list of vertices (starting at ve @R{s)ﬁlﬂt might result from a breadth first
traversal of this graph. (2 Points) =

o}i:) 7}.{“) 3, 6} -] S‘}‘ Y

13. (d) Give a list of vertices (starting at vertex 0) that might result from a depth first
traversal of this graph. (2 Points)

5,y 3,3,1,5,¢6,7, ¢

13. (¢) A Hamiltonian cycle is a closed loop through a graph that visits each node exactly
once. Does the graph above contain a Hamiltonian cycle? Circle @r No (2 Points)

O’l’ 3’3"1»5»6>9> 7:0

10
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Queue (3 points)

Midterm Exam

KeX W

14. Write a class Queue. The queue data will live in a linked list. The queue will hold
simple integers. You will provide a constructor, a method named addToQueue, a method
named removeFromQueue, and a method named isEmpty. This queue must be writtenin .
Java and the syntax must be good but not perfect. For full credit, be exceptionally neat.
Your addToQueue and your removeFromQueue operations must run in &(1) time. '

GL4st Nede §

iNg, dadd
Node next
Node (inr d, Node W ) §

dim ¢,
Yexr = N"

!
INT g esDargO )
? M hvew d”\r;z,

bt

vod getderalint x) 3
d_.“,\* ] x{;

Nede éL—LNuu-C.) )
) ot v NQJ\TJ;

! 7
Voiud gatpyayT (_Nodc N)

3 N.—‘r < NJI

)

chiazs Oveve {
Nod & 5,.
Node v

&uu.\;e-(-x {.
$enoll, t 2ol

vord eddTooveve (T %) {
if (§=2 Null) {

4 2 New Nedt CX,NUH)).

» :53.

3

hoo,upd Id FMQPYLX }
*u“\w’@-a: ,,,.;\\)
3

[*4
APst pueve 13 Nt emPl)
INT dewove FaomBuev R

INT & 3 _5.A.y1~£.ﬁ/'
$ 2 5 geaNanT OO
e oM b,

clae { r new Node ( %, uuﬂ\

P NeRT F

)

N2 ™nentT R

11

{



= Miia

iR =
i
R s
d .
v a
¥ c
-
L 15 *
] e
] ) 4
r ‘ - v
N
.
"
»
s -t
i,
LR v
.
.
o -



95-771 Data Structures and Algorithms Midterm Exam

Fall 2019
4 2

e/"z -~
K™

Dijkstra’s Shortest Path (9 Points)

15. Draw the contents of the distance array for each iteration of Dijkstra’s Algorithm as it
works on the graph sketched here. The initial state is given. Mark the node to be
selected next to the left of the array (note how 0 is marked to the left of the first
array.) Fill in each array cell working downward. That is, complete the first column of
arrays before the second column of arrays. (6 Points)

ololeloTe]2]2] HNolsle| o]

< )
Un
e

N b

(d) After Dijkstra is complete it also collects parent pointers for each node in the graph.
Complete the chart below showing the parent of each node as computed by Dijkstra. (3
point)

12
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