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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 O 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

*A
B
C
D
E

We have a binary tree whose inorder traversal is 2, 5, 1, 7, 4, 6, 3 and whose postorder traversal is 5, 1, 2, 6,
4, 3, 7 . Which keys are stored in the tree's leaves?

5,6

Such a binary tree cannot exist.
1,4

1,4,5,6
2,3

)

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 (log2 denotes the base-two logarithm)?

n *log2(n), log2(n~7), 2" (log2(n))
27 (log2(n)), n * log2(n), log2(n~7)
log2(n~7), 2™ (log2(n)), n * log2(n)
n *log2(n), 2~ (log2(n)), log2(n™~7)
27 (log2(n)), 2~ (log2(n)), log2(n™~7)

W] mo&we

Consider a red black tree. The tree is initially empty. We insert the following keys in the given order: 9, 8§,
1, 7, 3, 6, 0, 5. What is the largest value stored in one of the tree's leaves (here, a leaf is a node with two nil
children)?
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We have a directed acyclic graph with integer-valued edges. What is the asymptotic complexity of the best
known algorithm for finding the longest path between two given vertices of the graph? (Path length is the sum
of the edge values. V is the number of vertices and E is the number of edges of the graph. The graph is given
by an adjacency list representation.)

O(V*E)

O(VliogV + E)

The problem is NP-complete. No polynomial algorithm is known.
owv"2)

O(V + E)

(w]|goow»

Consider the following algorithm.
i:=1
while i > 0 do

i:=1

if 1 =
end while
Which of the following propositions is an invariant of the while cycle?
i=7
7
0
7
10

+ 1
7 then i := 0 end

R e e
ANV A

Programming
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@ Let us consider the following program. The print instruction outputs the given number without an end-of-line

character.
function foo(integer n)
begin
n=n+2
if n < 15 then
foo(n)
end if
n=n+1
if n < 10 then
foo(n)
end if
return n
end

program main()
begin
print(foo(5))
end
What is going to be printed by the program if the parameter n is passed by value? What is going to be printed
by the program if the parameter n is passed by reference?

*A 8 if n passed by value, 20 if n passed by reference.
B 8 in both cases.

C 8if n passed by value, 12 if n passed by reference.
D 12 if n passed by value, 20 if n passed by reference.
E 20 in both cases.

]

Implementations of function calls in current programming languages on common platforms involve the usage
of the call stack, which contains one or more stack frames (in reality, some parts of stack frames might be
stored in registers). Which of these pieces of information are usually stored in the stack frames?

I. The values of local variables.

II. The return address.

III. The return value of the function.

Just IT and III
Just I and II.

Just 1.

All three: I, II, III.
Just I and III.

HOOE»

Let us consider the following function:
function zwelf 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 the base-twelve 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.)

XXX =n mod 12; YYY =n div 12

XXX =n mod 10; YYY =n div 12

XXX =n mod 12; YYY =n div 10

XXX =n mod 10; YYY =n div 10

XXX =n mod 11; YYY =n div 11

moowg
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Which of the following statements is FALSE?

It is possible to write a pure function without parameters that returns the current day of the week.

If fis a pure function, we can always replace a function call to f with its resulting value without changing the
program's behaviour.

Any tail-recursive function can always be equivalently rewritten in an iterative manner.

Any primitive recursive function can always be equivalently rewritten in an iterative manner.

Any recursive function can always be equivalently rewritten in an iterative manner.

Hoow»

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 are public.
class A {
virtual method f() { print("Af"); }
virtual method g() { print("Ag"); }
method z() { f(); g(); }
}

class B inherits from A {
virtual method f() { print("Bf"); }
method m() { z(); 9(); }

}

class C inherits from B {
virtual method g() { print(“Cg"); }
method z() { m(); f(); }

}

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

}

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

BfCg

AfAgAgBf

The program is going to be stuck in an infinite loop or crash because of stack overflow.
BfCgCgBf

Computer networks

Which protocol is a link-state routing protocol?

RIP
BGP
ARP
DHCP
OSPF

How many usable host addresses are available in subnet 192.168.10.0/29?

2
4
8
30
6

3
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Which statement best describes the relationship between IEEE 802.3 and IEEE 802.117

IEEE 802.3 encapsulates IEEE 802.11 frames directly at Layer 1

IEEE 802.3 is obsolete in modern networks

They define different Layer 2 technologies; interoperability is achieved via bridging at access points
IEEE 802.11 operates at the Transport layer

IEEE 802.11 is a wireless extension of IEEE 802.3 using identical frame formats
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Why does modern switched Ethernet no longer require CSMA/CD?

