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An algebraic model of the subsystem for the computer generation 
of elimination operation 
 

Abstract 
 
A brief analysis of the known methods of non-algebraic and algebraic 
descriptions of algorithms has been presented. The features of the 
elimination operation being a term of the algorithm algebra have been 
shown. An algebraic model of the computer generation of the elimination 
operation has been synthesized by means of the algorithm algebra. The 
model has been implemented with the help of software on the platform 
Microsoft Visual Studio .NET. The models of subsystem as a graph and a 
diagram of sequences have been designed as well.  
 
Keywords: Algorithm of algebra, algebraic methods, algebraic model of 
operation, elimination operation, graph of subsystem, diagram of 
sequences. 
 
1. Introduction 
 

There are known both non-algebraic and algebraic methods for 
describing of algorithms. Non-algebraic methods include verbal 
methods, block scheme ones, the method of recursive functions 
[1], the method of calculation λ [2], the method of Turing 
machines [3], the method of Post [4], Kolmogorov [5], Schönhage 
[6], the method of random access to the memory [7], the method 
of Markov’s algorithms [8], the method of universal algorithms by 
Krinitski [9]. Algebraic methods include the system of algorithmic 
algebras by Glushkov [10, 11], the modified system of algorithmic 
algebras by Zeitlin [12, 13] and Pogorilyy [14], the primitive 
program algebra by Bui – Redko [15 – 20], the algebra of 
algorithms by V. Ovsyak [21] and the modified algebra of 
algorithms by O. Ovsyak [22, 23]. 

The use of algebraic [10 – 23] compared with non-algebraic [1 – 
9] methods has certain advantages. In particular, models based on 
algebraic methods can be transformed using properties of 
algebraic operations to reduce costs of implementation. The 
method of mathematical induction can be used to do the research 
of the correctness of analytical models. 

The system of algorithmic algebras and its modification are 
formed by the operations of conjunction, disjunction and inversion 
generalized on the three-symbol alphabet. These operations and 
the operation of forecasting are logical operations and they form 
the algebra of logics. The laws of excluded middle (x ˅ ¬x = 1) 
and denial (x & ¬x = 0), that occur in classical mathematical 
logics, are not performed in algebra of logics. Beside the algebra 
of logics, the system of algorithmic algebras and its modification 
include another operator algebra. The carriers of the operator 
algebra are the operators on which the operations of composition 
(multiplication), alternatives, cycle, filtering, asynchronous 
disjunction and synchronization are performed. The operation of 
composition is intended to describe the sequences of operators. 
The selection of the operators’ implementation is described by the 
operation of alternatives. The operation of cycle is designed for 
cyclic repetition of the operators’ implementation. To transform 
logical values into numerical ones on which the operators are 
executed, we will introduce the operation of filtering. The 
description of parallel processes is performed by the operation of 
asynchronous disjunction. The operation of synchronization is 
introduced for the time coordination of processes, which actually 
leads to time delays under certain condition. 

By its definition [10 – 14], the operation of composition 
(multiplication) is not commutative but it is associative. The 
availability of the property of associativity of the operation of 
composition restricts its application solely to describe algorithms 

with permissible associativity of operators. However, algorithms 
are non-associative in most applications. 

The signature of the primitive program algebra [15 – 20] is 
formed by the operations of superposition (substitution), 
branching and cycling. The carrier consists of partial n-arny 
functions on the universum and partial n-arny predicates in the 
universum, n = 1, 2, ... The description of sequences of partial 
functions and predicates is performed by the operation of 
superposition. The operation of superposition is associative. The 
availability of the property of associativity of the operation of 
superposition restricts the use of primitive program algebra. By 
means of the primitive program algebra, adequate models can be 
described only in associative algorithms and processes. However, 
non-associative algorithms and processes have the most practical 
dissemination.  

The algebra of algorithms [21] and the modified algebra of 
algorithms [22, 23] include the operations of sequencing, 
elimination, paralleling, inversion and the operations of cyclic 
sequencing, cyclic elimination and cyclic paralleling. By these it 
means, the sequences in algorithms and processes are described by 
the operation of sequencing. In general, the operation of 
sequencing is non-associative. It adequately describes the classes 
both associative and non-associative algorithms and processes. 

The operations of the algebra of algorithms and its modifications 
have specific graphic symbols of a complex shape. Such symbols 
are not included in typical mathematical symbols of operations. 
The operations are performed over operators. Geometric sizes of 
graphic symbols of the operations of elimination, sequencing and 
paralleling depend on the size of operators. 

The most common computer editing software, for example, 
Word, can be used for automatic input and editing of formulas of 
the algorithm algebra and its modifications. Their use however 
requires considerable costs both programmer and computer 
working time. Processes of input and editing of formulas are 
difficult enough. In this context, the synthesis and implementation 
of mathematical models are relevant, including the subsystem of 
automatic generation of the graphic symbol of the operation of 
elimination for the given operators. This research is devoted to 
this issue.  
 
2. An analytical model of subsystem 

decomposition 
 

Described by the algebra of algorithms, the model of subsystem 
decomposition of automatic generation of the elimination 
operation for the given operator is presented by the formula (1). 

