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Q1 (8 points) What size of a problem can a program handle in given time? The program can use various
O’ " algorithms with different running time. Fill in the table. (1 ms = 0.001s, 1 ps = 0.000,001s)

I algorithm program running time | 1 second 1 hour | 1day 1 week
log n ) 10 ms for n=1000 L(_) % \O

n B 1 ps for n=1000 | e )

n log n 10 ps for n=1000
n? 1 ms for n=1000 m ‘/L

F oo 0.5 s for n=10 n — ?‘, ! Y’]I — ) 3 |

\Pq Pf{d)(

Q2 (12 points) Mark the column for which the statement at the top is true.

) [e) A ;s}(g(nT fin) s © (g(n) |
Jn’ . ' : _
lnlogn n (log n)* B9 TAY \ x YW i
I 3 nlogsn 10 n logiwo n 1/ '/
| 9n ~n+0.001 - \/‘ i
PO o R ' (2+0.001)" V T
| (log n)* T n log log n —L/ 1 Y, i s

Q3 (15 points) Provide the worst-case running time for listed data structures and operations (here p
represents a position, e an element, and r the rank in the sequence):

a) Sequence with n elements implemented using an array of Positions where each position stores
an element and an array index

odantteripe) [0V )|
| prev(p) o | )
remov?(p) v ]@)L_L ) |
indexOf(p) O | )
| remove(r) | O () |

X

position stores an element

addAfter(p,e) O L ) |

prev(p) o | )
/7 hremove(p) O h ) ‘

| indexOf(p) o | )

| remove(r) 4-—(:[)( n_)_

'1/\

\

b) Sequence with n elements implemented using a doubly-linked list of Positions where each

\ O Cj | OO j
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Q4 (18 points) What is the time complexity of the algorithms used in following programs?

public static int £f1(int n)
int x = 0; | -
for(int i = 0; i € n*n; 1 += 2) \\
Xt++;
return x;

public static int £2(int n) ({

int x = 0; 0 e DAY - _
for(int i = 1; i < n*n; i *= 2) \0 3 Y] o — U < mtll i ¥riny
++ - O oversbrmi
return X; C}CQULJff | A |
} 1 o ! SRVA
72 is 8 e ) jo s
public static int f3(int n) {
int x = 0; {\1’ ﬂr\
fortint = 0; 1 < n¥a*n; 1+¥) | ¢ CbY\
for{intiir= 1; j < n; j *= 2) {\ 1\Cj
X++;

return Xx;

a b 3. iSO .viivons t]. ............... )
public static int f4(int n) { aﬁmfﬁt?
int x = 0; {\lj J 3
for{int 1 = 03 4 < a*atn; 14+ f/ n
for(int § = 1; 3 < i; J += 2) é{,
G o ol NI Td\f\ ”1“‘3’ fiwm €S \(\
return X;
) t’ e
fAiS O cvveundifeveeeiiinenanen )
public static int £5(int n) {
int x = 0; & 0 R
for (int i = 0; i < n*n*n; i++) N° Q
for(int § = 1 3 < i; 3 *= 2) ciﬁf\
X++; ! \O
| return X; {\
1 ™~
f5isO( ......... m ................... )

public static int f£6(int n) {
int x = 0; %
for{int i = %; 1 > 1; i /= 2) \ O Y\
for{int 53 = 1l 9 € 7 3 %= 2) Y\
X 3

return x;



Q5 (1_6 points) We have a bina ~eWith elements 1,2, 3, 4, 5, 6, 7, 8, 9 (not necessarily in this order).
Postorder traversal visitSthe nodes in the order 8,7, 1,9, 3, 2,6, 4 and 5. Inorder traversal visits the
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nodes in the efder8,1,7,5, 2,3,9, 4, and 6.

QQ a) “Describe a method/strategy to re-construct the tree, preferably as pseudo-code.

’&\ ) Pk eAeMen trom Volt order. cremenz o~ Postord®
| ' orRY inAe ) to Och Next

A) o] puo free tor e \
MAKE byidtree o8 10Ff subfreeoPEADRE .

