Software Engineering
2025, \Vol. 11, No. 2, pp. 30-39
https://doi.org/10.11648/j.se.20251102.11

SciencePG
Science Puﬁng Group

Research Article

Theoretical Foundations of Neural Network Integration of
System Software Modules

Evgeniy Bryndin”

Scientific Department, Research Center Nature Informatic, Novosibirsk, Russia

Abstract

The theoretical foundations of neural network integration of system software modules lie in the field of combining formal
methods for automation, optimization and management of development, integration and maintenance of complex software
systems and systems engineering. The article proposes a formalism of operator schemes for constructing programs with
deterministically connected modules for any class of algorithms. The structures of description and execution of programs are
considered. In programs, there are data (information) and control transfer links between operators. When training neural
networks, program structures indicate only the links that control their execution. Distributed links between inputs and outputs of
sets of operators are associated with modules. Program operator modules are numbered. This numbering is preserved in program
execution. Programs of modules can be sequential, parallel and sequential-parallel. The structure of programs with
deterministically connected modules is considered. In the proposed formalism of operator schemes, the solvability of the
problem of constructing programs with deterministically connected modules is proved. These fundamentals provide a theoretical
basis for developing systems in which neural networks act as tools for complex automation and optimization of design,
integration, and management of system software modules. In the future, the development of this concept will contribute to the
creation of self-regulating, adaptive, and scalable system architectures.
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1. Introduction

The development of science, engineering, technology and
industry leads to an increase in the volume of information
processed using supercomputers. The efficiency of processing
large system programs on a supercomputer and their memory
management depends on the organization of the computing
process [1-3].

The means for studying the behavior of programs and their
memory management are operator schemes. To study the
behavior of programs with deterministically related modules,

operator schemes with natural interpretation are used. Oper-
ator schemes with natural interpretation were used to prove
the solvability of the problem of constructing programs with
deterministically related modules.

The construction of programs with deterministically related
modules is carried out by ensembles of intelligent agents
based on the proposed theoretical foundations for each class
of algorithms by optimizing them [4-6]. Constructing pro-
grams using ensembles of intelligent agents allows creating
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more stable, adaptive and efficient systems by combining
several specialized agents. This is a structure in which several
agents with different characteristics, knowledge and strategies
interact or work sequentially to achieve a common goal. Each
agent can specialize in certain tasks or aspects of the system,
and their interaction ensures higher quality of decisions.
Agents can have different data models, processing algorithms,
and decision-making methods. Agents exchange information
to coordinate actions. Opinion or result aggregation methods
are used to select optimal solutions. The system can dynam-
ically change the role of agents or add new ones depending on
the situation. Providing an integrated approach to complex
tasks: different agents can specialize in different aspects, such
as data processing, planning, training. Using machine learning
methods and neural networks inside agents to improve their
efficiency. Using coordination protocols, such as contract
networks or behavioral models.

Ensembles of intelligent decision-making agents with op-
timization competencies help to exponentially reduce the
waiting time for the result of continuous processing of pro-
grams with deterministically connected modules on super-
computers with predictive memory management, in compar-
ison with existing supercomputers processing programs with
random memory management [7, 8].

2. Structures of Descriptions and
Executions of Programs

The following graphic symbols are used to illustrate the
structures of descriptions and executions of programs:

0 — operator description;

| — inputs, outputs of operators, sets of operators;

— — connections between inputs and outputs of operators,
sets of operators, as well as operators and sets of operators.

Definition 1. Program that has a sequential description and
execution is called sequential.

Sequential description of program is made up of condi-
tionally linked sequences of operator descriptions. Let us
illustrate the structure of a sequential description of program
with an example (Figure 1):

Figure 1. Structure of a sequential program description.

The program operators are executed sequentially.

Definition 2. Program that has parallel description and ex-
ecution is called parallel.

Let us illustrate the structure of a parallel description of
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program with an example (Figure 2):

Figure 2. Structure of a parallel program description.

Operators combined in the description are executed in
parallel. In parallel programs, operands are processed when
they are ready.

Definition 3. Program that has a serial-parallel description
and execution is called serial-parallel.

A serial-parallel description of a program is composed of
conditionally connected sequences of sets of descriptions of
combined operators and of conditionally connected sequences
of descriptions of operators. Let us illustrate the structure of a
serial-parallel description of a program using an example
(Figure 3):

Figure 3. Structure of serial-parallel program description.

