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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 We have a binary search tree whose postorder traversal is 0, 1, 3, 2, 4, 7, 8, 6, 9, 5. Which keys are stored in

the tree's leaves?
A 0, 2, 5, 9
B 0, 3, 7, 9
C Such a binary search tree cannot exist.
*D 0, 3, 7
E 2, 5, 9

2 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 all the edges have positive weight, there is an algorithm that solves the SSSP problem in O(V + E) time.
B If the graph contains negative-weight edges, we can use Dijkstra's algorithm to solve the SSSP problem in

O(V^2) time.
C 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.
*D If the graph is acyclic, we can solve the SSSP problem in O(V + E) time.
E If the graph contains negative-weight edges, we can use Bellman and Ford's algorithm to solve the SSSP

problem in O(V^2) time.

3 Consider a red black tree. The tree is initially empty. We insert the following keys in the given order: 7, 3, 11,
21, 42, 33, 17, 12. How many black nodes does the tree have?

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

4 Consider the following algorithm.
input a: non-negative integer
x := a
y := 0
while x != 0

y := y + x
x := x - 1

end while
Which of the following propositions is an invariant of the while cycle?

A y = x * (x + 1) / 2
B y = a * (a + 1) / 2
C y = y + x
D y + x = a
*E 2 * y + x * (x + 1) = a * (a + 1)

5 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 17^n, (n + 1)!, n^n
B n^n, (n + 1)!, 17^n
C (n + 1)!, n^n, 17^n
D n^n, 17^n, (n + 1)!
E 17^n, n^n, (n + 1)!
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Programming

6 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() { print("Ah"); }
method z() { f(); g(); }

}

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

}

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

}

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

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

A AfAg
*B BfCgBh
C BfCgAh
D Bz
E BfAg

7 Which of the following statements is FALSE?
A The normal evaluation strategy in functional programming allows working with infinite lists (also known as

streams).
B Any recursive function can always be equivalently rewritten in an iterative manner.
*C In purely functional programming languages, there exist expression for which both the normal and the strict

evaluation strategies terminate, but lead to different results.
D Any primitive-recursive function can always be equivalently rewritten in an iterative manner.
E In purely functional programming languages, all functions are pure, i.e. they are referentially transparent and

without side effects.
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8 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 < 15 then
foo(n + 2)

end if
if n < 10 then

foo(n + 3)
print(n)

end if
end

program main()
begin

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

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

9 Let us consider the following function:
function elf_sum(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 base-eleven 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 11; YYY = n div 11
B XXX = n mod 11; YYY = n div 100
C XXX = n mod 11; YYY = n div 10
D XXX = n mod 10; YYY = n div 10
E XXX = n mod 10; YYY = n div 11

10 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 stack is used to implement function calls.
II. The heap is usually implemented as a binary tree.
III. The stack is usually implemented as a linked list.

A I, III
B II, III
*C I
D I, II
E I, II, III

Computer networks
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11 What is the usable host range in a network with subnet mask /32?
A 0 usable hosts but 1 network address
B 2 usable hosts
C 1 usable host and 1 broadcast address
*D There are no usable host addresses - mask /32 identifies a single host
E 254 usable hosts

12 Which of the following statements about TCP and UDP is TRUE?
A Both protocols operate at the Network layer
B Both TCP and UDP provide guaranteed delivery
*C TCP provides reliable delivery using acknowledgments and retransmissions, while UDP is connectionless and

unreliable
D UDP ensures ordered data transmission
E TCP is faster than UDP because it has no handshake

13 In IPv6, what is the correct representation of the address that corresponds to IPv4 loopback (127.0.0.1)?
*A ::1
B FF02::1
C 0:0:0:0:0:0:0:127
D FE80::1
E ::127

14 Which layer of the ISO/OSI (International Organization for Standardization/Open Systems Interconnection)
model is responsible for end-to-end communication and reliable data transfer between hosts?

A Data link layer
*B Transport layer
C Application layer
D Network layer
E Physical layer

15 Which of the following statements about HTTPS is TRUE?
A HTTPS prevents all types of attacks, including phishing
*B HTTPS still uses TCP as its transport protocol
C HTTPS uses UDP for faster data exchange
D HTTPS replaces the need for DNS
E HTTPS encrypts only the HTTP headers

Computer systems

16 Which one of the below specified entities is not used in protected mode of Intel (and compatible) desktop
processors during the conversion of the logical (virtual) address to the physical address?

A page table
B descriptor table
C linear address
D page directory
*E DMA (Direct Memory Access) unit
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17 Consider the logic circuit given below.

This circuit serves as:
A SR flip-flop
*B JK flip-flop
C Comparator
D D flip-flop
E Parity generator

18 The method of storing numbers in a computer operating memory, in which the least significant byte is stored
in the memory location with the lowest address and the other bytes up to the most significant byte are subse-
quently stored after it, is called:

A big endian
B reversed endian
*C little endian
D middle endian
E small endian

19 A binary number 10010010 does not represent:
*A signed decimal number -16 in signed magnitude
B unsigned octal number 222
C signed decimal number -109 in one's complement
D signed decimal number -110 in two's complement
E unsigned hexadecimal number 92

20 Operating memories used in current computers are made as:
A Non-volatile memories
B Sequential memories
*C Synchronous dynamic memories
D Associative memories
E Static memories

Database systems

21 Consider the following relations: star(star_id, constellation_id, magnitude), constellation(constellation_id, name,
hemisphere). Select the relational algebra expression that returns the average magnitude per constellation for
southern-hemisphere constellations.

