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Abstract 
Mathematics and computer science education is of great importance to modern society. Unfortunately, 
the interest of young people in studying in these areas, especially in mathematics, is diminishing 
globally. Therefore, any attempt to stimulate this interest, especially if it combines in some form of 
competition a necessity of knowledge both in mathematics and in programming, and thus provokes 
the interest of young people in their deeper and systematic study, should invoke serious interest from 
academia around the world. It is precisely such an experience, which has already proved to be 
successful, to be the CompMath student computer mathematics Olympiad. The article presents the 
Seventh consecutive Olympiads in Computer Mathematics. 

CompMath is an annual mathematical contest for university students. The main purpose of the 
competition is to raise students' interest in mathematics, computer algebra systems, and above all, to 
use these systems to solve mathematical tasks from practically all fields of purely theoretical as well 
as applied mathematics. This can be seen from the problems given at the contest. The competition 
serves as an excellent demonstration of the use of computer algebra systems for solving 
mathematical problems. The CompMath competition is unique. It has no equivalent on a global level 
and represents a major innovation in the field of education. 
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1 INTRODUCTION   
The Olympiads in Computer mathematics CompMath have become a traditional annual forum for 
students from Bulgarian universities. 
The Seventh national student Olympiad in computer mathematics “Acad. Stefan Dodunekov” 
(CompMath-2018) was held from 26th to 28th of October 2018 at Camelia hotel in Pamporovo resort. 
Organizer and host of the Olympiad was the Faculty of Mathematics and Informatics at Plovdiv 
University “P. Hilendarski”. The participants: 61 students from 12 universities in Bulgaria were 
assigned to either of two competition groups – Group A: Universities or Group B: Technical 
Universities 

2 THE COMPMATH COMPETITION 

2.1 Primary objectives of the CompMath Olympiad 
CompMath is an annual mathematical competition for university students ([1], [2], [3]). The primary 
goal of the competition is to stimulate the students’ interest in mathematics, in computer mathematics 
systems and particularly in the use of such systems for solving mathematical problems from virtually 
all areas of purely theoretical as well as applied mathematics. This is apparent from the competition 
assignments, which are presented in Section 3. In short, this competition is an excellent venue for 
demonstrating how computer algebra systems can be used to solve mathematics problems. 

Another serious argument in support of these Olympiads is that brining together a large number of 
students and professors (around 100 for each of the past seven Olympiads) stimulates best-practice 
and knowledge exchange. 

CompMath is a truly unique competition, with no known global equivalent, representing a major 
educational innovation. 
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2.2 Brief history of CompMath competions 
The CompMath Olympiad is established in 2011 by Prof. Stoyan Kapralov from the Technical 
University of Gabrovo. So far there have been one pilot (CompMath-2011, Gabrovo) and 7 regular 
Olympiads: 

• First National computer Mathematics Olympiad CompMath-2012, Gabrovo, hosted by Technical 
University Gabrovo 

• Second National Computer Mathematics Olympiad CompMath-2013, Russe, hosted by Russe 
University “Angel Kanchev” 

• Third National Computer Mathematics Olympiad CompMath-2014, Hissaria, hosted by the 
Faculty of Mathematics and Informatics, Sofia University. 

• Fourth National Computer Mathematics Olympiad CompMath-2015, Burgas, hosted by Burgas 
Free University. 

• Fifth National Computer Mathematics Olympiad CompMath-2016, Veliko Tarnovo, hosted by 
Veliko Tarnovo University “St.St. Kiril and Metodii”. 

• Sixth National Computer Mathematics Olympiad CompMath-2017, Varna, hosted by Technical 
University Varna. 

• Seventh National Computer Mathematics Olympiad CompMath-2018, Pamporovo, hosted by 
Plovdiv University “P. Hilendarski” . 

CompMath Olympiads are held annually in late October/early November. This time of year is chosen 
so as not to interfere with other traditional student Olympiads in mathematics and informatics which 
are traditionally held in May. 