The execution of a program is sequential-parallel if at some
moments the operators combined in the description are exe-
cuted simultaneously, and at other moments only one operator
is executed.

Definition 4. The executions of programs with different
descriptions are called equivalent if they lead to the same
output data for the same input data.

Definition 5. Programs with different descriptions are
called identical in execution if they have the same number of
equivalent executions.

An important characteristic of a program is the structure of
links between operators. The structure of links in a sequential
program can be linear, nonlinear, deterministic and nonde-
terministic. The structure of links in a parallel program can be
linear, nonlinear, deterministic and nondeterministic. The
structure of links in a sequential-parallel program can be
linear, linear, nonlinear, deterministic and nondeterministic.

Definition 6. Programs with deterministic structure of
module connections are called canonical.
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3. Structure of Programs with
Deterministically Linked Modules

Modules are formatted program structures containing pro-
cessed and control information. A set of modules linked by
data, algorithmically and by sequential execution is called a
module-linked program. Let a module-linked program P be
given, where

P={PL},j=1,.,n

Where P1; is the operational module of the program, or data,
or input-output.

PI,={ Ul;, OD;, LD;, P;, SPP;, SPI;}

Where Ul; is control information,

OD; is general data,

LD; is local data,

P; is the processing program,

SPP; is the connection for searching for the module next in
execution,

SPI; is the algorithmic connection of modules for transfer-
ring execution.

Data links (information links) define relationships between
modules for moving common data values. Moving common
data values is defined by place pointers in modules and
movement moments. Moments show the start of moving
values, and place pointers in modules show where common
data values are moving from and where. Movement pointers
and moments can be static and dynamic. Information links
between program modules indicate the route of moving
common data values across their used modules.

Module search links define the direction of their processing.
They can be static and dynamic. Dynamic links are defined by
conditions that depend on the properties of algorithms, data
values, and the influence of data on algorithm execution. SPP;
can be a program.

Search programs SPP; process the values of variables that
determine the connectivity of modules for algorithmic pro-
cessing. Module search links determine the connectivity of
each module with subsequent modules. These links are used
when searching for subsequent modules for their proactive
movement between external and RAM devices.

Execution transfer link programs SP1;, which determine the
algorithmic relationships of program modules, are specified
either as static, or as an alternative depending on the order of
module execution, or as a condition depending on data values.
These links determine the input to the next module for pro-
cessing.

Control information Ul; determines the module type, local
and common data areas, addresses of dynamic link programs
SPP; and SPI;, constants of static links SPP; and SPI;. It also
determines asynchronous, parallel, conflict-free access to the
processing module, movement of common data values, anal-
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ysis of links between modules, movement of modules in
memory and input-output processes, according to their activ-
ity priorities.

The sequence of modules Pl;...PJ...PI, connected via
search programs SPP;...SPP;...SPP, is called a modular
execution PPI of program P, if the sequence of processing
programs P;...Pj...P¢ determines the result of program P
based on its data.

The execution of the processing program and the search
program may depend on the values of the input modules, or
they may be independent of them.

The information of the operational modules determines
their processing, the movement of common data values be-
tween them. It is used to analyze the connectivity of modules,
to search for them and move them around virtual memory.

Search programs, execution transfers, information links,
and processing programs of different modules may have
common data.

An important characteristic of a module-connected pro-
gram is the structure of the links for searching for modules.
Let the program P have a set {PPI'} of modular executions,
where I=1...m.

Definition 7. The link structure for searching for modules of
a program P is deterministic if, based on its data, it is possible
to execute sequences {(SPP;...SPP;j..SPP\)'} of module
search programs for all modular executions {PPI'} of the
program P.

Definition 8. Amodule-linked program P with a certain size
of all modules is called a program with deterministically
linked modules if the link structure for searching for its
modules is deterministic.

In order to prove the possibility of constructing programs
with deterministically linked modules for any class of equiv-
alent algorithms, the formalism of operator schemes has been
developed.

4. Operator Diagrams for Constructing
Programs with Deterministically
Linked Modules

The initial concept will be a graph. A graph in which the
vertices represent operators, and the arcs represent possible
transfers of control and data from one operator to another,
forms the basis of operator diagrams.

