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Abstract – This paper presents Discrete mathematics course for students of computer science (CS) at the Faculty of Electronic Engineering of Nis (FEEN). We describe selected topics of discrete mathematics that constitute this curriculum. 
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I. Introduction

For the last 20 years students of CS at FEEN, in VII semester of undergraduate studies, have opportunity to learn some basic facts about selected fields of discrete mathematics. During this period, curriculum has changed and adjusted several times, in accordance with progress and advances in computer technologies. Last time we changed it (in October 2000), we introduced some new discrete mathematics structures (see [1,2]), which could be interesting for applications in hardware and software engineering.

Topics covered in Discrete mathematics curricula are:

1.  Real sequences,

2.  Special classes of matrices,

3.  Elements of classical combinatorics,

4.  Combinatorial configurations,

5.  Graph theory.

During lectures and exercises, we are trying to define and explain mathematical approach to some basic topics and other relevant concepts from those five fields. We are making special effort to simplify those mathematical facts and to make it easy to understand, using some interesting and illustrative examples from computer science, or from the other fields of science and real life. In the next part we describe most important themes from the mentioned fields of discrete mathematics.

II. Fields of Interest

A. Real Sequences

Students of FEEN learn some basic facts about real sequences from the curricula in Mathematics I (I-II semester) 
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and Numerical Mathematics (V semester), so we can go further and pay special attention to:

1. Generating function of real sequence 
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2. Exponential generating function of real sequence 
[image: image2.wmf]å

¥

=

=

0

!

)

(

n

n

n

n

t

a

t

E

 ,

3. Sequences given by recurrence relation 
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4. Applications of recurrence relations (three-diagonal determinants, powers of matrices).

We expose mathematical methods for determination of general member of the sequence, and for the construction of generating functions of sequence given by recurrence relation.

Here are two versions of an example for recurrence relations. First is given in pure mathematical form, and second is given in form that can be interesting to the students.

Example 1’. For a sequence 
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 given by  recurrence relation 
[image: image5.wmf]0

1

2

=

-

-

+

+

n

n

n

a

a

a

, with start conditions 
[image: image6.wmf]1

0

=

a

, 
[image: image7.wmf]1

1

=

a

, find 
[image: image8.wmf]12

a

.
Example 1’’. A man has at the beginning of the year one pair of mature rabbits. Every pair of mature rabbits produces a new pair of rabbits in one month. New pair of rabbits becomes mature and ready for reproduction in one month. How many mature rabbits will be at the end of the year?

Answer: Numbers of mature rabbits at the beginning of each month, create a sequence 1,1,2,3,5,…i.e. they satisfy recurrence relation 
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. So, the number of mature rabbits at the end of the year is 241.
B. Special Classes of Matrices

Matrix algebra has a leading role in all calculations in mathematical and applied disciplines. Large amount of problems in natural and technical sciences has mathematical models based on matrices and vectors. This is the reason why some special classes of matrices have found its place in our discrete mathematics curriculum. We selected some classes of matrices which could be interesting for computer science students, because of their applications in real problems:

1. Binary matrices,

2. Permutation matrices,

3. Shifting matrices,

4. Hadamare matrices,

5. Stochastic matrices.

We emphasize connections between those matrices and some important combinatorial configurations. We define the permanent of rectangular and square matrix, and we present algorithms for its calculation. Then we show possibilities for applications of permanent in combinatorial problems. Students are especially interested for the permanent of matrices with some particular form, like in the next two examples.

Example 2. 
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Example 3. 
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C. Elements of Classical Combinatorics

Within this part of curriculum we describe:

1. Permutations,

2. Variations,

3. Combinations,

4. Partitions,

5. Compositions,

6. Permutations of total chaos,

7. Lexical ordering of permutations,

8. Permutations on the circle.

We also show some basic principles for solving the combinatorial problems ("on-off" principle, chess-tables with bans, sort-algorithms, etc.). Here is an example in two forms. First is mathematical form, and it is followed by the form we are presenting it to the students.

