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Odessa, Ukraine, 
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Abstract 

The article deals with the creation of a system of concepts that form the paradigm of the reengineering of 

information technologies, which is necessary in the case of their evolutionary development. The scientific basis of 

any programming languages is linguistics, which studies laws, models and language rules. The linguistic provision 

of information technology addresses the construction of a software system by means of one or more (mutually 

agreed) programming languages, each of which is based on the rules of a particular grammar. The mathematical 

apparatus of generating grammars allows to describe the process of translating a program system written in one 

programming language into another specific language. The created paradigm allows to work with multi-level in-

formation technologies, with components that are written in different programming languages. The paradigm for-

mulated in the article, from the scientific point of view, will be the basis of the methodology of reengineering 

software systems, and from the practical point of view it will be useful for system programmers who work with 

multi-language superstructures of software systems that acquire evolutionary development over time and improve 

in the process of use. 

 

Keywords: alphabet, axiom, generative linguistics, grammar, products string, program system, programming 

language, symbol 

 

Introduction 

Information is the base for any modern society. 

Without the exchange and analysis of information it is 

impossible not only the development of a living organ-

ism, but also its existence. There are many means of 

transmitting information between creatures, mostly 

through sensory organs. As for the humans, one of the 

main means of information transmission is the lan-

guage, and not only its sound component (in fact infor-

mation can be transmitted in written language, sign lan-

guage, Braille font, etc.). 

Information technology is the modern foundation 

for acceleration of the exchange of information among 

humans, the technical side of which consists of many 

different devices, which, in essence, are modifications 

of the computer. These devices also exchange infor-

mation in the form of data (not only among themselves, 

but also with the person – the user or the operator), and, 

depending on the levels of data representation, the in-

formation can be presented as: binary, octal, decimal, 

hex codes; machine code; low and high level program-

ming languages, etc. 

 

Overview on Previous Research Activities 

The scientific basis of any language (including 

programming languages) is linguistics, which studies 

laws, models and language rules. A generic linguistics 

[1], the founder of which was Avram Noam Chomsky, 

in the Soviet era, the interpretation of "A.N. Khomsky", 

was a special branch of linguistics that should be ap-

plied to the structure of programming languages, which 

created a revolution in linguistics [2, 3]. 

By the way of the assigning of true chains, formal 

grammars are divided into generative and recognizable. 

The generators include the grammars in which one can 

construct any valid chain with an indication of its struc-

ture and it is impossible to construct any wrong chains. 

For the first time, the notion of generative (generative) 

grammar was proposed by A. N. Chomsky [4]. Recog-

nition grammar is a grammar that allows you to estab-

lish the fidelity of an arbitrarily selected chain, and, if 

it is correct, to find out its structure. 

The linguistic provision of information technol-

ogy addresses the construction of a software system by 

means of one or more (mutually agreed) programming 

languages, each of which is based on the rules of a par-

ticular grammar [5]. 

Formal languages include, in particular, artificial 

languages for communication between the operator and 

the computer (programming languages) [6]. 

The purpose of the study is to create a system of 

concepts that forms the paradigm of information tech-

nology reengineering, which will allow working with 

multi-level software systems whose component parts 

are written in different programming languages. 

 

Statement of the problem 

To designate the description of a formal language, 

it is necessary, first of all, to indicate the alphabet, that 

is, a collection of objects called symbols (or letters), 

each of which can be reproduced in an unlimited num-

ber of instances, and second to set the formal grammar 

of language, that is, list the rules by which the charac-

ters are compiledinto the sequences belonging to a spe-

cific language. 

Any programming language is a set of chains in 

some final alphabet. In linguistics, instead of the term 
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"alphabet", the term "dictionary" is used because the el-

ements from which it is composed are word forms [7]. 

At the same time, the chain over the dictionary is con-

sidered as a phrase or sentence. 

Note that each symbol of the alphabet is consid-

ered inseparable in the sense that when constructing 

chains, its graphic elements (parts of characters) are 

never used, and any sequence of characters uniquely 

represents a certain chain. 

In practice, this requirement is achieved, for ex-

ample, by setting a "space" (a standard length gap) be-

tween the symbols. This "space" exceeds the length of 

any of the spaces encountered inside the characters of 

the alphabet. 

Rules of formal grammar should be considered as 

"products" (exit rules) - elementary operations, which, 

if applied in a definite sequence to the original chain 

(axioms), generate only the right chains. The very se-

quence of rules used in the process of generating a 

chain is its rendering. The language thus defined in that 

way is a formal system. Known examples of formal 

systems are logical calculations (statements, predi-

cates) that relate to the sections of mathematical logic. 

 

Materials and research results 

Generative grammar or, in short, grammar is ba-

sically an ordered set: 

 

 ,,, G ,   (1) 

 

where  maaa ,,, 21  – base terminal al-

phabet; 

 – auxiliary (after-terminal) alphabet, the char-

acters of which are indicated by lowercase Greek let-

ters; 

   – initial (after-terminal) character; 

  – the final system of variables: 

 

 kivu ii ,,2,1  , (2) 

 

where 𝑢𝑖 – is the chain; 

 vvi  , where  v  – free semigroup over the 

combined alphabet  : 

 

   .  (3) 

 

In other words, the characters from the main al-

phabet Α are the primary units of the language that is 

defined. Symbols of the alphabet Ψare meta-changea-

ble and used in the presentation of the correct chains (in 

natural languages, such variables are grammatical clas-

ses: noun, verb, etc.).  