Let program P be an enumerated list of elements {Oj} that
have execution transfer links, as well as information links
between their inputs and outputs, where each input has an
information link from some output. For a sequential program,
each element Oj is an operator, for a sequential-parallel pro-
gram it is either an operator or a set of parallel operators, and
for a parallel program it is a set of parallel operators. In what
follows, for the sake of uniformity of terminology, element O;j
will be considered a generalized operator (either an operator
or a set of parallel operators), and operators will not be


http://www.sciencepg.com/journal/se

Software Engineering

http://www.sciencepg.com/journal/se

marked for now. When element Oj is a set of operators, it is
assigned all the information links and execution transfer links
of all operators in the set. Each chain of execution links cor-
responds to chains of information links.

The classes of sequential, sequential-parallel, and parallel
programs intersect in the topology of links. Each operator has
a certain number of arguments and results.

Operators have semantics {Wj,k}, according to which they
transform arguments into results, where j=1,...,n, k=1,...,m.

Definition 9. A directed graph G(X,G,U), in which the op-
erators of a program P are represented by nodes X = {Oy,
0,,...., O, } of the graph, and the information links by data are
specified by the function G: X— Y, and the links by execution
between operators are specified by the function U: X— Y, is
called an operator diagram of the program P.

Operator diagrams have input and output control nodes.
Control is transferred to the operator diagram through input
nodes. Output nodes terminate the control of the operator
diagram.

A graphical representation of a program in the form of an
operator diagram can be transferred to a representation of
algorithms if its actions are represented by nodes of the graph.

Definition 10. An operator diagram is called connected by
control transfer if the graph G (X, U) is connected.

We will consider the execution of an operator to be the act
from starting the processing of arguments to transferring their
execution after receiving the result. We will agree that the
transfer of the result to other operators occurs simultaneously
with the transfer of execution.

The order of execution of operators in the operator diagram
is specified by the marking of information links, links for
transferring execution and operators. Different types of oper-
ators have their own markings and links. For further presen-
tation of the material, we will consider operator diagrams with
a possible order of operator execution (without marking).

Definition 11. Operator O; is uniquely controlled by exe-
cution if it has one link for launching it for execution. Let us
denote such a link for launching the operator for execution as
UZIj.. The link UZIj.. is the input to the operator O;, The
uniquely controlled operator will be depicted in the operator
diagram as a circle with an incoming arrow: — O

Definition 12. Operator O; uniquely controls execution if it
has one link for transferring execution.

Let us denote such a link for transferring execution by the
operator O; as UPIj. The link UPIj. is the output from the
operator O;.

We will depict the unambiguously controlling operator in
the operator diagram as a circle with an outgoing arrow: —»
]

Definition 13. The operator O; is alternatively controlled by
execution if it has two or more connections for launching it for
execution.

We will depict the alternatively controlled operator in the
operator diagram as a circle with arrows entering it (Figure 4):
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Figure 4. Alternatively controlled operator.

Definition 14. The operator O; alternatively controls exe-
cution if it has several connections for the transfer of execu-
tion.

We will depict the alternative transfer of execution by the
operator in the operator diagram as a circle with arrows
coming out of it (Figure 5):

05

O=

Figure 5. Alternative transfer of execution by the operator.

Definition 15. An operator Oj is called polysemantic if it
has different execution semantics.

Let us denote the execution semantics of a polysemantic
operator O; by {Wj,k}. Thus, we move from an interpreted
scheme to a scheme over a class of interpretations.

Definition 16. The operator O; is called polyinformational if
it has several information links for transferring the result as
operands (arguments) to other operators. We will depict a
polyinformational operator in the operator diagram as a circle
with double arrows coming out of it, the sources of infor-
mation links will be marked with bold dots. Information links
coming from one source merge into one bundle.

Definition 17. The operator diagram G(X,¥,U) is called
linear in execution if all operators in the diagram are uniquely
controlled by execution and uniquely control execution.

A linear operator diagram graphically looks like this (Fig-
ure 6):

g, 0, 9, Oy %

Figure 6. Linear operator scheme.

Definition 18. An operator scheme G(X,Y,U), consisting of
independent linear operator subschemes, is called a line-
ar-type operator scheme in execution.

Each linear subscheme of a linear-type scheme has its own
set of input data values. A linear-type operator scheme looks
graphically as follows (Figure 7):
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Figure 7. Linear-like operator scheme in execution.

