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QUALITY ATTRIBUTES OF FORMAL GRAMMARS AND LANGUAGES IN TRANSLATOR
ENGINEERING

THE PAPER PROPOSES A SYSTEM OF QUALITY ATTRIBUTES FOR FORMAL GRAMMARS AND
LANGUAGES THAT ARE USED TO BUILD THE COMPILER IN ORDER TO TRANSLATE A PROGRAM
OR TRANSLATE SENTENCES FROM A NATURAL LANGUAGE. FOUR CATEGORIES OF QUALITY
ATTRIBUTES ARE PROPOSED: FOR GRAMMAR SYMBOLS, FOR TOKENS, FOR THE INITIAL
SYMBOL, FOR GRAMMAR RULES.

Introduction. A translator is a program that translates a program in a programming language into a
program consisting of machine instructions. The translator usually also performs error diagnostics, generates
identifier tables, etc. The language in which the input program is presented is called the source language, and
the program itself is called the source code. The output language is called the target language or object code.

In the general case, the concept of translation refers not only to programming languages, but also to
other languages — both formal computer and natural (Ukrainian, Russian, English, etc.).

Description of programming languages and natural languages is based on the theory of formal
languages. This theory is the foundation for organizing syntactic parsing. According to the theory of formal
languages, any language is a set of chains of finite length in a given alphabet. The generation mechanism
allows you to describe a language using a system of rules called a grammar. Language chains (sentences) are
built in accordance with these rules. The advantage of defining a language using grammars is that operations
during syntactic parsing can be formalized and simplified [1].

In order to make it possible to define a language using a grammar, the rules of this grammar must
satisfy certain requirements. Failure to comply with these requirements leads to problems during the
operation of certain stages of the translator.

The aim of work. The aim of the work is formation of sets of quality attributes for formal grammars
and languages to translate a program or sentences of a natural language.

Research methods. In order to formally define a language, it is necessary to specify some components
of this language — the alphabet (the set of valid language characters). Individual characters can be combined
into words (tokens). The vocabulary of the language determines the vocabulary of the language. Words can
be combined in a sentence (operators, instructions). The correct construction of sentences is determined by
the syntax of the language. The semantic content of sentences is determined by the semantics of the language
[2].

The compilation process consists of the following steps:

1. Lexical analysis. At this point, the sequence of characters in the source file is converted to a
sequence of tokens (language units).

2. Syntactic parsing. The sequence of tokens is converted to a parse tree.

3. Semantic analysis. The parse tree is processed in order to establish its semantics (meaning).

4. Optimization. Redundant constructions are removed and the code is simplified while retaining its
meaning.

5. Code generation. The code in the target language is generated from the intermediate representation.

To build a compiler, an unambiguous and accurate definition of the input and output languages is
required. Such a task involves determining the rules for constructing permissible constructions (expressions)
of a language. Many of these rules are called language syntax. In addition, the assignment should include a
description of the purpose and meaning of each language construct. Such a description is called semantics of
the language. To construct accurate and unambiguous descriptions, the abstraction method is used, which
provides for the selection of the most significant properties of the object in question and the omission of
properties less significant for the case under consideration. For example, when building a model of input
languages, you can consider the source text as a sequence of characters built according to certain rules,
distracting from the nature of the style of the characters and their location on the sheet. Mathematical models
using representations of texts in the form of chains of characters are called formal languages and grammars.

A finite set of indivisible characters is called a dictionary or alphabet, and the characters included in the
set are called letters of the alphabet. A sequence of letters of an alphabet is called a word or string in that
alphabet. The number of letters in a word is called its length.
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The formal grammar of G, generates a language, is the following set of four objects: G = {VT, VN, S,
P}, where Vr is the terminal alphabet (dictionary) the letters of this alphabet are called terminal symbols;
from which chains of language are generated that are generated by grammar; VN — non-terminal, auxiliary
alphabet (dictionary) letters of this alphabet are used in the construction of chains; they can be included in
intermediate chains, but should not be included in the result of generation; S is the initial character of the
grammar that belongs to Vy, S is the most general language construct from which any string of language can
be derived; P is the set of inference rules, or generating rules of the form a->b, where a and b are chains
constructed from the letters of the alphabet V1 and V, which is called the complete alphabet (dictionary) of
the grammar G. The set of finite chains of the terminal alphabet V1 of the grammar G derived from the initial
symbol S is called a language, is generated by the grammar G, and is denoted as L (G).

Specifying a programming language, we must at a minimum determine: 1) the set of characters that can
be used to write the correct programs; 2) many correct programs; 3) the "meaning™ of each correct program.

Determining the set of valid characters is required for the first part of the translator — the lexical
analyzer. The block of characters of the defined alphabet is fed to the input of this block. However, some
character combinations are considered as single objects. The job of a lexical analyzer is to group together
some specific language characters into a single syntactic object called a token. Which objects to consider as
tokens depends on the definition of the programming language.

A token is a chain of characters of a language with which we associate a lexical structure consisting of
a pair of the form <type of token, some data>. The first component of the pair is a syntactic category, such as
a "constant" or "identifier", and the second is a pointer with a cell address that stores information about that
particular token. The sequence of such pairs is used hereafter to operate the parser.

