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Abstract—Modern methods of information modeling of organizational-business and production-technolog-
ical processes are considered. It is shown that the main problem is the lack of subject content in the symbols
that are used in graphic notations. A method for constructing a formal-semantic alphabet of processes (func-
tional units) is proposed, the elements of which, first, satisfy all of the requirements for formal systems and,
second, have subject-oriented content as intersections of material, energy and information links. It is shown
that the set of elements of the proposed alphabet is an algebraic group and also corresponds to the definition
of a generator, as the main initial concept of pattern theory. At the same time, the example of a specific gen-
erator as a universal operator noted in the theory is clarified. The correspondence between some concepts and
procedures of pattern theory and the concepts and procedures of the information modeling of processes is
analyzed. This allowed to substantiate the possibility and expediency of using the formal apparatus of pattern
theory (image algebra) for the formalization of information-modeling procedures.
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INTRODUCTION
The information modeling of organizational-busi-

ness and production-technological processes (busi-
ness processes) is widely used to analyze various types
of activities. When constructing information models of
such processes, the graphical notations DFD, IDEF0,
IDEF3, UML, and BPMN are used, in which the
models provide an understanding of how the original
resources are transformed into the final product.

The mentioned notations and the software tools
that support them have proven their effectiveness in
formulating requirements for software systems as well
as in reengineering business processes [1–5]. How-
ever, their use is a complex, very labor-intensive, and
time-consuming creative procedure. In addition, the
information modeling of organizational-business and
production-technological processes forms a subjective
procedure carried out under the slogan “I am an artist,
this is how I see it.” Its means do not correspond to the
recommendations of developers and users of CASE
tools, who note that the least harm to the organiza-
tion is caused by modeling tools that deprive the
developer of that part of the “creative” capabilities
leading to the diversity of the presentation of organi-
zational models [6].

This situation is due to the fact that the symbols in
all graphic notations are abstract signs in no way
related to the subject area (“functional block,” “flow,”
etc.). The symbols acquire subject content in the
course of constructing a model by an analyst using his
knowledge of the subject area and understanding of
the processes taking place. Thus, the mentioned nota-
tions are considered as formal normative systems that
use signs/symbols completely formally without any
meaningful interpretation that they may receive fol-
lowing their application to any subject area [7, 8].

Thus, it seems relevant to transform the currently
formal means of modeling processes into more
meaningful ones. This can be achieved through the
assignment of subject content to the symbols of
graphic notations, i.e., by creating a formal-semantic
alphabet of processes, the elements of which, first,
satisfy all of the requirements that are imposed on
formal systems (explicit and strict description of all
the properties and relations of all the symbols used by
means of the formal system itself, as well as recogni-
tion of all symbols only by their form [8]) and, sec-
ond, have subject-oriented content.

The present article is devoted to solving this problem.
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Table 1. Classes of processes as functional units (alphabet)

Outputs of functional units

V! VE! VI! VEI! E! EV! EI! EVI! I! IV! IE! IVE!
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ts

V? + + + +
VE? + + + +
VI? + + + +
VEI? + + + +
E? + +
EV? + +
EI? + +
EVI? + +
I? +
IV? + +
IE? +
IVE? + +
FORMAL-SEMANTIC ALPHABET 
OF PROCESSES

The science of sign systems uncompromisingly
asserts that any sign represents a unity of the signifier
and the signified and of form and content [9]. Conse-
quently, the signs of the alphabet of a formal system, in
fact, cannot but have meaning in themselves, i.e., a
meaningful interpretation before they are included in
any expression and its interpretation. Otherwise, these
signs simply would not be signs at all! For greater clar-
ity, it is necessary to recognize the fact that in any for-
mal system there are signs either related to abstract
concepts of a very large volume (variables, quantifiers,
functional blocks, etc.), or denoting specific mathe-
matical or logical operations (differentiation, con-
junction, unification, etc.). At the same time, the use
of signs in any formal system always presupposes the
knowledge and use of their meaning. For example, it is
quite obvious that the expressions А ∧ В and А ∨ В dif-
fer from each other not only in the form of the sign
standing between A and B, but also, first of all, in the
meaning behind this form. Thus, despite the denial of
this fact in some works [10], the signs of a formal sys-
tem still have a certain content.