2.3 CompMath Competion Rules 
Participants are assigned to either of two groups depending on their university major: 

- Group A – Mathematics, Informatics and Computer Science; 
- Group B – Engineering and Natural Science. 

The objective of the contest is to solve 30 problems with the help of a computer algebra system like 
Mathematica, Maple, Maxima, Derive, MATLAB. Each problem is worth 2 points. The time given is 4 
full hours.  

The syllabus includes the following topics: 

- Polynomials 
- Matrices and Determinants 
- Systems of linear equations 
- Vector algebra and its applications in geometry 
- Analytic geometry 
- Sequences and series 
- Differential calculus and its applications 
- Integral calculus and its applications 
- Differential equations 
- Linear operators (for group A only) 
- Congruences and systems of congruences (for group A only). 

3 THE PROBLEM SETS FROM COMPMATH-2018 
In this section we present the problem sets for the two competition groups A and B from CompMath-
2018. 
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3.1 Problems for Group A 
1 Find the 2018th decimal digit of 2018! and the 2018th decimal digit of 20182018.  

2 Calculate the expression 2𝑖(𝑖 − 1) + (√3 + 𝑖+
,
+ (1 + 𝑖)-1 + 𝑖., where 𝑧 is the conjugate of the 

complex number z. 
3 Prove that the number of all primes in the form n18+2018 for 1 ≤ 𝑛 ≤ 2018  is prime.  
4 Find the greatest common divisor of the integer parts of  

52018 + √20186 + 52018 + √201876
+ 52018 + √201887   and  √2018!:;<=  

5 Is there a digit 1 in the representation of 2018 in ternary numeral system?  
6 Find the minimal value of the positive integer n, such that at least one of the nonzero 

coefficients of some of the irreducible factors (polynomials) of the polynomial  is different 
from ±1.  

7 Divide the polynomial 𝑓(𝑥) = 2𝑥C + 3𝑥D − 𝑥E + 2𝑥 + 3  by 𝑔(𝑥) = 5𝑥E − 𝑥, + 7𝑥 + 4	over the 
field ℤLL.	 Find the quotient and the remainder.  

8 Find all positive integer solutions of the following Diophantine equation 
1
𝑥 +

1
𝑥 + 𝑦 +

1
𝑥 + 𝑦 + 𝑧 =

1
2 

9 Find the number of all positive integer solutions of the following equation L
N
 + O

P
 + ,

Q
  = 1 

10 Compute 𝑓(2), 𝑓(3), 𝑓(4), 𝑓(5), 𝑓(6),		where 𝑓(1) = 18, 𝑓(𝑛) = 𝑓(𝑛 − 1)O + 53𝑛D − 2018, 𝑛 > 1. 

11 Find all positive integers m ≤ 2018 such that the number 𝑀 = (VW,)XWL
,V

 is integer.  

12 Find the sum of the cubes of the roots of the equation	𝑥Y − 2𝑥Z + 3𝑥C + 𝑥O − 2𝑥 + 3 = 0.  
13 Find all diagonal 3 × 3 matrices that satisfy the following equation 𝑥, − 3𝑥 + 2 = 0. 

14 Let 𝐴 = -𝑎^_.  be a 10x10 matrix, where 𝑎^_ = `
𝑖 + 𝑗 − 1, 𝑖𝑓	𝑖 + 𝑗 ≤ 11	
21 − 𝑖 − 𝑗, 𝑖𝑓	𝑖 + 𝑗 > 11. Find the eigenvalues 

of the matrix 𝐴 and compute its determinant.  
15 Find the sum of the first 25 integers in the integer sequence defined by 

   𝑎L = 1, 𝑎O = 2, 𝑎, = 3, 𝑎b = 𝑎bcL + 𝑎bcO + 𝑎bc, for 𝑛 ≥ 4.  