A ARP prevents simultaneous transmission

*B Full-duplex links eliminate shared collision domains
C VLAN tagging eliminates collisions

D TCP prevents collisions using retransmissions

E Switches buffer all frames before transmission

Which protocol provides encryption for HTTPS?

A IPsec

B ARP

C DNSSEC
D SSH
*E TLS

Computer systems

Which of the following statements about RAID is not true?

*A RAID 5 consists of block-level striping without distributed parity

RAID 1 consists of data mirroring, without parity or striping

RAID 6 consists of block-level striping with double distributed parity
RAID 2 consists of bit-level striping with dedicated Hamming-code parity
RAID 0 consists of block-level striping, but no mirroring or parity

moO®

Each thread in a process has:

its own signal handlers

its own file locks

its own stack

its own table of open files

its own address space which it can share with other threads using IPC mechanisms

mcém>!
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Consider a decimal number 58 which is stored in an 8-bit register in two's complement representation. What
number will be in this register after performing the following operations?

¢ Left rotation (circular shift)
e Bitwise NOT

* Right arithmetic shift

¢ Right rotation (circular shift)

A -29

B -94

C None of these numbers
D -118

*E -30

19 | Which of the following sequences represents a memory hierarchy based on response time (from the fastest to
the slowest)?

Cache, registers, main memory, solid-state drive, magnetic disk, optical disk, magnetic tape
Registers, cache, main memory, solid-state drive, magnetic disk, magnetic tape, optical disk
Registers, cache, main memory, solid-state drive, magnetic disk, optical disk, magnetic tape
Registers, main memory, cache, solid-state drive, magnetic disk, optical disk, magnetic tape
Registers, cache, main memory, solid-state drive, optical disk, magnetic tape, magnetic disk

MmO Awe .
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x|y|lz|f
0|{0|0|O
0|{0|1]|0
0j[1(0/|0
Consider the following truth table: | 0 | 1 | 1 | 1
110|0]0
11011
111]0]1
111111

The output value f can be expressed using the Sheffer stroke as:

A f:}?? XV.Z

c [=X+y+y+z+x+z
p [=Xzyz

g = E&+y.G+2).(x+2)

Database systems

Consider relations star(star id, star name, cons_id, magnitude) and constellation(cons id, cons name, hemi-
sphere). Find the average magnitude per constellation for southern-hemisphere constellations. Which one of
the following relational expressions is correct?

A hemispheregAVG(magnitude) (Uhemisphere:’south’ (StaT > CO?’LSt@”CLtiOTL))
B AV G(magnitude) gconsiid (star > O hemisphere='south’ (constellation))
C AVG(magnitude)gconsjd(Uhemisphere:’south/ (StCLT‘) > Constellation)
D Uhemisphere:’south’( hemispheregAVG’(magnitude) (StaT > CORStellation))

*E consjdgAVG('rnLLgnitude) (Uhemisphere:’south/ (St(l?" > constellation))
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A table observation(obs_id, telescope_id, observed at, exposure sec, target id) stores astronomical observa-

*A

tions. Which SQL query returns the IDs of observations whose exposure time is greater than the average
exposure time of the same telescope in the same calendar year? Note that to extract year from date attribute
observed_at, function EXTRACT(YEAR FROM observed at) can be used.

SELECT o.obs id

FROM observation o

WHERE o.exposure_sec > (

SELECT AVG(i.exposure_sec)

FROM observation i

WHERE i.telescope id = o.telescope id

AND EXTRACT(YEAR FROM i.observed at) = EXTRACT(YEAR FROM o.observed at)
)
SELECT DISTINCT o.obs_id

FROM observation o

JOIN observation i ON i.telescope id = o.telescope id

AND EXTRACT(YEAR FROM i.observed at) = EXTRACT(YEAR FROM o.observed at)
WHERE o.exposure sec > i.exposure_sec;

SELECT obs_id

FROM observation

WHERE exposure sec > AVG(exposure_sec)

GROUP BY telescope id, EXTRACT(YEAR FROM observed_at);

SELECT obs _id

FROM observation

WHERE exposure_sec > ALL (

SELECT AVG(exposure_sec)