Example 4’.  For a given set of 
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 elements, find the number of permutations of total chaos.
Example 4’’. The football league is on the run. Matches are playing in 
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 cities, and there are 
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 referees, everyone living in one of 
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 cities. Is it possible to organize league, so that no referee led the mach in its own city? How many possible schedules are there?

Answer: Number of possible schedules is equal to the number of permutations of total chaos, on the set of 
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 elements, and it is 
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D. Combinatorial Configurations

Within combinatorial configurations we define some basic facts about:

1. Combinatorial configuration,

2. Block-scheme (specially balanced incomplete),

3. Symmetrical, dual, self-dual block-schemes,

4. Systems of different representatives,

5. Latin rectangles and squares,

6. Magic squares,

7. Isomorphism between latin rectangles.

Here are two examples, given in a pure mathematical form, followed by the same examples, given in a manner we are presenting it to the students.

Example 5’. Is it possible to construct block-scheme with parameters 
[image: image20.wmf]2)

 

3,

 

10,

 

5,

 

(6,

)

 

k,

 

b,

 

r,

 

v,

(

=

l

?
Example 5’’. Six different memory modules have to be tested. There are ten motherboards with different characteristics. Each motherboard has three slots for memory-modules. Test is successful and relevant if every module is tested on five motherboards and if every pair of modules is tested together on two motherboards. Is it possible to organize this test?

Answer: Yes, it is possible. We must construct block-scheme with parameters 
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Example 6’. Is it possible to construct block-scheme with parameters 
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Example 6’’. Eight software-packages for multiprocessor-computers have to be tested. There are seven computers, each one with four processors. Testing of four packages on one machine will take about 6 hours. Every pair of packages has to be tested together, in parallel, three times. Is it possible to  test those packages for only 12 hours?

Answer: Yes, it is. We must construct block-scheme with parameters 
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Topics from discrete mathematics are much more interesting to the students when they see their applications in computer science.
E. Graph Theory

Graph theory takes central place in our discrete mathematics curriculum. We define and present graphs from the mathematical point of view. We explain different ways for representing graphs and introduce some basic graph-algorithms. This field of discrete mathematics is very wide, and our computer science students have opportunity to learn the part of the graph-story from other curricula at the undergraduate studies (Data-bases, System software, Distributed systems, etc.). Therefore we choose the following topics to be covered:

1. Undirected and directed graphs,

2. Degree of the node,

3. Adjacency matrices,

4. Spectrum of the graph,

5. Paths in graph, shortest path,

6. Graph operations,

7. Planar graphs,

8. Graph colouring.

Paths and connections in graphs are usually illustrated with some well-known examples of "7 bridges of Kenningsberg" (from which the whole graph theory begins) and "3 houses and 3 wells" (example for non-planar graph).

We illustrate the term chromatic number of the graph on following example.

Example 7’. The chromatic number of a graph is the least number of colours required to do a colouring of a graph. Find the chromatic number) of the graph 
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Example 7’’. Let 
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 be the variables, which are used in a computer program. Some of them are used at the same time and some are completely time-independent. How many memory registers do we need for storing all variables during program execution?

Answer: We will construct graph, with nodes 
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, and branches between nodes corresponding to the variables  that are used at the same time. There is a branch between each pair of variables that could not be stored in the same location at the same time. Minimal number of memory registers, that we need for this program is equal to the chromatic number of the graph 
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3. Textbooks and Manuals

In order to make our lectures and exercises better, we have published appropriate textbook (see [1]) and manual in the form of collection of problems (see [2]). Those books are completely adjusted to the discrete mathematics curriculum. The results of those manuals are magnificent.

Almost 90% of the students try to pass the exam right after the end of lectures, when they have first chance. Almost 90% of those who came to the exam pass it without problems, and usually with very good marks.
4. Further Considerations

Since students of computer science and engineering are more devoted to the practical work on computer, then learning theory using "ex-katedra"-principle, we discuss possibilities to improve the quality of our work. We are planning to introduce laboratory exercises, starting with next school year (2004/05). For the implementation of the tasks, we will probably use well-known software packages: Mathematica, MATLAB, or C. We are also planning to publish an appropriate manual (including detailed instructions for laboratory work and theoretical background for the tasks). This work is still in progress.
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