16 Solve the equation L
Oe
𝑒OeN + 18 cos(18𝑥) = 20. 

17 Determine the area of the region bounded by the graphs of the functions 
   𝑦 = ln 𝑥	and 𝑦 = lnO 𝑥.                 

18 Approximate the integral ∫ mnoN
5N:WL

𝑑𝑥 with Taylor polynomial of degree 7 around the point x = 0.             

19 Prove that qr
(:;<=)(N)s(:;<=)(N)

r(N)s(N)
	q	is a power of a positive integer where f(𝑥)=e-x.sin(𝑥),  

g(𝑥)=e-x.cos(𝑥), and 𝑓(OeLY)(𝑥) is the 2018th derivative of the function f(𝑥).   

20 Compute the sum ∑ L
OeLY.b:WL

u
bvL  with precision of 10 digits after the decimal point.  

21 Define the function f(x) and find its maximum, where  

f(x) =
2018

𝑥 + 2018
𝑥 + 2018

𝑥 + 2018
𝑥 + 2018

𝑥 + 2018

 

22 Compute the aria of the region bounded by the curve 𝑥20+𝑦18=1.  

1-nx
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23 Let 𝑀 =

⎝

⎜
⎛

L
Le

O
Le

Z
Le

,
Le

,
Le

E
Le

D
Le

E
Le

L
Le⎠

⎟
⎞
. Compute  lim

b→u
𝑀b. 

24 Solve the system  

�

𝑥 + 𝑦 + 𝑧 = 6
sin 𝑥 + cos 𝑦 + tan 𝑧 = 1

𝑒N + 5𝑦 +
1
𝑧 = 5

 

around the point (1,2,3).  

25 Find the sum of the extrema of the function 𝑓(𝑥, 𝑦) = (5𝑥 + 7𝑦 − 25)ec(N:WP:WNP).  
26 Compute the integrals: 

1)∫ 𝜋(2	. ln-𝑦 + 5𝑦O − 4. − 2. ln(2))O𝑑𝑦 ;  

2)∫ 𝜋(2	. ln-𝑦 + 5𝑦O − 4. − 2. ln(2))O𝑑𝑦�W��<

O . 

27 Find the points in the graph of the function  𝑓(𝑥) = 2𝑥, − 5𝑥O − 25𝑥 − 18  , such that the tangent 
to the graph in these points cuts of the coordinate axes line segments with equal lengths. 

28 Define the function s(x), such that s(𝑥)=sin (𝑥) when 0≤𝑥≤π/2 and s(𝑥+ π/2)=1+s(𝑥) for any real 
𝑥. Plot the graph of s(𝑥) in the interval [-5,5] and compute s(2018) and s(-2018).  

29 Find the volume of the solid, defined by the intersection of the sphere s with equation 𝑥O + 𝑦O +
𝑧O = 16 and the cone k with equation 3𝑦O = 𝑥O + 𝑧O, 𝑦 ≥ 0.  

30 Find the number of all integer partitions (the number of different ways of writing a positive 
integer as a sum of positive integers such that reordering of the summands gives the same 
partition) of 2018 with summands equal 20, 18 and/or 201.  

3.2 Problems for Group B 
1 Calculate the sum   L

;

O<
− O<

,:
+ ,:

E6
− E6

D7
+...−OeLY:;<X

OeL�:;<=
 . 

2 Solve the equation  �	
1			2018			2018						1

		−1							𝑥											0									0					
					0				 − 1									𝑥								0				

									0							0							 − 1								𝑥O					

� = 0.            

3 Solve the equation 𝑥N = 2018.   

4 Find the length of the curve  𝑦 = √𝑥 − 𝑥O + arcsin√𝑥. 
5 Part with length 𝑥, cut from a cable with length L = 100 cm, is bent in the shape of a circle. The 

rest is bent in the shape of a square. Find the minimum of the sum of the areas of the two 
figures.  

