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Abstract 
The thesis consists of 4 papers where  combinatorial objects are studied from both pure combinatorics 
and computation side. 
The first paper is related to variation of graph colouring problem, namely zero forcing process. The 
zero forcing process starts with a state, where all vertices of a graph coloured either black or white. 
During the process white vertex turn to black if it is the only white neighbour of some black vertex. 
Where the main question is to find the minimum initial set of black vertices which turn all vertices to 
black. The cardinality of this set is called the zero forcing number. More specifically, I study the zero 
forcing process on a special class of graphs, so called bijection graphs. A bijection graph can be 
presented as the disjoint union of two subgraphs, each on n vertices, joined by a perfect matching. 
Studying the zero forcing number of bijection graphs is of interest of a possible reduction step in 
determining the zero forcing number: If a graph G on 2n vertices has the structure of a bijection 
graph, then the question of the zero forcing number of G can be informed by studying the properties 
of the two component graphs, having n vertices each. In the second and third paper I study the 
concept of orthogonality in Latin squares and its natural variation on Latin rectangles. The main aim 
of research is enumeration and classification of non-isotopic mutually orthogonal Latin squares (MOLS) 
and mutually orthogonal Latin rectangles (MOLR). The properties which has been considered for 
classification are: autotopism group size, isotopism of rectangles and squares in tuple, rectangle and 
squares transitivity, the connection between MOLR/MOLS and finite geometry. The tuples has been 
constructed row by row, in particular, it has been shown that all maximum MOLS of size n≤9 preserve 
rectangle transitivity at each step of generation. From finite geometry side it shows that all projective 
plane with correspondent size, also can be contracted from subplanes, where each class of parallel 
lines is transitive. During the research it has been found several tuples of MOLR where some of 
rectangle are Youden rectangle, surprisingly there are MOLR where all rectangles are Youden. This 
idea was separated into independent research. Some of the results of are presented in the fourth 
paper, which is related to study of  properties of Youden rectangles and their relation to other 
combinatorial/Design theory objects. As a main result  Youden rectangles of certain parameters were 
completely enumerated and classified according to isotopic class and autotopism group size. 
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