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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 fla— Sout
1. Consider the following recursive function f(n) %% ume h= 5 £eLy yguk couk
c —
. . . . ‘r qw‘b .F(-:))_. gou{‘
public static void f (int n) (4) L <o ld‘ £02) Stck .
{ b F(:) — Suu
if (n == 1) Foy —Sot
System.out.println(n); {CB) L(q g%ac{;) Soué‘
else( —E _'
f(n - 1); 50‘*'(') FCL] ‘F((]—Sald.’
System.out.println(n); i(’a‘; s {_/
f(n - 1); —Sou
} ’F(Ll) Same as alave ke
}
The num})er of times the printing statement is executed for the method f(n) is:
a. n 15 1[ we See above +1’LCV€ (S 2’1 prm‘hnj

2
AS‘ftAme 7\35 E rzln_l 322Ll [—F we '(‘V_'j »)qu,e ChOI(4S we g¢et *Hm‘{’
satisfy fhe number of printing 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; j<i+l; Jj++)
sum+=4; // Statement 1

The complexity of the above code segment is

g. g(iﬁzl)gn) '\il ELX = d)(é(ﬂ—,—(—l /\X%’I{

402" 1) Y
e. noneof the above. (= F=t=1 /XCVL-!J—-H) Ym% OoCn)

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 a bottom 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

Finally, the tree is balanced



Q2. [35 points] (Graphs):
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A. Consider the following weighted directed graph G:

Figure 4

Apply the Dijkstra algorithm on G starting from vertex 8:
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B. Show how the table can used to find the shortest path between vertices 8 and 1.

T 5 3
@ |
C. Can the table be used to find the shortest path starting from vertex 1 going to vertex

11?
No we Can't

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 C1) oCw\
Edge Insertion oC1) o (n\
Edge deletion o (1) o(n

Get successor vertices of vertex x o(n) oCn)
Get predecessor vertices of vertex x 0 (n) © Cn4m)
Visit all edges o(n?) 0 (nam)
Space complexity o(hY) o C hem)
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E. Use Prim’s algorithm to find a minimum spanning tree in the same graph.

Figure 4
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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 | 2 3 4 5 6 7 8 9 10
33 |34 9T12L] [ § [HH[HT[3) |26

\/\((U\e‘j\:(h(\"\fj\tf.l)/“ (::0)1) 1,354
h, <33 = (33 A= 0
ho(34)=(34/0 )1 =1
WoC3D) = (31710 711 = 9
l'to(lcﬁ =CLol 1y =9 Collisron H

h(Lle)=(a+1Y) 2l =]o
koqiﬂ‘(ll/ﬂ)/(l 15 Collision !l

W, (21) (Ji)—\-'ll)/n =6 Collisconl!
h, G2 =Clo-1%) 7 ll—q Callisign | |
\A (21) - Clo+2M) /= 3

k (22) CZQ/”)”[ f}CO”lSIOV\“

WL 2)=Co+1Y) 4l =1 Collision !
hycey=Lo-1TY/H =21

Normalize: (— T+ H=10 CoH ISI.O,’\ { I
h(22)=Co+ 27 /L= 4 '

Wo Q)= CHY 7 1N/ 11=g Collision L

W (4L )=¢os1M)7 1=t Collision |

h (4yyzCo-1y/i=-1

tl\oaml;i:{ze (- 1+n))/ll' Lo-Collision “
y=(e+2%) 4l =L

hm(”/”) PSRy Cotisrontl

Norma.hze C- Ll‘f'”)/” +

ho CHU=CHLLIN YA =8

hoC8)=(97INA =8 Collision {1

M(X -(8+107. 1= Colljsion !
W (8) (g -1)/1l=% Collysionl]
he ()= (g+1‘3/l|, 1 Collision f
k ($)=Cg-2) 2 ll=¢  Collysjon [l
3(2\.—8—\'31)/[1’ 6



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

3 4 5 6 8 9 10
33 | 34 21 R THH 129 H1 131 [ 20
Wi Chey) =CCkes) +ixpClhey) 210 [2p,1,..,

ho(33)=(33ZIN/AH =0

ho (34) = (3H Z11)TAI

=1

ho(3t)=( 3121V =9

ho (L) = 2o/ 1)/ 1] -a COHI'SI'OVI./,/

Lp(20) =2 Heot 1= 1
W (20)=(A+1C1) /1= o

ho(20)=C2 1710 111 = do Callision | ]

ho(21) = 14021 £ 10)=12
AL 1 collision] |
(\=

hWoCe) = los1(2
ha C20) = Qo+ 202)

)
[\

3

ho(22)= (227221 =0 Collision!]

0p(22) 224022 710)=3
h, (22) = Co+ () /L =

ha (20)=Co+2(3)) 4112 6

3 C /!Smh”

ho (HY4) = (AKX LI/ = collision! |

hoCHH)=1+0L Lo =5
W, CHH) 2(0+18) /A = 5

hoCHL)=C HLLIN LN =8

ho(8) = CQLINLU =8 collision [

ho(§Y) =T+ 7lo)=1
\m(%\:cz TG/
haC )= g +2(a1) .

\\ -
L= H

6 Collision!]

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

Chov | €[ R [i [§ |thisisthisisisss
Freaf 272051
[} ' S L} \ S
z 5 T | = 5 3
t W
1 2
&
\/
6 S
o \’1 B O\
% SN\
S v .
1
0 V/ \
L ‘ £ n
b ) ;
9 1
t W
: 2 Chavacter ‘(: p\ l S
Seflto0 |10l (11 |0

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

any assumptions.

Number of bits for the Compresscd massage = (322 )+( 3+ 2)+(2#5)+(¥¥)=29
Number of bits for the £ransmitfed file = 294 (H¥8)+q+2 = T L

Number of bits for the UnCompresscd massage = 6% 8=128
e 128
Compression Cafio= ——2 — [, }+7}+7F
1 [. 7%

Should be 3, you need 3 bits to

represent number 4
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¢) [6 points] Compress the following message using LZ78. Make sure you show all your

work:
thisisthisisisss
O dtput [Index | stying
(O_) ‘E) 1 't
(o,h) A I
(09 l) 3 '
(059) b S
(3,59) 5 [
(toh ) 6 th
(5')-\\ T 151
C4y1) € St
CH453) a SS
CHy ) Lo S
Codeword | C0,%) (opk) Co5i) | (055) | (3.5) | (1] (5:1) CAGCENE
fn dex 1 i 3 4 5 6 | 19 [\o
¢
Biks | 1+8) {- (1+8) ZZ,('H %)f(CZw,) —}(%@}{(% 8){(2“3){(31»8)’;‘(”«»&) %(lm)

ComPression yrafio-

Sum =106 bits 98bits

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

any assumptions.

Number of bits for the AnCompressed 5+quj = [6x @ =128

l

06

_lﬁ.: |1 Lot
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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,
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);

tail;

public class DLLNode<T> {

}

public T info;

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

DLLNode<T> p);

public class DLL<T> ({

private DLLNode<T> head,
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);

tail;

private ..; // array or linked list

public Queue();

public void clear();

public boolean isEmpty();

public T firstEl();

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 data[], int first,
int last);

public void balance(T datall]);

public void insert (T el)

S, n(n+1) <
21273 2

2187 = n

;2 _n(n+D2n+1) L (n(nJrl)T

6 , i

lgab =lga +1gh lga? = blga

H]