The operator through which control is transferred to the
subcircuit will be called the input, and the operator through
which the subcircuit transfers control will be called the
output.

Definition 19. An operator subcircuit, that has one input
operator through execution links, alternatively controlling two
or more operators of the subcircuit, and one output operator
from the subcircuit through execution links, alternatively
controlled by two or more operators of the subcircuit, where
the input and output operators are different, is called a ham-
mock-shaped operator subcircuit in execution.

For example, the following operator subcircuit is ham-
mock-shaped (Figure 8):

Figure 8. Hammock-shaped operator subcircuit in execution.

In this hammock-shaped subcircuit, the alternatively con-
trolled first operator Oy is the input operator to it through the
execution links, and the alternatively controlled seventh op-
erator O is the output operator from it through the execution
links.

Definition 20. The operator subcircuit G((X, = X), I U), in
which the operators X, ={O;} form one closed chain (Ojy,
0jy, ..., Ojy,) through the execution links U:X,—X, is called a
non-linked operator subcircuit with return on execution.

The operator subcircuit with returns graphically looks like
this (Figure 9):

Ok

Figure 9. Operator subcircuit with returns.
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Definition 21. Operator subcircuits G((X; < X), Y,U) and
G((X, < X),I;U) with return on execution are called concat-
enated if the subcircuits have common operators X ; N X, =
a.

For example, the following operator circuit consists of
concatenated subcircuits with returns (Figure 10):

oJ 06’
9 g %,\04 0,

NS

s

Figure 10. Linked subcircuits with returns.

Vertex O, is a common vertex of linked subcircuits with
returns.

Definition 22. A nonlinear operator circuit G(X,G,U)
without hammock-shaped subcircuits by execution and
without subcircuits with return by execution is called a line-
arly cross operator circuit by execution.

For example, the following operator subcircuit is linearly
cross (Figure 11):

Figure 11. Linear-cross operator subcircuit.

In the proposed formalism of operator schemes with natural
interpretation, the following theorems are proved.

Theorem 1. In the operator scheme G(X,¥, U), all ham-
mock-shaped operator subschemes can be distinguished by
execution.

Proof.

For each operator Oj, of the operator scheme G(X,Y,U), we
select all operator routes {(Ojo...Ojn)} Vvia execution links.
Consider all possible intersections of the selected routes. If the
intersection of routes without the vertex Oy, is not empty, then
they form a hammock-shaped subcircuit of the scheme
G(X,Y,U).

Which is what was to be proved.

Theorem 2. In the operator scheme G(X,Y,U), we can select
all linked and non-linked operator subcircuits with return.

Proof.

In the operator scheme, for each vertex, routes with a re-
peating vertex are selected. These routes are operator sub-
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circuits with return. Subcircuits with return on execution that
have common vertices are linked.

Which is what was to be proved.

Theorem 3. In the linearly crossed operator scheme
G(X,Y,U), all linear subschemes can be distinguished.

Proof.

In the original operator scheme G(X,Y,U), we distinguish
operators {O;(UZI;}, operator schemes alternatively con-
trolled by execution, and operators {O;(UZl;}, alternatively
controlling the execution of the scheme operators, as follows.

For each operator O; of the operator scheme G(X,Y,U), we
calculate the functions U:0; — X and U™: O; — X.. An oper-
ator O; for which the set U(Oj) consists of more than one
operator is an alternatively controlled by execution operator
{G; (UZI;), and an operator O; for which the set U(O;) consists
of more than one operator is an alternatively controlling op-
erator {O;(UPI))}..

In the operator circuit G(X,Y,U), we replace the operators
{G; (UZl;), alternatively controlled by execution and the op-
erators {O; (UPI;} alternatively controlling execution with
several unambiguously controlling and unambiguously con-
trolled operators. We obtain subcircuits {G(X;,Y,U)}, consist-
ing only of unambiguously controlled and unambiguously
controlling operators. Consequently, the subcircuits
{G(X;,Y,U)}, are linear operator subcircuits.

Which is what was to be proved.

4.1. Transformation of Operator Circuits by an
Algorithmic Basis

We will consider the sequence of operators O;... O;.... O, of
the operator circuit G(X,Y,U) to be its execution if each oper-
ator in the sequence is connected by control transfer and by
information links only with subsequent (not necessarily ad-
jacent) operators of the sequence.