FROM observation

GROUP BY telescope id

)
SELECT o.obs id

FROM observation o

WHERE o.exposure_sec > (

SELECT AVG(i.exposure sec)

FROM observation i

WHERE EXTRACT(YEAR FROM i.observed at) = EXTRACT(YEAR FROM o.observed_at)
)

*B

Let observation(obs id, tel id, target id, filter, exposure class) and telescope(tel id, tele name, site name) be
relations. Which relational algebra expression is equivalent to this expression:
T filter (Jobservation.teljd:telescope‘teljd/\siteiname:’Brno’ (ObS@T"UGtiOTl X telescope))

Tfitter (ObSErvAtion) DX Osite name='Brno’ (telescope)
T fitter (ObServation < Osite name='Brno’ (telescope))

Osite name='Brno' (T filter (Observation) < telescope)
None of the other answers

Osite name='Brno (T filter (Observation i telescope))

m A B+tree of order 4 is used, where each internal node can have at most 4 children and each leaf can store at

EoOoO®w»

most 3 keys. Keys are inserted in this order:
8,12,5,19,2,10, 15
Which statement about the final tree is correct?

The tree will have 5 nodes in total (including root).
The tree will have 1 root and 2 leaf nodes.

The tree will have height 3.

The tree will have height 4.

The tree will have 3 leaf nodes.
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Let relation observation(obs_id, telescope_id, target id, exposure ckass) have the functional dependencies:

obs _id - telescope_id
telescope_id — obs_id
telescope id, target _id - filter, exposure_class

Which of the following is a candidate key of the relation?

obs_id, telescope_id
telescope id

obs id

obs id, telescope id, target id
obs_id, target id

Software engineering

A
B
C
*D
E

Which one of the following effects should not result from software refactoring?

Decomposition of complex classes or functions to multiple simpler ones
Changes in system architecture

Increase in code understandability

Implementation of new user-defined functionality

Decrease in code complexity

In a microservices system, you have an API Gateway with 99% availability and a service with 90% availability.
What will be the overall system's availability from the client's point of view (the answer choices are rounded
to whole percentage values)?

90%

89%

99%

95%

98%

Consider the UML class diagram model in the figure (abstract class Component is represented in italics). Which
of the following statements is compliant with this model?

Client Component
+operation() 0.*
1 |+add(in ¢ : Component)
+remove(in ¢ : Component)
+getChild(ini : int)

[ﬁ children

1

Leaf Composite
+operation() +operation() - - - -|forall g in children
+add(in ¢ : Component) g.operation();
+remove(in ¢ : Component)

+getChild(in i : int)

An instance of the Client class has a reference to one instance of the Component class, which has reference to
at least one instance of the Composite class.

An instance of the Composite class might only have references to instances of the Leaf class.

An instance of the Client class may hold a reference to a single instance of the Composite class, which can, in
turn, reference multiple instances of either Composite or Leaf classes.

An instance of the Client class can have multiple references to instances of both the Leaf and Composite classes.
A Leaf instance can have multiple Composite instances as children.
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What does the Cyclomatic Complexity (CC) metric represent?

A

*C

The semantic complexity of understanding source code, defined as C' = V % D, where V is the number of
distinct operators and distinct operands, and D is an index about the level of complexity of the programming
language (e.g., assembly will have higher complexity than Java).

The complexity of maintaining a software module defined as C(m) = In(V;;,) *In(LOC,,), where m is a module,
V is the code volume of the module in terms of the number of distinct operators and operands, and LOC are
the module's number of lines of code.

The number of decision points in a software program, defined as C(CFG) = E — N + 2, where E is the number
of edges and N is the number of nodes in the source code Call Flow Graph (CFG).

n(n—1)
2

The complexity of the coupling between classes, defined as C(c) = , where c is a class, and n is the

number of calls class c has to other classes in the system.

The complexity in terms of effort to write source code, defined as C(m) = (Size/Productivity * Time) * b,
where m represents a module, Size the lines of code of the module, Productivity and Tvme depend on the
development team and project schedule, and b is a project scaling factor for the domain's complexity.

MmO AR »

In a microservices architecture, which of the following will improve availability without violating the architec-
tural principles?

Requiring all services to be strongly consistent
Removing monitoring

Replicating services across multiple instances
Adding a single shared database among services
Using synchronous calls only




