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1
The computer science test consists of 30 questions, where you choose one of the possible answers. Each question
has just one correct answer. Each correctly answered question is valued by 1 point, an incorrectly answered question
is valued -0.25. You get 0 points for no answer. Once you have submitted the test (by clicking the Submit button)
and confirmed your submission, you will not be able to return to the test.

Algorithms and data structures

1 Consider a B-tree with the maximal degree of four (i.e. a 2-3-4 tree) with preemptive splitting. The tree is
initially empty. We insert the following keys in the given order: 7, 3, 11, 21, 42, 33, 17, 12, 15. How many
nodes does the tree have in total (i.e., including the root node)?

*A 5
B 6
C 4
D 3
E 7 or more

2 Consider the following algorithm.
input a: non-negative integer, b: non-negative integer
x := a
y := b
while x != 0 and y != 0

if x > y
x := x - y

else
y := y - x

end if
end while
Which of the following propositions is a postcondition (output condition) of this algorithm?

A a mod (x + y) = 0
B a >= b or x + y <= a
C x + y <= min(a, b)
*D a = 0 or x + y <= a
E x + y < a or x + y < b

3 Which statement about the single-source shortest-paths (SSSP) graph problem is true? (Here, V is the number
of vertices and E is the number of edges of the graph.)

A If the graph contains negative-weight edges, we can use Bellman and Ford's algorithm to solve the SSSP
problem in O(V2) time.

B If all the edges have the same weight (positive or negative), we can use the breadth-first search (BFS) algorithm
to solve the SSSP problem.

*C If the graph contains no negative-weight edges, we can use Dijkstra's algorithm to solve the SSSP problem in
O(V2) time.

D If the graph is acyclic, we can solve the SSSP problem in O(V) time.
E If all the edges have positive weight, there is an algorithm that solves the SSSP problem in O(V + E) time.

4 Consider the following sequences of expressions; each one denotes a function of one natural argument, n.
Which of these sequences correctly orders the functions by their asymptotic growth (from the slowest growing
to the fastest growing)?

A sqrt(n) * log(n), n, log(n)17
B n, log(n)17, sqrt(n) * log(n)
C log(n)17, n, sqrt(n) * log(n)
D n, sqrt(n) * log (n), log(n)17
*E log(n)17, sqrt(n) * log(n), n
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5 We have a minimum binary heap represented by an array with the following elements (in this specific order):
0, 1, 5, 3, 2, 9, 6, 8, 4, 7. Is this minimum binary heap correct? If not, why?

A No, element 9 violates the heap condition.
B No, element 7 violates the heap condition.
C No, element 8 violates the heap condition.
D No, element 5 violates the heap condition.
*E Yes, it is correct.

Programming

6 Let us consider the following program. The print instruction outputs the given number without an end-of-line
character; mod is the modulo operator.
function foo(integer n)
begin

if n < 10 then
foo(n + 2)
print(n)

end if
if n < 15 then

foo(n + 3)
end if

end

program main()
begin

foo(5)
end
What is going to be printed by the program?

A 9578
*B 9758
C None of the other answers is correct.
D 9785
E 9875

7 Let us consider the following program in an OOP language with both virtual (late binding) and non-virtual (early
binding) methods. Assume that all methods and inheritance is public.
class A {

virtual method f() { print("Af"); }
virtual method g() { print("Ag"); }
method h() { f(); g(); }

}

class B inherits from A {
virtual method f() { print("Bf"); }
method h() { print("Bh"); }

}

class C inherits from B {
virtual method g() { print("Cg"); h(); }

}

function main() {
var ptr: pointer (reference) to A
ptr = new C;
ptr.h(); // call method h

}
Only methods marked virtual are virtual. What is going to be printed by the program?

A Bh
B AfAg
C BfCgAh
*D BfCgBh
E BfAg
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8 Which of the following statements is FALSE?
*A There exist recursive functions that cannot be written in an iterative manner, e.g. Ackermann function.
B When using the “call by value” evaluation strategy, the formal parameter is, in fact, a local variable holding a

copy of the actual argument's value.
C When using the “call by reference” evaluation strategy, all modifications of the formal parameter are actually

done to the actual argument.
D Any recursive function can always be equivalently rewritten in an iterative manner.
E The lazy evaluation strategy in functional programming allowsworkingwith infinite lists (also known as streams).

9 On common platforms, every running program has two kinds of memory available, called the stack and the
heap. Which of the following three statements I, II, and III are generally true? Choose the option that contains
all the true statements and none of the false ones.
I. The access to variables on the heap is asymptotically faster than the access to variables on the stack.
II. The heap is used to store global variables.
III. The stack is used to store global variables.