U ) CA\ Yu;ld tree $or edemente dffer inordeyind& dhe YVl
build tree As (i9ht SUbtree of tnode. ) yeturné pook

b) Draw the tree (follow the method described above if you have any)
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Q6 (15 points) Provide short answers:

What are the 3 elements of successful recursion? | v .
— bause case CQV\J;/@ COW”é’M) \/

— Ye curs, e Cd |

_ the @eFto Jeeenr reQursit |l divides
Fhe Problem zo smelllev infdz § Jo towi.

What ?re iterators and what are the good reasons to use them?
— iz evdtors ccre Objects thit dre Ufed £0 N

Alist or d (onteiney thdt Conpent efement

ONe element de atime:

_ yEdSous to Use 1tvdtors 4re £o Jet <N elemenz
dud o ¢vdverse A ViSZte. SN/

What is a comparator and what are the good reasons to use them?

— the CoMfdrdtov iScdn object thdt is eXterna) tO th
cldsS of Keys it Comfares . T # hos ohe methol Compdre Celyb)
ceasons 2o USe Compdrdtov LS when we weant £ o sovi
A st we cdn Use the comPdydior to ceterMng whi

obye (E YN Wst is before OoF q\fter dviothey obied

Can you build a priority queue and adaptable priority queue using an array:

— Yes, W C;U’] U\Sﬁ. CA hedlo im?lem“eﬂied s dn
ArvaY that uces location aWdye eftyies to Stor

\ts o) € cf< . \/

Wha't are the advantages (give a real example of the benefits) and\disadvantages of position-aware

entries? G\d \/Cﬂ/]zlc(%gi df&a(o’\/ﬂf”td%gj
_AlloWs for fditor inserpron|— b © Cations mEE be

- uhque &
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Q7 (16 points)

The following array contains a heap with integer keys. Give the final version of the array as it would look

after 2 deleteMin() operations:

—_—

[0 |1 > |3 |a 5 6 7 3 9 10 (11 |12
7 3 20 |20 |9 10 |50 |45

ey

E \% 2 [3 a4 5 [6 |7 g8 |9 10 |11 |12
x |9 ZQ._L‘? yo [YG [Ca 110 _

The following array contains a heap with integer keys. Give the final version of the array as it would look
after insert(5) followed by insert(2) operations:

e e = == = - e

0 1 2 3 4 g 6 7 |8 9 10 |11 |12

! - [S—— ,
x 13 |7 |8 |40 |20 |9 [120 [50 |45 |25

S RS Ts Kot tic i hota \/

Consider a heap implemented as an array A. The heap has 10000 elements stored in A[1] ... A[{10000;]

True) False  There are 5000 leaves . | e AT Aahe o O ( cle

{ i o/ L N~ |

| C) :/ﬂ \' SR A S
True /(False ) A[4000] > A[3999] 0 e pe u s : '
7

@ In pre;order traversal (as a binary tree) the last visited node contains the largest value
_ \___,p\}!'\f,“‘lf/'fﬂ ?Qﬁt f.‘r_g;t { O jrﬂﬁm,\kﬁﬁ'[* \/G‘*luf-u

@alse . In post-order traversal (as a binary tree) the last visited node contains the smallest value

s if nossible to determine if key 99999 is stored in the heap using no more than 14

comparisons? ‘t
No




BONUS (15 points)

a) Write pseudo code to output a singly-linked list in reverse order when you are NOT allowed to

allocate memory dynamically. What is the running time of the algorithm?

'b) Write pseudo code to output a singly-linked list in reverse order when you are ALLOWED to
allocate memory dynamically. What is the running time of the algorithm?

c) You have an increasingly-sorted circular list (using an array) of n elements that is full. The front

and rear pointers have been lost. Explain how you can find the smallest element in better then
O(n).

A) Theo vunnag time is OO
h e (qus= W hdaVe to Yo di

L+ (b, hext < Y)(/(H)
PyeV = 7
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