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Coding Lists and Trees (18 points)

1. The following program contains four println() statements. Describe the output of the program when
each of the println() statements is executed. (8 points):

~ package dsamidtermproject;

class Node {
_private int data;
private Node next;
public Node(int data, Node next) {
this.data = data;
this.next = next;

public int getData() { : '
return data;

public void ‘setData(iht data) {
this.data = data;

}
public Node getNext() {
returm next; .
} .
public void setNext(Node next) { -

this.next = next;

}
} -
public class DSAMidtermProject { _
public Node Jist = null; A
public'void insert1{int x) { L FE° '
list = new Node(x,list); ‘\L. 31 3 /
} ,
public void insert2(intx) { - e
if(list == null) insertl1(x); '
else { o) & (O Y 4 |
Node m = list; e 1 &6 - !
L] |
Node p = list; “A\a . 1 8 / |
while (m 1= mull) { ’ /
p=m | 1S
m = m.getNexi(); 'a‘ '
___’-—’_/
p.setNext(new Node(x,null});
) } | \ & o)
public String toString() {

String v="";

Node ¢ = list;

while (¢ I=null) {
v = v+ c.getData();
if(c.getNext(O)!= null) v=v + "->";
¢ = c.getNext();

}

return v;
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int xyz(Node p) { \lj
if (p=null) return 0; ° C,DU“’T . XW
else return xyz(p.getNext()) + 1;

}

int abe() { : /
return xyz(list);

}

public static void main(String args[]) {
DSAMidtermProject: dsa = new DSAMidtermProject();
for(int i = 0; i <= 5; i++) dsa.insert2(i); _ . .

// Show output as 12
System.out.printin(dsa);

/f Show output as 1.b
Systerm.out.println(dsa.abe());

dsa = new DSAMidtermProject();
for(int i=0; i <=5; i++) dsa.insert1 (i}

/! Show output as 1.c
System.out.printin(dsa);

{/ Show output as 1.d
System,out.println(dsa.abc());

}
}
1.2 What will the program display at the println marked 1.a7 o, v, 3 3, 5N, b
. % PES
1.b What will the program display at the println marked 1.b7? 6
el e Y

. O
1.c What will the program display at the println marked 1.c? s . - s 3, ;\_,. ',

6

1.d What will the program display at the printlln marked 1.d?
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2. The following program contains a System.out.print() statement in the traversal method. (10 points):

package simpletree; \(
class Node {
public int data; : \&Q/
public Node lc; :
public Node re;
public Node(Node l¢, int x, Node 1¢) {
this.le = le;
this.datéf =X
this.rc = rc;

}

}
public class SimpleTree {
public Node root;
public static int ctr = 1;
public SimpleTree() {-
root = null;

}
private Node add(Node t){
if (t==mnull) { —h ™
etr=ctr*2; X /{ -

return new Node(null,ctr,mull);

}

~ tlo = add(t.lc);
tre = add(t.rc);
return t;

}
public void add() {_
if (root == null) {
ctr=ctr +1;
root = new Node(sullctr,null);
) :
else {
add(root);
}

public void traversal(Node t) {
if(t 1= null) {
traversal(t.lc);
traversal(t.rc);
System.out.print(t.data + " ");

}

}
public void traversal() {
traversal(root);

}
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public static void main(String[] args) {

SimpleTree st = new SimpleTree();
st.add();

st.add(); ST 2
{/ Question 2.2 /
st.traversal();

Systerh..qut.println();

st.add();

/{ Question 2.b
st.traversal();
System.out.println();

03

2 2 What will the program display at the traversal marked Question 2.a7 5
< 3 P
5 >
2.b What will the program display at the traversal marked Question 2.b?
: pt
le, 3~ ,+, &% rag % 2

b

Heaps (12 points)

3) Insert the following 8 numbers into a min heap. Draw a new tree for each heap ingertion. @

10,9, 8,7, 6, 5, 4, 200
o .le ¢ ¢ P '
/s ~ / /N
/ r s ’ N T
a9, 1o 1o }® & G e Ci L 7 ﬂ

_ : Qe o
4) What is the height of the trec that you drew in question 3@) 3

5) P@tly two deleteMin() operations on the heap that you drew in question 3. Draw the resulting
Points

tree.
S-." /b"\q
/N § 200 23 jeb .
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6) Consider the following max heap implemented in an array. It is not quite correct. To make it a proper
max heap exactly one swap must occur, W'hat two numbers need to be swapped in order to make this a max
heap? (3 points)

