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King Fahd University of Petroleum & Minerals

College of Computer Science and Engineering

Information and Computer Science Department
First Semester 142 (2014/2015)

ICS 202 — Data Structures

Final Exam
Monday, May 25", 2015

Time: 120 minutes

Name:
ID#
Section 01 . Marks
Question # CLO | Max Marks Obtained
Dr. Sami ’ 3 o5
2 4 35
Section 02
3 4 20
Dr. Ramadan 4 4 20
Total 100
Instructions

Write your name and ID in the respective boxes above and circle your section.
This exam consists of 10 pages, including this page, plus one reference sheet, containing 4

questions.
You have to answer all 4 questions.

The exam is closed book and closed notes. No calculators or any helping aids are allowed.

Make sure you turn off your mobile phone and keep it in your pocket if you have one.

The questions are not equally weighed.
The maximum number of points for this exam is 100.

You have exactlv 120 minutes to finish the exam.

Note: this solution has been made by a student, so
it’'s may have some mistakes :) | hope you do well in

all of your final exams
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Q.1 [25 points] Multiple Choice Questions: Mark the best answer for each question below.
Note: only one choice should be chosen.

A fe)— Sout
1. Consider the following recursive function f(n) /*7fume h = =h £01) gguk cout
cy—
e savic voia taine o {10 CRBE ch
public static void f (int n) (4) ) s'uF* .
{ Q) — souw
if (n == 1) Feny —Soet
System.out.println(n); 1((3) ,C(,_\ gﬁb) S'O“"
else( ) ——'E 0n—
f(n - 1); 50“'(“) FCL\ fcg—Sout
System.out.println(n); ?(“.’Zf\ s {:
f(n - 1); —Sou
} 'F(Ll) Same as alosve kvee
}
The num;aer of times the printing statement is executed for the method f(n) is:
e e o T S g
Assume h:5 E gn-l 32 ',F we «(—q the chaices we see Hhat
31 satisfy fthe namber of pfm‘f'lnj SFatments
e. none of the above.
2. Consider the following code segment
for (int i=1, sum=0; i<n-1; i++)
for (int j=i-1, sum=0; Jj<i+l; j++)
sum+=4; // Statement 1
The complex1ty of the above code segment is
a. O(n?)
b. Oinlogn) "Z’('E 9 - Z (Zf7C+’+ —Zi (
d O0@2"*-1) .
e. none of the above. =TI = :‘l(n—Z-JM):lM—L‘:OCVL)

3. The big-O notation
a. Can compare algorithms in the same complexity class
Is an upper bound on the asymptotic complexity of the program
c. Is abottom bound on the asymptotic complexity of the program
d. Provide a measure which is valid for different operating systems, compilers and
CPUs.
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4. Inserting M to the following B+ tree will result in how many splittings?

and finally after we preform the operations
we see the second split

5. Deleting 40 from the following tree will result in how many single rotations?

After adding M we see the first split

Second, Right rotation this is the second
First, Right rotation this is the first single rotation

single rotation

1(25) \0.
@)oo GDo G5

Finally, the tree is balanced
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Q2. [35 points] (Graphs):

A. Consider the following weighted directed graph G:

Figure 4

Apply the Dijkstra algorithm on G starting from vertex 8:

N L3 Al B FIClY e L
tive Initially % q W \0 5 6, 9 1= 3 ” Weight | Pred
1 | ©0 | 0| 0|eo ||| e |24 ||| 2| 2LH | ]
2 | 0 |60 pe| | 2313|031 Z £ 93| §
3] 00 | 00| oo| | e | ©33133]33(33|33|H# |33 | ¢
4 O | P|I0| 0| |82 a0 | 002X |3F|3F3F | 3F | |
s | oo | (91918 Bl |7 |2 ||| 7] 1e |4
6 | oo || P ||| VW 7|\ | E|\F|#| 2L |
7 | @0 || Oo|vo|eo|e |oo |0 V6|16 2L 26 | 2
8 O |G| |\ # | Z\ L\ 2\ £\ Z |\ £ | O |r
o | o |3 3|zl |zl |\z|zlz] 3 |8
10 | po |02 0| 13|13 |S£|/[Z|IL|\IL |2\ \ZE | B |
n | o L b6\ % #\#Z | ZlF|=| 6 |8
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B. Show how the table can used to find the shortest path between vertices 8 and 1.