 

(1) 

 
In the formula (1), @E denotes the model of subsystem of 

elimination. The model of the subsystem @E uses variable and 
functional operators of the subsystem @T, which we write as 
@E:@T, where: – is a symbol of affiliation (imitation) of the 
subsystem operators. @E recorded on the left of the subsystem 
inherits the @T recorded on the right of this symbol. Due to the 
fact that the subsystem of elimination must be accessible from 
other subsystems, then a general method of access (pu) is set to it, 
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which is standard and implemented by the keyword public [24, 
25] in the software. The model of the subsystem includes: 
variables (Z), designed to store temporary data, functional 
operators setting initial values of variables (E()), calculating the 
size of the operators and the separator between them (Cs()), 
identifying the selection of elimination (Cfc()), de-selection 
(Des()), calculating the sizes and drawing the frame of the 
operation selection (Dra()), drawing the operator (DraTex()), 
calculating the length (TexLen()) and the height (TexHei()) of the 
operators and deleting (VydEli()) the operation of elimination. All 
operators are required, so the operation of sequencing must be 
applied for their description. But the place of relative position of 
operators, with the exception of variables, input of which must be 
made prior to their use, does not matter. The separator of operators 
is a coma, which is used to describe the properties of 
commutativity of operations in the algebra of algorithms. 
 
3. A model of calculating the size  

of the operation of elimination 
 

Geometric dimensions of the symbol of the operation of 
elimination depends on the size of the expression, which is located 
underneath. The expression is formed by three operators and 
separators between them. For accessibility of the functional 
operator from other subsystems, we make it generally accessible 
with an opportunity of re-definition (ov) of its definition in this 
subsystem, which is described in the imitation subsystem. Let the 
input parameters are dv@DraV type of the subsystem DraV, 
which is realized by the known class DravingVisual [24, 25] and 
f@Siz type of the subsystem Siz, which is realized by the known 
class Size [24, 25], and the functional operator itself is described 
by the formula (2).  

 

(2) 
 
 
 

In the formula: 
 sepSiz@Siz  = @Siz(TexLen(;), TexHei(;)) – the operator of 

calculating the length is TexLen(;)  
 TexHei(;) – is the operator of calculating the height of the 

separator (;) of the operators of elimination and their attribution 
to the variable sepSiz of the type Siz;  

 wid = sepSiz.Wid*2  +  f.Hei*3 – is the increase of the length of 
the expression under the symbol of the operation of elimination 
with regard to the lengths of the two separators of operators and 
the height of the selected font f.Hei*3;  

 hei =sepSiz.Hei – is the attribution of the value of the height of 
the separator sepSiz.Hei  to the variable of the height of the 
expression hei;  

 tA≠$)-? – is the description of the verification of the availability 
of the first operator on the left (tA) of the operation of 
elimination;  

 tA.Cs(dv, f) – is the selection of the functional operator Cs(dv, f) 
of the subsystem, the operator (U) and calculating the length of 
the first operator;  

 wid=wid+tA.wid –is the increase of the total length of the 
expression under the symbol of the operation of elimination with 
regard to the length of the first operator;  

 (hei<tA.hei)-? – is the comparison of the current value of the 
height of the expression with the height of the first operator;  

 hei=tA.hei – is the attribution of the value of the height of the 
first operator to the variable of the current height of the 
expression (when the value of the current height is less than the 
value of the height of the first operator); 

 (tB≠$)-? – is the verification of the availability of the second 
operator on the left (tB) of the operation of elimination;  

 tB.Cs(dv, f) – is the selection of the functional operator Cs(dv, f) 
of the subsystem operator (U) and calculating the length of the 
second operator tB;  

 wid  = wid + tB.wid – is the increase of the total length of the 
expression under the symbol of the operation of elimination with 
regard to the length of the second operator;  

 (hei<tB.hei)-? – is the comparison of the current value of the 
height of the expression with the height of the second operator;  

 hei = tB.hei – is the attribution of the value of the height of the 
second operator to the variable of the current height of the 
expression (when the value of the current height is less than the 
value of the height of the second operator);  

 (con≠$)-? – is the verification of the availability of the 
conditional operator;  

 con.Cs(dv, f) – is the selection of the functional operator Cs(dv, 
f) of the subsystem operator (U) and calculating the length of the 
conditional operator con;  

 wid  = con.wid – is the increase of the total length of the 
expression under the symbol of the operation of elimination with 
regard to the length of the conditional operator;  

 hei<con.hei)-? – is the comparison of the current value of the 
height of the expression with the height of the conditional 
operator;  

 hei = con.hei –  is the attribution of the value of the height of the 
conditional operator to the variable of the current height of the 
expression (when the value of the current height is less than the 
value of the height of the conditional operator);  

 hei = hei + Mat.Sqr(wid)/2 + 2 – is the calculation of height of 
the symbol of the operation of elimination, taking into account 
the ratio between the length and height;  

 (ori = Ori.Hor)-? – is the verification of the value of the variable 
of orientation of the operation of elimination;  

 W – is the formula that describes calculating the size of the 
symbol of the operation of elimination for its vertical orientation 
and it includes the operators similar to the operators of 
horizontal orientation of the operation. It is described by 
formula (3): 
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    (3) 
 
 
4. A graph of subsystem of elimination 
 

The model of the subsystem of elimination is shown as a graph 
in Fig. 1.  