Definition 23. The execution Oiy, Oi,, ..., Oi, of the operator
circuit Gy(Xy,Y1,Uy) and the execution Oj,0js, ..., Oj of the
operator circuit G, (X,,Y2,U,) are called equivalent if for the
same input data they lead to the same output data for natural
interpretations of operator circuits as abstract programs and
algorithms.

Definition 24. The operator circuits G;(Xy,Y1,Uy) and G,
(X2,Y2,Uy are called equivalent if the sets of their executions
are equivalent.

Definition 25. The programs P; and P, that have equivalent
operator circuits are called equivalent.

Definition 26. The transformation of the operator circuit of
program P, into the operator circuit of the equivalent program
P, is called the transformation of operator circuits by the
algorithmic basis.

Let us introduce two rules of tolerant transformation of
synthesis and splitting of operator schemes by basis.

Definition 27. Transformation of operator scheme G(X,Y,U),
in which polysemantic polyinformation operator is obtained
from subscheme G(Xy,Y,U) of operator scheme G(X,Y,U) with
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preservation of all information links and links on transfer of
execution with operator scheme G(X,I;U), we will call syn-
thesis.

We will demonstrate synthesis of operator subscheme on
the following example (Figure 12):

NexoBHas cxema

Figure 12. Synthesis of an operator subcircuit.

The information links and operands of the synthesized op-
erator Os are determined by the information links of the op-
erators of the equivalent subcircuit with other operators of the
circuit. The semantics of the operator Os is equivalent to the
functional semantics of the equivalent subcircuit.

Definition 28. The transformation of an operator subcircuit
into several independent subcircuits with the preservation of
all information links and links for transferring control with the
operator circuit is called splitting.

We will demonstrate the splitting of subcircuits of an op-
erator circuit into independent ones using a simple example
(Figure 13):

Hexobrass cxema

17 a ;
7 0& ?/ Oﬂ 0//+2
a\ 5 _?{E__»_oﬂ+7 47»‘3 0ﬂ+4
Pacuennentas crema
o, o - /
7 3 04 061 ) Q/_ % Dpe2 0/7+4

Figure 13. Splitting of subcircuits of an operator circuit.

In the resulting subcircuits, only the necessary information
links and operands remain, and only those links for the
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transfer of execution in these subcircuits that connect the
operators of the subcircuits are preserved. Synthesis and
splitting are the rules for transforming operator circuits ac-
cording to the algorithmic basis.

4.2. Synthesis of Linear-cross Operator Circuits
from Nonlinear Circuits

Theorem 4. An equivalent linearly cross operator scheme
by execution can be synthesized from the operator scheme
G(X,Y,U) with hammock-shaped operator subschemes by
execution and with operator subschemes with returns by ex-
ecution, linked and not linked.

Proof.

We synthesize polyinformation polysemantic operators {O;}
from each hammock-shaped operator subscheme G(X;,Y,U).

We synthesize polyinformation polysemantic operators {O;}
from each linked and not linked operator subscheme
G(X;,Y,U).

In the original operator scheme G(X,Y,U), all ham-
mock-shaped subschemas G(X;,Y,U), concatenated and un-
concatenated subschemas G(X;,Y,U) with returns on execution
are replaced by equivalent polysemantic polyinformational
operators {O;} and {O;}.

We obtain an operator scheme G(X,,Y,U) without ham-
mock-shaped subschemas and subschemas with returns,
equivalent to the original operator scheme G(X,Y,U). The
resulting operator scheme will be linearly intersecting.

Which was required to prove.

4.3. Transition to Schemes Without Subschemes
with Returns and Without
Hammock-shaped Subschemas

Let G(X,FU) be an operator scheme. We select all cyclic
routes in the operator scheme by marking the vertices [1].

Let us consider paired intersections of cyclic routes.
Non-empty intersections determine the concatenation of cy-
clic routes.

Let us take intersections of linked cyclic routes. Non-empty
intersections define connectivity of linked cyclic routes.
Connected cyclic routes will be linked subcircuits with re-
turns.

Let us select all fully connected linked subcircuits with
returns by intersection of cyclic routes. Let us represent a fully
connected linked subcircuit with returns as a sequence of
cyclic routes as follows. From the set of cyclic routes, let us
select a route as the first element of the sequence, then, as
subsequent elements of the sequence, let us put routes linked
with the routes chosen subsequently and different from them.
We select elements of the sequence until there are no routes in
the set of cyclic routes linked with elements of the sequence
and different from them.