(%)
5
T @Q//@ 5 3

\

® g

C. Can the table be used to find the shortest path starting from vertex 1 going to vertex
11?
No we cant

D. Fill in the following table with the big-O complexity of each operation

Operation / Data Structure Adjacency Matrix Adjacency List
Is there an edge from x to y O (1) O Cw)
Edge Insertion oC1) o (n\
Edge deletion o (1) ol
Get successor vertices of vertex x o(n) oCn)
Get predecessor vertices of vertex x 0 (n) © Cn4m)
Visit all edges o(n®) 0 (n+m)
Space complexity o(h™ o Chem)
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E. Use Prim’s algorithm to find a minimum spanning tree in the same graph.

Figure 4

S ko s |lal oo = |

Mb ALFDmer.mfu.\nL | 00| | o
SRR ﬁﬂﬁ####/ﬁ#
Slon| SR |2 N H R /YR
o | & R R =2 S =R Y
o R RN R R AN R R B AR EY
o N[ = 3N T R 8
Soltg| $|L0|=8 |N|=| DT |}
ot 30| B & | | & B8 [N R
< |28 | &S|« | 3N BN
ol=lglglel =g g N¥|xlo
Slols|alalg | &8 ||| [0
— e 3B 33 g No|m| a0

m SR RS IR R

active

4

9

10

11

i

F. Draw the resulting minimum spanning tre




Consider inserting the following keys:
33,34,31,20,21,22,44,41, 8
respectively, into a hash table of size 11, using open addressing and hash function:
h(key)=key % 11

A. Use quadratic probing as a collision resolution policy with ¢(i) = +i*
Show the hash table after the insertions, showing all your work.

0 1 2 3 4 5 6 7 8 9 10
33 [ SN 9T 122 | § [HH[HT]3 [2o

\/\[(V\e'j\:([/\(\"\fﬂ\iu)%“ L‘:6)1)2) 3,4
h, <33V = (33 AUV £ A= 0
ho(34)=(347n)r11 =21
WoC3) =(3 171y 711 = 9
ho(20) =CLo% 11y 1l =9 Collision !l

h(lo)=(a+1Y) /[l =0
R o =CLLL I 21 =1 Collision ! ]

h (20 =(lo+ 1Y)/ N =6 collisinll
b, N zClo-1") 7 1= A Collisign]| |
\A (L) = Clo+2 ™)/ = 3

he(22) (22 11211 =® Collision H

Wi(22)=Co+1Y) Ll =1 Collision|!
hycr¥=(o- ’.L)/”:-l
Normahze C— 1—\-‘\)/“" fo COH |S;'0h 1 I
h(212)=Co+ 2*) 7\ = 4 :

o Cliu)= Chy 2 10/ 11=gCollision Ll

1’\&L/Lz/ =(o+1M7 1=t Collision |
(A= Co-1y/=-1

l:\ozml;z.hze (_14-1\)/ L=tlo Collision H

() = (e +2") /Ul = &/ (

NPT H Col rsion -t

Normahze C- Ll'l'”)/” +

ho CHU =CHT LY/ =

ho(8)=(8/11)AI =8 Collision (!

MCg -(8+1M7.11=9 Colljsion !
(R (g1 ll= COHJSJOh |
h')_ (R)= (g+115/ll, 1 Collision [ !
k ($)=Cg-2) 2 U=  Collysion [l
3<2\,8+32)/H~ 'S



B. Use double hashing as a collision resolution policy with

Show the hash table after the insertions, showing all your work.

hy(key)=1+ key%10

10

33

34

21

oq-+

h1 [ 121

20

i Clhey) =C WClkes) + i pClhey) 7 (1

ho(33)=(¢33ZINA =0
ho (34)=(3Y /1)1 =

ho(31)=( 31211 =9
ho CLe)= (20 /l1)A 11 =@ colligion]/

l,\pClo) 1 +gor1e=1
W (20)=(A+1C1 )70 = 1o

ho(21)=(2 17 [\ \/H

ho(11) -

ha C20) = (lo+ 2¢2) =3
ho(22)= (22722 =0 Collisionl/

0p(22) =242 710)=3
h, (22)=Co+ () L\ =
ha C20)= Cot 203071 = 6

ho (HY) =(AHLIN TN =0 collision |

‘n,)( L[H):I*L,L(Z»(Qi A
b CH HY 20 +2¢5) A

hoCHL)=CHLZI) LN = §
hoCR) = CIIM N =8 collision []

ho(8Y) =1+ 7lo)=9
W (8) = (® +1Ca)) 7|
haCR)=(Cg42(a1) 1|

3 C

-
-

-

-

-5

6 collision!]

H

- L CO”ISIOV\_’/

+(21/lo i
W(2)= (Jml(z)/)n =1 collision/ |

/!Sl()h”

( :0,1.,‘“\:)

q
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Q.5 [20 points]: (Compression)
a) [6 points] Using Huffman coding, show the resulting Huffman coding tree for
compressing the following message. Make sure you show all your work.