The problem that complicates the description of
specific system properties and relations by formal
means due to their deep and diverse substantive nature
is the absence of subject content in the signs of a for-
mal system (including the symbols of graphic nota-
tions as formal normative systems).

However, this problem can be overcome by using
an alphabet, the signs of which are deliberately
assigned not only an abstract, but also a certain sub-
ject-conceptual meaning according to some pre-
agreed rule.

The symbols of graphic notation (functional sides
or processes and flows/connections) can be given a
subject meaning before building any model because all
AUTOMATIC DOCUMENTATION AND MA
connections (f lows) between processes belong to one
of three non-intersecting classes: substance (V),
energy (E), and information (I), i.e., the connections
between organizational-business and production-
technological processes (business processes) are
always substantive rather than abstract. The division of
connections into material and informational ones and
material connections into real and energy ones was
first proposed for modeling processes within the
framework of the system-object approach [11, 12].

There are the following limitations on the transfor-
mation of input f low processes into output ones:

(1) the substance f low V cannot be transformed
without a remainder either into the energy f low E or
into the information flow I, i.e., if the substance f low
is at the input (V?), then the substance f low will also
be at the output (V!);

(2) the energy flow E cannot be transformed either
into the substance flow V or into the information flow I;

(3) the information f low I cannot be transformed
either into the substance f low V or into the energy
f low E.

These circumstances determine the existence of a
very limited set of process classes as the alphabetical
functional units presented in Table 1, where the func-
tional units that provide the processes of transforma-
tion of substance, energy, and information are pre-
sented by their input (?) and output (!) connections. Of
all of the connections, one (the first) denotes the f low
transformed in the node for the transformation of
which this node is intended. The remaining connec-
tions are in support of this.

The functional units in Table 1 can be meaningfully
interpreted through the corresponding real production
processes, for example:

V?/V!E!: transformation of substance into sub-
stance with the production of energy (exothermic pro-
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Table 2. Rules for joining functional units

Inputs of functional units

V? E? I? VE? EV? VI? IV? EI? IE? VEI? EVI? IVE?

O
ut

pu
ts

 o
f f
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ct
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na
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ts

V! + + + + + + + +
E! + + + + + + + +
I! + + + + + + + +
VE! + о + о +
EV! о + о + о
VI! + о + + о
IV! о + о о +
EI! + о + + о
IE! о + о о +
VEI! + о о
EVI! о + о
IVE! о о +
cess of product release that is accompanied by the
release of energy: ammonia production);

V?E?I?/V!I!: transformation of substance into sub-
stance using energy and information and the produc-
tion of information (endothermic process of product
release with the control of input and output parame-
ters: smelting of a certain type of metal);

E?/E!I!: energy conversion into energy with the
receipt of information (energy production from other
types of energy with control of output parameters: the
operation of a solar or tidal power plant with the con-
trol of electric power parameters);

V?E?I?/V!: substance conversion into substance
using energy and information (endothermic process of
product release with control of input parameters: the
manufacture of metal products by casting into molds);

I?E?/I!E!: information conversion into informa-
tion using energy and obtaining energy (obtaining
information by replacing one electronic storage
medium with another: downloading files from the
internet to a computer);

I?V?E?/I!V!: information conversion into informa-
tion using substance and energy and obtaining sub-
stance (obtaining information by replacing an elec-
tronic storage medium with a material one: printing
documents).

The contents of all alphabetical functional units are
presented in work [13].