Let us synthesize polyinformation polysemantic operators
from linked subcircuits with returns. Let us replace the linked
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subcircuits with returns in the graph G(X,T,U) with equivalent
operators obtained after synthesis with preservation of all
information and execution transfer connections, with the
remaining operators of the original scheme. We obtain the
graph G(X,F,U) without linked subcircuits with returns.

Let, for example, G(X,T,U) be the operator circuit shown
below, without subcircuits with returns. Let us distinguish in
the operator circuit G(X,T,U) without subcircuits with returns
the hammaock-shaped subcircuits (Figure 14):

Figure 14. Hammock-shaped subcircuits of the operator circuit.

We synthesize polysemantic polyinformation operators
from hammock-shaped subschemes. We replace ham-
mock-shaped subschemes with vertices, preserving all con-
nections with subschemes.

We obtain an operator scheme without hammock-shaped
subschemes (Figure 15):

~

Figure 15. Operator diagram without hammock-shaped subcircuits.

4.4. Splitting of Linear-cross Operator Schemes
into Linear-like Ones

Theorem 5. A linear-cross operator scheme G(X,Y,U) can
be split into an equivalent linear-like operator scheme
G]_(X]_,Y]_,Ul).
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Proof.

In a linear-cross operator scheme, we split the operators
alternatively controlled by execution and the operators alter-
natively controlling execution into operators uniquely con-
trolled by execution and uniquely controlling execution,
preserving all information links and by execution with the
corresponding operators.

We replace the operators alternatively controlled by exe-
cution with equivalent operators uniquely controlled by exe-
cution, and the operators alternatively controlling execution
with equivalent operators uniquely controlling execution.

We obtain linear G(X;,Y,U) subschemes that are not con-
nected with each other either by information or by execution.
Linear subcircuits G(X;,Y,U) form a linear-shaped circuit
equivalent to the original linear-cross circuit G(X,Y,U).

Which is what was to be proved.

4.5. Construction of Programs with
Deterministically Connected Modules.

Definition 29. A subcircuit of an operator circuit that pro-
cesses a group of input data independently of an additional
subcircuit is called autonomous in input data.

Theorem 6. Any operator circuit defined in one algorithmic
basis can be transformed by synthesis and splitting into an
equivalent one defined in another algorithmic basis and con-
sisting of subcircuits autonomous in input data.

Proof.

Any operator circuit can be transformed into a line-
ar-shaped one. A linear-shaped circuit consists of subcircuits
autonomous in input data.

Which is to be proved.

Theorem 7. Any program can be transformed into an
equivalent program with deterministically connected mod-
ules.

Proof.

Let P be the original program. We transform the program P
into an equivalent program with a linearly shaped operator
scheme. The resulting program has operator subschemes that
are autonomous with respect to the input data. We divide the
resulting program into modules. We obtain a mod-
ule-canonically connected program. The resulting program
will be equivalent to the original program.

Which was required to be proved.

In the proposed formalism of operator schemes with natural
interpretation, the solvability of the problem of constructing
programs with deterministically connected modules is proven.

Examples of constructing programs with deterministic
coupled modules for neurocomplexation are considered in
published works [1, 2] Programs with deterministic coupled
modules can be obtained from programs with
non-deterministic coupled modules by constructing and
transforming their operator schemes into linear-cross schemes
at the stage of neurocode generation. For programs with op-
erator subschemes with returns and with hammock-shaped

subschemes at the stage of neurocode generation, polyinfor-
mation polysemantic operators are formed in the form of
software implementation by ensembles of intelligent deci-
sion-making agents based on the proposed theoretical foun-
dations.

The proposed approach made it possible to continuously
process large programs with deterministic coupled modules
on the virtual memory of the supercomputer interpreter with
preemptive replacement of modules on the virtual memory [2].
The interpreter command system is oriented towards the im-
plementation of programs with linear-cross schemes.

5. Generating an Operator Diagram
Based on a Description of the
Functionality of System Modules

Generating an operator diagram based on a description of
the functionality of system modules in natural language is the
process of automatically converting a text description of re-
quirements or functional specifications into a graphical or
structured operator diagram. This approach significantly
simplifies the design of digital systems, especially in the early
stages of development, allowing you to quickly get a visual
representation of the structure of the system and its compo-
nents. The stages of this process include:

1) Identifying key elements: inputs, outputs, logical oper-

ators, conditions and sequences of actions.