6 Calculate the sum of the first 100 primes.   
7 If 𝑥, 𝑦  and a are reals, such that 𝑥 + 𝑦 = 2𝑎 − 1 and  𝑥O + 𝑦O = 𝑎O + 2𝑎 − 1, find the minimal 

value of the function 𝑓(𝑎) = 𝑥𝑦.    

8 Find all natural solutions of the Diophantine equation   L
	N
	+ L

NWP
  + L

NWPWQ
 = L

O
 .  

9 Find the volume of a solid of revolution obtained by rotating the shape between the curve  y =
1/(1 + 𝑥O) and the line  𝑦 = 0  around the X-axis. 

10 The function 𝑦(𝑥) is a solution of the differential equation 2 𝑦'' + 3 𝑦' + 4 𝑦 = 𝑥.sin(5𝑥) with initial 
conditions: 𝑦(0) = 0, 𝑦'(0) = 1. Plot the graph of the function 𝑦(𝑥) for 𝑥 ∈ [0,8].  

11 Calculate the sum 

1 + (1 + L
O
+ + (1 + L

O
+ L

,
+ +⋯+ (1 + L

O
+⋯+ L

Oe
+.	    
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12 Define the function f(𝑥)= 

⎩
⎨

⎧
Le

LWN:
, 𝑥 > 3							

N:

�
, 0 < 𝑥 ≤ 3

1 − eN, 𝑥 ≤ 0								

. Calculate  f(-1), f(1), f(2), f(3), f(5). Find the 

minimum and the maximum of 𝑓(𝑥).   

13 Find the volume of the solid of revolution obtained by rotating the curve 𝑦O = N6

O�cN
   around its 

vertical asymptote.  

14 Let 𝐴 = -𝑎^_.  be a 10x10 matrix, where 𝑎^_ = `
𝑖 + 𝑗 − 1, 𝑖𝑓	𝑖 + 𝑗 ≤ 11	
21 − 𝑖 − 𝑗, 𝑖𝑓	𝑖 + 𝑗 > 11. Compute the 

determinant of the matrix A.  
15 Find the number of all diagonal matrices A of third order such that 𝐴, − 3𝐴 + 2𝐼, = 0, , where 	𝐼, 

is the identity matrix of size 3. 
16 Calculate the sum of the first 25 integers of the sequence 

   𝑎L = 1, 𝑎O = 2, 𝑎, = 3, 𝑎b = 𝑎bcL + 𝑎bcO + 𝑎bc, for 𝑛 ≥ 4.  
17 Find the minimal positive integer 𝑁, such that 𝑁OeLY < 𝑁!    
18 Find the area of the shape rounded by the curve with equation  

  𝑦O = 𝑥,(2 − 𝑥),			0 ≤ 𝑥 ≤ 2,−2 ≤ 𝑦 ≤ 2.  

19 Find the maximum value of the function f(x)=	 OeLY
NW :;<=

�� :;<=
�� :;<=

�� :;<=
��:;<=

 in the interval [0,2018]. 

20 Find all real solutions of the equation  5 cos 𝑥 = 4 − 𝑥,.  

21 Plot simultaneously the graphs of the functions y = 51 − (1 − |x|)O			 and   𝑦 = arccos(1 − |𝑥|) −
𝜋.  Find the area of the shape between both curves.  

22 Let 𝑎L = 1, 𝑎O = 1, 𝑎b = 𝑎bcL + 𝑎bcO for 𝑛 ≥ 3, be the Fibonacci sequence. Calculate the sum of 
the digits of aLee. 

23 Plot in polar coordinate system Oρθ the curve ρ = ρ(θ), if  
  ρ�(θ) + 10. cos(5. θ) . sin(5. θ) − 3. cos(3. θ) = 0	and ρ(0) = 1,3.  

24 Find the volume of the geometric shape, defined by the intersection of the sphere s with 
equation 𝑥O + 𝑦O + 𝑧O = 16 and the cone k with equation 3𝑦O = 𝑥O + 𝑧O, 𝑦 ≥ 0.  