1

Chav | €[ h [i [§ |thisisthisisisss
fFrea| 212|165
[} ! S L’ \ S
2 b = 5 T
t W
1 2
\/
6 9 e
Y
v N /
S v
0 1
/N
L] ‘ f \\
b 0 ;
9 1
t W
: 2 Chavacter ‘t k [
4 aic[hm\
Codeword 10 0 101 11

b) [4 points] Compute the compression ratio, showing your work. Make sure you state

any assumptions.

Number of bits for the Compressed massage = (332 )+( 3+ 2)+(2+5)+(\¥3)=21

Number of bits for the fransmitied file = 2q+(1—I¥8) +9+2 = "I‘Z

Number of bits for the UnCompressed massage = 16¥ §=128

128

-—

CompPression Fatio= _— 2 —
X1

[ 7%
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¢) [6 points] Compress the following message using LZ78. Make sure you show all your

work:
thisisthisisisss
) a{-Pu‘f— Index wa'nﬁ
CD)’E’) 1 t
(o,h) L h
CDQi) 3 '
(059) 4 5
(359) 5 [
(,'Lo]r\ ) 6 Lh
B41) T 181
CYy1) K Si
C453) a SS
CHy ) L6 S
Codeword | CO,t) CO:M Coyt) (055) | (3,9) (15h) CE"{) (Hal\) (H8) [ C(Hy )
fn dex 1 i 3 4 5 6 | & g 4 |\o
[Biks

(1+8) «i— (1+8) ::r( 74 m;czm —}(;ﬂtgé(z* z»é(zw) { (;+2){(u+@ ";unz)

S(AW\: \o 6 bits

d) [4 points] Compute the compression ratio, showing your work. Make sure you state
any assumptions.

Number of bits for the AnCompressed S‘]—Huj = 16xQ =12 g

Compression yadfio = Nn3_126%

[06
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Quick Reference Sheet

public class SLLNode<T> {

public class Queue<T> {

}

public T info;

public SLLNode<T> next;
public SLLNode() ;
public SLLNode (T el)

public SLLNode (T el, SLLNode<T> ptr);

public class SLL<T> {

}

protected SLLNode<T> head, tail;
public SLL();
public boolean isEmpty();
public void addToHead (T el);
public void addToTail (T el);
public T deleteFromHead() ;
public T deleteFromTail () ;
public void delete(T el);
public void printAll();
public boolean isInList (T el);

public class DLLNode<T> {

}

public T info;

public DLLNode<T> next,
public DLLNode () ;
public DLLNode (T el);
public DLLNode (T el,

prev;

DLLNode<T> n,
DLLNode<T> p) ;

public class DLL<T> {

private DLLNode<T> head, tail;
public DLL() ;
public boolean isEmpty();
public void setToNull () ;
public void addToHead (T el);
public void addToTail (T el);
public T deleteFromHead() ;
public T deleteFromTail () ;
public void delete(T el);
public void printAll();
public boolean isInList (T el);

private ..; // array or linked list

public Queue();

public void clear();

public boolean isEmpty();

public T firstE1();

public T dequeue();

public void enqueue(T el);

public String toString();

}

public class BSTNode<T extends Comparable<?
super T>> {
protected T el;
protected BSTNode<T> left,
public BSTNode () ;
public BSTNode (T el);
public BSTNode (T el,

right;

BSTNode<T> 1t,
BSTNode<T> rt);
}

public class BST<T extends Comparable<?
super T>> {
protected BSTNode<T> root =
public BST() ;
protected void visit (BSTNode<T> p);
protected T search(T el);
public void breadthFirst();
public void preorder();
public void inorder () ;
public void postorder () ;
protected void inorder (BSTNode<T> p);
protected void preorder (BSTNode<T> p);
protected void postorder (BSTNode<T> p) ;

null;

public void deleteByCopying (T el);

public void deleteByMerging (T el);

public void iterativePreorder();

public void iterativeInorder();

public void iterativePostorder2();

public void iterativePostorder () ;

public void MorrisInorder () ;

public void MorrisPreorder () ;

public void MorrisPostorder () ;

public void balance (T datal], int first,
int last);

public void balance (T datall);

public void insert (T el)

5. n(n+l)
=—=
i=l1 2 y i=l1
n X n+l _1

_x -l 2lgn = p

Z”:iz _ n(n+1)2n+1) - 2 (n(n+l)j2

6 i

lgab =1ga +1gb lga? = blga