𝜀 – a meta-changeable axiom from which all the 

correct chains are built (in the natural languages the 

grammatical class "sentence" corresponds to the ax-

iom). 

Ζ – a layout of grammar consisting of products 

(the rules of presentation – the grammatical rules of the 

determined language). 

For example, the generative grammar is: 

 

    00 ,,,,,,,  cbaG , (4) 

 

and Ζ0 has a set of rules: 

 























.

,

,

,

0

cabc

b

abc







  (5) 

 

Definition of the language 𝐿(G), produced by gen-

erative grammar 𝐺, associated with concept of “render-

ing”. 

Assuming 𝑥, 𝑦 are chains belonging to free semi-

group  v . 

Chain 𝑦 is direct output from chain 𝑥 in grammar 

𝐺: 

 

yx
G
 or yx ( where G  is meant ), (6) 

 

if there is a product vu   in a scheme Ζ of the 

given grammar: 

 









;

,

21

21

vxxy

uxxx
 (7) 

 

where  vxx 21,  .  

Then the chain y  is obtained as a result of apply-

ing outcome vu to a chain 𝑥, which means the 

replacement in the chain 𝑥 of the selected entry on the 

left part 𝑢 of the supplied product to it’s right part 𝑣. 

For example, in grammar 𝐺0; 

 

,, cbaabcbacbcb    (8) 

 

The chain 𝑦 can be derived from chain 𝑥 belong-

ing to a grammar yxG
G



,  or yx


 which is simi-

lar to (6) if chains 𝑥 and 𝑦 coincided or there is such a 

sequence of chains kzzz ,,, 10  , that 

 

  iik zzkiiyzxz  10 1, .(9) 

 

The sequence of chains ),,,( 10 kzzzQ 
 
is 

called “rendering” of the chain 𝑦 from chain 𝑥 in gram-

mar 𝐺. 

For example, in grammar accG


0
, where 

progression is the result of rendering chain 𝑎𝑐𝑐 from 

chain 𝜀: 
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;;; abcaabcccabcaabcabc    

cabcaccaabcc  . (10) 

 

It should be added that at each step of the render-

ing, you can choose any of the products that can be ap-

plied at the moment. This means that the sequencing of 

the use of products in grammar is arbitrary and any 

products allowed to be applied after another, but within 

a system of rules. 

Thus, the notion of generating grammar is funda-

mentally different from the notion of "normal algo-

rithm", in which substitutions are of a definite character 

and are strictly executed in advance of the specified se-

quence. 

Rendering yx
G



  could be considered as com-

plete if  y  – that is the chain 𝑦 consists of ter-

minal characters. Any complete rendering ends with 

use of the products if their right-hand sides are terminal 

chains. Specified products we will call “final products” 

of the given grammar. 

If yx
G



  and  y , and there is no rules in 

system Ζ that could be applyied to the chain 𝑦, then ren-

dering of chain 𝑦 from chain 𝑥 in grammar 𝐺 is called 

dead end. 

For example: rendering that generated in (10) is 

complete in grammar 𝐺0, 𝑎𝑐𝑐 is the end product of 

grammar 𝐺0.  

And the following rendering:  

 

;; cabccaabcaabcabcaaabcabc  

 

  caca  (11) 

 

is the dead end rendering of the chain ca  

from the chain aabcabc in grammar 𝐺0. 

Now let’s take a look at generative grammar 

 ,,, G
 
defines the language that matches 

it. 

The chain  x  will be true is there is at 

least one complete rendering of the chain from axiom 𝜀 

in grammar 𝐺. 

In other words the chain 𝑥 is true if: 

 x  – chain 𝑥 consists of terminal charac-

ters; 

x
G



  – such rendering of chain 𝑥 from axiom 𝜀 

exists. 

Variety of all true chains in grammar 𝐺 creates a 

language 𝐿(𝐺) that is generated by grammar 𝐺. For ex-

ample, grammar 𝐺0 generates following language: 

 

    ,2,1,0,0  mnxyyyxxGL mmnn
.(12) 

Consequently, each grammar  ,,, G  

clearly corresponds to the language 𝐿(𝐺) generated by 

this grammar. 

However, this correspondence is not isomorphic: 

the same language can be generated by various gram-

mars. This allows you to apply the equivalence relation 

to the endless set of grammars. 

Grammars 𝐺 and 𝐺′ can be considerate to be 

equivalent  GG  if    GLGL   that is, gram-

mar 𝐺 and 𝐺′ generate one language. 

For example, grammar: 

 

    11 ,,,,,  cbaG , (13) 

 

the scheme of which has following set of rules: 

 

















,

,

,

1

c

b

abc







  (14) 

 

will generate the language  1GL , which coin-

cides with language  0GL  and thereafter means that 

10 GG  . 

 

Conclusion 

Summing-up the outlined content, we will note 

that generative and grammar can be widely used in con-

sidering the linguistic provision of software systems. 

Particularly important, the generating grammar tool 

gains in the event of the necessary reengineering of the 

program code, which is written in different program-

ming languages. 

The paradigm formulated in the article, from the 

scientific point of view, will be the basis of the meth-

odology of reengineering software systems, and from 

the practical point of view it will be useful for system 

programmers who work with multi-language super-

structures of software systems that acquire evolutionary 

development over time and improve in the process of 

use. 
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