90 ’ \

70 - g0 7o

70

50 - 7\ AR
80 26 56 Qe Yo
40

30 s/~

50 30 SO 1o

40

Binary Trees (16 points)

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

20
/ \
40 97
i\ \
6 9 76
AN f A

513 65 7

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

19)ﬂo)L)$)|J1‘3)Q97J?LJ¢£j Vi

® 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)

£,6,1,10,9,3, 36, 97,65, 74, 7

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

¥, 40,27, 6,7,1¢ 8 1, 8,08
(D In general if a binary tree is perfectly balanced (unhke the tred pictured here) and complete
with height h, how many leaves, in terms of h, will the tree have? (1 point) :J Note,
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this tree has a perfectly flat bottom. In addition, how many internal nodes would such a tree

have (in terms of h)? (1 Point} 3 h |

(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 ofk) of this tree? (2 points) L. o3 %
Note, this tree has a perfectly flat botton.

8. (a) Insert he following numbers into a Binary Search Tree. Draw the tree after all insertions are
complete. You need not show each step. {2 Points)
2_9_, 10, 5, 4, 30, 35, 46, 57,22, 23
20
s N
(R 2o
/ < \J-‘-
ad
Ly . ~
/ a '} '1 & - l'r-
. 477
7 (b) Delete 20 from the final tree that you drew in 8 (a). Draw this final tree. (1 Points)

2 ~ _
rb/ 3
7N
s 33
5_ \’6
7z ' 57
Y

25

(c.) Insert the following numbers into a B+ tree. The miﬁ=2 and max = 4. Please note, this is a “B Plus”

tree. (2 Points) : %
1,23,4,5 ,a,3, 1§ -y N
’ _f' ])a" — 3,",—/, J
O©
T

3
N

\5.—-
—~— ))D__)S > ‘—”

Midterm Exam -

¢
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Project Questions (18 points) L ‘ /QJ\

9. Recall the Merkle-Hellman cryptosystem that we worked with in Project 1, the spell checker
application in Project 2, and the graph coloring problem from Project 3.

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 k7 |

(2) Suppose X = {3,9,12,4,2} and k = 18, Is there a subset of X which sums to k?

Mes Yes/No (2 points)

) The type of problem you were asked to solve in question 9 (a) is (Circle one answer): (2 Points)

an optimization problem.

a problem that is impossible to solve.

a problem that has been proven to take exponential time to solve.
a problem that has been proven to take factorial time to solve.

a decision problem.

(E—"):“E"!\’T‘

(c) Suppose Alice sends a message (K) to Bob. K is cbmputed using Bob’s Merkle-Hellman public
key combined with the message M. The central idea behind Merkle-Hellman is that a potential
eaves dropper could read the message M if the eaves dropper could (2 Points)

Find X so that M is prime.

Modify Bob’s public key.

Modify the super increasing sequence. )

Find a subset of a super increasing sequence that sums to K.
@ " Find a subset of Bob’s public key that sums to K.

Eall el

(d) Recall that a modular inverse of an integer b modm is the integer b™ such that (b* by mod m=1.
What is the modular inverse of 3 mod 77 & - (4 Points) -

v

(e) InProject 3, we used a Red Black Tree to check for new course names or existing course names -
assigning small integers counting from 0.

Draw what the Red Black Tree would look Iike after the following course names are read from the
input. The tree must show the course name and the value assigned to each course. '

Draw RED nodes as circled and black nodés as un-circled. If you show each step clearly, you will
receive partial credit. (4 Points) \ S o
. ' N
Smith, Amy ‘Calel, Philo100, Chem1 d
i Bel,Amy Calcl, Chem2 ~hat it
. Obama,Barak Calel, History, PolySci it of 17 (J

.o - ('“LG\*‘"‘
Cale | . . N
°
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(f) In Project 3, we built a graph from data such as in part e. Draw the graph that would result from
reading the data in part e. (3 Points) This is not the Red Black Tree. :

' ch etk PQLYSc.l_bqulf-lJLurth
— Ghle | — Plileros , _

MHisp P
/ / Chen!
rouy chew !
341 T W ’
RV () The graph derived from the data in €. can be colored with three colors. (Circ]

or False). (1 Point)

Balanced Trees (15 points)

10. Consider the following B-Tree with a minimum of 1 and a maximum of 2.

,12,13,14. (3 points) /' 7
\ SN s aN . N
V6,7 2 ¢ U AR N T LY 6 e ra

(2) Redraw the tree after inserting 10,1t
‘ -'n

(b) Delete the value 5 from the B-Tree shown above. Begin work from the original tree, not the tree with
the values added in Part a. (2 points)