25 Calculate the maximum value of the expresion 𝑎O + 𝑏O, where a and b are integers in the 
interval [1,2018], such that  (𝑎O − 𝑎𝑏 − 𝑏O)O = 1.  

26 Find lim
¡→u

∫ N
LWOeLY�

d𝑥¡
e .      

27 Present 𝑥D as a polynomial of  𝑥 − 2.  

28 Solve the equation  eN£ − 2018𝑥E + 1 = 0.  
29 Plot the graphs of the functions 𝑓(𝑥) = 𝑥, − 7𝑥O + 2𝑥 + 20 and 𝑔(𝑥) = 𝑥O and find the 

coordinates of the intersection points.    
30 Find the minimal value of the positive integer n, such that at least one of the nonzero 

coefficients of some of the irreducible factors (polynomials) of the polynomial  is different 
from ±1. 

4 INTERESTING SOLUTIONS 
Often a CompMath problem has different solutions [4].  

One of the most interesting problems of CompMath-2018 is Problem 6 for Group A (Problem 30 for 
Group B). The students have to factor the polynomial 𝑥b − 1 into irreducible factors with integer 
coefficients. It is known that 𝑥b − 1 = ∏ Φ¦(𝑥),¦/b  where  Φ§(x) is the k-th cyclotomic polynomial (see 
for example [5]). Hence we are looking for the first cyclotomic polynomial Φb(𝑥)	in the sequence which 

1-nx
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has a nonzero coefficient, different from  ±1, or more exactly we would like to know the integer n.  The 
answer is 105, because 105 is the lowest integer that is the product of three distinct odd prime 
numbers (3.5.7) and this polynomial is the first one that has a coefficient other than 1, 0, or −1. Two 
students from Faculty of Mathematics and Informatics of Sofia University have solved the problem 
using Computer Algebra System  Mathematica. The first student uses cyclotomic polynomials: 

b=False; 

n=1; 

While[  b=False, n++; 

A=CoefficientList[Cyclotomic[n,x],x]; 
For[d=1,d<=Length[A],d++,  

If[A[[d]]¹0 && A[[d]]¹1 && A[[d]]¹-1, b=True]] 
] 

n 

105 

Factor[x^105-1] 

(-1+x) (1+x+x2) (1+x+x2+x3+x4) (1+x+x2+x3+x4+x5+x6) (1-x+x3-x4+x5-x7+x8) (1-x+x3-x4+x6-x8+x9-x11+x12) 
(1-x+x5-x6+x7-x8+x10-x11+x12-x13+x14-x16+x17-x18+x19-x23+x24) (1+x+x2-x5-x6-2x7-x8-
x9+x12+x13+x14+x15+x16+x17-x20-x22-x24-x26-x28+x31+x32+x33+x34+x35+x36-x39-x40-2 x41-x42-x43+x46+x47+x48) 

The second student considers the sets of the coefficients of the irreducible factors as lists (the idea of 
the author of this problem Yordan Tonchev was the same). The student has used the command 
Catenate, which has been introduced in the newer versions of Mathematica and is similar to Join, i.e. 
concatenates lists: 

n=1; 

While[ 

Max[Catenate[CoefficientList[FactorList[x^n-1][[All,1]],x]]]¹1&& 

Min[Catenate[CoefficientList[FactorList[x^n-1][[All,1]],x]]]¹-1, 
n++ 
] 

n 

105 

As can be seen from these two solutions, the students solve the problems differently depending on 
their level of mathematical knowledge and their programming skills. Good mathematicians look for the 
mathematical solution and try to repeat it using the appropriate computer algebra system. Good 
programmers use the system as a programming language. The winners in the competition 
successfully combine mathematics and algorithms and therefore manage to cope quickly and give the 
best and most accurate solutions. 
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