The task of programming language syntax is a non-trivial task. Although there are no universally
applicable methods, there is a concept of context-free grammar in language theory that can be used to
develop the necessary description. When specifying a programming language, a class of valid programs is
determined using grammatical rules.

Syntax is used to determine and implement transformations of an input program, or, in other words, a
chain of speech. In this case, the designated tree is a syntax tree, which can be conveniently provided to the
input program. The process of finding the syntactic structure of a given sentence is called syntactic parsing.
The syntactic structure of the sentence helps to understand the relationships between different parts of the
sentence. Thus, to be able to describe a new input language, it is necessary to develop grammatical rules that
are executed in accordance with certain rules.

Results and discussion. After the basic principles are set out and the notation is introduced, quality
attributes for formal grammars and languages can be systematized. For quality attributes, it is necessary to
indicate the required values, the observance of which will ensure the correctness of the grammar, and also
describe possible errors and ways to eliminate them.

Quality criteria for grammar symbols.

1. The set of terminal symbols V1 should not be empty. In the case of developing a grammar for
translating a program written in a particular programming language, the V1 set should include all the
characters of the language that any programmer wants to use when writing any program in a given language.
When developing a grammar for translating natural language sentences, the V1 set should include all letters,
punctuation, and special characters.

If the set V1 is given empty, this means that the grammar describes a language containing only one
empty sentence. There is no practical value for such language.

If the V1 set does not contain all the required characters of the language, it is necessary to consider the
possibility of its addition.

2. The set of non-terminals Vn characters should not be redundant. It is required to evaluate the need
for the introduction of the next non-terminal symbol. Only when the benefits of ease of use exceed the
inconvenience of increasing the volume of the grammar, is a non-terminal symbol added to the grammar.
The development by a mechanism for evaluating the feasibility of introducing a non-terminal symbol into the
grammar is not included in the scope of this article.

The Vn set cannot be empty. The Vn set can consist of one character (the initial character of a
grammar) only for simple grammars that do not contain a large set of syntactic constructions.

No element of the set Vn can coincide with any element of the set V1, that is, the result of the
intersection of these two sets is an empty set.

If the set V is empty, it means the inability to output any sentence of the language. There is no
practical value for such language.
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If the set V is redundant, then this does not lead to translation errors, but requires additional resources.
Redundant elements of the set Vn can be excluded subject to the equivalence conditions of the original and
resulting grammars.

If any element of the set Vn coincides with any element of the set Vr, this corresponds to a fatal
situation. Such errors should be fixed. They do not allow the use of grammar to display any sentence of the
language.

3. Any grammar character must belong to either the set of terminal symbols Vr or the set of non-
terminal symbols V.

If a symbol is found in the grammar that does not belong to any of these sets, such a situation is fatal.

4. In the general case, not all elements of the sets Vr and Vy are involved in the derivation of a
language sentence. In the simplest case, one non-terminal character is involved in the output — the initial
grammar character and one terminal character.

Quality criteria for grammar tokens.

1. All tokens must be denoted by unique sequences of characters.

If two different tokens have the same designation, this leads to semantic errors.

2. It should be possible to distinguish grammar tokens. This can be achieved by introducing special
rules or by separating grammar tokens with special characters.

If two or more unshared tokens are present in any sentence, then two kinds of errors may occur. An
error of the first kind occurs when the sequence of characters of unshared tokens completely coincide with
the sequence of characters of some other token. This may cause an error at the parsing stage. An error of the
second type occurs if the sequence of characters of unshared tokens does not coincide with any other token.
This results in a fatal syntax error.

3. The grammar should contain the rules for the formation of temporary tokens (identifiers). These
rules may include valid character sets based on their relative position, maximum token length, etc.

Violation of the rules for the formation of lexemes leads to lexical errors.

Quality criteria for the initial symbol of a grammar.

1. The initial symbol of the grammar must belong to the set of non-terminal symbols.

If it does not belong to the set, then a fatal error occurs.

2. The initial grammar character must be producing. This means that in the grammar there are one or
more rules by which the sentences of the language are deduced from the initial character.

If the initial character of the grammar is not productive, then the grammar describes an empty
language.

Quality criteria for grammar rules.

1. Grammar should be reversible. This means that two or more rules are not allowed according to
which different non-terminal characters produce the same language sentences.

The presence of irreversible rules does not allow formalizing the parsing algorithm.

2. All non-terminal symbols of the grammar must be generative, that is, one or more conclusions of
sentences from each non-terminal symbol must exist.

If there are non-producing non-terminal symbols in the grammar, then they should be eliminated.

3. All characters of the grammar, except the initial character, must be reachable. This means that in the
process of outputting a sentence, a symbol can become part of this sentence.

If unreachable characters are present in the grammar, they should be eliminated in compliance with the
equivalence rules for the source and resulting grammars.

4. Grammar rules should not have infinite recursions.

Having infinite recursion will result in a syntax error when using this rule.

Strict observance of all these criteria is a prerequisite for building a grammar designed to translate a
program or sentences of a natural language.

Conclusion. The article discusses the principles of the translator, allocated its main stages — lexical,
syntactic and semantic analysis, optimization, code generation. It is shown that for the effective operation of
the translator it is advisable to use formal grammars. The basic requirements for these grammars are
formulated, quality criteria for symbols, tokens, the initial symbol and grammar rules are set and described.
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