USE OF FORMAL-SEMANTIC ALPHABET 
OF PROCESSES

Taking into account the information presented in
Table 1, we can formulate the rules for joining func-
tional units (elements of the alphabet) to each other
(Table 2).
AUTOMATIC DOCUMENTATION AND MATHEMATICA
The connection options for nodes shown in
Table 2 marked with “+” as well as the processes
denoted by these nodes can be meaningfully inter-
preted, for example:

V?/VE! * VEI?/VI!: conversion of atmospheric
nitrogen into ammonia with the release of energy and
the subsequent use of ammonia and the energy
obtained during its production for the production of
hydrogen with control of the energy consumed and the
amount of hydrogen obtained;

E?/EI! * VEI?/V!: production of electricity with
control of its parameters and its subsequent use for the
production of aluminum from alumina;

IE?/IE! * IVE?/IV!: downloading files from the
Internet to a computer and then printing these files on
a printer.

The interpretation of the connection options for
nodes marked in Table 2 as “o” is difficult, but within
the framework of the formal regulatory system, such
connections have a right to exist. Perhaps their mean-
ingful interpretation will be obtained in the course of
further research.

The set of functional units (FUs), i.e., the alphabet
and the rules of its use can be described in terms of U.
Grenander’s pattern theory [14]. The set of FUs con-
sists of disjoint classes of functional units (processes).
Each functional unit is an object with connections
(potentially possible). The connections are character-
ized by the indices β, which, in our case, correspond to
three types of f lows (substance V, energy E, and infor-
mation I). In this case, the connections/flows can be
input (?) and output (!), i.e. βg = βg? ∪ βg!. Thus, each
functional unit or process can be considered as a gen-
erator g (in accordance with the original concept of U.
Grenander’s pattern theory), and the entire set of FUs
can be considered as a set of specific generators g ∈ FU
defined on a certain support space (a set of specific
L LINGUISTICS  Vol. 59  No. 1  2025



18 MATORIN et al.
intersecting connections/flows: V, E, and I) [14].
Generators can be connected to each other in accor-
dance with the indicators of connections. In this case,
the same-name flows/connections are connected.

The proposed understanding is a development of
the approach presented in [15, 16] and consists in the
fact that nodes, as abstract intersections of connec-
tions, were considered in these publications as genera-
tors, while in the present work generators are defined
on the support space as nodes that transform specific
material, energy, and information flows, i.e., as spe-
cific processes or operators. The expediency of con-
sidering this type of generators is mentioned in [14]:
“Case 1.3.18 (universal operators). Every generator is
an operator with inputs x1, x2, … and outputs y1, y2, …”
[14, p. 22]. However, by contrast with our approach,
Grenander does not specify the subject area of the
operators’ functioning.

In addition, the set of FUs (specific generators)
presented in Table 1 can be considered as an algebraic
group (in contrast to the abstract generators in [15,
16]), as the binary operation *: FU * FU → FU is
defined on it and the following axioms are satisfied:

(1) associativity,
for example: (VE?/VI! * VI?/V!) * V?/VEI! =

VE?/VI! * (VI?/V! * V?/VEI!);
(2) the possibility of using a neutral element (0/0)

in the form of a node that does not transform any f lows
(i.e., a node without input and output),

for example: 0/0 * VE?/VI! = VE?/VI! or VE?/VI! *
0/0 = VE?/VI!, i.e., the neutral element does not
change the transformation;

(3) the presence of an inverse element,
for example: V?/VI! * VI?/V! = VI?/V! * V?/VI! =

0/0, i.e., there was no transformation.
Pattern theory provides for the unification of gen-

erators into configurations in accordance with a certain
system of rules or restrictions that determine which
configurations must be considered regular [14]. In our
case, the rules for connecting the links of functional
units from Table 1 for constructing regular configura-
tions (rk) are defined in Table 2, which shows how the
output links of units (generators of g ∈ FU) can be con-
nected to the input links. According to the theory [14],
a configuration is characterized by the composition of
generators (rk = g1, g2, … gi, … gn) and structure, i.e.
the type of connection of generators. In this case, it is
a linear order that forms concatenation chains having
the property of associativity, but not commutativity.