A I, III
B I, II
*C None of the statements are true.
D II
E III

10 Let us consider the following function:
function fun(unsigned integer n) -> unsigned integer
begin

result = 0
while n != 0

digit = XXX
result = result + digit
n = YYY

end while
return result

end
We want the function to compute the sum of the values of all the digits in the base-four representation of n.
What should we write instead of XXX and YYY? (Assume that div is the integer division operator and mod is the
modulo operator.)

A XXX = n mod 4; YYY = n div 10
B XXX = n mod 10; YYY = n div 4
*C XXX = n mod 4; YYY = n div 4
D XXX = n - 4; YYY = n - 1
E XXX = n mod 10; YYY = n div 10

Computer networks
11 What is the correct (further) fragmentation of the IPv4 transported UDP datagram, which is already fragmented

as 2 IPv4 packets on input?
*A Router immediately fragments each packet to the needed output packets, recording payload offsets; the UDP

header is present only in the first packet.
B Router immediately fragments each packet to the needed count of packets and any follow-up fragments are

renumbered on output.
C Router immediately fragments each packet to the needed count of output packets, recording payload offsets;

the UDP header is present in every packet created.
D Router drops the packet and sends ICMP message "Packet too big".
E Router awaits for the 2nd packet, parses the UDP datagram, and refragments the datagram to the needed

count of IPv4 packets.

12 Which claim about media access control is FALSE?
A Media access control is not required in point-to-point links with separated media for each communication

direction
B Aloha can be used in wireless networks
*C CSMA/CD prevents, contrary to CSMA/CA, eavesdropping
D CSMA/CD is used in wired ethernet and CSMA/CA is used in wireless links
E CSMA/CA is based on explicit acknowledges of delivered frames
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13 What does the acronym MPLS refer to in computer networking?
A Multiple Polarisation Laser System (long-range fiber ethernet)
B Multiplane Link System (physical cable topology)
C No such acronym is generally recognized
D Multiple Path Lane Symmetry (logical interface bonding)
*E Multiprotocol Label Switching (routing mechanism)

14 Domain Name Space of the Internet
*A has an inverted tree structure with the maximum number of levels equal to 128.
B has an inverted binary tree structure with the maximum number of levels equal to 1024.
C has a structure of distributed tree for routing (PRR-tree) with the maximum number of levels equal to 256.
D has a virtual balanced B+-tree structure with the maximum number of levels equal to 64
E has a hypercube structure with the maximum number of dimensions equal to 16.

15 Computer networks interoperate due to extensive standardization. Which option is correct?
A Carrier-grade NAT maps ipv4 address space to ipv6 address range 64:ff9b::/96
B NAT64 extends existing time synchronization via NTP with 64-bit timestamps (thus allowing to represent the

time after the year 2038)
C The IP address range allocated for Czechia is managed by the organization CES.NET
D The IP address range allocated for Czechia is managed by the organization CZ.NIC
*E DNSSEC server can serve plain DNS clients transparently (plain DNS compatibility)

Computer systems

16 Which of the following terms does not represent one of a possible process state?
A Ready
B Terminated
C Waiting
*D Concurrent
E Running

17 Consider an HDD interface that uses the following addressing mode:

• 16 bits are reserved for cylinder
• 4 bits are reserved for head
• 8 bits are reserved for sector

What is the maximum capacity of HDD that can be connected to this interface when one sector stores 512 B?

A 256 GiB
B 64 GiB
C 1 TiB
*D 128 GiB
E 512 GiB

18 Peterson's algorithm can typically be used to:
A solve the thrashing problem
*B solve the problem of mutual exclusion
C plan the CPU
D search for the victim frame when the physical memory is full (in virtual memory management)
E handle the page fault interrupt

19 Consider two 8-bit signed integer variables x and y. These variables contain hexadecimal integers 0xA9 and
0x23 in the two's complement representation, respectively. Which decimal number is the mathematical equiv-
alent of the number stored in x after performing the operation x=x+y?