 

 
 
Fig.1. Graph of the subsystem "Elimination" 

 

It contains the functional operators: 
 Elimination – setting the values of variables,  
 Orientation – a set of values of the operation orientation,  
 GetOrientationByString – the recognition of the given operation 

orientation,  
 CalculateSize – the calculation of the size,  
 CheckForClick – the selection of the operation,  
 Draw – drawing the symbol,  
 Deselect – deleting the selection,  
 CreateXML – the formation of the textual description,  
 DrawText_M – setting the parameters of formatting the values 

of the operation components,  
 GetTextHeight – the calculation of the components height,  
 GetTextLength – the calculation of the length of the operation 

components,  
 GetFormattedText – formatting the value of the operation 

components,  
 Delete – the removal of graphic figures, and all other 

components are variable. 
 

 
5. Fragments of the diagram of sequences 
 

Fragments of the diagram of sequences of the functional 
operators for an automatic calculation of the sizes of the operation 
of elimination are shown in Fig. 2a), b) and c). 

Fig. 2a) shows the selection ( ) of the functional 
operator for calculating the size CalculateSize of the operation of 
elimination. It is called CalculateSi… in the diagram and it is 
located in the subsystem this:Elimination. It comprises a selection 
(GetTextLength) of the functional operator (GetTextLength(";", f)) 
for calculating the length of the separator of operators. The 
separator is the symbol ";". We use the value of the font size (f) of 
the typeface to calculate the value of the length.  

Next there is a selection (GetFormatedText) of the functional 
operator (GetFormatedText(text, f, Height)) for formatting the 
calculated length of the separator. Similarly, it comprises  
a selection (GetTextHeight) of the functional operator, the 
calculation (GetTextHeight(";", f)), the selection of the functional 
operator (GetFormatedText) for formatting and the formatting 
(GetFormatedText(text, f, Height)) of the calculated height of the 
separator of the operators of the operation of elimination. 

 
 

 
 
Fig. 2 a)  Beginning of the diagram of sequences 

 
The fragment of the diagram of sequences (Fig. 2b) shows the 

verification ([if(collapsedflag==0)]) of the availability under the 
symbol of the operation of elimination of the expression. If the 
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expression is the operation of sequencing, then we can detect the 
availability of the horizontal orientation ([if(orientation == 
Orientation.Horizontal)]). If the orientation is horizontal, then we 
can detect the availability of the first operator ([if(termA != null)]) 
of the operation of elimination. The availability of the operator 
leads to the selection (CalculateSize) of the functional operator for 
calculating its size (termA.CalculateSize(f)). Similarly, as it is in 
the fragment of the diagram of sequences (Fig. 2 a), we select and 
perform the functional operators for calculating the length 
(GetTextLength, GetTextLength(separatorString, f)), and the 
height (GetTextHeigth, GetTextHeigth(separatorString, f)), and 
formatting (GetFormatedText, GetFormatedText(text, f, Heigth)), 
and (GetFormatedText, GetFormatedText(text, f, Length)) of the 
first operator of the operation of elimination.  
 
 

 
 
Fig. 2 b)  Continuation of the diagram of sequences 

 
 
 

 
 
Fig. 2 с)  Fragment of the diagram of sequences for calculating the size of operators 

of the operation of elimination 

 

Fragment of the diagram (Fig. 2c) shows conditions of 
availability of the expression under the symbol of the operation of 
sequencing ([if(collapsedflag == o)]) of the horizontal orientation 
of the operation ([if(orientation == Orientation.Horizontal)]), of 
the first elementary operator ([if(termA != null)]) and the second 
operator ([if(termB != null)]) as a sequence. The fulfilment of the 
condition [if(termA != null)] is accompanied by the selection 
(CalculateSize) and the calculation of the size of the elementary 
operator by the functional operator  termA.CalculateSize(f) which 
is located in the subsystem Term. For the second operator of the 
sequence –we make the selection (CalculateSize) and the 
calculation of the size (termB.CalculateSize(f)) by the functional 
operator, which is located in the subsystem Sequence.  
 
6. Conclusions 
 
1. Algebraic models, compared with non-algebraic ones, are 

more compact and more accurate and the equivalent 
transformation can be made with them for the optimization 
according to the selected criteria.  

 
2. The following methods for describing algorithms are well 

known: the system of algorithmic algebras, the modifications 
of the system of algorithmic algebras and the primitive 
program algebra. The methods are adequate tool for the 
description of associative algorithms and processes. 

 
3. The algebra of algorithms and its modification provides 

getting adequate models of both associative and non-
associative algorithms and processes. 

 
4. Synthesized models describe the subsystem of automatic 

generation of the operation of elimination for the given 
adequate operators. 
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