G
RN o™ /N
8 7 ] 41'7

(c) Consider again the original tree of height of 1. What is the maximum ber of keys that this type of
tree (min = 1, max=2) could hold with'a height of 17 (1 points}). 2; &%
o‘/ ‘l"\'* 3-2
S AN N
-2
(d) Consider again the original tree of height of 1. What is the maximum number of keys that this type of
tiee (min = 1, max=2) could hold with a height of 27 (2 points).
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" 11. Red Black Trees

(2) 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. (5 points)

] i i 4 b | :
1525354:536 S Ny
| @ G ® O} 7 e b
- . , -
| &

(b) What is the ruritime complexity of an inorder traversal of a Red Black Tree ? Use Big Theta
notation. (1 Point) (=14 > /

(c) What is the worst-case runtime complexity of a Red Black Tree lookup operation? Use Big Theta
notation. (1 point) @ { &4 M
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Graph Algorithms{(}ﬁ‘pointsl

12. (a) What is the shortest path from node 0 to node 3 in the graph

a list of ordered pairs.(1 point) 5

graph. The initial st

Midterm Exam

immediately below? Your path must be

(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. (4 Points)

(c)

(d)

O]

pjol9j?1? 713
FAL
0 1 2 3 4 5
- .

£ 0,/ Sl2liglio]=
0 1 2 3 4 5
0 3

l z '?f.f o R e I
0 1 2 3 4 5

Draw an adjacency matrix represgltatior},for the graph shown
(4 1 R =

Y 3

2 ) aﬁ))(;‘i,s) OR
(o, ), (5,9), (1, 2) =

¢
(b) Draw the contents of the distance array for each iteration of Dijkstra’
ate is given. Mark the node to be selected next to the leit of the array

/—-"1

*s Algorithm as it work:s on this

o.

0,, 16, & lo 3,

0 1 3 4.5
¢

AL

o 1 2 3 4

o | & |5 ,le| 3

0 1 2 3 4 5

gbove. (2 points)

Draw an adjacency set representation of the graph shown immediately above. In this adjacency set
representation, each neighbor list is a binary search tree. Be very neat with your drawing. (2 Points)

"‘-Ewy-e_

P4 .
The graph shown above is ;Tyimple, directed graph. It contain

wwys TO 6!\—&

Thema HAT diFg
wwize rie 8L

- aw T

s no loops or multiple edges. Suppose

we have such a graph with V vertices. What is the maximum number of edges that such a graph can

contain? Your answer should be an exact formula. Answers in Big Theta notation don’t count. (1

Point), ,F"\-.- \/__ =y (\v - |

10
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(f) Redraw the graph in question 14 (&) as an undirected graph. That is, replace each arrow by an

undirected edge. The weight of each edge in the undirected graph will be the same as the respective
edge weight in the directed graph of 14 (a). (1 Point)

- '1 .
(2) Draw the tree that would be computed by Prim using the graph that you drew in question 14 (f) as
input. This is the tree computed by Prim of the undirected, weighted graph you created in 14 (H. 4

points)
= 3 -1~ 3
/

Q ~ &

(1) Name an appropriate and fast algorithm to determine whether ot not there is a path from one vertex
4o another in a directed or undirected graph. BF S o ¢ DEs (2 points)

DFS MAY Not wowmie fan INFINITE 9hnafh T .

() Using the Floyd Warshall algorithm shown below, draw a matrix each time the comment “draw
cost matrix” is encountered in the code, Use the graph below for input. You may assume that the
original graph is represented in an adjacency matrix c. Also, you must assume that the loops
proceed through the graph in numerical order, That is, the first vertex is vertex 0 and the second is
vertex 1 and so on. (4 Points)

for each vertex u in G do { ‘ Cost .
for each vertex v in G do { 0 1 2
cost[u,v] = c[u,v] 0 _ & _1a
} r4__. 6
} 2 18 L
// draw cost matrix in the first box
for each vertex w in G do { 0 1 2
for each vertex uin G do { 0 S '3 ')
for each vertex vin G do { 1y & \l a\"}
cost[u,v] = min(cost[u,v],cost[u,w] + cost[w,v] 218V o™ N
} // end forv . o
} // end foru ' \,a'p
// draw the cost matrix in the next box s
} // end for w :

£ =

i

| [e-
P

.

<L

2

D

lenl|
ST

| lel=
%

11