Equivalence classes that are defined on a set of
configurations containing information about uncon-
nected (external: ext rk = ext? rk ∪ ext! rk) links of a
configuration are considered images in pattern theory
(iz) [14], i.e., unconnected links of a certain configu-
ration correspond to input and output connections of
a certain image: ext? rk = βiz? and ext! rk = βiz!.
AUTOMATIC DOCUMENTATION AND MA
In this case, the following aspect of Grenander’s
theory which we will use further is important for us: “it
will sometimes be quite natural to consider objects that
are images at a certain level of formal description as
generators in a higher-level formalism” [14, p. 15].

In terms of pattern theory, we can formulate a cer-
tain statement that ensures the use of the proposed for-
mal-semantic alphabet for modeling processes.

Statement. ∀ iz ∈ ФУ ∃ rk(g1, g2, … gi, … gn): gi ∈ ФУ,
i.e., for any image belonging to a set of functional
units, there exists a configuration of generators that
belong to the same set.

First, any iz ∈ FU can always be associated with
one generator gi ∈FU (see Table 1), for which βgi? =
βiz? and βgi! = βiz!, i.e., they have the same input and
output connections. One isolated generator is consid-
ered in pattern theory [14] as a configuration, the type
of connection, of which is called monoatomic. Thus,
we always have a configuration corresponding to the
image (ext? rk(gi) = βiz? and ext! rk(gi) = βiz!), and the
above statement is formally true in this case, but it is
completely meaningless in terms of content.

Second, any iz ∈ FU can always be associated with
the two generators gi ∈ FU and gj ∈ FU (see Table 1),
for which βgi? = βiz?, βgj! = βiz! and βgi! = βgj? This is
ensured by the symmetry characteristic of an algebraic
group. Thus, we will always obtain a configuration
corresponding to the image (ext? rk(gi * gj) = βiz? and
ext! rk(gi * gj) = βiz!), and the above statement is, in this
case, also formally correct and has an informal meaning.

Third, if a configuration of two generators does not
address the problem, then arbitrary gi ∈ FU or their
chains can be connected to the inputs and outputs of
the image iz (or only to the inputs or only to the out-
puts). As a result, we will obtain (as if “internal” with
respect to the original image iz) the image iz′ ∈ FU.
This always allows us to find either one or two genera-
tors that close the chain and form a configuration cor-
responding to the original image with a given number
of generators.

The presence of a larger number of variants for
connecting generators (functional units) in Table 2
increases the possibility of creating a configuration
corresponding to the image.

CONCLUSIONS
Information graph-analytical modeling begins

with the construction of a context model of the pro-
cess, which only presents its external interactions
(functional connections). Then the process is decom-
posed into subprocesses, the interaction between
which provides external functional connections of the
context process.

A context model of a process can be considered in
terms of pattern theory as an image, and decomposi-
tion of the process in the same terms can be considered
THEMATICAL LINGUISTICS  Vol. 59  No. 1  2025
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an analysis of the image [14] by finding a configura-
tion corresponding to the image. The configuration
consists of generators, which in our case are functional
units (processes) of the formal semantic alphabet.

Using the methods of pattern theory, this article
shows that use of the proposed formal semantic alpha-
bet for any image makes it possible to construct a cor-
responding configuration. This means that, for any
context model of a process, it is possible to construct a
decomposition diagram of this process, if we use the
proposed formal semantic alphabet.

The above reasoning confirms the possibility and
expediency of using the formal apparatus of pattern
theory (image algebra) for formalizing procedures for
information modeling of business processes, at least by
means of the system-object approach, as it is within
the framework of this approach that the classification
of connections/flows is used and the idea of creating a
formal-semantic alphabet was formed [11, 12].

The results of this study allow for the use of the pro-
posed formal-semantic alphabet as a constructor
when building models of organizational-business and
production-technological processes. At the same
time, the process of construction itself is a formalized
procedure, which allows for the possibility of develop-
ing a clear algorithm for its implementation and, con-
sequently, creating software tools that allow building
process models in an automated (and therefore less
subjective) way compared to existing ones.
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