A constellation_idGavg(magnitude)(σhemisphere=′south′(star) ◃▹@ constellation)

B constellation_idGavg(magnitude)(star) × σhemisphere=′south′(constellation)

C constellation_idGavg(magnitude)(star A◃▹ σhemisphere=′south′(constellation))

D constellation_idGavg(magnitude)(star) A◃▹ σhemisphere=′south′(constellation)

*E constellation_idGavg(magnitude)(star ◃▹@ σhemisphere=′south′(constellation))
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22 Consider a relation cinema(branch_name, hall_number, date, time, movie_title, language, director, price, ca-
pacity) and the following set of functional dependences:
branch_name, hall_number, date, time → movie_title, language
branch_name, date, time, movie_title → hall_number
movie_title → director
branch_name, movie_title → price
branch_name, hall_number → capacity
Which one of the following functional dependencies cannot be derived from the set using Armstrong’s axioms?

A branch_name, hall_number, date, time→ branch_name, hall_number, date, time, movie_title, language, director,
price, capacity

B branch_name, date, time, movie_title → director
C language, price → language
*D branch_name, hall_number, movie_title → language
E movie_title, price → director, price

23 A relation sensor_reading(sensor_id, timestamp, temperature) stores records data from IoT sensors. Select
the SQL query that lists readings this year (2025) that exceed the average temperature measured by all the
sensors during the previous year (2024)? Assume there is a function year(t) that returns the year from the
given timestamp t.

A SELECT sensor_id, timestamp, temperature FROM sensor_reading WHERE year(timestamp) = 2025 GROUP
BY sensor_id, timestamp HAVING temperature > (AVG(temperature) WHERE year(timestamp) = 2024);

B SELECT cr.sensor_id, cr.timestamp, cr.temperature FROM sensor_reading AS cr INNER JOIN sensor_reading
AS pr ON (cr.temperature > AVG(pr.temperature) AND year(cr.timestamp) = 2025 AND year(pr.timestamp) =
2024);

C SELECT sensor_id, timestamp, temperature FROM sensor_readingWHERE temperature > (SELECTAVG(temperature)
FROM sensor_reading WHERE year(timestamp) = 2025) AND year(timestamp) = 2024;

D SELECT cr.sensor_id, cr.timestamp, cr.temperature FROM sensor_reading AS cr, sensor_reading AS prWHERE
year(cr.timestamp) = 2025 AND year(pr.timestamp) = 2024 HAVING cr.temperature > AVG(pr.temperature);

*E SELECT s.sensor_id, s.timestamp, s.temperature FROM sensor_reading AS s INNER JOIN (SELECTAVG(temperature)
AS avgtemp FROM sensor_reading WHERE year(timestamp) = 2024) AS a ON (s.temperature > a.avgtemp
AND year(s.timestamp) = 2025);

24 Which statement about foreign keys is true?
*A A foreign key must reference a unique or primary key in another table.
B A foreign key must have the same name as the primary key it references.
C A foreign key uniquely identifies each row in its own table.
D A foreign key cannot contain NULL values.
E A foreign key defines a many-to-many relationship.

25 A B+tree of order 5 (each internal node can have up to 5 children) is used to index 120 records of museum
artifacts by their accession number. Which statement about this structure is true?

A The tree will have at least 30 and maximally 40 leaf nodes.
B The tree will have at least 24 and maximally 60 leaf nodes.
*C The tree will have at least 30 and maximally 60 leaf nodes.
D The tree will have at least 24 and maximally 40 leaf nodes.
E The tree will have at least 1 and maximally 100 leaf nodes.

Software engineering
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26 Based on the UML Class diagram in the figure representing the Observer Design pattern, consider the following
statements, based on the way the pattern has been implemented:
I. The method notify() in Subject will call the method update() for all the observers included for each subject.
II. The method notify() attaches all the observers to a Subject.
III. attach(), detach(), and notify() will need to be overridden in each ConcreteSubject.
IV. The ConcreteObserver class needs to implement the update() method from the Observer interface.
V. A ConcreteSubject can only be observed by one ConcreteObserver instance.

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

27 In a REST architecture, what does the term "statelessness" mean?
A The client and the server share a persistent state.
B The server caches client data for faster responses.
C The server maintains session information for each client.
D Requests depend on previous interactions with the server.
*E Each client request must contain all necessary information and cannot take advantage of any stored context

on the server.

28 What is the primary characteristic of an Event-Driven Architecture (EDA)?
A Components execute tasks in a strict sequential order from the pipeline.
B Components must be tightly coupled.
C Components communicate via direct method calls.
*D Components react to events asynchronously.
E Components share a common database schema.

29 What does the term software "technical debt" refer to?
A The financial cost of developing software.
B The cost of purchasing new software licenses.
*C The future cost of rushed or suboptimal software development decisions made over time.
D The total money owed to software developers over time.
E The debt owed to third-party software vendors.
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30 Based on the class diagram of List and Stack classes in the figure, which major Software Engineering principle
is violated?

A The Encapsulation principle.
B The Don't Repeat Yourself (DRY) principle.
C The Dependency Inversion (DI) principle.
*D The Liskov Substitution (LSP) principle.
E The Single Responsibility (SRP) principle.