A -76
B 76
C 52
D 204
*E -52
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20 Consider a one-bit full adder with inputs A, B, Cin, and outputs S, Cout. The inputs A and B are operands, Cin is
an input carry, the output S is a sum of input values, and Cout is an output carry. The value on the Cout output
can be expressed in Boolean algebra as:

A Cout = AB+Cin
B Cout = ACin+BCin
C Cout = A+B+Cin
*D Cout = AB+ACin+BCin
E Cout = A+B+ABCin

Database systems

21 Consider a relation shipment(item_id, warehouse_id, supplier_id, quantity, threshold) and the following list of
functional dependencies:
item_id → threshold
warehouse_id, item_id → quantity
item_id → supplier_id

Which one of the following attribute sets is a candidate key?
A {threshold, quantity, supplier_id}
B {supplier_id, threshold}
*C {item_id, warehouse_id}
D {supplier_id, warehouse_id}
E {item_id, quantity}

22 The following query is issued on relations product(product_id, name, price, category_id) and category(category_id,
category_name):
SELECT * FROM product NATURAL INNER JOIN category WHERE price > 1000;

Which relational algebra expression represents an optimized evaluation strategy for this query?

A σprice>1000(product) ◃▹ σprice>1000(category)

*B σprice>1000(product) ◃▹ category

C product ◃▹ σprice>1000(category)

D πprice>1000(product ◃▹ category)

E σprice>1000(product ◃▹ category)

23 Consider the following two tables player(player_id, name, team_id, salary) and team(team_id, team_name) in
a database for sport players evidence. Which one of the following queries returns the names of players who
earn more than the average salary?

A SELECT name FROM player NATURAL JOIN team
HAVING salary > AVG(salary);

B SELECT name FROM player
WHERE salary > ALL (SELECT salary FROM player);

C SELECT name FROM player NATURAL JOIN team
WHERE salary > AVG(salary);

D SELECT name FROM player
WHERE salary IN (SELECT AVG(salary) FROM player);

*E SELECT name FROM player
WHERE salary > (SELECT AVG(salary) FROM player);
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24 Consider a database for a library with relations book(book_id, title, publisher_id) and publisher(publisher_id
, location). The attribute publisher_id in relation book is a foreign key that references the relation publisher.
Which relational algebra expression returns the titles of books published in Brno?

A πtitle(book) ∩ σlocation=′Brno′(publisher)

B πtitle(book A◃▹ σlocation=′Brno′(publisher))

C σlocation=′Brno′(πtitle(book A◃▹ publisher))

*D πtitle(σlocation=′Brno′(book A◃▹ publisher))

E σlocation=′Brno′(πtitle(book) A◃▹ publisher)

25 Consider a relation course_offering(course_id, semester, instructor_id, instructor_name, room) and the follow-
ing list of functional dependencies:

course_id, semester → instructor_id, room
instructor_id → instructor_name

Which of the following statements is true, assuming the relation satisfies the First Normal Form (1NF)?
A The relation satisfies the Third Normal Form (3NF) but not the Boyce-Codd Normal Form (BCNF).
*B The relation satisfies the Second Normal Form (2NF) but not the Third Normal Form (3NF).
C The relation satisfies the Boyce-Codd Normal Form (BCNF).
D The relation satisfies the Boyce-Codd Normal Form (BCNF) but not the Third Normal Form (3NF).
E The relation satisfies only the First Normal Form (1NF).

Software engineering

26 Based on the following UML component diagram, mark the correct answer:

A Component-C requires Interface-II from external components and this interface is bound to Interface-I of
Component-A and Component-B

*B Component-A provides Interface-I, and Component-B requires Interface-I
C Both Component-A and Component-B require Interface-I
D Component-A requires Interface-I, and Component-B provides Interface-I
E Component-C provides the sub-components Interface-I as Interface-II to external components

27 Which one of the following statements about functional and non-functional software requirements is true?
A Functional requirements must be specified prior to non-functional requirements.
B The classification of functional and non-functional requirements is aimed at revealing inconsistencies among

requirements.
C Non-functional requirements define the procedures that the system shall not execute.
D Non-functional requirements are optional, while functional requirements are mandatory.
*E Security, performance, and testability belong to the class of non-functional requirements.
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28 Which one of the following characteristics does NOT fully comply with the principles of RESTful APIs?
A Uniform interface
B Client-server architecture
C Resource-based structure
D Statelessness
*E Server-side sessions

29 Which software testing technique is focused on verifying that a previously tested software system still performs
as expected?

A Beta testing
B Alpha testing
C Acceptance testing
D Unit testing
*E Regression testing

30 Based on the UML notation representing the Visitor Design Pattern diagram in the figure, consider the following
statements:
I. The Element interface has a dependency on the Visitor interface;
II. The Element interface has an association with the Visitor interface;
III. Each ConcreteVisitor class implements the Visitor interface;
IV. Each ConcreteVisitor class extends the Visitor interface;
V. There can only be an instance of ConcreteElementA and one of ConcreteElementB in the system.

Which option contains all true statements and no false ones?
A Only I, IV.
*B Only I, III.
C Only II, III.
D Only II, V.
E Only II, IV.
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