2) Recognizing terms and concepts related to the func-
tionality of the system.

3) Defining the logical sequence and relationship between
elements that must be executed, in what order, under
what conditions.

4) ldentifying control
choices).

Automatic generation of an operator diagram includes:

1) Building a graph or block diagram, where the nodes are
logical and control elements (conditional blocks), and
the links are data flows.

2) Using templates or transformation rules based on typi-
cal structures of operator diagrams.

3) Displaying the resulting diagram for verification and
subsequent editing.

4) Ability to export the diagram to formats suitable for
further design automation.

5) Using models to analyze text and extract structured in-
formation.

6) Using a set of rules to transform semantic information
into a graphical diagram.

7) Using machine learning to improve understanding of
complex descriptions and recognize patterns.

8) Integration with CAD systems, UML editors or spe-
cialized platforms for automatic diagram generation.

This strategy allows neural networks to understand, inter-
pret and interact with visual information in the same way as

elements (conditions, cycles,
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people do. Using deep learning methods to train models
makes them capable of understanding complex operator dia-
grams. Training models to associate operator diagrams with
context is important for making code generation decisions.

6. Generating Module Code from
Operator Diagrams

Generating module code from operator diagrams is the
process of automatically converting graphical or formal de-
scriptions of circuits into program code that implements the
logic of these circuits [9-13]. Generating code from operator
diagrams includes automatic transformation of an operator
diagram into structured code. Code generation requires:

1) Creating code templates for each type of circuit ele-

ment.

2) Automatic code assembly taking into account execution
order, synchronization, and relationships between
modules.

3) Inserting comments and metadata to facilitate under-
standing and further maintenance.

4) Optimizing the resulting code to improve performance
or reduce resources.

5) Verifying the correctness of the generated code using
simulations or formal methods.

Tools and methods used for automatic code generation
from operator diagrams include specialized CAD systems,
graph-to-HDL conversion systems, and the use of modeling
languages such as SystemC or UML diagrams to describe
circuits. This ensures that the design meets the desired speci-
fications.

7. Conclusion

The areas of application of neural network system integra-
tion of software modules using the proposed theoretical
foundations are:

1) Distributed control systems, robotics, autonomous ve-
hicles.

Intelligent decision support systems.

Big data processing and analytics.

Automatic optimization of the composition and role of

agents using machine learning methods. - Integration

with neural network models to improve the perception

and processing of information.

Development of standard platforms and protocols for

the interaction of intelligent agents.

6) Creation of self-organizing ensembles capable of
adapting to changes in the environment.

7) Ensuring compatibility and standardization of interac-
tions [14].

8) Managing system complexity with an increase in the
number of agents.

9) Ensuring security and reliability in distributed ensem-

2)
3)
4)

5)
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bles.

In general, building programs based on ensembles of intel-
ligent agents opens up broad opportunities for creating flexi-
ble, scalable, and resilient systems that can effectively solve
complex problems in various fields.

The future of neural network system programming
promises significant changes in approaches to the devel-
opment, automation, and management of software systems.
Generating and optimizing system components using neural
networks based on high-level specifications. Intelligent
system design. Using Al to model complex system interac-
tions and behavior. Creating high-level abstractions and
automatically transforming them into effective implemen-
tations. Creating systems that can independently adapt to
new threats and updates. Integration with DevOps and au-
tomated infrastructure management. Implementing neural
network solutions in CI/CD processes, automatic scaling,
monitoring, and resource management. Developing models
that are trained on specific projects and quickly adapt to new
requirements. Ensuring transparency, explainability, and
compliance with ethical standards in automatic code gener-
ation and modification.

Overall, the future of neural network systems programming
is associated with the strengthening of the role of Al in the
automation of complex tasks, increasing the efficiency of
development, and creating more stable, secure systems
[15-18]. These technologies will be integrated into all stages
of the software systems life cycle, transforming the software
development industry.

Abbreviations

Al Artificial Intelligence

CAD Computer Aided Design

Cl Continuous Integration

CD Compact Disc

HDL  Hardware Description Language
UML  Unified Modeling Language
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